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B paGote mpencraBieHsl pe3yabTaThl UCCAENOBAHMS KepHa CKBaXXKUHBI [1lepBomaiickasi-1 rmyounoit 13.8 M,
BCKpBIBIIIE HamboJjiee MOTHOE CTPOCHME BEpXHEll 9acTH INIAaKOPHOI 1€ccoBo-nmouBeHHO cepun (JII1C)
HentpanbHoro I[IpenkaBkasbs. JIjist IByX 06pa3lioB U3 KepHa MOJyYeHBI JIOMUHECIIEHTHBIE MaThl (6213
u 1027 ThIC.J1.H.), TTO3BOJISIIONINE OTHECTU BCIO BCKPHITYIO TOJIITY K BEpXHEMY HeoruielicTolieHy. Ha ocHo-
B€ MaKpOCKOITMYECKOT0 MCCIIEIOBAHUSI KEpHA U KOMIUIEKCA BEIIECTBEHHBIX aHAJU30B MTPOU3BEIECHO JIMTO-
cTpaTurpaduyeckoe pacujeHeHue OTJI0XeHU. B ocHOBaHMM pa3pe3a BbIsIBIEH ME3UHCKUI MeI0KOMILIEKC
(13.8—=9.1 M, MIS 5), cocrosiuii 3 Tpex Najeonoys; BbIllIE 3aJleraeT MOLIHbIM TOPU3OHT BaJlAalicKoro Jécca
(9.1-1.2 M, MIS 4-2) co cnabpiMu NMpu3HAKaMW MHTEPCTAANAIBLHOTO MTOYBOOOPA30BAHMS B CPEIHEN YaCTH;
BEHYAET pa3pe3 rooueHoBbI yepHo3eM (1.2—0.0 M, MIS 1) ¢ mpu3HakaMu TeXHOTeHHOII TpaHCchopMaIun
BepxHel yactu mpodusi. Paspe3 oOHapyXUBaeT CXOACTBO C paHee NaTUPOBAaHHBIMU OTIOPHBIMU pa3pe3amu
JITIC IlpenkaBka3ns: bernmuma, Boponmnoska-4, Cinankas banka-1, Otka3Hoe-20 1 BITMCEIBAeTCS B YCTAHOB-
JICHHBI/A paHee TPeH/1 pOCTa MOLIIHOCTH Y KPYITHOCTHU IPaHYJIOMETPUYECKOro coctaBa JeéccoB [IpenkaBkasbs
¢ 3amaja Ha BocTok. 1o cornmacoBaHHBIM BapUalMsiM MarHUTHOM BOCIIPUMMYUBOCTU 1 TPAHYJIOMETPUYECKOTO
coCTaBa MpoBeeHa KOppesius C NeTalbHO 1aTUPOBAaHHBIM pa3pe3oM OTkazHoe-2(0, 1 Ha 3TOif OCHOBE BbI-
MOJIHEHA JeTalu3alus rTyOMHHO-BO3pacTHOM Moaenu padpesa [lepBomaiickas-1. [TonydyeHHas monenb mo-
3BOJIMJIA CIEJIaTh paCYeTHbIC OLIEHKU TEMIIOB JIECCOHAKOIIJICHMS [IJIsI TIO3IHETO HEOTUIeCTOIIeHa U TOJIolieHa.
MaxkcuMaibHble TeMITbl (15.9—17.5 ¢cM/TBIC. JIeT) OTMeUaloTcs B MHTepBayie 36— 16 ThIC.J1.H.; MMOBBILIEHHbIE
(11.4—12.5 cm/1bIC. neT) — 80—40 ThIC. 1. H.; HU3KHUE (9.1—10.4 cM/ThIC. J1eT) — 128—81 ThHIC.JI.H.; MUHUMAaJIbHbIE
(6.0—6.6 cMm/ThIC. N1ET) — 13—5 THIC.J1.H. U3MEHEHNEe MHTEHCUBHOCTH JIECCOHAKOIUIEHUST BO BpEMEHH COIIacy-
eTcs ¢ HanbOoutee rmoaHbIMU I1akopHbIMU JITIC BocTouHoit EBpomnbl, a Takske ¢ KOHLIEHTpALME a3p030IbHBIX
MUHEPaJbHBIX YaCTHII B TpeHIaHACKOM JiemHnKoBoM KepHe NGRIP.

Karouesoie crosa: MUHEpaJIbHas IIbLIb, T'€OJIOTUYECKasA KOpPEadlusa; JIOMUHCCIHECHTHOC JaTUPOBAHUEC,; BO3-
PpaCTHOEC MOACITIMPOBAHME,; TEMIIbI OCAAKOHAKOIUICHHUA
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BBEAEHHUE

ITnakopHsie néccoBo-ntouBeHHbIe cepuu (JITIC) kak
MaJe0apXUBbl, HAKATUIMBAIOIIUECS TTPEUMYIIIECTBEHHO
D0JIOBBIM ITyTeM, COAEepKaT MH(POPMAIINIO O HEKOTOPBIX
acreKkTax cyorno0aJbHOIO M perMoOHaJIbHOTO MaIeOKI-
mata (Maher et al, 2010; Cosentino et al., 2024). Takue
XapaKTEPUCTUKM KaK TEeMITBI HAKOIJICHUSsI, TPaHyJIO-
METPUYECKUI COCTaB, MAarHUTHASI BOCIIPUUMYUBOCTh

# Ccpuika s uuruposanus: Corues H.B., Koncranrtu-
HoB E.A., 3axapos A.JI. (2025) JIéccoBo-TiOUBEeHHbBIE CEPUU
LlentpansHoro IlpenkaBka3sbsi: xpoHocTpaturpadus, co-
CTaB U YCJIOBUSI OCAIKOHAKOIUIEHUS B TO3[IHEM HEOIUICii-
croueHe. leomopgonoeus u naneoceoepagpusa. T. 56. Ne 2.
C. 323-340. https://doi.org/10.31857/52949178925020108;
https://elibrary.ru/GQIXZR

U LIBET SIBJIIIOTCS KITIOUEBBIMU CENMMEHTOJIOTUYECKUMU
WHIUKATOPAMU, OTPAXKAIOLIMMU JIaH A THO-KIIMMa-
THYecKue o0cTaHoBKU. MccaenoBaHms IECCOBBIX 00-
nacreit Kutasi, CeBepHoit AMepuku 1 EBporibl mmoka-
3bIBAIOT OOIIME 3aKOHOMEPHOCTH: MarHUTHas1 BOCIIPY-
WMYMBOCTb U 1IBETOBbIE XapaKTEPUCTUKU OTPAXKAIOT
(ITpy MPOYMX PABHBIX YCJIOBUSIX) UHTEHCUBHOCTD W TUIT
MOYBOOOPA30BaHNS, TPAHYJIOMETPUYECKUIA COCTAB Xa-
pakTepu3yeT CKOPOCTU 0JI0BOTO MOTOKA U yHaJieH-
HOCTb OT UCTOYHUKOB MUHEPAJIbHbBIN MbUIU, a TEMITbI
OCaJIKOHAKOTIJIEHUSI CITy>KaT MHIMKATOpaMU PETMOHAb-
Hoit apuaHoctu Kinumara (Heller, Liu, 1984; Pye, 1995;
Frechen et al., 2003; Bosq et al., 2023; Laag et al., 2023).

B nocienHue ABa ¢ MOJOBUHON JO€CATUIIETUS
JaHHbIE IO COCTaBY U cBolicTBaM miakopHbix JITIC
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aKKyMYJIMPYIOT B CIlellMaJibHbIX 0a3ax JaHHbIX (Maher
et al., 2010; Frechen et al., 2003; Bosq et al., 2023;
Cosentino et al., 2024). Takue 6a3bl CIy>kaT OCHOBOM
MOJIEJIMPOBaHUS ITOTOKOB MUHEPAIBLHOI TBIJIU B T'€0-
JIorh4eckoM TiponrioM. Pazsutne n gertanusanus 0a3
JaHHBIX IIPSIMO BIIMSIET HAa TOYHOCTH a3pPO30JIbLHOTO
0J10Ka IMajeoKJIMMaTuIecKux Moneneii. Ha eBpomneii-
ckoit reppuropun Poccun (ETP) pacnonoxkeHo Bcero
yeThIpe BaauaHbix paspesa JITIC, yureHHbIe B TTOCeN -
HEM BapHaHTe IJI00aJIbHOTro 0030pa M0 aKKyMYJISIIINHI
muHepanabHoi meun (Cosentino et al., 2024). Crnabas
NpeacTaBIeHHOCTD JIECCOBBIX pa3pe3oB ETP o0bsc-
HsIETCSl HU3KOI 00eCcIeueHHOCThIO Te0OXPOHOMETPU -
YEeCKMMU JaHHBIMH, 0€3 KOTOPBIX TPYAHO IMOCTPOUTH
JOCTOBEpPHBIE TJTyOMHHO-BO3pPaCcTHbIE MOJIEJIM, HEOO-
XOJMMBIE JIJISI pacyeTa CKOPOCTeil aKKyMYJISIUMUA MU~
HEpaJbHOU MbLUIHU.

JIécchl IIpenkaBKas3bsl IPEACTABIISIOT OCOOBINM MH-
Tepec B KOHTEKCTE MCCIeAOBAHUSI IMTOTOKOB MUHE-
panbHoii nbu. Bo-nepBoix, JITIC IpenkaBka3bs oT-
JINYAIOTCS BBICOKOI COXPAHHOCTBIO U OOJIBIIION MOIII-
HOCTbIO, 00ecrneyrnBasi TEM CaMbIM PEIKYIO MOJHOTY
Te0JIOTUYECKOI JieTonrcH. Tak, MOIITHOCTD JIECCOBOTO
MOKpOBa MOXET JOCTUIaTh Ha BocToke IIpenkaBka3bs
140 M (OmopHsie..., 2008), 4yTO ABISIETCS PEKOPAOM
1t EBporeiickoro kKoHTUHeHTa. Bo-BTOpPEIX, IIpo-
JOJIKAaeTCs AUCKYCCUSI 00 MCTOYHMKAX MUHEPAJIbHO
MbUTM U UBMEHEHUSIX B aTMOC(hEePHOMN HUPKYISIUM Ha
tepputopun IIpenkaskasps (Koltringer et al., 2021,
2022; KoHcranTtuHOB u ap., 20220).

B IlpenkaBka3be HabOMOgaeTCs CUIbHAS HEOOHO-
ponHOCTh B oTHoueHUU nsydyeHHoctu JITIC. Taxk,
3ananHoe IlpenkaBkasbe MccienoBaHO HauboJiee
noapo6Ho. Bo MHOTOM 3TO CBSI3aHO C HAJWYUEM
JIETKOOOCTYIHBIX O€peroBbIX 0OHaXXeHUd A30BCKO-
ro mops. McciaenoBanusa Ha pa3pe3ax MeJleKMHO,
Yymoyp-Koca, bernmuua, Cemubanku u ap. 3ajio-
JKUJIM OCHOBY PErMOHaJIbHOI CXeMbl cTpaTurpadu-
yeckoro pacwieHeHus JIIIC u mo3Boanau mpose-
CTHU JaHAIA(PTHO-KJIMMAaTUUECKYI0O PEKOHCTPYKIIMIO
st HeoruiecToleHa (Beauuko u ap., 2012, 2017;
Velichko and Morozova, 2010). [IpyuMmeHeHrEe MeTO-
OB JIIOMUHECILIEHTHOI'O JaTUPOBAHUS U ITOAPOOHBIX
MOYBEHHO-JIMTOJIOTUYECKUX UCCIIeIOBaHUI B OoJiee
mo3gHux pabortax (Liang et al., 2016; Mazneva et
al., 2021; Chen et al., 2022; Panin et al., 2018, 2023)
HOATBEPAMIIO JOCTOBEPHOCTD cXeMbl A. A. Bennuko
n T. 1. Mopo30BOi1 1 BMECTE C TEM ITO3BOJIUIIO €€ Jie-
TaJIU3UPOBATh.

Ha BocToke IlpenkaBka3bsi BEpXHEILJIEMCTOLIEHO-
Boie JITIC oOHaXeHBI IJI0X0, OHU M3Y4YaIuCh IIPeuMy-
IIECTBEHHO I10 K€pHAM CKBaXKMH M CTEHKaM INIyOOKUX
mypdoB, pacmoyiokeHHbIX B Tipeaenax Tepcko-Kym-
ckoii HusMeHHoctu: OTkazHoe, [eopruesck, byneH-
HoBck, CremHoe (banaes, Llapes, 1964; I'anait, 1992,

CBbIYEB u np.

2016; Bomuxosckast, 1995; OnopHele..., 2008). Bo-
MpOCHl cTpaTUrpaduu 3aech 10Jroe BpeMs ocTaBa-
Jnuck HepaspelneHHbiMU (Daiinep, JInuzoryoosa, 1987,
Vnapues u np., 1989; TI'anmaii, 1992; boauxoBckasi,
1995; Virina et al., 2000). OgHako moclIeAHNE XPOHO-
cTpaTurpadumiyeckrie TaHHBIE, OTIMPAarOIIecs Ha JIfo-
MUHeclieHTHoe natupoBaHue (CblueB u ap., 2022),
MoKa3bIBalOT MPUMEHUMOCTD 111 BocTouHoro Ilpen-
KaBKa3bsl cTparurpaduyeckoit cxemol A. A. Beanuko
u T. 1. Mopo3zoBoii (2010).

IentpanbHoe IlpeakaBka3be OCTae€TCsI HAaMMEHEE
n3ydyeHHoli Tepputopuecii B otHomeHuu JIIIC Bepx-
HeTo HeorielicTroneHa. OTYacTH 3TO CBI3aHO C TIpe-
PBIBUCTBIM paclpOCTpaHEHUEM JIECCOB U OTCYTCTBU-
€M TIpeICTaBUTEJIbHBIX T€0JOTMYEeCKUX OOHAXKEHUI.
Panee ctpoenune miaakopHbix JITIC Gb110 MccnenoBa-
HO B IBYX TOPHBIX BBIpA0OTKax: B CKBaxkuHe Cramkas
O6anka (Sb-1), pacnojioXXeHHOM B paiiOHE CTaHWIIbI
TaeBckas (Mazneva et al., 2021; KoHcTaHTHHOB H [p.,
2022a), u mypde 20, KoTopblii ObLIT 3aJ105KeH BOJIU3U
c. IusHoe (banaes, Llapes, 1964). 'eoxpoHoaornye-
cKoe 000CHOBaHUE MMEETCSI TOJBKO IS CKBaXKMHBI
Sb-1, 1o KepHY KOTOPOIi ObUIO MOJIYyYEHO JIBE JIIOMU-
HeclLieHTHBIE AaThl (831+7 u >146 ThIC.J1.H.), IpUYEM
HYDXHSISL JaTa okasanach “3arnpenenbHoit”. CTpoeHue
U cocTaB BepxHeruieiicroueHoBoit JITIC, BckpriTOit
B ckBaxkuHe Sb-1 u B mypde 20, UMeIoT CylleCTBEeH-
HbI€ pa3jIMyusl, YTO 3aTPYAHSET re0JIOTUYECKYIO KOp-
peNALNIO MEXIY pa3pe3aMM U CTaBUT BOMPOC O POJIU
JIOKQJILHBIX M peTMOHAJILHBIX (paKTOPOB B (pOpMUPO-
BaHuu JITIC enTpansHoro IIpenkaBkasbs.

HacTosiee nccienoBanme HarmpaBieHO Ha ycTpa-
HeHue npobena B XpOHO- W INTOCTpAaTUTpachuml BepX-
HeruelicToueHoBbIX JITIC LentpansHoro IMpenkas-
Ka3bsl, BbISIBJICHUE JTUHAMMUKU JIECCOHAKOIIJICHUS U €¢
CBSI3U C JIaHAIAMDTHO-KJIMMATUYECKON PUTMUYHO-
CThI0. B cTaThe aHANIM3UPYIOTCA CTpOEHHUE, BO3PACT
M BEIIECTBEHHBIM COCTaB KepHa CKBaxXUHbI Pm-1,
B KOTOPO#1 ycTaHOBJIEHO HamboJtee mojiHoe ms Llen-
TpanbHOTO [IpenKkaBKas3bst CTpOCHUE BepXHEHEOIIICH -
croueHoBoii JITIC. Hamu npenioxeHo pa3BUTUE Me-
TOAOB Ire0JIOTUYECKON KOPPENSIUMU JJIsI TIJIaKOPHBIX
JITIC IlpenkaBKa3bs yepe3 corlacoBaHHbIE Bapualin
cocTaBa U cBoiicTB omoxeHuit. Koppensius ¢ paHee
IAaTUPOBAHHBIMU pa3pe3aMy M IIKaJI0it MOPCKHUX M30-
TOITHBIX CTaIWM ITO3BOJIMIIA TIPOBECTH CUMYIISIIIAIO AAT
U cliejiaTh YTOUHEeHUEe TIyOMHHO-BO3pacTHON Moaeau
17151 KoJJoHKW Pm-1. bnarogapst Takoit cMMyJISILIMA Bbl-
TOJTHEHBI MIPEeBAPUTEIbHBIE PACUEThI TEMIIOB OCAAKO-
HaKOILJIEHMSI.

MATEPHWAJIbI U METObI

Xapakmepucmuka kawouesoeo yyacmrka. CKBaXXMHA
IlepBomaiickas (Pm-1, 46.08998° c.1u1., 42.26630° B.11.,
H a6c. = 67 m) pacmosoxena B 20 KM 10XXHee IO~
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JECCOBO-TIOYBEHHBIE CEPUU HEHTPAJIBHOTO MPEJIKABKA3BA...

HBI Manbya 1 B 5 kM K CB ot c. [IepBomaiickoe Ha
IUTOCKOM MEXIypedbe CeBepHOTO MakKpockioHa CtaB-
POTIOIBCKOI BO3BBIIICHHOCTA MEXAY ABYMS KpyTI-
HEWITMMU B peTMOHE 3aMKHYTBIMU KallJIeBUTHBIMH
nenpeccusiMu (KoHcTaHTUHOB U np., 2023) — “numa-
Hamu” Manblit u boabioit BypyxkiyH (puc. 1). O6-
IIast MOITHOCTh HEOIUIeHCTOEHOBEIX JIECCOBUIHBIX
CYIIMHKOB B palioHe ucclieqoBaHuil cocTtabisieT 40—
50 M (bamaes, Llapes, 1964). OHu MOACTUIAIOTCS KOM-
TUTEKCOM Cy0a3pallbHBIX SJTIOBUATLHO-IETIOBUATEHBIX
OTJIOKEHUI 30IUIEUCTOLIEHA, IPEACTABICHHBIX IJIMHA-
MM, JIECCAMMU, TIPOCIIOSIMU TTECKOB M CyIieceil. Y4acTok
OTHOCUTCS K 30HE TeMHO-KAIITAHOBBIX 1 KAIITAHOBBIX
nouB cyxoii crenu (Kapra..., 2019). CpenHeronoBbie —
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temrieparypa +10.1°C, KoimuecTBO ocankoB 454 MM
(Fick, Hijmans, 2017).

[Ipu BEIGOpE KITIOYEBOTO yJacTKa IMOBBIIIEHHOE
BHUMaHUE YIEISIIOCh TeOMOP(HOJIOTHIECKOMY TTOJI0-
xeHnio. COrTacHO CYIIECTBYIOIINM TIpeaCcTaBICH-
am (Velichko, Morozova, 2010; Markovi¢ et al., 2018),
JITIC Ha nmakopax o6yagaoT Hanbosiee BhIpakeHHBIM
peTMOHATBHBIM CUTHAJIOM, XapaKTepU3YIOTCST CTPaTH-
rpaduIeCcKOi BBIIEPKAHHOCTBIO U YCTOMIMBOCTBIO
Mop(doTormuecKrX CBOMCTB Tajeornoys. Ha Takue 1mo-
BEPXHOCTH MUHEPAIBHBIN 0CAaTOK MOCTYITAeT MPEeNMY-
IIECTBEHHO 30JI0BBIM ITyTEM, a IMIepEeOTIIOKEHNE MaTe-
pHaia ¢ BEITIENeXallero CKJIOHa OTCYTCTBYeT. BomHas
3pO3Us Ha CyOTOPM30HTABHBIX YIaCTKaxX ociabjeHa,

IIponemapckoe
80XP.

Puc. 1. MecTonosoxeHue 00bEKTOB UCCIENOBaHUS: (a) — pacmooXeHUe OMOpHBIX ckBaxXuH LleHTpanbHoro u Bocrou-
Horo [penkaBkasps: [lepBomatiickasi-1 (Pm-1), Otkasznoe-20 (Ot-20), Cnankas 6anka-1 (Sb-1); (6) — penbed ceBepHOTO
MakpockioHa CTaBpOIOJbCKOI BO3BBIIIEHHOCTH (Tororpaduyeckas ocHoBa — indpoBas moaenb peiabeda SRTM); (B) —
MECTHOCTb B paiioHe ckBaxkuHbl Pm-1 (kocMuyeckuit cHuMok Earth Google, 2022).

Fig. 1. Location of the research objects: (a) — Location of the reference boreholes of the Central and Eastern Ciscaucasia:
Pervomayskaya-1 (Pm-1), Otkaznoye-20 (Ot-20), Sladkaya Balka-1 (Sb-1); (6) — Topography of the Ciscaucasia and the
northern macroslope of the Stavropol Upland (topographic basis — digital elevation model SRTM); (B) — Terrain in the areca

of the Pm-1 borehole (Google Earth satellite image, 2022).
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YTO CO3aeT MPEIITOCHUIKH JIJIsT BEICOKOI COXPaHHOCTH
30JIOBBIX OTJIOXeHU. [ToMCK ONMTMMAaIbHOTO yJacTKa
JUJ1s1 OypeHMSsT OCYIIECTBISICS MPU MTOMOIIN LMPPOBOK
moznenu penbeda SRTM, pasHOBpeMEHHBIX KOCMUYEC-
CKMX CHUMKOB M PEKOTHOCIIMPOBKHM HAa MECTHOCTHU.
Crensl TMHENHON 3p0O3UU B Mpeaenax BHIOpaHHOTO
y4JacTKa 3a(MKCHPOBAHBI He OBLIH.

Keproesoe byperue. Pyanoe OypeHue BBITIOJIHSIOCH
yaapHbIM criocobom 1ipu nomoiu oypa Eijkelkamp.
[MoAyuMANHAPUICCKUNA TPOOOOTOOPHUK IJINUHOMN
300 MM 1 muameTpoM 30 MM OBLT MCIIOJIB30BaH IJIsI
MoJjiyyeHus1 caadboneopMUPOBAHHOTO KEpHA, MPUTOI-
HOTO VISt TOKYMEHTUPOBAaHUS ¥ 0TOOpa Ipob Ha JINTO-
Jjormyeckre aHanusbl. OOpas1ibl Ha JIOMUHECLIEHTHOE
JaTUpOBaHWe OTOMpPANNCh U3 KepHa MapasjelbHoi
CKBaXXMHEI ¢ TPIMEHEHEM TTPOOOOTOOPHUKA TUAMET-
pom 40 mMm. [I71s1 vcKIToYeHMs 3aCBETKM MaTepuraa oT-
00p 00pa310B MPOU3BOAMIICS O] CBETOHENPOHUIIA-
eMBIM TeHTOM. [1puBsI3Ka CKBaXXWH OCYIIECTBIISIIACH
I'HCC npuemHukom EFT M4 B pexxume nuddepen-
UATHHON KOPPEKIIUK B peaTbHOM BPEMEHH.

Jrwmunecyenmnoe damupoeaHue BBITTOJIHEHO
M. B. Pyukunbim u U. B. TumocdeeBoii B 1abopato-
puu OSL natupoBaHusi Becepoccuiickoro HayaHo-uC-
cJIefoBaTEIbCKOr0 re0JIOTMUYeCKOro MHCTUTYTA WM.
A.Tl. KapnimHckoro. ITogroroBka o6pa3ioB IIpoOBO-
IWJIach B JJaOOpaTOPUH MPU OCBEINEHUN KPAaCHBIMU
CBETOMMOTHBIMU JIaMITaMu. OQGpasiibl ObITA TTPOMBI-
THI Ha CUTaX, BhIIEJIeHA MPEAITOYTUTEIbHAS TPaHYJIO-
MmeTpuueckas ¢pakums — 63—90 MxM. [TomydeHHBIN
MaTepuat ObUT TTocIenoBaTeIbHO 006paboTaH 10%-HbIM
pactBopoM HCI ming ynamenus kapoonatoB u 10%-
HbIM pacTBopoM H,O, i ynaneHus: opraHMuecKoro
BelecTBa. 3epHa KajqueBoro nosiesoro minara (KITI)
BBIICISTIACH TIPY TTOMOIIY TUIOTHOCTHOM cenapaiuu
B TseKes0i xxunkoct SPT (nmonuBonbsdpamar HaTpusl)
C TUIOTHOCTHBIMU IpaHuLiamu 2.53 u 2.58 r/cm>.

OmpeneeHre 3KBUBAJICHTHOM JO3bI BHITOJTHSIIOCH
C TIOMOIIbIO aBTOMATU3MPOBAHHOMN CUCTEMBI JaTUPO-
BaHus Risg TL/OSL Reader DA-20 C/D no 3epHam
KITIII Ha ocHoBe npotokoia post-IR IRSL (Thiel et
al., 2011). CornacHo IpOTOKOJY aJIMKBOTHI C 3epHAMU
KITI moasepraivce npeaBapuTeIbHOMY HAarpeBy 10
temnepatypsl 320°C. I1ociie HarpeBa aJIUuKBOTHI CTH-
MYJUPOBAIUCH MH(PpaKpacHBIM usfaydeHuem mnpu 50°C
Ha npotskeHun 200 ¢ (curnan IR50), a 3arem noBTop-
HO MOOBEPTaINCh CTUMYJISIIINY WHPPAKpaACHBIM U3-
aydyenueM 1ipu 290°C Ha npoTskeHuun 200 ¢ (curHan
pIRIR290). Jlns moacyeTa 93KBUBaJIEHTHOM 103bI UC-
MOJIB30BAJIVICh JaHHBIE ITOBTOPHOTO MU3MEPEHMUS JTIO-
MWHECIIEHTHOTO CUTHAJIA.

3HavyeHUsI MOLIHOCTH 103bI ONPEAEISUIUCH C TIOMO-
1IbI0O HU3KO(OHOBOTO CIEKTPOMETPA Y-U3JTyYEHUS HA
ocHoBe KpucTtajia u3 unuctoro repmanusi CANBERRA
BE3825. MomHoCTbh 1036l OBIJIa paccuMTaHa MCXO-

CbIYEB u np.

ISl U3 aKTUBHOCTHU TPeX PaaIlMOaKTHUBHEIX M30TOIIOB
(3%U,%2Th n “°K) ¢ nonpaBKoii HA KOCMUYECKOE U3-
nydeHre. 3HaUeHWe BIaKHOCTH TPUMHUMAIOCh BO BCeX
obOpa3suax Kak 75% OT MOJIHOTO BJIATOHACKIILIEHMUSI.
Ipanysomempuueckuii anaau3z. Pazmep 4acTuil U ux
pacripeneneHue mo GpakIusgM — OIWH U3 Hamboee
KOHCEPBAaTUBHEIX (C1a00 M3MEHSIEMBIX BO BPEMEHH)
naneonHaukaropon B JITIC. I1pu 3010BOM criocobe
TpaHCIIOpTa MaTepuana, TpaHyJIOMETPHICCKUNA CO-
CTaB OTpaXaeT CWIy BETPOBOTO ITOTOKA, a TAKXKe pac-
CTOSTHME OT UCTOYHMKA cHoca MaTepuana (Pye, 1995).
Kpome TOro, naMeHYMBOCThb COACPKAHMSA TIUHU-
CTOIT (paKIIMU MOXET YKa3bIBATh HA MHTEHCUBHOCTD
MMOYBOOOPA30BaHUS, CBSI3aHHYIO C YCUJICHUEM TIPO-
IIECCOB OMOJIOTMIECKOTO Y XUMUYECKOTO BEIBETPUBA-
Hus (Fenn, Prud’Homme, 2022).
IpaHyTOMETPpUYECKUI aHAIN3 BBITIOJTHEH METOIOM
JIa3epHOIT MU pakTopMEeTpUM Ha aHaM3aTope Malvern
Mastersizer 3000. [Tonpo6GHO MeToaMKA MTPOOOIOATO-
TOBKH M U3MEPEHUS omrcaHa B cratbe (KoHCTaHTUHOB
u np., 2022a). Knaccudukaius rpaHyJTOMETPUIECKUX
dpaxkumii ocHoBaHa Ha padote (Blott, Pye, 2012).
OnpeneneHue nomeps npu npokarueanuu (ITITIT)
BBITIOJTHSJIOCH C IIETBI0 OLICHKU COMepKaHMUs OpTaH’-
YeCKOTO BelllecTBa M KapOboHAaToB B ocanke. M3ameHe-
HUE JOJTA 3TUX KOMIIOHEHTOB YKa3bIBaeT Ha BapualluKl
npoleccoB mouyBooodbpaszoBanusa B JITIC, momoraet
B IMArHOCTUKE TTOYBEHHBIX TEHETHYECKUX TOPU30H-
toB. s maneomnous B JITIC Ipua3oBbs 3TH xapak-
TEPUCTUKHU CIYKAT 3HAYMMBIMU WHIUKATOPAMU TIPU
nepoctpaturpaduueckoM pacwieHeHuu (Panin et al.,
2018). ITonpo6HO MeToauka BeimoaHeHus TTITIT orm-
caHa B cratbe (KoHcTanTuHOB u 1p., 2022a).
Maenummnas éocnpuumuusocms y, — UHAUKATOP HeE-
onHoponHoctu coctaBa JITIC, kotopast hpukcupyetcs
MarHUTHO# MUHEpaJIOTUEN; ) TT03BOJISIeT cTpaTudu-
OUPOBATh TOJIIY, TMAaTHOCTHPOBATh MPOCION BYJI-
KaHWYECKOTO TIeIIa, ONpeAesIsIiTh UICTOYHUKH CHOCa
MaTepualia, a TaKke THarHOCTHUPOBATh MaJIeOMOYBEI
(Maher, 1998). YactoTHast 3aBUCUMOCTh MarHuT-
HOit BOCTIpUMMYNBOCTH FD TTOKa3bIBaeT KOHIIEHTpa-
IIUIO CymepIiapaMarHUTHBIX 3¢peH TOHKOAUCIIEPCHO-
ro MarHeTuTa, 0O6pa3oBaHHOTO, TIABHBEIM 00pa3oM,
B pe3yabTare aBTOMOP(HOTo MOYBOOOpa3oBaHUs,
YTO AeaeT STOT MoKa3aTellb MHINKAaTOPOM MHTEH-
cuBHOCTH nemoreHe3a (Banerjee et al., 1993; Maher et
al., 1994). B manHoii paboTe U3MepeHNE MarHUTHOM
BOCIIPUMMYMBOCTHY BBITIOJNHSJIOCH Ha KamllaMeTpe
ZH Instruments 150L. MeTonuka npo0OIToAroTOBKU
¥ U3MepeHUs ocHOBaHa Ha ctaTbe (Maher, 1998). O0-
pasubl 06beMoM 8—12 MJI MpenBapUTeIbHO BBICYIIIM -
BaJINCh 0 BO3AYIITHO-CYXOTO COCTOSTHHS TIPU TEMIIE -
patype 40°C, uctupaanch 10 OMHOPOTHOTO ITOPOIIKa
6e3 pa3pylieHNsT MUHEPaJIBHBIX 3€peH, TIPOCENBAJINChH
Ha cute 2.0 MM U B3BelIMBaIUCh. 3aTeM 0OpasIibl,
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TMOMEIIIEHHbBIE B TJTACTUKOBBIE OIOKCHI, TIOTPYXKAIUCh
B U3MEPUTENILHYIO KIOBETY KarnmnaMmetpa. MaMepeHue
MPOU3BOAUIIOCH TIPU HAIPSIKEHHOCTU MarHUTHOTO
noust 320 A/M. U3aMmepeHue mpou3BOAUIOCH Ha ABYX
yacrtoTax: Hu3Kas — 500 I'm u Beicokast — 4000 I'1. Ha
KaX[IOi 4aCcTOTE BBIITOJHSIIOCH 110 4 U3MepEeHUS JJIs
obpasna. Mtoropoe 3HaueHue yaeapbHoii MB BeIumc-
JISI7I0Ch HaxoxaeHueM cpenHero. Ilocie atoro pac-
CUMTHIBAJIACh YACTOTHASI 3aBUCMMOCTh MAarHUTHOM
BOCIIPUUMUYMNBOCTH:

FD = 100*(xlf — xhf) / 11f. (1)

rae xlf — HU3KoYacTOoTHAasE MAarHUTHAasl BOCIIPUUMYM -
BocTb (400 I'), xAf — BBICOKOYACTOTHASI MAarHUTHAS
BocnpuumMuuBocTh (4000 Itr).

Hzmepenue yeema (Koropumempus) — OTHOCUTENb-
HO MIPOCTOU U OBICTPBINA METOM, TTO3BOJISTIOIIUIA TTOJTy-
YUTH KOJIMYECTBEHHYIO XapaKTEPUCTUKY UCCIIETYEMBIX
omoxeHuii. Ha ocHOBe 1IBETOBBIX XapaKTePUCTUK
MPOBOAST CTpaTU(UKALIMIO TOMOTEHHBIX TOJIIL, Olle-
HUBAOT MHTEHCUBHOCTD W TUIT ITOYBOOOPA30BAHMS
B JIIIC, ycTaHaBIMBaOT aHOMAJIMHU BEIIECTBEHHOIO
cocraBa (Laag et al., 2023). JInst usmepeHusl 11BeTa UC-
noJib3oBajcs KojopumeTp Konica Minolta CM-700d.
OO0pa3ibl 00beMOM 5 MJI BEICYIIMBAINUCH 0 BO3MYIII-
HO-CYXOT0 COCTOSIHUSI U MCTUPAIMCH B TTOPOIIIOK 6e3
paspyllieHus MUHepadbHbIX 3epeH. MITorosnie 11Be-
TOBBIE XapaKTEPUCTUKU BBIYUCIISIIIUCH HAXOXAEHUEM
CpPemHUX 3HAYEHUI MO YeTBIPEM ITOBTOPHOCTSIM. M3-
MepeHUs MpencTaBieHbl B BUEe MHACKCOB IIBETOBO-
ro npoctpanctBa CIELAB, rne L* o6o3HayaeT cBeT
(BbIIlIE — CBeTIIee, HIKE — TeMHee); a* — II0JIOKEeHIe
MEXIy KPaCHBIM U 3€JICHBIM, TII¢ OTPUIIATEIbHbIC 3HA-
YeHMST yKa3bIBAIOT Ha 3eJICHBIH, a MOJ0XUTEIbHbIE —
Ha KpacHbIii; b* — ToJIoKeHNEe MEXIY KeAThIM U CU-
HUM, TIe OTpHIIaTeJIbHBIe 3HAUCHUs YKa3bIBalOT Ha
CUHMI1, a MOJIOXUTEbHbBIE — Ha XEAThINA.

OmnpeneneHue coodepicarus cepbi BBITTOJHSIIOCH
C LeJIbIO TIOJyUYeHUsT JOTMOJHUTEILHOTO NHAUKATOPA
WCTOYHUKA MUHEPAIbHON MBUTH. AHAINU3 TIPOBEACH
HUKIT “UTEM-AHAJIUTUKA” MeTonoM peHTIeHO-
dayopeceHTHOM criekTpoMeTpun. OOpa3iibl IIpe-
BapUTEIIBHO TTPOKATUBAINCH B My(DETbHOM eun TIpU
temmneparype 1000°C, 3arem uccienoBanuch B Ipecco-
BaHHBIX Ta0JIETKAX U3 MOPOIIKOBBIX ITPOO Ha CIIEKTPO-
meTpe Epsilon 3 XLE komnanuu Malvern PANalytical
(Hunepnaumnpr).

Bospacmnoe modeauposanue u pacuem memnog ocao-
koHakonaenus. IlocTpoeHue NIyOMHHO-BO3pAaCTHOM
MOJIeJIU KOJIOHKM Pm-1 onupanoch Kak Ha mpsiMbie
JIOMUHECIICHTHBIC, TaK M Ha CUMYJIMPOBAHHEIC TaTHI.
ITocnenHue moJjiydeHbl AByMs criocobamu: 1) auTo-
cTpaturpaduIecKoil Koppensiiyeil ¢ HalexKHO JaTH-
poBaHHBIM onOpHBIM paspe3om JITIC — OTtkazHoe-20
(Ot-20) (CerueB u ap., 2022); 2) Koppeasuueii co
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1IKaja0i MOpcKuX U3oTonHbIx ctaguii (MIS) LR-04
(Lisiecki and Raymo, 2005). Cxoxuit moaxoa cuMy-
JISIUAM AT Yepes3 reoIorMuecKylo Koppesiiuio paHee
OBIJT aTIPOOMPOBAH ITPU MOCTPOESHUU BO3PACTHBIX MO-
neneit mist JITIC HenTtpansHoit 1 BoctouHoii EBpornbl
(Antoine et al., 2009; Liang et al., 2016; Sprafke et al.,
2020).

[TepBblit crIOCOO MOMYYEHUSI CUMYJIMPOBAHHBIX 1aT
3aKJIIoYasicsl B YBSI3bIBAHUM TpaHUll cTpaTurpaduye-
CKMX TOoApa3aeeHU 1 MapKUPYIOIINX TOPU30HTOB
Mexny KonoHkamu Pm-1 u Ot-20. Mapkupymoiiue
TOPU3OHTHI OBUTM YCTAHOBIIEHBI TI0 COTIIACOBAaHHBIM
BapHalysIM rpaHyJIOMETPUIECKOTO COCTaBa U MArHUT-
Ho#t BocnmpuuMuuBocTU. CpenHee 3HaUeHUE CUMYJIU -
POBAHHOIO BO3pacTa U €ro OlIMOKa pacCYMTHIBAINCh
Ha OCHOBE NIYOMHHO-BO3PACTHOI MoOIead KOJOHKU
0Ot-20: Ha MoJeIb MPOELIMPOBAJIaCh INTyOMHA KOpPEIr-
PYEMOTO TOPM30HTA C MHTEPBAJIOM HEOTIPEIeIeHHOCTH
M0 BEpTUKAJIM (OIIMOKOI 110 IIyOMHe). 3HaYeHHE ITOit
OIITMOKM M3MEHSJIOCH B 3aBUCUMOCTH OT HAIEKHOCTH
KOPPEISIIMOHHOTO TIpu3Haka (Tabia. 1): mist CuMyiu-
POBAHHBIX AT C HU3KOW HAJEeXXHOCTbIO OIIMOKA MO
yoMHe npuHUMaziach Kak £40 cM, I 1aT co cpel-
He#t HagexxHocThio 20 cM, a Beicokoit =10 cm. I'pa-
HULIBI UTOTOBOM OIIMOKM BO3pacTa BEIYUCIISUIMCH KaK
MWHHUMAaJIbHBIC 3HAYEHMS TOBEPUTEILHOTO MHTEpBaa
C BEpXHETo IMyOMHHOTOo pydexxa 1 Kak MaKCUMaJlbHbIe
3HAUEHUS] — C HUXKHETO.

BTopoii cmocob moydyeHus: CUMYJIMPOBAaHHBIX AAT
OIupascs Ha OOIYyIIeHNe O CHHXPOHHOCTU T'PaHMII
cTpaTurpaduyeckux noapasaeaeHuii Pm-1 ¢ rpanu-
namu MIS o mkane LR04, MocKoabKy 011 Hee eCTh
YCTAHOBJICHHBIM BO3pAacT TPaHUIl MEXAY CTaIUSIMM
(Lisiecki, Raymo, 2005). Omubdxu Bo3pacTta, BO3HU-
Karolye Mpy KOppessiiyy co Ikanoi MIS, Beruncisi-
JINCh TTPOMOPLUMOHANIBHO omnbkaM Moaenu Ot-20 Ha
TeX e pyoexkax.

I'mybunHo-BO3pacTHas Monenab Pm-1 mocTtpoeHa
0aliecCOBCKMM METOIOM C ITOMOIIBIO ITakeTa rbacon
(Blaauw, Christen, 2011) B mporpamMMHoO# cpene
R-studio. IIpu TpaHchopmalium r1yOUHBI B BO3pacT
MBI IPUHUMAJIA MaKCUMaJbHBIE 3HAYCHUST MOIETh-
HOTO BO3pacTa, OCHOBBIBAsSICh Ha HaMJIy4lIel cxo-
IUMOCTH IJIaBHBIX TepMoxpoHoB (MIS 5e, MIS 5¢
u MIS 5a) ¢ najeonouBeHHBIMU YPOBHSIMU.

PE3VJIBTATHI

Jlumocmpamuepaghuueckoe pacunenenue OTIMPACTCS
Ha TToJIeBO¢e oImcaHne KepHa Pm-1, cKoppekTrupoBaH-
HOTO IO pe3yjbTaTaM JIabopaTOPHBIX UCCAENOBaHUIA
(puc. 2). Jlanee B KBaapaTHBIX CKOOKaxX MpeacTaBieHa
reHeThYecKasl u crpaturpacpudeckass MHTeppeTaluu
BbIIEJIEHHBIX clioeB. CTpaTturpaduyeckue mnoapasjie-
JIEHMSI JaHbI B IBYX BapruaHTax: Mo cxeme A. A. Benuu-
ko u T.JI. MoposoBoii (2010) u cornacHo L/S cxeme
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CBbIYEB u np.

Ta6mmua 1. Bo3pacTHble XxapakTeprucTHKKM KojloHKH IlepBomaiickasi-1 (Pm-1)
Table 1. Age characteristics of the Pervomaiskaya-1 (Pm-1) core

Imy6una HapexHocTb
Ne Bo3spacr, . .
B KE€pHE Te0JIOTUYECKOM M cToYyHUK BO3paCTHBIX ONpeneIeHnt
I1/T1 TBHIC.JI. H.
Pm-1, m KOPPENSILIAU
1 1.2 15.2£0.6 Koppemsuums ¢ kepaom Ot-20, rpanuma SO — L1
Bricokas
2 1.2 14.0+0.6 Koppensauus ¢ HukHel rpanuieii MIS 1
3 2.9 23.7£1.6 Huskas Koppemsuums ¢ kepaom Ot-20, muk MPY B L1LL1
4 4.6 32.312.4 Koppensauus ¢ kepnom Ot-20, rpanuua L1LL1 — L1SS1
Cpenusas
5 4.6 29.0+2.1 Koppemnsiust ¢ HikHe rpaauieit MIS 2
6 5.0 38.812.4 Bricokas Koppenauus ¢ keprom Ot-20, Bepxuuii nuk MPY B L1SS1
7 7.2 57.7£5.0 Koppenauus ¢ kepaom Ot-20, rpanuna L1SS1 — L1LL2
CpenHsis
8 7.2 57.0+4.9 Koppensuust ¢ HuxHeit rpanuteit MIS 3
9 7.7 58.8%5.1 Huskas Koppensauus ¢ kepaom Ot-20, Bepxuuit nuk MPY B L1LL2
10 9.1 71.216.4 Koppensuus ¢ kepaom Ot-20, rpanuia L1LL2 — S1SS1
Cpenusag
11 9.1 71.0+6.4 Koppensauus ¢ HukHel rpanuneii MIS 4
12 9.4 75.4%6.1 Bricokas Koppensuus ¢ kepaom Ot-20, muk MB B S1SS1
13 9.7 6213 — JliomuHecueHTHas 1aTa U3 KepHa Pm-1
14 10.0 81.3+7.1 Koppensauns ¢ kepaom Ot-20, rpanniia SISS1 — S1LL1
15 10.0 85.0£7.4 Koppensauus ¢ HuxHeit rpanuueit MIS Sa
Cpenuss
16 11.0 91.91+9.5 Koppemsus ¢ kepaom Ot-20, rpanmnira SILLT — S1SS2
17 11.0 93.0%£9.6 Koppensauus ¢ HuxHeit rpanuteit MIS 5b
18 11.5 96.2£8.6 Bricokas Koppemnsus ¢ kepaom Ot-20, muxk MB B S1SS2
19 12.0 101.5+10.3 Koppenauus ¢ kepnom Ot-20, rpanuna S1SS2 — S1LL2
20 12.0 104.0+10.5 Koppensauus ¢ HuxkHel rpanuneid MIS S5c
CpenHsis
21 12.8 107.2+10.8 Koppenauus ¢ kepaom Ot-20, rpanuna SILL2 — S1SS3
22 12.8 115.0%11.6 Koppensauus ¢ HuxHeit rpanuueit MIS 5d
23 13.0 102+7 — JlroMuHecneHnTHAs 1aTa U3 KepHa Pm-1
24 13.1 110.9+10.2 Bricokas Koppensauus ¢ kepnom Ot-20, nuk MB B S1SS3
25 13.8 126.5£12.4 Koppensaums ¢ kepaom Ot-20, rpanuma S1SS3 — L2
CpenHsis
26 13.8 130.0x12.7 Koppensauus ¢ HukHeit rpanuiieit MIS Se

(Kukla, An, 1987), nmpunsroit B Kutae 1 mmpoxko mc-
noyb3yeMoii B EBporre.

Cnoii 1, 0.0—0.3 M [HacBITTHOI TPYHT, TEXHO3EM].
CyIJIMHOK JIETKUI, CEpO-KOPUYHEBBI, TYMYCUPOBaH-
HBII, pBIXJIBII, C IATHUCTOM OKPACKOWA.

Croii 2, 0.3—0.8 M [ropu3oHTel A 1 AB rojo-
neHoBoit mouBsl, SO0]. CyrMHOK cpeaHuit, Kopud-
HEBO-TEMHO-CEPBIA, TYMYCUPOBAHHBINA, PBHIXJBIH,
C BKJIIOUCHUSIMU KOPHEl pacTeHUIi, rpaHU1Ia HeveT-
Kas Io 1BETY.
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Puc. 2. CtpoeHue 1 aHATUTUYECKUE XapaKTePUCTUKH JIECCOBO-TTIAJICONIOYBEHHOI cepun B KepHe [lepBomaiickas-1 (Pm-1):
¥{f — yoenpHas MarHUTHasl BOCIIPUMMYMBOCTb, HU3KOYacTOTHAas!; F'D — yacTOTHasi 3aBUCUMOCTb MarHUTHOI BOCIIPUMM-
yuBocTty; I'C — rpanynomerpuueckuii cocras; ITI1I1 — morepu npu npokanuBaHuu; L* — SpkocThb (CBET); a* — COOTHO-
IeHNe 3eJIEHOTO M KpacHoTo; b* — cooTHoIeHune cuHero u xkenroro; CI' — cTparturpadudeckue ropuzoHTsl 1o (Velichko,
Morozova, 2010): Hol — rononieHoBast mouBa, Br — OpsiHcKast majeonouBa, MzKr — Me3MHCKUI MeIoKOMIIEKC, KpYTULIKasK
najueornousa, MzSl — Me3MHCKUI MeTOKOMILIEKC, CaTbIHCKAas MajJeonoyBa.

Ipanynomempuueckue gpaxyuu, mxm: 1 —<2,2—2—-4, 3 —4-8,4—8-—16, 5— 1631, 6 — 31-63, 7— 63—125, § — 125-250,
9 — 250—500; 2sumonoeuueckasn koaouka: 10 — néccoBble TOPU3OHTHI, /1 — TexHO3eM, /2 — pa3BUTHIE MOUYBHI C MOJIHBIM
npodunem, 13 — ypoBHU 3(peMepHOro mouBoodpa3oBaHusi, /4 — KapOOHATHbIE KOHKPELIMU, /5 — TUIICOBbIE KOHKPELIMH,
16 — MOMUHECIICHTHBIE TaTHI (THIC.JI.H.).

Fig. 2. Structure and analytical characteristics of the loess-paleosoil series in the Pervomaiskaya core 1 (Pm-1): x/f — low-
frequency magnetic susceptibility; FD — frequency-dependent magnetic susceptibility; 'C — granulometric composition;
TIITIT — loss on ignition; L* — color brightness (lightness) negative values show black, positive — white; a* — red vs. green,
where negative values indicate green and positive values indicate red; b* — yellow vs. blue, where negative values indicate blue
and positive values indicate yellow; Stratigraphic horizons according to (Velichko, Morozova, 2010): Hol — Holocene soil,
Br — Bryansk paleosol, MzKr — Mezin pedocomplex, Krutitsa paleosol, MzS1 — Mezin pedocomplex, Salyn paleosol.
Grain size, um: 1 —<2,2—2-4,3—4-8,4—8-—16, 5— 1631, 6 — 31-63, 7— 63—125, § — 125250, 9 — 250—500; coloring
and symbols on the lithologic column: 10 — horizons of “pure” loess, 11 — anthropogenically processed ground, /2 — mature soil
with a full profile, 13 — ephemeral developed soil, /4 — carbonate concretions, 15 — gypsum concretions, /6 — luminescent
dates in ka.

Cooii 3, 0.8—1.2 M [ropuzonT Bk roioneHosoii mo-
uBbl, S0]. CYINIMHOK CpemHUIA, OIYyTBEPAbI, IIOCTe-
TMEHHBbIN Mepexo [IBeTa CBEpPXY BHU3 OT KOpUYHEBA-
TO-TEMHO-CEPOTO K IajieBo-0exkeBomy, ¢ 1.0 M mosIBis-
I0TCS CBETJI0-0€XeBbIe PhIXJIble CTSKEHUsI KapOOHATOB
1o 1.5 MM B IuaMeTpe, rpaHulIa HeueTKas 1o 1BEeTY.

Crnoii 4, 1.2—4.6 M [anTEIHOBCKO-IECHUHCKUIA JIECC,
LILL1]. CyrmuHOK cpeaHuii, majaeBo-0exXeBblil, Tyro-
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IUIACTUYHEINA, ¢ 1.8 M MOsABIISIOTCS KapOOHATHBIE HO-
BOOOpa3oBaHMs AUAMETPOM A0 2 MM, C TJTyOMHEI 2 M
MOSIBJISIIOTCSI TUIICOBbIE HOBOOOPA30BaHMSsI, pa3BUTHIE
0 TpEeIIMHAM J0 5 MM, IpaHUIla HeYeTKas 10 1IBETY.
Cinoit 5, 4.6—7.2 M [ypoBeHb OPSTHCKOTO MOYBOOO-
pazoBanus, L1SS1]. CyruHOK cpegHuil, KOpUIHeBa-
TO-MajJeBO-0eXeBhIiA, TYTOIUIACTUYHEIN, C BKIIOYEH -
SIMUA KapOOHATHBIX HOBOOOPA30BaHUI TUAMETPOM 10
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Ta0auna 2. Pe3ynsraThl JIOMUHECLIEHTHOTO JaTUPOBAaHUSI
Table 2. The results of luminescence dating

[Toka3zarenn 3HaueHue
JlabopaTopHblii HOMEpP RGI-0185 | RGI-0188
Wnpexc ipo0Osl mpu oTbope Pm-12-1 | Pm-12-2
ImyownHa, m 9.7 13.0
Munepan Fs
Bnaronaceliienue, % ot noii- 75
HOTO
Pasmep 3epeH, MKM 63-90
KommyectBo ankBoT 6
U, ppm 6.2+1.7 7.1£2.0
Th, ppm 11.7£0.3 | 11.2+0.3
K, % 2.710.1 2.8%0.1
MomurHocTb 10361, Ip/ThIC. eT | 4.310.2 3.910.3
DKBUBajJeHTHas 103a, Ip 269+7 394+£12
Bo3spacrt, ThIC.JT.H. 62+3 102+7

2 MM U TUIICOBBIX HOBOOOpA30BaHUM AUAMETPOM M0
6 MM, TpaHMIIa HEYETKAs 110 1[BETY.

Crnoit 6, 7.2—9.1 M [xoTeuneBckuit nécc, L1LL2].
CyIIMHOK CpeIHUit, TTajieBO-0eKeBhIiA, TYTOIIacTud-
HbIii, B HTepBaje ¢ 8.0 1o 9.0 M — ypoBeHb T'MIICOBBIX
HOBOOOpPa30BaHWH, IPY3bl IUAMETPOM JI0 5 MM.

Croit 7, 9.1—10.0 M [cra6oBbIpakeHHas 6GeruiKast!
naneornoysa, S1SS1]. CymIMHOK JerKuii ajeBo-0exe-
BBIi C TEMHO-CEPLIMU T'YMYCUPOBAHHBIMHU IISITHAMMU,
TYTOILUTACTUYHBINA, B HUXKHEM YacTU BCTpeYaroTcs Kap-
OGOoHaTHbIE HOBOOOpPA30BaHUS.

Croii 8, 10.0—11.0 M [Muycckuit nécc?, SILLI1].
CyINIMHOK CpEeIHMIA, ITajIeBO-0exXXeBhIiA, KapOOHATHHIH,
MSITKOTUTACTUYHBIA.

Croir 9, 11.0—12.0 M [KpyTulIKas TajeolouBa,
S1SS2]. CyrnmmHOK CpeaHMi, CBETJI0-CepOo-0yphlil
¢ mATHaAMU 6oJjiee TEMHO-CEPOT0 TYMYCUPOBAHHOTO
Marepuaa, MITKOIUIaCTUYHBIN, Ha TnyouHe 11.5 m

! ABTOpCKOE Ha3BaHWUe, MPEIOKEHHOE B KAYeCTBe JOMOJI-
HeHus cxeMbl A.A. Bemmuko u T. 0. Mopo3oBoit (2010).
Crpaturpadudeckoe II0JOXEHHE II1aJIeONOYBbl BIIEPBLIE
ob6ocHOBaHO B pa3pese bernuia (Mazneva et al., 2021, Chen
etal., 2023).

2 ABTOPCKOE Ha3BaHUe, MPELIOKEHHOE B KAYeCTBE JIOMOJ-
HeHust cxembl A.A. Benmmuko u T.JI. Mopo3oBoit (2010).
AHOMaJMs TIecKa Hall KPYTULKOI I1ajieonoyBoOil yCTaHOB-
JIeHa BriepBble Ha Muycckom m-oBe (Benwuko u ap., 2017,
Mazneva et al., 2021, Chen et al., 2022).

CBbIYEB u np.

BCTpEYAlOTCsl TUTICOBBIE HOBOOOPa30BaHUS 10 4 MM,
K HM3y MaTepuall CTAHOBUTCS CBETJIO-ITajieBHIM,
B HIUXKHEH YacTH BCTpevaloTcsl KapOoHAaTHBIE HOBOO-
Opa3oBaHUsl.

Croii 10, 12.0—12.8 M [ceBckmii nmécc, S1LL2]. Cy-
MNIMHOK CPEIHUI, TTajleBO-0eXXeBbIil, MATKOTIJIACTHY -
HBII, TpaHULIA HeYeTKAas 1O 1IBETY.

Coii 11, 12.8—13.8 M (Bunumasi rpaHuiia) [caabiH-
ckas najeornouBa, S1SS3]. CymmMHOK cpeaHuii, TeM-
HO-CEPO-0yphIii, MITKOIIACTUYHBIN, B HIDKHEHN 4acTU
BCTpeyaroTcs KapOoOHAaTHbIE HOBOOOpa30BaHUs B BUIE
TJTIOTHBIX KOHKPEILIWiA.

CornacHo aHaJUTUYECKUM JaHHBIM (puc. 2), XO-
pOIII0 pa3BUTKIE (3pelibie) MaJeONOYBhI XapaKTepu-
3yI0TCSI HanboJiee BhIpaXKeHHBIMU aHOMAJIUSIMU Ha
MpUBeACHHBIX rpadukax. s r'yMyCOBBIX TOPU30HTOB
TaKUX MajJeonoyB XapaKTepHbl BHICOKUE 3HAYEHUS Y [f,
FD v ¢ppakuyy IIMHBL, HO IIPU 9TOM HU3KHUE 3HAYEHUS
dpaxunu necka, CaCO; u L*. B ropusoHte B 3penbix
najneonoys CaCO; Ha0060POT NOCTUTAET MaKCUMaJlb-
HbIX 3HaYeHuli. B OCHOBHOM, y MajieonoyB aHOMaIuu
JINTOJIOTMYECKNX XapaKTepPUCTUK BhIPaxKeHI cabee,
YyeM Yy MOBEPXHOCTHOTO YepHo3ema. OmHako cioii 11
(cayibIHCKasl MajeonoyBa) Mo OTACIbHBIM XapaKTepH-
ctukam (FD, T1IIIIT 550) cormocTaBUM ¢ COBpeMEHHOM
MOYBOM.

VYpoBHU 3(heMepHOro MoYBOOOpPa30BaHUS KpaiiHe
¢J1a00 MPOSIBIISIIOT ce0s1 B aHOMAJIMSIX JIMTOJIOTUYECKUX
xapakTepucTuK. OCoOeHHO OTYETIIMBO 3TO BUAHO Ha
npuMepe cyos 5 (YypoBeHb OpsSIHCKOTO IMoYBooOpa3Ba-
HUS), TIe OTJUUYMS OT BBIIIEe- U HUKEIEeXAaIuX JECCo-
BBIX TOPM30HTOB YPE3BBIYAMHO TPYAHO YJIOBUTH. [1aB-
HBIM 00pa3oM 3TU OTJIMYUS MPOSIBISIIOTCS B HEOOIb-
IIIOM TOBBIIIICHWH JOJIA TIMHEBI U B XapaKTEPHOM JIJIST
CeMUapUIHBIX TTI0YB pacIpeaeIeHU KapOoHaTOB I10
npoduiio.

JI€ccoBble TOPUBOHTHI MPOSIBISIIOT U3MEHYHUBOCTb,
IJIaBHBIM 00pa3oM, B TPaHYJIOMETPUUECKOM COCTaBeE
M MOIITHOCTU. BBepx Mo KoJioHKe HabogaeTcs ciaa-
OBIi1 TPEH Ha CHUKEHME JIOJIM TIecKa B JIECCOBBIX T'O-
pusoHTax. [ITpy 3TOM MOIIHOCTU JIECCOBBIX TOPU3OH-
TOB, HAIIPOTUB, PACTYT B TOM XK€ HAIlpaBJICHUM.

Bospacm omaoxcenuii u memnwvt 0ca0KOHAKONACHUSL.
ITo xanmeBOMY MOJIEBOMY ILIIATY MOJY4YEHBI IBE KO-
HEYHbIe JIIOMUHeceHTHbIe gaThl: RGI-0185, rmyou-
Ha 9.7 M, cnoii 7 1 RGI-0188, mmyouna 13.0, cmoit 11.
PesynbraThl n3MepeHUs: TIOMUHECLIEHTHOTO CUTHAJIa
¥ MOILIHOCTHU J03bI MpeAcTaBaeHbl B Tadu. 2. Jlromu-
HEeCIIeHTHBII BO3pacT oOpa3siia 13 mnajeornoyBsl S1SS1
(cnoii 7) coctaBun 62+ 3 THIC.JI.H., a 00pas3lia B KpOBIe
najneonouBbl S1SS3 (cmoit 11) — 102+7 ThIC. 1. H.

Bru1 mpon3BeneH pacuet 3HaYeHU TIIOMUHECLIEHT-
HOTro BO3pacTa IMpU CKOPPEKTUPOBAHHOM BJIAaXKHOCTU
nopoasl 1o 100% BnaroHacwieHus. OCHOBaHUSIMU
TaKOM KOPPEKTUPOBKU SBISIOTCS ABA 0OCTOSITENb-
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CTBa: MSTKOIJIACTUYHAS KOHCHCTEHLMS CYIIMHKA,
3a(UKCUpPOBaHHAs TTpU OYpeHU; BEPOSTHLIN BBICO-
KU ypOBEeHb I'PYHTOBBIX BOJ Ha MPOTSKEHUU O3/ -
HETO HEeOoIUIEICTOleHA, BEI3BAHHBIN MHOTOKPATHBIMU
MMoabeMaMy Boabl B moimHe MaHbraa (CeMUKOJIEHHBIX
u ap., 2023). [Tocne Takoii KOPPEKTUPOBKU BO3PACT
HCCIIENOBAHHBIX 00Pa3IloB HECKOIBKO BBIPACTET: IJIST
BepXHeTo obOpasia oH cocTaBUT 69+3 THIC.JI.H., a s
HkHero — 107+7 Teic.JI.H.

Bo3spact nng 24 ypoBHeil B KojloHKe Pm-1 Obln
CUMYJIUPOBaH IT0 METOIWKE, OTTMCAHHOM BHIIIE. DTH
YPOBHUM OTMeUeHbI B Taba. 1 u Ha puc. 3. JIins 9 ypos-
Hell CUMYJISAINS Bo3pacTa Oblla BBIITOJTHEHA IBYMSI
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pa3HbIMU criocobamu: 1) 1o Koppesiuuu ¢ KOJIOHKOM
0t-20; 2) mo Koppeasuuu ¢ MOPCKOM M30TOMHOM KpU-
Boii LR-04. 3HaueHus1 Bo3pacTta oKazaanuch OJU3KU-
MU TIpU UCIIOJIb30BAaHUH Pa3HBIX CIIOCOOOB CUMYJISI -
LMK CpemHsst pa3sHula cocraBmia 4.2%, MakCUMab-
Hag — 10.2%. Komonka Sb-1 (puc. 3), mpu3BaHHas
MIPOBEPUTH TOCTOBEPHOCTDH MCITOJIB30BAHHOTO KOP-
PENSIIAOHHOTO MOIX0Ha, TEMOHCTPHPYET BHICOKYIO
cornacoBaHHOCTh ¢ Pm-1 n Ot-20, Kak B OTHOLIEHUU
MeaoCcTpaTurpad®IecKoil IOCIef0BaTeTbHOCTH, TaK
¥ B OTHOIIECHWU JIMTOCTPATUTPADUISCKIX MapKEPOB.
INonmydeHHBIE B X0OIe CUMYJISIIIAN AaThl HE COmepKaT
WHBEPCUiT BO3pacTa, OHM JIOKATCA Ha OTHOCHUTEIBHO

Sb-1 (Cnankas 6aiaka) Ot-20 (r1y0MHHO-BO3pACTHASI MOJIEJIb,
JINHEIHHASE HHTEPIOJISIIHsT)

Bospacr, ThiC. JI.H.

40 60 80
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Puc. 3. KoppensunonHas cxema kosioHok Ciangkas 6anka-1 (Sb-1) (Mazneva et al., 2021; KoHcraHTuHOB U 1p., 2022a,
¢ nuaMeHeHnsIMM ), [lepBomaiickast-1 (Pm-1) (aBropckue mannbie) 1 OtkazHoe-20 (Ot-20) (CorueB u 1p., 2022; KoncraH-
TUHOB U 1p., 2022a).

MPY — MenuaHHBI pa3Mep yacTul; X Jf — HU3KOUaCTOTHAsl MarHUTHAsi BOCIPUMMYUBOCTD; Hol — rojouieHoBas mousa;
naneonougwv: Br — 6psiHcKast, MzKr — kpyruikas, MzS1 — canbiHckas. 1 — TexHo3eM; 2 — JIECCOBBIE TOPU3OHTHI; 3 — pas-
BUTbBIC TIOYBHI C MTOJTHBIM MpoduiieM; 4 — ypoBHU 3¢eMEPHOTO ITOYBOOOPA30BaHUS; 5 — IIOMUHECLICHTHBIEC AAThl, THIC.JI. H.;
6 — KOppeISIIIMOHHBIE MapKephl (COOTBETCTBYIOT ITOPSITKOBOMY HOMepY B Tab1. 1).

Fig. 3. Correlation scheme of the columns Sladkaya Balka-1 (Sb-1) (Mazneva et al., 2021; Konstantinov et al., 2022, with
modifications), Pervomayskaya-1 (Pm-1) (authors’ data) and Otkaznoye-20 (Ot-20) (Sychev et al., 2022; Konstantinov et
al., 2022).

MPY — median grain size (MGS); y/f — low-frequency magnetic susceptibility; Hol — Holocene soil, Br — Bryansk paleosol,
MzKr — Krutitsa paleosol, MzSI — Salyn paleosol. / — technozem; 2 — loess horizons; 3 — developed soils with a full profile;
4 — levels of ephemeral soil formation; 5 — luminescent dates in ka; 6 — correlation markers (corresponds to the ordinal
number in tab. 1).
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MnjaaBHyl JuHUIO 0e3 cTymneHeit. [lo oTHolIeHUIO
K IPSIMBIM JIIOMUHECLIEHTHBIM AaTaM 3Ta JIMHUS TIpO-
XOIUT IIpaBee, T.€. MTOKa3bIBaeT 6ojiee NPeBHUIT BO3-
pact. PazHu1ia mpsiMbIX JTJIOMUHECLIEHTHBIX U UHTEPIIO-
JISIIMY CUMYJIMPOBAHHOTO BO3pacTa cocTaBiseT 24%
(BepxHss mata) 1 8% (HkHs marta). [Tocae Koppek-
WU JTIOMUHECLIEHTHBIX AaT Ha 100% BiaroHacHhIIIIe-
HUE 3Ta pasHUIIa 3HAaYUTEIbHO cHuXaeTcsa — 12 u 3%

Bospacr, TeiC. 1. H.
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Puc. 4. [lry6uHHO-BO3pacTHas HaiiecOBCKast MOMENb KO-
JoHKu Pm-1.

1 — cuMyTMpOBaHHBIE aThI, MTOJTYYEHHbIE METOIOM CO-
IJIACOBaHUS Bapyallyii TPaHYJIOMETPUIECKOTO COCTaBa
U MarHUTHOU BOCHPUUMYMBOCTH MEXIY KOJIOHKaMU
Pm-1 u Ot-20; 2 — cumyaupoBaHHbIE AaThl, MOJY-
YeHHBIE TI0 KOPPEJISIIUU TPAHUIL CTpaTUTpahuIecKmux
noapasieeHuii Mexay KojoHkamu Pm-1 u Ot-20; 3 —
MpsIMbIE JTIOMUHECIIEHTHBIE NaThl; 4 — CUMYJIMPOBaH-
HBIE IaTHI, TTOJIyYeHHBIE METOIOM KOPPEISIIUU TPAHUILL
crpaturpaduyecKux MoapasneieHuii ¥ MOPCKUX U30-
TOMHBIX cTaauit mo monenu LR-04; 5 — npsimbie oMU~
HEeCLIEHTHBIE IaThl, CKOppeKTUpOoBaHHbIe Ha 100% Ba-
roHacebleHnue. KpacHblit MyHKTUP — cpeqHee 3HaYeHue
MOJIEJIbHOTO BO3pacTa, Cepblil MyHKTUP — IPAHUILIBI J0-
BEPUTEILHOTO MHTepBaia 95%.

Fig. 4. Bayesian depth-age model of the Pm-1 core.

1 — simulated dates obtained by matching variations in
grain size distribution and magnetic susceptibility between
the Pm-1 and Ot-20 cores; 2 — simulated dates obtained
by correlating stratigraphic unit boundaries between the
Pm-1 and Ot-20 cores; 3 — direct luminescence dates;
4 — simulated dates obtained by correlating stratigraphic
unit boundaries and marine isotope stages using the
LR-04 model; 5 — direct luminescence dates corrected
for 100% water saturation. The red dotted line is the
mean value of the model age, the gray dotted line is the
boundaries of the 95% confidence interval.

CbIYEB u np.

COOTBeTCTBeHHO. [1pnyeM moBepUTETbHBIC MHTEPBAJILI
Y CKOPPEKTUPOBAHHBIX Ha BJIaXKHOCTD JIIOMUHECIIEHT-
HBIX JIaT U MOJEJIBLHOTO BO3pacTa MepeKphIBaloTCs.

HMrtoroBas riyoMHHO-BO3pacTHasl MOJelb Oblia
MOCTPOEHA C YYeTOM BCeX daT — MPSIMBIX Y CUMYJIH -
poBaHHBIX (puc. 4). Monenb npolnIa 110 TPaeKTOPUU
¢ HamOOJbIIeH MIIOTHOCTHIO 3HaUeHMIT Bo3pacTta. He-
CMOTpsI Ha HeOOJIBIIIOE OTKIOHEHWE OT TPSMBIX JTIO-
MMHECLIEHTHBIX IaT, Mbl TIPUHUMAEM ITOJTYYINBIIYIOCS
MOJIeJTb, OCHOBBIBAsICh Ha 00JIee BHICOKOI COITacOBaH-
HOCTHU €O cTpaTturpadueii KojoHku Pm-1.

Bo3spacTHoe MomeampoBaHue TTO3BOJIMIIO pacrpe-
JENTh aHAJTUTUIECKIE XapaKTePUCTUKHU TI0 BO3PacCT-
Hoii mikaisie (puc. 5). Ilpu nmomoiy ryOMHHO-BO3-
pacTHOI MoIeIu pacCYMTAaHBI TEMIBI OCaIKOHAKO-
ieHusa. MakcumanbHblie (15.9—17.5 cM/ThIC. JeT)
MIPUYPOYEHBI K MHTEPBaIy 36—16 ThIC.JI.H.; IIOBBI-
meHHble (11.4—12.5 cM/TBIC. 1€T) — K nHTepBany 80—
40 teIic.1.H.; HU3KKe (9.1—10.4 cM/THIC. JIeT) — K UH-
tepBany 128—81 TbIc.J1.H.; MUHUMaNBHBIE (6.0—6.6 cM/
TBIC. JIET) — K UHTepBasly 13—5 ThIC.JI.H.

OBCYXIEHHUE

Hcmounuku munepasvioil noiau. O01IasT BUAUMAS
moutHocTh JITIC BepxHero mieicTolieHa B KOJTOHKE
Pm-1 cocraBnser 13.8 M. B xononke Ot-20, pacmnono-
KeHHO# BocToyHee, MontHocTh JITIC BepxHero mei-
cTolieHa 3aMeTHO Bbiie — 22.6 M. B komonkax Sb-1
" Ys-1 (SIceHckas) MOIIHOCTH BEpXHETO IIeicTOIIeHA
yOBIBAIOT TTO Mepe yaajeHus Ha 3anafg — 9.7 u 5.3 M,
cootBeTcTBeHHO (KoHcTaHTHHOB U ap., 2022a). [1pu
PacCMOTPEHUU CPEIHEro COAEpXKaHUS TecyaHOoM
dpakuuu (>63 MKM) 3TOT TPEH YaCTUYHO Hapylla-
ercsa: Ot-20—17.1%, Pm-1-5.0%, Sb-1—-6.1%, Ys-1—
1.9%. BeposiTHas Mpu4MHa TaKOii MHBEPCUM IOJIH
mnecka B KoloHKax Pm-1 u Sb-1 — Hanmmume OIM3KO0-
pacmnoioKeHHBIX JTOKaJIbHBIX UCTOYHUKOB 30JI0BO-
ro MaTepuasa, MOBBIIAIIINX CoAepXKaHe KPYMHBIX
yacTull B paitoHe Sb-1 (KoHcTanTuHOB M ap., 20220).
B 1ienom crpoenue 1 coctaB kepHa Pm-1 comnacyior-
CS C HalpaBJieHUEM TOMMHMPYIOUIETo TIiepeHoca MH-
HepaJbHON BTN B MO3MHEM IuteiicTorieHe ¢ FOB Ha
C3 (KoHcTaHTHUHOB U ap., 2022a; Chiues, 2023). Cie-
JOBaTeJIbHO, OCHOBHBIMM MCTOUHUKAMU MUHEpasb-
Hoii b 1151 LleHTpanbHoro IlpenkaBkasbsi MOLIIU
CJIYXXUTb MyCThIHU 3anana [Ipukacnuiickoit HUZMEH-
HOCTU (TIepBUYHBINA UCTOYHMK) U JIECCOBBIE MAaCCUBBI
Boctounoro IlpenkaBkasbsl (BTOPUYHBINA UCTOYHUK,
TepeOTIOXKEHHBIN MaTepra).

OOpamiaeT Ha ce6s BHUMAaHKE MOBBIIIEHHOE COIEP-
>xaHue SO; B kepHe Pm-1, MUKy KOTOpOro accouuu-
POBaHBbI C TUIICOBBLIMY TOpU30HTaMu. Tak, cpeaHee co-
nepxanue SO; cocrasisiet 3.2%, makcumyM — 15.3%.
Hnst cpaBHeHUsI: B KepHe Sb-1 cpenHee cogepxaHue —
0.7%, makcumyMm — 5.3%; B paspese V-4 cpenHee co-
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MIS ITepBomaiickas, MPU IlepBomaiickas, IT (>63 MkM) Ortkasnoe, TO
(LRO4)
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Puc. 5. I3mMeHeHne OCHOBHBIX CEIMMEHTOJIOTUUECKUX XapaKTepUCTUK KoyoHOK [lepBomaiickasi-1 (3To nccienoBaHue)
u OtkazHoe-20 mo (CerueB u ap., 2022) B KOHILIE YeTBEPTUYHOTO MEepHOaa.

MPY — meauaHHbIi padmep yactuil; I1 — conepxkaHue necka; TO — cpeaHue TeMIlbl ocankoHakoruieHust; I' — conepxkaHue
mHbL, FD — yacToTHast 3aBUCUMOCTh MAarHUTHOM BOCIIPUMMYMBOCTH.

Fig. 5. Changes in the main sedimentological characteristics of the Pervomayskaya-1 (this study) and Otkaznoye-20 (Sychev

et al., 2022) cores at the end of the Quaternary.

MPUY — median grain size (MGS); IT — sand content; TO — average sedimentation rate; I' — clay content; FD — frequency

dependence of magnetic susceptibility.

nepxanne — 2.5%, makcumyM — 11.2% (Mazneva et al.,
2021). IlonoxeHne TUNCOBBIX TOPU30OHTOB B YKa3aH-
HBIX pa3pe3ax He UMeeT CTpaTUrpachuIecKoro 3Have-
HUS BBUIY BHICOKOU TTOIBYKHOCTU TUTICA U CYUTbHOM
3aBUCHMOCTH €0 MPOSIBIEHUS OT YPOBHS TPYHTOBBIX
Boa. OHaKo o011Iee BLICOKOE COAEpKaHWe TUIIca MO-
KET YKa3bIBaTh HA TOMTOJTHUTEBHBIN 30JI0BBIN MPUTOK
cylb(}haToB B cocTaBe MUHepanbHOU nbUn (PBICKOB,
2007). biukaiiieit 061acTbio TUIICOHAKOIIJICHUS SIB-
JisgeTcss MaHbIUCKas IEPECCHs, B KOTOPOl IMMPOKO
pa3BUTHI 3aTUIICOBAaHHBIEC MMOPOMBI HA yJacTKax Iie-
pechbixaomux o3ep (Kapra..., 2019). CnengoBaTenbHO,
€CTh OCHOBaHUsS CUMTATh NOJMHY MaHbIYa TOTTOTHM-
TETbHBIM UCTOUHNKOM MUHEPATbHOMU ITBIIN.
Cedumenmoanoeuueckue mapkepol ¢ JIIIC epxneeo
naeticmoyera. MOITHOCTD JIECCOBBIX TOPU30HTOB B KO-
JmoHKe Pm-1 mocienoBaTeTbHO yMeHBITaeTCSI CBEP-
xy BHU3. Tak, HanbOosee MOIIHBINI (3.4 M) aITBIHOB-
cko-gecHuHckuii nécc (L1LL1, MIS 2) pacronoxeHn
B BepXHeli yacTu pa3pesa. Huke ciremyer Topu3oHT XO-
ThIIeBcKoro nécca (L1LL2, MIS 4) montHocThIO 1.9 M.
Mexny 6emIMIIKOit ¥ KPYyTHIIKOM TTOYBAMU HAMU BBI-
JIEJISIETCSI MUYCCKUIA JIECCOBBIM ropu3oHT (S1LL1, MIS
5b) MoiHocThIO 1.4 M. HuxkHee mojioxxeHue 3aHuMa-
€T HauMeHee MOIIHBIN ceBckuii neécc (1.0 m) (MIS 5d,
S1LL2). AHamorn4HbIil TpeHI HAOMIOOAeTCs U B IPY-
TUX OMOPHBIX pa3pe3ax u ckBaxwmHax: Ot-20, Sb-1
u Bg. Takoit TpeH cormacyeTcs ¢ BBISIBJICHHBIM HaMU
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HamnpapjJeHHbBIM POCTOM TEMIIOB OCaIKOHAKOIIEHUS
B KPUOXPOHBI MO3/ITHETO HEOTIeCcTOLIeHA U TaKXe CO-
rjacyercs ¢ MpeAcTaBIeHUEM O HallpaBJeHHON apyau-
3allMM PerMOHaJIbHOIO KJMMaTa BHYTPU Bajl1aiicKoi
snoxu (Bennuko u np., 2017).

B xononke Pm-1 HaGaogaeTcst Tpex4aeHHOE CTPO-
eHue Me3nHCKoro (S1) rmemoKomIuiekca, COCTOSIIETO
U3 HUXKHE TEMHO-CepO-0ypoil CalbIHCKOM, CcpemHe
CBETJII0-OypoOii KPYTULIKON U BEepxHEU ciraboBBIpa-
KeHHOM Oernmikoit majaeornouB. CorracHO NIyOuH-
HO-BO3PacTHOU Moaeau BpeMs (pOpMUPOBAHUS ITUX
MajIeoIlouB caenymolee: caabiHckas (S1SS3) — 128—
117 Tic.)1.H., kpyTuukas (S1SS) — 107—98 Tbic.j1.H.,
u oernuukas (S1SS1) — 82—78 Teic. ner. Hamm pan-
Hble TIOJAKPEIUISIIOT MpeacTaBlIeHUsI O IPUCYTCTBUU
TpeX YpOBHEM MajieoNnoyB B COCTaBE ME3UHCKOTO Te10-
komiuiekca IlpenkaBkasesa u Hukneit Bonru, uro pa-
Hee OBLIO YCTaHOBJIEHO 15T KOoJIoHOK Bg, Sb-1, Ot-20,
Cpennss Axry6a (SIlamna u gp., 2017; KoHcTaHTUHOB
u ap., 2022a; CerueB u ap., 2022; Mazneva et al., 2021;
Makeev et al., 2021; Chen et al., 2022).

B aHaiuMTUYECKMX XapaKTEepUCTHUKaX Me3UH-
CKOTO TeJOKOMILIEKCA BBISBIISIIOTCS TOTIOJHUTEb-
Hble MapKepbl 111 makopHbix JITIC LenTpansHOro
ITpenkaBkasbsi. COOTHOIIIEHNE BbICOTHI MTUKOB Mar-
HUTHO# BOCIMIPUUMYUBOCTU U MEXITMKOBOE PacCcTO-
SHUE XapaKTepU3ylTCs YCTOMYMBOCTHIO, YTO MO-
KET CIYXUTb JTOTIOJHUTEIbHBIM IUATHOCTUYECKUM
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U KOPPEISIUMOHHBIM MpU3HaKoM. Tak, CHU3y BBepxX
(OT caJIbIHCKOIi MajieonoyBbl K OSTIMIIKOM) Ha0II0-
JaeTcs HalpaBJIeHHOE CHWXKeHWe 3HayeHuil xlf u FD.
OTOT MaTTepH YETKO MPOCIEXKUBAETCS B KOJOHKAX
Pm-1 u Sb-1 (puc. 3), a B Ot-20 HapymiaeTcsa us-3a
npuMecu Tedpbl B KpyTULIKO# maneomnouse. PaccTosi-
HUE MEXIYy BEpXHUM U CPEIHUM MUKAMU MarHUTHOM
BOCIIPUMMYHBOCTH B ME3MHCKOM MEI0KOMILIEKCe CTa-
OWJIBHO BBIIIE MO CPAaBHEHUIO C PACCTOSIHUEM MEXIY
CpeIHUM Y HUXKHUM nukamu B 1.3—1.7 paza.

AuarHoctuka OpPSHCKOIO TOPU3OHTA B KOJIOH-
ke Pm-1 BecbMa cjioxkHa BBUIY Pa3MBITOCTU I'paHUIL
C BBIlIe- U HUXKeJIeXalllMM TOPU30HTaMU. DTa 0CO-
OEHHOCTb XapaKTepHa 1 ISl IPYTUX U3BECTHBIX KOJIO-
Hok (Bg, Sb-1, Ot-20). KoppenssumoHHbIMY MTpHU3HAa-
Kamu OpsiHckoro ropusoHTa (L1SS1) B kepHe Pm-1
BBICTYIIAIOT, TIPEX/IE BCEro, XapaKTepHble Baprualluu
MPUY ¢ gpkuMu MTUKaMu B BEPXHEH 4aCTU TOPU30HTA
W HU3KVMMU 3HAYEHUSIMU B HUXKHel yactu. Takast 3a-
KOHOMEPHOCTb paHee Obljla yCTaHOBJIEHA B KOJIOHKAX
0t-20, Sb-1 u paspesax [IpuazoBbst (KoHcTaHTMHOB
u ap., 2022a; Mazneva et al., 2021). Bo Bcex pa3pesax
[IpenkaBKasbsi, 00ecreueHHbIX JIOMUHECIIEHTHBIMU
natamu, opstHckuii ropu3oHT (L1SS1) He oGHapyxu-
BaeT NMPU3HAKOB MHTEHCUBHOTO MOYBOOOpa30BaHUSI.
Jlutonoro-naneonoyBeHHble UHAUKATODPHL (X If, FD,
ITITIT 550, L*, a*) penko NpeBHIIAIOT 3HAYCHUS, TH-
NUYHEBIE IJIST IECCOBBIX TOPU30OHTOB. TakKuUM 00pa3oMm,
opsinckuit ropu3oHT B JITIC TlpenkaBkasbsi He MOXET
OBbITb OTHECEH K Pa3BUTOMY MaJeONOYBEHHOMY YPOB-
HI0. Ero KoppekTHee paccMaTpMBaTh KakK YpOBEeHb
€J1a00T0 CUHJIUTOTeHHOTO ITOYBOOOPa30BaHMUSI.

Bbipa3uTeabHbIMU cTpaTurpacpuyecKuMm MapKe-
pamMu B KoJioHke Pm-1 cimyxat nokanbpHble Uk M PY
U necyaHoit pakuuu. [Ipumepsl cornacoBaHus TAKUX
MWKOB yKa3aHbl B Ta0m. 1. Kpome Toro, B ropuzoHTax
SILL1 (MIS 5b) u L1SS1 (MIS 3) BbIsIBI€HBI CTpaTU-
rpauyecKku yCTOMUYMBBIE 30HBI MOBBIIIEHHOTO CONep-
JKaHMSI YaCTUIl KPYITHOTO ajieBpuTa U Tecka. Mx Bo3-
pact orBeuaeT uHTepBasiaM 98—85 u 43—37 ThIC.JI.H.
COOTBETCTBEHHO. AHAJOTMUHbIE 30HbI HADOJIOAAIOT-
cs B konoHkax Ot-20, Sb-1, Bg u V-4 (KoHcTaHTH-
HOB U 1ap., 2022a; Mazneva et al., 2021; Chen et al.,
2022; Panin et al., 2023). CnenoBaTejIbHO, BBISIBICH-
Hble aHOMAaJIMU IPaHyJIOMETPUIYECKOrO COCTaBa UMEIOT
perroHajbHOE 3HAaYeHWE U MOTYT CIYXUTh ITOIMOJHU-
TeJIbHBIM KOPPEISIMOHHBIM MPU3HAKOM B TIJIAKOPHBIX
JITIC IlpenkaBkasbsi. BepossTHBIM MexaHU3MOM (hop-
MUPOBaHUS TAKUX aHOMAJIU ObLIO YCUJIEHUE TbLIb-
HbIX OYpb B perMoHe, KOTOpOe MPOBOLIMPOBAJIO Mepe-
Hoc OoJiee KPpYITHOTo MaTtepuarna.

Temnor ocadkonakonsenus. VI3 rpaduka TEMIIOB
OCaJIKOHAKOTIIeHUS 1151 (puc. 4) BUAHO, YTO MOBBI-
LLIEHHBIE U BHICOKME 3HAYeHUS TPUYPOUYEHBI K Basiaali-
cKoit nemHukKoBoit amoxe (MIS 5d — MIS 2), a Hu3s-

CBbIYEB u np.

KHe — K MexJienHUKoBbsIM (MIS 5e u MIS 1). Pacuer-
Hble TEMITbl OCAAKOHAKOIUICHUST TSI MEXJIETHUKOBBIX
TEPMOXPOHOB CYIIIECTBEHHO Pa3IMyaloTCs: B TOJIOLEHE
3aMETHO HITKE, YeM B MUKYJIUHCKYIO 310Xy — 6.2 TIpo-
TuB 9.4 cM/ThIC. JeT. Cxoxkas KapThHa HabitoaaeTcst
u 1151 kepHa Ot-20 (puc. 5). Henab3s uckiwouaTsb uc-
KYCCTBEHHOTI'O 3aHUXEHUsI 3TOTO ToKa3aTessl 11l To-
JiolieHa. DTOT (heHOMEH MOXKET ObITh CBSI3aH C 3POAU-
POBAHHOCTBIO YACTU TTOBEPXHOCTHOTO CJIOSI B PE3YJib-
TaTe aHTPOIOTeHHOIO BO3IECMCTBMUSI.

BHyTpM Bajmaiickoro KpMoxXpoHa TeMIIbl Ocall-
KOHaKOIUIEHUSI pacnpenesiioTcsi HepaBHOMEPHO.
Pe3ko BhiaensieTcsi 30Ha MaKCUMMaJIbHbIX 3HAUYeHU
(16—17 cM/TBIC. JIeT), TIpUXOASINAsICSI Ha WHTepBal
36—16 TBIC.JI.H., 9TO COOTBETCTByeT KoHIly MIS 3
u BceMy atany MIS 2. IIpumeuarenbHo, 4YTO B Kep-
He Ot-20 HauboJiee BBICOKME TEMITbl OCaaKOHAaKO-
mieHust (45—79 cM/ThIC. J1eT) TonaaalT Ha MHTepBal
31—23 ThIC.JI.H. C TMKOBBIMU 3HAYEHUSIMU Ha OTPE3Ke
30—29 thic.1.H. (ChrueB u ap., 2022). bauzkomy nH-
tepBaity (30—23 ThIC.J1.H.) OTBeYaeT MaKCHUMaJibHasl
KOHILIEHTpalus MUHEPAIbHOM MbLUIM B JTIEAHUKOBBIX
kepHax I'pennanauu (NGRIP u RECAP; Simonsen
et al., 2019). Ha aT0 Xe BpeMst IpUXOASITCA Y MaKCH-
MaJjibHble 3HaueHus1 MAR (TeMmbl MpUpoCcTa Macchl)
n7ist néccoB B bacceitne JyHas (Perié et al., 2022). Ta-
KUM 00pa3oM, MaKCUMaJbHbI€ TEMITbl OCaIKOHAKO-
nineHus B rmiakopHbIX JITIC LlenTpanpHoro u Boc-
TouHoro I[lpenkaBka3bsl cOmacyloTcsl IO BO3pacTy
C €BPONEUCKUM U cyOrTo6anbHbIM TpeHaoM. [Tpram-
HbI 9KCTpeMaJibHO BBHICOKOIO TbLIEHAKOTIJIEHUS CBSI-
3bIBAIOT C OOIIE apuau3aluei KiuMara, nerpaialm-
el pacTUTEIBLHOTO TTOKPOBa, paclliupeHueM obacTeit
aeassuMU U pOCTOM SMUCCUU MUHEPaJbHON TMbLIU
Ha poHe MakcuMaibHOro noxoysonanus (Maher et al.,
2010).

Pa3Hu1IIa B MUHUMAJIBHBIX 1 MaKCUMAaJIBHBIX 3Ha-
YEHUSIX TEMIIOB OCaIKOHAKOIUIEHUSI CYIIECTBEHHO OT-
Jmyaercsa y KepHoB Pm-1 u Ot-20. Ecau He mpuHuT-
MaTb B pacyeT TeMIIbl i ToJIolleHa, KaK HeloCTaTou -
HO KOPPEKTHbIE, TO OTHOILIEHUSI SKCTPEMYMOB OyayT
paBHbI 1.9 1 7.5, cooTBeTcTBeHHO. Upe3BbIluaiitHO BbI-
COKHUI1 pa3Max B 3HAUEHMSIX TEMITOB OCaIKOHAKOTILIE-
HUS Yy KoJIOHKU Ot-20 MOXeT 00bSICHITHCS OTHOCU-
TEJbHO OJIM3KHUM PACMOJOXEHUEM K UCTOYHUKY MU-
HepaJbHOM MbIJIM — MeCUaHbIM MacCHBaM 3aIajaHoro
[Tpukacnus.

[ToBBIIIEHHBIE TEMIIBI OCaAKOHAKOTJIEHMS
(~11.9 cM 3a ThHIC. JIeT) MPUXOAATCS Ha MHTepBal
80—40 thIC.)1.H. (MIS 5a — cepenmna MIS 3). Ko-
Hen, MIS 3, kak cienyer u3 BBHILIEU3IOXKEHHOTO, Xa-
pPakTepU30BaJICsl IKCTPEMaIbHO BLICOKUMM TEMIaAMMU.
Bce 310 mo3BoJIsIET rOBOpUTH 00 3Tane MIS 3 (6psiH-
CKOM MHTepCcTaauajie) Kak 0 BpeMeH UHTEHCUBHOIO
0CaJKOHAKOIJIEHUsI, KOTOPOE JIIIIb HEMHOTO YCTyMa-
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JECCOBO-TIOYBEHHBIE CEPUU HEHTPAJIBHOTO MPEJIKABKA3BA...

eT MIS 2. Bricokue TeMITbl JIECCOHAKOIIJICHUST MOT-
JIV CITYXXUTh OMHUM M3 3HAYMMBIX (DAKTOPOB CIa00it
BBhIpaXkeHHOCTU OpstHcKoi nasieoriouBsl B JITIC LleH-
TpajabHoro IlpenkaBkasbsi.

SAKJIIOYEHHE

1. B ctpoenun BepxHeruieiictoueHoBoi JIIIC
LenrpanpHoro IIpegkaBKasbsl BBHISIBIEHBI OOIIME
YepThl, XapaKTepHbIe KakK I 3aIllamHOTO, TaK U ISt
Bocrounoro IlpenkaBka3bs: nemokomiuieke S1 (Mme-
3uHCcKuii, MIS5) coctouT u3 Tpex majaeorouyB; OpsH-
ckomy uHTepcraauany (MIS3) orBevyaeT ypoBeHb cia-
00Tr0 CHHIIMTOTEHHOTO IIOYBOOOPAa30BaHMS; MOIITHOCTD
JIECCOBBIX TOPU30HTOB HATIPABJIEHHO YMEHBIIIASTCS TI0
paspesy cBepXy BHU3.

2. MoIimHoCTh 1 pa3Mep J9acTull B KoJoHKe Pm-1
BIIMCBIBAIOTCS B IIABHBIN CcyOImmupoTHbi Tpena JITIC
IMpenkaBK3bs: HAMMPABICHHBIN POCT 3TUX XapaKTepH-
CTHUK C 3aIazia Ha BOCTOK. DTO yKa3bIBaeT Ha IJIaBHBIC
WCTOYHUKHM MUHEPaTbHOM BN s LleHTpanbsHOoro
INpenkaBka3bsd — mecuyaHble MycTeIHU [1puKacmmii-
CKOI1 HU3MEHHOCTHU U Jiécchl Bocrounoro IIpenkaBka-
3bs1. BepOoSITHBII DOTIOTHUTENBHBIN NCTOYHNK, YCTa-
HOBJIEHHBI! HA OCHOBAaHWH aHOMAJILHOTO CONEPKaHUS
cepul, — JoJMHa MaHbIva.

3. B uHrepBanax 98—85 u 43—37 ThIC.J1.H. OTMeYa-
€TCS aHOMaJIbHOE YBeJIMIeHWe MEIMAaHHOTO pa3Mepa
YacTHII, YTO COTJIACyeTCs ¢ BapHallsIMU TpaHyIoMe-
TPUUYECKOro cocTtaBa B KoiaoHkax Ot-20, Sb-1 u pa3-
pe3e bermiia. DT aHOMaJIMKU MOKXHO pacCMaTpPUBAaTh
B KaueCTBE HOBBIX PETHOHAIBLHBIX CTpAaTUTPaPUISCKUIX
mapkepoB B JITIC IlpenkaBka3bs.

4. MakcuMaJbHBIE TEMITBI OCAaIKOHAKOTUICHUS
B KoJloHKe Pm-1 (16—17 cM/ThIC. I€T) YCTaHOBJIEHBI
B UHTepBaje 36—16 THIC.JI.H., YTO KOPPEIUPYET C IJIaB-
HBIM BaJITafiCKUM KPUOXPOHOM, ITMKOBBIMU TEMIIaMU
0CaIKOHAKOIUIEHUs B LieHTpajabHoeBpomeiickux JITIC
1 MaKCHMaJIbHO# KOHIIEHTpaIlMei 4acTHUIl MUTHEpahb-
HOW MBITN B TPEHJIAHICKUX JISTHUKOBBIX KepHax. Mu-
HUMAaJIbHBIE TEMIThI OcagKoHaKoruieHus (<11 cM/ThIC.
JIET), HATIPOTUB, MIPUYPOUYEHBI K TEpMOXpOHaM. Takum
00pa3oM, TIPOCIIEKUBAETCS CBSI3b N3MEHEHUS TEMIIOB
nécconakomieHus B llenTtpansHoMm IIpenkaBka3be
C eBPOIEHCKNM U CyOIITo0aIbHBIM THIAPOTEpMUYE-
CKUM PUTMOM.
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THE LOESS-SOIL SEQUENCE OF THE CENTRAL CISCAUCASIA:

DURING THE LATE NEOPLEISTOCENE?

N.V. Sychev®#, E.A. Konstantinov?, and A. L. Zakharov?
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The study presents the results of sedimentological investigation of the core recovered from from the
Pervomayskaya-1 (Pm-1) borehole, which revealed the most complete structure of the upland loess-soil series
(LSS) in the central Pre-Caucasus. The borehole reached a depth of 13.8 m. Luminescence dating for two
samples from the core yielded ages of 62+3 and 10217 thousand years, attributing the entire studied sequence to
the Upper Neopleistocene. Lithostratigraphic units were identified based on macroscopic core examination and
geochemical analyses. The Mezin pedocomplex (13.8—9.1 m, MIS 5) consisting of three paleosols was identified
at the base of the section. Above it lies a horizon of Valdai loess (9.1—1.2 m, MIS 4—2) of substantial thickness
with weak signs of interstadial pedogenesis in its middle part. The section is capped by a Holocene chernozem
(1.2—0.0 m, MIS 1) showing signs of anthropogenic transformation in its upper profile. The LSS structure
revealed in the Pm-1 core shows stratigraphic unity with previously dated reference sections and boreholes of the
Pre-Caucasus LSS: Beglitsa (Bg), Vorontsovka-4 (V-4), Sladkaya Balka-1 (Sb-1), and Otkaznoye-20 (Ot-20).
Moreover, the Pm-1 column fits within the main trend of increasing loess thickness and grain size from west to
east across the Pre-Caucasus. For the Pm-1 and Ot-20 columns, consistent variations in magnetic susceptibility
and grain size were identified. Using these consistent variations as chronostratigraphic markers allowed for a
more detailed depth-age model for Pm-1. Based on this model, estimates of loess accumulation rates for the
Late Neopleistocene and Holocene were calculated: maximum rates (15.9—17.5 cm/thousand years) correspond
to the interval of 36—16 thousand years ago; elevated rates (11.4—12.5 cm/thousand years) align with the interval

CHRONOSTRATIGRAPHY, COMPOSITION, AND SEDIMENTATION CONDITIONS

3 For citation: Sychev N. V., Konstantinov E. A., and Zakharov A. L. (2025) The loess-soil sequence of the Central Ciscaucasia:
chronostratigraphy, composition, and sedimentation conditions during the Late Neopleistocene. Geomorfologiya i Paleogeografiya.
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of 80—40 thousand years ago; low rates (9.1—10.4 cm/thousand years) were recorded in the interval of 128—81
thousand years ago; minimal rates (6.0—6.6 cm/thousand years) correspond to the interval of 13—5 thousand
years ago. The intensity of loess accumulation in Pm-1 shows consistency with the most complete LSSs of
Eastern Europe, as well as with the mineral dust concentration in Greenland ice core NGRIP.

Keywords: mineral dust; geological correlation; luminescence dating; age modeling; sedimentation rates
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