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ABSTRACT. The territory of Karelia is a unique geographical region, where currently more than 62,000
lakes function in a humid climate, being at different stages of the evolution of their ecosystems. In this
study, we analyzed the data on the chemical composition of the bottom sediments of Karelian lakes
collected during the period 1965-2020. The patterns of the formation of the chemical composition of
the bottom sediments of lakes are discussed. It is shown that in the lakes of the southeastern part of
the Fennoscandian Crystal Shield, the bottom sediments of a mixed type are currently being formed:
iron-humus-silicon, iron-silicon-humus, or humus-iron-silicon. There are small lakes where the bottom
sediments accumulate either silicon (diatomite), iron (lake ore), or organic matter.
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1. Introduction

The lakes of Karelia (63°49°00” N and 33°00°00”
E) are young in geological terms. Their age does not
exceed 15 thousand years (Subetto, 2009). They were
formed at the turn of the Late Pleistocene and Holocene
(15-11 thousand years ago) in the process of deglacia-
tion of the territory in the direction from the southeast to
the northwest. Since their origin, lakes have developed
as freshwater reservoirs with individual characteristics
of sediment accumulation, depending on their location
on ice-dividing upland, on lake plains, or in zones of
denudation-tectonic relief (Paleolimnology..., 2022).
Geological and geochemical (Alabyshev, 1932; Bucke,
1959; Biske et al., 1971; Perfiliev, 1972; Sinkevich and
Ekman, 1995; Lukashov and Demidov, 2001; Demidov,
2003; Demidov and Shelekhova, 2006; Slukovsky and
Medvedev, 2015; Slutkovsky and Dauvalter, 2020),
paleolimnological (Lac and Lukashov, 1967; Martinson
and Davydova, 1976; Davydova, 1985; Devyatova,
1986; Shelekhova, 2006; Shelekhova et al.,, 2021;
Filimonova and Lavrova, 2017; Filimonova, 2014;
Subetto et al., 2017; 2020; Lavrova and Filimonova,
2018; Gromig et al., 2019; Hang et al., 2019; Zobkov et
al., 2019; Strakhovenko et al., 2020a;b; 2022) and lim-
nological (Semenovich, 1973; Vasilyeva and Polyakov,
1992; Vasilyeva et al., 1999; Belkina, 2017; 2019;
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Belkina et al., 2018; 2022) studies of the bottom sedi-
ments of Karelian lakes have allowed to collect a huge
amount of factual material on the limnogenesis of the
eastern periphery of the Fennoscandian Crystal Shield
in the Lateglacial and Postglacial period. However, lit-
tle attention has been paid to the issues of studying
modern lake sedimentation.

Today, Karelian humid climate has resulted in
a unique system of lakes connected by small water-
courses to form a single hydrographic network, 96%
of which are lakes with an area of less than 1 km?
The area of the region occupied by lakes is one of the
highest in the world (21%, including lakes Onego and
Ladoga) (Lakes..., 2013). The water remains mainly in
the liquid phase throughout the year, creating the con-
ditions for many processes of physical, chemical, and
biological differentiation of matter at all stages of the
lake's sedimentation.

The aim of the study was to generalize data on
the chemical composition of the bottom sediments of
Karelian lakes and to identify patterns of lake sediment
formation under current conditions.

2. Materials and methods of the research

The paper uses archival materials from studies
of the bottom sediments of 139 lakes in Karelia col-
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lected at NWPI KarRC of RAS for the period 1965-2020,
including the participation of the author. The compar-
ison was performed on 8 indicators of chemical com-
position: organic carbon (Corg), carbon of humic and
fulvic acids (C, , C,), mineral phosphorus (P_; ), ammo-
nium and organic nitrogen (N-_, ., Norg), iron, manga-
nese, and ash content (Ash). In the bottom sediments
of the model objects (lakes: Yuzhnoye Haugilampi,
Vendyurskoye, Korytovo, Polevskoye, Golubaya Lamba,
Ladmozero, Shotozero, Padmozero, and Syargozero),
the following values were additionally determined: pH
and Eh, physical properties: density (d), natural and
absolute humidity (Wet,,.., Wet, ..), porosity (por),
specific gravity (d), losses in ignition (LI, ,..), pigment
composition of Chl , , total phosphorus content (P ),
daily oxygen demand of the sediment (OD,) (Belkina et
al., 2023).

3. Results and discussion

Currently, Karelian lakes function in a humid
climate (marine-continental transition) with relatively
warm winters, short cool summers, and unstable spring
and autumn weather (Nazarova, 2015). The follow-
ing climatic features control the formation process of
a modern lake. (1) Relatively low temperatures and a
significant amount of atmospheric precipitation (600-
650 mm per year, 60% of which falls between May and
October) ensure the development of surface runoff,
which plays an important role in the process of weath-
ering and the transfer of substances of various genesis
along the slopes of the terrain to the lakes. (2) Due to
the location of the lakes in a temperate climate zone,
the surface temperature of the lakes is above 4°C in sum-
mer and below 4°C in winter, with significant seasonal
variations. As a result of this temperature distribution,
the reservoirs are characterized by two complete con-
vective mixing of the water mass throughout the year:
in spring and late autumn. The hydrological and ther-
mal regimes of lakes and water dynamics determine the
uneven nature of sedimentary matter entering the bot-
tom sediments and changes in its qualitative and quan-
titative composition depending on the season (Kulik et
al., 2023a). (3) The long summer solstice (the longest
day lasts about 20 hours) creates a favorable environ-
ment in the lakes (low water temperature, sufficient
light, and transparency) for the development of phyto-
plankton, the main supplier of autochthonous organic
matter to the bottom sediments. (4) Steady winds from
the northwest during most of the year and from the
west, south, and southwest during cold periods contrib-
ute to the penetration of aeolian dust into the bottom
sediments.

Modern sedimentogenesis in the lakes of the basin
is mainly determined by geological factors. The geo-
morphologic features of the territory (relief, horizontal
and vertical dissection of the surface, thickness of the
covering rocks, lithologic composition of Quaternary
deposits) determine the conditions of water runoff
and sediment transport to the lakes. Tectonic struc-
tures, Archean and Proterozoic rocks of the crystalline
Fennoscandian Shield, loose Quaternary sediments,
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and Upper Devonian and Lower Carboniferous rocks of
the Russian platform, which differ in structure and time
of formation, determine the composition of the mineral
part of the bottom sediments. Thus, the predominance
of silicate rocks in the basin ensures the accumulation
of silicon in the bottom sediments, which enter as part
of a terrigenous suspension, and also creates conditions
for the presence of silicic acid in the lake water, stimu-
lating the development of a diatom complex of phyto-
plankton with the subsequent accumulation of biogenic
silicon in the bottom sediments. The relatively low
phosphorus content in rocks determines the limitations
of aquatic ecosystems of phosphorus and consequently
affects the quantitative and qualitative composition of
organic matter in the bottom sediments.

Podzolic soils play an important role in the immo-
bilization and transfer of metals to lakes. Thus, the high
content of Fe and Mn in rocks capable of complexation
reactions with soluble humic organic matter formed in
the soil is the reason for their active migration into nat-
ural waters and accumulation in the bottom sediments
(Belkina et al., 2018).

The influence of the anthropogenic factor on the
accumulation of lakes is mainly manifested in reservoirs
with direct anthropogenic impact (domestic and indus-
trial wastewater discharge, surface runoff from residen-
tial and agricultural areas, fish farming, aeolian inputs
from open-pit mining, shipping, building of hydraulic
structures, etc.). The effects of forestry on sedimento-
genesis are indirect. A change in the water balance of
the lake’s catchment area as a result of deforestation
leads to a change in the hydrological regime. This, of
course, affects the inflow of water into the lake and, as
a result, the processes in the lake itself.

All of the above factors determine the functioning
of the hydrographic network. The location of the terri-
tory in the zone of excessive moisture, where precipita-
tion prevails over evaporation, determines the presence
of surface and underground runoff. The hydrological
regime of this system is greatly determined by tecton-
ics and topography. A significant part of the substances
involved in the deposition process in lakes are trans-
ported from the catchment area by water in dissolved
form. Drainage from the catchment area of surface and
underground river runoff is significantly influenced
by different depths of bedrock under the thickness of
Quaternary sediments, extremely fragmented relief and
the proximity of watersheds to erosion bases. Surface
runoff is not typical only for reservoirs with an area of
less than 1 km?.

The predominant type of groundwater in the
region is calcium bicarbonate, which is formed inde-
pendently of the composition of rocks in the zone of
active water exchange. This is due to the fact that
leaching of rocks under conditions of saturation with
carbon dioxide (the source of which is the soil) already
at the first stage leads to the formation of solutions of
the siliceous-calcium type, which are characterized by
a nonequilibrium state with primary aluminosilicates
and carbonates, but they are already saturated with
respect not only to kaolinite, but also to other second-
ary aluminosilicates (montmorillonite, illite, pyrophyl-
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lite). The conditions of short-term residence of water in
rocks and short distances from the aquifer feeding area
to groundwater discharge zone provide general geo-
chemical features of the surface waters of the region
(Borodulina, 2011). Low-mineralized calcium-siliceous
groundwater enters the lakes and watercourses of the
basin, which are the product of leaching of primary
aluminosilicates enriched with organic substances and
carbon dioxide washed out of the soil.

The main features of surface waters formed
in Karelia are low mineral content, high color, and
noticeable iron content. The waters of the region are
ultra-fresh (the average value for Karelia is 31 mg/1).
Most of the studied lakes have a mineralization of less
than 50 mg/l, a hardness of 0.2-0.4 mg-eq./l1. Ca%*
prevails among cations, Mg?* is rare, and K* is even
rarer. Alkaline earth metals prevail over alkaline ones.
Among the anions, the lowest content was noted for CI
(1.7 mg/1) and SO,> (3.5 mg/1), especially in humified
waters, where their concentrations are lower than in
atmospheric precipitation. Bicarbonates predominate
in the anionic composition. The alkalinity ranges from
0 to 276 mg/1, but for most reservoirs and watercourses,
its value is less than 30 mg HCO, /1. The concentrations
of organic acid anions range from 0.01 to 0.4 mmol/1.
As arule, lake water is characterized as medium-humus
(color is 35-80 degrees, COD,, . is 8-15 mgO/1), while
river water is characterized as high-humus. The CO,
content is usually 2 times higher in rivers than in lakes
and ranges from O to 46 mg/l. In the water column,
its concentration increases with depth, unlike oxy-
gen, whose concentration decreases with depth. The
pH value varies greatly (from 4.07 to 8.34) depending
on the content of HCO,, CO,, organic acids, and their
salts, and generally rises with increasing alkalinity of
the water. Most lakes have slightly acidic (5.5-6.5) and
neutral (6.5-7.5) waters. Rivers with heavily swampy
areas and small reservoirs with atmospheric feeding
have the lowest pH. Concentrations of iron, phospho-
rus and manganese vary widely (from O to 4.6 mg/I
Fe, from 6 to 26 micrograms/l P and from 0 to 2.1
mg/1 Mn). Their content depends on the alkalinity and
the presence of organic matter of a humic nature (The
current..., 1998; Lozovik et al., 2020). As mentioned
above, humic acids of soils contribute to the transfer
of metals to surface waters. Organic acids enhance the
leaching of carbonates and phosphates of Ca and Mg,
which, in turn, leads to higher concentrations of phos-
phorus, and carbon dioxide in surface waters with a
high humus content compared with surface waters with
a low humus content. Part of the phosphorus can bind
to soluble forms of iron (organometallic complexes) or
be sorbed on iron hydroxo compounds migrating as
part of suspended solids, which leads to the entry of
phosphorus into bottom sediments not only as part of
detritus but also as part of iron humus suspension.

The content of other chemical elements in sur-
face waters, including silicon (in rivers, its concentra-
tion ranges from 1.2 to 4.9 mg/l, in lakes, it is from
0.2 to 2.6 mg/1), is quite stable and does not strongly
depend on the type of water and season. The content
of suspended solids in river waters depends on the sea-
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son and ranges from 0.2 to 13 mg/l. The waters of the
vast majority of rivers are of the alkaline type with a
high humus content. Most lakes have alkaline waters,
with an average humus content; small reservoirs have
slightly alkaline waters, with a high humus content
(Lakes..., 2013).

Geomorphological differences in the catchment
areas of the lakes in the basin largely determine the
diversity and uniqueness of the sedimentation regimes
of the small lakes. The uneven distribution of river flow
into large reservoirs, combined with the complex mor-
phology of the basins and the irregularity of the coast-
line, leads to the existence of local basins (limnic areas)
with different sedimentation patterns (Belkina, 2021).
A significant part of the mineral component in the bot-
tom sediments of the lake is formed due to suspended
matter containing detrital rock material of the catch-
ment area. In conditions of humic, low-mineralized sur-
face waters, poorly soluble compounds of silicon, iron
and manganese are formed and deposited directly in
the reservoir itself, and as a result, phosphorus or met-
als are co-deposited (as a result of sorption processes
on hydroxo-compounds) (Kulik et al., 2023b). Insoluble
humates deposited in the bottom sediments are formed
in the water mass during the biochemical oxidation of
dissolved organic matter.

Biological communities in lake ecosystems are
suppliers of organic matter to the bottom sediments.
The main factors affecting ecosystem productivity
are water temperature, its salt composition, and the
presence of biogenic elements (Konstantinov, 1986).
The growth of aquatic organisms is limited by a short
vegetation period and a low water temperature. The
flora and fauna of the lakes of the region are based on
cold-loving representatives: diatom plankton, deep-sea
relict crustaceans, coregonine, and salmonid fishes in
ichthyocenoses. The dominance of the most taxonom-
ically diverse diatoms, green, blue-green, and golden
algae in the algoflora of lakes (93.5% of the total
list) is a zonal feature of the northwestern territories.
Quantitative indicators of phytoplankton development
(abundance and biomass) change significantly during
the growing season. In spring and autumn, diatoms are
quantitatively predominant in the lakes, and mixed
plankton develops in the summer. Phytoplankton bio-
mass increases significantly with an increase in the
trophicity of lakes. The average annual production of
phytoplankton is from 11 g C/(m?2/year) (Succozero,
oligotrophic) to 160 g C/(m?/year) (Svyatozero, eutro-
phic), and in most of the lakes it does not exceed 50 g
C/(m?/year) (average of 45, median 38) (Chekryzheva,
2011).

The structure of the zooplankton community also
depends on the trophic status of the reservoir and var-
ies depending on its thermal and dynamic modes. In
the early spring period (early June), infusoria occupy
a dominant position in the community. As the water
warms up and the food conditions change, rotifers
become the main complex. In the summer, cladocer-
ans dominate. In autumn, the role of rotifers increases
again. Winter zooplankton is mainly represented by
copepods and rotifers. The biomass of zooplankton
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ranges from 0.18 to 27 g/m? and the number ranges
from 1 thousand to 5 million individuals/m?® (Lakes...,
2013).

The modern fauna of the seabed is very diverse
in taxonomic terms and, according to recent data, has
more than 1,000 species and forms of invertebrates.
The dominant complex of benthic cenoses is formed
by three systematic groups: chironomids, oligochaetes,
and mollusks. The lakes of South Karelia are more pro-
ductive: the average benthic biomass of the lakes of the
Shuya River basin is 4.36 g/m?, the Vodla River basin
is 2.26 g/m?, and the lakes of the Zaonezhye Peninsula
are 3.92 g/m? (Lakes..., 2013).

Macrophytes make a significant contribution to
the formation of organic matter in the bottom sedi-
ments only in small, shallow eutrophic reservoirs with
a developed littoral zone. Lakes of tectonic and gla-
cial-tectonic origin, whose littoral is characterized by
stony-boulder, rocky, stony-sandy, or sandy bottom,
are unfavorable for the growth of aquatic plants. The
increased content of humic substances in the water also
suppresses their development. The value of annual pro-
duction varies from 0.5 to 6 g C/(m?/year!) and usually
does not exceed 1g C/(m?/year!) (Lakes..., 2013). The
values of biomass and algae abundance decrease as the
pH level declines (Komulainen et al., 2006).

Low water mineralization is important for reg-
ulating the water-salt balance of aquatic organisms
(Konstantinov, 1986). It affects both the number of
species and the biomass of phytoplankton, as well as
the presence of marine glacial relics in deep lakes. The
most sensitive to salt deficiency are mollusks, whose
shells become thin and their sizes become smaller
(Kalinkina et al., 2013). For aquatic invertebrates, the
low hydrogen index also acts as a toxic factor that vio-
lates the integrity of cell membranes (Kalinkina et al.,
2017). The high color of the waters affects the structure
and vertical distribution of microalgae. In meso- and
polyhumous reservoirs, the photic layer narrows due to
the weakening of the penetration of photosynthetically
active radiation into the water column, which reduces
the productivity of plankton. Accordingly, an insuffi-
cient food supply provides low natural fish productivity
in lakes — 10 kg/ha (Lakes..., 2013).

Part of the phosphorus entering reservoirs,
which is necessary for the energy metabolism of organ-
isms, is bound in complex with humus and iron and,
therefore, is in a form that is of low accessibility to
aquatic communities. The gradual transformation of
humic substances as a result of their photooxidation
and the activity of heterotrophic microflora (which,
with a lack of easily mineralized organic substances,
uses them as a substrate) requires additional time,
which is also a deterrent to production processes. The
amount of bacterioplankton is a fairly stable indicator
and ranges from 1.5-2 million/ml increasing in contam-
inated areas (Gashkina et al., 2012). The amount and
biomass of bacteria during the growing season vary by
1.5-2.5 times depending on the trophicity. For most
reservoirs, there are two peaks in the seasonal devel-
opment of bacterioplankton: spring and summer. The
bulk of bacteria in the water column is in the form of
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single cells, whose vital activity is based on complex
organic substrates (actinomycetes, oligotrophic bacte-
ria). In reservoirs exposed to anthropogenic influence,
groups of bacteria reflecting one or another type of
contamination (nitrifying, cellulose-destroying, oil-ox-
idizing, phenol-oxidizing, coliform) have a noticeable
development. The biomass of bacteria in its raw form in
the summer reaches values of 0.1-0.5 mg/1, expressed
in carbon: 10-54 mkg C/1, in contaminated reservoirs,
its values increase 1.5-2 times. The dark assimilation of
carbon dioxide as an indicator of the biosynthetic activ-
ity of bacterioplankton in the summer in oligotrophic
reservoirs does not exceed 0.5, in mesotrophic reser-
voirs it has limits of 0.8-3.1, in eutrophic reservoirs it
reaches 7.8 mkg C/(l/day) and above (Lakes..., 2013).

Thus, temperature, salt composition, humus
content, and alkalinity of surface waters are key envi-
ronmental factors limiting the development of liv-
ing organisms in the lakes of the eastern margin of
the Fennoscandian Shield. Phytoplankton is the main
source of autochthonous organic matter in the bottom
sediments. Apparently, the low productivity of lakes is
the reason that the bulk of easily oxidized organic mat-
ter is actively consumed and mineralized in water, and
difficult-to-oxidize, little biodegradable organic matter
accumulates in the bottom sediments. The quantitative
and qualitative composition of organic matter in lake
water, which depends on the production of phytoplank-
ton and the mass of humus coming from the catchment
area, determines the rate of accumulation and inten-
sity of the transformation processes of organic matter
in the bottom sediments. The significant contribution
of higher aquatic vegetation to the organic matter of
the bottom sediments is typical for small, well-heated,
productive lakes with a developed littoral zone.

Allochthonous organic matter enters lakes with
the river runoff in the form of dissolved humic sub-
stances formed in the soils of the catchment area, and
in the form of leaf litter of terrestrial vegetation of the
shores.

The intensity of the soil formation process, which
depends on the chemical and granular composition of
the parent rocks, controls the flow of amorphous sil-
icon, humic substances, and chemical elements into
surface waters prone to the formation of complex com-
pounds and colloidal systems with silicon and humic
acids, which affects both the chemical composition of
the water and the biological characteristics of lakes and,
ultimately, the composition of bottom sediments. The
role of soil cover in the formation of bottom sediments
increases with the growth of the lake’s catchment area.
It should also be noted that since 1989 in Russia there
has been a steady excess of the norm of the average
annual air temperature (Gruza and Rankova, 2012).
An increase in the duration of the vegetation period
and an increase in precipitation inevitably lead to an
increase in the intake of allochthonous organic matter
into the lake from the catchment area, an increase in
the production of the lakes themselves, and, as a result,
an increase in the intake of organic matter into the
sediments.
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Analysis of the chemical composition of the sur-
face sediments of Karelian lakes has shown that lakes
with different types of accumulation (accumulators of
mineral and organic matter by different genesis) are
found in the region (Table 1). Differences in the hydro-
logical and morphometric characteristics of lakes, var-
ious areas, and the composition of catchment rocks, as
well as the different trophic status of reservoirs, deter-
mine differences in the chemical composition of sed-
iments. Most lakes in the region are characterized by
an uneven distribution of sedimentary material at the
bottom of the reservoir, which is naturally controlled
by the morphology of the basin and the dynamics of the
waters: sandy-gravel bottom sediments form the littoral
zone, and clay silts prevail in deep-water zones.

The variety of sedimentological trends in the
lakes of Karelia is associated with the local landscape
conditions of the catchments. Its most significant char-
acteristics are equally important: the area and relief of
the catchment, the morphology of the lake basin, and
the chemical composition of the water (Belkina, 2021).
It is difficult to draw a clear conclusion about the pre-
dominance of a certain type of lake accumulation,
depending on the position of the reservoir in the relief.
The chemical composition of precipitation in accumu-
lation zones shows that in large lakes (S_, > 10 km?),
the mineral type prevails, and in small lakes (S_, <1
km?), the organic type of accumulation prevails. Both
mineral and organic sediments are found in lakes with
S, o Of 1 to 10 km? (Fig. 1).

As a rule, the content of organic matter in the
bottom sediments increases in proportion to the tro-
phic level of the reservoir, from oligotrophic to eutro-
phic (Belkina, 2021). Organo-accumulating lakes are
found in all modern landscapes of the region (terminal
moraine uplands, ice-dividing accumulative uplands,
lake plains). According to the macrocomposition, the
deposits of such lakes are characterized as iron-sil-
icon-humus. One illustrative example is Yuzhnoye
Haugilampi Lake (West Karelian upland, 63°33 N,
33°20 E), an eutrophic, shallow lake (average depth
4.1 m) with a well-developed coastal zone. The altitude
above sea-level is 153 m. S_ , is 0.329 km? S_,_is
0.276 km?). It has been functioning as an independent
reservoir for about 12,000 years. The surface deposits
are represented by brown silts. The mean values of the
chemical composition are as follows: LI .. is 60%, C
is 26%, Ash is 38%, OD, is 4 mgO,/(g/day), 2Chl_,
1000 mkg/g, pheophytln is 1200 mkg/g, org 1S 1. 9%,
Ny, 18 0.02%, P is 0.3%, P_. is 0.2%, Mn is 0.04%,
and Fe is 2.5%. The redox cycle of iron and manga-
nese controls the decomposition of organic substances
in the bottom sediments. The distribution of biogenic
elements (Norg, Nyyuss Poo Poe Fe, and Mn) along the
vertical column is nonmonotonic (Fig. 2). The chemi-
cal composition of the water in Yuzhnoye Haugilampi
Lake corresponds to the mesohumic medium-alkaline
neutral weakly alkaline bicarbonate type of the waters
of the calcium group. The mineralization of the water
in the lake is high (90 mg/1). In the ionic composition,
bicarbonates predominate among the anions (95%),
calcium (54%) among the cations, alkalinity is 71.12
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mgHCO, /1, pH is 7.1, color is 25 deg. The ratio of PO
is 2.96 mgO/1 and COD is 12.2 mgO/1 and indicates
an autochthonous origin of organic matter (Lakes...,
2013).

We should note that organic matter of various
origins accumulates in small lakes, regardless of the
features of the landscape, the trophic status of the res-
ervoir, and the chemical composition of the waters. For
example, a high content of organic matter is observed

in the eutrophic lake Korytovo (S_,  is 0.1 km?
S, iror 18 0.003 km?, LI_ .. is 86%, Ash is 11%) and in
mesotrophic lake Polevskoye (S_ . is 31.8 km?

S, iror 1S 0.45 km?, LI .. is 66%, ash content is 33%),

which was formed 12-11 thousand years ago within the
lake-glacial plain, and in oligotrophic lake Golubaya
Lamba (S is 0.21 km?, S is 0.04 km?, LI

catchment mirror 550°C
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Table 1. — Generalized chemical composition of the surface layer (0-5 cm) of the bottom sediments according to the data of

139 small Karelian lakes, % (Belkina, 2021).

Sediment type* | Number Value Organic matter The mineral matter
of samples c. |l ¢ |l ¢ [P, |Ny.[N_| Ash | Fe | Mn
Sand 147 minimum | 0.03 | 0.01 | 0.03 | 0.01 | 0.001 | 0.06 | 94.86 | 0.00 | 0.00
maximum 2.40 1.35 0.64 0.04 | 0.004 | 0.77 | 99.80 | 6.73 0.08
average 0.98 0.36 0.29 0.03 | 0.002 | 0.22 | 97.52 | 0.50 0.02
Silt 510 minimum 1.30 0.04 0.00 0.03 | 0.003 | 0.01 9.02 0.17 0.00
maximum | 42.50 | 11.60 | 9.10 5.00 | 0.170 | 3.99 | 94.32 | 42.20 | 1.02
average 15.43 | 1.79 1.52 0.17 | 0.027 | 1.17 | 78.67 | 4.18 0.23
Clay 75 minimum 0.71 0.14 0.07 0.06 | 0.000 | 0.08 | 75.52 | 0.03 0.04
maximum 5.58 0.66 0.79 0.12 | 0.030 | 0.97 | 97.74 | 1.68 0.45
average 2.64 0.45 0.44 0.09 | 0.009 | 0.34 | 92.34 | 1.15 0.17

Note: «*» — By the prevailing granulometric fraction (sand 0.05-2 mm; silt 0.005-0.05 mm, clay < 0.005).

is 89%, and Ash is 9%), which was formed on the
Vokhtozersk upland with an area of 7.9 thousand years
ago. Sedimentation rates in lakes Korytovo, Polevskaya,
and Golubaya Lamba differ by more than an order of
magnitude (10, 1, and 0.1mm/yr, respectively). The
sources of organic matter in the bottom sediments are
also different. In Lake Polevskoye, the main source is
humic substances coming from the catchment area: in
Lake Korytovo, there is higher aquatic vegetation, and
in lake Golubaya Lamba, there is terrestrial and higher
aquatic vegetation and phytoplankton. These small
lakes have different chemical compositions of water
(mesohumus, bicarbonate class of the calcium-magne-
sium group with ions 2, is 60 mg/1 in Lake Polevskoye;
carboxylate class of potassium group waters with Z,
is 30 mg/1 in Lake Korytovo; oligohumic sulfate class
of the calcium group with X is 3 mg/1 in Golubaya
Lamba) (Lakes..., 2013).

In lakes where mineral deposits are formed, the
most common type of accumulation is iron-humus-sil-
icon. A typical representative of such a reservoir is
mesotrophic lake Vendyurskoye (Vokhtozerskaya
upland, 62°13 N, 33°16 E, S_ ,  is 79.8 km? S . is
10.1 km?, altitude above sea level is 143.8 m, average
depth is 6.1 m). A reservoir of accumulative-residual
genesis, the total capacity of Quaternary deposits is 3.50
m. Current bottom sediments are formed in the condi-
tions of oligohumus waters of the bicarbonate class of
the Ca group and are represented by gray-brown silt
(LI, is 29%, Ash is 68%, and Fe is 7.8%). The range
of fluctuations of physico-chemical parameters along
the vertical surface layer (up to 40 cm) is one pH unit
(from 4.3 to 5.6) and 600 mV Eh (from 25 to +600
mV). The variability of the Eh values, in our opinion,
is determined by seasonal oxygen deficiency in the bot-
tom waters, which causes diagenetic restructuring of
the surface layer due to the development of anaerobic
processes of organic matter transformation. As a result,
interlayers with different metal content and quantita-
tive and qualitative composition of organic matter and,
consequently, with different microflora processing, this
organic matter is formed and buried. The LI . .C value

550°
changes slowly and monotonously down the column,

116

which indicates a significant transformation of organic
matter in the water column of the reservoir before it
reaches the bottom. OD, values are low (1-1.8 mgO,/
(g/day). The distribution of phosphorus along the ver-
tical axis of the sediments correlates with the distribu-
tion of iron and manganese, with values ranging from
0.06 to 0.3% (Fig. 3).

Monotypic (siliceous or ferruginous) deposits are
rarely found in the lakes of South Karelia compared to
the northern part. Humus-silicon sediments were found
in lakes on the territory of the Zaonezhye Peninsula
(Lakes Nizhnee Myagrozero and Syargozero), in small
reservoirs of the Shuisky lowland (Lake Lindozero),
and in the northern part of the Onega Lake catchment
(Lake Munozero, Lobskoye settlement area) (Demidov
and Shelekhova, 2006). For example, diatom sediments
of the mesotrophic lake Sargozero (S_, , _ is17.4 km?
S..i..r 1S 0.65 km?) have a light green color and are char-
acterized by high porosity values (0.94) throughout the
thickness, low specific gravity (1.1 g/cm3), and very
low iron content (0.5%). The ratio of organic matter
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Fig.3. — Vertical distribution of chemical, physical and
physico-chemical characteristics in the surface layer of bot-
tom sediments of Lake Vendyurskoye. 1- Eh, mV; 2 — pH;
3 - solid matter mass in 1 ml of wet soil, g/ml; 4 — Wet, ., %;
5-Wet, .., %; 6 — por; 7 —ds, g/cm? 8 - Corg, %; 9 — LI .., %;
10 - OD,, mg0,/g; 11 — N, ., %; 12 - Norg, %; 13 — Fe, %;
14 — Mn, %; 15 - Ash, %; 16 -P_., %; 17 - P, .
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(Corg is 21%, LI, is 45%, N is 1.35% and P, is 0.05
%, C:N is 18, C:P is 1029) and the mineral part of the
sediment (ash is 51%) is close to unity. The distribu-
tion of pH, Eh, and elements of chemical composition
along the vertical of the sediment in the surface layer
is monotonous.

Humus-iron-silicon bottom sediments, as a rule,
are formed in an oxidizing environment in reservoirs
with a developed littoral zone and a large catchment
area (significantly swamped, where illuvial-humus-fer-
ruginous podzols are common). Deposits of this type
are formed in oligotrophic lakes with low color of
water and deeply embedded basins (Lake Ladmozero,
S aichmen: 18 120 km?, S . is 24 km? H__ is 52 m, water
class is bicarbonate) and in shallow, high-flowing reser-
voirs with high color of water (Lake Shotozero, S_ ,
is 5540 km?, S_. is 74 km? H__ is 10 m, carboxylate
water class is carboxylate). A feature of such reservoirs
is the accumulation of lacustrine iron ores in the form
of crusts, nodules, oolites, and coins in the littoral zone
(at a depth of 1 to 5 m) (Perfiliev, 1972). These biogeo-
chemogenic sediments, containing up to 40% Fe and
2% Mn, are mineral mixtures of a non-crystalline struc-
ture (Strakhovenko et al., 2020a; Ovdina et al., 2018;
Belkina et al., 2018). The sediments consist mainly of
iron hydroxides (goethite, lepidocrocite), manganese
oxides, and also contain a small amount of clay min-
erals, quartz, and rarely carbonates. They are formed
in the presence of oxygen during the deposition of sus-
pended and colloidal substances containing excess iron.
Bacteria contribute to the deposition of colloids. The
thickness of ore deposits lying in the coastal zone of
lakes up to 300 m wide ranges from 1 cm to 1 m. At the
same time, the iron content in silt sediments lying in
deep-sea zones is usually lower than the Clarke value.
The accumulation of iron in silts (up to 40%) is also
typical for small, shallow forest lakes with a swamped
catchment area. In Karelia, until the 19th century,
humans employed the use of lacustrine iron ores for
iron mining (Kuleshevich et al., 2010).

Current carbonate bottom sediments are rare in
the territory of Karelia. For example, in Lake Padmozero
(S, 1810 km? S is 78 m? H__ is 15 m, tecton-
ic-glacial basin, Onego ice Lake relict), located in the
eastern part of the Zaonezhye Peninsula. The reservoir
accumulation zone contains light, cream (beige) silts
formed by clastic weathering products of carbonate
rocks common in the catchment area. The content of
organic matter, nitrogen, and phosphorus is relatively
low (LL .. is 13.9%, COrg is 7.1%, OD, is 0.32 mg0,/ (g/
day), N, is 0.80%, P, is 0.13%, C:N is 10, Chla is 0.5
mg/g). The physico-chemical conditions and chemical
composition of the lake water differ from other reser-
voirs of the peninsula in gas composition and higher
pH and mineralization values (CO, varies from 0.8 to
20 mg/l, pH is 8, HCO, is 89 mg/l, Z_ is 150 mg/1
(Lakes..., 2013)), however, do not imply the formation
of chemogenic calcium and iron carbonates in the res-
ervoir. Carbonate sediments can be deposited in the
bottom sediments as a result of subaqual discharge
of groundwater, as is observed in Lake Rahoylampi
(Vokhtozersk upland).
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It is important to note that the chemical com-
position of the bottom sediments of small forest lakes
with small catchment areas has changed little over the
past 100 years, as evidenced by the profiles of chemical
characteristics in the columns of the bottom sediments
that do not change vertically, as well as the results of
periodic observations, for example, on the lakes of the
Zaonezhye Peninsula, studies on which have been con-
ducted since 1929 (Belkina and Kulik, 2019). Lakes
with settlements and agricultural lands in their catch-
ment area are characterized by a higher share of the
terrigenous component in the bottom sediments as
well as the presence of toxic substances. For example,
in the bottom sediments of Lake Suoyarvi, the con-
tent of oil products in the urban area (0.55%) exceeds
background values by 2 orders of magnitude or there
are high concentrations of heavy metals in the reser-
voirs of the town of Petrozavodsk (Chetyrehverstnoe,
Sulazhgorskaya lamba), etc. (The current..., 1998;
Slukovsky and Medvedev, 2015). Pronounced accu-
mulators of sediments are reservoirs located within
residential areas or reservoirs with a high coefficient
of water exchange that are part of lake-river systems
(for example, Lake Logmozero). Most of the territory of
Karelia is occupied by forests: therefore, no significant
anthropogenic anomalies were found in the bottom
sediments of the lakes.

4. Conclusion

Climatic conditions and the composition of rocks
of the Fennoscandian Crystal Shield determine the
chemical characteristics of the bottom sediments com-
mon to all lakes in the region (macro composition): sili-
con, humus (organic matter), and iron make up the bulk
of the substance of the current bottom sediments, and
their ratio determines the type of lake accumulation.

In the lakes of the southeastern part of the
Fennoscandian Crystal Shield, the bottom sediments
of a mixed type are currently being formed: iron-hu-
mus-silicon, iron-silicon-humus, or humus-iron-silicon.
There are small lakes where the bottom sediments
mainly accumulate either silicon (diatomites), iron
(lake ores), or organic matter.

The general patterns of the sedimentary process
in the region are: (1) geological and geomorphological
conditions and the area of the catchment determine the
entry of the mineral component of bottom sediments
into the lake; (2) deposition of sediments occurs mainly
in conditions of bicarbonate-calcium waters; (3) mor-
phogenetic characteristics of lake basins determine the
accumulation of organic matter in bottom sediments;
(4) the entry of iron into the sediments determines the
direction of the processes of early diagenesis in the sed-
iment itself.
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AHHOTALIUA. Teppurtopusa Kapenuu - yHUKaJIbHBIN reorpaduieckuil peruoH, re B HacTosIlee BpeMs
BO BJIQXXHOM KJnMaTe GyHKIMOHUPYIOT Oosiee 62 000 o3ep, HAXOAAMMXCA HA Pa3HBIX CTaAUAX 3BO-
JIIOLIMM CBOMX JKOCHUCTEM. B xone mcciienoBaHuWA ObLIM IPOAHAIM3UPOBAHBI AAaHHBIE O XMMHYECKOM
cocTaBe JOHHBIX OTJioXeHul o3ep Kapenmu, cobpanHbie 3a nepuos 1965-2020. O6cyxaarTcsa 3aKo-
HOMepHOCTU (OPMHPOBaHUA XMMHYECKOTO COCTaBa O3€pHBIX JOHHBIX OTJIoXKeHUH. IlokasaHo, YyTO B
o3epax Iro-BOCTOYHON YacTy ®eHHOCKaHJWHABCKOI'0 KPUCTAJUIMYECKOro MUTa B HacTosAllee BpeMs
dopmupyrTCcsa AOHHBIE OTJIOXKEHWA CMEIMIEHHOIO THIA: XXeJIe30-I'yMyCO-KpEMHHEBEHIE, XXeJie30-KpeM-
He-TyMyCOBBIE WJIM T'yMyCO-Xejle30-KpeMHeBbIe. BcTpedalTes Masible 03epa, Iie JOHHBIE OTJIOXEHUS
MpenMyIIeCTBEHHO HAKaIUJIUBAKT JMOO0 KPeMHHUHN (IUAaTOMUTHI), OO Xeje30 (03epHbIe Py[bL), JIUOO

OpraHn4€CKoO€ BEIIECTBO.

Kiioueauie cnioeéa: GeHHOCKaHANHABCKAY KPUCTA/UIMYECKUH IIUT, GOPMUPOBAaHNE 03€PHBIX JOHHBIX OTJIOXKEHUH,

XNMHYECKUH COCTaB

s nutupoBaHuA: beskuHa H.A TloBepxHOCTHBIE JIOHHBIE OTJIOXeHUA Kapesbckux o3ep, 0co0eHHOCTH (GOpPMHUPOBAHUA U
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1. BBeapenue

Ozepa Kapenuu (63°49°00” c. m. 33°00°00” B. A.)
SIBJITIOTCS MOJIOJBIMU C T€0JIOTUYECKON TOYKHU 3PEHUsI.
Wx Bo3pacT He npeBbimaet 15 Tric. et (CybeTrTo, 2009).
OHu dopmupoBainch Ha pybexe MO3OHEro IJIEHCTO-
neHa u roJsiorjeHa (15-11 Teic. JI.H.) B TIporiecce AerJis-
OUanuy TEPPUTOPUN B HANPaBJIEHWU C IOTO-BOCTOKA
Ha ceBepo-3amnajl. O3epa ¢ MOMEHTA CBOEro BO3HUK-
HOBEHUsSI PA3BUBAJIUCh KAK IMPECHOBOHBIE BOJOEMHEI,
obsiafjaomye WHAWBUAYAJIbHBIMM  OCOOEHHOCTSAMU
HaKOILJIEHHs 0CaJOYHOTO Bell[eCTBa, B 3aBUCHUMOCTHU OT
WX PacCIOJIOXKEHUS HA Jieqopa3e/IbHbIX BO3BBIIIEHHO-
CTAX, WJIM HA O3€PHBIX PABHUHAX, WJIM HA TEPPUTOPUSIX
Pa3BUTUA [eHYJANMOHHO-TEKTOHUYECKOTO pesibeda
(ITasmeomuMHoOJIOTHA..., 2022). I'eosiormyecKkre U reo-
xummnueckne (Asma6eimen, 1932; Bucka, 1959; Bucks
u ap., 1971; Ileppuibves, 1972; CuHbKEBUY U DKMaH,
1995; JlykamoB u Jemupgos, 2001; Hdemumos, 2003;
Hemupgos u lllenexosa, 2006; CiiykoBckuii u MeaBsenes,
2015; Cnykosckuil u daysasnbrep, 2020), najeouMm-
HoJsiornueckue (Jlak u Jlykamos, 1967; MapTUHCOH U
HaseigoBa, 1976; daBeigoBa, 1985; [eBsaroBa, 1986;

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: bel110863@mail.ru (H.A. Benkuna)

INocmynwa: 07 mas 2024; IIpunama: 28 mas 2024;
Ony6tukoagana online: 19 uions 2024

120

[MTenexoBa, 2006; [llenexoBa u ap., 2021; dunMMoOHOBa
u JlaBpoBa, 2017; ®uiumonoBa, 2014; Subetto et al.,
2017; 2020; JlaBpoBa u ®unumoHosa, 2018; Gromig
et al., 2019; Hang et al., 2019; Zobkov et al., 2019;
Strakhovenko et al., 2020a;b; 2022) u auMHOJIOrHYE-
ckue (CemenoBud, 1973; Bacuibesa u I[osisikos, 1992;
BacuiseBa u Ap., 1999; Beakuna, 2017; Belkina et al.,
2018; 2022; Benkuna u Kynuk, 2019) ucciieqoBaHus
JIOHHBIX OTJIOXeHUH o3ep Kapesnuu no3sosiniu cobpathb
OTPOMHBIN (aKTUYeCcKuil MaTepuaj O JIMMHOreHese
BoCcTOYHOU mepudepun DeHHOCKAHAWHABCKOTO KpWU-
CTAJUIMYECKOTO IUTAa B TO3[IHE- W MOCJIeJIEJHUKOBOE
BpeMA. OOHAKO BONpOCAM H3y4YeHUA COBPEMEHHOTO
03epHOro O0CaKOHAKOIJIEHU He yAeJIAI0Ch JOJIKHOTO
BHUMAaHUSI.

B HacTosIIIee BpeMs B yCJIOBUSIX TYMUTHOTO KJIH-
Mara Ha Teppuropuu Kapesuu cjoxuiach YHUKaJIbHas
cucTeMa o3ep, CBA3aHHBIX MeXy c00010 HeOOJIbIINMU
BOJIOTOKaMH B eAWHYI0 THUIPOrpapuyecKyo CeTb,
r7e o3epa IUTOIMAAbi0 MeHee 1 kM? cocTaBasAnT 96%.
[Toka3aTesib O3€PHOCTU PETMOHA — OJUH M3 CaMBIX
BBICOKMX Ha IUtaHeTe (21% c ydueroM OHeXCKOro u
Jlapoxckoro o3ep) (O3epa..., 2013). IIpebriBaHyEe BOIBI
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B TeueHUe rojia MpeuMYyILIeCTBEHHO B XHAKOM da3o-
BOM COCTOSIHUU CO3/JaeT IIPeNoChUIKY I MHOXECTBA
npoifeccoB (u3nyeckol, XMMHUUYecKol U OuoJioruye-
ckoil muddepeHnnanuy BelllecTBa Ha BCeX CTaaUAX
03epHOro celIMeHTOreHes3a.

Llenplo uHcceqoBaHUA ABJAJIOCH 06oOIIeHNe
JaHHBIX O XMMUYECKOM COCTaBe AOHHBIX OTJIOXEHUI
o3ep Kapenuu u BeIsiBJIeHHE 3aKOHOMepHOCTeH GopMu-
pOBaHUsA 03epHBIX OCATKOB B COBPEMEHHBIX YCJIOBUSAX.

2. MaTepuanbl U MeTOAbI MCCAEAOBaAHUA

B cTaThbe HCN0JIb30BAINCh APXUBHBIE MaTEPUAJIBI
vccyeJoBaHUM JOHHBIX OTJioxeHuH 139 o3ep Kapenuu,
cobpannsie B BIIC KapHI] PAH 3a nepuog 1965-2020
IT. B TOM 4YHCJIe U ¢ yyacTheM aBTopa. CpaBHeHue Npo-
BOAMJIOCH M0 8 IMoOKasaTesAM XMMHYECKOro cocTaBa
(opraHuueckuil yryepop - C, YIJIepOA T'yMHHOBBIX
u QynbeoBbix kucsor - C , C., pochop muHepasb-
HBIiA - P, aMMOHUIHBIA U OpraHU4eckuii azot N- ..,
N, X%eJe30, MapraHei 1 30JbHOCTb - Ash). B moHHBIX
OTJIOKEHHUAX MOJeJbHBIX 00beKToB (o3epa IOxHOoe
Xayrunamnu, Benpgropckoe, KoproiToBo, I[lojyesckoe,
T'onmybas ymamba, Jlagmoszepo, IlloTozepo, [Taamoszepo,
Csaprosepo) JoNmoJHUTENBHO ompefdessuck: pH u Eh,
¢dusnyeckre xapakTepucTUku (IWUIOTHOCTh - d, ecre-
CTBeHHas 1 abCOJII0THAA BJIAXXHOCTH — Wet,.., Wet, ...,
[IOPUCTOCTh - POY, yAesibHas Macca - ds), morepu npu
npokaymmBanuu (LI ..), TUTMEHTHBIA CcOCTaB Chla’b,c,
bocdop obmmit - P, cyrouHoe morpebiieHne KUCJIo-
pona uiom (OD)) (Belkina et al., 2023).

3. Pe3ynabTatbl M 06Ccy)xpeHue

Osepa Kapennu (QyHKIIMOHUPYIOT B HacTosAllee
BpeMs B YCJIOBUAX BJIQXXHOrO KJIMMaTa (IepexoqHOro
OT MOPCKOTO K KOHTHMHEHTaJIbHOMY) C OTHOCUTEJIbHO
TEIJION 3UMOM, KOPOTKUM MPOXJaJHBIM JIETOM U
HEYCTOMYMBBIM PEeXHMOM IIOTOJIbl BECHOU U OCEHbBIO
(Hazaposa, 2015). IIpoijecc coBpeMeHHOT'O 03epPHOTIO
HaKOIJIEHUsA KOHTPOJIUPYeTCs CJIeAYIOMUMU KInuMa-
TUYeckuMu ocobeHHocTAMHU. (1) HeBbicokue Temiie-
paTyphl U 3aMeTHOe KOJINYeCcTBO aTMoc(epHBIX ocaf-
k0B (600-650 MM B rojz, 60% 13 KOTOpHIX BBINaAaeT
B IIepHoJ C Mas N0 OKTAOpb) obecneynBaioT pa3BUTHE
MOBEPXHOCTHOT'O CTOKA, WIpaoIIero BaXHYI0 pOJIb B
npoifecce BHIBETPUBAHNSA U TPAHCIOPTHUPOBKE BeIecTB
pa3Horo reHesuca 1o yKJ0OHy MeCTHOCTU B o3epa. (2)
HaxoxJeHrve B yMepeHHOM KJIMMaTHYeCKOM Iosice
omnpefiesisieT TeMIepaTypy I[OBEPXHOCTU O03ep JIETOM
BHIIIE, a 3UMOM HuXe 4°C cO 3HAYUTEJIbHBIMU CEe30H-
HBIMU KoJiebaHusaMmu. Kak ciencrBue mnogo6Horo pac-
npefesieHUs TeMIeparyp, BOOOEMBI XapaKTepU3yloTCs
ABYMs MOJIHBIMU KOHBEKTUBHBIMU IlepeMelnBaHusAMU
BOJHOI Macchl B TeUeHMEe I'oJla — BECHOH U IIO3gHeH
oceHbl0. ['MpOJIOrMYecKUil U TepMUUYECKUI pPeXUMBI
0o3ep U AMHAMMKa BOJ ONpedesisAioT HepaBHOMEpHBIN
XapakTep IMOCTYIJIEHHUs OCaJIOYHOIO BelllecTBa B J[OH-
HBIE OTJIOXKEHHUS U M3MeHeHNe ero KaueCTBEeHHOI'o U
KOJIMYECTBEHHOI'0 COCTaBa B 3aBHMCHMMOCTH OT Ce30Ha
(Kulik et al., 2023a). (3) JAiuTeapHOE JIeTHEE COJIHIIE-
cTossHUEe (caMbli JOJITMH JAeHb QJINTCcA 0KoJjio 20 4yacoB)
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co3/1aeT B o3epax OJIaronpuATHYIO cpedy (HeGoJibinas
TeMrepaTypa BOJbI, [OCTAaTOYHAs OCBEUIEHHOCTh U
MPO3pPavyHOCTh) Ui PA3BUTHA (DUTOIIAHKTOHA, SBJISA-
IOL[erocss OCHOBHBIM IIOCTABIIMKOM aBTOXTOHHOTO
OPraHUYecKOro BeIecTBa B JOHHbIE OTJIOXeHUs. (4)
YcToluuBEE BeTpa CEBEpO-3alajlHOrO HaIpaBJIeHUA
GOJIBIIYI0 YacTh rofla M 3amagHOro, F0XHOTO U H0ro-3a-
MaJTHOTO HAIMpaBJIEHUHA B XOJIOAHBIE IEPUO/IbI CO3AI0T
YCJIOBUA JJIA MOCTYIJIEHUSA B IOHHBIE OTJIOXKEHUA 30J10-
BBIX B3BeCeH.

CoBpeMeHHbIN ceqUMEHTOreHe3 B o3epax Oac-
celiHa BO MHOIOM OIPENEJISAETCA Te0JIOTUYECKUM
daktopom. T'eomopdosiornyeckre OCOOGEHHOCTU TeEP-
putopuu (IpyCcHOCTH pesbeda, rOpU30OHTAIbHAS U Bep-
TUKaJIbHasA pacyJeHEHHOCTh MOBEPXHOCTHU, MOIIHOCTh
MMOKPOBHBIX OTJIOXKEHUH, JINTOJIOTUYECKUH COCTaB U
TUIN pa3pe3a PBIXJIBIX YEeTBEPTUYHBIX OCAJIKOB) OIpe-
JIeJISIOT YCJIOBUA BOJHOTO CTOKA U TPAHCIOPTUPOBKY
0CaZIOYHOTO Marepuajia B o3epa. PazHooOpasHBIE IO
CTPOEHUI0 M BpeMeHHM OO0pa30BaHUSA TEKTOHUYECKHE
CTPYKTYPBI, apXelcKue U MPOTEPO30HCKIE TOPOIHI KPU-
crtajutnyeckoro ®eHHOCKAHAWHABCKOTO IIUTA, PHIXJIbIE
YeTBEPTUYHBIE OTJIOXKEHUA U MOPO/IbI BEPXHErO AEBOHA
Y HIXHEro kapOoHa Pycckoii miaTdhopMbl ONpeAesaioT
COCTaB MUHEPAJIbHON YacTU JOHHBIX OTJIOXeHUH. Tak,
npeobJiaflaHie CUJIMKATHBIX IMOPOJA Ha TEPPUTOPUU
OacceliHa oOecrneurBaeT HaKOILJIEHHE B JIOHHBIX OTJIO-
XKEHUAX KPEMHUS, MMOCTYMAIOI[Er0 B COCTABE TEPPUTEH-
HOT'O B3BEIIEHHOTO BEIEeCTBA, a TaKXe CO3[aeT YCJIo-
BUS I TIPUCYTCTBUA KPEMHEKUCJIOTH B BOJIE 03ep,
CTUMYJIUPYS Pa3BUTHE JUATOMOBOrO KOMILIeKca GuTo-
IJIAHKTOHA C TOCJIEAYIOIUM HaKoIUIeHHeM OHOTeH-
HOT'0 KPEMHUS B JIOHHBIX OTJIOXeHUAX. OTHOCUTETBHO
HEBBICOKOE cojiepxkaHue (¢ocdopa B rOpHBIX Mopoaax
omnpefenseT JUMUTHPOBAHUE BOOHBIX 3KOCHCTEM IO
dochopy, u kak ciieicTBUE BIUAET HA KOJIMYECTBEH-
HBIN ¥ KaUeCTBEHHBIN COCTAB OPraHUYECKOT'O BELIECTBA
JIOHHBIX OTJIOXKEHUI.

[Moa3o000pa3oBaTesibHbIE  MMOYBEHHBIE  ITPO-
[[ECCHl WTPAIOT BaXXHYI0 POJIb B HUMMOOWJIM3ALUU U
TPaHCIIOPTUPOBKE METAJIJIOB B 03epa. Tak, BBICOKOE
cofepxanue B nmopoAax Fe u Mn, cmocoOHBIX K peak-
UAM  KOMIUIEKCOOOpa30oBaHUSA C  PacTBOPUMBIMU
FYMYCOBBIMM OpPraHUYECKUMHU BellecTBaMH, 0o0pa3sy-
OIMUMUCA B TIOYBE, SABJIAETCSA MPUYUMHON aKTUBHOU MX
MUTPAIVY B TPUPOJHBIX BOAAX U HAKOIUJIEHUIO B JIOH-
HBIX oTJI0XeHUsaxX (Belkina et al., 2018).

ByimsiHue aHTponoreHHOro pakTopa Ha MPOLECCH
03epHOI'0 HAaKOIUJIEHUS B IEPBYI0 OUepeIb MPOSBIIAETCSA
B BOJIOEMaxX, HCIBITHIBAIOIIMX MPSAMOE aHTPOMOreHHOe
Bo3felicTBUe (MOCTYIUJIEHNE XO3ANCTBEHHO-OBITOBBIX
CTOYHBIX BOJ, IUIOMIAAHBIA CTOK C CEJIUTEOHBIX TEPPU-
TOPUU U CEeJIbXO3YroAui, pribopa3BefleHUe, 30JIOBBIE
MOCTYIUIEHUA OT AOOBIYM TOPHBIX MOPOA OTKPHITHIM
€roco6oM, CyI0XOACTBO, CTPOUTEJIbCTBO TUPOTEXHU-
YEeCKUX COOPYXEHUH U Ap.). BiusHue Ha cequMeHTO-
reHe3 JIECHON MPOMBIILIEHHOCTH MPOSBJIAETCA OIIO-
cpenoBaHo. Mi3MeHeHHe BOAHOTO 6ajaHca TEPPUTOPUN
BoZi0COOpa 03epa B pe3yJIbTaTe JIECHBIX BHIPYOOK BeIET
K U3MEHEHUI0 TUIPOJIOTHUYECKOTO pexumMa. I1o, 6e3yc-
JIOBHO, OTPAXaeTcs Ha MOCTYIJIEHUH BEIIECTBA B 03€PO
Y Ha MPOJYKLMOHHBIX MPOIleccax B CAMOM O3€epe.
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Bce mnepeunciienHble Bbille (aKTOPHl BJIUAIOT
Ha GyHKUMOHUpPOBaHUe TIuAporpaduyeckoil ceTu.
PacnosioxeHue TeppUTOpUM B 30HE U30OBITOYHOIO
YBJI&XXHEHUs, TJle KOJIMYeCTBO 0OCaJKOoB IpeobsagaeT
Haj ucnapeHueM, o0ycJIOBJIMBaeT Hajl4yude IOBepX-
HOCTHOTO U MOJ3eMHOI0 CTOKa. I'maposiorndeckuit
PeXUM 3TOH CHUCTEeMBI BO MHOTOM MOJYUHAETCA TeKTO-
HUKe U penbedy. 3HauWTesIbHAA YacTh BellecTBa, yya-
CTBYIOIIIETO B OCAJI0YHOM IIpoliecce B 03epax, C BOJOC-
6opa mepeHocHUTCA BOAOU B pacTBOpeHHOM Buie. Ha
JpeHrpoBaHKe ¢ BOAOCOOPHOM IIONaX ITOBEPXHOCT-
HOI'0 U NMOJ3eMHOI'0 CTOKA PeK CyleCTBeHHOe BIIMAHNE
OKa3bplBaeT pasjnyHasd IVIyOMHa 3ajieraHus KOpeHHBIX
IIOPOJ MOJ TOJI[ell YeTBePTUYHBIX OTJIOXKEHUI, 4pes-
BBIYAIHO pacuJieHeHHBI pesbed U OJIM30CTH BOJIO-
pasfesioB K 6asucaM 3po3uu. [IoBepXHOCTHBIN CTOK He
XapaKTepeH TOJIbKO JIJI BOOOEMOB C IIJIOIaAbl0 MeHee
1 xkm?.

[Ipeo6ajaomM TUIIOM NOA3E€MHBIX BOJl peru-
OHa sABJIAETCA T'MAPOKapOOHATHO-KAaJIBbI[MEBHIN, KOTO-
Pl hopMupyeTcsa He3aBUCMMO OT COCTaBa IOPOJ
B 30HE aKTHMBHOIrO BojooOMeHa. CBA3aHO 3TO C TeM,
YTO BHIIIeJIaYMBaHNEe MOPOA B YCJIOBHAX HAacCHIIeHUA
YIJIEKHUCJIBIM Ta3oM (MCTOYHUKOM KOTOPOTO SBJIAIOTCA
[I0YBHI) y’Xe Ha MepBOM 3Talle IPUBOAUT K oOpa3oBa-
HUIO pacTBOPOB KPEeMHMCTO-KaJIbIIeBOrO THUIA, AJIA
KOTOPBIX XapaKTepHO HepaBHOBECHOE COCTOSHUE C Iep-
BUYHBIMU aJIIOMOCHJIMKaTaMy U kapOoHaTaMy, HO OHU
y>Xe HachII[eHbl OTHOCUTEJIbHO He TOJIBKO KaoJIMHUTA,
HO U JApPYyTUX BTOPUYHBIX aJI0OMOCHUJIMKATOB (MOHTMO-
PWUIOHHWTA, WINTA, NUpoQULINTa). YCJIOBUA KpaT-
KOBpeMeHHOI'o IpeObBaHuA BOABL B TOPHBIX NOpoAax
1 HeOoJIbIIMe PacCTOSAHUA OT palioHa MUTAHUA OO0 pai-
OHa pas3rpy3KU MOA3eMHBIX BOJA obecredyuBaloT olliue
reoxyMmuieckre OCOOEHHOCTH ITOBEPXHOCTHBIX BOJ
pernona (Bopomynuua, 2011). B o3epa u BOOOTOKU
HacceliHa NOCTyNawT cjIaboOMUHepaIn30BaHHbIE KaJlb-
[[1eBO-KPEeMHUCThle IOJ3eMHble BOJABI, ABJIAIOILINECA
IIPOAYKTOM BBHIIleJIaYMBaHUA TepPBUYHBIX aJIIOMOCHJIN-
KaToB, oborailieHHble BEIMBIBA€MbIMH U3 [I0YB OpraHu-
YeCKUMHU Bell[eCTBaMU U YIJIEKUCJIBIM ra3oM.

I'maBHBIMU OCOOEHHOCTSAMU IIOBEPXHOCTHBIX BOJ,
dopmupylomuxca B yciaoBusax Kapenuu, ABIAOTCA
HHU3KOe cojiepXaHHe MUHepaJbHBIX BeIecTB, BBHICO-
Kasg IBeTHOCTb M 3aMeTHOe cofepxxaHue xese3a. [lo
MUHepa/M3alliy BOABl PeruoHa OTHOCATCA K yJIbTpa-
npecHsIM (cpefgHee 3HaueHue ajA Kapemuu 31 mr/mn).
BospmuHCTBO HccieJOBaHHBIX BOAHBIX 00BeKTOB MeeT
MUHepanusauuo MeHee 50 mr/mi, xectkocTs 0,2-0,4
Mr-3KB./J1. Cpelu KaTUOHOB npeBajiupyeT Ca2*, peko
Mg?*, eme pexe K*. IllestouHO3eMeJIbHBIE METaJLJIbI
JOMMHUPYIOT Haj IeJoyHbIMU. CpeAu aHMOHOB Hau-
MeHblllee cofiepxkaHue oTMmedeHo mia Cl (1,7 wmr/m)
u SO,* (3,5 mr/n), 0cobeHHO B ryMUGHUIUPOBAHHBIX
BOJlaX, Ile MX KOHLEHTpaluy HWXe, 4eM B aTMOC-
depnbIx ocaakax. JJOMUHUPYIOT B aHUOHHOM COCTaBe
rufpokap6onartsl. IllesouHocTh m3MeHseTca oT 0 A0
276 mr/mn, HO AA OOJIBIIMHCTBA BOJOEMOB U BOJOTO-
KoB ee 3HaveHue meHee 30 mr HCO,. KoHieHTpauuu
aHNOHOB OpraHuYecKux KucjoT usmensmwores ot 0,01
no 0,4 mmMoss/n. Kak npaBuiio, Boa o3ep XxapakTepu-
3yeTcs Kak cpefgHerymycHas (uBetHocth 35-80 rpap.,
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10 = 8 — 15 mrO/m), Boga pek — BBICOKOT'YMYyCHas.
Conepxanue CO, usmensiercst ot 0 1o 46 Mr/Ji, B pekax
OHO OOBIYHO B 2 pasa BhIllle, YeM B o3epax. B BogHOM
TOJIIIle er0 KOHIIEHTPAallMs YBeJIMUUBAETCSA C TJTyOMHOM,
B OTJIMUME OT KUCJIOPOAa, Ube COIEPKaHUe C IITyOuHON
cHUXxaeTcs. BeslecTBue notpebyieHUs Ha OHOXUMUIYe-
CKOe OKMCJIeHHe OPraHUYeCcKOoro BelecTBa, oKa3aTeJsib
pH, 3aBucsmui ot copepxanus HCO,, CO,, opranunye-
CKUX KUCJIOT U UX cOoJiell, MeHseTCA B IIMPOKUX Ipeje-
nax (ot 4,07 no 8,34) 1, Kak NpaBUJIO, yBEeJINYNBAETCS
C pPOCTOM IIEJIOYHOCTU BOJbl. BOJIBIIMHCTBO BOJHBIX
00BEKTOB MOXHO OTHeCTH K cjiabokucybeim (5,5-6,5) u
HelTpasnbHbeM (6,5-7,5). Haubosee Huzkue pH nuMeroT
peuku CUJIbHO-3a00JI0YeHHBIX TEPPUTOPUII U MaJible
BoJloeMBbl ¢ aTMocdepHBIM NuTaHueM. KoHLleHTpanuu
xeJsie3a, pocdopa 1 Maprasia KojaedboTes B MUPOKUX
npenenax (ot 0 go 4,6 mr/n Fe, or 6 1o 26 mkr/mn P
u ot 0 mo 2,1 mr/n Mn). Ux comepxaHue 3aBUCUT OT
MIEJIOYHOCTHU U NMPUCYTCTBUSA OPraHNYecKoro BelecTBa
rymycoBoii npupofsl (CoBpeMeHHoOe..., 1998; JIo30BuK
u ap., 2020). Kak yxe yrioMHHasIOCh Bblllle, I'yMyCOBBIE
KHCJIOTHl MOYB CIIOCOOCTBYIOT IEPeHOCYy MeTaslJIOB B
MOBEPXHOCTHBIX BoAax. OpraHuuyeckre KHUCJIOTHI yCU-
JIVBAIOT BhIllleslaurBaHue kapOoHaTtoB U ¢docdaros Ca
u Mg, 4To B CBOIO Ouepeb NPUBOJUT K O0JIee BBICOKUM
KoHIleHTpauusaM dhocdopa U yrjieKucaoro rasa B BbICO-
KOTYMYCHBIX TIOBEDXHOCTHBIX BOJlaX [0 CPaBHEHUIO C
HU3KOryMycHBIMU. YacTb pocdopa MOXKeT CBA3BIBATHCS
¢ pacTBOpuUMBIMU opMaMU keJieza (MeTasJIopraHuye-
CKMe KOMILJIEKCHI) MJIN cCOpOMPOBaThCs Ha TUAPOKCO-CO-
eIMHeHUsAX XeJie3a, MUTPUPYIOIIMMU B COCTaBe B3Be-
IIEHHOr'0 BeIecTBa, YTO, NPHUBOJUT K MOCTYILIEHUIO
docdopa B JOHHBIE OTJIOXEHUs He TOJIBKO B COCTaBe
JIeTpUTa, HO U B COCTaBe XeJjie30-TyMyCOBOI B3BeCH.

CopepxaHue NPYTUX XUMHYECKUX 3J€MEHTOB B
MTOBEPXHOCTHHIX BOJIaX, B TOM YKCJIe U KpeMHUs (B peKax
ero KOHIeHTpanus usMeHserca oT 1,2 no 4,9 mr/ij,
B o3epax — or 0,2 ;o 2,6 Mr/j), AOCTaTOYHO CTa-
OMJIBHO 1 MaJIo 3aBHCUT OT THUIIA BOJ U Ce30HAa roja.
CopepxaHue B3BelIEHHOTO BellleCTBAa B PeUHBIX BoAax
3aBHCUT OT ce30Ha U uaMeHsercs oT 0,2 go 13 mr/mi.
Bonpl nopasiisitoniero GOJIBIIMHCTBA PeK OTHOCATCA K
IIEeJIOYHOCTHOMY BBICOKOTYMYCHOMY THUIy. Bosbinas
yacTh O3€ep HMeeT I[eJIOYHOCTHBIE CpeJHeryMmycHbIe
BOJBI, MaJible BOIOEMBbl — CJIabOIeIOUYHOCTHBIE BBICO-
xorymycHsle (O3zepa..., 2013).

F'eomopdosoruueckre OTIUYUA BOOOCOOPHBIX
TeppuTOpHUil 03ep HacceilHa BO MHOI'OM OIlpelessAlT
pa3HooOpa3ue U YHUKAJbHOCTh CeqUMEeHTaI[IOHHBIX
pexuMoB MaJibix o3ep. HepaBHoMepHoe pacmpefe-
JIeHWe pevYHOoro CToka B OoJiblliie BOAOEMBI BKyIle CO
CJIOXHOUN MopdomeTpuell KOTJIOBUH U U3Pe3aHHOCTHIO
GeperoBoil JTUHUU OOYCJIaBJIMBAIOT CyIIeCTBOBAHUE B
HUX JIOKaJIbHBIX H6acceiiHOB (JIMMHUYECKUX PaliOHOB) C
pa3HbBIMU pexuMamu cequMeHTtanuu (Benkuna, 2021).
3HauuTeNIbHAas YacTh MUHEPaJbHON COCTaBJIAOIIEN
03epHBIX AOHHBIX OTJIOXKEeHUI GopMHpYyeTcs 3a cuer
B3BEIlIEHHOI'O BelllecTBa, cofepxkaliero 06JOMOYHBIN
MarepuaJ TOpHBIX TOpoJ BogocHbopHoOil Tepputopuu. B
YCJIOBUAX T'yMYCHBIX MaJIOMUHEPAIN30BAHHBIX IIOBEPX-
HOCTHBIX BOJi HEMOCPEeACTBEHHO B CaMOM BoJoeMe
o6pasylTcsa M OocaxJalTcs Ha QHO MajlopacTBOPU-
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MBle COeVHEeHUI KpeMHUsd, keJjie3a, MapraHua 1 Kak
cJIeiCTBUE coocaxpaiTca (B pesyJsbraTe COpOLMOH-
HBIX IIPOIeCCOB Ha TI'HMAPOKCO-coeAuHeHUsax) docdop
i Metasuisl (Kulik et al., 2023b). HepacTBopumbie
rymarThl, ocefalolide B JOHHBIe OTJIOKeHW:d, oOpasy-
I0TCA B BOJHON Macce B Ipolecce OHOXMMHUYECKOIro
OKHCJIEHUs pacTBOPEHHOI'0 OpraHN4ecKoro BellecTBa.

Buosiornueckue coobumiecTBa O3epHBIX 3SKOCHU-
CTeM ABJIAIOTCA MOCTaBUIMKaMK OpraHUYeCcKoro Bellle-
CTBa B JOHHBIE OTJIOXKeHMA. ['JlaBHBIe (AKTOPH IMPO-
JYKTUBHOCTH 5KOCHCTEMBI — 3TO TeMIlepaTypa BOJBIL,
ee COJIeBOH COCTaB M Hajinuue OHMOTeHHBIX 3JIeMEeHTOB
(KoncrantuHoB, 1986). PocT u MpOOyKLUUIO BOIHBIX
OpraHu3MOB OrpaHHUYMBAaeT KOPOTKUI BereTallllOHHBIN
Iepyuoj 1 HU3Kasg TeMieparypa BoApl. OCHOBY (JiOpHI
U (ayHBl 03ep peruoHa COCTaBJIAIT XOJIOA0JII0OUBEIE
NIpeJCTaBUTENIN: AWUATOMOBBIM IIJIAHKTOH, TIJIyOOKO-
BOJHble peJINKTOBble pakooOpa3Hble, B UXTHUOIEHO-
3aX — CUIOBBIe U JIOCOCEBBIe PHIOH. JIOMHHUpOBaHHE
B anbrodJiope o3ep HaubOojiee TaKCOHOMHUYECKU pas-
HOOOpa3HbIX AWATOMOBBIX, 3€JIEHBIX, CHHe3eJIeHBIX U
30JI0THCTHIX Bogopociel (93,5 % ot obiiero cnucka)
ABJIAETCA 30HAJIBHOM OCOOEHHOCTBIO IJiA CeBepo-3a-
nagHelx Tepputopuil. KosmuecTBeHHBIE IOKa3aTesd
pa3BuTusA (YUCJIEHHOCTh U OGroMacca) PUTOIIaHKTOHA
3HAYMTEJIbHO BapbUpPYIOT B TedeHHe BereTaliOHHOTO
ce30Ha. BecHO! 1 OceHbI0 B 0O3epax YMCJIEHHO Npeod-
JlafalT JUaTOMOBBIE BOJOPOCIIH, a B JIETHUN Nepuof
pas3BUBaeTCs CMellaHHBIN IIaHKTOH. buomacca ¢uro-
IUIAaHKTOHA CYIIeCTBEHHO BO3pacTaeT C yBeJNYeHHeM
TpodHOCTU O3ep. CpeaHerooBas NpoAyKUusa (GUTO-
1aHKToHa u3MeHsercsa ot 11 r Cm2rox! (Cykkosepo,
onurotpodHoe) no 160 (CesATo3epo, 3BTpodHOE) T
Cwm2roa! u B 60JBIIMHCTBE 03ep He mpeBbimaer 50 r
Cwm2ron?! (cpemuee 45, memuanHoe 38) (UeKkphIkeBa,
2011).

CTpyKTypa coo0ljecTBa 300IIJIAHKTOHA TaKxe
3aBHUCUT OT TpodUUeCcKoro craTyca BojoeMa 1 u3MeHs-
eTcA B 3aBUCHMOCTH OT ero TepMHUYeCcKoro U JUHaMU-
YecKoro pexxuMmoB. B paHHeBeceHHUI nepuof (Hadajo
WIOHA), TJIaBeHCTBYIOIlee IIOJIOKeHHe B coolliecTBe
3aHnMaloT uH@y3opuu. Ilo mMepe mnporpeBaHus BOZIBI
YU U3MeHeHHsA YCJIOBUM NUTaHWA PYyKOBOAAMMM KOM-
IIJIEKCOM CTaHOBATCA KOJIOBpaTKu. B jieTHHi1 nepuon
JOMMHUPYIOT BeTBUCTOyChle pakooOpasHble. OceHbio
BHOBb BO3pacTaeT POJIb KOJIOBPAaTOK. 3SUMHUH 300ILJIaH-
KTOH IIpeJicTaBJIeH B OCHOBHOM BeCJIOHOTMMU payKamu
U KoJIoBpaTKaMU. buomacca 300ILIaHKTOHA H3MEH:-
ercAa B npenenax ot 0,18 go 27 r/m®, a ynucJIeHHOCTD —
ot 1 TeIC. O 5 MUTH 3K3./M3 (O3epa..., 2013).

CoBpeMeHHas ¢ayHa AHA AOCTaTOYHO PpasHO-
oOpasHa B TaKCOHOMHUYECKOM OTHOIIEHHWU W Hacdu-
ThIBaeT II0 mocjiegHUM mgaHHbIM cBbilie 1000 BUIOB U
dopM 06ecno3BOHOYHBIX. J[OMUHHPYIOIIUI KOMILIEKC
O6eHTOLIeHO30B 00pa3oBaH TpeMsA CHUCTeMaTHYeCKUMU
rpylIaMu: XUPOHOMMABI, OJINTOXeThl M MOJLIIOCKHU.
Osepa 10xHOI Kapenuu 0osiee NpOAYKTUBHBL: CpeHAA
6uomacca 6eHToca o3ep bacceitHa p. Illyu — 4,36 r/
M2, 6acceliHa p. Boassl — 2,26 T/M2, 03ep 3a0HEXKCKOTO
nmosryoctpoBa — 3,92 r/m? (Ozepa..., 2013).

Makpo®uTs BHOCAT 3HAUWTEJIbHBIN BKJIAJ B
dopMupoBaHUe OpPraHMYecKOro BellecTBa JOHHBIX

123

OTJIOXKEHUH TOJIBKO B MaJIbIX MEJIKOBOAHBIX 3BTPOMHBIX
BOJloeMax C pa3BUTOH JiuTopasibio. O3epa TeKTOHHYe-
CKOr'0 U JIe JHUKOBO-TEKTOHUYECKOr0 reHe3rca, B JINTO-
pajyd KOTOPBIX Ipe/AcTaBjieHbl KaMeHUCTO-BayHHBIE,
CKaJINCThle, KAMEHNICTO-TIeCUaHble U NecuyaHble IPYHTHI
SAIBJIAIOTCA HeOGJaronpuATHBIMU [AJIA IPOU3pacTaHUs
BOJIHBIX pacTeHuil. IloBhIllIEHHOE cofepXaHue B BOJe
TYMUHOBBIX BeIeCTB TaKXXe cJepXuBaeT UX pa3BUTHE.
BennunHa rofioBoil MpOAYKIMU U3MeHseTcs B Ipee-
jax ot 0,5 10 6 T CM2T0oa! U OOBIYHO HE IMpeBHIIIAeT
1 r Cm2rog?! (Ozepa..., 2013). 3HaueHUss GOMACCH U
YHCJIEHHOCTU BOJIOPOCJIel CHUXAIOTCA NMPU YMeHbIIle-
Hus pH (KomynatineH u fp., 2006).

Huskas mMuHepanmsanusa BOJbl MMeeT OoJIbllIoe
3HaueHNe [JiA peryJiAluM BOJHO-coJieBoro 6ajaHca
BoJiHBIX opraHu3MoB (KoHcranTuHoB, 1986). OHa ByU-
s1eT ¥ Ha KOJINUeCTBO BI/I0B 1 OrioMaccy GUTOIIaHKTOHA
1 Ha NPUCYTCTBUE MOPCKUX TJIALMATIbHBIX PEJIUKTOB B
riybokux oszepax. Haubosiee uyBCcTBUTEBHH K Aedu-
IIUTY COJIell SABJIAIOTCA MOJLUTIOCKM, PaKOBUHBI KOTO-
PBIX CTAQHOBATCA TOHKMMM, a pa3Mepbl — MaJIeHbKUMU
(Kalinkina et al., 2013). [{sis BOJHBIX 6€CIIO3BOHOYHBIX
HU3KUN BOJOPOJHBIN IOKa3aTejib TaKXe BBICTyIaeT
KaK TOKCUYHBIN (PaKTOp, KOTOPHII HapymiaeT IeJIoCT-
HOCTBh KJIeTOYHbIX MeMbpaH (KanuukuHa u ap., 2017).
Bricokas IIBETHOCTD BOJ BJIMsET Ha CTPYKTYPY U BepTU-
KaJIbHOe pacmpefiesieHre MUKPOBOAopociel. B me3o—u
MOJINTYMO3HBIX BoJoeMax (GOTHUYECKUI CJION CyXaeTcs
3a cuer ocJjabJjieHUs MPOHUKHOBeHUA (OTOCUHTETU-
YeCcKW aKTUBHOW pafualiu B TOJIITY BOJBI, YTO CHU-
XKaeT MPOAYKTUBHOCTh IUIaHKTOHA. COOTBETCTBEHHO,
HeJOCTaTOYHasA KopMoBas 6a3a obecreuriBaeT HU3KYIO
€CTeCTBEHHYI0 PhIOONMPOAYKTUBHOCTh 03ep — 10 Kr/ra
(Ozepa..., 2013).

YacTtp mnoctymaiomero B BojoeMsl docdopa,
HeoOXoAMMOro [Jis 3HepreTUdeckoro obMeHa opra-
HH3MOB, CBsI3aHHA B KOMILJIEKC C TYMYCOM U XeJie30M,
a, cjeqoBaTesIbHO, HAXOJIUTCSA B MaJjlo AOCTYITHOU AJIA
BoAHBIX cooOliiectB popMe. [ToctenenHasa tpaHchOp-
Malusa ryMyCOBBIX BelllecTB B pe3yJibTaTe ux GoTookuc-
JIEHUS U AeATEeJIbHOCTU reTepoTpodPHON MUKPODIIOPH
(koTopass mpu HedocTaTKe JerKOMHHepaJN3yeMoro
OpPraHUYEeCcKOro BellecTBa UCIOJb3yeT UX B KauecTBe
cybecrpaTta) TpebyeT OOMOJHUTEJIBHOIO BpeMeHU, 4TO
TakXe SBJIIeTCS CAEPXUBAIMM (PaKTOpoM IPOAYK-
I[UOHHBIX MTpoljeccoB. KoyruecTBo 6aKTepHONJIaHKTOHA
sIBJIIeTCSL JOCTAaTOYHO YCTOUMYMBBIM IIOKa3aTesjieM |
KoJsiebyieTcss B mpefesiax oT 1,5-2 mutHMIT!, BO3pac-
TasA B 3arpsA3HeHHbIX parioHax (lamkuHa u Ap., 2012).
YucaeHHOCTh U 61oMacca 6akTepuil B TeUeHUe Berera-
I[MOHHOTO ce30Ha Bapbupyet B 1,5-2,5 pasa B 3aBucu-
MocCTU OT TpodHOCTHU. [[ia 6OJBIIMHCTBA BOJIOEMOB B
Ce30HHOM pa3BUTUMN H6AKTEPUOIJIAHKTOHA OTMEYaloTCsA
JBa MUKa — BeCEHHUI U JieTHUI. OCHOBHas Macca 0ak-
Tepuil B TOJIIle BOABI HaXOOUTCA B BHUJE OJUHOYHBIX
KJIETOK, XU3HeJeATeJIbHOCTh KOTOPBIX OaszupyeTcsa Ha
CJIOXHBIX OpraHuyeckux cybcrparax (aKTUHOMMIIETHI,
onurotpodHele H6akTepun). B BomoeMax, mojaBepkeH-
HBIX aHTPOIIOTeHHOMY BJIMAHHIO, 3aMeTHOe pa3BUTHE
MMeIOT IPyNNbl 6aKkTepuii, OTPaXXawlIUX TOT WU UHON
BUJ 3arps3HeHUsa (HUTpuUPULUpYIOIIe, IeJLII0JI1030-
paspymatomue, HedTeoKkucsAwIMe, (HeHOJTOKUCIA-
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mye, konudopMHbe). bruomacca GakTepuili B CHIpOM
BUJle B JIeTHUN nepuop pocrturaer BeauuuH 0,1-0,5
MrJrl, BelpaxkeHHas B yrijiepoge — 10-54 mkrCorl, B
3arpsasHAeMbIX BOJOeMax ee 3HaueHWsA YBeJIW4yuBa-
1oTcA B 1,5-2 pasa. TeMHOBasA acCUMWJIALMA YTJIEKHUC-
JIOTHI, KaK IoKa3aTeJlb 0MOCMHTEeT4eCKOl aKTUBHOCTHU
0aKTepUOIIaHKTOHA, B JIETHHUI IE€pHUOA B OJIMTOTPO-
¢HbIX Bomoemax He mpesbimiaetr 0,5, B Me30TPOMHBIX
nMeet npegesnsl 0,8-3,1 , B 3BTpPOGHBIX OOCTUraeT
7,8 Mkr Crl-cyT! u Boimie (O3epa..., 2013).

Takum ob6pa3oM, TeMIlepaTypa, COJIeBOI COCTasB,
TYMYCHOCTD U IIeJIOYHOCTb IIOBEPXHOCTHBIX BOJ ABJIA-
I0TCA KJII0YeBBIMU (aKkTopaMu cpelibl, OrpaHUYMBa-
I0IIMMHY pa3BUTHE XUBBIX OpPraHM3MOB B BoJoeMax
BOCTOYHOM oOKkpanHbl (DeHHOCKaHAWHABCKOroO MUTA.
I'1aBHBIM MCTOYHHMKOM aBTOXTOHHOI'O OpPraHUYeCcKOIo
Bell[eCTBa B JJOHHBIX OTJIOXKEHUAX ABJAeTCAa QUTOILIaH-
KTOH. JIOBOJIBHO HM3Kas IPOAYKTUBHOCTb 03€ep, I10-BU-
JAUMOMYy, fABjAeTCS IIPUYMHON TOro, 4TO OCHOBHAaA
YacTh JIETKOOKHCJIAEMOIO OPraHMYecKOro BellecTBa
aKTHMBHO MOTpebJifeTcA U MUHepaJu3yeTca B Bofe, a
B JIOHHBIX OTJIOXXKEHUAX HaKaIlJIUBaeTCs TPyAHOOKHC-
JisileMoe, MaJlo nojjamlleecs 610J0rn4eckoMy pasJio-
JKEHUI0 OpraHuyeckoe BemlecTBo. KosnuecTBeHHBIN U
KayecTBEHHEII COCTaB OPraHUYecKoro BellecTBa B BoJie
0o3ep, KOTOpBIM 3aBUCUT OT MNpPOAYKUUU (UTOIJIAaH-
KTOHa M Macchl IocTynaillero ¢ Bogocbopa rymyca,
KOHTPOJIUPYeT CKOPOCTb HAaKOIUJIEHWsA W WHTEHCUB-
HOCTb IIpolleccOB TpaHcpopMmalyy OpraHUYecKoro
BellleCTBAa B [JOHHBIX OTJIOXeHuAX. CyllecTBeHHBIN
BKJIaJ BhICIIEll BOOHOI PacTUTEJbHOCTU B OpraHuue-
CKOe Bell[eCTBO JOHHBIX OTJIOXKEHUIl XapaKTepeH AJiA
MeJIKUX, XOPOIIO ITporpeBaeMbIX NPOAYKTHUBHBIX 03ep C
Pa3BUTOM JIUTOPAJIBIO.

AnnoxTOHHOE OpraHuyeckoe BeleCTBO IOCTY-
IaeT B 03epa C PeuyHbIM CTOKOM B BHJie pacTBOPEHHBIX
TYMYCOBBIX BelllecTB, 00pa3ymouiuxcs B [I0YBaxX BOJOC-
6opa, 1 B BI/ie JIMCTOBOTO OllaJia Ha3eMHOM pacTUTeJb-
HocTH OeperoB. VIHTEHCHMBHOCTb [1OYBOOOpa30oBaTeJIb-
HOro Ipoliecca, KOTopas 3aBUCUT OT XWMHYECKOIo U
rpaHyJIAPHOIO COCTaBa MaTepUHCKUX MOPOA, KOHTPO-
JMpyeT IOCTYILJIEHHEe B IIOBEPXHOCTHEIE BOJBI aMop-

(pHOrOo KpemHUs, I'YMYyCOBBIX BelIeCTB M XMMHYECKUX
3JIeMEeHTOB, CKJIOHHBIX K O0pa30BaHUI0 KOMILIEKCHBIX
coeJUHEHUN U KOJUJIOMJHBIX CUCTEM C KpeMHHEeM U
TYMUHOBBIMU KHUCJIOTaMU, YTO BJIMSAET U Ha XUMUYe-
CKHI1 COCTaB BOABI U Ha OMOJIOTUYECKHe XapaKTepu-
CTUKU 03ep, a B KOHEUHOM UTOTe U Ha COCTaB JJOHHBIX
OTJIOXKeHUM. PoJib MOYBEHHOTO IMOKpPOBa B CeILMEH-
TOreHe3e Bo3pacTaeT C POCTOM IUIomaau Bogocbopa
o3zepa. Heo6xoAuMO TakXe OTMETUThb, YTO HAUMUHAsA C
1989 r. Ha Tepputopun Poccuu HabrogaeTcs ycTonuu-
BOe MpeBHIIEHe HOPMBI CpeHell roJ0BOIl TeMIiepa-
TypHl Bo3ayxa (I'py3a u PanpkoBa, 2012). YBenuueHue
JJIUTEeIbHOCTU BereTalliOHHOTO Nepruo/ia U poCT KOJIu-
YyecTBa OCAJAKOB Hen30eXHO NMPUBOAUT K yBeJIMUEHUIO
MOCTYTJIeHNs aJJIOXTOHHOT'O OPraHNYecKoro BelljecTBa
B 03epo ¢ Bogocbopa, yBeIUYeHUI0 NTPOAYKIIUU CaMUX
03€ep U Kak CJIe[ICTBUE K POCTY MOCTYILJIEHUs OpraHuye-
CKOr'0 BellleCcTBa B JJOHHbBIE OTJIOXKEHUS.

AHanu3 [aHHBIX XUMUYECKOTO COCTaBa IOBEpPX-
HOCTHBIX JOHHBIX OTJIOXKeHU! o3ep Kapenuu nokasa,
YTO B pervuoHe BCTPEYAIOTCA O3epa C pa3HbIM THUIIOM
HaKoIIeHUsA (KOHILIEHTPAaTOPhl MIUHEPAJIbHBIX BellecTs,
HaKOMUTEeJIM OPraHUYeCcKOro BellleCTBa, aKKyMYJIATOPHI
HaHocoB) (Tabnuma 1). OTJnuMA TUAPOJIOTHYECKUX
u mMopdoMeTpUUecKUX XapaKTepUCTUK 03ep, pa3Hble
IJIONIal U COCTaB MOpoJ BOAOCOOPOB, a Takxe pas-
HBII TpodUUeCKUIl CcTaTyc BONOEMOB OIpedesiioT
pasanuus B XUMHUYeCKOM COCcTaBe ocafkoB. (s 60Jib-
IIMHCTBA O3ep pervoHa XapaKTepHO HepaBHOMepHOe
pacnpefiejieHre 0CafJOYHOr0 MaTepuajia Ha JHe BOJIO-
eMa, KOTopoe 3aKOHOMEepPHO KOHTpoJmpyeTcs Mopdo-
Jiorrell KOTJIOBUHBI U JUHAMHWKOU BOJI: IecyaHo-rpa-
BUIHBIE [OHHBIE OTJIOKEHUs CJIaraloT JIMTOPaJIbHYIO
30HY, a TJIMHUCTBIE WUJIBl TOCIOJCTBYIOT B I'JIyOOKOBO-
JHBIX 30HaX.

Pa3zHooOpa3ue cequMeHTaI[MOHHBIX OOCTaHOBOK
B o3epax Kapesuu cBsi3aHO C JIOKaJIbHBIMU JIAHAMIadT-
HBIMM yCJIOBUSIMM Bojioc60opoB. Hawnbosiee BaxxHBIMU
ero XxapakTepuCTUKaMWU B paBHOWU Mepe SBJIAIOTCSA:
wioniaapb u peyibed BOOOCOOPHOI TeppUTOPUU, MOP-
¢onorusa 03epHON KOTJIOBUHBI U XUMHUUYECKHUII COCTaB
Bombl (BenkuHa, 2021). CoenaTh OJHO3HAYHBIN BBIBOJ

Ta6suna 1. O6001eHHBIT XMMUYeCKUl COCTaB MOBepXHOCTHOTO c¢j1os (0-5 ¢M) JOHHBIX OTJIOXKEHUI 1Mo JaHHBIM Ajd 139

maJibix o3ep Kapemuu, % (Benkuna, 2021).

Tun Yuciio 3HayeHue OpraHudeckoe BelecTBO MwuHepajibHas1 4acTh
ocagka* npoo c. |l ¢ |l ¢ [P, |Ny,,[N_| Ash | Fe | Mn
[Tecox 147 MUH. 0,03 | 0,01 0,03 | 0,01 | 0,001 | 0,06 | 94,86 | 0,00 | 0,00
MaKc. 2,40 | 1,35 | 0,64 | 0,04 | 0,004 | 0,77 | 99,80 | 6,73 | 0,08

cpen. 0,98 | 0,36 | 0,29 | 0,03 | 0,002 | 0,22 | 97,52 | 0,50 | 0,02

Un 510 MUH. 1,30 | 0,04 | 0,00 | 0,03 | 0,003 | 0,01 9,02 | 0,17 | 0,00
MakKc. 42,50 | 11,60 | 9,10 | 5,00 | 0,170 | 3,99 | 94,32 | 42,20 | 1,02

cpen. 15,43 | 1,79 | 1,52 | 0,17 | 0,027 | 1,17 | 78,67 | 4,18 | 0,23

I'nmuna 75 MUH. 0,71 0,14 | 0,07 | 0,06 | 0,000 | 0,08 | 75,52 | 0,03 | 0,04
MaKCc. 558 | 0,66 | 0,79 | 0,12 | 0,030 | 0,97 | 97,74 | 1,68 | 0,45

cpenl. 2,64 | 0,45 | 0,44 | 0,09 | 0,009 | 0,34 | 92,34 | 1,15 | 0,17

IMIpumeuanme: «*» — [1o nmpeobagatomeil rpanyjgomMerpudeckoil ppakuum (necok 0,05-2 mm; mi 0,005-0,05 MM, riauHa <

0,005).
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O [JOMHUHHPOBAHUM OIpeAesIeHHOTO TUIla O03ePHOIo
HaKOIJIEHWA B 3aBHCHMMOCTU OT IOJIOXEHUS BoAoeMa
B pesibede TpyAHO. XHMMHYECKHII COCTaB OCAaJIKOB B
30HaxX aKKyMYyJIAIIMU MOKa3blBaeT, YTO B KPYIHBIX O3e-
pax (S3eml10 > 10 km2) mpeobJialaeT MUHEPAJIbHBIH, a B
MaJIbIX (S3epm0 < 1 km?) — opraHM4ecKHii TUIl HAKOILJIe-
HUA. B o3epax ¢ Szepxano ot 1 km? 1o 10 kM2 BCTpevarTcsA
U MUHepaJibHble U opraHnyeckue ocagku (Puc.1).

Kak nmpaBmuJio, cofiepxaHrie OpraHIU4ecKoro Beliie-
CTBa B JIOHHBIX OTJIOXKEHUAX YBEJIMUUBAETCA C POCTOM
TpodrUueckoro ypoBHs BoJoeMa OT OJUTOTPOGHOro K
sBTpodpHOMY (Bernkuna, 2011). O3epa - opraHoHaKo-
MUTEeJI BCTPEYaloTCA BO BCEX COBPEMEHHBIX JlaHamad-
Tax permvoHa (KOHeYHble MOpPeHHble BO3BHIIIEHHOCTH,
Jnefopa3fie/ibHble aKKyMYJIATUBHBIE BO3BBIIIEHHOCTH,
o3epHble paBHUHHI). [Io MakpococTaBy ocajKu TaKUX
03ep XapaKTepu3yloTcsA Kak XKeJjie30-KpeMHe-TyMycCo-
Bole. [IpuMepomM siBisieTcsi 3BTPOdHOE, MEeJIKOBOJIHOEe
(cpemusasa riaybuHa 4,1 M) ¢ XOpOIIO pPa3BUTON JIMTO-
panpHOI 30HOIH o3epo I0xHoe Xayrunamnu (3amagHo-
Kapesnbckasg BO3BBIIEHHOCTHh, 63°33° c.m., 33°20°
B.A. Beicota Hag ypoBHeMm mopsa 153 m BC. Saoaocﬁop
0,329 xkm?, Sgepmo = 0,276 kM?). OHO (PYHKIMOHU-
pyeT Kak CcaMOCTOATEJIbHBIN BOJIOEM OKOJIO 12 TEHIC.
7. H.. [loBepXHOCTHbBIE JIOHHBIE OTJIOXKEHUs Ipe/CTaB-
JeHbl niaMmu 6yporo usera. CpefjHre XapaKTepUCTUKU
XUMUYECKOTO cocTasa ciefymomue: LI .. = 60%, C0

= 26%, 3osbHOCTH = 38%, OD, = 4 MrO,/r, ZChla,b,c
= 1000 wmkr/r, pheophytin 1200 MKI‘/F, L\
1,9%, N, = 0,02%,P_ = 0,3%,P . = 0,2%, Mn =
0,04%, Fe 2,5%. Pepoxkc-1iUKJI Kejie3a U Maprasia
KOHTPOJIUPYET pa3JjioXeHHe OpraHu4yecKoro BelllecTBa
B JIOHHBIX OTJiOXeHusAx. PacmpefesieHre OWOreHHBIX
2JIEMEHTOB (Norg, Nyyass P P €, Mn) 10 BepTUKATH
KOJIOHKHU - HEMOHOTOHHO (Pric. 2). XMMHUYeCcKHI COCTaB
Bob! o3epa HOxxHOoe Xayrunamnu COOTBETCTBYET Me30-
TYyMyCHOMY CpeJHelleJJOYHOCTHOMY HeWTpaJIbHOMY
cJ1aboIesIoYHOMY  TUAPOKapOOHATHOMY THITy BOJ
rpynmsl kaabiys. MuHepasusanus BOJbl 03epa BbICO-
kasg (90 mr/i). B MOHHOM cocTaBe cpelll aHHUOHOB
npeobsafaoT ruapokapboHartsl (95%), cpenu KaTHo-
HOB — Kasbui (54%), mwesnounocts 71,12 MrHCO, /1,
pH=7,1, usetHocTh Boanl 25 rpafd. CootHouenue PO

2,96 mrO/n1 u COD 12,2 mrO/n ykasbiBaeT Ha
aBTOXTOHHOE TNPOUCXOXJEeHUe OpraHu4yecKoro Bellle-
crBa (Ozepa..., 2013).

HeobxoqumMo OTMeTHUTb, YTO B MaJlbIX O3epax
He3aBUCHMO OT ocobeHHoOcTell jaHAmadTa, Tpodpuye-
CKOr'0 CTaTyca BofoeMa U XMMHYeCcKoro cOocTaBa BO/J
HaKallJINBAeTCs OpraHuYeckoe BellecTBO Pa3HOIo reHe-
3uca. Hanmpumep, BbicOKOe cofiepxaHre OpraHu4eckKoro
BelllecTBa HabJofaeTca B 3BTpodHOM 03. KophiTOoBO

(Saonocﬁop = 0,1 KMZ; Saepkano = 0,003 KMZ, LISSODC = 86%,
Ash =11%) u B MesoTpodHOM 03. [Tosesckoe (S, .
= 31,8 kM2, S = 0,45 kM2, LI = 66%, A

3epkasia

33%), obpazoBaBmuxcsa 12-11 Teic. J1. H. B Ipefeyax
03epHO-JIEAHUKOBOM PpaBHHUHB,, U B OJUTOTPOQHON
Fony601/1 nambe (S 0,21 xm?, S 0,04
B00CHO] 3epKaJio

% Ll 89%, Asfpl 9%), xoTopass obpasoBa-
Jlach Ha BoxTo3epcKoil BO3BBHIIIEHHOCTH 7,9 THIC. JI. H..
CkopocTy ocagkoHakomieHus B Kopeitoso, ITosieBckom
u I'osty6ort 1ambe pazynyaioTces 60Jiee yeM Ha MOPAOK

H, M 100

200

o-/
180 Q“. *-1l
160 g 'A A Al
& o®
e N
120 e 00 ¢ 9O &
®Ae & A
o ® N M,,*,
80 @ o
® «» PY
60 PY ‘ ‘.“ ¢ ¢
.
40 ook t‘
20
(i ; ‘ ‘ ‘ :
0,0 0,0 0,1 1,0 10,0 100,0 1000,0
S, KB. KM

Puc.1. PacnpepesieHue o03ep € pasjMYHBIMU TUIAMU
O0CaJIKOHAKOIUIEHUA: 3€JIeHbI LIBeT — OpraHOMHHepaJbHOe
(3ospHOCTD < 80%), CUHUI IIBeT - MUHepaJibHOe (30JIbHOCTD
>80%); I — xesye30-KpeMHUI-rymMycoBoe, Il — xene3o-rymy-
coBo-kpemMHueBoe, III — rymycoBo-xese30-KpeMHHEeBOe) B
3aBUCHMOCTH OT OT MecTonosioxeHus (H — BeicoTa Haj ypoB-

HeM Mops, M) U pa3Mepa (S - mwiomasp 3epkaja o3epa, KM2).
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Puc.2. BeprukasbpHOe paclpefesieHne XUMUYeCKUX,
(pusrueckux 1 PU3NKO-XNMUYECKNX XapaKTepUCTHUK B IOBEpX-
HOCTHOM CJIOe IOHHBIX OTJIOKeHU! 03. FOxHoe Xayruiamnu.
1- Eh, MB; 2 — pH; 3 — macca TBepAoro BemjecTBa B 1 M
BJIQXXHOI'O TpyHTa, r/Mi; 4 — Wet %; 5 — Wet, ... %;
6-—por; 7-d,r/cm? 8- Corg, %;9-LI.., %;10-0D,, mr O,/t;
11-Ng,.., /0, 12- NOr , %; 13 —Fe, %; 14— Mn, %; 15— Ash, %;
16 -P ., %; 17 -P .

20°C?

min’

(10, 1 u 0,1 MM B rojJi, COOTBETCTBEHHO). MCTOUYHMKI
OpPraHUYecKOro BelllecTBA B JOHHBIX OTJIOXKEHUSAX
Takxe pasHble. B 03. [IosleBCKkOM OCHOBHBIM HCTOYHMU-
KOM SIBJIAIIOTCS T'YMYCOBBIE BeIecTBa, MMOCTYHAIIe C
BoJiocOopa, B 03. KophITOBO — BBICIIAs BOJIHAs pacTu-
TeJbHOCTh, B I'ostyb0i1 jlamMbe — Ha3zeMHas U BbICIIAA
BOJIHasi PaCTUTEJIbBHOCTh U (PUTOIJIAHKTOH. DTU MaJible
BOJIOEMBl UMEIOT pa3HbIll XMMHYECKHl COCTaB BOJBI
(Me30TyMyCHBIN, TUAPOKapOOHATHBIN KJIacC TpPYyMIBI
KaJiblust MarHus ¢ 2 = 60 mr/n B 03. TlosieBckoe;
KapOOKCUJIATHBIN KJIACC BOJ IPYMIBI Kajaus ¢ 2

30 mr/n B 03. KOpBITOBO; OJIMTOryMYyCHBIHN cyJibdat-
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HBIiA KJTacC TPyMIbl Kayiblusa ¢ 2 = 3 Mr/i B ['oy6oi
nambe (Ozepa..., 2013)).

B o3epax, rme GopMHUpPYyIOTCA MUHEpaJIbHbIE
ocazky, HauboJiee paCIpPOCTPAaHEHHBIM THUIIOM HAaKO-
TJIEHUS ABJIIETCA KeJe30-TyMyCO-KPEMHUEBBI.
TUNHUYHBIM NPeICTaBUTEIEM TaKOT'0 BOJOEMA ABJIAETCA
Me30TpodHOe 03. BeHmopckoe (BoxTo3epckas BO3BHI-
meHHocTh, 62°13° c.n., 33°16° B.1., Saouocﬁop = 79,8
kM?, S o = 10,1 KM?, BBICOTA Haj| YPOBHEM MOPH
143,8 m BC, cpenussa riaybuHa 6,1 m). Bomoem akky-
MYJIATUBHO-OCTAaTOYHOTO TeHe3nca oO0IIas MOIIHOCTb
YeTBEPTUYHBIX OTJIOXKEHUI KOTOpPOro cocrasiigeT 3,50
M. COBpeMeHHbIe JJOHHBIE OTJIOXEHUS (POPMHUPYIOTCA
B YCJIOBUSIX OJIMTOTYMYCHBIX BOJ T'MIPOKapOOHATHOTO
kiacca rpynnel Ca W MpeNCTaBJIEHB CEPO-KOPUYHE-
BoIM mwioM (LI, .. = 29%, Ash = 68%, Fe 7,8%).
Juama3oH koJsiebaHMil GU3NKO-XUMHUIECKUX TOKa3aTe-
Jefl o BepTUKaIU MOoBepxHOCTHOro cjios (mo 40 cm)
cocrasJisgeT oany enuHuny pH (ot 4,3 go 5,6) u 600 mB
Eh (ot 25 o + 600 MB). U3meHuYnBOCTS 3HaueHui Eh,
[0 HAalleMy MHEHUI0, OTpeJesieTcsl CE30HHbIM Iedu-
LUTOM KHCJIOPOJIa B MPUAOHHBIX BOAAX, YTO BHI3BIBAET
JrareHeTUYECKYI0 EPECTPONKY MOBEPXHOCTHOTO CJIOA
BCJIEZICTBHE Pa3BUTUSA aHA3POOHBIX MPOIECCOB TPAHC-
dbopmaru opraHMYECKOTO BelllecTBa. Pe3yJibTaToM
ABJIAeTCs oOpa3oBaHUE U 3aXOPOHEHUE TPOCIIOEB C
Pa3HBIM COAEepXaHUEM METAJIJIOB, KOJIMYECTBEHHBIM
Y KauyeCTBEHHBIM COCTABOM OPraHMYeCcKOro BeIlecTBa,
a, cJIeJoBaTeJIbHO, U C Pa3HOU MUKPOdJIIOpPOIi, mepepa-
GaThIBAIOLIEN 3TO OPraHUYeCcKoe BellecTBO. 3HAUYEeHHE
LL,,. MeIJeHHO X MOHOTOHHO MEHSETCs BHU3 IO
KOJIOHKE, YTO CBU/IETEIbCTBYET O 3HAUUTEJIbHON TPAHC-
dbopmaruy opraHvMKM B BOJHOH TOJIIIE BoJOeMa, Tpe-
X7l YeM IOCTynaeT Ha AHO. 3HaueHusa OD, He BeJIMKH
(1-1,8 mrO,/r). Pacnpenenenue ¢pocdopa mo BepTu-
KaJIi 0CaJIka COOTBETCTBYET pacIpeesieHHI0 Xejle3a U
Maprasria u Bapsupyet ot 0,06 go 0,3% (Puc. 3).

MoHoTHUIHbIE (KpeMHUEBBIE WJIA KeJIE3UCTHIE)
OCaJKM BCTPevYawTcsd B oO3epax xHOW Kapemu
peXxe MO CPAaBHEHUIO C CEBEPHOM ee yacThio. ['ymyco-
KpPeMHUEBBIE OCAOKU ObUTM OOHApyXeHbl B 03epax
Ha TEpPPUTOPUU 3a0HEXCKOro MoJiyocTpoBa (o3epa
Hwxnaee Msarposepo u Csaprosepo), B MajIbIX BoJjoeMax
[lyiickoit Hu3uHH (03. JINHO03epo), B CEBEpHOL YacTUu
Bogoc6opa OHexckoro o3epa (03. MyHo3epo, palioH 1.
Jlo6ckoe) (demupoB u Illenexosa, 2006). Hanpumep,
JVaTOMOBBIE OCAAKU Me30TpodHOro o3. CAprosepo
(Smocﬁop = 917,4 KM?, SBemJ10 = 0,65 KM? MEIOT CBeT-
JI0-3eJIeHBIN IIBET M OTJIMYAIOTCs BBICOKMMH 3HAue-
HusaMu nopucroctu (0,94) mo Bcell ToJIle, HU3KOU
yaensHON Maccod (1,1 r/cm®) u oueHb MaJIBIM COZEp-
skaHueM xenesa (0,5%). CooTHOIIeHe OpraHUYecKoro
BelllecTBa (COrg = 21%, LL .. = 45%, NOrg = 1,35%
uPbP, 0,05%, C:N=18, C:P=1029) u mMuHepab-
HOI yactu ocamka (Ash= 51%) OJM3KO K eqUHMHIIE.
Pacnpenenenve pH, Eh u 3/1eMeHTOB XMMHUYECKOTO
COCTaBa MO BEPTUKAJIM OCAJIKa B MIOBEPXHOCTHOM CJIOE
VMeeT MOHOTOHHBIN XapaKTep.

I'ymyco-xeJjie30-KpeMHUEBBIE JIOHHBIE OTJIOXeE-
HUSA, Kak MpaBUjIo, GOPMUPYIOTCA B OKUCIUTEJIbHOM
obcTaHOBKe B BOJOeMax C Pa3BUTOM JMTOPaJIbHOMN
30HOM, C BHICOKUM Y/IeJIbHBIM BOA0OCOOPOM 1 GOJIBIION
IUIOIIAAbI0 BOJOCOOPHOM TeppUTOpUHN (CyLIECTBEHHO
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Puc.3. - BepTI/IKaJ'IbHOC pacipenejsieHue XuMHu4eCKUXx,

dusmvecknx " GUNKO-XUMUYECKUX XapPaKTEPHUCTUK B
TIOBEPXHOCTHOM CJIO€ JIOHHBIX OTJIOXKEHUIl 03. BeHIiopckoe.
1- Eh, MB; 2 — pH; 3 — macca TBepAoro BemjecTBa B 1 M
BJIQXHOTO TpyHTa, r/mi; 4 — Wet, .., %; 5 — Wet, .., %;
6-por; 7-d,r/cm’ 8 —Corg, %;9-LI_., %;10-0OD,, Mr O,/T;
11-N,,,,%; 12—Norg, %; 13 -Fe, %; 14 —Mn, %; 15 — Ash, %;
16 -P ., %; 17 -P,_.

3a00JI04eHHO, T/e pachpoCTpPaHeHBbl WJLIIOBUAJIb-
HO-TYMYCOBO-XeJIE3UCThIe M0/[30J161). OTJIOKEeHUs TaH-
HOro tuna (GpopMupyITCA B OJIUTOTPOMHHEIX 03epax C
HU3KOU I[BETHOCTHI0O BOMIBl C TJIyOOKO Bpe3aHHBIMU
xoTyioBuHamu (03. Jlagmo3sepo, Swmcﬁop 120 xm?,
Speprane = 24 kM? H = 52 M, Kj1acc BOIBI THAPOKap-
OOHATHBIN) U B MEJIKUX BBICOKOIPOTOYHBIX BOJ0EMax
C BBICOKOH ILIBeTHOCTHIO BoAbl (03. IlloTo3epo, SmoC60p
5540 kM2, Seprane = 74 kM’ H = 10 M, kiacc
BOJIbI KapOOKcHJIaTHBIN). OCOOEHHOCTHI0 TAKUX BOJO-
€MOB ABJIAETCA HAKOIUJIEHNE B JIMTOPAJIbHON 30He (Ha
riaybuHe oT 1 A0 5 M) O3epHBIX XeJIe3HBIX Py B BHJIe
KOPOK, KOHKpenui, ooJyutoB, MoHeT (Ilepdpunes,
1972). Ot GuoreoxeMoreHHble OCaJIKU, COAepXKaliue
1o 40% Fe u 2% Mn, ABIAOTCA MUHEPAJIbHBIMU CMe-
cAMU HeKpHcTaJUmndeckoro crpoenus (Ovdina et al.,
2018; Belkina et al., 2018; Strakhovenko et al., 2020a).
Ocagku COCTOAT TJIaBHBIM 00pa3oM U3 TUAPOKCHUOB
Fe (retut, J1enuIOKpPOKUT), OKCU/IOB Maprasiia, Takxe
cofiepXaT HeGOJIbIIOe KOJIMYECTBO TJIMHUCTHIX MUHe-
pasioB, KBapua, pexe kapooHatoB. OHU 00pa3yloTcA B
MPUCYTCTBUE KUCJIOPOJIAa B MPOILiecce OCaxeHus B3Be-
IIEHHBIX W KOJIJIOM/IHBIX BEIIEeCTB, COJiepXKaliux M30bl-
TOK XeJie3a. BwlIMajieHU0 KOJUTOUAOB B OCAMOK CIIO-
co6CTBYIOT OakTepyy. MOIIHOCTDH PYHBIX OTJIOXEHU,
3aJIeraliux B IpUOpeXHOH MoJioce o3ep MHUPUHON 0
300 M, namensierca or 1 ¢cm 0 1 M. B TO e Bpewms
coflepXaHuUe Xejie3a B UJIOBBIX OTJIOXKEHUSX, 3aJlerao-
IMX B I'TyDOKOBOAHBIX 30HAX, OOBIYHO HMXe KjapkKa.
Hakomienue xesne3a B miax (mo 40%) CBOMCTBEHHO
TakXe MaJIeHbKUM HETJIyOOKUM JIeCHBIM JIaMOYIIIKaM,
nmeromM 3aboJioueHHBIN Bogocbop. B Kapenuu go 19
BeKa O3epHble PY/bl UCIOJIb30BAJIUCh YEJIOBEKOM [JIA
nob6eiun xesnesa (Kynemesuy u ap., 2010).
Kapb6onaTtHble JOHHBIE OTJIOXKEHHUA HAa TEPPUTO-
puu 6accetina OITO BcTpeuaioTcsa pefko. Hanpumep, B
03. TTagmo3zepo (SBEPWIO = 10 kM2, Sporociop = 78 KM?,
H 15 M, TeKTOHMKO-JIeJHHWKOBasg KOTJIOBHHA,
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penukr OIIO), pacrosio’keHHOM B BOCTOYHOH YacTU
3a0HexXCKOro IOJIyOCTpoBa. B akkyMmyIALMOHHON
30He BoJloeMa 3ajieraloT cBeTJible, KpeMoBble (6ex)
wiel, cpopmMupoBaHHbBlE OGJOMOYHBIMH IPOAYKTaMU
BBIBETPUBAHUA KapOOHATHBIX TIOPOJl, pacmpocTpa-
HEHHBIX Ha BojiocOope. CojiepxaHue OpPraHUYecKOro
BelllecTBa, a3ota U pochopa cpaBHUTEIBHO HEBEJIUKU
(Ll = 13,9%, C _, = 7,1% , OD, = 0,32 mrO,"-
cytku’, N = 0,80%, P = 0,13%, C:N=10, Chla
= 0,5 mrr!). ®U3MKO-XUMHUYECKHE YCJIOBUSA U XUMU-
YyecKHil coCTaB BOJBI 03epa, XOTA U OTJIMYAITCA OT
ApYryux BOJAOEMOB IOJIyOCTPOBA ra30BBIM COCTaBOM U
0oJjiee BBICOKMMH 3HaueHUsAMHU pH U MuHepamusanuu
(CO, usmensercs ot 0,8 go 20 mr/i1, pH = 8, HCO, =
89 mr/n, 2 = 150 mr/n), He npeanosiaraT o6pa-
30BaHHe XeMOTeHHbIX KapOOHaTOB KaJibLiusA U XKeje3a
B Bojioeme. Kapb6oHaTHBIe OcaKu MOTYT OTJIaraTbCs
B JOHHBIX OTJIOXKEHUSX B pe3yJibTaTe CyO0aKBaJIbHOM
pasrpy3kyd MOA3EMHBIX BOJI, KaK 3TO HabJo/iaeTcs B
03. Paxoiinamnu, pacnosiokeHHOM Ha BoxTozepckoit
BO3BBIIIIEHHOCTH.

Heo6xoguMO OTMETHTh, UYTO XUMHUYECKUH
COCTaB JOHHBIX OTJIOKEHUN HeOOJIBLINX JIECHBIX O3ep
C MaJpIMU IUIOMIALAMU BOJOCOOPOB Majio MeEHICA
B TeueHMe mnocjegHux 100 JieT, 4TO JOKa3bIBAlOT He
U3MeHsomuecs M0 BePTUKaIN NPoPUIN XUMUUYECKUX
XapaKTepUCTUK B KOJIOHKax [OHHBIX OTJIOKeHUH, a
TakXe pe3yJIbTaThl IepUOoNUYecKUX HalJIIoeHn!,
HalpuMmep, Ha o3epax 3a0HEeXCKOro IOJIyOCTPOBa,
HUCCJIeOBaHUsA Ha KOTOPBIX MpPOBOAATCA € 1929 r.
(benxuna u Kynuk, 2019). [na o3ep, Ha Bogocbope
KOTOPBIX pacloJiaraloTcs HaceJieHHble MYHKTHI U CeJlb-
X03yrousa, orMeuaercsa GoJiee BbICOKasA A0JI TepPpU-
reHHOMU COCTaBJIAIOIIEN B COCTaBe 0cajiKa, a TaKxe Ipu-
CyTCTBUME TOKCHUYEeCKHUX BelllecTB. Hanpumep, B JOHHBIX
oTJIOXKeHUsx 03. CyospBu cojepxaHue HedTenpoaAyK-
ToB B patioHe ropoza (0,55%) Ha 2 mopsjaka NpeBHI-
maeT (OHOBblE 3HAUEHUs, UM BHICOKHE KOHI[eHTpa-
LM TsDKeJIBIX MeTaJlJIoB B BojoeMax r. [leTpo3aBojcka
(YeTnpipexBepcTHOE, Cynaxropckas Jamba)
(CoBpemenHoe..., 1998; CaykoBckuii u Measenes,
2015). flpko BBIpa)X€HHBIMM aKKyMyJIATOpaMU HaHO-
COB SIBJIIIOTCS BOJIOEMBI, PacloJIOKeHHble B IIpefesiax
cenuTeOHbIX TepPUTOPUI, JMOO BOJAOEMBI C BBICOKUM
k03 PunreHToOM BOAOOOMEHa, ABJIAIIINMUCA YaCThIO
03epHO-peyHbIX cucTteM (Hampumep, 03. Jlormoszepo).
Bosbias yacte Tepputopun Kapesnuu 3aHsATa jecamu,
MO3TOMY 3HAYMTEJIbHBIX aHTPOIOTeHHBIX aHOMAJIUI B
JOHHBIX OTJIOXKEHUSIX 03ep He BbIABJIEHO.

4. BoiBOADI

Knumartnueckre ycjoBUA M COCTaB TOPHBIX
nopoy @DeHHOCKAaHAMHABCKOTO  KPUCTAJIJINYeCKOIo
muTa ompedesiAlT oOliue [Jig BCeX O3ep peruoHa
XUMUYeCKHe XapaKTepUCTUKU MOHHBIX OTJIOXKEeHUM
(MakpococTaB): KpeMHU, rTyMyc (OpraHuiecKoe Bellle-
CTBO) U XXeJIe30 COCTaBJIAIT OCHOBHYIO MaccCy BelllecTBa
COBPeMEeHHBIX JJOHHBIX OTJIOXKEHH, a UX COOTHOIIeHNe
onpejesiseT TUI 03€PHOT0 HAKOILJIeHU .

B oszepax 1oro-socrouHoii yactu DeHHO-
CKaHAVHaBCKOI'O KPUCTAJUIMYECKOro IMUTa B HAcCTO-
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sAmee BpeMs GOPMUPYIOTCA JOHHBIE OTJIOXKEHUA
CMEIIEHHOTO  THUMA:  JKeJIe30-TYMYCO-KpeMHUEBBIE,
KeJie30-KpeMHe-TYMYCOBBIE HJIU TYMYCO-XKeJIe30-KpeM-
HeBBIe. BecTpeyaloTess Masible 03epa, Tie IOHHbBIE OTJIO-
XKEeHUsA MPEerMYIeCTBEHHO HAKAaIUIMBAKT JIMOO KpeM-
HUul (OuatoMuThl), Jub0 Xkeje30 (o3epHble PYIbL),
JINGO OpraHNuvYecKoe BEIIEeCTBO.

O6UIMMU 3aKOHOMEPHOCTSMHM OCAa[OYHOTO IpPO-
1ecca B pervoHe spisercs: (1) reosioro-reomopdoJio-
TUYECKUE YCJIOBUA U TJIOMAb BOAOCOOPHOI TEPPUTO-
pUM ONpeNeSIAIT MOCTYIJIEHUE B 03€P0 MUHEPAJIbHOM
COCTABJIAIOIIEN IOHHBIX OTJIOXKEHUI; (2) ceMMeHTanus
0CaIOYHOTO BEIEeCTBA MPOUCXOAUT MPEUMYIIECTBEHHO
B YCJOBUAX T'MApoKapOOHATHO-KaJbLKEeBbIX BoA; (3)
Mop@doreHeTHYECKHE XapAKTEPUCTHUKU O3EPHBIX KOTJIO-
BUH ONPEAEsAIT HAKOIJIEHUE B IOHHBIX OTJIOKEHUSX
OPraHUYeCcKOTo BelecTBa; (4) MOCTyIUIeHUE XeJie3a B
JIOHHBIE OTJIOXKEHUSA OIpeIeJisieT HalpaBJIeHHOCTH MPO-
I[ECCOB PaHHEro AuareHe3a B CaMOM OCA/IKe.
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