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SEISMIC INVESTIGATIONS OF THE
- WINTINNA TROUGH, 1972

ABSTRACT

Seismic refraction and reflection work in
the Wallatinna area in 1972 has suggested a fault
along the north-west edge of the Ammaroodinna
inlier as the north-west limit of Permian sedimen-—
‘tation, and thus of the Arckaringa basin. This is
probably not the limit of the lower Palaeozoic
sediments of the Officer basin, which appear to
extend south-east and perhaps east below the
Arckaringa Basin. :

Refraction velocities over the Wintinna
gravity high suggest, but do not positively confirm,
the presence of dolomites filling a basement .
trough. A stratigraphic well, Manya No.1, has.
been proposed to identify the refractor at its
shallowest point. Target depth is 152 metres.

Another shallow well, Marla No.1, has been
proposed to identifly the’ hth speed refTBCuOT
near Wintinna Hill. Refractlon velocities .in
this area are not definitely diagnostic of any -
known geological horizon, although lower Palaeo-

- zoic . sandstones of the Officer basin are consid-
. ered most likely. The predicted depth to the
- high speed .réfractor is 102 metres.

INTRODUCTION
éince'the aiséovery in 1968 of the Winﬁinna gravity high
'001n01dent with a- maJor magnotlo basement trough, Departmental
selsmlc operatlons have been carried out in the area to determine

the cause of the anomalies and explain the dlscrepancy between the

grav1ty and maﬂnetlc data, (Mllton, 1972, 1973 and 1971). ZLate in
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1971 two lines were bulldozed over the-céntralﬁpart‘of the anomaly
for-seiSﬁic operationé in 1972,‘b0th starting at Wallatinna'W.H. on
the EVERARD® :256 000 sheet. -The 1bngef line, ED; extended south-
south-east for 58 kilometres over the Ammaroodinna inlier aﬁd the
Wintinna grévity high; Line EE wés.bﬁlldozed west-north-west for
34 kilométres into the Bastern Officef.basin; A further line, EH,
was established.along'ﬂ7% kilometres of a Cbmmonwéalth Railways
cleared line near Winfinna Hill. Plan 73-525 shows the position of
the lines and"théif relationship to the gravity anomaly.

Continﬁbus fefraction Wo%k was carried outbalong the EH line,
a comblnatlon of reflectlon and refractlon along the ED line, and

refractlon along the eastern end of the EE line.

"PREVIOUS. GEOPHYSICS )

AEérlier inveétigétions in the Arckaringa basin have been
covered in Departmental reports on the 1969, 1970 and 1971 seismic
field seasons (Milton, 1972 1973 and 1971); Apart from a heli-
copter gravity survey for Murumbd Oll N.L. in 1970 (Wettleton, 1970)
and an aeromagnetlc survey for Bxoil Pty. Ltd. in 1964-65 (Steeniand,
1965), there has been no geophysical wo rk by private companies

within 100 kilometres of the present survey area.

GEOLOGY
A full account of the geology of tne'Arckaringa basin can be
found in a paper presented by Dr. H. Wopfner at the I.U.G.S
Gondwana symposium.in 1970 entitled-”Permian Palaeogeography and

Depositional Eviromment of the Arckaringa Basin, South Australia'.
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Bxplanatory notes by'G.W.rKriegfcovering the EVERARD 1:250 oob
sheeflérekming prepared for publication.-

In barticular, the KWintinﬁa gravity anomaly is inter-
preted as being oauéed by a dense preePefmian'doldmite.filling a
crystalline basement trough (Miiton and Thornton, 197@); The -
Holomife is probably overlain by Permian. sediments of the‘

A rckaringa basin and Mesozoic sediments of the Great Artesian Basin.

_EXPLORATION-ME‘HODS. 3

Exploration methods were similar to those of 1971
(Milton, 1971) with Geoflex (1.0.1. Aust..Ltd. Trade Mark) the:
usual energy source. Much greater éhaxges'were used in an attempf
to'overcomé.the poor energy transmission.of the iQose Surface_sand
covering much of the area., A further cause of'ﬁoor énergy trans-
mission was the depth of burial of the Geofiex -— this was generally
less than 45 centimetreS*rather_fhan the optimum depth of 55 %o
60 centimetres, with the‘resuit tHat a lot df energy ﬁas.lost by
blow-out at the surface. A larger tractor is being used for the
1973 season and optimum burial depths are being achieved.

Laﬁer work has suggested that the oharge offset of 1200
feet (366 metres) ugsed over most of the area was %oo short. With
an offset of 2400 feet (732 metres), an improvement in signal to
" noiser ratio of about three times could have been'ékpected.

some aﬁtempts were made Tto simulate a liﬁe source of -
variable detonation velocity using small Anzoméx‘ohargés_fired
sequentially with verying time delays. It was hoped that this

method could be ugsed to improve the signal to noise ratiq@ of the



seismic signals reflected from different layers. Unfortunately,

the nature of the ground surface (loese sand on the ED line, out-
cropping sandstone on the EE line) made shot preparation such a

slow process that thé eXperiments were stopped before any conclusive
results were obtained.

At the northern end of the ED line, attempts were made to
obtain reflection data using conventional split-spfead techniques
with Anzomex charges at a depth of about 4% metres. This wags also
unsuccessful because of diseipation of most of the explosive energy
into the air and the loose sands surrounding the charge.

Gravitj readings were taken at each shot point on the ED
line and the Bouguer gravity values integrafed with the data

from the Eastern Officer Basin Helicopter Gravity Survey.

COMPUTATION METHODS

Two methods were used to compute the refraction data -
those developed by Dooley (1952) and Hawkins (1961). The first
assumes that the refracting layers are plane between shot point
and the fur%hestAgeophone, and computes depths and dips of the
refractors at the shot pointé. This method was normally used where
the time—distance‘curves indicated the presence of several refractors,
each of which could bé considered plane. Where the sub-surface
consisted baéically of overburden ébove a high speed refractor,
the computation method developed b& Hawkins was used, particularly
‘where the time-distance plots indicated a refréotor whose surface
could not readily be represented by a plane. This was most common
(in areas where the high-speed refractor was less than about 300

metres deep.



The small amount of usable reflection data, from BED91
to ED122, was corrected.to a datum 750 feet (229 metres) above
sea, 1e§el using near eurface depths and velocities calculated from
short weathering spreads. A major reflector was correlated from
BD91.(.5%8 seconds two-way time) to ED122 (.810 secohds) and convert-
ed to depth using an average relocity obtained from a T2—x2 analysis
of the reflection records; This reflection cross section was plotted

with the BD refraction data on plane 73-526, 73=527 and 73-517.

INTERPRETATION OF RESULTS

EE LINE

3]

Data on the;high speed refractor were obtained only from the
first T+ kilemetres of the line from Wellatinna W.H. At this
point (ED180) the refrac»or had deepened from about: 30 metres below
surface at EE496% to about 150 metres, but Was too deep to be.
recorded further west using the lowlenergy Geoflex source. The
velocities ranged from 4}08 kn/s near wallatinna to 4.97 km/s at
EEW80,‘%he increasepprobably being.due.to'a reducpion in weathering
of the refractor a8 it deepened and/or’inoreased compaction., This
refractor may oorrelate with lower Palae0201c sediments of the
eastern Offleer oa81n,.1n partlcular with a refractor of ve1001ty
4.57 km/s recorded north of +the Munyaral structure at a depth of
640 metres (Modrcroft, 1969). A crossfsection of the eastern end
of line BE ie’presented-asdplan 73—529.
BH LINE = . - | |

A hlgh speed refractor was recorded over the whole length
of this llne the shallowest depth belno 90 metres at BEH214, dropping

away to 185 and %25 metres at BH182 and EH230 respectlvely As
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with the EE line, velocities appear too low (4.67.to 5.40 km/s)
to arise from either crystalline basement or pre-Permian dolomite
such as that encounteréd in Mt. Willoughby No.1, 35 kilometres to
the south-east. Three possible interpretationsare suggested:

a. The refractor may be the lower Permian Boofthanna

formation of the Arckaringa basin. This is
doubtful as the velocity is apbreciably higher
. than the 4 km/s usually recorded from this horizon.

b. A second possibility, also considered unlikély,

but in this case because fhe velocity is too low,
is that the refractor could be a pre-Cambrian
sedimentary horizon. |

c. The possibility considered most likeiy is that

thé refractor is a Devonian df_QrdoVician sand-
stone of the Officer basin, cofréiating with thé
high speed refractor recorded on the ER l;ne.

A étratigraphic well, Marla No.1, has been proposed for
EH222 toAresolve the problem. The pfedicted depth to the highest
speed refractor is 102 metres. An‘intermediaéé.refractor of wvelocity
3;26 km/s was recorded at a aepth of 75 metres at the northern end
of the‘line, pinching out_against'the fisihg high speed refractor
‘towards EH220. This velocity is indicafive of the Pefmian Stﬁart.
Range formation in the Arckaringa basin. See plén 7%3-524 for a
cross—section of line EH. 4
ED LINE

This line érosses the nbrth—western boundary of the
Arckaringa baéiﬁ. Near the sq@thern end ¢f the line, over the

peak of the Wintinna gravity high, the high speed refractor shallows
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to 165 metres at ED55, with a.velocity of 5.33 km/s.' Going north,
the refractor deepens to 650 metres at ED86, with the vélocity
increasing to 6.40 km/s, typical of western Arckaringa basin dolo-
mites. Weathering probably accounts for the decrease in velocity
across the top of the structure. The ?dolomite refractor begins
to deepen rapidly from about ED60 and is not recorded north of
ED86. A shallow well (Manya No.1) will be drilled néar ED55 to iident
ify the high‘speed refraétor.

A reflectioh section recorded from EDI1 to ED120 4s about
150 metres deeper than the extrapolated high speed réfractor, but
almost certainly correlatés with if, the.discrepancy being due to
picking the second or fhird cycle of the reflection, or to using
too great a wvelocity for converting reflection times to depths. No
data were recorded from ED120 to ED140, but from 140 the high speed
refractor is again recorded, shallowing from about 650 metres below
surface to 150 metres at Eb154,'and then deepening again until too
deep to be recofded at about ED161. The velocity of this refractor,
5.2 km/s, is rather low but it is tentatively cofrelated"withA
crystalline basement. Intermediate refractors of velocity 3 to
4 kn/s are'correlate@ with Permian sedimenté, the Wide range in
" velocity being due to variations in the presence and thickness of
the Mt. Toondina beds (velocity 2.7 km/s), Stuart Range formation
(%.%km/s) and Boorthanna formation (about 4km/s).” The 4.6 km/s
refractor may represent pre;PeEmian sediments. For clarity, these
thin refracfing layers have been shown as a single horizon on plan
73-517. A fault, down-thrown to the south—south—east, is postulated
near ED166, mainly on gravity evidence (Nettleton, 1970);'but also

suggested by differences in dip and depth of the high speed refraqtor
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at ED161 and ED176. The section of uplifted high speed refractor,
correlated with crystalling=baseﬁent, between ED166 and ED191%4 corr-
esponds to the Ammaroodinna inlier (Krieg, 1972). To the north, the
boundary of the inlier is marked by a further fault, down-thrown to
the north-north-west, .at EDI91%. This fault is recorded on the
refraction profiles and also has surface eXpression i5 kilometres
sbﬁth—west of ED191%4. Overlying the high speed refractor are two
refractors, one of velocity 2.7‘km/s, interpreted as the Permian

Mt. Toondina beds, and the other with velocity ranging from 3.6 to
4.6 km/s which could be lower Permian sediments of the Arckaringa
basin or perhaps Offiéer basin sediments.

North of the fault, the high speed refractor is not recorded,
the deepest data coming from a 4.6 km/s refractor about,BO metres
below surface. This veloéity seems too high to suggest corr-
elation with Permian sedimentation (except perhaps the Boorthanna

"formation) and it probably arises from Officer basin sediments.

CONCLUSIONS

As a result.ofithe 1972 seismic. operations the northwestern
boundary of the Arckaringa basin is interpreted as being the
north-western edge of the Ammaroodinna inlier at ED191-2Lf The
boundary of thé Officer basin probably lies further to the south-
east bf the AmméroodinnaHill area.

Positive identification of the cause of the Wintinna gravity
anomaly is 8till lacking, although the seismic results support
the interpretation of a densé dolomite filling a crystalline
basemént trough.. The proposed well, Manya No.1, should finally

resolve the problem.
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Another shallow stratigraphic well, Marla No.1, has been

proposed to determine the nature of the high speed refractor in

g b

8th August, 1973 J. McG. HALL

the Wintinna Hill Areas.
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