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Summary 

Amino acid racemisation reactions are applied in relative and quantitative age 

assessments of the "Older Pleistocene marine beds" from Redcliff, northern Spencer 

Gulf. The extent of racemisation (epimerisation) for a range of amino acids in 

specimens of the fossil bivalve Anadara trapezia suggest a Penultimate Interglacial age 

(oxygen isotope stage 7) of approximately 200,000 yrs B.P., consistent with the 

geological context of the fossiliferous marine strata. 
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Introduction 

Until recent years, age assessments of Quaternary marginal marine sediments 

have been frustrated by complex stratigraphic relationships and the restrictions of some 

established dating techniques. In response to these difficulties, considerable research 

undertaken recently has resulted in the development of a variety of dating methods 

including amino acid racemisation, thermoluminescence and electron spin resonance 

(Mahaney, 1984; Rutter, 1985). Although the principles on which these techniques are 

based are long established, their application in Quaternary studies is relatively new. 

Some of the difficulties of establishing chronologies in Quaternary marginal 

marine settings have historically included the interfingering relationship of terrestrial 

and marine sediments, the lack of fossils in terrestrial sediments, and a complex of 

environmental controls on the distribution of biota in marine and paralic situations 

(Murray-Wallace, 19871)- Stratigraphic relationships influenced by geomorphic 

setting, lack of continuous outcrop, irregular facies development and homotaxis have 

further complicated stratigraphic correlation (Charlesworth, 1957; Vita-Finzi, 1973; 

Ager, 1981; Bowen, 1985). 

Notwithstanding the 'apparent' complexity of stratigraphic relationships in 

Quaternary sequences, the problems in Australia are further complicated by the need to 

correlate over large distances. Until recent years, assessments of the age of Quaternary 

coastal deposits in Australia relied on correlations with European models of Alpine 

glaciation, which themselves were poorly established (Tindale, 1933,1947; Bauer, 

1961; Sprigg, 1952,1959,1979; Wani, 1965; Twidale etal., 1977). The general 

absence of widespread glaciation during the Australian Quaternary has meant that its 

indirect expression, glacio-eustatic sea-level fluctuations, have figured prominently in 

chronostratigraphic classification of marine and paralic sediments. In particular, a 

range of geomorphological evidence has been cited in this connection and has proved 

unreliable (Bauer, 1961; Twidale et al., 1977; Buckley et al., 1987). Such approaches 

1 Murray-Wallace, C.V. (1987) Evaluation and application of the amino acid racemisation reaction in 
studies of Quaternary coastal and marine sediments in Australia (Unpubl. PhD, Univ. Adelaide) 352 p. 



here generally resulted in erroneous age assessments and an incomplete understanding 

of process rates in coastal evolution. Altitudinal relationships of strandlines and the 

construction of shoreline relation diagrams formed the basis of these early studies and 

are still used by some (Ward, 1985). 

In this paper, we report results of amino acid racemisation dating of Pleistocene 

fossiliferous marine strata from Redcliff, northern Spencer Gulf. The results reported 

serve to illustrate the significant potential of applying amino acid racemisation reactions 

in the dating of Australian Quaternary sediments. 

"Older Pleistocene marine beds" 

In a regional investigation of the submarine Quaternary geology of northern 

Spencer Gulf, Hails et al. (1984a,b) described a sedimentary unit they termed the 

"Older Pleistocene marine beds" (Fig. 1). These sediments are represented by poorly 

sorted sandy clays with low calcium carbonate contents. Although they have similar 

lithological characteristics to distal alluvial fan sediments, a former marine origin is 

attested by the presence of foraminifera and the bivalve Anadara trapezia. According to 

Billing (1984) these sediments experienced intense pedogenic modification involving 

decalcification and clay illuviation. The presence of Anadara trapezia suggested a 

coastal-intertidPal depositional environment for these sediments (Hails et al., 1984a,b; 

Ludbrook, 1984). 

Relative lithostratigraphic relationships indicated these sediments are older than 

the Mambray Formation (equivalent to the Glanville Formation of the Adelaide region) 

(Fig.l). In the absence of quantitative data, Hails et al. (1984b) invoked a generalised 

global glacioeustatic sea level curve, to fit an age to the "Older Pleistocene marine 

beds". Based on altitudinal relationships of the strata, and the suggested heights of 

former sea levels that were likely to have penetrated northern Spencer Gulf, a 

Penultimate Interglacial age (220 ka, oxygen isotope Stage 7) was assigned to these 

sediments (Hails et al., 1984b). 

Amino acid racemisation dating 
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In recent years a large literature has emerged on the principles of amino acid 

racemisation dating. In particular, useful reviews are provided by Schroeder and Bada 

(1976), Williams and Smith (1977), Davies and Treloar (1977), Wehmiller 

(1982,1984) and Rutter et al. (1985). 

Amino acid racemisation dating is based on the principle that in living 

organisms, amino acids bound in protein appear essentially in the left-configuration (L-

amino acids). With the death of an organism, the enzymic reactions that maintained the 

former disequilibrium condition cease, and a racemisation reaction commences. This 

results in the gradual change to right handed (D-amino acids) until an equilibrium 

condition is attained (i.e., D/L = 1). As amino acid racemisation is a chemical reaction, 

it is sensitive to a range of environmental factors, particularly prolonged changes in the 

diagenetic temperature history experienced by fossils (Murray-Wallace and Kimber, 

1987). However, with cautious sampling, the technique has considerable potential in 

establishing relative chronostratigraphies, for stratigraphic correlation and in studies of 

reworking (Belperio and Murray-Wallace, 1984; Cann and Murray-Wallace, 1986) and 

in geothermometry. 

Sample Collection 

Several specimens of the fossil bivalve Anadara trapezia (Deshayes) were 

collected from two vibrocores (Fig.2) from Redcliff, northern Spencer Gulf. The 

cores were obtained as part of a wider study of carbonate sedimentation (Belperio et 

al., 1984a). 

Only disarticulated Anadara were present, and were sampled from cores 

RED 40 and RED 41 within the depth interval 90-135 cm. Intrashell amino acid D/L 

ratio variation was avoided by analysing only the hinges. 

Analytical Methods 

The analytical procedures undertaken in this investigation follow those 

described more extensively in Kimber and Griffin (1987) and Murray-Wallace and 

Kimber (1987). Analyses reported are for the 'total acid hydrolysate', a complex 

mixture of high molecular weight peptides, smaller peptides and free amino acids. 
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Results and Discussion 

Representative results of the extent of amino acid racemisation for the Anadara 

trapezia from the Redcliff Cores are presented in Table 1. These data are compared 

with Last Interglacial and radiocarbon-calibrated Holocene specimens to provide a 

framework for comparison. 

As Anadara trapezia became extinct in South Australian coastal waters after the 

Last Interglacial, the Holocene specimen was obtained from Hervey Bay in southern 

Queensland. The radiocarbon age reported was calibrated to sidereal years using the 

tables of Klein et al., (1982) and has also been corrected for the marine reservoir effect 

according to Gillespie and Polach (1979). The mean annual temperatures (M.A.T.) of 

the sample sites are also indicated in Table 1. 

Results are reported for aspartic acid (ASP), alanine (ALA), valine (VAL), 

isoleucine (ALLO/ISO), glutamic acid (GLU) and phenylalanine (PHE). The relative 

extent of racemisation of the different amino acids in Anadara trapezia is in accord with 

those generally accepted for mollusc fossils of similar age (Lajoie et al., 1980). By 

analogy with the calibration samples, the Anadara from the "Older Pleistocene marine 

beds" are clearly older than the Last Interglacial, which is most reliably dated at 

125,000110,000 yrs by Uranium series disequilibrium dating (Stearns, 1984). 

A quantitative age assessment of the "Older Pleistocene marine beds" was 

undertaken by applying the integrated rate expression for the amino acid racemisation 

reaction (Mitterer, 1975), and using the Last Interglacial Anadara trapezia as a basis for 

calibration. This approach takes into account the non-linear nature of molluscan 

racemisation kinetics and therefore integrates the kinetic complexities of the transition 

zone in the non-linear model of Wehmiller (1984). The racemisation rate constant (k) 

used was 1.89xl0"6. In view of the slight amount of racemisation that occurs during 

sample preparation (acid hydrolysis), the extent of racemisation evident in modern 

Anadara was subtracted from the Anadara obtained from the "Older Pleistocene marine 

beds". 
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A mean age of 200,000±50,000 yrs BP was calculated based on the extent of 

racemisation in aspartic acid, valine, glutamic acid and phenylalanine. The error term 

allows for a diagenetic temperature history uncertainty of approximately 3°C. 

These data therefore indicate the "Older Pleistocene marine beds" were 

deposited during the Penultimate Interglacial (Stage 7 of the marine oxygen-isotope 

record), and supports the preliminary age assessment made by Hails et al. (1984b). A 

global glacio-eustatic sea level event of about this age is also known from coastal 

deposits in New Guinea, Barbados, Bermuda, New Zealand, Western Australia and 

various localities in southern Australia (Chappell, 1974; Gill, 1977; Fairbanks and 

Matthews, 1978; Harmon et al., 1983; Pillans, 1983; Hewgill etal., 1983, Belperio et 

al., 1984b). 

Acknowledgements 

This research was part of a PhD project by C.V. Murray-Wallace undertaken 

jointly at the University of Adelaide and the CSIRO Division of Soils, South Australia 

under the supervision of Drs V.A. Gostin and R.W.L. Kimber. A.P. Belperio 

publishes with permission of the Director General, South Australian Department of 

Mines and Energy. 



» 

References 

AGER, D.V. (1981) The nature of the Stratigraphic Record. (Macmillan, Great 

Britain). 

BAUER, F.H. (1961) Chronic Problems of Terrace Study in Southern Australia. Z. 

Geomorph. 3, 57-72. 

BELPERIO, A.P., HAILS, J.R. GOSTIN, V.A. & POLACH, H.A. (1984a) the 

stratigraphy of coastal carbonate banks and Holocene sea levels of northern 

Spencer Gulf, South Australia. Mar. Geol. 61, 297-313. 

, SMITH, B.W., POLACH, H.A., NITTROUER, C.A., 

DEMASTER, D.J., PRESCOTT, J.R., HAILS, J.R. & GOSTIN, V.A. 

(1984b) Chronological studies of the Quaternary marine sediments of northern 

Spencer Gulf, South Australia. Mar. Geol. 61, 265-296. 

& MURRAY-WALLACE, C.V. (1984) Comment: Waidang Island 

- a refuge for Marginopora vertebralis? Trans. Roy. Soc. S.Aust. 108, 227-

228. 

BILLING, N.B. (1984) Palaeosol development in Quaternary marine sediments and 

palaeoclimatic interpretations, Spencer Gulf, Australia. Mar. Geol. 61,315-

343. 

BUCKLEY, R.C., SHORT, A.D. & FOTHERINGHAM, D.G. (1987) Late 

Pleistocene Sea-Level Maxima in the Great Australian Bight. Search 18, 86-

89. 

BOWEN, D.Q. (1985) Quaternary Geology (Pergamon, Oxford). 

CANN, J.H. & MURRAY-WALLACE, C.V. (1986) Holocene distribution and 

amino acid racemisation of the benthic foraminifera Massilina milletti, northern 

Spencer Gulf, South Australia. Alcheringa 10, 45-54. 

CHARLESWORTH, J.K. (1957) The Quaternary Era Vol.2 pp595-1700 (Edward 

Arnold, London). 



CHAPPELL, J. (1974) Geology of coral terraces, Huon Peninsula, New Guinea: A 

study of Quaternary tectonic movements and sea level changes. Geol. Soc. 

Am. Bull. 85, 553-570. 

DAVIES, W.D. & TRELOAR, F.E. (1977) The application of racemisation dating in 

Archaeology: A critical review. The Artifact 2, 63-94. 

FAIRBANKS, R.G. & MATTHEWS, R.K. (1978) The marine oxygen isotope 

record in Pleistocene coral, Barbados, West Indies. Quat. Res. 10,181-196. 

FIRMAN, J.B. (1969) Quaternary Period In, L.W. PARKIN (ed) Handbook of 

South Australian Geology pp.204-233 Geol. Surv. S.A. 

GILL, E.D. (1977) Time of migration of the mollusc Anadara to SE Australia. Search 

8, 40-41. 

GILLESPIE, R. & POLACH, H.A. (1979) The suitability of marine shells for 

radiocarbon dating of Australian Prehistory. In, R. BERGER & H.E. SUESS 

(eds) Radiocarbon Dating (Univ. California, Berkeley), 404-421. 

HAILS, J.R., BELPERIO, A.P., GOSTIN, V.A. & SARGENT, G.E.G. (1984a) 

The submarine Quaternary stratigraphy of northern Spencer Gulf, South 

Australia. Mar. Geol. 61, 345-372. 

_ , BELPERIO, A.P. & GOSTIN, V.A. (1984b) Quaternary sea levels, 

northern Spencer Gulf, Australia. Mar. Geol. 61, 373-389. 

HARMON, R.S., MITTERER, R.M., KRIAUSAKUL, N. LAND L.S., 

SCHWARCZ, H.P., GARRETT, P., LARSON, G.J., VACHER, H.L. & 

ROWE, M. (1983) U-series and amino acid racemization geochronology of 

Bermuda: Implications for eustatic sea-level fluctuation over the past 250,000 

years. Palaeogeogr., Palaeoclimatol., Palaeoecol. 44, 41-70. 

HEWGILL, F.R., KENDRICK, G.W., WEBB, R.J. & WYRWOLL, K.-H. (1983) 

Routine ESR Dating of Emergent Pleistocene Marine Units in Western 

Australia. Search 14,215-217. 



KIMBER, R.W.L. & GRIFFIN, C.V. (1987) Further evidence of the complexity of 

the racemization process in fossil shells with implications for amino acid 

racemization dating. Geochim. Cosmochim. Acta. 51, 839-846. 

KLEIN, J., LERMAN, J.C., DAMON, P.E. & RALPH, E.K. (1982) Calibration of 

Radiocarbon Dates. Radiocarbon 24,103-150. 

LAJOIE, K.R., WEHMILLER, J.F. & KENNEDY, G.L. (1980) Inter- and 

Intrageneric trends in apparent racemization kinetics of amino acids in 

Quaternary mollusks. In P.E. HARE, T.C. HOERING & K. KING Jr (eds) 

Biogeochemistry of Amino Acids pp.305-340 John Wiley, New York. 

LUDBROOK, N.H. (1984) Quaternary Molluscs of South Australia (Department of 

Mines & Energy, South Australia) Handbook No.9, 327 p. 

MAHANEY, W.C. (ed.) (1984) Quaternary Dating Methods (Elsevier, Amsterdam), 

431 p. 

MITTERER, R.M. (1975) Ages and diagenetic temperatures of Pleistocene deposits in 

Florida based on Isoleucine epimerization in Mercenaria. Earth and Plant Sci. 

Lett. 28, 275-282. 

MURRAY-WALLACE, C.V. & KIMBER, R.W.L. (1987) Evaluation of the amino 

acid racemization reaction in studies of Quaternary marine sediments in South 

Australia. Aust. J. Earth Sci. 34, 3. 

PILLANS, B. (1982) Amino acid racemisation dating: A review. In, W. AMBROSE 

& P .DUERDEN (eds) Archaeometry: An Australasia Perspective Dept. 

Prehistory, A.N.U. pp.228-235. 

RUTTER, N.W., CRAWFORD, R.J. & HAMILTON, R.D. (1985) Amino acid 

racemization dating. In N.W. RUTTER (ed.) Dating Methods of Pleistocene 

Deposits and their Problems. Geosci. Canada, Reprint Series 2 pp.23-30. 

(ed) (1985) Dating methods of Pleistocene deposits and their 

problems. (Geoscience Canada Reprint Series 2, 87 p). 

SCHROEDER, R.A. & BADA, J.L. (1976) A review of the geochemical applications 

of the amino acid racemization reaction. Earth-Sci Rev. 12, 347-391. 



» 

SPRIGG, R.C. (1952) The Geology of the South-east Province, South Australia, 

with special reference to Quaternary Coastline Migrations and Modern Beach 

Development. Geol. Surv. S.Aust. Bull. 29, 120 p. 

(1959) Stranded sea beaches and associated sand accumulations of the 

upper southeast. Trans. R. Soc. SAust. 82,183-193. 

(1979) Stranded and submerged sea beach systems of southeast South 

Australia and the aeolian desert cycle. Sed. Geol. 22, 53-96. 

STEARNS, C.E. (1984) Uranium-Series Dating and the History of Sea Level. In, 

W.C. MAHANEY (ed.) Quaternary Dating Methods, pp 53-66 (Elsevier, 

Amsterdam). 

TINDALE, N.B. (1933) Tantanoola Caves, geological and physiographical. Trans. 

R. Soc. SAust. 57,130-142. 

(1947) Subdivision of Pleistocene Time in South Australia Records 

of the South Australian Museum. 

TWIDALE, C.R., BOURNE, J.A. & TWIDALE N. (1977) Shore platforms and Sea 

Level Changes in the Gulfs Region of South Australia. Trans. R. Soc. SAust. 

101, 63-74. 

VITA-FINZI, C. (1973) Recent Earth History (Macmillan, London) 138 p. 

WARD, W.T. (1965) Eustatic and climatic history of the Adelaide area, South 

Australia. J. Geol. 73, 592-602. 

(1985) Correlation of east Australian Pleistocene shorelines with deep-

sea core stages: A basis for a coastal chronology. Geol. Soc. Am. Bull., 

96(9), 1156-1166. 

WEHMILLER, J.F. (1982) A review of Amino Acid Racemization Studies in 

Quaternary Mollusks: Stratigraphic and Chronologic Applications in coastal 

and Interglacial Sites, Pacific and Atlantic Coasts, United States, United 

Kingdom, Baffin Island and Tropical Islands. Quat. Sci. Rev. 1,83-120. 

(1984) Relative and Absolute Dating of Quaternary Mollusks with 

Amino Acid Racemization: Evaluation, Applications and Questions. In, W.C. 



MAHANEY (ed.), Quaternary Dating Methods, pp.171-193. (Elsevier, 

Amsterdam). 

WILLIAMS, K.M. & SMITH, G.G. (1977) A Critical Evaluation of the Application 

of Amino Acid Racemization to Geochronology and Geothermometry. Origins 

of Life 8i 91-144. 



Table 1 Extent of amino acid racemisation in Anadara trapezia obtained from the 

"Older Pleistocene marine beds", Redcliff, northern Spencer Gulf, compared 

with Holocene and Last Interglacial results. 

Lithostratigraphic No. of Age M.A.T.* Amino acid D/L ratio* 
unit specimens (°C) ASP ALA VAL ALLO GLU PHE 

/ISO 

Quarantine Bay 
New South Wales 

2 modern 14.7 0.05 0.02 0.02 0.08 -

Holocene sediments 
Hervey Bay 
Queensland 

2 6400±140 21.5 0.44 
±0.005 

0.52 
±0.02 

0.15 0.17 -
±0.01 ±0,002 

Glanville Formation 
Port Wakefield, 
Gulf St Vincent 
South Australia 

8 125,000 17 0.54 
±0.03 

0.68 
±0.02 

0.32 0.43 0.42 0.73 
±0.06 ±0.04 ±0.01 ±0.06 

"Older Pleistocene 
marine beds" 
Redcliff 

4 19 0.76 
±0.02 

0.83 
±0.03 

0.48 0.55 0.62 0.89 
±0.01 0.02 ±0.02 ±0.03 

* Mean annual temperature 
+ ASP = Aspartic acid, ALA = Alanine, VAL = Valine, ALLO/ISO = Alloisoleucine/ 

Isoleucine, GLU = glutamic acid, PHE = Phenylalanine 



Figure Captions 

FIGURE 1 Summary of local lithostratigraphic nomenclature of Quaternary 

marginal marine strata, after Firman (1969) and Hails et al. (1984a), 

showing the relative stratigraphic position of the "Older Pleistocene 

marine beds". 

FIGURE 2 Location map of Redciff cores RED 40 and RED 41. 
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