
YTBEP)K,[(AIO: 
eKrnpa fEOXI1 PAH 

,n.x.H., qn.-Kopp. PAH 
P .X. XaMH30B 

«5» H05I6p5I 2025 r. 

<De,nepan1Horo rocy,napcrneHHoro 6IO,n)KeTHoro yqpe)K,neifflb ffli1~~ Op,neHa J1emrna H Op,neHa 
OKrn6pbCKOH PeBOJIIOUHH l1HCTHTYTa re0XHMHH H aHaJIHTifqeCKOH XHMHH HM. B.l1. BepHa,[{CKOro 
PoccHHCKOH aKa,neMHH HayK (fEOXI1 P AH) o ,nHcceprnuHH AJieKceH Hsauosuqa liYMKHHA 
«l13OTOITHAJI Cl1CTEMATI1KA EJ1AfOPO,[(HbIX r A3OB l1 A3OTA B MAHTI1HHbIX 
ITOPO,[(AX: BJ1l15IHI1E fEO,[(l1HAMJ1qECKI1X OECTAHOBOK», npe,ncTaBJieHHOH Ha coHcKaHHe 
yqeHOH CTeneHH ,[{0KT0pa reonoro-MHHepanornqecKHX HaYK no cneUHaJibH0CTH 1.6.4 - MHHepanorn5I, 
KpHCTaJIJiorpacpH5I. f eOXHMH5I, reOXHMHqecKHe MeTO,[{bI noHCKOB none3HbIX HCKonaeMbIX. 

,[(HccepTaUH5I «l13OTOITHAJI Cl1CTEMA Tl1KA EJ1AfOPO,[(HbIX f A3OB l1 A3OT A B 
MAHTI1HHhIX ITOPO,[(AX: BJ1l15IHI1E fEO,[(l1HAMJ1qECKI1X OECTAHOBOK» BbIII0JIHeHa B 
na6oparnpHH H30TOnHoi1 reoxHMHH H reoxpoHonornH fEOXI1 P AH BO BpeM5I pa60T1r B fEOXI1 P AH. 
B nepH0,[{ no,nroTOBKH ,[{HCCepTaUHH C0HCKaTeJib pa60TaJI B fEOXI1 p AH B ,nomKH0CTH Be,nyrn:ero 
HayqHoro C0Tpy,nHHKa. 

EyifKHH AneKceif l1BaHOBHq 3aW:HTHJI ,[{HCCepTaUHIO Ha C0HCKaHHe CTeneHH KaH,[{H,[{aTa reonoro­
MHHepanornqecKHX HaYK B 2005 ro,ny (,[(HnJIOM KaH,[{H,[{aTa HayK KT N2154428 BbI,[{aH 10 HIOH5I 2005 
ro,na no peIIIeHHIO ,nttccepTaUH0HHoro coBeTa fEOXI1 PAH OT 30 Maprn 2005 ro,na N22). 

ITo pe3yJibTaTaM paCCM0TpeHH5I BbIIIle03HaqeHHOH ,[{HCcepTaUHH npHH5ITO cne,nyIOrn:ee 

3aKJIIOqeHHe. 
AKryaJihHOCTb TeMbl HCCJle)lOBaHHH. ITpo6neMa H30TOnHOH reTeporeHH0CTH MaHTHH 3eMJIH 

H0CHT cpyH,naMeHTaJibHbIH xapaKTep. BbI5IBJieHHe ee MaCIIITa60B If npHp0L(bI .n:acT KJlIQq K nyqIIIeMy 
n0HHMaHHIO CTPYKTYPbI H 3B0J1IOUHH 3TOro rno6aJibHOro pe3epByapa. :SnaropOL(Hbie fa3bI, o6na.n:a~ 
TaKHMH CBOHCTBaMH, KaK XHMifqecKa5I HHepTH0CTb, HH3KM pacnpocTpaHeHH0CTb If BbIC0KM CTeneHb 
JleTyqecTH, cny:>I<aT qyBCTBHTeJlbHbIMH HHL(HKarnpaMH npouecco.B, np0HCX0L(5IW:HX B 3eMHbIX He.n:pax . 
l13yt.JeHHe 6naropOL(HbIX ra30B B MaHTHHHbIX nopo.n:ax If MarMax 5IBJ15IeTC5I 0.L(HHM H3 0CH0BHbIX 
HHCTpy-MeHTOB L(J15I noHHMaHH5I XHMifqecKOH reTeporeHH0CTH MaHTHH 1eMJ1H If o6pa30BaHH5I 
aTMoccpepb!. Cnoco6HOCTb 6naropOL(HbIX fa30B xapaKTepmoBaTb MaHTHHHbie L(0MeHbI C 4Ja3HOH 

HCTOpHeH .n:era3aUHH c.n:enana HX Ba:>I<HeHIIIHM HHCTpy-MeHTOM HCCJleL(0BaHH5I MaHTHHHOH re0L(HHaMHKH 
(Hanp., Zindler and Hart, 1986; Porcelli and Wasserburg 1995, Tolstikhin et al. 2006; Smye et al. , 2017; 
Day et al., 2022 H .n:p.). IT03TOMY, TQqHa5I oueHKa H30T0nHbIX MeTOK 6naropOL(HbIX fa30B B pa3HbIX 
MaHTHHHbIX pe3epByapax 5IBJ15IeTC5I Ba)KHOH reoxHMH'-leCKOH 3a,n:aqeif, peIIIeHHe K0T0p0H II03B0J1HT 
K0JllfqecTBeHH0 onHCbIBaTb npouecCbl B3aHMOL(eHCTBH5I MaHTH5I-KOpa-aTMOCcpepa. O,n:HOH H3 
KJlIOqeBbIX npo6neM B MaHTHHHOH re0XHMHH 6naropo,n:HbIX fa30B 5IBJI5IeTC5I n0CT05IHH0e npHCYTCTBHe 
B MaHTHHHbIX nopo.n:ax H MHHepanax aTMOCcpepHbIX 6naropo,n:HbIX fa30B, K0T0pbre HCKa)KaIOT 
nepB0HaqaJibHy-IO H30T0nHyIO MeTKY MaHTHHH0ro HCTO~HKa. MexaHH3MbI npoHHKH0BeHH5I 
aTMOCcpepHoro K0Mn0HeHTa B MaHTHHHbie o6pa3UbI Ha cero,n:H5IIIIHHH ,n:eHb ,[{0 K0HUa He BbI5IBJieHbI If B 
60J1bllIOH Mepe 0CTaIOTC5I .L(HCKYCCH0HHbIMH. l1x BbI5IBJleHHe 5IBJ15IeTC5I Heo6XOL(HMbIM L(J15I noHHMaHH5I 
npoueccoB B3aHMOL(eHCTBH5I Me)r<,n:y 0CH0BHbIMH pe3epByapaMH 3eMJ1H: MaHTHeH, KOpOH H 
aTMOCcpepoi1:/rn,n:poccpepoi1: If nocTp0eHH5I reo,n:HHaMHqecKHX MOL(eJleH. PacIIIH<ppOBKa HH<pOpMaUHH, 
«3aKO,n:HpOBaHHOH» B ,n:aHHbIX no 3JleMeHTH0MY H H30T0nH0MY C0CTaBY 6naropo,n:HbIX fa30B .L(QJl)KHa 
np0B0.L(HTbC5I C yqeTOM B03M0)KH0ro HCKa)KeHH5I nepB0HaqaJibHbIX MeTOK 3a cqeT pa,n:H0aKTHBH0ro 
pacna.n:a U, Th HK. Heo6xo,n:HMOCTb peIIIeHH5I 03HaqeHHbIX HayqHbIX 3a,n:aq onpe,n:en5IeT aKTYaJibH0CTb 
npe,n:CTaBJleHHbIX B L(HCcepTaUHH HCCJle,n:oBaHHH. 

KouKpenrne Jiuquoe yqacTue coucKaTeJIH. ITocTaHOBKa HayqHoif npo6neMbI H 3a,n:aq 
HCCJle,n:oBaHH5I, no.n:6op cpaKTifqecKoro MaTepHana H3 HMeIOW:HXC5I KOJlJleKUHH, H30T0nH0-
re0XHMifqecKHe Hccne,noBaHH5I (B fEOXI1 PAH - moTonH1rn aHaJIH3 yrnepo.n:a H Bo,n:opo.n:a, B 



IfacnnyTe HayK o 3eMne YmrnepcHTeTa ropo,n:a Xaii,n:em,6epr, repMaHH5I - H30TOIIHhili aHaJIH3 11 

::meMeHTHhie 0TH0IIIeHH5I reJIH5I, He0Ha H aproHa, B OTKphITOM YHHBepCHTeTe, MmITOH KHHC, 

Coe,n:HHeHHoe KoponeBCTBO - H30T0IIHhili aHaJIH3 H 0TH0IIIeHH5I Ar, N2, CO2, He B o,n:Hoii HaBecKe 

o6pa3ua), a TaK)Ke o6pa6oTKa H HHTeprrpernu:H5I ,n:aHHhIX C rrocne,n:y10mHM HaIIHCaHHeM Hay'-IHhIX CTaTeii 

BhIII0JIH5IJIHCh JIH'-IH0 aBT0p0M. 

HayquaH HOBH3Ha. ITpe,n:JIO)KeH H ocymecTBJieH H0BhIM rro,n:xo.n: K peIIIeHHIO rrpo6neMhl pa3,n:eneHH5I 

MaHTHMHhIX K0MII0HeHTOB 6naropo,n:HhlX fa30B OT K0HTaMHHHpyIOIUHX H in situ o6pa30BaHHhlX B 

o6pa3uax, 'ITO 1103B0JI5IeT rronytJaTh Ha,n:e)I(Hhle H30T0IIHhie MeTKH H 6onee T0'-IH0 xapaKTepH30BaTh 

pa3Hhle MaHTHMHhie pe3epByaphl - HCT0'-IHHKH rrpo,n:yKT0B MaHTHMHOro MarMaTH3Ma, a ::no 5IBJI5IeTC5I 

Heo6xo,n:HMhIM ycn0BHeM .lJ:J15I oueHKH MaCIIITa60B reTeporeHH0CTH MaHTHH 3eMJIH. ITo,n:xo.n: 

3aKJIIO'-laeTC5I B rrpHMeHeHHH B3aHM0CB513aHH0ro K0MIIJieKca H30T0IIH0-reoxHMH'-leCKHX HHCTpyMeHT0B 

.Zl:J15I Bhl5IBJieHH5I HCT0'-IHHK0B H MexaHH3M0B K0HTaMHHaUHH 6naropo,n:HhlX fa30B H a30Ta B MaHTHMHhIX 

rropo.n:ax aTMOCcpepHhIMH H opraHoreHHhlMH K0MII0HeHTaMH H .Zl:J15I orrpe,n:eneHH5I H y-qeTa BKJia,n:a in situ 
o6pa30BaHHhIX K0MII0HeHT0B 6naropo,n:HhlX fa30B. 

ITpHMeHeHHe pa3pa60TaHHhIX MeTO,n:0B H rro,n:xo,n:oB rrpH H3Y1:feHHH MaHTHMHhlX o6oeKTOB H3 pa3HhlX 

reo,n:HHaMH'-leCKHX o6cTaHOBOK 1103B0JIHJ10 )];OKa3aTb, 'ITO B xo.n:e CTyrreH'-laToro .n:po6neHH5I 

Bhr,n:eJI5IlOTC5I HaK0IIJieHHhie 3a reonor11qecK0e BpeM5I in situ H30T0IIhl 6naropo,n:HhIX fa30B, ,n:a)Ke 

He60JihIIIa5I .lJ:0J15I K0T0phIX M0)KeT cymecTBeHH0 HCKa)KaTh C0CTaBhl fa30B, H3Ha'-laJihH0 3axBa'-1eHHhIX 

BO BKJIIO'-leHH5I, H rrpHB0.D:HTh I( HeBepH0H HHTeprrpeTaUHH rronyqeHHhlX aHaJIHTH'-leCKHX ,n:aHHhIX. 

Ilpew1omeu MeTO)]; OT6paKOBKH pa,n:HoreHH0-HYKJieoreHHOH K0MII0HeHThI 6naropo,n:HhlX fa30B, 

HaK0IIJieHHhIX 3a BpeM5I cymecTB0BaHH5I rropo,n:hI. C II0M0IUhlO 3T0ro MeTo,n:a II0JiyqeHhI T0'-IHhie 

I130T0IIHhie MeTKH reJIH5I, He0Ha H aproHa, ,n:0Ka3hIBaIOmHe IIJilOMOBhIM THII MaHTHMHOro HCT0'-IHHKa .lJ:J15I 

meJI0'-IH0-yJihTpaocH0BH0ro c Kap6oHaTHTaMI1 K0MIIJieKca Ce6Jih5IBp (KOJihCKa5I meJI0tJHM 

rrpOBHHUH5I) . B TO )Ke BpeM5I, .Zl:J15I Kap6oHaTHTOB rynHHCKOro K0MIIJieKca (MaiiMe'-la-KoTyiicKM 

rrp0BHHUH5I, ITOJI5IpHM C116Hph) BnepBbie BbIHBJieHa cy6KOHTHHeHTaJihHa5I rrpnpo.n:a HX q>JIIOH.D:HOH 

(pa3hl. BnepBbJe c<l>opMyJiupoBaHbl 3aKOHOMepHOCTH pacrrpe.n:eneHH5I 3JieMeHTHbIX H H30T0IIHbIX 

C0CTaB0B 6naropo,n:HhIX fa30B .D:JI5I BCex Tpex cerMeHT0B TpOHHOro C0'-IJieHeHH5I EyBe (IO)I(Ha5I 

ATnaHTHKa). BnepBbie ycTaHOBJieH IIJIIOMOBhIH HCT0tJHHK rop51qen T0'-IKH <DepHaH,n:o-,n:e-HopoHh5I, 

6JIH3KHH 110 H30T0IIHhIM xapaKTepHCTHKaM 6naropo,n:HhIX fa30B C IIJIIOM0BhIMH HCTOtJHHKaMH KepreneH 

H TpOHHOro C0tJJieHeHH5I EyBe. Ha 0CH0BaHHH N-Ar H30TOIIHOM CHCTeMaTHKH MaHTHMHhlX rropo.n: 

npe)];JIO:m:eu HOBblH He3aBHCHMhIH KpHTepHH rrpHCYTCTBH5I cy6,n:yKUHOHHOro MaTepnarra B rrpo,n:yKTaX 

MaHTHHHOro MarMaTH3Ma, 3aKJIIO'-laIOIUHHC5I B BbIC0KHX (MaHTHHHhIX) 3Ha'-leHH5IX OTHOIIIeHHH 40 Ar/36 Ar 

rrpH II0JI0)I<HTeJibHhlX 3HatJeHH5IX 815N , xapaI<TepHbIX .D:JI5I a30Ta oca,n:0'-IHhIX rropo,n:. BnepBbie II0Ka3aHo 

BJIH5IHHe BhIC0K0C0JieHhlX H BhIC0K0TeMrrepaTypHhIX rH,n:poTepMaJibHhIX paCC0JI0B Ha BapHaUHH 

H30TOIIH0ro C0CTaBa 6naropo,n:HhIX fa30B H a30Ta B rrpo,n:yKTaX 6a3aJihTOBoro MarMaTH3Ma Cpe,n:HHHO-

0KeaHH'-leCKHX xpe6TOB (COX). BhI.D:BHHYTO rrpe,n:rr0JIO)I(eHHe, 'ITO cna6oe (MeJIKOMaCIIITa6Hoe, T.e. 

He3aMeTH0e .D:M rro,n:aBJI5IIOIUero 60JihlllHHCTBa ,n:pyrHX re0XHMH'-leCKHX CHCTeM) B3aHMo,n:eHCTBHe 

BhIC0K0C0JieHhIX rn.n:poTepMaJihHhIX <pJIIOH.lJ:OB (UHPKYJIHpyIOIUHX B OKeaHHtJeCKOH Kope .n:o 60JihlllHX 

rny6HH) C MaHTHHHhIMH pacrrnaBaMH M0)KeT 6bITb YHHBepCaJihHhIM MexaHH3M0M cpopMHpOBaHH5I 

H30T0IIHOH reTeporeHH0CTH 6naropo,n:HhIX fa30B H a30Ta B rrpo,n:yKTaX MaHTHHHOro MarMaTH3Ma COX. 

YtJeT 3TOro MeXaHH3Ma rrpHBe,n:eT H K rrepeoueHKe B CT0p0HY II0HmKeHH5I perrepHhlX co,n:ep)l<aHHH 

rarroreH0B (rrpe)K,n:e Bcero, xnopa) H B0.D:hl B HeK0HTaMHHHpOBaHH0M MaHTHHHOM pacrrJiaBe. 

TaKHM o6pa30M, B xo.n:e HCCJie,n:oBaHHH ycTaHOBJieuo, tJT0 cymecTBeHH0e BJIH5IHHe Ha 

cpopMHpOBaHHe H30TOIIHOH CHCTeMaTHKH 6naropo,n:HhIX fa30B H a30Ta H HX 3JieMeHTHhlX C00TH0IIIeHHH 

B MaHTHHHhIX o6oeKTax 0Ka3hIBaeT co6cmee1-11-10 reo,n:HHaMHtJeCKa5I o6cTaHOBKa, B KOTOpOH 3TH 

o6oeKThI o6pa3yIOTC5I. KJIIOtJeBhIMH cpaKTOpaMH TaK0ro BJIH5IHH5I 0Ka3hIBaIOTC5I .n:era3aum1 ( CTerreHh 

,n:era3aUHH) pacrrJiaB0B, II0CTMarMaTH'-leCKHe II0TepH (B rrepByIO oqepe,n:h, reJIH5I) , CMeIIIeHHe fa30B H3 

pa3HhIX HCT0tJHHK0B H pa3H006pa3Hhie MexaHH3MhI K0HTaMHHaum-1 aTMOCcpepHhIM!opraHoreHHhIM 

K0MII0HeHT0M. )J;JI5I Ka)I<,n:oro K0HKpeTH0ro o6oeKTa .lJ:0MHHHpyromHM M0)KeT 6hITh TOT HJIH HH0H 

cpaKTOp (coBOKYIIHOCTh cpaKTOpOB). Y'-leT 3THX o6CT05ITeJihCTB rrpH orrpe,n:eJieHHH rrpHp0,n:hI BapHaUHH 

3JieMeHTH0ro H H30T0IIH0ro C0CTaBa 6naropo,n:HhIX ra30B (H a30Ta) H ycTaHOBJieHHH TO'-IHhlX H30TOIIHhIX 

MeT0K B MaHTHHHhIX pe3epByapax paCIIIHp5IeT H yrny6JI5IeT Hallie II0HHMaHHe CTp0eHH5I H 3B0JIIOUHH 



MaHTHH 3eMJIH H 51BmieTC51 Heo6xo,n:HMbIM ycJIOBHeM .z:i:;rn pa.3pa60TKH a,n:eKBaTHbIX reo,n:HHaMHqecKHX 
Mo,n:erreir. 

IlpaKTU1Iec1rnS1 3Ha1IUM0CTb pa60Tbl. ITonyqeHHbie pe3yJihTaTbI Heo6xo,n:HMO yqHTbIBaTb ITPH 
pa.3pa60TKe MO,n:eneir CTpoeHH:51 H 3BOJIIOUHH MaHTHH, B3aHMO,n:eil:CTBH51 pa.3HbIX MaHTHHHbIX 
pe3epByapoB Me)K,n:y co6oir H c aTMOc<pepoir/rn,z:i:poccpepo:0/Kopoir. OHH TaK)Ke 6y,n:yT ITOJie3HhI ,n:JI51 
Mo,n:errHpOBaHH:51 ITpoueccoB, ITpOXO,[{HBIIIHX Ha ,z:i:o- H aKKpeUHOHHOH CTa,[{HH cpopMHpOBaHH:51 3eMJIH. 
Pa.3BHTbIH MeTO,n: CTyITeHqarnro .n:po6JieHH51 ,[{JI51 H3y1IeHH51 MaHTHHHbIX ITpouecCOB H COITYTCTBYIOIUHX 
HM KOMITJieKCHbIX B3aHMO,[{eHCTBHH Me)K,n:y ITOpO,n:aMH H q_)JllOH,[{aMH HIHJIH paCITJiaBaMH HMeeT 6onee 
IIIHpOKOe ITpHMeHeHHe, qeM 3TO c,n:eJiaHo B HaCT05IIUeH pa6oTe, H MO)KeT 6hITb HCITOJib30BaH .n:mr 
myqeHH:51 fa.30BbIX BKJIIOqeHHH B ,z:i:pyrHX ofo,eKTaX. ITpe,n:JIO)KeHHbIH H aITp06HpOBaHHbIH MYJibTH­
H30TOITHbIH ITO,[I;XO,[{ MO)KeT 6bITb HCITOJib30BaH KaK ,[{JI51 myqeHH51 yrneBo,n:opo,n:oB BO BKJIIOqeHH5IX B 
MaHTHHHbIX ITOpo,z:i:ax H MHHepanax, TaK H ,[{JI51 BbIBBJieHH:51 HCTOqHlfKOB py,z:i:oreHepHpyIDIUHX q_)JIIOH,[{OB. 
KpoMe TOro, pa.3pa6oTaHHbie aITITapaTypa, MeTO,[{bI H ITO,[I;XO,[{bI 6bIJIH ycITeIIIHO a,n:arrTHpOBaHbI H 
ITpHMeHeHbI ,[{JI51 HCCJie,n:oBaHH:51 BHe3eMHOro Bemecrna (MeTeOpHTbI pa.3HbIX rpyrrIT, JiyHHbIH rpyHT). 

Hay11uasi cneu:uaJibH0CTh, K0T0p0H C00TBeTCTByeT J],UCCepTau:usi. Ilo TeMaTHKe, MeTO,n:aM 
HCCJie,n:oBaHH:51, ITpe,n:JIO)KeHHbIM HOBbIM HayqHI,IM ITOJIO)KeHH5IM ,[{HCCepTaUH:51 COOTBeTcrnyeT ITaCITOpTy 
CITeUHaJibHOCTH HayqHI,IX pa6oTHHKOB 1.6.4. - MHHepaJIOrH:51, KpHCTaJIJIOrpacpH51. reoXHMHJI, 
reOXHMHqecKHe MeTO,[{bI ITOHCKOB ITOJie3HbIX HCKOITaeMbIX. 

IlyHKTbI, KOTOpbIM COOTBeTcTByeT pa6orn: 
13 
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IlOJIHOTa U3JI0meHHSI MaTepuaJI0B J],UCCepTau:uu B pa6oTax, ony6JIHKOBaHHhIX C0HCKaTeJieM 

y11euou CTeneuu. Bee OCHOBHbie HayqHI,Ie BbIBO,[{bI, KOTOpbie HaX0,[{5ITC51 B OCHOBe 3aIUHIUaeMbIX 
ITOJIO)KeHHH, OTpa)l(eHbI B MaTepHanax OITy6rrHKOBaHHbIX aBTOpOM CTaTeir H Te3HCOB HayqHI,IX 
,[{OKJia,[{OB. Ilo TeMe ,[{HCCeprnuHH aBTOpOM OITy6JIHKOBaHO 91 ITeqaTHM pa6orn, cpe,n:H KOTOpbIX 63 
MaTepHaJia KOHcpepeHUHH H Te3HCOB ,[{OKJia,[{OB, 1 rnaBa B MOHOrpaqmH H 28 CTaTeir B Be,n:yw:0:x 
ITpocpHJihHhIX )KypHanax, BX0.[{5IIUHX B ITepe1IeHb BAK P<I> (Kl-K2) H HH,n:eKCHpyeMbIX 6a.3aMH Scopus H 
Web of Science, a TaK)Ke ITonyqeHo 2 ITaTeHrn. 
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