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DEPARTMENT OF MINES
SOUTH AUSTRALIA
Rept.Bk.No. 76/147
G.S. No. 5817
D.M. No. 45/65

EXPLANATORY NOTES FOR THE
CHOWILLA 1:250 000 GEOLOGICAL MAP

INTRODUCTION
The CHOWILLA 1:250 000 map area lies in the
northwestern part of the Murray Basin, between latitudes

© and 34°s and longitudes 139°30" and 141°E. 1Its

33
eastern boundary is the South Australia-New South Wales
border. The area includes portions of the Counties of -
Burra, Eyre, Hamley, Kimberley and Young. |

The entire map area is divided into a number of
medium-sized sheep stations. Several of these stations
(Canopus, Hypurna, Morgan Vale and part of Oakbank) have
been recentiy formed into the Danggali Conservatién Park
covering an area of about 2 500 sq.km. The nearest towns
are Morgan and Renmark, 3 and 19 km south of CHOWILLA
respectively.

Access by station tracks is good. The main road in
the area is the Morgan Mail Road. The Murray River flows
across the southeast corner of the map area.

Average annual rainfall is between 200 and 250 mm,
and avéragé annual evaporation is about 1 700 mm. The
mean maximum temperature for January 1is about 339C, and
the mean minimum temperature for July is about 59C.

The location and geological setting of the map area
is shown on Fig. 1. Geology was annotated directly on

black and white RC 5 aerial photographs at a scale of



about 1:45 000. These photos are stored at the S.A.

Department of Mines, Regional Mapping Section.

PREVIOUS WORK

Ludbrook (1961) and O'Driscoll (1960) prepared
comﬁlementary bullétins describing in detail the
Tertiary stratigraphy and hydrology of the Murray Basin
in South Australia. Pledge (1965) produced geological
crosé-sections for CHOWILLA based on borehoie'information.
He also prepared a preliminary geological map of the
Lindley 1:63 360 area.

Interest in the economic possibilities of theABraémar
Iron 'Formation’ on OLARY and CHOWILLA led to the geological
mapping of the Manunda and Braemar-1:63 360 areas (Mirams,
1960; Whitten and Ker, 1961).

An aeromagnetic map of total intensity (Webb, 1965)
and..a Bouguer anomaly map (Hall and Gerdes, 1976) covering
the CHOWILLA map sheet at a scéle of 1:250 000 have been
published. Reduced versions of these maps are given in
Fig. 2 and Fig. 3.

Adjoining 1:250 000 geological maps which have been
published are ADELAIDE (Thomson, 1969), BURRA (Mirams,
1964), MENINDEE (Rose, 1967), MILDURA (Lawrence, 1972),
ORROROO (Binks, 1968) and RENMARK (Firman, 1972).

Thornton (1974a) has méde a valuable synthesis of
exploratory drilling and seismic surveys carried out in
the Renmark area by private companies and the South

Australian Department of Mines.



An interpretation of aeromagnetic and gravity data from
the southern half of OLARY and the northern half of CHOWILLA
was undertaken by Gerdes (1973) to resolve the regional
structure and to locate the position of the Anabama-Redan
Fault Zone.

Investigations for the proposed dam on the'Murray River
at Chowilla included detailed stratigraphy of the dam site
area (Firman, 1966a; Ludbrook, 1960) and exploration for
construction materials up to 80 km from the dam site (Hiern,
1963). A preliminary geological map of the Chowilla 1:63 360
area was drafted (Firman, 1966a).

Surficial deposits in the Murray Basin in South Australia
have been examined in aetail in recent years and the results

of this work are summarized in Firman (1973a).

PHYSIOGRAPHY

The map area covers. part of a‘great plain rising from
an altitude of about 45 m above sea level in the south of
the map ‘area to about 100 m in the north. In the northwest
corner, the plain slopes ﬁp to the eastern margin of the
Mt. Lofty-Olary Ranges, which reaches a maximum altitude of
539 m at Boiekevie Hill.

The plain surface 1is gently unduiating with changes in
relief of up to 30.m related to calcrete-capped erosional
remnants of younger Cainozoic sediments, undulations in the
old pre-dune land surface, clay pan depressions, drainage
features and sand dunes. In the southeast corner, the
Murréy River has cut a valley.up to 9 km wide with a

steep south bank 25 m high. At this point, about 600 km



from its mouth, the river level is only about 17 m above sea
level.
Two.plant associations dominate most of the area.

Calcareous clayey soils support Casuarina cristata (black

oak) and Kochia sedifolia (bluebush). Eucalyptus oleosa and

E. gracilis (mallee) with a ground cover of Triodia irritans

(porcupine grass) grow in sandy soils.

STRATIGRAPHY AND .GEOLOGICAL HISTORY

The diagnostic lithologies, thicknesses and strati-
graphic relationships of the various rock units are summar-
ised in Tables -1, 2, 3, and 4. Aspects of the geological
history and rock unit boundariés are discussed briefly in
the text. | |

Proterozoic (Adelaidean) metasediments crop out in the
northwest of CHOWILLA and are- infeérred to underlie much of
the map area. Metamorphic rocks of the Protero;oic (Carpen-
tarian) Willyama Complex and the Cambrian Kanmantoo Group
may occur in the .subsurface in the .eastern part of CHOWILLA.

Sediments of ?Devonian, Permian and Cretaceous ages
fill the Renmark Trough and Canegrass Lobe infrabasins. A
more of lessléontinuous‘Tertiary and Quaternary sequence of
the Murray Basin covers most‘of the'map area.
PROTEROZOIC

Carpentarian

A zone of positive gravity anomalies extending south-

wards from the Willyama Inlier (Thomson, 197%) suggests

that rocks of the Willyama Complex (Mawson, 1912) may

underlie the northeastern part of CHOWILLA, possibly as



PROTEROZOIC AND EARLY PALAEOZOIC STRATIGRAPHY

TABLE 1

amphibolites.

STRATI RAPHIC UNIT THICKNESS
AGE AND SYMBOL LITHOLOGY (metres) REMARKS
Ordovician JAcid intrusives Biotite granodiorite-adamellite; Emplaced during Delamerian
(0dg) rhyolite dykes. Orogeny. Dykes intrude
= ' Wilyerpa Formation.
o
kS Cambrian Kanmantoo Group Phyllite and slate; metagrey— Tentatively identified in
E,:‘g (€k) swacke. and; gneiss. deep bores on RENMRK and may
Mz - extend under southeastern part
- of CHOWILLA.
Tectonic Discontinuity
Wilyerpa Greenish-grey slaty laminated about 10007
Formation (Puw) siltstone; quartzite; dolomite
_ at base.
g €= -
3t Unconformity
r;'wff Benda Siltstone Dark grey laminated siltstone 0 to 730 Ferruginous beds of the
= . 5‘5}: -l (Bye) and ferruginous siltstone, Braemar Iron ‘Formation’occur
&) o Sturtian Lokl g minor tillite; calcareous sand- throughout Benda Siltstone
. O o il 8 5 stone and quartzite. and the top of Pualco Tillite.
g |3 w2 N ' Variations in thickness due to
& 3 S, | & %Pualco Tillite Massive calcareous tillite, 2 000 to erosion prior to deposition of
§ < { 38 (Ryp) ferruglnous at topt‘ ;quartzite 2 400 Wilyerpa Formation.
o EaRd with minor tillite and siltstone
Unconformity
G — -
e B3 Siltstone and shale, dolomitic 970
e Bl (7RD) in places; feldspathic quart- to 1 600
(.\-- e 3 R é’? zite beds at base.
P I e, Lese il
$ (c':'g-? ? {saddleworth Siltstone, shale and black >2 170
Torrensian ta’v Formation slate with dolomitic and
3.,’ equivalent (Bbs) pyritic layers.
I
?Unconformity
Carpentarian Willyama Complex High-grade metamorphic rocks; May occur under the north-east

part of CHOWILLA.




far éouth as the Hamley Fault. Thomson (197&) suggested
that the gravity highs may reflect a high proportion of
amphibolites in the basement.

On OLARY and in the Broken Hill area, the Willyama
Complex comprises high grade gneiss, acid and minor basic
intrusives, and metasediments. The original sediments are
older thaﬂ 1 800 million years. Isotopic dates ranging from

1 700 to 1 520 million years reflect phases of deformation,

metamorphism and-intrusion called the Olarian Orogeny (Thomson,
in Parkin, 1969; c.f. Kimban Orogeny). -
Adelaidean

Outcrops of Adelaidean rocks are restricted to the
northwest of CHOWILLA, where formations belonging to- the
Umberatana Group  unconformably.overlie Burra Group rocks.
The méximum thickness. exposed, excluding the Wilyerpa
Formation, is about.5:800 m. The sequence consists of
siltstone, quartzite, tillite, shale and minor carbonates.

The lower part of.the Burra Group (Thomson et al.,

1964) in the Pualco Anticline and north of Mulga Hill H.S.

is correlated with the Saddleworth Formation. Overlying

this unit is a sequence, which is tentatively identified as

the Belair Sub-group (see Forbes, 1971). Siltstone and

dolomite outcropping in the core of the anticlinal structure
south of. Braemar H.S. may belong to this unit. The base of
the Belair Sub-group is marked by a thin zone of feldspathic
-quértzite interbedded with siltstone. The two inliers
'northeasf and east of faraway Hill H.S. are designated as

undifferentiated Burra Group.



The Yudnamutana Sub-group (Umberatana Group, ThomSon,

et.al., 1964) unconformably overlies the Belair Sub-group.
The Yudnamutana Sub-group on CHOWILLA comprises two form-

ations: Pualco Tillite and. Benda Siltstone (Forbes and

Cooper, 1976).‘ The Pualco Tillite, deposited during the
earlier of the two ﬁain phases of Sturtian glaciation,
‘consists of upper and lower tillite mehbers andba.middle

quartzite member. Forbes and Cooper (1976) regard the

Braemar Iron 'Formation' (defined by Mirams, 1962) as a

ferruginous facies of the Pualco Tillite and Benda Silt-
stone, and do not use it as a formal stratigraphic unit. On
FCHOWILLA, ferruginous beds of the Braemar Iron 'Formation'
occur throughout the Benda Siltstone and in the upper till-

ite member of the Pualco Tillite. The Wilyerpa Formation is

separated from the underlying beds by anAerosional break,
and for this reason is not placed in the Yudnamutana Sub-
groﬁp.  This discordance'is-especially marked on the south-
ern part of the eastern limb of the Loch Winnoch Syncline,
where the Benda Siltstone and the upper tillite member of
the Pualco Tillite have Béen removed.

Slate and phyllite of probable Adelaidean age were
encountered in drillholes in the northwest of the map area
(Bryan, 1972; Wecker, 1971). Bﬁngunnia Bore- (Collins Bore)
bottomed in purple slate which Ludbrook (1958) identified as
Adelaidean. It is likely that Adelaidean rocks extend under
most of CHOWILLA, possibly as far east as'the Hamley Fault.
Adelaidean Eover may rest on Willyama-Complex metamorphics
in the northeast of the-map~éreaﬁ

TONITYY W T



EARLY PALAEOZOIC
In Middle Cambrian .time, the sea floor south and
southeast of the Adelaide Geosyncline deepened to form the

Kanmantoo Trough, which was rapidly filled with a very thick

sequence of greywacke-type clastics of the Kanmantoo Group

(Sprigg and Campana, 1953). Uplift of land to the west and
northeast of the trough provided the source areas for
sediment (Fig. 1). |

Rocks belonging to the Kanmantoo Group have been tent-
atively identified by Thornton (1974a) in several deep
drillholes on RENMARK which bottomed in metagreywacke ‘and .
gneiss, and in deep wells on the eastern Paringa Embayment
which encountered slate and phyllite. The Kanmantoo Group
may extend through the soufheastern part of CHOWILLA where
the Hamley Fault may form its western boundary.

Deposition of the Kanmantoo Group ended in Late Caﬁ—

brian time with the onset of the Delamerian Orogeny (Thomson

in Parkin, 1969). This orogeny resulted in complex folding
and faulting throughout the Adelaide Geosyncline and Kanman-
too Trough, and intense'metamorphism‘of Kanmantoo Group
rocks. The orogeny ended in Early Ordovician time with the
intrusion of granitic bodies in an arc extending from Ana-
bama to Murray Bridge.

Biotite granodiorite-adamellite intrudes Wilyerpa
Formation near Bendigo H.S. on BURRA (Langsford, 1971). The
intrusion is outlined by an aeromagnetic feature which
extends for a short distance onto CHOWILLA. A similar
aeromagnetic feature in the southeast of BURRA crosses onto

CHOWILLA and may also represent a buried granitic body.



The granodiorite at Bendigo H.S. is hydrothermally
altered in places, with associated copper and molybdenum
mineralisation. Porphyry dykes of intermediate composition
cut the granodiorite and surrounding. contact-metamorphosed
sediments. Rhyolite dykes intrude the Adelaidean Wilyerpa
Formation on CHOWILLA.

Samples of both unaltered and mineralised granodiorite
from diamond drill cores were analysed for Rb/Sr ratios.
Analyses of eight of these samples produced an isochron of
454+84 million years.” This isochron indicates ‘the age of
emplacement of the granodiorite:. The later alteration did
not cause phe granodiorite t0'becomé'an open system with
respect to Rb and Sr (Webb, 1976).

MIDDLE TO LATE PALAEOZOIC

Deep drillholes on RENMARK, MILDURA and .ANA BRANCH have
encountered .sediments of Cretaceous, Permian and possible
Devonian .ages. Seismic refractors in these deposits have
been traced ontoACHOWILLA, ihdicating ;he presence of
?Devonian to Cretaceous .sediments in the northern Renmark
Trough and.Canegrass Lobe. .Sediments encountered in drill-
holes on the western margin of the Canegrass Lobe have been
tentatively identified as Permian and Devonian.

In middle Palaeozoic time, the Renmark Trough began to

form by downward movement on the Hamley and Chowilla Faults,

and the Canegrass Lobe began to subside (Thornton, 1974a).

The oldest .sediments deposited in these Basins are of possible
Devonian age. Over 1 000 m of non-marine quartz sandstone
interbedded with shale and siltstone were cut by Tararra - 1
on ANA BRANCH in New South Wales (Boyd and Heisler, 1967).

These deposits are tentatively correlated with the Middle to



TABLE 2

MIDDLE TO LATE PALAEOZOIC AND MESOZOIC fSTRATIGRAPHY

(Renmark Trough and Canegrass Lobe)

{may be equivalent
to Mulga Downs Group?)

angular grains.

AGE STRATiggAggégogNIT LITHOLOGY T?;gsfgii REMARKS
° Early Monash Formation Sand, silt and shale; shale and 100 to 650 ? Intersected in bores on
] Cretaceous (X2) siltstone with minor sand; sand- RENMARK. "Divided into »
3 stone Coombool, Merreti and Pyap
g ' Members .
Unconformity
Early Un-named unit Pale gréy, well-indurated fine 200 to 850 ? Top encountered in Minad CRC1
;;Pem;an (PR) to medium pebbly quartz sand- and CRC2 drillholes.
m -0t -stone (top only). Pebbles consist
Eo of chloritic metamorphic rock, dark
=3 brown hard calcareous mudstone,
8§ and pale grey siltstone.
o Unconformity
8 & . - : —
= ?Devonian Un-named unit (?D) Pale grey fine sandstone with 160 to@OO?’ Intersected in Bungunnia .Bore.




Late Devonian Mulga Downs Group, a terrestrial red-bed

sequence which crops out in the Darling Depression in New
South Wales. Here, the Mulga Downs Group unconformably

overlies the Early Devonian marine Amphitheatre Group.

Bembrick (1974) suggested that marine Early and Middle
Devonian strata may underlie the terrestrial ?Devonian
strata in the Tararra Trough. This stratigraphic sequence
may be repeated in the Renmark Trough.

Spence (1958) suggested a Devonian age for sandstone
underlying Cainozoic sediments in Bungunﬁia Bore.

A period of uplift and erosion followed the ?Devonian
sedimentation until basin subsidence allowed the accumu-

lation of Early Permian glacial and marine sediments in the

- Renmark Trough and Canegrass Lobe. Permian deposits encount-
ered in d;illholes on RENMARK consist of argillaceous dia-
mictite, siltstone, séndstone and conglomerate.

As the Renmark Trough deepened, glaciers moved north-
wards and scoured out the valleys of the Paringa Embayment.
Erratics dropped from melting ice rafts, and mudflows of
glacial debris depoéited lenses of conglomerate. Fossil
leiosphaerids indicate a marginal marine environment (Evans,
1967). An assemblage of cold-water foraminifera (Ludbrook,
1967) and microflora (Harris in Grasso, 1963) from North
Renmark No. 1 gives a Sakmarian to Early Artinskian age.
Most of the»movement on the major faults took place in Early
Permian time, resulting in differing thicknesses in the
Permian' sequences across the faults.

Two drillhdles (Minad CRC1 and CRCZ) on tﬁe northwest
margin of the Canegrass Lobe. passed through a thin late
Cainozoic sequence into .a hard pebbly quartz sandstone which

Gould (1975) considered to be Permian.
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MESOZOIC

Uplift and erosion followed the Early Permian depos-
ition until Early Cretaceous time when the sea advanced
southwards from the .Great Artesian Basin, through the Frome
Embayment and Wilcannia area, and into the Renmark-Menindee
and Wentworth Tfough Systems.

The Cretaceous sediments of the Great Artesian Basin
can be divided into three phases: an initial marine trans-
gressive phase; a stable marine phase; and finally a marginal
marine tb freshwater regressive phase. In the Renmark area,
these three phases are represented respectively by the Pyap,

Merreti and Coombool Members of the Monash Formation

(Thornton, 1972). The Cretaceous‘infrabasins beneath the
Murray Basin were the last areas to experience marine incur-
sion and the first to undergo regression. Consequently;
Cretaceous sediments were deposited .only during Aptian and
Albian time. Uplift accompanied the northﬁard departure of
the sea, and a period of non-deposition set in until the
Paleocene. Movement on the Hamley and Chowilla Faults
probably ceased during Early Cretaceous time.
CAINOZOIC
Tertiary

The Tertiary sequence in the central Murray Basin can
be divided into three phases: an initial period of fresh-
water deposition (Paleocene to Eocene); a transgressive
period of more or less continuous marine deposition (Late
Eocene to Middle Miocene); and finally, a transgressive-
regressive marine to freshwater phase (Late Miécene to
Pliocene). Towards the basin margins, the.Late Eocene to

Middle Miocene transgressive phase is not continuously



TABLE 3
TERTIARY STRATIGRAPHY

STRATIGRAPHIC UNIT THICKNESS
AGE AND SYMBOL LITHOLOGY (metres) REMARKS
Norwest Bend Formation Pale grey, brown and yellow cal- c{:f:£§:§5] Estuarine equivalent of Parilla Sand
(Tpn) careous quartz sandstone with Ty in southwest of map area.
LATE oyster_beds. M~ |
PLIOCENE . . . . .
Parilla Sand (Tpp) Pale grey, brown and yellow fine 15 to 23 These two units have been distinguished
: ’ to medium quartz sand and clayey ' in drillholes in the Chowilla Dam Site
sand. area. Elsewhere on CHOWILLA, non-marine
— - - sands of probable Pliocene age are
& SEARLY Loxton Sands (Tpl) Yellow and red finéito coarse quartz {55°to 60 designated Tp.
“PLIOCENE ~ sand over grey-brown clayey fine <:/—ﬁ*‘r\7%
quartz sand.. T
EARLY Bookpurnong Beds (Tpb) Dark grey fossiliferous glauconitic o1
PLIOCENE TO - silt, sandy clay and silty sand. )
?LATE
MIOCENE
Pata Limestone ) Grey glauconitic sandy limestone; ’fia;gp“IZBR
and equivalents ) fossiliferous glauconitic silt and §:::::::::>
) clay; blatck calcareous clay. :
Morgan Limestone ) Yellow bryozoal sandy limestone; ' Equivalents Of Pata and M9rgan.L1mestones
. ) A N rest on Adelaidean rocks in drillholes
MIDDLE TO and equivalents ) grey fosSiliferous catéareous in northwest of CHOWILLA
EARLY (includes Cadell )(Tmm) sandy clay. t ’
MIOCENE Marl) ) _
Mannum Formation Grey glauconitic calcareous sandy 46
equivalents (Tmu).” clay.
OLIGOCENE . Ettrick Formation (Toe) Grey glauconitic fossiliferous f;?{ij3to 35 Includes equivalents of Gambier Lime-
calcareous clay stone (Tmg) and Compton Conglomerate; (Toc)
MIDDLE OLIGO-| Buccleuch:Beds (Teb) Grey-brown fossiliferous sand 33 Found only in Bungunnia Bore.
CENE TO LATE
EOCENE
EOCENE TO_ RenmarksBeds (Tp-er) Dark grey carbonaceous sand and 56 to greater
“PALEOCENE ¢ sandy clay. : than 132
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marine but is marked by regressive periods, particularly in
Oligocene time. Evidence for these regressions has been
found in deep .bores in the Waikerie area (Lindsay and
Bonnett, 1973).

The Renmark Beds (Paleocene to Eocene) were deposited

in a predominantly fluvial-lacustrine environment.  However,
the upper partAof-this unit may have been laid down in
paralic conditions in the south of CHOWILLA. A limited
mérine influence has been detected in the top part of the
Renmark Beds in the Waikerie area (Lindsay and Bonnett,
1973).

The record of the Late Eocene to'Middle Miocene: trans-
gressive pefiod.in the south .and east of CHOWILLA is based
largely on the sequence encountered in Canopus - 1 (Ludbrook,

1961). The marine Buccleuch Beds intersected in Bungunnia

Bore mark an incursion .of the sea which occurred in Late
Eocene to Middle Oligocene time .(Lindsay and Bonnett, 1973).

Ettrick Formation equivalents (including equivalents of

Compton-.Conglomerate .and Gambier Limestone) record a marine

transgression in Oligocene time. Equivalents of Mannum
Formation and Morgan Limestone .were laid down in a shallow
marine shelf environment during the Early Miocene. Morgan

Limestone includes the Cadell Marl at its' type section,

6.5 km south of Morgan (Ludbrook, 1961). The Cédell Mafl,
with itS'distihctive.fauna.of‘warm—wate; moliuscs, has been
observed in spoil from old wells in the.éouthwest of CHOWILLA
(pers. comm. M. Buonaiuto, Univ. of Adelaide, 1976) and was

also intersected in Bungunnia Bore. Finniss Clay, which

occupies a stratigraphic position between Mannum Formation

and Morgan Limestone, is not recorded on CHOWILLA. Marine
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deposition continued into the Middle Miocene in the south-
east of CHOWILLA, where fossiliferous clays equivalent to

Pata Limestone are found in two stratigraphic bores (PDZ2 and

PD81) at Chowilla dam site (Ludbrook, 1960).

On the northwest margin of thé Murray Basin in South
Australia, Early to Middle Miocene marine sediments rest on
basement. These deposits have been recorded from drill-
holes. in the Oakvale (OLARY) 1:100 000 area (Lindsay and
Harris, 1973), and in the South Dam area of BURRA (pers.
comm. J.M. Lindsay, 1973), indicating that only the Morgan
Limestone-Pata Limestone marine transgression extended into
these areas. Sediments of early Tertiary age are absent and
were probably never.deposifed.

In the northwest of CHOWILLA, grey carbonaceous fossil-
iferous clay and silt rest on basemegt in drillholes (Wecker,
1971; Bryan, 1972). Palaeontological examination indicates
an Early to Middle Miocene age for these sediments. The
sediments are equivalent toAMorgan Limestone and Pata. Lime=
stone, and are comparable in facies to Cadell Marl (perg.
comm. J.M. Lindsay, 1976).

Elevation of the Murray Basin and the resultant marine
regression may have started as early as Middle Miocene time.
The first evidence .of this regression can be seen in Canopus -
1 and Cockatoo Bore, where marginal marine black clays
equivalent. to Pata Limestone overlie fossiliferous and
glauconitic marls equivalent to Morgan Limestone and Mannum
Formation. A further period of marine déposition is marked

by the Early Pliocene Bookpurnong Beds.
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- Generally non-marine sands of Pliocene age encountered
in drillholes in the Chowilla Dam:sité area have been

divided:into the Early Pliocene Loxton Sands and the Late

Pliocene Parilla Sand (Firman, 1966b). The Loxton Sands are

predominantlyltoarser-grained than the overlying Parilla
Sand.. The Pliocene sands were deposited in a-fluvial—
lacustrine environment, excépt for the lower part of the
‘Loxton Sands which is estuarine.

Elsewhere on CHOWILLA, fluviatile sands and clayey
sands of'Pliocene age are not differentiated and are design-.
ated Tp"in,bore sections. Kablinitis and ferruginous fine
to medium quartz sandstsnés outCropping just north of
CHOWILLA on the Oakvale 1:100 000 area (Callen, 1969)
Aprobably belong to this unit. ' .

A eustafic rise in sea lével in the Late Pliocene led
.to marine ingression‘and deposition of estuarine Norwest

Bend Formation in the southwest of CHOWILLA. This unit

appears to extend northwards for a considerable distance
along the western margin of the Murray Basin, as indicated
by its presence in-a well at Alexandrina 0.S. (Ludbrook,

1953).

Quaterﬁary

Sedimentary deposits

During the Early* to Middle Pleistocene, the fluvial-

lacustrine Blanche;own Clay was deposited throughout most of
CHOWILLA. Thin 1ay¢rs of Middle-Early Pleistocene Bungunnia
Limestone are interbsdded with the upper part of the Blanche-
town'Clay.- The limestone 1is é dolomitic micrite containihg

oolites, ostracodes and algal remains. Bungunnia Limestone

*The terms "Early', "Middle" and "Late' Pleistocene used 1in
these notes refer to the three-fold subdivision used by Firman
(1973a) for the continental Pleistocene deposits of South
Australia. These terms should not be confused with the inter-
national time subdivisions of Early and Late Pleistocene.



TABLE 4

QUATERNARY STRATI RRAPHY
(including palaeosols)

STRATI GRAPHIC UNIT THICKNESS ;
AGE AND SYMBOL L)ITHOLO 0'¢ (metres) REMARKS
Deposits of drainage Pale red-brown clay, silt, sand and 1-5
channels and older gravel.
floodplains (Qh)
Deposits of claypans Pale red-brown and grey silt and 1-2 Often associated with marginal lunette
and Murray River clay. dunes of silt and clay (@hu). |
Holocene lagoons (Qhl).
Yamba Formation Gypsiferous lacustrine clay and silt. 1-2 Reworked into marginal lunette dunes of
(Qnhy) seed and flour gypsum (Qhg).
Coonambidgal Forma- Pale grey clay, silt and sand. 10 - 20 Disconformably overlies Monoman Formation.
tion: lower terrace '
deposits (Qc2)
Upper terrace Red-brown clayey sand. up to 20 Equivalent to Rufus Formation.
deposits (Qcl)
Woorinen Formation Pale red-brown aeolian silty quartz 3-6 Occurs as east-west linear dunes. Contains
LT (Qpo) sand. carbonate of Loveday Soil.
Pleistocene
Qr Red:brown silt and sand. 1-5 Forms a transitional zone between areas
of Woorinen Formation and areas of
Pooraka Formation.
Pooraka Formation Red-brown clayey sand with gravel 1-5 Contains carbonate of Loveday Soil.
(Qpp) lenses.
Calcrete of Bakara Nodular and sheet calcrete. about 0.5 Calcrete of Bakara Soil includes Telford
and Loveday Soils Gravel.
(Qca) .
. 7.5"Y| Blanchetown Clay Pale grey over mottled red-brown and 5-15 Thin layers of Bungunnia Limestone inter-
Sy (Qph) grey sandy clay with thin beds of quartz bedded at top.
C;;F::::;::j sand; abundant concretionary carbonate;
-~ o top is gypsiferous in places.
L Palaeosol of Siliceous and ferruginous duricrust. 1-3 Developed on Parilla Sand in Muzray Valley.

Karoonda Surface

Duricrust on Adelaidean rocks in northwest
of map area (Czsi) may be of same age.
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occurs throughout CHOWILLA east of the Morgan Fault and was
deposited in an ancient iake system known as Lake Bungunnia.
Evaporite deposits of crystalline gypsum -were laid down
after tﬁe deposition of Blanchetown Clay and are found at
the top of this unit in .places. The Blanchetown Clay often
has an irregular upper surface, and appears to have been
efoded shortly aftér_deposition. |

Middle Pleistocene gravel and sand.(Telford Gravel) was

deposited along the margin of the ranges. Telford Gravel is
cemented by calcrete of the Bakara Soil, and is mapped with
the calcrete (Qca) on the geological mép.

Colluvial and alluvial material of the Late Pléistocene

Pooraka Formation‘is found on the western and northern

margins of .the Murray Basin. Widespread aeolian deposition
began in Late Pleistocene time with the laying down of

Woorinen Formation in' an extensive system of east-west

linear dunes covering much of the map area.

A tranéitional unit (Qp) between areas of Pooraka
Formation and areas of Woorinen Formation has'been deline-
ated on the geblogical map. This transitional unit ﬁrobably
falls within Lawrence's (1966) definition of Woorinen Form-
ation. | | .

The limited development of Holocene deposits on . CHOW-
ILLA is reflected by the widespread surface exposure of the
Late Pleistocene Loveday Soil. Thin veneers of Holdcene
- material dérived from the underlying Late Pleistocene units

are referred to as -the Callabonna Clay'(Firman,-1970b) and

Bunyip Sand (Firman, 1973a).

The unit Qh includes bed .1load of the modern stream
chénnels'and_the older fioodplain'deposits in which the

modern streams are incised.
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Palaeosols

A silicified cap at the top of the Parilla Sand at the
Chowilla Dam site marks the Early Pleistocene fossil soil of

the Karoonda Surface (Firmaﬁ, 1966b). The material associ-

ated with this surface was reworked to form the Early

Pleistocene Chowilla Sand.

Remnants of a siliceous duricrust developed on Adelaidean
rocks occur in the northwest of CHOWILLA. In places sil-
crete fragménts are reworked into calcrete of the Bakara
Soil, indicating a pre-Middle Pleistocene age for the
duricrust. Silcrete and ferricrete are also developed on
the sandstones of probable Pliocene age which outcrop in the
southeast corner of:OLARY (Callen, 1969). These areas of
siliceous duricrust may be remnants of the Karoonda Surface,
or of an older weathering surface;

An important feature of Pleistocene deposits of the
Murray Basin is the extensive development of carbonate
palaeosols. These are fossil soils containing abundant
carbonate silt, and with indurated limy pans in the B
horizon called calcrete. The original carbonate silt may
have been transported by wind from areas of weathering of
carbonate-bearing: rocks.

The most prominent carbonate palaeosol is the Middle

Pleistocene Bakara Soil. The older carbonate pan in the

Bakara Soil is the Ripon Calcrete, a hard sheet calcrete

containing fragments of dark.grey carbonate. This is usually

directly overlain by the younger, weaker Bakara Calcrete

(informal name) which has a reworked nodular structure.
Calcrete of the Bakara Soil overlies Blanchetown Clay and

older units, and cements Telford Gravel.
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Carbonate horizons in the Woorinen' and Pooraka Form-
ations and in the unit Qp are part of the Late Pleistocene

Loveday Soil. These carbonates are usually soft and nod-

ular, but in many places approach the Bakafa Calcrete in
thickness and hardness. These calcretes of the Loveday Soil
are mépped with calcretes of the Bakara Soil in the unit
Qca.

Deposits of the Murray River Valley

After the formation of the Bakara Soil, the Murray
River began to cut through the calcrete. At Chowilla Dam
site, thé river has cut down into Loxton Sands to a depth of
about 1.5 m below present sea level. This downcutting
probably took place.during the last glacial period, when the
sea level was considerably lower than at present. Infilling
of the valley with alluvial clay, silt and coarse sand of

the Monoman Formation began with the last (Flandrian) rise

in sea level. These deposits are disconformably overlain by

lower terrace deposits of the fluviatile Coonambidgal Form-

~ation. 'On the geological map, the Coonambidgal Formation is
divided into upper and lower terrace deposits, deSignated
Qcl and Qc2 respectively. The 10Wer terrace consists of
~grey alluvium of the recent channels and floodplain. The
upper terraceidépoéits,Aequivaleﬁt to Pooraka Formation, are
reddened and contain carbonate of the Loveday Soil. Mater-

ial of the upper terrace is equivalent to the Rufus Form-

ation of Gill (1973a), and is probably of Middle to Late
Pleistocene age.

Gypsum Deposits

Gypsiferous clays and gypsum-sand mixtures of the

Holocene Yamba Formation were deposited in the floors of

playa lakes. The gypsum is derived from evaporite beds
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found at the top of Blanchetown Clay. The gypsum in the
Yamba Formation was periodically transferred to aeolian
lunette dunes on the lee-side of lakes during arid periods,

but this process has now ceased.

STRUCTURE AND TECTONICS

The subsurface structural features on CHOWILLA have
been interpreted from gravity, aeromagnetic-and seismic
data. The gravity and aeromagnetic data are presented as a
Bouguer anomaly map (Fig. 2) and an ‘aeromagnetic map of
total intensity (Fig. 3). Gerdes (1973) and Thornton
(1974a) provide the most comprehensive.accounts of the
structure of the area, based on geophysical and borehole
data.

Folded and faulted Adelaidean metasediments border the
Murray Basin in the northwest. The Adelaidean rocks were
"deformed by a series of north to northeasterly-trending
folds during the early Palaeozoic Delamerian Orogeny. The
fold pattern is revealed on the aeromagnetic map due to the
response from the magnetite-rich Braemar Iron "Formation".

- The Morgan and Florieton Faults in the western part of
CHOWILLA are minor structures with'vertical displacements of
only about 30 m. Aeromagnetic evidence suggests that the

Florieton Fault continues northwards and may intersect and

- die out within the Anabama-Redan Fault Zone.

Tﬁe northern and western areas of the Murray Basin are
shallow, with only 100 to 300 m of Cainozoic sediments
overlying basement. A much thicker ?Devonian, Permian,
Cretaceous and Cainozoic sequence was laid down in the

Renmark Trough and Canegrass Lobe.
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The Renmark Trough. is the most prominent structure in

the map area. It is a northeast-trending graben or half-
graben with a sedimentary fill reaching a maximum thickness

of 3 500 m. The Hamley Fault forms the western flank and

the Chowilla ‘Fault forms part of the eastern margin. Gravity

data indicate‘that the Renmark Trough forms part of the
northeast-trending Renmark-Menindee Trough Zone and may be
directly connected to the Tararra Trough in New South Wales,
6r, more likely, the two froughs are separated in an en
echelén rélationshipf A system.of buried Permian glacial
valleys, the Paringa Embayment, slopes northwestwards into
the Renmark Trbugh. |
| The two faults flanking-the‘Renmark.Trough are major
structurés, particuiarly the Hamley Fault which has a throw
of about 1 500 m. On the basis of gfavity data, the Chowilla
Fault appears to be a secbndary feature 6f the Hamley Fault,
with a throw of similar magnitude. Movemenf.on the faults’
and subsidence of the Renmark Trough commenced in middle
' Palaeoidic'time,'resulting in the -accumulation of ?Devonian
sediments. Most of the faulting took place in Early Permian
time, and movement finally ceased during the laying down of
Early Cretaceous sediments.

‘The Hamley Fault -is probably not a single fault but is
- more likely to be a major éhear zone containing several
faults in an ggiechelon pattern. This zome can_be traced
over a distance of at least 500 km. South of CHOWILLA, it
~may align with the Encounter lineament. Over the remainder
of itsicourse, the fault zone can be traced as a major

‘gravity- feature flanking the Renmark-Menindee'Trough Zone,

on the continuation of the Darling River Lineament of
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Scheibner (1976) . The Hamley Fault may form the boundary
between the two tYpes of basement in the area: Adelaidean
meta-sediments, and metamorphic rocks of the Willyama Com-
plex_te>the west; and possible Kanmantoo Group metamorphies
to the east.

The Canegrass Lobe lying to the west of the Hamley

Fault is a major Palaeozoic and Cretaceous infrabasin,
containing a sediment fill up to 1 400 m thick. Seismic and
gravity'data indicate the presence -of a basement ridge, the

Canopus High, between the Hamley Fault and the northeastern

ImarginAoftthe Canegrass- Lobe. The northwestern edge.of the
lobe is possibly fault controlled.

Gerdes (1973) found that the subsurface basement rocks
in the northeast of CHOWILLA have a magnetic susceptibility
- and spec1f1c gravity higher than normal for Adelaidean
rocks. He suggested that these rocks are metamorphics of
the Willyama Complexlwhlch[have been brought close to the
surface by movement on a thrust. The inferred thrust is
outlined by’gravity-ahd magneticbfeatures. From filtered
Agravity data, Gerdes ‘has inferred.a'deep basement structure,
ppssibly a hinge zone, running in a north-south direction
through the middle of the map area.

Examination of aerial photo-mosaics has revealed a
well-defined pattern of structural lineaments in Cainozoic
sediments (Firman, 1970a; 1973b; 1974). These lineaﬁents
reflect structures. (faults .and ﬁajor joints) in the under-
lying basement rocks. On CHOWILLA, lineaments trend in'
northeast—northnortheast and northwest directions, forming a
pattern of rectangular and rhomboid blocks. |

Spence (1958) proposed a series of monoclinal: flexures
to account for the gentle warping of Tertiary formations

seen in the Murray River cliffs.  Measurements of the
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Lepidocyclina Zone in the Morgan‘Limestone confirm the

presence of folds and occasional faults in these sediments
(Lindsay and Giles, 1973).

The monoclines, like the iineaments, are probably
related to basement structures which were rejuvenated in
late Cainozoic time. Variations in thicknesses of late
Cainozoic units can be expected across the monoclinal

flexures.

ECONOMIC GEOLOGY
Iron Ore

The Adelaidean Braemar Iron'Formation’crops out in the

northwest of CHOWILLA. This unit comprises hematitic silt-
étone‘and ferruginous tillite, with interbedded shale. Iron
mineralisation is in the form of euhedral magnetite crystals
partiy oxidised to martite, and fine flakes of hematite.
Whitten (1966) suggested that the rocks were formed by the
chemical precipitation of magnetite and hematite in a cold
sea, with melting glaciers and ice-bergs supplying rock
flour and erratics.

The Braemar Iron ‘Formation’ reaches a maximum thickness
of 760 m at Razorback Ridge (OLARY) where logging of diamond
drill holes and an adit indicates ore reserves of over
120 000 000 tonnes with an average iron content of 26%.
However, the ore is difficult to concentrate economically.

The unit is much thinner (about 250 m) at Ironback Hill
(CHOWILLA), where Thomas (1950) estimated ore reserves of

2.-900 000 tonnes.



-21-

Base Metals

Weak -copper -and molybdenum mineralisation of the
"porphyry copper'" type occurs in quartz veins cutting
altered granodiorite,.near Bendigo H.S. (BURRA). Detailed
geological ana geochemical investigations in the area between
Bendigo H.S. and Kia Ora H.S., and in the South Dam area did
not reveal any mineralisation of economic grade (Langsford,
1971, 1972a, b, c, 1973; Sibenaler, 1973). An aeromagnetic
anomaly suggests that the granodiorite may extend onto
CHOWILLA, probably at a depth of about 100 m.
Petroleum

It is unlikely that a major oil field will bé discovered
in the hap area. -‘However,.a minor find would be economic
because of its closeness: to Adelaide.

Reservoir sands occur in the ?Devonian, Early Permian

and, most importantly, in the Early Cretaceous Pyap Member.

Early Permian .shales and 'mudstones .appear to be the most
promising source rocks (Thornton, 1974a).

The Canegrass Lobe is a likely area .for structural
traps west of the southern part of the Hamley Fault.
Stratigraphic traps (wedge-outs) could occur around the rim.
A proposal to explore the Canegrass Lobe (Thornton, 1974b)
began in 1975 with a .seismic reflection survey aimed at
delineating basin floor structure and locating possible
drilling targets. Further seismic work and a stratigraphic
"drillhole .(Canegrass - 1) are proposed. |

Coal

Low-grade brown coal (lignite) occurs in the early
Cainozoic Renmark Beds. .Canopus - 2 passed through 9 m of

lignite at a depth of 270 m.
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Several holes drilled by Mines Administration Pty. Ltd.
- encountered lignite in sediments of Miocene age. Analyses
of two'samples from a lignite interval nearly 2 m thick gave
average values of 26% fixed carbon, 37% volatiles, 21% mois-
ture and 16% ash (Bryan, 1972).

Two holes were drilled by Mines Administration bty.
Ltd. on the northwest margin of the Canegrass Lobe to
determine if coal is present in Permian sediments (Gould,
1975). Probable Permian sandstone was encountered in both
holes but proved too hard for deeper drilling and testing
for coal deposits.
Dolomite

Four samples of Adelaidean siliceous dolomite from the
"Braemar'" H.S. érea gave values of 34-39% CaCO3 and 25-29%
MgCO, (Johns, 1963).
Gypsum

Deposits in the map area occur in Holocene gypsiferous

lake sediments (Yamba Formation) and adjacent aeolian gypsum

dunes. The gypsum is probably derived from gypsiferous
layers in Blanchetown Clay. Three deposits have been

investigated:

Morgan Deposit: Drilling and trenching in the western
half of the claypan indicate reserves of 100 000 tonnes
of crystalline gypsum (Whitten, 1962). Drilling on the
adjaceﬂk dune indicates reserves of 1 500 000 tonnes of
seed and flour gypsum (Olliver, 1967). This is the
only mineral deposit being worked in the map area, and
in the period 1960-1975 four operators have quarried<:j

30 400 tonnes of gypsum valued at $54 000.
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Parcoola Deposits: Geological investigations have

shown reserves of 10 000 000 tonnes of seed gypsum in
dunes and 5 000 000 tonnes of crystalline gypsum in the
claypans. Purity ranges from 60% to 70%. The claypan
deposits contain possibly up to 20% alunite (Hiern,
1971j.

_Rotten Lake: About 800 000 tonnes of seed gypsum,

varying in grade from 60% to over 80%, occur in the
lake bed with associated crystalline and flour gypsum
(Miles, 1951; Johns, 1953).

Construction Materials

Extensive exploration for construction materials was
carried out within a radius of 80 km from the Chowilla Dam
site (Hiern, 1963). No large deposit of hard rock was found
in the area. The following notes summarise the materials
investigated, and additional information.

Calcrete of the Bakara and Loveday Soils has been
obtained from numerous smali roadside quarries in the map
area and used fér surfacing dirt roads.

Calcrete at.Tilmy Flats was investigated by trenching
(Trudinger, 1966). The material consists 6f massive cal-
crete with varying proportions'of nodular calcrete. Between
50% and 70% of the stone was found,to be suitable for rip-
rap on the proposed dam, but the pfesence of a chalky film
makes it unsuitable for concrefe aggregate. Reserves of
material suitable for embankments are estimated at nearly *°
10 550 000:ténmnes.

Bungunnia Limestone is a hard, dense fine-grained

dolomitic limestone suitable for cbncrete'aggregate. Small

quantities are used for surfacing dirt roads, but the sharp



édges are not a desirable feature for road aggregate. The
beds are generally too thin to be worthwhile exploiting.

A silicifiéd sandstone up to 1.5 m thick (Pleistocene
Karoonda Surface) caps Parilla Sand in the cliffs near the
Chowilla Dam site. This material 1is generally too friable
for construction purposes.

Fine aggregate for concrete and.earthworks may be
obtained from the Parilla Sand,and alluvial sands of the
Murray Valley. |

Sdme parts of the Blanchetown Clay may be suitable for
- the manufacture of bricks, pipes and tiles. Clay from Lake
Werta Werta might be suitable for making lightweight aggre-
gate (Blissett, 1970). Blanchetown Clay from Tilmy Dam has
an activity of 61% relative to Fuller's Earth Standard
(Hiern, 1965).

Uranium

Exploration for sedimentary.uranium has been carried
out in the north of CHOWILLA by Mines Administration Pty.
Ltd. (Wecker, 1971; Bryan, 1972) and Sedimentary Uranium
N.L. (Hall, Relph and Associates Pty. Ltd., 1971).

Mines Administration Pty. Ltd. did most of the work
which comprised an aerial’sciﬁtillometer survey, drilling,
and analyses of bore water samples. The aerial survey
showed low-level radiometric anomalies (1.5 to 2 times
background) over some claypans. Water samples from four
bores all had U308 contents below the normal background

value of 5 mg/1.
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Radiometric 16ggiﬂg of drillholes gave peaks of up to
430 counts per second (6 times background) in dark grey clay
equivalent to the Morgan Limestone-Pata Limestone iﬁterval.
One drillhole (Minad P-5) intersected lignite at the top of
this unit with a U308 content of 0.22 kg/tonne over an
interval of 1.8 m. Further drilling showed that the lignite
is in a shallow restricted Tertiary basin, with no likeli-
hood of economic .uranium deposits in sands downdip from the
lignite.

Sedimentary Uranium N“L..drilied 7 holes in the north
of CHOWILLA but found no anomalous radiOéctivity.
Phosphate

A survey of Tertiary borehole samples from the Murray
Basin in South Australia for sedimentary phosphate included
three bores on CHOWILLA (Lindsay,_1965). Chemical analyses
of four samples from Canopus - 1 gave PZOS contents ranging
from 0.24% to 0.61% with the highest value from the Renmark
Beds.
Diatomite

A sequence, 4 m thick, of very fine-grained low-density
white siliceous rock with interbeds ‘of gypsiferous clay
overlies Parilla Sand in a cliff section near Chowilla Dam
site. The silicebus rock has been termed diatomite by
Stapledon and Trudinger (1964).

Groundwater

Sands of the Renmark Beds contain water which 1is
unusable or of poor stock quality. Salinities range from -

10 000 to 21 400 mg/l1 (mainly chlorides).
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d Water in the Miocene and Pliocene’

sediments tends to be

more saline than in the Renmark Beds and is usually unsuit-

able for stock use. Near the basin margin, shallower waters

in saﬁds and sandy claYS may in places
due to recharge from watercourses.. In
adjacent to the Mt. Lofty-Olary Ranges
quality stock water at depths of 100 m

Most sfock water 'is obtained from

ing into earth dams.

have a lower salinity,
particular, areas

should have good

or less.

surface water drain-

Fad /. Logers.

P.A.

ROGERS,

GEOLOGIST,
REGIONAL GEOLOGY DIVISION
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