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Abstract - Electron spin resonance (ESR) dating and lithostratigraphic studies of marine 
deposits on the TaymyrTaimyr Peninsula suggest that a marine sedimentary environment 
dominated during isotope Stages 4, 5, 7, 8, 9 and 15. The marine basins were 
predominantly cold and influenced by freshwater. 

Introduction 

Marine Quaternary deposits are widespread on the Taymyr Peninsula but not well exposed due 
to active slope processes. It is thus important that studies of natural outcrops of Quaternary 
deposits are combined with information from bore-holes. 

Based on the results of drilling carried out by the Central Arctic Geological Exploration 
Expedition (Norilsk) and the Polar Geological Exploration Expedition (Khatanga), a general 
understanding of the structure of the TaymyrTaimyr Pleistocene sediments has been gained. It 
has also been possible to retrieve samples for dating purposes from several of these bore-holes. 

This paper summarizes preliminary results of studies of marine deposits on the Taymyr 
Peninsula. These studies were carried out during the four field seasons (1993-1996) of the joint 
Russian-German expedition "Taymyr-Severnaya Zemlya" and in previous expeditions to the 
western part of Taymyr (1986), to northern Taymyr (1988) and to the south-eastern part of the 
peninsula (1989-1990). 

ESR dating methods 

The electron spin resonance method (ESR) was used to date marine mollusc shells, found in 
investigated exposures and cores. This is an efficient tool for determining the age of 
exoskeleton remnants of malaco-fauna within a time interval of several hundred years to about 1 
million years (Molodkov, 1989, 1992, 1993). The dating of subfossil mollusc shells with ESR 
is based on the ability of the mollusc shell material to accumulate the absorbed dose of natural 
radiation and preserve it over a long period of time (Ikeya and Ohmura, 1981). An estimate of 
the paleodose, accumulated during shell burial in embedding deposits, is performed by 
comparing the natural intensity of the shell signal in the ESR-spectrum (caused by paramagnetic 
carbonate centers) with the intensity of radioactive irradiation induced by a laboratory source. 
The radiation background consists of three components: (1) radiation from natural radionuc1ides 
scattered in the embedding deposits, with the main contribution to the exposure dose of shells 
made by 238U, 232Th, 40K and the decay products of uranium and thorium (88%, on average, 
of the total dose); (2) radiation from the uranium and products of its decay incorporated in the 

crystalline matrix of the shell carbonate material (= 7%); and (3) cosmic radiation (= 5%). The 
radiation dose absorbed by the mollusc shell material is proportional to the concentration of 
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Land-Ocean Systems in the Siberian Arctic: Dynamics and History. Springer-Verlag, Berlin, 1999,469-475. 



470 Land-Ocean Systems in the Siberian Arctic: Dynamics and History 

~ 
~ 

';... 
~ 

. ..... 
~ 

~ 

t@{) .... ...,,, 
'"" -'~ . . 

'" '" 
<0 
00 

Figure I: Overview map of the Taymyr Peninsula and investigated logs. 

radioactive elements in the environment and in the shell itself, as well as to the time of exposure 
(shell age). Shell dating is performed by measuring the paleodose accumulated from the time of 
formation of the mollusc exoskeleton and the strength of natural radiation dose that affected the 
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shell during its burial. To perform palaeodosimetric analysis of the shell material, the analytical 

line at 2.0012 (line-width Mpp U 0.22 mT, Molodkov, 1988, 1993) was separated. The dose­
response curves with the use of this signal conformed most closely to the single exponential 
function. 

The height of original absorption signal was used as an equivalent of the g=2.0012 centre 
concentration in the shell. Quantification of the 2.0012 centre concentration was obtained from 
the peak-to-peak amplitude of the relevant signal in derivative spectra of the shells by using an 
overmodulation (OM) detection method (Molodkov, 1988, 1993). The microwave power used 
for dosimetric reading was 2 mW with 100 kHz magnetic field modulation at 1 mT. The 
palaeodose for each sample was obtained by fitting with the reciprocal exponential function 
-In( -lllmax), where I and Imax are the ESR signal intensity and the intensity of the level at 
saturation dose, respectively. The accumulated palaeodose, Ps, was estimated by extrapolation 
of the regression line to zero ESR intensity. The saturation value of ESR intensity, Imax, was 
found by iterative optimization. 

The ages of the shell fossils from Taymyr were derived from the following equation 
(Molodkov, 1988, 1989): 

where r is the mean lifetime of the 2.0012 centre in shell carbonate, Ps is the accumulated 

palaeodose since the mollusc exoskeleton formation, D~(t) is the total radiation dose rate as a 

function of time, and T is the shell age. 

The dose rate, D~(t), is a sum of the doses due to different radiations 

where Dc is the cosmic dose rate proportional to the sample, s latitude, altitude, and burial 

depth; Dextr. ~ is the external dose rate depending on radioactive element concentration in the 

sediment surrounding the shells; Wu and W~ are the correction factors for water (ice); kf3 is the 

beta-attenuation correlation factor; Dint a,~ (t) is the time-dependent component of the internal 

dose rate originating from the uranium incorporated in the shell substance. 
In total, 22 samples were dated from 15 sections and bore-holes (Figure 1, Table 1). Some 

samples were dated two or three times as a control. The final ESR-age for samples with double 
or triple dating was determined as the mean arithmetic age. 

Stratigraphy of Pleistocene deposits on Taymyr Peninsula 
In our opinion, the Quaternary deposits of the Taymyr Peninsula can be roughly divided into 
two units: a lower unit up to 200 m thick, consisting predominantly of dark grey clayey-silty 
sediments with a large ice content, and an upper unit, 30-40 m thick and predominantly of a 
sand-pebbly composition. The lower unit forms part of the contemporary relief in the lowland 
valleys. This is especially clear in the western part of the peninsula where clayey silts are often 
eroded along the Pur, Pyasina and other rivers. 

These exposures often show that the fine-grained sediments form rhythmic deposits of varved 
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frequency of these coarse clasts does not exceed 5-10% by volume of the embedding 
sediments. The occurrence of coarse clasts has been taken as an argument for interpreting these 
sediments as being of glacial origin (Urvancev, 1931; Troitskii,1966; Kind and Leonov,1982, 
Zolnikov and Shevko, 1989). However, in all studied outcrops it was found that the sediments 
are clearly laminated. The lower unit sediment often contained a considerable amount of ice, in 
particular ice wedges and ice bodies of unknown origin up to 60 m in thickness. 

The sediments are usually poor in fossils, sometimes totally barren. However, some fossils, 
though rarely observed, can be found in the upper part of the lower unit sediments, e.g. the 
marine mollusc Portlandia arctica, foraminifers of the genus Hynesina sp., freshwater and 
estuary species of diatoms (A.unotia diodon, Eunotia pracrupta, Tabellaria jenestrata, 
Pinnularia sp, Cyclotella striata, Stephanodiscus astrea), and marine species of diatoms 
(Paralia sulcata). Most diatoms were redeposited from Cenozoic sediments. The 
palaeoenvironmental indications point towards cold and freshwater basins. The transition from 
more massive clayey silts to varved clays also indicates that brackish basins were replaced by 
freshwater basins. The pelecypod fauna of the lowermost part of the lower sedimentary unit is 
boreal in composition, indicating warmer sea conditions. The lower sedimentary unit consists 
of not only clay and silt but of more coarse deposits too. The roof of the lower unit lies at an 
altitude of 160 to -30 m a.m.s.l. and its relief is very contrasting (Figure 2). 

The upper sedimentary unit is present mostly as erosional remnants of a marine deposit that 
once covered significant parts of the TaymyrTaimyr Peninsula. These deposits have often been 
considered glacial in origin due to their sharp morphology and sandy to gravely composition 
(Kind and Leonov, 1982). However, the internal structure of these deposits, although rarely 
exposed due to a lack of recent erosion and active slope processes, indicates a coastal deltaic 
facies of these sediments. Molluscs (Hiatella arctica, Astarte borealis, Mya truncata), 
foraminifera (Haynes ina orbicularis, Retroelphidium ex gr. clavatum, Cribroelphidium 
granatum, Astrononion gallowayi, Bucella jrigida, Cassidulina neoteretis) and diatom 
(Navicula placentula, N. radiosa, Stephanodiscus astrea, Tabellaria jenestrata, Pinullaria 
borealis, Cocconeis disculus, Amphora ovalis var lybica, Cyclotella kuetzingiana var. 
schumannnii, Caloneis bacillum) assemblages, found in some sections belonging to this upper 
sedimentary unit, indicate a delta-marine, coastal-marine, cold and brackish sedimentary 
environment. The altitude of bedding of upper unit is from -45 to 175 m a.m.s.l. The most 
widespread level of marine terraces consisting of sand and pebbles of the upper unit sediments 
is at 100 m a.m.s.l. in the central part of Taymyr. 

Discussion and conclusions 

The deposits can be divided into a number of groups on the basis of their composition and their 
age, as detennined by ESR dating: 

1) sandy-gravely erosional remnants with a scattered distribution. Dating falls within a time 
frame of 70 to 100 ka BP. 

2) Clayey silts of a deep-water facies of marine sediments of the same age - 86 ka BP. 
3) Clayey silts aged between 116 and 140 ka BP. 
4) Clayey silts aged between 235 and 268 ka 
5) Sand of shallow-water marine facies aged 289 ka BP. 
6) Sandy silts aged between 316 and 336 ka BP. 
7) Sand and gravels aged 535 ka BP. 
This is a first attempt to date marine Quaternary deposits of the Taymyr Peninsula. We did not 

have an opportunity to date all geomorphological levels. However, the bedding of studied 
sediments at very different altitudes suggests that their modern position is under the influence of 
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differential tectonic movements of the Taymyr Peninsula. 
The ESR dates obtained thus suggest active marine sedimentation over the Taymyr Peninsula 

during isotope stages 4,5,7,8,9 and 15. These dates correlate well with the marine events of 
the Severnaya Zemlya archipelago during the same half million year time interval (Bolshiyanov 
and Makeev, 1995). 

Acknowledgements 
The authors are grateful to G. V. Schneider and V. V. Mezhubovsky for providing samples of 
marine deposits for dating, to Yeo A. Kirienko, who carried out foraminifera analysis, to V. S. 
Zarkhidze, who determined the malaco-fauna species, and to G. V. Stepanova, who carried out 
diatom analysis. 

References 
Bolshiyanov, D.Yu. and V.M. Makeev (1995) Severnaya Zemlya archipelago: the glaciation, the history of the 

environment. Gidrometeoizdat, St.Petersburg (In Russian), 217 pp. 
Zolnikov, J.D. and A.Ya. Shevko (1989) On the stratigraphy of Quaternary deposit sequences near Novorybnoe 

village, Khatanga Rriver. In: Cenozoic group in Siberia and north-eastern part of the USSR, Nauka, 
Novosibirsk (In Russian), 172-180. 

Ikeya, M. and K. Ohmura (1981) Dating of fossil shells with electron spin resonance. J.Geol., 89, 247-251. 
Kind, N.V. and B.N. Leonov (1982) The anthropogene of the TaymyrTaimyr Ppeninsula. Nauka, Moscow (in 

Russian), 183 pp. 
Molodkov, A. (1988) ESR dating of Quaternary shells: recent advances. Quat. Sci. Rev., 7, 477-484. 
Molodkov, A. (1989) The problem of long fading of absorbed palaeodose on ESR-dating of Quaternary mollusc 

shells. App\. Radiat. Isot., 40, 1087-1093. 
Molodkov, A. (1992) ESR-analysis of Molluscan skeletal remains in Late Cenozoic Chronostratigraphic 

research. Tartu (In Russian), 33 pp. 
Molodkov, A. (1993) ESR-dating of non-marine mollusc shells. App\. Radiat. Isot. 44,145-148. 
Troitskii, S. L. (1966) Quaternary deposits and the relief of plains costs of the Yenisey Bbay and adjacent part of 

Byrranga Mmountains. Nauka, Moscow (In Russian), 208 pp. 
Urvancev, N. N. (1931) Traces of Quaternary glaciation in the central part of North Siberia. Geological 

Publishing House, Moscow, Leningrad (In Russian), 55 pp. 


