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[IpencraBiieHsl pe3yabTaThl KOMILVIEKCHOTO N3YYEHHS JIEZI0BOTO KOMILIEKCA, BCKPBITOTO B IIpeIesiax I11o-
KOJIbHO-aKKyMYJISITHBHOI T€Ppachl B HIDKHEM TeueHnn peku Buutoii. Ha ocHOBaHMN XUMUYECKUX, U30TOTTHBIX,
IPaHyJIOMETPHYCCKUX, MATIMHOJIOTHYCCKUX U PAINOYTICPOIHBIX TaHHBIX YCTAHOBIECHO, YTO (hOPMHUPOBAHNE
JIeIOBOTO KOMILJIEKCA IIPOUCXOAUNIO0 ¢ KoHLa KapruHckoil (MM C-3) u na npotsokenun capranckoii (MUC-2)
aMOX Mo3/iHero HeoruiercrorieHa (o1 29.0 10 11.7 Thicstd JieT Ha3a/[) B KPUOAPUHBIX YCJIOBHSX, KOT/A Ipeobiia-
Jasti JTaHAmad ThI CYXUX XOJIO/IHBIX CTEMell ¢ IOMIHUPOBAHIEM KCePO(MUTHBIX COOOIIECTB, MECTAMU PA3HOTPAB-
HO-3JIaKOBbIX JIyroB. HusKas MuHepaiusalis CUHI€HeTHYeCKUX II0BTOPHO-KIIbHBIX J1bA0B (0.07-0.29 r/mm?),
npeobJrajianie THAPOKapOOHATA KAJIBIHSE B XMMITYECKOM COCTABE CBUJIETETBCTBYIOT, 4UTO OCHOBHBIM HCTOUHUKOM
(hopMupoBaHuUst KU SBJISLIUCH 3UMHIE aTMOChePHBIE 0CAIKU — TaJlasi CHeroBasi Bojia. [1oBbilieHHOE coepska-
Hue Tsoresbix Metasuios (Fe, Mn, Co, V, Sr) ykasbpiBaeT Ha TO, 4TO B (DOPMUPOBAHNN JIBIOB YUYACTBOBAJIHN TAKKE
BOJIbI MEJIKUX IIPOMEP3AIONIUX 03ep, IPUYPOYECHHBIX K MOJUTOHAIBHOMY pesbedy. OTMedeH OTHOCUTEILHO
JIETKHIT M30TOIHBII cocTas ba0B (8180 —(29.2 + 0.3) u —(27.2 + 1.4) %o, 6D —(226.6 £ 2.3) u —(215.8+8.5) %o,
deye (6.8 £0.51) u (1.7 £ 3.1) %o), KOTOPBIIT CXOK € COCTABOM COBPEMEHHBIX aTMOC(HEPHBIX OCA/IKOB XOJIO[HOTO
ce3oHa I. JIKyTCKa U BeCEeHHETo cHero3amnaca. Takoil n30TOIMHbII COCTAB CBUIETENBCTBYET O CYXUX U XOJIOTHBIX
YCJIOBHAX NTPH (hOPMUPOBAHUH TOBTOPHO-’KUIBHBIX JIB/IOB MCCIIEYEMOTO yYacTKa.

Knrouesvie cnoga: 1e006ulii KOMNIEKC, NOGMOPHO-JCUNLHBLL 1€0, XUMUYECKUT COCMAG, U30MONHLIL AHAIU3,
NAIUNOL02USL, PAOUOY2IEPOOHOE OAMUPOBAHUE, ZDANYIOMEMPUSL, NO3OHUL Heonelicmouen, Llenmpanvias Sxymus.
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STRUCTURE AND FORMATION CONDITIONS OF THE ICE COMPLEX
IN THE LOWER REACHES OF THE VILYUI RIVER, CENTRAL YAKUTIA
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This article presents the results of a comprehensive investigation of the ice complex discovered within the
strath terrace in the lower course of the Vilyui River, Central Yakutia. On the basis of chemical, isotopic,
granulometric, palynological, and radiocarbon data, it has been revealed that the formation of the ice complex
took place from the end of the Kargin (MIS-3) and throughout the Sartan (MIS-2) epochs of the Late Pleisto-
cene (between 29 and 11.7 ka BP) under cryoarid conditions with a predominance of dry cold xerophytic steppes
and, locally, forb—grass meadows. Mineralization of syngenetic ice wedges is low (0.07-0.29 g/dm3), and a
predominance of calcium bicarbonates suggests that winter precipitation — snowmelt water — was the main
source of wedge ice. The increased content of heavy metals (Fe, Mn, Co, V, Sr) indicates that the formation
of ice wedges also involved the water of shallow freezing lakes confined to the polygonal microrelief. The ice
wedges have a relatively light isotopic composition (8§80 —(29.2 + 0.3)%0 and —(27.2 + 1.4)%0; 8D
—(226.6 = 2.3)%o0 and —(215.8 £ 8.5) %o, d . (6.8+0.51)%o and (1.7£3.1)%,), which is close to the composition
of modern atmospheric precipitation of the cold season and spring snow storage in Yakutsk. These data attest
to dry and cold conditions, thin snow cover, and moisture deficiency in cryogenic landscapes during the forma-
tion of the ice complex.

Keywords: ice complex, ice wedge, chemical composition, isotope analysis, palynology, radiocarbon dating,
grain size, Late Pleistocene, Central Yakutia.
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BBEJEHHNE

OmHUM U3 SPKUX U TOCTOSTHHO AMCKYTHUPYEMBIX
(enomenon npupojbl ceepHoit EBpazuu u Ceep-
HO¥ AMEPUKH SIBJISIIOTCST TOKPOBBI CHHKPUOTEHHBIX
BBICOKOJIB/IUCTHIX IUCTIEPCHBIX OTJIOXKEHUMH, comep-
JKAIUX CHHTEHETUYeCKIe TTIOBTOPHO-KUTBHBIE JIb/IbI
(IT5KJT), umenyembie senosbiM komiiekcom (JIK)
[ Pomanoscxuii, 1993]. B BocTOUHOI YacT ceBepHOI
Asuu ornoxenus JIK pacupocrpanenbl mpubainsu-
TeJbHO OT 60° C.II. 10 aPKTUYECKOIO M0OEPeKbs
[Schirrmeister et al., 2022], npencrasisiomue coboit
PEJIUKTBI XOJIOIHBIX JIETHIKOBbBIX 3TI0X [O3/HEr0 HEO-
mieiictonena. OTAUIUTETLHON YePTOWl MaHHOTO
THUTA OTJI0KEHUT SBISETCS €T0 BBICOKAS JIBIICTOCTB,
[pe/CcTaBjeHHasl CEerperallMoOHHbIM U TTOBTOPHO-
JKUJIBHBIM JIBIOM, IPEUMYIIECTBEHHO AJeBPUTOBBII
COCTaB, MMPUCYTCTBUE 3HAUUTEILHOTO KOJUUECTBA
TOHKO/UCTIEPCHOT OPTAHUKHU U GOJTBIIIOTO KOJHYe-
CTBa OCTAaTKOB MAMOHTOBON (bayHbl, 3ajieraHnue Ha
Pa3HBIX TUIICOMETPUYECKUX YPOBHSIX.

OpnHuM U3 1eHTpoB pactpoctpanerust JIK sBiis-
ercsa Tepputopus lenaTpamproit AxyTun, rae oH 1o-
KPBIBAET IIAIEe00PA3HBIM YeXJIOM TIOBEPXHOCTH MO~
JIOTUX BOJ/IOpa3/iesioB u teppac pek Jlensl, Bumioit n
ux npuTokoB. Hepeako JIK BcTpeuaercs B Bujie oc-
TAHI[OB BO BHYTPEHHHX YaCTSX MIOHHBIX MAaCCHBOB
[[ananun u dp., 2019]. B Henrpanbuoit Axytun JIK
pacrnpocTpaneH Ha aOCOJIOTHBIX BBICOTAX OT 95 10
317 M. Makcumasnphas MotHocTh (Gosree 70 M) yera-
HOBJIEHA B TIPe/eIaX 3PO3NOHHO-aKKYMYJISTUBHOM
Abanaxckoil papaunbl (JIeHO- AMIUHCKOE MEXKIY-
peube) [Hsanos, 1984]. Jleno-AMruHckoe MexmIy-
peube sABJsIeTCS HamboJiee U3yYeHHBIM PaiioHOM
pacupoctpanenus orioxkenuit JIK B IlenTpanpHoii
SlxyTuu, rie pasauyHble BOIIPOCHL €T0 CTPOEHUS, PAC-
[POCTPaHeH s, MOIIIHOCTH U Hajieoreorpaduueckux
ycaoBuil (hopMupoBaHus usydatores bosee 80 et u
paccMoTpeHbl Bo MHOrHX pabotax [ Conosves, 1959;
Kamaconos, Hseanos, 1973; Hsanos, 1984]. B To xe
BpeMsi okpoBHbIe oTs0keHnd JIK Jleno-Buioiicko-
TO MEKIyPeUbst U B esioM Gacceiira p. Buumoit ocra-
IOTCSI MaJION3YYEHHBIMH /[0 HACTOSIIETO BPEMEHH.
OtzesipHbIE BOIIPOCHI €TI0 3aJIeTaHusl, CTPOEHMS 1 yC-
JIOBUI HAKOIIJIEHUS UCCJIEI0OBAHbBI B PAMKAX T€0JIOTHU-
YeCKUX PaboT 10 U3YYEHUIO YETBEPTUUHBIX OTJIOKE-
Huii Bumotickoit Bagunsel [Azexcees, 1961; I'umep-
man, 1963].

BoabmuncTBO nccaenoBaTesell, U3y4aionux oT-
goxenus JIK, cxonsgtcs BO MHEHWH, UTO OHU HaKa-
ITUBAJINCH B PE3YJIbTaTe OMHOBPEMEHHOTO OCAJKOHA-
KOILJIEHUSI IMCIIEPCHBIX TOPHBIX TTI0POJ] 1 (HOPMUPOBa-
HUs TOBTOPHO-KUJIbHBIX JIbJOB B HOJUTOHATHHBIX
TYHIPOBBIX JIAHATIADTAX TO3IHETO HEOTIIECTOTIEHA
[Schirrmeister et al., 2013]. Oun HaKATIHBAINUCH BO
BpeMs MeskcTasmanbaoro atara MU C-3 u craguains-
Horo srana MV C-2, uemy crioco6CTBOBaIN JJIATE b=
Hble KOHTUHEHTAJIbHBIE XOJOIHbIE KINMATUIECKHIE
YCJIOBHSI C KOPOTKHUM TETJIBIM CE30HOM ITO3/IHETO Heo-
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ieicronena [ Schirrmeister et al., 2020). Takue BbIBO-
JIbI TIOJTYYEHBI B PE3yJIbTaTe KOMIJIEKCHBIX HCCJIEI0-
Banuit JIK ¢ npumMeHeHrneM pas3jiMuHbIX METOJ/IOB U
MOJIXO/IOB HA PAa3HbBIX yYyacTKaX e€ro pacipocTpaHe-
HUS, 32 UCKIoYeHneM Oacceiina p. Bumoii.

C 1es1pfo pEKOHCTPYKIIUM YCTIOBUN (hopMUpoBa-
HUS JIEZIOBOTO KOMILJIEKCa JI0JIMHBI P. Buutioli Ha ocHo-
Be KOMILJIEKCHOTO udyuenus oryoxkennii JIK mpose-
JIEHBI 1T0JIEBbIe UCCJIEI0BAHUST B HUKHEM TeUEHUU
pexu B 2016 1 2021 rr. O6beKkTOM MCCIeOBAHUS SB-
JII0TCS JIBa pa3pesa, BckpoiBiiue JIK B kposiie 110-
KOJIbHO-aKKyMYJISITUBHOHN Teppachl. BolnosHeHo 13-
yU4eHre XUMUUYECKOTO U U30TOITHOTO COCTaBa JIb/IOB,
KOTOPOE TI03BOJISIET OTPA3UTh THAPOXUMHUUECKIE 06-
CTAaHOBKU BPEMEHHU X 00Pa30BaHUsI U yYCJIOBHIT Ha-
KOILJIEHMSI, 2 TAK)Ke MPOU3BECTH OIEHKY TTaJleoreorpa-
(puuecknx ycmoBuit nx hopmupoBanus. [lomyuenss
HOBBIE JIAaHHBIE TI0 CTPOEHUTO, TPAHYJIOMETPUYECKOMY,
MUHEPAJIOTUYECKOMY U CTIOPOBO-IIBLIIBIIEBOMY COCTa-
BY, COZIEPKAHUIO OOIIEro OPraHiyecKoro BEIECTBa, a
Tak)ke JJaHHbIe 0 Bo3pacte oryoxkennit JIK.

PAVIOH Y OBBEKT UCCJIEJJOBAHUS

PaccmaTpuBaemblil paiioH pacioyioskeH B I0TO-
3amaaHoll yactu [lenTpanbHo-AKyTCKON HU3MEHHO-
CcTU B mpefiesiax Buioiickoil Me3030MCKON BITau-
bl Cubupckoit miatdopmbl. B 60-x rogax XX B.
M.H. Anexceess™ [ 71961] B nonmHe p. Buitroit Beize-
JIEHO TIIeCTh HAATTOMMEHHBIX Teppac BbicoToit oT 10 10
120 m. K manboee apesnum oOpasoBanusam (HIKHe-
HEeOTIJIEHCTOIIEHOBBIM ) B IoTMHE p. Briioit oTHeceHb
otsioskennd VI (BbIcoTa HaJl ype3oM PeKr coCTaBJgeT
90-120 m) u V (70-80 ™M) HapmoiitMeHHBIX TEppac.
K cpenHeneoreincToneHoBbIM 06pa30BaHUSIM OTHE-
cenbl otnoxerust [V (40-60 m) u 111 (30-40 m) naz-
MOMMEHHBIX TePPac Ha OCHOBE HAXO/I0K (hayHbI THPa-
CITOJIBCKOTO M Xa3apPCKOTO KOMIJIEKCOB [Ipomos,
1948; Tumepman, 1963; Anexcees u dp., 1962]. K o3 -
HEMY HeOILIeiCTOTIeHY OTHECEHBI AJIITIOBUAIbHBIE OT-
goxkenus 11 (20-28 m) u I (10—18 M) HagmONMEHHBIX
Teppac U CUHXPOHHBbIE UM TTOKPOBHBIE CYTJIMHKU
03€PHOI0 U JIeJII0BUAIbHO-CONUPIIOKIIMOHHOTO 11PO-
HCXOXK/IeHNs, IIePeKPhIBAIOINE BBICOKHE TePPaChl
p- Bumoii.

IMosanee A.A. Tananun [ Taranun u dp., 2018; I'a-
aanun, Ilasnosa, 2019] na ocnoBe usydenust Koicoli-
Chipckoro obHaskeHus Ha TpaBoOepeskbe p. Buoii B
20 kM Hmke noc. Kpiebi-CoIp, KOTOPOE, COrIacHo
knaccudukaruu M.H. Anexceesa [ 1967], npuypoue-
Ho k Il HagmoiiMenHoO# Teppace p. Buuoit, npuiiesn
K BBIBOJLY, UTO OOJIbIAst YaCTh OOHAKEHUS CJIOKEHA
H0JIOBBIMU CPETHE3EPHUCTHIMI TIECKAMY JIbOJTKYMITH-
CKOM CBUTHI (MONIHOCTH 22—-24 M), popMupoBaHue
KOTOPBIX IIPOUCXO/IMIIO Ha IIPOTSKEHUN capTaHCKON
snoxu (MUC-2), a 6ojiee ApeBHUE TTOACTUIIAIOIINE
AJLTIOBUAJIBHBIE OTJIOKEHUST MOIITHOCTBIO 10—12 M 06-
pazoBasuch 45—30 Teic. et Hazan (MU C-3).
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Puc. 1. reorpad)H'ICCKoe MOJIOKEeHue paﬁOHa U KJIIOYEBBIX 00bEKTOB Hcciaea0BaHusd.

1 — paspesnl aBTopoB; 2 — Kbichi-Coipckoe obHaxkeHne (0opHbIi paspes) [[aranumn u dp., 2018]; 3 — mecta onpobuposatst [IKJI
Ha U30TOIHbBIN aHanus (cM. puc. 6).

B macrosmiee Bpems ais repputopun uccaeno-  —10..—11 °C, koapdunment ysraknenns pasen 0.7—
BaHUsI XapaKTepeH pe3Ko KOHTHHeHTabHbli Kaumar,  0.85 [Taspurosa, 1973; Ieoxpuonozus..., 1989]. Cpen-
cpejiHee To[0BOe KOIUYECTBO OCAAKOB COCTABJSIET  HsSl MOIIHOCTh MHOTOJIETHEMEeP3JIbIX IOPOJ] COCTAB-
250—300 mwm, cpemnsist rogoBast temmeparypa Bo3ayxa  JsieT 300—400 M, MOITHOCTH CE30HHOTAIOTO CJIOST

Puc. 2. ITokoapHO-akKyMyJIITUBHAS Teppaca p. Buooii B HI:KHeM TeueHHH, BKIIOYAIonias JeI0BbIi KOMILIEKC.

a — obumii Buz Teppacs (ykasambt pazpesbt 489 u 052); 6 — BekpbiThie otnokenus JIK B paspese 052; 6 — mecta otbopa 06pasiion
TOBTOPHO-KMJIBHBIX JIHIOB B paszpe3e 052 (CHHIM IIBETOM BbIZETEHBI 0OPA3ITHI, JIST KOTOPBIX BBITIOIHEH U30TOMHBII M XUMIYECKUHT
QHaJIN3bI).
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(CTC) Bapbupyer ot 0.5 10 2.5 M [[eokpuonozusi...,
1989]. B npenenax mecyanbix MacCUBOB (TYKYJIAHOB)
nosuabl p. Bumoit CTC nocturaer 3—5 M [ Kamaco-
nosa, Toacmos, 1963].

B pacTtuTenpHOM TTOKpPOBE paiioHa ZOMIHUPYIOT
Pa3JIMYHbIE TUIIBI TUCTBEHHUYHBIX JIeCOB (TOJOKHSIH-
KOBBIe, OpYCHUUYHbBIE, 6aTyIbHUKOBbIE, MOXOBBIE,
carnoBble U cMelaHHbIE ), MECTAMH Pa3BUTHI COCHO-
Bble U eJI0BBIE Jieca ¢ mpuMechio 6epesbl. DparmeH-
TApHO HA MTONMAaX, HU3KUX TEPPACAX, AJTACHBIX KOTJIO-
BUHAX, HA KPYTBIX CKJIOHAX OTMEYAIOTCsI Oe3JIeCHbBIE
JanamadTel, KOTOPbIE IPeNCTABIEHbI JIYTOBBIMU,
CTEMHBIMU, MTOJIYITYCTBIHHBIMU TPABSHUCTBIMU TPYII-
nuposkamu [ Pasnoobpasue..., 2005].

Tomma ornoxkennit JIK ¢ cuaTeHEeTHUECKUMUI
MOBTOPHO-KUJIBbHBIMU JIbAMU BCKPBITA B TIpeiesiax
65-MeTpPOBOI ITOKOJIBHO-AKKYMYJISITUBHON TEPPACHI
p. Buutoii, pactiosiosxkenHoi Ha jieBom Gepery B 10 kM
Huxe 1o Teyenuio ot 1moc. Keicbra-Coip (puc. 1).
B cTpoenuu Teppachl BbIIEISIOTCS KOPEHHOI IIOKOJIb,
CJIO’KEHHBIII MEJOBBIMU NTeCYAHUKAMU C BUAMMOM
MOIIHOCTBIO B MeKeHb peku oT 10 10 25 M, ocamou-
HBIN YeX0JT BEPXHETO HeOTIeHCTOTIeHa, BKITIOYAIOTII
AJUTIOBUAJTBHYTO TTAYKY MOITHOCTBIO 10 14 M, TOKPOB-
HbI€ HOJIOBBIE OTJIOKEHUS [bOJKYMUHCKON CBUTBI
MOTITHOCTBIO 45—50 M, B KPOBJIE 3a/I€TAIOT OTJIOKEHUST
JIEIOBOTO KOMILJIEKCA MOTITHOCTBIO 110 8 M. Boutee oz~
POOHOE TEOJIOTHYECKOE CTPOEHUE TEPPACHI IPUBO/IHT-
ca B pabore [Iasnosa, 2018].

Ha moBepxHoCTH Teppachl TPOCaeRIMBaeTCs GyT-
pucThiit Mukpopesbed. OTMedatoTcest Gyrpsl OKpYyT-
JIOW ¥ OBAJIbHOU (hOPMBI, TUAMETPOM B cpejineM 70—
90 cmM, Boicoroit 15—-20 cm. B mpocTpancrBax mex-
Iy HEKOTOPBIMKM OyrpaMu HabJII0Jaercss cTosdasi
Boza. Ha rmoBepxHocTu Teppachl IpOU3pacTaeT JUCT-
BEHHWYHBIIT Jiec ¢ OPYCHUYHO-6AryIbHUKOBBIM T10-
KPOBOM.

B Bepxwneit vactu JIK 3amoxens! a1Ba paspesa: B
2016 r. paspes 489 (63°56'58" c.mr., 122°52'48" B.11.)
[ITasnosa, 2018; Fananumn u dp., 2019] u B 2021 r. pas-
pe3 052 (63°56'15" c.u., 122°55'14" B.1.) (puc. 2, a, 6).
Paspesbl paciioaraoTcst B €[JMHOM €CTECTBEHHOM 00-
HAKEHUH TIPOTSKEHHOCTHIO 4.5 KM U yIaJeHbl IPYT
oT apyra Ha paccrosuue 2.5 kM (cM. puc. 1). Pas-
pe3 489 3ajoskeH B BEpXHEl YacTH TEPMOIPO3UHHOTO
0Bpara, BCKPBIBAIOIIETOCS B TIPe/iesiaX Teppachl (CM.
puc. 2). B 2016 r. Ha aTom yuactke JIK 6b11 HanboJiee
xopoino obHaxkeH. Pazpes 052 0OHaKUICS B JIETHUIA
nepuoz 2021 r. ¥ BCKPBIBAJ TOT K€ BEPXHUI TOpHU-
s3ouT JIK ¢ Takoil ke BUAMMOI MOIIHOCTHIO, KaK U
paspes 489.

MATEPHAJIBI U METO/1bI
NCCIHEJOBAHUA

DaxTryecknii MaTepuas cTaTbU OCHOBAH Ha
KOMILJIEKCHOM U3YYCHUU JBYX Pa3pe30B, 3aJ0KEH-
HBIX B BepxHell yactn JIK B mpezesrax 11oKoIbpHO-aK-
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KyMYJIITUBHOH Teppachl p. Buimoii. /lokymenTanus
JIK, o160p 06pasIoB Jib/ia 1 BMEIIAIOIINX UX OTI0KE-
HU#1 BBITIOJIHEHBI COTJIACHO METOJIMKE, MOAPOOHO U3-
JoskeHHol B paborax [Hoefs, 1997; Meyer et al., 2002,
2015]. B ananuTtudeckue Mccae0BaHNUSA BXOIUJIO
MpoBe/leHNe XUMUIECKOTO U U30TOITHOTO aHAJIN3a
[T7KJT; st BMeInaonmx moBTOPHO-KUJIbHBIH Jiej OT-
JIOKEHUH — rpaHyJoMeTpUYecKuil, MUHepaJjoruye-
CKUI, CIIOPOBO-TIBLIBIIEBON aHATU3BI, OTIpe/leJieHre
coJIepKaHUsT OPraHIMYECKOTO BEIIECTBA U PAIMOYTJIe-
pozHOoe natupoBaHue. Bee aHAMN3EL, 32 NCKIIIOUEHUEM
olpenesieHrsi MUKPOIJIEMEHTHOTO COCTaBa JIb/OB,
1poBezieHbl Ha 6aze maboparopuii ViHncTuTyTa Meps-
sotoBenenus um. [I.M. Measnukosa CO PAH
(r. AxyTck).

I'panynomempuueckuii ananu3 nonayden s
BMEIIAOINNX TTOBTOPHO-’KUIIbHBIN JIe/l OTJIOXKEHNN 1
BeimoHeH B cooTBeTcTBUU ¢ [OCT 12536-2014
[2015] meTOoaMu CUTOBOTO pacceBa U apeoOMeTPHUU.
CuroBblil MeToz 0e3 IIPOMBIBKU BOJOII ¢ HAGOPOM CUT
2,1,0.5,0.25 1 0.1 MM TIpUMEHEH TSI TeCUYaHbIX 1 CY-
[eCYaHbIX MPO0, IIMHUCTHIE TIOPO/IbI aHATM3UPOBa-
JINCh apeOMeTPUYeCKIM MeTOIoM. Beero s paspe-
30B 489 1 052 npoaHanu3upoBaHo 22 IPOOHL

Mumnepanozuueckuii KonuuecmeenHblil AHANU3
paspesa 489 (2 11poObl U3 OTIOKEHUI JIEL0BOIO KOMII-
Jiekca, 2 mpoObl 13 MOACTIIIAIONTIX OTI0KEHUT IO -
KYMUHCKOI CBUTBI) BBIIIOJIHEH UMMEPCUOHHBIM Me-
TOZIOM C MCIIOJIb30BAHUEM OMHOKYJISIPHOTO U MOJISIPU-
3aI[MOHHOTO MUKPOCKOTIOB, a TAKKe MMMEPCUOHHBIX
skupkocteit [Caxaposa, Yepkacos, 1970]. Iloncuer
MUHEepaJoB BbinosHeH 7151 ppakiuu 100-250 Mxm.
B kaxoMm 00Opasiie 13 caydailHol HaBeCKH OIpe/ie-
nstmock 300—350 3epeH, Ha OCHOBE Yero pacCUnThIBa-
JIUCH cofiepsKaHus (%) I KaKI0TO MIHEPAJIA.

Paoduoyznepoonviii anaaus (paspes 052 —
1 1po6a) BBITIOTHEH METOIOM JKUKOCTHOW CITUHTHUII-
JISIMUK ApeBecHbIx octaTkoB. KanmnGposka “C-gar
MPOU3BOANJIACH C UCIIOJIb30BAHUEM ITPOTPAMMEBI
OxCal 4.4 | Bronk, 2009] un kanubpoBouHOIi KPUBOii
IntCal 20 [Reimer et al., 2020] nnsa 95%-ro ypoBHs
3HAUYMMOCTHU C BBIYMCJIEHUEM CPEIHET0 3HAYEeHUS.
[l pazpesa 489 npuBosATCS 1aThI, KOTOPBIE TTOJTY-
yeHbl aBTOpaMu pauee | [anownuxos u op., 2019).

Cnoposo-notnvyesoii ananus. Jlis BMelao-
IIUX OTJIOKEHUIT 65-MeTpoBoit Teppach (paspes 489)
poBeeHa XuMuueckas oopaborka 12 06pasIoB ¢
NpUMEHEHUEM Al TUPOBAHHON METOAUKHU, 6asupy-
omieticst na metonax B.I1. I'puuyka [ [Towivuesots ana-
ausz, 1950] uv @aerpu—Usepcena |Faegri, lversen,
1989]. MukpockonupoBaHue BbIITIOJIHEHO € UCIIOJIb-
30BaHUEM CBETOBOIO MIUKPOCKOIIA IPOXO/ISIIIETO CBE-
ta Zeiss PRIMO STAR c yBesuuyenuem 400 pas.
[Toxcuet coctanistn He Mmenee 300 TTBIITIBIIEBBIX 3EPEH,
a TaKKe JOKYMEHTUPOBAJIICH CIIOPBI U HEIIBLIbIIEBBIE
naauHoMopdbl. PacueT KOHIEHTPALUK TIBLITHIIEBBIX
3€peH W MOCTPOEHUE CIIOPOBO-TIBLITBIIEBBIX MATPAMM
npoBoguuck B mporpamme TILIA 2.0.41 [ Grimm,



CTPOEHHUE U YCJIOBUS ®OPMUPOBAHUA JIEJOBOI'O KOMIIJIEKCA B JIOJIMHE HUKHETO TEYEHUS PEKU BUJIION

2004]. IlpotieHTHbIE COOTHOIIEHUS MBLIbIIBI U CIIOP
BBIYUCJISIIIUCH OT CYMMBI BCEX OTIPE/IETIEHHBIX TThLITh-
L[EBBIX 3€PeH U CIIOP.

Onpeoenenue o0we20 opeanu1eckozo éeuie-
cmea (I,) BoitiosHeHO st paspesa 489 (12 ob6pas-
110B). [TpobonoAroTOBKa 3aKI0UaIach B BEICYIIMBA-
Huu o6pasios ¢ HaBeckoii mo 10—20 r, a cam ananus
BBITIOJIHEH METO/IOM TTOTEPHU TIPH MTPOKATMBAHUY TIPA
450 °C B mydenbroii meun corsacio FOCT 23740-
2016 [2017].

Xumuneckuii anaauz. Or60p npod Jbaa Ipous-
BeJIEH BJIOJIb TOPU30HTAIBHOTO TIPOMUIIS Ha TIyOrHe
2.4 M ot moBepxHocTH Teppackl. Onpesenenne Guan-
KO-XUMHUYECKUX TT0Ka3aTeeil 1 OCHOBHBIX MOHOB
(paspes 052 — 3 pobBbI, paspes 489 — 2 pobsl) 1po-
BelIeHO METOJaMW TUTPUMETPUU U KAMUJJISPHOTO
snexrpodopesa. Bennuuna ob1ieil MuHepaausanum
oxapakTepu30oBaHa COTJACHO KJaaccupuKanmu
C.JI. llIBapmena [ 71996]. Paccunran xoadduiinerT
meramopdusanuu Bozx Na/Cl cornmacuno meTomuke
B.A. Cynuna [Axexun, 1975].

Muxpoanemenmmolii COCMAB NCCIE0BAH METO-
namu macc-crekrpaigbioro (ICP-MS) u atomHo-
AMHUCCUOHHOTO aHaJNN3a ¢ WHAYKTUBHO CBSI3aHHOM
mazmoit (ICP-AES) B Ananmuruueckom cepTuduiim-
POBAHHOM HCIBITATEBHOM TleHTpe MHcTuTtyTa mnpo-
6J1eM TEXHOJIOTHI MUKPOAJIEKTPOHUKHU U 0COO0 UHC-
Teix Matepuasos PAH (r. Uepnoromnoska). CocTas
omnpeseseH st 16 06pasios, 0TOGpaHHBIX B pa3pe-
3e 052 (cMm. puc. 2, g). /1151 BBISIBJICHUST TeOXUMMIYE-
CKUX Pa3Jnyuil MpOBeeHbl CPABHEHNE U HOPMaJIH-
3aITsT KOHTIEHTPAIINIT MUKPO2JIEMEHTOB B TIOBTOPHO-
KUJIBHBIX JIbJlaX ¢ KJIapKaMU 3THX 3JIEMEHTOB B
peuHoii Bojie | Cnpasounux..., 1990] B cBsi31 ¢ TEM, UTO
muHepanuzanus [17KJ] neBenuka u cpaBHUMA ¢ MU-
Hepajusaluen peYHbIX BO/I.

Hzomonnwul ananus. JlabopatopHoe onpejeie-
HIe 3HAUeHUil U30TOIHOTO cocTaBa Jbja (8180, D)
nposeneHo aas 16 obpasinos us paspesa 052 (cM.
puc. 2, ) MeTOJIOM JiazepHoit abcopbumonuoit MK-
creKTpoMeTpuu Ha ananmdatope Picarro L2140i.
B kauecTBe BHYTPEHHUX CTaHIAPTOB MCITOJIH30BAHbI
poOBI BOJABI U CHETa, OTKaJINOPOBaHHbBIE OTHOCHU-
tesbHO Mexxaynapoanoro cranjgapra V-SMOW-2
(MATATD). Cratucruueckast 06paboTKa pesyJibTa-
TOB BKJIIOYAJIA PACYeT AefiTepueBoro akciecca d, . u
OCHOBHBIX CTATUCTUYECKUX XaPaKTEPUCTUK CTaH-
JNapTHBIMK cltocobaMu, a TakKe mocTpoeHue rpadu-
kOB B KoopauHatax 8'80 /8D, cpaBHenue ¢ JaHHBIMU
raobabHON JuHIK MeTeopHbix Bog (TJIMB). s
BBISIBJIEHNST TEOXUMUYECKUX U M30TOITHDBIX PA3THINiz
u cxogctB [I7KJI mpoBeneHb cpaBHEHNS C COBPEMEH-
HBIMH TTOBEPXHOCTHBIMHU U TIOJ3EMHBIMHU BOJIAMU HC-
cJIelyeMOTO PETHOHA, a TaKke ¢ aTMOCchepHbIMU
ocajikaMu, 0TOOPaHHBIMU B Pa3JIMYHbIE IEPUOJbI I'O-
na. Pe3yabTaThl M30TOMTHOTO aHAIN3A JbJA IS Pa3-
pesa 489 rosryyeHbl aBTOPaMU PaHee U IPUBOISITCS B
pabore [Tananun u dp., 2019].

PE3YJbTATbBI UCCJIEJOBAHUA

B pesyJibrare 1moJieBbIX MapuipyTHEIX HaOJI0/1e-
HUiT ObLIH MIeHTH(MUITNPOBAHDI U 33/I0KyMEHTHPOBA-
Bl oTioxkeHnst JIK, koTopeie 3ameraoT B BepxHen
YaCTHU TIOKOJIbHO-aKKYMYJISITUBHON Te€PPachl IOTITHBI
HUJKHETO TedeHst p. Buurioit B untepsase 0—5 M, mec-
tamu 710 8—10 M OT KPOBJIM TTOBEPXHOCTH TEPPACHI.

OTIOXREHUS JTeJOBOTO KOMTIIIEKCA, BCKPHITBIE B
paspesax 489 u 052, uMeroT cieayioliee CTPOCHHE
(cBepxy BHU3) (puc. 3):

0-0.1 M — TOYBEHHO-PACTUTETHHBIN CJIOH.

0.1-1.4 (2) M — TOKPOBHBIE OTJIOKEHMUSI, ITPE/I-
CTaBJIEHHBIE GYPBIMU TSKEJTBIMHU MBIIEBATHIMIE CYTIE-
csAMHE ¢ TIpocsoeM yrosibkos. Ha riuybune 1.4 (2) M
MPOXO/IUT TPAHUIIA CE30HHOTATIOTO CJIOs, KOTOpas
saBasgetcs kposieit JIK.

Huwske Boiienensr aBe nauku. [lepBast 3aneraer B
untepBane 1.4—4.0 M — yepeloBaHme CBETIO-KOPHUY-
HEBBIX U TEMHO-KOPUYHEBbIX JIETKUX TTBIJICBATHIX CY-
meceil U MBIEBATHIX MECKOB C MPOCTOSIMU TSKETbIX
MIBIIEBATHIX CyIecell ¢ MOSICKOBBIMU KPUOTEHHBIMU
tekcrypamu. OTJI0KeHUsI CUIBbHO HACBIIEHBI Opra-
HUYECKUM JICTPUTOM M KOPENTKaAaMU TPaBAHMUCTHIX
pacTeHwi, coeprkaT BKIIOUEHMsI HeOOJIbIIIX IPeBec-
HBIX (DparMeHTOB. BIasKHOCTB IO TaUYKe BHU3 YMEHb-
maercd ot 38 1o 10.5 %.

Bropag nauka (4.0—4.7 M) npezictaBieHa TEMHO-
KOPUYHEBBIMU MBLIEBATHIMU MTECKAMU C TIOSICKOBBIMU
KpHoreHHnpiMu TekcTypamu. [Tosicku ot 3 10 5 cM TOI-
IIMHOM, paccTosiHue MeXKIY HUMU 5—8 CM, BBEPX I10
paspesy OHO MOCTeNeHHO YMeHbIaeTcss. OTaoxKeHus
HACBINEHbI OPTAHUYECKUM JIETPUTOM C BKJIIOYEHHEM
06JIOMKOB JIPEBECHON PACTUTENLHOCTH. BIakHOCTH
cocrasager 33.9-35.2 %. [loxomsa — BoJHKUCTAd,
YeTKasd, ¢ IepexoJIoM OT TEMHOTO K CBETIOMY I[BETY
OTJIOKEHUN.

4.7-5.0 M 1 GoJiee — CBETJIO-CEPBIE TIbLIEBAThIE
MECKU C TPUMECHIO OPraHNIeCKOTO IETPUTA, C OXPUC-
TBIMU TIATHAMU, TPUMA3KaMy, Pa3BOJaMU, CyXOMep3-
JBI7 (MOPO3HBIN ). ABsIETCS TIepeXoIHON MaYKOi OT
otnoxennii JIK x 1poskyMIHCKO cBUTE.

5 (8)—51 M — OTJIOKEHUST THOJKYMUHCKOH CBU-
Thl. CBUTA MpeCTaBICHA YePEIOBAHIEM CBETIIO-Ce-
PBIX CPEIHE3EPHUCTHIX MECKOB, CJAGOBOJHUCTHIX U
c1abOHAKIIOHHBIX, MTapPaJIJIeTbHO-CIONUCTBIX, KBApIle-
BBIX, MOTITHOCTHIO OT 0.2—0.4 1o 8—10 M u cymneceii
JIETKUX TBIJIEBATHIX — OT 1 710 3—4 MM. BrasknocTh He
mpeBbIaer 5 %.

MunepampHbIii coctaB otnoxennit JIK, cormac-
no kinaccudukaruu 11.11. Maneesa, kBapiieBo-moJie-
BOIMATOBBIN (Ccoj/epKaHue KBapila He TTPEeBbIIIaeT
88.2 %).

CHHTeHeTHYeCKHe JIe/[STHBIE JKUJIbI, TPOHU3bIBA-
omue JIK, focturaioT mupunsl 2—3 M MOBEPXY U
(hopMUDPYTIOT TOTUTOHATBHYIO CETD C TIOMEPEUHUKOM
okoJsio 10—12 M, uHOTIa TTPOHUKAIOT B TIO/ICTUJIATO-
II¥e TTecyaHble OTIOXKEHUS TbOJTKYMIUHCKON CBUTHI
na 1-3 m.
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Puc. 3. CxemaTtnuHoe CTpOEHHE JIEJI0OBOTO KOMILIEKCA Ha pa3pesax 489 u 052 B BepxHeil 4acTH [[OKOJIbHO-
aKKyMYJISITUBHOI Teppachl.

1 — mepecianBaHUEe CBETIO-CEPLIX CPEAHEZCPHUCTBIX TECKOB CHaGOBONHUCTBIX U CJIA00HAKIOHHBIX, MAPAJLIETbHO-CIOUCTHIX 1
cymecel IBIJIEBATHIX (JBOJKYMUHCKas CBUTA); 2 — YepesioBaHne CBETIO-KOPIMYHEBBIX 1 TEMHO-KOPIYHEBBIX TIBIJIEBATHIX CyHeceit
U TIBIJIEBATBIX TIECKOB € MOSICKOBBIMU KPHOTEHHBIMHU TEKCTYPaMU (OTJIOKEHHS JIeJOBOTO KOMILIEKCa); 3 — Oypble IbLIeBaThie CyIie-
CH C IIPOCIIOSIMU YTOJIBKOB (TI03/[HET0JIOI[EHOBBIE TIOKPOBHBIE OTJIOKEHUS ); 4 — IOUBEHHO-PACTUTEJIbHBII CII0i1; 5 — OpraHn4ecKuit
JIETPUT U BKJIIOUEHHSI OCTATKOB KYCTAPHIYKOBOI PACTUTENLHOCTH; 6 — OTMEPIITHE BEPTHKAIBHO MOTpebeHHble CTeON U KyPTHHBI
3JIaKOB; / — TOPU30HTAIBHO 3aXOPOHEHHBIE HCKOTIAeMbIe JIepeBbsT; 8 — IIPOCJION YTOIbKOB; 9 — CUHIeHETUYECKHE TOBTOPHO->KHJIb-
Hble JTb/bl; 10 — KPOBJIA TIOKPOBHBIX TTECYAHBIX OTIOKEHUH JAbOTKYMUHCKON CBUTEI; 17 — KPOBJIS MHOTOJIETHEMEP3JIbIX MOPOJT;
12 — Touka otbopa MPod Ha UBOTOIHBINA U XUMUYECKHH (@), PaANOyJIePOAHDIH (6), TPaHyIOMETPUYECKUIT U CIIOPOBO-IIBLILIIEBON
(8) aHATU3DI.

Paoduoyenepoonoe damuposanue. Pe3yibraTo
JIATUPOBAHUS TIPeJICTaB/IeHbI B TabJL. 1.

Hanunonoeuuecxuii ananus. 11o pesyabratam
MAJTMHOJIOTHYECKOTO aHAIM3a JIJist pa3pe3sa 489 Boine-
JIEHO JIBE TAJIMHO30HBI (pHUC. 4).

[Manunosona PZI (unrepBan 4.7—1.8 M) xapak-
TEPU3YETCsT TOMUHIPOBAHNEM TPABSHUCTHIX CO00-
mects (39.3-82.9 %) ¢ npeobaagaHueM NbLIbIbI
3nakoBbix Poaceae (4.6—-31.7 %), rBo3nuunbix Ca-
ryophyllaceae (4.6-31.2 %), mosrem Artemisia (1.6—
15.4 %), kpecrouBetHbIX Brassicaceae (5.3—-13.8 %) u

criop Glomus (ot 42.8 10 60.5 %). OrMeuaeTcst TakKe
MBLIbIIa aMapaHTOBBIX Amaranthaceae, UKOPHEBBIX
Cichorioideae, actpoBbix Asteroideae, 0COKOBbIX
Cyperaceae, posonsernbix (Rosaceae, Sanguisorba
officinalis), motukosbix (Ranunculaceae, Thalictrum).
B npesecnoii rpyme (5.3-26.2 %) 0OTMeYaeTCsI IbLITb-
ma Pinus s/g Diploxylon (ot 2.6 10 19.7 %), 6epe3snr
Betula spp. (2.4-6.6 %) v exuHUYHbIE 3¢pHA UBHI Sa-
lix. Cymma criop cocrasisier 8.9—34.4 % c npeobiaia-
HueM Lycopodiaceae (1.6—-11.2 %), Selaginella rupes-
tris (1.2-8.2 %) u Polypodiophyta (2.4-14.8 %),

TaGauia 1. Pe3yapraTsl pauoyriepoHOro JATHPOBAHUSI OPrAaHNYECKOTO MaTepHaa, CoAePKauierocst
B OTJIO’KEHHUSX JIe/IOBOTO KOMILTEKCA, [IOKOJIbHO-aKKyMYJISITUBHAS Teppaca p. Buioii B HIXKHeM TeueHHU

Jlabopatop- Paspes LnyGuta Marepuarn Bospact C, n.u. Kaner{apHmﬁ WcToynuk

HBIIT HOMEp orbopa, M BO3pacT*, KaJl. JL.H.

MPI-97 489 0.5 Yrospku <100 - [Ianownukos u dp., 2019]

MPI-96 48 2.5 OcraTKu KyCTapHUKOBOI 23970 £ 800 28 370 £ 820 Tam xe
PaCTUTETHHOCTH

MPI-33 489 3.5 T'ymyc U3 cuibHO 22 000 £ 300 26 350 * 340 Tam ke

TyMyCHPOBAaHHOI cyliecu

MPI-195 052 4.0 OcTratku IpeBecHOit 23 630 £ 550 27 980 £ 560 JlanHbre aBTOPOB

PaCTUTETHHOCTH

* YpoBenb 3HaYNMOCTH p > 94.5 %.
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Puc. 4. IlanuHosornyeckas ruarpaMma paspesa 489 orioskeHmuii ieJoBOro KOMILIEKCa H co/iep:KaHie opra-
HUYeCKoro Beniecrsa (/,), IOKOJbHO-aKKyMYJIATUBHASA Teppaca p. Buiioii B HUKHeM TeYeHU!.

* NPP — nenbuiblieBble HajinHOMOPQDL.
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— OKUCJ/INTEJbHO-BOCCTAHOBUTEJIbHBIN ITOTCHIIUAJ.

IIpumeyanue. pH — Bogopoaublii mokasareb, Eh

Sphagnum (0.6-9.8 %) u Bryales (1.5-2.4 %). Orme-
YeHa J0YeTBEPTUYHAS MbLIbIIA, IIPEICTABIEHHAST B
ocuosHoM Pinaceae u Podocarpaceae (18.5-89.4 %
ot 00IIell CyMMBI BCEX TIO/ICYETOB TBLIBIIBI, CIIOP U
HIIIT) u gouerBepTuunbie ciopsbl Polypodiophyta u
Cf. Osmunda, nenbiiabiiesbie naauHoMopdsr — Mic-
rothyrium microscopicum, Gelasinospora, Zygnema-
type. Konterrparus nbiibiis coctaBisier 39—293 ze-
pen/cm3,

[Manunozona PZIT (unrepsan 1.8—0.5 M) xapak-
TepU3yeTcd Pe3KUM YMEHBIIEHWEM IBLIBILI TPaB
(4.9-26.6 %) 1 NpaKTUYECKH MTOJHBIM OTCYTCTBUEM
ciop Glomus (0-3.5 %). IIbuibIa TPyl JePEBLEB
M KyCTapHUKOB cocTaBisieT 10 76.5 %. B crexr-
pax npucyrcrByer nbliabna Pinus s/g Diploxylon
(8-71.6 %), Betula spp. (2.9-8.5 %) u onbxu Alnus
(2-2.3 %). B tpaBauucroii rpynne npeobaagaer
Poaceae (2-14.9 %), Artemisia (1.0-6.2 %) n
Caryophyllaceae (1.1-2.3 %). OT™euenbr Takke ce-
meiictBa Cichorioideae, Rosaceae, Cyperaceae,
Brassicaceae u Amaranthaceae. Cymma criop cocras-
nster 18.6-58.6 % u Briovaer Selaginella rupestris
(3.4-13.8 %), Polypodiophyta (8.5-12.6 %), Sphag-
num (4.0—4.6 %), Lycopodiaceae (15.9-27.6 %). Or-
MedeHbl goderBepruutas mblibia (73.5-90.2 %),
npenmymiectserHo Pinaceae u Podocarpaceae, u no-
yerBepTruHbie criopbl Polypodiophyta u Cf. Osmun-
da, manuupyu pakoBUHHBIX aMé0 Assulina u Arcella.
Konuentpanusa nsuibiibl 12—59 sepen/cm3.

Onpedenenue odue20 opzanuueckozo éeuje-
cmea. PesyibTaThl OIpe/esieHIst CoJlepsKaHst o001ie-
ro oprannyeckoro Beuiectsa (/) a4 paspesa 489 1o-
Kaszanbl Ha puc. 4. B untepsasue 5.0—-4.4 M 3Havyenue I,
HeGOIBINOE U TOCTETIEHHO YBEJINYUBACTCS CHU3Y
BBepx ot 0.14 10 0.35 %. B cpenneit yactu paspesa
(4.4-2.7 M), TIIe OTJIOXKEHUS OYeHb HACHIIIEHBI OP-
raHuYecKuM [IeTPUTOM, cozepxanue I, cocTaBiseT
3.89-7.59 %. B untepnane 2.7-0.5 M oT™MeuaeTcs
yMeHbllleHue 3HaueHui 1,110 cpaBHEHUIO CO cpe/iHei
naukoi, uro cocrasiser 1.63—1.36 %. Ha ruybune
0.5 M OTMeYaIoTCsT COBPEMEHHbBIE OTJIOKEH WS (BO3-
pact MPI-97, menee 100 met Hazan) u 3HavdeHme /,
yBesmunBaercst 10 2.97 %.

Tuopoxumunecxuit ananus. Ha ocnose anaimsa
MOJIYYeHHBIX JIAHHBIX YCTAHOBJIEHO, YTO JIb/bI — yMe-
peHHo npecHbie (MuHepamusanus cocrasisier 0.07—
0.29 r/am3), XapakTepu3yIoTcs IHAPOKapOOHATHBIM
MAarHueBO-KaJblueBbiM coctaBoM (Tadu. 2). Coruac-
Ho kaaccudukanuu O.A. AnekuHa [1975], npo0sr,
orobpanubie u3 kpaesoit wactu TIKJT (Ne 052-1 u
489-1) ornocarcs k Tperbemy Tumy (Ca®* + Mg?* >
> HCO3 + SO2), npobbl u3 cpenmeil yactu
(Ne 052-15, 052-23, 489-5) — KO BTOPOMY THUILY
(HCO3 < Ca?* + Mg?* < HCO3™ + SO?"). Taxoi
COCTaB U COOTHOIIEHNE MEK/TY TTTABHBIMU NOHAMU Xa-
PaKTePHBI 11T KOHTHHEHTAJTBHOTO THIIA 3ACOJIECHUSI.
Koaddunuent meramopusaiu Bo Bcex uccieiye-
Mbix oOpasuax (Na/Cl) MeHbllle eAuHUIBI, YTO CBHU-
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JeTesbeTByeT o ToM, uto TTKJI oGpasoBasiick 13 BOA — HO JUJIs ciieaytonux aaemenTos (Mkr/i): Fe (1650.6),

pasHoli crerienu MeTaMopGu3aIum. Al (534.3), Sr (77.3), Ba (34.9), Mn (34.1), Br (29.5),
Muxpoanemenmnuoiii cocmas. [losropao-xxnab-  Ti(14.0), Cu (5.0), B (4.9), V (4.3),Ni (3.1). Ykazanusr

HbI€ JIbJIbI XaPAKTEPU3YIOTCST IOBOJIBHO MIMPOKUM MUK-  cpejHie 3HadeHus 1o 16 mpodam.

PO3JIEMEHTHBIM cocTaBoM — 49 snementos (Tabi. 3). Hzomonnvuii anaaus. Pe3yibraTbl U30TOITHOTO

HawubGounbiiee coepskanue B 06pasiax JbloB OTMeUe-  coCTaBa Jibja IpeACcTaBaeHbl B Tab/L. 4 1 Ha puc. 5.

TabGanma 3. SHaYyeHU MHKPOJJIEMEHTHOTO COCTaBa IIOBTOPHO-’KHJIbHBIX JIb/IOB,
BCKPBITBIX B Ipejiesiax I[OKOJIbHO-aKKyMYJISITHBHOI Teppackl p. Bumoil B nukneM teuennu B 2021 r. (paspes 052)
Copeprkanie JIeMeHTa, MKT/JT Copeprkanie sJeMeHTa, MKT/JT
DJleMEeHT DJIeMEeHT
MUH. MaKc. cpen. (n=16) MUH. MakKc. cpen. (n=16)
B 3.2 7.0 4.9 Sn 0.031 0.053 0.027
Al 295 1165 534.3 Sb 0.042 0.072 0.049
Ti 8.6 20.8 14.0 Cs 0.012 0.033 0.018
\Y 2.7 7.5 4.3 La 0.457 2774 1.096
Cr 1.1 2.2 1.3 Ce 0.965 6.338 2.332
Mn 6.7 106 34.1 Pr 0.130 0.703 0.272
Fe 517 6628 1650.6 Nd 0.503 2.873 1.124
Co 0.22 1.4 0.6 Sm 0.112 0.567 0.224
Ni 2.0 5.2 3.1 Eu 0.022 0.129 0.048
Cu 3.1 6.7 5.0 Gd 0.101 0.559 0.219
Zn 0.87 6.8 2.7 Tb 0.015 0.083 0.033
As 0.11 0.71 0.3 Dy 0.083 0.432 0.171
Br 22.7 51.0 29.5 Ho 0.017 0.081 0.033
Sr 52.5 128 77.3 Er 0.044 0.226 0.092
Ba 20.3 76.0 34.9 Tm 0.060 0.031 0.013
Pb 0.2 1.6 0.6 Yb 0.042 0.191 0.080
Li 0.903 2.025 1.361 Lu 0.060 0.028 0.012
Be 0.025 0.164 0.056 Hf 0.030 0.094 0.043
Rb 0.320 0.669 0.445 Ta 0.006 0.019 0.015
Y 0.429 2.369 0.909 w 0.005 0.011 0.007
Zr 1.270 3.249 1.624 Tl 0.004 0.007 0.005
Nb 0.029 0.058 0.042 Bi 0.003 0.014 0.005
Mo 0.233 0.517 0.328 Th 0.062 0.193 0.114
Ag 0.007 0.727 0.098 U 0.111 1.169 0.382
Cd 0.006 0.024 0.009
Tabaumna 4. M3oTonnslii coctas (%o) CHHIeHETHYECKUX NOBTOPHO->KUJIBHBIX JIbIOB

[OKOJIbHO-aKKyMYJISITUBHOM Teppach! p. Buimoii B HIXKHEM TeueHun

Ton
Touxka |onpobu-| Bospact K;’g(;go 8180,,,8'80,,,.|8'80 +St. Dev| 8D, | 8D, |8D +St. Dev| due min | doxe max | dexe + St. Dev
pOBaHUA

Ne 052| 2021 |MUC-3-2| 16 | -30.0 | -28.6 | -29.2+0.3 [-231.9|-221.8/-226.6+2.3| 6.1 8.5 6.8+0.5
Ne 489| 2016* | MIUC-2 6 -276 | —243 | -272+1.4 |-218.3|-198.7|-215.8 £8.5| —-4.5 2.5 1.7+341

* To nanubiM [Taranum u dp., 2019].

Opumeuanue. 380, 8180, — MUHUMAIbHOE U MAKCUMAJIbHOE 3HAYCHUS CTAOUIBHOTO U30TOMA KHCJAOPOHA, %o;
3180 + St. Dev — cpeatee sHaueHue cTaGUILHOTO H30TONA KUCJIOPOAA U CTAHAAPTHOE OTKJIOHEHUE, %o; 3D i1, 8D .« — MUHUMAIIb-
HOE U MaKCHMAJIbHOE 3HAYEHNS CTabUIIBHOTO M30TOTa BOI0poa (eiitepust), %o; 8D + St. Dev — cpentee 3HadeHne cTabuibHOTO
M30TOTIA BOAOPOJIa (JIefiTepust) 1 CTaHAAPTHOE OTKIOHEHHUE, %0; Aoye mins Qexe max — MUHUMATBHOE U MAKCHMAJIBHOE 3HAYEHUSI JIeii-

TEPUEBOTO IKCIECCA, %o; oy T St. Dev — cpeziiee 3HaUeHME AEHTEPUEBOTO HKCIIECCA U CTAHAAPTHOE OTKIOHEHHE, %o.

1



M.P. IIABJIOBA 1 JIP.

5'80, %o
-31 -30 -29 -28 -27 -26 -25 -24
1 1 1 1 1 1 d _195
=18 A
5D =85"'80+ 10 -k -200
R%=1.0 7
e L —205
85D =5.885'80-56.18 &
R%=1.0 2 - 210
‘/
e L —215
5D =6.955'80 - 20.75 - =220
R%2=0.99
” L —225
/‘0
7 8D=7.118"%0-19.25 - —230
4 R2=0.96
L _235

Puc. 5. 3nauenus uzoronnoro cocrasa 580 /5D u §180/d

oD, %o

5'80, %o
-31 -30 -29 -28 -27 -26 -25 -24
1 1 1 1 1 1 1 9
.
» -7
* *
*
-5
A 308
5
&
-1 ko]
A
A
- -1
Al
s 1
A 2 - -3
— 3 N
— 4 L -5

exc 1 YPABHEHUS perpeccuii MOBTOPHO-KUIbHBIX

JbA0B, IOKOJIbHO-aKKYMYJIAATUBHaAA TEppaca p. Bumoii B HU:KHEM TE€UYEHHH.

1 — ipo6bI, otobpantsie B 2021 1.; 2 — mpo6sl, otobpatusie B 2016 1.; 3 — riobasbHast siiHust Meteopbix Boj (IJIMB); 4 — mokaiin-

Hast uHust Meteopbix Bojt (JIJIMB) [anuna u dp., 2017].

OBCYKIAEHUE PE3YJIbTATOB

Ha tepputopuu lenrpanbhoii Axytuu, cormnac-
HO JINTEPATYPHBIM AauubIM |[umepman, 1963; Tom-
cxas, 1981; Hsanos, 1984; @omues, 2006|, neccoBbie
aenosble 1okpossl ¢ ITPKJI navanu nakaniausarbes
ele B MypyKTUHCKYI0 a110Xy (M C-4), Ho Hanboiee
GJIATONIPUATHBIME KJIMMATHYECKUME YCIOBUSIMHU J[JIsT
uX (OPMUPOBAHUS SIBJSETCS KapTUHCKas 310Xa
nozaHero Heoruteiictorena (MU C-3). Ortinoxenus
JAHHOTO BO3pacTa cojepKaT OOJbIIOe KOJTUIECTBO
OCTaHKOB MaMOHTOBOHU (hayHbI, HACBIIIIEHBI OCTATKA-
MU CTEITHON U TYHJPOBO-CTEITHOH PACTUTETHHOCTH C
MOJIYMHEHHBIM KOJIUYECTBOM [[PEBECHBIX TAKCOHOB.

AKKYMYJISIIUST OTJIOKEHUN POJOJIKAIACH HA
MIPOTSKEHWU BTOPOU TTOJIOBUHBI TTO3/THETO HEOTLIeH -
CTOIlEHA U 3aBEPIINJIACH B KOHIIE CAPTAHCKOM 1TOXU
[Hsarnos, 1984]. Knumat OGbLI 1OCTATOYHO CYPOBBIM
U Pe3KO KOHTUHEHTATbHBIM, CPEIHEr010Bast TEMIIE-
patypa Mmep3abix Toum B [leaTpanbaoin AxyTun,
IIPU KOTOPOI (hOPMHUPOBATINCH OTIOKEHUS JIEIOBOTO
KoMmILiekca, He nipesbimasa —10 °C [Konuwes, 1997,
2011].

B MUC-3 u3-3a Hapacraoiieil KOHTUHEHTAJIb-
HOCTH ¥ COKPAIleHUsT aTMOC(EPHBIX 0CATKOB MOBBI-
MIAJIACH POJIb CTEMHBIX cO00IecTB. OCHOBHBIMU ACCO-
[UAIUSIME XOJIOJHBIX CTeIell sIBJISIIICH 3JIAKOBO- 1
Pa3HOTPABHO-TIOJIBIHHBIE TPYTIITUPOBKH € TIpeodIrajia-
HueM KcepoduTtoB. CTenHble yIacTKU YePe/IOBAIHICH
¢ HEBOIBITUMU TIPOCTPAHCTBAMU JIMCTBEHHUYHO-KYC-
TAPHUKOBBIX PeiKoJjiecuii ¢ mpuMechio Betula alba.
Ha Goutee cyxux ydacTkax — BoAopaseax 1 OpOBKax
Teppac — BCTpedanuch pornu us Pinus pumila v P. syl-
vestris [Tumepman, 1963; Hlogpman u dp., 1977; Tom-
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cxast, 1981; @omues, 2006]. B 6oee baaronpusdTHbie
nepuosibl MUC-3 B llentpanbhoit AAkyTun yBesanuu-
BaJsIach poJib ipeBecHbIX opoy [ Tomckas, 1987].

B capraHcKyio 3110Xy TPOUCXOIAT: HapacTaHue
KOHTUHEHTAJIbHOCTHU 110 CPABHEHUIO C KAPTUHCKOU
ATIOXOM, cOKpaleHne aTMOChEepHBIX 0CATKOB, HCCY-
NnieHWe KJAUMaTa, arpafaiusg KPUOJUTO30HBI, POCT
TKJI B otnoskenusix JIK [Tananun, 2021]. Illpoucxo-
JIUT MaKCUMaJIbHOE COKpAIIeHIE TIOTIA/IEH, 3aHSITHIX
JIECOM, W PE3KOoe yBeJIMUeHUE TTPOCTPAHCTB, 3aHATHIX
HOJIBIHHO-3JIAKOBO-PA3HOTPABHBIMU COOOIECTBAMU.
OTMevanch Takke OCTETHEHHBIE YIaCcTKU Gepeso-
BBIX U JINCTBEHHUYHBIX JICCOB, MECTAMU €PHUKU U3
KyCTapHUKOBBIX BUIOB Gepe3 [Andpees u dp., 2002,
a TaKyke OTKPBITHIE TleCYaHble He3aKPeIJIeHHbIe TIPO-
CTpaHCTBA U KaMeHucTbie nmycrorau [ITasrosa u op.,
2017; I'ananumn, 2021].

[To pesyibTaTaM HaCTOSIIETO UCCIETOBAHUS,
(dopmuposanue JIK B nipejiesiax moKOJIbHO-aKKyMY-
JIATUBHOW Teppackl p. Buioll B HUKHEM Te4eHUU
MIPOUCXOIMIIO ¢ KOHI[A KAaPTHHCKOM 3MOXU /10 TTEPBOIA
[OJIOBUHBI capTaHckoi arnoxu. CorjaacHo JaHHbIM
A.A. Tananuna [Taranun u op., 2019], bopmuposa-
nue otaoxkeruit JIK, nccremosannoro B 2016 r. (pas-
pe3 489), orneceno k MU C-2 u Hauasy roJioreHa.

CHopOBO-TIBLITbIIEBBIE CIIEKTPBI, TIOTyYeHHbIE U3
paspesa 489 (waTepBan 4.7—-0.3 M), CBUIETETHCTBYIOT
00 OYeHb CYXUX U XOJOJHBIX KIUMATHIECKUX YCIIO-
BUSAX U OTHOCUTEJBHO OEJHOM PACTUTENLHOM MOKPO-
Be OKpyKaIMuX JanamadTos. B nanubiii mepuosn
OBbLIN MIMPOKO PACTTPOCTPAHEHDI JTAaHIIA(DTHI OTKPBHI-
TOTO THUIA, CYXUX XOJOJHBIX CTelel ¢ mpeobiaianu-
eM kcepodutHbx coobmiects (Poaceae, Caryophyl-
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laceae, Artemisia, Brassicaceae), MecraMu pasHOTpaB-
HO-3JTAKOBBIX JIYTOB, & TAKKe TIECYAHBIX TPOCTPAHCTB,
MPAKTHYECKH JUIIEHHBIX PACTUTENbHOTO MTOKPOBA.
Huskue KOHIEHTPAIIUU U TIPUCYTCTBUE B GOJNBIIOM
KOJIMYECTBE CHOP KOMPOMUIbHBIX rPUOOB TAKCOHA
Glomus B manmnosone PZI, Hajgudue KOTOPOro Xxapax-
TEPHO J1J1s1 90JI0BbIX JanamabToB [Aptroot, van Geel,
2006; Graf, Chmura, 2006, Chambers et al., 2010,
YKa3bIBAIOT Ha CyXxue 0OCTAHOBKHU OCAJKOHAKOILIe-
HUSI, BBICOKYIO MHTEHCUBHOCTD TIOYBEHHO 9PO3UMN.
Mecrtamu GBLTM Pa3BUTHI JUCTBEHHUYHBIE PEIKO-
JIECHsI, EPHUKH C KapPJUKOBBIMU BUaMu OEpPes, 0Jib-
XOBHHKA U UB.

BcexkpoiTasg mauka otokeHni B paspese 489 B
unrepsase 0.1-5.0 M, npejacTaBjieHHas B OCHOBHOM
JIETKUMU CYIECSIMU U TbLIEBATHIMU [TECKAMMU, SIBHO
noATBepsKAaeT (hakT 0 HeHJIArOMPUSATHBIX YCIAOBU-
SX JIJIST PAa3BUTHUS PACTUTETHHOCTH (KOHIIEHTPAIIUS
MBLJIBIIBI B I[EJIOM TI0 BCEii MTauKe OTJI0KEeHU! BaphH-
pyerca ot 0 1o 293 3epen/cm?). Ho, cornacuo 1o-
JIYUEHHBIM JAHHBIM, BHYTPU HMauKW OTMEYAIOTCS
BapHaI[ii, KOTOPbIE TIO3BOJISIIOT BbIAETUTh HebJia-
TONPUSATHBIE U GoJiee GIArOTPUSTHBIE TTEPHOBI (hOp-
MUPOBAHUS OTJIOXKEHWUI U PA3BUTHS PACTUTEIBHOTO
MTOKPOBA.

B unrepsase 5.0—4.5 M, rie 3aseraer nmepexoj-
Has TTaYKa OT OTJIOXKEHUH AbOJTKYMUHCKOI CBUTHI K
JIK u ocnoBanue JIK, cozepskanue mblIbIibl TPAKTH-
YeCKHW OTCYTCTBYET WJIM OYeHb HU3Koe (CM. puc. 4) u
cocrasaser ot 0 m0 22 3epen/cm?, conepxkanue I,
cocrasasier 0.14—0.35 %. Bpemst hopmupoBanmst o1-
JIOKEeHUH TTPUXOIUTCS Ha XOJIOAHBIN 2Tall KOHITA Kap-
TUHCKOW 3TOXU.

B unrepsaie 4.5-2.8 M, e mauka rpecTaBieHa
JIETKVIMU CYTIECSIMH, CHJIBHO HACHITIEHHBIMI OPTaHu-
YeCKUM JIETPUTOM U OCTATKAMU TPABSIHUCTBIX pacTe-
HUIA, 0OTMEYAETCS PE3KOE BO3PACTAHNE KOHIIEHTPAIIUN
bbbl (67—-293 3epen/cM?) U OpraHMYecKoro Be-
mectBa (I, = 3.89-7.59 %). ®opmupoBanme nmauku
OTHECEHO MPE/II0JIOKUTENBHO K KOHIY KaPIrHHCKOI
AMOXM — HAYaJly CapTAaHCKOI 9TMOXH, KOT/la OTMeYa-
JIOCH HEOOITBINOE MOTEIJIEHUE U YCI0BHs ObLIN HGoJiee
6JIaroNPUATHBIMM, YTO CIIOCOOCTBOBAJIO GOJIbIIEN
[IPOLYKTUBHOCTHU PACTUTEIBHOTO TOKPOBA.

B unrepsane 2.8—1.4 M, T7ie mavyka rnpencTaBieHa
CyTecsIMU, OTMEYAETCS YMEHBIIIEHe KOHTIEHTPAIlUN
IIBLJTBIBI U BEJINYUHDI [, CHU3Y BBEPX 110 paspesy ot 51
o 12 3€peH/CM3 n ot 1.63 10 1.36 % cooTBeTCTBEHHO.
B aToT Iepuos oT™MeueHbl M3BMEHEHUs KInuMaTuye-
CKHUX YCJIOBHII B CTOPOHY MOXOJIOAaHMUSI, YTO CIOCO6-
CTBOBAJIO COKPAIIEHUIO PACTUTEIBHON TPOYKTHBHO-
ctu. Bo3pacT — npemnoniokuTesbHo mepsas moJioBu-
Ha CapTAHCKOU 3MOXM.

Hakomrenne maukn B naTepBase 1.4-0.1 M, mo-
BUANMOMY, TIPHUIILIOCH Ha TJI0GATBHBIN JIeTHUKOBBIIT
makcumyM (LGM, ~26—19 toic. et nasaz 1o | Cohen,
Gibbard, 2019]), 1, BO3BMOXKHO, HPOJJIKIOCH 10 Ha-
crosmiero spemenu. B mepuox ot LGM no mavana

roJjiolieHa KauMarudeckue ycjaoBus [lenTpanbHoii
AKyTUU TOCTUTIN UCKIIOUYUTETbHO KPUTUIECKOTO
YPOBHS. DTO MPUBEJIO K 3HAYUTETbHON Jlerpajaium
He TOJIbKO PeJKON IpeBECHON PacTUTEIbHOCTH, HO U
XOJIOJIHBIX CTEIel 3a CUeT pacliupeHus He3aKpellieH-
HBIX IIPOCTPAHCTB, 3aHSTHIX IT€CYaHBIMU [TOKPOBAMU
U IFOHHBIMA MAaCCUBAMU JIbOJTKYMUHCKOU CBUTHI [[a-
aanun, Ilasnosa, 2019]. B rosotene pannas nauka
MoJIBEPrajiach Pa3JjiMuHbIM [IPOIECCaM IIPU OTTanBa-
HUW ¥ TIPOMEP3aHIK OTJIOKEHHIT. DTO ClIOCOOCTBOBA-
JIo mpoiteccaM Kpuortypbaiuu. Kpuorypbaius npu-
BeJIa K TOMy, 4TO Ha riy6une 0.5 M OT II0BEPXHOCTU
noJsyuena gara MPI-97, 1"C-pospact xoropoil oka-
3ancs meree 100 met. KoHIleHTpaIins TBIJIBIHI CO-
craBigeT 59 3epeH/(:M3 ul, =297 %,dto cBUIETEIND-
CTBYET O BO3MOKHOM yBEJIMYEHUH PACTUTEIbHOM
MPOLYKTUBHOCTH B I103/IHEM TOJIOLIEHE.

XuMHYeCcKHii 1 U30TOMMHBII COCTaB
TMOBTOPHO-KUJIBHBIX JIbJI0OB

[ToBTOPHO-KUTBHBIE JIBIBI YMEPEHHO TIPECHOTO
€OCTaBa C OTHOCUTENBHO Y3KUM JINAIa30HOM U3MeHe-
HUI MUHEpAJIN3alMU U KOHIEHTPAIIMN MUKPO3JIe-
MeHTOB, ¢ ipeobuaganuem nonos HCO5 u Ca?* dop-
MUPOBATUCH B CHHKPUOTEHHOM TOJIIIEe KAPTUHCKO-
CapTaHCKOTO BO3pacTa IJIaBHBIM 00Pa3oM 3a cueT
aTMochepHbIX 0Ca/IKOB (B YACTHOCTH, TaJlasl CHEroBast
BO/I2), TIOTIAJAIONIUX B MOPO30OONHbIE TPEIUHBI.

B mpobax Jib/ia OTMEUYEHO JOCTATOYHO BBICOKOE
conepxanue Fe, Al, Sr, Ba, Mn, Br, Ti, Cu, B, V u Ni.
Kak usBectHo, B 1Ipe/iesiax pa3BUTUS KPUOJIUTO3OHDI
B YCJIOBUSX [TPOMEP3AIONINX MEJKUX 03€p U HOJIOT B
GOJIBIIMHCTBE CJIYYAaeB TIPOUCXOUT OCAKIEHIE TH/I-
POOKHMCJIOB KeJie3a U MapraHiia, oJBUKHOCTh KOTO-
PBIX OIIpe/iesIsIeTCs OKUCIUTENbHO-BOCCTAHOBUTEb-
HBIMU U IIEJOYHO-KUCJIOTHBIMU yCJI0BUIMU. B Boc-
CTaHOBUTEJbHOM TJIeeBOil 06CTaHOBKE ¥ [IPU KUCJIOM
PEAKIHW CPEIBl ATH 2JIEMEHTDI MTOABUKHBI U MUTPH-
pPyIOT B pacTBOpUMOIi (popMe; B OKUCJIUTEIbHON U
BOCCTAaHOBUTEIBHOI CEPOBOLOPOLHON 00CTaHOBKAX
U Tpu noBbIenny pH aTu ameMeHTh OcakaanTCA
[Muzpayus..., 1985]. IloBsiienHOE coiepskanme xe-
Jle3a U Mapramiia, a Takxe IPOYMX TSKEJbIX dJe-
MEHTOB (BaHaaus, K0OaabTa, CTPOHIIMS) B UCCAEL0-
BauHbIX [IJKJI TOBOPHUT O KUCJIOH TJieeBOM 06CTaHOB-
Ke Tpu (HOPMUPOBAHUU JIbJIA U MOXKET CJHYKUTh
[IOATBEPKAEHUEM HEe3HAUYUTEJbHOIO y4acTUs BOJL
MEJIKUX [IPOMEP3AIOIIUX 03ep U 6O0JIOT, IPUYPOUEH-
HBIX K TIOHKEHUSIM OYTPUCTOr0 MUKpopebeda, Ko-
TOPBIN MOJIETUPOBAT KPOBJIIO JIEJOBOTO KOMILIEKCA.
Psn uccnenosareseit ITFKJI Amamna n Cesepnoii Axy-
THUU CBA3BIBAIOT CO/lEPIKAHUE TSKEIbIX METAJIJIOB BO
JbJiax ¢ yyactueM 6ojotHbIX Box | Bydanuesa, Ba-
cunvuyx, 2017; Bacunvuyx u dp., 2017].

CorylacHo aHaJu3y COOTHOLIEHWUS aHUOHOB U
KaTUOHOB B MCCJIeAyeMbIx oOpasuax jbzaa, [10KJI
(hopmupoBaIICh M3 BOJL BTOPOTO M TPETHETO TUTIOB IO
kiaaccudukanuu O.A. Anekuna [ 1975]. Ilonyyennnie
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JIAHHBIE MOKa3bIBAIOT, YTO, BOSMOKHO, HEGOIBIITOE
yJyactre B (h)OPMUPOBAHUU JIbJla TPUHUMAIN Hal-
MEP3JIOTHBIE BOJIbI MAJION MUHEPAIU3AINH, CBSI3aH-
HbIE C PA3MBIBOM IOJICTUIAIONINX MTOPOJ KBapIIEBO-
noJieBonmnaToBoro cocrasa. Koadpduimenr Na/Cl Bo
BCEX MCCIeyeMbIX 00pasiiaXx MeHbIIe eAMHUIBI, HTO
CBU/IETEJIBCTBYET O TOM, 4TO B hopmupoBannu [17KJT
Y4aCTBOBAJIM BOIBI PA3HOI CTETTeHN MeTaMOP(U3aITNH.

[IpoBeneno cpaBHEHME XUMUYECKOTO COCTaBa
TT7KJI ¢ coBpeMeHHBIMU TTIOBEPXHOCTHBIMU U TPYHTO-
BBIMU BojilamMu (03epa, p. Buitioit u ee npuTtoxu, moj-
3eMHbIe MEKMEP3JIOTHbIE UCTOUHUKHU, TPUYPOUEHHbIE
K JIFOHHBIM MacCHUBaM ), 0TOOPaHHBIME B XOJI€ HKCITe-
JUITMOHHBIX UccaenoBaHuil (Tabu. 5) u aurepaTyp-
HbIX JaHHbIX [[lenenes, 1981; Ilasnosa u dp., 2022;
ITanamapuyx u Op., 2023]. BeisiBIeHO, 4TO JIsT pac-
CMaTpPUBAEMOTO PETUOHA XapaKTEPHO MOBBIIEHHOE
cojiepskaHme JKesie3a, MapraHila, aTfOMUHUS, CTPOH-
1yt 1 Gapust 0 CPaBHEHUIO CO CPEAHUM XUMUUECKUM
COCTaBOM TO/I3EMHBIX BOJI KPUOJUTO30HBIL. VcTounn-
KOM JKeJie3a SIBJISTIOTCS TI0JIEBBIE TITIATHI, COIEPKAHME
KOTOPBIX B HEMOJABUXHON MOJCTUNIAIONIEN ToIe
D0JIOBBIX ITOKPOBHBIX IeCKOB gocturaer 21-25 %,
a TaK’)Ke aJIIOMOCHUJIMKATHbIE MUHEPAJbI TSKEJIO
dbpaxiuu (porosast oOMaHKa, 31UOT, UJIBMEHUT,
craposut) [lananun u dp., 2018]. Tlepexos xene3a B
pacTBOPEHHYIO (GOPMY TTPOUCXOIUT IO/l BAUSHUEM
OPraHUYecKWX KUCJOT, YIJIEKUCJOTh 1 T. 1. Ha Ha-

Tabauma 5.

JINYMe OPTraHMYECKOTO BENECTBA B MEKMEPIJIOTHBIX
BOJIaX TyKyJaHa MaxaTTa KOCBEHHO YKa3bIBaeT WX
BBICOKAST OKUCJASEMOCTh. B TTOBEPXHOCTHBIX M TOJI-
3eMHBIX BOJIaX M3-3a MPUCYTCTBUS OPraHMIECKUX
KHCJIOT OTMEUAIOTCST MOBBIIIEHHBIE KOHIIEHTPAI[UH
Mapramiia, ctpoHius u 6apus. Hamnane kucaor B
BOJIaX CIIOCOOCTBYET YCHJIECHUIO MOOMIU3AIINN U MU-
TpaIiy 3TUX HJIEMEHTOB, a TaKKe OBICTPOMY WX Ha-
KOILJICHUIO.

W3 ananusa mosy4eHHbIX U30TOITHBIX COCTABOB
JIBYX OTHOCUTEJBHO GJU3KO pactosioskeHubix TIKJ
cJemyeT, 9To OHM (HPOPMUPOBATHICH B Pa3HbIC BDEMEH-
HbIe TTPOMEKYTKH T03/[HEer0 HeolieicToreHa. Tak,
COTJIACHO TOJTYyYEeHHBIM JIAHHBIM, CHHT€HETHYEeCKIE
[T7KJI, BCKpBITHIE B IpefiesiaX IOKOJbHO-aKKyMYJIs-
TUBHOU Teppacet p. Buumoit B 2021 1. (paspes 052),
HUMEIOT 110 OCPEHEHHBIM 3HAYCHUSIM OTHOCUTETBHO
JIeTKUit n30TOMHbIH coctas: §180 = —(29.2 + 0.3) %o,
8D = —(226.6 + 2.3) %o, dyy. = (6.8 £ 0.5) %o. I10
CBU/IETEJIBCTBYET O HE3HAYNTEIbHOM Bapualuy U30-
TOITHOTO COCTaBa BHYTPHU KUJbl. [leiiTepueBblii aKc-
1ecc B 0OJIbUIMHCTBE P06 MeHbIE 8, 9TO TOBOPUT O
MaJIOM BJIMSTHUM TIPOTIECCOB (DPAKIMOHUPOBAHNS Ha
MEePBUYHBII M30TOMHBINH CUTHAT UCTOYHUKA BOJIBI
(puc. 6). YpaBuenue perpeccuu umeer Bujg 6D =
=7.118180 + 19.25 (R? = 0.97) u BecbMa CXOJHO C
ypaBHEHUEM JJIsT 0CAKOB XOJOHOTO Ce30HA TOa
Skyrcka 8D = 8.178'80 + 21.9 (R? = 0.99) [Ilanuna

Cpezu-me 3HAYCHUA OCHOBHBIX MUKPOJ3JIEMEHTOB INOBTOPHO-’KUJIbHBIX JIb/10B,

Pa3JHUYHBIX TUIIOB COBPEMEHHbBIX BO/[, HCCJIE€IOBAHHBIX B IIp€/ieJax NOJUHBI P. Buumoii B HU3KHEM T€4YE€HUH,
U KJIApKH PE€YHBIX BOJ

Tur npupoHbIX BOJ
3HeMeHT, (H}Ki% peLIHbIe Me}KMepSJIOTHI)Ie 03€prIe peC"IKH]TIj)I()I];OJI
MKTI/JI n= o aoxxaeBasd npasoy-
/ V| e Bt | SR v || e | x| 1990
(n-11) (n=-2) (n-10) | o3P (n=2)
B 49 7.0 0.9 21 5.2 4.4 4.3 20
Al 534.3 27.8 13.4 517.2 127.8 5.2 3.0 160
Ti 14.0 0.6 0.0 9.1 2.4 0.1 0.0 3
\Y% 4.3 0.9 0.0 7.4 0.9 0.0 0.3
Cr 1.3 0.0 0.0 1.1 0.0 0.0 0.0 1
Mn 34.1 16.3 8.9 759.4 74.5 25.7 58.6 10
Fe 1650.6 146.6 27.5 6391.8 1517.5 179.6 492.2 40
Co 0.6 0.1 0.0 10.1 0.4 0.0 0.0 0.3
Ni 31 1.5 0.0 6.2 09 0.1 0.2 2.5
Cu 5.0 1.7 3.7 3.2 0.7 0.1 0.2 7
7n 2.7 37 6.4 79 1.7 1.6 1.2 20
As 0.3 0.4 0.0 2.5 0.6 0.2 1.2 2
Br 29.5 26.3 0.0 0.0 0.0 7.2 10.2 20
Sr 77.3 88.5 7.4 39.8 74.9 49.3 51.2 50
Ba 349 12.7 8.3 53.4 25.6 31.3 21.3 30
Pb 0.6 0.1 0.1 3.5 0.3 0.0 2.3 1
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MOBTOPHO-KUJIbHBIX JIb/IOB Pa3HOBBICOTHBIX TE€Ppac HeHTpaJIbHO-

1 — 1IOKOJIbHO-aKKyMyJIsITUBHAsI Teppaca p. Buimoit, 2021 r. nossie ganusie (paspes 052), MU C-3—MUC-2; 2 — 110K0/IbHO-aKKY-
MyJIATHBHasE Teppaca p. Buutoii, 2016 r. (paspes 489), MUC-3—MWC-2 [Taranun u dp., 2019]; 3 — Trianbraamckoe oOHaKeHME,
p. Busmoit, MUC-4-MUC-3 [Taranun u dp., 2019]; 4 — Xomycrax, Bepxuepumoiick, MIIC-3—MWC-2 (nantbie aBTopoB); 5 —
Tanaunckoe o6Haxkenue, p. Tanna [Opel et al., 2019], MUC-3; 6 — MamonToBa Lopa, p. Angan, MUC-3—-MUC-2; 7 — Vaaxan-
Coipaax, JleHo-Amrunckoe mexaypeube, MUC-2; 8 — 03. Coipaax, Jleno-Amrutckoe mexaypeube, MUC-2 [Popp et al., 2006];
9 — obHakenue Tur-Apsi-1; 10 — o6Haxenue Tut-Apsi-2, [IpuaeHckoe maro, MUC-4—-MUC-3 [Taranun u dp., 2019).

u 0p., 2017]. Haknon nunnu cootHomenus 8D /3180
(3nauyenue cocrasisger 7.11) u nelitepueBslii aKcIlECC
(6.8 = 0.5) yKa3bIBaIOT HA TO, YTO KUCTOUHUKOM (hOP-
MUPOBAHUS JIbJIA SIBJSLINCH aTMOChEPHBIE OCATKY
(Tasiast cHeroBast BOJia), MO/IBEPKEHHbIE OTHOCUTEIb-
HO cJTabbIM MpoIeccaM U30TOITHON TpaHChopMauu
(ucniapennto, cybanuMannn), B yCJoBusix 6oJiee HI3-
KHX TEMIIEPATyp U MAJOMOIIHOTO CHESKHOTO TOKPOBA
IO CPABHEHUTO C COBPEMEHHBIMU.

Kuna, Bexpoitas B 2016 1. (paspes 489), nme-
€T 10 OCPEJHEHHBIM 3HAYEHUAM OoJiee TSKeTbIil
uzoronumlii cocras 8180 = —(27.2 + 1.4) %o, 8D =
=—(215.8 £ 8.5) %o, doy. = (1.7 £ 3.1) %o [[ananum u
dp., 2019] u 6osiee BHICOKYIO BAPUATUBHOCTD 110 CPaB-
HEHUIO ¢ )KUJI0N 13 pa3pesa 052. /lefiTepreBsiii aKc-
1ecc B 4 mpobax us 6 orpuinatesibHblil (cM. puc. 6),
YTO CBUJIETEJBCTBYET O 3HAUUTENBHOM BJIUSHUU TIPO-
1eccoB (PaKIMOHNPOBAHUS HA IEPBUYHBIN N30TOTI-
HBIII CUTHAJ TaJIOU CHETOBOI BOJBI UJIU O TOM, YTO
[pY MOMaaH{ B MOPO300OOHHY0 TPEIINHY Tajast
BOJIa yKe M3HAYATBHO OB CHITBHO NCTOTIEeHA. Y paB-
HeHue perpeccun nmeet Bua 8D = 5925180 — 54.76
(R?=0.99). Ono KapauHaIbHBIM 06Pa30M OTJINYAET-
cs BeChbMa HU3KUMU YTJIOBBIMH KO3 DUIIMeHTaMn
KaK OT COBPEMEHHOTO YPABHEHM: 0CA/IKOB XOJIOTHOTO
ce3oHa SIKyTCKa, TakK U OT JIOKAJIbHOMN JTUHII METeoP-
ubIx Boz SIkyTcka (8D = 7.818'80 — 1.57, R? = 0.99)

[Fananum u dp., 2019]. Bavske BCero K COBPEMEHHBIM
M30TOMHBIM aHasoram uccuenyembix 117KJI okasbia-
I0TCST U30TOIHBIE COCTABbI BECEHHETO CHEro3araca
(8D = 6.855180 — 31.88, R* = 0.99), uTo roBoput 0
6oJiee CyXUX yCJIOBUSIX CAPTAHCKOI 91I0XM 110 CPaBHe-
HUIO C KapPTUHCKOM 3110XO0H TI03/THer0 HeorielcTolie-
Ha, a TaKXKe O MaJION TOJIMNHE CHE;KHOTO TIOKPOBA 1
KpaiiHe HeZIoCTaTOUHOH BIaroo6ecieueHHOCTH KPUO-
rerubix ganamadTos [learpansuoit Axytun [[ana-
num u op., 2019].

B [enTpanpuoit AxyTnnu cuHreHeTnvyeckue
[TKJI nmerot mupokoe pacrpoctpanenue. M3oron-
HBII COCTAB aTHX JIBAOB HanboJIee CXO/IEH ¢ U30TOI-
HBIM COCTaBOM aTMOC(EPHBIX 0CAJKOB 3UMHETO Iie-
puosa roga. CoracHo ganubiM pabor [Laranumn u op.,
2019; Popp et al., 2006; Opel et al., 2019], TTKJI,
(hopMupoBaBiiuecs B 1epPBONl MOJOBUHE TO3/HETO
neonseiicroriena (MU C-4—-MUC-3), nanpumep, B
Tut-Apsi-1, Tut-Apbi-2, ThiaJbraaMcKOM 00HAKEHUN
U Ap., umeloT HanboJiee jerkuil cocras (cM. puc. 6).
¥ sxma Bozpacta MUC-3—-MUC-2 otmeuaeTcs yTs-
JKeJIeHWe U30TOTTHOTO COCTaBa, a y H0JIee MOTOIBIX
IT7KJI, oTHeCeHHDBIX K CapTaHCKOW 9110Xe [103/1Hero
Heorrelicronena (Hanpumep, [IKJI mokorbHo-ak-
kymyassTuBHOU Teppacsl 2016 r., pazpes 489), npo-
cIIeRUBaeTCst HauboJiee TSUKEJbIN COCTaB € SIBHBIMU
MPU3HAKAMY MCIIAPUTENbHOTO (DPAKITMOHUPOBAHMS.
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M.P. IIABJIOBA 1 JIP.

[TonyuyenHas mocae0BaTeIbHOCTD MMOKA3bIBAET, YTO
MIPOMCXOMIIO TOCTETIEHHOE HapacTaHue KOHTUHEH-
TAJbHOCTH U HCCYIIeHNe Kanmarta HaumHas ¢ M1 C-4.
[anee ma npotsskennn MM C-3 u k capraHckoii a1io-
xe (MUC-2) apuaunsamnus kaumara [leaTpanbroit
AxyTun pocTuria MakCuMyma, 4To U [pOsIBUJIOCDH B
YMEHbIIEHUH KOJINYECTBA T'OJ0BLIX aTMOCHhEpPHbIX
0CAJIKOB, B YACTHOCTH, B CHUKEHUH MOIITHOCTH CHEX-
HOTO MOKPOBA, B YBEJIMUYEHNUN POJIU 3UMHETO HCIIape-
HUS U YTSAKEJIEHUH U30TOIHOTO COCTaBa CHero3ara-
COB K HavyaJly BeCeHHeTo cHeroTasgHusd. Bepostho 1o-
3TOMY, HECMOTPST Ha O0JIee XOJIOIHBIE KIUMATHYECKIE
yeaoBust MU C-2 110 cpaBHEHUIO € TIPEbIAYIIEN 3110~
xoi, ITJKJI sToro Bospacra uMeioT 6oJiee TAKebIii
U30TONHBIN cocTaB [[aranun u op., 2019].

BbIBO/IbI

1. @opmupoBaHye JIeJOBOTO KOMILTEKCA, BCKPHI-
TOTO B IIpe/ieIaX TIOKOJIbHO-aKKYMYJIITUBHOH Teppa-
CBI B [IOJINHE P. BUiTioil B HIDKHEM TeYeHUH, TIPOYIC-
XO/IUJIO C KOHIIA KAPTUHCKOI U HA MPOTSI)KEHUU cap-
TAHCKOH 910X B OYeHb CYyXUX U XOJIOJHBIX YCIOBUSIX,
KOr/[a nmpeodiafany JaHamadTbl OTKPBHITOTO THIIA CY-
XUX XOJIOZIHBIX CTeTel ¢ JOMIUHUPOBAHIEM Kcepodut-
HBIX COOOIIECTB, MECTAMU PA3HOTPABHO-3JIAKOBBIX
JIYTOB, & TaK’Ke MeCUYaHBIX TTPOCTPAHCTB, TPAKTUIECKH
JIMIIIEHHBIX PACTUTEIBHOTO MOKpoBa. MecTamu ObLin
Pa3BUTHI TUCTBEHHUYHBIE PEIKOJIEChS], EDPHUKH C Kap-
JIMKOBBIMU BHIaMU Oepes, 0JIbXOBHUKA U WB.

2. Huskaa munepamusaius (0.07-0.29 r/am?) n
npeobJjaganue TUApoKapOoHaTa KaJbIlid B Mpodax
JIbJIa CBU/IETEBCTBYIOT O TOM, UTO OCHOBHBIM MCTOY-
nukoM dopmuposanus [IKJI asasaucs armocdep-
HbIE OCA/IKV 3UMHETO MTEPUO/IA TO/[A — TAJIasi CHEroBast
Bosia. OTHOCHUTETHHO BBICOKOE COJIEPIKAHUE TSIMKEJIbIX
MeTaJIoB (JKesie3a, Maprania, BaHaus, CTPOHIIUs,
KODAIbTa) B UCCJEOBAHHBIX 0OPA3IIax Jibjla TOBOPUT
0 KHCJIO# riieeBaToil 00CTaHOBKE IIPU ero (GopMUpo-
BaHUU U BO3MOKHOM HEOOJIBIIIOM YYACTUN BOJ MEJI-
KHX [TPOMEP3AOIIUX 03€P U OOJIOT, TPUYPOUEHHBIX K
MOJTUTOHAJILHOMY pesibedy, B (hOpMUPOBAHWH KU
B 1o xe Bpewms, COTJIACHO TIOJyUYeHHBIM IaHHBIM, B
opmuposannu [17KJ] ygacTBOBaM HaIMEP3JTOTHBIE
BOJIBI MAJIOI MITHEPAJIN3AIINN.

3. [loBTOPHO->KUJIbHBIE JIb/(bI, BCKPBITBIE B IIPe-
Jiesiax 1OKOJIbHO-aKKYMYJISITUBHON T€PPACHI, IMEIOT
OTHOCUTEJIBHO JIETKUI U30TOTHBIN COCTaB, KOTOPHI
BeEChMA CXOJK C OCAIKAMU XOJOIHOTO Ce30Ha Tojia
AxyTceka (mast sxkuabl u3 paspesa 052) 1 BeceHHETO
cHerozanaca (s )kujisl 13 pazpesa 489). [lonyuen-
HbIe JJAaHHBIE CBUETEIbCTBYIOT O CYXUX YCJIOBUSX,
MaJIOif TOJIIUHE CHEKHOTO TTOKPOBA U KpaliHe Heslo-
CTaTOYHOH BJIaroo6ecneyeHHOCTH KPHOTEHHBIX JIaH -
madToB Ilentpanbroit Axyrtun. /leiitepuessrii akc-
[eCC YKa3bIBAET Ha TO, YTO TIPU 0OPA3OBAHUH JIBIOB
npeobIaiany ucrapuTeabHble mporecchl. 13 ananu-
32 M30TOIHBIX COCTABOB [[BYX OTHOCHUTEJBHO PSIIOM
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PACIIOJIOJKEHHBIX JKUJI CJAEAYET, YTO OHU (DOPMUPO-
BAJINCDH B Pa3Hble BPEMEHHBIE TPOMEKYTKH MO3/THETO
HEOILJIeICTOIeHA.

Baazooaprnocmu. Asmopul 6aazodapsim compyo-
nuxos UM3 CO PAH U.B. Knumosy, I''U. [llanowmnu-
kosa, O.B. Illenenesy u JI.FO. bouyosy 3a nomowp 8
BLINOIHEHUU AHATUMUYECKUX PAGOT.

Hccaedosanue evinonneno npu noddepicke nay-
no-uccaedosamennckozo npoexma Ne 122011800064-9
“Cmpoenue u Knouegvle Smanvl 60OUUU KOHMUHEH -
MAanoHOU KPUOIUMO3OHL 8 HEONLEUCTNOUeHEe U 2010+
uene”.
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