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Aminostratigraphy of the Last Interglacial in Southern Australia -

C.V. Murray-Wallace1’2, R.W.L. Kimber1; A.P. Belperid3 and V.A. Gostinu

The épplication of amino acid.récemisation react ions
is e*plored for regional cﬁronostratigraphic
correlation of Last Interglaciél'marginal marineA
sediments in southern Australia. The exfent of
racemisation evident for a range of amino acids in
several molluscan species which‘have éxperiéncéd
simiiar 'Effective Quaternary Temperature' historieélA
(E.Qjﬂ), convihcingly demonstrates the time
equivalence of these sediments.

Time-dependent protein diagehetic reactiéns, in particular amiﬁé acid
racemisation and epimerisation, have been extensively épplied in Quaternary
studies in the Northern Hemisphere (Williams and Smith; 1977; Schroeder and
Bada, 1976; Wehmiller, 1982, 198Hé,b;‘Butter,.1985). Few studies however,
have applied amino acid racemisation reéctions in the dating of Australian
Quaternary sediments (Kimber and Milnes, 1984; Belperio et al., 1984;
‘Murray-Wallace, 1987; Murray-Wallace and Kimber, 1987). In this paper, we
report the first comprehensive results from a range of cdastal sections in
southern Apstralia. These data will provide a valuable benchmark for
subsequent amino acid racemisation studies as well_és a useful adjunét to

other geochronological investigations.
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Several species of mdlluscan fossils were analysed to determine the
extent of racemisation of a range of amino acids. Results reported herein

however, are for the mollusc species Anadara trapezia (Deshayes), Katelysia

scalarina (Lamarck) and K. rhytiphora (Lamy). These species are considered

particularly suitable for amino acid racemisation analyses because of their
stout shells, which reduce the chénces_of contamination by non-indigenous
amino acids. The molluscs were well buried, generally at depths greater
than 1m. .

Where possible, articulated spécimensAwere selécted for dating. To

avéid both intrashell amino acid ﬁ/L ratio variation (Brigham, 1983;

Murray-Wallace and Kimber, 1987) and analysing the same individual twice,
only the hinges of left-hand valves were analysed. To reldiably

characterise the age of the deposits, numerous specimens were analysed from

‘a single deposit (Table 1). Analyses were made for the 'total acid

hydrolysate', a complex mixture of high molecular weight polypeptides,
peﬁtides and free amino acids.
In this paper results are presented for several Last Interglacial

deposits from a range of coastal settings in southern Australia (Figure 1).

' These include the Minim'Cove Member of the Tamala Formation in’'the Swan

Estuary, Western Australia; the Gianville Formation neostratotype at Dry
Creek north of Adelaide and eqdivalents at Denial'Bay and Port Wakefield in
South Australig; and samples from a well defined terrace at Largs in the

lower Hunter Valley, New ‘South Wales. With the exception of the Largs site,

‘the age of these depdsits has been established using other dating

techniques supplemented by litho- and.biostratigraphic corfelatibns. The
marine sediments at Largs have no formal lithostratigraphié name.
‘The'analytical précedures undéftaken follow those of Kimber énd
Griffin (1987) and Murray-Wallace (1987). The extent of racemisation
(epimerisation) for a range of amino acids is presented in Table 1. Amiﬁo
acid data were calibrated both internally and externally. Internal

calibration involved comparison of the extent of racemisation in the

.



The marine sediments display hbrizontal lamination emphasised by case
hardening, and are capped by an aeolian calcarenite. Numerous solution
channels, pipes and rhizoliths truncate the bedding. The marine sediment

is doﬁinantly quartz sand and contains a diverse molluscan fossil

assemblage.

Little work has been done on the marine sediments at Minim Cove. The
earliest reférenée to theée strata was by Somervillg (1920) who described
their elevéted position by invoking uplift. 'Fairﬁridge (i953) favoured a
Late Pleistocene age for.them. ThisAage was corroborated by Hewgill et
'.al., (1983) who, using électron spin resonance dating correlateﬁ the strata
at Minim Cove with uranium-series calibrated deposits on Rottnest Island
(Veeh, 1966; Veeh et al,,1§79; Szabo, 1979).

Specimens collected for amino'acid racemisation analyses were from a
small undercut face of a rapidly eroding cliff on the north bank of the

Swén Estuary. Mollusc species analysed included Katelysia rhytiphora and

K. scalarina. The shells analysed were approximately 3m above MSL, and
buried beneath 2m of sediment. All specimens were very well preéerved with
-articulated and disarticulated shells represehted. The disarticulated
shells were fandomly ofienﬁed within the sedimeht. The shells were not
coatedIWith calcareous surface encrusﬁations,-a feature characteristic of a

number of Last Interglacial marginal marine settingsfin southern Australia.

Dry Creek

Marine carbonaﬁe-rich sediments north of Adelaide containing abundant
moiiuscan fossils and generally cgpped By an indurated carbonate crust were
referred to by Firman (1969) as the Glanville Formation. These sed;ments

contain the sub-fossils Anadara trapezia, Marg;nopora vertebralis and

Pinctada carchariarum (Cann, 1978; Ludbrook, 1984; Belperio and Murray-
‘Wallace, 1984). The Glanville Formation and equivalents occur extensively
around the South Australian coastline and have been the subject of numerous

studies (Cann, 1978; Belpério et al., 1983, 1984, 1985; Murray-Wallace,



ascribed Last Interglacial specimens with youngér and older fossils.
(Holocene and Penultimate Interglaciél speéimens); External calibration
involved the comparison of amino acid racemisation dafa with independent
dating techniques. To provide a basis for age calibration, modern molluscs
as well as radiocarbon-calibrated Holocene and Penﬁltimate Interglacial .
specimens vere compared>with the results for the Last Interglacial fossils.
To establish the integrity 6f the analytical proqedﬁres undertakeﬁ in the -
CSIRO Soils laboratory, molluscs from an International‘InterlabOratory
cﬁmparison'(Wehmilier, 1984b). were analyéed and the data were in general
accord with fhe published results (Wehmiller, 1984b; Murray-Wallace, 1987).
Mean Annual Air Temﬁefatures (M.A.T.) for the sample localities are
indicated in Table 1. All the Last Interglacial specimens were obéaiﬁed
within the latitudinal range of 31.56°S to 34.55°S. Mean Annual
" Temperatures of the sample sites varied within a fange of approximately

2°c.

Largs

The earlieét refefence to the Largs site was by David and Etheridge
(1890) whé referred to the shell beds as raised a beach. The deposit
contains a mixed assemblagé of molluscan fossils with species from rocky
coastlines, littorél'and estuarine enyironﬁents_(lredale, 1957).
Radiocarbon dating indicates tﬁese sediments are older than 37,000 yrs BP.

Articulated and disarticﬁlated, well-preserved specimens of Anadara
‘trapezia were obtained from a small pit excavated within a well-defined
terrace. The molluscs were buried 0.64m below a well-developed Hélocene
red-brown earth, This site is situated some 30km inland from the Pacific

Ocean. .

Minim Cove
Emergent fossi;iferous'shallow;marine sediments crop out at Mihim

Cove, Mosman Park, on the northern bank of the Swan Estuary near Fremantle.



1987; Murray-Wallace and Kimber, -1987). A Laét Interglacial age has been
assigned to the Glanville Formation based on uranium-series dating
(Schwebel, 1978) and thermoluminescence and amino acid racemisaﬁion
(Belperio et al., 1984), |

Specimens of Anadara trapezia were collected from the neostratotype of

the Glanville Formation from Dry Creek. Wé11~preserved, whole
disarticulated specimehs were obtained 3m below the ground surface. Only

‘the hinge region of the bivalves were analysed.

Port Wakefield

Numerous specimens of Anadara trapezia and Katelysia rhytiphora were

obtained from a depth of 3m withinba recent quérry exposure of well-=bedded
calcreted sandy gravels at Port Wakefield. The gravels display well-défiﬂed
foresets'éf seaward dipping tabular cross stratification. A stfongly
induratea mas;ive calcrete mantles the gravels and has a variable thickness
of 0.5~1m. The calcrete is capped by a thin (<0.2m) veneer of red brown
earth. The gravels represent a Last Interglacial beach-foreshore acdrétion
unit and are equiyalents of the Glanville.Formation of the Adelaide region.
Well-preserved articulated and disarticulated bi?alVes were collected for

dating.

Denial Bay

Numerous spéciméns‘of Anadara trapezia Qere obtained from an undercut
cliff face, below a well-indurated apd léterally persistent nodular
ca;crete pfofile. ‘The depth of burial waé 1m. The host sediments are
represented by bioclaétic carbonates and correlate lithologically and
palaeontologically with other odcurrences of the Glaﬁville Formation along

the South Australian coastline. -

Results and Discussion
The relative extent of racemisation for_different amino acids in the

samples studied is in accord with that for molluscan fossils of equivalent



age, studied from the northern hemisphere,‘as reported byALajoie et al.,
(1980). Coefficients of-variation for the amino acid data generally did
not exéeed 12%. The error térms are for one staﬁdard deviation and
encompass analytical uncertaihtiés and intershéll émino acid.D/L ratio
variation for a given sample locality (Murray-Wallace, 1987);- However, a
larger margin of error may be expected with variation between sample sites.
' This results from environmental‘characteristiés unique tq a_particulaf site
and includes differences in ‘the 'Effective Quaternary Temperature! hiStory
(E.Q.T.), moisture régime and pH. The Effective Quaternary Témperature
history refers to the integrated kinetic effect of .all temperatures to
which a fossil has been exposed (Wehmiller, 1982). 1In addition, reworking
_and contamination may poténtially introduce a larger margin of erndr¢
A Laté Pleistocene age is also clearly evident for the shells from
Minim Cove, Denial Bay, Port Wakefield, Dry Creek and Largs, based én the
extent of amino acid racehisation and comparison with the calibration
samples., The greatest concordance 6f fesults between sample sites is
evident for valine, with a cbefficient.of variation (C.V.) of 3%. This
observation suggests that valine should be used more extensively in
aminostfatigfaphic studies, particularly those requiring high precision
with age resolution. Leucine and iéoleucine provided less concordant
results with C.V.'s of 6 and 9% respectively. Aspartic acid and glutamic
acid displayed gfeater variétion with C.V.'s of 10 and13% reSpectivel&.

The extent of leucine racemisation in the Last Interglacial specimens

analysed in this study agree Qell with results for Anadara trapezia
obtained by Belperio et al., (1984) in a chronological study of Quaternary
marine sediments of northern Spencer Gulf,

The data presented herein clearly demonstrates a concordance in the
~extent of racemisation for the amino acids determined in mollusc samples
from widely separated sites, independently assessed as Last Interglacial in
age. Data for modern,.Holocene and "Penultimate Interglacial" sediments

effectively bracket the aforementioned amino acid results (Table 1). The



concordance of the amino acid data are therefore interpreted to represent a
common age given the assumption'that the integrated effect of all other
pérameters that may influence racemisation between sample sites wer;
equable during their diagenétic history.
| In part, the validity of this assumption can be assessed in the light.
. of previous.investigationsA(Schroeder and Bada,.1976; Williams and Smith,
1977; Lajoie et al., 1980; Wehmiller, 198Ma), which indicate that'the
calcium carbonate maﬁrix of shells acts aslan effective cﬁemical buffer,
andAin_addition, retains in@igenous.amino acids for protracted periods.
Furthermore, phe pH range typically experienced in the environmenté studied
has been demonstrated not to influence racemisation (Bada, 1985).
.Altho;gh generic differences on the extent of facemisation-haQe
previéusly been observed in Katelysia spp. and Anadara spp., particularly
for aspartic acid (Murray-Wallace and Kiﬁber, 1987), the-degree of
statistical variation introduced by this factor was not sufficiently large
to preclude stratigraphic correlation using these fossils.

A more serious question concerns the influence of repéaﬁed, alternate
wetting and drying of fossils in situ, and the potential for loss of
indigenous amino acids by leaching. This has been noted where fossils
-cropout in infertidal settings and experience diurnal changes in moisture
regime (Murray-Wallaﬁe; 1987). Fossils that are permanently below the
'watér table however, surprisinély appear unaffected by this. All the
samp;é sites studied were not subjéct to alternate wetting and drying in
the manner described above. A

Thom et al., (1981) briefly discussed the Largs site as part of a
wider study of the Late Quaternary geomorphic evolution of the Port
Stephens - Myall Lakes area in central New South Wales. They nofed the
diffiéulty of delineating an age for the shell beds in view of the absence

of corals suitable for uranium series disequilibrium dating. Radiocarbon

dating however, on an articulated Anadara-trapezia'gave an age of >37,000



yrs BP, suggesting the molluscs may be of Last Interglacial age. The

extent of amino acid racemisation evident in Anadara trape?ia obtained from
the Largs site clearly points to a Last Interglacial age for these strata.

Several palaeoclimatic inferences can also be made about the Late

Quaternary in southern Australia from the amino acid data in the light of
the assumptions previouSly discussed. All the Last Interglacial sample
sites currently experience M.A.T.'s within the temperafure range of 16.9 -

18.5°C. In view of the similarity of M.A.Tds.between~sample sites, and

" the general concordance of amino acid D/L ratios for the Last Interglacial

molluscan fossils, similar temperature differences between sample sites are
likely to have been experienced during their diagenetic‘temperature
history. Fuuthermore, the different sample sites are likely to- have
experienced similar Effective Quaternary Temperature histories since the
Last Interglacial. In this context amino acid racemisation may'provide a

valuable adjunct to oxygen isotope studies of Quaternary palaeoclimatology.
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TABLE 1

Extent of amino acid racemisation in molluécan fossils of Last Interglacial
age from southern Australia.

Amino acid D/L ratios are for the 'total acid

hydrolysate'. Modern, Holocene and Penultimate Interglacial specimens
provide a basis for comparison. Coefficients of variation are presented in
parentheses.
- Amino Acid D/L Ratio
wg b ' ‘
O br
(3K ]
. MAT i , A
Species Locality Age (ka) (OC). Zwoc VAL- ALLO/ISO LEU  ASP GLU
Anadara trapezia Quarantine modern 14.7 2 -0.02 0.02 0.03 0.11 -
Bay, N.S.VW. +0.008 +0.002 +0.001 :
' - (40.0) (10.0) (3.3)
Katelysia rhytiphora Smoky Bay 7.440.2 18.0 3 0.08 0.12 0.16 0.23 .0.10
west coast : ' +0.002 +0.002 +0.02 +0.004
of S.A. (2.5) (1.6) (12.5) (4.0)
Anadara trapezia Largs, 125 ©17.9 "2 0.30 0.45 0.43 0;58.' 0.43
' N.S.W +0.01 +0.02 +0.04 +0.04 +0.07
(3.3) (4.4) (9.3) (6.9) (16.2)
Anadara trapezia Glanville 125 16.9 3 0.31 0.39 - 0.61 0.54
Formation +0.01 +0.01 +0.01 +0.14
neostratotype (3.2) (2.56) (1.6) (25.9)
Dry Creek, :
Adelaide
Anadara trapezia Glanville 125 AT 12 0.32 0.43 0.51 0.54 0.43
Formation, +0.06 +0.02 +0.02 +0.03 +0.01
Port Wakefield, (18.7) (4.6) (3.9 (5.5) (2.3)
S.A. :
Katelysia rhytiphora Glanville 125 17 6 0.32 0.45 0.51 0.46 0.38
' Formation, : +0.04 +0.07 +0.07 +0.02 +0.0Y4
Port Wakefield, (12.5) (15.5)  (13.7) (4.3) (10.5)
S.A.
Anadara trapezia Clanville - 125 16.9 6 0.33 - 0.44 0.44 0.64 0.47
Formation, - +0.02 +0.03 +0.01 +0.02° +0.01
Denial Bay, (6.0) (6.8) (2.2) (3.1) (2.1)
S.A.
Katelysia rhytiphora Minim Cove 125 . 18.5 8 0.33 0.35 0.48 0.61 -
Swan Estuary, +0.02 +0.02 +0.03 +0.05
WAL (6.0) (5.7). (6.3) (8.2)
Katelysia scalarina Minim Cover 125 18.5 3 0.34 0.39 0.49 0.58 -
Swan Estuary, +0.03 +0.04 ° +0.03 +0.05
W.A. : (8.8) (10.3) (6.1) (8.6)
Anadara trapezia "Older 225 19 4 0.48 0.55 - ‘0.76 0.62
Pleistocene +0.01 +0.02 +0.02 +0.02
marine beds" (2.0)  (3.6) (2.6) (3.2)

Redcliff, S.A.

e e b it i s

VAL - vallne, ALLO/ISO - D-alloisoleu01ne/L-1soleucine, LEU - Leucine, ASP
- Aspartic Acid, GLU - Glutamic acid. ‘
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