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SUMMARY

A reconnaissance seismic survey was made in the area of
Quilpie and Eromanga in south-western Queensland.

Traverses crossed the Harkaway, Pinkilla, and Tallyabra
Domes. Reflection horizons were correlated with horizons within
the Mesozoic sediments, and one persistent reflection was correlated
with a horizon near the top of the Palacozoic sediments. A thickness
of sediments of up to 15,000 ft, including up to 11,000 ft of
Palaeozoic rocks, was indicated on the flanks of the Harkaway and
- Pinkilla Domes.

Results were compared with existing gravity data.
Suggestions of faulting are based on seismic and gravity evidence
taken together and also on gravity evidence alone in locations not
covered by the seismic work.



1. INTRODUCTION

Geological reconnaissance work by Geosurveys Ltd; on
behalf of L.H. Smart 0il Exploration Pty ILtd, has disclosed the
presence of numerous well-exposed anticlines in the Quilpie/Eromanga
area of south-west Queensland, most of which appear to have been
unrecognised previously. A brecad reconnaissance gravity survey was
also made and there was generally good correlation between these
surface structures and the observed Bouguer anomalies, suggesting
that the structures continued at depth. To investigate the area
further, the Bureau of lineral Resources carried out a seismic
survey.

The objectives of the seismic survey were:
(a) to detormine the thickness of sediments,

(b) to find out whether these anticlinal structurcs continue
at depth,

(c) to determine the usefulness of gravity work for
investigating subsurface structure in the area
(in particular, to investigate the possible cause
of the very stecp gravity gradient on the north-
western flank of the Pinkilla Dome)

To obtain the desired information, the following seismic
reflection and refraction work was done:

(1) a complete refraction traverse to record all measurable
velocities; located about eight miles east of Eromanga,
in -the broad synclinal area of the Kyabrq/Tallyabra
swamp complex; associated with this, three miles of
continuous reflection profiling at the centre of the
traverse to obtain weathering, and dip, control,

(2) a refraction depth~probe; for significant velocities
recorded in (1), and three miles of reflection
profiling, on the Grey Range (near the Pinkilla Dome)
about 20 miles west of Quilpie.

(3) " a refraction depth probe as in (2), and 10 miles of
reflection profiling on the Harkaway Dome trend, about
20 miles west of Eromanga, :

(4) about two miles of reflection traverse, located along
the Quilpie/Windorah road in the region of the steep
gravity gradient referred to in objective (c) above.

The locations of the traverses are shown on Plate 1. A
summary of the personnel, equipment, and general statistics of the
survey is given in appendices A, B and C.

’



2. GEOLOGY

The area of the present survey is situated in the south-
eastern portion of the Eromanga Basin which forms the western part of
the Great Artesian Basgin. The geology of the Great Artesian Basin
has been described by many authors including, in recent years, Mott
(1952 a and b), Whitehouse (1954), and Sprigg (1958). The following
sumnary is taken chiefly from these sources.

In the QuilpiQ/Eromanga area, the stratigraphic sequence
known from outcrop and from bores extends from Quaternary to Jurassic
times. However, the Tertiary and Quaternary sediments are present
only as thin veneers, the Tertiary consisting in the main of freshwater
conglomerate and sandstone. An important feature of the formation of
Tertiary soils, according to Sprigg, is the associated formation of a
siliceous duricrust, occurring principally on gently-eroded surfaces in
Cretaceous shale. The resistance to erosion of this duricrust has
helped to maintain escarpments and to give topographic expression to
fold structures.

The Mesozoic sequence is known fairly well in the area,
only the lower Cretaceous sediments being marine in origin. Typically,
the Mesozoic sequence is as follows:

Name Lithology Thickness(ft)

upper (Winton Freshwater shale about 2000
Cretaceous (Pormation
lower Rolling (Tambo & Dark fossiliferous 100C - 2000
Cretaceous Downs (Roma, Shale (Marine)

Group (formations
Transition Blythes- Typically fresh-
Beds dale water sand with

Group plant remains, ?

but may be marine
or paralic in
some areas.

Jurassic Walloon Coal measures ?
Coal
Measures
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The Winton, Tambo, and Roma Formations crop out widely
in the core regions of eroded anticlines exposzed in the area. Only
two bores in the area, viz. Eromanga No. 2 and Bulgroo, are reported to
have penetrated the Mesozoic sequence, and Permian rocks have been
tentatively identified in these at 4230 £t and 5372 ft respectively.
Permian freshwater and glacigene sediments crop out around the eastern
margin of the Basin in Queensland and New South Wales and their
equivalents could be present in this area.

Older rocks, somgc of which crop out at considerable distance
from the area, may be present at depth. Extensive Precambrian sediments
are known in South Australia and New South Vales. Fossiliferous Cambrian
and Ordovician limestone, etc.s arc present to the north-west in the
Georgina Basin around Boulia and plunge undecr the Artesian Basin.
Granites, associated with slates similar to the Ordovician and Silurian
slates in New South Vales, occur in the Eulo/Hungerford region. It is
not known what formations are below the Mesozoic in the Eromanga arca.

The identification of the Permian in the Eromanga end Bulgroo bores is
only tentativo.

In a sketch plan accompanying an article by Dr Dorothy Hill
on the Geology of Queensland (ANZAAS Handbook of Queensland, 1951) the
probable boundary between the craton ond the Tasmen Geosyncline in early
Palacozoic times is shown east of the Eromange arca. If this is corrcct,
no great thicknesses of early Palacozoic rocks can be gxpected in this
arede However, suggestions have been put forward by others that the
arca of the Great Artesion Basin mey have been within the Tasman Geo-
syncline from early Palacozoic times until at least the Permian, and
consequently, the decper troughs within the Basin mey contain large
thicknesses of Palacozoic sedimcnts.

Until a fow years ago it was generally accepted that the
Great Artesian Basin was broadly soucer-like and without surface
expression of geological structurc. Sprigg's survey showed the area
to bc one of excellent structural development with a number of closed
anticlines clearly reflected in the local topogrephy.  Moreover,
recconnaissance gravity results suggest the continuation of the
structures at depth.

The Quilpie/Eromanga arca can be considercd broadly os an
association of two gontle anticlinoria with gencral northerly cxes of
folding. The western group constitutes the McGrogor Range trend, and
the eastern group, the Grey Range trend. Betwoen the two systems
lics the synclinal area of the Kyabr&/Tallyabra swamp compleX.

The domes and anticlincs within the McGregor and Grey Range
trends can be of considerable size, c.gs the Canaway and Mount Margarct
Domos are about 30 miles long by 10 to 15 miles wide and have cbout
200 to 300 £t of wvertical closure in outcrops



The purposes of the survey, were to investigate some of

these structures, particularly the Pinkilla and Harkaway structures,
and to find out whether, as the Bouguer anomalies suggest, the
structures observed at the surface continue at depth.

3. SHOOTING CONDITIONS

The shooting conditions were variable throughout the area,

but could broadly be related to three types of surface conditions:

(a)

(v)

on Traverse B and Traverse C the shot-hole drills encountered
relatively. congolidated rocks. Best shooting depths ranged
between 110 ft and 175 ft, and seismic record quality was
gencrally fair to good.

Traverse A was on an area of very thick alluvium and, when
using a single-hole shooting technique, good records could
be obtained only by drilling deep holes. At the
commencement of the survey, Shot-point 23 was drilled to

375 ft so that the vertical velocity could be measured

and some experimental shooting could be done to determine
the best shooting depth. The drill was still in unconsoli-
dated clay-and silt at 375 ft.

Although the depth of weathering was only 80 ft, it
was found that the best seismic record was obtained when
shooting at the bottom of the hole (375 ft). The record
quality deteriorated gradually as the shot depth was
reduced to 200 ft; for shot depths less than 150 ft,
reflections were almost non—-existent. With the existing
drilling arrangements it was unreasonable to drill to
375 £t along the whole traverse, so a compromise was
adopted by using 200-ft shot-holes. T'or comparison a
25-hole pattern was shot at Shot-point 23, with holes
20 £+t deep, spaced 50 ft apart and using 1 1b of
explosive in each. The results obtained were not any
better than those from the single, deeper shot.

However, no systematic investigation of the possibilities
of pattern shooting was made,

on the north-western end of Traverse D (Shot-points 151

to 155), the duricrust presented a problem. The

conven tional arrangement of one shot-hole per record

and six geophones per trace produced virtually NR (no
reflection) records whereas south-east from Shot-point 159,
where there was no duricrust, quite good reflections were
obtained by conventional methods.

An experimental shot was made on the duricrust
using four shot-holes in line with the spread and 24
geovhones per trace, arranged in four lines of six
geophones. This showed considerable improvement over
the conventional record, but because of the time consumed
and the extreme difficulty of 'planting' geophones
satisfactorily on the hard duricrust surface these
experiments were not continued.



5,

4. DISCUSSION OF RESULTS

Reflection results

Correlation cross-sections of the reflection results from
Traverses A, B, C, and D are shown on Plates 2, 3, 4, and 6 respectively.
The locations of all traverses are shown on Plate 1. With a few
exceptions, reflection quality was fair to good. Individual traverses
are discussed separately. Cross—sections on a reduced scale, along
with the observed Bouguer-anomaly profiles, are shown on Plates 11, 12,
and 13.

Reflection zones (4, B, C, D, and E) are shown on each
cross—section. They are tentatively correlated on the basis of
refraction velocities or reflection character or both, and their
approximate stratigraphic positions are considered to be:

ZONE

A = Undifferentiated Cretaceous
3 - Blythesdale

C - undifferentiated Jurassic
D -  Lower Mesozoic

E - near top of Palasogoic

The correlation and identification are far from certain but
they provide a useful hypothesis for further discussion and for the
direction of future exploration,

Traverse A (Tallyabra) - Plate 2 This east—west'traverse,
three miles long, is located seven %o ten miles east of Tromanga.

Scattered shallow reflections were observed down to a time
of about 0.9 seconds (roughly 3300 ft) when the first continuous band
of reflected energy was recorded. This ‘has been called Zone B and
appears to correlate with the 13920—ft/seo refractor recorded on this
traverse (see refraciion results). The Eromanga No. 2 bore is
reported to have entered the Blythesdale Group at 3100 ft so this
zone is tentatively correlated with that Group. Another almost-—
continuous reflection band was recorded at about 1.4 sec or near
6000-ft depth and is called Zone L. This appears to correlate with
a refractor in which the velocity is 17,230 ft/sec (see below). This
velocity is probably too high to represent a Mesozoic formation, so
this zone ig tentatively assumed tc be near the top of the Palacozoic
formations. Although this reflection is not very characteristic on
this traverse, elsewhere in the area a very strong reflection was
recorded that has been assumed to be the top of the Palaeogzoic.

This strong reflection is well exhibited on Traverse C, and comparison
of refraction results between the two traverses tends to justify the
approximate ocorrelation of the two zones, in spite of the difference in
character of the reflections. This zone has been referred to as the

P horizon by Geosurveys Ltd.

Between zones B and E, two other zones called C and D can
be recognised, which are continuous over distances of 3000 to 7000
ft.

Only scattered reflections are recorded below the zone
E, but thero arec a sufficient number of them to suggest a continuation
of the sediments to at least 8500 ft.

: The shallow Zone B (Blythesdale ?) is generally flat over
the length of the traverse.
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The deeper Zone E (Palaeozoic ?) is relatively flat also,
but does suggest a synclinal axis below Shot-point 21.

There is no pronounced uaconformity apparent in the
crosg~section., From the few scattered reflections, a slight unconformity
could be present below Zone E but the evidence for this is weak.

Traverse B (Pinkilla) Plate 3 This traverse, three miles
longs was shot in an east-west direction on the Pinkilla Dome. The
results indicate five zones of more-or-less continuous reflections,
viz. A; By C; Dy and E. Zones B and E are continuous across the entire
length of the traverse and, from the refraction results and reflection
character, they correlate with the Zones B and E on Traverse A. This
correlation suggests that Traverse B is gsituated on a structural
'high'! as Zone B is about 1200 ft shallower and Zone E about 2600 ft
shallower than on Traverse 4.

All zones indicate relatively flat-lying sediments, but there
is reliable evidence of a fault near the western end of the traverse.
The disturbed reflections near the eastern end of the traverse might
also be attributed to faulting, but the overall deterioration of
seismic record quality, due possibly to shooting at too shallow a depth,
Precludes any reliable interpretation.

Between Shot-points 76 and 80, only scattered reflections
were recorded from below Zone E and, with one exception, there is no
evidence of any reflections from below 7000 ft. Towards the western
end of the traverse; however, reflections were reccrded from as deep
as 15,000 f%t. '

Moving from east to west across the traverse, a noticeable
feature of the cross~section is the progressive increase in depth from
which reflections continued to be reccrded.

A surface (Z) below which reflections are virtually absent,
is drawn across the cross-section., This hypcthetical surface could
be near the boundary between sediments and altered basement rocks.
However; a possible basement refractor is recorded well above this
surface.

Phillips Petroleum Co. has shot traverses east of Traverse B
(see Plate 12) and the results showed evidence of z similar surface
which the company has interpreted in a similar manner as marking the
base of a trough of Palasozoic sediments. It will be seen that on
Traverse D; which was shot in a north-west direction across the Pinkilla
Dome, a similar surface (Z) was found, below which reflections are very
few or absent. Gravity results support the hypothesis of a basement
'high' beneath the Pinkilla Dome.

Traverse C (Harkaway) Plates 4 and 5. This traverse, eight
miles long, was shot in an east-west direction across the Harkaway
structure. From the trend of the Bouguer—anomaly contours, the traverse
appears to be surveyed at an angle of 50 degrees to the strike of the
structure. Therefore the dips indicated are probably component-dips
only. Five reflection zones (A, B, C, D, and E) of varying reflection
continuity were recorded. Zone 4 is almost continuous and Zone E is
continuous over the entire traverse. Zone A is at an average depth
of about 1500 ft below datum while the deepest zone, Zone E,is at an
average depth of about 6000 f%t. The other zones are more-or-less
evenly spaced between these two zones. Zone E appears as a very
strong continuous band of reflections across the reflection records
and is almost coincident with the 18,000-ft/sec refractor. It is
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assumed to represent the top of the Palaeozoic, and to be equivalent
to the horizon traced by Geosurveys Ltd. Reflections continue to be
recorded from below Zone E, from depths as great as 15,000 ft on the
flanks of the structure but only from depths as great as 2000 ft below
the crest. Between Shot-points 116 and 132, all zones show congtant
westerly components of dip which decrease upwards from about 2% degrees
for the deep Zone E, to about 1 degree at Zone A, A gingle record
taken at Shot-point 109 (refractionShot-point) indicates that this
westerly dip continues and possibly increases slightly in rate of dip.
The dip of Zone E between Shot-points 131 and 116 is estimated to be
about 3 degrees.

At Shot-point 132 there is a definite reversal in the
direction of dip, with east components of dip to Shot-point 136 beyond
which the stratigraphic horizons are more-or-less flat-lying. A
sharp change in weathering velocity was measured at Shot-point 136,

a value of 3000 ft/sec being obtained to the east and 2000 ft/sec
to the west of Shot-point 136. This change in weatbhering velocity is
Presumably related to the structurs.

A curved-path, migrated-dip cross-gsection is shown on Plate
5; this cross-section uses a velocity distribution cxpressed by the
relation v; = (6000 + 0.9d) ft/sec, where vi = interval velocity and
d = depth. This shows the structure more clearly and indicates the
strong possibility of a fault in Zone E below about Shot-point 134 or
135, but the evidence is not entirely conclusive. Above Zone E it
is considered that the beds are more likely to be continuous than
faulted.

There is reflection evidence that the sediments continue for
several thousand feet below Zone E, ‘

Traverse D (Pinkilla flank) Plates 6 and 7. This traverse,
5% miles long, was shot in a north-west direction across the north-
western flank of the Pinkilla Dome.

The reflection cross-section shows four fairly continuous
zones within 4000-ft depth of the datum. These zones are shown
on Plate 6 as A; B, C, and D all with gentle north-westerly dip.
None of the above zones can be the cause of the steep gravity gradient
on the north-western flank of the Pinkilla Dome (see gravity interpretation).
As they are conformable and show gentle structure, they are all assumed
to be within the Mesozoic sediments. Zone L is unconformable with
Zone D as the former indicates much steeper north-westerly dips.
Between Shot-points 159 and 166, reflections were recorded from below
Zone I down to a depth of 12,000 ft, and these showed an increasing dip
with depth. From Zone L down, the reflections give the impression
that the beds are abutting an erosional surface (possibly besement )
at the south-eastern end of the line. The possible outline of such
a surface is shown on the cross-section,

The quality of the deep reflections from Zone E, and below,
is fairly good and some are continuous over a distance of 5000 to
7000 ft. The structure of Zone E would appear to be largely responsible
for the gravity anomaly observed. This is discussed further in the
soction on gravity.



A curved-path, migrated-dip cross-section is shown on
Plate 7y this cross-section used a velocity distribution represented
by vy = (6000 + 0.94) ft/sec. The angular unconformity is clearly
seen at Zone E with truncated beds below it.

Refraction results

Time/distance curves and interpretation for refraction
traverses A (Tallyabra), B (Pinkilla), and C (Harkaway) are shown on
Plate 8; 9, and 10, The refractors as interpreted are also shown
on the reflection cross-sections for Traverses A; B, and C for
comparison.

It might be mentioned here that the refraction traverses
were not always straight lines (see Plate 1) and in some cases this
caused considersble difficulty in interpretation. The time/distance
curves shown on Plates 8, 9, and 10 are partly estimated for equivalent
straight-line traverses and are consequently not as accurate as may be
desired., It also means that subsurface overlap was not always
achieved although the time/distance curve may indicate that it was.
However, it is considered that the interpretation would not be
markedly different for an actual straight-line traverse.

( The interpretation of the refraction results was difficult
because of the large number of refractors recorded; and because of the
bends in the traverses. Final interpretation has differed greatly
from the initial field interpretation. It is now apparent that
additional shooting would have been desirable to censure that, when
shooting from opposite directions; refractors were recorded from
overlapping portions of the refractor, and also to establish with more
certainty which refraction recordings from opposite directions
corresponded to each other, In the interpretation shown below the
time/distance curves,the only refractors plotted are those that the
authors confidently believed exist roughly as shown. On Traverse C
the authors were not sufficiently confident of the refractor profiles
to plot them. Consequently the diagram on Plate 10 is intended only
to represent the approximate depth and velocity of rofractors.

The velocity and depth of the refractors recorded on each
traverse are summarised in the table belows:

Reflection Traverse A Traverse B Traverse C
Zone Velocity  Depth Velocity  Depth Velocity Depth
(ft/sec) (ft) (ft/sec)] (£ft) (ft/sec)] (ft)
6500 sub-
weather~
ing
7230 80
8020 700 8410 300
B 13,020 13250 12,640 2000 12,570 { 3000
14,865 | 3800
16,150 | 4800
E 174230 5700 17,520 3000 18,000 | 5850
20,900 {8600 21,700 3800
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There is good correlation between the refractors recorded
on Traverses A and B, and the depth measurements show that all are
considerably shallower on B than on A. As pointed out above, the
Eromanga No. 2 bore suggests that the 13,020—ft/sec refractor
recorded on Traverse 4 should be correlated with the Blythesdale
Group; and because of its high velocity, the 17,230~ft/sec refractor
should be regarded as a Palaeozoic formation. The depths of these
two refractors are approximately the same as reflection zones B and
E on Traverse A znd hence are correlated, as is shown in the table.
The correlation between these refractors and the two reflecting zones
also appears reascnable on Traverse B, although the depth to the
17,520—ft/sec refractor diverges from Zone E towards the eastern end
of the traverse. The possible faulting indicated by the reflection
cross-section at this esastern end may be the cause of this, as it has
not been allowed for in the refraction interpretation.

Because of the bends in the traverse and the complicated
subsurface structure (as shown by the reflection cross-section),
interpretation of refraction Traverse C was very difficult. The
final interpretation arrived at is by no means certain, Then
compared with Traverses A and B, the correlation of refractors is
not as obvious either. The most reasonable correlation appears to
be that shown in the table, and this means that two refractors have
been recorded on Traverse C, viz. 14,865-ft/sec and 16,150-ft/sec
refractors, which have not been recorded on Traverses A and B,
Failure to record these refractors would not be surprising on
Traverse B, where there is a large decrease in thickness of sediments
compared with the other two traverses, and those refractors recorded
are too close together to allow the recording of others between them
if they did exist. On Traverse A when shooting from the west with
a shot-to-geophone distance of 4 to 5 miles, an apparent velocity of
14,060 ft/sec was recorded. This shooting distance was omitted in
the reverse direction, so no complementary velocity has been recorded.
It scems probable that this velocity is a real one and correlates
with the 14,865-ft/sec refractor on Traverse C. The 16,150-ft/sec
refractor has only been recorded as a later event in one direction
of shooting on Traverse C, so it may be that on Traverse A it has
never become a first arrival and consequently has been 'missed' in
the shooting. Alternatively, the relatively steep dip of the
subsurface formations below the geophone spreads on Traverse C, and
the monocline or fault of 1000~ft relief that lies between the
geophone spreads and the eastern shot-points, may have complicated
the shooting so much that the interpretation does not represent the
true facts,

The depths calculated for the refractors on Traverse C do
not correspond to the depth of the main reflection zones (see Plate
4). However, the very strong reflection (Zone E) is generally taken
t0 be near the top of the Palaeozoic sediments in this area, and to
be consistent in our correlations, it should correspond to the
18,000 ft/sec refractor, to which it is closest in depth. 4
velocity of 16,150 ft/sec appears high for the Mesozoic sediments
(although velocities like this were measured in the lower Mesozoic
formations in the Cabawin No. 1 bore in the Surat Basin), but in
view of the uncertainty in the refraction interpretation on this
traverse, this has been accepted. The 12,570~ft/sec refractor could
correspond to either Zone B or Zone C marked on the cross-section.
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5. COMPARISON OF SEISMIC RESULTS WITH GRAVITY ANOMALIE

In discussing the interpretation of the seismic results
obtained in the area in relation to the Bouguer gravity anomalies,
use is made of seismic work carried out by Phillips Petroleum Co.
(Phillips and Sunray Mid-Continent, 1961). The reflection Traverses
L, By Cy, and D along with the company seismic data are shown at a
reduced scale on Plates 11, 12, and 13. Depths have been adjusted
using the same velocity function as was used for the Bureau's
traverses. Bouguer—anomaly profiles and gravity interpretation
are also plotted, and refraction horizons and velocities indicated.
Reflection Zone I appears as a continuous band of energy across all
reflection cross—-sections and is currently interpreted as a horizon
near the top of the Palaeozoic. Velocities of 17,230 f%/sec,
17,520 ft/sec and 18,000 ft/sec appear to correlate with this zone.
A qualitative correlation between seismic cross-~sections and the
Bouguer profiles along individual traverses will be discussed first.

Harkaway, Traverse C (Plate 11) from

The Bouguer anomaly is observed to increase/%hot—point
116 to Shot-point 124 after which it begins to decrease, reaching its
lowest value above Shot-pcint 147. The structure as shown by Zone
E rises from west to east, shows reversal in direction of dip between
Shot-point 132 and 137, and reaches its lowest level between Shot-
points 140 and 147.

Tallyabra, Traverse & (Plate 11)

The Bouguer profile is more—or-less flat between Shot-
points 17 and 23 beyond which it falls towards the east. The structure
indicated by the I zone is more-or-less flat.

Pinkilla Dome, Traverse B (Plate 12)

The sediments down to Zone E appear quite flat. The
point of inflexion on the Bouguer-anomaly curve beltwecen Shot-points
68 and 70 appsars to support the existence of a fault as shown .on the
western end of this traverse. However, the Bouguecr anomaly can also
be accounted for theoretically by a large basement uplift, beneath
the Pinkilla Dome, coinciding with the surface marked Z. It is not
possible to differentiate between the possible causes of the anomaly.

Pinkilla Dome, Traverse D (Plate 13)

Zone D shows slight north-westerly dip and cannot be the
cause of the very steep gravity gradient observed along this traverse.
Zone Ey; however, is a very steeply dipping gzone, which could account
for the observed Bouguer anomaly. The difference in density of the
beds above and below Zone E may not be the only factor. Surface Z,
which is possibly basement surface, could be a contributory factor.
The sudden change in gradient of the Bouguer profile between Shot-
points 159 and 147 is possibly due to a density contrast that may
exist between beds above and below the Surface Z. The gradient of
the Bougusr-anomaly profile is seen to return to its former value at
Shot-point 168 at a point where the Surface Z probably levels out.
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It is apparent from the above that a quantitative interpretation of the
gravity data is likely to be very complex. Here there are possibly
important density contrasts at three levelss

(a) at the Mesozoic/Palaeozoic boundary,

(b) at Zone E (a zone within, and possibly near the top of,
the Palaeozoic sediments),

(¢) at the Palaecozoic/ (?) Archaeozoic boundary - Surface Z.

Bulloo Syncline Cross—section by Phillips Petroleum Co. Ltd (Plate 12)

L quantitiative interpretation of the gravity data is given
later. The gravity profile across the Bulloo Syncline shows a
pronounced 'low’, The seismic cross—sections show that this could
be due to (a) thickening of the Mesozoic sediments or (b) an increase
in thickness of the Palaeozoic sediments towards the centre of the
syncline.

From the above it is seen that along all traverses there is
a good qualitative correlation between the seismic cross-sections and the
observed Bouguer profiles. Therefore, gravity work in the area is a
useful preliminary to more detailed surveys. It is clearly demonstrated
that gravity 'highs' are frequently associated with subsurface relief.

A quantitative interpretation of the Bouguer profile across the
Harkaway Dome (Plate 11)

The Bouguer profile across the Harkaway Dome indicates a
fault. The half-width of the anomaly indicates a depth of about
5500 ft below sea level to the centre of the fault. The model
selected is that of a vertical fault at 'A', which approximates the
displacement shown by zone L. The estimated depth to centre of the
fault block (5500 £+ below sea level) suggests that a density contrast
between beds above and below Zone E is responsible for the observed
Bouguer anomaly. If the throw of the fault is taken to be the
difference in depths to Zone E under Shot-points 132 and 140, which
are situated on either side of the monoclinal flexure, then a density
contrast of 0.44 g/om3 is required to account for the total anomaly
between the maxima and minima on the Bouguer profile. It is seen
that the calculated curve fits the observed curve fairly well.

The above analysis strongly suggests that the monoclinal
flexure at a depth of about 5500 ft below sea level (i.e. 5800 ft
below datum) is the major cause of the observed relief in the Bouguer-
anomaly profile.

Attempt to correlate Traverse C (Harkaway) with Traverse A (Tallyabra)
(Plate 11)

If the geological conditions that appear to give rise to
the observed Bougucr-anomaly profile across Harkaway Dome exist as far
east as Tallyabra Dome, it may be possible to corrslate the seismic
cross-sections on gravity evidence. Zone I is extrapclated eastwards
on the basis of gravity as far as Tallyabra using the 'plate
formula':
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Ag = 2 TszG Ad
G = universal constant of gravitation
/£> = density contrast |
d = thickness of plate

The points 'B' and 'C' of the Bouguer—anomaly curves
suggest two faults. Depths to the centres of these faults or
monoclinal flexures which can, as at Harkaway, be represented approxi-
mately as vertical faults, are suggested by the half-width of the
Bouguer anomalies. If the throws of the faults are assumed to be
such as to account for the total anomalies between maxima and minima
on the curves (assuming a density contrast of 0.44 g/cm3 and that the
locations of the faults are directly below the points of inflexion on
the Bouguer profile), it is seen that in both cases the calculated
curves for faults assumed to be at 'B' and 'C' give very reasonable
fits to the observed Bouguer-aznomaly profile. They also lie on the
extrapolated Zone T based on the 'plate formula'. Thus the
extrapolation of Zone E from Harkaway to Tallyabra on the above
assumptions appears reasonable. However, eastwards the extrapolated
Zone I is found to deviate more and more from the seismic Zone E ard
this suggests that there could be an alternative correlation of seismic
refractions.

The above is based on the simple assumption that the
conditions that give rise to the_Bougusr profile across Harkaway
(a density contrast of 0.44 g/cm at Zone E)extend as far as Tallyabra.
It is doubtful that such a simple assumption could be applied ecastwards
as far as the Bulloo Syncline. However, the extrapolation of Zone E
castwards on gravity evidence as far as the Bulloo Syncline is instructive.

To attempt a correlation between Harkaway Dome and the
Bulloo Syncline on gravity evidence would be complex for there appear to
be several factors which give rise to the anomalies on the individual
traverses. However, as a step towards such a correlation, the
Bouguer profile across the Bulloo Syncline is now analysed quantitatively.

A guantitative interpretation of the Bouguer profile across the Bulloo
Syncline (Plate 12)

The interpretation is based on the following assumptions
which give a reasonable fit between the model used for the gravity
interpretation and the seismic cross—section p

(a) there is a density contrast of 0.17 g/cm3 at the
Mesozoic/Palaeozoic boundary,

(b) there is a density contrast of 0.20 g/cm3 cither
within the Palaeozoic sediments or at the Palaeozoic/
Archaeozoic boundary.

The models used are illustrated and the calculated
Bouguer-anomaly curves are shown on Plate 12,
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It is seen that (including the effect of the Mesozoic
sediments in each instance) the calculated curve for the density
contrast at Surface A( i.e. within the presumed Palaeozoic sediments)
gives a much better fit to the actual curve than that calculated for
the density contrast at Surface B.

It is folt that the above quantitative studies over
Harkaway Dome and the Bulloo Syncline and the attempte to extrapolate
seismic Zone E by grevity show that there are substantial areas where
a more~or-less quantitative assessment of gravity is possible, particularly
in terms of structure and thickness of Palaeozoic sediments.  However,
it should be emphasised that gravity interpretation is not unique and
that the degree of reliability of the interpretation depends on the
amount of control available. Checking would normally be done by
seismic traverses so located as to provide well-distributed control
for improving the gravity interpretation.

6. CONCLUSIONS

The following conclusions may e drawn from this survey:

(a) in the area of the Tallyabra Syncline, the sediments
probably exceed 12,000 ft. This conclusion is drawn
from the results on Traverse D, where the thickness of
sediments is indicated to be 12,000 ft and increasing
to the north-west.

(b) the Pinkilla Dome is proved to be a structurally high
arca, with the basement probably between 4000 and 6000
£t deep. As shown on Traverse D, the deeper sediments,
which are probably Palaeozoic, appear to abut a possible
basement core on the western side of this Dome. It is
possible that there are no Palaesozoic sediments on the
top of the Dome,

(¢) the existence of an anticlinal fold, probably faulted on
the eastern flank in the deeper sedimenis, is proved to a
depth of 7000 £t below the Harkaway Dome. Although the
absence of deep reflections below the crest of this
structure could indicate a shallow basement (i.e. roughly
7000 ft), there is no indication of truncation or
abutment of the decper sediments on either the faulted
castern flank or the gently-sloping western flank. It
ig possible in this case that the absence of reflections
does not indicate lack of sediments on top of the
structure and that Palaeozoic sediments exist right across
this anticline, The fact that Zone E, which is assumed
to be near the top of the Palacozoic sediments, is
continuous acrogs the structure supports this view. It
has certainly not been proved yet that this structure is
a completely similar one to the Pinkilla Dome.
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(d) there appears to be good correlation between the semi-
regional basin structure and the general Bouguer gravity
anomalies, and also between the surface, the NMesozoic,
and the Palaeozoic structures and the more detailed
Bouguer anomalies.
been indicated:

(a)
()

(c)

GABY, P.P.

KCTT, W.D.
-HOTT, W.D.

PHILLIPS and SUNRAY
MID-CONTINENT

SPRIGG, R.C.,

VALE, K.R.

VALE, K.R. and SMITH,
EDR.

WHITEI{OUSE, F. "':t'.o

Important density contrasts have

between Mesozoic sediments and Palaeozoic
sediments at Harkaway,

within the Palasozoic sediments in the
Bulloo Syncline,

between the Palaeozoic sediments and the
basement at Pinkilla.
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APPENDIX A

STAFF AND EQUIPMENT

STAFE
Party Leaders: A.G. Morton
Geophysicists: X.B. Lodwick
K.F, Fowler
Surveyors: C.R. Samundsett ) Provided by Department of
) the Interior.
J.T, Coman
Obgerver: G.L. Abbs
Shooters II. Yischmann

Drilling team

Toolpusher L. Sprynskyj ) Provided by Petroleum Technology
) Section of the Bureau.
Drillers B.G. Findley %
K. Suehle )
Mechanics G. Bennett
I.D. Pirie
Clerk VI.E. Rossendell

Up to 10 assistants (including cooks, drill helpers, and field hands)

were employed as recuired.

EQUIPMENT
Seismic amplifiers: TIC model 521 - Filter curves are shown on Plate 15.

Seismic oscillograph: TIC 50-trace; 10 in., mixing

Magnetic recorder: Tlectro-Tech DS 7.

Geophoness TIC 20 ¢/s and 6 ¢/s

Drillss: 2 Failing 750, with 4% x 5 mud pumps
Water Tankers: Pour, 700-gallon, vacuum filling
Shooting Truck: Oney,; 700-gallon, vacuum filling

An office caravan, recording truck, 4 Land Rovers, workshop truck,
3-ton supply vehicley 1-ton utility, light tractor, and a number of

trailers completed the party's mobile equipment.



APPENDIX B

IABIE OF OPERATIONS

Established camp:
Camp site:

Surveying commenced:
Drilling commenced:
Shooting commenced:
Total footage drilled:
Miles levelled:
Topographic ties:
Explosive used:

No, of Detonators used:

Datum level for corrections:

Weathering velocities:

Sub-weathering velocities:

- Velocity distribution used:

6.8.59

Approximately 3 miles west of Eromanga.
1.8.59

7.8.59

7.8.59

20,472 (See Appendix D for drilling analysis)
80

Bench marks

10,563 1b Geophex.

457

300 £t above sea level

Variable, 2000 to 3500 ft/sec
Variable, 6000 to 6500 ft/sec

Mean curve between that obtained by

Geosurveys Ltd from t : At analysis and by the BMR Haddon Downs survey.

vy = 6000 + 0.94 ft/sec (See Plate 14).

REFLECTION SHOOTING DATA
Shot-point interval

Geophone group:

Geophone group interval

No. of holes shot:

Common shooting depths:

Usual recording filter:

Usual playback filter:

Miles traversed:

Common charge sizes:

+ miles

6 geophones, 20 c/s, 22 £t apart in line
of traverse

110 £t
&1

Traverse A 190 ft
Traverse B 175 £t
Traverse C 110 ft
Traverse D 105 £t
LR2H2
1383
208

Traverse A 20 1b

Traverse B 20 1b



(5}

Weathering correctionss

Gradings

REFRACTION SHOOTING DATA:

Geophone group:

Geophone group interval:
No. of holes shots

Usual recording filters

Charge Sizes:

Maximum shot/geophone
distances:

Weathering control:

Weathering and elevation
corrections:

Traverse C 10 1b
Traverse D 25 1b

Graphical, and adjacent geophones;
after Vale (1960)

After Gaby (1957)

Two geophones, 6 ¢/s, together

220 £t

22

LOH3

100 1b (for shot/geophone distances up to
1% miles) to 600 1b (for shot/geophone
distances up to 9 miles)

45280 £t

From reflection shooting (for remote

shot-points, from uphole time only)

After Vale & Smith (1961)



APPENDIX C

NOTES ON DRILLING TIMES OF SEISMIC SHOT-HOLES - 7/8/59 to 25/9/59.

No. of operation shifts:

Total time for operation shiftss
Overtime (maintenance)s:

Overtime (drilling)s

Total overtimes

Drilling time:

Travelling & rigging times

Time lost because of rains

Time lost waiting for water:

Time lost by repairs to rig and equipments
Time lost standing by for recorder:
Total drilling time lost

No. of holes drilled:

Total footage drilled:

Highest footage drilled per day by two rigs:

Lowest " n mooon o "
Average " n n non "
Deepest hole drilieds

Average depth of holes

Bentonite useds

62

527 hr
70% hr
nil

70% hr
301% hr
182 hr
31 hr

31 hr

29 hr

17 hr
108 hr
162
20,472 £t
1035 ft
284 £t
649.6 ft
375 £
126 ft

nil

Notes Although drilling generally was not difficult, it proved to be

rather slow because

(a) fairly deep holes were needed in most places, and

(b) in refraction shooting the 'bulling' charge frequently
caused the hole to collapse, necessitating a re-drill.
For these reasons it was sometimes necessary to operate
three drill-shifts per 24 hours to avoid holding up the

recording crew.
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