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MATHUTO- U YIVIEPOAHO-U30TOIIHAS CTPATUT'PAOUS
HUKHETO—CPEJHETO BATA PA3PE3A COKYPCKUMM TPAKT (I[enmpansuas Poccus):
3HAYEHMUE JIJISA TVMIOBAJIbBHOM KOPPEJSIIUA

0.C. I3woal, A.10. I'y:kukos?, A.I. Manukun2, 5.H. Hlypeirun's3, B.A. I'puuienko?,
N.H. Kocenxo'3, A.M. Cypunckuii?, B.b. Ceasuep?, O.C. Ypman!

! Unemumym neghmezazosoii eeonocuu u 2eopusuru um. A.A. Tpogpumyxa CO PAH,
630090, Hosocubupck, npocn. Akaoemuka Konmioea, 3, Poccus

2 Capamoscruil 2ocyoapemeennviil ynueepcumem um. H.I Yepuviuesckoeo, 410012, Capamos, yn. Acmpaxanckast, 83, Poccust

3 Hosocubupckuii 2ocyoapemeennviii ynusepcumen, 630090, Hosocubupck, yu. [Tupoeosa, 2, Poccus

Barckuii sipyc B paspeze Cokypckuii Tpakt Ha okpaune r. CaparoB (Llentpanbnas Poccus) conepxut
HCKOMaeMble KaK TETHYECKOTo, TaK U OOpPEeaTbHOTO MPOUCXOXKAEHUS. DTO 0OCTOSTENBCTBO AENAET 3TOT paspes
KITFOYEBBIM 00BEKTOM HCCIEA0BAHNH, HAIPABIECHHBIX HA PEIICHUE TPOOIEMBI JETAIBHON KOPPEISINy OaTta pas-
JUYHBIX Majneo0noreorpadMuecknX MPOBUHINN, U TPEIONPENEIIeT HeoOXOAUMOCTh MPOBEICHUS KOMITICKC-
HBIX HCCIIEJIOBAHUH C MPUBICICHHEM HAPSIy ¢ MaJCOHTONIOTMIYECKUM (IO pa3HBIM TpyrmnaM (ayHbl) (H3NKO-
XMMHYECKHX METOJOB (I1aJIeOMarHUTHOTO, H30TOITHO-T€OXUMUYECKOT0).

Pe3ynbraThl MCCleIOBaHUsT M30TOMNOB yrieposa B poctpax GeremunToB (Cylindroteuthididae) paspesa
COKypCKUH TPaKT CBHIACTENbCTBYIOT B TOJIB3Y KOppeaLnun cyobopeansHol 30HbI Oraniceras besnosovi u 60-
peanpHO# oa30HBI Arcticoceras harlandi ¢ 30H0# Zigzag crannapra, Toraa kak OopeaibHas moa3oHa A. ishmae
TIOJTHOCTBIO WITH OOJBINIEH CBOEH JacThio conmocTaBuMa ¢ 30HO# Tenuiplicatus ctranmapra. B paspese ycraHoB-
JICHBI QHAJIOTH XPOHOB IIKaJbl reoMarHuTHo# nossipaoct (GPTS) e-Bath N; m-Bath R u It-Bath N, coorBer-
CTBYIOIIIME HIKHEMY—Cpe/IHeMY 0aTy 1, BO3MO)KHO, HM3aM BEpXHero Oara.

bamcxuii apyc, macnumocmpamuepagus, xemocmpamuepaghus, 60peanbHO-memuieckas Koppenayus,
naneomemnepamypel, Pycckas nauma.

MAGNETO- AND CARBON ISOTOPE STRATIGRAPHY OF THE LOWER-MIDDLE
BATHONIAN OF THE SOKUR TRACT SECTION (Saratov, Central Russia):
IMPLICATIONS FOR GLOBAL CORRELATION

0.S. Dzyuba, A.Yu. Guzhikov, A.G. Manikin, B.N. Shurygin, V.A. Grishchenko,
L.N. Kosenko, A.M. Surinsky, V.B. Sel’tser, and O.S. Urman

The Bathonian Stage in the Sokur Tract section on the periphery of the city of Saratov (Central Russia)
contains both Tethyan and Boreal fossils. This makes the section a key object of research aimed at solving the
problems of detailed correlation of the Bathoman between different paleobiogeographic provinces and calls
for integrated studies involving both paleontological (based on different groups of fauna) and physicochemical
(paleomagnetic and isotope-geochemical) methods.

The results of study of carbon isotopes in belemnite (Cylindroteuthididae) rostra from the Sokur Tract
section show that the Subboreal Oraniceras besnosovi Zone and Boreal Arcticoceras harlandi Subzone are cor-
related with the standard Zigzag Zone, whereas the Boreal A. ishmae Subzone is totally or mostly comparable
to the standard Tenuiplicatus Zone. We have recognized analogs of the chrons of the geomagnetic-polarity time
scale (GPTS): e-Bath N, M-Bath R, and 1t-Bath N, corresponding to the Lower—-Middle Bathonian and, possibly,
lower Upper Bathonian.

Bathonian, magnetostratigraphy, chemostratigraphy, Boreal-Tethyan correlation, paleotemperature,
Russian Plate
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BBEJEHHUE

BopeanbHO-TeTHUECKAsT KOPPENALUS OaTCKUX OTIOKEHUHN SIBISICTCS OHOM M3 CAMBIX CIOXKHBIX ITPOOIEM
6uoctparurpaduu Me3o030s. [lepBuunas ctangapTHas 30HaJIbHAs IKajga 6aTa MHOCTPOEHA HA OCHOBE 3aIlaHO-
€BPOIEHCKUX IOCIIe0BAaTEIbHOCTEl aMMOHUTOB, NpUHAAIekKamux cemeiictBam Parkinsoniidae, Perisphin-
ctidae, Morphoceratidae, Oppeliidae, Tulitidac u np. B wactn HmKHEr0 U cpemHero 0aTa 3Ta IIKaNa CPaBHU-
TEJIFHO XOpOIIO padoTaeT Ha CyOCPEOM3EeMHOMOPCKHX H CPEIN3EMHOMOpPCKUX paspes3ax [Fernandez-Lopez,
2001; Callomon, 2003; Fernandez-Lopez et al., 2009]. 3oHaibHBIE MIKAIBI OOPEATHHBIX OTIOKEHHH 3TOT0 BO3-
pacra, pacrpoCTpaHEHHBIX Ha OTPOMHOHN TEPPUTOPUH, OCHOBAHBI Ha IOCIEIOBATEIHHOCTH TaKCOHOB MOCE-
MmelicTBa Arctocephalitinae (cemeiictBo Cardioceratidae) u onroe BpeMsi CONOCTABJISIIUCH CO CTaHIIAPTHOM
IIKaJION BeEChMa yCIOBHO.

Bo3moxHOCT npsiMOii 6G0peabHO-TETHUECKON KOPPEIALUY HIKHEH JacTn 0ata mpeAcTaBuiIach, KOraa
B BOCTOUYHO-eBpoIIeiickoM paspe3e CokypcKkuil TpakT Ha okpanHe CapaToBa (pHc. 1), sBIsIOIIEMCcst 00BEKTOM
HCCIIeIOBAaHUsI B HACTOsILEH paboTe, ObLTH HaliJeHbl aMMOHHUTBI ITepUTeTHYecKoro ceMeiictra Parkinsoniidae u
npenactasurenu dopeanbHbix Cardioceratidae [Murra, Cenbuep, 2002]. B pe3yibTare KOMIUIEKCHBIX UCCIIEA0-
BaHMI 3]1€Ch YAaJIOCh YCTAHOBUTH HE TOJIBKO OOpeaIbHbIe aMMOHHUTOBBIC 30HBL, HO M CBSI3aHHBIC C HUMU «0O-
peaabHO-0aTCKUE» 30HBI IO IBYCTBOpKaM, (opamMuHU(EpaM, CIION ¢ OeJIeMHUTAMU. JTH JaHHBIC H3MEHITH
MIPEACTaBICHHE O KOPPEILIIIH OOpeaTbHOr0 30HAJBHOTO CTaHIapTa ¢ cyO00OpealbHBIMHI B TETHICCKUMU IIIKa-
JIaMH B YaCTH MPUTPAHUYHOTO Oalioc-0aTckoro nHTepBaia [Murra u ap., 2004; Mitta et al., 2014]. Pe3ynbTarhl
onocTpaTurpaguueckux padoT CBHICTEILCTBYIOT O HEOOXOIUMOCTH YAPEBHEHHSI KOMOMHAIINN BCEX MOCIIEI0-
BaTeJIbHOCTEH (IO pasHbIM TpymmnaM (ayHbl) OopeabHBIX OHOCTPATOHOB, YTO MPEACTABISCTCS Iesiecoodpas-
HBIM ITPOBEPHUTH HE3aBUCUMBIMU (PU3UKO-XUMHUECKUMHU METOIaMHU.

[TaneomarnutHOe M3ydenue pazpeza CoKypckuil TpakT nmpoBouiIock panee J.A. MonocroBckum [2005]
1 M.B. [IumenoBbIM ¢ coaBTopamu [2006], HO B 000HX ciy4asx HOCHIIO PEKOTHOCIIUPOBOYHBIN xapakTtep. [lep-
Bble MaTepuaibl [MonoctoBckuit, 2005] BBISIBUIIN B pa3pese 0AHY OOJbLIYI0 30HY 00paTHOH nosisipHOCTH (R).

40° B.A.
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Puc. 1. Mectronaxosxknenue paspe3a Cokypckuii TPakT U BH/J Ha U3YYeHHBIH Kapbep.

®dotorpadus 2013 r., O.C. Ypmas.
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Pezynbrathl nocaenyromux padot [[Iumenos u ap., 2006] 3aduxcupoBanu BHyTpU R-30HBI TPH UHTEPBA-
J1a HOPMaJIbHOHM NOISIPHOCTH (/NV), KaX bl U3 KOTOPBIX 000CHOBaH o0pa3namu ¢ |—2 ypoBHEH, 4TO CTaTHCTH-
YECKH HEJIOCTATOYHO JUIs BbIAEJICHHUS MarHUTO30H. [To3ke, Korja B HOBBIX OTKOCax Kapbepa Oblila BCKPBITa
HenpepbIBHAs MOCIEI0BATEIbHOCTD CJIOEB, BBIICHHJIOCH, YTO MPU ONpOOOBaHUM OBbLI MPOMYIIEH 3HAYUTEIb-
HBI HHTEpBa pa3pesa.

[IpoBenenne neTalbHBIX MEXKPETHOHAIBHBIX KOPPESIUMNA, YUUTHIBAsl CIOXKHYIO MaJ€OMarHuTHYIO 30-
HaJILHOCTB Oalfoca—o0ara [Ogg et al., 2012], TpeOyeT Oojiee THATETFHOIO MArHUTOCTPATUTPA(YUIECKOTO H3Y-
YeHUS pa3pe3a, B YaCTHOCTH, YBEIMUCHUS YHUCIA MAJCOMArHUTHBIX P00, HA/IG)KHO YBSI3aHHBIX C HAXOIKAMH
(baynsl, 00pasznamu, B3STHIMU Ha IpyTUE BUABI aHATH30B, U MOCIOHHBIM OnHcaHueM. VccaenoBanue H30TOMHO-
TeOXMMHUYECKHX XapaKTePUCTUK B pazpesax 0ara LlenTpansHoit Poccum, u B paspese COKypcKuil TpakT, B 4acT-
HOCTH, JI0 HACTOAIIETO BPEeMEHHU He MPOBOAMIOCH. [loaToMy B 2013 1. aBTOpamMu ObLIO POBEACHO JCTAIBHOE
KOMILJIEKCHOE U3ydeHue pa3pesa COKypCKHU TPaKT, BKIIOUABIIEE ETAIbHOE F'€0JIOTMUECKOE OMUCaHNE, COOPEI
(dayHbl 1 MaTepuana s MaJeOMarHUTHBIX U u3otonHbiX (8180, 613C) uccnenosanuii. [IpenBaputenbHbie pe-
3ynbTaThl ObUIM MpejacTaBieHbl Ha 3acenanuu VI Beepoccuiickoro cosemanus «lOpckas cucrema Poccun:
npobnemsl ctpaturpaduu u naneoreorpaduny [Manukus u ap., 2015; Hlypsirun u ap., 2015].

XAPAKTEPUCTHUKA PASPE3A U MATEPHAJIA

Pa3pe3 Cokypckuii TpakT BCKpBIT B Kapbepe, 10 2015 r. pa3spabaTeiBaeMOM Ha ceBepO-3amagHON OKpau-
He CaparoBa (51°36'47.03" N, 45°56'27.30" E) (cm. puc. 1). B HacTosiee Bpemst Kapbep MOTHOCTHIO 3aChINaH.
OO0mrass MOIIHOCTh HAOMIOTAEMBIX B Kapbepe OaTCKHX OTIOKEHWH cocTaBmia 16.5 M. Hikasas mpeumytie-
CTBEHHO TJIMHUCTAsl YacTh pa3pesa (MOIIHOCTBIO 8.5 M), copMOBaBLIasics B yMEPEHHOTITYOOKOBOIHOM (Cpen-
HECYOJIMTOpalIbHOW) 30HE MOPS, COJIEPKUT pazHooOpasHbie (OCCHIIMHA PAHHEOATCKOTO BO3pacTa (aMMOHHTHI,
OCTIEMHUTEI, TBYCTBOPKH, TaCTPOIIOIBI, 3yOBl M TIO3BOHKH PENTHINH, WICHHKHA CTeONeH KpUHOUAEH, MUKPO-
(ayny). BepxHsis, He comepxaiias Gpoccuinmil 4acTh pazpes3a MpeJCTaBICHA aJIEBPUTOBON ToMIIeH (MOIIHO-
cthio 8.0 M), HaKONUBIIEHCS B 30HE KpaiHero MesikoBoibs [Mitta et al., 2014] (puc. 2).

Cyast o naneoreorpaduyeckuM Kaptam Ha cpenHeropckoe Bpems [Rees et al., 2000], paiion CapaTtoBa
pacronaraics B 6ate NpuOIM3UTENBLHO Mexay 45 u 50° ceBepHoi naneomupoTsl. CoriacHO HEJJABHUM HCCIIe-
noanusM [Mitta et al., 2014], pa3BuTHE TpaHCTPECCHU Ha TEPPUTOPUH PyCCKOW TUTUTHI MPHUBEJIO B KOHIIC
MO3IHET0 0alioca K CMEMICHUIO «O0pEabHBIX» M «TETUIECKUX» BOJHBIX MAcCC: aHAIN3 TAKCOHOMHYECKOTO CO-
cTtaBa (hayHsl pa3pesa COKypCKUil TPaKT CBHACTENbCTBYET B MONb3Y CYIIECTBOBAHMS B KOHIIE NMO3AHET0 Oaifo-
ca—paHHeM 0aTe MPOTNBa, COSTMHHUBIIETO CEBEPHBIC XOJIOIHBIC H I0XKHBIC TEIUTbIe BoAbl. Koner panHero 0ata
OTMEUCH HAYaJIOM PErPeCCHBHOTO ITUKIIA.

B ocHoBanum paspesa BbleneHa aMMOHUTOBasI 30Ha Oraniceras besnosovi, nepekpeiBaeMast 0€3 ClIeI0B
KaKOT0-JIN0O TIepephIBa OTIOKCHUAMH, KOTOPhIC 10 COACPKAIUMCS B HUX Arcticoceras harlandi Rawson u
A. ishmae (von Keyserling) oTHECEHBI K COOTBETCTBYIOIIUM OMOCTpPaTOHAM OOPeaIbHOTO 30HAIBHOIO CTaHAap-
Ta 1opbl [Murta, Cenbliep, 2002; Mutta u ap., 2004; Mitta et al., 2014]. [IpucyTcTBHe B pa3pese npeacTaBuTe-
JIeH IePUTETUIECKIX TAKCOHOB aMMOHHTOB (Parkinsonia, Oraniceras) no3sonuio B.B. Mutte ¢ coaBTopamu
HPEIIOKHUTE CXeMy OuocTpaTurpaduyeckoil koppemsinun pazpe3a COKypCKUil TPaKT ¢ CEeBepO-3amaHO-EBPO-
MEeMCKNM NEepBUYHBIM CTaHAAPTOM, UTO, B CBOIO OUYEpE/lb, AaCT BOZMOKHOCTh COMOCTABJICHHS ¢ cyOCpean3eM-
HOMOPCKHM U CPEITU3EMHOMOPCKIM BTOPHYHBIMH CTaHIapTaMu (puc. 3).

[MapaiensHO B 3TOM pa3pese 1o MakpodayHe onpeneeHsl ciou ¢ Pachyteuthis optima n P. bodylevskil,
ciou ¢ P. optima (6e1eMHUTEHI), 30HBI Retroceramus bulunensis u R. vagt (ABycTBOpKH), a Takke BEpPXHHUE Ya-
cti popamuHnpepoBbix 30H Lenticulina volganica—Vaginulina dainae u Trochammina aff. praesquamata
[Mitta et al., 2014]. YcraHoBieHHbIE OMOCTPATOHBI XOPOILO yBsI3aHbl B OOpEaIbHOM CTaHIApTe IOPBI C aMMO-
HUTOBBIMH 30Hamu [Mitta et al., 2015]. B cpenneit vactu ammoHuTOBOW 30HBI Oraniceras besnosovi, B 2.0 M
HIDKE «OCIIEMHHUTOBOTO YPOBHSY, TIE BICPBBIC B Pa3pe3e MOSBIIOTCS OopeanbHbIe OEIEeMHUTEI, HAWICH TakKe
R. polaris Koschelkina [Mitta et al., 2014] — BuI-UHAEKC 30HBI, MOJCTHIAIONIEH B CHOUPCKUX pa3pe3ax 30HY
R. bulunensis [[ypsirun u ap., 2011; Hukurenko u ap., 2013].

B kauecTBe penepHBIX ypoBHEH mpu 0TOOpEe 00pa3IIOB UCIIOIB30BAHBI TPAHHIIA TIMHUCTOW U alIeBPHUTO-
Boil mayek (mauxu 11l u IV, mo [Mitta et al., 2014]), Tak Ha3bIBaeMblil «0EIEMHUTOBBIA YPOBEHbY» (3—5-caHTH-
METPOBBIN KOHJACHCUPOBAHHBIA MPOCIION ¢ MHOTOYHCICHHBIMH POCTPAMHU OCICMHHUTOB U COIMYTCTBYIOIIUMHU
OCTaTKaMU IpyTux (Hoccuinii), 3aeraromuii B 5.4 M HIDKE TPAHUIIBI 3THX Ta4eK, a TAK)KE BBHICTYTMAIOMIN Kap-
HHU30M IDTUTOOOPa3HBI KOHKPEIIMOHHEIH TOPH3OHT AJIEBPOJIINTOB H3BECTKOBBIX, CHIILHO OKEJIE3HEHHBIX (TOJI-
umHo# 0.3—0.4 M), pacnoyiokeHHbIH B HHTepBaie 3.5—3.9 M BbIllIe IPaHUIBI TEX Ke MayeK.

B 30nax Oraniceras besnosovi n Arcticoceras ishmae, B mpezieniax 4-MeTpOBOI0 HHTEPBAJIA C HENBIO U30-
TOITHO-T€OXMMHYECKOTO HCCIICIOBAHNS COOPAaHbI pOCTphI OeieMHUTOB poaa Pachyteuthis (Cylindroteuthididae).
Tawm, rae 310 ObLIIO BO3MOXKHO, 0TOOPAHO HECKOJIBKO 00pasloB ¢ OAHOTO YpoBHA. Beero uzyuenst 24 oOpasna.
Borneuennrie B ananmu3 Bugbl (Pachyteuthis optima Sachs & Nalnjaeva, P. bodylevskii Sachs & Nalnjaeva)
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Cpeam3eMHOMOopbe Cy6CpPEanaeMHOMOpbE CeBepo-3anagHas LleHTpansHasa Poccus
P P yoep P Espona (Capartos)

= Bremeri Hodsoni (lower part
3 Costatus — ( — part)
= Morrisi Morrisi
% Subcontractus Subcontractus AMMOHUTbI HE HaiaeHb!
o Sofanus N -
O Progracilis Progracilis

g Postpollubrum 3 Tenuiplicatus Tenuiplicatus ishmae B

S S Ishmae ishmae a.

= =
é i Yeovilensis <‘E’ Recinctus Yeovilensis harlandi
=
S o)
ju © .
§ o Macrescens o Macrescens N Macrescens besnosovi
T N S N .

k) k=) Besnosovi

N Dimorphitiformis| ™ Parvum Convergens mojarowskii

Puc. 3. Koppeasinusi Hnxnero—cpenanero 6ara LlenTpaabHoii Poccun ¢ ceBepo-3anaiHo-eBponeiickum
NMEePBHYHBIM CTAHAAPTOM U cy0Cpen3eMHOMOPCKHM, CPeIH3eMHOMOPCKHM BTOPHYHBIMH CTAHAAPTAMHU
no ammonnTam [Fernandez-Lopez, 2001; Callomon, 2003; Fernandez-Lopez et al., 2009; Ogg et al., 2012;
Mitta et al., 2014].

ObUTH MUTpaHTaMu U3 ApkTukH [Mitta et al., 2014, 2015], B TETHYECKUX MOPSX OHH HEH3BECTHBI. DTH BHIIBI
o0Jaiai yMEPEHHO YJIMHEHHBIM CXKAaThIM ¢ OOKOB POCTPOM C KOPOTKOM MPHUBEPIINHHON OPIONIHOM 00po3-
JIOW, YTO TO3BOJIIET PACCMATPHBATh MX KaK JIOBOJBHO aKTHBHBIX IUIOBIOB snunenaruanu [Zakharov et al.,
2014]. Takum 00pazoM, MOXKHO JOIMYCTUTh HEKOTOPOE BIMSIHUE MUTPHPYIOIIETo 00pas3a KHU3HU 3THX OCIEMHHU-
TOB Ha M30TOMHBII COCTaB KUCIOPOAA B UX POCTPaXx.

METOAbI
H30TONHO-re0XHMHUYECKHE AHATU3BI

Tak KaK M30TOMHBIA COCTaB KHUCIOPOJA U YIIIEpoa PaKOBUHHOTO BEIIECTBA MCKOMACMBIX MOJUTIOCKOB
HEPEJIKO MOJIBEPIKEH U3MEHEHHSM B XOJI¢ MPOLIECCOB JUareHe3a, OIeHKa CTENeHH COXPAHHOCTH KapOOHATHOTO
BEIIECTBA SIBJISICTCS BXKHEUIIIMM 3TAllOM HM30TOIHO-TCOXMMHUYECKMX HuccienoBanuii [Brand, Veizer, 1980;
Veizer, 1983; Marshall, 1992; Salen et al., 1996; 3axapos u ap., 2001, 2006; Rosales et al., 2001; Niebuhr,
Joachimski, 2002; Wierzbowski, Joachimski, 2007; Benito, Reolid, 2012].

CreneHb COXpaHHOCTH MaTepualia PaKOBHH OeleMHUTOB U3 pa3pe3a COKypCKHl TpaKT omnpeaessiach B
MIEPBYIO OUEPeIb METOIOM KaTOAOIIOMUHECLIEHIIUN C UCIIOJBb30BaHHEM CKaHUPYIOIIETO JIEKTPOHHOI'O MUKPO-
ckora LEO1430VP ¢ xaTomomoMIHECIIeHTHBIM AeTekTopoM Centaurus. [IpurotoBieHHbIE H3 POCTPOB OeieM-
HUTOB IUTU(BI N3yYallUCh C [ENBbI0 MOUCKA JHATCHETHYCCKN MPEOOPa30BaHHBIX yUaCTKOB, KOTOPBIC XapaKTe-
PHU3YIOTCS JIIOMHHECIICHIINEH, MMocae 4ero oTOOp MaTepHana IS M30TOIMHO-TeOXUMHUYSCKUX HCCIICIOBAHUI
MIPOBOJIAJICS U3 HEMPEoOPa30BaHHBIX YIACTKOB. B mporiecce moAroToBKe mpod pocTphl OSIEMHUTOB IITH(OBa-
J¥ ¢ IOMOIIBI0 HAKIAYHON OyMaru JUisl yJaJeHNs] BHEITHETO CIIOsI, KOTOPBI MOXET OBITh MOJBEPTHYT AHUATe-
HETHYECKUM M3MEHEHHSIM. 3aTeM POCTPhI paCKAIbIBAIM HA KYCOUKH, U3 HUX BBHIOMpasd HauboJiee yaajacHHbIC
OT aJIbBEOJIbI, OCEBOH JIMHWN M BHEIIHEH MOBEPXHOCTH pocTpa. Jlanee u3 KyCOUKOB pocTpa U3roTaBIMBaIach
KapOoOHaTHas My/pa MyTeM MepeTUpaHus B araTOBOM CTYIIKE.

Omnpenenenne coaepxanusd Fe, Mn u Sr ocyliecTBISUIOCH B paCTBOPUMOI 4acTu 00pasia, MOoITy4eHHOM
myteM paznoxenus 100 mr odpasua B 1IN HCIL. Konnenrpauus Ca, Mg, Fe, Mn u Sr B kapOOHaTHOI BBITSIKKE
onpenesiack MmetogoM [CP-MS. ICP-MS aHanu3bl BBITIOJHEHBI HA MAacC-CIIEKTPOMETPE BBICOKOTO pa3pellie-
aust ELEMENT Finnigan Mat. [lorpemnocTts onpeneneHus KOHICHTpauid He npeBbimaet 10 %.

V3mepeHne H30TOMHOTO COCTaBa YIIEKUCIOrO Tra3a IPOBOAMIOCH METOAOM MPOTOYHOH Macc-
CTIIEKTPOMETPHHU B MTOCTOSTHHOM IOTOKE Tenws. [ aHanm3a H30TOIHOTO COCTaBa KUCIOPOJa M yIriiepoia 1c-
MOJTL30BAJICS MACC-CIIEKTPOMETPHUYCCKUN KOMILIEKC, COCTOSIINN U3 Macc-criekTpomerpa Finnigan MAT-253 u
auHuy npobonoaroropkn — Gas Bench II. [l u3mepenuii ncnonessosaics CO,, momydeHHbIH U pa3ioxKe-
HUU KapOOHATHOM ITyIpsl B opTodochopHOii KUcIIoTe B TeueHHne nByX 4acoB mpu 60 °C. TogHOCTH omnpenere-
HUsI U30TOIHOIO COCTaBa yriepoaa u kuciopona B kapoonarax (0.1 %o amst 613C u 6'%0) koHTpOMIMpOBaIach
AHAJIN30M MEXKyHapOaHbIX cTaHaapTHbIX 00pa3ioB (NBS19 613C = +1.9 %o, 8'80 = —2.2 %o).
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ITajieoMarHuTHBIE U NETPOMATHUTHBIC UCCJICA0OBAHUSA

Jist mosry4yeHust MarHuTocTpaturpaduueckoil nHGopmanuu OblIM 0TOOPAHBI OPUCHTUPOBAHHBIE IITY (GBI
¢ 66 ypoBHEH, Mpu MOLTHOCTH pa3zpe3a ~16 M (cM. puc. 2). M3nekaemble mTydsl cpa3y xe napapuHupoBaiu
BO M30C)KaHUE MTOTEPH MOHOJIUTHOCTH IIPH YCHIXaHHUH TJIMH. B manmpHelieM ux pacmuiuBaiy Ha 3—4 obpasia
KyOudeckoi (opMbI ¢ pazmepoM rpanu 20 MM, KOTOPBIE TIOABEPralluCh CTAHAAPTHOMY KOMILIEKCY J1labopartop-
HBIX IETPOMArHUTHBIX U MaJEOMAarHUTHBIX MCCIIEI0OBaHUM.

[eTpoMaruuTHbIe TaHHbIE HEOOXOAUMBI TSI 0OOCHOBAHMS BHJIA U TCHE3HCa MUHEPAJIOB — HOCHUTEIEH
€CTECTBEHHOW OCTATOYHON HAMarHU4YeHHOCTH U BBIACHEHHSI OCOOCHHOCTEH MX paclpeieieHus 110 pa3pe3y. DTa
MH(OPMAIHS UCTIONB3YETCS IS OIIEHKH MPUTOTHOCTH 00Pa3IoB K IMaJeOMarHUTHBIM HCCIICIOBAHUSAM H JIOKa-
3aTeNbCTBA BO3pAcTa HAMarHMUCHHOCTH. [leTpoMarHuTHbIC XapaKTePUCTUKH UMEIOT U CAMOCTOSTEIBHYIO IICH-
HOCTb KaK MHCTPYMEHT JUIsl JOMOJHUTEIBHOTO PACUJICHEHHS U KOPPEISINU pa3pe3oB. B cTparurpaduueckom
Kozekce Poccun meTpoMarHUTHBIC MOAPA3ACICHUS, HApsiLy ¢ MAarHUTOMOJIIPHBIMU (ITaJICOMarHUTHBIMHE), (u-
TYpUPYIOT KaK MarHUTOCTpaTUrpaduyeckue, HO, [0 CyTH, SIBISIOTCS Pa3sHOBUIHOCTBIO JIUTOCTpAaTUrpaduye-
CKUX TOApa3/eNeHHH, IOCKONbKY TaKXKe BBIACSIOTCS 110 0COOEHHOCTSIM BELIECTBEHHOTO COCTaBa (2 UMEHHO
(dbeppoMaruuTHON (pakuun) nopol. Bapuanyu neTpoMarHUTHBIX CBOMCTB OTpa)KalOT MHOTHME OCOOEHHOCTH
(bopMUpOBaHUS OTIOKCHUH, OCHOBHBIC MTPUHIIHITBI X T'€OJIOTHUCCKON WHTEPIIPETAIINN pa3paboTaHbl paHee H
MHOTOKpPATHO anpoOUpOBaHbl HA 00BEKTaX Pa3IMYHOI0 BO3pacTa U reHesuca [MonocToBckuid, Xpamos, 1997;
Evans, Heller, 2003; Kodama, Hinnov, 2015; u ap.].

Y 00pa3noB ucciieyeMol KOJUIEKITUH H3MEPSUTHCh CIIESIYIOIINe TTapameTpsl (CM. pHc. 2):

k — MarHuTHas BOCIPUUMYHBOCTD, BEJIMYMHA KOTOPOH ONpeeNsieTcss KOHIICHTPAIHSIMU napa- u Gpeppo-
MarHeTUKoB B mopoe (3Hauenus k > 20-10-5 ex. CH MOXHO cUUTaTh OOYCIOBICHHBIMH TOJIBKO (heppoMarHe-
THUKaMH);

k, — MarHuTHas BOCIPUMMYMBOCTb, U3MEPEHHAs I0CJie porpesa nopoj npu temnepatype 500 °C B
TeyeHue 4aca (tepmokanna). Ilpupoct dk = k, — k orpaskaeT npu 3ToM cojiep;KaHKHe TOHKOIUCIEPCHOIO TUPUTA
B 00pasue 6narojgaps (a3oBoMy nepexoy HemMarHutHoro FeS, B cuneHoMarauTHsli Fe,O, npu Temneparype
cBeiie 400 °C;

J,, — ecTecTBeHHas OCTaTOYHas HAMAarHMYEHHOCTb, MOIYJIb KOTOPOH 3aBUCUT OT KOHIIEHTPAILMU TOJIBKO
(beppOMarHUTHBIX MUHEPAJIOB B IIOPOJIE U, KPOME TOTO, OT CTENEHU YIOPAJOYCHHOCTH X MAarHUTHBIX MOMEH-
ToB. [To3TOMY J,, MOJKET CYILIECTBEHHO Pa3IM4aThCs JaXKe IPH OJHMHAKOBBIX KOHIEHTPALHUAX (peppOMAarHeTHKOB;

J,, — OCTaTo4YHas HAMArHUYEHHOCTh HACBHINIEHHs, MAKCUMAaJIbHO BO3MOKHAS OCTaTOYHAs HAMArHUYECH-
HOCTH B 00pasiie, co3aaBaeMasi HCKYCCTBEHHBIM MarHUTHBIM TojieM. Ha ee 3HaueHne BIHsET Kak KOHIICHTpA-
IS, TaK M pasMep 3epeH (heppoMarHeTHKOB;

H_ — ocraTo4yHas KOAPLUUTUBHAS CUIIA, KOTOPYIO HY>KHO IPHJIOKHTh, YTOOBI MOJIHOCTBIO Pa3pyIIHTh J
oOpasma. OHa 3aBUCUT OT MarHUTHOH JKECTKOCTH HOCHTEINS HAMAarHUYEHHOCTH (K MarHUTOMSITKUM MUHepaiam
OTHOCHUTCS, HAIIPUMeEp, MarHETHT, & K MAarHUTOXXECTKUM — THAPOKCHUBI JKelle3a ¥ TeMAaTHT).

AHM30TpONUS MATHUTHON BOCIpUUMYMBOCTH (AMB) nian MarHuTHas TEKCTypa — AAHHBIC O MATHUTHOMN
BOCIIPUUMUYHUBOCTH TOPOJI, U3MEPEHHON 10 pa3HbIM HampasieHusM. Pe3ynbraTsl usmepenuit AMB o6pasia
IPEACTAaBIISIOTCS B BUAE TPEXOCHOTO 3JUIUIICONIA ¢ MAKCUMANIBHOH (JUIMHHOM) — K/, MpoMexXyTO4YHOH (cpen-
Hell) — K2 1 MUHUMaJbHOH (KOpoTKoi) — K3 ocsamu. [Ipu reonornyeckoid uHTEprpeTaunu Matepuanos AMB
AQHAJIM3UPYIOTCS CTEPEOrpaMMbl POEKIMHA OCEH MarHUTHBIX SJUTUIICOMIO0B U JUarpaMMbl pa3IMuHbIX Mapame-
TPOB aHU3O0TPOIIHU.

[ToMuMO XapaKTEpPHCTHK, YCTAHOBICHHBIX OIBITHBIM IYTEM, PacCUUTHIBAINCH MapaMeTpsl: (Gakrop O
(mapamerp KenurcGeprepa), paBHbIi OTHOIIEHHIO J K HHAYKTUBHOI HAMAarHMYEHHOCTHU, M OTHOIIEHHUE k/J .
3navenus gaxropa O > 1 B 0CalOYHBIX MOPOAAX, KaK IPABHUJIO, YKA3hIBAIOT HA XUMHUYECKYIO IPUPOLy Hamar-
Hu4yeHHocTH. OTHomeHue k/J,  MPOIOPIMOHATIBEHO CPeHEMY pa3Mepy (peppOMarHUTHBIX 3ePEH.

MarantoMuHepaJjJoruyeckasi Juarnoctuka. [lo BEIOOpOYHBIM MpoOaM CHSATHI MOJHBIE KPUBBIC Mar-
HUTHOTO HACBIIICHUS U MTPOBECH TU(PepeHIINATBHBIN TepMOMarHuTHbIN ananns — JITMA. OnbITel Maraur-
HOTO HACBIIIEHHSI IO3BOJISIIOT YCTAHOBUTH HAJMYNE MarHUTOMSTKHUX WJIM/M MAarHUTOXKECTKHUX (heppomarHeru-
koB B nopoze. B ITMA nuarHoCTHUECKHMMHU MpHU3HAKaMHU SIBJISIOTCS Temmeparypa Kropu (Belie KOTOpOii
UCue3aloT (peppOMarHuTHHIE CBOWCTBA BEIIECTBA) MIIM TeMIepaTyphl (a30BbIX IEPEXO0B, YHUKAIbHBIC JUIs
Ka)JI0r0 MUHepana.

N3mepenns K B MOJIEBBIX YCIOBUSIX POBOAMINCEH TopTaTUBHBIME TTpubopamu KT-6 u KT-10, B mabopa-
Topun — Ha kanna-opumke MFK1-FB, octarouHoil HaMarHMueHHOCTH — Ha cliiH-Marauromerpe JR-6. ['u-
CTEPE3UCHBIE XapaKTepUCTUKHU (J,, /1,) MOTyYeHBI C IIOMOMIBIO PETYIUPYEMOro 2JIEKTPOMAarHuTa ¢ MaKCH-
MaJIbHOM MHTEeHCUBHOCTBIO ToJst 700 MTi1, dk m3mepsutoch mociie HarpeBa obpasnoB B nieun CHOJI-6/11-B,
JATMA nipoBoanIICs € MOMOIIbIO TEPMOAHAIHM3aTOpa MArHUTHBIX Qpakiuii TAD-2 («MarHUTHBIC Bechl»). J{ist
aHaJM3a aHu30Tponuu K MCrois30Baiack nmporpamma Anysoft 4.2.

IMajseomarHuTHBIE HCCIEA0BaHNUS IPOBOAWIINCH 110 CTaHAAPTHOM MeToauke [MosocToBekuii, XpaMos,
1997], 3axmouasiueiics B usmMepenusx J, o6pasios Ha ciuH-Marauromerpe JR-6 nocie cepuu nociejoBareb-
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HBIX MarHUTHBIX YUCTOK MepeMeHHbIM mosieM (B ocHOBHOM 10 50—100 mTn ¢ marom 5 mTi) Ha yctaHOBKe
LDA-3 AF u temnepatypoii (ot 100 go 550 °C ¢ marom 50 °C) B neun KOHCTpyKuun Anapuna. J{ist kommo-
HEHTHOTO aHaJK3a MOJYYEHHBIX JaHHBIX HCIOJb30Basiach mporpamma Remasoft 3.0. Bo3moxHbie (a3oBbie
MIpeBpalleHUs] MUHEPAJIOB TP HAarpeBax KOHTPOJIMPOBAIUCH IMyTEM N3MEPEHUsI MAarHUTHON BOCIIPUUMYHMBOCTH
00pasIoB Mocye KaXI0i TePMOIHCTKH.

PE3VYJIBTATBI PABOT
JlaHHBIE 110 371eMEHTHOMY aHAJIN3Y U CTa0MIbHBIM H30TONAM

Makpockonuyeckoe uccieioBaHue KapOOHaTHOrO MaTepHuala JUIsi H30TOIMHO-TEOXUMHUYECKOTO aHaJIn3a
MOKa3aJio, 4YTO KYCOYKH POCTPOB, BHIOpaHHBIE [Tl TOJATOTOBKH KapOOHATHOM My IPbI, COCTOST U3 MOIYyIpO3pay-
HOT'O KaJbLIUTa CBETJIO-MEJ0BOr0 I[BETA, XapaKTEPHOI'0 [UId IMAareHeTHYeCKH HEM3MEHEHHOro KanbiuTa. Kap-
OoHaTHasI MyJpa, NOTyYeHHAs IIePeTHPAHHEM KyCOYKOB POCTpa B araTOBOW CTYIIKE, OKpaIlleHa B YUCTHINA Oe-
JBIH IBET 03 OTTEHKOB. DTO CBHICTENBCTBYET B TIOJIB3Y XOPOIIEH COXPaHHOCTH HCCIIEAYEeMOTO KapOOHATHOTO
MaTepuaa.

Bce nccnemryempie METOIOM KaTOAONIOMIHECIICHITIH POCTPHI XapaKTEPU3YIOTCS] OTCYTCTBHEM JTIOMUHEC-
IICHIINH, YTO TOBOPUT 00 OTCYTCTBHUHU 3HAYUTEIIFHBIX TIOCTCEANMEHTAIIMOHHBIX H3MEHEHHH KapOoHaTa, claraio-
IIETO POCTPHI.

Bce uccnenoBannbie pocTpbl 001a/1a10T BBICOKUMHE 3HaUSHUSIMU cojiepxkanust St (1072—1576 r/t, cpen-
Hee 3HaueHue = 1308 r/T), HU3KUMU 3HAUEHHUSIMU cojepkaHuil Mn (4—63 1/1, cpeanee 3Hauenue = 20 1/T) u
Fe (9—199 r/t, cpennee 3nauenue = 40 1/1) (Tabauua), 4TO yIOBJIETBOPSAET KPUTEPHUSAM COXPAaHHOCTH KapOo-
HATHOTO BEIIECTBA, MPEJIOKEHHBIM MHOTUMU aBTopamu [Anderson et al., 1994; Price, Sellewood, 1997; Price
et al., 2000; Rosales et al., 2001, 2004; Wierzbowski, 2004]. MakcumansHoe coaepkanue Fe (199 /1), pe3ko
OTJIMYAKoIIeecs OT OJIMKaWIMX 3HaueHuH (69 r/T), COOTBETCTBYET HU3KOMY cojaepanuto Mn (9 1/T) U oTHO-
CUTEIILHO BBICOKOMY cojyepkanuio Sr (1308 r/T), 4To TOBOPUT O TOM, YTO IMOBBINICHHOE cojepkaHue Fe B
JaHHOM 00pasIiie He CBA3aHO C IHareHeTHUECKIMY N3MEHEHISIMU. biHapHBIe AHarpaMMBbl TOKa3bIBAIOT OTCYT-
CTBUE 3aBHCHMOCTH MEXTy coliepkaHusiMu Mn u Fe, a Taxxke Mexy conepxanusmu Fe u Sr, Mn u Sr (puc. 4).
OTCYTCTBHE TaKHX 3aBHCHUMOCTEH MOJTBEPIKIAAET BBIBOJI O BHICOKOM CTEIIEHH COXPaHHOCTH KapOOHATHOTO Be-
IIeCTBa POCTPOB OCJIEMHUTOB, TAK KaK MPH HATMYHU TUATCHETHYECKUX U3MEHEHHUI HAOTFO1aeTCsI TTOJIOKUTEIb-
Hasi KOppeJsus MeXay conepkanusiMu Mn u Fe u oTpunarenpHas KOppemsius MexXIy coaepkanusimu Fe u
St, Mn u Sr [Brand, Veizer, 1980; Veizer, 1983]. O ToM ke CBUAETEILCTBYET OTCYTCTBUE 3aBUCMOCTEH MEXK-
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Puc. 4. bunapusbie nuarpammol Fe—Mn, Sr—Fe, Sr—Mn, 6'30—Fe, 6'30—Mn u §'80—513C.
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DJIEeMEHTHBIH €cOCTAB, cTA0UIbHbIC H30TOIHBIC JAHHbIE U N1AJ1€0TeMIIEPATyPbl, 0JIy4YeHHbIE
110 pocTpaM Oe1eMHUTOB U3 pa3pe3a Cokypckuii TpakT

o Hpn- 3ona/ M Ca Mn | Fe Sr 81C 5%0 810
o6 ]\;'3 o | B3Ka, | TIONI30HA IO Taxcon £ (VPDB) | (SMOW) | (VPDB) | 7, oC
pastl M aMMOHHUTaM ot %o

S-1 0.85 | O. besnosovi | Pachyteuthis 2103 | 441769 | 64 | 59 | 1576 1.1 273 -3.5 26.9
optima

S-2-1 1.00 » Pachyteuthis 1410 | 450091 | 10 | 22 | 1229 2.3 27.8 -3.0 24.7
bodylevskii

S-2-2 1.00 » » 1413 | 440605 | 34 | 72 | 1320 2.2 27.8 -3.0 24.7

S-2-3 1.00 » » 1492 | 440680 | 29 | 33 | 1550 1.6 27.9 29 242

S-3 1.50 » » 1717 | 438097 | 21 13 | 1416 1.2 27.7 -3.1 25.1

S-4 1.85 » Pachyteuthis 1291 | 438863 | 8 14 | 1515 2.4 27.8 -3.0 24.7
optima

S-5a 2.00 |A.harlandi |Pachyteuthis 1518 | 414030 | 6 21 | 1398 2.2 27.9 -29 24.2
bodylevskii

S-5b 2.00 » » 1366 | 433104 | 4 10 | 1376 — — — —

S-5¢ 2.00 » » 1413 | 456359 | 4 9 | 1396 — — — —

S-6 2.10 » Pachyteuthis sp. | 1324 | 454145 | 25 | 41 | 1260 2.1 27.8 -3.0 24.7
juv.

S-7 2.15 » Pachyteuthis 1028 | 451165| 6 13 | 1295 2.5 28.1 2.7 233
optima

S-8 2.20 » » 1376 | 454005 | 21 | 42 | 1082 1.6 28.3 -2.5 22.4

S-9 2.25 » » 1578 | 442681 | 13 | 24 | 1231 1.3 27.9 29 242

S-10 232 » Pachyteuthis sp. | 1472 | 456039 | 23 | 24 | 1321 2.1 26.9 -3.8 28.8
juv.

S-11 2.40 » » 1222 (457772 23 | 69 | 1371 3 28.9 -1.9 19.8

S-12 2.50 » » 1428 | 444511 | 23 | 29 | 1255 2.6 28.8 -2.0 20.3

S-13a 2.85 » Pachyteuthis 1020 | 450228 | 13 | 21 | 1246 34 29 -1.8 194
optima

S-13b 2.85 » » 1009 | 448757 | 13 | 14 | 1237 — — — —

S-14-4 3.00 | A.ishmae » 1028 | 442888 | 26 | 48 | 1161 2.8 28.5 23 21.6

S-14-5 3.00 » » 1264 | 447625 | 16 | 39 | 1310 2.7 28.3 -2.5 22.4

S-14-1 3.00 » » 1592 | 454073 | 27 | 46 | 1338 22 27.3 -3.5 26.9

S-14-2 3.00 » » 1568 | 439025| 62 | 45 | 1072 1.9 27.6 3.2 25.6

S-14-3 3.00 » » — — — | — — 2.2 27.2 -3.6 27.4

S-15 3.70 » » 1152 | 453494 | 5 41 | 1420 2 27.2 -3.6 27.4

S-16 4.00 — » 1855 | 454236 | 22 | 33 | 1156 2.1 27.5 -3.3 26.0

S-17 4.40 — Pachyteuthis cf. | 1247 | 436207 | 18 | 48 | 1176 22 28.7 -2.1 20.7
optima

S-18 4.90 — Pachyteuthis 1814 | 450933 | 9 | 199 | 1308 1.1 27.4 3.4 26.5
optima

IIpumeuanne. [lomyxupHeIM MIPUPTOM OTMEUEHBI 00PA3IIbI, B3ATHIE U3 Pa3HbIX HEMPEOOPa30BaHHBIX YaCTEH OIHOTO
U TOTO K€ POCTpa.

ny Fe u 6180, Mn u 6'80 (cm. puc. 4). Hameuaromasicss ciabast KOPpesIus MEKIy H30TOIMHBIM COCTABOM
yTIepoaa U KUCIOPOIa He MOXKET CITY)KUTh OCHOBAaHHEM, YTOOBI CINTATh UCCIICIOBAHHEIN KapOOHATHEINH Mate-
pHaa CyIIECTBEHHO M3MEHEHHBIM. MaKCHUMalbHBIE KOJIEOAHUs 3HAUCHUH COICPIKAaHUH SIEMEHTOB B Pa3HBIX
o0pasnax U3 OJJHOTO CJI0sI COCTABISIOT 46 /T anst Mn (B 3 M oT ocHOBaHUs paspesa), S0 v/t mis Fe u 321 1/t
Jutst St (B 1 M OT ocHOBaHUs pa3pesa) (cM. TabmuILy).

Ha ocHoBe naHHBIX, MOJyYEHHBIX N0 KapOOHATHOMY MaTepHally pOCTPOB OCJIEMHUTOB, HE MMEIOIIUX
MIPU3HAKOB MOCTCEIUMEHTAIIMOHHBIX PeoOpa3oBaHni, TOCTPOSHBI KPUBBIC BapHAIMK M30TOMOB KUCIOPOAA U
yraepoaa.
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Besmunnel 680 B u3y4eHHBIX 00pa3lax M3 poCTPOB OEIEMHHUTOB 3aKJIIOYEHBI B JAuara3oHe ot —3.8 10
—1.8 %o. MakcumanbHble 3HaU€HUS] YCTAHOBJICHBI B 2.85 M OT OCHOBAaHHUS pa3pesa, 4YTO COOTBETCTBYET BEpXHEH
gacTl oa30HBI Arcticoceras harlandi (—1.8 %o), MuHIMaNBEHBIE 3HAUEHHUSI — B 2.32 M OT OCHOBaHHS pa3pesa,
YTO COOTBETCTBYET HIKHEH 4acTH TOH ke moa30Hbl (—3.8 %o). Haubosee pe3kue Bapuauu 6'80 oTMedYeHbI B
nonzoHax A. harlandi (cHmwkeHue 3HaueHH 10 —3.8 %o W CIIEAYIOLIHIA 32 STUM OBICTpBIi pocT 10 —2.0 u ganee
10 —1.8 %o0) u A. ishmae (cHmwkenue 3HadeHu 10 —3.6 %o, 3aTeM yBenudeHue 10 —2.1 ¥ BHOBb CHIDKECHUE JI0
—3.4 %o). B meimom He HabIIOMACTCS KAaKOW-ITHOO0 SPKO BBIPAKCHHON TEHACHIINU Ha YBEIWICHUE WA YMCHBIIIE-
Hue 3uavenuii 6'80 BBepx mo paspesy (puc. 5).

Ha ocnoBe mony4yennsix 6'%0 maHHBIX 10 OSIEMHUTAM MPOU3BEACH pacyeT MajieoTeMIeparyp mo ¢Gop-
myne T(°C) = 16.0 — 4.14-(5, - §,) + 0.13-(5, — §,)?, mpennoxennoii C. Dnmreiinom [Epstein et al., 1953] u
I'. Kpoiirom [Craig, Gordon, 1965] u moguduuuposannoii T. Aunepconom u M. Aptypom [Anderson, Arthur,
1983], rae 6, — M30TOIHBII COCTaB KUCIOPOAA B KaJIbLUTE, IPUBEICHHbINH B COOTBETCTBUU € MEXKIYHAPOJHBIM
cra"gaptoM PDB, 6, — u30TonHBIi cocTaB KUCI0pPOa MOPCKOM BOJIbI, B KOTOPOM OTiarajcs KajlbLUT, IPpH-

BEJIEHHBII B COOTBETCTBUHU C MEKAyHApoaHbIM craHaapTroM SMOW. Cuntaercs, uyto 3HaueHue o, = —1 %o,
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@ ) ?
(6 ]r [=]2 W]z [B& ]« [r |5 [o]s

Puc. 5. JIutostornueckasi, uocrparurpagudeckasi 1 n30TomHo-reoxummdeckas (6'80, 63C) xapakrepu-
CTHKH HI:KHero 0aTa B pa3zpe3e CoKypckHii TpakT.

1| — aMMOHUTEI, 2 — OeNneMHUTHI, 3 — JIBYCTBOPYATBIE MOJUTIOCKH, 4 — racTpOIo/bl, 5 — 3yObl MOPCKHX PENTUIINI, 6 — KPUHOUJICH.
OcranbHble ycil. 0003H. CM. Ha pHC. 2.
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SMOW st Boa Oe3ieqHUKOBBIX dM0x HamOosee mpuemieMo [Shackleton, Kennett, 1975; 3axapoB u ap.,
2006].

Honyuennsie o Pachyteuthis optima u P. bodylevskii panne6aTckue TeMnepaTypbl KoieOnoTcs B 1ua-
nazone ot 19.4 no 28.8 °C (cpennee 3Hauenue = 24.2 °C) (cM. TabnuIly), UTO HECKOJBKO BBICOKOBATO IS
CpPEeIHUX IIUPOT, Ui KOTOPHIX MO JaHHBIM, 0000IICHHBIM B pabote [Zakharov et al., 2009], maneoremnepary-
PpBI IO OeJIeMHUTAM OTpeeIIINCh B quana3one ot 13.2 o 18.1°C, a mo nByctBopkam — ot 15.3 10 23 °C. B
[EHTPATBHON YaCTH PaHHEOATCKOTO MEITKOBOIHO-MOPCKOTO AMHKOHTHHEHTaNBHOTO [lomsckoro Gacceitna Tem-
MIepaTypsl, MOJACYUTAHHBIC TT0 OSJIEMHUTAM U yCTPHIIAM, elie Huke — ot 6 1o 11°C [Wierzbowski, Joachimski,
2007]. OmHako, MO JaHHBIM APYTHX HCCIEAOBATENCH, Uil paHHEro 0ara NMPHBOAATCS IMAleOTEMIIEPATypHI,
ONTM3KHE TTOMYYSHHBIM B HACTOSIIIEH paOboTe JIsl capaTOBCKOTO y4yacTka CpeIHepyCCKOro MOpCKOro dacceiina.
Tax, mo nanueiM B.I1. [Tartepcona [Patterson, 1999], cpennue Temieparypsl paHHEOaTCKOTO MOPSI HA CeBEpe
[oTnanauu, pacCYUTaHHBIC TIO OTOJIMTAM MUTPUPOBABIINX PBIO, cocTaBistoT 23 °C. Bricokue naneoremmnepa-
Typsl (18—27 °C), paccunTaHHbIE [10 APArOHUTOBBIM JIBYCTBOPKAM M aMMOHHMTaM M3 BepXHero 0ailoca—HHU30B
BepxHero 0aTa, MPUBEICHBI JJIs1 ceBepo-3anaanoi yactu [Tomsckoro Oacceiina [Malchus, Steuber, 2002]. Be-
POSITHO, BRICOKHE 3HAYCHHUS MOTYICHHBIX HAMH MAIICOTEMIIEPATYP OOBSICHSIIOTCS YMEPEHHBIMU (cpenHecyOu-
TOPATBHBIMH) TITyOHMHAMH, MPEIIIONIAaracMBIMHE JIJIsI CApaTOBCKOTO paiioHa aKkBaTOpWH B paHHeM Oate [Mitta et
al., 2014], 66bIIUM BIUSTHHEM Ha 3TOT YYaCTOK TETHUSCKHUX, a HE OOpealibHBIX BOJHBIX MacC, a TAK)KE HEKTOH-
HBIM, 0€3 TECHOW CBS3M C KOHKPETHBIMH NMPHIOHHBIMUA OHOTOIaMH, 00pa3oM XusHu Pachyteuthis optima u
P. bodylevskii.

Benuuunst $'3C Bapbupytor ot 1.1 10 3.4 %o. MakcuMalibHbIe 3HAUSHHUS YCTAHOBIEHBI B 2.85 M OT oc-
HOBaHUsI pa3pesa, YTO COOTBETCTBYET BEpXHEW yacTu moa3oHsl Arcticoceras harlandi (3.4 %o), MUHIMAaTBHBIC
3HAYCHHUS — B CaMOW HIDKHEH U caMoi BepXxHel ompoOoBaHHBIX Toukax paspesa (1.1 %o). Ha kpuBoii Bapua-
[IUI U30TOIOB YIJIepo/a B 1eI0M Habmoaaercs yBeaundenne 3Hauenuii 6'13C ot 30ubr Oraniceras besnosovi k
non3oHe Arcticoceras harlandi ¢ mocneayronmmM cCHIKeHHEM 3Ha4eHUI B Toj30He A. ishmae. Haunbonee pes-
kue Bapuanuu 6'°C HabmronaroTes B moa3one A. harlandi: cumxenue 3navenuii 10 1.3 %o u ciemyromuii 3a
9TUM OBICTpPBIH pocT 110 3.4 %o.

Marnurtoctparurpadust

[o pe3ynpraTaM MarHUTHOTO HACBHIIICHUS B M3yYCHHBIX 00pa3iax (HUKCHPYETCs B OCHOBHOM MAarHHTO-
msrkas ¢asza (puc. 6, a): J,, npuobperaercs B nonsx g0 100 mTi, HO B HeKOTOPBIX ciaydasx (00p. 3013/5, 3016/2)
HE3HAYUTENbHBIH MPUPOCT HAMArHMYEHHOCTH MPoJoKaeTess BIoTh o 700 mMTn. Paspymaercs J ., B momsax
40—60 mTn. [TomoOHas kapTHUHA XapaKTepHa I TOHKOIUCIICPCHOTO MAarHETUTA, XOTS CXOIHBIMHE TTapaMeTpaMu
HACBIIICHHSI MOTYT 00JIalaTh MarHUTHBIC CYITB(QHIBI XKeJe3a, HallpuMep, MUPPOTHH U rpeirut. [lomoroe Bo3pac-
TaHue J,  MOJKeT OBITh CBSI3aHO C MATHUTOKECTKMMH TMAPOKCHIAMU Kelle3a, 00pa30BaBIIMMUCA 33 CUET YaCTHY-
Horo okucneHus Fe,;O, mim cynbdunos xenesa. [lockoneky /1, CyIeCTBEHHO HE MEHSAETCS 110 Pa3pesy, MOKHO
MIPEATIONIOKUTE, YTO COCTaB (PepPPOMArHETHKOB B I[EJIOM OANHAKOB B UCCIICTYEMbIX OTIOKCHHSX.

Hannbie ITMA (puc. 6, 6) GukcupyroT HATMYHE MarHeTHTa 10 TOJIOKUTEITLHOMY ITUKY Ha BTOPOM MPO-
n3BoaHOH B parione 580 °C (00p. 3021/17). BropocTeneHHble MUKH, HCUE3AI0IIHEe ITPH BTOPOM HarpeBe, BEpo-
SITHO, CBSI3aHBI C HE3HAYUTEIILHBIMHU KOHIICHTPALUAMU MarreMuTa v TUAPOKCUIOB JKeye3a, SBISIOIUMHICS MPo-
JIyKTaMUd OKHUCIIEHHsI MarHeTuTa U Cynb(puaoB sxene3a. B OonmpminHCTBE 00pa3ioB (GpUKCHPYETCS MHUPHUT IO
BO3pAaCcTaHUI0 HAMAarHUYEHHOCTH (OTPHULIATEIILHOMY MHKY Ha BTOPOH MPOU3BOJHOMN) MPH TEMIEpaType OKOJIO
500 °C, a «MarHETHTOBBII» MUK IPH 3TOM OTPAXKaeT y’e Kak MePBUYHBIN, TaK U HOBOOOpa3zoBaHHbIH Fe,0,.
B po6e 3014/5 coneprkaHue mupuTa 0Ka3ajaoch HEBEIHKO, U OH IIOJHOCTBIO IPEBPATHIICS B MATHETHT YKE IIPH
MIEPBOM Harpese.

Marepuanbl TepMOKanmamMeTpun (CM. puc. 2) TOJHOCTBIO corilacyroTest ¢ pesynbratamu JJTMA (cMm.
puc. 6, 6): B Tex oOpasiax, rie mupuT He o0HapyxkeH (00p. 3021/17), mpupOCT MAarHUTHON BOCIIPHUMYHBOCTH
OTCYTCTBYET, a B mpobax ¢ FeS, (06p. 3014/5, 3016/2), ranpoTus, umeercs. Iloaromy Bapuanmu dk (cm. puc. 2)
MOYKHO CUHTATh HAJEKHBIM ITOKa3aTeIeM H3MEHCHNH KOHIICHTPAIMH TOHKOIUCIIEPCHOTO TIHPHTA TI0 pa3pesy.

AHaNIM3 MarHUTHON TEKCTYpHI 1Mo auarpammam F—L (F = K2/K3, L = K1/K2) cBUIETeNbCTBYET O TUIO-
CKOM (popMe MPaKTHUECKH BceX (heppOMAarHUTHBIX YACTHUI[ B HCCIEAyeMOM paspese (puc. 7, a, 6). Ha crepeo-
rpamMmax, 3a HEMHOTHMMH HCKJIIOUEHHUSIMH, KOPOTKHE OCH CKOHIEHTPUPOBAHBI B LEHTPE CTEPEONPOCKINH, a
JUIMHHBIE U CPEJHUE PAaBHOMEPHO PACIIOIOKEHBI BJIOb €€ 3KBaTopa (cM. puc. 7, 0, 2, 0, ), UTO B COUETaHUU C
IUIOCKOM (hopMOM YacTUIl yKas3biBaeT Ha (JOPMHUPOBAHKE OCAJIKOB U3 AJJIOTUTEHHOIO MaTepuasa B CIIOKOWHOM
rugpoauHaMuueckoi oocranoske [ Tarling, Hrouda, 1993].

O06o00mas Marepuaisl MarHUTOMHHEPAIOTHYECKOTO aHaIH3a, CIEAyeT NPU3HATH TOHKOIUCIICPCHBIN
MarHeTUT HamboJiee BEPOATHBIM TJIABHBIM HOCHTEIEM HAMarHMUEHHOCTH B pa3pe3e. MarHeTHTOBEIC 3€pHA,
CKOpee BCET0, arperHpoBaHbl HA TIIMHUCTHIX YacTHIAX W TIO3TOMY OTPa)Kar0T B MATHUTHOH TEKCType (CM.
puc. 4, a, 8) TWIOCKY O (HOPMY TIIMHUCTBIX YEITyeK.
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Puc. 6. Pe3yJ'l]>TaT]>l MAarHuTOMMHEPAJTOTHY€CKOIro aHnajausa.

a — KpUBBIE MATHUTHOTO HackleHust; 6 — kpuBbie JJTMA. / — kpuBble TEpMOMArHUTHOTO aHAIN3a, 2 — BTOPBIC TIPOU3BO/IHBIC 110
HUM.

TecHas cBsi3p peppoMarHUTHON (PpPaKIHU ¢ TIIMHUCTON COCTABISIOMICH OTIOKEHHH ITOATBEPIKIACTCS U
pacrpeerIcHueM IeTPOMarHUTHBIX XapaKTEPUCTHK IO pa3pe3y: TIMHUCTOMY HIDKHEOaTCKOMY TOABSIPYCY CO-
OTBETCTBYIOT B CpeJHEM OoJiee BBICOKHE ITOKA3aTEIN BCEX METPOMArHUTHBIX MapaMeTpOB, CBSI3AHHBIX C KOH-
neHTpanuei peppomarseTuxos (k, J,, J..), 4€M IIIMHNUCTO-aNEeBPUTHCTOMY CpelHEMY 0aTy (cM. puc. 2).

KadecTBO majeoMarHuTHBIX TAHHBIX IO pa3pe3y HEBBHICOKOE, HO MPHUEMIIEMOE Ul OMpEACICHUs 3HaKa
reoMarHuTHOM nonspHocTu. B 45 oOpasuax BbljieneHbl cTaOMIbHbIE KOMIIOHEHTHI J |, MAKCUMallbHbIN yroJ oT-
kJIoHeHus1 KoTopelx (MA/I) He mpessimmaet 15° (puc. 8, a, 6). VIX mpoeknnu 3aKOHOMEPHO TPYIIHUPYIOTCS Ha
HIKHEH nonycdepe, npeumyiiectBeHHO B CB cekTope u Ha BepxHel noaychepe B FKHBIX pyMoOax (puc. 9).
OTH HampaBIeHUs UHTEPIPETUPOBAIUCH HAMU KaK 00YCIIOBJIEHHBIE HOPMAJILHBIM (TIPSIMBIM) U OOpaTHBIM 3Ha-
KaMU TIOJISIPHOCTH COOTBETCTBEHHO, HECMOTPSI Ha OTpHLaTeNbHbIi TecT obpameHus [McFadden, McElhinny,
1990]. 3nax npsIMOii MOJAPHOCTH, ONpPeeTIeHHBIH 110 00pa3laM, B KOTOPBIX CTabMiIbHasA J, CHIBHO OTJIMYAIACh
OT CpPEeIHEro HampaBIeHUs sl N-BBIOOPKH, 0003HAYANCsS BIIOJOBHHY TOJIIUHEI MAJICOMATHUTHOU KOJOHKH
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180
D% 322.9/84.2 Monyocw osanos gosepust (°): 7.9/5.5 DY 314.4/87.4 Monyocw osanos aosepust (°): 7.9/5.5

Puc. 7. Pesyabrarsl usmepennii AMB.

a, 8, 0, ¢ — CTEPEONPOCKIIMU OCE JUTUIICONI0B MAarHUTHON BOCIIPUUMUYHUBOCTH; 0, 2 — nuarpaMmbl L—F. JlaHHbIe 110 BceMm oOpasiam B
paspese (a, 6), c OTOpPaKOBKOI1 aHOMaJILHBIX 00Pas3LoB (6, 2), M0 HIKHEMY (0) U BepxHeMy (e) 6aTy, ¢ y4eToM 0TOpaKOBKH aHOMAaIbHBIX
obpasuos. /, 2, 3 — nnuunble (K1), cpennue (K2) n kopotkue (K3) 0CH MarHUTHBIX SJUIMIICOUIOB COOTBETCTBEHHO; 4 — Cpe/Hee Ha-
npasnenue K3; 5 — oBaJ goBepusi A pacnpeaenenus K3.
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Puc. 8. Pe3yabTaThl KOMIIOHEHTHOT0 AHAJIN3A.

JlaHHBIC MATHUTHBIX YUCTOK IEPEMEHHBIM MOJIEM (a, 6, 2) U TeMIIepaTypoi (6) ClieBa HAIPaBO: CTEPEONPOCKIINK H3MEHEHNUS HATTPABIICHHS
J,, B IIpoliecce YMCTOK; AMarpaMmel 3uiinepsensia (reorpadudeckas cucTeMa KOOPIUHAT); rpaduKy pasMarHM4uBaHus o0pasoB. / —
noychepbl: @ — HUKHSISA, 6 — BEpXHsis; 2 — IUNIOCKOCTH: @ — TOPU3OHTANIbHAS, O — BEPTHKAJIbHAS.
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Puc. 9. Crepeonpoexuun cTa0UJIbHLIX KOMIIOHEHT J .

IIpoeximu J | Ha HIKHIOW (/) 1 BEpXHIOKO (2) momychepsl; MPOEKIHN CPEeAHNX HanpaBienuit J , cootBeTcTByromux N- (3) 1 R-OIApHOCTH
(4); 5 — Kpyr noBepust; 6 — MPOEKIHs HANIPABJICHUs IIepeMarHHYMBaHUS IOPOJl COBPEMEHHBIM M10JIEM. /1 — KOJIMYECTBO 00Pa3IOB B BbI-
6opke; D, I — HanpaBlIeHHE CPEHETO MAJICOMArHUTHOIO BEKTOPA, k — IaJlcOMarHUTHAs KYUYHOCTb, dys — PAJAUYC Kpyra J10BEpUs.

(cM. puc. 2). ITo obpa3uam eie ¢ 14 ypoBHeil He yanock BbIIEIUTb CTATUCTUYECKH JOCTOBEPHBIE KOMIIOHEH-
ThI HAMarHUYCHHOCTH, M BBIBOJI O COOTBETCTBUU MM OOPATHOM MOJSIPHOCTH OBLI CIIENIaH HA OCHOBE TCHIICHIIUI
K CMELICHWIO0 NPOeKIMi J, B XOJ4e MAarHUTHBIX YMCTOK Ha BepxHol mnoiychepy. Takue omnpeneneHus
R-nonsipHOCTH TakKe MoKa3aHbl Ha M1aJ€OMarHUTHOM KOJIOHKE BIIOJIOBHHY €€ TOJNIMHBI (cM. puc. 2). ITo pa3z-
HBIM ITPUYUHAM (TTAJICOMAarHUTHAS HECTaOMIILHOCTD, pa3pylieHre 00pa3IoB B MPOIECCEe YUCTOK U JIp.) NTaHHbIC
o o0pasnam ¢ ceMH ypOBHEH, CHOPaIMYECKN PACCESTHHBIX 0 pa3pe3y, OBUTH MCKIIOUEHBI H3 PaCCMOTPEHHUS.

B pesynbTaTe TEpMOUYNCTOK BbIEIEHBI TOJILKO HU3KOTEMIIEpATypHble KoMIoHeHTs J, (jio 350—400 °C),
MOTOMY YTO JajbHEHINNE HarpeBbl MPUBOIMIN K PE3KOMY CKauKy HaMAarHWYCHHOCTH, 3a CUYET (a30BBIX Ipe-
Bpauenuit FeS, —> Fe,O, B 0CTaTOYHOM MarHUTHOM I10j1€ BHYTpU neun Anapusa (cm. puc. 8, ). [lostomy
MarHUTOINOJISIPHAS HHTEPIPETALUs HEU3MEHHO MPOBOIMIIACH C YUETOM JAHHBIX YUCTOK EPEMEHHBIM MarHUT-
HBIM IoJieM. Bo MHOrux o0Opasnax rnaneoMarHUTHbBIE HAIPaBJICHHUS 3aKOHOMEPHO CMEIAIUCh 110 AyraMm 0o0Jib-
MIUX KPyroB Ha BEPXHIOKO Hoiycdepy, a BenuunHa J, yObiBaa B c1a0bIX MOJAX, HO 3aTEM IUIABHO U HEYKJIOH-
HO Bo3pacrana (cM. puc. 8, 2). [TonoOHbIe N3MeHeHNs] HaMarHW4eHHOCTH THUIIMYHBI JUI 00pasloB C ABYMs
IPOTHBOIIOIO0XKHO HAIPABIECHHBIMHI COCTABIAIOMNMH J (KaKk IPaBUIIO, BA3KOU, CBA3aHHON C IIepeMarHU4UBa-
HUEM COBPEMEHHBIM TI0JIEM, ¥ IPEBHEH, COOTBETCTBYIOIICH 00paTHOI MOJSIPHOCTH), B KOTOPBIX BSI3Kask KOMIIO-
HEHTa HE MOXKET OBITh JJO KOHIIA pa3pyIleHa.

Marsle Ky9HOCTH Pe3yNbTHPYIONINX ITaJeOMarHUTHBIX BEKTOPOB (CM. pHUC. 9) 0OBSICHIIOTCS HEBO3MOXK-
HOCTBIO TIOJIHOTO paspylICHHss BTOPUYHOM cOocTaBisromel J,, CBA3aHHON ¢ TUAPOKCHAAMH JKeJIe3a U TI0ITOMY
YCTOWYHMBOI K BO3AECHCTBUIO AIEKTPOMATHUTHBIX MOJCH. «3arps3HEHHOCTRY) HaMarHMYCHHOCTH CTaOMIM3HPO-
BAaHHOM BSI3KOI KOMITOHEHTOH MTPUBOIUT K OOJIBIIOMY pa30pocy R-BEKTOPOB M MEHBIIIE CKA3bIBACTCS Ha Majieo-
MarHUTHOH CTaTHCTHMKE 110 HOPMAaJIbHO HAMAarHMYEHHBIM 00pasiiaM BBHJY TOTO, YTO HANpPaBICHUS COBPEMEH-
HOTO M JIPEBHETO TEOMArHUTHBIX MOJCH MNpsIMOM MOnApHOCTH Onu3ku. JlOKa3aTenbCTBOM TOMY CITy>Kat
pe3ynbTaThl COMOCTABIEHHSI JAHHBIX MATHUTHBIX YUCTOK U MarHUTHOTO HackleHus (puc. 10): B MarHuTOMsIr-
KuX oOpasnax, Takux kak 3014/2 (cM. puc. 6, a), KOMIIOHEHTSHI J , COOTBETCTBYIOMINE R-NOIAPHOCTH, NIPOSIBIIS-
I0TCSL B pe3yJibTaTe 000MX BUJOB YUCTOK, & B MAarHUTOXKECTKHUX, Hanpumep 3021-17 (cMm. puc. 6, a), — TOIBKO
B IIpOLIECCE BO3JEHCTBUS TEMIIEPaTypPOU.
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Puc. 10. /lanable MArHUTHBIX YHCTOK MepPeMEHHBIM MO0JIEM H TeMIePaTypoil it MATHUTOMATKHUX (00p.
3014/2A u 3014/2b) u maruuToxkecTKUX (06p. 3021/17A u 3021/176) o6pa3uos (cMm. puc. 6, a).

OcrajbHbIe MTOSICHEHUS K pe3ysibTaTaM KOMIIOHEHTHOI'O aHaJIu3a CM. Ha pucC. 8.
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Wrorom naneoMarHuTHBIX MUCCIEA0BAaHUM CTaja MajJleOMarHUTHAs KOJOHKa pa3pesa (cM. puc. 2). B neii
Ha (oHE TOMHUHHUpYIOMEH 00paTHOH MOJSIPHOCTH BBHIICICHBI TpH MamoMomTHble (1.5—2 M) N-MarHuTo30HHI,
Ka)K1as U3 KOTOPhIX 000CHOBaHa oOpa3namu ¢ 5—38-1o ypoBHeH (cM. puc. 2).

MsI cunTaeM, 9TO OTCYTCTBHE TOJIOKHUTEIBHBIX PE3yNBTATOB TECTa OOpAlICHHs B JTaHHOM CIydae He
SIBIISICTCSI OCHOBAHHEM JIJISI OTKa3a OT MCIOIBb30BaHMS MarHUTOIIOMISIPHBIX OIPEICICHIH B CTPATHTPAPIISCKIX
IEISIX, TOTOMY 9TO UMCIOTCS yOeTUTEIbHBIC JOKA3aTeIbCTBA HEMOIHOTO Pa3pyLUICHU B 00pa3iax cradunnsu-
poBaHHOI BTOpMYHOH KoMmmoHeHThl J. Mcronb3oBaHue Apyrux IOJEBBIX TECTOB (CKIAJKM, TajleK M 1p.) B
JTAHHOM pPa3pe3e HEBO3MOXKHO U3-3a OTCYTCTBHSI COOTBETCTBYIOIIMX MPEANOCHIIOK (BapHaluil B 3IeMEHTaxX 3a-
JIeTaHUs TUIACTOB, KOHITIOMEPATOB U Jp.), HO UMEETCS Psii MPU3HAKOB, KOTOPHIE Yallle BCErO HCIOIb3YIOTCS
pu 000CHOBAaHMH JPEBHETO BO3PACcTa HAMArHUYEHHOCTU B MarHUTOCTPATUIpahUuecKuX ucciaenoBaHusx [I'y-
)kukoB, 2013; u ap.].

1. HanpaBneHusl, NpeanonoXuTeIbHO COOTBETCTBYIOIIUE NPSMOIM WX 0OpaTHON MOJSIPHOCTH, 3aKOHO-
MEpPHO TPYNIUPYIOTCS B pa3pe3e B MarHUTO30HBI, @ HE CIIOPAIMYECKH PAacCesHbl M0 pa3HbIM YPOBHSAM (CM.
puc. 2).

2. [lomnast mEAI((GEPEHTHOCTH 3HAKA MOJSIPHOCTH K JTUTOJOTHICCKAM U METPOMArHUTHBIM XapaKTepH-
cThKaMm (cM. puc. 2). IHBepcHs TeOMarHUTHOTO T0JIs — SIBJICHUE TUIAHETapHOTO MaciuTada, ¥ Io3TOMY B KOH-
KPETHOM paspese, IpH yCIOBUH MEPBUYHOCTH HAMArHMYCHHOCTH M OTCYTCTBUHM KPYIHBIX IIEPEPHIBOB B OCAl-
KOHAKOTJICHHH, BEPOSITHOCT B3aUMOCBSI3H MEX, Ty MAarHUTOTIOJISIPHBIMH M JTUTOJIOTO-Mar HUTHBIMHU TIPU3HAKAMH,
00yCIIOBIEHHBIMA MECTHBIMH U PETHOHATIBHBIMU (haKTOpaMHU, KpaiHe Mara.

3. Hanuume 3aKkoHOMEpHOCTEH, XapaKTePHBIX U OPUEHTALMOHHOHN (IIOCTOPUEHTALIMOHHOM) IPUPOIBI
J,, 1, HaIpOTUB, HE TUIMYHBIX TSI XUMUYECKOH HAMarHUYEeHHOCTH.

— OOnuK MarHUTHOH TEKCTypHl pa3pesa (CM. PUC. 7) HAMIYUIIUM 00pa3oM ammpoKCUMUPYETCS MOJIe-
JIbI0, B KOTOPOH INIaBHBIM HOCUTENIEM HaMArHUYCHHOCTH SIBISICTCS] TOHKOANUCIICPCHBIM MarHeTUT (HaJIU4ue Ko-
TOPBIX JIOKA3aHO JaHHBIMU MAarHUTHOTO HacelieHust U JJTMA), arperupoBaHHbIil Ha MIOCKUX TJIMHUCTBIX 4Ya-
CTHUIIAX.

— Amnamu3 ganHpIx AMB nociie 0TOpakoBKH BOCBMH aHOMAaJIBHBIX 00pasIoB (CM. pHc. 7, 6, 2) 00Hapy-
’KHUBACT, UTO Pazdpoc MPOEKINI KOPOTKUX OCEH DIUIMIICONIOB MAarHUTHON BOCIIPHUMYUBOCTH B YHCTHIX pas-
HOCTSIX TVIMH (CM. pHC. 7, 0) MCHBINE, YeM B CHJIBHOAJCBPUTHUCTHIX INMMHAX (cM. puc. 7, e). CpaBHEHHE TIO
F-xputepuio 00HapyXHMBAET CTATUCTHYCCKN 3HaUUMOoe (Ha ypoBHe 3HauuMocTd 0.05) oTiandamne KOpoTKUX oceit
OBaJIOB JIoBepust sl K3. DTO 0OCTOSATEIBCTBO CBUICTEIBCTBYET 00 AJIOTUTEHHOM T'CHE3HMCE TJMHHUCTHIX Ya-
CTHII, C KOTOPBIMHU CBSI3aHBI MATHETUTOBBIC 3¢PHA. ATIEBPUTHUCTHIC CpeTHE0ATCKIE OTI0KEHUS (POPMHUPOBAIUCEH
IIPU IOHMKEHUH YPOBHS MOPSI, UTO, BEPOSITHO, COMPOBOKAATIOCH YCUIIEHHEM THIPOANHAMUKY, MPEISITCTBOBAB-
el OpUEHTUPOBKE TIIMHUCTBIX YAacTHUIl B ocajke. Mcmonbs3ys MpaBUIO «IABYX CHI'M», aHOMAJIbHBIMU ObLia
MIpU3HAHA MAarHUTHAs TEKCTypa BOCKMH 00pa3uoB (5 % o0pa3uoB oT o01uero o0bemMa KOUIEKLIUH), Y KOTOPBIX
npoeknuu K3 OTKIIOHSIFOTCS HAa MaKCUMAJIbHbIE YIIIbl OT CPEJHETO HAMIPABIECHUS KOPOTKUX OCEl.

— Hesbicokue 3HaueHus pakropa Q (MEHbIIE eIUHMIBI) (CM. puC. 2).

4. CornacoBaHHOCTb [TAJIEOMarHUTHOM CTPYKTYpPBI pa3pe3a ¢ U3BECTHBIMU IPECTaBICHUSIMU O MarHUTO-
MOJIIPHOM pexkrMe Oatckoro Beka [Ogg et al., 2012].

Kaxaplil 13 nepeurcieHHbIX IPU3HAKOB B OTAEIBHOCTH JIHILIb COIJIacyeTCsl ¢ THIIOTE30H 0 IpeBHEel npu-
pOZie HAMarHMYCHHOCTH, HO WX COBOKYITHOCTB TI03BOJISICT YTBEPKAATH, YTO 3a(hMKCHPOBAHHAS HAMHU ITOCIIEIO-
BaTEILHOCTH MAarHATO30H OTPAKACT PEKUM OATCKOTO T€OMATHUTHOTO TIOJIS.

[omy4enHsple TaHHBIC YAOBIETBOPSIOT MIECTH KPUTESPHSIM U3 BOCBMH, IPUHATHIX B TOTOJHEHUSIX K CTpa-
turpadudeckomy konekcy Poccun [2006] 115t HAAEKHOCTH MarHUTOCTpaTUTpaduveckux Matepuanos [omon-
HeHHs. .., 2000] 1 mecTu (M3 ceMu BO3MOXKHBIX) KpuTepusim Ban nep By uis onieHKH KauecTBa majJeoMarHUTHBIX
JaHHbIX [Van der Voo, 1993]. Otoro n0cTaTo4Ho, 4TOOB! U ¢ (hOPMATBHOM TOUKU 3pEHUSI MATHUTOIOJISIPHYTO
XapaKTepPUCTUKY pa3pe3a COKypCKUil TPaKT CUMTATh JOCTOBEPHOM.

OBCYXJEHUE PE3YJIBTATOB

3ony Oraniceras besnosovi, 3aeraromiyro B OCHoBaHHH 0ata B pazpe3e Cokypckuii TpakT, B.B. Mutra ¢
koiuieramu [Murra, Cenbiiep, 2002; Mutrra u np., 2004; Mitta et al., 2014] comocTaBuiIu ¢ MOJ30HAMH
Convergens 1 Macrescens 30HbI Zigzag cTaHAApTa, IIOCKOIBKY HHTEPBAI paciipocTpaneHus poaa Oraniceras B
MEePUTETHYECKUX OONacTAX OTrpaHWYeH JBYMS HIKHHUMHU IOA30HAMHM 30HBI Zigzag. Ha ocHOBe COBMECTHOTO
pacnpoctpanenus nocieanux Oraniceras W NEpBHIX Arcticoceras cienaH BbIBOA O paHHEOATCKOM BO3pacTe
noa3oubl Arcticoceras harlandi 30ub1 A. ishmae, IpeanoN0XUTETHFHO COOTBETCTBYIOIICH BEPXHEH YaCTH 30HEI
Zigzag ceBepo-3amaHO-eBPONCHCKOro MepBUYHOTO cTanaapra (cM. puc. 3). Ilog3ona A. ishmae, nepexpriBa-
fomas nmoa3oHy A. harlandi, ycnoBHO comocTaBieHa ¢ caMbIMH BepxaMu 30HBI Zigzag u 30H0I Tenuiplicatus
craHnapTa. BepxHss 8-meTpoBas aieBpuTOBas TOJINA, HE cojeprkanias (ayHy, Mpex/e YCIOBHO (10 MOJIOXkKe-
HHIO B pa3pese) OTHECeHa K cpefiHeMy 0aty. Kak MOKHO 3aMeTHTh, MIMEIOIIMHCS apceHall NaJeOHTOIOTHYECKUX
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Puc. 11. ConocraBienne 6'3C kpuBBIX cy00OpeaJLHOro paspesa

Coxkypcekuii Tpakt (LlenTpanbsnas Poccus) [HacTosimas padoral u
cpenuzeMHoMopckux paspe3oB Kopaunasepsi-berukn (¥Oxknas Hc-

nanus) [O’Dogherty et al., 2000].
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KPHUTEPHEB J1aJIeKO He OJIHO3HAYHO CBHJIETEIILCTBYET B
TOJIB3Y C/ICTAaHHBIX BBIBOIOB IO KOppersiun. Mexmy
TEM OHH BIJIEKYT 3a COO0H M3MEHEHHE TPAJIUIIOHHBIX
MIPEJICTaBIICHHI O Koppessiiuu Oaiioc-06aTckoro mnepe-
XOIHOTO WHTEpBaja B OOpeaIbHOM 30HATHHOM CTaH-
JapTe C CeBepO-3amaHO-eBPONCHCKIM, CyOCpeI3eM-
HOMOPCKHM ¥ CPEJIM3eMHOMOPCKHUM CTaHJapTaMH.
[TpakTHuecku 3TO BBIpaXKaeTcst B 1) yTBEpKACHUU
30HBI Arctocephalites greenlandicus (paccmaTtpuBaer-
Csl KaKk BO3PACTHOW aHAJOr CPEIHEPYCCKOH 30HBI
Oraniceras besnosovi) B KadecTBe 0a3aqbHOH amMMO-
HHUTOBOH 30HBI 0aTa B OOpeaNbHBIX pa3pes3ax, B CBSI3U
¢ yem OopeasibHas 30Ha Arctocephalites arcticus, yka-
3BIBaBINAsICS paHEe B OCHOBAaHWHM 0ara, MOMEIICHA B
BEpPXHUI 0alioc; 2) MepeMeIIeHHd B BEpXH HIKHETO
Oara 30n/mmoA30H Arcticoceras harlandi u A. ishmae,
Ipek/e XapakTepH30BaBIINX CPEIHUN 0aT B Oopeansb-
HOW mmKaye; 3) MepeMelieHnd B CPeIHHA OaT 30HBI
A. cranocephaloide, BeIAEIABIICHCS B HU33aX BEPXHETO
6ara GopeanbHbIX pazpe3oB [Mitta et al., 2014, 2015].
B cBsi3u co BceM BBIIIECKa3aHHBIM MMEETCST HE0OXO-
IUMOCTh Bepu(HUKAIMU OHOCTpAaTUTrPpahUICCKUX I10-
CTPOCHHI HE3aBUCHMBIMHU ITaJIEOMAarHUTHBIM H H30-
TOITHO-TEOXHUMUIECKUM METOTaMHU.

YriepoaHo-u3oTonHas xemocrpaturpadgus

OOmas renaeHuus nsMmenenuil 813C B HIKHEM
Oare paspesa COKypCKHiA TPAKT XOPOIIO COMOCTABAMA
C TaKOBOH B CPEAN3EMHOMOPCKHX pa3pe3ax HIKHETro
Oara KOxnoi Mcnannu [O’Dogherty et al., 2006], rae
O1BC 3HauMMO HapacTaeT B Mpeaenax TPeX IOA30H
(Dimorphitiformis, Macrescens u Yeovilensis), oTBe-
YaroIIMX MOJTHON 30He Zigzag B ceBepo-3alaJHO-EB-
pOMeiickoM MEePBHYHOM CTaHAapTe (CM. puc. 3), a 3a-
TEM 3aMETHO CHIDKaeTcss B moa3oHe Postpolubrum
30HBl Aurigerus (= 30Ha Tenuiplicatus crtanmapra)
(puc. 11). Haunyumas koppensuuss HaOJtogaeTcs c
HanboJee MOJHO OHOCTPaTUrpaUIECKU OXapaKTepH-
30BaHHBIM pa3pe3oM La Cornicabra (ueHTpaizbHAsS
yacTh rop Kopaunbepa-bernka).

Ha n3oTomnHO# KpHBO#, MOydeHHOH 110 OeeM-
HutaM Cokypa, HaOrogaeTcst OOJbIINI pa3dopoc 3Ha-
yenuit 6'3C, yeM Ha CpeIM3eMHOMOPCKHX KPHBBIX, IT0-
CTPOCHHBIX Ha OCHOBE M30TOITHOTO aHAIN3a MaTpUKCa
kapOonaTHbIX mopon [O’Dogherty et al., 2006] (cwm.
puc. 11). Bonpmasi criiaxxeHHOCTh KPHUBBIX, MOTYYCH-
HBIX M0 KapOOHATHOMY MATPUKCY, OTMEYaach ISt
Pa3HBIX MHTEPBAJIOB IOphl U Mena [Nunn et al., 2009,
2010; Dzyuba et al., 2013; u ap.] u 0ObIYHO OOBACHS-
€TCsl CMEIIMBAaHUEM B MPOOE Pa3IMYHBIX IO MPUPOJIE
OHMOTCHHBIX KOMIIOHCHTOB U TE€M, UTO TaKas mpoba Mo-
JKeT OXBAaTHIBATh JECATKH WM COTHH JIET, 9TO, Oe3yc-
JIOBHO, YCpEAHSET pe3ynbTar. (I M30TOIMHO-TeOXH-
MHYECKOTO aHajHM3a, KaK MPaBHJIO, HCHONB3YIOTCS
pOCTphl OCIEMHUTOB, TPUHAIUICKABIIHE OCOOSM HE
crapure aByx Jjer [Wierzbowski, Joachimski, 2009;
Zakharov et al., 2011; Wierzbowski, 2013; u ap.].

Ilomyuennas HaMu KpuBas BapuaLUi U30TOIOB
yriaepoAa TOATBEPXKIAeT TMPEITIOKEHHYI paHee



[Mitta et al., 2014] koppensuto 30861 Oraniceras besnosovi u moa30Hb! Arcticoceras harlandi Cokypa ¢ 30H0#
Zigzag cTaHapTa, a Takke He IPOTHBOPEUYHT COIOCTABICHHIO MTO30HBI A. ishmae nmperMyIecTBeHHO ¢ 30HOH
Tenuiplicatus crangapta. B pabore B.B. Murtel ¢ komneramu [Mitta et al., 2014] camble HU3BI MOA30HBI
A. ishmae oTHeceHBI K Bepxam 30HBI Zigzag, 4To, MO-BUANMOMY, HEIb3sI UCKIIIOYHUTh C YIETOM YPO3HOHHOTO
XapakTepa MOIOIIBEI 3TOW MOA30HBI, MAPKHUPYEMOH «OCTIEMHUTOBBIM YPOBHEM).

Poct 6'3C B Hauaine 6ara, mocjie KOHCUHO-PAHHEOAHOCCKOT0 MaKCUMyMa U TI03/1He0ai0CCKOro MaieHus
oTMeYeH B paspe3ax Wrtammu [Bartolini et al., 1996; Morettini et al., 2002]. [Toxoxast TEHACHIIUS yCTaHOBIICHA
takke [Podlaha et al., 1998] mo nanabIM 13 paspe3oB CeBepHoii ['epmanny 1 AHTIMH. Mex 1y TeM, 110 JJaHHBIM
[Jenkyns et al., 2002], 0600ICHHBIM U3 HECKOJIBKUX MeCTOHaX0x1eHui — AHrmu, Lllotnanauu, [Topryranin
u KaHa/ipl, yBequyeHre H30TOMHO TSHKEJIOro yriiepo/a (MO3UTHBHbIHA caBur Ha 0'3C KpuBOii) HabIrOIaeTCs yxe
B KOHIIe Oaifoca. B paspesax tora Ucnanuu [O’Dogherty et al., 2006] u ITonbmm [Wierzbowski, Joachimski,
2007] nauaino pocra 6'3C oruernuBo dukcupyercst B Bepxax 30HbI Parkinsoni BepxHero 0aifoca.

[MoyuyeHHbIE JaHHBIE MOYKHO MCIIOJIB30BATh KaK JIOMOJHUTEIBHOE HENalICOHTOJIOTHUECKOe CBUICTEb-
CTBO IIPU COIIOCTAaBJICHUH NEPUTETUUECKUX, CyOOOpeaIbHbIX U OOpealIbHBIX 30H HIKHEro Oara.

HeTpOMaFHI{ITHLIe U MATHUTOMUHEPAJTOTrHIECCKUEC NJaHHbI€

B merpoMarHuTHOM OTHOIIEHHH pa3pe3 xopoino auddepeHupoBan (cM. puc. 2). B nienom Gosee criib-
HoMmarHuTHble (k = 20—40-10 ex. CH, J, = 3—15-103 A/M) no CpaBHEHHIO C INIMHUCTO-aJIEBPUTUCTHIMU
CpeaHeOATCKIMHU OTIIOKCHHSIMH TIIMHBI HIDKHETO 0aTa XapaKTepU3yIOTCs TeHACHIMEH K YBEIHUCHHIO 3HAUe-
uuit dk, J,, O, J, 1 4ETKO BBIPAKEHHBIM TPEHJIOM K YMEHbIIEHUIO apamerpa k/J,  BBepx mo paspesy. Ha oc-
HOBE 9TOH MH(pOPMAIINHU C YUETOM ITOyYSHHBIX MarHUTOMHUHEPAJIOTHICCKAX TAHHBIX MOYKHO TPEAIIOIOKHTE,
9TO OTJIOKEHUS (POPMHUPOBATUCEH HA (POHE TPAHCTPECCUU, MAKCUMYM Pa3BUTHUSI KOTOPOU NMPUXOAUTCS HA 30HY
Ishmae u oTMeueH HAMMEHBITHM CPETHIM Pa3MepoM (PeppPOMATHUTHEIX 3€PEeH, CIIOCOOCTBOBABIINM UX JTyUIIIe-
MYy YHOPSAOYNBAHUIO, M AHOKCUIHBIMU YCIOBHSIMHU, HauOosee OaronpusiTHBIME JUIs 00pa3oBaHUs IHPHTA.

Benmuunst k£ u J, B cpentaem 6ate cuHmkarores 10 12—20-10-° en. CM n 1—3-10- A/M cOOTBETCTBEHHO
13-3a CMEHBI MCTOYHUKA WIIM/U aKTHBU3ALUK TEPPUTESHHOTO CHOCA BCIEACTBUE MpUOIIDKeHUs Oepera (yBenu-
YeHHE CKOPOCTH OCAIKOHAKOIUICHHS 33 CUET MOCTYIUICHHS AJIEBPUTHCTHIX YaCTHII MOTJIO TIPUBOAMTE K pa3y0o-
’KUBAHMIO HauOoJlee CUIIbHOMArHUTHOTO INIMHUCTOrO MaTepuana). Bapuanuu Ha kpuBoi k/J 1 B 3TOM yacTu
paspesa MOKHO pacCMaTpHUBAaTh Kak MOKa3aTelh H3MEHEHUH YPOBHS MOPS: HHTEPBAIEI ¢ Ooiee KPyITHBIMHU Ya-
CTHLIAMH COOTBETCTBYIOT PETPECCUBHON CTaANH, a C MEIKUMH — TpaHcrpeccuBHOM. [ToBbienns 3nauennii dk,
(UKCHPYIOMNE HATMINE TUPUTA, C TOUKH 3PESHUS TaKOH HHTEPIIPETAIlNN, BHOBb IIPHXOJSTCS HAa TPAHCTPECCHB-
HYIO CTaHIO.

Cremyer 3aMETHUTD, YTO TIOBBIIICHHBIC KOHIICHTPAIIMN TOHKOAUCIIEPCHBIX CYIb(OUIOB JKelle3a U MarHeTH-
Ta B OPOJIaX MOTJIM 00pa30BaThCs 3a CUET BEPTUKAIBHON MUTPALINH YTIIIEBOAOPOOB, MOCKOIBKY HCCIIETyEeMBIil
pa3pe3 pacmoyiokeH Haja EmancKkuM mom3eMHBIM razoxpanwmiuieM. OIHAKO 3aKOHOMEPHBIH PUTMUYHBIN U
COTJIACOBAaHHBIN XapaKTep METPOMAarHUTHBIX BapHallUil MPAKTHYCCKH NCKITFOUAST BTOPUYHBIN TeHE3UC MUPHTA U
MarHetuta. Murpamuei yriaeBoIopoaIoB MOTYT OBITh O0YCIIOBICHBI €IHHUYHBIC aHOMAILHO BBICOKUE 3HAYCHHS
dk v k (Hanipumep, Ha ypoBHE 00p. 3014/2), cy4aifHO B3SThIE M3 30H MOBBINICHHON TPEIIUHOBATOCTH.

O0pa3upl ¢ aHOMaJIBHO OONBIIMMHU OTKIIOHEHHSIMH KOPOTKHX OCEH MAarHUTHBIX DJUIUIICOMIIOB OT CpPe-
HUX 3Ha4YeHUH K3 XapakTepu3yloT Tk ypoBHeil: 06p. 3014/11, 3014/6, 3014/2, 3014/1 n 3013/5, nBa u3 xo-
TophIx (00p. 3014/6 1 3014/11) coBmagaroT ¢ 30HaMH CTpaTUrpauuecKkux Hecormtacuit (cM. puc. 2). Hapyime-
HUE MEPBUYHOW MArHUTHOH TEKCTYPhI OCAJKOB, TIOJBEPraBIIUXCS JITUTEIHHON KCIO3UIMH U TOJABOJHOMY
WM HAJIBOTHOMY pa3MbIBY, HEH30ekHO. MOXKHO IPEAOI0KHTE, YTO OCTaBIIuecs ypoBHH (00p. 3014/1,3014/2
u 3013/5) Takke COOTBETCTBYIOT TepEPhIBaM B OCAJKOHAKOIUICHWH, HE BBISBICHHBIM IIPH OIMMCAHUM pa3pesa
(TeMm Goiee, 9TO K ypoBHIO 00p. 3013/5 mpuypoueHo XapaKTepHOE IS 30H MEPEPhIBOB CKAYKOOOPa3HOE CHU-
’KeHue napamerpa k7J ), uiu GopMHUPOBAIIKCH B yCIOBUSX MOABOJHBIX TEUEHUH.

C mOMOIIBI0 aHU30TPOITUH MaTHUTHOH BOCIIPHUMYHBOCTH yIAJIOCH TAK)KE MaKCUMAaJIbHO TOYHO OIpere-
JIUTH 3JIEMEHTHI 3aJIETAHUS CJIOEB, YTO MPAKTUUECKH HEBO3MOXKHO CJIENIaTh C TOMOIIBI0 TOPHOTO KOMIIAca M3-3a
OTCYTCTBHSI OTUETIIMBO BBIPAKEHHBIX MTOBEPXHOCTEH HarmacToBaHUs. TeopeTHdecku, cpeiHee HalpaBICHUE
KOPOTKHX OCEH MarHMUTHBIX 3JUIMIICOUOB Y TUIOCKUX YaCTHI[ JOJDKHO COBIAAATh C IIEHTPOM CTEPEOTPaMMBI,
MOATOMY pEajbHOE OTKIOHEHHE CPEIHEro MONOKEeHHUS K3 OT BEPTHKAIN MOKHO TPAaKTOBAaTh KaK HEYUITCHHBIH
HaKJIOH cioeB. [1o maHHBIM, OCHOBaHHBIM Ha m3MepeHusx AMB 161 ob6pasma (cM. puc. 7, 2), cpeaHnit a3suMyT
MajIeHus TIacToB paBeH 142°, a yron maxenus ~5°.

ITareoMmarHuTHBIE JaHHBbIE

B mameomarHuTHON KOJOHKE pa3pesa Ha (OoHE 0OpaTHOU TONSIPHOCTH BBIACISIOTCS TPH MAarHUTO30HBI
HOPMAJILHOTO 3HAKa: OJIHa B HIDKHEM Oate (Bepxu 30HbI Oraniceras besnosovi u moazoHa Arcticoceras harlandi)
U IB€ — B CpenHe0aTCKUX OTIOKEHHUAX (cM. puc. 2, 8). D10 cormacyetcs ¢ manasivu M.B. [Tumenosa u ap.
[2006], ecin ydecTs, uTo ipu onpoboBaruu pazpesa M.B. [ITnMeHOBEIM ¢ coaBTOpaMu OBLT OCYIIECTBIICH TIepe-
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XOJ 1O TOPU3OHTAIHM C OJHOTO CTaporo OTKOCA Kaphepa Ha JAPYroi, B pe3ylbTaTe KOTOPOTO MOT OKa3aThCs
MPOIMYIIEHHbIM HHTEPBAJ 3HAUUTENbHONU MolHocTu. OnpobdoBanue 2013 r. uckiIoyaeT NOJ0OHYIO OIMINOKY,
MIOTOMY YTO BEJOCh B CBEKEBCKPBITOH YaCTH Kapbepa, B yCIOBHUIX HEMPEPbIBHONW 0OOHA)KEHHOCTH.

Haubonee BeposTHbIE BApHAHTHI COMOCTABIICHUS OJTYUYEHHbBIX HaMH JaHHbIX ¢ OOwiei 1mkanoi reomar-
uautHOM mossipaocTH (GPTS) [Ogg et al., 2012] moka3ansl Ha puc. 12: HkHsIS N-30Ha B pa3peze COKypCKuid
TPaKT COOTBETCTBYET paHHEOATCKOMY MAarHUTHOMY XPOHY HOPMAIBHOH mosisipHocTH e-Bath N; Beimenexamias
KpyIHast R-30Ha, 0€3yCIIOBHO, SBISETCS aHAJIoroM m-Bath R; 3HaKomepemMeHHast HOISIPHOCTH B BEpXax pas3pesa,
BEpOSITHO, OTBEYAeT HU3aM lt-Bath N, HO HeNlb3s HCKITIOYNTEH U BapUaHT KOPPEILINH, IIPH KOTOPOM OHa COTIO-
CTaBIISIETCS C YYaCTKOM IIKAJBI OT 1MoI0MBHI It-Bath N o Hu30B xpona Bat-Cal R BKIIOYHTEIBHO.

TaxuM 00pa3om, MPaBOMEPHOCTH COTIOCTaBIICHHS 30HBI Arcticoceras ishmae ¢ HkHIM OaTom [Mitta et
al., 2014] (cm. puc. 3) OJJHO3HAYHO MOATBEPXKIACTCSA MAICOMATHUTHBIMA MaTepHaIaMH TOJILKO JUISl TTO/I30HBI
A. harlandi. Bermeneskamast mog3ona A. ishmae B paspeze COKypckuii TpakT, CyZsl IO YTOUHEHHBIM JJAHHBIM,
XapakTepus3yeTcst 00paTHOW MONAPHOCTHIO, U, C TOYKU 3PEHUS MATHUTOIOJISIPHON KOPPENIALUHU, TEOPETUIECKH
MOKET COOTBETCTBOBATh KaK BepXaM HHWXHeEro 0ara, Tak u cpeaHemy Oaty. C pe3yibTaTaMi MarHUTOCTPATH-
rpapuecKOro COMOCTABICHUS COTIIACYETCS M BHIBOJ 00 OJHOBO3PACTHOCTH HIDKHHX I'DaHHMI] 30HBI A. ishmae
(momzonsl A. harlandi) B Llenrpansroii Poccuu u 30uBI Aurigerus B CpenuzeMHOMOpBE (cM. puc. 3): 00a 3Tux
CTpaTUrpa(guUecKuX WHTEpBaia OJM3KU K OCHOBAaHMIO MarHUTHOTO XpoHa e-Bath N (cm. puc. 12). K coxarne-
HUIO, B 30He Aurigerus HOxHoi Mcnanum [Steiner et al., 1987] He BbimeneHa mon3oHa Yeovilensis, KpoBis
KOTOpPOH COOTBETCTBYET BEpXHEH TpaHuUIlC 30HBI Zigzag MEepBUYHOTO CTAHAAPTa, & CBEJCHUS O TEOMAarHUTHOM
MOJISIPHOCTH TI0 JPYTHM OMOPHBIM pa3pe3aM ¢ aMMOHHUTOBBIM 00€CTIEYeHNEM TI0Ka OTCYTCTBYIOT. Briosne Bepo-
ATHO, 4TO XpOoH e-Bath N, xapakTepu3yromuil HU3bI 30HBI Aurigerus B HCIIAHCKHUX Pa3pe3ax, OTBEYacT BepXaMm
CTaHJAPTHOW 30HBI Zigzag, u B 9TOM ciy4ae noj3oHa A. harlandi B [ToBomkbe, oXxBaueHHass HOPMAaJIBLHOH I10-
JSIPHOCTBIO, ABJSIETCS] UX 0€3yCIOBHBIM aHajgoroM. OJHAKO OKOHUYATEIbHBINH BBIBOJ JOJKEH 0a3UPOBATHCS HA
pe3ylbTaTax najJeoOMarHUTHOTO M3Y4eHHUs MOA30HbI Yeovilensis B paspe3ax 3anagHoi EBponbl.

O0a BapuaHTa MarHUTOCTPATUTPaPUUECKOro CorocTaBlieHus BepxoB paspe3a Cokypckuii Tpakt ¢ GPTS
(cM. puc. 12) moaTBEp)KAAIOT CACTaHHBIA paHee BHIBOJ] O TOM, YTO BEPXHSA ITIMHUCTO-AJIEBPUTHCTAs MTauKa NMeeT
cpennebaTckuii Bo3pact [Mitta et al., 2014], normyckas mpy 3TOM HaJTMYKE B pa3pe3e ¥ HU30B BEPXHEro Oara.

3AK/IIOYEHHUE

PesynmpTaTel HcClieOBaHUS HW30TONOB Yriepoma B pocTpax OeneMHUTOB (Pachyteuthis optima n
P. bodylevskii, cemeiictBo Cylindroteuthididae) pa3peza Cokypckuii TpakT CBHIETEILCTBYIOT B TIOJIB3Y KOppe-
nsuu cyo0opeanbHOl 30HBI Oraniceras besnosovi u OopeanbHOW TO30HBI Arcticoceras harlandi ¢ 3oHoi
Zigzag cTaHaapTa, TOra Kak OopeanbHas moJ30Ha A. ishmae MmoJHOCTBIO WITH OOJIbIIEH CBOCH YacThiO COTIO-
ctaBuMa ¢ 30HoU Tenuiplicatus crangapta. iMeromnumecs najeoMarHUTHBIC TaHHBIC HE YKA3bIBAIOT HA ATO Mpsi-
MO, HO XOPOIIIO COTTACYIOTCSI C TAKUM BAPHAHTOM KOPPEIISIHH.

JIOTIOJTHUTENBHO K CTpAaTUrpapUIECKUM BBIBOJAM OINPECICHBI TEMIIEPATyphl BOA B MOPCKOM paHHEOaT-
CKOM OaccelfHe, cymiecTBoBaBlIeM Ha Tepputopun Caparosa. IlaneoremnepaTypsl, pacCUMTaHHBIE HA OCHOBE
noaydeHHbIX 880 maHHBIX Mo OeleMHUTaM, KojieOmoTes B auanaszone ot 19.4 mo 28.8 °C. Cpennee 3Ha4ucHUE
naneoTeMneparyp no paspesy coctasuwio 24.2 °C. Belcokue 3HaueHUs ManeoTeMIepaTyp UHTEPIPETUPYIOTCS
HaMH{ KaK CJICJCTBUE HECKOIBKUX (PAKTOPOB — YMEPCHHBIX (CpeAHECYONUTOPABHEIX) TIIyOHH CapaTOBCKOTO
ydacTKa paHHe0aTCKOro MOPCKOTro OacceifHa; OONBIIEro BIMSHUS Ha TOT YYaCTOK TETHUCCKHX, a He Oopeab-
HBIX BOJHBIX Macc; HEKTOHHOTO, 0€3 TECHOW CBSI3M ¢ KOHKPETHBIMH MPUIOHHBIMH OHOTONAaMH 00pa3a >KU3HH
Pachyteuthis optima u P. bodylevskii. Kpome Toro, 110 MeTpOMarHUTHBIM JJAHHBIM BBISBIICHA CEIMMEHTAIIMOHHAS
PUTMHYHOCTB, O0YCIIOBICHHASI KOJICOAHMSIMU YPOBHS MOPSI I CMEHOM T'€OXMMHUYECKOTO PEXUMa B TIPHIOHHBIX
CIIOSIX TasieobacceiiHa, a TakKe M0 JaHHBIM 00 aHW30TPOIHMH MAarHUTHON BOCIPHUMYHBOCTH OMPEICIICHBI HC-
TUHHBIE 3JIEMEHTBI 3aJIeraHus CJI0EB B pa3pese. M3oronHo-reoxumuueckuii 1 MHOrosnemMeHTHolil ICP-MS ananu-
351 BBINOJIHEHBI B AHAMUTHUECKOM LieHTpe MHcTuTyTa reosnorun u munepanorun uM. B.C. Cobonesa CO PAH.

ABTOpbl TIpu3HaTenbHbl peneHseHtam B.JO. Bbparuny m B.B. Murrte 3a kpuTHueckue 3aMeuaHMUs,
O.I1. M30x 3a U30TOMHO-T€OXUMUUECKUH aHaIN3 00pa3LoB U Psiji LICHHBIX COBETOB, CIIOCOOCTBOBABILUX yIyd-
LIEHUIO CTaTbM, a TaKKe COTPyAHUKaM AHanuthueckoro uentpa I.A. Jlokykunoii, M.B. HukomnaeBoii u
0O.A. Cnnyaxk.

Pabota BrImonHeHa pu noAepkke MunoOpaayku Poccnu B pamkax roc3amanus B cepe HAyIHOU fe-
sarenbHOCTH (3amanue Ne 1757) u 6azoBoi yactu (ko mpoekta 1582), a Taxke no nporpammam [pesuanyma
PAH 30 u 43.
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