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BBenenune

AKTYaJIbHOCTb MCCJIeI0BAHUS

Hcropuss 3emiu BKIOYACT MHOTOYHCICHHBIC TManeoreorpaduyeckue COOBITHSA,
CylIecTBEHHO n3MeHuBIIMe ook mianetsl (Hoffman et al., 1998; Taylor et al., 2009; Meert,
2012; Lyons et al., 2014; Andersen et al., 2015; Torsvik T.H., Cocks L.R.M., 2017).
[IpencraBienus o XapakTepe 3THX COOBITUH — HMX MPOCTPAHCTBEHHOM paCHpEeICHUH,
MPOJODKUTEIFHOCTH M MapameTpax cpeibl — (QOPMHUPYIOTCS Ha OCHOBE JUTOJOTHYECKHX,
MAJICOHTOJIOTUYCCKIX,  OMOrCOXMMHYECKUX H  HM30TOMHO-TCOXMMHYECKUX  JIAHHBIX,
oTpakaroIIuX Maciitadbl nmpeodpasoBanuii reocdep (Zachos et al., 2008; Korte et al., 2009;
Boucot et al., 2013). TounocTh mnaneoreorpa@uUecKux pPEKOHCTPYKIIMHA BO MHOTOM
OTIPEICIIACTCSl OAHO3HAYHOCTRIO YCIOBUI (DOPMHUPOBAHHS U3YYaeMbIX OOBEKTOB, TAKUX KaK
TEeMIepaTypa, TIyOrHa, TaBJICHHE M COCTAaB BOJHOW Cpenbl. B mocieanune rojbl B KauecTBe
WHAMKATOpa Maneoreorpauyeckux YCIOBHI BCE 4Yallle pacCMaTPUBAIOTCS TJIEHIOHUTHI,
KOTOpBIE, COTJIACHO COBPEMEHHBIM IMPEACTaBICHUSAM, NPEICTABISIOT CO00M KapOoHATHbBIE
nceBoMopdo3el 0 ukauty. WMkaut — mectuBoanbiii kapOonat kanbius (CaCO3z*6H20),
KOTOPBII 00pa3yercs Mpu HU3KUX TemnepaTypax Bousl (ot -2 go +7°C) (Dieckmann et al.,
2008; Huggett et al., 2005; Suess et al., 1982). Camble paHHHE [OKa HEYTOYHECHHbIC)
nceBioMopdo3bl U3BeCTHHI ¢ paHHero nporepo3os (Olcott et al., 2005; James et al., 2005;
Halverson, 2011; Fairchild et al., 2016; Wang et al., 2020), B ¢anepo3oe OHM HU3BECTHBI U3
OTJIOKEHUH BCEX CHCTEM, KpOME CHIypa, JEBOHA WM TpHWaca, OJHAKO HAWOOJbIIee WX
pacnpocTpaHeHHEe OTMEYEHO B FOPCKO-MEJIOBBIX OTIOXKEHUAX ApkTruueckoro peruona (Frakes
et al, 1992, Rogov et al., 2021). OagHako HECMOTPS Ha OTHOCHTEIHHO INHPOKOE
pacnpocTpaHeHue, TJICHIOHUTHI OCTAIOTCS HEIOCTATOYHO M3yUYeHHBIMH. B HacTosiee Bpems
JIUIIIb HAKATUTMBAIOTCS aHATMTHYECKUE TAHHBIC 0 UX MOP(OJIOTHH, THITAX BMEIIAIONIUX TTOPOI,
a TaK)Ke MUHEPAJIOTHIeCKOM, H30TOITHOM ¥ T€OXUMHUYECKOM COCTaBe MceBIoMop(h03, KOTOPhIE
B JajbHEHIIeM TMO3BOJSAT OICHUTh TOTEHIMAN MCIOJIb30BAHUS TJICHIOHHUTOB IS
naneoreorpaduyeckux peKOHCTPYKITHIL.

ean u 3axaum

Lenbto naHHOW pabOThl SBISETCS PEKOHCTPYKLHS YCIOBHHA  (OpMUpPOBaHUS
CPEIHEIOPCKO-HIKHEMENIOBBIX TJIEHJOHUTOB OapeHIIEeBOMOPCKOTO pEruoHa Ha OCHOBE
MUHEPATOTUYECKUX, MEeTporpaguueckux M MU30TOMHO-TEOXMMUYECKUX MAHHBIX, a Takke
YCTaHOBJICHHE WX CBSI3HU C MajieoreorpaguaeckuMu 00CTaHOBKAMHU.

JIJIs OCTHKEHUS eI ObUTHA TTOCTABIICHBI CIICTYIOIIHNE 3a/1a9H:

1. COop 00pa3ioB TIEHAOHUTOB U3 Pa3pe30B CPEAHECIOPCKUX — HIKHEMEIOBBIX
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oTinokeHnd apxwurenara llnunOepreHa W CKBaXWH, MNPOOYPEHHBIX B
bapenuesom Mope

2. VY CTaHOBHUTH CBSI3b MEXIY MOP(OIOTHUECKUMH OCOOCHHOCTSMU TIICHOHUTOB
Y COCTaBOM BMEIIAIOIINX ITOPO/I.

3. [IpoBectn  meranbHOE  MHHEpAJIOro-neTporpaduveckue  HCCIeIOBAHUS
rIeHA0HUTOB. OnpeaeauTb MOP(OIOTHIO KPUCTAIIIOB KaJbIMTA, XapaKkTep MX
B3aMMOOTHOIICHUH, KaTOJOJIIOMHHECIEHTHOE CBEYCHHE, KOJWYECTBO THIIOB
KaJblIUTa B COCTaBe TIJICHIOHUTOB, IIOCIEAOBATEILHOCT 0OOpa30BaHUs
riceBioMopdo3.

4. Y cTaHOBUTH 0COOEHHOCTH MUHEPAIOTHYECKOT0, TEOXUMHUECKOTO, B TOM YUCIIE
M30TOITHOTO COCTaBa MCEeBIOMOP(O3, M MPEANOI0KHUTh, B KAKMX 00CTaHOBKAaX
ObUTH COPMHUPOBAHBI TJICHIOHHTHI.

5. O600muTh JaHHBIE 00 HM3MEHEHUH Tnaneoreorpapuyeckux  yCIOBUH
BapeH11eBoMOpCKOro permoHa B CpeHel Iope — paHHEM MeJTy U yTOYHUTh MX
0c00EHHOCTH, COBITAJIAIOIINE TI0 BPEMEHH ¢ (POPMHPOBAHUEM TICEBIOMOP(O3.

Hayynasi HOBM3HA

[TonmyyeHbl HOBBIC JaHHBIE O MHHEPAJOTHYECKOM M U30TOITHOM COCTaBe OappeMCKHX

TJICHJIOHUTOB M TEOXMMHUYECKOM M H30TOIMHOM COCTaBE BEPXHE0a0CCKUX-HUKHEOATCKUX,
KEJUIOBEWCKHUX, HIKHEKUMMEPHDKCKUX, CPEIHEBOIDKCKUX, CpEIHE-BEPXHEANTCKUX U
HIDKHEAIbOCKUX TJIEHAOHUTOB U3 IOPCKO-MeNoBbIX oTioxeHui Lnunbeprena u bapenuesa
Mopsi. [lomosnHEeHbl JaHHBIE O MHUHEpPAJIOTMYECKOM COCTaBe MCeBAOMOP(O3. YTOUHEHBI
nayeoreorpapuueckie 00CTaHOBKH (OPMHUPOBAHUS TJICHJOHUTOB M TIPEJIOKEHA HOBas
MOJIeNTb 00pa3oBaHusl IS 30HAIBHBIX IceBAOMOpdo3. B pesynpTare mpoBeAEHHBIX PadoOT
ObUIM JIOTIOJIHEHBl HMMEIOILMeCs JAaHHble O TIJIEHJOHUTAX, JeTaIu3UpPOBaHbl OOCTaHOBKU
dopmupoBaHus MceBAOMOP(O3, MpeIoKEeHa HOBas MOJAETb MX 00pa30oBaHMS, YTOUYHEHBI
nasieoreorpapuieckue 00CTaHOBKH CpPETHEH FOPBI-PaHHETO Mea.

Teopernyeckoe U NpaKTHYECKOE 3HAYECHHE

I'meH1oHUTBl TPEACTaBISIOT COO0OW YHHUKaIbHbIE TI€0JIOTHYEeCKHe 00pa3oBaHMUA,

KOTOpbIE HEPaBHOMEPHO paclpesieseHbl B OCaJOYHOM JIETONMCH U  XapaKTepU3YyIOT
cnenuuYecKre yCIOBUs CPEIbl, OTpaHUYECHHBIEC Y3KMM HHTEPBAIOM MAIeOoreorpaduaeckux u
TeOXMMUYECKHX TMapaMeTpoB. J[leranm3anus yciaoBUd (OPMHPOBAHUS H TOCIEIYFOIIETO
JUTeHEeTUYECKOTro Mpeodpa3oBaHus MCEeBIOMOP(}O3, MO3BOIMIA OLEHUTh UX MOTEHIHAN Kak
najieoreorpauuecKoro WHAMKAToOpa cpensl. JlaHHbIe, IpeCcTaBIeHHbIE B paboTe, HE TOIBKO
JIOTIOJTHSTIOT 3HAHMS O COCTAaBE M YCIOBHAX 00pa3OBaHMsI TIICHIOHUTOB, HO U COJIEpIKaT B cebe

HOBBIE CBEICHUS O TCeBAOMOPGO3ax.



OcHoOBHBIE 3alHIIIaeMble M0JI0KEHHUSI:

1. B O0apeHIEBOMOPCKOM pEruoHE YCTAaHOBJIEHO TMPHUCYTCTBHE Oaifoc-0aTCKuX,
KEJUIOBEHCKHUX, KHMEPHUIKCKUX, BOJDKCKHUX, BAJIAHKUHCKHUX, TOTEPUBCKHUX, AaIlTCKUX U
aIbOCKUX KapOOHATHBIX OOpa30BaHMM, KOTOPbIE 1O MOP(OIOrMH U MHHEPATOTHYECKOMY
COCTaBy MOTYT ObITh OTHECEHBl K IJIeHJOHUTaM. Brepsbie B bapeHeBOMOpCKOM peruoHe
TJICHJIOHUTHI YCTaHOBIICHBI B 0aPPEMCKUX OTIOKECHHUSX.

2. OOpa3oBaHMe TJICHIOHUTOB IPOUCXOAUT TPU PA3IOKEHUH (JeruapaTaliun)
HNEPBUYHOIO MKauTa ¢ (OPMUPOBAHUEM HECKOJIBKMX TI'€HEpalui ayTUI€HHBIX KapOOHATOB.
HauOonee paHHsAsa reHepanus KanbLuTa [IEPBOro TUMa (GOPMHUPYETCs U3 BELECTBA MKauTa U
XapaKTepU3yeTcs COCTaBOM, OJHM3KUM K CTEXHOMETPHUYECKOMY KajblIuTy. llociemyromiue
reHepanuy KapOOHATOB, 3aMOJHSAIONINE OCHOBHOW 00BeM 1ceBIOMOpP(}O03, OTPAXKAOT COCTaB
IIOPOBBIX BOJI M XapaKTEPU3YIOTCs MOBBILIEHHBIM COJIEPKAHNUEM JIEMEHTOB-IIPUMECei.

3. ®opmupoBaHHE 30HAJIBHBIX TIJIEHAOHUTOB  OOYCJOBJIEHO  MPEPBIBUCTHIM
(mepuoIMYecKuM) OCaXKJIEHUEM HKaWTa U3 IOPOBBIX WJIM MOPCKUX BOJ, KOJIOHM3ALUEH
MIOBEPXHOCTH €ro KPUCTALIOB OaKTepHaIbHBIMH COOOIIECTBAMH ¢ 0Opa30BaHUEM OMOIUICHKH
U TOCJIeAyIoulel ee KalbUUu(pUKAMKY, KOTOpas MPENATCTBYET pa3pylIeHUI0 KPUCTAIJIOB MIPU
HOBbILIEHUH Temreparypbl. C MOHMKEHHEM TeMIIepaTypbl HAYMHAETCS POCT HOBOH (a3bl
MKaWTa II0BEpX CYIIECTBYIOLIEH IUIeHKU. lleHTpanbHass 30Ha arperaroB IOCTENEHHO
IpeBpallaeTcsd B MOHOTUAPOKANIBINT, @ 3aTEM B KaJIBLIUT.

DaKkTUHYECCKUI MAaTepPHaJ U JIUYHBIA BKJIAJ

ABTOp y4acTBOBaJ B noJsieBbIX padotax 2019 r. Ha apx. Inunbeprex, B Xo1e KOTOPBIX
OBLIM OMMCAaHbI pa3pe3bl U OTOOpaHbl IOPCKO-MEJIOBBIE TJIEHJIOHUTHI, NMPOBOJWI U3y4EHUE
IOPCKO-MEJIOBBIX OTJIOKEHMH M 0TOOp 00pas3loB M3 KepHA CKBAXMH MPOOYPEHHBIX HA apXx.
HInuubepren u B bapeninieBoMm mope. bputa n3ydeHa KOJUIEKIMs TJIEHJOHUTOB U3 FOPCKO-
MeNIOBBIX OTJIOKeHUH apx. Llnunbeprena, nmepenanHas a.r.-M.H. PoroBeim M.A. ABTOpoM
JM4HO OBUIO TpoBeneHa MNpPOOONOJArOoTOBKa, omucaHue U (otorpadupoBanue HUIUEOB,
M3Yy4YEHHE Ha CKaHUPYIOLIEM 3JIEKTPOHHOM MUKPOCKOIE, 00padOTKa MOJyUYEHHBIX MOJIEBBIX U
AQHAJTUTHYECKUX JTaHHBIX.

IIyonukanus u anpodanus padoTsl

ITo teme umccnenoBanust Obuto omyOnmkoBaHo 10 paboT, B TOM uucie 5 crarteil B
KypHasax, Bxonaumx B nepeueHb BAK u unnexcupyemsix B Web of Science, u 5 coobuienuit
B COOpHUKAX MaTepHaJIOB U TE3UCOB BCEPOCCUNCKUX U MEXKITYHAPOIHBIX KOH(EPEHIIH.

CTpykTypa 1 00beM padoThI

Pabora o6bemom 151 crpaHmila me4aTHOrO TEKCTa BKJIFOYACT BBEICHHE, 8 TJIaB,

3aKJIIOYEHUE, CIIMCOK JIUTepaTyphl U 5 TaOIHI] MPUIOKEHHUS, COAEPKHUT 5 BHYTPUTEKCTOBBIX
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tabmui 1 80 prucyHkoB. CIUCOK TUTEpaTyphl COCTOUT U3 283 Ha3BaHuH (13 HUX 48 Ha pycCKOM,
235 — Ha aHIJIMICKOM SI3BIKE).

BbaarogapHocTu

ABTOp BBIpaXaeT HMCKPEHHIOI OJaroJapHOCTh CBOEMY HAyYHOMY PYKOBOJUTEIIO,
norieHTy kadeapsl MHCTHTYTa Hayk o 3emue a.r.-M.H. Epmoboii Bukrtopum BbaproBHe 3a
BCECTOPOHHIOIO TOJJICP)KKY U KOHCTPYKTHBHYIO KPUTHKY B TIpoliecce paloThl HaJ
JUCCEepTAIeii, OpraHu3alyio IMOJIEBBIX M JaboparopHbIX paboT. Ocodyrw OiaromaapHOCTh
aBTOP BbIpakaeT MoreHTy kadeapsl MHCcTHTYTA HAayk 0 3emiie K.r.-M.H. BacuibeBoit Kcenuun
IOpbeBHe 3a momoip B padote ¢ KJI-Mukpockomom.

Oco0yto 61aro1apHOCTh aBTOP BBIPAXKAET J.TI.-M.H., TTTABHOMY HAyYHOMY COTPYIHHKY,
3aBenymoniemy Jjaboparopum crpaturpadum  danepozos ['MH PAH Poropy Muxaumy
AnekceeBudy 3a TNOMOIIbL B cOope Marepuana, ONpeaelieHHEe Bo3pacta IceBaomMopdos,
MOJArOTOBKE TJIaB Mo cTparurpaduu, naneoreorpaguu U 0030pHON YaCTU MO ME3030MCKUM

TJICHOAOHHUTAaM.



I'naBa 1. O0mme cBeeHHs 0 Te0JIOTMYECKOM CTPOEHUH PeruoHa

BapenieBoMOpcKuid perMoH paciojiokKeH Ha ceBepo-3amaHoi okpauHe EBpazuiickoi
IUTATBl U SBASICTCS KPYIHBIM OCAJIOYHBIM 0acCeHOM, MEepPEKPHIBAIOIINM TeTEPOTCHHBIN
dbynnament (Puc. 1.1). (Harland et al., 1997, Fookes, 2008, Olaussen et al., 2023). Tlocne
3aBEpIICHUS KAJIEJOHCKOW OPOreHHH B KOHIIE CUITypa — Hayalle IEBOHA UCCIIEAyEeMblid pEernoH
UCHBITBIBAI YCTOWYMBOE mpurubanue ¢ (HOpPMUPOBAHUEM MOIIHONW OCAJ0YHON TOJIIU
BEpPXHEro mnaneo3os — KaitHo30s. OcamoudHas MOCIEI0BAaTEIbHOCTh OapeHIIEBOMOPCKOTO
pEeruoHa COJEPKUT MPAKTUYCCKH TOJHYIO 3aMUCh Maleoreorpaduyeckux M KIMMATHUYECKUX
coOBITHI perruoHa B MO3JHEM Iajie030e-Me3030€e. BenencTBue TeKTOHNYECKOW aKTHBH3AIUMU
peruoHa B TO3JHEM Me3030€ M KaiHO30€ Ha JHEBHYIO IMOBEPXHOCTh OBbUIM BBIBEICHBI
(dbparMeHTBI 0CaJI0YHOTO YeXJia OacceifHa, TOCTyIHBIC IS u3ydeHus Ha apx. Lnundepren u
3emiie ®panna-Mocuda (Harland et al., 1997, Fookes, 2008, Olaussen et al., 2023).

Apxunenar Hnundepren pacnosnoxeH B CeBepHoM JlenoBuToM okeaHe, Mexay 76°-
80° ceBepHoi mupoThl U 10°-32° BOCTOUHON NONTOTHL. B €ro cocraB BXOIAAT TPU KPYIHBIX
octpoBa — 3anaausiil [Hnundepren, CeBepo-BocTounast 3emiist 1 OCTPOB DK, U CEMb MEIKUX
ocTpoBOoB — octpoB bapenna, benbrii, 3emnsa Ilpunma Kapma, Konrceita, Measexui,
CaeHckeila, Bunbrensma, u 60b1110e KonuuecTBo Oosiee Menkux octpoBoB u mixep (Harland,
1997; Dallmann, 2015). Penbed apxwumenara ropHblid, OOJIBbIIEC TOJOBHUHBI TEPPUTOPHH
MOKPBITO JISAHUKOM, OeperoBast IMHUS n3pe3ana Gppopaamu. KiimmaT apKTHUECKUN, TIPH 3TOM
Oepera OMBIBAIOTCS TEIUTBIM TeUeHUEM [ 0B CTPUM, CMSTYAFOIIINM CYPOBBIN KIIMMAT: CPEIHSISA
Temreparypa Bo3ayxa B sHBape kosebnercs ot —10 mo —14°C, B urone ot +4 no +6°C
(Dallmann, 2015). MecTomnonoxenne OompoOOBaHHBIX pa3pe3oB Ha apx. lnunbeprene
MoKa3aHo Ha puc. 1.1.

BapennieBo Mmope — okpanHHoe Mope CeBepHoro JIemTOBHTOTO OKeaHa, OMBIBAIOIIEE
BocTouHble Oepera [lInundeprena u ceBepo-3ananubie O0epera EBpasun. Penbed nua cuimpHO
pacujeHeH, B TO BpeMs KakK €ro I0KHas 4acTh XapaKTepU3YEeTCs BBIPOBHEHHBIM pelbedoMm;
MakcuMaibHas Tiyouna mopst gocturaer 600 m B paiione octpoBa Mensexuii. Ha knmumar

BbapeniieBa Mopst Takke BIMSIET TEIUIOE TeUeHUE [ 0IbCTPUM: CpeaHsIs TeEMIIEpaTypa B stHBape



Bapbupyercs ot -25°C no -4°C, B utosie ot +10°C mo 0°C.
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Puc. 1.1. I'eonornyueckas KapTa BapeHueBOMopcxoro peruoHa € yKazaHueM MECTOIIOJIOKCHUA

orpoOoBaHHBIX pa3pe3oB U ckBaxkuH (Geological map of Arctic, Harrison et al., 2008)

Cmpamuzpaghus 1opcko-menosvix omaodceruti ocmposa 3anaounwiti [lnuybepeen

Crpaturpaduueckas MOCIeI0BaTEIbHOCT, bapeHIIeBOMOPCKOrO PErHoHa H3ydeHa C
Pa3IUYHOM CTeneHbto JeTanbHOoCcTU. Hanbonee nomHble cBEACHMS MOIYYEHbI 10 OCTPOBAM U
NpUOpPEXHBIM paiioHaM, 0OpaMIISIONIMM OacceifH, a Takke U3 reo(pu3nYecKuX MaTepualioB U
CKBaXXMH, KOTOPbIE JIUIIb YACTUYHO BCKPBIBAIOT 0cafouHble Tommu. Ctpaturpadus me3030s
apxunenara [Inundepren uccienoBaHa 3Ha4UTENBHO JIydllle, TOCKOJIbKY 3/1€Ch ME3030MCKHe
OTJIO)KEHUS IIHUPOKO OOHaxeHbl. [IOMHMO €CTEeCTBEHHBIX BBIXOJOB IOPOJA, Ha OCTPOBAX

np06ypeHo HECKOJIBKO CKBAKWH, BCKPBIBIIUX TPUAC—MECIIOBYIO ITOCJIICAOBATCIIBHOCTD.

IOpckass cucmema. IOpckue OTIOXKEHHS pa3[elieHbl Ha JBE TPYIIbI: HIDKHE-
cpenHeropckue — rpynna Kann-Tockana, moarpynna BuibrensMoiis, 1 cpeiHe-BEpXHEIOPCKUE
— rpynna AnBeHTnaneH, noarpynmna Suyconemier (AdakymoB u ap., 1990; Harland et al.,
1997; Dallmann, 1999) (puc. 1.2).

Huoicnssn-cpeonsia  wpa  (epynna  Kann-Tockana, nooepynna  Bunveenvmoiis).
HwxHEeIopcKre OTI0KEeHNS HECOTIIACHO 3AJIETal0T Ha BEPXHETPHUACOBHIX.

ITnuncoaxckui sipyc npenacTaBieH cBUToi CMansrra, B COCTaBe KOTOPOH BBIZEISAETCS

nauka MatuacOpun (Mathiasbreen) Ha tore IlInunGeprena, u csutoit Knoppunrdsemier, B



COCTaBe KOTOpOH BwIAenseTcs nmayka Tericroeprer, B LlenTpanbHoit 3anaaHoit u BocTounoit
yacTsax [lnun6eprena.

Ceura Cwmamdrra ciokeHa OHOTypOMpPOBAHHBIMH KBapLEBBIMU II€CYAHHKAMH C
¢bocPopUTOBBIMU KOHTJIOMEpaTaMH, B BEPXHEH YaCTH BCTPEUAIOTCS MPOCION apTHILTUTOB U
CHUJICPUTOBBIX KOHKpeluidi. MontHOCTh CBUTHI 24-45 M (AGakymoB u ap., 1990; Harland et al.,
1997; Dallmann, 1999).

Csuta KHOppuHT(]BEIIET CIOXKEeHa apriIuTaMu, MeCYaHHKaMu U KapOOoHaTaMu, C
TOHKUMHU  MpociosiMu  (OCPOPUTOBBIX  KOHIJIOMEPATOB; BEPXHSAS YacTh CBUTHI —
MIPEUMYILECTBEHHO MecYaHuKaMu. OTI0KEHHUs] MaJIOMOLIHBI — OT 3-15 M B 3amajJHON 4acTH
apxunenara, 10 75 M B LlenTpanibHoil 1 BocTrouHoil yacTax. B camoil CBUTE BBIIEISAETCS
HECKOJIBKO IEpEPHIBOB (BEpXHUIN HOpUHM — IUIMHCOAX U Toap — HUKHUM (?) 0aT) (AGakyMOB U
ap., 1990; Harland et al., 1997; Dallmann, 1999).

Pom-nusicnemoapckue otnoxenust coxpanuwinch B LlenTpanbHoir BocTouHol yacTsax
[nundeprena u npeactaBieHbl cBUTONM CBeHckols. CBUTa CII0KEHA 3€JIEHOBATHIMU MEJIKO-
CPEIHE3EPHUCTHIMU IECYAaHMKAMU B HIIKHEH 4acTW, BBILIE 10 pa3pe3y MNepexoAsiiuMU B
MEJIKO-TOHKO3E€PHUCTHIE MECUYAHUKHU C TIIMHUCTBIMHM MpociosMu. B BepxHeil yactu paspesa
CBUTA CIIO)KEHA KEITHIMH M OEJBbIMU MEJIKO-TOHKO3EPHUCTHIMU MEeCYaHUKAMH, MeCTaMHu
CLEMEHTHUPOBAaHHBIMU KapOOHATHBIM LEMEHTOM, BKJIIOYAIOIIMMU B c€0sl PEIKHE TJIMHHUCTHIE
MPOCJION, TPOCIOM KOHIJIOMEPATOB M CHJIEPUTOBBIX KOHKpEHUH. MOIIHOCTH CBUTHI
JIOCTOBEPHO HE YCTAHOBJICHA U 110 pa3HbIM olleHKaM jJocturaer 190 m (Abakymos u zip., 1990;
Harland et al., 1997; Dallmann, 1999).

bamckue  otnoxkeHuss  mpelcTaBieHbl  Madykod  bpeHTckapaxayren — («cioi
bpentckapaxayren»), sBistonieicss BepxHell yacTtbio cBUThl Kourcoiis. Crnoilt cocTout u3
KOHIJIOMEPATOB, MOJIUMHUKTOBBIX TajieK, (GocHOpUTOBBIX KOHKPEIMH C 3aKIIIOYEHHBIMU B HUX
doccunsMu, U BKIIOYEHUSIMU aHKepHuTa/cuaepura. MomHocts cButhl 0,7-4,7 M. CButa ¢
pa3MbIBOM M CcTpaTUrpaduUyecKMM HECOIJIaCHeM 3aJleraeéT Ha  BEPXHETPUACOBBIX-
HIDKHEIOPCKHX OTIIOKEHUs X (AbGakymoB u 1ip., 1990; Harland et al., 1997; Dallmann, 1999).

Cpeonss-gepxuas iopa (epynna Aosenmoanen, noocpynna Anycgvennem). Ha
KOHIJIOMepaTax ciosi bpeHTckapaxayreH ¢ HecoryiacMeMm 3ajieraerT cBuTa Arapadbeier,
BO3pAcCT ONpeeIAeTCs KaKk HIKHE0aTCKO-BEPXHEBODKCKHUHT (HIKHEeps3aHCkuii?) (AOakyMOB 1
ap., 1990; Harland et al., 1997; Dallmann, 1999, 2015; Rogov et al., 2023).

B cocraBe cButel Arapagpeemner B LlenTpanbHoit Bocrounolt u 3amanHoi yacTsx
BBIJICJIAIOTCS 4eThIpe Madyku (CHU3y-BBepx): Omnmpanen, Jlapaudsemter, Onmnpanccarta,

CrorreMosL.



bam(?)-kennoseu. Ilauka OmnnpaleH CJI0KEHA OOJUTOBBIM CJIOEM C TOHKO-
MEJIKO3EPHUCTBIM IUIOXOCOPTUPOBAHHBIM TNIMHUCTHIM [ECYAHUKOM U AJEBPOJUTOM C
npocnosiMu cunepura. MomrHocts — 10-60 m (Dallmann, 1999).

Bospact mauek Jlapmudeemner, Onnpanccara, CiOTTCMOSI oOmIpeneseTcs Kak
BEPXHEIOPCKUH.

Bepxusas iwopa. Ilauka Jlapnudeemner cinoxeHa TEMHO-CEPBIMU, TOYTH YEPHBIMH,
CIaHI]aMH, HACBIIEHHBIMU OpPraHMYECKMM BEIIECTBOM U  BKIIIOYAIOMIMMHU  MPOCIOU
JIOJIOMHUTOBBIX KOHKperuii. MomtHocTs — 35-80 M (Dallmann, 1999).

[Tayka Omnmpanccarta ciaoKeHa MepeMeKaroIUMUCT OHOTYpOUPOBAHHBIMH MTPOCIOSAMU
aJIeBpOJINTa U IECUAHUKA, COJAEpXKAILUMU B ceOe OO0JIbIIOE KOJMWYECTBO JIBYCTBOPOK,
aMMOHHTOB U OenemManToB. MomHocTs — 10-40 M (Dallmann, 1999).

Bepxusisi yactb CBUTBHI TIpeicTaBieHa madykod CIOTTCMOS, CIOKEHHOW TEMHBIMHU,
HACBIIICHHBIMU OPTraHUKOM CaHIIaMU, COAEPKAIIUMHU CHUICPUTOBBIE KOHKPELMU U MPOCIOU
JIOJIOMUTA; BEPXHSISI 4YacTh CBUTHI CJIOXKEHA (CHM3Yy BBEpPX) INIMHUCTBIMH CIIaHI[AMH,
QJIEBPOJINTAMU ¥ MECYAHNKAMU, BKIIFOYAIOIIMMHU B c€0s1 paKOBHHBI aMMOHHUTOB, JIBYCTBOPOK,
0OeeMHUTOB U KOCTH IIe3u03aBpoB. MoimHocTs cBuThl — 100 M. (AbakymoB u np., 1990;
Harland et al., 1997; Dallmann, 1999).

Ha rore Ilnumnbeprena B cocraBe CBUTHI ArapA(beiuleT BBIACISIOTCS CHHU3Y BBEPX
nauka Muredbpurrcynoykra u Tuponapnaccer.

Kenoseti-kummepudore.  Tlauka HHreOpurrcyHOykTa CIoK€HAa TEMHOIIBETHBIMU
OMTYMUHO3HBIMUA TIUHUCTBHIMU CIAHIIAMH C TMPOCIOSIMH TJIMHUCTO-)KEIE3UCTBIX TMOPOA U
cuaeputa. B BepxHell WacTu paspe3a KOJMYECTBO JKEJIE3UCTBIX BKpAIUICHUH U JIMH3
yBenmmuuBaetcsi. MomHocts mayku — 110-150 m (AbakymoB u 1p., 1990; Harland et al., 1997;
Dallmann, 1999).

CpeHHe'BerHeIOpCKI/IC OTJIOKCHUA COITIACHO IICPCKPBIBAOTCA HUKHECMCIIOBBIMU.

Menosasa cucmema. Ha lllnunbeprene MenoBble OTIIOKEHHUS MPEACTABICHBI TOIBKO
HIOKHUM OTJIEJIOM, BXOJSIIMM B rpymnmny AnseHTaaneH. OO0Iias MOIIHOCTh HUKHEMEIOBBIX
otnoxkeHuit cocranmsier 6oixee 1500 m (AbakymoB u nip., 1990; Harland et al., 1997; Dallmann,
2015). BepxuemenoBbie OTJIOKEHUSI TOJTHOCTHIO pa3MbITHI (puc. 1.2).

Huoicnuti  omoen.  Psazancko-ecomepusckue omodiceHus TPENCTaBIECHbl CBUTON
Propukdnennet, obmieit momHocThi0 10 400 M. CBuTa Propukdberier cormacHo 3aneraeT Ha
cute Arapadwemner (AbakymoB u np., 1990; Harland et al., 1997; Dallmann, 1999). B
OCHOBaHWHW CBUTHI 3aJieraeT mayka MukierapAQpbeiuieT, clIoKeHHas TUIACTUYHBIMA TJIMHAMU

OT KPAaCHOBATO-KCJITOTO 0 3CJICHOTO IBETA, HHOTAA C IIPOCIOAMHU JOJIOMHUTOBBIX KOHerIII/Iﬁ
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¥ TIUpUTa B BEPXHEH yacTu pazpe3a. Cioil cmabo BBIAEPIKAH IO JIaTepaji, OJHAKO SBIISACTCS
MapKUPYIOLUIUM TPU BBIICIEHUU TPAHUIBI MEXKIY OTJIOKEHUSIMU CpEIHEW-BEepXHEH IOpbl U
HIDKHEro Mena (cButhl Propukdnemer). Bo3pact ciost — pszanckuii. Momnocts ciost — 0.5-11
M (AbGakymoB u 1p., 1990; Harland et al., 1997; Dallmann, 1999).

B Lentpansuoit 3anaanoi u LlentpansHoii Boctounoit yactsax Inumnbeprena cioi
MuxnerapagperuieT — NepeKpbIBaeTCs  MMOCIeAOBaTeNbHO — nmaykamu — Kukyromnen u
Bumandnenner, Ha rore — nmaukoid Tupomapnaccer.

[Tauka TuponapmacceT MMeeT BOJDKCKO-BAIAHKUHCKUN BO3PACT, CIIOKEHA YEPHBIMU
OMTYMUHO3HBIMU apPTUJUIUTAMU C MPOCIOSIMHU JIOJIOMUTOB U CHUICPUTOBBIMU KOHKPEIUSMHU.
MorHocTh madku 28-60 M (AdakymoB u jip., 1990; Harland et al., 1997; Dallmann, 1999).

[Tauka Bumandbemer uMeeT ps3aHCKO-BATAHKMHCKUN BO3pACT, CIOXKEHA CEPBIMHU
aprujuIiTaMu, YacTHUYHO aJeBPUTUCTBIMH CO CJelaMu OHOTypOalu U CHAECPUTOBBIMU
KOHKpernusmMu. B BepxHeil yacTu pa3pe3a BCTpEUalOTCsl KPYMHbIE KOHKPELUU THIA «cannon-
ball». MomHocTs nauku Bapbupyercs, B cpeaaeM — 180 m (AbakymoB u ap., 1990; Harland et
al., 1997; Dallmann et al., 1999).

[Tauka KukyToaaeH uMeer roTepuBCKUi BO3PACT, CIOXKEHA MECYUaHUKAMHU C TIacTaMu
aneBposuToB; MoiHOcTh nadku 110-400 m (AGakymoB u np., 1990; Harland et al., 1997,
Dallmann et al., 1999).

Psazancrko-ecomepusckue  otnoxenust  (cButa  Propukdberuier)  HECOTJIacHO
MEPEeKPHIBAIOTCS OappeM-HIKHEANTCKUMU (CBUTOI [ enbBenusadpener).

bappem-nusicneanmckue OTIOXEHHUS TIPEICTaBIEeHbl CBUTOW [ enbBenusiprenieT,
npejcTaBieHHoN naukoid PectHuHreH — B LleHTpanbHoi 3amagHoii yactu Ilnundeprena, u
naukoii 'mutpedrerer - B LlenTpanbroit Boctounoii yactu. O61mas MoiuHocTh cBUTHI 40-155
M (AbakymoB u 1p., 1990; Harland et al., 1997; Dallmann, 1999).

[Tayka DecTHHreH CIOKE€HA MACCHUBHBIMHM KBapIEBBIMHU TMECYAaHUKAMU C YacCTBIMU
MIPOCIIOSIMU U JIMH3aMU KOHTJIoMepaToB. MomHocTs mauku 4-30 M (AbGakymoB u jap., 1990;
Harland et al., 1997; Dallmann, 1999).

[Mauka ['mutpedberieT coriiacHO 3alieraeT Ha OTJIOXKEHHUSAX Mayku DEecTHUHTEH U B
CBOIO OYEpE/lb COIVIACHO IMEpeKphITa OTIHOoXKeHHsAMU nadku Jlanxbverna. [lauka crnoxena
MECYaHUKAMHU C TPOCIOSIMU YIJUCTBIX APTWUIMTOB M yriiedl. MomHocTh madku 69 m
(AbakymoB u 1p., 1990; Harland et al., 1997; Dallmann, 2015).

bappem-umxHeantckue — omioxeHus — (cButa  ['enbBenusdbenier)  COrjacHo
MEePEeKPBIBAIOTCS aNT-aIbOCKOM MocieoBaTeNbHOCThIO (cBUTa Kaponunedonemier).

Anm-anvbckue OTIOXKEHUS TpenacTtaBieHbl cBuTod Kapomunedsemner, oOmas

MOMIHOCTH CBUTHI gocturaeT 1200 m (AbakymoB u np., 1990; Harland et al., 1997; Dallmann,
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2015). B LlenTpanbHoii 3amagHoi 9acTH B COCTaBE CBUTHI BBIACISIOTCS CHU3Y BBEPX MAuKH
Hanxwerna u MHHXbBETTIA.

Anm. I1auka Jlanmxberiia COrfacHo 3aJieraeT Ha OTIOXKEHUAX CBUTHI [ enpBenusadberier
U COIJIacHO MepekpbiBaeTcs nmaukoi Muuxberna. [lauka crnoskeHa MeNnKo-CpelHe3epHUCTBIMU
3€JIEHOBATO-CEPhIMU TOHKOCJIOUCTHIMHM TECUYaHUKAMU, CPEAM HUX BCTpedaeTcs HeOOJbIIOe
KOJIMYECTBO MAJIOMOIIHBIX MPOCIOEB TPABEIUTOB U KOHTJIOMEPATOB, a TAKXKE HEPABHOMEPHO
pacipesiefieHHbIE TepPUTeHHO-KapOOHATHbIE KOHKpenuu. MomHocth nayku — a0 180 M
(AGakymoB u ap., 1990; Harland et al., 1997; Dallmann, 2015).

Anm-anv6. Tlauka VIHHXBETNIA TMpeACTaBICHA MOIIHOW TOJIIEH aprWIMTOB C
MPOCIIOSMU aJICBPOJIUTOB W TECYaHUKOB. OTIOXKEHHS B OOJBIIOM KOJUYECTBE COACPIKAT
KapOOHATHBIC KOHKPEINH (CUACPUTOBBIC W/WIH JOJOMHTOBBIC) U KOHKPEIIHMH TUIIA «Cannon-
ball» (chepuueckne wnam MmouyTH cdepuueckrue MHUHEpaIbHBIC arperarbl, Ha3BaHHBIC I10
CXO0XECTU C MYILICYHBIMU SAPAMU, CIOKEHHBbIE KapOOHATaMU, HO MOTYT BKIIIOYaTh U JIPYTUE
MuHepanbl). MomHocTh mauku — 10 800 m (AbakymoB u np., 1990; Harland et al., 1997,
Dallmann, 2015). Bepxu nauku B okpecTHocTsix JIOHriiMpa naTupyrorcs HM3amMH anb0a
(MuxaiinmoBa u ap., 2021).

Anvbckue OTHOXKEHHS OOHaxaroTcss Ha tore W B LleHTpanbpHoli 3amanHoil yacTu
[Imubeprena B cocraBe nauek Jlanrcrakken u [lunnep6epret; B LlentpanbHoit BoctouHoi
YacTH JIOTIOJTHUTENIBHO BhIjiesieHa nauka lllenpokdremer.

[Tayka JIaHrCTakkeH COTJIACHO 3ajieraeT Ha OTIOKeHUAX mauku Muaxberna. IMauxa
CJIOKEHA TEePECIauBaIOIIUMUCS MTeCYaHUKAMH, aJIEBPOJIUTAMH M apTHIITUTaAMU; MOIIHOCTh —
40-208 M (AbakymoB u jip., 1990; Harland et al., 1997; Dallmann, 1999).

[Tauka [umiepbeprer cormacHo 3aneraeT Ha mauyke JlaHrcrakkeH, ClloKeHa
ApTUJUTUTAMU U JIEBPOIIUTAMH C TIPOCIIOSMU ITECYAHUKOB U JIMH3aMH TTIMHUCTBIX JKEJIE3HIKOB.
Mormnocts nayku — 28-334 m (AbakymoB u jp., 1990; Harland et al., 1997; Dallmann, 1999).

[Tauka [leHpokdrenneT coracHo 3ajeraeT Ha OTJoKeHusAx nauku LumnepOeprer u
HECOTJIACHO TIEPEKPBIBACTCS TMAJICOTeHOBLIMU OTIIOXKEHUsAMH. [lauka ciio)keHa rnecyaHuKamu,
apriuJUTMTaMU U aeBpOIUTaMu. MOLTHOCTh Mayk — 10 83 M (AGakymoB u 1p., 1990; Harland
et al., 1997; Dallmann, 2015). AnT-anb0cKue OTIOKEHHUS HECOTJIACHO NEPEeKPHIBAIOTCS

TaJICOTCHOBBIMMU.
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Puc. 1.2. Crparurpadudeckoe pacuiicHEHHE FOPCKO-MEIOBBIX OTI0XkeHuH apX. [Inundepren
(mo Dallmann, 1999, 2015 ¢ u3menenusimu) st KpacHe# 3Be37bI C/I€IaTh APYTYIO MOAIUCH —

YPOBHH HAaXOJOK U3y4aCMbIX INICHAOHHUTOB.
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Cmpamuepadghus eocmounoti vacmu bapenyesa mops

Me3o30iickue 0T10KeHUs bapeHeBa Mopsi pOCCUHCKON YaCTU BCKPBIThI CKBAKUHAMHU
B caMOW akBaTopud W B mpenenax Tumano-Iledopckoro Oacceiina. Pa3pe3 BckpwiBaeTcs
HEMOJIHO, JINTOJIOTUYECKUI COCTaB M BO3PACT OCTaloTcs AuckyccuoHHbiMU (CycnoBa u np.,
2021) (puc. 1.3).

FOpckue omnoowcenuss BCkpbITbl  ckBaknHaMu  IlITokmaHOBcKasi, ApKTuueckas,
Jlynnosckas, Jlenosas, Kypenuosckas, Mypmanckasi, CeBepo-Mypmanckasi, DepcmaHoBCKasi,
CeBepo-Kunpaunckas. XapakTep B3aMMOOTHOUICHHM C HIDKENEXKAIIUMH TPUACOBBIMU
TOJILIAMU JTOCTOBEPHO HEWU3BECTEH, 3aJIeraHHE, BEPOSITHO, HECOIJIACHOE, TaK K€ KaK Ha
HInmunbeprene, 3emne Ppanna Mocuda m Hooit 3emne (Kpeimromsm, 1972). JleransHoe
pacujeHeHHe IOPCKUX TOJNIIU 3aTPyIHEHO, OTJIOXKEHHs OOeAHEHbI (ayHOW, a HM3BECTHBIC
HAXOJIKU XapaKTEePHU3YIOTCs TIOX0H coxpaHHOCThIo (HupBa u ap., 1990; Penun u ap., 2007).

Hudicneropckue OTIIOKEHUS NPEICTABIEHBI TOJIIEH CBETIO-CEPbIX IECUYAHHUKOB C
PEAKUMHU TIPOCIIOSIMHU TEMHO-CEpPBIX apTWJUIMTOB M aJE€BPOJIMTOB, MECTAMHM BCTPEUAIOTCA
MPOCJION KOHIJIOMEPATOB, YacTO OOHApY>KMBAIOTCA pPAcCesSHHBIC TalbKu, IPaBUil KBapla u
KPEMHUCTBIX TOpPOA, OOJOMKH [pEeBECHHBI, yrie(dUIUpOBaHHAs pPACTUTENbHAs OpraHUKa,
JMH30YKH yTIel. MOIIHOCTh HIKHEIOPCKOM Tomu cocTtasisieT 338 M, B ckB. Jlenosas — 306
M, JIynnosckas — 464 M, Apkruueckas — 482 m, @epcmanoBckas — 124 M. B ckB. Mypmanckas
BO3pacT TOJIIU OMpeAeNseTcss KaK paHHUW Toap-paHHUN aaneH (o dQopamuHUbEpam),
NMO3AHMI MIMHCOaxX — mo3aHui Toap (mo octpakonam) (bacos u ap., 2009).

Cpeonuti omoen BKIIOYAET B ce0sl TIIMHUCTO-TIECUAHBIE OTIIOXKEHHS aajeHa-0aiioca u
[JIMHUCTBIE U TIECUAHUCTO-TJIMHUCTBIE OTIIOKEHNUS OaTa-KeuloBesl.

Aanen-batiocckue (?) OTIOXKEHUS CIOXKEHBI TNEPECIanBAIONIMMUCS CBETIO-CEPHIMH,
CEpbIMH KBapIEBBIMH TECUYaHUKAMU, TEMHO-CEPHIMU QJIEBPOJIUTAMU W aprUUIUTaMU C
npeobyiaganieM rnecyaHukoB. [lecyaHuky 4acTo copepiKar rajbKu M TPaBUM, HHOTJA JIMH3bI
KOHIJIOMEpATOB, JIMH304YKU yriisi. Bo3pacT ycranaBnuBaercs 1mo HaxojakaMm ¢gopamuHudep u
octpakoi. Momuocts Tonu 150-230 m (bacos u ap., 2009).

bam-xennoegeiickue OTIIOKEHHUSI XapaKTEPU3YIOTCS UYEPEIOBAHUEM IIECUAHUKOB MU
aJIEBPUTOBO-aPTUJUTMTOBBIX TOPO]I MOIIHOCTHIO B cpesiHeM 30-50 m, mnoraa 1o 120 m. Bo3pacr
yCTaHaBIWBaeTCs 1Mo HaxoakaMm (opamunudep, ocrpakos (bacos u ap., 2009) u ammoHuTaM
(baitoc-6at B ckB. JlyanoBckas-2 u kewioBel B ckB. JIenosas-1) (Mikhailova et al., 2021).

Bepxnuii  omoen 10psl TpENCTaBIeH IEeCYaHUKOBOW Tommed okchopma (?),

apruUIMTOBON TOJNIIeH KuMepuaka (?) 1 OUTYMHUHO3HBIMU aprHJUTMTAMU KUMEPHUIKCKOTO U
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BOJDKCKOTO [pYyCOB; TpaHUIBl MEXKIYy TONIIAMU YCTaHOBIEHBI YCJIOBHO II0 CMEHE
xapakrepuctuk I'MC.

OxcgopOckue OTIOXKEHHUSI B HIDKHEW YacTH CIIOKEHBI TEMHBIMH, CEpO-3€JIEHBIMHU
KBAapLEBbIMU M KBapLEBO-TJIAYKOHUTOBBIMH AJIEBPOJIUTAMH C PEIKMMHM TOHKHMHU IIPOCIOSMU
3€JICHOBATO-CEPBIX apTUJUIMTOB; B BEPXHEH YaCTH — CEPO-3€JICHBIMU KBapL-IJ1ayKOHUTOBBIMU
AJIEBPOJINTAMH, CMEHSIOLUIUMUCS TEMHO-CEPbIMH, IOYTH YEPHBIMM TIJIMHAMH. MOIIHOCTh
touu 6onee 15 M. Bo3pact otioskeHu# ycTaHOBIIEH 0 KOMILIEKCY aMmmMoHUTOB (Bacos u nip.,
1995).

Kumepuooicckue 0TI0KEHUS! CII0)KEHBl B OCHOBHOM YE€PHBIMH U TEMHO-KOPUYHEBBIMU
[JIMHAMHM, B BEpXHEH 4acTH NUPUTH3MPOBAHHBIMU. Bo3pacT oTioxkeHHid ObLT OmpeneseH 1o
KOMIUIeKCY AuHouucT 1 aMMoHHUTOB (LllypexoBa u np., 2023). MOmHOCTE KUMEPUIKCKUX
otnoxkenuit — 19-28 m (Cycnosa, 2021).

Bonoiccko-nudicnepsazanckue OTIOKEHUS ITPEICTABICHbl YEPHBIMU INIMHAMHU, KOTOPBIE B
BEpPXHEH YacTU CMEHSIOTCS TEMHO-CEPBIMU apriJIUTaMH, COAEPKALIUMU OOJIOMKHU PaKOBUH
aMMOHUTOB, POCTPHI OEIEMHUTOB, OOJIOMKH PaKOBHH HMHOIIEPAMOB, OCTaTKH KOCTEW M 3y0OB
pbIO, uepBed, OHUXUTHl W MUPUTU3UPOBAHHbIE BOJOpoCHU. Bozpact otrioxeHuit Obu1
olpesieNieH Mo KoMIulekcy auHouucT u ammoHuToB (LypexoBa u np., 2023). MomHocTh

BOJDKCKMX OTJIOKEHUI cocTaBisaeT 29-34 M.

Menosas cucmema. B akBatopuu bapeHiieBa Mopst MEJIOBBIE OTJIOKEHUSI IIPEICTABIICHbI
IIPEUMYIIECTBEHHO HW)KHUM OTJIEJIOM, BEPXHUM OTIENI BCTPEUAETCS TOJIBKO HA FOT0-BOCTOKE
TeppuTopuu. HIkHEMENnoBble OTJIOKEHHS] C HECOTJacHeM 3alleraloT Ha BEPXHEIOPCKUX U
HECOIJIACHO MepeKphIBatOTCs MajeoreHoBbIMuU Tomamu (Puc. 1.3).

Huoicnuii omoen. Bananorcun-ecomepugckue OTIOKEHHUS TPEACTaBIEHbl MOHOTOHHOM
TONIIEH TJIMH C KaJbLIUTOBBIMH, CHAECPUTOBBIMH KOHKpPELHMSAMHM U YTiIe(UIIUPOBAHHBIMU
pacTUTENbHBIMM OCTaTKaMH; Take BcTpeuatoTrcs QocdatHeie U cuneput-gocdarHbie
KOHKpPELUH 1 3€pHa INIayKOHUTA. Bo3pacT 0T/I0KeHHUH YCTaHOBIJIEH IO HaXOAKaM MOJUIIOCKOB
u Mukpogaysnsl (bacoB u ap., 1995; Poros, Uronsuukos, 2009). MOITHOCTb OTJIO0KEHUH OKOJIO
400 m.

bappem-cpeoneanmckue  OTIOXKEHHWsI NPEACTABICHbl TIJIMHAMH C  [POCIOSIMH
aJIeBPOJINTOB,  pEXe€  MEeCYaHWKoB (B  OappeMcKkoW  4acTH), U  IEeCYaHHKaMH,
NepecIauBalOIMMUCS C aJEeBPOJUTAMHU M TJIMHAMHU (B HWXKHE-CpEIHEaNTCKoW uacTtu). B
OGappeMcKoil 4acTu pa3pe3a IJIMHBI aJeBPUTHCTbIE, TOHKOOTMYYEHHBbIE; MeCUaHble MpPOCIOn
TOPU30HTAJILHO CJIOMCTHIE, BOJHHMCTBIE, WHOTJA MYJIbA000pa3Hble, Ha MOBEPXHOCTHU

HaOmoaloTes cienpl TeueHui. lIpucyTCcTBYIOT KOHKpEUMU MUPUTOBOTO U KaJbIUTOBOIO
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CcoCTaBa, yTie(UIIMPOBAHHBIC PACTUTEIbHBIE OCTATKH, (PUTOIJIAHKTOH B BHJE MEJIKUX
«CTYCTKOBY» CHJECpPUTA, CIUKYJBI TYOOK, (popamuHH]Eepsl U eAMHUYHBIC 3epHA TIAyKOHHUTA.
HuxHe-cpeaHeanTckas 4acTh TOJIIHN XapaKTEPU3yeTCs] MATTOMOUTHBIMU ITPOCIOSIMU U JIMH3aAMU
yIJIed W YTJIIUCTBIX MOPOJI; B OTIOKEHHUSAX TAKXKE MPUCYTCTBYET MUPHUT, PEIKUE KPEMHHCTO-
KaJIBIIUTOBBIE KOHKPEIIMH, BOJOPOCTH B opaMuHH(pepbl. MOIHOCTE OappeM-cpeaHeanTCKUX
oTI0XeHur — ot 67-150 1o 1500-1700 m (Mikhailova et al., 2021).

Bepxueanmckue-anvbckue  OTIOKEHHS ~ TPEACTABICHBI B HIDKHEH  YacTu
HEpPaBHOMEPHBIM UYEPEAOBAHUEM IECYAHUKOB, aJIEBPOJIUTOB M TJIWH, BKIIFOYAIOIINX PEIKHE
MaJIOMOIITHBIE MPOCJION yIJIeH W YTIUCTHIX MOPOJ (BEpXHUM aNT-HWKHUKU ajab0); BBIIIC IO
pa3pe3y — HEPaBHOMEPHO YEPEAYIOIMMHCS TIJIMHAMH, aJeBpPOJUTAaMU M IEeCYaHUKaAMHU
(HWKHUM anp0); TIMHAMHM C PEAKUMH IPOCIOSIMH AJIEBPOJIUTOB U MECUYAHUKOB (CpEeIHUM-
BepxHUH anb0). Bo3pact Tommm onpenensercs mo HaxoakaM aMMOHUTOB (MuxaiioBa u Jp.,
2021). MomHOCTh BepXHEANTCKUX-HUKHEATHOCKUX OTIOKEHUN MOXKET ocTurath 560-750 m;

cpenHe-BepxHeanbOoCcKo# Tou — 10 320 M.
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I[J'I}I KpaCHeﬁ 3BC3/IbI CACIIATh APYTYIO NOANNCH — YPOBHHU HAXOJO0K NU3Yy4YaCMbIX INICHIOHUTOB
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I'naBa 2. CoBpeMeHHBbI€e npeAcTaBJeHUs 00 YCJA0BUAX (OPMUPOBAHUA HKAUTA U

IJICHAOHHUTOB

['MeHI0OHUTBI — KAJIBIUTOBBIE TICEBIOMOP(O03bI, CHOPMUPOBAHHBIE, KAK CUYMTACTCS, T10
ukauty (Stein, Smith, 1986; Ito, 1996; Zabel, Schulz, 2001; Dahl, Buchardt, 2006; Lu et al.,
2012; Last and Last, 2012; KpsutoB u ap., 2015). B pa3abix paboTax rI€HIOHUTHI MOTYT
YIIOMHHATHCS MO CICAYIOIIMMU Ha3BaHUsAMH: anTpakouuT (Hausmann, 1806; Berg-Madsen,
1989), tunomur (King, 1878), sposut (Browell, 1863), ncesnoreitmoccur (van Calker, 1897),
rearoimm (Ko, 1896), 6enomopckue porynsku (Cokomnos, 1825), fundylite (Steacy, Grant,
1974), polar euhedrons (Kemper, Schmitz, 1975), hedgehogs (Fricker, 1963).

Hkant — mectuBoaHbIi kapOoHat kanbius CaCO3*6H20. K coxxaneHnro, XMMAYECKUMA
COCTaB MPHUPOJJHOTO UKAUTA U3YUYCH JIUIIIb B HEMHOTUX paboTax (Hampumep, Suess et al., 1982;
Pauly, 1963, Busenberg and Plummer, 1985; Boke et al., 1999; Malaga-Starzec et al., 2004;
Vavouraki et al., 2008; Fernandez-Diaz et al., 2010).). Xots conepskanre MgO B HKaUTe MOXKET
nocturath npumeprno 0,5 mac.%, B NPHPOTHBIX 00pasliax HEe OOHAPYKEHO CyJb(ar- HIU
docdar-uonos (Pauly, 1963; Schubert et al., 1997; Vickers et al., 2022). CorinacHo JaHHBIM
Vickers u coasr. (2022), Hanbonbime 3HaueHus otHomeHuss Mg/Ca 3adukcupoBaHBl B
HanOoJiee HEYCTOWYMBBIX OOpa3liaXx MKaWTa, YTO YKa3bIBAaeT Ha JECTAOWIM3HPYIOIIYIO POJIb
MarHusi B €ro KPUCTaNTMYECKON CTPYKTYpeE.

WNkant xapaktepusyeTrcs MHPAMUJATBHBIMA WM KOMBEBUIHBIMH KPHCTAJUIAMU
(manpumep, Dieckmann et al., 2008; Tang et al., 2009; Rysgaard et al., 2014), a taxxe ux
3Be3m000pasHbiMu arperatamu (Hampumep, Selleck et al., 2007; Garvie, 2022), umeromumu
KBaJIpaTHO-NIpU3MaTHYeCcKoe ceueHue (Hanpumep, Swainson u Hammond, 2001). B mexoTopbix
cirydasx MOpPQOJIOTHs KPUCTAIIOB HKAaNTa MOXKET COXPAHATHCS B BHJIE MCEBAOMOP(O3 TOCIIe
ero pasznoxenus (Hanpumep, Kaplan, 1978; Shearman u Smith, 1985; Kemper, 1987). Pazmep
KpHUCTauioB Bapeupyercs oT 5 MkM (Dieckmann et al., 2008) 1o ~ 15 cm (Zabel, Schultz, 2001).

Hkautr ¢dopMupyercs NpeMMyIIECTBEHHO B MOPCKHUX OOCTaHOBKAxX, BIUIOTH JO
rny6okoBoaubix (Kodina et al., 2001; Galimov et al., 2006, Krylov et al., 2015, 2019; Vickers
et al., 2022, Krylov et al., 2015), konycoB BeiHOca (Zabel and Schulz, 2001; Gussone et al.,
2011, Stein and Smith, 1986, Fink et al., 2014, Hackworth, 2005, Vickers et al., 2022), ozepax
(Pueyo et al., 2011, Oehlerich et al., 2015, Last et al., 2010), npgax (Ito, 1996; Omelon et al.,
2001), memepax (Zék et al., 2010; Persoiu and Onac, 2019; Bazarova et al., 2014, 2018;
Stepanov et al., 2013), B Bune tydoBbix nupamun (Pauly, 1963). Ukaut kpucrannuzyercs Kak

Ha TIOBEPXHOCTH MOPCKOTrO JiHa, Tak M Ha riyoune 20 M u Hmke Mopckoro aHa (Last et al.,
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2013; Zabel and Schulz, 2001; Lu et al., 2012; Galimov et al., 2006; Kodina et al., 2001,
Greinert and Derkachev, 2004; Derkachev et al., 2007).

BosibmMHCTBO HAaXOJ0K MKaWTa MPUYpodYeHO K rIMHUCTHIM ocankam (Kodina et al.,
2001; Galimov et al., 2006; Ludwig et al., 2006; Martin-Puertas et al., 2007; Nielsen et al.,
2014; Bauch et al., 1999), nmaromutam (Domack et al., 2007), neqaukoBsiM oTiiox)eHUsM (Lu
et al.,, 2012) u xonmomueiM mcrouHuMKaMm (Stepanov et al., 2013; Ito, 1996). B npeBHux
OTJIOKEHHUSAX HAXOAKH UKauTa HEU3BECTHBHI.

YHuKaabHOW OCOOEHHOCTBIO HKaWTa MO CPAaBHEHUIO C JPYTMMH KapOOHATHBIMU
MUHEpaJaMH SBJISETCS €ro KpUCTaIN3allks B €CTECTBEHHON CPeJie B yCIOBUSX OKOJIOHYJIEBBIX
temneparyp ot -2 g0 +7° C (Dieckmann et al., 2008; Huggett et al., 2005; Suess et al., 1982).
Ecnu temneparypa npeBbIIIaeT yKa3aHHbIE 3HAUEHUs, UKaUT pacnagaercsa Ha jubo (1) cmech
n3 Oe3BogHOro KapOoHaTa KaJblHsA (KaJbIUT/aparoHUT/BaTeputT/aMopdHBIA KapOOHAT
kanbius) + Boaa (Shaikh, 1990; Ito, 1996; Ito et al., 1999; Stein, Smith, 1986; Council, Bennett,
1993; Pauly, 1963; Bischoff et al., 1993), 60 (2) monoruapokansiut (Pauly, 1963; Bischoff
et al.,, 1993; Garvie, 2022). Ilpu 3ToM HE A0 KOHIA SICHO, KaK WMEHHO IPOUCXOIUT
TpancopmMalls UKauTa B KalblUT. B HacTosAmmMii MOMEHT ecTh ABa HaOmoaeHus: (1) ukaut
MOCTETNIEHHO TepsieT BOJY U MpeTepreBaeT psij pacTBopeHuii-nepeocaxaenuii (Schultz et al.,
2023); (2) ukauT mnpeBpaliaeTcsi B KaJbLUT B KBa3UTBEPJOM COCTOSHUM, pa3pyllasich C
BHEITHUX KpaeB KPUCTAUIa, C HE3HAYMTENbHBIM PACTBOPEHHEM — TMepeKpHCTaILTH3aIeH
(Vickers et al., 2022). [Ipu noBblmieHnH TemnepaTypbl Bojibl Boitie +6°C B 3anuBe Mkka-Obop
MKauT 3aMellaeTcss Ha MOHOTMIPOKAIBLUT C aparoOHUTOM/KAJbIIMTOM: OJHAa U3 KOJIOHH
MIOJTHOCTBIO CJI0KEHAa MOHOTHIPOKAIBIIATOM, TOTJIa KaK JPYrHe KOJOHHBI COJEpKAT KOPKH
MKaWTa ¥ sipa MOHOTUPOKAJIbIUTA + aparonuTa u kaisiura (Stockmann et al., 2022).

Kpome temmnepaTypbl Ha KpHCTAIM3AlMIO MKaUTa BIMSIET FEOXUMMUYECKHI cocTaB
ucxoanoro pacteopa (Kodina et al., 2003; Suess et al., 1982; Stein, Smith, 1986; Jansen et al.,
1987; Bischoff et al., 1993; Buchardt et al., 1997; Greinert, Derkachev, 2004; Dahl, Buchardt,
2006; Hansen et al., 2011; Oehlerich et al., 2013; Zhou et al., 2015). DxcriepuMeHTHI
MOKa3bIBAIOT, YTO MKAUT MOXKET KPUCTAJIM30BATHCS U3 PACTBOPA, HE COJIEPIKAILETO Cybdar-
uoHa (Tollefsen et al., 2018). Mons! hocara MHrHOMPYIOT poCT KajblMTa U aparonurta (Burton
and Walter, 1990; Lin and Singer, 2005; Tadier et al., 2017) u npoBouUpyIOT pOCT HUKauTa
(Bischoff et al., 1993; Buchardt et al., 2001). D10 moaTBep K AaeTCS HAXOAKAMU HKAHTa BOJU3U
MOPOBBIX BOJI, oboramieHHbIX dochopom (Zhou et al., 2015; Greinert and Derkachev, 2004,
Kodina et al., 2003). C apyroii cTopoHsl, sKcnepuMeHTanbHble aanHble (Hu et al.,2014;
Stockmann et al., 2018) u HekoTopsie HaxoakH (Ito, 1996) yTBepxkaat0T, UTO AJIS OCAXKIECHUS

ukauta ¢Gocop HeobOs3aTenieH. B oriamume ot ¢docdopa, MOH MarHusi HEOOXOAUM JUIsS
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KpUCTAJUTM3all1 HKauTa B labopaTtopHbIx ycioBusx (Tollefsen et al., 2018; Chaka et al., 2019),
B IIPUPO/IE K€ OH CIIOCOOCTBYET KpucTayum3anuu 6e3BoHbIxX a3 (Nishiyama et al., 2013; Blue
et al., 2017). Beicokas mienounocts (pH>8) siBnsieTcs 00s3aTenbHBIM KOMIIOHEHTOM JIJIS
dbopMHUpOBaHKs MKAaUTa, KaK B Jlaboparopuu, Tak u B mpupoze (Boch et al., 2015; Tollefsen et
al., 2018, 2019, 2020).

PacnpejieneHne cTabUIBHBIX H30TONOB yriaepona 6°C mkauta Bapsupyercs ot —42.7
%o 110 +8.3 %o PDB, kucnopona 520 ot —17 %o 10 +3.60 % PDB (Dahl, Burchardt, 2006;
Yaiikosckuit, Kageockas, 2014; Kodina et al., 2003; KpsutoB u ap., 2015; Last et al., 2013; Lu
et al., 2012, Stein, Smidt, 1985; Zabel, Schultz, 2001) (Pucynok). Kpome Toro, ormedaercs
pa3HuIa B U30TOIMHOM COCTaBe KUCIOPO/a M YIIIepo/ia MKanuTa: OT IIEHTPa K KpasiM KpHUCTasuia
BenmunHbEl 01°C yMeHpImaroTes, a Benmunas 5180 Bo3pactaror (Whiticar et al., 2022).

3HaueHns W30TOMHOro oTHomeHus °/Sr/®Sr ams wkamra ObUM  ycTaHOBIEHBI
eIMHOXKIBI, B 3auBe MKka-Dbopa, M OKa3aauch HE3HAYMTENHEHO MeHbIe ° Sr/%Sr Mopckoit
Bogb! (87 Sr/8Sr nkanta=0.70916) (Buchardt et al., 2001).

'mengoHnutr — 310 mceBmomMopdo3a KalbMTa IO MHHEpPATy, CKOpee BCEro,
sBistronierocst ukautoM (Stein, Smith, 1986; Ito, 1996; Zabel, Schulz, 2001; Dahl, Buchardt,
2006; Lu et al., 2012; Last and Last, 2012; KpswioB u ap., 2015). ITceBnomMopdo3bl COXPaHAIOT
dbopMy  MHHEpala-TIPEIIICCTBCHHUKA:  3BE3YaThie  CPOCTKH  NHUPAMUJAIBHBIX U
OunupaMuAaIbHBIX KPUCTAIIOB, PO3E€TKH, BHITSHYThIE KpUCTalIbHbIE oOpa3oBanus (Puc. 2.1).
Pa3smepsr niceBaoMop(do3 TIIEHJOHUTOB COMTOCTABUMEI C pa3MepaMu COBPEMEHHBIX KPUCTAIIIOB
MKaWTa, OJJHAKO CYIIECTBYIOT HEKOTOPbIE HCKIIIOUeHus. Hampumep, mepMcKue rIeHJOHUTHI U3
ABcrpasimn u TacMaHuu, POpcKue TIACHIOHUTHI W3 CHOUPH M KaHO30MCKUE TJICHIOHUTHI C
KaMuaTky 3HaYUTENHFHO MPEBBIMIAIOT Pa3Mephbl KPUCTAUIOB COBPEMEHHBIX HKAaUTOB— JTHHA
JIOCTUTAEeT HECKOJNBKHUX JIECSITKOB CAaHTHMETPOB, a 3BE3AUaThle CPOCTKU UMEIOT MOTEPEUHHK
ceoiie 30 cm (Kaman, 1978; Kpaesas u np., 1987; Frank et al., 2008; Schultz et al., 2020).
CaMbIM KPYITHBIM W3 W3BECTHBIX TJICHJOHUTOB Ha JAHHBIH MOMEHT CUHMTAeTCs oOpaser w3
ceuthl yp (Fur Formation, Bo3pacr) (.Ctpana mectoHaxoxaeHus uin 6acceitn). Ero muamerp
cocraBnsieT 1,65 Merpa, a caM KpHCTaUl MPEACTaBIseT co00iM CpOCTOK M3 16 OTAETBHBIX

KPHUCTAJJIOB, KPYMHEHIINN U3 KOTOPBIX AOCTUraeT pazmepoB 80x15%6 cm (Schultz et al., 2020).
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Puc. 2.1. CpaBuenue kpuctaiio ukauta (A-B) u rmenmonuta (I'-E): A, I' — BBITSHYTHII
ounupamuganeubiii kpuctami; b, JI - 3Be3nooOpasHeiii cpoctok; B, E — BbITAHYTBHIN

nupamuaaibHbeIi kpuctamt (Rogov et al., 2021). Macmrabnas nuneiika — 1 cM.

B ornuume oT MKauTa INIEHAOHUTHI MOTYT MMETh 30HAJbHOE BHYTPEHHEE CTPOCHUE
(Pucynox). Cpean HaxoqoK HMKauTa HamOojee ONM3KOe K 30HAJbHOMY CTPOCHUIO HMEIOT

arperatsl u3 3anmBa Mkka-deopx (Trampe et al., 2016) (puc.2.2).

Puc.2.2. A — rnennoHUT ¢ 30HaNBHBIM cTpoeHueM (00p. Led-1-2, cks. Jlenosas-1, bapeniueBo

Mope); b — cpocmmecss KOMOHHBI WKauTa cO c1a00 BBIPAYKEHHOW 30HATBHOCTHIO B BHJIE

YepeIoBaHMs JKENThIX U 3eJeHbIX mojoc (Trampe et al., 2016)

21



CymiecTByeT TpH TMPEANONOKEHHS O TOM, Kak (OPMHUPOBAIKNCH 30HAIbHbIE
rIIeHAOHUTHI. [lepBoe: 30HATBHOCTh TJICHIOHUTOB OOYCIIOBJIEHA MPUMECSIMH OPraHHYECKOTO
BEIIIECTBA W/WIIN TTIMHUCTHIX MUHEPAJIOB, INOO HEOJHOPOAHBIM pocToM KpuctaiuioB (Huggett
et al., 2005). Bropoe: riaeHIOHUTHI (POPMUPOBAINCH B TEMIIEPATYPHBIX U T'€OXUMHYECKUX
YCIIOBUSIX, ONM3KME K yCTOMYMBOCTH MKauTa. BHemiHsis 00osiouka KpHCTajula OKa3bIBACTCs
MEHEe YCTOWYUBOM, MOJABEPrasich MOCTEIICHHOMY Pa3pyIICHHUIO, B TO BpeMs KaK BHYTPCHHSIS
Y4aCTh COXPaHAET CTA0MIBHOCTh. DTOT MPOLECC HATTOMUHACT MEXaHU3M pa3pyLICHUs UKAUTa
U3HYTPU K BHEIIHEMY KpParo, OJIHAKO MPOTEKAET 3HAYUTEIILHO MEJJICHHEE, YeM (JOPMUpPOBaAHUE
He30HaNbHBIX TieHaoHUTOB (Vickers et al., 2018). Tperbe: KpuUCTaUIBI MOTJIH PACTH
«TIOCIIOMHOY, TOCIIEAOBATENILHO 00pa3ys 30HBI, HAYMHASL OT LEHTPA U 3aKaHYUBAs BHEIITHUM
KpaeMm, ¢ OJHOBPEMEHHBIM 00pa30BaHUEM BTOPUIHOTO KAJBI[UTA BTOPOTO THIIA TTIOBEPX BHOBH
dbopMUpyeMOro KallblIUTa IMEPBOTr0 Tuia. MHTEHCHBHOCTh M TOBTOPSIEMOCTh HM3MEHEHH
TEMIEPATypPHbIX W XUMHUYECKHX YCIOBHI ONpENeNsiOT KOHEYHBIH BHJA KpUCTaJIA:
BO3HHKHOBEHHUE BBIPAKEHHBIX 30H (HU3Kasi CKOPOCTh NpeoOpa3oBaHUii U KoieOaHus yCI0BUI);
HAJIMYME YETKO pa3IMYUMBIX sep M KpaeB (MPOMEXKYTOYHBIE YCIIOBHS); JHOO IOJIHOE
OTCYTCTBHE MaKpPOCKOIUYECKOW 30HaNbHOCTHU (ObIcTpast moiHas Tpanchopmanus) (Vickers et
al., 2018).

Ontuyeckre W MUHEPATOTMYECKHE HCCIICAOBAHUS TJICHIOHUTOB ITOKA3bIBAIOT, YTO
3aMeIIeHNEe WKaWTa KaJbIIUTOM IPOUCXOIUT B HECKOJIBKO JTaloB, MOJTOMY B COCTaBe
nceBAoMop(o3, Kak MpaBWIIO, BBIAENSETCS OT 2 10 4 reHepanuii Kajabl[UTa, Ha MO3IHUX
CTaAUAX JHUareHe3a KalbIIUT MOXET OBITh 3aMelleH JJO0JOMUTOM, THIICOM, ITHPUTOM,
kpeMmHucThiIMU MUHepanaMu (Rogala et al., 2007; Wang et al., 2017; Mikhailova et al., 2019).
B kauecTBe BKIIIOUEHHIA B MCEBAOMOP(O3aX MOTYT BCTPEUATHCS OOJIOMKH KBapIia, TOJIEBBIX
IIMAaTOB, BYJIKAHMYECKOTO CTEKJa, OJIMBHHA, MUPOKCeHa, ampudoIa, MarHeTUTa, reMaTHUTa,
CIIIO/IBI M YaCTHIIBI opranndeckoro BemiecTa (Kamnan, 1979; I'entHep u np., 1994; Actaxosa,
Copouunnckas, 1999).

Kpucrammer KampIiiTa TEpPBOTO THIA HUMEIOT HIUOMOP(GHYIO, TpPEyroJbHYIO,
OunupaMuaTbHYI0 WU HEMPaBWIBHYIO (OpMY, IBET — OT MPO3PAYHBIX O HEMPO3pPadyHbIX
KPUCTAIIJIOB MHOT/Ia C 30HAIHBIM CTPOSHHEM; pa3Mep KpucTamuioB <3 M. [lo xumudeckoMmy
COCTaBYy TIEPBBIN THIT KaJbIIUTA MPEACTABIICT co00i cTexeomuTpudnbiii kKaabiut (CaCOs3),
KOTOpBIX 3aHMMaeT okoJio 30% ot obmero oovema nceBmomopdos. Kpome Toro, oH cxox ¢
UKAUTOM I10 COJICPIKAHUIO XUMUYECKUX DJIEMEHTOB: IPEUMYIIIECTBEHHO YHCTBINA, 00CTHEHHBIN
npuMecsMu. Ha OCHOBaHHMH 3TOTO JeNaeTcss BBIBOJ O TOM, YTO KaJbIMT MEPBOTO THUIA
HpeICTaBIsIeT CO00 KaabIUT cHOPMUPOBABIIHUIACS MPH JAeTHapaTanuu nkaunra (ikaite-derived

calcite) (Larsen, 1994; Greinert, Derkachev, 2004; Huggett et ., 2005; Teichert, Luppold, 2013;
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Nening, 2017; Vickers et al., 2018). KJI-cBeueHne (kaTogoatOMHUHECIIEHTHOE) OTCYTCTBYET
(Larsen, 1994; Morales et al.,2017).

Bropo#i Tum KambmHMTa MOXKET OBITH MPEACTaBiIeH CHEPOTUTOBBIMHU, UTOJILYATHIMH,
crapuToBeiMH Kpuctauiamu (Boggs, 1972; Kamnan, 1978; Greinert, Derkachev, 2004;
Teichert, Luppold, 2013; Qu et al., 2017; Vasileva et al., 2019, 2021). B oTiiuuum oT KajabIuTa
NIEPBOTO THIIA, BTOPOit oOoraiieH MaruueM u xene3oM (Cao 645-0.999MJo.002-0.322F€0.001-0.08) (CO3)
(McLachlan et al., 2001; Vasileva et al., 2021) // <6 mol.% MgCOs (Teichert, Luppold, 2013;
Quet al., 2017); pochopom P20s — 0.28-0.56 % (Huggett et al., 2005) o 3 macc.% (Vasileva
et al., 2021); 6apuem BaO = 0.03 mol.% (Nenning et al., 2017); crponuuem SrCO3 — 0.13-0.2
mol.% (Huggett et al., 2005; Teichert, Luppold, 2013; Nenning, 2017) // 0.04-0.30 macc.%
(Vasileva et al., 2021); maprannem MnCOz — 0.02-3.18 macc.% (McLachlan et al., 2001,
Vasileva et al., 2021) // 0-1.35 mol.% (Huggett et al., 2005; Teichert, Luppold, 2013; Nenning,
2017); SiO2 — 0.02-0.07 macc.% (McLachlan et al., 2001), Al,O3 — 0.01-0.02 macc.%
(McLachlan et al., 2001). B HeKkOTOpBIX Cly4Yasx KaJbIUT BTOPOro THUIA 00OpacTaeT
BhICOKOMaruesuaabHbiM KanbiutoMm (Teichert, Luppold, 2013; Nenning, 2017), cuxepurom
(Teichert, Luppold, 2013) wmu momomurom (Vasileva et al.,, 2021). Tun KJI-cBeuenus
OJIHOPOJIHBIN W/WJIN 30HAIBHBIN, KaK MPpaBUIIo, sipko-opamxeBwiid (Frank et al., 2008; Teichert,
Luppold, 2013).

Tperuii Tum KameluTa OO0pa3yeTcs Ha CaMbIX TO3JHHUX JTanax (GopMupoBaHUS
TJIGHJIOHUTA U 3amoJHseT ocTaBiiuecs mopsl. [lo coctaBy TpeTtuii TU KanblUTa OIM30K KO
BTOPOMY, OJIHAKO BCE JKe HeCKOJbKO obenHeH Mg, Fe, Mn: MgCO3 — 0.36-2.99 mol.% (Huggett
et al., 2005; Teichert, Luppold, 2013; Nenning, 2017); FeCOs — 0.6-4 mol.% (Huggett et al.,
2005; Teichert, Luppold, 2013; Nenning, 2017); MnCO3z — 0.5-1.98 mol.% (Huggett et al.,
2005; Teichert, Luppold, 2013; Nenning, 2017). KJI-cBeueHue OT OpaH)KEBOTO 1O TEMHO-
kpacHoro (Teichert, Luppold, 2013).

BaoBEIif H30TOMHBINA COCTAaB KUCIOPO/a B KATBIUTE TIIEHIOHHTOB Bapbupyercs 818 O
oT —16.6%0 110 +4.8%0 PDB; nis yrnepona 83C ot —52.4%o 10 +0.6%0 PDB coOTBETCTBEHHO
(De Lurio, Frakes, 1999; Greinert, Derkachev, 2004; Teichert, Luppold, 2013; Geptner et al.,
2014; Morales etal., 2017; Qu et al., 2017; Rogov et al., 2017, 2021; Vickers et al., 2018, 2020;
Mikhailova et al., 2019; Vasileva et al., 2019). CooTHolieHre H30TOITHOTO COCTaBa KHCIOPOIa
U yriiepoja JJisl NaJle030MCKUX-KalHO30MCKUX TJIEHIOHUTOB MPECTaBIeHO Ha puc. 2.3. Jlud
MOJABISIONIEH YacTH TJCHIOHUTOB YIIEPOA TMOCTyMal M3 OPraHWYecKoro BeIecTBa,
nepepabaTbiBaeMoro cyibharpenynupyromumu oaktepusiMu (Suess et al., 1982). [ns gactu

ME3030MCKUX TJEHJAOHUTOB YIJIEPOJ IMOCTyHal MpU aHa’pOOHOM OKUCICHMH MeTaHa
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cyabdarpenyuupyronmmu caktepusimu (Schubert et al., 1997; Greinert, Derkachev, 2004;
Rickaby et al., 2006; Teichert, Luppold, 2013; Morales et al., 2017).

I[OCTOBepHO yCTaHOBI/ITB HUCTOYHHUK KI/ICJIOpOZ[a B TJICHOOHHUTAX Sany,IIHI/ITeHBHO.
O6ennenne %0 TIEHIOHUTOB MOXET ObITH OOYCIOBICHO PA3IMUMAMH (PaKIMOHUPOBAHMS
U30TOIOB KUCIOPOJa B KaJbLIUTE M MKAWUTE, Pa3HULEH B M30TOIHOM COCTaBe (IIOMIOB, U3
KOTOPOTO KPHUCTAJUIM30BAJICS KaJbLUT U MUKAUT, COOTHOLIEHUEM BO BHYTPEHHEH CTPYKType
TJICHOIOHUTOB KajgbOuTa HepBOFO nu HOCHCZ[YIOH_[I/IX THUIIOB, HaAJIOKXCHHBIMU

MMOCTCEAMMCHTAIMOHHBIMHU ITPOLIECCAMMU.

070, %o V-PDB

WkanT ]

MeHaoHUTbI Maneo3soin
@ Mesoson
() KaiHosol

Puc. 2.3. M3oTonHBIH cocTaB KMCIOpOJa U yriepoja nkauta u raeHionutos (Rogov et al.,

2021, 2023).

Kpome ToOro, TIeHIOHWTHI HACIEIyIOT OT WKaWTa pa3HUIy B paclpeneieHun
M30TOMHOIO COCTaBa KHUCIOpOJAa M YIJIEpOAa: AHAJOTMYHO HKAaWUTy OT ILEHTpa K KpasMm
BemmuuHbl 81°C yMeHbIIaoTCs, a BeTHMuHHB 00 BO3pacTalOT MO CPaBHEHMIO C BHEIIHEH
yactbto (Whiticar et al., 2022). M3menenus 6'C B IJI€HIOHUTAX, BEPOSATHO, OTPaKaloT
nuareHeTH4eckue m3MeneHus 6'°C pactBopeHHOro Heopranudeckoro yriepona (DIC) B xome
pocTa epBOHAaYaIbHOTO HKauTa. M3mMeHenus BenuuuH §'*0 B INIEHAOHUTAX BO3MOXHBI U3-3a
KUHETHMYECKUX M30TOMHBIX A(PQEKTOB, BO3HUKAIOMIMX B Ipolecce MNepeKpUCTALIH3ANN

HKauTa B KaJIbITUT.
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B Heckonmpkux paboTax OBLI M3y4eH H30TOMHBINM COCTAaB CTPOHLHUSA B KaJbLIUTE
rneaaoHuToB. YacTh 06pasios yHacnenoBantu o Sr/%°Sr Mopckoii BobI, ocTalbHBIE 00PA3IIbI
xapakTepusytorcs 5'Sr/%Sr Huke mnam Bele CTPOHIMEBON M30TONMHOM KpuBoif. IIpuunna
paz6poca 8'Sr/®Sr B 0mHOBO3PACTHBIX TIJEHIOHMTAX, INPEANONOKHUTENBHO, CBA3aHA C
0coOeHHOCTsIMHU (ppakImoHrpoBaHus n30ToroB crponnus (Nenning, 2017; Poros u ap., 2018;
Vasileva et al., 2021).

['MeHIOHUTBI BCTPEYAIOTCS B OTJIOKEHHSIX MPAKTUYECKH BCEX CHCTEM (paHepo30s: OT
KeMOpHs 10 TOJIONICHA, 32 UCKIIFOYCHUEM CHITYpa, 1eBoHa U Tpuaca (Rogov et al., 2021, 2023);
M3BECTHBI B DJIMAKApPCKUX OTIIOkeHUsx (James et al., 2005; Wang et al., 2020), a eqruHUYHBIC
OoJiee IpeBHUE HAXOKH — BILIOTH 10 HIKHero mpotepo3os (Aspler, Chiarenzelli, 1997; Aspler
etal., 2001).

PacnpocmpaHeHue Me3030UCKUX 2IeHOOHUMO8

Hecmotpst Ha TO 4TO ME€3030MCKUN KiIMMAaT ObLI CaMbIM TEIUIBIM B MCTOPUM 3eMJIU
(Frakes et al., 1992), me3030iickue 1iceBAOMOP(})O3bI ABISIOTCS CAMBIMHU PACIPOCTPAHEHHBIMU
cpeau BcexX HaxoJOK. TermpiM KIMMaToM OObICHSIETCS OTCYTCTBHE TNIEHIOHUTOB B TpHace U
BepxHeM Meny. FOpckue HaxoJKkyM OrpaHWYeHbl BBHICOKUMH MaJECOHIMPOTAMU CEBEPHOTO
MoJIyIiapusi, B TO BpeMsl KaK HWKHEMEJIOBBIE TJICHAOHUTHI JIEMOHCTPUPYIOT OHUIOJIIPHOE
pactipenenenue (puc. 2.4).

Tpuac. TIeHOOHUTHI AOCTOBEPHO HEM3BECTHHI. Menkue o0pa3oBaHus (10 2 MM),
MOX0XHUE Ha MCeBAOMOP(O3bI, OB HANACHBI B HUKHETPHACOBBIX KAPOOHATHBIX OTIIOKEHUSIX
Ha Apaswuiickom moyoctpose (Al-Sarmi, Wood, 2025).

fOpa. Huoicnuii omoen. Camble paHHUE HAXOIKHU TJICHJOHUTOB OTHOCSTCS K TIO3IHEMY
wmHcOaxy. HambGonee uwacto 3T oOpa3oBaHusi BcTpeuatoTcss B Boctounoit Cubupw,
HECKOJbKO oOpasmnoB Owbutn HaiizeHsl B I'epmanum (Teichert, Luppold, 2013; Merkel,
Munnecke, 2023). B pa3pesax ceBepo-BoctouHoii Cubupu (Buiroiickuit 6acceiiH) MenKue
TJICHJOHUTHI B HUKHEHW 4acTH CMEHSIIOTCS OoJiee KPYIHBIMHU 0OpasliaMu B BepXHel yactu. B
pa3pe3ax AHabapcKOro 3ajauBa M pekd MoJoJI0 TJIEHJOHHUTHI BCTPEYAIOTCS TOJBKO B BUIE
3BE3YaTBIX  CPOCTKOB. [ JNeHmoHUTHI W3 ['epManmm  mpeACTaBiICHBI  KPYyHMHBIMH
OunUpaMuAATbHBIMUA KPUCTAJUIaMU. | JIEHAOHUTHI ¢ TOOEPEXbsi MOPs JIanTeBBIX U B HIDKHEM
TedeHun p.JIeHbI mpejcTaBIeHbl 3Be319aThiMu cpocTkamu (rosette type) (Teichert, Luppold,
2013; Merkel, Munnecke, 2023; Rogov et al., 2023).

B HmxHEM TOape IIIeHJOHUTHI HCYE3al0T, HO MOSIBIIIOTCS. CHOBA B MO3/IHEM TOApe, YTO

cBs3bIBaeTcs ¢ noxononanueMm B Apktuke (Korte et al., 2015). 'mengoHuTHI 3TOTO BO3pacra
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M3BECTHBI TONBKO M3 CHOMPH, MPEACTABISAIOT COO0I BBHITSHYTBIC arperaTbl: CaMble KPYITHBIC
o0pa3usl mupuHoit 10 10 cM u aymuHOH 60see 40 cm ObUTH HelaBHO OOHAPYKEHBI B Oacceiine
pexu Bumoit (Rogov et al., 2023).

Cpeoneropckue TICHIOHUTBI CaMble PaCIpPOCTPAHEHHBIE CPEIM BCEX H3BECTHBIX
HAXOJIOK, HauOOJIbIIIEe WX KOJIUYECTBO BCTPEYaeTCs] B 0allOCCKUX OTIOXKEHUsX. Paszmep
BBITSIHYTBIX arperatoB jgocturaer 80 cM, auameTp 3Be3auaThix cocraBisieT 25-30 cwm.
[TceBnomopdo3bl ObLTM HaiiieHbl To Bceir Cubmpu, Ha ceBepo-BocToke Poccuu, JlampHem
Bocroke, Apkrudeckoit Kanage (Moore, 1981), mensde bapennea mopst (Mikhailova et al.,
2021), Simonuu (Fukada, 2000, Rogov et al., 2023).

Bepxnuii omoen. BepxHelopckue TIIEHIOHUTH MEHEE PaclpoCTpaHEHbl U MeJbue M0
pasmepy. Hambonee wacTto BCTpewaroTcs 3Be3qUaThie OOpa30BaHMA, 32 HCKIIOYEHUEM
CPETHEBOJDKCKHMX TJEHAOHWTOB Imenbda bapenmeBa mops (Mikhailova et al., 2021) wu
KUMEPUDKCKUX TIeHA0HUTOB LlInuideprena, KOTopbie peACcTaBICHbI MEIKMMH BBITSHYTHIMU

obpazoBanusmu (Rogov et al., 2021).

Men. Huorcnuii omoen. HykHEMeNOBbIE TJICHIOHHUTHI ObUIM HAaHJACHBI B CEBEPHOM
Cubupu, Asctpanuu (Tanh, 1988), na Kananckom apxunenare (Kemper and Schmitz, 1975,
1981, Herrle et al., 2015; Grasby et al., 2017b), [llmu6eprene (Price and Nunn, 2010; Vickers
et al., 2018, 2019; Rogov et al., 2021; Mikhailova et al., 2021a), mennde bapenuea mops
(Mikhailova et al., 2021b). DTo eaWHCTBEHHBI MEPUOJ BpPEMEHHU, KOTJA TJIEHJOHUTHI
00pa30oBaIMCh B TOM YHKCJE M B FO’)KHOM TOJYIIAPHH, A7 KOTOPOTO HE JOKa3aHO OJie/IeHEHUE
(Rogov et al., 2023). Bce Haxoaku npuypodeHbl K MajgeobacceiiHaM, pacroyIOKEHHBIM B
BBICOKHX CEBEPHBIX U FOXKHBIX MUpoTaX. OCHOBHBIMH BMEMIAIOIIMMU TIOPOJIAMU SIBIISIFOTCS
YEepHBIC CIIAHIIBI, aJeBPOJMTHI, MECYAHUKH, PEKE — KOHTIIOMEpAThl U TY(bl; €AUHUYHO —
MeTaHoOBble cumbl. Hambomnee pacmpocTpaHeHHass MOPQOIOTHUS MENOBBIX TIEHIOHUTOB —
3BE3TYATHIC CPOCTKH.

Huorcnsis pssans. Cample PEBHHE MEIIOBBIC TJICHAOHUTHI OBUIM HAWJIEHBI HA CEBEpe
Cubupu (Rogov et al.,, 2017), na crteike 3amagHoii Cubupu u EHuceit-Xartanrckoro
peruoHanbHoTrO Tiporuda (Poro u ap., 2024) u npeAcTaBistoT coO0i Menkue (HECKOIBKO CM)
ounupamuganbHble 00pa30BaHus U 3BE€3/14aThle CPOCTKHU.

Bananowcunckue tneHaoHuThl oOHapyxkeHbl B Apkruueckod Kanane (Kemper and
Schmitz, 1975; Kemper, 1987), Cubupu (Kaplan, 1978; Rogov et al., 2017), na llInunbeprene
(Rogov et al., 2021) u B ABctpanuu (Tanh, 1988).

T'omepusckue rnennoHnThI HaleHbl Ha LlImuoeprene un Ansicke (Vickers et al., 2018;

Rogov et al., 2023). Ha [lInumnbeprene rIeHIOHUTHI MPEACTABICHB B BUJE 3BE3TYATHIX U
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MAPaMUJATHHBIX CPOCTKOB, YACTO 30HATBLHOTO CTPOCHMS Ha AJsicke — ci1abo n3yuensl (Vickers
etal., 2018).

Bappemckue-nusicneanmckue TIEHIOHUTHl HaIEHbl B IIENb(OBBIX OTIOKESHUAX
bapenueBa mops (Mikhailova et al., 2021b) u Ha ceBepo-BocToke Poccuu (Rogov et al., 2023).

Io30Huti anm—pannuill aib6 OTMEUYCH YaCTHIMU HAXOJKAaMH TJICHJIOHUTOB B CEBEPHOM
I'pennanauu, nunodeprene, apkruueckoii Kanazne, ceBepo-Bocroke Poccun (Rogov et al.,
2017) n ABctpanuu (DeLurio, Frakes, 1999). 'mennonuTsl uMeroT HEOOIBIINE UM CPETHHE
pa3mepsl, 00bIYHO MeHee 10 cM B JUTUHY ISl BBITSHYTHIX CIUHHYHBIX KPUCTAIUIOB B MeHee 10

CM B IIOMNIEPECUYHUKE I CPOCTKOB.

Bepxnuii omoen. I TeHIOHUTHI 3TOTO BO3PACTa B HACTOSILEE BPEMSI HEU3BECTHHBI.

MMeHaoHUTbI
© Men
@ Opa

8 TbIC KM

Puc. 2.4. Haxonku me3030iickux rieHnoHuToB (Rogov et al., 2021, 2023)

0630p npedcmasnenuii 0 2eHemuyecKoll Ce:A3U UKAuma u 21eHOOHUMO8

I[O HAaCcTOAIICTO BPEMCHU CYIICCTBYIOT MHOTOYHCICHHBIC HAYYHBIC ]II/ICKyCCI/II/I:
ABJIICTCA JIM HKAUT MUHCPAIOM-IIPEAIICCTBEHHUKOM TJICHIOHUTOB. IToxa =He YAaJI10Ch
BOCTIPOM3BECTH TMOJHBI MPOIECC 3aMEIICHUS HKAWTa KaIbIIUTOM HU B JIa0OpATOPHBIX
OKCIIEPUMEHTax, HH 3aUKCUpOBaTh Takue mporecckl B mpupone. (CremnoBaTenbHO,
OTCYTCTBYIOT YE€TKUC AUATrHOCTUYCCKUC IMPU3HAKHU, ITO3BOJIAIOINE OJHO3HAYHO YTBCPIKIATh,
9T0 OOHapy)KeHHOE€ MHHEpajdbHOe oOpa3oBanue (TJCHIOHUT) TPEACTABIIET COOOM
niceBgoMopdo3pl mo wkauty. OJHUM W3 BKHEUIINX /JI0KA3aTeIbCTB CBSI3U TJICHIOHHUTA C
WUKAUTOM CIIY)KHT OJHOBPEMEHHOE HAX0XJICHHUE B OJTHOM MECTE 3BE34aThIX CPOCTKOB (ZIPY3),

CIIO)KCHHBIX KalbIUTOM H uKautoM (KomMm. A.KpsutoBa). B pabore Schultz, Huggett, 2025
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ABTOPBHI MPHUBOJAT HECKOJBKO JOKA3aTENbCTB, MOITBEPKAAIONINX, YTO TIICHIOHUT SIBISETCS
nceB1oMop(}ho30ii 1Mo UKaUTYy.

Tunuyabie MOpHOTOTHUECKUE XAPAKTEPUCTHKHU TJICHAOHUTA BKJIIOYAIOT CIIEIYIOIINE
ocobenHocTH: (1) xapakTepHbI M3rMO KpUCTa/UIa B OJHOM HaIlpaBieHUH, (2) OIMHAKOBOE
KOJIMYECTBO BBIYKJIBIX M BOTHYTBIX TPAHEW: BBIMYKIbIE I'paHU (HOPMUPYIOT <JICCEHKYY,
BOTHYTHIE — B BUJIE€ HAKOHEYHUKOB CTpei», (3) pomOoBuanoe ceuenue (Schultz et al., 2025)
(puc.2.5). Ucxons U3 yKa3aHHBIX PHU3HAKOB, aBTOPHI BHICISIOT TPH KATETOPUU TJICHOHUTOB!

Ilepsas kamezopus BKIIOYAET UICATHFHO COXPAHHUBIIUECS YK3EMIUIAPHI «JICCEHKOW» U
«HAaKOHEYHUKAMI» C BOTHYTBHIMH WUJIHM BBITYKJIBIMU H3THOAMU;

Bmopas kameecopusi mpenctaBieHa MeEHEE COBEPIICHHBIMH (OpMaMH, KOTOpHIC
COXpAHSIOT JIMIIb YacTh NMPHU3HAKOB IMEPBOM KaTEroOpuu, HO HE 00JaJal0T UMH B MOJHOM
00BeME;

Tpemvsi 000BEAMHSET MPOCTCHIINE MOP(POIOTHMYECKHE THIIBI — OJUHOYHBIE
o0pa3oBaHUs, OT/AEIbHBIE IUIACTUHKA JHOO peOpUCTBIE SJEMEHTBI, HMEIOIINE TaKKe

cnennuyHyo poMOOBHIHYIO (HOPMY B MOMIEPEUHHKE.

Puc.2.5. Beinykible ¥ BOTHYTHIE KPUCTAUIbl TJIEHAOHUTOB: KEJITON CTPENIKOM MOKa3aHbI

«HAaKOHEUHUKMN», O€JI0i — «JIeceHKay, caM KpucTaiut BorHyT (Schultz et al., 2025).

Kpome cneunduueckux Mopdosoruueckux 4YepT BaXKHbIM IPU3HAKOM CUHMTAETCS
NPUCYTCTBUE TaK Ha3bIBAEMOW «KaIUIEBUIHON CTPYKTYph» (guttulatic petrology). CtpykTypa
COCTOUT M3 KaJbLIUTOBOTO $Jpa, MMEIOIIErO IICEBJOTeKCaroHaIbHYI0 MIH C(HEpUUYECKYIO

dbopmy numamerpom oxoso 10-100 mMrM. Sapo OKpyKEHO TeKCaroHAJIbHBIMU W
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OJINTUIICONAAJIBHBIMU  30HAMH CHHTAKCHYCCKOI'0 poCTa, IIOBEPX KOTOPBIX pacrojaracrcsa

MIOCJIEIOBATENbHBIN CIIOH IIEeMEHTA, CBSI3aHHBIH C MTPOIiecCOM IpeoOpa3oBaHus HKauTa CHavaa

B BaTepwT, a 3aTeM B KaibluT (Scheller et al., 2021) (puc.2.6).

Puc.2.6. KamneBunHas CTpykTypa B INIEHIOHHUTaX, BEpOSTHO, BO3HHMKJIA B pe3ysbTare

MOSTAIHON TpaHC(hOpMaIMM MKauTa CHavajda B BaTEpUT, a 3areM B KambuuT (Scheller et al.,

2021.

C npyroii ctoponsl, B KooHHax Mkka-DOropaa 3adukcrupoBaHO MpEBpallleHue HKauTa
B MOHOTHJIPOKAJIBIIUT C 00pa30BaHNEM 30HATBHBIX KPHCTAILIOB ocieanero. [Ipeanonaraercs,
4TO Moj00Has CTPYKTypa 00yclioBieHa IN Situ 3aMeleHneM MKauTa MOHOTHAPOKAIBIIUTOM,
MPUBOISAIINM K MOSBIECHUIO 30HATBHBIX KPUCTAIIIOB. DTOT MPOLIECC CBS3aH C pACTBOPEHUEM U
MOBTOPHBIM OCaXXJICHUEM UKaWTa, MPU HEOONBIIOM COOTHOILIEHUH BOJa/0ca oK (BOABI Mallo,
ocajJika MHOT0) Ha MHUKpPOypoBHE (Hampumep, KpucrtamioB). OOpasyromiascs CTpyKTypa
OTpaKaeT JErHpaTallii0 ¥ yMEHbIIEHHE 00bhEeMa, COMPOBOKIAABIINE NEKPUCTAILTH3AINIO

UKaWTa, U SIBIIACTCSA TUITHYHBIM MTPpU3HAKOM TieHaoHuTa (prc.2.7) (Dahl, Buchardt, 2006).
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Puc.2.7. 30HanbHBIA KpUCTaUT MOHOTHAPOKAIBIIMTA U3 MKAUTOBBIX KOJIOHH HMkka-Dropna

CUMTACTCS pe3yIbTaTOM TpaHC(hOpMaUK WKanTa B MOHOTHIpOKAILIUT (Scheller et al., 2021)
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I'naBa 3. MaTepuaJjibl 1 MeTOAbI HCCJIEIOBAHUS

Marepuaiibl

MarepuanoMm uccienoBanusi nocayxwia 110 oOpasmoB, 0OTOOpaHHBIX U3
CPEIHEIOPCKUX-HIKHEMENIOBBIX OTIIOKEeHUH bapeHieBoMopckoro pervoHa, U3 Hux: 1 —
11031He0ali0CcCKOro u 3 — panHe-BepxHedaiiocckoro (ckB. JIymioBckas-1,2); 2 — KeIIOBEHCKOro
(ckB. JlymnoBckas-2); 5 — mosaHebaitocckoro-pannedarckoro (ckB. Jlemomas-1); 8 —
panHekumepupKckoro (r. Muxierapn); 11 — cpenneBoikckoro (ckB. CeBepo-MypmaHnckasi-
1); 50 — mo3muerorepuBckoro (ckB. Dh-4, ckB. Dh-2, m. ®ectHunren, r. Snycdnemrer); 2 —
1o31He0appeMCcKoro-panneantckoro (ckB. Jlemopas-2); 35 — cpeaHe-mO3AHEANTCKOrO (CKB.
Dh-5, pa3pe3 [lopora B Asponopt); 3 — anpbckoro Bo3pacta (paspe3 Jlopora B Aspormopr,
[Inuubepren).

OO6pa3iibl ObLTH 0TOOpPAHBI ABTOPOM B X0JI€ MOJIEBBIX paboT Ha apx. IlInumnbdeprex, o-B
3ananusriii [HInundepren B 2019 romy, coOpaHbl pu U3y4eHUN KEPHOBOTO MaTepraia CKBaXKUH
bapenuesomopckoro peruona (PI'BY BHUHNOkeanreosnorus), a Takke nepeaansl Poropsim
M.A. ('MH PAH). Ctpaturpaduueckoe moj0oKeHHE TJICHIOHUTOB U JINTOJIOTHYECKHI COCTaB

onpoOOBaHHBIX YPOBHEH Ha pa3pe3ax/KOJOHKaX KepHa mpeacraBieHsl B [Ipunoxenusax 1-3.

MeTobI NcCIeTOBaHUS

1) Kamoooniomunecyenmnan mukpockonus. Jns TpoOBeAEHUS HACTOALIETO
UcclieIoBaHusl ObUI0 M3roToBjiIeHO 110 mpo3payHO-MONUPOBAHHBIX HEMOKPHITHIX NUTH(OB Ha
smokcuHOM cmote. Tlerporpaduueckoe omnucanne NUTM(OB MPOBOAWIOCH HA ONTHYECKOM
mukpockorne Olympus BX-53 ¢ katonomtomuHecueHTHOM mpuctaBkoit Mk5-2 (na 0Gase
Kadenpsl  peruoHaIbHOU reO0JIOTHH Cankr-IlerepOyprckoro roCyJapCTBEHHOTO
yHHMBepcHUTEeTa); pabouue mapaMeTpsl npuctaBku: BakyyMm — 0,003 mOap, Hanpsokenue — 324
kB, cua Toka — 6-13 MKA.

[lerporpadmyeckne wuccineOBaHUS TO3BOJSIOT YCTAaHOBUTH MHUHEPATIOTUICCKUAN
COCTaB, TAOUTYC KPUCTAJLIOB, HAJTMUNE MUHEPAILHBIX MTPUMECEe M BKIIOYCHUH B M3yYCHHBIX
opoJax.

KarononmoMuHeCIeHTHbIE UCCIIEIOBaHUsS TO3BOJISIIOT  ONPENENUTh  CTaAUHHOCTh
00pa3oBaHUs KapOOHATHBIX MUHEPAJIOB U YCIOBUS UX 00pa3oBaHus. KaTomomroMuHECIIEHTHOE

(KJI) cBeueHne BO3HUKAET MPEUMYIIECTBEHHO 3a CUET BO3JEUCTBUSA MOTOKA AJIEKTPOHOB Ha
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MOBEPXHOCTh 00pa3lia U 3aBUCUT B OOJIBIIEH CTENEHN OT XUMHUYECKOI0 COCTaBa MUHEPAJIOB, B
MEHBIIEH — OT 0COOCHHOCTEN KPUCTAIITMYECKONU CTPYKTYPHI.

CBeuenne KapOOHATHBIX MHMHEPAJIOB  ONPEACISAIOTCS, B IEPBYIO  OYEpe.b,
TIPHCYTCTBUEM B CTPYKTYpe MUHEpaIoB HoHOB Mn?", Fe?", Pb?* i penko3eMebHBIX 21eMEHTOB
(P33): mousl Mn?* n P30 sBnsiorcs nonamu-aktusaropamu KJI-cBeuenus, B To Bpems kak Fe?*
MHTHOUPYIOT €ro; O BIMSHUYU CBUHIA HA CBEYEHNE KapOOHATOB B HACTOSILEE BPEMSI U3BECTHO
maio (Boggs, Krinsley, 2006). Kap6onaTHble MUHEpaIbl XapaKTEPU3YIOTCS KaK OJHOPOIHBIM
(>kenTo-OpaH)XKeBBIM, KpPacCHBIM, OJIeIHO-TOMyOBIM, 3eleHOBaThiM) (moapoOHee cMm. Boggs,
Krinsley, 2006) cBeueHueM, Tak W HEOJHOPOJHBIM, B TOM YHCJE 30HAIBHBIM, THUIIAMH
CBEUEHMsI. 30HAJIbHBINA TUI CBEUYEHUS, B CBOIO OUEPE/Ib, IIOPA3AEIAETCS HA KOHLIEHTPUUECKOE
U cekTopuaibHoe. CUnTaeTCsl, YTO KOHIEHTPUYECKAsl 30HAJIbHOCTh OTpa)kaeT MU3MEHEHHS B
coctaBe ¢uronaa (XUMHUYECKHI COCTaB, TeMIleparypa, JaBlI€HUE, U, BO3MOXKHO, PEIIOKC-
yCIIOBUS), B TO BpeMsl KaK CEKTOpHalbHas 30HAJIBHOCTb CBSi3aHA C HEPABHO3HAUYHOCTHIO
pa3IMyHBIX KpUCTaJUIOTpaduuecKnx HamparieHuid npu Kpucrammmsamuu (Boggs, Krinsley,
2006).

JlepexThl KPUCTAIUIMYECKON PEIIeTKH TaKXe MOTYT MPHUBECTH K BO3HUKHOBEHHUIO
cBeuenus. bonee moapoOHO O THMAxX U IBETaX CBEUYECHUS KapOOHATHBIX MUHEpAIOB cM. Boggs,
Krinsley, 2006.

2) Crauupyiowas >1eKmpoHHas Mukpockonus. VI3ydeHHMe XUMHYECKOTO COCTaBa U
MHUKPOMOPGOJIOTHM  TJICHIOHUTOBBIX ~ ICEBAOMOP(O3 MNPOBEIEHO Ha CKaHUPYIOIIEM
3NIeKTpoHHOM  MuKkpockorne  Hitachi  S-3400N, o0opyaoBaHHOM  TNPHUCTAaBKOM Ui
PEHTI€HOBCKOT0 SHEPro-aucnepcuoHHoro Mukpoananusa AzTec Energy X-Max 20 (pabouue
napameTpbl MUKpPOCKoOMa: yckopsitomiee Hanpspkenue 20 kB, cuna Toka myuka 2 HA, Bpemst
coopa mansbix 30 c). MccnenoBanus nposeneHsl Ha 6aze Pecypchoro ILlentpa CIIOIY
«I'eomonenb». TOUYHOCTH ONpeAENeHUsl COAECpPXKaHUS TIJIABHBIX JJIEMEHTOB HAXOIWUTCA B
npeaenax =~ 3%, mns paccesHHbIX — oOkono 10%. KoHmeHTpammu >JI€MEHTOB JaHbl B
kodddurmentax (k.p.) Ha cTaHmApPTHYIO KpHUcTaioxuMmuueckyro (opmyny (Ca, Mg, Mn,
Fe)CO 3. Bcero 6bui0 usyueno 17 npo0, u caenano 629 u3mepeHuii .

3) Penmeenoghazosuiii ananuz. PeHTreHo(ha30Bbli aHAIH3 TJICHIOHUTOB BBIIOIHSICS B
Pecypcaom Ilentpe CIIOIY «PentreHonudpakiinoHHbIe METOABI HCCIICIOBAHUSI» HaA
mudppaxtomerpe Rigaku Miniflex 11 (Cu-ka wusnydenue), untepBan cbemku (20) 5-80°,
ckopocTh cbeMku 2°/muH, mar 0.02°. IlomyuyeHHble peHTreHOTpaMMbl 0OpalOaThIBaIM B
nporpammuoMm makere PDXL II. JIns uaeHTudukanuu Oblla MCIONB30BaHA 0a3a JaHHBIX

ICDD. Pentrenoga3oBslii aHanu3 ObUT BEITOTHEH JU1s 39 00pa3ios.
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4) Cmabunvuvie uzomonwi yenepooa u kuciopooa. OrnpenesaeHre H30TOMTHOTO COCTaBa
KHCJIOPO/JIa U YTiiepoja KajabluTa riieH1oHuToB nposoauiock B 'H PAH ¢ ucnons3oBanuem
macc-criekrpomerpa Delta V Advanced u ycranosku Gas-Bench-1. 3nauenns §13C u 680 nans
oTHOCHTeNbHO cTanaapta PDB. TouHocTs (BOCIIPOM3BOAMMOCTS) onpenenenuii 61°C n 880
Haxonutes B mpeaenax 2,0£,%o0 u 1,0£,%0 coorBercTBeHHO. COOTHOIICHHE CTAOMIBHBIX
U30TOIOB KHUCJIOPOA U YIIIepo/ia ONpeesieHo B 74 oOpa3iax IieHI0HUTOB.

Ilepen ompeneneHueM HM30TOIHOTO COCTaBa CTPOHIMS, KOHLIEHTpAlWs IJIaBHBIX,
pacCessHHBIX W PEIKO3EMENIbHBIX JJIEMEHTOB HaBecku mpoO maccor 0.1-1.5 r orGupaim B
MOJIMITPOTNMIICHOBBIE KOJIOBI HAa 15 mu1 1 mpombiBaiii B 0.01M HCI. 3arem npoOy cymmim B
cytmibHOM mKkady npu remmeparype 90°C. B3pemuBaiiu Cyxoi 0CTaToOK U J00aBIISIN K HEMY
2.5 ma 0.1 HCl u 3.5 mn IM HCI, ocraBmsiim Ha HECKOIBKO CYTOK, MEPUOJUYECKU
nepemenuBasi. [IpoOy neHTpudyrupoBaiv, pacTBOp HaJ OCAAKOM CJIHBAIA B OTICIbHBIN
Orokc. 3aTeM ero BBIIAPHBAIIM JI0 CYXOr0 OCTaTka, mocie 4ero pactBopsuii B 3 % HNOs.
W3mepenus npooauin u3 pactsopa oobemoMm 50 mi. Ilpu onpenenenun konuentpauuu Ca,
pactBop pazbasisuiu B 40 pas.

5) Hzomonwi cmponyus. OnpeneneHHe HM30TOMHOIO COCTaBa CTPOHIHSA U
KoHIeHTpanud Mn u Sr Obuth BeimostHeHBI B LIKII T'eoanamutuxk UIT YpO PAH,
ExarepunOypr, merogom ICP-MS, na macc-cnekrpomerpe Neptune Plus (Thermo Fisher
Scientific), ocHamenHblii cuctemoir BBoma mpod Teledyne CETAC, Omaha, NE, USA.
[TosrydyeHHble 3HaueHUs HOpMHpOBaHbI Ha craHgapT SRM — 987 = 0.710245. TounocTh
onpenenenus £0.003%.

6) [ 1asnvie u paccesinnvie snemenmol. Onpenenenue konmenTpamumii Ca, Fe u Mg 6putn
BoimosiHeHbl B LIKII T'eoanamutuxk UI'T YpO PAH, ExarepunOypr meromom ICP-AES na
crektpomerpe Optima 8000 DV (Perkin Elmer) (crammaptst HTB-1, GRI-1, MGR-N).
OrnepanoHHbIE TMapaMeTpbl CHEKTPOMETpa: BBICOKOYACTOTHass MomHOCTh — 1500 BrT;
npoOomnoaarIuii MoTok aprora — 0.7 JI/MHH; BCiOMOTaTeIbHBIN MOTOK aproHa — (0.2 J1/MuH;
1a3Mo00pasyromuii motok aprora — 10.0 j1/muH; crioco0® HaOI0IeHUS TIa3Mbl — aKCUATTBHBIH;
CKOPOCTH 10/IaY¥ pacTBopa — 1.5 Mi1/MuH; Bpems pacnbuieHus oopasia — 40 ¢. AHaTuTHYECKHe
cnektpanbHbie quHun: Ca [ 227.546, Ca II 317.933, Mg II 279.077, Mg I 285.213, Fe II
259.939, Fe 11 234.830, Mn 11 257.610, Mn 11 293.305 aMm.

7) Peoxozemenvrole snemenmst (P33). Penko3eMeNbHbIE 3JIEMEHTHI OMPEACSIIUCH
metonoM ICP-MS 6bu1u Beimonnens! B LIKII I'eoananmutux UT'T YpO PAH, ExatepunOypr, Ha
kBaapynoiabHoM Macc-criektpomerpe NexION 300S (PerkinElmer) (cranmapt Multi-element
standard solutions (Inorganic Ventures)). OmepanuoHHBIE IapaMeTPbl CIIEKTPOMETPA:

BBICOKOYACTOTHAss MomHOCTh — 1500 Bt; mpobGomoparomuii motok aprona — 0.7 11/mMuH;
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BCIIOMOTATeNbHBIA MOTOK aproHa — 0.2 n/mMuH; 1urazmooOpasyromuid motok aprona — 10.0
J/MHH; c110c00 HAOIIOIEHHS TU1a3Mbl — aKCUAIBHBII; CKOPOCTh OJauu pacTBopa — 1.5 Mi/MuH;
BpeMs pacnbuieHus oopasua — 40 c. ['eoxumuueckuii cocraB Obl1 onpeaesnex s 40 o0pasios.
OnpenenseMbie 31eMeHThl: 20Sr, 89Y, 139 g, 10Ce, Py, 16Nd, #7/Sm, %3Eu, 'Gd, ¥°Tb,

16‘?’Dy, 16510, 167Er, 169Tm, 172Yh, 15y, Ommoka onpeneneHus (1SD) e npesbimano 5%.
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I'naBa 4. O0masi XapakTepuCcTHKA pa3pe30B U cTpaTUrpapuyeckoe mojaoKeHue

IJICHAOHHUTOB

Ha IlInuu6eprene riaeHIoHUTHL ObUTM 0TOOpaHbl U3 oOHaXkeHHi Jlopora B AsponopT
(Airport Road), SAnycdbemier, Muknerapa u ®ectaunreH, u ckBaxun Dh-2, Dh-4 u Dh-5. B
bapennieBom Mope Obutm ompoOoBaHbl CKBaKHMHBI CeBepo-Mypmanckas-1, Jlemosas-1,

Jlemoas-2, Jlynnosckas-1 u Jlyanosckas-2 (puc. 1.1).

Obnaxcenust ocmposa 3anaonwiil [lInuybepeen

1. ['meH1oHUTHI U3 OTI0KEeHHH paspesa Jlopora B Aspomopt (Airport Road) 6pu1m
ommcanbl B pabore M. Bukepc (Vickers et al., 2018). 31ech Ha MPOTSHKEHUN HECKOJIBKUX
KAJIOMETPOB BJOJIb JIOPOTH BCKPBIBAIOTCS TECYAHWKH, APTHILIMTHI M aJeBPOJIUTHI CBUTHI
Kaponunedsemnner cymmapHoilt MOmHOCTHIO 0K0J10 170 M. Criou 3anerarot cyoropu3oHTaIbHO,
HAa HEKOTOpBIX YydYacTKax cjabo [UCIONUPOBAaHBI, B pa3pe3e BHIHBI KaK pa3pbIBHbBIC
HapyIICHHsI, CMEUIAIOIINE CIOM Ha HECKOJBKO METPOB 1O BEPTHKAIM, TaK M HEOOJbIIHE
CKJIQ/IKH.

B u3yueHHOM paspese BbIACNIAIOTCS ABe Mauku (CHU3Y BBepx) Janxperna u MHHXbETIA
(ant u anT-ank0d COOTBETCTBEHHO), CJIOXKEHHBIE AaprUJUIMTaMH U aJeBPOJIMTaMU  C
HEPaBHOMEPHO pacIpeIeIEeHHBIMU MPOCIOSMH TIECYaHUKOB, KOHTJIOMEPATOB U KapOOHATHBIX
KoHKpenuil. [Ipociion UMeoT NTMH30BUIHOE CTPOCHHE, OCOOEHHO B Mauke Jlanxberna; pexe
BCTpeyaroTcsl B nauke MHHXberna. B BepxHelt yactu mauku MHHXbErna necyanble MpoOCIOU
3aMEHSIOTCSl JIMH30BUJIHBIMU TPOCIOSAMU KapOOHATHBIX KOHKPEIMH, TaK Ha3bIBaeMbIX
«cannon-bally, pexxe 3Tu KOHKpelK BcTpedaroTcs B nauke Jlanxperna. B atom paspese Obuiu
OoOHapy>XeHBl MeNble TICHIOHUTHI M MX OTIEYaTKH C BBIIICTOYCHHBIM KapOOHATHBIM
BellecTBOM. PacripeniesieHre IriIeHI0HUTOB 10 pa3pe3y HEpaBHOMEPHOE, OHU MPUYPOUEHBI K
IecyaHbIM M aJEBPOJMTOBBIM CIIOSIM pas3pesa, Bcero ObuIo ompo6oBaHo 11 ypoBHeil ¢
rneHpaonuTamu (puc. 4.1). HaOmrongaercs nBa BuIa B3aMMOOTHOILICHHUH MceBAOMOpPGhO3 ¢
BMenlaromuMu nopojgamu: (1) nepopmupoBaHHBIA, NMPU KOTOPOM CHadajga MPOUCXOIUIIO
OTJIO’)KEHUE OcajJKa, a 3aTeM (OPMHUPOBATIUCH TIEHAOHUTHI; (2) OCaJOK HE HapyIllIeH, POCT
OPOMCXOAWJI  OAHOBpeMeHHOo.  OtoOpaHHbIE  TJCHIOHUTHI  TPEACTABISAIOT  COOOMU
PEUMYIIECTBEHHO 3Be3/4aThle CPOCTKH pa3smepoM 1-4 cM, B MeEHbIIEH CTEHNeHH —

nupaMuiaibHble KpucTauibl 1iuuHoi 1-3 cm (Puc. 4.2).
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Aaporiopm
(Airport Road)

Apyc
Ceuta
MNayka

MoL-Te x20Mm

Anbb

WHHxberna

KaponuHedbenner

AnT

—

Pa3spes 5(2) |
|

Oanxeerna

E KOHrnomepar NEecYaHnKn = anesponuThLI - aprunnuTbl
Paspes 4 BbILLENOYEHHbIE
Paspe3 AR1 _p o @ rneu:qon fhsif INEHAOHUTbI @ HaxoAKu aMMOHWUTOB KapGOHaTHbIE KOHKPELM
(o Vickers et al., 2018 ¢ usm.) )

Puc. 4.1. JIutonoruveckasi KojioHKa pazpesa Jlopora B Adporopt. A — pparmMeHT paspesa
Hopora B Asponopt, b — nedopmMupoBanHbIil XapakTep B3aUMOOTHOIIEHUH TJIEHIOHUTA C

BMeIIaroIIel mopoaoi (0enast cTpenka ykasbiBaeT Ha rieH1oHuT) (Muxaitnosa u np., 2021)

(¢oro: M.Poros).

A

Puc. 4.2. XapakrepHbie MOP(HOTHUTIBI TIICHIOHUTOB: A — 3BE3T4aThIii CPOCTOK; b — BRITSIHYTHIH
KpUCTAILT; B — BhIIeIOUEHHBIC OTIIEYaTKH; [ — HE MOIHOCTHIO PACTBOPEHHBIN TJICHOHUT

(Bce poto: M.Poros).

2. Pa3pe3 decTHUHTEH — HEMPEPBIBHBIN pa3pe3, OXBATHIBAIOIIUN OTIOKEHUS OT
HIDKHEro KapOoHa U 710 MajeoreHa, NpoTsHKEHHOCThIO OKosIo 7 kM (puc. 4.3). Ciou 3aneraior

CY6BCpTI/IKaJ'ILHO, Ha HCKOTOPLBIX Yy4YaCTKax Ha6J'IIOIlaIOTCSI CKJIaAku. PaHee IIEHIOHUTHI U3
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aTOTO pazpesa ObuTH M3ydeHbl Bukepc M., Ilpaiic I'. m Hann E. (Vickers et al., 2018, 2019;
Price, Nunn, 2010).

OmnpoOoBaHHasi 4yacTh pa3pe3a OTHOCUTCS K 4acTh CBUTHI Propukdspemner (mauka
KukyronneHn, BepxHuii rorepuB). M3ydeHHBI pa3pe3 TPEACTaBICH MOHOTOHHOM
AJIEBPOJIUTOBOM TOJIIEH C PeIKUMHU MTECYAHBIMU MPOCIOSMU U CUACPUTOBBIMU KOHKPEIIUSIMHU.
Bcero 6bu10 ycTanoBieHo 9 ypoBHeH ¢ riieHA0OHUTaMU. BMeniaronue mopoabl He3HAYUTEIbHO
e OpMHUPOBAHBI M 00JIEKAIOT MICEBAOMOP(O3Y, UTO YKa3bIBACT HA TO, YTO UX POCT MPOUCXOANIT
1ocjie OTJIOKEHUS B HEKOHCOJUAUPOBAHHOM OCajKe. [JICHIOHUTHI MPEACTaBISAIOT COOOM
3BE34aThle CPOCTKH JUAMETPOM 2-2.5 CM C 30HQJIBHBIM CTPOCHHEM M NHUpPaMUIAIbHbBIC

niceBoMopdo3bl AHHOM 1.5-4 ¢M ¢ 30HANIBHBIM cTpoeHueM (puc. 4.3).

Moobsipyc
Csuta
Mauka

m\||1||||1‘|H|\H||||m‘llnvll‘llll\lll

i“”‘ T |1
1@ 2[2m]3 N @

\‘mm:‘

Kn K}/TOD,eH
 E—

ol

HwxHui rotepms
Propukdbenner

- KOHrriomMepat

nec4yaHuku

I Bl =responv

- apryunnnTel
* rMEeHAOHUTbI

I . cuaepuToBble KOHKpeuun

Puc. 4.3. A — nuronorudeckast KojJoHka; b — oOHakeHne METOBBIX MOPO/T pa3pes3a
®ectaunren, macmtabd =10 M (Svalbox, Senger et al., 2021); B — 3aneranue raeH1oHUTa B

OTJIOXKECHUAX B - TJICHAOHHUTEI B OTJIOKCHUAX pa3pes3a, I" — TummmaHEBIE TJICHJOHUTHI

®decTannarena, macmrad — 1 cm
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3. ['menmoHuTHI M3 paspesa SAnychpenner ObuM onucanbl B padore Ilpaiic . u
Hann E., ux BO3pact ObUI OmIpeieicH aBTOpaMH Kak BepxHeBajdawxuuckuit (Price, Nunn,
2010). M3yueHHbI# pa3pe3 MpeaCTaBIeH MOIIHOW TOJIIEH aprUILTUTOB C PEAKHUMHU IPOCIOSIMU
necyaHvka. B 3ToM mnpomexyTke ObLJIO YCTaHOBJIEHO TpPU TIJIGHJOHUTOBBIX YpPOBHS.
['meHA0HUTHI IPEACTABISIOT COO0M 3BE314aThle CPOCTKH pa3MepoM ~2-3 ¢M B IUaMeTpe, pexe
— KpUCTaulbl JUIMHOM 70 4 cM. B cpeaneil yactu paspe3 HapylIaeTcs pa3ioMOM M CKPBIT
ocbllbl0. B BepxHel yacTu pa3pes3a Ha MOBEPXHOCTb BBIXOJAT IE€CYAHMCTHIE AJIEBPOJIUTHI C
MPOCIIOSMU MeCYaHUKA., BKIIIOYAIOIINE CUACPUTOBBIE KOHKPEIIMH, 3/1€Ch ObLJIO YCTAHOBIIEHO 4
[JIEHJJOHUTOBBIX YPOBHS, CKOHIICHTPUPOBAaHHbIE IPEUMYIIECTBEHHO B Cpe/IHEN YacTH paspesa.
Haxonku mnceBnoMop¢o3 NpuypoUYeHB! K apriLIMTaM M TPEACTaBISIIOT COOOM 3Be3q4aTrhie
cpoctku 1-3 cM B auameTpe, BBITSAHYTbIE arperarbl JUIMHOM 2-3 cMm JuuHON. Bo3spact

TJIEHJIOHUTOB OBLI OIpeaeicH Kak Bepxuerotepusckuii (Vasileva et al., 2024) (puc. 4.4).
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Puc. 4.4. A — nuronoruueckasi KoJoHKa pazpesa Snycremnnet; b — oToOpaHHbBIE INIEHAOHUTHI,

maciurad — 1 cMm.

4. Pa3pe3 Muxuerapadosemier Obu1 onpo6osan Poroseim M. B 2018 roay. [o
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9TOr0 HAXOAKHU TJICHIOHUTOB M3 OTJIOKEeHHH Muknerapadberiera u3BecTHbl He ObuiH. B
paspe3e OOHAaKAIOTCS apTUUIMTHI C TPOCIIOSMHU AJEBPOJIUTOB, TIECUAHBIMH JIMH30BHIHBIMH
NpocCjIoAMHU U CUACPHUTOBBIMHU KOHKPCUUAMMH. B sTom pas3pese HaﬁﬂeHHBIG TJICHOJOHUTHI
pacroJIoKEeHbl TOJBKO Ha OJIHOM yuacTke, B mauke Jlapaudseemner. Bospact otimoxeHUi
omnpezeneH Kak HukHekumepuxckuii (Rogov, 2010, 2014). I'meHIOHUTHI TpPEACTABISIOT

co0oit Menkue kpuctamisl pazmepom 0.2-2.3 cum (puc. 4.5).

A Q g
>
&8 8K s |5
s S|z = c
= m| ®© @] 3]
o|0O|C E
C =
ACT71
ACT72
ES
o b=
~NEES
8. E E AC73
|33
= -g g' ACT4
)
T elg AE1S | AE14-1
X j<— @ [CAET4 *AEM—Z
S = AE14-3
= AE13
—AE12
AE1
[—AET0
AE9
|— AE8
AE7
—HES necyaHnkn
AES anesponuTLl
B aprvnnvTsl
— AE4
[ anesputuctas rmuHa
KkapBoHaTHBbIN Xonm
AE3
. CUAEPUTOBbIE KOHKPELIY
AE2 * TMEHAOHHTI
AE1

Puc. 4.5. A — nutonorndeckas KoyioHKa paspe3a Mukierapadsemier (Rogov 2010, 2014;

Vasileva et al., 2024); b — ckot mopo/1bl, BMENIAOITUH TJICHTOHUTHI, MaciTad — 1 cMm.

Cksaxcunvl apx. [lnuybepeen

CkBaxkuubl Dh-2 — Dh-5 na HInunbeprene Obutn mpoOypensl BOMM3K T. JIOHTHUD.
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Bypenune 3THX CKBa)KHMH SIBIIIETCS 4acThio mpoekTa it csa3biBanus CO» (Braathen et al.,
2010). Haxonaku riaeH10HUTOB ObUIM OTMEUYEHBI HAa KOJIOHKAxX B cTatbe I'pyHaBar u np., 2019
(Grundvég et al., 2019), HO U3y4eHbI HE OBLTH.

1. CxBaxxuna Dh-2 mpoOypena BOmu3m paspeza [lopora B AspomopT. 31ech

BCKPBIThI  BaJIaHKWH-AalITCKHAC  OTJIOXKCHUS MOIIHOCTbIO = 420 M, [OpEACTaBICHHBIC

[EPEeCIauBalOIIMMUCS  apriUIMTaMy, aleBpOJIMTAaMM M [ECYAHUKAMU C  IPOCIOSIMHU
KOHIJIOMepaToB. Bcero ObLIM yCTaHOBIEHBI MSATh IJICHIOHUTOBBIX YpOBHEH Ha IiyOMHax
321.95, 322.9, 332.7, 34295 u 344.7 wmerpoB. IlceBnomMopdo3bl MpencTaBisIOT COOOM
3Be3quarble cpocTku =2.5 cMm B nuamerpe (Puc. 4.6), Bo3pacT — BEpXHETOTEPUBCKUA.
['meHIOHUTBl TNPUYPOYEHBl K aprliuTaM U ajeBpOJIUTAaM, pPEXEe TOHKO3EPHHUCTHIM
necyaHuKam, i IeCYaHUKOB XapaKTepHa JIMH30BUIHAS KOCasi CIOUCTOCTb.

CkBaxxunsl Dh-4 u Dh-5 pacrionoxxeHsl B 5 KM OT HacelleHHOTO ImyHKTa JIoHTHup, B
JIOJIMHE PEeKU AJIBEHTAAJEH U BCKPHIBAIOT HM)KHEMEJIOBBIC BaJAH)KUH-AITCKUE OTJIOXKEHUS,
MomtHocThi0 =330 u =360 M, CcOOTBeTCTBEHHO. Bo3pacT OTIOXKEHUI ONpeaesieH II0
nurorrcrtaMm (Grundvag et al., 2019) u ammonutam (Rogov et al., 2023c¢; Vasileva etal., 2024)
(puc. 4.6).

2. B ckBaxune Dh-4 onpo6GoBaHHBIN y4acTOK KepHa CIO0XKEH TOHKO3EPHUCTBIMU
NeCYaHWKaMHM, aJIEBPOJIMTAMU M aprUUINTaMH, BKJIIOYAIOIINE CHAECPUTOBBIE KOHKPELHU U
IPOCJION TpyOO3EpHUCTOrO IECYAHUKA; OTJIOKEHHUS YMEpPEHHO OMOTypOMpOBaHbI, s
IIECYaHNKOB XapaKTEPHbI BOJHHUCTAsI CIOMCTOCTh M JIMH30BHUJHAs KOCas CIOUCTOCTh. Bcero
ObUIO YCTaHOBJIEHO /IBa IVIEHAOHUTOBBIX YpPOBHs Ha riyOuHax 218 m 227.45 m. Haxonku
[JIEHJOHUTOB MNPUYPOUYEHBbl K OTAEIbHBIM ApPrUJUIMTOBBIM M aJleBPOJIUTOBBIM IPOCIOSM.
['eHA0HUTHI IPEACTABISAIOT COOO0M MEIKHUE 3BE3J4aThle CPOCTKH pa3mepoM 1-3 cMm B tuamerpe.
Bospact otnoxeHunit — BepXHuil rotepus, onpezaeineH no auHouuctam (Grundvag et al., 2019)
u ammonuTam (Vasileva etal., 2024) (puc. 4.6).

3. Pa3pe3 ckBaxkunbl Dh-5 mpencraBieH B HMXKHEH 4YacTH NMPEUMYIIECTBEHHO
CJIIOMCTBIMU apTWJIUTAMHU C MPOCJIOSMU AJEBPOJIUTOB, B CEpellMHE pa3pe3a HabIonaeTcs
MOIIHBIM MECYAHBIM MPOCION C KOHIJIOMEpaTaMHd B OCHOBAHHWH; B BEPXHEW YaCTH pa3pesa
HaOJI0Aal0TCS. MHOTOYMCIIEHHBIE TIeCYaHbIe IPOCIOH, IMEPEeKpBIThie apruumMramMu. Yacrto
BCTPEUYAIOTCS CHAEPUTOBBIE KOHKPELIMM W TOPU30HTBHL. XapaKTepHbl JMH30BUAHAS,
KOCOBOJTHHCTAsI CIIOMCTOCTh. BcTpedaroTcsi 00JOMKH PaKOBWH, UTIIOKOXKHE, OCJIEMHUTHI U
ammoHuThl (Grundvag et al.,, 2019). ['mengonut Obul HaiiieH Ha ypoBHe 80 M, BO3pacT
BMEIIAOIINX OTIOXKEHUU cpeaHuii-BepxHuid(?) anrt. [JeHOOHWT mpeacTaBisieT coboit

30HaJIBHBIA THPAMUAATBHBIA KPUCTAIT JUTMHOU 1.5 cM (puc. 4.6).
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CK8ad#CUHBL pOCCUTICKOU Yacmu ODAPeHYeBOMOPCKO20 PecUOHA
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CkBaxunsl Jlymiosckas-1,2, CeBepo-Mypmanckas u JlenoBas-1,2 mpoOypeHsl B
poccuiickoM cektope menbda bapeHmeBa MOps M BCKpPBIBAIOT CPEIHEIOPCKHE —
HIDKHEMEJIOBBIE OTJIOKEHHUs. BbIxo kepHa HEOOIBIIOHN, TOITOMY XapaKTEpUCTHKA Pa3pe3oB
dbparmeHTapHas. Bo3pacTt oTiIOKeHUH OCHOBaH Ha Haxoikax (opaMHHH(EpP, TUHOIUCT H
mosuttockoB (Mikhailova et al., 2021). Haxoaku riieHZOHUTOB MPUYPOUYCHBI K aJeBPOJIUTAM,
pEKe K YEPHBIM CJIAHIIAM M NIECYaHUKaM.

1. CpenHeropckue OTIIOKEHHS NPEICTAaBICHBI NECYaHWKAMU, aJeBPOJIMTAMHU H

aprusututamu. O0611as MOIIHOCTh CpeIHEIOPCKUX oTiiokeHuid =45-580 m. Bozpact onpenenen

no mukpodoccmmmsam u ammonutam (Mikhailova et al., 2021). Cpeaneropckue riIeHIOHUTHI
oOHapyskeHbl Ha rinyOuHax: 1592-1598 M B ckBaxune JlymioBckas-1 (Bepxuuit Oar), 1442-
1443 M (kemutoBeit) u 1654 m (BepxHuii 6alioc-HikHUM 6aT) B ckBakuHe JlyamoBckas-2, 1824-
1830 u 1847-1851 M B ckBaxkuue Jlemomasi-1 (Bepxuuii Oaiioc-HmkHuUi O6at) (puc. 4.7).
['meHmoHUTH TpeACTaBIAIOT CO00H mNHpamMuaanbHble KpucTawisl jumHOW 0.9-2.5 cM u

3Be3auareiMu cpoctkamu 0.9-2 cMm B quamerpe (puc. 4.8).

592 00 - 1589 00
(EEFN (= Ar1k oo}

484750 — 4B60.00

L

IlegoBas-1 JlepoBas-1 Jlyonosckas-1 JNlyanosckasn-2  Jlyanosckasa-2
uHm.(1824 - 1830 m) uHm.(1847 - 1851 m) uHm. (1592 - 1598 m) uHm.(1442 - 1443 m) uHm.(1654 m)

Puc. 4.7. ®oTo KepHA CPETHEIOPCKUX OTIIOKEHUH ((oTO B35TO € caiira https://kern.vnigni.ru).
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Puc. 4.8. I'mennonuts! u3 ckBaxkuH Jlymnosckas-1, 2 u Jlenosas-1, macmrad — 1 cm.

2. BepxHneropckue OTJIOKEHUS HpPEACTaBICHbl OKC(HOPACKUMHU IECUaHUKaMH,
QJIEBPOJIMTAMU M YEPHBIMU CIAHIIAMHU, KUMEPUIKCKUMH-BOJDKCKUMHM YEPHBIMU CIIAHIIAMHU
obmiert MomHOCThI0 17-185 M. BepxHeropckue IIeHIOHUTHI HaleHbl B ckBaxxuHe CeBepo-
Mypmanckas-1 va riryoune 1793-1803 M, Bo3pact niceBnomMopdo3 — cpeiHe-BEpXHEBOIDKCKUN
(puc.4.9). Bce riieHOOHHUTHI MPEACTABICHBI MUpaMUIaIbHbIMU Kpuctawiamu 0.3-2.5 cM B

nnuny (puc. 4.10).

8330 IS SR INUBANNARMNRUUB RN N RN RN W

CeBepo-MypmaHckas-1
uHm.(1703 - 1803 m)

Puc. 4.9. ®oto kepHa BEpXHEIOPCKUX OTIIOKeHHH ((hoTO B3sTO € caiita https://kern.vnigni.ru).

Puc. 4.10. I'nenionnts! 3 ckB. CeBepo-Mypmanckas-1, macmrad — 1 cm.

3. HimxuemenoBeie OTI0KESHUS MNpEaACTaBJICHEI apTruJlINTaMu (pHSaHI), BaJIaH>XUH,
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TOTEpUB) C TPOCIOSMHU aJEBPOJUTOB W TeCYaHWKOB. MomTHOCTh oTioxkeHud 35-1000 wm.
I'mennonutel oOHapykeHbl Ha riyoune 1237-1242 m B ckBaxune JlemoBas-2, BO3pacT
BMEINAIONINX OTJIOKEHUH - BEepXHHUH OappeMm-HikHUIA ant (puc.4.11). Bcero 3aeck Obuio
oOHapy»XeHO J1Ba 00paslia: mupaMuAalbHbIN KprcTaul IIMHON 1.1 cM U 3Be314aThiii CPOCTOK

nuameTpom 1.3 cm.

INepoBags-2
uHm. (1237 - 1242 m)

Puc. 4.11. ®oTo kepHa HIHKHEMEJIOBBIX OTJIOKEHHUH ((OTO B3SITO C caiiTa

https://kern.vnigni.ru).
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I'nasa 5. Pe3yabTarsl uccie0BaHui
5.1. BMemarommue nopoabl 1 MOp(oJIorus rJ1eHI0HHTOB

Haxonku  u3yueHHBIX [JIGHJOHUTOB  MPUYPOYEHBl  MPEUMYIIECTBEHHO K
TOHKO3EPHUCTBIM MTOPOJaM: IOPCKHE TTICHIOHUTHI Yallle BcTpevaroTes B aprusunrax (18 u3 24
HITYK), pexe B aneBpoiuTax (6 M3 24 1mITyK), B TO BpEeMs KaK MEJOBbIE IJIEHIOHUTHI
oOHapy»xeHbl B aneBpoiuTax (79 u3 155 mryk), 4yTh pexe B necuanukax (27 uz 155 mryk) u
aprusuutax (34 u3z 155 wryk) (puc. 5.1.1). IlomyueHHble HAMHU JJaHHBIE O IPUYPOUYECHHOCTH
HaXOJIOK TJICHIOHUTOB K OTJIOXKEHHUSIM C Pa3IMYHBIM JIUTOJIOTHYECKUM COCTABOM COTJIacyeTcs
¢ onyOJIMKOBAaHHBIMH Ha JAHHBIA MOMEHT CBEIECHUSMH O TJICHIOHHUTaX 1Mo Mupy. M3 3Tux
JAHHBIX CIIEAYeT, YTO U IOPCKHUE, U MEJOBbIE TIEHAOHUTHI MPUYPOUEHBI K IECUAHUKAM,

asieBposutaM 1 apruuraM (Rogov et al., 2023).

Tvinbl BMELLAKOLWMX NOPOS,
B OpCKMX oTnoxeHuax (N=24)
(HacTosiee nccnepoBaHue)

Tunbl BMELLAKOLWMX NOPOS,
B IOpCKnMx oTnoxeHusix (N=293)
(munpoBow 063op, Rogov et al., 2023)

KoHrnomepar (1

necyaHuk (86

aprunnut (18

Tvnbl BMELLAKOLWMX NOPOoS,
B MenoBbIx oTnoxeHmax (N=101)
(mupoBom 063op, Rogov et al., 2023)

Tunel BMELLAOLWMX NOpog
B MenoBblx oTrnoxeHuax (N=140)
(HacTosiLwee uccnegoBaHme)
koHrnomepar (2) Tyd (1)

necyaHuik (18)

necyaHuk (27
aprunnut (53

anesponuT (27)

anesponut (79)

Puc. 5.1.1. Pacnipenenenue cpemHEIOPCKUX-HIKHEMENIOBBIX TJEHIOHUTOB 1O BMEIIAOIUM

opo/iam.

B nmureparype pasmmuaioT crieayromie MOp(OJOrHYECKHE THIBI TJIEHJIOHHUTOB!
BEITSIHYTBhIC arperatbl (single blades), 3Be3muarteie (stellate clusters), cocrosmme n3 2-20
KPUCTANTIMYECKUX CPOCTKOB, chepuueckue po3etku (nearly spherical rosettes), koTopsie
cocToAT u3 >20 CpOCTKOB, M «aHaHACcOMOAOOHBII» cpocTok (pineapple-like), y koroporo

KPUCTAILIBI PacTyT B oHOM HampasieHuu (Grasby et al., 2017) (puc. 5.1.5.2).
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Puc. 5.1.2. Mopdonornueckue Tumbl mieHaonutoB (mo Grasby et al., 2017): A — B:

nupamunanpabie (single blades); C — E: 3Besmuareie cpoctku (stellate clusters); F
chepuueckue poszetku (nearly spherical rosettes); G - «aHaHACOMOMOOHBIN» CPOCTOK

(pineapple-like). Macrurad — 1 cm.

W3ydeHHbIE TIEHAOHUTHI MPEJICTABISAIOT COOOH BBITSIHYTBIE arperatbl U 3BE3YaThie
arperatbl, 10 3 CM B JUIMHY U 4 CM B JuaMmeTpe, 0esl0-KeJITOBATOro0, KOPUUHEBOIO 1IBETOB.
BHewHsAsa NoBEpXHOCTh INIEHAOHUTOB NIPEUMYIIECTBEHHO IIOPUCTAsi, B TO BPEMs KaK BHYTPHU
OHM JIOBOJIBHO IUIOTHBIE. [JIGHJOHHUTHI 3ayacTyl0 BCTpPEUYalOTCs TIpynnamMud B Y3KHX
cTpaTurpaduyecknx WHTEpBAJaX: OAWH YPOBEHb Ha paspe3e — OAuH MOpGhOTHI, HO
BCTPEUAIOTCS M HCKIIOUEHUS, KOIJAa Ha OJHOM YPOBHE BCTPEYAIOTCS M IUPAMUJAJIBHBIE
KpHUCTaJlIbl, U 3Be314aThle KoHKpenuu. B paspese [Jopora B Asponopt (ILnundepren) nopost
BBIMBIBAIOTCS TAJILIMA BOJAMH, IO3TOMY BMECTO IICEBAOMOP(O3 OOHAPYKUBAIOTCS HX
OTIEYATKH, MHOIZIA C YaCTUYHO COXPAHMBIIMMCS KapOOHATHBIM BeliecTBOM. OCHOBHBIE
MOpP(OJIOrHUECKUE TUITBI U3YUEHHBIX TJICHIOHUTOB MIPEACTaBIeHbI Ha puc. 5.1.3.

ITo 0ocoGeHHOCTSIM BHYTPEHHEH CTPYKTYPBI INIEHIOHUTHI MOTYT OBITh ITOPa3/IeJIEHbl HA
OJIHOPOJHBIE M MaKpO30HAJIbHBIE (T.€. 30HAJILHOCTh Pa3jINyaeTcs IJa30M): Y TJIEHAOHUTOB C
OJIHOPOJHOM CTPYKTYpPOM SJIpO M BHEIIHHWE OTOPOYKH HE Pa3INyaroTcs, B TO BpEMs Kak y
30HAJIBHBIX HAOJIIOAI0TCS OTYETIMBBIE OJHO — JBa siipa M OJJHA — YEThIpEe Yeperyroluecs
CBETJIO-XKENThIE M SHTApHbIE BHEIIHHE OTOpouku (puc. 5.1.4). Bmematromue mnopojsl

IPUMBIKAIOT K JTlydyaM KpUCTaJUIa, TUO0 «CMATHI» Mpu 00JIeraHnu ncesaoMopdos.
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Puc. 5.1.3. Mopdomnornyeckue THITBI H3yYSHHBIX TICHIOHUTOB (MacmTaOHas InHeHKa 1 cm):
A — 3Be3muaThiii cpocToK, oopaszer; AR-1 (amnr, o-B 3anaxusiii lnundepren, paszpe3 opora B
Ansporopt); b — 3Be3muaTeiii cpocTok, oOpazern; S-14 (BepxHuil roTepHB, O-B 3aragHBIHA
[nunbepren, paspe3 Anychoemner); B — 3Be3noobpas3ubiii cpoctok, odpazer; AR-4 (amr,
[nunbepren, paspe3 Asponopt); ' — 3Be3quathiii cCpocTok (00BEeH KPAaCHBIM MYHKTHPOM),
oOpazeny Ae-14  (mwxHuUH  KuMmMepuk, 0-B 3amanubii  [lnunGepren, paspes
Muxknerapadwemnet); J| — 3Be3muarelii arperar, obOpasen S1-12 (BepxHHiA TOTEpUB, O-B
3amagueni nunbepren, paspes Anycdoemner); E — BuiTaHyThINM arperat (mid o0JIOMOK
KpPYITHOTO 3Be3q4aroro cpocrtka?), obpaszeny F-3 (BepxHuil rortepuB, 0-B 3amajaHbli
[nundepren, paspe3 PectHuHreH); K — BblleI0OYEHHbIE MCEBIOMOP(HO3bI € YACTUUYHO
COXPAaHMBILKMCS BEIIECTBOM BO BMEIIAOIIEH MOpoe (MoKa3aHbl cTpenakaMu), oopaszer; AR-7
(anT, o-B 3amamubiii IlInmunbepren, paspe3 AsponopT); 3 — OTHEYaTKH IOJHOCTBIO
pPacTBOPEHHBIX TJIEHAOHUTOB (MOKa3aHbl cTpeikamu) obpaszeny AR-7 (ant, o-B 3amajgHblit
[nundepren, paspe3 Asponopt); M — BBITAHYTHINM arperar, oopaszen Cm-1-8, BMmemaromias
1opoJia BOKPYT TJEHIOHHTA «CMsATa» (MOKa3aHO OENbIMU CTpenKamu) (CpemHsisi BOJTa,
BapennieBo mope, ckB. CeBepo-Mypmanckas-1); K — 3Be3guaTbiii CpOCTOK € OTYETIIMBBIM
IUIOTHBIM STHTApHBIM SJJpOM M TOPHCTOM BHEIIHEH oTopoukoif, oopazer JI-1-2 (BepxHuii Oat,

bapenieBo mope, ckB. Jlymanosckas-1).

48



0.5cm

Puc. 5.1.4. BuyTpeHHee CTpoe€HUE TJICHIAOHUTOB: A — MaKpO30OHAJIbHBIM TJECHIOHUT C
OTUYETJIUBBIM SIJPOM U MUWLTUMETPOBBIMEH OTOpoukamu, obpaszern Jlen-2-1 (BepxHuii 6appem-
HWKHUM ant, bapeHuneBo mope, ckB. Jlegoas-2); b — Makpo30HanbHBIA TIJIEHIOHUT C
OTYETIMBBIMU SIpaMU U MIUJUTMMETPOBBIMU OTOpOUYKaMu, obpaser S-12-3 (BepxHuil rorepus,
o-B 3ananubiii HInunbepren, paspes SAnycdnenner); B — BHITAHYTHIM KpucTall, B KOTOPOM
HaOJIOMal0TCSl B3aMMOOTHOIICHHS TUIOTHOTO Sapa M MOPHUCTON OTOpoukH, obOpaszer JI-1-2
(Bepxuuii Oat, bapenueBo mope, ckB. JlymnoBckas-1); ' — omHOpOIHBIA HE30HAIBHBIN

TJICHIOHUT, oOpaser Dh-4-1 (BepxHuii rorepuBs, 0-B 3anaausiii [lnuibdepren, cks. Dh-4).

Mopdonornueckne TUIBI U3YYCHHBIX TJICHIOHUTOB HEOJMHOPOIHO PACIpPE/ICIICHBI B
re0JIOTMYECKOM JIETONUCU. BBITSHYTBIE arperaTbl dYaiie BCero HaOMI0aduch B OPCKHX
OTJIOKEHUSAX, HEXENTU B MeNoBBIX (20 U 54 MTYyKH COOTBETCTBEHHO). 3BE3AUaThie CPOCTKH,
HA00OpOT, MpeoOagaloT B MENOBBIX OTJIOXKEHHsIX, 4eM B ropckux (101 u 4 mTyku

cootBeTcTBeHHO) (Puc. 5.1.5).

MopcoTunel rmeHgoHNTOB MopdoTunbl rmeHaoHUTOB
B HOPCKUX OTNOXEHUAX B MEnoBbIX OTNOXEHUAX

BbITAHYTbIE
arperarsl (54)

BBITSHYTbIE
arperatbi (20) N=24

3gesguarble
3gesgyarbie cpocTtku (101) N=155
CpocTKu (4)

Puc. 5.1.5. Pacnpenenenne MophOJOTHYECKUX THUIIOB TJICHIOHUTOB BO BpPEMEHHU (JIaHHBIC

MIPUBEJICHBI JIJIs1 HACTOSIIIETO MCCIICIOBAHNSA).

CpCI[I/I HU3YYCHHBIX TJICHAOHUTOB HC YCTAaHABJIMBACTCHA OTUYETJIMBOM CBS3U MCKOY

MOp(}OIOrHYecKUM THUIIOM U BMENIAloIIeN Mopooii: Ooblasi YacTh BBITSHYTHIX arperatoB U
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3BE3/IUaThIX CPOCTKOB OBUTM OOHApy>KeHbl B ayieBponuTax. Cpeau W3y4EHHBIX pPa3pe3oB
MEJIOBBIE OTJIIOKEHHUSI UMEIOT Oosiee pa3sHOOOpa3HbIi JIMTOJIOTHUECKUI COCTaB, YeEM IOPCKHE, B
MEJIOBBIX TOJIIAX KPOME aJeBPOJIHMTOB 3BE3YaThie CPOCTKU OBbLTM HAWIEHBI MPUMEPHO B
PaBHOM KOJIMYECTBE B apTHIIUTAX U Mecyanukax (puc. 5.1.6).

Mopdornorusi TICHIOHUTOB CUYUTAETCS OJHUM U3 JIMAarHOCTUYECKUX IPH3HAKOB
nceBgoMopdos (Schultz et al., 2025). Xots xapakTepHble y30pbl (JIECTHUYHAS CTPYKTypa /
HAKOHEYHUKH) HA TPaHSIX YTPaueHBI, paccCMaTpuBaeMble KapOOHATHBIC 00pa30BaHUS UMEIOT
POMOOBHTHOE CEYCHUE U CXOJICTBO MCKPUBJICHUH KPUCTAJUIOB, YTO Ja€T OCHOBAHUE OTHECTH

X K I'TICHAOHHUTaM.

3Be3gyaTtble CPOCTKU B FOPCKUX OTIIOXKEHUSAX BbITHHyTbIe arperartbl B OPCKNX OTIIOXEHUAX

aprunnur (2)

anesponut (24)

anesponuT (18)

3Besguarble CPOCTKM B MENOBbIX OTNIOXEHUAX BbITHHyTbIe arperaTbl B MENOBbLIX OTNOXEHUNAX

necyanuk (36)
anesponut (59) aprunnur (2)

aprunnut (31)

Puc. 5.1.6. Pactipenenenrie Mop(hooruueckux TUIOB TIICHIOHUTOB MO BMEIIAIOIINM ITOPOAaM

(maHHBIC TPUBEAEHBI JJISI HACTOSIIIICTO UCCIICIOBAHNS).
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5.2 Ilerporpajduyeckne U KATOJA0JJIOMHHECHIEHTHbIE HCCJIEI0BAHUS
Bepxnuii 6atioc-nuscnuii 6am (cxs.Jledosas-1 u Jlyonosckas-2, bapenyeso mope, o6p. L-2-3)

OToT cTpaturpaduyecKuil MHTEpPBAJl OXapaKTepU30BaH TJICHIAOHUTAMH U3 CKBAXKUH
JlenoBas-1 u JlynnoBckasi-2. BanoBelii MUHEpAJIOTMUECKUN aHAIHM3 TMOKa3al, 4yTO O0pasilbl
CJIOKEHBI KaJIBIUTOM C IPUMECSIMH KBapIia, CIOAbI (MyCKOBHT?) M KAOJWHUTA (/151 00pa3KoB
ckB. JlemoBas-1). B KaTOMOJIOMHHECIEHIIMMA IO THIy CBEYCHHUS BBIICIACTCS JBa THIIA
kanpiuTa (puc. 5.2.1.). Ilepmeii Tun kameiuta (Call), 15-20%, ckoHUEHTpUpOBaH, B
OCHOBHOM, B LIEHTPaJbHON YacTH 3Be3a4aToil mceBromMopdosbl, pexe B dydax. Kpucramisl
0€e10BaTO-KENTOr0, JKEJITOTO LBETAa, CO CJIad0 BBIPAXKEHHON 30HAIBHOCTHIO, HEMPABUILHOU
dopmbl, pazmepom 10 0.2 mm; KJI-cBeueHue HEOAHOPOIHOE TEMHO-Oypoe C TEMHO-
OpaHXkeBbIM (POPMHUPYET C1a00 BBIPAKEHHYIO 30HATBHOCTb, BHEITHUE T'PAHUIBI KPUCTAIIIOB
KoppoaupoBanbl. Bropoii Tun kansimra (Cal2) 3anumaer ot 80 1o 90% ot obmiero o0bema
nceBIOMOP(O3bI, KPUCTAILTBI OJIOYHBIE, CBETIO-XKENTOro 1Bera, pazmepom 0.05-0.2 mm; KJI-
CBEUEHME OpaHkeBoe. KanpuT BTOPOro THIa «3arneyaTbiBaeTy KPUCTaJUIbl IEPBOTO TUIIA.

I'mengonutsl u3 ckB. JlemoBas-1 mioTHBIE, TOPBI 3aNOTHEHBI OJOYHBIM KalbLUTOM
(Cal3), pasmepom =0.02 mmMm, KJI-cBeuenue OypoBaTo-OopaHKeBOE; Ha OO TOW IreHepaluu
npuxoaures ~3-5% oObema TIIeHTI0OHUTOB.

I'mengonuTel u3 ckB. JlymioBckas-2 mopucThle, IOphl He3amosHeHHble. Ha oxgHoM
y4acTKe MOXHO HalOJ0aTh B3aUMOOTHOILIEHHS TJICHJOHUTAa U BMEIAIOLIeH MOPOAbl: 0Ca0K
HE3HAUUTENbHO  Je(OpMHUpPOBaH, UYTO  YKa3blBaeT Ha POCT  ICeBIOMOP(O3bl B

HEMUTU(DUIIMPOBAHHOM OCAJIKE.

I~ R

Puc. 5.2.1. ®ororpadus mumda L-2-3 (ckB.JlymioBckas-2, BepxHuid Oailoc-HIKHMIA 0aT) B
npoxoasuieM cBete (cieBa) u B KJI-ceeuenunu (crpaBa). Ha dotorpadusx nzoOpakeHs! 1Ba
tuna kanpuuta: Call — xameiut mepBoro tuma, KJI-cBeueHne 30HalbHOE TEMHO-Oypoe C
TeMHO-opamxkeBbiM; Cal2 — kanmpiuT Broporo tumna, KJI-cBeuenue opamkeBoe. Macmitad 0.2

MM.
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I'mennoHuTel M3 ckBaxuHbl JlenoBas-1 XapakTepu3yroTCsl 30HAIbHOM BHYTPEHHEH
CTPYKTYpOii (puc. 5.2.2- puc. 5.2.4). KonnuecTBo renepanuii KaupIuTa, UX TabUTyC, pazMep,
KJI-cBeueHne Takoe ke, KaKk U B HE30HAIbHBIX TJICHIOHUTAX, OTIUYACTCS paclpeiciieHue
THUIIOB KaJIbLIUTA [IEPBOT'O U BTOPOTr'0 TUIIOB 0 IIceBIoMopdo3e. B neHTpe 3Be314aToro cpocrka
HA0JII0JIaeTCsl KaJIbLIUT MEPBOr0 THUIIA, TPAHULIBI Apa KOppoaupoBaHbl. Jlaiee OT LeHTpa K

Kparo UAYT PUTMUYIHO YCPCAYIOMUCCA KaCMKHU, CJIOKCHHBIC KAJIbLIHIUTOM BTOPOI'O THUIIA.

Puc. 5.2.2. O6uwmii Bua o0p. Jlen-1-2 (ckB.JIenosas-1, Bepxuuii 0altoc-HuKHUI 0aT) B
CKPEIEHHbIX HUKOJISAX. | IEHAOHUT XapaKTepu3yeTcsi 30HaJIbHON BHYTPEHHEH CTPYKTYpOH,

MaciuTabHas JMHENKa — 5 MM.

Puc. 5.2.3. ®ororpadpus mmuda Led-1-2 (ckB.JlemoBas-1, BepxHuii 6aiioc-HIKHUN 6aT) B

npoxoasmem cBere (cineBa) u B KJI-ceuenuu (cmpaBa). 3oHanbHbIA TieHaoHuT: Call —
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KanbluT niepBoro tumna, KJI-ceeuenne TeMHo-0ypoe, moutu yepHoe; Cal2 — KaabIUT BTOPOTO

tuna, KJI-ceeuenune Oypoe; Cal3 — kampiut Tperbero tuma, KJI-cBeuenue OypoBaTo-

opamxeBoe. MacmTab 0.2 mwm.

Puc. 5.2.4. ®otorpadus mumda Led-1-3 (ckB.JlegoBas-1, BepxHuil O6aiioc-HMKHUN 0aT) B
npoxojsiiem ceere (ciieBa) U B KJI-ceeuenun (cmpaBa). Hesonansabie TiieHnoHnuThl: Call —
KaJbIIUT TEPBOIO THIIA, 30HAIBHBINA, H30MeTpu4HbIi, KJI-cBeueHue OypoBaTO-OpaHKEBOC;
Cal2 — kanbuut Broporo tuma, KJI-cBeuenue opamkeBoe; Cal3 — kanpuuT Tpethero tuma, KJI-

cBedeHHe OypoBaro-opamxkeBoe. MacmTab 0.2 mwm.
Bepxnuii 6am (cxes. JIyonosckas-1, bapenyeso mope)

barckue rIE€HIOHUTHI O6H3py>KeHBI B  OTIOXCHHUAX CKBAXHHBI .Hy,[[J'IOBCKaSI'l,

BapeniieBo Mope, Bcero 06110 0T0Opano 3 obpasma (puc. 5.2.5).

Puc. 5.2.5. O6muii Bua o6p.J1-1-2 (ckB.JIyanosckas-1, BepxHuii 0aT) B CKpelIeHHbIX HUKOJISX.

Macmrradbuas MTMHERKa — 5 MM.
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MuHepanornyeckuii aHajau3 IOKa3aj, YTO IVIEHJOHUTBHI CIOKEHBbl KaJbLIUTOM C
npuMecaMu kBapua U kaonuHuta. B KJI Mukpockomne paziauuaercss ABa THUNA KaJbLUTA.
[Tepssiit Tun kansuuta (Call), 5-25%, xenroBaToro 1BeTa ¢ OTYETIIUBBIM AJIPOM CEPOBATOTO
WIM KOpUYHEBOro IBeta. Kpucramnel ynnuHeHHblE, TaOiauTuyaThie, pasmepoMm 110 0.6 MM,
Xa0TUYHO pacmpesieneHsl mo ncesaomopdose; KJI-ceeuenne He HaOmonmaercs. Bropoit tum
kanpiuTa (Cal2), mo 75%, 6eno-xenToBaToro, KOPHYHEBOTO IBeTa. KpucTalisl Hroipyarsle,
BCTpPEUYaeTCsl 4YEpelOBaHWE UroJbYaThIX UM  TaOMUTYATHIX KPUCTAIJIOB (MIrOJIbYATHIE
HAOMIOIAIOTCA  BIOJIb KPUCTAJUIOB KallblIUTa MEpBOTO THMA, TabiuT4aTble — OMmke K
nycrotam), pasmep kKpuctamwioB 1o 0.2 mm, KJI-cBeueHue 30HanIbHOE, OpaH)KEBOE, SIPKO-
OpaHXeBOE, TEMHO-OpaH)KeBOe. [ JICHIOHUT MOPHUCTHIN, B Topax Habmogaetcs Al-Si BemecTo,

KJI-cBeuenue sipko-cunee (p. 5.2.6- puc. 5.2.8).

Puc. 5.2.6. ®ororpadus nuda L-1-2 (ckB.JlynnoBckas-1, BepxHuii 6aT) B IpOXOASIIEM
csete (cneBa) u B KJI-cBeuenuu (cnpasa). Ha poTtorpadusx nokasaHsl 1Ba TUIA KalbLIUTA:
Call — mepssbrit Tun kanbituta, KJI-cBeuenue ne nabdaromaercs, Cal2 — 30HaabHBIN KaTbINT,
THUI CBEYCHHUS OT OPAHIKEBOTO JI0 IPKO-OPAHIKEBOT'O: UTOJIBYATHIN KaJBIUT (O€IIbIe CTPEIKH).

Macirrao 0.2 M.
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Puc. 5.2.7. ®otorpadus mmuda L-1-2 (ckB.JlyamoBckas-1, BepxHHil 6aT) B MpoXoAsiieM

CBCTC, OeJIbIMHU CTPCJIKaMM IIOKa3aHbl UI'OJIbYATbIC KPUCTAJLIIbI. Macrmitad 0.2 MM.

Puc. 5.2.8. ®otorpadus numpa L-1-3 (ckB.Jlynnosckas-1, BepxHuii 6aT) B MpoXoAsemM

csete (cneBa) u B KJI-cBeuenuu (cnpasa). Ha potorpadusx nmokasansl 1Ba TUIA KalbLUTA:
Call — mepBblit T KAJIBIIUTA, 30HATBHBIHN, C OTYETIIMBBIM TEMHO-KOPUYIHEBBIM siapom, KJI-
cBeuyeHust HeT; Cal2 — 30HaNbHBIN KaJIbIUT, TUI CBEUEHUSI OT TEMHO-OPaHKEBOTO JI0 SIPKO-

opamxeBoro. Macmtab 0.2 Mm.
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Kennoseii (cks. JIlyonosckas-2, bapenyeso mope)

Kennoselickue THeHAOHUTH ObulM OOHApyXeHbl B CcKkBakuHe JlyamoBckas-2,
Bapenniero mope. Beero 6bu10 n3ydeHo 2 obpasma.

MuHepanoru4eckuii aHajlu3 IOKa3al, YTO TJICHJOHHUTHI COCTOST M3 KajbIMTa C
npuMecsIMH KBapiia; B oopasie JI-2-2 npucyTcTByeT NUpPHUT, Citoa (MyCKOBUT?), IJIarMOKIIa3,
kaonmuHut. [lepswiit Tun kampiuta (Call), 3anumaer ~10% oObema mceBIOMOPQO3BI,
IpeJCTaBisieT cO00M M30MEeTpHUHbIC, TaOIUTUYaThIe, YIUIMHEHHBIE KPUCTAJIbl 30HAIBHBIE, C
SHTapHBIM SAPOM U KEJITOBATONW O0TOPOUKOil, pazmepoM a0 0.05-0.1 mm, KJI-cBeuenue teMHo-
Oypoe, moutu yepHoe. I paHULIbl POBHBIE, KPUCTAIUIBI Oy/ITO «ILIABAIOT» B KAJIBIUTE BTOPOTO
tuna. Bropoit Tun kanpuurta (Cal2) 3anumaer ~80% BHyTpeHHEH CTPYKTYpbI, KPHCTaJUIbI
pamuanbHO-TyducThie, TabnuTdarele, pasmepoMm 0.1 wmm, KJl-cBeueHue HEOIHOPOIHOE,
30HAJIBHOE OT TEMHO-KOPHYHEBOTO JI0 OpaHkeBoro. Tperuid Tun kameiuta (Cal3), 3anumaet
~5% TIeHJOHUTA M 3aMoJHIEeT MOPbI, KpUcTawisl Onounbie Oenoro npera, KJI-ceuenue

opanxeBato-0ypoe (puc. 5.2.9).

Puc. 5.2.9. ®ororpadust numda L-2-1 (ckB.JIlymnoBckas-2, KeUTOBEH) B IPOXOIAIIEM CBETE
(cneBa) u B KJI-cBeuenuu (cnpaBa). Ha hororpaduu nzobpakens! Tpu Thna kanpuura: Call —
KJI-cBeuenune temHO-Oypoe, moutu uepHoe; Cal2 — Bropoil Tun kambuura, KJI-cBeuenue
HEOJIHOPO/IHOE, 30HAJbHOE OT TEMHO-KOPHMYHEBOro 10 opaHkeBoro; Cal3 — Tperuil Tun

kanbiuta, KJI-cBeuenue opamxeBaro-0ypoe. Macmrad 0.2 mwm.
Huoicnuti kumepuooc (p-3 Muxneeapoguvennem, o-6 3anaouwiii LlInuybepeen)

['eHa0HUTHI CHOXKEHBI JOJIOMUTOM U KBaplieM, 00pa3yloluM MO3au4HYIO CTPYKTYpPY.
Kpucramisl 1o10MuTa SHTApHOTO I[BETA, HEMpaBHIbHOU (opMbl, pazmepom 0.2 mm, KJI-
CBEUYEHME OTCYTCTBYET. 3epHa KBapia pazMepoM 10 0.6 MM, XapakTepu3yeTcs €1Ba 3aMETHBIM

cunuMm KJI-cBeuenuem (puc. 5.2.10).
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Puc. 5.2.10. ®ororpadus numdpa Ae-14-2 (pa3zpe3 Mukierapadbenier, HIKHAA KUMEPHIIK )

B mpoxojsmeM cere (cieBa) u B KJI-ceeuenuu (cmpara). Dol — gomomut, KJI-cBeuenue
NpEeUMYIIeCTBEHHO OTcyTcTBYyeT, Qu — kBapu, KJI-cBeueHue enBa pa3muumMmoe, CHHEC;

KPaCHBIN IMTyHKTUP — TPAHUIIBI KpHCTaiua rnceBaoMopdo3sl. Macmrad 0.2 M.
Cpeonss eonea (cxe. Cesepo-Mypmanckas-1, Bapenyeso mope)

CpenHeBOIKCKHE TJIEHJOHUTHI OblTH 0ToOpaHbl B ckBaxuHe CeBepo-MypmaHckasi-1,
bapenueBo mope (Puc. 5.2.11). Munepanoruueckuii aHaiu3 MoOKa3all, YTO TJICHIOHUTHI
CIIOKEHbl KaJIbLIUTOM, C IPUMECAMHU KBapla, JOJIOMHUTA, CHUJEPUTA, NMHUPUTA, MapKa3uTa,
CIIOJIBI, MIJIATMOKIIa3a, KaouuHuTa u runca. B KJI Beiaenatorcs aBa tuna xanpuuta. IlepBsiii
tun  kanpiura (Call) 3anumaer ~55% mceBMOMOPQO3bl, KPHUCTAUIBI  YAJWHEHHBIE,
TabJIUTYaThIE, WUIOJbYAThIE JKEITOBATOT0, TEMHO-KEITOr0, KOPUYHEBOTO IBETOB, HMHOI/A
30HaJbHBIE, pazmepoM 10 1 mm; KJI-cBeuenue orcyTcTByeT. I'paHuiibl poBHBIE, MEX1Y HUMU
KaJmbIUT BTOpOro Tuma. Bropoit tun xansiura (Cal2) 3anumaer ~23% BHYTpeHHEro oobeMa

TJICHAOHUTOB, NPCACTABJICH KpUCTAJJIAMU HeraBI/IHBHOﬁ (I)OpMLI Oenoro IBC€Ta pPasMEpoM

okouo 0,025 mm, KJI-cBeuenue opamxkesoe (puc. 5.2.12- puc. 5.2.13).

Puc. 5.2.11. ®otorpadpus Sm-1-4 (ckB.CeBepo-Mypmanckasi-1, cpemHsis Bojdra) B
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CKpEIIEeHHBIX HUKOJIIX. MacmTad — 5 MM.

AL -

Puc. 5.2.12. ®ororpadus muda Sm-1-1 (cks. CeBepo-Mypmanckas-1, cpennss Boara) B
npoxosiieM ceete (cieBa) u B KJI-ceeuenuu (cnpaBa). Ha gororpadusx mokaszansl asa
tuna Kanpiura: Call — kaneuut nepBoro tuna, KJI-ceeuenne orcyrctByer; Cal2 — kanpuut

BTOporo Tumna, KJI-ceeuenue opamxeBoe. Macmrab 0.2 mm.

Puc. 5.2.13. ®otorpadus numda Sm-1-4 (ckB. CeBepo-Mypmanckasi-1, cpefHsis Bojira) B

npoxosuieM ceete (cineBa) u B KJI-ceeuenuu (cnpasa). Ha gortorpadusix mokasaHsl iBa
tuna kajipiura: Call — kanpuuT nepsoro tumna, KJI-cBeuenne orcyrcrByer; Cal2 — kanbuut
BTOPOTO THIIA, 3€JICHBIMU CTPEJIKAMU ITOKa3aH UTroIb4aThlid KanbuuT, KJI-cBeueHne

opamxkeBoe. Macmtab 0.2 M.
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Bepxnuii comepus (paspesvr @ecmuunzen, Anycvernem, cksaxcunvt Dh-2, Dh-4, 0-6

3anaonwviii LlInuybepeen)

BepxuerorepuBckue TJIEHIOHUTHl OBUIM HaijeHbl B paspe3ax @DecTHUHTEH U
SAnychoenner, ckBaxuHax Dh-2 u Dh-4, o-B 3anaanstii LlImunbepren, Bcero — 42 obpasma (18,
17, 5 u 2, cooTBeTCTBeHHO). [ IeHAOHUTHI U3 pazpe3a SAHycdbemier u mo ogHoMy 00pasity u3
pa3pe3a @ectHuHreH U ckB. Dh-2 xapaktepusylorcss Makpo30HaIbHBIM cTpoeHueM. [Ipu aTom
B HEKOTOPBIX o0pasnax (S1-12-1, A-12-3) B ieHTpaibHOMN YyacTu TIceBAOMOP(}HO3bI HAOIII01aeTCs
JIBa siApa, TICHIOHUTHI U3 CKBaKUH Dh-2 u Dh-4 — He30HaNbHEIE.

Munepanoruyeckie UccieJOBaHus OKa3ajiH, YTO BCe 00pasiibl CIOKEHBI KaIbIIUTOM
U OTJIMYAIOTCS TOJBKO MpHUMecsMH. B riennonurax u3 paspesa SAHycdbemner BcTpedaroTcs
IpUMeCH KBaplia, MUPUTA, IUIAaruoKIa3a, KaoJIMHUTA, TUIICA U allaTUTa; U3 paspe3a GecTHUHIeH
— KBapll, CJI0/1a, IJIarnoKIIa3, KaOJMHUT, THIIC, allaTHT; B ckBakuHe Dh-2 — xBapi, ciorona u
kaonuHHUT; B Dh-4 — xBapu u muputr. B KJI paznmuuaror Tpu tuna xameiuta. [lepBeiid Tum
kanpiuTa (Call), 3anumaer ~25% mnceBgoMopo3bl, MpeAcTaBIeH TaOIUTYATBIMU,
YAJUHEHHBIMHU, HEMIPaBUIbHOHN (hOPMBI KpUCTAITIAMH KOPUYHEBATOTO IBETa pazmepom a0 0.2
mM; KJI-cBeuenue temMHO-Oypoe, moutu uepHoe. B obOpasumax u3 ckBaxun KJI-cBeueHue
30HaJIbHOE TEMHO-0Ypo€ € SpKO-OpaH)KEBbIM. ['paHMIIbI KPUCTAJUIOB 3y0OdaThle, HEPOBHBIE;
caMM KpHUCTaJUIbl 3aredyaTtaHbl KaJbLIUTOM BTOPOTO THUIA U XaOTHMYHO PAaCHpEeeNeHbl BHYTPU
rnengonuta. Kampiut BTOoporo Ttuma (Cal2) 3anmmaer ~70% TIEeHIOHUTA, paadaibHO-
JYYUCTBIN, >KENTOBAaTOro IBera, pasmepoM okoio 0.2 mMm; KJI-cBeueHne HEOAHOPOIHOE
30HaJIbHOE OT TEMHO-OPAH)XEBOI'O 10 opaHxkeBoro. Tperuid tun kaneuuta (Cal3), 3anumaer
~5% oObema mceBAOMOPQO3bI, MpEACTaBIeH OelbIMHU, OJOYHBIMM  KpHUCTaJUIaMH,
3aMoNIHAIOUIMMU  TTopoBoe mpocTpaHcTBO; KJI-ceeuenue Oypoe. Kpome kampiura B
niceBioMopdosax HaOMOAAIOTCS 00JIOMOYHBIE 3€pHA KBaplla, HeokaTaHHbie, pazmepoM 0.05

MM, KJI-cBeuenue cunee (p+uc. 5.2.14 - puc. 5.2.17).
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Puc. 5.2.14. ®ororpadus mmuda J-15-2 (paspe3 Snychdbemner, BepXHUH TOTEPHB) B

npoxosiieM cBete (ciea) u B KJI-ceeuenun (cnpara). Ha ¢gororpadusx nzodpakeHbl aBa
tuna kaneiuTa: Call — kamenuT neporo tuna, KJI-cBeuenue TeMHO-Oypoe, IOYTH YepHOE;

Cal2 — xanprut BTOporo tumna, KJI-cBeuenune TeMHo-opanxeBoe. MacmTab 0.2 M.

o LR TR T R AT RS

npoxozsmieM ceere (ciesa) u B KJI-ceeuenuu (crpaBa). [JIEeHIOHUT CI0KEH TpeMs TUIIAMU

kanpiuTa: Call — xanpiut nepsoro tuna, KJI-ceeuenue temHo-0ypoe, nouru uepHoe; Cal2 —

KaJIbIIUT BTOPOT'O THIIA, KJI-cBeueHne 30HaAIBHOE OpPaH’KCBOC U SAPKO-OPAHKECBOC CBCUCHUC,

Cal3 — kanput TpeThero THMa 3anoiHseT nopsl, KJI-cBeuenue Oypoe. Macmrad 0.2 M.

Puc. 5.2.16. ®otorpadus numpa Dh-2-4 (cks.Dh-2, BepxHuUii TOTepUB) B MPOXO/AIIEM CBETE
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(cmeBa) u B KJI-cBeuenun (crpaBa). [JIGHIOHUT COCTOMT M3 Tpex TUIOB Kaibiura: Call —
KaJIBIUT [IEPBOTO TUIIA, 30HATLHOE TEMHO-0Ypoe C IpKo-oparkeBbiM; Cal2 — KaabIIUT BTOPOTO
tuna, KJI-ceuenue opamxeBoe; Cal3 — kampmuT TpeThero THma 3amoiHseT mnopsl, KJI-

cBeueHue 0ypoe. Macmra6 0.2 mwm.

AT T R T R
: LRt S o SRR AR, |, o

Puc. 5.2.17. ®ororpadus ummda Dh-4-1 (ckB. Dh-4, BepxHUii TOTEPUB) B IPOXOASAIIEM CBETE
(cneBa) u B KJI-cBeuennu (crpaBa). Ha ¢ororpadusx nzoOpaxkens! Tpu tuna kansiura: Call
— KaJbIUT NEpBOro THIIA, 30HAIBHOE TEMHO-Oypoe ¢ sipko-opaHxkeBbIM; Cal2 — kanbuuT
BTOporo tuna, KJI-ceeuenue opanxenoe; Cal3 — kanbLUT TpeThero THa 3anosnseT nopst, KJI-

cBeuenne Oypoe. Macmrad 0.2 Mm.

B KJI BuaHO, 4TO 30HAIBHOCTH OOpa3oBaHa 4YEpEJOBAHUEM KaJbI[UTA TMEPBOTO U
BTOPOTr0 THUMOB (puC. 5.2.18) WiHM TONBKO KANbIIUTOM BTOPOTO THMA ¢ paznudHbiM KJI-
cBeyeHreM (puc. 5.2.19). Kanpuut nepBoro THma UMEET CBETIO-XKENTHIN LBET, KPUCTAIUIBI
BBICTPAMBAIOTCS TaKUM 00pa3oM, 4TO 0Opa3yercsl SICHO BbIpaXKEHHAsh MHUKPOCIOHCTOCTb.

Kanbiut BTOpOro Tumna okpaiieH B KOpuuHeBbId 11BeT, KJI-cBeueHne ApKo-OpaHKeBoe.

Puc. 5.2.18. ®ororpadus mmmda F-3-1-1 (paspes decTHUHreH, BEpXHUH TOTEPUB) B
npoxoasmem cBere (cineBa) u B KJI-cBeuenun (cmpaBa). Makpo3oHaJIbHBIN TJIEHJIOHMT,

30HAJIBHOCTh BBIpa)keHa uepenoBaHueM KanpiuTa nepsoro (Call) u Broporo (Cal2) Tunos, B
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Puc. 5.2.19. ®ororpadpus mmmda J-13-1-2 (paspe3 SHycdbenner, BepxXHUH TOTEPHB) B

npoxonsmem cBere (cmeBa) m B KJI-ceeuenmm (cmpaBa). Ha d¢ororpaduu nzoOpakeH
IJIEHJIOHUT C 30HAJIBHOW CTPYKTYPOM, CIIOKEHHBIM KaJIbLUTOM BTOpOro tuma, KJI-ceeuenue

HEOJJHOPOHOE 30HAILHOE, OT SIPKO-OPAaHXKEBOT0 JI0 OpanxkeBoro. Macirad 0.2 M.
Bepxnuii bappem — nusicnuii anm (cke. Jledosas-2, bapenyeso mope)

BepxebappeMckue-HHKHEANTCKUE TJEHIOHUTHl ObLIM OOHApy>Ke€Hbl B CKBa)KHHE
Jlenosas-2, bapeHueBo mope; Bcero 2 obpasua. MuHepaioruyeckuil aHajiu3 IMokasall, uTo
[JIEHJJOHUTHI CJI0’KEHBI KAIBLIUTOM, C BKIIOYEHHUSIMHU KBapua u kaonunurta. B KJI paznuuaercs
nBa tumna kanbimrta. Kanpuur nmeporo tuma (Call), 3anumaer ~15% oObeMa TiIeHIOHUTA,
npejcTaBIsieT co0oil KpHcTamibl HenmpaBWiIbHOM ¢opmbl Oenmoro mnsera, KJI-cBeuenue
OTCYTCTBYET. ['paHMIIbI POBHBIE, IPUMBIKAIOT K KaJIBLUTY BTOPOrO THIA, CAMH KPHCTAJUIbI
OKpY’>XKeHbl TNIMHUCTBIM BemiecTBoM, KJI-cBeuenme cunee. Btopoit Tunm kameiur (Cal2)
npeJicTaBiIeH OJOYHBIMU KPUCTANIaMU TEMHO-SIHTAPHOT'O 11BETAa, 3aHUMAET ~75% BHYTPEHHETO

o0vema mncenomopdo3pl. Ha Al-Si BemectBo mnpuxogutrcs ~10% mceBnoMopdo3ssl,

BCTpeuaeTcs B IeHTpanbHol yacTu, KJI-cBeuenue cunee (puc. 5.2.20).

Puc. 5.2.20. ®otorpadus numda Led-2-1 (ckB.JlenoBas-2, BepxHuii 6appeM-HUKHUI amnT) B

npoxozsmieM cBete (cieBa) u B KJI-ceeuenuu (cpaa). [ 1€eHAOHUTEI CII0KEHBI IBYMS TUTIAMU
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kanpiuTa: Call- kanpiuT nmepBoro tuma, Cal2 — KaabIIUT BTOPOTO TUIIA, BO BHYTPEHHEH YacTH

ncesgomMopdossl — Al-Si BemectBo (cuHee cBeueHue). Macmrad 0.2 M.
Cpeonuti — eepxuuii (?) anm (cxe. Dh-5, 0-6 3anaonuwiii llInuybepeen)

Cpenne-Bepxueantckue (?) TIEHAOHUTHI ObuUTH OTOOpaHBl B CkBaknHe Dh-5 u B
OTIIOKEHUAX pazpesa Jlopora B Asponopt, o-B 3anaausiii [Hnundepren. MuHepanmorndeckuit
aHaJIM3 TOKa3aj, YTO TJICHAOHUTHI CIIOKEHbI KaJbIUTOM C HE3HAUUTEIbHBIMU MPUMECSIMHU
KAaOJIMHUTA, CUJIEPUTA, TUPUTA, TUIICA, allaTUTA, IJIarnoKjIa3a.

I'mennonutsl u3 ckB. Dh-5 cnoxensr aBymst tunamu kanbuuta. Ilepssiii Tun (Call)
3aHnMaeT 5% obbeMa nceBaoMOp(O3bl, TPEACTABICH YUIMHEHHBIMH, HETIPABUIBLHON (DOPMBI
KpUCTAIIJIaMH KaibliuTa OernoBaTo-ceporo 1pera, KJI-ceuenue He Habmogaercs. Bropoit tun
kanpiuTa (Cal2) 3anumaer 95% mnceBnomMopdo3bl, 3T0 OJIOYHBIE KPUCTAIUIBI >KEITOBATOTO
nBera, KJI-ceeuenue TemHO-opamkeBoe. Kpome KanbplMTa YCTaHABIMBAIOTCS KPHCTAJLIBI
nuputa (KJI-cBeueHne oTCyTCTBYeT) M 0OJOMOUYHBIE HEOKaTaHHBIC 3€pPHA KBapla pa3MepoM

0.025 mm, KJI-cBeuenue cunee (puc. 5.2.21 - puc. 5.2.22).

- X 7

Puc. 5.2.21. ®ororpadus nuuda Dh-5 (ckB.Dh-5, cpennuii-sepxuuii(?) ant) B mpoxoasiiem
csete (cneBa) u B KJI-cBeuenuu (cnpasa). [ IEHTOHUTHI CII0KEHBI IBYMSI TUITAMU KaJIbLIUTA:

Call- xanpuut nepsoro tuma, Cal2 — kanpiut Broporo tumna. Macmrad 0.2 M.
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Puc. 5.2.22. ®otorpadus numda Dh-5 (ckB.Dh-5, cpenanit-Bepxuuii(?) anT) B MpOX0osIieM
ceere (cneBa) u B KJI-cBeuenuu (crpaBa). [ TICHIOHUTHI CIIOKEHBI IBYMSI THITAMHU KAJIBIIATA:

Cal2 — xanprut BTOporo tumna, Py - mupur. Maciirad 0.2 mm.

I'menioHuTHl U3 OTIIOXKEHUH paspe3a Jlopora B A3ponopT CIOXKEHbI TpeMs THIIaMHU
kanbuura. [lepsorit tun (Call) 3anumaer ~15%, npeacraBieH >KelaTOBATO-O0€IbIMH, TEMHO-
KOPUYHEBBIMM HW30METPUUYHBIMU KpucTaiiamu, pasmepom 0.05-0.2 wmm, KJI-cBeuenue
30HAJIFHOE TEMHO-Oypoe ¢ SPKO-OpaH)KeBBIM. | paHMIIBI KPUCTAJUIOB HEPOBHEIE, 3yOuaThIe,
uspesannbie. Kanbiur Broporo tumna (Cal2), ~80%, npencrasisier coboit 0104HbIe KPUCTAILIBI
KOpU4HeBaToro 1geta, pazmepoM 0.2 MM, KJI-cBeueHne TeMHo-opanxeBoe. Kanbiur BTroporo
TUTIA [IEMEHTHPYET KaJIbIUT HepBoro Tuma. OcTaBIIMECS IMYCTOTHI 3allOJIHEHBl KaJIbIIUTOM
tperbero THna (Cal3), 3anumaromum oxosio 5% oObema nceBaoMopdo3bl. Kpucramibl
6mounble, Oenmoro 1mBera, pasmepoMm 0.05 mmMm, KJI-ceeuenme Oypoe. Kpome kambuurta B

nceBioMopdo3zax HaOMronat0TCs 00710MOYHBIE 3epHa KBapua pazmepom 0.05 mm, KJI-cBeuenue

AT

Puc. 5.2.23. ®otorpadus numda AR-7 (paspes Jlopora B Adporopr, arnt) B IPOXOSIIEM
csere (cneBa) u B KJI-cBeuenuu (cnpasa). Ha poTtorpadusix nzobpaxeHs! Tpu Tuna
kanpiura: Call — KaabIMT IEpBOro TUIA, 30HAJILHOE TEMHO-0Ypoe ¢ sipko-opaHkeBbiM; Cal2

— KaJIbITUT BTOPOI'O TUIIA, KJI-cBeuenne TEMHO-OPAHXKCBOC, Cal3 - KaJIbIIUT TPECTHCI'O TUIIA
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3anonHseT mopel, KJI-ceeuenue 6ypoe. Macmtad 0.2 mwm.

ceete (cneBa) u B KJI-ceeuenuu (crpaBa). [ IEHAOHUTHI CIOKEHBI TPEMsI TUIIAMU KaJIbLIUTA:
Call — xanpuuT MEpBOro THIIA, 30HAIBHOE TEMHO-0ypoe ¢ sipKo-opaHkeBbiM; Cal2 — KanbuuT
BTOporo tuna, KJI-ceeuenue temHo-opanxeBoe; Cal3 — kaJbLIUT TpEThEro TUIA 3aIOJHSET

nopsl, KJI-cBeuenune 6ypoe. Macmrab 0.2 mwm.
Anv6 (paspes [lopoea 6 asponopm, 0-6 3anadnuiii [lInuybepeen)

Hwxaeans0ckue riieHnoHUTH (3 oOpasma) Obut oToOpaHbl B pa3pe3e Jlopora B
AbspornopT. MuHepanoruueckuii aHajiu3 MOKas3all, 4TO TJICHJIOHUTHI CIO0XKEHbI KaJIbIUTOM C
npuMecsiMu KBapna u kaonuauta. B KJI paznuuaercs nea tuna xanpuuta. [lepsorii un (Call)
3aHuMaetr ~10-15% ncesnomopdo3sbl. Kprcramisl HenpaBuiIbHONW (OPMBI KEJITOBATO-0€II0T0
ngera pazmepoMm 0.05-0.2 mm, KJI-cBeueHue 30HaiIbHOE TEMHO-OYpoe C SPKO-OpaH)KEBBIM.
['panunel kpucTamIoB HEPOBHBIE, 3y0UaThie, KOPPOAUPOBAHBI, 3aII€YaTHIBAIOTCA KaJIbIUTOM
Broporo tumna (Cal2). Kpucramisl kaibluTa MEPBOrO THUIA XAOTUYHO paCHpenesieHbl B
KaJbIUTOBOM LieMeHTe (Cal2), HabmoJaroTCs Kak B JIy4eBbIX OTPOCTKAX, TAK U B LIEHTPAJIbHBIX
qacTsaX 3Be3quaroro cpoctka. Kamerutr Broporo tuma (Cal2) mpencraBieH OlOYHBIMU
KpHUCTaJNIaMH KOPHUYHEBATOTO, SIHTAPHOTO IIBeTa, pasmepoM ~0.2 mm, 3anuMarommmMu ~80%
nceBgoMopdossl; KJI-cBeueHne opanxkeBoe, TEMHO-OpaHKeBO€. [ JIEeHJOHUTHI TUIOTHBIE, TIOP

He Habmoaercs (puc. 5.2.25 - puc. 5.2.26).
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Puc. 5.2.25. ®ororpadus mmmdpa AR-22 (paspe3 Jlopora B Asporopt, HWXKHUK ab0) B
npoxojsiieM cBete (cieBa) u B KJI-ceeuenuu (cnpaa). [ TeHIOHUTHI CIIOKEHBI IBYMS TUIIAMU
kanpiuTa: Call — KampIUT IEpPBOTO THIIA, 30HATBHOE TEMHO-0ypoe ¢ pKO-opamkeBbiM; Cal2

— KaubuT BTOporo tuna, KJI-ceeuenne remHo-opamxkeBoe. Macmrab 0.2 mwm.

- o
I

Puc. 5.2.26. ®otorpadusa numda AR-22 B npoxonsmem csere (cieBa) u B KJI-cBeuenun
(cipaBa). 'MeHAOHUTHI CIIOKEHBI ABYMs TUIaMu Kanbiurta: Call — kampluT mepBOro THUIA,
30HAJILHOE TEMHO-Oypoe ¢ sipko-opaHxeBbiM; Cal2 — kanbuut BrOoporo tumna, KJI-ceeuenue

TeMHO-opaHxeBoe. Macmirab 0.2 MM.

[lerporpaduueckoe H3yuyeHUE IOPCKO-MEJOBBIX TIJIEHJAOHUTOB IOKA3aJl0, YTO OHU
CIIOKEHbl KaJbIUTAMH TPEX TUIIOB M TOJILKO B pa3pe3e Muxierapadbemier A0IOMUTOM
(HMKHUHA KUMEPUIK). ITO corjlacyeTcst ¢ OnmyOJIMKOBAaHHBIMHU JJAHHBIMH, COTJIACHO KOTOPBIM
[JIEHJOHUTBI COCTOSAT M3 KaK MUHUMYM Tpex THNoB Kaibiurta (Boggs, 1972; Larsen, 1994;
McLachlan et al., 2001; Huggett et al., 2005; Teichert, Luppold, 2013).

Kanpuur mnepBoro Tuma B U3YYEHHBIX 0O0paslax MpelCTaBiIeH KpHUCTaulaMu
HEMpaBWIbHOW (OPMBI MM HU30METPUYHBIMH, OEI0BATO-XKEITOr0, MKEITOro, >KEJITOBATOTO,
KOpU4HEBOT0, pazmMepoM 0.02-1 mm, 3aunmaet 10 30% nceBgomop¢o3sr; KJI-cBeuenue TemMHo-
Oypoe C TEeMHO-OPaH>KEBbIM CO CJ1a00 BBIPAKEHHOH 30HAJIBHOCTHIO, TEMHO-Oypoe, MOUTH

yepHoe (He HaOroJaeTcsl) yKa3bIBAaeTCsl Ha TO, YTO B COCTaBE KajbI[UTa HET 3JIEMEHTOB —
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aKTHBATOPOB CBeUeHUs (Maprania). KpucTtamibl XaOTHIHO pacmoioKeHbI 1o TceBaoMopdose,
3a UCKIIIOYCHHEM MaKpO30HAJIBHBIX TJICHIOHUTOB, B KOTOPBIX MEPBBIN THI KaJbLIUTA ClIaraet
anpo. IlpocTpaHcTBeHHBIE B3aUMOOTHOIIEHUS TPAaHUI] KPUCTAJUIOB KaJbIUTa MEPBOTO U
BTOPOT'O THIA IOKAa3bIBAIOT, YTO KAaJBIIMUT MEPBOr0 TUNAa ObLT CHOPMHPOBAH paHBIIE
octanbHbIX. Kak cuuTaercsi, KaIblUT MEPBOrO THIA COXPAHHJICS TPU YAaJICHUU BOJBI U3
ukauta (Larsen, 1994; Greinert, Derkachev, 2004; Huggett et al., 2005; Teichert, Luppold,
2013; Vickers et al., 2018). s kanpIyTa NEpBOro TUMA TAK)KE XapaKTepHa TaK Ha3bIBacMasi
«KaryieBUAHAs»  CTpyKTypa.  «KameBumHas»  CTPYKTypa,  BO-TIEPBBIX,  CUHTACTCS
JMarHOCTUYECKUM TPU3HAKOM TJICHIOHHTOB, BO-BTOPBIX, YKa3blBaeT Ha IOATAITHYIO
TpaHchopMalMio UKauTa B KadbIUT 4epe3 ¢a3y Barepura (Scheller et al., 2021). C apyroii
CTOPOHBI, 3TO MOXKET OBITh CBUCTEIHCTBOM TPaHC(HOPMAIIMH HKaUTa B MOHOTHIPOKAIBLIUT, a
noTOM B KanbIuT. CunuTaeTcs, 4To JaHHas CTPYKTypa oOpa3yercs B pe3yibTaTe 3aMelieHUs
UKaMTa MOHOTHIPOKAIBIMTOM IN SitU, YTO TPHUBOAMT K (HOPMUPOBAHUIO 30HATBHBIX
KpuctaiwioB. [Iporecc BKIIOYaeT pacTBOpPEHHE M TOCIEAYIOUIEE IMEPEOCAKACHUE HKAUTA.
[TosiBnenne mo100HON CTPYKTYPBI CBHIACTEIBCTBYET O IETHAPATAIIMHA U YMEHBIICHHH 00beMa,
MIPOMCXOAAIIMX Mocie pekpuctaun3anuu ukauta (Dahl, Buchardt, 2001). B KJI mukpockorie
JIAaHHAsl CTPYKTYpa JEMOHCTPHPYET OTYETIMBOE 30HAIbHOE cBeYeHue. [103ToMy, BO-TIEpBBIX,
M3yYeHHbIC KapOOHATHBIE 00PA30BaHMS MOTYT CYMTATHCS TIIEHIOHUTAMH (COTIACHO TEKYIIUM
NPEJICTAaBJICHUSIM ), BO-BTOPBIX, KAJIBIIUT IIEPBOTO THIIA 00pazoBaiics yepe3 a3y BaTepuTa win
MOHOTHApOKaNIbIUTA. Pacrpenenenue KajablUTa NEpBOrO THUIA BO BHYTPEHHEM CTPOEHUHU
nceBAOMOp(o3 — Xa0TUUHOE, KPUCTAIIBI OOHAPYKUBAETCs, KaK B IIEHTPE, TaK U MO Kpasm
niceBiomopdo3. BeposTHO, 4TO mporece pa3pylIieHus HKauTa He UMEET MPOCTPaHCTBEHHOU
NPUBS3KH M MOXKET TIPOUCXOAWTh B JFO00W dYacTu arperata. OTO HE COOTBETCTBYET
npencrasienusM M.Bukepc (Vicker et al., 2018), 4yto rieHIOHUTHI (GOPMUPYIOTCS OT
nepudeprun K LEHTPY, OCTAaTKU HMKAWTa B BHJE KalbIIMTAa MEPBOrO THUIMA HAOIIOJAIOTCS B
W3yYEHHBIX TJICHAOHUTAX TIOBCIOY B IceBIOMOpd03aX, NPU ATOM pa3pylIeHHE CaMHX
KPHUCTAJNIOB MKAWTa, CKOPEE BCETO, NEHCTBUTEIIFHO HAYMHAETCS C KPaeB M IPOJIBUTACTCS B
LEHTP.

KanpiuT BTOpOro Tuma npeactaBieH OJIOYHBIMHU, CHEPOTUTOBBIMH WIIH UTOJIbYATBIMU
KPHUCTAJUIAMH, CBETJIO-KEITOTr0, TEMHO-SHTapHOro usera, pasmepom 0.05-0.2 mm; KIJI-
CBEUCHHE OpAaH)KEBOE; 30HAIBHOE, OpaH)XEBOE, SIPKO-OPAHKEBOE, TEMHO-OPaHKEBOE,
HEOJHOPOAHOE, 30HAJIbHOE OT TEMHO-KOPUYHEBOIO IO OpAHXKEBOrO MpeAroaraer
NpHUCYTCTBUE Mapranna u P33 B coctaBe kanbiuTa. Bo BHyTpeHHEH CTPYKTYpe BTOPOU THUI
KanpIuTa 3aHUMaeT 5-90% mpocrpancTBa. [oTHOE MpHUMbIKaHKE KalbliUTa BTOPOTO THIA K

NepBOMY IpeJioiaraeT uxX OJHOBpeMeHHoe oOpa3zoBaHue. [10/100HbIH THIT IEeMEHTa TakKe ObLT
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omnucaH B panHux padorax (Larsen, 1994; Greinert, Derkachev, 2004; Huggett et al., 2005;
Teichert, Luppold, 2013; Vickers et al., 2018). [Ipeamomnaraercs,, 94T0 IIEeMEHT OTOOpakaeT
W3MEHEHUS XUMHUYECKOTO COCTaBa pacTBOPa, MPOsBIIsiFoNrecs B u3MeHenun KJI-ceedenus (ot
spKoii 110 TemHoii). [loBbIIeHHE copepikaHus Kee3a, OTMEUaeMoe IO HAlpaBJICHUIO K
BHEIITHUM KpasiM, M Y€TKOE BBIJICIICHUE TPAHUI] C KAIBIIUTOM TPETHETO THIIA CBHIETSIBCTBYIOT
0 TOCTEIICHHOM HM3MEHEHHH COCTaBa PAacTBOpa. DTH W3MEHEHHUs TPHUBEIU K YBEITUYCHUIO
KHCIIOTHOCTH CPEJIbI, YTO BBI3BAJIO MPOIECC PACTBOPECHHMSI KAbIIUTa BMECTO €r0 JajibHeiIIen
kpucraumuzamun (Vickers et al., 2018).

Kanpour Tperbero tuma mpeactaBieH OJIOYHBIMH KpUcTauiamu, pasmepom 0.02-0.05
MM, Oenoro nBera 3aHuMaeT oT 3 10 10% BHYTpEHHEro MpPOCTPAaHCTBA TJICHIOHUTOB, U OH
3amoHseT nopel. KJI-cBeueHue opamHkeBaTo-Oypoe MperoiaracT NPHUCYTCTBHE XKelie3a B
KajbiuTe. CYUTACTCS, YTO ATOT THIT KaIbIIUTA KPUCTAIIIU30BAJICS HA 3aKTFOUUTEIILHON CTAIHH
JIMareHeTUYECKOr0 00pa30BaHUs MCEBAOMOP(O3, TAK KaK OH 3allOJHIET OCTABIIMECS ITYCTOTHI
(Kaplan, 1979; Huggett et al., 2005). Kanpuut 3a4acTyro OoOOTalIeH KeJIe30M M MarHueM
(Huggett et al., 2005; Frank et al., 2008; Teichert, Luppold, 2013; Vickers et al., 2018), uxorna
nepexons B fonomut (Huggett et al., 2005).

30HaANBPHBIC TJCHIOHUTBHI CJIOKEHBI YEPEAYIONIMMHUCS CIIOMKAMH, CII0KEHHBIMHU
KaJIBIUTOM TIEPBOTO M BTOPOTO TUTIA. BO BceX cltoiikax HaOII01aiCh KPUCTAIUTBI ¢ 30HATBHOM
CTPYKTYpOH, KOTOpas CUMTAeTCs XapakTepHbIM mpusHakom riengonutoB (Scheller et al.,
2021). TIpeamonoKUTe bHO, POCT 30HATBHBIX TTICHIOHUTOB OCYIIIECTBIISICS OCTENIEHHO, CIIOM
3a cII0eM, HAYMHAas OT [IEHTPAIbHON YacTH U MPOJIBUTASICh K TIepudeprH, TPU KOTOPOM Kax IbIi
CICIYIOIIMIA CJIOW Hapactajl TMmoBepxX mpenpyrymiero. OIHAKO 3TO  TPEITOJIOKECHUE
MPOTUBOPEUYUT UMEIOMUMCS JTaHHBIM. CUUTAETCS, YTO pa3pylIieHUE UKAWTa TIPOUCXOIMIO OT
nepudepun K IEHTPY, ¢ CHHTPaHCHOPMAIMOHHBIM 00pa30BaHUEM KabI[UTa BTOPOTO THUIA
(Vickers et al., 2018). Jlannas Monenb ocHOBbIBaeTcs Ha HaOmoaeHusx b.M.A. Teituepra u
®.B. Jlrononbna (Teichert, Luppold, 2013), 3adukcupoBaBmnX KaldbIUT O€3 MpUMeEceH,
UMEHHO B IIEHTPATBHBIX YaCTSIX TICEBAOMOP(}O3HI MPU TTOMOIIH CKAHUPYIOMIETO 3JIEKTPOHHOTO
MHUKPOCKOIIA.

dopmupoBaHue JOJIOMUTOBBIX TCEBAOMOP(]O3, BEPOSITHO, CBA3aHO C 3aMEIEHUEM
WKaWTa KAJIBIUTOM, a 3aTEM - IOJIOMUTOM (BTOpHYHas nojomutr3anws). [logoOHas BropuaHas
JOJIOMHUTH3AIMS ObLTa YK€ OTMEUCHA paHee B HIDKHEOPIOBUKCKHX KOHKperusax bantuiickoro
peruona (Mikhailova et al., 2019).

PesynbpTatel pentreHodaszoBoro anHamm3a mpencraBieHsl B Tabmume 1. Bamosslit
MUHEPAJIOTHICCKUI ~ aHAaTW3  TOKa3aj, 4YTO  HW3YYCHHBIE  TJICHIOHUTBI  CJIOKCHBI

IPEUMYIIECTBEHHO KaJbIIMTOM, KpOME HIDKHEKUMEPHKCKUX TIICHAOHUTOB (00pa3isr Ae-10-
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1, Ae-10-3, Ae-14-1), B KoTOpBIX TpeoOiamaeT a0JoMUT. [IpakTudeckn BO Bcex oOpasiax
JIOTIOJTHUTEIILHON MUHEpATOrnyeckuii (ha30il ABIsSeTCS KBapIl, €ro COJAEpKaHHE BapbUPYETCS
ot 2 no 6omnee 10%. B obpasue F-1-2 (BepxHuii rorepus, pape3 @ecTHUHTEH, 0-B. 3ana HbIH
[nundepren) Takke MPUCYTCTBYET CUIEPUT, COJIEpPKaHUe KOTOpOro cocraisieT 6omnee 10%.
OcTasibHble HEKapOOHATHBIE MUHEPANIbI: IUPUT, MAPKa3UT, CIt0/1a (MyCKOBUT?), IJIarMOKJIIA3,

KAOJIMHUT, THIIC, allaTUT OOBIYHO cocTaBirIioT MeHee 10%.
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5.3 Ckanupyromas 3jeKTpoHHast MUKpockonusi (CIOM) u MUKPO30HI0BBIM

aHaJIu3
Bepxnuii 6atioc — nuscnuu 6am (cxs. Jleoosas-1, bapenyeso mope)

[To XMMHYECKOMY COCTaBY pasiMyacTcs 4eTblpe KapOOHAaTHBIX MuHepana. [lepBbrii —
KaIbIUT 0€3 MPUMECEid, C COCTaBOM, OTBeUaronmmM uaeansHoi popmyne (CaCOz), pazmepom
10 0.5 mMm. Kanbut 3TOro THma mpeuMyIlIeCTBEHHO HAOJI0aeTCs B IIEHTPAIbHBIX YaCTSAX
nceBoMopdo3 U obpacTaeT KpUCTaUIaMU KaJbIIUTa BTOPOTrO THIA. BTOPOW THI KalbIUTa
MPEJCTABICH WroJIbYaThiM HU3KOMAarHe3naabHbIM  KamblUTOM  ((Cao.72-0.99MJo.01-0.06F€0-
0.24)(CO3)), oboramennsM pochopom (10 3.83 mac.%). TpeTuil THII KApOOHATOB — aHKEPHUT
((Cao.ssMgo.06Fe0.48)(CO3)) u  cumepur  ((Feo.71-0.73Ca0.19-022M00.07-009)(CO3)),  KOTOPHBIi
yCTaHABJIMBACTCS TOJBKO B PE3yJbTaTe MHKPO30HIOBOrO aHaigm3a. [lycTOTBI 3aIoJHEHBI

Kap60HaTOM YCTBECPTOI'O — 6JIO‘-IHI)IM, HU3KOMAaru€3najJlbHbIM KaJIbIIUTOM, OJIM3KUM I10 COCTaBy

ko Bropoii reHepanun ((Cao.ss-0.98MJo.02-0.06F€0.02-0.06(CO3)), HO 6e3 mpumecu dochopa (puc.

5.3.1 - puc. 5.3.2.).

Puc. 5.3.1. ®otorpadus obpaszna Led-1-2 (ckB.JlemoBas-1, BepxHuii 6ailoc-HIKHUM OaT) B
00paTHO-OTpakeHHBIX 3JeKkTpoHax: Cal2 — HU3KOMarHe3uajabHBIM KaJIbIUT, O00OTalEHHBIN
dochopom (Cao.97Mg0.03CO3), Sd — cuaepur (Feo72Can20Mgo.0sCOz); Cald — «uauctbrity

HU3KOMarHe3uanbHbIi KanbuT Cao.gsM(o.0sF€0.0sCO3; FAP — dTopanatur.
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Ca k..
Calt

Cal2+Cal4

Jonomut

Marnesut

L 1

Mg k.. 0.8 0.6 0.4 0.2 k.®.Fe

Puc. 5.3.2. Tpoiinas quarpamma Ca-Mg-Fe, oTpaxaronias MUHepalbHBII COCTaB

BepxHebailocckux — HMKHeOaTCKUX TIeHI0HUTOB (cKkB. Jlenosas — 1, bapenueBo mope).

Huorcnuii kumepuooic (p-3 Muxnezapo, o-6. 3anaonsiii LLnuybepeen)

HI/I)KHGKI/IMepI/II[)KCKI/IC TJIICHAOHUTBI XapaKTCPpU3YHOTCA OAHOPOAHBIM JOJIOMHTOBLIM

coctaBoM ((Cao.49-0.58M0.22-0.40F€0.05-0.20) (CO3)2); kpome oj0MHUTa OBLTH YCTAHOBICHBI OAPHUT

u iuput (<0.03 mm) (puc. 5.3.3).

DLLWRQ.Z
\
e

AHKepuT

Cuaeput \g.s

0.4 0.2 K. Fe
Puc.5.3.3. ®ororpadus obpasma Ae-14-1 (pa3pe3 Muknerapadbeiet, HUKHUNA KUMEPUIK) B
00paTHO-OTPaKEHHBIX JJEKTpoHaX (cieBa). [meHAOHUTHI cnokeHbl ponomutToM (Dol:
Cao51Mgo.20Fe0.20C0O3), Py — mupur (mokaszan OenbiMH cTpejikamu), Brt — Gaput; crpaBa -

TpoiiHas auarpamma Ca-Mg-Fe.
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Cpeonss sonea (cks. Cesepo-Mypmanckas-1, bapenyeeo mope)

CpenHeBODKCKHE TIICHIOHHUTHI, OTOOpaHHbIe M3 CKBaknHbl CeBepo-Mypmanckas-1,
UMEIOT 30HaJIbHOE CTpOeHHE. B 1eHTpanbHoii yacTi HabIrogaeTcs KajabluT 0e3 mpumecei, ¢
COCTaBOM, OTBedaroluM uaecanbHoi ¢opmyne CaCOs (Call), xoropsrii oOpacraer
HU3KOMarHe3uajabHbIM KamblUTOM Cao.97-0.99Mgo.01-003FE0CO3 ¢ mpumecsio ceprr (1o 0.59
macc.%) (Cal2)). TIpocTpaHcTBO MeXIy KpHCTAUIAMH 3allOJHEHO BBICOKOMArHE3UAIbHBIM

KaJbIIUTOM, OnMM3kuM 10 coctaBy K jgosomuty  (Caose-059MJos1-044F€0C0O3),

dpambonanbHBIM UpuTOM (puc. 5.3.4).

Ca k..
&
Cai2

0 0.4
Cal3 /

Honomut AHkeput
04 0.6

0.2 0.8
MarHeaut Cupepwut

Mg k.. 08 06 04 0.2 kd.Fe

Puc. 5.3.4. ®ororpadus obpazna Sm-1-8 (ckB.CeBepo-MypmaHckas-1, cpenHss Boyira) B
00paTHO-OTPaKEHHBIX AJIEKTpoHaxX (cieBa). [NEHAOHUTHI HMMEIOT 30HAJBHOE CTPOCHUE,
cnoxenbl 4ucThiM KanbiuToM Call: CaCOs) u Hu3KOMarHe3uanbHbIM KajbiuToM (Cal2:

Ca0.98Mgo.02CO3), FPy — dhpambouansHbIil MTUpUT; cripaBa - TpoitHas guarpamma Ca-Mg-Fe.

Bepxnuii comepué (pazpesvt @ecmuuneen u Anycghvennem, cke. Dh-2, 3anaomuwiii

UInuybepeen)

I'menmorntel W3 paspe3a DECTHUHTEH CIOXEHBI TpeMs THIIAMH KapOOHATHBIX
MuHepasoB. [lepBblii THII — KanbUT 0€3 MpuUMecel, ¢ COCTaBOM, OTBEUAIOLIUM HJI€aTbHON
dopmyie (CaCOz) (Call). Bropoit Tun — Cal2 — HuzkomaruesuanbHbii KaabiuT (Cao 56-0.99MJo-
0.15F€0-0.28C0O3), 3ameniaer mepBbId TUN KaibliUTa. B KanbpluuTe ycTaHaBIMBaeTCs NPUMECH
ctponius (no 0.69 macc.%). Ilyctorel 3anmonHeHbl gonoMuTOM (Cao.s56-0.60MJo.35-0.41F€0.03-
006CO3) B kapOOHaTHBIX MHHEpajaX YacTO BCTPEUAIOTCS BKIIOYEHHs (ropamatuta u

dpambounansHoro mupura (pazmep a0 0.0015 mm) (puc. 5.3.5).
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Puc. 5.3.5. ®ororpadus obpasua F3-1-1 (paspe3 decTHHHICH, BEpPXHUI TOTEPHUB) B 00paTHO-
OTpaXeHHbIX  dnekTpoHax  (cmeBa). Ha  ¢otorpadum  u300pakeH  ydacTok
HU3KoMarHe3uanbHoro kajbiuta (Cal2: CagegFeo02C0s); Dol - momomur (Caose-0.60Mgo.3s-
0.41F€0.03-0.06C03), Py — dbpambou bl muputa, F-Ap — dpropamnaruT; cripaBa - TpoiiHast AuarpaMmma

Ca-Mg-Fe.

B cocraBe rnenmponuToB U3 paspe3a SAnycdnemner u ckB. Dh-2 pa3nmuaercs derbipe
kapOoHaTHbIX MuHepana. Kanpuut nepsoro tuna (Cal 1) npencrasiser cooii kaapuuT 0e3
npuMeceld, C CcOocTaBoM, oOTBeuaromuM wuaeanbHoilt Qopmyne (CaCOsz), OGecrnopsiiouHO
pacnpenenennbie B iceBmoMmopdose. Kanpiur Broporo tumna (Cal 2) — HU3KOMarue3uaabHbIH
kaibIuT (Cao.61-0.99MJ0.01-0.03F€0-0.37CO3) ¢ mpumecsimu ctpontust (10 0.68 macc. %) u hpocdopa
(o 0.84 wmacc.%) wu cxommeHusmu cuaeputa  (Feos1-088Ca0.08-0.12MJ0.02-0.07)(CO3),
oOpa3oBaHHBIE TOCNE Kalubl[UTa BTOpPOro Tuma. TpeTuit TUN KapOOHATHBIX MHHEPAIOB —
AHKEepUT ((Cao57-0.67MQgo.02F€0.3-0.41)(CO3)2), dbopMupyromui KaeMKy BOKpYT
HU3KOMAarHe3uaJlbHOTO KaJIbIIMTa BTOPOTO THUMA. BIIOJE TpaHUI] KPUCTALUIOB TPETHETO THIIA
HaOmromaercst  1ieHouka  (ropamaruta.  [lycToTHOE  TPOCTPaHCTBO — 3allOJHEHO
HU3KOMarHe3uanbHbIM KanbIUTOM (Ca.94-0.96MJo.01-0.03F€0.3C0O3), KOTOpHI copepkUT B cebe
npumech docdopa. [lo kpasim KpUCTAIITIOB KaJbI[UTa BTOPOTO TUIA YCTAHOBJIIEHBI CKOTIIICHUS
nupuTta. [1o Bcelt mceBgomopdo3e 6ecopsI0uHO pacrpeieieHbl 00JI0OMOYHBIE 3epHA KBapIiia

(puc.5.3.6 - puc. 5.3.7).
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Puc. 5.3.6. ®otorpadust obpaszua J-13-1-2 (cmeBa) u J-9 (cnpasa) (paspe3 Snycdoemner,
BEPXHUU TOTEPUB) B 0OPATHO-OTPAKEHHBIX AJEKTpOHaX. [ IEHJOHUTHI CIOKEHBI KAIbIIUTOM
tpex TunoB: Call — mepsseiii Tun kanbimta (CaCO3), Cal2 — Hu3KOMarHe3uaabHbBIH KaJIbIIUT
(Cao97Mgo03CO3) ¢ BrmroueHussmu  ¢pochopa u  cTpoHmus, Ank -  aHKEpHUT
((Cao.67Mgo.02F€e0.3)(CO3)2), Cal4 — muskomarnesnanbubiii Kbt Cao.9aMgo.03Fe0.03CO3z, F-

Ap — propanarur.

Oonomut | AHKepuUT

Cal2 MarHeaut Cupeput

0.025mm

Mg .. 08 06 0.4

Puc. 5.3.7. ®ororpadus obpaszma Dh-2-2 (cneBa) (ckB.Dh-2, BepxHUii TOTEpUB) B 00paTHO-
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OTPaXXCHHBIX 3JICKTPOHAX. [JICHJOHUTHI CJIOKEHBI KalblUTOM Tpex THumoB: Cal2 -
HU3KOMarHe3uanbHbIi KambUT (Cao.97Mgo.03CO3) ¢ Brirouenusmu dochopa u crponius, Sd
— cuneput (Feo.81-0.88Ca0.08-0.12M00.02-0.07)(CO3), FPy — dbpambounansheiii nmuput. Copasa -
TporiHas nuarpamma Ca-Mg-Fe, orpaxkaromias MHHEpalbHBI COCTaB BEPXHETOTEPUBCKHUX

TJICHOIOHHTOB.

Bepxnuii 6bappem - nusicnuii anm (cke. Jleoosas-2, bapenyeso mope)

I'meHoHUTHI BEepxHETo OappemMa-HWKHEro 0ara CIOXKEHBI JBYMs THIIAMU KaJIbLUTA.
Kamsnut nepBoro tuna (Call) - 6e3 mpumeceii ¢ cocTaBoM, OTBEUAIOIIUM UACATbHOHN hopmyrie
(CaCOg), cxoHueHTpHrpoBaH B HeHTpanbHOil yactu (Call). Kansuut Broporo tuna (Cal2) - —
0s10uHBbIN HU3KOMarHe3uadbHbI KanbIUT (Cao.go-099MJo.01-0.08F€001-017CO3) ¢ mpumechro
crponus (mo 1.44 wmacc.%). Mexay KpucTaylaMd HHU3KOMAarHe3MaJbHOTO KaJbI[UTa
HaOJIOMAI0TCSl KaK KPYITHBbIE KPUCTAJUIBI MUPUTA, Tak B (HpaMOOUABl mUpUTa (pazMepoM a0

0.002 mm). [TycroTHOE IMPOCTPAHCTBO HE 3amoiHeHo (puc. 5.3.8 - puc. 5.3.9).

Puc. 5.3.8. ®ororpadus obpaszna Jlen-2-1 (cks.Jlenosas-2, BepxHuii 6appeM-HUKHHK anT) B

00paTHO-OTPaKEHHBIX 3JIEKTPOHAX. [ TIEHTOHUTHI CIOXKEHBI Tpemsl TUnamu KampiuT: Call —
nepssiii Tun (CaCO3), Cal2 — Bropoii Tun KaabpiuTa, Hu3koMarde3uaibHbii (Cao9sM(go.02CO3)

C IPUMECSMHU CTPOHIMS). Mexay KpUCTaJUIaMH KaJlbLIUTa OTMEYaroTcsl ppaMOOu bl MUpUTa

(FPy).
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Puc. 5.3.9. Tpoitnas muarpamma Ca-Mg-Fe, oroOpaxaromas MuUHEpalbHBI COCTaB

BEpPXHEOAPPEMCKUX- HUKHEANTCKUX TJICHIOHUTOB.

Cpeonuii — eepxnuti (?) anm (cxe. Dh-5, paspes /[opoza 6 Asponopm 0-6 3anaoHuvlii

LInuybepeen)

B cpenHe-BepXHEaNTCKUX TJICHAOHUTAX PA3JIMYACTCS YETBIPE THIA KapOOHATHBIX
muHepanoB. Kameuur nepBoro TtHumna (Call) — 6e3 mpuMeceil, ¢ cOCTaBOM, OTBEYAIOIINM
uneansHoit popmyne (CaCOs). B obpasuax cks. Dh-5 kpucrtamibl nmepBoro Tuma KaiblMTa
Xa0TUYIHO PACIOJIOKEHHI O TIceBIOMOp(do3e, B TO BpeMs Kak B oOpasmax u3 ckB. Jlemosas-2
OHHM CKOHIICHTPHPOBAHBI B IEHTPAIHLHOW YaCTH TJICHJOHUTA. B 000OMX Ciy4asx KaJbIUT
MEpPBOro0  THUIMA 3aMEelIaeTcsl HHU3KOMarHe3nanbHbIM KanbIuToM (Cao.80-0.99MJo.01-0.08F€0.01-
0.17CO3) ¢ mpumeckto ctponius (10 1.44 macc.%). OqHako B oTaU4KE OT 00pa3IoB u3 ckB. Dh-
5, B oOpasmax u3 ckB. Jlenosas-2 npucyrctByeT docdop (10 0.7 macc.%). Kanpuur BTOporo
TUma obOpacraeT TOHKOW Kaiimoii cumaeputa (Feo.71-082Ca0.04-013MQ0.14-0.16)(CO3), omnako
CUAECPUT OTMEUYEH TOJHKO B oOpasuax ckB. Dh-5. [1o kpasiM KpUCTaIIOB KaJlblIUTa BTOPOTO
TUTAa HAOTIOAAIOTCS KPYMHBIE KPUCTAJUIBI UpHTa. [[lyCTOTHOE MPOCTPAHCTBO B TJICHIOHUTAX
n3 ckB. JlemoBas-2 He 3amojHEHO, B TIIEHIOHHTaX U3 CkB. Dh-5 3amonneno
HH3KOMAarHe3uadbHbIM Kanbiurom Oe3 mpumeceit  (Cao.90-0.99MJo.01-0.08F€001-007CO3), ¢

BKJITIOYEHUAMHU (pamOoun1oB nupura (pazmepom a0 0.002 mm) (puc. 5.3.10).
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0.025mm

Puc. 5.3.10. ®ororpadus obpasuna Dh-5 (ckB.Dh-5, cpennuii-BepxHuii anrt, o-B 3amaHblii
HInmunbepren) B 00paTHO-OTPaXEHHBIX 3JeKTpoHax (cieBa). Ha doTorpadum mzodpaskeHs!
Hu3koMarHe3uanbHbil KanbuT (Cal2: Cag99MQo01CO3) ¢ mpuMechi0 CTPOHIMS, MEXIY
KpHUCTa/LIaMH KaJIbIIUTa HAOJII0JAI0TCS KPYITHBbIC KpucTaiuibl uputa (Py) u ppambonanbHbiii
muput (FPy); Sd — cunepur, (Feo.71-0.82C80.04-0.13MJo.14-0.16) (CO3); Cal4 - Hu3komMarae3naibHbIin
kanputT 6e3 npumeceit (Cao.90-099MJ0.01-0.08F€0.01-0.07CO3) (Cao.9sMdo.01Fe0.04CO3). Crpasa -

TpoiiHas auarpamma Ca-Mg-Fe.

['meHaoHUTEI, Yale BCETo, CJIOKEHBI OT JIBYX JIO YETHIPEX THUIIOB KAJBIIUTA, KOTOPHIC
paznuuatotcsa xumuueckuM coctaBoM (David et al., 1905; Boggs, 1972; Kamnan, 1979; Larsen,
1994; McLachlan et al., 2001; Greinert, Derkachev, 2004; Huggett et al., 2005; Selleck et al.,
2007; Vickers et al., 2020).

[To pesynapTaram HWcClIEMIOBaHWN OBUIO  YCTAHOBJIIGHO, YTO CPEIHCIOPCKHE-
HUKHEMEIIOBBIE TIIEHIOHUTHI COCTOAT W3 MIECTH KapOOHATHBIX U TpeX HEKapOOHATHBIX
muHepasioB. Kanpuur mepBoro Tuma otBeyaeT uaeanbHoil dopmyne (CaCOs). Kambrut
BTOPOr0 THIAa — Hu3KoMmaraesnanbHbii (Caos6-099MJ0.01-0.15F€0-037CO3) ¢  mpumecsMu
dbocdopa, CTpOHIIHS, Cephbl, MapraHiia sIBJISETCS OCHOBHOM MHUHEpaJbHOUM (a3oH, cliararomas
[JIEH/IOHWT; TpeTHii T KapOooHaToB — aHKepHT ((Cao57-0.67MQo.02F€0.3-0.41)(CO3)2); yeTBepTHIiA
- cuneput (Feo.71-073Ca0.04-067MQ0.07-0.00)(CO3), Habmogaercs B BHIC IUICHOYEK WIH
CKOTUICHHIA; MATBIA — HU3KOMarHe3uaabHbi KanbluT (Caoss-0.99MJo.01-0.08F€0.01-03C0O3) 0Oe3
HpUMecei, 3armonHsronHiA mopsl; mectoil — moaoMut ((Cao.49-058MQ0.22-0.40F€0.05-0.20) (CO3)2).
Kpome kapOOHATOB B TJIGHJOHHWTaX ObUIM YCTAaHOBIEHBI MUPHUT (KaK B BHUAEC KPYITHBIX
KPHUCTAIIJIOB, TaK U B BUIe (ppamOuomoB), 6aput, propamarut. CroxkHas MOCIEI0BATEIBHOCTh

KapOOHATHBIX MHHEPAJIOB M TUPUTHU3AIINS CBUIETEIHCTBYIOT O (POPMHPOBAHUH TICEBIOMOP(}O3
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IpU TPOXOXKJIEHUH 30HBI Cylb(haT-peqyKIUH, caMa 30Ha CyJIb(daT-peayKIuu HaXOAWJIach
JIOBOJIBHO OJIM3KO K TIOBEPXHOCTH Boja-ocanok (Krajewski, 2003).

Haubomnee pannuii kanpuut 06e3 npumeceii (CaCOz), hopMupyercs rmpu pacrajie HKauta
(ikaite-derived calcite) (Greinert, Derkachev, 2004; Huggett et al., 2005; Qu et al., 2017). Ou
HE COJEPKUT W/WIKM CONEPKUT HE3HayuTelbHOe KojuuecTBO MmarHus (Mg ~0.054 macc.%,
Fe~0.004 macc.% Al ~0.002 macc.%), npu 3Tom He conepxkut Fe, Mn, Sr (Stein, Smith, 1985;
Spielhagen, Tripati, 2009; Vickers et al., 2020). B uzy4enHbix 00pa3iax KajiblUTy, KOTOPbIHA
chopmupoBaiICs MPH paclaje MKauTa, COOTBETCTBYeT mepBblii Tun Kaiabiura (CaCOs) 6Oe3
npumeced. CocraB taxke Biauser Ha KJI-cBeuenue, y storo tuma kanbiura KJI-cBeuenue
orcytcTByeT. CKOpee BCero, KaJlbIUT MEePBOro TUna chopMUPOBAJICS B CAMOM BEpXHEH yacTu
30HBI CyJb(aT-peayKIHud, KOTAa OCaJOK Hayajl MOTPYXaTbCs, TEMIEpaTypa MOBBICHIACH H
WKaWUT CTaJl JeTUIPATUPOBATHCS .

Crnenyrouuii Tun kansiuta (Tun Cal2) oboramen Mg (no 5-7 wt. % MgO), Mn, Fe u
Sr (McLachlan et al., 2001; Teichert, Luppold, 2013; Qu et al., 2017; Mikhailova et al., 2021b),
C BKIIOYCHHWSMH THpuTa (uauomoppueie U (pamboupansueie Kpuctamisl) (Greinert,
Derkachev, 2004; Vasilieva et al., 2021). B usydennbix nceBaoMop}o3ax 3TOMY THUITY
COOTBETCTBYET KalbIHUT C mpumecsiMu ¢docdopa, CcTpoHIus, cepbl, Mapranua (Cal2).
OO6pa3yercsi, MPEANoNOKUTEIHHO, OJHOBPEMEHHO C pPAcmajoM HKaWTa, U3 TMOPOBBIX BOJ,
HaChIIEHHBIX (hochopom, cTpoHimeM, cepoil, mapraniem (Greinert, Derkachev, 2004; Huggett
et al., 2005; Qu et al., 2017). LlemenTanus nceaoMopdo3 U BINaJeHUE MUPUTA TPOUCKXOTUIO
B Oosee riyOOKMX 4YacTsAX 30HBI CyJb(aT-pelyKIUHM IMpH CHIKaroLlelcs OakTepualbHOU
aktuBHOCTH (Krajewski, 2003).

B Bepxuebaitocckux-HmkHebaTckux (ckB.JIemoBas-1), BepxHEroTepuBCcKux (paspes
SAnycowenner, ckB. Dh-2), cpenne-sepxneantckux (ckB. Dh-5) rnengonurax Oblia
yCTaHOBJIEHa JONOJHMUTENbHAs KapOoHaTHas ¢a3a B Bujie cuaepura. B BepxHeOaiiockux-
HkHeOaTckux (ckB.JlenoBas-1), BepxHerorepunckux (paspe3 Anycpoemner, cks. Dh-2) B
BUJIC OTJIETILHOM (pa3bl ObLIT BHISIBIICH aHKEPUT. AHKEPUT U CUAEPUT 00pa3yIOTCs B TOM CiIyvae,
KOTJa aHadpoOHble OAaKTEpHM pazjaraloT OpPraHWYEeCKOe BEIIECTBO, a B IMOPOBBIX BOJAX
IPUCYTCTBYET KeJle30, HIKE 30HBI cynbdar-peaykuuu (Meranorenesza?) (Curtis, 1980, 1995;
Krajewski, Luks, 2003).

Camble mo3nHue KapOoHaTHbIE ()a3bl KPUCTAUIM3YIOTCS M3 OOEJHEHHBIX MarHuem
NOpOBBIX BOA U 3anedarsiBaioT nopsl (Teichert, Luppold, 2013). B u3yueHHbIX TI€HIOHUTAX
HIOpPBI 3aI0JIHEHbl HU3KOMarHe3uanbHbIM KanbiuToM (Cals) 6e3 mpumeceii, kpome 00pasiioB u3
BEPXHET0 TOTEPHBA, B KOTOPBIX TOPHI 3aIMlOJHEHBI JOJIOMHUTOM. J[OOMHUT B TMOpax MOXKET

yKa3blBaTh Ha TO, YTO IJVIGHJOHWUTHl HaxXOJWINCh B 30HE, [J€ aHadpoOHbIE OaKkTepuu
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nepepadaThIBali OPraHUYECKOE BEIIECTBO M O0Opa3OBBIBAIM METaH M OWKAapOOHAT, B
OKpYXaroIIeM pacTBOpe Takxke ObutH pacTBopeHbl Fe, Mg u/unm Mn, mosToMy ocakaeHUE
noiomuTa ctasio Bo3MokHBIM (Curtis, 1980, 1995). Takxe MOKHO TOMYCTUTh, YTO JOJOMHUT
MOT 3aMECTUTh KAJIBIIUT Ha IMO3]JHUX CTAJMSIX JUarcHe3a.

[Tuput ObLT OOHAPYKEH MEXKTy TPAHHIIAMU KPUCTAJUIOB IIEPBOTO  BTOPOTO, BTOPOTO U
NOoCeayIOmUX TUMOB KanbluTa. Cynbua jxenesa npeicTaBlieH Kak B BUJE KPUCTAIJIOB, TaK
u Buae ¢ppambonnoB (pasmep <3 mkm). [Tupur obpasyercst B 60see riIyOOKUX 4acTsIX 30HBI
cyabdar-peayKuun NpH CHIKamomeidl mukpoouansHoit axtuBHOcTH (Krajewski, 2003).
PazButue 310 30HBI BOJIM3H I'PaHUIIBI pa3zeiia BOaa/0ca oK TOBOJIBHO TUITMYHO IS MOPCKHX
0CaJIKOB, OOraThIX opranndeckum BemiecTBoM (Berner, 1985).

B HIKHEKHMMEPUKCKHX TJICHIOHUTAX ObUT YCTAaHOBIICH OAPUT, KOTOPBIH MOKET OBITh
CBHJICTEILCTBOM JIOKAJIBHOTO OKHCIIeHHs MeTaHa OakTepusimu (Derkachev et al., 2000).

@dropanatutr HaONrOMAETCS B BUAC TOHKHX IUICHOYEK, OOpAaCTAIONIMX KPUCTAILIBI
KaJbIIUTAa BTOPOTrO THIIA, OJHAKO, IPOILECC, OTBETCTBEHHBIH 3a €r0 OCAXKICHUE OCTAeTCs
HESICHBIM.

B BepxHEOaTCKMX, CPEIHEBOJKCKHX, BEPXHETOTEPHUBCKHUX M BEPXHEOAPPEMCKHUX-
HWKHEANTCKHUX TJICHJOHUTAX B IICHTPAJIbHOU YacTH rceBaoMopdo3 Ha KJI Mukpockorne Obuin
yCTaHOBJICHBI HEKapOOHaTHbIE (Da3bl ¢ CHHUM CBEUCHHEM. B CKaHMpYIOIEeM MHUKPOCKOIE UX
coctaB coorBercTByeT Al-Si (ase, BO3MOXKHO, KAOJIMHHUT, KOTOPBIM YyCTaHaBIMBAETCA I10
peHTreHoga3zoBoMy aHaiuzy. KaonuHUTOBBIM LeMeHT Obul OOHapyxeH B (oc(opHUTOBBIX
(ropa, cmoit bpenTckapaxayreH) W KapOOHATHBIX KOHKpeUHusx (Men, TOTepuB, amnT) W,
cuuTaercs, 00pa3oBajcs BCIEACTBUE JUATCHETHIECKUX IPOIIECCOB, TPOUCXOIUBIIINX BO BPEMS
noctpanHemenoBoro noAausatus Llnumnbdeprena (Krajewski 2000a, b; Krajewski, 2003).

Pacnipenenenrie mpumeceld B KaNbIUTE TJICHAOHUTOB IMOATBEPXKAAET paHHUE
HAOIO/IEHUs: pa3pyllIeHNe KPUCTAIIJIOB UKaWTa HAUYMHAETCS C BHEIIHUX KPAaeB U MOCTETIEHHO
NpOJIBUTAeTC K MEHTPY, THAe KPHUCTALUIM30BAICS KaJbIUT, HEMOCPEACTBEHHO IIPH
neruapatanuyd  ukauta. IlocnmemoBarenbHble cTaguu  (QOPMHUPOBAHUS KapOOHATHBIX U
HeKapOOHATHBIX (pa3 CBsI3aHBI C MPOJBIKEHUEM TJICHJOHHTOB BIIyOb 30HBI Cynb(har-
penykuuu (Teichert, Luppold, 2013) u, BepositHO, HIKe, B 30HY MeTaHoreHeza (Krajewski,
2003)
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5.4 Pacnpenesienne cTa0MJIbHBIX M30TONOB KUCJI0POAA U YIJIepoaa

W3oTonmHBIN cOCTaB KHUCIOpPOJa B CPEAHCIOPCKUX-HUKHEMEJIOBBIX TJIEHIAOHUTAaX
BapbpUpyeTcs B BepHeOaiiocckmx-HmkHeOarckux 610 or -1.71 1o -3.84%. V-PDB; B
Bepxuebarckux 580 ot -2.77 10 -5.39%0 V-PDB; B kemnoseiickux 880 ot -3.94 10 -4.52%0
V-PDB; B HIKHEKUMEPHUKCKUX 8180 ot -12.67 no -14.7%0 V-PDB: B CPEAHEBOIIKCKUX 5180
oT -1.42 no -4.33%0 V-PDB; B BepXHErOTEpUBCKUX 880 or -1.42 10 -14.8%o V-PDB; B
BepxHebappeMcKUX-HmKHeanTckux 60 or -3.36 1o -3.55%0 V-PDB; B cpenne-
Bepxneantckux (?) §80= -6.27%0 V-PDB; B antckux 880 or -3.94 no -8.11%0 V-PDB; B
anmpOckux 81%0=-4.91%o0 V-PDB.

W3oTonmHbIii cocTaB yriaepoja B CPEIHEIOPCKUX-HIKHEMENIOBBIX TJEHIOHUTAaX
BapbUpyeTCs: B BepHeOaiioccknx-HmkHebarckux 8°C ot -25.4 10 -33.3%0 V-PDB; B HumXHe-
BepxuebaTckux 8°C ot -22.6 10 -24.2%0 V-PDB; B kemnoseiicknx 5°C o1 -25.6 10 -26.1%o0 V-
PDB; B HUKHEKHUMEPHUIKCKHAX S13C ot -14.7 10 -15.9%o V-PDB; B cpelHe-BEpXHEBOIKCKHAX
d13C ot -18.4 mo -25.1%o V-PDB; B HM>)KHETOTEPUBCKUX d13C ot -7 mo -23.7%o V-PDB; B
BepxHebappeMckux-HmkHeanTckux 0=C ot -29.7 10 -30.1%0 V-PDB; B cpenne-sepxne (?)
antckux 61°C=-20.1%0 V-PDB; B antckux 6*3C ot -18.1 10 -28%0 V-PDB; B anpockux 63C=
-19%0 V-PDB. PesynbraThl uccnemnoBanuii mpeacraBieHsl B Tabmune 2. Ha puc. 5.4
MPEJICTABICHBl COOTHOIIEHUSI KHUCIOpOJa W yriaepojaa B TIeHAoHUTax bapeHIeBoMOpcKoro
peruoHa.

N3otomHbIil  cocTaB  KHCIOpPOJa KapOOHATHBIX TMOPOJI OMpenessieTcss (QU3NKO-
XUMHYECKUMH  TlapaMeTpaMH  pacTBopa, reorpauueckuM TMOJIOKeHHeM OacceliHa,
re0JIOTMYECKMMHU U 9KOJIOTHYECKUMHU ycaoBusME cpenibl (Sharp, 2017, Macnos u ap., 2018).

[onyuennsle 3HaueHHs 620 m 8°C eMOHCTPHPYIOT CpPEIHIOI OTPUIATENBHYIO
koppemsumio  (r=  -0.62), kOoTOpyro HE CBsA3aTh C  IOCTCEAUMEHTAIMOHHBIMHU
IpeoOpa30BaHMAMH, B X071¢ KOTOPBIX KapOoHaThl 06eaHstoTCs Kak >C, tak u 180 (IToxpockuit
u ap., 2020). TakuM 0OpazoM, U30TOMHBIN COCTAB KUCIOPOAA U yriepoja COXPaHSIOTCA CO
CTaaui 0CaIKOHAKOIUICHUSI.

[To m30TOMHOMY COCTaBy KHCJIOpPOJa W YTriepoja H3YYCHHBIC TJICHIOHUTHI MOXHO
0OBEIMHNUTE B JIBE TPYIIIEL: MIEpBast IPYIINA XapaKTepU3yeTcs CPaBHUTENBHO BHICOKHMH 8180 n
mmskumu OBC (30Ha cynbhar-penykiuu, SR-30ma) (I Ha puc. 5.4.1), ad BTOPOH TPy
xapakTepHsl Hu3kne 6°°0 u mopsimennble 6°C (30Ha MeraHoreHesa, Me-3ona?) (Il Ha
puc.5.4.1).

Kucnopon riaeHIOHWTOB TEPBOW TPYIIBI MOCTyNal, BEPOATHO, W3 TOPOBBIX BO/I,

HCTOYHHUKOM YIJICpOJa MOCIYXUWJIO paspyHIaromeecsa OpraHn4ceCKoe€ BCHICCTBO. YuuteiBas
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konebanus 3Hauenuit 5:80=2-3 %o V-PDB mns mopckoii Boasr (Kuleshov, 2001), 50 wactn
TJICHJOHUTOB ONM3KM MO COCTaBYy K IOPCKOM MOpckoil Bone. JlanHble merporpadguu u
CKaHUPYIOIIEH DSJIEKTPOHHON MHKPOCKONHMHM YKa3blBalOT HA TO, 4YTO (hopMupoBaHHe
IJIEHOHNTOB MPOUCXOMIO B 30HE CyIb(aT-pepyKIMH, KOTOpas, COINAacHO JaHHEIM o0,
CYILIECTBOBAJIA, [MO-BUAUMOMY, B IPUIIOBEPXHOCTHBIX YCIOBUSX, I1e ObLIT BO3MOKEH OOMEH C
MOpckoi Bomoil. Cxoskee pacmpeneseHHe H30TOMHOIO COCTaBa KHUCIOpOJa M YIiiepoja
MPUBOJIUTCS JJII KapOOHATHBIX KOHKPEIHH M PACCEKAIONINX WX KAIBIIMUTOBBIX TPEIIUH W3
naukn MHHEXBErna cBUTH KapomuHedbemterT (HWKHHI Men, anT-ans0): obenennsii 20,
CUMTAeTCs, BXOAWJI B KPUCTAJUIMUECKYIO PEIIETKY KaJlbliuTa U3 CyiabhaT-uoHa u
opranuueckoro BemecTsa, (8'%0 = or -3.1 1o -6.5%0 V-PDB), yriepox mocrymanm us
OKHMCIISIONIErocsi opranudeckoro Bemectsa (81°C= or -19.7 no -23.4%0 V-PDB) (Krajewski,
2003).

Ko Bropoii rpynme OTHOCATCA HIKHEKUMEPHIKCKHE U  BEPXHETOTEPUBCKUE
TJICHJOHHTHI, JIUII KOTOPBIX XapaKTEpHA IIEMEHTAIUs JOJOMHTOM HW/WIH aHKEPUTOM W/WIH
cunepuroM. [lomoOuple  mMuHepanbHbie  (a3pl  ObUTM  OOHApYXKEHBI  TaKkKe B
MO3JHEIMATCHETUYECKUX [[EMEHTaX KapOOHATHBIX KOHKPEUMHA U3 CBUT ArapadbeiseT
(cpennsist ropa) (Krajewski et al., 2001; Scotchman, 1991), Propukdsemner (HuxHMIA Medn,
pszanckuii-rorepuiickuii stamnel) (Krajewski et al., 2001) u Kaponuuednemter (HIKHUI Med,
ant-anpockue otinoxeHus) (Krajewski, 2003). IIpennomnaraercsi, 4To oOpa3zoBanue 3Tux a3
CBS3aHO C 3aKPBITUEM JIMar€HETUYECKOW CHCTEMbI, YMEHBIIEHHEM aKTUBHOCTH CyIb(har-
peayIUpPYIONUX OaKTEepUil 1 BO3MOKHBIM MEPEX0J0M B YCIOBUS METAHOT€HE3a, IPH KOTOPOM
YTIEPOJ BBIACISETCS BCIECTBHE TEPMAIBHOTO PA3JI0KEHUsI OPTaHMUECKOTO BEIIECTRA.

W30TONHBIN cOCTaB KUCIOPOJa W yriepoja M3yYeHHBIX TIICHIOHUTOB COTJIACYETCS C
M30TOMHBIM COCTaBOM KHUCJIOPOJa W YIJepoJa MEe3030HMCKHUX TJICHJOHHTOB M3 ABCTpaIHH,
Cubupu u HInundeprena (DeLurio, Frakes, 1999; Frank et al., 2008; Teichert, Luppold, 2013;
Grasby, 2017; Morales et al., 2017; Vickers et al., 2018). McTouyHrnKOM KUCIOpPO/Ia CUUTACTCA
CMeIIaHHbIN ncTouHnk, Mopckas Boaa (Teichert and Luppold, 2013, Vickers et al., 2018) u/unu
noctcequMeHTannonHbie Garouasl (Morales et al., 2017; Vickers et al., 2018). 3nauenus 53¢
ME3030MCKUX TIEHJAOHUTOB YKa3bIBaIOT HA TO, YTO YIJepoJ oOpa3yercs B pe3ylbTaTe
aHaspoOHoro oxucnenuss merana (Teichert m Luppold, 2013; Morales u np., 2017),
pasnararorierocss opranndeckoro BemectBa (Vickers u np., 2018; Williscroft u ap., 2017;
Grasby u n1p., 2017a) u cMecH ITHX UCTOYHHKOB.

AHann3 M30TOMHOTO COCTaBa KUCIOPOJa IIUPOKO MPHUMEHSETCS AJIs OmpeesieHuUs
naneoremmneparyp. Mcmons3ys 3Haue€HHS HW30TOIMHOTO COCTaBa KHCIOPOAa KalbIUTa

rnengouutoB, Je Jlypuo k. u @peiikc JI. (De Lurio, Frakes, 1999) Obuin momydeHsl
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TeMrnepaTypbl KpUCTaUIM3aluu KaibluTa oT +12 mo +18°C, uTo BbIIE, YeM TeMIeparypa
KPUCTATU3AIMM HMKAWTa, W MHTEPIPETUPYETCd KaK TeMIepaTypa Cpelbl, B KOTOpPOM
IIPOUCXOMIIO 3aMEIIEHNE UKaUTa KaJIbLIUTOM.

Merton compsukeHHBIX n30TonoB (clumped isotopes A47) miast AByX HMIKHEMEIOBBIX
[JIGHJOHUTOB U3 OTJIOXKEHHH pa3pe3a DecTHUHTEH BBIABUI YpPE3BBIYAIHO BBICOKHE
TemMiiepatypsl, 6osiee +60°C, yTo, CKOpee BCEro, OTpakaeT TeMIEpaTypy HarpeBaHus OCaJIKa,
npousomnieniiee B qua- kararenese (Vickers, 2017).

J1J1s N3y4eHHBIX HAMH HUKHEMEIIOBBIX IJIEHJOHUTOB TaK)Ke OBbUIH MTPOBEICHBI PACUETHI
najgeoTemMrepaTyp Ha OCHOBE M30TOIHOTO COCTaBa Kuciopoja KaibiuTa. s storo Obuio
uCnoiib30BaHo crenyromee ypasaenue: T(°C)= 15.7-4.36(d¢c-0w)+0.12(8c-0w)2, Tre dc - 0180
(PDB) kanbmura, dw - 6180 (SMOW) mopckoii Boast (PDB). Paccuntannsie Temmeparypsl
MpeBBICKHIIM TOKa3aTenu, ykazanuele Jle Jlypuo m @peiikc (De Lurio, Frakes, 1999), u
coctaBUiM UHTEpBaI oT +29 no +38°C (Muxaiinosa u ap., 2021), 4To Takke MOXKET OTpaKaTh
TEMIIEPATYPY CpeAbl BO BpEMs JUarcHesa.

Jst otnoskenuit LlnuiGeprena ObLTH MPOBEICHBI pacyeThl TEMIIEPATYp Ha OCHOBAHUU
M30TOIMHOTO COCTaBa KHCIOpOAa KapOOHATHBIX IIEMEHTOB, CJAralolIMX KOHKPEIHH, U
BMEMIAIOIINX MOpoA U3 CBUT ArapadremneT (cpenuss-Bepxusas ropa) (Krajewski et al., 2001;
Scotchman, 1991), Propukdsemner (Hrmkauil Men, ps3anab-rorepuB) (Krajewski et al., 2001) u
Kaponunedwemner (Huxxuuit men, ant-ans0) (Krajewski, 2003). [{nst paHHeAMareHETUUECKOT0
CUJIEpUTA U3 CPETHEIOPCKUX KOHKPEIUi OBLIM MONydeHbl Temmeparypsl oT +15 mo +25°C,
HIOKHUM TIpesienn OJM30K K TemIepaTypaM, pPacCUYMTaHHBIM [0 PaKOBHUHAM JBYCTBOPYATHIX
MoiuTtockoB (ot +6,5 no +10,1°C; Ditchfield, Harland, 1997) (Krajewski, 2003), HO BbIIIIE
TeMIneparypbl oOpazoBaHus HKauTa. OJHAKO MOJIyYEHHbIE TEMIEPaTypbl COTJACYIOTCS C
neTporpaduyecKuMu HAOMIOICHUSIMHU, TPEANONAralolMMU paHHee OCaXJACHHUE CUIEpHUTa B
OoraTbIX OpraHUKOM Oca/ikax B MPUMIOBEPXHOCTHOM 30He BoccTaHOBNeHUs kene3a (Krajewski,
2001).

Jlnist KanpluTa W3 AMAareHeTHYeCKUX KOHKpeuui u3 cBuThl KaponmHednemrer ObuH
MOJTy4eHbl yke Oosee BbicOkHe TemmepaTypsl oT +35 mo +40°C. IlomoOnas aHoMamws
HAOMIOIaeTCsI BO MHOTHX KapOOHATHBIX KOHKPEUHSX, O0Opa3oBaBIIMXCS B OOraThIxX
OpPraHUYeCKHX BEIIECTBOM INTMHUCTHIX OpOoax. Bricokue TeMIiepaTypsl, MPEIoI0KUTEIBHO,
ABIISIOTCS CIIEJICTBUEM Pa3JI0KEHHUSI OPraHMYECKOIo BEIEeCTBAa, KOTOPBIM CO3AaeT JIOKaIbHBIN
reoxumudeckuit rpaaueHt (Krajewski, 2003).

Jlns Oonee MO3MHUX aHKEpUTAa W JOJIOMHTAa KOHKpEIUil u3 CBUT Arapadbesuier
(cpenssis-BepxHsisl 1opa) U Propukdbemner (HUKHUN Mel, psA3aHb-TOTEPUB) ObUIN MOJY4YEHbI

emie 6osee Beicokue Temmepatypsl (Krajewski et al., 2001; Scotchman, 1991). [Ins ankepura:
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t°C= +70...+100°C, pmusa pomomura: t°C=+70...+90°C. PaccuutanHas TemMmeparypa
00pa30oBaHMs aHKEPUTA COOTBETCTBYET YCIOBHSM, ITPH KOTOPBIX aHUOHBI KAPOOHOBBIX KHUCIIOT,
BBIJICTISIIONINECS]  BCIICJICTBUE TEPMAIBHOTO PA3JIOKCHHS] KEPOTeHa, HAYMHAIOT UTPaTh
3HAYHUTENBHYIO POJIb B COCTaBE MOPOBBIX PACTBOPOB (ITO3AHUHN JHMArcHE3-PaHHUIN KaTareHes)
(Lewan, Fisher, 1994). Onnako riyOMHBI 3aX0OpOHEHUS 3HAYUTEIHHO MPEBBIMIAIOT TE, KOTOPHIC
JIOCTUTAIIMCh BO BPEeMsI WM HEMOCPEICTBEHHO Mociie (OpMUPOBAHUS CBUTHI Arapadberuier.
Bo3MOXxHO, 9T0O MarMatudeckoe COObITHE Ha TPaHUIlEe FOPhI-Mella MOBIHUSIIO HA JIOKAJIbHBIC
TepMUYECKHUE U3MEHEHUs KeporeHa B cBute Arapadsemter (Krajewski, 2001).

W3ydeHHble TICHIOHUTHI OBUIM OOHApY)KEHBI Ha aHAIOTUYHBIX CTpaTHrpaduyecKux
ypoBHSX, uTO U panee uccienoBanubie Kpaescku K. (Krajewski, 2001; 2003) kapOoHaTHBIE
KOHKpEIH. BeposTHO, UTO BBEICOKHE TeMIIepaTyphl, KOTOPHIC OBLIM MOMYUYEHBI TIPU pacdeTax
HaMmH (CM. YpaBHEHUE BBIIIIC), TAKXKE MOTYT CBUJICTEIILCTBOBATh O TEOXUMHUYECKOM I'PAJUCHTE,
BO3HUKIIIEM MPHU TpaHCc(hOopMaIMKU OpraHUYecKoro BeriecTBa. [1o3aHue kapOoHaTHBIE (a3bl B
HIOKHEMEIIOBBIX  DIeHmoHuTax lllmmmbepreHa ykas3plBalOT Ha  TEMIEparypy  Jva-
KaTtareHeTnueckux npeoodpazoanuii (+70...+100°C), mpu KOTOPHIX TPOUCXOIUIIO 3AMOTHEHUE

Iop U IMyCTOT B I'NICHAOHUTAX.
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5"°0, %o (V-PDB)
-16 -14 -12 -10 -8 -6 -4 -2

Mopckas]
goda

1 -10

v |15

CpepgHsisi topa:

B sepxHull 6atoc - HuxHUl 6am (fledosas-1, Jlydnosckas-2)
@ sepxHull 6am (/lydnosckas-1)

@ «ennosell ([lydnosckas-2)

BepxHss topa:
Q HWxHUU Kumepudx (Muknezapdgbennem)
@ cpedHss sonea (Cesepo-MypmaHckas-1)

HwxHWUI men:

sepxHull ecomepus (PecmHUH2€eH)

s8epxHuli 2omepus (SIHycghbennem)
sepxHul bappem-HuxHuUl anm (/ledosas-2)
cpedHul-eepxHuli(?) anm (Dh-5)

anm (Lopoza e Asporopm)

anbb (Jopoza e Asporiopm)

<43 OON D>

SR - 30Ha cynbgham-pedykyusi
Me - 30Ha memaHozeHe3 (Krajewski, 2003)

Puc. 5.4.1. Pacnipenenenne cTaOMIBHBIX U30TOTIOB KUCJIOPOIa U YTIIEPO/ia B TIICHIOHUTAX.
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5.5 U3oTOnmHBII cOCTAaB CTPOHIUA

N3oTOomHBIN COCTAaB CTPOHILMS HW3YYEHHBIX INIEHAOHUTOB cocTtaBisieT (.707020-
0.707132 B BepxHebaiiocckux-HmwkHeOarckux, 0.708261 B BepxueOarckux, 0.707243 B
kesoBeiickux, 0.711894 B HmxHexkumepupkckux, 0.707165-0.710991 B cpenHeBOIKCKUX,
0.707131-0.713818 B BepxHerorepuBckux, 0.707484 B BepxHeOappEeMCKUX-HUKHEANTCKUX U
0.707216 cpenne-sepxue(?)antckux. B Tabmune 3 npexncraBinens! cootHomenus o Sr/%Sr v
CPEIHEIOPCKUX — HIPKHEMEIIOBBIX IVICHIOHUTaX bapeHIIeBOMOPCKOro peruoHa.

CrocoOHOCTh KapOOHATHBIX TIOPOJl COXPAHSATH Sr-U30TOIMHBIC XaPaKTEPUCTUKU
OKpYXaroliei cpebl MO3BOJISIET KOPPENUpOBaTh reorpapuuecky yaajaeHHble APYT OT Apyra
0CaJIOYHbIC TOJIIH, IUIOXO OXapakTepu3oBaHHbIe mnaneoHTosornueckn (KysHenos u ap.,
2012a). Otaomenue 'Sr/%Sr B Bomax MupoBOro okeaHa M B MOPCKHX OCAJKaX SBIAIOTCS
pe3yJabTaTOM CMEIICHUSI JBYX TJ00albHBIX Pa3IMYHBIX TMOTOKOB Sr, MOCTYyHAaIOIUX B
KOHEYHbIE OacceiiHbl cToka. [IepBhiii MOTOK — KOHTUHEHTAIbHbIN, BOZHUKAIOIINN B PE3yJIbTaTe
JNEHYJAlui 3E€MHOM KOpBhl TOBEPXHOCTHBIMH, PEYHBIMH U TMOJ3EMHBIMH BOJAMU U
OTJIMYAOIINICS CPABHUTENBHO BBHICOKUMH 3HAUEHHMSAMH oTHomeHus o Sr/%Sr. Dtu 3navenus
BAPBUPYIOT B MIUPOKUX MPEIeIax U ONPEACNISIOTCS TUIIOM JIPEHUPYEMBIX MOPO/I, 3PEIIOCTHIO
KOpbl BhiBeTpuBaHus u kiumaToM (Kysuernos u np., 2012a). Bropoii mOTOK — MaHTHIHBIN
TUAPOTEPMANIbHBIN TOTOK, KOTOpBI o00pa3yercs Npu B3aUMOJICHCTBUU MOPCKHX BOJ C
OKE€aHUYECKUMH 0a3albTaMH B THAPOTEPMATIbHBIX sTUEUKAX CPEIUHHO-OKEAHUYECKUX XPeOTOB
¥ TIPH SPO3UHN BYJIKAaHHYECKHX 0cTpoBoB. OTHOmeHHE 5'Sr/%%Sr B 3TOM 1MOTOKE 3HAYMTENBHO
HIDKE, YeM B KOHTHHEeHTabHOM cToke (Ky3Heros u ap., 2012a).

CuuTtaercs, 4TO TJICHAOHUTHI MOTYT COXPAaHUTh TIEPBUYHBIN U30TOMHBIN CUTHAN CPEIbI
U MOTYT paccMaTpuUBaThCS B KaueCTBE OOBEKTOB ISl MPUMEHEHHS METOJla CTPOHIIMEBOU
M30TOIHOM cTpaTUrpauu.

HccnenoBanusi U30TOMHOTO COCTaBa CTPOHIMS B TJIGHIOHUTAX JIO CHUX IOP BeChbMa
orpanmdensl. OtHouTerus &'Sr/%Sr yxe GbIIM MOMydeHBI A1 CPETHEIOPCKUX TICHIOHHTOB
Cesepnoit Cubupu (Anabapckas ry6a u M. Keictateim) (PoroB u ap., 2018), 301eHOBBIX
rnenoHuToB Jlarckoro OacceifHa (Danish Basin) (Nenning, 2017), maneoreH-HEOr€HOBBIX
rneranonnToB Caxanuua (Vasileva et al., 2021), rosorneHOBBIX TJIEHAOHUTOB bermoro mops
(Poros u np., 2018; Vasileva et al., 2021).

B BepxHebaitocckux rneHaoHUTax U3 oTinoxeHni Ha M.KeictaTeiM (CeBeprast CuOUph)
saagenns O Sr/%Sr cocrapmaror 0.70687-0.70930, uTo HIKE 3HAYEHHI MOPCKOH BOIBI I
9TOr0 BPEMEHHOTO YypOBHSA. BO3MOXHBIMH TpPUYMHAMH JJII TAaKUX 3HAYCHUNA aBTOPHI

npeanojaratoT cuegyroomue: (1) auareHeTMyeckHe W3MEHEHMs BMEILAIIMX mopon, (2)
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NPUBHOC MaJIOPAIMOTEHHOTO Sr BMECT€ C TEPMOTCHHBIM METaHOM TIIyOMHHOTO
MPOMCXOXKACHUS BO BpeMs TpaHC(POPMALIMU UKAUTa B TVICHAOHUT, (3) MOCTYIJICHUE B CUCTEMY
«MOJIOJIOI» MOPCKOW BOJIBI P TpaHC(HOpMAIIUN UKaUT-KaJdbIUT. BepxHebaiiocckue-0aTckue
TJICHAOHUTHI M3 AHabGapckoil TyObl, Ha00OpOT, OBUIM B MEHBIICH CTENICHU 3aTPOHYTHI
TIOCTCEIMMEHTAIMOHHBIMI M3MEHEHHAME U T103ToMy o' Sr/%®Sr amamornunsr Mopckoit Boze
(Poros u ap., 2018).

B sonenoBsix rnenaonntax Jarckoro 6acceitna (Danish Basin) 8/Sr/%®Sr uzmepsmuce
JUIst pa3HBIX TeHeparmii kansiuta (Nenning, 2017). Jinst nepBoii remepamuu kanbimra & Sr/8Sr
cooTHomenue Bapsupyer ot 0.70773-0.70774, must Bropoii reHeparmu 'Sr/8Sr = 0.70773-
0.70775, nns Tpethbell TeHeparmu °'Sr/%Sr = 0.70773-0.70782. IlomyueHHble 3HAYEHMS
M30TOITHOTO COCTaBa CTPOHIIHS HIKE MOPCKOM BOJIBI PAHHETO J0IIEHA, TIPUYEM B HEKOTOPBIX
o0pa3iax TpeTbs TeHepalus KalblUTa COBHANACT CO CTPOHIIMEBON HM30TOIHOW KPHUBOU
MOPCKOH BOJIBI, a B HEKOTOPBIX MOKa3biBaeT Bhicokue o Sr/®Sr. B nanHoii paboTe aBTOpHI
MPEIOIAratoT, YTO COJIEBBIC PACTBOPHI TOBJIHSITN HA M30TOITHBIM COCTaB CTPOHIIUS B KAJIBIIUTE
nceBaoMopdo3; MCKIIoUnB 3T0 BiusHue, o Sr/%Sr, B memom, cosmamaer ¢ 8Sr/%®Sr mopckoit
BOJIBI, TIOBBIIeHHE °'SI/®Sr B MO3AHMX TeHepanMAX KambIUTa OOBACHAETCS NPHBHOCOM
MOPOBBIX BOJI, 00orameHHbIX cTpoHieM (Nenning, 2017).

JIns maneoreH-HeoTeHOBBIX TVICHIOHMTOB ocTpoBa Caxamms °/Sr/%®Sr = 0.707086-
0.708811, 4yro B 3HAUWUTENbHOW CTENEHU HMKE, YEM Yy OJHOBO3PACTHBIX KapOOHATOB.
[Ipeamnonaraercsi, 4To0 MPUBHOC peKaMU OOJOMOYHBIX M BYJKAHOTEHHBIX MOPOJ MPHUBEN K
Hm3kuM °'Sr/%Sr B rnenoruTax (Vasileva et al., 2021).

Usotonusie otHOmeHuss °/Sr/®Sr B rTomoreHoBRIX TIieHgOHMTaX bemoro Mops
BapbupytoTcs B npenenax 0.70913-0.70930, 6iu3kue Kk Sr-oTHOLIEHUSIM B MUpPOBOM OKeaHe
(Poros u ap., 2018; Vasileva et al., 2021).

CoxpaHHOCTh M30TOIHOIO COCTaBa KapOOHATHBIX MOPOJ 3aBUCUT OT KOHIIEHTPALUHU
crponrus. [Ipu coaepsxanuu Sr >300 Mxr/r otHOmeHus &' Sr/%®Sr MoryT otnmuatses Ha 0.0001,
mpu St =130-300 mMxr/r — Ha 0.00015, 4TO CuUTaeTCs CyIIECTBEHHBIM /I XeMOCTpaTurpaduu.
Kap6onatasie mopoasl, coaepxkamme Sr<130 MKr/r xapakTepusyroTcs OONbIIHM pa3zdpocom
BemmuuH 5'Sr/%Sr (Tokposcekuit u ap., 2020). B U3yueHHBIX HAMHM TJICHIOHHTAX COAEPIKAT
Sr=300-3100 MKTI/T, 9TO MO3BOJISIET CYNTATH UX MPUTOIHBIMHU JJISI XEMOCTPATUT PAHH.

Otnomenne 2'Sr/%®Sr n3ydennsix rmeHaoHNTOB Konmebnercs B amamaszone 0.707132-
0.713818. 7 u3 17 u3y4eHHBIX 06pA3LOB UMEIOT HOBHIIIEHHBIE &' SI/%Sr, uem y Mopckoii Boab!

B CpeHEN rope-paHHeM Meny (puc.5.5.1).
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0.7140
0.7130
0.7120
0.7110
0.7100
0.7098

0.7082

0.7080

0.7078

0.7076

0.7074

0.7072

0.7070

0.7068

CpepaHsisa topa:

B sepxHuli 6adoc - HuxHuli 6am  (/ledosas-1, Jlydnosckas-2)
@ sepxHul 6am (/Tydnosckas-1)
@ «ennoeell (/lydnoeckas-2)

BepxHss topa:
@  HUXHUL Kumepudx
@® cpedHsas eonza

(Mukneesapdgpbennem)
(Ceeepo-MypmaHckas-1)

HwkHUin men:

200 190 180 170 180 150 140 130 120 110

B sepxHul 2comepue (SHycepbennem, Dh-2, Dh-4-1,
DecmHuHaeH)
Gen [Typ|Kn @ sepxHull bappem-HuxHul anm  (/ledosas-2)
100 90 80 70 mnwner @  cpednui-sepxHuil(?) anm (Dh-5)

Puc. 5.5.1 Ornomenne %'Sr/%®Sr m3yueHHBIX TiIeHZOHHTOB BapeHIIEBOMOPCKOrO peruoHa

(Wierzbowski et al., 2017).

[puunna noBsmIenHsX o' Sr/%®Sr moka He sicHa. Bo-TiepBhIX, cadas MONOKUTEIbHAS

Koppensus oTHomeHus °/Sr/%®Sr ¢ momeit HepactBopuMmoro ocamka (r=0.6), Moxer

CBHUACTCIILCTBOBATH O TOM, HYTO KaJbLUUT HU3YUYCHHBIX TIJICHAOHUTOB

paauoreHHbIN 87Sr M3 MIMHKUCTHIX

KOHIIGHTpaIusM  Sr,

CBOMCTBEHHBIM JUIsI MOPCKOH

MOI' 3aMMCTBOBATb

MHHCPAJIOB. O,I[HaKO 9TO IIPpOoHECC IMPOTUBOPCUYUT BBICOKHM

Boabl (Puc.5.5.2). Bo-BTOpHIX,

HCGB)IOMOp(bOSBI CJIOKCHBI B PA3JIMYHBIX COOTHOLICHUAX KaJIbIIUTOM H/Anu JOJIOMHUTOM,

AHKCPpUTOM, CUACPUTOM, YTO MOTI'JIO CTATh HpH‘IHHOﬁ BBICOKHX 87Sr/868r.

0.715 A
0.714 1
0.713
0.712 -
0.711 1
0.71
0.709 -
0.708 -
0.707 -

Sr/*Sr

0.706 T T
0

1 I I I 1 I
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HepacTtBopuMbIi ocTaTok, %

Puc.5.5.2. 3aBucumocts otHomenus 8'Sr/%8Sr ot monu mepacTBOpUMOro ocraTka.
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ITo coorHomenuam pacnpenenenuii o' Sr/%Sr ¢ §3C u §'®0 (puc.5.5.3) m3yuennble
IJIEHIOHUTH 00beUHSIOTCS B 1B rpynmbl: | — ¢ nuskumu 5°C, 87Sr/%Sr u ricokumu §180, 11
- ¢ Beicokumu 83C u 87Sr/%%Sr u Bappupyromumuca §80. Mex iy snauennavu 8 Sr/%Sr u §13C
yCTaHOBJIGHA ciabasi TonoxuTenbHas koppemsuus (r=0.46), &Sr/Sr n 880 - cmabas
orpuuarensHas koppensauus (= -0.41). IIpeanonoxurenbHo U3yyaemble TJI€HJOHUTHI ObUIH
c(OpMHPOBAHBI B PA3ITUYHBIX T€OXUMHUYECKIX 00CTaHOBKAX, YTO OTPA3HIOCh HA W30TOITHOM
cocTtaBe CTpoHIMA. B mepBylo rpynmy BXOOIT BepxHeOalloccKue-HIKHEOATCKUE,
KeJuloBelickue, cpenHeBobkckue (1 00p.), BepxHeOappeMcKue-HUKHEANTCKue, CpeaHe-
BEPXHEANTCKUE TJIeHJOHUTBI, KOTOpble 00pa30BaINUCh B OCAAKE, HACBIIIEHHBIM OPIraHUYECKUM
BEILECTBOM M B3aMMOJECHCTBYIOIIMM C MOPCKOM BOAOW. KO BTOpOH rpymme IVIEHIOHUTOB
OTHOCSITCSI HI)KHEKMMEPUKCKHE, cpelHeBOIKCKUE (1 00p.) U BEpXHErOTEPUBCKUE arperarsl,
(dopMHpOBaHHE KOTOPBIX MIPOUCXOANIO 0€3 BIUAHUSA MOPCKOH BO/IbI, B O0Jiee MIyOOKUX CIIOSIX

oCaJlKa € y4aCTHUEM ITOPOBBIX BO, 0601"aI_HeHHLIX paauOréHHbIM CTPOHIITUEM.
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Puc. 5.5.3. Kosapuaruu (a) orHomenuii 8'Sr/%Sr u §1°C u (6) orromennii 8'Sr/®Sr u 5180.
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5.6 I'eoxuMuYecKkasi XapaKTePpUCTUKA IJIEHAOHUTOB

B cpenneropckux-HUKHEMEOBBIX INIEHJOHUTAX ObLIN OnpeiesieHbl KoHIeHTpaun Ca,
Mg, Mn, Fe u Sr (Tabauua 4). ComepxkaHusi 2IEMEHTOB B M3yUEHHBIX 00pa3Iax COCTaBIISIOT:
Mg B cpenneropckux: 2734-6993 wmkr/r; B BepxHeropckux: 3088-25457 wMkr/r; B
HIKHEeMeoBBIX: 1195-10722 Mkr/T; Fe B cpennetopckux: 1492-14991 MKr/T; B BEpXHEIOPCKUX:
357-67933 wmkr/r; B HIKHeMenoBbIX: 1462-250269 mkr/r; Mn B cpennetopckux: 100-2215
MKI/T; B BepXHEIOpCKHX: 36-763 MKr/r; B HWwKHeMenoBbix: 250-2305 wMkr/r; Sr B
cpeaneropckux: 300-2400 mkr/r; B BepxHeropckux: 1100-1400 mxr/r; B HIskHeMenoBbIx: 900-
3600 wmxkr/r. Koppemsimuum MeXay CcoAepKaHHEM HEepacTBOPUMOTo ocagka W Fe m Mn
ycranoBieHo He Obuio (r=0.05 u 1=0.08, cooTBeTcTBEHHO), HO AN Sr (r= -0.5) xapakTepHa
cnabas orpunarenbHas koppensuus (puc.5.6.1). Ilpupona Beicokux koHueHtpauuii Fe u Mg
OblJIa YCTAaHOBJICHA C TOMOIIBIO CKAHUPYIOIIETO 3JIEKTPOHHOTO MHKPOCKOIA (MOapoOHOE
onucanue cM. riasy 5.3): Fe BcTpeuaeTcs B Tex nceBaomMopho3ax, KOTOphIe BKIIOYAIOT B ce0st

AHKCPUT, CUACPUT, JOJIOMUT WUJIHA ITUPUT, Mg TAK¥KE aCCOUUPYET C JOJIOMUTOM.
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Puc.5.6.1. CooTHOIIEHHE HEPACTBOPUMOTO OCTAaTKA U COJEPKAHUI PaCCEIHHBIX 2JIEMEHTOB B

CPeIHEIOPCKUX-HIKHEMENOBBIX TIeHaoHuTax: (a) Fe, (6) Mn, (B) Sr.

21.]'[51 TOr0 YTOOBI YCTaHOBHUTHb, YYAaCTBOBAJIU JIM OSIIUICHCTHYCCKHUEC PACTBOPLI B

obpazoBanuu niceBaomMopdos, Obutm paccuutanbl kKodGdunmentest Mg/Ca, Mn/Sr u Fe/Sr
(Veizer et al., 1983; Derry et al., 1992; 'opoxoB u ap., 1995). [1ns nopos, KOTOpbie B MEHbIIIEH

CTCIICHU HE B3aUMOJCHCTBOBAIM C OJIHICHETUYECKHUMU pacTBOpamMu, MPUHHUMAIOTCA
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creayromue moporossie 3HadeHus: Mg/Ca <0.024, Mn/Sr <0.2, Fe/Sr <5.0 (Brand, Veizer,
1980; KysnenoB u ap., 2012). JIns W3y4eHHBIX TJICHIOHUTOB OBUIM TMOJYYCHBI 3HAYCHUS,
XapaKTepu3ylomuecss CUiIbHBIM pa3dpocom. Kpome toro, Toimpko y 10 oOpasumoB Bce
paccunTaHHble Kod(h(dUIMEHTa MPOJEMOHCTPUPOBAINA 3HAUYEHUS, KOTOpBIE NPUHUMAIOTCS
TUMIUYHBIMU JIJIS1 IOPO/JI, B 00pa30BaHUU KOTOPHIX HE YYaCTBOBAJIU SMUTEHETHYECKUE (DIIOUIbI
(Tabnuma 4):

Mg/Ca B cpenneropckux: 0.01-0.03; B Bepxuerwopckux: 0.01-0.24; B HHIKHEMEIOBBIX:
0.01-0.13;

Mn/Sr B cpeaneropckux: 0.08-1.17; B BepxHeropckux: 0.03-0.69; B HHIKHEMETIOBBIX:
0.1-1.9;

Fe/Sr B cpenneropckux: 1.1-37.15; B Bepxuewpckux: 0.32-61.76; B HIIKHEMEIIOBBIX:
0.7-95.86.

Psinom aBTOpOB OTMeuaeTcs HEOMHO3HAYHOCTh ATUX KPUTEPHEB ISl YCTAHOBJICHUS
ponu nuareresa B hopmupoBanuu mopo. [Ipessimenue moporoseix 3nauennii Mg/Ca, Mn/Sr,
Fe/Sr He Bcerna siBisieTcsl ClIeiCTBUEM IUAreHEeTHMYECKMX NpeoOpa3oBaHUIl MU MOKET ObITh
CBSI3aHO C YCJIIOBUSIMH CpeJIbl OCaKOHAKOIUIEHU, Korga Mn u Fe BX0OJIAT B KpUCTAJUIMYECKYIO
pemietky Ha craguu ceauMmeHrtauuu (cMm. Ilokposckuit u np., 2020). Pa3dpoc 3HauyeHwuit
koap¢punmentoB Mg/Ca, Mn/Sr, Fe/Sr B n3y4eHHBIX TIJI€HIOHUTAX, BEPOSITHO, 00YCIIOBIIEH
HEOJJHOPOAHBIM MUHEPAJIbHBIM COCTAB TJICHIOHUTOB (KaJIbLUT, aHKEPUT, CUJIEPUT, TOJIOMUT)
(cM. TmaBy 5.3). Koppensmuii MesxIy OTHOMIEHHAMH 371eMeHTOB U 3HadeHneM 580 ot Fe/Sr u

Mn/Sr, 83C or Fe/Sr, Mn/Sr u St ju1st n3ydeHHBIX 00pa3noB He Habmoaaercs (puc.5.6.2).
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Puc.5.6.2. Koppensuus otHomenuit Mn/Sr u Fe/Sr, u conepxanus Sr ot 3Hagenuit 5°C, 580

B I'NICHAOHUTAX.

@®opmupoBaHue OOJBIIMHCTBA BUIOB KapOOHATHBIX KOHKPEUWH TPOUCXOANUT B
HEeIUTH(UIIMPOBAHHOM OCaJIKe Ha CTaausX paHHero auarenesa (Lash, Blood, 2004; Ky3ueros
u 1p., 2012). PanHequareneTndyeckue mpeoOpa3oBaHus Cpelbl MPOUCXOAAT B OMPEICICHHBIX
WHTEpBaJIaX TEMIIEPATyp U JABJICHHM, IPU U3MEHEHUH (PH3UKO-XUMHUYSCKUX TTapameTpoB (pH-
Eh). B ocaake, oboramnieHHOM OpraHUYECKHM BEIIECTBOM, PaHHEIUATCHETHIECKUE TTPOIIECCHI
KOHTPOJIMPYIOTCS ~ JKU3HEAEATENbHOCTbIO  OaKTEepHif, KOTOpBIE  CIIOCOOHBI  yNalATh
pPacTBOPEHHBI KHCIOPOJX W pas3jlaraTh OpPraHMYecKOoe BELIECTBO, IOMYTHO o00pa3ys
YIJIEKUCHBINA Ta3, MeTaH, cepoBosopoa u Bogopon (Kysuernos u np., 2012). MccnenoBanue
BapHalMii XWMHYECKOTO COCTaBa IIOPOBBIX BOJ TO3BOJIIN BBIICIUTH HECKOJIBKO
TeOXUMHYECKHX (OMOTeOXMMHUYECKUX) 30H QopMupoBaHus kapOonatoB: (1) a’poOHOTO
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okucneHus, (2) mepexomHas (cyOokcuaHas) / 30Ha BoccTaHoBieHuss Mn, (3) 3o0Ha
BoccraHoBieHus Fe, (4) cynbdar-penykunu u (5) meranorenesa (Curtis, 1980, 1995):

1) 3ona aspobHoc0 oKucieHuss pacnoiokeHa OJMKe BCEro K MOBEPXHOCTH BOJA-
0CaJI0K, €€ MOILIHOCTh COCTAaBJISIET OT HECKOJIbKMX MIIJIMMETPOB JI0 MEPBBIX CAHTUMETPOB.
30Ha HachIllleHA CBOOOJHBIM PACTBOPEHHBIM KHCIOPOAOM, TJIABHBIM IPOLIECCOM SIBIISICTCS
MUKpOOHaIbHOE OKUCIIEHUE OPTaHUYECKOr0 BEIIECTBA C 00pa30BaHUEM OMKapOOHAaT-HOHA.

(2) Ilepexoonas (cybokcuonas) 30na / 30na 6occmanosnenuss Mn pacnoiiokeHa Ha
OPOTSKEHUH JIBYX-TpeX JECSATKOB CAaHTUMETPOB OT TPaHULBI BOJA-0CAIOK. 3JIeCh
MPUCYTCTBYET TpexBajieHTHoe Fe u Mn, mostomy KaiabIUT, cOOPMHUPOBAHHBIN B 3TON YacTH
ocazka, oboramen Mn u obexnen Fe.

3) B 30mne 6occmanosnenusi Fe TtpexBaneHTHOoe Fe BoccTaHaBimMBaercs 10
JIBYXBaJICHTHOT'O U OTCYTCTBYET CEPOBOAOPOJ, MOATOMY KaIbIHT, CHOPMUPOBAHHBIN B ATOU
YyacTH ocajka, oooramieH Mn u Fe.

4) 3ona cynvpam-pedykyuu XapakTepH3yeTCs aKTHBU3AIMEH aHa’pOOHBIX
OakTepuil. 37echb OTCYTCTBYET pACTBOPEHHBIM KHUCIOPOJ, BMECTO HEr0 pPas3jIokKEHHUIO
nojBepraercs cyinb(ar-uoH, B pe3yJbTaTe YEro IMOpPOBbIE BOJBI 0O0OTaIlalOTCI HOHAMU
OoukapOoHaTa, BoJgopona U cepoBojopona. Eciu B ocagke MPUCYTCTBYET >KENe30, OHO
OCaXXJ1aeTCsl B BUJIE METACTaOMIBHOTO THPOTPOMILIUTA, a 3aTEM MPEBPAIIACTCS B MTUPUT WIH
Mapka3uT. bukapOoHaT-uOH B3aMMOJIEUCTBYET C pacTBOpoM ¢ noHamu Ca, Mn, Mg, oOpasyst
HU3KOXKEJNE3UCThIN KanblUT. [ TyOuHa 3T0i1 30HbI Konebnercs ot 1 1o 10 m.

(5) B 30me memanocenesa anHa’poOHBIE OakTepUu pa3iaraloT OpPraHUYecKoe
BEIIIECTBO ¢ 00pa3oBaHueM OnkapOOHAT-MOHA U MeTaHa. Eciu B ocajike mpuUCyTCTBYET JKeJe3o0,
TO OHO BCTYIMAET B PEaKIMIO ¢ OMKapOOHAT-HOHOM, B pe3ysbTaTe 4ero o0pa3yroTcsl CUJIEPUT
WM aHKepHT. [ TyOrHa 3TON 30HBI OrpaHUYMBAETCS KOJIMYECTBOM OPTaHMYECKOTO BEIIECTBA,
nocTymHoro ansi OakrepuansHoro paznoxenus (Curtis, 1980; Kysuenos u ap., 2012; Smrzka
et al., 2020).

JlaHHasT TEOXMMHYECKas IIOCIECAOBATEIFHOCTh MOXKET OBITh HCIOJIb30BaHA IS
OTHCAaHUS TMPOLIECCOB, B PE3yibTaTe KOTOPHIX ObUTH CHOPMHPOBAHBI TIIEHIOHUTHL. MOXKHO
nonaratb, yTo Fe, Mn, Sr, Mg BolTu B KPUCTANIMYECKYIO PELIETKY TJICHAOHUTOB Ha CTaIUU
ux oOpazoBanus. bonbmras vacts nceBromMopdo3 chopmupoBanack B 30He BoccTaHoBIeHus Fe-
CyIb(aT-peayKIHn, O YeM CBUICTEILCTBYIOT MMPUMECH XKeJle3a B KalIbIIUTE U MUPHT. B TO ke
BpeMs y 0cajika, BEpOsTHO, CYIIECTBOBaI OOMEH ¢ MPUOHHON BOJOH, O UeM CBUIETEIbCTBYET
[EMEHTAIMs] HU3KOMAarHe3MaIbHBIM KallbIIMTOM M TIOBBIIICHHBIE KOHIEHTpauuu Sr. B
BEPXHEOAMOCCKUX-HIDKHEOATCKNX,  CPEIHEBODKCKUX(?), BEPXHETOTEPUBCKUX, CpeIHE-

BCPXHCANITCKUX TJICHAOHHWTAX HEMCHTAIUA 3aKOHYHIIACh B 30HC MCTAHOI'CHE3a, IMOCKOJIBKY
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3/1eCh OOHApY)KUBAIOTCSI AHKEPUT, CHUAECPUT U JOJOMHUT. Takum o00pazoM, TJIEHJOHUTHI
00pa30BaIMCh B YCIOBHSX, TOXOKUX HA JAUAr€HETHYECKUE, a He OJIM3 MOBEPXHOCTH, a 3aTeM

MMPETCPIIC/IN HAJTOKCHHBIC U3SMCHCHUS.
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5.7 Peako3eMeabHbIE DJI€MEHTHI

I'pynma penko3emensHbIX 3nemeHToB (P3D) coctout m3 nerkux (JIP3D), cpemnux
(CP33) u Tsxensix (TP3D). K JIP3D otHOCAT 3memenTst oT La 10 Nd, CP33 — ot Sm no Dy,
TP3D — ot Ho mo Lu. K 3TuM simementam Taxoke goOasisieTcs Y, 3aHUMAIOIIUN ITO3UIIMIO
Mexay Dy wum Ho. Ilonyuennbie konueHntpamuu P30 Obutn HOopMupoBaHbl Ha PAAS
(mocrapxeiickue aBcTpanuiickue ciaanisl /Post-Archean Australian Shale) (Taylor, McLennan,
1985). Pesynbratel npeacraniensl B Tabiuie 5. CriekTpbl pactpeaeieHns KoHneHTpamnuii P39
OBLTM BBIHECCHBI Ha rpaduK U MPUBEACHBI HAa puUC. 5.7.1 My cpeqHe- U BEPXHCIOPCKHUX M Ha
puc. 5.6.2 nna HuxHeMelnoBbIX. CymMMapHbie KOHIIeHTpauuu P39 B riIeHI0HUTaX COCTABIISIOT
1.43-21.53 ppm s cpenHeropckux, 3.35-7.46 ppm nis BepxHeropckux, 0.2-34.55 ppm ais
HUKHEMEIIOBBIX.

s ompeneneHus oOeAHCHUS WM OOOTaleHUs] KapOOHATOB JICTKUMU, CPEAHUMH U

TsoxenbiMu P30 Obitn ucnosnbs3oBansl Gopmyssl (Gu et al., 2019):

JIP3D/TP33 = Prn/Yhn,
JIP3D/CP3D = Prn/Thn
CP35/TP3D = Tbn/Ybn

Cpenne-BepxHeOpckue riaeHaoHuTh 0oennensl JIP3D ornocurensno CP35 u TP3D
(0.36-0.77 u 0.40-0.80 cOOTBETCTBEHHO), B TO BpeMsl Kak HIKHEMeJI0BbIe oborareHs! JIP3D
otHocutenbHo TP33 (0.43-1.53 1 0.39-1.02 cooTBeTcTBEeHHO). BCee 00pasiibl — cpeiHeopcKue,
BEpPXHEIOPCKUE U HIKHEMeNoBbIie — oborameHsl CP33 otnocutensno TP3D (1.09-1.46, 0.68-

1.09 1 0.99-2.91 coOTBETCTBEHHO).

Ce- u Eu-anomaius paccuutansl o popmyram (Tostvein et al., 2016):
Cesn/Ce*sn = Cesn / Prsn?/Ndsn

Eusn/Eu*sn = 2*Eusn / Smsn + Gdsn

3HaueHusl paBHbIe equHUIE (=1) ompenensoTcs Kak OTCYTCTBUE aHOMalui, OOJble
eauHUNBl (>1) — TONMOKUTENbHAs, MeHbIle enuHulbl (<1) — orpunarenpHas. Jlms Bcex
IJIEHJOHUTOB XapaKTepHa mosiokurenbHass Eu-anomamus (1.02-2.69, cpeanee 1.27), uyTh
Oosee BbIpakeHHass y HmKHeMmenoBbIX (1.02-2.69), m orcyTcTByeT WM ciabo BbIpa’keHa
nonoxkurenbHas Ce-anomanust (0.62-1.64, cpeanee 1.05). OtpunarensHas Ce-aHomanus

yCTaHOBJIEHA B HI>KHEKUMEPHIKCKUX oOpa3nax (0.62) u He Habmronaercst B Bovkekux (0.87-
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1.15). B amxHemenoBbix TieHaoHUTaX Ce-aHOMaHsl OTCYTCTBYET, JIMOO ci1abo BBIpakeHa
(0.84-1.64).
Otnomenus Y/Ho B rnenponutax B cpeaneopckux 23.81-50 (cpemmee 35), B

BepxHeropckux 36.67-65.22 (cpeanee 51), B HIvkHEMeNoBbIX 23.53-59.26 (cpennee 37).
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Puc. 5.7.1. Pactipenienenue u cofepKaHue peIKo3eMeIbHBIX JIEMEHTOB: a) B IOPCKUX

IJIEH/I0HUTAaX, 0) B MEJIOBBIX TMIEHIOHUTAX. 3Ha4eHus1 HopMupoBaHbl Ha PAAS - Post-

Archean Australian Shale.
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Pacnipenienienrie  penko3eMeNbHBIX AJIEMEHTOB HCHOJIBb3YeTCS ISl PEeKOHCTPYKLUUU
¢u3uKo-reorpadUecKux U T€OXUMHUYECKUX OOCTAHOBOK CEIMMEHTOreHe3a (OTHOCHUTENbHAs
riyOuHa GacceliHa, OKUCIUTEILHO-BOCCTAaHOBUTENIbHBIC yeinoBus u T.1.) (Trotter et al. 2016;
Allwood et al. 2010, 2018; Zhao et al., 2021). Penko3zeMenbHbIE JIEMEHTHI UMEIOT CXOXKHE
paanychl C painyCcoOM KaJbIUsl M 3aMELIAIOT €r0 B KPUCTAJUIMUECKON pelieTke KapOOHaTHBIX
muHepasioB. Konnentpanuu P33 He monmaroTcs BIUSHUIO TUAr€HETHYECKUX (PIIFOUIO0B, B TOM
quclie TPU PACTBOPCHHUH-TIEPEOCAXKICHUN Oojee CTAOWIBHBIX MUHEPATbHBIX (OpM U
nosiomutr3aiuu (Banner et al., 1988; Webb et al., 2009, Tostvein et al., 2016).

XapakTep cnektpa pacnpenenenus P30 B kapOoHarax, BOZHHMKAIOMIMX U3 MOPOBBIX
pacTBOPOB, 3aBUCUT OT MHTEHCUBHOCTU IPOLIECCOB PA3JIOKEHUSI OPraHUYECKOIro BEIIECTBA,
BOCCTaHOBJIEHMsI MOHOB MapraHina (Mn**) u xenesa (Fe*'), a Ttaxke pacTBOopeHUS U
MEPEOTIIONKEHUS IIMHUCTBIX YaCTHUI] Ha paHHUX dTanax nuarenesa (Pattan et al., 2005; Zhao et
al., 2021). [annple mporiecchl CIOCOOHBI TOBBINIATH KOHIEHTpauuio P3D B mOpoBbIX
pacTBopax myreM oborameHus TsokensiMua P39 u cpexanmvu P30 (Zhao et al., 2021).

[Tonorue cnextpbl P3D 00OBIYHO CBUIETENBCTBYIOT OO0 YCIOBHUAX HMXKE TPaHUIIbI
paszena BoJa-0caJoK Ha Ha4allbHBIX 3Tanax quarene3a. OpraHnueckoe BeECTBO UTPAET POJIb
OCHOBHOTO UCTOYHHMKa P33 B yCIOBHSAX HU3KOIO COAEPKAHUS KUCIOPOIA WM €ro MOJHOTO
orcyrctBus (Sholkovitz et al., 1992; Arraes-Mescoff et al., 2001; Zhao et al., 2021). [Iporeccbr
pa3pylIeHUs] OpPraHun4ecKoro BeIecTBa MPUBOIAT K IO3TATHOMY OCBOOOKI€HHUIO J1eTKux P30,
3areM cpeaHux P30 u tsokenbix P33. D10 KoMmeHcupyeT obOoraiieHue MOPCKOM BOJbI
TsokensiMu P39, co3naas miockue npodpuiu P32 + Y 6e3 BbpakeHHOM 1iepreBoil aHoManuu
(Chen et al., 2015; Zhao et al., 2021).

B ycrnoBusiX, pPOMEXYTOUYHBIX MEXIYy OKHCIMTEIbHBIMH W BOCCTaHOBHTEIHHBIMH,
KapOOHATHI OTIIMYAIOTCS MOBBIIIEHHBIM CO/IepKaHieM cpeHUX P33 1o OTHOIIEHUIO K JIETKUM
u TsoKenbiM asieMeHTaM («KMREE-bulge»). Bo3moxkHbIe TPUUUHBI 3TOTO SBJICHUS BKIIIOYAOT:

1. [Iputox mopckoi Boawl, conepsxkamiei cpenuue P30 (Lécuyer et al., 2004;
Zhang et al., 2016);

2. Ancopbuuio cpennux P390 okxcumamu xene3a u mapranua (Haley et al., 2004;
Kim et al., 2012);

3. Nancop6rmro nerkux P33 okcumamu mapranna u Tsokenbix P30 okcumamu

JKele3a, OCTaBJISIONIYI0 OpOBBIe BOJBI oborameHHbiMu cpennumu P39 (Haley et al.,

2004);
4. Paspymenne gochaTHbIX MUHEpaOB, coaepxkanux cpennue P33 (Hannigan et
al.,, 2001);
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5. Kpucrannmzanuio HOBBIX MHUHEpaldbHBIX (Da3, BOBIEKawIIyr cpeanue P30
(Zhao et al., 2021).

B GeckucnopoaHbIx cpeaax (30HbI CyibaT-peAyKIMH ¥ METAaHOTHE3a) mpeodiaamaet
oOoramenue TspkensiMu P30, mpoucxopsiiee B pe3yibTaTe AETpajallud CHUIMKATHBIX
MHHEPAJIOB M MOYTH TOJIHOTO passIoKeHHUs1 opranndeckoro BemiectBa (Wallmann et al., 2008;
Schacht et al., 2010; Scholz et al., 2013; Soyol-Erdene and Huh, 2013).

Pacnipenenenne penkoseMenbHbIX 3ieMeHTOB (P33D) B M3ydeHHBIX TJIEHIOHUTaX
XapaKTEePU3yeTCs HE3HAYMTENIBbHBIM TpeBbllieHneM cpeauux P30 (CP3D) mam nerkumm
(JIP3D) u tsoxensivu (TP3D), a Takxke nposinenneM Heboabimoro «MREE-bulge» (mokansHOE
noseimieHne yposusi CP3D) (Haley et al., 2004; Kim et al.,, 2012). Dto yka3biBaeT Ha
¢dopmupoBaHue rceBAOMop¢0o3 B CYOOKCHIHBIX YCIOBHSIX, COTPOBOXKIABIINXCS PA3I0KECHHEM
opranuyeckoro BemiectBa (Zhao et al., 2021). Uetko BbIpakeHHas uttpueBas aHomanus (Y),
BEpOSATHEE BCEro, BO3HUKAET BCIEACTBHE NPOHUKHOBEHUS MOPCKOW BOJBI B 00JACTh
dbopmupoBanus riaeHI0HUTOB. CooTHOMmEeHHEe Y/HO B M3ydeHHBIX 00paslax B I[EJIOM HUXKE,
YeM B HEHW3MCHCHHBIX MOPCKUX KapOOHAaTax, dYTO MOJATBEPKIACT JAHATCHETHYECKOE
npoucxoxaeHue ncesgoMopdos. Hebomnpias nmonoxxkurensHas eBpornueBas (Eu) anomanus,
BO3MO>KHO, BO3HHKJIA H3-32 PACTBOPEHUS MOJIEBBIX IIMATOB, CIAral0IINX BMEIIAIONINE TOPO/IbI
(Tostvein et al., 2016; Gong et al., 2017; Zhao et al.,, 2021). [Tomy4eHHbIE pe3yIbTATHI
MOATBEPKIAIOT paHee ClIeJaHHbIE BHIBOJIBI: MCEBIOMOP(O3bI 00pa30BAIKNCH B 30HE Cyb(hat-

peaAyKIuu, OJIM3KO K T'paHHUIIC pa3[ciia BOAa-0CaA0K, KyJia MOI'JIa IPOHUKHYTb NPUAOHHAA BOAA.
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I'naBa 6. Moneanb ¢gopMHUpPOBAHUSA IJIEHAOHUTOB

[IpoBeneHHble HCCIEIOBAHUS MO3BOJIWIN JETAM3UPOBATh MEXaHU3M O0pa3oBaHUs
CPEIHEIOPCKUX-HIDKHEMENIOBBIX TICeBAOMOP(}H03 B bapeHIIeBOMOPCKOM peruoHe. AHamu3
M30TOMHO-TEOXMMHYECKOTO  COCTaBa  TJICHJOHUTOB IO3BOJIUJ  YCTAHOBUTH  yCIIOBHUS
dbopmupoBaHus TmceBIOMOP(O3, a MPUMEHEHHE METOJOB KaTOJOJIOMHUHECLIECHIUN U
CKaHUPYIOIIEH  DJIEKTPOHHOM  MHKPOCKONMHMHM  JaJl0  BO3MOXHOCTb  OIpPEAEIUTh

MMOCJICIOBATEILHOCTh U CTAIUIHOCTD X O6pa3OBaHI/I$I.

Hesonanvnole enenoonumoi

CornacHo JaHHBIM, TOJYYEHHBIM II0 KaTOJOJIOMUHECIICHTHOW M CKaHUPYIOIIEH
DIIEKTPOHHOH  MHKPOCKONHH, O0pa3oBaHHE BEPXHEOAWOCCKUX-HIDKHEOATCKUX  (Kpome
ckB.JIenosas-1), BEpPXHEOATCKUX, KEJJIOBEHUCKHUX, HIDKHEKHMMEPUDKCKHUX,
BepXHeOappeMCKUX-HUKHEANTCKUX TJIEHJOHUTOB MPOU30ILI0 B TpH 3Tama (puc.6.1), B TO
BpeMs Kak BepxHeOalOCKHe-HM)KHEO0aTCKue, BEPXHETOTEPHBCKHE, CpelHEe-BEpXHEANTCKHE
TJICHJOHUTHI C(HOPMUPOBAINCH B YETHIpE dTama (puc.6.2).

Ha mnepBoHayanbHOM »3Tane M3MEHEHMsS (PU3MKO-XMMHUYECKHUX IapaMeTpoOB CpeIbl
CHOCOOCTBOBAIM JIerUpaTaliuy ukanuTa. [IoCKoIbKy U3yUeHHbIE IIIEHIOHUTHI IEMOHCTPUPYIOT
XapaKTepHyI0 KaruleBHJHYIO0 (guttulatic petrology) cTpyKTypy, MOXHO MpPEAINOJIOKHUTh, YTO
UKauT IIEPBOHAYAIIFHO TPAHC(HOPMHUPOBAJICS BO BATEPUT U/MIIM MOHOTHUAPOKAIBIIUT, & 3aTEM —
B KajbUUT. Takas mocienoBaTelbHOCTh NMPEBPAIIEHU OTpa)kaeT MpPOLECChl JeruapaTaluu
MKauTa ¥ COIPOBOXKAAIOIIEE UX YMEHBIIEHHE 00beMa KPUCTAJUIOB BCIIEJICTBUE MIOTEPU BOJIBI.
Kaneuut nepsoro tuna (Call) Mmoxxer paccmarpuBaTthesl Kak nepBasi (aza, oOpazoBaBLIasiCs
M0CJI€ yAIeHUsI CTPYKTYPHOU BOJIBI U3 UKaUTA.

MOXHO TPEINONI0KNATh, YTO OJHOBPEMEHHO C JeTHApaTalvell HKaWTa Hadalach
LEMEHTAIMs 1ceBIoMOop(h03 HU3KOMarHe3naabHbIM KanbuuToM (Cal2), uto cnocoOcTBOBAIO
COXPAaHEHMIO XapaKTepHOM HUCXOAHOM Mopdonorun. SpKo-opaHKEBOE U OpaHKEBOE
KaTOJOJIOMUHECIIEHTHOE CBEYCHHE, HAIW4Yhe KPUCTAUIOB muputa (B TOM YHCIE
bpaMOONTATHFHOTO) MEXIy KpPUCTAJUIAMH KaJIbIIUTa TEPBOTO M BTOPOTO THUIOB W/WIIN
UCKJTIOUUTENIFHO MEX1y KPUCTaJUIaMU BTOPOTO THIIA, a TAKXKe MpHUCyTcTBUE pumeceit Mg, Fe,
Sr u P B kanpIMTe BTOPOTO TUIA YKA3BIBAIOT HA TO, YTO IVIEHJAOHUTHI MOTJIM ()OPMHUPOBATHCS B

30HE CyJIb(aT-peIyKINH.
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[Ipenmnonaraercs, 4To 30Ha Cyab(haT-peIyKIUHU pacrosaraiach BOJIM3U rPaHUIIbI BOJa—
0CaJI0OK. DTO 3aKII0OUYEHUE OCHOBAHO HA JBYX HAOIIOJCHHSIX: BO-TIEPBBIX, KAIBIIUT BTOPOTO
TUTA O0OTAIlleH MarHueM, KOTOPBIA, BEPOSTHO, MOCTYyNAI W3 MPHUIOHHBIX BOJ; BO-BTOPBIX,
MeXly KpUCTalIaMU KaJbI[UTa IEPBOT0 U BTOPOTO TUIIOB BBISIBICHBI BKIIOYSHUSI TUPUTA, YTO
XapakTEPHO JIJIs 0CAJKOB, 000TallleHHBIX oprannyeckuM Berectsom (Berner, 1985; Krajewski,
2003).

[Tocmeqnue dTambl IIEMEHTAMA BEPXHEOAMOCCKUX-HIDKHEOATCKUX (KpOME CKB.
JlenoBasi-1), BepxHEOATCKUX, KEJUIOBEHCKHUX, HIKHEKMMMEPHUIKCKHUX, BEpXHEOAPPEMCKHUX-
HUKHEANTCKUX TJICHAOHUTOB MPOUCXOAMIN B HIDKHUX YacTSIX 30HBI CyNb(haT-pelyKIuu Mpu
CHIDKAIONIEHCS MUKPOOHAIbHON aKTUBHOCTH. Ha 3TO yKasbIBaroT, BO-TIEPBBIX, IPUCYTCTBHE
KPUCTAJUIOB MUPHUTA MEXKIY KPHUCTAIJIAMU KaJbI[MTa BTOPOTO M TPETHErO THIA, BO-BTOPBIX,

HU3KHE COepPKaHMsI JKene3a U MarHus B KanbluTe TpeThero tuna (Cal3).

NKanNT o
Cal1 —
Cal2 —
Cal3 ~— o
t<7°C

ebicokuil pH ? 30Ha cynbgham-pedykuuu

Puc.6.1. CramguifHOCT, ¥ yCJOBHSL 0O0pa3oBaHUs HE30HAIBHBIX BEPXHEOAHOCCKUX-
HIDKHEOATCKHX (xpome CKB. Jlenosas-1), BEpPXHEOATCKUX, KEIOBEHCKUX,

HUKHCKUMMCPUZKCKUX, BerHe6appCMCKI/IX'HI/I)KHeaHTCKI/IX TIICHJOHUTOB.

Jlisa BepxHEeOalOCKUX-HIKHE0ATCKUX, BEPXHETOTEPUBCKUE U CPEIHE-BEPXHEANTCKUE
[JIEHJIOHUTHI IIEMEHTAlMsl IOPOBOTO IMPOCTPAHCTBA MPOXOJUIO HECKOJIBKO HHUXKE 30HBI
cynb(haT-peyKIuu WK B CaMbIX BEPXHHUX YacTAX METaHOTeHe3a, MO0 Mpoiis cTaiuio, Ha
KOTOpPOM YacTh OpraHUKH pacliervisuiach 10 OWKapOoHAaTa W MeTaHa. OTOT BBIBOJ
MOATBEPXKIAIOT OOHAPY)KEHUE CPEeNM KPHUCTAJIOB KajbIUTa BTOPOTO THUIA W BOKPYT HHUX
JOTIOTHUTETIFHBIX KapOOHATHBIX MHUHEPAIOB — aHKEPUTA U CUIEPUTA, XapAKTEPHBIX HMEHHO

Ui yciaoBuii metanorenesa (Curtis, 1980, 1995; Krajewski, Luks, 2003).
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MKaAUT ——o
Cal1 —
Cal2 —
Ank/Sd/Dol —
Cald —o
t<7°C
ebicokull pH ? 30Ha CP ? 30Ha MemaH-3a

CP - cynbham-pedykyuu

Sk s . .
Ank/Sd/Dol - aHkepum/cudepum/donomum

Puc.6.2. CraguiiHocTh U ycnoBusi oOpa3oBaHMs HE30HAIBHBIX BEpXHEOANOCKHUX-

HI/I)I(He6aTCKI/IX, BCPXHCTOTCPUBCKUX, CPCAHC-BCPXHCANTCKUX INICHIOHUTOB.

HYCTOTLI, COXpaHUBHINUECA B BerHe6aTCKI/IX, CPCAHCBOJDKCKNX, BEPXHCTOTCPHUBCKUX U
BerHe6appeMCKO-HI/I)KHGaHTCKI/IX ICHAOHWUTAX, BEPOATHO, OBLIM 3aI0JHEHBI KAOJUHUTOM

M03XKe, BO BPEMsI [TO3THEMEIIOBOTO MoabeMa Tepputopun Llnumbdeprena.
3onanvhbie enenooHumbl

ITomumo O6I)I‘~IHI>IX, BHYTPCHHEC OJHOPOAHBIX I'TICHAOHWUTOB, B UCCIICAYCMOM PCTrUOHC
TaKXe BBISBICHBl MAaKpO30OHAIbHBIC TIceBIOMOpP(}O3bl. KX XapakTepHCTHKH, BKIOYAs
0COOCHHOCTH KaTOI0TIOMHUHECIIEHTHOTO CBEUECHHUS U TEOXUMUYECKHI1 COCTaB, B IIEIOM CXOJHBI
¢ oOpa3maMu, WMEIOIIMMHU HE30HaJIbHOE CTpoeHHne. OCHOBHOE pasiMyhe 3aKI04aeTcs B
pacnpeneseHny KajabluTa IepBOro U BTOPOIro TUIIOB BHYTPHU MCEBIOMOPPO3.

KanpiuT mepBoro Tuma KOHIIEHTPUPYETCS B IIEHTPATbHON 4YacTH MCEBAOMOP(}O3HI U
«3amedaraH» HH3KOMarHe3WalbHbIM KalbIIUTOM BTOPOTO THUIMA, COAEPXAIIUM MPUMECH
docdopa, cTpoHuMs, cepbl M MapraHia. B HampaBieHun K TepuUEPUHHBIM YaCTIM
HCCBI[OMOP(bO:%I)I KaJIbIUT MEPBOTO U BTOPOT'O THIIOB IMPOAJOIZKAIOT PUTMHUYHO Y€PEAOBATHCA,
IpU 3TOM HEOOJbIIKME MYyCTOTHI M MOPHI  TMOJHOCTBHIO 3alOJTHEHBl HU3KOMAarHe3MalbHBIM

KanpIIUTOM TpeTbero tuma (Cal3).

Mexaau3m O6paSOBaHI/I$I 30HAJIBHBIX TJICHAOHUTOB ITOKAa OKOHYATCJIIbHO HE BBISICHCH,
CYHICCTBYCT TPU 'MIIOTE3bI 06’LSICH$[IOH_II/IC 30HAJIbHOC CTPOCHUC HCGBI[OMOP(I)OS:

1) 30HAJIbHOCTb TJICHAOHUTOB 00BsICHSIETCS NpUCYTCTBUCM HpHMCCCﬁ OpTraHu4YeCKOoro

Marc€puajla M TJIMHUCTBIX MHUHEPAJIOB, a TaAKXE€ HCPABHOMCEPHOCTHIO IIpoIeEcca

kpuctaunaeckoro pocra (Huggett et al., 2005);
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2)

3)

00pa3oBaHuUE TIICHIOHUTOB MIPOXO/IUIIO B TEMITEPATYPHBIX M TCOXUMUYECKHUX YCIOBHSX,
CXOKHX C YCJIOBHSAMH CTaOMJIM3alMd HMKauTa. [IOBEPXHOCTHBIE CJIOM KpHCTaa
HOIBEPTarOTCs MIOCTENIEHHOM Jerpajaiu, Oyydr MEHee YCTONYHUBBIMH, B TO BPEMSI
Kak sapo coxpansercs HeusmenusiM (Vickers et al., 2018);

POCT KPHCTAUIOB MPOUCXOMMI TOCIOWHO, MOCIEIOBATEILHO CO37aBasi 30HBI OT
[CHTpaJIbHOW YacTH K mepudepun. IIpy 3TOM OJHOBPEMEHHO (OPMHUPOBAIICS
BTOPUYHBIA KaJIBIMT BTOPOrO THIIA HAJ CBEKHUMH CIOSMH KAJIbI[UTA IEPBOTO THIIA.
Yacrota W aMIUIMTyAa KOJEeOaHW TeMIepaTypbl M XHMHYECKOTO COCTaBa CpEJbl
ONpE/IEIIIA ~ UTOTOBYIO ~ CTPYKTYPY  KpUCTala:  YETKOE  BBIJCJICHHE  30H
CBHJICTEIBCTBYET O HHU3KOW CKOPOCTH IMPEOOpa3oBaHUsA W YMEPEHHOM KOJIE€OaHUH
YCJIOBHii; OTYETIMBOE pa3[cliCHHE sifpa U Kpas HaOII0MacTCs MPH MPOMEKYTOYHBIX
M3MEHEHUSX; [TOJIHOE OTCYTCTBHE MaKpPO30HAIBHOCTH BO3HUKAET BCIIEACTBUE OBICTPOI

noaHoi Tpanchopmaruu. (Vickers et al., 2018).

BeposiTHO, 4TO 30HaNBHAs CTPYKTypa TJIEHAOHUTOB HACIEAYETCs OT HKauTa, y

KOTOpOTo MoAoOHasi CTpyKTypa ¢opmupyetcs 01aroaapsi akTHBHOCTH MUKPOOPTaHU3MOB.

HaI/IJ'IyLIH_II/IM IpUMEPOM MOTYT CIYKUTb UKAUTOBBIC KOJIOHHBI B 3aJIUBC I/IKKa'(DBOI),Z[

(I'pennanaust). HaOmroneHus MOKa3bIBAIOT, YTO UKAUTOBBIE KOJOHHBI 00J1a/1al0T OTYETIINBON
30HAJILHOCTBIO, CXOKEH ¢ TakoBOM y apeBHUX riaeHaoHutoB (Hansen et al., 2011; Trampe et
al., 2016) (puc.6.2). KononHoOOpa3Hbie CTPYKTYPbl BO3HUKAIOT BCIICACTBUAE B3aHMMOICHCTBUS
MOPCKOW BOJIbl C BBICOKOUIEIOYHBIMU MCTOYHHKaMU. LleHTpasibHas 4acTh KOJOHH CIIOXKEHa
MOHOTHIPOKAJIBIINTOM C HEOOJIBIIION 10JIel KaJblUTa U aparoHUTa, TOT1a KaK BHEIIHUE CIIOU
COCTOSIT IPEUMYIIIECTBEHHO U3 MKauTa. HOBBIH cil0l nKanuTa B HacTosIiee BpeMs GopMupyeTcs

npsMO MOoBepX MOHOTruapoKkanbluTa (Stockmann et al., 2022) (puc.6.3).
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Puc.6.3. Pa3zpes kononnsl ukauta u3 3ainuBa Mkka-dropa: ikaite - ukaut, monohydrocalcite -

MOHOTOUIPOKATBIUT (Stockmann et al., 2022).

XoTs B HacTosIee BpeMs HaOJI0JAeTCs TEHACHIUS MOBBIMICHUS TEMIIEPaTypHl,
MKAaUTOBBIE KOJIOHHBI COXPAHSIOT CBOIO 1IETI0CTHOCTD. [Ipennonaraercs, 4To KItOYEBYIO pOJib B
3alUTe KOJOHH OT Pa3pyLIMTEIbHOIO BO3JIEHCTBUS BOJH M KOJIEOAHUH TeMIlepaTypbl UTpaeT
crenududeckoe cooOmecTBO (OTOCHUHTE3UPYIOIIMX OPTaHU3MOB — [HAHOOAKTEepUi
(Synechococcales, Chroococcales, Nostocales, Oscillatoriales, Pseudanabaenales) wu
nuatoMoBbIX Bogopocieit (Cryptophyta, Haptophyceae, Stramenopiles), BbisiBicHHOE Kak
BHYTPH caMUX KOJIOHH, Tak M B KpucTajuiax ukaurta (Hansen et al., 2011; Trampe et al., 2016)
(puc.6.4-6.5). MHUKPOCKOIMYECKOE  HCCIICJOBaHUE  OOpa3lloB  HWKaWTa, a  TakKxke
MaKpOCKOIIUYECKOE HAONIOICHUE IMOMNEPEYHbIX CPE30B KOJIOHH IOKa3ajo, YTO KPHUCTaJUIbI
MKauTa MOKPBITEl OMOMIeHKON (puc.6.4). BHOIIeHKH mpeAcTaBiIsIoT cOO0H MHOTOCIOWHBIE
KOMILIEKCBl ~ MHUKPOOPIaHU3MOB,  IMOKPBITBIE  CIM3HCTBIM  CJIOEM  SK30IOJUMEPOB.
DK30I0JIMMEPBI  SBIISFOTCS  KOMIUIEKCHBIMU  TIOJTMMEPHBIMH  BEIIECTBAMH, BBIICISIEMBIMH
MUKpPOOPTraHM3MaMHi B OKPY’KaIOIIyI0 Cpeay, KOTOpble OOECHeunBalOT BBDKUBAHUE U
aJlalTallfio B CypOBBIX YCIOBHSX OKpyskatoieit cpens (Trampe et al., 2016). He uckitodeno,
4TO OMOIIJICHKH, 00BOJIAKMBAIOIINE KPUCTAJIIBI HKANUTa, 3alIUIIAIOT KOJOHHBI B Mkka-Dropae
OT paspyuieHus npu ysenuueHuu temmeparypsl (Hansen et al., 2011; Trampe et al., 2016).
Kpome Toro, ©Ha mnoBepxHocTH KOJOHH B HWkka-®popae HaAOMIOMAIOTCS  KOPKH
KaTbIU(DUIUPYIOIINX BOJOPOCIEH, KOTOpble, KaK CUYUTAETCS, TaKXe CIOCOOCTBYIOT

npeoTBpalieHuto pa3pyeHus koioHH (Dahl, Buchardt, 2001).
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Puc.6.4. ®ororpadus xpucramuia ukamta (A), BKIIOYAIOIIEr0 HUTYATHIE ITUAHOOAKTEPHH
(Trampe et al., 2016) u u300paxkeHHe KPUCTAIJIOB MKAWTa B CKAaHUPYIOLIEH 31€KTPOHHON
MuKpockonuu (b), MOBEpXHOCTh KpUCTAJIOB (PKENTHIM IL[BET) MOKPBITa IIMAHOOAKTEPHUSIMU
(3eneHbIi IBET), KJICTKAMU OaKTepHii (PO30BBIH 1IBET) U OMOILICHKOM/3K30M0IMMepaMu (CephIi

uget) (Trampe et al., 2017).

Puc. 6.5. ConocraBienne 30HaJbHBIX TJIEHIOHUTOB W3 ckB.JlemoBas-1 (BepxHuii Oaitoc-

HUOKHHM 0aT) (A) 1 MKauToBBIX KOJIOHH U3 3anuBa Ukka-dvopa (b) (Trampe et al., 2016) u (B)

MKaUTOBBIX KOJIOHH 13 3anuBa Ukka-Oropa B 2007 r. (Hansen et al., 2011).

B nenmom, B M3y4eHHBIX MaKpO30HAIbHBIC TJICHJOHUTHI MMEIOT CXOJHOE CTPOEHHUE
MKaUTOBBIMH KOJIOHHAMU C OTUETIMBOM 30HaIbHOCTHIO B MKkKka-Dropre.

Takum 00pa3oM, MOXHO MPEINONIOKUTh CXOJHBIA MeXaHu3M (OPMHUPOBAHUS
M3YYEHHBIX MaKpO30HAJIbHBIX TJIEHAOHWTOB. Hu3kue TemmepaTypbl M COOTBETCTBYIOLIAs
reoxuMHuyYeckass OOCTaHOBKAa CO3JaBald OJaronpuATHbIE YCIOBUS IS KpPUCTALTU3ALUU
uKkauTa. B nanpHeieM Temmeparypa, BEpOsSTHO, Kolebanack okoyio +6 °C WM HEMHOTO
BBIIIE, YTO MOIJIO MPUBECTH K YACTUYHOMY pa3pyLICHUIO KPUCTAIIOB HMKauTa. OIHAKO

OKpYy’Karoliasi TeOXMMHUYECKast CpeJia CIIoCOOCTBOBaIa aKTHBHOMY Pa3BHTHIO OaKTEpHATLHOTO

105



coo011ecTBa, COPMHUPOBABIIETO MPOYHYIO W OTHOCHUTEIHHO IUIOTHYIO OWOIUIEHKY BOKPYT
KPUCTAJIJIOB. DJTa IUIEHKA NPENSATCTBOBAJIA UX PA3PYLICHUIO U MO3BOJIMIA UKAUTY COXPAaHUTh
CTaOMIIBHOCTB B YCJIOBHUSAX KPATKOBPEMEHHOTO MOTEIICHUSI.

[Ipu noHmxeHnu TeMieparypsl HUKeE ~+6 °C HOBBIM UKAUT KPUCTAIIIU30BAJICS TOBEPX
chopMupoBaHHON OuorieHkU. LleHTpasibHas 4YacTh arperaToB CO BPEMEHEM IIperepresna
NpeBpalieHHe B MOHOTHIPOKAIBLHUT, a 3areM — B KaiubluT. [lo Mepe crabunmzanuu
TEeMIeparypbl JHUOO TOCTEIIEHHOTO MOTPYKEHUs Ocagka OHOIUIeHKAa IOABEpIiach
Kanpu(UKALUY, 3aMelasch CHadajda HU3KOMAarHe3MaJIbHBIM KajbI[UTOM, HE CBS3aHHBIM C
NEPBUYHBIM  MKaWTOM (HampuMmep, OCaXJIEeHHBIM M3 pacTBopa), a 3aTeM —
HU3KOMarHe3uayibHbIM KajpiuroMm (Cal2). B pesynprare cam MKauT OBUI TOJIHOCTBIO

npeoOpa3oBaH B KAIBIUT (puc. 6.6).

a)
mmmm 6uonneHka MIK - moHoz2udpokansyum
6 ) nKaunT
MI'K —
Cal1 —9
Cal2 ———9
Cal3 —
t<7°C
8bICoKul pH 30Ha CP
—>

CP - cynbgpam-pedyrkuus
Puc.6.6. CraguifHOCTh U ycloBHUsS 00pa30BaHUs 30HAIBHBIX BepXHEOalOCKUX -HUKHEOATCKHUX,
BEPXHETOTEPUBCKHUX, CPEIHE-BEPXHEANTCKUX ITIEHJOHUTOB: @ — CXEMAaTUYECKOE N300pakeHNe
pocTa 30HaJIbHBIX UKAUT/TIEHAOHUTOB; O — MOCIEA0BAaTENbHOCTh IPEOOPa30BaHUsl UKaUTa B

TJICHAOHUT U COOTBETCTBYOIINC UM MUHEPAJIBHLIC (1)3.3191.

[IpemyioxenHas MOACIb MOATBEPKIACTCS CASAYIOIIMMHU HAOIIOACHUSIMHU.

Bo-miepBbIX, CTpykTypa 30HAIBHBIX TICEBAOMOP(HO3 XapaKTepusyeTrcss TeM, YTO
OUepTaHUS 30H TOYHO U PUTMHYHO MOBTOPSIIOT (hOpMY IIEHTPAIBHOTO sifipa. BeposiTHee Bcero,
no0OHBIN y30p copMHUpOBaH OakTEepHSIMH WM BOJOPOCISIMH (MO0 MPOIYyKTAMHU HUX
KU3HEACSITEIIBHOCTH ), KOTOPBIE 00Pa30BBIBAIIN CIUIONTHOM CJI0M BIIOJIh BHEIITHEH TOBEPXHOCTH
KpPHUCTAJIJIOB.

Bo-BTOpBIX, HanWuuMe TEMHBIX BKIIOYEHHH BO BHEIIHUX O0O0JI0YKaX H3yYEeHHBIX

TJICHAOHUTOB MOXKET CBUACTCIILCTBOBATDH O IMPUCYTCTBUH YACTUL] OPTraHUYCCKOI'O BCIICCTBA.
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B-Tperbux, Ha moBepxHOCTU KOJOHH B Mkka-pbopae HaOmoAamuch BOAOPOCIIEBBIE
u3BectkoBbie Kopku (Dahl, Buchardt, 2006), yTo mo3BoJisieT mpeanoiarath UX COXpaHCHHUE U B
U3yYCHHBIX TJICHIOHHUTAX.

B-uetBepThiX, B 3amuBe bpancuig Obul  0OHapyKeH MKauT, CoAepKamiui
OpPraHMYECKOE BEIECTBO, MPEACTAaBICHHOE KOMOMHALIMEH aMHUHOKHCIOT — acHapariHOBON
(Brirovast [(-amaHWH), TIYTAMUHOBOW KHCIOT W TJHIMHA. JTOT HA00p aMUHOKHUCIIOT
XapakTepeH Ml OMOTHYECKUX TKAaHEH, CEKPeTHPYIOIUX KapOOHAT KalbLus, a TaKKe IS
OpPraHUYECKUX COCAMHEHUMN, CIOCOOCTBYIOUIMX OCAXACHUIO HEOPTaHWYECKOro KallbLUTa W3
Mopckoit Boabl (Whiticar et al., 2022).

Haxonku mkauTa, copepikamero OpraHMuecKue KHCIOTHI, MO3BOJIIOT MPEAIoaraTh
y4acTHe MHUKPOOPTaHHW3MOB W/WJIM OWOIUIEHOK B €ro (OpMUPOBAHHH, YTO OOBICHSET
HaOMOlaeMble  MHUKPOCTPYKTYpHbIE — 0cOOeHHOCTH. CneioBarenbHO, B  HM3yYEHHBIX
[JICHJJOHUTAX, BEPOATHO, MPUCYTCTBOBAIM MHUKPOOPTaHU3Mbl HIIM OMOIUIEHKHU, CIIOCOOHBIE

BBIJICJIATH KapOOHAT KAJIBIUS B (HOPMUPOBATH U3BECTKOBBIE KOPKHU.
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I'naBa 7. I'1eHAOHUTHI KaK HHIUKATOPbI MAJTCOKIUMATHYCCKHUX 00CTAHOBOK

Hazzeozeoepaqbuuecxue yciaosus u 0bcmanosxu 0CAOKOHAKONNEHUS.

B cpenneii rope-paHHeM Mely H3ydaemas TEPpPHUTOpPHUS pacrojarajach Ha CEBEpO-
3amaHoi okpamHe EBpasuiickoii minThel, okono 60-63° cesepnoii mmpotsl (Torsvik, Cocks,
2017). Permon mnpexactaBisui coOOW KPYHHBIM SIMUKOHTHHEHTAJIBHBIH MOPCKOW OacceiH
(Dypvik et al., 1991; Henriksen et al., 2011; Mitkandal et al., 2020) (puc.7.1).

Puc. 7.1. Ianeoreorpaduyeckas xaprta ApPKTUKH B paHHeMy Meny. M3ydaemblii peruoH

BkitouaeT B ce0s1 nundepren (Lnm) u bapenueso mope (BM) (GPlates ¢ usmeneHusimn).

B Gare-kennoBee Ha UCCiIeayeMON TEPPUTOPHUH PACIIOArajcs MEJIKOBOIHBIN Oacceiiy,
C AHOKCHUIHBIMH YCJOBHSIMH B ero Ooisiee riyOokoBomubix uactsx (Harland, 1997).
['my©0oK0BOAHBIE YyUACTKU XapaKTEPU30BATUCH TPAKTUUECKH MOTHBIM OTCYTCTBHEM KHCIOPOIa
(Dypvik et al., 1991, 1992) (puc.7.2).

B no3aueit 1ope Bech nccneayeMplid pailoH ObLT MOKPHIT MOPCKUM 0acCeHOM, OCaJKU
dopMHpOBaTMCh B YCIOBHSX OTKPBITOrO Mopckoro mrenbda (Dallmann, 1999).
OTIUYUTENBHON 4YepTOW OTIIOKEHUU SBISAIOTCS BBICOKHE KOHIICHTPAIUM OPraHUYECKOTO
BEIIeCTBa U HU3Kasi CKOPOCTh cequMeHTarnu. OcaJKOHAKOIUIEHHE MPOUCXOIUIIO0 B ITUPOKOM
CHEKTpe 0OCTAHOBOK — OT MEITKOBOHBIX /IO TITyOOKOBOJHBIX MOPCKHX 30H C TIYOHMHAMH 10
200 metpoB Ha 3HaumrTenbHOM Tepputopuu (Grundvag et al., 2019). Ha teppuropuu apx.
[nundepred  oTiIOXKeHUS  (HOPMHUPOBAIMCH HA  OTKPBHITOM MOPCKOM  mienbde, B
CITa0OKHUCIOPOIHBIX UM OECKUCIOPOIHBIX BOAAX, C OTPaHUYCHHBIMHU YCIOBUSIMHU MPUTOHHOTO
BomooOMeHa. Bocrounass wacte bapeHieBa Mops  XapakTepu3oBallaCh  IIUPOKHUM
pacrpocTpaHeHHEeM TITyOOKOBOJIHBIX MIETh(POBBIX YYaCTKOB C 3aCTOMHBIMHA TPUIOHHBIMHU

Bomamu (Cycnona, 2021) (puc.7.2).
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HauwnHas ¢ cepeiHbI BOJITH HAMEYAETCs pErpeccus, B pe3ysibTaTe KOTOPOl K 6appemy
YCIIOBHS OCAJIKOHAKOIIJICHUS MEHSIOTCS C MOPCKHX Ha HPUOPEKHO-MOPCKHE U JEJIbTOBBIC
(Dypvik et al., 1991, 1992; Dallmann, 2015; Grundvag et al., 2019). ITux perpeccuun
NPUXOJHUTCS HA paHHEANTCKoe Bpems. PaHHeanTckue OTIOXKEHHS (OPMUPOBAINACH B
CYOOKCHTHBIX YCJIOBUSIX, C TOCTYIJICHHEM OOJIBIIOTO KOJMYECTBA HA3EMHOTO OPraHHYECKOTO
BemiectBa (Dallmann, 2015; Grundvag et al., 2019) (puc. 7.2). B cpeanem anre-panHeM anb0e
HaOsromaeTcst HoBbIM TpaHcrpeccuBHbI nuka (Nagy, 1970; Dypvik, 1991; Koevoets et al.,
2016; Grundvag et al., 2019; Midtkandal et al., 2020). IIporecc cequMEHTAIIUH TPOUCXOTUIT
IJIaBHBIM 00pa3oM B OacceifHe ¢ XOopolmed a’pamueil ¥ BBICOKHMM YPOBHEM COJCpKaHUS
kucinopoaa. OTHoXeHHS  CpeaHEeanTCKOro-albOCKOro  Bo3pacta CPOPMHUPOBAIHNCH B
HePEXO/HBIX YCIOBHAX OT OTKpBITOro menbda k npudpexkasM (Nagy, 1970; Dypvik, 1991,
Koevoets et al., 2016; Grundvag et al., 2019; Midtkandal et al., 2020).

B MenkoBOIOHBIX MOpPCKHX OacceiiHaX TEMIIEpaTypHBIH peXHM OOYCJIOBJICH
reorpaduyecKor MUPOTON OacceiiHa — MPEUMYIIECTBEHHO €r0 MECTOIOJIOKEHUEM BBIIIE
npuMepHo 60° ceBEepHOM WM IOKHOM WIMPOTHL, a TaKKe HMHTEHCHUBHOCTBHIO COJHEYHOMN
uHcosinuu (puc.7.2). TemnepaTypHblii pexkuM coBpeMeHHoro bapeniieBa mopst hopmupyercs
10JT BO3JICUCTBHEM JBYX KJIFOYEBBIX (DaKTOPOB: aJIBEKIUECH BOJ M3 COCEIHUX BOIOEMOB U
B3aUMOJICHCTBUEM C BO3AyLIHOM cpenoit (Cucrema bapenuesa mops..., 2021). Temneparypa
MOBEPXHOCTHBIX BOJ] B 3UMHHE MecCsIIIbl (MapT-Maii) cocraisieT -2°C...+6°C, B eTHHE MECSIIIbI
(uronb-centsiOpp) 0...+12,5°C  (Cucrema bapenneBa wmops..., 2021). Pacnpenenenue
TEMIEPATypbl MO BEPTHKAIU TaKXe OOYCIOBIEHO TEPMHUUYECKUMHU YCIOBUSMHU, XOTS U C
HEKOTOPOW  CTENEeHBbI0  CBSI3aHO €  IUIOTHOCTHBIMH  XapaKTEPUCTUKAMH  BOJIBI
(I'mnapomereoponoruss u runpoxumuss mopeit CCCP, 1990). Ha rny6une 100 m u y ana
TeMIeparypa B 3UMHHE Mecsipl (MapT-Mai) coctaBiser -2°C...+6°C, B JeTHHE MeCSIIbI
(uronb-ceHTs0pH) -2...+8°C (Cucrema bapeninena mops..., 2021) (puc.7.2).

W3ydeHHbIe FOPCKO-METOBBIE TJICHAOHUTHI CBHIETEIBCTBYIOT, YTO TEMIIepaTypa
MPUAOHHBIX BOJ Haxoawiaack B nuama3one ot 0 1o +7°C, a mockoabKy OHU (hOPMHUPOBAIIUCH B
MEJIKOBOJJHOMOPCKUX M JENbTOBBIX OOCTaHOBKAaX OCaJKOHAKOIUIEHHUS, TO, BEPOSTHO, HX
MPUYPOYCHHOCTh K OMPEACIEHHBIM CTPAaTUTPAQUISCKUM YPOBHSM TOBOPUT O BO3MOMKHBIX
MOXOJIOJAHUAX B HM3Yy4aeMOM pETHOHE, UYTO TMOATBEPXKAACTCS HAOMIONCHUSIMH 32

KIIMMAaTUYCCKUMHU U THUAPOJIOTHYCCKUMH YCIIOBUAMU B COBPEMCHHOM BapeHHeBOM MOp€.
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3nMHKne mecsubl (MapT-man) INeTHne mecsubl (MIONb-CEHTSOPD)

Puc.7.2 Temneparypa Bonbl bapenuesa mopst Ha noBepxHoctu 0 M (a, 6), 100 M (B, T) 1 y AHa
(1, ) B 3uMHMIA (MapT—Mai, a, B, ) U JIETHUI (UIOIb—CEHTSIOPB, O, T, €) (Cucrema bapennena

Mops..., 2021).

Knumam

Knumar ropcko-menoBoro meprojaa TPaAUIMOHHO pacCMaTpUBAETCs KakK TEIUJIbIH, ¢
MUHUMaJIbHOW THpoTHOW muddepennmanmeit temnepatyp (Frakes et al., 1992). Onnaxo,
cornmacHo uccienoBanuto . [I. [paiica, Ha pa3HBIX MHPOTaX HAOIIOAATUCH 3HAUUTEIHHBIE
KoJeOaHusi CPETHErofOBBIX TeMIlepaTryp, BKIOYAs OJM3KHE K HYIIO W OTpPHUIATEIbHBIE

3HA4YeHHs, YTO, B CBOIO OYepe/lb, MOTJIO CIOCOOCTBOBATH (hOPMUPOBAHHIO CE30HHOTO WIIH
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YCTOWYMBOTO JIISTHOT'O TIOKPOBA B PUMNOJAPHBIX perronax (Price, 1999). Temneparypa Boab!
MOBEPXHOCTU BOJL MUPOBOTO OKeaHa B MO3HEHN 10pe BapbupoBaiach oT ~ +10°C Ha nmomrocax
10 +27°C Gimke K 3KBaTopy (10 cTaOMIBHBIM U30TOINAM KHCIIOPOJia B pOCTpax OEJIeMHHUTOB)
(Frakes et al., 1992). Haunnasi ¢ mo3qHel 10pbl M 3aKaHYMBasi KOHIIOM PaHHETO MeJia, TeTlIbIA
NApHUKOBBIA KJIMMAT TOCTETICHHO CMEHSUICS Oojiee MpPOXJIaTHBbIM, YTO, BEPOSTHO, OBLIO
BBI3BAHO POCTOM BYJIKAHMYECKOM W TekToHMueckod aktuBHocTh (Thiry-Bastien, 2002;
Weissert and Erba, 2004; Tremolada et al., 2006; Dera et al., 2011), cpenasisi Temneparypa
cHU3WIach 10 npudamsutenbHo +18°C (Scotese et al., 2021). UccnenoBanue najgeoremMmneparyp
B apKTHYECKOM PErHOHE TI0Ka3aJi0, YTO B CPEIHEH I0pe — PaHHEM MeEITy TeMIIepaTyphl MalaJiu:
ot +14,8 °C B mo3nHeM Toape — paHHeM aaneHe jo +11,4 °C B mo3nHeM Oaitoce u +9,4 °C B
pannem 6ate — kumepumke (o 580 GenemunTos ¢ apx. 3emns Kopons Kapna) (Ditchfield,
1997, ckoppekTtupoBaHHbIii Bo3pact o Olaussen et al., 2018) (Puc.7.3).

[Ipenmnomnaraercsi, YTO aHAJIOTHYHBIC HU3KKE TEMIIEPATYPhl COXPAHSUIUCh U B MEJIOBOM
nepuoze: +7,7 °C B Bantamwxkune, +9,6 °C B rorepuse, +4...7 °C B mo3aHem rorepuse, +5,8...9,2
°C B pszanckoM Beke (Price, Nunn, 2010), +12...16 °C B no3aaem 6appeme (eBpOmNeHCKuit
6acceitn, I'epmanns; Mutterlose et al., 2010), +8,3 °C B mo3xHeM ante-ansbe (mo 580 B
pakoBuHax aBycTBopok) (Harland, Kelly, 1997), +5°C B ans6e (110 510 poctpos 6enemunToB)
(De Lurio, Frakes, 1999), +4°C B mo3xaeM ante (110 80 poctpos 6enemunToB BokoHTCKOTO
Oacceitna) (Bodin et al., 2015) (puc. 7.3). I3MeHeHus KiuMaTa TOBIHSUTH Ha Guiopy U GayHy
CesepHoro nomyumapus. B mo3anem Oaifoce mpowu3onuia cMEHa COOOILECTB pPAacTeHUH U
JKUBOTHBIX Ha BUBI, aJalTHUpPOBaHHBbIE K Oonee HM3KUM Temreparypam (Mmpuna, 1985;
Menenuna, 1985). B ant-anb6ckoe BpeMsi B KaHa/ICKOH APKTUKE HIMPOKO PacpOCTPAHUIIUCH
XBOWHBIE Jieca, Mpou3pacTaBiiue npu temreparype okoso +3...+10°C (Harland et al., 2007).
Jlns anT-anbOCKMX OTJIOKCHHUH XapakTepHbl equHW4YHbIe Haxoaku mbutbiel Classopollis
(bapa6omkun, 2007), cHMKaeTcs BHIIOBOE pa3HOOOpa3ue M3BECTKOBBIX HAHHOIMIIAHKTOHOB
(Herrle, Mutterlose, 2003) u mpeacraButeneit nomsipuoit ¢guopsl (Francis, Poole, 2002; Harland
et al., 2007) (puc.7.4).

V3y4eHHbIe TII€HIOHHUTEHI, B LIEJIOM, IPUYPOUCHBI K CTPATUTPAPUUIECKUM YPOBHSIM, TIe
U JJIs JPYTUX OCAJOYHBIX OTJIOKEHUI CEBEPHOTO MOIYIIapUs OTMEUASTCs IUPOKOE Pa3BUTHE
TJICHJIOHUTOBBIX TICEBAOMOP(O3, 32 HCKIIOYCHUEM BOJDKCKUX M albOCKUX TJICHIOHHUTOB, YbH
HAaXOJKH B JpPYrux peruoHax peaku (puc. 7.4). Illupokuit apean pacnpocTpaHeHHUsS
niceBaoMop(o3, oTMeuaeMsblil He TOJIbKO B bapeHiieBom mope u Ha apx. IInundeprex, HO U B
Cubupu, Kanane u Ha Asicke, CBHIETEIBCTBYET O MACIITAOHOM PaCIpPOCTPAHEHUH HU3KUX
TEMIIEPaTyp, IO MEHBIIIEH Mepe B MPUIOHHBIX BOJaX apKTUICCKUX MOPEH, IJIe MPOUCXOINIIO0

ux ¢opmupoBanue. Ctpaturpaduyeckoe MoJ0KEHUE U3YUEHHBIX TJIEHIOHUTOB B OCAJOYHBIX
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koMruiekcax Ha [llmumnbeprene u B bapeHiieBoM Mope coBMamaeT C AMU30/IaMH U3MEHEHUH
BHUJIOBOI'O cCoOCTaBa (bayHLI, qTo HOI['—IepKI/IBaeT 3HAYUMOCTb OTHUX HCCBIIOMOp(I)O?; JJIS

PEKOHCTPYKLIHH NAJIECOKIMMATHYECKUX YCIOBUM.
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Balioc - 6am (cpedHsia ropa

I:I KoHTuHeHTanbHasn 4actb

I Oseprbie / peunbie pasHuHl

- dnioBuanbHble/AeNsTOBbLIE
(nepuoguyeckun 3atannueaemas TeppuTopus)

| NpuGpexteie

:] MerKOBOAHbIi LLenbd

- Wenbd

- MyBOKOBOAHbIN LUembd

- InyGoKOBOAHAs YacTb GacceiHa

A '-L PainoH BynkaHU4ecKon akTUBHOCTH
Puc. 7.3. ITaneoreorpadudaeckne KapThl CPeTHEH FOPBI-pAaHHETO MeJla ¢ YKa3aHHEeM U3yYeHHBIX pa3pe3oB u ckBaxuH (Basov et al., 2009, Dallmann,

2015, Sliwinska et al., 2020).
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Puc. 7.4. TlaneotemmepaTypHasi KpuBasl Uisl CpelHEH IOPBI-paHHEro Mella C yKa3aHueM
CTpaTUrpaUIecKOro IMOJIOKEHHSI M3yUYEHHBIX TIICHIOHUTOB bBapeHIIeBOMOPCKOTO pernoHa:
cpenHeroaoBas temrepatrypa — mo Ckorecy u np., 2021 (Scotese et al., 2021), snu30ab1

noxonoaanus/moreruienus — no Kamap u np., 2009 (Cather et al., 2009) ¢ nobaBneHusMU.
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BriBoabI

1. [lo mopdosornu M3ydeHHBIE KUMEPUIKCKUE, BEPXHETOTEPUBCKHUE, ANTCKUE U
anpOckue KapOoHaTHble oOpasoBanus apx. ILlmunbepren, a Taxke Oaifoc-OaTckue,
KEJUTOBEHCKHE, CPETHEBODKCKIE U OappeMcKue KapOoHaTHBIe 00pa3oBaHus bapeHiieBa Mops
IOXO0XKM Ha TJICHIOHUTHL. Bce 00pasmpl OOHAapy)KEHBI HCKIIIOYMTENFHO B TEPPUTEHHBIX
HOpo/iaX: FOPCKUE IIICHAOHUTHI Yalle BCTPEYAIOTCS B aprHIUTUTAX, PEKE B AIEBPOJIUTAX, B TO
BpeMsl KaK MEJIOBbIE INICHIOHUTHI OOHApPY>KEHBI B aJIEBPOJIUTAX, UyTh PEXKE B MECUaHUKAX U
aprUJUIATaX.

2. HccnenoBaHHBIE TJIEHAOHHUTHI MPEICTABISIIOT COOOI BBITAHYTBIE arperarsl U
3Be3/[YaThIe arperarsl, 10 3 CM B JJIMHY U 4 CM B JHaMeTpe, OeI0-KeITOBATOr0, KOPUYHEBOT'O
BETOB. B anT-anpOCKuX OTIOKEHHSIX pa3pe3a AlpomopT ObUIM HaIEHBl OTIEYATKU
nceBIoMop(o3 ¢ YaCTHMYHO COXpPAHHUBIIUMCS KapOOHATHBIM BemiecTBOM. [lo BHyTpeHHHUM
XapaKTEPUCTHKaM CTPOCHHS TJCHJOHUTHI KJIACCUHUUIMPYIOTCS Ha OJHOPOAHBIE U
MaKpO30HAJIbHBIE pa3sHOBUIHOCTH. Pacripenenenne Mophoaornieckux THIOB HEPAaBHOMEPHO:
BBITSIHYTasi (JOpMa yallle BCTPEUaeTcs B IOPCKUX OTIOKEHHUSX, YeM B MEJOBBIX. Hampotus,
3Be3auaras hopma npeoOragaeT B MEIOBBIX OTIIOKEHHUSAX 110 CPABHEHHIO C FOPCKUMH. MexX Ty
(OpMOii TTICHJOHUTOB U TUIIOM BMEUIAIOUIEH ITOPO/Ibl YETKON B3aMMOCBS3M HE YCTAHOBIICHO.

3. Ilo pe3ynbraTaMm peHTreHO(A30BOr0 aHanu3a ObLJIO YCTAHOBJIEHO, YTO OCHOBHOMW
MUHEpaIbHOW (ha30i TIICHIOHHUTOB SIBIISICTCS KaJbIUT, 32 HMCKIIOYEHHEM KHMEPHIKCKOTO
o0pasia, CI0KEHHOTO JOJIOMHTOM. B kadecTBe mpumeceil B rceBaoMopdo3ax BBICTYIAeT
HUPUT, MapKas3uT (?), KBapll, KAOJIWHHUT, MyCKOBUT, KAOJIMHUT, TUIIC U allaTUT.

4. Ha ocHoBaHMHU pe3yibTaToB KaTtopomoMmuHecreHTHor (KJI) mMukpockomuu ObLIO
YCTaHOBIIEHO, YTO TICEBIOMOP(O3BI CIIOKEHBI TPEMsI TUTIAMH KAJIBIIUTA, KOTOPBIE Pa3InIaroTCs
no mopdosornu u Ty KJI-cBedeHUs, 4TO MpeAronaraeT MOCIe0BaTEIbHOE 3aMENIeHHEe
UKauTa W [EMEHTalMu  IceBAOMOpPQO3bl. VI3MEHEHHE TeOXMMHYECKHX  yCIOBHH
KpUCTANTU3aMM KapOOHATHBIX MMHEPAJIOB OTpaXkaeTcsi B paznuuHblX Tunax KJI-ceuenwus.
JIns KanbIUTa IepBOro THITA TAK)KE XapaKTepHa TaK Ha3bIBaeMas «KarIeBHIHAs» CTPYKTYpa,
KOTOpPAasi CYNTACTCS AUATHOCTHUECKUM MPHU3HAKOM TIICHIOHUTOB.

5. Tlo pe3ynbpTataM MHUKPO30HJIOBOTO aHadM3a OBLIO YCTAHOBIIEHO YETHIPE THIIA
KajbplIMTa: THI | — KanpIUT 0€3 mpuMecei, ¢ COCTaBOM, OTBEYAIOIIUM HJI€AIBbHON Gopmyiie
(CaCOs3), tun II u 111 — marHe3uabHbINA, MarHe3MAIbLHO-KEIC3UCThIH (+cTpoHIUi 1 hocdop),
tun 116 — cunepur, tun 1IB - aHKepuT; B BEpXHETOTEPUBCKUX OOpa3lax MOpbI 3arOIHEHbI

JOJIOMHUTOM.
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6. M30TOmHBIM COCTaB yriepoja W KHUCIOPOJa CBUIETEIBCTBYET O TOM, YTO MPHU
00pa30BaHUM KaJblUTa YTJIEPOJ TJIABHBIM OOpa3oM IMOCTyMajl M3 MPOIYKTOB pacmana
OpPraHUYeCcKOTO BEILIECTBA B 30HE CyJb(aT-peryKIHH, BO3MOXKHO, C HEOOJBIINM y4aCTHEM
mporecca aHa3poOHOTO OKUCIIEHUS MeTaHa. VICTOUHUKOM KHCIIOPO/1a CITY>KUIH TOPOBBIE BOIBL.

7. OtHomenne &' Sr/®Sr n3yueHHBIX TJICHIOHNUTOB BBIIIE, YeM y MOPCKOH BOJIBI, 4TO
CBA3aHO MO0 C NPUBHOCOM pPAJMOTEHHOrO ©°/St M3 TIMHHCTBHIX MHHEpANOB, JHGO
HEOJHOPOJHBIM MUHEPAIbHBIM COCTABOM CaMHMX TJIeHJOHUTOB. KoBapuamuu OTHOIIEHHIA
87Sr/88Sr u 8C wm ormomenwmit &'Sr/%Sr u 8§80 MPEANoJaraloT HECKOJIbKO HCTOYHHUKOB
PaZiMOr€HHOTO CTPOHIIMSL.

8. Fe, Mn, Sr, Mg BolIu B KPUCTAJUIMYECKYIO CTPYKTYpPY IVIEHJOHUTOB Ha HAYaJIbHOM
aTarne ux oopazoBaHus. BOIBIIMHCTBO MCeBAOMOP(O3 BOZHUKIIO B 30HE CYIb(paT-peIyKIIH, O
YeM CBUETENLCTBYIOT BKIIOUCHHUSI XKelle3a B KaJIbIUT U MPUCYTCTBHE TUpUTa. OTHOBPEMEHHO
uMel MeCTO OOMEH MEXIy OCaJKOM U HAaJJOHHBIMH BOJAaMH, O 4Y€M CBHUAETEIbCTBYET
[IEMEHTUPOBKA MAarHEe3WAJIbHBIM KAJIBIIUTOM W TIOBBINIEHHOE cojepkanue Sr. B
BEPXHE0ANOCCKUX-HIDKHEOATCKUX, CPETHEBOIKCKUX (?), BEPXHETOTEPUBCKUX, CpEIIHE-
BEPXHEANTCKUX OTIIOKEHUSAX MPOIECC [IEMEHTAIIUN 3aBEPIINIICS B 30HE METAHOTEHEe3a, 0 YeM
CBUJICTENHCTBYIOT MHHEPAJIbI AHKEPUT, CUICPUT U JOJTOMHUT.

9. TlosiBieHWEe W3yUYEHHBIX TJICHIOHUTOB IPUYPOUYCHO KO BPEMEHHBIM OTpE3Kam
MaKCUMaJIbHOTO PACIpPOCTPAHEHHUSI MOJAOOHBIX TCEBAOMOPGO3 M B JPYTUX aAPKTUUYECKUX
peruonax. lllupoxkas reorpadus pacmpocTpaHeHHUs 3TUX TceBAOMOP(}O3, 3aPpUKCHPOBAHHBIX
He Tosibko B bapentieBom Mope u Ha [lInmundeprene, Ho Takxke B Cubupu, Kanane u Ha Amscke,
CBUJIETEJILCTBYET O MACIITAOHOM PacIpOCTPAHEHUHN HU3KUX TEMIIEpaTyp, 0 KpaiiHelH Mepe B
MPUAOHHBIX BOJAX, € MPOUCXOAUI0 X GopMupoBaHue. [ TeHIOHUTHI, OOHApYKEHHBIE Ha
[nunbepreHe U B OCaAOYHBIX ToNIIaX bapeHiieBa MOps, XPOHOJOTHYECKH COBMAAIOT C
WHTEpBaJlaMd HW3MEHEHUW B cocTaBe (ayHbl, YTO TMOAYEPKHMBAECT HUX 3HAYCHHE IS

PEKOHCTPYKLMHU NAJICOKIMMATUYECKUX YCIOBUN ME3030MCKIMX MOPCKHUX 0ACCEHHOB.
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Tadauna 2. CooTHONIEHHS CTAOMIIBHBIX U30TOIOB yTIIEPO/ia U KUCIOpoa

O6pasen Bospacr 3°C, PDB 8180, PDB
L-2-3 BEpPXHHUI 0aliOC-HUKHMIA OatT -25.4 -1.71
Led-1-1 -33.3 -3.55
Led-1-3 -32.6 -3.84
L-1-2 BEpXHHUI 0atT -22.6 -5.39
L-1-3 -24.2 -2.77
L-2-1 KEJTOBEH -25.6 -4.52
L-2-2 -26.1 -3.94
AE-14-1 HUKHUHA KUMEPHIDK -14.7 -14.03
AE-14-2 -15.9 -12.67
AE-14-3 -15.4 -14.71
Sm-1-1 CpeaHss BoJra -19.6 -3.07
Sm-1-3 -22.3 -1.42
Sm-1-4 -21.3 -3.26
Sm-1-5 -20.8 -2.58
Sm-1-6 -20 -1.61
Sm-1-8 -18.4 -3.94
Sm-1-9 -25.1 -4.33
Sm-1-10 -20.1 -1.9
Sm-1-11 -19.9 -2.19
F-1-1 BEpPXHHUU TOTEPUB -12.5 -14.8
F-1-2 -20 -3.74
F-1-2-1 -12.2 -7.33
F-2 -20.3 -4.91
F-3-1 -21.9 -4.23
F-3-1-1 -21.9 -4.52
F-3-1-2 -22.5 -2.77
F-3-2 -22.4 -3.36
F-4 -23.7 -3.07
F-5-1 -23.3 -3.45
F-5-2 -22.1 -5.68
F-6 -23.1 -4.33
F-7-1 -7 -5.3
F-7-2 -22.5 -4.04
F-7-3 -19.3 -7.53
F-7-4 -22.4 -3.74
F-7-5 -21.8 -3.84
F-7-6 -22.9 -3.07
F-7-7 -19.6 -7.62
J-10 -20 -8.11
J-11-1 -20.7 -6.17
J-11-3 -20 -7.62
J-12-1 -22.9 -3.36
J-12-2 -22.8 -3.36
J-12-3 -23.7 -2.77
J-13 -23.7 -3.65
J-13-1-1 -20.9 -9.86
J-13-1-2 -23.5 -3.74
J-14-1 -23.3 -1.42
J-14-2 -22.6 -5.39
J-14-3 -22.5 -4.91
J-14-4 -22.2 -5.98
J-15-1 -22.1 -6.07

145



Dh-4-1 -18.8 -8.79
Dh-2-5 -15.4 -14.71
Dh-2 -15.4 -10.24
Dh-2-2 -12.8 -11.12
Dh-2-1 -15 -11.6
Dh-2-3 -16.4 -11.7
Led-2-1 BEPXHHIT OappeM-HIKHUHN anT -29.7 -3.36
Led-2-2 -30.1 -3.55
Dh-5 cpeaHuii-BepXHHii (?) anr -20.1 -6.27
AR-1 cpenuuii-Bepxuuii (?) anr -28 -3.94
AR-2 -26.6 -5.39
AR-3 -27.1 -5.1
AR-4 -25.9 -5.59
AR-5 -26.6 -5.01
AR-10-5 -18.3 -7.04
AR-18-1 -18.1 -8.11
AR-19 -23.1 -5.2
AR-21 -19.4 -5.2
AR-21-1 -20.1 -5.39
AR-25 -25.8 -5.59
AR-22 HIDKHUH ab0 -19 -4.91
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Taouauna 3. M30TonHEII cOCTaB CTPOHIUS B CPEAHEIOPCKUX-HIKHEMEIOBBIX TTIEHIOHUTAX

Oopasen Bospacr HepacrBopumbiii ocratok, % | 8/Sr/%Sr
L-2-3 BEpXHUH OailloCc-HIKHUN OaT 2.4 0.707132
Led-1-1 15.5 0.707020
L-1-2 BEpXHUH OaT 6.3 0.708261
L-2-1 KeJUIoBe 4.1 0.707243
AE-14-1 HIKHUN KUMEPUJIK 24.2 0.711894
Sm-1-6 CpeHss BONTra 31.6 0.707165
Sm-1-8 10.1 0.710991
F-1-2 7 0.707880
F-3-1 1.8 0.707950
F-7-4 8.8 0.708413
J-10 . 68.8 0.711024
J-13-1-1 BEPXIHI TOTEpHE 1.3 0.711790
J-15-1 3.5 0.707131
Dh-2 54.2 0.713818
Dh-4-1 6.2 0.710259
Led-2-1 BEepXHUI OappeM-HIkHUH ant | 16.9 0.707484
Dh-5 CpEIHUI-BEpXHUI? anT 7.1 0.707216
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Oopa3zen

L-2-3
Led-1-1
Led-1-3
L-1-2
L-1-3
L-2-1
L-2-2
Ae-14-1

Sm-1-1
Sm-1-3
Sm-1-6
Sm-1-8
Sm-1-9
Sm-1-10
F-1-2
F-2
F-3-1
F-4
F-5-2
F-6
F-7-4
J-9
J-10
J-11-1
J-12-1
J-13-1-1
J-14-1

Bospacr

Bepxuuii 6aitoc-
HWOKHHN 0aT

Bepxuuii 6at

Kemnosei

Hruoxuaunii
KHUMEPHUJIK

Cpenusis Boara

BepxHunii rorepus

Tadauna 4. Conep:kaHue TJIaBHBIX U PACCESHHBIX 3JIEMEHTOB, MKI/T

Kap6onaTHoe
BelecTBo, %
97,6

84,5

58,33

93,7

88,17

95,9

68,99

75,8

60,24
70,24
68,4
89,9
74,32
75,82
93,0
94,56
98,2
91,70
85,48
84,10
91,2
88,47
31,2
87,05
92,84
98,7
88,22

HepacTBopumblii
0CcTaToK, %

2,4

15,5

41,67

6,3

11,83

4,1

31,01

24,2

39,76
29,76
31,6
10,1
25,68
24,18
7.0
5,44
1,8
8,30
14,52
15,90
8,8
11,53
68,8
12,95
7,16
1,3
11,78

Ca

297353
206501
213095
325284
177279
327145
112300
106925

175040
244588
299557
253485
449304
427244
278561
342934
236208
336592
253571
205344
241496
236675
234699
266372
291730
196769
242498
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Mg

3045
6993
4407
6096
3156
3892
2734
25457

7830
6723
3088
6602
10164
3273
7166
7547
6794
6835
5457
4421
6695
3518
2457
4014
5018
4727
4608

Fe

615
14991
14225
4977
1492
1975
11144
67933

2190
867
15664
357
2651
3824
3908
2960
2994
1709
1757
1503
2397
8712
1462
6072
1822
4218
14801

Mn

78
2215
1200
421
100
1104
340
763

240
60
36
308
130
50
2305
1200
1153
800
250
400
1295
250
600
400
340
368
250

Sr

1400
1900
2200
2400
1300
1800
300

1100

1300
1200
1300
1100
1400
1100
2400
2300
3100
2300
2500
1600
2300
1800
2100
2400
2200
3600
2000

Mg/Ca

0.01
0.03
0.02
0.02
0.02
0.01
0.02
0.24

0.04
0.03
0.01
0.03
0.02
0.01
0.03
0.02
0.03
0.02
0.02
0.02
0.03
0.01
0.01
0.02
0.02
0.02
0.02

Mn/Sr

0.06
1.17
0.55
0.18
0.08
0.61
1.13
0.69

0.18
0.05
0.03
0.28
0.09
0.05
0.96
0.52
0.37
0.35
0.10
0.25
0.56
0.14
0.29
0.17
0.15
0.10
0.13

Fe/Sr

0.44
7.89
6.47
2.07
1.15
1.10
37.15
61.76

1.68
0.72
12.05
0.32
1.89
3.48
1.63
1.29
0.97
0.74
0.70
0.94
1.04
4.84
0.70
2.53
0.83
1.17
7.40



J-15-1
Dh-2
Dh-4-1
Led-2-1
Led-2-2
Dh-5
AR-19
AR-26-1
AR-3
AR-10-5-1
AR-23

Bepxuuii 6appem-
HWKHUAM anT

Cpennuii-
BEPXHUH anT

Huxuauii ans0

96,5
45,8
93,8
83,1
75,49
92,9
79,68
25,43
68,49
88,64
87,67

3,5
54,2
6,2
16,9
24,51
7,1
20,32
74,57
31,51
11,36
12,33

231271
106344
192575
228115
180500
72334

210462
23502

165331
210707
285212
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3732
10722
2743
2436
2700
9606
4527
1195
2918
4739
4987

12909
105441
6630
2167
4200
250269
7371
14181
5765
18485
3479

403
2094
488
325
300
1685
1200
1200
500
500
1000

2000
1100
2200
900

900

3400
1600
900

1600
1500
2200

0.02
0.10
0.01
0.01
0.01
0.13
0.02
0.05
0.02
0.02
0.02

0.20
1.90
0.22
0.36
0.33
0.50
0.75
1.33
0.31
0.33
0.45

6.45
95.86
3.01
241
4.67
73.61
4.61
15.76
3.60
12.32
1.58



O6pa3ert

L-2-3
Led-1-1
Led-1-3
L-1-2
L-1-3
L-2-1
L-2-2
Ae-14-1

Sm-1-1
Sm-1-3
Sm-1-6
Sm-1-8
Sm-1-9
Sm-1-10
F-1-2
F-2
F-3-1
F-4
F-5-2

F-7-4
39
J-10
J-11-1

Bo3spact

BepxHuii
Oaiioc-
HWDKHUI 0at

Bepxuuii 6at

Kemmoseit

Hixani
KUMEPHUIK

Cpenuss
BOJITA

Bepxuui
rOTEpUB

Bepxuuit
rOTEpUB

Taoauna S. CoaepxkaHusi peIKO3eMeNbHBIX AJIEMEHTOB B CPEAHEIOPCKUX — HUKHEMEJIOBBIX IVIEHIOHUTAX, ppm

HepactBopumbiii
OCTaToK, %

2,37
15,46
41,67
6,27
11,83
4,06
31,01
24,20

39,76
29,76
31,59
10,07
25,68
24,18
7,05
5,44
1,84
8,30
14,52
15,90
8,81
11,53
68,79
12,95

[+]
-

0,24
0,07
0,45
0,10
0,04
0,08
0,07
0,13

0,16
0,16
0,26
0,24
0,18
0,16
0,24
0,02
0,05
0,03
0,16
0,08
0,34
0,16
0,01
0,18

@
@)

0,33
0,10
0,55
0,14
0,05
0,11
0,10
0,13

0,10
0,16
0,23
0,19
0,18
0,16
0,33
0,03
0,09
0,04
0,21
0,11
0,54
0,20
0,01
0,23

Pr

0,28
0,12
0,65
0,14
0,05
0,10
0,10
0,20

0,11
0,16
0,26
0,18
0,20
0,17
0,28
0,03
0,08
0,05
0,23
0,11
0,45
0,19
0,01
0,25

Nd

0,27
0,15
0,74
0,15
0,06
0,10
0,12
0,21

0,12
0,18
0,27
0,18
0,21
0,18
0,29
0,03
0,09
0,05
0,27
0,15
0,50
0,21
0,01
0,27

Sm

0,38
0,25
1,26
0,22
0,10
0,14
0,18
0,31

0,14
0,22
0,34
0,20
0,27
0,20
0,40
0,05
0,14
0,08
0,38
0,23
0,70
0,27
0,01
0,36

Eu

0,93
0,34
1,67
0,41
0,13
0,24
0,23
0,39

0,27
0,31
0,56
0,34
0,44
0,29
0,56
0,07
0,24
0,11
0,56
0,31
1,02
0,34
0,04
0,46

Gd

0,58
0,34
1,93
0,34
0,14
0,26
0,24
0,41

0,24
0,32
0,56
0,36
0,43
0,28
0,67
0,07
0,20
0,10
0,49
0,30
1,07
0,34
0,02
0,47
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Th

0,52
0,31
1,81
0,28
0,12
0,23
0,22
0,39

0,19
0,26
0,52
0,30
0,39
0,22
0,52
0,05
0,17
0,08
0,39
0,27
0,90
0,30
0,02
0,39

Dy

0,49
0,30
1,71
0,30
0,11
0,26
0,24
0,41

0,21
0,28
0,56
0,32
0,38
0,21
0,56
0,06
0,17
0,08
0,43
0,28
0,96
0,30
0,01
0,34

0,44
0,44
2,59
0,30
0,19
0,26
0,19
0,56

0,56
0,59
0,81
0,48
0,93
0,44
0,59
0,07
0,22
0,11
0,59
0,33
0,81
0,41
0,01
0,52

Ho

0,50
0,26
1,72
0,27
0,10
0,23
0,21
0,40

0,23
0,27
0,61
0,34
0,40
0,21
0,50
0,06
0,17
0,08
0,40
0,26
0,91
0,27
0,01
0,29

Er

0,42
0,25
1,75
0,28
0,10
0,25
0,21
0,46

0,28
0,28
0,63
0,35
0,42
0,21
0,53
0,06
0,17
0,08
0,39
0,25
0,91
0,28
0,01
0,28

Tm

0,44
0,22
1,73
0,27
0,10
0,22
0,20
0,44

0,27
0,27
0,64
0,35
0,37
0,20
0,52
0,06
0,17
0,08
0,40
0,25
0,86
0,27
0,01
0,25

Yb

0,43
0,21
1,60
0,25
0,09
0,21
0,18
0,43

0,28
0,25
0,60
0,32
0,35
0,21
0,46
0,05
0,14
0,07
0,35
0,21
0,78
0,25
0,01
0,21

Lu

0,37
0,18
1,39
0,23
0,07
0,18
0,16
0,42

0,30
0,25
0,62
0,37
0,35
0,21
0,44
0,05
0,14
0,07
0,30
0,18
0,69
0,23
0,01
0,21

Y/Ho

65
59
37
38
63
57
32
33
35
38
40
35
24
41
25
48

Eu/Eu*

1,93
1,15
1,04
1,46
1,12
1,20
1,11
1,09

1,41
1,17
1,23
1,22
1,24
1,20
1,05
1,23
1,38
1,25
1,27
1,14
1,15
1,12
2,69
1,11

Ce/Ce*

1,08
0,96
0,98
1,10
1,07
1,09
1,11
0,62

0,92
1,15
0,88
1,02
0,87
1,00
1,20
1,21
1,32
1,14
1,11
1,30
1,32
1,12
1,64
0,97

Cymma

6,61
3,56
21,53
3,68
1,43
2,88
2,63
5,26

3,47
3,96
7,46
4,52
5,50
3,35
6,87
0,75
2,26
1,12
5,54
3,32
11,47
4,02
0,20
4,71



J-12-1
J-13-1-1
J-14-1
J-15-1
Dh-2
Dh-4-1
Led-2-1
Led-2-2

Dh-5

AR-19
AR-26-1
AR-3
AR-10-5-1
AR-23

Bepxuuit
OappeM-
HUDKHUH anT
Cpennuii-
BEPXHMI1?
anT

Hruoxuanii
a0

7,16
1,26
11,78
3,46
54,15
6,23
16,93
24,51

7,10

20,32
74,57
31,51
11,36
12,33

0,16
0,04
0,18
0,47
0,84
0,18
0,10
0,21

1,57

0,07
1,05
0,26
0,13
1,05

0,18
0,05
0,24
0,75
1,38
0,25
0,13
0,20

1,76

0,08
1,38
0,29
0,14
0,75

0,16
0,05
0,24
0,61
1,36
0,27
0,12
0,24

1,81

0,09
1,70
0,39
0,17
1,13

0,15
0,06
0,24
0,62
1,47
0,32
0,13
0,24

1,77

0,10
1,77
0,44
0,18
1,47

0,18
0,07
0,34
0,79
2,70
0,58
0,16
0,32

2,70

0,14
2,88
0,68
0,25
1,98

0,25
0,18
0,43
1,02
3,70
0,74
0,22
0,43

4,63

0,21
3,70
0,93
0,34
2,87

0,21
0,12
0,45
1,07
3,65
0,77
0,21
0,41

4,29

0,17
3,65
0,86
0,30
3,65
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0,16
0,09
0,39
0,90
3,05
0,52
0,18
0,36

4,22

0,14
3,28
0,78
0,26
2,92

0,15
0,08
0,36
0,83
2,99
0,47
0,19
0,36

4,91

0,13
3,21
0,81
0,26
2,78

0,30
0,11
0,52
0,67
2,22
0,30
0,26
0,52

5,93

0,15
4,44
1,11
0,30
5,93

0,14
0,08
0,33
0,71
2,52
0,34
0,17
0,34

5,05

0,11
2,83
0,71
0,22
2,72

0,14
0,08
0,32
0,67
2,46
0,28
0,17
0,32

4,91

0,11
2,46
0,70
0,21
2,46

0,15
0,07
0,32
0,64
2,22
0,20
0,17
0,32

4,94

0,10
2,47
0,67
0,20
1,98

0,14
0,06
0,28
0,57
2,13
0,18
0,14
0,28

4,26

0,08
2,13
0,57
0,18
1,45

0,14
0,06
0,25
0,53
1,85
0,14
0,12
0,25

3,70

0,07
1,85
0,48
0,14
1,39

57
38
42
26
24
24
41
41

32

36
43
43
36
59

1,27
1,87
1,07
1,09
1,17
1,10
1,18
1,16

1,32

1,35
1,13
1,20
1,24
1,02

1,03
0,92
1,00
1,25
1,10
1,10
1,05
0,84

0,95

0,92
0,85
0,86
0,85
0,87

2,60
1,21
4,89
10,86
34,55
5,54
2,49
4,80

56,45

1,74
38,79
9,67
3,27
34,53



