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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.
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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.
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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
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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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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
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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
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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

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

BaaropapHocTH

HccrenoBanue noanepxaHo PoccuiickuM Hayd-
HBIM ¢oHAO0M, npoeKT No 23-77-10063.

KoHpAUKT UHTEpecoB

ABTOpH
HMHTEPECOoB.

3aABJIAIOT OTCYTCTBHE KOH(I)J'II/IKTa



Andpees PA. u dp. / Limnology and Freshwater Biology 2024 (4): 251-255

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

CnucokK AuTeparypbl

[Tamepuna JI.B., KoncrantuaoB E.A., 3axapos A.JL. u fp.
2023. HMcropusa oCaJKOHAKOIIEHUA B 03€pax J[HEmpOBCKO-
JIBUHCKOTO MeXIypeubsl B MO3JHEJIEAHHUKOBbE U TOJIOIEHE
(Ha npumepe o03. Kympunckoe u Kacmia). Ilepurismnuan
Boctouno-EBponetickoil paBHuHBI u 3amagHoui Cubupu. B:
Martepuansl Becepoccutickoii HayuHOH KoHpepeHuy, C. 221.

Bertrand S., Tjallingii R., Kylander M.E. et al. 2024.
Inorganic Geochemistry of Lake Sediments: A Review of
Analytical Techniques and Guidelines for Data Interpretation.
Earth-Science Reviews 249: 104639. DOI: 10.1016/j.
earscirev.2023.104639

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/
ba/1339616472

Josse J., Husson F. 2016. missMDA: A Package for
Handling Missing Values in Multivariate Data Analysis.

255

Journal of Statistical Software 1 (70): 1-31. DOI: 10.18637/

Kassambara A., Mundt F. 2020. factoextra: Extract and
Visualize the Results of Multivariate Data Analyses. R package
version 1.0.7.

R Core Team. 2024. R: A Language and Environment for
Statistical Computing. R Foundation for Statistical Computing,
Vienna, Austria.

Weltje G.J., Bloemsma M.R., Tjallingii R. et al. 2015.
Prediction of geochemical composition from XRF core
scanner data: a new multivariate approach including
automatic selection of calibration samples and quantification
of uncertainties. In: Croudace I.W., Rothwell R.G. (Ed.),
Micro-XRF Studies of Sediment Cores: Applications of a Non-
destructive Tool for the Environmental Sciences. Dordrecht,
pp. 507-534.


https://www.doi.org/10.1016/j.earscirev.2023.104639
https://www.doi.org/10.1016/j.earscirev.2023.104639
https://www.doi.org/10.1214/ba/1339616472
https://www.doi.org/10.1214/ba/1339616472
https://www.doi.org/10.18637/jss.v070.i01
https://www.doi.org/10.18637/jss.v070.i01

	Holocene geochemical record of Lake Kasplya (Smolensk oblast, Russia) bottom sediments and its interpretatio
	1. Introduction﻿

	2. Materials and methods

	3. Results and discussion

	4. Conclusions

	Acknowledgements

	Conflict of interest

	References


	Геохимическая летопись донных отложений озера Каспля (Смоленская область) и её интерпретация для голоцен
	1. Введение

	2. Материалы и методы

	3. Результаты и обсуждение

	4. Выводы

	Благодарности

	Конфликт интересов

	Список литературы



