
 

 

Journal of Mining Institute. 2026. Vol. 280. P. 3-15 

© Georgii I. Malov, Vera D. Strakhovenko, Ekaterina A. Ovdina, Viktor I. Malov, 2026 

3 

This is an open access article under the CC BY 4.0 license 

 

 

 

 

 

 

Research article        Geotechnical Engineering and Engineering Geology 

 

Assessment of carbon deposition rates  

by bottom sediments of small lakes in the south of Western Siberia 

 
Georgii I. Malov, Vera D. Strakhovenko, Ekaterina A. Ovdina, Viktor I. Malov 

V.S.Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia 

 

 

How to cite this article: Malov G.I., Strakhovenko V.D., Ovdina E.A., Malov V.I. Assessment of carbon deposition rates 

by bottom sediments of small lakes in the south of Western Siberia. Journal of Mining Institute. 2026. Vol. 280, p. 3-15.  

 
Abstract 

The study is devoted to the quantitative assessment of organic carbon (Corg) deposition rates in the bottom sediments 

of small lakes located in the south of Western Siberia. The studied water bodies cover a wide range of landscape-

climatic conditions and types of sedimentation environments. Despite their local dimensions, the small lakes of the 

region demonstrate exceptionally high efficiency of long-term carbon burial. It is shown that their capacity to accumu-

late Corg is comparable to or even exceeds that of such recognized carbon depots as bogs and marine shelves. The work 

is based on a comprehensive analysis of bottom sediments, including radiometric dating (Pb-210, Cs-137) to determine 

sedimentation rates and layer ages, as well as morphological, elemental (CHNS analysis), and X-ray diffraction 

analyses. According to the obtained data, the average Corg deposition rate in the studied lakes reaches 462±29 g/m2 per 

year. It has been established that the majority of carbon (> 50 % in most cases) accumulates specifically in the form of 

organic matter, even in lakes with intensive intra-basin (authigenic) carbonate formation. The study revealed the main 

factors controlling carbon accumulation: productivity of aquatic communities (phytoplankton, zooplankton, macro-

phytes), total sedimentation rate, sediment ash content (mineral fraction proportion), and local morphometric features 

of the lakes (depth, basin shape). The absence of a clear dependence of carbon deposition rates on landscape zonality 

underscores the critical importance of considering local conditions when modeling the contribution of small lakes to 

the global carbon cycle. The obtained results substantially fill gaps in regional carbon assessment and prove the 

significance of small lakes in the south of Western Siberia as highly efficient and stable natural depots of organic 

carbon under conditions of continental sedimentation. 
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Introduction 

Changes in the global carbon cycle are a fundamental factor of contemporary climate shifts, 

which necessitates a reassessment of the contribution of various natural systems to carbon sequestra-

tion [1, 2]. 

Continental water bodies are characterized by intensive carbon exchange with the atmosphere 

and significant deposition of organic matter into bottom sediments (BS), which makes them important 

components of the terrestrial carbon reservoir. Continental water bodies, especially small lakes and 

ponds, demonstrate high efficiency of organic carbon accumulation per unit area compared to large 

lakes and marine areas [3, 4]. Small artificial and restored ponds have particularly high carbon accu-

mulation rates, reaching 152 g/m–2 per year–1 [5]. Larger water bodies are characterized by lower 

accumulation rates due to morphometric features [6]. Inland waters overall exceed oceans in terms of 

organic carbon burial efficiency per unit area [3]. Despite this, their contribution to global estimates 
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of carbon burial remains insufficiently studied and, consequently, is poorly represented in climate 

models and scenarios of future changes. 

In the global carbon balance, it is customary to speak of “land-absorbed carbon” (SLAND) – the 

volume of CO2 that terrestrial ecosystems retain in response to rising CO2 concentrations and climate 

change. Dynamic Global Vegetation Models (DGVM) are used to assess this absorption. Formally, 

the concept of SLAND includes not only forests and soils but also all continental water bodies – 

rivers, lakes, reservoirs, and estuaries [1]. In practice, however, models describe terrestrial processes 

in much greater detail than aquatic ones. Existing models hardly account for how much carbon is 

washed from land into rivers and lakes and how this flux has changed over time. As a result, the role 

of lakes and other inland waters in the global carbon cycle, although recognized as important, remains 

quantitatively underestimated. Models record terrestrial CO2 absorption without tracking the sub-

sequent pathway of carbon that is exported from terrestrial ecosystems to aquatic systems [1]. 

Existing studies confirm that continental water bodies can act as both sources and sinks of car-

bon, but estimates vary widely, especially for lakes of small dimensions. According to H.E.Chmiel [7], 

the increased sensitivity of small lakes to changes in temperature, hydrological regime, and input of 

terrigenous organic matter results in high variability of their carbon balance, which further compli-

cates assessment and yields a spectrum of uncertainty in global carbon balance calculations. 

The south of Western Siberia is a unique natural polygon that includes the boundary between 

forest and steppe zones, thereby providing a wide spectrum of hydrological and sedimentation con-

ditions. Within the region, humid, arid, and nival types of sedimentogenesis are combined, while the 

lakes themselves vary in morphometry, degree of anthropogenic load, and sources of organic matter. 

However, quantitative estimates of carbon deposition rates in the lake sediments of this territory are 

practically absent in the scientific literature. 

Despite the high forest cover, bog coverage, and lake density, Western Siberia remains a “blank 

spot” in global carbon assessments. Peatlands here occupy ≈ 22 % of the lowland area and accumulate 

~7 ·1013 kg of carbon [8]. In the work of E.A.Golovatskaya [9] an analysis of the carbon balance in 

the bogs of the region confirms the enormous stocks and potential role of these ecosystems as stable 

carbon depots. Landsat-8 satellite data reveal > 720,000 lakes with an area > 0.5 ha (about 6 % of the 

territory); however, for most small water bodies, direct measurements of gas exchange and carbon 

stocks are lacking [10]; the global BAWLD database notes a critical deficit of CH4 measurements for 

the Ob-Irtysh floodplain and lakes of the region [11]. 

The aim of the work is to assess the rates and spatial variability of organic carbon deposition in 

the bottom sediments of small lakes in the south of Western Siberia under different landscape zones.  

The results will allow refining the assessment of the role of inland water bodies in the regional 

and global carbon balance, and can also be used to improve the parameterization of lake systems in 

climate models [12] and in the development of strategies for adaptation to climate change in high-

latitude regions. Moreover, accounting for the specifics of carbon accumulation in Siberian lakes is 

critically important for improving the accuracy of carbon balance predictions in the Northern Hemi-

sphere. 

Objects and methods of research 

The objects of the study are the BS of small lakes in the south of Western Siberia, which in the 

studied water bodies are represented by sapropels – organomineral bottom sediments of water bodies 

that form as a result of biochemical, microbiological, and mechanical processes from the remains of 

dying plant and animal organisms, authigenic minerals, and organic and mineral particles introduced 

into the water bodies.  

The studied lakes are localized in the south of Western Siberia (Fig.1), mainly in the southeastern 

part of the West Siberian Platform bordering the Altai-Sayan fold region, within the Ob-Irtysh inter-

fluve and on the territory of Gorny Altai (Ukok Plateau, Ulagan Valley).  
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Fig.1. Location map of the studied lakes 
 

In the plain part of the studied territory, natural-climatic zonality is manifested. From north to 

south, the boreal Vasyugan taiga-bog flat plain is represented, followed by the subboreal Baraba low-

land forest-steppe, which transitions into the Kulunda steppe plain. In the extreme southwest of the 

Kulunda Steppe, the dry-steppe zone is distinguished [13]. To the southeast, with increasing eleva-

tion in the territory of Gorny Altai, latitudinal zonality is replaced by altitudinal zonality.  

In parallel with the change in landscape-climatic zones, a change in sedimentation types occurs 

in the studied lakes (according to N.M.Strakhov [14]): 

• Vasyugan Plain – humid type of sedimentogenesis; 

• Barabinsk Plain and Kulunda Steppe – gradual transition from humid to arid type; 

• Ulagan Valley and Ukok Plateau (Russian Altai) – nival type of sedimentogenesis in a moun-

tain landscape. 

Since the work aims at a regional assessment, the selection of study objects was carried out 

according to general morphometric, hydrological, hydrochemical, trophic, and other parameters cor-

responding to the average characteristics of the predominant lakes for the studied territories. In total, 

41 lakes were studied: 10 located under arid type of sedimentogenesis, 7 under nival type, and 24 

under humid type of sedimentogenesis. All studied lakes are small (0.1 < S < 10 km2) with a depth of 

up to 10 m (average depth 3 m), permanent, closed basins (in steppe regions with arid climate, some 

of the studied lakes lose a significant portion of water during the low-water period). According to the 

degree of eutrophication, the studied lakes range from mesotrophic to eutrophic under humid type of 

Omsk 

Pavlodar 

Rubtsovsk 

Semey 

Oskemen 

Biysk 

Barnaul 

Novosibirsk 
Kemerovo 

Berdsk 

Seversk 
 Tomsk 

Prokopyevsk 

Novokuznetsk 

O b  P l a t e a u  

K u l u n d a  P l a i n  

B a r a b a  L o w l a n d  

V a s y u g a n  P l a i n  

Studied lakes 
  
Arid type of sedimentogenesis 
  
Humid type of sedimentogenesis 
  
Nival type of sedimentogenesis 

60                                                   4500 m 

0                     200 km 



 

 

Journal of Mining Institute. 2026. Vol. 280. P. 3-15   

© Georgii I. Malov, Vera D. Strakhovenko, Ekaterina A. Ovdina, Viktor I. Malov, 2026 

6 

This is an open access article under the CC BY 4.0 license  

sedimentogenesis to oligotrophic under nival type. Among the studied lakes, suffosion-subsidence 

basins predominate in the plain parts of the study areas (steppe, forest-steppe, and taiga landscapes), 

which are often inheritors of the ridge-and-hollow relief in the Baraba Lowland and Kulunda Plain. 

In the mountain landscape, lake basins of thermokarst and moraine-dammed types with superimposed 

neotectonic processes predominate. 

The collected factual material is the result of comprehensive long-term studies [15-17]. Field-

work was conducted during the summer period, after snowmelt, during the low-water stage. At the 

study sites, an integrated approach was used: each lake was considered as a separate lake system, 

with sampling of bottom sediments, water, soil, bedrock (where present), dominant vegetation, and 

sands from the wave-break zone of the lake. The bottom topography of the lake basin and the structure 

of the lake bottom sediments were surveyed using an ECHOMAP Plus 62cv echo sounder, followed 

by sampling at the most representative locations (maximum bottom sediment section, distance from 

anthropogenic objects). Bottom sediment sampling was performed using a cylindrical corer with a 

vacuum seal designed by Taifun Research and Production Association (diameter d = 82 mm, length 

L = 120 cm). Core sampling was conducted on site at 3-5 cm intervals. 

Analytical studies were conducted at the Analytical Center for multi-elemental and isotope re-

search SB RAS, Novosibirsk. The main characteristics of bottom sediments (moisture content, ash 

content, and pH) were determined according to State standards: GOST 26713, GOST 27980, and 

GOST 27979. The major- and trace element composition of the samples was determined by atomic 

absorption spectrometry using a Solaar M6 spectrometer (Thermo Electron, USA) and by inductively 

coupled plasma mass spectrometry using an ELEMENT high-resolution mass spectrometer (Finnigan 

MAT). The study of the morphology, mineral, phase, and chemical compositions of bottom sedi-

ments was carried out using a MIRA 3 Tescan scanning electron microscope (SEM) and by X-ray 

diffractometry using an ARL X’TRA diffractometer. Sedimentation rates were estimated by radio-

metric dating using excess atmospheric Pb-210 according to the Constant Rate of Supply (CRS) 

model, under the assumptions that the atmospheric input of Pb-210 into bottom sediments is con-

stant; the sedimentation rate within the considered time interval (of a single sample) does not 

change, and that there is no post-depositional migration of radioactive elements [17, 18]. Verifica-

tion of the dating estimates was performed using Cs-137 activities based on marker horizons. The use 

of the CRS model is due to the fact that small lakes are almost completely free from mixing of the 

upper layers of bottom sediments and, consequently, from redistribution of material, which provided 

the necessary assumptions and the required accuracy for the CRS model. Measurements were carried 

out using a well-type gamma spectrometer on a coaxial high-purity germanium (HPG) detector with 

a preamplifier and a low-background cryostat EGPC 192-P21/SHF 00-30A-CLF-FA (Eurisys 

Mesures, France). The elemental composition of the organic fraction of bottom sediments was studied  

by Pregl – Dumas organic elemental analysis [19, 20] using a CHNS/O PE 2400 Series II analyzer 

(Perkin Elmer) at the Analytical Center of the Institute of Soil Science and Agrochemistry SB RAS 

(Novosibirsk). 

Since direct measurements of carbon deposition over large territories and within complex bio-

cenoses are impossible in most cases (the difference between the net primary productivity of aquatic 

organisms and heterotrophic respiration – CO2 emission into the atmosphere resulting from organic 

matter mineralization), the authors applied a method for calculating the carbon deposition rate 

through sediment accumulation rates. For this purpose, a stratigraphically undisturbed stratified 

section of bottom sediments was used: it was dated using a set of geochronological methods; the 

sedimentation rate was determined and multiplied by the carbon content in the sediment sample 

accumulated over the dated period. For deposition calculations, the average sedimentation rate over 

the entire interval of possible measurements (100-120 years) was taken. For 16 lakes, carbon deter-

mination was performed on stratified horizons at 3-5 cm intervals using the Pregl – Dumas CHNS 

analysis method. The analysis showed that the amount of organic carbon in the bottom sediments 
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exhibits low variability and has a significant positive correlation with the amount of organic matter 

relative to the total sediment mass. For the remaining lakes, carbon determination was carried out on 

an average sample using the Pregl – Dumas CHNS analysis method and verified by the loss-on-

ignition (LOI) method on stratified horizons at 3-5 cm intervals. Data on carbon content in the article 

are presented as mean values for the entire core. Data on deposition rates are presented for the upper 

parts of the core down to the dating depth (on average, up to 60 cm). Total carbon stocks were deter-

mined taking into account sediment moisture content and density using geological exploration methods, 

as the mean carbon content multiplied by sapropel reserves per area of 1 ha. 

Sapropel reserves were determined as the product of volume and sapropel yield at 60 % moisture, 

followed by recalculation to dry weight. Sapropel yield was determined according to the formula: 

Р60 % = V (100 – Wnat)/(100 – Wcond),  

where V is the volume of sapropel, thousand m3; Wnat, Wcond are natural and conditional humidity of 

sapropel, equal to 60 %. 

The calculation of buried organic carbon was performed under the assumption that the species 

composition of biota and/or the C/H/N ratio of the organic fraction does not change or changes only 

insignificantly over time, and was carried out according to the formula: 

Сorg = РdryN/100 · L/100, 

where Рdry is dry sapropel reserves; N is the percentage of organic matter; L is the percentage of 

carbon in the organic fraction. 

The calculation of carbon buried in carbonates was performed for calcite and for dolomite ac-

cording to the formulas: 

Сmin = РdryZ/100 · 0.3KСа/100; 

Сmin = РdryZ/100 · 0.375KСа,Mg/100,  

where Рdry is dry sapropel reserves; Z is ash content; KСа is the content of Ca in the dry sample in 

carbonates; KСа,Mg is the content of Ca and Mg in the dry sample in carbonates. 

Carbon deposition rates into bottom sediments were calculated as the mass of carbon buried  

in bottom sediments per year. The mass of sapropel accumulating per year was calculated per area  

of 1 ha according to the formula: 

V = vS,  

where v is the sedimentation rate; S = 1 ha (10,000 m2). 

Materials and discussion of results 

Currently, there is no unified classification of bottom sediments in Russia or worldwide. The 

diversity of classifications and typological characteristics of BS is due to different goals and objec-

tives in the research of specialists from various scientific fields: geology, geography, chemistry,  

biology, ecology, etc. For the classification of BS in our studies, the classification of N.V.Korde [21] 

with modifications by V.D.Strakhovenko [15] was used. In this classification, sapropel types are dis-

tinguished by ash content (ratio of organic and mineral parts): “Organic sapropel with ash content up 

to 30 %; organic-mineral sapropel with ash content 30-50 %; mineral-organic sapropel with ash con-

tent 50-70 %; mineralized sapropel with ash content 70-85 %; mineral silts with ash content above 

85 %” [15]. The division of sapropel classes within each type is based on chemical composition ac-

cording to the ratio of main major elements (Si, Ca, mixed), and the division into species is based on 

the species composition of the predominant organic part in each individual sapropel class. The BS of 

the studied lakes are in the predominant cases represented by sapropels of different types and classes 

(Fig.2). The mean ash content is 65.3 %, standard deviation 19.2 %, minimum value 15.5 %, median 

66.6 %, maximum value 95 %. Figure 2 presents a diagram showing the distribution of BS of the 

studied lakes by classes and types. 
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Fig.2. Diagrams of the prevalence of sapropel types and classes in lakes located under arid, nival,  

and humid types of sedimentogenesis 
 

As shown by previous studies [15-17], the mineral composition of the studied lakes is repre-

sented by terrigenous, biogenic, chemogenic, and biochemogenic components. In the terrigenous 

fraction, quartz and feldspars predominate – albite, oligoclase, potassium feldspar, micas (muscovite), 

chlorites (Fe~Mg), illites (Fe~Mg). Hornblende, actinolite, epidote, and accessory minerals may be 

present as admixtures.  The grains are well sorted, unrounded or poorly rounded, of pelitic, aleuro-

pelitic, and more rarely psammitic (for mountainous regions) size. The biogenic fraction is repre-

sented by diatom frustules – SiO2 (amorphous) (Fig.3), fragments of calcite and aragonite shells, and 

mineralized remains of macrophytes of both siliceous and carbonate compositions. Pyrite is unevenly 

distributed throughout the core, occasionally forming thin laminae, nest-like segregations, and in 

places produces an uneven dissemination among other minerals of the clastic fraction of the bottom 

sediment (Fig.3). Pyrite framboids are spherical aggregates of densely packed, rounded microcrystals. 

Carbonate formations (calcite-dolomite series, aragonite, rarely siderite, rhodochrosite, and magne-

site) are also widespread, ranging from micron-sized “curdy” segregations (Fig.3) to large stromato-

litic formations tens of centimeters in size (Fig.4). The genesis of carbonates is polygenetic (authi-

genic) – biogenic, biochemogenic, chemogenic. Determining the genesis of carbonates in each spe-

cific case is a complex, multifaceted task. 

According to data obtained from hydrobiologists (IWEP SB RAS) working in the joint expedi-

tion for sample collection, the main sources of organic matter in bottom sediments are bacteria, phy-

toplankton, zooplankton, as well as higher plants, both aquatic and coastal [22, 23]. Biological diver-

sity and the structure of aquatic communities vary significantly from one lake to another, which leads 

to considerable differences in the contribution of various organism groups to the accumulation of 

organic matter and, accordingly, affects the chemical composition of the bottom sediments. The highest 

production of organic matter is observed in lakes located under humid type of sedimentogenesis. 

Nevertheless, in all studied water bodies, including high-mountain oligotrophic lakes, the processes 

of productive accumulation of organic matter exceed the processes of its destruction [22, 23].  

To assess the ratio of autochthonous to allochthonous organic matter input, the C/N ratio is used. 

For higher terrestrial vegetation (allochthonous organic matter), C/N > 30; for aquatic flowering 

plants and benthic algae, C/N ≈ 20; for plankton, zoobenthos, and fish, С/N < 10. Thus, the C/N ratio 

in bottom sediments allows qualitative determination of the source of organic matter input. For the 

studied lakes, the average C/N ratio is 13±3, which indicates a mixed autochthonous component. 

For 16 lakes, not only the elemental composition but also the group composition of organic matter  

in the bottom sediments was investigated by sequential extraction [15]. Colleagues from the Institute 
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of Water and Environmental Problems SB RAS determined the 

biological composition of the sapropel [21, 23] using experiments 

with sediment traps to determine the qualitative composition of 

settling lake suspended matter and quantitative parameters (fluxes 

of material per unit area of the bottom). All studies showed that 

the allochthonous component makes a small contribution to the 

carbon budget, and the main source of organic carbon is autoch-

thonous material. 

Table 1 presents the initial data necessary for calculating car-

bon deposition rates in the studied lakes. In the sample of studied 

lakes, the ash content of bottom sediments ranges from 15.5 to 

92 %, with a mean value of 61.5±18.3 %, a median of 64.9 %. The 

organic carbon content varies from 1.1 to 45.4 %, with a mean of 

21.0±11.3 %, a median of 20.0 %. The moisture content of bottom 

sediments ranges from 20 to 89 % with a mean of 71.2±11.6 % and 

a median of 71 %. 
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Fig.3. Mineral composition of bottom sediments: a – BS of Bazovoe Shchuchye Lake  

(humid type of sedimentogenesis); b – BS of Podkova Lake (nival type); c – pyrite framboid at the initial stage  

of formation in the BS of Teply Klyuch Lake under nival sedimentogenesis; d – pyrite framboid in Maloe Tarkhatinskoe Lake  

under nival sedimentogenesis; e – pyrite framboids in the BS of Bazovoe Shchuchye Lake under humid sedimentogenesis; 

f – pyrite framboid in the BS of Tanatar-6 Lake under arid sedimentogenesis; g – “curdy” aggregates of low-Mg calcite  

(Biryuzovoe Lake); h – prismatic aggregates of low-Mg calcite (Tanatar-4 Lake). Photo taken via a MIRA 3 Tescan SEM, BSE 

Fig.4. Stromatolitic formations  

(calcite), Petukhovo Lake  
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Table 1 

Initial data for calculating carbon deposition rates 

Lake Ash content, % C, % 
Sedimentation rate,  

cm/year W, % 

Bazovoe Shchuchye  15.50 27.00 0.21 83 

Layskoe-1 40.00 30.00 0.64 83 

Yakovo 50.60 45.00 0.42 79 

Kachkulnya 17.00 43.30 0.31 71 

Nizhnee 39.53 33.40 0.30 70 

Bilgen 71.70 33.98 0.30 69 

Sarbalyk 47.61 30.60 0.30 76 

Podkova 41.57 27.50 0.30 81 

Bugristoe 49.00 26.53 0.30 76 

Kukley 64.00 28.10 0.30 71 

Suetok 59.55 18.89 0.40 73 

Krugloe 59.50 20.25 0.41 70 

Argamdzhi 53.50 24.61 0.40 70 

Yargol 35.25 35.00 0.35 71 

Maloe Tarkhatinskoe 57.00 21.50 0.27 74 

Bolshoy Kurgan 44.09 15.97 0.30 80 

Kambala 58.00 26.70 0.16 74 

Kazatovo 70.00 26.64 0.30 62 

Zerlyukol-Nur 72.56 9.20 0.30 81 

Bolshie Kayly 67.40 20.00 0.30 63 

Krasnoe 83.25 6.10 0.30 67 

Maloe Minzelinskoe 44.85 45.44 0.30 89 

Kayly 55.00 32.65 0.30 79 

Peschanoe 50.37 19.00 0.18 79 

Igistu-Kol 87.00 6.50 0.22 71 

Bergul 65.00 18.00 0.23 71 

Barchin 51.71 22.80 0.30 71 

Kusgan 91.00 4.70 0.30 71 

Petukhovo (near the vil. Severka) 79.44 15.31 0.30 59 

Tanatar-6 80.30 9.85 0.34 43 

Krotova Lyaga 92.00 2.30 0.30 71 

Biryuzovoe 81.18 15.90 0.26 77 

Tanatar-4 65.26 12.10 0.21 55 

Zolotoe 69.00 15.50 0.28 73 

Demkino 64.86 15.30 0.20 73 

Rublevo 68.38 15.31 0.16 69 

Shchuchye-L 66.63 22.50 0.30 84 

Kankul 85.00 7.30 0.30 71 

Itkul 83.00 7.30 0.30 71 

 
Sedimentation rates in the lakes range from 2.1 to 4 mm/year for lakes under nival type of 

sedimentogenesis; from 1 to 6.4 mm/year for lakes under humid type; from 1.7 to 3.4 mm/year for 

lakes under arid type (Fig.5). Since the study territory was subjected to radioactive fallout from 

nuclear weapons tests at the Semipalatinsk test site, additional assessment of sedimentation rates 

was performed using Cs-137 marker horizons (Fig.6). 

The study of the material composition of bottom sediments made it possible to establish that 

the input and burial of carbon in lakes is mainly determined by two processes – the deposition of 

autochthonous and allochthonous organic matter (Corg) and the formation of authigenic carbonates 

(Ccarb) [15, 17, 21, 22]. 
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Fig.5. Diagram of sedimentation rates for the studied lakes located under nival, humid, and arid sedimentogenesis 

Fig.6. Graphs of Pb-210 and Cs-137 distribution for the studied lakes in different landscapes under different types  

of sedimentogenesis: a – Layskoe Lake – 5.4 mm/year, humid type, taiga; b – Danilovo Lake – 1.9 mm/year, humid type, taiga; 

c – Barchin Lake – 3.2 mm/year, humid type, forest-steppe; d – Kambala Lake – 1.6 mm/year, humid type, forest-steppe;  

e – Tanatar Lake – 1.7 mm/year, arid type, steppe; f – Zolotoe Lake – 2.9 mm/year, arid type, ribbon forest;  

g – Biryuzovoe Lake – 2.6 mm/year, nival type, mid-mountain area;  

h – Argamdzhi Lake – 4 mm/year, nival type, high-mountain area 
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In all landscape zones, among the bottom sediments of small lakes, sapropels have been identi-

fied in which carbonates constitute a significant part of the bottom sediment and are capable of effi-

ciently burying carbon. For a comparative analysis of the ratios of organic and mineral (carbonate) 

carbon, an assessment was carried out on 15 lakes (Table 2). As can be seen from Table 2, even for 

high-ash sapropels, the carbonate carbon content does not exceed 22 % of the total carbon pool in the 

bottom sediments. The highest values are characteristic of lakes with mineralized calcium and mixed 

sapropels (Rublevo, Demkino, Shchuchye-L, Kankul). No spatial landscape patterns were found; in 

each landscape zone under different types of sedimentogenesis, high-ash carbonate sapropels are 

formed, but the largest carbon pool resides in the organic fraction of the BS. 

 
Table 2 

Organic and carbonate carbon content in the BS of small lakes 

Lake Ash content, % Corg, % Сcarb, % 

Humid type of sedimentogenesis 

Kachkulnya 17 99.8 0.2 

Yargol 35 99.1 0.9 

Maloe Minzelinskoe 45 97.6 2.4 

Peschanoe 50 92.3 7.7 

Barchin 52 92.3 7.7 

Kayly 55 97.4 2.6 

Bergul 65 92.7 7.3 

Shchuchye-L 67 82.6 17.4 

Kankul 85 77.6 22.4 

Arid type of sedimentogenesis 

Demkino 65 83.8 16.2 

Tanatar-4 65 84.8 15.2 

Rublevo 68 82.9 17.1 

Zolotoe 69 84.4 15.6 

Petukhovo (near the vil. Severka) 79 91.2 8.8 

Nival type of sedimentogenesis 

Biryuzovoe 81 85.2 14.8 

Podkova 41 99.29 0.71 

 
The data on carbon deposition rates correlate well with the data of N.I.Yermolaeva, E.Yu.Za-

rubina, and G.V.Fetter on the productivity of aquatic organisms in the studied lakes [22, 23]. In terms 

of primary production, the highest values are characteristic of lakes located in territories with the 

humid type of sedimentogenesis (taiga zone, forest-steppe), while the lowest values are typical of 

low-productivity steppe and mid- to high-mountain lakes of the nival type of sedimentogenesis. The 

average carbon deposition rates for bottom sediments are 560 g/m2 per year for lakes localized under 

the humid type, and 300 and 340 g/m2 per year for lakes localized under the arid and nival types of 

sedimentogenesis, respectively. The average carbon deposition rates in small lakes of the south of 

Western Siberia are 462±29 g/m2 per year; the minimum values refer to Krotova Lyaga Lake (steppe, 

arid type of sedimentogenesis) – 50 g/m2 per year, and the maximum values correspond to Yakovo 

Lake (taiga zone, humid type of sedimentogenesis) – 1110 g/m2 per year. 

At the same time, in each landscape zone, lakes located under a specific type of sedimentogenesis 

include both lakes with quite high and quite low carbon deposition rates. Based on this, it can be 

stated that, in addition to regional factors, local conditions are limiting factors affecting carbon deposi-

tion rates. Examples include lakes localized in territories with the humid type of sedimentogenesis 

(Peschanoe, Kankul, Shchuchye-L), where either active authigenic mineral formation leads to the 

formation of high-ash sapropels with low organic carbon content, or low carbon deposition rates result 
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in the accumulation of small amounts of organic carbon. In the sapropel deposit of Itkul Lake, despite 

the high biological productivity of the lake (1.1 g/m2 per day), diatoms make a significant contribu-

tion, whose frustules consist of amorphous silica (SiO2bio), resulting in the formation of high-ash 

sapropels (85 %), which dilutes the amount of organic matter in a given volume and, consequently, 

negatively affects carbon deposition rates. Under the nival and arid types of sedimentogenesis, there 

are lakes with quite high organic matter contents in the BS (Argamdzhi Lake – 47 % and Kukley 

Lake – 36 %). This is due to the exceptionally high productivity of the lakes [24], which also deter-

mines high carbon deposition rates. 

A graph comparing the organic carbon burial rate in the sediments of the studied lakes with data 

from other researchers and with average carbon uptake levels in various ecosystem types is presented 

in Fig.7. 

The obtained estimates for lakes in the south of Western Siberia correspond to data from other 

inland water bodies worldwide [27-31] and exceed the average carbon deposition rates on shelves 

and in bogs. The observed decrease in deposition rate with increasing water body area is consistent 

with known morphometric dependencies, but local conditions (bioproductivity, ash content, intensity 

of carbonate formation) play a decisive role. No effect of lake depth on carbon deposition was iden-

tified, because at the shallow depths of the studied lakes, nearly the entire flux of material formed 

during the day in the upper layers of the lake manages to reach the bottom, undergoing almost no 

mineralization in the water column. Further transformation of biological material occurs at the bottom 

as a result of the activity of bacteria and benthic organisms [32]. 

Since there are no data on carbon deposition rates in lakes for the territory of Western Siberia, it 

was decided to additionally compare the obtained values with carbon deposition rates in peats. In 

scientific articles by E.A.Golovatskaya and co-authors, estimates of carbon burial in bogs of the 

southern taiga subzone of Western Siberia are provided – the carbon deposition rate averages 

0.19 t/ha per year and ranges from 0.11 to 0.26 t/ha per year [9]. According to other researchers, 

carbon burial rates for peats are 0.24-0.56 t/ha per year [33], and for bogs in the territory of the former 

USSR – 0.12-0.8 t/ha per year [34]. All these estimates are significantly lower (by a factor of 10-20) 

than the obtained data on carbon burial in lake bottom sediments, but are fully consistent with data 

from researchers in other regions of the world (Fig.7) [3, 25, 26].  
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Fig.7. Graph comparing the organic carbon burial rate in sediments of lakes located under different types of sedimentogenesis  

(authors’ data are shown as colored shapes on the graph [24]).  

Arrows on the right indicate average carbon uptake levels in different ecosystem types [3, 25, 26] 
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This can be explained by the similar amount of carbon in the organic fraction of peat and sapropel 

deposits – peat formation occurs at significantly lower rates. Among oligotrophic phytocenoses, the 

ridge-hollow complex (0.77 mm/year) and low ryam (0.63 mm/year) are characterized by the highest 

peat accumulation rates, while the lowest rate is found in high ryam (0.25 mm/year) [32], which is 

significantly lower than the sedimentation rates in lakes calculated in this study. 

Conclusion 

The study has shown that small lakes in the south of Western Siberia are efficient carbon accu-

mulators, with average deposition rates of 462±29 g/m2 per year, which is comparable to global values 

in other regions of the world and exceeds the analogous indicators of peatlands in the territory of 

Western Siberia. The total volume of carbon sequestration in the bottom sediments of small lakes in 

the south of Western Siberia varies both at regional and local spatial scales, does not depend on the 

type of sedimentogenesis, and ranges from 0.6 to 11.2 t/ha per year. 

The majority of carbon is fixed in the form of organic matter, despite the widespread occurrence 

of carbonate minerals. No spatial landscape patterns of carbonate carbon burial were found; in each 

landscape zone under different types of sedimentogenesis, high-ash carbonate sapropels are formed, 

but the largest carbon pool resides in the organic fraction of the bottom sediments.  

The main factors determining the volume of carbon sequestration are the sedimentation rate, the 

balance between production and destruction of organic matter, and authigenic mineral formation pro-

cesses.  

The obtained data highlight the necessity of including small lakes in global carbon cycle models. 
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