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ABSTRACT. We present the results of a comprehensive study of Holocene sediments from high-moun-
tain Lake Sagan-Nur located in East Sayan. The lake is freshwater and has glacial origin. The sediments
have been studied by X-ray diffractometry (XRD), IR spectroscopy, laser grain-size analysis, X-ray flu-
orescence analysis, AMS (**C) and 2°Pb dating. The mineral composition of lake bottom sediments is
dominated by phyllosilicates, quartz and feldspars. The method of mathematical modeling of their
complex XRD profiles was used for correct identification of layered silicates. It has been established that
the structural characteristics and quantitative ratios of these minerals change in response to climate
changes in the region. The study of sediments composition and, especially, the precision mineralogi-
cal-crystallochemical analysis of layered silicates allowed us to reconstruct the climatic conditions of

sedimentation.
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1. Introduction

The abrupt changes in the planet’s climate and
the uncertainty of its forecast even for the near future
have led to the fact that the reconstruction of sedimen-
tation conditions in a changing climate has become one
of the urgent scientific problems of our time. The main
attention in the world practice is paid to the Holocene
climate records, since they are extremely important as
close analogs of the present and/or as potential ana-
logs of the future climate. The acute shortage of reliable
data on the climate of the past is particularly perceived
for the internal regions of the huge Asian conti-
nent, including the East Sayan mountainous regions.
Lacustrine bottom sediments are natural archives that
have recorded the history of the development of paleo-
landscapes and climatic conditions since the end of the
Last Glacial Maximum. Academician N.M. Strakhov has
repeatedly indicated the leading role of the climatic fac-
tor in the formation of continental subaqueous deposits
(Strakhov et al., 1954).
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The aim of this work was to reconstruct the
Holocene climate in the Oka Plateau of the East Sayan
based on the study of the substance composition of
sediments, association and crystallochemical charac-
teristics of layered silicates from high-mountain Lake
Sagan-Nur. We obtained cores of bottom sediments,
carried out comprehensive mineralogical and crystal-
lochemical studies, and identified the stages in evo-
lution of lake basin in which sedimentation occurred
under the influence of climatic factors.

2. Materials and methods

Lake Sagan-Nur is located in the central part of
the Oka Plateau and is enclosed by mountains up to
1824 m above sea level. The water surface area is about
1 km?, the maximum depth is ~ 23 m. The lake is fed
mainly by atmospheric precipitation, water runoff is
in the Oka River. The climate of the territory of the
Oka Plateau is sharply continental. The thickness of the
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uncovered sedimentary section was 187 cm. Dating of
lake sediments was carried out by AMS (**C) method on
total organic matter and gamma-spectrometry (?°Pb).
The radiocarbon data were calibrated, the age of sedi-
ments of Lake Sagan-Nur is ~8600 cal yrs.

Mineralogical studies of lake bottom sediments
were carried out using a combination of methods
including X-ray diffraction (XRD), infrared spectros-
copy, laser granulometry, scanning electron microscopy
(SEM), X-ray fluorescence analysis (Analytical Center
for Multi-Elemental and Isotope Research, IGM SB RAS,
Novosibirsk). X-ray studies were performed on an ARL
X'TRA diffractometer (Cu Ka radiation). For the phase
analysis, the samples were scanned in the range from
2° to 65° (20) with a step of 0.05° and counting time
3 s at each point. A qualitatively new level of studying
the layered silicates in multicomponent systems was
provided by using an effective method of mathematical
modeling of complex XRD patterns (Solotchina, 2009).
We analyzed the initial nonfraction samples. Ethylene
glycol-saturated samples were scanned in the interval
from 2° to 35° (20), with the same step of 0.05°, but
with a longer scanning time (16 s) at each point. The
peaks of nonlayered minerals contained in sample were
described by the Pearson VII function.

3. Results and Discussion

The mineral composition of Lake Sagan-Nur bot-
tom sediments is dominated by layered silicates, quartz
and feldspars. The complex of layered silicates includes
muscovite, illite, chlorite, mixed-layer illite-smectite
and chlorite-smectite, as well as kaolinite. The struc-
tural characteristics of these minerals and their quanti-
tative ratios are not equal in the different parts of the
section and evidently reacted to changes in the envi-
ronment of the region. It is known that during cold
periods physical erosion of rocks is dominant in the
catchment, and terrigenous minerals, including mus-
covite and chlorite, primarily enter the water bodies,
while during warm periods, chemical weathering and
soil formation processes intensify. The formation of
fine-dispersed illites, mixed layer illite-smectites, and
chlorite— smectites, and the concentration of smectite
layers in them indicate a warm and humid climate.

The results of modeling the XRD patterns of lay-
ered silicates indicate an unstable and seasonally dry
climate at the end of the Early and at the beginning of
the Middle Holocene (8600-7800 cal yrs). In the lower
part of the section most of the samples accumulate
finely-dispersed clay minerals - illite and illite—smec-
tite. Elevated values of organic matter content up to
20-25% imply favorable conditions for the develop-
ment of aquatic vegetation. At the same time the high
content (up to ~50%) of muscovite and small amount
of organic matter (= 5%) in some samples indicate
intermittent cooling periods (Fig. 1, sample 159-160).
In the Middle Holocene, climate warming and perma-
frost degradation occurred. There was also a decrease
in the input of terrigenous material. The Late Holocene
(past ~3000 cal yrs) is characterized by the dominant
terrigenous material which is likely to have the coastal
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Fig.1. Results of modeling of XRD patterns of layered sil-
icates in samples from Sagan-Nur Lake. Designations: musc
— muscovite, chl — chlorite, ilt — illite, ilt-sm — illite-smectite,
chl-sm - chlorite-smectite, kaol — kaolinite, qz — quartz, pl -
plagioclase, amph — amphibole, OM - organic matter.

catchment as the main provenance area. Compared to
the underlying deposits in the upper horizons of sedi-
ments contain a decreasing amount of finely dispersed
illite, fewer smectite layers in illite—smectite, and an
increased content of muscovite and chlorite, which indi-
cates the colder climate of the Late Holocene. However,
some samples (Fig. 1, sample 14-15 cm) were recorded
to contain a significant amount of SiO,bio (up to 15%)
and organic matter (up to 20-25%), which may indi-
cate periodic softening of climatic conditions in the
Late Holocene.

4. Conclusions

Thus, based on the lithological and mineralogi-
cal-crystallochemical studies, the dynamics of changes
in landscape—climatic conditions of sediment accumu-
lation in Sagan-Nur Lake was reconstructed. The high
potential of a number of phyllosilicates (illite, mixed-
layer minerals) as indicators of the paleoclimate in the
deposits of freshwater basins was shown. The obtained
data confirm the results of the palynological analysis
of the bottom sediments of Lake Sagan-Nur, performed
earlier using the biomization method (Bezrukova et
al., 2022). The comparison of the identified stages of
environmental evolution in the lake basin with the sub-
divisions of the Holocene climate-stratigraphic scale
demonstrated their good agreement, which suggested a
significant influence of global climatic processes on the
regional features of continental sedimentary environ-
ments at that time.
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AHHOTAIIAA. [IpencrtaByieHbl pe3yJibTaThl KOMIUJIEKCHOTO HCCJIEeAOBAHWUA TOJIOLEHOBBIX OTJIOXe-
HUI BBICOKOTOpHOro o3epa CaraH-Hyp, pacnosioxeHHOro Ha Teppuropuu BocrouHoro CasHa. O3epo
ABJIAETCA IIPECHOBOJHBIM U MMeeT JIEAHUKOBOe NMpoucxoxiaeHue. OTJI0XeHUsA U3y4yasluch MeToAaMM
penTreHosckon qudpakroMmerpun (XRD), UK-crekTpocKonum, J1a3epHOro rpaHyJIOMeTPUYECKOro aHa-
JIN3a, peHTreHodJIyopeceHTHOro aHanmu3a, AMS (1*C) u 2'°Pb matmpoBaHus. B MUHEpaJbHOM COCTaBe
JOHHBIX OCaJIKOB O3epa IpeobJafalnT (UILIOCHINKATH, KBapl] U IoJjeBble IMNaThl. [/ KOpPeKTHOM
naeHTU(UKAUY CJIOUCTBHIX CHUJIMKATOB ObUI KCIIOJIb30BaH MeTOJ MaTeMaTHYeCcKOro MOZeNpOBaHUA
ux ciaoxHbex XRD npoduseil. YcTaHOBJIEHO, YTO CTPYKTYypHblE XapaKTEPUCTUKU U KOJIMYeCTBEHHbIE
COOTHOUIEHNS 3TUX MHHEpPaJIOB MEHAITCA B 3aBUCHMMOCTU OT KJIMMaTUYeCKUX M3MEHEeHU! B pervoHe.
W3yueHue cocTaBa 0CaJKOB 1, 0COOEHHO, IPelU31OHHBIN MIHEpaJIoro-KpUCcTa/UIOXMMUYeCKU aHaIn3
CJIOMCTBIX CUJIMKATOB II03BOJIMJIM PEKOHCTPYyHPOBAaTh KJIMMaTH4YecKre OOCTaHOBKYU ceJMeHTaluu.

Kitiouegsie ctoga: o3epHble 0CaJKy, CJIOUCTHIE CUJIMKaTH, MofearnpoBanue XRD npoduieii, rojoleH,

najieokyimmar, Boctounsiii CasH
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1. Beeaenue

Pe3kue n3MeHeHNA KIMMaTa Ha IJIaHETe U Heo-
Ipefle/IeHHOCTh ero IpOrHo3a Aaxe Ha Oirxaiimiee
OyAayllee NpUBeJU K TOMY, YTO PeKOHCTPYKIUsA obcra-
HOBOK OCAQIKOHAKOIUIEHUA B YCJIOBUAX H3MeHsIolle-
rocs KJIMaTa CTajla OJHOIN M3 aKTyaJIbHBIX HayYHBIX
mpo6iemM Hamero BpeMeHU. OCHOBHOe BHUMAaHUE B
MUPOBOH NPaKTHKe y[esigeTrcs JETONMUCAM KJIMMaTa
roJiolieHa, IOCKOJIbKY OHU UCKJIIOUHTEJIBHO BaXXHBI KaK
6JIM3KUe aHaJIord COBPEMEHHOCTU U/WIM KakK IOTeH-
[[MaJIbHble aHaJIoOTU KimMara 6yayuiero. OCTphiil HeJlo-
CTAaTOK JOCTOBEPHBIX [AaHHBIX O KJINMAaTe IIPOIILIOro
0ocoOeHHO omlymiaeTcsi AJA BHYTPeHHUX o6Jactei
OTrpOMHOI0 A3MaTCKOro KOHTUHEHTA, B TOM YHCJIe JIs
TOpHBEIX paiioHOB BoctouHoro CasHa. EcTecTBeHHBIMU
apxyuBaMH, B KOTOPHIX 3aduKcHpoBaHa HCTOPUS pas-
BUTUS [PUPOJHO-KJINMATUYeCKX OOCTaHOBOK CO
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BpeMeHU OKOHYaHHusA IOCJeAHEero JIeJHUKOBOIO Mak-
CHMMyMa, fABJIAIOTCA AOHHBIE OTJIOKeHUA o3ep. Ha Beqy-
IIyI0 POJIb KJIMMATHU4ecKoro akropa B GOpMHUPOBaHUN
KOHTHMHEHTAJIbHBIX Cy0aKBaJIbHBIX OTJIOXKEHUI HeOJHO-
KpaTHO ykasbiBaj akafiemMuk H.M. CtpaxoB (CTpaxoB u
ap., 1954).

Llenpio paboTHl ABJIATIACH PEKOHCTPYKLMA KIIU-
MaTa roJiolleHa Ha Tepputopund OKHHCKOro ILJIaTo
BocrouHoro CasiHa Ha OCHOBe M3y4Y€HHUs BellleCTBEH-
HOIO COCTaBa OTJIOXEHMH, accolMaluyd U KpUcTa-
JIOXMMHYECKNX XapaKTePUCTUK CJOUCTBIX CUJINKATOB
BBICOKOrOpHOro osepa CaraH-Hyp. Hamu 6b11 nostyyeH
KepH JOHHBIX OCAJKOB, BBIIIOJHEHBl MX KOMILJIEKCHbIE
MHHEepaJIoro-KpHUCcTalJIOXUMUYEeCKe HCCIeOBaHUA U
BBIJIeJIEHBl CTAaAUU 3BOJIIONMU OacceiiHa, OCcagKOHAKO-
IIJIeHWe B KOTOPOM IPOMCXOAMJIO MOJ BJIUAHHUEM KJINU-
MaTHh4YecKux (GpakTopoB.

© 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-4-670
mailto:paul@igm.nsc.ru

Conomyun lN.A. u dp. / Limnology and Freshwater Biology 2024 (4): 670-675

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

2. MaTepuanbl M METOADI

Ozepo CaraH-Hyp pacnosioxeHo B LleHTpaJIbHO!
yacTl OKMHCKOIO IJIaTO, B OKPYXEHHUU T'Op BHICOTOH
no 1824 m nHag y.m. Iliomanps BOOHOW IOBEPXHOCTH
cocTaBJiseT okojio 1 KM2?, MakcUMaJibHasA TJIyOuMHa ~
23 m. IlutaHue o3epa obecneuyrBaeTCs, B OCHOBHOM,
arMocdepHbBIMH OCaJKaMH, CTOK BOJBI IIPOMCXOAUT B
p. Oxka. Kinumat tepputopuu OKMHCKOTO IIJIATO PEe3KO0
KOHTHMHEHTaJIbHbIF. MOIIHOCTD BCKPHITOTO OCaAo0u-
HOro paspesa cocrtasuia 187 cm. JlaTupoBaHue o3ep-
HBIX OTJIOXKEHUI BhIIOJIHEHO MeTomamMu AMS (1“C) mo
o0mieMy OpraHNM4ecKoMy BelllecTBY M raMma-CIIeKTpo-
MeTpueil mo 2'°Pb. laHHbIe paaAMOYIJIEPOJHOTO aHa-
Jr3a ObUIM OTKaJMOpPOBaHBI, BO3PACT OTJIOXKEHUH 03.
Caran-Hyp cocrasyser ~8600 x.J1.

Munepasiornueckue HCCJIeIOBaHUA  JOHHBIX
OTJIOKEHUI 03epa IPOBOAWJINCH KOMILIEKCOM METO-
JI0B, BKJIIOYAIOMIM PEHTIeHOBCKYI0 AU(PpaKkTOMeTpUI0
(XRD), HK-cnexTpockonui, Jia3epHyl0 TpaHyJioOMe-
TPUIO, CKAHUPYIOLIYI0 3JIeKTPOHHYI MHUKPOCKOIUIO,
penTtreHodyopecuenTHsiii aHanms (LIKII mHorosse-
MEHTHBIX U MI30TOIHBIX ucciieqoBanuiit UI'M CO PAH, r.
HoBocubupck). PeHTreHOBCKUE MCCJieJOBAHUSA BBIOJI-
HeHnl Ha audpaxkromerpe ARL X'TRA (u3nyueHue Cu
K ). lna ¢asosoro aHaimsa oOpasibl GbLIM OTCKaHU-
poBaHH B UHTepBaJie oT 2° 10 65° (2Q) c marom 0.05°,
BpeMs CKaHUpOBaHWA B TOYKe 3 ceK. KauecTBeHHO
HOBBII YPOBEHb WCCJIEJOBAHUI MPUCYTCTBYIOIIUX B
MHOTOKOMIIOHEHTHBIX CHCTeMaX CJIOUCTHIX CHUJIMKa-
TOB ofOecrieueH MpuMeHeHHeM 3(DGEKTUBHOrO MeToja
MaTeMaTHU4eCKOro MOMAEJINPOBAHUA UX CJI0XHBIX XRD
npobwieii (CosorunHa, 2009). AHaIM3MPOBAaJINChH
ncxofHble HedpakiuoHHble NPOOh. ChEMKA HAacCh-
IIeHHBIX 3TUJIEHIJINKoJieM 00pas3lioB MpOBOAWJIACH B
uHTepBasie ot 2° 1o 35° (2Q), ¢ Tem xe marom 0.05°,
HO yBeJINUeHHBIM BpeMeHeM CKaHWPOBaHUA B TOUKE -
16 cex. [Ipu moaenuposaHuu pedJieKChl IPUCYTCTBYIO-
mux B o0paslie HecJIOUCTHIX MUHepPaJIoB OIKCHIBAJINChH
dyuknueit [Tupcona VII.

3. Pe3yAabTaTtbl M MX 06Cy)XpAeHHue

B MuHepanbHOM cocTaBe OOHHBIX OTJIOXKEHUN
o3zepa CaraH-Hyp mpeo06s1afjaloT CJIOMCTHIE CUJIMKATHI,
KBapll U moJjieBble mmarTel. AHCAaMOJIb CJIOMCTBIX CUJIU-
KaToOB BKJIIOYaeT MYCKOBUT, WIJIUT, XJIOPUT, CMelIaH-
HOCJIONHble WJUJINT-CMEKTUT U XJIODUT-CMEKTUT, a
Taxke KaoJMHUT. CTPYKTYpHBIE XapaKTepUCTUKU 3TUX
MMHEepaJIOB U UX KOJIMYeCTBeHHble COOTHOIIEHUA pas-
JIM4aloTCA B pasHBIX YacTAX pa3pesa, U akTUBHO pearu-
PYIOT Ha uM3MeHeHHsA NPUPOJHON OOCTAaHOBKHU B peru-
oHe. B xomogHble nepuoAnl mpeobiagaer puanveckoe
BHIBETpHBaHUe IopoAd Bogocbopa, U B BOJOEMBI IIOCTY-
[alT IpenMylleCTBeHHO TeppuUreHHble MUHepasbl, B
HUX 4HCcJie MYCKOBUT U XJIODUT, a B TeIljible NepuoJibl
YCUJIMBAIOTCA IIpOlLlecChl XMMHYeCcKOro BbIBEeTPHBAHUA
U noysooOpazoBaHus. dopMmupoBaHUe TOHKOAUCIIEPC-
HBIX WUJINTOB, CMEMIAHOCJIOMHBIX HJIJINT-CMEKTHUTOB
U XJIOPUT-CMEKTUTOB CBHUETEJbCTBYIOT O TeIJIOM U
BJIQXKHOM KJIMMarTe.
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PesynbpraTel MopenupoBaHus XRD mnpodueit
CJIOUCTBHIX CHUJIMKAaTOB B OcCaJlkax O3epa YKa3blBaloT
Ha HEeYCTOMYMBBII U CE30HHO 3acCyIUIMBBINA KJIU-
Mar (puHajla paHHero W Havajla cpefHero roJjoreHa
(8600-7800 k.n1.H.). B HHU3ax pa3pe3a HaKaIlJIMBAIOTCSA
MpenuMyllecTBeHHO  TOHKOJMCIEPCHblE  TJIMHUCTHIE
MUHepaJibl — WUIMT U WUINT-cMeKTUT. OTMevaloTcs
NoBBIIIeHHBIe coAepxaHusa OB — nmo 20-25%, ykasbl-
Balolllle Ha paci[BeT BOJHOW pacTUTEJIbHOCTH. B TO
XKe BpeMs B psAlle 00pa3ljoB OTMeuaeTcs BbIcOKoe (1o
~50%) conepxaHue MyckoButa u mMasioe OB (= 5%),
YTO CBUJIETEJIbCTBYET O MIEPUOAUYECKUX MTOX0JIOTaHUAX
(Puc.1, o6p. 159-160 cMm). B cpennem rosoreHe mpo-
HUCXOAUT TOTelJIeHre KJMMaTa U Aerpajjauus BeyHOU
Mep3sioTel. OTMeuaeTcsi CHUXXKeHHe WHTEHCUBHOCTU
MIOTOKAa TeppUreHHOIro MaTepuasia IIpyu BO3pacTaHUU B
HEM [I0JI1 TeJIUTOBBIX Qpakiuii. B mo3aHeM rosoieHe
(nocneguue ~3000 JieT) B ocagkax o3epa npeobsagaeT
TeppUreHHbIN MaTepras, UICTOYHUKOM KOTOPOTO SIBJIS-
ercsi npubpexHas moJjioca BoAocOoOpa, yMeHbIIaeTcs
cofiepXaHUe TOHKOJUCIEPCHOTO MJLIMTA U CMEKTUTO-
BBHIX CJIOEB B MJUIMT-CMEKTUTE [0 CPaBHEHUIO C MOJICTU-
JIAl0MUMM OTJIOKEHUAMU, a coAepkaHhe MYyCKOBHUTA
U XJIOpUTa yBeJIMYMBaeTcCs, YTO yKa3blBaeT Ha OoJiee
XOJIOAHBIM KJIMMAT MO3JHero rojoleHa. TeM He MeHee,
B psfie obpasuos (Puc. 1, 06p. 14-15 cM) ycTaHOBJIEHO
3HAUYUTEJIbHOE KOJIMUECTBO SiOZbio (mo 15%) u OB (mo
20-25%), 4TO MOXeT CBU/IETEJIbCTBOBATH O llepuoanye-
CKOM CMATYEeHUH KJIMMAaTa B IO3IHEM I'OJIOIIeHE.

4. 3aKknloueHue

Taxkum 06pa3oM, Ha OCHOBE IMPOBEJEHHBIX JIUTO-
JIOTUYEeCKUX U MHHEPAJIOr0-KPUCTAJLIOXUMUYECKUX
VICCJIE[IOBAHMI PEKOHCTPYMpPOBaHA AUHAMHUKA H3Me-
HeHUI JlaHAAadTHO-KJIMMAaTUYECKUX YCJIOBHI Ocaf-
KoHakoruieHus B o3. Caran-Hyp. IToka3aH BBICOKHUI
HoTeHIWanA psAfa GUUIOCUIMKATOB (MJUIUT, CMella-
HOCJIOMIHBIE MUHEepajbl) KaK WHAUKAaTOPOB IIajieo-
KJIIMaTa B OTJIOXEHUAX MPECHOBOJHBIX 0OacCeiHOB.
[TonyveHHBle [aHHBIE MOATBEPXKOAT PE3YJIbTATHI
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Puc.1. PesynpraTthl MopenupoBaHusa XRD npodu-
JIell CJIOMCTBIX CUJIMKaToB B oOpasuax o03. Caras-Hyp.
O0o03HaueHuA: MyCK — MyCKOBUT, XJI — XJIOPUT, WUJI — WUJLJIUT,
WJI-CM — WJUIUT-CMEKTHUT, XJI-CM — XJIODUT-CMEKTUT, KaoJ —
KaoJIMHUT, KB — KBapll, [T — IJIarMoKJI1a3, amp — ampubdoIr.



Conomyun lN.A. u dp. / Limnology and Freshwater Biology 2024 (4): 670-675

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

MAJINHOJIOTUYECKOr0 aHaji3a AOHHBIX OTJIOKEHUHN 03.
Caras-Hyp, BBHIIOJIHEHHOTO paHee ¢ IIOMOIIbI0 MeToAa
o6uomu3zaiuu (bespykosa u Ap., 2022). ComocTaBjieHue
BhIJIeJIEHHBIX CTaJIUH 3BOJIIOLUY NPUPOJHOHN Cpelsl B
HacceliHe o3epa c nojpas/iesleHUsIMI KJIMMaTOCTpaTU-
rpaduryecKoll MKaJbl roJjiolieHa [oKasajo UX Xopollee
COOTBETCTBUE, UTO CBUJIETEJIbCTBYET O 3HAYUTEJIBHOM
BJINSTHUY TJI00AQIBHBIX KJINMAaTHU4eCKUX IIPOIIeCCOB Ha
pervuoHabHble 0CO6eHHOCTH 0OCTAHOBOK OCAIKOHAKO-
IJIEHUS B 9TO BpeMsl.
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