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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.
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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
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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.
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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.

BaaropapHocTH

HcceioBaHNs BHINOJIHEHBI C HCIIOJIb30BaHUEM
o6opynoBanuA LleHTpOB KOJIJIEKTUBHOI'O I0JIb30BaHUA
«30TOMHO-reOXUMHYECKUX HcciienoBaHuii» UI'X CO
PAH npu ¢puHaHCOBOI ofepxKe rpaHTa Poccuiickoro
HayuyHoro ¢gonpaa Ne 23-17- 00067.

KoHpAUKT UHTEpecoB

ABTOpHBI 3aABJIAIOT 06 OTCYTCTBUM KOH(IIMKTa
VHTEPECOB.

Cnucok Aureparypbl

Amosova A.A., Chubarov V.M., Pashkova G.V. et al. 2019.
Wavelength dispersive X-ray fluorescence determination of



Cney. abinyck: «6-s1 mexdyHapoOHasi KOHhepeHUusi
Amocosa A.A. u dp. / Limnology and Freshwater Biology 2024 (4): 239-243 lManeonum+onozus CesepHoli Egpasuux

major oxides in bottom and peat sediments for paleoclimatic
studies. Applied Radiation and Isotopes 144: 118-123.
DOI:10.1016/j.apradiso.2018.11.004

Kalugin I., Darin A., Rogozin D. et al. 2013. Seasonal
and centennial cycles of carbonate mineralisation during the
past 2500 years from varved sediment in Lake Shira, South
Siberia. Quaternary International 290-291: 245-252. DOIL
10.1016/j.quaint.2012.09.016

243


https://www.doi.org/10.1016/j.apradiso.2018.11.004
https://www.doi.org/10.1016/j.quaint.2012.09.016

	Reconstruction of the geochemical evolution of the saline lake Shira (Southern Siberia, Russia) in the late Holocen
	1. Introduction

	2. Material and methods

	3. Results and discussion

	Acknowledgments

	Conflicts of Interest

	References


	Реконструкция геохимической эволюции соленого озера Шира (Южная Сибирь, Россия) в позднем голоцен
	1. Введение

	2. Объект и методы исследований

	3. Результаты и обсуждение

	Благодарности

	Конфликт интересов

	Список литературы



