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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.
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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
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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.
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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
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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
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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.
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roJiolieH, JOHHbIe OTJIOXeHus, 3anaaHas Cubupb
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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
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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,
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eTcs o MexIyHapoJHo! jiutieH3uel Creative
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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
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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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