OT3bIB
Ha aucceprauuio BenuBeuxoil TarbsiHbl AleKCeeBHBI Ha TEMY
«ODOOEKTBI MACC-HE3ABUCHUMOI'O ®PAKIITMOHNPOBAHW S U30TOITOB CEPBI U
KUCJIOPOJIA B APXEMCKOU ATMOC®EPE 3EMJIN,
PEACTABICHHYIO HA COUCKAHUE YYEHOH CTEIEeHU
JIOKTOpA re0JIoro-MHUHEPaIorHuecKux HayK M0 CrelUaJIbHOCTH
1.6.4 — Munepanorus. Kpucrannorpadus. ['eoxumus, reoXuMUUECKUE METO/IbI TOMCKOB
0JIE3HBIX HCKOMAEMBbIX

[losiBienne paccmarpuBaeMoi JUCCepTallMM, KOTOpas IMOCBSIIEHA HCKIIOUUTEIBHO
HHTepecHOMY M cjabo pa3paloTaHHOMY HAINpaB/IEHHIO HM30TOMHOM TI€OXMMHH — Macc-
HE3aBUCUMOMY (DPAKIIMOHUPOBAHUIO CTAOMIIBHBIX M30TOIOB JIETKHX JJIEMEHTOB, SIBIIAETCS HE
PSLIOBBIM COOBITHEM B poccHiickol Hayke. Ee akTyalbHOCTh He BbI3bIBaeT coMHeHMi. Ha
JTAHHBI MOMEHT MaccC-He3aBHCUMOE (PpaKLIMOHUPOBAHUE U30TOIOB CEPHI SBJISETCS BaXKHEHIINM
HHCTPYMEHTOM HM3Y4YEeHUS JIpeBHEH 3eMHOH aTtMoc(epbl, YCIOBHH M BPEMEHH IMOSBICHUS Ha
3emsie ¢B0OOIHOTO KHCa0poaa. CpaBHHUTENBHO HEOOJBINOE KOJUYECTBO PabOT, B KOTOPBIX
paccMaTpUBAIOTCS  MacC-HE3aBUCHMBbIE  HM30TOMHbIE  AP(PEKThl, 0O0YCIOBIEHO TEM, YTO
MYJIbTUM30TOIHbBIC Macc-CHEeKTPOMETPUUECKUE U3MEpEeHHUsl, BKJIIOYAIOLIME
ManopacrpocTpanennbie u3otonbl cepsl (S u *°S) u kucnopoma ('’O) sBasioTcs cnoKHOM
TEXHHYECKOW TPOIIE/lypOii, OCBOCHHOM JIMLIb B HECKOJIBKMX BEIYLIUX MHPOBBIX JIA0O0OPATOPHSIX.
B Poccuu Takue maMepeHus MpOBOJSTCS TOJIBKO B jaboparopun ctabuiabHbIX u3otonos [IBI'U
JIBO PAH, xoropyio mpencrasisier T.A. Benuenkas. Yto kacaercss 3KCHepUMEHTaTIbHBIX
UCCIEIOBAHUN  M30TOMHOrO0  (pPaKIMOHUPOBAHUS [OJ  BIMSHHUEM  YJIbTPaHOJIETOBOrO
U3Iy4YeHHs, TO B 3TOH oOJjlacTM HazBaHHas JabopaTopusi siBisieTcss OECCIOPHBIM MHPOBBIM
JTHJEPOM U YIKe 3a 9TO 3aCily KHBACT BCSIUECKOU MOICPIKKH.

B cTob €105KHOH ¥ MHOrOIJIaHOBOK paboTe 00BEKTUBHO TPYAHO ObIIO U30€KaTh CIIOPHBIX
MOMEHTOB, KOTOpbIE €CTb CMbIC] OOCYIAMTH B Mpoliecce 3alluTbl auccepranuu. Cremyer
OTMETHUTb, YTO OOJIbIIIE BCEr0 BONPOCOB BO3HUKAET HE K HKCIIEPUMEHTaM, a K HHTepIpeTaIllHH
JAHHBIX, [TOJIyYEHHBIX B PE3YJIbTATE U3YyUEHUsI apXEHCKUX MOPOI U K UCTOPUKO-TE€OXUMUYECKHM
BBIBOJIaM, KOTOPBIE CYMMHUPOBAHbI JIMIIb B OJJHOM MX YEThIPEX 3alULIAEMBbIX MTOJ0KECHHIA.
B03MO0KHO, XOTsl 51 B 9TOM M HE YBEpeH, B Ha3BaHUU JIMCCEPTAIMK HE CJIeJ0BaIO Obl YIIOMUHATH
apxeickyro armocdepy, a OCTOPOXKHO Haspathb ee  «DPQeKTbl Macc-HE3aBUCHMOTO
(pakLHOHUPOBAHMSI U30TOIIOB CePbl W KHUCIIOPOJIa B DKCIIEPUMEHTAX W IPUPOAHBIX 00BEKTAX),
TaKk Kak Macc-He3aBucumoe (QpakuHOHUPOBAHHE H30TONOB KHCJIOpPOAAa B apXeHCKHX
NOpPOJaX He 0OHAPYKEHO H SIBJISICTCH YHCTO THIOTETHYECKHM.

B nepBo#l rnase jccepraliud  paccMaTpUBalOTCs OOLIME BOIMPOCHI pPa3JIEIeHUs HW30TOMOB
KHCIOpOJa M Cepbl B TEOPUH, DKCIEPUMEHTAX M IPUPOAHBIX Ipoleccax ¢ YIOopoM Ha
MacCHe3aBHCUMbIE M30TOMNHbIC YPPeKThl. B 1e0M riaBa HanucaHa sICHO U MOCJIEA0BATEIbHO,
XOTsl, HA MOW B3IJIsIA, aKUEHTbl B HEW paccTaB/ieHbl He Bcerjga KoppekTHo. [lpusnaBas, 4to
030HO000pa3oBaHKUEe SBISETCS OCHOBHOM MPUYMHON BO3HUKHOBEHHS MacC-HE3aBHCHMOTO
(pakUMOHHPOBAHMS H30TONOB KHCIOPOAA, ABTOP MHOIO MecTa Y/CIseT TeOPeTHYECKOH
BO3MOXKHOCTH IIPOMCXOXK/IEHHH H30TOIMHON aHOMaluu B Mnepokcuje Bojgopoxaa HxO» B
pesyiapTate (Qoroxumuyeckux rnpoueccoB. Ilpm ITom HH ca0oBa He TroBOpHTCS 0
KOJIHYE€CTBEHHOM COOTHOIIEHHH O030HA M NMEPOKCHAA BOJAOPOAA, POJIb KOTOPOr0 MOIKET
OBITH MpeHedPe;KMMO MaJIOH BBH/Y HH3KOI'0 COJEpPKaHUsI B 3eMHOH aTmocdepe.

B paszgene 1.2. kpaTko paccMOTpPeHb! CYLIECTBYIOIIME TpEACTaBICHUs 00 IBOJIOLMH 3€MHOM
atmocgepbl. Ha Moit B3ruisit 9T0T pasjies CIMIKoM KOPOTKHi — rpobiema 3aciayxuBaeT 0oJiee
JETAIbHOIO OCBelleHus. Bonpekn yrsep:kieHHI0 ABTOpa OKCHIeHalusi aTMocdepbl Ha
pyOexxe apxess M NpPOTEPO30si He SIBJAsieTcss  OOIMENPUHATOH rumore3oi. MHorue
uccnenosaresnn, HauuHas ¢ B.M. Bepnaackoro (xoroporo T.A. BenuBeukas mouemy-to He
YIOMHHAET KaK TBOpPLA OMOreHHOW TIuUnoTe3bl OKCUICHALMW) MOJlarald M I0JararT, 4TO
KuciopoaHas armocdepa BosHukiia 6osee 3 mupa ser Hazax (em. Dimroth and Kimberley, 1976;
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Ohmoto, 1997; Watanabe et al., 2005; Ohmoto et al., 2006; Taylor, 2006; Hoashi et al., 2009 n
Ap.). Bpsa nm sta guckyccust uMcdepriaHa; JOCTATOYHO MHOTO (akTOB CBHICTEIBCTBYET O
HaJIMYME KHUCJIOPOJHONW arMocdepbl yxke B apxee. [‘eosoruyeckue apryMeHTBbI, KOTOPBIE
BBIZIBUTATUCh XOJIJIAHIOM (OTCYTCTBHE B apXCHCKHUX OTJIOKEHHSIX (PpOoMOOHIAIBHOTO THPHTA U
YPaHHHHMTA U Jp.) HE OAHO3HAUHBL: TaKUE TNPUMEpPHI U3BECTHBI. M3BecTHBI U cyibdarHbIe
3aJIeKd, XOTsl uX He MHoro. [lmoxo cornacyercst ¢ OeckucioponHoi apxeiickoit armocdepoit
HEU3MEHHBIH (€C/IM He CUMTaTh KPaTKOBPEeMEHHBIX (DIIFOKTYaIWit) U30TOMHBIN COCTaB yriiepoaa B
0CaJOUYHBIX KapOoHATaX HAYMHAsI ¢ apXesl 10 HACTOSIIEero BpEMEHH.

Bmecte ¢ Tem Hanuuume B apxee (OTOCHHTE3UPYIOUIMX OpPraHU3MOB — JIOKA3aHHBIH H
oOmenpu3HaHHblii (QakT. CymecTBoOBaHHE «KHCJIOPOIHBIX 0a3MCOB» B 0eCKHCIOPOIHOMH
atmocdepe — HoHceHe. Kak MoOrim JecsiTku M Ja’ke COTHH MHJIJIMOHOB JIeT CYIeCTBOBATH
ra3oBble 0a3uchbl B armocgepe, KOTOpasi MOJHOCTHIO IepeMelIHBAETCH 32 HECKOJIbKO
MecsieB HJIH B OKeaHe, KOTOPbLI nepeMemuBaeTcss MAKCHMYM 32 NepBble AeCATKH ThICAY
Jaer?

Pa3BuBaemasi ABTOpoM rumnoresa - odorameHue armoc(epbl KUCI0POIOM 3a CUET JAUCCOLUALUN
MEepOKCHAa BOJOPO/d, HAKOIUIEHHOTO B JICHUKOBBIX LIMTaX — HHTEpeCHa W IMEpCIeKTHBHA.
OpHako 37ech OMSITH BO3HMKACT BOIPOC O KOJMYECTBE Mepokcuia (cMm. 3ameuanue Ne?). K
COKAJIEHHI0, HHMKAKHX KOJHYECTBEHHBIX OLEHOK H pacyeToB B HCCEPTALMU He
npuBoautesi. [loa BiaMsiHMEM KOCMMYECKHX JIyded MHOIO 4ero reHEepHUpyeTcs — HalpuMep
pamuoyrnepon. Ho ero mons muuroxua ('*C/'?C=10"%) u mukakoif ponu B GHONOTHUECKHX
IPOIIECCAaX OH HE UIpaeT.

B pasgene 1.3. paccMoTpeHa MCTOPHSI OTKPBITHUSI Macc-HE3aBUCUMOIO (paKkHOHUPOBAHHUS
M30TOINOB CEpPbl U OCHOBHBIC MPUUYMHBI ITOro siBJIeHHs. OTMEUYEHBbI MPOTUBOPEUHUS MEKIY
SKCIIEPUMEHTAMH U SMITMPUUECKUMH HAOMIOACHUAMH, a Tak)Ke (PaKThbl, KOTOPbIE MOKA HE HAIILIH
OOBSICHEHMsI B paMKaxX THIOTe3bl OECKUCIOPOJHONW apxeickoil arMocdepbl, B YacTHOCTH,
OTHOCHTENILHO HH3Kas aMILUIMTYJa aHoMaini S B apxefckuX Cyab(uaax MO CPaBHEHHIO C
PaHHE-IIPOTEPO3OHCKUMM.

B coorBeTcTBHE ¢ OCHOBHOWH TeMOM AuMccepTallid OCHOBHOEC BHHMaHHE B HEH yJIEJIEHO
(poTOXMMHYECKHM peakUusiM U OCOOCHHOCTSIMH MX MPOTEKaHHsi B apXEHCKON OECKHUCIOPOIHOM
armocepe. K coxanenuto, aprop He ofpamaer H0JKHOI0 BHHMAHHSI HA TO, YTO MAacCC-
He3aBHCHMOE (PAKIHMOHHPOBAHHE H30TOINOB CEPbl MOXKET HMeThb MECTO He TOJLKO B
pesyabrare (OTOXMMHYECKHX peaKkuHii M He TOJbKO B 0ecKHCJI0poaHoii aTmocdepe.
Ormeuanoch, B YaCTHOCTH, YTO HEKOTOpbIE THIbI OaKTepHaNbHOM Cylab(ar peryKuuu
COIIPOBOKAAIOTCS MaCC-HEe3aBUCUMbIM (pakLiMOHMpOBaHKe u30TomnoB (Jonston et al., Am. J.
Sci., 2005. V. 305. (6-8) P. 645-660); Crockford, et al., Chemical Geology, 2019, 513, 200-225).
Tepmoxumuueckasi cyab(ar pejlyKuusi Hpu OMpPeAeIEHHBIX YCIOBHAX TaK)Ke MOXKET HMEThH
pe3yabTaToOM Macc-He3aBUCHMOE (pPaKLMOHUPOBAHME H30TOMOB cepbl — Ha crp. 205
JIACCEPTALMM ITO YIIOMHUHAECTCS KaK-TO MEJIbKOM, a CleI0oBajlo Obl paccMOTpeTh AeTaibHei. Ha
crp. 203 aBTOpP A0CTATOYHO OCTOPOKHO NHIIET: «HPUHAMO CUUMAMb, YMO RPOUECCH
ouonozuueckoii cyavhampedykuyuu He npueooam K MaAcc-He3a6UCUMOMY
¢pakyuonuposanuio usomonoe cepoi». Ecrb Kakne-ocHoBaHusi B 3ToM comHeBaThes? Ecan
OHM INOATBEPASATCH, HHTEPHPETALHs] IMIHPHYECKOI0 MATEPHAIA MOKET NOMEHATbhCS
KapAMHAJABHBIM 00pa3oM. JIMUHO y MEHS CJIOKUIIOCH BIeYaT/IEHHe, 4To ciabble (B mpeaenax
0.5%0) OTKIIOHEHMS OT JIMHUH MACC-3aBUCHMOTrO (PPaKLUHOHUPOBAHHUSI MOTYT OBITh CBSI3AHBI HE C
(OTOXMMHUECKUMH pEeaKIHsIMH, & ¢ KHHETHYECKUMH TTPOIIECCAMH.

B nponyxrax m3Bepikenus Biak. [Tunaty6o, xotopsiit B 1991 r. BeIOpachkiBasl menen u ra3bl Ha
BbICOTY 34 KM, Bennumna A**S nocturana 0.66%o (Ono et al., 2003), 4TO He CIMIIKOM CHIBHO
OTJIMYACTCH OT apXeHCKuX aHomaiuil. BylikaHuueckas akTUBHOCTb Ha TIpaHHIE apxes H
MPOTepPo30s (~2.5 MIP/L JIeT), KOIjla aHoMalui *>S 10CTHraiy MAaKCUMABHOMN aMILINTY b1, Oblia
MHOTO BbIlIE, 4eM ceiuac. Koub ¢Kopo aomyckaercsi CymecTBOBAHHE KHCJIOPOAHBIX 0a3HCOB
B OeckHCI0pOAHOI aTMocdepe, 0YeMy HeIb3sl JOMYCTHTb, YTO CYIIECTBOBAIH «0A3HChD»
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MacC-He3aBHCHMOI0 (PPAKUHOHNPOBAHUS, CBA3AHHbIC ¢ BYJKAHHYECKHMH UEHTPAMH WU
0a3MChl HETHIIHYHOM ODaKTepHaNbHOI cyabdaT-peaykuun’?

K rmaBe 2, B KOTOpO#H onucaHbl pa3padOTaHHbIE M HCIOJIB30BAaHHBbIE ABTOPOM METO/IbI
M30TOMHBIX AHAJIM30B, Y MEHS HET 3aMe4YaHUd M BONPOCOB. BBICOKUH TEXHHUECKUH YpPOBEHb
pabOTHI HE BBI3BIBAET COMHEHHUH.

B rnaBe 3 u3nararorcs pe3y/ibTaThl SKCIEPUMEHTOB 10 BIMSHHIO (POTOXMMUYECKUX peakluil Ha
(GbpakunoOHUPOBAHUE U30TOINOB cepbl. Hesb3s He nNpu3HaTh, UTO MpoJiesiaHa OrpoMHast pabora mno
U3YUEHHUIO BIUSHHUSI U3TYUCHUS PA3JIMYHBIX CIIEKTPOB HA M30TOMHOE (PpaKMOHMPOBAHHE — 3TO
Herpexosinas 3aciyra Apropa. K uHTepnperauuu pe3yJbTaTOB, OJHAKO, BO3HHUKAET psij
BOIIPOCOB.

[Ipexxie Bcero OTMETHM, YTO YTBEPIKJICHHE: «B meuenue pomoxumuieckux sKkCnepumeHmos Ha
CMEHKAX PeaKyuoOHHOU SYEUKU KOHOCHCUPOBANUCH NPOOYKMbL (OMOXUMUYECKUX Pearyull:
anemenmapnas. cepa (S°) u SO3.» He BIOIHE KOPPEKTHO: 3[€Ch UMEIOT MECTO 2 Mpolecca,
KOTOpBIe 00a MOTYT COMPOBOXKIATLCS H30TOMHBIM (ppaKIHOHMPOBAHUEM — 1) POTOXUMHUUECKHE
peakiuu W 2) KOHJIEHCAllMs IMPOJYKTOB M3 Tra3oBoi (a3bl. Bo3HMKaeT BOIPOC: KAKHMH
m30TonHbIMHU YPpdexTamu conposokaaercs konaencaunu (S') u SO3 u3 rasooii paspl.
ABTOp J€NlaeT BbIBOJ O MPUHIMUIHAILHOM CXOJCTBE H30TONHBIX AHOMAIMH B apXeHCKHX
MOpPOJIaX U TeX, KOTOPBIC MOJIYUEHBI B 9KCIIEPUMEHTAX MPU KOTOPBIX (POTOXUMHUYECKHE PEAKIIUH
MHUIUMPOBAHBI U3JIYUEHUEM, CIICKTP KOTOPOro BKJIIOYALT B ceOst KOPOTKOBOIHOBBIH (A<200 HM)
U JUIMHHOBOJHOBBIA (A>200 HM) AMana3oH MU3Jy4€HUH. DTOTO BBIBOJ BBI3BIBAET COMHEHHS I10
JByM IpuuudHaMm: 1) Ha «apxeillcKHil TpeHA» NOMajaer He pe3yJbTaT KOHKPETHOIo
IKCMEPHUMEHTAa, A  HEeKoTopasi  YCJIOBHAs  CMECh-IKCTPANOJISIUMS  PasIHYHbIX
IKCIIEPHUMEHTOB; 2) «apXelcKuii TpeHI» mNoKa3aHHbIH Ha puc. 3.16 sBasiercs
HEKOPPEKTHOH NPSAMOJJIHHEHHOI dKCTpanoasiuueil YMINHPHYECKHX JaHHbIX B 00/1acTh He
BCTPEYAKMIMXCS B APXEHCKUX MOPOAX 04eHb BHICOKUX 3HaveHuit A¥S u 6348,

B pamkax runore3bl «MoJ1040T0 COJTHIA», CHEKTP KOTOPOro ObL1 CABHHYT 10 CPABHEHHIO ¢
COBPEMEHHbIM B KOPOTKOBOJIHOBYI0 00.I1aCTb, He HAXOAHT O0ObSICHEHUS! OTHOCHUTE/ILHO
HH3KAsl AMILUITATY/1A AapXeHCKHX aHOMAa/Hii 35S 10 cpaBHEHHI0 ¢ pAHHHM NAJ1e0NPOTEPO30eM
(~2500-2400 murH J1€T), KOI/1a COJIHIE YK€ HECKOIBKO «COCTAPHJIOCHY,

B ruase 4 onucanbl npoBe/ieHHbIE ABTOPOM SKCIIEpUMEHTHI 110 oOpazoBanuto HyO» B nporeccax
¢dotonuza H2O npu 0TCYyTCTBUM MOJIEKYJISIPHOTO KHCIOPOAa U COTIPOBOXKAAIOLIEE ITOT IIPOLECC
Macc-He3aBUCUMOE (PpaKLlHOHUPOBAHUE U30TONOB KUCI0poia. B0o3MOKHOCTH reHepHpOBaHHSA
H20: B apxeiickoii 6eckuciopoaHoii arMocdepe MOKHO CYHTATH J0Ka3aHHOH. OaHAKO
BO3MOKHOCTH H PeaiM3alHs ITOH BO3MOKHOCTH — He 01HO H To Ke. T.A Benupeukas sBHO
yBJIEKAEeTCsl, Koraa nuiet (ctp. 174), 4To KTO-TO «ONpeae/na» A0CTATOYHO BBICOKYIO CKOPOCTh
npoayuupoBanust H2O» B apxeiickoii armocdepe /11si BOSHUKHOBEHHSI KUCIOPOIHON aTMOChephl.
DTO MOJENBHBIE pacueTbl, pa3jiMyalollie Yy pa3HbIX aBTOPOB HA HECKOJBKO TMOPSJIKOB H B
JHMccepTaluy He Beprupuuupytores. UYToObl 10Ka3aTh €ClIM HEe peallbHOCTh, TO MO KpaifHel Mepe
BBICOKYIO BEpOSITHOCTH [OSIBJICHMSI Ha 3eMJie KHCJIopoJa M3 [EepPOKCHAa BOAOpO/A,
HAKOIJICHHOIO B JIEJIHUKaX BO Bpems I7100ajlbHBIX paHHE-A0KeMOPUICKUX OJIeIeHEeHHH, B
pasgene 4.4, T.A BenuBeukas Kkacaercsi HCTOPUKO-F€OJOTMYECKUX JaHHBIX O paHHe-
JIoKeMOpuiickux osieeHenusix. Ho 3aech onpeneneHHocTy emie MeHblne. JloctaToyHo cKas3arh,
uyro runore3a «Snowball earth», coriacHo KOTOpOH JeIHHKH BO BpeMsi JOKEMOPHMCKHX
OJIEZICHEHUH MOJTHOCTBIO MOKPBIBAIM 3EMJII0, YK€ HE MOJIb3yeTs MOonyasipHOCThIO. bosee 20 et
OHa Obl1a BBIABHHYTA JUIsl PAHHE-BEH/ICKOTO OJICICHEHHUS! HA OCHOBE 1aJI€OMarHUTHBIX JaHHBIX,
KOTOpBIE B JajibHEeHIIeM ObLIM Je3aByMpoBaHbl. B apxee najemarHuTka eue MeHee HanexHa. K
TOMY JK€ CYLIECTBYET HEIUIOXO OOOCHOBAaHHAsi TUIIOTE3a, COIJIACHO KOTOpPOH HE JIEAHHMKH, a
MarHMTHBIN 1oJiro¢ pacrionarajics Boau3u skBaropa (Ilaunno u ap.. Gusuka 3emin, 2019, Ne 6,
c. 34-58).

['1aBa 5 mocesiuieHa pesysibTaTamM H3yuYeHHsI F€OXHMHHM H30TOMOB CEpbl B apXEHCKUX MOpoaax
Kapenbckoro kparona u Ilapepkanraiickuii Beictyna ¢ynaamernta CHOMPCKOro KparoHa.
ABTOpOM MpojiesiaHa orpomMHas padota: B TaOJaML@x COAEPIKUTCS OKOJIO COTHH MPELU3UOHHBIX
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MYJIbTUM30TONHBIX aHain30B. K coxkanenuto, kauyecTBo 3Toi paboThl CHI)KEHO M3-3a HESCHBIX U
IIPOTHBOPEUMBBIX €OJIOIMMYECKHX OMHUCAHWUH, KOTOPBIE MOaYac IMJI0XO YBSI3aHbI ¢ M30TOMHBIMHU
JaHHBbIMU. OCTAHOBMMCSI HA HEKOTOPBIX MOMEHTaX.

Ha crtp. 189 yxkasbiBaeTcsi, 4ro Ha pyaonposiBjieHHH Jlekca MPUCYTCTBYIOT «08€ OCHOBHbLE

accoyuayuu  0OMemMamoppHuyeckoeo  0cadoyHo2o  CYIbuoa.  CuHeeHemuyeckas U
ouaeenemuyeckasn. CuneeHemuyeckas —accoyuayus npeocmaeisem cobou  2106ynapHbie
azpe2amovl U 0O0NUMOBbIC CMSAICEHUS — KOHKPeYuu OKpyelol (hopMul ¢ ACHO BbIPANCEHHOU
KOHYenmpuueckou 30naibnocmylo. Juazenemuveckas accoyuayusi npeocmasiena NUpumom
ppamboudavibiM, MUKPOCHEPULECKUM U UOUOMOPPHBIMU MUKPOKpUCmaniamu... ». Bo3zHukaer
BOTIPOC: KAKOH CMBIC/ BKJIAJbIBaeTCsi B 3TH TepMHUHBL. CyJb(HaHbIe KOHKPEUHH He MOryT
ObITH O0CAJOYHBIMH — OHHM Bce /auareHerndeckue. HX 30HaIbHOCTHL cCBsI3aHA ¢

HEPABHOMEPHBIM MOJATOKOM /IHATeHETHYECKHX PACTBOPOB, Y€ro He MoKeT ObITH B BOJAHOM
TOJIE, KOTOpasi MHTEHCHBHO NepememuBaercs. BospacT amareHermyecKHX KOHKpeUHi
MOKeT MPAKTHYECKH He OTJIHYATHCS OT BO3PACTAa OCAAKOHAKOIICHHUS, I0YEMY Ie0/I0TH,
NO-BHAHMMOMY, M HA3bIBAKT HUX CHHCeIUMEHTAUUHOHHLIMU. OJHAKO ¢ TOYKH 3pEHHS
reOXHMHH CeAMMEHTAUMSI H /IMareHe3, KOTOPbIH JIMTOJIOTH Ha3bIBAOT «BTOPbIM
POKAEHHEM MOPO/AbLD - COBEPIICHHO Pa3Hble POLECCHI.

Jlanee cutyanus euie Oosiee 3aryTeiBactes. KoJib ¢kopo Bblae/ieHbl pa3/JiHYHbIC ACCOLUHALUH
cyJab(puaA0B, YHTATE]b O0KHIACT, YTO K HTHUM accouHauusiv OyAyT KaK-TO NPHBA3AHbI
H30TONHBIE JAaHHbLIE, OJHAKO B 00Cy:kI1eHHH H Tabuuue S.1 ¢GurypupywoT coBepmeHHO
ApYrue XapakTePHCTHKH 00pa3loB: «MOJyMACCHBHbIE (IYCTOBKpAaIlJIeHHbIE) CYJab(uIbI,
[lapajsienbHO-c/I0HCTast MACCHBHASL M [0JIYMACCHBHASI KOJIYeJaHHAs] PyJa, TOHKAas KUJIa
maccuBHoro Py B moaymaccuBuom Py, waumomopubiii  kpucraam» H T.A. ITO
mMeramoppuueckue 00pazoBaHUs - KAaKOe OTHOLIEHHE OHH HMEIOT K KOHKpeuusiMm u
¢ppambonaam. Kakum obOpaszom meramopduueckue HAHMOMOP(HBIE KPHCTANILI MOTYT
«o0pacTaTh» AHANCHETHYECKYI0 KOHKPEUHI0 — 3TO0 00pa3oBaHHsl COBEPHIEHHO PAa3HbIX
craguii npeoOpaszoBaHusi nopoabl. MHHepa/bHBII €OCTAB JAPYrUX PYyAONPOsIBJICHHI,
PACCMOTPEHHBIX B JAHCCEPTALMHU, CYLIIeCTBEHHO oTianvaercss or Jlekcol. B HekoTOpbIX
OPHCYTCTBYIOT c(ajiepuT, XaJbKONHPUT, TaJeHHUT, APCEHONHPHT — MHHEPAJbI He
XapaKkTepHble UIsi AHareHe3a. 3HAYMT JIH 3T0, YTO MECTOPOKIACHHUS HUMEIOT Pa3IHYHbII
resesuc?

OCHOBHOH BBIBO/I O HalW4yMe B CYJAb(QUIHON MHUHepanu3audud KapenbCckoroit rpaHuT-
3€JIEHOKaMEHHOW oOsiacTH  cepbl  (POTOXMMHUYECKOrO MPOUCXOXKICHHUS, [OCTYNaBLICH H3
aTMoc(eps! B OKeaH U I0/BepraBuieiicsi B 0aKTepHaibHON CylbpaT-peayKIHu, peacTaBIseTcs
JI0CTaTOYHO OOOCHOBAaHHBIM. MeHee yOeauTeNbHO BBIMSIUT OOBSICHEHHE pa3IMYHOr0 3HaKa
Bemmunbbl A**S B komkperuu (A**S<0%o) ¥ B HIMOMOP(HBIX KpPHCTAUIAX, KOTOPHIE ee
obpacraior (A¥S>0%¢). Onupasch Ha 3KCIepUMEHTAIbHbIE JAHHbIC, HMCTOYHHK Cepbl B
KOHKpPELIMH ABTOP CBSI3bIBACT C Cyab(aroM, a B KpUCTAlIaX — C O3JEMEHTapHOH Cepow,
00pa3ylolIUMHUCs  OJIHOBPEMEHHO B X0Jie  (POTOXUMHUYECKHUX peakiui. PopmaabHO Takoe
o0bACHEHME MMeeT IMpaBo Ha cyluecTsoBanue. Ho kakum oOpasom cyabparbl
jjIeMeHTapHasi cepa aupdepenuupyoress B ocagoyHoMm mnpouecce? B aToil  cBsizm
uHTepecHo ObL10 Ob1 00cyauTh wiew (Maynard et al. / Chemical Geology 362 (2013) 74—
81), cor;1acHO KOTOPOIi BoccTaHOB/IeHHEe POTOXUMHYECKHX CYIb(ATOB NPOHCXOJUI0 KAK B
OKEeaHAaX, TAK H HA KOHTHHEHTAX, a 3JIeMEHTAPHOII cepbl — TOJILKO B OKeaHaX.

B pasmene  5.1.2  paccMaTpuBAarOTCs  MYJbTHH30TOINHBIE — XApaKTEPUCTHKH  CEpbl
paHHENpOTEePO30HCcKUX  MoHueropckas U MonuerynapoBckas —0azuT-runepOa3uTOBbLIX
paccioeHblx HMHTpY3ud Kosabckoro mnosgyoctopoBa. B HuUX 0OHapyKeHbl CpaBHUTEIBHO
HeOOJIbIIME OTpULATEIbHbIE aHOMATMH A*’S, KoTopble ABTOp CBSI3BIBACT C ACCHMHIISIIUEH
0a3uTOBOM MarMoil BMEILAIOIIMX META0CAT0YHBIX TI'PAHYJIUTOB. DTOT BBIBOJ HE BBI3BIBAET
Bo3pakeHUH. OHAKO y YuTaTessl, KOTOPhIH TOJBKO YTO O3HaKOMMIICs ¢ pazaenoMm S5.1.1. (oM.
IpeIbILyIIEe 3aMeUaHue), 1€ ONUCaHbl U OTPULATENbHbIE M MONOKUTEIbHbIe aHoMamun ASS,
HEe MOKET HE BO3HHUKHYTbH BOINPOC: MOYeMy B KOJbCKHX IFPAHYJHTAX HET MOJIOKHTEIbHOMN
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anomaanu? Kyaa jaenacn  dorosmrnueckass JjeMeHTapHas cepa, ¢ KOTOpOH OHH
cBSI3bIBAIOTCH?

Eme onnH pannenokemOpuiickuii  oObekt - [llapbpkanraiickuit  BeicTyn  (QyHIaMeHTa
Cubupckoro kparoHa paccMoTpen B paszaene 5.2. B oriuume oT 0asuT-runepOasMTOBBIX
paccioeHblx MHTpY3ui Kosibekoro nosyoctposa, B apxeiickux nopoaax [llapspxanraiickoro
BBICTYIIA PE3KO MPeobIaialoT Cy ib(uabl ¢ MON0KUTEIbHBIME 3HaueHusMu AS (puc. 5.12).
[Toxoxe, Ha 3Ty 4Yacth Poccuiickoit denepanuu B apxee Inajajla B OCHOBHOM 3JI€MEHTapHas
cepa. Xopo11o Obl y3HATh [OYEMY.

B 3akmouenue xotel Obl elle pa3 OTMETHTh, UTO s IPOYesT AUCCEPTALUIO ¢ OOJIBIIUM HHTEPECOM
U y3Ha A1s ce0si MHOrO HOBOIO. DTHUM M OOBACHSETCS OOJbIIOE KOJIWYECTBO 3aMeYaHuii,

KOTOpPbIE HE MEHSIIOT 0011 BLICOKOH OLICHKH pelieH3upyeMol paboThl.

B muccepraumnonnoit padore T. A. Benusenkoi peiieH nebli psi/i HayYHbIX 3a/1a4:

1) PaspaGoran MeTO, NMPELU3MOHHOTO OINpe/e/eHHs BapHalMi BCEX YETBIPEX CTAOMIIBbHBIX
u3otonos cephl (*%S, **S. S u *S) B 06pasuax cyibhumHOI cepbr;

2) DKCIEPUMEHTAILHO OTPe/IesieHbl 3aKOHOMEPHOCTH MacC-HE3aBUCUMOT0 (hpaKLMOHUPOBAHUS
H30TOIOB cepbl pu (Gotosinze SO» B 3aBUCUMOCTU OT TEMIIEPATyPbl, NAapLUAILHOTO JaBJICHHS
SO2, KOMIIOHEHTHOT'O COCTaBa ra30BOH Cpelbl, CIHEKTPAIbHOro coctaBa Y@ u3Iy4deHUS H
OTHOCHTEILHON WHTEHCHBHOCTH CIIEKTPAILHBIX KOMIIOHEHTOB B OJIMIKHEH U nanbHel obsacTax
YO uznyueHusl.

3) MerogoM  HKCIEPUMEHTAIBLHOIO  MOACJIMPOBAaHUS  OOOCHOBaHAa  NPUHUHUIIUAIbHAS
BO3MOXKHOCTB IeHepupoBanus nepokcuia Bogopoaa H2Oz B Geckucioponnoit armocdepe, kKak
NOTEHLUUAILHOIO WCTOYHMKA OKCHUI'€HM3aUMM paHHed armocdepbl 3eMiIM W YCTAHOBIIEHBI
3aKOHOMEPHOCTH (hopMHpoBaHus M30TonHEIX orHomenmit '80/'°0 u '"0/'°0 B mpomeccax
(doronu3a BOIbL.

4. B pesynbrare NpOBENECHHBIX H3OTOMHBIX HCCIEJOBAHHM YCTAHOBJICHA pPOJb CEPbI
doroxumMHUecKoro aTMochepHOro UKIa B (OPMHUPOBAHUU KOJYEIAHHBIX PYIONPOSBICHUN B
apxeickux komekcax MeHHockan IMHaBekoro murta 1 CuOupekoi miarhopmsel U ONpeaeIeHbI
OCHOBHBIE (PAKTOPBI. KOHTPOIMPYIOLIHE T0BEJIEHHE H30TONOB cepbl °°S n S,

Jucceprauus 1. A. BeauBeukod COOTBETCTBYET CIEIYIOLIMM [YHKTaMm [acnopra
criequanbHocTH 1.6.4 - «Munepanorusi, kpucramaorpadus. ['eoXumus, reOXUMHYECKUE METO/IBI
IIOUCKOB IOJIE3HBIX UCKOMAEMBIX) !

13. «M3yuyenne XMMHUYECKOro cocraBa MPUPOTHOrO BELIECTBA B I'€OJIOTMYECKUX M CBSI3aHHBIX C
HUMM cucTeMmax (3eMHO# kope, miyOMHHBIX reocdepax 3emuu, rujapocgepe, armocdepe,
TexHoc(epe, BHE3eMHbIX 00BEKTAX, )KHBOM BEILECTBE) U Ipolleccax, UCCeI0BaHUEe COCTOSIHUS,
(GopM HaxoMkIeHHS, 3aKOHOMEPHOCTEH paclpOCTPAHEHHOCTH W TOBEJEHHs (pacripe/ie/ieHH s,
KOHLIEHTPUPOBaHUsl, (PPAKLHUOHUPOBAHUS) XHMHUUECKHX JIEMEHTOB U UX U30TOIIOBY

14. «Teopust u METO/bI OLEHKH KOJMUYECTB, COCTOSHUS W (OPM HAXOXKIEHHUS XUMHUECKUX
5JIEMEHTOB U X W30TOMOB B IIPUPO/JIE; pazpaboTKa NPUHLKUIIOB U METOI0B (PU3HUKO-XUMUYECKOTO
MOJEJIMPOBAHUSI TCOXUMUUYECKUX CHCTEM M IPOLIECCOB, METOJ0B MaTeMaTH4YecKod 00paboTKH
FeOXUMHUYECKHX JTAHHBIX © MATEMaTHYECKOI'0 MOJICTUPOBAHUSI TEOXUMHUECKUX MPOLIECCOBY

15. «DkcnepumenTaibHble (U3HKO-XHMHUUYCCKUE HCCIIEI0BAHMsI, HAIlpaBJIICHHbIC HA BbISBICHUE
3aKOHOB 00pa3oBaHUs MMHEpalbHBIX (a3 M pacrnpeseeHus: XUMHUYECKUX 3JIEMEHTOB M HUX
M30TOIOB MEXJ1y pa3jiMuHbIMU (pazamMu U MuUHepanooOpasyloulen cpeaoi; GU3NKO-XUMUYECKOe
M MaTeMaTH4yecKoe MOJCIUPOBAHUE MPHUPOJHBIX IPOLECCOB MacCOoNepeHoca U IMOBEJEHHUs
XMUMHMUYECKUX JIEMEHTOB U UX MU30TOMOBY



19. «M3yueHue 3aKOHOMEpPHOCTEH 9BOJTIOINMH FCOXMMHYECKMX IPOLECCOB B IE€0JIOTHUECKOM
UCTOPUU 3eMJIM U MCTOpUU ee Ouocdepsl, pa3padoTka MPOrHO3HOIO ACMEKTa Ie€OXMMUYECKUX
UCCJIeI0OBAHUI» MAcopTy crnenraibHocT 1.6.4.

Juccepraunonnas padora T.A. BeauBeukoidl MOTHOCTBIO COOTBETCTBYET TpeOOBaHUSIM,
MPEABABISIEMbIM K JIOKTOPCKMM JIMCCEPTALMsIM, YCTAHOBJIGHHbIM B M. 9-14 [locraHoBieHHs
npasutenberBa PO "O nopsiike npucyxaenus yuéneix creneneid” ot 24.09.2013 N 842 B pen.
ot 25.01.2024 (Bmecre ¢ "[los0keHHEM O NPUCYIKACHUH YUEHBIX CTEIICHEH").

T.A. BenuBenkas, HECOMHEHHO, 3ac/ly)KHBaeT IPHUCYKICHHUS MCKOMOH CTENEeHH OOKTOpa
re0JI0ro-MHHEPAJIOrHYECKUX HayK 1Mo crenuaibHocTu 1.6.4 — Munepanorus. Kpucrannorpadus.
['eoxumus, reOXUMHUYECKHE METO/Ibl [TOUCKOB MOJIE3HBIX HCKOMAEMBIX

ABTopedepar COOTBETCTBYET COJIEPIKAHUIO AUCCEPTALIMH.

OnnoHeHT

[Toxposckuii bopuc I 1e60B1Y

JIOKTOp reosioro-MMHepasorHuecKux HaykK,
Ynen-koppecnonieHT Poccuiickoi akajieMuH HayK,
3aBeayrouuil 1aboparopueii, riaBHbli HaAyYHbIA COTPYAHHK.
®denepanabHOE rOCyAapCTBEHHOE OIO/DKETHOE YUPEK/ICHUE HAYyKH
['eonoruyeckuit MHCTUTYT POCCUHCKON aKa/JleMUH HayK,
JlabGopaTopusi reoOXMMHH U30TOIOB M F€OXPOHOJIOTHH.

DenepanpHOe rocyrapeTBeHHOE OI0/UKETHOE YUpeKICHUE HAyKH [ €01ornyeckuii HHCTUTYT
Poccuiickoii akagemun nayk (I'MH PAH). Mocksa, 119017, IlbbxeBckuii nep., a. 7. Ctp. 1.
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A, Tloxpockuit bopuc ['neGoBuu, aBTOp OT3bIBa, a0 COIVIACHE Ha BKJIIOYEHHE CBOUX
NEPCOHATILHBIX JAHHBIX B JOKYMEHTBI, CBsI3aHHbIE ¢ PAOOTON AMCCEPTALMOHHOIO COBETA, U UX
JanbHeyo oopaboTky.
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Caenennsi 00 0pUIHATILHOM ONNOHEHTE

S, Iokposckuit bopuc 'meGoBud, a0 cBoe coriacke BBICTYNIUTH B KauecTBE O(PUIHATIBHOTO
omnroHeHTa 1o auccepranuu Bemusenkoit Taresusr AnexceeBHbl Ha TeMy « DPDOEKTBI MACC-
HE3ABUCHUMOI'O ®PAKIIMOHMPOBAHUSA WM30TOIIOB CEPbI U KHUCJIOPOJIA B
APXEMCKOM ATMOC®EPE 3EMJIM» mno cmemmaneHOcTH 1.6.4  «Munepanorus,
Kkpuctayuiorpadus. ['€OXHUMHs, T€OXUMHUYECKHE METOJbI IMOMCKOB IIOJIE3HBIX HCKONAEMBIX»,
IpE/ICTAaBIIEHHON HAa COMCKAHUE YYEHOU CTETIeHH TOKTOPA I'e0JIOr0O-MUHEPATIOTHYECKUX HAYyK.

O cede coo0IIaIo:
damuus, ums, otyectBo: [TokpoBckuii bopuc ['neGoBuu
VueHas cTeneHb, yYeHOE 3BaHUE: TOKTOP re0Ior0-MHHEPATIOTHUeCKUX HayK, wieH-kopp. PAH,

[Iudp u HaMMEHOBaHKE CIICIHATFHOCTH, IT0 KOTOPOH 3anuineHa quccepramus: 25.00.09
[eoXumus1, FreOXUMHYECKHUE METO/IbI TIOMCKOB TOJIE3HBIX HCKOIAEeMbIX

HaumenoBanue opranmu3zanuu: ['eosnorudeckuit unctutyr PAH

JIOJKHOCTB, CTPYKTYpHOE TIOApa3/elieHHe: TJIaBHbI HAy4YHBIH COTPYAHHUK, 3aBELYIOIIUH
nabopatopueii, JlabopaTopHs reOXHMUHU U30TONIOB U T€OXPOHOJIOTUU
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A, Ioxposekuit bopuc ['eboBuy, 1aro corsiacue Ha BKIIOUEHHE CBOMX TEPCOHATBHBIX JTaHHBIX B
JIOKYMEHTBI, CBSI3aHHbIC ¢ PA0OTOH JHCCEPTALMOHHOTO COBETA, U UX JAAIBHEHIIY IO
00paboTky. B TOM uHcie Ha pasmellenne ceeenuit Ha caiite ®I'BYH MuctutyT reoxumun
U aHasiTHueckoi xumun um. B.M. Bepuaackoro PAH.
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