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ABSTRACT. The assessment of the content and distribution of natural radionuclides (**Th, 238U, 4°K) in
stratified bottom sediments cores of the similar composition (silicon class) in model small lakes, taking
into account the type of sedimentogenesis (humid, arid, and nival), in consistently changing landscape
conditions of the south of Western Siberia, was carried out. In the bottom sediments of the model small
lakes (silicon class) of the humid and arid sedimentogenesis type, the average content and distribution
of Th, U and K are similar throughout the studied time interval (about 200 years). For bottom sediments
in model lakes of the nival sedimentogenesis type, fluctuations in the average composition along the
core, as well as generally higher Th and U contents, are observed.
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1. Introduction

The bottom sediments of the studied small lakes
are sapropel and mineral silt. According to (Strakhov,
1960), there are four main types of sedimentogenesis
— humid, arid, nival and volcanogenic-sedimentary
(azonal). According to (Shtin, 2005), the intensity of
sapropel formation correlates with the sedimentogen-
esis type. The humid type correlates with the zone of
intensive sapropel accumulation in subtaiga and for-
est-steppe landscapes. In the zones of arid sedimen-
tation, the most common type of bottom sediments is
brackish sapropel and mineral silt. The nival type of
sedimentogenesis correlates with the azonal territories
of weak sapropel accumulation in the mid-mountain
and high-mountain territories.

The study of the natural radionuclides distribu-
tion in the lacustrine bottom sediments makes it possi-
ble to assess the sources of the material and the degree
of its differentiation. The radionuclides concentration
in the lakes sediments and the soils of their catch-
ment depends on their content in the underlying rocks.
Consideration of the accumulation features of U and Th
in lake ecosystems, taking into account the types of sed-
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imentogenesis and landscape conditions, will allow us
to give background estimates for different catchments,
which is necessary to identify natural and man-made
anomalies.

The aim of the work is to assess the content and
distribution of natural (?*?Th, 238U, 4°K) radionuclides in
stratified bottom sediments cores of the similar com-
position in model small lakes of the humid, arid and
nival type of sedimentogenesis in the south of Western
Siberia along the meridional and high-altitude tran-
sects (= meridional transect 78° + 3° E and from 51°
to 57°N and from 125 to 3000 m a.s.l.).

2. Materials and Methods

To select model objects, data on 81 lakes in the
south of Western Siberia of three sedimentogenesis
types were used — humid (subtaiga of the Vasyugan
plain and forest-steppe of the Baraba lowland), arid
(ribbon forest and steppe of the Kulunda plain) and
nival (middle mountains and highlands of the Altai
Mountains, Ukok plateau). The choice was based on
the classification of sediments by class (Strakhovenko
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et al., 2022). Small lakes with silicon sapropel class are
identified as model lakes, because for the studied lakes
it is the most widespread and informative, developing
in each type of sedimentogenesis and landscape. There
are 21 lakes in the humid type of sedimentogenesis, 9
in the arid type and 10 small lakes in the nival type.

Bottom sediment sampling was carried out in
the center of the lake from the PVC boat “Stormline
Adventure” (South Korea) using a cylindrical sampler
(@=82 mm, L=120 c¢cm) with a vacuum seal (Taifun
RPA, Russia). The bottom sediment cores were tested
in 5 cm thick layers. Analytical studies of the lake
components were conducted in the Analytical Center
for multi-elemental and isotope research SB RAS,
Novosibirsk, Russia.

Determination of the natural (?*2Th, 238U, “°K)
radionuclides was carried out by gamma-spectrometric
method on a well coaxial detector made of ultrapure
germanium (HPGe) with a preamplifier and a low-back-
ground cryostat EGPC 192-P21/SHF 00-30A-CLF-FA
(Eurysis Mesures, France). The major element compo-
sition was determined by X-ray fluorescence analysis
(ARL-9900-XP, Applied Research Laboratories, USA).

3. Results and Discussion

The distribution of natural radionuclides in bot-
tom sediments of the studied area (silicon class, humid
and arid types of sedimentogenesis) is quite homoge-
neous and consistent throughout the entire time inter-
val studied (approximately 200 years) (Fig.1, Table 1).
This can be explained by the high homogeneity of the
substrate in the catchment areas of the Baraba lowland
and Kulunda plain, which is determined by the com-

position of the bedrock in the Altai-Sayan Mountain
System (Strakhovenko et al., 2022). For lakes with
nival sedimentogenesis, higher Th and U concentra-
tions are generally observed, as well as co-directional
distribution patterns, which may indicate a common
source of supply.

Such a source is likely the terrigenous material
from the catchment areas. The movement of sedimen-
tary material in the nival type of sedimentation, the
accumulation of coarse and unsorted clastic deposits,
and the fragmentation of rocks into aleuropelitic and
pelitic sizes occur mainly due to physical and cryogenic
weathering processes. These processes ultimately lead
to the formation of rocks and sediments that consist
of more than 95% detrital material, with the influ-
ence of biogenic and chemical processes significantly
reduced (Geological Dictionary, 2010). The higher
concentrations of Th and U in bottom sediments from
nival sedimentation (Tab. 1) compared to humid and
arid areas are likely associated with a higher propor-
tion of terrigenous pelitic material formed under cryo-
lithogenic conditions. The dependence of the Th and
U content on the granulometric composition of rocks
can be observed in terrigenous sediments — the smaller
the particle size, the higher the concentration of radio-
active elements (Smyslov, 1974). However, in areas of
humid and dry sedimentation, the concentrations of Th
and U are influenced by both the terrigenous and bio-
genic components, with the latter playing a minimal
role in glacial sedimentogenesis. Fluctuations in the
concentrations of natural radionuclides in bottom sed-
iments during glacial sedimentation may be linked to
uneven input of terrigenous material to the lake.
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Fig.1. Distribution of Th (g/t), U (g/t) and K (%) in averaged vertical sediment cores in model small lakes (silicon class) in
the south of Western Siberia. There are three types of sedimentogenesis: H — humid, A — arid, and N - nival.
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Table 1. Th (g/t), U (g/t) and K (%) contents in averaged vertical sediments sections of model small lakes (silicon class) in
the south of Western Siberia of the three sedimentogenesis types

Sedimentogenesis type Th, (g/t) U, (g/t) K, (%)
Humid 5.0+£07 24+04 1.0-0.1
43-6.8 1.9-3.2 0.8—-1.3
Arid 5.0£0.3 2.44+0.2 1.5£0.2
43-5.5 2.0-2.6 1.2-1.8
Nival 9.7£1.8 6.2+1.5 1.4£0.2
7.4-12.6 3.7-8.9 1.1-1.7
Note: the numerator is the average +s.d., denominator — minimum — maximum

4. Conclusion

The average content and distribution pattern of
natural (Th, U, K) radionuclides in the bottom sediments
of model small lakes of the silicon class of the humid
and arid type of sedimentation in the south of Western
Siberia are similar throughout the entire studied time
interval (about 200 years). For bottom sediments of the
silicon class of model lakes of the nival type of sedi-
mentogenesis, fluctuations in the average composition
along the section are traced, which is associated with
uneven time flow of terrigenous material into the lake.
Higher Th and U contents are associated with a higher
content of the terrigenous fraction of the pelite dimen-
sion formed under cryolithogenesis conditions.
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ecTecTBeHHbIX (232Th, 238U, 1°K)
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AHHOTAIIHAA. IIpoBefeHa OLiEHKA COAepXaHUA M XapakKTepa paclpefesieHus eCTeCTBEHHEBIX paju-
oHyKIUOoB (#2Th, 28U, “°K) B cTpaTu®UIIMPOBAaHHBIX pa3pe3ax OMHOTHUIHBIX JOHHBIX OTJIOXEHUN
MOJeJIbHBIX MaJIbiX 03ep (KpeMHUEBBIH KJIacc) C yYeTOM THIIa ceAUMeHTOoreHe3a (TyMUIHbIN, apUAHBIH,
HUBAJIbHBIN), B TOCJIENOBATEJIbHO CMEHAIMIMXCA JaHAMADTHEIX yCJIOBUAX Iora 3amagHoil Cubupu.
B [NOHHBIX OTJIOXKEHHAX MOAEJBHBIX MAJIBIX O03€p KPEMHHEBOro KJjlacca F'yMHIHOTO W apyUJHOTO THUIA
ceJUMEHTOTEeHe3a CpefHee CoAepKaHue U XapakTep pacnpeneyierus Th, U u K cxoxu Ha NpOTAKeHUU
BCEro MCCJIENYEMOro BpeMeHHOro nHreppasa (okoso 200 JjieT). {1 JOHHBIX OTJIOKEHUN KPEMHUEBOTO
KJIacca MOJIeJIbHBIX 03ep HUBAJIBHOTO THNA CEUMEHTOTEHE3A MPOCIEXUBAITCA (PIIYKTyal[uu CpeHErO
coCTaBa Mo pa3pesy, a TakXkKe B 1[eJIoM 6oJiee BhicOKHe coaepxkanus Th u U.

Kitiouegsie cjto8a: JOHHbBIE OTJIOXKEHUSI, MaJible 03epa, €CTECTBEHHbIE PAIMOHYKJIMIbI, HUBAJIbHBINA THUII

ceArMMEHTOreHe3a

Jia nutupoBanua: OpauHa E.A., CtpaxoBenko B.[l., Masos I'.H., Manos B.1. ComepxaHue 1 XapakTep pacnpeaeseHns ecTe-
cTBeHHBIX (**2Th, 2°8U, “°K) paquOHYKJIIOB B JJOHHBIX OTJIOXKEHUSIX MO/IeJIbHBIX MaJIbIX 03ep Pa3HOI'o THUIA ceJuMeHTOoreHes3a (for
3amagHoi Cubupm) // Limnology and Freshwater Biology. 2024. - No 4. - C. 499-504. DOI: 10.31951/2658-3518-2024-A-4-499

1. BBeaenue

JIOHHBIE  OTJIOXEHUS UCCJIeIyeMBIX  MaJIbIX
03ep SABJIAIOTCA camporejeM U MUHEPAJbHBIM WJIOM.
CornacHo (CtpaxoB, 1960), cymecTByeT 4YeThpe
OCHOBHBIX THIIA CeJUMEHTOreHe3a TYMUIHBIN,
apuUIHbIM, HUBAJIBHBIA M BYJIKAHOT€HHO-OCAJOYHBIN
(asonasmpubiil). ITo (I0tuH, 2005) HWHTEHCHBHOCTH
camporiesieo6pa3oBaHUsA KOPpPeJIUpPYeT C TUIIAMU CelIU-
MeHToreHe3a. ['VMUIHBIN TUI KOPpPeJIupyeT C 30HOU
VHTEHCUBHOTO HAKOIUJIEHUs CAllPONeSis B IMOITaeXHBIX
U JlecOCTenHbIX JaHAmadTax. B 3oHax apugHoro ceau-
MeHToreHe3a HauboJiee pacIpPOCTPaHEHHBIM THUIIOM
JOHHBIX OTJIOXKEHUI SBJIIETCSI COJIOHOBATHIA Campo-
rejb U MUHepPaJIbHBIN Wjl. HUBambHBIN TUN ceqUMeEH-
TOreHe3a KOppeJIUpyeT C a30HAJIbHBIMU TEPPUTOPUAMU
cy1aboro HaKOIJIEHUs Carpollesisi Ha CpeIHETOPHBIX U
BBICOKOTOPHBIX TEPPUTOPUSIX.

H3yveHue pacnpefiesieHUs] eCTECTBEHHBIX PaJiui-
OHYKJIMJIOB B JIOHHBIX OTJIOKEHMAX O3ep JlaeT BO3-
MOXHOCTh OLIEHHUTh MCTOYHUKU MPUBHOCA BelecTBa U
creneHb ero auddepenunanuu. KoHneHTpauusa pagu-
OHYKJIMJIOB B JIOHHBIX OTJIOXEHHUSX O3ep U MOoYBaX UX
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BOJIOCOOPHBIX IJIOW[AJel 3aBUCUT OT UX COJepXaHUsA
B MOJICTHJIAIONIUX TOpoAax. PaccMoTpeHHe 0cOOeHHO-
creii akkymyysanuu U u Th B 03epHBIX 3KOCHCTEMAaX
C YYETOM THUIIOB CEOUMEHTOTeHe3a W JIaHAmadTHBIX
YCJIOBUU MO3BOJIUT JAaTh GOHOBBIE OI[EHKU JIJI Pa3HBIX
BOJ10COOPOB, YTO HEOOXOAUMO AJIs BBIABJIEHUA IPUPOL-
HBIX Y TEXHOTE€HHbBIX aHOMAJIUI.

Llespio paboTHI ABJIAETCSA OLEHKA COJIepXaHUA U
xXapakTepa pacrpejesieHusa ecTecTBeHHbIX (2Th, 238U,
“K) paAuiOHYKJIWIOB B CTpaTUGULUUPOBAHHBIX pas-
pe3ax OJHOTHUIHBIX IJOHHBIX OTJIOXKEHUN MOJeJIbHBIX
MaJIBIX 03ep TYMUAHOTO, apUAHOTO ¥ HUBAJIBHOTO THIA
celuMeHTOreHe3a ora 3anajgHoi Cubupu BOOJIb Mepu-
JVIOHAJIBHOTO U BBICOTHOT'O TPAHCEKTOB (= MepHUIUO-
HaJIbHOTrO TpaHcekTa 78° + 3° B.A. u oT 51° go 57° c.m.
U BBICOTHI HaJ ypoBHeM Mops ot 125 go 3000 m).

2. MaTtepuansbi u Metoabl

Hdna BeiGopa MOZEJNBHBIX OOBEKTOB MCIIOJIb-
30BaHBl JaHHble 1o 81 o3epy tora 3amagHoii Cubupu
Tpex THUIIOB ceAVMeHTOoreHe3a — I'yMUHBIN (rofTaira
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BacioraHckoil paBHUMHBI U JiecocTellb bapaOuHCKOI
HU3MEHHOCTU), apuHBIN (JIEHTOYHBIEI OOp U CTemb
KynyHauHckol paBHUHBI) M HUBaJIBHBIN (CpelHEropbe
U BbIcOKOropbe I'opHOro Anras, miaTto YKok). Beibop
OCHOBBIBAJICA Ha Kjlaccu$uKaluy JOHHBIX OTJIOXKEHUN
no kJaccaM (CTpaxoBeHKO U Ap., 2022). MoaepHbBIMU
0o3epamu BblJieJIeHBl MaJible 03epa ¢ KpeMHUEeBbIM KJlac-
COM camporess, T.K. [Jid U3yYeHHbIX 03ep OH Haubo-
Jlee pacrpocTpaHeH U WH(}OpMaTHBeH, pa3BHUBaeTCA
B KaXJOM TuIle cefuMeHToreHesa M JjaHamadra. B
TYMHJHOM THIle ceJUMeHToreHe3a BeiiesieHo 21 o3epo,
B apuHOM — 9, B HUBaJIbHOM — 10 MaJsbIxX o3ep.

OT60p npoO MOHHBIX OTJIOXKEHUU MPOBOJUJICA
B LIeHTpe o03epa C JIOJKU C KCIOJIb30BaHWEM I[MJINH-
apudeckoro mpo6ootrbopHuka (=82 ™M, L=120
cM) ¢ BakyyMHBIM 3atBopoMm (HIIO TatidyH, Poccus).
OO0pa3s1pl AOHHBIX OTJIOKEHU! ObLIN UCCJIeJOBaHEI CJI0-
AMM TOJII[MHOU 5 CM.

ApanuTuyeckrue — HCCJIeJOBaHHA  KOMIIOHEH-
TOB o3epa InpoBoawauck B LKII MHoOrosjieMeHTHBIX
U u3oTonHbIX ucciegoBanuii CO PAH, HoBocubupck,
Poccusa. OnpepnesieHne eCTeCTBEHHBIX PagUOHYKJINIOB
(2*2Th, 238U, “°K) mpoBOJWJIM ramMMa-CIeKTpPOMeTpUYe-
CKMM MeTOJOM Ha KOJIOJIe3HOM KOaKCHaJIbHOM AeTeK-
Tope u3 cBepxuncToro repmanus (HPGe) ¢ npenycuiu-
TesieM U HU3KOoMOHOBEIM KpuoctatoM EGPC 192-P21/
SHF 00-30A-CLF-FA («Eurysis Mesures», ®paH1ius)

3. Pe3yabTaTtbl M 06cy)xapeHue

PacnipeniesieHnie  eCTeCTBEHHBIX PpaAHOHYKIIU-
J0B IO IJIyOMHe [OHHBIX OTJIOXKEHUI KpeMHHeBOIo
KJ1acca TyMUAHOTO U apuAHOro TUIla ceAUMEHTOoreHe3a
JI0BOJIBHO OJHOPOJHO U CXOKe Ha IPOTSXEeHUH BCEro
uccye[yeMoro BpeMeHHOro nHrepsasa (okoJio 200 jier)
(Puc. 1, Tabsauma 1). 9To ¢BA3aHO C BBICOKOM rOMOTr'€HHU-
3anuel cybcTpaTa BOoJJOCOOPHBIX ILIOMIA/lell Ha Teppu-
TopuAx bapaOuHCKON HU3MeHHOCTH U KyIyHANHCKOH
PaBHUHBI, KOTOPHII OIpefiesifeTcs COCTaBOM KOPEeHHBIX

nopof Antae-CassHCKOL ropHOH cucTeMsl 1 Kazaxckoro
MeJikoconoyHuka (CTpaxoBeHKO U Jp., 2022). [{11s o3ep
HUBAJIBHOI'O THIIA CeJMeHTOreHe3a MpOCJIeXUBaOTCA
B IleJioM GoJiee BrIcokue copepxanus Th u U, a takxe
COHAIIpaBJIEHHOCTb TIpadUKOB pacnpefdesieHHs, 4YTO
MOXeT rOBOPUTH 00 e JUHOM UCTOYHHKE [OCTYILJIEHUA.

TakuM KMCTOYHUKOM, CKOpee BCero, sABJIAeTCH
TeppUreHHBIl MaTepuaj Ilom@aAel Bomocbopa.
Mo6unusaiys ocafoyHOro BellecTBa [pHU HHUBAJIb-
HOM THIle ceJVMeHTOreHe3a, HakoIUleHHe Ipy0o- U
KPYIIHO3EpHUCTBIX HECOPTUPOBAHHBIX 00JIOMOYHBIX
OTJIOKEHUH U [pobJieHne TOPHBIX [TOPOJ A0 pasMepoB
aJIeBpOIEJINTOB U NeJINTOB IPOMCXOAAT B OCHOBHOM 3a
cyeT GU3NYECKOro U KpUOTeHHOr0 BRIBETPUBAHUA. DTU
IIpoliecchl B KOHEYHOM UTOre IPUBOAAT K 00pa3oBaHUI0
TFOpHBIX NOPOJ M OTJIOXKEHUI, KOTOphle Oojiee YeM Ha
95% cocToAT U3 00JIOMOYHON (pakLUM, B TO BpeMms
KaK BJIMAHHE OMOreHHBIX U XEeMOTeHHBIX IpPOIIeCCOB
3HauuTeJIbHO cHuxkaeTcsa (['eosiormyeckuil cJoBapsb,
2010). Bosee Bricokue comepxanusd Th u U B JOHHBIX
OTJIOKEHUAX HUBAJIbHOI'O CeJUMeHTOreHe3a I1o cpaBHe-
HHIO ¢ TYMUJHBIM U apuaHbeIM Tunamu (Tab. 1), ckopee
BCEro, CBA3aHHI ¢ 60Jiee BEICOKUM coJiepXaHleM Teppu-
reHHON (pakuuu NeJuTOBOM pasMepHOCTH, cHopMu-
POBaHHOU B YCJIOBUAX KPHOJIMTOreHe3a. 3aBUCHMOCTD
conepxanus Th u U oT rpaHyIoMeTpHUYeCcKOro cocTaBa
IIOPOJ IIPOCJIEKMBAETCA B TEPPUreHHBIX OcaKaxX — YeM
MeHbIlle pa3MepHOCTb, TeM BHIIIe cojepXaHUe paau-
OaKTUBHBIX djeMeHTOB (CwmbiciioB, 1974). OaHako, B
30He I'yMHJHOIO M apyJHOIO THIa ceAUMeHTOoreHe3a
3aBucuMocTy comepxanusa Th u U cBA3aHH Kak C Tep-
pUreHHOI COCTaBJIAIOIIEN, TaK U ¢ GUOTeHHOMH, POJib
KOTOpOI B HUBAJIbHOM CeJIMeHTOreHe3e MIUHIUMaJIbHa.
@yKTyaluy CcojepXaHWUsA ecTeCTBeHHBIX paJuoOHy-
KJIMJIOB IO pa3pe3y [OHHBIX OTJIOXKEHUN KpeMHHEBOI'O
KJlacca IIpy HUBaJIbHOM ceJMeHTOreHe3e MOI'YT OBITh
CBA3aHBl C HepaBHOMEpPHBIM BO BpeMeHH IOCTYyILjIe-
HHeM TeppUreHHOro Marepuasa B 03epo.
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Puc.1. PacmpepeneHue ectectBeHHbX paguoHykanaoB Th (r/1), U (r/T) u K (%) B ycpelHEHHbIX BepTHUKaJIbHBIX pa3pe3ax
JOHHBIX OTJIOXeHUII MOJeJIbHbIX MaJIbix 03ep (KpeMHMeBOro kjacca) iora 3anafgHoi Cubrpu Tpex TUIOB cequMeHToreHesa: I' —

TYMUJHBIHN, A — apuaHbIi, H - HUBaJIbHBII.
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Ta6smna 1. CpefjHee cofepxaHue eCTeCTBEHHBIX PaJMOHYKJIMAOB B yCpeJHeHHbIX BepTHUKaIbHBIX pa3pe3ax JOHHBIX OTJIO-

’KeHUI MOJIeJIbHBIX MaJIbix 03ep (KpeMHUeBoro kijacca) fora 3anajHori Cubrpu Tpex TUIIOB celIMeHTOoreHe3a.

THIl ceUMEHTOreHes3a Th, (r/T) U, (r/1) K, (%)
T'YMUHBIA 5.0£07 24104 1.0-0.1
43-6.8 1.9-3.2 0.8-1.3
apUJIHBII 5.0£0.3 24+0.2 1.5+0.2
43-5.5 2.0-2.6 1.2-1.8
HUBaJTbHBIH 9.7£1.8 6.2+1.5 1.4+0.2
7.4-12.6 3.7-8.9 1.1-1.7

HPI/IMe‘{aHI/IeZ YUCJINTEJIb — CPellH. * CTaHA.0TKJI, 3HaMeHaTeJIb — MUHUMYM - MaKCUMyM

4. 3aknoueHue KoHpAuKT MHTEpecoB

CpenHee cojepXaHue M XapakTep pacrpeje- ABTOpPHI 3adABJAIOT 00 OTCYTCTBHUU KOHQJIMKTA
nenusa ecrectBeHHBIX (Th, U, K) paanoHykJIugoB B HWHTEpecoB
JOHHBIX OTJIOXEHUAX MOJEJBHBIX MaJlbIX 03ep KpeM-
HHMEeBOro kjacca F'yMUJHOTO W apuAHOro TUMa Ceau- CnMCOK AMTEpaTypbl
MeHToreHe3a Ha 1ore 3anaaHoi Cubupu cxoxe Ha Mpo-
TsOKEHUN BCEro MCcCjIielyeMoro BpeMeHHOI'o MHTepBaJia Teonmornueckuii ciosapb. 2010. B: IletpoB O.B. (pen).
(oxosi0 200 jet). JA OOHHBIX OTJIOXKEHHE KpeMHUe- B Tpex Tomax. UzpgaHue TpeThe, nepepab. u gom. T. 1. CII6:
BOTO KJIacca MOJIEJIbHBIX 03€p HUBAJIbHOTO THUIA CEU- Wsn-so BCETEM.
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CrpaxoB H.M. 1960. OcHoBhl Teopuu jurtoreresa. T. 1.

COCTaBa II0 pa3pesdy, YTO CBA3aHO C HEPABHOMEPHBIM
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