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Summary

voN per Borest, C. C., Bapa, 1, |- & Scawunet, D. L. (1980) Amino acid racemization dating
of Late Quaternary strandline events of the coastal plain sequence ncar Robe, southeastern
Soulh Australin, Trans. R, Soc. 8. Aust. 104(6), 167-170, 28 November, 1980,

The amino acid racemization dating lechinique has been applied lo three selected mollusc
samples collected from the Quaternary strandline sequence of southeastern South Anstralia.
Resulis of the study wie consistent with previous yranivum-series age delerminations in the area
and imply that at least the uppermost component of the Woakwine Range barrier-estuarine
sequence was empluced during the lust interglacial sealevel maximum around 125 000 years

ugo.

Introduction

Oxygen isotope studies of decp-sea pelagic
sediments, combined with magnetostratigraphy
and other dating techniques (Shackleton &
Opdyke 1976, Hays et al, 1976), have estab-
lished a relatively detailed chronology of
Quaternary glacial and interglacial stages. Re-
lated custatic scalevel oscrllations recorded as
stranded shoreline deposits on  continental
margins are currently under scrutiny, Although
more difficult to date, they serve as un inde-
pendent check on some of the deep sea data.
In addition, the establishment of an scceplable
chronology for Quaternary and older shoreline
sequences is of foremost mterest from a geo-
dynamics point of view. A correctly dated
succession of terraces can reveal the temporal
variation in uplift rat¢e of convergent plaie
boundaries such as island arcs, and mid-plpe
tectonic movements such as regional warping
on passive margins. It is of interest to establish
acceptable chronalogies from coastal strandline
scquences from a variety of tectonic seftings
and areas,

The couastal plain of southeastern South
Australia (Fig. 1) is characterized by what
may be one of the most complete and best
preserved sequences of Quaternary strandlines
in existence. Al least 20 emergent shorelines,
consisting of stranded calcarcous sund barriers
and associated lagoonal and lacustrine deposits,
occur in a region 90 km wide hy about 400
kin long (Fig. 1). A sequence of less obvious
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siliceous sand beach ridges of Plio-Pleistocene
age (not shown in Fig. 1) extends for a further
{00 km east of the Naracoorte Range into the
State of Victoria (Hills 1960; Blackburn ef al.
1967),

The calcareons strandlines shown in Figure
| owe their preservation to a combination of
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Flg 1. Coastal Plain, southeastern South Australia,
showing  Qualernary strundlines; secuon X-Y
refers to Figure 2.
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factors, the dominant of which has been gentle
regional wvpwarping of the coastal plain
throughout the Quaternary, centred on the
volcanic region in the extreme southeast of the
state (Hossfeld 1950; Sprigg 1952). This up-
warping has been responsible for the stranding
of the sequence, in which oldest shorelines in
general lie furthest inland. Preservation ol
these strandline features has been due largely
to rapid “case-hardening™ of the calcarcous
barrier facies sands by extensive calcrete
development which generally begins imme-
diately the sands become stabilized by vegeta-
tion. Only high sealevels are represented in the
record, due to a combination of relatively slow
uplift rate and the dynamics of sediment trans-
port as sea level rises from a low stillstand.

In common with other Quaternary shoreline
successions of this type, the establishment of
chronological sequence and absolute age of
individual strandlines is fraught with difficul-
ties. Palacomagnetic studies of cores from
recent straligraphic drilling suggesis that the
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oldest component of the complex Naracoorte
Range barrier, shown in Figure 1, is older than
the Bruhnes-Matuyama magnetic reversal at
720 D00 years; all ridges to the southwest are
younger (Cook et al. 1977). Limited radio-
carbon dating of the youngest deposits in the
sequence reported by Blackburn (1966), von
der Borech (1976), Cook er al. (1977) and
Schwebel (1979)' has established a preliminary
chronology of Holocene and late Pleistocene
sediments from lagoonal and lacustrine areas
near the present coast. Uranium-series dating
techniques have been applied to aragonitic
lagoonal sediments and molluscs dating back
to the lust interglacial high sealevel (Schwebel
1979) 1.

This paper reports an initial application of
the amino-acid racemization (AAR) dating
technique (Masters & Bada 1978) to the prob-
lem of deciphering the chronology of some
aspects of the Woakwine strandline region
shown in Figure 1. It serves as an independent
check on uranium series dates obtained from
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samples beyond the range of **C techniques
(Schwebel 1979) 1%,

Sample localitics

Material used for AAR dating was obtained
from localities A, B and C (Fie. 2) on the
transect X-Y (Fig. 1) The molluse Kalelysia
sealarine  (Lamarck) was selected as the
gpecies most suitable for the raccimization
analysis since it has relatively thick. non-
porous vilves,

Sample A is a surface sample from a shallow
pit at Lake St Clair where articulated speci-
mens were selected, This Tocality lies on the
fira interdunc fat inland from the present
coast, where dates on mnlluses have been
reported by Blackburn (19A6) at 4330 = 100
years using "C. Stratigraphic ohservations by
Schwebel (1979) are in aceord with the above
date, and show the sediments to have been
deposited during the peak of the Holocenc
sealevel transgression prior to final separation
of the Mat from the ocean by modern barrier
accretion and possible sea level decline. Be-
cause of the established radiocarbon dates, this
sample was used us a reference point for the
calculations mvelved in determining the ages
of samples B and C.

Sample B is from the side of a dram locally
known as Drain L which interseets the Woak-
wine Range harrier and ils related estuarine-
lagnonal strata 1o the east, Shells comprising
sample B, many ol which are in-situ, oecur
wilhm a 20-30 e¢m thick indurated laver, on
an crosion surface which is onlupped hy Holo-
coene lacustrine calearcous muds of the most
recent Lake Hawdon phase.

Sample C. interpreted by Schwebel (1979)
to come from the same hotizon as that of
sample B, was collected fram a siratigraphic
horchole (Fig. 2) from a molluse-rich layer
280 em below the sediment surface. Articulated
samples of Kafelysia scalarina (Lamarck)
were sampled and used for dating,

Dating methods and procedures

Approximulcly 5-10 grams of a «ingle
cleaned Katelvsia valve were processed accord-
ing to the procedures descnbed for the “lotal™
fraction by Maslers & Bada 11977). The
alloisoleucine/isoleucing (alleu/iso) ratio was
determmed on a Beckmun<Spinco Model 118

1 Schwebel, DAL (1979) Quaternary straligfaphy
of the southenst of Soulh  Austrahia. Ph.DD.
Ihesis (unpubl.). Flinders Umv. of S, Ausl.

(L)

TaLE 1. Exiene of wnrine avid racemiaalion
watelysin shells fram maring tecrace deposin in
sopitherine Anstraliv

D/L
/71 ghtumic DAL allew/
Sample alanme  wcid  leucine  iso
A 0.29 017 D28 011
B .63 030 035 {328
' 073 n.57 46 036
Modern Kafelvsia D13 0,08 o 0.Mm

autormatic amino acid analyzer. The enantio-
meric ratios of the other amino acids were
determined by gas chromatography of fhe
N-{rilluoroacelvi-L-prolyl peptide methyl esters
(Hoopes et al. 1978).

Results and discussion

The racemizalion resulls for the various
samples are given in Table 1. The extent of
AAR in sample A 15 consistent with a Holo-
cenc age for this sample, Substiluting the
measured alleu/iso ratio and an age of 4330
years (Blackburn 1966) in eq. (2) of Mas-
ters & Bada (1977) vyields k., = 2.3 * 107
yr-'. The value of K, in this equahion was
assumed to be —1 3, This ky,, value is in close
agreement with that caleulated using Holoeene
Chione molluscs from  Southern  California
coastal archacological sites. This s the expected
resnll due to the similarity of the mean annual
air temperatures of the Califorman and South
Australian localites (Felton 1965: Flocgel
1972). and since the Kalelysia and Chione
species have similar shell morphologies.

The extent of AAR in sample € is nearly
wentical (o that measured in Chipne (Masters
& Bada 1977) and Protathaca molluses (Weh-
miller 1977) from a terrace Jeposit in San
Dicgo, Californin. This terrace has been dated
al 120000 = [0 000 years by nranium-serics
dating of corals (Ku & Kern 1974). Since the
Halocene sample suggests that the rate of
racemization is similar at the Californian and
Auslralion sites, the similarity of the extent
of racemization in sample C and the 120 000-
year-old Californian terrace supporis the con-
cluston that sample € corresponds in age to the
maximum high-sea level stand during the last
interglacial period (ic. Stage Se in the O/OQ
palacotemperature curve, ~125 000 B.P.).

In compatison to sample C, the extent of
AAR is consistenlly shightly less in sample B.
On this basis, it would appear that sample B
may come from one of the other episades of
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high sea level, tentatively dated at —85 000
and 105000 years B.P., which occurred in
the vicinity of the last interglacial period
(Bloom et al. 1974). Substituting the measured
alleu/iso ratio for sample C and an age of
120 000 years for this sample into eq. (2) in
Masters & Bada (1977), yields Ki.. = 2.9 X
10-%yr-1. Using this ki« value to date sample
B yields an age of —92 000 years.

The AAR dates for samples B and C given
above imply that the uppermost portion of the
Woakwine Range strandline complex was
formed during the last interglacial high sea
level. This is in accord with the uranium series
data of Schwebel (1979).

Sample B with an age of 92000 years
appears slightly younger than C, which is about
120 000 years old. In fact, the age of B lies
approximately midway between the 85 000
and 105 000-year-old sealevel highs described
by Bloom et al. (1974). If the assumption is
made that C actually correlates with the

125 000 year sealevel high (i.e. that the date
used to calculate the k., value given above is
a few thousand years too young), then B could
possibly be correlated with the established
105 000-year-old sealevel high. On the other
hand the small number of samples, and the
resolution of the amino acid dating technique
as applied to the study area, may imply only
that the two samples B and C were laid down
in response to some stage or stages of the last
interglacial sealevel maxima, of the order of
120 000 years ago.
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