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ABSTRACT. Sediment stratigraphy and dynamics of organic accumulation of eight small isolation
basins at the Kindo Peninsula and its surroundings (Karelian Coast of the White Sea) were studied.
The sediments structure and organic matter dynamics were found to depend on the age of the isolation
that, in turn, depends on the lake’s elevation. The thickest gyttja layer (up to 3 m) with loss-on-
ignition values ca 60% formed in the lakes at the highest elevations. The thickness of marine-lacustrine
transitional units varies from few cm to tens cm. The earlier isolation from the sea took place the
thinner the transitional unit. In the lakes where isolation has not finished yet, the transitional sediments

with LOI values ca 20-30% still form.
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1. Introduction

The area of the Kindo Peninsula and its
surroundings (the Karelian Coast of the White Sea), has
turned into a testing ground for detailed natural science
research, including studies of isolation basins, due to
the White Sea Biological Station of the Moscow State
University (e.g. Krasnova et al., 2016). The isolation
basins are the lakes that once were sea bays and lost
their connection to the sea in the past, or have been still
isolating and thus experiencing an irregular influence
of the sea. Studying the isolation basins provides
important information both for the hydrochemistry
and hydrobiology of the isolation process, and for
paleogeographic reconstructions, primarily those
devoted to the relative sea-level changes. Some results
of the isolation basin studies at the Kindo Peninsula in
the context of reconstruction of the Holocene shoreline
displacement of the White Sea have been published
elsewhere (Drefller et al.,, 2009; Romanenko and
Shilova, 2012). The dynamics of organic matter in the
sediments provides important stratigraphic markers for
studies of isolation basins. Studies of the organic matter
content in the sediments of some recently isolated or
currently isolating lakes at the Kindo Peninsula and the
surrounding area were performed (Dreler et al., 2009;
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Vakhrameeva and Losyuk, 2020; 2021). However, there
are still few studies of the organic matter dynamics in
sediment sequences covering pre-isolation, isolation
and post-isolation stages, while the others were focused
on the uppermost part of the sequences.

The present study provides information on
the stratigraphy and organic matter content in the
sediments of 8 lakes at the Kindo Peninsula and the
surrounding area. Retrieving the sediment cores from
the central part of the lake basins, i.e. the integrated
sedimentation point, provided discontinuous sediment
successions.

2. Materials and methods

Sediment cores from 8 lakes were retrieved from
the isolation basins located at different elevations. Some
of the study lakes still receive the seawater during the
springtides (Fig., Table). The coring was performed with
a Russian peat corer from the central parts of the lakes
from a floating platform (in autumn 2018) or from the
ice surface (in spring 2019). Limnos sediment sampler
was applied to collect the uppermost (up to 40 cm)
sediments. In some lakes, a transect coring was carried
out at different depths. The organic matter content in
the sediments was studied using the loss-on-ignition

© Author(s) 2022. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.


https://doi.org/10.31951/2658-3518-2022-A-4-1456
mailto:dd_kuznetsov@mail.ru

Kuznetsov D.D. et al. / Limnology and Freshwater Biology 2022 (4): 1456-1458

Table. List and characteristics of the study lakes (the lakes’ elevations are from Dref3ler et al. (2009), Romanenko and

Shilova (2012), Krasnova et al. (2016)).

Lake, coring site Neo Elevation | Area, 10° m? | Depth at the Sediment Gyttja thickness,
above sea sampling thickness, m m (LOI average
level, m point, m value, %)
Verkhnee, 1 87 17.1 2.1 3.1 3.0 (61)
Vodoprovodnoe, 1 72 2.9 3.0 3.2 2.6 (64)
Krugloe, 1 27.5 5.4 2.0 1.8 1.7 (60)
Verkhnee Ershovskoe, 1 2.3 100.3 1.5 0.2 0.1
Nizhnee Ershovskoe, 2 1.6 79.9 2.8 1.1 0.9 (24)
Kislo-Sladkoe, 18-2 <1 16.7 41 1.6 0.6
Trekhtsvetnoe, 2 <1 35.2 3.4 2.3 0.3
Lagoon on Cape Zelenyj, 1 <1 19.1 5.9 2.8 0.5

(LOI) analysis following to the procedure adopted at
the Institute of Limnology (500-550°C, 6 hours). One
and 2-cm thick samples were discontinuously collected
from corer.

3. Results

The lower parts of the sediment sections consist
of sands/silts replaced by gyttja upwards. Depending
on the lake’s elevation above the sea level, two
stratigraphic types are distinguished. In the lakes with
no connection to the sea, there is a complete sediment
sequence, with a thin transitional unit between the
lower minerogenic sediments and the upper gyttja. The
transitional sediments are sandy gyttja, occasionally
laminated. In the lakes at the final stage of isolation, the
sediment sequence is incomplete, and the transitional
sediments represented by occasionally laminated gyttja,
still form above the sands/silts. The lamination appears
in sediments accumulated in deeper parts of a lake.

The dynamics of the organic matter content
corresponds to the lithostratigraphy of the sediments.
In the lower, mineral sediments, the LOI values range
from 0.2 to 6.7%. The average LOI values in gyttja
are about 60-65% ranging from 13 to 77%. In the
lower part of gyttja in the lakes Vodoprovodnoe and
Verkhnee, an episode of moderately high (about 50%)
organic matter content is distinguished followed by the
subsequent growth to the highest values.

In the currently isolating and recently isolated
lakes, the organic matter content is not as high. For
instance, in the upper part of the transitional gyttja
in the lakes Kislo-Sladkoe and Trekhtsvetnoe the LOI
values are about 20-30%. Besides, different trends in the
organic matter dynamics were observed in the upper 10
cm of the sediments from Lake Kislo-Sladkoe collected
from different depths. In the sediments retrieved from
3-m depth an upward increase in LOI was recorded,
while in the core obtained from 4-m depth LOI values
decrease upwards.

4. Discussion and conclusions

The maximum thickness of gyttja (3 m) was
observed in Lake Verkhnee, located at the highest
elevation, and consequently isolated from the sea
earlier than the others. The earliest date obtained from
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Fig. Location of the study sites (lakes are indicated by the
numbers they are given in the table).

the bottommost part of the organic sediments from
the peat bog surrounding the lake is about 9400 cal.
yrs BP (Romanenko and Shilova, 2012), allowing an
approximate estimation of the sedimentation rate in
higher-elevated lakes after the isolation to 0.3 mm/
year.

Our results enable identifying several
characteristic features of the accumulation of organic
matter in the sediments of the study lakes. Organic-
rich sediments with an organic matter content of
60-70% formed in the lakes located at higher elevations
(Verkhnee, Vodoprovodnoe and Krugloe). In the lakes
that have recently lost the connection to the sea or
are still isolating (Nizhnee Ershovskoe, Kislo-Sladkoe,
Trekhtsvetnoe), the organic matter content in the
transitional sediments is much less, about 20-30%.
These values are consistent with the data previously
obtained from the sediments corresponding to the
transition from sea to lake, retrieved from the isolation
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basins at the Solovky Archipelago (Ludikova et al.,
2021; Kuznetsov et al., 2022).

The difference in the trends of organic matter
dynamics recorded in the recent sediments of Lake
Kislo-Sladkoe collected at different lake depths can
be attributed to different chemical sedimentation
environments in meromictic lakes that retain salt waters
in their deepest parts. Another possible explanation
could be in the diagenetic transformations unevenly
occurring in the recently accumulated sediments.

The process of the isolation from the sea at the
beginning of the Holocene differed from the recent
one in terms of the organic matter accumulation. In
Verkhnee and Vodoprovodnoe lakes, an explosive
increase in organic matter was recorded in the
transitional — post-isolation sediments while in Lake
Krugloe this growth is smoother and can be traced in
about 20 cm of sediments. In Trekhtsvetnoe and Kislo-
Sladkoe lakes where the isolation process started in the
second half of the 20% century, transitional organic-rich
sediments still form, and their thickness can exceed 40
cm.
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