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ABSTRACT. The long-chain alkenones in the upper layers of the bottom sediments of ten salt lakes in
Southern Siberia were collected as a bio-marker for paleo-limnological studies in the summer 2019.
The quantitative and qualitative composition of long-chain alkenones were determined by means of
gas chromatography mass spectrometry. Also, the possibility of using this class of compounds as a salt-
sensitive bio-marker for paleoclimatic reconstructions in the corresponding regions was assess. The
results showed that the extracted alkenones are a mixture of several fractions with different lengths of
the carbon chain and the number of double bonds. The alkenone C37:4 fractions positively correlate with
the salinity of the studied lakes and can serve as a marker of salinity in paleo-climatic reconstructions.
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1. Introduction

Biochemical markers of paleo-climate is a
promising area of research for paleo-limnological
reconstruction. Alkenones may serve as a biochemical
indicator of thermal and salinity paleo-conditions.
Alkenones, is a class of C37-C40 polyunsaturated long
chain hydrocarbons with 2, 3 and 4 trans double bonds
located at intervals of 7 carbon atoms and a keto group
on the 2nd (ME ketone) or 3rd (ET ketone) carbon of the
aliphatic chain (Araie et al., 2018). These compounds
are synthesized only by haptophytic microalgae
of the order Isochrysidales. Those compounds are
ubiquitously found in the marine environment,
particularly sediments, and the alkenone unsaturation
indices (UK37 and UK’37) have been widely applied
to reconstruct the sea surface temperature at which
alkenones were synthesized (Miiller et al., 1998). The
molecular phylogenetic analysis of environmental
samples revealed that various Isochrysidaceae strains
are distributed in saline lakes and brackish waters
(Theroux et al., 2010; Toney et al., 2012).

Long chain alkenones (LCAs) are well preserved
in bottom sediments. The alkenone distribution in lakes
differs from the alkenone distribution in the marine
realm. For example, the alkenone C37:3 predominates
the alkenone distribution in marine environments
whereas C37:4 is a more abundant alkenone in lake
environments. The salinity of the aquatic environment
and the species composition of alkenone producers are
important factors affecting the ratio of unsaturated
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hydrocarbons. Moreover, it was found that the content
of tetra-unsaturated alkenones decreases with increasing
salinity of the aquatic medium. In recent years, LCAs
have become widely used for the reconstruction of the
paleoclimate of continental lakes.

Therefore, the main purpose of the study is to
identify the quantitative and qualitative composition of
long-chain alkenones in the upper layers of the bottom
sediments of ten salt lakes in Southern Siberia and to
assess the possibility of using this class of compounds
as a salt-sensitive bio-marker for paleoclimatic
reconstructions in the corresponding regions.

2. Materials and methods

The bottom sediments cores of 10 lakes were
collected at the end of July 2019 using a corer sampler
UWITEC (Austria) with a plastic pipe (90 mm). Then, 1
cm thick top layer was separated from each core. The
samples were placed in separate sealed plastic bags
and stored at a temperature of -20 °C. Alkenones were
extracted in a solution of chloroform and methanol (7: 3
by volume) at room temperature for 24 hours according
to the method of extraction of alkenones (Randlett
et al.,2014), adapted to our facility and laboratory
equipment. Unsaponifiable compounds were separated
on a GC-MS chromatograph (Agilent Technologies,
7890/5975C, USA) using an HP-5MS capillary column
and Sterin-HP method (M/AMSL, internal standard
hexatriacontane C36).
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Fig.1. The total content of LCAs in the upper layers of the bottom sediments of lakes

3. Results and discussion

All 10 samples of the upper layers of the bottom
sediments contained detectable concentrations of LCAs.
The distribution of total LCAs content among the lakes
was significantly different (Fig. 1).

With an almost equal indicator of organic content,
the maximum concentration of alkenones was observed
in Lake Uchum 237.7 pg/g and the minimum in Lake
Vlasyevo 0.2 ug/g. The chain length of alkenones ranged
from 37 to 40 carbon atoms. Fractions with 37, 38 and
39 carbon atoms are represented by compounds with 2,
3 and 4 trans double bonds, and C40 with only 2 and
3 trans double bonds. Alkenones with 37 carbon atoms
dominate in all fractions of the samples. Alkenones C40
were found only in two places in Lakes Uchum and Tus
with the smallest share in the LCAs fractions (Fig. 2),
which is explained by increased salinity of 22 g/1 and
44 g/1, respectively.

Alkenone C37: 4 is present in considerable
concentrations in all the upper layers of the bottom
sediments of the studied lakes, and occupies a large
part among the fractions except Lake Shunet. The

correlation coefficient R? of the connection of alkenone
C37:4 with salinity is positive and equal to 0.7 (Fig. 3).
This fact means that the synthesis and relative
distribution of C37: 4 alkenone in alkenone producers
depends on the environment and can serve as a marker
of salinity in paleo-climatic reconstructions.

4. Conclusions

Present study revealed the presence of long-chain
alkenones in the upper layers of bottom sediments
saline lakes and, therefore, confirmed the presence of
haptophytic microalgae in lakes of Southern Siberia
region. Polyunsaturated alkenones with 37 and 38
carbon atoms with 2, 3 and 4 double bonds are the main
compounds of the extractable fractions of alkenones.
Alkenones C40 with 2 and 3 double bounds were found
only in two lakes with high salinity compared to other
lakes. The correlation coefficient of the connection of
alkenone C37:4 with salinity means that C37: 4 can
serve as a bio-marker of salinity in paleo-climatic
reconstructions.
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Fig. 3 Correlation analysis of alkenone C37:4 in the upper layers of bottom sediments with salinity among lakes
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