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B kapOoOHATHBIX 0CaIOYHBIX IMOPOAAX U B PACCETHHOM OPTaHUYECKOM BEILECTBE YePHOPEUCHCKOM CBUTHI
nokeM6pus Mrapckoro momHSTHSI YCTaAHOBJIEHA BICOKOAMILIUTYIHAS (10 +12.4%0) noNnoXuTeIbHast aHO-
mamust 83C, oxBaTeIBalOLIAsl MHTEPBAJ pa3pe3a MOIIHOCTBIO Goee 500 M. Bapuaiun KpuBbIX 8‘3CKap6 u
813C0pr CUHXPOHHBI U HE 3aBUCST OT YCJIOBUI (hOPMUPOBAHUST U3BECTHSIKOB, KOTOPbIE HAaKAIJIUBAJIUCh
B Pa3JIMYHBIX YaCTSIX KAPOOHATHOTO pamMIia. MI30TOMHBII COCTAaB KMCIOPOAAa U MHbIE TEOXUMUYECKUE KPU-
TepUM YKa3bIBAIOT HAa HE3HAYUTEIbHOE BIMSTHUE MOCTCEAMMEHTAIIMOHHBIX U3MEHEHHMI W XOPOIIYIO CO-
XpPaHHOCTb M30TOIHBIX cucteM. Mcxonst U3 Bapumaliuii cogepXXaHUi MajiblX 3JIEMEHTOB B KapOOHATHOM
dbpakimu, B CTpaTOTUTTMYECKOM pa3pese YepHOPEUEHCKOM CBUTHI YePEIyIOTCS MHTePBaIbl, (hOPMUPOBAB-
LI1ecs] BAHOKCUYECKMX U B 00JIee OKCUTEHHbBIX YCJIOBUSIX, YTO TAKXKE HE BJIMSLIO Ha U30TOIMHbII COCTaB yr-
snepona. [TokazaHo, 4TO U3BECTHSIKM, OOHaXalomuecs Ha o. [TmaxuHcKuit 1 comepskalire oOMIbHbIE TeK-
ctypsl molar-tooth, 1o cBoeMy XMUMHUYECKOMY U U30TOITHOMY COCTaBY TaKXKe OTHOCSITCSI K YepHOPEUYEHCKOI
CBUTE. Begomﬁoﬁ IIPUYMHON KPYITHOI ITOIOXUTeNbHOI aHoMamnu &'3C sBigercs T1o6atbHbIH TeULIUT
nzoTomna “C B maseookeaHe n3-3a HAKOTUICHUSI METAHTHIPATOB U 3aXOPOHEHHST HEOKHUCIICHHO OPraHMKIL.
MuHuMaNbHBIC 3HAYCHUST OTHOIICHUS 87Sr/%Sr TSI YepHOPEYEHCKOM CcBUTHI cocTaBiistioT 0.7074, uro B
COYETAaHUU C APYTMMHU F€OXPOHOJIOTUYECKUMHU U CTpATUTpahUIeCKUMU JaHHBIMU ITO3BOJISIET OTHOCUTD €€
K HIDKHEMY 3IMaKapuIio/HIDKHeMY BeHny (635—580 mutH net). bamkaitinuMm ctpaturpaduyecKuM aHaio-
TOM YePHOPEUEHCKOI CBUTHI SIBJISIIOTCS OTJIOKEHUS! TaJlbHeTalrMHCKOM cepuu [TaToMcKoro paiioHa u co-
IOCTaBJIsIeMble ¢ Hel ToMmM Ha rore CuGUpCcKoil TaT®opMBbl, a TII00ABHBIN XapaKTep YCTaHOBJIEHHOM
MOJIOXUTENbHOM aHoManuK 8'2C Mo3BoJIsIeT KOppeIUpoBaTh ee ¢ OMHOBO3PACTHBIMU C-M30TOITHBIMH CO-
OBITUSIMU APYTUX PETUOHOB Mmpa.

Karouesnie cnosa: aguakapuii, BeH, reoxumus n3orornos C, O u Sr, xemocTtparurpadust, Cubupckas raT-
dopma, Urapckoe mogHsTHE.

DOI: 10.31857/50024497X23700088, EDN: BWGMIW

Dauakapuii (635—539 MutH j1eT) MexXayHapOaHO
xpoHocTparurpadudeckoit mkanel [Geological ...,
2020] n 6;m3KMii K HeMy I10 BO3pacTHOMY IMAaIla30HY
BeHn OOmiei crparturpadmyeckoit mkairsl Poccum
(640—530 MJIH JIET) B €r0 YTOYHEHHOM NMOHUMAaHUU
[CemuxatoB u np., 2015; Grazhdankin et al., 2020]
XapaKTepU3yIoTCs HanboJiee BEICOKOAMIUTUTYTHBIMU

U TJ106aJIbHO MPOCIECXKUBAeMbIMU BapUALIASIMU N30~
TOIMTHOTO COCTaBa yrjiepojaa B 0CaJOYHbIX KapOOHAT-
HBIX ITOpOJAax B reojormuyeckoit ucropuu. Ilpouc-
XOXIEeHUE KaK IOJIOXKUTEIbHBIX, TAK U OTPULIATEIb-
HBIX aHOMAaJIMii B OTJIOXEHMSX 3TOro BoO3pacTa
HECKOJIBKO ICCATUIETUI SIBIIIETCI MPEAMETOM 00-
IIMPHBIX TUCcKyccuii [Magaritz et al., 1986; ITokpos-
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ckuit, MmwuccapxeBckmii, 1993; Kaufman, Knoll,
1995; Walter et al., 2000; Halverson et al., 2010; Xiao
et al., 2016; [TokpoBckuii u ap., 2021 ¥ CCBIIKY B pa-
oorax]. HecMoTpsg Ha 3T0, BBIpakeHHBIE 3KCKYPCHI
kpuBbIX 0*C B IO3IHENOKEMOPHUIICKMX KapOOHAaT-
HBIX TOJIIIAX JABHO U IIUPOKO UCTIOIb3YIOTCS IIJIsI pe-
TMOHAJILHBIX U IIOOAIbHBIX Koppesiiuii. He MeHbl1ee
3HAYEHUE I 3TOTO UMEIOT BapyUallid OTHOIICHUS
87Sr/%Sr, mpoucxoxkIeHUEe KOTOPBHIX CBSI3bIBAETCS
C I00ANBHBIMIA TEKTOHWYECKUMU HUKIaMU [Xiao
et al., 2016; Kuznetsov et al., 2017].

Ha Cubupckoii miatdopme Io3aHEI0KeMOpuii-
CKUe KapOOHATHBIE TOJIINY C aHOMAJIbHO-TSKEJIbIM
(8"C o +8...+10%0) N30TOMHBIM COCTABOM YIJIEPO-
Jla U3BECTHHI INIABHBIM 00pa3oM B pa3pe3ax €€ IoxK-
Hoit mepndepun: B [1pubaiikanpe [Xadapos, [loHo-
mapuyk, 2005], Ha ITatomckom Haropbe [ITokpoB-
ckuii u ap., 2006a, 2021; ITokposckuii, byskaiire,
2015], B Omomo-Maiickom mporuode [CeMuxaTtoB n
ap., 2004], a Takke Ha XapayJlaxCKOM MOIHSITUM,
pacIiojIOXKEHHOM Ha CEeBEpPO-BOCTOYHOI OKpauHe
Cubupckoit 1atrdopmbl [Xabapos, M3zox, 2014].
MeHee aMIUIMTYAHbIE TMOJOXUTEIbHBIC aHOMAIUU
OIM3KOTrOo BoO3pacTa ycTaHOBJIeHbI B IlpucasiHbe
[Kaufman et al., 2011], Ha OJeHEKCKOM MOTHITHUHA
[Knoll et al., 1995] u Bo BHyTpeHHUX paiioHax Cu-
oupckoii tutatgopmel [ KouneB u np., 2018]. Bo3pact
9TUX CTpaTUrpadUIecKux Imoapa3aeaeHnii Ha OCHO-
BE PETUOHAIBHBIX KOPPEJSLIUMMA, IPYTUX XEMOCTPATH-
rpaUIecKux HaHHBIX, HaJCOHTOJIOIMYECKMX HaX0-
ok, a Takxke U-Pb u Pb-Pb matnpoBoK 110 06;10M0U-
HBIM LIUPKOHAM U HETIOCPEACTBEHHO IO OCaTOYHbIM
KapOoHaTaM MOXET OBITb OILIEHEH B WHTepBaje
635—580 mutH et [I[TokpoBckuit u np., 2006a; Bo-
poobneBa u ap., 2008; I'onybkoBa u np., 2010; Yyma-
KoB U 1p., 2013; Rud’ko et al., 2021], 4yTo mmo3BOJISIET
OTHOCHUTB MX K HIKHeMy BeHOy OOIIeil cTpaTurpa-
duyeckoil mKaabl B €€ yTouHeHHOM [CeMUxaToB U
Ip., 2015] BapuaHTe.

B Hactosmeit pabote npencTaBieHbl pe3yabTaThl
FeOXMMUYECKMX W W3O0TOMHBIX MUCCIEeNOBaHUN W3-
BECTHSIKOB UYEPHOPEUYEHCKOI CBUTBHI TO3JHETO J0-
keMOpuss Mrapckoro momHSITUSI, TOe OOHapy>KeHBI
MOPOIbI C AHOMAJIBHO-BBICOKMMU 3HaYeHusaAMu &3C.
ITonyyeHHbIE C TOMOIIBIO KOMILIEKCA COBPEMEHHBIX
METO/OB, OHU ITTO3BOJISIIOT CYIIECTBEHHO YTOUHMTH
BO3PAacT, PETMOHAIIBbHYIO U ITI00aJIbHYI0 KOPPEJISILIAIO
9TO# TOJIIM, a TaKXKe cleaaTh MPenrnogoXeHus OT-
HOCUTENLHO MPUYUH TTPOUCXOXIEHUST KPYITHOU Mo-
3UTUBHOM anoMauK 83C B OTJIIOXKEHUSIX STOTO CTpa-
TUrparUIecKoro ypoBHsI.

I'EOJIOTMYECKOE CTPOEHUE
N CTPATUTPADOUA

HMrapckoe nmogHsSITUE, paCOJI0XEHHOE Ha CEBEPO-
3anmagHoi okpanHe CHOUPCKOI MIaThOpPMBI, Ipea-
craBisieT coboit kpymnHyio (130 X 40 kM) moJioXu-
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TEJIBbHYIO CTPYKTYPY MEPUIMOHAIBHOIO IIPOCTUPAHUSI
(puc. 1), B mpenesax KOTOpPOU IMPOKO pacrpo-
CTpaHEHbI BYJIKAHOTCHHO-0CaA0YHbIe 00pa30BaHUSI
mo3mHero 1okeMOpusi. K BOCTOKY 3TH TOMIIIH ITOCTE-
MEHHO MOTPYKAI0TCH MO MaJe030MCKUIM OCaTOYHbIA
yexoJ1 I1aTopMbl, a Ha 3aIiajie IepeKPhIThl Me3030ii-
CKMMH OTJIOXeHUIMM 3arnagHo-CHOMPCKOM IIUTEL.
PekoHCTpyKIIMS OCagoYHOI II0CIEA0BaTEeIbHOCTHU
3aTpyqHeHa MHTEHCUBHBIMM CKJIaI4aThIMUA U COBU-
TOBBIMU nedopManmsIMHU, a TakKXKe ciaaboil oOHa-
KEHHOCTbBIO, KOTOpasl COCPENOTOUYECHA BIOJIb OEperoB
KpYITHBIX peK. ITociienHee 06CTOSATEIbCTBO YACTUIHO
BOCITIOJTHSIETCST MH(OpMALIMEN 1TO0 KOJIOHKOBBIM CKBa-
xuHaM [KoznoB u np., 1988, 1992]. B coueranuu c
HEJOCTAaTKOM KOHOWUIIMOHHBIX ITaHHBLIX O BO3pacTe
OTJIOKEHMI1, TaKasl CHTyalusl OOyCIOBMJIa BE€ChbMa
IIMPOKUIA CIEKTP B3IISAOB Ha CTpaTurpaduio n0-
kemMOpust Urapckoro mogHsTHS (CM. 0030p B paboTe
[Crpaturpacus ..., 2005]).

B Hacrogmieit paboTe mpuHSTa cxemMa pacuicHe-
HUS pa3pesa, oTpaxkeHHas B jiereHae ['ocymapcTBeH-
HOI Treojiormueckoii Kapthl [Ieomoruyeckas ...,
1984], nmomojiHeHHAas1 HOETAJIbHBIMUA OIMCAHUSIMU
OonopHBIX pa3pe3oB [KosmoB u np., 1992] 1 HOBEIMU
IaHHBIMU O Bo3pacTte oTioxeHuil [Kochnev et al.,
2022] (em. puc. 1B). ComtacHO 3TUM MOCTPOCHUSIM,
YepHOPEUYEeHCKAasI CBUTA C pa3MbIBOM B OCHOBaHHU
3ajieraeT Ha pas3jIMYHBbIX CTpaTUTrpapUIecKuX ypoB-
HSIX BEpPXOB CpeoHEero — BepxHero pudes. MuHU-
MaibHBIE U-Pb Bo3pacThl 00 JOMOYHBIX IIMPKOHOB N3
MOACTWIAIONINX YEPHOPEUCHCKYIO CBUTY IeCUaHU-
KOB T'YOMHCKOI CBUTHI COCTaBIISIOT 716 & 10 MJIH JIeT,
4yTO B coueTtaHuu ¢ Pb-Pb garuposkoii 610 £ 50 muiH
JIET U3 U3BECTHSIKOB YEPHOPEUYESHCKOM CBUTHI TTO3BO-
JISIET OTPAaHNYUTh €€ MaKCUMaJIbHBII BO3PAacT KaK ca-
MBIt mo3ganit pndeii—BeHn [Kochnev et al., 2022].
HauboJiee moHBINA CTpaTOTUIIMUECKUI pa3pe3 yep-
HOPEYEHCKOII CBUTHI OOHAXaeTCs B CpemHEM WU
HU>XHEeM TedeHHH p. YepHas B 7—15 KM OT yCThd
(o6H. 1817—1825, cM. puc. 16, 2). Kpome Toro, ot-
JIelIbHble (parMeHThl pa3pe3a u3ydyaluch HaMU B
HikHeM TedeHuu p. Cyxapuxa (06H. 1804—1805), mo
npaBomy oepery p. EHuceit B 4 kM Hike ycThbs p. Cy-
xapuxa (00H. 1814) u Ha octpoBe [TnaxuHckuii B 50 kKM
K ceBepy oT noc. Urapka (o6H. 2005) (cM. puc. 16).
Takke WCIIOAB30BaHBl MaHHBIC HAIIMX IIpele-
CTBEHHMKOB N0 cKBaxuHaM [[ecojormyeckas ...,
1984; KoznoB u np., 1992; Crpaturpacdus ..., 2005].
B TunoBoM paspese o p. UepHast yepHOpeueHcKas
cBUTa pasnessercs Ha 5 mavyek [KosnoB u np., 1992]
(cMm. puc. 2).

BaszanbHbIe c10M YepHOPEUYEHCKOI CBUTHI HAOITIO-
Jaluch HaMu B oOHaxeHuu 1814 (67.16766° c..,
86.71045° B.1.), e OHU MPEACTaBIEHbBI KOHITIOOpEK-
YUSIMU ¢ OOJIOMKAMU ITOACTUIIAIOIINX TTIOPOJ I'yOUH-
CKOM CBUTBI B IleCYaHO-KapOOHATHOM MaTpUKCe
(cM. puc. 106, 2, 3a). Bepx mo pa3pe3y coaep>kaHue
rpy60006I0MOYHOM IPUMECH U JOJIOMUTOBOTO KOM-
IMOHEHTa B MaTpPUKCe OBICTPO CHUKACTCS, 1 OCHOB-
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Puc. 1. O630pHas Kapra (a), cxema reoJJormueckoro CTpOeHMs M pacrioyIoKeHWsI U3yYeHHBIX pa3pe30oB, COCTaBJeHHAsI 110 Ma-
tepuanaM [[eonornueckas ..., 1984] (6), npuHsitas B paboTe cTpaturpadudeckas cxema 1okeMOpuiickux otnoxeHuit Mrap-

CKOT'O MOIHATUS (B).

a — 1—6 — MecTOoMnoJIOXeHUE pa3pe30B BeH 1A, YIIOMSHYTHIX B TeKcTe: 1 — Mirapckoe momHsitue, 2 — buptocuHckoe [pucasiHbe,
3 — IIpubaiikanse, 4 — IMatomckoe Haropbe (YpuHckoe noaHsaTue), 5 — KOmomo-Maiickuii mporu6, 6 — XapayaaxckKoe moi-

HATUC.

B — cokpaiteHus: MXII — MexnyHapomaHast XxpoHocTpaTurpadudeckas mkaina, OCIHIP — O6mias crpaturpacduveckas mmKa-
na Poccum, keMOp. — KeMOpuii, anuaKap. — daMaKapuii, TeppeH. — TeppeHYBCKUA, (popT. — GOPTYHCKUIA, TOM. — TOMMOTCKMUIA.

TeoxpoHosiornueckue 1aTupoBKU npuBeneHsl o [ Kochnev et al., 2022].
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Cks. C-19
|Ko3znoB
u ap., 1992]

p. Enuceit

p. Cyxapuxa
B palioHe U3JTyYMHbI
(06H. 1804—1805)

p. YepHas
Huke pyyd. [Ipsmoif
(o6H. 1817,
1820—1825)

[Tauka
Csurta

M3nyunHcKast

p. YepHnas
BhIlIe pyd. [Ipsmoii
(o6H. 1818, 1819)

YUepHopeueHCcKas

4 KM HUXE YCThsI
p. Cyxapuxa
(o6H. 1814)

Puc. 2. Koppensiuusi pa3pe3oB 4epHOPEUEHCKOIT CBUTHI B cTpaToTUNIMYeCKOM paiioHe (peku YepHasi, Enuceit, Cyxapuxa).

gb|
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PacnionoxxeHue pa3pe3oB cM. puc. 10; gb — ryGuHcKast CBUTA; LIBETa MayeK Ha PUCYHKE MPUOIMKEHBI K eCTECTBEHHOM OKpacke

nopof.
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278 KOYHEB u np.

HOIT 00BeM TTauykM 1, MMeroIIeit OOIIyI0 MOIITHOCTh
130 M 1 HanOoee MOJTHO BCKPBITOM B CKB. C-19 Ha p.
Yepnas [KosznoB u np., 1992] npeacrasieH INIMHU-
CTO-aJIECBPUTUCTBIMU U3BECTHSIKAMU, MEpPrejssMu U
U3BECTKOBUCTHIMU NapajlJiIeIbHO- U BOJTHUCTO-CJIOU -
CTBIMU aJIeBpOJUTaMU (CM. puc. 2).

Bropast mauyka 4epHOpPEYEeHCKO CBUTHI MOIITHO-
cThio 250 M TTOJTHOCTBHIO OOHaxkeHa mo p. YepHas
BbIIIIe YCThsI pyd. [Ipsimoii (o6H. 1818—1819; cM. puc. 16,
2; ocHOBaHMe paspesa 67.37504° c.u1., 86.79731° B.1.),
IIe cjlaraeT BOCTOYHOE KPBUIO KPYITHOW aHTUKIIHM-
HajbHOM ckitanku [Kosnos u ap., 1992]. ITauka cio-
KeHa CEepOIBETHBIMU M3BECTHSIKAMHU C IIPUMECHIO
CUIMKOKJIIacTUdeckoro Marepuaia (10— 20%) aneB-
pUTOBO-TIeCYaHoli pazMepHocTu. B nmutndax npeoodia-
AT KaJbKapeHUTOBBIE, MEJIKOOOJIOMOYHEIE, peXe
OOJIMTOBHIE (CM. pUC. 33X) pa3HOCTU. MaKpOCKOIT1-
yecKM HaOJrogaeTcsl TpaJalluoOHHasl, JIMH30BUIHAS,
Oyropuyatasl, pexxe OTHO- M pa3HOHAaMpaBJIeHHAasT KO-
casl CJIONCTOCTD C aMIUTUTYIOM OTIETbHBIX KOCHIX Ce-
puii 1 MOIITHOCTBIO HUKJIOB OT 5—7 no 30—40 cM; pa3-
HOOOpa3HbBIe TEKCTyphl oIog3aHust (cMm. puc. 30),
CJIETIKM TIPOMOMH; B OTHEITBHBIX CIIOSIX BCTPEJaIOTCs
TLUIACTOBBIE CTPOMATONUTHI (OMoIaMUHUTHI). [lepe-
XOJIbI K BBIIIE- U HUXKeJeXKallluM OTJIOXEHUSIM Mayek
1 u 3 BeIpaXkeHBI B YBETMUICHUM CONEPKaHUS TEPPH-
reHHOM MTpUMeCH U B MOSIBJIEHUU 60Jiee TOHKOTLJIUT-
YyaTbIX pa3HOCTEN.

Tpetbsi u yeTBepTasi Mayku OOHaXXeHbI 110 p. Yep-
Has HIKe ycThs pyd. Ilpsimoii B 06H. 1817 (ocHOBa-
HUe paspe3a 67.37588° c.ii1., 86.76619° B.11.), KOTOPLIiA
HaJCTpauBaeTcsl B PacIiojOKEHHBIX BHU3 TIO Teue-
Huto p. YepHasa ooHaxkeHusix 1820—1823 (cm. puc. 10, 2).
B cocraBe TpeTheil mayku mpeoodsagaloT TEMHO-Ce-
pble 1 YepHble MACCUBHbIE U TLIMTYATHIE 10 JIMCTOBA-
ThIX, IJIMHUCTbIE W aJIEBPUTUCTbIE W3BECTHSIKU U
Mepreyiu, 10 U3BECTKOBUCTHIX apryuiuToB. I1peo6-
JlanaeT TOHKasl nmapajjeiabHasi, TI0JIOro-BOJHUCTAs U
OyropuyaTtasi CJIOWCTOCTb, 3a4acTylO OCJIOXHEHHas
M30KJIMHAJIBHBIMU U OoJiee CIOXHBIMU CKJIaIKaMMU
JIeMMEeTPOBOro U METpOBOro Maciitabda, 4yacTb U3
KOTOPBIX, BO3MOXHO, MMEET CUHCEAMMEHTAI[MOH-
HyI0 ipupoay (cM. puc. 3B). OTMevaroTcs OTaeIbHbIE
MPOCJIONU MOIIHOCTBIO A0 10 cM MepeKpucTaiu3o-
BaHHbBIX U3BECTHSIKOB C TOHKOW BEPTUKAJIbHON OT-
JIeJILHOCTBIO (“IIecToBaThie M3BeCTHIKU — [K03710B
u ap., 1992]). MoutHocTh TpeThell Maykyu — OKOJIO
170 m.

YerBepras mayka MomIHocThIo 115—120 M cioxe-
Ha CepOLIBETHBIMU, MPEUMYILIECTBEHHO MaCCHUBHBI-
MU 1 TOJICTOIIUTYATEIMU M3BeCTHSIKaMU. [1peo6ia-
IalOT MUKPUTOBBIC, KaJTbKapeHUTOBBIE M MHTPAKIIA-
CTOBbIE M3BECTHSIKU C JIMH30BUIHOI 1 Oyropuaroii
CJIOMCTOCTRIO. BcTpedaroTcss MHTpaKIacTOBBIE pa3-
HOCTH (CM. puc. 31), B TOHKOIUIMTYATHIX TTIMHUCTHIX
U3BECTHSIKaX OTMEUEHBI TPELIMHBI CUHepe3nca (CM.
puc. 3r), uHOrma HaGIIoZaeTCs TOHKasl BOJHUCTAS
061OJITaMIMHUTOBAS CJIOUCTOCTb.

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

ITsrasg mayka MonrHoCTEIO 10 180 M BBUIY IIpeo0-
JIalaHUsl B €€ COCTaBe HEYCTOMYMBBIX K BHIBETpUBA-
HUIO TJIMHUCTHIX ITOPOI IIJIOXO OOHaXXeHa B ecTe-
CTBEHHBIX pa3pe3ax, 4YTO OTYACTU BOCHOJIHSETCS
JTaHHBIMM KOJIOHKOBOTO OypeHusi [KoznoB m np.,
1988, 1992]. B HmxHeM TeueHnu p. YepHast oOHaKe-
HBI TOJBKO BepxHue 30—40 M 3Toi mauku, Tie mpeoo-
JIaIaloT cepble 1 3eJIeHOBATO-Cephbie TOHKO- Iapaj-
JIEIbHO-CJIOUCThIE M3BECTKOBUCTBIC aJIEBPOJUTHI U
MEPIen C OTAEIbHBIMU IIPOCIOSMU TTIMHUCTHIX W3-
BECTHSIKOB. KOHTakT MeXay 4epHOpPEYEHCKOI CBU-
TOM U NEPEKPHIBAIONIEH €€ U3JIYYUHCKOU CBUTOMN Ha-
OJrromasicst HaM| B IByX oOHaxkeHUsX: Ha p. Cyxapmxa
B paiioHe ee ceBepHOM wu3MydyuHbl (00H. 1805;
67.24343° c.1m1., 86.87489° B.11.) m o p. YUepHas B 3 KM
HIKe ycThs pyd. [Tpssmoit (o6H. 1825; 67.38821° c.1u1.,
86.76122° B.n.) (cMm. puc. 16, 2). YeTkoit rpaHUIIbI
MEXAy CBUTaMM HET, U HAOIOJAETCS ITOCTEIIEHHBIA
Iepexo, KOTOPhI CHIU3Y BBEPX I10 pa3pe3y BhIPakeH
B CMEHE CEPOLIBETHOM OKpackKu MOpOoJA Ha KpacHO-
LIBETHYIO, aJIECBPUTOBOI pa3MEPHOCTU 00JIOMOYHOTO
MaTepHrayia Ha IeCYaHyIO0 U B YMEHbBIICHUM JOIU 13-
BECTKOBOI'O MaTepuajia, KOTOPbIii B HU3aX U3JIyYUH-
CKOM CBUTHI JJOKAJIM30BAH B BUJE OTAEJIbHBIX Majlo-
MolIHBIX (1—10 cM) mpocnoeB M JIUH3, CIOXEHHBIX
KEJITOBAaTO-CEPbIMU CUJIbHO DIIMHUCTBIMU U Mecya-
HUCTBIMM U3BECTHSIKAMU. MOIIHOCTh IEPEXOTHOTO
MHTEepBaJia coctaBisieT 15—20 M, a cyMMapHasi MOIII-
HOCTb YEPHOPEYEHCKOI CBUTHI B TUIIOBOM pa3pe3e
(puc. 4) cocrapnsieT He MmeHee 800—850 M. M3nyynH-
cKast cBuTa MoIHOCTHRIO 1o 800—1000 M, citoxkeHHas
KPaCHOLBETHBIMM TI€CYaHUKAMU 1 aJIEBPOJIUTAMU C
OTIEJIbHBIMU TOPU30HTAaMU KOHIJIOMEPATOB, B CBOIO
oyepenb COITIACHO MEePEKPhIBACTCS CyXapUXWHCKOM
CBUTOM MOIIHOCTBIO 650 M, comepxKalleil B BepxHei
YacTh OKAMEHEJIOCTU KemOpuliickoro Bo3pactra [Kou-
chinsky et al., 2007].

Bropoii n3ydeHHBII HAMU pa3pe3 paciojIoXeH Ha
o. ITmaxuHckuit Ha p. EHmceii (06H. 2005 (cM. puc. 106);
OoCHOBaHHUe paspesa 67.81381° c.ur., 86.50103° B.1.),
I1e U3BECTHSIKN YePHOPEUEHCKOM CBUTHI, 1e(DOPMU-
pOBaHHBIE Cepuell CKIamoK, OOHaXXeHbl B BEpXHEH
yacTtu octpoBa [KosznoB u np., 1988]. B otinuue ot
cTpaTtoTuna, paspe3 o. IlnaxuHckuii (puc. 5) Me-
Hee pa3HOOOpPa3HbIi 10 JIMTOJOTMYECKOMY COCTaBY:
B HEM JTOMMHUPYIOT TEMHO-CEpPHIE, 1O YePHBIX IJIH-
HHUCTBIe MUKPUTOBBIE N3BeCcTHSAKM. [Ipeobdnamaer ma-
pajliesibHasi, TI0JIOrO-BOJIHUCTAsI U Oyropuaras cJou-
CTOCTh. XapaKTepHOII 0COOEHHOCThIO, HE OTMEUEH-
HOM B TIPENbIAyIIMX padoTax, SBISIETCS IIMPOKOE
(He meHee 70—80% oT M3ydeHHOTO pa3pesa) pacipo-
CTpaHEHME TEKCTyp “KopeHHOoro 3yba” (molar-tooth
structures), Hau0OJee XOPOIIIO MPOSIBJICHHBIX HAa BbI-
BETPEJIBIX MOBEPXHOCTSIX U OPUEHTUPOBAHHBIX KakK
BIIOJIb, TaK U IIOIIEPEK CIOUCTOCTA. OHM IpeacTaB-
JISTIOT COOO¥ CMCTEMBI TPEIIMH 1 CKJIATOK Pa3IndHO-
ro (OT HECKOJIbKUX MM JI0 TEPBBIX AECSITKOB CM) Mac-
mTaba, BHIITOJIHEHHBIX MUKPOCIIAPUTOBBIM KaIbIIH-
TOM, KOTOPBIE B Pa3IMIHOI CTEIIEH! Ae(hOpMUPYIOT
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Puc. 3. HekoTopble xapakTepHbIe TUTOTUIIBI YEPHOPEYEHCKOM CBUTHI.

a — GazajibHbIe KOHIJIOOpEKYMU B HU3aX 1 mauyku ¢ 006JIOMKaMM KPaCHOILIBETHBIX ITIECYAHUKOB U aJIeBPOJIUTOB I'YOUMHCKOI CBU-
ThI, OOH. 1814, p. EHucCeit; 6 — 06I0MOUHBIE M3BECTHSAKY 2 MTAYKU C TEKCTypaMHM OIOJI3aHusI ocanka, ooH. 1819, p. UepHas; B —
CJIOXKHAsI CKJIAYaTOCTh B U3BECTHSIKaxX Mavyku 3, ooH. 1820, p. YepHasi; r — TpelMHbI CUHEepe3rca B INTMHUCTBIX U3BECTHSIKAX
4 nauyku, o6OH. 1822, p. YepHasi; 1 — MU3BECTHSIKOBBIC IUIOCKOTaJIeYHbIE KOHIJIOMEPAThI C KaJIbKaPEHUTOBBIM LIEMEHTOM, 4 May-
Ka, oO0H. 1822, p. YUepHas; e — TeKcTypsl molar-tooth Ha BEIBETpEIOM TIOTIEPEYHOM CEUYeHUM CJI0ST M3BecTHsIKa, oOH. 2005,
o. [naxuHCcKmii; XK, 3 — MUKPOCTPYKTYPbl U3BECTHSIKOB B NeTporpaduyeckux uuindax (K — OOJIMTOBbIM U3BECTHSIK, MavyKa 2,
0o6p. 1819-20, p. YepHasi, 3 — MUKPOCITapUTOBOE BHITIOJTHEHUE TEKCTYp molar-tooth B kKapooHaTHOM Matpukce, oop. 2005-31,
o. [MnaxuHCcKMiA).

JIUTOJIOTUA U INTOJIE3SHBIE UCKOITAEMBIE  Ne 3 2023



280 KOYHEB u gp.

8751./8(1514
813C,y, V-PDB Corgs % 85Coe V-PDB & & £ &
—6-4-20 24 6 81012 0 0.1 02 03-30 —28 —26 —24 — = = =
v )
; v .{ =] L 2
A4 4
® ]
b4 ® ] ®
v
v | L 4 A
v )2 [ ¢ A A
" o ] L £ 4
\v4 @
v e =
v ®
Vy 1 A
Vi w
?
< ] o
vv ) o <& A
wv
n A
Yy L 4
2 2 A
v eV
L L
19-1509 T @ T 61 A
19—13 ’
®
v [ . R L 2
4 .
} R
v =] A
@
v |V u ¢ 100 M
by T *

18 20 22 24 26
5'%0, V-SMOW

Puc. 4. CBoaHbIi pa3pe3 U U30TOIMHO-TEOXMMUUYECKHE XapaKTEPUCTUKN YEPHOPEUESHCKOM CBUTHI CTPATOTUITMUYECKOTO paiioHa.
MHOeKChl CBUT: iz — M3IydYnHCKast, chr — yepHOpedeHcKast, gb — ryOMHCcKasl.
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Puc. 5. JIutonornyeckasi KOJIOHKAa, MU30TOITHBIN COCTaB
KapOOHATHOTO yIJIepoaa M KMCJIOPO/ia U3BECTHSIKOB Yep-
HOpedeHCKoM cBUTHI B paspesde 2005 (o. InaxuHcKMii,
p. Enuceit).
13

1 — 3Hauenns 6 °C (a — BajoBasi mpoba, 6 — MUKpPOCIIa-
PUTOBBII KaJIBLIUT, BBITTOJIHSIONINNA TPEIIMHBI B TEKCTY-
pax molar-tooth, 8 — MaTpUKC, BMEIIAOIINI TPEITUHBI).

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 3

NEepBUYHYIO CJIOMCTOCTh ocaaka (cMm. puc. 3e, 33).
B usyyeHHOM HeTmpepbIBHOM (parMeHTe paspesa
MOIITHOCTBIO 173 M (momollIBa M KPOBJISI CBUTHI 3[IECh
He OOHaXXeHBI) HEe BBIIEISIETCS CKOJIBKO-HUOYIb OT-
YETJUBBIX MAapPKUPYIOIINX TOPU30HTOB, ITO3TOMY
Koppensaus pa3pesa o. [lmaxuHCKuil co cTpaToTU-
IIOM BO3MOXKHA JIUIIHh B CAMOM OOILIEM BUIE U JIMIID C
HCIIOIb30BaHUEM XeMOCTpaTUTpadpuIeCcKNX JaHHbBIX,
NpUBEACHHBIX HIKE.

[Mpenpiaympe TaHHBIE O BO3pacTe YepHOPEUYCH-
CKOIf CBUTHI BKJIFOYAIOT B ce0ST OOIMMPHBIE CIMCKHU
MmukpoduronutoB [KoznoB u np., 1992], He umero-
IMUX Ha CETONHSIIHUN IeHb CTpaTUTPadUIeCKOro
3HadeHMUsA. Ha ocHOBaHMU 3TMX TAHHBIX U OOIIETO
CXOIICTBA COCTaBa, YEPHOPEUECHCKYIO CBUTY, B 4acT-
HOCTH, COIOCTABJISIM C TOM WM MHOM YacThlO pa3-
pe3a pudes TypyXaHCKOTO IMOTHSTHS, PacHoIO-
xkeHHoro B 200 kM 1oxHee [KosnoB u ap., 1988; Xo-
MeHTOBCKMiA, 2006]. MwMerommecss ykKa3aHUS Ha
BO3MOXXHBIE HAXOIKH OECCKEIETHBIX MAKPOOPTaHM3-
MOB 3IMaKapCKOTO TUTIA B CPEIHEI YacTh YepHOpe-
YeHCKO# CBUTHI, KOTOpPbIE MOTJIM OBl yKa3bIBaTh Ha
no3aHeBeHACKUT Bo3pacT [KosmoB u ap., 1992], He
MMOATBEPAVNIUCH HAIIMMM 1ieJIeHapaBJIeHHBIMU T10-
nckaMu. BeposiTHee Bcero, 3a OKPYIJIbIe OTHEYaTKU
ObUTM MIPUHATH TeOpMUPOBAHHBIE TATBKI apTHII-
JINTOB B TJIMHUCTBIX M3BECTHSKAX TPEThbeil MadyKu.
Takum obGpa3zoMm, D0 HeZaBHETO BPEMEHHU BO3pacT
YepHOPEUYCHCKOM CBUTHI MPUHUMAJICS KaK TO3THE-
pudeiickuii [['eonornyeckas ..., 1984; XoMeHTOB-
ckwit, 2006], mn60o Kak BeHackuii [Ctpaturpadmsi ...,
2005; CoseroB, 2018].

MATEPUAJTI U METObI

OO0pas3upl WIS IUTOJIOTUYECKNX, TEOXUMUISCKIX
¥ U30TONMHBIX MCCIIENOBAHWIT OTOMPAJINCh B 3aBUCH-
MOCTH OT XapaKTepa OOHaXXEHHOCTHM U MOIIHOCTU
pa3pe30B ¢ uHTepBajioM OT 3 mo 10 M, 13 KOTOPHBIX B
OOJILIIMHCTBE CIIydaeB IS M3YyYeHUs MCITOJIb30Ba-
JIach JIMIIb YacTh Kojutekuuii. [1pu ot6ope npenmno-
YTeHHE OTAABaJIOCh ITOpodaM C MHWHUMAIbHBIMU
MaKpOCKOITMIECKUMU IMTPU3HAKAMM ITOCTCEANMEHTA -
LIMOHHBIX U3BMEHEHUH (TPEIIMHOBATOCTD, P OXWIIKA
KaJablUTa, CIeObl NPOOJeHMs U IIepeKpUCTaILIM3a-
U1, BTOPMYHOE OKpalinuBaHue). i1 u3ydeHus1 Xu-
MUYECKOIo CocTaBa KapOOHATHOM (ppaKlMu U U30-
TOITHOT'O COCTaBa yrjiepoaa, KUCI0poaa U CTPOHIINS,
TTOPIIMM TTOPOIITKA OBUTH MOJIYYeHBI BHICBEPJINBAHM-
€M M3 HauMeHee BU3yaJbHO M3MEHEHHBIX ydacTKax
cpe3a MpeaBapuTENIbHO PacCIMICHHBIX OOpa3loB.
Jl1g n3ydeHus1 comepskaHWii OpraHNIecKOTo YIiaepo-
Jla U €r0 M30TOIMHOI0 COCTaBa MCITOIb30BAJIMCH U3-
MeJIbYEHHbIE BajlOBbIe OOpas3lbl IIOPOABI MAacCoii
30—40r.

N3yyenne XMMMYECKOTO COCTaBa M3BECTHSIKOB
npoBoAuiaock B 2 3Tana. Ha nepBoM 3Tarie, LieJIblO
KOTOpPOIo ObLI OTOOpP 00pa3loB IS MOCIEAYIOIIETO
M3Y4eHMsT M30TOITHOTO COCTaBa CTPOHIINSI, HABECKH
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TMTOPOIIKOB Maccoii okoJio 100 mr pacTBopstiiich B 1 N
pactBope HCI npu cimabom (mo 50—60°C) Harpesa-
HUW; HEPACTBOPUMBIIA OCTATOK MPOMBIBAJICS, BBICY-
IIMBAJICS W B3BeLIMBAJICSA. M3MepeHMe KOHIIEHTpa-
nuii Ca, Mg, Fe, Mn u Sr B pacTBOpe IpoBeIecHO Ha
aTOMHO-3MUCcCMOHHOM cnekTtpomeTrpe ICPE-9000
(Shimadzu Corp.) B PecypcHOM LieHTpe METOIOB
aHanm3a coctaBa BemlectBa CIIOIY, Cankr-Iletep-
oypr. Bcero 66110 n3yyeHo 20 06pa3ioB U3 TUTIOBOTO
pa3pe3a 4YepHOPEUYEHCKOM CBHUTHI B pa3pe3e II0
p. YepHag u Enuceit 1 56 o6pa3oB u3 paspesa Ha
o. ITnaxyuHCKuUi.

Bropoit stanm BKIIIOYal ompeneacHUE conepxKa-
HUI BJIEMEHTOB-TIpUMeceii B KapOoHaTHOU ¢pak-
LIMU, TIOJIyYEHHOM METOAOM CTYIIEHYaTOro pacTBO-
peHus. beuto ndydyeHno 20 00pa31oB 13 TUIIOBOTO pa3-
pe3a. Mcnonb3oBajach METOAMKA, MPEAIOXKEHHAs B
pa6orax [Clarkson et al., 2014; Paula-Santos et al.,
2020] m amanrtupoBaHHas I A. JlokykuHoi1 B Jlabopa-
TOpUN W3O0TOIMHO-aHAMTHIecKoii reoxumum  LIKIT
MHOT03JICMEHTHBIX U U30TOIMHbBIX UccienoBaHuit CO
PAH, UT'M CO PAH, HoBocubupck. OHa 3aKkiroda-
€TCSI B UCITOJIb30BAaHMUU IJIsI Pa3jioKeHUsI KapOoHaTa
oosee cimadoro (0.1 N), yeM Ha npeabIayIIeM 3Tarle,
pacTBOpa CIIEHUAJIbHO ITOATOTOBJIEHHOM (MHOIO-
KpaTHO TEePErHaHHOM C 1IeJbI0 IITyOOKOM OYMCTKM)
COJISTHOI KUCJIOTBI, YTO, TI0 MHEHUIO aBTOPOB METO-
VKW, JOKHO MUHUMM3UPOBATh IToNagaHue B pac-
TBOP 2JEMEHTOB M3 HeKapOOHaTHOU (hpaKIuu oca-
JMIOYHOI TOopoabl (OKCUABI M TUAPOKCHUIBI, TITUHM-
CTbie MUHEPAJIbl, aJIIOMOCUJIMKATHL 1 ap.). HaBecka
MOpOIIKa MOPOAbI Maccoi okoso 100 MT moce B3Be-
[IMBaHUS MToaBeprajack rneppruuHoit oopadorke HCI
00beMoM 2 M B TedeHure 60 MUH, ITOCIIe Yero mpo-
MbIBaJIaCh CIHELMAJTIBHO OYMILIEHHOW C TTOMOIUIbIO
duneTpoB Multipore Bomoii, ieHTpUdyrupoBajiach,
BeIcymmBaiach rpu 100°C B reueHune 24 9 ¥ B3BEIIIM-
Baytach ¢ TogHOCThIO 10 0.01 M. Ha »T0i#1 cTamum pac-
TBOPSIIOCH OT 15 mo 20% oT TepBOHAYAIBHOM MacChI
obOpasna (dppakuus L1), Bkmouamwlnme Hauboiee
JIETKOPAaCTBOPUMBIE, B T.4. paHHEIMAr€HETUYECKUE
dpakuuu KapoboHara. Jlajee mpoBoauach BTOpasi
cragusi oOpaborku obpasua pactBopoM HCI oO6be-
MoM 10 M B TeyeHue 60 MUH ¢ TTOCJIEAYIOLIEN TPO-
MBIBKOII ocajka BOIOIi, KOTopasi 1o0aBisiach K
OCHOBHOI1 mopuum pactBopa. HepacTBopeHHBHI1
OCTaTOK TaK:Ke BBICYIIMBAJICS M B3BEIIMBAJICS aHaA-
JIOTUYHO TIpeablaylieit craguu oopadorku. Ha atoii
cTaguu pacTtBopsiochk okono 40 mac. % obGpasna
(ppaknus L2), B KoTOopble, KaK CUMTAECTCS, BXOIST
1aBHble (a3bl MEPBUYHO OCATOYHOTO KapOoHaTa
[Paula-Santos et al., 2020]. Ianee pacTBopkl pa3daB-
JISUIMCH 0 HEOOXOMMMBIX KOHIIEHTPALIMM U ITOCJIemy-
IOIIEro oIpeneyeHust coaepxkaHuii aneMmeHToB. Co-
nmepxanus Mn, Fe, Sr, Na, Al, Si, P, K, Sc, Ti, V, Cr,
Co, Ni, Cu, Zn, Y, Zr, Nb, Mo, Cd, penko3eMeIbHBIX
anemeHToB (P33), Hf, Ta, Pb, Th u U B pacTtBope B
IepecyeTe Ha TBEPAOE BEIIECTBO ONpPENe/IsUIICh Me-
tonoM ICP-MS nHa wmacc-cniekrpomerpe Element

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

(Finnigan MAT) cormacHo meromuke [HwukosaeBa
u ap., 2008]; morpelrHocTh onpeaeaeHuA CoCTaBIIsI-
J1a 10 5 oTH. %.

M3yyeHne M30TOITHOTO COCTaBa yrjiepoaa U Kuc-
Jopona mpoeneHo B T'MH PAH (r. MockBa) Ha
Macc-criekrpoMeTpe Thermoelectron Delta V Advan-
tage ¢ ycranoBkoii Gas Bench II. Paznoxenue npo6
u crangaptoB C-O-1 u NBS-19 npoBonuiock ¢ no-
motibio H;PO, nipu 50°C. 3nauenust 8°C npuBomsitest
B mpoMmunte (%o) OTHOCUTENBHO cTaHgapTa V-PDB;
3HaueHus 0'%0 rpuBeneHBI OTHOCUTEIBHO CTAHAAPTA
V-SMOW. TouHocts onpeneneHus 60 u 6°C co-
crapisteT £0.2 1 £0.1%o0 cCOOTBETCTBEHHO.

Nzyyenue conepxanusi C,,. B IOpOie MPOBOAN-
nock B AO “CHUUTITuMC” (r. HoBocubupck) 1mo
CTaHAAPTHOM METOIMKE, BKIIIOUAIONIeii 0O0padoTKy
HaBecku nopoabl HCI, mpokaiauBaHue HEpacTBOPU-
MOI'O OCTaTKa B TOKE KMCJIOpOoAa C M3MEPEHUEM KO-
JuyectBa oOpasoBasiierocsi CO, KyloHOMeTpuye-
CKHUM MeToaoM. M30TOMHBIN COCTaB OpraHMYECKOIo
yriiepona omnpenensiica B Tomckom dunuane AO
“CHUUITuMC” (anammtuxk H.JI. Ilaganko) Ha
Mmacc-criekrpoMeTpe Delta V Advantage. ITpo6omnon-
rOTOBKAa MPOBOAMJIACH COTJIACHO METOAMKE, OTIMCaH-
HOM B pabote [MeTtomuueckue ..., 1991].

M3oTonHbIi cocTaB CTpOHLIMS U3y4YeH mo 14 06-
pasliaMm M3 TUTIOBOTO pa3pe3a YUepHOPEeUEHCKOM CBU-
Thbl, OTOOPAHHBIM T10 pe3yJbTaTaM I'€OXUMUYECKOTO
U3Yy4EeHUsI COIIaCHO pa3pabOTaHHBIM paHee KpUTe-
pusim [Kysnemos u ap., 2005, 2014]. U3mepeHus
MPOBOJIWJIMCh Ha MHOTOKOJUIEKTOPHOM  Macc-
criektpometpe Triton TI B UI'TH PAH, Cankr-Ile-
tepOypr. Cpennue 3Hadenus: ¥Sr/%Sr B cranmapr-
HEBIX oopasnax NIST SRM 987 u EN-1 cocraBisuiu B
nepuon paborel coorBercTBeHHO (.710289 =+
+ 0.000005 (205 n = 28) u 0.709213 = 0.000008
(205 n="7).

CcpenH?

CpenH?

PE3VJIbTATbl AHAJIMTUYECKHNX
NCCIEOAOBAHUU

Makpo- u mukpossemenmuulii Xumu4ecKkuii cocmag
KapboHammwix nopoo

3a ucKIoUYeHrueM 0a3aabHBIX CJI0EB YepHOPEUEeH-
CKOM CBUTHI, TI¢ B cCOCTaBe KapOOHATHOM (ppaKimm
0CaIOYHBbIX MOpOoHA mpeobiamaeT JOJOMUT, U3yUeH-
HBIe 00pa3lbl B 000UX pa3pe3ax MpeacTaBIeHbl U3-
BectHsakamu (Mg/Ca < 0.06); comepxaHue He-
pacTBOPHUMOIi TIPUMECH B KOTOPBIX BapbupyeT oT 1.3
1o 47.6% (cM. puc. 4, 5, 6, Ta6in. 1, 2). UsmepeHHBIE
conepxanus Fe m Mn BappHpyIOT B BeCbMa ITMPOKUX
npenenax: ot 25 no 12734 Mxr/t u ot 25 1o 5145 MKr/T
COOTBETCTBEHHO U B LIEJIOM ITOJIOKUTEIBLHO KOppe-
JIUPYIOT C cOoAepKaHWEM HEPacTBOPUMOTO OCTATKa.
Crenyetr oTMETUTh CyIlleCTBEHHOe, nHorna Ao 1 mo-
pgaKa u 0oliee, pacxoXIeHUe pe3yabTaToOB U3Mepe-
HUM KOHOeHTpanit Mn 1 ocooenHo Fe, BeITToTHEH-

Ne 3 2023
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HBIX JBYMSI MeETOJZaMM: aTOMHO-3MUCCUOHHAas
crnektpockomnus u ICP-MS (cMm. Tabi. 1), moatomy B
JallbHEMIeM Ijis1 CBOOHOIO paspe3a YepHOpEUYEeH-
CKOM CBUTHI (CM. pucC. 6) MCIOIb30BaHbl 3HAYCHUS
COIepXXKaHU 3TUX 2JIEMEHTOB, ITOJIYyYEeHHBIE METO-
noMm ICP-MS. Coaep:kaHust St cCOCTaBISIOT 64 MKT/T
TS TOJIOMUTOB HMXKHEN yacTy mayku 1 1 ot 302 no
1616 MKT/T 1151 U3BECTHSIKOB M IMPaKTUUYECKU HE KOP-
PENUPYIOT C KOHLIEHTPALUSAMU APYTUX SJIEMEHTOB.

HecMoTpst Ha HU3KKE KOHIIEHTpalluK, 3a4acTyIO
0IM3KMe K TIpelesiaM aHaJUTUYeCKOil YyBCTBUTEb-
Hoctu Meroma ICP-MS, Bapuaumm comepxKaHUIA
KPYNHOMOHHBIX JTUTOGMIBHBIX 31eMeHTOB (K, Rb,
Cs, Ba), a Taxke Si, Ti, Al, Na, Y, Zr, Nb, Hf, u Th
JIOCTUTAIOT IJIsI HEKOTOPBIX U3 HUX 3—4 MOPSIAKOB U B
o0111eM ciydae IOJOXUTEIbHO KOPPEIUPYIOT C CO-
Jiep>KaHUeM HepacTBOPMMOIO OocTaTkKa B KapOoHAaT-
HBIX TToponax (cM. Tabi. 1, puc. 6). MHTepBaikI ¢ ero
BBICOKHMM COep>KaHWEeM MPUYPOUEHBI K TTaykaMm 1, 3
U 5 TUTIOBOTO pa3pe3a YepHOPEUYEHCKOM CBUTHI. [1Jist
9THUX X€& MHTEPBAJIOB XapaKTEPHBI BEICOKIE KOHIICH-
Tpauum Takux MetauioB Kak Cr, Co, Cu, Zn, Cd n
Pb, a takxke P39 — B Tex ciyyasix, Koraa ux cogepka-
HUS B KapOOHATHOM (bpaKimy BHILIE IIpeaeia oOHa-
pyxenus. KoHIIeHTpamm TakmMx 3JeMeHTOB Kak P,
V, U u B MeHb1Iel cTerieHu Mo, B OTJIn4Yue OT 00J1b-
IIMHCTBA IPYTUX, 3aMETHO CHIDKAIOTCS B INIMHUCTBIX
OTJIOXKEHUSX IMavykKu 3 (cM. puc. 6).

CHekTpsl pacrpeaelieHusT peaIKo3eMeIbHBIX 2J1e-
MEHTOB M3-3a MX KpailHe Majioii KOHLIEHTpaluu B
KapOOHATHOM BEIIECTBE IMOJYyYEHbI JUIb JJIs1 7 00-
pa3uos (puc. 7a). [1o orHomeHMIO K ctanmapty PAAS
[Sun, McDonough, 1989] GonpmmnHCTBO 00pa3oB
MMEIOT HU3KKME KOHLIEeHTpauuu P3D 1 oTHOCUTENbHO
cnabo nuddepeHIMPOBaHHbBIE OT JIETKUX K TSKEJIbIM
aeMeHTaM crieKTpbl. Hanbosee KoHTpacTHbIe U@ -
depeHLMpOoBaHHbIC paclpenceHUs UMEIOT 00pa3iibl
1819-5 (La,/Lu, = 22.6) 1817-1 (La,/Lu, = 4.71) n
1824-1 (La,/Lu, =4.81), KoTOpble BOCHOBHOM OTHO-
CITCS K IMaykam, oOorallleHHbIM IIMHUCTBIM MaTe-
puanoM. 3HaueHus1 Eu/Eu* nis usydyeHHbIX oOpas-
oB HaxoxasaTcs B mpeneinax 0.84—1.39 (cm. tabn. 1).

H3zomonHnuiii cocmae yenepooa u Kucaopooa

OTJIIOXEHUST CTPATOTUITMYECKOTO pa3pesa YepHO-
PEUYEHCKOI CBUTHI XapaKTEePU3YIOTCSI 3HAYUTEIbHbI-
MU KOJIEOAHUSIMU U30TOITHOTO COCTaBa KApOOHATHO-
ro yriepoja, aMIUIUTyda KOTOPhIX Aocturaer 18%o
(Tabiu. 3, cM. puc. 4). [MMHUCTHIE U TeCYaHUCTHIE JO-
JIOMUTBI M U3BECTHSIKU HVKHEM YaCTU CBUTHI (auka 1)
B pa3pe3se 1814 mo p. EHuceit nMeroT oTpHuliaTeTbHBIC
sHaueHus 8°C B unrepsaie —6.0...—3.8%o. Huxusis
MOJIOBUHA BTOPOIi MayKy Ha MpoTskeHnM 6osee 100 m
MO0 MOIHOCTHU XapaKTepPU3YETCsl TOBOJIBHO OIHOO0-
pa3sHBIMU MOJOXUTEJIbHBIMUA 3HAYEHUSIMUA OT +2 IO
+4%0, KOTOpble B BEpXHEM MOJOBUHE CMEHSIIOTCS
ObICTPbIM pocTOM 3HaueHUil OBC po +8...+10%o
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(cm. puc. 4). Tperbs, yeTBepTasd W OOJbIIAS YaCThb
TISATOM MayKy XapaKTEPU3YIOTCS YCTOMYMBO BbICOKH -
mu 3HaYeHUsAMHA 0°C (Bbiwe +10%o), 1 ML HA rpa-
HUILIE C U3TYYUHCKOI CBUTOI MPOUCXOINUT UX CHUKE-
Hue 10 +5...+6%o. 3HaueHus 8'°0 B TUIIOBOM paspe-
3¢ YepHOPEUYEHCKOI CBUTHI, 32 MCKITIOUYEHUEM IISITU
00pasloB (cM. puc. 4) mis1 OONBIIMHCTBA 00pa31OB
sexar B npeneiax 20...25%o0 OTHOCUTENTBHO CTaHAap-
ta V-SMOW, 4TO COOTBETCTBYET 3HAYCHUSIM —12...—
6%o0 otHocuTenbHO craHmapta V-PDB. Takxke 3a-
METHOE CHIXeHUe 3HadeHuit 020 mo 17...19%o0 oTt-
MEYEHO B KpOBJIe YepHOPEUCHCKOM CBUTHI U B KapOo-
HATHBIX TIPOCIOSX HU30B WU3JIYYMHCKOM CBUTHI
(cm. puc. 4).

B paspese o. [TnaxuHckuii KonedbaHUs 3HAYCHUI
813C B KapboHaTax HECKOJILKO MEHBIIIE, YeM B CTpa-
TOTUIIE YEPHOPEUECHCKOM CBUTHI, OMHAKO OHM TaKXKe
3HAYUTEIBHBI U COCTABASIOT OT +5.2 mo +10.7%o
(cm. puc. 5). Kakux-11b60 OTYETIMBBIX TPEHIOB B
Ipeaeiax M3ydeHHOro pa3pe3a He HaOIiomaeTcs, X0-
TSI HEKOTOPBIE CHUXKEHUS BenduH 8°C MOryT ObITh
MPUYPOYEHBI K MHTEPBaJaM pa3BUTHs OoJiee Tpel-
HOBAaThIX U U3MEHEHHBIX TTOPOM, Ha YTO yKa3bIBaeT
OIHOBPEMEHHOE NOHMXKeHUE 3HaueHnit 8'°0. Bosb-
IIMHCTBO OIPEACICHUIN CaeaHO U3 BaJIOBBIX P00
MOPOMALI, OMHAKO IJIsI HEKOTOPKIX CIydaeB yIaloCh
pasaebHO U3MEPUTh M30TOIHBII COCTaB KapOOHAT-
HOTO yIyiepojaa U3 MaTepuasa, CJaramlilero CTpyKTy-
pBI molar-tooth 1 BMenaroniero Marpukca (cM. Taoir. 2).
KanbumT, BBITTOTHSIONINIT 3TU CTPYKTYPHI, XapaKTe-
pU3yeTcsl HECKOJBbKO MOHMKEHHBIMU COIEpKaAHMSI-
MU HepaCcTBOPUMOTIo ocTaTka, Fe 1 Sr B cpaBHeHMUU ¢
MatpukcoM. PasHuna mexny sHaueHusiMu O°C B
KapOOHATHOM BEIIECTBE 3TUX CTPYKTYP M BMeEIalo-
IIero UX MaTpuKca B OOHOM U TOM Xe obpa3siie (Jindo
B COCETHMX 00pa3liax) He JeMOHCTPUPYET KaKIX-JI1-
60 3aKOHOMEpHOCTe M He mpeBbimaer 1—1.3%eo.
3HauyeHusa 080 I 4YepHOPEUYEHCKUX U3BECTHSIKOB
pa3pesa o. Ilmaxumackmit nexar B mpemenax 18.3—
23.0%0 1, KaK 1 B TUTIOBOM pa3pe3e, 3a UCKITIOYeHU -
€M OTIEIbHBIX MHTEPBAJIOB, MIPAKTUYECKH HE KOppe-
JUpyIoT co 3HaueHusaMu 83C (cM. puc. 76).

H3zomonnbiii cocmas yenepoda
Op2aHUUeCK020 GelLecmea

Copep:kaHUE pacCeSTHHOTO OPraHUYECKOro Bellle-
ctBa (OB) 1 M30TOIHBIN cOCTaB yriaepoaa U3y4eHbI
B 21 o6pasue (cm. Tadi. 1, puc. 4). Conepxanue OB
B OOJIBIIIMHCTBE OMNpeAcIeHU HU3KOe U He TIPEBbI-
maet 0.1%. MakcuManbHasgs KoHLeHTpauuss OB
(0.26%) otmeueHa B obpasiie 1817-6, oToOpaHHOM U3
CUJIBbHO TJIMHUCTBIX TOHKOCJIOUCTHIX W3BECTHSIKOB
mauky 3. 3Hauenus 6°C,,, Bappupyior 8 OB or —30.3
10 —22.9%o0 V-PDB. Ckaukoo6pa3Hoe yBeIndcHUe
sHauenmii C,,, o1 —30...—29%o no —26...—25 npo-
UCXOOUT MPAKTUUECKU CUHXPOHHO C POCTOM 3Ha4ye-
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Puc. 6. PacnipeneneHue KOHUEHTpALIMiA 3JIeMEHTOB-TIpuMeceit (MKT/T) B KapOOHATHO# (hpaKIMy OTIOXEHUN YepHOpEUYeH-
CKOI1 CBUTHI B TUTIOBOM paspe3se 1o pp. YepHas, Cyxapuxa, EHuceit (cMm. puc. 4).
1—VI — nuToreoxuMmnueckue ropu3oHThI (CM. TTOSICHEHUS B TEKCTE); H.p.O. — HEPACTBOPUMBIi OCTaTOK.
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Taomuna 2. Teoxumuueckue u C- u O-U30TOINHBIE XapaKTEPUCTUKM M3BECTHSIKOB YePHOPEUEHCKOU CBUTHI B pa3pese
o. IlnmaxuHckuii (06H. 2005)

Ne Ne M H.o., | Ca, Mg, | Mn, Fe, Sr, 8Bc, | 80,
I/ 00p. oTOCH.| % % % MKT/T | MKT/T | MKT/T Mg/Ca| Mn/Sr| Fe/Sr PDB |SMOW
1 12005-1 1 20.6 39.1 0.4 59 1220 | 1040 | 0.009 | 0.06 1.2 8.7 19.8
2 ]2005-2 4 14.4 | 39.5 0.2 73 1590 1180 | 0.006 | 0.06 1.4 8.4 20.2
3 |2005-3M 7 19.5 | 39.8 0.4 71 | 2780 | 1460 | 0.009 | 0.05 | 1.9 8.7 20.3
4 12005-4 19 11.0 | 40.3 0.3 287 7730 770 ] 0.008 | 0.37 10 5.7 18.3
5 12005-6 25 19.0 | 38.9 0.2 68 2510 | 1280 | 0.006 | 0.05 1.9 8.5 19.0
6 |2005-7T 26.7 | 21.0 | 39.3 0.2 55 890 870 | 0.005 | 0.06 | 1 9.6 19.3
7 12005-9 31.5 14.6 | 40.5 0.4 73 1700 | 1390 | 0.009 | 0.05 1.2 8.6 19.8
8 12005-10 34 23.8 | 40.7 0.3 104 3320 | 1340 | 0.007 | 0.08 2.5 8.5 20.0
9 [2005-11 36.7 | 21.0 | 39.2 0.6 52 1810 | 1030 | 0.015 | 0.05 | 1.8 8.5 20.3
10 |2005-12 39.6 16.2 | 39.8 0.3 61 3190 | 1480 | 0.008 | 0.04 | 2.1 9.0 20.6
11 |[2005-13 42 21.8 | 40.0 0.4 53 2740 | 1820 | 0.01 0.03 1.5 9.0 19.7
12 [2005-14 454 | 244 | 419 0.2 36 780 | 1160 | 0.005 | 0.03 | 0.7 8.4 20.8
13 {2005-15 47.6 22.4 | 38.9 0.2 43 1460 | 1430 | 0.006 | 0.03 1 8.7 20.8
14 |2005-16 50 19.7 39.4 0.2 66 1170 | 1270 | 0.005 | 0.05 0.9 8.0 20.7
15 |2005-17 51.8 8.5 | 40.6 0.4 143 | 3710 | 1240 | 0.01 0.11 3 8.2 20.6
16 [2005-18 554 | 219 39.0 0.3 78 1790 | 1060 | 0.008 | 0.07 1.7 8.4 20.6

17 |2005-19M 57.3 13:6 39.0 0.4 85 | 2060 980 | 0.01 0.09 | 2.1 8.3 20.6
18 2005-20T 59.6 |20.2 | 38.6 0.2 53 950 790 | 0.005 | 0.07 1.2 8.2 20.3

19 |2005-21M 62.7 | 18.6 | 38.9 0.3 88 2310 | 1160 | 0.008 | 0.08 | 2 8.0 19.5
20 |2005-22 71.8 314 | 39.9 0.6 53 1840 | 1050 | 0.015 | 0.05 1.7 8.0 20.2
21 |2005-24 749 | 23.7 | 40.8 0.2 196 | 3360 900 | 0.006 | 0.22 | 3.7 8.4 19.7
22 |2005-25 76.5 | 23.6 | 39.9 0.2 93 860 670 | 0.005 | 0.14 1.3 9.6 20.0
23 |2005-26 78.4 | 30.2 | 41.8 0.2 60 1210 990 | 0.005 | 0.06 | 1.2 10.7 20.5
24 |2005-27T 80.4 | 26.5 | 39.6 0.2 56 1190 740 | 0.005 | 0.08 1.6 7.7 21.4
25 |2005-28 82.6 | 252 | 39.8 0.2 62 | 2180 | 1560 | 0.006 | 0.04 | 1.4 8.7 20.6
26 |[2005-29M 855 | 183 | 39.5 0.3 83 2690 | 1390 |0.008 | 0.06 | 1.9 8.4 20.6
27 12005-30 88.7 17.8 | 40.0 0.6 59 | 1090 990 |0.014 | 0.06 | 1.1 8.3 21.2
28 |2005-31 923 | 184 | 40.5 0.3 44 1470 | 1230 | 0.006 | 0.04 | 1.2 9.1 21.5
29 |2005-32 949 | 17.2 | 39.9 0.2 42 1020 880 | 0.006 | 0.05 1.2 8.8 21.5
30 |2005-33 97 20.1 | 394 0.3 45 1530 | 1100 | 0.007 | 0.04 | 14 8.6 21.7

31 |2005-34 100.2 | 16.0 | 39.0 0.2 65 | 2010 | 1040 | 0.006 | 0.06 | 1.9 8.2 21.3
32 |2005-35 101.9 11.9 | 39.7 0.8 103 | 3340 | 1010 | 0.021 | 0.1 3.3 8.3 21.2
33 12005-36 117.8 21.3 | 399 0.2 58 12060 | 1060 | 0.005 | 0.05 1.9 9.0 21.9
34 |2005-37 1209 | 19.5 | 39.1 0.2 60 1800 998 | 0.006 | 0.06 | 1.8 9.0 21.4
35 |2005-38 1232 | 18.2 | 39.5 0.3 47 1540 | 1240 | 0.007 | 0.04 | 1.2 8.5 21.4
36 2005-39 126.6 | 18.9 | 389 0.3 42 1480 | 1230 | 0.007 | 0.03 1.2 9.2 22.3
37 |2005-40 130.1 12.8 | 39.2 0.2 77 | 2720 | 1300 | 0.006 | 0.06 | 2.1 8.7 20.7
38 12005-41T 131.7 11.0 | 39.5 0.2 236 1630 830 [0.005 | 0.28 | 2 7.5 20.9
39 12005-42 133.2 | 13.7 | 383 0.2 118 | 2860 820 | 0.006 | 0.14 34 6.4 21.3
40 |2005-43 136.4 54 | 395 0.2 88 | 3200 | 1300 | 0.006 | 0.07 | 2.5 9.0 22.1
41 |2005-44T | 139.9 9.9 | 395 0.2 55 1350 732 | 0.005 | 0.08 1.9 8.8 22.0
42 12005-44M | 1399 | 10.3 | 39.1 0.2 68 |3290 | 1150 | 0.006 | 0.06 | 2.9 8.3 20.9
43 |2005-45 143.6 1.3 | 39.7 0.3 64 | 2190 | 1190 | 0.007 | 0.05 1.8 9.0 22.4
44 |2005-46T 145.5 35 | 395 0.2 115 660 530 [ 0.005 | 0.22 | 1.2 8.2 214
45 |2005-46M | 145.5 9.2 | 40.2 0.4 138 1190 970 | 0.01 0.14 1.2 8.8 21.2
46 |2005-47 148.2 7.3 | 39.1 0.3 66 | 1640 | 1570 | 0.009 | 0.04 | 1 8.7 20.5
47 12005-48 156.1 6.7 | 40.0 0.7 80 1850 | 1440 | 0.017 | 0.06 | 1.3 8.3 20.7
48 |2005-49 158.5 | 10.0 | 39.5 0.3 66 1390 920 | 0.008 | 0.07 L.5 8.2 20.0

49 |2005-50 161.2 3.8 | 40 0.3 59 1320 | 1450 | 0.007 | 0.04 | 0.9 7.8 20.3
50 [2005-51M | 163.6 13 | 39.2 0.3 38 1920 | 1670 | 0.006 | 0.02 | 1.1 7.7 21.0
51 |2005-51T 163.6 2.2 | 395 0.2 39 990 960 | 0.004 | 0.04 | 1 6.4 23.0

52 |2005-52 165.8 | 10.8 | 39.7 0.2 100 1680 950 | 0.006 | 0.1 1.8 7.8 20.1
53 |2005-53 168.3 | 10.2 | 39.2 0.3 200 | 5720 916 |0.007 | 0.22 | 6.2 7.8 19.7
54 |2005-54 172.5 7.9 | 40.7 0.2 608 | 4590 246 | 0.006 | 2.48 | 18.7 5.2 19.6
55 |2005-55M 53.8 | 13.0 | 39.2 0.3 38 1920 | 1670 | 0.006 | 0.02 | 1.1 8.2 20.8
56 |2005-55T 53.8 22 | 395 0.2 39 990 960 | 0.004 | 0.04 | 1 11.3 21.5

IMpumeuanue. T — kapOoHaT, cllararolnii TeKCTYpbl molar-tooth; M — BMeIarouii TeKCTYpbl MAaTPUKC; O€3 MHIEKCa — BaJloBasi Mpooa.
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Puc. 7. I'padpuku pacnpeneneHuss P3D B kapOboHaATHOIT
bpakuyM OTI0XEHUN YepHOPEYEHCKOM CBUTHI, HOpMa-
aun3oBaHHbIe OTHOCUTENbHO PAAS [Sun, McDonough,
1989] (a), u rpaduk cootHoweHns 8°C—3%0 wusa xap-
OOHATHBIX MOPO YePHOPEYECHCKOM CBUTHI (0).

Huit 6C B KapOOHATHOM BELLECTBE, KOTOPOE Ha-
OromaeTcs BO 2 MavykKe YepHOPEUESHCKOM CBUTHI.

Hzomonmnsiii cocmas CMPOHUUA

W3mepenHble oTHomeHus ¥’Sr/%Sr B u3BecTHsAKAX
nexat B uHTepBaye 0.70740—0.70772; MUHUMAJIbHbIE
3HadyeHus1 0.7074 mpuypoUyeHbl K OOJIMTOBBIM U3BECT-
HSIKaM BepxHeil yacTy 4 MayKy YepHOPEUESHCKOM CBU-
ThI (00p. 1822-12, cm. puc. 4). [Toponbl 3TOTO CTpaTu-
rpaIecKoro YpoBHS XapaKTePU3YIOTCS MITHUMAITh-
HbBIMU comepxXaHusMu Fe m Mn (20— 38 MK1/T)
HapsIay ¢ BBICOKMMU KOHIICHTPAIIUSIMH ST, COCTaBIISI-
oMy okoio wiu Beire 1000 Mxr/T (cM. Tabm. 1).
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OBCYXIEHME PE3VJIIbTATOB

ObcmaHnosKu GOpMUPOBAHUS YEPHOPEHEHCKOU CEUMbL

HMcxons U3 cTpyKTypHO-TEKCTYPHBIX OCOOEHHO-
cTeit KapOOHATHBIX MOPOJ YePHOPEUEHCKON CBUTHI,
ee 0asajibHble TOPU30HTHI HAKAIJIMBAJIMCh B YCJIOBU -
sIX OBICTPOM TpaHCTPECCUM MOpSI Ha JEHYIUMPOBaH-
HYI0 paHee MNOBepXHOCTh cymu. PopmupoBaHuUe
CcpenHeil U BepxHeii yacTy nepBoii MaykKu U BCeit BTO-
poii mayku, BEPOSITHO, IMIPOUCXOIUIO B OOCTAaHOBKAaX
cyOoauTOpasibHOM 4YacTu KapOoHaTtHoro pamma. OO0
5TOM MOXET CBUIIETEILCTBOBATh YEPETOBAHUE CIOEB
C TIpM3HaKaM1 BOJTHOBOM AesITeIbHOCTU (OyropyaTasi
CJIOMCTOCTh, B3JJaMbIBaHUE OTAEJIbHBLIX CJI0O€B) U
rpagallMOHHO-CIOUCTBIX TauyeK, WHTepIpeTupye-
MBIX HAMM KaK OTJIOXKECHMSI TeMIecTUToB. bruonamu-
HUTOBYIO CJIOUCTOCTh B OTIEIbHBIX MHTepBajiax
MOXHO MHTEPIPETUPOBaTh KaK MPU3HAK HaKOILIE-
HUSI OCaIKOB B Ipeaeax oTudeckoi 30Hbl. OTI0-
JKEHMS TpeThell MaukKu, Cy/s 1Mo yBEJIMYEHUIO B €€ CO-
CTaBe aJeBPUTOBO-TJIMHUCTOU MPUMECU U Tpeoda-
JAHUIO TOHKOU IMapajuieJIbHOU U T10JIOTO BOJHUCTOM
CJIOUCTOCTU, MOTYT yKa3blBaThb Ha Iiepexon K Oosee
JUCTAJIbHBIM O0CTaHOBKAM, MPU 3TOM MPUCYTCTBHUE
CKJIaI4aThIX e opMaluii cjioeB pa3andHoi Mopdo-
JIOTUM W JELMMETPOBOrO—METPOBOro MaciiuTada
(cM. puc. 3B) MOXHO paccMaTpuBaTh KaK HpH3HAK
OMOJI3aHUsI OCaJKa MO CKJIOHY.

HaubGonee pazHOOOpa3HBI MO TEKCTYPHBIM OCO-
OEHHOCTSIM M3BECTHSIKM YETBEPTOI MaYKM YePHOPE-
YeHCKOM CBUTHI. B Hell mIMpoKo pacrpocTpaHeHBI
KaJIbKapeHUTOBBIE PAa3HOCTH, KOTOPHIE CJIaraloT Mac-
CUBHBIE IIACTHI MOIIHOCTBHIO IO IIEPBBIX METPOB C
JIMH3aMM MEJIKOOOJIOMOYHBIX M3BECTHSKOB. Takue
0COOEHHOCTU CBUIETEIBbCTBYIOT 00 aKTUBHOM I'MAPO-
JIWHAMMKe, XapaKTepHOIl mjisi 00CTAaHOBOK BEpPXHEM
CyOIUTOpaIM IPOKCUMAIbHOIO pamIia, TAe Hapsiay C
pocTOM MI/IKpO6I/IaJ]beIX ITOCTPOCK ITpoUucCxoaunjia nx
WHTEeHCUBHAasI spo3us. [lsgrasg mayka dyepHOpedeH-
CKOIi CBUTHI, 110 BCei BUAMMOCTHU, OTpaXKaeT Mepexo,
K OoJiee rmapoanHaMMN4Y€CKHU CITIOKOWHBIM YCJIIOBUAM
B 0CagOYHOM OacceilHe, KOTOpbIe CBUIETEIbCTBYIOT
00 O pPEe3KOi TpaHCTPECCHH, JTUOO O TIEpeXosie OT
00CTaHOBOK KapOOHATHOro 0apa K JaryHHbIM, TJe
HapsIIy ¢ OCaXIeHMeM KapOOHATHBIX WJIOB 3HAYM-
TEJILHYIO POJIb UTPajio IMOCTYIUIEHHE KJIACTUYECKOIO
Matepuasia ¢ cymu. IlocaenHuit BapuaHT BUAUTCS
OoJjiee MPEOIIOYTUTEIbHBIM, Ha YTO YKa3bIBaeT ITIO-
cliemylolast pe3kasi Imporpagaims (pIroBUAIbHBIX 00-
CTaHOBOK Ha TpaHMIIe YEPHOPEUYSCHCKOM 1 U3ITYYHH-
ckoii ceut [CoBeTtoB, 2018].

PexoHcTpynpyeMbie YCIIOBHSI OCagKOHAKOILIe-
HUS IS 9epHOPECUYCHCKNX M3BECTHSIKOB pa3pe3a Ha
o. IImaxuHCcKMit CyllleCTBEHHO OTJIMYAIOTCS OT O0JIb-
IIei YaCTU TUIIOBOTO pa3pe3a CBUTHI. B HUX mpakTu-
YeCKH, 3a MCKIIOUYEHUEM OTHCIBHBIX MaJTOMOIIHBIX
MPOCJIOEB, OTCYTCTBYIOT KaJlbKapeHUTOBbBIE U 00JIO-
MOYHEIC Pa3HOCTHU, a MpeobagaHne TOHKOM napai-
JIEIbHOM U TIOJIOTOBOJIHUMCTOM CJIOMCTOCTM YKa3bIBaeT
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Ta6muna 3. C- u O-U30TOITHBIE XapaKTEePUCTUKU OTIOKEHHUI YepHOPEUYEHCKOM CBUTHI B CTPATOTUITMYECKOM paiioHe
(pp. YepHas. Exuceit)

13 18 13 18
Ne i/ Ne 06p. | M ot ocH. ?’D(I:S’ S?\/I(())\’V Ne i/t Ne 06p. | M oT ocH. ?’D(]:; S?\/IC())\’N

1 1814-2 20 —3.8 23.2 34 1819-41 418 8.7 20.8

2 1814-5 26 —4.3 23.1 35 1819-42 432 8.4 21.2

3* 1814-8 34 —4.9 24.4 36%* 1817-1 450 10.9 20.7

4 1814-10 69 —5.2 18.4 37 1817-3 462 10.8 21.3

5% 1814-12 77 —6.0 20.8 38%* 1817-6 473 10.3 21.3

6 1818-1 160 2.8 23.2 39 1817-8 481 10.5 21.0

7* 1818-3 164 2.4 22.1 40 1820-1 491 11.4 21.3

8 1818-5 169 2.9 23.2 41 1820-3 499 11.0 22.2

9 1818-8 177 2.3 22.8 42% 1820-5 508 10.1 21.3
10* 1818-10 186 2.6 22.8 43 1820-7 513 10.4 19.1
11 1818-12 190 2.9 23.2 44 1821-2 523 10.7 22.1
12 1818-15 201 3.2 23.0 45% 1821-5 536 10.7 22.3
13 1818-17 208 3.4 23.0 46 1821-7 544 10.5 21.7
14* 1818-19 217 2.2 23.0 47 1822-1 578 7.3 20.3
15 1818-22 231 2.3 23.8 48 1822-3 587 10.4 20.5
16* 1819-1 242 2.9 22.0 49* 1822-5 596 10.6 22.0
17 1819-3 249 3.0 21.6 50 1822-8 610 10.3 22.1
18%* 1819-5 257 3.5 22.8 51 1822-10 619 11.2 23.3
19 1819-7 265 34 22.5 52% 1822-12 632 11.0 20.3
20 1819-9 275 3.8 22.3 53 1822-14 643 11.5 20.2
21%* 1819-11 282 4.8 22.7 54 1822-16 652 11.6 21.5
22 1819-13 289 5.3 23.4 55 1822-18 664 12.0 22.8
23%* 1819-15 296 6.9 25.1 56 1823-1 681 12.4 22.5
24 1819-18 312 8.0 24.6 57* 1823-3 689 12.0 18.3
25% 1819-20 323 7.7 22.7 58 1823-5 698 12.4 22.2
26 1819-22 333 8.5 25.2 59 1824-3 822 10.4 20.5
27 1819-24 343 7.2 17.8 60* 1825-1 855 4.7 17.3
28 1819-26 351 8.9 254 61 1825-3 869 4.9 17.8
29* 1819-28 361 9.7 23.9 62 1825-5 872 5.5 18.3
30 1819-30 374 8.7 22.5 63 1805-1 916 6.2 17.4
31 1819-33 388 10.5 21.7 64 1805-3 926 5.3 17.4
32% 1819-36 399 8.4 21.2 65 1805-5 936 5.7 19.0
33 1819-39 410 9.9 20.7 66 1805-7 946 4.9 17.7

IMpumeuanue. * — oOpa3ubl ISl pACIIMPEHHOTO FEOXUMUYECKOTO N3ydYeHus (CM. Taour. 1).
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Ha TUIPOIVUHAMUYECKN OTHOCUTEJIBHO CITOKOHEBIE
ob6cTtaHoBKM. BO3MOXHO, C y4eTOM T€OXMMUYECKUX U
HU30TOIHBIX TaHHBIX, Pa3pe3 YePHOPEUEHCKOI CBUTHI
o. IInaxuackuii orBevaeT cpeaHeit yacTu (Imavka 3)
TUITIOBOTO paspe3a. DTOMY, B YaCTHOCTU, He IMTPOTU-
BOpeYaT BBIBOAbLI O MPUYPOUYSHHOCTH TEKCTYp molar
tooth K 00cTaHOBKaM HIKHEN 9acTh KapOOHATHOTO
pamIia (Huxke Oasuca IITOPMOBBIX BOJH) [IleTpos,
2011, 2016].

Oo6cyxxneHne reHe3nca TeKCTyp molar-tooth BBI-
XOJIUT 3a paMKHM JAHHOM CTaTbU, OMHAKO CUYUTAEM He-
00XOMVMBIM CHEJIaTh HEKOTOPEIC BHIBOALI. Bo-mep-
BBIX, TaK1i€ 00pa30BaHUSI B OCHOBHOM PUYPOYEHBI K
OTJIOXKEHUSIM, JatupyemMbiM ApeBHee 1000—800 MJIH j1eT
U KpaifHe pedKU B OTJIOXKEHUSIX MOJIOKe 650 MITH J1eT
[Kuang, 2014; ITeTpos, 2016], moaTOMY UX HaxOX/i€e-
HUe B pa3pe3e KMrapckoro momHsSITUSI TIpeaCcTaBJIsieT
3HAYUTEJILHBIN MHTepec. Bo-BTOPBIX, HAIll BEIBOI, 00
OTCYTCTBUHU CYIIECTBEHHOTO M30TOMHOIO (PpaxKiimo-
HupoBaHUs C u O Mexay KapOOHATHBIM LIEMEHTOM,
BBITIOJTHSTIONIEM TPEIIWHBI, 1 BMEIIAIOIIUM UX H3-
BECTHSIKOBBIM MAaTPUKCOM ITOATBEPXKIAETCS JaHHBI-
MU Opyrux uccienosareneit [Hodgkiss et al., 2018].
BeposiTHO, 3TO yKa3pIBaeT HA HE3HAYUTEIBHYIO POJIb
MpOIIECCOB 00pa3oBaHMSI OMOTeHHOTO MeTaHa B
ocajnke, KoTopasi Obljia CyIleCTBEHHOM IS OMHOBO3-
pacTHBIX TOJII APYTUX pa3pe30B HEOIOPOTEPO30s
[Cui et al., 2017; ITeTpoB, ITokpoBcknii, 2020]. Bme-
cTe ¢ TeM, JIJIsl KaApOOHATHOIO MaTepuasa, BHITIOIHS -
IOILIETO TPEIIUHBI, B pSIe TOKeMOPUIACKIX pa3pe30B
YCTAaHOBJIEH CYIIECTBEHHBIIA HETaTUBHBINA CIBUT
8°°Fe, 4To MOXET yKa3blBaTh Ha MUKPOOMAILHOE
BoccTaHoBeHue Fe-comepxkaliux MUHEpPaIOB, CO-
IIpOBOXKIaoIIeecss YMEHBIIICHUEM 00beMa ocaaKa U
nHUIAMpYyooee ¢opmupoBanne TpemnH [Hodgkiss
et al., 2018]. DTo KOCBEHHO TTOATBEPXKIACTCS 3HAUU -
teabHbIM (1000 MKT/T U Gosee) comepxkaHueM Fe B
KapOOHATHOI (ppakliy M3BECTHSIKOB YepPHOPEUYCH-
ckoi cBUTHI 0. [lmaxunckmit (cM. Tadi. 2).

HHmepnpemauuﬂ 2e0XuMu4ecKux 0aHHblxX

Pa3zHooOpa3ue peKOHCTPYMPOBAHHBIX OOCTaHO-
BOK OCaJIKOHAKOIUICHUS IJISI YepHOPEUCHCKOM CBU-
THI HAXOIUT CBOE OTPaKeHIE B XUMUIECKOM COCTaBe
KapOoHaTHBIX mopon. CorinacHO TEOXMMUYECKUM
KPUTEPHSIM COXPAHHOCTU M30TOIMHBIX cucTeM [Ky3-
HEeloB u Ap., 2014], kapboHaTHBIE TOPOIBLI YEPHOPE-
YEeHCKOM CBUTHI HE WCHBITHIBAIM CYIIECTBEHHBIX
MOCTCEIMMEHTAIIMOHHBIX M3MEHEHM, O YeM CBHIIE-
TEJILCTBYIOT HU3KME cooTHomeHusa Mn/Sr u Fe/Sr,
IUJIST CYIIIECTBEHHOM YacT 00pa3IioB, COCTABIISIONINE
MeHee 0.2 1 5 cooTBeTCTBEHHO (cM. Tabu. 1). Takum
006pa3oM, M30TOIMHBIM COCTaB CTPOHIIMST W3BECTHSI-
KOB YETBEPTOIl U BEpXHEM YacTU BTOPOI mayvek, rae
5TH COOTHOIICHUS MWHWUMAJIbHBI, MOXHO CUYHMTaTh
MIPUOIMKEHHBIM K COCTaBY MOPCKO# BOIBI, YTO TaK-
K€ MTOKa3bIBAETCS IPUYPOUEHHOCTHIO MUHUMATBLHBIX
3HayeHuit 87Sr/3%°Sr k aTuM ypoBHSAIM. O6 OTCYTCTBUM
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CYIIECTBEHHBIX ITOCTCEINMEHTALIMOHHBIX H3MEHE-
HMI1 M30TOITHOTO COCTaBa YIJIEPOAa, KPOMe HU3KHUX
3HaueHuii Mn/Sr u Fe/Sr, cBUIETEILCTBYIOT BBICO-
kue (Boie 20%o0 V-SMOW) 3nauenus 680 u orcyr-
CTBUE MX SIBHOW KOppEIALUU cO 3HaueHusMu &°C
(r=—0.13) (cMm. puc. 4, 76). UckroueHUEM U3 3TOTO
MOTYT SIBIIIThCS HUKHUE CIIOU U3ITYIUHCKOMN CBUTHI,
[Ie oTMevaeTcs pe3koe cHuxkeHue 680 no 16—17%o,
BBI3BAHHOE, I10 BCEW BUAMMOCTH, U30TOITHEIM OGMe-
HOM C IIMHHUCTOM (PpaKIIMei TeppUTeHHOTO OCaIKa,
KOTOpasi pe3Ko MpeobIagaeT B pa3pese.

OTMeUeHHOE BBIIIIE PE3KOE PACXOXKICHUE MEXIY
comepxanussMu Fe, KoTopble ITOIy4eHBI MeTOmaMu
AES u ICP-MS, BeposITHO, CBSI3aHO C 0COOEHHOCTSI-
MU IpoOonoaroToBKu. I1pu MCIOIb30BaHUH JIST BBI-
IenadynBaHUsl KapOoHaTHOM pa3bl Oojiee KOH-
neHrpupoBaHHoro pactsopa HCI (1 N npotus 0.1 N),
Hapsay ¢ KapOOHATOM KaJIbLMS MOTYT YaCTUYHO WA
IMOJTHOCTBIO PACTBOPSITHCS TaKKe CoAepKalllre Kejle-
30 KOMITOHEHTBI OCaI0YHO# MOPOabl KaK CyJIb(MUIbI
u ruapokcunsl Fe, a Takke HEKOTOpBIE CUJIMKATEHL.
OueBUIHO, YTO 3TU MMHEpaJbl MOTYT MMETh KakK
ayTUT€HHOE IPOMCXOXIACHHUE, TaK U HAXOAUTHCS B
cocTaBe 00JIOMKOB, a MX IIPUCYTCTBUE B MOPOJIE da-
JIEKO He Bcerna SIBISIeTCS IIPU3HAKOM BTOPUYHBIX U3~
MEHEeHMIi, MO3TOMY HCIOJIb30BaTh COOTHOIIEHUE
Fe/Sr xak mHIMKATOp COXpaHHOCTU M30TOITHBIX CH-
CTEM CJIEAYET C YYETOM 3TOTO (pakTopa.

HecMmoTpst Ha ncrniosib30BaHKE IAISIICH METOIM-
KM BBIIEJaYMBaHUS KapOOHATHOM (pakKuuu u3
ocanka, KOHLIEHTpaluyd OOJBIIMHCTBA 3JIEMEHTOB-
IIpUMeECEi IMTOJIOXKUTEIBHO KOPPEIUPYIOT C COIepKa-
HUEM HepacTBOpUMOro ocrarka (cMm. puc. 6). Ilo
BCeil BUOUMOCTH, ITOTIalaH1Ee 3TUX DJIEMEHTOB B CO-
cTaB KapOOHATHOM (pa3bl IMIPOU30IIIO HPAKTUICCKU
cpasy Iocjie COBMECTHOTO OcaXkJAeHUsI KapOoHaTa 1
obnomouHoOl ¢pakimu. To ke caMoe TTPUXOIUTCS
cKazaTb 1 0 pacrpeneneHuun P39, ciabo nuddepeH-
LIMPOBaHHbIE HOPMAJIM30BAHHbBIE CIIEKTPHI KOTOPHIX
OTpaxaloT CKOpee COCTaB CHJIMKOKIIACTUYECKOM
dpakuu, 4eM IIpoLecChl uX (ppakIIMOHUPOBAHUS B
MoOpcKoii Boge (cM. puc. 7a). B pa3pe3e uepHopeueH-
CKOIi CBUTHI MOXHO BBIIEIUTDH TP YPOBHS, Ha KOTO-
pBIX IIPOMCXOIMUT POCT OOJBIIMHCTBA 3JIEMEHTOB-
NpUMeECei: B HUXKHEM 4acTuU BTOpPOI Mayku, B Tpe-
Thell mauke U B nsaToii mauke (11, IVu VI, cM. puc. 6).
Hapsiny ¢ aTum, aj1si TakKux 3J1eMEHTOB Kak pocdop,
BaHAOUU M ypaH HaOI0gaeTcs oopaTHAsT KOppes-
LU C COIepXKaHMSIMM HEPaCTBOPMMOIO OCTaTKa U
OCTAJILHBIX TIpUMeceii. YPOBHU C TOBBIIIEHHBIMU
KOHILIEHTPALMSIMU 3TUX TPeX BJeMEHTOB OTBEYAIOT
BepxHeit yacTu mauku 2 v nadke 4 (Il u 'V, cMm. puc. 6) u
MpencTaBleHbl MO OOJbllIeid YaCTU OTHOCHUTEIbHO
YUCTHIMU U3BECTHSIKAMU, YacTO C IIpU3HAKaMU 0aK-
TepUaIbHOIO OCaXIeHUs KapOoHaTa (OHKOJIMTHI,
OMOJIAMMHUTOBAS CJIOUCTOCTD, HEOOJIbIIINE KYTOJIO-
oOpa3HbIe CTPOMATOJUTOBEIE ITOCTPOMKM).
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Bo3MOXHBIM OOBSICHEHMEM TaKMX Bapualdii B
coJiep>XaHUU JIEMEHTOB-TIPUMECEN SIBJISIETCS TIepU-
OIMYECKOE YMEHbILIEHME COASPKaHUS pACTBOPEHHO-
ro B BOJE KHCJIOPOaa, KOTOPOe MPUBOAMIIO K IIEPHO-
JIUYECKOMY IIOSIBJIEHHMIO AHOKCHMYECKUX YCJIOBMIA
[I[TokpoBckuii u np., 20066; Tostevin et al., 2016; Wei
et al., 2022 1 ccpikm B padortax]|. BoaMmoxHO, 3TO
CBSI3aHO C KOJIEOaHUSIMU YPOBHSI MOPSsI, ITOCKOJIBKY
orpaHMYeHMNE MOCTYIUICHHUS aTMOC(HEPHOro KUCIIO-
poma U cTpatTuduKanus BOI OXHMIAaeMbl B OoJice
[NIYOOKOBOIHBIX U/WJIM TUXOBOMHBIX OOCTaHOBKAX.
B 3Ti mepuroabl HECKOIBKO 3aMEIJISITIOCH IToITagaHue
B 0CagoK KapOOHATHOIO MaTepuasa, TOraa Kak OTHO-
CUTEJIbHOE CofiepKaHUEe TOHKO3EPHUCTOM TepPUTEeH-
HOW mpuMecHu HaobopoT yBeTuunBaiochk. B 6eckuc-
JIOPOIHBIX YCIIOBUSIX IPOUCXOOWIO YCKOPEHHOE BhI-
najgeHue B 0CaJg0K OOJIBIIMHCTBA METaJIJIOB, BKJIIOYas
KaK XaJlbKO(WIbHBIE TaK M OOJBIIMHCTBO JIMTO-
(UIBHBIX 27IEMEHTOB. B TO Xe BpeMsI, poCT comepka-
HU docdopa, BaHaous M ypaHa B M3BECTHSIKax
MOXHO CBSI3bIBaTh C YPOBHSIMHU, IJ¢ OBIJIa OTHOCHU-
TEJILHO BBICOKA POJIb OMOT€HHOTO OCaXKIeHUSI Kap0o-
HaTa, IOCKOJbKY 3TH 3JE€MEHTHI SIBJISIIOTCSI MUKPO-
IIPUMECSIMU B XXMBOM BellleCcTBe. MOXHO MPearnoio-
XUTb, 9TO B 3TO BpeMs B OCaIOYHOM OacceiiHe
npeo0byiagagi 0O0CTAHOBKM C ITOBBIIIEHHBIM COIEP-
KaHueM Kuciiopoaa (yposuu 11l u V, cMm. puc. 6).
OToxXeHusI ropu30HTa | MMEIoT IepexomHbIe TEOX1-
MUYECKHE XapaKTEePUCTUKHU U BBUAY MaJIOTO KO-
YyeCcTBa aHAJIM30B HEe MOTYT ObITh OMHO3HAYHO OTHE-
CEHbI K aHOKCHMYECKHUM JIN0O0 CyOOKCUTEHHBIM 00CTa-
HOBKaM.

Bospacm u Koppensyus uepHopeueHCKol ceumol

ITonyyeHHbIE HOBBIE M30TOITHO-TEOXUMHUYECKUE
JMaHHbIE MO3BOJISIIOT CYIIECTBEHHO YMEHBIIUTH He-
OIpeAeIEHHOCTD C BO3PAacTOM YEpHOPEUCHCKOM CBU-
Tel. B yacTHOCTH, MUHUMaIBHBIE 3HaYeHUs 87 Sr/%¢Sr
0.7074 He M3BECTHHI B OTIOXEHUSIX TOKEMOpPHUS C
Bo3pacTtoM Mojoxe 600—580 miH net [Ky3HenoB u
ap., 2014; Xiao et al., 2016]. B cBogHbIx KpuBbIX 83C
UHTEPBAJIbI ¢ BBICOKUMHU (10 +10%0) 3HaYeHUSIMU
TaKXXe XapaKTEePHBI IS OTI0XKEHUN, JaTUPYEMBIX OT
830 mo 580 muH net [Walter et al., 2000; Halverson
et al., 2010; Geological ..., 2020]. I1pu a3TOM, B HEU3-
MEHEHHBIX MOPCKUX KapOoHarax npeBHee 640 MJIH JieT
MUHHMMAaJIbHBIE 3HaYeHUs S/Sr/%°Sr cHmxarorca 1o
0.7070 m mmmxe [Ky3snenmoB u ap., 2014; Xiao et al.,
2016], yero He HaOJIOJAETCI B YEPHOPEUEHCKUX U3~
BecTHsIKax. C y4eTOM MPUBEACHHBIX BHILIE JaHHBIX O
MUHUMAJIbHOM BO3pacTe MOACTUIAIOIINX OTJIOXE-
Huii u Pb-Pb natuposku 610 £ 50 MJIH JIET HEMOCPEI-
CTBEHHO M3 U3BECTHSKOB YEPHOPEUYEHCKOM CBUTHI
[Kochneyv et al., 2022], Hanbonee BEepOSITHBIM OyIeT
JaTUPOBaTh YESPHOPEUYCHCKYIO CBUTY B WHTEpBaJe
635—580 MuIH J1€T; T.€., OTHOCUTD €€ K HMKHEMY BEH-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

KOYHEB u np.

Iy B €T0 IIMPOKOM MoHuMaHuu [CeMUXaToB U Ip.,
2015], a ocHOBaHMe CBUTHI OKaKeTCs HE IpeBHEE 10~
JIOIIBBI dauakapust MexXIyHapoTHOM XPOHOCTPATU-
rpapIeCKOM IIKaIbI.

bmcxaiimuMm  xemocTpaturpadm4eckKuM aHauio-
TOM YEPHOPEUYEHCKON CBUTHI SIBISIIOTCS OTJIOXEHUS
IanbHETAaUTWHCKOM cepum IlaToMcKoro paiioHa fora
Cubupckoit mardopmel (puc. 8). 3mech, Kak U B
paspes3e YepHOpeYeHCKOI cBUTHI Mrapckoro momHsI-
THsI, TOKPOBHbBIE KapOOHATHI B OCHOBAaHUY OapaKyH-
CKOII CBUTHI IPEICTaBICHBI TOJIOMUTAMU U U3BECT-
HAKAMU C OTpULIATENbHLIMU 3HadeHussMu 8°C 10
—4%o0 [IloxkpoBckuit u np., 2006a; Pyasko u np.,
2017]. OTcyTcTBUE JIETHUKOBBIX OTJIOXEHU B UTap-
CKOM paspese, KOTOphIe SIBJISIIOTCS Ba>KHBIM MapKe-
POM 17151 TJI00AJIBbHBIX KOPPESILMNA OTIIOXEHU BEH-
Jla U 3AvaKapusl, He TIPeTsITCTBYET TAKOMY COTOCTaB-
JeHuto. Tak, TWUIUTBI, COMOCTaBISIEMbIE C
mIo0anbHBIM OJieAeHEHWEeM MapuHo, B Mpeneiax
Cubupckoii miaat¢opMbl OTMEYAIOTCS JIMIIbL B €€
IOXKHOM 4acTW, HO U TaM OHU TPOCJICXKMBAIOTCS He
IMMOBCEMECTHO, a BCTPEYAIOTCSI B OTACIbHBIX pa3pe3ax
W MOTYT OBICTPO BBIKJIMHUBATHCA 110 Jarepaiu [Co-
BetoB, Komies, 2005; Uymakos, 2015; KouneB u ap.,
2015]. 1 B Urapckowm, u B [TaToMckoM pa3pe3ax CHU-
3y BBEPX Ha IOCTATOYHO KOPOTKOM CTpaTUrpaduye-
CKOM HHTEpBaJie TPOUCXOIUT OBICTPBIN POCT 3HaUe-
Huii 8BC go +8...+10%0, KOTOpBIE COXPaHSIOTCS
BIUIOTHh OO KPOBJIM KaJJaHYEBCKOM 1 UYEepPHOpPEUYCH-
CKOII CBUT COOTBETCTBEHHO. bim3kas KapTuHa Ha-
OIr0maeTCs B OTJIOKEHMSIX TOJIOYCTHEHCKOM M YIIyH-
Ty CKOM CBUT Oatikanbcko cepum [1pmbaitkanbs n B
MapHMHCKON 1 youHCKOM cBuTax IlpucasHbs, roe B
OCHOBaHUM pa3pe3a MecTamu, Kak 1 B IlaTomckoMm
mporude, BBIASISIIOTCS JICTHUKOBBIE OTJIOXKEHUS (CM.
puc. 8) [CoBeroB, Komnes, 2005]. Tak B ynyHTYli-
CKOM U TOJIOYCTHEHCKOM cBUTax 3HaueHus 8°C mo-
cruraior +9%o [Xabapos, ITonomapuyk, 2005], a B
M3BECTHIKAX NEIIEPHUHCKON MaYK1 YINHCKOM CBU-
TBI OHU COCTaBIISIIOT OKoJio +6%0 [Kaufman et al.,
2011]. OtpuuarenbHas aHoManus 8°C B nepekpbiBa-
IOIIEN NAJIbHETAUTMHCKYIO CEPUIO0 XYWHCKOI CEpUM
ITaToMckoro mpornba, comocrtasiisieMast C II100ajIb-
HeIM C-m3orormHbIM  coObiTeM llypam-Bonoka
(~570—580 mux net) [Rooney et al., 2020; ITokpoB-
ckuii u ap., 2021], B pa3pese Mrapckoro mogHITHS HE
MIPOCJIEXKUBAETCS, TIOCKOJIBKY OTJIOKEHMSI 3TOTO BO3-
pacTa, Kak 1 B OOJIBIIMHCTBE APYTUX Pa3pe30B Ha 3a-
nage Cnompckoi at@opMbl, CIOKEHBI TePPUTEH-
HbeIMU Topogamu [Kounes u ap., 2020].

Kpome mannHbIx C-M30TOIMHOM XeMOCTpaTuTpa-
¢dun, ipemioxeHHass Koppeasnusa (CM. puc. 8) mom-
TBEPKIACTCS M3OTOIMHBIM COCTAaBOM CTPOHIUS, a
TaKKe T€OXPOHOJIOTMYECKUMHU JaTUPOBKaMU. MUHU-
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KOYHEB u np.

Puc. 8. Koppesitiust BEHICKMX OTJIOKEHUI 3araaHoi U 10XXHOM repudeprun Cubupckoii ruratopMbl ¢ y4eTOM JaHHBIX N30~
TOITHO Xemoctparurpaduu [Xadapos, I[Tonomapuyk, 2005; TTokposckuii u ap., 2006a; Kouchinsky et al., 2007; Kaufman

et al., 2011; Rud’ko et al., 2021 u nanHas pa6ora].

E tm — ToMMOTCKMIi sIpyC HIKHETro KeMOpust; kp — KpaCHOMOPOXKCKasl CBUTA; Ut — yCThb-TarylbCcKasl CBUTA; US — yCOIbCKast
cButa; Kr — kaparacckas cepusi; ajk. — assHKaHCKasi cBUTa; krt — KypTyHcKasl cBUTa; nh — HOXTyiicKasi CBUTa; Ur — YpUHCKasl
csuta; dzh(bp) — mKkemMKykaHckas (OosblieniaToMckasi) cBUTHI; Bl — 6ayaranaxckast cepus. LIBeTa Tonin Ha pucyHKe Tpu-

OIMKEHBI K €CTECTBEHHOM OKpacke nopona.

ManbHble 3HaYeHus ¥ Sr/%Sr, pasubie 0.7074 B HUX-
Heit yacti 6apakyHcKoi cBuTHI [[1okpoBCcKMit 1 1p.,
2006a] uAEHTWYHBI 3HAYCHUSIM, MOJYYEHHBLIM U3
YEepHOPEUEHCKON CBUTHI U OJIM3KM K MUHUMAJIbHOMY
3HauyeHM10 0.7072 13 1OTOMUTOB CpEeIHEN YacTu Map-
HUHCKOI cBUTHI 1Mo p. Yina [Kaufman et al., 2011].
Hatuposka 610 + 50 MJIH JIeT TaK:Ke XOPOIIIO ComIa-
cyeTcs ¢ cepueit aHaiormdHbIX Pb-Pb reoxponoiro-
TMYECKUX OIpeaesIeHNII U3 HECKOJIbLKUX CTpaTUrpa-
¢uyeckux ypoBHEl JalbHETAUTMHCKOM cepun 575 =
+20, 581 £ 16 u 613 £ 56 muH ner [Rud’ko et al.,
2021], KoTophble MOJHOCTBIO COMIACYIOTCS C OMOCTpa-
TUrpadrIecKUMU JaHHBIMU [ BopoObeBa u ap., 2008;
T'omyokoBa u np., 2010; Bopo6seBa, Iletpos, 2020;
ITetpoB, BopoOnena, 2022 u ap.].

Crparurpadpm4ecKMMu aHajloraMy U3BECTHSIKOB
YepHOPEYEHCKOIM CBUTHI B APYTUX PETMOHAX SIBJISTIOT -
¢ KapOoHaTHBIE ITOpPOAbI, (OpMUpPOBaBIIMECS B
paHHeM sauakapuu (635—580 MutH JIeT). DTO, B 4aCT-
HOCTHU, OTJIOXKEHUSI HIKHe yactu popmaumu J1o-
ylIaHbTO KpaTtoHa fHu3bl roxkHoro Kuras [Zhou,
Xiao, 2007], a Takxxe ¢popmauuu Ilyyprart /I3adbxaH-
ckoro Teppeiina Monroauu [Bold et al., 2016] u dop-
Manuuu XatreHoepr kpaTtoHa Kamaxapu B Hamuoun
[Cui et al., 2018], rme B OTHOCUTEIBHO XOPOIIO TAaTH-
POBaHHBIX pa3pe3ax 3TOro Bospacra 3HadeHus &°C
pocturaioT +8...+10%o0. DTa MoNoXUTENbHAS aHO-
MaJIvsl MOXET ObITh MEHEE BhIpaxkeHa 10 aMILIUTYIe
3HayeHuit 6C u ocoxHeHa 6oyiee METKMMU Hera-
TUBHBIMHM 3KCKypcaMu, 4yTo HabmonaeTcsa B [TaTom-
ckoM paspese [Pynpko m np., 2017] m MokeT OBITh
OOYCIIOBJICHO BIUSIHUEM MOCTCEIUMEHTALIMOHHBIX
U3MEHEHUI U30TOIMHBIX CUCTEM MO0 JIOKATbHBIMU
yciaoBussMu B bacceitHe [Cui et al., 2018]. B nro60oMm
cllyyae, 3TOT MOJOXUTEIbHbIN 3KCKYPC B COUeTaHUU
¢ ApyrumMHu (MajJeoOHTOJOTUUECKUMU, T€OXPOHOJIO-
TMYECKUMHU, TAICOKIMMATUIECKUMM) NaHHBIMUA O
BO3pacTe paccMaTpUBaeTCs B KadyecTBE OOHOIO U3
BaXKHEMIINX DIOOATBLHBIX MapKepoB, KOTOPOMY, B
YaCTHOCTHU, OJIM3KO IO BO3PACTy ITOSIBJICHHE Xapak-
TEPHOTO JJIsl 3AraKapusl KOMILUIeKCa aKTaHTOMOpP®-
HBIX OPraHOCTEHHBIX MUKpodoccunuit [Xiao et al.,
2016; T'oryokoBa, 2021].

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

Bozmoorcrbte NpUHUHbL I’lpOllCXOJICGEHUﬂ
noaoxcumensroii C-uz30monHoil aHoMaiuu

B o61mem cirygae, mpuInMHOT BOSHUKHOBEHMS 10~
JIOKUTENbHBIX aHoManuii 63C B HOpMaJabHO-MOp-
CKMX OCaJOYHbIX KapOoHarax sIBJsieTcsl Oe(UIIUT
JIETKOTO n30ToIa yriaepona >C B pacTBOpeHHOM Ou-
KapOOHAT-aHMOHE B CPAaBHEHUM C OOBIYHBIMU YCJIO-
BUSIMM OCAAKOHAKOIUICHMS. DTO MOXKET OBITH 00y-
CJIOBJICHO HECKOJBKMMM (DaKTOpaMM KakK IJI00ajib-
HOro, TaK M JIOKAJbHOTO XxapakTepa: 1) peskoe
yBeIMYeHNE 00beMa OMoMacChl, 00OTaIIeHHOM N30~
tornoM 2C; 2) MHTEHCUBHOE 3aXOPOHEHUE B OCAIKE
OpPraHMYeCcKOIo BEIIeCTBa, HEOOXOAMMBIM YCIOBUEM
IUJISL 4ero SIBJISIIOTCSI aHOKCUYECKMe YCIOoBUs B Oac-
ceitHe; 3) oOpa3oBaHUeE U 3aXOpOHEHUE Oe3 moceny-
IOILIETO OKMCJIEHUSI B OCagKe OMOre€HHBIX METAHTH I~
paroB [Kaufman et al., 1997; IlokpoBckuii u ap.,
20060; Ilerpos, ITokposckwuii, 2020]. CoueTaHUEM
3TUX (PAKTOPOB, B YACTHOCTU, OOBSICHSIOTCS aHO-
MaJIbHO-BbICOKHE 3HaueHUs O0PC B KapOOHATHBIX
0CaJ0YHBIX MOpPOAaX CpeaHe U BEpXHel YacTu Jalb-
HeTtauTnHCKOM cepum IlaToMckoro mmporn6a Ha 1ore
Cubupckoii atgopMBbl, TIe OTMEYaroTCsI KakK Io-
BhIIIeHHBIC (10 5%) KoHUeHTpauun OB, Tak u pas-
HOOOpa3HbIC 0CATOYHbIE TEKCTYPhI, a TAKXKE N30TOII-
HO-T€OXMMUYECKHE CBUIACTEIbCTBA HAKOIUICHUST M-
TAaHTUAPATOB B HEIUTUMUIMPOBAHHOM OCAaIIKE
[ITerpos, [Tokposckmit, 2020].

B otiinuue ot nanbHeTaliruHcKou cepun [latom-
CKOro mnporuba, B pa3pe3e YepHOPEUEHCKON CBUTHI
He HaOJ/I10JaeTcsl MOBBIIIEHHBIX KOHIIEHTpalluii pac-
cesgHoro OB. CuHcemmMeHTanMOHHBIC AedopMma-
1IMM, KOTOPblE MOXHO OBLIO ObI paccMaTpUBaTh Kak
MPU3HAK MPUCYTCTBMS METAHTUMAPATOB B OCalKe,
OrpaHUY€eHBbI IUIIb OTHOCUTEbHO Y3KUM CTpaTurpa-
¢uyeckuM nHTEepBajaoM (3 mayka cBUTHI). PocT 3Ha-
yeHuii 63C mpoucxoauT BHE ABHOM 3aBUCUMOCTHU OT
CMeHbI allii 1 XMMUYECKOro cocTaBa OcCajaka, a
aHOMAaJIbHO-TSIKEJIbIi M30TOMHBIN COCTaB yriepoja
CpeIHEel U BepXHell YacTU CBUTBHI COXpPaHSIETCs, He-
CMOTpPSI HU Ha KOJeOaHWs TIIyOUHBI OacceiiHa, HA Ha
colepKaHWe TePPUTeHHON MpuMecH B ocaiake (CM.
puc. 4). JIuiup Ha TpaHUllE C U3TYYUHCKOI CBUTOM,
e MMPOUCXOIUT OMHOBPEMEHHOE CHIKEHUE 3HAaUYSeHU
kak 0C, Tak 1 8'*0 B KaApOOHATHOM BELIECTBE, MOXK-
HO TIpearioyiaraTb HEKOTOPOE BJIMSHUE Ha U30TOII-
HbIE CUCTEMbI MOCTCEAMMEHTALIMOHHBIX MPOILIECCOB.
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YcraHOBJIeHHAss CUHXPOHHOCTb BapualWii M30-
TOIMHOTO COCTaBa OPraHMYECKOTO M KapOOHATHOIO
yrilepoa B YepHOPEUYESHCKOE BpeMs yKa3blBaeT Ha
MEPBUYHYIO IIPUPOIY TUX U3MEHEHMIA, KOTOpast He
3aBHcCea OT JIOKAJIbHBIX U TaXKe peTHOHAIbHBIX (DaK-
TOPOB, TAKMX KaK N30JIMPOBAHHOCTh OacceifHa, mpu-
BOISINAsl K JIOKAJBbHOM AaHOKCUU Y 3aXOPOHEHUIO
OB. CormacHO MHOTOYMCIEHHBIM TaHHBIM, aHOKCH -
yecKHre YCIIOBUS B LIEJIOM MOTJIH ITpeobianaT B Mu-
pOBOM OKeaHe B TEYEHUE BCETr0 HEOMpPOTEepO30s
BILIOTH 40 KOHIa snuakapud [Cui et al., 2016, 2018].
I1pu 5TOM, B METKOBOAHBIX yJ4acTKax GacceitHa Mo-
KeT He HaOII0OAThCS TIPSIMbIX CBUIETEJILCTB AaHOKCH -
YeCKUX OOCTAHOBOK, KOTOpPHIE YCTaHABIMBAIOTCS
JINIIB IO TeOXUMUYECKUM U U30TOMHBIM XapaKTepH-
CTMKaM ayTMTeHHBIX MUHepaioB. BeposTHee Bcero,
OCHOBHOI1 TIpPUYMHOM 00pa3oBaHUSI AaHOMATbHO-TSI-
XKeJbIX MO YIJIepoay KapOOHATHBIX MOPOXd CIEayeT
CUMTATh MaccoBoe (OPMUPOBAHME B OCAadKax 3TOTO
BpeMeHU OOJIBIIINX 0OBEMOB METAHTUAPATOB, a TaK-
Ke 3aXOpOHEHNEe HEOKUCIIEHHOM OPraHUKHU B TITy00-
KOBOJHBIX YaCTSX 0aCCEMHOB. DTOMY CIIOCOOCTBOBA-
N TasiHUEe OOIMUPHBIX JETHUKOBBIX MaccC ITOCIe
OKOHYAHUS TJISIIMO3M0XHM MapuHO U OGBICTpast mo-
CTJICEIHUKOBAsI TPAHCTPECCUSI B pAHHEM BEHJIE, KOTO-
past TIpuBea K 3aTOIJICHUIO OOIIMPHBIX YJ4aCTKOB
menbda, TAe CIOXWINCH OJIATONPUSITHBIE YCITOBUS
IJIs1 HakorieHusT 1 3axopoHeHust OB. Ipennonara-
eTCd, YTO MMEHHO METAHTUAPAThl BIIOCIEACTBUU
MOTJIA SIBUThCSI OCHOBHBIM MCTOYHUKOM OOJIBIINX
00BEMOB M30TOITHO-JIETKOTO yriepoaa B MUpoOBOM
OKeaHe, 4TO SIBUJIOCH IIPUYNHO MOSIBJICHUSI aHOMa -
muu  Illypam-BoHoka B BepxHeM >auakapuu
[IToxkpoBckuii m np., 2021; Wei et al., 2022].

SAK/IIOYEHHME

IIpoBeneHHBIE TEOXUMNYECKHNE U M30TOITHBIE UC-
cJIeIOBaHUS ITO3BOJIMJIM OOHApyXWUTh B KapOoHAaT-
HBIX TTOPOJAaX YEPHOPEUYEHCKON CBUTHI TOKEMOpUS
HMrapckoro nomHsTHUSI NPOTsKeHHYIO (cBbire 500 m
10 MOIIIHOCTH) ¥ BBICOKOAMITIUTYIHYIO (10 +12.4%0)
MOJIOXKUTEIbHYIO C-U30TOIMHYI0 aHOManuo. Paciim-
PEHHOE M3YyYEeHHNE XUMUYECKOIO COCTaBa KapOOHATOB
IO3BOJIMJIO BEIIEIIMTD B pa3pe3e uepeaoBaHne NUHTEP-
BaJIOB, KOTOpbIE MOXHO WHTEPHPETHUPOBATh Kak
OTJIOKEHMSI, HaKaIUIMBaBIIMecs B OacceiiHe C Me-
HSIIOIIUMUCS OKUCIUTEIbHO-BOCCTAHOBUTEILHBIMU
yCIOBUSIMU cpelibl. OaHAaKO HU Bapualuu XMMU4e-
CKOTO COCTaBa BOJBI M OCaaKa, HA INIyOMHA U TUAPO-
IVMHAMUYECKHE YCIOBMsSI HE OKa3bIBalld Cylle-
CTBEHHOTrO BJIMSIHUSI Ha CUHXPOHHBIE KoJieOaHUS
M30TOMHOIO COCTaBa KapOOHATHOI'O M OPraHNYECKO-
ro yrieponaa. 1o HauboJjee BEpOSITHO B ClIydae IJI0-
OaJbHBIX BapUallMii YIJIEPOAHOTO 1IMKJIa, KOTOPHIE B
3TO BpeMSI MOIJIA OBITh CBSI3aHBI C MACCOBBIM (hop-
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MHUPOBaHUEM METAHTUAPATOB U 3aXOPOHEHUEM Opra-
HMYECKOTO BelllecTBa B ocankax. [1obaibHBIN Xa-
paKTep TaKuUX aHOMaJIMii B COYETAHUU C IPYTMMU
reoJIOTMYeCKMMU TaHHBIMU YKa3bIBA€T HA UX BbHICO-
KM KOPPEISIIUOHHBIN IMTOTEHIIMAIL, TI03BOJISISI COIO-
CTaBJISATh YEPHOPEUYEHCKYIO CBUTY C ITOJOOHBIMU
C-U30TONHBIMHU COOBITUSIMH B HIDKHEM BeH I /211Ma-
Kapumn Kak Ha Cubupckoii miatgopme, Tak 1 3a ce
npenenaMmu. IlpemnoxkeHHass KOppeasiuus IOATBEp-
XKIaeTcsl JaHHBIMU MO U30TOMHOMY COCTaBy CTPOH-
UsI, a TaKKe pe3yabTaTaMU T'€OXPOHOJIOTMYECKUX
HUCCJIEAOBAHUIA.

NCTOYHUKUN OPUHAHCHUPOBAHWSA

TTonesble vccenoBaHMs U U3YYEHNE XUMUYECKOTO CO-
cTaBa MopoJ MPOBEACHbI ITpU noaaepxke rpaHToB PODU
17-05-00418 1 20-05-00101. M3yuyeHre N30TOITHOTO COCTa-
Ba yIJIepona U KMCJIOpOAa OCYLIECTBIEHO MPU NOLAECPKKE
npoekta PH® 20-77-10066. M3yyeHne M30TOITHOIO CO-
cTaBa OpPraHMYeCcKOro yriepoja U CTPOHIINS ITPOBEICHO B
pamkax rocszaganuii HUP FMMG-2022-0002, FMUW-
2021-0003 u FWZZ-2022-0002. O600611eH1e TaHHBIX U
ITOATOTOBKA PYKOIUCH BHITIOJTHEHBI TTPY MOIIEPKKE TTPO-
ekta PH® 22-77-10096.
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Early Ediacaran Positive C-Isotope Anomaly in Limestones of the Chernaya Rechka
Formation of the Igarka Uplift (Northwestern Siberian Platform)

B. B. Kochnev" % *, B. G. Pokrovsky3, A. B. Kuznetsov*, V. V. Marusin' 2,
O. K. Kaurova*, N. V. Bykova'-2, and N. A. Ivanova’
! Trofimuk Institute of Petroleum Geology and Geophysics SB RAS, acad. Koptug prosp., 3, Novosibirsk, 630090 Russia
2Novosibirsk State University, Pirogova str., 1, Novosibirsk, 630090 Russia
3Geological Institute RAS, Pyzhevsky lane, 7, bld. 1, Moscow, 119017 Russia
4Institute of Precambrian Geology and Geochronology RAS, Makarova emb., 2, Saint-Petersburg, 199034 Russia

3Siberian Research Institute of Geology, Geophysics and Mineral Resources (JSC “SNIIGGiMS”), Krasny prosp., 67,
Novosibirsk, 630091 Russia

*e-mail: kochnevbb@ipgg.sbras.ru

The Precambrian Chernaya Rechka Formation (Igarka Uplift) hosts a high-amplitude positive carbonate
carbon isotope anomaly (up to 12.4%o0) spanning through 500 m of the section and occurring simultaneously
with a rise of 513C0rg values. The similar trends of carbon isotope variations in the carbonate fraction and or-
ganic matter are not caused by local sedimentary environments since the studied anomaly-bearing carbonates
accumulated in different zones of the carbonate ramp and shallow shelf. Oxygen isotope composition of these
carbonates and some other geochemical criteria indicate minimal (if any) impact of post-sedimentary pro-
cesses on preservation of the isotope systems. Concentrations of trace elements in the carbonate fraction in-
dicate alternating anoxic and oxic environments that did not affected the carbon isotope composition during
accumulation of the Chernaya Rechka Formation. The profound positive 8'2C anomaly was putatively caused
by a global deficiency of '?C in the paleo-ocean related to accumulation of methane hydrates and burial of
non-oxidized organic matter. Together with geochronological and stratigraphic data, minimal 87Sr/3°Sr val-
ues (0.7074) in the Chernaya Rechka Formation reveal the lower Ediacaran (lower Vendian) age of the unit
(635—580 Ma). Among the closest stratigraphic analogues of the Chernaya Rechka Formation are the
Dal’nyaya Taiga Group (Patom Basin) and coeval stratigraphic sequences in the southern Siberian Platform.
Global nature of the positive 8>C anomaly provide its correlation with other coeval C-isotope events worldwide.

Keywords: Ediacaran, Vendian, stable isotope geochemistry, chemostratigraphy, Siberian Platform, Igarka
Uplift.
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