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OBIIAA XAPAKTEPUCTHUKA PABOTBI
AKTYyaJIbHOCTb T€MbI HCCJICA0BAHUS

PexoHCTpyKIusl — JNAaHAMAPTHO-KIMMATUYECKUX  YCIOBHHA  IUICHCTOIIEHA-TOJIOIEHA  METOJIOM
reOXMMUYECKON HMHIUKAIIMKM SIBJISIETCSI BAKHBIM HANpaBICHUEM NPUKIATHON JaHamadTHON
reoxuMuu. CBsi3b MPHUPOTHBIX YCIOBHU TOJIOIIEHA C COLMO-KYJIBTYPHBIMU TpaHC(HOpMALUAMH U
MU3MEHEHUSMHU IIPUPOJHOM CPElbl B pE3yJIbTATE ACATENBHOCTH YEI0BEKA HAa TEppUTOprn BocTouHOM
EBpomnbl, siBIsieTCs aKTyaJlbHOM 3aadeld JUIs OLEHKH MaleoKInMaTa M (OPMHUPOBAHUS TCOXHUMUU
nanamadToB. ['eoOXMMUYECKUH METO MO3BOJISET BBIIBUTH COBOKYIHOCTH (PAaKTOPOB M OTAEIBHBIX
apaMeTpoB, UTO IAET BO3MOKHOCTH POCIEANTH ITI00abHbIE U KPATKOBPEMEHHbBIE KITUMAaTUYECKUE
U3MEHEHHUs, YCTAHOBUTb LUKIWYHOCTb, BIIMSAIOIIME HA IEOXMMHIO CEIUMEHTOIE€HE3a, KOTOpBIC
OTpaXKaloT pa3In4HbIe Maneoreorpaduyeckue (GakTopbl, TaKMe KaK TEMIIEpaTypy, BIaKHOCTH,
M3MEHEHHUs YPOBHS BOJOEMA U aHTPOIIOI€HHYI0 aKTUBHOCTB. MCIIonbp30BaHne METOIA IS LIMPOKOTO
CIEKTpa OTJIOKECHHWM pPa3IM4YHOrO0 I'EHE3UCa JAaeT BO3MOXKHOCTb CHHXPOHM3UPOBATh HW3MEHEHUs
rJ100aJIbHBIX MaJTCOKITMMATHUYECKUX COOBITHH B Pa3IMUHbIX reorpaduyeckux 30Hax. B orinnuume ot
JPYTUX METOAOB PEKOHCTPYKLUU MMATCOKIUMATUYECKUX YCIOBUM, TAKMX KaK CIIOPOBO-IIBUIBLIEBOM,
JUATOMOBBIM aHAIU3bl, TEOXMMHMYECKMH METOJ I03BOJIIET YCTAHOBUTH KPATKOBPEMECHHBIC
KIIMMAaTUYECKUE BapualMd C BBICOKMM paspelieHueM. lcnonp30BaHME TI€OXMMHMYECKHUX
MHAMKATOPOB Ul aHajiu3a IUKIMYHBIX KIMMAaTHUYECKUX H3MEHEHHMH, UX pPOJIb B TJIOOAIBHBIX
mporeccax  IMOXOJIONAHUS/TIOTEINICHUsT BaXHBl JJIS  JOJTOCPOYHBIX MPOTHO30B  OyIyIIMX
JaHIMAaQTHO-KIMMATHYECKUX ~ M3MEHEHMH, OICHKU JEATEIbHOCTH YeJIOBEKa M  HKOJOTHH
OKPY’KaroILleH IPUPOJIHOMN CPEIBI.

Crenenb pa3padoTaAaHHOCTH TeMbI UCCIETOBAHUS

B oTHOmEHUM cTeneHu pa3paOOTAaHHOCTH TEMBI, TOCBAIIEHHOW TE€OXMMHYECKON WHINKAIUN
maHAmadTHO-KITUMATHIECKUX COOBITUH M aHTPOIOTEHHON aKTMBHOCTH B IMO3THEM ILIEHCTOICHE-
TOJIOLICHE Ha CTOSIHKAX JIPEBHETO uesioBeka BocTtouHoil EBpoIbl, HY’)KHO OTMETUTh, UTO Ha JaHHBIN
MOMEHT KOpPPENSIHA C KyJIbTYPHO-UCTOPUYECKUMH COOBITHSIMH HMMEIOT TOJILKO HauOolee
MacITaOHbIe Pe3KHe N3MEHEHUS KIIMMAaTa B TOJIOIICHE, KOTOPBIe AaTUPYIOTCs 8,2 ThIC. Kam. eT BP u
5,5 teic. kan. jmer BP. CoObitne B 8,2 ThIC. JleT BP Obuto yacThio mepuoja KIMMaTHYEeCKOTO
noxononanus 8600—8000 kan.BP (Rohling and Pilike 2005; Thomas et al. 2007; Walker et al. 2012).
CobbiTHe «cobctBeHHO» umnock okono 160 mer (Daley et al. 2011; Kobashi et al. 2007).
KparkoBpemeHHbIE TPUPOJHO-KIUMATHUECKUE 3MU30/IbI TPYAHO COMOCTABUTH HAMPSIMYIO C COLMO-
KyJIbTYPHBIMH TpaHCPOpPMAIUSAMH, TMPOU3OMIECANIMMA B TOT WIA HMHOM TEpUOJ BpPEMEHU U
3aUKCUPOBATH UX MPOAOKUTEIHHOCTD, IIOATOMY TaKM€ PEKOHCTPYKIIMH OBUIH MPOBEICHBI paHee
TONBKO JJII UCTOPUUECKOrO MEepUoja, CBSI3AHHOIO C TaK HA3bIBAEMbBIM, «MAaJIbIM JIEIHUKOBBIM
nepuogom» 16-18 BB. Pa3zpaboTka METONONOTHH TEOXMMHYECKON WHIWMKAIWKA JaHmmadTHO-
kmumatndeckux ycnouid (KynbkoBa, 2012) mpencraBnsier coOoi Hambosee yHHBEpCAbHBIN
MOXO0J, KOTOPBIA MOXKET OBITh MCIOJB30BAH JJISi OMPEICIICHUS OTHOCHUTEIBHBIX XapaKTePUCTHK
KJIUMaTa Ha OCHOBE M3MEHEHUsI MUHEPAIOro-r€OXMMHUYECKOI0 COCTaBa OTJOXKEHUM pa3auyHOro
reHe3KMca M OLEHKY aHTPOINOr€HHON aKTUBHOCTH, YTO IO3BOJISIET CHUHXPOHU3UPOBATH U3MEHEHUE
AHTPOTIOTEHHOW AKTUBHOCTH C KIUMATUYECKHUMH COOBITHSIMH, TMPOUCXOSIIMMUA B TOT WM WHOUN
MepUoJI MO3/THETO MIIeHCTOIeHa - ToNiolieHa. HanpuMmep, ucciienoBaHus 10 peKOHCTPYKIIMU KIIUMaTa
C TIOMOIIBI0 TEOXUMUYECKUX M M30TOMHBIX MapKEPOB B JIOHHBIX OTIOXKEHUsX o3ep B [Ipubaiikanbe
MPOBOJAMUIIMCh HA OTIENBHBIX TEOJIOTMYECKUX pa3pe3ax U CKBAXUHAX M HE HOCWIH
CUCTEMAaTU3UPOBAHHOTO XapaKkrTepa.

HccnenoBannio (pyHKIIMOHAIBHBIX 30H Ha JIPEBHUX IOCEICHHUSX C TIOMOINBIO TCOXMMHUYECKUX
MapKepoB, a TaKXe€ OMNpPENEICHUI0 TPAHULl PACHOJIOKEHHUSI AapPXEOJOTHUYECKUX MaMSTHUKOB,
MOCBSIIEHBI pabOTHl B OCHOBHOM 3apyOeXHbIX aBTOpoB. Hapsay ¢ yxxe pa3paboTaHHOM METOIUKOH,
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BKJTIOYAIOIIEH onpeieneHue GpochaTHbIX COSAUHEHU, KOTOPBIC SBISIOTCS MAPKEPOM JCATEIIbHOCTH
JPEBHUX JIFOJICH, TPUMEHSETCS TAK)KE IUPOKUI CIICKTP APYTHX TE€OXUMHUYECKHX 3JICMEHTOB (KaJIHi,
pyOuIuii, CBUHEI, IIUHK, ME/b, KaJIbIUI, MapraHel] U Jp.) U UX COCIUHCHUN B OTJIOKCHHSIX Ha
apxeonorndeckux crosHkax (Bintliff et al., 1990; Schlezinger, Howes, 2000; Eckel et al., 2002;
Linderholm, 2007; Middleton & Price, 1996, Wells, 2004, Cook et al., 2005, Wilson et al., 2005,
2009, Jones et al., 2010, Salisbury, 2012; Jenkins, 1989; Holliday, Gartner 2007; Parnell et al. 2001;
Oonk et al. 2009 u np.).

]_le.J'II/I M 3aJa4YH HCCJIeJ0BaHUA

Lenp vccaeoBaHUs — HA OCHOBE F€OXMMUYECKON MHIAMKALMU JaHIIa(THO-NaICOKIMMATHYECKIX
YCIOBUH M QHTPOIIOTCHHON aKTMBHOCTH Ha apXEOJOTHYECKUX IMaMSATHHKAaX pa3paboTaTh MOJENb
PEKOHCTPYKIMH TMaJCOKIMMATHUECKUX COOBITUH JUIS MO3/JHEro IUIeicTolleHa — TOJIOLeHA H
CBSI3aHHBIX C HUMH COLIMO-KYJIbTYpPHBIX TpaHchopMmaluii Ha Tepputopun Boctounoit EBporns.

B cooTBeTcTBHE € ITOCTABIEHHOM LETBIO PEMIAIUCH CIEAYIOIINE 3a1aUH:

1. Omnpepnenenne MUHEPATIOrO-reOXMMUYECKOT0 COCTaBA OTJIOXKEHUI PA3JIMYHOIO reHe3uca Mno3Hero
NJIENCTOLECHA-PAHHETO FOJIOLEHA.

2. YcTaHOBJIEHUE Fr€OXUMUYECKUX UHIMKATOPOB, XapaKTePU3YIOLIMX OTHOCUTENBHYIO TEMIEpaTypy,
OTHOCUTEJIbHYIO BJIAXKHOCTb, TUIPOJIOTMYECKUI PEXKWM BOJOEMA M €ro MNPOAYKTUBHOCTD,
NPOLECChl 3PO3UM Y U3MEHEHME AHTPOINOIEHHOVW AaKTUBHOCTM BO BPEMEHU B OTJIOXKEHUSX HA
BbIOPAHHBIX 3TAJIOHHBIX MHOT'OCJIOMHBIX apXxeoJiornyeckux namstHukax Bocrounoit EBporbl.

3. YcTaHOBJIeHHE T€OXUMUYECKUX WHAUKATOPOB AHTPOINOINeHHOW AaKTUBHOCTH B OTJIOKEHUSIX Ha
STAJIOHHBIX  APXEOJIOTMYECKMX  NaMATHUKaxXx Bocrounoit  EBpomnbl st onpepenieHus
(pyHKIMOHANILHBIX 30H Ha MOCEJIEHUsIX U NPOCTPAHCTBEHHO-BPEMEHHAsI OLIEHKAa aHTPONOreHHOTO
BIIMSIHUS HA OKPY>KAIOLLYIO Cpefy.

4. O00O0l1LIeHre N1aHHbIX, MOJIYYEHHbIX METOJIOM TI€OXMMUYECKON WHAWKAUUU, PaUOYTJIePOHOrO
JATUPOBaHKs W APXEOJIOTMYECKOW MEPUOAU3AUMM HA OMOPHBIX aAPXEOJOrMYECKUX NaMSITHUKAX
pa3IMuHbIX JaHAA(pTHO-KIMMATUYECKUX 30H BocTouHoii EBponbl (cTenHOM U NOJy-IMyCThIHHOM
30HbI, JIECO-CTEMHOM, JIECHO M TYHJPOBON 30H) U OOOCHOBAHME OCHOBHBLIX 3ITANOB Pa3BUTHUS
JOUCTOPUYECKUX COLMYMOB, ajanTauuud K W3MEHEHUSIM OKPYXKarlIen Ccpefbl B MO3JHEM
IJIEUCTOLIEHE-TOJIOLECHE .

5. Co3zpaHue peruoHANIbHBIX KJIMMATO-XPOHOJOTMYECKUX CXEM U II100aTbHO MOJIEIHU, TO3BOJISIIOLLIEH
paccMoTpeTh (QOPMHUpPOBAHWE, Pa3BUTUE M 3Talbl TpaHCoOpMauuu MPUPOAHON CUCTEMBI B
TOJIOUEHOBYIO 3I0XY M CBSI3aHHBIE C HEN KYJbTYPHO-UCTOPUYECKME MPOLECChl HA TEPPUTOPUU
Boctrounoit EBpombl Ha OCHOBE OLEHKM T'€OXMMMUYECKOW WHMKALMU  JIaHAmagTHO-
NaJeOKIIMMATUYECKUX YCIIOBUI U AHTPOMOT€HHON HArPY3KH.

Hay4ynast HoBH3HA

BriepBblie mpoBeieHo KpymHOE 000011IeHIe MUHEPATIOT0-T€OXUMHYECKUX TAHHBIX 110 T€0JIOTHYECKUM
paspe3aM M CKBOXMHAM Ha OMOPHBIX apXEOJIOTMYECKUX MAaMATHUKAX Pa3IMYHBIX IeorpaguuecKux
30H Boctounoit EBponbl n pa3zpaboTaH KOMIUIEKC T€OXMMHMYECKMX WHIHKATOPOB JaHIma(THO-
KJIIMMATUYECKUX YCJIOBHUM, XapaKTEPU3YIOLIUX OTHOCUTEIBHYK) TEMIEPATypy, OTHOCHTEIBHYIO
BJI&KHOCTb, TMJPOJOTMYECKUM PEXUM BOJOEMA M €ro IMNPOAYKTHMBHOCTb, IPOLECCHI DPO3UU H
AHTPONOTEHHYIO AKTUBHOCTH JUISl TMO3JHETO IUIEHCTOLIEHA-TOJI0IEHa 3TOU Tepputopun. Ha ocHoBe
reOXMMUYECKON MHAMKAIIMU ObUIM pa3/ieIeHbl aHTPOIIOTeHHAs U JIMTOJIOTUYECKAsi COCTaBIISIONINE
OTJIOXKEHUH KYJIbTYPHBIX CIIOEB.

BniepBble Ha OCHOBE NPHUMEHEHUS MAaTEMaTH4YECKOM CTaTHUCTUKH (METOAOB KOPPEIALMOHHOIO
aHaJuM3a M METOJA TIJIABHBIX KOMIIOHEHT (DaKTOPHOTO aHalM3a) YCTAHOBIJIEHBI AacCOLMAIIUU
IE€OXMMHUYECKUX DIIEMEHTOB, SIBIAIONIMECS MHAMKATOPAMHU PA3IUYHBIX (YHKIMOHAIBHBIX 30H Ha
apXeoJIOrMYEeCKUX NaMATHUKaxX BocTtouHon EBporsl.
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Pazpaborana MoJieNb PEKOHCTPYKIMH MaJCOKIMMATUIECKUX COOBITHI B MO3/HEM IUICHCTOICHE —
TOJIOLEHE M COLMO-KYJIbTYpHBIX TpaHchopmanuii uis permoHa Bocrounoit EBpomsl Ha ocHoBe
reOXMMUYECKON MHIMKAIMK JIaHAMAPTHO-KIMMATHYECKUX  YCIOBUH, apXeOJOTHYEeCKOW U
panuoyTIepOIHON TMEPUOAM3AlMM U YCTAaHOBJIEHA KOPPEALHS C TI00aTbHBIMU (DIYKTYalHsIMH
COJIHEYHOU aKTUBHOCTHU U Pe3KUMU KiuMatnyeckumu usMmenenusimu (RCC) B rosoruene.

TeopeaneCRaﬂ 1 NMpaKkTu4YeCcKass 3BHAYMMOCTb

Teopemuueckass 3HauumMocms 3aKII0YaeTCs B (OPMHUPOBAHMU U pa3pabOTKE METOJOJIOTHH
reOXMMUYECKON WHAMKALMHU JaHIMa()THO-KIMMAaTHUYECKUX YCJIOBUH MPOILJIOro, OCHOBAaHHOH Ha
OIIpEAETIEHUN MUHEPATIOT0-Ir€0XUMHUYECKOI0 COCTaBa OTJIOKEHUH ITO3/THETO IJIEHCTOIIEHA-T0JIOLIEHA,
00paboTKe MaccHBa JaHHBIX METOJAAMU MHOTOMEPHON MaTEMaTHYeCKON CTATUCTUKU M BBISBICHUS
IeOXMMUYECKUX WHAMKATOPOB JAHMAPTHO-MAJICOKITMMATHIECKUX H3MeHeHul. PazpaboTraHHbIN
MIO/IXOJl MCIOJIb30BaHUSI N€OXUMHUYECKUX MHAMKATOPOB CEAUMEHTOICHE3a MOXET NPUMEHATHCS B
Apyrux reorpaguyeckux 30H 3eMJIM ISl PEKOHCTPYKIMHM NaJCOKIUMATHYECKHX YCIOBUH U
AHTPOIIOTEHHON aKTHBHOCTH HA CTOSIHKaX Pa3jMYHOIO apXeoJIOrMYecKOro Bo3pacTa. BelsBieHHbIE
KpaTkoBpeMmeHHble kinMatndeckue nukibl (RCC) ans ronorena Bocrounoit EBporbl pukcupyroTcs
F€OXMMUYECKMMH METOJaMH B OTJIOKEHUAX Ha JPYIMX AapXeoJOTMYECKUX CTOSHKaX H
reoJIOTUYECKHX paszpe3ax. |'eoXuMuueckre MapKepbl MOTYT OBITh MCIIOJIB30BAHbI ISl KOPPEISALUN
r7100aIbHBIX KIIMMAaTHUYECKUX COOBITUH TOJIoLeHa.

[TonmyuyenHnass uHpOpMALUs SBISETCS BaXHOW Ul MPOTHO3HPOBAHUS MPOLIECCOB TpaHCHOpPMALIUU
IIPUPOJHON Cpebl B 3aBUCHMOCTH OT BHEIIHUX YCJIOBUH, IMKIWNYHOCTU IPUPOJIHBIX MPOLECCOB U
BIIMSIHUSI QHTPOTIOT€HHBIX (DaKTOPOB.

Ilpakmuyeckasn 3Hauumocms 3aKJIOYaeTCsl B MPUMEHEHUH pa3pa0OTaHHBIX METOJOB B HACTOAIICE
BpeMsl Ui PEKOHCTPYKLUMHU JIaHAMA(PTHO-KIMMATHYECKHX YCIOBUH Ha apXeOoJOTHYeCKUX
NaMATHUKAaX Jpyrux reorpaduyeckux peruoHoB, Hampumep, HOxuoit Cubupu. Meron
reOXMMUYECKON WHAMKAUWMU (YyHKIMOHANBHBIX 30H HA JIPEBHUX IIOCEJIICHUSX MOXET OBITh
WCIOJIb30BAaH Ul YCTAHOBJIEHHWS TPAHUILl NAMSTHUKOB KyJIbTYPHO-UCTOPHUYECKOIO 3HAYEHMs U
IIPOBEJIEHUS apPXEOJOTUYECKON IKCIIEPTU3BL.

Teopernueckne W TNpakTUYECKUE pa3padOTKUM ObUIM OMYyOJIMKOBaHBI B y4eOHO-METOJHUYECKUX
nocobusx «MeToJpl MPUKIAAHBIX HaleoJaHIIadTHBIX HUCCIEIOBAaHUI» M «AjanTanus APEeBHUX
cooOIIecTB K M3MEHEHHUSM OKpY’Kalolleld cpeabl B rojoleHe B permoHax bmmkuero Boctoka,
3anagnoit EBpomnsl, bankan u CesepHoro [IpuuepHoMopbs», 4acTsb 1, A1 KypcoB KadeIpbl TeoIoTun
u reoskosioruu PI'TIY um.A.W.I'epuena: Moayns "MeToabl Te€0KOJIOTHUECKUX UCCIEA0BaHUMI" .
[lomyuyeHHble pe3yJbTaThl HUCHOJB3YKOTCA B Kypce JIEKUMH M INPAKTUYECKUX 3aHATHU
«[laneoreorpaduyueckne  pEeKOHCTPYKIMH  YCIOBUH  OOMTAaHMS  JPEBHETO  4YEJIOBEKa B
rosioreHe» 44.04.01 Ilemarormueckoe oOpazoBaHHE - KOJOTO-reOJOrHyeckoe oOpa3zoBaHUE
(maructparypa)» u 05.04.06 DOxonoruss m HpUPOIONOIb30BaHUE - ['€03KOJIOrHs TNPUPOIHOH,
aHTPOIIOTEHHON U COLMOKYJIBTYPHOM Cpeabl (MarucTpaTypa).

MeToa0J10rHsl 1 METOAbI HCCJIETOBAHMSA

B HacTos1ee BpeMsl yBEINUMBAETCS. HHTEPEC K PEKOHCTPYKIUU MATECOKINMATUYECKUX NU3MEHEHUI
METOJlaMU T€OXMMHU. MeTOoH0n0rus McCaeAoBaHusl OCHOBAaHA HAa NMPUMEHEHMHM TI'€OXMMHUYECKHUX
METOJIOB Ul PEKOHCTPYKIMH TMaJeOKIMMAaTHYECKUX cOObITHHA. ['eoxummuueckue meroanl ¢ 1980-x
rOJIOB MOJXYYMJIM IIMPOKOE paclpocTpaHeHHe IpU JTUTO(AIHATFHOM aHAIM3€ OCAJOYHBIX TOPO U
ocankoB. Haumbonee paHHHME pabOTHI, MOCBALICHHBIE aHAIM3aM T€OXUMHUYECKUX MPHU3HAKOB U
NPUMEHEHHIO TEOXUMHUYECKHMX METOJIOB Ui ONpEAEICHUs YCIOBHH 00pa3oBaHUs Pa3IMYHBIX
TuTOTUIOB, ObUTM mpoBeaeHbl CrtpaxoBeiM H.M. (1947,1965,1966). MccnenoBanusi mMoBeACHUS
XMMHUYECKHX OJJIEMEHTOB B DPa3JIMYHBIX JaHJMAQTHBIX YCJIOBUSX OCBEIIEHHl B pabote
A.N.Ilepensmana (1972). Baxxuble pa3paOOTKM B U3yUYEHUM T'€OXUMHUYECKUX WHAMKATOPOB IS
pexoHCTpyKIMyu naneokinumara nposogwnchk K.M. JIykamessiv u B.K.JIykameseim, (1971, 1978).
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HexoTtopsie o01mne MeTo 1l TeOXUMHYECKOTO aHaIM3a JPEBHUX U COBPEMEHHBIX OCAIKOB OCBEILICHBI
B pabotax MakenonoBa A.B.(1985), A.b.Ponosa, f.03.FOmosu4a (1981), K.b.Kpayckonda (1963),
B.A.I'poccreiima u ap. (1984), ILII. Tumodeera(1999), I'omsoepra E.JI. (2000), S.9. KOmosuua ,
ML.IIL. Kerpuc (2011). Pa3paboTkoii 1 IpUMEHEHHEM MHUHEPAIOTO-T€OXMMUYECKUX MapKepoB IS
aHaJM3a MPOIIECCOB CEIMMEHTOreHe3a 3aHUMAITICh TaKkKe 3apyOekHble nccienoBatenu Bronger et
al. (1998), Arbogast et al. (2000), Bor-ming Jahn at al. (2001), Ewing and Nater (2003), Kurtz, Derry
(2001), u nop. beun pa3zpaboTaHbl F€OXMMUYECKUE MHIUKATOPHI U MOJYJH Pa3JIM4HbIX (DaKTOpOB
CEIMMEHTOT€HEe3a JUIsl Pa3HbIX M'E€HETHUECKUX TUIIOB OCAJA0YHBIX MOPOJ AJIS Pa3HbIX I'€0JIOIMUECKUX
smox. B Toxe camoe Bpemsi, He MPOBOAMIIOCH 00OOMIAIOIINX UCCIIEOBAHUH U TATICOKITUMATHIECKUX
PEKOHCTPYKIIMI PETHMOHAIBHOIO XapakTepa M OTAEIbHBIX TI'€OJOIMYECKMX IPOBUHLHNA H
COIIOCTABJICHUE C PErMOHAIBHBIMU XPOHOJIOTMUECKUMHU IIKasaMu. C pa3BUTHEM METOJOB Macc-
CIEKTPOMETPUH, Ul PEKOHCTPYKIMM KJIMMaTa LIMPOKO HCIOJB3YIOTCS H30TOIHBIE MapKepbl B
IIPUPOJHBIX apXMUBAX, TAKMX KaK MOPCKHE U O3EPHbIC JOHHBIE OTJIOKEHUS, CHEKHUKH, JIETHUKUA U
cranarmutsl (Mayewski et al., 2004 ; Alley and Agustsdottir 2005; Seppi et al. 2007; Thomas et al.
2007; Walker et al. 2012). Otu nccriegoBaHus BHECIX OOJBIION BKIIA/ B U3yUEHHE MAICOKINMATa U
CAENal BO3MOXHBIM CO3[aHUE JIE€TAIbHBIX PETHMOHAIBHBIX MAJEOKIMMATUYECKUX IIKajJ, HO
M30TOMHBIE METOJIbI UCCIICAOBAHUS MPUMEHUMBI HE IS JIFOOBIX TUIIOB OTJIOKEHHWH M MMEIOT CBOU
OrpaHUUYEHUS UCIOIb30BaHUS.

[Tpu BbIMONTHEHNMU PabOTHI ObLJIa MPOBE/AIEHA OLIEHKA JIUTEPATYPhl, MOCBIIEHHON T€OXUMUYECKUM
MHAMKATOpaM JIaHAA(PTHO-NATCOKIMMAaTHYECKUX YCIOBHM M BbIOpaHa CTpaTerus Hay4yHOTO
HCCIIEIOBaHUS.

Ha repputopun Boctounoii EBpons! 66110 BEIOpaHO 12 3TamOHHBIX apXe0JIOTHYEeCKUX MaMsSTHUKOB,
pAcCIONIOKEHHBIX B PA3jMYHBIX JAHIMA(QTHO-KIMMATHYECKUX 30HAX. ApPXEOJOrMYeCKHd U
TeOJIOTUYECKH MaTepuasl sl HCCleloBaHMKW ObuUl OTOOpaH  JIMYHO aBTOPOM B  XOje
IKCIEAUIIMOHHBIX pa0boT Ha namsaTHUKax. [IpoBenensl ananusel 6onee 1500 00pa3iioB OTIOKEHHIA.
[Tomyuyeno 6osnee 200 panuoyriaepoIHbIX JATUPOBOK MO Pa3IMYHBIM OPraHUYECKUM MaTepHaaM.
Hcnonp30BaHNE MUHEPAIOTr0-r€OXMMUYECKMX METO/OB BKIIIOYAJIO UCCIIEI0BAHUS OTIOKEHUHN MOJ
OMHOKYJISIpHBIM ~ MHUKpockoroM, Merox UMK CHeKTpocKomuu,  peHTreHO-CIEKTPaIbHbBIN
¢dnyopecuentabiii ananu3 (XRF-WD). [lns opraHoreHHBIX M JJIsl PBIXJIBIX OTJIOKEHHH TakkKe
onpeaensnuch norepu npu npokanuBaHuu (LOI), xoTopble OTpakaroT COAEpKAHUE OpPraHUKHU
(500°C), xap6onaroB u cynbharoB (900°C). [Insi rpaHyIOMETPUIECKOTO aHAIHM3a WCIOIB30BAJICs
cuTOBOM MeToa. Paguoyrnepoansiit MeTo (KUAKOCTHOW CIMHTHILIIALMU U YMC) npumensics i
orpenesnieHUsl Bo3pacTa. Ilpu HemocpeACTBEHHOM Y4YacTUH M IOJl PYKOBOACTBOM aBTOpa ObLIN
IIOJIy4YEHbI PaJInOYIJIEPOIHBIE AATHI METOIOM YUIKOCTHOW CLUMHTWUISALMM Ui apXeOoJI0rH4eCKUX
MaTepUaJIOB M YETBEPTUYHBIX OPraHOTEHHBIX OTJIOKEHHMH. C apXEOoJOrMYECKHX CTOSHOK B
naboparopuu uzoronssix uccaenopanuit LIKII «'eosxomorus» PTTIY um.A.N.I'epriena, u MmeTooMm
YMC B YHuBepcurere XenbCUHKH, B YHUBepcuTere Jlannn. MuHepanoro-reoOXuMmu4eckie aHaJln3bl
npoBogmiuck Ha 06asze LIKIT «I'eoskomorumsi» PITIY um.A.W.I'epuena, LUKII PAMU CIIGIY.
[TomyyeHHble naHHBIE O00padATHIBAIMCH METOJAMH MHOTOMEPHOW CTaTHCTHKH B MpOrpaMme
Statistica 11.0. [locTpoeHne reoXumMuUecKux KapT npoBoauiock B mporpamme Surfer 9.0. [lns
00paboTKH MaccuBa paAMOYTJIEPOAHBIX AT MpuMeHsach nporpamma OxCal 4.4. [lis moctpoeHus
JUTOJIOTUYECKHUX U CTpAaTUrpauyecKnx KOJIOHOK MCIIONIb30Baiack nporpamma Starter 11.0.

JIMYHBIN BKJIAJ aBTOPa

JluuHbl BKJIQJ aBTOpa COCTOMT B OOOCHOBaHMHU HAEU palbOThI, MOCTAHOBKE LEIUW W 3ajad
UCCIIeIOBaHMsI, (POPMHUPOBAHUM METOOJIOTUM DPELICHUs MPOOJeMBbl, pa3paboTKe M peanu3aluu
MCCIIEIOBAaHMM, aHAIN3€e U 000OIICHUN TTOTYYESHHBIX TaHHBIX.

JuccepraionHast paboTa sSBIISIETCSI pe3yJIbTaTOM MHOroyieTHuX uccienoBanuit (2000-2020 rr.),
BBITMIOJIHEHHBIX JIMYHO aBTOPOM HWJIM B PAaMKax COBMECTHOM NESITEIBHOCTH C apXeoJioraMH M3
l'ocynapctBennoro Opmurtaxa, UNMK PAH, MAD wum. Ilerpa Benukoro, KyHctkamepa,
CaMapckuM rocy1apCTBEHHBIM COLIMAIbHO-IIEAArOTHYECKMM YHUBEPCUTETOM H JIp.
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Pa3zpaboTka METOIOIOTUU TE€OXUMHUYECKON MHIMKAIIMK JTAaHAAPTHO-KIMMATUYECKUX YCIOBUN IS
rOJIOIEHA U aHaJHM3 aHTPOIOTC€HHOW aKTUBHOCTH BIIEPBBIE ObUIM MPOBEICHBI HA apXEOJIOrMYECKUX
NaMATHUKAX Pa3JIMYHbIX KJIMMATUYECKMX 30H, a HMMEHHO JIOBaTbCKO-/IBUHCKOTO MEXIypeubs
(ceBepo-3aman Poccun) u peruona KOxnoit Cubupu (Kynwskosa, 2005, 2012). [TomHoMacmTaOHBIX
MCCIICIOBAaHUM OIICHKH BJIMSHUS TJI00aJbHBIX KIMMATUYECKUX M3MEHEHUH Ha pa3BUTHE JPEBHHUX
cooOriecTB Ha Tepputopuu Bocrounoii EBpormsl ¢ mocTpoeHHEM KpaTKOBPEMEHHBIX PErHOHAIBHBIX
LIKaJI 0 CUX ITOP HE MPOBOAWIOCH. Tako! MOAXO0J Ha OCHOBE METOJA Fr€OXMMHYECKON UHIAUMKALUU
JaHImadTHO-NATCOKITMMATUYECKUX YCIOBUI ObLT BIEPBBIE pa3pabOTaH U MPeJCTaBlIeH B paboTax
aBTOpa. Bce aHanu3bl 06pas3IoB, B TOM YHCIE ONpPEAeTIeHHe BO3pacTa METOJIOM PaJAuOYTJIEPOAHOTO
JaTUPOBaHMs, IMPOBOAWIOCH IIPH HEMOCPEACTBEHHOM YyuacTMM aBTopa. Ha apxeonormueckux
namsaTHUKax BocrouHoit EBpomsl pasnuyHOro Bo3pacta aBTOpOM OblT pa3paboTaH METO.
reOXMMUYECKON MHAMKALMU ONpeIeieHns] PYHKIMOHAIBHBIX 30H, KOTOPbII MO3BOJIMI JJOCTOBEPHO
PEKOHCTPYHPOBATh OOJACTH PA3IUYHON XO3SIMCTBEHHOH NEATETLHOCTH HA MOCEICHUAX M yYacTKH,
CBSi3aHHBIE ¢  morpebanbHbIMM  oOpsimamu.  Pa3paboraHa  MoJenb  PEKOHCTPYKIUHU
NAJICOKIIMMATHUECKUX COOBITHH Ui TO3IHEro IUICHCTOIeHa — TOJIONEHA M COLMO-KYJIbTYPHBIX
TpaHchopMaIHii Ha OCHOBE T€OXMMUYECKON MHIUKAIUU JIaHAAPTHO-KIMMATHUECKUX YCIOBUH U
AHTPOIIOTEHHOW AaKTUBHOCTH. [loslydeHHbIE NaHHBIE CONOCTABJIEHBI C pE3yJbTaTaMU CIOPOBO-
IIBUIBLIEBOTO, JMAaTOMOBOIO AHAJIM30B Ul HU3YUYEHHBIX OTJIOXKEHHMH, a TaKXKe C aHaJIu30M I10
apXeoJIOTMYECKOM nepuoan3auuu. lIpeacraBiieHHas Ha OCHOBE T'€OXMMHMYECKOM HHIMKALUU M
JAHHBIX PaJMOYIJIEPOJHOTO JAaTUPOBAHUS, KIMMATO-XPOHOJOTMYECKass MOJAENb Ul I03THETO
IJIEMCTOLIEHA-TOJIOIEHA, JOCTOBEPHO ITOKA3bIBAET IEPHOJBl PE3KUX KIMMATUYECKUX W3MEHEHUMN
(RCC) B ronoueHe 1 UX CBA3b C COLUUO-KYIBTYPHBIMH TPE0OPa30BaHUSMH.

Ho.nomemm, BbBIHOCHMMBbIC HA 3AIIUTY.

1. Ha ocHOBe TeOXMMHUYECKOW WHAMKALMHU JaHIA(THO-KIMMAaTHUYECKUX YCIOBHHA Ha
apXeoJIOTMYECKUX TMaMATHUKaX pa3HbIX reorpaduyeckux 30H Bocrounoit EBpombr s
MO3/IHETO TUICHCTOIICHA-TOJIOIeHA ObITM YCTAHOBJIEHBI CIEAYIONINE (DaKTOPHI, BIUSIONIUE HA
CeIMMEHTOT€HE3 Ha apXEOJIOTMYECKUX CTOSHKaX: OTHocuTenbHas Temieparypa (NaxO/Ko0;
St/Rb), otHocutenbHas BiaxHOCTh (CIA; Fe203/Ca0), ruponoruyeckuii pexxum BogoeMa u
ero mpoayKTUBHOCTH (SiO2vioe MNO/Fe203), mponieccst 3po3uu (ZrO2/AlLOs; TiO2/Al,03) n
anTpororenHast akTUBHOCTB (P2Osantir CaO anthr).

2. Ha ocHoBanuum 0OOOIIEHUS JAQHHBIX MHHEPAJIOrO-T€OXUMHUYECKUX  HCCIEIOBAHUM
OTJIOKCHUH, TOJTYYEHHBIX Ha OIMOPHBIX MHOTOCIOWHBIX apXEOJIOTMYECKUX IMaMsATHHKAX
Pa3NUYHBIX JaHIMA(THO-KIMMAaTHUYeCKuX 30H Bocrounoit EBpomnbl (ctemHoi u moiy-
IIyCTBIHHOM 30HBI, JIECO-CTENHOM, JIECHOM M TYHAPOBOH 30H), DPaaUOYIVIEPOJHOW U
apXeoJIOTUYECKON IEepHOAN3alliY, YCTAaHOBICHBI IJIOOANIbHbIE KIMMATUYECKUE COOBITHSA,
CBSI3aHHBIE C PE3KUMH OBICTPHIMU KpaTKOBpeMeHHbIMU u3MeHeHHsMu kimMmaTta (RCC) B
rosonene: 8200 calBP/6200 BC, 6300-5700 calBP/4350-3750 BC, 5450-4200 calBP/3500—
2200 BC (4200 calBP/2200 BC) 1 3200-2800 calBP/1200-900 BC, a Takye MeHee 3HaUMMbIC
knmumatudeckue coobrtus (7700-7600 calBP/5700-5500 BC u 7300-7200 calBP/5300-5200
BC) u ux cBs3b C KyJIbTYpPHO-UCTOPUYECKUMHU TPAHCPOPMALIUAMHU.

3. C nomompto 00paboTKH T€OXUMHUYECKUX JAHHBIX METOaMU MHOTOMEPHON MaTeMaTH4eCKOi
CTaTUCTUKM  YCTAHOBJIEHBl ~ OCHOBHBIE  aCCOLMALIMU  TI'EOXMMHYECKHUX  DIIEMEHTOB,
xapakrepusyromue auTojorudeckyio (AlOsz, SiO2, Fe;Os, TiO2, Zr) u aHTpOMOTEHHYIO
(P20s, CaO, Sr) cocraBisiionMe B OTJIOXKEHUSAX HaA apXEOJOTMUYECKHX MaMATHHUKAX.
AHTpPONOTreHHOE BIUSHUE Ha TPaHC(HOPMALIUIO OTIOKEHUN KYJIBTYPHBIX CIIOEB BO BPEMEHH,
a TaKkKe MPOCTPAHCTBEHHOE BBISBICHUE JKUJIBIX, XO35MCTBEHHBIX M MIPOU3BOJICTBEHHBIX 30H
B MeCTax JPEBHMUX IIOCEIECHHUH OIpEAENsAeTCS Ha OCHOBE AaCCOLMALUN T'€OXMMHUYECKUX
aneMeHToB, Takux Kak (P.Os, CaO, Sr), (K.O,Rb), (MnO,Ba), (Zn, Cu, Pb).

4. Ha ocHOBE KOMILJIEKCHOTO IOAXOAAa C MCIOJIb30BAHUEM TI'€OXMMMUYECKON WHIAMKAIIUU
JTaHIa(THO-TATCOKITUMATUYECKUX YCIIOBHM W aHTPOINOT€HHOM Harpy3ku pa3paboTaHBbI
pEernoHajbHbIE KIMMATO-XPOHOJOTMUYECKMX CXEeMbl M TJoOaibHAs MaleOKIUMaTHYecKas
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mKana s T[O3JHEro  IuIeHcToleHa-rononeHa. [losyuyeHHas Monenb  MO3BOJISET
PEKOHCTPYHpPOBAaTh OCOOCHHOCTH (DOPMHUPOBAHUS, PAa3BUTHS M ATalbl TpaHcHopMaruu
MIPUPOJHON CHUCTEMBI B TOJIOIICHOBYIO 3MIOXY U CBA3aHHBIE C HEH KyJIbTypHO-UCTOPUYECKUE
IIpoLeCChl HAa TeppuTOpuu BocTtouHoi EBponsl.

CreneHb 10CTOBEPHOCTH M anpodanusi pe3yJbTaToB.

PesynbraThl nccienoBaHus ObUIM MpeCcTaBlIeHbl Ha Oosee yeM 40 MeXTyHapOAHbBIX U POCCUHCKUX
KOH(pepeHIUIX U CUMIO3uyMoOB: «HaydHble mMeTonsl B apxeojorum» YcrpoHs, [lombma (2001).
Cemunap HATO no nepcnekTUBHBIM UCCIIEOBaHUAM «BinsiHue okpysKarolieil cpeibl Ha MUTpaLfio
moneit B EBpasumn», Cankt-IletepOypr (2003); «MeTtoasl abCONIOTHOM XPOHOJOTHI», Y CTPOHD,
[Tonbma (2004); «Paguoyriepoa B apXeOJIOTMYECKUX U MAJEOIKOJIOTHYECKUX HCCIIETOBAHUIXY.
Kondepenuus, nocpsimennas 50-neturo nadoparopun 14C 8 NMMMKe PAH. Cankr-IlerepOypr,
Poccus (2007); «Pammoyrnepoxn um Apxeonorus» 5-i1 MexayHaponauslii cummnosuyMm, L{ropux,
IBeitiapus (2008); 10-1 MexayHnapoanas reonorndeckas kongpepenus «I eonorus bantuiickoro
Mopsi-10». Cankr-IlerepOypr (2010); 8-1 MexayHnapoanas KoHpepeHIHs 1Mo Me30iuTy B EBpore
(MESO2010), Canrannep, Ucnanus (2010); 6-it MexnyHapoauslii cumnosuym "Paguoyriepon u
apxeonorus”, ITagoc, Kunp (2011); 34-if MexayHapoJHbIH reojoruueckuii konrpece, bpucoew,
Asctpanus (2012); Poccuiicko-Hemenkuil KookBuyM «IIpMHIMIBI AaTUPOBAHMS MaMATHUKOB
OpOH30BOr0 BEKa, KEJNE3HOro BeKa M CpeaHeBeKoBbs», CaHkT-IleTepOyprckuii rocynapcTBeHHBIN
yausepcuteT (2013); X Cosemanue o crparurpadun SMIA XI. @unnsanus, Xenscuaku (2016);
«KynbrypHubie npoueccsl B LlupkyMOanTUCKOM MPOCTPAHCTBE B PaHHEM M CPEJHEM T'OJIOLIEHEY.
MexayHaponHas Hay4yHas KoHgepeHus, mnocssimeHHas 70-nmetuto B.M. TumogeeBa. CaHkT-
[Terepbypr, Poccus, MAD Kyncrkamepa (2017); 24-ii nHeonutuueckuid cemuuap «lIporeccs
HeonuTu3auuu EBpasum: perpocrektuBa M mepcrnektuBa». JlioOmsna, CrnoBenus (2018);
MexayHaponHas koHgpepeHus «Crpateruu xusHeoOecneueHUs B KaMEHHOM Beke. [Ipsimble u
KOCBEHHbBIE CBHJETENbCTBA pbHIOONIOBCTBA W cobuparensctBa»y CII6, MBMI[ PAH (2018);
«Paguoyriepos B apXeoJOrMM W MAaJ€O’KOJOTMM: MpOINJIOe, HacTosmee, Oymyiieey,
MexnyHapoaHas KoHbepeHus, nocBsmennas oouneto ['.1.3aiteoit, Cankr-Ilerepoypr, Poccus,
NNMK PAH (2020); «Heonutnueckue KyapTypbl Boctounoili EBpomsl:  XpoHoisorus,
naneoskosiorusi, Tpaguuum». Cankrt-lIlerepOypr (2020); MexayHaponHast KoH(epeHIus
«Mes0'2020 - Tenth International Conference on the Mesolithic in Europe», Tymy3za, CNRS,
@pannus (2020); Mexaynapoanas kondepenuus. 26th EAA 2020 Virtual Annual Meeting. Ipara,
EBponeiickas Acconuanus Apxeosnoros, Uexus, (2020); VII Beepoccuiickast HayuHas KOH(pepeHIus
C MeXIyHapoAHbIM ydacTMeM wuMeHu B.B. 3aiikoBa «l’eoapxeosioruss MW apXxeojoruyeckas
MuHepanorus — 2020». Muacce, Uactutryt munepanoruu I0Y ®HI] Mul” ¥pO PAH, (2020)
UccnenoBanusi  BBIMONHSUIMCH M BBINOJHSIIOTCS B pamkax  mpoektoB  2018-2020
«MeXIUCUUIUIMHAPHBIE HCCIEIOBAHUS HEOJUTHUECKUX MamMATHUKOB Hwxuero [Jona m Hwxuen
Bonaru: KOMIUIEKCHBIM CpPaBHUTEIBHBIA AaHAINW3 XO3AMCTBEHHOIO YKJIAa[a, TEXHOJOTMYECKUX
TpajiuLU{ pacUIeIUIEHUss KPEMHsS M M3roToBiieHUs kepaMukw» PODU 18-09-00568; 2018-2020
«IHHOBanMoOHHbIK nToTeHnuan xene3a B Il - Hayane I TeicaueneTuss A0 Hale 3pbl. OT Ypaiia 10
Kapnar:  ceippe,  TexHosmoruu,  B3aumoBiusiHus», PODOU  18-09-40063;  2018-2020
«MeXIUCUMIUTMHAPHOE HM3Y4YeHHE ME30JHUT-HeONIUTHUYeCKuX Top¢sHukoB Bepxnero Jlnempa u
Bepxneit Boarn», PODU 18-59-00007; 2019-2021 «DeHomeHn acO6ecTOBOM MOCY/bl B TOHUAPHBIX
Tpaguuusax BocTtouHoli EBpombl: TEXHOJOrMs HW3rOTOBJIEHMST M HCIOJIB30BAHUA, CTPYKTypa
MEKpEruoHaIbHBIX KOHTakTOBY», PH®, 19-18-00375;

2021-2023 «Pakymeunslii SIp — 3TanoHHBIN NaMATHUK paHHEro Heosnnta BocTouHoi EBpomnsl u ero
OKpY>KEHHE: OT UCTOKOB J0 yracaHHsl paHHEHEOJIUTUUECKUX TpaauLuiiy PODU, 21-59-22008.
Myoaukamumn. [lo Teme auccepranuu omyoaukoBaHo B 6onee yeM 230 MOTHOTEKCTOBBIX CTaTeH, B
ToM umucie 39 crareil B peLeH3upyeMbIX KypHajax, pekomMeHnoBaHHbIX BAK mis myOnukanuun
OCHOBHBIX HAyYHBIX pe€3yJbTAaTOB JOKTOPCKUX JIUcCCEpTaluil. Pe3ynbTaThl MCCIIEOBAHMS TaKKe
MIPEJCTABIICHBI B 5 COBMECTHBIX MOHOTpadusx u 3 yueOHBIX TOCOOHSX.
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Bbaarogapuoctu. PaGora BemonmHeHa Ha kadenape «['eomormum wu  reoskosorum» PITIY
uM.A.W.I'epuena, Ha 6aze obopynoBanus LIKII «I'eoskonmorus». ABTOp BbIpaxaeT 0JaroapHOCTb
nekany reorpaduyeckoro daxynabrera CyOerro J[.A., 3aBemyromeMy KadeIpbl TeOJOTHH U
reoskosorun E.M.HectepoBy, kojuieram u corpyJHuKaM Kadeapbl 3a HTOMOILb B paboTe, 0COOCHHO
M.A.MapxkoBoii, M.A.CrpensuoBy, JI.A.HectepoBoii 3a momomp B paauoyIrJIEPOIHBIX
uccnenoBanmsx. Ocobyro OiarolapHOCTh 32 MOMOILIL B TOATOTOBKE HAYYHOTO JOKJIaZa aBTOP
BbIpaxkaeT npodeccopy kadeaps! reoxumuu CIIOI'Y E.I'.IlanoBoii. Kpome Toro, 601p11yro moMoisb
B pa0oTe M MPOBEICHHBIX MUCCIEIOBAHHUIX OKa3alu KOJUIerH-apxeosoru: mpogeccop Camapckoro
['ocynapCTBEHHOTO  COIMAIbHO-TIEITarOTMYECKOro yHuBepcurera A.A.BBIOOPHOB, COTPYAHUKH
l'ocynapcrBennoro  Opmuraxka  A.H.MasypkeBuu, E.B.Jlon6ynoBa  (Cankr-IlerepOypr),
T.M.I'ycenuoBa (Canxkr-Ilerepbypr), H.Kocopykosa (Yepenoserkuii YHUBEPCUTET),
M.MBanumea, M.T.Kamy6a (MMMK  PAH,  Cankr-llerepOypr),  M.M.IlaxHoBuu
(ITerpozaBoackuii myseit), CmonbsauHOB P.B., reorpader T.B.Canenko, A.JlynukoBa (MHCTHUTYT
O3zeposenenust PAH). Ocobyro 6marogapaocts xouetcst BeipazuTh A.M.KynskoBy u T.A.KynbkoBoit
32 IOMOILb U TOAJCPKKY.

COJIEPXKAHUE PABOThHI

1. Ha ocHoge ceoxumuueckou UHOUKAyuu 1aHOUADMHO-KIUMAMUYECKUX YCI08UL 6nepable Ha
apxeonozuieckux namsmuukax Bocmounoii Eéponvi 01 no3oHe2o nieticmoyena-eoioyena
ObLIU YyCMaHo8IeHbl cledyrowue Gakmopyl, 6luAwWUe HA NPOYecc CeOUMEHMO2eHe3d:
omuocumenvnas memnepamypa (Na:O/K:>0; Sr/Rb), omnocumenvnasn enaxcnocmo (CIA;
Fe;03/Ca0), eudponocuueckuii  pexcum 8odoema u e2o0 npooykmuenocms (SiO:zpiog
MnO/Fe;0s3), npoyeccvr sposuu (ZrO2/Al20s; TiO2/Al203) u anmponozennas akmusHOCmb
(P205anthr CaO anthr)-

CenuMeHTOreHe3 B JMOXY TOJIOLIEHA Ha KOHTHMHEHTalIbHOM wacTu Boctounoit EBpomb
XapakTepU3yeTCsd  HAKOIUIEHUEM  O3€PHBIX, JOJOBBIX M  MAJCONOYBEHHBIX  OTJIOXKEHUU,
dbopMuUpYIOIIUXCS Ha cyOcTpaTe IUICHCTOIICHOBBIX YETBEPTHUHBIX OTJIOKEHHH BocTodHO-
EBpomneiickoii paBHUHBI JIEAHUKOBOI'O, BOJHO-JIEAHUKOBOIO M 3PO3MOHHO-ICHYIALMOHHOTO
resesuca. B cBoro odepenp, IIICHCTOLICHOBBIE OTJIOKEHUS HACIEAYIOT MUHEPAJIOT O-T€OXUMUYECKUN
neTpodoHA TMOPOJ JOKEMOPUHCKOT0 KPHCTAIIMUECKOro (hyHIAMEHTa, MEPEKPHITOro Male0-Me30-
KalfHO30MCKUMHU OTJIOXKEHHUSAMH OCaIouHOro uexia Bocrouno-EBpomneiickoii miardopmel. Takum
o0pazom, mpu (OPMHUPOBAHUH OTJIOKEHUH KOHTHMHEHTAJIBHOI'O T'€HE3MCa B TOJIOIEHOBYIO JMOXY,
TJIABHBIMU ~ KOHTPOJHMPYIOIIUMUA  (PaKTOpaMU HW3MEHEHHUs JUTOJOTHYECKOT0 ¥ MHUHEpajIoro-
T€OXMMHUYECKOTO COCTABOB OTJIOKEHUH SBISIOTCS TaHAMAPTHO-KITUMaTHIeCKUe (PaKTOPbI, KOTOPHIE
C OJHOHM CTOpOHBI, CBsi3aHBl C TeorpadguueckuMu 30HaMH Bocrounoil EBpombl, a ¢ apyroi,
W3MEHSUIUCH B Pa3JIMYHbIE IEPUOIBI TOJIOLIEHOBOM HCTOPHH.

Jns xaxnpoi reorpaduueckord 30HBI BoctouHoit EBpombl ObliM BBIOpaHBI STalOHHBIC
apXeoJIOTHYeCKue NaMATHUKU (puc.l) 3moxX MNO3AHEro IUICHCTOlLIeHa, TOJOLIEHa, Ha KOTOPBIX
IIPOBOJMIIUCH HCCIICIOBAHUS MHUHEPAJIOrO-r€OXUMHUYECKOr0, I'PAaHYJIOMETPUUYECKOOTO COCTaBOB
OTJIOXKCHUM, OIpPEICIICHHE BO3PACTA OPraHUYECKUX OCTATKOB METOAOM PaJHOYyTIIEPOIHOIO
JAaTUPOBAHUS, PEKOHCTPYKIMS TAICOKINMATa, ONpEJeNieHHe ero BIMsSHHUS Ha (OpMUPOBAHUE
KyJlbTypHOTO ciosi. [Ipu BeIOOpE 3TaJOHHBIX MAMSTHUKOB, YYHTHIBAIHCH CICIYIOIIHNE KPUTEPUU:
4YeTKas JIUTOJIOTHSI W cTpaturpadus KyIbTYypHBIX CJIOEB, BKIIIOYAIOIIAss KOMIUIEKCHI pPa3HBIX
KYJbTYPHO-XPOHOJIOTMYECKUX 3TAIlOB; HAJTMYME OPraHMYECKUX MATEpPUAJIOB U3 KYJIbTYPHBIX CIOEB
JUIsL OTIPEECIIEHHs BO3pacTa METOIOM PaAHOyTIIEPOJHOTO JaTUPOBAHUS.

BaxxHbIM KpuTEpHUEM SIBISETCS OLIEHKA aHTPONOT€HHOM aKTUBHOCTH F€OXUMHYECKUM METOJI0OM
B CIOSIX  CTparurpaUyeckoil  MOCIEeNOBATENLHOCTH  MAMSTHHKA, KOTOpas  IO3BOJISIET
CUHXPOHU3UPOBATh HW3MEHEHHUE AHTPOIONEHHOW AKTUBHOCTH B JIMTOJOTMYECKUX CIIOAX C
KITUMATUYECKUMH COOBITHSIMH, TPOMCXOMAIIMMH B TOT WIM HHOH MEpHOJ] BpeMeHH. Meron
reOXMMUYECKON MHIUKAIMK JanamapTHO-KImMaTnyeckux ycnoBuil (Kymnbkosa, 2012, Kulkova et
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al. 2012; 2014; 2016; 2019) — naubosiee yHUBEpCAIbHBIM METOJ, OCHOBAaHHbII HAa MHMHEPAJIOro-
TE€OXMMUYECKUX XapaKTePUCTHKAX OTJIOKEHUH pa3IMyHOrO0 TIeHEe3Uca, KOTOPBIA MOXKET OBITh
MCIOJB30BaH ISl OIpeesieHus] (pakTOpOB, BIUSIOMIMX HAa W3MEHEHHs NaHamadra ¥ KiuMmaTa u
MO>KET IPUMEHSTHCA Ul OTJIOKEHUH Pa3IMUHOr0 reHe3uca.

Prixible ocaiouHble OTIOKEHUSI OTOMPAINCH HAa CTOSHKAX JPEBHET0 YeI0BEeKa, 110 pa3pe3am ¢
YETKOW JINTOJIOTMYECKONW IIOCIEN0BATENIBHOCTBIO, depe3 2-5 cM. Eciau moponsl B MHTEpBale
MIePEeCIIanBalOTCsl, 0TOMpaIICs 0Opa3el], KOTOPBIK XapakTepu3yeT 00e pa3HOBUIHOCTH OPOJI, a TAKKE
X KOHTaKThl. JIMTONOTHS OTJIOXKEHHH KOPPENIHPOBANIACH C ApXEOJOTMYECKOM cTpaTturpaguen.
OOmuM TpeGoBaHHEM K MpobaM, OTOMpPAEMBIM JUII MUHEPATOTMYECKOr0, F€OXMMHYECKOTO M
I'PaHyJIOMETPUYECKOTO HCCIICAOBAHUM, SBIAETCS BHIOOp MPEACTABUTEIBHOM YacTH IOPOABI MO
COJICP’)KaHUIO M CBOMCTBAM MUHEPAJIOB, BEIMYMHE U (POpME KPUCTAIIIOB M 3€PEH, JTUTOJIOTHIECKOM
oxHopoanoctu (Daszkiewicz et al. 2020). O6wuuit Bec mpoOsI cocTaiisii okoio 100 rpamMm ¢ yuetom
BO3MOXKHBIX JyOmed. [l TeOXMMHUYECKOro aHajlM3a I[ocie KakKJIoro IHMKiIa JpoOieHus
MIPOU3BONUIIOCH KOHTPOJIBHOE MPOCEUBAHKE, OCTATOK JOJPAOIMBACTCS IO HYKHOTO pazmepa 3EpeH.
3areM Bech M3MEJNbUCHHBIN MaTrepuail oObeauHseTcs. PyuyHoe cokpaleHne mpou3BOAAT METOJ0OM
MHOTOKpaTHOro (He Oonee 3-X MpU OJHOM JIpoOJIEHHMH) KBAPTOBAHHS M OOBbEIMHEHUs MaTepualia
IBYX MPOTHBOIIOJOXKHBIX KBAJPAHTOB [UIA TPOJODKEHUS OOpabOTKHM 10 MPUHSATOH CXEMe.
BcnencrBre HEOTHOPOTHOCTH pacHpeeICHUS KOMIIOHEHTOB B KPYITHBIX U MEJIKUX (DPAKLIUAX, TIEpe]t
COKpaleHlueM pod MpoM3BOJUTCS MX MEepeMeIINBaHue, a 3aTeM kBaproBanue. [Ipoba uctupaercs
no kpynHoctu 200 mem, 0,074Mm (1m0 cocrosiHus mynapbl). Jlamee, Ans MOPOIIKOBBIX MPOO
orpenessIich norepu npu npokanuanuu (LOI). [11g peHTreHo-creKTpanbHOTo (IIyopecleHTHOTO
aHaJlu3a C MCHOJb30BaHUEM crekrpomerpa «Crekrpockan Makey, 300 Mr mpoObl
3aIpecCOBBIBATHCH B TAOJIETKY C UCTIOIH30BAHUEM MOTIOKKHU U3 OOPHON KUCIIOTHI.

Ilocne mpoBeneHUsT F€OXMMHUYECKMX AaHAJIM30B, IOJYYEHHBIE IN€OXUMUYECKHE DPE3YJIbTaThl
00pabaThIBAIUCh METOJAOM MHOTOMEPHOr0 CTAaTHCTUYECKOTO aHanu3a (KOPPESLHOHHBIM U
(bakTOpPHBIM aHAIM30M), Ui TOTO YTOOBI ONPEAEIUTH TJIaBHBIE (DAKTOpPBI, BIMIOIIME HA
CEIMMEHTOreHe3. B  3aBUCMMOCTH OT MMHEPAJIOrO-r€OXMMHUYECKOTO COCTaBa OTJIOKEHUH,
BBIJICIISAIOTCS TPYIIIBI XUMHUYECKUX 3JIEMEHTOB U UX COEIMHEHUMN, KOTOPBIE CBSI3aHBI IPYT C APYyTroM
BBICOKMMH KOPPEJSILIMOHHBIMU CBSI3IMH, UYTO XapaKTEPU3YET UX T'€HE3UC U OINPENEICHHbIE YCIOBUS
ceruMeHToreHe3a. Takum o0pa3oMm, Ui pa3HbIX T€HETUYECKUX THUIIOB OTJIOKEHHH MOXKHO BBISIBUTH
r7aBHbIe  (PAKTOpbl ~ CEIMMEHTOr€HE3a,  KOTOpbIE  XapaKTepU3YIOTCS  OIpelelIeHHBIMU
F€OXMMUYECKMMH HHJIUKATOPAMU: OTHOCUTENIBHYIO TEMIIEPATypy, OTHOCHUTEIBHYIO BJIAKHOCTD,
M3MEHEHHE THJIPOJIOTMYECKOTO pPEeXHMMa, aHTPONOreHHoe BiusHHE. llodydeHHble AaHHBIE ObUIN
COIIOCTABJIEHBI C PEKOHCTPYKLUSAMU MaJIEOKINMaTa METOIaMH CIIOPOBO-IIBUIBLIEBOTO U TMATOMOBOI0
aHAJIM30B, €CJIM OTJIOKEHHUS OBLIN MPUTOAHBIMU sl 3THX MeTo10B (Pymas, 2010).

JlaHHbIEe, TOJTY4YEHHBbIE TpU 00pabOTKE TE€OXMMHUYECKOTO COCTaBa OTIOXKEHHH METOAaMHU
MaTEMaTHYECKOM CTaTHUCTKU (KOPPEISLMOHHBIM aHaJIW30M W METOJOM TJaBHBIX KOMIIOHEHT
(akTOpPHOTO aHANN3a), HOATBEPXKJATUCH OTJCIBHBIMU I€OXUMUYECKUMHU MOTYJISIMU, KOTOPBIE TAKKE
UCIIONIB3YIOTCA JJII PEKOHCTPYKIMHA OCOOCHHOCTEW (HOpMHpPOBAHUS OCATOYHBIX OTIIOKCHHH.
V3MeHeHHEe OTHOCUTEIBHOM TeMIlepaTyphl JUIi TEPPUTCHHBIX OTJIOKEHUH MOXeT OBITh
OXapaKTepU30BaHO TO pacmpeneneHuo TuTaHoBoro wmonayns (TiOx/AlO3) u  u3MeHEeHHIO
coJiep KaHusl B OTNIOkKeHUsAX HupkoHus (Zr) (Onosuy, Kerpuc, 2011). TutaHOBbIN MOAYJb, B JAHHOM
cllydae, NOKa3bIBaeT HAKOIIJIEHUE aKIIECCOPHBIX, YCTOMUMBBIX K BHIBETPUBAHUIO MUHEPAJIOB I'PYTIIIHI
TUTaHa B TICAMMHUTOBOH (hpakiuu, a TIMHO3EMA B MEJUTUTOBOM (hpakumu, Kotopas GpopMupyercs B
pe3yibTare 0ojiee MHTEHCHUBHOI'O XMMHUYECKOT'O BBHIBETPUBAHUS B YCIOBHUSAX TEIUIOTO U BIAKHOI'O
KauMmara. M3mMeHeHue TeMrepaTypHOro OajlaHca TakkKe ONpeAesUIoCh Ha OCHOBE MOyJen
Na;O/K20, Sr/Rb, kotopble oTpaxkaioT mnpeoOpa3oBaHUE IUIArHOKIA30BbIX/TIOJIEBOLIIATOBBIX,
CIIIOJIUCTBIX, TJIMHHUCTBIX MHMHEPAJIOB B 3aBHCHUMOCTH OT IPOLIECCOB BBIBETPUBAHMS, IJIABHBIM
o0pazoM, TeMIlepaTypHOro BO3ACUCTBHUS. PaspyleHue KajaueBOro IMOJEBOro INMaTa, MO JTAaHHBIM
aBTopoB (Chen at al., 1999; 1998), nmpoucxoauT MeJieHHee, YeM IJIardoKJIa30B U MPUBOIUT K
HakorieHuto coenuuenni kanus (K2O) B popme caroaucThIX ¥ TITMHUCTHIX MUHEPAJIOB, YCTOMYHBBIX
K ITOCJIEAYIOIIEMY BBIBETPUBAHUIO.
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Puc.1 I'eoepaghuueckas xkapma Bocmounoii Egponsi ¢ epanuyamu eeoepaghuyeckux 30u (no
Kanyyxosy, 2020) c pacnonosrcenue 3manounbix apxeoiocudeckux NamsamHuKos.
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Wunexc HecOutra u Sura (CIA) mokaspiBaeT CTelneHb MpeoOpa3oBaHus alFOMOCHIMKATHBIX
MUHEPAIOB U M3MEHEHUSI MUHEPAIBHOTO COCTaBa B Pe3yJbTaTe XMMUYECKOTO BHIBETPHBAHHS, B
3aBUCHMOCTH OT OTHOCUTEIbHOM BiaxkHOCTH KiuMaTa (CIA=AL03/(Al203+Ca0O+Na,O+K,0)x100
%) (Nesbitt and Young, 1982). Cootnomenune CaO/MgO (Ca/Mg) noka3bIBaeT yBEIMUCHHE KaJIbLIUS
10 OTHOILIEHHUIO K MarHUIO B KapOOHATHOW COCTABIISIONIECH MPU MPeoOIIalaHuy apUAHBIX YCIOBUH, U
TaKXKe MCIIOJIb30BAIOCH JUIS aHAJIN3a M3MEHEHMs BIAXKHOCTHOTO M TEMIIEpaTypHOro OallaHCOB B
apUIHBIX YCIOBUSX.

CootnomieHus SiO2biog=S102/(A1203+S102) u Si02/Al,03 ncmonb30BaTUCh Kak MOKa3aTeNlb
MPOAYKTUBHOCTH BoJoeMa sl JoHHbIX oTinoxenuid (Kemnep, 1963; Kynskosa 2005; Kulkova et al.
2015). IIporyKTUBHOCTH B 03€p€ HANPSAMYIO 3aBUCHT OT PAa3BUTHUS JUATOMOBBIX BOJOPOCIIEH, 00IIMi
MoKa3aresb KOTOPBIX MOXKET ObITh BbIpakeH MHIEKCOM SiO2biog.

JU1st OIIEHKH aHTPOIIOTEHHOTO BIUSHUA MpUMeHsIICS UHAUKATOP P2O0saue= P20s5/(P205+Naz0)
(KymekoBa, 2012; Kulkova et al. 2015). IloBblmieHHbIE 3HAYEHHS] ITOTO TOKA3aTeNlsi XOPOIIO
KOPPENUPYIOT C TOPU30HTAMHU KYJIBTYPHBIX OTJIOKEHHH, B KOTOPBIX OBUIM HaWJEHBI OCTATKU
MaTEpPUATBHON KyJIbTYPBl M JKU3HEAEATENbHOCTH ApeBHUX jroned. Munnkarop CaOanye OTpakaer
HAKOIUIEHHE KOCTHBIX OCTATKOB U TKaHEW U paccuuThIBaeTcs, Kak oTHomeHue CaOgot k cymme CaOxot
1 NayO: CaOane=CaOyot /(CaOrot +Na20) (Kulkova et al. 2020). B nanHoMm cirydae, COOTHOIIIEHUS
MO3BOJISIOT YCTAHOBUTH U OTIENIUTH KaJbLUH U (pocdop aHTPOMOreHHOro reHe3nca oT KajbIHs U
¢bochopa TUTOreHHOT0 reHe3Mca, KOTOPBIE CBSI3aHbI C JINTOJIOTMUECKON COCTABIISIONICH OTI0KEHUH.
['eoxumMuveckne HHIUKATOPHI OBLTH UCIIOIB30BAHBI IS 03€PHBIX, TOWMEHHBIX, Y0JIOBBIX/IECCOBBIX,
MAJICOTIOUYBEHHBIX OTJIOXKEHUH, PAa3BUTHIX B PAa3IMYHbIX TeorpaUuecKkux 30HAX Ha OMOPHBIX
apXeoJIOTHYECKUX TMaMATHHUKaX Bocrounoit EBpombl a1 peKOHCTPYKIMM — JaHAmadTHO-
KJIINMATUYECKUX YCIOBUH.

Tlo30nuti naeticmoyen

B Hacrosimee Bpems crosHka EjauceeBmum 1 sBisieTcs oaHuUM M3 Hauboiee XOPOIIO
U3YUYEHHBIX IIOCEJICHUM II03JHEW IIOpbl BEpPXHEro mnajueonura Ha Teppuropun Ilonecenss
(Khlopachev et al. 2017). Ona HaxoauTcs Ha ceBepHOM okpaune c. EnnceeBnun B JXKupstuHckom
paiione bpsiHCKOW oOmactu Poccuiickoit @eneparuu. JlpeBHee mOCeNEHUE pacIoyiarajoch Ha
y4acTKe BTOPOi HaanmoiMeHHo# Teppacsl p. CyJo0CTH — Ha MBICY, 00pa30BaHHOM IIpaBbIM Oeperom
PEKH ¥ KPYIHOM, Bagaroeil B Hee 0alIkoil ¥ MPUyPOYEHO K JIECCOBBIM OTJIOKEHUSM JICAHUKOBOT'O
reesuca. Ilameoreorpaguueckue ©  reojoro-crparurpaduyeckue  JaHHble, a  TaKKe
IIPEICTABUTENbHASL CEPUSl PAaJUOYIJIEPOAHBIX JAaTUPOBOK YKAa3bIBAIOT HA BPEMsI CYIIECTBOBAHUS
cTossHKM EnuceeBnun 1 nocie MakcuMyma BajlIaliCKOro OJI€IEHEHUS, TO eCTh nocie 20 ThIC. JI. H..

KynbTypHble cnou, coaepKallue HaxXOJIKHU XO3SAHCTBEHHBIX KOHCTPYKLHMH M3 KOCTEH
MaMOHTOB, 3aJIETAIOT B TOJIILE JIECCOBBIX OTJIOKEHUH. [1o nHANKaTOpaM aHTPONOreHHOW aKTUBHOCTHU
(P205antr = P205/(P205 + Na2O) 1t CaOaner = CaO/CaO + Na,O) aBTOpOM ObLTH YCTaHOBJICHBI YPOBHU
UX MaKCHUMaJIbHOTO MPOSIBIICHUS B JIECCOBBIX OTIOKEHUAX. Docdop, KaIbLUi U CTPOHIMN SBISIOTCS
OCHOBHBIMH KOMITOHEHTaMHM, BXOJASALIMMH B COCTAaB MHUHEPAJIbHOW YacTH KOCTHOW TKaHH, 3yOOB,
poroBbeIx oOpazoBanuil. IIpu 3TOM B mporecce 3aXOpOHEHHsST KOCTHBIX OCTaTKOB 0Opa3yromuil ux
CTPYKTYpy KapOOHAT-amaTUT MPAKTUYECKH HE PACTBOPUM, M HE BBIHOCHTCSI BOJAHBIMH PAaCTBOPAMHU.
[TosToMy B MecTax TOCEJIEHUH, M OCOOCHHO B MECTax 3aXOpOHEHUH JIOJEH M JKUBOTHBIX,
cogepxanue Qocdopa, Kanblusg U CTPOHIMS HUMEIOT CHIIbHBIE aHOMAaJIbHbIE 3HAYCHHsI W OBLIN
MCIOJIb30BaHbl KaK MHUKATOPbI aHTpornorenHoi aktuBHocTH (Doronicheva et al. 2020a,b).

ABTOpOM mnpoBerieHa Koppensauus usMeHeHuil CIA (MHIEKC XMMHUYECKOTO BBIBETPHUBAHMS,
YyBCTBUTENBHBIN K KIMMAaTHUYECKUM (haKTOpaMm) B JIECCOBBIX OTJIOKEHHsIX pa3pe3a EnmceeBnun 1 u
M3MEHEHHs TJIO0ANIbHBIX TEMIIEPaTyp, IOJyUYEHHBIX [0 COOTHOIICHHIO HM30TOMOB KHCIOPOJA
(*0/1%0) (puc.2) B rpeHNaHACKUX JIbJAaX U MPUBA3AHHBIX HA OCHOBE JaHHBIX PaJHOYIJIEPOIAHOTO
JIaTUpOBaHUS K MHKpocTparturpapuueckoit mkane (Liu, Broecker, 2013) nakomieHus xene3o-
MapraHueBbIX IUIEHOK B IYCTBIHHBIX oTjioxeHusXx (WLM) ansd mo3gHero IuelcToleHa, IaeT
BO3MOXHOCTb JI€TAJIbHOIO aHAJIN3a XPOHOJOIMU OCAKOHAKOIJIEHUS Ha maMsaTHUKE. Onupasch Ha
PanuoyTIEPOIHYI0O XPOHOJIOTHIO, KIMMATHUECKYIO MIKaly, aBTOPOM Oblja MOCTPOEHa KIMUMAaTo-
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crpaturpaduyeckas IIKajga I OCHOBHBIX ATAllOB 3aCEJICHUS MAMITHHUKA JPEBHUM YEIIOBEKOM,
npuBeneHHas B coBMecTHol myonukaruu (Khlopachev et al. 2017).

Puc.2. Koppensyuu kpugotl usmenenuil unoexca xumuieckozo gvisempusanusi (CIA)  neccoswix
omaodceHusx pazpesa «Enuceesuuu Iy ¢ usmenenusmu 2no6anvHulx memnepamyp 6 6epxmem
naeticmoyene no dannvim ( 180/ 1°0) 6 epennanockux nvoax (GISP2) u muxpocmpamuzpaghuu

Mn/Fe-nnenox (WLM) (no Liu, Broecker 2013, Khlopochev et al. 2017 ).

PesynbraThl B 3HAYUTEIBHOM CTENEHM COHOPMUPOBAIH COBPEMEHHOE IPEJCTABICHHE O
EnuceeBrueckoM ITOCENICHUH KaK O CTOSIHKE C JIMTEIIBHOW HCTOPUEH CYIIECTBOBAHUS, BKIIIOUABILIECH
TP BpEMEHHBIX HHTepBaiia. [1o pe3ynbpraraM NpoBeIeHHBIX UCCIEA0BAaHUM, HA CTOSIHKE OIIPEAEIEHO
TPH KYJIbTYPHBIX TOPU30HTA, XapaKTEPU3YIOIIHUECS TOBBIILIEHHOW aHTPOIIOT€HHOW aKTUBHOCTBIO, 110
nanaeiM KynbkoBoit M.A. B (Khlopochev et al. 2017). /IBa U3 HUX COOTBETCTBYIOT YpPOBHSAM
3aJIEraHNsl BEPXHEro KyJIbTYPHOI'O FOPU30HTAa U OCHOBHOTO (HMKHEr0) KyJIbTYPHOI'O CIIOSI, a €Ile
OJIUH, TPETUH, COOTBETCTBYET YPOBHIO €IMHUYHBIX HAXOJIOK KPEMHs, 3aJIEralollMX B JIECCOBBIX
orioxenusax Ha 0,3—0,4 M HUXKE OCHOBHOTO KyJIbTYpHOTO ciiosi. Hagano ¢popMupoBaHus HIXKHETO
— OCHOBHOT'O KYJIbTYPHOT'O TOPU30HTA, CBA3aHHOIO C TYMYCHPOBaHHOM JIECCOBUHON CyNEChO (Ha
riyoune 140—125 cm) Ha 3TOM ydyacTKe, MPOUCXOANIO B MPOXIATHBIX KIMMATHUECKUX YCIOBUSIX,
KOTOpPBIE MOXHO COOTHECTH C ToxonomanueM oxomo 17 660 + 200 calBP. JlampHeiimee
(bopMHpOBaHNE OCHOBHOTO KYJIBTYPHOT'O CJIOSI IIPOUCXOAUT B YCIOBUSAX MOTEIUICHUS KIMMAaTa.

Ha rimyOune 125—115 cM npoucXoauT M3MEHEHHE YCIOBUM OCaKOHAKOIUICHHS, HAYMHAET
dbopMUpOBaThCS  CBETJIO-KOpUYHEBast (Oernecas) JeccoBuaHas cymnech. Ee ¢opmupoBaHue
IPOUCXOTUT B XOJOJHBIX M CYXHX KIMMAaTHYECKHX YCioBUsAX. [lo JaHHBIM TJI00ANbHBIX
KITMMATUYECKIX H3MEHEHHI TaKOU AMI30/1 COOTBETCTBYET MOXOI0AaHUI0 0Koio 16 760 + 200 calBP,
MU3BECTHOMY Takke Kak snu3oj XanHpuxa I. Ha sTom y4acTke aHTpONOreHHas aKTUBHOCTH IIO
Tr€OXMMHUYECKUM MHIUKATOpaM HE PETUCTPUPYETCSL.

Ha rny6une 115—105 cm ¢opmupoBaHue JI€CCOBUIHOM CYINECH CBSI3aHO C BIHM30]0M
HebopIoro mnorerieHus. POpMUPOBaHUE BEPXHETO KYJIBTYPHOTO TOPM30HTAa HAYMHAETCS Ha
riyoune 105—95 cm u ¢Qukcupyercs OTIOKEHHEM T'yMyCHPOBAaHHOW JIECCOBHJIHOW CYIIECH, C
BKJIIOUEHUSIMU Yyriiel. BbIcOokas aHTpOIIOreHHash aKTUBHOCTb B OTJIOKEHHUSAX, OTHOCSIIUXCS KO
BTOPOMY KYJIBTYPHOMY CJIOIO, IO JAHHBIM T'€OXUMHUYECKUX MHIUKATOPOB, (PUKCUPYETCS] Ha 3TOM
ydacTke Ha riryouHe 95—~85 cm. [1o JaHHBIM KOppensuu ¢ KPUBOW KIMMAaTHYECKUX M3MEHEHHH,
(bopMHpOBaHHUE OTIOKEHUH MOKHO OTHECTH K pyOeXy IpeBHEro Japuaca W OeIuHra, okojo 15
000—14 500 calBP. ®opmupoBaHue TEMHO-KOPHYHEBOI'O CYyIJMHKa Ha riyouHe 85—50 cm
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MPOUCXOJUJIO B YCIIOBUAX TCILJIOTO W BJIAKHOT'O KIIMMarta. OTO TaKxke MNOATBCPKAACTCA JaHHBIMU
CIIOPOBO-IIBUIBILICBOI'O aHAJIN3A.

T'onouen

Cmennas u nonynycmulnnas 3016l Bocmounoii Eeponti.

PexoHCTpyKILMS KIMMAaTHYECKHX YCIOBHI JUISl paHHETO-CPEHEro rojioleHa Obuia MpoBeaeHa
Ha STAJIOHHBIX CTPATU(UIIMPOBAHHBIX APXEOJOTHUECKUX MAMATHUKAX HEOJIHUTA-dHEOIHTa AJIrai-
Opomaemoe (Kulkova et al. 2019; Vybornov et al, 2012), pacmoyiokeHHBIX B cTenHOM 30He. Ha 3Tnx
MOCEJICHUAX ObUIM OOHapy)XeHbl HauOojiee paHHHE CBHUJICTEIHCTBA HEOJMUTAa M HHEOJIUTA Ha
tepputopun Bocrounoit Espombl. IloceneHnus pacrnosokeHbl K ceBepy oT c. Anekcanapos ['an
CapaToBCKOH 007acTH Ha OTHOM M3 MBICOB IIpaBoro 6epera p. bonbimon Y3ens (Kampim-Camapekuit
OeccTounblii OacceiiH B Bonro-Ypanbckom  mexaypeube).  OTIOXKEHUS — MPEICTAaBICHBI
JIECCOBUJIHBIMM CYIJIMHKaMHU C KyJbTYPHBIMU OTJIOKEHUSIMH, Ppa3/ElCHHbIE CTEPUIIbHBIMHU, HE
coJiep KalIuMu apTedakToB, MpociaosiMu. KpoMe Toro, OT4ETIMBO BBIIENAIOTCS IPOCION CYTIIMHKOB,
o0oraiieHHble TYMYCOBON COCTAaBJISIOIIEH M COACp)KAIINe BKIIOUEHHUS PACTUTEIbHBIX OCTATKOB.
MuHepanbHBI COCTaB OTJIOKEHUMN: TTTMHUCTBIE MHUHEPAJIBI, TTOJIEBOM IIITAT, CI0a/XJIOPUT, KBapII,
IIUPKOH, TUTAHOMAarHeTHT, , KapOOHAThI, OKHUCIBI U THIPOOKUCIBI JKee3a. AHalU3 MHHEPAJIoro-
IeOXMMHUYECKOTO COCTaBa OTJIOKEHUM M 00paboTKa KOPPENSIMOHHBIM aHAIU30M M METOJOM
TJIABHBIX KOMIIOHEHT (haKTOPHOTO aHaJIN3a MO3BOJIMIIN BBISIBUTH IPYIIIBI XUMUYECKHX KOMIIOHEHTOB,
XapaKkTepU3yIoInX OCHOBHBIE (pakTopbl ocagkonakoruienus (Kulkova et al. 2019, Ovchinikov et al.,
2020).

B 1-t0o rpymnmy BXOAAT TE€OXMMHUYECKME  KOMIIOHEHTBI, KOTOPBIE  COCTaBIISIFOT
ATFOMOCHJIMKATHBIE TIopo1oo0pasytomue munepaibl - Al,Os, Si0z, K70, a takke Fe,0s, TiOs Zr,
KOTOpBIE BXOJSAT B COCTaB AaKIIECCOPHBIX MHUHEPAJOB JKejle3a, TUTaHa W LHUPKOHUA. Bbicokas
KOPPEJSIIMOHHAs CBA3b 3TUX KOMIIOHEHTOB PETUCTPUPYETCS TAKXKE C TAKUMU KOMIIOHEHTaMH, Kak
MnO u wMukposnementamu V, Cu, Cr. Ora rpynna oTpaxkaeT TEpPUIE€HHBIM KOMIIOHEHT B
oTI0KeHUsAX. 110 TaHHBIM MUHEPaIOru4ecKOro aHaiau3a 1-s rpynmna reoXUMHYECKUX KOMIIOHEHTOB
OTpa)kaeT NPUCYTCTBUE B OTJIO)KEHUSAX MHHEPAJIOB: IOJIEBBIE LINATHI, CIIOJA, KBapl, MJIMHUCTbHIE
MUHEpaJIbl, FETUT-TUIPOTE€TUT, TATAHOMArHETUT, LIUPKOH.

2-10 TPYMILY COCTABJISIFOT FTEOXUMHUECKUE KOMITOHEHTBI, BXOSIINE B cOCTaB KapOoHaToB: CaO,
Sr, UMEIOT BBICOKME KOPPENALMOHHBIE CBSA3M MEXIY COOOH M OTPHIATENbHYIO KOPPENALHUIO C
OPYTUMH XUMUYECKUMH COETUHEHUSMH.

B 3-10 rpynny BXxoaat KoMIoHeHThI - P2Os, MgO u Zn, KOTOopble B JaHHOM CJIy4ae CBSA3aHbl C
pPacTUTEIbHBIMU OCTAaTKAMU M T'YMYCOBBIMH OpPraHO-MHHEPAJIbHBIMU COCIMHEHUSIMU B JIECCOBBIX
OTJIOXKEeHUAX. [lOBBINIEHHBIE KOHLEHTPAIMM ATUX KOMIIOHEHTOB HAONIOAAIOTCS CIOSIX C
I'YMYCHUPOBAaHHBIMH IIPOCIIOSIMH.

®axropubii ananu3 (n=30, R?=0,65) n03B0JIMI BBIAEINTH JBA IIaBHBIX (PAKTOPA, BIMSIOIIUX
Ha ceauMeHTOreHe3 JeccoBuaHbiXx cyrnuHkoB: F1 (CaO,Sr/AlxO3,S102,Mn0,Fe;03) mokaspiBaer
AHTAarOHU3M MEX]y KOMIOHEHTAMHU I'PYMIbl KApOOHATOB U TPYIIION aTIOMOCHIMKATOB (TJIMHUCTBIX
MHUHEpPAJIOB, MOJIEBBIX LINATOB, KBapla), MUHEPAJIIOB OKHUCIIOB M THIPOOKHUCIIOB XKejle3a U MapraHiia.
[TonoxuTenpHbIE 3HAYEHUS COOTBETCTBYIOT HAKOIUIEHHIO KapOOHATOB, KOTOPOE IMPOUCXOAUT B
nepuosl 0ojee CyXuX, apUAHBIX YCIOBHH, TOT/a, KaK TJIMHHUCTbIE MHUHEpAIbl U OKHCIBI JKele3a
(bopMHpYIOTCS BO BIIQXHBIE KIMMAaTHUYECKUE TEPHOIbI. YUYHUTHIBAs, YTO COCJMHEHHUS Maprasia
CBSI3aHBl C TYMYCOBBIMHU IIPOCIJIOSIMH, 3TO TaK )K€ CBHJAETEIbCTBYET O BIIAXKHBIX KIMMATHUECKHUX
ycnoBusix. IlosTomy mepBblii  (akTop MOXKET OBITh OXapaKTepu30BaH, KaK H3MEHEHHE
OTHOCUTENIbHOW BiaXHOCTH. llojoxwurenbHple 3HaueHUs 1-ro ¢akTopa XapaKTepH3yIOT CyXHe
KJIMMaTU4YeCKUe YCIOBHs, a OTpHIATENbHbIe — BIaXHble (puc. 3). OTOT akTop TaKKe
MOATBEPXKAAETCS  APYTMMHM  TEOXMMUYECKUMH  MOJIYJIAIMM, IIOKa3bIBAIOLIMMH  H3MEHEHHE
MHHEPAIIBHOTO COCTaBa B pE3yJbTaTe M3MCHEHHs OTHOCHTEIBHOW BIAXHOCTH —KiIMMara
(CIA=ALO3/(Al,03+Ca0+Na,O+K>0) — wungekc HecOurra-SIHra, crenenr npeoOpa3soBaHus
AIIOMOCUJIMKATHBIX MUHEPAJIOB B PE3YJIbTaTE XUMUYECKOI'O BHIBETPUBAHMS), @ TAKIKE COOTHOLIEHUE
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Ca0O/MgO, xoTopoe MOKa3bIBACT YBEIWYCHUE KAJIBIUS 110 OTHOIICHUIO K MarHuio B KapOOHATHOM
COCTABJISAIOLICH MPH MpeodIalaHuK apUIHBIX YCIOBUM.

F2 (Al203,P205,Fe203Zn/Ti0,,Zr,Cr,La) moka3pIBaeT aHTarOHW3M KOMIIOHEHTOB, BXOJSIIUX B
COCTaB AJIOMOCHUJIMKATOB M OMOTEHHBIX KOMIIOHEHTOB K KOMITOHEHTaM, BXOJSIIMX B COCTaB
YCTOMUYMBBIX aKIIECCOPHBIX MUHEpaIOB. HakomieHne riIMHUCTBIX aIFOMOCHIIMKATHBIX MUHEPAJIOB
B COBOKYIHOCTH C OpraHO-MHHEpalbHbIMU H keie3uctoivMu coemunenusMu (P20s,Fe203Zn)
oTpakaeT Oosiee TeIUIble YCIOBHs, B TO BPEMS KaK TaKHe aKLECCOPHbIe MHMHEpaJbl TaKHe, KaK
IIUPKOH, TATAHOMAarHEHTUT MOTYT HAaKaIUIMBAThHCS B OoJiee MpoXJiaaHble nepruosl. Bropoii ¢pakTop
B JAaHHOM CIllyyae XapakTepu3yeT H3MEHEHHS OTHOCUTEIIbHOW TeMIlepaTypbl. OTH JaHHBIC
KOPPENUPYIOT ¢ pacnpeneneaueM turanosoro moayis (T102/Al203) B ornoxkenusx mo paspesy. ITo
nauubiM 1Og0Brua u Kerpuc (2000), TuTaHoBBIi MOYIb MOKA3BIBAET HAKOIUICHUE AKIIECCOPHBIX
MUHEpAJIOB TPYMIbl TUTAaHA B MCAMMHUTOBOH (pakiy, a IIMHO3EMa B MEJUIMTOBOM (pakuuy,
KOoTOpas (opMUpyeTcs mpoiecce 001ee HHTEHCUBHOIO XUMHUYECKOTO BBIBETPHUBAHUS B YCIOBHIX
TEIJIOTO M BJIAXHOTO KJIMMaTa. DTO TaKke MOATBEPXKAAeTCS U PACIPECIICHUEM HUPKOHHUEBOIO
moayist (ZrO/Al,O3) B OTIIOXKEHUSX 110 pa3pesy.

JJis OLIEHKH aHTPOMOTE€HHOTO BIHSIHUS UCMONB30Baics UHAUKATOP P2Osane= P20s/( P20s+Na2O).
I[ToBbIEHHBIE 3HAYEHNS 3TOr0 MHJMKATOPa XOPOLIO KOPPEIUPYIOT C FOPU30HTAMHU KyJIbTYPHBIX
OTJIOKEHUH, B KOTOPHIX ObUIM HAaWJEHbI KOCTHBIE OCTATKH M KepaMuKa. Mosienb KIMMaTHYeCKUX
¢uykTyanuii Ha OCHOBE M3MEHEHHUs 3HaueHWi rinaBHbIX (akropoB (F1, F2) n antpomoreHHOro
ungukaTopa (P20santr) HOKa3ana Ha puc.3.

Jlecocmennas 30na

MHorocnoiiHast crossHka [lodpoe 9 pacrosnoxeHa Ha OCTaHLIE IEPBOM HAANONMEHHOU

Teppacel p.BopoHex, B cpeaHem Tedenue Oacceiina p.JloH. Ha mamsaTHuke ObUTH OOHApYIKEHBI
MaTepuaibl 310X HEOJIUTAa, DHEOJUTA, PAHHETO KEJIE3HOI'O BEKAa U JIPEBHEPYCCKOTO BPEMEHHU
(CmonbstHuHOB U ap., 2021).
W3MeHeHNsT NaleoKIMMAaTUYECKUX IOKa3aTeNed, BIUAIONIMX Ha YCIOBUS CEIUMEHTOI€HE3a
(oTHOCHUTENBPHAS  TEMIEpaTypa, OTHOCHUTEIbHAs  BJIAXHOCTb,  CTENEHb  XMMHUYECKOTO
BBIBETPUBAHM), OBLUIM OIIGHEHHI ABTOPOM C TIOMOIIBIO COOTBETCTBYIOIIMX TI'€OXHMHUYECKHX
moayeii: NaxO/K»0, Fe;03/Ca0, CIA u 06¢cyxnatorcs B CoBMECTHOU myOmuKkanuu (CMoJIbIHUHOB
u ap., 2021). l'eoxummuuecknii uHAEKC P2Osanthr IPUMEHSNICS IS ONPENCICHUS AHTPOIIOT€HHOM
AKTUBHOCTH. B HM)KHEM 4YacTH OTJIOKEHUU paspe3a 3aleracT CTEPUIIBHBIM CIIOH IOMMEHHOrO
QJIIOBUSI  CBETJIO-KENTOro LBeTa. [lo reoXMMHUYeCKMM [aHHBIM XapaKTEpU3yeTCs HU3ZKUM
MoKaszaTejeM AaHTPOINOIeHHON AaKTHMBHOCTH U (opMHUpyeTcs B 0ojee CyXuX YCIOBHUSX, YeM
BBILIEIICKALUN KyJIbTYpHBIN CJION. HKHMI KyJIBTYpHBIN CIION IIPEACTABIICH CEPBIM aJIEBPUTOM, B
KOTOPOM OBl OOHApYXKeHbI apTe(hakThl paHHET0 HEOJIUTa (CPEIHEIOHCKOM KYIbTYpBI).

B ormmoxenusx ciaos oTMmedaeTcs u3MmeHeHue 3HaueHmi Na)O/KoO um Fer03/Ca0O, ot
yYBEJIIMYECHUsI 3TUX Tokazarened a0 ymenbineHus NaxO/KoO. Ilporecc cenumeHTOreHesa 3TuX
OTJIOXKEHUM MPOUCXOIMI B MPOXJIAAHBIX KIMMATHYCCKUX YCIOBHSAX, KOTOPHIC 3aTEM CMCHHJIKCH
MOTEIJIEHUEM U YBEJIWYEHUEM BIaKHOCTU. Bospactanue 3HaueHuii CIA Taxke MapKupyer
Iepexo/l OT MPOXJIAJHBIX M CYXMX YCIOBHH K TEIJIbIM U BiaXHbIM. [lo yBiedeHMIO 3HAUYEeHUH
UHIUKATOPa P2Osanthr MOXKHO PETHCTPUPOBATHL BHICOKYIO AHTPOIOIEHHYIO aKTUBHOCTB B CPEIHEM
rOpu30HTE ciosi. s 3TOro cjosi XapakTepHa HauOosbLIast JOJS apXeoJIOTMYECKUX HaXOOK,
MPEJICTABICHHBIX B TOM YHCIIE OCTATKaMHU KOCTEH MIIEKOIMUTAIOLINX, PO, ITHI] BMECTE C IPYTUMHU
apTedakTaMy, TaKUMH KaK KPEMHEBBIE M3JIENUs M KepaMHUKa CPEACHETOHCKOH KYyJbTYphl. DTO
MOXET OBITh KOCBEHHBIM  CBHJETEILCTBOM OJIATONPUATHONW SKOJIOTHYECKOH 0OCTaHOBKH,
XapaKTEPU3YIOIIEHCS TEIUIBIMU U BIQKHBIMA YCJIOBUSAMH B 3TOT mepuoi. *C para 1o rymycy u3
3TOro ropu3oHTa coorBeTcTBYeT 7317-6839 calBP/5317-4839 calBC (SPb_2840)

BepxHuii ci10, OTHOCSILMICS K 311I0X€ CPEIHEr0 U IT03IHET0 HEOIUTA-IHEOJIUTA IIPEACTABIICH
TEMHO-KOPHYHEBBIM AJIEBPUTOM IOMMEHHOIrO TeHesuca. YBenudenue nokaszarencid FexOs/CaO,
CIA u ymenpmienue - NapO/KoO cBHUIETENbCTBYIOT O BI@KHBIX M TEIUIBIX KIMMATHYECKUX



15

YCIOBHSIX B Hayaje (OPMHUPOBAHMS OSTOrO TOPU30HTA. B oTIOXKeHMAX ObuM OOHApPYKEHBI
apTedaKThl JIbAJIOBCKOH M CPEeIHECTOTOBCKOW KyNbTyp. [0 ITaHHBIM reOXMMHUYECKOTO MapKepa
anTpororeHHOCTH  (P2Osanthr),  OTJIONKEHMS — XapaKTEpU3YIOTCS  BBICOKOM  AHTPOIOIEHHOM
aKTUBHOCTBHIO. ODTH JaHHBIE CBHUICTEIBCTBYIOT O OJAroNpHUATHBIX KIMMATHUYECKUX YCIIOBHSIX,
KOTOpBIE CYIIECTBOBAJIM B HAUaje Pa3BUTH KyJIbTYp CPEIHET0 HEOJIUTA Ha ATOM TEPPUTOPHUH.

Puc. 3. Mooenv knumamuueckux ¢aykmyayuti u aHmpono2eHHo aKmueHOCMU Ha CMOSIHKe
Opowaemoe no OAHHBIM 2eOXUMUYECKUX UHOUKAMOPOS.
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Jlecnas 30Ha.

Crosinka 3amocTbe 2 pacnojio’)keHa B LEHTpalbHOW wacTh BocrouHo-EBpomneiickoii
paBHUHE, Ha BepXHEBOJKCKOM BO3BBIINIEHHOCTH, B BepxHeM TeueHuu p.Bouru. CrosHka
pUypoueHa K 03€pHOI KoTiIOBUHE, B fosnHe p. 1yons! (Lozovskaya et al. 2020), Ha teBom Oepery
pexu. CTOSIHKAa OTHOCUTCSI K TUITY TOP(SHO-03€PHBIX MOCENEHHH OXOTHHUKOB-PBIO0JIOBOB. J[peBHUE
MOCEJICHUSl JAaTUPYIOIIMECsS OJIOXOM IO3JHEr0 ME30JIUTAa - PAHHEro HEOJINTa, BKIIOYAIN
HSKOHOMHUECKYIO 30HY JIPEBHEr0 BOJIOEMA, C KOMILJICKCOM CTPYKTYp, CBS3aHHBIX C PHIOOJIOBHON
JEATENbHOCTBIO. YCIOBUS CEIUMEHTOreHe3a Canporenb-TOPQPIHBIX OTI0KEHUN (OTHOCUTENIbHAsS
BJIQXKHOCTh, OTHOCUTENIbHASI TeMIepaTypa, U3MEHEHUE YPOBHS BOJBI B BOJOEME, aHTPOIIOT€HHOE
BIIMSIHME) ObUIM OLIEHEHBI C MOMOIIBI0 METOJa TeOXMMHUYECKONW MHAMKauuu. [l ucciaenoBaHui
OBUTH OTOOpaHbI OPraHOTCHHBIE OTIIOKEHUS, MIPEICTABICHHBIC calporeneM U ToppoM U3 paspesa
(AA-18), pacronoxeHHOTO B MoiMeHHON dacTu p.JlyOHBI. B Hacrosimee Bpemsi peka Haciemyer
03epHbIE BOJOEMbI, KOTOPbIE ObUIM Pa3BUTHI 371€Ch B HaUaJIe rojioleHa. MuHepaIoruyeckuii CocTaB
NpUOPEKHBIX OTIIOKEHHUM, MPEACTABICHHBIX CYIJIMHKAMH M CYyNeECsSIMHU, ObUI yCTAHOBJIEH IOJ
ouHoKyIsIpoM. O0paboTKa TEOXMMHUYECKOTO COCTaBa OTIOKEHUN METOJAaMU KOPPENISIIIMOHHOTO U
(aKTOPHOTO aHAIU30B JAJIM BO3MOXKHOCTH BBIJICIUTH TPYIIBI T€OXUMHUYECKUX KOMIIOHEHTOB,
BXO/ISIIIIME B COCTaB MUHEPAIBbHBIX WM OPTaHO-MHUHEPAIBHBIX COCIMHEHHH, (POPMUPYIOIUXCS B
pasHBIX YCIIOBHSIX B IPOLIECCE CEAMMEHTALMU JIOHHBIX OTJIOKeHuil. Kaxnmas rpynmna Bkitoyaer
KOMITIOHEHTBHI, UMEIOIINEe Hanbosiee BEICOKUE KOPPEISALIUMOHHbIE CBSA3H JPYT C IPYTOM:

I rpymma: AlO;s, TiO2, SiO2, K2O — nopoaooOpasyromiie OKUCIbI, BXOAAIIHE B COCTaB
TEPPUTEHHBIX OCAJKOB, TMPEJICTABICHHBIX TJIMHUCTHIMU MUHEpalaMH, CIIOJOW, KBapIeM,
MOJIEBBIMHU IITIATAMHU, ¢ BKIIIOUeHUEM MUKpoaieMeHToB (Rb, V, Y, Nb, Zr),

2 rpynna: MnO, NaO, CaO (Ba, Sr) — KOMIIOHEHTBI, BXOJSIIHME B COCTaB OPraHo-
MUHEPAIBbHBIX COEAMHEHHM, CBSI3aHHBIX C OPraHUYECKON COCTABIISAIONIEH CarpOIIEs.

3 rpymma: Co, Ni, Cu, Zn, 37IeMEHTbI, HAKAIUTHBAIOIIHUECS B OTJIOKEHUSAX TIPU YBEIHUCHUU
BOCCTAaHOBHUTEIHHBIX YCIOBHIA.

5 rpymna: P>Os (La), CaOantr - KOMIOHEHTBI, BXOJSIIME B COCTAaB aHTPOIOT€HHBIX
OpPTraHOTeHHBIX OCTATKOB, IPEUMYIIIECTBEHHO KOCTHBIX OCTATKOB, HAKATUTHBAIOIINXCS B OTIIOKEHUSIX
B pe3yJibTare ACSITEIbHOCTU JIPEBHETO YEIOBEKA.

®akropHbli anamus (n=23, R?=0,75) 103801 BBIIEIUTH TPH INIABHBIX (PAKTOPA, BIMSIONIHX
Ha Tporecc GOPMUPOBAHUS OTIOKEHUI:

FI (Fe203, MnO, CaO, P,0s/ SiO, Al,Os3, TiO2, K20, Zr,). TlonoxuTeNbHbIC 3HAYCHUS
nepBoro ¢akTopa MOKa3bIBAIOT TPYIIY KOMIIOHEHTOB, BXOJSAIINX B COCTaB OpraHO-MUHEPATLHOM
COCTaBIISIIONIEH, TOT]a KaK OTpHIIaTeIbHbIE 3HAYCHUS MEepPBOro (pakTopa CBs3aHbI C YBETUYCHUEM
TeppUreHHOW (MHUHEpanbHOW) JOMM ocaiaka B oTioxkeHusx. [lepBwiii  daktop MoKeT
XapaKTepU30BaTh U3MEHEHHE YPOBHS BOJbI B BOJIOEME. Y BEJIMUEHUE KOHIIEHTPALIMI OpraHOreHHO-
MUHEpAbHBIX KOMITIOHEHTOB XapakTepu3yeT 0osee rTyOOKOBOAHBIE YCIOBHS CETUMEHTOICHE3a.

FII (Co, Ni, Cu, Pb/ MnO, Fe;03) noka3siBaeT antaronusm rpymmsi anemenToB (Co, Ni, Cu,
Pb), ABJIAXOMMUXCSA HMHAWKATOpaMHn BOCCTaHOBUTCIILHEBIX, OECKHCIOPOTHBIX YCIIOBHI
(TIONIOKUTENbHBIE 3HAYEHHS), MO0 OTHOUICHUIO K KOMIIOHEHTaM - WHIUKATOpaM OKHUCIUTEIbHBIX
yenoBusix (MnO, Fe>03). Bropoit ¢akTop ycraHaBIuBaeT W3MEHEHHE MHAPOIOTHYECKOTO PEXKUMA
BOZI0EMA, OT OTKPBITOTO, adpUpyeMoro OacceliHa, K 0acceiiHy, B KOTOPOM MPOUCXOMAAT MPOIECCHI
3a00aYMBaHUS ¥ PA3TI0KEHUSI OPTaHUKH.

FIII (ALO3, SiO2, Fe2O03/ P2Os, CaO, Zn, La) M0OKHO CBA3aTh C aHTPOIIOTE€HHOM aKTHBHOCTBIO
(oTpuLaTENbHBIC 3HAUCHHUS).

W3menenust 3HaueHui (pakToOpoB Mo pa3pe3y OTIMKEHUH XOPOIIO KOPPEIUPYIOT C IPYTUMHU
MOKA3aTesIMU, CBS3aHHBIMH C KIUMATHYECKUMH YCIOBUSIMH CEIUMEHTOreHE3a, TaKUMHU
reoXUMUIeCKUME MoAyssiMu, Kak KoO/Na,O, Rb/Sr u CIA, xapakTepu3yrOImUMHA OTHOCUTEIBHYIO
TEMIIEpPaTypy U BIAKHOCTh U TTOKa3aTeIeM MPOayKTUBHOCTH 03epa SiOobiog -

Ha cTosiHke OBLTH YCTaHOBIIEHBI AMTH30/1bI YMEHbBIIICHUS/YBEIHUEHUS YPOBHS BOJBI B 03€pe,
MIEPHUOIbI TTOXOJIOIAHUS/TIOTETUICHUS U CBSI3aHHBIE C HUMH JTaIlbl U3MEHEHUS B 3aCEIICHUU CTOSTHKU
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[IPEACTABUTENSIMU PA3IIMYHBIX KYJIbTYPHBIX TPAAULIMM, a TAKKE U3MECHEHUS B )KU3HEACITEIIBHOCTH
JpeBHETO yenoBeka. CMeHa apXeoJI0rH4ecKUX KyJlabTyp U 310X HAa TEPPUTOPUM CTOSHKU 3aMOCThe
2 COOTBETCTBYET HAYAJIbHBIM CTAIUSM TPAaHCIPECCUBHBIX 3TallOB PAa3BUTHS IaJIEOBOJOEMOB.
Hawubonee cyriecTBeHHBIM H3MEHEHHEM B MaTEPUAIEHOM KYJIbTYPE MECTHOTO HACEJICHUS, SBIISETCS
IIOSIBJICHHE KEPAMHUUYECKOT0 IIPOU3BOJICTBA U NIEPEXOJ K DII0OXE HEOIUTA, YTO COBIAJAET C PE3KUMHU
U3MEHEHUAMH NMAJICOKIIUMATUYECKUX YCIIOBHM.

IMamarauk Oxta 1 pacnonoxeH Ha rpanuue Pycckoil mmatdopmsl u  Banrtuiicko-
CKaHAMHABCKOTO KPHUCTAUIMYECKOTO IIHMTA, Ha TECYaHOM MBICY, C(POPMUPOBABLIMMCS IOCIE
JluropunoBoit Tpancrpeccun (Kulkova et al. 2012; Ryabchuk et al. 2016; Kulkova et al. 2016;
Gusentsova, Kulkova 2020). Ha Oxtunckom MbICy, ipu ciiustHud pek OxTa u Hea, 6bu1a 0OHapysxeH
YHUKQJIbHBIA MHOTOCJIOMHBIN ITAMSATHUK, COAEPKAINUNA KyJIbTYPHBIE CJIOU 3II0X HEOJIUTA U PAHHETO
MeTajljla, paHHETO XEJIE3HOr0 BEKa U PUMCKOTO BpeMeHHU. VccnenoBaHus mecuyaHo-ajleBpPUTOBBIX
OTJIOXKCHUN paspe3a BKIYAIA aAPXCOJOTMYECKHM, JIMTOJIOTMYECKUHM, TPaHYJIOMETPUYECKUN,
MHHEPAJIOr0-reOXUMUYECKUH, PAIUOYTIIEPOIHBII AHAIN3BL.

JUiss  pEeKOHCTPYKUMH  JaHMMA(QTHO-KIMMATHUYECKUX  YCIOBUH  HMCIOJIb30BAIUCH
F€OXMMHUYECKUE UHAUKATOPbl. MUHEPAIbHBIM COCTaB OTIIOKCHUM BKIIIOYAET TAKUE MUHEPAJIbI, KaK
TJIMHUCThIE MUHEPAJIbl, TOJEBbIE IIMAThI, CIIOAY/XJIOPUT, POrOBYI0 OOMAaHKYy, , I'paHaT, [HUPKOH,
TUTAHOMAarHeTHT, OKHCIBl M THAPOOKHCIBI Kelle3a W Mapranua, kapOoHatel. JlaHHbIe
IpaHyJIOMETPUYECKOTO aHajM3a MOKa3ajiH, YTO MEJIKO3EPHUCThIE MECKU ObLIM CHOPMHUPOBAHBI B
MOPCKHX YCJIOBMSIX MEJIKOBOJHOIO 3aJIMBa C AKTUBHBIM BOJIHOBBIM BO3/eHcTBHEM. [loBBIIIEHHBIE
3HayeHus1 Si02/AbO; B OTIOXKEHUSAX CBS3aHbI C YBEJIWYCHHEM KBApLEBOH COCTABISIOMICH, 1O
CPaBHEHHIO C TIMHUCTBIMU U TTOJIEBOIINIATOBBIMA MUHEpAJIaMH, U XapaKTepU3yloT (GOPMHpPOBAHUE
XOpOILIO COPTUPOBAHHBIX KBApLEBbIX TOHKO3EPHUCTBIX IIECKOB B MEJIKOBOJHOM BOJOEME, B
ycnoBusx 1uisbka. [loBeimennsie 3Hadyenns MnO/FexOs oTpaxkaroT npeoliagaHie OKHCIUTEIbHBIX
YCIIOBUH B NPOLIECCE CEAMMEHTOIE€HE3a, KOTOPble BO3HUKAIOT B XOPOILO a3pUPYEMBIX BOAOEMAax.
Nupnukaropsl CIA, FexO3/Ca0 ucnonb30Baluch s XapaKTEPUCTUKU M3MEHEHUS! OTHOCUTEIbHON
BJIQXKXHOCTU. B cl04X OTJIOKEHMH, KOTOPBIE XapaKTEPU3YIOTCS NOBBIIIEHHBIMU 3HAYEHUSAMU ITHX
MH/IMKATOPHBIX COOTHOIIEHUH Takke Obula OOHApy)XeHa IOBBIIICHHAs T'YMYyCHPOBAaHHOCTh U
octaTtku pactutenbHocTd. Muaukaropsl NaxO/K20, St/Rb nokas3bBatoT n3MEeHEHHE OTHOCUTEIbHON
temnepatypsl. U3meHenre P2Osanthr B OTIOKEHUAX OTPAKAET AHTPOIIOTEHHYIO AKTHUBHOCTb.

V3MeHeHne ypoBHA BOJ0OEMa Ha TOOEpPEeKbe 3alluBa KOPPEIUPYET € HM3MEHEHUSIMHU
AHTPOIIOT€HHON aKTUBHOCTH, M COOTBETCTBEHHO IMOSABICHHEM Ha MOOEPEKbe HOCUTENEH Pa3TuIHbIX
KyJbTYPHBIX TPAAULIUM.

K mamsTHMKaM, pacroyioKeHHBIM Ha I0)KHOM TobOepexbe Jlamoxkckoro ozepa B 4 KM OT
nobepexbst, otHocsaTcs cTostHKU [logoabe 1-3 (Canmenko u ap. 2019; Gusentsova, Kulkova, 2020).
Ha crosiake Ilomonmpe-1, kak u Ha Oxrte 1, OBUIM BBISBIEHBI PAa3HOBPEMEHHBIC JIEPEBSHHBIC
PBIOOIOBHBIE KOHCTPYKIIMH, TJE in Situ COXpaHWJICS KyJIbTYpHBIH cioi. B pa3pese packomna ObL1o
0OHapy>KEHO /1Ba KyJIbTYPHBIX ci10s1. HUKHUI KyJIBTYpHBIH CIIOH, IPEACTaBICHHBINA CBETI0-KEITHIM
aJIEBPUTOM, IIepecIanBaeTcs co cioeM Topda. BepxHuii KyIbTypHBIH TOPU30HT COCTOUT U3 IIECYaHO-
QJIEBPUTOBBIX OTJIOKEHUH C MIPOCIOSAMHU YEPHBIX OPraHUYECKUX OTIIOKEHUH. CIIOM NEPEKPHIBAIOTCS
IUTOTHBIM CEPBIM CYTTTMHKOM. J[JIsl peKOHCTPYKIMK NasleoJaHIIa(THO-KIMMAaTHIECKUX YCIIOBUH Ha
NaMSATHHUKE ObLUTH UCTIOIb30BAaHbI METO/IbI MUHEPAJIOT0-T€OXUMHUECKUX aHAJIH30B, & TAKXKE CIIOPOBO-
IBUIBLIEBOTO aHAIM3a, JAMAaTOMOBOIO aHalM3a, IpaHyjJoMmeTrpuueckuil anamusbl (Gusentsova,
Kulkova, 2020, Camenxo u np, 2019). Bo3pact ornoxkeHuit u apredakToB ObUT OMpEIeNieH C
MOMOIIBIO PAMOYTIIEPOAHOr0 aHamu3a. OCHOBHBIE T€OXMMUYECKHE MHIUKATOPHI, KOTOpbIe ObLIN
UCHoib30BaHbl, SiOobiog AT ONMpPEENCHHs MPOIYKTUBHOCTH BOJOEMAa U YPOBHSI BOJBI B BOJIOEME,
P205anthr N3MEHEHHE aHTPOIIOT€HHOW aKTUBHOCTH, CIA — M3MEHEHUE OTHOCUTEIBHOM BIAKHOCTH.
M3MeHeHne aHTPONOre€HHOW aKTHBHOCTHM HMMEET XOPOIIYI0 KOPPEJSILMIO C dTanamH IOsBICHUS
HOCHUTEJICH pa3iWYHbIX KyJIbTYPHBIX TpaJuIUil Ha cTosHKe. TpaHcrpeccuBHas (aza Jlagoxckoro
03€pa MPUBOJUT K 3aTOIUIEHUIO CTOSHKHM U IOKUAAHUIO €€ JTI0AbMHU (pHcC.4).
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Puc.4. Pexoncmpyxyus npoyecca ceoumenmoezenesa na cmosivke Ilooonve 1 no danHvim
2e0XUMUYECKO20 aHANU3A



19

Cepmetickuii apxeono2uiecKuti MUKpPOPE2UOH.

Cepreiickuii apxeoJI0rnyecKiii MUKpOPETHOH pacroiokeH B Oacceline [IBuHCKo-JIoBaThCKOro
MEXJIypeubs, B I00kHOM yacTu IIckoBCKoi U ceBepo-3anaanoit yactu CMOIEHCKON 00IacTH.

JlpeBHUE 03epa B paiioHe CepTeiicKoro apXxeosornueckoro MUKpopernona cpopMHpOoBaIiCh
nocje OTCTYIUICHHS JIEAHWKAa W PACHoJIaraltch IIETIOYKOM, pa3felsisich y3KUMH Iepeniekamu,
KOTOPBIE Pa3MBIBAINCH B NEPHOABI TOBBINIEHUS YpoBHA Bozabl. Ilo mx Oeperam, a Takke U B
HEHTPAIBHBIX YaCTAX O3EPHBIX KOTJIOBMH PACIOJOKEHbl YHUKAJIbHBIE apXEOJOrHYecKue
MaMSATHUKH, KOTOpBIE JaTUPYIOTCS OT 8-ro ThIC. 10 H.3. 10 10 B. H.3. B HacTos11€e BpeMsl 03epHbIE
KOTJIOBHHBI 3a00JI0UEHBI M YHAClel0BaHbl Y3KHM pycioM peku Cepreiiku, KoTopasi BHaJgaeT B
p-3anamuyio JIBuHy. s pEeKOHCTPYKIIMM METOJOM T'€OXMMHUYECKOW WHAMKAIMHU JaHAa(THO-
KJIMMaTUYECKUX YCIIOBHM ObUIM M3y4YeHbI TOpP(O-CarpoIieNeBble 03€pHbIE OTIOKEHUS CKB. 63 B
Bonpmoit Cepretickoit o3epHoit koTnoBuHe (mumuan4eckoii 30ue) (Kulkova et al. 2015, Kulkova et
al. 2016). JlanHble IO JpyruM pas3pe3aM M CKBaXMHAM Takke Obutn omyoOnukoBansl (KynbkoBa,
2005; Kulkova, 2012; Mazurkevich et al. 2012). MuHepanbHBIH COCTaB OTIOKEHUI BKIIOYAET
TJIMHUCTBIE MUHEPAJIbI, IOJICBOIINATOBBIE MUHEPAIIBI, CIIO/IbI, KBApLl, POrOBYI0 OOMaHKY, OKHCIIBI
’KeJe3a M Mapraiia, KalblUT-aHTHJIPUT, TPaHaT, IUPKOH, CyJIb(aThI.

Ha ocHOBaHMM KOPPEISILIMOHHOIO aHAIN3a FEOXMMHUYECKOT0 COCTaBa OTJIOKEHUH CKB.63 1 72,
ObUIM  yCTAQHOBJICHBI CIICAYIOIIME TPYMIbl TI'C€OXMMHUYECKMX KOMIIOHEHTOB C BBICOKHMU
KOPPENSIUOHHBIMU CBS3IMU:

1 rpymna: Al,O3, TiO2, SiO,, Fe,03, NaxO, K20 P>20s, TiO,— nopoaoo0pa3yrolue OKUCIEL,
BXO/ISIIIIME B COCTaB TEPPUTEHHBIX OCAJIKOB, MPEJCTABICHHBIX IIMHUCTHIMH MUHEpaJIaMH, CIIIOJI0H,
KBapuceM, IOJICBbIMM IINAaTaAMHA, TATAHOMArHETUTOM, allaTUTOM.

2 rpynna: CaO, MnO, S, LOl — KOMIIOHEHThI, BXOJSII[UE B COCTaB OPraHO-MUHEPAIbHBIX
COCIMHCHUH, CBSI3aHHBIX C OPraHWYeCKOW cocraBistomeii camporens. CaO  siBusiercs
Opo000Pa3yIOUIMM  3JIEMEHTOM KapOoHaToB, cyinbdaroB (anruaput). LOI (morepu npu
MIPOKAITMBAHUH ) OTIPEACTISIOT KonrdecTBo opranndeckoit (mpu 500°C), kapOoHATHOH U cynbpaTHON
coctapisirontux (mpu 900°C). XKenezo mmeeT BICOKHI KO3(D(UIIMEHT KOPPENIALUU C ATIOMUHUEM
(0,81), yTO maeT BOZMOKHOCTB MPEAOI0KHUTh, YTO OJIHA U3 (POPM HAXOXKIAEHUS jKeJie3a B 03E€PHBIX
OTJIOKEHUAX — OXKEJIE3HEHHbBIE TTIMHUCTHIC YaCTULBL. Pe3ybTaThl (JaKTOPHOTO aHaIN3a MO3BOJSIOT
BBIICIUTSH ciieaytommue ¢akrops! (n=32, R=0,65):

FI (TiO2,Al,03,K20/Ca0,Corg, MnO) moOKa3bIBaCT aHTArOHU3M TEPPUTCHHBIX KOMIIOHEHTOB,
HAKaTUIMBAIOIINXCS B MEJIKOBOJHBIX YCIIOBHSIX IO OTHOIICHUIO OPraHO-MHUHEPATbHBIM KOMITJICKCAM,
OCaXXJIAIOIUXCsl B 0oJiee TIyOOKOBOAHBIX YCIOBHUSX, XapaKTePH3yeT M3MEHEHHE YPOBHS BOJBI B
BOJIOEME, U SIBJIICTCS B JAHHOM CJIy4ae MHAWKATOPOM TPaHCTPECCUBHBIX/PEIPECCUBHBIX CTAIHUH.

FII (P20s, Fe2O3/All elements). Boicokass koppemnsiusi coeluHeHu xene3a U Qocdaron
OTpakaeT aHTPOIIOTeHHOE BIMSHUE Ha BogoeM. OJIMH U3 TUIIOB MOCTYIUICHHUS KOHIIEHTPALUH Kene3a
B BOJIOEM — 3TO MPOIIECCHI MOUYBEHHOMN 3PO3UHU B PE3yJIbTAaTe aHTPOIOI€HHON AEATEIbHOCTH.

FIIT (NaxO/All elements). OcHoBHasi popma HaXOXACHUS B JaHHBIX oTioxkeHHsIX (NaO) -
MUHEpalbl TPYMIbI IUIArHOKIa3a. B yCIOBHX TEmIoro KiuMara albOUT (HaTPUEBBIN IIIarnoKIia3)
MOJIBEPraeTcss M3MEHEHUSIM B BUJI€ CEPUIIMTU3AIMH U MOCTIEe PA3pyIICHHUS NEPEXOAUT B TIMHHUCTHIC
MUHEpabl. ITO MO3BOJISIET CENATh BBIBOA, YTO YBEJIMUEHUE COOTHOMEHHUS N2O U MOJIOKUTENbHbIC
3Ha4YeHus 3-To GakTopa MOTryT OBITh MOKa3aTeleM MpPOXJIaTHOro KIMMaTa, B KOTOPOM IJIarioKia3
SBIISICTCS YCTOMYMBBIM. B yCIOBHSX TEMoOro KiMMaTa MPOUCXOIUT pa3pylleHHe IUIaruokiasa u
npeoOpa3oBaHUE €ro B CEPUIIUT U IIIMHUCTBIE MUHEPaJbl. Pa3zpylieHne KaimueBoro mojieBoro mara
MPOUCXOIUT MEIUICHHEEe, YeM IUIarMokKia3a M MPUBOJUT K HakomieHnto KO B TIIMHHCTBIX
MuHepanax u runapocimonax. Ilapueni xospouiment koppemsuuu cootHomeHnuss Na;O/K:O u
3HayenusamMu 3-ro daxropa cocrasisier (R*=0,78). Coornomenne F203/Ca0O ucnons3oBanock, Kak
MOKa3aTelb OTHOCUTENBHOH BiiakHOCTH KimMata. MaaukaTop SiOzdia= Si02/AlO3 oTpaxaet qomko
IUIAHKTOHHBIX JTHATOMEH B OTJIOKEHHSIX, M COOTBETCTBEHHO, MPOAYKTUBHOCTH BOJOEMA.
Cootnomenre MnO/Fe;O3 (mapuast koppensiuus mokasarens ¢ CaO  R?=0,76) xapakrepusyer
CTETEHb IEJIOYHOCTH BOJOEMa IPHU BBICOKOM OKHCIIUTEILHOM IMOTEHIHane. M3MeHeHue ypoBHS
BOJIbI B 03€pax M KIMMATHUYECKHE (PaKTOPbI BIMIIN Ha KYJIbTYPHO-UCTOPHUECKUE HTAITBI 3aCEICHUS
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B peruoHe. OCHOBHbIE JTambl 3THX TpaHchopMauuid OBUIM PEKOHCTPYHMPOBAHBI METOJOM
r€OXUMHWYECKOW MHUKALUU.

O3epo Kambimosoe (KaanunHrpaackas 00/1acTs).

['eoxumudeckue uccie0BaHus, MPOBEICHHBIE aBTOPOM Ha o3epe KaMbIoBoe omyOIMKoOBaHbI
B coBMecTHbIX paborax  (Kublitskiy et al., 2020; Druzhinina et al. 2020), mo3BomsitoT
PEKOHCTPYHPOBATh  YCIIOBUS ~ CEIUMEHTOIeHe3a W BIMSHHE Ha  HUX JIaHTmadTHO-
MATCOKTUMATUYECKUX W AHTPOMOTEHHBIX (akTopoB. OTIOXKEHUS TMPEACTABICHBI Pa3TUIHBIMU
TUMIAMU camporneneld. Bbuin paccuuTaHbl CIEIYIOIIME TEOXUMHUYECKHE WHIUKATOPhI: HHJICKC
OMOTreHHOr0 KpeMHE3eMa, OTPAKAIOUINI H3MEHEHHE TPOAYKTHBHOCTH BooeMa (SiOazviog). MeToiom
IJIaBHBIX KOMIIOHEHT OBLIM YCTaHOBJIEHHI (hakTOpBI cemuMenTorenesa (n=72, R?=0,53) (puc. 5).

FI CaO, NaxO/ SiO;, Al,O3, TiOz, Zr — moka3bpIBaeT aHTArOHU3M TPYMIBl KOMIIOHEHTOB,
BXOJIIIIUX B COCTAaB OPraHO-IETPUTOBOM COCTABISIONICH, K TPYIIE KOMIIOHEHTOB, BXOMSIIUX B
COCTaB aTIOMOCHIIMKATHBIX MHUHEPAJIOB, TEPPUTCHHOM COCTaBIISIIONICH ocanka. OpraHo-IeTpUTOBBIE
OCTaTKH HAOTIOJAIOTCS B OTJIOKCHHSIX CAMPOTIEIis B BUIC MEJKHX BKIIOYCHHH PAKOBUH U CTBOPOK
¢utormankroHa. @DakTop  XapaKTepuU3yeT THUAPOJIOTUYECKUE YCIOBUS  CEAUMEHTOreHes3a,
TPAaHCTPECCHU/PETPECCUH.

FII. Zn, Co, Pb / CaO, MnO, Al;Os3, xapakTepu3yeT OKHUCIUTEIbHO-BOCCTAHOBUTEIHHBIE
YCIIOBUSL BOJIOEMA: TIOJIOKHUTEIBHBIM 3HA4CHHSIM (haKTOpa COOTBETCTBYIOT BOCCTAaHOBHTEIHHBIM
YCIIOBUSIM, OTPUIIATEIEHBIC — OKHUCITUTEIILHBIM.

ComnocraBneHne MONYYCHHBIX JAHHBIX C dTalaMH 3acelieHus pailOHa APEBHUM HAceIeHUEM
MOKA3bIBAET KOPPENALHUIO ¢ (DIYKTyal[UsiMU BOJIOEMA M KIIUMATa.

Puc.5. Uzmenenue 3Hauenuli 2e0XUMUYECKUX UHOUKATNOPOS 8 OOHHBIX OMIONCEHUSX 03.
Kamviuosoe (Kublitskiy et al. 2020)
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Cesepo-Bocmounwiii pecuon (FOcnoe Ipuonedicve, b6accetin 03.Booice).

Crosuka KapaBauxa 4, pacrnonoxeHHas B OacceiiHe o3epa Boxe, Ha ceBepe Bomoronckoi
00JIaCTH, KOTOPOE MPEACTABIIAECT COOON KPYMHBIM BOAOEM B LIEHTpabHOM yactu Pycckoro Cesepa.
O3ep coenuusiercs uepes peuky CBuab ¢ o3epoM Jlade, pacrionokeHHBIM B ApXaHTeIbCKOW 00JIacTH.
BonocOopnslii Gacceitn o3ep Boxe u Jlawa mpencraBnsier co0Oi paBHHHHYIO TEPPUTOPHIO C
Pa3BUTON PEYHOU CEThIO. B permoHe B OCHOBHOM pPa3BUTHI ME30JUTUYECKUE M HEOJIUTHUYECKUE
CTOSTHKU. B HEoNmUTHUYECKON TpaIulliy MpeodaaeT KyJIbTypa ¢ SMOYHO-TpeOeHUATON KepaMHUKOH.
Taxoke mpezacTaBieHsl 6osiee MO3HUE CTOSIHKH 3MIOXM paHHero metaimia. B Gacceiine ozepa Boxe,
HaunboJee paHHUE MAMATHUKH OTHOCSATCS K 3110X€ ME30JIMTA U BKIIOYAIOT HECKOJIBKO TOPPSIHUKOBBIX
CTOSHOK, pAacCIHOJIOXKEHHBIX OKoJI0o ObiBIel paepeBHu Iloroctumie Ha peke Mogone. Jlns
PEKOHCTPYKIMH Majeoreorpaduyeckux yCIoBUi B EPUO/ )KU3HEACATEILHOCTH JPEBHUX JIIOJICH Ha
crosHke KapaBamxa 4 ObuM TpOBeNEHBl MHHEPAJIOTO-T€OXUMHUYECKUE M MAITMHOJIOTHYECKUE
HCCIIeIOBAaHMsI OTJIOKEHUH Ha yyacTke namsTHuka B Topdsiauke (KynekoBa u ap. 2015; Piezonka et
al. 2017). OTnoxxeHUs B HW)KHEH YacTH pa3pe3a MPEACTaBICHbl TOHKO3EPHUCTHIMHU IE€CKaMHU
AJITIOBUAJIBHO-03E€PHOI'0 T'€HE3UCA, B BEPXHEW YacTH pa3pesa 3ajJeraroT OpraHOreHHbIE OTIIOKEHUS
CTapuU4HOIo reHesuca. i1 XapakTepUCTUK U3MEHEHUsl YPOBHS BOJbl B BOJOEME HCIIOIb30BAIUCH
nokazarenn MnO/Fe;O3 — UWHIMKATOp OKUCIAUTENBHBIX YCIOBUH, SiObiog — HWHAUKATOP
IIPOAYKTUBHOCTH Bojoema. Jlius XapakTEepUCTUKM M3MEHEHMsS aHTPOIOI€HHON aKTUBHOCTH
MCTOJb30BAJIOCh 3HAYCHHE HU3MEHEHHA (ocaToB B OTIOKEHHSIX MO paspesy. JlaHHBIE TO
TeOXHMUYECKOMY COCTaBY OTJIOXKEHUN ObUIM 00paboTaHbl METOIOM MHOKECTBEHHOU KOPPETISIIMN:

1 rpymma BkIouaeT KOMIoOHEHThl, P>Os (Sr), KOTopble XapakTEepU3YIOT aHTPOIOTCHHYIO
aKTUBHOCTb. B OTIOXKEHMAX C TIOBBIICHHBIMH COACPKAHUSAMH 3TUX KOMIIOHEHTOB OBLIH
OoOHapy>KeHbl KOCTHBIE OCTATKH M apTe(aKTHI.

2 rpymma (ALOs, KoO, SiOz, TiO;), KOMIIOHEHTHI, BXOJSIINE B COCTaB aTOMOCHIIMKATOB
(TIMHUCTBIX MHUHEpAJIOB, KBaplia, MOJEBOrO IIMAaTa, CIIOJbl) U TUTAaHOMAarHeTuTa. JTHU JAHHBIE
MIOATBEPKIAI0TCS MUHEPAIIOTMUECKUMHU aHaau3aMu. M3MeHeHne 3TUX KOMIIOHEHTOB B OTJIOKEHUSIX
[0 pa3pe3y HUMeeT KOPpENSLUI0 C IUPKOHHEM (Zr), BXOIIIIMM, IJIaBHBIM 00pa3oM, B COCTaB
IIUPKOHA, W XapaKTepu3yeT IOCTYIUICHHEe OOJIOMOYHOTO TEPPUI€HHOI'O MarepHuaja B BOJIOEM,
OKHCIIMTEIbHO-BOCCTAHOBUTENbHBIC YCIOBUS OBUIM OIICHEHBI MO0 MHIMKATOPHOMY COOTHOIIECHHUIO
MnO/Fe>O3 u Bapuanusm (Zn). BomocOopHbiii Oaccelin o3epa Boxe chopmupoBancs mocie
VCYE3HOBEHMS TPUIETHUKOBBIX O3€p, Ha HX MECTE€ OCTABAIUCH pa3JIMYHbIE IO IUIOIIAIU
MEJIKOBOJIHBIE M TJIyOOKOBOJIHBIE KOTJIOBHHBI, B KOTOPBIX M OOpa30BAIMCh KPYIIHBIE O03€pa.
V3MeHeHne ypoBHS BOJABI B BOJOEMax, HPOIECCHl 3BTPO(UKAMM M 3apacTaHHE aKBaTOPUU
MEJIKOBOJIHBIX CTapUYHBIX 03Ep, YMEHBIICHHWE NPOAYKTHUBHOCTH OBLTH TJaBHBIM (aKTOPOM,
pEeryIupyIolUM pPACHPOCTPAHEHUE M 3aceleHHE 3TOW TEPPUTOPUU APEBHUMM PHIOOIIOBAMHU-
OXOTHHMKaMH 3I10XH HEOJIUTA.

MpmuorocnoiitHoe noceneHue Tyao3epo V pacrnosioKeHO Ha Kparo IEeCYaHOW KOCBI, KOTOpast
npoctupaercs Mexay oszepamu OHexckuM u Tynosepo. Teppurtopus 3anumaer [IpuoHexckyro
HU3HMHY U I0T0-BOCTOYHYIO 4yacTb Meropcko-AHaoMckoi Bo3BblieHHOCTH. [lamarnuk Tynozepo V
MPUYPOUEH K OTJIOKEHHUSIM 30JIOBBIX NIECKOB, 00pa3yIoUUX NMPHOPEXHbIE JIOHHbBIE TPSAbL, KOTOpPbIE
B CBOIO oyepenb COPMHPOBAIMCH HA TECYaHbIX MPUOPEKHBIX MOpckux Kocax (KympkoBa u mp.
2014). BepxHuii ypoBeHb HAIUIACTOBAaHMM IIOCENIEHUS BMELIAET KYJbTYpPHBIE CJIOM OT BIOXU
CPEIHEBEKOBBS JI0 Pa3BUTOrO HEOJHMTA C SIMOYHO-rpeOeHYaToil kepamukoil. OH OTIesIleH MOUTHOM
CTEpUIIBHON IIPOCIONKOM 10 1,5 M OT HXKHETO YPOBHSI HAIJIAaCTOBAHUM, BMEIAIOIIETO KyJIbTYPHbIE
CIIOM paHHEr0 HEOJIMTa M TO3JHEro Me3oiauTa. /[l XapakTepUCTHKM OTHOCHUTEIbHBIX
TeMIepaTypHbIX U3MEeHEeHUH OblM ucnoib3oBanbl Moaysu KoO/NaxO u Rb/Sr, koTopbie oTpaxkaror
U3MEHEHHE XMMHYECKOIO COCTaBa I10JIEBOLINATOBOM COCTaBIAIOIIEH B IPOLECCE H3MEHEHUs
TemneparypHoro pexuma. HWuaexc xumuueckoro BbiBeTpuBaHus (CIA) npumensics st
YCTAHOBJIEHUS! OTHOCHUTEIBHOI'O M3MEHEHHUS BJIAXKHOCTHU. I 30JI0BBIX OTJIOKEHUM B Ipoliecce
NepEeBEBaHUS U IEPEHOCa 00JIOMOYHOr0 MaTepralia MPOUCXOAUT COPTUPOBKA U IepepacipeieieHue
II0 Macce U yJIeNbHOMY BeCy 4acTHll. TOHKHE U JIETKUE YaCTHIIbl BBIHOCSTCS BETPOM, a TBEPAbIE U
TSOKENble HAKalUIMBAIOTCA. B OTIOXKEHMSAX HIDKHET0 TOPU30HTAa IpeodiafaeT TIpymma
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reoxumMuiecknx KoMmoHeHTOB (Si0z, TiOz, Fe;O3 u Zr), koTopbie BXOISIT B COCTaB KBapia, W
aKI[ECCOPHBIX MUHEPAIOB (WIBMEHHT, IUPKOH, PYTUI), YTO OBUIO YCTAaHOBICHO MPU UCCIIEOBAHUHT
MUHEPAJIOTUYECKOr0 COCTaBa OTJIOXKEHUH. IIpu BBIAYBaHMM BETPOM HPOUCXOAUT BBIHOC JIETKHX
YaCTHUI] U HAKOIJICHUE TsDKENbIX M OoJiee MpOYHbIX yacTuil. Kak mpaBuiio, Takue mpoueccs Ooiee
MHTEHCUBHO MPOUCXOJAT B CYXHX M MPOXJIAAHBIX KIUMATHYECKUX YCIOBHX. JJIs1 XapaKTepuCcTUKU
U3MEHEHUSI aHTPONOIC€HHOM AaKTHUBHOCTU MCIIONB30BAJICSA I10Ka3aTelb HW3MEHEHHUS COJAEPIKAHUS
docpatoB (P20s) B omiokeHusx mo paspesy. OTIOXKEHHUS C BBICOKUMHU IOKa3aTENsIMU
AHTPOIIOTEHHON aKTUBHOCTH, COOTBETCTBYIOLINE KYJIBTYPHBIM CIIOSIM YEPEAYIOTCS C OTIOKEHUSAMU
C HHU3KOW aHTPOIOr€HHON aKTUBHOCTBIO, YTO MO3BOJISET BHISIBUTH HEOIArONPHUITHBIC YCIOBUS IS
3aCEJICHUS CTOSHKH.

Ha ocHOBaHMM NOJyYEHHBIX MUHEPAIOr0-T€OXUMHUECKUX PE3YIbTATOB PA3IMUHBIX T'€HETHYECKHX
TUIIOB OTJIOKEHHH, CHOPMHUPOBABIINXCS B MIEPUOJ MTO3THETO TUICHCTOIICHA-TOJIOIICHA Ha KaXJIOU U3
MCCIICIOBAaHHBIX apXEOJOTMUYECKUX CTOSHOK, PACMIOJI0KEHHBIX B PAa3IMUHBIX reorpaMuecKux 30Hax
Ha Tepputropur Bocrtounoit EBpombl,  ObTM YCTaHOBJEHBI WHIMKATOPHBIE COOTHOIICHUS
KOMIIOHEHTOB WJIM I'PYII KOMIIOHEHTOB, OTPAXKAIOIIUX BIMSHUE NAICOKIMMATUUYECKUX YCIOBUM U
JPEBHEH aHTPOIIOICHHOM aKTMBHOCTM Ha IIPOLECC CeauMeHTOoreHesa. Ha ocHoBaHuMM 3THX
WHIWKATOPOB MOTYT OBITh YCTaHOBJICHBI CIEAYIOIIME MNAJICOKINMMATHUECKHE XapaKTEPUCTUKU:
otHocutenbHas Temneparypa (NaxO/K20; Sr/Rb), orHocuTensHas BinaxHocTh (CIA; Fe203/Ca0),
THJIPOJIOTMYECKHI PEXKHUM BOJIOEMA U €Tr0 MPOAyKTHBHOCTH (SiO2bi0g MNO/Fe203), mpotieccs 3po3un
(ZrO2/Al,03; TiO2/Alb03), cBsi3aHHBIE C BBHIMAJEHUEM OCAIKOB, U AHTPOIOTEHHAST AKTHUBHOCTH
(PZOSanthr CaO anthr)-

2. Ha ocnosanuu 0606weHuss 0aHHbIX MUHEPANO20-2e0XUMUYECKUX UCCTIE008AHULL OMIIOHCEHUL,
NOJNYYEHHBIX ~ HA ONOPHBIX MHO2OCIOUHLIX aAPXEON0SUHECKUX NAMAMHUKAX PA3IUYHBIX
JaHowagmuo-kiumamudeckux 30n Bocmounoii Eeponsi (cmenuoil u noiy-nycmulHHOU 30Hbl,
J1ecoO-CMenHoU, JAecHOU U MYHOPOBOL 30H), pPAOUOY2iepOOHOU U  aAPXeosocUdecKoll
nepuoousayul, YCManoseieHsl 2100a1bHble KIUMamuyeckue cooblmus, césa3anHble ¢ pe3Kumu
ovicmpuimu  kKpamkogpemeHHvimMu  uzmenenusmu kuumama (RCC) 6 eonoyene: 8200
calBP/6200 BC, 6300-5700 calBP/4350-3750 BC, 5450-4200 calBP/3500-2200 BC (4200
calBP/2200 BC) u 3200-2800 calBP/1200-900 BC, a makoce MmeHee 3HAUUMbLE
rkaumamuyeckue coovimus (7700-7600 calBP/5700-5500 BC u 7300-7200 calBP/5300-5200
BC) u ux c6a3b ¢ Ky1bmypHo-UCmopuieckumu mpanc@opmayuamu.

Cmennas 3ona. Ilamamuuku snoxu Heoauma-sueonuma Aneau u Opowaemoe 1.

PexoHCTpYKLMS KIMMATHYECKUX YCIOBUI (POPMUPOBAHUS OTJIOKEHUIM HAa MaMATHUKAX AJrai
u Opomaemoe (Hwxknee [loBomkbe) Oblla BBITOJNHEHA C TIOMOINBID METOAA TE€OXUMHUYECKON
WHMKAIUH [TPOLIECCOB 0CAIKOHAKOTICHHUS M COITOCTABIICHA C TAHHBIMH PATUOYTIECPOIHOTO aHATTN3a
u nouBeHHbIX uccnenoBanuit (Kulkova et al. 2019, Ovchinikov et al., 2020). Paguoyrnepoansie
JaThl, TONTYYCHHBIE JUIsI OPraHMYEeCKHX OCTaTKOB W3 KYJIBTYPHBIX CJOEB CTOSHOK Aurail u
Opormmaemoe (Vybornov et al., 2020; Kulkova et al., 2019; Ovchinnikov et al. 2020), moka3siBaroT
XPOHOJIOTHIO 3aCeJICHHs MaMATHUKOB. B HadanbHBIA NIEPHUOJ 3aCETICHHS CTOSHOK PEerHCTPUPYIOTCS
MpOXJIaHBIC U cyxue ycnoBus, okojo 8200 calBP/6200 calBC paiioHe pacnofiokeHus MaMsTHUKOB
Anrait u Opormnaemoe. [lociae 3TOro KIMMAaTHYECKOTO MEPHOJA, B OTIIOKECHHUSIX PETUCTPUPYIOTCS
MIEPBBIC CIIENIBI AHTPOIIOTEHHOW aKTUBHOCTH HA CTOSHKaX B mocnmemHwii sTanm wiu cpasy ke Mmoclie
OKOHYaHMS dTara CHIbHON apuIn3aluy KINMaTa, Ha naMsaTHuke OpoiraeMoe TOSIBISIOTCS TIEPBBIE
CBUJICTEILCTBA HOCHUTENICH OPJIOBCKOM HeonuTuueckoil KynbTyphl.. Oxono 8000calBP/6000 calBC
M0 JAaHHBIM TEOXMMHUYECKHX HCCIIECOBAaHUI MOTYT OBITh OXapaKTepU30BAaHBI, KaK TEIUIbIE U
YMEPEHHO BII&XHBIC. B OTJIIOXKEHHUSX O3TOr0 BPEMEHM Ha IMaMSITHHKE AJrail aHTpPOIOTCHHAS
aKTUBHOCTH HU3Kas. PacmpocTpaHeHne HOCUTENEH OpIOBCKON KyJIbTyphl Ha cTossHKe OpolraeMoe
otHOcHUTCs K mepuoxy 7900-7615 calBP/5900-5615 calBC. Ha crosiHke Anraii Hauano MOSIBICHUS
HocHuTenell 3toi KymbTypsl matupyercs 7800-7650 calBP/5800-5650 calBC. bnarompusitHbie
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YCIIOBHSI, KOTOPBIE XapaKTEpU3YIOTCSI HEKOTOPHIM IMOBBIIICHUEM BIAXHOCTH (HO OBLIM ele
JOCTaTOYHO CYXHMMH, [0 CPAaBHEHHUIO C COBPEMEHHBIM IEPUOJOM) MPOIODKAIUCH B 3TOM pailoHe
npumepHo 10 7500 calBP/5500 calBC. Hauunast ¢ 3TOro BpeMeHHu, IPOUCXOIUT CIEAYIOIINNA dTall
apuaM3anuu KimMara. Hocutenu paHHEro v CpejHero 3TaroB OpJOBCKOM KyJIbTYphI OSBISIOTCS Ha
namsATHUKEe Anraid B OMaronpusTHbIE KPaTKOBPEMEHHBIE IMEPHUOJbI, UYEPEAyIOIIHeCs CyXUMHU U
MPOXJIAJHBIMU YCJIOBUSAMHU, MaKCUMYM KOTOPbIX (ukcupyercs okosno 7050 calBP/5050 calBC. Ha
CTOSTHKE Aurail, mo JAaHHBIM T€OXMMHUYECKON WHAMKAIMHM, HAYaJl0 apuIM3allid PETUCTPUPYETCS
okono 7656-7566 calBP/5656-5566 calBC. Ilepumogom 7600-7470 calBP/5600-5470 calBC
JaTUpyeTcs MEepBBIH 3Tal OpJIOBCKOM KyJbTypbl. HeOomnbIioe yBennueHne BIaKHOCTH Ha CTOSIHKE
Adnrait  ¢ukcupyercs oxono 7350-7120 calBP/5350-5120 calBC. B cnosix 3TOro BpeMeHHU
¢uKcupyercss BBICOKAas AaHTPOIIOTEHHAs AaKTUBHOCTb. Hocurenu cpenHero sTama OpIOBCKOM
KyJIbTYpbl OTHOCATCSI K JTOMY Iepuoay. MakcuManbHas apuaM3alus KidMaTa ¥ Teruible
KJIMMaTUYEeCKUE YCIOBUSI PErHCTPUPYIOTCS B OTJIOKEHMUAX Ha mamsTHUKaX Anraid u Oporraemoe
okoso 7050 calBP/5050 calBC. B oTiioxkeHHsIX 3TOro BpeMeHU (pUuKcupyeTcst HU3Kasi aHTPOTIOTr eHHast
aKTUBHOCTh. YBEJIMUYEHHE apHIM3allMU KIMMaTa MPUBOAUT K MOJHOMY IOKUIAHUIO CTOSIHOK
HOCHUTEJISIMU OPJIOBCKOM KyJbTYpbl. Belaensercs atan cuipHOW apuau3anuu kiuMara okoso 7100-
7000 calBP/5100-5000 calBC. B paiione pacnonoxenust maMaTHUKOB Aunraii 1 Oporraemoe nepexon
K BJIQKHBIM M TEIUIBIM KIMMAaTHYECKUM YCIOBUAM (K KIMMAaTHYECKOMY ONTHMYMY) MPOUCXOAUT
nociie 7050 calBP/5050 calBC. Umenno B mepuoa 7000-6900 calBP/5000-4900 calBC nosiBisiroTcst
HOCUTENW IpUKacnuilcko KynbTypbl. Ha crosHke Aunrail, sTan NOSBIEHUS HOCHUTENEH
IIPUKACIIUIICKON KYyJIBTYphl IPOU3OLIEN TAK)KE BO BPEMsI BIAKHBIX U TEIUIBIX yCIIOBUH, 0koi10 6900-
6366 calBP/4900-4366 cal BC. 3To noctaTo4HO 0J1aronpUsTHBINA KITUMATUYECKUNA TEPHO, KOTOPBIN
CIOCOOCTBOBA  MPOJBWKEHUIO JIECOB 10 JOJMHAM pPEK Ha IOr M paclpoCTPAHEHHUIO
IIMPOKOJIMCTBEHHBIX JIECOB IO JAaHHBIM CIOPOBO-NIBLIBIIEBOrO aHanuza. Creayromuid srtam
apuau3anuy KuMaTa HadnHaetcs okoiio 6700-6500 calBP/4700-4500 cal BC. [lepuon apuau3aiumn
B CTENHOW 30HE TAaKXKe JaTHpPyeTcs IO JUTEpaTypHbIM HCTOYHUMKaM Ko BpeMmeHu 6500-6400
calBP/4500-4400 calBC (bonmuxosckas, 2011). Ha namstauke OpolraeMoe MOsIBJICHUE HOCUTENEH
XBaJIBIHCKOH KYJIBTYpbI OTHOCHTCS K iepuoy 6700-6300 calBP/4700-4300 calBC, 3To npoucxoaut
B KOHIIE 3MM30/a CHJIBHOHN apuau3anuu. B OTI0XKEHUSAX 3TOro Bo3pacta (GUKCHUPYIOTCS BBICOKHE
3HAYEHHs aHTPONOTEHHBIX MHMKATOPOB M ObLIM HalJeHbl ocTaTku apTedakToB. Hawano pazBurtus
XBaJIBIHCKOM SHEOJIMTHUECKON KYJIBTYPbI CBA3aHO C TIEPHUOJIOM YIIYUIICHUS KITUMAaTUYECKUX yCIOBUN
B 30He cTeny. OHUM U3 BaXKHBIX KJIMMAaTUYECKUX MIOKa3aTeNel B CTETHON 30HE SBIISIETCS BIAKHOCTh
U Takoil mokaszaresib, Kak KO3()(UIIMEHT YBIaKHEHHs, OTPaXKaeT COOTHOIIEHHE Terja M BJard u
OTIpeJieNIIeT HaIpaBleHHEe M WHTEHCUBHOCTH OOJBIIMHCTBA MPHUPOTHBIX MPOIECCOB U PAa3BUTHUS
naHamagdToB.

Jleco-cmennas 30na. Muozocnotinas cmosauka /Joopoe 9 (Cpeonee I[looonve)

OTIIOKEHHMSI CEpOro  MEJIKO3EPHUCTOIO QJIEBPUTA, KOTOPBIM OTHOCUTCA K HIKHEMY
KYJIbTYpPHOMY CJIOIO, C apTe(pakTaMu SMOXH HEOJIUTa (CPEIHETOHCKOMN KYIbTYPbl) CHOPMHUPOBAIHCH
B IEpeXoAHbIN nmepuoa, okono 7317-6839 calBP/5317- 4839 calBC (CmonbsnuHOB U n1p. 2020).
MOXHO TPEeANoIIOKUTh, YTO HIKHUN KyJIbTYPHBIN CIIOM ObUT cPOPMUPOBAH B NMEPEXOAHBIN ATaIl
OT IPOXJIAJHOTO KJIMMara K TEIUIOMY M BJIAXXHOMY M OTHOCHUTCA K CTaAMM ATIAHTUYECKOTO
MakcumyMa. O0uime apxeozooMaTepuala CBHJETEIbCTBYET O Pa3BUTOM IpoMbIcie. Bumosoit
COCTaB HAaxOJOK TOBOPHUT, O pa3BUTHUU JIECHOM pacTUTENbHOCTH. B mepuon pasButus
ATIaHTHUYECKOTO KIMMaTHYECKOTo ontuMyma rojoueHa okoso 5000 net no H.3. (CiupuaoHOBa,
1991) na Teppuropun Bepxuero JloHa ¢opmupyercst jneco-cTenb. Tperuil stam pa3BUTHSA
CPEIHENOHCKOM KYJBTYpBl IO apXEOJOIMYECKMM JaHHBIM OTMEUEH KaK BPEMS YCTaHOBJICHUS
KOHTaKTa HEOJUTHUYECKUX KYyJIbTYp C DHEOJUTHUECKUM HaceneHueM tora. Ha teppuropun
Bepxnero JloHa mpouCXOAUT MEpexo]] K HECTAOMIIbHBIM YCIOBHUSM, UYTO TAKXKE MOXKET CIYXHUTb
¢u3uKo-reorpadMuecKoil MPUUYMHON TOBBIIICHHS HHTEPECA IOKHOTO HACEIIEHUS K CEBEPHBIM
TEeppUTOpUAM Oojiee OOraThIM MPUPOTHBIMHU pecypcaMu. TeMHO-KOPHUYHEBBIN aeBPUT OTHOCUTCS
K BEpXHEMY KyJIbTYPHOMY TOPU30HTY, B HI)KHEH YaCTH OTJIOKEHHH KOTOPOTo, ObLITH 0OHAPY>KEHBI



24

apTedakxThl JIbAIOBCKOH M CPETHECTOTOBCKON KyJIbTYphl. I10 JaHHBIM T€0XUMHUYECKOW HWHIAMKALIUN
OTJIOKEHHUS XapaKTEPU3yeTCsl BBICOKOW AaHTPOIIOT€HHON aKTHUBHOCTHIO, OBbLIM C(HOPMUPOBAHBI B
YCIOBHSIX BIAXKHOTO U TEIUIOTro KiuMaTa. OTIOXKEHHs ¢ HaX0AKaMU OPOH3BI B Mpe/Ieax BEPXHETO
KyJIbTypHOTO 1051 tatupyercs no rymycy 3900-3500 calBP/1886-1498 calBC u koppenupyroT 1o
KJIMMaTHYeCKUM XapaKTepUCTHKaM ¢ HaudanoMm mno3faHero CyOOopeana, YTO XapaKTepH3yeT, B
LIEJIOM, KIMMaTHYECKUE YCIOBMS, KaK OTHOCUTEIbHO BIAXHbIE M TeIUIble. [[1s1 3Toro BpeMeHu
XapakTepHO Yyke pa3BuTHe JecoctenHoro manamadra (bomuxosckas, 2010) wa paHHOU
TEPPUTOPHUH.

Jlecnas 30na. Cmosauka 3amocmoe 2 (3noxa me301uma-Heoiuma)

Ha o3epHO-TOpQsIHUKOBOI CTOsTHKE 3aMOCThe 2 Hauasio (OPpMUPOBAHUS O3€PHBIX OTIIOKEHHIMA
oTHOcUTCcs K OopeambHOMy mepuoay (Lozovskaya et al. 2020). B 310 Bpemsi mo JaHHBIM
I€OXMMUYECKUX HWHAMKATOPOB KIMMATUYECKUE YCIOBUS MOXKHO OXapaKTepU3OBaTh, Kak
npoxJiagHbie (HeBbIcOKUE 3HaueHus cooTHomeHni K>O/Na,O u Rb/Sr) u cyxue (Hu3Kkue 3HaUCHUS
MHJIeKca XuMHu4yeckoro BeiBeTpuBaHus CIA), puKcHpYIOTCS cliefbl aHTPOIIOT€HHON aKTHBHOCTH.
Otnoxxenust OblIM  CHOPMHUPOBAHBI B YCIOBHUAX TPAHCIPECCHMM B MEJIKOBOIHOM, XOPOIIO
a’pUPYEeMOM BOJIOEME, PETUCTPUPYETCS OOOTalleHUEe OTIOXKEHUA JETPUTOBOW OPraHOTCHHOMN
COCTABJISAIOUICH (BKIIOYEHUSI OCTATKOB PAKOBMH) M YBEIMYCHHE I'€OXUMUYECKUX HHIUKATOPOB,
XapaKTepU3YIOIIUX OKUCIUTENIbHBIE YCIOBHS B BoJoeMe. B 310 BpeMs 03epo mpeacTaBisier cooon
OTKPBITBINA, XOPOIIO a’3pUpyeMblii BojoeM. Kiumar MOXKHO 0XapaKTepH30BaTh, KAk MEPEXoia K
0oJiee TETUTBIM U BJIAXKHBIM YCIOBUSAM. DMU30]], KOTOPBIH SPKO (PUKCHUPYETCS B OTIOKECHHUAX, ITO
noxojofanue knmumara okoso 8200 calBP/6200 calBC. B 3ToT nepuo/ mpoucXoauT yMEHbIICHHE
YPOBHS BOJIBI B BOJIOEME IO TAHHBIM T€OXUMHUECKUX HHIUKATOPOB. AHTPOIIOT€HHAss aKTUBHOCTD
BBICOKasi, YTO COOTBETCTBYET PA3BUTHIO (PUHATBHO ME30JUTHYECKHX KYJIbTYp Ha 3TOM YyYacTKe.
JlanpHeliee MOTenjIeHne U YBEeJIHUEHHE BIAXKHOCTH KIIMMaTa OTMEUeHo B nepuog 7661-7167 cal
BP/ 5711-5217 calBC. Ilpoucxoaut mocTerneHHOe 3apacTaHue OeperoB ozepa. B 3ToT mepuon
OTMEYEHO 3aCEJICHHE CTOSHKA HOCUTENSIMH HEOJIUTHUECKUX KYyJIbTyp (BEpXHE-BOIDKCKOM
HEOJIMTUYECKON KyJbTypoil). IlocTemenHoe 3apacTaHuMe O3€pHOrO BOJOEMa, KOTOpoe ObLIOo
HEHAJIONTO MPEepPBAHO TPAHCIPECCHEN B KOHIIE ATIIAHTHYECKOro mepuoja (Mo JaHHBIM CHOPOBO-
IBUIBIIEBOIO aHAM3a) BEIET K OKOHYATEIbHOMY OOMENIEHHIO 03epa, KOTOPOE PETUCTPUPYETCS B
cyOOopeanbHBI MEPUOJ M3-32 YEro 3aCeIeHUE ITOTO y4yacTKa ObUIO OKOHYATENBbHO IMPEPBAHO.
[lepuonuueckue koneOaHUs YpPOBHS BOABI M OEpEroBoil JHMHUM W3MEHSUIM PACHOJIOKEHHE
MOCeJIeHU B OeperoBoi 30HE JpeBHEro Bojgoema. [ljiss MeCTONOJIOKEHHUS! CTOSHOK (PMHAIBHOTO
ME30JITa, HAmpUMEp, BBIIENAIOTCA YYAaCTKH OSKMUJIBIX MM  XO3SHCTBEHHBIX IUIOMIAMIOK,
PAacIioyIoKEHHBIX Ha MBICOBOI yacTu O6epera, 4To MOTJIO POUCXOJUTh B SMU307 TOXOJIOAHHS ITPH
YBEJIIMYCHUU CYXOCTH M YMEHbIIEHHH YpOBHS Bonbl okosio 8200-8000 calBP/6200—-6000 calBC.
DTOT y4acTOK MPOJOJDKAI MHTEHCUBHO 3aCEISThCS YK€ B 310Xy PAHHETO HEOJIUTAa MEPBOro ATara
BEPXHE-BOJDKCKON KyIbTyphl (76617167 calBP/ 5711-5217 calBC). JlanpHeiiee yMeHbIIICHNE
ypoBHs BoJbl B Bogoeme okosio 3900-3500 calBP/1893-1506 calBC mpuBOAMT K mepephiBy B
0CAIKOHAKOIIJICHUH ¥ U3MEHEHUIO THPOJIOTHIECKOTO PEXUMA.

Jlecnas u maexcuas 3oua. Oxma 1 u Ilooonve 1 (3noxa Heonuma-panne2o memania)

Ha mamsarauke Oxta 1 (Kulkova et al. 2012; Kulkova et al. 2014; Kulkova et al. 2016;
Ryabchuk et al. 2016; Camenko u ap. 2019; Gusentsova and Kulkova, 2020), mpoBeneHHbIE
UCCIICIOBAHMsI  TO3BOJISIIOT  PEKOHCTPYHMPOBATh YCIOBHS 3aCEJNEHUS JIPEBHUM HAacEJICHUEM
tepputopun OXTHHCKOTO MbIca, Ha mobepexne ApeBHEero JInTopuHOBOro Mops (oaHa M3 cTaauid
coBpeMeHHOU bantukn) HaunHas ¢ smoxu HeonuTa. [locie oTcTyIuieHus BOpl, ociae MaKCUMyMa
JIuTOpHHOBOM TpaHCTpeCCHUH, KOTOpasi OTMeuaeTcs: Ha ydacTke okono 8400-7610 calBP/6459-5666
calBC, npoucxoaut GpopMupoBaHue NpuOPeKHON KOCHI B 30HE JIaryHbI, KOTOpasi ObUIa OTJeNeHa OT
Mopsi, Tak Ha3biBaeMol JIurosckoii kocoit (Ryabchuk et al., 2014). B nauane perpeccuBHoii cTaauu,
nocie 7600 calBP/5660 calBC naryna, xoropas pacronarajgach B BOCTOUHOM 4acTH JIMrockoi
KOCBI, IEPUOANYECKU COEIUHSIIACKH ¢ JINTOPHHOBBIM MOPEM uepe3 MPOJIUB B IIpeeax COBpPEMEHHON
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nomunbl p.Hesol. Ilocne perpeccun JlutopunoBoro mopsi okoio 6200 calBP/4200 calBC,
npuOpexHas 30Ha MEJIKOBOJHOTO 3ajJMBa YAaCTMYHO Obla OTAEJICHAa OT MOpsS NEeCuyaHOW KOCOH,
KOTOpas B JanbHeiIeM Obuta mpeodpasoBana B OXTUHCKHM MbIc. LleHTpanbHas yacth OXTHHCKOTO
Mbica okomo 5500 calBP/3550 calBC mpencraBnsiia co0oil  BEPXHIOIO TOYKY MBICA,
BO3BBILLIAIOIIETOCS HAJ| BOJOK.

Haubonee panHue paguoyriepogHble AaThl, OTHOCSIIUECS K Hadally MOSBJICHUS IPEBHErO
genoBeka Ha y4acTke OXTHHCKOTO MbICa, OTHOCSTCS K mepuoay or 6164-5633 calBP/4164-3633
calBC. B 3TOT mepuox MOSBISAIOTCS HOCUTENIN SMOYHO-TpeOeHuaTol KyinbTypbl. OTIenbHbIE
(bparMeHThl PAHHEHEOJIUTUYECKON KEPaMUKU KYJIbTYPbl CHEPPHHIC TaKXe ObUIM BCTPEUYCHBI Ha
namsATHHUKE. BeposTHO, B 3TO BpeMs 3/1€Ch MOSBIISETCS MEPBOE MOCeNIeHHe, KOTopoe (hopMUpyeTcs
Ha 0CBOOOKJCHHOM mocine JINTOpUHOBOI TpaHCTPEeCCHH OT BOABI TeppuTopuH. KynbTypHbIi cioi
OTHOCUTCSL K TEPUOJAY CPEIHEro HEOJHMTa, YTO MOATBEPXKIACTCS ITaHHBIMH PaJAUOYTIIEPOJHOTO
natupoBanus 6066-5495 calBP/4066-3495 calBC u apxeonorumueckum MatepuanioMm. OctaTku
MaTepUaAIbHOW KYJIbTYPBl CBHUICTEILCTBYIOT, YTO MpHUOpEXHas JaryHHas MEJIKOBOJAHAs 30Ha
MCIOJIb30BaJIach isl pbI00JIOBCTBA M 0XOTHI. [lepuonnyeckne n3MEeHEHUs: YPOBHS BOJIbI B Oacceiine,
CBSI3aHHBIE C M30CTATMYECKUM TIIOJHSATHEM CYIIM B 3TOT MEPHOJ, OKa3bIBaJM BIUSHHE Ha
¢dbopmupoBanue Mukpopenbeda necuanoi kocel. Oxosno 5500 calBP/3500 calBC ypoBeHb BOAbI B
3aJIMBE TIOHMKAETCSI M OPMHUPYETCs CUCTeMa MENKOBOIHBIX pedek U nmpoTok (Kulkova et al. 2014;
Kulkova et al. 2016, Ryabchuk et al. 2016). 310 Bpemst yxXyameHus: KIMMaTHYECKUX yCIOBUH.

Cnenyrouuii mogbem Boasl B bantuiickom Mope ormeuaercs okono 5450-5050 calBP/3450-
3050 calBC. DT0 ormewaroT u npyrue uccienoparenu (Berglund et al. 2005; Harff et al. 2011).
Knumarndeckue ycioBUST M3MEHSIOTCS B CTOpPOHY OoJyiee BIIQXXHOTO W TeIUloro kinumara. Ha
no0epekbe METKOBOAHOr0 3aJInBa OXTUHCKOT'O MbICA TOSBIISIIOTCS OCTATKU KMIIBIX KOHCTPYKIUHA U
norpeGeHni, OTHOCAILINXCS K SMO0Xe MO3THEr0 HEeOJIUTa-IHEeoNInTa. Pa3nuyHble TUIBI 1ePEBSIHHBIX
KOHCTPYKUHUH OBLIIH COOPYKEHBI B TPUOPEKHOM, MEPHOAMYECKH 3aTOILUISIEMO 30He. OCTaTKU KUIIBIX
30H, Cpeay KOTOPBIX OTMEYAIOTCS MecTa OOpabOTKM KaMHsS — HYKJICYChl U CKOIUIGHUS OTXO/OB
KaMEHHOTO CBhIphbsi, BKJIOYas MEJKHE OTIIenbl; HuiMpoBaabHbIe IUIMTKH, abpa3uBel. Ha
BO3BBIIICHHONH 4YacTH MbIca ObUIO OOHApY>KEHO JBa MOrpeOEHUsT ¢ KOCTHBIMH OCTaTKaMu U
SHTApPHBIMH yKpameHusMu, gatupyembix 5300-4700 calBP/3300-2700 calBC (Kulkova et al. 2015;
Kulkova et al. 2012)

Oxono 4700-4200 calBP/2700-2200 calBC mpoucXoIuT H3MEHEHHE KIMMAaTHUYECKUX M
THJIPOJIOTMYECKHUX YCIIOBHM. BBy HaliieHbl OCTaTKM 3110XU OpOH3BI (KOHEL 2-T0 — Havana 1-ro ThIc.
710 H.3.), KOTOpBIE IPEICTaBIICHBI OTACIbHBIMU (pparMeHTaMu HIHYPOBOM kepaMHuKH. CyIeCTBEeHHbIE
M3MEHEHHs B majeoreorpaguu Ha paccMaTpuBaeMO TEPPUTOPUH OBUIH 3apPErHCTPUPOBAHBI OKOJIO
3500 calBP/1500 calBC. B 310 Bpems mpoucxomuT (opMupOBaHHE AEIBTHI PEUHOW CHCTEMBI,
BIIAJAIONICH B MEJIKOBOJIHBIH MOpCKOM 3anuB. OTIOXEeHHS ObUIM HMHTEHCHBHO MEPEMBITHL
AHTpONOreHHas: aKTUBHOCTh HU3Kasl, YTO MOJATBEPXKAACTCS OTCYTCTBHEM HAaXOJOK MaTepHabHOU
KyJbTypel. DOpPMHUPOBAHHE OTIOXKEHUH, CBA3AHHBIX C TPOPHIBOM U oOpa3oBanuem p.Hesbl
otHocuTcs K nepuoay 3639-3128 calBP/1639-1128 calBC (Kulkova et al. 2014; Kulkova et al. 2016).
[Tocne popmupoBanus AeIbTOBBIX HaHOCOB 0KoJI0 2800 calBP/800 calBC npoucxoaut crneayromui
ATaIl 3aCEJIEHUS MbICA YK€ B 310Xy PAHHET0 JKEJIE3HOT0 BeKa. DTH 3Tarbl HIUTIOCTPUPYIOTCS CXEMON
panuoyraeponHbIx AaT (puc.6), MOJYYEHHBIX IO Harapy Ajsl pa3jMyHbBIX TUIIOB KEpaMHUKH Ha
namsaTHuKe OxTa 1, 00paboTaHHBIX MeTo0M baifecoBOii cTaTHCTUKU C MOMOIIBIO KaTHOPOBOUHON
nporpammsl OxCal 4.4.
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Puc.6. Pacnpedenenue paouoyenepooHvlx 0am, NoIy4eHHbIX N0 Ha2apy OJis PA3IUYHBIX MUN08
kepamuku Ha namsamuuke Oxma I memooom Batiecosoii cmamucmuxu (OxCal 4.4.).

MpHuorocnoiinas crosHka I[logonbe. I'eoxumudeckue NaHHBIE YKa3bIBAIOT HA IIOSIBICHUE
AHTPOIIOTEHHOT0 CUTrHajia B TOp(AHBIX oTiIoKeHUsIX Ha ydactke [lomonse 1 (Gusentsova, Kulkova
2020). Ha mobGepexbe IpeBHETO KaHAIA-MPOTOKH, Bmajaromie B Jlamoxkckoe o03epo, ObuH
MIOCTPOEHBI IEPEBSIHHBIE PHIOOJIOBHBIE COOPYKeHUs. PaquoyriepoHbie qaThl Ui IEPEBSIHHBIX CBal
— 5350-5135 calBP/3350-3135 calBC (Gusentsova, Kulkova 2020). Ctuns pbsIiOOJIOBHBIX
KOHCTPYKLIMH OIMHAKOBBIA co cTosHKOM OxTal, pacroyiokeHHOH B MPUOPEKHONW 30HE JIAryHBI
npeBHero bantuiickoro mopst B 3T0 TOT e nepuon (I'ycenmoBa, Copokun, 2012). PriGonoBHbIe
JOBYIIKM OBUIM CHENaHbl M3 KOJBILIKOB M TOHKMX Najiouek. PaguoyriepojHble TaTHPOBKH
JICPEBSIHHBIX KOHCTPYKIHH Jexxatr B uHTEepBaie 5350-4750 calBP/ 3350-2750 calBC (Gusentsova,
Kulkova 2020). ['muHsHBIE COCY/IBI UMEIOT aHAJIOTHH ¢ KepaMHuKoi koHua IV - nepsoit monosuns! 111
ThicsiueneTust ctodHk Oxrta 1, crossHkum OpoBHaBonok XVI B Kapenuu (OKynsauxos, 1999), c
KepaMuKoil BojocoBckoro tuma u3 Bepxnero IloBomkps. Cocyl C BKIIOUEHUSMH DPAKOBHHBI
natupoBaH 5695-5385 calBP/3695-3385 calBC m mmeer aHalOruio ¢ KepaMHUKOW W3 TOPOJUIIA
Momnona-1 B Bocrounom Ilpuonexse (Gusentsova, Kulkova 2020). Pagmoyrmepomnas nara
KepaMUK{ acOECTOBOTO THIIA HAa 3TOM MAMITHUKE COOTBETCTBYET Bpemenu 5715-5483 calBP/3715-
3483 calBC. Ilo3agusst siMHas KepamukKa M acOecToBas KepamHKa ¢ mnamsiTHHKa KUpUKkH B
OuungHauu uMmeroT ToT ke Bo3pacT (Carperlan, 1979; Pesonen, 1999). B HmxkHell wactu
AJIEBPUTOBBIX OTJIIOKEHUH OOHAPY>KEHBI HAXOAKH KYJIBTYp MO3/JHEr0 HEOJMTAa - PAaHHETro MeTajia
(Gesentsova, Kulkova, 2020). Ha necuanom Oepery pacrnojiaraiuch COOpy>KE€HHsI, OCTaTKU KOTOPBIX
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MOKa3bIBAIOT, YTO OCHOBHAs XO3SWCTBEHHAs CTpaTerHs B 3TO BpPEMs, Kak W B IEPUOJ PaHHETrO
HEOJIUTA, SBJISUIACH PHIOOJIOBCTBO M 0x0Ta. CIIEMyIOUIHA 3Tal OTIOXKEHHS CEpPbIX CYTIIMHKOB, IO
TCOXUMHYECKAM JaHHBIM, MPOHCXOAWIT B YCIOBUSX IOBBIILICHHS YPOBHS BOJBI M TEpexoaa K
XOJIOJTHBIM YCJIOBHSIM. [1OBBIIIIEHHE YPOBHS BOJIBI CTAJI0 MPUYMHON OBTOPHOTO pa3MbIBa BEPXHETO
KyJbTYpHOTO cJosi. OKUCIIUTEIbHBIC YCIOBHS B BOJOEME, KOTOPBIH C(HOPMHPOBAICS B TEPHOJ
TPaHCTPECCHH, MO0 TEOXMMHUYECKUM JIaHHBIM, OBUIM TaK)Ke MOJITBEPIKICHBI TMATOMOBBIM aHAIH30M.
B 3THX CII0SIX TOSBIISIOTCS THITMYHBIE IS 3TOTO Ieprojia tuaromen u3 Jlanoxckoro ozepa (Carenko
u ap. 2019). Hauano Jlapoxkckoit Tpancrpeccun npowusonuio mnocie 4000 calBP/2000 calBC, uro
MIPUBEJIO K 3aTOIUICHHUIO NAMATHHKA U HACEJICHUE MMOKUHYJIO 3TOT YYacTOK.

Jlecnas 30ona. Cepmetickuil apxeono2uieckuii MUKPOPe2UoH.

[To naHHBIM T€OXMMHUYECKUX WHAWKATOPOB OBUIM MPOBEAEHBI AETANbHBIE PEKOHCTPYKLIHU
JaHIAa(THO-KIMMATHIECKUX H3MEHEHN Ha TaMATHUKAX, PACTIOIOKEHHBIX Ha TOOEpEkKbe APEBHUX
o3ep Cepreiickoro 6acceiina (Kulkova et al. 2015; Kulkova et al. 2016; Kulkova et al. 2018). B
nepuon 12000-9200 calBP/ 9850-7430 calBC, B 1iesiom, KTuMaT MOKET OBITH OXapaKTEpU30BaH Kak
npoxJjaaHbld U cyxoi. O3epa B 3TOT nepuo ObUTH IITyOOKOBOAHBIMH, MPOIYKTUBHOCTH BOJOEMOB
Bbicokas. Okono 10000 calBC B 03epHBIX OTJIOKEHUSX MOSBISIOTCS 3JIEMEHTHl aHTPOIIOTEHHOTO
xapakTepa. B 3ToT jxe mepuon, mo-BUAMMOMY, Ha O0OpTaX KOTJIOBHH IMOSIBISIOTCS MEPBBIE CTOSHKH,
oTHoOcAIIMecs K Me30iuTy. OcTtaTku apTe(akToB ME30JIMTHUECKOr0 00IHMKa ObUTH OOHAPYKEHbI Ha
Oeperax JIpeBHUX 03€p.

ITepuon 9200-5000 calBP /7430-3100 calBC. Makcumym perpeccuul B o3epax (pUKCUpyeTcs
okono 8300 calBP/ 6397-6229 calBC. KiumaTt B 3TOT mepuoja CTaHOBHUTCS 0ojee BIIAXKHBIM U
TeribIM. [IpogyKTUBHOCTH B 03€pe yMEHbIaeTcs. AHTPOIIOTEHHOE BO3JEHCTBHE HAa SKOCHUCTEMY
yMmenbmiaercs. I1o apxeonornyeckuM JaHHBIM Kakue-THOO MaMSATHUKH 3TOr0 MepHoja He Obuin
HaiieHsl. BeposATHO, MIOTHOCTH MOIMYJSALUN HACEICHUS YMEHBIIACTCS MM OHO OTCYTCTBYET.
[TosiBneHMe TIAMHSIHOW MOCYBI CPEeay IUIEMEH CEeBEpO-3amajia OTHOCUTCS K MEPHOY OKOJo 7748-
8413 calBP/6500-5750 BC. Otu namsaTHUKH ObLITH 00beqHEHBI B CepTeCKyI0 KyIbTypHYIO TPYIITY
Oxomo 8000-7700 calBP/6000-5700 calBC peructpupyercsi yBeauueHHe yPOBHs BOABI B BOAOEMaX.
Knumar cTaHoBUTCS CyXMM M MPOXJaAHbIM. I[IpOJyKTHBHOCTH B BOJOEMax YBEIMYMBACTCH.
AHTpONOreHHas Harpy3ka Ha BOJOEMBI YBEIMYUBAETCS. DTO, BEPOATHO, MOXKET OBITh CBS3aHO C
YBEIMYEHUEM TUIOTHOCTH TOMYJISIIIUHA HAaceJIeHUsI B MUKpopernoHe. [locenenus cpeaHeii u no3aHen
(a3pl cepTecKOi KylIbTypbl PacHoOaralich Ha BBICOKMX OCpEroBbIX CKJIOHAX O3EPHBIX KOTJIOBHH.
YMeHbIIIeHHE YPOBHS BOJIBI B 03epax MHUKpoperuona ¢pukcupyercs okono 7500-6500 calBP/5500-
4500 calBC. Knumar B 3TO BpeMsl CTAaHOBUTCS TEIUIBIM U BIaXHBIM. O3epHasi MPOJyKTUBHOCTh
YMEHbIIAeTCsl. AHTPOIIOI€HHOE BIMSHUAE HAa BOJIOEM YBEIHUYMBAeTCsA. B 3T0 Bpemsi B mpuOpeKHBIX
YacTAX 03€p MOSABISIOTCS MOCEIEHUS PYAHIHCKOM KYJIBTYPbI, KOTOPBIE COUETAIOT B ce0e KyJIbTypHBIE
MECTHBIE TPAJUIUH U TPATUIIMUA HAPBCKOM KyIbTypbl. Oxoso 6500-5500 calBP/4500-3500 calBC B
BojloeMax  ¢uKcupyercss TpaHcrpeccus. Kimmar mpoxmamHelii  u BiaxkHeld.  O3epHas
MPOAYKTUBHOCTh YBEIMUMBACTCA. AHTPOIOreHHas Harpy3ka Ha BOJIOEM yMEHbIIaeTcs. B naHHoM
peruoHe HabJII0JaeTCs PE3KOE COKpAIllEHUE KOJIMYECTBA MOCETICHUN, BO3MOXKHO, 1aXKe, YTO B IEPUOJT
MaKCUMaJIbHOTO TIOJb€Ma YPOBHS BOJBI B 03€pax pacCMaTpPUBAEMBIH apXeOJOTUYECKUN
MUKPOPETHOH ObLT HEOOUTaEM.

[Tepuon oxomno 5100-2600 calBP/3100-410 calBC. Perpeccust B BogoemMax HaCTYIAET OKOJIO
5100-4700 calBP/3100-2700 calBC. Ha ¢one Termoro kimmara perucTpUpyercs yYMEHbIICHHE
BIaXKHOCTHU. JIUTOpanbHast yacTh 03ep 3apacTraer, o3epa npeBpamiaorcs B 6oiota. [IpogykTHBHOCT
03ep pe3Ko yMeHbIIaeTcs. Mi3MeHeHus oKpykaromeil cpesipl, o-BUJUMOMY, IPUBOT K MOSIBICHUIO
HOBBIX (opM TOCTpoek. B mpuOpexHON dYacTh 3a00JI0UYEHHBIX O3€p MOSBISIIOTCS CBaiHBIC
MOCTPOMKHU YCBATCTKOW KyNbTyphl. ClieAyromias TpaHcrpeccuBHas (a3za B BogoemMax (UKCHUpPYyeTcs
oxono 4000-3700 calBP/2283-1685 calBC. Knumar B 3TOT epro]; CTAHOBUTCS HEMHOT'O XOJIO/IHEE,
okoso 3700-3600 calBP/1700-1600 calBC ¢uxcupyercsi yBenudeHue cyxocTd. B aTor mepuox B
MUKPOPETHOHE Ppa3BUTHl CBAHbIE TIIOCETCHUS JKIKHUIIKOW M CeBEpO-0eloOpycCKOil KyJIbTyp.
AHTpONOTeHHas Harpy3ka HEMHOTO YMEHBIIAETCS 1O CPABHEHUIO C MPEIBIIYLIIUM IEPUOJIOM.
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CBaiiHble oceIeHNs 3aTaIUIMBAIOTCS BOJIOM, M HACEJICHHE MTEPEHOCUT IIOCEJICHUS Ha OCTPOBa 1 OoJiee
BBICOKHE YYacTKH OeperoB o3ep, rie ObIM OOHApy>KEHBI MOCENEHUS Y3MEHCKOW KyJbTypbl. B
nepuon okoso 3400-3100 calBP/1400-1100 calBC ypoBens B 03epax ymenbliaercs. Kimmar B 30T
MEPUOJT TETUIBIN, BIAKHOCTh HEMHOT'O YBEIMUYUBACTCSA. AHTPOIIOTEHHOE BO3/CHCTBHE HA BOJOEMBI
yBenuuuBaercs ((uHaI y3MEHCKON KyIbTYpHhI).

[Tepuon, HagaBmmiics okomno 2600 kaun. et Hazax Okono 2600 calBP/600 calBC nabmronaercs
MOXOJIOJJAHUE W YBEJIWYCHHE BIAKHOCTH B H3yYaeMOM pETMOHE, B BOJOEMax OTMEYaeTcs
TpaHCrpeccus. AHTPOIOreHHOE BIIMSHUE HAa HKOCHCTEMY YMEHBIIAETCS, OCTATKOB IOCENCHHH
panneit J{Henpo-/IBUHCKON KyJIBTYPHI B 3TOM PETHOHE HE ObLIO HAaliACHO.

Puc. 7. Xpononozusa nanowagpmuo-krumamuieckux coobimuil U apxeonro2uieckux Kyivmyp 8
eonoyene 6 patione Cepmeitickoti oonunsl (Kyivkosa, 2012).
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O3epo Kamviuwosoe u nocenenue [Jeomap [

B pernone Kanuaunrpaackoit o6acTu, B 03€pHBIX OTIOKEHUAX KaMbIioBoe, HIDKHSS Mayka
oTnoXeHui mnpencrabieHa riuHucToW THTTHEH (12183 calBP/10183 calBC). Ilo maHHBIM
reOXMMHUYECKOTO aHajln3a Hapsay C BBICOKMM COAEP)KaHUEM TEPPUTCHHOW COCTaBIISIOIIEH B
OTJIOKEHUAX MOXXKHO OTMETUTHh YBEJIIMYECHHE KapOOHATHON COCTABISIOIICH AJIS 3THUX OTIIONKECHUU.
Knumarndeckue ycaoBHs MOKHO 0XapaKT€pPHU30BaTh, KaK MPOXJIaTHbIC U CyXUE, YTO COOTBETCTBYET
npebopeasbHOMy Tepuoay. BoroeM CTaHOBUTCS MPOTOYHBIM, YCTaHABIMBACTCS OKHUCIHTEIbHAsS
cpena. DuUKCHPYIOTCS HEOONBIIOE TIOBBIIIEHHE MPOAYKTUBHOCTH BOJOEMa IO JIAHHBIM
Te€OXUMUYECKUX MHIUKATOPOB, YTO COBIAJAET C Pa3BUTHEM JHMATOMOBBIX BOJOPOCIIEH.

Hakoruienne kapOonatHbeix ruttuii (9830-5833 calBP/7830-3847 calBC) xapakrepusyercs
yBenuueHueM cojaepxkanusi opraHuku (LOIso°c), OmoreHHOro kpemHe3emMa H KapOOHATHOM
cocraBistonieil (LOloso°c), 4TO CBUAETENBCTBYET O NEPEXOJE K BIAKHOMY M TEIJIOMY KIUMaTy U
COOTBETCTBYET ATJIaHTHUECKOMY Tiepuoy. MI3MeHeHne ocaKOHAKOIIICHHUSI PETUCTPUPYETCSI OKOJIO
8200 calBP/6200 calBC. T'eoxuMuyeckne WHAMKATOPHI PErHCTPUPYIOT MPOXJIATHBIE M CyXHe
KIMMaTudeckue ycioBus. [locne storo snu3oa, GopMUpoOBaHKE OTIOKEHUI OpraHOreHHON TUTTUN
MPOUCXOJAT B pe3yJibTaTe MHTEHCHBHBIX IPOLIECCOB OEperoBOil 3pO3UU C BBICOKOH CKOPOCTHIO
BBIBETPUBAHMUS M CEAMMEHTALMU. YCIOBHS BOJOEMa XapaKTEPU3YIOTCS OKHUCIUTEIbHBIMU
YCIOBHSIMH, MPOTYKTUBHOCTh BOJOEMA yMEHbIIaeTcsl. MakcuMasbHbIE 3HaYeHUs MPOTYKTUBHOCTH
BojoeMa oTMmeuaroTcsi okoiio 6590-5833 calBP/4590-3847 calBC, 4TO COOTBETCTBYET SIMU30IY
aTIAHTUYECKOTO TepMalbHOro Makcumyma. B mepuon 4258-3309 calBP/2258-1309 calBC
IPOUCXOIUT  TpeoOiaZjaHue BOCCTAHOBHUTENBHBIX  YCIOBHW, yMEHbIIEHHWE KapOOHAaTHOU
COCTABJIAIOLICH U YBETHMUEHHE TEPPUTECHHON COCTABIISIONICH B OTIOXKEHHSX, YTO CBHJICTEIBCTBYET
00 yMEHBUICHUU CTENIeHW XUMHUYECKOT'O BBIBETpUBaHMs. Hapsimy ¢ 3TMM mpoieccoM MpOUCXOIUT
YBEJIIMYCHHUE OPraHO-MHHEPAIbHBIX KOMIUIEKCOB, CBSI3aHHBIX C YBEIMUYCHHEM pACTHTEIBbHON u
JETPUTOBOM COCTABISIOIINX, YTO SBIAETCS HHIUKATOPOM OHBTPOPHKAIMU BOJOEMa. DTOT ATall
COOTBETCTBYeT cyOOopeanmbHOMy mepuoxy. Oxono 5833-4258  calBP/3833-2258 calBC
MPOAYKTUBHOCTH BOJJOEMa HEMHOI'O YMEHBIIIAETCS.

B nepuox 3309-612 calBP/1300 calBC-1350 cal AD nmpoucxoauT yBelIu4eHne OpraHoreHHOM,
XEMOTE€HHOW COCTaBIIAIONIUX, YTO CBHUICTEIBCTBYET O BIIAXKHBIX KIUMATUYECKUX YCIOBHUSX C
BBICOKOM CKOpPOCTBIO BBIBETPMBAaHUS U CEAMMEHTALMU, a TakXke 3BTpo(UKaluu Bomoema. DTarl
COOTBETCTBYET Cy0aTIaHTUYECKOMY MEPUOTY.

Taxum oO6pazom, Ha pyOexe 5833-4250 calBP/3833-2258 calBC nmpoucxoauT nepexos k Oonee
CYXMM KIMMAaTUYECKUM YCJOBUSM M HEOOJIBIIOMY MOXOJOJAHHUIO, YTO COOTBETCTBYET TPaHMIIC
aTIAHTUYECKOTO U cy00OpeanbHOro mepuooB. B 3TOT mepruoa mpoucXoauT CIIOKEHHE KYJIbTYPBI
Llenmap, Ha (hopMuUpOBaHHE KOTOPOM B ’TOM PETHOHE MOBJIHSIIN HECKOJIBKO KYJIbTYPHBIX TPAJUIINHA,
TaKkue Kak HapBCKas KyJbTypa, IMOYHO-TpeOeHUaTast KyJbTypa, HEMaHCKas KyJbTypa U KyJIbTypa
BOPOHKOBHTHBIX KyOKOB.

CBojHas cxemMa U3MEHEHUs KIIMMaTa U TPAHCTPECCUBHBIX/PErPeCCUBHBIX CTaJUi B TOJIOIICHE
U DPa3BUTHE OCHOBHBIX apXEOJOTHUYECKUX KyJIbTYyp Ha TEPPUTOPHH CEBEPO-3allaJHOI0 PETHOHA
Bocrounoii EBponbl moka3ana Ha (puc. 8).
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Puc.8. Céoonas cxema uzmenenus kKiumama u mpancepecCu8HblX/pecpeccusHblX Cmaouti 8
20/10yeHe U passumue 0CHOBHLIX apxeono2udeckux Kyromyp Ha meppumopuu Cesepo-3anaonoii
uacmu Bocmounou Eeponeoil.

3. Accoyuayuu eeoxumuueckux KOMNOHEHMOS, Xapakmepusyrowue aumonocudeckyio (Al1203,
Si0;, Fe;0s, TiO», Zr) u aumponoeennyio (P20s, CaO, Sr) cocmagnsiowjue 8 Omi0M4CeHUsX Ha
aApXeon0cutecKuUX NAMSIMHUKAX, ObLIU YCIMAHOBIECHbL C NOMOWbIO 00PADOMKU 2eOXUMULECKUX
OQHHBIX MemoOamu MHOSOMEPHOU MAmemMamuyeckou cmamucmuxku. B ceoio ouepeoy,
AHMPONO2EHHOEe GIUSHUE HA MPAHCHOPMAYUIO OMIONCEHUL KYTIbIMYPHBIX CILOES, A MAKHCEe
BbISBILCHUE IHCUNBIX, XO3AUCMBEHHBIX U NPOU3E0OCHEEHHBIX 30H 8 MECMAX OPEGHUX NOCENCHULL

onpeoensiemcsi Ha 0CHO8e ACCOYUAYULL U SPYNN 2eOXUMUYECKUX KOMNOHEHMO8, MAKUX KaK
(P:0s, CaO, Sr), (K2O,Rb), (MnO,Ba), (Zn, Cu, Pb).

OneHka BIMSHMSA AQHTPOIIOTEHHOM AaKTUBHOCTH Ha TpaHC()OpMAIUIO OTJIOKEHUH U
(dbopMHpoBaHHUE KyJIbTYpPHBIX CJIOEB Ha JPEBHUX IOCEICHUSAX BBIMOIHSIACH C MOMOIIBIO METOJa
reOXMMUYECKON WHAMKAUWK (YHKIMOHAJIBHBIX 30H Ha TMOCENeHUsAX. [ peKoHCTpyKUUu
pa3nuyHBIX  (QaKTOpPOB (HOPMHUPOBAHMS KyJIbTYpHBIX OTJIOXKEHUH, pa3paboTaH MOIXOA C
NPUMEHEHHEM MHOTOMEpPHOro (PaKTOPHOTO M MHOXECTBEHHOI'O KOPPEJSIIMOHHOTO aHAJN30B,
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KOTOpPBIE TO3BOJISIIOT BBLACTUTH OTJENIbHBIC TPYMITBI T€OXMMHUYECKH CBSI3aHHBIX JIPYr C APYroM
SJIEMEHTOB U UX COSAMHEHUI 1 OXapaKTepU30BaTh BIMSHUE HA HUX aHTPOIIOT€HHBIX MITH IPUPOHBIX
dakropoB (KympkoBa, 2012; Oonk et al., 2009; Nielsen, Kristiansen, 2014). JIpyrum BasKHbIM
KpUTEPHEM ISl JeTaIbHONH WHTEPIpETAllMi T'€OXMMHUECKUX JAHHBIX CIY>KUT apXeoJOorHuecKas
uHbopMalMsa MO0 TaMIATHUKY. [IpuMeHeHHe KOMILJIEKCHBIX METOJOB HCCIEIOBaHMS, TaKUX Kak
reOXUMUYECKUN, TeOPU3NUECKUI M apXEOJOTHUECKUI MPHU OLIEHKE apXeoJIOTHYECKOTO MaMsITHUKA
Jal0T BO3MOXKHOCTh JIETaJIbHON PEKOHCTPYKILUHU BCEX OCOOEHHOCTEH KHU3HENEATENBHOCTH, B TOM
YHCIe U XO3SMCTBEHHOW AEATENbHOCTH YeJIOBEKa W B JAHHOM MECTE, TaKMX KaK MPOM3BOJCTBO
TIIMHSHBIX U37enuil, apesHei metamutyprun (Kulkova et al. 2021, Kulkova et al. 2020, MopryHoBa u
ap. 2021). IlpocTpaHCTBEHHOE pacHpeleieHHEe AHOMAJIBHBIX KOHIIEHTpPAMil HEKOTOPBIX
XMMHUYECKHX 3JIEMEHTOB B MECTaX IPEBHUX IOCEJICHUN aeT BO3MOXHOCTh YCTAHOBHUTbH: I'PAHUIIBI
PAacIIONIOKEHUS apXEOJOTMUECKUX MAaMITHUKOB M X PacHpOCTPaHEHHUE; MOIyUYUTh HHPOPMALIHIO O
cniocobax ucnoib3zoBanusa nanamagdra (Entwistle et al. 1998, Wilson et al. 2006); ycTaHOBUTB
(GYHKIMOHATBHBIE 30HBI M OCOOCHHOCTH PpA3IMYHBIX CTPYKTYpP BHYTpH moceieHuid. OreHka
pacripesielieHus] aHOMAJIBHBIX MPOSBICHUN TeX WIM MHBIX 3JEMEHTOB WJIM TPYII 3JEMEHTOB Ha
apXeoJIOTMYECKUX IMaMATHUKAaX IOKa3aja, YTO MHTEPIpETalusi MOJyYEeHHBIX JaHHBIX HE BCErna
MOJKET ObITh OZJHO3HAYHOM U 3aBHCUT OT MHOTHX (hakTOpOB. BaskHBIM BOIIPOCOM IPU HHTEPIPETALIN
IeOXMMUYECKUX JaHHBIX TAKXKe SBIISIETCS T€OXUMHUECKOe 000CHOBaHHE, YTO HAKOIUIEHHWE TOrO WU
MHOTO XMMHUYECKOTO 3JIeMEHTa MMEET aHTPOIOTCHHBIM XapaKTep M HE CBA3aHO ¢ MUHEPAIbHBIM
COCTaBOM OTJIO)KCHUH HA JJAHHOM MaMSTHHKE.

B cocTtaBe MOYBEHHBIX U JIOHHBIX OTJIOKEHMH HAKAIUTMBAIOTCS ONPEICTICHHbIE XHUMUYECKHUE
AIIEMEHTHI, CBA3aHHBIE C AHTPOIMOI'CHHOW aKTHMBHOCTHIO, KOTOPhIE M3MEHSIOT XUMUYECKUN COCTaB
orTinoxeHuid. Hamboree 9acTo MCHONB3yeMBIMU 3JIEMEHTAMH JUIsL ONMPEACTICHUS AaHTPOIIOreHHOU
aKTUBHOCTH Ha ApeBHUX mnoceneHusx spiswoTcs P, Ca, K, Na u Mg, Tak e, Kak 1 MUKPORJIEMEHTbI
Cd, Cr, Cu, Pb u Zn (Aston et al. 1998; Cabala et al. 2012; Lutz 1951; Schlezinger and Howes 2000;
Terry et al. 2004; Tian et al. 2012; Wells et al. 2000). Aston u ap. (1998) onpenenunu OCHOBHBIE
(YHKIMN YeJOBEYECKOM JEATENIbHOCTH, NMPU KOTOPBIX IPOUCXOAUT HAKOIIJICHHE XHMHYECKUX
AHTPOIIOTEHHBIX AJIEMEHTOB: pa3BUTHE APEBHHUX IMOCEJCHUN, pa3BEICHUE JKUBOTHBIX B 3aKPBITHIX
MOMEUICHUSX, UCIIOJIb30BAaHUE OTHS (OYaru M JIECHbIE MOXKaphl), APEBHSSA METAJUTYPIHsl, peMeCIeHHas
JeATeNbHOCTh (TIPOU3BOJCTBO KOXKH, 00pabOTKa CEIbCKOXO3SMCTBEHHBIX KYJIbTYyp). Ilo maHHBIM
Schlezinger 1 Howes (2000), yBenuuenue conepxanus Gpocdopa B HOYBaxX IPOUCXOTUT B PE3yJIbTaTe
HAKOIIJICHUSI MOYEBHHBI U (DeKaMii 4elIoBeKa U )KUBOTHBIX B 30HaX OOMTAHMUS, HAKOIIJICHUS OCTaTKOB
Pa3oKEeHUs OPTaHU3MOB JKUBOTHBIX M PAaCTCHHUH B OKPECTHOCTSIX IOCEJIEHUS, MCIOIb30BaHHS
KMBOTHOT'O HaBo3a Uil yHoOpeHMHd. YBenuueHue Qochopa MOXKET ObITh TaKKe CBSI3aHO C
MIPUTOTOBJICHUEM ITHILH, ¢ ToTpedieHueM u yrumm3zanueit orxonos (Terry et al. 2004). CrabunpHbIe
dopMmbl  pochopa SABASIOTCS HEPACTBOPUMBIMH, OHHM YCTOHYMBBI K MPOIECCaM OKHUCIICHUS,
BocctaHoBieHMs U BoinienaunBanus (Wells 2004; Holliday and Gartner, 2007). ®ocdop sBasercs
(byHIaMEHTAJIbHOM COCTABIISAIONICH KUBBIX TKaHEH (B BU/I€ HYKJIEWHOBBIX KHCIOT, (hochoinnuaos,
HYKJICOTU OB U T. 1.) (Sanchez et al. 2007), oH npucyTCTBYeT B IPOAYKTaX, KOTOPhIE UCTIONB3YIOT B
XO34HCTBE (JIepeBO, paCTEHUs!, KOCTH, MACO H T. J1.), U €ro KOHIIEHTPALMs B TIOYBE YBEINYMBACTCS B
3aBHCUMOCTH OT MOCTYIUICHUS PAa3IMYHBIX OPraHUYECKUX MATEPHUAIOB, TAKUX KaK pacTUTENbHbIC U
KUBOTHBIE TIPOJIYKTBI, KOTOpbIe MOTPEONAIOTCSA M ONPEAEICHHBIM 00pa3oM HCHOJIb3YIOTCA.
Konuentpauus ¢pocdopa B KyJIbTYypHBIX CIOSX CIYKUT MHAWKATOPOM MHTEHCUBHOCTHU 3aCEICHUS
TEPPUTOPUHU IPEBHUM YETIOBEKOM, TaK KaK (hocdop coaep>KUTCs B OpraHndeCcKoM BEIIECTBE, KOTOPOe
OTJaraeTcs MpH AATEIbHOCTH YeJIOBeKa MPONOPIMOHATILHO BPEMEHH OOUTAaHUS U POCTY MOITYJISALUN
Hacenenus (Marwick, 2005). MoryT Takke UCHOJIB30BaTh M APYTHUE dIEMEHTHI IJIS HHIUKAIIUU
pa3nuYHbIX (DYHKIIMOHAIBHBIX 30H Ha IMOCENEHHUAX. BBICOKHE KOHIICHTpAalWMU KaJbLUs, KOTOPBINA
SBIISICTCS TJIABHOM COCTaBIIAIONICH KOCTHBIX TKaHEH, Takke, Kak (ocdop, cBs3aHbl C 30HAMU
OOMTaHUsI 4YEJIOBEKa W JKMBOTHBIX, a TaKXkKe C TOrpeOCHUSMU M 3aXOPOHEHUsIMH. Bpicokue
KOHIIGHTPALMU HATpusl, KU U pyOuaus MOTYT OBITh CBSI3aHBI C NMPUCYTCTBHEM 30JIbI B MECTax
pacnionoskenust ouaros (Middleton and Price, 1996). YBennuenne KOHLEHTpAIHiA jKee3a U PTYTH
MOXET (PUKCHPOBaTh NMPHUMEHEHHE DPA3JIMYHBIX KpaCsIIMX BEIIECTB, TaKUX OXpa, KUHOBAph B
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putyanpHbix neiictBusx (Wells 2004). CoBOKYymHOCTh 31€MEHTOB, Takux kak Fe, Mn, Zn, Cu,
CBsI3aHA C yYaCTKaMHU 3aXOpPOHEHHs Mycopa, ¢ MOrpeOeHUSIMHU, C BHITPEOHBIMU SIMAMH, C OCTaTKaMH
B Ipoliecce MmupIecTB. TakuM o0pa3oM, XHUMUYECKUH COCTaB OTJIOKEHHH Ha apXeoJIOrMYECKHX
MaMATHUKAX MOXET JIaTh IIEHHYIO HH(POPMAIIHIO I ONPEIeTICHUSI OCOOCHHOCTEN (PyHKIIMOHAIBHBIX
30H Ha nocesneHusax. Hanbomnee 3pPpekTUBHBIM METOAOM Ui YCTAaHOBJICHUS (PYHKIMOHAIBHBIX 30H
SIBJISIETCS IPUMEHEHHUE «MHOT03JIeMEeHTHOT0» aHanmm3a (Wilson, 2008).

ABtopom (KymbkoBa 2012, KymbkoBa wu ap. 2015) Obu1 pa3paboTaH  MeTOA
MHOTOKOMITOHEHTHOTO aHaJIN3a, OCHOBAHHBII Ha BBIICICHUH TPYII I€OXUMUYECKUX KOMIIOHEHTOB
AHTPOIIOTEHHOI0 TEHEe3Huca METOJOM MHOTOMEPHOH MaTeMaTH4YeCKOM CTAaTUCTHKH, KOTOpbIE
XapaKTepU3yIOT pa3Nu4Hble (YHKIMOHAJIbHBIC 30HBI Ha JAPEBHHUX IMOCENeHHsX. s OTHEeNbHBIX
SIIEMEHTOB, HAIlpUMeEp, Kalus, KaJblUs, CTPOHLUA, (ocdopa, KOTOpble MOryT 0Opa30OBBIBATH
COCIMHEHUs, CBSI3aHHBIC, KaK C >XU3HEIEATENBbHOCTHIO JPEBHUX JIIOACH, TaK U BXOJUTH B
MUHEPAIbHBIA COCTAaB OTJIOKEHHI, aBTOPOM OBLIH pa3padoTaHbl MHAWKATOPHBIE COOTHOIICHUS WIIN
reOXMMUYECKHEe MOIYJIH. ITO JaeT BO3MOXHOCTb OTJEIUTh KOMIIOHEHTBI, CBSI3aHHBIE C
JIUTOJIOTUYECKON COCTaBIsIONMIEH OTiIoKeHui oT anTpornoreHHbIX (Kymnbpkosa, 2012; Kulkova et al.
2012; Kulkova et al. 2016; Kublitskiy et al. 2020). CpaBHenue ¢ oOpa3iamu, oTOOpaHHBIMHU 32
npeaenamMy NaMsITHUKA U3 TOTO K€ JTUTOJIOTHYECKOro ciiosl. Jpyrue ¢pakTopsl, KOTOpbIE BIUAIOT Ha
MOBEACHUE OTIENBbHBIX XUMHUYECKHX dJJIeMeHTOB — 3To pH (memouno- kwucnotHeiii), Eh
(OKHCIUTENBHO-BOCCTAHOBHUTENBHBIHN) MOTEHIIUANBI TOYBEHHOM CpE/Ibl, COIEPKaHHE OPraHUIeCKOTO
BEIIECTBA B IOYBAX M Jp., KOTOPbIE TaKKe HYXHO YYUTHIBATh IpU OLIEHKE (OPMHUPOBAHUS
KYJIbTYpHOTO CJIOSI Ha TOCENeHUU. [[s OLleHKH OOIIero aHTPOIOreHHOr0 BIMSAHUS Ha MOCEIECHHUIX
aBTOPOM OBUIM TPEIOKEHBI CIEAYIOIIUE COOTHOIICHUS KOMIIOHEHTOB st pacdera: PrOsang=
P>05/(P205+Nax0) (%), CaOane=CaOior/(CaOrortNa20) (%), KoOaner = K2O / K2O + NaxO) (%) u
Rbanr = Rb / (Rb + NaxO) (%). TToesimennbie 3nauenust mokaszareneil (P20sanir, CaOantr) X0OpOIIO
KOPPENUPYIOT C YyYaCTKaMH OTJIOKEHHI, B KOTOPHIX ObUIM HaileHbl KOCTHBIE OCTAaTKU. B naHHOM
cllyyae, TaKM€ COOTHOIIEHHS IO3BOJISIIOT YCTAaHOBUTb W OTICIUTH AHTPOINOICHHBIC KaJbIMHA WU
¢bochop OT TMTOreHHBIX, KOTOPBIE CBsI3aHbI ¢ TuTOoNorueit ornoxernnin. Muaukatops! (K2Oantr, Rbantr)

ObUIM MCIIOJIB30BaHbl JJISl YCTaHOBJIEHUS o4axHbIX ckoruieHuil (KynpkoBa, 2012; Kulkova et al.
2014; Kulkova et al. 2015).

Cmosnka eepxnezo naneonuma FOounoso.

KOnuHOBCKast CTOSIHKA SIBISICTCS OJHUM M3 HauOoyiee MOJIHO HCCIEIOBAHHBIX MaMSATHUKOB
no3aHei mopel (15—12 Teic. 1. H.) BepxHero naneonura OacceitHa p. JlecHsl. OHa HaxXOIUTCS Ha
10kHON okpauHe c¢. FOgunoBo, B Ilorapckom paitone bpsiHckoit o6nactu Poccun. Ha mamsitHuke
OTKPBITBl PA3JIMYHBIE XO3SUCTBEHHO-)KMJIbIE OOBEKTBI: OCTaTKH TMSATH JKWIWIL aHOCOBCKO-
ME3MHCKOIO0 THUIIA, IIECTb KPYMHBIX XO3SMCTBEHHBIX $5IM, JIECATh KPYIIHBIX <«30JIbHUKOBY» —
OOIIMPHBIX U MOIIHBIX CKOIJICHUH KOCTHOTO YTJISL M 30JIbl, JIBa HEOOJBIIMX Oyara, JABE OYaXKHbBIE
SIMKH, HECKOJIBKO «KJIAJUKOBBIX» 5IM, MHOTOYHCJICHHbIE IPOU3BOJICTBEHHBIE YUACTKH, CBSI3aHHBIE C
MEPBUYHON 00pabOTKOM KPEMHEBOTO U OMBHEBOTO CHIPhSI M PA3/IENIKON TYIIEK MeciioB (XJomaues u
ap. 2022)

BaXHBIMH MHIMKaTOPHBIMU IOKa3aTEIsIMH, KOTOpPbIE IO3BOJISIOT TOHSATH OCOOCHHOCTH
JpeBHEr0 MHKpopenbeda Ha packone namsTHUKa FHOIUHOBO, SIBIAIOTCS M3MEHEHUS COJICp)KaHUs
TJIABHBIX TIOPO1000pa3yromux KoMmoHeHTOB (Al,O3) — rimHo3ema u (SiO2) — kpemHesema. KapTer
pacrpenenenus Al2O3; u SiOz moka3pIBarOT 0COOEHHOCTH JPEBHETO MUKpOpEbeda Ha UCCIEAyEMOM
yuactke packona (puc.9). IloBeimieHHbie KoHIeHTpanuu rianHO3eMa (Al,O3) cBsi3aHBI ¢
MOHKEHUSMU B pesibede, I71e HAKaIUTMBAIOTCS OTJIOKEHUS CyrMHKOB. Huskue konnentpauuu SiOz
TaKKe MapKUPYIOT yYacTKH TOHMXEHUH B penbede. KpemHezeMm, KOTOpPBIH CBs3aH C INecuaHOU
COCTABJISIOLIEH, TPUYPOUYEH K BO3BBILIEHHBIM Y4acTKaM M CBSI3aH C y4acTKaMU CEpOH CyIlecH Ha
IUTOIIAIN packoria. Bo3BbIIIEHHBIE YYaCTKU CIIOXKEHBI CEpPOi Cynechio, 000raleHHONH KpeMHE3EMOM
1 00eTHEHHOH TITMHO3EMOM, OHH MapKHUPYIOT CIIOH B KBajparax 1-28 u T-29, a Takke 0TMe4aeTcs B
cpenHelt yactu kBajpaTta 1-30, Ha TpaHulE C sMOH-3amaguHON. B03MOXKHO, (HUKCHpyeMBblil B
OTJIOKEHHUAX MECOK, MOT OBbITh CHEIMATBHO IPUHECEH YEIIOBEKOM Ha CTOSHKY.
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Puc.9. I'eoxumuueckue kapmot pacnpeoenenus Al20s, u SiO> (3D) no nrowaou packona &
keaopamax 28-30, noxazvisaowue ocobeHHocmu Mukpopenveda.

I'eoxumuueckre KapThl pacipeesieHUs] KOMIIJIEKCA aHTPOIIOT€HHBIX KOMIIOHEHTOB, TAKHUX, KaK
dochopa (P20santr), Kambimss (CaOanthr) Kamust (K2Oanthr), pyoumus (Rb) (puc.10) mapkupyiot
YYacCTKH, CBS3aHHBIE C 000KKEHHBIMU KOCTHBIMU OCTaTKaMu. HanbospIme CKOIICHUs CBSI3aHbI C
MOHKEHUSAMU B penbede. Takue 30HbI HAOMIOJAIOTCS HA TIOBEPXHOCTH SAMBI-3aI1IMHBI B KBaJpaTax
T-28 1 T-29 1 00pa3yroT KOJIbLEBbIE CTPYKTYPbI. 30HAa C BBICOKUMH COJICPKAHUSAMU KOMILIEKCA 3THX
AHTPOIIOTEHHBIX AJIEMEHTOB PETUCTPUPYETCA U B KBajapaTe T-30 Ha I'paHULE «30JIbHUKA» U SIMbI-
3aIauHBbI.

Puc.10. I'pynna 2 — aumponozerrvle UHOUKAMOPbL 30H KOCMHBIX U YIUCTBIX OCMAMKOS.
T'eoxumuyeckue kapmoi pacnpedenenus unouxamopo8 (P20sanir, CaOanthr, K2Ounir, Rb anthr) no
niowaou packona 8 keaopamax 28-30.
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Bropas rpynmna xumuueckux komnoHeHToB (Fe2O3, MnO, Ba) MoXeT sIBASTbCS UHIUKATOPOM
YYaCTKOB PACHOJIOXKEHHUS OPraHHMYECKHUX OCTATKOB (IIKYp, APEBECHHBI M Tp.), KOTOpbIE OBUIH
MIO/IBEPKEHBI PA3JIOKEHUIO U THUEHUIO. BBICOKME KOHIIEHTPALMU ATHX 3JIEMEHTOB OTMEYAIOTCS B
OTJIOKEHUSAX 30JIbHMKA. 30HA BBICOKMX KOHILIEHTpALMM 3THUX JIEMEHTOB IPUYpOYEHA K I'paHULE
kBagpaTtoB T-29 u T-30, KOTOpBIE IUTAHUTPAPHUUECKH CBA3aHBI C Kpaem <«30JbHUKa». Cioi ¢
BBICOKUMHM KOHLIEHTpPALMSMHU 3THUX D3JEMEHTOB «3aTE€KaeT» Jajiee B 30HY «siMy-3amaguHy». Ha
ydacTke KBazpata 1-30, B ero cpeiHeil 4acTi (UKCHPYIOTCS aHOMAJIbHBIE COJIEPKAHHSI MBIIIbSIKA
(As). IloBemennsie conepkaHusi Mblmbska (As), cBunna (Pb), mmaka (Zn) ormeuaroTcs U B
OTJIOKEHUSX «30JIbHUKA.

JlanHble 00 aHTPOMOTE€HHBIX XHMHUYECKHX JJIEMEHTAaX I03BOJISIOT PEKOHCTPYHPOBATH
CIIENYIOINE CTPYKTYphl Ha IIOBEPXHOCTH HCCIEIyeMOro ydactka FOAMHOBCKON CTOSHKHM: BO-
IIEPBBIX, BEPXHUM KYJIbTYPHBIA NOPU30HT HAJ SIMOM-3allaiMHOW XapaKTEpU3YETCs IOBBIIICHHBIMU
COJZICP)KaHUSAMHU KOMIUIEKCa KOMIIOHEHTOB, KOTOPBIE CBSI3aHbI ¢ 000XKEHHBIMH KOCTAMU: (ocdopa
(P20s5anthr), Kanb1tust (CaOantir) Kamus (K2Oantr), pyouaus (Rb), uto mo3Boisier paccMarpuBaTh €ro B
KaueCTBE OTJENBHOIO KYJIBTYPHOI'O CJIOSI C OCTaTKaMHU KOCTEH; BO-BTOPBIX, B CJIO€ 30JIbHUKA,
OTHOCSIIIETOCSI K OCHOBHOMY, HWKHEMY KYJBbTYPHOMY CJIOI0, OTMEYAETCS BBICOKHME COACpKAHMS
(Fe203, MnO, Ba), anemMeHTOB, CBS3aHHBIX C PA3JIOKUBITUMUCS OPTAaHUUECKHUMU OCTaTKAMHU, TAKUMHU,
KaK LIKypbl, ApeBecuHa U JIp. COBOKYNHOCTh ATHMX XUMHYECKHX 3JIEMEHTOB OTMEYAETCS TAKXKE B
OTJIOKEHHUSAX, CBA3AHHBIX C OTIIOKCHUSMH B 3AIIOJHEHUH SMBI-3a1aIMHBI, OCOOCHHO, TIOBBIILICHHBIE
KOHIICHTPALIMU SJIEMEHTOB B OTJIOKEHHUSAX Ha OOpTax SMbI-3allaJMHbI, B KOTOPYIO IMOMAgaeT CIOon
30JIbHUKA. BMecTe ¢ 3TUM KOMILIEKCOM 3JIEMEHTOB, IMOBBIIICHHBIE COJEP:KAHMS MbIIIbsKa (As),
ceuHIa (Pb), uunka (Zn) GpUKCHpPYIOTCS B OTIOKEHUSAX 30JIbHUKA Y Kpast AMbI-3anaiuHbl. M3BecTHO,
YTO KOHIIEHTPALMU 3TUX JIEMEHTOB YBEIMYMBAIOTCSA B YCIOBUSAX BOCCTAHOBUTEIBHON CPE.bl, IPU
pasnoXeHuu opraHuku. Kpome Toro, KOMIIIEKC TaKUX AJIEMEHTOB, KaK MBIIbIK (AS), HIUHK (Zn),
csuHell (Pb) MoryT ObITH CBSI3aHBI C pa3IMYHBIMU KOMIIOHEHTAMH, BXOJSIIIUMH B COCTaB BEIIECTB,
HCTOYHUKH KOTOPBIX HAXOAMWIUCH B yjaneHuu ot FOauHoBckoi crosHku. Hanpumep, peansrap —
MUHEpall Cyinb(UIa MBIIbSIKA KPACHOTO IBETa, KOTOPBIM IO MAHHBIM T'€OJOTMYECKHX KapT He
BCTPEYAETCS] B PETUOHE PACIIOI0KEHHS JaHHOTO apXE0JIOrMUECKOT0 NaMATHHUKA.

Ipunaooocve (cmosinku Oxma 1 u [looonve 1).

Jiis u3yueHus: GyHKIIMOHATBHBIX 30H HA STUX MOCEIICHUSX OBUTH MPOBEACHBI T€OXUMUYECKUE
UCCIIEIOBaHMs KyJIbTYpPHBIX ClloeB, copmupoBasiinecs okono 5300 calBP/3300 calBC (Kulkova et
al. 2015; Gusentsova and Kulkova 2020; Kulkova et al. 2020). Ha mamsataukax Oxra 1 u I[logonbe
1 ObuUIH paccMOTPEHBI PA3MYHBbIC TUMBI (DYHKIIMOHATBHBIX 30H B KYJBTYPHBIX CIOSX, KOTOPBIE
chopmupoBanucek okosno 5300 calBP/3300 calBC. Ha crostake OxTta 1 gaHHBIE T€OXUMHYECKOTO
KapTUPOBaHUsI U paclpeleleHne apTeakToB MOKa3bIBAIOT MECTO MorpebeHus. (s oTioxeHwid
norpedeHus XapakTepHbI AHOMANbHBIC 3HAYCHUS KOMIUIEKCAa XWMUYECKHUX AaHTPOIOTCHHBIX
KOMIIOHEHTOB, TaKuX KaK P2Osantr, CaOane ¥ Fe2O3, Srantr. I'€OXUMHMUECKUI COCTAB OTIOXKEHUM Ha
crosHke [logonwse 1 mokassiBaeT Apyroi XapakTep paclpeneieHHs XUMMUYecKHX 3iemeHToB. Ha
OeperoBoil Teppace KaHala pacloNaralich CE30HHBIC PHIOOJIOBHBIC CTOSIHKH C KOCTPHUIIAMHU U
MEeCTaM¥ JUISl pa3felIku U MPUTOTOBJICHUS KMBOTHBIX M PHIOBI. B KyIbTYpHOM CIIO€ OTJIOKECHHIA
3TOr0 y4acTKa BBIJEISACTCS KOMOMHAIMS TaKUX aHTPOIMOTCHHBIX MeMEHTOB, KakK KoOanher, Rbanntr,
CaOanhtr ¥ STanhtr. MOXHO BBIICIUTH B IPUOPEIKHOM 30HE MPOTOKU YIACTKH PACTIONOXKEHHS KOCTPHII]
(K2Oantr 1 Rbanyr — 21IEMEHTBI, BXOJSIINE B COCTaB JAPEBECHOTO YIJISA U 30J1b1) M 30HBI Pa3ICIKd U
npuroToByieHust KUBOTHBIX U PBIOBI (CaOanhwr M Sranhy- 3JIEMEHTBI KOCTHOM TkaHH). B swme,
PacToNIOKEHHOW Ha Teppace MPOTOKH ObLT OXapaKTepU30BaH €IIe OJUH KOMIUIEKC T€OXUMUYECKUX
rokasareliei, uMeronux aHoManbHbie 3Ha4CHHUS: KoOanhtr, Rbantr, CaOanthr, STantr, MNanthr, Baanthr, Fe
1 P2O5anthr, 9TO MOXKET CBUICTEIHCTBOBATH O HAKOTUIEHUU OTXO0JI0B € TT0OEPEkKb.: KoOanher 1 Rbannr
— KOMIIOHEHTBI, BXOJSIIME B cOCTaB 30Jbl U ApeBecHOro Yris, P2Osanne, CaOanher, Stanhe —
KOMIIOHEHTBhI KOCTHBIX TKaHeW, Mnanhr, Baanne U Fé — KOMIOHEHTBI, BXOISIINE B COCTaB
pa3noKuBIIeicS opranuku. ['eoxumusi pactpeieNieHuss OCHOBHBIX 0CaIKOOOPA3yIOIINUX dJIEMEHTOB,
Takux Kak rianHo3ema (Al203) u kpemuesema (Si02), siBiseTCs BaXKHBIM (PaKTOPOM IS ONPECTICHHS
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JIPEBHETO MHUKpopenbeda Ha 3TOM YydacTKe. ACCOLUMAIMM T€OXMMUYECKUX HWHAWKATOPOB U3
OJIMHAKOBOT'O JIMTOJIOIMYECKOr0 KOHTeKcTa Ha crosHkax Oxra 1 u Ilomonee 1 mmeror pasHyro
aHTPOIIOTEHHYI0 Harpy3ky. OTJIOXeHuss U3 TOrpe0eHUs XapaKTEepU3YIOTCS aHOMaJIbHBIMU
3HAUECHUSAMHU TaKuX OMOMHAUKATOPOB, KAK P2Osunnt U CaOanher, KOTOPBIE SBIAIOTCS OCHOBHBIMHU
KOMIIOHEHTaMHU KocTel U TkaHei. JKene3o B Buae rematuta (Fe20O3), BXOIUT B COCTaB OXPbl, KOTOPas
OblIa UCIIOJIb30BaHa B pUTYAIILHOM 00psizie.

Cepmetickuii apxeono2uiecKuti MUKpPOPE2UOH.

PexoHcTpyKIMs (DyHKIIMOHAIBHBIX 30H MPOBOAMIIACH HA AMSITHHUKE SIIOXH HEOJIUTA, OCTATKH
MaTEpUATBHOM  KyJbTypbl KOTOPOTO  3aJIETal0T B  IE€CYAHO-AJEBPUTOBBIX  OTJIOXKEHUSX.
MuHepanbHbli COCTaB OTJIOXKEHWI: KBapll, CJIIO/A, IJIMHUCTBIE MUHEPAJbl, IOJIEBBIE ILIATHI,
aKIL[ECCOPHBbIE MUHEpaJbl: LHUPKOH, TIpaHaT, TUTAHOMAarHETUT, THUJIPOreTUT, WIbMEHUT. Ilo
pe3ysibTaTaM re0XUMUYECKOTO COCTaBa OTIIOKEHUH, Ha MTAMSITHUKE METOI0M MHOTOKOMIIOHEHTHOTO
KOPPEJSIIMOHHOTO aHAJIN3a MOYKHO BBIJIEIUTH HECKOJIBKO T'€OXMMHUUYECKUX TPYII KOMIIOHEHTOB,
CBSI3aHHBIX C Pa3JIMYHBIMU MHUHEpaJlaMHU, B TOM YUCJIE C OpraHO-MUHEPAJIbHBIMU KOMILIEKCAMU
AQHTPOIIOI€HHOM COCTABIISAIOIIECH OTIOKEHUN:

I rpynma: SiO; - kBapii,

IT rpymma: ALOs, Fe,O3, MgO, TiO2, NaxO — mosieBble IINAaThl, CIIIOAA, TITUHUCTHIE MHHEPAIbI;
TUPOTETUT; UIIBMEHUT;

III rpynma: K>O, Ba — 0CHOBHbIE KOMIIOHEHTBI APEBECHOM 30JIbI;

IV rpynmna: P>Os, CaO, MnO, Ctot — KOMIOHEHTbI KapOOHaT-anmaTuTa KOCTHBIX TKaHEeH U 3y0O0B, ¢
OpraHMYECKUMHU OCTaTKaMH.

Ananus crparurpadun, naieopenbeda MaMATHUKA, MMO3BOJNIMI CHAENATh BBIBOJA, YTO MECTO IS
MOCEJIeHUsT ObUIO BBIOPAHO C Y4YETOM OCOOCHHOCTEH ApeBHEro penbeda M MPUYPOUSHHOCTH K
MIECUaHBIM JIIOHHBIM OTIIOKEHUAM. [0 TaHHBIM (DaKTOPHOTrO aHaIM3a MOXKHO BBLACIHTH (DaKTOPHI,
CBSI3aHHBIE C AHTPONOICHHBIMU NMPEOOPA30BAHUSIMHU OTIIOKEHUH Ha crostHKe. [t HukHero (1-ro)
KyJIbTypHOTO Topu3oHTa mnepsbiil ¢akrop (FI) xapakrepusyer ocobeHHOCTH peibeda u OTpaxaer
AHTAaroOHW3M KOMIIOHCHTOB, BXOJAIUX B cocraB mecka (SiOz, Zr) ¥ KOMIIOHGHTOB TIJIMHHCTO-
cmonuctoir  cocraBisitorieit  (AlOs, TiO2, FeO3, MgO, NaO). HakoruieHue TIHHHCTOM
COCTAaBJISAIONICH, 00OTAIIEHHON OKUCIIAMH U TUAPOOKUCIAMH XKeJle3a, XapaKTEePHO IS OHKEHUH 1
SIM, B TOM YHCJI€ OCTAaBIIUXCS OT KOpHEH pacTeHnid. BTopoii, TpeTuii u 4yeTBepThIil (haKTOPBHI MOTYT
ObITh HMHTEPIPETHPOBAHBI, KaK CBA3aHHBIC C pa3IMYHON aHTPONOTEHHOW JEsTEeIbHOCTHIO Ha
MIaMSTHUKE, YTO MIPUBEJIO K U3BMEHEHUIO COCTaBa OTIOKEHUH U MOSBJICHUIO KOMIIOHEHTOB, BXOJSAIINX
B COCTaB:

FII (CaO, Nazo, SiOz/KzO, Ba, TiOz);

FIII (KQO,A1203, Ba, CaO/F6203, MHO, LOI);

FIV (MgO, MnO, Fe>03,Ti02/P,0s, LOI).

Bropoii ¢akrop (FII) moka3biBaeT aHTaroHU3M KOMIIOHEHTOB, CBS3aHHBIX C OCTATKAMU OYa)KHBIX
crkomtenuit (KO, Ba, TiO2) x mutorenneiM kommoHeHTam (CaO, Na,O, SiOz). B mecrax
HOBBIIEHHBIX KOHIEHTPALUMA JIEMEHTOB, CBA3AHHBIX C IPEBECHOM 30J10H, OBUIM OOHAPYKEHBI
OCTaTKHU yTJISl M 30JbHBIE MIITHA OT OYaros.

Tpetunii ¢paxrop (FIII) moka3zpiBaeT aHTarOHU3M MEXIY KOMIUIEKCOM JIMTOT€HHBIX KOMIIOHCHTOB
(K20,AL03, Ba, CaO) u komnonentamu (Fe;O3, MnO, LOI), koTopbie cBsi3aHbl ¢ HAKOTJIEHUEM
ryMyca ¥ COBIAJAIOT CO ClelaMU OOMTaHUS U BHYyTPEHHUMH YYaCTKaMH JKUJIOH CTPYKTYPHI.
Yerseptsiil pakrop FIV (MgO, MnO, Fe>O3s, TiO2/P20s, LOI), cBsi3an ¢ yuacTKaMy HAKOTIJICHUS
OPraHUKHM ¥ KOCTHBIX 0CTaTKOB (P20s, LOI), KOTOpbIE MOINIM CKAIIMBAaTHCA B MECTAX Pa3IelIKU
’KHUBOTHBIX U IIPUTOTOBJICHUS MUIIH. B 3THX 30HaX Taxke ObUIM HalICHBI pa3Bajibl KEPAMHUECKUX
COCY/IOB.

Ha puc.10 mokasaHbl I'€OXMMHYECKHE KapThl, MOJIyYEHHBIE IO Pa3HbIM IOKa3aTeNsIM —

JTaHHBIM (PaKTOPHBIX HArpy30K, AIOIIKE MPEJICTaBICHUE O B3aUMHOM PACIIOI0KEHUU PAa3IMIHbIX
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YYaCTKOB, CBSI3aHHBIX C AHTPOIOTCHHOW JEATENILHOCTBIO M OTPAXKAMOIIMX MPOCTPAHCTBEHHOE
PAacIoJIOKEHUE pa3IMYHbIX (PYHKIIMOHAIBLHBIX 30H HA TUIOIIA I MTOCEICHHUS.

B otmnoxeHusx 2-ro BEpXHEro KyJbTypHOro ropusoHra Ha namsaTHuke Cepres 3-3
(UKCHUPYIOTCS OCTaTKH BPEMEHHBIX CTOSHOK. [0 T€OXMMHYECKMM JaHHBIM OTJIOKCHHUH U3 2-TO
KyJIGTYPHOTO TOPU30HTA TAKXKe OBLIM yCTaHOBIIEHBI (DAKTOPBI, BAMAIOIIME HAa (POPMUPOBAHUE ITUX
ornoxenud. FI (SiO02/AlO3, Fe 03, MgO, CaO) orpakaer ocobGeHHOCTH MHUKpopenbeda. B
MOHWKCHUSAX B JIAaHHOM CllyYae, HAKAIJIMBAIOTCS TMECYAHbIC OTJOXKCHHS, 4YTO MOXKET
CBHJICTEILCTBOBATh O HEOONBIIMX JPEBHHX IIPOTOKAaX. ITO Xopomo coBmamaer ¢ 3D
PEKOHCTPYKIIMEH PEeBHEH MOBEPXHOCTH. Y YaCTKH 04aroB ObLIIH YCTAHOBIICHBI 110 HHIUKATOPHOMY
cootHomeHH0 K20an:=K>20/(K20+AlL03). CpaBuenue anoManbHbIX 3Ha4eHUNH KoOane ¢ 30HAME
OCTAaTKOB OYa)KHBIX CKOILJICHUI ITOKa3bIBAIOT XOPOIIYIO KOPPEIALUI0. MOKHO TaKKe MPOCICIUTh
U3MEHEHUE MECTOMOI0KEHUS 09aroB B IIPOCTPAHCTBE. YYaCTKU KOHIIEHTPAIIUU KOCTHBIX OCTaTKOB
ObUIM ycTaHOBJIEHHI 110 cooTHOIEHNI0 Ca0/S10,. AHOMasbHBIE 3HAYEHHS COBNAAIOT C MECTAMH,

B KOTOPBIX OBLIM HaWJIEHbI KaJbIIMHUPOBaHHBIE KOCTU. KapTa pacmpeneneHus MONI0KHUTEIbHBIX
3Ha4eHMH BTOpPoro (akropa IMOKas3blBaeT 30HBI TymycupoBaHHocTH  (Ba,MnO,TiOy).
OtpunarensHble 3HaueHus: Tpethero ¢axropa FIII (MgO, K2O/P20s, LOI) noka3siBaloT y4acTKH
obutanus (P,0s, LOI). KoMIiekcHOE NPUMEHEHHE FE€OXMMHYECKOTO METOJa M €OMArHUTHOIO
merona (Mazurkevich et al. 2012), a Takxe ucmonp3oBaHue 0ojiee TOYHBIX METOJOB M3MEPEHUS
MarHUTHOH BOCHPUMMYMBOCTH KalllaMEeTPOM IO3BOJISICT OOHAPYKUTh CJEIbl HEYUTaeMbIX
MOCTPOEK B MpOIECCe PACKONOK M TOJXYYUTh HaHHBIC ISl pacmiu(pOBKH 30H, CBSI3AaHHBIX C
aKTHUBHOCTBHIO 4eJloBeKa. Takue ydacTKu ObUIM 3aperUCTPUpPOBAHbI B KYJIbTYPHOM CIIO€ Ha
MHOTOCJIOHOM NaMsTHHKe HeonuTudeckoro nepuona Cepres XIV (Kynbkosa, 2012, Kulkova et
al. 2018). KpoMe OCHOBHBIX HWHAMKATOPOB AHTPOIOICHHOW aKTUBHOCTH, COIOCTABJICHUE
IE€OXMMUYECKUX JaHHBIX M TeO(PHU3MUECKUX aHOMAalui, Jajdi BO3MOXKHOCTh TaKXe MOJy4YeHHE
JONOJTHUTEIBHON HMH(OPMAIMM TIO JAPYTHM 3JIEMEHTaM-MHIUKATOpaM, KOTOpbIE MOTYT OBITh
CBSI3aHBl C IMpoleccaMi OMOTEHHOTO XapakTepa M JesTelIbHOCTHbIO YenoBeka. [loBblIeHHBIE
KOHLEHTpauuu okcuaos xene3a FexOs u FeO mosBisaoTcs BOKPYr KOPHEH PACTEHMM M MOTYT
XapakTepu30BaTh OCTATKM CrHUBIIMX MHEH (Mazurkevich et al. 2012). Bricokue aHoMaiibHBIE
koHnenTpanun  okcumoB  okenesa (FexOs m FeO) Taroke COOTBETCTBYIOT —JIOKAIM3alMU
JOJTOBPEMEHHBIX MOXKapoB. Hakorienue cBuHma (Pb) MoxeT ObITH CBSI3aHO C KOCTPHUIIIAMH, JINOO
C 3aJIe’)KaMH I'yMyca B BOCCTAHOBHUTEJBHBIX YCIOBUAX. B IaHHOM apXeoJIOrMYeCKOM KOHTEKCTE,
pacnupenenenue Pb xoppenmupyer c HakoruieHueM KrOane B JIpeBecHOM 301e. HakorieHue Menu
(Cu) Takxke MOXeET ObITh CBSI3aHO C BOCCTAHOBUTEIBHBIMH YCIOBUSMHU U HaKaIIMBACTCS B 30HAX
KocTpHIll. [lo TaHHBIM TEeOXMMHMYECKHX HHIUKATOPOB, OBLIM YCTAaHOBJICHBI BBICOKHE 3HAUYCHUS
takux nokazareneii, kak K2Oane, Cu 1 Pb, 4TO MOXeT ObITh OOBSCHEHO CKOIUICHHEM 30JbI WU

JIOKaJIU3aluen HeOOIBIIOro Ovara, BHU3YyaJbHO HE OOHAPYKEHHOTO MPU PACKOIIKAX.
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Puc.11. I[Ipocmpancmeennoe pacnonodxicenue pasiuiblx YYHKYUOHATbHBIX 30H HA NosepxXHocmu 1-
20 KyibmypHo2o eopuzouma namamuuxa Cepemesi 3-3 no 0aHHbIM 2e0XUMUYECKO20 KAPMUPOBAHUS
(Mazurkevuch et al. 2012; Mazurkevich et al., 2013).

PexoHcTpyKkuus (pyHKIMOHATBHBIX 30H METOJIOM T'€OXMMHUYECKOW MHIMKALUU TaKkkKe ObLia
npoBezieHa Ha Tepputopusx Kapenuu u Konbsckoro nosyocrtposa. B TyHApoBOIi 30HE, BBIIEISIOTCS
YYacCTKH, CJII0KEHHBIE CKOIUICHUSMH U3 KAMEHHBIX BaJYHOB, KOTOpPbIE ObUIM OCTABIICHBI JIIOAbMHU.
IIpu packomkax TakMX KaMEHHBIX TPy WIM KaMEHHBIX CIIOKEHUH He ObLJIO HAWJEHO HUKAKUX
apXeoJOTNYeCKUX HaxoMoK. Kak mpaBuiio, Takue KOHCTPYKLIMHM pacCMaTpUBAIUCh B CBSI3U C
ONMCaHUEM TaK Ha3bIBAEMBIX «CAAMCKHUX KYJBTOBBIX KOMIUIEKCOB» [IlaxHoBuuem M.M.
(laxnoBuy, 2005; laxuoBuu u ap. 2019). Oxomo HudMensHXOBH, MO JaHHBIM (UHCKUX
apxeosioros XIX B., u3BeCTHO 1Ba KopenbCKux JuHHaByopu XII-XIII BB.: PayranaxtunuaHaByopu
okosto 3aymBa CroBsiaxt U OTcoitHeH-JInHHaMAKK Ha ceBepHOM Oepery 3anuBa HusmensHnaxry,
Ha nonyoctpose Xtotopuuemu (Illaxnosuy, 2005). Ha Gepery 3anuBa BbIIENSETCS Ba CKAIbHBIX
BBIX0/1a, I0)KHBIE CKJIOHBI KOTOPBIX OOPBIBUCTHIE M MMEIOT CJEIbl OT CEHCMHYECKUX IMPOLIECCOB.
OTI10’k€HMSI Ha TUIOMIAKAX MTOJIOTUX CKJIOHOB IPEICTaBIEHbI IIECUAHBIMU OTJIOKEHUSIMHU, KOTOPbIE
MOACTWJIAECT cepas CYyNeCh IIOCICIEIHUKOBBIX IOHHBIX OTIOXEeHMM Jlagoxckoro osepa. Ha
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CKaJIbHOM 1uiomaake HusMmensaHxoBu [ pacrionokeHO HECKOJbKO KaMEHHbBIX cioxeHuu. llo
reOXMMUYECKUM JIaHHBIM aHOMaJIbHbIE 30HBI HA MAMSTHUKE, B OCHOBHOM, XOPOIIO (PUKCHPYIOTCS
10 TOBBIILIEHHOMY COJEP’KaHHUIO COBOKYITHOCTH TaKMX aHTPONOIE€HHBIX KOMIIOHEHTOB, Kak P20s,
CaO, Fe203, K70, noBbllIeHHBIE 3HAUYEHUSI KOTOPBIX COIPSDKEHBI C BAJIyHHBIMU CIIOKEHUSIMU B
HEHTPAIIbHOM W OOKOBBIX 30HAaX KOMIUIEKCA, 3a TpeAeiaMH CTPYKTYpP KOHLEHTPAIMM STHX
AJIEMEHTOB HAXOAATCS Ha ypOBHE (POHOBBIX 3HAUCHHMH JUISI 3TUX OTIOKEHUH. Bo3MoOxkHO, 3TO
OTMEYAeT JEATEIbHOCTb, CBS3AHHYIO C PAa3JeIKOM JKMBOTHBIX, CXKUIAaHUEM JPEBECHHBI U
HCIIOJIb30BAHUEM OXpPbl B pUTyalaX, IPOXOJMBIIMX B LIEHTPAJIbHOM YaCTU IaMITHUKA OKOJIO
00JIbIIION KaMEHHOW KJIaJKU U BOKPYT OCTAJIbHBIX KaMEHHBIX Kyd. [1aXOTHBIN Ci10# nepekphIBaeT
KJIQJIKy M caMO CJIOXKEHHE MOXKeT ObITh JaThpoBaHO nepuoaom panee XVI B. H.3. Hecmotps Ha
OTCYTCTBUE KaKUX-THOO MPEJIMETOB M OCTATKOB MAaTEPUAIBbHOM KyJbTYpHhl, TaKasi KOHCTPYKLIHUS, a
TaK)K€ COBOKYITHOCTb N'€OXMMHMUYECKUX IIOKA3aTeIed, CBUACTEILCTBYET, UTO B LIEHTPAJILHON YaCTH
KAMEHHOM Ky4H IIPOBOJMIIUCH IEHCTBUS PUTYAIBHOIO XapakTepa, BO3MOXKHO, KAMEHHAs KJIaJKa
MIOCBINAJIACh KOCTHBIM IIEILIOM.

Ilonyocmpoe Cpeonuii, Kynbmosoe mecmo «bpamvsy.

CkanpHble ocTaHIbl «bpaThs» — NaMATHUK IOCIEIEIHUKOBON TI'€0JIOTMYECKON HCTOPUH
@DeHHOCKaHINH, PACIIONOKEHHBIM HEMOCPEJCTBEHHO Ha MOPCKOM Oepery, B cCeBepo-3amaJHou
yacTu n-oBa CpenHuil. /[Ba )KMBONMCHBIX KAMEHHBIX CTOJI0a MPUYYATHBON (POPMBI BBIJIEIISIOTCS B
OKpY>KaromeM JaHfmagTe, KOTOpble IMOXOXXH Ha TNPHUPOAHBIE «CTaTyw» ¢ MH}OIOrnIecKoit
cMbIcioBoii Harpy3koi (Llaxnosuy, KynskoBa, 2020). Cton0Obl pacnionaratoTcst Ha pOBHOM, epBoi
MOPCKOW Teppace — JApPeBHEM TajJeyHOM IUIDKE, Ha BBICOTE OKOJIO 15 M Haa ypoOBHEM MODSL
HccnenoBanue OTJIOXKEHUH METOAOM T€OXMMHUUYECKOW WHIUKAIMM TI03BOJIAET YCTAaHOBHUTH
HECKOJIbKO OCHOBHBIX (haKTOPOB, BIMSAIOUIMX Ha Mporecc (GopMUPOBaHUS OTIIOKEHUHN U BBIJICIUTh
AHTPOITOTCHHBIC KOMITOHEHTBI, €CIIH OHU IPUCYTCTBOBAIH B OTIOKeHMsx. Dopmyna mepBoro
¢akropa (FI) (63,5%): CaO, P20Os (Sr) /Al203,S102,TiO2 (Zr) moka3blBaeT aHTarOHU3M MEXKIY
IpyNIaMyd KOMIIOHEHTOB, CBSI3aHHBIX C AHTPOIOTCHHOH JeATeNbHOCTBIO, JOCTaTOYHO YETKO
BoIAEseTcs acconuanus kommonentos (CaO, P2Os (Sr)), KOTOpbIE XapaKTEPU3YIOTCS BBICOKUMU
KOPPENSIUOHHBIMUA CBA3SIMM M TOPOAOOOPa3yIOIIMMHM M aKI[ECCOPHBIMH KOMIIOHEHTaMHU
(A203,S102, TiO,, (Zr)), CBSI3aHHBIMH C MHHEpAJIaMH, BXOAALUIMMH B COCTaB IIECUAHBIX
OTJIOKCHUH.

Conepsxanus anTponoreHHelx komnonenTos CaO, P2Os, (Sr, Rb) Obumn Takke onpeneneHs
IUISL OTJIOKEHMI Ha 2-X ydacTkax. [1o cpaBHEHUIO C copepKaHUeM 3TUX KOMIIOHEHTOB B (DOHOBBIX
o0pasnax, OTOOpaHHBIX 3a IMpeleslaMu MMaMATHHKA, BBIIEISAIOTCS aHOMaJIbHbIE KOHILIEHTPAIMH B
OTJIIOKEHUAX Ha mamsATHHKe. Ha mccienoBaHHBIX 000MX ydyacTKax MaMSATHHKA BBIJIENSIOTCS JBE
AHOMAJIbHBIE 30HBI IO KOMIUIEKCY AHTPOINOTEHHBIX KOMIIOHEHTOB. ODTH 30HBI MOTYT OBITh
paccMaTpUBaeMbl, KaK MECTa pUTYaIbHbIX IeHCTBUI. B Takux 30HaX 3aMKCUPOBAHbI AaHOMAJIbHBIE
COJIEPKAHMS AHTPONOreHHbIX Kanusa u pyounus. Iloseimennslie koHueHTpauuy KoOani CBA3aHBI C

JPEBECHOM 30JI0U B OTIOXKEHHUSIX KYJILTYPHOI'O CJIOSI, SBJIAIOTCA MapKEPOM 30HBI KOCTPOB. JTO XKe
MOKA3bIBAIOT 3HAUeHUS MO Rbany, KoTOpBIe XOpoino koppenupyeT ¢ KoOany. B 30HaX KOCTpOB,
KOTOpas 00oraileHa 30JI0i, TaKKe XapaKTEPHbI MIOBBIMIEHHBIE KOHIEHTPALMU IUHKA (Zn) 1 Meau
(Cu). Takum 00pa3oM, MONXy4YEHHBIE JaHHBIE MO3BOJIAIOT PEKOHCTPYHPOBATh 30HBI KOCTPOB, a
TaK)Ke Y4aCTKH BEIOPOCOB M3 HHUX 30JIbI, PACTIOIOKEHHBIE PSAOM. MOXKHO IPEIIOI0KUTh, YTO 30HBI
C TIOBBIIIICHHBIMU COJIEP)KaHUSIMU KOMIUIEKca 3MieMeHTOB, Takux kak P, Ca, K, Sr, Rb, Zn, Cu,
MapKHUPYIOT YYaCTKH JPEBHEH PUTYyaTbHOM MNPAKTUKH, TJI€ MOIJIM OCTaBJSATHCA CaKpalbHbIC
MIPUHOIIEHHUSI, PA3/IENIBIBATHCS MSICO JKUBOTHBIX, Pa3BOJUTHCS OTOHb. TakuM 00pa3oMm, Mo JaHHBIM
F€OXMMHUYECKUX HCCICAOBAHUI MOXHO 3aKIIOYUTh, 4YTO Ha MPOCTPAHCTBE MEXKIY JBYyMs
ocraniiamMmu «bpaTes» coBepianuch OOpSIOBBIC, PUTyalbHBbIC HEHCTBUSA, KOTOPHIE MOYXHO
paccMaTpuBaTh KaK SI3bIYECKHE IKEPTBOIPHHOIICHHS, CBSI3aHHBICE C OXOTHHUYBEH M OBITOBOI
Marued. OTHU CKaJbHbIE OCTAHIBI MOTJM BOCHPUHMMATHCS KaK BBIPA3UTEIBbHBIA TPUPOIHBINA
O0BEKT, HANCISITUCh CAaKpaTbHBIMU CBOMCTBAMH, a 30HBI BO3JIE HHX HCIOIB30BAIUCH IS
PUTYaJIbHBIX IPAKTHUK.
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Ionyocmpos Tapxanxkym (Kpwvim), 3a2ombl ons ckoma 6pon306020 eexa.

Ha namstauke Tapxankyt-18 (mypd 1), pacnonoxenHoro Ha momyocTpoBe TapXaHKyT B
KpbiMy, 00pasnbl OTIOXKEHHH KyJIBTYPHOTO CIIOSl, KOTOPBI C(OPMHpPOBAJICS HA MOBEPXHOCTH
S0JIOBBIX OTJIOXKEHUH, OBbLIM OTOOpaHbI MO ceTke, uepe3 Kaxaple 60 cMm. Kpome Ttoro, Obum
0TO0OpaHbl 00pa3Ibl ¢ MOBEPXHOCTH HOJIOBBIX OTJIOKEHUH ((hOHOBBIN 1Iypd), 4TOOBl YCTAaHOBUTH
(OHOBBIE CONEpKAHHUSI TEOXMMHUYECKHMX KOMIOHEHTOB. MOHOBbIM mypd ObUT 3allokKeH 3a
npeaenamM apXeoJorHYecKoro MaMsTHHKA, JUISl TOTO, YTOOBI ONPEAETUTh COCTaB T'€0JIOTHYECKU
CXOJIHBIX OTJIOKEHHH, HE MOIBEP’KEHHBIX aHTPOIIOT€HHOMY BIIUSHHIO.

Kapter pacnpenenenust kommoHeHTOB (SiOz, Al>O3), CBSI3aHHBIX € JIMTOJIOTHYECKUM
COCTaBOM OTJIOKECHHUH, MOKA3BIBAIOT 0COOEHHOCTH MHUKpOpenbeda B 30He packonok (puc.12).

Puc.12. llamamnux Tapxankym 18. Pacnpedenenue SiO: (%) 6 omnoocenusx: 1 — ¢ponosas
eeoxumuyeckas kapma, 2 — ceoxumuyeckas kapma 6 ooracmu 3azona;, 3 — 3D pekoncmpykyus
nogepxnocmu penvega KynemypHoz2o cios. Kapmer nocmpoenvr aemopom u onybauxosanul
(Kashuba et al. 2021).

XopomIo BBIACTSIOTCS MOBBIIICHHBIE YYAaCTKH, HA KOTOPBIX OBUIM COOpPY)KEHBI KaMEHHbIE
CTEHBI 3arOHa, ¥ TOHWKEHHBIE YYaCTKH, 30HBI, B KOTOPBIX COJIEPXKAJCS CKOT BHYTPH KaMEHHBIX
cTpykTyp. OTIOXKEHHS Ha 3TUX yYacTKaxX CHJIBHO «BBITONTAHB» M NepepaboTaHbl. [1oBbIIeHHBIE
3HAYCHUS aHTPONOTe€HHBIX KOMIOHEHTOB (CaOanthr, K2Oanthr, P2Osanthr) B OTIOXKEHHMAX HA y4acTKax
MOHMXEHUS BHYTpPU 3aroHoB (puc.13) CBUAETENbCTBYIOT 00 MHTEHCHBHOH aHTPOIOTE€HHOU
aKTUBHOCTH, CBS3aHHOM C COJIEPKAHUEM CKOTa. DTH YHYaCTKU TAK)KE XapaKTePU3YIOTCS BHICOKUMU
3HAYEHUSIMU OCHOBHBIX aHTPOIOT€HHBIX KOMIIOHEHTOB, IO CPAaBHEHMIO C (DOHOBBIM y4acTKOM, 32
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npeaenamMy 3aroHoB. ArpeccMBHAsi XMMHUYECKasl Cpea, KOTopask M3MEHMIa XUMUYECKUH COCTaB
OTJIOKEHUH M TpUBENa K IMOYTH TOJHOMY PAacTBOPEHHMIO KapOOHATOB, ObuIa, CpOpMHUpPOBaHA B
YCIOBHSIX CTOMJA Ui CKOTA, YTO IOATBEP)KIACTCS TaKXKEe U apXEOJOTHYECKUMHU JITAaHHBIMH.
Conepxanne CaO Ha yyacTKax 3arOHOB Ha MOPSIOK HIDKE IO CPaBHEHUIO C (DOHOBBIMHU
OTIOXKEHUAMU. AHOManuu aHTPonoreHHoro KoOantr, 1 Ba, KOTOpbIE CBSI3aHBI C MPOLECCAMU
0o0pazoBaHMs MEPErHOs, HAaBO3a M T.JI. TAK)K€ OTMEUAlOTCs B 30HAX 3aroHoB. Takum oOpazom, 1o
JTAHHBIM T€OXUMHYECKUX 3JIEMEHTOB, MOKHO ONPEACIUTh OCHOBHYIO (DYHKITHIO 3TOTO y4acTKa, KaK
3arOH-CTOMIIO IS COMePKAHUS )KUBOTHBIX.

Puc.13. Hamamuux Tapxankym 18. I'eoxumuueckue xapmoi pacnpedenerusi a) P2Osanmnr (%6),
0) CaOanir 8 omaodcenusix: 1 — ghonosas ceoxumuueckas kapma, 2 — 2eoXUMU4eCcKdas Kapma 8
obnacmu 3aeona. Kapmor nocmpoenst asmopom u onyonuxosanst (Kashuba et al. 2021).

HccnenoBanus KyJbTYpPHBIX OTJIOKEHHUH C TIOMOIIBIO KAPTUPOBAHUS TI'E€OXUMHYECKHX
MHIUKAaTOPOB 110 IUIOMIAJM KYJIBTYPHOIO CJIOSI HA apXEOJIOTMUECKHUX IaMSATHUKAX, MAaeT
BO3MO’KHOCTB OoJiee IeTajabHO OLEHUTDH (DYHKIIMOHAJIBHBIE 30HBI JPEBHUX CTOSHOK U MOCEJICHUH 1
YCTaHOBUTb UX TaM, I'/I€ 9TO HEJb3sl ONPEIEINUTh C MOMOIIBIO TPAAULIMOHHBIX apXEOJOrH4eCKUX
METOJIOB. DTH JaHHBIE TO3BOJIAIOT OXapaKTEPU30BaTh Pa3IMUHbIC THIBI (DYHKIIMOHAIBHBIX 30H U
PEKOHCTPYMpPOBAaTh JKM3Hb YEJIOBEKAa HA IIOCEJICHUSAX, a TaKKe€ C IOMOILBI0 OIpPEIEICHUS
XMMHYECKOTO COCTaBa apTe(akTOB PEKOHCTPYHMPOBATh TEXHOJOTMHM IPOU3BOICTBEHHOU
nestenbHOCTH (Kulkova et al. 2018; Kulkova et al. 2020; Zanoci et al. 2020; Kulkova et al. 2021,
MorpynoBa u ap. 2021; Aunapees u ap. 2021). Pa3paboTka MHOr031€MEHTHOIO METOJa
PEKOHCTPYKIMH (PYHKIIMOHAIBHBIX 30H Ha MAMSTHUKAX SMOXH HEOJHUTA - PAHHETO JKEJIE3HOT0 BeKa
BAKHA NI NIOHMMAaHUA JEATEIbHOCTH IPEBHUX JIIOACH Ha Teppuropuu Bocrounoit EBpormsl, a
TaKkKe M APYTUX pernoHoB. Takol MOAXOA, C HCHOJB30BAHMEM KOMIUIEKCA T'€OXMMHUYECKUX
KOMIIOHEHTOB, MO3BOJISET BBIACTATh pPa3NUYHble (DYHKIMOHAIbHBIE 30HBI Ha MaMATHUKAX,
(bopMHpYIOIIUXCS B PA3TUYHBIX reorpaduyecKux 30HaX U JTUTOJOTMYECKUX THITAX OTIOKEHUH.

4. Ha ocnose memo0on02utecko20 nooxo0d ¢ UCHONb308AHUEM 2eOXUMUYECKOU UHOUKAYUU
JIGHOWAGMHO-NAICOKTUMAMUYECKUX VCI08UNl U AHMPONO2EHHOU HAZPY3KU pa3pabomarbsl
PEGUOHANbHBIE KIUMAMO-XPOHOLOSUYECKUX CXeMbl U 2100ANbHAS NANeOKIUMAMUYECKAs]
wKana O0na  No30He20  naelicmoyeHa-conroyena.  Ilonyuennas —moodens — no3eonsaem
PEKOHCMPYUPO8ams 0COOEHHOCMU DOPMUPOBAHUA, PA3BUMUSL U dMANbl Mparchopmayuu
NPUPOOHOU CUCEMbL 8 20I0YEHOBYI0 INOXY U CEA3AHHbIE C Hell KYIbMYPHO-UCMOpUYecKUue
npoyeccwl Ha meppumopuu Bocmounoti Eeponui.
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Cy1iecTByeT HECKOIBKO MPUYMH KIMMATHYECKUX U3MEHEHU. B HacTosmee BpeMs Haubosee
BKHBIM (JAKTOPOM SIBJISIETCS BIUSHUE COJTHEYHOM aKTHBHOCTH Ha KIMMAT 3€MIIH, YTO JOKa3aHO
OMIUPUUYECKUMU HCCICIOBAHUSMHU, B TIEPBYIO OdYepelb, HAa OCHOBE W30TOMHBIX JIaHHBIX.
Brigensitorcss ONMHHAIIATHICTHUE, JIBYXCOTJICTHUE, THICSYENCTHHE W JAp. ITUKIBl U3MEHEHUS
comHeuHoit aktmBHOCTH. (Muscheler, 2007; Dean, 2000; Bond, 1997). HccnenoBanus,
npoBeneHHbie JlepraueBbiMm B.A. (Dergachev & van Geel, 2004), mo3Boiwim yCTaHOBUTH
MEPUOAUYHOCTh TPHUPOJHBIX MpoleccoB, Kortopas coBmanaer ¢ 2400 metHum u 1500 netHuM
[MKIaMH COJHEYHOW aKTMBHOCTH. Bapumaiuu KocMoreHusix u3oronoB ''Be u *C, xoropsie
o0pazyroTcs B atMocdepe 1o BO3JACHCTBHEM MOTOKOB KOCMUYECKUX JTyUel U 3aTEM COXPAHSIOTCS
B apXHBaX MPUPOTHOM CPebl, TAKUX KaK KOJIbIIA IEPEBLEB, CIOU JIb/a, IEHTOYHBIC TTHHBI, KOPAJUIBI
U T.JI., IMEIOT IIUKIWYHOCTb, TJIaBHBIM 00pa3oM B 2400 jeT u MeHee OTYETIUBYIO LUKIMYHOCTh
1500 ner. I[To maHHBIM MHOTHUX HCCIEAOBATEINEH, MOCIE XOJI0HOTO 3MKU30/1a B mepuoj «Momaomoro
Hpuaca» (12700-11500 calBP), B rosorneHe OCHOBHBIC TJIOOATBHBIC SMU30/BI TOXOJIOIAHUS
ormeuarotcs okoio 8200 calBP/6200 calBC (Magny, 2003, Jiang et al., 2005; Fa-Hu Chen et al.
2006 u ap.), 5800 u 5300 cal BP /3800-3300 calBC (Magny, 2004), okosio 4100 calBP/2100 calBC
(Cheng-Bang An et al., 2006, Fa-Hu Chen et al., 2006); oxono 2800 calBP/800 calBC (van Geel et
al., 1996) u manbrii negaukoBsiid nepuos okono 500 calBP (B 17-19 BB H.3.). HccnenoBanus
MOKA3bIBAIOT, YTO ATH SMU30bl CHIIBHOTO TIOXOJIOIAaHUS 9aCTO COMPOBOXKIATNCH BYJTKAHUYECKUMU
u3BepkeHussMU. Ha kanuOpoBOUHOW paaMOyIJIEpOAHOM KPUBOW 3T SHHU30bI  00paszyloT
«paguoyrnepoanbie minato» (KymbkoBa, 2007). B Hacrosiee Bpemsl CYIIECTBYET OOJbBIIOE
KOJIMYECTBO ITyOJMKAIIUA, KOTOPBIC CBS3BIBAIOT U3MEHEHUS, KOTOPHIE MPOUCXOISAT B KYJIbTYPHBIX
coo0IIecTBaX C M3MEHEHHUSIMH OKpykaromiei cpensl (e.g., Weiss et al., 1993; deMenocal, 2001;
Weninger et al., 2006; Buntgen et al., 2011; Drake, 2012; Kaniewski et al., 2013; Wiener, 2014).
HekoTopasi pernoHanbpHasi aCHHXPOHHOCTh BO BPEMEHH STHX JIMH30]I0B MOXET OBITh 0OBsSCHEHA
npupogoit RCC moxononanuii, KOTOpele BKIIOYAIOT KOMOWHAIMIO OpOUTANBHBIX, JIETHHUKOBBIX
(hakTOpOB, a TaKXKE OKEAHMYECKYIO HUPKYIALUIO, TPONMYSCKUE BYJIKAHMUYECKUE W3BEPKEHUS U
comHeunyto aktuBHOCTH (Finné et al., 2011; Wanner et al., 2011), a Tak:ke 3T0 MOKHO OOBSICHUTH
CJIO’KHOCTBIO CPETHET 0JIOIIEHOBOr0 KimMaTHueckoro nepexona (Triantaphyllou et al., 2009; Magny
et al.,, 2013). Ha puc.14 mnokazana koppemnsuus ObICTpbIX KinuMatuueckux kojebanuit (RCC),
YCTAaHOBJICHHBIX C MOMOIIBI0 T€OXMMHYECKUX HHIMKATOPOB HA apXEOJIOTMUECKUX MaMATHHUKAX
Bocrounoii EBponsl 1 110 JaHHBIM pa3JIMYHBIX IPUPOAHBIX MapKepoB 110 Mayewski et al. (2004).

Puc.14. H3menenue kiumama 8 2010yere no OAHHbIM PA3IUYHBIX NPUPOOHBIX UHOUKAMOPO8 NO
(Mayewski et al., 2004) u xoppenayus ¢ eeoxumudeckumu uHoukamopamu nareoxmumama: (1) F1 —
cmosnka Opowaemoe; (2) SiO2/A1:03— 03. Kamviuwogoe; (3) CIA -cmosaunka Ilooonve 1, (4) CIA —
cmosnka Jloopoe 9; (5) FI - cmosnka Kapasauxa 4, (5) CIA — cmosinka Cepmest.
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Ha puc. 15 npuBeneHa XpOHOJOIHMS AapXEOJOrMUECKHUX KYJbTYp, IOCTPOEHHAs IO JaHHBIM
PaguoyIJIEpOAHOrO JATUPOBAHMS PA3IMYHBIX OPraHUYECKUX MATEPUAIIOB U3 KYJIbTYPHBIX CJIOEB Ha
OIIOPHBIX APXEOJOTMYECKUX MTaMATHUKaX BocTouHOoM EBpOIbL.

Puc.15. Xpononoeus apxeonocuueckux Kyavmyp Ha uzyyeHHvlx cmoaukax: a) Opowaemoe-
Aneaitl, nony-nycmuoins-cmens, 06) cmosHKu 8 baccetine cpedne2o mevenus /[ona, neco-cmens, )
JniecHas 30Ha cmoauku Jsuncrko-Jlosamuvckoeo mexcoypeuss (0, Jic); ) 1ecHas 30Ha — CMOAHKA

Leomap; e) neco-mynopa — cmosinku Oxma 1-Ilodonve 1, 3) necnas 3ona — cmosauka 3amocmoe 2.

Ha ocHOBe npoBeieHHBIX UCCIIETOBAaHMI C UCIIOIB30BAaHUEM I'€OXUMHUECKUX MHINKATOPOB B
OTJIOKEHUAX Ha apXEOoJOrMUECKHX MaMATHHKaX Tepputopun BocrouHoit EBpormbl, Obutn
YCTaHOBJIEHBI CIIEAYIOIINE PE3KUE KPaTKOBPEMEHHbIE LIMKJINYHBIE M3MeHeHus kinmMara (8400-8000
calBP/6400—-6000 BC (8200 calBP/6200 cal BC), 6300-5700 calBP/4350-3750 BC, 5450- 4200
calBP/3500-2200 BC (4200 calBP/2200 calBC) u 3200-2800 calBP/1200-900 BC u menee
3HauuMble KiauMmarmueckue cooObitus (7700-7600 calBP/5700-5500 calBC u  7300-7200
calBP/5300-5200 calBC)). OTu 3nu307pI OKa3bIBAIM BIMSIN Ha JaHAMA(THO-KIUMATUICCKHE
YCIOBHSI B TOJIOLEHE Ha TeppuTopuu Boctounoit EBpombl u SBISIIMCH TPUITEPOM COLIMO-
KyJIbTypHBIX TpaHchopmanmii (Tadm.1) (Vybornov et al. 2012, 2013; Kulkova et al. 2015; Kulkova
et al. 2016; Kulkova et al. 2021, Vybornov et al. 2018; Korolev et al. 2018; Moprynosa u ap. 2019;
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Bri6opHoB u np. 2019; Vybornov et al. 2020, Vybornov et al. 2021; Beibopros u Kynbkosa 2020;
Bri6opuoB u Kynbkosa, 2021). JletanpHast KOppesiius KPaTKOBPEMEHHBIX MaCOKITUMATHIECKUX
COOBITHI W TOSBJICHUS HOCHTENECH PAa3MUYHBIX KYJbTYp B TOJIOIICHE Oblla MPOBEACHA METOI0M
IreOXMMUYECKOH HMHIMKAIlMM, KOTOPBIH TIO3BOJIAET COIMOCTAaBUTh TaKUe COOBITHS, Kak
KIIMMaTU4YECKME M3MEHEHUS] M AaHTPOIOICHHYK aKTUBHOCTh, 3al€YaTiCHHbIE B apPXUBHBIX
OCaJOYHBIX OTJIOKEHUSAX Ha apXEOJOTMYECKMX NaMATHUKAaX. OJTH JaHHBIE CONOCTaBIEHBI IS
pa3HbIX JaHAmadTHO-KIMMaTHdeckux 30H Bocrounoii EBpomnsl (Tab:.1)

Tabn. 1. Ilepuoowt peskux ovicmpuix kiumamuyeckue usmernenuii (RCC) 6 zonoyene u KyiomypHoie
mpancghopmayuu 8 Bocmounoii Eépone no oannvim 2eoxumuieckoli UHOUKAYUU U paouoy2nepooHo2o
0amuposanusl.

8200 calBP/6200 cal BC
ITepexon oT Me30MTa K HEOJIMTY
Hoay-nycmuins u cmens Jleco-cmens Jlecnas 3ona u maiiea
Kaupirakckas KyJbTypa | Enmmanckas KyabTypa | Crosinka 3amoctbe 2 (BepxHsis
(Cesepubiit  Ilpukacnuit). | (Cpennee [ToBoskbe). | Boara). Ilepexom K mnepuony
CyuiecTBoBaHMe DBOJIIOMOHHOE ~ Pa3BUTHE | TO3[HEr0 ME30JUTa
«3aMKHYTBIX» AHKJIABOB | 3aMKHYTbIX aHKJIABOB.
NepBbIX HEOJIMTUYECKUX
MOCEJICHNUIA, ux
3BOJIIOLIMOHHOE Pa3BUTHE.
Hauano NOSIBJIEHUST

OpJyioBCcKO#  KyJbTYpbl B
6acceitne Huxxneir Bosru.

J>kaHrapckas KyJabTypa | IlosiBnenue namsaTHUKOB | [lepsbie CBUJIETEIBCTBA
(CeBepo-3anajHblii CpEHEIOHCKOMN u MOSIBJIEHUST Cepreiickoii
[Ipukacmmit). IIpoucxopar | KapamblIEBCKOW KYyJbTYpP | HEOJIMTUYECKOWN KYJIbTYPbI
u3meHeHust B TexHosnoruu | (Cpenuuit u Bepxuuii [1oH) (JdBuHcKo-JIoBaThCcKOE
U3rOTOBJICHUS MEXKIypeube)

KEpaMu4ecKon MOCY/IbI.

ABTOXTOHHOCTb  Pa3BUTHS,
CBS3aHHAasT C  BIIMSIHUEM
Hocutenienn  Kauprakckon
KYJIbTYPbl

IMostBnenue Oxnoe Tlpunagoxwe, HOxHOe
PakyeuHosipckoi [Tpuonexne, 6acceitn 03.Boxke —
KyJbTyppl B  OacceilHe ME30JIMTUYECKHUE COOOIIIECTBA
Huxxnero [lona. Brwusinue
AHATOJIMICKO-
OJIM>KHEBOCTOYHBIX
TpaLun

[losiBieHne nepBbIX LEHTPOB W3MOTOBJICHUSI KepamMuKu Ha Teppuropun Bocrounoit Esponbl u
pacnpocTpaHEeHUE OT/IENbHBIX UMITYJIbCOB 3TUX TPAIULMN CPEIM ME30JUTUYECKUX COOOILIECTB.

7700-7600 calBP/5700-5600 calBC u 7300-7200 calBP/5300-5200 calBC
HeonnTn3anus n nepexogHbie K SJHEOJIUTY KYJIbTYPbI

Cnoxenue Opaosekoii | [losiBnenue 10kHbIX | CrosHka 3amocTthe 2 (BepxHss
KyJabTypbl (Huknsist Bonra), | coobuwiects u3  crenHoit |  Boosra) mnosiBneHue cooOliecTs
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CTOSTHKU Anrait V| 30HBIL dopMupoBaHME | pAHHEr0  HEOJUTa  BEpXHe-
Oporaemoe. U3MEHEHUII B  KEpaMHUKe | BOJDKCKOW  KynabTypbl (7700

emaHckon  KynbTypbl u | calBP/5700 calBC).

NOSIBJIEHUE CYyPCKOW

KYJIbTYPHOM TpaguLn

(Cpennee ITosomxkne) (7700

calBP/5700 calBC)
dopmMupoBaHue NepexopHon | PopMUpoBaHUE PazButue ME30JIUTUYECKUX
OT HEOJUTa K OSHEOJUTY | CPEAHEBOJIKCKOW COO0LIECTB (Kapenbckuit
[Ipukacruiickoil KyJIbTypbl | KYyJbTYpbl, KaK pe3yJnbTaT | Mepelleek, IOxHoe
HauumHaeTrca okono 7500 | KyabTypHOro cuHkperusma | Ilpunagokse). [losiBnenue
calBP/5500 calBC B | IIO3/HEEJIIAHCKON, KyJbTypbl  cneppudrc (7000
CeBepHOoM [Ipukacnum | TEHTEKCOPCKOM u | calBP/5000 calBC)
(O>xanrap, 2Kekanran I).| mN031HEOPIOBCKON KYyJIbTYp

[losiBieHne CUHKPETUYHOWM
KEpaMUKH. [losiBnenue
OBLbI Ha cTosiHKe Kypnexe-
Moana (7100 calBP/5100
calBC)

(Cpennee ITosomxkne) (7700
calBP/5700 calBC).

ITosiByieHMEe CBHE3)KUHCKOTO
KyJbTypHoro Ttuna (7400
calBP/5400 calBC)

PassuTne KapambIlLIEBCKOW
u CPEIHETOHCKON
KYJIbTYPHbIX TpauLMi
(Cpennuit u Bepxuuit [1oH)
(7700 calBP/5700 calBC).

[lepexon k osHeonuTy Ha

Cpennem Hony.
dopmupoBaHue

YEepKACCKOIro KYJbTYPHOIO
THNA Ha OCHOBE

HUXKHEJJOHCKOW KYJIbTYpPhI U
MecTHoro Hacenenust (7350
calBP/ 5350 calBC).

JIBuHCKO-JIOBaThCcKOE
Mexpypeube. Pa3Burtue cpennei
u nospHenn aspl Cepreiickoii

KyJabTypbl (7700  calBP/5700
calBC)..

dopmupoBaHue PYAHSHCKOW
KYJIbTYPbI (7300-7250
calBP/5300-5250 calBC),

coyeTamwlleyl B cebe MeCTHLIE
KyJIbTYpHbIE Tpaguuuu "
TPaJULAYA HAPBCKON KYJIbTYPBI.

HwuxHenoHckast KyabTypa B
CEBEPHOM IIpnazossbe,
A30oBO-lHEMpOBCcKasi — B
3amagHoM IIpuasoBbe u rore
CTEIHOT'O [TopHenpoBe4,
(Korosa 2015).

Henpo-noHenkas
KYJIbTYPHO-UCTOPUYECKAS
obmHocTh B OaccelHax
CeBepckoro  [loHua u
ITogHenposbs. [lomuHupyer
KepamMka c rpebeHYaTbiM
OPHAMEHTOM.
dopmupoBanue 2-ro arama
Oyro-JHEeCTPOBCKOM
KyJbTypsbl (KoToBa 2015)

[TosiBneHne paHHEro HeoNUTa B
IOxxnom ITpuonexne (KapaBanxa
4).

B IOro-Bocrounom Ilpuonexne
(Tynozepo V) B nepuop 7636-
7500 calBP/5636-5500 calBC
MPOUCXOAUT  PACHPOCTPAHEHHE.
[TosiBnenue KyabTypbl CIEPPUHIC
(7300 calBP/5300 calBC)

6300-5700 calBP/4350-3750 BC, 5300 calBP/3300 cal BC, 5000 calBP/ 3000 calBC, 4200

cal BP/2200 calBC

nepexop K Npou3BOAsILEMY X03SICTBY, JHEOIUTY, NO3[AHEMY MeTHOMY-PaHHEMY

OpOH30BOMY BEKY
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Pacnpocrpanenue PazButue Ha crosinke  3amocthe 2
HOCUTEIIEN XBaJIbIHCKOW |  CPEIHECTOrOBCKOM (Bepxusis  Bosra)  pasButue
KyJbTypbl ~ Ha  CTOSIHKE | KYJbTYpbI sHeomuTa | JIbsinoBckoil  KyabTypbl 6300
Opoluaemoe (6700-6300 | (Cpepnuit  on) (6700- | calBP/4350 calBC. IlosiBneHue
calBP/4700-4300  calBC) | 6300calBP/4700-4300 HOCUTEJIE  KYJBTYpP  OIOXHU
(Huxnsst Bosra). calBC). KoHTakThbI c| Opom3bl (5000  calBP/3000
Ynanok XBAJIbIHCKOW |  JIbSUIOBCKOW KYJILTYPOIA. calBC).

KYJbTYpbl, CBSI3aHHbII C

npekpaiieHueM  OajKaHo-

AYHAViCKOI  MEeTaJlIypruu

(5800-5700  calBP/3800-

3700 calBC)

dopmupoBaHue SIMHOW [TosiBnenne coobwects c¢ | IOxHoe [Ipunanoxse. Hocurenu

KYJbTYpbl 3M0XU OpOH3bI,
OepeKHOBCKUX KYJIbTYPHBIX

TpajiLui, KOTOpBbIE
CIIOKUJUCh HAa  OCHOBE
XBaJIbIHCKO-
CPEHECTOrOBCKOT'0
HaceJIeHUsI (IToBOKBE)
(5600-4300 calBP/3600-
2300 calBC

rUOpUHON KEPAMUKOW
CPEIHETOHCKON "u
KapaMbIIIEBCKOT0 THTA
(Cpepauit ~ 1on) 5700
calBP/3700 calBC.
CrokeHue HeOJTMTUIECKOro
COOOIIIECTBA  KCU30BCKOI'O
TUIIA, KakK npouecc
B3aMMOJIENICTBUSL PS3AHCKO-
JOJITOBCKOI u
CPEHECTOrOBCKON KYJIbTYP
(5700 calBP/3700 calBC)

SIMOYHOM, IMOYHO-TpebeHYaTol 1
rpedeHYaTon KyJbTyp Hayaau
pa3BUBaTbCS Ha TEPPUTOPUU B
nepuoy, 6070-5633 calBP/4071-
3633 calBC (Oxra 1, IToponbe 1).

[TosgBnstorcst HOCUTEIN
TUNUYHOW rpeGeHYaTomn
KYJIbTYPBbI, TpauLMii
U3rOTOBJIGHUSI ~ KE€paMHMKu  C

nepoM, acOGecToM, PaKOBMHOI,
ObL7IM OOHAPY>KEHbI NOrpeOeHus €
SIHTapeM (5300-4820
calBP/3364-2871calBC).

Hauano 3MOXU OpOH3bl,
MOSIBJIEHUE HOCUTEJIEN LLIHYPOBOWA

KEepaMMKH, nocJe 4200
calBP/2200 calBC

JIBuHCKO-JIOBaThCcKOE
Mexaypeube. B nmpuOpexxHoii
yacT  3a00JIOYEHHBIX  03ep
NOSIBJISIFOTCS CBAMHBIE NOCTPONKU
YceBaTeTKOM KYJIbTYPBbI.
HaubGonee nipeBHue  cBaiiHble
nocesieHust gatupyrorcs  4570-
4330 calBP/2570-2330 calBC.
Passutne 2KvKnukoi KyJbTypbl
(4000-3700  calBP/2283-1685
calBC). TlosiBnenue Hocutesen
APYIMX KYJbTYPHbIX TPaJULMI B

peruoHe (KynbTypbl
BOPOHKOBM/IHBIX KyOKOB,
mapoBblx  am¢op,  KYyJIbTyp

LIHYPOBOW KEPAMUKMU, IOCIIEHEN
cTaguun Huenpo-/loneukon
KYJIbTYPBbI)

BbITHeKast BO3BbILLIEHHOCTb.
Cnoxenue KyabTypsl Llenmap,
BCJIC[ICTBUE B3aMMOJIECTBUSI
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HApBCKOH, SIMOYHO-TpebeHYaToi,
HEMAHCKO# KYJbTYP U KYJbTYpbI
BOPOHKOBM/IHbIX KYyOKOB (5833-
4250 calBP/3833-2258 calBC).

3200 calBP-2900 calBP/1200 calBC- 900 calBC
KPU3HC MO3/IHEr0 GPOH30BOr0 BeKa M Mepexojl K PAHHEMY KeJIe3HOMY BeKy

Pacnpoctpanenue KyJabTyp
PaHHErajbIITaTTCKOrO
kpyra B Kapnaro-
HyHaiickoM GacceiiHe
akTususupyercs B 10-9 cc.
calBC (Kamy6a, 2012).

B necocrennoit 30He Mexy
pexkamu [Tnectp u J[1oH B
pe3yabTare MUrpauuil ObLu
cpOpMUPOBaAHbI HOBbIE
KYJbTYPBbI CO CIIOXKHbIM
TUTOM XO35CTBA -
YepHosecckas KynbTypa
(boukapes, Kamy6a, 2018).

[TosiBieHust MEPBBIX KEJEe3HbIX
m3nesmii B Bonro-Kamne B
MaKJialleeBCKON KYyJIbTYype
¢puHana GpPOH30BOrO BEKa, OKOJIO
12/11 — nepBoii nonoBuHe 9 B. 10
H.3.

Kputnueckue nsmeHenus
NPOUCXOMAT BO BTOPOWA
nosioBuHe-koHIe 10 B. fo
H.3.. UICUE3HOBEHUE
KyJbTYypbl KullinHay-
KopaaTsHp; cyliecTBeHHbIe
U3MEHEHMSI B KYJILTYpe
I"aBa-TI"onurpappi;
npeoOpa3oBaHue NO3JHE
benorpynosckoi KyabTypbl
(panHero YepHonechbsi) B
KYJIbTYPY Pa3BUTOrO
(no3nuero) YepHonechsi

Komeny 13-10 B. g0 H.3.
pacnaj cpyOHoIi u
AQHJPOHOBCKON  KYJIbTYPHO-

ucropuueckoi oouHoctu. Ha
CMEHY UM Ha 3HAYUTEJIbHOM
NPOCTPAHCTBE cTenu u
jJecocrenn ot JlyHas 110
AnTas npuxoguT OOLIHOCTb
KyJbTYP BAJIMKOBOM
kepamuku (KBK).

[Ipou3BOACTBO KENE3HbIX U3ACIUN
B Bonro-Kambe B
paHHEaHAaHBUHCKOE BPEMsi — BO
Bropoyt nosouHe [X—VII BB. 10 H.
3. (YwmkeBckuii, 2012)

(Kamry6a 2000).
Tpetrbsi B 10xxHom Ilpunagoxne
paHHeraNbIITATTCKAS MOSIBJIEHUE OMMETAINIECKAX

KyJIbTypa pernona — Kosus-
Caxapna, koner, 1 1-Hauano
8 B. 10 H.3. SBIISIETCSI CAMBIM
CEBEpPO-BOCTOYHBIM
KYJIbTYPHbIM 00pa30BaHUEM
BOCTOYHOOATKAHCKOTO
Kkpyra kynsTyp MHcyna
banynyin—ITmennyeso 11—
Bab6apar 11 (Kamy6a 2000)

NpeIMeTOB aHAHBMHCKOTO TUTIA B
BOJIXOBCKOI1 KyJbType 9-6 BB. 10
H.3. (FOmkoBa, 2011)

[Tepuon puHanbHON OPOH3BI
B CTernsixX CesepHoro
IIpnuepHOMOpBSL CBsA3aH C
HacejieHneM  0e03epcKon
KyJbTypbl, THEpexop  OT
3eMJIEICNINST K OCEJIOMY
CKOTOBOAICTBY B 12-11 BB.
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3acyuumBbIe YCIOBUS
1000-950 rr. 10 H.5.
3KCMAHCUST «<KUMMEPUILIEB»
B MIOHTUICKUE CTEMU OT
Cesepnoro Kagkasa 1o
Hynas (Kotova,
Makhortykh, 2010).

3AKJTIOYEHUE

ABTOpPOM TIPOBENEHO KPYMHOE OO0OOIIeHHE MNaHHBIX TEOXHMMHYECKUX HCCIeIOBaHUN
OTJIOKECHUH, TMOJy4eHHOE Ha 0a3e OMOPHBIX ApXEOJOTHUYECKUX MaMSATHUKOB, PACHOJIOKEHHBIX B
pa3nuyHbIX reorpaduyeckux 30Hax Bocrounoir EBpombl.  Jlns  kaxmod manamadTHO-
KIIMMaTH4ecKoi 30HBI BocTtouHoli EBpomnbl (CTENHON M MOJY-ITyCTBIHHOW 30HBI, JIECO-CTEITHOM,
JECHOM M TYHIPOBOW 30H) ObUIM BBIOpAHBI STAJOHHBIE MHOTOCJIOWHBIE apPXEOJIOrHYEeCKHe
NaMATHUKHM, Ha KOTOPBIX IPOBOJWINCH MHCCIENOBAHUSA 10 PEKOHCTPYKIMHM NaJCOKINMATa,
(OpMHUPOBAHMIO KYJIBTYPHOTO CJOSl M Pa3BUTHIO apXeoJIOTMYECKUX KyibTyp. OIeHKa xapakrepa
0CaIKOHAKOIIJICHUS Ha apXEOJOrMUECKUX NaMITHUKAX Pa3UYHbIX reorpaduiyeckux 30H Boctounoit
EBponbl ¢ UCTIOIb30BaHUEM I€OXMMHUYECKUX WHAMKATOPOB JIAHAA(PTHO-KIMMATHYECKHX YCIIOBUH,
MO3BOJISIET BBISIBUTH Takue ¢akTophl, Kak oTHocutenbHas Ttemmeparypa (NaxO/KoOj; Sr/Rb),
otHocuTenbHas BiaxHOCTh (CIA; FexO3/Ca0), ruaposiornyeckuil pexuM BOJOeMa U €ro
poyKTHBHOCTB (SiO2biog MNO/Fe203), mpouieccrl 3po3uu (Zr/Al>Os; TiO2/Al,03) u anTponioreHHas
akTUBHOCTH (P2Osanthr). MaTtemarudeckass oO0pab0oTKa T€OXMMHUYECKUX TaHHBIX, MMOTYYCHHBIX IS
JIUTOJIOTUYECKUX OTIIOKEHUI Ha CTOSHKAX JPEBHErO YEJIOBEKA JAET BOZMOXHOCTh BBISIBUTH FPYIIIBI
XUMHUYECKUX JJIeMEHTOB jmronioruueckoit (AlLOs, SiO», Zr, FexO3, TiO2) u aHTpomoreHHOM
cocrapisitonieit (P2Os, CaO, Sr). Koppensiuus 3Tux mnoka3arenedl B OTJIOKEHHUSX I103BOJISAET
COIOCTaBUTh JIAHAMAPTHO-KINMATHUECKUE YCIOBUS OCAIKOHAKOIUICHHUS U YPOBEHb aHTPOIIOTEHHOM
AKTUBHOCTH JIJISl ONIPENEIEHHBIX XPOHOJIOIMUECKUX 3TANOB IO3/IHEr0 IMJIEHCTOIIEHA - I'OJIOLEHa Ha
tepputopun Boctounoit EBponbl. B otnuune ot apyrux MeTom0B PeKOHCTPYKIMH JAHAIIA(PTHO-
KIIMMaTU4YECKUX YCIIOBUM, T€OXUMUYECKUI METOJ] MO3BOJISIET YCTAHOBUTH BapHallUU B U3MEHEHUU
COCTaBa OTJIOKEHUH M COOTBETCTBEHHO, PEKOHCTPYUPOBATh KIMMAaTHUECKUE HW3MEHEHUS Ul
KPaTKOBPEMEHHBIX MEPUOJIOB, JUTUTENBHOCTHIO 110 100 j1eT. IT0 1aeT BO3MOXKHOCTD TOCTPOUTH OoJiee
JETANbHYIO KIUMaTO-CTPaTUrpahUIECKyI0 XPOHOJIOTHIO.

Ha ocHOBe TreoXMMHYECKHMX HHIUKATOPOB JaHAA(THO-KIMMATHUYECKUX YCIOBUH ObUIN
YCTaHOBJIEHBI XPOHOJIOTMUYECKUE OSTalbl 3aCEJI€HUS] CTOSIHOK JPEBHEr0 YEJIOBEKA HA TEPPUTOPUU
Bocrtounoii EBpomnbl. Koppensuus 3THX [JaHHBIX C YPOBHEM AaHTPOIIOI€HHON AaKTUBHOCTH U
pe3ysibTaTaMu  paAuoOyTIEpOAHOIO JAaTUPOBAaHUSA JAaeT BO3MOXHOCTb IIOCTPOUTH JETaJIbHBIE
KIIMMaTU4YECKHE XPOHOJOIrMYECKHE MIKaJbl A CTOSHOK Pa3JIM4HbIX NEPUOAOB, PACIIOIOKEHHBIX B
pasHbIX reorpaduyueckux 3oHax Bocrounoit EBpomnsl (cTosiHka mo3anero naieonuta Enuceesuun 11
CTOSIHKM HeonuTa-dHeonuTa Anraii u OpolraeMoe; CTOSHKa HeoluTa-3moxu Oponssl JoOpoe 9;
CTOSIHKAa ME30JINTa-HEOJIUTa 3aMOCThe 2; CTOSHKM HeosuTa-paHHero meraimia Oxra 1, Ilomonbe 1;
CTOSIHKM HEOJIUTa-paHHEro >Kele3HOro Beka B CepeTHCKOM apXeoJorM4ecKOM MHUKPOPETHOHE;
cTosiHKa HeonuTa KapaBauxa 4; cTOsHKa Me30JIMTa-paHHETo XKeJle3Horo Beka Tynosepo V).

Bnepssie nns pernoHa BoctouHoit EBpoIbl Ha OCHOBE NMPUMEHEHUS METOAA MHOI'OMEPHOIO
CTaTUCTHYECKOTO aHaju3a OBUIM OIpenesieHbl KOMIUIEKCHI T'€OXMMHUYECKUX WHAWKATOPOB U
accolMallii WHAMKATOPOB, XapaKTEepHU3YIOLIHe pa3inyHble (yHKIMOHAIBHBIE 00JacTH Ha
IIOCEJIEHUSAX, UTO BaXKHO JIJIs1 OLICHKH BIIUSHUS aHTPOIIOT€HHOM aKTUBHOCTH B I'OJIOLIEHE Ha 3KOJIOTHI0
OKpY>KaloIIel Cpeibl B pa3HbIX reorpaduyeckux 30Hax.

JInsi OIIEHKH aHTPOIOT€HHOTO BIHMSHMUA HAa TpaHC(OpPMAIMIO OTIOXKEHMH U OCOOCHHOCTEH
bopMHUpOBaHMA  KYJIBTYPHBIX CJIOEB TNPUMEHSJICS  METOA  TIEOXMMHMYECKOH  WHAWKAIIUU
(YHKITMOHATLHBIX 30H Ha MOCeNeHusX. Takue accoruanuy XUMHIECKUX dIeMeHTOB, Kak (P20s, CaO,
Sr), (K2O,Rb), (MnO,Ba), (Zn, Cu, Pb) morytr OBITb HCIOIB30BAaHBI JJIsi BBISBICHHS JKUJIBIX,
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X0351MCTBEHHBIX M TPOU3BOJCTBEHHBIX 30H B MECTax ApeBHUX noceneHuit. Ha ctossake Oxra 1 snoxu
HEOJIMTA-pAaHHETO MeTaula JJs OTJIOKCHHMH TMOrpeOeHHsT XapaKTepHbl aHOMAIbHBIE 3HAUCHUS
KOMIUIEKCa XUMUYECKUX aHTPOIIOTEHHBIX KOMITOHEHTOB, TaKUX KaK P2Osantr, CaOane 1 Fe203, Stanthr.
I'eoxumuueckuii coctaB OTIOKeHUM Ha cTosHke llomonpe 1 mokaseiBaeT Apyroil xapaxrep
pacmpeneneHuss XUMHUYEeCKUX DJIEMEHTOB. B mpuOpexHON 30HE MPOTOKH MOTYT OBITh ONpEACTICHBI
yuacTku pacnonoxeHust KOCTPHUIL (K2Oantr 1 Rbantr) ¥ 30HBI pa3aenku 1 NpUroTOBICHUS )KUBOTHBIX
1 pbIObI (CaOanhir U STanhir).

Ha mnamsaraukax smoxu HeonmuTa CepTelicKOro apXxeoJorndyeckoro MUKpPOPETHOHA ObLIH
BBISBIICHBI OCTaTKU o4akHbIX ckomenui (K20, Ba, TiO2), Mecra HakoIUIEHHS rymyca, CIEIbI

oOWTaHWs U BHYTPEHHHE y4acTKu Kiioi ctpykrypsl (Fe203, MnO, (LOIso0), y4acTKu HaKOIICHWs
OPraHuKM ¥ KOCTHBHIX O0CTaTtkoB (P20s, LOI), KOTOpbIE MOINIM CKAaIIMBATHLCA B MECTaX pasIeiKH
KUBOTHBIX U IIPUTOTOBJICHUS ITHULIH.

Ha Tepputopusax Kapenuu u Koabckoro noiayoctpoBa, Ha y4acTKax, CI0)KEHHBIX KAMEHHBIMU
BaJIyHAaMU, TOBBIILICHHbIE 3HAYEHUs TaKMX KOMIIOHEHTOB, Kak P>0s, CaO, Fe.Os3, KoO ormeuaer
JESITEIHOCTD, CBSI3aHHYIO C pa3eiKOM JKUBOTHBIX, CKUTAHMEM JIPEBECHHBI U HCIIOJIb30BAHUEM
OXpbI B pUTYyaax.

B peruone mnomyoctpoBa TapxankyT (KpeiM) BHyTpeHHME ydacTKHM 3aroHa JUisl CKOTa
XapaKTepU30BAIMCH MOBBIIICHHBIM COJICPKAHUEM aHTPONOreHHbIX KoMITOHEHTOB (P20s, K20, Rb)
HU3KUMHU KoHLeHTparusiMu Ca0, 1o cpaBHEHHIO ¢ (POHOBBIMU 3HAUCHHSIMH.

['eoxumuueckoe KapTHpoBaHHE (DYHKIIMOHAJIBHBIX 30H SIBJSIETCS BAXXKHBIM MHCTPYMEHTOM
IUISL OTPEJAEICHUs] TPAHUI] apXEOJOrMYeCKMX NaMATHUKOB M (PUKCaluM KyJIbTYpPHBIX CIIOEB
apXeoJIOTUYECKOr0  Haclelus, KOTOpble He MOTyT OBITh YCTAHOBJEHBI JJOCTOBEPHO
apXeoJOTUYECKUMHU METOJaMH.

MO’KHO TaK)Xe OTMETUTh, YTO NPUCYTCTBUE YEJIOBEKA OKA3bIBAET CHUIIBHOE BO3ACHCTBHE HA
OKpY>KaIOIIyIO cpefy, rmpeodpa3yst IpupoaHble 00BeKThl. M naxke, B cilydyae OTCYTCTBHS KaKUX-
1100 apXeoNOTHYECKUX CBHJICTEILCTB O MOSIBICHUH YEJIOBEKa B TOM MJIM MHOM MECTE M OCTaTKOB
MaTepHaIbHOW KYJIBTYPbI, CJIeAbI PEObIBAaHHUS MOTYT OBITH OOHAPYKEHBI C MMOMOIIIBIO TTOSBICHUS
AHTPOIIOTEHHBIX MAapKEpOB B BHJIE KOMIUIEKCA T'€OXMMHUYECKUX 3JIEMEHTOB AHTPOIOI€HHOIO
XapakTepa, 4To MO3BOJISIET OKOHTYPUTh U 0003HAUYNTH I'PAHUIIbI KyJIBTYPHOTO CJIOS. DTO BaXKHO IS
OXpaHbl 00BEKTOB KyJIbTYpHOI'O HacIeIusl.

Ilo JaHHBIM F€OXMMUYECKUX MHIUKATOPOB B OTJIOXKEHUSAX FOJIOLEHA HA CTOSHKAaX JIPEBHETO
YeJIOBEKa PEruCTPUPYIOTCS TJIOOAIbHBIE KIMMATUYECKHE COOBITHSA, CBSI3aHHBIE C PE3KUMU
OBICTPBIMU KpaTKOBpeMeHHbIMH u3MeHeHusasMu kimmata (RCC) B nepuon ronouena oxoiao 8200
calBP/6200 BC, 6300-5700 calBP/4350-3750 BC, 5450-4200 calBP/3500-2200 BC (4200
calBP/2200 BC) u 3200-2800 calBP/1200-900 BC. Bpumn Taxke 3aperuCTpUPOBAHBI U MEHEe
3HAYMMBbIE KIMMATHUYECKUE COOBITHS, KOTOPBIE HENb3s1 ObUIO YIOBUTH TPAAULMOHHBIMU METOAAMU
PEKOHCTPYKIIUHU KIMMaTta (Hampumep, criopoBo-nbUIbIeBbiM) (7700-7600 calBP/5700-5500 BC u
7300-7200 calBP/5300-5200 BC). MeTtox reoxuMu4ecKkoil ”HAWKAILMHU O3BOJISIET CKOPPEIUPOBATH
KJIMMaTU4YeCKUe COOBITHSI C YpPOBHEM AaHTPONOICHHON aKTUBHOCTH Ha apXeOoJOrMYeCKHX
NaMATHUKAaX. OTH Pe3yJIbTaThl IMO3BOJIIOT OIEHUTh BIUSHUE TJOOAIBHBIX KIMMATHYECKUX
(baxTOpoB Ha TpaHCHOPMALUHU KYJIbTYPHO-UCTOPUIECKUX COOOIIECTB Ha TeppUTOpun BocTouHOi
EBpomnsl.

Oxomno 8200 calBP/6200 calBC, B panHeMm rosoiieHe Ha Tepputopuu Bocrounoii EBpombl
OTMEYaeTCsl EePEX0/] K HEOIUTHYeCKOMY neprory. OH XapakTepusyeTcst ObICTPBIM IPOIBUKECHUEM
MOOMJIBHBIX OXOTHHMKOB U3 IOJIY-ITyCTBIHHOHM, CTEITHOW M JIECO-CTEIHON 30H B 30HY JIECOB, YTO
CBS3aHO C PE3KUMHU KIMMAaTHYECKUMU H3MeHeHMsMH. [IpoucxoauT pa3BUTHE KEpPaMHUYECKOTO
MPOU3BOJACTBA, YTO XapaKTEPU3YET Ipouecc HeonuTuzauuu Bocrounoi EBpormbl. B otinune ot
3ananHoi u LlenTpanbHOM EBpOIBI 3TOT Ipo1ece CBsi3aH B pAHHEM HEOJUTE C PaCIpOCTPAHEHUEM
TOHYAPHOTO MPOU3BOJACTBA M CHEUU(PUIECKON TEXHUKOW H3rOTOBICHHMS KaMEHHBIX Opyauil. B
NEpUONbl  yXYIIICHUS KIUMara, OCOOCHHO CBSi3aHHBbIE C OBICTPHIMH KPaTKOBPEMEHHBIMU
kuMatndeckuMu u3meHeHussMu (RCC), KynpTypHbIE cOOOIIECTBA paCIPOCTPAHSAIOTCS B PETHOHBI,
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KOTOPBIE XapaKTEPH3YyIOTCsA OOMIMEM BOJAHBIX PECYPCOB, KaK MPABHIIO, U3 PETMOHOB, B KOTOPBIX
IIPOUCXOAUT COKPAILLEHUE UIIU BBICBIXaHUE BOJOEMOB.

Crnenyromuii XpOHOJIOIMYECKUH IEPUOJ  MOXKHO OXapaKTepU30BaTh, KaK IEPEXOIHBIN
nepuosl Mexy HeonuToM U 3HeonuToM (7200-7100 calBP/5200-5100 calBC). B crennoit 30He
MOSIBIICHUE KYJIBTYP HEOIUTa mpoucxout okoso 6700 calBP/4700 cal BC.

Bonee crnoxHbIii mporiecc, KOTOPBIA CBS3aH C COLMAIbHON cTpaTHdukanueil odmecTBa u
pa3BUTHEM MPOU3BOJACTBA - 3TO d3moxa OpoH3bl. bpoH3onuTelHas Tpaauuus Ha TEPPUTOPUU
Bocrounoii EBponbl OepeT cBoe Hadano B CTENHOW 30HE M CBsA3aHA CO CPYOHOH KyJIbTYpOH,
nosBisiercst okosio 4800 calBP/2800 calBC. Ee pacnpocTpaHeHue B CEBEpHbIC JIECHBIE 30HBI
IIPOUCXOAUT HE TaK MHTEHCHUBHO, T.K. CTPATE€rUy aJallTallud HACEJIECHUs B JIECHOW 30HE OCTAOTCS
CTaOMJIbHBIMU M KOHCEPBAaTUBHBIMHU Ha YPOBHE HEOJIUTA-IHEOJINTA, KOT' 1A TIABHOM JIESITeTbHOCTHIO
KHU3HEO0ECIIeUeHUs! OCTAeTCsl 0X0Ta U COOMPATENIBLCTBO.

Kputnueckne usmenenust otHocsatcss Kk mnepuoxay 3100-2900 calBP/1100-900 calBC u
3aTparuBarOT BCIO OMKyMeHy Bocrouynoil EBpomnbl. B 3TOT mepuon mpouCXOAUT CTPEMUTENIBHOE
pa3BUTHE TEXHOJOTUU MPOU3BOJICTBA M3ACTUIN U3 kene3a. Mexay SMoXoi OpOH3BI M MEPUOIOM
’KEJIE3HOT0 BeKa CYIECTBYET JABYXTHICIUECIICTHUN NEPEXOAHBIN MEepHo «OMMETAIITMKYM», KOTIa B
pasHBIX pETHOHAaX HCIOJb30BAIUCh, KakK OpoH3a, Tak kene3o. Ilpomecc BHenpeHus
JKEJIE30IIPOU3BOACTBA NIPOXOAWI OUYEHb HEPABHOMEPHO. B JIECHOH 30HE 3110Xa XkKejne3a HAYMHAeTC A
tonbko okojo 2500 calBP/500 calBC. Bompmryto poiib B pa3BUTUM U PACHPOCTPAHEHUU STOU
TEXHOJIOTUU ChIlpaJId IJIEMEHA KOYEBHUKOB, KOTOPBIE M3TOTaBIMBAIM M3 JKEjle3a BOCHHBIN
WHBEHTaph M BEIU 3aBOCBATEIIbHBIE BOWHBI TpeTbs cTaaus TpaHCPOPMALUU TE€OCHCTEMBI
Boctounoii EBporibl, oTHOCSIIAsCS K MO3AHEMY TOJIOLEHY, MOXKET OBITh OXapaKTepU30BaHa, KaK
HHTErpaJIbHasi FEOCUCTEMA SII0OXH PAa3BUTHUS METAJLIONPOU3BOACTBA.

PesynbraThl MccaeoBaHUS MOTYT OBITh MCIIOIB30BAHBI JUISI MPAKTUYECKOT'O MPUMEHEHUS B
reoJIOTUH, Teorpaduu, apxeojorud, B SKOJOTMM M OXpaHE KYyJIbTYPHOIO M HCTOPUYECKOTO
Hacnenus. [lomyueHHbIE JaHHBIE MOTYT OBITH MCIIOJNIB30BAaHBI B Kypcax JIEKIMA M MPOBEACHUS
MPAKTUYECKUX 3aHATHHA IO T€0JIOTUH, aPXEOJIOTHH, Teorpa(uu B BHICIIUX YUEOHBIX 3aBEICHUSIX.
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GENERAL CHARACTERISTIC OF THE SCIENTIFIC REPORT

The research theme actuality

The reconstruction of landscape-climatic conditions during the Pleistocene-Holocene by means of
the geochemical indication method is one of the main directions of applied landscape geochemistry.
The connection of paleogeographical conditions in the Holocene with social and cultural
transformations and environmental changes as results of human activity on the territory of Eastern
Europe is an actual task for paleoclimatic assessment and geochemical forming of landscapes. The
geochemical method is used for the determination of the combination of factors and separate
parameters such as relative temperature, humidity, the transgression/regression in the water basin,
and the anthropogenic activity indicating the global and short-time climatic cyclicity influencing the
geochemistry of sedimentogenesis. Application of this method for sediments of different genesis
gives the possibility to synchronize the changes of the global paleoclimatic events in the different
geographical zones. Unlike such methods of paleoclimatic reconstruction as pollen and diatom
analysis, the geochemical method allows establishing the short-time climatic variations with high
resolution. The geochemical indication of cycling climatic fluctuations and their role in the global
process of cooling/warming is important for long-time predictions of future landscape-climatic
changes, assessment of anthropogenic activity of people, and ecology.

The research theme development

What about the research theme development devoted to the geochemical indication of the landscape-
climatic events and anthropogenic activity during the Late Pleistocene and Holocene on the sites of
prehistorical people of Eastern Europe, in present time the correlation between paleoclimatic
conditions and the cultural and historical processes was registered reliably just with global climatic
events dated to 8,2 ka calBP and 5,5 ka calBP. The event of 8,2 ka calBP was the part of cooling
period dated to 8600-8000 calBP (Rohling and Pélike 2005; Thomas et al. 2007; Walker et al. 2012).
The duration of his event was about 160 years (Daley et al. 2011; Kobashi et al. 2007). The short-
time climatic events as a rule are difficult to correlate directly with social and cultural transformation
for that or other time periods and determine their duration. Therefore such kind reconstructions were
done earlier just for the historical period named “Little Ice period” of 16-18 cc. AD. The development
of methodology of the geochemical indication of the landscape paleoclimatic conditions (Kulkova,
2012) is the multipurpose approach that can be used for the determination of relative paleoclimatic
characteristics on the base of changes in mineralogical and geochemical composition of different
genesis deposits and assessment of anthropogenic activity. This allows to synchronize the change of
anthropogenic activity with climatic events during different periods of the Late Pleistocene-Holocene.
For example, the investigations of climatic reconstructions by means of geochemical and isotope
markers in the bottom deposits of lakes in the Baikal region were done on the separate geological
cross-sections and cores and had not a systematic character.

The investigations of functional zones on the ancient settlements by means of the geochemical
markers as well as the border determination of the archaeological site locations have been studied by
mainly foreign scholars. Besides the developed method including the analysis of phosphate
component which is a marker of anthropogenic activity numerous other chemical elements are used
for this aim, for example, potassium, rubidium, lead, zinc, copper, calcium, manganese, etc., and their
compounds in the deposits on the archaeological sites (Bintliff et al., 1990; Schlezinger, Howes, 2000;
Eckel et al., 2002; Linderholm, 2007; Middleton & Price, 1996, Wells, 2004, Cook et al., 2005,
Wilson et al., 2005, 2009, Jones et al., 2010, Salisbury, 2012; Jenkins, 1989; Holliday, Gartner 2007;
Parnell et al. 2001; Oonk et al. 2009 et al.).

Research goal and tasks
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The research goal is to develop the model of reconstruction of the paleoenvironmental events for the
Later Pleistocene-Holocene and social and cultural transformations connected with them on the base
of the geochemical indication of the landscape-paleoclimatic conditions and anthropogenic activity
on the archaeological sites of Eastern Europe.

The following tasks were solved to achieve the research goal:

6. Determination of mineralogical and geochemical composition of deposits of different genesis
of the Later Pleistocene-Holocene.

7. Development of geochemical indicators which characterize relative temperature, humidity,
hydrological conditions of basin and its productivity, the erosion and the anthropogenic
activity during the time on the reference archaeological sites of Eastern Europe.

8. Development of geochemical indicators of the anthropogenic activity in the cultural deposits
on the reference archaeological sites of Eastern Europe for functional zone determination and
the space-time assessment of the ancient anthropogenic activity on environment.

9. Generalization of data obtained by the geochemical indication method, radiocarbon dating
and archaeological periodization on the reference archaeological sites located in the different
geographical zones of Eastern Europe (semi-arid, steppe, forest-steppe, forest and tundra) and
analysis of main stages of social and cultural group development, their adaptivity to
environmental changes during the Later Pleistocene-Holocene.

10. Development of local climate-chronological schemas and the global model allowing to
consider the forming, development and stages of environmental transformation during the
Holocene and connection with the cultural and historical processes on the territory of Eastern
Europe on the base of assessment of geochemical indication of the landscape paleoclimatic
conditions and anthropogenic loading.

Scientific novelty

For the first time, the major generalization of mineralogical and geochemical data for geological
cross-sections and holes on the reference archaeological sites for different geographical zones of
Eastern Europe has been done and the complex geochemical indicators of the landscape-climatic
conditions such as relative temperature, humidity, hydrological conditions of basins and its
productivity, erosion and the anthropogenic activity had been developed for the Later Pleistocene-
Holocene of Eastern Europe.

For the first time on the base of the statistical analysis (correlation analysis and PCA), the associations
of geochemical elements which are indicators of different functional zones on the archaeological sites
of Eastern Europe were determined.

The model of reconstruction of paleoclimatic events during the Later Pleistocene-Holocene and social
and cultural transformations for Eastern Europe on the base of geochemical indication of the
landscape-paleoclimatic conditions, archaeological and radiocarbon periodizations was developed.
The correlation between the global solar fluctuations and the rapid climatic cycles (RCC) during the
Holocene was set up.

Theoretical and practical significance

Theoretical significance is concluding to form and develop the methodology of geochemical
indication of the landscape paleoclimatic conditions on the base of mineralogical and geochemical
composition of the Later Pleistocene-Holocene deposits, data set processing employing statistical
analysis and determination of geochemical indicators of the landscape-paleoclimatic changes. This
approach of the application of geochemical markers of sedimentogenesis can be used in other
geographical regions of the Earth for the reconstruction of paleoclimatic conditions and
anthropogenic activity on the archaeological sites of different ages.
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RCC scales which were determined for the Holocene of Eastern Europe can be defined and registered
in the deposits on other archaeological sites and geological cross-sections by the geochemical
methods. These geochemical markers can be used for correlation with global climatic changes.

The information obtained is important for forecasting transformation processes of environment
dependence on external conditions, cyclicity of natural processes, and anthropogenic factors.
Practical significance concludes in the application of methods developed for the reconstructions of
landscape-paleoclimatic conditions on the archaeological sites in other geographical regions, for
example, Southern Siberia. The geochemical indication method of the functional zones on the
archaeological sites can be used for the allocation of borders for monuments of cultural and historical
meaning.

The theoretical and practical developments had been published in the educational and methodical
books “The methods of applied paleolandscape investigations” and “Adaptation of prehistorical
societies to environmental changes in the Holocene in the regions of Near East, Western Europe,
Balkans, and the Northern Black Sea”, part 1, which are reading in the course of lectures of the
Geological and Geoecological Department of Herzen State University: module “The methods of
geoecological investigations”. All results obtained are used in the courses of lectures and practical
lessons “Paleogeographical reconstructions of prehistorical people habitation in the Holocene”
44.04.01 — Pedagogical education — Ecological and geological education (Master Degree) and
05.04.06 — Ecology and Nature management - Geoecology of the natural, anthropogenic and social
and cultural environment (Master Degree).

Methodology and methods of investigations

At present time the interest in the reconstruction of paleoclimatic conditions through the geochemical
method is increasing. The methodology of investigations is based on the application of geochemical
methods for the reconstruction of paleoclimatic events. The geochemical methods beginning with the
1980th obtained vast distribution for lithological and facial analysis of sediments. The earliest
investigations devoted to an analysis of the geochemical features and the application of geochemical
methods for the definition of conditions of different lithological types were developed by Strakhov
N.M. (1947,1965,1966). Investigations of the behavior of chemical elements in the different
landscape conditions were considered by Perelman A.L. (1972). The important developments in
geochemical indication for paleoclimatic reconstructions have been done by Lukashov K.I. and
Lukashov V.K. (1971, 1978). Some general methods of geochemical analysis of ancient and modern
sediments were considered by Makedonov A.V. (1985), Ronov A.B. Yudovich Ya.E. (1981),
Krauskopf K.B. (1963), Grossgeim et al. (1984), Timofeev P.P. (1999), Gol’berg E.L. (2000),
Yudovich Ya.E., Ketris M.P. (2011). The application of mineralogical and geochemical markers for
analysis of sedimentogenesis was studied by foreign researchers Bronger et al. (1998), Arbogast et
al. (2000), Bor-ming Jahn et al. (2001), Ewing and Nater (2003), Kurtz, Derry (2001), et al. The
geochemical indicators and modules of different factors of sedimentogenesis for various genetic types
of sediments and different geological epochs were developed. At the same time, there have been no
generalized investigations and paleoclimatic reconstructions of regional character for separated
geological provinces and matching with regional chronological scales. The appearance of the Mass-
Spectrometry allowed using the isotopic markers in the natural archives such as sea and lake bottom
deposits, glaciers, stalagmites for paleoclimatic reconstructions (Mayewski et al., 2004; Alley and
Agustsdottir 2005; Seppi et al. 2007; Thomas et al. 2007; Walker et al. 2012). These investigations
made a big contribution to paleoclimatic studies and gave the possibility to modification of detailed
regional paleoclimatic scales. Unfortunately, the isotopic methods could not be used for some types
of deposits and have restrictions for application.

The assessment of publications devoted to the geochemical indicators of the landscape paleoclimatic
conditions was done and the strategy of scientific investigation was set up.

On the territory of Eastern Europe, there are selected about 12 referenced archaeological sites located
in the different geographical zones. Archaeological and geological material was sampled by
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personality by the author on expeditions to the archaeological sites. More than 1500 samples of
deposits were analyzed. More than 200 radiocarbon dates on different organic materials were
obtained. The mineralogical and geochemical methods included the investigations of deposits with
help of binocular microscopy, IR spectroscopy, WRF-WD. Losses on ignition (LOI) were determined
for the organic and loos sediments at the temperatures 5000C (organic content) and 9000C
(sulphates). The sieve method was used for the gain-size analysis. The radiocarbon analysis (method
of scintillation and AMS) was applied for age determination. The radiocarbon dates utilizing liquid
scintillation analysis were obtained for archaeological materials and quaternary organic deposits
under the leadership and direct participation of the author in the Lab of Isotopic Investigations
“Geoecology” of the Herzen State University as well AMS method at the Helsinki University
(Finland), the Aarhus University (Denmark). The mineralogical and geochemical analyses were
provided on the base of the Center “Geoecology” of the Herzen State University, the RDMI Center
of the Saint-Petersburg State University. The data obtained were processed by multidimensional
statistic methods in Statistica 11.0 Software. The geochemical maps were constructed with help of
Surfer 9.0. The set of 14C dates was calibrated by OxCal 4.4. program. The lithological and
stratigraphic columns were visualized by Starter 11.0.

Personal author contribution

The personal author's contribution consists of justification of the idea of investigation, formulation of
the problem and tasks, the forming of the methodology of problem-solving, development and
realization of investigation, analysis, and generalization of data obtained.

This research is the result of long-standing investigations (from 2000-to 2020), provided by the
personal author or during joint works together with archaeologists of the State Hermitage Museum,
the Kunstkamera Museum, IIMC RSA, the Samara State Social-Pedagogical University et al.

The development of methodology of the geochemical indication of the landscape-paleoclimatic
conditions for the Holocene and the anthropogenic activity had been done on the archaeological sites
of the different geographical zones such as the Dvina-Lovat’ Basin (North-Western Russia) and the
Southern Siberia region (Kulkova 2005, 2012). Full-scale investigations of the influence of global
climatic changes on the ancient society development on the territory of Eastern Europe with RCC
correlation had not been considered before the present. Such a kind approach the base of the
geochemical indication of the landscape-paleoclimatic conditions was developed at first in the
author's works. All analysis of samples as well the radiocarbon age determination were provided with
direct author participation. On the archaeological sites of Eastern Europe of different periods, the
author developed the geochemical indication method of the functional zones which allowed to
reconstruct of the zones of different household activity in the settlements and ritual places. The model
of the reconstruction of paleoclimatic events of the Later Pleistocene-Holocene and social and
cultural transformations on the base of the geochemical indication of the landscape-paleoclimatic
conditions and anthropogenic activity was set up. The data obtained were correlated with results of
pollen and diatom analysis for studied deposits as well as with archaeological periodization. The
paleoclimatic and chronological model which was developed on the base of the geochemical
indication and radiocarbon dating shows the rapid climatic cycles in the Holocene and their
connection with social and cultural transformations.

The theorems for defending:

1. On the base of geochemical indication of the landscape-paleoclimatic conditions on the
archaeological sites of different geographical zones of Eastern Europe for the Later
Pleistocene-Holocene the following factors influencing the sedimentogenesis on the
archaeological sites were set up: the relative temperature (Na,O/K»O; Sr/Rb), humidity (CIA;
Fe;03/Ca0), hydrological regime of the water basin and its productivity (SiOazbiog
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MnO/Fe;03), erosion (ZrO»/Al,03; TiO2/Al,03) and anthropogenic activity (P2Osantr; CaO
anthr)-

2. On the base of the generalization of mineralogical and geochemical investigations of
sediments on the reference archaeological sites of different geographical zones of Eastern
Europe (semi-desert, steppe, forest-steppe, forest, and tundra), radiocarbon and
archaeological periodizations there were established the global climatic events and their
correlations with the Rapid Climatic Cycles (RCC) during the Holocene: 8200 calBP/6200
BC, 6300-5700 calBP/4350-3750 BC, 5450-4200 calBP/3500-2200 BC (4200 calBP/2200
BC) u 3200-2800 calBP/1200-900 BC, as well the less significance climatic events as (7700-
7600 calBP/5700-5500 BC u 7300-7200 calBP/5300-5200 BC) and their connection with
cultural and historical transformations.

3. Employing geochemical data processing by multidimensional mathematical statistics there
were determined the main associations of the geochemical elements, which are characteristics
of lithological (Al>O3, SiO2, Fe>O3, TiO2, Zr) and anthropogenic (P20Os, CaO, Sr) components
of sediments on the archaeological sites. The anthropogenic impact on sedimentation of
cultural layers in the time, as well as the spatial definition of living, household, and crafting
zones on the ancient settlements, can be determined by the associations of geochemical
elements (P203, CaO, Sr), (K2O,Rb), (MnO,Ba), (Zn, Cu, Pb).

4. On the base of a complex approach using the geochemical indication of the landscape-
paleoclimatic conditions and the anthropogenic activity, the regional climatic chronological
schemes, and the global paleoclimatic scale for the Later Pleistocene-Holocene were
developed. This model allows for to reconstruction of the features of formation, development,
and the stages of environmental transformation during the Holocene and their influence on
the cultural and historical processes on the territory of Eastern Europe.

Reliability and approbation of results

The results of the investigation were presented at more than 40 international and Russian conferences
and symposiums: “Scientific methods in archeology” Usrton, Polan d (2001). Seminar on the
perspective investigations “Impact of environment on the people migration in Eurasia”, St.Petersburg
(2003); “Methods of absolute chronology” Ustron, Poland (2004); “Radiocarbon in archeological and
paleoecological investigations”. Conference in honor of 50 years of 14C Lab in IIMC RSA,
St.Petersburg, Russia (2007); “Radiocarbon and Archaeology”, 5th International symposium, Zurich,
Swiss (2008); 10th International Geological Conference “Geology of the Baltic Sea — 107,
St.Petersburg, Russia (2010); 8th International Conference on Mesolithic in Europe” (MES02010),
Santander, Spain (2010); 6th International Symposium “Radiocarbon and Archaeology”, Pafos,
Cyprus, (2011); 34th International Geological Congress, Brisben, Australia (2012); Russian-
Germany Colloquium “Principles of dating of the Bronze and Iron Ages monuments and the Medieval
period”, St.Petersburg, Russia (2013); Communication on the Stratigraphy, SMIA XI, Helsinki,
Finland (2016); “Cultural processes in the Circumbaltic space in the Early and Middle Holocene”,
the International Conference devoted to 70th anniversary of V.I.Timofeev, St.Peterburg, Russia,
Kunstkamera (2017); 24th Neolithic Seminar “The processes of Neolithization of Eurasia:
retrospective and perspective”, Ljubljana University, Slovenia, (2018); International conference
“Strategy of life support in the Stone Age. Direct and indirect evidence of fishing and gathering”
St.Petersburg, Russiaa, [IVMC RSA (2018); “Radiocarbon in archeology: Past, Present, and Future”,
International Conference devoted to anniversary of G.I.Zaitseva, St.Petersburg, Russia, IMK RSA
(2020); International Conference “Neolithic cultures of Eastern Europe: chronology, paleoecology,
traditions”, St.Petersburg (2020); International Conference “Meso’2020 — Xth International
Conference on the Mesolithic in Europe», Tuluse, CNRS, France (2020); International Conference
26th EAA 2020 Virtual Annual Meeting. Prague, Czech Republic, (2020); VII Russian Scientific
Conference with international participation named V.V.Zaikov “Geoarchaeology and archaeological
mineralogy — 2020, Miass, Institution of the mineralogy of the Ural.
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The research was been conducted in the framework of projects: 2018-2020 “Interdisciplinary research
of Neolithic sites of the Lower Don and Lower Volga: complex comparison analysis of the household
way of life, technological traditions of flint pretreatment and ceramic manufacture” RFBR
18-09-00568; 2018-2020 Innovation potential of iron in 3th-beginning of 1st millennium BC from
the Ural to Carpathian: raw source material, technologies, mutual influences” RFBR 18-09-40063;
2018-2020 “Interdisciplinary study of the Mesolithic-Neolithic peat basin of the Upper Volga and the
Upper Dnieper” RFBR 18-59-00007; 2019-2021 “The phenomenon of asbestos ceramics in the
pottery traditions of Eastern Europe: technology and using, the structure of interregional contacts”
RSF, 19-18-00375; 2021-2023 “Rakushechny Yar — the reference site of the Earlier Neolithic of
Eastern Europe and its surroundings: from the beginning and until to cancel the Early Neolithic
traditions” RFBR, 21-59-22008.

Publications

The research theme was sanctified in more than 230 full texted articles, in 39 articles in the reviewed
journals from the list of VAC for publication of the main scientific results. The results of the research
are presented in 5 collective monographs and 3 teaching books.
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THE CONTENT OF THE RESEARCH

1. On the base of geochemical indication of the landscape-paleoclimatic conditions on the
archaeological sites of different geographical zones of Eastern Europe for the Later
Pleistocene-Holocene the following factors influencing the sedimentogenesis on the
archaeological sites were set up: the relative temperature (Na;O/K>O; Sr/Rb), humidity (CIA;
Fe;03/Ca0), hydrological regime of the water basin and its productivity (SiOzpiog
MnO/Fe;0s), erosion (ZrOz/AL20s3; TiO:/Al>03) and anthropogenic activity (P205anmr, CaO
anthr)-

Sedimentogenesis in the Holocene in the continental part of Eastern Europe is characterized by the
accumulation of lacustrine, aeolian, and paleosol deposits formed on the substrate of Pleistocene
Quaternary deposits of the East European Plain of glacial, water-glacial, and erosion-denudation
genesis. In turn, the Pleistocene deposits inherit the mineralogical and geochemical petrological found
of the rocks of the Precambrian crystalline basement, overlain by the Paleo-Meso-Cenozoic deposits
of the sedimentary cover of the East European Platform. Thus, during the formation of deposits of
continental genesis in the Holocene, the main controlling factors of changes in the lithological and
mineralogical-geochemical composition of deposits are landscape-climatic factors, which, on the one
hand, are associated with the geographical zones of Eastern Europe, and, on the other hand, changed
in different periods of the Holocene stories.

For each geographic zone of Eastern Europe, reference archaeological sites (Fig. 1) of the late
Pleistocene - Holocene were selected. The deposits were sampled on these archaeological sites. The
mineralogical, geochemical, grain sizes compositions of deposits were determined, the age of organic
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remains was determined by radiocarbon dating, the paleoclimate was reconstructed, and its influence
on the formation of sediments, and forming of cultural layers was determined. The following criteria
for choosing reference sites were taken into account: clear lithology and stratigraphy of cultural
layers, including complexes of different cultural and chronological stages; presence of organic
materials from cultural layers for age determination by radiocarbon dating.

Fig.1 Geographical map of Eastern Europe with the boundaries of geographical zones (according
to Kalutskov, 2020) with the location of reference archaeological sites.
An important criterion is the assessment of anthropogenic activity by the geochemical method in the
layers of the stratigraphic sequence on the sites, which allows us to synchronize the change in
anthropogenic activity in lithological layers with climatic events occurring in a given period of time.
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The method of geochemical indication of landscape and climatic conditions (Kulkova, 2012, Kulkova
et al. 2012; 2014; 2016; 2019) is the most all-purpose method based on the mineralogical and
geochemical characteristics of various types of deposits, which can be used to determine the factors
influencing changes landscape and climate and can be applied to deposits of various genesis.

Loose sedimentary deposits were sampled at the archaeological sites, along cross-sections with a
clear lithological sequence, every 2-5 cm. If the rocks in the interval are interbedded, a sample was
taken by method which characterize both types of rocks, as well as their contacts. The lithology of
the deposits correlated with archaeological stratigraphy. The general requirement for samples taken
for mineralogical, geochemical and grain-sizes analysis is the selection of a representative part of the
rock in terms of the content and properties of minerals, the size and shape of crystals and grains, and
lithological uniformity (Daszkiewicz et al. 2020). The total weight of the sample was about 100
grams, taking into account possible duplicates. For geochemical analysis, after each crushing cycle,
control sieving was carried out, the residue is crushed to the desired grain size. Then all crushed
material is combined. Manual reduction is carried out by the method of multiple (no more than 3 with
one crushing) quartering and combining the material of two opposite quadrants to continue processing
according to the accepted scheme. Due to the heterogeneity of the distribution of components in large
and small fractions, before reducing the samples, they are mixed and then quartered.

The sample is grinded up in powder to a particle size of 200 mesh, 0.074 mm (to the state of powder).
Next, the loss on ignition (LOI) was determined for the powder samples. For X-Ray Spectral
fluorescence analysis using the Spectroscan Max spectrometer, 300 mg samples were pressed into a
tablet using a boric acid substrate.

After measuring, the results of geochemical elemental composition obtained were processed by the
method of multivariate statistical analysis (correlation analysis and PCA) in order to determine the
main factors influencing sedimentogenesis. Depending on the mineralogical and geochemical
composition of sediments, groups of geochemical elements and their compounds are distinguished,
which are connected with each other by high correlations, which characterizes their genesis and
certain conditions of sedimentogenesis. Thus, for different genetic types of sediments, it is possible
to identify the main factors of sedimentogenesis, which are characterized by certain geochemical
indicators: relative temperature, relative humidity, changes in the hydrological regime, and
anthropogenic influence. The obtained data were correlated with paleoclimate reconstructions by the
methods of pollen and diatom analysis, if the deposits were suitable for these methods (Rudaya,
2010).

The results obtained employing the methods of mathematical statistic processing were confirmed by
separate geochemical modules, which are also used to reconstruct the features of the formation of
sedimentary deposits. The relative temperature changes for terrigenous deposits can be characterized
by the distribution of the titanium modulus (Ti02/Al,03) and the change in the content of zirconium
(Zr) in the deposits (Yudovich and Ketris, 2011). The titanium module, in this case, shows the
accumulation of accessory, weathering-resistant minerals of the titanium group in the psammitic
fraction, and alumina in the pellitic fraction, which is formed as a result of more intense chemical
weathering in a warm and humid climate. Changes in the temperature balance were also determined
based on the modules NayO/K20, Sr/Rb, which reflect the transformation of plagioclase/feldspar,
mica, clay minerals depending on weathering processes, mainly temperature effects. The destruction
of potassium feldspar, according to the authors (Chen at al., 1999; 1998), is slower than that of
plagioclases and leads to the accumulation of potassium compounds (K20) in the form of mica and
clay minerals resistant to subsequent weathering.

The Nesbitt and Young Index (CIA) shows the degree of transformation of aluminosilicate minerals
and changes in the mineral composition as a result of chemical weathering, depending on the relative
humidity of the climate (CIA=AL03/(Al,O3+Ca0O+Na,O+K,0)x100%) (Nesbitt and Young, 1982 ).
The CaO/MgO (Ca/Mg) ratio shows the increase in calcium relative to magnesium in the carbonate
component under arid conditions, and has also been used to analyze changes in humidity and
temperature balances under arid conditions.
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The ratios SiOapiog=S102/(Al,03+Si02) and SiO2/Al,0O3; were used as an indicator of basin
productivity for bottom sediments (Keller, 1963; Kulkova 2005; Kulkova et al. 2015). The
productivity in the lake directly depends on the development of diatoms, the general indicator of
which can be expressed by the index SiOazbiog.

The indicator P2Osane= P20s/(P20s+Na2O) was used to assess the anthropogenic impact (Kulkova,
2012; Kulkova et al. 2015). Elevated values of this indicator correlate well with the horizons of
cultural deposits, in which the remains of ancient people activity and the artifacts were found. The
CaOuny indicator reflects the accumulation of bone residues and tissues and is calculated as the ratio
of CaOxot to the sum of CaOyor and NaxO: CaOant=CaOtot /(CaOrot +Na20) (Kulkova et al. 2020). In
this case, the ratios can be established and separated calcium and phosphorus of anthropogenic origin
from calcium and phosphorus of lithogenic origin, which are associated with the lithological
component of the deposits. Geochemical indicators were used for lacustrine, floodplain,
aeolian/loess, paleosol deposits developed in different geographical zones on the reference
archaeological sites of Eastern Europe for the reconstruction of landscape and climatic conditions.

Late Pleistocene

At present, the Eliseevichi 1 site is one of the best-studied the Late Upper Paleolithic settlements in
the Desna River basin (Khlopachev et al. 2017). It is located on the northern part of the Eliseevichi
village in the Zhiryatinsky district of the Bryansk region of the Russian Federation. The cultural layers
were located on the site of the second floodplain terrace of the Sudost River, on a cape formed by the
right bank of the river and consists of loess deposits of glacial genesis. Paleogeographic and
geological-stratigraphic data, as well as a representative series of radiocarbon dates, indicate the time
of the existence of the Eliseevichi 1 site after the maximum of the Valdai glaciation about 20 ka BP.
The cultural layers containing finds of household constructions made of mammoth bones lie in the
thickness of loess deposits. According to indicators of anthropogenic activity (P2Osane = P20s/(P20s
+ Na;0) and CaOane = CaO/CaO + Nay0), the author determined the levels of anthropogenic
maximum activity in loess deposits. Phosphorus, calcium and strontium are the main components of
the mineral part of bone tissue, teeth, and horn formations. At the same time, in the process of burial
of bone remains, the carbonate-apatite that forms their structure is practically insoluble, and is not
carried out by aqueous solutions. Therefore, in the places of settlements, and especially in the places
of burials of people and animals, the content of phosphorus, calcium and strontium have strong
anomalous values and were used as indicators of anthropogenic activity (Doronicheva et al. 2020a,b).
The author correlated changes in the CIA (chemical index alteration) in the loess deposits of the
Eliseevichi 1 cross-section and between global temperature changes obtained from the oxygen isotope
ratio ('*0/'°0) (Fig. 2) in Greenland ice cores and linked based on radiocarbon data dating to the
microstratigraphic scale (Liu, Broecker, 2013) of the accumulation of iron-manganese films in desert
deposits (WLM) for the Late Pleistocene, makes it possible to analyze in detail the chronology of
sedimentation at the site. Based on radiocarbon chronology and the climate scale, the author
constructed a climate-stratigraphic scale for the main stages of the settlement of the site by ancient
people, presented in a collective publication (Khlopachev et al. 2017).

The results obtaned formed the modern idea of the Eliseevichy settlement as a site with a long history
of existence, which included three time intervals. Based on the results of this studies, three cultural
horizons were identified at the site, characterized by increased anthropogenic activity, according to
Kulkova M.A. in (Khlopochev et al. 2017). Two of them are correlated to the levels of the upper
cultural horizon and the main (lower) cultural layer, and one more, the third, corresponds to the level
of single finds of flint, occurring in loess deposits 0.3—0.4 m below the main cultural layer. The
beginning of the formation of the lower, main cultural horizon associated with humus loess-like sandy
loam (at a depth of 140125 cm) in this area took place under cool climatic conditions, which can be
correlated with a cooling of about 17660 + 200 calBP. Further formation of the main cultural layer
occurs under conditions of climate warming.
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Fig.2. Correlations of the curve of changes in the chemical weathering index (CIA) in the loess
deposits of the Eliseevichi I cross-section with changes in global temperatures in the Upper
Pleistocene according to ( 180/ 1°0) data in Greenland ice (GISP2) and Mn-film microstratigraphy
(WLM) (according to Liu, Broecker 2013, Khlopochev et al. 2017).

At a depth of 125—115 cm, the conditions of sedimentation change, and light brown (whitish) loess-
like sandy loam begins to form. Its formation occurs in cold and dry climatic conditions. According
to global climate changes, this episode corresponds to a cooling of about 16760 + 200 calBP, also
known as the Heinrich I episode. According to the geochemical indicators the anthropogenic activity
which was not recorded in these layers.

At a depth of 115-105 cm, the formation of loess-like sandy loam is associated with an episode of
slight warming. The formation of the upper cultural horizon begins at a depth of 105-95 cm and is
fixed by the deposition of humus loess-like sandy loam with coal inclusions. High anthropogenic
activity in deposits belonging to the second cultural layer, according to geochemical indicators, is
recorded in this area at a depth of 95-85 cm, about ca. 14,500 calBP. The formation of dark brown
loam at a depth of 85-50 cm occurred in a warm and humid climate. This is also confirmed by the
data of the pollen analysis.

The Holocene

Steppe and semi-desert zones of Eastern Europe.

The reconstruction of climatic conditions for the Early-Middle Holocene was carried out at the
reference stratified archaeological Algay and Oroshaemoe 1 sites of the Neolithic-Eneolithic
periods (Kulkova et al. 2019; Vybornov et al, 2012), located on the border of steppe and semi-arid
zone. On these settlements, the earliest evidence of the Neolithic and Chalcolithic periods in Eastern
Europe was found. The settlements are located to north of the village Alexandrov Guy of the Saratov
region on one of the capes of the right bank of the Bolshoi Uzen River (basin in the Volga-Ural
interfluve). The deposits are represented by loess-like loams with cultural deposits, separated by
sterile, artifact-free interlayers. In addition, interlayers of loams are clearly distinguished, enriched in
the humus component and containing inclusions of plant residues. Mineral composition of sediments
consists of clay minerals, feldspar, mica/chlorite, quartz, zircon, titanomagnetite, carbonates, iron
oxides and hydroxides. Analysis of the mineralogical and geochemical composition of deposits and
processing by correlation analysis and the PCA analysis made it possible to identify groups of
chemical components that characterize the main factors of sedimentation (Kulkova et al. 2019,
Ovchinikov et al., 2020).
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The 1% group includes geochemical components that composes alumino-silicate rock-forming
minerals such as AlbOs, SiO;, K»O, as well as Fe>Os, TiO2, Zr, which are part of the accessory
minerals of iron, titanium and zirconium. A high correlation between these components is also
recorded with such components as MnO and microelements V, Cu, Cr. This group reflects the
terrigenous component in the deposits. According to the mineralogical analysis, the 1% group of
geochemical components reflects the presence of minerals in the sediments: feldspars, mica, quartz,
clay minerals, goethite-hydrogoethite, titanomagnetite, zircon.

The 2" group consists of geochemical components that are part of carbonates: CaO, Sr, have high
correlations between themselves and a negative correlation with other geochemical compounds.

The 3 group includes components - P,Os, MgO and Zn, which in this case are associated with plant
residues and humic organo-mineral compounds in loess deposits. Elevated concentrations of these
components are registered in layers with humus interlayers.

PCA processing of XRF analysis data (n=30, R?=0.65) identifies two main factors affecting the
sedimentogenesis of loess-like loams: F1 (CaO, St/Al>O3, SiO2, MnO, Fe>O3) shows antagonism
between the components of the carbonate group and the minerals, feldspars, quartz, minerals of
oxides and hydroxides of iron and manganese. Positive values correspond to the accumulation of
carbonates, which occurs during periods of drier, arid conditions, while clay minerals and iron oxides
formed during humid climatic periods. Given that manganese compounds are associated with humus
layers, this also indicates humid climatic conditions. Therefore, the first factor can be characterized
as variations in relative humidity. Positive values of the 1% factor characterize dry climatic conditions,
and negative values characterize wet ones (Fig. 3). This factor is also confirmed by other geochemical
modules showing the change in the mineral composition as a result of changes in the relative humidity
of the climate (CIA=AL0O3/(Al,03+CaO+Na;O+K>0) — Nesbitt-Young index, the degree of
transformation of aluminosilicate minerals as a result of chemical weathering), as well as the
CaO/MgO ratio, which shows an increase in calcium relative to magnesium in the carbonate
component under arid conditions.

F2 (AlOs3, P2Os, Fe;0O3, Zn/TiO2, Zr, Cr, La) shows the antagonism of the components of
aluminosilicates and biogenic components to the components that in composition of resistent
accessory minerals. Accumulation of clay aluminosilicate minerals together with organo-mineral and
iron compounds (P2Os, Fe;Os, Zn) reflects warmer conditions, while accessory minerals such as
zircon, titanomagnetite can be accumulated during cooler periods. The second factor in this case
characterizes changes in relative temperature. These data correlate with the distribution of the
titanium modulus (Ti02/Al>03) in the deposits along the cross-section. According to Yudovich and
Ketris (2000), the titanium module shows the accumulation of accessory minerals of the titanium
group in the psammitic fraction, and alumina in the pellitic fraction, which is formed during more
intense chemical weathering in a warm and humid climate. This is also confirmed by the distribution
of the zirconium module (ZrO/Al>0O3) in the sediments along the cross-section.

The indicator P2Osane= P20s5/(P20s5+Na20) was used to assess the anthropogenic impact. Elevated
values of this indicator correlate well with the horizons of cultural deposits in which bone remains
and ceramics were found. The model of climatic fluctuations based on the change in the values of the
main factors (F1, F2) and the anthropogenic indicator (P2Osantr) is shown in Fig.3.
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Fig. 3. Model of climatic fluctuations and anthropogenic activity at the Oroshaemoe 1 site
according to geochemical indicators.

Forest-steppe zone

The multi-layer site Dobroe 9 is located on the remnant of the first floodplain terrace of the Voronezh
River, in the middle course of the Don River basin. Materials from the Neolithic, Eneolithic, Early
Iron Age and Slavyanian periods were found at this site (Smolyaninov et al., 2021).

Changes in paleoclimatic parameters that affect the conditions of sedimentogenesis (relative
temperature, relative humidity, degree of chemical weathering) were estimated by the author using
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the appropriate geochemical modules: Na;O/K>0, Fe>03/CaO, CIA and are discussed in a collective
publication (Smolyaninov et al., 2021 ). The geochemical index P>Osantnr Was used to determine
anthropogenic activity. In the lower part of the section deposits there is a sterile layer without artifacts
of floodplain alluvium of light yellow color. According to the geochemical data, it is characterized
by a lack meanings of anthropogenic activity indicator and is formed in drier conditions than the
overlying cultural layer. The lower cultural layer is represented by gray silt, in which artifacts of the
Early Neolithic (the Srednedonskaya culture) were found. In the deposits of the layer, a change in the
values of Na,O/K>0 and Fe>O3/CaO have been registered, from an increase in these indicators to a
decrease in NaxO/K>O. The process of sedimentogenesis of these deposits took place in cool climatic
conditions, which then gave way to warming and increased humidity. Increasing CIA values also
mark the transition from cool and dry to warm and humid conditions. According to the drift of the
values of the P2Osanir indicator, one can register high anthropogenic activity in the middle horizon of
the layer. This layer is characterized by the largest amounts of archaeological finds, including the
remains of bones of mammals, fish, birds, along with other artifacts, such as flint tools and ceramics
of the Srednedonskaya culture. This can be indirect evidence of a favorable environmental situation,
characterized by warm and humid conditions during this period. '*C date on humic acid from this
deposit horizon corresponds to 7317-6839 calBP/5317-4839 calBC (SPb_2840).

The upper layer, belonging to the Middle and Late Neolithic-Chalcolithic period, is represented by
dark brown silt of floodplain genesis. An increase in Fe;O3/CaO, CIA and a decrease in the ratio of
Na;0/K>0 indicate humid and warm climatic conditions at the beginning of the formation of this
horizon. Artifacts of the Lyalovslaya and the Srednestogovskaya cultures were found in the deposits.
According to the anthropogenic geochemical marker (P2Osantr), the deposits are characterized by
high anthropogenic activity. These data indicate favorable climatic conditions that existed at the
beginning of the development of the Middle Neolithic cultures in this area.

Forest zone.

The Zamostye 2 site is located in the central part of the East European Plain, on the Upper Volga
Upland, in the upper part of the Volga River. The site was located on the shore of lake basin, in the
valley of the modern Dubna river (Lozovskaya et al. 2020), on the left bank of the river. The site
belongs to the type of peat-lake settlements of hunters and fishermen. Ancient settlements dating back
to the Late Mesolithic - Early Neolithic period were located in the lake zone which was used as an
economic zone, where a complex of structures associated with fishing activities was found. The
conditions of sedimentogenesis of peat-gyttja deposits (relative humidity, relative temperature,
changes in the water level in the reservoir, anthropogenic influence) were assessed using the method
of geochemical indication. Organic deposits of sapropel and peat were selected from the core (AA-
18), located in the floodplain of the Dubna River. At present, the river inherits lacustrine reservoirs,
which were developed here at the beginning of the Holocene. The mineralogical composition of
coastal sediments, represented by loams and sandy loams, was established under a binocular.
Processing of the geochemical data using correlation and factor analysis made it possible to identify
groups of geochemical components that are part of mineral or organic-mineral compounds formed
under different conditions in the process of sedimentation of bottom sediments. Each group includes
components that have the highest correlations with each other:

Group 1: ALOs, TiOs, SiO2, K20 - rock-forming oxides that are part of terrigenous sediments,
represented by clay minerals, mica, quartz, feldspars, with the inclusion of trace elements (Rb, V, Y,
Nb, Zr).

Group 2: MnO, Na;O, CaO (Ba, Sr) - components included in the composition of organic-mineral
compounds associated with the organic component of gyttja.

Group 3: Co, Ni, Cu, Zn, elements accumulating in deposits with increasing reducing conditions.
Group 5: P2Os (La), CaOantr - components that are part of anthropogenic organic remains, mainly
bone remains, accumulated in sediments as a result of the activities of ancient man.
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Factor analysis (n=23, R?=0.75) made it possible to identify three main factors influencing the process
of deposit formation:

FI (Fe20O3, MnO, CaO, P,Os/ SiO,, Al,O3, TiO2, K20, Zr). Positive values of the first factor indicate
a group of components that composes the organic-mineral composition, while negative values of the
first factor are associated with an increase in the terrigenous (mineral) proportion of sediment in
sediments. The first factor can characterize the change in the water level in the reservoir. An increase
in the concentrations of organic-mineral components characterizes the deep water reservoir.

FII (Co, Ni, Cu, Pb/ MnO, Fe203) shows the antagonism of a group of elements (Co, Ni, Cu, Pb),
which indicates the reducing, oxygen-free conditions (positive values), in relation to the components
- indicators of oxidizing conditions (MnO, Fe>03). The second factor establishes a change in the
hydrological regime of the reservoir, from an open, aerated basin to a basin in which the processes of
waterlogging and decomposition of organic matter take place.

FIII (ALOs, SiO2, FexOs/ P20s, CaO, Zn, La) can be associated with an anthropogenic activity
(negative values).

Changes in the values of the factors along the sediment core correlate well with other indicators
associated with the climatic conditions of sedimentogenesis, such geochemical modules as
K>0/NaO, Rb/Sr, and CIA, which characterize the relative temperature and humidity, and with the
SiOabiog lake productivity index.

At the site, episodes of a decrease / increase in the lake water level, periods of cooling / warming and
related stages of change in the settlement by bearings of different cultural traditions, as well as
changes in the economic strategies, were established. The change of archaeological cultures and
epochs on the territory of the Zamostye 2 site corresponds to the initial stages of the transgressive
stages in the development of paleo-reservoirs. The most significant change in the material culture of
the local population is the emergence of ceramic production and the transition to the Neolithic period,
which coincides with abrupt changes in paleoclimatic conditions.

The Okhta 1 site is located on the border of the Russian Platform and the Baltic-Scandinavian
crystalline shield, on a sandy cape formed after the Littorina transgression (Kulkova et al. 2012;
Ryabchuk et al. 2016; Kulkova et al. 2016; Gusentsova, Kulkova 2020). On the Okhtinsky Cape, at
the confluence of the Okhta and Neva rivers, a unique multi-layered monument was discovered
containing cultural layers of the Neolithic and Early Metal Ages, the Early Iron Age and Roman
times. Studies of the sandy-silty deposits of the cross-section included archaeological, lithological,
granulometric, mineralogical-geochemical, and radiocarbon analyses.

Geochemical indicators were used to reconstruct the landscape and climatic conditions. The mineral
composition of the deposits includes such minerals as clay minerals, feldspars, mica/chlorite,
hornblende, garnet, zircon, titanomagnetite, oxides and hydroxides of iron and manganese, and
carbonates. Grain-size analysis showed that fine-grained sands were formed in marine conditions of
a shallow bay with active wave action. Elevated values of SiO2/AlbO; ratio in sediments are
associated with an increase in the quartz component, compared with clay and feldspar minerals, and
characterize the formation of well-sorted quartz fine-grained sands in a shallow reservoir, in beach
conditions. Elevated values of MnO/Fe;Os ratio reflect the predominance of oxidizing conditions in
the process of sedimentogenesis, which occur in well-aerated water bodies. Indicators CIA,
Fe»03/Ca0 were used to characterize changes in relative humidity. In the sediment layers, which are
characterized by increased values of these indicator ratios, an increased humus content and vegetation
residues were also found. Indicators Na>xO/K>0O, St/Rb show changes in relative temperature. Changes
in P2Osanmr in sediments reflect anthropogenic activity.

The change in the level of the reservoir on the coast of the bay correlates with changes in
anthropogenic activity, and, accordingly, the appearance of carriers of different cultural traditions on
the coast.

The sites located on the southern coast of Lake Ladoga, about 4 km from the coast, include sites
Podolye 1-3 (Sapelko et al. 2019; Gusentsova, Kulkova, 2020). At the Podolye -1 site, as well as at
Okhta 1, wooden fishing structures of different times were found, where the cultural layer was
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preserved in situ. Two cultural layers were found during the excavations. The lower cultural layer,
represented by light yellow silt, is interbedded with a layer of peat. The upper cultural horizon consists
of sandy-silty sediments interbedded with black organic sediments. The layers are covered with dense
gray loam. To reconstruct the paleolandscape-climatic conditions at the site, the methods of
mineralogical and geochemical analyzes, as well as spore-pollen analysis, diatom analysis, and grain-
sise analyzes were used (Gusentsova, Kulkova, 2020, Sapelko et al., 2019). The age of deposits and
artefacts was determined using radiocarbon dating. The main geochemical indicators that were used
are SiO2biog to determine the productivity of the reservoir and the water level in the reservoir,
P2Osantnr 1s the change in anthropogenic activity, CIA is the change in relative humidity. The change
in anthropogenic activity has a good correlation with the stages of the appearance of carriers of
different cultural traditions at the site. The transgressive phase of Lake Ladoga leads to flooding of
the site and people leaving it (Fig. 4).

Fig.4. Reconstruction of the sedimentogenesis at the Podolye 1 site according to geochemical data.
Serteya archaeological microregion.

The Serteya archaeological microregion is located in the basin of the Dvina-Lovat’ basin, in the
southern part of the Pskov and north-western parts of the Smolensk region.

Ancient lakes in the area of the Serteya archaeological microregion were formed after the retreat of
the glacier and were located in a chain, separated by narrow isthmuses, which were eroded during



71

periods of rising water levels. Along their shores, as well as in the central parts of the lake basins,
there are unique archaeological sites that were dated from the 8" millennium BC up to 10 ¢. AD. At
present, the lake basins are swamped and inherited by the narrow channel of the Serteya River, which
flows into the Western Dvina River. Peat-gyttija lacustrine deposits of borehole No. 63 in the Great
Serteyskaya hollow (limnic zone) (Kulkova et al. 2015, Kulkova et al. 2016). Data from other cross-
sections and boreholes have also been published (Kulkova, 2005; Kulkova, 2012; Mazurkevich et al.
2012). The mineral composition of the deposits includes clay minerals, feldspar minerals, micas,
quartz, hornblende, iron and manganese oxides, calcite/ anhydrite, garnet, zircon, and sulfates. Based
on the correlation analysis of the geochemical composition of the deposits of cores 63 and 72, the
following groups of geochemical components with high correlations were established:

Group 1: AlLO3, TiO2, SiO;, Fe2O3, NaxO, K>0O P2Os; TiO: - rock-forming oxides that are part of
terrigenous sediments, represented by clay minerals, mica, quartz, feldspars, titanomagnetite, apatite.
Group 2: CaO, MnO, S, LOI - components included in the composition of organic-mineral
compounds associated with the organic component of gyttija. CaO is an element of carbonates,
sulfates (anhydrite). LOI (loss on ignition) determines the amount of organic (at 500°C), carbonate
and sulfate components (at 900°C). Iron has a high correlation coefficient with aluminum (0.81),
which suggests that one of the forms of iron occurrence in lake sediments is ferruginous clay particles.
The results of factor analysis allow us to identify the following factors (n=32, R?>=0.65):

FI (Ti02,A1,03,K20/Ca0,Corg, MnO) shows the antagonism of terrigenous components accumulating
in shallow water conditions in relation to organic-mineral complexes deposited in deeper water
conditions, characterizes the change in the water level in the reservoir, and in this case is an indicator
of transgressive /regressive stages.

FII (P20Os, FeoO3/All elements). The high correlation of iron and phosphate compounds reflects the
anthropogenic impact on the reservoir. One of the types of input of iron concentrations into a water
basin is the processes of soil erosion as a result of anthropogenic activity.

FIIT (NaxO/All elements). The main form of occurrence in these deposits (Na>O) is minerals of the
plagioclase group. In a warm climate, albite (sodium plagioclase) undergoes changes in the form of
sericitization and, after destruction, passes into clay minerals. This allows us to conclude that an
increase in the N>O ratio and positive values of the 3™ factor may be an indicator of a cool climate in
which plagioclase is stable. Under warm climatic conditions, plagioclase is destroyed and
transformed into sericite and clay minerals. The destruction of potassium feldspar is slower than that
of plagioclase and leads to the accumulation of K>O in clay minerals and hydromicas. The pair
correlation coefficient of the Na;O/K,O ratio and the values of the 3™ factor is (R>=0.78). The ratio
F»>03/Ca0 was used as an indicator of the relative humidity of the climate. The indicator SiO2gia=
Si02/Al,053 reflects the proportion of planktonic diatoms in sediments and, accordingly, the
productivity of the reservoir. The MnO/Fe>Os3 ratio (the correlation of this indicator with CaO is
R?=0.76) characterizes the degree of alkalinity of a water reservoir at a high oxidizing potential.
Changes in the water level in the lakes and climatic factors influenced the cultural and historical
stages of settlement in the region. The main stages of these transformations were reconstructed by
the method of geochemical indication.

Lake Kamyshovoe (Kaliningrad region).

Geochemical studies carried out by the author on Lake Kamyshovoe were published in collective
papers (Kublitskiy et al., 2020; Druzhinina et al. 2020). Data obtained allow us to reconstruct the
conditions of sedimentogenesis and the influence of landscape-paleoclimatic and anthropogenic
factors on them. Deposits are represented by various types of gyttija. The following geochemical
indicators were calculated: the index of biogenic silica, reflecting the change in the productivity of
the reservoir (SiOabiog). Factors of sedimentogenesis (n=72, R?=0.53) were established by principal
component analysis (Fig. 5).

FI CaO, NaxO/ SiO2, Al>03, TiO2, Zr - shows the antagonism between the group of components of
the organic-detrital origin and the group of components of the aluminosilicate minerals, which are
the terrigenous component of the sediment. Organic-detrital remains are observed in gyttija deposits
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in the form of small inclusions of phytoplankton shells and valves. This factor characterizes the
hydrological conditions of sedimentogenesis, transgression/regression stages.

FII. Zn, Co, Pb / CaO, MnO, Al>Os, characterizes the redox conditions of the reservoir: positive
values of the factor correspond to reducing conditions, negative values correspond to oxidizing ones.
Comparison of the data obtained with the stages of settlement of the area by the ancient population
shows a correlation with fluctuations in the reservoir and climate.

Fig.5. Changes in the values of geochemical indicators in the bottom sediments of the lake. In
(Kublitskiy et al. 2020)

North-Eastern region (Southern Prionezhie, Lake Vozhe basin).

The Karavaikha 4 site is located in the basin of Lake Vozhe, in the north of the Vologda region, in
the central part of the Russian North. The lake is connected through the river Svid’ with Lake Lache,
located in the Arkhangelsk region. The drainage basin of Lakes Vozhe and Lacha is a flat area with
a developed river network. Mesolithic and Neolithic sites are mainly developed in the region. The
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Neolithic tradition is dominated by a culture with pit-comb ceramics. Later sites from the early metal
period are also presented. In the basin of Lake Vozhe, the earliest sites were dated back to the
Mesolithic and they include several peat sites located near the Pogostishe villidge on the river
Modlona. To reconstruct the paleogeographic conditions during the ancient people habitation at the
Karavaikha 4 site, mineralogical-geochemical and pollen analysis of sediments from peat-gyttija
cross-section were carried out (Kulkova et al. 2015; Piezonka et al. 2017). The deposits in the lower
part of the section are represented by fine-grained sands of alluvial-lacustrine genesis; in the upper
part of the section, organogenic deposits are presented by peat-gyttija. To characterize the change in
the water level in the reservoir, the indicators MnO/Fe;O3; were used as an indicator of oxidizing
conditions, SiOapiog as an indicator of the productivity of the lake. To characterize the change in
anthropogenic activity, the change in phosphates in sediments of the cross-section was used. The data
of the geochemical composition of the deposits were processed using the multiple correlation method:
Group 1 includes components, P,Os (Sr), which characterize anthropogenic activity. Bone remains
and artifacts were found in sediments with elevated contents of these components.

Group 2 (AlxO3, K0, SiO», TiO3), components included in the composition of aluminosilicates (clay
minerals, quartz, feldspar, mica) and titanomagnetite. These data are confirmed by mineralogical
analyses. The change in these components in sediments of the cross-section has a correlation with
zirconium (Zr), which is mainly part of zircon, and characterizes the supply of clastic terrigenous
material to the reservoir. The redox/oxidative conditions were estimated from the indicator
MnO/Fe;0Os3 ratio and variations of Zn. The drainage basin of Lake Vozhe was formed after the
disappearance of the glacial lakes, in their place were shallow and deep-water basins of various sizes,
in which large lakes were formed. Changes in the lake water level, eutrophication processes and the
forming of shallow swamp lakes, a decrease in productivity were the main factor regulating the
distribution and settlement of this territory by ancient fishermen-hunters of the Neolithic period.

The multi-layered settlement of Tudozero V is located on the edge of a sandy spit that stretches
between lakes Onega and Tudozero. This site is located in the Prionezhskaya lowland, in the
southeastern part of the Megorsko-Andomskaya Upland. The Tudozero V site was formed on aeolian
sand deposits that form coastal dune ridges, which, in turn, formed on sandy coastal spits (Kulkova
et al. 2014). The upper level of the strata of the settlement contains cultural layers from the Middle
Ages to the Middle Neolithic with pit-comb ceramics. It is separated by a thick sterile layer up to 1.5
m from the lower level of strata containing the cultural layers of the Early Neolithic and Late
Mesolithic. To characterize the relative temperature changes, the modules KoO/Na>O and Rb/Sr were
used, which reflect the change in the chemical composition of the feldspar component in the process
of changing the temperature regime. The Chemical Index of Alteration (CIA) was used to establish
the relative change in humidity. Aeolian deposits were sedimented as a result of re-waving and
transfer of clastic material, sorting and redistribution by specific gravity of particles. Fine and light
particles are blown away by the wind, while hard and heavy particles accumulate. The deposits of the
lower horizon are dominated by a group of geochemical components (SiO2, TiO, Fe>O3 u Zr), which
compose quartz, and accessory minerals (ilmenite, zircon, rutile), which was determined in the
mineralogical composition of the deposits. When blown by the wind, the removal of light particles
and the accumulation of heavier and more durable particles had been occurred. As a rule, such
processes occurred more intensively in dry and cool climatic conditions. To characterize the change
in anthropogenic activity, we used the indicator of change in the content of phosphates (P2Os) in
sediments. Deposits with high levels of anthropogenic activity, corresponding to cultural layers,
alternate with deposits with low anthropogenic activity, which makes it possible to identify
unfavorable conditions for settling the site.

Based on the obtained mineralogical and geochemical results of different genetic types of deposits
formed during the Late Pleistocene-Holocene at each of the studied archaeological sites located in
different geographical zones in Eastern Europe, indicator ratios of components or groups of
components were established, reflecting the influence of paleoclimatic conditions and ancient
anthropogenic activity on the process of sedimentogenesis. Based on these indicators, the following
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paleoclimatic characteristics can be established: relative temperature (NaxO/K>O; St/Rb), relative
humidity (CIA; Fe;03/Ca0), hydrological regime of the reservoir and its productivity SiOapiog
MnO/Fe;03), erosion processes (ZrO2 /Al203; TiO2/A1203) associated with precipitation and
anthropogenic activity (P2Osanthr CaO anthr).

2. On the base of the generalization of mineralogical and geochemical investigations of
sediments on the reference archaeological sites of different geographical zones of Eastern
Europe (semi-desert, steppe, forest-steppe, forest, and tundra), radiocarbon and
archaeological periodizations there were established the global climatic events and their
correlations with the Rapid Climatic Cycles (RCC) during the Holocene: 8200 calBP/6200
BC, 6300-5700 calBP/4350-3750 BC, 5450-4200 calBP/3500-2200 BC (4200 calBP/2200
BC) u 3200-2800 calBP/1200-900 BC, as well the less significance climatic events as (7700-
7600 calBP/5700-5500 BC u 7300-7200 calBP/5300-5200 BC) and their connection with
cultural and historical transformations.

Steppe zone. The Neolithic-Eneolithic Algay and Oroshaemoe 1 sites.

Reconstruction of the climatic conditions for the formation of deposits at the sites of Algay and
Oroshaemoe 1 (Lower Volga region) was carried out using the method of geochemical indication of
sedimentation processes and compared with the data of radiocarbon analysis and soil studies
(Kulkova et al. 2019, Ovchinikov et al., 2020). Radiocarbon dates obtained for organic remains from
the cultural layers of the Algay and Oroshaemoe 1 sites (Vybornov et al., 2020; Kulkova et al., 2019;
Ovchinnikov et al. 2020) show the chronology of the settlement of the sites. Cool and dry conditions
are recorded in the initial period of the site occupation by people, about 8200 calBP/6200 calBC.
After this climatic period, the first traces of anthropogenic activity at the sites are recorded in the
sediments. At the later stage, or immediately after the phase of strong climate aridization, the first
evidence of carriers of the Orlovskaya Neolithic culture appears at the Oroshaemoe 1 site. The climate
in this period was characterized as warm and moderately humid. In the deposits of this time at the
Algay site, anthropogenic activity is low. The distribution of carriers of the Orlovskaya culture at the
Oroshaemoe 1 site is dated to the period 7900-7615 calBP/5900-5615 calBC. At the Algay site, the
beginning of the appearance of carriers of this culture dates back to 7800-7650 calBP/5800-5650
calBC. Favorable conditions, which are characterized by some increase in humidity (but were still
quite dry compared to the present period) continued in the area until about 7500 calBP/5500 calBC.
Starting from this time, the next stage of climate aridization takes place. Carriers of the early and
middle stages of the Oryolvslaya culture appeared at the Algay site during favorable short-term
periods, alternating between dry and cool conditions, the maximum of which is fixed at about 7050
calBP/5050 calBC. At the Algay site, according to the geochemical indication, the beginning of
aridization is recorded around 7656-7566 calBP/5656-5566 calBC. The period 7600-7470
calBP/5600-5470 calBC is correlated with the first stage of the Oryolskaya culture. A slight increase
in humidity at the Algay site is fixed at about 7350-7120 calBP/5350-5120 calBC. High
anthropogenic activity is recorded in the layers of this time. The middle stage of the Oryolskaya
culture belongs to this period. The maximum climatic aridization and warm climatic conditions are
recorded in the deposits at the Algay and Oroshaemoe 1 sites around 7050 calBP/5050 calBC. In the
deposits of this time, low anthropogenic activity is recorded. An increase in aridization leads to the
complete abandonment of the sites by the carriers of the Oryolskaya culture. There is a stage of strong
climate aridization around 7100-7000 calBP/5100-5000 calBC.

In the area of the Algay and Oroshaemoe 1 sites, the transition to humid and warm climatic conditions
(climatic optimum) occurred after 7050 calBP/5050 calBC. In the period of 7000-6900 calBP/5000-
4900 calBC the carriers of the Cis-Caspian culture appeared. At the Algay site, the stage of emergence
of the carriers of the Cis-Caspian culture also occurred during wet and warm conditions, around 6900-
6366 calBP/ 4900-4366 cal BC. This was a rather favorable climatic period, which contributed to the
forest distribution along the river valleys to the south and the spread of broad-leaved forests according
to pollen analysis. The next stage of climate aridization begun around 6700-6500 calBP/4700-4500
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cal BC. The period of aridization in the steppe zone is also dated according to some publications to
the time of 6500-6400 calBP/4500-4400 calBC (Bolikhovskaya, 2011). At the Oroshaemoe 1 site,
the appearance of carriers of the Khvalynian culture is dates arond 6700-6300 calBP/4700-4300
calBC. This was in the period at the end of an episode of strong aridization. In deposits of this age,
high values of anthropogenic indicators are recorded and remains of artifacts have been found. The
beginning of the development of the Khvalynian Eneolithic culture is corresponded with a period of
improvement in climatic conditions in the steppe zone. One of the important climatic indicators in
the steppe zone is humidity. The moisture coefficient reflects the ratio of heat and moisture and
determines the direction and intensity of most natural processes and landscape development.
Forest-steppe zone. Multi-layered site Good 9 (Middle Don river basin)

Deposits of gray fine-grained silt, which was found in the bottom of the lower cultural layer, with
artifacts of the Neolithic period (Srednedonskaya culture) were formed in the transition period, about
7317-6839 calBP / 5317-4839 calBC (Smolyaninov et al. 2020). It can be assumed that the lower
cultural layer was formed during the transitional stage from a cool climate to a warm and humid one
and belongs to the stage of the Atlantic thermal maximum. The abundance of archaeological zoo
material indicates a developed fishery. The plant remains from the cultural layer indicate the
development of forest vegetation what can be corresponded with the Atlantic climatic optimum of
the Holocene around 5000 BC (Spiridonova, 1991)? when a forest-steppe was being formed on the
territory of the Upper Don. The third stage in the development of the Srednedonskaya culture,
according to archaeological data, is marked as the time of establishing contact between Neolithic
cultures and the Eneolithic population from the south. On the territory of the Upper Don, there is a
transition to unstable conditions, which can be one of geographical reasons for the moving of the
southern population in the northern territories which are richer in natural resources. Dark brown silt
of the upper cultural horizon. In the lower part of the deposits the artefacts of the Lyalovskaya and
Srednedonskaya cultures were found. According to the geochemical indication, the deposits are
characterized by high anthropogenic activity and were formed during a humid and warm climate.
Deposits with finds of bronze age within the upper cultural layer are dated on humus to 3900-3500
calBP / 1886-1498 calBC. The climatic characteristics of deposit sedimentation correspond to the
beginning of the late Subboreal period, which characterizes, in general, climatic conditions as
relatively humid and warm. This period is characterized by the development of the forest-steppe
landscape (Bolikhovskaya, 2010) in this area.

Forest zone. Zamostye 2 site (Mesolithic-Neolithic period)

The artifacts of Zamostye 2 site were found in the pet-gyttija deposits. The beginning of the formation
of lacustrine deposits in the lower part of core is dates back to the Boreal period (Lozovskaya et al.
2020). At this time, according to geochemical indicators, climatic conditions can be characterized as
cool (low values of the K2O/Na>O and Rb/Sr ratios) and dry (low values of CIA index). Traces of
anthropogenic activity are recorded. The deposits were formed under conditions of transgression in
the shallow, well-aerated lake. Enrichment of the deposits by the detrital components (inclusions of
shell remains) and some geochemical indicators characterizing the oxidative conditions in the
reservoir are recorded. At this time, the lake was an open, well-aerated reservoir. The climate can be
described as a transition to warmer and wetter conditions. This episode is clearly recorded in the
sediments and correlates with the cooling of the climate around 8200 calBP/6200 calBC. During this
period, the water level in the reservoir decreases according to the geochemical indicators.
Anthropogenic activity was high, which corresponds to the development of the final Mesolithic
cultures in this area. Further warming and an increase in climate humidity was registered in the period
7661-7167 cal BP/5711-5217 calBC. There is a gradual overgrowth of the shores of the lake. During
this period, the carriers of Neolithic cultures (the Neolithic culture of the Upper Volga) occupied this
place. The gradual overgrowing of the lake reservoir, which was briefly interrupted by transgression
at the end of the Atlantic period (according to pollen analysis), leads to the final shallowing of the
lake, which is recorded in the Subboreal period. People abandoned this place connected with fishing.
Periodic fluctuations in the water level and coastline changed the location of settlements in the lake
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shore zone. Ares located on the cape of the shore were occupied during the Mesolithic period. In this
time a cooling episode with an increase in dryness and decreasing of water level around 8200-8000
calBP/6200—-6000 calBC occurred. In the Early Neolithic period the first stage of the Upper Volga
culture is dated to 7661-7167 calBP/5711-5217 calBC. A further decrease of the lake water level
around 3900-3500 calBP/1893-1506 calBC leads to a break in sedimentation and a change in the
hydrological regime.

Forest and taiga zone. Okhta 1 and Podolye 1 sites (Neolithic-Early Metal period).

At the Okhta 1 site (Kulkova et al. 2012; Kulkova et al. 2014; Kulkova et al. 2016; Ryabchuk et al.
2016; Sapelko et al. 2019; Gusentsova and Kulkova, 2020), the conditions of the ancient population
development on the territory of Okhta Cape, in the coastal zone of the ancient Littorina Sea (one of
the stages of the modern Baltic) during Neolithic-Early Metal period were studied. After the
maximum of the Littorina transgression around 8400-7610 calBP / 6459-5666 calBC, a coastal spit
was separated from the sea by the so-called Ligovskaya Spit (Ryabchuk et al., 2014) and the lagoon
zone begun to form. At the beginning of the regressive stage, after 7600 calBP/5660 calBC, the lagoon
located in the eastern part of the Ligovskaya Spit, periodically was connected with the Littorina Sea
through a strait within the modern Neva river valley. After the Littorina Sea regression around 6200
calBP/4200 calBC, the coastal zone of the shallow bay was partly separated from the sea by a sand
bar, which was later transformed into Okhta Cape. The central part of Okhta Cape at about 5500
calBP/3550 calBC was the top point of the cape rising above the water.

The earliest radiocarbon dates relating to the beginning of the appearance of an ancient man in the
Okhta Cape area refer to the period from 6164-5633 calBP / 4164-3633 calBC. During this period,
carriers of the Pit-Combed culture appear. Separate fragments of the Early Neolithic pottery of the
Sperrings culture were also found at the site. Probably, at this time, the first settlement appeared here,
which was formed on the territory exponated after the Littorina transgression. The cultural layer
belongs to the Middle Neolithic period and it is dated to 6066-5495 calBP/4066-3495 calBC on the
radiocarbon analysis and archaeological finds. The remains of material culture testify that the coastal
lagoon shallow zone was used for fishing and hunting. Periodic changes in the water level in the
basin, associated with the isostatic uplift of the land during this period, influenced the formation of
the microrelief of the sand spit. Around 5500 calBP/3500 calBC, the water level in the bay drops and
a system of shallow rivers and channels forms (Kulkova et al. 2014; Kulkova et al. 2016, Ryabchuk
et al. 2016). This is the time of deterioration of climatic conditions.

The next increasing of water level in the Baltic Sea was around 5450-5050 calBP/3450-3050 calBC.
This is also registered by other researchers (Berglund et al. 2005; Harff et al. 2011). Climatic
conditions are changing towards a more humid and warmer climate. On the coast of the shallow bay
of the Okhta Cape, remains of fishing constructions and burials dating back to the late Neolithic-
Eneolithic period were found. Various types of wooden structures were built in the coastal,
intermittently flooded area. Traces of living areas, among which there were working zone of stone
processing - cores and accumulations of waste, stone raw materials, including small flakes; grinding
tiles, abrasives. Two burials with remains of tooth and bone particles as well amber adornments dated
to 5300-4700 calBP/3300-2700 calBC were found on the elevated part of the cape (Kulkova et al.
2015; Kulkova et al. 2012).

Around 4700-4200 calBP/2700-2200 calBC there was a change of climatic and hydrological
conditions. Artifacts of the Bronze Age (end of the 2nd - beginning of the 1st millennium BC) were
found. They are presented by separate fragments of corded ware ceramics. Significant changes in
paleogeography in this area were recorded around 3500 calBP/1500 calBC. At this time, the
formation of a delta of the river system, which flows into a shallow sea bay, takes place. The deposits
were intensively washed out. Anthropogenic activity was low, which is confirmed by the absence of
finds of material culture in this period. The formation of deposits sedimented during of the Neva
River formation is dated back to 3639-3128 calBP/1639-1128 calBC (Kulkova et al. 2014; Kulkova
et al. 2016). After the formation of deltaic sediments around 2800 calBP/800 calBC, the next stage
of cape settlement occurs already in the Early Iron Age. These stages are illustrated by a scheme of
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radiocarbon dates (Fig. 6) obtained from carbon deposits for various types of ceramics at the Okhta
1 site, processed by the Bayesian statistics method using the OxCal 4.4 calibration program.

Fig.6. Distribution of radiocarbon dates obtained from food crusts on different types of
pottery at the Okhta 1 site using Bayesian statistics (OxCal 4.4.).

Multi-layered Podolye 1 site. Geochemical data indicate the appearance of an anthropogenic signal
in peat deposits at the Podolia 1 site (Gusentsova, Kulkova 2020). Wooden fishing structures were
built in the shore zone of the ancient canal that flows into Lake Ladoga. Radiocarbon dates for
wooden piles are 5350-5135 calBP/3350-3135 calBC (Gusentsova and Kulkova 2020). The style of
the fishing structures is the same as on the Okhtal site, located in the coastal zone of the lagoon of
the ancient Baltic Sea in this same period (Gusentsova and Sorokin, 2012). Fishing traps were made
from pegs and thin sticks. Radiocarbon dating of wooden structures lies in the range of 5350-4750
calBP/ 3350-2750 calBC (Gusentsova, Kulkova 2020). Ceramics have analogies with pottery of the
end of the 4" - the first half of the 3" millennium from the Okhta 1 site, the Orovnavolok X VI site in
Karelia (Zhulnikov, 1999), with Volosovo-type ceramics from the Upper Volga region. The pottery
tempered by shell is dated to 5695-5385 calBP/3695-3385 calBC and has an analogy with pottery
from the Modlona-1 site in the Eastern Onega Lake region (Gusentsova and Kulkova 2020). The
radiocarbon dates on charred food crusts from the asbestos-type pottery at this site is 5715-5483
calBP/3715-3483 calBC. The Late Pit Ware and Asbestos Ware from the Kirikki site in Finland have
the same age (Carperlan, 1979; Pesonen, 1999). In the lower part of the silty deposits, finds of cultures
of the Later Neolithic - Early Metal Age were found (Gesentsova, Kulkova, 2020). There were
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structures on the sandy shore, the remains of which show that the main economic strategy in the early
Neolithic period, was fishing and hunting. The next stage, according to geochemical investigations
of gray loam sedimentation, occurred during increasing of water level and transition to cold
conditions. The water level increasing caused the repeated erosion of the upper cultural layer. The
oxidizing conditions in the reservoir, which formed during the transgression period, were also
confirmed by geochemical data by diatom analysis. Diatoms typical for Ladoga Lake basin were
found in these layers (Sapelko et al. 2019). The beginning of the Ladoga transgression occurred after
4000 calBP/2000 calBC, which led to the flooding of the monument and the population leaving this
site.

Forest zone. Serteya archaeological microregion.

According to the geochemical indicators, detailed reconstructions of landscape and climate changes
were carried out at the sites located on the shores of ancient lakes of the Serteya basin (Kulkova et al.
2015; Kulkova et al. 2016; Kulkova et al. 2018). In the period 12000-9200 calBP/ 9850-7430 calBC,
the climate can be characterized as cool and dry. The lakes in this period were deep-water with the
high productivity. About 10,000 calBC, anthropogenic elements appear in lacustrine sediments. In
the same time, apparently, the first sites related to the Mesolithic period appear on the shores of the
basins. The some artifacts of the Mesolithic age were found on the shores of ancient lakes.

Period of 9200-5000 calBP / 7430-3100 calBC. The maximum of regression is fixed in lakes at about
8300 calBP/ 6397-6229 calBC. The climate during this period becomes more humid and warm.
Productivity in the lake is decreasing. Anthropogenic impact on the ecosystem is decreasing.
According to archaeological data, no archaeological sites of this period have been found. It is likely
that the population density is decreasing or it is absent. The appearance of pottery among the tribes
in the northwest region is dated to about 7748-8413 calBP/6500-5750 BC. These sites were united in
the Serteyskaya cultural group. Around 8000-7700 calBP/6000-5700 calBC an increase of the water
level in reservoirs is recorded. The climate becomes dry and cool. Productivity in water bodies is
increasing. Anthropogenic pressure on water bodies is increasing. This is likely to be due to an
increase in population density in the microregion. The settlements of the middle and late phases of
the Serteya culture were located on the high slopes of lake basins. The decrease in the water level in
the lakes of the microregion is fixed at 7500-6500 calBP/5500-4500 calBC. The climate at this time
becomes warm and humid. Lake productivity is low. Anthropogenic impact on the reservoir is
increasing. At this time, settlements of the Rudnynskaya culture appeared on the shores of the lakes.
This culture combined the local cultural traditions and the traditions of the Narva culture. About
6500-5500 calBP/4500-3500 calBC the transgression is recorded in water basins. The climate was
cool and humid. Lake productivity is increasing. Anthropogenic load on the reservoir decreases. In
this region, there was a sharp decrease in the number of settlements, it is even possible that during
the period, the considered archaeological microregion was uninhabited.

In the period of about 5100-2600 calBP/3100-410 calBC, the regression in water basin occurs around
5100-4700 calBP/3100-2700 calBC. The climate was warm and less humid. The littoral part of the
lakes overgrows, the lakes turn into swamps. The productivity of lakes is sharply reduced. Changes
in the environment seem to lead to the emergence of new forms of buildings. In the coastal part of
swampy lakes, pile dwelling sites of the Usvyatian culture appear. The next transgressive phase in
water bodies is fixed at about 4000-3700 calBP/2283-1685 calBC. The climate during this period
becomes a little colder. An increasing of dryness is recorded around 3700-3600 calBP/1700-1600
calBC. During this period, pile dwelling sites of the Zhizhitskaya and Severobelaruskaya cultures
were developed in the microregion. The anthropogenic load is slightly reduced in the comparizon to
the previous period. The pile dwelling sites are flooded, and the population moved the settlements to
the islands and higher parts of the shores of the lakes, where the settlements of the Uzmen culture
were found. In the period around 3400-3100 calBP/1400-1100 calBC the water level in the lakes
decreased. The climate during this period was warm, humidity slightly increases. Anthropogenic
impact on water bodies is increasing (this correlates with the end of the Uzmen culture).
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The period that began about 2600 cal. years ago Around 2600 calBP/600 calBC, cooling and an
increase in humidity are observed in the study region, and transgression in the basin is registered in
the basins. The anthropogenic impact on the ecosystem is decreasing, the remains of the settlements
of the early Dnieper-Dvina culture have not been found in this region.

Fig. 7. Chronology of landscape-climatic events and archaeological cultures in the Holocene in the
area of the Serteya basin (Kulkova, 2012).

Lake Kamyshovoe and Tsedmar D settlement

In the region of the Kaliningrad district, reconstructions of paleoclimate were conducted using
geochemical data on the Kamyshovoe lake deposits. The lower unit of deposits is represented by
clayey gyttija dated to ca. 12183 calBP/10183 calBC. According to the geochemical analysis, a high
concentration of the terrigenous component and increasing of the carbonates in these sediments can
be noted. Climatic conditions can be described as cool and dry, which corresponds to the Preboreal
period. The reservoir becomes flowing, an oxidizing conditions is established. A slight increase in
the productivity of the reservoir is recorded according to geochemical indicators, which coincides
with the development of diatoms.

The accumulation of carbonate gyttija at 9830-5833 calBP/7830-3847 calBC is characterized by an
increase in the content of organic matter (LOI 500°C), biogenic silica and carbonate component (LOI
950°C), which indicates a transition to a humid and warm climate and corresponds to the Atlantic
period. A change in sedimentation is recorded around 8200 calBP/6200 calBC. The geochemical
indicators record cool and dry climate conditions. After this episode, the formation of organogenic
gyttija occurs as a result of intense processes of coastal erosion with a high rate of weathering and
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sedimentation. The reservoir is characterized by oxidizing conditions and low productivity. The
maximum productivity is observed at about 6590-5833 calBP/4590-3847 calBC, which corresponds
to the episode of the Atlantic thermal maximum. In the period of 4258-3309 calBP/2258-1309 calBC,
reducing conditions prevail, the carbonate component decreases and the terrigenous component
increases in sediments, which indicates a decreasing of chemical weathering. Along with this process,
there is an increase in organic-mineral complexes associated with lot of plant and detrital components,
which is an indicator of eutrophication of the basin. This stage corresponds to the Subboreal period.
Around 5833-4258 calBP/3833-2258 calBC the productivity of the basin decreases slightly.

In the period of 3309-612 calBP/1300 calBC-1350 calAD, an increase in organogenic and
chemogenic components occurs, which indicates humid climatic conditions with a high rate of
weathering and sedimentation, as well as eutrophication of the reservoir. This stage corresponds to
the Subatlantic period.

Thus, at the turn of 5833-4250 calBP/3833-2258 calBC, there is a transition to drier climatic
conditions and a slight cooling, which corresponds to the boundary of the Atlantic and Subboreal
periods. During this period, the formation of the Tsedmar culture took place. This culture was formed
under influence of several cultural traditions, such as the Narva culture, the Pit-Combed culture, the
Neman culture and the culture of funnel-shaped goblets.

A summary diagram of climate change and transgressive/regressive stages during the Holocene and
the development of the main archaeological cultures in the northwestern region of Eastern Europe is
shown in Fig.8.

Fig.8. Generalized scheme of climate change and transgressive/regressive stages in the Holocene
and the development of the archaeological cultures on the territory of the North-West part of
Eastern Europe.
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3. Employing geochemical data processing by multidimensional mathematical statistics there
were determined the main associations of the geochemical elements, which are characteristics
of lithological (41203, SiO>, Fe:0s, TiO», Zr) and anthropogenic (P2Os, CaO, Sr) components of
sediments on the archaeological sites. The anthropogenic impact on sedimentation of cultural
layers in the time, as well as the spatial definition of living, household, and crafting zones on the
ancient settlements, can be determined by the associations of geochemical elements (P>03, CaO,
Sr), (K20,Rb), (MnO,Ba), (Zn, Cu, Pb).

The assessment of the impact of anthropogenic activity on the transformation of sediments and the
formation of cultural layers on the ancient settlements was carried out using the method of the
geochemical indication of functional zones on settlements. For the reconstruction of various factors
influencing on the cultural deposit formation, an approach has been developed using multivariate
factorial and multiple correlation analyses. It possible in this case to identify individual groups of
geochemical elements and their associations for characteristics of anthropogenic or natural factors
influencing on sediment composition (Kulkova, 2012; Oonk et al., 2009; Nielsen and Kristiansen,
2014). Another important criterion for detailed interpretation of geochemical data is archaeological
information about the site. The using complex research methods, such as geochemical, geophysical
and archaeological analysis in the assessment of an archaeological site, in detail all the features of
life, including household activity, pottery manufacture ancient metallurgy etc. can be reconstructed
(Kulkova et al. 2021 , Kulkova et al. 2020, Morgunova et al. 2021). The spatial distribution of
anomalous concentrations of some chemical elements in the places of ancient settlements makes it
possible to establish: the boundaries of archaeological sites and their locations; obtain information on
how the landscape was used (Entwistle et al. 1998, Wilson et al. 2006); establish functional zones
and features of various structures within the settlements. An assessment of the distribution of
anomalous concentration of certain elements or associations of elements at archaeological sites has
shown that the interpretation of the data obtained cannot always be unambiguous and depends on
many factors. An important question in the interpretation of geochemical data is also the geochemical
explanation that the accumulation of one or another chemical element is of an anthropogenic nature
and is not related to the mineral composition of deposits at a given site.

Soil and bottom lake sediments accumulate certain chemical elements associated with anthropogenic
activity, which change the chemical composition of sediments. As rule, elements for determining
anthropogenic activity on ancient sites are P, Ca, K, Na, and Mg, as are the trace elements Cd, Cr,
Cu, Pb, and Zn (Aston et al. 1998; Cabala et al. 2012; Lutz 1951; Schlezinger and Howes 2000; Terry
et al. 2004; Tian et al. 2012; Wells et al. 2000). Aston et al. (1998) identified the main functions of
human activity in which the accumulation of anthropogenic chemical elements occurs: the
development of ancient settlements, animal breeding in enclosed spaces, the use of fire (hearths and
forest fires), ancient metallurgy, handicraft activities (leather production, processing agricultural
crops). According to Schlezinger and Howes (2000), an increase in the phosphorus content in soils
occurs as a result of the accumulation of urea and human and animal faeces in habitats, the
accumulation of decay residues of animal and plant organisms, and the use of animal manure for
fertilizers. The increase in phosphorus may also be associated with food preparation, consumption
and waste disposal (Terry et al. 2004). Stable forms of phosphorus are insoluble and resistant to
oxidation, reduction and leaching (Wells 2004; Holliday and Gartner, 2007). Phosphorus is a main
component of tissues of living organisms (in the form of nucleic acids, phospholipids, nucleotides,
etc.) (Sanchez et al. 2007), it is presented in products that are used in the economy (wood, plants,
bones, meat, etc.) .), and its concentration in the deposits increases depending on the input of various
organic materials, such as plant and animal products, that are consumed and used in a certain way.
The concentration of phosphorus in the cultural layers serves as an indicator of the intensity of
settlement of the territory by ancient people, since phosphorus is contained in organic matter, which
is deposited during human activity in proportion to the time of habitation and population growth
(Marwick, 2005). Other elements may also be used to indicate different functional areas on
settlements. High concentrations of calcium, which is the main component of bone tissue, as well as
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phosphorus, are associated with human and animal habitats, as well as burials and graves. High
concentrations of sodium, potassium, and rubidium may be associated with the presence of ash at fire
sites (Middleton and Price, 1996). Increasing concentrations of iron and mercury may indicate the
use of various colorants such as ocher and cinnabar during ritual activities (Wells 2004). A
combination of elements, such as Fe, Mn, Zn, Cu, is associated with waste disposal sites, burials,
cesspools, and residues after feasts. Thus, the chemical composition of deposits at archaeological
sites can provide valuable information for determining the features of functional zones in settlements.
The most effective method for establishing functional areas is the use of "multi-element" analysis
(Wilson, 2008).

The author (Kulkova 2012, Kulkova et al. 2015) developed a method of multicomponent analysis
based on the identification of groups of geochemical components of anthropogenic genesis by the
method of multivariate mathematical statistics that characterize various functional zones on ancient
settlements. The author developed ratios of geochemical components and geochemical modules for
individual elements, for example, potassium, calcium, strontium, phosphorus, which can form
compounds associated both with the mineral composition of deposits and the activity of ancient
people. This makes it possible to separate the components associated with the lithological component
of the deposits from the anthropogenic ones (Kulkova, 2012; Kulkova et al. 2012; Kulkova et al.
2016; Kublitskiy et al. 2020). Comparison with samples taken outside the anthropogenic activity from
the same lithological layer. Other factors that affect the behavior of individual chemical elements are
pH (alkaline acid), Eh (reductive-oxidative) potentials of the soil environment, the content of organic
matter in soils, etc., which should also be taken into account when assessing the formation of a
cultural layer in a settlement. To assess the overall anthropogenic impact on the settlements, the
author proposed the following ratios of components for calculation: P2Osane= P20s/(P205+NaxO) (%),
Ca0ane=CaO0o¢/(CaOiortNa20) (%), KoOaner = K2O / K20 + Nax0) (%) and Rbanr = Rb / (Rb + NaxO)
(%). Elevated values of indicators (P2Osantr, CaOaner) correlate well with the areas of sediments in
which bone remains were found. In this case, such ratios make it possible to establish and separate
anthropogenic calcium and phosphorus from lithogenic ones, which are associated with the lithology
of the deposits. Indicators (KoOantr, Rbantr) were used to identify focal clusters (Kulkova, 2012;
Kulkova et al. 2014; Kulkova et al. 2015).

Upper Paleolithic site Yudinovo.

The Yudinovo site is one of the most studied sites of the Upper Paleolithic (15-12 thousand years
ago), located in the Desna river basin, in the Pogarsky district of the Bryansk region of Russia. The
household objects of different types have been discovered on the site: the remains of five dwellings
of the Anosovo-Mezin type, six large household pits, ten large "ash pans" — the accumulations of
bone coal and ash, two small hearths, two hearth pits, several "clad" pits , numerous production sites
associated with the primary treatment of flint and tusk and cutting carcasses of arctic foxes
(Khlopachev et al. 2022)

Important indicators for assessment of the ancient microrelief are changes in the content of the main
rock-forming components (Al>O3) - alumina and (Si0») - silica. 3D geochemical maps of Al,O3 and
Si0O» distributions can be used for reconstruction of ancient microrelief in the area of the excavation
(Fig. 9). Elevated concentrations of alumina (Al>Os) are associated with depressions in the relief,
where loam deposits accumulate. Low concentrations of SiO; also mark areas of depressions in the
relief. Silica, which is associated with the sandy component, is confined to elevated areas and is
associated with areas of gray sandy loam in the excavation area. Elevated areas are composed of gray
sandy loam enriched in silica and depleted in alumina; they mark the layer in squares t-28 and t-29,
and are also noted in the middle part of square t-30, on the border with the pit-depression. It is possible
that the sand accumulations could have been specially brought by a person to the place lot.
Geochemical maps of the distribution of complex of anthropogenic components, such as phosphorus
(P20santr), calcium (CaOanenr), potassium (K2Oantr), rubidium (Rb) (Fig. 10) show areas associated
with burnt bone remains. The largest accumulations are associated with depressions in the relief. Such
zones are observed on the surface of the depression in squares t-28 and t-29 and form ring structures.
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Fig. 9. Geochemical maps of the distribution of Al2O3, and SiO: (3D) over the area of the
excavation in squares 28-30, showing the features of the microrelief.

Fig.10. Group 2 - anthropogenic indicators of the places with bone and carbonaceous remains.
Geochemical maps of the distribution of indicators (P2Osanthr, CaOanthr, K2Oaninr, Rb anthr) on the
excavation area in squares 28-30

A zone with high contents of the complex of these anthropogenic elements is also recorded in the T-
30 square on the border of the "ash pit" and the pit-depression.

The second group of chemical components (Fe;O3, MnO, Ba) may be an indicator of the location of
organic residues (skins, wood, etc.), which were subject to decomposition and decay. High
concentrations of these elements are noted in the ash pan deposits. The zone of high concentrations
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of these elements is confined to the border of the squares t-29 and t-30, which are planigraphically
connected with the edge of the "ash pan". The layer with high concentrations of these elements
"flows" further into the "pit-depression" zone. Anomalous arsenic (As) concentrations are recorded
in the area of square t-30, in its middle part. Hanging contents of arsenic (As), lead (Pb), zinc (Zn)
are also noted in the deposits of the "ash pan".

Data on anthropogenic chemical elements make it possible to reconstruct the following structures on
the surface of the studied area of the Yudinovskaya site: firstly, the upper cultural horizon above the
pit-depression is characterized by increased contents of a complex of components that are associated
with burnt bones: phosphorus (P2Osantr), calcium (CaOanr), potassium (K2Oanthr), rubidium (Rb),
which allows us to consider it as a separate cultural layer with bone remains; secondly, in the layer
of the ash pit, which belongs to the main, lower cultural layer, there are high concentration (FeOs,
MnO, Ba), elements associated with decomposed organic residues, such as skins, wood, etc. The
totality of these chemical elements is also concentrated in deposits associated with deposits in the
filling of the pit-depression, especially, increased concentrations of elements in the deposits on the
sides of the pit-depression, into which the ash pan layer falls. Along with this complex of elements,
elevated contents of arsenic (As), lead (Pb), zinc (Zn) are recorded in the ash pan deposits at the edge
of the depression. It is known that the concentrations of these elements increase in a reducing
environment, during the decomposition of organic matter. In addition, a complex of such elements as
arsenic (As), zinc (Zn), lead (Pb) can be associated with various components that make up the
substances, the sources of which were located far from the Yudinovo site. For example, realgar is a
red arsenic sulfide mineral, which, according to geological maps, is not found in the region where
this archaeological site is located.

Ladoga Lake basin (sites Okhta 1 and Podolye 1).

To study the functional zones on these settlements, geochemical studies of cultural layers were carried
out. The cultural layers were formed around 5300 calBP/3300 calBC (Kulkova et al. 2015;
Gusentsova and Kulkova 2020; Kulkova et al. 2020). At the sites of Okhta 1 and Podolia 1, various
types of functional zones were considered on the surface of cultural layers, which formed around
5300 calBP/3300 calBC. At the Okhta 1 site, geochemical mapping data and the distribution of
artifacts show the burial site. The burial deposits are characterized by anomalous values of a complex
of chemical anthropogenic components, such as P2Osantr, CaOantr and Fe>O3, Stanenr. The geochemical
composition of the deposits at the Podolye 1 site shows a different character of the distribution of
geochemical elements. On the terrace of the canal there were seasonal fishing camps with fireplaces
and places for cutting and cooking animals and fish. A combination of such anthropogenic elements
as K2Oanhir, Rbanhir, CaOanher, and Sranner stands out in the cultural layer of the sediments of this site.
On the shore of the canal, it is possible to distinguish areas for the location of fires (K2Oant and Rbantr
- elements that are accumulated in charcoal and ash) and areas for cutting and cooking animals and
fish (CaOanne and Sranhe — main elements of bone tissue). In the pit located on the terrace of the
channel, another geochemical complex with anomalous values was characterized: K>Oannhtr, Rbanthr,
CaOanthr, Stanthr, MNanthr, Baanthr, Fe and P2Osantr, which may indicate the accumulation of waste in the
channel pit.: K2Oanhir and Rbannee - components, which are part of ash and charcoal, P2Os anthr, CaOanthr,
Stantr are components of bone tissues, Mnantr, Baanm: and Fe are components that are part of
decomposed organic matter. The distribution geochemistry of major sediment-forming elements such
as alumina (Al203) and silica (SiO) is an important factor in determining the ancient microrelief at
this site. Associations of geochemical indicators from the same lithological context at the sites of
Okhta 1 and Podolye 1 have different anthropogenic load. The deposits from the burial are
characterized by anomalous values of such bioindicators as P2Osanher and CaOanher, which are the main
components of bones and tissues. Iron in the form of hematite (Fe2O3), is part of the ocher, which
was used in the ritual ceremony.
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Serteya archaeological microregion.
The reconstruction of the functional zones was carried out on the Neolithic site. The remains of the
material culture were found in sandy-silty deposits. Mineral composition of deposits: quartz, mica,
clay minerals, feldspars, accessory minerals: zircon, garnet, titanomagnetite, hydrogoethite, ilmenite.
According to the results of the geochemical composition of deposits, several geochemical groups of
components associated with different minerals, including organo-mineral complexes of the
anthropogenic component of deposits, can be distinguished at the site by the method of
multicomponent correlation analysis:
Group I: SiO: - quartz,
II group: ALO3, Fe203, MgO, TiO2, NazO - feldspars, mica, clay minerals; hydrogoethite; ilmenite;
Group III: K20, Ba - the main components of wood ash;
Group IV: P,O5, CaO, MnO, Ci: - components of carbonate-apatite of bone tissues and teeth, with
organic residues.
An analysis of the stratigraphy and paleorelief on the site allowed to the conclude that the place for
the settlement was chosen taking into account the features of the ancient relief and composite from
sandy dune deposits. According to the factor analysis, it is possible to identify the factors associated
with anthropogenic transformations of sediments at the site. For the lower (1%) cultural horizon, the
first factor (FI) characterizes the features of the relief and reflects the antagonism of the components
of the sand (Si0, Zr) and the components of the clay-mica minerals (Al>O3, TiO2, Fe2O3, MgO,
Nay0). Accumulation of the clay component enriched in iron oxides and hydroxides is typical for
depressions and pits, including those left from plant roots. The second, third and fourth factors can
be interpreted as related to various anthropogenic activities at the site, which led to a change in the
composition of sediments and the appearance of different types of components:

FII (CaO, Nazo, SiOz/KzO, Ba, TiOz);

FIII (K20,A1203, Ba, CaO/F6203, MHO, LOI);

FIV (MgO, MnO, Fe>03,Ti02/P,0s, LOI).
The second factor (FII) shows the antagonism of components associated with the remains from hearts
(K20, Ba, Ti0,) to lithogenic components (CaO, Na,O, Si0O;). In places of increased concentrations
of elements associated with wood ash, residues of charcoal and ash stains from hearths were found.
The third factor (FIII) shows the antagonism between the complex of lithogenic components (K-O,
AL O3, Ba, CaO) and components (Fe>O3, MnO, LOI), which are associated with the accumulation
of humus and coincide with traces of habitation and internal areas of the dwellings.
The fourth factor FIV (MgO, MnO, Fe;03, TiO2/P20s, LOI) is associated with areas of accumulation
of organic matter and bone residues (P2Os, LOI), which could concentrated in areas of animal cutting
and food preparation. Sherds from pottery were also found in these zones.
Figure 11 shows geochemical maps drowned on the base of indicators - factor load data, giving an
idea of the position of various sites associated with anthropogenic activity and reflecting the spatial
arrangement of various functional zones on the area of the settlement.
In deposits of the 2" upper cultural horizon at the Serteya 3-3 site, the remains of temporary structures
are recorded. According to the geochemical data of deposits from the 2" cultural horizon, the factors
influencing the formation of these deposits were also established. FI (Si02/Al>03, Fe2O3, MgO, CaO)
reflects the features of the microrelief. In depressions in this case, sand deposits were accumulated,
which may indicate small ancient channels. This matches well with the 3D reconstruction of the
ancient surface. The areas of the foci were determined by the indicator ratio
K20anu=K20/(K20+ALO3). Comparison of the anomalous K2Oantr values with the hearth zones
shows a good correlation. It allows to trace the change in the location of the hearths in space. Areas
of concentration of bone residues were determined by the CaO/SiO; ratio. The abnormal values match
the locations where calcified bones were found. The distribution map of the positive values of the
second factor shows the zones of humus content (Ba, MnO, TiO»). Negative values of the third factor
FIII (MgO, K>O/P20s, LOI) indicate habitat areas (P2Os, LOI). The integrated application of the
geochemical method and the geomagnetic method (Mazurkevich et al. 2012), as well as the use of
more accurate methods for measuring magnetic susceptibility with a kappameter, makes it possible
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to detect traces of unreadable structures during excavations and obtain data for determination of zones
associated with human activity. Such sites have been recorded in the cultural layer at the multilayer
site of the Neolithic period Serteya XIV (Kulkova, 2012; Kulkova et al. 2018). In addition to the main
indicators of anthropogenic activity, the comparison of geochemical data and geophysical anomalies
also made it possible to obtain additional information on other indicator elements that may be
associated with biogenic processes and human activities. Elevated concentrations of iron oxides
Fe;0O3 and FeO appear around plant roots and may characterize the remains of decayed stumps
(Mazurkevich et al. 2012). High anomalous concentrations of iron oxides (Fe;O3; and FeO) also
correspond to the localization of long-term fires. Accumulation of lead (Pb) may be associated with
hearths, or with deposits of humus under reducing conditions. In this archaeological context, the
distribution of Pb correlates with the accumulation of K2Out in wood ash. The accumulation of
copper (Cu) can also be associated with reducing conditions and accumulates in the areas of the
hearths. According to geochemical indicators, high values of such indicators as KoOaner, Cu and Pb
were established, which can be explained by the accumulation of ash or the localization of a small
hearth that was not visually detected during excavations.

Fig.11. Spatial distribution of functional zones on the surface of the st cultural horizon of the
Seretey 3-3 site according to geochemical mapping b (Mazurkevuch et al. 2012; Mazurkevich et al.,
2013).
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The reconstruction of functional zones by the method of geochemical indication was also carried out
in the territories of Karelia and the Kola Peninsula. In the tundra zone, there are areas made up of
clusters of stone boulders that were left by people. During the excavation of such stone piles or stone
structures, no archaeological finds were found. As a rule, such structures were considered in
connection with the description of the so-called "Saami cult complexes" by Shakhnovich M.M.
(Shakhnovich, 2005; Shakhnovich et al. 2019). Near Niemelyanhovi, according to Finnish
archaeologists of the 19th century, two Korelian linnavuori of the 12th—13th centuries are known:
Rautalahtilinnavuori near the Syvilahti bay and Otsoyenen-Linnamiki on the northern shore of the
Niemelyanlahti bay, on the Hyyurniemi peninsula (Shakhnovich, 2005). Two rock outcrops stand out
on the shore of the bay, the southern slopes of which are steep and have traces of seismic processes.
The deposits on the flat slopes are represented by sandy deposits, which are underlain by gray sandy
loam of the postglacial bottom sediments of Lake Ladoga. There are several stone formations on the
rocky platform of Niemelyanhovi I. According to the geochemical data, the anomalous zones at the
site are generally well identified by the increased content of such anthropogenic components as P>Os,
Ca0, Fe»03, K70, the increased values of which are associated with boulder deposits in the central
and lateral zones of the complex, outside the concentration structures of these elements are at the
level of background values for these deposits. Perhaps this marks the activities associated with
butchering animals, burning wood and using ocher in rituals that took place in the central part of the
monument near the large stonework and around the other stone heaps. The arable layer covers the
masonry and the addition itself can be dated to a period earlier than the 16" century AD. Despite the
absence of any objects and remnants of material culture, such a design, as well as a set of geochemical
indicators, indicates that ritual actions were carried out in the central part of the stone heap, perhaps
the stonework was sprinkled with bone ash.

Sredny Peninsula, the cult place "Bratja".

Rocky remains "Bratja" - a object of the post-glacial geological history of Fennoscandia, located
directly on the seashore, in the northwestern part of the Sredny Peninsula. Two picturesque stone
pillars of a bizarre shape stand out in the surrounding landscape, which are similar to natural “statues”
with a mythological meaning (Shakhnovich, Kulkova, 2020). The pillars are located on a flat, first
sea terrace - an ancient pebble beach, at an altitude of about 15 m above sea level. The study of
deposits by the method of geochemical indication makes it possible to establish several main factors
influencing the process of formation of deposits and to identify anthropogenic components, if they
were present in the deposits. The formula of the first factor (FI) (63.5%): CaO, P2Os (Sr)
/AL,03,810,,TiO2 (Zr) shows antagonism between the groups of components associated with
anthropogenic activity, the association of components (CaO, P20Os (Sr)), which are characterized by
high correlations and rock-forming and accessory components (Al203,Si02, TiO2, (Zr)), associated
with the minerals of the sandy deposits.

The contents of anthropogenic components CaO, P2Os, (Sr, Rb) were also determined for sediments
at 2 sites. Compared to the content of these components in the background samples taken outside the
site, anomalous concentrations in the sediments at the site stand out. Two anomalous zones are
distinguished on both sites of the monument investigated by the complex of anthropogenic
components. These zones can be considered as places of ritual actions. In such zones, anomalous
contents of anthropogenic potassium and rubidium have been recorded. Elevated concentrations of
K2Oantnr are associated with wood ash in the sediments of the cultural layer and are a marker of the
fire zone. This is also shown by the Rbanwm: values, which correlate well with KoOantr. In the areas of
fires, which is enriched with ash, increased concentrations of zinc (Zn) and copper (Cu) are also
characteristic. Thus, basic on the data obtained the zones of fires, as well as areas of ash emissions
from them, located nearby were reconstructed. It can be assumed that zones with elevated contents
of a complex of elements such as P, Ca, K, Sr, Rb, Zn, Cu mark areas of ancient ritual practice where
sacred offerings could be left, animal meat was butchered, and fire was made. Thus, according to
geochemical studies, it can be concluded that in the space between the two remnants of the "Brothers"
ceremonial, ritual actions were performed, which can be considered as pagan sacrifices associated
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with hunting and household magic. These rock remains could be perceived as an expressive natural
object, endowed with sacred properties, and the areas near them were used for ritual practices.

Tarkhankut peninsula (Crimea), Bronze Age cattle pens.

At the Tarkhankut-18 site (pit 1), located on the Tarkhankut Peninsula in the Crimea, samples of the
deposits of the cultural layer that formed on the surface of the aeolian deposits were taken on a grid,
every 60 cm. In addition, samples were taken from the surface of the aeolian deposits ( background
pit) to establish the background contents of geochemical components. The background pit was laid
outside the archaeological site in order to determine the composition of geologically similar deposits
that are not subject to anthropogenic influence.

Maps of the distribution of components (SiO2, A[,O3) associated with the lithological composition of
the deposits show the features of the microrelief in the excavation area (Fig. 12). Elevated areas are
clearly distinguished, on which the stone walls of the corral were built, and low areas, in which cattle
were kept inside stone structures. The sediments in these areas are heavily "trampled" and reworked.
Elevated values of anthropogenic components (CaOanthr, K2Oanthr, P2Osanthr) in sediments in the areas
of depression inside the paddocks (Fig. 13) indicate intense anthropogenic activity associated with
livestock management. These sites are also characterized by high values of the main anthropogenic
components, compared with the background site, outside the paddocks. The aggressive chemical
environment, which changed the chemical composition of the sediments and led to the almost
complete dissolution of carbonates, was formed in the conditions of the cattle stable, which is also
confirmed by archaeological evidence. The content of CaO in the paddocks is much lower than in the
background deposits. Anomalies of anthropogenic K2Ountr, and Ba, which are associated with the
processes of formation of humus, manure, etc. are also noted in paddock areas. Thus, according to
the data of geochemical elements, it is possible to determine the main function of this area as a pen-
stall for keeping animals.

Fig.12. Site Tarkhankut 18. Distribution of SiO2 (%) in sediments: 1 — background geochemical
map, 2 — geochemical map in the corral area; 3 — 3D reconstruction of the cultural layer
topographical surface. Maps built by the author and published in (Kashuba et al. 2021).
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Fig.13. Tarkhankut site 18. Geochemical maps of distribution a) P2O5anir (%), b) CaOanir in
sediments: 1 — background geochemical map, 2 — geochemical map in the corral area. Maps built
by the author and published in (Kashuba et al. 2021).

The study of cultural deposits by mapping geochemical indicators by the area of the cultural layer on
archaeological sites makes it possible to assess in more detail the functional zones of ancient sites
and settlements and establish them where it cannot be determined using traditional archaeological
methods. These data make it possible to characterize various types of functional zones and reconstruct
human life in settlements, as well as to reconstruct production technologies by determining the
chemical composition of artifacts (Kulkova et al. 2018; Kulkova et al. 2020; Zanoci et al. 2020;
Kulkova et al. 2021, Mogrunova et al. 2021; Andreev et al. 2021). The development of a multi-
element method for the reconstruction of functional zones on the sites of the Neolithic - Early Iron
Age is important for understanding the activities of ancient people in Eastern Europe, as well as in
other regions. This approach, using a complex of geochemical components, makes it possible to
identify various functional zones on monuments formed in various zones geographical and
lithological types of sediments.

4.0n the base of a complex approach using the geochemical indication of the landscape-
paleoclimatic conditions and the anthropogenic activity, the regional climatic chronological
schemes, and the global paleoclimatic scale for the Later Pleistocene-Holocene were
developed. This model allows for to reconstruction of the features of formation, development,
and the stages of environmental transformation during the Holocene and their influence on the
cultural and historical processes on the territory of Eastern Europe.

There are several reasons for climate change. At present, the most important factor is the influence
of solar activity on the Earth's climate, which has been proven by empirical studies, primarily based
on isotope data. Eleven-year, two-hundred-year, thousand-year and other cycles of change in solar
activity are distinguished. (Muscheler, 2007; Dean, 2000; Bond, 1997). Research conducted by
Dergachev V.A. (Dergachev & van Geel, 2004) made it possible to establish the periodicity of natural
processes, which coincides with the 2400-year and 1500-year cycles of solar activity. Variations in
the cosmogenic isotopes '°Be and '*C, which are formed in the atmosphere under the influence of
cosmic ray fluxes and then stored in the archives of the natural environment, such as tree rings, layers
of ice, banded clays, corals, etc., have a cyclicity, mainly of 2400 years and less distinct cyclicity of
1500 years. According to many researchers, after a cold episode during the Younger Dryas (12700-
11500 calBP), in the Holocene, the main global cooling episodes occur around 8200 calBP/6200
calBC (Magny, 2003; Jiang et al., 2005; Fa-Hu Chen et al. 2006 and others), 5800 and 5300 cal
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BP/3800-3300 calBC (Magny, 2004), about 4100 calBP/2100 calBC (Cheng-Bang An et al., 2006,
Fa-Hu Chen et al., 2006); around 2800 calBP/800 calBC (van Geel et al., 1996) and the Little Ice
Age around 500 calBP (17-19 centuries AD). Studies show that these episodes of severe cooling were
often accompanied by volcanic eruptions. These episodes form “radiocarbon plateaus” on the
calibration radiocarbon curve (Kulkova, 2007). There are now a large number of publications that
link the changes that occur in cultural communities to environmental changes (e.g., Weiss et al., 1993;
deMenocal, 2001; Weninger et al., 2006; Biintgen et al., 2011; Drake , 2012; Kaniewski et al., 2013;
Wiener, 2014). Some regional asynchrony in the timing of these episodes can be explained by the
nature of RCC cooling events, which include a combination of orbital, glacial factors, as well as
oceanic circulation, tropical volcanic eruptions, and solar activity (Finné et al., 2011; Wanner et al.,
2011), and this can also be explained by the complexity of the Middle Holocene climatic transition
(Triantaphyllou et al., 2009; Magny et al., 2013). Figure 14 shows the correlation of rapid climatic
fluctuations (RCC) established using geochemical indicators at archaeological sites in Eastern Europe
and according to various natural markers according to Mayewski et al. (2004).

Fig.14. Climate change in the Holocene on the base of various natural indicators according to
(Mayewski et al., 2004) and correlation with geochemical indicators of paleoclimate: (1) F1 —
Oroshaemoe 1 site; (2) SiO:/Al;03 — Kamyshovoe lake; (3) CIA - Podillia 1 site; (4) CIA - Dobroe
9 site; (5) FI - Karavaikha 4 site; (5) CIA - Serteya site.

The chronology of archaeological cultures, built on the basis of radiocarbon dating of various organic
materials from cultural layers at key archaeological sites in Eastern Europe is shown in the Figure 14.
Based on studies using geochemical indicators in sediments at archaeological sites in Eastern Europe,
the following sharp short-term cyclical climate changes were established (8400-8000 calBP / 6400-
6000 BC (8200 calBP / 6200 cal BC), 6300-5700 calBP /4350 —3750 calBC, 5450-4200 calBP/3500-
2200 calBC (4200 calBP/2200 calBC) and 3200-2800 calBP/1200-900 calBC and less significant
climatic events (7700-7600 calBP/5700-5500 calBC and 7300-7200 calBP) /5300-5200calBC)).
These episodes influenced landscape and climatic conditions in the Holocene in Eastern Europe and
were a trigger for socio-cultural transformations (Table 1) (Vybornov et al. 2012, 2013; Kulkova et
al. 2015; Kulkova et al. 2016; Kulkova et al. 2021, Vybornov et al. 2018; Korolev et al. 2018;
Morgunova et al. 2019; Vybornov et al. 2019; Vybornov et al. 2020, Vybornov et al. 2021; Vybornov
and Kulkova 2020; Vybornov and Kulkova 2021). A detailed correlation of short-term paleoclimatic
events and the appearance of carriers of different cultures in the Holocene was carried out by the
method of geochemical indication, which makes it possible to compare such events as climatic
changes and anthropogenic activity, imprinted in archival sedimentary deposits at archaeological
sites. These data are compared for different landscape and climatic zones of Eastern Europe (Table

1.
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Fig.15. Chronology of archaeological cultures for the studied sites: a) Oroshaemoe-Algai sites,
semi-desert-steppe; b) sites in the basin of the middle basin of the Don, forest-steppe, c) forest zone
of the Dvina-Lovat’ basin (e, g); d) forest zone — Tsedmar D site; f) forest-tundra — sites Okhta I-
Podilye 1; h) forest zone — Zamotye 2 site.
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Tabl. 1. Rapid climatic changes (RCC) and social and cultural transformations in

Eastern Europe

8200 calBP/6200 cal BC
The transition to the Neolithic
Semi-desert and steppe Forest-steppe zone Forest and tundra zones
zones
Kairshak culture (Northern | Elshanskaya culture | Zamostye 2 site (Upper Volga).

Caspian  region). The
existence  of  "closed"
enclaves of the first
Neolithic settlements, their
evolutionary development.
The beginning of the
appearance of the
Orlovskaya culture in the
Lower Volga basin.

(Middle Volga region). | Transition to the late Mesolithic
Evolutionary development | period
of closed enclaves.

Dzhangar culture (North-
Western Caspian region).
There are changes in the

technology of
manufacturing  ceramics.
Autochthonous

development associated
with the influence of the
carriers of the Kairshak
culture

The appearance of | The first evidence of the appearance
monuments of the Middle | of the Serteyskaya Neolithic culture
Don and Karamyshev | (Dvina-Lovat’ ibasin)

cultures (Middle and Upper
Don River)

The emergence of the
Rakushechny Yar culture in
the Lower Don basin.
Influence of Anatolian-
Middle Eastern traditions

Southern Ladoga Late, Southern
Onega Lake, Lake Vozhe basin -
Mesolithic communities

The emergence of the first centers for the manufacture of ceramics in Eastern Europe and the
spread of individual impulses of these traditions among the Mesolithic communities.

7700-7600 calBP/5700-5600 calBC and 7300-7200 calBP/5300-5200 calBC
Neolithization and transition to Eneolithic period

The development of the
Orlovskaya culture (Lower

The emergence of southern | Zamostye 2 site (Upper Volga)
communities from the | emergence of Early Neolithic
steppe zone. Formation of | communities of the Upper Volga
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Volga), Algay and | changes in ceramics of the | culture (7700 calBP/5700 calBC).
Oroshaemoe sites. Elshanskaya culture and the | The next stage is the emergence of
emergence of the Surskaya | the Lyalovo culture (7200
cultural tradition (Middle | calBP/5200 calBC).
Volga  region) (7700
calBP/5700 calBC)
The formation of the| Formation of the | Development of Mesolithic

transitional ~ Cis-Caspian
culture from the Neolithic
to the Chalcolithic period
around 7500 calBP/5500
calBC in the Northern
Caspian (Dzhangar,
Zhekalgan D. The
emergence of syncretic
ceramics. The appearance
of a sheep at the site of
Kurpezhe Molla (7100
calBP/5100 calBC)

Srednevolzhskay culture as
a result of cultural
syncretism of the Late
Elshanian, Tenteksor and
Late Orlovskaya cultures
(Middle Volga region)
(7700 calBP/5700 calBC).

communities (Karelian Isthmus,
Southern Ladoga region). Sperrings
culture emergence (7000
calBP/5000 calBC)

Emergence of the Syezzhin

Development of the

Dvina-Lovat’ basin. Development

cultural type (7400 | Karamyshevskaya and | of the middle and late phases of the
calBP/5400 calBC) Srednedonskaya  cultural | Serteya culture (7700 calBP/5700
traditions (Middle and | calBC).
Upper Don) (7700 | Formation of the Rudnynskaya
calBP/5700 calBC). culture (7300-7250 calBP/5300-
Transition to the Eneolithic | 5250 calBC), which combines local
in the Middle Don.| cultural traditions and traditions of
Formation of the Cherkasky | the Narva culture.
culture type on the basis of
the Nzhnedonskya culture
and local population (7350
calBP/ 5350 calBC).
The Nizhnedonskaya | Dnieprodonetskaya cultural | The appearance of the Early
culture is in the northern | and historical community in | Neolithic in the Southern Onega
Azov region, the | the basins of the Seversky | region (Karavaikha 4).
Azovodnieprovskaya Donets and the Dnieper. | In the South-Eastern Onega region

culture is in the western
Azov region and the south
of the steppe Dnieper
region (Kotova 2015).

Ceramics with comb
ornaments. Formation of the
2nd stage of the
Bugodniesterian culture
(Kotova 2015)

(Tudozero V) in the period 7636-
7500 calBP / 5636-5500 calBC.

Sperrings culture emergence (7300
calBP/5300 calBC)

6300-5700 calBP/4350-3750 BC, 5300 calBP/3300 cal BC, 5000 calBP/ 3000 calBC, 4200

cal BP/2200 calBC

Transition to a productive economy, Eneolithic, Late Copper-Early Bronze Age

Distribution of carriers of
the Khvalyn culture at the

Development of the
Srednestogovskya

At the Zamostye 2 site (Upper
Volga), the fall of the Lyalovo
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Oroshaemoe site (6700-
6300 calBP/4700-4300
calBC) (Lower Volga).
The decline of the
Khvalynian culture
associated with the Balkan-
Danube metallurgical
center (5800-5700 calBP /
3800-3700 calBC)

Eneolithic culture (Middle
Don) (6700-
6300calBP/4700-
4300calBC). Contacts with
Lyalovo culture.

culture was 5700 calBP/3700
calBC. Emergence of carriers of
Bronze Age cultures (5000

calBP/3000 calBC).

Formation of the Yamnaya
culture of the Bronze Age,
the Berezhnovskaya
cultural  traditions that
developed on the basis of
the Khvalynian-
Srednestogovskaya
population (Volga region)
(5600-4300 calBP / 3600-
2300 calBC

Emergence of communities
with hybrid ceramics of the

Srednedonskaya and
Karamyshevskaya types
(Middle Don) 5700
calBP/3700 calBC.

The formation of the

Neolithic community of the
Ksizovo type as a process of

interaction  between  the
Ryazan-Dolgovskaya and
Srednestogovskaya cultures

(5700 calBP/3700 calBC)

Southern Ladoga. Carriers of Pit,
Pit-Combed and Combed cultures
began to develop in the period
6070-5633 calBP/4071-3633 calBC
(Okhta 1, Podolye 1).

A typical Combed culture appear,
traditions of making ceramics with
a feather, asbestos, shell, burials
with amber (5300-4820 calBP /
3364-2871calBC) were spreaded.
Beginning of the Bronze Age with
emergence of Corded Ware, after
4200 calBP/2200 calBC
Dvina-Lovat’ basin. In the coastal
part of swampy lakes, pile dwelling
of the Usvyatka culture appeared.
The most ancient settlements date
back to 4570-4330 calBP/2570-
2330 calBC.

Development of the Zhizhitskaya
culture (4000-3700 calBP/2283-
1685 calBC). The emergence of
carriers of other cultural traditions
in the region (the culture of funnel-
shaped cups, ball amphoras,
cultures of corded ware ceramics,
the last stage of the
Dnieperdonetskaya culture)

Vyshtnetskaya Upland.

The composition of the Tsedmar
culture, due to the interaction of the
Narva, Pit-Comb, Neman cultures
and the culture of funnel-shaped
cups (5833-4250 calBP /3833-2258
calBC).
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3200 calBP-2900 calBP/1200 calBC- 900 calBC
Late Bronze Age crisis and transition to Early Iron Age

The spread of cultures of
the early Hallstatt circle in
the Carpatho-Danube basin
is activated in 10-9 SS.
calBC (Kashuba, 2012).

In the forest-steppe zone
between the Dniester and
Don rivers, as a result of
migrations, new cultures with
a complex type of economy
were formed — the
Chernolesskaya culture
(Bochkarev, Kashuba, 2018).

The appearance of the first iron
products in the Volga-Kama region
in the Maklasheev culture of the
final Bronze Age, around 12/11 -
the first half of the 9th century. BC.

Critical changes occured in
the second half to the end
of the 10th century. BC:
disappearance of the
Chisinau-Corlateni culture;
significant changes in the
culture of Gava-Goligrady;
the transformation of the
late Belogrudovskaya
culture (early
Chernoleskaya) into the
culture of the developed
(late) Chernoleskaya
(Kashuba 2000).

Late 13th—10th century BC.
the collapse of the Srubnaya
and Andronovo cultural and
historical community. They
are replaced by a community
of cultures of rolled ceramics
in a significant area of the
steppe and forest-steppe from
the Danube to the Altai.

Manufacture of iron products in the
Volga-Kama region in the early
Ananying time - in the second half of
the 9th-7th centuries. BC e.
(Chizhevsky, 2012)

The third early Hallstatt
culture of the region is
Kozia-Saharna, late 11th—
early 8th c. BC is the most
northeastern cultural
formation of the Eastern
Balkan circle of cultures
Insula Banului—
Pshenichevo II-Babadag 11
(Kashuba 2000)

In the Southern Ladoga region, the
appearance of bimetallic objects of
the Ananyino type in the
Volkhovskaya culture of the 9th-6th
centuries. BC. (Yushkova, 2011)

The period of the final
bronze in the steppes of the
Northern Black Sea region
is associated with the
population of the
Belozerskaya culture, the
transition from agriculture
to settled cattle breeding in
the 12-11 centuries.

Dry conditions 1000-950
BC - the expansion of the
"Cimmerians" into the
Pontic steppes from the
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North Caucasus to the
Danube (Kotova,
Makhortykh, 2010).

CONCLUSION

The author has carried out a major generalization of the data of geochemical studies of deposits
obtained on the basis of reference archaeological sites located in defferent geographical zones of
Eastern Europe. For each landscape-climatic zone of Eastern Europe (steppe and semi-desert zones,
forest-steppe, forest and tundra zones), reference multilayer archaeological sites were selected, on
which studies were carried out on the reconstruction of the paleoclimate, the formation of the cultural
layer and the development of archaeological cultures. Estimation of the nature of sedimentation at
archaeological sites of various geographical zones of Eastern Europe using geochemical indicators
of landscape and climatic conditions allows us to identify factors such as relative temperature
(Na2O/K0; Sr/Rb), relative humidity (CIA; Fe2O3/CaO), hydrological regime of basin and its
productivity (SiO2pioe MNO/Fe203), erosion processes ((Zr/Al,Os3; TiO2/Al,03), and anthropogenic
activity (P205anthr). Mathematical processing of geochemical data obtained for lithological deposits
at ancient human sites makes it possible to identify groups of chemical elements of the lithological
(A2O3, Si0,, Zr, Fe2O3, TiO2) and anthropogenic components (P2Os, CaO, Sr). The correlation of
these indicators in sediments makes it possible to compare the landscape-climatic conditions of
sedimentation and the level of anthropogenic activity for certain chronological stages of the Late
Pleistocene - Holocene in Eastern Europe. Unlike other methods of reconstruction of landscape and
climatic conditions, the geochemical method allows to establish variations in the change in the
composition of sediments and, accordingly, to reconstruct climatic changes for short periods of up to
100 years. This makes it possible to build a more detailed climate-stratigraphic chronology.

On the basis of geochemical indicators of landscape and climatic conditions, the chronological stages
of settlement of Eastern Europe were established. The correlation of paleoclimatic data with the level
of anthropogenic activity by means of geochemistry, with the results of radiocarbon dating makes it
possible to construct detailed climatic chronological scales for sites of various periods located in
different geographical zones of Eastern Europe (the site of the Late Paleolithic Eliseevichi II;
Dobroye 9; the Mesolithic-Neolithic site Zamostye 2; the Neolithic-Early Metal sites Okhta 1,
Podolye 1; the Neolithic-Early Iron Age sites in the Serteya archaeological microregion; the Neolithic
site Karavaikha 4; the Mesolithic-Early Iron Age site Tudozero V).

For the first time for the region of Eastern Europe, based on the application of the method of
multivariate statistical analysis, complexes of geochemical indicators and associations of indicators
characterizing various functional areas in settlements were determined. It is important for assessing
the impact of anthropogenic activity in the Holocene on the environmental ecology in different
geographical zones.

To assess the anthropogenic impact on the transformation of deposits and the features of the formation
of cultural layers, the method of geochemical indication of functional zones in settlements was used.
Such associations of chemical elements as (P.Os, CaO, Sr), (K.O,Rb), (MnO,Ba), (Zn, Cu, Pb) can
be used to identify residential, economic and crafting zones in the places of ancient settlements. At
the Okhta 1 site of the Neolithic-Early Metal Age, the burial deposits are characterized by anomalous
values of a complex of chemical anthropogenic components, such as P2Osantr, CaOane 1 F€203, Stanhr.
The geochemical composition of the deposits at the Podolye 1 site shows a different character of the
distribution of chemical elements. In the shore zone of the channel, sites for the location of hearths
(K20aner and Rbanyr) and areas for cutting and cooking animals and fish (CaOanhir and Stanhir) can be
determined.

The remains of hearth accumulations (K20, Ba, TiO2), places of accumulation of humus, traces of
habitation and internal areas of the living structure (Fe203, MnO, (LOlIs00)), areas of accumulation of
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organic matter and bone remains (P20s, LOI), which could accumulate in places where animals are
butchered and food is prepared.

In the territories of Karelia and the Kola Peninsula, in areas composed of stone boulders, elevated
values of such components as P>Os, CaO, Fe>O3, K>O indicate activities associated with butchering
animals, burning wood and using ocher in rituals.

In the region of the Tarkhankut peninsula (Crimea), the internal areas of the livestock corral were
characterized by an increased content of anthropogenic components (P2Os, K2O, Rb) and low CaO
concentrations compared to the background values.

Geochemical mapping of functional zones is an important tool for determining the boundaries of
archaeological sites and fixing the cultural layers of the archaeological heritage, which cannot be
reliably established by archaeological methods.

It can also be noted that the presence of man has a strong impact on the environment, transforming
natural objects. And even in the absence of any archaeological evidence of the appearance of a person
in a particular place and the remains of material culture, traces of the stay can be detected using the
anthropogenic geochemical markers. This can be used for delineation and determination the
boundaries of the cultural layer. This is important for the protection work of cultural heritage sites.
According to geochemical indicators in the Holocene deposits at the sites of prehistorical man, global
climatic events are recorded associated with sharp rapid short-term climate changes (RCC) during
the Holocene period around 8200 calBP/6200 BC, 6300-5700 calBP/4350-3750 BC, 5450-4200
calBP /3500-2200 BC (4200 calBP/2200 BC) and 3200-2800 calBP/1200-900 BC. Less significant
climatic events were also recorded, which could not be captured by traditional methods of climate
reconstruction (for example, pollen analysis) (7700-7600 calBP/5700-5500 BC and 7300-7200
calBP/5300-5200 BC). The method of geochemical indication makes it possible to correlate climatic
events with the level of anthropogenic activity at archaeological sites. These results make it possible
to assess the impact of global climatic factors on the transformation of cultural and historical
communities in Eastern Europe.

Around 8200 calBP/6200 calBC, in the early Holocene in Eastern Europe, a transition to the Neolithic
period is registered. It is characterized by the rapid advancement of mobile hunters from the semi-
desert, steppe and forest-steppe zones to the forest zone, which is associated with sharp climatic
changes. There is a development of ceramic production, which characterizes the process of
neolithization of Eastern Europe. In contrast to Western and Central Europe, this process is associated
in the Early Neolithic with the spread of pottery and the specific technique of making stone tools.
During periods of climate deterioration, especially those associated with rapid short-term climate
change (RCC), cultural communities spread to regions that are characterized by an abundance of
water resources, usually from regions where water bodies are shrinking or drying up.

The next chronological period can be characterized as a transitional period between the Neolithic and
the Chalcolithic (7200-7100 calBP/5200-5100 calBC). In the steppe zone, the appearance of
Chalcolithic cultures occurs around 6700 calBP/4700 cal BC.

A more complex process, which is associated with the social stratification of society and the
development of production, is the Bronze Age. The bronze casting tradition in Eastern Europe
originates in the steppe zone and is associated with the Srubnaya culture, appears around 4800
calBP/2800 calBC. Its spread to the northern forest zones is not so intense, because the adaptation
strategies of the population of the forest zone remain stable and conservative at the level of the
Neolithic-Chalcolithic, when hunting and gathering remain the main life-support activity.

Critical changes refer to the period 3100-2900 calBP/1100-900 calBC and affect the entire space of
Eastern Europe. During this period, there is a rapid development of technology for the iron
production. Between the Bronze Age and the Iron Age, there is a two thousand-year transition period
"bimetallicum", when both bronze and iron were used in different regions. The process of introducing
iron production was very uneven. In the forest zone, the Iron Age only begins around 2500 calBP/500
calBC. The nomadic tribes played an important role in the development and dissemination of this
technology. They made military equipment from iron and waged wars of conquest. The third stage
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of the transformation of the geosystem of Eastern Europe, referring to the late Holocene, can be
characterized as an integral geosystem of the era of the development of metal production.

The results of the research can be used for practical application in geology, geography, archeology,
ecology and in works on protection of cultural and historical heritage. The data obtained can be used
in lecture courses and practical classes in geology, archeology, geography in higher educational
institutions.
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