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The late Cainozoic sequence of southeast
South Australia and Pleistocene sea-level changes
P. J. Cookl, J. B. Colwell, J. B. Firman 2,
J. M . Lindsay 2, D. A. Schwebef3, & C. C. Von der Borch 3• *
A recent drilling program in southeast South Australia has provided new insight into the late Cainozoic
sequence of that area. Uplift of the region occurred during the Pleistocene, related in part to volcanic
activity in the Mount Gamhier·Mount Burr area. This, together with eustatic sea·level changes, resulted in
the development of a regressive sequence'- which over a period of 690 000 years or less, led to a 100 km
seaward progradation of the shore·line between Naracoorte and Robe. The sequence is made up of a ridge·
forming sandy facies comprising beach and very shallow marine sands at the base, and aeolian sands at the
top. These sediments are separated by a flne·grained interdunal facies deposited initially under bay or
estuarine conditions, grading into lagoonal and 6nally saline lacustrine conditions at the top. The sequence
between Naracoorte and Robe holds great promise as a location for establishing Pleistocene sea·level
changes. The current program suggests at least 20 major high sea·level stands during the past 690 000
years.

Introduction

Tectonic-volcanic activity

The late Cainozoic sediments of southeast South Aus•
tralia have been the subject of a number of studies since late
in the nineteenth century when Oark (1896) and Tate (1898)
first described them. Subsequent work by Sprigg (1952a, b,
1958), Hossfeld (1950), Blackburn (1966a, b) and Firman
(1967, 1969, 1973) has added considerably to our knowledge
of the area. These authors are generally agreed that the
beach-dune sequence west of Naracoorte is regressive, with
the sand ridges having formed as shoreline accumulations
during high sea-level stands in the Pleistocene_ Several of
these authors pointed out the potential that the area has for
elucidating Pleistocene sea-level changes. Sprigg (1952a, b)
in particular attempted to determine a sea-level curve using
the relative elevation of the sand ridges and the Milanko•
vitch astronomical theory. However, these and all other
attempts have suffered both from the lack of absolute ages
on any of the dunes and also from incomplete information
on the Pleistocene stratigraphy. In an attempt to provide
detailed stratigraphic information and also material
suitable for dating high sea-level stands, the Bureau of
Mineral Resources, the Geological Survey of the South Aus•
tralian Department of Mines, and the Department of
Marine Geology in Flinders University undertook a detailed
study ofthe coastal sequence between Robe and Naracoorte
(Fig. 1). The original intention was to drill a continuously
cored hole on every ridge and every intervening flat between
Naracoorte and the coast. Subsequently, it was decided also
to drill a number of holes off the main traverse line to
provide information on the attitude of the Oligo-Miocene
Gambier Limestone surface. In addition, a number of holes
were drilled in the Bordertown-Keith area because it was
suspected that some of the sand ridges in that area were not
represented in the Robe-Naracoorte area. All drill sites were
subsequently accurately levelled. This publication briefly
summarizes the general stratigraphic results obtained from
this program. Subsequent publications will provide
extended discussions on the regiopal stratigraphy, mineral•
ogy, absolute chronology and palaeontology of the sediments.
.
,,'

The tectonic setting of southeast South Australia has
been largely responsible for creating an environment
favourable for the preservation of a unique record of sea•
level changes.
Prominent faults disrupt Mesozoic strata, but throws on
faults diminish through the Cainozoic sediments. The only
important fault affecting late Cainozoic sedimentation in
the Naracoorte area is the Kanawinka Fault (or faults if the
structure is complex), which trends northwest parallel to the
Naracoorte Ranges (Figs. 1 and 2) and which has exercised
structural control on the distribution ofthe East Naracoorte
Range. This fault system terminates in crystalline basement
west of Bordertown_ Evidence from the displacement of the
top of the Victoriella conoidea zone of the Gambier Lime•
stone suggests that the total throw on this fault system at
Naracoorte is about 40 m (Fig_ 2)_ The fault system further
to the southeast broadly marks the boundary between
Cainozoic sequences of the Murray Basin to the north and
east, and those of the Gambier Embayment in the Otway
Basin to the south and west. Recent work by Singleton et al.
(1976) suggests that there was movement on the Kanawinka
Fault between about 2.2 and 1.7 m_y. and it is likely that
there has also been further movement since.
Volcanic activity in the region has occurred throughout
the Cainozoic, though there were periods of maximum vol•
canicity in the Palaeocene-Eocene and Plio-Pleistocene
(Abele, 1976; Singleton and Joyce, 1969; Wellman, 1974).
Volcanism has occurred during development of the beach•
dune sequence (Sprigg, 1952b) and Holocene ash falls of
4830 years BP (Ferguson & Rafter, 1957) and- 141O ± 90
years BP (GAK-609:1956) (Blackburn, 1966b) have been
recorded. Legend suggests that volcanism was witnessed in
the region by ancestors of the modern aboriginal (Smith,
1880).
Broad regional upwarping occurred during the Plio•
Pleistocene. Volcanism also took place at this time in the
Mount Gambier-Mount Burr area_ Topographic contours
on the Penola 4-Mile Sheet (Sprigg et al., 1951) and the
elevation of the surface of the Gambier Limestone (which
represents the base of the subsequent regressive sequence),
indicate that uplift is related to these volcanic centres (Fig. 2)
-though the precise nature of this correlation is un•
certain_ As other workers (Hossfeld, 1950; Sprigg, 1952;
Kenley, 1976) have indicated, there is a broad northeast•
trending culmination, with a prolonged history of pre•
Pliocene movement in the region_ In the gently upwarped
Robe-Naracoorte area, sand ridges have been stranded at

. "

1. Research School of Earth Sciences, AUskauan Nation~
University, Canberra, A.C.T.
'
2. Geological Survey of South Austnina, Department ~f Mines,
Adelaide, South Australia.
-,
'
3. Department of Marine Geology, FIiDders University, South
Australia.

* Except for P. J. Cook, names are in alphabetical order.

82

P. J. COOK, et al.
.

".
'

ijD

..'
..

' .

Lake and swamp deposits

~ P7771 Stranded

5 rLLLl

coastal dunes, beach
r i dges and beach deposits

~!D Parillo

Sond

~ ~ Gambier

Limestone including

b:::':C::::l Naracoorte LImestone
fVVVl Volcani cs; ash and basalts
~

Late Cainozoic age

.

Granitic rocks
Early Palaeozoic age

•

®

Figure 1.

1974-75 dri ll hole

o

10

20

30 km
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successively greater elevation , suggesting monotonic uplift
throughout the Pleistocene.

The Pre-Pleistocene sequence
West of Naracoorte the Cainozoic sequence is typical of
the Murray Basin rather than the Gambier Embayment of
the Otway Basin. Late Pliocene Parilla Sand is close to
ground surface and overlies early Pliocene Loxton Sands
(Fig. 3). The eroded edge of the sequence along the
Kanawinka Scarp (that formed a barrier to the inland
penetration of the Pleistocene sea) is veneered by a silicified

ferruginous crust of late Pliocene or early Pleistocene age
(Kenley, 1971; Firman, 1973; Gill , 1973; Abc::le et al., 1976)
which slopes down towards the coastal plain.
There is a marked unconformity at the base of the
Pleistocene sequence throughout much of the region. To the
north of Naracoorte, in the Keith·Bordertown area, Pleisto•
cene sediments overlie Lower Palaeozoic granites, Knight
Group or Buccleuch Beds (Eocene), Ettrick Formation or
Gambier Limestone (Oligo-Miocene), or Pliocene . sands
(Fig. 3). West of the Naracoorte area, Pleistocene sediments
overlie a Pliocene sand, whereas further south they rest on
Oligo-Miocene Gambier Limestone. All of these units,
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east of Naracoorte).

except for the Pliocene sand, have been discussed in some
detail .by previous authors including Ludbrook (1961, 1969),
Lawrence (1966) and Firman (1973), and need not be con•
sidered here. The relationship of these various units'is shown
in Figure 3.
,
, The Pliocene sand in southeastern South Australia was
little known prior to the present program, although a pos•
sible correlative is recorded by Kenley (1971), and Abele et
al.. (1976), from western Victoria. It does not outcrop in the
Robe-Naracoorte area; and its unconsolidated nature made
sampling d.ifficult by the previously used percussion drilling
methOd. It is presentthtoughout the eastern half ofthe area

where it . is . up to 17 m thick, and coml;'rises light grey,
muddy in part, micaceous (muscovitic), moderately sorted
mostly unconsolidated calcareous quartz sarid. At the base,
there is commonly a conglomerate with chert pebbles up to
.
2 cm in diameter.
Whole and fragmentary shells are abundant in the 'basal
few metres. Benthonic foraminifera are mostly Ammonia
beccarii (Linne) and species of Elphidium. Discorbls. and
miliolids. The planktonic foraminifera include Globorotalia
puncticulata (Deshayes), and Globigerina Joliata (Bolli),
which ,would suggest an early Pliocene age according to
ranges given by Blow (1969); ,Also near the bas~ of the sand.
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benthonic foraminifera Crespinella umbonifera (Howchin
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The Pleistocene sequence considered overall is a sporadic
regressive sequence in which repeated eustatic sea-level
fluctuations have been imprinted on the gently uplifting
coastal plain. Two main facies are apparent: a coarser
beach-dune (sand ridge) facies separated laterally by finer
c:stuarine-lagoonal and lacustrine (inter-ridge flat) facies.

& Parr), and Fabularia howchini (Schlumberger) support

an early Pliocene age-the former not being known from
above early Pliocene Loxton Sands in the Murray Basin
(Ludbrook, 1961), and the latter having been described
from the Kalimnan Stage, early Pliocene. The fauna indi•
cates that the sand was deposited under shallow marine
conditions. At least the basal part of this unit seems to
correlate with the early Pliocene Loxton Sands of Ludbrook
(1961, 1963). More precise correlations must await more
detailed biostratigraphic studies in progress by J. M.
Lindsay; but spatial relationships suggest that the unit in
the Naracoorte area comprises downfaulted and eroded
Pliocene sands at the base, overlainby Pleistocene sands.

Beach-Dune Facies

Sediments of this facies form the sand ridges of the
region, rising up to SO m above the adjacent plain. They are
equivalent to the calcareous aeolianites which Boutakoff
(1963) assigned to the Bridgewater Formation. There is a
marked unconformity at the base of this unit throughout
much of the region. The calcarenites contain on average
about SO percent carbonate; however, the carbonate abund•
The Pleistocene sequence
ance is variable, ranging from less than 10 up to 100
As a result of the drilling program between Robe and percent. Ridges to the east of Reedy Creek Range were
Naracoorte it is possible to now draw up a detailed strati• found to be significantly less calcareous than those to the
graphic cross-section for the Pleistocene sequence (Fig. 4). west. This is possibly due to the contribution of sediment to
This section demonstrates that uplift continued throughout these older ridges from the quartzose Pliocene sand eroded
much of the Pleistocene, leading to progressive uplift of .from the western end of the section. However, increasing
succeeding sand ridges. With the exception of the age of ridges to the east may also be responsible for the vari•
Kanawinka Fault, based on the Victoriella conoidea datum ations in carbonate content. The calcarenites are composed
level, there appears to have been only minor faulting of the of fine to very coarse, rounded and fragmentary, skeletal
Gambier Limestone and younger sediments in this area. carbonate grains, together with fine to medium, moderately
The Gambier. Limestone in particular shows a very uniform rounded to well rounded, detrital grains (mainly quartz with
seaward dip throughout. The amount of erosion which minor feldspar and trace amounts of heavy minerals).
occurred prior to the deposition ofthe Pleistocene sequence Calcareous intraclasts derived from older indurated
is uncertain. The lack of Pliocene sand west of Reedy Creek calcarenites contribute to the calcareous component in
Range is probably a consequence of one or more periods of places. Sparry calcite forms the ceIpent in the majority of
erosion in the area. Work in progress by Colwell indicates the sands.
some of the heavy minerals in the Pleistocene sands are
C~oss-bedding .is a comm~n feature both in outcrops
likely to have been derived from the l;>liocene sand.
(mamly road cuttmgs and dramage channels) and in cores.
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A notable feature of the cross-bedding is that it is
commonly more gently dipping at the base of the sequence.
This, together with the downward increase of shelf-derived
skeletal material, suggests that the lower part of the
sequence was deposited in a beach or near-beach environ•
ment, whereas the upper part of the sequence was deposited
under aeolian conditions. Clearly, the identification of this
beach-aeolian interface is important in the determination of
the altitude of a high sea-level stand.
The calcarenites range from pale grey (especially near the
base) to light brown at the top. This simple pattern is
complicated in the West Naracoorte Range by the presence
of four well-defined iron-rich red-brown horizons, believed
to be palaeosols. The absence of soils within the four sand
ridges to the east of the Black Range in the Bordertown area
(Figs. 1, 4) supports the thesis that the West Naracoorte
Range is a composite feature which divides into its four
component ridges north of Padthaway (Fig. 1).
,The Woakwine Range is also a composite feature, and
the presence of indurated surfaces marked by gravels and
reefal molluscan faunas indicate five separate periods of
beach-dune formation (Schwebel, in prep). Calcretes which
are believed to have been deposited on erosional surfaces
are also present within beach-dune sands in places. Firman
(1973) reports a calcrete (probably Ripon Calcrete) in the
Naracoorte Range at the contact between lower and upper
sand units, which he equates with the lower and upper
members ofthe Bridgewater Formation.

Estuarine-Lagoonal and Lacustrine Facies
These facies, which underlie the flat swampy areas
between the ranges, become increasingly, though somewhat
irregularly, thicker from west to east, reaching a maximum
thickness of about 13 m in drill-hole 21 (Fig. 4). The
sediments are predominantly calcareous muds, with
variable amounts of calcite, aragonite and dolomite. These
carbonates are characteristically pale grey and white, and
have poorly developed bedding. Intraclastic breccias
(probably associated with periods of dessication) are
common. Coquinas and scattered individuals of the gastro•
pod Coxiella striata (Reeve) (=Coxiella confusa (Smith»
indicate saline conditions. These calcilutites and dololutites
are entirely oflagoonal or estuarine origin. In places, green to
olive grey non-calcareous and poorly calcareous muds of bay
or estuarine origin are present in the lower part of the
sequence. Estuarine sediments (the .. Anadara Beds" of
Sprigg, 1952; Glanville Formation of Firman, 1973), which
occur between the Woakwine and Reedy Creek Ranges, are
composed mainly of the bivalves AI/adam trapezia
(Deshayes) and Katelyina sc1arina (Lamarck), and some
Ostrea sinuata (Lamarck).
The estuarine-lagoonal and lacustrine facies do not
necessarily follow a pattern of a landward increase in age.
This is for two reasons: firstly, because inter-dune lacus•
trine calcilutites, dololutites and peat deposits are being
deposited inland at the present day (von der Borch, 1977);
and secondly, because of the gentle gradient of the coastal
plain, a small rise in sea-level (such as that represented by
the .. Anadara Beds"), may inundate topographically low
areas behind sand ridges inland from the current coastline.
Nevertheless, as a general rule, the sediments at the base of
the various flats may reasonably be assumed to become pro•
gressively older to the east.

Dating of the Pleistocene sequence
Absolute age dating of the estuarine-lagoonal and lacus•
trine sediments has been undertaken to a limited extent.
Radiocarbon ages of 22 OOO± 600 years BP and 26 600 ±

800 years BP were . obtained on lacustrine calcilutites at
depths of2.3 m and 2.9 m respectively in drill-hole 21 (Fig. 4).
Blackburn (1966b) has also carried out radiocarbon
dating on shell material from the sediments to the west of
the Reedy Creek Range. These results support a relatively
young age for the surficial sediments between the Robe and
Woakwine Ranges. A sample of the mollusc Anadara
trapezia from the Lake Hawdon area gave an age of 24 950
± 300 years BP. This must be regarded as an absolute
minimum ag~its true age is, probably significantly
greater. Other molluscs dated from the same area have ages
in excess of the radio carbon dating range. The estuarine
sediments of the flat between the Reedy Creek and
Woakwine Ranges must then be considered to be undatable
by radiocarbon methods. However, Ct4 dates on superficial
dolomite mud from an ephemeral lake on one of the inner•
most inter-dune flats near Naracoorte gave an age of 1320
years (von der Borch, 1977) indicating that carbonates are
probably still forming from groundwaters which seasonally
discharge into some ofthe inland lakes.
The uranium series dating method offers a possible
dating tool for the period less than 250000 years. Attempts
have been made by Gill (1974), and Gill & Amin (1975), to
date molluscan material using this technique. They believe
that it is possible to recognize a high sea level of 107 000
years age at Port Fairy. However, the results of Kaufman et
al. (1971), indicate that uranium series dating of molluscs is
generally unreliable, and that estimates of age must be.
regarded with extreme caution. A more promising approach
may be the uranium series dating of aragonitic marls.
Schwebel is currently undertaking this work following the
approach outlined by Kaufman (1971), who obtained
acceptable Th 23 °/U 234 ages from the Dead Sea Basin
aragonitic marls.
The age of the sand ridges has been a controversial
question for some time. Crocker & Cotton (1946) considered
that the sequence was deposited in the early Pleistocene.
Others such as Hossfeld (1950) considered that the sequence
was deposited entirely in the late Pleistocene, but Boutakoff
(1963)'suggested that the Bridgewater Formation in western
Victoria was deposited during most of Quaternary time.
Firman (1969) subdivided the sequence overlying late
Pliocene marine sediments in South Australia into three
units (with time connotations) referred to the lower, middle
and upper Pleistocene, the Bridgewater and associated
calcretes of the Naracoorte area and along the
.coastal margin forming the middle Pleistocene sequence.
Subsequently the beach-dune facies and associated
calcrete between ' Robe and Naracoorte were assigned
by Firman (1973) to the upper member of the Bridgewater
Formation. Sprigg (1952, Fig. 42) suggested from his
correlations with the Milankovich Curves that the sequence
to the west ofthe West NaracoorteRange was 540 000 years
or less' in age.
Fossils are abundant within the beach-dune sediments of
the Robe-Naracoorte area. However, most are strongly
abraded and none are biostratigraphically diagnostic. The
present program was in part initiated in the hope of
obtaining aragonite which could then be dated by uranium•
series dating, and the search for suitable material is pro•
ceeding at the present time. Magnetostratigraphy, which
has been applied to the sequence to a limited extent, has
shown that all the calcarenites are normally polarized, with
the exception of those of the East Naracoorte Range which
are reversely polarized (Idnurm, pers. comm.). The implica•
tion of this is that the East Naracoorte Range formed
during the Matuyama Reversed Polarity Epoch and is
therefore older than about 690000 years BP, whereas all the
dunes to the west formed during the Brunhes Normal
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Polarity Epoch and are therefore 690 000 years BP or
younger.

Discussion
The main purpose of this paper is to elucidate the nature
of the Pleistocene sequence in southeast South Australia.
The data are clearly inadequate at the present time to allow
us to precisely define a Pleistocene sea-level curve such as
Chappell & Veeh (1977) have attempted. However, the in•
formation obtained from the drilling program shows that
the section between Robe and Naracoorte is undoubtedly
suitable for this purpose, provided material for absolute age
dating can be obtained.
If the West Naracoorte Range is represented by four dis•
crete ridges in the;: Bordertown area,and the Woakwine
Range is a composite of five separate dune-forming events,
then there are at least 20 separate strand line features, each
representing a separate high sea-level stand between Nara•
coorte and the present-day coast. Palaeomagnetic evidence
suggests that all these features were formed within the last
690 000 years.
Figure 4 shows the presence of three topographically
defined groups of ridges and flats: (i) Robe Range to Reedy
Creek Range; (ii) Reedy Creek Range to Baker Range; (iii)
Baker Range to the West Naracoorte Range (and the range
just to the west of Bordertown). The East Naracoorte Range
is probably the sole remaining representative of a fourth
sequence, but the interposing of the Kanawinka Fault
makes it impossible to establish a relative chronology of the
East and West Naracoorte Ranges, except that the East
Naracoorte Range is older, with an age of greater than
690 000 years.
The division between the first and second group of ridges
appears to have been particularly significant, as not only is
there a major change , in altitude, but to the west of the
Reedy Creek Range there is also a marked increase in
carbonate content of sands and almost complete erosion of
the Pliocene sand. The third group is distinguished only by
its higher elevation, corresponding in part to the greater
length of time available for the deposition of lacustrine•
swamp deposits. The reason for the development of the
three groups of ridges and associated interdunes is
uncertain at present. Their altitudinal differences are
clearly not attributable to Pleistocene faulting because of
the lack of corresponding faulting in the underlying
Gambier Limestone as indicated by the elevation of the top
of the Victoriella conoidea zone. To some extent the
difference in level between the three topographically defined
areas is due to differences in elevation of interdune deposits
rather than of beach-dune deposits. The change in altitude
may result from changes in the rate of uplift, producing dif•
ferential elevations, though the regularity of the dip of the
Gambier surface does not support this. Alternatively, the
altitude differences may result from three periods of rapidly
fluctuating sea level being separated by two prolonged
periods of relatively stable sea level.

Concl usions
(i) An early Pliocene marine sand was deposited on

Gambier Limestone in parts of southeast South Aus•
tralia. It is recognized in several localities west of the
Kanawinka Fault, but has been locally removed by
Pleistocene erosion west of Reedy Creek Range.
(ii) Uplift of the region continued throughout the Plio•
Pleistocene. At times there was associated volcanic
activity in the Mount Gambier-Mount Burr region.
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(iii) The entire sequence of dunal-interdunal sediments

between Naracoorte and Robe (a distance of approxi•
mately 100 km) was deposited during the Pleistocene
(during the last 690 000 years).
(iv) The sequence, which comprises a beach-dune facies,
and estuarine-lagoonal and- lacustrine facies, is
essentially regressive. However, it may not be quite the
regular regression previously assumed by some
authors, as a number of dunes appear to be composite
sand ridges reflecting more than one sea-level change.
In addition, the altitudinal grouping of the sand ridges
and intervening flats may also be a consequence of
fluctuations in the rate of sea-level changes.
(v) During the last 690000 years there have been at least
20 high sea-level stands.
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