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*A SUMMARY OF CERTAIN SEDIMENTARY BASINS
IN SOUTH AUSTRALIA

THE ARCKARINGA.BASIN - B.E. Milton’

The Arckarinéa Basin is an intracratonic Permian basin, extending .
from the central northern part of South Australia to the southwest (figs. 1 §
Zj and covering about 107 ha. It is composed of a central area of shallow
crystalline basement with deep grabens'or half grabens around the»periphery.
The centralAplafeau is clearly butlinedion the Bouguer grévity and magnetic
baséﬁent contour plané. It consists of crystalline'rocks'of‘the Gawler
Platform which vary_in‘depth from near surface on theiMabel-Creek,_Coober
Pedy.and Mount Woods basement riageskto more than 1- 000 m in the Mount
Willoughby trough. The basement sﬁrface is gently undulating and is generally
overlain dirthly by Permian sediments.

The marginal features consist of thé Boorthanﬁa trough in the east,
the Wintinna trough in the north-west wﬁich is paralleled by the Tallaringa
trough in the southwest, and the Phillfpéon and Wallira troughs in ﬁhe south
central area. Each of the first ‘three contains a cbﬁsiderabie thickﬁess of
pre-Permian dolomitic rocks while the sedimentary fi;l in the Phiiliﬁson and
Wallira troughs is mainly Permian. Any pre-Pefﬁian sediments in these two
features are thin and confined to their deepest parts.' Permién sediments in
the_troughs range in thickness from less than 200 m at the culmination of the
Wintinna gravity high to more than‘l 200 m in the qurthanna, Phillipson and
nglira troughs. Over ﬁost of the Basin area, the Peimian sediments are ovéry

- lain by the Mesozoic rocks of the Great Artesian Basin.

*Contributions prepared for publication in A.I.M.M. petroleum volume.
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The sedimentary sequence comprises, in ascending order, diamictites

and cyclically graded greywacke (Boorthanna Formation), a dark coloured shale

sequence (Stuart Range Formation) and dark grey micaceous siltstones, sand-
stones and coal seams (Mount Toondina Formation). These sedimentary horizéns
give rise to good seismic reflection‘and/or refraction events and have been
mapped by thesermethods over.lafge areas.

| The basiﬁ was established by downfaulting of the graben structures
in late Carboniferous - early Pérmian times, but shoftlived movements along
the same trends had already occurred in the Devonian; Upfaulting of adjacent
basement blocks creéted gplands on which plateau giaciers forﬁed during the
early Permian. Moréines and eskers were deposited along the basin margin from.
where glacial debris was tiansported into the distal troughs by mudflows and

turbidity currents. From available evidence, it would.appear that Permian

glaciation concluded in mid-Sakmarian time and that the cyciically graded‘

greywackes are iargely the product of post-glacial turbidity currents, fed by
detrital material maintained at a high rate by continuous movements along the
marginal faults. Tectonic sfability in the late Sakma;ian‘produced.a low
energy marine environment in which the dark shales of the Stuart Range Forma-
tion were deposited. Temporary evaporitic conditions have been recofded-in
some localities and these conditions are thought to be responsible for the low
diversity of the foraminiferal fauna, Regression of the sea in the early
Artinskian was brought about by renewed diastrephism énd the_freshwéter silts,
sands and coals of the Mount Toondina Formation, depositéd under a moist sub-

tropical climate, concluded the Permian depositional cycle.
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THE ARROWIE BASIN - I.J. Townsend

The Arrowie Basin is aACémbro-brdovician basin covering the area
from the western side of Léke Torrens east to the Tibooburra-Broken Hill
trend, (Fig. 3). The séuthern boundary is the‘01ary-Broken.Hi11 trend and
the nerthern boundary is uncertain but lies approximately at the latitude of
29°30'S. The Flinders fold belt now separates the Pirie-Torrens Basin to the
west and the Frome Embayment to the east.

The Arrowie Basin was most brobably terminated bonrogeﬁic movements
in the'Late Cambrian to Early Ordovician, forming the Northern Flinders Ranges.
The'Pirie-Tofrens Basin and the Frome Embayment aré very much younger structu-

ral features within the older Arrowie Basin.
. PIRIE TORRENS BASIN

The Pirie - Torrens Basin is a Tertiary sedimentary basin situated
‘between the Arcoona Plateau to the west and thé Northern Flinders Ranges to
‘ﬁhe east (Fig. 3). It is elongated greatly in a north-south direcfion and
covers aﬁ;area of approximately 10% ha,

The sediments include dolﬁmitic sandstones and dolomites overlying
carbonaceous sahdétones, siltstones and mudstones in the Lake Torrens sunkland
(Bore 3A). Here the Tertiary sediments reach a maximum of 220 metres and are

capped with approximately 90 metres of Holocene sediments.
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Outside fhe Torrens sunklands a maximum of 187 metres of 1igni§ic
clayey sands has been infersected in Wilkatana No. 12, a stratigraphic bore
drilled by Santes.. Palynological examination of samples from Lake Torrens
Bore 3A (Johns, 1968)'indicate an Eocene age of the sediments intefsected.

Artesian waters areipresent in the sandstones of the Pirie -

Torrens basin but éupplies are small and sa@initiés range from 2 000 - 72 000
ppm. Traces of oil have been detected in these sands but it is assumed- the
cause was mlgratlon from the underlylng Wilkawillina limestone of the Arrowie
Ba51n

Below the Tertlary accumulations of the Pirie-Torrens basin lie the

' Cambrian sedlments of the western Arrowie Basin. These sediments censist of
dolomitic anq.sandy limestones. All of the subsurface information results
from 23 shaIlow-stratigraphic wells in the Wilkatana area and 2 near.Paréchilna,
drilled by Santos Ltd. frdm 1955 to 1958. The deepest. of the Wilkatana wells,
Wilkatana No. 1 was drilled to a depth of 2 207 feet (673 m). It iﬁteréected
464. feet (141 m). of Tertiary sands and thiﬁ Hoiocehe sands and clays.. The

next 873 feet (266 m). were Lower Cambrian 11mestones and the bottom 970 feet
.(296 m) consisted of Marlnoan purple shales, part of the Adelaide System of .

. Proterozoic rocks. Several of the Wilkatana wells lie on an east-west line
through Wilkatana No. 1 and these héve been included in figure.4‘to construct -
the section through portion of the Pirie- Torrens Basin. |

Some of the 11mestones intersected at Wllkatana, have a low vuggy

poroéity and traces of crude oil were recovered from a number of wells, The
~crude oil consisted of wax residues and a paraffinic crude of 26° API gravity.

The vuggy dolomitic limestone which produced the bituminous material,
is correlated with the Wiikawiiiina Limestone. The Wilkawillina Limestone is a

Lower CamErian carbonate sequence which contains‘beds of dark grey bituminous.

" limestones.,
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Wopfner (1970) suggests that the hydrocarbon bearing rbcks were
‘exposed to prolonged erosion and oxidation prior to renewed burial. in Tertiary
time, and fhe hydrocarbons at Wilkatana are only remnants of an Early Cambrian
0il accumulation. As Middle and Upper Caﬁbrian sediments are notfprésent'in‘
the Wilkatana wells erosién must have reached the Wilkawillina Limestones and
most of the hydrocafbons escaped. The hydrocarbon potential for the.Cambrian

I}

sediments below the Pirie-Torrens Basin is therefore considered to be very low,
THE FROME EMBAYMENT - B.E. Milton

Thg Frome Embéyment, which covers an area of about 5 x 106 ha, is the
séutﬁernmost‘extension of the Great Artesian Basin in South Australia, It lies
mostly in- the central easfern région 6f Soutﬁ Australia, but extends into -
westérn New South Wales (Fig. 3). The Gféat‘Aftesian Basin'sedimenfs of
Jurassic to Cfetaceous.age range from a thin vénee} in the south to about 600
m in the nérth. The whole of the Frome Embayment is underlain by a thick se-
quence of sedimentary rocks of Cambrian-gnd Precambrian age. Interpretation éf
magnetic and grévity data.suggests the presence 6f more than 4 500 mkof sedi-
ments in places.

The Embayment is bounded in the east largely by the Precambrian sedi-
mentary and metamoréhiC'rocks of the Barrier Ranges, in the south by crfstalline
basement and some infolded Adelaidéan strata of the Olary - Broken Hill block,
and in the.hérth-west-by gfanite and related igneous rocks bf the Painter block;'
The western mérgin-abuts thé fold belt of thelFlinders Ranges, Qhere the contact
is ﬁartly formed‘by.major fault zones, particularly in the vicinity 6f'thé
Painter.Block..>Aithodgh the northern bouﬁdary is not as clearly defined as thosé'
already déscribed, it can be approximately delineated by a latitudinal basemenﬁ'.
ridge centred about the parallel of 30°S,-and having strong gravity and mégnetic
expression; ‘This ridge also appéars.to form‘thé séuthern limit of fhe-Permian

sediments of the Cooper Basin.
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Hydrocarbons have been detected in outcroﬁpdng Cambrian sediments~
edjacent to the western mérgin of the Embayment, and the possibie presenee of
source and reservoir. rocks in the Embayment has resulted in considerable geo-
physieallexpioration being carried out. To 1973 only shallow exploratory wells
have been drilled. Those which penetrated Cambrian sediments are~shown in
Figure 3.

More than-1 600 km of seismio'profiIing was carried out in the Lake
Frome reglon of the Embayment between 1962 and 1970 in attempts to de11neate
structural drilling targets. The seismic exploratlon has.mapped the baseuof~
the Mesozoic section and the Middle Cambrian Wirreaipa Limestone over'muchiof
the area. Some dlscontlnuous deeper events, possibly or1g1nat1ng from Lower
Cambrlan strata, have been recorded particularly in the south-east part of the
. region. No structural prospects of any magnltude»have been detected; and the_
seismic results indicate a relatively uncomplicated Cambrian basin with little
faulting and folding. Seismic contours of the top of the W1rrea1pa L1mestone :
in the Lake Frome area, extendlng as far north as Lake Callabonna, . show the
main trend of the Embayment to be northerly, changlng to north-north- easterly
in the northern part of the area. This agrees with the broader trends indica-
ted by magnetic and gravity surveys. The deepest reflection to the Wirrealpa.
Limestone is’about.z 100 m, 20 hm east of Mount Frome.

| | Figure 5 presents a correlation section between the Cambrian ex-
'posures at Mount Frome and geoiogical logs of the Delhi—Santosistratigraphic"
A wells Lake frome Nos. 1; 2 and 3 with extrapolatlon between control ‘points
based on the seismic reflection from the W1rrealpa leestone 'This section is
consonant with.the seismic interpretation in thls area of a gently westerly _'

dipping Cambrian sequence below the Mesozoic blanket of the Embayment,
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‘ THE MURRAY BASIN AND ASSOCIATED INFRABASINS - R.C.N. Thornton

INTRODUCTION

" The Murray Basin is a shallpw; saucer shaped Teftiary baSin,'covggr
ing an area of 31;3'x i06Aha. 'Beneéth the Tertiary sediments infrabaSingi
cbntain Devonian; Cérbon;ferous, Permian‘and Cretéceous sequences,'

| A The Murray Basin~liés'between‘two‘ﬁajor ”geosynclinesh. Thése aré
‘the Mount LbftijIary arc oflthe»Adeiaide:Geésyncline to the west, and the
. Tasmanides to tﬁ; south and west. To the sbuthwest, the Murray Basin is
divided from the>0tway Basin by the Padthéway.Ridgé. On its northern flank

it is bounded by the Willyama Block and the Cambrian to Devonian Bancannia
Trough and thexDarling Depression.
STRUCTURE

-The major structural feature beneath the Murray Basin are clearly
outlined on the Bouguer gravity anomaly map (Fig. 6). The negative anomaly

values show sedimentary accumulations'and_positive anomaly values indicate
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structural highs. Over nost'of the area the infrabasrns are aiigned inla
northeasterly direction. The Troubridge Basin, Renmark Trough, Terarra Trough
and Menlndee Trough 11e in a nearly stralght line which extends into northern
New South Wales as the Darling L1meament. The last three are grabens w1th a |
dominant northeasterly fault direction. The Blantyre Basin and the Wentworth
tTreugh are nearly parallel to this feature. Inbthe south—eastern part of the

area, however, the Ovens Valley Graben trends in a north-northwesterly direction.

STRAfIGRAPHY

Devonian: Devonian sediments occur » within the deepest portlons of
‘the western and northern 1nfrab351ns The sediments can be correlated 11tholoe
g1ca11y with the Lower Ievonlan marine Amphltheatre Group and overlylng M1dd1e
to Upper Devonlan, "red bed" Mulga Downs Group, which crop 6ut in the Dar11ng
Depre551on (Bembrick, 1972)f

Up to 2 000 m ofAthe fluviAatile "red bed'" sequence of sandstones and
‘interbedded red siltstones have been-intersected in Tararra 1, Blantyre 1,
Mount Emu 1,‘Ivanhoe 1 and Conoble 1. Mount Emu 1 also encountered a consrderq
able thickness of the marine section beneath these sediments. -Seismic data in-
-dlcate that Devonian sedlments also occur w1th1n the Renmark Trough, up to a
"thickness of 1 500 m, and in the Canegrass Lobe (Fig. 7, cross section).

Carboniferous: Carboniferous sediments have been intersected from-

one welllonly; Blantyre 1, where 103 m of sandstones. and conglomerates were
encountered.

Permian: The epproximate extent of the Permian sediments} together
‘with the thicknesses encountered by wells, is shown on Figure 6. The Permian
occurs malnly w1th1n the grabens beneath the Murray Basin. In places, however,i'.
it extends onto basementihlghs, especlally on the Canegrass'Lobe; where;Permian
sediments fill the,lower.oortione of steep sided valleye (Thornton,11972a). The‘
thicknees.of Permien ranges from about 1 000 m in the Renmark-Trough and Ovens
Valley Graben to less than 100 m in_the Blantyre Basin and more than 500 m in

the Tro'.ubri dge Bas in.
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The Permlanlsedlments are of two dlfferent litholoegical types and .
ages., These are f1rst1y unnamed Lower Permian marlne shales, 511tstones,_
sandstones and conglomerates,‘and secondly the Upper Permian Oaklands Coal
Measnres. Marine Permian sediments occur in all the infrabasins, but the
coal-neasures-have been encountered only in the Ovens Valley. Graben.

_Lower Cretaceous: Lower Cretaceous sediments are preserved beneath

the Murray Basin in two known areas; one in the region of the Ivanhoe Trough
where they were intersected in Ivanhoe 1 and Conoble 1, the other around
Renmark (Evans and Hawklns, 1967) In the latter case,~these sedlments have
been encountered in Tararra 1, Wentworth 1, Lake Victoria 1, and all the wells
drilled into the Renmark Trough and Paringa Embayment..

.The Cretaceous sequence around‘lAlenmark.. has been named the Mo_na,shj
.Formation (Thornton,‘1972b) and subdivided into three members. .The transgressive
marine basal unit, the Pyap Member, consists of unconsolidated, well'sorted,
quartz sandstone ranging in grain size from medium to very coarse and pebbly.
The overlying marine Merreti Member comprises predominantly shale, with minor
interbeds of siltstone. The uppermost unit, the Coombool Member, is a fresh-
water regressive sequence of interbedded sandstone, 511tstone and shale

Tert1arx: The Murray Ba51n sequence comprlses a virtually flat lying
blanket of freshwater and marine sedlments, reachlng a th1ckness of 600 m in
the Renmark Trough ~The section can be sp11t into three 11tholog1cal groups.:
Firstly, predominantly freshwater, ‘Paleocene to Eocene sands, secondly, marine
limestones of Oligocene to Miocene age and thirdly, Upper Miocene to Pliocene,

marine to freshwater silts and sands.

PETROLEUM PROSPECTS

Devonian: 'Potentiallmarine source rocks.of the Amph{theatre Group
are known to occur beneath the Murray Basin in the northern part of the area
(enoountered in Mt. Emu 1) and may well occur in the Renmark, Tararra and
Menindee Troughs;« The overlying terrestrial red bed sands have:excellent
reservoir characteristics. iThroughout most of the area, Lower.Permiandshaies

would provide'a suitable cap rock.
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Permian: The dominanfly argillaceous marine sequence of the Lower
-Permian might provide a suitable source rock. The sands and conglomerates
interbedded with the shales have fair to good porosity and could be good
reservoirs. The Upper Permian coal measures may not have been buried deeply

enough to have source rock potential.

Lower Cretaceous: The Pyap Member of the Monash Formation has pro-

baﬁly the greétest potential as a feservoir. The sands_are generally well
sorted and uncohsolidated with excellent effective porosity and permeébilitf;-
The predominantly argillaceous Merrefi Member is a suitable cap rock.
Tertiary: The porous formations are.important freshwatér aquifers;
This, combined with the shallowness of the section, precludes them as po;en-'

tial hydrocarbon reservoirs.

 CONCLUSIONS

~Very few wells have been ariiled so far in the Murray Basin and the
area's potential has not.been fully assessed. Potential source rocks and.
excellent reservoirs are preéent. Small émoﬁnté of gas.bavé ﬁeén encountered
.from Permian rocks. The possibility exists of fiding hydrdcérbdns in anti- -

clinal; fault or wedgeout traps.
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THE PEDIRKA BASIN - Bridget C. Youngs

The Pedirka Basin is a Permian infrabasin lying beneath the western
Great Artesian Basin (Wopfner, 1972). Present knowledge suggests that it covers

2; The major portion of the basin lies in

an area ofJépproximately 185 000 km
the Northern Terrifory and South Australia, with a small extension inte
_Queensland (Figs. 1 & 2).} Six exploratioﬁ wells have been drilled in the basin
and none have found any hydrocarbons.

The present basin limits are defined by outcrops along the Finke
River (Wells et al., 1970) and the margins of thg Georgina Basin, and by seiémic
work. _The Arunta Block lies at shallow depths in thé northern parts of the
basin. The southeastern edge of the basin abuts onto the Birdéville Track Ridge
and the soutﬁwestern‘margin onto the Musgrave Block. The Permian sediments may
_‘be contiquous into the'Arckaringa Basin to the south (Fig. 1. fhe Amadeus
Basin lies to the northwest. |

A major stru;tufal diviﬁion-within the basin occurs along the McDills
Trend (Fig. 8). This roughly north-southAline‘sefarates an area of thicker
Lower Palaeqzoic sediments overlain by relatively thin Pérmian strata in the
west, from an area of thin or absent Lower Palaeozoics and thick Permian sedi-.
ments to the east. This eastern part is in furn overlain by the thick Mesozoic

strata of the western Great Artesian Basin.
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The shailow Arunta Block is réflected in the gravity and aeromag-
netic patterns in the north of the basin (Figs. 1 § 2). .A deep sub-basin
occurs in the southwest of the Pedirka Basin; it is believed to be filled with
Lower Palaeozoic and possibly Proterozoic sediments.

Figure 8 shows thérformations and their approximate thicknesses which
were intersected in four of the wells. The Cambrian sedimeﬁtﬁ'comrpise a mon-
otonous sequence of marine mudstones and dolomitic shales which are part of
the Warburton Basin sequence (Wopfner, 1972). The Ordovician is believed to
~be widéspread beneath the.Pedirka Basin and is represented by. quartzites in the
west and shales in the southeast. Devonian sediments are widespread in the sub-
surface and are continuous with those in the Amadeus Basin to the northwest.. The
terrestrial sequence is composed of mediﬁm—coafse, cross-bedded sands’ overlain
by é series of conglomerates, sands and shales. The Permian sediments comprise
two formations. The lower one is a series of-glacial diamictites, sands and
shales. The upper formation contains tefréstrial sands.aﬂd shales with the
development of coal in the upper layers. The Mesozoic and younger strata Belong
to the Great Artesian Basin §equencé. | |

The Pedirka Basin reflects the effects of the Alice Springs Orogeny in
the porthéasterly alignment of stfuctures, The Permian 1iesAét depths of oﬁly a
few hundred metres in the west and dips to over 2 500 m in the deepest parts
which lie towards the eastern mérgins. ‘Thick coal developments occur in the
eastern areas where many structures-suitabIe for trapping:hydrocarbons exigt
(Williams, 1973).. There is evefy possibility that Triassic caprocks could be
present in these deeper areas and this fact offers good prospects for future

petroleum exploration in the Pedirka Basin.
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