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The special issue of the journal “Limnology and
Freshwater Biology” presents the materials of the Sixth
International Conference “Paleolimnology of Northern
Eurasia” and the school of young scientists, which was
held in Krasnoyarsk from August 25 to 29, 2024 on the
basis of the Siberian Federal University and the Institute
of Biophysics of the Krasnoyarsk Scientific Center SB
RAS, which is devoted to a wide range of scientific and
methodological issues in the field of paleolimnology
and related areas implemented in the vast territory of
the Northern part of the Eurasian continent.

The conference is devoted to the problems of
reconstruction of the climate, natural conditions, human
interaction and the environment of Northern Eurasia in
the Pleistocene and Holocene on the basis of complex,
interdisciplinary studies of bottom sediments of numer-
ous lakes of various genesis. The conference is aimed
at sharing scientific and methodological experience and
research results in the field of paleolimnology. Training
seminars and lectures for young scientists, postgradu-
ates and students were held. Prospects for further devel-
opment of paleolimnological research have been iden-
tified and plans for joint projects have been developed.

The International Paleolimnological Conference
is held regularly every two years alternately in the
European and Asian parts of Russia on the basis
of universities and research centers of the Russian
Academy of Sciences. Previous conferences were held
in Petrozavodsk (Institute of Water Problems of the
Karelian Scientific Center of the Russian Academy
of Sciences, 2014), in Yakutsk (Northeastern Federal
University named after M. Ammosov, 2016), in Kazan
(Kazan (Volga Region) Federal University, 2018), in
Irkutsk (Limnological Institute of Siberian Branch of
the Russian Academy of Sciences, 2020) and in St.
Petersburg (Herzen State Pedagogical University of
Russia and the Russian Geographical Society).

114 reports were presented at the conference
by scientists and specialists from various research
institutes and universities of the Russian Federation,
as well as from Spain and China. The abstracts pub-
lished in the special issue are presented by the authors
from Institute of Geography of the Russian Academy
of Sciences, V.S. Sobolev IGM SB RAS, Lomonosov
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Moscow State University, Herzen State Pedagogical
University of Russia, Institute of Biophysics of the FSC
KSC SB RAS, Kazan (Volga Region) Federal University,
M. K. Ammosov NEFU, St. Petersburg State University,
Institute of Limnology of the Russian Academy of
Sciences - St. Petersburg FSC RAS, Siberian Federal
University, North-Eastern Integrated Research Institute
of the Far Eastern Branch of the Russian Academy
of Sciences, VNIIOCEANGEOLOGY, Institute for
Monitoring of Climatic and Ecological Systems SB RAS,
Pacific Institute of Geography of the Far Eastern Branch
of the Russian Academy of Sciences, Geological Institute
of the Federal Research Center of the Russian Academy
of Sciences, Institute of Water Problems of the North
KarSC RAS, Institute of Geochemistry named after A.P.
Vinogradov SB RAS, Perm State Humanitarian and
Pedagogical University, Perm State National Research
University, Federal Research Center for Integrated
Arctic Studies named after Academician N.P. Laverov,
Ural Branch of the Russian Academy of Sciences,
Institute of Geology of the Karelian Scientific Center of
the Russian Academy of Sciences, Arctic and Antarctic
Research Institute, Institute of Archaeology and
Ethnography SB RAS, Institute of Geology of the Komi
Scientific Center Ural Branch of the Russian Academy of
Sciences, Permafrost Institute named after Academician
P. I. Melnikova SB RAS, Institute of Industrial Ecology
Problems of the North of the KNC RAS, Institute of
Ecology and Evolution named after A. N. Severtsov
RAS, Institute of Plant and Animal Ecology of the Ural
Branch of the Russian Academy of Sciences, TSMC SB
RAS, University of Barcelona, Catalonia, University of
MSU-PPI in Shenzhen, China, YUU FNC MiG UrB RAS.
The topics of the reports range from narrowly
focused on the objects and subjects of research to broad
and deep generalizations. Most of the reports are pre-
sented by young researchers. The results of interdis-
ciplinary paleolimnological research in recent years
demonstrate that this scientific field is actively devel-
oping in Russia and abroad, and the scientific paleo-
limnological community is expanding. Currently, the
Paleolimnological Association has been established
(https://paleolim.tilda.ws/main ).

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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CrienyajibHBIN BBITYCK XypHasa «JIMMHOJIOTHA
U IpecHOBOJHAsA Ouosiorus» IpefcTaBjsdeT Mare-
puansl  IllecToli  MeXAyHapoAHON  KOHGepeHIUU
«[Taneomumuosiorusi CeBepHoll EBpasum» UM IIKOJIBI
MOJIOZBIX YUEHBIX, KOTOpasi COCTOsIack B I. KpacHosipcke
¢ 25 no 29 asrycra 2024 r. Ha 6a3e Cubupckoro dene-
panpHOro yHUBepcuteTa u HetutyTa 6nodusnxu OUI]
«KpacHosipckuii HayuHbIl 1leHTp» CO PAH, nocesmieHHas
HIMPOKOMY KPYT'y HayYHBIX 1 METOAUYECKHX BOIIPOCOB B
obJiacTy naJjieoJIMMHOJIOTMH U CMEXHBIX HallpaBjieHu,
peajm3yeMbIXx Ha OOMmMpHON TeppuTopun CeBepHON
yacty EBpa3niickoro KOHTUHEHTA.

Kondepennusa mnocesAmeHa npobyeMaM peKoH-
CTPYKIIMHU KJIMMaTa, NPUPOIAHBIX OOCTAHOBOK, B3aHMO-
JeHCTBUsA 4esloBeKa W OKpyxamwllel cpenbl CeBepHOH
EBpasum B IUIEHCTOLIEHE U TOJIOLlEHE Ha OCHOBE KOM-
IJIEKCHBIX, MEXIUCIUIIINHAPHBIX KCCJIeJOBAaHUN [IOH-
HBIX OTJIOKEHUII MHOTOYMCJIEHHBIX O3€p pas3jINYHOro
reHe3uca. KondepeHnya HampasjieHa Ha oOMeH Hayd-
HO-METOANYECKHUM OINBITOM U pe3yJibTaTaMM MCCJeAo-
BaHUI B 00J1aCTU Maje0JIUMHOJIOTHU. [IpoBefeHbl 06y-
yarolje ceMUHaphl M JIEKI[UU I MOJIOABIX YUYeHBIX,
aclMpaHTOB M CTyAeHTOB. OmpefesieHbl NepClIeKTUBH
JasbHeNINero pa3BUTHUA NaJe0JIMMHOJIOTMYeCKUX UCCIe-
JI0BaHUH U pa3paboTaHbl [JIAHBI COBMECTHBIX IIPOEKTOB.

MexayHapofHas maJjieoJIMMHOJIOTMYecKass KOH-
depeHNMA NPOBOAUTCA PEryJIIPHO OAWH pa3 B [[Ba rofa
noovyepeqHO B eBPOIENCKON 1 a3uaTCKOM YacTsax Poccun
Ha 6a3e YHUBEPCUTETOB U Hay4YHBIX leHTPoB Poccuiickoi
axkajieMuu Hayk. [Ipefpiayniye kKoHGepeHIMH ObLIN IPO-
BefieHsl B I. IlerposaBoacke (MHCTUTYT BOAHBIX IIPO-
6s1em Kapesibckoro HayuHoro neHtpa PAH, 2014 r.), BT.
SAxytcke (CeBepo-BocTOuHBIN DeniepasibHBINT YHUBEPCHU-
TeT uM. M. AMMocoBa, 2016 r.), B r. Kazanu (Ka3zaHckui
(Bomxckuti) denepanbHbll yHUBepcuTeT, 2018 1.), B T.
HpkyTcke (JIUMHOJIOTUYECKUN HHCTUTYT CHUOUPCKOTO
otaeneHuss PAH, 2020 r.) u B r. Caukr-IleTepbypre
(Poccuiickuiil rocyjapcTBeHHBIN yHUBepcuTeT UM A. U.
I'epuena u IllTa6-kBapTupa Pycckoro reorpagduieckoro
ofIiecTBa).

Ha xoHpepenunu mnpencrasaeHo 114 poxia-
JI0B YUYeHBIMHU U CllellajiCTaMu K3 pa3jINyHBIX Hayy-
HO-HCCJIEIOBATeJIbCKUX WHCTUTYTOB M YHHUBEPCUTETOB
Poccutickoii ®enepanuu, a Takxe u3 Vcnanuu u Kuras.
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Te3ucel, OmyOJIMKOBaHHBIE B CIELMAJIbHOM BBIIYCKE,
IpeAcTaBjieHbl aBTopaMu u3s MHHcTuTyTa reorpadpuu
PAH, UT'M um. B.C. Co6oJieBa CO PAH, MI'Y umenu M. B.
JlomoHocoBa, PTTIY um. A. U. T'epriena, UucTuTyTa 6110-
¢uzuku OUIL] KHI] CO PAH, Kaszanckoro (Bospkckoro)
(peneoanvHOro ynHupepcurera, CBO®Y wum. M. K
AmMmocoBa, CII6I'Y, MHcTuTyTa 03epoBefieHus PAH - CII6
®UIl PAH, Cubupckoro ¢enepasbHOTO YHUBEPCUTETA,
CeBepo-BoCTOYHOr0 KOMIJIEKCHOTO HAay4YHO-UCCJIE0BA-
Tesibekoro nueruryrta JIBO PAH, BHNHOxkeanreosioruy,
HWHcTUTyTa MOHUTOPHMHIA KJIMMATHUYECKUX U DKOJIOIU-
yeckux cucreM CO PAH, TuxookeaHCKOrO WHCTUTYyTa
reorpaduu [IBO PAH, I'eostornueckoro nactutyra ®UI]
KHIT PAH, MuctuTtyTa BogHbeix npobsem CeBepa KapHI]
PAH, Wuctutryta reoxumum wuM. A.Il. BunHorpanmosa
CO PAH, IlepmMckoro rocyaapCTBEHHOrO TI'yMaHHUTap-
HO-IIeJarOrM4ecKoro yHuBepcureTa, I[lepMckoro rocy-
JapCTBEHHOI'O HAIMOHAJIBHOI'O  MCCJIe0BATEIbCKOIO
yHuBepcutetra, ®eaepasbHOro UCCIEAOBATEILCKOTO
[[eHTpa KOMIUIEKCHOIO nU3y4eHuss ApKTUKU MMEHM aka-
nemruika H.II. JlaBepoBa YpO PAH, UHcTUTyTa reojioruu
Kapenbckoro HayyHoro nenrpa PAH, ApkTuyeckoro u
AHTApPKTUYECKOr0 Hay4YHO-UCCJIEA0BATEIbCKOIO WHCTU-
TyTa, MHCTUTYyTa apxeosorun u stHorpagpum CO PAH,
HNHctutyTa reosorun Komu HayyHoro ueHtpa YPO
PAH, HHcTUTyTa Mep3JIOTOBEAEHUA WM. akKaJeMuKa
I1. . MensHukoBa CO PAH, HWHcTuTyTa mpobseM mpo-
MbilIeHHON 3Kojiornu CeBepa KHI] PAH, HUHcTtuTyTa
npo6JsieM skojioruu u sposonuu uMm. A. H. CepepliioBa
PAH, VHCTUTyTa 5KO0JIOTHMU pacTeHUil 1 XUBOTHHIX YpO
PAH, TwoMmHI] CO PAH, VYuHusepcurera bapcesioHbl,
Kartanouusa, Yuusepcutera MIY-IIIIM B IIsHBUX3He,
Kwuraii, 10Y ©HL] Mul' YpO PAH.

TemaTtuka AOKJIa[OB BapbUpyeT OT y3KOHAIpaB-
JIeHHBIX IO O0BeKTaM U IpeAMeTaM HcCJie[JOBaHNA
J0 MIUPOKUX U TJIyOOKuxXx o00o00mieHuii. BoJiblile 4acThb
JOKJIaI0B [IpeICTaBJICHbl MOJIOABIMU HCCIeAOBaTEeIAMU.
Pe3ysibTaThl MeXIUCLUIIMHAPHLBIX NTAJI€0JIMMHOJIOrNYe-
CKUX HCCJIeJOBaHUN NOCIeJHUX JeT AeMOHCTPHUpYeET,
YTO 3TO Hay4yHOEe HalpaBJIeHVE aKTUBHO pa3BUBaeTCA B
Poccyu 1 3a pyOexxoM, MPOMCXOAUT pacllMpeHre Hayuy-
HOTO IajieoJIMMHOJIOrYeckoro coobmectsa. B Hacros-
miee BpeMsA CO3[laHa IajIe0JIMMHOJIOTMYecKasi accouua-
uuA (https://paleolim.tilda.ws/main).

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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ABSTRACT. The study presents preliminary results of investigating the coastal morphosystem of the
Taipalovskii Bay in Lake Ladoga, aimed at reconstructing water-level fluctuations. The comprehensive
research conducted includes: geomorphological profiling, peat coring, OSL dating of shoreline deposits,
radiocarbon dating of peat deposits, and diatom analysis of dated samples. It has been established that
the accumulative shore of the bay was formed throughout the Holocene due to multiple transgressive-re-
gressive cycles. It is suggested that the large beach bar, previously believed to have formed during the
Ladoga transgression, already existed in the mid-Holocene. The maximum level of the transgression
itself is estimated to be around 14-15 meters in height.

Keywords: Lake Ladoga, the Holocene, water-level fluctuations, coastal geomorphology, OSL-dating, radiocarbon

dating

For citation: Aksenov A.O., Bolshiyanov D.Yu., Pravkin S.A., Lebedev G.B. Correlation of the Taipalovskii Bay coastal forma-
tions with Holocene Lake Ladoga water-level fluctuations // Limnology and Freshwater Biology. 2024. - No 4. - P. 223-228.

DOI: 10.31951/2658-3518-2024-A-4-223

1. Introduction

The shore of the Taipalovskii Bay (south of the
Burnaya River) represents an accumulative coastal mor-
phosystem, consisting of sandy terraces complicated by
parallel ridges along the shoreline, an extensive large
barrier ridge (up to 5 meters high), and peat bogs
formed in the place of a paleolagoon. This area was first
described in a seminal work by J. Ailio, dedicated to the
study of the Lake Ladoga shoreline (1915). The Finnish
researcher, based on his own field observations, con-
cluded that the barrier ridge formed during the Ladoga
transgression, and its formation led to the separation of
Lake Sukhodolskoye from the Ladoga water area. This
study presents materials that allow for a more precise
history of the development of this region.

2. Materials and methods

For this study, geomorphological profiling was
conducted using a GEOBOX No. 8-23 optical leveling
instrument. The leveling data were tied to a triangu-
lation point of the state geodetic network, allowing
for the determination of elevation marks in the Baltic
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height system. To correlate the observed paleo-shore-
lines, samples of coastal deposits were taken at sev-
eral sites for OSL dating. The dating was carried
out at the OSL laboratory of the Karpinsky Institute.
Additionally, fieldwork included peat bog drilling using
a Russian peat borer. The peat deposit samples were
dated using the radiocarbon method at the Laboratory
of Geomorphological and Paleogeographical Research
of Polar Regions and the World Ocean at the Institute
of Earth Sciences, St. Petersburg State University.
Furthermore, a diatom analysis of the collected samples
was performed by Z.V. Pushina, a specialist from the
FSBI “VNIIOkeangeologia”.

3. Results

In Figure 1, a geomorphological profile of the
coastline with the obtained datings is presented. The
age of the deposits at the base of the beach ridge,
located at an elevation of 11.5 meters, is 2900 %+ 200
years BP (RGI-1174). A sample taken from the barrier
ridge yielded a dating of 5000=+400 years BP (RGI-
1173). According to the leveling data, the bar has a
relative height of 4.4 meters, with its base located at 17

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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Fig.1. Geomorphological profile of the Taipalovskii Bay shore. 1 — sand-gravel-pebble deposits; 2 — sands; 3 — peat; 4 — sam-
pling points; 5 — water level on the day of leveling survey; 6 — OSL age; 7 — radiocarbon age, calibrated age is given in parentheses.

meters and its crest at 21.4 meters. Behind the ridge,
an undulating surface is observed, with elevations
ranging from 15 to 16 meters. On this surface, at the
distal base of the ridge, the OSL age of the deposits is
8100 =800 years BP. Further from the ridge, a peat bog
is observed, with the peat thickness increasing towards
the shore. At the site RP-3267, the peat thickness was
found to be 1.1 meters. The radiocarbon age of the peat
base here is 4660 +100 14C years BP (5360+ 150 cal
years BP). In boreholes drilled at the abrasion scarp,
the core thickness was 3.5 meters. The elevation of the
borehole mouths is 16.5 meters. The lithology of the
cores is shown in Figure 2.

4. Discussion and conclusion

The research results provide some preliminary
conclusions about the dynamics of Lake Ladoga’s
water level in this area. Firstly, there is no evidence of
water level rise above 14-15 meters during the Ladoga
transgression (the maximum stage of which occurred
3100-2800 *C years BP (Saarnisto, 2012)). The nearest
datings, obtained within a close age range (2500-2600
years BP), pertain to layers of gyttja and silts at eleva-
tions of 14.5 and 13.5 meters respectively, as well as
to the deposits of the barrier ridge at 11.5 meters. This
is corroborated by studies of sediment sections from
the valleys of the Burnaia, Viun, and Fedorovka riv-
ers, where Ladoga transgression deposits are recorded
below 15 meters (Verzilin et al., 2001). This casts doubt
on the accuracy of Y. Ailio’s conclusions regarding the
formation of the Taipalovskii Bay barrier ridge during
the Ladoga transgression. The age of the ridge deposits,
determined to be 5000 +400 years BP, is quite close to
the end of the Littorina transgression in the Baltic Sea.
Lacustrine deposits from this period were also previ-
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ously uncovered in the Viun River valley (Znamenskaya
and Ananova, 1967). Thus, two transgressive stages
corresponding to the Ladoga and Littorina transgres-
sions are established. The oldest sediments identified
in this study are found in the 14-15 m terrace depos-
its and the base of the peat bog cores. These datings
are assumed to correspond to the end of another early
Holocene transgressive phase.

Therefore, the data suggest the presence of three
Holocene transgressive-regressive cycles in this area.
These results differ significantly from the informa-
tion on the structure of Holocene deposits in Southern
Ladoga area, where they are most often represented
only by mid-Holocene peats or buried soils overlain by
Ladoga transgression sediments (Markov, 1949). The
authors hope that further research will determine the
cause of these differences.
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Fig.2. Lithology of the peat cores and radiocarbon dat-
ings. 1 — sands; 2 — sandy silts; 3 - silts; 4 — gyttja; 5 — peat;
6 — plant macrofossils.
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AHHOTAILIUA. B paboTe npeAcTaBJieHbl Ipe/iBapuTesIbHbIE pe3yJIbTaThl U3yueHus 6eperoBoii Mopdo-
cucreMnl TalinasoBckoro 3aauBa JIagoxckoro o3epa ¢ 1ieJibl0 peKOHCTPYKIMU KoJleOaHUs YPOBHA BOALL.
B KoMIuIeKc mpoBeleHHBIX MCCJIEJOBAHUN BXOAT: TeoMopdosioruieckoe npoduirpoBaHue, OypeHue
TOp®AHUKOB, AAaTHPOBaHNE OTJI0XeHH Oeperosrix opM pesbeda OCJI-meToAOoM U GOJIOTHBIX OTJIO-
XKEeHU paJuoyTrJIepogHBIM METOAO0M, AUAaTOMOBBIN aHAIN3 JAaTHPYEeMBIX 00pasloB. Y CTaHOBJIEHO, YTO
aKKyMyJIATUBHBIN Oeper 3ayvBa (opMupoBajica Ha IPOTSXKEHUHU BCEro roJioljeHa 3a cueT HeoAHOKpaT-
HBIX TPaHCI'PeCCUBHO-PErpecCUBHBIX ITUKJIIOB. [Ipeanoaraercs, 4To KpynHbIl 6eperoBoii 6ap, KOTOPEIH,
Kak 1oJiarajau pasHee, copMupoBasica Bo BpeMs JIaloxkKCKOM TpaHCI'PECCHH, yXe CyIeCTBOBaJ B Cpef-
HeM roJioljeHe. A ypoBeHb MaKCUMyMa CaMOU TpaHCI'DeCCUH OlleHHBaeTCsA Ha BbICOTe OKOJIO 14-15 m.

Kitiouegeie ciioga: Jlagoxckoe 03epo, roJiolieH, KojiebaHus ypoBHs BOAbl, OeperoBas reomopdosiorusa, OCJI-
JaTUpoBaHUe, paJuoyTJiepoJHOe NaTHpPOBaHUeE

Jna nutupoBaHusa: AxceHoB A.O., Boasmuanos [I.10., ITpaBkun C.A., JleGenes I'.B. Koppessauusa 6eperoBbix o6pasoBaHUI
TalinasioBCKOro 3ajiMBa ¢ U3MeHEeHUAMU YpOBH:A JIafiokcKkoro o3epa B rosouneHe // Limnology and Freshwater Biology. 2024.
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1. BBeapenue

[To6epexbe TaiimasioBCKOro 3ajmBa (K Ty OT
peku BypHoii) npencrasiigeT co00i aKKyMyJIATUBHYIO
OGeperoByio MOpP(QOCUCTEMY, COCTOAILIYI0 H3 Mecya-
HBIX Teppac, OCJIOXXHEHHBIX MapaiieIbHBIMU Gepero-
BOM JIMHUU BaJlaMH, MPOTsPKEHHOTO, KpymHoro (mo 5
M BBICOTOM) GeperoBoro 6apa, a TakXe TOPMSIHUKOB,
copMUpOBaHHBIX Ha MeCTe IajieoJiaryHbl. BriepBrie
3TOT y4acTOK ObLJI onyicaH B pyHAaMeHTaJIbHOHI paboTte
0. Ao, MOCBAIIEHHOHN WCCIefOBaHUI0 Mobepe-
Xkbs Jlamoxxckoro o3epa (1915). duHCKUEA HccIeqoBa-
TeJib, HA OCHOBe COOCTBEHHBIX IT0JIEBBIX HAOJIIO/IEHUII,
TpuUIies K BRIBOAY O TOM, 4TO GeperoBoil 6ap BO3HUK
BO BpeMsA JIaJloXKCKOI TpaHCrpeccuu, U COOCTBEHHO
ero oOpa3oBaHuMe IIpUBEJO K OTYJIEHEHUI0 o03epa
CyX0JI0JIbCKOTO OT JIQJIOXKCKOI akBaTopuu. B JaHHOI
paboTe 1peAcTaBJeHB MaTepuaJsibl, I[103BOJIAIOIINE
YTOYHUTH MCTOPUIO PA3BUTHSA STOTO pakloHa.

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: aksenov2801 @gmail.com (A.O. AkceHOB)

INocmynwna: 10 utona 2024; IIpunama: 28 voHA 2024,
Ony6tukoaana online: 26 aprycra 2024
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2. MeTtoab! paboT

{714 BBITIOJTHEHNA TeKyIero NuccaeJoBaHusA OblIo
BBIIIOJIHEHO TreoMop@osiornyeckoe MNpopuairnpoBaHue
py oMoy ontudeckoro Husenupa GEOBOX No8-23.
JlaHHBIe HUBeJIUPOBAHUA OBLJIN NPUBA3AHBI K TPHUAHTY-
JIAMOHHOMY NyHKTY FOCY1apCTBEHHON reoje3u4eCcKoi
CeTH, 4TO M03BOJIAET ONpeAesIUTh BEHICOTHBIE OTMETKH B
banTuiickoii cucteme BBICOT. [IJ1A NMpUBA3KU HabI0aa-
eMbIX JpeBHUX OeperoBbIX JIMHUI Ha HECKOJIBKUX TOY-
Kax ObLIM OTOOpaHbl O00pa3lbl OTJIOXKEHUI OGeperoBhIX
dopm penpveda asia OCJI-gatuposanus. latupoBaHue
BBIIOJIHAIOCE B OCJI-mabopatopuu  HHCTUTyTa
Kaprnusckoro. Kpome Toro, mosieBbie pabOTHl BKIIIO-
yaT B ceba OypeHre TOPPAHUKOB MPU MOMOIIU PycC-
ckoro TopdaHoro Oypa. OOpasipl OTJIOXKEHHUIl TOp-
(pAHUKOB AaTUPOBaHBl PaAUOYIJIEPOAHBIM METOAOM
B Jiabopatopuu reomMop@doJIoTUYeCKUX U Majieoreo-
rpadruecKnx KCCIeIOBAaHUM MOJIAPDHBIX PErruoHOB U

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Puc.1. T'eomopdosioruueckuii npodusib nodepexps TalnasoBckoro 3ajuBa. 1 — rneyaHo-rpaBUNAHO-TaJleuHbIEe OTJIOXKEHUS;
2 — necky; 3 — Topda; 4 — Touku Npo6ooTOOPa; 5 — YpoBEeHb BOJIHI B IeHb HUBEJIMPHOH cbeMKH; 6 — OCJI-Bo3pacT; 7 — paauoyrJe-

POOHBIN BO3pacCT, B CKOOKAxX yKa3aH KaJuOpOBaHHBIM.

Muposoro Okeana MHctuTyTa Hayk o 3emisie CaHKT-
[TeTepOyprckoro rocygapCTBEHHOIO yHUBEpCUTETA.
Takxe crnenuanuctoM ®I'BY «BHHUHMOxkeaHreosorus»
[IymmuHoii 3.B. ObL1 BBIIOJIHEH OMATOMOBBIN aHaIN3
0TOOpaHHBIX 00pasI{0B.

3. Pe3syabTarthl

Ha puc. 1 mpejacraBiieH reoMopdOJIOrHIecKri
npodusib nobepexbsa ¢ MOJyYeHHBIMU AAaTHPOBKAMM.
BospacT oTs10keHui1 Baia, IOJHOXKE KOTOPOIr'o paclo-
JoxeHo Ha BbicoTe 11,5 M coctaBun 2900+ 200 Ji.H.
(RGI-1174). Ilo obpas3ny, oToOpaHHOMY U3 6apa, moJIy-
yena gatupoBka 5000 + 400 s.H. (RGI-1173). Cam 6ap,
[0 JaHHBIM HUBEJINPOBAHUA, NMeeT OTHOCUTEJIbHYIO
BBICOTY 4,4 M, ero NoOAHOXKE HAaXOAWUTCA Ha BeicoTe 17
M, a rpebeHb — Ha 21,4 m. 3a 6apoM HabJoaeTcs BOJI-
HUCTas I0BEPXHOCTb, BBICOTH KOTOPOI BapbUpPYIOTCS B
npeaesnax 15-16 m. Ha ee moBepxHOCTH, y AUCTATIBHOIO
nogHoxusa 6apa, OCJI-Bo3pacT OTJIOXKEHHH COCTaBMJI
8100+800 s.H. [anbpme or Gapa HaOJOJAeTCA TOP-
(psarux. MomntHocTs TOpda yBeIMuMBaeTcA IO Hampas-
JleHuto ot Gepera. B mypde (TH-3267) ero MOLIHOCTb
okaszasach paBHa 1,1 m. [To ocHOBaHMIO TOp(da 3aech
MOJIy4eH paJuoyTrJIepogHBIN Bo3pacT 4660+ 100 #C
J.H. (5360 =150 kaj. j.H.). B ckBaxXyHax, BBIIOJIHEH-
HBIX ¥ aOpa3uoOHHOr0 yCTyIa, MOIIHOCTh KepHa COCTa-
Buia 3,5 M. BeicoTa ycThA CKBaXWH paBHa 16,5 M.
JIutosiorusa KepHOB IOKa3aHa Ha puc. 2.

4. 06¢cy)xpeHHe pe3ynbTaTtoB

Pe3ysipTaThl HMCCJIENOBAHUM MO3BOJIIIOT MOJIY-
YUTh HEKOTOpHIE IMpeABApPUTESIbHBIE BBIBOABI O JIUHA-
MHKe YpoBHs JIafOXKCKOrO O3epa B 3TOM parioHe.
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Bo-nepBbIX, IPH3HAKOB MOBHIIIEHNsA YPOBHS BOABI BhIIIE
14-15 M Bo BpeMs Jlajoxckoil TpaHcrpeccuu (Makcu-
MaJibHasA CTaAusa KoTopoi mpousonuia 3100-2800 C
J.H. (Saarnisto, 2012)) He HabmogaeTcs. Bivxariime
J[aTHUPOBKY, [IOJIyYyeHHbIe B OJIM3KOM BO3PAacTHOM IIpO-
MexyTke (2500-2600 J1.H.) OTHOCATCA K IPOCJIOAM T'MT-
TUU U aJIeBpUTOB Ha BeIcOoTax 14,5 u 13,5 M cooTBeT-
CTBEHHO, a TakXe K OTJIOXeHHUAM OeperoBoro Bajia Ha
BeIcOTe 11,5 M. OTO MOATBEpXKOAIOT U MCCIeNOBaHUA
pa3pe30B OTJIOXKEHW! AOJMH peK BypHoi#, BpioHa n
®enopoBKY, rhe OTJOoXeHUsA JlagokKCcKOM TpaHcrpec-
cuu ¢ukcupyloTesa Hike 15 M (Bep3wiuH u fip., 2001).
ODTO 03BOJIAET NOABEPTHYTh COMHEHMUIO IPABUJIBHOCTD
BbiBOZIOoB 10. Ao o ¢QopmupoBaHuu O6eperoBoro
6apa TailimajoBcKOro 3ajmBa Bo BpeMmsA JIagoxcKom
TpaHcrpeccuu. BospacT, NOJIyueHHBII [0 OTJIOXKe-
HUAM 0Oapa, coctaBuil 5000+ 400 J1.H., YTO JOBOJIBHO

16,5m 16,5 m
11
16 | 1260470 ]2
B s
14704110
[0 4
2600110
— B s
14 3 47502140 "
T 6480£160. 259090
Bt 6010120:8 (6510150
12

Puc.2. JIutosornyeckoe CTpoeHre KepHOB TOpGAHNKA U
panuoyriaepoHble NaTUPOBKU. 1 — mecky; 2 — necyaHUCThIe
aneBpUThl; 3 — aJIeBpUTH]; 4 — ruTTUH; 5 — Topda; 6 — pacTu-
TeJIbHble MaKpOOCTaTKH.
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6/11M3K0 K 3aBeplleHu0 JINTOPUHOBOHM TpaHCIpPecCuu
Ha DbBantuiickom Mope. O3epHble OTJIOXKEHUA 3TOrO
BpeMeHHU TakXe ObLIM BCKPBHITH paHee B JIOJIMHE peKu
Boion (3HameHckasa u AHaHoBa, 1967). Takum obGpa-
30M, yCTaHaBJIMBaeTCA [iBa TPAHCI'PECCUBHBIX 3Tara,
cooTBeTCTBYOMMX Jlagoxckoil 1 JINTOPHHOBOM TpaHC-
rpeccusaM. Haubosiee ipeBHUE OcaAKU, olpe/ieIeHHbIe
B JJaHHOM HCCJIeJOBaHUH, OOHApyXKeHHB! B OTJIOKEHUAX
14-15-MeTpoBOI1 Teppackl, a TakXe B OCHOBAaHUU Kep-
HOB Oosiota. IIpeamosiaraercs, 4TO 3TU JAaTUPOBKU
OTHOCATCA K 3aBeplIeHUI0 ellle OJHOM, paHHeroJolle-
HOBOM TPaHCI'PECCHBHOM (pa3bl.

Takum o6pa3oM, NoJiydeHHBle OaHHEBIE I103BO-
JIAIT TpeAnoJjiaraTb Hajauyue TpeX TIOJIOLEHOBBIX
TPaHCTPeCcCHUBHO-PErpecCMBHBIX ILUKJIOB B 3TOM pai-
OHe. DTU pe3yJbTaThl 3HAYMTEJIBHO OTJIMYAIOTCA OT
CBEJIGCHUII O CTPOEHUM TOJIOLIEHOBHIX OTJIOXKEHUN
IOxwHoro IIpunamoxbs, rae OHU yYalle BCero npeacTas-
JIeHBl TOJIbKO CpeJHEerojIolleHOBEIMU TopdaMu WU
norpeGeHHBIMY IIOYBAMU, II€PeKPHITHIMU OCagKaMu
Jlagoxckoii TpaHcrpeccun (Mapkos, 1949). ABTophl
HafelTcs, YTO JajbHelIne HCCIeJOBaHUA MO3BOJIAT
OIpe/iesINTh IPUUYNHY 3TUX Pa3INuuii.

bAaaropapHoOCTH

HccienoBaHue BBHINOJIHEHO 3a CYeT IpaHTa
Poccuiickoro HayuHoro ¢Qouma Ne 23-27-00273
“OlLieHKa TeMIIOB CHIXeHUs ypoBHA JIagoxcKkoro o3epa
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3a nocyieguue 3000 Jiet o pesyJibTaTaM abCOJIIOTHOTO
naTupoBaHus 6eperoBeix ¢popm penbeda”, https://rscf.
ru/project/23-27-00273/.
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ABSTRACT. The study focuses on the hyperspectral imaging of sediment cores — a novel analytical
method providing high-resolution biogenic markers — with sediment core of Lake Khorlakel (Western

Caucasus) as a case study.
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1. Introduction

During the last decades high-resolution methods
of sedimentary analyses have provided a huge leap in
understanding natural processes and allowed state-of-
the art paleoclimatic reconstructions. Hyperspectral
imaging is a novel method for the analysis of sediment
cores with a number of crucial advantages — it offers
high-resolution data; it is non-destructive while being
time and cost-efficient. Here we present our first experi-
ence of hyperspectral imaging of a sediment core of Lake
Khorlakel located in the Western Caucasus and uncover
the method’s potential for paleoreconstructions.

2. Materials and methods

Within the facilities of the Laboratory of envi-
ronmental paleoarchives of the Institute of Geography
RAS a dedicated setup for hyperspectral imaging of
sediment cores was recently built. It is comprised of a
hyperspectral camera, a compatible Specim LabScanner
with halogen lamp lighting and custom-made dol-
lies for scanning long sediment cores. The camera
Specim FX10 works in a line-scan mode in the visible
and near-infrared (VNIR) area (400-1000 nm region)
with 448 spectral bands. The spatial resolution of the
acquired images is 229 pm with a mean spectral reso-
lution of 5.5 nm. The core was scanned in 8 sections of
approximately 40cm, resulting in an overlap of approx-
imately 10cm per section.

A specialized software package was developed
for processing, calibration, stitching and analysis of the

*Corresponding author.
E-mail address: alexandrin@igras.ru (M.Y. Alexandrin)
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hyperspectral data. The scans were corrected for dark
counts (closed shutter),white reference (Teflon calibra-
tion sample), keystone and smile effects. Regions of
interest were selected from the center of each sediment
section and were subsequently stitched by minimizing
the SSE (sum of square erorr) of the overlap between
sections. Cracks in the core, due to the drying process
were identified in the image and subsequently ignored
during calculations. The resultant preprocessed data
is a hyperspectral data cube with first two dimensions
corresponding to the length and width of an image in
pixels and a third spectral dimension.

Lake Khorlakel (43°29’36”N; 42°13’05”E, 2063
m a.s.l.) is situated 20 km west-north-west of the Elbrus
Massif and approx. 60 km north of the Main Caucasus
Ridge. The mean depth is 3.8 m with a maximum depth
of 8 m in the central part of the lake. The sediment core
HOR1 of Lake Khorlakel (Western Caucasus) was used
as a pilot object for our hyperspectral imaging project
due to its contrasting sedimentary facies with alternat-
ing thin-layered clayey sections and gyttja sections.

The core has been subject to a number of sed-
imentary analyses including conventional laboratory
analyses carried out within the facilities of the IG RAS
as well as high-resolution micro-XRF analysis with the
use of GEOTEK MSCL-XYZ Workstation at the Institute
of Oceanology RAS. The age-depth model for the core
HOR1 is robust - it is based on 11 AMS 14C dates and
spans ca. 6700-1500 cal BP. The lake’s catchment area
and abrupt sedimentation changes have been subject to
detailed geomorphic study (Shvarev et al., 2023).

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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3. Results and discussion

Within the VNIR area a number of spectral
indicators reflecting certain variability of sedimen-
tary properties were reported. Here we focus on the
most used and credible of them — an absorption fea-
ture around 670 nm. Chlorophyll a and its degrada-
tion products are known to absorb in similar regions
of the electromagnetic spectrum between 650-700 nm.
A spectral fingerprint of chlorophyll a and its deriv-
atives can thus be estimated by means of calculating
the depth of an absorption feature around 670 nm -
Relative absorption band depth - RABD670 or, alterna-
tively, as an area of an absorption feature or RABA670
(Rein and Sirocko, 2002). A number of studies report
extremely high correlations between those parameters
and chlorophyll a concentrations directly measured
with high-performance liquid chromatography (HPLC)
(Wolfe et al.,, 2006). The general approach is that
organic-rich sediments will have higher values of these
parameters as opposed to those primarily affected by
terrigenous mineroclastics.

In this study, we investigate the potential of the
chlorophyll a related spectral indices of the sediment
core of Lake Khorlakel to reflect the downcore varia-
tions of organic content and productivity. In order to
trace that, we have performed a correlation and mul-
tivariate analysis of the dataset consisting of RABD670
and RABA670 values, micro-XRF-derived elemental
concentrations, results of laboratory analyses (LOI550,
magnetic susceptibility, grain size).

The results indicate a consistent relation between
our spectral indices and the other known biogenic prox-
ies. Specifically, we have established that RABD670 or
RABA670 are correlated with the content of bromine
that we previously used a high-resolution marker for
heat availability in the Caucasus (Alexandrin et al.,
2023) as well as with XRF incoherent/coherent scatter-
ing ratio and loss-on-ignition (Spearman’s correlation
coefficients in the 0.48-0.77 range). High negative cor-
relation coefficients (Spearman’s -0.62-0.86) are regis-
tered for RABD670 or RABA670 and the concentrations
of lithogenic elements and magnetic susceptibility.

4. Conclusions

We argue that RABD670 or RABA670 parameter
can be used as a high-resolution proxy for autochtho-
nous productivity. In the case of Lake Khorlakel, the
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temporal resolution of our spectral chronology is less
than 1 year. Such a high temporal resolution allows for
detailed reconstructions of certain short-term climatic
events, uncovering internal periodicity, along with gen-
eral reconstructions of long-term variability.
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1. BBeaenue

braromapa BbICOKOpa3pelIamiuM aHajJn3am
KepHOB JJOHHBIX OCAJIKOB 3a MocJje/JHee BpeMA JOCTUT-
HYT 3HAQUUTEJIbHBIN MPOrpecc B NOHUMaHUU IPUPOIHBIX
npoueccoB. Ha ux ocHOBe OBLJIO CO3[1aHO MHOXECTBO
JeTaJIbHbIX [TaJIeOPeKOHCTPYKIU. ['unepcnekTpasbHas
CcbeMKa — MeTO[ aHa/jM3a KepHOB AOHHBIX OCAaJKOB,
KOTOPHIN CTajJl NPUMEHAThCA OTHOCUTEJBHO HeJaBHO.
MeTton uMmeeT psAn NPUHLUIHUAJBHBEIX ITPEUMYIIECTB
— OH ofecneunBaeT [OaHHBIE BBICOKOTO pa3pelleHu,
ABJIAETCA HeOeCTPYKTHUBHBIM, He TpeOyeT 3HauM-
TeJIbHBIX BJIOXEHWU BpeMeHU U cpeAcTB. Hacrosinas
paboTa paccMaTpHBaeT NepPBHIU ONBIT TUIEPCIEeKTPaIb-
HOTO CKAHMpPOBaHMA KepHa [OHHEIX OCAaJKOB O3epa
Xopuakesb (3anaansiii KaBkas) B Jlabopatopuu naje-
0apxXUBOB MPUPOAHOU cpedbl MHcTUTyTa reorpadpuu
PAH u packpbiBaeT BO3MOXHOCTH MeTOJa AJiA CcOo3fa-
HUA Ha ero OCHOBe JeTaIbHBIX NaJe0pPeKOHCTPYKIIHUIA.

2. MaTepunanbl 1 MeTOAbI

B JlabGopaTopuu naseoapxXxuBOB NPUPOAHOMN
cpensl UI' PAH Obl1a co3faHa yCTaHOBKA JJIA TUIEp-
CIIeKTaJIbHOM ChEMKH O3€pHBIX KepHOB. OHa COCTOMUT
U3 TUNepCrneKTpaJbHON KaMepsl, COBMECTUMOrO € Hell
ckaHepa Specim LabScanner c¢ rajioreHOBBIM OcCBellle-
HHeM U 000py[oBaHUA AJA NMPOKaTKWA JJIMHHBIX Kep-
HoB. Hcnosw3dyemas kamepa Specim FX10 paGotaet
B pexuMe JIMHEWHOIrO CKaHMPOBAaHWA B BUAMMOHN U
omkHern uH@pakpacHoit (VNIR) wacTAx 3JieKTpo-

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: alexandrin@igras.ru (M.IO. AjekcaHgpuH)
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MarHuTHOro crekrpa (guanazon 400-1000 M) c 448
CHeKTpasJbHBIMKM KaHajlaMu. IIpocTpaHCTBeHHOe pas-
pelleHue MOJIyYeHHBIX JaHHBIX COCTaBJAeT 229 MKM,
cpellHee CIeKTpaJjibHOe paspemieHue — 5,5 HM. KepH
CKaHMpPOBAJICA B BHUJE€ BOCBMU ydacTKoOB II0 40 cMm ¢
IepeKpuTHeM 0K0JIo 10 cMm.

Juisa o6paboTku, kKaauOpOBKHY, CIIMBAaHUA U aHa-
Jiuza TUIepCcleKTPabHBIX MaHHBIX clielydaiicTaMu
WUT' PAH 6511 pa3paboTaH clieiajIyi3upOBaHHEBIN MIPO-
rpaMMHBIN IPOAYKT. M300paxeHrss KOppeKTHPOBaJIKCh
[I0 YepHOMY (3aKpBITHIl O0BeKTUB) U Oesiomy (Kayiu-
O6poBoYHBIN 00paselr] OT NPOM3BOAUTEJISA) CTaHAAapTaM.
W3 xepHa BBIOMpaINCh IleHTpajlbHble YYaCTKU, KOTOPhIe
Jlajiee CHIMBAJIMCh C IIOMOMIbI0 MeTO[a HauMeHBIINX
KBaJpaToB [JIA 3Ha4YeHUIl OTpaxkaTeJIbHOU CIIOCOOHO-
CTHU Ha IlepeKphIBAIOIUXCA yUyacTKax. TpenyHel, BO3HU-
KaBlllie B pe3yJibTaTe YChIXaHUs KepHa, yAaJlich U He
HCIIOJIb30BaJIMCh B AajibHeiilleM aHaiuze. UTorosble
JlaHHble IPeCTaBJIAIT cOO0l rUnepKy0d — TpeXMepHBIN
MacCuB JaHHBIX C ABYM:A U3MepeHUsAMU B BUJe AJIMHEI
1 IMIUPUHB N300pakeHNs B MUKCEJIAX U TPeThUM CIIeK-
TPaJIbHBIM H3MepeHHeM (MaKcuMajlbHOe YHCJIO KaHa-
JI0B — 448).

Ozepo Xopmakenb (43°29°36»N; 42°13’05»E,
2063 M H.y.M) pacmojioxkeHo B 20 KM K 3amaj-ceBe-
po-3anazy oT MaccuBa JJybOpyca U IPpUMEPHO B 60 KM
ot I'maBHoro Kaskasckoro xpebra. CpeaHsasa riyOuHa
o3epa 3,8 M, MakcUMaJsIbHasA — 8 B I[EHTPAJIbHOM YaCTU.
Kepn HORI1 ncnosib30BaH HaMM B KaueCTBe MUJIOTHOTO
obbekTa [JiA TUIepCleKTPaJibHOIO0 CKaHWPOBaHUA
Osaromaps CBOEMy JIMTOCTpaTurpapruueckoMy pasHo-

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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00pasuio — KepH CJI0XKeH YepedyIolMUCA y4acTKaMu
TOHKOCJIOUCTHIX IJIMH U campolesig C pasJudHbBIMU
CIeKTpaJbHBIMM CcBoMicTBaMHu. KpoMme Toro, AjsA KkepHa
HOR1 65171 caesniad pAn 1abopaTOpHBIX aHAJIN30B — KaK
Ha auckpetHbix obpasuax (UI' PAH), Tak u BeicOKOpas-
peniaonyii CKaHU Py MUKpo-PDA aHanu3 ¢ noMo-
upio paboueii craniuu GEOTEK MSCL-XYZ (MacTUTYT
okeaHoJioruu PAH). Bo3pacTtHasa mozens kepHa HOR1
HaJle)kKHO 3aKpellyIeHa C IOMOIIbI0 OAMHHAAIATH paau-
oyrsiepoaHsx (AMS) AaTUPOBOK U OXBaThIBaeT NepUOL
6700-1500 xaneHpapHbIX JieT Hasaf. OcobGeHHoCTU
CTOKa HaAHOCOB Ha Bojocbope o3epa XopJjakesb ObUIN
Takxe JeTanbHO u3ydensl ([lIBapes u ap., 2023).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

B xopae npeapAymux uccaeOBaHUM B IIpefesax
Bugumon — omkHelt UK uacteli criektpa 6bL1 06Ha-
pPyXeH psAd CHeKTpaJbHBIX MHJEKCOB, KOCBEHHO OTpa-
JKaIIUX BapualuM TeX WJIM WHBIX CBONCTB B OCajKe
Y, COOTBETCTBEHHO, YCJIOBUI M NPOIECCOB OCaJKOHa-
KkomuleHusa. B HacrosAmell paboTe paccMmaTprBaeTcA
caMBbIll JOCTOBEpPHBII M3 HUX — yBeJINUYeHHOe IIOIJIo-
meHve (WM IOHWXeHHe 3HadyeHusA OTpaxaTesIbHOMH
CrIocOOHOCTH) B YaCTU 3JIeKTPOMarHUTHOTO CIEKTpa,
COOTBETCTBYIOIell [JIHe BOJIH B pabioHe 670 HM.
H3BecTHO, 4TO XJIOpOOWJI @, HEOOXOAUMBIN OOJIb-
HIMHCTBY (OTOCHMHTE3UPYIOUUX OpPraHW3MOB, U IpO-
JAYKTHl €ro pacnaja NorjolalT cBeT B KPacHOH 4acTu
CIeKTpa, a 3eJIeHBlli CBeT B OCHOBHOM OTPaXalorT.
CreKTpaJIbHBINI MHAWKATOp COoAepkaHuA XJIopoduuia
a B ocajike MOXeT OBbITh IOCYUTAH IIyTeM MoJicyeTa IJIy-
OMHB MUHUMYyMa B paiioHe 670 HM Ha CIeKTpaJbHON
kpuBol (Relative absorption band depth — RABD670)
WiIn Iuiomanu (Gurypel, obpasyeMoil 3TUM MUHHMY-
MoM (Relative absorption band area — RABA670) (Rein
and Sirocko, 2002). Pax wucciiefoBaHUN HPUBOAUT
KpaliHe BBICOKME KO3(POULIMEHTH KOPPeAUNd MeXAy
3THMMM NIapaMeTpaMH{ 1 KOHIIeHTpalyAMU XJIopoduuia
a, U3MepeHHON HaNpAMYI0 ¢ IIOMOIIbI0 BEICOKOI(Pdek-
TUBHON XUAKOCTHON xpomatorpadpuu (Wolfe et al.,
2006). O6uMiT NOgXO0Z COCTOUT B TOM, YTO OCAJKU C
OoJIBIIMM coAepkaHNeM OpraHu4eckoro BelllecTBa
OyayT uMmeTb OoJiee BBICOKME 3Ha4yeHHs apamMeTpoB
RABD670 uniu RABA670 1o cpaBHEHHIO C OcajKaMu
MIpeUMyIIeCTBEHHO JINTOreHHOI'O IPOUCX0XIeHUA.

B Hacrosmel paboTe MBI paccMaTpyUBaeM MIOTeH-
[Maja CHOeKTpaJbHBIX IIPOM3BOJHBIX xJopodwuiia a
oTpaxaTb Bapualuyd CcoJepXaHHUsA OPraHu4ecKoro
BellleCTBAa W aBTOXTOHHON NPOAYKTHUBHOCTU B KepHe
o3epa Xopsakesb. [l 3TOT0 MBI IIPOBEJIM KOppeJsis-
LIMOHHBIN 1 MHOTO(aKTOPHBIN aHain3bel Habopa aH-
HBIX, BKJIIOUAIOIIero 3HaueHusa napamerpoB RABD670
n RABA670, KOHLIEHTpallK 3JI€MeHTOB, MOJIyuYeHHbIe
¢ nomolnplo MUKpo-PDA anHanusa, pe3ysibTaThl Jabo-
PaTOpHBIX aHaIW30B (MOTepyd IpU MPOKAIMBAHUY,
MarHuTHas BOCIPUMMYMBOCTD, I'PaHyJIOMeTpUYeCKui
COCTaB) — OT[EJIbHO JJI JaHHBIX BBICOKOT'O U HU3KOTO
paspelleHuA.

PesysbpTaThl TOBOPAT 00 YCTOMYMBOM CBA3U
HAalllUX CIEeKTPaJIbHBIX UHAEKCOB U APYIMX W3BECTHBIX
OuOreHHBIX MHAWKATOpoB. B yacTHOCTHM, HaMu OBLIO
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yCTaHOBJIEHO, 4TO napameTpsl RABD670 i RABA670
CTaTUCTUYECKH 3HAUYMMO CBA3aHBI C KOHIleHTpauuen
OpoMa B ocajKke — APYTMM OMOTe€HHBIM MHAUKATOPOM,
KOTOpHIYI paHee OBLI MCIOJIb30BaH HaMM [Ji PEKOH-
CTPYKIMHU TelyiooOecliedeHHOCTH Ha KaBkase ¢ BBICO-
kuM paspemenveM (Alexandrin et al.,, 2023). Takxe
CTaTUCTUYECKH 3HAuMWMble IIOJIOXKUTEJIbHEIE CBA3U
OTMeueHHbl [Ji COOTHOLIEHWS HeKOrepeHTHOr'o/Kore-
PEHTHOr0 paccesHMsA PEeHTTeHOBCKHUX JIydel (Takxke
HCIIOJIb3yeTCs B KadecTBe KOCBEHHOTO WHAWKaTopa
KoJIM4ecTBa OPraHN4ecKkoro BellecTBa) U MacCOBHIMU
[OTepsAMHU NpU NpoKaIMBaHUU (K03(POULMEHTHl paHro-
Boil koppeJsisiuu Crnvipmena 0.48-0.77). Kpome Toro,
OTMeualoTCsA BBICOKHE OTpHUIlaTesIbHble 3Ha4eHUsA 5TUX
K03 PprnreHToB a4 cBA3U napaMmeTpoB RABD670 niun
RABA670 u KOHIIEHTpaI1il JUTOTeHHBIX 3JIEMEHTOB U
MarHuTHou Bocnpuumurboctu (-0.62—-0.86)

4. BoiBOADI

[IpopgenanHasa paboTa IO3BOJISET HCIOJIB30-
BaTh napametrpel RABD670 nnu RABA670 B KauecTBe
MHAVKATOpOB Bapualldil OpraHWYecKoro BelllecTBa B
ocajxe M aBTOXTOHHOH IPOAYKTHUBHOCTU. B ciyuae
KepHa o3epa XopJiakesb BpeMeHHOe paspelleHue IJid
KPHUBBIX 3THX IIapaMeTpOB COCTaBJIgeT MeHee OJHOIO
roaa. HacTosibpko BrICOKOe paspeleHre MOXeT pPeKOH-
CTPYKIMIO OTAEJIbHBIX KPaTKOBPEMEHHBIX COOBITUI,
pacmundpoBke MepuoauYecKUx COOBITUM U (GOPCUHTIOB,
HapsAgy ¢ OoOIMMMHU PeKOHCTPYKLUUAMU [OJIrONepUO-
HOM M3MEeHYMBOCTHU.
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ABSTRACT. The formation of the incision valley near Selizharovo is associated with the existence of
a proglacial lake in the Late Valdai. Geological and hypsometric data indicate its possible level is not
lower than 205 m and not higher than 210 m asl. However, at this level of the lake, a incision would not
be possible, since the edges of the valley are located at an altitude of 215 — 220 m asl. We assume that
the depression at Selizharovo already existed by the beginning of the Late Valdai, and then it deepened

and was renewed.
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1. Introduction

The morphology of the Volga River valley south
of Selizharovo (Tver region) is most characteristic of
incision valleys — narrow and deep sections of river
valleys crossing the entire width of the hill (Shchukin,
1980). The Volga River valley in this area is a trough-
shaped depression with steep sides about 10 m high
and a flat, swampy bottom (Baranov et al., 2020).
The Svinye Gory upland, cut through by a valley, is a
glacial and water-glacial plain with heights of 250 -
270 m asl (Stolyarova et al., 1958). Some researchers
(Chebotareva et al., 1961) considered the spaces adja-
cent to the Volga River valley near Selizharovo as kame
terraces.

It is assumed that the formation of this incision
valley is associated with the descent of a proglacial lake
during the degradation of the last glaciation (Panin
et al.,, 2021; Baranov, 2023). Its maximum boundary
was located several kilometers north of Selizharovo
(Karpukhina et al., 2020). However, there is currently
no sufficiently substantiated evidence for the existence
of a lake reservoir near Selizharovo in the Late Valdai,
the descent of which could form an incision valley.

2. Materials and methods

We used field observations obtained during
expeditions of the Institute of Geography of the RAS
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near Selizharovo in 2017 - 2020. We also used a sig-
nificant amount of stock geological data obtained from
Russian Federal Geological Foundation (Stolyarova
et al., 1958). To model the levels of the hypothetical
Selizharovo Proglacial Lake, we used the digital terrain
model FABDEM V1-2 (Neal and Hawker, 2023).

3. Results and Discussion

The current drainage threshold of the Upper
Volga lakes and Seliger basin — the bed of the Volga
River near Selizharovo - is located at 198 m asl. The
flat bottom of the trough-shaped valley has a height
of about 205 m asl, lined with thin alluvium from the
time of degradation of the Late Valdai glaciation (Panin
et al., 2021, Baranov, 2023). Accordingly, for the for-
mation of an incision valley, the level of the supposed
periglacial lake must exceed the level of the valley bot-
tom (flow threshold) of 205 m abs. According to geo-
logical survey data (Stolyarova et al., 1958) and some
published data (Karpukhina et al., 2020), it has been
established that above 210 m asl from the surface, as a
rule, Moscow glacial deposits (till) occur, in places cov-
ered by a thin cover aeolian sandy loams, widespread
in the Upper Volga river basin (Baranov et al., 2021).
Thus, the level of the Selizharovo Proglacial Lake could
not be lower than 205 m and higher than 210 m asl
(without glacial isostatic adjustment). Considering
that, the edges of the incision valley near Selizharovo

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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are located at altitudes of 215 — 220 m asl, then at this
level of the periglacial lake there should already have
been some kind of depression in the landscape.

An assessment of the planned position of the
lake with such a level (205 - 210 m asl) shows (Fig. 1)
that it was a single basin covering the modern Upper
Volga lakes and Seliger. Work with stock geological
materials (Stolyarova et al., 1958) made it possible to
establish that at altitudes from 202 to 210 m asl north
and northwest of Selizharovo, at the landscape depres-
sions along the Volga and Selizharovka rivers, sandy or
sand-gravel deposits occur on the surface, underlain by
band clays. Detailed work (Karpukhina et al., 2020) in
the Sizhina River valley (north of Selizharovo), falling
into the water area of this supposed lake, showed that
a large depression of the Moscow glacial landscape was
filled with glaciolacustrine and lacustrine sediments of
the Late Moscow — Early Valdai time, and then worked
out by alluvial processes in the Middle and Late Valdai.
Work on Lake Seliger (Konstantinov et al., 2021) has
established that its lake stage began only 14-15 ka, and
before that, a significant part of the modern lake was a
river system.

4. Conclusions

Available geological data indicate the absence
of lacustrine and glaciolacustrine sedimentation in the
Selizharovo region in the Late Valdai. An analysis of
topography showed that the lowest place (and therefore
the place where runoff is concentrated) is the section of
the modern Volga River valley near Selizharovo. It can
be assumed that by the beginning of the Late Valdai
there was already some kind of depression in the land-
scape, and the concentration of runoff, enhanced by the
time of climate-induced high water content (Panin and
Matlakhova, 2015), became the reason for the deepen-
ing and renewal of this breakthrough valley. Incision to
the modern level continued in the Holocene (Panin et
al., 2021; Baranov, 2023), which means that the longi-
tudinal profile of the river continues to be developed.
This fact, as well as the absence in the valley of sedi-
ments older than the Late Valdai, indicates the youth of
this section of the valley, which confirms the hypothe-
sis that the basin of the Upper Volga lakes and Seliger
joined the Volga system in the Late Valdai.
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O BO3MO)XHOM CYLLEeCTBOBaHUM
CeA)KapoBCKOro NPUMAEAHUKOBOIO O3epa

KpaTtkoe coobuienune
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bapanos [I.B.*, [lanun A.B., Kapnyxuna H.B.

Hucmumym ceoepaguu PAH, Mockea, Poccusa

AHHOTAILHA. O6pa3oBaHue JOJMHEI IPOphiBa y II'T CeJnXapoBO CBA3BIBAIOT C CYIIECTBOBAHUEM IIpU-
JIEQHUKOBOI'O O3epa B IO3AHEM Bajae. ['eosoruyeckue U rurncoMeTpruyeckre AaHHble YKas3blBAlOT HA
ero BO3MOXHBIM ypoBeHb He Huke 205 m u He Boime 210 M abc. OgHAKO MpU TakOM YPOBHE o3epa
IIPOPBIB He ObLI ObI BO3MOXEH, TaK KaK OPOBKM AOJIMHEI PaclojararTcsa Ha BeicoTe 215 — 220 M abc.
[Tpenmnosiaraercs, 4TO NOHIKeHMe y NrT CeJnkapoBO K Hayaly ITO3AHEro Bajgas yXe CylecTBOBaJIO, a

3aTeM IIPOU30ILIO ero yriybjeHre U OOHOBJIEHUE.

Kitiouegewie csioga: Bosira, fojirHa IpoOpBIBa, TpUJIeJHUKOBOE 03epo, CeskapoBo, MO3AHUN Baigan

Jisa nutupoBanusa: bapanos [1.B., Ilanun A.B., Kapnyxuna H.B. O Bo3MoxHOM cyiecTBoBaHUN CeJINXapOBCKOro IIpUJIeJHUKO-
Boro o3epa // Limnology and Freshwater Biology. 2024. - No 4. - C. 234-238. DOI: 10.31951/2658-3518-2024-A-4-234

1. BBeaenue

Mopdosorus noauHsl p. Boaru Ha 10XHOM OKpa-
uHe nrt CemkapoBo (TBepckas ob6sacth) Haubosiee
XapakTepHa I JIOJIMH TPOPBIBA — Y3KUX U TJIy6o-
KUX YYaCTKOB PEYHBIX J[OJIUH, NEPEeCEKANUX BO3BBI-
meHHOCTh Bo Bcrwo mupuHy (IllykumH, 1980). HosmHa
p. Bosiru Ha 3TOM ydYacTKe MpeAcTaBjsAeT COOOM KOPHI-
TOoOOpa3Hoe MOHMXEeHUE ¢ KPYTHIMU OOPTaMU BbICOTOU
nopsaka 10 M U IUIOCKMM 3a00JIOUeHHBIM JHUILEM
(bapanoB u fip., 2020). Bo3BrimeHHoCTh CBUHBIE I'ODHI,
npope3aemas JOJIMHOM, IpeicTaBJisieT CO0O0M Jie JHUKO-
BYI0 U BOJIHO-JIEJTHUKOBYI0 PaBHUHY C BbicoTamu 250
— 270 m a6c. (CtonsipoBa u ap., 1958). YacTh uccie-
nosateJieii (HeGotapésa u Ap., 1961) paccmarpupaiiu
MPUMBIKAOIME K JoJimHe p. Boiru y nrr CeyirmkapoBo
MPOCTPAHCTBA B KAYECTBE KAMOBBIX Teppac.

[Mpegmosaraercsa, 4YTo (HOPMHUPOBAHUE OTOU
JOJIMHBI TIPOPBIBA CBSI3aHO CO CITYCKOM IPUJIETHUKO-
BOr'0 03epa BO BpeMs Aerpafjalyu MocjieqHero oJeme-
Henus (Panin et al., 2021; Bapatos, 2023), MakcUMaJIb-
Has rpaHMIla KOTOPOro pacrnoJjiarajach B HECKOJIbKUX
KujioMeTpax k ceBepy oT nrt Cenmxaposo (KapmyxuHa
u 1p., 2020). Tem He MeHee, JOCTATOYHO OOOCHOBAH-
HBIX CBUETEILCTB CyIIECTBOBAHUS O3€PHOT0 BOAOEMA
B okpecTHOCTsX CeJIKapoBO B MO3/IeEM BaJifjae, CIyCK
KOTOpOro Mor 66l chOpPMHUPOBATH TOJIMHY NPOPHIBA, B
HacTosdllee BpeMs He CyIecTByeT.

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: dm baranov@igras.ru (/].B. BapaHoB)

INocmynwa: 07 utona 2024; IIpunama: 02 vt 2024;
Ony6tukoaana online: 26 aprycra 2024

2. MaTtepunanbl 1 MeTOAbI

B ocHOBy wucciefoBaHUA IIOJIOKEHHB! IOJIe-
Bble HaOJIOAeHUsA, IOJIydeHHBle B XOJe OKCIeqUINN
Hucturyta reorpapuu PAH B OKpecTHOCTAX NIT
CemxapoBo B 2017 — 2020 rr. Takxe OBLT HCIIOJIB30-
BaH 3HAYUTEJIBHBI OOBEM (OHJOBBIX I€0JIOTUYECKUX
JIaHHBIX, TOJIyYeHHBIX B Pocreosibonge (CrosspoBa
u ap., 1958). [yia MofjenupoBaHUs YpOBHeH TI'HIIO-
TeTuyeckoro  CeJiXkapoBCKOTO  IPHUJIEAHUKOBOTO
o3epa HCIOJIb30Basach udpoBas MoJeab MECTHOCTU
FABDEM V1-2 (Neal and Hawker, 2023).

3. Pe3ynbTaTtbl H HX 06CYy)XAEHHME

CoBpeMeHHBIN mnopor CcTOKa bacceriHa
BepxHeBospkckux 03ép u Cenurepa — pyciio p. Bonru
y nrr CeamxapoBo — pacrojiaraercsa Ha BbicoTe 198 m
abc. ILmockoe OHUIE KOPHITOOOpa3HON MOJMHBI IPO-
pbiBa HMMeeT BBICOTY OKoJio 205 M abc, BBICTJIAHHOE
MaJIOMOIIHEIM  aJUIIOBHEM BpeMeHU Jerpajainuu
nosgHeBasigarickoro osieqedHenus (Panin et al., 2021,
Bapanos, 2023). CooTBETCTBEHHO, 1Ji1 GOPMHPOBAHUS
JIOJIMHEI IPOPEIBA YPOBEHb IpeAIojiaraeMoro npuses-
HUKOBOT'O 03epa JO0JDKEH NpeBHIATh yPOBeHb JHUIIA
nosmmHbL (mopora croka) B 205 m abc. CorJiacHO IaH-
HBIM TreoJiormieckort cbémku (CrosisipoBa u Jip., 1958)
1 HeKOTOPBIX OIyOJIMKOBaHHBIX JaHHBIX (KapmyxuHa

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative BY NG
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u 1p., 2020) ycraHoBjeHO, uTO Bhille 210 M abc. ¢
MIOBEPXHOCTH 3aJjieraimT, KakK MpaBUJIO, JIeJHUKOBEIE
OTJIOXXeHUA (MOpeHa) MOCKOBCKOI'0 BO3pacTa, MecTaMu
IepeKphIThie MaJOMOIIHBIM IIOKPOBOM 30JIOBBIX CyIle-
cell, NIMPOKO paclpOoCTPaHEHHBIX B BepxoBbe Bosru
(bapanoB u gp., 2021). Takum o6pa3oM, ypOBeHb
CenmxapoBCKOr0 IPUJIEJHUKOBOIO 03epa He MOT OBITh
Hke 205 M u Beime 210 M abe. (6e3 yuéTa riAnroun-
30CTaTAYeCKOro BO3JelCTBUA). YUUTHIBasA, YTO OPOBKU
JoJvHB npopeiBa y CeslkapoBO PacloJIOXKeHBl Ha
BbIicOoTax 215 — 220 M abc., TO NpU TaKOM ypPOBHE IIpU-
JIeAHUKOBOr'O O3epa 3[ecCh yXe AOJDKHO OBLJIO cyllle-
CTBOBATh KaKoe-100 NOHMXKeHNe B peJibede.

OneHka IJIAHOBOT'O TOJIOXKEHUA 03epa C TaKuM
ypoBHeM (205 — 210 M abc.) nokaseiBaet (puc 1), uto
OHO IIpeJicTaBJANI0O cobOil equHBI OacceiiH, oOXBa-
THIBAIOIIMY COBpeMeHHble BepxHeBoJDKCKHe 03€pa
u Cenurep. Pabora ¢ (HOHOOBBHIMHU Te0JOTAYECKUMU
marepuanamu (CrossipoBa u Ap., 1958) mosBosmiia
YCTaHOBUTb, YTO Ha BeIicoTax oT 202 1o 210 M Kk ceBepy
U ceBepo-3anajay orT nrr CeJnxapoBO N0 NOHMXeHUAM
pesibeda BAOJb pek Bosru u CenmxapoBKy 3ajieraimT
C IOBEpXHOCTU IlecyaHble WJIM IecYaHO-TpaBUITHBIE
OTJIOXKEHU:A, MOACTWUJIaeMble JIEHTOYHBIMU IJIMHAMU.
JetasnbHble paboTel (KapnyxuHa u ap., 2020) B qosuHe
p. Cuxussl (x ceBepy or nrt CejmxapoBo), Iomnaja-
I0llell B aKBaTOpPHIO 3TOr0 IpeArnojiaraemMoro osepa,
[oKa3aJii, 4YTO KpPyIIHOe NOHIXeHHe MOCKOBCKOTO Jief-
HUKOBOTO pejibeda 3aloJHEHO 03epHO-JIeAHUKOBLIMU
Y 03EpHBIMU OTJIOKEHUAMHU IO3JHEMOCKOBCKO-paHHe-
BaJIalicKoro Bo3pacra, a 3aTeM popaboTaHo aJII0BU-
aJIbHBIMH TIpolleccaMy B CpefHeM M IO3[JHeM BaJjijiae.
Paboramu Ha ozepe Cenurep (KoHcTaHTHMHOB U Ap.,
2021) ycTaHOBJIEHO, YTO ero O3EpHBIM 3Tan HaydascA
Jumb ¢ 14 — 15 TeIC. JIeT, a [0 3TOro 3HAYMTeJbHasA
4yacTh COBPEMEHHOI0 o3epa IpeficTaBJiAsia coboii peu-
HYIO CUCTEMY.

4. BoiBOADI

HMelompecs TeoJIornveckye JaHHbBIE YKA3bIBAIOT
Ha OTCYTCTBHE O3EPHOTr0 U 03EPHO-JIEJHUKOBOTO OCaJl-
KOHaKoOIUTeHusA B paiioHe mrt CemXkapoBO B MO3OEM
BaJijae. AHaiM3 pesbeda TeppUTOpUM TOKA3AJI, YTO
HanboJjlee HM3KUM MecTOM (@ 3HAQUMT MECTOM KOH-
LEHTPallu CTOKA) SBJIAETCA yYaCTOK COBPEMEHHOM
JosivHb p. Bonrm y nrr CenmkapoBo. MoOXHO mpen-
MOJIOKUTD, YTO 37]eCh K Havasy MO3AHErO Bajfas yxe
CYLIECTBOBAJIO Kakoe-IMOO TMOHMXeHUe pesbeda, a
KOHIIEHTpaI[is CTOKa, YCUJIEHHAas BpeMeHeM KJIMMa-
TUYeCKH 00yCJIOBJIEHHON MHoroogHoctu (Panin and
Matlakhova, 2015) crajsia mpuUYMHOHN YyTJIyOJeHUS U
OOHOBJIEHUS OTOW [OJIUHBI TPOpHIBa. Bpe3aHue Ao
COBPEMEHHOT'0 YPOBHS IPOJIOJIKUIOCH M B TOJIOIEHE
(Panin et al., 2021; BapaHos, 2023), 3Ha4UT MPOIOJIb-
HBI TPO®WIHL pPeKHd MPOMOJIKAET BHIPAOATHIBATHCA.
OTOT daKT, a TakKe OTCYTCTBHE B JI0JIMHE 6oJiee ApeB-
HUX, YeM II03[IHeBaJIJalicKiue, OTJIOXKEHUH, CBHIe-
TEJIbCTBYET O MOJIOLOCTH 3TOTO y4YacTKa AOJIMHBI, YTO
MOATBEPX/IAET TUMOTE3Y O MPUCOeAUHEHUN GacceiHa
BepxHeBomkckux 03ép u Cenurepa K cucreMe Bosru B
MO3JHEM BaJijjae.
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Puc.1. Tunoretudeckoe mnoJsioxeHue CeanKapoBCKOTO
MIpUJIEJHUKOBOTO 03epa ¢ ypoBHeM 205 M abc. (BBepxy) u 210
M abc. (BHU3Y) Ha nudposoit Mmogenu MectHoctu (Neal and
Hawker, 2023).
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ABSTRACT. The paper presents reconstruction of the geochemical evolution of the saline lake Shira
(South Siberia, Russia) over the past 3000 years based on the elemental composition of bottom sedi-
ments. Based on the rock-forming element contents obtained by X-ray fluorescence analysis, the main
geochemical indices were calculated to assess the degree of deformation and weathering of the rocks
in the catchment basin, paleosalinity, paleoclimate, paleoproductivity and input of clastic materials.
Changes in Al,O, and TiO, contents reflect the influence of the terrigenous contribution in the lake basin
and demonstrate four decreases in the terrigenous removal contribution in the age intervals of 40-135,
580-800, 1900-2020 and 2780-2850 cal. a BP. These intervals are characterized by decreases of Na,O,
SiO,, K,0 and Fe,O, contents and increases of MgO and CaO contents. The deceleration in the processes
of physical weathering of terrigenous material from banks into the lake and its removal by watercourses
is confirmed by the increase of the paleosalinity index and the decrease of chemical weathering. The
four considered intervals are characterized by high values of the Ti/Zr ratio, which corresponds to rocks
formed close to the provenance area. For the interval 2780-2850 cal. a BP, the change of the Ti/Zr ratio
value is not so contrasting in comparison to the intervals 40-135, 580-800 and 1900-2020 cal. a BP. The
mineral composition of the bottom sediments of saline lake Shira corresponds to young and immature
clay mineral with a high percentage of primary silicate minerals, formed under cold climate conditions.

Keywords: Bottom sediments, saline lake, geochemical indices, rock-forming elements, wavelength dispersive
X-ray fluorescence analysis

For citation: Amosova A.A., Chubarov V.M., Bezrukova E.V. Reconstruction of the geochemical evolution of the saline
lake Shira (Southern Siberia, Russia) in the late Holocene // Limnology and Freshwater Biology. 2024. - Ne 4. - P. 239-243.
DOI: 10.31951/2658-3518-2024-A-4-239

1. Introduction Nature Reserve”. The water surface area is 36 km?,

the Son River flows into the lake from the south, other

) The study of saline lake sediments makes it pos- sources of water are groundwater and precipitation
sible to assess the changes of environment condition of (Kalugin et al., 2013). According to X-ray diffrac-

the catchment basin, especially for contrasting climatic
conditions: wet and dry. In terms of their physico-
chemical conditions and species composition, salt lakes

tion analysis, the mineral composition of the terrige-
nous component is represented by muscovite, albite,
clinochlore, anorthite, calcite, calcium sulfate hydrate,

have a certain proximity to marine ecosystems, but less ankerite. In 2021 the core with undisturbed structure
attention is paid to the study of saline lakes. Sediments was taken from a depth of 25.3 m using the UWITEC
of the saline lake Shira with established seasonal sedi- drilling station (Austria). The age-depth model is based

mentation represent a valuable archive of natural and
climate changes of the Holocene on the northern edge
of the Altai-Sayan mountain system (Khakass-Minusinsk

on *C dating using accelerator mass spectrometry. To
determine the elemental composition of sediments
(rock-forming oxides contents), the X-ray fluorescence

Hollow, southern Siberia). method was used (Amosova et al., 2019). Values of
loss on ignition at 550 °C (LOI®®), characterizing the
2. Material and methods organic matter, and loss on ignition at 950 °C (LOI®),
characterizing the total carbonate and organic matter,

The saline meromictic lake Shira (354 m a.s.l.) were determined by gravimetry.

without outflow is located in the “Khakasskii State

*Corresponding author.
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To assess the degree of alteration and weath-
ering of the rocks, the following geochemical indi-
ces were used: CIA (chemical index of alteration),
CIW (chemical index of weathering), PIA (plagioclase
index of alteration), CPA (chemical proxy of alter-
ation), ICV (index of compositional variation), Ti-index
((CaO +Na,0 +Mg0)/TiO,), paleosalinity index (MgO/
Al,0.,100), Mg/Ca ratio characterizing paleoclimate, P/
Ti and P/Al ratios characterizing paleoproductivity and
Ti/Zr ratio as an indicator of input of clastic materials.

3. Results and discussion

The distributions of main rock-forming oxides
contents and geochemical indices over the depth of
the core sediment section are obtained. High positive
values of correlation coefficient (rxy=0.90—0.97) are
observed between the contents of K,0O, SiO,, TiO,, Fe,0,
and AlLO,; K,0, TiO,, Fe,0, and SiO,; TiO,, Fe,0, and
K,O. Negative correlations (r_ from -0.83 to -0.89) are
observed between Zr and Sr; CaO and ALO,; SiO, and
K,O; TiO, and CaO; Fe,0, and CaO; LOI**® and ALO,;
Si0,, K,0, TiO, and Fe,0,.

The studied core is characterized by signifi-
cant variations in the contents of rock-forming ele-
ments and geochemical indices. There are high cor-
relations between TiO, and ALO, contents (rxy=0.96),
that demonstrates four decreases in the terrigenous
removal contribution in the lake basin are observed
in the age intervals of 40-135, 580-800, 1900-2020
and 2780-2850 cal. a BP. These intervals are charac-
terized by maximum decreases of Na,O, SiO,, K,0 and
Fe,0, contents and maximum increases of MgO and
CaO contents. The increase of paleosalinity index val-
ues for these intervals also confirms the deceleration
in the processes of physical weathering of terrigenous
material from banks into the lake and its removal by
watercourses. The CIA index, as well as the CIW index,
confirms the deceleration of chemical weathering in
these intervals. It is important to note that the three
intervals are 580-800, 1900-2020 and 2780-2850 cal.
a BP correspond to the time of accumulation sediments
with light color, confirming the lack of organic matter,
characteristic of the holomictic state of the lake sys-
tem and low water level in the lake. This is typical for
periods when deep freezing of rocks blocked the flow
of groundwater, which led to a drop in the level of the
lake Shira (Kalugin et al., 2013). The «youngest» inter-
val of reduced chemical weathering (40-135 cal. a BP)
appeared slightly later than the time of formation of the
white layers. The Ti/Zr ratio responds to changes of ter-
rigenous material transport; thus, the four considered
intervals are characterized by high ratio values, which
correspond to rocks formed close to the source area
(low water level in the lake). For the interval 2780-
2850 cal. a BP the index change is not so contrasting in
comparison to the intervals 40-135, 580-800 and 1900-
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2020 cal. a BP. According to the Ti/Zr ratio, the rest of
the core is characterized by rocks that contain destruc-
tion material from the same source, but moved over a
long distance.

Between the CIW, PIA and CIA; PIA and CIW;
ICV and Ti-index there are high positive correlations
(rxy=0.92—1.00), despite the fact that they describe
slightly different factors of environmental influence on
the process of sediment accumulation. There are neg-
ative correlation between the Ti-index, ICV and CIA;
CIW and PIA (rxyvaries from -0.84 to -0.91). CIA values
range from 15 to 44 (average value 33), which corre-
spond to rocks that have not been subjected to chemi-
cal weathering and formed in a relatively cold climate.
The value of the CIW and PIA increases with the degree
of decomposition of the original rocks or sediments;
for the studied sediments, these indices, together with
the CIA, clearly respond to the four marked intervals
of decreasing the degree of weathering of the paleo
sources of material. The ICV, like CIA and CIW, reflects
the degree of maturity of the fine aluminosilicon clas-
tics entering the sedimentation area. Immature shales
with high contents of non-clay silicate minerals have
ICV values greater than 1; on the contrary, more mature
clayey rocks with a large amount of clay minerals
themselves have lower ICV values. The mineral com-
position of the bottom sediments of saline lake Shira
corresponds to young and immature clay mineral with
a high percentage of primary silicate minerals, formed
under cold climate conditions.
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PeKOHCTPYKUUA reOXMMHUYECKOMH
3BOAIOLMM CONEeHOoro o3epa Llupa (I0O)xuana
Cubupnb, Poccua) B no3pHeMm ronoueHe

AwmocoBa A.A., UybGapos B.M., be3pykosa E.B.

Hnemumym eeoxumuu um. A.I1. Bunoepadosa CO PAH, 664033, ¢. Hpkymck, @agopckoeo, cmp. 1A, Poccua

AHHOTAILIUA. B pabore npefcTaBjieHbl peKOHCTPYKIMIM I€OXMMUYECKOU 5BOJIIOI[UY COJIEHOTO 03epa
[MIupa (FOxHas Cubups, Poccus) 3a nocieguue 3000 JjieT, OCHOBaHHbIE Ha 3JIEMEHTHOM COCTaBe J[OH-
HBIX OTJIOXKeHUH. Ha ocHOBaHNU [TOJTyYeHHBIX MEeTOAOM peHTreHo(JIyopecleHTHOr0 aHaIn3a JaHHBIX O
coflepXXaHUAX MOPOA0OOPA3YIOIINX 3JIEMEHTOB OBLJIM PAaCCYMTAHBI OCHOBHBIE T€OXMMHUYECKUE UHIEKChHI
JJ1A OLleHKHU cTeneHu JedopMaiuy 1 BbIBETPHBaHMA NOpPOJ BomocOopHOro OacceiiHa, Iajie0COJIeHO-
CTH, MajeoKJrMaTta, MajeoNpOAYKTUBHOCTH M AAJIbHOCTU IepeHoca KJIACTHUKU. M3MeHeHus cofep-
xaHuil ALO, n TiO, oTpaxalT BIMAHHE TEPPUTEHHOrO BKJaja B 6acceiiHe o3epa U JEMOHCTPUDYIOT
YeThIpe PE3KUX CHWXXEHHUS B BO3pacTHBIX MHTepBasax 40-135, 580-800, 1900-2020 u 2780-2850 i1.H.
JliA 5TUX MHTEPBAJIOB XapaKTEPHBI NMOHMXeHHble copepxanusa Na,O, SiO,, K,O u Fe,O, 1 mnoBbIleH-
Hble cofepxaHua MgO u CaO. 3ameqiieHue NpoleccoB GU3NIecKOro BHIBETPUBAHUSA B 03€PO TEPPUTEH-
HOI'0 MaTepuajia co CKJIOHOB M CHOCa BOAOTOKaMU NOATBEPXIAeTCs yBeJlnyeHreM 3HaueHUl UHAeKca
[TAJIEOCOJIEHOCTU Y 3aTyXaHUs XWUMHUYECKOTO BBIBETPHBAHUA. {1 YeThIpeX paccMaTpUBAaEMBIX WHTEp-
BaJIOB XapaKTepHBI BEICOKME 3HaUeHs oTHomeHus Ti/Zr, 4To COOTBETCTBYeT NopoAaM, 06pa3oBaHHBIM
BOJIN3UW UCTOYHUKOB cHOca. J[Jis naTepBasna 2780-2850 yi.H. U3meHeHue oTHOIIeHUs Ti/Zr He Tak KOH-
TPAacTHO II0 cpaBHeHUI0 ¢ nHTepBasamu 40-135, 580-800 1 1900-2020 j1.H. MuHepasbHBIA COCTaB A0H-
HBIX OTJIOXKeHu! o3epa Illnpa cOOTBETCTBYEeT MOJIOABIM U He3peJsIbiM IJIMHUCTHIM IIOPOAaM C BBICOKHUM
IIPOIIEHTOM II€PBUYHBIX CUJIMKATHBIX MUHEPAJIOB, COOPMUPOBAHHEIM B YCJIOBUAX XOJOAHOIO KJIMMATA.

Kiioueanie cioga: OHHbBIE OTJIOKEHUSA, COJIEHOE 03€PO, FeOXUMHUYeCKUe UHAEKCHI, TOPOJ000pasyoliye 3JIEMEHTHI,
PEHTTreHO(IyopecieHTHbIM aHaIu3

s mutupoBaHuAa: AmocoBa A.A., Uy6apoB B.M., be3spykoBa E.B. PeKOHCTpyKLMsA TeOXMMHUUYECKON 3BOJIIOIMU COJIEHOTO
o3epa [lupa (YOxuHasa Cubups, Poccus) B mo3anem rosionerHe // Limnology and Freshwater Biology. 2024. - No 4. - C. 239-243.
DOI: 10.31951/2658-3518-2024-A-4-239

1. BBeaenue

H3ydeHre OTJIOXKEHUU COJIEHBIX O03ep MO3BOJIAET
OI[EHUTH COCTOSIHME OKpYyXamleil cpedsl 1 U3MeHeHU
BOAOCOOPHON IIOM[aAU, OCOOEHHO IJii KOHTPACTHBIX
KJIMMATUYECKUX YCJIOBUM: BJIAXHBIX W 3aCYIIJIUBBIX.
I[Io cBouM (QU3NKO-XUMUYECKHUM YCJIOBUAM U BUAO-
BOMY COCTaBy COJIEHBIe O3epa MMEKT OIpeJeIeHHYI0
6JIM30CTh K MOPCKHM 3KOCHCTEMaM, OJHAKO u3yue-
HHUI0 COJIEHBIX O3ep yAesisieTcA MeHblllee BHUMAaHUE.
OtnoxeHus coJyieHoro osepa Illnpa ¢ ycTaHOBJIEHHOMN
CEe30HHOU CJIOMCTOCTBI0 MPENCTABJIAT I[eHHeMNIIni
apXvB MPHUPOIHO-KJIMMATUYECKUX W3MEHEHUH TO0JI0-
IleHa Ha ceBepHOU okpauHe AJjirae-CasgHCKOU TOpHOM
cucteMsl (Xakaccko-MuHyCcHHCKas KOTJIOBUHA, KOxHas
Cubupsb).

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: amosova@igc.irk.ru (A.A. AMocoBa)
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2. 06beKT U MeToAbl MICCAEAOBaHUM

BeccTouHOe, MEpOMUKTHYECKOE, COJIEHOEe 03epo
[upa pacnosokeHO B XaKacCKOM TOCyAapCTBEHHOM
MPpUPOOHOM 3aloBeJHHUKe Ha BbICOTe 354 M Hang y.M.
[Iomansp TOBEPXHOCTU O3€pa COCTaBJisieT 36 Km2
MUTaHUe 03epa OCYIIeCTBJIAETCA Yyepe3 eJUHCTBEeHHBIHN
KPYIHBIA NPUTOK — peKy COH, IPYTUMH WCTOYHUKAMU
BOABI ABJIAIOTCA MOA3eMHBIE BOABI U aTrMocdepHbie
ocaaku (Kalugin et al., 2013). B 2021 rogy B camoti riry-
6okoii yactu o3epa (25.3 M) 6ypoBoii cTaHIMell yaap-
Ho-KaHaTHOro Ttuna npousBoActBa UWITEC (ABcTpus)
OpL1a mpoOypeHa CKBaXxuHa ¢ 0TOOPOM KepHa MOJTHOTO
npodusisa NOHHBIX OTJIOKEHWI HEeHapyIleHHOU CTPYK-
Typbl. Moiesib Bo3pacT-rjIiy0OMHa OCHOBaHAa Ha pe3yJib-
tatax YC JaTUpOBAHUSA METOIOM YCKOPHUTEIbHOMN

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Macc-ceKTpoMeTpun. Ilo JaHHBIM peHTTeHOCTPYK-
TYPHOrO aHajau3a MUHepaJIbHBIN COCTaB TeppUreHHOMH
COCTaBJIAIOIIeNl IpeACTaBJeH MYyCKOBHUTOM, ajabOu-
TOM, KJIMHOXJIOPDOM, aHOPTUTOM, KaJbLUTOM, I'MApa-
TOM cyJibara KanablusA, aHKepuToMm. [lyiA ompepese-
HUA 3JIeMEHTHOI0 COCTaBa OTJIOKEHUI MCIOJIb30BaH
MeTo[ peHTreHOo(pIyopeclleHTHOro aHaausa (Amosova
et al.,, 2019); rpaBUMETPUYECKUM METOJOM OTNpee-
JIEHBI IOTEPY TpU MpokaauBauuu npu 550 °C (TIIIII%),
XapaKTepusylolllle OpraHHYecKyl0 COCTaBJIAIIIYI0, U
mpu 950 °C (TIIIII°°°), xapakTepu3ywIHe CyMMapHO
kapOOHaTHYI0 U OpraHU4ecKylo COCTaBJIAIOLINE.

Jlna oueHKHU cTeneHu AedopMally U BBIBETPU-
BaHUA NOPOABl M WU3MEHYMBOCTH INPUPOLHOHN CpeJbl
OLIeHUJIU psAA reoxuMmdeckux uHaekcos: CIA (MHOekc
XMMHUYeCKoro usMeHeHus nopon), CIW (uaaekc xumu-
4yeckoro BbIBeTpuBaHuA), PIA (MHAeKC u3MeHeHHA
miaaruokaasoB), CPA (XxuMuYeckuil HHIEKC H3MeHe-
Husa), ICV (uMHOekc u3MeHeHMs cocTaBa), Ti-MHAeKC
((CaO + Na, 0+ MgO)/TiOz), MHIEKC MaJIe0COJIEHOCTU
(MgO/Al,0,100), otHomenne Mg/Ca XapakTepusyro-
mee maJieokJuMat, oTHomnenusa P/Ti u P/Al xapakre-
pusyloliye najeonpogyKTUBHOCTh U oTHoueHue Ti/Zr
KaK MHAWKAaTOop JaJbHOCTU IepeHoca KJIACTUKMU.

3. Pe3ynabTatbl M 06Ccy)xpeHue

Jma uccrnegyeMoro KepHa XapaKTepHBI 3aMeT-
Hble BapualdM CcoJepXaHuil Mopoaoo0pa3yomux
3JIEeMEHTOB U TeOXHMHYEeCKUX WHEeKCOB. Bricokue
MOJIOXKUTEJIbHbIe KOPpeALun (rxy=0.90—0.97) HabJTI0-
nawTesa mexay cogepxanusamu K0, SiO,, TiO,, Fe,O,
u ALO,; K0, TiO,, Fe,0, u SiO,; TiO,, Fe,0, u K,0.
OTpulaTebHble KOPpeIALUn (rxy ot -0.83 go -0.89)
HabmofaoTces Mexay Zr u Sr; CaO u ALO,, SiO, u K,0;
TiO, n CaO; Fe,0, u CaO; IIIIT*° u ALO,; SiO,, K,0,
TiO, u Fe,O..

XapakTepHBl BBICOKHE KOppeJiALUM CoAepKa-
uuii TiO, u ALO, (rxy= 0.96), KoTOpbIE AEMOHCTPUPYIOT
yeTblpe pe3KHWX yMeHbIIeHUsA BKJIafla TeppUreHHOIo
CHoca B BoO3pacTHbIXx uHTepBasiax 40-135, 580-800,
1900-2020 u 2780-2850 j.H. [ly1A 3TUX UHTEPBAJIOB
XapaKTepHBI MOBBIIIEHHbIe 3HaueHusA IIIII1%°, MgO u
CaO u nonwxenHsie comepxanusa Na,O, SiO,, K,O u
Fe,O,. Pe3koe yBesnueHre MHJEKCA Maje0COJIEHOCTH
JUI 3TUX VUHTEpBaJIOB Takke NOATBEpXJaeT 3amefJie-
HUe IIPOLIeCCOB BHIBETPUBAHNUA U NIOCTYILJIEHUA B 03€PO
TeppUreHHOro MaTepuaja CO CKJIOHOB U CHOC BOJOT-
oxkamu. Uupekcel CIA u CIW nmoareepxaaloT 3aTyxa-
HUe XMMHWYeCKOro BBIBETPHMBAHUA B 3TUX BO3PACTHBIX
WHTepBaJlaX. BaXHO OTMeTUThb, YTO TPU HHTepBaja
580-800, 1900-2020 u 2780-2850 J1.H. COOTBETCTBYIOT
BpeMeHHU aKKyMyJiAun OeHBIX OpraHWYecKHUM Belle-
CTBOM «0OeJjiechX» WUJIOB, XapaKTePHBIX IJIA TOJIOMUKTU-
YeCKOI0 COCTOSIHUA 03epHOM CHUCTeMBI 1 TOHUKEHHOI'0
yPOBHA BOABI B o3epe. IlocieqHee MOIJIO BO3HUKATh,
korga riyOokoe IIpoMep3aHue I[OpOoJ IepeKphIBajIo
IIPUTOK MOJ3EMHBIX BOJ, YTO NPHUBOAWJIO K MafeHUI0
ypoBHs: o3epa (Kalugin et al., 2013). CaMbIi1 «MOJIOA0H»
WHTEepBaJI NOHMXEHHOI'0 XMMHUYeCKOr0 BbIBETPHBAHUA
(40-135 11.H.) mposBUJICA YyTh MO3/JHee BpeMeHUu ¢op-
MHpOBaHUs «beyiechix» UioB. OTHoueHue Ti/Zr Apko
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pearupyeT Ha HM3MeHeHHe [aJIbHOCTU IepeHoca Tep-
pUreHHOro MaTrepuasa, TaKiuM o0pas3oM, AJiA 4eThipex
paccMaTpyBaeMBbIX MHTEPBAJIOB XapaKTEPHBI BHICOKHE
3HaueHUs OTHOIIEHUs, YTO COOTBETCTBYET IIOpPOAaM,
00pa3oBaHHBIM HeJlajleKO OT NCTOYHHKOB CHOca (TIOHU-
’)KeHHOT'0 YPOBHsA BOAHBI B 03epe). [ uHtepBana 2780-
2850 J1.H. U3MeHeHUe UHAeKca He TaK KOHTPACTHO, 110
cpaBHeHMI0 ¢ nHTepBasiamu 40-135, 580-800 u 1900-
2020 n1.H. 1711 0CTaJIbHOT'O KepHa XapaKTepHBI TIOPO/H],
B COCTaBe KOTOPBIX IIPUCYTCTBYET MaTepuasl paspylie-
HMsA TOr'O K€ MCTOYHMKA CHOCA, HO IlepeMelleHHble Ha
00JIbIIIOE pACCTOsAHME COIrJIACHO 3HA4YeHWUsAM OTHOIIe-
Hus Ti/Zr.

Mexnay nnaexkcamu CIW, PIA u CIA; PIA u CIW;
ICV u Ti-uHnekcoM HaOJII0AIOTCA BBICOKME IMOJIOXU-
TeJIbHble KOppeJiAlun (rxy=0.92—1.00), HecMoTpsA Ha
TO, YTO OHM ONMCHIBAIOT HECKOJIBKO pa3JjInyHble (ak-
TOPHI BJIWAHNA OKpY’Kalolllell cpefbl Ha IIpoliecc HAaKo-
IleHusa otjoxeHuil. HaGsromaerca oTpunartesibHasA
xoppessaua Mexay Ti-ungexkcom, ICV u CIA; CIW
u PIA (rxy BappupyeTr oT -0.84 mo -0.91). 3HaueHus
nngekca CIA usMmensiores oT 15 no 44 (cpeaHee 3Ha-
geHue 33), 4YTO COOTBETCTBYIOT He IOJABEPraBIINMCH
XMMHYECKOMY BBIBETPUBAHUIO IOpoAaM, c(popmMupo-
BaHHBIM B YCJIOBHUAX OTHOCUTEJIBHO XOJIOJHOIO KJIM-
mara. BernunHa uHaekcoB CIW u PIA Bospacrtaet ¢
POCTOM CTEeNEHU Pa3JIOKEHWs UCXOAHBIX NOPOJ, IJIA
M3y4YaeMbIX OTJIOKEHUH 3TU UHAEKCH BMecTe C MHJeK-
coM CIA sApko pearvpyroT Ha 4YeTblpe OTMEeYeHHBIX
MHTepBaJla YMeHbIIEeHNs CTE€HN BLIBETPEJIOCTU MaTe-
puasia naneoBogocbopa. Uugekc ICV, xak U MHAEKCH
CIA u CIW, oTpaxaeT CTeleHb 3peJIOCTU MOCTymHarw-
mel B 00J1acTh ceAUMEeHTaI[ TOHKOH aJIlOMOCUJINKO-
kactTuky. Hespesible IJIMHUCTBIE CJIQHLBI C BBICOKHUM
coflepXaHUeM HETJIMHUCTHIX CUJIMKATHBIX MHHepPaJioB
nMeloT 3HaueHusa uHpekca ICV Gosee 1; HaAmpoTus,
6oJiee 3peJible IJIMHUCTHIE NMOPOABI C OOJIBIIMM KOJIU-
4ecTBOM COOCTBEHHO TJIMHUCTBIX MHHEpPAJIOB UMeEIOT
6osiee HU3KKUe BeauuuHbl uHAekca ICV. Takum obpa-
30M, MHHEpaJIbHBIN COCTaB JOHHBIX OTJIOKEHUH o3epa
[Ilupa coOTBETCTBYEeT MOJIOABIM U He3peJbIM IJIMHU-
CTBIM IIOPOJAaM C BBICOKMM IIPOLIEHTOM II€PBUYHBIX
CHJIMKaTHBIX MHHEpPAJIoB, c(pOpMUPOBAaHHBIM B YCJIO-
BUSAX XOJIOJHOI'O KJIMMarta.
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ABSTRACT. Late Glacial — Holocene sedimentary record has been obtained from a lake basin at the
north of East-European Plain, and AMS**C-dated. Coring results were coupled with the ground penetrat-
ing radar (GPR) survey, which enabled for the sedimentary sequences’ chronology to be upscaled for the
whole basin and beyond. A prominent peat layer (presumably of Allergd age) has been suggested as a
marking horizon to correlate with the Late Glacial lacustrine dynamics in the area. Laminated silt with
low organic matter content (of the Younger Dryas age), underlain by sandy silt deposits were discovered
both from the boreholes and via the geophysical survey. The lower surface of these strata forms wavy
and hummocky bottom relief. Organic muds (accumulated in the Holocene) cover the mineral deposits

equally.

Keywords: palaeosedimentation, climatostratigraphy, Mologa-Sheksna lowland, Late Glacial, Holocene, GPR
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1. Introduction

Lake Khotavets (N 58.568°, E 37.603°) is located
within the Mologa river basin in the Vologda region.
The lake is situated at 102.4 m above sea level (a.s.l.),
covers an area of 1.24 km? and is an average 2 m
depth. Sedimentation history of the Lake Khotavets,
and the neighboring lakes and peatbogs, has recently
been investigated for (1) stratigraphical evidence of
the regional Holocene onset, (2) reconstructing of the
short-term Late Glacial climatic changes, and (3) over-
view of ultimate drainage of large palaeolakes of the
central Mologa-Sheksna Lowland (MSL) (Sadokov et
al., 2022). Repeated in 2024 field study with accentu-
ated geophysical survey has pursued the idea of delin-
eating the main sedimentary facies bedding, and coin-
ciding of the lake bottom (pre-Holocene) relief with the
surrounding basin and peatland landform patterns.

*Corresponding author.
E-mail address: n.bobrov@spbu.ru (N.Yu. Bobrov)
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2. Materials and methods

The GPR survey was carried out on the Lake
Khotavets in March 2018 (along 6 profiles), and
repeated in January 2024, along regular 13 profiles of
west-east direction and 100-m distance between them.
The OKO-2 instrument with AB-250 antenna unit (cen-
tral frequency 250 MHz) was used in 2024, and Triton
antenna unit (central frequency 50 MHz) was used in
2018 and 2024. The antenna units were towed by a
snowmobile, over the snow-ice lake surface. GPS tracks
were synchronously recorded. For each profile per-
formed in 2024, two GPR records (radargrams) were
obtained — with a high-frequency unit and with low-fre-
quency unit.

Sampling of the Lake Khotavets sediments was
performed in 2018 and 2024, after the GPR survey.
Russian corer (chamber length 100 cm, width 5 cm) was

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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used for core extracting. Lithological investigation of
the obtained cores was carried out on the site and later
repeated in the Institute of Limnology RAS. Age was
determined for 7 samples delivered in 2018 by AMS'“C
dating procedure (Laboratory of the Radiocarbon Dating
and Electronic Microscopy, Institute of Geography RAS,
Moscow) and age values were calibrated with the use of
IntCal20 calibration curve. Both of the boreholes (2018
and 2024) were performed in the central part of the
Lake Khotavets, with the distance 200 m between them.

Correspondence of the radargram boundaries to
actual lithological transitions in the core was verified
by the core investigation.

3. Results and discussion

Radargrams obtained in 2024 during the GPR
survey along the profile that crossed the borehole
site, are shown in the Fig. 1. Based on the GPR survey
results, a point for coring has been chosen (red vertical
line in the Fig. 1).

In the Fig. 1, the outlined intervals represent
boundaries between different stratigraphical units. Fig.
2 demonstrates composite core lithology, delineates the
GPR units and boundaries, and age control.

Depth of the Lake Khotavets varies across the
basin (mean values around 2 m). Boundary (4) denotes
transition between Unit III, where weakly decomposed
peat was uncovered in the top, and Unit IV (associated
with underlying silty or clayey material). Unit IV has
not been uncovered in neither of the boreholes. Unit
II is separated from Unit III by the boundary (3), and
is represented by rhythmically laminated silt with lit-
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tle organic matter (OM). Boundary (2) separates Unit I
and II, where Unit 1 corresponds to the layer of organic
muds. It can be seen that the topography of the bound-
aries below organic deposits is quite rugged, with depth
variations reaching 4 meters. In the right (eastern) part
of the profile, in the interval of 700-1050 m, some wide
ridge rises almost to the surface, which can also be
traced on neighboring profiles. The surface of Unit I is
quite flat, which is depicted as boundary (1).

In 2018, a 425-cm-long sediment sequence was
retrieved. In 2024, total thickness of the obtained
sequence was 280 cm. Lithological correspondence of
the sediments of the new sequence (2024) to those of
the former one (2018), supported by the GPR data, was
used to correlate the sedimentation chronology (Fig.
2). The oldest strata observed in the studied sequences
belong to Late Glacial, i.e., Allergd: sandy laminated silt
with little OM, in the 2018 sequence, and presumably a
peat layer, in the 2024 sequence. Stratified (rhythmic)
silt overlays them, and corresponds to the Younger
Dryas. Upcore, a sedimentation response to changes
in palaeohydrology during the Pleistocene/Holocene
transition is noticed within a mixed silty layer with OM
content increasing upwards steadily. Finally, highly
organic (muddy) deposits on the top of the studied pack
accumulated entirely during the Holocene.

It can be noticed that sedimentation was unequal
across the lake basin. The bottom relief represents a
series of hummocks, ridges and depressions (Fig. 1).
Organic mud layer (accumulated during the Holocene)
covers the underlying strata as an even sequence from
2.5 m to less than 0.5 m thick, as it can be seen in the
right part of the radargram (eastern part of the lake),
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where a prominent mound comprised mostly of min-
eral deposits almost reaches the surface of Holocene
deposits.

GPR technique (both 250 MHz and 50 MHz)
showed itself highly effective in interpreting the bed-
ding of surficial and subsurficial sediment layers. As
supported by the deposition chronology, the layers of
mineral silty deposits (Fig. 1) are assumed to have been
accumulating during the Late Glacial and up to the
Younger Dryas, provided the lake did not drain from
the late Allergd till the Holocene onset, and the sedi-
mentation was continuous in the whole basin.

The Allergd age of the peat, retrieved from the
depth of 460 cm in 2024, is not confirmed by the direct
AMS measurements yet, although its stratigraphical
position seems to be undoubtful, because its appear-
ance can be associated with an identical buried peat
layer within the thickness of the surrounding lacustrine
sand terraces (Sadokov et al., 2024). The buried peat
layer is widely presented at the base of aeolian ridges in
the central MSL, and denotes regional lake level drop.
The peat layer age corresponds to late Allergd — early
Younger Dryas (the layer has been dated as 13.4 - 12.2
cal. ka BP at 7 sites in the area) (Sadokov et al., 2024).

Still, it is notable, that no peat layer was found
in the sequence obtained in 2018. Bedding of this peat
layer is a matter of specific research interest, due to its
high relevance for Late Glacial short-term climate oscil-
lation reconstruction. New investigation of its position
within the Late Glacial Lake sediments is required, both
for in-basin deposits and across the surrounding lacus-
trine-alluvial plain.

4. Conclusions

GPR survey has provided an insight into the Late
Glacial - Holocene palaeosedimentation in the Lake
Khotavets supported and verified by the investigation
of the core lithology and chronology. High-frequency
(250 MHz) GPR technique shows reliable results for
delineation of the border of Pleistocene/Holocene
deposition change and investigation of thin structures
in the top of the Late Glacial silty strata. Low-frequency
(50 MHz) GPR survey enabled to identify basin-wide
wavy bedding of the Late Glacial silty deposits, which
remained uncovered by the drilling. The presence of
a peat layer below the Younger Dryas rhythmic sedi-
ments is evident of the regional lake level drop during
the Allergd, both inside the Lake Khotavets basin, and
beyond.

The study was carried out within the framework
of the state assignment of the Institute of Limnology of
the Russian Academy of Sciences, a separate division
of the St. Petersburg Federal Research Centre of the
Russian Academy of Sciences, no. FFZF-2024-0001 and
FFZF-2024-0002.
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AOHHBbIX OTAO)KEHUM

Bo6poB H.IO.'*, CagokoB [1.0.%%, Canenko T.B.%, TepexoB A.B.5, ba6ymkuH M.B.5,
MyxuH A.K.%, Besnsesa O.M.!

T Canxkm-ITemep6ypeckuti cocydapcmaeHHbll yHugepcumem, YHugepcumemckas Hao., 0. 7/9, Cankm-ITemep6ype, 199034, Poccua

2 YHnueepcumem MI'Y-IITTH @ IIsHbudicsHe, yauya I'oy3zudactosoars, 1, JJaroHbCUHBYSH, patioH JIyHeaH, IISHbUM4CIHb, NPOGUHYUA
I'yandyn, 518172, KHP

3 Ynueepcumem UTMO, ys1. JlomoHocosa, 9, Cankm-ITemep6ype, 191002, Poccua

4 Hncmumym o3epogedeHus Poccutickoti Akademuu Hayk - Cankm-ITemep6ypeckuii @edepabHblii UCCIe008amesTbCKUtl YyeHmp
Poccutickoti Akademuu Hayk, yi1. CegdacmoaHoaa, 9, Cankm-IlemepOype, 196105, Poccua

> Apkmuyeckuti U aHMapKmuyeckuli HaQyYHo-uccIedo8amestbekull uHcmumym, Yii. bepunea, 38, Cankm-Ilemepbype, 199397, Poccusa

6 Jlap@uHcKull 20cy0apcmaeHHblll NpupoOHblll 6uochepHblll 3anodedHuUK, dep. Bopok, 44, 162723, Poccus

AHHOTAILIHSL. [TocnenoBaTesIbHOCTh O3/JHEJIEJHUKOBBIX 1 FOJIOIIEHOBBIX OTJIOXKEHUH ObljIa MoJIyyeHa
13 o3epa XoTagsel] Ha ceBepe BocTouHOo-EBpomerickor paBHUHKI U mpogatupoBaHa (AMS!C). Pe3ypTaTh
OypeHUs1 ObLIM pacCMOTPEHBI COBMECTHO C JJAaHHBIMU reopaarosokanonHou (I'PJI) ceeMku, 4TO MO3BO-
JINJIO IIPUBA3aTh U COIOCTABUTH pa3pe3bl O3€PHBIX OTJIOXKEHUI B OacceliHe o3epa XoTaBell U 3a ero
npenenaMu. OTUETIMBO BBIAEJIAIOMINIICA CJI0M TOopda B MOJONIBE KOJIOHKU (BEpOATHO, OTHOCAMIUICS
K ayuiepény) ObLI OTMeYeH KaK MapKUPYIOIUN TOPU30HT, KOTOPBIE MOXHO HMCIOJIB30BaTh AJA KOP-
peJiAnuy AMHAMUKH O3€PHOI0 OCAAKOHAKOIIEHUs B IO3[HeJIeHUKOBbE B IpefesiaX BCero perruoHa
Mounoro-IllekcHrMHCKOM HHM3MeHHOCTU. 1o Bcell 03épHOI KOTJIOBHHE BBISIBJIEH HEPEryJIAPHBIN U U3pe-
3aHHBIM AOr0JIOLEHOBIM pebed OHA, CJIOXKEHHBIN [ecYaHO-aJIeBPUTOBBIMHU OTJIOXKEHUAMU, BepXH:AA
YacTh TOJIIM KOTOPBIX UMeeT PUTMHUYHO-CIIOMCTYI0 TeKCTypy (OTJIOXHJIKMCH BO BpeMsA MO3AHEro Opu-
aca). JTa JIMTOJIOTMYECKH BhIAESIAI0IIAACA ToJma Oblla BEIABJIEHA KaK 10 pe3yJibTaTaM reo®u3niecKux
rcciieJoBaHuM, Tak ¥, YacTHUYHO, B XoAe OypeHus. OpraHuyecKye Wbl TOJIOLeHOBOIO BO3pacTa paBHO-
MEPHO MepeKphIBAI0T MUHepaJIbHbIe OTJIOXKEHUA.

Kimoueanie citoga: naneocefuMeHTanus, kianumarocrparurpadus, Mosoro-IllekcHUHCKasA HU3MEHHOCTb,
PpaHHUI roJIolleH, Io34He e JHUKOBbe, re0paguoJIoKalliOHHasA CheMKa

A nurupoBanusa: bobpos H.IO., Cagokos [.0., Canenko T.B., Tepexos A.B., babymkun M.B., Myxun A.K., BensgeBa O.M.
PekoHCTpyKIMA najieoceuMeHTanuu B o3epe Xotasel] (MoJioro-IllekcHUHCKass HU3MEHHOCTD) IO pe3yJibTaTaM AeTajIbHOH reo-
PaaMOJIOKAIIMOHHOM CheMKU U OypeHus JOHHBIX 0TJIoXeHui // Limnology and Freshwater Biology. 2024. - No 4. - C. 244-250.
DOI: 10.31951/2658-3518-2024-A-4-244

1. BBeAeH“e KPAaTKOCPOYHBIX KJIMMaTUY€CKUX U3MeHEeHUH B no3JHe-

JleqHUKOBbe, (3) ompepesieHUs BpeMeHU U XapakTepa
OKOHYaTeJIbHOI'O IpeHUPOBaHs KPYIIHbIX 1ajIe003€p B
neHTpe MouJioro-lllekcHuHckol Hu3MeHHOocTu (MIIH)
(Sadokov et al., 2022). B 2024 roay ObLTN BHIIIOJTHEHBI
IIOBTOPHBIE AeTaJibHble reodusnyecKkre UccaefoBaHNuA
o3epa C IieJIbl0 OKOHTYPUBAaHUA 3aJjleraHusA OCHOBHBIX
0CaZoOuHbIX (aluii U COOTHECeHU: [I0r0JIOLEHOBOIO
penbeda Ha o3epa ¢ hopMmamMu pesibeda OKpyKaroei
MEeCTHOCTHU U TOPDAHUKOB.

Ozepo Xorasern (N 58,568°, E 37,603°) pacmoJio-
xkeHo B OacceiiHe pexku Mosioru B Bosorojckoii obia-
ctu. O3epo HaxoquTcs Ha BeicoTe 102,4 M HaZl ypOBHEM
MOps, 3aHUMaeT ionmanas 1,24 km? u UMeeT cpeHIOn
riayouny 2 M. HcciegoBaHHA HCTOPUM OCAJKOHAKO-
IJIeHUA B o3epe XOTaBell, a TakXe COCeJHUX 03ep U
TOpPAHMKOB HpoBOAMIUCH B Iefiax (1) moucka cTpa-
Turpaduyeckoro 000CHOBaHMA HaCTYIJIEHUS roJiolle-
HOBOT'O MOTEIUIEHUsI B pervoHe, (2) peKOHCTPYKIUU
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2. MaTepuanbl M METOADI

Brnepsrie I'PJI cbheMKa MNpoBOAWMIACH HA O3epe
Xotasern B MapTe 2018 . (110 6 npoduiaM) 1, IOBTOPHO,
B sHBape 2024 r. mo 13 perysapHeIM nOpoduisaMm
HIMPOTHOTO HAaIlPaBJIEHU:A C pacCTOSAHNEM MeXIy HUMU
100 M. Hcnonb3osascsa reopagap OKO-2 ¢ aHTeHHBIMU
6;1okamu Ab-250 (uenTpasipHas yacrora 250 MI'mm) — B
2024 r., u «Tpuron» (1ieHTpajibHasg yactoTta 50 MI'r) — B
2018 u 2024 rr. AnTeHHbIe 0JI0KU OYKCHPOBAJIUCh CHe-
roX0JIOM IO ITOBEPXHOCTH CHEXHO-JIEJOBOTO IIOKPOBA,
CHHXPOHHO 3anuceiBaianuch GPS-tpeku. Ilo kaxmomy
npoduio, BeNOJIHeHHOMY B 2024 roay, ObuiM MOJIy-
yens! JiBe ['PJI 3anucu (pagaporpaMMel) — ¢ BBICOKOYa-
CTOTHBIM OJIOKOM U C HU3KOYaCTOTHBIM OJIOKOM.

OT160p Ipo6 JOHHBIX OTJIOXKEHU! o3epa XoTaBell
nposoauica B 2018 u 2024 rr. nocsie I'PJI cvémkn. [iia
M3BJIeueHNsA KepHa MCI0JIb30BaJICA MOJIYLMINHpHYe-
ckuii (pycckuii) topdsHoi 6yp (anmmHa npo6ooTdop-
Huka 100 cM, mupuHa 5 cM). AHaIM3 JIMTOJIOTNYeCKUX
rpaHul] B KepHax ObUI MpoBeJeH Ha MecTe oTbopa, U
nos3gHee NMoBTOpeH B HMHcTuUTyTe O3epoBefeHusa PAH.
BospacT ObLI onpefiesieH i 7 o6pasloB 13 KOJIOHKH,
otobpanHoit B 2018 r., metogom AMSMC maTtuposa-
HuA (J1abopaTopus paguoyrjiepOAHOTO AATHPOBAHUA
U 3JIEKTPOHHOM MUKpockonuu MHctutyTta reorpadpuu
PAH, MockBa), 1 3Ha4eHUs BO3pacTa OTKaJIMOPOBaHbI
C WICHOJIB30BaHMEM KaJMOpoBOYHOM KpuBoi IntCal20.
O6e ckBaxunbl (2018 r. u 2024 r.) OBLIN BHIIIOJIHEHbI
B LIEHTPaJIbHOMN 4acTu o3epa XoTaBell, HA pacCTOSAHUU
200 M gpyr ot apyra.

CooTBeTCcTBHE TpaHMI], BUAUMBIX Ha pajaapo-
rpaMmMax, peaJjibHbIM JIMTOJIOTHYeCKUM rpaHuriaM ObL10
IIOATBEPXKJEeHO Uccyie[JoBaHHeM OTOOPaHHBIX KEpPHOB.

0 100 200 300 400 500

3. Pe3yAabTatbl M 06Ccy)xpeHue

Pagmaporpammel, nojryueHHsle B xoqe I'PJI cbemku
2024 ropa no npoduio, Ha KOTOPOM HaxXOAUTCA CKBa-
JKMHA, IpeicTaBJieHbl Ha puc. 1. Touka oTOopa KOJIOHKHU
(oTMeueHa BepTUKAJIBHOM KpacHOU JINHUEHN Ha puc. 1)
6bLsIa BEIOpaHa Mo pe3yJibTaTaM reopaguosiokanuu. Ha
puc. 1 1[BETHBIMU MYHKTUPHBIMU JIMHUAMU BBIJI€JI€HbI
FpaHUIbl MeXAy Pa3JNYHbBIMU CTPaTUrpadUvecKuMU
nofpaseneHusvu (cyioamu). Ha puc. 2 npefcraBiieHa
CBOJHAA JIMTOJIOTHYECKAs KOJIOHKA, 0003HaueHbI BhIJIe-
JierHble 110 I'PJI qaHHBIM €J10M U IPAHULLB], a TaKXe BO3-
pacTHas NpUBsA3Ka.

I'my6uHa o3epa XoTaBel] B npejesiaX KOTJIOBUHBI
HeoAVHaKoBa (cpefqHUe 3HaUeHUs1 okoJio 2 m). ['paruna
(4) mapkupyet nepexopn ot cjos III, B BepxHeil yactu
KOTOPOT'O BCKPHIT TOP(® HU3KOLU CTENeHU pa3jIoXeHus,
K cJjioto IV (comocTasiisieTcsi ¢ MOACTUJIAIOIINM aJieBpU-
TOBBIM WJIM TJIMHUCTHIM MaTepuasioMm). Ciioii IV He 6GbL1
BCKPBIT HU B OHOU U3 ckBaxkuH. Cioii Il oTensiercs ot
ciios III rpanuneii (3), u npeAcTaBjieH pUTMUYHO CJIO-
HCTBHIM aJIEBPUTOM C HU3KUM COJIEpP’KaHMEeM OpraHuye-
ckoro BemlectBa (OB). 'panuna (2) pasnpenser ciou I
u II, rme ciyoii I cooTBeTCTBYET TOJIIIIE OpPraHUYECKUX
nioB. Penped rpaHul noq opraHuYeCKUMU OTJIOXKEHU-
sSIMM [OCTaTOYHO W3pe3aH, mHepenajsl IJIyOuH OCTU-
raioT 4 M. B npaBoil (BocTouHOI) yacTu npoduss, B
nHTepBasie 700-1050 M, K MOBEPXHOCTU NOAHUMAETCA
IIMPOKas rpsajia, KOTopas MPOCJIeXUBaeTCs U Ha COCe-
HUX npoduiax. [ToBepxHOCTh cj10A [ JOCTAaTOYHO POB-
Has, KaK BUJIHO MO oToOpaxeHUo rpaHutis (1).

B 2018 r. 651712 0TOOpaHa KOJIOHKA 001[el MoIl-
HOCTBIO 425 cMm, B 2024 r. — 280 cM. JIuToJ0rnveckoe
COOTBETCTBUE OTJIOXKeHU HoBou (2024 r.) u mnpe-
neigymeit (2018 r.) kosoHku, noaTBepxAeHHOe ['PJI
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JaHHBIMH, OBLJIO MCIIOJIB30BAaHO JJI KOPPeJIALUN Xpo-
HoJsioruu ceguMeHTtanuu (puc. 2). Haubosiee apeBHue
OTJIOKEHH, BCKPHIThe CKBaXNHAMH, OTHOCATCA K 1103-
JHeJIeJHUKOBbIO, & UMEHHO, K ajljlepélly: onecyaHeH-
HBIN CJIOUCTHIN aJIeBPUT ¢ HU3KUM cofepxaHueM OB (B
kostoHke 2018 r.) u, IpeAnoJIoKUTENIBHO, CJI0i Topda
(B xomonke 2024 r.). Ux mepecTuiaiT cTpaTUPULIN-
poBaHHBIe (PUTMHYHO-CJIOUCTHIE) aJIeBPUTHl, OTHO-
cAmueca K no3gHeMy Apuacy. danus nepexogHOro
ceJMEeHTallMOHHOr0 peXuMa, oOTpaxarwlias [aJe-
OTUAPOJIOTUYECKHEe W3MeHeHMUsA [0 Mepe HacTyIljle-
HUA roJiolieHa, IIPOCJIeXXUBAeTCA B BUJie aJleBpUTOBOM
TOJIIM C BO3pacTawiiuM cojepxaHuem OB BBepx 1o
KOJIOHKe. BricokoopraHuyeckue (MJINCThIE) OTJIOXEHUA
B BepxHell yacTu 06enx H1ccjieJOBaHHBIX KOJIOHOK I0JI-
HOCTBI0O cOOPMUPOBAJINCH B IOJIOLIEHE.

MoXxHO 3aMeTUTh, YTO CeJUMeHTalusd B Ipe-
Jejax O3€pHOM KOTJIOBUHBI Oblla HepaBHOMEpPHOM.
Penbed ana npepcrasiiseT cobo0ii ocjaeq0BaTeIbHOCTD
MOAHATUM, TpaAA U BnaauH (puc. 1). Tomma opranuye-
CKOro mja (HakoNMBIIErocs B roJiolieHe) MOIIHOCTBIO
oT 2,5 M 0 0,5 M paBHOMEpHO IOKpHIBAeT HIXKeJie-
JKamye CJIOM, KaK 3TO BHJHO B IIPaBOM yacTU paja-
porpaMMsl (BOCTOYHas 4acTb 0o3epa), Ie BbleJisAeTcs
rpsfa, cocrodijas, B OCHOBHOM, M3 MUHepaJbHBIX
OTJIOKEHUI, KOoTopas IOYTHU JOCTUraeT IIOBEpPXHOCTHU
roJIOL[EHOBBIX OCAAKOB.

Meton T'PJI (mpu coueTaHUM BBICOKOYACTOTHOM
1 HU3KOYACTOTHOM aHTeHH) Mokasajl cebs BBICOKO
3GQeKTUBHEIM MNpU HCCJIeJOBAaHMM 3aJjleraHuA Kak
IIOBEPXHOCTHBIX, TaK U 6oJiee rIIyO0OKUX CJI0€B 03EPHBIX
OTJIOKEHUH. B coOTBeTCTBUM ¢ XpOHOJIOTHEH OcagKOHa-
KOILIeHUsA IpejroJaraercsa, 4To TOJIIA aJIeBPUTOBBIX
ocagkoB (puc. 1) dopmupoBajach B TeueHHe MO3[He-
JIeAHVKOBbBSA U BIUIOTH [0 [IO3JHEro Apuaca, Ipu 3TOM
03epo MOJIHOCTHI0 He BBICHIXAJIO C KOHIIA ajiylepéna o
Hayajia roJiolleHa, a ceAUMeHTalys Oblla HelpephIB-
HOI1 1o BceMy GacceliHy.

AnnepénoBeiii Bo3pacT Topda, H3BJIEUEHHOTO
¢ rayounsl 460 cm B 2024 r., noka He MOATBepXAeH
npsAMBIMU  u3MepeHussMu AMS'*C, omHako ero crpa-
TUrpadguueckoe IOJIOXKEeHNe MOXeT OBITh yBepeHHO
COIOCTaBJIEHHO C WJEHTUYHBIM IorpebGeHHBIM TOopds-
HBIM CJIOEM B TOJIIE OKPY>XKAIOMNX O3€PHBIX IeCUaHbIX
Teppac (Sadokov et al., 2024). 3ToT norpe6GEHHBINA TOP-
({sAHOI TOpPHU3OHT WIMPOKO NpeJCTaBjieH B OCHOBaHUU
30JIOBBIX I'psAn B meHtpe MIIH, u mapkupyer peruo-
HaJIbHBIY 5MKM30[ cllafa YpPOBHA KPYNHOro najaeoosepa.
Bpemsa ero Bo3HUKHOBeHM:A ObLJIO ONpefesieHO MeXAy
13.4 u 12.2 kasn.Teic.JI.H. (KOHel| ajulepéna — Havajio
MOo3JqHero Apuaca) B 7 Toukax o0JIacTU HCCJIeqOBAHUI
(Sadokov et al., 2024).

[IpumeuaTesibHO, YTO B paspese, IOJIyYeHHOM B
2018 roay, ciyioil Topda He ObL1 0OHapyxeH. Ero Hanu-
yre 1 KoHpurypaius 3aieranusa B MIITH umetoT 60J1b-
moe 3HaYeHUe AJiA PeKOHCTPYKIMM KpPaTKOCPOYHBIX
KosiebaHuil KJIMMaTa B O3/IHeJIeJHMKOBbe. TpebyloTcs
JIOIIOJIHUTEJIbHBIe MCCIIeJOBAaHUA €ro II0JIOXKeHUsd B
MO3/IHeJIeJTHUKOBBIX O3€PHBIX OTJIOKEHUAX KaK BHYTpHU
COBpPeMEHHBIX O3EPHBIX KOTJIOBUH, TaK U Ha OKpyXalo-
el 03epHO-aJIII0BUaJIbHON paBHUHE.
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Puc.2. Jlutosiorusa M XpoHocTpaTurpadusa OTJII0XeHUH
o3epa Xorasel. «[1 — I nepexof» - MepexoAHbII TOPU3OHT OT
IJIelicToleHa K rojoneHy. ['iybuHa ykasaHa OT NOBEPXHOCTHU
Jbfa.

4. 3aknrouenume

I'PJI cpeMka MNO3BOJIMJIA IIOJIYYWUTH IIpeJCTaB-
JleHre O TOo3JHeJleJHUKOBO-T'OJIOIeHOBON I1ajieoce-
JUMeHTaluu B o3epe XoTasel, HOATBepXAeHHOE
nccjefoBaHWEM JIMTOJIOTUU M XPOHOJIOTUM KOJIOHOK.
BricokowactoTHele (250 MTI') I'PJI m3mepeHusa pamoT
HaJleXXHble pe3yJIbTaThl I MPOCJIeXXUBaHUA T'PaHULIBI
IJIEHCTOI[eH/TOJIOLleH U M3yYeHUs TOHKHUX CTPYKTYpP
B BepxHell YacTu aJIeBPUTUCTBHIX IMO3AHeJIeJHUKO-
BBIX ocajkoB. HuskouactorHasa (50 MI't) I'PJI cpemka
MI03BOJIMJIA BBIABUTH 110 BCEI 03€pHOI KOTJIOBUHE BOJI-
HHCTOe 3ajieraHye aJIeBPUTUCTBIX MO3[HeJIeJHUKOBBIX
OTJIOKEHUH, He IpoiAeHHHX OypeHueM. Hanuume
csiog Topda moA PUTMHUYHBIMU OTJIOKEHUAMH MO3M-
Hero Jpuaca CBUJETEJIbCTBYeT O MaJeHUU YPOBHSA
pervuoHajibHOro BoJo€éMa BO BpeMs ajUiepéfa Kak BHY-
Tpu OacceliHa o3epa XoTagsell, TaK U 3a ero npejejamu.



Bbobpos H.1O. u dp. / Limnology and Freshwater Biology 2024 (4): 244-250

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonozausi CeeepHol Espasuu»

HccrieqoBaHue BHIIOJIHEHO B paMKax rocsajia-
Hus UHetutyTa o3epoBefieHusa Poccurickoii AkagemMun
Hayk, of0ocobsieHHOro  mojpasfdeneHus  CaHKT-
IMetep6yprckoro denepaabHOrO HCCJIEIOBATENIBCKOTO
nenTtpa Poccuiickoit Axkamemuu Hayk, No FFZF-2024-
0001 u FFZF-2024-0002.
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ABSTRACT. This research focuses on the reconstruction of Lake Kasplya (Smolensk oblast) history
in Holocene based on the interpretation of the bulk inorganic and organic geochemistry records. We
derived bulk inorganic geochemistry for the lake bottom sediment record using X-ray fluorescence and
conducted a principal component analysis (PCA) using geochemistry and lithogenic data. Based on
PCA, we obtained a three-component model, which describes 73% of the variance. Each component
represents a factor that contributes to the geochemical and lithogenic records: lithogenic, chemically

altered matter, and organic matter inputs to the lake.

Keywords: palaeolimnology, X-ray fluorescence (XRF), principal component analysis (PCA), lake sediments
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1. Introduction

For reconstructing the sediment history of lakes,
bulk inorganic and organic geochemistry are import-
ant palaeolimnological proxies. Located in the Valdai
(Late Pleistocene) glacier marginal zone, at the inter-
section of the Dnieper and Zapadnaya Dvina river
basins, Lake Kasplya is an open-basin lake 35 km north-
west of Smolensk, Western Russia (Smolensk-Moscow
uplands). Especially in relation to the Dnieper basin,
the basin history of the lake is not well understood.
Further regional palaeogeographic studies could ben-
efit from the reconstruction of Kasplya’s palaeohydro-
logical features using geochemistry data. Our research
aims to investigate and to make a reconstruction of fac-
tors that regulated geochemical record of the sediments
in Kasplya Lake during its Holocene history.

2. Materials and methods

Our keysite is Lake Kasplya, with 3.45 km? of
surface area, 585 km? of basin area, and a maximum
water depth of 3.2 m. The lake basin is open, with the
Kasplya river as an outflow and one inflow river, the
Klyots. The majority of the sediments in the basin are
sands and glacial tills from the Late Pleistocene, which
are arranged in outwash plains and moraine hills,
respectively.

*Corresponding author.
E-mail address: dorionio40@gmail.com (R.A. Andreev)

Received: June 08, 2024; Accepted: June 28, 2024;
Available online: August 26, 2024
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Lake bottom sediment core (Kas-17, 17.3 m)
was obtained during February 2022 using a modified
Livingstone piston corer. The deepest southwest section
of the lake is where the core site is situated. Cores were
sampled and analyzed in the Institute of Geography
RAS Environmental Palaeoarchives Laboratory with a
0.1 m sample resolution.

The core was dated using radiocarbon accelerated
mass spectrometry techniques (10 dates, below 9,5 m of
core) and liquid scintillation (LSC, 6 dates, down to 9,5
m). AMS radiocarbon dating were conducted in Center
of Common Use “Laboratory of Radiocarbon Dating and
Electronic Microscopy” of the Institute of Geography
RAS (Moscow). LSC radiocarbon dating were made in
Laboratory of Geomorphological and Palaeogeography
of Polar Countries and World Ocean Institute of Earth
Sciences, Saint-Petersburg State University. Using the
rbacon (Blaauw and Christen, 2011) R package, a
Bayesian approach was used to calculate the sediment
chronology for a thickness of 0.1 m.

Bulk inorganic geochemistry analysis (36 inor-
ganic elements) was elaborated with Spectroscan
MAKS-GVM by the standard soil sample procedure
(GOST 33850-2016). Organic matter concentration:
total organic carbon (TOC), total nitrogen and phos-
phorus were obtained with dry combustion technique
with CHNS-analyzer Vario Isotope Cube (Elementar)
in Center of Common Use “Laboratory of Radiocarbon

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2024-A-4-251
mailto:dorionio40@gmail.com

Andreev R.A. et al. / Limnology and Freshwater Biology 2024 (4): 251-255

SI: «The 6th International Conference
Paleolimnology of Northern Eurasia»

Dating and Electronic Microscopy” of the Institute of
Geography RAS.

To prepare XRF data for statistical analysis, we
center-log transformed (clr) element intensities by
formula (given in Weltje et al., 2015). Next, we used
variable scaling principal component analysis (PCA)
to interpret the lake geochemistry record. As vari-
ables for PCA, we used 36 variables, including 22
clr-transformed inorganic and organic elements (the
last includes total organic carbon (TOC) and N) and
one geochemical ratio (TOC/N). Other variables are
additional lithological information from (Shasherina
et al., 2023), which included nine classes of grain size
concentrations, from clay to coarse sand, by reference),
and magnetic susceptibility (MS). Consequently, we
derived a three-component model, each component of
which represents a factor contributing to the sediment
geochemical assemblages, which accounts for 73.0% of
variable variances. Using the factoextra (Kassambara
and Mundt, 2020) and missMDA (Josse and Husson,
2016) packages, all computations and statistical meth-
ods are implemented in R (R Core Team, 2024).

3. Results and discussion

Three main factors that significantly influence
the distribution of lithological and geochemical fea-
tures in Kasplya Lake during whole Holocene are the
findings of the XRF inorganic geochemistry analysis
and its subsequent PCA.

The majority of the model’s described variance
(43.7 out of 73%) is described by the first one (PC1).
Element loadings in PC1 that are highest include Fe,
Co, Sr, Si, and Al. PC1 is associated with silt grain size
classes. Generally, the elements mentioned are related
to lithogenic material. For instance, the loadings of Ti
and Al, which are regarded as “conservative,” are reg-
ulated by the addition of lithogenic matter (Bertrand
et al., 2024). In the case of Lake Kasplya, this matter
inflows with silt-sized grains. The most significant
influence on the geochemical assemblage comes from
these “lithogenic” processes that control the distribu-
tion of the most elements. Consequently, PC1 would be
referred to as the “lithogenic” factor.

The second one is PC2, which describes 13.4%
of the variable variance. Cu and Pb have the largest
PC2 factor loadings among the variables; Si also has a
high PC2 loading. Additionally, the largest PC2 load-
ings are found in medium silt, sandy grain classes,
and MS. Higher MS values with Cu and Pb loadings
typically indicate a higher level of pedogenic matter
input (Bertrand et al., 2024). But rise of sediment MS
also may mean a pyrite chemical process occurring in
the lake’s body. As a result, PC2 indicates how much
chemically altered matter enters the sediment (endo- or
exogenic). It is necessary to investigate the causes of
these inputs that significantly contribute to the litho-
genic and elemental distribution features in the Kasplya
core.

PC3, the final one, explains 12.0% of the vari-
ance in the variable. The highest PC3 factor loadings
are found in the proportion of silt-sized grains and
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the TOC concentration. Possibly, PC3 represents the
organic matter accumulation on the lake or organic
matter inflow from the basin. More research is needed
to determine the boundaries between exo- and endog-
enic sources of organic matter.

4. Conclusions

The reconstruction of processes that control the
distribution of organic and inorganic matter in lake sys-
tems is made possible by the application of XRF and
organic geochemistry in palaeolimnological research.
Three factors were identified for Kasplya Lake based
on our interpretation of the lake geochemistry record:
lithogenic, chemically altered matter input, and organic
matter loadings. In order to precisely determine the
geochemical and biological processes occurring within
the lake, more research is necessary on the recorded
data.
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OTAO)KeHuH o3epa Kacnaa (CmoneHckan
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AHHOTAIIHUS. [JanHas paboTa HanmpaBjieHa Ha peKOHCTPYyKIuio ucropuu ozepa Kacmisa (CmosneHckas
ob6acTh) B rojiolieHe Ha OCHOBE re0XMMHYecKoH JjieTonucu. [[jis pa3pe3a ObLI MPOBEAEH 3JI€MEHTHBIN
aHannu3 peHTreH()JIOypeclHeHTHbBIM MeTOAOM, 3aTeM IIoJyYeHHble 3HaueHUs BMecTe C JIMTOJIOrhye-
CKMMH JaHHBIMU JJIS pa3pesa UCIOJIb30BaIUCh JJIA MeToAa riIaBHbeIX KoMnoHeHT (MI'K). Ha ero ocHoBe
MoJIyyeHa TPEXKOMIIOHEHTHas MoJeJlb, onrchiBaromas 73% gucnepenu. Kaxaasa KOMIOHEHTa OTpaXxaeT
dakTop, onpenesAINNI TeOXUMUYECKEe U JIUTOJIOTHYEeCK e 0COOEHHOCTH 03EPHBIX OTJIOXKEHUI, HaKa-
IIJIMBaBIIMXCA B TeYeHUe roJIolleHa: «JIMTOreHHBIN», IPUBHOC B 0CaJl0K, IpeoObpa3oBaHHOIO XeMOreH-

HBIMU [IPOIIECCAaMU U IPUBHOC B 03€PO OPTaHUKH.

Kitiouegsie cjt1o8a: najeoTMMHOJIOTHSA, peHTreHGJIoypeciieHTHbIHN aHamm3 (PDA), MeTo[ TJIaBHBIX KOMIIOHEHT

(MI'K), o3épHBIE OTJIOXEHUA

Jia nutupoBanuna: Aunpees P.A., Illamepuna JI.B., KoncrautuHoB E.A., ManakoBa O.1. I'eoxuMunueckas JIeTONNCh JOHHBIX
otJiokeHME o3epa Kacria (CMosieHckas 00J1acTh) U eé MHTepIperanus I rosoneHa // Limnology and Freshwater Biology.
2024. - Ne 4. - C. 251-255. DOI: 10.31951/2658-3518-2024-A-4-251

1. BBeaenue

DJIeMeHTHBI! aHaJIU3 cofepXaHusA HeopraHuye-
CKOT'O 1 OPraHnYecKoro BellleCTB B O3EPHEBIX OTJIOXe-
HHUAX — BaXHble HNCTOYHUKU I1aJIEOJINMMHOJIOTNTYEeCKUX
JAHHBIX, MO3BOJIAKNIIUN PEKOHCTPYHUPOBATh HWCTOPHIO
ocagKoHaKoIIeHus: B o3épax. O3epo Kacmiia pacmnoJio-
)K€HO B KPAaeBOU 30HEe BaJIAAKICKOro (Mmo3[HeHeOIIein-
CTOI[EHOBOT'0) OJiefleHeHUsl, Ha TrpaHuile 0OacceiHOB
Juenpa n 3anagHoi J[BUHEL, B 35 KM OT I'. CMOJIEHCKa
(CmoJiencko-MockoBcKass BO3BBIIIEHHOCTD). Hcropus
pa3BUTHA GacceiiHa JaHHOT'O O3€pa, B 4YaCTHOCTU €ro
cBsA3u ¢ OacceiiHoM J[Hempa B MPOILIOM, OCTAIOTCA
A0 KOHIla HEW3y4Y€HHBIMU. Tl'eoxumMumueckue JAaHHBbIE,
[I03BOJIAIOIIYIE PEKOHCTPYUPOBATh aJleorugpojoruye-
CKUe yCJIOBUA 03E€pHBIX 6acceltHOB, CMOT'YT IPOSICHUTH
UCTOPHUI0 Pa3BUTUA pervuoHa B reyioM. llesp JaHHOro
rccieJOBaHUs — PeKOHCTPYUPOBATh (GaKTOPEL, olpese-
JIAI0I[Me Fe0XMMUWYeCKUl COCTaB JIOHHBIX OTJIOXeHUH
o3epa Kacmsa.

2. MaTtepunanbl 1 MeTOAbI

KitroueBoil y4acTOK OAaHHOTO MCCJIeJOBaHUA —
o3epo Kacmia ¢ miomansio 3epkaia u 6acceiina 3,45

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: dorionio40@gmail.com (P.A. AHfpeeB)

INocmynwna: 08 utona 2024; ITIpunama: 28 voHA 2024,
Ony6tukoaana online: 26 aprycra 2024
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1 585 KM2 COOTBeTCTBeHHO. MakcuMaJsibHasA IriiyOnHa
o3zepa — 3,2 M, 03ep0 NPOTOYHOE, U3 Hero OepeT CBOE
Havasio p. Kacria u Bnagaer p. Knén. Tepputopus bac-
celiHa CJIOXeHa IecKkaM{ M MOPEHHBIMU BaJIyHHBIMU
CYTJINHKaMU, CJaraloliiMy COOTBETCTBEHHO BOIHO-
JieJHUKOBbIE I MOPEHHbIE XOJIMUCThIE PABHUHEL.

Komonka noHHBIX oTj0XeHun o3epa (Kas-17)
IOoJIy4eHa B X0/e IoJIeBbIX paboT B ¢despasie 2022 roga
€ MOMOIIBI0 MOAMGUIIMPOBAHHOIO Oypa JINBUHICTOHA.
Touka oTOopa pacrosioxeHa B HauboJiee TIyOOKOM
Oro-3armagHonl dvactu o3epa. KepHwsl ObUmM paspe-
3aHBl ¥ NpOaHaJIM3UpPOBaHbl ¢ paspemeHueM 0,1 m B
JlaGopaTopuu najeoapXxWBOB NpPUPOOHOHN cpeanl WUI
PAH.

Paspe3 ObUl INpomaTUPOBaH PpaAuOYIJIEpOJ-
HeIM MeToAoM: 10 [aT ¢ MOMOIIBI0 YCKOPUTEJIbHOU
Macc-ciekTpoMmeTpuu (riiyboxe 9,5 M) M ¢ IOMoO-
IIBI0 XKMJKOCTHOHN cIuHTWLIANMM (6 maT, o 9,5 m).
JatupoBanue paspesa Kas-17 npoBegeHO MeTOOM
YCKOPHUTeJIbHOU Macc-criekTpoMmeTpun (AMS) BBINOJI-
HeHO B Jjaboparopum LIKII «JlaGopaTopus paauoy-
IJIepOAHOr0 JaTUPOBAHUA U 3JIEKTPOHHOM MUKpPO-
cxonun» UI' PAH. JlaTupoBaHue CIUHTULIALNOHHBIM
METO/IOM, B CBOIO Ouepefb, BHIIIOJIHEHO B Jiaboparo-
puu reoMopdoJIOTMYecKUX U Majieoreorpaprueckux
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HccjieJoBaHui NMOJIAPHBIX PerMOHOB U MUpOBOro oke-
ana HMucturyra Hayk o 3emuse CIIOI'Y. BospacTtHas
MoJieJIb HAaKOIJIEHHUA OTJIOXKeHUH ¢ paspemeHueM 0,1
M IIOCTpOeHa MeToA0M 6aliecOBCKOro MOAeINpOBaHNUA
¢ ucrojb3oBaHueM naketa A R rbacon (Blaauw and
Christen, 2011).

DJIeMEHTHBI!I aHaji3 HeopraHuveckoro Bellle-
ctBa (36 syieMeHTOB) INpOBeNEH Ha peHTTreH(IOpec-
HeHTHOM aHanusatope CrnektpockaH MAKC-GVM c
HCIOJIb30BaHWEM CTaHAApTHOM MeTOAWKM [Jig oOpas-
noB noyB (I'OCT 33850-2016) CopepkaHue OpraHu-
YecKoro BellleCcTBa - OOMIMII OpraHUYecKuil yrjepon
(TOC), obmuii azoT u pocdop - NoayUYeHsI ¢ ITOMOIIBI0
MeTofia cyxoro cxuranus Ha CHNS-ananmuzarope Vario
Isotope Cube (Elementar) B LIKII JlaGopaTopus paguo-
YIJIEpOJHOIO JaTUPOBAaHUSA U 3JIeKTPOHHON MUKPOCKO-
nun» UI' PAH.

J7iA  craTUCTHMYecKOoro aHaausa pe3yJibTaThl
P®A Oputn sorapudmuyuecky npeobpa3oBaHbl ¢ IOMO-
b0 hopmysiel, fanHoi B Weltje et al., 2015. 3aTem
OBl IIpOBeAEH aHaJIU3 MEeTOAOM IJIaBHBIX KOMIIOHEHT
(MI'K) ¢ macmrabupoBaHneM IlepeMeHHBIX. B kaue-
cTBe nepeMeHHbIX i1 MI'K (Bcero 36) 1cnosib30BaHbI
22 npeobpazoBaHHbIX opraHoreHHbix (TOC u a3o0T) u
HeopraHWYeCKUX 3JIeMEeHTOB, a Takke OAWH IeOXVMHU-
yeckuii koapouruent (C/N). OcrasbHble NepeMeH-
HbIe JIONOJIHWTEJIbHBIE JIMTOJIOTHYeCcKUe [JaHHbIe
[0 paspe3y, BKJIOuYaBline B ceOA KOHILEHTpanuio 9
KJIacCOB TpaHyJIOMETPUYECKOr0 COCTaBa OTJIOXKEeHUM
1 Mar"HuTHyio BocnpumMmuubocTh (Illamepuna u ap.,
2023). Takum o6pa3oMm, NojyuyeHa TPEXKOMIIOHEHTHAasA
mopesnb (o0bsAcHeHO 73,0% mucnepcuu), rAe Kaxpaas
KOMIIOHEHTa OmHuchiBaeT (aKToOphl, OlpefesiAlole
COBMECTHOe paclipefieJieHre I'pynIl lepeMeHHbIX. Bce
pacuéTel npoBefieHHl B mporpaMMHOU cpenie R (R Core
Team, 2024), ¢ ucCIIOJIb30BaHUEM ITaKeToOB factoextra
(Kassambara and Mundt, 2020) u missMDA (Josse
and Husson, 2016) mJis 3amoJIHEHUA OTCYTCTBYIOIINX
3HauYeHUN.

3. Pe3ynbTatbl M 06Ccy)xpeHue

O60011eHHOE CTpOeHNe ONMOpHOU KojoHKU Kas-
17: 17,4 — 15 M — MUHepareHHbIE CJIOWUCTBHIE WJIBL C
pe3Kkoii BepxHeli rpaHuieii; 15-9,6 M — xeMOTreHHO-0Op-
raHoreHHble PUTMUTHI, IIJIABHO CMEHAION[MECs OpraHo
MUHepaJibHbIM uiioM (9,6-7,3 m) u rurtueit (7,3-0 m).
Ilo pesysbpTaTam peHTreH(}JIOypecleHTHOrO aHasIn3a
paspesa Kas-17 u fanpHeliel craTucTiuieckou obpa-
60TKM ero AaHHBIX, COBMEIEHHBIX C JINTOJIOTNYeCKUMU
JaHHBIMU BBIABJIEHO TpU BeAyluXx (akTtopa, Bo3mei-
CTBOBABIINX Ha JINTOJIOTMYECKUI U TeOXUMHUYeCKUN
COCTaB OTJIOXKEHUH B TeueHUe TroJIoleHa.

HaubGosnpmasa posa oObACHEHHON Auclepcuu
MpUHAAJIEXUT MEPBON IJIaBHOM KoMIoHeHTe (43,7 u3
73,0%). HaubGospiiyio ¢GaKTOpHYI0 Harpysky HMeIoT
Takue 3JieMeHTHl, Kak Fe, Co, Sr, Si u Al. IlepBas kom-
IIOHEHTa TakKe CBsA3aHa C aJeBpUTUCTON ¢pakiuei
MHHepaJIbHBIX dacTull. B IjesioM, nepeunc/ieHHbIe
3JIeMEeHTHl CBfA3aHbl C MOCTyIJIEHHEeM O0O0JIOMOYHOTO
BemecTBa B o3epo. Hampumep, KoHIeHTpanuu Al u
Ti cBA3BIBaIOTCA C IPHUBHOCOM TAaKOIroO BelllecTBa U
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paccMaTpuBalOTCA KaK «KOHCEepBAaTHBHEIE» 3JIEMEHTHI
(Bertrand et al., 2024). B ciy4ae o3epa Kacmis, gaH-
HBIIl MaTepuasl MOCTyHaeT C aJeBPUTHUCTHIMU YacTH-
1aMmu. JlaHHBIHA Dpoliecc MMeeT HauOoJiblliee BIWAHHE
Ha DdJIEeMEeHTHBIHl COCTaB OTJIOXKEHUH o3epa. TakuMm
o0pa3oM, mepBasg KOMIIOHEHTa OINKCHIBaeT YCJIOBHBIN
«JINTOTeHHBIN» (PaKTOp pasBUTHA O3epa.

Bropasa kommnoHeHTa onuceiBaer 13,4% pguc-
nepcun. Cu u Pb umeror HaubGospmyno ¢akTopHYIO
HarpysKy cpeau 3J1eMeHTOB [JJi BTOPOH KOMIIOHEHTHI,
TaKXXe BBICOKOe e€ 3HaueHHe uMeeT Si, 4acTb KOTOPOTo
HMMeeT, OYeBUAHO, HeopraHuveckoe INPOMCXOXJeHUe.
Bro6aBok, HanbobIIyI0 (aKTOPHYI0 Harpy3Ky UMeIoT
MarHuTHasA BOCIPUMMYUBOCTD U (pakuuu IecKOB U
cpefHero ajieBpuTa. IloBbIIeHHBIEe 3HAaYeHUs MarHUT-
HOH BOCIIPUMMUYHMBOCTU U HakoruteHue Cu u Pb moryt
CBUJIETEJIbCTBOBATh 00 YyCWJIEHWM WHTEHCUBHOCTHU
IIOCTYILJIEHUA [TOYBEHHOIr'0 BellecTBa B 03€pPO C BOJOC-
6opa (Bertrand et al., 2024). TakXe U3BECTHO, 4YTO B
o3epe MOIYT IIPOHMCXOJUTh XeMOTeHHBIe IIPOLeCcCHl
o0pa3oBaHNA MPUTA, U €ro HaKOoIJIeHe MOXeT MHIN-
I[pOBaThCs IIOBBIIEHWEM MAarHUTHON BOCIPUHUMYU-
Boctu. CiiefjoBaTesIbHO, BTOpasd KOMIIOHEHTa MOJXeT
MHAUIMPOBAaTh KaK JaHHBIN MpoIlecc, TaKk U XeMOTeH-
HBIe Ipoliecchl B o3epe. OnpefesieHNe IOJIHBIX IPUYNH
COBMECTHOI'O HAKOIUJIEHHWS NaHHBIX KOMIIOHEHT O03ep-
HOI'O Ocajika B TeuyeHMe roJiolleHa TpeOyeT HaJjibHeM-
Iero uccjaeJoBaHuA.

[locnenHsaa KOMIIOHEHTa, TpPeThbA, OObBACHAET
12,0% pucnepcun. Bricokue 3HaueHUs GaKTOPHOM
Harpysku umeroT TOC 1 ppakuuy MejKoro ajeBpura.
BepoATHO, TpeTbsA KOMIIOHEHTa OTpaxkaeT aKKyMyJif-
I[1I0 OpPraHOTeHHOT0 BelllecTBa B 03epe, WJIN ero MocTy-
IJIeHue ¢ 03épHoro OacceliHa. OnpefesieHre NCTOYHU-
KOB IIOCTyIUJIeHUs OyJleT pacCMOTPEHO B JasIbHENMINX
HccJieJOBaHUAX.

4. BoiBOADI

OrpeiesieHNe MPOIIECCOB, BJIUAIINX Ha pacipe-
JleJIeHre OPTaHNYEeCKOr0 ¥ HEOPraHUYECKOT 0 BelllecTBa
B O3EPHBIX CHCTEMax BO3MOXHO C MpuMeHeHHeM PDA
¥ METOJOB aHaJu3a KOHI[EHTPAIMU OPTraHUYECKOTO
BEI[ECTBA B MAaJIEOJIMMHOJIOTMYECKUX UCCIIETOBAHUAX.
BeisABJIeHO Tpu ¢akTopa, ONpeAesABIINX COCTaB 03Ep-
HBIX OTJIOXeHMI o3epa Kacmif Ha NPOTSKEHUM ToJIO-
IleHa: «JIUTOTeHHBII», IPUBHOC MMOYBEHHOTO BeIlleCTBa
WU XeMOTEeHHBIE MPOIECCH B 03epe, a Takxke (akTop
HOCTYIUIEHUs] OpraHMYecKoro Marepuasia. B messx
ompe/ieJieHUs KOHKPETHBIX T€OXUMHUYECKUX U OUOJIOTH-
YeCKUX MPOIIeCCOB Ha 03epe HEOOXOAUMEBI JaJIbHEIIe
VICCJIe[IOBAHUS.
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Short communication

P?IeoenV|ro!|mental reconstructlon of [ IMNOLOGY
climate by diatoms from sediments of FRESHWATER
three deep freshwater lakes of Evenkia BIOLOGY

(Siberia, Russia) - — -
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ABSTRACT. The study aimed to determine the species composition of diatoms in the bottom sediments
of the freshwater lakes Zapovednoye, Cheko, and Peyungda, situated in the taiga zone of the southern
region of Evenkia within the boundaries of the Tungussky State Nature Reserve. A total of 255 taxa
have been identified in these lakes, with their ecological characteristics also established. The diatom
community present in the bottom sediments of the aforementioned lakes showcases species that are
common across all three lakes, as well as some that are exclusive to every single reservoir. An examina-
tion of the acquired data indicated the existence of overarching trends in the evolutionary trajectory of
lakes Cheko, Zapovednoye, and Peyungda. Nevertheless, discernible discrepancies are observed in the
species composition of diatoms within their bottom sediments, both in terms of quality and quantity,
thereby delineating Lake Peyungda in a distinctive position in comparison to lakes Zapovednoye and
Cheko. This disparity is likely attributed to the relatively shallow depth of Lake Peyungda, leading to an
inclination towards a heightened level of eutrophication in its species composition, as opposed to the
conditions observed in lakes Cheko and Zapovednoye.

Keywords: diatoms, freshwater lakes, bottom sediments, paleolimnology, paleoecology, climate reconstruction
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1. Introduction by the small Verkhnyaya Lakura River, a tributary of

the Podkamennaya Tunguska River (Rogozin et al.,
The study area encompasses three freshwater 2017; Rogozin et al., 2023).

lakes, namely Lake Cheko, Lake Zapovednoe, and Lake
Peyungda, situated in Eastern Siberia, Russia. Lake -

Cheko (60°57.904'N, 101°51.551'E) on the Central 2 Materials and Methods
Tunguska Plateau, is positioned approximately 8 km
from the inferred epicenter of the 1908 «Tunguska
event». With an oval-shaped structure and a maxi-
mum depth of approximately 54 m, Lake Cheko is fed
by the Kimchu River, a tributary of the Chunya River,
ultimately flowing into the Podkamennaya Tunguska
River. Lake Zapovednoe (60°31.688’N, 101°43.740’E)
located in close proximity 60 km to Lake Cheko. It is
characterized by a nearly circular shape with a diam-
eter of around 500 m and a maximum depth of 60 m.
Lake Peyungda (60°37.174’'N 101°38.442’E) boasts
almost regular round shape with a diameter of approx-
imately 600 m and a maximum depth of 35 m. Both
Lake Zapovednoe and Lake Peyungda are interlinked

The research approach involved the retrieval and
analysis of sediment cores from each of the aforemen-
tioned lakes Cheko, Zapovednoe and Peyungda, in June
2016, July 2018, and September 2022, respectively.
Upon extraction, the sediment cores were vertically
transported to the laboratory for further investigation.
Subsequently, the cores were meticulously disassem-
bled and sectioned at specific intervals for analysis - 1
cm for Lake Cheko and Lake Zapovednoe, and 2 cm
for Lake Peyungda. The sediment samples derived from
each section underwent meticulous preparation and
processing for diatom analysis utilizing established
methodologies involving 30% H,0, (Bolobanshchikova
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et al., 2023). Permanent preparations were crafted
using the highly refractive Naphrax resin, and subse-
quent enumeration of diatom valves was executed uti-
lizing the parallel transect method (Bolobanshchikova
et al., 2023). The construction of diagrams illustrating
the qualitative and quantitative composition of diatoms
within the sediment cores was facilitated using Past
2.15 software (Hammer et al., 2001). The taxonomic
identification of diatoms was facilitated through the
use of well-established keys (Bolobanshchikova et al.,
2023) and systematic summaries to discern ecological
and geographical attributes concerning habitat, salin-
ity, water pH, geographical distribution, and rheoph-
ilicity (Barinova et al., 2006).

3. Results and Discussion

The results obtained from the analysis of Lake
Cheko revealed a total of 131 taxa of diatoms below
the genus level in the bottom sediments. The predom-
inant diatom species in the sediments were valves of
benthic cosmopolitan species, characteristically indif-
ferent to salinity and flow velocity, with a preference
for alkaline water conditions, constituting a majority
proportion ranging from 51% to 65% of the total mass.
Conversely, the presence of planktonic species was nota-
bly limited, often comprising less than 10% of the total
count. In the case of Lake Zapovednoe, an examination
of the bottom sediments unearthed 139 taxa of diatoms
below the genus rank. The sediment composition pre-
dominantly featured benthic and planktonic-benthic
cosmopolitan species, exhibiting indifference to salin-
ity and flow rate, and a predilection for alkaline water
conditions. Noteworthy was the increased prevalence
of planktonic species in Lake Zapovednoe compared
to Lake Cheko, constituting up to 26-28% at certain
depths. A distinctive feature of the diatom flora in Lake
Zapovednoe was the notable representation of valves
from the genus Tabellaria, a presence considerably
more pronounced than in Lake Cheko. Regarding Lake

Peyungda, a diverse array of approximately 255 taxa
of diatoms below the genus rank was identified. The
lake was predominantly characterized by cosmopolitan
diatom species, displaying indifference towards salin-
ity and favoring alkaline water conditions and water
mass mobility. Notably, variations in the dominant spe-
cies composition were observed across different time
periods, with planktonic-benthic species, particularly
Tabellaria fenestrata (Lyngbye) Kiitzing, and plank-
tonic species such as Aulacoseira ambigua (Grunow)
Simonsen, occupying crucial ecological niches within
the lake. Moreover, the abundance of benthic diatom
species was observed to be consistently lower than that
of planktonic and planktonic-benthic species through-
out the core depth profiles, rarely exceeding 9% of the
total count.

Cluster analysis facilitated the delineation of five
primary zones (Distance) within the bottom sediments
of three lakes, accompanying alterations in the species
composition of diatoms (Fig. 1).

Zone DV (2480-485BCE) exhibits a reduction in
the relative abundance of benthic and planktonic-ben-
thic diatom species that thrive in warm, stagnant or
flowing waters, while their representation among
planktonic diatoms is on the rise. This phenomenon
may be attributed to diminished mineral concentra-
tions, potentially stemming from reduced meltwater
runoff or precipitation levels. The decline in heat-lov-
ing species proportions may suggest a cooling trend in
the climate. Consequently, conditions in this zone are
presumed to be progressively drier and colder.

Zone IV (485BCE-763CE) is notable for a decrease
in planktonic species compared to the preceding zone,
coupled with an uptick in planktonic-benthic and ben-
thic thermophilic species, halophiles, and species asso-
ciated with standing or flowing waters. These findings
hint at warming trends and heightened mineralization
levels within the lake, likely influenced by external
mineral influx from increased precipitation or melting
permafrost. The prevailing climate in this era appears
to have been wetter and warmer.
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Fig.1. The distribution of diatoms in the bottom sediments of lakes Cheko, Zapovednoye, and Peyungda has been examined

with designated DI-DV zones.
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Within Zone DIII (763-1687 CE), there is a dis-
cernible trend towards an escalation in species favoring
mineral-rich aquatic environments, accompanied by
a reduction in species preferring consistent water col-
umn mixing. These changes potentially signal reservoir
eutrophication, possibly triggered by rising tempera-
tures or diminishing precipitation levels. Consequently,
mineral concentrations in the lake could be on the rise
due to lowered water levels. Midway through this zone,
there is an increase in cold-tolerant and water-mix-
ing-preference species, indicating a phase of stagnation
during a warmer and drier climate period.

Zone DII (1687-1973 CE) is characterized by a
gradual surge in planktonic-benthic and benthic ther-
mophilic species, coupled with a decline in planktonic
species, including those that favor colder conditions.
This pattern suggests a further warming of the climate,
albeit with increased humidity, relative to the preced-
ing zone.

Notably, Zone DI (1973-2022 CE) displays an
elevation in benthic and planktonic-benthic species,
while the prevalence of planktonic species is mini-
mal. Collectively, these trends indicate a burgeoning
eutrophication trend in aquatic ecosystems, possibly
coinciding with another spell of warm and dry climatic
conditions.

4. Conclusions

The recurring fluctuations in diatom species com-
position within the bottom sediments of lakes Cheko,
Zapovednoe, and Peyungda bear witness to historical
climate variations. The established climate change
sequence can tentatively be delineated as “cold-dry”
— “wet-warm” — “warm-dry” — “wet-warm” —
“warm-dry”.
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AHHOTAIIHUS. OnpenesiéH BUOBOM COCTaB AUATOMOBBIX BOAOPOCJIEN JOHHBIX OTJIOXKEHUU B MPECHO-
BOJHBIX 03epax 3amnoBeaHoe, Yeko u [letoHraa, pacroJioXkeHHBIX B TaeXHOU 30He 1ora DBeHKUU Ha Tep-
PUTOPHUU roCcyAapCTBEHHOr0 3anoBeJHUKA «TyHTIyccKuii». Ha JaHHBIE MOMEHT B 3THX 03€pax BBIABJIEHO
opAAKa 255 TaKCOHOB U OIIpefiesIeHbl X SKOJIOTUYeCKHe XapaKTepuCcTUKU. B AuaTroMoBoM coobiiecTBe
JOHHBIX OTJIOXKEHHUI 5TUX BOJOEMOB IIPUCYTCTBYIOT BUABI, BCTpeyalolyecs Kak BO BceX TPEX 03€pax, TaK
1 Te, KOTOpble BCTpeYalTcs TOJIBKO B OAHOM M3 HUX. AHa/IN3 IOJIy4eHHBIX JaHHBIX NIOKa3ajl Hajiuuyue
001X TeHAeHIUH B pa3BUTHU 03€p Yeko, 3anoBeaHoe u Iletonraa. OaHAaKo, BUIOBOM COCTaB AUATOMO-
BBIX BOJOPOCJIel B MX JOHHBIX OTJIOXKEHUAX UMeeT pAA OTJIMYUM, KaK B KaUeCTBEHHOM, TaK U B KOJInye-
CTBEHHOM COOTHOIIEHUH, U CTaBUT B 000CO0JIEHHOE NOJIOXKEHNE II0 OTHONIEHUIO K 03€épaM 3anoBeJHoe
u Yeko o3epo IletoHraa. BepoAaTHee Bcero 3To MoxeT ObITh CBA3aHO C Te€M, YTO B OTJIMYUU OT 03€p Ueko
1 3anoBefHOe, 03epo [leloHrAa MMeeT MeHbIIyI0 TJIyONHY, IO3TOMY €ro BUAOBOU COCTaB MOKa3bIBaeT
TEHAEHIMIO K 6OJIbIIEMY YPOBHIO 3BTPOPHUIIMPOBAHHOCTH, HEXEJIN B 03épax Ueko U 3amoBegHOE.

Kimouegwoie ciiosa: AXaTOMOBBIE BOOAOPOCJIY, MIPECHOBOAHBIE osépa, JAOHHBIE OTJIOXKEHNA, I1aJIEOJIMMHOJIOI'MA,
MaJIEO3KO0JIOTUA, PEKOHCTPYKIHWA KJIMaTa

Ja nutupoBaHusa: bono6anmukosa I'.H., Porosus /I .10. [Taneoskosornyeckas peKOHCTPYKIMA KJIMMATa 10 JUATOMOBBIM BOJO-
POCJIAM U3 JOHHBIX OTJIOKEHHI TpeX IJIyGOKHUX MPecHOBOAHBIX o3ep OBeHKuu (Cubupb, Poccust) // Limnology and Freshwater
Biology. 2024. - No 4. - C. 256-261. DOI: 10.31951/2658-3518-2024-A-4-256

1. Beeaenne BanaBapa, u npu6su3uTesibHO B 60 KM K 10Ty OT 03epa

Yeko u mpefanosiaraeMoro snuneHTpa B3pbiBa 1908 r.

Oszepo Yexo (60°57.904 CIII, 101°51.551’ MaxkcumasipHasi rIybuHa osepa okoiio 60 M. Ozepo
BJl) pacnonoxeno Ha LleHTpanbHO-TYHIYCCKOM  fleomrpa (60°37.174° CII 101°38.442° BJI) Tarke
nnato  (Bocrounas CuGupb, Poccus) B 10XHOH MIMeeT MOYTH MPABIJIBHYI0 OKPYIJIyilo GopMy Auame-
YacTH  DBEHKUICKOr0  MYHHULWIAJIBPHOIO  pafioHa TpoM 0K0J10 600 M, U PACIONIOKEHO B 12 KM K ceBe-

KpacHosipckoro kpas B HeNOCpeJICTBEHHOU OJIN30CTU
(8 kM) oT mpeamnoJsiaraemMoro snuileHTpa TyHryccKoro
B3pbiBa 1908 roma. MakcumasbHasa riyOuHa o3epa
OKOJIO 54 M, ABJIAeTCA NPOTOYHBIM BOJOEMOM OBaJlb-
Holl dopMbl AuaMmeTpoM okojio 400 M. Yepe3 o3epo
npoTekaeT peka Kumuy, nputok pexu UyHs, Bnagaio-
meli B p. [logkamenHnasa TyHrycka. O3epo 3amnoBeHOe
(60°31.688’ CIII, 101°43.740’ BJT) - HEOOJIBIIIOM BOAOEM
[I0YTU KpyTJioi GopMbl AuaMeTpoM okosio 500 M, pac-
[IOJIOKEHHBIN Ha rpanHulle ['ocygapcTBeHHOro IIpH-
poaHoro 3amnoBefHUKa «TyHTyCCKU» (DBEHKUHCKUI
paiion KpachHosipckoro kpas), B 60 kM OT IIOceJKa

po-3amaay oT o03. 3amoBefHoe. MakcumanbHasd IJIy-
6uHa o3epa npubsusuresabHo 35 M. Yepe3 oba o3epa
nporekaeT HeboJiblias peka BepxHsas Jlakypa, IpUTOK
peku Ilogkamennas Tynrycka (Porosun u gp., 2017;
Poroszun u ap., 2023).

2. MaTtepuanbl U METOADI.

KepH TOHHBIX OTJIOXeHUH 03. Heko ObLT 0TOOpaH
B uioHe 2016 roaa, o3. 3anoBeaHoe - B utojie 2018 r.,
03. Ilelonrpga - B ceHtsabpe 2022 r. Ilocje TpaHcmop-
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TUPOBKY B JIJaG0OpaTOpUIO B BepTHUKAJIBHOM II0JIOXKEHU!
KepHBI ObUIN pa3o0paHbl U pa3pe3aHbl Ha CJIAKCH — 1A
Yexo u 3anoBeaHoe ¢ maroM B 1 cwm, aia IleroHrnsl
B 2 cMm. OOpa3subl JOHHBIX OTJIOXKEHUI, OTOOpaHHbIe
U3 KaxAoro cjalica, IPOXOJWIN IPOOONOATOTOBKY
U TexXHUYecKyr oOpaboTKy Ha AUATOMOBBIM aHaIu3
1no orpaboTaHHON MeToAuKe c ucnojb3oBaHueM 30%
H,0, (BonobanmukoBa u aAp., 2023). IlocrosHHEBIE
mpenaparsl TOTOBUJIUCh C IpHMEHEHHEeM BBICOKO-
npenomwsrsiioniedi cMmosiel Naphraxio ITofcuét cTBOpPOK
JAUaTOMOBBIX IPOBOAWJICA METOAOM IlapaUIeIbHBIX
TpaHcekT (bomobaHmkoBa u ap., 2023). Jlns noctpo-
€HUsA AuarpaMM KauyeCTBEHHOTO M KOJINYeCTBEHHOTO
cocTaBa JUAaTOMOBBIX B JOHHBIX OTJIOKEHUAX, a TakKe
JUIA KJIaCTepHOI0 aHajM3a MCHoJb3oBasu Past 2.15
(Hammer et al., 2001). [dnsa ompeneseHUs BUIOBOM
NIpYHAAJIeXXHOCTH AMAaTOMOBBIX MCIIOJIb30BaJIU YCTO-
sABIIMIICA Habop ompefesnTesiell U cUCTEMAaTUYeCKUX
cBojiok (bosiobanmukoBa u fAp., 2023). DkoJoro-
reorpaduyeckas XapakTepHCTHKa AaBajach II0 OTHO-
IIeHNI0 K MeCTOOOMTaHUIo, cojieHOCTH, pH Boapl, mo
reorpa@uyeckoMy paclpoCTpaHeHHI0 U peodUIIbHO-
cru (bapuHosa u fip., 2006).

3. Pe3ynabTatbl M 06Ccy)xpeHue

O3epo Yeko. Bcero B JOHHBIX OTJIOKEHUAX 03epa
Yeko ob6HapyxeH 131 TakCcOH AMATOMOBBIX BOAOPO-
cjlell paHroM Hmke poja. B MOHHBIX ocaakax mpeob-
JlafjalT CTBOPKM OEHTOCHBIX KOCMOIIOJIUTHBIX BUJOB,
nHANOEepeHTHBIX 110 OTHOIIEHUIO K COJIEHOCTU U CKO-
POCTH TeudeHUs, MpeflouUTalol[ye I[eJIOYHYI0 peak-
LIHI0 BOABI, AOJIA KOTOPBIX AOCTUTAeT eproaamu ot 51
[0 65% ot obuieil Maccel. Jloy1A IIJIAHKTOHHBIX BHUJIOB
He3HauyuTeJIbHA — 3a4acTyio MeHee 10%.

O3epo 3anogedHoe. B [OHHBIX OTJIOXKEHUAX
o3zepa 3anoBefHOe oOHapyxeHO 139 TakCcOHOB aua-
TOMOBBIX BOJOPOCJIeNl paHroM Hirke poAa. OCHOBHYIO
JIOJII0O COCTaBJIAIOT OeHTOCcHBIE (IO 45%) M IJIAaHKTOH-
HO-O6eHTOCHBIe (MO0 35%) KOCMONOJIMTHBIE BH/IBI,
nHANOEepeHTHBIX 110 OTHOIIEHUIO K COJIEHOCTU U CKO-
POCTH TeueHUs, IpeAIIOYNTAaoIINe IeJIOUHYI0 peaKLio
BoAbl. B oTyimunu ot o3epa Yeko, B 03. 3anoBeJHOM
IJIAHKTOHHBIE BU/bl 3aHUMa/IM 6oJiee CylieCTBEeHHYIO

poJib — A0 26-28% Ha HEKOTOpHIX TJIyOMHAX, a 0cCo-
OGeHHOCTBIO JUATOMOBOU (JIOPHl JOHHBIX OTJIOKEHUN
o3epa fABJAETCA XOpollas IpeACcTaBJIeHHOCTb CTBOPOK
BuzioB u3 popa Tabellaria, B To BpeMs Kak B o3epe Ueko
HX BCTpe4aeMOCThb ropa3fio HIXe.

O3epo Iletonzda. Ha maHHBI MOMEHT B 03epe
[MetoHrga obHapyxeHO mopsaka 255 TakCOHOB AUATO-
MOBBIX BOJOpOCJIell paHroM HWXe pona. B Bomoéme
npeo0JiaaloT KOCMOIOJIMTHbBIE BUbL, MHAU(depeHT-
Hble 110 OTHOIIEHMIO K COJIEHOCTH, IpeAIouuTaroliie
IIeJIOYHYI0 PeakIMi0 BOAbl M IIOJBWXXHOCTb BOJHBIX
Macc. B DIpOLIEHTHOM COOTHOUIEHMHU B pa3jIuyHbIE
[epruoAbl JOMUHUPYIOUIYI0 POJIb 3aHUMAIOT IJIaHKTOH-
HO-OEHTOCHBIE BHM/bI, B OCHOBHOM 3a cuér Tabellaria
fenestrata (Lyngbye) Kiitzing — ot 46 10 88,8% Ha pas-
JINYHBIX IJIyOMHAaX, a TakXe IIJIJAaHKTOHHBIE BHJBI 3a
cuét Aulacoseira ambigua (Grunow) Simonsen - oT 62 10
92%. KomnuecTBo OEHTOCHBIX BUJIOB Ha MPOTSKEHUU
BCero KepHa ObLJIO CyIeCTBEHHO HIXe IIJIAHKTOHHBIX U
IIJTAHKTOHHO-0EHTOCHBIX BUOB, PeJIKO BHIXOs 3a Ipa-
HuLy 9%. HauboJiblllee KOJIMYECTBO CTBOPOK OeHTOC-
HBIX BUJOB 3a(pMKCUPOBAHO B TOJIIe KepHa — 28,5%.

KrnacrepHblli aHanyW3 MO3BOJWJI  pa3fesiiTh
JIOHHbIe OTJIOXKEHHUsA TPEX 03€ép Ha 5 OCHOBHBIX 30H
(Distance) ¢ u3MeHeHHeM B BHIOBOM COCTaBe JAUATO-
MOBBIX BogopocJel (Puc. 1).

3onaDV (2480-485BCE) xapakTepu3yeTcs yMeHb-
meHueM J0JM OeHTOCHBIX U IJIaHKTOHHO-OEHTOCHBIX,
TEeIJIOJIIOOUBEIX BUJIOB CTOS4Ye-TeKy4nX BOJ, HO YBeJIU-
YyBaeTcsa WX J0JIA Cpelyd IJIAHKTOHHBIX AUAaTOMOBBHIX.
BeposATHO, 3TO MOIJI0O OBITh BBI3BAHO YMEHbIIEHHEM
KOHIIEHTpallul MHHepaJbHBIX BelllecTB, I1OCPeACTBOM
YMEHBIIIEHNA CTOKa TaJIbIX BOJ WJIM BBINABIIMX OCaf-
KOB). YMeHbllIeHre JOJIU TeIlJIOII0OUBEIX BUAOB MOXKeT
rOBOPUTH O MOXOJIoAaHWM kinMara. Takum obpazoM,
B 3TOI 30He MPeIOJIOKUTEIbHO KJIMMAT CTAaHOBUTCA
6oJiee CyXUM U XOJIOJHBIM.

3ona IV (485BCE-763CE) xapakTepusyeTcs
yMeHbIIIeHHeM [0 CPaBHEHUIO C IpeAplayIlieli 30HOMH
JloJiell IIJTAaHKTOHHBIX BUJIOB, IPU 3TOM yBeJINUMBaeTCsA
J10J1 [JITAHKTOHHO-OEHTOCHBIX M OE@HTOCHBIX TeIlJIOJIIO-
OMBBIX BUAOB, rajoUIOB U BHUJOB CTOSYe-TEKyIUX
BOJI, YTO MOXeT FOBOPUTh HaM O MOTeIJIEHUH 1 00 yBe-
JINYeHUM YPOBHA MUHepaJu3alui B 03epe, BEepOATHO
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3a CUéT MpUTOKa MHHepaJIbHBIX BelleCTB M3BHE M3-3a
yBeJINUEHUsA YPOBHA OCAAKOB, JMOO TasAHUA JIbJIOB
BEYHO! Mep3soTHl. [IpeArnosiokuTesbHO KJIWMAaT CTasl
60Jiee BJIaXHBIM U TEIJIBIM.

3onaDIIl (763-1687CE) xapakrepusyeTca TeH-
JeHIyel K yBeJIMYeHUI0 BUAOB, JI KOTOPHIX Npenoy-
TUTeJIbHee Oojiee MUHepaJ30BaHHas BOAHAaA cpefa
Y yMeHbllleHNe BUJIOB, NIPeJIOYNTAIONMX TOCTOAHHOE
IepeMelllBaHWe BOAHOM TOJIIH, YTO MOXET TIOBO-
puth 06 3BTpOodUKAIMU BOAOEMA, BO3MOXKHO 3a CUET
MOBBINIEHNs TeMIIepaTypHOro peXuMa WU Xe YMeHb-
IIeHys ypOBHA OCAJIKOB, KOTOpBble MOIJIM NPHUBECTU K
YBeJINUEeHUI0 KOHIIeHTpal[i MUHepaJIbHBIX BelleCTB B
o3epe BCJIe[ICTBUE CHIDKEHUA ero ypoBHA. C cepeIUHBI
30HBI YBeJIMYMBAeTCA J0JIA XOJIOAOJIOOMBBIX U Iped-
MIOYUTAIOIMX [lepeMelllBaHne BOAHOU TOJILIK BHJIOB.
ITpeanoJioxuTesIbHO IPOUCXOAUT CTarHalKsA Ha HeKOo-
TOPHIY [TepHoJ TEIJIOro U 6oJiee CyXoro KjiuMara.

3onaDII (1687-1973CE) xapakTepusyeTcs ocTe-
IIeHHBIM yBeJIMYeHHeM [O0JIM IJIaHKTOHHO-OeHTOCHBIX
1 OEHTOCHBIX TeIJIOJIOOUBBEIX BHJIOB, a TakXe yMeHb-
nieHyueM [A0JIU IUIaHKTOHHBIX, B T.4. XOJIOJOJII0OMBBIX
BUAOB. [IpeanosioXuTesIbHO KJIMMAaT CTaHOBUTCA elllé
6oJiee TelJIBIM, HO B TO ke BpeMs 0oJjiee BJIQXKHBIM 110
CpaBHEHMIO C MpebIAyIell 30HOH.

3onaDI (1973-2022CE) xapakTepu3yeTcs Bo3pac-
TaHueM OEHTOCHBIX W IIJIAHKTOHHO-OEHTOCHBIX BHJIOB.
JlonA NIaHKTOHHBIX BHUJOB MHHHMAaJbHAa. B IesioM
HabuojaeTcs TeHJeHIMA K 3BTPoUKaIuN BOJOEMOB.
BeposATHO, IpoucXOAUT ouepeHAasA CTarHalus TENIOro
U CyXOTO0 KJIMMarTa.

4. BoiBOADI

HeonHokpaTHBlE U3MEHEHUs B BHAOBOM
COCTaBe [UATOMOBBIX BOJOPOCJIENl B JOHHBIX OTJIO-
xKeHUAX 03ép Yeko, 3amoBenHoe u [lefoHrga roBOPAT
06 U3MeHeHUAX KJIMMAaTa, [POUCXOJUBIIHNX B IIPO-
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IIJIOM. Hpe/:[nonoxcmenLHo MoAeJIb USMEHEHUA KJIIN-
MaTa MOXHO 3allrCaTh KaK «XOJIOOAHO-CYXO0»—>«BJIaX-
HO-TENJIO»  —>«TEIJIO-CYyXO»—>  «BJIAXKHO-TEIJIO»
«TEILJIO-CyXO0».

b d

BaaropapHocTH

HccneqoBaHue BHITOJIHEHO 3a cU€T rpaHTa PHO
22-17-00185, https://rscf.ru/en/project/22-17-00185.

KoHpAUKT UHTEpecoB

ABTOp 3asAByieT 00 OTCYTCTBUU KOH(QPIUKTA
HMHTEPECoB

Cnucok Aureparypbl

Hammer @., Harper D. A. T., Ryan P. D. 2001. PAST:
Paleontological statistics software package for education and
data analysis. Palaeontologia Electronica 4(1): 1-9.

bapunosa C.C., Measenesa JI.A., Auncumona O.B. 2006.
BuopazHoob6pa3ue BOJOPOCJIeH-UHANKATOPOB OKpY’XKaloliei
cpenbl. Tesnb-ABuB: Pilies Studio Press.

Bosnob6anmukosa I'.H., ITajgarymkuna O.B., Porosun /1.10.
2023. BupoBotli cocTaB AUaTOMOBBIX BOJOPOCJIel B COBpeMeH-
HBIX [JOHHBIX OTJIOXeHuAX o3ep LlenTpanbHO-TyHrycckoro
mw1aTo, dBeHkusA. Cubupckuil skosiorundeckui xypHan 30(2):
119-135. DOI: 10.15372/SEJ20230202

Porozun [I.10., Japbun A.B., Kanyrun U.A. u gp. 2017.
OneHKa CKOPOCTH HaKOIUIeHUsA JOHHBIX OTJIOXKEHU B o3epe
Yexo (OBeHkus, Cubupb): HOBBE cBeleHUs IO Ipobiieme
Tynrycckoro ¢enomena 1908 roma. Hoxiu. AH. Hayku o
3emiie 476 (6): 685-687. DOI: 10.7868/50869565217300181

Porozun . 10., Kpeuios II. C., aytoB A. H. u ap.
2023. Mopdoiorusa ozep LleHTpasbHO-TYHIYyCCKOTO ILIATO
(Kpacnosipckuii Kpaii, OBeHKusA): HOBble CBefleHUs IO IIpo-

o6neme TyHrycckoil kartactpodsl 1908 roma. [oxiamabl
PAH. Hayku o 3emusie 510(1): 81-85. DOI: 10.31857/

S2686739722602861



https://rscf.ru/en/project/22-17-00185
https://www.doi.org/10.15372/SEJ20230202
https://www.doi.org/10.7868/S0869565217300181
https://www.doi.org/10.31857/S2686739722602861
https://www.doi.org/10.31857/S2686739722602861

Limnology and Freshwater Biology 2024 (4): 262-267 DOI:10.31951/2658-3518-2024-A-4-262

SI: «The 6th International Conference
Paleolimnology of Northern Eurasia»

Spatial and temporal features of
lacustrine sedimentogenesison
the southeastern periphery of
the Fennoscandian crystal shield:

Short communication

LIMNOLOGY
FRESHWATER
BIOLOGY

M

paleolimnological studies of the

Lososinsky reservoir

Belkina N.A.%**] Potakhin M.S.'?, Ludikova A.V.3, Syarki M.T.!, Bogdanova M.S.!,
Gatalskaya E.V.!, Orlov A.V.%% Subetto D.A.?

T Northern Water Problems Institute of the Karelian Research Centre of the Russian Academy of Sciences, 50 Alexander Nevsky Ave.,

Petrozavodsk, 185030, Russia

2 Herzen State Pedagogical University of Russia, 48 Emb. Moika, St. Petersburg, 191186, Russia
3 Institute of Limnology of the Russian Academy of Sciences, St. Petersburg Federal Research Center of the Russian Academy of

Sciences, 9 Sevastyanova str, St. Petersburg, 196105, Russia
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1. Introduction

The Lososinskiy Reservoir is one of the oldest
reservoirs in the Karelia Republic. It is located on the
Olonets Upland, in the area of the development of gla-
cial and water-glacial land forms. The Reservoir was
created at the beginning of the XVIII century for the
needs of the Petrovsky Iron Factory. The Lososinskiy
Reservoir formed on the site of two small lakes. The
rise in the waterlevel of the Reservoir was about 3.5
m, and the water area almost doubled (Potakhin et
al., 2023). The waters of the Lososinskiy Reservoir are
characterized as medium-alkaline slightly acidic neu-
tral bicarbonate class of the calcium and magnesium
groups. According to the phosphorus content, the reser-
voir has a mesotrophic status. According to the content
of organic matter, it corresponds to the mesohumus
type of waters (Lakes..., 2013).
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The purpose of the scientific research is to study
the features of the formation of lake bottom sediments
of the Lososinskiy Reservoir at different stages of its
history from the Ice Lake to the present day status.

2. Materials and methods

The Lososinskiy Reservoir is located in the drain-
age area of the Lososinka River (a tributary of Lake
Onego). The catchment area of Lososinskiy Reservoir
is 101 km?. The altitude above sea level is 183 m. The
area of the Reservoir is 8.1 km?, the length of the coast
line is 22.1 km, the volume of water is 46.2 million
m?®, the average depth is 5.7 m, the largest is 8.5m.
Comprehensive expeditionary research was carried out
in 2021-2023 and included of (1) studying the land-
scapes of the catchment area, (2) sampling of water to
study chemical and biological characteristics, (3) sam-

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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pling of surface sediment samples (with a LIMNOS sed-
iment corer) and sampling long sediment cores (with
a Russian Corer) for lithological, chemical and diatom
analysis. The study of the material composition of water
and sediments was carried out in accordance with the
methods of analysis generally accepted in world prac-
tice (Belkina et al., 2023).

3. Results and discussion

Lithostratigraphy study of retrieved sediment
cores of the of the Lososinskiy Reservoir confirms the
existence of a local Ice Lake that arose in the marginal
zone of the Luga stage of the Valday Glaciation, the
age of which is estimated at 15.7 cal. BP/ 13.21*C BP
(Velichko et al., 2017). The uppermost unit of the bot-
tom sediments (thickness up to 5m) is everywhere rep-
resented by brown organic silty-clay gyttja. Below lies
the next unit represented by olive silty-clay organic
gyttia (thickness up to 2.2 m), which is under lain
by sandy silt layer and gray clay with layers of medi-
um-grained sand (laminated clays — varved clays).The
lithology of the bottom sediment sand the previously
obtained GIS reconstructions of the Onego Ice Lake
(OIL) (Subetto et al., 2022) all owed us to conclude
that as a result of the breakthrough and descent of the
Ice Lake through the moraine ridge in the direction of
OIL (modern Lososinka River), two small lakes were
formed in the depressions of inter-marine depressions
(Potakhin et al., 2023). In 1705, a dam was created at
the site of the breakthrough of the moraine ridge, and
in 1774, an adjustable dam. The water level was raised,
the water flow was regulated, a reservoir was formed
on the basis of the two lakes, which inherited the basin
of the glacial reservoir. In this status, the Reservoir has
been functioning for more than 300 years and currently
represents a formed the reservoir-lake with an estab-
lished water regime.

The diatom study of bottom sediments revealed
the main stages of the evolution of the lake’s ecosystem
including its reservoir stage. The earliest stage is charac-
terized with high abundances of meso-eutrophic species
and low diatom concentrations. The latter resulted from
high sediment supply to the basin caused by enhanced
erosion intensity in the catchment. At the next stage,
significantly increased concentrations of diatom valves
and chrysophyte cysts and diatom species diversity indi-
cate a rise in productivity of the lake ecosystem. The
following stage is characterized with a notable decrease
in the proportions of the most eutrophic species.
With the transition to the reservoir stage, the most
dramatic changes in the lake ecosystem occur. Rapidly
increased abundances of benthic diatoms indicate an
increase of the shallow-water areas as the coastal low-
lands were flooded due to the rise in the water level.
Modern diatom assemblages composition suggests
increasing eutrophication as a result of increasing
anthropogenic pressure

The use of the mass-balance model of V.V.
Boulion (2020) for the reconstruction of the ecosystem
of a small lake that existed before the creation of the
reservoir also showed that an increase in the level of the
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reservoir, an increase in the volume of water mass and
the area of the littoral affects the ratio of trophic links:
the role of coastal and bottom communities increases
due to a decrease in planktonic species.The model
experiment confirmed that an increase in the external
phosphorus load on the reservoir after an active anthro-
pogenic transformation of the catchment area led to an
increase in ecosystem productivity.According to calcu-
lations, at the present stage of ecosystem development,
about 36% of the organic matter of the total primary
production participates in the formation of bottom sed-
iments with an intensity of about 20-23 gC-m?year?,
which is 49-55% of the total intake of organic matter
per year (40-45 gCm?%year!, according to observa-
tions the composition of suspended solids from sedi-
mentation traps).Which is significantly higher than for
a small lake before anthropogenic transformations (16
gCm2year! with a total ecosystem productivity of 32
gCm2year?!).The contribution of the elements of the
trophic network of the reservoir to the organic matter
of bottom sediments also changes with an increase in
the level of the reservoir and an increase in anthropo-
genic load.

A study of the catchment area of the reservoir
was carried out to identify geochemical markers of
changes in the sedimentary process in bottom sed-
iments as a result of anthropogenic impact.Five peri-
ods of transformation of its landscape structure were
identified: (1) before the beginning of the XVIII cen-
tury - the period of natural landscapes of the middle
taiga zone; (2) after the creation of the reservoir from
the beginning of the XVIII century to the 30s of the XX
century — the period of initial transformation of land-
scapes; (3) from 1930 to 1970 - the period of forest
cover change as a result of continuous logging; (4) from
1970 to 2000. - the period of maximum transforma-
tion of landscapes (forest reclamation and drainage
of swamps, military construction, suburban develop-
ment and land cultivation, logging, development of
sand and gravel pits, construction of roads and power
lines); (5) from 2000 to the present — a period of rela-
tive stabilization of landscapes. Analysis of changes in
anthropogenic load on the reservoir showed that log-
ging (period 3) significantly affected the hydrological
regime of the reservoir: the volume of runoff increased,
and as a result, the amount of matter entering it from
the catchment increased.The change in the material
composition of sedimentary matter, mainly its organic
part, was significantly influenced by forest reclamation,
which manifested itself in an increase in concentrations
of Fe, Mn, humic and fulvic acids in bottom sediments.
Anthropogenic eutrophication of the reservoir natu-
rally manifests itself in an increase in the content of
phosphorus and organic matter in precipitation.

4. Conclusion

The study of the features of the formation of lake
bottom sediments of the Lososinskiy Reservoir at dif-
ferent stages of its history has shown that the creation
of reservoirs in conditions of highly dissected relief and
excess moisture, forming abundant surface runoff, can
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be compared with climatic changes in its effect on the
ecosystem of the reservoir.
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AHHOTAIIHAA. IlaneoanMHOJIOTAYECKUe KCCIefOBaHUA JIOCOCMHCKOIO BOAOXPaHWJIMINA MO3BOJIUIINA
PEKOHCTPYUPOBATh UCTOPUIO €ro pa3BUTHA OT NPUJIEAHUKOBOIO BojoeMa [i0 Hamux AHell. Ha ocHoBe
JIUTOCTpaTUrpauuecKoro, JUaTOMOBOTO U Te€OXMMHYECKOr0 aHaJIiu3a JOHHBIX OTJIOXKEHUHN BhIEJIEHO
5 3TamoB MPecHOBOAHOI'O celMMeHTOoreHe3a. JleTanmsalysi aHTPOIIOTEHHOro Mepuoja BBIIOJIHEHA Ha
OCHOBe U3y4eHUs JaHAmadTHON CTPYKTYPhl BOAOCOOPHOro HOacceiiHa ¢ mpUMeHeHHeM Macc-0ajiaHCco-
BOU IPOAYKIIMOHHOMN MOJEJN 5KOCHUCTEMEI.

Kitiouegsie ctoga: ®eHHOCKaHOUHABCKUM KPUCTAJUIMYECKUH AT, O3epHbIe OTJIOXEeHNs, CeJUMeHTOreHe3,

JutocTpaTurpadus, IMaTOMOBBII aHAJIN3, XUMHUYECKHUI COCTaB, aHTPOIIOTeHHOe BO3/eliCTBUe
Jiia qutupoBanusn: benkuna H.A., [Totaxun M.C., Jlyaukosa A.B., Capku M.T., Bormanosa M.C., l'atanbckas E.B., Opsios A.B.,
Cy6erro M.A. TIpocTpaHCTBEHHO-BpeMEHHBIE OCOOEHHOCTU O3€pHOT0 OCAaJAKOHAKOIJIEHUS Ha IOT0-BOCTOYHON nepudepuu
DeHHOCKAHUHABCKOT0 KPHUCTAUTMYECKOTO LIUTA: MMaJIe0JIMMHOJIOTUYECKHE MCCIIeJoBaHuA JIOCOCMHCKOTO BOJOXpaHUIUIa //
Limnology and Freshwater Biology. 2024. - No 4. - C. 262-267. DOI: 10.31951/2658-3518-2024-A-4-262

1. Beepenue — COOTBeTCTByeT Me30orymycHoMy Tumy Bop (Osepa...,

2013).

Llenpio ucciiefoBaHUA ABJIAETCA U3y4deHUE OCO-
6eHHOCTEN (HOPMUPOBAHUA O03ePHBIX JOHHBIX OTJIOXe-
HUH JIOCOCHHCKOTO BOIOXpaHUJIMIIA Ha pa3HbIX dTanax
ero UCTOpUM OT NPUJIEJHUKOBOrO0 BoJoeMa [0 Hallux
QHEH.

JIococrMHCKOe BOOOXpAaHUJIMIIE ABJIAETCA OJHUM
U3 crapedmux BogoxpaHwimi Kapenuu. OHO pacrio-
JoXeHHOe B mpefesiax OJIOHENKOW BO3BBIIIEHHOCTH,
B pailioHe pa3BUTHA JIEAHUKOBBIX U BOIHO-JIETHUKO-
BeIX Gopm penbeda. Bogoem ObL1 co3maH B Hagasie
XVIII Beka a1 Hyx[ [IeTpoBCKOro 4yryHOJIUTEHHOIO
3aBoJla Ha MecTe AByX MaJibix o3ep. IlogbemM ypoBHA
BOJIBI COCTaBMJI OK0JIO 3,5 M, IJIOLAlb 3epKaJia yBeJu-
ymtach MOoYTH B f1Ba pa3a ([Totaxu u ap., 2023). Bombt
JIOCOCHMHCKOTro BOAOXPAaHWJININA XapaKTepU3yoTCa Kak
CcpeqHelleJIOYHOCTHBIe  CJIa0OKHCJIble HeNTpasbHble
TUAPOKapOOHATHOIO Kjlacca IPYMIbl KaabI[ysA, MarHus.
ITo comepxanuo ¢ocdopa BojoeM MMeeT Me30Tpod-
HBIH cTaTyc. [Io cogepaHUi0 OpraHlu4ecKoro BelecTsa

2. MaTepuanbl U METOADI

JlococuHCKOe BOOOXpaHUIINIIE PACOJI0XEeHO Ha
BojtocOope p. Jlococunka (mputok OHEXCKOTro o3epa).
[lnomanas Bomoc6opa -101 km2 BeicoTa Haj ypOB-
HeMm mops —-183 M BC. Iliomaap Bogoema — 8,1 kM2,
nauHa OeperoBoil JimHUM — 22,1 KM, 00beM BOJBI —
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46,2 MutH M°, cpemHAs raybuHa 5,7 M, HauboJIbInas
— 8,5 M. B Teuenue 2021-2023 rr. 6N IPOBEEHBI
KOMILJIEKCHBIe 3KCIeJULMOHHBIe HCCIIeJOBaHuA BOJIO-
XpaHWIUIA U ero BoJocOOpHOro OacceiiHa, KOTOpbie
BKJIIOYA/IN: U3yYeHMe JIaHAmadToB Bogocbopa, oToop
1po0 BOABI AJIA UCCJIEAOBAaHUA XUMUYECKUX U OHOJIO-
TMYecKHUX XapaKTepUCTUK, OTOOP IIOBEPXHOCTHEIX P06
JOHHBIX OTJIOXeHUH (cTpaToMerpoM Limnos) u ot6op
JUIMHHBIX KOJIOHOK JOHHBIX OTJIOKeHUH (TOphAHBIM
O6ypoM) Ha JINTOJIOTUYEeCKUl, XUMUYeCKU 1 JUaTOMO-
BBII aHau3. M3yuyeHue BelleCTBEHHOIO COCTaBa BOJBI
Y JOHHBIX OTJIOKE€HUI MPOBOAWJIM B COOTBETCTBUHU C
o0IIenpuHATHIMY B MUPOBOI IPaKTUKe MeTOJaMU aHa-
nu3a (Belkina et al., 2023).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

Jlutoctpaturpadguueckoe u3yueHHe KepHOB
JOHHBIX OTJIOXXeHUH JIOCOCMHCKOro BOAOXPaHWJINILA
MIOATBEpXKJaeT CyleCTBOBaHNE B II03/JHeJIeJHUKOBbE B
3TOM palioHe JIOKaJIbHOTO MpUJIEHMKOBOIO BOJOEMA,
BO3HUKILEr0 B KpaeBoil 30He JIyXKCKO! cTaJuu Bajiai-
CKOTO OJie[leHeHNs, BO3pacT KOTOpPOH OlleHHBaeTcs B
15,7 xan. Teic. J.H. / 13,2 C Thic. JI.H. (BeJMuko u
ap., 2017). BepxHss ToIIa JOHHBIX OTJIOXKEHUI (MOIII-
HOCTb A0 5 M) MOBCEMECTHO IIpeficTaBjieHa KOpUYHe-
BBIM OPraHOTeHHBIM WJIOM, HIKe KOTOpOro 3ajeraet
OJIUBKOBBI WJI (MOIIHOCTH A0 2,2 M), KOTOPHIN MOA-
CTUJIaeTCA OIecYaHeHHBIM WJIOM U CePBIM IJIMHHUCTHIM
aJIeBpUTOM C IIPOCJIOAMH CpeJHEe3epHUCTOro Iecka
(nenTounsle ruHBL). C yueTOM BBHIIOJIHEHHBIX paHee
T'"C pexoHctpyknuii (CyberTo u fp., 2022) 6bL1 cfe-
JlaH BBIBOA O TOM, YTO B pe3yJjibTaTe IpPOphiBa U CIIy-
CKa NpUJIEAHUKOBOIO O3epa 4Yepe3 MOPEHHYI0 IpAAy
B HampabjeHMH OHeXCKOro osepa (coBpeMeHHas p.
JlococuHka) B yriyOJieHUAX MeXMOPEHHBIX IIOHMXe-
HUll obpazoBayvick ABa HebGosbmux o3epa (I[loraxun
u ap., 2023). B 1705 r. Ha MecTe NpOpbIBAa MOPEHHOM
rpsAnasl 661 co3gaHa namba, a B 1774 r. — peryaupy-
eMas IUJIOTHHA. YPOBeHb BOJBI OBLJI IOBBIINIEH, CTOK
3aperyJjrlpoBaH U Ha MecCTe pacloJioxkeHusA o3ep obpa-
30BaJIOCh BOAOXPaHWJIMILE, KOTOpOe YHacjeqoBaJio
KOTJIOBHHY NIpHJIEAHUKOBOIO BojgjoeMa. B aToM craTyce
BojoeM GyHKI[MOHMPYET yxe 6osiee 300 JieT u B HaCTO-
Alllee BpeMs NpeJicTaBjAeT co0oll chopMupoBaBlieecs
03ep0-BOJOXPaHW/INIIE CO CJIOXKUBIIMMCA BOJHEBIM
PEeXUMOM.

W3yueHne cocTraBa AUATOMOBBIX KOMILJIEKCOB
duTomsaHKTOHA B AOHHBIX OTJIOXKEHUAX II03BOJIAJIO
BBIIEJIUTh OCHOBHBIE 3Tallbl Pa3BUTHA SKOCUCTEMBI
o3epa, BKJIIoYasA sTan GyHKIMOHNPOBAaHUA BOJOXPaHU-
auma. 1A nepBoro sTama xapaKTepHa BBICOKas 4HC-
JIEHHOCTb Me30-3BTPOGHBIX BUIOB U HU3KHE KOHI[eH-
Tpauuu CTBOpOK AuaroMeil. IlocieaHee 00ycCJIOBJIEHO
MOCTyIJIEeHEM B JOHHBIE OTJIOXKEHHA MMHepaJbHBIX
YacTHUILl BCJIECTBUE aKTUBHBIX 3PO3MOHHBIX IIPOILIECCOB
Ha BomocOope. Ha BTOpoM aTame IpOHCXOOUT IOBHI-
neHyue NPOAYKTHBHOCTU O3€pPHON 3KOCHUCTEMEl, YTO
HAIlJIO OTpakeHHe B 3HAYMTEeJIbHOM yBeJINYeHUM KOH-
LleHTpaluil CTBOPOK JAUATOMOBBIX U IIUCT 30JI0TUCTHIX
BOJOPOCJIell U B yBeJIMUYeHUU BUJIOBOTO pasHOOOpasu-
AauaroMeli. Ha TpeTbeM 3Tane B cocTaBe JUATOMOBBIX
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KOMIJIEKCOB CYIIeCTBEHHO COKpaTWJach YMCJIEHHOCTb
Haubosiee BBICOKOTPOGHBIX BUAOB. Pe3kasa tpanHcdop-
Malys 3KOCHUCTeMBl BOJOeMa IIPOUCXOAUT Ha 3Tale
Co3[1aHNA BOAOXPaHWIMINA: 3HAUYMTEJbHO yBeJINYlBa-
eTcs 0J1A 6eHTOCHBIX AUaTOMeH, YTO CBUAeTeIbCTByeT
0 paclMpeHUr MeJIKOBOJHOU 30HHL. CocTaB JUATOMO-
BBIX KOMILJIEKCOB COBPEMEHHBIX OCAAKOB yKa3blBaeT Ha
yCuJIeHHe Ipolecca 3BTpopupoBaHUA BoJOeMa, CBH-
3aHHOI'O C POCTOM aHTPOIIOT€HHOU Harpysku.

[IpumeHeHne wMacc-6asaHcoBoil Mofenu B.B.
Bynbona (2020) pnjis peKOHCTPYKIUM 3KOCHUCTEMBI
MaJioro o3epa, CyIecTBOBaBIIEro JO CO3AaHUA BOJO-
XpaHWJININA, [T0Ka3ajo0, YTO MOBbIIIEHe YPOBHA BOJBI
B BOJIOEMe, yBeslMueHNe o0beMa BOJHOM MaccChl U ILJIO-
maau JIMTOPaJbHON 30HBHI BJIMAET Ha COOTHOIIEHHe
TpodUUeCKuX 3BeHbeB: BO3pacTaeT poJib NpUOpPEeXHBIX
1 NpUJIOHHBIX COOOIIECTB 3a cueT YMeHbIIeHUs IIJIaH-
KTOHHBIX BHJOB. MOJeJbHBIM 3KCIIEpUMEHTOM IOA-
TBEpXJEHO TO, YTO yBeJMueHHe BHellHell ¢ochopHON
Harpysku Ha BOJOXpaHWJIMIIe IIocjie aKTUBHOU aHTpo-
[IOreHHO TpaHcdopMaluy BogocOopa IpUBesio K yBe-
JINYEHUIO0 IPOAYKTUBHOCTH 3KocHucTeMbl. COrjiacHo pac-
yeTaM, Ha COBPeMeHHOM 3Talle pa3BUTHA 3KOCHCTEMBI
oKoJio 36% OpraHuYecKoro BellecTBa oOOllell rnepBUY-
HOM MPOAYKIMHU y4acTByeT B (pOpMHPOBAHUU AOHHBIX
OTJIOXXEHUH ¢ MHTEHCHUBHOCTHIO 0K0JI10 20-23 rC-M2ro?,
yTo cocTraBiisieT 49-55% otr obujero mMoCTymIIeHuA
opraHuveckoro BemectBa 3a roj (40-45 rCwmZrox?,
10 HabJII0IeHUsAM coCTaBa B3Becell U3 ceJUMeHTalu-
OHHBIX JIOByIIeK). UTO 3HAQUUTEJIbHO BhINIE, YyeM AJIA
MaJioro o3epa [0 aHTPOIIOTeHHbIX Tpeobpa3zoBaHuti (16
rCm2ron?! mpu obmell TPOAYKTUBHOCTU SKOCHUCTEMEI
32 rCm2roxm!). U3MeHseTCs M BKJIAJ 3JIEMEHTOB TPO-
(uyeckoll ceTd BoJoeMa B OpraHUYeCKOe BelleCTBO
JIOHHBIX OCAaJKOB IIPH IOBBILIEHUMYPOBHA BOAOeMa U
poCTe aHTPOIIOTeHHOU HarpysKu.

JnA BbIABJIEHUA B JOHHBIX OTJIOXKEHUAX TIeo-
XMMHUYECKUX MapKepoB HM3MeHeHHs OCagOYHOIo Ipo-
Ijecca B pe3yjbTaTe AaHTPOINOIe€HHOIO BO3AeNCTBUA
OBUJIO TIPOBENEHO H3yueHHe BOAOCOOPHOI TeppuTo-
pyuMu BoOOXpaHWIMIIA. BpUIO BBIESIEHO 5 mepuoaoB
npeobpa3oBaHusa ero JiaHAmMAaGTHOU CTpyKTypsl: (1)
Ao Havasta XVIII Beka - mepuo[ €CTeCTBEHHBIX JIaH[-
madToB cpeaHeTaeXHOU 30HBL (2) mocje co3gaHusA
BoAoxpaHuuma ¢ Havasa XVIII Beka go 30-x rogos
XX Beka — nmepuojJi HauaJbHOM TpaHc(opMaluu JaHAd-
madToB; (3) ¢ 1930 mo 1970 rr. — nepuojs u3MeHe-
HUA JIECHOTO IIOKpOBa B pe3yJibTaTe CIJIOHNIHBIX pyOoK
neca; (4) ¢ 1970 no 2000 rr. — nepuo MakCUMaJIbHOM
Tpa"Hcopmanuy JasamadToB (JecHasd MeJIuopanus
U ocynieHue 60JIOT, BOEHHOE CTPOUTEIbCTBO, JadyHOe
OCBOEHNe U OKyJIbTypHBaHMe 3eMeJib, pyOKa Jjieca, pas-
paboTka IecYyaHO-IPaBUMHBIX KapbepoB, CTPOUTEJIb-
ctBo gopor u JISII); (5) ¢ 2000 r. no HacTosiIlee BpeMs
— Iepuoj OTHOCUTEJIbHOHN cTabuausanuu JaHgmadp-
TOB. AHaJIU3 U3MEeHEeHU! aHTPONOreHHOMN Harpy3ku Ha
BOJIOXpaHWIHUIIE TIOKa3aJs, YTo pyOka Jeca (3 mepuo[)
3HAuYMTeJIbHO NOBJIMsJIA Ha T'MAPOJIOTMYECKU pexum
BOJl0eMA: yBeJIM4YuiIcA o0beM CTOKa, U Kak CJIe[ICTBHeE,
BO3pPOCJIO KOJINYECTBO BelllecTBa, IIOCTyHalollero B
Hero ¢ BojgocObopa. Ha mn3MeHeHUe BeleCTBEHHOI'O
cocTaBa 0CafOYHOIO BellecTBa, rJIaBHBIM 00pa3oM ero
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OpPraHUYeCKOl YacTH, 3HAYMTEJIBHO TOBJIMAIA JIeCHAsS
MeJIopalusA, YTO MpPOsABUJIOCh B YBEJIMYEHUU KOH-
neHTpanuil Fe, Mn, ryMUHOBHIX U (PyJIbBOBBIX KHCJIOT
B JIOHHBIX OTJIOXEHHUsAX. AHTPOIOTeHHOe 3BTPodUpo-
BaHME BOJOEMa 3aKOHOMEDHO MpOABJIAETCA B pPOCTe
comepxanus dochopa U OpraHUYECKOTO BEIECTBA B
ocajKax.

4. 3aknioueHue

H3ydeHne ocoGeHHOCTEN (GOPMHUPOBAHUA O3€ep-
HBIX JOHHBIX OTJIOXEHUM JIOCOCHHCKOTO BOJIOXPAHHU-
JIVIIA HA pa3HBIX 3Talax ero MCTOPUHU MOoKa3aslo, 4TO
CO3/JTaHMeEe BOJAOXPAHWJIUIL B YCJOBUAX CHUJIBHO pacuie-
HEeHHOro pesjibeda U U3ObITKA BJard, GOPMHUPYIOIINX
OOUJIbHBIN MTOBEPXHOCTHHIN CTOK, 110 CBOEMY BJIMSHUIO
Ha 2KOCHCTEMY BOAOEMA MOXET ObITh CPABHUMO C KJIH-
MaTHUYECKUMH U3MEHEHUAMU.
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ABSTRACT. The evolution of vegetation in the Lotus Lake basin in the Middle Pleistocene has been
studied. Six phases of paleovegetation evolution based on palynological data have been identified. It
has been established that in warm epochs correlating with MIS 11, 9 and 7 in the Lotus Lake Basin were
dominated by broad-leaved and coniferous forests with a diverse species composition. Under cooling
in MIS 10, the distribution of coniferous-small-leaved forests with the participation of shrubby birch
increased. In MIS 8 and 6, the main type of vegetation was represented by coniferous-small-leaved for-
ests with the dominance of pine, birch, spruce and the participation of elm and oak.

Keywords: Tumen River, Paleolake, lacustrine sediments, vegetation changes, spore-pollen analysis
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1. Introduction

Features of the evolution of the natural envi-
ronment of the Middle Pleistocene are one of the most
interesting and little-studied pages in Quaternary his-
tory. The most complete records of the evolution of
paleovegetation are reflected in the pollen spectra of
lake sediments, which have a very limited distribution
in the south of the Russian Far East. Their thickest sedi-
ments are present in sections of the Khanka Depression
and in shelf of Peter the Great Bay. Significant thick-
nesses of lacustrine sediments were also revealed by
drilling while studying the geological structure of
Quaternary sediments in the mouth of the Tumannaya
River. This made it possible to reconstruct the evolu-
tion of vegetation in the south of the Russian Far East
in the Middle Pleistocene (MIS 11-6).

2. Materials and methods
2.1. Study area

Modern Lake Lotus is a small freshwater lake in
the extreme south of the Russian Far East. It is located
at the mouth of the Tumannaya River (at 42°25" N;
130°39’ E) at the distance of 9 km to the west of the
coast of Peter the Great Bay (the Sea of Japan). The
water surface area of Lake Lotus is about 12.3 km2, its
depth does not exceed 2.0 m, and the water surface of
the lake is located at a height of about 2 m above the
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sea level. The lake is surrounded from the north, the
west, and the east by the low hills with swampy small
valleys. In the south, the lake is framed by a low river-
bed swell, up to 2 m high, behind which an accumula-
tive plain of the Tumannaya River, is located.

The Lake Lotus Basin is located in the contact
zone with the Manchurian and North China floristic
provinces (Komarov, 1908). Its swampy shores are cov-
ered with reed grass, forbs, sedge meadows and grass
mires. The water surface of the lake is partially covered
with thickets of Nelumbo komarovii. Sparse broadleaf
forests of Quercus dentata and Quercus mongolica, with
minor contributions of Fraxinus rhynchophylla, Tilia
amurensis and Tilia taquetii, and also thickets with dom-
inated by Lespedeza, Corylus and Rhododendron domi-
nate the slopes of the lake basin (Chubar, 2000).

2.2. Drilling and sampling

Borehole 26, 86.6 m deep, was drilled by a drill-
ing rig on the western shore of Lotus Lake. The sam-
ples of the sediments were taken from the borehole at
the intervals of 5-10 cm. Sampling and the lithologi-
cal description of drill cores were carried out by B.I
Pavlyutkin (Far Eastern Geological Institute FEB RAS),
and a palynological analysis was carried out by L.P.
Karaulova (Primorgeology) and N.I. Belyanina (Pacific
Geographical Institute of FEB RAS).

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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2.3. Palynological analysis

Fossil pollen particles were extracted from the
sediments using standard methods, which included
treatment with 10% KOH, separation of minerals with
a solution of KJ and CdJ, (2.2 g/cm3), after which the
samples mounted in glycerol jelly (Pokrovskaya, 1950).
Pollen and spores in glycerin jelly were identified, pho-
tographed and counted using an optical microscope
Axio Scope.Al and camera AxioCam ICc1 (Carl Zeiss).
Proportion of each pollen taxon was calculated in per-
cent of the pollen sum arboreal taxa, dwarf shrubs and
herbs. Proportion of plant groups (trees and shrubs
— AP, herbs, grass, and dwarf shrubs — NAP, spores —
SP) was calculated in percent of the total amount of
microfossils. At least 250 pollen grains of arboreal,
dwarf shrubs, and herb were counted in each sample.
Identifications of pollen grains were made with the aid
of pollen atlases (Nakamura, 1980).

3. Results and discussion
3.1. The lithology features of sediments

A significant amount of drilling work made it
possible to establish that under the layer of the Upper
Pleistocene-Holocene estuarine sediments a stratum of
greenish-gray thin-layered fine-sandy-silty rocks was
exposed. The layering character is clearly seasonal:
microlayers consist of two elements — fine sandy and
silty. The micro rhythm thickness does not exceed 1-2
mm. At the base they are underlain by weakly rounded
pebbles, crushed stones and porphyries, cemented by
sandy loam. They are overlapped by the layers of the
Late Pleistocene sediments of alluvial-marine genesis
and the Holocene sediments — sands, sandy loams, and
loams.

3.2. Pollen analysis

Pollen data indicate that the main elements of
vegetation in the Lotus Lake Basin in MIS 11, 9 and
7 were diverse broad-leaved and coniferous forests.
Among coniferous plants, representatives of the sub-
genera Haploxylon and Diploxylon, and also the genus
Picea, predominated. Representatives of the North
China and Manchurian floristic provinces, such as
Castanea, Celtis, Magnolia, Tsuga, Quercus, Ulmus, Tilia,
Juglans, Phellodendron, Carpinus, and also Cupressaceae,
were present among the broad-leaved trees. Currently,
the ranges of many of them cover the warm-temper-
ate and subtropical regions of the Korean Peninsula
(Lee, 1980), as well as the islands of Honshu, Kyushu
and Shikoku (Ohwi, 1965). It is worth noting that the
genus Carpinus south of 40° N in Korea and northeast
China includes 7 species (Chang and Jeon, 2018), the
genus Quercus has 11 species (Chang, 2007), and the
genus Pinus has 6 species (Farjon, 2010). In the south
of the Russian Far East, only Quercus mongolica, Quercus
dentata, Pinus koraiensis and Pinus densiflora are found
(Chubar, 2001).

Similar global climatic fluctuations, which
caused the restructuring of vegetation in the Middle
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Pleistocene, are also noted for more northern regions
of Russia. Thus, in Chukotka, in MIS 11, 9 and 7, there
were repeated changes of herbaceous-birch shrub tun-
dra with herbaceous or herbaceous-alder-birch tundra
(Lozhkin et al., 2007). At the same time, in the lower
reaches of the Irtysh, the average annual temperature
was 8-10 ° higher than the current one, and the north-
ern border of broad-leaved and needle-leaved forests
and the steppe shifted to the north by 1 000-1 300 km
(Volkova, 2008).

Coniferous-small-leaved forests with a predomi-
nance of Betula sect. Nanae, Betula sp., Duschekia, Picea,
Pinus subgen. Haploxylon and Pinus subgen. Diploxylon,
Ulmus and Quercus were widespread in the Lake Basin
Lotus under the colder climatic conditions during the
MIS 10. Duschekia, Picea and Pinus subgen. Haploxylon
were the main components of the slopes vegetation
during the MIS 8. Sphagnum mires with Betula sect.
Nanae were dominated in the coastal plains of the Sea
of Japan. Under a later cooling, comparable to MIS 6,
fir-pine-birch forests with the participation of Quercus
and Ulmus spread. Vegetation similar in composition is
reflected in the palynospectrum from the modern soil,
which we studied at the foot of the Baitoushan volcano
(42° 03’ N; 128° 03’ E), at an altitude of about 600 m.
This indicates significant spatial migrations of plants
during climatic fluctuations in the Middle Pleistocene
in the south of the Far East.

4. Conclusions

The paleobotanical data obtained allowed us to
reconstruct vegetation development in the Lotus Lake
Basin during the Middle Pleistocene (MIS 11-6). It has
been found out that in the warm epochs, correlated
with MIS 11, 9, and 7, diverse broad-leaved and nee-
dle-leaved forests dominated in the Lotus Lake Basin.
During periods of cooling, the Lake Lotus Basin were
widespread by coniferous/small-leaved forests with the
participation of shrub species of birch and alder (MIS
10) and coniferous/small-leaved forests consisted of
pine, birch, and spruce with the participation of elm
and oak (MIS 8 and 6).
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UcTopua pacTuTenbHOCTH 6accenHa o3epa
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AHHOTAILUA. H3yueHa 5BOJIIOIMSA pacTUTEJIBHOCTHU B 6acceliHe o3epa JIoToc B cpefiHeM ILJIEHCTOLIEHe.
ITo mannHOJIOrMYeCKUM JaHHBIM BbIJieJIeHO MecTh (a3 5BOJIIOIMY IajIe0pacTUTeIbHOCTH. Y CTAHOBJIEHO,
YTO B TeIUIble 3I0XH, Koppeaupyomue ¢ MUC 11, 9 u 7, B 6acceiiHe 03. JloToc npeobiagaiy Mupo-
KOJIICTBEHHBIE 1 XBOMHBIE Jieca ¢ pa3HOOOpasHBEIM BUAOBEIM cocTaBoM. I[Ipu moxosiomanuu B MHC
10 yBennuuBajIOCh paclpoCcTpaHeHNe XBONHO-MEJIKOJINCTBEHHBIX JIECOB C y4acTHeM KyCTapHHKOBOM
6epe3ku. B MUC 8 u 6 0CHOBHO! OOJIMK PAaCTUTEJIbHOCTU IPEJICTABJIAIN XBOWHO-MEJIKOJICTBEHHbIE
Jieca ¢ JOMUHUPOBaHNEM COCeH, Oepes, el U y4acTHeM BsA3a u Ayoa.

Kitioueawie ciiosa: pP€EKa TYMaHHa.H, Imajieo03€epo, 03€pHbI€ OTJIOKEHNA, CME€HbI paCTUTEJIbHOCTH,

CHOpOBO-HbIJ'IbLIGBOfI aHaJIn3

Jaa nutupoBanmsa: bensHus II1.C., Bensnuna H.M.T Hctopusa pactuTesbHOCTH OacceiiHa o3epa JIoToc Ha KpaliHeM Iore
JanpHero Boctoka Poccum B cpenHeM mutefictonieHe // Limnology and Freshwater Biology. 2024. - No 4. - C. 268-273.
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1. BBeaenue

OcobOeHHOCTU pa3BUTHA IPUPOAHON Cpeabl Cpea-
HEero 3BeHa IJIeliCTOoLieHa ABJIAITCA OJHUMU U3 CaMBIX
WHTEPECHBIX 1 MaJION3y4eHHBIX CTPaHUI] B YeTBEPTUY-
HoU ncropuu. Hanbosiee noHbIE JIETONMCH 3BOJIIOIAN
NaJIe0pacTUTEIbHOCTA OTPAaXEHHBI B IBLJIBLIEBBIX CIIEK-
TpaxX 03epHBIX OTJIOXKEHNI, MMEINX BecbMa OrpaHu-
YyeHHOe pacIipocTpaHeHUe Ha wore JlanbHero BocToka
Poccun. HaubGospliiie 0 MOITHOCTH WX OCAAKU IpU-
CyTCTBYIOT B pa3pesax [IpuxaHkaliCKOl BIagvHBI U B
oTJIOXeHUAX menbda 3anusa [lerpa Benukoro. B xoxe
U3y4eHUsA TeOJIOTUYEeCKOTO CTPOEHUA YeTBepPTHUYHBIX
OTJIOXKEHNH B MpUyCcTheBON yacTu p. TymaHHOMH, Oype-
HYeM OB BCKPBITBI 3HAUUTEJIBHBIE IO MOIHOCTU
TOJII[ O3€pHBIX OCAAKOB, YTO MO3BOJIMJIO PEKOHCTPY-
MPOBaTh 3BOJIIOIMI0 PACTUTEIbHOCTU Ha fore JlajbHero
Boctoka Poccuu B cpenHeM mietictonerne (MUC 11-6).

2. MaTepuanbl M METOAbI
2.1. 06bexT uccnepoBaHUA

CospeMeHHoOe 03epo JIoToc — HeboJIbIIOe Ipec-
HOBOJHOE 03epo, PacloJIoKeHHOe Ha KpalHeM lore
JambHero Boctroka Poccun, B ycThe pexku TymaHHON
(42 °25’ c. m., 130 °39’ B. A.), B 9 KM K 3amafy OT 3aJIMBa

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: pavelbels@yandex.ru (I1.C. BesiaHuH)
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[Merpa Benukoro (AmoHckoe mope). TLiomans BOOHON
MIOBEPXHOCTU 03epa cocTaByAeT okoJio 12.3 kM2, a ero
riyouHa He npesblmaer 2.0 M. BogHasa nmoBepxXHOCTH
o3epa JIeXXUT Ha BBICOTE OKOJIO 2 M HaJl ypPOBHEM MODH.
C ceBepa, 3amajia 1 BOCTOKa 03€pPO OKPYKEHO HEBBICO-
KHMM X0JIMaMH ¢ 3a00104eHHBIMI HeOOIbIINMU JOJIH-
Hamu. C 1ora oHO oGpaMJIeHO BaJIOM BBICOTOI OKOJIO 2
M, 32 KOTOPBIM HauMHaeTCs aKKyMyJIATUBHAsA paBHUHA
peku TyMaHHOI.

BaccetiH 03. JIoToc pacrnoJioxeH B 30He KOHTaKTa
Manpuwxypckoli u CeBepo-Kuraiickoii ¢iopucTtuye-
ckux nposuHnui (Komapos, 1908). Ero 3ab6osioueHHBIE
6epera NOKpPHIBAIOT BeHHUKOBO-pPAa3HOTPaBHEBIE, OCOKO-
Bble JIyra U TpaBsHble 0oJsioTa. BogHas MOBEpXHOCTh
JaCTUYHO MOKpHITa 3apocysimu Nelumbo komarovii. Ha
CKJIOHaX BojocOopHoro 6acceiiHa npeobjaganT peaKo-
CTOIHBIE MIMPOKOJIMCTBEHHBIE Jieca U3 Quercus dentata
u Quercus mongolica, ¢ yaactueM Fraxinus rhynchophylla,
Tilia amurensis u Tilia taquetii 1 KyCTapHUKOBHIX 3apo-
cient u3 Lespedeza, Corylus u Rhododendron (Uy6aps,
2000).

2.2. bypenue u oT60p Npo6

CkBaxwuHa 26 riryouHoi 86.6 M Obl1a mpoOypeHa
Ha 3anmagHoM mnoOepexbe 03. Jlotoc. O6pasipl OTJI0-

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
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)keHUN oTOupasmch ¢ uHTepBajioM 5-10 cm. Otbop
npo®d U JINTOJIOTMYECKOe ONKCAaHKWe KEepHOB BBHINOJI-
HeHbl B.W. INaBmoTkuHbIM ([aJIbHEBOCTOYHBIN T'e0JIO0-
rudeckuil uHcTUTYT [ABO PAH), a majmHoJiornyecKuil
anamus — JL.II. Kapaynosoii (IIpumopreosiorus) u H.U.
Benanunoil (TuxookeaHCKWiIl WMHCTUTYT Treorpadpuu
JBO PAH).

2.3. NMaAnuHONOrHUYECKHMH aHaAAU3

OOpa3sipl U3 pa3pe3oB OTOMpAJIMCh C WHTEpBa-
oM 5-10 cm. CopoBo-TIBLIBIIEBOI aHAJIN3 MPOBe/ieH
1o CTAaHJAPTHON MeTOAVKe, BKJIoUalollell o6paboTKy
10% KOH, otxesienne Munepasios pactsopom KJ u CdJ,
(2,2 r/cm®), mocste yero o6pasisl MOMeEIIAIN B IJIULe-
puHoBoe xeJie (ITokposckas, 1950). [Ieiblly U CHIOPHI
WAeHTUPUIMPOBAIM U MOACYUTHIBAJIN C IIOMOIUIBIO
ONTHYeCKOro Mukpockomna Axio Scope Al npu yBenu-
yeHnu X 400. J{oJ1g KaXxJoro TakCOHA MbLIbIBI pacCuu-
ThIBaJIaCh B IIPOLIEHTaX OT CYMMBI IIBUIBIIH J€PeBLEB,
KyCTapHHKOB, TpaB U KyCTapHWYKOB. Jl0J1 Ipynn pac-
TeHU! (epeBbs U KyCTapHUKU — AP, TpaBbl, 3J1aKU U
KapJnKoBble KycTapHUKU — NAP, cniopsl — SP) paccuu-
THIBAJIU B IMPOLIEHTax OT OOIIero KOJW4YecTBa MHKPO-
doccummii. B kaxaon npobe MoACYMTHIBAIN He MeHee
250 nBLIBIEBHIX 3epeH APeBeCHBIX U KyCTapHUKOBBIX
pactenuil. MaeHTH®UKaANNIO NBIIBIEBLIX 3€peH MPOBO-
AWM ¢ NOMOIIBI0 MBUIbIEBEIX aTjacoB (ITokpoBckas,
1950; Nakamura, 1980).

3. Pe3ynabTatbl M 06Ccy)xpeHue
3.1. AuTonornueckKue ocob6eHHoCcTH
OTAOXKEHMH

Bypenue nokaszaso, 4yTo oJ CJI0EM BepxHeIiei-
CTOILIEH-TOJIOLEHOBBIX 3CTyapHBIX OTJIOXKEHUI OOHa-
JKaeTcs Ilayka 3eJIeHOBATO-CephIX TOHKOCJIOMCTBIX
MeJIKOIleCYaHO-aJIeBPUTOBBIX IOPOJ. XapakTep CJIO-
HWCTOCTU HOCHUT SPKO BbIpaKEHHBIN CE30HHBIN Xapak-
Tep: MUKPOCJIOU COCTOAT U3 ABYX 3JIEMEHTOB — MEJIKO-
[IeCYaHOrI'0 U aJIeBpUTOBOr0. MOIHOCTh MUKPOCJIOEB He
npesblmnaer 1-2 MM. B ocHOBaHMM OHU NOACTUJIAIOTCA
cytabookaTaHHOU rajapKoi, nebHeM U nopdupuTamu,
ClleMeHTHPOBaHHEIMU CyTiechio. MIX epekphIBaoT CJI0ON
MO3HEIJIENICTOIIEHOBEIX ~ OTJIOXKEHUH  aJlyIloBUAaJIb-
HO-MOPCKOTI'0 I'eHe3rca U I'OJIOLEHOBBIX OTJIOXKEHUH —
[IeCKOB, cyneceil U CyIJIMHKOB.

3.2. Pe3yAbTathl NAAMHOAOIMUYECKOI0
aHaAM3a

[MTanuHoMIOrNYeCKe AaHHBIE CBUJIETEJIbCTBYIOT,
YTO OCHOBHBIMH 3JIeMEHTaMU PAacTUTEIBHOCTU B Oac-
cetite 03. Jlotoc B MUC 11, 9 u 7 6sun pa3HooOpas-
HbIe 110 COCTaBY IIMPOKOJINCTBEHHEIE 1 XBOMHBIE Jieca.
Cpenu XBONHBIX JlepeBbeB IpeobJiafanyl NIpefCcTaBU-
Tesm noApoioB Haploxylon u Diploxylon, a Takxe pofa
Picea. Cpeiy IIMPOKOJIMCTBEHHBIX IIOPOJ IPUCYTCTBO-
Bayiu pacreHus CeBepo-Kurtaiickoit 1 MaHbUXypCKOI1
dJyiopucTHYecKUX NPOBUHINI, TaKWe, KakK IpeJCcTaBU-
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Tesi pofioB Castanea, Celtis, Magnolia, Tsuga, Quercus,
Ulmus, Tilia, Juglans, Phellodendron, Carpinus, a Takxe
Cupressaceae. B HacTosiee BpeMsi, apeajibl MHOTUX U3
KOTOPBIX OXBAaThIBAIOT TEIJIOYMepeHHbIe 1 cCyOTpomuye-
ckue obnactu Kopeiickoro n-oBa (Lee, 1980), a Takxe
0-BoB XoHcw, Kiocto n Cukoky (Ohwi, 1965). Ctout
OTMETUTH, 4TO ceiuac roxHee 40 °c. m. B Kopee u Ha
ceBepo-BocToke Kurtasa pox Carpinus HacuuTbiBaetr 7
BuzoB (Chang and Jeon, 2018), poxa Quercus 11 BugoB
(Chang, 2007), a pon Pinus — 6 BunoB (Farjon, 2010).
W3 Hux Ha 1ore J[anpHero BocToka BcTpevyaeTcs TOJIBKO
Quercus mongolica, Quercus dentata, Pinus koraiensis u
Pinus densiflora (Uy6aps, 2000).

3HauuTesIbHBIE ~KJIUMaTHU4yeckue KoJjebaHus,
BhI3BaBIIILE MEPECTPONKY PaCTUTEJBHOCTU B CpeJIHEM
IJIelicTolleHe, OTMeUeHH U JiJis1 60Jiee ceBepHbIX Peru-
oHOB JlanbHero Bocrtoka. Tak, Ha Uykotke B MUC 11,
9 u 7 NpoUCXOANJI HEOJHOKpATHBIE CMeHBI TpaBsAHU-
CT0-0epe30BhIX KyCTAPHUKOBBIX TYHJIP TPaBAHUCTHIMU
WIN  TPaBAHUCTO-OJIbXOBO-0epe30BRIMU  TYHApamu
(JloxkuH u fp., 2007). B 3T0 e Bpemsa B 3amaaHou
Cubupy, B HM30BbAX HpThIia cpegHerofoBasi TeMile-
paTypa 6bsia Ha 8-10 ° BbIllle COBpeMeHHOM, a ceBep-
Has rpaHulia MMPOKOJIMCTBEHHBIX U UT0JIbYATHIX JIECOB
U creneil cMmectunach kK ceBepy Ha 1000-1300 km
(BosikoBa, 2008).

B Gosee xonomHom kimmMare B MUC 10 mmpo-
Koe pacrpocTpaHeHue B 6acceliHe 03. JIoToc nosyy4anu
XBOMHO-MEJIKOJIICTBEHHbIE Jieca ¢ TIpeoOJiagaHueM
Betula sect. Nanae, Betula sp., Duschekia, Picea, Pinus
subgen. Haploxylon u Pinus subgen. Diploxylon, Ulmus
u Quercus. B MUC 8, 0CHOBHBIMM KOMIIOHEHTaMU pac-
TUTEJIBHOCTU CKJIOHOB Obliu Duschekia, Picea u Pinus
subgen. Haploxylon pactutensHocTH. Ha mpubpexHpIx
paBHUHax fmoHckoro Mops mnpeobsiafanu charHoBbie
6oJiota ¢ Betula sect. Nanae. B MUC 6, B pacTUTEb-
HOCTH JIOMUHMPOBAJIM IHNXTOBO-COCHOBO-Oepe30Bbie
Jieca c yuactueM Quercus u Ulmus. CxoqHas IO COCTaBY
pacTUTEJILHOCTh BBIJlesieHa 13 cyO(OCCUIBHOTO MaIu-
HOCIIEKTPa, 0TOOpaHHOT0 Ha abcosioTHOM BbicoTe 600
M y MOJHOXUA ByJikaHa BaiiToymans B GacceiiHe p.
Tymannoit (42 °03> c¢. m., 128 °03> B. f.). OTO yKa3bl-
BaeT Ha 3HAUMTeJIbHble IPOCTPAHCTBEHHBIE MUTpPALIU
pacTeHul Mpy KJIMMaTHYeCKUX KOJIeOaHUAX B cpeJHEM
IelicTolleHe Ha fore JlajpHero Bocroka.

4. 3aKknioueHue

[losyuenHble  najieo0oTaHUYecKWe  JaHHBIE
[I03BOJIWJI PEKOHCTPYyHpPOBaTh pasBUTHE pPacTUTEJIb-
HOCTH B OacceliHe o3epa JloToc B cpeliHeM ILIelCTO-
eHe (MUC 11-6). B Temnible 31m0X1, KOppeJUPYIOIINeE C
MMUC 11, 9 u 7, B GacceliHe o3epa JloToc npeobiaganu
pasHooOpa3Hble MIMPOKOJMCTBEHHBIE U XBOMHOJIMCT-
HEle Jieca. B nepuoapl noxosioganuii B 6acceliHe o3epa
Jlotoc mpeo6siaganyu XBOMHO-MeJIKOJINCTBEHHEIE Jieca
C y4yacTueM KyCTapHHKOBBIX NOpoj Oepe3bl M OJIbXU
(MHC 10), a XBOMHO-MeJIKOJIMCTBEHHEIE JIeca COCTOSIN
13 COCHBI, Oepe3bl U eI C yJyacTueM U3 Bf3a U Ayba
(MHUC 8 u 6).
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ABSTRACT. Large-scale research of the Yenisei River sediments that has been conducted in the area
affected by the MCC of Rosatom over a long distance, up to 1580 km downstream of Krasnoyarsk, has
revealed the presence of various artificial radionuclides, thus making it possible to calculate sedimen-
tation rates by using different radioisotope techniques. Retrospective analysis shows that in the past 60
years, considerable activities of the artificial radionuclides '*’Cs and '*?Eu entered the sediments of the
river from the MCC-affected area during the anomalous floods in 1966 and 1988 and ®°Co - during the
2006 flood. To explain the radionuclide peaks in the layers dated to other periods, additional sediment

research is needed.
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1. Introduction

Radioecological monitoring shows that sedi-
ments of the Yenisei River are contaminated by artificial
radionuclides from the Mining-and-Chemical Combine
(MCC) of Rosatom and global fallouts. Analytical stud-
ies of sediments from the near (15 km) and far (up to
1500 km) zones affected by the MCC detected a wide
range of artificial radionuclides and radioactive par-
ticles (Bolsunovsky, 2010; Bolsunovsky et al., 2017).
The analysis of the vertical distribution of radionu-
clides in the layers of sediment cores collected in the
MCC-affected areas revealed peaks of '*Cs and other
radionuclides, which could be formed during the heavy
floods in the Yenisei River (Sukhorukov et al., 2004;
Bolsunovsky, 2010; Vakhrushev et al., 2023). During
the floods, the large water discharge through sluices of
the Krasnoyarsk Power Plant resulted in flooding of the
river plain and riverside villages, including the MCC riv-
erside zone. As the river flow rate increased during the
flood, radioactive sediments were transferred from the
floodplain zone at the MCC downstream, over consid-
erable distances (Bolsunovsky et al., 2021; Vakhrushev
et al., 2023). However, the dating of sediment layers
is a necessary procedure to determine more accurately
the periods when peaks of artificial radionuclides
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were formed in sediments. The purpose of the present
study was to analyze the spatial distribution of artifi-
cial radionuclides in the Yenisei River sediments and
to reconstruct the chronology of deposition of radionu-
clides in the sediments using radioisotope techniques.

2. Materials and methods

Sediment cores used in the study were collected
from the Yenisei River floodplain in the MCC-affected
area, stretching as far as 1580 km downstream of
Krasnoyarsk (close to the Arctic Circle). Sediment cores
collected at the village of Balchug (15 km downstream
of the MCC discharge point — about 97 km downstream
of Krasnoyarsk) represent sediments of the near MCC-
affected zone. Sediment cores collected at the villages
of Zakharovka, Novonazimovo, Komsa, and Kureika
(272 to 1580 km downstream of Krasnoyarsk) repre-
sent sediments of the far MCC-affected zone. The cores
were collected using steel corers — 11-cm diameter
pipes of different lengths, with flap valves. Sediment
cores were cut into 2-4-cm layers at the sampling site.
In laboratory, the dried sediment samples were ana-
lyzed for the artificial radionuclides ®Co, !*’Cs, 152Eu,
and ™Eu and the natural radionuclides ?'°Pb and *“Pb
using a GX2320 Canberra y-spectrometer (U.S.) with

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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a hyper-pure germanium detector. Sedimentation rates
were determined using the 2!°Pb method, the ratios of
artificial radionuclides, and the method of reference
radionuclides.

3. Results and discussion

Analysis of sediment cores revealed 2 to 3 max-
ima of artificial radionuclides along the cores from the
near MCC-affected zone (the village of Balchug) and 4
to 5 peaks of artificial radionuclides in the cores from
the far MCC-affected zone (the villages of Zakharovka,
Novonazimovo, and Komsa). The length of the cores
collected in the far MCC-affected zone reached 140 cm.
Some of the cores contained layers with abnormally
high activity concentrations of the artificial radionu-
clide *’Cs (up to 25000 Bq/kg), which corresponded to
the low-activity radioactive wastes. Those layers were
formed during the extreme flooding in 1966, which
transported large masses of sediments from the MCC
area to the town of Yeniseisk (410 km downstream
of Krasnoyarsk) and, probably, farther downstream.
Sediment layers with anomalous maxima of *’Cs, under
certain conditions, can serve as reference markers for
the date of the 1966 flood (Bolsunovsky et al., 2021).

The upper layers of the sediment cores collected
after the 2006 flood contained increased activity con-
centrations of °Co, which was also present in the form
of radioactive microparticles. Those microparticles
were detected in both the near and far MCC-affected
zones (the village of Komsa), as far as 945 km down-
stream of Krasnoyarsk. The increased ¢°Co activity
concentrations in the upper sediment layers resulting
from the 2006 flood can serve as the marker of the date
(2006) for calculating sedimentation rates. Hence, for
many of the sediment cores collected from the Yenisei
River downstream of the MCC discharge point, there
are two reference radionuclides marking flood dates:
%0Co in the upper part of the core (the 2006 flood) and,
under certain conditions, *’Cs in the lower part of the
core (the 1966 flood).

Analysis of the sediment cores collected close
to the MCC (the village of Balchug) showed that sedi-
mentation rates calculated using the radionuclide ratio
(**Cs/ °Co and 2Eu/"*Eu) method ranged between
0.5 and 1.3 cm/year. That range was close to the range

of sedimentation rates obtained for the reference sec-
tion of the river (upstream of the MCC) using the 2°Pb
method (0.5-1.0 cm/year) (Vakhrushev et al., 2023).
For the areas far away from the MCC, sedimentation
rates calculated using the radionuclide ratio method
ranged between 2.0 and 3.5 cm/year, and they were
higher than the sedimentation rates obtained for the
near zone, at the village of Balchug. The higher sedi-
mentation rates in the areas located farther from the
MCC may be caused by changes in hydrological condi-
tions downstream of the confluences of large tributaries
(the Kan River, the Angara River, and other rivers). The
sedimentation rates in the far section of the river calcu-
lated using the method of reference radionuclides '*’Cs
(the 1966 flood) and %°Co (the 2006 flood) were gen-
erally similar to the rates obtained using the *’Cs/°Co
ratio method.

The calculated sedimentation rates can be used
to reconstruct the chronology of deposition of *’Cs
and other radionuclides in the Yenisei sediments. As an
example, Figure 1 shows chronology of deposition of
artificial radionuclides in the sediments at the village of
Zakharovka, 272 km downstream of Krasnoyarsk. For
that core, similar sedimentation rates were obtained
by using the ¥’Cs/%°Co ratio (2.3 cm/year) and the
reference radionuclide ®°Co (2.2 cm/year). The maxi-
mal activity concentrations of ¥”Cs in that core were
formed in the layers of 1976-77, 1982-84, 1988-91, and
1994-1997 (Fig. 1A). One of the *’Cs peaks (1988-91)
was evidently associated with the heavy flood in the
Yenisei in 1988. The %°Co maxima in the sediment lay-
ers of that region were formed in 1995-98, 2006, and
2010. One of the ®Co peaks (2006) was definitely asso-
ciated with the major flood in 2006. The main maxima
of 152Eu (Fig. 1B) in sediment layers of that region were
formed in 1976-77, 1982-84, 1990, and 1994-1998,
completely coinciding with the dates of formation of
137Cs peaks (Fig. 1A). Analysis demonstrated that one of
the ¥Cs and >2Eu peaks in that region was associated
with the 1988 flood while one of the ®°Co peaks — with
the 2006 flood. However, the *’Cs and »?Eu maxima
in the sediment layers dated to 1976-77, 1982-84, and
1994-1997 and the %°Co maxima in the layers dated to
1995-98 and 2010 cannot be attributed to the effects
of the major floods. These maxima may be associated
with unrecorded discharges from the MCC and changes
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Fig.1. Chronology of deposition of the artificial radionuclides *’Cs and %°Co (A) and '>?Eu (B) in sediments of the Yenisei
River in the region far downstream of the MCC, at the village of Zakharovka.
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in the hydrological conditions in this remote section of
the river. Some of the lower layers of sediment cores
contained microparticles with !*?Cs and the transura-
nium element ?!Am, which can be used in the future
studies to understand the occurrences of the maxima of
artificial radionuclides in sediments.

4. Conclusions

Sediment cores collected from the Yenisei River
close to the MCC (15 km) contained 2 to 3 peaks of arti-
ficial radionuclides along the core; the cores collected
in the far MCC-affected zone (up to 1500 km down-
stream), which were up to 140 cm long, contained 4
to 5 maxima of radionuclides. The sedimentation rates
calculated for the regions far away from the MCC (2.0
to 3.5 cm/year) were higher than the rates obtained
for the near MCC-affected zone (0.5-1.3 cm/year). The
reconstructed chronology of deposition of artificial
radionuclides in the Yenisei River sediments demon-
strated that in the past 60 years, considerable activities
of the artificial radionuclides *”Cs and !*2Eu entered
the sediments of the river from the MCC-affected area
during the anomalous floods in 1966 and 1988 and ®°Co
— during the 2006 flood. More sediment cores need to
be collected and studied to explain the occurrences of
the radionuclide peaks in the layers dated to 1976-77,
1982-84, and 1994-1997.
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AHHOTAILIUS. MacmtabHble rcceqoBaHus JOHHBIX oTjoxeHn (JJO) peku EHucel B 30He BIUSHUSA
nearenbHocTU I'’XK PocaToMa Ha IpOTAXeHHOM ydacTke o 1580 kM o TeyeHuo peku oT r.KpacHosp-
CKa BBIABWJIM IIMPOKUH IlepedyeHb TEXHOTeHHBIX PaAHUOHYKJINIOB, [T03BOJIAININX UCIOJIb30BaTh pa3Hble
PaAnoOU30TOIHBIE METOBI pacueTa CKOPOCTeN OCaAKOHAKOIIEHN . PeTpOCIeKTUBHEIN aHaJIN3 T0Ka3aJl,
YTO 32 mocyiegHue 60 JieT 3HAUUTeIbHA YaCTh TEXHOTEHHBIX pagquoHyKInAoB ¥’Cs u 5?Eu nmoctynasa B
J1O peku u3 30HbI XK BO BpeMsi aHOMaJIbHBIX MaBOAKOB 1966 1 1988 romos, °°Co — BO BpeMs maBojKa
2006 roma. CymecTBOBaHHE MaKCMMyMOB PAaJAHUOHYKJIMJOB B CJIOAX, JATUPOBAaHHBIX APYTHMU IIE€PUO-
JaMu BpeMeHH, TpebyeT JOIOJHUTEeIbHEIX ucciiefgoBanuil J0.

Kitioueavie cyroga: oHHBIE OTJIOXEHUs, peka EHMcel, TeXHOreHHbIe paguoOHYKJIMABL, CKOPOCTh
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Jlna nutupoBaHusA: BoacyHoBckuil A.f., Baxpymes B.M., JlemeHTheB [I.B. PeTpocneKTHBHBINI aHa/JIN3 MOCTYIJIEHUA TEXHO-
TeHHBIX PaJOHYKJIMIOB B JOHHbIE OTJIoXeHUA p. EHuceil // Limnology and Freshwater Biology. 2024. - No 4. - C. 274-279.

DOI: 10.31951/2658-3518-2024-A-4-274

1. BBeapenue

Hounnsle otioxenus ([0) pexku Enuceit o gan-
HBIM PaJMO3KOJIOTMYECKOr0 MOHHUTOpPUHIA 3arpss-
HeHBl TeXHOTeHHBIMU PaJUOHYKJINAAaMU B pe3yJbTaTe
nesarenbHOCTH I'opHO-xuMM4Yeckoro komouHaTta (I'XK)
Pocatoma u rio6anbHBIX BhINAJeHNUN. AHaIUTHYeCKHe
ucciaenoBanus mpod JJO 6srxHeln (15 kM) U qajpHen
3oHH (o 1500 xm) Bimanusa I'’XK 3apeructpupoBaiu
HIMPOKUI IepedyeHb TeXHOTeHHBIX PaJUOHYKJIMJOB, a
TaKxke paAuoakTuBHble yacTunbl (Bolsunovsky, 2010;
Bolsunovsky et al, 2017). IIpoBefeHHbIII aHATU3 BEp-
TUKAJIBHOTO pacnpefesieHns paguOHYyKJINUAOB B CJIOAX
kepHoB J]O, oTtoOpaHHBIX B 30He BausaHuA XK, BbiA-
BUWI MakcUMyMBl '¥Cs u Jpyrux paguoHYKJIUIOB,
KOTOpble MOrJiu OHTh CcHOPMUPOBAHBE B IEpPUOJIbL
KPYIIHBIX MaBoAKOB Ha p. EHwuceii (CyxopykoB u Aap.,
2004; Bolsunovsky, 2010; Baxpymes u np., 2023). Bo
BpeMsA MaBOAKOB OOJIBIION pacxof BOABI yepe3 ILIO-
TuHy KpacHospckoili 'DC mpuBoauil K 3aTOIJIEHUIO
MOVMMBl peKrd € IpUOpPeXHBIMHU HAacCeJIEHHBIMU IyH-
KTamu, BKJouass OeperoByio 30Hy pasmemeHusa I'XK.
Bospocmas Bo BpeMs IaBoAKa CKOPOCTb T€YEHUA PEKU
IprBejia K MepeHOoCy paJuOaKTHBHBIX HOHHEBIX OTJIO-
JKeHUI MOMMBI peku u3 30HB BOM3u I'XK Ha 3Hauu-
TeJIbHbIE PACCTOSHUA MO TeueHUo peku (Bolsunovsky
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et al., 2021; Baxpyrues u ap., 2023). OgHako a1s 6osiee
TOYHOT'O YCTAaHOBJIEHUSI BPEMEHHBIX MIEPUOOB 00pa30-
BaHUSI MaKCMMYMOM TEXHOTE€HHBIX PaJIMOHYKJIUIOB B
J0 Heob6xoauMO npoBecTu AaTUpoBKy cjioeB [O. Llesb
HacTosAIIel paboThl — aHAIN3 MTPOCTPAHCTBEHHOT'O pac-
npeJieJleHNsi TEXHOTeHHBIX paauoHykiaugoB B O p.
EHmcell 1 XpOHOJIOTUM TIOCTYIUJIEHUS PAAHUOHYKJIN/IOB
B IO ¢ ucnosb30BaHNeM paguON30TOIHBIX METOIOB.

2. MaTtepuanbl 1 MeTOAbI

J7ia uccrefoBaHUI HMCIOJIb30Bau KepHbl J[O,
oToOpaHHBIX B 11oliMe peku Exniceli B 30He Biausanua XK
Ha paccrosauu 110 1580 km (B61u3u [TossspHOTO KpyTa)
o TedyeHuio pexu ot r. KpacHospcka. Kepusr [0, oTo-
O6paHHble BOIM3U cesia bamuyr (15 kM 10 Te4eHUIo peKu
ot I'XK — 97 kM 1o TeueHu10 peku oT I. KpacHospcka),
xapakTepusyloT O OyxHell 3oHB BauAHuA I'XK.
Kepuni J10, oroOpaHHBIE BOJIM3M ceJl 3axXxapoBKa,
HosonaszumoBo, Komca, Kypelika (Ha paccrosgHuu OT
272 po 1580 kM ot KpacHosipcka) xapakrepusynt O
nanbHel 3oHB BauaHuA I'XK. [lna orbopa mcnosb3o-
BaJIn CTajibHble MPOOOOTOOPHUKU — TPYOBl pa3HOU
JJIMHBL ¢ fuaMeTpoM 11 cM U JIereCTKOBBIM 3aTBOPOM.
Ha mecte npo6ootbopa kepHsl J]O paspe3anu Ha CJIoU
mo 2-4 cMm. B nmabopatopum BeICymIeHHBIe ITpoOb 1O
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aHaJIM3UPOBaJIM Ha COMEpXKaHUe TeXHOTEHHBIX Pajuio-
HyxkaugoB °Co, %7Cs, 152Eu, >*Eu u npupoaHsix 2°Pb,
214pb Ha y-cekTpomeTpe GX2320 “Canberra” (USA) co
CBEPXYKCTHIM repMaHHUEBBIM JeTeKTOpoM. s pacueTa
CKOPOCTH OCaJIKOHAKOILIEHUs KCIOJIb30BAI METOJBI
HepaBHOBecHOTO 2°Pb, oOTHOIIEHWA TEXHOTEHHBIX
PAOVOHYKIMIOB U METOJ PENEPHBIX PaAUOHYKINIOB.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

Ananu3 kepHoB J[O BbIABUII 2-3 MakcUMyMa TeX-
HOTeHHBIX PaJUOHYyKJIUAA IO IJIyOuHe KepHa B OJIK-
Hel 30He BiausHuA ['XK (c. Bamuyr) u 4-5 MakcuMyMoB
TeXHOTeHHBIX PaANOHYKJIWJOB [AJI1 KepHOB HajbHel
3oHbl ByusaHuA ['XK (cena 3axapoBka, HoBOHa3uMoOBO
u Kowmca). [Ipu sToMm ginHa oToOpaHHBIX kepHOB 10
nasbHel 30HBI focturana 140 cm. [[jia oTneIbHbIX Kep-
HOB OOHapy>XeHHbI CJION aHOMAaJIbHOT'O COJiepXKaHus TeX-
HOTeHHOTO paauoHykuaa *’Cs (mo 25000 bk/kr) B 1O
p- EHuceit mo teuenuo ot I'XK, mocruratomero kare-
ropuyl paguOaKTUBHBIX OTXOHOB HM3KON aKTHUBHOCTHU.
OTH cJI0M 006pa30BaJIMCh B NepHOJ MOIIHOIO IaBojKa
Ha peke Enuceill B 1966 roay, nepeHeciiero 60Jiblive
maccol JIO u3 pationa B6ausu I'XK mgo r. EHwuceticka
(410 xm ot KpacHosipcka) 1, BO3MOXHO JaJjiee IIo Teye-
HUI0 peky. CJIoU JOHHBIX OTJIOKEHUI ¢ aHOMaJIbHBIMU
MakcuMymaMmu ¥7Cs mpu Omnpedes€HHBIX YCJIOBUAX
MOT'YT CJIyXKUTh pellepHbIMU MapKepaMu AaThl NaBOAKa
1966 roma (Bolsunovsky et al., 2021).

Jna xepHoB J[O, OoTOOpaHHBIX MOCJIe IIaBOJKa
2006 roa, B BEpXHUX CJIOAX 3aperucTpUPOBAHO MOBBI-
neHHoe cofiepxxaHue %°Co, B ToM uuciie B popme paau-
OaKTHBHBIX MHKPOYACTHUI[. DTU MHUKPOYaCTHULBl ObLIN
obHapyXXeHBl KaK B OJIIKHeN, Tak U B JaJjibHell 30He
BiusHus ['XK (c. Komca) Ha paccrosHuu 1o 945 kM 1o
TeueHUIo peKkH oT I. KpacHospcka. IToBhieHHOe cofep-
xaHue ®°Co B BepXHUX €JI051X KepHOB J]O, BO3HUKIIIEe B
nepuon nasogka 2006 roga, MOXeT CJIY>XUTb MapkKe-
poM fatsl (2006 r) ns pacyeTa cCKOpocTel ocafKoHa-
korutenus. CiieoBaTesbHO, AJ11 MHOrux KepHoB 10 p.
Enuceil nocye copocoB I'XK MBI MMeeM ABa penepHBIX
paguoHyKIMAAa — MapKepa JaThl MaBojkoB: °Co B Bepx-
Hel yactu KepHa (maBoiok 2006 rox) u *7Cs B HUXKHEN
YyacTH KepHa IIpU oIlpefieJIeHHBIX YCJIOBUAX (IIaBOJOK
1966 ron).

Ananus xepHos J10, otob6panHbix BOu3u ['XK (c.
Banuyr), mokasas, yTo paccudTaHHBlE CKOPOCTH Ocaf-
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KOHaKOIUJIEHUsA MeTOAOM OTHOIIeHUsA PaguOHYyKJINAOB
(*¥7Cs/ °Co u >2Eu/'**Eu) 6pun B auarmnasoHe 0.5-1.3
cM/rofd. DTOT MHTepBaJl CKOpOCTel OJIM30K K HMHTep-
BaJly CKOpPOCTell O0CaJKOHAKOIIeHHA, IOJIyYeHHOMY
JUI1 KOHTPOJIBHOTO palioHa peku (BbIIle PacIoIoXeHUsA
I'XK) mo merony HepaBHOBecHoro 21°Pb (0.5-1.0 cm/
ron) (Baxpymes u ap., 2023). lns yaaneHHsix oT I'XK
palioHOB paccyMTaHHBIe CKOPOCTH OCAaJAKOHAKOILJIeHNUA
MeTOAOM OTHOUIeH!s paAHuOHYKJINUJOB OBLIIA B UHTEp-
Bajie oT 2.0 go 3.5 ¢cM/T0of, YTO MpEBHIIAIN NOJIyYeH-
Hble 3HaUYeHUs CKOpOCTel i O/ImkHel 30HBI BOJIU3U
c. banmuyr. Bo3pacTtaHue cKOpOCTU OCaJKOHAKOIIJIEHUA
Juia yaasieHHbIX oT XK pailioHOB MOXeT OBITh CBA3aHO
€ U3MeHeHreM I'MAPOJIOTMYeCKUX YCIJIOBUI peKH 1ocJe
BIIaJIeHNA KPYIIHBIX NpUTOKOB (pek Kan, AHrapa u py-
rux). Mcnosbp3oBaHue MeTo[ia pellepHbIX paJUOHyKJIH-
noB ¥’Cs (maBomok 1966 1) u *°Co (maBomok 2006 r)
JUIA pacuyeTa CKOPOCTEeH OCaJKOHaKOIUJIeHUA yJaJieH-
HOI'O y4yacTKa peKH B OOJIbIIMHCTBE CJIy4aeB COOTBET-
CTBOBAJIO CKOPOCTSAM, IOJIy4YeHHBIM MEeTOAOM OTHOIIe-
HusA ¥7Cs/%°Co.

PaccunTaHHBlE CKOPOCTHM OCAOKOHAKOIJIEHUS
[IO3BOJIAIOT OINpEeJe/JUTh XPOHOJIOTHIO IOCTYILJIEHUA
137Cs m ppyrux paauoHykiaumoB B JO p. EHuceil. B
KayecTBe IprUMepa Ha pUCyHKe 1 IpuBefieHa XpOHO-
JIOTHA NOCTYIUIEHNUs TeXHOTeHHBIX paJUOHYKJIMIOB B
JO BOsm3u c. 3axapoBka Ha yJajgeHuu 272 KM OT T.
KpacHosipcka. [y JaHHOTO KepHa CKOPOCTU OCaJKO-
HaKOIUJIEHUs, paccUWTaHHble Ha OCHOBAaHWHU OTHOIIe-
HUA paguoHykymaoB ¥7Cs/%°Co (2.3 cm/ron) u pernep-
Horo ®°Co (2.2 cm/Ton) coBmanu. Kak cienyer u3 puc.
1A, makcumyMbl cofiepkanus ¥’Cs B ciosx JJO atoro
patioHa cdopmupoBamnck B 1976-77, 1982-84, 1988-
91 u 1994-1997 romax. OguH 13 MakcuMymoB *’Cs
(1988-91) oueBUAHO CBA3aH C KPYNHBIM MaBOJKOM Ha
peke Enuceil B 1988 rogy. MakcuMyMsl cofiepxaHus
%Co B ciosix IO atoro pairioHa cGOpMHPOBAJIUCH B
1995-98, 2006 u 2010 rogax. OAUH U3 MaKCUMYyMOB
50Co (2006) oqHO3HAYHO CBA3AH C KPYMHBIM MaBOIKOM
Ha peke B 2006 roay (puc. 1A). OCHOBHbIE MAaKCUMYyMBbI
cogepxanus 52Eu B ciosax JJO (puc. 1B) aToro patioHa
cdopmupoBanucsk B 1976-77, 1982-84, 1990 u 1994-
1998 roga — NOJHOCTBIO COBNAAAIOT ¢ BpeMeHeM ¢op-
MHpPOBaHUSA MakCUMyMOB '¥’Cs. I[IpoBeJeHHBI aHAJIN3
MOKA3aJI, YTO OOWH U3 MakcuMmyMoB *7Cs m !52Eu B
JO paHHOro paiioHa cBsizaH c maBogkoMm 1988 ropa,
a oauH u3 MakcuMymoB ®°Co — ¢ maBOAKOM Ha peke
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Puc.1. [IpuMep XpOHOJIOTHUU MOCTYIJIEHUA TEXHOTEHHBIX paauoHyKIUI0B ¥’Cs u ©°Co (A), u 52Eu (B) B JOHHBIE OTJIOXKEHUS

p- Exuceit ynanensoro ot I'XK pationa B61m3u ¢. 3axapoBKa.
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B 2006 rogy. OgHako Apyrvue MaKCHMyMBI IOCTYILIe-
HuA ¥Cs u %2Eu B citou O nmatupoBaHHble 1976-77,
1982-84, 1994-1997 romamu, a TakXe MaKCUMYMBEI
%0Co B JO matupoBanHbie 1995-98 1 2010 rogax moka
He MOI'yT ObITh OOBsCHEHHI BIMSAHNEM KPYITHBIX [TaBOM-
KOB Ha peKe. BO3MOXHO, 3TV MaKCUMYMBHI [TOCTYIJIEHNA
pamuoHykiauaoB B JIO cBA3aHHEL KaK C HEU3BECTHHIMU
copocamu I'XK, Tak u ¢ U3MeHeHHHIMU T'MApPOJIOrHye-
CKHUMMU YCJIOBUSMM PEKU Ha 3TOM Y[IaJIeHHOM Y4YacTKe.
B HeKOTOPHIX HIDKHUX 105X KepHOB J]O o6HapyXeHHI
MHWKPOYACTHIIBI, cofiepxaiue *7Cs U TpaHCYypaHOBHII
aJIeMeHT 2! Am, KOTOpHBIE B AaJIbHEHIIEM MOTYT TIOMOYb
¢ obbsacHeHeM (GOPMUPOBAHUS MaKCUMYMOB TeXHO-
TeHHBIX paguoHyKInAoB B J0.

4. 3aknioueHue

Kepusi 10 p. Enucett Bosm3u I'XK (15 kM) coaep-
kKaT 2-3 MakCHMyMa TeXHOTeHHBIX PaJuOHYyKJIUAOB IO
rirybuHe, Ui AasibHell 30HBI BausHuA XK (o 1500
KM) OTMeueHHI 4-5 MakCUMyMOB paJJMOHyKJIMIOB B Kep-
Hax, JyuHou 0o 140 cm. lns ynanenssix ot I'XK paii-
OHOB pacCUMTaHHBIE CKOPOCTU OCAAKOHAKOIJIeHH:A (0T
2.0 mo 3.5 cMm/ron) mpeBbIlIaIy MOJTyUeHHble 3HaueHNsA
ckopocTell [y 6ykHel 30HH BiausHusA ['XK (0.5-1.3
cM/rof). AHasIU3 XpOHOJIOTMH MTOCTYIJIEHNA TeXHOTeH-
HBIX paanoHykiangoB B J10 peku EHuncell mokasas, 4To
3a nmocjegHue 60 JieT 3HAUYUTEsIbHAA 4acThb TeXHOTeH-
HBIX paguoHykiuaoB *’Cs u '>2Eu moctynasa B JO
peku u3 30Hb ['XK BO BpemsA aHOMaJIbHBIX IIaBOJKOB
1966 u 1988 romos, °Co — Bo Bpemsa maBojka 2006
roga. CymlecTBoBaHHe MAaKCHMyMOB PaguOHYKJINIOB
B APYrux CJOfIX, AaTUpOBaHHBIX 1976-77, 1982-84,
1994-1997 rogamu, TpeOyeT AONOJHUTEILHOTO 0TO0Opa
Y aHasM3a HOBBIX KepHOB J10.
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ABSTRACT. Pollen record obtained from sediments of the high floodplain terrace of the River
Knevichanka, allowed to reconstruct the evolution of coastal vegetation in the Ussuri Bay Headover
the last 5350 years cal BP. It was found that broad-leaved plants under warm and moisture climate
during the final phase of the mid-Holocene Thermal Maximum were more widespread in the mountain
ecosystems than at present. Mixed grass meadow, small-leaved plant communities were dominated on
the accumulative plain, with common birch, hybrid birches and alder. The cooling that began at the
end of the Middle Holocene and continued in the beginning of the Late Holocene led to a decrease of
broad-leaved trees and a wider distribution of small-leaved ones in the vegetation. At the end of the Late
Holocene, in the Ussuriysky Bay Head, were formed the oak-broadleaf forests with fir and Korean pine
which represent the modern appearance of ecosystems.

Keywords: mid-Holocene Thermal Maximum, Late Holocene, palynological analysis, paleovegetation, vegetation

changes
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1. Introduction

At the Ussuriysky Bay Head there is an exten-
sive accumulative plain “dragging” into the valleys of
the rivers Knevichanka and Artyomovka. Evolution
of the ecosystems in this area during the Holocene is
closely associated with both climatic fluctuations, gov-
erning the directionality of the plant development, and
fluctuations of the sea level, which had a considerable
impact on the environment (Korotkii, 1994; Pavlyutkin
and Belyanina, 2002; Elbakidze, 2014; Anderson et al.,
2017). The forming under that process sediments are
the information bearing objects for the reconstruction
of the history of the evolution of the environment in
the past.

The aim of this work is to reconstruct the coastal
vegetation evolution in the Ussuriysky Bay Head under
multidirected climatic fluctuations in the final phase of
the mid-Holocene Thermal Maximum optimum and in
the Late Holocene.
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2. Materials and methods
2.1. Collection, preparation of the
sediments samples

Sections 1706-1 and 1810-1 reveal 190 and 80
cm of loose sediments of the high floodplain terrace of
the Knevichanka River, respectively. Section 1706-1 is
located on the right bank, 550 m downstream of the
automobile bridge (N43°25’11.62”; E132°11’57.88”), at
an absolute height of 2.3 m, with a water level of 0.8 m
in the river. Section 1810-1 is located on the left bank
320 m upstream of the road bridge (N43°2513.99”,
E132°11’34.56”).

2.2. Palynological analysis

Sediments samples were taken at intervals of
5-10 cm. Fossil pollen particles were extracted from
the sediments using standard methods, which included
treatment with 10% KOH, separation of minerals with

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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a solution of KJ and CdJ, (2.2 g/cm?®), after which the
samples were mounted in glycerol jelly (Pokrovskaya,
1950). Pollen and spores in glycerin jelly were iden-
tified and counted using an optical microscope Axio
Scope Al at X400 magnification. Proportion of each
pollen taxon was calculated in percent of the pollen
sum arboreal taxa, dwarf shrubs and herbs. Proportion
of plant groups (trees and shrubs — AP, herbs, grass,
and dwarf shrubs — NAP, spores — SP) was calculated in
percent of the total amount of microfossils. At least 250
pollen grains of arboreal and dwarf shrubs plants were
counted in each sample. Identifications of pollen grains
were made with the aid of pollen atlases (Pokrovskaya,
1950; Nakamura, 1980).

2.3. Radiocarbon dating

Radiocarbon dating of samples of buried soil
and plant detritus was carried out in the Laboratory of
Geochronology, St. Petersburg State University (Kh.A.
Arslanov and F.B. Maksimov). Obtained radiocarbon
dates 3020+100 BP (LU-8779) and 4650+110 BP
(LU-8780) were calibrated using OxCal 4.4 with the
“IntCal 20” calibration curve (Ramsey, 2017; Reimer et
al., 2020) to 3190130 cal BP and 5350+ 160 cal BP
respectively.

3. Results and discussion

The palynological and chronological data
obtained for cross-section 1706-1 showed that sedi-
mentation of sediments in the depth range of 190-150
cm occurred in the final phase of the optimal phase of
the Middle Holocene from 5350 cal BP, under warmer
climatic conditions than modern ones. The taxonomic
composition of local pollen zone (LPZ) 1 indicates the
widespread development on the valleys slopes of the
Ussuri Bay Head of mixed forests with a predominance
of Pinus koraiensis, Pinus densiflora, Abies holophylla,
Phellodendron amurense, Tilia, Syringa, Juglans mand-
shurica and other broad-leaved trees. Sedge-forb mead-
ows were dominated in the alluvial plains of the Ussuri
Bay Head. Small-leaved forests with a predominance of
white birch and alder were widespread along the river-
beds and lakes.

The taxonomic structure of the palynospectra of
LPZ 2, identified in the depth range of 150-78 cm, indi-
cates a cooling event that occurred at the beginning
of the Late Holocene. The widespread of Pinus koraien-
sis and Abies holophylla vegetation decreased slightly,
on the slopes of northern exposures they replaced by
Picea. At the same time, the proportion of broad-leaved
trees also decreased. The participation of small-leaved
plants, primarily tree Betula, Alnus and Duschekia, has
increased. The coastal plains in the Ussuri Bay Head
were occupied by sedge and reed meadows.

High participation in LPZ 2 of spores of the
Osmunda cinnamomea, which prefers moist and shady
habitats, indicates the dominance in the valleys of the
Ussuri Bay Head of closed mixed coniferous broad-
leaved forests, where the substrate and forest floor
maintain a high level of humidity under the monsoon
climate.
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LPZ 3, identified in the depth interval 78-0 cm is
described of vegetation evolution at the end of the Late
Holocene. The taxonomic composition of the palyno-
spectra indicates that the distribution of Pinus koraiensis
and Quercus mongolica has increased on the slopes in
the Ussuri Bay Head valleys. Sedge-forb meadows and
reed thickets were dominated in the coastal plains. The
presence of lotus pollen grains indicates the existence
of freshwater lakes on the coastal plains of the Ussuri
Bay Head.

4. Conclusions

Changes in the taxonomic composition of paly-
nospectra in the sediments of the first terrace above
the floodplain of the Knevichanka River allowed recon-
structed vegetation of the coastal ecosystems in the
Ussuriysky Bay Head. They showed that under warm
climate during the final phase of the mid-Holocene
Thermal Maximum the polydominant forests prevailed
on the coastal slopes. Broadleaved plants were wide-
spread more widely than at the present time. On the
alluvial plains were dominated by small-leaved plant
communities.

The decline in heat in the Late Holocene resulted
in a degradation of broad-leaved vegetation and expan-
sion of small-leaved species. During the final phase of
the Late Holocene was the time when the structure of
the modern plant formations was formed. There is the
principal species on the slopes included Quercus mon-
golica, Ulmus, Phellodendron amurense, Abies holophylla,
Juglans mandshurica and Syringa. Sedge-red grass mead-
ows and overgrowth of reeds on the alluvial plains in
the Ussuriysky Bay Head dominated.

Conflict of interest

The authors declare no conflict of interest.

References

Anderson P.M., Belyanin P.S., Belyanina N.I. et al.
2017. Evolution of the vegetation cover of the western coast
of Peter the Great Bay in the Late Pleistocene-Holocene.
Tikhookeanskaya Geologiya [Pacific geology] 36(4): 206-
215. (in Russian)

Elbakidze E.A. 2014. The scale of the Holocene ingres-
sion of the Sea of Japan in South Primorye. Tikhookeanskaya
Geologiya [Pacific geology] 33(2): 102-108. (in Russian)

Korotkii A.M. 1994. Sea level fluctuations in the Sea of
Japan and coastal zone landscapes (stages of development
and trends). Vestnik Dal’nevostochnogo otdeleniia Rossiiskoi
Akademii nauk [Bulletin of the Far Eastern Branch of the
Russian Academy of Sciences] 3: 29-42. (in Russian)

Nakamura J. 1980. Diagnostic characters of pollen grains
of Japan, Part I. Special Publications from the Osaka Museum
of Natural History.

Pavlyutkin B.L., Belyanina N.I. 2002. Quaternary deposits
of Primorye: Some results of systematization and further pros-
pects of study. Tikhookeanskaya Geologiya [Pacific geology]
21(3): 80-93. (in Russian)

Pokrovskaya LM. 1950. Pollen analysis.
Gosgeolizdat. (in Russian)

Ramsey C. 2017. Methods for summarizing radiocarbon
datasets. Radiocarbon 59: 1-25.

Moscow:



SI: «The 6th International Conference
Belyanin P.S., Belyanina N.I. / Limnology and Freshwater Biology 2024 (4): 280-285 Paleolimnology of Northern Eurasia»

Reimer P., Austin W., Bard E. et al. 2020. The IntCal20
Northern Hemisphere radiocarbon age calibration curve
(0-55 cal kBP). Radiocarbon 62(4): 725-757.

282



Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi

Limnology and Freshwater Biology 2024 (4): 280-285 DOI:10.31951/2658-3518-2024-A-4-280 lManeonum+onozus CesepHoli Egpasuux

KpaTtkoe coobuienune

LIMNOLOGY
FRESHWATER
BIOLOGY

M

dBoAlOUMA NPUOPEIKHDBIX 3IKOCUCTEM B
KyTOBOM 4acT¥ YCCYPMMCKOro 3aAMBa €
nocnepHen ¢pa3bl cpeaHero ronoueHa

bensuauH I1.C.*, Benauuna H.U.

TuxookeaHckuti uHcmumym ceozpaguu JJareHedocmoyHozo omdesteHus Poccutickotl akademuu Hayxk, ys. Paduo, 7, Biiadusocmok,
690041, Poccusa

AHHOTALIUA. IlsuiblieBast J€TONNCh, IOJIyYeHHAs IO OTJIOKEHUAM BBICOKOU IOMMEHHOU Teppachl
p. KHeBuuaHKy, [03BOJIMJIA PEKOHCTPYUPOBATh 3BOJIIOLMI0 IIPUOPEXHOIN PAacTUTEIbBHOCTU B KyTOBOM
YacTH YCCypHUICKOro 3ajuBa 3a nocijefgHue 5350 jieT kajl. Ji. OnpefesieHbl 0COOeHHOCTH CTPYKTYPHL
PacTUTEJIBHOCTY B 3aKJII0UUTESIbHON (ha3e cpeJHEro rojIoleHoBOro TepMUYeCKOro MakCUMyMa, a Takxke
IIpU KJINMaTUYeCKUX KoJjle0aHUAX B I03JHEM roJIolieHe. Y CTaHOBJIEHO, YTO B yCJIOBUAX TEIJIOTO U BJIaX-
HOI'0 KJIMMAaTa B 3aKJIIOUMTEJIbHYI0 a3y cpedHEro rojoleHa B FOPHBIX SKOCHCTeMax MKIPOKOJINCTBEH-
Hble pacTeHus ObUIN 60Jiee MMPOKO paclpocTpaHeHHl, YeM B HacTosmee BpeMa. Ha akKyMyJIATUBHBIX
paBHUHAaX IpeobJjaiajy pasHOTpaBHBIE JIyra, MeJIKOJINCTBEHHBIE pacTUTeJIbHEIE COODIIecTBa ¢ JOMU-
HUpOBaHHeM Oepe3bl OOBIKHOBEHHOM, TOpruaHOM Gepeskl U 0Jibxu. [loxosoaaHne, HauyaBIieecs B KOHIIE
CpeHero roJiolieHa M IpoAoJDKaBlleecs B Havyasle MO3JHEro roJioleHa, MpUBeJIo K COKpAaIleHUI0 yya-
CTHA MIMPOKOJIMCTBEHHBIX JlepeBbeB U 0oJiee NIMPOKOMY paclpOCTPaHEHUI0 MeJIKOJIMCTBEHHBIX pacTe-
HUI B pacTUTEJIbHOM IIOKpOBe. B KOHIle I03Hero rojoneHa B BEPXOBbAX Y CCypUICKOro 3aiuBa cdop-
MHPOBaJIMCh AyOOBO-IINPOKOJIMCTBEHHEIE Jieca C IUXTON 1 COCHOM KOPEeMCKOM, KOTOphle IpeCTaBJIAI0T
c00011 COBpeMEeHHBIN 00JIMK pacTUTEJIbHOCTHU.
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1. Beepenue MaTHYeCKUX KojilebaHUAX B 3aKJIIOUMTESIbHON (dase

. ONTHMyMa CpeJHEero rojoleHa 1 B IO3JHEM roJIOLeHe.
B BepxoBbAX YCCYpUICKOTO 3ajMBa PpacIoJio-

K€Ha 06U.II/IpHaH AKKYMYJIATHBHAasA paBHHHA, «BTATHU-
BamwIadaAcAa» B OJOJIMHBI PEK KneBuuaHka u ApTeMOBKa.
OBOJIIOLUA pPaCTUTEJIbHOCTU 3TOU TEPPUTOPUU B I'OJIO-

2. MaTepuanbl U METOADI
2.1. OT60p NPo6 ¥ NnoaroToBka

IleHe TeCHO CBA3aHa KaK C KJINMaTU4eCKUMHU KoJieOaHu-
AIMU, OIlpefiesIABIINMH HalpaBJeHHOCTh pa3BUTUA pac-
TEeHUH, Tak U ¢ kojebaHuAMHU ypoBHA Mops (KopoTkuii,
1994; IlaBmrotkuH u bBemsuuua, 2002; Snbakupgse,
2014; AnpepcoH u ap., 2017). CoopmMupoBapminecs
IIpY 3TOM OCaJKH ABJIAITCA NHQOPMATUBHBIMU 00bEK-
TaMU NP peKOHCTPYKIMU UCTOPUU Pa3BUTUA OKpyXa-
I0Ilel cpeAs! B IIPOLIJIOM.

Llenp paboThl PEeKOHCTPyHpOBaTh 3BOJIIO-
LU0 IPUOpEeXHON pacTUTEJIBHOCTU B KYTOBOU 4acTU
VYcceypuiickoro 3ajinBa IIpYA pa3HOHANpaBJIeHHBIX KJIU-

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: pavelbels@yandex.ru (I1.C. BesiaHuH)

INocmynwna: 15 mas 2024; IIpunama: 28 vionHA 2024;
Ony6tukoaana online: 26 aprycra 2024
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AabopaTtopHbiXx 06pa3uos

Pazpesnl 1706-1 n 1810-1 BCKpBEIBAIOT TOJIIY
PBIXJIBIX OTJIOXKEHUN BBICOKON IIOMMEHHOU Teppackl
p. KueBnuanku momuocTeio 190 u 80 cm coorBet-
ctBeHHO. Pa3pe3 17061 3ajioxeH Ha npaBoM bepery,
B 550 M HUXe II0 TeYeHUI0 OT aBTOMOOMJIBHOT'O MOCTa
(43°25’11.62” c.m1.; 132°11’57.88” B.4.), Ha abCoOJIIOT-
HOH BBICOTE 2,3 M, IIPU OTMeETKe ype3a BOABl B peke
0,8 m. Pa3pe3 1810-1 pacnoJioxeH Ha jeBoM Oepery,
B 320 M BBIIIIE [0 TEYEHHIO OT aBTOMOOMJIBHOT'O MOCTA,

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Ha abcosmoTHON BhicoTe 1,8 M (43°2513.99” c..;
132°110’34.56” B.4.)

2.2. NMaAMHONOrHUYECKHMH aHaAAU3

OOpa3sipl U3 pa3pe3oB OTOHMpAJIMCh C WHTEpBa-
oM 5-10 cm. CopoBoO-TBLIBIIEBO aHAJIN3 MIPOBelieH
10 CTAaHJAPTHON MeTOAuKe, BKJIIoUalollell o6paboTKy
10% KOH, otxesienne Munepasios pactsopom KJ u CdJ,
(2.2 r/cm®), mocyte yero o6pasisl MOMeEIIAIn B TJIULe-
puHoBoe xeJie (ITokposckas, 1950). [Ieiblly U CHIOPHI
UAeHTUPUIMPOBAIM U MOACYUTHIBAJIU C IIOMOIUIBIO
ONTHYeCKOro Mukpockomna Axio Scope Al npu yBenu-
yeHnu X 400. J{oJ1ig KaXxJoro TaKCOHA IbLIbIBI pacCuu-
ThIBaJIaCh B IIPOLIEHTaX OT CYMMBI IIBUIBIIL J€PeBbEB,
KyCTapHHKOB, TpaB U KyCTapHWYKOB. JloJ1 Ipynn pac-
TeHU! (epeBbs U KyCTapHUKU — AP, TpaBbl, 3/1aKU U
KapJMKoBble KycTapHUKU — NAP, cniopsl — SP) paccuu-
THIBAJIU B IMPOILIEHTax OT OOIIero KOJW4YecTBa MHKPO-
doccummii. B kaxaon npobe MoJcYMTEIBAIN He MeHee
250 nBUIBIEBHIX 3epeH APeBeCHBIX U KyCTapHUKOBBIX
pactenuil. MaeHTudUKaNNIO NBIIBIEBHIX 3€peH POBO-
AWM ¢ NOMOIIBI0 MBUIbIEBEIX aTjacoB (ITokpoBckas,
1950; Nakamura, 1980).

2.3. PapuoyraepoaHoe paTupoBaHue

PaguoyrnepongHoe — gatupoBaHue — oOpasloB
norpeGeHHOI IOYBHL ¥ PaCTUTEIbHOI'O AeTPUTA BBHINIOJI-
HeHO B Jiabopartopuu reoxpoHosorun CIIOIY (X.A.
Apcnanos u ®.b. Makcumos). [losyueHHble panu-
oyryiepoansle aatel 3020*+100 n.H. (JIY-8779) u
4650+110 sm.H. (JIY-8780) ObuiM OTKAIUOPOBAHHI C
nomoInbsio OxCal 4.4 ¢ kamu6poBoyHOM KpuBoH «IntCal
20» (Ramsey, 2017; Reimer et al., 2020) g0 3190+130
Kam. j. H. ¥ 5350 =160 kas. J1. H. COOTBETCTBEHHO.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

[TosiydeHHBle NAJNHOJIOTHYECKHE M XPOHOJIO-
ruyeckue OaHHbele o paspe3y 1706-1 nokasaiu, 4TO
celUMeHTaNNs OTJIOXeHUHN B UHTepBaJsie riyouH 190—
150 cM, npoucxoAnJio B 3aKII0YUTESIbHYI0 da3y ONTU-
MaJibHOH ¢a3bl cpefHero rosjomeHa ¢ 5350 kas. J1.H., B
6oJiee TEIJIBIX KJIMMATHYEeCKUX YCJIOBUAX, YeM COBpe-
MeHHble. TaKCOHOMMWYECKUI COCTaB JIOKAJIbHOM IIBLIIb-
neBoil 30HOU (JIII3) 1 cBUAeTENbCTBYET O IIMPOKOM
Pa3BUTHM Ha CKJIOHAX MOJIMHBI Ha CKJIOHAX T'OPHOIO
obpaMiieHUs1 KyTOBOM YacTU YCCypHICKOIo 3ajiiBa
CMeIIaHHBIX JIecOB ¢ Mpeobiaganvem Pinus koraiensis,
Pinus densiflora, Abies holophylla, Phellodendron
amurense, Tilia, Syringa, Juglans mandshurica n apyrux
HIIMPOKOJIMCTBEHHBIX JepeBbeB. Ha asumoBHUaIbHBIX
paBHMHAX, IPUMBIKAIOIINX K BeplInHe YCCypUHCKOro
3ajyBa, JOMUHMPOBAJI OCOKOBO-pasHOTPaBHEIE JIyra.
Bnosib pycert pek u 03ep ObLIM pa3BUTH MEJIKOJIUCTBEH-
Hble Jieca c npeoOsiagaHreM 6es10ii 6epe3bl U OJIbXMU.

TakcoHOMHYecKasa CTPYKTypa NaJIMHOCIEKTPOB
JITI3 2, BeifjesieHHO! B UHTepBaJie riiyouH 150-78 cwm,
yKasblBaeT Ha [10XOJIOfaHue, [Ipou3olle/liee B Havasie
nosgHero roJioneHa. Jlosis Pinus koraiensis u Abies
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holophylla pacTUTETLHOCTA HECKOJIBKO YMEHBIINJIACH,
YCTYIUB MecTO Picea Ha CKJIOHaX CeBepHBIX JKCIIO3U-
1uii. B 3TO e BpeMs cokpaTujach JOJA MIKUPOKOJIU-
CTBEHHBIX JepeBbeB. OOHOBpPEMEHHO, BO3POCJIO yda-
CTHe MEeJIKOJINCTBEeHHBIX pacTeHul, B IepByI0 ouepeab
6epe3bl, 0JIbXU U KyCTapHUKOBOM oybxu. [IpubpexHbie
PaBHUMHBI B KyTOBOH 4YacTH YCCYpHICKOTO 3aJMBa,
3aHsAJIM OCOKOBO-TPOCTHUKOBEIE JIyra.

Bricokoe yuactue B JIII3 2 cnop manopoTHUKa
Osmunda cinnamomea, NpeANOYNUTAIONIETO YBJIAXHEH-
Hble U 3aTeHeHHble MecTa OOUTaHU:A, yKas3blBaeT Ha
npeobsafnaHue B OacceiiHe p. KHeBMYaHKU COMKHY-
THIX XBONHO-IIMPOKOJIMCTBEHHBIX JIECOB, B KOTOPBIX
cyOcTparT U JlecHas MOACTUJIKA B MyCCOHHOM KJIMMaTe
HMMeI0T CTaOMJIbHO MOBBIIIEHHYIO BJIaXXHOCTb.

W3mMeHeHNe pacTUTEJbHOCTU B KOHIle IO3JHEero
roJiolieHa onuceiBaet JII13 3, BelesieHHasA B UHTepBaJie
78-0 cm. TakCOHOMMYECKHII COCTaB MaJIMHOCIIEKTPOB
CBUJIETEeJIbCTBYET, YTO Ha CKJIOHax AOJIMH B KyTOBOH
qacTy Y CCypHUICKOro 3ajiBa BO3pOCJIO paclpocTpaHe-
Hue Pinus koraiensis u Quercus mongolica. Ha npu6pex-
HBIX paBHUHaX JOMHUHHPOBAJI OCOKOBO-Pa3HOTPaBHEIE
JIyra ¥ 3apocJjii TpOCTHHKa. Hanyune nbUIbIieBEIX 3epeH
JIoTOCca CBUAETEJIbCTBYEeT O CyILleCTBOBAaHUM NIPECHOBO-
JHBIX 03ep Ha NpuOpexHBIX paBHUHAX YCCypUICKOIo
3aJMBa.

4. BoiBOADI

[TeIBIIEBAA JIETONKCH, IOJIyYeHHAs M0 OTJIOXe-
HUAM BBICOKOHN MOVIMeHHOHN Teppachkl p. KHeBuuaHKU,
[IO3BOJIWJII PEKOHCTPYMPOBAaTh SBOJIIOIMIO pacTu-
TeJIbHOCTU B KyTOBOHM 4YacTH YCCYpUICKOIO 3ajivBa.
[TannHOJIOTMYecKre JaHHEIe TI0Ka3aju, YTO B YCJIOBUAX
TEeILJIOro KJIMMaTa B 3aKJII0UMTeIbHYI0 a3y onTuMasib-
HOH (a3bl cpefHero rojiolieHa Ha IPUOPEXHBIX CKJIO-
Hax npeo0Jajajay NOJUAOMHUHAHTHEIE Jleca, B KOTOPBIX
MIMPOKOJIMCTBEHHBIE JAepeBbsA ObUIM paclpoCTpaHeHBI
6oJiee MIMPOKO, YeM B HaCTOsIlee BpeMs.

CHMXeHHe TeMIlepaTypsl B IIO3JHEM TroJIOlleHe
IIPMBEJIO K COKpAllleHWI0 y4YacTUs B PacTUTEJIbHOCTHU
MIMPOKOJIMCTBEHHBIX [lepeBbeB M YCUJIEHUI0 y4YacTU:d
MeJIKOJINCTBEHHBIX pacTeHui. Ha 3axiounTesibHOM
JTame MO3JHEro roJiolleHa chopMHpoOBajach COBpe-
MeHHas CTpyKTypa pacTtuTesbHocTd. Ha ckyoHax
OCHOBHBIMM KOMIIOHeHTaMu ctayin Quercus mongolica,
Ulmus, Phellodendron amurense, Abies holophylla, Juglans
mandshurica w Syringa. Ha npubpeXxHbIX paBHHUHAX
Yccypuiickoro 3ajauBa MIMPOKOE pasBUTHE MOJIYUYHIIN
OCOKOBO-Pa3HOTpaBHbIEe JIyra 1 3apOCjIi TPOCTHUKA.

KoHpAUKT UHTEpecoB

ABTOpHBI 3aABJIAIOT 06 OTCYTCTBUM KOH(DIIMKTa
VHTEPECOB.
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Polyunsatur::lted long-chain all_(eno_nes in [ IMNOLOGY
the lake sediments of North-Minusinsk FRESHWATER
valley (southern Siberia) as a paleo- BIOLOGY

indicator of climate change -
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ABSTRACT. The research of biochemical thermo- and salt-sensitive markers - long-chain alkenones in
sediments of lakes of the North Minusinsk valley is an important contribution to the understanding of
climatic changes in this region. We found that the total concentration of alkenones in the top layers of
bottom sediments of saline lakes increases significantly at a salinity of about 20 g 1. Also, it was found
that the average chain length of alkenones in the surface sediments rises with increasing salinity and
thus can be used as an indicator of salinity, and the ratio of alkenones C,,/C,, varies widely, suggesting

that this index can be used as a paleo-indicator of salinity. The high correlation between U ﬁ), Uy

and U 31238 indices with salinity indicates their potential for paleosalinity reconstruction. The obtained
functional dependences were additionally verified in the core of bottom sediments of Lake Utichie-3
and confirmed the possibility of using alkenones as a paleo-indicator of climatically determined salinity
changes in endorheic lakes. The taxonomic composition of haptophyte algae and alkenone composition
in the studied lakes were comparable to lakes in prairie regions of North America.

Keywords: long-chain alkenones, salinity indicator, lake sediments, haptophyte algae, South Siberia,
paleoclimatology
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1. Introduction phytic algae of the order Isochrysidales. In continen-

tal water bodies, temperature reconstruction by LCA is
complicated due to the presence of several species that
respond differently to temperature, but salinity recon-
struction is no less important, and active research in
this direction is currently underway (Zhao et al., 2014;
Bulkhin et al., 2023). Functional correlations obtained
by comparing LCA composition in surface sediment
layers with salinity (core-top calibrations) are indirect,
and their best verification is the analysis of LCA in the
core of Lake Utichie-3 (down-core studies), for which
instrumental observations of salinity and water level
are available. Thus, the purpose of current study is to
analyze the dependence of the composition of long-
chain alkenones and their producers on physicochem-
ical environmental factors in lake sediments of the

The climate fluctuation patterns in high latitudes
of Asia, such as Siberia, remain poorly understood
(Novenko et al., 2022). The North Minusinsk hollow is
of special interest for paleoclimatic research. The lake
sediments are one of the best natural «records» of cli-
mate. In arid and semi-arid regions, the water level of
endorheic lakes responds sensitively to the «precipita-
tion-evaporation» balance by changes in water volume
and salinity. However, there are currently no reliable
universal paleo-indicators of salinity. For the time
being, the most promising are thermo- and salt-sensi-
tive biochemical markers — polyunsaturated long-chain
alkenones (LCA). LCA is C,-C,, methyl- and ethyl
ketones with 2-4 double bonds synthesized by hapto-
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North Minusinsk valley, and to assess the possibility of
using alkenones as proxy for paleolimnological recon-
structions of salinity.

2. Methods

In July 2019, May 2020 and July 2021, surface
sediment samples were collected from the central part
of 22 lakes located in the North-Minusinsk valley using
a corer sampler UWITEC (Austria). In March 2015, a 67
cm long core of bottom sediments was extracted from
the central part of Lake Utichie-3 through a hole in the
ice. The top layers of bottom sediments with a thick-
ness of 1 cm were placed in airtight polyethylene bags
with the air removed and stored at -20 °C.

The sediments of Lake Utichie-3 were dated
based on the distribution of '¥’Cs, 2!°Pb, and ??°Ra iso-
tope activities. The measurements were carried out by
employees of the V. S. Sobolev Institute of Geology and
Mineralogy SB RAS (Novosibirsk). Before sampling, a
YSI EXO2 multi-parameter water quality sonde (Yellow
Springs, Ohio, USA) was used to measure vertical pro-
files of temperature, conductivity, dissolved oxygen
content, and redox potential. The chemical composi-
tion of water was analyzed in the analytical laboratory
of the Institute of Biophysics, SB RAS. For DNA analy-
sis of haptophyte algae, water samples were collected
near sediment sampling sites from 13 lakes in which
alkenones were detected. DNA extraction, amplifica-
tion, and sequencing were performed at the Genomics
Core Facility SB RAS (ICBFM SB RAS, Novosibirsk).
Phylogenetic tree construction was performed using
the MEGA X molecular evolutionary genetics analysis
program.

Long-chain alkenones were extracted 24 h with a
mixture of chloroform and methanol (7:3, v/v) with 50
uL of hexatriacontane (C,,). The mixture was filtered,
evaporated, then saponified with 5 mL of 6% KOH
to separate fatty acids from neutral lipids. A GC-MS
7890/5975C gas chromatograph (Agilent Technologies,
USA) with a VF-200MS capillary column (60 m x 250
pum X 0.10 pum) was used to separate the components.

Redundancy analysis (RDA) was performed in
the R software environment (http://www.R-project.
org; R Development Core Team) using “vegan” pack-
age. To make the data more comparable and to elimi-
nate the influence of measurement scale, all data were
log +1 transformed and standardized by Hellinger.

3. Results and discussion

The lakes differed significantly in salinity and
other characteristics. Salinity ranged from 0.02 to 44
g 11 and depth ranged from 0.9 to 44 m. The four lakes
in which alkenones were not detected were freshwater
lakes. The alkenone concentrations in surface sediments
varied widely from 4 to 7400 pg (g dry sediment)! and
increased at salinities around 20 g 1-!. These results
indicate the possibility of using alkenones as a qualita-
tive indicator of transitions through the critical value of
20 g I in paleoreconstructions of saline lakes with sig-
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nificant fluctuations in water level (and, consequently,
salinity). The obtained data for the studied lakes con-
firm the conclusions of Zhao et al. (2014) that the
average chain length of alkenones in surface sediments
increases with increasing salinity and can be used as an
indicator of salinity. The C, /C,, alkenone ratio ranged
from 1.11 to 3.54, which indicates the possibility of
using this index as a paleo-indicator of salinity. The

found correlation between Uj, and U indices with
salinity indicates their potential for paleosalinity recon-
struction. Also a positive correlation with salinity of the

U £38 index was found. The data were analysed using
the RDA (redundancy analysis) method. The lakes were
divided into three groups: saline stratified, freshwater
and other saline lakes. Alkenones were detected only
in the saline lakes present in the first and third groups.
The total content of alkenones was strongly correlated
with salinity.

The age of the sediment core from Lake Utichie-3
was about 150 years. The alkenone content qualita-
tively reflected the changes in lake salinity, in partic-
ular, it increased with the recorded increase in salin-
ity in the sediments corresponding to the period of the

1920s. The indexes Uj,, U, UL, as well as the
average chain length and C,,/C,, ratio showed a posi-
tive correlation with salinity identical to that observed
in a study of surface sediments (core-top study), which
generally confirms the conclusions that DCA content
in sediments reflects changes in lake level and salinity
and can be used as a paleo-indicator for reconstructing
these characteristics.

Four phylotypes belonging to the order
Isochrysidales were found in samples from 13 lakes.
Phylogenetic analysis showed that these phylotypes
belong to Group 2 alkenone-producers, which is typical
of saline continental lakes. Genetically similar related
sequences were found in Canadian Prairies lakes, which
can be explained by similar habitat conditions. Only in
the slightly saline Lake Matarak a phylotype belonging
to Group 1, which is specific for freshwater lakes.

4. Conclusions

The content of DCA in saline lakes of the North
Minusinsk valley depends on salinity. In freshwater
lakes, alkenonones are not detected, whereas in saline
lakes their content reaches a maximum at a salinity of
about 20 1. Thus, DCA in bottom sediments can be
used as a paleo-indicator of lacustrine salinity. Analysis
of the bottom sediment core of Lake Utichie-3 con-
firmed that the alkenone content reflects changes in
water level and salinity. Thus, DCA can be used as a
paleo-indicator of climate-driven changes in salinity in
endorheic lakes and, consequently, of climate humid-
ity. The taxonomic composition of alkenone-producers
in salt lakes of the North Minusinsk valley is compara-
ble to other regions of the world with similar climatic
conditions, for example, in prairie regions of North
America.
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AHHOTAILUAA. HccnenoBanrue OMOXUMHYECKUX TEPMO- M COJIEYYBCTBUTEJIBHBIX MapKepoB AJIMHHOILIe-
IIOYEYHBIX aJIKEHOHOB B JOHHBIX OTJI0XKeHUAX 03ep CeBepo-MHUHYCHHCKOM KOTJIOBUHBL ABJIAETCS BaXXHBIM
BKJIaJIOM B MOHMMaHNe KJIMMaTHYeCKUX M3MeHEeHUH MaHHOTO perrvoHa. Beuio BBIABJIEHO, 4TO OOIiee
cojlepkaHue aJJKeHOHOB B IOBEPXHOCTHBIX CJIOSX JOHHBIX OTJIOXKEHHUI COJIEHBIX 03ep 3HAUYUTEJIbHO yBe-
JINYMBaeTCs Ipy cosieHocTy okoiio 20 r orl. Takxke 06HApPyXeHO, YTO CPpeHsAA AJIMHA IeNH aJIKEHOHOB B
IIOBEPXHOCTHBIX CJIOAX YBEJIMYMBAETCS C YBeJIMYeHHEM COJIEHOCTH U MOXeT CIIy>KUTb ee MHAUKATOPOM,
a coorHoleHre aJkeHoHOB C, /C, K0JIe6JIETCS B IIMPOKKUX MpeJesiaX, YTO YKa3hbiBAET Ha BO3SMOXHOCTb
HCIIOJIb30BaHUsA NaHHOTO MHJeKca B KaueCTBe Iajieo-MHAMKATOpa COJIEHOCTHU. Bricokas koppesAnuA

mexy unaekcamu U ﬁ] , U 40' nU 31238 C COJIEHOCTBIO, YKA3bIBAET HA MX MMOTEHIUA 111 PEKOHCTPYKIUU
najeocoJsieHocTu. [loaydyeHHble QYHKIMOHAIBHBIE 3aBUCHMOCTU OBUIM JOMOJIHUTEIBHO MPOBEPEHHI B
KepHe JJOHHBIX OTJIOXKEHUI o3epa YTuube-3 U HOATBEPAIIIN BO3MOXHOCTH HCIIOJIb30BAHUSA aJIKEHOHOB
B KayecTBe MaJIe0-MHANKATOpa KJIMMAaTUYeCKH 00YCIIOBJIEHHBIX U3MEHEHU! COJIEHOCTH B GECCTOYHBIX
o3epax. TaKCOHOMHYECKUI COCTaB ranTo(®UTOBBIX BOJOPOCJIEN U COCTAB aJIKEHOHOB B KCCJIETyEMbIX
03epax OBUIM COIOCTABUMEI C 03€PAMHU CTEMHBIX palioHOB CeBepHOIl AMEPUKH.

Kitiouegsie cjt1o8a: NjIMHHOIEIOYEYHBIE aJIKEHOHBI, UHAWKATOP COJIEHOCTU, JOHHBIE OTJIOXKEHUS, TanTOOUTOBEIE
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1. Beepenue BpeMs HauboJiee NepCleKTUBHBIMU ABJIAIOTCA TEPMO-

1 COJIeUyBCTBUTEJIbHBIE OMOXMMHYECKHe MapKephl —
[IOJIMHEHAaCHIleHHble JJIMHHOLleNoYeYHble aJIKeHOHBI
(AA). AUA - sto C,-C,, METUJI- U STUIIKETOHH C
2-4 MBOVHBIMU CBA3AMU, CUHTE3UpyeMble ranToduTo-
BBIMHU BOAOPOCIAMM mopsika Isochrysidales. B koHTH-
HEeHTaJIbHBIX BOAOEMax PEeKOHCTPYKLUA TeMIepaTyphbl
no JJUA 3aTpyAHeHa u3-3a IPUCYTCTBUS HECKOJIBKUX
BUJIOB, MO-pa3HOMy pearvpymoliux Ha Temueparypy,
O[HAKO PeKOHCTPYKILNSA COJIEHOCTH ABJIAETCA He MeHee
BaXXHOM 3a/jauel, 1 B HACTOsIIIlee BpeMsI BeyTCA aKTUB-
HBIe MICCIEOBAaHUSA B 3TOM HampasJyieHuu (Zhao et al.,

Mogenu kaumatudeckux GJIyKTyalyil B BEICO-
KUX upoTax A3ny, Takux Kak Cubups, U3y4eHbl HeJl0-
cratouHo (Novenko et al., 2022). CeBepo-MuHycHHCKas
KOTJIOBHMHA IIpeficTaBJisAeT 60JIbIION NHTEepeC JIA faje-
OKJINMAaTU4eCcKuX HccjiefoBaHuil. JJOHHbBIe OTJIOXEHUA
03ep — OJMH W3 JIyYIINX NPHUPOAHBIX «apXHUBOB» KJIU-
MaTa. B apuaHbBIX U HOJIyapUHBIX perHOHax YpOBEHb
BOJbl 0€CCTOYHBIX O3ep UyBCTBUTEJIbHO pearupyeT Ha
fajlaHC «OCaJKH-UCNIapeHue» U3MeHeHueM obbema
BOJIbl 1 COJIEHOCTH, OJTHAKO HaJIeKHBIX YHHBEPCaJIbHBIX
ajieo-MHANKaTOPOB COJIEHOCTH [T0Ka HeT. B rocieqHee
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2014; Bulkhin et al., 2023). ®yHKUWOHAJIbHBIE 3aBU-
CUMOCTH, TOJIyYeHHble IyTeM CpaBHEHHUA COCTaBa
JLIA B NOBEPXHOCTHBIX CJIOSIX OCAAKOB C COJIEHOCTHIO
(core-top kKanMOPOBKU) — ABJIAETCA KOCBEHHBIMU, U UX
JIydiiedl mpoBepkoil sABJyisseTcs aHanu3 LA B KepHe
o3epa Ytuube-3 (down-core), i KOTOPOTO MMEIOTCS
WHCTPYMEHTaJIbHble HaOJIo/leHHUsl 3a COJIEHOCTHIO U
ypoBHeM BOJbl. TakuM o6pa3oM, ILeJibl0 HACTOSIIETO
HccsieJOBaHUA SBJISIETCS aHAJIN3 3aBUCUMOCTU COCTaBa
JUIMHHOI[ETIOYEYHBIX aJIKEHOHOB U UX NPOJYLIEHTOB OT
busrKo-xuMHYeckux HakTopoB cpesl B JOHHBIX OTJIO-
xeHuAx ozep CeBepo-MUHYCHHCKON KOTJIOBUHHL, a
TaKXe OIleHKAa BO3MOXHOCTU HCIIOJIb30BAHUA AJIKEHO-
HOB B KauecTBe UHANKATOPOB JJIA TaJIe0JIMMHOJIOTHYe-
CKUX PeKOHCTPYKLUI COJIEHOCTH.

2. MaTepuanbl U MeTOADI

B utosre 2019 roga, mae 2020 rona u utosie 2021
roja 13 IeHTpaJIbHOU 4acTu 22 03ep, pacnoJIOXeHHBIX
B CeBepo-MHHYCHHCKOI KOTJIOBHHE, C IIOMOIIBIO I'pa-
BuTanuoHHoro npo6oorbopHuka UWITEC (ABcTpus)
ObLIM  B3ATHL IIPOOBl IOBEPXHOCTHBIX OTJIOXKEHUH.
B mapre 2015 roma u3 IjeHTpaJIbHOM dYacTU o3epa
YTuube-3 depe3 npopyOb BO JibAy OB U3BJIEUEH KEPH
JIOHHBIX OTJIOKEHUH AJIMHON 67 cM. JJoHHBIe OTJIOXe-
HUA o3epa YTuube-3 ObLJIM JaTHPOBaHBl HA OCHOBE pac-
npeJieJieHnsA akTUBHOCTel n30TomoB ¥7Cs, 2!°Pb u 226Ra.
H3mepeHus NmpoBOoAWINCh cOTpyAHuMKaMu HHcTutyTa
reosioruu u MuHepasoruu um. B. C. CobosieBa CO PAH
(r. HoBocubupck). [lepess ot6opoM npob 1MCIoI530BaIn
MOTPYXHON MHOTOKaHaJIbHBIN 30HA YSI EXO2 (Yellow
Springs, Ohio, USA) g u3MepeHUs BepTUKAJIBHBIX
npoduiiel TeMrepaTypsl, IPOBOAUMOCTH, COAepPXKaHUA
PacTBOPEHHOI0 KMCJIOPOJAa 1 peAoKc-IoTeHIuaa. [
ananuza [JHK rantopuToBbIX BOAOpPOCJIel OTOMpaInch
npo6sl BoABI BOJIM3M MecT 0TOopa JJOHHBIX OTJIOXKEHUI
u3 13 o3ep, B KOTOPBIX ObLJIN OOHAPYXeEHbI aJIKEHOHHI.
Beipernienue, ammndukanuo U cekBeHrupoBaHue JTHK
ocymectssuin B LIKII «'eHomuka» CO PAH (UXBOM
CO PAH, r. HoBocubupck). i noctpoenus dusore-
HeTHUYeCcKOoro flepeBa MCI0JIb30BaIach IporpaMmMa aHa-
J3a MOJIEKYJIApPHOM 5BOJIIOIIMOHHON reHetuku MEGA
X.

JlmrHHOLlenoYeuHble aJIKeHOHBI 3KCTParupoBain
24 yaca cMmechio xjiopodopma u MetaHona (7:3, v/v) ¢
50 Mkt rexcarpuakonrana (C,,). CMecb GuiIbTpoBa,
BBIITApHBaJId, 3aTeM OMbUIAIM S M 6% KOH miia otae-
JIeHVs XUPHBIX KUCJIOT OT HeHUTpaJIbHBIX JIUNUIO0B. [[714
pasfesieHnsA KOMIIOHEHTOB HCII0JIb30BaJjIi ra30BHIl Xpo-
matorpad I'X-MC 7890/5975C (Agilent Technologies,
CIIA) c xanwuisipHOU KoJjioHkou VF-200MS (60 m X
250 MkM X 0.10 MxMm).

B nporpammuoii cpefie R (http://www.R-project.
org; R Development Core Team) BBHIOJHAIN MHOTO-
MepHBIN aHasm3 metogoM RDA (redundancy analysis,
aHanyM3 M30BITOYHOCTH) C HCIOJIb30BaHHWEM IIaKeTa
vegan. UYToOBl cAesaTh [OaHHBIE OoJjiee CONOCTaBH-
MBIMH M YCTPaHUTb BJMAHME MacIiTaboB M3MepeHUM,
BCce OaHHbIe mnpenBaputesibHo Obut (log+1) TpaHc-
dopMupOBaHH U CTaHAAPTHU30BaHBI N0 XeJUTUHIXEPY
(Hellinger).

290

3. Pe3yAabTatbl M 06Ccy)xpeHue

Osepa 3HAUYMUTEIbHO Pa3jIN4ajIuch IO COJIEHOCTU
U ApyruM xapakTepuctukam. CojieHOCTh BapbUpoBaa
ot 0.02 1o 44 r 1!, a rory6uHa — ot 0.9 go 44 M. YeTsipe
03epa, B KOTOPHIX He AeTeKTHPOBaJINCh aJIKeHOHB! ObLIN
npecHeiMu. CoJiepkaHue ajIkeHOHOB B IIOBEPXHOCTHBIX
CJIOSIX JOHHBIX OTJIOXKEHU! MeHsJIoCh B MIMPOKOM Jua-
ma3oHe oT 4 1o 7400 MKr (r cyxoro ocagka)! u yBesu-
YHBAJIOCH [IPU COJIEHOCTSIX 0K0J10 20 1 Jrl. DTH pe3yib-
TaThl YyKa3plBalOT Ha BO3MOXHOCTb MCIIOJIb30BaHUA
QJIKEHOHOB B KauyecTBe KayeCcTBEHHOI'O0 WHAWKaTopa
IEPEeXO0/I0B Yepe3 Kputuyeckoe 3HaveHue 20 r Jr! mpu
[1aJIEOPEKOHCTPYKLUAX COJIEHBIX 03ep €O 3HAuUTeJlb-
HBIMU KOJIeOaHUAMU YPOBHS BOAH (U, caefoBaTe/IbHO,
cosieHocTH). IlosTyueHHbIe pe3yJsIbTaThl 10 HMCCileJOBaH-
HBIM 03€epaM MOATBEPXKIar0T BHIBOAB Zhao et al. (2014)
0 TOM, YTO CpefHsAA JJIMHA I[elld aJIKEHOHOB B IIOBEpPX-
HOCTHBIX OTJIOXEHUAX yBeJMYUBaeTcs C yBeJuue-
HHEeM COJIEHOCTH U MOXeT CJIYXHUTb ee NHAUKATOPOM.
CooTHomenue ankeHoHOB C,,/C,, BappvpOBasoCh OT
1.11 go 3.54, 4TO yKa3biBaeT Ha BO3MOXHOCTb HCIIOJIb-
30BaHUA JaHHOIO MHJIeKca B KadyecTBe Majleo-UHANKa-
Topa coJieHocTh. OOHapyXeHHas KOppesAnus MexXay

K K'
nngexcamu Uy u U, c coseHOCTbIO yKa3biBaeT Ha
WX NOTEeHLIUAaJ JJiA PEeKOHCTPYKIMH I1aJe0COJIeHOCTH.
Taxxe ObLIa BBIABJIEHA IOJIOXKUTEJIBHAS KOPPEAIUA

C COJIEHOCTBIO HMHAeKCca U3’§'38. [NosryyeHHBIE AaHHEBIE
OBLIM [IpOaHAJIM3HPOBaHHl C MCIOJb30BaHUEM MeToAa
RDA (ananu3 uzbsitouHocTu). O3epa pasfeniuch Ha
TPU I'PYNIEL: COJIeHble CTpaTU(GULIPOBaHHbIe, IIPECHBIe
U Apyrue coJieHble o3epa. AJIKeHOHHI ObUIM OOHapy-
JKEHBl TOJIBKO B COJIEHBIX O3epaX, NPUCYTCTBYIOIIUX B
nepBoi U TpeThell rpymnmnax. Obiiee cofepxaHue ajke-
HOHOB CHJIBHO KOPPEeJIPOBAJIO C COJIEHOCTHIO.

Bospact kepHa u3 o3epa YTuube-3 COCTaBHUJI
okosio 150 siet. CofepxaHue ajJJKeHOHOB Ka4eCTBEHHO
OoTpaxajio U3MeHeHHUs COJIEHOCTU 03epa, B YaCTHOCTH,
OHO YBEJIMYMBAJIOCH C 3a[0KYMEHTHPOBAHHBIM YBeJIN-
YeHHeM COJIEHOCTH B CJIOAX, COOTBETCTBYIOLIUX Iepu-
ozty 1920-x rozos. Uugexest Ujy, UL, UL, a raxxe
cpefHAs AyiMHA uenu u otHoiuenue C, /C,. mokasanu
IIOJIOKUTEJIBHYI0 KOPPeJIALMI0 C COJIEHOCTBIO, aHaJlo-
rMYHyl0 HaOJlloJaeMoH B MCCJIeJOBAHUM NOBEPXHOCT-
HBIX CJIOEB JOHHBIX OTJIOXeHuil (core-top wuccieno-
BaHUU), YTO B I€JIOM IOATBEPXXJAaeT BBIBOABL O TOM,
yTo cofepxaHue J[LIA B AOHHBIX OTJIOXKEHUAX OTpa-
KaeT M3MeHeHNs YPOBHA U COJIEHOCTU BOJBI B 03€pe U
MOXeT MCII0JIb30BaThCA B KayecTBe Najieo-uHANKaTopa
JUIA PEKOHCTPYKIMH 3TUX XapaKTepPUCTUK.

B oGpasnax u3 13 o3ep 651710 06HAPYKEHO UETHIpE
duoTuna, npuHaaIexanux K mnopaaky Isochrysidales.
dusioreHeTUYECKU aHaIM3 MOKasasl, 4TO 3TU (PUio-
TUINBl OTHOCATCA K I'pynme 2 ajikeHOH-IPOAYLIEHTOB,
KOTOpas XapakTepHa AJjiA COJI€HBIX KOHTHHEHTAaJIbHBIX
o3ep. bim3kue reHeTudyecKd POACTBEHHBIE IOCJIENO-
BaTeJIbHOCTU OblJIM OOHapy’keHHl B o3epax Kanajckux
IIpepuii, YTO MOXHO OOBACHUTH CXOXHMH yCJIOBUAMU
obutaHusa. Tospko B ciabocosieHOM o3epe Marapak
O6b1 oOHapyxeH ¢uuotun I'pynnel 1, xapakTepHBIN
JUIA TIPECHBIX 03€ep.
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4. 3aknioueHue

Copepxanue JILIA B coseHbix o3epax Cesepo-
MuHYCHHCKON KOTJIOBUHBI 3aBUCUT OT COJIEHOCTH.
B mpecHBIX BoAoeMax aJKEHOHOHH He OOHapyXeHBI,
TOT]a KaK B COJIEHBIX UX COAEPXKaHUe JOCTUTAeT MaKCH-
MyMa npu cojieHocTy okoJio 20 r orl. Takum o6pazom,
JLUA B OOHHBIX OTJIOXEHUAX MOTYT UCIIOJIb30BaThCA
KaKk I@ajJeo-WHAVUKATOp COJIEHOCTU oO3epa. AHanmu3
KepHa JOHHBIX OTJIOXEHUH o3epa YTuube-3 MOATBEp-
AWJI, YTO COAEepXaHWE AJIKEHOHOB OTPAXAEeT HM3MeHe-
HUA YPOBHA U COJIEHOCTHU BoAbl. TakuM o6pasoMm, LA
MOTyT MCIOJIb30BaThCA KaK IaJeo-WHAUKATOp KJIU-
MaTH4YecKu OOYCJIOBJIEHHBIX M3MeHEeHHUIl COJIEHOCTH B
OeccTOYHBIX O3epax, a CcjefoBaTesIbHO, U BJIAXKHOCTHU
KiauMaTa. TakCOHOMMYeCKHMH COCTaB aJIkeHOH-TIPO-
OYLIEHTOB B coJieHbIX o3epax CeBepo-MUHYCHHCKOH
KOTJIOBUHBl aHAJIOTUYeH COCTaBy IMPOAYLIEHTOB ApY-
TAX PErMOHOB MHpa C NOAOOHBIMU KJIMMaTUYECKUMU
yCJI0BUsAMH, HallpuMep, B CTeNHHIX palioHax CeBepHOM
Awmepuku.

BbAaaropapHoCTH

Pa6ora BeImosTHeHa pY (PUHAHCOBOMU MO IePKKe
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Vegetation and climate of southern
Siberia in the Late Holocene at decadal
resolution: a multiproxy study of the Lake
Shira lacustrine sediments, Minusa Basin

Bezrukova E.V.1*, Reshetova S.A.!, Amosova A.A.!, Shchetnikov A.A.%, Zykov V.V.3,
Chubarov V.M.!, Bulkhin A.O.}, Filinov I.A.!, Krainov M.A.!, Rogozin D.Y.?

' Vinogradov Institute of Geochemistry SB RAS, Favorsky St., 1A, Irkutsk, 66403, Russia
2 Institute of the Earth Crust SB RAS, Lermontov St., 128, Irkutsk, 66403, Russia
3 Institute of Biophysics SB RAS, Akademgorodok, 50, Krasnoyarsk, 660036, Russia

ABSTRACT. New AMS!C-dated records of changes in the natural environment of southern Siberia from
varve sediments of Lake Shira (Minusinsk Basin) are presented. The results allow reconstructing the his-
tory of vegetation, biomes, climate, relative productivity of the lake system, changes in the lake catch-
ment erosion, and water levels in the lake itself over the past 2980 cal. years with an average temporal
resolution of 21 years. The new reconstructions indicate a wet regional climate between 2980 and 2650
cal yr BP and its gradual aridization later. At the same time, the climate of the basin itself was more
arid, thus providing the development of steppe and meadow-steppe communities around the lake in the
last 2980 years. Variations in the Artemisia/Chenopodiaceae pollen ratio, considered as an indicator
of moisture available to plants, suggest a slight increase in the moisture level in the Minusa Basin from
2980 to 50 cal yr BP and its noticeable decrease in the last 50 years. Reconstructions show that changes
in vegetation around Lake Shira in the Late Holocene were mainly caused by large-scale circulation pro-
cesses that changed the regional moisture balance. Steppe vegetation turned out to be very sensitive to
moisture changes on a decadal scale. No clear pollen indicators of anthropogenic impact on vegetation
were found in the new pollen record.

Keywords: palynomorphs, variations of regional moistening, large-scale circulation processes, anthropogenic
impact
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a multiproxy study of the Lake Shira lacustrine sediments, Minusa Basin // Limnology and Freshwater Biology. 2024. - No 4.
- P. 292-297. DOI: 10.31951/2658-3518-2024-A-4-292

1. Introduction

The bottom sediments of Lake Shira are recog-
nized as the most valuable archive of Holocene climate
changes due to the presence of annually laminated
series - varves in its sediments (Kalugin et al., 2013),
which makes it possible to obtain reconstructions of the
natural environment with season-decadal resolution.
The proposed new palynological record from the upper
part of the Shira-2021-II-1 core is 530 years older than
the previous one (Hildebrandt et al., 2015), allowing us
to reconstruct the history of the natural environment
for the last 2980 years.
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2. Materials and methods

The close, meromictic, saline Lake Shira is
located in the Khakassky State Nature Reserve. The sur-
face area of the lake is 36 km?, maximum water depth is
25 m. The lake is fed by the Son River. Other sources of
water are groundwater and atmospheric precipitation
(Kalugin et al., 2013). The climate of the area is conti-
nental, arid. The vegetation in the north of the Minusa
Basin is dominated by steppes and forest-steppes. The
foothills are occupied by forests consisting of larch
Larix sibirica and, to a lesser extent, pine Pinus sylves-
tris. Forests of birch Betula, pine, spruce Picea obovata,

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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fir Abies sibirica, Siberian pine Pinus sibirica form the
mountain taiga belt of the ridges around the basin.
In the vicinity of Lake Shira, meadow-steppe associ-
ations with the dominance of grass Poaceae, legumes
Fabaceae, complex-flowered Asteraceae, wormwood
Artemisia prevail. Larch, birch, poplar Populus, pine,
elm Ulmus pumila, willow Salix grow along the shores.
In 2021, in the deepest part of the lake, the UWITEC
drilling station drilled a borehole through the bottom
sediments to bedrock, with core sampling of the undis-
turbed structure. To date, the upper, 144-cm portion of
the sediment section from borehole Shira-2021-II-1 has
been studied. The age-depth model is based on “C dat-
ing with accelerator mass-spectrometry. Every centime-
ter of sediment was analyzed for palynological, X-ray
fluorescence analysis, and physical property determi-
nations. Green algae cells, micro-charcoals larger than
100 pum were counted on pollen slides.

3. Results and discussion

The sediments in the Shira-2021-II-1 core were
formed during the last 2980 years and are represented
by an alternation of multicolored layers, within which
thin-laminated layering is traceable. The sediment
composition is dominated by clay fraction. The recon-
structions suggest the development of meadow-steppe
associations on the plains of the north of the Minusa
Basin. On the tops of hills larch was growing in the con-
tinental and insufficiently humid climate of the basin
2980-2650 BP, which is also supported by low values
of A/Ch ratio. However, the elevated values of the cool
coniferous forest biome indicate more humid condi-
tions in the mountainous frame of the basin, which cor-
responds to the humid and cool climate of the Sayan-
Altai region 3000-2300 BP (Bronnikova et al., 2018). It
is important to note that 2950-2750 BP the lake accu-
mulated organic matter-poor “whitish” silts, which are
characteristic of the intervals of the holomictic state of
the lake system and lowered water level (Kalugin et al.,
2013). Probably, the colder climate could have contrib-
uted to reduced evaporation/increased moisture and
the emergence of favorable conditions for dark conifer-
ous tree species in the mountains.

Later, 2650-880 BP, the role of meadow-steppe
associations increased in the north of the Minusa
Basin. In the surrounding mountains, the dark conif-
erous species decreased or their lower limit increased.
Reconstructions suggest a continental, insufficiently
humid regional climate, which, however, was inter-
rupted by short episodes of increased moisture, as evi-
denced by the maximum A/Ch values of 2040, 1980,
and 1850 BP. The layer of “whitish” silts, correspond-
ing to cooling, was formed 2090-1950 BP. Cooling
resulted in reduced evaporation, providing sufficient
moisture for meadow-steppe communities and the cold
deciduous forest biome 2650-880 BP.

Forb-grass steppes kept prevailing between 880-
50 BP. Since 120-100 BP, wet habitats favorable to
poplar, Ranunculaceae, Cyperaceae, appeared along
the lake shores, possibly indicating an expansion of the
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riparian/shallow-water zone.

The increased role of birch in the last 50 years
coincides in time with a similar event from the LS09
record, confirming the reliability of the age models of
both records and their high temporal resolution. The
spread of birch could be a consequence of the trans-
formation of local landscapes due to the construction
of resort areas around Lake Shira (Hildebrandt et al.,
2015). The dramatically increased input of sand and
silt size particles into the lake in the last 50 years may
also be a consequence of increased anthropogenical-
ly-induced erosion along with aeolian input.

Comparison of the micro-charcoals input
variations in the Shira-2021-1I-1 record with the
sequence of Bronze and Iron Age cultures in Khakassia
(Blyakharchuk and Chernova, 2013) demonstrates an
increased micro-charcoals input in the final Tagar cul-
ture, middle Tashtyk, first half of the Kyrgyz cultures,
and in the modern period. Moreover, the last 50-40
years are characterized by a constantly high input of
micro-charcoals into the sediments of Lake Shira.

Comparison of A/Ch variations with air tempera-
ture fluctuations in the North Atlantic Region shows
that during the last 2980 years, nearly every A/Ch peak
has its counterpart in the in the NGRIP isotope-oxygen
record from Greenland. This may imply that the mois-
ture conditions in the north of the Minusa Basin reflect
the decadal variability in the North Atlantic tempera-
ture westerly-associated moisture transport.

4. Conclusion

The record of pollen and non-pollen palyno-
morphs extracted from the annually laminated sedi-
ment of Lake Shira covers the past 2980 year with an
average 21-year resolution. This unique sedimentary
archive allows a detailed reconstruction of the lake
ecosystem development, and regional vegetation and
climate dynamics.

The reconstructions show a relatively wet
regional climate at 2980-2650 BP and a more arid
sub-regional climate in the basin. Variations in the A/Ch
ratio suggest a slight increase in moisture in the basin
between 2980 and 50 BP and a marked decrease in the
last 50 years. However, this increase was interrupted
by short intervals of increased climate aridization. The
maximum input of micro-charcoals for the last 2980
years falls on the existence of Takshtyk, Kyrghyz cul-
tures and the Russian period, but whether it was caused
by anthropogenic influence only it is difficult to deter-
mine at this stage of research.

The reconstructions showed that changes in the
vegetation around Lake Shira in the late Holocene were
mainly due to large-scale circulation processes that
changed the moisture balance in the region. In the new
pollen record, as in the previous one, no clear pollen
indicators of anthropogenic influence on vegetation
were found. Only a noticeable increase in birch pollen
in the last 50 years may indicate landscaping around
resort areas.
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PacTUTeAbLHOCTb U KAMMAT tora Cubupm

B NO3AHENM ronoueHe C AeKaAHbIM
pa3pelieHueM: pe3yAbTaTbl KOMNAEKCHOro
H3YUYEeHHA AOHHbIX OTAOXKEeHUM 03. Llliupa,
MuHYCHHCKasA KOTAOBHHA

Be3pykoBa E.B.'*, PemetoBa C.A.!, AMocoBa A.A.!, IlleTHnkoB A.A.?, 3p1k0B B.B.3,
Yyb6apos B.M.!, Bysbxun A.O.3, dunuHoB U.A.%, Kpatinos M.A.!, Poro3usx /1.10.3

THncmumym eeoxumuu um. A.I1. BuHoepadosa CO PAH, yn. @asopckoeo, 1A Hpkymck, 66403, Poccua
2HHcmumym 3emHoll kopet CO PAH, ys1. Jlepmonmoaa, 128, Hpkymck, 66403, Poccus
SHHcmumym 6uogusuku CO PAH, Akademeopodok, 50, 660036 KpacHoapck, Poccua

AHHOTAILIUA. Pesiome IlpencraBieHbl HOBbie, AMSC gaTUpoBaHHBIE 3alMCU W3MEHEHUs MPUPO-
HOU cpefsl fora Cubupu U3 BapBOBbIX OTJIOKeHUH 03. [llupa (MuHycuHcKkas KOTJIOBUHA). Pe3ybTaThl
[I03BOJIWJIM PEKOHCTPYHPOBAaTh NCTOPUIO PACTUTEJIbHOCTH, OMOMOB, KJIMMaTa, OTHOCUTEIbHON IIPOAYK-
TUBHOCTU O3EPHOI CHCTEMBI, U3MEHEHUE 3PO3UM B BOAOCOOPHOM OacceiiHe M YPOBHS BOJBI B CaMOM
o3epe 3a nociegaue 2980 kaauodp. JIET co cpeTHMM BpeMeHHBIM pa3pemieHrieM B 21 roz. HoBele pekoH-
CTPYKLMU YKa3bIBAIOT HA BJIAXXHBIN pernoHasbHbIN KauMat 2980-2650 JI.H. U ero nocreneHHyo apuau-
3anuio nozaHee. [Ipu aToM KJIMMAaT caMoOi KOTJIOBUHEL ObLI apujiHee, obeclieunBas pa3BUTHE CTEITHBIX
U JIyrOBO-CTENHBIX IPYyNIUPOBOK BOKPYT 03epa B nociieqHue 2980 yieT. Bapruanuy OTHOLIEHWS MBUIBLBI
Artemisia/Chenopodiaceae, paccmMaTprBaeMoOro Kak IMokas3aTeJib JOCTYITHOM pacTEeHUSAM BJjIarH, Tpem-
moJiaraloT HeGoJIbIlIOe MOBBINIEHNE YPOBHs Bjaru B MuHycuHCKoON KotTjioBuHe 2980 — 70 JL.H. U ero
3aMeTHOe CHIXeHUe B nocjiegHue 70 jieT. PeKOHCTpyKIMK TOKa3al, 4YTO N3MeHeHUs pacTUTeJIbHOCTU
BOKpyT o3epa Illupa B mo3agHeM roJiolieHe ObLIM OOYCJIOBJIEHBI, TJIaBHBIM 00pa3oM, KPYMHOMAaCHITa0-
HBIMU IUPKYJIAIMOHHBIMU IIpolieccaMy, MeHABIIMMH OajaHcC Bjard B peruoHe. HaubGosiee uyBCTBU-
TeJIbHBIMU K M3MeHeHMAM yBJIaXHeH!s B AeKaJHOM MacliTabe oka3ajuCh CTeIHble IPyNNHUpPOBKHU. B
HOBOMU IBUIBLIEBOM 3amycy He OBbLJIO HAaleHO YeTKUX IbUIbLIEBBIX MMOKa3aTeseil aHTPONOTeHHOI'O BJIHsA-
HHA Ha PacTUTEJIbHOCTD.

Kitioueasie ciiosa: nanuHoMopdHl, Bapualyuy perioHabHOTO yBjlaXKHeHUs, KpyITHOMaclITaOHble
IIUPKYJIALVOHHEBIE [IPOLlecChl, aHTPOIIOI'eHHOE BO3/eliCTBIe

Jlna nutupoBaHus: bespykosa E.B., Pemerosa C.A., AMocoBa A.A., IlletHukoB A.A., 3pikoB B.B., UyGapos B.M., Bysibxun A.O.,
®unuHoB U.A., KpaitHoB M.A., Poro3un /[.10. PacTuTtenpHOCTh U KJMMaT tora CuOupu B MO34HEM ToJIOLleHe ¢ JeKagHbIM pas-
pelIleHreM: pe3yJIbTaThl KOMILJIEKCHOTO M3YYeHUs JOHHBIX OTJIOXeHuil 03. [llupa, MuHycuHckas KotjioBuHa // Limnology and
Freshwater Biology. 2024. - No 4. - C. 292-297. DOI: 10.31951/2658-3518-2024-A-4-292

1. BBeaenue

JonHele oTiioxeHusa o3. [Ilupa npusHaHH LieH-
HeHIINM apXUBOM TOJIOIIEHOBBIX IIPHUPOAHO-KJIMMATH-
YeCcKUX M3MeHeHUH OJiarofgaps HaJM4Yui0 B ero ocaj-
KaX FOJUYHO-CJIOUCTHIX cepuil — Baps (Kalugin et al.,
2013), yTo MO3BOJIAET MOJIy4aTh PEKOHCTPYKIUU NIPU-
POOHOI cpefnl ¢ pa3pellleHUeM B Ce30H-AeCATUIIeTUA.
[Ipennaraemas HoBasA MaJIMHOJIOTHYecKas 3alllCh U3
BepxHell yactu KepHa Shira-2021-II-1 oxasajace Ha
530 setr apeeHee mpenpiayiiei (Hildebrandt et al.,
2015), n03B0JIMB PEKOHCTPYHUPOBATh UCTOPUIO IIPUPOA-
HOMH cpefpl 3a nociaenuue 2980 ser.
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Anpec e-mail: bezrukova@igc.irk.ru (E.B. Be3pykoBa)
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2. MaTtepuanbl U MeTOAbI

beccTouHoe, MepOMHMKTHYECKOE, COJIEHOe O3.
[upa pacnoiokeHO B XaKacCKOM TIOCyAapCTBEHHOM
IpUPOJHOM 3amoBefHUKe. Iliomanp NOBEPXHOCTU
o3epa cocrtaByieT 36 KM2, MakcuUMaJibHasg IJIyOWHA
BoAsl ~ 25 M. [IuTaHue o3epa OCyI[eCTBIAETCA Yepes p.
CoH. [[pyruMu NCTOYHHUKAMU BOJIBI CJIyXaT [IO3€MHBIE
BoAnl U atMocdepnsie ocaaku (Kalugin et al., 2013).
Knnmar palioHa KOHTMHEHTAJIbHBIN, 3aCylUIMBHI. B
pacTuTesIbHOCTH ceBepa MUHYCHHCKOI KOTJIOBUHBI
peobajalT cTenu U jecocTenu. IIpearopbs 3aHATH
JlecaMy U3 JIMCTBeHHHUIbI Larix sibirica v, B MeHbIIei

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Mepe, U3 COCHHI Pinus sylvestris. Jleca u3 6epe3nl Betula,
cocHbl, enu Picea obovata, muxthl Abies sibirica, kempa
cubupckoro Pinus sibirica GopMUPYIOT TOPHO-TaeXHBIH
1osic XxpeOTOB BOKPYT KOTJIOBHHBEL. BOsu3u o3. Iupa
npeobJiafaloT JIyTOBO-CTENHbIe acCOlally C IOCIOA-
CTBOM 3JIaKOBHIX Poaceae, 6060BbIx Fabaceae, cioxHo-
LIBETHhIX Asteraceae, moJibiHU Artemisia. Ilo 6eperam
pacreT JiMCTBeHHMIIQ, Oepe3a, Tonosb Populus, cocHa,
Ba3 Ulmus pumila, uBw Salix.

B 2021 roay B camoli riyboKkoil 4acTd o3epa
OypoBoii craniueii UWITEC 6blia mpoOypeHa cKBa-
’KMHA, BCKPhIBAIOIas MIOJIHYI0 MOIIHOCTE pa3pe3a I0H-
HBIX OTJIOXKEHHUU, C OTOOpPOM KepHa HeHapyIleHHOU
cTpykTyphl. K HacTosAleMy BpeMeHH M3ydyeHa Bepx-
HAA, 144-caHTUMeTpoBas 4YacTh pa3pe3a OTJIOXKEHUI
u3 ckBaxuHbl Shira-2021-1I-1. Mojesib BO3pacT-TJIy-
OuHa OCHOBaHa Ha pe3yjbrarax “C JaTUpoBaHUA C
YCKOPHUTEJIbHOM Macc-crieKTpoMeTpueil. A majauHo-
JIOTUYeCKOIo, PeHTreHo-(JIyOpecleHTHOIO aHaIn30B,
onpeneseHns GpU3NYECKUX CBOMCTB IIpOaHaJIM3UPOBaH
KaXIbIll CAHTUMETP OTJIOKeHUIl. Ha mbliblieBBIX criai-
Jax MpoBeJieH MoJcuYeT KJIETOK 3eJIeHbIX BOJAOpOocIel],
MUKpouacTull yrieii kpynHee 100 MKM.

3. Pe3ynabTatbl M 06Ccy)xpeHue

OtnoxeHus B kKepHe Shira-2021-I1I-1 ¢popmwupo-
Bajiuch B nociyeguue 2980 sieT U npefcTaBiIeHbl yepe-
JI0BaHVEeM Pa3HOLBETHHIX TOJIN], BHYTPX KOTOPHIX IIPO-
cJIeXXUBaeTcss TOHKO-JJaMUHMpOBaHHasA CJIOUCTOCTb. B
cocTaBe OTJIOXKeHUH ITpeobJiafaeT rIIMHUCTaA Qpakny.
PexoHCTpyKIMM NpeAnosaraoT pa3BUuTHe Ha paBHUHAX
ceBepa MUHHYCHHCKON KOTJIOBHMHBI ITOJIBIHHO-3JIaKO-
BO-pa3HOTPABHBIX JIyTOBO-CTENIHBIX TI'PYNIHUPOBOK, Ha
BepIIMHAX COIOK - JINCTBEHHUIIB B KOHTHHEHTAJIbHOM
U1 HEeIOCTaTOYHO BJIQXXKHOM KJIMMaTe KOTJIOBUHEI 2980-
2650 J1.H., 4TO noaAepXuBaeTcs U HU3KMMU 3HauyeHU-
samu Artemisia/Chenopodiaceae (A/Ch). IToBbieHHbIE
3HayeHus OuoMa IPOXJIAAHBIX XBOWHBIX JIECOB CBU-
JeTeJIbCTBYIOT O 0oJiee BJIQXHBIX YCJIOBUAX B FOPHOM
oOpaMJIeHNM KOTJIOBHUHBI, YTO COOTBETCTBYET BJIaX-
HOMy WU MpoxJlaAHOMy kiaumary CasgHo-AJTalicKoro
permona 3000-2300 n.H. (Bronnikova et al., 2018).
BaxHo otmetuTh, uTo 2950-2750 1.H. B 0O3epe Haka-
IJIMBaJINCh OelHble OPraHNYecKHUM BeIecTBOM «0Oeje-
Cble» WJIBI, XapaKTepHble JJI1 NHTePBaJIOB I'OJIOMUKTU-
YeCKOI0 COCTOSIHUA 03epHOM CHUCTeMBI 1 TOHMKEHHOI'0
ypoBH: Bozsl (Kalugin et al., 2013). BeposiTHO, 60Jtee
XOJIOAHBIM KJIMMAT M MOI CIOCOOCTBOBATh IOHMXEH-
HOMY HCIIapeHUI0 /MOBHIIEHHOMY YBJIQXXHEHHIO 1 BO3-
HUKHOBEHHIO B ropax OJIarOnpUATHHIX YCJIOBUH AOJiA
TeMHOXBOMHEIX J]peBeCHbIX B ropax.

[Moznnee, 2650-880 j1.H., Ha ceBepe MUHY CMHCKOM
KOTJIOBHHBI BO3POCJIa POJIb JIyTOBO-CTENHbIX IPYNIIHPO-
BOK. B rOopHOM OKpyXeHUU KOTJIOBUHBI COKPaTUJIOChH
yJacThe TeMHOXBOMHBIX JpPEBECHBIX WJIM IIOBBICHJIACH
WX HIDKHAA IpaHULAa. PeKOHCTpYKIMU IpeAnoJsiaraiT
KOHTHMHEHTAJIbHbIY, HeJOCTAaTOYHO BJIQXHBIN peru-
OHAJIBHBIN KJIMMAaT, KOTOpPHIH, OJHAKO, IpephIBajICA
KOPOTKMMH 3MHU30A4aMM IIOBBILIEHHOI'O YBJIQXXHEHMUA,
0 YeM CBUJIeTeJIbCTBYIOT MaKCUMyMHBI 3HaueHuii A/Ch
2040, 1980 u 1850 n.H. Cioi1 «Oejrechix» HJIOB, COOT-
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BETCTBYIOIINI moxoJiofanuo, dopmuposanca 2090-
1950 n.H. [ToxonogaHue NpUBOAWIIO K MOHUXEHHOMY
HcrnapeHuio, obeclieynBas JOCTAaTOYHOE YBJIaXXHEHHe
JUIA JIyTOBO-CTEMHBIX COOOIIecTB M 0MOMa XOJOAHBIX
JIMCTONAaAHBIX JIecOB B UHTepBasie 2650-880 y1.H.

Pa3HOTpaBHO-NOJIBIHHO-3JIaKOBbIE  CTENH IIPO-
Jopkanu mnpeobsagath B uHTepBasie 880-70 J.H.
Hauunasa co 120-100 ner Ha3zang mo Oeperam o3epa
MOSABWINChH BJIQKHBle OOMTaHMA, OJaronpusATHbIE AJIA
TOIIOJIS, OCOKOBBIX, JIIOTUKOBBIX, BO3MOXHO, CBUJe-
TeJIbCTBYA O pacUIMpeHUU pUOPeXHOI/MeIKOBOAHON
30HHI. [ToBHIIEHHOE 3HAYeHUe MbUIbLEI 3JIaK0B (B T.4.,
KyJIbTYPHBIX) MOXeT OTpaxaTh WM UX y4yacTHe B pac-
TUTEJIbHOCTH KOTJIOBUHHI U /WJIA TaKXe pacliipeHue
JIUTOpau, rfie ¥ B HacTosAllee BpeMs 371aKoBble (TpPOCT-
HUKH) TaKXe OOMJIbHEL.

YcuneHue posu Gepesbl B mocsenHue 50 JeT
COBIIaJlaeT 10 BpeMeHHU C aHaJIOTMYHBIM COOBITHEM K3
sanucu LS09, moarBepxaas HageXKHOCTb BO3PaCTHBIX
Mojesiell obenx 3amuceil U UX BHICOKOE BpeMeHHOe
paspemenue. PacrpocTpaHeHue Oepe3bl MOIJIO OBITh
cleicTBUeM IIpeoOpa3oBaHUA MeCTHBIX JIaHAMA(TOB
13-3a CTPOUTEJIbCTBA KYPOPTHBIX 30H BOKPYT 03. Illupa
(Hildebrandt et al., 2015). Pe3ko Bo3pocliiee MoCTyILIe-
HMe B 03€pO YacTUI] IecYaHOH 1 UJIOBOM pasMepHOCTHU
B nocyiegnue 50 JieT Takke MOXKeT OBITh CJIe[CTBUEM
BO3pOCIIIel], aHTPOIOreHHO-00YCJIOBJIEHHON 3p03uu
HapsAQy C aKTUBHBIM 30JI0BBIM IIPHBHOCOM.

CpaBHeHMe Bapualdil B IIPUTOKe MakKpoua-
ctun yriaein B 3ammcu Shira-2021-1I-1 ¢ mociegoBa-
TeJIbBHOCTBIO KyJIbTYp OPOH30BOIO U XKeJIe3HOTO BEKOB
(Blyakharchuk and Chernova, 2013) B Xakacuu JeMOH-
CTpUpYyeT MOBBHIIIEHHBII MPUTOK yIjel B ¢uHaje
Tarapckoi, cepefiiHe TAIITBIKCKOM, ITEPBOI MOJIOBUHE
Pa3BUTHA KUPIU3CKON KyJIbTYPHL U Ha COBpPEMEHHBIN
nepuon. Ilpuuem pya nocimeanHux 50-40 jer xapak-
TEpHO IIOCTOSSHHO BBICOKOE IOCTYIIEHHE YIOJIbKOB B
oTJoxeHus o3. lupa.

CpaBHeHme Bapuanuii A/Ch ¢ Bapuanuamu
TeMIepaTyphl Bo3ayxa B CeBepHOI ATJaHTHKe IOKa-
3pIBaeT, YTO Ha MNpOTDXeHuU nociaegHux 2980 et
HOYTH KaxJoMmy nuky A/Ch cooTBeTcTByeT IHMK B HU30-
TomHO-KucaopoAaHoi 3anucu NGRIP u3z I'pennanauu.
DTO MOXeT O3HauaTb, YTO yCJIOBHUA yBJIAXHEHUA AJIA
pacTUTEeIbHOCTU Ha ceBepe MUHYCHUHCKOHN KOTJIOBUHBI
OTpaxarmT JeKaJHyl0 N3MeHYMBOCTb TeMIlepaTyphl B
CeBepHoOIl ATJIaHTUKe.

4. 3aKknioueHue

Takum o6Opa3oM, HOBasg NaJIMHOJIOIrHYecKas
3anmuch U3 kepHa Shira-2021-II-1 mo3BoJsimjia peKoH-
CTpyUpOBaTh WCTOPUI0 IIPUPOJHOM Cpednl ceBepa
MuHyCcHMHCKON KOTJIOBUHBI 3a mocjienHue 2980 Jjet c
VHUKaJIbHBIM CpPeJHUM BpeMeHHBIM paspelleHHeM B
21 ropa. PekoHCTPYKIMHM IOKa3bIBAIOT CYyILeCTBOBAaHHE
OTHOCHUTEJIbHO BJIQXXHOI'O PerdoHaJIbHOIO KJjmMarta
2980-2650 s1.H. u 6oJlee apUOHOr0 CYOPErnoHaJIbHOTO
B KOTJIOBMHe. Bapuaruu napnekca A/Ch npegnosaraior
HeOoOJIbIIOE IIOBBINIEHNE YBJIaXHEHUS B KOTJIOBHHE
2980 — 50 n1.H. U ero 3amMeTHOe CHMXeHUe B MocJe[-
Hue 50 jiet. OfHaKO, 5TO MOBHIIIEHNE NPepEIBAIOCh
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KpaTKOBpeMeHHbIMU WHTepBajlaMU yCUJIEHUS apuiu-
3anuy KiamuMarTa. MakcuMabHOe MOCTYIJIeHNe MaKpo-
yacTul] yrjei 3a nocjennue 2980 yieT npuxoauTcsa Ha
CyIlleCTBOBaHME TaKIITBIKCKOM, KUPIU3CKOH KYJIBTYP
U POCCUMCKUI Nepuo/i, HO ObLIU JIU OHO O0YyCJIOBJIEHO
TOJIBKO aHTPOIIOTeHHBIM BJIMAHNEM, Ha JaHHOM JTale
HccJIeJIOBaHUil ONpeieINTh TPYIHO.

PexoHCTpyKIMH IOKa3aiy, YTO U3MeHeHus pac-
TUTEJIBHOCTU BOKPYT o3epa Illupa B no3aHeM roJioreHe
ObUI O0YCJIOBJIEHBI, TJIaBHBIM 00pa3oM, KpymHOMAac-
MTaOHBIMU LUPKYJIALMOHHBIMU IIpolieccaMy, MeHSB-
muMu 6ajlaHC Bjaryd B pervoHe. B HOBOI IBLIbIEBOM
3anucy Takke, Kak U B IpeAblAylIeli, He HailleHo 4eT-
KHUX MbUIBLIEBBIX ITOKa3aTesell aHTPOIOIeHHOIOo BJIMA-
HUA Ha pacTUTEJIbHOCTb. TOJIBKO 3aMeTHOe MOBHIIIeHNe
cojiepXaHUs MbUIbLEI Oepe3sl B MOCJIeJHNe IIPUMEpHO
50 j1eT MoXxeT yKa3plBaTh Ha IIpoBefieHUEe O3eJleHeHU:
BOKPYT KypPOPTHBIX 30H.
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ABSTRACT. The paper presents the new paleoecological evidence for the last 10,000 years based on high
resolution pollen record supported by detail radiocarbon dating, obtained from the Khuko Lake (Western
Caucasus). The obtained results showed that change of vegetation corresponding main Holocene stages.
10368-10577 — 8000-8200 cal. yr BP — Boreal period was characterized in this region by the presence
of both broad-leaved (Fagus, Ulmus) and coniferous (Abies) species to an equal. 8000-4400 cal. yr BP
— Atlantic period was marked by predominance of broad-leaved forests have been formed mainly by
beech and a little hornbeam. 4400-2600 cal. yr BP — Subboreal period is characterized by an increase
in the role of boreal vegetation (Abies, Pinus). 2600 cal. yr BP up now — Subatlantic period looked like
Atlantic period, but at this time declined value of coniferous species and grew value of alder and hazel.
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1. Introduction

The present study is focused on the mid-altitude
Khuko Lake located in Western Caucasus. The stud-
ies of mountain lakes in the Western Caucasus began
by research group from the Institute of Geography
of Russian Academy of Science about ten years ago
exploring Karakel and Donguz-Orun lakes (Solomina et
al., 2014; Chepurnaya, 2014).

Our study provides new paleoecological evi-
dence for the last 10000 years based on high resolution
pollen record supported by detail radiocarbon dating,
obtained from the Khuko Lake.

2. Materials and methods

Lake Khuko (43°56’N; 39°48’E), presumably
of tectonic origin (Efremov, 1991), is situated in the
Western Caucasus on the border of the Republic of
Adygea and the Krasnodar Territory. It is located at
an altitude of 1744 m a.s.l. in the K.G.Shaposhnikov
Caucasus State Natural Biosphere Reserve protected
area within the southern slope of the Main Caucasus
Range in its western part, 10 km northwest of Mt. Fisht
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(Efremov, 1991). The lake is ~260 m long and ~150
m wide. No rivers flow in or out of the lake, except for
one small creek draining the lake from the west side.

High-altitude forest belt (1600-2000 (2300) m
a.s.l.) where the lake is located has been formed by
Fagus forests with Abies nordmanniana and Acer traut-
vetteri as an admixture. And its uppermost part is often
formed by Pinus sylvestris, P.hamata, Abies nordmanni-
ana, and Picea orientalis.

The obtained sediment core was 196 cm long.
The sampling interval for pollen analysis was 1 cm.
Seven radiocarbon dates were obtained for the sedi-
ment core from the lake. Sample preparation for sub-
sequent “C analysis using accelerator mass spectrom-
etry (AMS) for age determination of the sediment was
performed at the Common Use Center “Radiocarbon
Dating and Electron Microscopy Laboratory” of the
Institute of Geography RAS. The IntCall3 calibration
curve was used to determine the calendar age (Reimer
et al., 2020). Throughout when the notion “ka BP” is
used, calibrated age is implied.

Samples for pollen analysis (1 cm?®) were prepared
following modified method by Grichuk and Zaklinskaya
(1948). Calculation of pollen percentages was based

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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on the total terrestrial pollen sum, i.e.
arboreal pollen (AP) plus non-arboreal
pollen (NAP) without aquatic plants and
spores. A minimum of 500 pollen grains
per sample were counted (AP+NAP).
Pollen diagram was constructed using
the programs Tilia and TGView.

3. Results and discussion

Radiocarbon dating of the basal
sample of the core showed that accu-
mulation began in the early Holocene.
(Grachev et al., 2020).

The pollen diagram for Khuko
Lake (Fig.1) was divided into 7 local
pollen assemblage zones (LPAZ), corre-
sponding to the main phases of vegeta-
tion development.

LPAZ1 (200-177 cm) Pollen
assemblages are characterized by a high
AP content (up to 90%). There are peaks
pollen curves of Corylus (up to 40%) and
Ulmus (up to 15%) in the zone. Carpinus
and Fagus pollen also dominate. NAP con-
tent is mainly represented by Poaceae,
Asteraceae and Chenopodiaceae pollen.
According to pollen data vegetation was
presented beech forests with hornbeam
an admixture and hazel underbrush.

LPAZ2 (177-150 cm) AP decrease
to 75-80%. The peak of Fagus pollen
(up to 40%) determined the identifica-
tion of the zone. Also, high pollen val-
ues of Carpinus -10-15%. Abies pollen
increase from 5% to 20%. Alnus pollen
value grow to 50% while Corylus pollen
is halved. There was expansion of broad-
leaved forests with beech and hornbeam
to the higher hypsometric level.

LPAZ3 (150-115 cm) The zone is
marked by NAP growth to 40% while
AP continue to decline (to 60%). The
composition of herbs is dominated by
Poaceae (10%), Asteraceae (15%) and
Fabaceae (10%) AP is characterized by
high values of Fagus (20%), Carpinus
(15%) and Abies (15%) pollen. High NAP
content suggested open spaces appeared
which was occurred by meadow and
steppe species of vegetation. Forest com-
position remain unchanged.

LPAZ4 (115-72 cm) The ratio of
AP-NAP-Spores groups shifts towards the
growth of tree pollen (up to 70-752%)
and spores (up to 10%). Assemblages
are characterized by noticeable peak
of Pinus (up to 20%) while other taxa
remain unchanged. The main difference
of this phase was the increase of boreal
vegetation in the forest composition.
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LPAZ5 (72-44 cm) AP - 75-80%, NAP - 20-25%,
Spores decline to 1%. Pollen values of broad-leave spe-
cies increase: Fagus — up to 45%, Carpinus — up to 20%.
There is peak of oak pollen value (up to 20%) here.

LPAZ6 (44-15 cm) AP content reached 85-90%,
NAP decline to 10-15%, Spores = 2%. A high peak of
Alnus (100% from AP + NAP sum) occurs at the depth
of 25 cm. Increase of Corylus (up to 30%) accompanied
by growth of Carpinus (20%), Pollen values of Fagus is
the same as in previous zone.

LPAZ7 (15-0 cm) AP - 80-85%, NAP - 10-15%,
Spores - 1%. Increase of Alnus (110% from AP + NAP
sum) accompanied by growth of Corylus (30%). Pollen
values of Fagus decrease a little (down to 40%.). Abies
value vary from 2% to 10%.

Vegetation of LPAZ5, 6 and 7 was characterized
by expansion of the broad-leaved species. Forest belt
was formed by oak, beech and hornbeam. Area of conif-
erous forests belt decreased.

4. Conclusions

Palynological analysis and radiocarbon dating
of Lake Khuko sediments allow us to discussed vege-
tation dynamics of the Western Caucasus during a few
stages of Holocene 10,368-10,577 — 8000-8200 cal, yr
BP — Boreal period was characterized in this region by
the presence of both broad-leaved (Fagus, Ulmus) and
coniferous (Abies) species to an equal. 8000-4400 cal.
yr BP — Atlantic period was marked by predominance
of broad-leaved forests have been formed mainly by
beech and a little hornbeam. 4400-2600 cal. yr BP -
Subboreal period - increase boreal vegetation (Abies,
Pinus), 2600- cal. yr BP up to now — Subatlantic period
looked like Atlantic, but at this time declined value of
coniferous species and grew value of alder and hazel.
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UcTopuA pacTUTeAbHOCTH 3anaAHOro
KaBka3a no naAMHOAOTHYeCKHUM AAHHbIM
BbICOKOro pa3pelwieHun o3epa XyKo

YenypHas A.A.', Hoenko E.}0.?

KpaTtkoe coobuienune

LIMNOLOGY
FRESHWATER
BIOLOGY

M

IMT'Y umenu M. B. JIomoHocoaa, JIeHuHckue eopwt, 0. 1, Mockaa, 119991, Poccus
2HHcmumym ceoepaguu PAH, CmapomoHemHbii nep., 29/4, Mockea, 119017, Poccua

AHHOTAILIHA. B cratbe NpeacTaBjeHbl HOBBIE AaHHBIE IO UCTOPUM PACTUTEJbHOCTU 3a IOCJIeqHUE
10000 neT, ocCHOBaHHBIE Ha MBUIbLEBBIX MaTepHlaiaX BBICOKOIO pa3pelleHus, TOATBEePKAeHHBIX AeTallb-
HBIM paJUoOyIJIEpOAHBIM JaTUPOBaHUEM OTJIOXeHHU o3epa Xyko (3anagHbiii KaBkas). IlosyueHHbIe
pe3yJibTaThl IOKa3ajii, YTO CMeHa pacTUTEJbHOCTH COOTBETCTBYeT OCHOBHBIM 3TallaM TroJIOlLleHa.
10368-10577 — 8000-8200 ka1 j1.H. — bopeasyibHbII NEepHOA XapaKTepHU30BaJICs B 3TOM perruoHe IpH-
CYTCTBHMEM B PaBHOU CTEIEeHM KaK MUPOKOINCTBEHHBIX (Fagus, Ulmus), Tak u xBoiHBIX (Abies) mopog.
8000-4400 kasn. j.H. — ATJIaHTUYECKUM IepuoJ O3HaMeHoBajlach NpeobyiafjaHUeM MIUPOKOJINCTBEH-
HBIX JIeCOB, 00pa30BaHHbIX IIperMyIleCTBeHHO OyKOM U B MeHbllell creneHu rpaboMm. 4400-2600 kan
BP — Cy6060peasipHBII EPUOJ XapaKTeprU30BaJICs yBeJndeHneM G6opeasibHON pactuTresibHOCTH (Abies,
Pinus), 2600-0 kas. j.H. — Cy6aT/IaHTUYECKUI TEPUOJ] B I[€JIOM CXOX C ATJIAHTUYECKUM II0 COJEpXKa-
HUI0 HEMOPAJIbHOUN (PJIOPHI, HO B 3TO BpPeMsI CHU3WJIACh JOJIA XBOWHBIX MOPOJ, (IMXTHI, COCHBI, €M) U

BBIpOCJIa OOJIA OJIbXW Y OPEIITHWKA.

Kitioyeasie cstoga: naanHosiorus, KaBkas, roJiolleH, HNCTOPpHA PaCTUTEJIbHOCTHU

Jna mutupoBaHusa: UYenypHasa A.A., Hosenko E.}O. Hcropusa pacturesibHOCTHM 3anagHoro KaBkaza mno MajiIMHOJIOTHU-
YeCKMM JaHHBIM BBICOKOro paspemieHus o3zepa Xyko // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 298-303.

DOI: 10.31951/2658-3518-2024-A-4-298

1. BBeapenue

Hacrosamee ucciefoBaHue MOCBAIIEHO H3y4e-
HHUI0 OTJIOXEHUU CpeJHeropHoro o3epa XyKo, pacIo-
JoxeHHOro Ha 3amagHoMm KaBkaze. HcciegoBaHus
ropHeIX o3ep 3amagHoro KaBkasza Hauyajuch Hay4YHOH
rpynnoil MHcTHUTyTa reorpaduu PAH oxkosno nmecatu
JeT Ha3af ¢ usydeHus osep Kapakesns u JJoury3-OpyH
(CosiomuHa u 1p., 2014; Yenypuas, 2014). 3necs npen-
CTaBJIEHBI HOBBIE IAJIE03KOJIOTHUECKHEe JaHHbIe, OCHO-
BaHHBIE HAa HAJMHOJIOTMYECKOM aHaji3e OTJIOXeHUH
o3epa XyKo, NOATBEPXKAEHHbIE JeTaJbHBIM paguoyrie-
POIHBIM JAaTHUPOBAHUEM.

2. MaTtepunanbl 1 MeTOAbI

Ozepo Xyko (43°56’ c.m.; 39°48’ B.m1.), mpen-
MOJIOXKUTEJBHO  TEKTOHWYECKOr0  INPOUCXOXJEHUS
(Edpemos, 1991), pacnosioxeHo Ha 3anagHoM KaBkase
Ha rpaHune Pecrny6iuku Apxeires n KpacHomapckoro
kpas. OHO pacHoJIoKeHO Ha BeIcOTe 1744 M Haf ypoOB-
HeM Mops, Ha Tepputopum KaBkasckoro rocyjapcTBeH-

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: a che@bk.ru (A.A. YenypHas)

INocmynwna: 10 utona 2024; IIpunama: 08 uroia 2024;
Ony6tukoaana online: 26 aprycra 2024
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HOr0 NpUpPOAHOro 6rnocepHOro 3anoBeJHUKA MMEHU
K.I'.IllanomHuKoBa B Ipejesax 0KHOI0 MAaKpPOCKJIOHA
I'maBHoro KaBka3ckoro xpe0Ta B ero 3amajHOUN 4acTy,
B 10 kM Kk ceBepo-3anagy or ropel ®umr (Edppemos,
1991). O3epo umeer AuHy ~260 M u mupuny ~150
M. O3epo He uMeeT CBA3U C PeYHO CeThi0 TepPUTOPHH,
3a UCKJII0UeHHeM OAHOro HeOOJIbIIOrO PyYbs, BIadalo-
I1ero B Hero C 3arnafgHoi CTOPOHBIL.

BeicoTHBIN JiecHOU mosic (1600-2000 (2300) M
HaJ YPOBHEM MOp:), B KOTOPOM PacIOJIOXKeHO 03epo,
o6pa3oBaH OYKOBBIMHM JiecaMH C mpumechio Abies
nordmanniana v Acer trautvetteri. A Beiie GopMUPYIOTCA
Jieca u3 Pinus sylvestris, P. hamata, Abies nordmanniana
u Picea orientalis.

[TosrydyeHHBIH U3 OTJIOXKEHUN O3epa KepH MMeeT
JauHy 196 cm. MHTepBan orbopa npol Al MbLIbIe-
BOT'0 aHaJIN3a COCTaBJIAI 1 M.

W3 oryoxeHuil o3epa IOJIy4eHO CeMb paJuo-
yriepofHbix Aar. [loarotoBky mnpo6 Ajd IHocjedylo-
mero aHanausa “C ¢ UCIOJIb30BAaHMEM YCKOPUTEJIbHOM
macc-cnektpomerpuu (YMC) s ompejiesieHUs1 BO3-
pacra ocagkos nposoauiu B IIKII «JlabopaTopus pagu-

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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OyIJIEpOJAHOrO0 JAaTUPOBaHUA U 3JIeK-
TPOHHOM MHKpockonuu» HHcTUTyTa
reorpadun PAH. [ina omnpepdesieHUA
KaJIeHAapHOrO BO3pacTa  MCIOJIb30-
BaJIM KaJuOpoBouyHyo KpuBytw IntCall3
(Reimer et al., 2020). Korga ucnoJib3y-
eTcs TIOHATHE «Ka BP», mompasymeBa-
eTcs KaJIMOpoBaHHBIN BO3PACT.

[Tpo65! A1 MBUIBLEBOIO aHAIU3a
(1 cm®) roToBWJIM IO MOAUMPUIIMPOBAH-
HOoMy Metony ['puuyka um 3akJIMHCKOMN
(1948). [TpouieHTHOE cofiepxaHue
KaxJ0ro TakCOHa paBHO €ro foJe IIOo
OTHOIIEHUI0O K CyMMe BcCeX TpymIl pac-
TUTEJIBHOCTU U CIIOP, 3a HUCKJII0YeHHeM
0JIbX{, KOTOpas M3-3a BEICOKOI'0 OOMJINA
Obl1a BBIBe[leHAa B OT[AE/IbHYI0 TpyIiy.
INoacunteiBamn MuHUMyM S00 mbLIb-
LeBBIX 3epeH B oOpasne (AP -+ NAP).
Juarpamma meUIbLEl OBLIA TOCTPOEHA C
nomoInkio mporpamm Tilia u TGView.

3. Pe3ynabTatbl M 06Ccy)xpeHue

Paguoyrnepoatoe JaTUupoBa-
Hue Oa3ayjibHOTO obOpaslia KepHa IOKa-
3aJI0, 4YTO HAaKOIUIeHMe Hayajaoch B
panHeM TroJsoneHe. (Grachev et al.,
2020). IleumblleBasg OuarpamMma o3epa
Xyko (Puc. 1) 6puma pasfeyieHa Ha 7
nbUTbleBbIX 30H (LPAZ), cooTBeTCTBY-
IOIIUX OCHOBHBIM (paszamM pasBUTUA
pacTUTEIbHOCTHU.

LPAZ1 (200-177 cm). IIbLIblIEBBIE
KOMILJIEKCHI XapaKTePU3YIOTCs BbICOKOM
JoJiell jpeBecHOl pacTuTesbHOCTU (0
90%). ITeIbIlEBaAsA 30HA ObLIa BBIAEIEHA
mo nukam KpuBbix Corylus (mo 40%) u
Ulmus (mo 15%). Taxxe 3aech OTMe-
yaeTcsi BBICOKOE coJiepXaHNe IbLIbIIbI
Carpinus u Fagus. CorjiacHO IbUIBL[EBBIM
JaHHBIM, PacTUTEJIbHOCTh Oblila mpen-
cTaBJjieHa OyKOBBIMM JiecaMM C IpUMe-
cblo rpaba U OpelrHUKOM Ha He3ajeceH-
HBIX IPOCTPAHCTBaX.

LPAZ2 (177-150 cMm) AP xowmrmo-
HEHT NbUIBLIEBOTO CIEKTpa CHUXaeTcs
mo 75-80%. 3oHa BhIZleJleHA Ha OCHO-
BaHUM BBICOKOTO COJepXaHUA MbLIbIIBI
Fagus (mo 40%) u Carpinus -10-15%.
KonmuecTBo mbLIbIBEI Abies yBesimyuBa-
etcs ¢ 5% 10 20%. oJisA mbUIbLBI OJIbXU
yBesinuuBaetrca n0 50%, a opelHuKa
CHIXaeTcs BABOE IO CPaBHEHMUIO C Ipe-
Obigymieil 30HoON. B 3To Bpemsa mpouc-
XOUM 3KCIaHcus rpaboBbIX U OyKOBBIX
HIMPOKOJIMCTBEHHBIX JIecOB Ha OoJiee
BBICOKHE TMIICOMeTpHUYecKre YPOBHMU.

LPAZ3 (150-115 cm) ComepxaHue
NAP Bospacraetr ao 40% npu nponoJi-
x)amrieMmcsa cHuxeHun AP (mo 60%).
B cocraBe TpaB mpeob6ianaior Poaceae
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(10%), Asteraceae (15%) u Fabaceae (10%). Cpenu
MBUIBIBL JIpeBeCHbIX Haubojiee BbICOKA HoJiA Fagus
(20%), Carpinus (15%) u Abies (15%). Bricokoe conep-
)kanre NAP cBuAeTebCTBOBAJIO O MOSABJIEHUU OTKPHI-
TBIX IPOCTPAHCTB, 3aCeJIEeHHBIX JIYTOBBIMU U CTEITHBIMU
BUJIJaMU PacTUTEJIbHOCTHU.

LPAZ4 (115-72 cM) CooTHOIIeHUe TIpyIIl
AP-NAP-Spores cmeljaeTrcs B CTOPOHY POCTa IBUIBIBL
nepebeB (mo 70-752%) u cmop (mo 10%). s koMm-
IJIEKCOB XapaKTepeH 3aMeTHBIN UK cofiepkaHus Pinus
(mo 20%) npu coxpaHeHUH JI0JIN OCTAJIbHBIX TAKCOHOB.
I'maBHBIM OTJIMUKMEM 3TON (a3pl OBLJIO BO3pacTaHue
nosu 6opeasibHON pacTUTEJIBHOCTU B COCTaBe JIeCOB.

LPAZ5 (72-44 cm), AIl - 75-80%, NAP - 20-25%,
Josna cnop cHuxaercsa o 1%. YBenuuuBaetcsi [0JA
MBUTBIBl IMUPOKOJIMCTHBIX BUIOB: Fagus — mo 45%,
Carpinus — no 20%. 3gech HabJoaeTcs MUK coAepxa-
HUA OUIBLE Ay6a (mo 20%).

LPAZ6 (44-15 cm) J[osna mbUIBIEL JepeBbeB
pocturaetr 85-90%, a TpaB - cHuxaerca Ao 10-15%.
OnHOBpeMeHHO BO3PacTalOT AOJIM OJIbXU, OpellHHKa
(mo 30%) u rpaba (20%),

LPAZ6 (15-0 cm), AP - 80-85%, NAP - 10-15%,
Coopsl - 1%. ITpogoskaeTcs pocT cogepKaHUA OJIbXU
U JlenyHbl. HeckobKo CHMXAITCsA J0JI NbUIbLE OyKa
(mo 40%). Moxa Abies meHseTcs B npefeiax ot 2% 10
10%.

PacTtuTtesibHOCTE 5, 6 U 7 NBUIBI[EBBIX 30H Xapak-
TepHu30BaJjiach 3KCIaHCHUEN MNPOKOJICTBEHHBIX BU/IOB,
cpelu KOTOPBIX IpeobiiafaloT OyKoBhle, TpaboBble U
ny6oBble dopmanuu. YMeHbIIMJIACh IUJIOMIAAb Mosica
XBOHMHBIX JIECOB.

4. BoiBOADI

[TaJTMHOJIOTMYECKUI aHaJIu3 W PaANOYIJIEPO/I-
HOe JJaTMpOBaHUE OTJIOXKEHUN 03epa XyKO MO3BOJIAIOT
FOBOpUTh O JUHAMUKE PACTUTEJIBHOCTU 3amajHOro
KaBkaza Ha NpPOTSXEHUM HECKOJBKUX 3TAroOB TOJIO-
eHa. 10368-10577 — 8000-8200 cal BP - GopeabHBII
MepUo]] XapaKTepU30BaJICA B 3TOM PETHOHE MPUCYT-
CTBUEM B PAaBHOHM CTEMEHU KAaK IIMPOKOJIMCTBEHHBIX
(Fagus, Ulmus), Tak u xBouHBIX (Abies) mopon. (Fagus,
Ulmus). 8000-4400 cal BP — ATJIaHTUYECKUI TIEPUO.
O3HaMeHOBaJlach MpeobylajaHUEM [IMPOKOJIMCTBEH-
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HBIX JIecOB, 06pa30BaHHBIX MPENMYI[ECTBEHHO OyKOM
Y, B MeHbIIel creneHu, rpabom. 4400-2600 cal BP -
Cy0bopeasibHBIII — yBeJnWYeHHEM MAOJM OopeasbHON
pactutesnibHOCTHU (Abies, Pinus) B coctaBe JiecoB, 2600-0
KaJ. j.H. — CybaTaHTU4YeCKUI NIepruo/i B LIeJIOM CX0X
¢ ATiaHTHYeCKHM [0 COJlepXaH’I0 HeMOpaJIbHON
¢sope, HO B 3TO BpeMs CHU3WJach A0JIA XBOWHBIX
nopo/ (MMXTHI, COCHBI, €J11) U BBIPOCJIA J0JIS OJIbXU U
OpellHuKa.

BaaropapHocTH

HccienoBaHus BBIIOJIHEHB IIpU  MOAAEPXKKe
rpanta MuHoOGpHayku P® (Cornamenue No 075-15-
2024-554 ot 24.04.2024)

KoHpAUKT UHTEpecoB

ABTOpHBI 3aABJIAIOT 06 OTCYTCTBUM KOH(IIMKTa
VHTEPECOB.
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sediments of lakes Chukhlomskoye and

Galichskoye

Short communication

LIMNOLOGY
FRESHWATER
BIOLOGY

M

Borisova O.K.*, Filippova K.G., Konstantinov E.A., Zakharov A.L.
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ABSTRACT. The paper discusses new palynological data obtained from the bottom sediments of Lake
Chukhlomskoye (Kostroma region). The location of the lake beyond the limits of the Late Valdaian ice
sheet made it possible to reconstruct the vegetation changes during the maximum phase of the glacia-
tion and compare them with previously obtained data from sediments of Lake Galichskoye. 25-21 thou-
sand calibrated years BP, the region was occupied by open periglacial steppe with limited participation
of birch and spruce open forests in the most protected habitats, with continuous spread of permafrost.
Climatic reconstructions based on the modern geographical analogue of the fossil pollen flora indicate
that mean annual temperature in the region was about -4 °C (7 °C below modern), and annual precip-

itation was at near-present level.

Keywords: lake deposits, pollen analysis, vegetation and climate reconstructions, Last Glacial Maximum
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and Freshwater Biology. 2024. - No 4. - P. 304-309. DOI: 10.31951/2658-3518-2024-A-4-304

1. Introduction

Lake Chukhlomskoye is situated on the Galich-
Chukhloma Upland with elevations ranging from 150.0
to 293 m above sea level, within the southern taiga
zone with a temperate continental climate. It is the
second largest lake in the Kostroma region, following
Lake Galichskoye, with a water surface area of approx-
imately 49 km? and a drainage area of ~270 km?. Both
Galichskoye and Chukhlomskoye lakes are located
outside the boundaries of the Last (Late Valdaian)
Glaciation (Map of Quaternary..., 1972). Therefore, the
sedimentation process in these lakes has been continu-
ous throughout the last glacial epoch. Comprehensive
analyses of the lake sediments offer a valuable opportu-
nity to reconstruct the vegetation and climatic dynam-
ics during the Last Glacial Maximum (LGM). These
reconstructions can be reliably correlated with the
timescale by radiocarbon dating, thus enabling a more
accurate understanding of past environmental changes.
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2. Materials and methods

Borehole Chul3a was drilled in the deepest cen-
tral part of Lake Chukhlomskoye, at a depth of 4.0 m
(Filippova et al., 2023). With the upper weakly con-
solidated layer of silt, the thickness of the collected
core was 745 cm. Eight 14C AMS dates on total organic
carbon were obtained on this core at the Center for
Collective Use “Laboratory of Radiocarbon Dating and
Electron Microscopy” of the Institute of Geography RAS
and at the Center for Isotope Research of the University
of Georgia (USA) and calibrated using the OxCal20 cal-
ibration curve (Reimer et al., 2020). The most ancient
date from the base of the section (IGANams-9358) is
21110+55 14C yr BP (25460110 cal BP) (Filippova
et al., 2022). The series of calibrated dates made it pos-
sible to develop an age-depth model for the Chu-13a
section.

For pollen extraction from sediments, separation
with heavy liquid with a density of 2.25 gecm™2 was

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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used (Grichuk and Zaklinskaya, 1948), with the propi-
onic anhydride and concentrated sulfuric acid applied
for acetolysis (Mazei and Novenko, 2021). Statistical
processing of palynological data and construction
of diagrams were carried out using the TILIA and
TILIA*GRAPH software (Grimm, 1990).

3. Results and discussion

In Lake Chukhlomskoye, laminated grey silt with
a median particle size of ~16 um accumulated during
the maximum phase of the last glaciation (Filippova et
al., 2023). In this layer, the contents of organic mat-
ter and carbonates in the sediments do not exceed 5%
and 8-10%, respectively (Filippova et al., 2023). The
depth-age model shows that from 25 to 21 thousand cal
BP a stable accumulation took place at average rate of
0.7-0.8 mm-yr. The detailed palynological record from
the Chu-13a core enables a reconstruction of flora and
vegetation changes in the Lake Chukhlomskoye area
during this time interval with a temporal resolution of
about 150 years.

Pollen assemblages from the Chu-13a core,
dating to the maximum (coldest) stage of the Last
Glaciation, are relatively uniform. Pollen of trees and
shrubs is 25-35% of the total pollen sum of terrestrial
plants 2. Tree pollen belongs mainly to hardy species,
such as Picea, Betula sect. Albae and Pinus sylvestris. The
proportion of pollen from each of these species does not
exceed 6-8% of the spectra. Pollen from trees, currently
associated with colder and more continental climates,
such as Abies, Larix, and Pinus sibirica, is constantly
present in small quantities (<1%). The composition
of the spectra is dominated by pollen of herbaceous
plants, which ranges from 65 to 75% Z. In the lower
part of the profile, Poaceae pollen makes up 30-40%,
Artemisia — 10-15%, Chenopodiaceae — up to 10% Z.
In its upper part, the share of Artemisia increases to
20-25% 2, mainly due to a decrease in the share of
Poaceae pollen. Palynological data point to the extreme
richness of meadow and steppe vegetation during the
maximum phase of the Last Glaciation: pollen of forbs
from 20 families were identified within this interval,
many of which are represented by several species, gen-
era, or morphological types. The proportion of forb
pollen slightly decreases up the section. These changes
may indicate the transition from the cryohygrotic phase
of the Late Valdai glaciation to the cryoxerotic one cor-
responding to the maximum cooling (Grichuk, 1960).

The pollen flora found in the Chu-13a record
includes species belonging to a wide range of ecolog-
ical and phytocenotic groups: (1) microthermal meso-
philous plants, e.g. shrub birches Betula nana and B.
humilis, shrub alder Alnaster fruticosus, Selaginella selagi-
noides and Botrychium boreale; (2) mesophilous meadow
forbs (Sanguisorba, Thalictrum, Valeriana and many oth-
ers); (3) relatively cold-resistant xerophytes — inhabi-
tants of modern dry steppes and semi-deserts (Ephedra,
Eurotia ceratoides); (4) halophytes (Plumbaginaceae);
(5) heliophytes (Helianthemum, Bupleurum); (6) bare/
eroded ground plants (Centaurea cyanus, Chenopodium
album, Cannabis, etc.); (7) a variety of hardy mire, lake-
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shore and aquatic plants.

This high diversity of flora is consistent with
data from other Late Valdaian pollen records of the
East European Plain (Grichuk, 1982). In particular,
the composition of the pollen spectra and fossil flora
of the LGM from the Chu-13a section is very close to
the characteristics established earlier for the same
time interval based on the study of bottom sediments
of Lake Galichskoye (Velichko et al., 2001; Borisova et
al., 2022). Analysis of the modern geographical distri-
bution of species of fossil pollen flora from sediments of
Lake Galichskoye, accumulated from 22 to 20 thousand
cal BP, showed that the closest region-analogue for this
flora is in Eastern Altai Mountains, at the upper reaches
of the Abakan River, east of Lake Teletskoye (Borisova,
2021). This small area supports spruce, pine and larch
mountain forests, subalpine meadows and shrub thick-
ets, and relatively widespread open herbaceous com-
munities, including xerophilous associations on steep
southern slopes.

From the modern climatic conditions within
this floristic region-analogue (so-called centre of pres-
ent concentration of the fossil flora), we estimated the
main climatic indexes for the maximum phase of the
Last Glaciation in the Kostroma region. The recon-
struction showed that the average temperature of the
coldest month (January) during this period was -19 =3
°C (6=3° lower than today), with that of the warm-
est month (July) 11+3 °C (7=3° lower than today).
With regard to the annual amount of precipitation, the
uncertainty in the estimate is very high (500-800 mm)
because of the mountainous terrain in the region-ana-
logue. It is possible that mean annual precipitation at
the LGM was at near-present level (~550 mm).

4. Conclusions

Composition of pollen assemblages and fos-
sil floras from deposits of lakes Chukhlomskoye and
Galichskoye reveal that during the maximum phase of
the Last Glaciation the region was occupied by open
periglacial steppe vegetation with small patches of
birch and spruce open forests and individual groups of
trees in the most protected habitats, along with diverse
mire, meadow, and riverine communities. Climatic
reconstructions based on the modern geographical ana-
logue of the fossil pollen flora indicate that in the LGM
mean annual temperature in the region was about -4
°C, that is about 7 °C lower than that of today (+3
°C), which should have caused the continuous spread
of permafrost. The annual temperature amplitude (an
indicator of climate continentality) and the amount of
precipitation were at near-present level.
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NMpupoaHaa 06cTaHOBKA MAaKCHMMaAbHOM
¢da3bl NnOCAEAHEro oneAeHEeHUA:
PEKOHCTPYKLUMA NO AAHHbBIM U3YYEHUA
ocapkoB Yyxnomckoro u FfaaAmuckoro osep
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AHHOTAIIAA. Pesome. B cratbe pacCMOTpPeHBI HOBBIE IAJIWHOJIOTUYECKHE AaHHBIE, IOJy4YeHHBIE
10 JOHHBIM OTJIOXeHUsAM YyxsioMmckoro osepa (Koctpomckas obsiacts). O3epo HaxoguTcs 3a mpefe-
JlaM{ pacIpocTpaHeHus IO3QHeBaIAaliCKoro JIeAHUKOBOIO IOKPOBA, YTO MO3BOJIMJIO PEKOHCTPYHUPO-
BaTh U3MEHeHMsA pacTUTEIbHOCTY B MaKCUMaJIbHYI0 a3y oJjiefleHeH!s U CPaBHUTh UX C [IOJIyYeHHBIMU
paHee JaHHBIMU IO OTJIOKeHUAM I'asmdckoro o3epa. 25-21 ThIc. JieT Ha3a[ peruoH ObLI 3aHAT [epurJis-
I[aJIbHBIMU CTEIIMU C OrPaHWYEHHEBIM yyacTheM Oepe30BhIX U eJIOBBIX peliKoJieculi B HauboJiee 3auu-
IIeHHBIX MeCTOOOUTAHUAX NPU HellpephIBHOM paclpOoCTpaHeHNH BeYHOU Mep3soThl. KinuMmaTtuueckue
PEKOHCTPYKIIMK, OCHOBaHHbIe Ha OllpefieJIeHNY COBPEMEHHOI0 reorpadryeckoro aHajora HCKonaeMoun
MBLIBIIEBO (DJIOPHI, ITOKa3ajM, YTO CPeNHErofoBas TemMiepaTypa B peruoHe COCTaBJisjia OKoJio -4 °C,
yTo Ha 7 ‘C HUXe COBPEMEHHOI), a roA0BOe KOJIMYECTBO OCAAKOB ObLIIO 6IM3KUM K COBPEMEHHOMY .

Kitioueauie csio8a: o3epHble OTJIOXKEHNs, IBUIBIIEBOI aHAJIN3, PEKOHCTPYKIMY PAaCTUTEJIbBHOCTU U KJIMMATa,

MaKCHMyM IIOCJI€JHEr0 OJIEACHEHMA

Jna murupoBaHusa: bopucosa O.K., ®ununnosa K.I'., KoncrantuHoB E.A., 3axapoB A.JI. IIpupoaHas oOCTaHOBKA MaKCH-
MaJIbHOU (ha3bl NOCIIeJHETrO OJie[JeHeHNA: PEKOHCTPYKIMA 0 JaHHBIM M3Yy4eHHUA ocaJKoB Uyxiyiomckoro u I'aaudckoro osep //
Limnology and Freshwater Biology. 2024. - No 4. - C. 304-309. DOI: 10.31951/2658-3518-2024-A-4-304

1. BBeaenue

O3epo YyxJIOMCKOe pacnoJioxkeHo Ha I'anndcko-
UyXJIOMCKOM BO3BBIIIEHHOCTH C BbIcoTamMu 150-293
M HaJl yp. MOpsl, B TIpejleJiax 30HBI OXKHOW TaMIU C
yMepeHHO-KOHTHHEHTaJIbHBIM KJIMMaTOM. OTO BTO-
poe mo BeyimuniHe o3epo B KocTpomckoi o6 mociie
lFamnuckoro ozepa ¢ IUIOMAAbI0 BOJAHOTO 3epkana ~49
kM? U TTomaApio Bogoc6opa ~270 km?. U Taynuuckoe,
u UYyxJioMckoe oO3epa pacIoJIoKeHbl 3a IpejeiamMu
nocJsiegHero (rmo3gHeBasigarickoro) oseieHenus (Kapra
YeTBEPTUYHBIX..., 1972), cjieqoBaTesibHO, Mpoliecc
celMeHTalluM B 5TUX O3epax pa3BUBaJICA HEIIPEPHIBHO
Ha MPOTSKEeHUU BCeHU mocjefHel JieJJHUKOBOM 3I0XMU.
KoMrLieKkcHBIN aHaIU3 03ePHBIX OTJIOXKEHUI TO3BOJIsAET
BOCCTAHOBUTh JUHAMUKY PacTUTEJbHOCTU U KJIMMaTa
BO BpeMs IOcJIeJHEero JIeJHUKOBOro MakcuMmyMa (Last
Glacial Maximum - LGM). C moMomipi0 paauoyrJie-
POAHOrO AAaTUPOBAHUA 3TU PEKOHCTPYKIMU HaJeXHO
[IpYBA3aHHl K 1lIKajie BpeMeHH, YTO CIIoCOOCTBYeT JIyd-
meMy MOHUMAaHUI0 M3MeHEeHUN OKpYXXamlel cpedsl B
IIPOLILJIOM.

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: olgakborisova@gmail.com (O.K. Bopucosa)

INocmynwna: 08 utona 2024; IIpunama: 02 vt 2024;
Ony6tukoaana online: 26 aprycra 2024
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2. MaTepuanbl 1 MEeTOAbI

CxkBaxuHa Chul3a npobypeHa B IeHTpasb-
HOM yactu YyxjoMckoro oszepa Ha riyoune 4.0 M.
(®ununnosa u Ap., 2023). C yueToM BepxHero cjabo
KOHCOJIMAVPOBAHHOI'O CJIOA Wjla MOIIHOCTh OTOOpaH-
HOro KepHa cocTtaBuia 745 cMm. [liA BocbMHM oOpas-
noB u3 koyioHk Chul3a MeTogoM YCKOPUTEJIBHOM
Macc-ciiektpoMmerpun (AMS) B LKII “JIaGopatopus
paAuoyIjepoJHOrO0 [JaTHUPOBaHHUA M 3JIeKTPOHHOM
mukpockonun” UHetutyTa reorpaduu PAH u B LieHTpe
M30TONHBIX HCCAeOBaHUN YHuBepcuteTa JKOpaXuu
(CILIA) 6b11 onpeniesieH 14C Bo3pacT o o0bIiemMy yriie-
pony. KanubpoBka 14C pmaT BhHIIOJIHEHA C IIOMOIIbIO
nporpammsel OxCal20 (Reimer et al., 2020). Haubosnee
JIpeBHAA [AaTHpOBKa B OCHOBaHWM paspe3a CoCTa-
Bmia 21110%55 14C 1. H. (25460+110 kan. Jj. H.)
(IGANams-9358) (Filippova et al., 2022). Cepus kaju-
OpOBaHHBIX []aT [103BOJIMJIA IIOCTPOUTh MOAeJIb IIyou-
Ha-Bo3pacT A1 paspesa Chu-13a.

[ BeIAesIeHUs MBUIbLBL U3 0CAAKOB NIpHUMeEH:-
Jlach cenapanys TsKeJIOH XUAKOCTBIO C IIJIOTHOCTBIO

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.


https://www.doi.org/10.31951/2658-3518-2024-A-4-304
mailto:olgakborisova@gmail.com

Bopucosa O.K. u dp. / Limnology and Freshwater Biology 2024 (4): 304-309

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonozausi CeeepHol Espasuu»

2.25 rem® (I'puuyk u 3akiauHckasd, 1948); miia arero-
JIM3a UCHOJIb30BaHbl IIPONMOHOBBIN aHTUAPU U KOH-
LIeHTpUpOBaHHas cepHas kucjorta (Maseil 1 HoBeHko,
2021). CraTuctuieckas o6paboTka NajruHOJIOrMYeCKUX
JaHHBIX U TOCTPOEHUE auarpamMM IpOBOOUJIMCH TPU
nomouu nporpamMm TILIA u TILIA*GRAPH (Grimm,
1990).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

B makcuMmanbpHyo ¢asy nocjefHero oJefeHe-
HUA B UyxXJIOMCKOM oO3epe HaKalJIMBaJICA CJIOMCTHIN
Cepulil Wi ¢ MeAUaHHBIM pa3MepoM 4YacTul] ~16 MKM
(dununmoBa u ap., 2023). ConepxaHus opraHuye-
CKOro BelllecTBa M KapOOHAaTOB B 3TOM CJIoe He IIpe-
BeimainT 5% wu 8-10%, coorBercTBeHHO (DuHIUMIOBa
u ap., 2023). I'myOuHHO-BO3pacTHasA MOJEJb IOKa-
3BIBaeT, 4YTO ¢ 25 a0 21 ThIC. Kaj. JI. H. IPOUCXOOUIIO
YCTOMYMBOE OCaJKOHAKOIIJIEHHe CO CpefHeil CKOpo-
cthio 0.7-0.8 Mmron . TTopoGHbIe MATMHOJIOTUYECKHE
JaHHbIe TI0 KoJioHKe Chu-13a mo3BoJIAIT peKOHCTPYU-
poBaTh u3MeHeHNA GJIOPH U PaCTUTEIbHOCTH B palioHe
YyXJIOMCKOI'0 03epa 3a 3TOT IepUo/i C paspellieHreM 110
BpeMeHU okoJio 150 sierT.

[IebIieBBIE CIIEKTPH! OCAAKOB MaKCHMaJIbHOM
(HanboJsiee XOJIOQHOM) CTAOWM IOCJIEJHETO OJIefeHe-
HUA B paspese Chu-13a 10BOIBHO OHOPOAHEL. [TBLTBIA
JepeBbeB U KyCTapHUKOB cocTaBisgeT 25-35% ot
o6111el1 cyMMBI IIBUIBLIBI HA3eMHBIX pacTeHui 2. [Ibuibiia
JiepeBbeB NIPHUHAAJIEXKUT B OCHOBHOM HanboJiee BEIHOC-
JIMBBIM BHMJaM, TakuM Kak Picea, Betula sect. Albae n
Pinus sylvestris. JIoas IBUIBIBI KaX/I0T0 U3 3TUX BUIOB
He mnpesbilaeT 6-8% cnexkTpos. ITbiblja AepeBbeB, pac-
IIpOoCTpaHeHHEHIX B HacTosAllee BpeMs B perroHax ¢ 6oJjiee
XOJIOJHBIM M KOHTUHEHTaJIbHBIM KJIMMaTOM, TaKUX Kak
Abies, Larix u Pinus sibirica, ToOCTOAHHO MPUCYTCTBYET B
Hebousbnx KoyimdectBax (<1%). B cnekrpax mpeod-
JajiaeT NbUIbLA TPaBAHUCTHIX pacTeHU (65-75%). B
HIXHeH JacTu npoduiia neliblia Poaceae cocrasiiseT
30-40%, Artemisia — 10-15%, Chenopodiaceae — mo
10% X. B BepxHell ero 4acTu A0JiA MBUIBIBI MOJIBIHU
yBesmuunBaetca 10 20-25%, B OCHOBHOM 3a CYeT COKpa-
meHys [JOJM MbUIBLEL 3J1akoB. [lajmnHoJIOrnyeckue
JaHHble CBUAETEeJIbLCTBYIOT O OoraTcTbBe JIyTOBOIO U
CTEIIHOI'O pasHOTpPaBbsA B MaKCUMaJIbHYyI0 da3y oJiefie-
HeHUA: B 5TOM HMHTepBajle olpejejieHa MbUIblla TpaB
n3 20 ceMelCcTB, MHOTMEe W3 KOTOPBIX INpeJCTaBJIeHbI
HECKOJIbKUMHU BHJaMH, poAaMy Wjiu Mopdooruye-
CKMMHU THIAMM IBUIBLEL. J{0JIA MBUIBLE pa3HOTPaBbs
yMeHbIlIaeTCs BBepX IO pa3pe3y, UYTO MOXeT yKasbl-
BaTh Ha Ilepexo[] OT KpUOTUrpoTHYecKoi (pa3sbl Mo3aHe-
BaJIAaliCKoOro ojiefleHeHusA K ero KpHOKCepOTHYeCKOMH
daze, cOOTBETCTBYIOIINI MaKCHMaJIbHOMY II0X0JIO[a-
Huto (I'puuyk, 1960).

[TeubnieBass ¢Jiopa, oOHapyxeHHasA B paspese
Chu-13a, BxyFOYaeT BB, MPUHAAJIEXANME K pas-
JIMYHBIM  3K0JIoro-QUuTOLleHOTYeCcKuM rpynmam: 1
— MHKpOTepMHBle Me30(QuJibHEIE pacTeHus (Kycrap-
HUKOBbIe Gepe3nl Betula nana v B. humilis, 0;TbXOBHUK
Alnaster fruticosus, Selaginella selaginoides v Botrychium
boreale); 2 — Me30dubHBIE JTyTOBBIE TPABHI (Sanguisorba,
Thalictrum, Valeriana w MHorue npyrue); 3 — OTHO-
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CUTEJIbHO XOJIOJOCTOMKHE KcepodHUTH — OoOuTaTeIu
COBpeMeHHBIX CyXUX CTelneil u noJiynycteieb (Ephedra,
Eurotia ceratoides); 4 — ramodutsl (Plumbaginaceae);
5 — renmoduts (Helianthemum, Bupleurum); 6 — BUIBI
HapyIIeHHBIX TPyHTOB (Centaurea cyanus, Chenopodium
album, Cannabis u np.); 7 — pa3HOOOpa3HBIE BBIHOC-
JuBble OOJIOTHBIE, IIPUOPEXHO-BOAHBIE U BOIHBIE
pacreHus.

Taxoe pasHooOpasue (Oopbl XOpOIIO CcOrJja-
cyeTcsi € KMeIIMMUCA NajJIWHOJIOTMYeCKMMM JaH-
HBIMU IO [TO3[IHEeBaJINaliCKUM OTJIOXKeHUAM BocTouHo-
EBpomnetickoii papHunbl (I'puuyk, 1982). B yactHoCTY,
COCTaB MBUIBLIEBBIX CIEKTPOB U HCKONaeMou (JIOpH!
LGM wu3 paspesa Chu-13a 6;1M30K K XapaKTepUCTUKAM,
YCTaHOBJIGHHBIM [IJIA TOT'O ke BpeMeHHOr'o MHTepBasa
10 JOHHBIM ocaakaMm I'amuuckoro osepa (Benwuko u
Ip., 2001; Borisova et al., 2022). AHasM3 COBpeMeH-
HOro reorpa@u4eckoro paclpocTpaHeHHs BUIOB UCKO-
MaeMo¥ NMbLUIbIeBOH (JIOpHI U3 OTJI0XKeHnH ['aucKkoro
o3epa, HakonusLInxcs 22-20 TeIC. KaJl. JI. H., IOKa3aJl,
yTO OJIVDKANIINI palioH-aHaJIOT A1 3TON (PJIOPHI HaXo-
auTcsa Ha AJitTae, B BepxOBbsx OacceiiHa p. AbGakaH,
k BocToky Temnenkoro ozepa (Bopucosa, 2021). Ha
3TON TEeppUTOPHUU COCEJCTBYIOT €JIOBble, COCHOBHIE U
JIUCTBEHHUYHEIE TOpHbIe Jleca, cyOasbluiickue Jyra
1 3apoCJI¥ KyCTapHUKOB U JJOBOJIbHO HIMPOKO pacIpo-
CTpaHeHBl OTKPHITHIE TPaBAHUCTEIE COOOIEeCTBA, B TOM
qricsie KcepodubHbIe acCOallii Ha KPYTHIX CKJIOHAaX
I0XKHOM 5KCIIO3ULINM.

[To coBpeMeHHBIM KJIMMAaTHU4eCKUM YCJIOBHASM B
Ipefiesiax 3TOro palioHa-aHasiora (T. Ha3. LleHTpa CoBpe-
MEHHOI KOHIIeHTpaluu HcKonaeMon ¢Jiophl) ObLIU
PEKOHCTPYHPOBaHb OCHOBHBIE KJIMMaTUyeckue IOKa-
3aTeJiM MaKCHUMajbHOH (dasbl MOCJIeqHero oJiefieHe-
HUA Ha TeppuTopun KocTpoMckoro pervoHa: cpeHsaA
TeMIlepaTypa HauboJiee XOJIOJHOrO Mecsna (sHBaps)
cocrasuia —19 + 3°C, uto Ha 6 + 3° HUXXe COBpeMeHHO,
a cpenHsAA TeMIlepaTypa HauOoJiee TeIJIOTO Mecsla
(urosisn) — 11+3°C (Ha 7 *=3° HUXe COBpPeMeHHON).
HeonpeneseHHOCTb OlLleHKM I'OJOBOH CYMMBI OCaAKOB
OuYeHb BeJIMKa M3-3a TOpUCTOro pesbeda pervoHa-aHa-
jora: 500-800 mm. Bo3aMoxHO, cpefHEroqoBOe KoJinye-
CTBO 0caakoB B LGM 06510 GJIM3KUM K COBPEMEHHOMY
(~550 Mm).

4. 3aKknioueHue

CocTaB IBUIBLIEBBIX KOMIIJIEKCOB M MCKOITAeMbIX
dop B ocagkax UyxJioMcKoro v I'aJJMuCKOro 03ep moka-
3BIBAET, YTO B MAKCHUMAaJIbHYIO a3y MmocjaeqHero oJie-
JIeHeHYs PErvoH ObLT 3aHAT MEPUTJIALNAIIBHO-CTEMHON
PaCTUTEJIBHOCTHIO ¢ HEOOJIBIIMMU yYacTKaMu Gepe3o-
BBIX U €JIOBBIX PEIKOJIECHN W OTHEJIbHBIMU TpyIIaMu
JlepeBbeB B HanboJiee 3alUIeHHBIX MECTOOOUTAHUSAX,
a Takxe pa3sHOOOpPa3HBIMU OOJIOTHBIMH, JIyTOBBIMU
U peyHbIMH cooflecTBaMu. KiimMaTtmieckue peKoH-
CTPYKIIMU HA OCHOBE COBPEMEHHOI'0 reorpapuyeckoro
aHaJIoTa MCKOMAaeMOU MBLIBIIEBON (PJIOPHI MOKA3BIBAIOT,
yTo B LGM cpenHeromoBas TeMmrepaTypa B pervoHe
cocTasJisiia okoJio -4°C, T.e. 6s1a Ha 7°C HUXe coBpe-
MeHHOU (+3 °C), uyTo AO/KHO OBLIO BHI3BaTh Hellpe-
PBIBHOE pacHpoCTpaHeHNe BEYHOU Mep3JIoThL. I'oqoBas
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Transformation of local kettle holes based
on geological and geophysical evidence,
Borisoglebsk Upland, Central European
Russia

Garankina E.V.}2*, Shorkunov 1.G.!, Yurchenko A.P.},
Posazhennikova V.S.}2, Lobkov V.A.!

I Institute of Geography, Russian Academy of Sciences,Staromonetny Lane, 29, Moscow, 119017, Russia
2 Lomonosov Moscow State University, Leninskiye Gory, 1, Moscow, 119991, Russia

ABSTRACT. Late Pleistocene evolution of Central European glacial landscapes is often narrowed down
to the impact of postglacial linear erosion. Yet extensive watersheds in the marginal zone of MIS6 glaci-
ation were protractedly affected by the postglacial flattening in periglacial and interglacial conditions.
Local sediment sinks such as kettle holes and dry valleys infilled throughout the postglacial stage can
serve not only as records of paleoenvironmental changes but also for assessing the scales of watershed
denudation and landscape transformation since the last glacial cover degradation. We attempted to use
electrical resistivity tomography for paleogeomorphological survey of a local flat-bottomed depression
previously studied by conventional lithological and stratigraphic approaches. The obtained geophysi-
cal profile showed a contrasting picture of the relatively higher-resistive glacial base embedded with
low-resistive lenses 3-25 m thick a top. The latter were correlated with the postglacial loamy deposits of
colluvial and lacustrine origin that infilled the lows of initial glacial topography. It was revealed that the
depression has a particularly complex inner structure embodying at least two buried kettle holes divided
by a large glacial ridge almost buried under the postglacial infill. They functioned as separate basins
during much of the Late Pleistocene and have probably merged only at its final stages. The geophysical
cross-section also showed a quite variable bottom relief of each kettle with significantly steeper slopes
than the modern sides of the depression. Thus, electrical resistivity tomography prospecting proved to
be useful for detecting the postglacial loamy infills of initial lows of the MIS6 glacial topography and can
be further employed to better understand the actual scales of the postglacial redeposition and landscape
modeling during the last 150-130 ka.

Keywords: glacial landscapes, paleolakes, electrical resistivity tomography, facies analysis, lacustrine deposits,
Late Pleistocene
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1. Introduction

Late Pleistocene evolution of Central European
glacial landscapes is often narrowed down to the impact
of postglacial linear erosion. However, extensive water-
sheds widespread in the marginal zone of MIS6 glacia-
tion were protractedly affected by the postglacial flat-
tening due to the redeposition of glacial load by slope,
eolian, and other periglacial processes in local sediment
traps, i.a. in lacustrine environments, and their addi-
tional infill due to the biogenic accumulation of peat,
gyttja, or sapropel during the warmer climatic phases.
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However, occasionally mentioned as characteristic of
periglacial environments those agents are underesti-
mated as actual drivers of landscape transformation
(Garankina et al., 2019). The accurate assessment of
such contribution is possible through studying the infill
structure and volume of local sediment sinks. As facies
and stratigraphical research of postglacial sedimen-
tary sequences of kettle holes, larger glacial closed and
semi-closed depressions, and lake basins are quite com-
mon there are only a few investigations of the geomor-
phology of initial lows (e.g., Karasiewicz et al., 2017;
Forysiak et al., 2018; Woronko et al., 2018; Hosek et

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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al., 2019; Hein et al., 2021; Mirostaw-Grabowska et al.,
2021). That considerably constrains the potential of
volumetric estimation of postglacial redeposition and
accumulation in the region.

Geophysical prospecting is one useful approach
for studying buried morphologies. As the area is domi-
nated by pronounced loamy cover above glacial sands,
loams, and diamicts, electrical resistivity tomography
(ERT) (Woronko et al., 2018; Hosek et al., 2019, etc.)
seems to be more effective than ground penetrating
radar profiling yet much more affordable than seismic
sounding (Hein et al., 2021). Thus, ERT was chosen
as a tool for paleogeomorphological survey of a local
flat-bottomed depression previously studied by con-
ventional lithological and stratigraphic approaches
(Garankina et al., 2023).

2. Materials and methods

Solovey Kettle is a local depression at the NE
Borisoglebsk Upland about 190 km NE of Moscow and
10 km WSW of Rostov (Yaroslavl Oblast) (Fig. 1a). Last
glaciated during the MIS6 (Astakhov et al., 2016), the
region since has experienced alternations of intergla-
cial (MIS5e, MIS1) and periglacial (MIS5d-MIS2) con-
ditions. Glacial topography of the area is dominated by
low-amplitude hilly plains alternating with pronounced
hills and shallow depressions. The latter are mostly ket-
tle holes filled with sediments reflected as gentle con-
cavities ranging from 0.5 to 4 km in diameter. Solovey

kettle belongs to the Puzhbol Gully catchment lying
beyond the upper reaches of its right tributary (Fig.
1b). From the north and west, the semi-round depres-
sion is canvased by two large hills elevated 25-50 m
while smaller knobs 5-7 m high are spread along its
southern and eastern margins. The dry, slightly con-
cave flat floor (1.0 km x 0.7 km) has semi-separated S
and NE hollows. The southern hollow is slightly soggy,
yet a distinct shallow waterbody persisted there until
the land reclamation and construction of an artificial
drainage system in 1984.

At the bottom and sides of the Solovey Kettle,
15 cores ranging in thickness from 4 to 21.5 m were
acquired with an impact hand corer, mechanized rotary
corer, and press-auger. The structure of the surround-
ing watersheds was explored in several quarry walls
supplemented by a couple of pits on the shoulders and
footslopes of hills. All geological exposures were pho-
tographed and provided with thorough field macro-
morphological and lithological descriptions, facies and
stratigraphic interpretations (Garankina et al., 2019;
2023). Geophysical prospecting was applied to further
investigate the structure of the basin’s sides and floor.
ERT was accomplished with 48-electrode electrical
prospecting equipment SKALA 48K12 (Siber 48K12)
(Electrometry Design Bureau LLC, Novosibirsk). Pole-
dipole array was chosen for achieving the maximal
sounding depth while with the dipole-dipole array, it
was possible to increase the sounding resolution in the
upper part of the cross-section (Loke, 2001). A subme-
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RT data coupled with the results of lithological correlation.
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ridional profile 1.2 km long was accomplished reaching
the maximal depth of sounding up to 70 m owing to the
5 m electrode spacing.

3. Results and discussion

The drilling depth closely corresponds to the
postglacial sedimentary thickness decreasing from 20
m in the deepest basin’s parts to the first meters on
the periphery (Fig. 1d). ERT profile crossed the kettle
from the top of a large hill at the north to the toeslope
of a smaller knob at the south (Fig. 1b) presenting a
rather contrasting picture (Fig. 1c). The major part
of the cross-section demonstrates relatively increased
electrical resistivity values (~40-60 Q*m) with even
higher localized anomalies of up to ~80-120 Q*m.
The top of the profile (upper 3 to 25 m) reflects notice-
ably lower resistivity values (~10-40 Q*m) distributed
much more homogeneously. The deepest parts of the
low-resistive layer correspond well with the thickest
lacustrine loamy strata reached by drilling while its
reduced thickness closer to the depression’s sides is
in good agreement with the decreased depth of the
low-resistive layer. However, the distribution of low
resistivity anomaly in-between the cores differs signifi-
cantly showing not one but, at least, two pronounced
hollows, each with an amplitude bottom topography,
divided by a large positive anomaly. That protrusion
of highly resistive matter from below matches with the
glacial reddish sandy loams coming to the surface of
the kettle floor with pebbles and small boulders fre-
quent in the plow horizon. In the modern landscape,
a smooth low-rising spur spreads out into the central
part of the kettle. A large and extremely low-resistive
anomaly (=10 Q*m) in the central part of the transect
appears to be caused by a buried electric cable.

In frames of the modern flat-bottomed Solovey
depression, geological coring indicated a pronounced
overdeepening of the glacial base. The northern slope
of paleodepression reached up to 17-20° while, at
present, it appears as a gentle hill footslope. And the
thickest exposed postglacial infill (20.55 m) is bound
to the toeslope of the modern depression. Geophysical
reconnaissance has confirmed an even greater thick-
ness of the postglacial infill reaching 25 m, yet revealed
a much more complicated buried topography (see Fig.
1c). At least, two waterbodies existed in the southern
and northern kettles of the initial glacial landscape
each with a rather differentiated bottom relief. They
persisted as separate basins during the major part of the
Late Pleistocene, which is sustained by findings of spe-
cific interglacial peats at significantly differing depths
(~9 and 15.5 m, correspondingly) (Garankina et al.,
2019; 2023). The upper parts of the infill also show
some considerable differences, such as a remarkable
sand input (>4 m in total) detected only in the north-
ern kettle. A sublatitudinal glacial ridge that divided
the kettles is highlighted by the increased electrical
resistivity values in the geophysical profile implying it
was at least 25 m high and > 200 m in width. Yet in the
modern topography, it is poorly visible as a very smooth
spur less than a couple of meters high. Such associa-
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tions of buried kettle holes and glacial highs jointed
into larger flat-bottomed depressions of the modern
landscape have been lately found in Poland (Woronko
et al., 2018; Mirostaw-Grabowska et al., 2021) and the
Czech Republic (Hosek et al., 2019) suggesting they
reflect a typical tendency of postglacial evolution of
initial glacial terrains in marginal zones of both MIS6
and MIS2 glaciations. Thus, local sediment sinks such
as kettle holes and dry valleys infilled throughout the
postglacial stage can serve not only as records of paleo-
environmental changes but also for assessing the scales
of watershed denudation and landscape transformation
since the last glacial cover degradation.

4. Conclusions

1. Modern smoothed flat-bottomed depressions in
paleoglacial landscapes have a rather complex
inner structure and may embody several overdeep-
ened kettle holes with much steeper slopes that
were completely infilled and merged into one
during the postglacial evolution.

Postglacial loamy infill is well-defined in the ERT
data by its low resistivity in contrast to the rather
higher resistive and strongly differentiated depos-
its of the underlying glacial complex.

Application of electrical resistivity tomography
in paleogeographic studies of the MIS6 glacia-
tion marginal zone proved to be a useful tool for
detecting the postglacial loamy infills of the ini-
tial lows of glacial topography. It can be further
employed to better understand the actual scales of
the postglacial redeposition and landscape model-
ing during the last 150-130 ka.

5. Acknowledgments

This research was supported by the
Russian Science Foundation, project No. 23-77-
10063. Paleogeomorphological interpretation

was accomplished in frames of state assignment
AAAA-A16-11632810089-5 of Geomorphology and
Paleogeography Dept., Lomonosov MSU. We are grate-
ful to A.Yu. Kachalov and N.E. Demidov for their drill-
ing experience and V.R. Belyaev, V.Yu. Ukraintsev, A.O.
Utkina, A.D. Lisova, N.V. Mokievskiy, I.M. Petrovnin
and Yu.V. Shishkina for field assistance and cores’
preparation.

Conflict of interests

The authors declare no conflicts of interest.

References

Astakhov V., Shkatova V., Zastrozhnov A. et al. 2016.
Glaciomorphological map of the Russian Federation.
Quaternary International 420: 4-14. DOIL: 10.1016/j.
quaint.2015.09.024

Forysiak J., Majecka A., Marks L. et al. 2018. Eemian
to Early Weichselian organic deposits in the watershed ket-



https://www.doi.org/10.1016/j.quaint.2015.09.024
https://www.doi.org/10.1016/j.quaint.2015.09.024

Garankina E.V. et al. / Limnology and Freshwater Biology 2024 (4): 310-317

SI: «The 6th International Conference
Paleolimnology of Northern Eurasia»

tle-hole basins in central Poland. Bulletin of the Geological
Society of Finland 90: 199-208. DOI: 10.17741/bgsf/90.2.005

Garankina E., Posazhennikova V., Lobkov V. et al. 2023.
2b. Postglacial lacustrine sedimentation. In: Valdai Periglacial
Field Symposium Guidebook, 27-30 August 2023. Moscow,
pp. 47-63. DOIL: 10.15356/periglacial978-5-89658-071-3

Garankina E.V., Belyaev V.R., Shorkunov I.G. et al.
2019. Lake sedimentation as an agent of postglacial trans-
formation of interfluves and fluvial landscapes of the
Borisoglebsk Upland, Central European Russia. Proceedings
of the International Association of Hydrological Sciences 381:
13-20. DOI: 10.5194/piahs-381-13-2019

Karasiewicz M.T., Hulisz P., Noryoekiewicz A.M. et al.
2017. The impact of postglacial palaeoenvironmental changes
on the properties of sediments in the kettle hole at the site
of Jurki (NE Poland). Geological Quarterly 61(2): 305-319.
DOI: 10.7306/gq.1346

Loke M.H. 2001. Tutorial: 2-D and 3-D electrical imaging
surveys.

313

Hein M., Urban B., Tanner D.C. et al. 2021. Eemian land-
scape response to climatic shifts and evidence for northerly
Neanderthal occupation at a palaeolake margin in northern
Germany. Earth Surface Processes and Landforms 46(14):
2884-2901. DOI: 10.1002/esp.5219

Hosek J., Prach J., Krizek M. et al. 2019. Weichselian
thermokarst landscape discovered in the Czech Republic, cen-
tral Europe. Boreas 48: 988-1005. DOI: 10.1111/bor.12404

Mirostaw-Grabowska J., Bor6wka R.K., Radzikowska M.
et al. 2021. Environmental changes recorded in the sequence
of lake-peat bogs in the Eemian Interglacial and Vistulian on
the basis of multi-proxy data. Quaternary International 632:
51-64. DOI: 10.1016/j.quaint.2021.11.023

Woronko B., Rychel J., Karasiewicz T.M. et al. 2018.
Post-Saalian transformation of dry valleys in eastern Europe:
an example from NE Poland. Quaternary International 467:
161-177. DOI: 10.1016/j.quaint.2016.09.054



https://www.doi.org/10.17741/bgsf/90.2.005
https://www.doi.org/10.15356/periglacial978-5-89658-071-3
https://www.doi.org/10.5194/piahs-381-13-2019
https://www.doi.org/10.7306/gq.1346
https://www.doi.org/10.1002/esp.5219
https://www.doi.org/10.1111/bor.12404
https://www.doi.org/10.1016/j.quaint.2021.11.023
https://www.doi.org/10.1016/j.quaint.2016.09.054

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
Limnology and Freshwater Biology 2024 (4): 310-317 DOI:10.31951/2658-3518-2024-A-4-310 lManeonum+onozus CesepHoli Egpasuux

KpaTtkoe coobuienne

Tpaucq)op!vlau.ml AOKaNbHbIX A€éAHUKOBbIX [ IMNOLOGY
AenpeccHy No reonorM4eCKMmM u FRESETWATER.
reopuanuecKkum AaHHbIM, Bopucornebckan BIOLOGY
BO3BbILUEHHOCTb, UeHTp EBponenckon - —
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AHHOTAIIUA. TTo3aHenIeicTOLeHOBYI0 SBOJIIOLNI0 [IEHTPAJIbHOEBPOIENCKUX Jie JHUKOBBIX JJaHAmad-
TOB 4aCTO CBOAT K BO3JEMCTBUIO IIOCJIEJeAHUKOBON JINHEWHON 5po3un. OAHaKo OOMINpHBIE MEXAY-
peubsa B KpaeBoil 30He MHUC6 oJsieieHeHUA MOABEPrajiiCh TakXe AJUTEJBHOMY IOCJiejie JHUKOBOMY
BBIDABHMBAHMIO B MEPUTJIALUAIBHBEIX U MEXJIEAHUKOBHIX yCJIOBUAX. JIOKaJbHEIE CeAUMEeHTAIMOHHEIE
JIOBYIIKM, TaKhe KaK MOpPEHHbIe 3amaguHbl, KOTJIOBUHBEI U JIOXOWHBI, BBIIIOJHABIINECA OTJIOKEHUAMU
Ha MPOTKEHUHU BCEro MocJjiejieJHUKOBOIO 3Tama, MOTyT CJIyXXHTh He TOJIbKO JIETONMCAMU IajieoJlaH -
madTHEIX U aJeOKJIMMaTHYeCKUX U3MeHEeHHU, HO U [JIA OlleHKH MacIITab0B AeHyAaluy MeXaypeuni
U TpaHchopmanuu peabeda co BpeMeHHU Aerpaganuu mocjieJHEero JeJHUKOBOro nokposa. Hamu mpen-
MPUHATA MOMBITKA UCIO0JIb30BaTh 3JIEKTPOTOMOrpadpriecKruii MeTo] Kak MHCTPYMEHT IajieoreoMopdo-
JIOTUYECKOT0 KCCJIeJOBAHUA JIOKAJBHOUN IJIOCKOOOHHON KOTJIOBHMHBI, CTPOEHHE KOTOpPOI paHee OBLIIO
U3y4YeHO TPaAULMOHHBIM JIUTOJIOTO-cTpaTurpadpruueckuM metoAoM. [lojiyuyeHHBIN TreopU3ndecKuil
npoduiib MoKa3ajJ AOBOJIBHO KOHTPACTHYI0 KapTUHy, rae Ha AuddepeHIMpOBaHHOM OTHOCHUTEJIBHO
BBICOKOOMHOM JIEJHMKOBOM IJOKOJIe JiekaT 0ojiee OAHOPOAHblE HU3KOOMHBIE JIMH3BI MOIHOCTHI0 3-25
M. IlocieaHue OBUIM COMOCTaBJIEHBI IOCJIEJIEAHUKOBBIM CKJIOHOBBIM M O3€PHBIM CYTJIMHKAaM, BBINOJI-
HAIUM TOHWXXEeHUA MCXOOHOTrO JIEAHMKOBOTO peibeda. YCTaHOBJIEHO, YTO AeNpeccrus UMeeT Cyllle-
CTBEHHO 00Jiee CJIOXKHOe BHyTPeHHee CTPOeHNe, BKJII0Yas Kak MUHUMYM JiBe ITorpe0eHHble KOTJIOBUHEI,
paszgejieHHble MOPEHHBIM BaJIOM, HbIHE MPaKTU4eCcK! MOrpe0eHHBIM IOJ MOCJiejieJHUKOBOM TOJIIIEH.
BoJipliy1o yacTh MO3JHEr0 IJIEHCTOLIEHA 03epa B KOTJIOBUHAX (DYHKIIMOHHMPOBAJIM OTAEJIbHO U, BEPO-
ATHO, 00BeJMHUJINCh B OOUH OaCCEelH JIMIIb Ha ero 3aK/IIUYMTEJIbHBIX cTaauax. ['eopusnieckuii pa3pes
TaKXxe IMoKa3aJjl BecbMa M3MEeHUUBHIN pejibed AHA KaXOOM KOTJIOBUHEI CO 3HAUMTEJIBHO O0jiee KPyTHIMU
CKJIOHaMH, 4YeM COBpeMeHHble O0opTa Aenpeccuu. TakuM 00pa3oM, 3j1eKTpoToMorpaduieckrie HUccie-
JoBaHUA nokasaau ceba 3dHeKTUBHBIMU AJIA BHIABJIEHUSA MOCJIEJeHUKOBBIX CYTJIMHUCTBIX BHIIIOJIHE-
HUI NEPBUYHBIX TOHWXEHUHN JIEAHUKOBOIO pejibeda 1 MOTyT OBITh B JaJIbHEMINEM HCIOJIb30BaHbI IJ1A
JIy4lllero MOHMMAaHUA peasIbHBIX MacliTab0B IOCJIeJIeJHUKOBOTO NePEO0TIIOXKEHNA BelleCcTBa M MOIeJIU-
poBKU pesibeda B TeueHue nocjaeqaux 150-130 Teic. JieT.

Kittouegsie csioga: jieNHUKOBEHIN pesibed, IpeBHUE 03epa, 3JieKTpoToMorpadus, panuaibHbI aHaJIU3, O3epHbIe
OTJIOXEHUA, TO3IHUH IIJIeHCTOLIeH
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BBHIDaBHUBAHUIO, OOYCJIOBJICHHOMY IlepeoTJIOXKeHreM
JIeAHHMKOBOI'O MaTepuajia CKJIOHOBBIMU, 30JIOBBIMU U
APYTUMH NepUIJIANUaJIbHEIMU IIpolleccaMy B JIOKaJIb-
HBIX CeVIMEeHTalOHHBIX JIOBYIIKAaX, B T.4. B 03€pHBIX
YCJIOBUAX, W UX AONOJIHUTEJIbHBIM BHIIIOJHEHUEM 3a
c4eT OMOreHHOro OCAAKOHAKOIUIeHHA TOpQOB, TUT-
TUN WK camporeseli B 60Jiee Telible KJIMMaTUUecKre
¢asel. OgHako 3TU (AKTOPHL, XOTh 3a4acTyl U YIO-
MMHAIOTCA KaK XapaKTepHble [JIA MepUIJIALNaJIbHBIX
06CcTaHOBOK, OOBIYHO HEJIOOLIeHMBAIOTCA KaK peasibHble
areHTHl TpaHchopMmanuu Jjganamadra (Garankina et
al., 2019). KoppekTHas OlLleHKA WX BKJIaJla BO3MOXHA
IyTeM HU3y4eHus JIMTOJIOTNYeCKOro CTpoeHus U o0beMa
STHUX BBIIOJIHEHUH B JIOKAJIBHBIX JIOBYIIKaX HAaHOCOB.
danuanbHBle U cTpaTUrpaduyeckrde HcCcaefOBaHUA
IocJjiesIeJHUKOBBIX BBIIIOJIHEHUII MOpEHHBIX 3alaiuH,
3aMKHYTBIX U [I0JTy3aMKHYTHIX JIOXOWH U 6oJiee KpyII-
HBIX 03€pHBIX KOTJIOBUH AOCTAaTOYHO PaclpOCTPaHEeHHI,
OfHaKo reomMop@doJsiornyeckoe CTpoeHre caMux Iorpe-
OeHHBIX OTpUIaTeJIbHBIX (POpM HccIefyeTcs KpaliHe
penko (Hampumep, Karasiewicz et al., 2017; Forysiak
et al., 2018; Woronko et al., 2018; Hosek et al., 2019;
Hein et al., 2021; Mirostaw-Grabowska et al., 2021),
YTO CyIL[eCTBEHHO OrpaHN4MBaeT BO3MOXKHOCTH OLIeHKHU
00BbeMOB IOCJIeJIeAHUKOBOTO CHOCA U aKKyMYJIALIMU B
peruoHe.

leodpusnueckas pasBefka ABJIAETCA OOHUM U3
yJI0OHBIX cIOCO0OB M3ydeHUs norpebeHHOro pesbeda.

[TocKkoONIBKY Ha TEPPUTOPUU JIeJHUKOBBIE IIeCKH, CYyI-
JINHKY Y JUAMUKTOH NepeKPHITH CYyTJIMHUCTHIM IIOKPO-
BOM, 3JtekTpoToMorpadusa (Woronko et al., 2018; Hosek
et al., 2019 u gp.), no-BugUMoMy, 6osiee 3pdeKTrBHA,
4yeM reopaJroJIoKallioHHOe NpodUIpoBaHue, HO NIpU
TOM U ropaszio 6oJjiee JOCTYIIHA, YeM celicMOpa3BeiKa
(Hein et al., 2021). Takum o6pa3oM, 3JIEKTPOTOMOTpPa-
¢usa (OT) 6bs1a BeIOpaHa B KauecTBe MHCTPYMeHTa AJIA
najieoreoMop(doJIorHYeckoro KccjieJOBaHUs JIOKaJIb-
HOM IIJIOCKOAOHHOM KOTJIOBHHBI, CTpPOE€HHEe KOTOPOH
paHee OBUIO U3yYeHO TPAJAULIHMOHHBIM JIMTOJIOTO-CTPA-
turpaduyeckum Metozom (Garankina et al., 2023).

2. MeToAb!I M MaTepHManbl

CosoBreBcKas KOTJIOBHMHA — HeGOJIbIIAsA Jemnpec-
cusi Ha ceBepo-BocToke Bopucorsiebckoil BO3BHIIIEHHO-
cTU npuMepHO B 190 KM K ceBepo-BOCTOKY OT MOCKBHL U
B 10 kM K 3amaf-woro-3amnafgy ot Pocroa (fpociaBckas
0651.) (Puc. 1la). C pgerpamanuu nociaegHero MUC6
JieqHUKOBOTO MoKpoBa (Astakhov et al., 2016) pervon
HCHBITHIBAJI Yepe/ioBaHUe MexJieAHUKOBbIX (MUC5e,
MMUC1) u nepurisanuaabubeix (MUC5d-MUC2) obGcra-
HOBOK. B jlefHIKOBOM peJsibede TeppuTopuu npeobna-
JaloT MaJoaMILUTUTY/IHble BOJTHUICTBIE PaBHUHEI, Iepe-
Mexarolmuecs ¢ KPyIHbBIMUA XOJIMaMU U HerJIyOOKUMU
JenpeccusiMi. OTHU KOTJIOBUHBI B OCHOBHOM c(opMu-
poBajiich MpU BBITAaUBAHUU OJIOKOB MEPTBOIO JIbJla U
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Puc.1. (a) IMoJyioxeHre KJTIOUEBOrO yyacTka (kenras 3Be3fouka) Ha BoPuc.undefined. orsieGckoii Bo3BeieHHOCTH. (b)
Penped ConoBreBckoil KOTJI0BUHB (LIMP no maHHbIM onndpoBaHHON 3eMJieyCcTpOUTeIbHOM KapThl Macitada 1:10000) ¢ nosio-
)keHreM OypoBBIX CKBaXUH U wmypdoB. XKesnroil suHuellt A-B ormeued DT npoduib. (c) DiekTporoMorpaduieckuil paspes.
XKupHas yepHas JIMHUSA OTAEJAET HU3KOOMHOE CYTJIMHHCTOE BBIMIOJIHEHUE JPEBHUX MOHIDKEHUI OT 60Jiee BRICOKOOMHOTO JIe[-
HHUKOBOT'O LIOKOJIs, OTpakas CJIOKHBIN MorpeGeHHbIN JieJHUKOBHIHA pesibed. (d) [To3qHenIelCTOLeHOBOE re0JIOTHYECKOe U Tajie-
oreoMopd0JIOrMYecKoe CTpoeHue Aenpeccuu (BhIlIe JIEJHUKOBOTO I[OKOJIA), PEKOHCTPYUPOBAaHHOE MO AaHHBIM DT B coueTaHUU

C pe3yJabTaTaMU JIMTOJIOTMYeCKON KOppeJIALUHI.
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nosaHee OBUIM 3allOJIHEHBl OCaJKaMH, ceivyac Ipef-
cTaBJIsAA OO0l OUeHb M0JIOTHe MTOHMXeHNN JuaMeTpoM
oT 0.5 1o 4 xMm. CoJioBbeBcKasi KOTJIOBMHA OTHOCHUTCSA
k BogocOopy oBpara Ilyx00J1, HaxoAACh 3a NpefesiamMu
BepXOBbeB ero mpasoro mputoka (Puc. 1b). C ceepa
Y 3anaja noJiy3aMKHyTOe IOHIKeHe OKalMJIAIOT ABa
KPYIIHBIX X0JIMa BBICOTOH 25-50 M, a c 1ora 1 BOCTOKa
— HeOoJIbllIe XOJIMBI BBICOTOHN Bcero 5-7 M. Ha rore
U CeBepo-BOCTOKe CJIAOOBOTHYTOI'O BBIIIOJIOKEHHOIO
aauma (1.0 kM x 0.7 KM) KOTJIOBUHBI NIPOCJIEXUBA-
I0TCcA JBa HeOOJbIIMX NOHMXeHUA. IOxHaA BHaauHa
JIMIIb cJierka 3ab0Ji04eHa, X0Ts MeJIKOBOAHBIN BOJl0eM
COXpaHsAJICA BILIOTh 10 MeJIMOPaIiy C IOMOIIbIO UCKYC-
CTBEHHOI ApeHaXXHoi cuctemMa B 1984 r.

B muuine u Ha 6opTax CoJIOBEEBCKOM KOTJIOBUHEI
B XOAe yAapHOTO Py4YHOIO, KOJIOHKOBOTO U IIHEKO-
BO-CBaliHOro OypeHMsA OBLJIO HCCJIeJOBaHO 15 KepHOB
MOIIIHOCTBIO OT 4 A0 21.5 M, a CTpoeHre OKPYXKaIINX
MeXIypeuuii [ONOJIHUTEJbHO HN3yYeHO B KapbepHBIX
BhIpaboTKaxX, a Takxke mypdax Ha CKJIOHax U MOJHO-
JKUAX XOJIMOB. Bce kepHBI U oOHaxxeHU:A ObUIU cHOTO-
rpadupoBaHbl U CHa0XeHbl [eTaJbHBIMU I0JIEBEIMU
MakpoMOp®dOJIOTMYeCKUMU U JIMTOJOTUYECKUMU OIIU-
caHUAMY, a 3aTeM — (aluajbHON U cTpaTUrpaduye-
ckoii unrepnpetarnuei (Garankina et al., 2019; 2023).
l'eodpusnueckas pa3Beaka Obljla IpUMeHeHa JJIA JeTa-
Ju3anuy cTpoeHusa OopTroB M nHumA OacceiiHa. OT
npoGUINpOBaHUe BHIIOJIHEHO C NOMOIIBI0 48-KaHalb-
HOU DaJieKTpopa3BefjouHOM ammapaTypsl «CKAJIA
48K12» (OO0 «KB Snekrpomerpuu», I. HoBocubupck).
TpexajiekTpogHas ycTaHOBKa Oblyla BeOpaHa nJiAd
JOCTIXEHNUs MaKCMMaJIbHOM TJIyOMHBI 30HANPOBaHNUS,
TOrAa Kak C IIOMOIIbI0O JUIIOJIBHO-OCEBOH YCTaHOBKU
yAaJioCh MMOBLICUTH pa3pelleHne 30HANPOBaHUA B BepX-
Hel yactu paspesa (Loke, 2001). ITosydeH cyoMepuau-
OHaJIbHBIN MpOdUJIb JUIMHON 1.2 KM C MaKCHMaJIbHON
r1yOMHOM 30HAMpoBaHuA Ao 70 M 3a cueT NATUMETPO-
BOI pacCTaHOBKU 3JIEKTPOJOB.

3. Pe3ynbTatbl M 06Ccy)xpeHue

I'my6uHa OypeHus OJIM3KO COOTBETCTBYET MOIII-
HOCTH IIOCJIeJIeAHMKOBBIX OTJIOXKEHHI, KoTopasA u3Me-
HieTcs OoT Gosiee 20 M B Haubosiee rJIyOOKHX YacTAX
bacceiiHa O0 mepBBIX MeTpoB Ha mnepudepum (Puc.
1d). 3T mpodwip mepeceKk KOTJIOBUHY OT BEPIIUHBI
KpYyIIHOTO XOJIMa Ha ceBepe [0 MOOHOXHA HeOOJIb-
moro xoiMma Ha iore (Puc. 1b), mpomemoncTprposas
JOBOJIBHO KOHTpacTHyI0 kaptuHy (Puc. 1c). Bosbmiei
4yacTH pas3pe3a COOTBETCTBYIOT OTHOCHUTEJIbHO IIOBBHI-
IIeHHble 3Ha4YeHus yAeJbHOro conmpoTusieHus (~40-
60 OM*M) c JIOKQJIbHBIMU aHOMaJuaMu no ~80-120
Om*M. BepxHss xe gacTb npodus (ot 3 1o 25 M) oTpa-
’)kaeT 3aMeTHO MeHblllie 3HadyeHus yAeJIbHOI'O COIIPO-
tuByeHus (~10-40 Om*M) u ux 6GoJjiee OJHOPOJHOE
pacnpefenienre. HanOosbpmiasd MOIIHOCTb HU3KOOM-
HOT'O CJIOSA COTJIacyeTcs ¢ MaKCHMaJIbHBIMU BCKPBITHIMU
rIyOMHaMU 3aJjieraHusA NOJOMIBBE O3€PHBIX CyTJIMHKOB,
TOrAa Kak UX yMeHbllleHue Ojivke K OopTaM KOTJIO-
BUHBl COOTBETCTBYET MOHIKEHHOH MOUIHOCTH HU3KO-
oMHoOro cjod. OgHako pacipefesieHHe HU3KOOMHBIX
aHoMasiil MeXAy CKBaXWHaMH CyL[eCTBEHHO CJIOX-
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Hee, JEMOHCTPUPYA He OAHY, a, KaK MHUHUMYM, B
BhIpaXkeHHbIe BHaAuHbl. Kaxaas U3 HUX UMeeT aMILIN-
Ty[HbIEe Nlepenajibl NOAOLIBHI, TOrAa KaK APYr OT Apyra
UX OTAeJiAeT KpyHHas TMOJIOXUTebHAasA aHOMaJus.
DTOMY BBICTYIIy BHICOKOOMHOI'O BellleCcTBA K ITOBEPXHO-
CTU COOTBETCTBYIOT BBIXOJ[bl KDACHOBATHIX JIEJHUKOBBIX
cyneceii, BCKPBIBAIOIUXCA HEMOCPENCTBEHHO B JHUIIE
JleTIpeccuy, 4acTo ¢ MeOHUCTBIMU U MeJIKOBaJTyHHBIMU
BKJTIOUEHUSAMU B IaXOTHOM T'OpU30HTE. B coBpeMeHHOM
penbede 3TO NOBBIMIEHHBII Y4YacTOK QHUIA KOTJIO-
BUHBI, IPOCTUPAIOIIUICA B BUE IIJITABHOI'O HEBHICOKOT'O
OTpora OT BOCTOYHOro xosMa. KpynHas oueHb XOpOIIo
npoBofsas aHoMmasnus (<10 OM*M) B cepequHe Mpo-
¢uns, cynsa no Bcemy, BbI3BaHa 3arjTyOJIEHHBIM 3JI€K-
TPpUYeCKUM KabesieM.

B mpenmenax rmuiockogoHHOU —CoOJIOBREBCKOM
KOTJIOBUHHI TeoJiorndeckoe OypeHUe BBIIBUJIO 3Ha-
YuTeJbHOE IepeyriybjeHre KpPOBJIU JIeJHUKOBOTO
1[okoJisi. CeBepHBII CKJIOH TMajleofellpecCuyd [IOCTU-
ran 17-20°, Torma kak ceiidyac eMy COOTBETCTBYeET
ToJIOroe TMOHOXME CKJIOHA, a caMoe MOIIHOe TocJIe-
JleqHUKOBOe BhimosiHeHUe (20.55 M), BckphiTOoe Gype-
HHeM, [IPUYPOUYEHO K IMPUTHUIOBON YacTU KOTJIOBUHBI.
leodusnueckas paspefka NOATBepAuMsa Aaxe OOJIb-
IIyI0 MOIIHOCTh TOCJIeJIeJHUKOBOIO 3aloJjIHeHus (7o
25 M), HO BHIfIBUJIA U Topaszfio 6oJiee CJIOXKHBIN MOrpe-
6eHHbIN penbed (cM. Puc. 1c). ITo kpaliHeil Mepe ABa
OTJIeJIbHBIX BOJIOEMA CYI[eCTBOBAJIO B I0XKHOH U ceBep-
HOHM BIAAWHAX WCXOQHOTO JIeJHUKOBOrO pejibeda,
Kaxas U3 KOTOPHIX XapaKTepu3oBajach BecbMa qud-
(epeHIIDOBAaHHBIM JOHHBIM pesibedpoM. B pazobuieH-
HOM BuJle OaccelHBI COXpAHsINCh Ha MNPOTKEHUU
OOJIbIIIe YacTH IMO3IHEro IJIeHCcTolleHa, O YeM CBUe-
TEJbCTBYIOT HaXOAKU cHeludUUecKuX MeXJieqJHUKO-
BhIX TOP(OB Ha CYIeCTBEHHO pa3HAIUXCA TJIyOMHaX
(~8.5 u 15.5 M, coorBercTBeHHO) (Garankina et al.,
2019; 2023). B BepxHUX YacTsX UX BHIIIOJTHEHU TaKxe
BCKPBITHl CyIleCTBeHHble pa3jiMuusA Kak, HampuMmep,
3HAUUTEJIbHBI NPUBHOC TMecka (0Omiell MOI[HOCTHIO
>4 M), o6HapyXeHHBbIH JIUIIb B KepHaxX CeBEPHON KOT-
JoBUHBL. CyOIIMPOTHBIN MOpPEHHBIH BaJl, pa3e isaBIINi
BOAJIMHBI, BBIAEJIAETCA IO ITOBHIIIEHHBIM 3HAYEHUAM
YIeJbHOTO 3JIEKTPUYECKOro COMpPOTUBJIEHUA B reodu-
3uvyeckoM mnpoduse, UYTO IO3BOJIAET MPEANOJIOKUTD,
YTO OH AOCTUTraJ B BEICOTY 25 M, a B winupuHy >200 M.
OpHako B cOBpeMeHHOH Tomnorpaduul oH c¢jabo yura-
eTcsi Kak OYeHb CrjIaXXeHHBIN OTPOr BOCTOYHOI'O XOJIMa
BHICOTOI MeHee naphbl MeTpoB. [looGHbIe acconuanuu
norpebeHHbIX KOTJIOBUH BHITaUBaHMA MepPTBOTO Jib/ia U
JIe THUKOBHIX MOBBIIIEHN, O0beJUHEHHBIX B COBpEMEH-
Hble 6oJiee KPYIHbIE IJIOCKOJIOHHBIE Jlelpeccuu, ObLIN
HelaBHO oOHapyxeHbI Takxe B I[Mospme (Woronko et
al., 2018; Mirostaw-Grabowska et al., 2021) u Yexuu
(Hosek et al., 2019), 4TO MO3BOJIAET MPEIIOJIOXKUTS,
YTO OHU OTPAXAIOT TUNNYHYI0 TeHAEHI[UI0 MOCTIeJHU-
KOBOH 3BOJIIOLINY NUCXOAHBIX JIeJTHUKOBBIX JJaHAMA(TOB
B KpaeBBIX 30HaX oJiefleHeHUll kak Bpemenu MUC6, Tak
n MUC2. TakuMm o6pa3omM, JIOKajJbHBIE CeqUMeHTal-
OHHBIE JIOBYIIKU (MOpeHHBIe 3amnaguHbl, KOTJIOBUHBI U
JIOXXOUHBI CTOKA), 3allOJIHABIIMECA OTJIOXKEHUAMM Ha
MPOTSDKEHUHN BCero MocJiejieJHUKOBOTO 3Tara, MOTYT
CJIyXKUThb He TOJIBKO CBUETeJbCTBaMM I1aJIe03KO0JIO-
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TMYECKUX W3MEHEHHUil, HO U [JIA OLEHKU MacIiTaboB
JleHyJaluu Ha Bogocbopax u TpaHchopMaIuy Mexay-
pevHBIX JIaHAMAa(TOB CO BpeMeHU MOCJIeqHE Jerpaaa-
I[UU JIETHUKOBBIX TIOKPOBOB.

4. 3aknioueHue

1. CoBpeMeHHBIE BBINOJIOXEHHBIE IJIOCKOAOHHBIE
Jenpeccuy B 00JIacTAX [pEBHEro OJie[eHeHUs
MMEIOT [IOBOJIBHO CJIOXKHOE CTPOEHUE U MOTYT
MIPEJICTaBJIATh COO0T HECKOJIBKO CJIMBILIMXCS Tepe-
yrJIyGJIEHHBIX KOTJIOBUH € ropasfo Oojiee Kpy-
TBIMU CKJIOHAMH, ITPAKTUYECKU MOJIHOCTHIO 3am0JI-
HEHHBIX B X0/I€ TIOCJIeJIeJHUKOBOI 3BOJIIOLUU.

[TocyesleqHUKOBOE  CYTJIMHHCTOE  BBIIOJIHEHME
Xopouo Jemudpupyerca B AaHHBIX 3JIEKTPOTO-
Morauieckoi cbeMKHU 110 HU3KOMY COIpPOTUBJIE-
HUIO B OTJINYKE OT OTHOCUTEJIbHO BEHICOKOOMHBIX U
cutbHee AuddepeHINPOBAHHBIX OTJIOXEHUH MoJ-
CTHUJIAIOIEro JIeJHUKOBOTO KOMILIeKCa.

[IpuMmeHeHue syeKTpoTOMorpaduyu Ipu I[ajeo-
reorpauyecKkix MCCIeJOBAaHUAX KpaeBON 30HBI
MMHC6 orneneHeHUsA 0Ka3ajioCh IMOJIE3HBIM UHCTPY-
MEHTOM [JI BBIABJIEHUS MOIIHOCTEN IocJesief-
HUKOBBIX CYTJIMHUCTBIX BBINOJIHEHU! II€PBUYHBIX
TOHWXXEeHU JIeJHUKOBOro pejibeda. B manbHen-
I1eM ero MOXHO MCII0JIb30BaTh JJIs JIyUlllero oHu-
MaHHsA peasibHBIX MacmTaboB IOCJiesle JHUKOBOIO
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ABSTRACT. Data on natural palaeoarchives combined with archaeological materials from prehistoric
sites of the south-eastern Baltic provide a picture of ancient anthropogenic activity and main stages of
evolution of local communities starting from the Mesolithic. Modern Analog Technique (MAT) method
applied for the Kamyshovoe lake palynological data is used to reconstruct the seasonal temperature and
precipitation trends and values during the Holocene. During the Mesolithic, climate conditions changed
from those close to the late Glacial through a period of warmer and wetter climate with parameters
close to the present day to conditions of climatic optimum, when temperature was several degrees
higher that modern ones. These climate conditions existed during the first part of the Neolithic as well,
while from about 5500 cal yr BP the climate changed towards colder temperatures and a shift in sea-
sonal moisture content: summers became wetter and winters less snowy. For the Bronze Age, relative
temperature stability along with significant precipitation fluctuations are reconstructed. Since the Iron
Age, temperatures remain close to modern ones and several “wetter” episods are distinguished.

Keywords: anthropogenic activity, archaeology, prehistory, palaeoclimate, south-eastern Baltic, Modern Analog
Technique method
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1. Introduction eastern Baltic, known as far back from the Mesolithic, a
) ) ) regional center of exchange, trade and attraction of var-

As an interglacial period, the Holocene appears ious cultural traditions, including those associated with

to be an interval of relatively warm and stable climate. ancient technologies. This together provides an oppor-
However, fluctuations of precipitation and tempera- tunity to get a new insight into climate and society
ture are visible on a more detailed time scale, showing interaction in this part of Europe during the Holocene.

that climate changed essentially during the last 11 700
years (Borisova, 2014). Numerous studies in palaeocli-
matology and the humanities underline the substen-
tial role the main climatic fluctuations played in the
development of human civilisation (Burke et al., 2021).
The history of the natural environment of south-east-
ern Baltic being in a stage of active formation during
the last deglaciation and in the Holocene is recorded
in the numerous local palaeoarchives: lacustrine, bog,
lagoon sediments. Located at the intersection of sev-
eral cultural regions, this territory reflects the histori-
cal processes that took place in wide areas of Eastern
Europe (Druzhinina et al., 2023). At the same time, the
presence of unique reserves of amber made the south-

2. Materials and methods

The research is based on an overview of the
available published palaeoecological information (lakes
Kamyshovoe, Chistoe; bogs Kozje, Zedmar etc.) com-
bined with data on economic activities in prehistory
obtained from archaeological materials (Druzhinina et
al., in prep.). Detailed climatic reconstruction is com-
pleted using the Modern Analog Technique (MAT)
method (Juggins, 2020), applied for the data from
palynological and geochronological analyses of the
Kamyshovoe lake sequence (Druzhinina et al., 2023).
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3. Results and discussion

According to the MAT reconstruction, during the
Mesolithic, people lived in three different types of cli-
matic conditions. From the beginning of the Holocene
until 10 400 cal yr BP, the conditions were cold and
close to those of the Younger Dryas; this was the time of
birch-pine forest dominance. Then a period of warmer
and wetter climate with parameters close to the pres-
ent day began, causing a change in forest structure and
increase in the number of deciduous species. The third
stage of the Mesolithic, since 8500 cal yr BP, took place
in conditions of climatic optimum with the dominance
of broad-leaved forests.

The Mesolithic — Neolithic transition coincided
with a relatively long climatic cooling (7100 - 6600
cal yr BP). While the first part of the Neolithic still fell
during the climatic optimum of the Holocene and era of
broad-leaved forests, from about 5500 cal yr BP the cli-
mate changed towards colder temperatures and a shift
in seasonal moisture content: summers became wetter
and winters less snowy. Role of conifers increases in
broadleaved forests. Since the Neolithic, a new strat-
egy of settling and economy with stationary settlements
occured, and farming (cattle breeding and plant culti-
vation) started to play a role in the subsistence strategy
of the local population.

The beginning of the Bronze Age corresponds
with a start of relative temperature stability in both
summer and winter, with values close to modern ones.
Along that, significant fluctuations in humidity during
this historical period are recorded: maximum val-
ues of summer precipitation for the Holocene in the
interval 3900 - 3700 cal yr BP and a sharp decrease
in humidity in the second half of the period. Available
archaeological and palynological evidence show that
farming became one of the main occupations during
the Bronze Age, and according to geochemical study
of the lake sediments, since at least ~3100 cal yr BP
metallurgy started to gain importance in life of ancient
communities.

The Iron Age was apparently the epoch of the
greatest climatic stability with temperatures close to
modern ones and lower humidity, except for a wetter
interval around 2200 - 2100 cal yr BP. Precipitation
increased slightly during the Middle Ages, but remained
below modern values. About 1400 cal yr BP (Migration
Period) there was a slight temperature fluctuation
accompanied by a sharp increase in precipitation, the
cause of which should probably be attributed to a dou-
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ble volcanic eruption in AD 536 and 540. The smaller
scale peak of precipitation reflected the beginning
of the Little Ice Age. Since the start of the Iron Age,
intensity of anthropogenic activity in the south-eastern
Baltic grew till recent, with some interruptions during
the Migration period and local differences in its extent
related to the Teutonic Order’s conquest of the area in
the 13-14th centuries.

4. Conclusion

The overview of the archaeological and palaeo-
environmental data from the south-eastern Baltic pre-
sented on the background of the detailed climatic recon-
struction provides a framework for further research
of the «climate - human» relation and role of climatic
events in the evolution of human society. Increase in
archaeological data will make it possible to trace the
link between the changes in subsistence strategies of
local communities and dynamic environmental condi-
tions during prehistory.

5. Acknowledgments

The research is funded by Russian Science
Foundation, project 22-17-00113 (https://rscf.ru/en/
project/22-17-00113).

Conflict of interest

The authors declare no conflict of interest.

References

Borisova O. 2014. Landshaftno-klimaticheskie izmenenija
v golocene. Izvestija RAN. Serija geograficheskaja [Izvestiya
RAS. Geographical series] 2: 5-20. (In Russian)

Burke A., Peros M., Wren C. et al. 2021. The archaeol-
ogy of climate change: The case for cultural diversity. PNAS
118(30): e2108537118. DOI: 10.1073/pnas.2108537118

Druzhinina O., Stancikaité M., Gedminiené L. et al. 2023.
Anthropogenic impact on the landscape of the Vishtynets
Upland (Kaliningrad region, SE Baltic) in prehistory and
Middle Ages: a multi-proxy palaeoenvironmental study.
Quaternary International 20(2023): 145-159. DOI: 10.1016/j.
quaint.2022.05.016

Juggins S. 2020. Rioja: analysis of quaternary science
data. version 0.9-26. https://cran.r-project.org/package =ri-
oja (accessed 2 June 2023)



https://rscf.ru/en/project/22-17-00113
https://rscf.ru/en/project/22-17-00113
https://www.doi.org/10.1073/pnas.2108537118
https://www.doi.org/10.1016/j.quaint.2022.05.016
https://www.doi.org/10.1016/j.quaint.2022.05.016
https://cran.r-project.org/package=rioja
https://cran.r-project.org/package=rioja

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi

Limnology and Freshwater Biology 2024 (4): 318-321 DOI:10.31951/2658-3518-2024-A-4-318 lManeonum+onozus CesepHoli Egpasuux

KpaTtkoe coobuienune

LIMNOLOGY
FRESHWATER
BIOLOGY

M

AHTpOnoreHHasa A€ATEeAbHOCTb B 3MOXM
KaMHA U naneomMmeTanna Ha dpoHe
M3MEeHEeHHMA KAMMaTa B ronoueHe Ha
TEepPPUTOPHUH I0ro-BocTouHou MpubanTukm

HpyxununHa O.'*, l'enmuHueHe JI.2, CxoqHoB W.3, Bypko A.!

IPTITY um. A.U. I'epyeHa, Cankm-ITemep6ype, 191186, Poccua
2[Jenmp uccstedosarHuti npupodsl, BuwrtsHioc, 08412, Jlumaa
SHHUI] Ipubanmutickaa apxeostoeus, KauHuHepad, 236000, Poccua

AHHOTAIIHUS. TlpencraBiieH 0030p apXeoJIoTMYecKHX U MaJIe09KOJIOTMYECKUX JTaHHBIX I0r0-BOCTOY-
Ho¥ banTyky Ha GoHe peKOHCTPYKLMM KJIMMaTta rojoneHa. MeToJ «CcoBpeMeHHHIX aHajioros» (MAT)
IIPUMEHUTEJIbHO K NaJMHOJIOTMYeCKWM AaHHBIM 03. KambloBoe KCHOJIB30BaH [Jis PEKOHCTPYKIUU
TPEH[OB U Ce30HHBIX 3HaUYeHUH TeMIlepaTyphl 1 OCAAKOB [JI Pa3HBIX 3TANOB rojolieHa. Y CTaHOBJIEHO,
YTO B TeueHHe Me30JIMTa KJIMMaThuieckue yCI0oBYsS MEHAINCh OT OJIM3KUX K [03[JHeJIe JHUKOBBIO Yepes3
nepuof 0oJjiee TEIJIOrO U BJIAXXHOIO KJMMaTa ¢ IapaMeTpaMu, OJIM3KUMU K COBPEMEHHBIM, K YCJIOBUAM
KJIMMaTH4YeCcKoro oNTUMyMa, Korjaa TeMiieparypa Oblia Ha HeCKOJIBKO IPafyCcoB BhIlle COBpeMeHHO!. B
TO BpeMs KakK IlepBas YacTb HeOoJIUTa COOTBETCTBOBAJIA KJIMMaTUYeCKOMYy ONTUMyMy, IpUMepHO ¢ 5500
KaJl. JI. H. KJIUMaT M3MEHUJICA B CTOPOHY IOXOJIOAAHUA U CMelleHHsA Ce30HHOTIO BBINafeHUsA 0CaAKOB:
JIeTO cTaJio 0oJjiee BJIaXHBIM, a 3Ma MeHee CHeXHOH. PeKOHCTPYKIINY [TOKa3bIBalOT, YTO OPOH30BEBII BEK
OBLJI IEPHOJIOM C OTHOCUTEIbHOU TeMIepaTypHOU CTaOMJIbHOCTHI0, HO 3HAUYUTEJIbHBIMU KOJIe0aHMAMU
KoJim4yecTBa ocagkoB. HaumHas c xxeJjie3HOro Beka, TeMiepaTypa, o-BUAUMOMY, OcTaeTcsA OJIM3KON K
COBpPeMEHHBIM 3Ha4eHUsAM. BeieAi0TcA HecKoJIbKo 60Jiee «BJIaXXHBIX» SIIM3040B, COBIAAA0MINX C Havya-
JioM Pumckoro BpemeHu, neprooM Besnkoro nepecesieHus HapoJOB U MaJIbIM JIeJHUKOBBIM I1epUO-
AoM B 21oxy CpeZiHEeBEKOBbA.

Kimouegwoie ciiosa: AHTPOIIOT€HHAaA AE€ATEJIbHOCTDb, apXe€O0JIOorvsd, 3110Xa KaMHA U IIaJieOMeTaJlia, MMaJIeOKJINMar,
Oro-BOCTOYHaA HPI/I6aJ'ITI/IKa, METOJ COBPEMEHHBIX aHAJIOTOB

Jia nqutupoBanusa: [[pyxuHuHa O., 'enmunuene JI.,, CxogHoB U., Bypko A. AHTpONOreHHas OeATeJIbHOCTb B SMOXU KaMHA
U najieoMetasuia Ha GoHe M3MEHEHUs KJIMMAaTta B roJIOlleHe Ha TepPUTOPUU 0ro-BoctouyHoil [IpuGantuku // Limnology and
Freshwater Biology. 2024. - Ne 4. - C. 318-321. DOI: 10.31951/2658-3518-2024-A-4-318

1. Beepenue PETHOHOB, 3Ta TEPPUTOPUS OTPAXaeT Te HCTOpUYeE-

CKUe INpOIlecchl, KOTOphble IIPOUCXOANIN Ha OOMIUPHBIX
Tepputopusax Bocrounoii EBponbl (Druzhinina et al.,
2023). B To xe BpeMs, HaauuMe YHUKaJIbHBIX 3allacoB

TojiolleH Kak MeXJIEJHUKOBbE - 3TO TEPUOJ
OTHOCUTEJIBHO TEIUIOT0 U CTaOWJIbHOrO KJIMMAaTa.

OmHAaKO Ha TMPOTSKEHUU TOJIOIeHA ITPOVICXO NN
MHOTOYHCJIEHHBIE KOJIEOAHUS KOJIMYeCTBA OCAIKOB U
TeMIIepaTyphl, MMOKa3blBasA, YTO KJIUMAT CYyMI[eCTBEHHO
MeHsIcA B TedeHue nocyequux 11700 net (Bopricosa,
2014). MHorue wuccJeIOBaHUS B HaJI€OKJINMATOJIO-
rMi U TYMAaHUTAPHBIX HayKax MOAYEPKUBAIOT CyIie-
CTBEHHYIO POJIb KOPOTKO-TIEPUOHBIX KJIUMATHYECKUX
KosiebaHuil B Pa3BUTHUU YeJIOBEUECKOHN ITMBUJIU3AIUN
(Burke et al., 2021). IIpupoaHas cpeda ro-BOCTOY-
Hou [IpubanTuky HaXOAWJIACh B CTAAWU AKTUBHOTO
(popmupoBaHusa B KOHIlE TJIECTOIIEHA U B T'OJIOIEHE,
4TO 3aUKCUPOBAHO B MHOTOYHCJIEHHBIX MPUPOJHBIX
apxuBax: 03epHBIX, OOJIOTHBIX, JIATYHHBIX OTJIOXKEHUSX.
PacnosioxxeHHasi Ha CTBHIKE HECKOJIBKUX KYJIbTYPHBIX

*ABTOp [JIsA IEPENICKH.

Anpec e-mail: olga.alex.druzhinina@gmail.com (O. JpyxuHuHa)
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SIHTaps cJeJiajio Iro-soctoynyio [Ipubantuxky yxe c
Me30JIMTa PeruoHaJIbHBIM LIEHTPOM 0OMeHa, TOPrOBJIU
U NPUTSDKEHUA PA3JIMYHBIX KYJIBTYPHBIX TPAguLIUM, B
TOM YHCJIE CBA3AHHBIX C JPEBHUMU TEXHOJIOTUsMU. Bee
3TO BMeCTe JaeT BO3MOXHOCTh JIeTaJIbHOTO H3y4YeHUs
npobyieMbl B3aUMOAENCTBUM KJIMMaTa U 00IjecTBa B
aTol yactu EBpomnsl B rojoreHe.

2. MaTepuanbl U MEeTOAbI

HccrenoBanue ocHOBaHO Ha 0030pe MMerolelics
onyOJIMKOBaHHOU maJieoreorpaduueckoii uHpoOpMa-
nuu (03. Kawmeimosoe, Yucroe; 60s1. Kosbe, Llenmap

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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U JIp.) U apXeoJIOTUYECKUX MJAHHBIX O XO3AUCTBEH-
HOI [eATeJbHOCTH B SIOXM KaMHA M IajeoMeTasljia
(Druzhinina et al., in prep.). [leTaipHas KJMaTUye-
CKasi PEKOHCTPYKIMA BHIMOJIHEHA C KCIOJIb30BAaHUEM
Mmetomga Modern Analog Technique (MAT) (Juggins,
2020), mpuUMeHeHHOIo [aHHBIM MAaJTUHOJIOTUYECKOTO
U TEOXPOHOJIOTUYECKOr0 aHaIM3a JOHHBIX 0CaJIKOB 03.
Kawmspimosoe (Druzhinina et al., 2023).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

YcTaHoBJIeHO, YTO B TedeHue Me3osuta (~ 11
700 — 6500 kas.Jji.H.) KIMMaTuieckue ycJIOBUSA MeHs-
JIMCh OT OJIM3KUX K MO3[IHeJIeJHUKOBBIO Yepe3 Mepuof
0oJiee TeIJIOro U BJIAXKHOTO KJIMMarTa C lapaMeTpamu,
OJM3KMMH K COBPEMEHHBIM, K YCJIOBUAM KJIMMaTU-
Yyeckoro ONTHUMyMa, Korja TeMIiepaTypa Oblia Ha
HECKOJIBKO I'PaJlyCcoB BhIllle coBpeMeHHOI. CorjacHo
apxeoJIOTMYeCKUM [aHHBIM, Me30JIMTUYecKUe CcTpare-
rau xu3HeoOeclieueHUs OCHOBBIBAJIUCh Ha PHIOOJIOB-
CTBE U 0XOTe, HapAy C aKTUBHBIM OCBOEHUEM JIECHBIX
pacTUTEJIbHBIX PecypcoB, OJJHAKO M3-3a CKyOHOCTU
uMmeromierocsi GakTUYecKoro Marepuaja MNpPOCIeqUTh
U3MeHeHUs B [leATeJIbHOCTU YeJioBeKa, COOTBETCTBYIO-
1Me AUHaAMMKe KJMMarTa U najieocpe/ibl, CJI0XHO.

B To BpeMs Kak IepBas YacThb HEOJIMTa COOTBET-
CTBOBaJIa KJIMMAaTUYeCKOMY ONTHUMYMY, IPUMEPHO C
5500 xan. Ji. H. KJIUMaT U3MEHUJICS B CTOPOHY IOXO-
JIOJIaHUSA U CMeIeHNs Ce30HHOI'0 BhIMaJeHUsI 0CagKOB:
JeTo ctaso OoJiee BJAaXHBIM, a 3MMa MeHee CHEeXHOM.
B crparerun >xusHeoOeclieueHUs HEOJIUTUYECKOTO
HaceJieHUs1 pa3BelleHUe CKOTa U 3emJie/iejiie Hayajo
UrpaTh BO3pacTalollyio poJib, IprodpeTs elle H6oJibiliee
3HaueHue B 6poH30BOoM Beke (~ 4000 — 2800 kay.j.H.),
rnepuojie ¢ OTHOCUTEJIbHOM TeMIlepaTypHOU cTabuiib-
HOCTbIO, HO 3HAUNUTEIbHBIMU KOJIeOaHNAMHU KOJIMUeCTBa
ocazikoB. 'eoxuMudeckue MCCIeOOBAHUA OTJIOXKEHUH
03. KaMmblIioBoe 1nokasslBaloT, 4To, 0 KpaliHell Mepe, C
~3100 xaj.Ji.H. MeTa/UTyprus CTaHOBUTCA ellle OAHUM
BaXXHBIM 3aHATHEM B XU3HH MEeCTHOI'O HaceJIeHHUS.

C HauajioM xejiesHoro Beka (~ 2800 kaJi.ji.H.)
UHTEHCHBHOCTh AHTPOIOTeHHON [eATeIbHOCTU (3eM-
Jefenus, CKOTOBOACTBA U MeTaJUTyprun) B IOr0-BOC-
TouyHol [IpubanTrke Bo3pacraja, ¢ HEKOTOPHIMU Tiepe-
pbiBaMu B Iepuofsl Benmkoro nepecejieHusi HapoO/iOB
(5-6 BB. H. 3.) U 3aBOeBaHUA JAHHOU TEPPUTOPUU
TeBTOHCKUM OpAeHOM B 13-14 BB. H.3. CorJjiacHO IpoBe-
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AC€HHBIM PEKOHCTPYKIUAM, HAUMHAaA C XX€JIE3HOI'O BEKa,
TEMIIEpATypa OCTA€TCA OJIM3KOM K COBpPEMEHHBIM 3HAYE-
HUAM. BeIgeIATCA HECKOJIBKO 00Jjiee «BJIaKHBIX» 3IU-
30[10B, COBIIaJIalIX C HavyajioM Pumckoro BpEMEHU,
InepruogomM Besuikoro nepecejieHrA HapoJOB N MaJIbIM
JIEAHWKOBBIM IIEPHOAOM B 3IIOXY Cpe,I[HeBeKOBbH.

4. 3aKknloueHue

O630p ApXeOoJIOTUYECKUX ¢ IaJIE03KOJIOTh4e-
CKMX JaHHBbIX I0T0-BOCTOYHOM HpI/IGaJ'ITI/IKI/I B COBO-
KyImHOCTM C [O€TaJIbHbIMU IaJIECOKINMaTUYE€CKUMU
PEKOHCTPYKIUAMHU, CO3Ja€T OCHOBY OJIA ,Z[aJ'IbHefIIHer‘O
nccjeJoBaHusA poJii KOPOTKO-IIEPHUOAHBIX KJIMMAaTHU4e-
CKUX H3MeHEeHU B SBOJIIMM YeJI0BeYeCKoro ooOiie-
CTBa. YBeJIMUeHHEe MaccuBa ApXeOoJIOTUYECKUX NJaHHBIX
IMO3BOJINT NPOCJIEOAUTDH CBA3b MEXAY HN3MEHEHUAMU B
CTpaTerusax X13HeobecneueHUs APEBHEro HacCeJIeHUA
N OJUHaAaMUYHBIMU YCJIOBUAMU Oprxcanmef?l cpeanl B
2II0XM KaMHA U ITaJieoMeTasljia.
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ABSTRACT. The analysis of loss on ignition (LOI) is widely used in paleolimnological reconstructions
to understand the conditions of sedimentation and to identify the input of organic matter from external
sources as well as pollution in lakes. For the first time in Russia, the influence of organic matter content
on Cladocera distribution in five columns of lake bottom sediments in the Kola-Karelian region was ana-
lyzed. Using linear regression in the PAST program, it was found that Biapertura affinis, Alona quadran-
gularis and Camptocercus rectirostris increase in abundance with rising organic matter content, whereas
Chydorus cf. sphaericus and Bosmina (Eubosmina) cf. longispina thrive in conditions of low organic matter

content.
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1. Introduction

Loss on ignition (LOI) analysis is a technique for
estimating the organic matter content of sediments that
is widely used in palaeolimnological studies due to its
ease of application (e.g. Beaudoin, 2003). The organic
matter content of a water body is known to have a sig-
nificant influence on the composition of its flora and
fauna. For example, branchiopod crustaceans respond
quickly to the impact of various environmental factors
by changing their functional parameters and species
composition (Korhola and Rautio 2001). This property
allows them to serve as objects for studying the limits
of stability of organisms, and also allows them to be
effectively used as biological indicators of environmen-
tal conditions and to apply their remains in paleorecon-
structions (Kotov, 2013; Korhola and Rautio, 2001). In
addition, the rather short period of generation change
allows us to quickly trace the emerging trends on the
basis of changes in the community structure.
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2. Materials and methods

The study material was 146 sediment sam-
ples from 5 lakes of the Kola-Karelian region
(Maloe Shibrozero, Gakhkozero, South Haugilampi,
Medvedevskoe, Antyukh-Lambina) (Ibragimova et
al., 2018; Nazarova et al., 2020). The LOI was anal-
ysed by weight after samples were calcined at 500 °C
in a muffle furnace. Samples for cladoceran analysis
were prepared according to the standard methodology
(Korhola and Rautio, 2001), and identification of res-
idues was carried out according to the definitions of
modern and subfossil branchiopod crustaceans (Kotov,
2016; Szeroczyniska and Sarmaja-Korjonen, 2007). The
relationship between the occurrence of statistically
significant taxa (comprising more than 0.8%) and the
organic content of sediment layers was assessed using
linear regression analysis in the PAST software package
(Linear, multivariate - one independent, n dependent).
The data is visually represented using Species pack-
ing (Gaussian) as described by ter Braak and van Dam
(1989) in the PAST software program.

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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3. Results

Using linear regression (linear, multivariate - one
independent, n dependent), we analyzed the depen-
dence of the occurrence of statistically significant taxa
(Acroperus harpae, Biapertura affinis, Alona quadran-
gularis, Alona guttata/ Coronatella rectangula, Bosmina
(Eubosmina) cf. longispina, Camptocercus rectirostris,
Chydorus cf. sphaericus) in five lakes of the Kola-Karelian
region on the organic content in bottom sediment lay-
ers. The degree of dependence and significance of the
obtained results were also calculated. For all obtained
values, the significance level was less than 0.05 (a high
level) (Fig. 1). According to the obtained results, C. rec-
tirostris increases its abundance at high organic matter
content in bottom sediments by 67.99%, whereas at
minimum organic matter content, C. cf. sphaericus is
the most successful among Cladocera (36.18%).

4. Discussion

According to the data obtained during the
study of five lakes in the Kola-Karelian region, it was
found that Biapertura affinis, Alona quadrangularis and
Camptocercus rectirostris increase their abundance as
the organic matter content increases, whereas Chydorus
cf. sphaericus and Bosmina (Eubosmina) cf. longispina
are able to develop actively at low organic matter con-
tent. Chydorus cf. sphaericus can successfully develop in
both eutrophic and oligotrophic water bodies, with the
latter state being apparently characteristic of the early
stages of water body filling after the end of glaciation
(Smirnov, 2010). The dominance of C. cf. sphaericus in
the late Pleistocene-early Holocene is a typical occur-
rence in lakes of glaciogenic origin. This taxon often
acts as a pioneer species and quickly colonizes a water
body, possessing all adaptations to the littoral lifestyle,
while also massively developing in plankton in the
presence of suspended algae and other organic parti-
cles (Korhola and Rautio, 2001). The increase in the
proportion of the taxon in the Late Holocene is usually
associated with eutrophication. The maximum develop-
ment of B. (E.) cf. longispina reaches 37.77% of organic
matter content, which corresponds to the ecology of
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the cold-water oligotrophic taxon B. (E.) cf. longispina,
while development at medium values of organic mat-
ter content corresponds to the ecological preferences of
Bosmina coregoni living in mesotrophic conditions.

5. Conclusions

The expected result of the study was to obtain
information about the increase in the abundance of C.
rectirostris as the organic matter content increases. It is
likely that the species will behave similarly in Central
Russia and in more southern regions. However, the data
on C. cf. sphaericus are specific and closely related to
the origin of the studied lakes. Thus, it is assumed that
C. cf. sphaericus will develop along a different trajectory
in lakes in the temperate climatic belt and to the south.
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AHHOTALIUA. Ananu3 notepb npu npokanusaHuy (I1I1IT) mupoko Kcrnoab3yeTcs B 1aJ1e0JMMHOJIOTH-
YeCKUX PEKOHCTPYKUUAX AJI BOCCTAHOBJIEHUS YCJIOBUN OCAAKOHAKOIUIEHNA, BhIABIEHUSA TOCTYIIEHHUA
OpraHUYeCKOH COCTABJIAIINEN W3BHE U 3arpsA3HEHUs 03ep. BrepBele A1 Tepputopum Poccuu mpose-
JIeH aHaJIU3 BJIMSHUA COAEPXKAHUA OPraHUYeCKOro BellecTBa Ha pacnpenesienue Cladocera B 5 k0J10H-
Kax JOHHBIX OTjI0XeHui 03ép Kosbcko-Kapenbckoll nmpoBuHiiny. C IpuMeHeHHeM JIMHEHHON perpec-
cuu nporaMMbl PAST GbUIO yCTaHOBJIEHO, YTO Biapertura affinis, Alona quadrangularis u Camptocercus
rectirostris yBeJIMIMBAIOT CBOIO YKCJIEHHOCTb 10 Mepe YBeJIMYEHUs COAEPKAHUs OPraHUIECKIX BEIeCTB,
torpa kak Chydorus cf. sphaericus u Bosmina (Eubosmina) cf. longispina akTUBHO pa3BUBAIOTCSA IPU HU3-
KOM €ro CoAepXaHuu.

Kimioueawie ciosa: cladocera, cy6doccruyibHbIE OCTaTKH, TOJIOIEH, OPraHUYeCKOe BelIeCTBO,
JOoHHbIe oTJ10XeHwus, [1T1I1

Jiia mutupoBauusa: Moparumosa A.T'., Cy6erto .A., Ilotraxun M.C., Benkuna H.A., I'pekoB U.M., KotoB A.A., ®poJioBa JI.A.
BimsiHMEe cofepXaHUA OPraHUYEecKOro BellecTBa Ha pacnpefesienne Cladocera B o3épax Kosbcko-Kapesbckoil MPOBUHIMU //
Limnology and Freshwater Biology. 2024. - Ne 4. - C. 322-327. DOI: 10.31951/2658-3518-2024-A-4-322

1. BBeAeH"e OMOJIOTUYECKUX VMHAOAWKATOPOB DJBKOJIOTMYECKHX YCJIO-

BUI1 ¥ TIPUMEHSATh UX OCTaTKU B N1aJIe0PEKOHCTPYKIHAX
AHanu3 noTepu npu npokammpaxum (ITIIII) - (Koros, 2013; Korhola and Rautio, 2001). Kpome Toro,
9TO METOJ OLEHKH COACPXaHNA OPraHM4ecKoro Belle- JIOBOJIbHO KOPOTKUI NEpUOJ, CMEHbI TeHepawLuii 03B0-

CTBa B JIOHHBIX OTJIOKEHMAX, KOTOpBIM 6naropaps JIAET HA OCHOBE M3MEHEHUI B CTPYKTYpe COOOIIecTBa
CBOEl TPOCTOTE MPUMEHEHUS MMPOKO KCIOJIb3yeTCs GHICTPO OTCIIE/TUTh HAMETHBIIAECS TEHICHIHIL.
B MaJICOJIMMHOJIOTUYECKUX WCCJIeJOBAHUAX (HaIpH-

Mep, Beaudoin, 2003). M3BecTHO, 4YTO coOjepXKaHue
OPraHUYECKOT0 BEIIeCTBA B BOJIOEMeE OKa3bIBaeT 3Ha-
YUTEJIbHOE BJIMAHUE Ha cocTaB ero GJiophl U ¢ayHHI.
K npumepy, BeTBUCTOyChle pakooOpa3Hbie OBICTPO pea-
rUpyeT Ha BO3JAENCTBUE PA3JIHYHBIX (PAKTOPOB CPEJIbI
U3MeHeHUEeM CBOUX (DYHKIMOHAJIBHBIX IIOKa3aTesen
n Bugosoro cocrasa (Korhola and Rautio, 2001). 3to
CBOWICTBO TO3BOJIAET UM CJIYXUATh OOBEKTaMM U3y4Ye-
HUA TIpeJIeJIOB YCTOMYMBOCTH OPraHU3MOB, a TaKxXe
1no3BoJiAeT 3PHEeKTUBHO UCIIOJIH30BaTh UX B KaueCTBe

2. MaTepuan ¥ MeTOAbI

MaTepI/IaJ'IOM HnccjiegoBaHuA IMMOCJTYKNJIN
146 mpo® [OOHHBIX OTJOXeHuil u3 S5 oszep Kosbcko-
Kapenbckoit  nmpoBunnum  (Masioe  [Iubposepo,
laxkozepo, IOxnoe Xayruwimamnu, MeaBeaesckoe,
AnTiox-Jlam6uHa) (Ibragimova et al., 2018; Nazarova et
al., 2020). Anasu3s IIII1 npOBOAMJICA BECOBBIM CIIOCO-
00M 1ocJie IpoKaJMBaHUA 00pas3LoB IIpU TeMIepaType
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500 °C B mydenpHoI neun. O6pasisl 4JiA KJIagolep-
HOT0 aHaJIM3a IOATOTABJINBAJIM 110 CTAHAAPTHON MeTo-
auke (Korhola and Rautio, 2001), upeHTUdUKAIMA
OCTaTKOB IIPOBOAWJIACH IO ONpefeNuTesIAM COBpeMeH-
HBIX U cyO(OCCUIIBHEIX BETBUCTOYCHIX PaKOOOpPa3HBIX
(Kotov, 2016; Szeroczynska and Sarmaja-Korjonen,
2007). 3aBUCHMMOCTb BCTPEYAaeMOCTU CTaTUCTHYECKU
3HAUYUMBIX TakcoHOB (bOosiee 0,8%) OT comepxaHUA
OpTraHUKMU B CJIOAX JOHHBIX OTJIOKEHU! ObLJIa BEIABJIEHA
B nmakere PAST c npumeHeHUeM JINHEHHOI perpeccuu
(Linear, multivariate - one independent, n dependent).
I'paduryeckn MaTepuas IpefCTaBJIeH C NpHMeHeHUeM
Species packing (Gaussian) (ter Braak and van Dam,
1989) B nporpamme PAST.

3. Pe3ynbTarthbl

C npumeHeHneM JiHeliHON perpeccun (Linear,
multivariate - one independent, n dependent) GnLia
BhHIsIBJIEHA 3aBHUCHMOCTh BCTPEYaeMOCTH CTaTHUCTHUYe-
CKU 3HAYMMBIX TaKCOHOB (Acroperus harpae, Biapertura
affinis, Alona quadrangularis, Alona guttata/ Coronatella
rectangula, Bosmina (Eubosmina) cf. longispina,
Camptocercus rectirostris, Chydorus cf. sphaericus) B natu
o3épax Kosbcko-Kapesbckoii MpOBUHIIMU OT COAEp-
KaHUs OPraHUKU B CJIOSIX JOHHBIX OTJIOXKeHUH. Takxe
paccundTaHa CTeleHb 3aBHCUMOCTU U 3HAYUMOCTh
[IOJIy4eHHBIX Pe3yJIbTaToB. JIJIs BceX MOJIyYeHHbIX 3Ha-
yeHUHN ypoBeHb 3HAUNMOCTHU ObLI MeHee 0,05 (BbICOKMIT
ypoBenb) (Puc. 1). CorsjiacHO moJTly4eHHBIM pe3yJibTa-
TaM, C. rectirostris yBeJMuMBaeT CBOIO YMCJIEHHOCTD IIPU
BBHICOKUX IIOKa3aTessiX COoAepXaHUsA OpraHH4YecKoro
BelllecTBa B JOHHBIX OTJIOXeHUAX — 67.99%, Torga Kak
IIpM MUHUMAJIBHOM COJIepXXaHUU OpraHuKU YyCIeml-
Hee Bcero u3 Cladocera passuBaetcsa C. cf. sphaericus
(36.18%).

4. 06cyxpeHue

CorytacHO JaHHBIM, TOJIyYEeHHBIM IIPU HCCJIe-
noBaHuM mnATH o3ep Kosbcko-KapesibcKoil MpOBHH-
UM, YCTAHOBJEHO, 4TO Biapertura affinis, Alona

%

OTHOCUTENbHASA YUCIICHHOCTH,

IIIIL, %

quadrangularis u Camptocercus rectirostris yBeJJUUUBaIOT
CBOI0 YMCJIGHHOCTb II0 Mepe yBeJIMYeHUs cofepxka-
HUA OpraHUYecKWX BelecTB, Torga kKak Chydorus cf.
sphaericus u Bosmina (Eubosmina) cf. longispina cmo-
COOHBI aKTHBHO pa3BMBaTbCA NPU HU3KOM ero coaep-
xanuu. C. cf. sphaericus MoXeT yCIenTHO pa3BUBAThCA
Kak B 3BTPOGHBIX, TaK U B OJUrOTPOGHBEIX BOIOE-
Max, a UMeHHO IocJie[JHee COCTOssHKe ObLIO, BUAMMO,
XapaKTepHO AJIA paHHUX 3TalloOB 3allOJIHEHUA BOJOE-
MOB TMOcJle OKOHYaHusA oJjiefeHeHus (CmupHoB, 2010).
HomunupoBanue C. cf. sphaericus B KOHIle ILIeHiCTO-
IleHa - HayaJjle roJiolleHa ABJIAeTCA TUIWYHOM KapTu-
HOM AJ1A 03ep IJIANMOreHHOro IpoucxoxaeHus. TakcoH
4acTo BBHICTyNAeT B pOJIM NMMOHEPHOro BUAA U OBICTPO
KOJIOHU3UpyeT BoAoeM, obJyiafaeT BceMH afalTamy-
AMU K JIMTOPAJIbHOMY 00pasy XW3HHU, IIpU 3TOM OH
XKe B Macce pasBUBaeTcsa U B IJIAHKTOHE IIpU HaJIu-
Yy B3BelIeHHBIX BOAOPOCJIel W MHBIX OpraHWYeCcKuX
yactun (Korhola and Rautio, 2001). YBeuueHue g0JI1
TaKCOHA B IO3[IHEM TroJIolleHe IMPUHATO CBA3BIBAThH C
sBTpoduKanue. MakcumasibHoro passurtus B. (E.) cf.
longispina pocturaer npu 37.77% comepXaHUU Opra-
HUYECKOr'o BellleCTBa, YTO BIIOJIHE COOTBETCTBYET KO-
JIOTUY XOJIOOHOBOAHOIO OJMTOTPOGHOro TakcoHa B.
(E.) cf. longispina, pa3BuTHe MpHU CpeOHUX 3HAYEHUAX
cofiepkaHNUsA OpraHWYecKoro BelllecTBa COOTBETCTBYET
DKOJIOTMYEeCKHUM IpeArnouyTeHUsAM Bosmina coregoni,
obuTaroero B Me3oTpO(HEIX YCIIOBUAX.

5. 3akniouenue

OxugaeMbIM pe3yJibTaToM HccyieJ0BaHUsA
OBUIO TIOJIyueHUe cBefleHUil 00 yBeJIMYeHUU 4YHCJIeH-
HocTu Camptocercus rectirostris o0 Mepe yBeJNYeHUA
coflepXaHUsA OpPraHUYecKUX BellecTB. BepoATHO, 4TO
BUJ OyJeT aHaJOTMYHO BecTH cebs U Ha TeppUTOpuu
LentpasnbHoil yactTu Poccun u B Gojiee 10XKHBIX peru-
oHax. OmgHako mauHbie 1o C. cf. sphaericus sBas0TCA
crielUYHBIMU U TE€CHO CBSI3aHBI C IPOUCXOXAEHUEM
nccjeoBaHHbIX o3ep. Tak, npeanoJsiaraercs, 4To B 03e-
Pax yMepeHHOT0 KJINMaTU4ecKoro nosca u roxHee C. cf.
sphaericus 6yAeT pa3BUBAThCA MO APYTOHM TPaeKTOPUM.

Acroperus harpae
Biapertura affinis
Alona quadrangularis

= Alona guttata/ Coronatella rectangula

Bosmina (Eubosmina) cf. longispina/ Bosmina coregoni
Camptocercus rectirostris

" Chydorus cf. sphaericus

Puc.1. 3aBucuMocTb uncieHHoCcTH TakcoHoB Cladocera ot COoAEepXaHMA OpraHN4Y€CKOro BeuecTsa B MCCJI€JOBAHHBIX osépax

Komnbcko-Kapebckoii MpoOBUHINHI
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ABSTRACT. The article is devoted to the reconstruction of paleoclimatic conditions in the Holocene
and the influence of anthropogenic factors according to the study of bottom sediments of Lake Donuzlav
(Northwestern Crimea). For this purpose, methods of geochemical, granulometric, and spore-pollen
analyses of the lake sediments were used. The sediment was sampled using a Russian drill. X-ray spec-
tral fluorescence analysis and calcination loss analysis were conducted to determine the chemical com-
position of the deposits. The correlation of the paleoclimatic data of sedimentation of lake sediments
with the conditions of formation of the cultural layer at the settlement of the late Bronze Age Donuzlav
10 allowed us to establish the living conditions of people. The beginning of sediment formation in the
lake Donuzlav belongs to the subboreal period. Changes in the water level in the lake are associated
with changes in the climatic factors, mainly changes in climate humidity. At the end of the Subboreal
period and the beginning of the Atlantic period, an increase in anthropogenic impact on the water-
shed is noted. During the same time, late Bronze Age settlements with livestock enclosures developed.
Aridization of the climate at the end of the subboreal period led to a decrease in the water level in the
lake and an increase in the salinity of the lake.

Keywords: bottom lake sediments, reconstruction of the paleoclimate in the Holocene, geochemical indicators,
spore-pollen analysis, salt lakes, late Bronze Age, Northwestern Crimea

For citation: Erokhova M.S., Kulkova M.A., Markova M.A., Streltsov M.A., Kuznetsov D.D., Kochubey O.V., Kashuba M.T.
Paleogeographic conditions of the Donuzlav Lake formation in the Holocene (Northwestern Crimea) // Limnology and Freshwater
Biology. 2024. - No 4. - P. 328-333. DOI: 10.31951/2658-3518-2024-A-4-328

1. Introduction Yevpatoria Plateau in the southeast and belongs to the
i ) Tarkhankut group of mineral lakes. Basing on the val-

The lakes of the Crimean Peninsula have always ues of the metamorphosis coefficient for brine Donuzlav
attracted the attention of researchers both scientifi- lake can be attributed to a typical marine-type lake,
cally and economically and already in the 20-30s of  yhich separated from the sea about 4.5 thousand years
the twentieth century the beginning of research on salt ago (Kurnakov et al., 1936). The study of lake sedi-
lakes was laid (Kurnakov et al., 1936). The first data in ments and the reconstruction of sedimentogenesis con-

the field of reconstruction of the isolation conditions of ditions of lake bottom sediments is an important task
lakes in the western part of Crimea were presented rel- not only to establish the dynamics of climatic processes
atively recently. The bottom sediments of Lake Saksky in the Holocene and obtain new data on the assessment
and Lake Jarylgach have been studied by comprehen- of anthropogenic influence, but also for the investiga-
sive studies (Subetto et al., 2023). tion of the vital activity of ancient communities in this

Lake Donuzlav is the second largest and deep- region which is of cultural and historical value for the

est lake in Northwestern Crimea, located between
the Tarkhankut Peninsula in the northwest and the

Crimean Peninsula.
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2. Materials and methods

The sampling of sediments for geochemical, gran-
ulometric and spore-pollen analysis was carried out in
the open part of the lake from a floating stable platform
using a Russian drill by employees of the Institute of
Lake Science of the Russian Academy of Sciences (D.D.
Kuznetsov, T.V. Sapelko). GPS coordinates of sam-
pling points: 45.47618°N, 33.25336°E. The lithology of
deposits in the core is presented as follows: at a depth
of 2.03-2.19 m - gray homogeneous gyttja clay; 2.19-
2.23 m - black homogeneous gyttja clay; 2.23-2.74 m
- black homogeneous clay gyttja with large fragments
of plant macrostages; 2.74-2.87 m - dark gray dense
weakly layered clay siltstone.

From the sampled core 40 sediment samples
were selected for each 2-3 cm. For geochemical anal-
ysis, the samples were dried at T = 105 ° C, ground
in a jasper mortar to a powder state and pressed into a
tablet on a boric acid substrate. The analysis was car-
ried out using an X-ray fluorescence wave dispersion
spectrometer “Spectroscan MAX-GV”. Concentrations
of 32 rock-forming oxides and trace elements were
determined. The following geochemical indicators
demonstrating changes in sedimentogenesis condi-
tions were calculated: Na,0/K,O (Gerrard, 1984), Rb/
Sr, CIA=Al,0,/(ALO,+Ca0*+Na,0+K,0) (Nesbitt
and Young, 1982), SiO, biogenic (Keller, 1963), CaO/
MgO, P,O, anthropogenic (Kulkova, 2012). Losses on
ignition (LOI) at 550°C and 950°C were determined,
showing the content of organic and carbonate-sulfate
components.

To establish the granulometric composition,
the samples were prepared and analyzed using the
LASKA-TD laser particle analyzer using a standard
technique (Kuvshinova and Sardaeva, 2016).

The spore-pollen analysis of bottom sediments
was performed by O.V. Kochubey, an employee of
the VNIGRI Laboratory of Palynological research
according to the standard methodology (Grychuk and
Zaklanskaya, 1948).

To reconstruct the paleogeographic condi-
tions at the archaeological site of the Late Bronze Age
Donuzla-10, sediment samples were taken from the
section of the pit wall at the settlement located on the
shore of the lake Donuzlav. Geographical coordinates
of the central part of the settlement are 45°26.762°N,
33°14.856°E. Deposits are presented from top to bot-
tom: 0-7 cm - turf layer; 7-14 cm - deposits of dense
brown sandy loam; 14-35 c¢m light brown loam; 35-40
cm - carbonate crushed stone. Geochemical and gran-
ulometric analyses of sediments were used to recon-
struct the paleoclimate. Radiocarbon determination
of the age of the cultural layer deposits at a height
of 14-35 cm was carried out using extracts of humic
acids from soils in the radiocarbon laboratory of the
A.L Herzen Russian State Pedagogical University using
a traditional radiometric technique using a scintillation
counter “Quantulus-1220”.
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3. Results and discussion

Two palinozones were detected during the
spore-pollen analysis. Palinozone 1 (depth 2.77-2.85
m) is characterized by a predominance of pollen from
herbaceous plants, among which representatives of
the Chenopodioideae (Chenopodiaceae gen. indet.)
dominate. Palinozones similar in composition can be
traced in the subboreal sediments of the Jarylgach lake
(Subetto et al., 2023).

The palinospectrums of palinozone 2 (depth
2.29-2.68 m) are still dominated by representatives
of the grass-shrub group, among which the communi-
ties consisting mainly of Chenopodioideae confidently
dominate (in total from 34 to 52%). The subdominants
are representatives of the Asteraceae (Asteraceae gen.
indet.), cereals (Poaceae gen. indet.) and Rosaceae
(Rosaceae gen. indet.). The spectra show the character-
istic features of the palinozone of the end of the subbo-
real-the beginning of the subatlantic time (SB,-SA)) of
Lake Jarylgach (Subetto et al., 2023). A distinctive fea-
ture of palinozone 2 is a noticeable increase in pollen
of synanthropic plants: Plantago spp., Polygonaceae gen.
indet., Rumex spp., which may indirectly indicate the
activation of human activity in the study area during
this period.

The data of the geochemical study, including
indicators LOI, , LOI, , changes in geochemical indi-
cators of paleoclimate (relative temperature, relative
humidity, changes in water level in the reservoir) and
anthropogenic activity, allow us to draw conclusions
about the conditions of sedimentation of bottom lake
sediments in the Holocene.

4. Conclusions

The beginning of sediment formation in Lake
Donuzlav occurred in the subboreal period. According
to geochemistry, granulometry and spore-pollen anal-
ysis, cool and dry climatic conditions are observed at
the end of the subboreal period. The further devel-
opment of the lake is associated with the transition
from the subboreal to the subatlantic period (SB,-SA)).
According to geochemical and spore-pollen analysis,
the anthropogenic impact on the lake basin is increas-
ing. At the end of the subboreal-the beginning of the
subatlantic period (SB,-SA)), climatic fluctuations from
a wetter climate to arid and again to a wetter climatic
episode are recorded. This, in turn, influenced the
change in the water level in the reservoir and the pro-
cesses of increasing the salinity of the lake. The upper
layer of sediments is formed in the sub-Atlantic period,
in a humid climate. The deposits of the cultural layer
on the Donuzlav-10 monument were formed with an
increase in climate aridization around the 12th-11th
century BC. Geochemical studies of sediments at the
locations of the Donuzlav 10 livestock enclosure have
shown changes in the composition of sediments asso-
ciated with intensive processing as a result of keeping
livestock (Markova et al., 2023). Further formation of
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deposits on the monument took place in wetter condi-
tions, close to modern ones, dated by the radiocarbon
method around the 2nd century BC-1st century AD.
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AHHOTALIUA. Cratbs HOCBslleHAa PEKOHCTPYKIMU IaIeOKJIMMaTUYeCKHUX YCJIOBUN B TroJjiolleHe U
BJINAHUSA aHTPOIOTreHHOro ¢akTopa 0 AaHHBIM HCCJIeJOBaHMA NOHHBIX OTJIOXEHHI o3epa [loHy3jaB
(CeBepo-3amagusiil Kpeim). [[714 9TOM LieJiv IPUMEHAINCh METOABl Te0XUMUYeCKOoro, rpaHyJjIoMeTpruye-
CKOT0, CIIOPOBO-TBLJIBIEBOT0 AHAIN30B O3€PHBIX OTJIOXeHHNH. OTO0P OTJI0XEeHUI NMPOBOJUJICA C MOMO-
mpio Pycckoro Gypa. PeHTreHo-cnieKTpasibHBIN (hJTyopeclieHTHBIN aHajli3 U aHa/Iu3 IOoTephb BelllecTBa
IIpU IPOKaJIMBaHUU NPUMEHSUINCh IJI OollpefieJieHNnsA XUMUYECKOro cocTaBa oTjIoxeHui. Koppeanusa
[aJIeOKJIMMaTUYeCKUX AAaHHBIX CeJVMeHOreHe3a O3epPHBIX OTJIOXKEeHWH € ycjIoBUAMU (GOpPMUPOBAHUA
KyJbTYPHOIO CJIOA HA IIOCEJIEHNU MO3AHero OpOH30BOro Beka JloHyssnas 10, mo3BoJmMjIa yCTaHOBUTH
yCJIOBUA XU3HeJeATeJbHOCTH Jofeil. Hauano ¢dopMupoBaHUA OTJIOKEHUN B 03.J[0Hy3/7aB OTHOCUTCA
K cyb0opeasbHOMY mepuony. MsMeHeHUe YpOBHsA BOABI B O3€PE CBA3aHO C M3MEHEHHEM KJIMMaThye-
CKUX (paKTOpOB, INIaBHBIM 00pa3oM, U3MEHEHNA BJIAXKHOCTH KJIMMaTa. B KoHIle cy60opeasibHOro-Havyasie
aTJIaHTUYeCKOoro Mepuojia OTMedYaeTcs yBeJnueHKe aHTPOIOIe€HHOIO BO3AEMCTBUA Ha BOLOCOOPHBIN
6acceliH. B 3To BpeMs NPOMCXOAUT pa3BUTHE NOCEJIeHU! N03JHero OPOH30BOr0 BeKa C 3aroHamu AJid
cKoTa. Apuamn3anys KJnuMaTa B KOHIle cy00opeasbHOro nepruoa prsesia K yMeHbIIeHU0 YPOBHA BOJbI
B 03€pe 1 yBEeJINYEHUIO COJIEHOCTU 03€epa.

Kiioueanie cyroga: JOHHBIE O3€PHbIE OTJIOKEHNSA, PEKOHCTPYKIMA NaJIeOKJIMMAaTa B roJIolieHe, reOXMMUYecKre
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1. Beepenue PacHoJIOKEHHOM MeXAy TapXaHKyTCKUM IOJIyOCTPO-

BOM Ha ceBepo-3amafie M EBmaropuiickuMm ILIaToO Ha
I0r0-BOCTOKe M OTHOcuTcs K TapxaHKyTckoil rpymie
MHUHepaJIbHBIX 03ep. Mcxoas u3 3HaueHuil Ko3ddu-
I[eHTa MeTaMmopdusanuu Ijid panel, o3. JloHy3JjaB
MOXHO OTHECTH K THUIHNYHOMY 03epy MOPCKOIO THIIa,
KOTOpOe OTAEJINJIOCh OT MOPs OK0JIO 4,5 ThIC. JIET Ha3aj
(Kypnakos u fip., 1936). HccienoBaHue 03epHBIX OTJIO-
XKEeHUIl U PeKOHCTPYKLIUA YCJIOBUN ceAuMeHTOoreHe3a
JIOHHBIX OTJIOKEHUI o3epa ABJIAeTCA BaXXHOU 3ajaueit
He TOJIBKO [J1 YCTaHOBJIEHUA JUHAMUKU KJIMMaTuye-
CKUX NPOLIECCOB B ToJIOlleHe U I0JIy4eHUs HOBBIX JJaH-
HBIX II0 OIleHKe aHTPOIIOIeHHOIOo BJIUAHHUSA, HO U IJIA
yCTaHOBJIEHUA JeTajlell XU3He[eATeJIbHOCTU JIPeBHUX

O3zepa KpbpIMCKOTo MOJIyoCTpOBa BCerga ImpuBJie-
KaJ BHMMaHUe HccjenoBaresiell Kak B HAyYHOM, TakK
U B X03ANCTBEHHOM OTHoOIeHuu, yxe B 20-30-x rogax
XX Beka OBLJIO IIOJIOKEHO HAaYaJIo UCCJIeJOBAHUAM COJIe-
Hbix o3ep (KypHakoB u 1p., 1936). IlepBrie naHHBIe
B 00J1aCTM PEKOHCTPYKIIUM YCJIOBUU HM3OJIAIUN 03ep
3anagHoi yactu Kpeima ObLIu mpefcTaBjieHbl CpaBHU-
TeJIbHO HeJaBHO. KOMIIJIEKCHBIMU HCCJIEIOBAHUAMU
OBLIM M3y4eHHl JOHHEIE OTJIOXeHHA 03. CaKCKOoro u 03.
Jxapsutrau (Subetto et al., 2023).

O3epo [loHy3/1aB ABJIAETCA BTOPBIM 10 BEeJIMYHUHE
U caMbIM ry1yOookumM o3epoM CeBepo-3anagHoro Kpeima,
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COOOIIECTB B 3TOM permuoHe, nHMOpMAaNUsg O KOTOPHIX
ABJISAETCA KyJIBTYPHO-MCTOPUYECKOU IEHHOCTBIO [JIsA
KpBIMCKOTO IMOJIyOCTpOBa.

2. MaTepuanbl U MeTOADI

OT60p 00pa3loB AOHHBIX OTJIOXKEHUM Ha reo-
XUMUYECKUH, I'paHyJIOMEeTPUYeCKUN U CIIOPOBO-IIBLIb-
1[eBOM aHa/JM3 MPOU3BOAWIICA B OTKPBITOM 4YacTu
o3epa C IUIaBy4Yell yCTOMYMBOM MiIaTdOpMBI C IOMO-
mpio Pycckoro Oypa cOTpygHHKaMH HHCTUTYyTa O3e-
poBenenus PAH (.. Kysueuos, T.B. Canenko). GPS
KOOpAWHATEL TOo4YeK orbopa obpasnos: 45.47618°N,
33.25336°E. JluToJyiorus OTJIOXKEHUN B KepHe mNpen-
cTaBJIeHa cjedyniuMm obpa3om: Ha riayouse 2,03-2,19
M - cepasd OAHOpPOAHAas IMTTHeBad rJivHa; 2,19-2,23 m
- YepHasa OQHOpPOAHAA IMTTUeBas rauHa; 2,23-2,74 M
- YepHasA OAHOPOAHAA IJIMHUCTAs F'UTTUA C KPYIIHBIMU
(pparmMeHTaMM pacTUTEJIBHBIX MaKpOOCTAaTKOB; 2,74-
2,87 M - TeMHO-CEpPHIi MJIOTHBIH CJ1a00CJIOUCTHIN TJIN-
HUCTBII ajeBpuUTt.

U3 kepHa o3. JloHy3naB oto6paHo 40 o6pas-
L[OB OTJIOXKeHu yepe3 2-3 cM. [[y1a mpoBefeHUs reo-
XMMHUYECKOr0 aHajii3a, MpoObl BHICYMIMBAJNCh IpU
T=105°C, pacTupanuch B AIIMOBOI CTyIKe A0 COCTO-
AHUA MyAPHl U 3allpecCOBBIBAJIMCH B TabJyeTKy Ha IOJ-
JIOXKe 13 OOpHOH KMCJIOTH. AHaau3 NPOBOAUJICA C
IIOMOIIBI0 PEHTreHO-(PJIyopeclieHTHOIO BOJIHO-AMCIIe-
pucHoHHoro crektpoMeTpa «Cnekrpockad MAKC-GV».
OnpepesieHbl KOHLEHTpanuu 32 MOpoA000pasyoLyX
OKCHJIOB U MUKpPO3JIeMeHTOB. PaccuntaHel reoxummnyge-
CKMe MHAWKAaTOpH M3MeHeHUs yCJIOBUI ceJMeHTOore-
Hesa: Na,O/K,O ([Ixeppapa, 1984), Rb/Sr, CIA=ALO./
(ALO,+Ca0O*+Na,0+K,0) (Nesbitt and Young,
1982), SiO, Ouorennnii (Keller, 1963), CaO/MgO,
P,O, antpomnorennsiii (Kysbkosa, 2012). OnpenaesnieHst
notepu npu npokanusaHuu (LOI) mpu 550°C u 950°C,
MoKas3blBaloIlle cofepkaHue OpraHnudeckon u Kapbo-
HaTHO-CyJ1bAaTHOH COCTaBJIAIMINX.

Ja  ycTaHOBJeHHA  I'paHyJIOMeTPUYecKOro
cocTraBa NpoObl MOATOTOBJIEHB M IIPOAHAJIN3UPOBAHBI
Ha JazepHOM aHanmusatope vactul «JIACKA-T» c
[IOMOIIbI0 CcTaHAapTHOM MeTtoauku (KyBmmHOBa u
Cappaesna, 2016).

CHopoBO-TIBLIBIEBOM aHAIM3 JOHHBIX OTJIOXe-
Huti 6611 BeinosiHeH O.B. Kouy6eii, coTpyaHukoM Jjiabo-
paTopuu MajJuHOJIOrUYecKux uccaegosanuii BHUI'PU
no crasaapTHou Metoauke (I'puuyk m 3akjnHCKas,
1948).

J7iAa  peKkoHCTpyknuu mnajeoreorpaguyeckux
YCIOBUM Ha apxeoJIOTMYecKOM MaMATHHUKe II03[-
Hero OpoH3oBoro Beka JloHy3na-10 ObuIM OTOOpaHBI
o0Opasipl OTJIOXKEeHWI u3 pa3pe3a CTeHkU mypda Ha
IoceJIeHWH, pacliojoXeHHOM Ha Oepery o3. JloHy3J1aB.
leorpaduueckrie KOOpAWHATH LIEHTPAJIbHON 4YacTU
nocenenus: 45°26.762°N, 33°14.856°E. OtioxeHus
IpeJicTaBjieHbl cBepXy-BHU3: 0-7 CM - IepHOBBHII CJION;
7-14 cM - OTJIOXeHUs IJIOTHOM KOpPHUYHEBOH CyIecy;
14-35 cM CBeTJIO-KOpUYHEBBIM CyrjuHOK; 35-40 cm
— KapOoHaTHHI 1ebeHb. [[Jii PEKOHCTPYKIUM mMajie-
OKJIUMaTa MNPUMEHAINCh TeOXMMUYECKUN U IpaHyJIo-
MeTpHYeCcKU aHaIu3bl OTJI0KeHUH. PaauoyriepoaHoe
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ompeJieJieHHe BO3pacTa OTJIOKEHUHN KYJIbTYPHOIO CJIOA
Ha I71.14-35 cM IpOBOAWJIOCH IO BHITSXXKAM T'yMHHO-
BBIX KUCJIOT U3 [I0YB B paUOyTIepOoqHOI JJabopaTopuun
PITIY um. A.M. TepiieHa no TpaguLMOHHOU pajuoMe-
TPUYEeCKON MeTOAUKe C MCIIO0JIb30BAaHWEM CLHUHTUJLISA-
IIMOHHOTO cueTynka «Quantulus-1220».

3. Pe3yAabTathbl M 06Ccy)xpeHue

B xome mpoBeAeHUs CIOPOBO-IBLIBIEBOIO aHa-
Jiu3a ObLJIO BBIAEJIEHO ABe MaJMHO30HHBL. [lannHo30HA
1 (rm. 2,77-2,85 ™) xapakrepusyercs IMpeo0Ja-
JlaHueM TMbUIBLIBI TPaBAHUCTHIX pacTeHui, cpeau
KOTOpPBIX TOCHOACTBYIOT MpeACTaBUTENId MapeBbIX
(Chenopodiaceae gen. indet.). [loxoxue IO COCTaBy
[aJIMTHO30HBI IPOCJIEXKUBAIOTCA B cCy600OpeasIbHbIX OTJIO-
keHUAX o3. Ixapsutray (Subetto et al., 2023).

B manmHocnekTpax naJanHo30HH 2 (TJ1. 2,29-2,68
M) HO-IIpeXXHeMy Npeo6JiafaT NpeicTaBUTeIN TpaBs-
HO-KyCTapHHUYKOBOH I'PYIIIbI, CPeIU KOTOPBIX YBEPEHHO
rOCIIOACTBYIOT MapeBO-IIOJIBIHHBIE coofmecTBa (Cym-
MapHO oT 34 5o 52%). CyOqOMUHAHTaMU BBICTYIIAIOT

MpefCTaBUTEIN CJIOXXHOIIBETHBIX (Asteraceae
gen. indet.), 3JIaKOBBIX (Poaceae gen.
indet.) wu po3souBerHbix (Rosaceae gen. indet.).
B CIeKTpax MPOCJIEXXUBAIOTCSA XapaKTepHbIe
0COGEHHOCTH MMaJIMHO30H KOHIIa cy660-
peasbHOrO-HaYaIa cyb6aTJIaHTUYECKOTO

Bpemenn (SB,-SA|) o3. [Ixapeuirau (Subetto et al.,
2023). OTInunTeJIbHOM 0COOEHHOCTHIO ITaJIMHO30HEI 2
SIBJIAETCSA 3aMETHOE YBeJIMYEHUE MBUIbLBI CUHAHTPOII-
HBIX pacteHuii: Plantago spp., Polygonaceae gen. indet.,
Rumex spp., 4TO MOXeT KOCBEHHO CBUJIETEILCTBOBATH
00 aKTHBU3ALMK XO3AHMCTBEHHOU IeATEJIbHOCTH YeJIo-
BeKa Ha TEPPUTOPHUU UCCJIEOBAHUSA B TAHHBIN MMEPUO.

JlaHHbBIe TeOXMMHYECKOr0 MCCJIeJOBaHMA, BKJTIO-
yawlye IoKa3aTesn LOISSO’ LOI%O) HU3MEeHeHUs reo-
XUMUYECKUX WHIUKATOPOB MajeoKuMara (OTHOCH-
TEJIbHOU TeMIepaTypbl, OTHOCUTEJIbHONU BJIAXXHOCTH,
M3MeHEHUs YPOBHA BOIBI B BOJOEME) U AHTPOIOTEH-
HOW aKTUBHOCTH, MO3BOJIAIOT CAEJIATh BHIBOBI 00 yCJIO-
BUSIX C€JMMEHTOTeHe3a JOHHBIX 03€PHBIX OTJIOXKEHUH B
roJiolieHe.

4. 3aKknloueHue

Hauano ¢opmupoBaHusa OTJIOXKEHUN B o0O3epe
JloHy371aB nmpoucxoausio B cy0OopeaslbHOM Iepuojie.
[lo fmaHHBIM TreOXWMHH, IpPaHyJOMETPUHU U CIIOpO-
BO-TIBLJIBLIEBOIO aHajW3a B KOHIle cyb0opeasbHOTO
nepyuofa OTMeYalTcA MpOoXJIaAHBle U Cyxue KJuMa-
THYecKue ycsaoBudA. JlajbpHelilllee pasBUTHE 03epa
CBA3aHO C IepexoJioM OT cyObopeasibHOro K cybat-
JanTu4eckomy nepuony (SB,-SA)). Ilo naHHBIM reoxu-
MHYECKOro 1 CIOPOBO-NbUIBLIEBOr0 aHAJIN3a yBeJIU4u-
BaeTCsA aHTPOIIOTeHHOe BJIMAHKE Ha O3epHBIN OacceiiH.
B koH1e cy66opeasibHOro-Havasie cybaTIaHTUYeCKOTo
nepuofga (SB,-SA|) QuKcupyloTCa KIMMaTHYECKUE
kosiebaHuA OT OoJiee BJIAXHOro KjauMMaTa K 3acylUIH-
BOMYy U CHOBa K 0oJiee BJIQXXHOMY KJINMaTUYe€CKOMY
3NM30[ly. DTO B CBOI0O OYepelb NOBJIMAJIO Ha M3MeHe-
HMe ypOBHA BOABI B BOJOEMe U IPOLeCCh YBeJIndeHus



Epoxosa M.C. u 0p. / Limnology and Freshwater Biology 2024 (4): 328-333

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonozausi CeeepHol Espasuu»

COJIEHOCTH o3epa. BepxHuil ciioil orioxeHuit ¢op-
Mupyercs B cyOaTJIaHTH4eCKOM Ieprofie, B YCJIOBUAX
BJIaXHOro imMmata. OTJIOXKeHHuA KyJIbTypPHOIO CJIOA
Ha namATHUkKe JloHy3yaB-10 ObutM cHoOpMUPOBAHBI
NpU yBeJIWYEHUM apyuau3anuy Kjaumarta okosio 12-11
B. A0 H.3. ['eoxuMmueckue uccjaefOBaHUA OTJIOXKEHUN
B MecTax pacnoJioxeHus 3aroHa Jlonyssias 10 moka-
3aJId M3MEeHeHHsA cocTaBa OTJIOXKEHWM, CBA3aHHOIO C
VHTEHCHBHOH ero nepepaboTKoOl B pe3yJjibTaTe cofep-
’KaHuA JOMAaMIHUX XUBOTHHIX (Mapkosa u Ap., 2023).
JanbHelimee ¢GopMupoBaHue OTJIOXEHWI Ha MaMAT-
HUKe NIPOMCXO0UJIO B OoJjiee BJIaXHBIX, IPUOIMKeHHBIX
K COBpEMEHHBIM, YCJIOBUAX, AATUPyeMBbIX paauoyrie-
POAHBIM METOAOM OKOJIO 2 B. A0 H.3.-1 B. H.53.
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ABSTRACT. The paper discusses the structure of the bottom sediments of Lake Chukhlomskoye
(Kostroma region, Russia). The results of complex lithological analysis and *C AMS dating (TOC) of
the sediments revealed in two boreholes located in different geomorphological positions of the bottom
relief allowed to reconstruct stages and conditions of sedimentation in the lake. Mass accumulation rate
(MAR) was calculated. High values of MAR correspond to 25.4-17.5 cal. ka BP (up to 0.192 g/cm? per
year), a sharp decrease of MAR corresponds to 17.9-16.7 cal ka BP, and another stage of sediment influx
occurred in Younger Dryas. Holocene MAR is low (0.001-0.053 g/cm? per year).
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1. Introduction

Lake Chukhlomskoe is situated in the Kostroma-
Volga river basin, on the elevated Galich-Chukhloma
Upland (the watershed of Kostroma and Unzha rivers
(150-293 m a.s.l.), in the northern part of the Kostroma
region). The area is located south of the boundary of
the last Valdai glaciation (Map of Quaternary..., 1972)
which suggests the lake’s sediments to be the key paleo-
archive for the region.

Lake Chukhlomskoe has a catchment of about
270 km?, the lake’s area is 49.15 km? (including the
bay to the dam, built in 1963 on the outflowing Veksa
River), and the volume of water is 0.1084 km3. The
maximum depth in the hollows in the central part (and
for the entire lake) reaches 5.4 m. The average depth of
the lake, determined by a set of measurement points, is
2.4 m (and V/S depth is 2.2 m) (Filippova et al., 2023).
All tributaries are small rivers, and the lake’s coast is
waterlogged.

The lake’s geomorphological position and its
basin’s morphometric characteristics create the prereq-
uisites for stable and continuous sedimentation.

Lithological analyses and detailed radiocarbon
dating allow us to calculate sediment accumulation
rates, which is important for reconstructions of hydro-
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logical processes and landscape-climatic conditions
changes in the Late Pleistocene and Holocene.

Calculations of linear sedimentation rate (LSR)
and mass accumulation rate (MAR, which is more
objective criteria of the sedimentation process, because
it considers the density of the sediment) in lakes are
widely used for paleogeographic reconstructions
(Svendsen et al., 2018; Zander et al., 2021). In the
centre of the East European Plain, lake sediments of
the Last Glacial Maximum were studied only in Lake
Galichskoe (Velichko et al., 2001), but without any LSR
or MAR calculations.

2. Materials and methods

Two winter (drilling the bottom sediments from
ice using the Livingston Piston Sampler) and one sum-
mer (bathymetric survey) fieldwork expeditions were
completed in 2021-2022.

Borehole Chul3A was drilled in the deep central
part of Lake Chukhlomskoye (in a hollow), at a depth
of 4.0 m (the thickness of the collected core is 7.45 m)
(Filippova et al., 2023) and borehole Chu22-39A was
drilled on a background bottom surface at the depth of
2.5 m (the thickness of the collected core is 13.9 m).

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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Complex lithological analysis including loss on
ignition (550 and 950°C), grain size analysis (using
Malvern Mastersizer 3000 laser diffractometer), mag-
netic susceptibility (using ZH Instruments SM 150 L
device) and volumetric density measurements of the
samples was made in the Laboratory of Environmental
Paleoarchives of the Institute of Geography RAS.

The content of !*’Cs radioactive isotope of the
upper weakly consolidated layer of silt for Chul3A
core was measured at the Radiochemistry Division of
the Chemistry Department of Moscow State University.

14C AMS dating on total organic carbon (TOC)
was made for both cores at the Center for Collective
Use “Laboratory of Radiocarbon Dating and Electron
Microscopy” of the Institute of Geography RAS and at
the Center for Isotope Research of the University of
Georgia (USA).

Eight AMS dates for Chul3A core and ten AMS
dates for Chu22-39A core allowed to calculate age-
depth models using rBacon package for R (Blaauw
and Christen, 2011) and then mass accumulation rates
(MAR, g/cm? per year) (Zander et al., 2021).

3. Resulits

Complex lithological analysis revealed a similar
structure of the Lake Chukhlomskoye sediment in both
cores. The bottom sediments are composed mainly of
silt (the content of the silt fraction reaches 70-80%).
The upper layer of sediment is weakly consolidated
organic silt, which is underlain by organomineral silt
(organic matter content is 40-60%). Below lies a layer
of carbonate silt (the CaCO, content in this layer reaches
60%), underlain by mineral silt, which is sandy in the
upper part of the layer. The boundary between the car-
bonate silt layer and the upperlaid organomineral silt
layer is abrupt, which suggests a hiatus in sedimenta-
tion. When comparing the structure of sediments in
cores, it was revealed that in the Chul3A core located
in the hollow, the thickness of the organomineral silt
was significantly reduced, which suggests the erosive
origin of this bottom landform.

The results of '*’Cs radioactive isotope measure-
ments for the upper part of Chul3A core revealed that
there is a maximum of its content in the sediments cor-
responding to 1986 (Filippova et al., 2023), which was
applied for age-depth model calculation.

The analysis of the proportion of mineral matter,
organic matter and CaCO, content allows us to identify
three stages of sedimentation. The mineral silt layer
with a low content of organic and carbonate matter
corresponds to 25-12 cal. yr BP, a layer of carbonate
silt accumulated 12-11 cal yr BP, and organomineral
silt began to accumulate in the Holocene. The hiatuses
were found by sharp boundaries between carbonate
and organomineral silt and the age gap.

MAR calculation revealed stages of sedimenta-
tion. High values of MAR calculated for Chu22-39A
core relate to 25.0-23.0 cal ka BP (0.110-0.182 g/cm?
per year) with the peak value of 0.175-0.182 g/cm?
per year at 24.5 cal ka BP. The next stage with high
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MAR values was noted at 21.5-17.5 cal ka BP (0.100-
0.192 g/cm? per year) with the highest peak for the
entire paleoarchive reaching 0.192 g/cm? per year at
18.8 cal ka BP. Then at 17.5-16.7 cal ka BP there was a
sharp decrease in sediment accumulation from 0.134 to
0.012 g/cm? per year. And during 12.7-11.0 cal ka BP
there was another stage of sediment influx with MAR
values of 0.012-0.018 g/cm? per year. A hiatus in sed-
imentation was noted at 11.0-7.0 cal ka BP according
to the age-depth model. After the hiatus, a low sedi-
mentation rate (0.001-0.007 g/cm? per year) has been
typical for Chu22-39A core sediments and persists to
the present.

High values of MAR calculated for Chul3A core
relate to 25.4-24.1 cal ka BP (0.080-0.095 g/cm? per
year) with the peak value of 0.095 g/cm? per year at
25.4 cal ka BP. The next stage with high MAR values
was noted at 23.0-21.0 cal ka BP (0.093-0.117 g/cm?
per year) with the highest peak for the entire paleo-
archive reaching 0.117 g/cm? per year at 22.9 cal ka
BP. At 18.2 cal ka BP MAR is 0.061 g/cm? per year
and after that we also see a sharp decrease in sedi-
ment accumulation from 0.060 to 0.016 g/cm? per year
which occurred 17.9-16.9 cal ka BP. During 12.7-11.0
cal ka BP the next stage of sediment influx was noted
with MAR values of 0.009-0.012 g/cm? per year. A hia-
tus in sedimentation was noted at 11.0-5.5 cal ka BP.
In Chul3A core there was another hiatus from 4.8 cal
ka BP to 50-60 years ago. For the last 50-60 years MAR
in the hollow is 0.011-0.053 g/cm? per year.

4. Discussion and conclusions

Svendsen et al. (2018) at the Polar Urals
Mountains lake Bolshoye Shchuchye obtained that the
sedimentation rates in the lake remained high and sta-
ble in the time interval 23.8-18.7 cal ka BP, after which
it gradually decreased until 11.6 cal ka BP. They postu-
late that sediment influx before 18.7 cal ka BP is due to
abundant sediment supply from meltwater rivers drain-
ing glaciers within the catchment.

Our study area is located south of the boundary
of the last glaciation, so we assume the following fac-
tors caused high sediment influx: permafrost, increased
river runoff and fluctuations in the composition of plant
communities (Velichko et al., 2001). We suggest that
permafrost melted ~ 17.9-16.7 cal ka BP when MAR
decreased sharply. The next sediment influx occurred
12.7-11.0 cal ka BP corresponding to Younger Dryas
cooling which could cause the return of the permafrost
(but MAR is ten times lower than in LGM) and for-
est landscape degradation. The Early Holocene hiatus
could mark the low level of the lake drained by the
Veksa River. Mid to Late Holocene hiatus in Chul3A
core marks the erosional process in the hollow during
this period. We assume that the erosion in a hollow
stopped after the dam on the Veksa River was built in
1963 (Filippova et al., 2023). Holocene MAR is low due
to the slow erosional process in the lake’s catchment
caused by forest distribution and waterlogging of the
shores.



Filippova K.G. et al. / Limnology and Freshwater Biology 2024 (4): 334-339

SI: «The 6th International Conference
Paleolimnology of Northern Eurasia»

Acknowledgements

The work was funded by the Russian Science
Foundation project No. 23-77-10063, “Reconstruction
of natural events based on high-resolution sedimenta-
tion paleoarchives from the center of the East European
Plain over the past 25 thousand years.”

Conflict of interest

The authors declare no conflict of interest.

References

Blaauw M., Christen J.A. 2011. Flexible paleoclimate
age-depth models using an autoregressive gamma process.
Bayesian Analysis 6(3): 457-474. DOIL: 10.1214/11-BA618

Filippova K.G., Konstantinov E.A., Zakharov A.L.
et al. 2023. Structure and origin of the bottom relief of
Lake Chukhlomskoe (Kostroma Region). Geomorfologiya

i Paleogeografiya 54(4): 145-162. DOI: 10.31857/
$2949178923040047 (in Russian)
Map of Quaternary deposits: 0-38-VII. 1972. In:

Borozdina Z.I. (Ed.), Geological map of the USSR. Map of

336

Quaternary deposits. Mezenskaya series. Scale: 1:200000.
Moscow: Vsesoyuzny Aerogeological Trust of the Ministry of
Geology of the USSR. (in Russian)

Svendsen J.I., Faerseth L.M.B., Gyllencreutz R. et al. 2018.
Glacial and environmental changes over the last 60 000 years
in the Polar Ural Mountains, Arctic Russia, inferred from a
high-resolution lake record and other observations from adja-
cent areas. Boreas 48(2): 407-431. DOI: 10.1111/bor.12356

Velichko A.A., Kremenetsky K.V., Negendank J. et al.
2001. Late Quaternary history of vegetation of the Kostroma
Volga region according to palynological studies of Lake
Galichskoye bottom sediments (Pozdnechetvertichnaya
istoriya rastitelnosti Kostromskogo Zavolzhiya po dannym
palinologicheskogo izucheniya donnikh osadkov Galichskogo
ozera). Bulletin of the Commission for the Study of the
Quaternary Period (Byulleten’ komissii po izucheniyu chet-
vertichnogo perioda) 64: 5-21. (in Russian)

Zander P., Zarczyfiski M., Vogel H. et al. 2021. A
high-resolution record of Holocene primary productivity
and water-column mixing from the varved sediments of Lake
Zabinskie, Poland. Science of The Total Environment 755(2):
143713. DOI: 10.1016/j.scitotenv.2020.143713



https://www.doi.org/10.1214/11-BA618
https://www.doi.org/10.31857/S2949178923040047
https://www.doi.org/10.31857/S2949178923040047
https://www.doi.org/10.1111/bor.12356
https://www.doi.org/10.1016/j.scitotenv.2020.143713

Limnology and Freshwater Biology 2024 (4): 334-339 DOI:10.31951/2658-3518-2024-A-4-334

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonozausi CeeepHol Espasuu»

AOHHDbIE OTAO)KEeHHSAl NO3AHEero
NAEHCTOLEeHa U ronoueHa Yyxromckoro

o3epa

KpaTtkoe coobuienune

LIMNOLOGY
FRESHWATER
BIOLOGY
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AHHOTALIUA. B cratbe paccMmaTpuBaeTcs CTpOeHHEe JOHHBIX OTJIOXeHMH UYyXJIOMCKOro o3epa
(Koctpomckasi obJtacth, Poccust). Pe3ybTaThl KOMILJIEKCHOTO JIMTOJIOTUYECKOTO aHaji3a U Paauoy-
TJIEPOJTHOTO NaTUPOBaHUA MeToaoM AMS ABYX KOJIOHOK OTJIOXEHUH, PACIOJIOXKEHHBIX Ha PA3HBIX T€0-
MOpPGOJIOrMYeCcKrX MO3ULUAX pesbeda AHA, MO3BOJIWIN PEKOHCTPYHUPOBATD STAMbl U YCJIOBUA OCALKO-
HAKOILTeHUs B o3epe. PaccumraH mpupocTt Maccsl ocaaka (MAR - mass accumulation rate). Beicokue
sHaueHuss MAR oTmeuatotcs 25.4-17.5 Toic. kan.ji.H. (mo 0.192 r/cm? B Toj), pe3koe cHmkxeHrne MAR
cooTtBeTrcTBYeT 17.9-16.7 ThHIC. Ka/I.JI.H., a CJEAYIOUIAH 3Tall MOBHIIEHHOTO IPUTOKA HAHOCOB B 03€PO
HabJi0/1aeTcs B mo3aHeM Jpuace. B rosioriene MAR Huskuii (0.001-0.053 r/cm? B rof).

Krmoueavie cyioéa: ozepHble OTI0XEHNA, IIaJe0JIMMHOJIOTHsA, PaAUOYTJIepoJHOe JaTHpOBaHUe, CKOPOCTh
aKKyMyJIALUY HAaHOCOB, Najieoreorpadpuyeckie peKOHCTPYKINU

Ja nmurupoBanua: @dununnosa K.I'., Koncrantunos E.A., 3axapoB A.JI., KysbmenkoBa H.B. [loHHble OTJIOXKEHUA IIO3[-
Hero IUIelicToleHa U roJiorieHa Yyxsomckoro osepa // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 334-339.

DOI: 10.31951/2658-3518-2024-A-4-334

1. BBeapenue

YyxJI0MCKOe 03epo pacnosioxeHo B KoctpoMckom
3aBoyrKbe, Ha BO3BBINIEHHON I['amnucko-UYyXjIoMCKON
rpsafe (Bomopasgen pek Koctpomsl u Yaxu, 150-293
M H.y.M.), B ceBepHoil yactu KocTpomckoii obsacTu.
TeppuTtopusa HaXOAUTCA K I0TY OT I'PaHULIBI IOCJIeJHETO
Banpmatickoro osiefeHeHusi (I'eosjiormyeckass KapTa...,
1972), uTO MO3BOJIsAET pacCMaTpUBATh AOHHBIE OTJIO-
’KeHHUs 03epa B KauecTBe Majie0apXuBa pPeruoHaJIbHOTO
3HauYeHUs.

[Inomagp Bogocbopa UyxJIOMCKOTO  0O3epa
coctaBisger okoso 270 KM% TUTOmMAALr o3epa
49.15 km? (BKJTIOYAS 3AJIMB A0 IJIOTUHBI, IOCTPOEHHON
B 1963 r. Ha BeITeKalollell peke Bekce), o6beM BOABI
- 0.1084 xm3. MakcumaJsibHas IJIyOMHA B J0XOUHaX B
LeHTPpaJIbHOM YacTu (U 151 BCEero o3epa) Jocturaet 5.4
M. CpenH:AA rrybuHa 03epa, onpeesieHHasA 10 JaHHBIM
9XOJIOTUPOBAHMsA, cocTaBysieT 2.4 M (ruaposioruye-
ckas rayouHa V/S — 2.2 m) (Ouymnmosa u ap., 2023).
IIputokamu ABJIAIOTCA HeOOJIbIINME peKku, Oepera o3epa
3a00JI0Y€EHHI.

T'eomop@dosioruueckoe MoJioxkeHre o3epa U MOp-
domeTpuueckre xapaKTepUCTUKU €r0 KOTJIOBUHBI CO3-
[aT NPeAnoChUIKA 1A CTabUJIBHOTO U HEIIPEePBHIBHOTO
0CaJKOHAKOILJIeHU .

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: xenia.filippova@igras.ru (K.I'. ®uimnmnosa)

INocmynwia: 04 utona 2024; IIpunama: 02 vt 2024;
Ony6tukoaana online: 26 aprycra 2024
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Jlutosioruyeckuie aHaJu3bl U JleTajlbHOE paju-
OoyrjlepolHOe OaTUpPOBaHNE OTJIOXKEHUN II03BOJIAIT
paccuuTaTth CKOPOCTh OCAJIKOHAKOILJIEHNA, YTO BaXHO
JUIT PEKOHCTPYKIMU THUIPOJIOTUYECKUX IPOLlecCOB U
HM3MeHeHU!l JaHAmaTHO-KIMMAaTHYeCcKUX YCJIOBUH B
[O3/IHeM IUjIelicToIleHe U TOJIOIeHe.

OrneHka CKOpOCTell OcaJIKOHAKOILJIeHUA B O3e-
pax HIKMPOKO UCIOJIb3yeTcs AJid najeoreorpaduieckux
pexoHcTpyknuii (Svendsen et al., 2018; Zander et al.,
2021). PaccuuTtriBaeTcs Kak JIMHeHHas CKOPOCTh ocal-
KOHAKOIUJIEHNUs, TaK M NMPUPOCT Macchl ocaaka — MAR
(mass accumulation rate). DTOT mokasaTeJsib Ipoliecca
OCaJIKOHAKOIUJIEHUsA ABJIAeTCA 0ojiee OOBEKTHBHBIM,
TaK KaK Y4YuThIBaeT IUJIOTHOCTh Ocajka. B 1eHTpe
BocrouHo-EBporielickoii paBHHUHBI O3€pHBIE OTJIOXKe-
HUA TNOCJIeHEero JIeJHUKOBOTO MaKCHMyMa BCKPBITHI
TOJIBKO B I'asimuckom o3epe (Benmuko u ap., 2001), HO
pacueThl CKOpOCTel OCaJIKOHAKOIUJIeHUA U NPUpPOCTa
Macchl ocajika AJjiAd Hero He MpOU3BOANJIINCE.

2. Marepuanbl UM METOAbI MCCAEAOBaHUA

B 2021-2022 rr. ObUIM NpPOBEAEHHl JBE 3UM-
Hue (OypeHue NOHHBIX OTJIONKEHHUII cO JibAa C IIOMO-
b0 NopiIHeBoro 6ypa JIMBUHICTOHA) M OAHA JIETHAA
(baTumeTpuveckas CheMKa) MOJIEBbIE DKCITEUIUM.

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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CkBaxxuHa Chul3A 6puta mpoOypeHa B riTybOKO
LleHTpaJIbHON YacTu UyxjoMcKoro o3epa (B J10x0OuHe),
Ha riayouHe 4.0 M (moJsiydeH KepH IJIMHON 7.45 M)
(®ununmosa u 1ip., 2023), a ckBaxuHa Chu22-39A — Ha
(oHOBOIT MOBEPXHOCTU [IHA Ha riybuHe 2.5 M (qiuHa
kepHa 13.9 m).

KommniekcHBIN JIMTOJIOTHYECKUH aHaIu3, BKJIIO-
yalolKii ollpeiesieHNe ToTeph IIpU IpokaainBaHuu (550
u 950°C), rpaHyJioMeTpuuecKuii aHaau3 (Ipyu NOMOIIU
JnazepHoro gudpaxromerpa Malvern Mastersizer
3000), uamepeHrie MarHUTHOU BOCIIPUMMYUBOCTHU (Ha
npubope ZH Instruments SM 150 L) u 06beMHOI1 IJIOT-
HOCTH OcajKa, ObLI BHINOJIHeH B JlabopaTtopuu mnaie-
0apxXMBOB NPUPOJHON cpenbl MHcTuTyTa reorpaduun
PAH.

CoziepxaHre paJNOAKTUBHOTO u3oToma ¥Cs
B BepxHeM cJjioe CJIaDOKOHCOJIUAUPOBAHHOTO WA
kosionku Chul3A u3MepeHo Ha Kadeape paguoOXUMUU
xumuyeckoro ¢axkyasrera MI'Y.

PaguoyrnepongHoe — AgaTHpoBaHWe  MeTOAOM
YCKOPUTEJIBHOM Macc-CIIeKTpOMeTpUuu 1o  of0IeMy
yIJIepoAy BBIIOJIHEHO [Jig oboux kepHOB B lleHTpe
KOJUJIEKTUBHOTO TOJIb30BaHUsA «JlaGopaTopus paauoy-
IJIepOAHOr0 AAaTUPOBAHUA U 3JIEKTPOHHON MMKPOCKO-
nun» UHctutyTta reorpadun PAH u B LieHTpe nsoron-
HBIX uccilefoBaHul YHuBepcureta Jxopmaxuu (CILIA).

Bocemb AMS gart miia kepHa Chul3A u gecATs
AMS pat qyia kepHa Chu22-39A mo3BoJIIN TOCTPOUTD
BO3PacTHYI0 MOJeJIb OCAAKOHAKOIJIEHN NPY [TOMOIIA
nakera rBacon paisa cpenpl nporpaMMmupoBaHus R
(Blaauw and Christen, 2011), a 3aTeM paccyuTarh Mpu-
poct Macchel ocagka (MAR, r/cm? B rog) (Zander et al.,
2021).

3. Pe3ynbTatbhl UCCAEAOBAHUA

KommniekcHBIN JIUTOJIOrMYeCKUil aHaIN3 BbIABUII
CXOQHOE CTpOeHHe AOHHBIX OTJIOXKEeHUH YyXJIOMCKOro
o3epa B 00oux KepHax. JlOHHbIE OTJIOKEHUA MpefCTaB-
JIeHBI IperMyIlleCcTBeHHO uyiamu (coAepkaHue NINCTON
dpaknuu gocruraetr 70-80%). BepxHuil cjioii ocajka
— cJ1ab0 KOHCOJIMAUPOBAHHBIN OpraHUYeCcKUl Wi, Noa-
CTUJIaeMblil OpraHOMUHepaJIbHBIM MJIOM (coAepkaHue
opraHudeckoro BemectBa 40-60%). Hirke 3aneraer
cyioir kap6onaTHoro una (comepxanue CaCO, B 3TOM
csioe gocturaet 60%), noAcTUIaeMblii MUHepPaJIbHBIM
WJIOM, KOTODHIM oOIlecdaHeH B BepxHell 4YacTu CJIOA.
I'pannna mMexnay cjioeM KapOOHATHOrO Wjia U BHIIeJe-
JKalyM CJI0eM OpraHOMMHepaJIbHOIO Mijla peskas, 4To
CBUJIETEJIbCTBYeT O IlepepbiBe B 0CaJKOHAKOILJIEHUU.
IIpu cpaBHeHHU IOCJIeAOBaTEJIbHOCTEN OTJIOXKEHHUI B
JBYX KepHaX ObLITO BBIABJIEHO, YTO B KoJiIoHKe Chul3A,
PacloJIOKeHHOH B JIOXKOHHE, MOIIHOCTb OpPraHOMH-
HepaJIbHOTO WJjla 3HA4YMTeJIbHO COKpalleHa, YTO CBH-
JeTeJIbCTByeT 00 JPO3MOHHOM IPOMCXOXIAEHUM 3TOH
¢popMel fOHHOTO penbeda.

Joia BepxHell yactu kepHa Chul3A m3mepeHo
coiepXXaHue paguoakTHUBHoOro msoroma *’Cs u obHa-
PYyXeH NHK cojiepXaHus, COOTBETCTBYMIIMi 1986 r.
(®dununmosa u Ap., 2023). JaTUpoBKa UCHOJIb30BaHa
IIpY IOCTPOEHUHU BO3PaCTHON MOJIeJIN.

Ananus cOOTHOIIeHVs MHHepajIbHOro, OpraHu-
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4ecKoro BerlectBa u cofepxanus CaCO, mosBosisieT
BBIIGJIUTh TPU CTaguM oOcafgKoHakolleHUsA. Cioi
MUHEPaJIbHOI'O MJIa C HU3KUM COJepXXaHeM opraHuye-
CKOr0 U KapOOHATHOIO BellecTBa COOTBETCTByeT 25-12
THIC. KaJI.JI.H., CJIOJ KapOOHAaTHOr0 MJjia HaKaIlJIMBaJCA
12-11 THIC. Ka/I.JI.H., 2 OpraHOMUHEepaJIbHBIN W Haval
HaKallJIUBaThCA B rosiolieHe. IlepephiBbl B 0CaAKOHAKO-
IJIEHUY OTMeEYEHH 10 pe3KNMM IpaHUIlaM MeXAy CJIo-
AMU KapOOHATHOTO M OpPraHOMHHEpPAaJIbHOTO WJIOB U
CKayKy BOo3pacra.

Pacuer MAR BbIABUJI 3TAlbl OCAAKOHAKOIJIEHUA
B UyxsiomckoM o3epe. Bricokue 3HaueHus MAR, pac-
cunTaHHble Ay KepHa Chu22-39A, otMmevarrtces 25.0-
23.0 toic. Kaa.JL.H. (0.110-0.182 r/cm? B rof) ¢ MHUKO-
BBIM 3HaueHueM 24.5 Toic. KasJ.H. (0.175-0.182 1/
cm? B ron). Crieqyomuil 3Tan ¢ BBICOKUMU 3HaYeHU-
avMu MAR otmeuaetcs 21.5-17.5 Thic. kas.j.H. (0.100-
0.192 r/cM?2 B TOJ1) C MAKCUMyMOM JJIs1 BCEH KOJIOHKH,
nocturmiim 0.192 r/cm? B rox, 18.8 Thic. KaJl.JI.H.
3atem 17.5-16.7 ThIC. KaJj.Jl.LH. NPOU3OLLIO pe3Koe
CHIXeHMe npupocTta Macchl ocagka ¢ 0.134 1o 0.012r/
cM? B rofi. A B nmepuof 12.7-11.0 ThIC. KaJI.JI.H. PUB-
HOC HAaHOCOB cHOBa Bhipoc A0 0.012-0.018 r/cm? B rof.
[lepeprlB B ocagkoHakomaeHnu npousomesn 11.0-7.0
ThIC. KaJI.JI.H., COIJIACHO MOJEJIM OCaJKOHAKOIUIeHMs.
J1A BTOPO¥ IIOJIOBUHBI TOJIOIEHA IOJIy4eHBl HU3KHe
3HaYeHUs MpupocTa Maccsl ocagka (0.001-0.007 r/cm?
B Irofn).

Bricokne 3HaueHus MAR, paccuuTaHHBIE [J1A
kepHa Chul3A, otmeuatorcsa 25.4-24.1 ThiC. KaJl.JILH.
(0.080-0.095 r/cm?> B rox) C MUKOBBIM 3HAaYeHHEM
0.095 r/cm? B rof 25.4 ThiC. KaJI.JI.H. CleqyoImui Tar
¢ BelcOkMMU 3HaueHUsAMU MAR otmeuaercs 23.0-21.0
ThiC. Kaa.J.H. (0.093-0.117 r/cm? B TOZI) C MakCUMYy-
MOM 1714 BCel KOJIOHKH, gocturmuM 0.117 r/cm? B rof,
22.9 TeIC. KaJL.J1.H. 18.2 ThiC. Kan.J1.H. MAR cocTtasiiseT
0.061 r/cm? B roji, mocje 4Yero Tak ke Habrogaercs
pe3Koe CHIXXeHMe npupocta Macchl ocazka ¢ 0.060 mo
0.016 r/cm? B ro1, KoTOpoe mpousonuio 17.9-16.9 Teic.
KanJi.H. B nmepuon 12.7-11.0 TeIC. KaJl.JI.H. IPUBHOC
HaHocoB Beipoc 710 0.009-0.012 r/cm? B roA. IlepephiB B
ocaJikoHakoIleHnu orMeuaetrcs 11.0-5.5 Tric. kaa.J1.H.
B kepHe Chul3A wnHa6iofaeTrcsa BTOPON NEPEPHIB B
ocaJikoHakoIieHnuu ¢ 4.8 Thic. Kajl.JI.H. o 50-60 jer
Hasafn. 3a nocsegHue 50-60 jeT 3HayeHUA NPUPOCTa
Macchl ocafika B Jiox6nHe coctassioT 0.011-0.053 r/
cMm? B TOf.

4. 06¢cy)xpeHMe pe3yAbTaToB U BbiBOADI

Svendsen et al. (2018) Ha o3epe BoJibmoe [{yube
B ropax [losysapHoro Ypaja mojyuuau JaHHbIE O TOM,
YTO CKOPOCTh CceJUMeHTaluu B O3epe ocTaBajach
BBICOKOM U cTabuiibHOM 23.8-18.7 ThIC. Kaj.J1.H., IOCJIe
Yyero oHa IOCTeNeHHO CHUXXaJlach BILUIOTH 710 11.6 Thic.
KaJ1.J1.H. OHU IPeZIoJIoKUIIN, YTO MPUTOK 0CaJOYHOT0
Marepuana paHee 18.7 ThiC. KaJ.JI.H. CBA3aH C OOWJIb-
HBIM IOCTYILJIEHUEM Ocafika U3 TaJIbIX BOJ peK, ipeHu-
pyIOIINX JIEQHUKU B Mpefiesax Bogocbopa.

Ham o6GbekT ucciejoBaHUs paclojoXeH K 0Ty
OT TpaHUlIBl TOCJieJHero oJiefeHeHNs, MO3TOMY MBI
MpeJinoJiaraeM BJausHNE cJleAyomux GakTopoB Ha 06u-
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Jive TIocTynalollero MaTeprasia B 03epo: Hajlnyue MHO-
rojileTHell Mep3JI0THl, yBeJU4YeHHble O0beMbl PEYHOIO
cTOKa MU (QUIyKTyaluu cocTaBa pPacTUTEJIbHBIX CO00-
mecTB (Benuuko u fp., 2001). ITpeamosioxuTesibHO,
Mep3JjioTa pacrasia ~17.9-16.7 Thic. KaJl.Jl.H. (pe3koe
cHIxeHue 3HaueHuil MAR). Crefymomuil 3Tan MoOBbI-
meHHBIX 3HaueHni MAR mpousomen 12.7-11.0 Thic.
KaJI.J.LH., YTO COOTBETCTBYeT IIOXOJIOJAHMIO MO3OHEero
Jpuaca, KOTOpoe MOIJIO CIIPOBOLIMPOBATh IOsABJIEHUE
MHoroJsieTHell Mep3Ji0THl (HO MAR B fjecATh pa3s HuXe,
4yeM BO BpeMs IOcJie[Hero JieJHUKOBOI0 MaKCUMyMa)
Y COKpPaTUTh KOJIMYECTBO APEBECHOH pacTUTEJIbHOCTHU.
[lepeprlB B OCagKOHAKOIJIECHUM B paHHEM ToJIOleHe
MOXeT MapKHUpoBaTbh HM3KHII ypOBeHb 03epa, ApeHU-
pyeMoro pekoil Bekcoii. CpeaHe-lI03JHEr0JIOLIeHOBBIN
nmepepsiB B 0caIKOHaKomieHnu B kepHe Chul3A yka-
3bIBaeT Ha HPO3MOHHBIN IIpoliecc B IeHTPaJIbHOHN 4acTu
o3epa, B pe3yJibTaTe 4ero ObLIM cPOPMHPOBAHBI JIOXK-
6uHbl. MBI mpeanosiaraeM, 4TO 3po3WsA B JIOXKOMHAax
IpeKpaTuJiach ocje CTPOUTEJIbCTBA IIJIOTUHEL Ha peKe
Bekce B 1963 rony (®ununnosa u Ap., 2023). B roJio-
IleHe IIPUPOCT MAacchl Ocajka HU3KUI, YTO TOBOPUT O
cyaboll 3po3uu Ha BoAocOope o3epa 6Jsiarofgaps pac-
IIPOCTPaHEHUIO JIECHOM pacTUTEJIbHOCTH U 3abojavyu-
BaHUIO Geperos.

bAaaropapHoOCTH

Pa6oTa BeIOIHEHA B pamMkax rpaHta PH® No23—-
77-10063 «PeKOHCTPyKUMA NPUPOAHBIX COOBITHI IO
BBICOKOpAa3pemaomuM ceJ¥MeHTallOHHBIM Majleoap-
xuBaM IieHTpa BocrouHo-EBpomneiickoli paBHUHBHI 3a
nocjaegHue 25 THICAY JIET».
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ABSTRACT. This work is dedicated to studying the dynamics of vegetation and natural-climatic condi-
tions in the Mologo-Sheksninskaya lowland in the north of the East European Plain during the Holocene.
Lake Motykino, located in the Darwin Nature Biosphere Reserve, was chosen as the research object due
to its unique location and preservation of relic lake deposits. Radiocarbon dating and pollen analysis
were conducted. The research results are presented in the form of a lithological description of the sedi-
ment column, stratigraphic analysis, and a pollen diagram divided into five local pollen zones, reflecting
the succession of plant communities from periglacial landscapes in the Late Glacial to the formation of
boreal forests in the Holocene. Analysis of pollen spectra allowed for the identification of key periods in
the vegetation history of the region, from 13,300 cal BP to 400 cal BP, and to track changes in vegeta-

tion composition and peat formation processes.
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1. Introduction

The Mologo-Sheksninskaya lowland (MSL) holds
significant importance for studying and reconstruct-
ing the dynamics of vegetation and climatic condi-
tions during the Late Glacial period and the Holocene
(Sadokov et al., 2022). However, to date, the chronol-
ogy of changes in the central part of the MSL, as well as
the formation of glacial deposits in this region, remain
insufficiently studied (Sapelko and Sadokov, 2022).
Therefore, this area represents a great interest for fur-
ther research in this direction.

Lake Motykino (N 58.550895°, E 37.613226°) is
located in the north of the East European Plain (Vologda
region) at an altitude of 104 m above sea level. It is sit-
uated in the boreal climatic zone of the East European
taiga. The lake has an area of 0.023 km? and an aver-
age depth of 3 m, making it one of the small relic lakes
that have been preserved since the deglaciation of the
last glaciation cover (Sadokov et al., 2022). The veg-
etation is dominated by spruce and pine forests with
the presence of deciduous species. Among the main tree
species are Picea abies (L.) H.Karst, Pinus sylvestris L.,
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Betula pendula Roth, Betula pubescens Ehrh., and Populus
tremula L. Additionally, species such as Alnus incana
(L.), Alnus glutinosa (L.) Gaertn., and various species of
the genus Salix can be found here. The lake is located
within the protected natural area of the Darwin Nature
Biosphere Reserve, where more than 80% of the terri-
tory is covered by sphagnum upland bogs and marshy
forests, with around two dozen small lakes located on
the marshy plains (Kuznetsov et al., 2006). The vege-
tation within the bog is dominated by Pinus sylvestris L.
and heath shrubs, with the participation of the Carex
genus. The nearest modern settlement (the village of
Borok) is located 4 km away from the lake. It should be
noted that Lake Motykino has not been studied from a
paleoecological perspective before.

2. Materials and Methods

Lake sediment cores were extracted in March
2022 using a Russian corer (with a diameter of 5 cm
and a sampling length of 1 m) from the ice surface.
The total thickness of the recovered sediments was 236
cm (three cores). Lithological descriptions and photo-

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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graphic documentation of the cores were carried out
immediately after their extraction. The chronology is
based on 5 dates obtained at the AMS laboratory of
A.E. Lalonde at the University of Ottawa. Additionally,
a sediment accumulation rate model was created in
OxCal (Reimer et al., 2020), which showed that sed-
imentation occurred uniformly at an average rate of
approximately 55 years/cm. This model allowed for the
determination of temporal intervals for the identified
pollen zones.

3. Results and Discussion

In field conditions, 236 c¢cm of sediment was col-
lected and described. The lower part of the core (236-
189 cm) consisted of weakly mineralized sapropelic peat
of medium decomposition degree. From a depth of 220
cm to 190 cm, rhythmic color layering was observed,
distinguished based on differences in density, botani-
cal composition, and mineralization. After a thin layer
from 190-189 cm, represented by greenish organogenic
aleuropelit, the sediments up to their upper boundary
(189-0 cm) consisted of viscous, loosely compacted silts
with a large amount of plant macroremains. The under-
lying rocks were not penetrated.

Based on stratigraphic cluster analysis (CONISS),
the pollen diagram (Figure 1) was divided into 5 local
pollen zones (LPAZs 1-5).

LPZ 1 (13,300-11,500 cal BP): The spectra sig-
nificantly differ from other zones in the column and are
characterized by the predominance of Poaceae pollen,
including >40 um, Artemisia sp., and Amaranthaceae.
The first half of the zone is marked by a rapid increase
in Picea sp. pollen. The obtained spectra reflect the
periglacial vegetation of the late Pleistocene - tun-
dra-steppe and gradually forming spruce forests.

LPZ 2 (11,500-8,200 cal BP): The spectra are
characterized by the predominance of Betula sp. pollen.
The proportion of Picea sp. pollen rapidly decreases,
while the amount of Pinus sp. pollen increases. The
proportion of Poaceae decreases. Nymphaea sp. pollen
appears, and the proportion of Cyperaceae increases,
indicating the beginning of the infilling of an open
water body. The composition of the spectra reflects
the formation of boreal forests dominated by pine and
birch in the early Holocene.

LPZ 3 (8,200-5,500 cal BP): The spectra are
characterized by a significant increase in the propor-
tion of Alnus sp., Quercus sp., Ulmus sp., and Tilia sp.
The amount of Betula sp. pollen decreases. The appear-
ance of the indicator of peat formation, Sphagnum sp., is
observed. The spectra reflect the Holocene climatic opti-
mum, during which the southern taiga with a notice-
able presence of broad-leaved species was formed.

LPZ 4 (5,500-2,500 cal BP): The presence of all
woody taxa in the spectra fluctuates within the zone.
The amount of Betula sp. pollen continues to decrease,
but the proportion of Pinus sp. and Picea sp. increases.
There is a gradual increase in the number of Sphagnum
spores. The spectra reflect an increase in coniferous
species in the forests against a backdrop of gradual
cooling.

LPZ 5 (2,500-400 cal BP): An increase in Pinus
sp., Artemisia sp., and Poaceae pollen, including large
pollen grains (>40 pum), correlates with a decrease in
the proportion of broad-leaved tree pollen and Picea sp.
throughout the zone. The number of Sphagnum spores
continues to rise. The spectra indicate the formation
of modern sub-boreal spruce forests, with the appear-
ance of anthropogenic indicators suggesting human
exploitation of the area.
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Fig.1. Pollen diagram of Lake Motykino sediments (Vologda region).
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4. Conclusions

Analysis of the sediments of Lake Motykino,
including lithological description, radiocarbon dating,
spore-pollen analysis, and assessment of sedimentation
rate and uniformity, allowed to identify 5 local pollen
zones reflecting the main stages of vegetation devel-
opment, and to reconstruct the history of vegetation
dynamics in the region over the past 13,300 years:
from tundra-steppe periglacial landscapes of the late
Pleistocene to modern boreal forests of the Holocene.

The results of the study make a significant contri-
bution to understanding the history of past ecosystem
development in the Mologo-Sheksninskaya lowland
and provide a basis for further research on changes in
natural conditions in the region.
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KpaTtkoe coobuienune

NManunonorua osepa MoTbiIKMHO B rOAOLLEHE [IMNOLOGY
(Bonoroackan obnactb, Cesepo-3anap FRESETWATER

eBponeuckou yactu Poccum) BIOLOGY
e

KampiruHa A.B.12*) EpmioBa E.I'.13

1@I'BOY BO Mockogackuii 2ocy0apcmaeHHblil yHugepcumem um. JIomoHocoaa, yi. Konmoeopoasa, 1, Mockea, 119991, Poccus
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AHHOTAILHA. [laHHas paboTa MOCBAIIEHA U3YYEeHUI0 JUHAMHKU PACTUTEIBHOCTU Y NMPUPOAHO-KIIN-
MaTUYECKUX ycaoBUi B Mostoro-IllekCHUHCKOW HU3MEHHOCTH Ha ceBepe BocTrouHo-EBpomerickoii paB-
HUHBI B rojioneHe. O3epo MOTBIKMHO, pacloJioKeHHOe B JJapBUHCKOM MPUPOAHOM O01oc¢hepHOM 3amo-
Be[HUKe, OBLJIO BEIOpAaHO B KauyecTBe OOBbEKTa MCCIeJOBAaHHUA M3-32 €ro0 yHUKAJbHOI'O PaCIOJIOKEHU
Y COXPAaHHOCTU PEJIMKTOBBIX O3€PHBIX OTJIOKEHHWHU. BTN MOJTyvYeHBl pafguoyTJIEPOAHBIE JATUPOBKU U
MPOBEJIEH CIIOPOBO-IBLIBIIEBON aHaJU3. Pe3ysibTaThl MCC/IeOBAaHUA MPECTaBJIEHb B BUJE JIUTOJIOTU-
YeCKOT0 ONMUCAHUsS KOJIOHKH OTJIOXKEHUM, CTPAaTUrpaduuecKoro aHaM3a W MbUIBIIEBON AUArpaMMEl,
pa3zesieHHON Ha MATH JIOKAJIbHBIX IBUIBLEBBIX 30H, OTPAXalollell CMeHY PAaCTUTEbHBIX COOOIIECTB OT
MepUrJIAUaabHbIX JaHAMAaQTOB B MO34HEJIEHUKOBbe A0 GopMupoBaHUA OOpeabHEBIX JIECOB B TOJIO-
IjeHe. AHaIU3 NBUIBIEBBIX CIIEKTPOB MO3BOJIUJI BEIIEIUTH KJII0UEBbIe IEPUOABI B NICTOPUU PACTUTEJIHHO-
cTU pernoHa, HaunHadA ¢ 13300 j1.H. u go 400 J1.H., 1 OTCJIEAUTh N3MEHEeHNs B COCTaBe PaCTUTEJIbHOCTU
U mpolecc 3a601a4YMBaHUs.

Kiioueanie cyroga: JyiHaMuKa pacTUTENIBHOCTH, TOJIOLEH, NbUIbLieBON aHanus, Cesepo-3anaj Poccun, BocTounas
EBpomna

Ana mutupoBanusa: Kameirmda A.B., Epmosa E.I'. IlanuHosiorus o3epa MOTBIKMHO B roJiolleHe (BoJsioroackas
obsacts, CeBepo-3amaj esporelickoil yactu Poccun) // Limnology and Freshwater Biology. 2024. - No 4. - C. 340-345.
DOI: 10.31951/2658-3518-2024-A-4-340

1. BBeAe““e CO Bpe€MEHHu Aerjianuanvun II0CJIeJHEro IMOKPOBHOIO

oneneHenus (Sadokov et al., 2022). B pacTuTebHOM
MIOKPOBe Ipeo6J1aaloT eJIOBEIE U COCHOBEIE Jieca, ¢ y4a-
CTHEM JIMCTBEHHBIX Mopof. Cpeau OCHOBHBIX JIpeBec-
HBIX TIOPOJT MOXHO BhiAeuTh Picea abies (L.) H.Karst,
Pinus sylvestris L., Betula pendula Roth, Betula pubescens
Ehrh. u Populus tremula L. Taxxe 31ech BCTpeyarTcs
Takue BUIBI Kak Alnus incana (L.), Alnus glutinosa (L.)
Gaertn. u pa3JinuHbIe BUB U3 pona Salix.

O3epo pacnoJioxkeHO Ha 0co00 OXpaHsAeMou
NpUPOJHON TeppuTOopuu — JIapBUHCKUIN NPHUPOIHBIN
6uocdepHbIli 3anoBeqHUK, Oosiee 80% TeppuTopun
KOTOPOr0 3aHUMAaT c(arHoBble BepxoBble 00JIOTA U
3ab0JioueHHBIEe Jleca, a Ha 3a00JI0UeHHBIX pPaBHUHAX
PacIOJIOKeHO OKOJIO ABYX HEeCATKOB HeOOJIBIINX 03ep
(KysnenoB u ap., 2006). B pacTuTeJbHOM IOKPOBE B
npefesiax 6ojioTa mpeobsamaior Pinus sylvestris L. u
Ericaceae, c yuactueMm pona Carex. Bixaiiiiee coBpe-
MeHHOe roceJjieHue (rnocesjiok bopok) HaxoauTcA B 4 KM

Mosnoro-IllekcHuHckas HusmeHHocTts (MIIIH)
3aHMMaeT BaXHOe MOoJIoKeHMe AJIA U3y4YeHUs U PeKOH-
CTPYKUIMH MOUHAMHKH PacTUTEJIBHOCTU U HPUPOA-
HBIX-KJIMMaTU4YeCKUX YyCJIOBUM IO3HEeJIeJHUKOBOIO
nepuozga u rojoueHa (Sadokov et al., 2022). OgHako,
J0 CUX NOp XPOHOJIOTHA HU3MeHEHUN B I|eHTPaJIbHOU
vactu MIIIH, a taxxe Bonpoc GpopMuUpoBaHUs JieqHU-
KOBBIX OTJIOXKEHUI B 3TOM pPEruoHe, OCTAlOTCA HeJNo-
craTouHo u3ydeHHbIMU (Camenko u Capmokxos, 2022).
TakuMm oOpa3oM, JaHHasA TEPPUTOPHUA IpeAcTaBjAeT
60JIbIION MHTepec AJiA JaJbHEHIINX HccJieJOBaHUN B
3TOM HarllpaBJIeHUU.

O3epo MotreikuHO (N 58.550895°, E 37.613226°)
pacnoJioxeHo Ha ceBepe BoctouHo-EBpomnerickoii pas-
HUHBHI Ha BeicoTe 104 M H.y.M. (Bojioropackas o6i1acts),
HaxoauTcsa B OopeasibHOM KJIMMAaTU4ecKON 30He BOC-
TOYHOeBpoIelickoi Taiiru. [Inomanas o3epa cocTapiseT
0,023 kM?, a ero cpegHAA TJIyOMHA — 3 M, OHO OTHO-

OT o3epa.
CUTCSA K MaJIbIM PeJIMKTOBBIM O3epaM, COXpPaHUBIINMCS
*ABTOp [JIS TIEPEIUCKH.
Agnpec e-mail: camygina@yandex.ru (A.B. Kambiruza
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CiieyeT OTMETHUTh, YTO 03ep0 MOTHIKHMHO
paHee He OBLJIO U3YYEHO C MajIe0IKOJIOTMYECKON TOUKU
3peHU.

2. MaTepuanbl U MeTOADI

KepHBI 03€pHBIX OTJIOXKEHHIl OBLIM H3BJIEYEHB
B Mapre 2022 roaa HOJyLUUJIUHAPUYECKUM PYCCKUM
o6ypoM (nuameTp 5 cM, AJmHa nNpobooTbopHuKa 1 M)
C MOBepXHOCTHU JbAa Jjbaa. CymMMapHas MOIIHOCTb
BCKPBITBHIX OTJIOXKEHUI cocTaBumiia 236 cMm (Tpu KepHa).
JIutosornueckoe onucaHue U GOTONOKyMeHTaluA Kep-
HOB OBLJIM OCYIIeCTBJIEHB! HelIOCPeJCTBEHHO IocJie UX
W3BJIeUeHUS.

XpoHoJIOTHA OCHOBaHa Ha 5 JaTax, OJIyYeHHbIX
B AMS na6oparopuu A.D. JlasioHaa B OTTaBCKOM YHU-
BepcuteTe. OcaJKOHaKOIJIeHWe OBLJI0O pPaBHOMEDPHBIM.
CpenHsAA CKOPOCTb OCAJKOHAKOIUJIEHUA COCTaBJIAeT
NIPUMEPHO 55 JIET/CM.

3. Pe3ynabTatbl M 06Ccy)xpeHue

B mosieBHIX ycJ10BUAX OBLIO COOpaHO U ONKCAHO
236 cm otioxenuil. HuxHaA vacTh kepHa (236-189
cM) ObUTa IpejcTaBjeHa cj1a00 MUHepaIn30BaHHBIM
campornejieBUAHEIM TOpPGOM cpefHell CTeleHu pas-
noxenus. HaunHas c¢ riayounsl 220 cM u go 190 cm
HabJ0jaeTcss pUTMHUYHAA [[BETOBAsA CJIOMCTOCTb, BBIe-
JIeHHAas Ha OCHOBe pa3jInyuii B IJIOTHOCTH, OOTaHUYe-
CKOM coCTaBe U MuHepanusaiuu. Ilocsie MajsoMoIiHo-
rocsiosa 190-189 cm, mpencTaBjeHHOIO 3eJIeHOBATHIM
OpraHoreHHbIM aJjIeBpONeJUTOM, OCaJKUA A0 CBOeH
BepxHel rpaHulisl (189-0 cM) mpeicTaByieHbl BA3KUMU
CJ1a0OyIJIOTHEHHBIMHU WjlaMU C OOJIBIIMM  KOJInde-
CTBOM pacTUTEJIbHBIX MaKpoocTaTkoB. [ToAcTuiaomue
NOpoJbl He OBUIN 3aXBadyeHHl.

Ha ocHoBe cTpaTurpaduieckoro KjaacTepHOIO
anammza (CONISS) meutbiieBas mguarpamma (Puc. 1)
Oblla pasfejieHa Ha 5 JIOKJIbHBIX 30H CKOILJIEHUA
mbeUIbIE (LPAZS 1-5).

LPZ 1 (13300-11500 sier Ha3an) CrnekTphl 3Ha-
YUTEJIbHO OTJIMYAlOTCA OT APYTMX 30H B KOJIOHKE U
XapakTepu3yloTcsa nnpeobyagaHueM NbUIbLE Poaceae, B
ToM uuciie >40 um, Artemisia sp. u Chenopodiaceae.
[lepBasg moJiOBMHA 30HBI XapaKTepusyeTcs OBICTPHIM
yBeJInueHneM uuncjieHHocTU Picea sp.

LPZ 2 (11500-8200 mner Hazan). CrekTpsl
XapakTepusyloTcs ImpeobyiamaHueM MbUIBIE  Betula
sp. beictpo ymensbmiaerca fossa Picea sp., HO pacTeT
KOJIM4eCcTBO IBUIBIEI Pinus sp. [losiA TpaB cokparia-
ercs. IlosBiAercsa neuiblia Nymphaea sp. 1 pacTet JoJIs
Cyperaceae, YTO MOXeT CBHETeIbCTBOBATh O HAJIMYUU
BOJIM3M OTKPHITOrO BOAOEMA.

LPZ 3 (8200-5500 syetr Ha3ax). CrieKTpsl Xapak-
TePU3YIOTCs 3HAYMTEJIBHEIM Bo3pacTaHueM noJu Alnus
sp., Quercus sp., Ulmus sp. u Tilia sp. YMeHbIIaeTcs
KOJINYEeCTBO NbUIbLEL Betula sp. ITosiBifgeTCs MHOUKATOP
3abosaunBaHusa Sphagnum sp.

LPZ 4 (5500-2500 ner Hazazn). I[IpucyrcrBue
BCEeX ApEeBeCHBIX TaKCOHOB B CIeKTpax KojebJerca
BHYTpU 30HHL. IIpomosrkaeT CHHXATbCA KOJINYECTBO
meUIBLEL Betula sp., HO pacrter moJis Pinus sp. u Picea
sp. HabGmiogaeTca ©oOCTeNeHHBI POCT YHCIA CIOP
Sphagnum sp.

LPZ 5 (2500-400 sietT Ha3ax). YBesnuueHue coaep-
’)KaHWA ObUIbLEL Pinus sp., Artemisia sp. u Poaceae, B ToM
yucae >40 pm, KoppeupyeT CO CHUXeHHeM J0JIU
IIBUIBIBl IIMPOKOJIMCTBEHHBIX AepeBbeB U Picea sp. Ha
IPOTsDKeHUM Bceil 30HBL KomnmdectBo cnop Sphagnum
Sp. IPOJIOJIXKaeT pacTH.
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4. BoiBOADI

Ananu3 oTioxeHUil o3epa MOTBHIKMHO, BKJIIO-
yaloliil JINTOJIOTMYecKoe OIucaHue, paauoyre-
poAHOe AaTHpOBaHMe, CIOPOBO-IBLIBIEBOM aHANINU3 U
OLIeHKY CKOPOCTH K paBHOMEPHOCTH OCaJKOHAaKOILIe-
HUA TIO3BOJIWJI BBIAEJIUTh S JIOKAJIbHBIX IbUIBLIEBBIX
30H, OTpaXalwlIX OCHOBHBIE 3Talbl pa3BUTHSA pacTu-
TeJIbHOCTH, U PEKOHCTPYyHPOBaTh HCTOPHUIO0 JUHAMUKU
pacTUTEJIBHOCTU peruoHa 3a nociaeanue 13300 set:
OT TYHAPO-CTENHBIX MepUrIANMaIbHbIX JIAHAMA(GTOB
[I03/IHero IJIeHCTOoIeHa A0 COBPEMEeHHBIX I'0JIOIIeHOBBIX
GopeaJibHBIX JIECOB.

PesyspTaThl HcCCJIeIOBaHUA BHOCAT BaXXHBIH
BKJIaJl B MOHUMaHMHe KCTOPUM pa3BUTHUA 5KOCUCTEM
MpoIuIoro Ha Tepputopuu MoJioro-IllekCHUHCKON HU3-
MEHHOCTH 1 CO3[al0T OCHOBY JJI NajbHeMNIero usyue-
HUA U3MeHEeHUN NMPUPOJHBIX YCJIOBUI B PETrHOHE.
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ABSTRACT. An analysis of subfossil Cladocera in a 193-cm sediment core from Lake Beloe (Altai region)
was conducted to trace the history of limnological conditions in the lake over the past 4600 years.
Currently, a total of 34 Cladocera taxa were identified in the taphocenosis. The greatest cladoceran spe-
cies richness was observed among littoral forms of Cladocera, reflecting the presence of shallow areas
overgrown with macrophytes. The highest concentration of cladoceran remains was observed in the
lower horizons of the core (150-191 ¢cm, 3600-4600 cal yr BP). In this zone, the highest values of Hill
indices are recorded, indicating high taxonomic diversity in the community. At a depth of 141 cm (3500
cal yr BP), significant changes in community structure occur, with Chydorus cf. sphaericus beginning to
dominate. Taxonomic diversity of Cladocera noticeably increases in the upper part of the core.
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1. Introduction

Cladocera (Crustacea: Branchiopoda) are benthic
and planktonic microcrustaceans playing a key role in
freshwater ecosystems worldwide (Nevalainen et al.,
2011). Lake sediments typically contain natural archives
of zooplankton remains, including Cladocera, offering
an excellent opportunity to study past communities
(Battarbee, 2000). The most common fossilized remains
in lake sediments are fragments of Cladocera exoskele-
tons (Frolova et al., 2018). Subfossil Cladocera remains
have become reliable ecological indicators for freshwa-
ter ecosystems and have been frequently used in paleo-
limnological reconstructions in recent decades (Frolova
et al., 2014; Nigmatullin et al., 2021). Combined with
the widely used palynological (Nigamatzyanova et al.,
2020) and diatom (Valieva et al., 2020) analyses, the
use of cladoceran remains in sediment cores allows for
the most comprehensive reconstruction of the paleo-
ecological conditions of a region. The aim of this study
is to examine the changes in the subfossil Cladocera
community in a sediment core from Lake Beloe (Altai
region) to identify the characteristics of the formation
and development of the lake and its paleoecological
conditions.
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2. Materials and Methods

During the summer research expedition in 2022,
paleoecological studies were conducted at Beloe Lake
(51°17.420’ E 082°39.100’ N) in the Altai Krai region.
There was abundant development of macrophytes
along the shores of the lake. Using a UVITEC gravity
corer (Austria), a 193 cm long sediment core, labeled
22-Bel-01 C, was collected from the maximum depth
of the lake. The analysis of subfossil Cladocera was
carried out according to standard methods (Korhola
and Rautio, 2001). Identification keys for Cladocera in
sediments and zooplankton were used (Szeroczyriska
and Sarmaja-Korjonen, 2007; Kotov et al., 2010;
Korovchinskii et al., 2021). Ecological zones in the sed-
iment core were distinguished using CONISS cluster
analysis in the Tilia 3.0.1 software. The richness and
diversity of cladoceran were calculated as the effective
taxon numbers NO (total taxa richness), N1 (common
taxa richness), and N2 (dominant taxa richness) pro-
posed by Hill (1973). Evenness (E) was calculated as
the N2/NO ratio (Hill, 1973).

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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3. Results and Discussion

The cladoceran analysis of the samples revealed
34 taxa of subfossil Cladocera from 8 families, with the
highest diversity in the Chydoridae family (71%). In
the lower part of the core, the maximum concentra-
tion of remains is observed, with a peak at 160-161
cm (4100 cal yr BP) (7.6 thousand ind./g), indicating
favorable conditions for Cladocera during that period.
Most of the identified subfossil remains belong to lit-
toral-benthic forms of Cladocera. The dominant taxon
was identified as C. cf. sphaericus (35.1%). Littoral
taxa also reach significant numbers: Alona quadrangu-
laris, Alonella nana, Biapertura affinis, Acroperus harpae,
Bosmina (Eubosmina) longispina and Alona guttata /
Coronatella rectangula. Among the conditionally plank-
tonic group, the most numerous species was Bosmina
longirostris, which can be abundant in both pelagic and
littoral zones of the water body.

Four ecological zones are clearly distinguished in
the sediment core. In zone I (150-191 cm, 3600-4600
cal yr BP), high species richness was recorded, primar-
ily consisting of littoral organisms. The most abundant
taxa in terms of remains were B. longirostris (25.6%)
and A. harpae (19.3%). There is significant diversity
among the benthic-phytophilic taxa: A. nana, Sida crys-
tallina, A. guttata / C. rectangula, C. cf. sphaericus, A.
quadrangularis, Eurycercus sp., B. affinis, and A. excisa.
Presumably, the lake was highly productive and had a
higher trophic status than it does today. In this zone,
the highest values of Hill indices (NO=13.6; N1=8.8;
N2=6.7; E=0.49) are recorded, indicating high spe-
cies diversity during that period.

Zone II (90-141 cm, 2100-3600 cal yr BP) is
characterized by a slight decrease in the taxonomic
diversity of cladocerans (15 taxa identified). Significant
changes are observed in the structure of the Cladocera
community: the share of C. cf. sphaericus (54.0%) in the
subfossil remains sharply increases, while the share of
A. harpae critically decreases, and the share of B. lon-
girostris also declines. We can assume that these com-
munity changes are related to some transformations in
the littoral zone, which led to changes in the habitat
conditions for benthic-phytophilic forms.

In Zone III (50-81 cm, 1200-2100 cal yr BP),
while there is a slight decrease in the number of C.
cf. sphaericus (46.5%) which still remains a dominant
species in the assemblage, there is an increase in the
remains of such taxa as A. quadrangularis, B. affinis, B.
longirostris, and A. nana. The abundance of phytophilic
taxa indicate the presence of macrophyte thickets in
the littoral zone of the lake. An increase in the share of
the taxon B. longirostris often indicates an increase in
the trophic status of the water body.

The maximum taxonomic richness was recorded
in the upper part of the core in Zone IV (0-46 cm, mod-
ern-1200 cal yr BP) (24 Cladocera taxa). This increase
is primarily due to the rise in littoral-benthic forms of
Cladocera. C. cf. sphaericus still dominates the commu-
nity (35.3%). The increase in diversity of littoral taxa
indicates higher productivity of the water body, which
may be associated with anthropogenic impact.
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4. Conclusions

The study revealed 34 taxa of subfossil Cladocera,
with the greatest richness belonging to the Chydoridae
family. The highest density of Cladocera remains (7.6
thousand ind./g) was registered at a depth of 160-161
cm (4100 cal yr BP), indicating optimal conditions for
their development during this period. Littoral forms of
cladocerans made the largest contribution to the taxo-
nomic diversity. True planktonic taxa were represented
by occasional findings, indicating a shallow depth of
the water body throughout the studied period and a
high degree of macrophyte development.
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AHHOTALIUA. Bein BeINOJIHEH aHamu3 cyodoccuipHbx Cladocera B 193 ¢M KOJIOHKE JOHHBIX OTJIOXE-
Hui o3epa Bemoe (Anravickuii kpaii). B cocTaBe Kjia/IoI[epHBIX COOOIIECTB OBLIO MIeHTU(DUIMPOBAHO
34 TakcoHa BETBUCTOYCHIX pakooOpasHbix. OneHka anbda pa3zHoOOpa3us Mmokasasia, YTO HarubOJIbIIee
BHUIOBOE pa3HOOOpa3uve HaOII0gaJoch B TPyNIe JUTOPAJIbHBIX OPraHM3MOB, OTpaXas IpeiCTaBJIEHH-
POCTh MEJIKOBOAHBIX YYAaCTKOB 3apOCIINX MaKpoduTamu. MakcrMaIbHask KOHIIEHTPALMA OCTATKOB KJIa-
nonep HabJoaeTcs B HukKHelN yactu KosioHku J[O (150-191 cm, 3600-4600 kaJt. Ji.H.). B 3T0I Xe 30He
PErUCTPUPYIOTCA MaKCUMaJIbHbIe 3HAYEHU UHIEKCOB XMJLjIa, yKa3bIBasg Ha BEICOKOE TAKCOHOMUYECKOE
pasHooOpa3ue B coobmmecTBe. Ha riryouse 141 cm (3500 kaJt. JI.H.) MPOUCXOAAT 3HAYUTEJIbHBIE N3MeEHE-
HUS B CTPYKTYpe coo0IecTBa, rae HaunHaeT qoMuHuposaTh Chydorus cf. sphaericus. HeckoJsibko yBesu-
YMBaeTCs TaKCOHOMUYecKoe pasHooOpasue Cladocera B BepxHell YaCTHU KOJIOHKH.

Kitioueasie cio68a: najieosKosiorus, AJITanickuil kpaw, cyodoccuibabie Cladocera

Ja mutupoBanusa: ®pososa JI.A., Hurmatysua H.M., U6parumosa A.T'., Li H.C., Hypranues JI.K. Cy6doccunbHble K1agorep-
HbIe COO0IIecTBa JJOHHBIX OTJIOXKEHUH 03. Besioe (AnTaiickuii kpaii, Cubups) B mo3aHeM rosoueHe // Limnology and Freshwater
Biology. 2024. - Ne 4. - C. 346-351. DOI: 10.31951/2658-3518-2024-A-4-346

1. BBeAe““e A01E€p B AJOHHBIX OTJIOXKEHHAX IMO3BOJIAET HaM IIpOBe-

cTU HauboJiee TOJHYI0 PEKOHCTPYKILUIO aJe03KO0JI0-
TAYeCcKrX yCJIOBUHM pernoHa. llenblo maHHOU paboOThI
SIBJISIETCST U3yvYeHre U3MeHeHU B coolIrecTBe cybdoc-
cubHBIX Cladocera B KOJIOHKE JOHHBIX OTJIOXKEHUH U3
o3epa Besioe (AsTalickuil Kpai) IJiA BBISIBJIEHUS OCO-
O6eHHOCTel GOpMUPOBAHUA U Pa3BUTHA BOJjOeMa U €ro
MAJIE0IKOJIOTNYECKUX YCJIOBUI.

Cladocera (Crustacea: Branchiopoda) — »at10
rpynmna 6eHTOCHBIX U IJIAaHKTOHHBIX MUKpPOpakooGpas-
HBIX, UTPAIOIINX KJTI0YEBYIO POJIb B MPECHOBOAHBIX KO-
cucremax no Bcemy mupy (Nevalainen et al., 2011).
JIOHHBIE OTJIOKEHUSA 03ep OOBIYHO COJIepXKAT €CTECTBEH-
HBII apXUB OCTATKOB 300IJIAHKTOHHBIX OPraHN3MOB, B
TOM YMCJIe U KJIaZIoliep, YTO IIpeloCTaBJIsgeT IPeKpacHyIo
BO3MOXHOCTh [AJI M3y4YeHUA COOOIIecTB, OOMTaBIINX
Hekorza B 5ToM BojioeMe (Battarbee, 2000). Hau6oJiee
pacnpocTpaHeHHBIMU  (OCCUIM3UPOBAHHBIMU  OCTaT-
KaM{ B O3€pHBIX OTJIOXKEHUSX SBJIAIOTCA (parMeHThI
sk3ockeJsiera kiaagonep (Frolova et al., 2018). OcraTku
cy6doccrmpabix Cladocera crasmu HageXHBIMH 3KOJIO-
rAYeCKMMHN MHAUKATOpaMU JJIsI PECHOBOIHBIX 3KOCH-
CTE€M M 4aCTO IPUMEHSIOTCSA B TAJIE0JTUMHOJIOTTYECKUX
PEKOHCTPYKIUAX B mnocyequue necaruietus (Frolova
et al., 2014; Nigmatullin et al., 2021). B xomruiekce
C IIMPOKO PacCIpOCTPAHEHHBIM IMAJIMHOJIOTMYECKIM
(Nigamatzyanova et al., 2020) u nuatomoBeM (Valieva
et al., 2020) aHaM3aMH UCIIOJIb30BaHKE OCTATKOB KJIa-

2. MaTtepuan ¥ MeTOAbI

B xoze jieTHel Hay4YHO-UCC/IENOBATEIbCKON IKC-
neaunuu B 2022 roqy Ha TeppUTOpUN AJITaliCKOro Kpas
OBLIN MTPOBEEHBI TAJIE0IKOJIOTHYECKHE HCCIIEOBAHMSA
Ha osepe Bemoe (N 51°17.420° E 082°39.100°N). Ilpu
MIOMOIIM TpaBUTalIOHHOTrO npobootbopHuka UVITEC
(ABcTpus) GOblta oToGpaHa KojtoHka 22-Bel-01 C moH-
HBIX OTJIOXeHU AJnHoM 193 ¢cM ¢ MaKCcUMaJIbHOMH IJTy-
6unbl o3epa. AHanmu3 cyodoccuabhbix Cladocera GbLT
BHIMIOJTHEH MO cTaHmapTHoi Metoguke (Korhola and
Rautio, 2001). B pa6oTre 6bUIM HCIIOJIL30BAHBI OMPeEe-
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nutenbHble Kioun i Cladocera B JOHHBIX OTJIOXKE-
HUAX U B 300IUTaHKTOHe (Szeroczynska and Sarmaja-
Korjonen, 2007; Kotov et al., 2010; Korovchinskii et al.,
2021). Dxosiornyeckre 30Hbl B KOJIOHKE JOHHBIX OTJIO-
KEHUM OBUTA BBIJIEJIEHBI MPU TOMOIIN KJIACTEPHOTO
a"asn3a CONISS B nporpamme Tilia 3.0.1. BoraTcTBo U
pasHoobpa3ue Kiafouep ObUTH pacCUUTAHBI KaK MPOU3-
BOJIHBIE OT KoJiiuecTBa TakcoHOB NO (o6Imee 6oraTcTBo
TakcoHoB), N1 (6oraTcTBo OOBIYHBIX TAKCOHOB) M N2
(boraTcTBO MAOMHUHHPYIOI[UX TAKCOHOB), NpeasIOXKeH-
wele Xwutom (Hill, 1973). BeipaBHeHHOCTH (E) GbLia
paccumTaHa kak otHomeHue N2/NO (Hill, 1973).

3. Pe3yAabTatbl M 06Cy)XAEHMUA

B pesysbTaTe KJIaJoL[epHOTO aHan3a o0pa3loB
ObLT0 BBISABIIEHO 34 TakcoHa cyOdoccmibHbx Cladocera
u3 8 cemelicTB, rAae HauboJiblllee pa3HooOpasue Npu-
xonutcs Ha ceMerictBo Chydoridae (71%). B HuxHel
4yacTH KOJIOHKHM HaOJofaeTcs MaKcuMaslbHas KOHIIeH-
Tpalys OCTaTKOB, MUK 3HaueHUN mpuxoAuTcs Ha 160-
161 cM (4100 kan. a.H.) (7.6 ThIC. 3K3./T), UYTO MOXET
CBUJIETEIbCTBOBATh O OJIArONpUATHBIX YCJIOBUAX AJIA
pasButusa Cladocera B ykasaHHBIN nepuof. Bosbmias
4yacTh OOHapy>XeHHBIX CyOQOCCUIbHBIX OCTATKOB IIPH-
HaAJIeXXUT JIMTOPaJIbHO-OEHTOCHBIM (opMaM KJjaJo-
1ep. B xauecTBe JOMUHAHTHOI'O TaKCOHA OBbLII BBIAEJIEH
C. cf. sphaericus (35.1%). BTopocTeneHHBIMH TaKCO-
HaM{ OKa3aIuCh TaKue JUTOopaJibHble (OPMBI Kak
Alona quadrangularis, Alonella nana, Biapertura affinis,
Acroperus harpae, Bosmina (Eubosmina) longispina u
Alona guttata / Coronatella rectangula. W3 ycJiOBHO
IUIAaHKTOHHOM Ipynnel  HauOoJiblllee  KOJIMYECTBO
oOHapyXeHHBIX 5K3eMIUIAPOB IpUHAAJIeXUT Bosmina
longirostris, xoTopas MOXeT OOMJIBHO BCTpeYaThCs Kak
B [leJIaTM4eCcKol, Tak U B JIMTOPAJIbHOH 30He BoAoeMa.

B KOJIOHKe [OHHBIX OTJIOXKEHHIN 4eTKO BhIAeiA-
I0TCS YeThlpe 3KoJiorudeckue 30HbL B 3o0He I — (150-
191 cMm, 3600-4600 kas. j1.H.) 3adUKCUPOBAHO BEICOKOE
BUAOBOE OOraTcTBo, oOecriedeHHOe B OCHOBHOM JIUTO-
paJIbHBIMU opranusMamu. HaubGosiee OOUJIBHBIMH IIO
KOJIMYECTBY OCTaTKOB 6bUTH B. longirostris (25.6%) u A.
harpae (19.3%). Bosbiioe pasHoo6pa3ve HabIOAAETCA
B TpYIle BTOPOCTEMEHHBIX TAKCOHOB: A. nana, Sida
crystallina, A. guttata / C. rectangula, C. cf. sphaericus,
A. quadrangularis, Eurycercus sp., B. affinis u A. excisa.
[TpeAnoJIokUTeIbHO BOJOEM OBLJT BBICOKOIIPOJYKTUB-
HBIM U UMeJI 6oJiee BBICOKHUI Tpopruueckuii cTaTyc, yeM
cerofHA. B oTOll 30He perucTpupynTCs MaKCuMaJlb-
Hble 3HaueHUA uHAekcoB Xwaa (NO=13.6; N1=8.8;
N2=6.7; E=0.49), uTto yka3bslBaeT Ha BBICOKOE BH/[IO-
BOe pasHooOpasue B TOT Iepuo.

3ona II (90-141 cm, 2100-3600 kas. j1.H.) Xapak-
Tepu3yeTcA HEKOTOPHIM CHIKeHHEM TaKCOHOMUYe-
CKOrO pa3HooOpa3usa BeTBUCTOYCHIX pPaKooOpa3HBIX
(upmentudunuposano 15 TakcoHoB). HabsonatoTcs
MaciiTabHble H3MeHeHHsA B CTPYKType cooOliecTBa
Kj1afolep: pe3ko yBeauuusaercs Ao C. cf. sphaericus
(54.0%) B cybdoccusibHBIX OcCTaTKax, IpuU KpUTHYe-
CKOM CHIDXeHHuHU noiu A. harpae, cHuxaercsi nossa B.
longirostris.

B 3ome III (50-81 cm, 1200-2100 kaa. J.H.)
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Ha ¢oHe HekoTOporo cHuXeHus KoiudectBa C. cf.
sphaericus (46.5%), KOTOpBIII OCTaeTCA JOMUHAHTHBIM
BUJIOM B cO001IIeCTBe, IPOMCXOINIIO YBeJInYeHe KOJIU-
YecTBa OCTATKOB TAKMX TAKCOHOB, KaK A. quadrangularis,
B. dffinis, B. longirostris u A. nana. O6uirue GuToduIb-
HBIX TaKCOHOB CBHUJI€TEJIbCTBYeT O HAJWYMHM 3HAYU-
TeJIBHBEIX 3apocjiell MakpodUTOB B JINTOPAJIBHOH 30HE
o3epa. YBejmueHUe J0JIU TakcoHa B. longirostris 4acto
yKa3bBaeT Ha MOBHIIeHNe TPOGHOCTU BOOEMA.

MakcumasibHOe TaKCOHOMHYecKoe 60raTrcTBo
6bUTI0 3adUKCUPOBAHO B BepxXHell YyacTU KepHa B 30He
IV (0-46 cMm, (-100)-1200 kan. j.H.) (24 TakcoHa BeT-
BHUCTOYCHIX PakooOpas3HBIX). B mepBylo odepenp Ipo-
HCXOAUT yBeJINYeHUe JIMTOPaIbHO-O0EHTOCHBIX (GopM
Cladocera. B coobuiecTBe mo-IIpexXHEMY HOMUHUPYET
C. cf. sphaericus (35.3%). YBenunueHue pa3zHoOOpasus
JINTOPAJIPHEIX TAKCOHOB YKa3blBaeT Ha IOBHIIEHNE
IPOAYKTHUBHOCTU BOJIOEMA, YTO MOXeT OBITh CBS3aHO C
aHTPOIIOTeHHEIM BO3JeCTBHEM.

4. BoiBOADI

[TpoBeneHHOe HCC/IelOBaHUe BBIABWIO 34 Tak-
coHa cyOdoccuibHbix Cladocera, rme Haubosblee
pasHoobpa3ue mpuHazaiexano cemeiictBy Chydoridae.
Haub6ospmas miotHocTh ocratkos Cladocera (7.6 Thic.
9K3./T) Habiofaerca Ha riaybuHe 160-161 cm (4100
KaJl. JL.H.), YTO YKa3bIBaeT Ha ONTUMAJIbHbIE YCJIOBUA
JUA UX pasBUTHA B 3TOT Hepuof. HanGosbmuii BKIazg
B TAaKCOHOMUYecKoe pasHoobOpasue BHECIH JIMTOPaJIb-
Hble (POPMBI BETBHCTOYCHIX PaKooOpasHBIX. MCTHHHO
IJIAHKTOHHBIE TaKCOHBI ObUIM IIPeJiCTaBJIEHbl eqUHNY-
HBIMM HaXOAKaMH, YTO CBU/IETEJIbCTBYET O HeGOJIbIION
riyOuHe BofoeMa Ha MPOTsDKEeHUHM BCEero M3y4eHHOTO
[epPUO/Ia U BEICOKOH CTEIleH! Pa3BUTHUA MaKpoPUTOB.
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ABSTRACT. A 6-meter core of Holocene sediments from Lake Dukhovoe was studied. As shown by the
radiocarbon dating of lacustrine sediments, Lake Dukhovoe was formed in the Early Holocene (10 cal ka
BP). The upper 180 cm of sediment is represented by sapropel, and the boundary of lake sediments is at
293 cm. This is an early stage of lake evolution, devoid of biogenic sedimentation. The microbiological
studies of the sediment were carried out, which showed a high total number of heterotrophic bacteria in
the upper (0-15 cm) and deeper (110-180 cm) sapropel intervals. Mineral bottom sediments (180-293
cm) are characterized by the presence of groups of phosphorus-reducing and ferromanganese bacteria.
The contents of Na, Mg, Al, Si, Al, Ca, Fe, Mn, Zr and Cr in sapropel are within the average concentra-
tions for the earth’s crust, and U and Mo exceed them.
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1. Introduction

The fact that the formation of organogenic bot-
tom sediments (sapropels) in continental lakes at the
stage of early diagenesis is understudied makes this
problem extremely urgent both in theoretical and prac-
tical aspects (Melenevskii et al., 2015; Maltsev et al.,
2019). Sapropels are characteristic deposits of lakes in
the temperate zone and are closely related to natural
zonality, which determines the development of bio-
genic products (Kurzo et al., 2012). Sapropels of mod-
ern lakes in the Eastern Baikal region (including Lake
Dukhovoe) were formed during the Holocene under
conditions of postglacial warming.

2. Materials and methods

Lake Dukhovoe (53°18’ N, 108°53’ E) is located
18 km south of the mouth of the Barguzin River and 2
km from Lake Baikal at an altitude of 514 m above sea
level and 58 m above the Lake Baikal level. The lake
is 4.4 km long, 2.3 km wide, and no more than 2.8 m
deep. The water area is 6.16 km2, and the catch basin is
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87.5 km?. The ecological conditions characterizing the
current state of Lake Dukhovoe (shallow water and lack
of water stratification by oxygen and temperature) are
favorable for the mass development of phytoplankton
groups microscopic in size. It is the main bioproducer
of organic matter that forms planktonic sapropel in the
lake. In the central part of Lake Dukhovoe, a well was
drilled and a core 6.0 m in length and 7.5 c¢cm in diam-
eter was retrieved. This made it possible to study the
features of the formation of stratified bottom sediments
during the Holocene.

Microbiological studies on determining the abun-
dance and layer-by-layer distribution of various phys-
iological groups of aerobic and anaerobic microorgan-
isms over the depth of the bottom sediment core were
carried out at the Institute for Water and Environmental
Problems. The characterization of microbial communi-
ties was studied by a culturedependent method, which
includes planting a suspension of bottom sediments on
selective agar media using the limit dilution method.
The method of inductively coupled plasma atomic
emission spectroscopy (ICP AES) was used to determine
the concentration of chemical elements in water, sedi-

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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ments and biota. The mineral composition was studied
by X-ray powder diffractometry on a DRON-4 diffrac-
tometer, Cu-Ka radiation. Radiocarbon dating of the
sediments was carried out at the FSC MIS IGM SB RAS
using the scintillation method. Residual carbon activity
was measured on a QUANTULUS- 1220 liquid scintil-
lation counter. The age was calculated on the basis of
half-life of 14C at 5570 years. Further calibrations were
performed using CALIB 7.1 (Reimer et al., 2013).

3. Results and discussion
3.1. Age and sedimentation rate

The core of the bottom sediments of Lake
Dukhovoe is heterogeneous and has a clear layering.
Lake sediments occur in the interval of 0-293 cm. The
following layers are distinguished: planktogenic sapro-
pel (0-180 cm), transitional organomineral layer (180-
205 cm) and dense mineral silt (205-293 cm), which is
underlain by dark gray loose clays with an admixture of
unsorted material (293-600 cm).

Fig. 1 shows the linear trend of calibrated radio-
carbon dates in the age—depth model. The calibrated
dates approximate the linear trend well, except for
the date from a depth of 57-62 cm. This one is much
younger for some unknown reason and should be
excluded from the set as an error. The trend line shows
an age of 5.5 cal ka BP for the boundary between the
organic and organomineral sediment layers at a depth
of 180 cm and ~6 cal ka BP for the boundary between
the organomineral and mineral layers at a depth of 205
cm. At a depth of 293 cm, the age of the deposits is
estimated at about 10 cal ka BP. The boundary of lake
sediments is at 293 cm. An interval of 205-293 cm can
be considered as the basal layer representing the early
stage of the development of the lake and devoid of bio-
genic sedimentation. The sediment interval of 0-205
cm contain preserved diatom valves and an increase
in the content of structureless OM toward the upper
part of the core, thereby demonstrating further bio-
ta-enriched stages in the history of the lake. Dating the
lacustrine sediments by the radiocarbon method shows
that Lake Dukhovoe was formed in the Early Holocene,
and the accumulation of sapropel began in the Middle
Holocene ~5 cal ka BP and had high sedimentation
rates at the early stages of its formation.

3.2. Biogeochemistry of lake sediments

A high total abundance of heterotrophic bacteria
(TAHB), which use a wide range of organic compounds
as energy and carbon sources, is noted in an upper
interval of the section (0-15 cm) and a deeper interval
(110-180 cm) (Fig. 2a). The distribution of ammonify-
ing bacteria (AMB), nitrifying bacteria (NB) and denitri-
fying bacteria (DNB) participating in the nitrogen cycle
along the section of bottom sediments allows us to iden-
tify 3 stages of decomposition of organic matter (OM).
At the first stage of destruction of nitrogen-containing
organic substances, which are easily metabolized com-
pounds, AMB are involved, the main waste products of
which are NH,* and CO,. At the second stage, AMB is
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Fig.1. Linear trend of calibrated radiocarbon dates in the
age—depth model.

replaced by NB, which carry out step-by-step nitrifica-
tion. To complete the decomposition of OM, the avail-
able oxidized form of nitrogen (NO,") is used — with
the participation of DNB, the process of denitrification
occurs. In the lower intervals of sapropel, growth of
sulfate-reducing bacteria (SRB) is noted. Mineral bot-
tom sediments (180-293 cm) are characterized by the
presence of groups of phosphorus-reducing (PRB) and
ferromanganese bacteria (FMB) (Fig. 2b).

The distribution of the Na, Mg, Al, Si, Al, Ca, Zr,
and Cr concentrations in the sapropel interval (0-180
cm) is quite consistent, the concentrations of these ele-
ments increase with depth, but, in general, they are
within the average values for the Earth’s crust, shales,
and oceanic pelagic clays. Fe and Mn are concentrated
in the upper (0-10 cm), middle (172-321 cm), and
lower (321-540 cm) parts of the bottom sediment
section. The S, P, and Mo concentrations in the Lake
Dukhovoe sapropel exceed the average concentrations
of these elements in the Earth’s crust, shales, and oce-
anic pelagic clays. Sapropel is enriched in P, Ca, Rb,
Sr, Mn, Fe, Co, Cu, and Zn. However, in general, the
enrichment of sapropel with these elements is low, not
exceeding 2-5 average contents in shale. Phytoplankton
(forms OM of sapropel) is enriched with phosphorus
(biogenic element) and chalcophile elements (Zn, Cd,
Sn, Sb, Hg, Pb, Cu), which characterize the pollution of
the modern atmosphere.

Pore waters are transformed during diagenesis.
There is an increase in the mineralization of pore water
up to 350-470 mg/L compared to lake water (120
mg/L), an increase in the concentrations of biogenic
components (HCO,, NH,*, NO,", PO,*) and a decrease
in SO,*, which is explained by an increase in the degree
of bacterial destruction of OM and forming of pyrite.

According to the X-ray phase analysis, the main
minerals in the bottom sediments of Lake Dukhovoe
are plagioclase and quartz. The mineral composition of
the bottom sediments also contains mica (disordered),
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Fig.2. Distribution of physiological groups of bacteria in (a) sapropel (0-180 cm) and (b) mineral sediments (180-293 cm)

of Lake Dukhovoe. See abbreviations in the text.

chlorite, and potassium feldspar. The chemical com-
position of the Lake Dukhovoe sapropel is dominated
by SiO,, whose average content is 15%. The average
contents of AL O, and Fe,O, in the sapropel section are
4.2 and 5.6%, respectively; the CaO content is 1.2%;
the abundance of MgO, Na,O, and K,O does not exceed
1%. The CaO/Fe,O, ratio is low (0.2), which clearly
demonstrates geochemical specificity — carbonate-free
planktonogenic sapropel.

4. Conclusion

As shown by the radiocarbon dating of lacustrine
sediments, Lake Dukhovoe was formed in the Early
Holocene (10 cal ka BP) and the sapropel accumulation
began in the Middle Holocene (~5 cal ka BP). A high
total number of heterotrophic bacteria was revealed in
the upper and deeper intervals of sapropel. The mineral
composition of the Lake Dukhovoe sapropel is domi-
nated by SiO,. The low value of the CaO/Fe,O, ratio
(0.2) clearly demonstrates the geochemical specificity
of sapropel, i.e. carbonate-free planktonogenic. The
contents of Na, Mg, Al, Si, Al, Ca, Fe, Mn, Zr and Cr in
sapropel are within the average concentrations for the
earth’s crust, and U and Mo exceed them. Phytoplankton
is enriched with P and chalcophile elements (Zn, Cd,
Sn, Sb, Hg, Pb, Cu), which characterize the pollution
of the modern atmosphere of the Baikal region. There
is an increase in the mineralization of pore water com-
pared to lake water, an increase in the concentrations
of biogenic components (HCO,, NH,*, NO_", PO,*) and
a decrease in SO,>.
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AHHOTALIUA. V3yueH 6-MeTpOBBIil KepH I'0JIOIEHOBHIX OTJIOXKeHU! 03. JyxoBoe. CorjlacHO paguoy-
TJIEPOAHBEIM AaTtaM, 03epo obpasoBajiock ~10 kaj. TeiC. JI. H. Bepxaue 180 c¢M ocajka mpefcTaBjieHBI
camporiejieM, a TPaHUI[A 03ePHBIX OTJIOXKEHUI HAXOOUTCS Ha OTMeTKe 293 CM — 3TO paHHUU 3Tal pas-
BUTHA 03€epa, JIMIIEeHHBI OMOreHHOU cefuMeHTanuu. [IpoBedeHBl MOCIONHBIE MUKPOOUOJIOrHiecKre
rcciieloBaHusA 0cajika, KOTOphle [T0OKa3ajll BEICOKYIO OOIIYI0 YKCJIEHHOCTh IreTepoTpOodHBIX OaKTepuil B
BepxHeM (0-15 cm) u GoJiee riry6oxoMm (110-180 cm) nHTepBaiax canpomnesid. [jid MuHepaJibHbIX OTJIO-
xeHuit (180-293 cM) xapakTepHO NpUCYTCTBUE Py ¢pochop peaynUpPYIOMNX U XKejle30-MapraHiieBbIX
6akrepuii. Comepxanus Na, Mg, Al, Si, Al, Ca, Fe, Mn, Zr u Cr B canponeje HaXOAsATCS B Ipelesiax
CpeqHUX KOHI[eHTpauuii JJisg 3eMHOU KOopHl, a U 1 Mo — NpeBHIIAI0T TaKOBLIE.

Kitioueawie ciiosa: BO3pacTHasAa MoAeJib, I'OJIOLE€H, CcallpoleJjib, MUKPOOPIraHU3MBblI, TpaHC(I)OpMa].II/IH OpraHn4eckoro

BelllecTBa, OMOreoXnMHs

Jlna nutupoBaHus: JleoHosa I A., Mansnes A.E., Kouapateea JI.M., KpuBonoros C.K. buoreoxumunueckue ocobeHHOCTH Gop-
MHPOBAHHA I'OJIOIIEHOBBIX OTJIOXeHHH o3epa JyxoBoe (BoctouyHoe IIpubarikanbe) // Limnology and Freshwater Biology. 2024.

- Ne 4. - C. 352-357. DOI: 10.31951/2658-3518-2024-A-4-352

1. BBeapenue

HenmocraTouHass w3y4eHHOCTh (HOPMUPOBAHUA
OPTraHOTEHHBIX [IOHHBIX OTJIOKEHUU (campomesi) B
KOHTUHEHTAJIBHBIX O3€epax CTaBUT 3Ty mpobJyieMy B
PAA YPE3BBIYANHO AKTYaJIbHBIX KaK B T€OPETUYECKOM,
TaKk U OpakTudeckoM, acrekrax (MejeHeBCKU U Ap.,
2015; MassieB u ap., 2019). Canponenu SBJISIOTCA
XapaKTEPHBIMU OTJIOXKEHUSIMU 03€P YMEPEHHOTO Mosca
U TECHO CBS3aHBI C MPUPOJHON 30HAJIBHOCTHIO, OIpe-
JeJiAtoIel pa3BUTHe TOW WM WHONW OMOTeHHOU IIpo-
aykiun (Kyp3o u ap., 2012). Camnpomnenn cOBpeMeH-
HBIX 03ep BocrouHoro Ilpubaiikajibsi, B TOM YHUCJIE U
03. JlyxoBoe, GOpPMHPOBAJIMCh B TeUeHHe TOJIOLleHa B
YCJIOBUSIX TIOCJIEJIEAHUKOBOTO IMOTETIEHMA.

2. MaTtepunanbl 1 MeTOAbI

0O3. OyxoBoe (53°18’ c.m., 108°53’ B.71.) pacro-
joxeHo B FOxHoM [Tpubaiikasbe Ha BOCTOUHOM OOpPTy
batikasibckoll BmaauHB, Ha BBICOTE 514 M Hang ypoB-
HeM MopA U 95 M Haj ypoBHeM bBaiikana, ero JyiuHa
cocrasier 2500 M, a mmpuHa — 1600 M, riyOnHa
He OoJsiee 2.8 M. DKOJIOTMYECKUE YCJIOBUS, XapaKTepu-

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: maltsev@igm.nsc.ru (A.E. Masibles)

INocmynwia: 20 mas 2024; IIpunama: 01 urona 2024;
Ony6tukoaana online: 26 aprycra 2024
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3ylIue COBpPEMEHHOE COCTOsIHME o3epa, OJsaronpu-
ATHBL I MacCCOBOTO pAa3BUTUA MHUKPOCKOIMNYECKUX
10 pa3MepaM I'PyIINPOBOK (UTOIJIAHKTOHA, KOTOPHIH
AIBJIAETCS OCHOBHBIM OMONPOJYI[EHTOM OPraHNYeCKOro
BellecTBa, GOPMUPYIOILIEro B 03epe ILJIaHKTOHOTeHHBIN
canponenb. B neHTpaspHOl yactu 03. [yxoBoe ObLia
nmpoOypeHa CKBaXXWHa U IOJHAT HellpephIBHBIN KepH C
HeHapylleHHON CTPYKTYPOU AJIMHON ~6 M, YTO II03BO-
JINJIO U3YYUTh 0COOEHHOCTU (POPMUPOBAHUS BCKPHITON
TOJIIY CTPAaTU(UIMPOBAHHBIX OTJIOXKEHUIN Ha IpPOTH-
KE€HUU TOJIOIeHA.

XapakTeprucTuKa MHUKPOOHBIX COOOIIECTB U3y-
yajjacb C HCIOJIb30BaHWEM KYJIbTYpPaJIbHO-3aBUCH-
MOrO METOJa, BKJII0YasA IIOCEB CYCIeH3UU JOHHBIX
OTJIO)KEHUI Ha CeJIeKTUBHBbIe arapu30BaHHBIE Cpefbl C
HCMOJIb30BaHUEM MeTOJla IpefesIbHOro pasdaBiieHusA
B MHCTUTyTe BOAHBIX U 3KOJiornueckux npobiaem JIBO
PAH. MeTron aTOMHO-3MMCCHOHHOH CIEKTPOCKOIMU
¢ UHAYKTUBHO cBsizaHHOU 1wiazmon (UCIT A3C) mpu-
MEHANN I ONpefesieHusa B BOJE, AOHHBIX OTJIOXe-
HHUAX U OMOTe KOHLIEHTpalluy XUMHUYECKUX 3JIEMEHTOB.
MunepaJsibHBII cOCTaB HcCCJIe[JOBaH METOJOM peHTre-
HOBCKOM ITOPONIKOBOMH fudpakToMeTpruu Ha AudpaKTo-
metpe JIPOH-4, usnyuenue Cu-Koa. Paaguoyrieponnoe

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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JaTUpoBaHMe OTJ0XeHul BhinoyiHeHo B LIKIT MU CO
PAH CLIMHTWIJIANIMOHHBIM MeTO10M. OCTaTOYHYIO yIJIe-
POMHYI0 aKTUBHOCTDH U3MePsAJIU Ha KUJAKOCTHOM CLIUH-
TUWLIANUOHHOM cueTunke QUANTULUS-1220. Bospact
ObUI paccudTaH Ha OCHOBe Ilepuoja nosypacrnaaa “C B
5570 ner. [lanpHerlime KaJaubpoBKY ObLJIN BBITTOJIHEHB
¢ nomoirbio CALIB 7.1 (Reimer et al., 2013).

3. Pe3ynbTarthbl
3.1. Bo3pacT u CKOPOCTH OCAAKOHAKONAEHUA

[To BemecTBEHHOMY COCTaBYy KepH JOHHBIX OTJIO-
)keHUN 03. [lyXxoBoe HEOOQHOPOAEH U HMeeT YeTKYIo
cyioucTocTh. O3epHble OTJIOXKEHUS 3ajleraloT B MHTEp-
Basie 0-293 cm. BeifjenAwTea cieaylonye CJIou: MylaH-
KTOHOreHHBIN canpornenb (0-180 cm), mepexoAHBIN
opraHoMuHepaJsibHbIN coi (180-205 cM) U IJIOTHBIN
MUHepaJibHBIN 1 (205-293 cM), KOTOPBIH MOACTUIIAIOT
TEMHO-CephbIe PhIXJIbIE TJIMHEI C IPUMeChI0 HECOPTHUPO-
BaHHOro Martepuasa (293-600 cm).

Ha pucyHke 1 mpepacTaBjieH JIMHEHHBIN TpeH[
KaJMOpOBaHHBIX PAANOYTJIEPDOAHBIX JaT B MOMAeJu
Bo3pacT—rJiyouHa. KanuGpoBaHHBIE [aThl XOPOIIO
anmnpoKCUMUPYIOT JIMHENHBIN TpeH[, 3a UCKIII0UeHeM
JaTel ¢ TJyOuHBl 57-62 €M, KOoTOopas IO Heu3BecT-
HOU NpUYMHEe 3HAYUTEeJIbHO MOJIOXe U JOJIKHA OBITh
UCKJIIoUeHa K3 Habopa kak ommOka. JIuHuA TpeHAa
MokasbplBaeT Bo3pacT 5.5 Kajl. ThIC. JI. H. AJis TPaHULIbI
MeXy OpraHUu4ecKUM 1 OpraHOMUHePaJIbHBIM CJIOSMU
OTJIOXKeHUU Ha riaybuHe 180 cM u ~6 Kaj. ThHIC. JI. H.
A7 TpPaHUIBl MeXJy OpraHOMUHEepaJIbHbBIM U MUHe-
panpHBEIM cJjioAMU Ha riybuHe 205 cM, Ha TJiyOuHe
293 cM BO3pacT OTJIOXKEHUIl olleHuBaeTcs okojo 10
KaJ. ThIC. J. H. I'paHuIla 03epHBIX OTJIOXEHUI HaXo-
autca Ha otMeTke 293 cM, a mHTepBan 205-293 cMm
MOXXHO paccMaTpuBaTh Kak 0aszajbHBIN CJIOH, Hpef-
CTaBJIAIOIUI paHHUN 3Tan pa3BUTUA O3epa, JIUIIEeH-
HBIN 6MIOTeHHOU celuMeHTanuu. UHTepBaJsl OTJIOXKeHN
0-205 cM cofepxuT B cebe COXpaHUBIINECHA CTBOPKU
JAVAaTOMOBBIX BOJOPOCel U yBeJInunBaloleecs K Bepx-
Hel 4acTu KepHa cojiepxaHue 6ecCTpyKTypHOro opra-
HUYECKOr0 BelllecTBa, AEMOHCTPHUPYf, TEM CaMBbIM,
JasibHelie oboraijeHHble OHOTOU 3Talbl MCTOPUU
pa3BuTuA o3epa. JlaTupoBaHHe O3EPHBIX OTJIOXKEHUI
rokasplBaeT, 4To 03. J[yxoBoe chOpMUPOBAIOCh B paH-
HEM ToOJIOlLleHe, a HaKoIlJIeHUe camlporiesisg Havyasaoch B
cpeJiHeM roJiolleHe ~5 KaJl. ThIC. JI. H. M Ha paHHUX 3Ta-
nax cpoero GopMHUpPOBAHUSA UMeJIO BHICOKKE CKOPOCTU
0CaJIKOHAKOILJIEHMS.

3.2. BMOreoXuMHA 03epPHbIX OTAO)KEHUH

Bricokasgs oOmas YHCIEHHOCTb TreTepoTpod-
HbIX OakTepuil (OUI'B), ucnoss3ylomux B KayecTBe
HWCTOYHUKOB yIjlepoAa IIMPOKUN CHEKTp OpraHuye-
CKUX cOoelHeHUI oTMeueHa B BepxHeM (0-15 cm) u
6osiee rirybokom uHTepBasie (110-180 cm) campormnens
(Puc. 2a). PacnpenesieHue Mo paspe3y AOHHBIX OTJIO-
keHUN 03. JlyxoBoe amMoHudpuuupywomux (AMB),
Hutpudunupyomux (HB) u  meHUTpuduUIMpyoOImx
6akrepuii (JIHB), yuacTByIOmMUX B IIMKJIE a30Ta, [103BO-
JIsieT BBIABUTH 3 CTAagUU JEeCTPYKIUM OpraHUYecKoro
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Puc.1. JIuHelHH TpeH[ KaJluOpOBaHHBIX paguoyrJe-
POAHBIX AAaT B MOAEJIN BO3pacT—IJIyOuHa.

BemectBa (OB). Ha mepBoMm sTamne JecTpyKIUU a3oT-
cojepXalux OpraHWYecKUX BellecTB, OTHOCAMIUXCA K
Jierko MeTaboJIM3UpyeMbIM COeJUHEHUAM, Y4acTBYIOT
AMDB, OCHOBHBIMU HOPOAYKTaMU XU3HEOAeATEJIbHOCTU
KOTOPBIX ABJIAIOTCA HMOHBI aMMOHHUS U YIJIEKHUCJIOrO
raza. Ha BTopom stane Ha cmeHy AMB npuxoaar HB,
KOTOpBle OCYLIECTBJIAIOT IO3TANHYI0 HUTPUGDUKALUIO.
Juia 3aBepmieHusa gectpykuuu OB umcnosib3yeTrcs nMme-
I0I[asACA B HAJIMYMU OKUCJIeHHas ¢opma asorta (NO,)
— MPOUCXOAUT Ipoliecc AeHUTpuduKanuy npu yua-
cruu JIHB. B HWXHUX MHTEpBajlaX Campolesisad OTMe-
yaetcs poct cynapdarpenyuupymomux 6akrepuii (CPB).
J71a MUHepaJIbHBIX JOHHBIX OTjI0XeHu! (180-293 cm)
XapakTepHO npucyTcrBue rpymnn ¢pochop peayuupyio-
mux (OPB) u xene3o-mapraHueBsix 6akrepuii (JKMB)
(Puc. 20).

PacnpefesieHue KoHIleHTpanuii Na, Mg, Al, Si, Ca,
Zr u Cr oCTaTOYHO BhIZlepaHHBI B camnporese (0-180
CM), C TJIyOMHOU KOHLIEHTPAlUWU 3TUX 3JIEMEHTOB yBe-
JINYMBAIOTCA, HO B 11eJIOM, HAXOAATCA B IIpefiesiax cpel-
HUX 3HaUYeHUH I 3eMHOI KOPHI, IJIMHUCTHIX CJIaHI[eB
1 okeaHuveckux rivH. Fe u Mn KOHUEHTpUpyoTCsa B
BepxHel (0-10 cm), cpenuert (172-321 cM) 1 HUXHeN
(321-540 cMm) uactax paspesa. Cogepxanus S, P, Mo,
U B camporiesie IpeBHINAIOT CpeAHNE KOHIeHTpanuu
3THUX 3JIEMEHTOB B 3eMHOH KOpe, IJIMHUCTHIX CJIaHIlaxX u
OKeaHW4eCKux IJInHax. PaccuntaHHble KO3GGUITMEHTH
oboramenus (EF) mokasanu, 4yTo camnporieb He3Hauu-
tesbHo (EF = 2-5) oGoramen P, Ca, Rb, Sr, Mn, Fe,
Co, Cu, Zn, 4TO He IpeBHIIAET CPeJHNE COAEPXKAHUA B
IJIMHUCTHIX cilaHnax. duromiaHkToH (mponyueHT OB
carporiesisi), HapoTuB, oboraiieH P (6uoreHHHBIN SJ1e-
MEHT) U XaJIbKOQUJIbHBIMU 3JieMeHTamMu — Zn, Cd, Sn,
Sb, Hg, Pb, Cu, xapakTepu3ymUMMH 3arpsA3HEHHOCTh
COBpeMeHHOU aTMocdephl.

B pesynbpraTe AuareHeTUYeCKHUX IIPOLECCOB,
[IPOTEKAIONINX B CalpoIlesieBON ToJillle, IIPOUCXOAUT
TpaHchopmanuu HOPOBEIX BoA. Habmiogaercsa poct
MUHepaau3auuu nopoBeix Box A0 350-470 mr/na mo
CcpaBHeHHMIO ¢ o3epHo¥ Bomom (120 mr/i), yBenmye-
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Puc.2. IlocyoiiHoe pacnpefiesieHre ¢usnoiornyeckux rpymnn 6akrepuil B (a) canponese (0-180 cm) u (6) MUHepabHBIX
ocaznkax (180-293 cm) o3. [lyxoBoe. CokpalieHus CM. B TeKCTe.

HHUe KOHIeHTpanuil 6noreHHeix kommnonentos (HCO,,
NH,*, NO,", PO,*) u ymenbmenue SO,*. B pesysibraTe
BO3pacTaHMA CTeleHU OaKTepuaJbHON JeCTPYyKIUU
opraHuyeckoro BemectBa SO,> pacxofyercsa Ha obpa-
30BaHUe NUpUTA.

OCHOBHBIMM MHHepajlaMM B JOHHBIX OTJIOXe-
HUAX 03. [lyXoBoe ABJIAIOTCA IJIarMOKJIa3 M KBapil,
TakxXe NPHUCYTCTBYIOT cJojia (pasymnopsgoyeHHast),
XJIOpUT, KaJIMeBHIN MOJIeBOH ImmaT. B cjeqoBbIX KOJIU-
yecTBaxX MNPUCYTCTBYIOT aMdubosa. B MuHepasbHOM
cocTraBe camporness npeo6ianaer SiO,, cpegHue comep-
XaHUe KOTOPOTO coCcTaByIAKT 15%, nanee uayt Al,O, u
Fe,O, ¢ xoHnenrpayusamu 4.2 u 5.6% COOTBETCTBEHHO,
CaO — 1.2%, a MgO, Na,O, K,O He npesbimanT 1%.
3uauenue otHowmenus CaO/Fe,0, mokasmiBaer cre-
NeHb «KapOOHATHOCTU» OCajZika. DTO OTHOIIEHNE B 03.
JlyxoBoe HeBbicokoe (0.2), 4TO HarJIAAHO JEMOHCTPU-
pyeT reoXnuMmnuecKylo crieriupuky ocagka — 6eckap6o-
HaTHBIN JIAHKTOHOTEeHHBIN canpomneJib.

4. 3aknioueHue

JlaTupoBaHue O3epHBIX OTJIOXKEHHI IoKa3ajlo,
YTO 03epo cHOpMUPOBAJIOCH B paHHEM TOJIOIleHe 0KOJIO
10 kaj1. ThHIC. JI. H., @ HaKOIJIEHUe callpoliesid Ha4aJjioch
B cpeHeM ToJiolleHe ~5 KaJl. ThIC. JI. H. Beicokas obias
YUCJIEHHOCTh TeTepoTPO(PHBIX OakTepuil BBIABJIEHA B
BepxHeM U 0oJiee TJIyOOKOM WHTepBajiax CamporneJis.
Ornomwenvie CaO/Fe,0, HEBBICOKOE (0.2), uTOo yKa3bI-
BaeT Ha reoXuMMHUYeCcKylo crennduky ocajaka — Oec-
kapboHaTHBIN canpornesb. Cogepxanua Na, Mg, Al, Si,
Al, Ca, Fe, Mn, Zr u Cr B canporiejie HaXOAATCS B Mpe-
JeJjiax cpeJHUX KOHIIEHTpauuil AJd 3eMHOM Kophl, a U
1 Mo — mpeBHIIAIOT TakoBble. @UTOMJIAHKTOH obora-
mieH ¢pocopoM U XaTbKOPUIIBHEIMU dJjieMeHTaMmu (Zn,
Cd, Sn, Sb, Hg, Pb, Cu), xapakTepusyomymMu 3arpss-
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HEeHHOCTh cOoBpeMeHHOI atmocdepsl [Tpubatikasbsa. B
pe3yJjibTaTe OUareHeTUYeCKHUX MPOIeCCOB MPOUCXOUT
TpaHchopMalui MOPOBBIX BOJ — POCT MUHepasim3a-
MY, OMOTeHHBIX KOMIIOHEHTOB (HCO,;, NH,*, NO,,
PO,*) u ymenbmenue SO,

5. ®unancupoBaHue

Pa6ora BrITIOJIHEHA IO FOCyJapCTBEHHOMY 3aja-
Huo UI'M CO PAH No 122041400193-7, npu yacTuy-
HOM (UHAHCOBOW mnoAaAepxke IMpoekta PODU No
11-05-00655_a. AHanuTtu4deckas paboTa BBIIIOJIHEHA B
LIKTI MHOTrO3JIeMeHTHbIX 1 M30TONHBIX HCCJIeJOBaHUN
CO PAH.

KoHPAUKT HHTEpecoB

ABTOpPHBI 3asBJIAIOT 00 OTCYTCTBUU KOHQMJIMKTA
HHTEPECOB.
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ABSTRACT. For the first time, data on the composition of cladoceran communities in lake bottom
sediments from Bol’shoy Lyakhovsky Island and Oyogos Yar on the coast of the Dmitry Laptev Strait
during the last major interglacial period (MIS 5e, 124-119 thousand years ago) have been obtained.
13 Cladocera taxa were identified in the composition of the taphocenoses. The composition of the
Cladocera taphocenoses of Oyogos Yar indicates the presence of a well-developed littoral zone in the
paleolakes, as most of the cladoceran remains belong to littoral-phytophilic taxa closely associated with
macrophytes. In the Cladocera communities of Oyogos Yar, both cold-water representatives and more
southern thermophilic taxa, such as Leydigia leydigi, were found. The findings of Cladocera remains from
the MIS 5e period on the coast of the Laptev Sea, significantly north of their current ranges, allow for
the reconstruction of warmer climatic conditions than those of today. The data obtained on Cladocera
are well consistent with the results of chironomid analysis.

Keywords: Bol’shoy Lyakhovsky Island, Oyogos Yar, MIS 5e, Cladocera, Leydigiya leydigi
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1. Introduction

In recent decades, climate change has emerged
as a major global environmental concern. Various bio-
logical proxies have been employed as quantitative
tools in paleoclimatology to deduce past temperature
variations during the late Quaternary due to their tem-
perature sensitivity (Frolova et al., 2014). Notably, sub-
fossil Cladocera assemblages have been recognized as
effective indicators of climate change (Nevalainen et
al., 2012). The aim of this study was to examine the
subfossil Cladocera community in lake sediments from
Bol’shoy Lyakhovsky Island and Oyogos Yar (northern
East Siberia) to reconstruct the paleoclimatic condi-
tions of this region.
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2. Materials and Methods

The study sites span along the Dmitry Laptev
Strait on the southern coast of Bol’shoy Lyakhovsky
Island and the opposite mainland coast of Oyogos Yar
in northern Russia. Field studies were conducted on
both sides of the Laptev Strait in 2002, 2007, and 2014.
Cladoceran assemblages in the lacustrine deposits were
investigated on Bol’shoy Lyakhovsky Island (L7-11)
and in profiles Oya-3- 11, Oy7-01, Oy7-08, Oya 5-1 on
Oyogos Yar. The analysis of subfossil Cladocera was
performed using the standard methodology (Korhola
and Rautio, 2001).

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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3. Results and Discussion

The fossil Cladocera remains were well-pre-
served and 13 taxa were identified in the composition
of the thanatocoenoses. The most abundant taxa were
Chydorus cf. sphaericus, Bosmina sp., and Daphnia pulex
gr. In general, the community was dominated by lit-
toral-benthic taxa (C. cf. sphaericus, Alona guttata /
Coronatella rectangula). Here, Cladocera remains are
more diverse and have much higher concentrations if
compared to Bol’shoy Lyakhovsky, were C. cf. sphaeri-
cus dominated. Most Cladocera remains at Oyogos Yar
belong to littoral phytophilous taxa closely associated
with macrophytes. Furthermore, along with cold-water
representatives, more southern thermophilic taxa have
been discovered at Oyogos Yar. Specifically, findings
of Leydigia leydigi indicate warmer-than-today condi-
tions during the MIS 5e in the past. According to lit-
erature (Flossner, 2000), this species is absent in the
Arctic-subarctic zones and is only found in the boreal
zone. Currently, the distribution boundary of this taxon
lies significantly further south than the location of our
findings on the Laptev Sea coast (Frolova et al., 2020;
Ibragimova et al., 2020).

4. Conclusions

Thus, the findings of Cladocera remains signifi-
cantly north of their modern ranges allow us to recon-
struct warmer climatic conditions during MIS 5e than
present-day conditions. The data obtained from cladoc-
era analysis are in good agreement with the results of
chironomid analysis, which also reconstructs signifi-
cantly higher-than-today mean July air temperatures
(12.0-13.8°C) in MIS 5e for Oyogos Yar. Climatic and
paleoecological conditions during MIS 5e in water bod-
ies along the coast of Oyogos Yar were apparently more
favorable for Cladocera on Bol’shoy Lyakhovsky Island.
The composition of Cladocera taphocoenoses in Oyogos
Yar indicate the presence of a well-developed littoral
zone in paleolakes.
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AHHOTAILIHSI. BriepBole ObLIU MOJIyYEHHI JaHHBIE O COCTaBe KJIaJIOLepPHBIX COOOIeCTB JOHHBIX OTJIO-
JXKEHUI 03ep, CyIIecTBOBABIIMX Ha ocTpoBe Bombmoil JIisxoBckuii u OiiorocckoMm flpy Ha mobepexbe
nposyiuBa JMutpus JlanTeBa B epuo/ nocjaeHero KpynHoro MexieauukoBbs (MUC 5e, 124-119 Thic.
JieT Ha3azn). B cocraBe TadoueHo30B uneHTHDUIIMPOoBaHbl 13 TakcoHOB Cladocera. CocTaB cooluiecTBa
Cladocera Otfiorocckoro fIpa ykasblBaeT Ha pPa3BUTYIO JINTOPAJIbHYIO 30HY B IIaJIe003€pax, 60JIBIIMHCTBO
OCTaTKOB IPUHAAJIEXUT JINTOPAIbHO-GUTODUIBHBIM TaKCOHaM, CBA3aHHBIM C Makpoduramu. B coob-
mectBax Oiiorocckoro flpa o6HapyXeHbl KaK X0JIOJHOBOJHBIE, TaK U TEIJIOJI0OMBEIE TAKCOHBI, HAMIPU-
Mep, Leydigiya leydigi. HaiinernHsie ocratku Cladocera ceBepHee COBPEMEHHBIX apeajioB YKA3bIBAIOT HA
OoJiee TEMmMIBIM KuMat B mepuoa MUC 5e. Mauubie mo Cladocera coriacyroTcs ¢ pe3yJbTaTaMU XUPO-
HOMMIHOTO aHaju3a.

Kiioueauvie citoga: octpoB Bouibmmoii JIsxosckuii, Oirocckuit fIp, MUC 5e, Cladocera, Leydigiya leydigi

Juia mutupoBanusa: @posoBa JLA., Hurmarysume H.M., Haszaposa JI.B., Berrepux C., Hluppmatictep JI. HasemHble
yCJIOBUsA Majieocpedpl B MepUOJ MOCIeJHEro HHTepcTaAguasa IO MAAaHHBIM aHaIN3a COOOLIeCTB BOJAHBIX OECIO3BOHOY-
HBIX OTJIOXEHUI Mmobepexbsa mposymsa [vmutpusa JlanteBa // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 358-361.
DOI: 10.31951/2658-3518-2024-A-4-358

1. Beepenue 2. MaTrepuan ¥ meToAbI

B nocnenHue gecATuieTys u3MeHeHHe KIMMaTa PaiioH ucciiejoBaHUA pacloJioXeH BHOJb IIPO-
CTaJIO cepbe3HOM I100aIbHOM 5K0JI0rHYecKoi npobJie- JuBa JimMutpus Jlantesa Ha 10)kKHOM IIoGepeXxbe OCTPOBa
MoO1. B najieok/IMMaToJIOruy HCIOJIb3YI0TCA pa3inyHble Bosbmioit JIAxoBCcKuUl 1 Ha IPOTUBOIIOJIOXXHOM MaTepu-
6uoJiornyeckrie MHANKATOPHl B KauecTBe KOJINYeCTBeH- xoBoM nobepexbe Oiiorocckoro fApa Ha ceBepe Poccuu.
HBIX MTHCTPYMEHTOB JIJIs oIlpefiesIeHN s U3MeHeHUH TeM- [TosieBrle uccjieqoBaHUA OBLIIN IPOBeJIeHH! 10 06e CTo-
rnepaTypsl B MO3HEUYETBEPTUYHBIN IEPUO/I, TTOCKOJIBKY poHsl nposiusa Jlanresrix B 2002, 2007 u 2014 ropax.
OHM YYyBCTBUTeJIbHBI K Temmepartype (Frolova et al., CoobuiecTBa Kjaforep B 03epHBIX OTJIOXKEHUAX ObLIN
2014). B yvactHOCTH, cyH6dOoCccHUIbHbIE COOOIIECTBA KJla- nccjieJoBaHel Ha ocTpoBe Bosibmioit JisxoBekuii (L7-11)
gonep ObiM npu3HaHB 3(GEKTUBHEIMM MHOWUKATO- u B npopuasax Oya-3-11, Oy7-01, Oy7-08, Oya 5-1 Ha
pamu u3MmeHeHus kimMata (Nevalainen et al., 2012). Oriorocckom flpe. AHaim3 cy6doccubHbix Cladocera
Lesnpio 3TOrO HCciegoBaHusA ObUIO HM3ydyeHUe cooble- ObUT BBEINOJIHEH 1O craHpaptHoil mertonuke (Korhola
ctBa cyodoccrbHbix Cladocera B 03epHBIX OTjIOXe- and Rautio, 2001).

HUAX Ha ocTpoBe Bousbmoil JIaxoBckuil u ONHrocckuit
fAp (ceBep Bocrounoii Cubupu) A1A PEKOHCTPYKIUU
MaJIEOKJINMATUIECKUX YCIJIOBUI 3TOTO PerroHa.
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3. Pe3yAabTaTtbl M 06Cy)XAEHMUA

HckomaeMble oCcTaTKy Kjlafoliep JOHHBIX OTJIO-
JKeHUi Ha ocTpoBe Bosbioii JIaxosckuii 1 Oliorocckuit
fIp oTyMvYanMCch XOpOIIel CTeleHbl0 COXPaHHOCTU. B
cocTtaBe TadoOIEeHO30B HAEHTU(PULUUPOBAHBEI OCTaTKU
13 rtakconoB Cladocera. HauboJiee BBHICOKOI 4KCJIeH-
HOCTBIO BbIIesTannch TakcoHw Chydorus cf. sphaericus,
Bosmina sp. and Daphnia pulex gr. B coobiecTBe mnpe-
obJlafjamu JIMTOpabHO-OeHTOCHBIe TakcoHb (C. cf.
sphaericus, Alona guttata / Coronatella rectangular).
B Bomoemax Ha octpoBe b. JIaxoBckuil 3aduxcupo-
BaHbl HU3KME KOHIIEHTpAllUM OCTAaTKOB BETBUCTOYCHIX
pakoobpasnsix npu gomuHupoBanuu C. cf. sphaericus.
Haxonku kiafolep B najieoodepax Ha OmOrocckom
flpy Gosilee pa3sHOOOpa3HBI M UMEWT ropasfo 6oJiee
BBICOKHE KOHIIeHTpaluu. BoJIbIIHCTBO OCTAaTKOB BeT-
BUCTOYCBIX pakooOpa3Hbix Oiiorocckoro Apa oTHOCATCA
K JIUTOpPaiabHBIM GUTOGUIBHBIM TaKCOHaM, TECHO CBS-
3aHHBIM ¢ Makpopuramu. B coobmecTBax Kiaagonep
Otiorocckoro fIpa HapsaAy € XOJIOMHOBOAHBIMU IIped-
CTaBUTEJIAMU OOHApyXeHHl U 0oJiee I0KHbIe TelJIOJIo-
OMBbIe TAKCOHBI, B YACTHOCTH, HaxXoAKU Buja Leydigiya
leidigi Ha nobepedxcve Oticocckoeo fApa yKa3pBAOT HA
6oJiee Terble ycsioBusa B MUC Se B nponwuioM. ITo suTe-
parypubiM maHHbeM (Flossner, 2000), aTOT Buf OTCyT-
CTByeT B apKTO-Cy0apKTUYeCKUX 30HaX U IIpefcTaBjieH
Juib B OopeasibHON 30He. ['paHunia pacnpocTpaHe-
HUA AAHHOTO TakCOHa B HacTosllee BpeMs NPOXOAUT
3HauMTeJIbHO I0XKHee MecTa Hallleil HaXOOKU OCTaTKOB
Ha no6epexbe Mops JlanrteBrix (Frolova et al., 2020;
Ibragimova et al., 2020).

4. BoiBOADI

Takum o6pazoMm, Haxonku octaTkoB Cladocera
3HAUMUTEJIBHO CEBEpHEe HX COBPEMEHHBIX apeasioB
[I03BOJIAIOT PEeKOHCTPYHUPOBATh OoJiee Telsible KIMMaTH-
yeckue ycisiosus B nepuoa MHUC 5e, yeM cOBpeMeHHEIE.
JlaHHbIe, MOJIy4YeHHbIE IO KJIaAolepa XOPOIIO COrJja-
CyIOTCA C pe3yJibTaTaMy XMUPOHOMUJIHOIO aHajn3a, 1o
koTtopoMy AJia Orrocckoro fIpa Tak ke peKOHCTPYHUPO-
BaHbl 3HAUUTEJIBHO 00Jiee BBICOKME IOKa3aTesd Cpef-
HeU10JIbCKOI TeMIlepaTyphsl BO3Ayxa, YeM B HacTosllee
Bpems (12.0-13.8°C). Kimumartuueckue U Majaeo3KoJio-
ruyeckue yciaosus B nepuoa MHC Se B BogoeMax Ha
nob6epexbe Oiirocckoro fApa Buaumo ObIN OJjiaronpu-
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AATHee JJI1 BEeTBUCTOYCHIX pakooOpa3HBIX, YeM B IaJjie-
oo3epax ocrtpoBa bB. Jlaxosckoro. CocraBel Tadorie-
Ho30B Cladocera Ofirocckoro fIpa CBUIETEJIbCTBYIOT
0 HaJWuyue XOpOIIO Pa3BUTON JINTOPAJIbHON 30HHI B
najgeoo3épax.
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ABSTRACT. Currently, classification plays an important role and importance as a method of scientific
cognition and is one of the mandatory attributes in the knowledge of the world. Classification or typi-
fication are ways of grouping objects of research or observation according to their common character-
istics. Currently, there are many different classifications in the scientific literature according to one or
another feature, most of which are single-criteria or developed for a specific region. This paper presents
the development of a regional ecological and limnological classification of the lakes of Yakutia on the
example of the Indigirka River basin (RELK) according to the leading parameters (geographical, phys-
ico-chemical and hydrobiological). The development of the classification made it possible to study a
large amount of factual material on the lakes of the Indigirka River basin, as a result of which data on
the current state of the lakes of the poorly studied limnological region of the study were obtained.

Keywords: RELK, lake, diatoms, Indigirka, Yakutia, diatom complexes, morphometric parameters, hydrochemical

parameters
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1. Introduction

The Indigirka River basin is one of the largest riv-
ers in Yakutia, which originates on the northern slopes
of the Khalkan range and flows into the East Siberian
Sea, flowing in the field of development of permafrost
rocks is still poorly studied in limnological terms. In
this regard, there is a high urgency to study the indi-
vidual characteristics and characteristics of the water
bodies of the study area.

The aim of the work is to study the morphomet-
ric, physico-chemical parameters and characteristics of
diatoms of the lakes of the Indigirka River basin and to
develop the RELK of the lakes of Yakutia on the exam-
ple of the studied water bodies.

The results obtained during the study can pro-
vide new data on water quality and the current state
of reservoirs in the Indigirka River basin, and can be
applied in conducting water management and environ-
mental protection measures in Yakutia.

*Corresponding author.
E-mail address: levina sardan@mail.ru (S.N. Levina)
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2. Material and Methods

The research area is the poorly studied, lake-rich
basin of the Indigirka River. The object of the study
is 42 lakes of different types, the bulk is located on
the flat territories of the Yano-Indigir lowland, the
absolute heights above sea level vary from 4 to 596 m
(Momsky ridge) (Fig.). The studied lakes were divided
into groups by type of origin (thermokarst, water-ero-
sion, erosion-thermokarst, glacial) and by vegetation
subzones (subarctic tundra, forest tundra, northern
taiga). The actual research material was collected
during field expeditionary work in the period 2006-
2019 using standard sampling and material processing
methods described in the authors’ works (Gorodnichev
et al.,, 2015). Diatom analysis of the upper uncon-
solidated layer (0-1 cm) of lake sediments was per-
formed using a generally accepted quantitative method
(General patterns..., 1986). A bioindication assess-
ment of the current state of water quality in the lakes

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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of the Indigirka River basin was carried out using the
Pantle-Bucca method in the modification of Sladecek
(Sladecek, 1973).

3. Results and Discussion

According to the results of the study, the area
of the water mirror of the lakes of the Indigirka River
basin varies widely from 0.003 to 157 km2, most of the
lakes of the subarctic tundra turned out to be small and
small, the northern taiga is also small, the lakes of the
forest tundra are medium (Ivanov, 1948), most of all
lakes 74% have a very shallow depth (Kitaev, 2007).
64% of the studied lakes have a basin shape close to
rounded. The water of lakes of all groups is character-
ized by a predominance of a slightly alkaline environ-
ment, according to the total water hardness, 95% of
lakes have “very soft” waters, and all are ultra-fresh.
According to the classification of O.A. Alekin (Alekin,
1970), lake water is represented by a predominance of
waters of the bicarbonate class of the magnesium group
(50%) and calcium (28%).

The diatom flora of the lakes is represented by
257 species (including 4 varieties) belonging to 75 gen-
era, 30 families and 3 classes of Bacillariophyta. There
are 32 dominant species in the studied lakes (12% of
the total number of species), 41 subdominant (16%).
Of these, the most active and permanent species were:
Staurosira venter (found as a dominant in 50% of lakes),
Staurosirella pinnata (in 29%) and Tabellaria flocculosa
(in 25%). All three types are typical mass types of reser-
voirs in Yakutia. Of these, Tabellaria flocculosa is char-
acteristic of peat bogs and moss pads of the North and
mountains. A more detailed description of the modern
composition of diatom complexes is presented in the
author’s early work (Levina et al., 2022). Bioindication
assessment of water quality showed that the lakes of
the Subarctic territories and the northern taiga turned
out to be “clean” (class II) in terms of pollution. For
the lakes of the forest tundra, the water quality class
belongs to the third, and the reservoirs turned out to be
moderately polluted (class III).

4. Conclusions

Thus, a large amount of data on the abiotic and
biotic parameters of lakes obtained during the study
made it possible to develop and propose a RELK for
the lakes of Yakutia using the example of the Indigirka
basin. When creating the RELK, existing classifications
were taken into account (Levina and Pestryakova,
2023), the structure of the RELC includes 3 parameters
(geographical, physico-chemical and hydrobiological),
18 signs and 106 indicators. A designation code was
attached to each feature for the convenience of process-
ing a large amount of data and using it for statistical
processing on computer programs. The classification of
42 lakes of the Indigirka River basin made it possible to
identify the following three predominant classes:

I. EI1 G9 A3 D6 K5 L3 T2 Tsl1 M1 I1(3) Ph4
Th5 Si3 is a glacial lake located at a very low altitude
above sea level, medium in area, with very shallow
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depth, rounded, close to a circle shape, with moderate
and clear water, with very low mineralization, slightly
alkaline, with sodium bicarbonate very soft water, with
beta-mesosaprobic zone (lakes of glacial origin of the
forest tundra and northern taiga);

II. EI1 G1 A5 D6 K5 L3 T2 Ts1 M1 I1(1) Ph4 Th5
Si2 is a thermokarst lake, located at a very low alti-
tude above sea level, small in area, with very shallow
depth, rounded, close to a circle shape, with moderate
and clear water, with very low mineralization, slightly
alkaline, with bicarbonate-very soft calcium water,
with an oligosaprobe zone (most thermokarst lakes of
the Subarctic tundra and northern taiga);

III. E11 G3 A4 D5 K4 L3 T3 Ts1 M2 12(3) Ph5 Th5
Si2 is an erosive thermokarst lake, located at a very
low altitude above sea level, small in area, with shallow
depth, rounded, close to oval shape, with warm and
transparent water, with low mineralization, slightly
alkaline, with sulfate-sodium very soft water, with an
oligosaprobe zone (most lakes of the forest tundra).

Thus, the structure of the developed RELK helps
to identify individual classes of lakes to solve specific
problems of lake nature management, including the use
of lake resources.
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AHHOTAILH . B HacTosmee BpeMsA KjiaccuduKkanys UrpaeT BaXXHyI0 pOJjib U 3HaYeHUe KaK MeTO Hayd-
HOT'0 ITO3HAHWA U ABJIAETCA OOHUM U3 00s3aTeJIbHBIX aTpUOyTOB B MO3HaHMU Mupa. Kitaccudukanusa unm
TUIINA3ANUA — 3TO CIOCOOHI IPYNIKUPOBKY OOBEKTOB UCCIEJOBAHNA U HAOII0AEHNUSA B COOTBETCTBUU C
1x o0L[MMU IIpu3HaKaMu. B HacTosIee BpeMsA B Hay4YHO! JIMTepaType CyllecTByeT MHOXECTBO pa3Jjny-
HBIX KjlaccuduKanuil Mo TeM WU MHBIM Ipu3HaKaM, GOJIBIIMHCTBO U3 KOTOPBIX ABJIAIOTCA OOHOKPU-
TepuaJIbHBIMU WM pa3paboTaHHBIMU [AJiA OIpelesieHHOro perruoHa. B manHoii paboTe mpencTaBiieHa
pa3paboTKa peruoHajIbHOM 3KO0JIOr0-JIMMHOJIOTHYeCKON Kiaccubukanuu o3ep fAKyThu Ha NpuMepe
6accelina peku Uuaurupka (P3JIK) mo BegymuM napamMerpam (reorpadudeckuii, pu3NKO-XUMUYEeCKUN
u rufpobuoJsiorndeckuii). PazpaboTka kiiaccudukanuy Mo3BoJinia U3yuynTh 60b1Iol 06beM dakTuye-
CKOro MaTepuaja 1o o3épaM OacceiiHa peku WHAUrHpKa, B pe3yJibTaTe KOTOPOTO [IOJIyYeHbl JaHHBIE O
COBPEMEHHOM COCTOSHNU 03€ep CJ1a00M3yUYE€HHOrO B JIMMHOJIOTMYECKOM IlJIaHE PErMOHAa UCCIIeJOBAaHUA.

Kiiouegwie cioga: POJIK, o3epo, AMaToMOBBEIE BOOPOCIU, MHaurupka, AkyTus, quaTtoMoBble KOMILJIEKCH,
MopdoMeTpryeckre napaMmeTpsl, THAPOXUMUUECKHe TapaMeTphl

Ja mutupoBanms: Jlesuna C.H., ITectpsaxosa JI.A. Knaccuduxkaiius ozep 6acceiiHa peku MHOUrnpka U uX COBpeMeHHOe COCTO-
saHue // Limnology and Freshwater Biology. 2024. - No 4. - C. 362-367. DOI: 10.31951/2658-3518-2024-A-4-362

1. BBeapenue

Baccelin pekn Muaurvpka sBjAeTcsa OJHOU U3
KpynHenmux pek AkyTtuu, koTopas OeperT HayaJio Ha
CEeBEPHBIX CKJIOHaX XaJIKaHCKOro xpebra W BHajaer
B Boctouno-Cubupckoe mope, mnpoTtekas B o0JacTu
pa3BUTUA MHOTOJIETHEMEP3JIBIX TOPHEIX MOPOJ BCe
ele ocraercs CJ1abou3y4eHHOU B JIMMHOJIOTHYECKOM
mwiaHe. B cBA3M C 3TMM BO3HUKaeT BBICOKAsA aKTyaJlb-
HOCTh M3Y4YEHUs1 WHAWBUIYaJIbHBIX NMPU3HAKOB M OCO-
OeHHOCTelN BOAHBIX 00BEKTOB palioHa HCCIIeJOBAHUA.

Llenpro paboTHl ABJIAETCA HM3ydyeHHe MopdoMe-
TPUYECKUX, GUBUKO-XUMUYECKUX TapAMEeTPOB U XapaK-
TEPUCTUK OUAaTOMOBBIX BOAOpOCJel o3ep OacceiliHa
peku Muaurupka u paspaborka POJIK ozep fAkyTtun Ha
npuMepe MccjieJOBaHHBIX BOOHBIX 00BEKTOB.

[TomyuyeHHBle B XOJ4e WCCJIEIOBAaHUA pPe3YJib-
TaThl MOTYT BHECTU HOBBIE JJaHHBIE O KAYECTBE BO/IbI
U COBpPEMEHHOM COCTOSHUHU BOJOeMOB OacceliHa peku
WHpurupka, MOryT OBITh IPUMEHEHBI TIPYU TTPOBEIEHUN
BOJIOXO3AMCTBEHHBIX U MPUPOIOOXPAHHBIX MEPOTIPHUSI-
TUU Ha TeppuTopum AKyTHU.

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: levina sardan@mail.ru (C.H. JleBuHa)

INocmynwa: 06 utona 2024; IIpunama: 08 uroia 2024;
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2. MaTtepunanbl 1 MeTOAbI

PaiioHoM wucciiefjoBaHusA sABJiAeTcA cjiabousy-
4YeHHBIN, 60oraTelil o3epaMu OacceliH pekn MHaurnpka.
OObekT uncciaefoBaHusA — 42 pasHOTUNHBIX 03epa,
OCHOBHas Macca pacloJjioXeHa Ha pPaBHHUHHBIX Teppu-
TopuAx AHo-UHAUTMPCKON HU3MEeHHOCTH, abCOIIOTHEIE
BBICOTHI HaJ YPOBHEM MOps BapbuUpylT oT 4 Ao 596
M (Mowmckuii xpebert) (Puc.). U3ydyeHHbIe 03epa OBLIN
pasfieJjieHbl Ha T'PYNIEI 10 TUITy POMCXOXeHuA (Tep-
MOKapCTOBBIe, BOJAHO-3PO3MOHHBIE, 3PO3OHHO-TEPMO-
KapCTOBBIe, JIEJHUKOBbIE) 1 II0 PACTUTEJIbHBEIM IOA30-
HaM (cybapkTudeckas TyHApA, JIECOTYH/pa, CeBepHOM
Tatira). dakTuyecKkuil mMarepuasl HccjieloBaHUA OBLI
cobpaH BO BpeMs IOJIEBHIX JKCIIEUIMOHHBIX paboT
B mepuopg 2006-2019 rr. ¢ ucnojb30BaHWEM CTaH-
JapTHHIX MeToAOB oTOopa Mmpob6 u o6paboTKU MaTe-
puasa, omnucaHHBIX B paborax aBTopoB (I'opofHuueB
u [p., 2015). luaToOMOBBEIII aHaJIN3 BepXHEr0 HeKOH-
comuaupoBaHHoro cios (0-1 cMm) O3epHBIX OCaJKOB
OBLJT BBHINOJIHEH IO OOMIENPUHATON KOJMYECTBEHHOU
meTtouke (OO6mye 3aKOHOMEPHOCTH. .., 1986). C npu-
MeHeHHeM MeTofa IlanTiie-Bykka B Mopudukanuu

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Cnageueka (Sladecek, 1973) mpoBeneHa OHOWHAMKA-
I[OHHAsl OIleHKAa COBPEMEHHOr0 COCTOSHMS KayecTBa
BOZBI 03ep GacceliHa peku MHOUTHUpKA.

3. Pe3ynabTatbl M 06Ccy)xpeHue

[lo pesynbraTaM HCCJIeOBaHUA IUJIOMAAb
BOJHOIO 3epkajla o3ep OacceliHa peku HMuaurupka
BapbUpyeT B MMPOKUX npenaenax ot 0,003 mo 157 km?,
OOJIBIIMHCTBO O03€p cyOapKTHUYeCcKOW TYHAPHl OKa3a-
JICh MaJIbIMU 1 HeOOJIBIINMU, CEBEPHOU Taliru Takxe
HeOOJIBIIMMY, O3epa JIECOTYHAPH SABJIAIOTCA Cpef-
HuMmu (MBaHoB, 1948), Gosblias yacTh Bcex o3ep 74
% obsiafaeT oueHb Masol riryouHoil (Kuraes, 2007).
64 % nccieqOBaHHBIX 03ep UMeT GOpMY KOTJIOBUHEI
671M3K0M K OKpyrJioi. Bozma o3ep Bcex rpynm Xapak-
TepusyeTcsa IpeobiafaHueM cJiaboIIeIOYHON Cpefibl,
1o oOIIel xecTKoCcTU BoABl 95 % 03ep MMeIOT «O0YeHb
MATKHe» BOJbl, U BCe ABJIAIOTCA YJIbTPaNpPeCHBIMHU.
ITo xmaccupukauum O.A. AnexkuHa (AnekudH, 1970)
BOJIa 03ep IMpejcTaBjieHa NpeobiajaHueM BOJ Kjacca
ruipokapOOHATHBIX rpyNIbl MaruueBhix (50 %) 1 kajib-
mueBHIxX (28 %).

JunatomoBasa ¢iopa o3ep npencrabjaeHa 257
BUAamMu (B T.4. 4 pasHOBHUHOCTHU), OTHOCAIUMUCA K 75
poaam, 30 cemeiictBam u 3 kyaccam Bacillariophyta.
B n3yueHHBIX 03epax HaCUUTHIBaeTcA 32 NJOMUHAHTHBIX
Buza (12 % ot obujero uucsia BuaoB), 41 — cybaomu-
HaHT (16 %). U3 HUX caMBbIMU aKTUBHBIMU U IIOCTOSAH-
HBIMHU OKa3aJIMCh BUABL: Staurosira venter (BcTpedaeTcs
kak goMuHaHT B 50 % o3ep), Staurosirella pinnata (B
29 %) u Tabellaria flocculosa (B 25 %). Bce Tpu Buaa
— TUIMYHBIE MaccoBble BUAB BojoeMoB fAxyrtuu. U3
Hux Tabellaria flocculosa xapaktepeH AjiA TOPGAHBIX
60J10T 1 MOXOBBIX noayiiek CeBepa u rop. bosee moa-
poOHOe onycaHUe COBPEMEHHOT0 cocTaBa qUaTOMOBBIX
KOMILJIEKCOB IpeJiCTaBjeHO B paHHell paboTe aBTOpa
(Jleeuna u gap., 2022). BuomHAMKaLMWOHHAsA OlleHKa
KayecTBa BOJ IoOKasaja, 4TO o3epa CyOapKTHYeCKuX
TEPPUTOPUII U CEBEpHON Taliru mo YpOBHIO 3arpss-
HEHHOCTU OKazaJiuch «yucteiMu» (II kitacc). s ozep
JIECOTYHJPHI KJIacC KauecTBa BOJ OTHOCUTCA K TpeTh-
eMy, a BOJoeMbl 0Ka3aJicCh yMepeHHO 3arpsA3HeHHbIMU
(III xyacc).

4. 3aknioueHue

TakuMm ob6pa3zom, 6oJblIOil 06beM MaHHBIX II0
abuoTryeckUM M OHOTHYeCKUM I[lapameTpaM o03ep,
MIOJIyYeHHHBIX B XOJe KCcCJIe[JOBaHUs, O3BOJIWJI pas3pa-
6otath u npeyioxutsh POJIK g o3ep AkyTuu Ha npu-
Mepe Gacceiina Uugurupka. Ilpu cozmanuu POJIK yuu-
THIBAJINCh CyIecTByolMe Kkiaccudukanuu (JleBuHa u
[Mectpskosa, 2023), crpykrypa POJIK BritouaeT 3 napa-
MeTpa (reorpaduueckuii, GU3NKO-XUMUUYECKUHN U TUJ-
pobuosioruyeckuit), 18 npusHakoB u 106 nokasaresiei.
KaxxgoMmy npusnaky ObLI NpUKpellsieH Ko o0o3Haue-
HUA 11 yaobcTBa 06paboTku 60JIbIIoro oobemMa IaH-
HBIX U NpUMeHEeHUA [JIA CTaTUCTUYecKoll o0paboTKu
Ha KOMIIbIOTEepHBIX Nporpammax. Kiaccudukauusa 42
o3ep OacceliHa peku UHAUTHpKa N03BOJIMJIA BBIIEIUTh
TPpH CJIeAYIOIIKX IIpeobsiajaoliix Kiacca:
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Puc. Kapra-cxeMa pacroyioxXeHHUs UCCIIeYEMBIX 03€ED

I. EI1 G9 A3 D6 K5 L3 T2 Tsl1 M1 I1(3) Ph4
Th5 Si3 - negHUKOBOE 03€po, PACIOJIOKEHO HA OYeHb
HM3KOM BBICOTE HaJ YPOBHEM MOps, cpefHee IO ILJIO-
mazayu, ¢ o4eHb MaJiol TJIyOMHOM, OKpyrjoe, OJIM3KON
K Kpyry $hopMbl, ¢ YMepeHHOU U MpO3payHOil BOJOW,
C OYeHb MaJIO MHHepaiu3aluel, cjabolleso4Hoe, ¢
ruipokapOOHaTHO-HATPUEBOW OYeHb MATKOHN BOJIOM, C
6eTa-Me30canpoOHOL 30HOH (03€pa JieJHUKOBOI'O MPO-
HCXOX/IeHNs JIECOTYH/IPHI 11 CEBEPHOU TalIn);

II. EI1 G1 A5 D6 K5 L3 T2 Ts1 M1 I1(1) Ph4 Th5
Si2 — TepMoOKapcTOBOE 03€po, pacloJIOKeHO Ha O4YeHb
HM3KOHM BBICOTE HaJ ypOBHEM MOps, Majoe IO ILIO-
majyu, ¢ o4yeHb MaJiol TJIyOMHOM, OKpyrjoe, OJIM3KON
K Kpyry $hopMbl, ¢ YMepeHHOU U MpO3payHOil BOJOW,
C OYeHb MaJIO MHHepau3auuel, cjabolleso4Hoe, €
ruApokapOOHaTHO-KaJIbIEeBOM OUYeHb MATKOM BOJOMH, C
oJiurocanpo6HoON 30HOM (OOJIBIIMHCTBO TEPMOKapCTO-
BBIX 03ep cy0apKTU4eCcKO! TYHAPHI U CeBEPHOI Talirn);

I1I. EI1 G3 A4 D5 K4 L3 T3 Ts1 M2 12(3) Ph5 Th5
Si2 — 5p03MOHHO-TEPMOKApPCTOBOE 03€PO0, PACIIOJIOXEHO
Ha O4YeHb HM3KOH BBICOTE HaJ ypOBHeEM MOps, HeOOJIb-
IIoe M0 IJIoIAaau, ¢ MaJiol rJTyOuHOMN, OKpyrJjoe, 6113-
KOH K oBasty (OpMBHI, C TEIJION U MPO3PavyHOI BOJIOM, C
MaJioil MUHepasu3anueil, cjaabdolles04Hoe, ¢ cyabdart-
HO-HaTpHEBOI OYeHb MATKON BOJOM, C OJiIMrocamnpoo-
HOU 30HOU (GOJBIIMHCTBO 03EP JIeCOTYHPEL).

TakuMm o0pa3oM, CTpyKTypa pa3paboTaHHOMN
POJIK nomoraeT BBIAABUTH OTHeJIbHBIE KJIACCHL 03€P [J1A
pelleHrs KOHKPEeTHBIX 3aJa4 O03€pHOro IpHUPOAOIOJIb-
30BaHUA, B TOM YHCJIe 10 KCIOJIb30BAHUIO O3EPHBIX

pecypcos.
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Lake sedimentation conditions in
the lower part Seyda River (north of
Komi Republic, Russia) according to
palynological and diatom data

Golubeva Yu.V.*, Marchenko-Vagapova T.I.

Institute of Geology named N.P.Yushkin, Federal Research Center «Komi Scientific Center of Ural Branch of the Russian Academy of
Sciences», Pervomayskaya Str., 54, Syktyvkar,167982, Russia

ABSTRACT. The aim of the study is to investigate sedimentation processes during the Late Glacial and
Holocene in the eastern Bolshezemelskaya Tundra. The coastal outcrop SD-5, 16 m high, in the lower
reaches of the Seyda River (Komi Republic) was studied. Analytical methods included palynological and
diatom analysis, and *C dating. When characterizing the stages of sediment formation, algae Pediastrum,
Desmidiales, and other non-pollen palynomorphs were also identified. The lithological structure of
the outcrop and the results obtained made it possible to trace the transformations of the periglacial
paleo-reservoir and the four main stages of sedimentation associated with them. The banded clay at its
base was deposited in a periglacial lake under periglacial conditions. The overlying layer of interbedded
sands accumulated as a result of the descent of the periglacial paleo-reservoir. The peat exposed in the
roof of the section was initially formed (12125 *49 — 8719+ 44 “C BP) in a cold deep-water lake that
arose in place of a periglacial reservoir. The vegetation cover consisted of yernik and wormwood-che-
nopodium thickets. Later (up to ~ 4500 “C BP) the shallows were overgrown with wetland plants. The
improvement of the climate contributed to the advance of birch and later (7705 + 43 “C BP) spruce
forests. Then, starting from ~ 4500 *C BP, the swamp massif drained and froze, and modern plant
communities developed.

Keywords: Bolshezemelskaya tundra, late glacial, Holocene, pollen and non-pollen palynomorphs, diatoms
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1. Introduction in sediments were noted by L.V. Filimonova (2014)

during reconstructions of bog development in Karelia
and V. Yankovska (2008) in the Urals. V.A. Isakov
reconstructed the configuration of the periglacial basin
in the Seyda Valley, formed during the degradation
of the Valdai glaciation, using the ArcticDem digital
relief model. According to it, the marginal part of the

Interest in paleogeographic studies within the
Bolshezemelskaya Tundra is determined by the very
wide distribution of periglacial paleobasins. Thus,
large lakes that formed during the retreat of the Valdai
glaciers and continued to exist in the Holocene were

confined to the Kolvinskaya, Kosyu-Rogovskaya and
Lemvinskaya depressions. In the middle reaches of the
Usa River, ribbon clays were deposited in lake basins
(Kvasov, 1975). The data of palynological and diatom
analyses of such objects make it possible to reconstruct
the processes of sedimentation during the transition
from the late Neopleistocene to the Holocene and the
Holocene. The results of analyses of periglacial lake
formations on the Kola Peninsula (Tolstobrova et al.,
2023), Karelia (Shelekhova, 1995) and in the Northern
Dvina basin (Zaretskaya et al., 2023) have been pub-
lished. The distribution features of pediastrum algae
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paleo-reservoir was exposed in the outcrop we studied
(Isakov, 2023).

2. Materials and methods

The studies were in the coastal outcrop SD-5
(67°18’03.83”N, 62°53’05.66"E) in the lower reaches of
the Seyda River (Vorkuta District of the Komi Republic).
Diatom and palynological analyses were performed
with a sampling step of 10 cm from varved clay and 5
cm from peat. Microscopy of pollen preparations also

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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identified the algae Pediastrum, Desmidiales and other
non-pollen palynomorphs. Radiocarbon dating of six
samples was carried out at the IG RAS (Moscow) and
NSU (Novosibirsk).

3. Results and discussion

At the base of the section lies a 9-meter thick layer
composed of frozen gray with a bluish tint, banded clay
with interlayers 1-4 mm thick. It is observed from the
water’s edge, but its upper part was accessible for sam-
pling. Higher up the section is a 4-meter-thick sand pack
overlain by 3-meter-thick peat. Micropaleontological
remains were identified in 20 banded clay samples and
24 peat samples. They were not found in the sandy
layer separating them. Four stages of sedimentation
were identified based on the composition of pollen
spectra and diatom complexes in combination with the
features of the lithological structure of sediments.

3.1. Sedimentation in a proglacial lake

Band clay: 1100-940 cm. The spore-pollen com-
plex is dominated by pollen of dwarf birches (up to
80%), wormwood (up to 77%) and goosefoot (up to
33%). The presence of numerous microparticles of coal,
fragments and single valves of diatoms Parallia sulcata,
other centric algae, spicules, silicoflagellates with a
large proportion of pre-Quaternary pollen (up to 87%)
is due to their transportation by the ice sheet. Earlier,
similar composition of palynomorphs from band clays,
indicating severe climatic conditions, were identified
by M.P. Grichuk and V.P. Grichuk (1960), T.I. Smirnova
(1966), L.B. Lavrova et al. (2011) and others.

Higher in the section (940-910 cm) the sediments
contain a silt component, and among the micropale-
ontological remains only single specimens of spores,
pollen and testate amoebae of the freshwater species
Difflugia schurmanii and Cucurbitella dentata were found.

A member of alternating gray and dark gray
fine-grained sands (910-300 cm) probably accumulated
during a sharp decrease in the level of the periglacial
reservoir and belongs to the coastal lake facies. The
descent of the periglacial basins in the Pechora basin
occurred as a result of the retreat of the Valdai gla-
ciers. According to D.D. Kvasov (1975), the large lakes
of the Bolshezemelskaya tundra, with the exception
of Nizhne-Pechora Lake, received runoff to the south
and southeast, since in the north this was blocked by
a glacier.

3.2. Isolated lake that formed in the site
of a proglacial lake

The beginning of peat formation is dated to
12125+49 “C BP (AMS, GV 04522). In its lower part
(300-205 cm), the content and diversity of pollen
increases. At the same time, in most samples attributed
to this stage of sedimentation, pollen of dwarf birch
(up to 53%), wormwood (up to 29%) and goosefoot
(up to 12%) still dominates. Only in two spectra (210-
205 cm), reflecting the final stage of the lake existence
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(8719+44 “C BP, AMS, GV 04523), the proportion
of tree birch pollen increases (28-56%) and the pro-
portion of xerophilic grass pollen sharply decreases.
Noteworthy is the appearance of Pediastrum algae, typ-
ical of reservoirs with transparent water, among the
non-pollen palynomorphs. The cryophile Pediastrum
integrum predominates among them. P. boryanum var.
boryanum and P. var. rugulosum, which prefer higher
summer temperatures, were also found. Similar
complexes of Pediastrum algae were found by L.V.
Filimonova in the sediments of a periglacial paleolake
in the Tolvoyarvi Nature Reserve in Karelia (2014). The
presence of desmid algae Cosmarium in the algal flora
and an increase in their proportion up to 10% higher
in the section indicate the development of swampy
areas in the vicinity of the lake. The species diversity
and abundance of freshwater diatoms, mainly benthic
forms, significantly increase. The presence of valves
of Denticulatenuis var. crassula, Diatoma hiemale var.
mesodon, Didymosphenia geminate, Eucocconeis flexella,
P. lata indicates the conditions of a shallow oligotro-
phic reservoir with cold, clear, oxygen-rich and nutri-
ent-poor water.

3.3. Lake swamping

The final stage of sedimentation is identified in
peat sediments in the 205-0 cm interval. Pollen spectra
are characterized by a decrease in the participation of
dwarf birch pollen (5-25%) due to an increase in the
amount of tree pollen: first, woody birch (8-45%) and
later, spruce (3-14%). An increase in the proportion of
aquatic herbaceous plants (Typha latifolia, Potamogeton,
Menyanthes trifoliata) and desmid algae (Cosmarium up
to 19%, single Euastrum and Staurastrum) in the 205-
175 cm interval reflects the overgrowing of the lake.
This is supported by a decrease in the number and
diversity of diatoms, as well as the disappearance of
pediastrum algae. In the sediments of the roof of the
section (~5000 C years BP to the present, 65-0 cm),
the palynomorphs are dominated by Betula nana (26%),
Vacciniaceae (16%) and Eracales (27%); algal flora was
not found.

4. Conclusions

The lithological structure of the outcrop allows
us to correlate the formation of the exposed varved
clay deposits at its base in the conditions of a perigla-
cial lake. The composition of the spore-pollen spec-
trum indicates a periglacial environment with a pre-
dominance of wormwood-chenopodium and yernik
thickets in the vegetation cover. The overlying sandy
layer in the depth range of 910-300 cm probably accu-
mulated during the reduction of the area occupied by
the periglacial basin. In the time range of 12125+ 49
— 8719+ 44 “C BP, sedimentation occurred in a lake
formed in the place of a periglacial lake. This is evi-
denced by the finds of Pediastrum algae in peat sam-
ples and the abundance of freshwater diatoms, typical
of reservoirs with transparent water. The presence of
P. boryanum var. boryanum and P. duplex var. rugulo-
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sum among them records the warming of the lake water
and the increase in summer temperatures. The vegeta-
tion cover of the adjacent territory consisted of birch
and alder shrub thickets and wormwood-chenopodium
associations. Later, up to ~ 4500 *C BP, sediments
accumulated in the conditions of a shallow freshwater
swampy reservoir, as indicated by a significant reduc-
tion in the species diversity and number of diatom
specimens, the disappearance of pediastrum algae, and,
on the contrary, a slight increase in the proportion of
desmid algae, which prefer an oxidizing environment.
Improvement of climatic conditions ~ 9000 “C BP
contributed to the spread of birch and later (7705 *= 43
14C BP) spruce forests. Then, from ~ 4500 “C BP, the
swamp was drained and modern plant communities of
permafrost peat massifs from lingonberry-heather and
dwarf birch thickets developed, which was facilitated
by gradual climate cooling.
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KpaTtkoe coobuienune

YcnoBuAa o:aepuoro OCaAKOHAKONNAEGHMA LIMNOLOGY
B HU30Bbe p. Cenanbl (ceBep FRESHWATER

Pecnyonuku Komu, Poccun) no AQHHbIM BIOLOGY
NaAMHOAOrMYEeCKOro ¥ AMaToMoBOro - —
aHaAM30B

l'onyGesa 10.B.*, Mapuenko-Baranosa T.U.

Hnecmumym eeostoeunt, @edepatbHblil uccredodamestbekutl yeHmp «Komu HayuHwlil yeHmp Ypatbckoeo omoesieHus Poccutickoti
akademuu Hayk», [lepgomatickas ys., 54, Cotkmuiekap, 167982, Poccus

AHHOTAIIAA. Llenpo nccieqOBaHUA ABJIAETCA U3yYeHHE IPOLEeCCOB CeAUMMEHTAlU{ Ha MpOoTaxe-
HUU TO3JHEeJIeAHUKOBbS U TroJjIolleHa Ha BOCTOKe DBoJiblie3eMesnbckoll TyHApPHL. M3yueHo GeperoBoe
obHaxeHue CJ/I-5 BeicoToii 16 M B HU30Bbe p. Ceiifpl (Pecnybsimika Komu). AHanuTUuecKue MeTOJIbl
BKJTIOYAJIM MAJIMHOJIOTUYECKUN W AUATOMOBBIN aHAJIU3bL, AaTHpoBaHue mo *C. IIpu XapaKTepUCTUKE
3TanoB GOPMHUPOBAHUSA OCAKOB TaKXe HAECHTUGULIUPOBAINCH Bogopocsu Pediastrum, Desmidiales u
Jpyrye HembUIblieBble MaJIMHOMOP®HI. JINTOJIOrYecKOe CTpOoeHre OOHaXeHUA U MOJIyUeHHbIe Pe3yJib-
TaThI MO3BOJIUJIN IPOCTIEUTH TpaHChHOpMAaIUK NMPUJIEJHUKOBOTO aJIE0OBOAOEMA U YeThIpe CBA3aHHEIE C
HHMM OCHOBHBIE 3Tana cejuMeHTanuu. JIEeHTOYHas IJITHA B er0 OCHOBAaHUU OcaXajiach B PUJIeTHUKO-
BOM O3€epe B MepUrJIAUaIbHBIX YCJI0BUAX. Brillle3asieraioas nayka rnepecjanBaHus MecKOB HaKarIu-
BaJlach B pe3yJibTaTe CIycKa MpUjeJHUKOBOTr0 NajieoBooeMa. BCKpHITHIN B KpoBJle pa3pe3a Topd obpa-
3oBBIBaJICA cHavasa (12125 +49 — 8719 + 44 C s1.H.) B XOJI0AHOM TJIyOOKOBOJHOM 0O3€pe, BOZHUKIIEM
Ha MecTe NPUJIeJHUKOBOTO BOJOeMa. PacTUTEsbHBIN MOKPOB COCTOSJI M3 €PHUKOBBIX U IOJIBIHHO-Ma-
peBbIx acconuanui. J[anee (o ~ 4500 *C J1.H.) MeJIKOBObS 3apacTaau BOAHO-O0JIOTHBIMU PAaCTEHU-
AMU. YJIydlleHre KJIMMAaTa CIIOCOOCTBOBAJIO MPOABIKEHUIO Oepe30BhIX U mo3aHee (7705 +43 C 1.H.)
€JIOBBIX JiecoB. 3aTeM ¢ ~ 4500 *C j1.H. IPOUCXOANJIO OCYyIIeHUe U MpoMep3aHue 60JIOTHOTO MacCHBa,
pa3BUTHE COBPEMEHHBIX PACTUTEJIbHBIX COOOIIECTB.

Kitiouegsie cstoda: BobiiezeMebcKast TYHIPA, MO3JHEIEJHUKOBbE, TOJIOIEH, MBLIbI[EBBIE U HEIbLIbI[EBhIE
MaJTMHOMOPGBI, AUATOMEN

Jia nutupoBaHus: IonyGesa 10.B., Mapuenko-Baranosa T.U. YcioBuA 03epHOr0O OCaJKOHAKOIUIEHHA B HU30Bbe p. Celpanl
(ceBep Pecny6sinku Komu, Poccuisi) Mo JaHHBIM IaJIMHOJIOTMYECKOTO U AMATOMOBOro aHasim3oB // Limnology and Freshwater
Biology. 2024. - No 4. - C. 368-373. DOI: 10.31951/2658-3518-2024-A-4-368

1. Beepenue n B rosoneHe. OnyOJMKOBaHBl pe3yJibTaThl aHaJIU-

30B 0Opa3oBaHUI NMPUJIEHNUKOBBEIX 03ep Ha KoJsibckoMm
nosnyoctpoBe (ToscrobpoBa u ap., 2023), Kapenuu
(IllenexoBa, 1995) u B 6Gacceiine CeBepHOU J[BUHBI
(Zaretskaya et al., 2023). Ha ocobenHocTy pacmpepe-
JIEHUs1 B 0CaJIKax BOLOpPOCJel nmeguacTpyM oOpaiamT
BHuManue JI.B. ®unumonosa (2014) npu peKoHCTPYK-
usx pa3sutus 6os10T B Kapenuu u B. flnkoscka (2008)
Ha Ypaie.

B.A. HcakoBbIM ¢ moMoIisio HudpoBoi Mojaeu
penbeda ArcticDem pekoHCTpyHpoBaHa KOHOUTY-
panusa npuiegHUKOBOro 6acceiiHa B joJsinHe Cemfpbl,
06pa3oBaHHOTO IMpU Aerpajjaliiy BaJiJalicKoro oJiefe-
HeHud. CoryiacHoO eii, B U3y4YeHHOM HaMu OOHaXeHu!
BCKpBITa KpaeBasi yacTh najseoBozgoema (HMcakos, 2023).

HHTepec k majieoreorparueckuM HCCIIeJOBa-
HUAM B mpefiejiax BoJiblie3emMesibCKOA TYHAPH OIpe-
JeJiieTcA BecbMa LIMPOKUM pacIpOCTpaHEeHHeM Mpu-
JIeTHUKOBBIX majieobacceriHoB. Tak, KpymHHbBIE 03epa,
obpa3oBaBIIvecsi MPU OTCTyHNAaHWUU BAJIAAVCKUX JIeH-
HUKOB U NIPOAOJIXAaBIIME CYI[eCTBOBaTh B TOJIOIEHE,
6butn npuypoueHsl k KosBunckoii, Kocbio-Porosckoit
u JleMBUHCKOHN HdenpeccusM. B cpenHem TeueHuu p.
Ycbl B O3€pHBIX KOTJIOBUHAX OTJIATaJMCh JIEHTOYHBIE
rivael (KBacos, 1975). laHHBIE MAJIMTHOJIOTMYECKOTO
1 IMaTOMOBOT'O aHAJIM30B MOJ00HBIX 00BEKTOB ITO3BO-
JIAI0T BOCCO34aBaTh MPOLIECCH 0CaAKOHAKOILIEHNA IpU
rnepexofie OT IMO3[QHEro HEOIJIENCTOIleHA K TOJIONEHY
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Anpec e-mail: yvgolubeva@geo.komisc.ru (10.B. T'osry6eBa)

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
INocmynwna: 12 utona 2024; IIpunama: 28 voHA 2024, eTcs o MexIyHapoJHo! jiutieH3uel Creative BY NG
Ony6tukoaana online: 26 aprycra 2024 Commons Attribution-NonCommercial 4.0.

371


https://www.doi.org/10.31951/2658-3518-2024-A-4-368
mailto:yvgolubeva@geo.komisc.ru

lony6esa t0.B., Mapuerko-Bazarnosa T.U. / Limnology and Freshwater Biology 2024 (4): 368-373

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonozausi CeeepHol Espasuu»

2. MaTepuanbl M METOADI

HccrenoBanus npoBoAUINCh B 6eperoBoM oOHa-
xenun CJ-5 (67°18°03,83"c.m., 62°53°05,66”B.41.) B
Hu3oBbe p. Celiapl (BopkyTuHCKUI palioH Pecry6inku
Komu). /InaTOMOBBIM ¥ MAJIMHOJIOTHYECKUN aHAJIM3BI
BBIIIOJIHEHBI € aroM omnpobosanusa 10 ¢cM u3 JeHTOY-
HOM TJIMHBEL U 5 cM — u3 Topda. [Ipu MUKpOCKONHUpPO-
BaHUU NBUIbIIEBHIX IIpernapaToB Takxke UAeHTUPUINUPO-
Basich Bogopociu Pediastrum, Desmidiales u gpyrue
HelnbUIblleBble NaJmHOMOPGHL. [IpoBeaeHo paauoyrie-
poIHoe naTupoBaHMe InecTu obpasnosB B UI' PAH (r.
Mocksa) u HI'Y (r. HoBocubupck).

3. Pe3yAabTaTtbl M MX 06Ccy)XpAeHHue

B ocHoBaHuu paspesa 3ajieraer 9-meTrpoBas
TOJII[A, CJIOXKEHHas Mep3JIOM Cepoll ¢ CU3BIM OTTEH-
KOM JIEHTOYHOH IJIMHOM C IIPOCJIOAMM TOJIMIUHOHN 1-4
MM. OHa HaGsrofaeTrca OT ypesa BOABL, HO OOCTYII-
HOH U1 onpoOoBaHUsA oKa3ajlach ee BepXH:dAA 4acTb.
Briie mo paspesy pacrnoJioxkeHa Mayka IeCKOB MOII-
HOCTBIO 4 M, IlepeKpbiBaemMas TOpGoM MOIIHOCTEIO 3M.
MukponajieoHTOJIOTHUYeCKre OCTaTKU  OIpefdesieHbl
B 20 oOpasnax U3 JIGHTOYHOH IJIMHBI U 24 obpasnax
Topda. B paznensmomnieli ux necyaHoun ToJle oHU 06Ha-
pyXeHbl He ObLIU. [0 cocTaBy IBIIBIEBHIX CIEKTPOB
1 KOMILJIEKCOB AMATOMOBHIX BOJOpPOCJIENl B COBOKYII-
HOCTHU C OCOOEHHOCTSAMU JINTOJIOTMYECKOTO CTPOeHUsA
0CaJKOB BbleJIeHbl YeThlpe dTana 0CagKOHAKOIJIeHN .

3.1. OcapxkoHaKonNAeHue B YCAOBUAX
NPUAEAHUMKOBOIO Oo3epa

JlenTounaa rimHa: 1100-940 cm. B cnopo-
BO-TIBUIBIIEBOM  KOMILIeKce Ipeo0JiafiaeT  IBLIbIA
kapaukoBbix 6epe3 (mo 80 %), mossiHU (OO0 77 %) u
MapeBbIx (0 33 %). IIpucyTcTBUe MHOXeCcTBa MUKPO-
4yacTull yrijs, o0JIOMKOB M €IUHUYHBIX CTBOPOK [ua-
ToMe# Parallia sulcata, qpyrux 1eHTPUYECKUX BOIAOPO-
cJieH, CUKYJI, CUJUIMKOQJIAresiAT Mpyu OOJIBIION JoJie
JoueTBepTUYHOH MbUIBIB (10 87 %) 00yCJIOBJIEHO UX
TPaHCIOPTHUPOBKOY JIENHUKOBHIM IIOKpPOBOM. PanHee
no/jo0Hble OCOOEHHOCTH CcOCTaBa MaJMHOMOpPd U3
JIEHTOYHBIX TJIMH, yKa3blBalollye Ha CypoBble KJIMMa-
THUYecKue ycaoBusA, ObuiM BeiABJIeHB M.II. T'puuyk u
B.IL. T'puuykom (1960), T.!. CmupHoBoti (1966), JI.B.
JlaBpoBoii u ap. (2011) u ap.

Boimie o paspesy (940-910 cM) B ocagkax MOsB-
JifeTcs aJieBpUTOBas cocTaBJAlIIasA, a cpefu MHUKPO-
[IaJIEOHTOJIOTUYECKUX OCTAaTKOB BCTPeYeHB! JIMIIb
eJUHUYHble 3K3eMILIAPHl CIIOP, IBUIBIB U PaKOBHUH-
HbIX aMme6 mpecHOBOAHBIX BUAoB Difflugia schurmanii u
Cucurbitella dentata.

[Tauka nepecjanBaHUA CepblX U TEMHO-CEPBIX
MeJIKO3epHUCTEIX IieckoB (910-300 cMm), BepoATHO,
HaKOIMJIach IPU Pe3KOM CHUXXEHUU YPOBHS IIpUJIeIHU-
KOBOTO BOJZ[0€MA M OTHOCUTCS K MPUOPEXHON 03epHOI
danuu. Cryck npujieJHUKOBBIX OaccelHOB B OacceiiHe
[leyopr! mpoucxoAus B pe3yJibTaTe OTCTYILJIEHUA BaJl-
nauckux jeaHukoB. [To muenwuto J[.J1. KBacosa (1975),
KpyIIHbIe o3epa BoJiblie3eMesibckoi TyHAPHL, 3a UCKJIIO-
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yeHreM HuxHe-TledopcKoro osepa, MOJYYMJIU CTOK Ha
0T ¥ I0TO-BOCTOK, TaK KaK Ha ceBepe Mperpajoul 3ToMy
OBLI JIeJHUK.

3.2. U3onupoBaHHOe 03€epo, BO3HUKLIee
Ha MecTe NPUAEAHUKOBOIO Oo3epa

Hauvano o0pa3oBaHuss Topda AaTUPOBAHO
12125+49 “C m.H. (AMS, GV 04522). B ero HuxHeil
yactu (300-205 cMm) yBenuuuBaeTcs cojfepXxaHue U
pa3HooOpa3sue MbUIbIEL. IIpu 3TOM B OGOJIBIIMHCTBE
00pa3noB, OTHECEHHBIX K 3TOMY 3Taly ceAuMeHTa-
I[UM, TO-TIpeXXHeMy JOMHHUPYET MbLIbIa KapJUKOBON
6epe3sl (o 53 %), nosbiHU (0 29 %) u MapeBHIX (J0
12 %). Jlump B ABYX criekTpax (210-205 cMm), oTpaxa-
IOIIMX 3aBepIIaloNlyi0 CTaJUI0 CyllecTBOBAaHUA O3epa
(8719+44 C n.H., AMS, GV 04523), yBeauuuBa-
eTcsi [0JiA NBUIbLBI JIpeBOBUAHON Oepe3bl (28-56 %)
U pe3Ko coKpalaeTrcs JOJI NBUIbILB KCepOPUIIbHBIX
TpaB. ObpaijaeT Ha cebs BHUMaHNe MOsABJIeHUe cpequ
HENBUIbLIEBBIX NaJMHOMOPG TUMUYHBIX [JisI BOJoOe-
MOB C MPO3payvyHOl BOAOH BOAOpPOCJEN IMeuacTpyM.
B ux umciie mpeo6sagaoT xoJi0000uBsle Pediastrum
integrum. Takxe BcTpeueHsl P. boryanum var. boryanum
u P. var. rugulosum, npeanouuTaronye 60oJjiee BHICOKHE
JleTHUe TeMmrepaTyphl. I[lofjoGHbIE KOMILIEKCH BOJIO-
pocJieil meAnycTpyM BbisABjeHH JI.B. ®UiIMMOHOBOH B
ocajJikax MPUJIeJHMKOBIO Iajeoo3epa Ha TeppUTOPUU
3akasHuka «TonBospeu» B Kapemuu (2014). Yuactue
B cocTaBe ajbropJiopel AeCMUAVEBBIX BOAOPOCJEN
Cosmarium ¥ poCT UX AOJIU BhHIIe IO paspe3y Ao 10
% cBUJETEJIbCTBYET O Pa3BUTHUU B OKPECTHOCTAX 03epa
3a00J104eHHbIX y4acTkoB. CyllleCTBEHHO YyBeJIN4lBa-
eTcsi BUI0BOe pa3zHooOpa3sue U YUCJIeHHOCTh IPECHOBO-
JHBIX UaToOMeH, IperuMyllecTBeHHO OeHTOCHBIX GopM.
[MpucytcTtBue cTBOpOoK Denticulatenuis var. crassula,
Diatoma hiemale var. mesodon, Didymosphenia geminate,
Eucocconeis flexella, P. lata yka3biBaeT Ha yCJIOBUS MeJI-
KOBOJHOI'O OJIMTOTPO(PHOI0 BOJIOEMA C XOJIOJHOMH, PO-
3payHOM, HACHIIIEHHOU KUCJI0POIoM U OeJHOH 61ioTeH-
HBIMH dJIeMEeHTaMM BOJIOH.

3.3. 3abonrauuBaHue o3epa

3aKyII0uMTesIbHBIN 3Tan ceJUMeHTalluu Bble-
JeH B TopdAHBIX ocaakax B uHTepBase 205-0 cm.
[TebIeBEIE CHEKTPHl OTJIMYAIOTCA COKpallleHHeM yda-
CTUA TBUIBIBI KapJUKOBON Oepesnl (5-25 %) 3a cuer
yBeJINueHNeM KOJIMYeCTBa IBLIBbIE JepeBbeB: cHavyasa
— npeBoBUIHOU Oepe3nl (8-45 %) u mo3gHee — enu
(3-14 %). PocT mosiu BOJOHBIX TPaBAHUCTHIX PACTEHUN
(Typha latifolia, Potamogeton, Menyanthes trifoliata) n
JecMuaueBsx Bogopocieit (Cosmarium o 19 %, equ-
HU4Hble Euastrum u Staurastrum) B nHTepBaje 205-175
CM OTpaxkaeT 3apacTaHue o3epa. B nosb3y aToro ceupe-
TeJIbCTByeT yMeHbllIeHre KOJIMYecTBa U pa3HooOpasus
JuaToMel, a TakXe MCYe3HOBeHMe BOAOpOCyeil meau-
actpyM. B ocagkax kpomiu paspesa (~5000 “C s.H.
o HacT. BpeMs, 65-0 cm) cpeau najuHOoMopd JoMU-
HUpPYIOT Betula nana (26 %), Vacciniaceae (16 %) u
Eracales (27 %), amsrodsiopa He o6HapyXeHa.



lony6esa t0.B., Mapuerko-Bazarnosa T.U. / Limnology and Freshwater Biology 2024 (4): 368-373

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonozausi CeeepHol Espasuu»

4. 3aknioueHue

JIuToJIOrMYecKOe CTpOeHHe OOHaXeHUs IO03BO-
JIsieT COOTHeCTH GOPMUPOBaHNE BCKPHITHIX B €I0 OCHO-
BaHMU OTJIOXKEHUH, CJIOKEHHBIX JIEHTOYHOM TIJIMHOM,
B YCJIOBUSX IPHJIEJHUKOBOro o3epa. CocTaB CHOpO-
BO-IIBUJIBIIEBOTO CIIEKTPA YKa3bIBaeT Ha MEePUTJIANIAIIb-
HyI0 00CTaHOBKY C IIpeobIagaHyeM [OJIBIHHO-MapeBBIX
U epHUKOBBIX 3apOCjell B pacTUTEJIbBHOM IOKPOBe.
Brimesaseraromnas necyaHas TOJIIA B UHTEPBAJIE TJIy-
6uH 910-300 cM akKyMyJiHMpoBajach, BEPOATHO, IIPHU
COKpAIEeHNH IJIOI[AIY, 3aHUMAeMOH IPUJIeJHUKOBBIM
H6acceiiHOM.

Bo BpeMeHHOM pAuanasoHe 12125*49
8719+44 “C n.H. ceguMeHTaIlds MPOHCXOJUJIA B
o3epe, 00pa30BaHHOM Ha MecCTe MPUJIEJHUKOBOTO
ozepa. O0 3TOM CBHAETEJIBCTBYIOT HaxXxOAKU B oOpas-
nax topda Bomopocsen Pediastrum u obuire MpecHo-
BOOHBIX UATOMeli, TUINYHBIX [JII BOJOEMOB C IIPO-
3pavHoi BofAou. IIpucyTcTBUe B ux uucye P. boryanum
var. boryanum wu P. duplex var. rugulosum dukcupyet
[IPOr'PeB O3EPHOI BOAHI U MOBHIIIEHNE JIETHUX TEMIIe-
patyp. PactuTtesibHBINI MOKPOB MpUJIeramieil Teppu-
TOPUH COCTOSIT U3 KyCTAPHUKOBEIX 3apocJieli 6epessl 1
OJIPXOBHHKA U MTOJIBIHHO-MapEBBIX aCCOLMAIIMI.

B panpHenmeMm go ~ 4500 “C j.H. HakoIle-
HUEe 0CaJKOB [IPOUCXOUJIO B YCJIOBUAX MEJIKOBOIHOTO
IIPECHOBOAHOIO 3a00JIaYMBAIOIIErocss BOJOEMA, Ha 9TO
yKa3bsBaeT 3HAYUTEIbHOE COKpallleHKe BUIOBOTO pas-
HOOOpa3usi U KOJIMYeCTBA DK3EMIULIPOB AUATOMER,
HCYe3HOBEHNE BOOOPOCJIEH IeAnacTpyM, U, HAlpOTUB,
HEKOTOpOe yBeJMYeHUe 0JIU JeCMUUEBBIX BOJOPOC-
Jef, TpefIOYNTAIIINX OKUCJIUTEbHYI0 0OCTaHOBKY.
Vaydmienue KJiIMMaTH4eckux yciiosuil ~9000 “C JH.
CII0COGCTBOBAJIO PACIPOCTPAHEHUIO Oepe30BhIX U MO3/-
Hee (7705 *+ 43 “C J1.H.) eJIOBBIX JiecoB. 3aTeM ¢ ~ 4500
14C n.H. mpoucxoAwso ocyumeHue 60J0Ta U pa3BUTHE
COBPEeMEeHHBIX PACTUTEJIbHBIX COOOLIECTB MHOTOJIETHe-
Mep3JI0To TOP(PAHOTO MaccuBa U3 3apocjel OpycHUY-
HO-BEepPECKOIBETHBIX U KapPJIMKOBOH Oepe3Ky, 4YeMy CIIo-
COGCTBOBAJIO MOCTENIEHHOE TOXOJIOJaHKe KIIMMATa.
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ABSTRACT. The first data on the composition of pollen spectra of subrecent lake sediments were
obtained from surface samples of Lake Vodonosnoye and Lake Chernyaevskoye sediments on Zhizhgin
Island, which is located in the southern part of the White Sea. Currently, woody vegetation on the island
grows in small areas and consists mainly of shrubby birch and willow and oppressed pine. The pollen
spectra generally reflect the modern vegetation of the island. The pollen spectra include pollen of tree
species and grasses, which occupy large areas of open meadows and wetlands. Picea and Pinus pollen
found in significant quantities is partly introduced. Abies and Tilia pollen are also likely introduced. The
results of pollen analysis of surface samples will be used for pollen analysis of sediment sequences of the
investigated lakes, which will allow for correct interpretation of the data obtained and a more correct
reconstruction of the island’s vegetation in the past.
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1. Introduction

There are approximately 3,000 islands in the
White Sea, with the vast majority located within the
Kandalaksha and Onega Bays. The botanical diver-
sity of these islands has not been uniformly studied.
Smaller islands exhibit distinct characteristics in the
formation of their natural conditions, which are related
to their position in the water body, distance from the
mainland, and prevailing wind patterns. The flora
of the islands located in the Throat of the White Sea
(Kutenkov et al., 2018) and in the Dvina (Churakova
et al., 2016), Kandalaksha (Kozhin, 2014) and Onega
Bays (Kravchenko et al.,, 2015), which includes the
Solovetsky Archipelago (Kiselyova et al., 2005), has
been investigated. Subrecent pollen spectra of surface
sediments have been obtained for islands located in the
Porya Bay of Kandalaksha Bay (Kozhin et al., 2015) and
the Solovetsky Islands (Sapelko and Subetto, 2014).

The analysis of pollen spectra from surface sam-
ples and their comparison with the modern plant cover
is a crucial step for the accurate interpretation of past
pollen data, which is a key aspect of paleogeographic
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studies in the White Sea area.

2. Materials and methods

Zhizhgin Island (65.199656°N., 36.81787°E) is
located at the entrance to the Dvina Bay, and 5 kilome-
ters north-northwest from Ukht-Navolok Cape on the
Letnij coast of the Onega Peninsula. The area of the
island is ~3 km?. The island lies within the forest-tundra
biome, characterized by mainly grass and sedge coastal
meadows, shrubs of birch and willow trees, occasional
patches of pine and low-growing birch stands, and a
lichen-moss-shrub cover on rocky surfaces. The island
is located in the forest-tundra zone, with predomi-
nantly cereal and sedge-dominated seaside meadows,
shrubs of birch and willow, occasional pine and birch
stands of low stature, and a lichen-moss-shrub cover on
rocky surfaces. Traces of human impact are evident in
the form of derelict buildings and a small landfill site
located 300 m from Lake Chernyaevskoye.

In July 2022, on Zhizhgin Island, geomorpho-
logical, biological, and paleolimnological research
was conducted, including the collection of cores from

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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the bottom sediments of lakes at different elevations
(Repkina et al., 2022). Surface sampling was carried
out by Voronkov’s lot from lakes Vodonosnoye (14.1
m above sea level (a.s.l.)) and Chernyaevskoye (3.9
m a.s.l.) using the Voronkov’s lot. The results of the
spore-pollen analysis of the recent samples will assist in
correctly interpreting the findings of the analysis of the
bottom sediment cores.

Lake Vodonosnoye (65.19743°N, 36.80988°E),
located 300 m from the sea, is situated on a marine
terrace with elevations ranging from 15 to 17 m a.s.l.
The terrain is composed of boulders, large pebbles, and
in some areas, swampy areas. The average depth of the
water is up to 1.8 meters Surface sampling was con-
ducted at four points, ranging from depths of 1.8 to 0.6
meters Sediments consist of sandy silt.

Lake Chernyavskoye (65.19450°N; 36.79179°E) is
located approximately 240 meters from the sea and 700
meters from Lake Vodonosnoye. The depth of the lake
reaches up to 1 m. The lake is situated in the southwest-
ern part of an island in a marshy lowland with the west-
ern side opening to the sea. Samples were collected at
three locations at depths ranging from 0.7 to 0.9 m. The
sediments consist of sandy silt with algae inclusions.

3. Results and discussion

Based on the results of the pollen analysis, pol-
len spectra of surface samples from two lakes were
obtained (Fig. 1). The spectra are dominated by the
pollen of tree species, particularly Betula, Pinus and
Picea. Betula nana and Alnus pollen are continuously
present, while Corylus, Abies and Salix pollen are less
frequent. In one of the lake samples, a single Tilia pol-
len grain was observed. The composition of the herbs
is varied, with pollen from Poaceae, Cyperaceae and
Ericaceae being dominant. There is a high pollen con-
tent in ruderal grasses such as Plantago, Rumex and

Artemisia. Among the spores, the following are noted:
Bryales, Polypodiaceae and Sphagnum. Single spore
grains from Lycopodium, Dicranum and Botryhium have
also been found. All samples contain coal fragments,
fungal spores and faunal remains.

The pollen spectra of Lake Vodonosnoye and Lake
Chernyaevskoye are similar in terms of the composition
of tree species present. All samples contain predomi-
nantly Betula pollen. The composition of all lake samples
is homogeneous, with approximately equal proportions
of trees, grasses and other plant species. Notable is the
absence of Salix pollen, which grows on the shores, and
the presence of Picea and Abies, which were not found
near the lake. The herbs reflect the diverse composi-
tion found on the coast. In samples obtained from Lake
Chernyaevskoye, pollen spectra vary depending on the
location of sampling. The wood composition is simi-
lar to that found in samples from Lake Vodonosnoye,
but there is a notable presence of Salix pollen in one
sample (CH3); and the complete absence of Abies
pollen. Picea, pollen from which was detected in all
the pollen spectra from Lake Vodonosnoye and Lake
Chernyaevskoye, was not detected in the vicinity. The
proportion of herbs pollen is significantly higher than
in Lake Vodonosnoye, in two samples (CH1 and CH2)
it predominates. The increase in the concentration of
pollen from the Rumex species, a maritime species of
which was found on the coast, is of particular interest.
The spore content is lower compared to that of Lake
Vodonosnoye, despite its location in a lowland area and
the significant marshland near the eastern shore of the
lake. No spores were detected in one of the samples
(CH2). It should be noted that the analyzed subrecent
spectra contain pollen and spore fragments of both
native vegetation and introduced species from other
islands or mainland areas, for example, pollen grains
of Picea, Abies, and Tilia, which are not found to the
island.
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Fig.1. Pollen diagram of Vodonosnoye Lake (V1, V2, V3, V4) and Chernyaevskoye Lake (CH1, CH2, CH3)
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4. Conclusions

The results of analyzing subrecent samples from
two lakes generally correspond to the current vege-
tation of Zhizhgin Island. The pollen spectra include
pollen from grasses that occupy large areas of open
meadows and wetlands, as well as pollen from woody
vegetation. At present, small forested areas are found
on the island, composed primarily of shrubby birches,
willows, and suppressed pine trees. It is likely that
some of the pine and spruce pollen detected in signif-
icant quantities within the pollen spectra may be of
non-local origin, which should be taken into consider-
ation in future paleoreconstructions. The history of the
development of vegetation on Zhizhgin Island will be
reconstructed using pollen analysis of the bottom sed-
iments sequences from the studied lakes, based on the
results obtained.
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KpaTtkoe coobuienune
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AHHOTAIIUA. [osyueHsl nepBble JaHHBIE O COCTaBe MAJIMHOCIEKTPOB CyOpeleHTHBIX 03€PHBIX OTJIO-
XKeHui o. JKuXruH, pacrosioxkeHHOM B I0XKHOI 4acTu besioro mMops, M3 IOBEPXHOCTHBIX NpPOO HOH-
HBIX OTJIOXeHUN 03€ép BomoHocHoe 1 YepHsAeBckoe. B HacToslee BpeMsA Ha OCTPOBe IIpOM3pACTalOT
HeOOoJIbIIe [PEeBOCTOM, COCTOAIMME B OCHOBHOM M3 KyCTapHHKOBOM Oepé€3bl M WBBI 1 YrHETEHHOM
COCHHI. [TaTMHOCHIEKTPHI B LEJIOM OTPaXalT COBPEMEHHYI0 pacTUTEJIBHOCTh OCTPOBAa. B majmHOCHeK-
Tpax INpeJcTaBjieHa MbUIbLIa JpeBeCcHBIX IOPOA U TpaB, 3aHMMAOUIMX OOJIbIINe IUIOHAAY OTKPBITHIX
JIyTOBBIX M 3a00JI09€HHBIX IPOCTpPaHCTB. OOHapyXXeHHAasA B 3HAUMTEJIbHBIX KOJIMYECTBAX IbLIbIA Picea
1 Pinus 4acTHUYHO sABJIsieTCA 3aHecEHHOM. [Tbutbiia Abies u Tilia Takke CKOpee BCEro ABJIAETCSA 3aHECEH-
HOU. Pe3yJibTaThl CIIOPOBO-NIBUIBIIEBOTO aHAIM3a IOBEPXHOCTHAIX P06 OyAyT WCIOJIb30BaHbl AJIA CIIO-
POBO-IIBLIBI[EBOTO aHAJIM3a KOJIOHOK JOHHBIX OTJIOXEHUU M3y4aeMbIX 03Ep, YTO MO3BOJIUT IIPABUJIBHO
MHTEpIpPEeTHPOBATh NOJIyY€HHEIE JaHHbIE U 60Jiee KOPPEKTHO PEKOHCTPYHUPOBATh NCTOPUIO0 PACTUTEJIh-
HOCTH OCTPOBA B MPOIIJIOM.

Kiioueauie cnoea: benoe Mope, JXKIkruH, ocTpoBa, NajanHOJIOTUA, CyOpeleHTHEIe CIIEKTPhl, paCTUTEJIbHOCTD,
03€pHBIe OTJIOXEHUS
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1. Beepenue HM3yyeHue CclIOpOBO-NIBUIBLIEBEIX CIIEKTPOB cybOpe-

I[EHTHBIX (IIOBEPXHOCTHBIX) IIP00 1 COIOCTaBJIeHUe UX
C COBpPeMEHHBIM pacTUTEJIbHBIM IIOKPOBOM SBJIETCA
BaXHBIM STalloM JJjiA NpPaBWIBHOM WHTepIipeTanuu
CIIOPOBO-IIBLIBLIEBEIX CIEKTPOB IIPOLLIOr0, YTO SABJIA-
eTcs OOHOM U3 3afjau najeoreorpaduyeckux HUCCIeso-
BaHUI B BesloMOpCcKOM peruosxe.

B Beslom mMope mMeeTcsi OKOJIO 3 ThICSY OCTPO-
BOB, WX [IOJIABJIAIIEE KOJMYECTBO PACIOJIOXEHO B
Kanganakmnickom 1 OHEXCKOM 3a/IMBaX. BoTaHUYeCKUi
COCTaB OCTPOBOB M3yYeH HEPABHOMEPHO. JJIs1 MeJTKuX
OCTPOBOB XapaKTePHEHI JIOKaJIbHbie 0COOEHHOCTH B GOP-
MHPOBAHUM MPUPOJHBIX YCJIOBUM, CBSI3aHHBIE C PACIIO-
JIOKeHVEeM B aKBaTOPUM, YIAJIEHHOCTBIO OT MaTePUKa,
HarpaBJieHrueM BeTpoB. McciietoBaHa (yiopa 0CTPOBOB
B I'opJie Bestoro mops (Kutenkov et al., 2018), B 3asiuBax
Jsunckom (Uypakosa u Ap., 2016), Kannanakiickom
(Koxwun, 2014) u Onexckom (KpaBueHko u fp., 2015),
B ToMm uymciie Ha CosioBerkom apxwurenare (Kucenésa
u 1p., 2005). CyOpelLieHTHbIe AJMHOCIEKTPH IOBEPX-
HOCTHBIX MPOO MOJIyYeHHI AJI OCTPOBOB, PACIIOJIOXKEH-
Hbix B Iloppeli I'yOe Kanpasnakimickoro 3aiuBa (KoxuH
u ap., 2015), u gms CosoBerkux ocTpoBoB (Sapelko
and Subetto, 2014).

2. MaTtepuanbl 1 MeTOAbI

OctpoB Xuxruu (65.199656 c.m., 36.817874
B.[l.) pacrosioXkeH y Bxoja B JIBUHCKUI 3aJUB B 5 KM K
ceBepy — ceBepo-3arany ot Meica YxT-HaBosiok JleTHero
OGepera OHEXCKOro MOJIyOCTpoBa. Iliomanp ocTpoBa
cocrapiisieT ~3 KM2. OCTPOB HAXOUTCSA B JIECOTYHIPO-
BO! 30He, I/le pacnpocTpaHeHbl B OCHOBHOM 3JIaKOBBIE
1 OCOKOBBIE IIPMMOPCKHUE JIyTa, 3apoc/iv O6epé3bl U UBHI
KyCTapHUKOBON (OpMEI, pelikie y4acTKHd COCHOBBIX
1 0epé30BBIX HU3KOPOCJIBIX JPEBOCTOEB U JIMMIAWHU-

* ABTOP [JIsl IEPEIUCKHY.
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KOBO-MOXOBO€ M KyCTapHHYKOBOE IOKpBITHE KaMeHHU-
CTBIX NoBepxHOCTel. Cjieibl aHTPOIIOreHHOI'0 BO3Jel-
CTBUA IIpeACTaBJIeHbl B BUJe 3a0pOIIeHHbIX 3[aHU U
He6OoJIBIIION CBaJIKU OBITOBBIX OTX0/10B B 300 MeTpax oT
03. YUepHseBcKoe.

Ha o. Xwxrun B uiosie 2022 roma npoBefeHbl
reomopdosiornueckye, O6UoJIOrMYecKre U IajieoJIiM-
HOJIOTMYeCKHe HCCIIeJoBaHusA, BKJIIOYaImue oToop
KOJIOHOK [JOHHBIX OTJIOXKEHUH 03€p, pacrooXeH-
HBIX Ha pa3HBIX BBICOTHBIX oTMeTkax (PemkuHa u ap.,
2022). OT6Op MOBEpXHOCTHHIX MPOO MPOBOJAUICA
notrom BopoHkoBa u3 03ép BomoHocHoe (14.1 M Haf
ypoBHeM Mops (H.y.M.)) u UepHseBckoe (3.9 M H.y.M.).
PesysibTaThl CIIOPOBO-NBUIBLIEBOr0 aHAJIM3a CyOpeleHT-
HBIX Ipo0 MOMOIYT KOPPEKTHO WHTepIpeTHpOBaTh
pe3yJIbTaThl CIOPOBO-MBLIBLIEBOIO0 aHajM3a KOJIOHOK
JIOHHBIX OTJIOXXEHUI.

03. BogoHocHoe (65.19743°c.m1.; 36.80988°B.11.)
Haxoautesa B 300 M OoT Mopsi Ha MOPCKOIl Teppace c
BeicOTaMU 15-17 M H.y.M, CJIOXKEHHOH BajlyHaMHu U
KPYTHOM rajibKoii, MectamMu 3a00JIOUeHHOU, cpenHss
riry6uHa Ao 1.8 M. OT60p MOBEpXHOCTHHIX P06 MPOBO-
AWIcA B UETBIPEX TOUYKax Ha rirybuHax oT 1.8 m go 0.6
M, OCaJIK{ MpeJiCTaBjIeHbl ONleCYaHEeHHBIM HJIOM.

0O3. UepHsesckoe (65.19450°c.m1.; 36.79179°B.1.)
HaxoguTcAaB 240 M oT MopA U B 700 M oT 03. BogoHOCHOe,
r1yOuHsl 7o 1 M. PacnosiockeHo B 0ro-3anagHol 4acTu
ocTpoBa B 3a00JI0YeHHOIN HHU3WHE, 3amaJHOU YacTbhio
OTKphIBaeTcA K Mopio. OTOop mpo0 NpousBOAWJICA B
Tpéx Toukax Ha riayounax 0.7-0.9 M, ocagku npecTas-
JIAIOT OlleCYaHeHHBIN WJI ¢ BKJIIOUYEHUAMU BOJOPOCJIEH.

3. Pe3ynabTatbl M 06Ccy)xpeHue

[Io pesysnbTaTaM CHIOPOBO-NBUIBLIEBOTO aHa-
J13a MOoJIy4YeHbl NaJMHOCIEKTPhl IOBEPXHOCTHBIX P06
nByx o3ep (Puc.l). B cnekrpax mpeobJiafjaeT IbLIbLA
JIpeBecHBIX IOpO/l, penMyIiecTBeHHO Betula, Pinus u
Picea. TlocTosHHO npucyTcTByeT Betula nana un Alnus,
pexe Corylus, Abies u Salix. B ogHOll n3 mpolb 03.

BonoHOCHOrO OTMe4YeHO OOHO MbLIbIeBoe 3epHO Tilia.
CoctaB TpaB pa3HooOpaseH. [loMHUHHpYyeT IbUIbIA
Poaceae, Cyperaceae u Ericaceae. Bricokoe conepxa-
HUe MBUIBIE pyAepasibHBIX TpaB — Plantago, Rumex,
Artemisia u fp. Cpeu CHOpPOBBIX OTMeueHHl Bryales,
Polypodiaceae u Sphagnum, BcTpedarTCs eqUHUYHBIE
3épHa Lycopodium, Dicranum wu Botryhium. Bo Bcex
obpasijax 0TMevalTCcsA YacTHUIIBL YIJiA, TPUOBI U OCTAaTKU

dayHbL
4. 06cyxpenue

CriopoBO-TIBLIBLIEBBIE CIIEKTPHI 03€p BoioHOCHOE
1 YepHseBCcKOe WMEIOT CXOACTBO, BEIpAXX€HHOE B
cocTaBe ApeBecHHIX Mopoj. Bo Bcex mpobax mnpeobJia-
naet nbutbLa Betula. Coctas Bcex 1pob 03. BogoHocHoOro
OTHOPOJIeH; [10JIA JApeBeCHHIX, TPaB U CIIOPOBBIX MpU-
MepHO OIMHAKOBHL. IIprMeuaTesIbHO OTCYTCTBUE
neUIBIBL Salix, pacTymiell Ha Geperax, U IPUCYTCTBUE
XBOHMHBIX TopoJ Picea u Abies, koTopsle He OGbLTH OOHa-
pPyXeHsl BOJIM3U o3epa. B TpaBax oTo6pakeHO pasHOO-
6pasue cocTaBa, KOTOpOe NpeACTaBJIeHO Ha mobepexse.
B npo6ax 03. UepHsAeBCKOI'0 MaJIMHOCIEKTPEl MEHAIOTCS
B 3aBHCUMOCTU OT TOYKMU IpobooTOopa. JpeBecHBIN
COCTaB CXOX C OJIy4eHHBIM B [Tpo6ax 03. BogoHOCHOTO,
HO OTMedYaeTcsl MPHCYTCTBUe MbUIbILEl Salix B OmHOM
npo6Ge (Y3) U moJiHOe OTCYTCTBHE MbLIbLIEL Abies. Picea,
IBUIBIIA KOTOPOH Hali/leHa B COCTaBe BCeX IMaJINHOCIIEK-
TPOB 03. BomoHocHOro u 03. YepHseBckoe, He ObLIa
obHapyxeHa BOJIM3U. J[0JIS MBUIBLEI TPAB 3HAUNUTEJIBHO
6osbllle, yeM B 03. BomoHocHoM, B AByx mpobax (Ul
n Y2) oHa mpeobisamaer. IIpuMeuaTesnpHO yBesnde-
HUe cofepXaHus MBUIBIE Rumex, MPUMOPCKUIN BUJ
KOTOpOro ObL1 0OHapyXeH Ha mobepexbe. OTMeuaeTcs
MaJjioe IO CPaBHEHUIO CO CIEKTpaMu 03. BogmoHOCHOrO
coJlepkaHye CIIOPOBBIX, HECMOTPA Ha PAacIoJIoXeHUe
B HU3MHe U 6O0JbIIyI0 3a60JI04eHHOCTh TEPPUTOPUM
y BocTouHOro Oepera. B oxHoi1 u3 mpo6 (U2) cnopsl
He OOHapyXeHHl. M3yueHHble cyOpelleHTHbIe CIEKTPEI
COCTOSIT U3 IBUJIBIIBL U CIIOP KaK JIOKAJIbHOM pacTUTeIb-
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Puc.1. PacTuTtenpHEBIN COCTaB NaJIMHOCIEKTPOB 03. BomoHocHoe (B1, B2, B3, B4) u 03. Uepusesckoe (U1, U2, Y3)

378



Jleskosa [.H. u dp. / Limnology and Freshwater Biology 2024 (4): 374-379

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonozausi CeeepHol Espasuu»

HOCTH, TaK U 3aHeCEHHOM IbLIbLEI C APYTHUX OCTPOBOB
WIN MaTepuKOBOHN 30HBL, HampuMmep, IbuUibLa Picea,
Abies u Tilia, He BCTpe4eHHBIX Ha TEPPUTOPUU OCTPOBA.

5. BoiBOABI

Pe3ybpTaThl 3yueHUsA CyOpelleHTHBIX P06 ABYX
03€p B II€JIOM OTPaXalT COBPEMEHHYIO PACTUTEJb-
HOCTb 0. JKukruH. [TaJIMHOCIEKTPHI BKJIIOYAKOT B cebs
MBUIBLY TPaB, 3aHUMAIOIUX GOJIBIINE [LJIOMIA 1 OTKPHI-
TBIX JIYTOBBIX U 3a060JI0Y€HHBIX TPOCTPAHCTB, U MBUIBIY
JIPEBECHOI PACTUTEJIBHOCTU. B HacTrosiiee BpeMs Ha
OCTPOBE MPOM3PACTAIOT HEOOJIBLINE APEBOCTOU, COCTO-
AYie B OCHOBHOM U3 KYCTapHUKOBBIX GEPE3bI M MBHI U
yTHETEHHOI COCHBI. BeposATHO, 06HapyXeHHas B 3HAUU-
TEeJIPHBIX KOJIMYECTBAX B MBUIBLIEBBIX CIEKTPAX MBUIbIA
COCHBI U €JI YaCTUYHO ABJISAETCA 3aHOCHOM, YTO He00X0-
JMMO YUYUTHIBATh NMPU JAJIbHEHIINX MaJIEOPEKOHCTPYK-
usAx. Mictopus pasBUTUA paCTUTETBHOCTH 0. JKKTUH
Oy[eT BOCCTAaHOBJIEHA C TOMOIIBI0 CHOPOBO-TIBLIBIIE-
BOTO aHajM3a JOHHBIX OTJIOXXEHUI M3yYaeMBIX 03ep C
KCIOJIb30BaHUEM IOJIyYE€HHBIX Pe3YJIbTaTOB.

bAaaropapHoCTH

HccnemoBaHue BBHIIOJIHEHO B paMKax IocCy-
napcrBeHHbIX 3aganuit MHO3 PAH-CII6 ®UI] PAH
No FFZF-2024-0002 u PITIYV um. A. W. TepueHa
Noe VRFY-2023-0010.

KoHpAUKT UHTEpecoB

ABTOpHI 3asBJAIOT 06 OTCYTCTBHM KOHQJIMKTA
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On the issue of the formation of a
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ABSTRACT. The paper presents the results of a study of samples from the “pink horizon” in sediments
of the Onega Ice Lake. A large amount of iron in this horizon is shown, their shapes and sizes are deter-
mined. The presence of microbial mats and biofilms in this layer was revealed, and a conclusion was
made about the rate of accumulation of varyed clays.
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1. Introduction

The structure and composition of the “pink hori-
zon” in varved clays, which is a stratigraphically con-
sistent marking horizon throughout the entire area of
the Onega Ice Lake waters and dated to approximately
13,300-13,200 calibrated years ago (Hang et al., 2019),
was analyzed. The origin and structure of this horizon
remain a matter of debate.

2. Materials and Methods

The research was conducted on Lake Polevskoye,
which is located on the Zaonezhsky Peninsula (Lake
Onega) in the Republic of Karelia. From the sediment
core N125, represented by varved clays of the Onega
Ice Lake, 18 selected samples in 0.5 cm intervals, were
analyzed (depth 9.64-9.84 m - “pink horizon”).

For microscopical analysis all samples were
treated with 30% hydrogen peroxide (30% H,0,) at
room temperature. This is included in the standard
sample preparation to break down organo-mineral
compounds and disperse the sample. An electron scan-
ning electron microscope (SEM) JEOL 6610LV (JEOL,
Japan) was used. The most characteristic and frequently
encountered particles were photographed. To refine
the chemical composition of individual particles, an
INCAx-act (MAn) microanalyzer (Oxford Instruments,
UK) was used.
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Raman spectra were acquired directly from the
Fe-containing particles and films on a Renishaw inVia
Reflex microspectrometer (UK) equipped with 532 nm
and 785 nm lasers using a 50x objective with 0.5
numerical aperture. The laser power was set to below
0.5 mW to avoid alteration of the sample due to heat-
ing. The acquisition time was between 10 to 180 sec
per single measurement. For black C-rich particles, we
used 532 nm laser set to 5-10 mW power and 10 sec of
acquisition time.

3. Results and Discussion

All samples initially had a dark gray color, which
is characteristic of lake sediment. The pink color in the
central part of the sample was not clearly visible. After
treatment with hydrogen peroxide, the major (central)
portion of the samples turned bright red, while the
peripheral portions remained unchanged.

Scanning electron microscopy did not reveal any
organic-mineral particles, such as algae cysts, diatom
shells, or sponge spicules, which are typically found in
lake sediments. Instead, only microbial mats and films
were observed. The main part of all samples is repre-
sented by mineral particles of various sizes.

A large number of small (2-3 microns) iron oxide
crystals were found in the samples of the central part
of the column.

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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The use of a microanalyzer revealed that iron is
present in these samples, not only in the form of indi-
vidual minerals, but also as thin ferruginous coatings on
all particles (fragments of aluminosilicates and micro-
bial mats). The iron content on the particle surface is
heterogeneous, varying from 1 to 80 weight percent
relative to other chemical elements, with an average
25-30 weight percent.

Raman spectroscopy of the lake sediment indi-
cated the presence of Fe oxides particles among the
matrix of silicate minerals and indicated transforma-
tions in their chemical structure towards Fe-(oxy)
hydroxides. Among oxides, we identified abundant
hematite (Fe,0O,) grains and among (oxy)hydroxides
— goethite (a-FeO(OH)), which was rare and always
occurred in combination with hematite. The follow-
ing Raman bands characteristic of hematite (Hanesch,
2009) were present in the spectra: at 222-225 (with
a shoulder at 245), 290-300 and 407-408 cm~'. The
additional bands at 298-299 and 379-385 cm™!, when
present, likely indicate partial hematite transformation
with appearance of bands characteristic of goethite and
other Fe-(oxy)hydroxides. Hematite spectra were often
mixed with a sharp peak at 464-465 cm™! originating
from quartz.

Sediments also contained numerous carbon-rich
black particles, mainly in the form of flakes. These
particles demonstrated sharp first-order D (structural
defects in aromatic C) and G (in-plane vibration of
C=C bonds) peaks centered at around 1350 cm~! and
at 1580 cm™! respectively, and the second-order band
centered at ~2700 cm~!. Overall, Raman spectra sug-
gested contribution from graphitic and other types of
thermally mature carbons likely of geological origin
(e.g., C of metamorphic rocks).

4. Conclusion

The change in the color of the samples after
treatment with hydrogen peroxide is associated with
the presence of significant amounts of iron in them.
This is independently confirmed by the data obtained
using the microanalyzer. Forms of iron compounds take
the form of small crystals and amorphous films cover-
ing the surfaces of other particles within the samples.
Those samples that did not alter color following perox-
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ide treatment were devoid of any iron forms (crystals
or film).

The presence of biogenic structures within the
samples exclusively in the form of microbial mats and
biofilms suggests relatively rapid sedimentation accu-
mulation processes that inhibited the emergence of
more complex organic structures, such as framboids,
diatoms, etc.

Microbial mats and biofilms may develop in deep
water even at a depth of 100 m and below (Andersen
et al., 2011; Greco et al., 2020). In deep-water envi-
ronments the composition of the microbial community
may shift from photoautotrophs to chemoautotrophs.
Microorganisms with diverse metabolic strategies have
been reported from bottom sediments of Lake Baikal
including its deep-water parts (Zemskaya et al., 2021).
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AHHOTAIIHA. B paboTe npuUBOAATCA pe3yJIbTaThl UCCIIEAOBAHNA 00pa3IoB U3 «PO30BOTO TOPU30HTA» B
OTJIOXKEHUAX OHEXCKOro NpUIeJHUKOBOro o3epa. [TokazaHo 60JIbIIOE KOJIMYECTBO XKeJie3a B 9TOM ropu-
30HTe, omnpejeseHbl UX (GOPMBI U pa3Mephl. BEIABJIEHO IPUCYTCTBHE B 3TOM CJI0€ MUKPOOHEIX MaTOB U
OHOILIEHOK, CAeJiaH BEIBOJ O CKOPOCTAX HAKOIJIEHUA JIEHTOYHBIX TJIMH.
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1. BBeaenue

[Tpoananu3upoBaHbl CTPOEHHE U COCTaB «PO30-
BOI'0 F'OPU30HTa» B JIEHTOYHHIX IJIMHaX. OH mpefcTaBs-
JseT coboil cTpaTurpaduyeckyd BBIJEpKaHHBI Map-
KUPYWOIUN CJION Ha BCcel IUIOMagUd OTJIOXEHUHN BOJ
OHexCcKOro TNpUJIEJHUKOBOTO oO3epa W AaTUpyeTcA
npumepHo 13 300-13 200 kas. Jlet Hazax (Hang et al.,
2019). IIpoucxoxeHue U CTPYKTypa 3TOr0 rOPHU30HTa
OCTaTCA MIpeIMEeTOM AUCKYCCHUH.

2. MaTepunanbl 1 MeTOADI

HccnemoBanusa mnpoBoAuynchk Ha [loseBckoMm
o3epe, pacrnoJIoXKeHHOM Ha 3a0HEXCKOM IO0JIyOCTPOBe
(Onexckoe o3epo) B Pecniybsinike Kapenusa. U3 kepHa
N125, mnpeAcTaBjIeHHOTO JIEHTOYHBIMM TJIMHAMU
OHexCcKOoro IpUJIeOHUKOBOIO 03epa, ObIO H3y4YeHO
18 mpo6, oTobpanHbIX ¢ uHTepBasioM 0,5 cM (riay6uHa
9,64-9,84 M — «pO30BHIII TOPU30OHT»).

JJ1A MUKpPOCKONIMYECKOT'0 aHaIn3a Bce 00pasIibl
obpabateiBasin  30% mepekuchio Bomopoda (30%
H,0,) mpu KOMHaTHOW TeMmmeparype. JTO BXOJUT B
CTaHJAPTHYI0 NMPOOOMOATOTOBKY AJA yAaJeHUsA opra-
HO-MUHEpAJIbHBIX COEMHEHUN U JUCIepPrupOoBaHUs
npoOsl. Mcnosb30Baiu 3J1€KTPOHHBIM CKaHUPYIOMNN
3JIEKTPOHHBIN MuKpockon (COM) JEOL 6610LV (JEOL,
Amnonusa). Hauboslee xapakTepHble M 4acTO BCTpeya-
omyecsa 4vactunbl Obutn  chororpadupoBaHbl.  [iia
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YTOYHEHUsA XUMHYECKOIO0 COCTaBa OTHEJIbHBIX YaCTHI]
ucrosb3oBaiu MukpoaHanuzatop INCAx-act (MAn)
(Oxford Instruments, Beauko6putanus).

CnekTpbl KOMOMHAI[MOHHOI'O paccesaHus (pama-
HOBCKME CIIEKTPHI) OB MOJIyYeHBl HEIOCPeICTBEHHO
oT Fe-copmepxammux 4YacTul] U IJIGHOK Ha MHUKPOCIEK-
TpomeTpe Renishaw inVia Reflex (BemukoGpuTtanus),
OCHAI[eHHOM JIa3epaM¥ C [JIMHON BOJIHB 532 HM U
785 HM, c HcoJb30BaHUMEeM 0OObeKTHBa 50X ¢ 4mcJIO-
Bou ameptypou 0,5. MomHocTh Jiazepa Oblia ycTa-
HoBJieHa HuXxe 0,5 MBT, 4T0OB M30exaTh M3MeHeHUs
obpasna n3-3a Harpesa. Bpemsa cOopa JaHHBIX COCTaB-
Jasano ot 10 go 180 cekyna Ha ogHO usMepeHue. s
YepHBIX YACTUI] C BEICOKHUM COAepKaHKWeM yrjepoda Mbl
WCIIOJTH30BAJIU JIa3ep C IJIMHON BOJIHHI 532 HM, MoIl-
HOCTh 5-10 MBT u Bpemsa c6opa ganusix 10 c.

3. Pe3ynbTaTthbl H 06Cy)KAeHHue

Bce o6Gpa3subl MCX0HO NMeJIH IPeuMyIeCTBeHHO
TEMHO-CEPYI0 OKpacKy, XapaKTepHyH [Ji O3epHBIX
OTJIOKEHUH. PO30BBII OTTEHOK I[eHTpaJIbHOHM 4YacTu
H3y4yaeMol KOJIOHKY ObLI BeIpaxeH cjiabo. [Tocye obpa-
OOTKM TEPEKNChI0 BOJIOPOAA OCHOBHAsA (ILEHTpAJIbHASN)
yacTh o0pasunoB npuobpesia MHTEHCHUBHBIN KpacHBIN
I[BeT B TO BpeMsI KaK IIBeTHOCTh NepudepuiiHbIx oopas-
I[OB He U3MeHUJIaCh.

[IpocMoTp 00pasnoB MoA 3JIeKTPOHHBIM MUKPO-
CKOIIOM He BBIABWJI KaKUX-JINOO OpraHO-MHHepabHBIX

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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YacTHULl, TUUYHBIX AJI O3€PHBIX 0CaJKOB (LIUCT BOJO-
pocJieli, maHUMpel OUAaTOMOBBIX BoJoOpociiel, ¢pam-
60ugoB, COUKYJ rybok). EqUHCTBEHHBIMU YacTUI[AMU
OUOreHHOU NPUPOABI ABJIAINCH MHKPOOHBIE MAaTHl U
mwieHKd. OCHOBHasA 4acTh BcexX 00pasIioB IIpeficTaBjieHa
MHHepaJIbHBIMU YacTUIIaMU Pa3HOH pa3MepHOCTH.

B ob6pasiax neHTpajabHON YacTU KOJIOHKHU BCTpe-
yeHO OOJIBIIOEe KOJIMYECTBO MeJKUX (2-3 MHUKpOHA)
KPHUCTaJJIOB OKCHAA XeJle3a.

Hcnosp3oBaHre MUKpOaHaM3aTopa IoOKasajlo,
YTO B 3THX oOpaslax kejie30 MPUCYTCTBYeT He TOJIbKO
KakK OTAesIbHble MUHepaJsibl, HO U B BHJie TOHKUX XeJle-
3UCTHIX IIJIEHOK, TOKPHIBAIOIMX BCe YacTHUIBl (00JI0MKH
aJIIOMOCHJIMKaTOB U MUKPOOHBIe MaThl). ComepxaHue
JkeJie3a Ha IOBEPXHOCTU YacCTHUI] HEOJHOPOAHO — Bapbu-
pyetr or 1 no 80 BeCOBBIX MPOLEHTOB OTHOCHUTEJILHO
JAPYTUX XUMHUYECKUX 3JIeMEeHTOB, COCTaBJIAA B CpeHEM
25-30 BecoBHIX %.

PamaHOBCcKasg CHEKTPOCKONMA O3€pHBIX OTJIO-
JKeHUI1 IoKasajla Hajdyue 4YacTUll OKCHUJOB ’XeJie3a
cpeou MaTpullbl CHJIMKATHBIX MUHepajioB U yKasaja
Ha TpaHcpopMal1io UX XUMUYECKON CTPYKTYPHI B CTO-
pony Fe-(okcn)runpokcnoB. Cpeid OKCHUIOB BBIAB-
JeHo OoJibllloe KOJINYEeCTBO 3epeH reMarTuTa (Fe203),
a cpeau (oxcu)rufpokcuzioB — rerura (a-FeO(OH)),
KOTOpBIN BCTpeYaeTcsA pelKO M Bcerga B COYETaHWUU C
reMaTuToM. B cnekTpax NpHUCYyTCTBOBAJIM CJleylolire
paMaHOBCKHe II0JIOCH, XapaKTepHble [JIA remMaTuTa
(Hanesch, 2009): 222-225 (c mieuoM 245), 290-300 u
407-408 cMm-1. JlonoysiHUTEIbHBIE ITOJIOCH Ipu 298-299
u 379-385 cMml, eciu OHM TPUCYTCTBYIOT, BEPOATHO,
yKa3bplBalOT Ha 4aCTHUYHYI0 TpaHchopMalWio reMaTuTa
C NOsIBJIEHHEM I10JI0C, XapaKTepHBIX AJIA reTUTa U py-
rux Fe-(okcu)ruapokcuoB. CieKTpel reMaTUTa 4acTo
CMeIIaHbl ¢ pe3KUM koM 464-465 cml, mpuHagexa-
UM KBaply.

OTji0’)keHHA TaKXe cojepXajlyd MHOTIOYMCJIeH-
Hble OoraTble yrjIepoAOM YepHble YaCcTUIIL, IpenMyle-
CTBEHHO B BH/Ie XJIONbeB. JTHU YacCTUI[BI AeMOHCTPUPO-
Bajy pe3kue NukU D mepBoro nopsaka (CTpyKTypHBIe
nedextsl B apomatuueckoM C) u G (miockue KoJie-
6anus cesazeil C=C) ¢ nenTpamu okosio 1350 cm?! u
1580 cM! COOTBETCTBEHHO, a TAKXKE IMOJIOCY BTOPOTO
nopsika. ¢ neHrpom ~2700 cml. B mesom, pamaHOB-
CKMe CIeKTPhl CBUAETEJbCTBYIOT O BKjaje rpadpura u
JApyTruX TUIIOB TepMUYeCKH 3peJioro yrjiepoja, Bepo-
ATHO, Te0JIOTUYeCKOro IPOMCXOXJeHUsA (Hampumep,
yrjiepoja MeTaMop@uUyecKux Iopon).

4. 3aknioueHue

M3MeHeHUe OKpacKy 06pa3LoB Hocje 06paboTKu
UX TIepEKHChI0 BOAOPOJA CBA3AHO C HAJIMYMEM B HUX
3HAUUTEJIBHBIX OOBEMOB 3ejie3a. JTO HE3aBUCHMO
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NONTBepXJaeTcs [AaHHBIMH, IOJIyYeHHBIMU C IIOMO-
MIbI0 MUKpoaHasn3aTropa. @opMbl coeIMHEHUH kejle3a
IpeficTaBJIeHbl MEJIKUMH KpHUCTAaJUIaMU 1 aMOpGHBIMU
IJIEHKaMH Ha NOBEPXHOCTSAX Jpyrux yactuill. O6pasis,
He N3MeHUBIINE OKPACKy 1ocje 06paboTKy IepeKCchio
Kakux-1mbo ¢GopMm keneza (KpuUCTaJUIbl, IJIEHKA) He
HIMeJIU.

[MpucytctBue B obpasuax OHOreHHBIX GopM
HCKJTIOUUTEJIBHO B BUJe MUKPOOHBIX MaToB U OHOILIe-
HOK yKa3blBaeT Ha OTHOCUTEJIbHO OBICTpble NPOIECCHI
HAKOIUIEHUs] OCAOKOB, He TII03BOJIUBIINE IOSIBUTHCA
60Jiee CJIOXKHBIM OpraHmdeckuM ¢dopmam, HamnpuMmep,
dpambongaM, IUATOMOBBEIM BOJOPOCIIAM U TIP.

MukpobHble MaTH M OUONJIEHKU MOIYT pa3BU-
BaThcA B IJTybokoH Boje Aaxe Ha riayouHe 100 M u
Huxe (Andersen et al., 2011; Greco et al., 2020). B ruy-
OOKOBOAHEIX CcpeflaX COCTaB MHKPOOHOro coobiiecTBa
MOXeT MeHATbCA OT GOTOABTOTPO(OB K XEMOABTOTPO-
¢dam. Hampumep, B OTJIOXKeHUAX o3epa Balikas, BKIIO-
qas ero riy60KOBOIHBIE YACTH, OOHApYXeHB MUKpPO-
OpraHMU3MBl C pa3HOOOpPA3HEIMU MeTaboIYeCKUMU
crpareruamu (Zemskaya et al., 2021).
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ABSTRACT. The study is focused on the litho- and biostratigraphic record of Lake Lavijarvi, presently
a small lake in the closest vicinity from the Ladoga coast, and formerly a sheltered bay of Lake Ladoga.
Several stages of its evolution were revealed that are characterized with different organic matter content
in the sediments, diatom assemblages composition and abundances of siliceous microalgae remains. It
has been demonstrated that at the earlier stages, the environments in the basin of Lake Lavijarvi were
similar to those in Lake Ladoga. Later in the Holocene, local factors became more pronounced, and the
conditions different from those in the open-water part of Lake Ladoga established in the basin of Lake
Lavijarvi. The regression of Lake Ladoga resulted in the isolation of Lake Lavijarvi and the beginning of

its small-lake stage after ca. 3900 cal. BP.
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1. Introduction

Despite of more than 60 years of paleolimnolog-
ical research in Lake Ladoga, a number of questions
concerning the evolution of this largest European lake
still arouse interest in the scientific community. Those
include the lake-level changes and paleo-shoreline dis-
placement in the late- and postglacial times, as well as
the lake ecosystem responses to climate and environ-
mental changes and human impact.

Application of the modified isolation-basins
approach that involves the small lakes inundated by
Lake Ladoga waters during its high-level stages in the
past provides a valuable information on the environ-
mental conditions in these paleo-bays of Lake Ladoga.
The present study is aimed at reconstructing late- and
postglacial environments in a former northern shel-
tered bay of Lake Ladoga based on the litho- and bio-
stratigraphy of the sediments of a low-lying isolation
basin in the close vicinity to the present Ladoga coast.
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2. Materials and methods

Lake Lavijarvi (61°38.267’ N, 30°29.407’ E) is a
relatively small (S=2.2 km?) and rather deep (up to
26 m) lake located in the northern coastal area of Lake
Ladoga (Fig.). The shortest distance from Lake Lavijarvi
to the present Lake Ladoga coast is < 5 km. The lake’s
elevation is 5.9 m a.s.l. that is only 0.9 m above the
present average level of Lake Ladoga. It drains via a
small stream to Lake Polyakovo (5.2 m a.s.l.) and finally
to the Otsoistenlahti Bay of Lake Ladoga. Due to its low
elevation and a short distance to the coast the basin of
Lake Lavijarvi must have been inundated by the Ladoga
waters during the high-level stages of Lake Ladoga in
the late- and postglacial times.

Ca. 3.9-m long sediment core was retrieved at 5.5
m depth using the Russian peat corer. Loss-on-ignition
(LOID) and diatom analyzes and radiocarbon AMS dating
of the sediments were performed. Chrysophyte (golden
algae) cysts were counted alongside with the diatom
valves, and concentrations of each group of the sili-

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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Fig. (a) - Lake Ladoga and Lake Lavijarvi (red star); (b) — a closer view of the location of Lake Lavijarvi.

ceous microfossils and “cysts to diatoms” ratios were
subsequently calculated.

3. Results and discussion

The lowermost sediment unit is represented
by varved clays accumulated at the bottom of Lake
Ladoga and adjacent lowlands in the Late Glacial when
the large areas were occupied by the proglacial lake,
the Baltic Ice Lake. Low LOI values (<2%) recorded
in this unit are characteristic for the glaciolacustrine
clays in the Ladoga basin (Subetto, 2002; Kuznetsov
and Subetto, 2021). Low concentrations of the diatom
valves and chrysophyte cysts observed in these clays
in Lake Lavijarvi indicate low-productive environments
of the BIL. Similarly low abundances of the siliceous
microfossils were recorded in lateglacial sediments
everywhere in Lake Ladoga (The History..., 1990;
Ludikova, 2023).

The sharp transition to gyttja clay corresponds
to the catastrophic drainage of the BIL ca. 10600 cal.
BP. This resulted in a minor increase in LOI values
and a pronounced rise of diatom and chrysophyte con-
centrations indicating the onset of the “Lake Ladoga
bay” stage of the evolution of Lake Lavijarvi. At the
onset of this stage, relatively high proportions of the
diatom species indicative for the freshwater Ancylus
Lake transgression in the Baltic Sea were observed in
the diatom record. The waters of the Ancylus Lake are
believed to have entered to the Ladoga basin. Most of
the indicative Ancylus taxa, however, are also com-
mon for the post-Ancylus diatom assemblages of Lake
Ladoga. It is not clear therefore whether their higher
abundances in the Early-Holocene sediments result
from the direct influence of the Ancylus Lake. Previous
paleolimnological studies suggested that the Ancylus
transgression in the northern part of the Ladoga basin
was obscured by the ongoing isostatic uplift as reflected
in the high percentages of benthic diatoms (Davydova
and Subetto, 2000). High proportions of benthic taxa
and a minor increase in planktonic Aulacoseira subarc-
tica also observed in the diatom record of Lake Lavijarvi
as well as elsewhere in the Early-Holocene sediments
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in Lake Ladoga (Kostrova et al., 2019; Ludikova and
Kuznetsov, 2021).

Further increase in organic matter content and
accumulation of clay gyttja suggest increasing produc-
tivity of the Lake Ladoga ecosystem as the climate grad-
ually warmed. Planktonic species tend to dominate in
the diatom assemblages (>70%) where the most abun-
dant species was Aulacoseira islandica, a taxon typical
of the Holocene Ladoga phytoplankton. It is arguable,
however, whether the predominance of planktonic dia-
toms may result from some slowing-down of the iso-
static uplift rate of the northern Ladoga basin outrun
by the lake-level rise. The “cysts to diatoms” ratios
also increases in the Lake Lavijarvi sediments during
this period unlike the sediment records from the cen-
tral Lake Ladoga where their highest values were more
characteristic for the onset of the Holocene (Ludikova,
2023). It can be suggested that more favorable environ-
ments for chrysophytes existed in the sheltered bays of
Lake Ladoga compared to its open-water part.

The Holocene climatic optimum is clearly
recorded in the highest LOI values (9%) and increased
diatom and chrysophyte concentrations ca. 7700 cal.
BP. Although planktonic A. islandica remained abun-
dant, the predominance of benthic taxa re-established
by that time pointing to extensive shallow-water areas
in the paleo-bay of Lake Ladoga.

Further increase in diatom concentrations is typ-
ical of the second half of the Holocene in Lake Ladoga
(The History..., 1990). However, synchronously increas-
ing abundances of chrysophytes were not recorded in
other sediment cores in Lake Ladoga, and probably
reflect specific environments of the sheltered bay.

The transition to the next stage of the evolution
of Lake Lavijarvi is record as a dramatic decline in the
organic matter content and shifts in the diatom assem-
blages composition. According to the radiocarbon dat-
ing, these changes occurred after ca. 3900 cal. BP and
can be therefore attributed to the Ladoga level drop
due to the formation of its new outlet, the River Neva,
ca. 3400 cal. BP. As a result of the regression, the Lake
Ladoga level lowered down to the present 5 m a.s.l., the
coastal lowlands emerged and a number of small lakes
isolated from Lake Ladoga.
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4. Conclusions

The litho- and biostratigraphic study of the sed-
iments of Lake Lavijarvi, a former bay of Lake Ladoga,
has demonstrated that at the earlier stages similar envi-
ronments existed in both basins. Later in the Holocene,
however, the sheltered bay provided the specifics con-
ditions different from those in the open-water part of
Lake Ladoga as reflected in the dynamics of organic
matter content, diatom assemblages composition, abso-
lute and relative abundances of chrysophyte cysts.
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AHHOTAILIUA. PaboTta HanpaBjieHa Ha JIMTO- U OuocTpaTurpaduieckoe nusydeHue OTJIOXEHUH o3epa
JlaBusApBH, KOTOPOE B HacTosAllee BpeMs NpeficTaBjiAeT cob6oi HeOOJIbIION BOJOEMOB B HEIIOCPEACTBEH-
HOU 06s1130cTH OT JIagoXKcKOro nobepexpbs, a B MIPOLLJIOM SABJIAJIOCH 3aKPHITHIM 3aJIMBOM JIamoxcKkoro
o3epa. BpUIO BBHIABJIEHO HECKOJIBKO 3TANOB €ro 3BOJIIONNK, KOTOPBIE XapaKTepU3yHTCA Pa3IMYHBIM
cofilep>XaHNeM OpraHUYeCKOro BelleCTBa B JOHHBIX OTJIOKEHUAX, COCTaBOM AUATOMOBBIX KOMIIJIEKCOB 1
cojlep>XXaHUeM OCTaTKOB KPEMHUCTHIX MUKPOBOAOPOCJIel. Brulo nmoka3zaHo, yTo Ha 6ojiee paHHUX CTa-
JUAX yCJIOBUA B KOTJIOBHHE o3epa JIaBUApBU OBLIIM CXOAHBI ¢ 00CTaHOBKaMM B Jlamoxxckom osepe. B
JajipHeleM JIOKajbHble (haKTOPHI cTajy 0OoJiee BEIpaXXeHHBIMU U B 03epe JIaBUAPBU yCTaHOBUJINCH
yCJIOBHsA, OTJIMYHEIE OT TAaKOBBIX B OTKPHITOM yacTu Jlamoxckoro o3epa. Ilagenue ypoBHA Jlamgoxckoro
03epa IpuBeJIo K OTAEJIEHUI0 03epa JIaBuApBU U epexoAy K CTaauu Majioro sogoeMa nocje 3900 kaj.

JI.H.

Kitioueavie cytoga: JOHHBIE OTJIOXKEHNS, TUATOMOBBEIE BOAOPOCJIU, IUCTH XpU30(PUTOB, cofepKaHe
OpraHUYeCcKOro BEIECTBa, TOJIOLEH, NU3MeHEH!s YPOBHA o3epa, baiTuiickoe e JHUKOBOE 03epO

s nutuposanus: Jlyaukosa A.B., Kysuenos .., CyGerto [.A., Benkuna H.A. DBosonua JIagoxcKoro osepa B JIUTO- U
6uocrpaturpaduu HeGoJibmoro npudpexHoro oszepa // Limnology and Freshwater Biology. 2024. - No 4. - C. 384-389.

DOI: 10.31951/2658-3518-2024-A-4-384

1. BBeaenue

Hecmotps Ha Gosiee yem 60-j1eTHHE TaIe0JIMIM-
HOJIOTMYeCcKHe uccienoBaHua JlaloXcKoro osepa, psafg
BOIIPOCOB, KacCawIUXCA 3BOJIIOLUN 3TOTO KpPYIHEH-
mero o3epa EBpoIbl, o-npeXHeMy BBI3BIBAIOT MHTEpeC
B Hay4yHOM cooOmecTtBe. K HUM OTHOCATCA H3MeEHe-
HHUA ero YpoBH:A U mepemellleHre OeperoBoi JIMHUU B
MOo3JHe- U MOCJIeJIeJHUKOBOE BpeMs, a TakXe peakIus
03epHON 5KOCHCTEMEBI Ha U3MEHEHUs KJIMMaTa U OKpy-
JKamel cpeasl 1 aHTPOIIOreHHOE BO3elCTBUE.

[TpumeHenre MoOAM(PUIMPOBAHHOTO MeETOAA
U30JIAIMOHHBIX 0acceiiHOB, KOTOPHIM IMOApa3yMeBaeT
U3ydeHWe MaJiblX 03ep, 3aTalyIMBaBIINXCA BOAAMU
Jlagorn Ha sTamax ee BBICOKOTO YPOBHSA B IIPOILIOM,
JaeT LeHHyw uHoOpMAaIuio 00 yCJIOBUAX Cpelbl B
3THUX JIAJOXKCKUX Iajeo3anuBax. Llesblo HACTOAMIEro
HCCJIeJIOBAaHUA ABJIAETCA PEKOHCTPYKIMA NPUPOAHBIX
00CTaHOBOK IMO3[IHEe- U IOCJIeJIeJHUKOBbS B OBIBIIEM
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Anpec e-mail: ellerbeckia@yandex.ru (A.B. JIynukosa)

INocmynwna: 10 utona 2024; IIpunama: 01 uroia 2024;
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3aKpbITOM 3aJIiBe ceBepHOH dacTu Jlagoxckoro osepa
Ha OCHOBe JIMTO- U Onoctpaturpadum JOHHBIX OTJIO-
XKEHUN W30JALUOHHOTO OacceiiHa, pacloJIOXEeHHOTO
Ha HU3KUX OTMeTKax B HeIlocpeJCTBeHHOI 6J130CTU
OT cOoBpeMeHHOro nobepexns Jlagoru.

2. MaTtepuanbl 1 MeTOAbI

Ozepo JlaBuspsu (61°38.267° c.m., 30°29.407’
B.J.) — OTHOCHUTEJIbHO Hebosbmioe (S=2.2 kM?) u
JIOBOJIBHO TJiybokoe (o 26 M) 03epo, paclojioXeH-
HOe B CeBepHOI npubpexHoii 30He JlaJoxcKoro osepa
(Puc.). Kparuaiimee paccrosHue oT o3epa JlaBuspsu
Jl0 HBIHeIlIHero no6epexbsA Jlajoru cocrasjifeT MeHee
5 kM. BreicoTa o3epa 5,9 M Han y.M., 9yTo Bcero Ha 0,9
M BBIIlle COBPeMEeHHOI'0 cpefHero ypoBH:A JlaJoxcKoro
ozepa. Osepo JlaBusABpu coenuHsAeTCA HeOOJBIINM
BojloTOkOM ¢ o3epoMm IlosisikoBo (5,2 M Hajg y.M.),

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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o3epo
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Puc. (a) — Jlagoxckoe 03epo u o3epo JlaBusipBu (KpacHas 3Be3ouka); (6) — Goyiee mOAPOGHBI 0630p MECTOMOJIOXKEHHUS

osepa JlaBusApsu.

KOTOpOe, B CBOI0 ouepeb, ApEHUpPYeTCA B 3aJIUB
OrcoiicTtenaxtu Jlamoxckoro ozepa. PacnosioxeHHBIH
Ha HeOoJIbIION abCOJIIOTHON OTMeTKe U OJIM3KOM pac-
cTosHMA OT mobepexbsa Jlagoxckoro osepa, GacceiiH
o3epa JlaBuApBU JOJDKEH OBLI 3aTallJIMBAThCA JIAA0XK-
CKMMH BOJAaMH BO BpeMs TPAHCTPECCUBHBIX CTaauN
Jlajoru B 1o3jHe- U NocjejieJHUKOBOe BpeMsl.
KoJjiloHKa JIOHHBIX OTJIOXKEHUN MOIIHOCTBIO OK.
3.9 M OpuIa oTOOpaHa € rJIyOWHEI 5.5 M C IIOMOIIBIO
pycckoro TopdsaHoro Oypa. DBeuin BEIIOJIHEHBI aHa-
13 noteps npu npokasuBanum (I1I1I1), AUATOMOBBIN
aHaiIM3 U paguoyIjepoAHOe NaTHpPOBaHUE OTJIOXe-
HUI METOAOM YCKOPUTEJIBHON MaccC-CIIeKTPOMETPHUH.
[{ucTsl Xxpr30(PHUTOB (30JIOTUCTHIX BOLOPOCJIEN) ITOICUH-
TBHIBAJIVICh BMeCTe CO CTBOPKaMH AUaTOMel; ObLIU pac-
CYMTAHbI KOHIIEHTPAI[UY KAXJIONU I'PYIIH KPEMHUCTBIX
MHUKPOGOCCUINN 1 OTHOILIEHUE «I[ACTH : JUATOMeN>.

3. Pe3aynbTaTthbl U 06Cy)KAEeHME

Camas HIKHAA 4acTh OTJIOKEHU! IIpefcTaBJieHa
JIEHTOYHBIMHU [JIMHaMU{, HaKaIUIMBaBIINMUCA Ha JHe
Jlagoxckoro osepa M Ha NpUIEramNUX K HEMy HU3-
MEHHOCTAIM B 3IIOXy MO3[IHeJIeHUKOBbsA, Korjaa 0o0Jib-
[IMe TePPUTOPUM ObLIM 3aHATH KPYIHBIM NPUJIETHU-
KOBBIM BOJI0O€MOM — BaiTHUIICKUM JIeTHUKOBBIM 03€pOM
(BJIO). Huskue 3uauenus I (< 2%), oTMeueHHbIE B
9TUX O0CAJIKaX, XapaKTepHHl I O3epHO-JIEAHUKOBBIX
rivH B Jlagoxckom o3epe (Cyberrto, 2002; Ky3Henos
u Cy6erto, 2021). Huskoe cojiepxaHue CTBOPOK Jiia-
TOMOBBIX BOJAOPOCJIEH U LUCT Xpru30(DUTOB, HabI0gae-
MoOe B JICHTOUHBIX I'JIMHaX o3epa JlaBusApBY, yKa3bIBAIOT
Ha HU3KYH MIPOAYKTUBHOCTh BOJHON 3KOCHCTEMEI.
[Togo6HBIe HU3KKE KOHI[EHTPalli KPEMHUCTHIX MUKPO-
BOJIOPOCJIEN OTMeYasliCh MTOBCEMECTHO B MO3qHeef-
HUKOBBIX OTJIOXeHusx Jlagoxckoro o3epa (Mcropus...,
1990; JIynukosa, 2023).

Pe3kuii mepexo K TUTTHEBON IJIMHE COOTBET-
CTByeT KartacTpodudyeckoMy najeHHo ypoBHA BJIO
ok. 10600 xan. a.H. OH COMpOBOXAAJICA He3HAYNUTEJTb-
HBIM yBeauueHrneMm 3HauveHui IITIII u BBIpa’k€eHHBIM
POCTOM KOHIIEHTpanuil CTBOPOK JUATOMOBBIX BOAOPO-
cJIer U HUCT XpU30(HUTOB, YKa3bIBAIOIINMU Ha Nepexo.
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K craauu “JIagoXCKOro 3ajuBa” B 3BOJIIOLUU 0O3epa
JlaBusapBu. B Havasie 3TOro 3Tana B COCTaBe JUATOMO-
BBIX KOMILJIEKCOB OTMEUYEHO OTHOCHTEJIBHO BBICOKOE
coZiepxaHue BUOOB, MHAUKATOPHBIX IJIA CTAOUU IIpec-
HOBOJHOI AaHIIWJIOBOM TpaHCTrpeccuu B OaITHUICKON
KOTJIOBUHE. CUMTAETCA, YTO BOJB AHI[MJIOBOTO O3epa
npoHukanu B Jlagory. OgHako OOJBIIMHCTBO WHAU-
KaTOPHBIX aHIIMJIOBBIX BHUJOB TaKXe€ XapaKTEPHbI OJIA
MOCT-aHIUJIOBBIX COOOIIECTB AUATOMOBHBIX BOJIOPOC-
aent Jlagoxckoro o3epa. IloaToMy HesACHO, ABJIAETCA
JI1 UX BBICOKOE COJIEPXXAHUE B OTJIOKEHHUAX PAHHEro
rOJIOIlEHAa Pe3yJIbTAaTOM HENOCPEICTBEHHOTO BJIMAHUSA
AunusoBoro o3epa. Ilpexpigymiyie Majie0JUMHOJIO-
rUuecKre HCCeOBaHUA IOKasaii, 4YTO aHI[UIOBas
TpaHCrpeccrs B CeBepHON dacTu JIagoXCKOU KOTJIO-
BUHBI KOMIIEHCUPOBAJIACh MPOOJIKABIIMMCSA HW30CTa-
TUYECKHUM IIOAHATHEM, YTO HAIIJIO OTPAaX€E€HHE B BbICO-
KOM MPOIEHTHOM COJiepXXaHuU OEHTOCHBIX AuaToOMeN
(TaBbimoBa u CybGetrTto, 2000). Beicokas moJisi guaTo-
Meli 6eHToca U He3HaunuTeJIbHOe YBeJIMueHre cofiepxa-
HUA IJIAaHKTOHHON Aulacoseira subarctica oTMevasiich
KaK B JUATOMOBBIX KOMILJIEKCAX 0o3epa JIaBUAPBU, Tak
U B APYTUX pa3pe3ax PaHHEroJIONEHOBHIX OTJIOKEHUN
Jlagoxckoro o3epa (Kostrova et al., 2019; JIyqukosa u
KysHeros, 2021).

JlanbHelee yBeJryeHre COLepXaHUsA OpraHu-
YEeCKOro BellecTBa M HaKOILJIEHIEe TJIMHUCTOU TUTTUU
CBUAETEJIbCTBYIOT O IMOBBIIMEHNN MIPOAYKTUBHOCTU
JIaJIOKCKOM DKOCHUCTEMBI B XOfle IPOAOJDKABIIETrOCs
noTrervieHUsA KjauMara. I1J1aHKTOHHBIe BUAbI HAYMHAIOT
AOMUHHDOBaATh B COCTaBe€ AOWMAaTOMOBBIX KOMIIJIEK-
coB (>70%). Hanbosiee mHorouuciieHHa Aulacoseira
islandica, MaccoOBBIlT IpeiCTaBUTEIb JIAA0XKCKOTO GUTO-
IUTAHKTOHA B roJioljeHe. OQHAKO He BIIOJIHE ITOHATHO,
MOTIJIO JIN npeo6ﬂa;[aHI/1e IIJIAaHKTOHHBIX BJOB ABUTHCA
pe3yJIbTaTOM HEKOTOPOTro 3aMeJJIeEHUs W30CTaThye-
CKOTO TOOHATHUA CEeBEepHOU dYacTdh JIagoXcKoro Oac-
CelHa U OMepeXaBIIEro ero NOBBIIIEHNUSA YPOBHSA 03epa.
3HaueHUA OTHOIIEHUSA “I[UCTH : AUATOMEU BOAOPOCTIN”
B 3TOT IIE€PUOA TAaKXe€ YBEJIMYMBAKTCA B OTJIOXKCHUAX
o3epa JlaBUsApBU, B OTJIMYME OT Pa3pe30B IEHTPAIb-
HOHN yacTtu JIagoXCKOro o3epa, rae HauboJjiee BEHICO-
Kye 3HavueHus ObUTM XapaKTepHB IJIA Hayajia ToJio-
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nena (Jlyaukosa, 2023). MOXHO IpPeIOJIOKUTh, YTO
B 3aKpBIThIX 3anuBax JlaJloXXCKOro osepa CyILIecTBO-
Basy 6oJiee GaronpUATHBIE yCJIOBUA AJIA MacCOBOIO
Ppa3BUTHA XpU30(DUTOB [0 CPAaBHEHUIO C €r0 OTKPHITOM
YacTblo.

KinmaTuueckuii onTuMyM rosioljeHa, ok. 7700
KaJl. JI.H., OTYETJINBO BBIAEJIAETCS BHICOKUMU 3HAUYEHU-
savu [T (9%) u 3HAUYUTESIbBHBIMU KOHI|eHTpalUusaIMU
CTBOPOK ANATOMOBBIX U LIUCT 30JIOTUCTHIX BOAOPOCIIE.
HecMoTps Ha TO, yTO IaHKTOHHasA A. islandica ocra-
eTcsA BeCbMa MHOTOYMCJIEHHOH, B COCTaBe JUaTOMOBBIX
KOMILJIEKCOB K 3TOMY BPeMeH! BHOBb YCTaHABJIMBAETCs
JOMMHUpOBaHNe OEHTOCHBIX BHJOB, 4TO YyKa3bIBaeT
Ha oOMmMpHBIe IJIOMAaaAN MeJIKOBOAUH B Iajeo-3ajiuBe
Jlagoxckoro osepa.

JlanbHelillee yBeslnueHUe KOHIIEHTpALUK CTBO-
POK JOuaToMell XapaKTepHO MAJiA BTOPOH IOJIOBHHBI
rosonieHa B Jlagoxckom o3epe (Hcrtopus..., 1990).
CHUHXPOHHOE yBeJIMYEHUE COAEpPXaHUA IUCT XpHU30-
¢uToB, He oTMeuaBllleecs B APYIUX paspesax JOHHBIX
otyioxeHuii (Jlynukosa, 2023), BepOsATHO, OTpa)xaeT
crieniUYeCKUe YyCJIOBUsS CpPefbl, CyLeCTBOBAaBIINE B
rnajieo-3ajuse.

[Tepexon k cieqymoolieMy 3Tally 3BOJIIOLUU O3€pa
JlaBuApBU  XapakTepusyeTcsi Pe3KUM CHUXeHHeM
coflepXaHUsA OpPraHUYeCcKOro BellecTBa U N3MeHEeHU-
sAMM B COCTaBe OMATOMOBBIX KOMILIEKCOB. CorJyiacHO
pesyJjbTaTaM paguoOyIJIEPOAHOIO AaTUPOBAaHUA 3TU
usMeHeHusa npousonuiu nocie 3900 kan. J.H. OHU
cTasiy pe3yJsibTaTOM IajieHreM ypoBH:A Jlajoru seien-
cTBue oOpa3oBaHus okosio 3400 kaj. JI.H. HOBOTO
cTtoka — pexu Hesrl. B xoze perpeccuu ypoBseHs Jlagoru
MOHU3WJICA A0 COBPEMEHHBIX 5 M Haj y.M., OCyIIU-
JIMCh IpuOpeXHble HU3MEHHOCTH U Ha MecTe OBIBIINX
JIaJO’KCKUX 3aJIMBOB 00pa30BajInCh HeOoJIblie U30JI1-
pOBaHHEBIE 0O3€pa.

4. 3aknioueHue

JIuto- u 6GuocTpaTurpadudeckKoe U3yueHue oTJIo-
XeHUH o3epa JIaBUAPBY, OBIBIIETO 3aMBa JIaJ0KCKOTO
o3epa, MokKasajio, 4To Ha 0oJiee paHHUX CTAAUAX B
oboux HacceliHax CcyIlecTBOBAJIU CXO/IHbIe 0OCTAHOBKU.
OpHako Mo3/IHee B 3aKPHITOM 3aJIMBE CJIOXKUJIUCH CIEll-
nduYecKre yCJIOBUS, OTJIMYHBIE OT YCJIOBUUA B OTKPHI-
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TOH YacTu Jlagoxckoro 03€pa, YTO HaAllJIO OTpaXxeHue
B AWHaAMHWKE COHOEpXKXaHWA OPraHUYECKOro BeEIIECTBA,
COCTaBe€ OMAaTOMOBLIX KOMIIJIEKCOB, abCoOTIOTHOM U
OTHOCHUTEJIbHOM COAE€pXXaHWUU LUCT XpI/IBOCI)I/ITOB.
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ABSTRACT. We performed a comprehensive analysis of the sediment cores from lake Antyukh-Lambina.
Studied area is situated on the Kandalaksha coast of the White Sea. The lake is connected to lake
Kolvitskoye by a narrow strait. We have identified several stages in the lake development from brackish
to freshwater conditions, since the early Holocene. The desalination and increased organic matter in
the sediment have led to an increase in diversity chironomid and cladocera species. Using chironomid
analysis, we performed quantitative reconstructions of mean July air temperatures and water depths.
The results showed that both parameters have increased gradually since the early Holocene.
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1. Introduction

The sediments from small lakes are valuable
repositories of information regarding changes in the
natural environment. The bottom sediments contain
both mineral and organic components, which are of
both autochthonous and allochthonous origin. A com-
prehensive study of these paleorecords provides infor-
mation about the climatic and environmental changes
in the surrounding area (Subetto, 2009; Subetto et
al.,2017; Syrykh et al.,2021).

Lake Antyukh-Lambina represents an interest-
ing case study from the perspective of the sedimen-
tary record. The lake’s basin is located in an area that
has been impacted by Quaternary glaciation, neotec-
tonic activity, sea level fluctuations and environment
changes during the Late Glacial and Holocene. The
Antyukh-Lambina lake deposits have the potential as a
valuable record of development of the Kolvitskoe lake
catchment area over past time.

2. Materials and methods

Lake Antyukh-Lambina (67.09°N 33.16°E; 59
a.s.l.) is a small lake: 200 m?, max.depth ca 6m. The
Villaselga range separates Lake Antyukh-Lambina from
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lake Kolvitskoe. Water exchange occurs through a nar-
row channel between lakes. A stream flows into Lake
Antyukh-Lambina from the south, originating in the
Kolvitskoe Tundra.

Within the study, we analyzed approximately 3
m. sediment core, which was extracted from a depth of
4 m., using a piston corer. Lithological analysis, radio-
carbon dating, LOI (loss on ignition) analysis, paleo-
botanical analysis, and micropaleontological analysis
were performed with the sediment samples.

3. Results and discussion

The lithological composition revealed that the
gray silty clay is covered with brown gyttia-aleurite,
with a gradual transition area in between. (Grekov and
Kolka, 2016). There were no obvious disturbances in
the stratigraphic sequence of the sedimentary depos-
its, indicating a continuous process of sedimentation
throughout the Holocene period since the Preboreal
period.

Based on the results of radiocarbon dating and
lithostratigraphic and LOI analysis, three main zones
can be identified in the studied sedimentary sequence.

A clear transition from a saline to a freshwater
environment (6,21-6,2 m.) at the beginning of the lake’s

© Author(s) 2024. This work is distributed
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history during the Early Holocene has been established
based on diatom analysis results (Ludikova and Grekov,
2017).

In the lowermost part of the sequence (6.94-6.66
m.), during the deposition of the clay unit, the organic
content is low, approximately 1-2%, indicating the
presence of a large, low-productivity, saline, presum-
ably glacially derived reservoir. In the higher part of
the transition zone, at a depth of 6.66 to 6.19 m., there
is a variation in the content of organic matter, rang-
ing from 3.5% to 7%. The clay fraction is replaced by
siltstone containing gyttia, indicating a transition from
mineral sedimentation to organic sedimentation. In the
higher part of the section (6.19 to 6.00 m.), it is possi-
ble to identify lithological facies by a distinct change in
siltstone composition to a siltstone with gittia with an
increase in organic content up to 14%. Subsequently,
until the end of the section (6.00 to 4.05 m.), stable
reservoir performance is observed, with minor fluctua-
tions in organic matter values (10-15%).

The dynamic of chironomid communities was
consistent with changes in lithological stratigraphy and
diatom assemblages. Significant changes in the chi-
ronomid taxanomic composition was identified in the
lower part of the core (between 6.94 and 6.42 m.). The
Orthocladius and Cricotopus, typically associated with
freshwater habitats, might indicate past water level
changes, possibly due to flooding of the surrounding
area. Chironomus plumosus-type, tolerant of low oxygen
content and unstable environmental conditions, was
also found in the lower horizons. In the upper part of
the core dominant Tanytarsus lugens-type was replaced
by Sergentia coracina-type and Zalutschia. These
changes might indicate an increase of water depth and
a cooler climate in the catchment area. Subdominant
Heterotrissocladius marcidus-type and Heterotrissocladius
maeaeri-type 1 indicated eutrophic conditions within
the lake up to present time (Nazarova et al., 2023).
Overall, changes in chironomid composition responded
small fluctuations in climate in the region, with a nota-
ble warming trend during the Atlantic period (Syrykh
et al., 2016).

At the same time, according to the reconstruc-
tion, the depth of the lake increased almost throughout
the entire period of its development. The changes in the
Cladocera community showed a similar pattern of lake
development and response to changes in environmental
and climatic conditions (Ibragimova et al., 2017).

4. Conclusions

A continuous sequence of accumulation of bot-
tom sediments of the lake Antyukh-Lambina provides
an opportunity to study the history of the formation
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and development of the surrounding territories from
the Early Holocene to modern times. The results of the
research can be extrapolated to Kolvitskoe Lake, which
is the largest in this area. Further studies of the lake
will enable us to reconstruct the detailed environmen-
tal dynamics of the region.
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AHHOTALIUA. KepHbl OOHHBIX OTJIOXKeHUH o3epa AHTIoX-Jlambuna (Kanpasmakmckuil 6eper Besoro
MOpsI) IpOaHAJIM3UPOBAHBI KOMILJIEKCOM MeToAoB. O3epo coequHseTcsi ¢ 03epoM KoJIBHIIKOE Y3KHUM
KaHaJIoM, yepe3 KOTOPHI MpOMCXOAUT BogooOMeH. Hamu BbIieJIeHBI HECKOJIBKO 3TAIlOB B Pa3BUTHUU
03epa, BKJIIOYas Iepexo[ OT COJIOHOBOAHOTO K IIPECHOMY BOJOEMY. Ilepexof K IPeCHOBOJHBLIM YCJIO-
BUAM U yBeJIMUEHME COJiepXaHUs OpraHUKU B JOHHBIX OTJIOXKEHUAX IPUBEJIU K YBEJIWYEHUI0 Pa3sHOoo-
O6pa3us BUAOB TuApoOHoHTOB. I1o pe3ysibTaTaM XUPOHOMUAHOIO aHaIM3a [IpoBefieHa KOJIMYeCcTBeHHas
PEKOHCTPYKLINA CpPedHUX HIOJIbCKUX TeMIlepaTyp Bo3AyxXa U riiyouHbl BoAbl. O6a mapameTpa mocTe-
IIEHHO yBeJINYMBaJIKCh C Hayasla roJioljeHa A0 HacCTOsAIIero BpeMeHH.
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1. Beeaenue

JlonHBle OCagKu MaJibIX O3ep SABJIAIOTCA LieH-
HBIMHA MCTOYHMKaMU HHOopManuu 00 H3MeHEeHHAX
NpUpoaHON cpenpl. O3epHble ocanku (POPMUPYIOTCA
B pesyJbTare cHoca ¢ Bojgocbopa u (popMupOBaHUA B
caMoM o3epe. KomiuiekcHoe nsydeHune sTUX Majeos3a-
Ircell Mo3BoJiAeT PeKOHCTPYHUpPOBaTh NUHAMUKY O3ep-
HOH 3KOCHCTEMHI U M3MeHeHNe NPUPOJHO-KIuMaTHnye-
CKUX ycjioBuil Ha BogocGope (CyGerto, 2009; Subetto
et al., 2017; Syrykh et al., 2021).

Ozepo AnTiox-JlambuHa (Kanpasnakiickuii 6eper
Benoro mopsi) pacnoJioxeHO B palioHe, KOTOPHIH MOJ-
BepraJicsi BO3[eICTBUI0 Pa3IMYHBIX PUPOIAHBIX COOBI-
TUH B IIPOILJIOM, BKJIIOYasA: YeTBePTUYHOE OJie[IeHeHue,
HEOTEeKTOHMUYEeCKyl0 aKTHUBHOCTb, KoJyieOaHHA YPOBHA
Mops U cMeHy JaHamadToB. JJoHHbBIEe OTJI0XKEeHNUs 03epa
AnTiox-JlamMbuHa TMpefcTaB/isieT OTJeJIbHbIII HHTEpeC
JUIl icCIleIOBaHMsA, KaK IeHHBI UCTOYHUK MHGOpMa-
LY CaMOro 03epa U OKpyxalolljell TeppUTOPUH B IIO31-
HeM HeoIlsIelicTOIleHe U ToJIoIeHe.

2. MaTepuanbl M METOADI

Ozepo AnTiox-JlambuHa (67.09° c.m1. 33.16° B.1.;
59 M Haj ypoBHEM MOpsI) IpejicTaBJisieT co60i HeGOoIb-
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II0e 03epo, IUIOMAAbI0 0Koo 200 M?, ¢ MakCHMAaJb-
HOU ri1ybuHoU okoJio 6 M. I'paga Busuiacesnsra otfe-
JiseT ero ot o3epa KosBuiikoe, BogooOMeH ¢ KOTOPBIM
IIPOUCXOAUT 4Yepe3 y3kul kaHaj. C ora B 03epo
AnTiox-JlamMOuHa BHajaeT pyuei, Oepymiuili Hayaao B
KosBuikoii TyHpe.

KepH OOHHBIX OTJIOXKEHUI MOIIHOCTBIO OKOJIO 3
MeTpoB ObLI OTOOpaH C rJIyOMHBL 4 MeTpa C HCIOJIb-
30BaHHeM IopIIHeBOro Oypa. B pamkax uccsienoBaHusa
ObUTM IIpOBeAEeHBl pajuoyTrJiepogHOe AaTHpOBaHUe,
anaiu3 [III1 (motepsAa Maccel Npu MpPOKAJIMBAHUMN),
JIUTOJIOTUYeCKUii, majieo00TaHWYecKuii M MHUKpona-
JICOHTOJIOTMYECKUI aHaJIM3bl JOHHBIX OTJIoXeHui. Ha
OCHOBE XMPOHOMUAHOI'O aHaju3a BHINOJIHEHA pPEeKOH-
CTPYKIMA CpPedHUX HIOJIbCKUX TeMIlepaTyp Bo3JyXa u
rry6unsl BoAsl (Nazarova et al., 2023).

3. Pe3yAabTatbl M 06Ccy)xpeHue

JINTOJIOTMYECKUI aHaJIU3 MOKa3as, YTO B OCHO-
BaHWU UCCJIEJOBAHHOIO pa3pe3a JIEXaT CEPhIe UJINCTHIE
[JIMHBI, KOTOPHIE [EPEKPHITHl KOPUYHEBBIM AJIEBPUTOM
c opraHukoii. [lepexon Mexay ropu3oHTaMU MOCTEIEH-
Hb1i (Grekov and Kolka, 2016). [To pe3yJsibTaTaMm pagu-
OYTJIEPOOHOTO AATUPOBAaHUA KCCIIEAOBAHHBIN pa3pe3
OXBaTHIBAET IEPEXOJ OT IO3[JHEr0 HeOoIUIEHCTOIleHa

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
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K TOJIOlleHy U Bech roJsioileH. B crparurpaduueckorii
MocJjie/IOBaTEIbHOCTY OCAJIOYHBIX OTJIOKEHUH He OBLIIO
3aMeTHBIX HapylleHUH, YTO yKa3blBaeT Ha HelpephiB-
HBI Ipoljecc 0caJKOHAKOIJIeHUs, HaunHasA ¢ npebope-
aJIbHOTO Tepuofa.

Ha ocHoBe pe3ysnbTaToOB paguoyTJIEPOJHOTO
JaTUpOBaHUsA, JUTOCTpaTUrpadUveckoro M aHaausa
[III1, B u3y4yaeMoil MocCJieOBaTEIbHOCTU OCAJI0YHBIX
MOPOJ MOXHO BBIAEJIUTH TPU OCHOBHBIE 30HBI.

Ananuza OUAaTOMOBBIX BOZOPOCJEN IO3BOJIMII
YCTAHOBUTH MOCTENEHHBIN NIepexo/] OT COJIEHOU cpeJibl
K IIpeCHOBOJIHOM B HayaJie uctopuu o3epa (6,21-6,2 m)
B paHHeM roJioljeHe (JIlynukosa u I'pexos, 2017).

B camoii HuxHel yacTu pa3pe3sa (ot 6,94 o 6,66
M), B I'JIMHHCTOM TOpPU30HTE, coAepXaHue opraHuye-
CKOTO BellecTBa HU3Koe, NpuMepHO 1-2%, 4yTO yKasbl-
BaeT Ha HaJimuue OOJIBIIOr0, COJIOHOBOAHOI'O HU3KO-
MPOAYKTUBHOTO, IPeAN0JI0XKUTEIbHO TPUJIEJHUKOBOI'O
BoJioeMa. Beillle, B mepexoHOI 30He Ha TrJIyOUHE OT
6,66 0o 6,19 M HabmogaeTcsA Bapualus cofepXaHUA
opranuueckoro Bemectsa ot 3,5% o 7%. I'muaucras
dpakiua 3aMmeHseTcs aJeBpUTOM, COAEPXAl[UM TUT-
TUIO, YTO yKa3blBaeT Ha Nepexo/l OT MUHepabHOIo
OCaJIKOHAKOIUJIEHNs K opraHuuyeckomy. B BepxHel
yactu paspesa (oT 6,19 mo 6,00 M) MOXHO BBIIEJTUTH
JuToJiorndeckre ¢Ganuu 1Mo OTYETIMBOMY M3MeHEeHUIo
cocTaBa aJieBpHUTa Ha aJIeBPUT C TUTTHUEU C yBesuye-
HUEeM COAepXaHHA OpraHUYecKux BellecTB A0 14%.
3arem, Ao koHIa paspesa (ot 6,00 go 4,05 m), HabIIIO-
namTca cTabuIbHBIE, C HE3HAUMTEJIbHBIMU KOJiIebaHU-
MM, 3HaUeHus opraHuyeckoro Bemlectsa (10-15%).

JuHaMuyka XUPOHOMUAHBIX COOOIIECTB COOTBET-
CTBYyeT U3MEeHEHUSIM B JINTOJIOTMYECKOi cTpaTurpaduun
U IMaTOMOBBIM BOAOPOCJIAM. 3HAUUTeJIbHasA JUHAMUKA
YHCJIEHHOCTU U TaKCOHOMHUYECKOIO COCTaBa XHUPOHO-
MU/Jl ObUIM BBISBJIEHBI B HIDKHEM 4acTU KepHa (Mexay
6,94 u 6,42 M). JomuHupymwimue 3xeck Orthocladius
and Cricotopus MOTYT yKa3biBaTh Ha JUHAMUKY YPOBH:A
BOABl U TOATOIUIEHHE OKpYyXawlleil TeppuTOpUU.
B HIWXHUX TOPU30OHTax Takxe OBLT OOHapyXeH BUJ
Chironomus plumosus-type, yCTOWYHBBIH K HU3KOMY
cofepXaHUI0 KHUCJI0poJia Y HecTaOWUJIbHBIM YCJIOBUAM
OKpYyXalollleil cpeJibl.

B Bepx mo paspesy (Ppukcupyercs cMeHa JOMMU-
HAHTHBIX TaKCOHOB Ha Tanytarsus lugens-type, u 3aTeM
Sergentia coracina-type u Zalutschia. Takue U3MeHeHUA
MOTYT CBUJIETEJIbCTBOBATh 00 yBeJMYEHUU TJIyOUHBI
BoAbl U OoJiee MpOXJIafJHOM KjuMare B BomocHop-
Holl oGsiactu. Cy6Gmomunupyiomue Heterotrissocladius
marcidus-type u Heterotrissocladius maeaeri-type 1 yka-
3BIBAIOT Ha 3BTPOQHBIE YCJIOBUA B 0O3epe 10 HaCTos-
mero BpeMeHu. B niesiomM, n3MeHeHUs B COCTaBe XUPO-
HOMU/I OTpaXkaloT HeOoJibline KojebaHMs KJIMMaTa B
pervoHe c 3aMeTHBIM TEIJIOBBIM TPEHJIOM BO BpeMs
Atnantudeckoro nepuoaa (Syrykh et al., 2016).

B TO e BpeMms, corjlacCHO pPeKOHCTPYKLUH, TJIy-
O1Ha 03epa yBeIMuMBaJiach MPAKTUYECKU Ha IPOTIXKe-
HUU BCero nepuoja ero passurus. ameHeHus B coo0-
mecTtBe Cladocera moka3zaiyd aHaJIOTUYHBINA CLieHapHUi
Pa3BUTUA 03epa U ero peakInio Ha M3MeHeHUs IPUPOJI-
HO-KJTUMaTudeckunx ycyioeuii (Ibragimova et al., 2017).
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4. 3aKknloueHue

KoMIjlekCHBIM aHaIN3 JOHHBIX OTJIOXKEHUH O03.
AHTiOX-JlaMOMHa Tokasajl pa3BUTHE O3epa OT COJIO-
HOBOJHOTO, IJIyDOKOro BojioeMa K IIPeCHOMY, OTHOCH-
TeJIbHO HerJiyboKoMy 3BTpodHOMY o3epy. JlajibHele
rcciieJoBaHNsA 03epa 03BOJIAT HaM PEKOHCTPYHPOBaTh
JleTaJIbHyl0 NUHAMUKy OKpyXalollell cpelbl peruoHa.
[TosiyuenHBle pe3yJibTaThl MOTI'YT OBITh HCIIOJIb30BAaHBI
JU1A uccilefqoBaHuA o3epo KosBuilkoe, KOTOpoe ABJIA-
eTcs caMbIM KPYIHBIM B 3TOM palioHe.
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Holocene environmental conditions in the
Eastern Sayan foothills according to a
comprehensive paleoecological study of
the Sosnovka mire
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ABSTRACT. This research is devoted to the study of the combined vegetation dynamics, hydroclimatic
conditions and fires in the foothills of the Eastern Sayan northwestern macroslope in the Holocene. The
paleoecological reconstruction results obtained on the basis of AMS-dating, pollen, macrofossils, char-
coal and malacofaunal analysis of peat deposits of the Sosnovka mire (right bank of the Yenisei River),
covering the last =11,000 calendar years are presented. It was established that the process of waterlog-
ging began at =9700-8500 cal yr BP at the optimum heat and moisture, when the waterless valley were
covered with a mixed siberian pine-spruce-fir forest, with the maximum participation of spruce and fir.
According to the study of Sosnovka mire sediments the reaction of local and regional communities to
the Holocene Thermal Maximum (7500-6000 years ago) was clearly manifested. The participation of
spruce and fir in the trees layer stand decreased sharply. The increase in fire activity was noted, which
contributed to the lightening of forests and greater development of the shrub layer. During this interval,
the process of swamping actively began in the floodplains of rivers with a drainage area in the western
part of the Eastern Sayan. Based on the results of charcoal analysis six stages of increased fire activity
were identified: I — about 10,000-8,800 cal yr BP, IT — 7500-7200, III — 5600-5000, IV — 3700-3000, V —
2100-1800, VI - 800 cal yr BP - until now.

Keywords: vegetation and climate reconstruction, Holocene, peat deposits, mollusks, fires, oxbow lake, Eastern
Sayan
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1. Introduction The object of this study is the deposits of the

Sosnovka mire, which located within the right-bank
floodplain complex of the Kan River (Irbeysky district,
Krasnoyarsk Territory, southeast of the Irbeyskoye vil-
lage), in the southern part of the Rybinsk depression,
in the periorogenic region of the Eastern Sayan and the
Siberian platform (Nikolaev and Chernov, 1988). The

Currently, there is an acute problem of study-
ing the natural systems response of to global cli-
mate change. Of particular interest is understanding
the trends in the forest communities development in
response to changes in heat and moisture conditions,

including adaptation to climate drying conditions and
recovery after the impact of the pyrogenic factor. At
the moment, paleoecological conditions and the envi-
ronmental changes in the western part of the Eastern
Sayan have been studied to a lesser extent within the
Altai-Sayan region.

2. Materials and methods
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total area of the mire is 940 hectares. The modern veg-
etation cover is represented by a wet peatland birch
forest with larch, pine,sphagnum and green moss.
Drilling was carried out using an Eijkelkamp
Peat sampler, at a point with coordinates 55°39’14.2”N,
95°36’27.9”E, absolute elevation is 261 m. The total
thickness of the deposits is 430 cm, sampling in 5 cm
increments, the total number of samples is 71. In the
depth range of 0-400 cm, sediments are represented

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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by peat, in the range of 400-430 cm - by oxbow lakes
sediments, including plant detritus and mollusk shells.
The interval 400-325 cm was not covered by the analy-
sis due to high water content, the sediments were fluid
(liquid) saturated with water and could not be taken in
the form of borehole cores.

The samples were studied using a complex meth-
ods: pollen (Grichuk and Zaklinskaya, 1948), macrofos-
sils (Kulikova, 1974), charcoal (Clark, 1988) and mal-
acofaunal analysis. Minerals of various size fractions
were studied by scanning electron microscopy using a
TESCAN VEGA 3 SBH microscope with an OxfordX-Act
energy-dispersive microanalysis system. The main min-
erals composing the sediments were identified and their
morphological features were established. Radiocarbon
analysis of six samples was carried out in the labora-
tory of isotope research of the Cenozoic Geochronology
Center of the Institute of Archeology and Ethnography
Siberian Branch of the Russian Academy of Sciences
and the Accelerator Mass Spectrometry Center of the
NSU-NSC. Calibration of radiocarbon dates and con-
struction of a depth-age model was carried out using
the Intcal20 calibration curve in the “Bchron” package
of the R. (Reimer et al., 2020).

3. Results and discussion

The peat deposit is eutrophic type, composed
almost entirely of sedge peat. At certain stages a slight
increase in the role of hypnum mosses and bog herbs
was noted. The lower part of the thickness is repre-
sented by alternating layers of fine-grained sandwsr and
medium-textured loam, reflecting various stages of sed-
imentation of floodplain and oxbow sediments under
conditions of oxbow lake separation (about 11,000
cal yr BP) with its gradual siltation and overgrowth.
The identified mollusk shells belong to inhabitants of
open, unforested landscapes (Vallonia pulchella (Muller,
1774), Vallonia tenuilabris (Al. Braun, 1842) - an indica-
tor of the “cold steppes” (Lozek, 1964) and the “steppe
tundra” (Horsdk, 2015), Pupilla muscorum (Linnaeus,
1758) and Cochlicopa nitens (Gallenstein, 1852), which
may indicate cold, treeless landscapes with high
humidity. According to the pollen analysis, sedge-fern
communities grew in the floodplain, the tree layer of
the waterless valley was sparse and represented by fir
(Abies sibirica Ledeb.), spruce (Picea obovata Ledeb.) and
siberian pine (Pinus sibirica Du Tour). Consistent eutro-
phication of the oxbow lake against the background of
changes in regional heat and moisture supply led to the
appearance of mire communities in place of the open
water surface = 9700 years ago.

For =9700-7500 cal yr BP the waterless valley
were covered with mixed siberian pine-spruce-fir for-
est. The total share of pollen of dark coniferous plants
in the pollen spectrum reached 68% - the maximum
extreme for the entire reconstruction period. The signif-
icant participation of fir in forest ecosystems (25-32%)
can be considered as a manifestation of a response to
favorable conditions of heat and moisture supply.

Starting at 7500 cal yr BP in the study area the
response of plant communities to the Holocene Thermal
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Maximum (7500-6000 cal yr BP), which manifested
itself in warming and increased aridization (Khotinsky,
1977), is clearly visible. The participation of spruce and
fir of the forests has sharply decreased (by 4-5 times).
An increase in fire activity (7500-7200 cal yr BP), the
lightening of forests and the development of the shrub
layer have been noted. The dryest air is found in the
interval 6800-5550 cal yr BP (fir pollen content - 1.3-
2.8%). At this time, the process of bog formation of
floodplains in the foothills and low mountains began
actively.

Long time 5550-3800 cal yr BP on waterless val-
ley siberian pine forests with fir, spruce and pine (Pinus
sylvestris L.) were common with slight variations in the
composition of the forest stand (the ratio of dark conif-
erous/light coniferous pollen averaged 44% to 39%).
Based on the numerical value and species diversity of
mollusk shells intervals were identified indicating an
increase in water content (5450-5350 cal yr BP) and a
decrease in water supply (5320-5020 cal yr BP; 4860-
4150 cal yr BP).

Later (3800-3600 cal yr BP) an increase in the
proportion of Pinus sylvestris L. was noted in the com-
position of the spectrum to 46% - the maximum since
the beginning of the mire formation process. The share
of grasses in the pollen spectrum has increased to 11%;
grasses are represented by 16 taxa - maximum diver-
sity). An increase in fire activity is recorded (the rate of
accumulation of charcoal particles is about 250 parti-
cles per 1 cm? per year).

After 3600 cal. yr BP there was a gradual
increase in moisture an increase in the pollen con-
tent of fir and spruce in the spectrum, moisture-loving
Typha, Lycopodium dubium, ferns Ophyoglossaceae and
Polypodiaceae were noted with spore composition 85%.
Thanatocenosis in the range of 2960-2180 cal yr BP
included maximum diversity (10 taxa), including repre-
sentatives of bivalves (subfamily Euglesinae, subfamily
Sphaeriinae). The proportion of aquatic mollusks shells
was numerically predominant with a maximum in the
interval of 2300-2230 cal yr BP. The maximum of Pinus
sibirica pollen (38.3%) occured at 2230-2180 cal yr BP.

Period 2000-1800 cal yr BP distinguished by
the reduction of Pinus sibirica (28%), Larix was noted
- 0.6%, among spores the participation of green moss
reached 70%. At this time, there was an increase in
fire activity, which collectively indicated a decrease in
moisture. Next in 1800-1300 cal yr BP the share of dark
conifers in the composition of the spectrum increased to
an average of 46.5%, which may indicated a decrease
in the lower limit of the forest in the western part of the
Eastern Sayan. Due to the lack of reliable dates above
the interval of 95-90 cm, it is very difficult to interpret
the dynamics of conditions with age reference.

4. Conclusion

The resulting reconstruction of the Sosnovka mire
allows us to trace changes in the environmental condi-
tions over the last =11,000 years in the forest-steppe
zone ecotone — a zone of decreasing low mountains on
the northwestern macroslope of the Eastern Sayan. An
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integrated paleoecological approach, based on indi-
cators of plant and animal origin, made it possible to
identify the response of communities to the main cli-
matic trends of the Holocene. Thus, the most signifi-
cant expansion of the range of dark conifers (Abies sibir-
ica, Picea obovata) occurred at =9700-7500 yr BP and
can be considered as a manifestation of a response to
favorable conditions of heat and moisture supply. The
period 1800-1300 cal yr BP (dominant Pinus sibirica)
can be correlated with the response to the Cooling of
the Dark Ages. Changes in climatic conditions towards
a decrease in moisture supply, increased continentality
7500-6000 cal yr BP, 3800-3600 and 2000-1800 cal yr
BP contributed to the rise of the lower limit of dark
conifers and increased fire activity.
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KpaTtkoe coobuienune

NMpupoaHble YCAOBUA FOAOLEHA B | IMNOLOGY
npearopbe Bocrounoro Casna no AaHHBIM  [p Lor 1V ATER
KOMMNAEKCHOIo Naneo03KoOANOrHYecKoro BIOLOGY

uccnepoeanuna 6onora CocHoBka - —

I'penanepoBa A.B.!, MuxaitioBa A.b.!, Illapadyraunos P.A.!, Croiiko T.I'.2

ICubupckuti pedeparoHelii yHugepcumem, np. Cao60dHsiii, 79, KpacHosapck, 660041, Poccus
2[Ten3eHckuli eocydapcmaeHHwblll yHugepcumem, yii. Kpacnas, 40, Ilensa, 440026, Poccus

AHHOTAILUAA. HccnenoBaHue MOCBANIEHO M3YYEHUIO JUHAMUKN pPacTUTEIBbHOCTH, TMAPOKINMaTHye-
CKMX yCJIOBUI 1 [TI0XXapOB B IpeirOpbe CeBepo-3aagHoro MakpockiaoHa Bocrounoro Casna. [IpuBoasaTca
pe3yJIbTaThl aJIe03K0JI0TMYeCKON pPeKOHCTPYKIMY, MOJIyYeHHO Ha ocHoBe AMS maTtupoBaHus, CIO-
POBO-IIBLIBI[EBOr0, OOTAHWYECKOro, MaJe0aHTPAKOJIOIMYecKoro 1 MajgakogayHHUCTUYeCKOro aHaIu3a
oTJioxeHui 6osiota CocHoBKa (mpaBoOepexbe p.EHucell), oxBaTsiBatomue nocjiegHue =~ 11000 kaneH-
JapHBIX JieT. Y CTaHOBJIEHO, YTO Mpoliecc 3aboaunBanus Havascsa = 9700-8500 kas. J1. H. B ONTUMYM
TeIlJIO- 1 BJIaroo0ecreueHHOCTH, KOrAa CyX0A0Jibl OBLIN MOKPHITH CMelIaHHBIM KeJpOBO-eJI0BO-IIUXTO-
BBIM JIECOM C MaKCHMMaJIbHBIM y4YacTHeM eJI U NUXThl. B cTpoenun tosy COCHOBKA OTYETJIMBO NPOs-
BUJIACh peaklusA Ha TepMUuYecKUui onTuMyM roJouneHa (7500-6000 Ji. H.): cokpalleHue y4yacTUsA eyl u
IIMXTHl B COCTaBe JPEBOCTOsA, YCUJIEHHE NOXXapHOH aKTUBHOCTU, OCBETJIeHUe JIecOB, Hayasio 3abosauu-
BaHUA B MOMIMAaxX pek ¢ BOAOCOOPOM B MpeATropbe 3anaHoi yacTu BocTtouHoro CasHa. BeifjesieHo mecTh
3TanoB yCUJIeHNs NoXapHOU akTuBHOCTU: I — okosio 10000-8800 kas. 1. H., IT — 7500-7200, III — 5600-
5000, IV - 3700-3000, V — 2100-1800, VI — 800 kaj. Ji. H. — II0 HacTosAIee BpeMs.

Kitiouegsle c106a: peKOHCTPYKIMA PACTUTEIBbHOCTH U KJIMMAaTa, rojiolleH, TopdsAHble OTJIOXKEHMS, MOJUTIOCKH,
moXxapsl, crapuiia, Bocrounsiii CasH

Jlna qutupoBanus: I'penageposa A.B., Muxaiinosa A.B., Illapadytaunos P.A., Croriko T.I'. [IpupofiHble yCI0BUSA rojoLeHa B
npenropbe Boctounoro CasiHa o AaHHBIM KOMILJIEKCHOTO NTAJIE0IKOJIOTMYECKOro rcciieqoBanusa 6o1ota CocHoBka // Limnology
and Freshwater Biology. 2024. - No 4. - C. 394-399. DOI: 10.31951/2658-3518-2024-A-4-394

1. Beeaenne (UpbGeiickuii paiion, KpacHospckuil Kpaii, Ha 10ro-Boc-

TOK OT c.lp0eiickoe) B 10)kHOH yacTu PrIOMHCKOI Bha-
JIVHBI B IeproporeHHoNn obJiactu BocrouHoro CasHa u
Cubupckoi miatdopmel (HukosiaeB u YepHos, 1988).
Obmas miomaap 6osota — 940 ra. CoBpeMeHHBIN
pacTUTEJIbHBIN TOKPOB MpeicTaBJieH 3a060JI0YeHHBIM
6epe3HAKOM pa3sHOTPaBHO-CHArHOBO-3eJIEHOMOIIHBIM.

B HacTos1Iee BpeMA OCTPO CTOUT IIpobJjieMa u3y-
YeHHs OTKJIMKA IPUPOJHBIX CHCTeM Ha IJiobaJsibHoe
n3MeHeHHe kiuMara. OcoOblil UHTepec MpefCcTaBAeT
[IOHMMaHNe TeHJEeHIMH Pa3BUTUA JIECHBIX COOOIeCTB
B OTBeT Ha M3MeHeHHe TeIlo- U BJjiaroobecrieyeHHO-

CTHW, B TOM 4YHKCJIE afanTaluvu K yCJIOBUAM HCCYLIE€HUA BypeHI/Ie BBIIIOJTHEHO C ITOMOIIIBI0 HpO6OOT60p-

KJIMMaTa U BOCCTaHOBJIEHU II0CJIe BO3JelCTBUA TUPO- nuxa Eijkelkamp Peat sampler B Touke ¢ KOOpAMHA-
reHHoro (axkropa. Ha cerogHaAmHuil AeHp B npejesax Tamu 55°3914.27c.im., 95°36’27.9»B.1. M aBCOITIOT-
Antae-CasgHCKOTO pervoHa B MeHbIell cTelleHU u3y-

YeHbI MaJIe03KOJIOTUYECKUe YCJIOBUA B 3aMaJHON 4acTU
Bocrtounoro CasHa.

HOU oTMeTKoM 261 M. OOmias MOIIHOCTb U3YYEHHOU
KOJIOHKU cocTtaBjsier 430 cwm, ompoboBaHMe BBINOJI-
HEHO C maroM 5 cM, obliee KOJIM4ecTBO Mpob — 71 mirt.
B muanasone riyouH 0-400 ¢cM OTJIOXKeHHUA MpencTaB-

2. MaTepuanbl H METOAbI JieHsl TopdoM, B uHTepBasie 400-430 cM — cTapuYHBIMU

ocajJikamMi, BKJIIOYAIOMIMMM PACTUTEJIbHBIN AETPUT U

OOBEKTOM UCC/IeAOBAHUS ABJIAIOTCA OTJIOXKEHUA pakoBUHEI MOJUTIOCKOB. MHTepBas 400-325 ¢M He oxBa-

6osi0Ta COCHOBKA, KOTOPOE pacIoJiaraercs B Ipefesiax YeH aHaJIN30M, 110 IPUYMHE BBICOKOV 0OBOJHEHHOCTU,
npaBobepexXxHOro MOMMEHHOro KoMmiuiekca peku Kan OTJIOXKEHUS ObLN TeKyunMuy (KUIKUMI).
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OOpa3siipl U3yueHbl KOMIIJIEKCOM MeTOJOB: CIIO-
poBo-nibUIbLieBol (I'puuyk u 3akiauHckasA, 1948), 6ota-
Huveckuil (KynukoBa, 1974), majieoaHTpakoJioruye-
ckuii (Clark, 1988) u maniakohayHUCTUIECKUH aHAJIUS.
MuHepaJsibl pasjIMyHbBIX pasMepHbIX (pakiuil N3y4yeHbl
METOI0M CKaHHUpYIoLlel 3JeKTPOHHOM MMKPOCKOIMU
Ha mukpockorie TESCAN VEGA 3 SBH c cucremoii
3HEpProJlclepcuoHHOro  MukpoaHanuza  OxfordX-
Act. PaguoyrsepoaHslli aHaIM3 HIECTHU NpoO BHINOJI-
HeH B JjiabopaTopyy H30TONHBIX uccienoBaHuil IKII
«['eoxpoHosnorusa kaiiHozosi» MAST CO PAH u LIKII
«yckopuTesabHaa Macc-cnekrpoMerpusa HI'Y-HHII.
KanuOpoBka paguoyrjiepoAHBIX JaT U INOCTpOeHue
rJIyOMHHO-BO3PAaCTHOY MOJesy NPOBOAWJIACH IO KaJIu-
O6poBouHOU kpuBOH intcal20 B makete «Bchron» cpemst
R. (Reimer et al., 2020).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

TopdsaHaa 3asexp HU3WHHOIO THUIA, CJIOXEHa
IIpeUMyIIecTBEHHO OCOKOBBIM BUAOM Top(da, B OTAeJIb-
Hble 3Talbl OTMEYaJloCh HEe3HAuWTeJIbHOe YCUJIeHHe
pOJIM THIIHOBBHIX MXOB M O0OJIOTHOIO Pa3HOTPAaBbA.
HuxuAA yacTh TOJIM NpefcTaBeHa 4YepeJoBaHUEM
CJIONIKOB MeJIKO3€PHUCTHIX [1€CKOB, TsAXKeJIbIX U CpeJTHUX
CYTJIMHKOB, OTpaXxaloliX pa3jIMyHble 3TaIbl ceMEeH-
Taluy NOVIMEHHBIX W CTapUYHBIX OTJIOXKEHUH B yCJIO-
BUAX OTIIHYPOBBIBaHUA cTapullsl (okosio 11000 kasn. .
H.) C IOCTeNleHHbIM ee 3aljIeHHeM U 3apacTaHueM.

WpenTuduiypoBaHHble PaKOBUHBL MOJLIIOCKOB
IpUHaAJexaT oOUTaTesIAM OTKPHITHIX, He3aJIeCeHHBIX
naugmadtoB (Vallonia pulchella, Vallonia tenuilabris —
WHAWUKATOP «XOJIOAHBIX cTemneii» (Lozek, 1964) u «cren-
Hoii TyHApHh» (Horsdk et al., 2015), Pupilla muscorum
u Cochlicopa nitens, 9T0O MOXeT CBUIETEJIbCTBOBAThH O
XOJIOAHBIX 6e3JiecHbIX JIaHAmA(PTaX ¢ BHICOKUM YBJIaXK-
HeHueM. CorjacHO [JaHHBIM CIIOPOBO-IIBLJIBI[EBOIO
aHaiu3a, B Io¥Me Ipou3pacTajd OCOKOBO-NANOPOT-
HUKOBBle C€OOOIleCcTBa, ApPEBECHBHIN fApyC CyXO[AOJIOB
OBLT paspexeH U NpejcTaBjieH muxToi (Abies sibirica
Ledeb.), enpto (Picea obovata Ledeb.) u xempom (Pinus
sibirica Du Tour). ITociefoBaTeIbHOE 3BTPOPUPOBAHUE
cTapulbl, Ha (HOoHe M3MEHeHUs peruoHajIbHOM TelJio-
U BJIaroobecrieueHHOCTH, MPUBEJIO 9700 n1.H. K
MI0AABJICHNIO OOJIOTHBIX COOOIIECTB HAa MeCTe OTKPHITOM
BOJHO! [TOBEPXHOCTH.

Ha nporsxenun =9700-7500 kasu. Jj. H. CyXo-
J0Jibl ObUIM MOKPBITH CMeNIaHHBIM KeApOBO-eJIo-
BO-NIUXTOBBIM JiecoM. CyMMapHas A0JIA NbUIbLE TeM-
HOXBOMHBIX pAacTeHUI B cOCTaBe IbLIbLIEBOrO CIeKTpa
pocturio 68% — MakCMMyM 3a BeChb Iepuo[ PEKOH-
CTPYKIMU. 3HauuTeJbHOE ydacThe IHUXTH B cOCTaBe
necoB (25-32% B cocTaBe cHeKkTpa) MOXHO paccma-
TpUBaTh KaK MposBJIeHHEe OTKJIMKA Ha OjaronpusaTHbE
yCJI0BHA TeIJIO- U BjIaroo0ecre4eHHOCTH.

Hauunas ¢ 7500 kaj. JI. H. B UCcCJIefyeMOM paii-
OHE XOPOIIO MPOCJIeXUBaeTCA peaklys pacTUTebHBIX
coo0IlecTB Ha TepMHYeCKHiI MaKCUMyM TroJiolieHa
(7500-6000 kaJ. Ji. H.), MIPOABUBILINICA B NOTeNJIeHUe
u ycusieHne apuausanuu (XotuHckuii, 1977). Yuactue
e/l U NUXTHl B COCTaBe APeBOCTOA pPe3KO COKpaTu-
Jjock (B 4-5 pa3 B cocTaBe CIeKTpa), OTMe4YeHO yCH-
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JieHue moxapHoil akTuBHocTU (7500-7200 kaj. J1. H.),
OCBeTJIeHHe JIeCOB 1 pa3BUTHE KyCTapHUKOBOTO Apyca.
HawnGosbiell cyxocTbl0 BO3[yXa OTJIMYAeTCA HUHTEp-
Baj 6800-5550 kan. yi.H. (comepXaHue NbUIbLBI MTUXTHI
- 1,3-2,8%), B 3TO BpeMsA aKTHUBHO HayaJics Ipoliecc
3aboJiauMBaHUA NOMM B IIpeATOpbe ¥ HU3KOrophbe, puK-
cUpyeTcs BbICOKasA KOHIIEHTpal{s YacTUI] MaKpOyIJi.

JunurensHoe Bpemsa 5550-3800 kas. Jj. H. Ha
cyxoJi0J1ax OBbLJIA pacnpocTpaHeHbl KeJPOBhIe C MUXTOH,
eJIbIo M cocHOM (Pinus sylvestris L.) neca, c HeGOJIBIINMU
BapualnysaMyd B COCTaBe MJpeBOCTOS (COOTHOIIeHHe
IBUIBIBI T€MHOXBOMHEBIE/CBETJIOXBOMHbBIE COCTaBUJIO
B cpeaHeM 44% k 39%). Ilo cTpyKType TaHaTOIleHO3a
MOJUIIOCKOB  BBIJIeJIEHBl HMHTepBajibl yKasblBalol[re
Ha yBenuueHue (5450-5350 kaji.j.H.) U CHUXeHUe
ob6BogHeHHOCTH (5320-5020 1 4860-4150 xaJ1.j1.H.).

ITo3xe, 3800-3600 kaji. Ji. H. B COCTaBe CIeK-
Tpa OTMeYeHO yBejuueHue nosu Pinus sylvestris L. o
46% - MakcuMyM C Hauajia mporiecca 0o0Ji0Too6pa-
30BaHUA, A0JIA TPaBAHUCTBIX B COCTaBe IIBLIBIIEBOTO
criekTpa Bo3pocia g0 11%, TpaBbel nmpeacTaBiieHB 16
TaKCOHaMM — MaKCHMyM pa3HooOpas3us, GUKcupyercs
yCUJIeHNe II0)KapHOM aKTUBHOCTU (CKOPOCTb aKKYy-
MYJIAIWU YacTUI] Yriig okoso 250 vactui Ha 1 cm? B
ron). [Tocne 3600 kan. j. H. HabI0gaeTCs PoOCT cofep-
KaHWA MBUIBLBI NUXTH U €JId, OTMeYeHBl BJIaroJioou-
Boie Typha, Lycopodium dubium, manopoTHUKH CEM.
Ophyoglossaceae, monsa Polypodiaceae B cocraBe cIo-
poBeIX — 85%. TaHaToueHO3 B uHTepBajie 2960-2180
KaJl. JI. H. BKJIloYaeT MakcuMaJibHoe pa3Hoobpasue (10
TaKCOHOB), B TOM 4HCJIe NIpeJicTaBUTeJIell AByCTBOpYa-
THIX MOJUTIOCKOB (mofceMericTBO Euglesinae, momcemeii-
cTBO Sphaeriinae), 1011 BOJHBIX MOJLTIOCKOB YHCJIEHHO
npeobafaeT ¢ MakcumMymoM B uHTepBaji 2300-2230
KaJ. J. H. MakcumaabHBINI 3KCTPEMyM COAepKaHuA
meUIbLEL Pinus sibirica (38,3%) mpuxogurcs Ha 2230-
2120 kaJ. 1. H.

INlepuoxy 2000-1800 kan. J. H. oOTJIUYaeTcA
cokpamienueM Pinus sibirica (28% B cmc), oTMeveHa
Larix — 0,6%, cpein CIOPOBHIX y4acTHe 3eJIeHOr0 MXa
nocruraet 70%. Ha aTo BpeMs NpUXOAUTCA yCUJIeHHe
[IO’)KapHON aKTHMBHOCTH, YTO B COBOKYIHOCTH YKa3bl-
BaeT Ha CHUXeHUe yBiaxHeHuA. [Jamee 1800-1300
KaJ. J. H. A0JI1 TeMHOXBONHBIX B COCTaBe CIIeKTpa
yBeJInuuBaeTcsa B cpeAHeM 10 46,5%, 4TO MOXeT yKa-
3bIBaTh Ha CHIXXeHMe HIDKHel I'paHuULBl Jieca B 3amaf-
Ho¥ yacTu Boctouynoro CasHa. B cBA3U ¢ OTCyTCTBHEM
JOCTOBEPHBIX AaT Bhllle MHTepBaja 95-90 cM, UHTep-
[IpeTUpoBaTh JUHAMUKY YCJIOBUI C BO3pacTHOM Npu-
BA3KOH BecbMa 3aTPYyIHUTEJIBHO.

4. 3aKknloueHue

ITonyueHnHas PEKOHCTPYKLMA «bostoto
CocHOBKa» MO3BOJIAET MPOCJIEAUTh U3MEHeHWe IpHU-
poAHOI cpefibl 3a mociyiennre ~11000 jeT B 3KOTOHe
JiecocTellHasA 30HA — 30HA CHIKAIOUUXCA HU3KOTOPUI
ceBepo-3alaHOro MakpockjoHa BoctouHoro CasHa.
KoMILIeKCHBII MaJIe0dKOJOTMYeCKUl MOMOXO0M, OIMH-
paromuiica Ha UHAUKATOPHl PaCTUTEJbHOTO U XKUBOT-
HOTO MPOUCXOXJEHUA, IO3BOJWJ BBIABUTH OTKJIUK
coo0lIlecTB Ha OCHOBHbIE KJIMMaTHUYecKUe TeHIeHIINU
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rosionieHa. Tak, HauboJiee 3HaUUTEJIbHOE pacliipeHue
apeasa TeMHOXBOWHBIX (Abies sibirica, Picea obovata)
npunuiock Ha ~9700-7500 kan. JI. H. U MOXeT pac-
cMaTpuBaThCcA Kak IposABJEeHMEe OTKJIMKA Ha OJjaro-
MIpUATHBIE YCJIOBUA TEIUIO- U BjaroobecrneuyeHHOCTH, a
nepuoy 1800-1300 kas.Ji.H. (momuHaHT Pinus sibirica)
MOXHO COOTHECTH C OTKJIMKOM Ha IloxosomaHue TeM-
HBIX BEeKOB. l3MeHeHHe KJINMaTUYeCKUX YCJIOBUI B
CTOPOHY CHIDKEHHsA BjaroobecrnedyeHHOCTH, yCUJIEHHe
KoHTHHeHTaJbHOCTU 7500-6000 kasn.ni.H., 3800-3600
n 2000-1800 kain.n. crnocoOCTBOBAJIO MOABEMY HUX-
Hell rpaHullbl TEMHOXBOWHBIX, YCUJIEHUIO I10OXapHOI
aKTHUBHOCTH.
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ABSTRACT. The work presents data on the concentration of mercury in bottom sediments of lakes,
which are characterized by the nival type of sedimentogenesis. The mercury content for bottom
sediments of lakes sampled in the middle and high mountains of the Altai Mountains is on average
0.06 pg/g. Differences in mercury concentration values for high- and mid-mountain lakes have not been
established. It has been established that, regardless of the type of sedimentogenesis in lakes of differ-
ent landscape zones of the south of Western Siberia along the meridional transect, the distribution of
mercury along the section is characterized by an increase in values up the section towards the bottom
sediments-water boundary, where they reach maximum values.
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1. Introduction

Hg is among the ten most dangerous chemicals
due to its high mobility and bioaccumulative ability
(WHO, 2017). In aquatic ecosystems, Hg can be con-
verted to methylmercury, a more toxic form that accu-
mulates in aquatic food chains. One of the main objects
of the freshwater ecosystem is the lake.

The purpose of this work is to compare the dis-
tribution of mercury in the bottom sediments of lakes
of different landscape zones in the south of Western
Siberia.

2. Materials and methods

The object of the study is small lakes in the south
of western Siberia. The lakes are located in the south-
eastern part of the West Siberian platform bordering
the Altai-Sayan folded region, within the Ob-Irtysh
interfluve, and some of the lakes are located on the
territory of the Altai Mountains (Ukok plateau, Ulagan
valley). A total of 81 lakes were studied, belonging
to different landscape zones: South taiga sub-Siberian
landscape - 11, Subtaiga West Siberian landscape - 5
lakes, Forest-steppe West Siberian landscape - 30 lakes,

*Corresponding author.
E-mail address: Malov@igm.nsc.ru (V.I. Malov)

Received: June 04, 2024; Accepted: July 05, 2024;
Available online: August 26, 2024

400

Steppe typical West Siberian landscape - 11 lakes, Mid-
mountain belt of larch and cedar-larch forests - 4 lakes,
High mountain char belt — 7 lakes, extrazonal land-
scapes (ribbon forests) — 13 lakes.

The choice of model lakes is due to the desire to
cover all classes of sapropel (classification of Corde V.I.
with modifications by Strahovenko V.D.) for all types
of sedimentogenesis characteristic of the studied land-
scape zones.

Sampling is carried out by a continuous core to
the entire depth of the bottom sediments using a cylin-
drical sampler with a vacuum seal «Typhoon» (d - 82
mm and L - 120 cm).

Analytical work was carried out at the Analytical
Center for multi-elemental and isotope research SB
RAS, Novosibirsk, Russia.

The total mercury content in the samples is
determined according to the method M 03-09-2013 on
the analyzer “RA-915M” with the prefix “RP-91C”.

3. Results and Discussion

The mercury content in individual lakes, lake
systems of the taiga, subtaiga, forest-steppe, steppe,
and ribbon forests has been published in detail in

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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Table 1. Mercury concentration (ug/g) in bottom sediments of lakes belonging to different types of sedimentogenesis. The
data is presented in the format average value (min.value — max.value).

classes of sapropel
types of Si class Ca class mixed class
sedimentogenesis
humid 0.06 (0.02-0.18) | 0.02(0.01-0.04) 0.03 (0.01-0.05)
arid 0.02 (0.004 - 0.04) | 0.025 (0.02-0.03) | 0.06 (0.02 -0.17)
nival 0.05 (0.02-0.12) n.d 0.2

Note: n.d - no data

earlier works by the authors (Gavshin et al., 1999;
Strakhovenko et al., 2010; Malikova and Strakhovenko,
2017; Strakhovenko et al., 2022, etc.) (Table 1).

The mercury content for bottom sediments of
lakes sampled in the midlands and highlands varies
from 0.02 pg/g to 0.20 pg/g and is on average 0.06
ug/g. It is worth noting that there are no fundamental
differences in the mercury concentration values for the
lakes of the highlands and the middle mountains. So
the average value for the highlands is 0.04 pug/g, and
for the highlands - 0.05 pg/g.

All the selected bottom sediments of the lakes
of the Altai Mountains can be attributed mainly to the
siliceous class. Only one lake (Lake Turquoise) can be
classified as a mixed class. No lakes whose bottom sedi-
ments can be classified as Ca class were selected, which
is most likely a characteristic of the nival type of sed-
imentogenesis of the Altai Mountains. The concentra-
tion of mercury (ug/g) in the bottom sediments of lakes,
depending on the class, is shown in Table 1 (Table 1).
In lakes characterized by the nival type of sedimento-
genesis, in general, the same values of mercury concen-
trations are characteristic as for lakes characterized by
the humid and arid type of sedimentogenesis.

The maximum observed values of mercury con-
centrations (0.2 pg/g) are observed for the island of
Turquoise, which alone forms a sample of bottom sed-
iments with a mixed class of bottom sediments.The
excellent high mercury concentrations in the bottom
sediments of this lake are explained by the proximity of
the Aktash mercury deposit.

The study of the vertical distribution of mercury
showed that the bottom sediments of lakes of all types
of sedimentogenesis are characterized by an increase
in concentrations towards the top of the section, where
maximum values are reached (Fig. 1).

Atmospheric precipitation in the form of pre-
cipitation is the main natural sources of mercury for
lakes in the catchment area of which there are no mer-
cury-containing rocks (Louis et al., 2016.). This fact is
fully confirmed by the similar nature of the distribution
of mercury in the bottom sediments of lakes belonging
to different landscape zones of the south of Western
Siberia. The characteristic increase in mercury concen-
trations in the upper part of lake sediments is explained
by the increase in mercury emissions into the atmo-

sphere in modern times (Streets et al., 2017)
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Fig.1. Vertical distributions of mercury concentrations in the average columns of bottom sediments for lakes belonging to

different types of sedimentogenesis.
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4. Conclusions

The results obtained allow us to draw the follow-
ing conclusions.

The mercury content for the bottom sediments of
lakes sampled in the middle mountains and highlands
of the Altai Mountains is on average 0.06 ug/g, which
is close to the values for lakes of other landscape zones
in the south of Western Siberia. There are no differ-
ences in mercury concentration values for the lakes of
the highlands and the Middle mountains. Regardless of
the type of sedimentogenesis in lakes of different land-
scape zones in the south of Western Siberia along the
meridional transect, the distribution of mercury along
the section is characterized by an increase in values to
the top of the section, which is explained by an increase
in the flow of mercury from the atmosphere in modern
times.
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AHHOTAIIHUS. B pabore mnpeacTaBieHHBIE JaHHbIE O KOHI[EHTpPaLUM PTYTU B AOHHBIX OTJIOXEHUAX
03ep A1 KOTOpHIX XapaKTepeH HUBAJIbHBIN TUI cefuMeHToreHesa. ComepxaHue PTYTHU AJi JOHHBIX
OTJIOXKEHUM 03ep, OTOOpPaHHBIX B CpeJHEropbe U BeIcOKOropbe I'opHOro Asntas B cpegHeM paBHO 0.06
MKT/T. Pa3nuuuii B 3HaUYe€HUAX KOHIIEHTPalluK PTyTH AJ1 03€P BEICOKOIOpbs 1 CpeJHErOphbsA He yCTaHOB-
JIEHBI. Y CTAHOBJIEHO, YTO B HE3aBUCUMOCTH OT TUIIA CEAVMEHTOreHe3a B 03epax pa3HbIX JaHAMADTHEIX
30H Iora 3amagHoyl Cubupu BAOJb MepUANOHAJIBHOIO TpaHCEKTa pacnpefesieHHe PTyTH IO pa3pes3y
XapakTepusyeTcs yBeJinueHreM 3HaueHHUl B Bepx 10 pa3pe3y K rpaHulle JOHHbIE OTJIOXKEHUA- BOAA, IAe

AOCTUTal0OT MaKCHMaJIbHbIE€ 3HAYEHNA.

Kiioueanie cioga: JoHHBIE OTJIOXKEHUS, PTYTh, F€OXUMUA

Jia qutupoBanusa: Manos B.U., Ctpaxosenko B.J[., Opauna E.A., Masos I'.. PactipefiesieHne pTyTU B 03epaxX pas3HBIX JIAHA-
madTHHIX 30H fora 3anagHor CuGupy Ha IpUMepe MOJEJIbHBIX 0OBEKTOB BJ0JIb MEPHINOHAIBHOTO TpaHcekTa // Limnology and
Freshwater Biology. 2024. - Ne 4. - C. 400-405. DOI: 10.31951/2658-3518-2024-A-4-400

1. BBeaenue

Hg Bxoout B fecaTKy HauboJiee OIacHBIX XUMU-
YeCcKUX BeIecTB K3-3a ee BHICOKOM MOOWJIBHOCTH U
O6MoaKKyMyJIAUOHHON crocobHoctu (WHO, 2017). B
BOJHBIX dKocrcTeMax Hg MoxeT nepoOpa3oBHIBaThHCA B
MeTUJIPTYTh, OoJjiee TOKCUYHYI GopMy, KOTopasa Ouo-
aKyMyJiupyeTcs B BOOHBIX NUIIEBHIX Ienax. OAHUM H3
TJIaBHBIX OOBEKTOB MPECHOBOJHON 3KOCHUCTEMBI SIBJISA-
eTcs o3epa.

Llenpio maHHOUI paboOTHl ABJIAETCA CpaBHEHUe
pacrpefiejieHusA PTYTU B JOHHBIX OTJIOXKEHHAX O3ep
Pa3HbIX JaHAma@THLIX 30H lora 3anagHoi Cubupu.

2. MaTepuanbl 1 MeTOAbI

OOBEKTOM HCCIEIOBAHUA ABJIAIOTCA MaJible
o3epa iora 3amagHoil Cubupu. O3epa pacnoJIOXeHBI
B IOr0-BOCTOYHOHN yacTu 3amnaaHo-CHOHpCcKoi IIaT-
dopmbl rpaHuyameii ¢ Anrtae-CasgHCKON CKjIag4aToM
obJsiacTpio, B npepdenax OOb-UpTHIIICKOTO MeXIype-
Ybsl, TaKXe 4acTb 03€p pacloJIOXKeHB Ha TeppUTOpUU
lopHoro Antas (miato YKOK, YjaraHckas [OJIMHA).
Bcero uccienosaHo 81 o03ep, OTHOCAIUX K pPa3HBIM
ngaHAmadTHEIM 30HaM: HOXHOTAeXHBI 3aMogHOCU-

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: Malov@igm.nsc.ru (B.1. MajioB)

INocmynwia: 04 utona 2024; IIpunama: 05 vt 2024;
Ony6tukoaana online: 26 aprycra 2024
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6upckuii — 11, [TograéxHeIi 3anagHOCUOUPCKUL JIAH-
madpt — 5 ozep, JlecocTemHoil 3amaJHOCUONPCKUN
nauamadt — 30 o3ep, CrenHON TUMUYHBIN 3amajHO-
cubupckuii taHamadpt — 11 ozep, CpegHEropHbIi Mosic
JINCTBEHHUYHBIX U KeJIPOBO-JINCTBEHHUYHBIX JIeCOB — 4
03epa, BrICOKOTOpHBII T'OJIBI[OBBIN NOsIC — 7 03ep, 3KC-
Tpa3oHaJibHble JaHAmadTel (JleHTouHBle Gopbl) — 13
o3ep.

Beibop MopesibHBIX 03ep 00yCJIOBJIeH eJia-
HHEeM OXBaTUTh BCe KJIAacChl carponeseii (kjiaccudu-
xauusa Kopgs B.U. ¢ gopa6otkamu CtpaxoeHko B.J1.)
JUIA BCeX TUIIOB CeJUMeHTOreHe3a, XapaKTepHBIX IJiA
rccisiefyeMbIX JJaHAMa(THEIX 30H.

[Tpo6ooT6Op NpOM3BOAUTCA HEIPEepHIBHBIM Kep-
HOM Ha BCIO IJIyOMHY JJOHHBIX OTJIOXXE€HUH NpY [TOMOILU
QUJIMHAPUYECKOr0 NpoOOOTOOpHUMKA C BaKyyMHBIM
3aTBOpoM KoHcTpykiuu HITO «Taidys» (d - 82 MM u
L-120 cm).

Ananutndeckas  pabora  mpoBoAuiack B
AHaIUTUYeCKOM I[eHTpe MHOI'03JIeMeHTHBIX U U30TOIl-
HbIX uccienosanuii CO PAH, HoBocubupck, Poccus.

BanoBoe comepxaHue pTyTu B npobax omnpefe-
nsaerca no Metoauke M 03-09-2013 Ha ananmsaTtope
«PA-915M» c npucraBkoil «PI1-91C».

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Ta6suna 1. KoHuenTparysa pTyTu (MKI/T) B JOHHBIX OTJIOXKEHUAX 03ep, OTHOCAIMXCA K pa3HBIM THIIAM ceVMeHTOreHe3a.
JlaHHble nipejicTaBsieHH B popMaTe cp.3Had (MUH.3HA4 — MaKC.3Ha).

KJIacC camnporese

Tun cequMeHTOreHe3a Si

T'ymugHb(Taira, moz-
Tapra, JIeCOCTemNb)

Apupnsiii(crens, JEHTOU-
Hble GOpBI)

HusaspHbIH(CpegHETOpbe,
BBICOKOTODBE)

0.06 (0.02 - 0.18)

0.05 (0.02-0.12)

0.02 (0.004 - 0.04)

CMellaHbIA

0.03 (0.01-0.05)

Ca

0.02 (0.01-0.04)
0.025 (0.02-0.03) | 0.06 (0.02 -0.17)

H.I 0.2

HpnMeanue: H.J. - HET JaHHbIX

3. Pe3yAabTaTtbl M 06Ccy)xpeHue

ColiepxaHue pTYyTH B OTAEJIBHO B3ATHIX O3e-
pax, 03epHBIX CHUCTeMaX TAWru, MMOJTAWry, JecocTelu,
CTenu, JIEHTOYHBIX OOPOB MOAPOOHO OMyOJIMKOBAHHI B
6oJiee paHHUX pabortax aBTopoB (Gavshin et al., 1999;
Strakhovenko et al., 2010; Malikova and Strakhovenko,
2017; Strakhovenko et al., 2022 etc.) (Tabauna 1).

CofepxaHue PTYTU AJid AOHHBIX OTJIOXKEHUN
o3ep, OTOOpaHHBIX B CpedHEropbe U BBICOKOTOpbe
Bappupyet oT 0.02 mxr/r o 0.20 MKT/T U B cpeiHEM
paBHO 0.06 MKr/r. CTOUT OTMETHUTb YTO IPUHIUIINAAIIb-
HBIX pa3jinyuil B 3HaYEHUAX KOHIEHTpaly PTYTU AJIA
03ep BBICOKOI'Opbsl M CpeAHeropbsi He yCTAaHOBJIEHBHL
Tak cpenHue 3HaueHue AJiA BbhICOKOropbsa pasHO 0.04
MKT/T, a AJiA BBICOKOropbsa — 0.05MKr/T.

Bce oroOpaHHbBle [JOHHBIE OTJIOXKEHUA 03ep
T'opHoro Antasd MOXHO OTHECTH IpeHMYyIeCcTBEHHO
K KpeMHHCTOMY Kkjaccy. Jlumb opHo o3epo (o.
Bupio3oBoe) MOXHO OTHECTU K CMeLIaHHOMY KJiaccy.
Osep, 4bU AOHHBIE OTJIOKEHHS MOXHO OTHecTu K Ca
KJlaccy otobpaHo He OBLIO, YTO MO BCEM BUUMOCTU

SIBJIIETCSI XapaKTepUCTHUKONM HUBAJIbHOIO THUIA Cequ-
MeHTareHe3a I'opHoro Anrtad. KoHueHTpauus pryTu
(MKr/T) B IOHHBIX OTJIOXKEHUSX O3€p B 3aBUCHUMOCTH
OT Kj1acca npepcrasieHsl B Tabauie 1. B o3epax, A
KOTOPBIX XapaKTepeH C HMBAJIbHBIN TUN ceqUMeHTOore-
He3a, B I[eJIOM, XapaKTepHBI Te e 3HaueHus KOHIIeH-
Tpanuii pTyTu 4TO U IJiA 03ep, JJi KOTOPhIX Xapak-
TepeH ¢ TYMUJHBIN 1 apUHBIN TUI celUMeHTOreHe3a.

MaxkcumaJsibHble HabJiiojaeMble 3HA4YeHMs KOH-
neHtpauuii prytu (0.2 MKr/r) HabJOfamTCca AJA
o.Bupio3oBoe, KkoTOpoe B OAMHOYKY (Qopmupyer
BHIOOPKY IOHHBIX OTJIOXXKEHUU C CMeIleHbIM KJIacCoM
JOHHBIX OTJIOXKeHHH. OTJIMYHBIE BBICOKHME 3HauYeHUA
KOHI[eHTpaluuil pTYTH B JOHHBIX OTJIOXKEHUAX aHHOTO
o3epa 00bsicHseTCs 6JM30CThI0 AKTAIIICKOTO PTYTHOTO
MeCTOPOX/IeHNs.

W3yyeHne  BepTUKAJIBHOTO  paclipejiesieHus
PTYTU MOKa3anao, YTO AJiA JOHHBIX OTJIOXKEHUN 03ep
BCeX THIIOB CeJUMeEHTOreHe3a XapaKTEPHO yBeJuye-
HHe KOHLIeHTpalull K BepXy pa3pe3a, rfie JOCTUTaloTCs
MakcuMmaJsibHble 3HaueHud (Puc. 1).

Hg, mkr/r Hg, mxr/r Hg, mkr/r
0.00 0.10 0.20 0.00 0.02 0.04 0.00 0.05 0.10
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!
10 1 10 '/ 10 /i
" o
,' 4
20 20 4 A 20 é
= = % = |
5] o J e .
g g1 2] |
3 30 4 = 30 1—# z 30 . Hg, mKr/r Hg, mkrir
= = 7 = i 0.00 0.10 0.20 0.00 050
I .
= (i ' = 0 4 04—
40 4 40 1 ‘i\ =#+-Tymnarbin, Ca 40 ( 4 '
N \ == [YMUOHBIA, .
Ay . - m 4
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60 J ol 4 60l =27 50—
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Puc.1. BepTukasbHble pacnpejiesieHHds KOHI[EHTpaluil PTYyTH B yCPeJIHEHHBIX KOJIOHKaX AOHHBIX OTJIOXKEHWH [JI 03epo

OTHOCAMINXCA K pa3HbIM TUIIaM C€JUMEHTOIre€He3a.
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ATmocdepHoe ocaxaeHue B BHJie OCAAKOB, ABJIA-
I0TCA OCHOBHBIMH IIPUPOJHBIM HCTOYHHUKAMU PTYTHU
Ui o3ep, Ha BOAOCOOPHOU TEeppUTOPUN KOTOPBIX
HeT BBIXOJIOB PTYTh codepxamux nopof (Louis et al.,
2016.). auubii pakT B NMOJHOU Mepee MOATBEPXK/a-
eTcsA CXOXKUM XapaKTepoM paclipefieJIeHUA pTyTy B JOH-
HBIX OTJIOXKEHHAX 03ep OTHOCAMMMCA K pasHbIM JIaH-
madTHBHIM 30HaM fora 3anaagHoi Cubupu. XapaktepHoe
yBeJIMueHUe KOHIIeHTpalull PTYTU B BepxHel YacTu
JIOHHBIX OTJIOXEHHUI 03ep 00bACHAETCS yBeJndeHueM
BEIOPOCOB PTYTH B atMocdepy B COBpeMeHHOe BpeM:A
(Streets et al., 2017)

4. BoiBOADI

[TosiyueHHBle pe3yJIbTaThl IIO3BOJIAIOT CAeJaTh
cJleyIolIyie BEIBOMEL.

ConepxaHue PTYTU AJiA AOHHBIX OTJIOXKEHUN
o3ep, OTOOpaHHBIX B CpedHEropbe U BBICOKOIOpbe
l'opHoro Antas B cpeaHem pasBHO 0.06 MKr/r, 4TO
6JIM3KO0 K 3HaUYeHUAM I 03ep ApYTyx JaHAmadTHBIX
30H rora 3amagHoi Cubupu. Paznmuuuii B 3HaUeHUX
KOHIIeHTpal[ii PTYTHU JJIS 03ep BBICOKOTOPbA U Cpef-
Heropbsl He yCTaHOBJIEHH. B He3aBUCUMOCTHU OT THUIIA
celMeHTOreHe3a B O3epax pasHBIX JIaHAMAQTHHIX
30H lora 3anajgHoii Cubupu BAOJb MEPUIUOHAIBHOTO
TpaHceKTa pacnpefesieHHe PTYTU IO pa3pe3y Xapak-
TepusyeTcsA yBeJWYeHHWeM 3HAuYeHUIl B BepxX IO pas-
pes3y, 4YTo O0BbACHAETCA yBeJInueHeM [I0TOKa pTyTU U3
arMocdepsl B COBpeMeHHOe BpeMs.

bAaaropapHoCTH

HccrnenoBaHue BHINOJIHEHO 3a CYeT IpaHTa
Poccuiickoro HayuHoro ¢oHma Ne 23-27-00111,
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ABSTRACT. The paper presents the results of a dendroclimatic analysis of larch trees growing in the
Arctic regions of Northeast Russia. A comparative analysis of dendrochronological parameters and cli-
matic response of generalized regional chronologies was carried out. The results of dendroclimatic anal-
ysis showed that different areas have their own characteristics of the radial growth reaction.
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1. Introduction

The study of the response of woody vegetation
in the Arctic regions of Russia is currently receiving
increased attention due to an increase in air tempera-
ture, which in these regions is several times higher than
the global average (Rantanen et al., 2022). Warming
in the boreal forest zone expands the range of woody
vegetation to the north and contributes to shifts in the
beginning and duration of the growing season, leading
to the degradation of permafrost. Ecosystems located
in Arctic regions are the most sensitive to changing
climatic conditions, and assessing the rate of these
changes in space is an important task.

It is known that the growth and development of
forest ecosystems along the circumpolar belt at high
latitudes mainly depends on air temperature during
the growing season (Schweingruber and Briffa, 1996;
Vaganov et al., 1996). The collection of dendrochro-
nological material for dendroclimatic studies was car-
ried out in extreme conditions for tree growth, where
the temperature signal in the chronologies is the stron-
gest, which usually makes it possible to obtain similar
chronologies within each dendroclimatic region.

The purpose of the work is to obtain representa-
tive generalized chronologies for the width of larch tree
rings in the northeast of Russia, spatial analysis of the
climatic response of radial tree growth and assessment
of the potential of the resulting tree-ring chronologies
for climate reconstructions.

*Corresponding author.
E-mail address: ai.kolmogorov@s-vfu.ru (A.I. Kolmogorov)
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2. Materials

The study area is limited from the west by the
eastern tip of the Taimyr Peninsula and reaches the
village of Chersky, Nizhnekolymsky ulus, Republic of
Sakha (Yakutia). The transect under study is 2100 km
long. located between 72-68 latitudes and 101 - 161
longitudes. The study materials were collected between
2012 and 2021. at 23 sites. For dendroclimatic analy-
sis, the period from 1960 to 2012 was used. The choice
is related to the duration of the obtained chronologies,
as well as the quality of climate data for the Khatanga,
Deputatsky, Kyusyur, Yubileiny, Chokurdakh and
Chersky meteorological stations.

3. Result and Discussion

To perform regionalization and comparison of
sites, a correlation analysis was carried out between
data from all analyzed habitats. Based on the closeness
of correlations, the areas were divided into 5 sepa-
rate groups according to their territory - Taimyr group
(TY), Lena and Omoloy river basin area (LO), Ust-Yana
group (UY), Indigirka river basin area (IND), basin area
Kolyma River (CH). It is shown that each of the den-
droclimatic regions is characterized by its own charac-
teristics of the response of the radial growth of trees to
the influence of climatic factors. Thus, within TY, the
radial increase shows a significant positive correlation
with the temperature of June and July, while in areas

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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on the territory of Yakutia only in June.

Calculation of moving correlation coefficients
between tree-ring width chronologies and climate
data over a 25-year window showed that the response
of radial growth to air temperature and precipitation
during the growing season varies over time. For the
Taimyr group of sites, a gradual increase in the connec-
tion with air temperature has been observed in recent
decades. An increase in the negative impact of atmo-
spheric precipitation in June was also recorded to sig-
nificant values (p <0.05) starting from the 1975-1999
period. For the LO region, there is a decrease in the rela-
tionship with air temperature in June and an increase
to significant values (p<0.05) in May air temperature
starting from 1970-1994. For the UY group, the influ-
ence of air temperature in June at the end of the stud-
ied period decreases, and the negative influence of pre-
cipitation in this area increases significantly (p<0.05)
for June from 1979-2003, and for May from the period
1977-2001. For the IND region, the influence of June
air temperature decreases towards the end of the study
period, and the negative influence of precipitation in
May increases from 1967-1991. For the Kolyma group
of CH sites, a significant (p <0.05) influence of air tem-
perature is observed in June from 1986-2011, as well
as in August for certain periods.

4. Conclusions

This work shows the promise of dendroclimatic
and dendroecological studies in the northeast of Russia,

407

aimed at understanding the characteristics of the
growth dynamics of woody plants for various habitats
in a changing climate.
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PeKOHCTPYKUMA KAMMAaTa
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AHHOTAILHA. B pabote mpegocTaBjieHBl pe3yJbTaThl AEHAPOKJIMMATUYECKOrO aHaIu3a AepeBbeB
JIMCTBEHHMUIBI, NTpon3pacrarmue B Apkruiyeckux perrnoHax Cesepo-BocTtoka Poccuu. ITpoBenieH cpas-
HUTEJIbHBIN aHa/IN3 JeHAPOXPOHOJIOTMYeCKNX TapaMeTpOB U KJIMMAaTU4eCKOro OTKJIMKa 0000IeHHbBIX
peruoHaJIbHBIX XPOHOJIOTUH. Pe3ysibTaThl AeHAPOKINMATUYECKOro aHajIu3a [OKa3ajid, YTO B Pa3HbIX
palioHax xapaKTepHBI CBOM 0COOEHHOCTU peaklUy paguaabHOro IPHUpOCTa.
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1. BBeaenue

W3y4yeHUI0 peakuu APeBECHON PacTUTEIbHOCTU
B ApKTHueckux perroHax Poccum B HacTosIiee BpeMs
yIeJisieTcsl TIOBBIIIIEHHOEe BHUMAHWE B CBSA3U C YBEJIU-
YyeHHEeM TeMIepaTyphl BO3/IyXa, KOTOPOE B AAaHHBIX
pervoHax B pa3bl IPEBHINIAET CPeqHUE TJI00AbHBIE
snavenus (Rantanen et al., 2022). [TorensieHue B 30He
OopeaJIbHBIX JIECOB PaCHIMPEHHI0 apeajioB JpeBeCHOMN
PACTUTEILHOCTH Ha CeBep U CIOCOOCTBYIOT CIIBHUTaM
B Havajle U JJINTEJIbHOCTU BETeTal[IOHHOTO TEPUO/IA,
BeJleT K Jlerpajaluyl BEYHOU MeP3JIOTH. DKOCHUCTEMBEI,
pAacHoJIoKeHHBIE B apKTUYECKUX pavioHax, SBJISIOTCS
HauboJiee YyBCTBUTEJIbHBIMU K U3MEHEHUI0 KJIMMATH-
YeCKHUX YCJIOBUMH, U OIleHKA CKOPOCTU 3TUX NU3MEHEHUN
B IIPOCTPAHCTBE SBJISIETCS BAXHOU 3ajauei.

W3BeCTHO, YTO POCT U PA3BUTHSA JIECHBIX JKOCH-
CTeM BIOJIb [IMPKYMIIOJISIPHOTO TTOSICA B BBICOKUX IITHUPO-
TaX B OCHOBHOM 3aBHUCHUT OT TeMIEPATypPhl BO3/IyXa BO
BpeMs BereTaruoHHoro nepuofda (Schweingruber and
Briffa, 1996; BaraHos u 1ip., 1996). C60p AeHAPOXPOHO-
JIOTUYECKOT0 MaTepuasia sl JIeHIPOKJINMAaTUIeCKUX
VICCJIE/IOBAHUI TPOBOJWJICA B OKCTPEMAJIbHBIX IJIs
poCTa JIepeBbEB YCJIOBUSX, TJI€ TEMIIEPATyPHBIA CUT-
HaJI B XpOHOJIOTUAX HauboJiee CUJIBHBINA, YTO OOBIYHO
MO3BOJIAET MOJIYYUTHh CXOXKE XPOHOJIOTHHU B TpeJiesiax
KaXJqo0To JIeHIPOKJIMMAaTUYECKOTO palioHa.

Llesib paboTH ABJIAETCA MOJIyYEHUE PErpe3eHTa-
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TUBHBIX 00O0OIIEHHBIX XPOHOJIOTHUH IO MIMPUHE JPeBec-
HBIX KOJIEI] JINCTBEHHUIIBI Ha CeBepO-BOCTOKe Poccuy,
IIPOCTPAHCTBEHHBIN aHa/IN3 KJIMMaTHUYecKOro OTKJIMKa
paauaabHOrO IPUpOCTa JEepeBbeB U OLleHKa MOTeHIU-
ajla MOJIyuYeHHBIX [ApeBeCcHO-KOJIbL[eBBIX XPOHOJIOIUH
JUIs1 PEKOHCTPYKIMIT KJIMMaTa.

2. MaTtepuanbl 1 MeTOAbI

PaiioH uccienoBaHuA ¢ 3amajia orpaHUYeH BOC-
TOYHON OKOHEYHOCTHIO T-Ba TaliMBIp U TOXOOUT IO .
Yepckuii HikHekosiBIMcKoOro yiiyca, Pecriybniuku Caxa
(Axytusa). Hsyyaemblll TpaHCEKT IPOTSKEHHOCTHIO
2100 kM. pacnosyaraerca Mexny 72-68 muporamu U
101 — 161 gosroToii. MaTepuaJsl ncciiefoBaHuA ObLIN
cobpansl B nepuop ¢ 2012 mo 2021 rr. Ha 23 yyact-
kax. JlJia [eHApOKJIMMATHYEeCKOro aHaji3a HCIOJIb-
3oBaJsica nepuof ¢ 1960 nmo 2012 roga. Beibop cBsA3aH
C UIUTEJIBHOCTBIO MOJIyYeHHBIX XPOHOJIOTHIH, a Takxe
KayecTBOM KJIMMaTHYeCKUX NaHHBIX AJIA MeTeopoJio-
ruyeckux cTraHuuii XataHra, [emyrartckuii, Krociop,
HO6unetineiii, Yokypaax u Yepckuil.

3. Pe3ynbTaTtbl U 06Cy)KAEHUA

[ BBEIIOSTHEHUS paliOHMPOBaHUA U CpaBHEHUA
y4acTKOB, ObUI NpOBelleH KOPPEeJIALMOHHBIN aHaIu3
MeXJy OaHHBIMU U3 BCeX aHaJIM3UPYyeMBIX MecTOOOu-

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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TaHuii. Mcxos U3 TeCHOTHl KOppPeJIALMOHHBIX CBA3eH
y4acTK{ ObUIM pasfiesieHbl Ha 5 OTHeJIbHBIX TPyNIl IO
TeppUTOpUU IIPUHAJIEKHOCTU — TaliMbpIpckasA rpymnmna
(TY), patioH 6accetina pek Jlena u Omouoii (LO), YcTb-
fAnckas rpynna (UY), paiion 6acceiiHa peku UHOurupka
(IND), patioH 6acceiiHa pexu Kossima (CH). [TokazaHo,
YTO JIA KaXIOro U3 AeHAPOKJINMaTHYeCKUX paliioHOB
XapaKTepHB CBOM OCOOEHHOCTU peakIuy paanab-
HOI'O IIpPUpOCTa JiepeBbeB Ha BJIMAHME KINMaTUYeCKUX
¢dakropos. Tak, B npefenax TY paaguanbHbIN IPpUPOCT
[OKa3blBaeT 3HAYMMYIO IIOJIOXKUTEJIbHYI0 KOppeJIALu-
OHHYIO CBA3b C TeMIepaTypoi UIOHA U UI0JIA, TOrAa KaK
Ha yyacTKax Ha TeppuTopuHu fKyTUM TOJIBKO UIOHS.

Pacuer cxoib3anux Ko3Q@UIMEHTOB KOppeJd-
LUK MeXy XpPOHOJIOTHAMY HIMPUHBI IpeBECHBIX KOJIell
Y KJIMMAaTHU4eCKMMM JaHHBIMU C OKHOM B 25 JIeT IoKa-
3aJI, 4TO OTKJIUK pajuajbHOTO IIpUpocTa Ha TeMIlepa-
Typy BO3[lyXa M BBIIABIIMX OCAJKOB 3a BereTaruoH-
HBIN NlepuoJ] MeHseTcs 1o BpeMeHU. A TatiMbIpcKoil
TPYIIBl y4acTKOB HabJrofaeTcsA MOCTelleHHOe YBeJIu-
yeHHe CBA3M C TeMIlepaTypoll Bo3fyxa B IOCJiefqHUe
Jecarwierua. Taxxke 3adUKCHPOBAaHO yBeIudyeHUe
HeraTuBHOe BJIMAHNE aTMOC(EepHBIX 0CaAKOB HIOHA A0
3HAuYUMBIX 3HaueHui (p<0.05) HaumHasa ¢ 1975-1999
nepuoga. J{na pernona LO HaGogaeTca yMeHbIIeHUA
CBA3U C TeMIlepaTypol BO3[yXa HIOHA U yBeJIMUYeHU:A
[0 3HauuMbIX 3HaueHuil (p<0.05) Temneparypa BO3-
ayxa Mad HauuHaA ¢ 1970-1994 rr. [na rpynne UY
BJIMsAAHME TeMIlepaTyphl BO3[lyXa UIOHA B KOHIle H3y4Ya-
eMoro Iepruofa yMeHbIIaeTcsA, a HeraTUBHOe BJIMAHNE
BBINIABIIINX OCAJAKOB B 3TOM patioHe 3Hauumo (p <0.05)
yBeJInuMBaeTcA 1A uoHA ¢ 1979-2003 rr., u aia mas
¢ nmepuoaa 1977-2001 rr. [{na pationa IND BiusnHume
TeMnepaTypbl BO3[yXa HIOHS yMeHbIAeTCsA K KOHILY
M3y4yaeMoro Iepuoja, W yBeJuuMUBaeTcs HeraTHUBHOeE
BJIMAAHYE BBINABIINX OCAJAKOB B Mae HayuHas ¢ 1967-
1991 rr. [lns KoJIBIMCKOH rpymsl yyacTkoB CH Habtio-
naercsa 3Hauumoe (p<0.05) BiusAHMEe TemIiepaTyphl
Bo3Ayxa B uioHe ¢ 1986-2011 rr., a TakXe B aBrycre
JIs1 OTAEJIbHBIX IIepUOIOB.
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4. BoiBOADI

JanHas pabora moka3spiBaeT IepCleKTUBHOCTD
MpOBeIeHUsT IeHAPOKJIMMATUYeCKUX U JIeHAPO3KOJIO-
raYecKux HCCJIeJOBAaHUI Ha ceBepo-BoCTOKe Poccuy,
HaIleJIeHHBIX Ha MOHMMAaH1e 0COOEHHOCTEHN MUHAMUKU
pocTa JipeBecHbIX pacTeHU /151 pa3JInYHbIX MECTOOOU-
TaHUH B YCJIOBUAX MEHSIOLIErocs KJIuMara.

BbaaropapHocTH

PaGoTh BHIIIOJIHEHA npu HOJITepXXKe
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Spatiotemporal features of the
distribution of Cd, Hg, Pb in bottom
sediments of small lakes in the south of
Western Siberia formed in various types of

sedimentogenesis
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ABSTRACT. The paper presents data on the weight contents of Cd, Hg, Pb in bottom sediments of small
lakes in the south of Western Siberia. For sapropel deposits of natural moisture of different types and
classes, formed under conditions of all types of sedimentogenesis (humid, arid and nival), the aver-
age calculated volumetric contents of Cd, Hg, Pb: 0.05 g/m3, 0.01 g/m3, 3 g/m?3, respectively. It was
revealed that their volumetric quantity per 1 m?® in sapropel deposits of natural humidity of small lakes
does not increase during the Holocene period, varying from lake to lake regardless of the type of sedi-
mentogenesis and composition of bottom sediment.

Keywords: bottom sedimentation, heavy metals, geochemistry
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1. Introduction

The huge resources of sapropels, the composition
of their organic and mineral parts allow us to consider
sapropel deposits as a valuable mineral resource, suit-
able for use in various sectors of the national economy.
The traditional use of sapropel is associated with agri-
culture and medicine (balneology). In this connection,
the question of the quality of sapropel raw materials
and its harmlessness to humans is urgent. Therefore, an
attempt was made to quantitatively assess the increase
in the volumetric pool of pollutant elements (Cd, Hg,
Pb) in the upper part of the sapropel deposits of the
studied lakes.

2. Materials and methods

The object of the study is small lakes in the south
of western Siberia. The lakes are located in the south-
eastern part of the West Siberian platform bordering the
Altai-Sayan folded region, within the Ob-Irtysh inter-
fluve, and some of the lakes are located on the territory
of the Altai Mountains (Ukok plateau, Ulagan valley).
A total of 81 lakes were studied, belonging to different
landscape zones: Subtaiga West Siberian landscape - 16
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lakes, Forest-steppe West Siberian landscape - 30 lakes,
Typical West Siberian steppe landscape - 11 lakes, Mid-
mountain belt of larch and cedar-larch forests - 4 lakes,
High mountain goltsy belt - 7 lakes, extrazonal land-
scapes (ribbon forests) — 13 lakes (National..., 2007).

The choice of model lakes was determined by the
desire to cover all classes of sapropels (classification of
V.I. Korde with modifications by V.D. Strakhovenko)
for all types of sedimentogenesis characteristic of the
landscape zones under study.

Sampling is carried out with a continuous core
to the entire depth of bottom sediments using a cylin-
drical sampler with a vacuum shutter designed by NPO
Typhoon (d - 82 mm and L - 120 cm).

Analytical work was carried out at the Analytical
Center for multi-elemental and isotope research SB
RAS, Novosibirsk, Russia.

To determine the macro- and microelement com-
position of the samples, the atomic absorption method
and mass spectrometry were used. The morphology,
mineral, phase and chemical composition of bottom
sediments were analyzed using a scanning electron
microscope and X-ray diffractometry. The activities
of 21%Pb and ¥Cs are determined according to gamma

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2024-A-4-410
mailto:malovgi@igm.nsc.ru

Malov G.I. et al. / Limnology and Freshwater Biology 2024 (4): 410-415

SI: «The 6th International Conference
Paleolimnology of Northern Eurasia»

spectrometry data. Sedimentation rates are estimated
by radiometric dating methods using atmospheric 2°Pb
under a constant flux model (CRS) verified by '*¥Cs
activity peaks across marker horizons.

3. Results and discussion

Previously, a study of the vertical and lateral dis-
tribution of microelements in the bottom sediments of
the studied lakes showed an increase in concentrations
along the section of sapropel deposits towards the “bot-
tom sediment-water” interface of Cd, Hg, Pb.

The global approach to studying the quality of
sapropel raw materials involves assessing the concen-
trations of pollutant elements per dry matter, but the
accounting of reserves, the extraction of sapropel and
its use is carried out in its natural form ( native sap-
ropel), with a wide range of humidity and density. As
a result, there is a need for weight and/or volumetric
accounting of pollutant elements.

To carry out calculations in each model lake
(41 lakes), the section of bottom sediments is divided
(according to dating data) into two parts: the upper
one - the last 100 years (as the time period with the
maximum anthropogenic input) and the lower one - the
period of 100-300 years.

Calculation of the volumetric number of potential
pollutants in native sapropel were produced according
to the formula:

M=p, .- V- E. @

where: M is the mass of the element in the deposit, t;
P, . — Skeletal density of sapropel deposit (dry matter
content per unit volume of deposit), t/m?®; V — volume
of sapropel, m?; K — element concentration in dry sap-
ropel sample, g/t.

For standardization and ease of calculation, the
volume of sapropel was taken as 1 m®. The concen-
tration of the element in a dry sapropel sample was
obtained from analytical studies as the average value of
all measurements. The density of the sapropel deposit
skeleton is a calculated value and is calculated using

the formula:
p, (1~ @)

m-(pt—1)+l’(2)

Paml =

where:

o - relative humidity of sapropel, %

p,— density of the solid phase of sapropel, t/m?

Relative humidity was taken according to ana-
lytical studies as the average value of all measurements
for each part of the section; the density of the solid
phase of sapropel is a value directly proportional to the
content of organic matter in the sample; for sapropels it
varies from 1.4 to 2.7 t/m®. The dependence has been
studied by many scientists, and a number of formulas
for calculations have been proposed; in this work, the
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formula of V.A. Filin is used. (Filin, 1988):

p,=255-0016-7,3

where, I is the content of organic matter in the sample,
obtained from the results of analytical studies.

The main indicators that influence the weight
content of elements of potential pollutants are: the
concentration of the calculated element in the sample,
humidity and ash content. In general, the content of
potential pollutant elements in the upper part of the
section is higher than in the lower part. And changes in
humidity and ash content fully correspond to the ideas
about temporary transformations in bottom sediments
of lakes, namely: compaction of sediment over time,
destruction of organic matter, formation of authigenic
minerals, etc. Average characteristics of the upper and
lower parts of the sections (Humidity - 82% and 69%
; ash content — 59% and 64%, respectively). Average
calculated weight contents of elements - potential pol-
lutants in bottom sediments: Cd - 0.05g/m?, Hg - 0.01g/
m3, Pb - 3 g/m?3.

A comparison was made of the mass content of
Cd, Hg, Pb for different types and classes of sapropels
. For all types of sapropels, the volumetric weight of
the studied elements in the lower part of the sections is
higher, and this is associated with higher density and
ash content, and as a consequence, higher concentra-
tion of elements per volume of 1 m3. It should also be
noted that there is a significant difference in the mass
content of Cd, Hg, Pb in Ca type sapropel. In the studied
lakes, authigenic carbonate formation is widespread, in
which all other sapropel matter (organic, mineral) is
diluted .

A comparative analysis of the weight content of
elements (Cd, Hg, Pb) was also carried out for bottom
sediments of lakes located in different types of sedi-
mentogenesis. For all types of sedimentogenesis, the
weight content of the studied elements in the upper
parts of the section is less than in the lower parts. But
it is worth noting that under the conditions of each
type of sedimentogenesis there are lakes for which the
weight content of the studied elements in the upper
part of the bottom sediment section is higher than in
the lower (Lake Yakovo - humid type of sedimentogen-
esis, Lake Tanatar 6 - arid type of sedimentogenesis,
Lake Horseshoe — nival type of sedimentogenesis).

To assess the prospects of the studied lakes as
sapropel deposits, the quality of sapropel was assessed
for compliance with the requirements of GOST R 54000-
2010. The sapropels of all the studied lakes correspond
in all respects to GOST R 54000-2010. According to
the content of heavy metals, sapropel belongs to the
first class of suitability. “Sapropels of the first class of
suitability are used for all types of agricultural crops,
in horticulture, floriculture, forestry, for the reclama-
tion of soils, dumps, improvement and landscaping of
urban, including recreational, territories in doses rec-
ommended taking into account the type of crop, the
fertility of each individual fields” (GOST R 54000-
2010). From which we can conclude that, despite the



Malov G.I. et al. / Limnology and Freshwater Biology 2024 (4): 410-415

SI: «The 6th International Conference
Paleolimnology of Northern Eurasia»

general global increase in the flow of Cd, Hg, Pb into
the environment, no deterioration in the quality of sap-
ropel raw materials has been detected..

4. Conclusions

The temporary change in the weight and/or
volume pool of pollutant elements (Cd, Hg, Pb) in the
sections of sapropel deposits of the studied lakes was
quantitatively assessed, and the quality of sapropel
raw materials was assessed in accordance with GOST R
54000-2010. According to the content of heavy metals,
sapropel belongs to the first class of suitability. Average
calculated weight contents of elements - potential pol-
lutants in bottom sediments: Cd - 0.05*=0.05 g/m?,
Hg - 0.01+0.01 g/m?, Pb - 3+2.7 g/m>. For sapropel
deposits of different types and classes, formed under
conditions of all types of sedimentogenesis (humid, arid
and nival), the weight content of the studied elements
in the upper parts of the section ( last 100 years) is less
than in the lower ones. This means that, given the gen-
eral global trends of increasing concentrations of heavy
metals in the environment, the quality of sapropel raw
materials has not deteriorated.

412

Acknowledgements

The study was carried out at the expense of a
grant Russian Science Foundation Ne 23-27-00111,
https://rscf.ru/en/project/23-27-00111/.

Conflict interest

The authors declare no conflicts of interest.
References

Filin V.A. 1988. Express method for determining
the density of sapropel. Peat industry 2.

GOST R 54000-2010. 2011. Organic fertiliz-
ers. Sapropels. General technical conditions. Moscow:
Standartinform.

National Atlas of Russia: In 4 volumes. 2007. In:
Dumnov A. D. (Ed.). Moscow: PMA “Cartography” (in
Russian)


https://rscf.ru/en/project/23-27-00111/

Limnology and Freshwater Biology 2024 (4): 410-415 DOI:10.31951/2658-3518-2024-A-4-410

Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
lManeonumHonozausi CeeepHol Espasuu»

NMpocTpaHCTBEHHO-BpPEeMEeHHble
ocobennocTu pacnpeaenenun Cd, Hg, Pb
B AOHHbIX OTAOXKEHUAX MaAbIX 03€ép Iora
3anapHou Cubupu, opmupyrouiuxca B
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Pa3AMYHBIX TUNMMaX CEeAMMEHTOreHe3a

Mauos I''1.*, CtpaxoBeHnko B./l., OBauna E.A., Majios B.H.

Hucmumym ceostoeuu u muHepatoeuu um. B.C. Cobo.steda Cubupckozo Omdestenus PAH, np-m Akademurxa Konmioea 3,

Hoegocubupck, 630090, Poccusa

AHHOTAILIUA. B pa6oTe nipeicTaBJIeHHbIE JaHHbIE O BeCOBBIX coepxkanusax Cd, Hg, Pb B JOHHBIX OTJIO-
JXKEHUAX MaJIbIX 03€p tora 3amagHon Cubupu. [ canporeseBbX OTJIOKEHUH ecTeCTBEHHOM BJIaXKHOCTU
Pa3HBIX TUIOB U KJIaccoB, (GOPMUPYIOUIMXCA B yCJIOBUAX BCEX TUIIOB ceUMeHTOreHe3a (TyMUIHBIMH,
apUIHBIN U HUBAJIbHBIH), CpeIHUE pacuéTHhIe 00beMHbIe conepxxanusa Cd, Hg, Pb: 0.05 r/m3, 0.01 r/m3,
3 r/M®%, cooTBeTCTBEHHO. BBIABIEHO, YTO 0O0BbEMHOE KOJIMYEeCTBO UX Ha 1 M° B camporesieBbIX OTJI0Xe-
HUAX eCTeCTBEeHHOM BJIaXKHOCTH MaJIbIX O3€p He BO3pacTaeT B IepHOoJ rojiolieHa, Bapbupys OT 03epa K
03epy He3aBUCHMO OT THIIA CeJUMEeHTOreHe3a U cocTaBa JOHHOIO OCajKa.

Kitioueawie cstoda: OHHBIE OTJIOXKEHUS, TSAXKEIIbIe METaJIJIbl, FT€OXUMHUS

Jia nqutupoBanusa: Manos I''U., Ctpaxosenko B.J[., Oauna E.A., Masnos B.W. IIpocTpaHCTBEHHO-BpeMeHHEBIE 0COOEHHOCTH
pacnpenenenus Cd, Hg, Pb B JOHHBIX OTJIOXKEHUAX MaJIbIX 03€p fora 3anafgHoi Cubupu, GopMUPYIOIINUXCA B PA3JIMYHBIX THUIMAX
cenuMeHToreHesa // Limnology and Freshwater Biology. 2024. - No 4. - C. 410-415. DOI: 10.31951/2658-3518-2024-A-4-410

1. BBeaenue

OrpoMHEIe pecypCHI CalpoIiesier], COCTaB X Opra-
HUYECKOU U MUHEPaJIbHON YacTell M03BOJIAIT CUUTATh
camponesieBble OTJIOXKEHHS LeHHBIM IOJIE3HBIM KCKO-
IaeMbIM, MPUTOJHBIM I WCIIOJIb30BAHUSA B Pa3Jidy-
HBIX OTPAC/ISIX HAPOJHOTO XO3sHicTBA. TpagUINIOHHOE
HCII0JIb30BaHUE CANPOIIeJIsi CBSA3aHO C CEJIbCKUM XO35H-
CTBOM U MeauIHON (06asibHeoJioruer). B ¢Bs3U ¢ ueM
OCTPO CTOUT BONPOC 00 KaYeCTBe CAIPOIeIEBOTO CHIPhs
u ero 6e3BpeJHOCTH Jis 4YesoBeka. [loaTomy chenaHa
MIOMBITKA KOJINYECTBEHHO OIIEHUTHh YBeJIMYeHHe O0B-
eMHOro IyJia 3jeMeHToB-nojuntotantoB (Cd, Hg, Pb)
B BepxXHell 4aCcTU CaIlpolleJIeBhIX 3aJIeXax HU3yYeHHBIX
o3ep.

2. MaTepuanbl M METOAbI

OO0BeKTOM uccieJoOBaHusA ABJIAIOTCA MaJible 03epa
fora 3anagHol Cubupu. O3epa pacroJsioXeHbl B I0r0-BOC-
TOYHOH YacTu 3anaaHo-Cubupckoil njaatgopmbl rpa-
Huuanien ¢ Antae-CasgHCKON CKJIauyaTo 00Ji1acThio, B
npepesnax O6b-UPTHIICKOTO MEXAypPeubs, TAKXKe 4acTb
03ép pacnoJioxeHb Ha Teppuropuu I'opHOro Asnras
(mnato YKok, YnaraHckas JojiiHa). Bcero ucciemo-
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BaHO 81 o03ep, OTHOCAMMX K pasHBIM JaHAMAa(GTHEIM
3oHaMm: [ToxTaéxHbeill 3amagHOCUOUPCKUM JaHAmadT —
16 ozep, JlecocTenHolt 3anmagHOCUOUPCKUN JTaHAmadT
— 30 ozep, CrenmHON TUMUYHBIA 3amnagHOCUOUPCKUI
nanamadTt — 11 ozep, CpeAHEropHBIN MOSC JIMCTBEH-
HUYHBIX U KeJIpOBO-JINCTBEHHUYHHIX JIeCOB — 4 03epa,
BrICOKOTOpPHBIII TOJIBLIOBHIM TMOsIC — 7 03ep, 3KCTpas-
oHaspHble ja”HAmadTe (JleHTouHble 60phl) — 13 o3ep
(HanmoHaJbHBIH ..., 2007).

Beibop MopesibHBIX 03ep 00yCJIOBJIeH KeJia-
HHEeM OXBaTUTh BCe KJIacCOB campomneseil (kjiaccudu-
xauusa Kopgs B.U. ¢ gopa6orkamu CtpaxoeHko B.J1.)
JUIA BCeX TUIIOB CeJUMeHTOreHe3a, XapaKTepHBIX IJiA
rcciiefyeMbIX JJaHAMa(THEIX 30H.

[Tpo6ooT6Op NpOM3BOAUTCA HEIPEepHIBHBIM Kep-
HOM Ha BCIO IJIyOMHY JJOHHBIX OTJIOXXE€HUH NPY TOMOILN
QUJIMHAPUYECKOr0 NpoOOOTOOpHUMKA C BaKyyMHBIM
3aTBOpoM KoHcTpykiuu HITO «Taidyn» (d - 82 MM u
L-120 cm).

Ananutndeckas  pabora  mpoBoAuJiack B
AHaTUTUYeCKOM I[eHTpe MHOI'03JIeMeHTHBIX U U30TOIl-
HbIX uccienosanuiit CO PAH, HoBocubupck, Poccus.

JnA npefesieHUsA Makpo- U MHKPO3JIEMEHTHOTO
cocTasa Mpob UCIOIb30BaJICS aTOMHO-abCOPOIIMOHHBIN

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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MeTo[ U Macc-crekrpoMerpus. Mopdororus, MuHe-
panpHBIN, (Pa3oBbII U XMMHUYECKUU COCTaB JOHHBIX
OTJIOXKEeHUH aHaJIM3UPOBAJIUCH IIPU [TOMOIIY CKaHUPY-
IOII[ET0 3JIEKTPOHHOT'O MUKPOCKOIIA I METOZOM peHTre-
HOBCKOM JudpakToMeTpuu. AKTUBHOCTHU 21°Pb u 1¥Cs
ompefiesyifAeTcsA IO MAaHHBIM raMMa CIEeKTPOMETPUH.
CKOpoCTU OCaJIKOHAKOIUJIEHHsI OLIeHUBAIOTCA METO-
JaMH paJilioMeTpUYecKoro AAaTHUPOBAHUA C HCIOJIB30-
BaHueM aTMocdepHoro 2°Pb mo Mojesi MOCTOSHHOTO
motoka (CRS) ¢ mpoBepkoii muKamMu akKTUBHOCTU '¥Cs
10 MapKUPYIOIHM r'OpPU30HTAM.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

Panee u3yuyeHue BepTUKaJBHOIO U JiaTepasib-
HOTO pachpefiejieHusA MHKpPO3JIeMEeHTOB B [JOHHBIX
OTJIOKEHHAX M3Y4YeHHBIX 03€p, M0oKa3ajlo yBeJMdeHHe
KOHIIeHTpaI[iil [0 pa3pe3y callpolleseBBIX 3ajiexel K
rpaHulle pasfesa cpel «JOHHHI ocanok-Boaa» Cd, Hg,
Pb.

MupoBoii noaxo[ B M3y4YeHUM KadyecTBa Calpo-
[IeJIEBOrO0 CHIpbA IOJpa3yMeBaeT OLleHKY KOHIIeHTpa-
L[ 5JIeMEHTOB OJUTIOTAHTOB Ha CyXoe BellecTBO, HO
caM yuéT 3amnacoB, JoOblYa camporesisa U ero MCIoJb-
30BaHUe MMPOM3BOAUTCA B €CTeCTBEHHOM Buje (HaTHB-
HBIH canponess), ¢ MHAPOKUM AUana3oHOM BJIAXKHOCTHU
Y IUIOTHOCTU. B cilefcTBUM 4ero Bo3HUKaeT HEOOXOAU-
MOCTb BECOBOT'O W/HJI 00BbEMHOI0 y4éTa 3JIeMeHTOB
MIOJIIOTAHTOB.

Jlna npoBefeHUA pacyéToB B KaXJOM MOJeJlb-
HOM o3epe (41 03epo) pa3pe3 AOHHBIX OTJIOXKEHUI pas-
JAesieH (110 JaHHBIM JaTUPOBaHUA) Ha [Be YaCTU: BepX-
HiAA — nocyaegHue 100 seT (kak MpOMeXyTOK BpeMeHU
C MaKCHMMaJIbHbIM aHTPOIOreHHBIM IIOCTyIJIeHHeM) U
HIXHAA — nnpoMexyTok 100-300 ner.

Pacuét o0beMHOro KoJi4yecTBa MOTeHINaIbHbIX
MIOJUIIOTAHTOB B HATHBHOM callpoliesie NpOU3BOANIICA
no ¢opmye

M=p_, . ¥ K. @
— IIJIOT-

rge: M - macca sjeMeHTa B 3aJ€XW, T; p, . -

HOCTh CKeJIeTa calpomeseBoll 3ajexu (comepxaHue
CyXOro BelllecTBa B el. o0bema 3ajexu), T/M°% V —
o6beM canpomnesis, M3 K — KOHIIeHTpauus sJjieMeHTa B
cyxol mpobe camnporeJis, I/T.

Jns crangapTysanum 1 yaoocTsa pacuéra oobeM
canponens npuHuMasics 3a 1 m3. KoHueHTparus sJie-
MeHTa B CyXol pobe canponess nojy4yeHa 110 JaHHBIM
aHIUTUYECKUX MCCJIeIOBaHU, KaK cpedHsad BeJid-
YyHa BCeX U3MepeHHUil. IIIOTHOCTb cKejleTa campole-
JIeBOU 3aJieXy fABJIAETCA PacYETHOU BeJTMYMHOM U pac-
cuuThiBaeTcs no popmyJie:

p-(1-@)
PEI{JEL'IT: ’(2)
@-|p, —1j|+1

® — OTHOCHUTEJIbHAsA BJIAXXHOCTD carnporesis, %

p,— IJIOTHOCTb TBEPZOH (a3hl campomnesi, T/m>

OTHocHUTeJIbHAA BJIAXKHOCTh Opajiach 1Mo JaHHBIM
aHAJIUTUYECKUX HCCJeNOBaHUM, KaK CcpedHAA BeJd-
YUHA BCeX M3MepeHUM, IJiA KaxIoil 4acTu paspesa,

rae:

IJIOTHOCTH TBEPOI a3kl carponesis BeJIMYrHa IpsMOo
MPONOPLMOHAIBHO 3aBUCAIIAA OT COJIepPXKaHUs OpraHu-
YeCcKOro BelllecTBa B Ipode, [Jis callponesieii oHa u3Me-
HaeTcq oT 1,4 o 2,7 T M3, 3aBUCHMOCTh HCCJIeOBaHa
MHOTMMM YYEHBIMU, U TpeJioXkeH psaf GopMyJs IJisg
pacuéToB, B aHHOI paboTe ucnoJb3yercs GopMmysia
®unuHa B.A. (OunuH, 1988):

p,=2.58-0016-7 3

rae, I - copmepxaHue OpraHHM4ecKoro BellecTBa B
npo0e, MOJIyYeHHOe IO pe3yJibTaTaM aHaJIUTHYeCKUX
HccJIeJOBaHUI.

OCHOBHBIMM TIOKa3aTeJIAMH, BJIUAKNIIAMHU Ha
BeCcOoBOe cojiepkaHue 3J1eMEHTOB OTeHINaJIbHbIX I0JI-
JIIOTAaHTOB, ABJIAIOTCA: KOHLEHTpalWsA paccYuThiBae-
MOro 3JieMeHTa B Ipo0e, BJIAKHOCTb M 30JIbHOCTh. B
I[eJIOM CofepXaHUe dJIeMEHTOB NOTeHIMaJIbHBIX I0JI-
JIIOTAaHTOB B BepxHel 4acTU pa3pes3a BhIllle, YeM B HIX-
Hell. A u3MeHeHMA BO BJIAXHOCTH M 30JIbHOCTH IOJI-
HOCTBIO COOTBETCTBYIOT IIpeACTaBJIEHUAM O BpEMEHHBIX
npeo0Opa3oBaHUAX B AOHHBIX OCaAKax 03€p, a UMEHHO:
YVIUIOTHEHUIO Ocajika CO BpeMeHeM, AeCTPYKIus opra-
HMYeCKOro BelllecTBa, oOpa3oBaHUe ayTUTeHHBIX MUHe-
pasioB u ap. CpelHue XapaKTepUCTUKHW BepxHel U
HIDKHel yacTell paspe3oB (BiaxHocTs - 82% u 69%);
30bHOCTD — 59% 1 64 % cooTBeTcTBeHHO). CpeHue
pacu€THble BeCOBble COJepXaHUsA 3JIEMEHTOB - IOTeH-
[IUAJIbHBIX NOJUTIOTAHTOB B JOHHBIX OTJIoKeHusAx: Cd —
0.05*+0.05r/m% Hg-0.01 £0.01 r/m3, Pb-3+2.7 /M5

ITpoBeeHO cpaBHEHHE MacCOBOIO COAepXKaHUA
Cd, Hg, Pb, 1151 pa3HBIX TUIIOB U KJIACCOB CaIpoIiesien.
Jl1A Bcex TUIOB canpoliesiell 00beMHOro Beca u3y4eH-
HBIX 2JIEMEHTOB B HIDKHEH 4acTH pa3pe30B BHIIE, U
CBA3aHHO 3TO € OoJIbILIel IIJIOTHOCTBIO U 30JIbHOCTBIO, U
Kak cjefIcTBHeM, OoJblllell KOHIleHTpalel 3J1eMeHTOB
Ha o6peM 1 M3 Tak ke cjieflyeT OTMETUTh 3HAYNTEIb-
HOoe oTJinuMe B MaccoBoM copepxanuu Cd, Hg, Pb B
Ca tune canponesis. B M3yueHHBIX 03€pax MIPOKO pac-
IIPOCTPaHEHHO ayTUreHHoe KapOoHaTooOpa3oBaHuUe,
IIPU KOTOPOM, BCe OCTaJIbHOE BelleCTBO Callpolnesis
(opranuueckoe, MIUHepaJibHOe) pa3y00XKUBAETCA.

Taxk ke poBeJieH CpaBHUTEJIbHBIN aHaJIN3 BeCco-
BOro cojiepxanus sjeMmenToB (Cd, Hg, Pb), nna mon-
HBIX OTJIOXKEHHUIH 03€p, PacloJIOXKEHHBIX B Pa3IM4HBIX
THUNaX ceJUMeHToreHe3a JlJiA Bcex THUIOB CeOUMEHTO-
reHesa, BecoBoe cojepXaHHe H3y4YeHHBIX 5JIeMEeHTOB,
B BEpXHHX 4YacTAX paspe3a MeHblle YeM B HWXKHUX.
Ho cTouT OoTMeTHTh, YTO B YCJIOBUAX KaXJOro THIA
ceJUMeHTOreHe3a ecTb 03€pa, AJIA KOTOPHIX BeCOBOe
cojiepkaHUe HM3yYeHHBIX 5JIEMEHTOB B BepXHel 4acTu
pas3pe3a JOHHBIX OTJIOXKEHMI BHIIIE, YeM B HIXKHeH (03.
SIkoBO - ryMUHBII TUI ceAUMeHToreHesa, 03. Tanarap
6 — apuiHBIM TUN cequMeHTOreHesa, o3. Ilogkosa —
HUBAJIBHBIN TUI CeAUMEHTOreHe3a).

JnA oOLeHKHM IepcreKTUBHOCTH MCCIefoBaH-
HBIX 03€p, KaK MeCTOpOXXAEHUU campoless, MNpoBe-
JleHa OlleHKa KaudecTBa camponessd, Ha COOTBETCTBHUE
TpeboBaHusMm I'OCT P 54000-2010. Campomenu Bcex
HCCJIeJOBaHHBIX 03€p, O BCceM IlapaMeTpaM COOTBET-
ctByet I'OCT P 54000-2010. [To comepxaHuIo TAXKETBIX
METaJUIOB canpollejib OTHOCUTCA K IepBOMY KJIaccy
IIPUrOHOCTHU. «CanpoIesy nepBoro Kjiacca NpurogHo-
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CTU MPUMEHAIOTCA TIOJ] BCE BUJBI CEJTbCKOXO3SHCTBEH-
HBIX KYJIbTYP, B CaJIOBOICTBE, I[BETOBOICTBE, JIECHOM
XO3AUCTBE, TIPU PEKYJIbTUBAIMU IOYB, OTBAaJIOB, OJia-
TOYCTPOKCTBE U O3€JIeHMU TOPOACKUX, B TOM YHCJIE
U PEeKpeaoOHHBIX, TEPPUTOPUH B 103aX, PEKOMEH/I0-
BaHHBIX C YYE€TOM BUJA KYJIBTYPBI, TJIOJOPOAUA Kaxk-
goro otgenbHoro moJAa» (F'OCT P 54000-2010). U3
Yero MOXHO CJieJIaTh BBIBOJ], YTO, HECMOTPS Ha obIee
MUpPOBoOe yBeJsindeHue nocrymienus Cd, Hg, Pb B okpy-
JKaIIy0 cpeqly, YXyAIeHsl KaueCcTBa CalpoIlesieBoro
CBIPBsI HE OOHAPYXEHO.

4. 3aknioueHue

KosimuecTBEHHO OLIEHEHO BpPEMEHHOE H3MeHe-
HHE BECOBOTO M/WJIM OOBEMHOIO IyJIa 3JIEMEHTOB-TI0JI-
groranToB (Cd, Hg, Pb) B pa3pesax canporneseBhix 3ajie-
’Xax M3yYEeHHBIX O3€ep, U MpOBeJeHA OIeHKAa KayecTBa
canponesiesoro ceipbsA 1no I'OCT P 54000-2010. Ilo
COZIEPKAHUIO TAXKEITBIX METAJLJIOB CAPONEITh OTHOCUTCS
K MepBOMYy KJjiaccy mpurogHoctu. CpefqHue pacyéTHbIE
BECOBBIE COIEPKAaHUA 3JIEMEHTOB - IO TEHIINAJIbHbIX MOJI-
JIIOTAHTOB B JIOHHBIX 0TJI0KeHusax: Cd —0.05+0.05 /M3,
Hg - 0.01+0.01 r/m3 Pb - 3+2.7 r/m® [lna campo-
MeJIEBBIX OTJIOXKEHUAX, PA3HBIX TUIOB U KJIaccoB, dhop-
MUPYIOIIUXCA B YCJIOBUAX BCEX THUIIOB CEAUMEHTOre-
He3a (TYMUIHBINA, apuUOHBII W HUBAJIbHBILN), BeCOBOe
cojiepXXaHre U3YYeHHBIX 3JIEMEHTOB, B BEDXHUX YACTAX
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paspesa (nocyeanue 100 yieT) MeHbllle YeM B HUXKHUX.
H3-yero ciedyeT, YTO IpU OOLIMX MUPOBBIX TeHJeH-
I[VAX yBeJIMYeHUA KOHIIEHTpalUWUM TsKEJIBIX MeTaslJIoB
B OKpYy>Xalollel cpefie, KaueCTBO CallpOIesIeBOro ChIpbs
He yXyIIINIOCh.
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Organochlorine compounds in the bottom
sediments of the meromictic Mogilnoe
Lake (Kildin Island, Russia)

Kolpakova E.S.*, Velyamidova A.V., Koroleva T.A.

N. Laverov Federal Center for Integrated Arctic Research, Ural Branch of the Russian Academy of Sciences, Nikolsky Av., 20,
Arkhangelsk, 163020, Russia

ABSTRACT. The paper presents the results of a study of the behavior of organochlorine compounds
(chlorinated benzenes and phenols) in the bottom sediments of Mogilnoe Lake (Kildin Island, Barents
Sea). Mogilnoe Lake is a meromictic water reservoir located in the high latitudes of the Russian Arctic. A
unique feature of the lake is its underground connection with the sea, which makes it similar to tropical
anchialine lakes. Lake sediment samples were taken at three deep-water stations during complex expe-
dition work in June 2019 by employees of the N. Laverov Federal Center for Integrated Arctic Research
of the Ural Branch of the Russian Academy of Sciences (Arkhangelsk). Organochlorine compounds were
extracted from air-dried samples of bottom sediments using accelerated flow-through solvent extraction
with a hot mixture of organic solvents. Determination of the concentrations of chlorinated benzenes was
carried out according to RD 52.24.417-2011 (RF), and the concentrations of chlorinated phenols and
their derivatives — in accordance with the ISO 14154:2005. Quantification and identification of individ-
ual organochlorine compounds were carried out by capillary gas chromatography with electron capture
detection. The presence of organochlorine compounds in sediments of the meromictic Mogilnoe Lake
has been established. Concentrations of persistent organochlorine pollutants were assessed as high. Most
likely, the component composition of organochlorine compounds and their detected levels (primarily
pollutants) in the bottom sediments of the lake are due to the influence of various local anthropogenic
sources, as well as atmospheric long-range transport from low/moderate latitudes and nearby regions.

Keywords: meromictic lake, bottom sediments, organochlorine compounds
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1. Introduction living organisms. In the cold climate of the northern

territories, the so-called “conservation” and biomagni-

Recently, the environmental impact on the Arctic fication of POPs occurs. When pollutants enter a water

and Subarctic regions has been constantly increasing:
oil and gas production on the shelf of the Arctic Ocean
is expanding; traffic along the Northern Sea Route is
intensifying, etc. In this regard, significant attention
must be paid to the problem of pollution of the nat-
ural ecosystems of these regions, incl. pollution by
persistent organic pollutants (POPs) entering the envi-
ronment not only as a result of long-range transport
from remote anthropogenic sources, but also from local
emission sources.

As a result of transboundary transport to high
latitude regions, such compounds with resistance to
degradation and ability to bioaccumulation can accu-
mulate in terrestrial ecosystems, snow cover, ice, and
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reservoir, they can accumulate in aquatic organisms
and can be transmitted through the food chain, as well
as be absorbed by particles of organic matter and end
up in bottom sediments.

2. Materials and methods

This paper presents the results of a study of
Mogilnoe Lake, located in the southeastern tip of Kildin
Island (near the coast of the Kola Peninsula, in the
Barents Sea). This small arctic lake is the remnant of a
sea bay, which was separated from the sea by a rocky
barrier approximately 1500 years ago, but still retains
an underground connection with the sea (Strelkov et al.,

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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2019). Mogilnoe Lake has got a meromictic structure of
the water column - a fresh upper layer, a salty marine
layer in the middle, and a bottom layer contaminated
with toxic hydrogen sulfide. “In contrast to sea bays
and freshwater lakes, a meromictic lake is never com-
pletely mixed. Wind mixing covers only the surface
water layer, and it is desalinated. The deeper water is
salty. The lack of wind mixing, “refreshing” the bottom
zone, led to stagnation, as a result of which the process
of bacterial sulfate reduction (the reduction of sulfur,
which is contained in seawater sulfates, to hydrogen
sulfide) was activated” (Strelkov et al., 2019). High
concentrations of hydrogen sulfide (more than 200
mg/1) were detected in the lake water (Losyuk et al.,
2019).

In June 2019, employees of the Laboratory of
Ecoanalytical Research of the N. Laverov Federal Center
for Integrated Arctic Research of the Ural Branch of
the Russian Academy of Sciences (Arkhangelsk) took
part in expeditionary complex work under the Russian
Geographical Society project “Lullaby of the Cod Lake.
Documentation of the ecosystem of Mogilnoe Lake
(Kildin Island, Barents Sea)” (Strelkov et al., 2019). For
this study, bottom sediments were collected at three
deepwater stations. The max length of sediment cores
reached 25 cm, with a sampling interval of 5 cm.

Extraction of individual organochlorine com-
pounds (OCs), incl. POPs, from air-dried samples of
bottom sediments were carried out via accelerated
flow-through solvent extraction with a hot mixture
of organic solvents (hexane/acetone). The resulting
extract was treated with a solution of sodium hydrox-
ide to separate acidic and neutral compounds. The total
content of acidic compounds (chlorophenolic com-
pounds, CPs) was determined by summing their con-
centrations in easily and difficultly extracted fractions.
The CPs isolated from each fraction were derivatized
with acetic anhydride in a weakly alkaline medium in
accordance with ISO 14154:2005. The organic phase
containing neutral compounds (including penta- and
hexachlorobenzenes) was purified from accompanying
organic impurities according to RD 52.24.417-2011
(Russia). Analytical quantification and identification of
individual OCs were carried out by capillary gas chro-
matography with electron capture detection (Crystal
5000 GC, Chromatec, Russia) with programming the
temperatures of column thermostats. The lower detec-
tion limit of individual OCs is 0.0001 pg/g of air-dry
sediment.

3. Results and discussion

According to the results of the study, hexachlo-
robenzene (HCB), pentachlorobenzene (PeCB), and
pentachlorophenol (PCP) were found in all bottom
sediments sampled in different parts of Mogilnoe Lake.
Concentrations of HCB in sediments ranged from 30.8
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to 346.5 ng/g, PeCB from 2.2 to 39.6 ng/g, and PCP
from 3 to 89.7 ng/g. The detected concentrations of
these POPs can be considered as high. Along with PCP,
other CPs were found in lake sediments. The dominant
compounds among the CPs were those formed and
coming from sources associated with combustion and
incineration processes of various organic raw materials
and other materials (PCP, 2,3,4,6-tetrachlorophenol,
2,4,6-trichlorophenol, 2,4-dichlorophenol, and 4-chlo-
rophenol) (Briois et al., 2006). In addition, chloro-
phenol metabolites (mono- and dichlorophenols), the
formation of which is caused by natural enzymatic pro-
cesses, were identified in lake sediments. Although the
proportion of these compounds in the composition of
CPs was significantly lower compared to compounds of
technogenic origin.

4. Conclusions

Therefore, the formation of the composition and
levels of individual OCs in bottom sediments is a con-
sequence of the low intensity of the degradation pro-
cesses occurring in the components of the ecosystem
of the meromictic Mogilnoe Lake. The high content
of hydrogen sulfide in the water column of the lake
and low ambient temperatures inhibit the processes of
reductive dechlorination of OCs, which leads to their
accumulation in bottom sediments. The component
composition and detected concentrations of OCs in lake
sediments are most likely caused by the supply of these
compounds from various local anthropogenic sources,
as well as long-range transport from low/temperate
latitudes and nearby regions. The determined profile
of individual CPs (PCP, 2,3,4,6-TeCP, 2,4,6-TCP, 2,4-
DCP, 4-CP) indicated the dominance of combustion and
incineration processes among the sources.
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XnopopranmueckKkue coeAMHeHHA B AOHHbIX
oCajAKaX MEepoOMUKTHUYECKOro osepa
Morunntnoe (ocTpoB KMALAMH)

Kosmakosa E.C.*, Benpsamugosa A.B., KoposieBa T.A.

DedepanbHoe eocydapcmaeHHoe 6100dcemHoe yupedscOeHue Hayku PedepaTbHblil UCCIe008amMesbCKULL YeHMp KOMITEKCHO2O
uzyueHus Apkmuku umeHu akademuxa H.IT. Jlageposa Ypasreckozo omdesieHusa Poccutickoii akademuu Hayk, 163020, e.
Apxaneestvbck, npocnekm Huxostwckutl, 20, Poccusa

AHHOTALIUA. B craThe mpefcTaBjieHbl pe3yJIbTaThl N3yuyeHUs 0COOeHHOCTel MOBeJeHUs XJI0popra-
HUYeCKUX CcoeAuHeHUH (XJIOpHpOBaHHBIX 0e€H30J10B U (PEeHOJI0B) B JOHHBIX OcajKax o3epa MoruibHoe
(o. KunpauH, BapennieBom Mmope). O3epo MorujibHOe — MOPCKON MEpPOMUKTHUYECKUI BOJOEM, paclo-
JIOXKEHHBIN B BBICOKUX IIMPOTAaX APKTHKH. YHMKaIbHasA 0COOEHHOCTh BoJoeMa — ero noj3eMHas CBA3b
C MOpeM, YTO [ieJIaeT ero aHaJIoroM TPOIINYeCKUX aHXWaJIMHOBBIX 03ep. [IpoObl JOHHBEIX 0CAAKOB OTO-
OpaHbI Ha TpeX IJIyDOKOBOAHBIX CTAHLMAX B XOJ€ KOMILJIEKCHBIX SKCIeAUIMOHHBIX paboT B uwHe 2019
roga corpygHukamu O®I'BYH OUIKHUA YpO PAH (r. ApxaHresbck). V3BiedueHne XJI0pOpraHUYecKUx
COeJMHEHUN 13 BO3OYIIHO-CyXUX NPOO MOHHBIX 0CAAKOB IIPOBOAWJIN METOAOM YCKOPEHHOH XXHIKOCT-
HOU NPOTOYHOIM 3KCTPaKIMUU ropsyell CMechbl0 OpraHUYecKux pacrBopureseil. OnpepeseHre KOHI[eH-
Tpauuii XJIOpHPOBAaHHBIX OEH30JI0B MpoBOAWIN corjiacHo P/ 52.24.417-2011. OnpepesieHrie KOHI[eH-
Tpanuii XJIOpUPOBAHHBIX ()eHOJIOB U UX MPOM3BOAHBIX IPOBOAWJIM B COOTBETCTBUU €O cTaHAapToM ISO
14154:2005. KosmuecTBeHHOE OMpeesieHre U UIeHTU(DUKAINI0 XJIOPOPraHNYeCKUX COeqUHEHUH MPO-
BOAWJIA METOAOM KalMJIJIAPHOU ra30Bo XpoMarorpaduu ¢ 3JeKTPOHO3aXBaTHEIM [IeTeKTUPOBAHUEM.
YcTaHOBJIEHO NPUCYTCTBUE XJIOPOPraHWMYeCcKUX COeJMHEHHI B OcajJkax MepOMUKTHYECKOro o3epa
MorusnpHoe. KoHIIeHTpauy CTOMKUX XJIOPOPraHWYeCKUX 3arps3HUTesIell OLleHUBAINCh KaK BHICOKUE.
KoMIIOHEHTHBIN COCTaB XJIOPOPraHUYECKUX COeJUHEHNI B JOHHBIX OTJIOXKEHUAX 03. MoruiabHOe HapAanay
C UX BBIABJIEHHBIMH YPOBHAMH cofepxaHus (mpexze Bcero us comcka CO3), BeposATHee Bcero, o0y-
CJIOBJIEH IIOCTYILJIEHHEM 3THUX COeJUHEHUN OT Pa3jIM4YHBIX aHTPOIOTeHHBIX/TeXHOTeHHBIX NCTOYHHKOB
JIOKQJIBHOTO YPOBHS, a Takxe aTMOC(epHBIM [IepeHOCOM 13 HU3KUX/yMepEeHHBIX MINUPOT U OJin3Jiexa-
[IUX PErMOHOB.

Kitioueawie ciiosa: MEPOMUKTHNYECKOE 03€PO0, JOHHbIE OTJIOXEHN A, XJIOPDOPraHNYECKNE COEANHEHUA

Ja mutupoBaHusA: Konnakosa E.C., Benbamuaosa A.B., Koposiea T.A. Xyjiopopranuieckre COeqVHEHHUA B JIOHHBIX OCaJKax
MepOMUKTHYecKoro ozepa MoruibsHoe (octpoB Kuspawmu) // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 416-420.
DOI: 10.31951/2658-3518-2024-A-4-416

1. Beepenue B pesynbpraTe TpaHCIpaHUYHOrO IlepeHoca B

BBICOKOIIIMPOTHBIE PETMOHBI TaKue coefuHeHUs, 06Jia-
JTafolie YCTONYMBOCTHIO K Pa3JIOKEHUI0 U CIIOCOGHO-
CTBIO K OMOAKKyMYJIAINM, MOTYT HaKaILJIUBaThCA B KO-

B mocienHee BpeMsa TeXHOTeHHas Harpyska Ha
Apxtuky n Cy0apKTHKy IOCTOSIHHO BO3pacTaeT: pac-

mupsiercs HedTe- 1 razofo6siua Ha mmesibde CeBepHOTO
JlemoBUTOrO OKeaHa, aKTUBU3UPYETCSA TPAHCIOPTHHIN
noTok 1mo CeBepHOMY MOPCKOMY IyTH U T.HO. B aToi
CBA3U 3HAYMUTEJIbHOE BHUMaHUE HeOOXOOUMO Y[IeJIATh
npobsieMe 3arpsA3HeHHsA HUX JKOCUCTEM, B T.4. CTOH-
KHMMH OpraHuyeckumu sarpasHutesasmu (CO3), mocrty-
MallMU He TOJIBKO B pe3yJibTaTe MepeHoca OT yAa-
JIEHHBIX AHTPOIIOT€HHBIX/TEXHOTE€HHBIX KCTOYHUKOB,
HO U OT JIOKAJIbHBIX HCTOYHUKOB UX 3MUICCUHU B OKPY-

JKAIOLIYI0 Cpeny.

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: kolpelen@yandex.ru (E.C. Kosmmakosa)
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crucTeMax CyIId, B CHEXXHOM IIOKpOBe, TOJIIe JibAa U
XUBBIX OpraHu3Max. B ycJIOBUAX XOJIOQHOTO KJIMMaTa
CeBEepHBIX TEPPUTOPUIN IPOUCXOAUT KOHCepBalUUA U
6uoycunenue Bosaelictsusa CO3. [Ipu nocTyjieHUU B
BOZI0EM 3arpsA3HUTEJIN CIIOCOOHBI aKKyMyJIMPOBaThCs B
rupoOUOHTax U IlepedaBaThCs 10 NUIeBOi Lieny, yBe-
JINYMBasi CBOK KOHI[EHTpalMI0 B KaXJOM IOCJedylo-
IleM 3BeHe, a TaKke MOIJIOMAThCsA YacTUIlaMU OpraHu-
YeCcKOTo BellleCcTBa U IoMaJaTh B JIOHHbIE OTJIOXKEHUS.

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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2. MaTepuanbl M METOADI

B nmanHO!I paboTe mnpuBedeHb pe3yJIbTATHI
yccjiefoBaHus o3epa MorujapHoe, pacHoJIOXKeH-
HOTO B IOr0-BOCTOYHOM OKOHEYHOCTH 0. KuiabauH,
B BapeHuneBom Mope BOJM3u mnoGepexbs Kosbckoro
[I0JIyOCTpOBa. JTO apKTHYeckoe Majioe 03epo ABJIA-
eTCcs OCTaTKOM 3aJIMBa, OTAEJIMBIIErocs OT MOPs OKOJIO
MOJIyTOpa THICSY JIeT Ha3aJ KAMeHHCTON IepeMBIYKOT,
HO JI0 CUX IIOp COXpaHsAeT IOJ3eMHYI0 CBA3b C MOpeM
(Strelkov et al., 2019). [das 03. MoOrujipbHOr0 Xapak-
TepHa MepOMUKTHUYecKas CTPYKTypa BOJHOI TOJIIU
— BEpPXHUM IpPEeCcHBIN CJIOHM, COJIEHBII MOPCKOW CJIOH
rnocepeiHe W NPUJOHHBIA 3apaXeHHBIH TOKCUYHBIM
CEPOBOJIOPOIOM CJIOH. «B TPOTHUBOIMOJIOXKHOCTH MOP-
CKUM 3aJiiBaM M IPecHBIM oO3epaM, MepOMHUKTHYe-
CKOe 03ep0 HUKOrja He IepeMelINBaeTCA I[eJIMKOM.
BeTpoBoe mepemelnBaHue OXBAaTBIBA€T JIUIIL CAMBIN
TOBEPXHOCTHBIN CJION BOABI, U OH OmpecHeH. ['yGxe
BoJa cosieHas. OTCyTCTBHe IllepeMelllBaHUsA, OCBeXa-
Iollero NpUAOHHYIO 30HY, IPHUBEJIO K 3aCTOMHBIM sBJe-
HUAM, B pe3yJjibTaTe 4ero akTUBU3WPOBAJICA Ipoliecc
GakTepuaJibHOM cyab(aTpedyKIU1 — BOCCTAHOBJIEHUA
ceprl, KoTopas cojAepXurcsi B cyiabdaTax MOPCKOH
BOJIbI, 10 cepoBojopoma» (Strelkov et al., 2019). B
o3epe ObUIM 3aUKCUPOBAHBI BBICOKUE KOHI|EHTpaluu
cepoBojiopoza (6ostee 200 mr/ut) (Jlociok u nip., 2019).

B mrone 2019 ropa coTpyaHuKU JjabopaTopuu
sKoaHanuTu4eckux uccaegosanuii ®I'BYH OUIKUA
YpO PAH npuHuMaIy y4acTre B SKCIIe AUIIOHHBIX KOM-
IJIEKCHBIX paboTax Ha 3TOM BogoeMe o npoekty PI'O
«KospibesibHasA TpeckoBoro oszepa. JJokyMeHTaIs 5Ko-
cucteMsl o3epa MoruibHoro (o. Kunpaus, BapeHIieBo
Mope)» (Strelkov et al., 2019). [na ucciiemoBaHUA
OB OTOOpaHHI JIOHHBIE OCAJKU HA TPeX rIyOOKOBO-
JHBIX CTAHIUAX; AJIMHA OCAJOYHBIX KEPHOB JOCTUraja
25 cM, uHTepBaaI oToopa Mpobd COCTABJIAN 5 CM.

W3ByieyeHne WHOAUBUAYaJIbHBIX XJIOpOpraHUye-
ckux coeauHeHun (XOC), B T.4. COeqUHEHHM U3 CIH-
cka CO3, 13 BO3QYIIHO-CyXUX NPOO JOHHBIX OCAJKOB
MPOBOJIWJIA METOAOM YCKOPDEHHOM XUAKOCTHOM Ipo-
TOYHOU 3KCTPAKUUU Tropsiyeil CMeCchi0 OpraHUYecKUxX
pacTtBopuresieil (rekcaH:aneToH) IlosyuyeHHBIN 3KC-
TpakT obpabaTeiBajii paCTBOPOM THMAPOKCHAA HATpUA
Ul pasfiesieHus KHUCJBIX U HeWTpasbHBIX COeAuHe-
Huii. OO11ee coflepXaHue CoeJHEeHUI KUCJIOTO Xapak-
Tepa (xs0pdeHObHbIX coeauHeHuti, X®C) ompene-
JIATIA CyMMUPOBaHUEM UX KOHI[eHTpaluil B JIeTKO- U
TPyAHOSKCTparupyemou ¢paknuax. BoigeseHHble u3
kaxaoi gpakuuu XOC aepuBaTU3UPOBAIN YKCYCHBIM
aHruApyuoM B cJ1abollesIOYHON cpede [JiA IOJIyde-
HUA aleTWIbHBIX I[POM3BOAHBIX B COOTBETCTBUM CO
crangapTom ISO 14154:2005. Opranuueckywo ¢dasy,
coepxallylo coeqUHeHHsA HeHUTpaIbHOIO XapakTepa
(BkyTIOUAsA rekca- U MEeHTAXJIOPOEH30JIbl) OYUIIATN OT
CONYTCTBYIOIIMX OpraHUYeCcKuX IpuMecell COrjacHO
PJ] 52.24.417-2011. KonuvecTBeHHOE OllpefiesieHue U
naeatudukanuo XOC npoBOAWIU METOAOM Kamuii-
JIAPHOU Tra30BOM XpoMaTrorpaduu ¢ 3J1eKTPOHO3aXBaT-
HBIM JerekTupoBaHueMm (“Kpucramn 5000.17, CKB
“Xpomartak”; Poccusi) mpu nporpaMMUpPOBaHUN TeMIIe-
paTyp TepMOCTaToB KOJIOHOK. HrxHui npenen obHa-
pyxenus naausuayanbHbeix XOC — 0.0001 Mkr/T B.C.B.
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3. Pe3yAabTatbl M 06Ccy)xpeHue

[lo pesysabraTaMm wuccjiefoBaHUA MaJioro 03.
MorunbHoe rekcaxjopberson (['XB), meHTaxmopbeH-
301 (ITeXB) u nmenTaxiaopdenos (IIXD) obGHapyKeHBI BO
BCeX JIOHHBIX OcajiKkaX, OTOOpaHHBIX B Pa3HBIX YaCTAX
akBatopuu o3epa. Konnentpauuu I'XB B ocagkax
coctasysu ot 30,8 go 346,5 uHr/T, [1eXb — ot 2,2 10
39,6 Hr/T, [IX® - ot 3 1o 89,7 Hr/T. BelsiBJIeHHBIE KOH-
[[EHTpallui CTOMKUX XJIOPOpPraHWYeCKUX 3arpsA3HHTe-
Jiell MOXXHO OTHECTU K oueHb BeICOKMM. Hapsanay c [IXD
B ocajnikax HavgeHs! fapyrue X®C. Cpeau XOC noMuHM-
poBasi coeAuHeHMsA, oOpasylolrecs U NOCTynallre
OT MCTOYHMKOB, CBA3AHHBIX C NpOIieccaMy CXXUTaHUA/
ropeHus pasjIMuHOIO OPraHWYecKOI'o ChIpbs U MaTepu-
anos (I1X®, 2,3,4,6-TeX®, 2,4,6-TXD, 2,4-[IXD, 4-XD)
(Briois et al., 2006). BMecTe ¢ TeM B O3€pHBIX OCa/l-
KaxX NOpPHUCYTCTBOBAIU XJIOP(PEHOJIbHBIE MeTabOJIUTEI
(MmoHO- u pguxiopdeHosbl), OOpa3oBaHHE KOTOPHIX
00yCJIOBJIEHO eCTeCTBEHHbIMH 3H3UMaTU4eCKUMU MIPo-
1eccaMu, XOTs JoJig ux B coctaBe X®C 3HAUUTEJILHO
HUXe 0 CPaBHEHUIO C COeJUHEHUAMHU TeXHOTeHHOI'O
IIPOUCXOXKIEHHU .

4. 3aKknloueHue

Takum oOpa3oM, ¢QopmMupoBaHHE COCTaBa U
ypOBHel cojepxaHUsA HHAUBHAYyaslbHBIX XOC ABJIA-
eTcs cje[ICTBMEeM HU3KOM MHTEHCHBHOCTH IIPOLIECCOB
Jerpajjaliuy, IIPOTEKAUIMX B KOMIIOHEHTax 3KOCH-
CTEMBI MEPOMHUKTUYECKOro o3. MoruiabHoe. Bricokoe
cojepXaHue cepoBOAOpoAa B BOJHOM ToJille o3epa
1 HHU3KHe TeMIlepaTyphl TOPMO3AT IIpollecchl BOcCCTa-
HOBUTEJBHOro AexsjopupoBanus XOC, 4TO NpUBOAUT
K HaKOIUIEHWIO UX B ocagkaxXx. KOMIOHEHTHBIN COCTaB
XOC Hapsgy ¢ BbIABJICHHBIMU YPOBHSAMM COJepXka-
HUA B O3€pHBIX OCajJKaX, BeposiTHee BcCero, 00yCJIOB-
JIeHBI [IOCTYIJIEeHNEM 3THX COeAUHEHUN OT pa3jIMyHbIX
AHTPOIIOTeHHBIX/TEXHOTeHHBIX HCTOYHUKOB JIOKaJIb-
HOI'O YPOBHS, a TakXe IIepeHOCOM W3 HU3KHUX/yMepeH-
HBIX MHMPOT U OJiM3jexarux peruoHoB. HarijeHHBIN
npodusip nHauBUAyabHbEX XDC (ITXD, 2,3,4,6-TeXD,
2,4,6-TX®D, 2,4-IXD, 4-XD) ykaspBaj Ha JOMUHUPO-
BaHUe cpeJy NMCTOYHMKOB IIPOLIECCOB CXKUTaHUsA/TOpe-
HUA pa3jIMyHOr0 OpraHUu4eckKoro Chpbs U MaTepHaJioB.
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ABSTRACT. A complex of mineralogical and geochemical data from the south of Western Siberia indi-
cates that the middle Holocene warm and dry epoch ended 5.5-4 cal ka BP with the further onset of
more humid and cold conditions in the region. Significant changes in the regional climate probably
occurred about 3.6-3.1 cal ka BP that is marked by an increase in the content of carbonates in the sed-
iments, and by changes in vegetation. A general trend in the content of Mg in the carbonate fraction
of lake sediments clearly shows a variation in water salinity as a response to climate change. There
was a cyclical change of periods of drying/humidification of the Holocene climate of southern Western

Siberia.

Keywords: Salt lakes, paleoclimate, mineralogical and geochemical indicators, carbonates, Holocene, bottom

sediments, Western Siberia
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1. Introduction

Complex mineral-geochemical studies of bottom
sediments of a number of lakes of the region (Figure 1)
showed significant changes in the natural and climatic
conditions during the Holocene (Krivonogov et al.,
2012a;b; 2023; Solotchina et al., 2019; 2021; Maltsev
et al., 2020; 2022). These changes are also reflected in
lithological, mineralogical, and geochemical features
of bottom sediments due to aridization/humidization
cycles of the regional climate (Figure 2).

Thus, our data from the brackish-water lakes
Bolshie Toroki and Itkul indicate warm and moist
climate for the period of 8.7-7.8 and arid conditions
7.8-5.3 cal ka BP. The latter, with a time lag, may
probably correspond to the global climate event Bond-4
of 5.9-5.3 ka BP. Our data suggests that climate was
cooler but still dry 5.3-3.1 cal ka BP, as evidenced by
the rather intense precipitation of authigenic carbon-
ates. Similarly, pollen data from Lake Bolshie Toroki
(Zhilich et al., 2017) show the warmest and driest cli-
mate between 7.0 and 5.5 cal ka BP and a cooling trend

*Corresponding author.
E-mail address: maltsev@igm.nsc.ru (A.E. Maltsev)
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later. Humidity increases from 3.1 ka BP till O BP, but
an increase in Ca and carbonates in the last centimeters
of the sediments may indicate an increase in aridity at
the present stage.

2. Materials and methods

A complex study of Lake Beloye in the north-east-
ern part of the region (Krivonogov et al., 2012a;b)
revealed colder and drier stages 3.4-2.3 and 2.8-1.7
cal ka BP, respectively. The dry stage coincides with the
low lake level of 2.6-1.5 cal ka BP. The climate later
became warmer and wetter, causing the highest level of
the lake to be 1.3-0.2 cal ka BP, with the next decrease
occurring today. Sedimentation and the related biogeo-
chemical proxies showed a sharp change of the lake
ecosystem from eutrophic to oligotrophic about 3.4
cal ka BP. This could be caused primarily by climate
change, which was warmer and wetter up to 3.4 cal ka
BP and after that - cooler and drier.

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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3. Results and discussion

Biogeochemical and paleontological proxies
from Lake Chany also show a climatic change about 4
cal ka BP (Krivonogov et al., 2023). Summer tempera-
tures were relatively low between 3.6 and 2.2 cal ka
BP, gradually increasing with a maximum of 0.7-0.4
cal ka BP and further decreasing. Biomarkers identified
three colder and wetter episodes: 3.3-2.1, 1.4-1.0 and
0.45-0.15 cal ka BP. The lake was significantly reduced
or did not exist in the earlier stages of the Holocene.

Data on the ostracods of Lake Sargul showed two
stages of its evolution during the Holocene (Konovalova
et al., 2022). The water in the lake was warm and min-
eralized before 4.3 cal ka BP; later the water became
colder and less mineralized, and the lake level became
more volatile. The lake level considerably dropped
about 3.3-2.2 cal ka BP and the lake had a low level of
water exchange since then. Thus, a cardinal change of
the lake ecosystem occurred about 4.3 cal ka BP.

Pollen and diatom data from salt Lake Bolshoye
Yarovoye, located further south in the Kulunda lowland,
showed a general predominance of steppe conditions in
the region during the last 4.4 cal ka BP (Rudaya et al.,
2012). The climate was mostly warm and dry with an
extension of semi-desert landscapes between 4.4 and
3.75 cal ka BP. The intrazonal pine forests appeared in
Kulunda after 3.75 cal ka BP.

Arid steppe and semi-desert landscapes also pre-
vailed in northern Kazakhstan earlier 5.5 ka BP. After
this period, the climate became wetter (Kremenetski et
al., 1997).

Both pollen (Rudaya et al., 2020) and geochem-
ical data from salt Lake Maloye Yarovoye characterize
climate and vegetation changes in Kulunda since the
late glacial time. Steppe and desert biomes dominated
in the region throughout the Holocene, but data indi-
cate significant changes in the level of the lake, reflect-
ing variations in humidity. The lake existed from ca.
13 cal ka BP and had a rather high water level in the

N Lake Bolshie Lake Beloye
* Toroki
Lake Chany O
Lake Sargul Lake il Novosibirsk ®
South-Western -
Lake Bolsho . . 3
@ Baean Y Siberia o

Kazakhstan
Lake Maloye
O Yarovoe
Lake Bolshoe
,l,km—s{,j Yarovoe

Fig.1. Location of studied lakes.

beginning of the Holocene. A considerable salinization
occurred 10.4-8.9 cal ka BP resulted in abundant pre-
cipitation of gypsum, halite and calcite; the lake tem-
porarily transformed to playa between 10.2 and 10.0
cal ka BP. The maximum salinity of the lake is recorded
for a period of 9.8-9.4 cal ka BP, when ternadite and
hydroglauberite were deposited. However, vegetation
proxy indicate a total maximum in annual precipita-
tion (PANN) 9.8-9.7 cal ka BP. Precipitation decreased
9.3-7 cal ka BP combined with a cooling manifested by
declining vegetation diversity.

Geochemical conditions changed and carbonates
actively precipitated in the interval of 8.9-6.4 cal ka
BP. This change precedes the climatic optimum of the
Holocene, which began 7.5-7 and terminated 3.6-2.7
cal ka BP in the region (Rudaya et al., 2020). Significant
change in the mineral and geochemical composition of
the sediments suggests deep-water lake conditions of
6.4-0 cal. ka BP. The sediment is dominated by ter-
rigenous quartz, chlorite and potassium feldspar, the

Age, cal Lake Bolshie Lake Itkul Lake Beloye Lake Chany  Lake Sargul Lake Bolshoe Lake Maloye Lake Bolshoy Blytt-
ka BP Toroki Yarovoe Yarovoe Bagan Sern@nder
0= 0 7 14 0 1224 0 2040 0 8 16 0 11 22 0 8 16 0 10 20 0 6 12 perlods
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i > Wet |Subatlantic
2
i —2.6—
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Fig.2. Indication of climate changes by changes in carbonate minerals and total Ca in sediments of studied lakes in the south

of Western Siberia.
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autigenic halite and low-Mg calcite content is small,
and sulfate minerals are absent. The pollen data con-
firm high level of the lake between 6.6 and 1.3 cal ka
BP with a maximum at 6.6-6 cal ka BP.

Our data from salt Lake Bolshoy Bagan also indi-
cate several (cyclic) climate fluctuations during the last
9 ka BP (Maltsev et al., 2022). The climate was warmer
and wetter 9-7.5 cal ka BP and became drier 7.5-5.3
cal ka BP with a peak in carbonates precipitation in the
lake falls to 6.9-5.8 cal ka BP, which may correspond to
Bond-4 drought event. These results are similar to the
results from lakes Itkul and Bolshie Toroki. The unsta-
ble climate with frequent alternation of short dry and
wet episodes was characterized by a time interval of
5.3-2.1 cal ka BP, and the cooling trend is well visible
for 2.1-0.2 cal ka BP. Thus, the Bolshoy Bagan data
clearly indicates that the climate was warmer and drier
prior to 5.3 cal ka BP and colder afterwards.

4. Conclusions

Summarizing the reviewed data, we can say
that the middle Holocene warm and dry epoch ended
in the south of Western Siberia 5.5-4 cal ka BP with
the further onset of more humid and cold conditions.
Significant changes in the regional climate probably
occurred about 3.6-3.1 cal ka BP that is marked by
an increase in the content of carbotates in the sedi-
ments, and by changes in vegetation (Krivonogov et al.,
2012a;b; 2023; Zhilich et al., 2017; Solotchina et al.,
2019; 2021; Maltsev et al., 2020). In addition, we see a
general trend in the content of Mg in carbonate fraction
of the lake sediments (Figure 2), indicating a variation
in the water salinity as a consequence of the regional
climate change.
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AHHOTAILIHUS. Temwisiii U CyXoH EPUO B cepearHe rojoreHa (4o ~5.5—-4 ThIC. JI. H.) ¢ TOCJIeqyOI[UM
yBJIQXXHEHNEM U IoXoJiofaHueM ¢uKcupyercs B palioHe 1ora 3amaaHoy Crubupy N0 JaHHBIM OCaJKOB
psna o3ep. Ha pybGexe okoJio 3.6—3.1 ThIC. JI.H. Ha UCCJIeyeMOUN TEPPUTOPUM MMPOU3OIILIO CYI[eCTBEH-
HOE U3MeHEHNe NPUPOAHO-KINMAaTHIECKUX 00CTaHOBOK, KOTOPOE OTpaXxaeTcs KaK B POCTE COAEePXKaHUS
kapOOHaTOB B OcajikaxX, Tak ¥ B M3MEHEHUH CIIOPOBO-NIBUIBIEBHIX acconuanuii. HabmomaeTcsa equHbIN
TpeH[ u3MeHeHus cofepxxanusa Mg B kapOoHaTax, CBUAETeIbCTBYIONINH 0 KOJIeOaHUAX COJIEHOCTU BOAHI,
YTO ABJIAETCA CJIeICTBHEM PErOHaJIbHBIX TajleoKINMaThudeckux GIyKTyanuii. 3adrKcrupoBaHa [[UKJIIN-
yeckas cMeHa I1epHuoA0B HCCYIIeHNs/yBlaXHeH!s roJI0lleHOBOro KjiuMara fora 3anagHoi Cubupu.

Kitiouegewie csioga: CoyieHble 03epa, NajeoKJIMMaT, MUHepPaJIoro-reoXuMuieckre NHAUKaTOphl, KapOOHATHI,
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1. BBeaenue

KoMritekcHbIe MHHEPaJIOro-reOXUMUYecKre
VICCJIE/IOBAHUS JIOHHBIX OTJIOXKEHWU psga o03ep ora
3amaguort Cubupu (Puc. 1) mokasasu, 4TO BO BTOPOU
MOJIOBUHE TOJIOIleHa Ha WCCJIeAYeMON TeppUTOpUU
UMeJM MeCTO 3HAuYUTeJIbHble W3MEeHEeHUs MpUPO/I-
HO-KJIMMaTuyeckux ob6ctaHoBok (Krivonogov et al.,
2012a; b; 2023; Solotchina et al., 2019; 2021; Maltsev
et al., 2020; 2022). OHM HaNLIA CBOE OTpaXkeHHe B
JIUTOJIOTO-MUHEPAJIOTUYECKUX U T€OXUMUYECKUX OCO-
OEHHOCTSX JJOHHBIX OCAJIKOB, 3a MOCJIeJHNE TPUMEPHO
9 KaJI. THIC. JI. H., ONpeJieJIAeMbIe I[UKJIAMU apuIn3a-
UK/ TYMUAU3AIMY pernoHabHOro KjmMara (Puc. 2).

2. MaTtepunanbl 1 MeTOAbI

[To pmaHHBIM HCCIefOBaHUA OBYX COJIOHOBATO
BOAHBIX 03ep BocTtouHO-BapaOuWHCKON HHU3MEHHOCTU
(Bosibme Topoku u UTKysb) HaMu ObUIO yCTaHOB-
JIeHO, 4TO MpuMepHO 8.7-7.8 ThIC. JI. H. perMOHAJIbHBIN
KJIUMAT ObLI TEIJIBIM U BJIQXXHBIM. Apuau3alys K-
Mara HacTtynaeT ~7.8-5.3 kaj. TwIC. JI. H. Bo BpeMeH-
HOM HHTepBaje 5.9-5.3 ThIC. JI. H. OBLJIO YCTaHOBJIEHO

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: maltsev@igm.nsc.ru (A.E. MasibleB)

INocmynwna: 10 utona 2024; IIpunama: 01 uroia 2024;
Ony6tukoaana online: 26 aprycra 2024

424

nposiBiieHue (C olpefeJieHHBIM BpeMeHHBIM JIarom)
rj1006aJbHOr0 KJIUMaTtuueckoro cobwmiTusas bBoHma 4.
OKoJIoTHYecKas PEeKOHCTPYKIMA PpacTUTEJIbHOCTU U
KJINMAaTa AOHHBIX OTJIOXeHui 03. Bosbmme Topoku
NOoATBEpAMJIa caMblii TeIIbEl U cyxol nepuof c 7.0
1o 5.0 Teic. . H. (Zhilich et al., 2017). B cy66opesae
(~5.3-3.1 ThIC. JI. H.) KJIUMAT CTaJI 60JIee MPOXJIaHbBIM,
OJHAKO BJIAXHOCTb €ro He yBeJIM4ujiach, O YeM CBU-
JleTeJIbCTBYeT AOCTAaTOYHO HHTEHCHBHOE ocaxeHue
XeMOTeHHBIX kapOoHaToB. IlajieoHToJsiOrMYecKre OaH-
Hble TakXe MOKa3blBal0T TEHEHIUI0 K I10XOJIONAaHUIO
nocsie 5.5 THIC. JI. H., KOrAga Havasia GOpMHPOBATbHCA
necocrens (Zhilich et al., 2017). Okos1o 3.1-0 ThIC. JI.H.
oTMeuaeTcs poCcT I'YMHAHOCTH KJIMMaTa, OAHAKO yBe-
JnyeHue cofepxaHuii Ca u kapOOHATOB B IOCJIEHUX
caHTHMeTpaX OCAaJKOB MOXeT CBUETeJIbCTBOBATH O
pocTe apuIHOCTU Ha COBPEMEHHOM 3Talle.

3. Pe3ynbTaTthbl H 06Cy)KAeHHue

[ManeoHTOSIOTMYECKe JaHHBIE (IMBLIBIA, PACTH-
TeJIbHbIE MaKPOWCKOIIAaeMbIe, TUAaTOMOBBIE BOJIOPOCIIU
U OCTPAKO/IbI) U3 OTJIOXKeHUN 03. Besoe, pacmosioxeH-
HOrO B JIECOCTENHON 30He Iora 3amagHol Cubupwy,

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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MO3BOJIUIN BBIJIEIUTh «XOJIOOHYIO» (3.4-2.3 THIC.
J. H.) U «cyXyio» (2.8-1.7 ThIC. /1. H.) CTaAuU B Ccpel-
HeMm-no3aHeM roJjoneHe (Krivonogov et al., 2012a,b).
Cragusa cyxoro KjuMaTa COBIIQJaeT C IMOHIKeHHeM
ypOBHA o3epa 2.6-1.5 Thic. J. H. B fganpHelimeM Kiu-
MaT cTaja 0oJiee TeIJIBIM M BJIAXHBIM, YTO IIPUBEJIO K
MaKCUMaJIbHO BBICOKOMY YpOBHIO o3epa 1.3-0.2 ToicC.
J1. H., a 3aTeM IocJIeJoBaJI0 NOHMXXEeHNe YPOBHA BOJBI.
CTpyKTypa JOHHBIX OTJIOXKEHUH 1 OHMOreoxXuMUyYecKue
JaHHble TOKa3ajlyd pe3Koe HK3MeHeHHe BSKOCHCTEMBI
o3epa 0ko0Ji0 3.4 Kaj. ThIC. J. H. — THUII O3epa CMe-
HWICA € 3BTPOQHOro Ha OJUroTpodHOoe. ITO MOIJIO
OBITh BBHI3BAHO, B IIepBYI0 OYepellb, CMEHO! KJMMarTa,
KOTOPBIN ObLI 6oJiee TEemIbIM U BJIAXHBIM J10 3.4 THIC.
Jl. H., a IIocjie 3TOro — 0oJiee MPOXJIaJHBIM U CYXUM
(Krivonogov et al., 2012a).

BuoreoxumMmudeckue 1 najeoHOJIOTUYeCKHe AaH-
Hble M3 JOHHBIX OTJIOKEHWH 03. YaHBl Takxke IOKa-
3BIBAIOT pervuoHajibHOE H3MeHeHHe KjuMmara ¢ ~4
ThIC. JI.H. B 3anagHo-CuOUpPCKON JiecoCTemu U CTemu
(Krivonogov et al., 2023). OTMeuaTcsA OTHOCUTETBHO
HHU3KHe TeMrepaTypsl Mexay 3.6 u 2.2 TeIC. J1. H., Aajiee
MIPOM30ILIO MOCTeIleHHOe IIOBHIIIeHne TeMiepartyp (c
MaKCUMaJIbHBIMM 3HaueHUsAMH ~0.7-0.4 Teic. JI. H.),
KOTOpOe CMEHMJIOCh WX IOCJIeAYIOIIUM CHMXEeHHEM.
Buomapkepsl BBIABUIN TPU 0ojiee XOJIOAHBIX U BJIaX-
HbIX anu3ona: 3.3-2.1, 1.4-1.0 u 0.45-0.15 TrIC. /1. H.
ITpu aToM ycioBUsA [0 3.6 THIC. JI.H. OBJIM JOCTATOYHO
3aCyIUIMBBIMY, C IIOCIeAYIOMMM ObICTPHIM YBeJIMUYeHNe
BjaaxHocty kiuMarta (Krivonogov et al., 2023).

[Taneoskosiornyeckas PeKOHCTPYKIUA HCTOPUU
passutusa o3. Capryyp (BapabuHckas HHU3MEHHOCTH)
Ha OCHOBe aHaJIM3a OCTpaKo[l IoKasasa [Ba dTama ero
sBostionuu B roJiolieHe (Konovalova et al., 2022). o
4.3 ThIC. JI. H. BOAa 03epa ObljIa TeIlJION U MUHepaInu30-
BaHHOM. ITocsie aTOro oT™MevaeTcs KoJjieGaHuA YPOBHA U
COJIEHOCTH 03€pa, a O3epHble BOJBI CTAHOBATCA MeHee
MHHepaJIM30BaHHBIMU U OoJiee XOJOAHBIMHU. OKOJIO
3.3-2.2 TBIC. J1. H. YPOBEHb 0O3epa ynajl U B JajbHei-
meM B o3epe Habmofasicsi HU3KUNA ypOBEHb BOLO0O-
MeHa. T.e. Ha pyOexe 4.3 THIC. JI. H. IPOU30ILJIO KapAu-
HaJIbHOe M3MeHeHle 03ePHOH 3KOCHUCTEMEI.
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Puc.1. PacniosioxeHue nccaeJOBaHHBIX 03ep.

DKoJIoTHYecKasA PeKOHCTPYKLHA PpacTUTesbHO-
CTU U KJIMMaTa Ha OCHOBe JAaHHBIX O IBLIbIe U JUATO-
MOBBIX BOAOPOCJIAX COJIEHOro o3epa bosbiioe fposoe B
Kynynpe, Ha tore 3anagHoii Cubupu, nokasasna obiee
npeoOJiafjaHue CTeNy B TeyeHHe MocJaeqHUX 4.4 TEIC.
JI. H. B paiioHe ucciefgoBanus (Rudaya et al., 2012).
B ycJ10BHAX OTHOCUTEJIBHO TEIJIOro M CyXOro KjuMara
OTKpBITHIE TOJIyNYCTHIHHBIE U CyXHe cTenu ¢ Oepes3o-
BEIMM JlecaMH pacnpocTpaHsanuch Mexay 4.4 u 3.75
THIC. JI. H. [loABieHNe XBOMHEIX JiecoB B KysiyHze Haua-
Jiock mocsie 3.75 Thic. 1. H. (Rudaya et al., 2012).

JlaHHbBIe MBUIBLIEBOTO U I'e0XMMHMYECKOro aHa-
JIN30B IS AOHHBIX OTJIOXEHUH cojieHoro o3. Masoe
flpoBoe MO3BOJIMJIM NPOBECTH PEKOHCTPYKLMIO KIIU-
MaTta U OuopasHooOpasusa KynyHAuHCKOH cTemu
(Rudaya et al., 2020). YBejuueHHe BJIQXXHOCTH KJTU-
maTta B CTenHOM AJiTae IPUILJIOCh HA Hayaso IoJio-
neHa (11.7 TteIC. 1. H.), CO 3HAYUTEJIBHBIM POCTOM B
nHTepBase 9.8-9.7 ThIC. J1. H., 4YTO IPUBEJIO K IOAbEMY
ypoBHA o3epa nocsie 10.6 Teic. . H. Okosio 10.4-8.9
THIC. JI. H. OTMeYaeTcsA POCT COJIEHOCTH 03epa, Koraa
cojlepkaHUsA ayTUTeHHBIX MUHepasoB B Ocajike pe3Ko
BO3pacTaeT, U OHM INpeJCcTaBJIeHbl [IperMYIleCTBEHHO

Bospact, bonblue UTKynb bBenoe YaHbl Caprynb bonbwoe Manoe BonbLioi Llkana
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Puc.2. MunepaJsioro-reoxumMuyeckrie THIUKAaTOPH M3MeHeHNs KJIMMaTa T'oJioljeHa U 3BOJIIoNNA o3ep ora 3anajHoit Cubupu.
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BOJOPacCTBOPUMBIMU  COJIAMM: TUIICOM, aHTUAPH-
TOM, TaJIMTOM, a Takke KaJbLUTOM. IIUK cojieHocTH
npuxoautca Ha 9.8-9.4 TwIC. JI. H., YTO COIPOBOXKIA-
eTcd ocaxJeHHWeM TepHajWTa U TIuaporjaybepura.
KonmyecTBo 0CafKOB HE3HAUWUTEJIbHO YMEHBIINJIOCH
0KO0JIO 9.3-7 THIC. JI. H., 4YTO, BEPOATHO, COIPOBOXIa-
JIoCch TeHJeHNMel I0X0JI0aHusA, KoTopas oTpaxaeTcs
B YMEHbBIIIEHNN pacTUTeJIbHOro pasHooOpasus (Rudaya
et al., 2020). 3TO MpHBEJO K aKTUBHOMY OCaXIEHUIO
KapOOHATOB U POCTy UX coJiepkaHus B ocajike 8.9-6.4
ThHIC. JI. H. /I3MeHeHle MHHepaJIbHOI0 U XMMHUYeCKOIro
cocTaBa JOHHBIX OTJIOKeHUil 6.4—0 ThIC. JI. H. yKa3bl-
BaeT Ha ycujleHue 6eperoBoil 3po3Uu U COOTBETCTBYeT
CTaauu «TJIyOokoro o3sepa». MuHepasbHBII CcOCTaB
ocagka IpeacTaBjeH OOJIbIINM KOJINYECTBOM Teppu-
reHHoro marepuasna (kBapl, xyioput, KIIII) u MeHb-
MU COAepXKaHUAMU rajiTa, HU3KO-MarHe3najibHOro
KaJIbL[UTa, MOJIHBIM OTCYTCTBUEM CyJIb(aTHBIX MUHe-
paJioB. JlaHHBIe MBUIBIIEBOTO aHasan3a MOATBEPXKAAI0T
BBICOKOE CTOsIHME O3€epHBIX BoJ Mexay 6.6 u 1.3 Toic.
J. H.,, C MakCHMaJIbHBIM ypoBHeM 6.6—-6 ThIC. JI. H.
OnTtuMasbHbBle YCJIOBUA [AJIA PacTUTEJBHOIO pa3HOO-
6pa3usa Ha CtenHoOM AnTae u tore 3amagHoil Cubupu
HayuHawTCcA 7.5-7 U 3aKkaH4yuBaTcea 3.6—2.7 ThIC. JI. H.
(Rudaya et al., 2020).

leoxuMusa ocagkoB coJleHOro 03. boJibmoil
Baran noareBepxxgaeT LMKJIBI apuAW3aliy/TyMUAN3aA-
muu B rosorjeHe (Maltsev et al., 2022). JleTonuch IOH-
HBIX OTJIOXKEHHI 03epa OXBaThIBaeT BpeMEeHHOH nepuos
B 9 THIC. JIET, YTO [O3BOJIAET MOJIyYUTh JaHHBIE O paH-
HUX 3Tamnax rosiolieHa (nocse 7 TeIC. JI. H.). Tak, okoJio
9-7.5 Kaj. THIC. J.. H. B palioHe HcCJIeAOBaHUA OBLI
TeIlJIBIH U BJIQKHBIN KJIMMAT, KOTOPBIN CMEHWJIM 3aCyil-
JIMBBle TIpUPOJHBIE OOCTAHOBKM MpumepHo 7.5-5.3
KaJl. THIC. JI. H. C IMKOM KapOOHaTHOCTU ocajka 6.9-5.8
KaJl. THIC. JI. H., KOTOPBI!I MOXeT COOTBETCTBOBATH IJIO-
6ajlbHOMY KJIMMaTHuyeckoMy coObiTuio boHma 4. Urto
coBIafjaeT C pe3yJibTaTaMH, IOJIy4YeHHbBIMH U3 OCaAKOB
o3ep Utkynp u bosbmue Topoku. I BpeMeHHOI'O
uHTepBasia 5.3-2.1 kaj. THIC. JI. H. XapakTepeH Hey-
CTOMYUBBIN KJINMAT, C YaCTOM CMEHOU KOPOTKUX CYXUX
M BJIQXHBIX 3IIU30/10B, a ~2.1-0.2 KaJ1. ThIC. JI. H. HaMe-
TWICA TPeH[ Ha IoxojoAaHue kiamuMara. Takum obpa-
30M, JIETOIIMCh AOHHBIX OTJIOXKEeHU! 03. Bosbmoii baran
dukcupyloTcsa TelJIBll U CyXOH Iepuoj roJiolleHa Ha
NpOTAXKeHUU ~9-5.3 Kaj. ThIC. JI. H. C NOCJIeAyIOLUIUM
noxosoAaHueM. B ceBepHoM Kazaxcrane (KOTOpHIi
TPaHUYUT C 03€pOM) Takxe A0 ~5.5 ThIC. JI.H. TpeobJia-
Jajy 3acylUIMBbIe CTelHble U MOJIyIyCThIHHBIE JIaH[-
madTe. Ilocse aToro nepruofa KiuMar CTajl BJIaKHee
(Kremenetski et al., 1997).

4. 3aknioueHue

MO’XHO 3aKJIIOUUTD, YTO TEIUIBIN U CyXOl NepUos
B cepeJIViHe roJIolieHa ¢ IoC/IeIYIONINM yBIaXKHeHeM U
noxoJiogaHvueM GuUKcUpyeTcs B paiioHe 1ora 3anagHou
Cubupu go ~5.5-4 Toic. J1. H. Ha pybexe okosio 3.6—
3.1 THIC. JI. H. Ha HcCCIeqyeMON TeppuUTOPUM IPOU30-
IO CyIlecTBEHHOEe H3MeHeHHe IPUPOAHO-KIMMATU-
YecKuX 00CTaHOBOK, KOTOPOe OTpaXkaeTcsA Kak B pocTe
coJiep>kaHUs KapOOHATOB B OCAKax, TaK U B M3MeHe-
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HUU CIIOPOBO-TIBUIBIEBBIX acconmanuil (Krivonogov et
al., 2012a; b; 2023; Zhilich et al., 2017; Solotchina et
al., 2019; 2021; Maltsev et al., 2020). Habrogaercs
eIUHBIN TPeH ] N3MeHEeHU cojiepxkanua Mg B kapOoHa-
TaxX JOHHBIX OTJIOXKEeHWUI perruoHasibHBIX 03ep (Puc. 2),
CBUJIETEJIBCTBYIOUIMN O KOJIEOAHUAX COJIEHOCTH BOJHI,
YTO SBJIAETCA CJIEACTBUEM PETrHMOHABHBIX MaJIEOKJIU-
Matuuecknx ¢iyktyanuil. OJHaKO cJielyeT OTMETHUTb,
YTO IIUKJINYECKAs CMeHA NEPUOAO0B UCCYIIEeHU/yBIIaX-
HEHUsA TOJIOLEHOBOTO KJIMMAaTa, 3adUKCUpPOBAHHAA
B KapOOHaTcoJAepXXallnuX [OHHBIX OCAAKaX O3ep ra
3amagHoit Cubupu, HabmogaeTcsa U i OOJIBIINMHCTBA
o3ep 3anagHoii Cubupu. Takum obpaszoM, peub UAET
O BJIMAHUU TJIOOAJIBHBIX KJIMMATUYECKHX IPOLIECCOB,
MPOTEKABIINX HAa TeppuTOpur CeBepHOro MOJIyIIapus
B [MO3JHEYETBEPTUYHOE BPEM.
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ABSTRACT. Based on the lithostratigraphic and geomorphological approach, the study of lake level
fluctuations in Nero and Seliger over the past 15,000 years was conducted. Common features of level
changes were revealed: deep regression at the end of the late glacial period and early Holocene, inten-
sive rise in level in the early-middle Holocene, stabilization (with a slight upward trend) in the late
Holocene. Similar features in level changes were revealed in the history of a number of lakes in Germany
and Scandinavia. A connection was found between lake level fluctuations and the intensity of fluvial
processes in the center of the East European Plain.
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1. Introduction

Lake level variations reflect the hydroclimatic
dynamics of the late Quaternary. A direct connection
with climate is manifested in endorheic lakes of semi-
arid and arid zones, where the lake level is determined
only by the balance of precipitation and evaporation.
In a humid climate, where there is an excess of pre-
cipitation, the vast majority of lakes are flowing, i.e.
they have a runoff. In such lakes, the position of the
water surface is determined, first of all, by the height of
the runoff threshold. Here, the connection between the
level and the climate is not so direct. The influence of
climate is transformed by landscape, hydrological and
geomorphological factors.

The article presents the results of a study of the
dynamics of the lakes of the upper Volga basin: Nero
(Yaroslavl region) and Seliger (Tver region). A com-
parison is made with the history of the level of runoff
lakes in Central and Northern Europe. A mechanism for
changing the level of alluvial-dammed lakes in the cen-
ter of the East European Plain is proposed.

2. Materials and methods

Lake Seliger is a system of 24 semi-isolated bays
(the so-called reaches), forming a cross in plan. The
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length of the lake from north to south is 60 km, from
west to east - 35 km. The lake has an area of 212 km?,
an average depth of 5.8 m and a maximum of 24 m.
The catchment area of the lake is 2310 km? A normal
level of the lake is 205.48 m. The amplitude of level
fluctuations recorded during the observation period is
206 cm. In the annual course of the level, two peaks are
observed - spring and autumn, which are comparable
in their volumes. Seliger has more than 100 tributaries.
The largest tributaries are the Krapivenka, Soroga and
Seremukha rivers. The Selizharovka River flows out
of Lake Seliger, which flows into the Volga near the
urban-type settlement of Selizharovo.

Lake Nero, the largest lake in the Yaroslavl Volga
region, is located in the southern part of the Rostov
Basin. The area of the water surface (58 km?2) is only
about 8% of the total area of the Rostov Basin. The lake
is stretched from southwest to northeast, has a pear-
shaped form - with a narrow northern and widened
southern part. Lake Nero is a flowing reservoir. The
Sara River and about 20 other small rivers and streams
flow into it: Vorzhenka, Voksitsa, Sulost, Seletskaya,
Vorobylovskaya, Glubokaya, Serebryanka, Vanoga,
Mazikha, Ishnya, Kuchibozh, etc. The Veksa River
flows out of the lake, which, after merging with the
Ustye River, gives rise to the Kotorosl River. The length
of the lake is 13.2 km, the maximum width is 8.3 km,

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
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the average depth is 1.6 m, the maximum depth is 4.7
m (Bikbulatov et al., 2003). Before the construction of
the artificial dam on the Veksa River, the average long-
term water level was 93.75. In average water years,
the amplitude of water level fluctuations is 1.2-1.3 m.
In low-water years with little precipitation, the ampli-
tude could reach 3 m (Bikbulatov et al., 2003). During
the observation period, the maximum water level was
recorded at 96.37 m, the minimum at 93.09 m.

The structure of the bottom sediments of the
lakes was studied using manual drilling with a modified
Livingstone piston drill and ground penetrating radar
profiling. Drilling profiles were laid across the under-
water coastal slope — from the shore to the deep-water
part. In Seliger, two stretches of water bodies were also
studied, resembling flooded parts of river valleys in
morphology. A total of 9 cores were obtained for Lake
Seliger and 12 cores for Lake Nero.

Radiocarbon dating, loss on ignition, particle
size distribution, diatom analysis and pollen analysis
were performed from the cores of the reference bore-
holes. The structure of the coastal sediments was inves-
tigated using hand drilling. The reconstruction of the
level change curve is based on the analysis of the age
and altitude of the stratigraphic unconformities on
the borehole profiles, which mark the declines in the
level and erosion of the bottom sediments. Additional
information on the sedimentation environments was
obtained from the analysis of the lithological composi-
tion of the sediments and the results of paleobotanical
studies.

3. Resulits

Seliger. Drilling showed that in the southern bays
of Seliger, lake silts several meters thick are underlain
by coarse-grained sands, most likely of river origin.
This is evidenced by the characteristic asymmetric pro-
file of the bottom in the supposed areas of ancient river
bends and the time of transition from active runoff to
stagnant conditions of the reservoir - starting from 14.5
thousand years ago: at that time, the edge of the glacier
was already far away and meltwater from the glacier
did not penetrate this territory. It has been shown that
the flooding of areas of river valleys and their transfor-
mation into lake reaches was caused by the damming
of the Selizharovka River, which originally flowed out
of Lake Seliger in the Ostashkov area. About 14.5 thou-
sand years ago, the Selizharovka began to be dammed
by the intensively growing internal delta of its left trib-
utary, the Krapivenka River. The water level in the lake
rose in the Late Glacial and Holocene and was about
7-8 m. The maximum rate of lake level growth occurred
in the Late Glacial and Early Holocene.

Nero. A deep regression of the lake level in Nero
was established in the Late Glacial and Early Holocene.
Stratigraphic unconformities in the sediments record
a stage of low water level (below 87 m abs.) in the
interval from 14.7 to 10.0 thousand years ago. The lake
decreased in size several times, and the reservoir was
preserved only in the axial, deepest part of the basin. A
large transgressive phase was recorded at the end of the
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Boreal and Atlantic period of the Holocene, from 9.0 to
6.5 thousand years ago. The lake level reached 91-94
m abs., which is close to modern values. The aver-
age long-term lake level in the Holocene did not rise
above 94.2 m. In the interval 6.5-2.4 thousand years
ago, weak regressive phases were established in the
dynamics of the average long-term level. The lake level
was approximately 1-3 m lower than today. Beginning
2.4 thousand years ago, the level of Lake Nero slowly
increased, reaching modern state approximately 300-
500 years ago.

4. Discussion and conclusions

According to the most common concepts, the
level of lakes in the central VER is directly related to
the degree of climate humidity: more arid stages corre-
spond to a low level, and more humid stages to a high
level (Harrison et al., 1996; Wohlfarth et al., 2006).
However, the above results on the history of lakes Nero
and Seliger cannot be explained solely by changes in
climate humidity. Changes in lake levels are in poor
agreement with the course of precipitation changes.
Similar trends in levels have been established for a
number of lakes in northeastern Germany and Sweden
(Theuerkauf et al., 2022; Digerfeldt et al., 2013):
deep regression at the end of the late glacial and early
Holocene, an intense rise in level in the early-middle
Holocene, stabilization (with a slight upward trend) in
the late Holocene.

The probable cause of the level fluctuations
should be sought in the change in the height of the run-
off threshold, which determines the level in the runoff
lakes of the humid zone. The analysis of the relief and
structure of sediments in the areas of runoff from Lakes
Nero and Seliger (the Veksa and Selizharovka rivers,
respectively) shows that the height of the runoff thresh-
old is controlled, first of all, by alluvial accumulation
(or erosion) in the channels of large side tributaries -
the Ustye-Kotorosl and Krapivenka rivers. The internal
deltas of these rivers form an alluvial dam that main-
tains the current relatively high level of the lakes. Thus,
the channel system of Ustye-Kotorosl at the confluence
of the Veksa is in the mode of intensive accumulation
and growth of the bottom height, as evidenced by the
extremely frequent meandering and the embanked
nature of the channels. Before the construction of the
dam in Belogostitsy, during large floods on Ustye-
Kotorosl, even reverse slopes along the Veksa were
noted (Bikbulatov et al., 2003), which led to counter-
flow of water and floods on Lake Nero. All this points
to a direct dependence of the Nero level on the ero-
sion-accumulative regime in the Ustye-Kotorosl river
system. The curves of the Nero and Seliger lake levels
(Konstantinov et al., 2021; Konstantinov et al., 2023)
reveal a close relationship with the diagram of the
intensity of fluvial processes (Panin and Matlakhova,
2015). A major regression of lakes in the late glacial
and early Holocene was caused by extremely high
water discharges and deep incision of river channels
in the region. This resulted in a significant drop in the
height of the lake runoff threshold. Thus, Lake Nero
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actually did not exist in the early Holocene; it looked
like a small lake-like expansion at the confluence of the
Sara and Ishnya rivers. The increase in the lake level in
the Atlantic period coincides with the minimum river
runoff in the Holocene, which created the prerequisites
for intensive alluvial accumulation in sections of chan-
nels with low slopes of the longitudinal profile. This led
to the creation of alluvial dams that dammed the lower
reaches of the Sara and Ishnya rivers (in the case of
Nero) and Selizharovka (in the case of Seliger). Further
stabilization of the lake level with a slight upward trend
is consistent with a decrease in the amplitude of fluvial
dynamics. Since the identified mechanism of lake level
fluctuations has a regional determinacy, lakes with a
similar history are probably quite widespread in central
and eastern Europe.
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AHHOTAILMA. Ha ocHOBe jiuTOCTpaTurpadmuueckoro u reoMmopdoornieckoro noaxona npoBeAeHo
rcciiefoBanue KojebaHuil ypoBHsa o3ep Hepo u Cenurep 3a nmociegnue 15000 sieT. BrisByieHs! obuiye
yepThl MU3MEHEHUs ypOBHs:A: I'IyOOKas perpeccus B KOHIE MO3QHEJEJHUKOBb M paHHEM TOJIOIEHE,
MHTEHCUBHEIN NIOAbEM YPOBHSA B paHHeM-CpefHeM roJjoneHe, crabuiansanus (¢ HeO6oJbMuM TPeHI0M
Ha [OBHIIIEHNE) B IO34HEM roJioljeHe. CXOHbIe YepPTHl B N3MEeHEeHNN yPOBHSA BBIABJIEHH! B UICTOPUU psAda
o3ep 'epmannu 1 CkanauHasuyu. OOHApYXeHA CBA3b MEXAYy KOojae0aHUAMU yPOBHA 03€p U MHTEHCUBHO-
cThI0 (JIIOBUAJIBHEIX IIPOLIECCOB B LIeHTpe BocTouHo-EBpomelickoli paBHUHEIL.

Kitioueawie ciiosa: HCTOpUA YPOBHA 03€pa, I'OJIOLEH, ITaJIECOJIMMHOJIOIUA, paAu0oyIrJIEpOAHOE AJaTUPOBAHUE,
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JlasykoBa JL.U. JluHaMMKa ypoBH:A 03ep IieHTpa BocTouHo-EBpormelickoil paBHUHBL B rosoneHe // Limnology and Freshwater
Biology. 2024. - No 4. - C. 428-433. DOI: 10.31951/2658-3518-2024-A-4-428

1. BBeapenue

Kosne6aHusa ypoBHA 03ep OTpaxaloT T'MAPOKJIM-
MaTHYeCKyI0 AUHAMUKY KOHI[A YETBEPTHUYHOTO MEepU-
ofa. Hanpsmyio cBA3b ¢ KJIMMAaTOM MpOSABJIAETCA B
0eccTOYHBIX 03epax ceMHapyIHbIX 1 apUAHBIX 30H, Te
ypOBeHb 03ep oIpejesifAeTcsa TOJIbKO OajaHCcOM ocaf-
KOB U HcHapeHus. B ryMuHoM KjmMarte, rae UMeeTcs
n30BITOK OCAJKOB, MOAABJIAMIIee OOJIBIINHCTBO 03€ep
IIPOTOYHBIE — T.e. OHU 00J1aAaloT CTOKOM. B Takux oze-
pax IoJIoXXeHHe BOAHOI MOBEpXHOCTU OIpefessaeTcH,
Ipekae Bcero, BHICOTOI Mopora CToka. 31ech CBSA3b
YPOBHA € KJIMMATOM He Takas npsmasd. BiausHue kiu-
MaTa TpaHchopMupyerca JaHAma@THEIMU, TUAPOJIO-
TUYecKUMU U reoMopdosiornieckuMu GakTopaMu.

B craTtbe npefcTaByieHbl pe3yJbTaThl HCCIIEOBaA-
HUsA AUHAMUKU YPOBHA 03ep 6acceliHa BepxHel Bosru:
Hepo (fpocnaBckas ob6nacts) u Cesnurep (TBepckas
obsacts). IIpoBefeHO comocTaBjeHUe C HCTOpUel
ypoBHA CT