
Abstract

Palaeoclimatic investigations of loess-palaeosol sequences depend on the application of numerical dating techniques, such as radiocarbon and
luminescence methods, in order to develop reliable time series for the proxies being studied. Commonly, the utility of luminescence and radiocarbon
dating is limited by their applicable dating range or, in the case of many European and Central Asian loess sites, results show a significant age under-
estimation for samples taken from the last glacial cycle. Relative dating approaches, such as amino acid geochronology, offer an independent assess-
ment of numerical age estimates and assist in the chronostratigraphic evaluation of loess units beyond the range of useful numerical dating methods.
In this study we present the first aminostratigraphic results from a Central Asian loess site: the Remisowka loess sequence in southeastern Kazakh-
stan, as well as new results from the loess sites Stari Slankamen and Mosorin/Titel Plateau in the Vojvodina (Serbia), and also initial results from the
loess sequence Mircea Voda (Romania). We measured D/L ratios of glutamic acid, aspartic acid, phenylalanine, valine, and alloIsoleucine/Isoleucine
in fossil shells of selected terrestrial gastropod genera.
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Aminosäuren-Geochronologie als unabhängiger Test für numerische Datierungsmethoden
für serbische, rumänische und zentralasiatische Lössablagerungen

Zusammenfassung

Paläoklimatische Untersuchungen von Lößsequenzen hängen ganz entscheidend von dem Einsatz numerischer Datierungsmethoden ab. Nur durch
sie kann ein verlässliches Altersmodell für die zu untersuchenden hochauflösenden Parameter (z.B. Korngrößen, geochemische Proxies) entwickelt
werden. Da allerdings bisher zur Verfügung stehende Methoden sowohl in ihrem Datierungslimit als auch in ihrer methodischen Verlässlichkeit ein-
geschränkt sind, stellen relative Datierungsmethoden wie die Aminosäuren-Stratigraphie ein unabhängiges Werkzeug dar, um bisherige Altersmodel-
le zu validieren bzw. das Datierungsspektrum deutlich zu erweitern. Im Rahmen dieser Arbeit wird die Methode erstmalig für den mittel- und zentral-
asiatischen Raum und mit einer besonders hohen Auflösung für den Raum Südosteuropa eingesetzt.
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1. Introduction
Palaeoclimatic investigations of loess-palaeosol sequen-

ces depend on the application of numerical dating techni-
ques, such as radiocarbon and luminescence methods, in
order to develop reliable time series for the proxies being
studied. Commonly, the utility of luminescence and radio-
carbon dating is limited by their applicable dating range or,
in case of some Central Asian loess sites, results show a
significant age underestimation for samples taken from the
last glacial cycle (ZHOU ET AL., 1995, MACHALETT et al.,
2006). Relative dating approaches, such as amino acid
geochronology, offer an independent assessment of nume-
rical age estimates, when results are at or near their
methodological limits, and assist in the chronostratigraphic
evaluation of loess units beyond the range of useful nume-
rical dating methods. Amino acid geochronology has been
successfully applied to fossil gastropod shells from calca-
reous loess deposits from loess-palaeosol sequences in
North America and Europe (OCHES & MCCOY, 1995, 2001;
OCHES et al., 1996, 2000), and China (MCCOY et al., 1988;
OCHES & MCCOY, 2001).

2. The Method
Amino acid geochronology measures the extent of race-

mization of amino acids within the carbonate shells of fos-
sil molluscs. Amino acids, which exist in the levorotatory
(L-form) optical configuration in living organisms, play an
essential role in the biomineralization process of shell for-
mation. Following protein synthesis, amino acids encased
within the shell crystal structure, undergo reversible stere-
ochemical inversion, or racemization, to their dextrorotato-
ry (D-form) enantiomers. The rate at which the L to D inver-
sion occurs is primarily a function of environmental temper-
ature, and the extent of racemization, measured by the D/L
ratio, is dependent on the amount of time that has passed.
Taxonomic factors may significantly influence racemiza-
tion; therefore sample sets of a single genus are typically
analyzed in aminostratigraphic studies. Thus, within a
monogeneric suite of fossil shells that have experienced
similar post-depositional temperature histories, the D/L
ratio measured in individual amino acids can be a useful
measure of age. Terrestrial gastropod shells are often
abundant and well preserved in loess deposits, making
them an ideal system for the application of this method. A
detailed review of the principles and applications of amino
acid geochronology is available from WEHMILLER & MILLER
(2000).

3. First Results
In this study we present the first aminostratigraphic

results from a Central Asian loess site: the Remisowka
loess sequence in southeastern Kazakhstan, as well as
new results from the loess sites Stari Slankamen and
Mosorin/Titel Plateau in the Vojvodina (Serbia), and also
initial results from the loess sequence Mircea Voda (Roma-
nia). We measured D/L ratios of glutamic acid, aspartic
acid, phenylalanine, valine, and alloIsoleucine/Isoleucine
in fossil shells of the terrestrial gastropod genera Pupilla,
Pseudonapaeus, Leucozonella, Helicopsis, Vallonia, Clau-
siliidae and Succinea that have been selected for their wide
geographic occurrence and reliability and reproducibility in
repeated D/L measurements. Taxonomic identification of
the sieved fossil snail shells were determined by the com-
parison with originally described type examples of the
Malacozoological Collection at the Museum für Naturkunde
of the Humboldt-University of Berlin. The samples were
prepared and measured at the Amino Acid Geochronology

Laboratory at the University of South Florida using reverse-
phase liquid chromatography, following the method descri-
bed by KAUFMAN & MANLEY (1998).

The results of amino acid geochronology provide an
independent age model for the studied loess series, and
their combination with numerical dating techniques allows
us to confidently determine the position of the last and the
two penultimate interglacial periods in the Serbian, Roma-
nian and Central Asian sequences, casting new light on the
chronostratigraphy of the last three glacial cycles in Eura-
sian loess. On a regional scale the stratigraphic scheme of
the loess sequence Stari Slankamen, which was subject to
varying interpretations in the past, is verified by the corre-
lation with other aminostratigraphic records from the Vojvo-
dina, in particular from the Titel loess plateau at Mosorin. 

We aim to highlight the vast potential of highly resolved
multi-proxy investigations, e.g., particle size studies, of the
aeolian dust record of terrestrial sediments in combination
with different geochronological techniques and chronostra-
tigraphic tools, including luminescence and radiocarbon
methods, plus amino acid geochronology. As loess sedi-
ments are widespread on the continents and offer palaeo-
climatic reconstructions on regional and inter-hemispheric
scales, we anticipate that the implementation of new
methods will lead to a renaissance in the study of terrestri-
al climate archives.
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