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1. INTRODUCTION

This work was aimed at absolute age determi-
nation by the biometric method using teeth of
elephants of the Archidiskodon-Mammuthus
phyletic lineage from a series of European
localities. As indicated earlier (Pevzner &
Vangengeim 1994), the lamellar fre-quency in
the 10-cm-long interval of the last upper molar
is one of the evolutionarily important character-
istics of elephants from this lineage. The time-
depen-dent changes in this parameter develop
according to the areacotangent law, permitting
absolute age determina-tion of bone remains
and, consequently, of their host localities.

2. MATERIALS AND METHODS

Since the lamellar frequency is a highly vari-
able parameter ( depends on the size and the
wearing degree of  molars) leading to an erro-
neous age determination, we consider only
localities that yielded tooth series consisting of
at least ten teeth (see the table 1). These locali-
ties are associated with different genetic types
of deposits. The Liventsovka (Rostov region,
Russia), Tiraspol’ (Moldova), Süssenborn,
Mosbach (Germany), Ilford and Balderton
(Great Britain) local-ities occur in alluvial sed-
iments; the upper Paleolithic Dolni Vestonice
and Předmosti (Czech Republic) sites are in the
sedimentary cover deposits; and the Sinyaya

Balka locality (Krasnodar region, Tamanskii
Peninsula, Russia) is buried in mudflow sedi-
ments. 

Liventsovka locality: We used the measure-
ment results for 30 teeth of Archidiskodon
gromovi.

Sinyaya Balka locality: The lamellar fre-
quency values of Archidiskodon meridionalis
tamanensis are calculated using the plot by
Dubrovo (1963, Fig. 1).

Tiraspol’ and Süssenborn localities: Dubrovo
(1971) reported only on the extreme and mean
lamellar frequency values for M. trogontherii,
missing data necessary for calculating the mean
square deviation (δ) and mean square error (m).
For these localities, the mean square error in age
determination (k) presented in the table should
be considered as most probable only. The are
calculated from δ values (marked by asterisks in
the table) using δ/M = 11.62%, which is the
average value for all other localities.

Mosbach locality (major bone bed): Data on
M. trogontherii are evaluated using the graph
published by Guenther (1968, Fig. 4), who also
presented values of LLQ index for 14 M3 from
the depth range of 12.5-18 m. We converted the
index to a lamellar frequency in a tooth interval
10 cm long. The parameter obtained is similar
to those of 18 teeth from this locality calculat-
ed by Lister & Brandon (1991, Tab. 1).

Ilford locality. The extreme and mean values
together with the mean square errors are calcu-
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lated for 11 teeth of Mammuthus primigenius
using the graph of Lister (1993, Fig. 6).

Dolni Vestonice locality: The extreme and
mean parameters for 26 teeth of Mammuthus
primigenius and the mean square errors have
been published by Aver’yanov et al. (1995),
who discussed the measure-ment results of
E.V. Urbanas. 

Balderton locality: Lister & Brandon (1991)
cal-culated the extreme and mean parameters
together with δ value for 19 teeth of M. primi-
genius from this locality.

Předmosti locality: In this case, we used the
measurement results (Musil 1968, Tab. 43 a, b)
for 34 out of 40 teeth of M. primigenius, which
display a wearing degree of 1-(1-2)-(1-3)-(1-4)
and have presumably been recovered from the
major cultural bed. In our calculations, we
ignored data on strongly worn teeth, which

considerably understate the mean lamellar fre-
quency value (M). For instance, M for 34 teeth
is 9.89, but for 40 teeth, six strongly worn spec-
iments included, this value decreases to 9.53.

Somewhat different data on mammoth teeth
from the Předmosti locality were reported by
Averřyanov et al. (1995) and by Lister &
Brandon (1991). The extreme lamellar frequen-
cy values are similar in both publications, but
lower than that estimated by Musil.
Correspondingly, the mean parameter is also
lower (Tab. 1). These understated values may
indicate that strongly worn teeth were present
in the analysed series. 

Data on the Liventsovka, Sinyaya Balka, and
Předmosti localities were used as reference
points for determining the locality positions on
the areacotan-gent curve and for scale calibra-
tion along the X (time) and Y (morphological
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Tab.1 - Lamellar frequency in the 10-cm-long interval of the upper last molars (M3) of Archidiskodon-
Mammuthus elephants and biometric ages of the studied localities.

Note: n is number of teeth; lim is the extreme values of lamellar frequency; M is the mean value of lamellar
frequency; m denotes the mean square error of M determination: δ is the mean square deviation of M values;
T is age in Ma; and k is the mean square error of age determination in Ma. Data used for calculations are from
the following sources: (1) measurements of V.E. Garutt; (2) Dubrovo (1963); (3) Dubrovo (1971); (4)
Guenther (1968); (5) Lister & Brandon (1991); (6) Lister (1993); (7) Averiyanov et al. (1995); (8) Musil
(1968). For  explanations of figures marked by an asterisk, see the text.



evolutionary parameter) axes.
An age of 2.4 Ma, the average between 2.6

Ma (the Gauss-Matuyama boundary) and 2.2
Ma (age of the Psekups locality), was adopted
for the Liventsovka locality. The mean parame-
ter (M) for this locality is 4.5. The Sinyaya
Balka locality is dated back to 0.95 Ma, which
corresponds to the mean age of the Taman fau-
nal assemblage (Vangengeim et al. 1991); the
respec-tive mean parameter is 5.5. The cultural
bed of the Předmosti site yielded the 14C age of
26.5 ka (Svoboda 1990); for this site, the mean
parameter is 9.89.

Using the above data, we obtain the follow-
ing for-mula:

which is used to calculate ages of localities
(T) and the mean square age error (k) (see 
Tab. 1).

3. DISCUSSION

All the obtained biometric dates should be
considered as indicating the maximum possible
age, because almost all cited publications lack
data on the wearing degree of teeth. When
included in statistical analysis, the parameters
of strongly worn teeth substantially decrease
the mean values of the lamellar frequency, and
we obtain an older age.

Our dating results for the Ilford and
Balderton local-ities are distinctly inconsistent
with those reported recently by English
researchers (Brandon & Sumbler 1991, Lister
& Brandon 1991, Lister 1993). They refine the
former age determinations (Mitchell et al.
1973, Clayton 1977, Stuart 1982). 

After our request, Lister kindly donated a
fragment of a mammoth limb bone from the
Balderton Quarry 4e for radiocarbon analysis.
The analysis was made by L.D. Sulerzhitskii at
the laboratory of the Geological Institute,
Russian Academy of Sciences. The obtained
date of 29.6 ± 0.6 ka (GIN8743) agrees well
with the biometric age (32 +11 / -9 ka) of the

locality and excludes the possibility that the
Balderton mammoth is older than the middle
Würm mammoths from central Europe. 

4. CONCLUSION

The biometric dating of the oldest
Liventsovka locality does not essentially
change the age accepted at present, since the
biometric age is calculated with a large error.
The age of the Sinyaya Balka locality was for-
merly adopted as equal to 0.95 Ma, i.e., to the
aver-age value between 1.1 and 0.8 Ma (the
time span of the Taman faunal assemblage).
Our calculations allow us to reduce the possible
time limit of the locality from 1 to 0.9 Ma, leav-
ing the same mean value of the age.

The Tiraspol, Süssenborn, and Mosbach
localities similar in composition of the mam-
mal assemblages were formerly considered 
as close in age; namely, the Tiraspol and
Süssenborn sites were assumed to be of the
same age and somewhat older than the
Mosbach locality. Our investigations infer that
the Tiraspol locality is the oldest one, probably
about 600 ka old. The Süssenborn site is
100000 years younger, and the Mosbach 
locality is about 200000 years younger than
the latter.

Our dating results for the Ilford and
Balderton localities are distinctly inconsistent
with those reported recently by English
researches. They refine the former age determi-
nations. The biometric age of the Balderton site
agrees well wirh the new 14C date obtained for
the bone sample from this locality.

5. ACKNOWLEGEMENTS

The research was supported by the Russian
Foundation for Fundamental Research (grant
grant 99-05-64150).

6. REFERENCES

Averiyanov, A.O., Vartanyan, S.L. & Garutt,
V.E. 1995. Small mammoth Mammuthus
primigenius vrangelensis Garutt, Averianov
et Vartanyan, 1993, from Wrangel Island

131

Age of some European localities of elephants determined by the biometric method



132

The World of Elephants - International Congress, Rome 2001

(North-eastern Siberia), Tr. Zool. Inst. Ross.
Akad. Nauk., 263: 184-199.

Brandon, A. & Sumbler, M.G. 1991. The
Balderton Sand and Gravel: Pre-Ipswichian
cold stage pluvial deposits near Lincoln,
England, J. Quat. Sci., 6: 117-138. 

Clayton, K.M. 1977. River terraces. In Shotton,
F.W. (ed.), British Quaternary Studies: 153-
168. Oxford: Clarendon. 

Dubrovo, I.A. 1963. New data on the taman'
vertebrate fauna. Byull. Mosk. 0-va Ispyt.
Prir., Otd. Geol., 38(6): 94-99.

Dubrovo, I.A. 1971. Order Proboscidea. In
Nikiforova K.V. (ed.), Pleistotsen
Tiraspolya (The Pleistocene of Tiraspol):
92-108. Kishinau: Shtiintsa.

Guenther, E-W. 1968. Elefantenbackenzane aus
den Mosbacher Sanden. Mz. Naturw. Arch.
7: 55-73.

Lister, A. 1993. Patterns of evolution in
Quaternary mammal lin-eages. In
Evolutionary Patterns and Processes: 72-
93. London: Linn. Soc. London.

Lister, A. & Brandon, A. 1991. A Pre-
Ipswichian gold stage mammalian fauna

from the Balderton Sand and Gravel, Lin-
colnshire. J. Quat. Sci., 6: 139-157.

Mitchell, G.F, Penny, L.F, Shotton, F.W. &
West, R.G. 1973. A correlation of
Quaternary deposits in the British Isles.
Spec. Rep. Geol. Soc. London., 4: 1-99.

Musil, R. 1968. Die Mammutmolaren von
Předmosti (CSSR). Paläontol. Abh., Abt. A,
Bd.III, H. 1.

Pevzner, M.A. & Vangengeim, E.A. 1994.
Some general features of mammalian evo-
lution. Stratigr. Geol. correlation, 2 (6):
485-491.

Stuart, A.J. 1982. Pleistocene Vertebrates in the
British Isles. London: Longman. 

Svoboda, J. 1990. Moravia during the Upper
Pleniglacial. In Soffer O. & Gamble C.
(eds.), The World of 18000 BP, vol.1: 193-
203. London: Unwin Hyman.

Vangengeim, E.A., Vekua, M.L., Zhegallo, V.I.,
Pevzner, M.A., Taktakishvili, I.G. &
Tesakov, A.S. 1991. Position of the Taman'
faunal assemblage in the stratigraphical and
magnetochronological scales. Byull. Komis.
Izuch. Chetvert. Perioda, 60: 41-52.


