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BBEJEHHE

H3oTonHo-reoXHMHYecKuil noaxon k mpobneme 3BOJIFOLIHH KOPBI H MaH-
THH 3eMIM MNoApa3yMeBaeT BbIABJIEHHE H3IMEHEHHH BEILECTBEHHOro COC-
TaBa, TmepepacnpeiesieHHs 23MEMEHTOB W HM30TONOB B mnpengenax obe-
HX 060JI04eK H MeXOy HHMH.

H30TONHO-reOXHMHYECKAasi METOJOJIOTHA HMEET H3BECTHbIE INpEeHMYy-
[IECTBA MO CPABHEHWIO C HHBIMH ACMEKTAMH H3YYCHHS PAa3BHTHS 3EMHBIX
obonoyexk. Komnnekc M30TONHBIX NaHHBIX MO3BOJINET OXapaKTepH30BaTh
NpUPOAY HCTOYHHKAa MJIH mpouecca obpa3zoBaHus mopoj, MHHEpaJioB H
onpesenuth Bpems cobwiTHii. Bmecte ¢ reoxummuueckoil uHbopmaumei
0 pacripefielieHHH 3JIEMEHTOB COBOKYMHOCTb H3OTONHBIX TEHETHUECKMX M
reoXpOHOJIOTHYECKHX CBEAECHHH NpEACTABJIAET JOCTATOYHO HajJIeXKHYI0 Bazy
OnA paciIHPpPOBKH CYIIHOCTH H TNOCNENOBATENLHOCTH MPOLECCOB CTAHOB-
JIEHHA W Pa3BHUTHA KOPbl H MAHTHH 3eMJIH.

DBONKUKMA MAaHTHH H KOpbl B3aMMOCBf3aHa. BnonHe ou4eBMOHO,
YTO TeoJIOrO-TEKTOHWYECKHE, METPOJIOTHYECKHE M TEOXHMHYECKHE O0CO-
OeHHOCTH pa3BHTHA KOPbI MpeXIe BCEro ONpeaenslTCA MpoLEeccaMM, Npo-
TEKalWHWMH B MAaHTHH, NPHBOAAIMMH K AU(depeHIHALUN U YACTHYHOMY
yAaJieHHI0 ee BEeIecTBa, pacXxoayeMoro Ha (opMupoBaHHE KOpbI B Teue-
HHE Te0JIOTHYECKOT0 BPEMEHH.

IMTono6Hbie coobpaeHHs Ka3alMCh [JOCTATOYHBLIMH NPH NOCTPOEHHH
IBOJIFOLIMOHHBIX Mojened 3eMHbIX obOonoyek B 50—60-e W uacTHuYHO
B 70-e roawl. Ilpoueccam guddepeHnHanuu BellECTBA B MAaHTHH HE NpH-
JlaBajioch cepbe3Horo 3HayeHusa. CuuTanoce, 4TO B MaHTHH npeobnapna-
0T KOHBEKTHBHbIH NEpeHOC W NMepeMelHBaHHE, a B XOJ€ reojoro-Tekro-
HHYECKMX LMKJIOB MPH BLIHOCE BEIECTBA B KOPY MAaHTHHHBIMH MarmMaMi
aZIeKBaTHO OTMHCHLIBAKOTCH PEXHUM H TeMnbl HOpMHPOBaHHSA KOPbLI H Nepepac-
npenesieH|s BelllecTBa BHYTpH MaHTHH [2, 70, u ap.].

Vxe B cepenune 60-x rogoe Obina monyYeHa NPHHUMNHANLHO HOBas
reOXHMHYECKas W H30TONHAas HH(pOpMalMA, MO3BOJMHBIIAN MPHCTYNHTh K
obcyxnenrio nmpoleccos, npoTekalomux B MauTHH. ®. @peii u JI. Xackun
NpH HCCIENOBAHHM peaKo3eMeNbHBIX 3nemeHToB (P33) B Toneutax cpe-
JHHHBIX OKEaHHYECKMX XpebOTOB BNEpBbIE YCTAHOBHIH pe3kuil aeduuuT
NErKkuxX NaHTaHOMOOB B coctaBe P33, uTo CBHAETENLCTBOBANIO O Cylie-
CTBOBAHHH MAaHTHHHBIX 04aroB, 06eHEHHBLIX HEKOTEPEHTHBIMH 3JIEMEHTa-
MH, M TIPSAMO YKa3biBano Ha AH(QepeHIMAaMIO BEUIECTBA BEPXHEH MaHTHH
[212]. OpnoBpemenno II. TacT ¢ coTpyHHKaMH oBHapyXunu peikue pai-
JHYHMA B H3OTOMHBIX OTHOLIEHHAX CBHHIA M CTPOHUMA 1ns 6a3anbToB OKe-
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aHMYECKHX OCTPOBOB H MpEAMNOJIOKHIIH CYLIECTBOBAHHE H3O0TONMHOH Heos-
HopoaHocTu BepxHed manTHM [188]. IlocnemoBaBuiee 3a 3THUM HHTEH-
CHBHOE H3YYEHHE FeOXHMHYECKMX M H30TOMHBIX XapaKTEepPHCTHK MarmMaTH-
YeCKHX MOpOoJ MaHTHHHOro reHesuca NOATBEPIHIIO peasbHOCTh H30TOMN-
HOH M reoXWMHYeCKO#H HEOJHOPOJAHOCTH BEPXHEH MaHTHH.

KoHTpacTHOCTb B COOTHOILEHHAX H30TOMOB CTPOHLHSA, HEOAHUMA M CBHH-
11a TOJIEUTOB H LIeNo4HbIX Ba3anbToB, QOPMHPYIOLIMXCS HA pa3HbIX ray6u-
HaX B MaHTHH, MO3BOJIHJIA TOBOPHTh O JUIMTEILHOM CYIIECTBOBAHHH 10
Kpaline#i Mepe IByX pa3HbIX MaHTHHHBIX pPe3epByapoB, YTO B CBOKO OYepe/b
[aji0 TONMYOK K MOMABJIEHHIO MHOTOYHCIIEHHBIX MoJenell aByXcTaawiHOTO
pa3BHTHA MaHTHH. B 3THX Mozensx ofcyXaanach BO3MOXHOCThL OLIEHHMTh
Bpema nuddepenumanuu Bemectsa MaHTHM [9, 210, 233 u gp.), ceasats
3TOT MPOLECC ¢ TEKTOHHKOM MIIMT H KOHBEKTHBHBIM NEpeMELLIHBAHHEM Bellle-
crea maHTHH [58, 379, 375 u gp.]; NpoOBOAMIHCE pacyeThl CpEIHEro
BO3pacTa MaHTHH H Kopbl [234 u nap.] m o6bemMa MaHTHH, NOABEPrHYTOM
dpakuuoHHpoBaHHIO mpH GopmupoBaHHH kopsel [233, 298, 299, 379 u ap.].
O6beKTHBHO H30TOMHBIE MOJENTH Mpe/ICTaBAsAIH coboii nepByto MONLITKY YBSA-
3aTh HOBYIO FEHETHYECKYH HH)OPMAILIHIO O CTPOEHHH BepXHell MaHTHHM C TH-
MOTe30# 0 MOIIHBIX TOPH30HTANbHBIX ABMKEHHAX B Kope. M30TonHbIE MOIE-
JIH CHITPAJIi BaXHYK pOJib B TNpoONaraHie HIEH O pelialllneM 3Ha-
YeHHMM B CTaHOBJIEHHH KOpbI mnpoleccoB auddepeHUHaLUu BellecTsa
MaHTHH H TOKa3ajJH BO3MOXHOCTb KAaYeCTBEHHOIrO yYeTa 3TOro Mpollec-
ca MO M30TONMHBIM XapaKTepHCTHKaM MaHTHHHBIX Marm. OOHAKO B 3THX
MOJIEJIIX COXPAHU/IACh CXeMaTHYHOCThb, CBOHCTBeHHas Ooslee paHHHM HX
npefdilecTBEHHHKaM, KOTOpas BhIpa3suiach B YCIIOBHOCTH PacCMOTpPEHHS
ouddepeHIHAIME MAaHTHH;, OTCYTCTBOBalla Oonee WIHM MeHee ONperesieH-
Hasg OLEHKa BpeMeHH Mofo6Horo coObiTHA WK COOBITHI; OTKPBITBIM OCTa-
BajiCi BOMPOC O KOJIMYECTBE 3TArnoB (ppaKUHMOHHUPOBAHMS BELIECTBA MAaH-
THH; He OBLIO yCTaHOBJIEHO KakKoW-MGo CBA3M npeanonaraeMelX MaHTHH-
HbIX MpOLECCOB C M3BECTHBIMH Tre0JI0TO-TEKTOHHYECKHMMH 3MoXaMu ¢op-
MHPOBAHHUS KOPBI.

Mexay Tem yxe K cepeauHe 60-Xx rofos 6bUl HAKOIJIEH 3HAYMTE b HBIH
taKTHYECKHH MaTepHas MO re0OXpOHOJIOTHH N0KeMOpHS KOHTHHEHTOB, IO-
Ny4YeHHBIH MPEUMYILECTBEHHO YPaH-TOPHH-CBHHIOBBIM, pyOHAHN-CTpOHIIH-
€BLIM H KaJIHH-aproHOBLIM H30TOMHBIMH METOJaMH Mo MHHepasaM. Bnoc-
neacTBHH ele Gonee o6IMPHBIE re0OXPOHOJIOTHYECKHE NaHHbIEe Obln ony6-
JIMKOBaHBI [UISi MOPOJ MAHTHHHOIO H KOPOBOrO reHe3Hca MaTEpPHKOBBIX H
okeaHn4eckHX obnacrteit Ha ocHoBe pyOMaMH-cTpoOHIMEBOro, camMapHii-Heo-
OHMOBOTO METONOB M /i UHPKOHOB H3 MNOPOJ pa3lIHYHOTO TIeHE3Huca ¢
HCTO/Tb30BaHHEM YpPaH-TOPHH-CBHHIIOBOTO MeTOa (LIHPKOHOMETPHH).

CpaBHHTENbHBIH aHANIH3 T€OXPOHOJIOTHYECKHX [aHHBIX, BLINOJHEHHbIH
A.H. TyrapusoBeim u I'.B. BoiiTkeBuuem [79] u apyrumu uccrienoBaTens-
MH, I0Ka3aJl BIOJHE ONpeeNeHHY 0 CHHXPOHHOCTh B rinobansHoM MaciuTa-
6e KpynHeHIIHX TeoJIOTHYECKHX 3MO0X MarMaTH3Ma, MeTaMop(dH3Ma H TEK-
TOHHYECKOH AaKTHBHOCTH pa3/iM4HbIX KOHTHHeHTOB. Hamerunoce naBa
KpynHbIX pyDexa B reonoruveckoil ucropuu 3emun 2600100 u 1900%
+ 100 muH. netr Ha3zajl, KOTOpble HMenH ~HauOONbluee 3HaveHHE IS
Kap/MHAJIbHOrO0 Ka4yeCTBEHHOTO H KOJIHYECTBEHHOTO H3IMEHEHHS 3€MHOTO
marmatuima” [79].
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Jlornyno 6110 GBI cBA3aTh 3TH pybexu ¢ mpoueccamu auddeperuma-
UMH B MaHTHH. 3TO ObUIO caenaHo, HO 3HAYMTENBHO MO3XKe, B KoHue 70—
pavane 80-x romos, korga Obuto OGHapyXeHO, YTO HEKOTOpbIE THIIbI
MaHTHHHBLIX Marm XapakTepH3yIOTCA JOBOJIbHO Y3KHM H YCTOHYMBBIM Iua-
Na30HOM BapHalWii BeJIMYHH HA4aJIbHbIX OTHOWIEHHH M30TONOB CTPOHLMS
M Heoauma (lSr H INd). B page pabotr 6wu1o nokazano [4, 84,
235], uto nuHMM pocta BenMuMH o u [7C OKeaHHYECKHX TOJIEHMTOB
H 0QHONMTOB, IKCTpanoaupyeMsle B 061acTh nepeceyeHHs HX C JIHHHAMH
pa3BUTHA CPEJHEMAHTHHHBIX BEIHYHH OTHOLUEHHH H30TOMOB CTPOHUHA
n Heomuma (nuuuit Iyg u Icyygr no [164, 165]), cooTBeTCTBYHOT MHTEPBA-
ay 2,0—1,8 mupa. net Ha3az, KOTOpPbIi, NO-BHAHMMOMY, YKa3bIBAE€T HA MEPH-
on muddepeHnmanuy B MaHTHH ¢ obpa3oBaHHMeM 30H, ABHBIUMXCA TMO3XKe
HCTOYHHKAMH U1 GOPMHPOBAHHA OKEaHHYECKHX TONEHTOBbIX Marm. Ilo-
pobHbIH Bo3pacT PpaKUMOHHPOBAHHA BELECTBA BepXHed mMaHTHHM 6bl1 mo-
Ny4eH M NpPH HCNONbL3OBAHHHM BEJTHYHMH il HATPHEBBIX ILEJIOYHBIX Marm
[4 u nop.]. Tlo muenuto K. Benna c corpynuukamu [113], Bpems o06-
pa30BaHUs MaHTHHHBIX HCTOYHHKOB /U1 KapOOHATHTOB M CHEHHTOB COOT-
BETCTBYET mnpumepHo 2,8 mupa. ner Hasaa. 1o biu3ko k apxeiickomy
MaKCHMYMy MarMaTHYecKO# aKTHBHOCTH, BbIJEJIEHHOMY 10 COBOKYIHOCTH
reoXpoHonorayeckux maHubix [79]. Cnenyer noayepkHyTh, 4TO B mpe-
Jenax MoJyTOpaMHIUTHAPAHOrO apXeHCcKoro 3Tana XH3HH 3eMJIH OTMede-
HBl M Jpyrue Bo3pacTHbie pybexu nuddepeHunaunnn BepXHeil MaHTHH.
Tak, Hanpumep, GOPMHPOBaHHE 30H MAHTHIHHBIX HCTOYHMKOB Ga3zanbT-aH-
[e3UT-JaUUT-PHOTMTOBBIX ACCOLMALKH, Pa3BUTBIX B COBPEMEHHBIX OCTPOB-
HBIX ayrax u (GaHepo30oHCKHUX M J0KeMOpHHACKHX reoCHHKJIMHANAX H 3ene-
HOKaMEHHBIX Ioficax, oueHuBaercs Bo3pactom 3,8+0,1 mapa. ner Ha-
san [7,4]. C. Axobeen u I'. Baccepbypr [232] npeanonaraioT BepOSATHHIM
o6pa3oBaHue reOXMMHUYECKOH HEOTHOPOAHOCTH B BEPXHel MaHTHH Jaxe ele
panewie — oxono 4,2 mapa. ner Hazan, Takum obpazom, HaMeTHJIOCH
HECKOJIBKO 3TanoB ¢paKUHOHHPOBAHUSA BELLIECTBA BEPXHEH MaHTHH; HACTAJIO
BpeMsi pa3obpaThcs, KaKHe W3 HHX peajibHble, a KaKHe JIOXKHBIE, KaXy-
HHecH.

OpnHol M3 rnaBHBIX 3ajau HacTosleit paboTbl sBnsercs obocHoBaHHE
TtanoB auddepeHIHaIMH MaHTHH. BaxHeiilee 3HaueHWe O/ peLIEHHS
3T0#i npobnemer HMeeT aHanuW3 W o00o0OlIeHHE H3OTONHBIX H TEOXH-
MHYECKHX [JaHHBIX MO MNEPHAOTHTAM — TMOpoJaM, MNpeAcTaBIAKLIHM
BElecTBO BepxHeil MaHTHH. [leTpoXuMHuYeckas M TeOXHMH4YecKas HH-
dbopmauss no 3THM MopoaaM J0CTaTOYHO OOLIMpHA; H3OTOMHBIE Xapak-
TEPHCTHKH M3y4YeHbl KpaiHe HEpaBHOMEPHO, HEIOCTATOYHO; CBEJCHHA MO
FEOXPOHOJIOTHH OTphIBOYHBL. OuiyilaeTcs onpeneneHHas HeobXxoauMocTb B

Gonee yl‘.FlyGJIEHHOM H leJIEeHAnpaBJIeHHOM HCCJIE[JOBAHHH TEOXHMHH H30-

TONOB B NEPHOOTHTAX. ITO, MO-BUAMMOMY, aeno bnuxkailimero 6yaymero.

B HacTosillee BpemMs OCHOBHBIM MCTOMHHKOM J[aHHBIX O MpoLeEccax,
NPOTEKAIOIIMX B MAaHTHH, ABJIAETCA H3Y4YEHHE TEOXHMMHHYECKHX H H30-
TONHLIX ocobeHHocTeld MaHTHiiHOro MarmaTH3ma. Bo3pacTHble H reHeTH-
YECKHE HM30TONHBIE XapaKTEPHCTHKH MOpoj, chOpMHPOBAHHBIX B X0/€ MaH-
THHHOrO0 MarmMaTH3Ma M3 pa3HBIX 30H MaHTHH, KaK YKa3bIBajoCh BBILLE,
MOTYT OTPaXaTh CTYNEHH €€ 3IBOJIIOLHH.

ManTHiiHBI MarMaTH3M ABNAETCA TaKXKe BaXKHEHIIHM CBA3YIOUIHM 3BE-
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HOM B CHCTEME MaHTHA—KOpa, HECYIIHM HHYOPMAIIHIO HE TOJILKO O CTpOe-
HHH, XMMHYECKOM H HM30TONHOM COCTaBe BEpXHeHl MaHTHH, HO W OJHO-
BPEMEHHO O XapakTepe BellecTBa, B pa3HOe BpeMs MOCTYNaBlIero B
KOpY, pacxoyeMoro MaHTHel Ha ee pOCT H pa3BHTHe.

Tunbl MaHTHHHBIX MarM, NpoOAYUHPYEMbLIX B T€ H/IH HHBIE TeosOro-
TEKTOHHYECKHE 3MOXH, 2 TAKXKE B MPOMEXYTKH BPEMEHH MEXIy HHMH, HE
0CTAaIOTCH MOCTOAHHBIMH. B 3Toif cBA3M pa3HMUa B BeJIHYMHAX HAYalIbHBIX
OTHOILUICHHH M30TONOB CTPOHLHA, HEOJHMA H B H3O0TOMHBIX COOTHOIIEHHAX
JIPYTHX 3JIEMEHTOB MaHTHHHBIX MarM npHobpeTaeT HHOHKATOPHOE 3HAYEHHE,
06BeKTHBHO OTpaXas (4epe3 cnennpHKy MAaHTHHHBIX MATM H HX HCTOYHHKOB)
poNlb TeoXpoHoJorHyeckHx pyGexeit B 3BOmMIOLMM cocTaBa KOpBl H
OJHOBPEMEHHO YKa3biBas HA HX MOJIOXKEHHE B CTPYKTYpPE Pa3BHTHSA MAaHTHH.
BmecTe ¢ TeM npH BOBJICYEHHH MPOAYKTOB MaHTHHHOrO MarmMaTHima B
npoueccel MeTaMopdHimMa H rpaHuToobpaizoBaHHs BHOBB 00pa3zoBaHHEIE
MOpO/ibl HACAENYIOT H3OTOMHBIE XaPaKTEPHCTH KU MAHTHIHLIX Npe IlLeCTBEH-
HHKOB. DTO JaeT AONOJIHHTENbHYI0 HHOOPMALHIO IS W3Y4YeHHS cTaauii-
HOCTH PpPa3BHTHA KOpbI, OTKPBIBACT NYTH [Jd YCTAHOBJICHHA CTENECHH
B3aHMOCBA3H MaHTHHHBIX H KOPOBBIX NMPOIIECCOB B re0JIOTHYECKOM BPEMEHH.

Onpenenenne NpHPOJbl MAHTHHHBIX MarM H 30H MaHTHHHBIX 0Yaros,
pasrpaHHYeHHE M KOppeNnslHs MaHTHHHOH M KOpoBOH MarmaTHYeckoi
NPOAYKUHH B pa3Hble re0JIOro-TeKTOHHYECKHE 3MO0XH B KOHEYHOM CYETe M
SABJIAKOTCA TEMH CllaraeMbIMH, HA OCHOBE KOTOPBIX OCYILECTBJIEHA paciuud-
pOBKa MpoOLECCOB Au(depeHuHanuy BEWECTBA MAHTHH M KODPBI B JaHHOMH
pabore.

Mepoit BpeMeHH reoJlorHYeCKHX cOOBITHH #ABNAETCH TreOXPOHOJIOTH-
vyeckass wkana. HauGonee cmopHO# [0 CHX NOp MOXKET CYHTAThCA
reoxpoHonorus nokembpus. OnyGIHKOBaHBI JECATKH CXEM TeOXPOHOJIO-
run gokembpus. Kak ormeuan M.A. CemuxaTos [68], MHOroo6pasue wkan
OTpa¥kaeT MPOTHBOPEYHBOCThL MPHHIHKIOB, MOJIOXEHHBIX B HX OCHOBY,
H HEONpeIesIeHHOCTh OLEHOK OTHOCHTENbHOH POJIM MCTOPHKO-TeOJIOTHYEC-
kux pybGexeii. Ha mnawm Barnaza, obIHMM HEQOCTATKOM NpeUIOXKEHHBIX
re0XpOHOJIOTHYECKHX CXEM SBIIAETCA NPEHMYINECTBEHHAA MJIH MCKJIHOYH-
TeJbHAS OPMEHTALHs HA MPOLECCHI, IPOTEKAIOIIHE B KOpE.

Benymas pons guddepeHuHanid MaHTHH H MAHTHHHOTO MarmMaTH3Ma B
CTAHOBJIEHHH M Pa3BUTHH KODBl 3aCTaBJIfieT B3TJIAHYTh C HHBIX NO3HUMEH
HAa NPHHLHIBI NMOCTPOEHHA reoXpoHoJIorHyeckoi mkansl. Mcnonb3oBaHue
HHAMKATOPHBIX BO3MOXHOCTEH BEJIMYMH HAYaJIbHbIX OTHOLUEHHH H30TOMNOB
CTPOHIMA H HEOJHMa M H30TOMHBIX OTHOIIEHHH APYrHX 3JIEMEHTOB s
OLEHKH TIeHe3Huca MOopoJ COBMECTHO C JAHHBIMH O paiiloHe H BPEMEHH HX
0obpa3oBaHUA BBOJMT €AMHLIH H NPUTOM OOBEKTHBHBIH NMPHHLUMN [UIA CO-
NOCTABJIEHHS MAHTHHHOIO M KOPOBOro mMarmaTuima, oOwmit ana noxkem6-
pus ¥ paHepo305. DTO NO3BOJLET HE TONLKO CTPOTO HHKCHPOBATh FEOXPOHO-
norudeckHe pyGexH, HO M BBHIABIATH YEPThl CXOJACTBA M pa3IH4YHMA MEXIY
[IByM#l KPYNHBIMH NOJpa3Ae/IeHHAMH re0JIOrHYeC KO HCTOPHH 3eMITH, a Tak-
ke BHYTPH HHMX. YKa3zaHHas METOJOJIOTHS HCMONbL30BaHA B HacToOsMIIEH
paboTe NpH BBLISBJICHHH NMEPHOAHYECKH NMOBTOPAKOLIMXCH COOLITHH M YepT
HeoOpaTHMOH IBOJIFOIMH MaHTHH H KOPBI.

Pabora Bwimonnena B JlaGopaTtopnu reoxumuu usotonos I'EOXH
uMm. Bepuagckoro AH CCCP. OruensHele riaaBel KHHTH obcyxaanuce cos-
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mectHo ¢ C.®. Kapnenko, A.A. MurgucoseimM, H.M. Cywesckoit, KO. 1. Iyw-
xapebiM H A . lllapachkuHbIM, KOTOPBIM aBTOP NPUHOCHUT rayBokyio 61a-
roJapHOCTb.

Astop Gnaropapen E.KO. Banamosoii 3a nomoumes npu odopmieHnu
paboThl ¥ NOArOTOBKE €€ K MeYaTH.

CnMcoK NHTepaTypbl OaH C COKpPAllLEHUAMH, TrjIaBHbIM obOpa3som 3a
cyer nybnukauuii 50—60-x ronoB, JOCTaTOYHO NMOAPOOHO OTpaXKeHHbIX B
pabore [80]. Ilpusesenn Taxxe cBoausle paboTel no Kanaackomy, ¥kpa-
uHckomy u Bantuiickomy wmtam [347, 82, 77 u np.], reonoruu Adpuku
[114], reoxumun P33 [I1] u ap., obobuwaromme onybiukoBaHHyO ITH-
TEpaTypy MO COOTBETCTBYIOIMM pa3fienam.



I'TABA 1
UCXOOHOE BEHMECTBO 3EMJIH U EE MAHTHH

DBOIOLMS MAaHTHH U KOpbl 3eMJIH TeCHO cBfi3aHa ¢ npobiemMoil mpomc-
X0XIeHHs W cocTapa miaHeTbl. [IpencraBneHus o dopMHpoOBaHHH 3eMIH
fa3upylOTCS Ha COMOCTABJIEHHH BEIIECTBA TMNJAHETHl C METEOPHTAMH H
rumoTe3ax ee akkpeuuu. Bmecte ¢ Tem HeoOX0ogMMO YHHTBIBATH OcoBeH-
HOCTH BHYTPEHHEro CTpOeHHMA 3eMJIH, a2 TaKXKe XMMHYecKHH cocTaB KOpI
W BepXHe#d MaHTHH, B KakKOH-TO CTENEHH OOCTYIHBIH HENOCPEICTBEHHOMY
H3y4YEHHIO,

BHYTPEHHEE CTPOEHWE 3EMJIA

3eMnsi U COCeJHHE NIAHETHI 36MHOH IpyNmbl paccioeHbl Ha 0BONOUKH.
Hx BemiecTBO B OCHOBHOM paclpeleNleHo MeXIy aapoM U MaHTueil. Macca
sanpa Mepkypus coctasnsier ~60—70%, Benepul 1 3emnu ~30—32%, Map-
ca ~10%. I'panuubl 1 06beMbl o6onouex 3emMnu ycTaHoBJIeHH Gosee Tou-
HO [0 H3MEHEHUAM CKOpocTel ceficMuueckux BoJH (Tabn. 1). Anopo 3em-
JIM COCTOMT W3 BHyTpeHHell TBepHoil M BHemIHeH pacnnapiieHHoli 3oH. B
npefenax MaHTHH BbIJEJISNETCH TPH TNIaBHBIE YACTH: BEPXHAS MAaHTHS, Me-
pexoaHblit CITOH W HWXHAS MaHTHA. BHYTPH HHkHell MAHTHH Ha TpaHHLE
c AgpoM mo reodu3HueCKHM [JaHHBIM (QHUKCHpPYeTCcH CIOH MOUIHOCTHIO
okono 150 kM, xkotopomy B HekoTopbiX pabotax [2, 48 u np.] oTBOOUTCH
BaXHasi polib npu paciiudpoBKe NPOLECCOB, NPOTEKAIOUIMX B MAaHTHU M
saape. I'paHuna mexay BepxHeil MaHTHEH M NEPEXOIHBIM CIOEM NPOXOAHUT
Ha rnybuHe okomo 400 kM, MeXay KOpoH M BEpXHed MaHTHeH — mo pa3-
neny Moxopoeuunya. BHyTpH BepXHeili MaHTHH MOYTH MOBCEMECTHO OTMeE-
yaercs CyIECTBOBAHHME CJIOA NOHHKEHHBIX CKopocTeit (acTeHochepn [31]).

Ta6nuua 1. Pazmepw u macca sHymperHux oboaouex Jemau [60, 62]

Obonouxa T'nybuna no OTHOCHTENbHBIH Macca,
rpaHuLl, KM ! obseM 10% r
Kopa 0—M* 0,008 28
BepxHas MaHTHA M—400 0,16 616
Mepexoauerii cioi 400—1000 0,22 1000
HuKHAR MaHTH3 1000—2900 0.44 2450
Anpo 2900—6371 0,162 1890
* M — rpandua MoxopoBuynya (pacnonaraertcs [0/, KOHTHHeHTaMH Ha raybumax 30—50 gm,
nog okeaHaMu — na rnybuHax 10—12 xm).




KpoMme 3THX rpaHuIl, B Mpeaeiax pa3sHbiX YacTeil MaHTHH BBIIEJICHO elue
HECKOJIbKO CeHCMHMYECKHX pa3/ie/ioB, KOTOpbIE CBA3BIBAKOTCHA JHOO ¢ da3zo-
BBIMH Mepexoaamu, 1ubo ¢ XMMHYECKMMHU npeBpalieHusaMu, [Ipn MHTepmpe-
TAlMHM HEKOTOPBIX M3 HHX HE HCKIKYaeTcs JIOKaJbHas HEOAHOPOIHOCTh
MaHTHH. 3eMHas Kopa 3aHHMaeT MNOJYHHEHHOE IMOJIOXKEeHHe 10 06bemMy
(0,8 otH. %) u macce (0,4 oTH. %) B cocTaBe 3eMiu.

CPEJJHUW COCTAB 3EMIJIH

O6uue npeacTaBleHHs o cocTaBe 3eMiH U ee 06onovyekx OCHOBaHbI Ha
conocTaBieHud ¢ MeTeopuTamMi. CHavana oOpalllasoch BHUMaHHE IMpex/ie
BCcero Ha Haubonee pacnpocTpaHEHHbIE THIbI METEOPHTOB — XOHJPUThI H
ene3nble MeTeopuThl. B 50—60-e roast cuuTtanock, 4to 3emas chopmMupo-
BajlaCh M3 XOHIpPHTOBOTro MaTepuana. Ilocjie mony4eHHs NOKA3aTe/NbCTB
NEPBHYHOCTH KOHMEHCAlLMM XenesHbix MeTeoputoB [20] Gonee onpene-
JIEHHO CTajH TOBOPHTHL 00 00pa3oBaHHMH A/pa 3eMHBIX MJAHET 3a CYET
3THX METEOPHTOB, a MAHTHI0O IIPH 3TOM OTOXOECTBJIAJIH C CHIMKATHOH COC-
Tapasiomeil xouaputos. OAHAKO XOHOPHTHI 3HAYHTEIBHO pa3/IH4arOTCA
Mexay coboil mo XMMHYECKOMY M MHHEpaJlbHOMY COCTaBY, H3OTOMHBIM Xa-
PAKTEPUCTHKAM, YTO HAXOMHT OTPAXKEHHE B CJIOKHOCTH HX KJIacCHHKAUMH
(tabn. 2). DTo 3aTpyaHano 6onee CTPOTry OLEHKY cocTaBa MaHTHH. Ilpu
JanbHellleM H3y4YeHHH XOHAPUTOB OBIJTH MOJy4eHbI JaHHBIE O TOM, 4TO
rpynna yraucTeix xoHaputoB l-ro THma (Cl) Haubonee 6am3ka no
cojepxkaHuio HOJIBIIHHCTBA 3IEMEHTOB K cocTaBy doTocdepn Conmnua [265].
Takum obpa3zom, xoHOpuTHl Cl MOXHO B OnpeaencHHON CTENEHH CONOCTaB-
NATh C COCTABOM MEPBHYHOTO BEIIECTBA COJIHEYHOH TYMaHHOCTH H YBA3bI-
BaTh C COCTaBaMM MaHTHM 3eMIM WIH BCel mMiaHeTbl. DTH NpeacTaBe-
HHS KOHKPETH3HPOBaHBI B COBPEMEHHBIX MOJIENAX aKKPELMH NPOTOIIaHeT-
HOro BelIECTBA.

MOJIEJH AKKPELHWH 3EMJIH

Bce Monenu axkkpeuun 3eMnH pa3fensroTCA Ha [BE IIaBHbIE FPYINbI —
MOJIE/TH TOMOTEHHO#W W reTEPOTreHHOH aKKPELHH.
B rumoTe3’ax roMoreHHo#H akKKpelUHH MOJYEPKHBAeTCH CYLIECTBOBaHHE

Tab6nuua 2. Kaaccuguxauus xondpumos [265]

Ipynna MeTponoruyueckuii THN

DHCTAaTHTOBBIE El E2 E3 E4 ES E6
— = 1* 4 2 6

Yraucteie (& | C2 c3 Cc4 Cs cé6
4 16 8 2 — —

BpousutoBble HI H2 H3 H4 H5 Hé6
— — 7 35 74 44

CunepcreHossie L1 L2 L3 L4 L5 L6
- — 9 18 43 152

AmdboTepuToBhIC LL1 LL2 LL3 LL4 LL5 LL6
— — 4 3 7 21

-
Hucno mssectimix METECOPHTOB.
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aByx stanoB. KopoTkuit mepHo; OCTbIBAHHA W KOHIEHCAlIMM COJIHEYHOM
TymanHoctn (He Gonee 10° ner [67]) 3asepwaercs Gonee pacTanyTO#
BO BPEMEHH aKKyMYyJIsAlHEH MENKMX TBEPAbIX YACTHI| B Teja pa3Horo pas-
MEpa BIJIOTE A0 pa3sMEpOB acTEPOHOOB B KOHLEC aKKpPEIHH. ,[LYIHTBIILHOCTI:
sToro npouecca coctapnsna 60—100 mnn. net [67]. Cuurtaercs, uto B
X0/le aKKpeuHH [JOCTHraloCch NepeMelIHBAHWE CHIIMKATHOIrO W KeJe3HOro
MaTepHala ¥ NMepBHYHOE BELUECTBO 3eMJIH H APYrMX IJIAHET CTaHOBMJIOCH
[0BOJIbHO OgHOPOAHBIM. CTpaTH(H KallKs NJAHET HAa AP0 H MAHTHIO IPOMC-
XO0/IM/la MO3JHee B pe3y/ibTaTe MPOLECCOB IPaBHTALMOHHOH OH(depeHLHa-
uun. Ilo Monenu romMoreHHOHW aKKpenHH BEIIECTBO 3eMiM, 3a HCKIIIOYE-
HHEM YACTH JIETYYHX 3JIEMEHTOB, KOTOpPbIE MOTJIH ObITL NMOTEpPsAHLI B X0/€
AKKpPEIHH, B CPEHEM OTBEYAECT NblJIEBOH KOMIIOHEHTE KO}UICHCHPOB&HHO"{
COJIHEYHOH TYMaHHOCTH.

B gpyrom BapuaHTe MOJIeNH TOBOPHTCA O (OpMHpOBaHHM 3eMIIH M3 Mare-
puana, 6MM3KOro M0 COCTaBY K YINMCTBHIM XOHApHTaM [60 u mp.]. Tpu atom
YUMTBIBAIOTCA MHOTOYHMC/IEHHbIE FEOXMMHYECKHE M H30TONHBIE [10Ka3aTeNlbCT-
Ba CYLIeCTBOBaHUA [ie(HLMTA JETKOIUIaBKHUX H JIETYUMX IeMeHTOB B 3emiie
[187, 164, 229 wupp.].llostomy yTBepKuaeTcsA CXOICTBO 3eMIIH H YTITHCTBIX
XOHJIPMTOB JIHIIIb B OTHOLLIEHHH TYTOIUIABKHX 3/1eMeHTOB.

I'unoTe3sl reTeporeHHO aKKpeUHH MpeanosaralT H3HayalbHoe obpa-
30BaHME MeTalIMYecKHX saep W MaHTHM nnaHeT. [lonpaszymesaercs Gonee
paHHsAS KOHIEHCALWA U aKKyMYJsAIHUs Kene3a, a opMHpOBAHHE MAHTHH OT-
HOocHTCA K Dosiee nmo3aHeMy npoleccy KOHOEHCALMH M aKKpEUWH BOKpYr
agep cunukatHoro matepuana. [lo mepe yBenuueHus obbema MaHTHM ee
COCTaB [IOJKEH OBl H3MEHATHCS OT MPOAYKTOB BBICOKOTEMIEpPAaTypHOM
KOHIEHCALHH [0 HU3KoTemnepaTypHoH. B cooTBeTcTBMM ¢ 3TOil uzeeil B
psaae mMozeneil akKpelUHH NpeanosiaraeTcs, YTO MOBEPXHOCTHBINH cloit MaH-
THH [OJ/KEH OTBEYAaTh MO COCTABY YIJHCThBIM XoHaputam [25, 231]. Xots
MOIe/Ib TETEPOTeHHOH aKKpelMH MOoAYepKHBAET HEOJHOPOAHOCThL COCTaBa
MaHTHH, B dopMHpoBaHHe 3eMJIH BOBJIEKAIOTCA BCE THIbl METEOPHTHOTO
BellecTBa (BCe THNBbI KOHJOEHCATOB), H, TaKHM obpa3oMm, B cpelHEM coOcC-
TaB 3eMIH qoKeH OTBe4MaTh HeAH(dEepeHIIMPOBAHHOMY BEILECTBY MEPBHY-
HOTO npoTonjaHeTHoro obnaka.

HTak, HecMOTp# Ha pa3/iHyHe MEXaHH3MOB a KKYMYJIALIHH, MOJIEJTH TOMO-
reHHOW W reTeporeHHOd akKKpeLUHH NPHBOIAT K OJHOMY H TOMY XK€ pe-
3yAbTATY B OLEHKE MEPBHYHOrO COCTaBa 3eMIHM — K XOHAPHUTOBOH OCHO-
BE [N1f MJAHEThl HJIH €€ MaHTHH.

I'naBHble HeJocTATKH W NMpoTHBOpewHs obenx Mopenei mpexae Bcero
CBOJATCA K CNEAYIOLIEMY:

1) He yuuThiBaeTCs pa3jiHuMe B MJOTHOCTH MJIAHET 3€MHOW TpYMNMbl
M TJIaHET nepudepuH conHeuHol cucTemsl. OHO, BO3IMOXHO, OTPaXaeT Bbi-
HOC HE TOMBKO JIETYYHX, HO H JIETKOTUIAaBKHX 3JIEMEHTOB B KpaeBbIE 30HbI
CHCTEMBbl Ha CTaJMM KOHAEHCALMH M AKKPEUMH B MPOTOIUIAHETHOH TyMaH-
HOCTH;

2) WrHOpPHpYETICA pa3HHLAa B I[JIOTHOCTH CPEIH NJAHET 3€MHOH rpyn-
Nel, OTpaxarulas H3IMEHEHHE B COOTHOLIEHHH MAacCC XeJIe3HOro AApa H CH-
JINKATHOM MaHTHH B paje ot Mepkypus k Mapcy. 3To, oueBH/IHO, yKa3biBa-
eT He TONBKO Ha Ppa3iMYHe OKHCJIHTEJIbHO-BOCCTAHOBHTE/IbHBIX YCIIO-
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guil npu axkpeuuu [327], Ho ¥ oaHOBpeMeHHO Ha AndepeHuHauuio Tyro-
MIABKHX M JIETKOMUIABKUX 3/IEMEHTOB B COJIHEYHOH TYMaHHOCTH;

3) He YYHTHIBAETCH H30TOMNHA# HEOJHOPOJHOCTh BO BPEMA KOHIEHCA-
MM M AKKDPEHH B NPOTONJAaHETHOM obnake, yKa3blBaloas Ha CYIIECTBO-
paHHe PaKTOPOB, NPENATCTBOBABIIHX JOCTHXEHHIO MOTHOH rOMOreHe3alHH.
Tak, HalpHMEP, MO COOTHOIIEHHAM TPeX H30TONOB KHUcopoaa 3emns, JIyHa
# AaddepeHIIHpOBaHHBIC METEOPHTHI (AXOHAPHTHI, ME30CHAEPHTSI, NaJLIACH-
ThI ¥ XKeJIE3HbIE METEOPHTHI) COCTABNAIOT FPYNNY, OTIHYAIOLIYIOCH OT 06BIK-
HOBEHHBIX H yriMcTeiX XxoHApHTOB [140 m np.]. H3otonHwil coctas
kceHoHa aTmochepsl 3emiu 6IH30K K COCTaBy KCEHOHA OMNATH Xe KeJies-
HBIX METEOPHTOB H OTJIHYAETCHA OT KCEHOHA YIIHCTBIX XoHApHTOB [83]. 3TO
CBHIETENILCTBYET O CyIIECTBOBAHHH pa3HbIX HCXOIHBIX pe3epByapoB IJis
MJIaHET 36MHOM rpynnsl H XOHAPHTOB.

Takum ob6pa3zom, NpU3HAKH 3HAYMTENLHOH XHMHYECKOH M H3OTOMHOM
HEOAHOPOHOCTH B NMpOTOIUIaHETHOM obyake, HacneayeMbie MJIAHETAMH H
METEOPHTAMH, 3aCTABJIAKT COMHEBAThLCA B MJIOAOTBOPHOCTH HMIEH OTOXK-
JECTBJIEHHA coCTaBa 3eMIH C YrJMCTBIMH XOHApHTaMmH. 3apaua Gonee
cTporoil OLEHKH HMCXOJHOTO COCTaBa 3eMJIM M €€ MaHTHH OCTaeTcs He-
peienHoi. OueBnmHa HeoGXoaMMOCTh TMOMCKAa MHBIX MyTeil ans ee pe-
LIEHHS.

Tax Kak omnpede/ieHHe BaJlOBOr0 cOCTaBa 3eMJIH W BbIBEJCHHE H3
HEro cocraBa MaHTHH Ha Oa3e Mogenell akKpeuUMH 3aTpyOHEHO, MOMXHO
OTrpaHMYHThL 3a7auy H3yYeHHEM XHMHYECKOro COCTABa MAaHTHH, OCHOBbI-
BafCh HAa JaHHBIX O cocTaBe BepxHed MaHTHH. KoHeuHo, nmogobueiii nyTh
COXpaHfeT HeoNpe[e/IeHHOCTh B 3KCTPANoOJIALHH COCTaBa MAaHTHH MO TIy-
OuHe, HO OH no3poJsiseT nepeliTH K KOHKPETHOMY HCC/IEJ0BAHHI MO-
poJ BepXHe#l MaHTHH, H B 3TOM €ro rjiaBHO€ JOCTOHHCTBO.

JIEPLIOJIMTOBBIA COCTAB BEPXHEHW MAHTHH

B neTpoxHMHYeCKOM OTHOILIEHHH MOPO/JbI BEpXHeH MaHTHH (JOCTYMHBIE
HEMmocpeICTBEHHOMY H3YYEHHIO IO BLIXO/laM MAacCHBOB B CKJ1a4aThiX obnac-
TAX M OCTPOBOAYXHBIX CHCTeMaX, nmo oOHa)XeHHOCTH B 30HaX pa3jOMOB
OKEaHHYECKOTO OHA M MO BKJIOYEHHAM H3 ILIeNo4HbIX Ga3ansToB, Gazans-
TOHJOB M KHMOEpJMTOB) mnpeAacTaBlieHbl TPYNnoil NepHIOTHTOB, JOCTa-
TOYHO pa3HOo0Opa3HON MO XHMHYECKOMY M MMHEPAJIOTHYECKOMY COCTaBY.
Tak, Hanpumep, nokasaTenh OCHOBHOCTH NEPHAOTHTOB — CyMMapHoOe
KONIHYECTBO MarHHs H Xeje3a — BapbHpyeT oT 68 mo 50 at%, 3ameTHO
H3MeHseTcs cofepxanue Al Oy, CaO, TiO: u Na,O [35, 294). ITepunoTuThl
AYHHT-rapufyprutoBsiXx (GopmMauuii, OCTPOBHBIX OYI ¥ OKPauH KOHTHHEH-
TOB B [IEJIOM OTIHYAIOTCA MaKCHMaJlbHOH OCHOBHOCTBIO; MEPHAOTHTHI OKea-
HHYeckux obnacTeidi W rpaHaToOBble MEPHAOTHTBHI H3 BK/IIOYEHHH B KHM-
GepruToBBIX Tpy6Kax cMemieHE B 061aCTh MOHHXEHHOH OCHOBHOCTH; LIMH-
HEJIeBBIE MEPHAOTHTHI M3 BKJIIOYEHHH B 1e104HbIX Ga3anbTax, 6a3zansTonaax
H KuMOep/IMTax mMOYTH NEPEKPLIBAIOT JHANa30H H3MEHEHHS OCHOBHOCTH
MeXny nsyms Beilie oTMedeHHbIMH rpynnamMi. Kak nokasan JI.B. Imur-
PHEB ¢ corpynHukamu [35], nepHAOTHTEI pa3fesislOTCA CTATHCTHYECKH Ha
HE€ThIpe THna: NYHHTHI, rapubypruTsl, rapubypruT-I1epuUoOTHTH H IEPLHOIHThI
(Mo crenenn ymennmenns ocHoBHocTH). B nmeTposiormueckom miame jep-
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LOJIHTBI — MOpoabl, Haubosee HacbileHHble 6a3anbTOBOM KOMNOHeHTOI; BCE
OCTANbHBIE THNBLI OTHOCATCA K OCTATOYHBIM MPOJAYKTaM (pa3Hoil cTeneHH
notepu GazanbToBO# cocTaBnsioulei). JIepuoJHTLl paccMaTPHBAROTCA MO3-
TOMY Kak Haubosiee BEpOATHBIE NPEACTABUTE/H BEIIECTBA BEpXHEH MaHTHH.
Hpyroii nyTh OlEHKH cocTaBa BepXHeH MAHTHH 3aKiiouaeTcs B ODBEdH-
HEHHH B pa3HBIX MPOMOPLHMAX COCTABOB OCTATOYHBIX rapubyprUTOB HIIH
JYHHTOB ¢ KOMIUJIEMEHTapHBIMH HM cocTaBaMH 0a3zaneToB. 3TO npuseno
K co3gaHHI0 "nuHponuToBOH Mozenu” BepxHe#l maHTuH [60]. O6a noaxona
He JIHIIEHbl TPYIHOCTEH.

Ilpy OpHEHTALMH HA JIEPIOJIMTHI OCJIOXHEHHA CBA3aHbI C CYILECTBOBa-
HHEM [OCTENEHHBIX NepexoaoB Kk rapubyprut-nepuonuram. [oatomy npu
BbIZEJICHHH JIEPLIOJIHTOB PEKOMEH/IYeTCs YYHUTBIBATH COJEPKAHHE KOMIO-
HEHTOB, NPEHMYILIECTBEHHO yaansomuxca B 6a3albToBbIC BRINIABKH. Tak,
no mHenuto II. Huxcona u apyrux [294], nns nepuonuToB XapakTepHO
nossilleHHOe comepxanne AlO; — 20, CaO — 1% u Na, O — 0,15%.
D10, TaK cKalaTh, orpaHH4YeHHe "cHH3y”. CyIIECTBOBAHHE YIbTPAOCHOB-
HbIX MarM (KOMaTHMTOB M "BLICOKOTEMNEpPAaTYyPHBIX TNEPHAOTHTOB”) MO3-
BOJIAET BBECTH KOPPEKTHBHI /I MaKCHMaJIbHbIX COJEpKaHWil psga ane-
MEHTOB B JIepLONHTEI “cBepxy”. Cnemyer MogMepKHYTb, 4TO JIEPUOIHTHI pac-
MpOCTpaHeHbl MeHbIlie, 4eM raplbypruT-epuoinuThl. IT0 MOBYIMWIO HEKOTOPBIX
aBTopoB [35] paccmarpuBath cocTaB rapubyprur-iepuosIMTOB Kak Gonmee nop-
XOJIALIMH A XapaKTepPUCTHKH BeILeCTBa BepXHed MaHTHH.

I'naBHas TpyaHocTe NMPH HCNOJIb30BAHWH THPOJMTOBOH MOJETH Bep-
XHeHl MaHTHM — B HeonpeJeJeHHOCTH BblGopa cocTaBoB 6a3ainbTOB M
OCTATOYHBIX MPOAYKTOB. DTHM OOYCIIOB/IEHO MOSABJIEHHE HECKOJbBKHX TH-
NOB MHPOJHTOBHIX Mojeneil. Bce oHH OTBEYalOT MO COCTaBY JIEPLIOTHTAM.
OnHako NHPOJHTHI HENPHIOAHLI A/ OLEHKH pacnpoCTPaHEHHOCTH pef-
KHX M pAacCesHHBIX 3JIEMEHTOB. B 3TOM cMbIC/ie MPHPO/HBIE JIEPLOTHTHI
OCTAKOTCA E€IHHCTBCHHbLIM 00BEKTOM ans bonee CTpOroro comnocrasjie-
HHf BelllecTBa BepXHell MaHTHM C XOHAPHUTAaMH, [UIA BbISCHEHHA CXOACTBA
H pa3Iu4YHi MeXIy HHMH.

PACIIPOCTPAHEHHOCTbh HEKOTOPBIX PEIKHX
H PACCEAHHBIX 3JIEMEHTOB B MAHTHH 3EMIIH

Mockonbky onHOH M3 OCHOBHBIX 3ajJa4 HacTosueil paboTel ABNfeTCS
HCIOJIb30BAHHE H3OTOMHBIX H IEOXHMHYECKHX COOTHOIUEHHH Ang H3yde-
HHA OJBOJIIOIIHH MaHTHH M KOpBI, Ilenecoobpa3Ho MpPOBECTH OLEHKY
PacnpocTpaHEHHOCTH TEX 3JIEMEHTOB,KOTODBIE CONEPKAT MPHPOJHBLIE pa-
JHOAaKTHBHBIE H30TOMBI U NMPOAYKTEI HX pacnaja.

Peorosemeavrsle 3nemermsl. BIM30CTh COOTHOIIEHHH peIK03eMETbHBIX
snementoB (P33) B yraucThiX, 06bIKHOBEHHBIX H JHCTATHTOBBIX XOHIPH-
Tax M Gorareix kansuuem axoHapurax [ 171, 334 u gp.] — Haubonee
pPacnpoCTpaHEHHBIX THINAX KaMCHHBIX METCOPDHTOB — IO3BOJISET paccMarTt-
puBaTh coctaB P33 XOHAPHTOB KaK [OCTATOYHO YHHBEPCANbHBLIA reo-
XHMHYeCKHii penep npoToconHeuHo# TymanHocTH. [ToaTomMy ecTh ocHOBaHHA
npeanoyaraTe, YTo coctaB P33 XOHAPHTOB MOXET peajibHO OTpaxaTh
cooTHoweHue P3D B maHTHH 3emnu u nnaHer 3emHo#l rpynnel. Heo6-
X0MMO, OJHAKO, MMeTb BBHIY, 4TO MNogobHOE OTOKAECTBIIEHHE JTHMH-
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Puc. 1. TlocTosHcTBO cocTaBa (oTHoweHus Ce/Yb) XOHIPHTOB M KanbUMEBLIX aXOHIPHTOB
[42, 171, 334]

1 — yroucteie xouaputsl Cl; 2 — xouapurs H-, L-, LL- 1 C2-, C3-rpynn; 3 — 3HCTATHTORKIE XOHAPHTHI,
4 — 3BKpHTHI § — rOBAPAMTEL 6 — cpejHee /A MAHTHH 3eMIH

THpPYeTCs CTENeHbI0 TOYHOCTH OMNpEJe/IEHHA OT/[e/NbHBIX JIAHTAHOHWIOB,
Bapbupytoleii B npegenax 3—15 otH. %.

OTKpBITBIM OCTaeTCA BONpPOC O KOHUeHTpauuu P33 B mManTHH 3emnmn.
Copepxanue P39 B XOHOpPHTaX 3aMETHO BapbHpPYeT, IIPH 3TOM B YIJIMCTBIX
U IHCTATHTOBBIX XOHIPHTAX OHO MHHHMAJIbHO CPABHUTEJIBHO C APYTHMH
THOAaMH KaMEHHBIX METEOPHTOB; pa3HHIA B coaepxanuu P332 mexny xon-
OpHTaMH H axoHApuTamH ewle Gonbmas: 10—20 pa3s (puc. 1). Bnarogaps
npoueccaM YacTHYHOTO IUIABJICHHUA H METACOMATO3a, NPOTEKAOLIHM B MaH-
THH 3emiH, KoHUeHTpauus P30 B nepHOoTHTax BepXHeH MaHTHH H3Me-
Hf€TCA Ha [Ba mNOpsAAKa: OT COJepXkaHMH, ONM3IKHX K XOHIOpHTaM,
A0 3HAYKTENbHO MeHbLMX WM 66nbmmx. [Ipu 3TOM CHNBHO H3MEHAIOTCA
COOTHOLIEHHS BHYTPH TpyNnbl JaHTaHOHOB. [lake B JiepHonuTax — HaH-
Gonee BeposTHBIX amanorax BEWIECTBA BepXHeH MaHTHH — COCTaBb
P33 pecema nepemenuusn (puc. 2): HauGosiee CHIBLHO BapbUPYET COOTHO-
LWICHHE JIErKUX JJAHTAHOMIOB, MEHbIIIE — CPEJHHUX M TAxXensix P33,

Kak xe ouenutn cpennee copepxanue P32 B Bepxuelt manTuH? Ecnm
HCXOoNuTH W3 rumoTe3nl ToXOecTBa coctasa P33 3q:MJ'm H XOHIPHTOB, TO
Cneayer npeanonaraTh: yem Gimke coctas P33 nepuaoTHTOB K COOT-
Howenuio P33 B xoHApHUTAX, TEM MEHee HAPYIIEHBI KOHLUEHTPALMH OTAE/b-
HBIX TaHTAHOMIOB B NEPUIOTHTAX OTHOCHTENLHO HCXOIHOTO WX COJAEp-
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Puc. 2. BapHaunH cocTaBa pe/IKO3EMENbHBIX 3IEMEHTOB B epuonanTax [11, 177—179,212 1 ap.]

a — coctassl P33 ¢ peixum oforameHnem NErkHMH NAHTAHOMIAMH H AepHUHTOM TaAxenwx P3I3;
6 — coctass P33 ¢ peaxum oboramiecHHEM JNETKHMH NAHTAHOHIAMH NMPH XOHAPHTOBOM COOTHOLICHHH
cpeanux B TAkenbix P33; ¢ — coctassl P33 ¢ peaxam NedHUHTOM NErKHX NAHTAHOHIOB NPH XOHAPHTOBOM
COOTHOIWICHHH CPEIHHX H Taxennx P33; N — orHomenne P33 nepuonmra K cunukatholl daze XoHOpHTOR

waHAA B BepxHeil maHTHH 3emun. [logmobGHoe coobpaxenue, o4eBHAHO,
nNpaBHIbLHEE NMPOBEPATH HA CpPeAHHX M Taxensix P33, cpasHuTENbHQ Cha-
60 dpakuHOHHpYHOLIHX B NepHAOTHTax. MoXHO, OQHAKO, ONMHpPaThCA H
Ha Oonee obmmuil MPHHIKN: MHHHMAaJIbHbIE BapHAllHH Kakoro-mu6o oTHo-
IIeHHA Napbl JIAHTAHOHWZOB B MEPHAOTHTAX  JIOJIXKHBI COOTBETCTBOBATh H
MHHHMYMY A3MEHEHHS NEPBHYHBLIX KOHIEHTPAUHi 3THX 3/leMeHTOB. Takum
o6pa3om, HCNONBL3ys CTENEHE H3MEHEHHSA OTHOLLUEHHS JJAHTAHOHOB, MOXHO
YCTaHOBHTH PaclpoCTPaHEHHOCTh IAHTAHOKAOB B MaHTHH. [IpH nocTpoeHun
nogobHeIx rpadukoB HeobGxoaumo BBECTH orpaHHYeHHs. IlepBoe H3 HHX
KacaeTcsd MaKCHMyMa COJiepKaHus 37ieMeHTa B nepuuotutax. KoHueHrpa-
nus P33 B koMaTHHTaXx — ylIbTPaOCHOBHBIX BHINJIABKaX H3 BepXHEH MaH-
THH — oOrpaHu4MBaeT obGnacTh MOMCKAa CpeHEro coAepKaHHA 3JIEMEHTOB
ceepxy. Copmepxanne P332 B yramcToix xoHzaputax Cl MHHHManbHO, 4TO,
OHYEBH/HO, OTPaHHYHBAET pACNPOCTPAHEHHOCTh JIAHTAHOHIOB B BEpX-
Hell MAHTHH CHH3Y.

Ha puc. 3 u 4 noka3zansl npuMeps! OLEHKH COJEPXKAaHHA HTTepObHA no
otnowenusm (Gd/Yd)y u (Ce/Yb)y B nepugorntax. IlogobHeie rpadukn
ObITH MOCTPOEHBI [/18 OTHOIIEHHH NECATH JIAHTAHOMA0B K HTTepOHIO H Ta-
kuM obpa3omM Oblna onpeneseHa cpeHAs KOHUEHTpaUus HTTep6Gua B BEpx-
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Puc. 3. Uamenenune crenenu papuaunit otHomenns Gd/Yb | » 3aBucumocTH oT KOHIEHTPALHH
HTTepOHA B MEPHOOTHTAX BEPXHEH MaHTHH

1 — nepraoTHTH; 2 — KOMATHHTE apXes; OT Gd/Yb nopmanw no cpeamemy Gd/Yb =
= 1,237 xounputos; MEHEMYM Baprauuft (Gd/Yb)y orecuaet cpenuemy conepxanuio uTTepbus 8 pepxncht
MaHTHH

Heli MaHTHH. AHAJIOTHYHLIM NyTeM Oblna paccYMTaHa pacnpoCTPaHEHHOCTh
rajiondHEsA ¥ HeoguMma. HalineHHble KOHIEHTPalUMK TPeX JJAHTAHOM/IOB OKa-
3aJIECh CYLIeCTBEHHO GoJiee BBICOKHMH, 9€M B YIJIHCTBIX XOHApDHTaxX: B
2,3—2,4 pasa (tabn. 3). [locTosHCTBO cTeneHH oborallieHHs JIETKHM, cpe-
JHHM H TSDKEJIbIM JIAHTAHOHJAMH OTHOCHTENILHO KOHLEHTPALMH 3THX 3Jie-
MEHTOB B XOHAPHTaX CBHIETENLCTBYET O TOXJECTBe cooTHomeHuid P33
BepxHedH MaHTHH 3emnd W XoHOpHTOB (B mnpepmenax 5—10 otH.% —
CTeneHH Bapuauuii BenHYMH oboramenus; cM. Tabn. 3). Cnenyer nomuep-
KHYTh TaKXe, 4TO MHHMMYMbI BapHaluuii ortHoweHuii P33 B mepumoTHTax
(cM. puc. 3 H 4) npHypoYeHB! K JIEPLOJIATAM, - YTO OJHO3HAYHO NOJTBEp-
KaaeT noaobOHy0 NpHpoAy BellleCTBa BEPXHEH MaHTHH.

IOns nonHoro pacyera KoHueHTpaunwii P33 B maHTHH HCnonb3oBasoch
cootHowenue P332, nonyvenHoe pans xouapuros H. HMeencenom c
corpyanukamu [171], yunteiarouee cpeanne cocraBbl P33 o6uikHOBEHHBIX
M yraucThiX XoHapuToB. HeGonblne nonpaBkd GLUTH BBEEHE! I HEKOTO-
PHIX JIAHTAHOMIOB MO HOBLIM JaHHBIM M3 paboTel [42]; Hanbonee BaxHOE
H3MeHeHHMe clenaHo mna otHomenwsas Sm/Nd, mo Gonee NOCTOBEpHBIM JAHHBIM
C. Slxo6cena u TI. Baccepbypra [232]. DTH aBTOpBl mOCNE CTaTHC-
THueckoii 06paboTKH pe3yNbTaTOB M3IMEpEeHHs oTHomeHus ' Sm/'“Nd s
XOHOpUTAX HAIIDIH CXOMCTBO €ro B pasHBIX Kimaccax meteopuroB (C—0,195;
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Puc. 4. Wamenenue cTenenn sapuanuit oTHowenus Ce/Yb B 3aBHCHMOCTH OT KOHLEHTPALHH
uTTepbua B nepunoTHTax BepxHell manTHH (0603HAaYEHAN Te XKe, YTO M [UIA pUC. 3); OTHOLICHHE
Ce/Yb nopmanuiosano no Ce/Yb = 3,86 xounpuros; muuumym sapuaumii (Ce/Yb)y coot-
BETCTBYET KOHLUCHTpauHHu HTTepOHA B BepxHel MaHTHH

Ta6nuua 3. PacnpocmpaneHHOCMb HEKOMOPHIX PEOKOIEMEALHBIX INEMEHMOS 8 epxHell
manmuu Jemau u XOHOputax* 2/r

Bepxuas Cpeanee M1Cpennee ans [Cpemnee ans
Onement | mManTHA®® | L-, LL-, H- | aucratuTo- | yromermx- BM/L,LL,H | BM/E BM/CI1
(BM) xouaputos Buix—E —Cl
|
¥ T
La — 0,342 0,25 0,23 — — —
Ce — 0,90 0,70 0,62 — — —
Nd 1,10 0,63 0,50 0,445 1,75 2,20 2,47
Sm - 0,21 0,17 0,14 — — —_
Gd 0,50 0,305 0,21 0,193 1,64 2,36 2,59
Dy — 0,35 0,27 0,243 _— = —
Er — 0,23 0,18 0,158 — = ==
Yb 0,38 0,227 0,172 0,156 1,67 2,21 2,44

*Cpeanee 1A paHbIX rpynn XoHapuTos, no [42, 171].
**OueHKa KOHUCHTPAUHH OTACNbHLIX NAHTAHOMAOB ANA BepXHeHf MaHTHM, MONYYCHHAN MpPH ycpen-
HeHun rpaduyeckodl WHoOpmaumH; MCXoaHsle naHHbe no P33 B nepuportwrax, mo [11, 177 — 179,
212 u ap.): Bcero menoskiosano 200 aHanW3OB No AyHWTam, rapubyprutam W NepuonHtam B 35 — no

KOMaTHHTaM.
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E — 0,202; H — 0,196; L - 0,195 u LL — 0,197], yto B npenenax
TOMHOCTH OLEHKH COOTBETCTBYeT coiHeuHo#t semwumme '*7Sm/'**Nd = 02
Monobuoe 3HaYeHHE MONYYEHO HMH Takxke Ais 3sKkpurta Juvinas (0,195).
Cpenneﬁ:ramcmqecxas BenuunHa oTHoweHus ' Sm/ ' “*Nd = 0,1967 npunsta
3a MCXOMHYIO [U1S IPOTOCONHEYHOH TYMaHHOCTH, H3 KOTOPOii chopmupoBa-
JIHCh METEOPHUTHI H IIAHETHI 3eMHOH rpynnel. 3TOMY OTHOLIEHHIO COOTBET-
crByer BenuuyuHa Sm/Nd = 0,313, xoTopas 3aMeTHO OT/IMYaeTcs OT
sgaveHHs Sm/Nd = 0,325, mnaiimenHoro nna XoHApHTOB B pabote
[171], a Takxke OT BejHYHHBI oTHomieHMs Sm/Nd = 0,308, nomyuen-
HOro miA axoHapuroB [258,259]. Ilpemmourenne ormano omenke C. fAko6-
cena H I'. Baccepbypra, Gasupyromiefica Ha 64 onpeneneHHSX OTHOLUE-
uus  'Sm/'*'Nd B xonapuTaxg

Tagnuii. CBefeHUs O colepXaHHWH TaHHA B NEPHIOTHTAX OTPBIBOY-
Hel. Iloka eQuHCTBEHHBIH NMyTh IJIA OLEHKH €ro pacnpocTPAHEHHOCTH —
Hcnons3oBanue otHoweHua Hf/Lu, nonyvenuoro I1. MMayerrom u M. Tat-
cymoto [312 u ap.] mns XOHOPHTOB M aXOHAPHTOB: B cpeaHeM 4,43 u
5,34 cootBercTBeHHo. IlpuHumas BenwuyuHy oTHomeHus Hf/Lu = 48 u
3Haf KoHueHtpauuto Lu = 0,058 r/T B mMaHTHH 3eMiM, Haxoaum
pacnpocTpaHeHHocTh raguus (0,28 + 0,03 r/1).

Ypar, mopuii u xaaiuti. DTH 3MEMEHTbI ABJASIOTCA OCHOBHBIMH HC-
TOYHHKaAMH pPadHOréHHoOro TerJja MJaHeTHhI. KOHIICHTan,Hﬂ KaJIHd, Kpome
TOro, ompelenseT TraaBHyl0 Maccy ‘CAr atMocdepst 3eman. IMosTomy
BE/IHYMHA TEMJIOBOrO MOTOKA M PpAcCNpOCTPAHEHHOCTh AT HaKiabi-
BalOT ONpeleeHHblE OrpaHMYeHHS Ha NrobOble MOJENH pacyeTa CpeHero
COJIEpXaHUs TPEX PaJHOaKTHBHLIX JIEMEHTOB B MaHTHH 3eMJIH.

He MeHee BaXHO Y4YMTHIBATH TaKXKe peasibHblE COOTHOLUEHHMS ypaHa,
TOpHS H KaJiusg B TNEPHOOTHTAX BEPXHEH MAaHTHHM, HA OCHOBE KOTOPHIX,
HCMOJIb3YA AMarpaMMel "OTHOLLIEHHE MaPbl 3JIEMEHTOB—CO/IEPKAaHHE JJIEMEH-
Ta B Iopofe”, MOXHO ONpeleTHTh PacnpoCTPAHEHHOCTh OTHENbHBIX 3Jie-
MEHTOB B MaHTHH 3eMIIu.

OpgHa W3 MepBBIX OLEHOK KOHIEHTPALMH KAajiMd M ypaHa B MaHTHH
3emnu BeinonHeHa I'. Baccepbyprom c cotpyanukamu [381], koTopsle
NoKa3aJiH, 4TO NPH XOHAPHTOBOM COCTaBe 3eMJIH pacnpOCTPaHEHHOCTh ypa-
Ha Onu3ka x 0,016 r/T; ecnH e YYHTHIBATH MAHTHHHOE OTHOIIEHHE
K/U, xoropoe aBTOpaMH OTOXIECTBJAETCSA B [JAHHOM CJIy4ae C KO-
poBsiM oTHomennem K/U = 1.10°, 1o pacnpocTpaHeHHOCTh ypaHa
JomxHa O6biThb moBbimieHa no 0,033 r/T, a NpH NOMOJHHTEIbLHOM OrpaHH-
YEeHHH BeJIHYMHOHW 3eMHOro TenjoBoro notoka — pnaxe no 0,052 r/T.
IMo3xe @. Tepa u ap. [363], ucnonw3ys cpegHuil TemaoBO# NOTOK,
paBubiii 1,5 ukan/cm’- c, oueHuwnu cpemnee coaepxanne U = 0,035 r/T;
npuuumas ortHomenns Th/U = 4 u K/U = 1. 10°, oum onpe-
Jenunu koHueHtpauuo Th = 0,14 r/tu K = 350 r/T.

OnpenenenHble OrpaHHYeHHs Ha KOHUEHTPALHMIO KajMd B MaHTHH Ha-
KNa/LIBAET W3OTOMHbI COCTAB AproHa M KOHNEHTpauus ‘CAr. aTMoe-
dbepsl. MuHHManbHAs BEJHYHHA COJEPKAHHA KajlHsd, KOTOPAas COOTBET-
CTBYeT pacnpocTpaHeHHOCTH ' 'Ar B atmocdepe, — okono 110 r/T,
a HeobGxomumoe cooTHowenue K/°Ar B MaHTHM T = aTMOCchepHOM
“Ar/*Ar = 295,5 nomxuo nonagate B npegenst (5,33t 1) -0’ r/cm’
[1]. Mpu gonyweHun pa3HON CTeNeHH Aera3alMd MaHT ﬁ@\@f‘,qo 80% u

ro‘h\q;
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Puc. 5. TuctorpaMMa pacnpesefieHHs ypaHa B nepuaoThTax [129, 167, 172, 197, 287, 376 u ap.]
I — nepuonutsl # rapubyprur-nepuonutsl; 2 — rapubypruTel; 3 — QyHHTH; 4 — NEPHOOTHTHI CO BTOPHYHBIM QJIOTONHTOM H C
NPOXHAKAMH; 5 — OKeaHHYECKHE CEPNEHTHHHTBI; 6 — cpeanee AN yraueThix xoumputos Cl [265]



Gonee) B 3aBHCHMOCTH OT Mogenell, BbIGpaHHBIX aBTOpPaMH, OLIEHKH
KOHLEHTPALHH Kalud B MaHTHH BapeHpyloT ot 110 pmo 710 r/T
[1, 209, 229 u np.]. Hanpumep, P. Xapt c corpyauuxamu [209]
npeanosaraer s OJHOpPOAHOH MaHTHH copaepxanue K = 660 r/T,
a ana BeépXHeil MaHTHM AuddepeHIHpPOBAHHYIO NMOTEPH JIEMEHTA H OCTa-
TouHyto | koHueHTpauuiw K = 125—422 r/1. Ilo pacueram H.A. As-
6ens [1], B Momenn MaHTHH C COrJlacOBaHHBIMH cHcTemMamu K-—Ar,
U—He u| npyrumu cogzepxanue K = 500 r/T pns HeobenHeHHoOH MaH-
i ¥ 183 r/T — pna obGenHeHHO#; COOTBETCTBYIOLIME KOHLIEHTPALUH
ypaHa, yBS3aHHbIE C PACTIPOCTPAHEHHOCTBIO H30TONOB renus, pasHsl 0,022 u
0,0048 r/T1. JIrobonuiTHO, uTO OTHOowweHHe K/U B momenu H.5. Asbens
MpHMEPHO B 2,3 pasa BBILLE, YenLIIpe/yiaraeT I'. BaccepBypr u ap. [381].
lopa3no Gosblnee CXOOCTBO Y pa3HbIX aBTOPOB MOJYYEHO MJIA OTHO-
wenus Th/U. Ilpu ob6obmenun naHHbix no cHcteme U—Th—Pb 3em-
HeIX mopox u muHepanoB K. Annerpe nawen [93], uro BenHYHHA OTHO-
wenus Th/U = 3,7 = 0,2. Cornacuo [184], 3emuoe 3nauenuwe Th/U =
=3,56. bmm3kuii pesynptat (Th/U = 365) HEJABHO MOJIy4eH MO KOp-
pensumu  otHomenuii  °Th/*’Th u "'Sr/*Sr B cospemennbix
okeaHuYeckux 6Gaszanstax aHa H octpoBoB [90]. B paborax [381, 363]
HCMONb3yeTcs HecKoNbKO Gosee Boicokoe 3HaueHue Th/U =4 0.

Hrak, 3a uckawueHHeM BeJaHYMH oTHoweHus Th/U, B MoaenbHBIX
pacdeTax pa3HbIX aBTOpPOB (HUIrypHpPYHT BeCbMa pa3/iH¥Hble JaHHBIE O
PACMpPOCTPAaHEHHOCTH ypaHa H Kaj¥s H O NEPBHYHOM HX COOTHOLUEHHH
B MaHTHH 3emnu. OueBuaHo, 4To npobnema 3Ta emie Hepeuwena. [To3To-
My uenecoobpaiHo ob6paTHTbCA K MEpBHYHOH HHPOpMALMH MO MEPHOOTH-
TaM BepXHeil MaHTHH.

KoHuenTpauus ypaHa, TOpHA W KaJiid B NEPHOOTHTAX CHIIBHO Bapb-
upyer [129, 167, 172, 197, 376 u pp.). Mo wmuenuro M. Ipuna
¢ corpyauukamu [197], O. Kapcsenna u C. Paiica [129] u [O. ®uwepa
[172], cocpemoTouHBIIMX BHHMaHHE Ha YJIbTPAOCHOBHBIX KCEHOJIMTAaX,
KOHIEHTpalMs YypaHa B BepXHeH MAaHTHH TOBBIIEHA M COCTABJAET
0,03—0,04 r/T. OgHako B NMOoAOGHBIX OLEHKAX CYMMHPOBAIHCh BCE J0C-
TYNHBbIE JaHHBIC MO NEPHAOTHTAM, BKJIKOYAsA H OCTaTOYHBIH MOCJE BhINJAB-
JieHus 6a3anbTOROM coCTaBNsAlOLIEH MaTepHan — AyHUTHl B rapubypruTsl,
a TakXe MOpPOJbI, HECYIHe MPH3HAKH BTOPHYHBIX HaMeHeHHil. Ecnu onm-
paTbhcs Ha JaHHBIE NO NETPOXHMHH TMEPHIOTHTOB H BbIllIE PacCMOTPEH-
Hyl0 pacnpoctpaHeHHocTe P33 B HHX, TO mpaBuibHee OpHCHTHPOBaTbCH
TOJILKO Ha JIEPLOJIHTHI.

Ha puc. 5 npexncraBneHa rucTorpaMma pacnpeneseHHs ypana B me-
PHOOTHTaX Mo onybnHkoBaHHBIM AaHHbIM. [laneko He oA BCeX mopoj, B
KOTOpBIX ONpEeNENICHO COJACPKAHHE ypaHa, M3BECTHA TOYHAS NETPOXHMH-
yeckas XapakTepucTHka. B psage cinyyaes non Ha3BaHHEM “JepuoOSIHT”
burypupyior takxke u rapubyprutet [179, 197]. Onupasce Ha npuMepsl
HAeTanbHOr0 ONMHCAHWA TEPHAOTHTOBBIX BKIrOYeHHH [129 u np.] m maccu-
Bo [172, 351 H_Jp.), YAanock B MNEPBOM npubIHKEHHH CHCTEMa-
TH3HPOBATh JIAHHBIE N0 YPaHY COIJIACHO NETPOXHMHYECKOH KIacCHpHKaUMH
NEpHAOTHTOB 10 THNAM B COOTBETCTBHH ¢ paboroii [35].

Camble HH3KHE KOHUEHTPALMH ypaHa NpPHYpO4eHbl K AYHHTaM H rap-
ubypruram, B cpeaiem — 0,0078 u 0,0115 r/T_Bapuauun B pacnpenene-
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HHH ypaHa B o0OHMX THMax MopoJ 3HauHTeNbHbIE, OCOBEHHO B AYHHTaX
(cm. puc. 5). OyHuTsl B GONbIIMHCTBE ciydaeB npejcTaBiieHnl obpasua-
MM H3 OYHHT-TIEPHOOTHTOBBIX MACCHBOB, [J1s rapubyprutoe npeobiana-
IOT JaHHBbIE MO YPaHy H3 KCEHOJHMTOB B ILUeNOYHbIX GazansTax H KHMOep-
JHTax.

Haubonbiune comepxkaHuA ypaHa obOHapyXeHbl B MEpHOOTHTAX, HECY-
IIUX MPH3HAKH BTOPHYHBIX H3IMEHEHHH: B KCEHOJIHTAX LINMHHEJIEBHIX H rpa-
HATOBLIX JIEPLOJIMTOB H rapubypruToB ¢ NMPOXHIKAMH H C (QIOTONHTOM
BTOpOi#l reHepalHH, B MOYTH TMOJIHOCTBI) CEPNEHTHHH3HPOBAHHBIX TNEpPH-
JOTHTAX CpPEJHHHBLIX OKeaHMYeCKHX XpeOTOB, B CEpPNEHTHHMTAX M3 pas-
HBIX MacCHBOB M Honyneii. B monobGHBIX mopojax KOHUEHTpauHs ypaHa
usmensercs ot 0,1 go 1,3 r/T (B cpeanem cocrtasnser 0,28 r/T).

CaMocToATENbHYO TPYNNy C JOBOJBHO PE3KHM MaKCHMYMOM OKOJIO
0,035—0,045 r/T U cocTaBnflOT NEPUONHTHI U rapibypruT-J1epLoiHThI, HE
HeCylllHe NPH3HAKOB BTOPHYHBIX H3meHeHHH. ITouTH Bce OHHM mpencTaB-
JIeHbl HOOYJISAMH LIMHHENEBLIX ¥ rPpaHATOBLIX MepHAoTHTOB. CpeaHas KOH-
LUEHTpalusa ypaHa B WINHHeNeBbIX pa3HocTaX — 0,035 r/ T, B rpaHaTOBBIX —
0,045 r/t, a cpennee ana oboux tHmoB coctasnaser 0,0383 r/t U.
PacnpocTpaHeHHOCThL ypaHa B BepXHed MaHTHH, Takum obpa3oM, BTpoe
NpEBLINIAET COMAEPXAaHHE 3TOro 3JIEMEHTAa B XOHApHTax. B rapubyprurtax
H OyHHTAX KOHUEHTpPAalUHs ypaHa 3aKOHOMEDHO CHHXAaeTcs, NMPH 3TOM B
rapubypruTax OHa OKa3ajlach TOXJECTBEHHOH B XOHOPHTaX. 3Had KOH-
UEHTPAUMI0 YypaHa B BepxHed MaHTHM, YyOOGHO UCHONB30BATE  [IA
OLEHKH copepxkaHuit kanuid ¥ Topus otHowenusa K/U u Th/U nepupmoru-
TOB.

Ha puc. 6 npexacraBiieHbl JaHHBIE O KOHIEHTpPAlHMH KallHd H ypaHa
B NEPHAOTHTAaX, @ Takke A 6a3anbTOB, KOMaTHHTOB H TPAHHTOMMOB.
HanoMHHM, 4TO ¢ NOABJCHHEM NEPBBIX OLEHOK PACNIPOCTPAHEHHOCTH KalHA
H ypaHa B mopogax kopsl [381, 363], mns xoTopeix B cpeaHem ObulO
naiineso K/U = 1-10°, B nuTepaTypy IIMPOKO BHEAPHJIOCH NPEICTaB-
jseHHe o toxaectBe oTHoweHHAs K/U kopel MaHTHHHOMY OTHOLUEHHIO
K/U. Kakx BugHo H3 puc. 6, OeHCTBHTEeNbHO, [ANA [JOJIEPHTOB, Iie-
JIOYHBIX 6a3a/bTOB H TPAaHHUTOHMAOB, a TAKXE A KOMATHHTOB OTHOIIE-
ue K/U 6mm3ko x 10°. BMecTe ¢ TeM H3 TOro e pHCYHKa oue-
BHJIHO, ¥TO COOTHOLICHHME KalMi W ypaHa B NEPHIOTUTaX HHOE, Mpo-
MEXKYTOYHOE MEXAy 110 " 110 (6onBIMIMHCTBO TOYEK TpYyNOHPYETCH
B HMHTepeane ot 2,5 10° no 5- lO) Hanbosnbinmwe BapHamu¥ OTHOLLEHHS
K/U ormeuaroTcs B AYHHTaX — I[0pojJax, HMEKIIUX caMble HH3IKHE
KOHLUEHTPAUHH OGOMX 3NEMEHTOB M MO3TOMY HaHOoOJlee YyBCTBHTEJILHBIX
k koHTamuHauud. Cpennee 3HauEHHE otHomenus K/U B 22 npobax
JIEpLUOSIHTOB paBHO 3- 10° F 2:-10°. ScHo, uTo nmopo6GHas oneHka roauTcs
NHIIL IS OPHEHTAIMH O mopaaKe BenuyuHbl oTHomeHHA K/U u He MoxeT
npeTeHA0BaTk Ha TouHocTh, OueBHAHO, HanpHMep, YTo oTHomeHke K/U
BepxHeil mMaHTHH B 2—3 pa3a HHXe, 4eM B MeTeopuTax. Onmpasch Ha
ONBIT pacyeTra pacnpocTpaHeHHocTH P332 no MuHHMyMy Bapuaumii ot-
[OeNbHBIX OTHOLUCHHH JTAHTAHOHIOB B nepuaoTuTax (CM. pHC. 3 u 4), MOXHO
TaKXe NpeanoJIOXKHThb, 4TO 06JacTh MHHHMAJ/IbHBIX H3IMEHEHHH OTHOLLIEHHSA
K/U B nepugoTHTax XapaKTepH3yeT NMEpPBHYHbIE KOHLCHTPAaUHMM ypaHa H
KajiuAd B BepXHell MaHTHH. DTOT NPHHUMN HCMNOJbL30BAH [UIA YTOYHEHHS
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Puc. 6. Pacnpenenenue ypaHa u kanua B NepuaoTHTax, GajanbTax, KOMaTHMTaAxX M rpaHH-
Tommax [172, 197, 376, 351 u ap.]

I — nepuonnThl W rapubypruThi; 2 — OYHATH; 3 — KOMATHHTH; 4 — NIONEPHTHI H MIeNo4HbIe 6a3zanbTsl;
5 — cpenuee ana 2000 rpannTonnos CUIA; 6 — cpeanee ana rpanuTonaos Caymosckoit Apasun

10 r

pacnpocTpaHeHHOCTH Kanus B JIEPIONHTAX BepXHell MaHTHH W MpOBEPKH
CTENMEHH JOCTOBEPHOCTH OLEHKM KOHIEHTPAallHH YpaHa, MOJIy4eHHOH Bbille
NpH ycpedHEHHH [AaHHBIX M0 JIEPLOJHTAM, BbIGpAHHBIX Ha OCHOBE CTa-
TUCTHYeCcKOi guarpammel (cM. puc. 5). HopManuiauus peansHbIX BeJHYHH
otHoweHHs K/U nepHOOTHTOB OCYIIECTBIAJACH MO CPeJIHEMY 3HaYeHHIO
3TOr0 OTHOILEHHA B JIEPIOJIHTAX (3-103).

Ha puc. 7 npueeneHsl auarpaMmbl Bapuauuii otHomenus K/U wu
cofepXaHUi KajHs H ypaHa B NepHAOTHTaX. MOXHO BHAETH, 4TO MHHHMYM
konebanuit oTHowenus K/U npuypouen k koHunenTpaunn K =190—210r/T
u U = 0,029—-0,039 r/t. OueHka ans ypaHa (aKTHYECKH TOYHO
cosnagaer ¢ senuuuHoi (0,038 r/T), HalineHHo# Bbimle (cM. puc. 5) npu
yCpeHEHHH JAHHBIX N0 HEH3IMEHeHHBIM JepuonntaM. Takum obpa3zoM, yuu-
ThIBasi pe3yJibTaThbl, MONY4YEeHHbIE MPH HCNOJIb30BaHHH 060HX MpHeMOB pac-
4YeTOB, MOXHO 0JIaraTh, YTO KOHLEHTpaUH:A ypaHa, pasHa 0,035 r/ 1, nocra-
TOYHO CTPOr0 COOTBETCTBYET PpAcCNpOCTPAaHEHHOCTH 3TOr0 3JEMEHTa B
BEpXHeHd MaHTHH. AHAJIOTHYHO, €CJIH paciipOCTPAaHEHHOCTh KaJIHd coC-
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[T} 0 uer 100 K,z/m 1000
Puc. 7. Hamenenne otHomenus K/U B 3aBHcHMocTH oT BapHaumii comepkaHus ypaHa (a)
H xanua (6) B nepHOOTHTAX

1 — NEPHAOTHTH, 2 — OKCAHHYECKHE CEPNEHTHHUTSL: (cpeaHee); 3 — xomaTuuT; oTHomerue K/ U nopon
HOpManuiosaxo no cpeanemy K/U = 3000 nepuonuros; cTpenkaMi NOKa3aHsl CPEIAHHE COACPRAHHS Ka/IHA
H ypaHa, onpeaenseMuic no MHHUMYyMY Bapraunit otHowenus K/U nepuaoturos

taBnser 200 r/t, TOo cpenuee otHowenue K/U = 5700. Ons cpas-
HEHHS YyKa)XeM, 4YTO B YrJIHCThHIX XOHIpHTaX, corjacHo [265], cpen-
Hee coaepxanue K = 500 r/1, U = 0,0086 r/T u K/U = 58000.

3Has KOHLEHTpAalHI0 YypaHa B NEPHAOTHTaX M oTHowenwe Th/U B
3emune, onpeaeneHHoOe NO KOPpPeNALHA B H30TONHBLIX cucteMax Th—U—Pb
u apyrux (3,55—4,0), HeTpyaHO paccYHTaTh pacnpoOCTPaHEHHOCTb TO-
pusa B BepxHed mMaHTHH. Tak, npuHHMas Haubonee peanbHOMH MmocneaHIOKO
ouenky Th/U = 3,65 [90], nonyuaem comepxanue Th = 0,128 r/1. Ocra-
€TCA HEeACHBIM, HACKOJbKO COOTHOILUEHHE TOPDHSA M ypaHa B NEPHIOTHTAX
COOTBETCTBYET 3THM oneHkam. Ha puc. 8 nokasaHo pacnpenenenue
obouX 3NEMEHTOB B MEPHAOTHTAX B COMOCTABJIEHHH C MX pacrnpocrpa-
HEHHOCTbIO B XOHJpHTaxX W axoHapHTax. Kak BuaHo w3 puc. 8,a, cpenm
yNbTPAaOCHOBHLIX mopoja no Benu4ynaHe oTHowmeHus Th/U swigensroTtes
JIBE TPYNMbI, OJJHA H3 KOTOPHIX 06pa3yeT MuHelHbIH TpeHI, cOBNaAaOLIMi
C METEOPHTAMH, BTOpPas — OTJIHYAETCA HE3aKOHOMEPHBIM oborameHueM ypa-
HoM. B mocnesHio0 rpynny BXOJAT OKeaHHYECKHE CEPIIEHTHHHTHI, CEpPMeH-
THHHTHI HEKOTOPHLIX KOHTHHEHTAJIbHBIX 30H H YaCTh NMEPHAOTHTOBLIX HO-
Loyne#; MpH 3TOM B CEpNEHTHHHTAX (PHKCHPYETCA MaKCHMaJIbHOE OTKJIO-
HEeHHEe OT JIHHeifHoro TpeHaa nepsoit rpynnel. Takum o6pa3oMm, HET coMHe-
HHii, 4TO BCE OTKJIOHEHHS BO BTOpPOH rpynne cBA3aHbl C BJIHAHHEM BTO-
PHYHBIX TpPOLECCOB HA CHCTEMY TOpHi—ypaH. [lns OKeaHHYECKHX cCep-
NEHTHHHUTOB, B YAaCTHOCTH, 3TO BhIPAXaeTCA B PE3IKOM YBEJIIHYEHHH KOH-
LEHTPAalMH ypaHa /10 ypoBHeil, He CBOHCTBEHHLIX JIEPIOJHTaM (cM. pHc. 8).
MoxHo nonaraThk, 4TO JIMHEHHBIH TPeH/ NepBOi rpynnel OTpakaeT pacrpe-
JleJIeHHE TOPHA W ypaHa B HEH3MEHEHHbIX nepHaoTHrax. Yemy xe coot-
BeTcTByeT 3TOT Tpena? Ha puc. 8, 6 nmokasaHo pacnpeneneHue ypaHa H
BapHaiuK oTHowenus Th/U B nepuooTHTaX, NPHYEM NMOCHEHEE HOPMAJIH-

3oBaHo no Th/U = 3,65 — oTnomenuro mis 3emin. Buano, yro nepugoru-
Thl H METEOPHTHI, 06pasyiomue nuHeHHLIi TpeHa Ha pHc. 8,a, ctporo npu-
YpoueHbl K JHHHH HOpManulauuu Ha puc. 8,6. Takum obpasom, mia
2
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Puc. 8. Pacnpesenexne TOpHS M ypaHa B NEPHAOTHTAX H CHIHKaTHLIX METCOPHTAX (a) H H3IMe--
Henne oTHoweHUs Th/U (6) B HUX B 3aBHCHMOCTH OT BapHauuii cosepxanufl ypana

1 — HeHIMEHEHHBIE NEPHAOTHTHI, 2— CEPMCHTHHHTH H APYIHC HIMCHECHHLIC NEPHIOTHTR; 3 — KOHAPHTH
H AXOHIPHTHI: OTHC (Th/U)y nopmanusosano no Th/U = 3,65 mantuu 3eman [90]




HEH3MEHEHHBIX YJIbTPAOCHOBHBLIX NOPOJ BepXHell MaHTHH, XOHATHTOB H
aXOHJPUTOB XapaKTePHO OHO M TO Xe 3HaueHHe oTHoueHus Th/U.

Hrak, conepxaHue ypaHa ¥ TOpHS B BepxHell MauTHM 3emnu 3HauH-
TeNbHO BBILLIE, @ KAJIUA HecKOJbKO HHXKE, 4eM B XoHapuTax. Ecnu pacnpo-
CTPaHEeHHOCTb ypaHa, TOPHA H KaJIid oTpaxaeT obwmii ypoBeHb HX conep-
’KaHHSA B MaHTHH, TO HACTOAILAs OLEHKA 3aCTaBJIAET NO-HHOMY pPaccMaTpH-
BaTh HanaHc paJHOreHHOro TelJia NJaHeTHl B (paHepo3oe W NOKeMOpHH M
JIOJI)KHA YYMTHIBATLCH NPH HHTEPNPETALIHH H3IOTOMHBIX OTHOLLIEHHH CBHHLIA H
reJius.

Csuney. KoHUeHTpalus CBHHIA B NEPHIOTHTAX M3MEHSETCA 3HAYHTEb-
Ho, oTr < 0,01 mo 8 r/T1. CBeneHHA MO JNEPUONMTAM OTrpaHHYeHbl. s
HECKOJIbKHX JIEpLOJIHTOBBIX Hoayne# ormeuaerca ot 0,10 mo 0,34 r/T,
B cpeaHem okomno 0,25 r/T ceunua [149, 287 u nmp.]. OtHowenne U/Pb
B nepuonurtax cocrasaser 0,11—0,57, B cpeauem oxouno 0,22.

VuuTeiBas CKyQHOCTh JaHHBIX MO CBMHLY (MeHee 20 aHANHM30B), K OLIEH-
KaM €ero pacnpocTpaHeHHOCTH B NEPHAOTHTaX HAJ0 OTHOCHTHLCA KakK K
BecbMa npHbIHXKeHHBIM. [103TOMY NOJIE3HO HCTIOJIB30BAaTh APYIHE NPHEMBI,
onupasch, HANPUMEp, HA H3IOTOMHbIE NaHHEIE IO CBHHIY H ypaHY.

B psize paboT BhINONHEH pacdeT COBPEMEHHOTO MaHTHifHOrO OTHO-
wenus  *U/%Pb (u) no HaHHEIM U1 M30TOMHOTO COCTaBa pPYAHBIX
cBHHIOB [93, 264, 392 u gp.], ynbTpaocHOBHBIX AnddepeHUHPOBaH-
HBIX HHTpY3Huii [263]. BenuuumHbl p BapbHPYKOT Yy pasHbIX aBTOPOB
ot 7,91 pmo 8,92. B coBpeMeHHBIX MaHTHHHBIX CBHHIAX BecoBas HONA
*pb cocraBnser 0,0128—0,0146 [149, 353 u np.):0,01343—0,01454 ans
KCEHOJIATOB JiepLofuToB M rapubyprutos; 0,012283—0,01391 ans Bme-
marmux 6a3aneToMA0B, HIENOYHBIX Da3anbTOB OKEAaHHYECKHX OCTPOBOB H
TOJIEMTOB OkeaHHYeckoro nHa. ITo copmepxaHHio ypaHa B BepXHeH MaHTHH
¥ BeNTHYHHAM U MOXHO pacCcYHTaTh KOHUEHTpauuio cBHHUA. [Ina u = 8,92
MaHTH#HOe conepxkaHuue cBuHuA coctasnser 0,29—0,27 r/T, ana p =791
HafineHo ceuHma ot 0,33 go 0,30 r/t. 910 B 06OHX cnyuasx Beile
cpeqHHX NaHHBIX mno jnepuondtam (0,25 r/T), yTo eme pa3 noauepKH-
BaeT, MO-BHAHMOMY, HENpEACTABHTENBHOCTh NOCHeAHHX. Bmecte ¢ Tem
npenensl Bapuanuif cpenHux 3HaveHui (0,27—0,33 r/T) nexat BHYTpH MH-
TepBaja konebaHuii colepkaHHA CBHHIA, HabI0AaeMOT0 B NEPUOIHTAX.

Py6uduii u emponyuii. Unes pacuyeTa pacnpocTpaHEHHOCTH pybHIOusA W
CTPOHLHSA B MAHTHH OCHOBaHa Ha OllEHKE MaHTHHHOro oTHomeHus Rb/Sr mo
Pcsynbmmu omnpenesieHHs COBPEMEHHOT0 CpeIHEMAHTHHHOr0 OTHOLIEHHS

'St/*Sr — Iyg [164, 165]. OnHuM H3 NepBLIX HCNOJIL30BaJ 3TOT npHem I1.
Xapnu [229], npeanonaraBiunif, YTO COBPEMEHHOE MaHTHIHOE OTHOLUEHHE
H30TONOB cTpoHLusa 6nu3ko k0,7035, uemy cooTBeTCcTBYET OTHOWEHHe Rb/Sr
= 0,025. HUcnone3ys XOHAPHUTOBOE copgepxaHHe cTtpoHuus (11 r/T), oH
NOJCYMTAJ PacNPOCTPAHEHHOCTh pyOHaHs.

B 70-x rogax nmpH COBMECTHBIX HCCIENOBAHHAX H30TONOB CTPOHLMA H
HeoJHMa B MOPOJaX MaHTHHHOIrO reHesuca Gblla yCTAHOBJIEHA JOCTATOYHO
cTporas obpaTHas KOppessLus Mex 1y BenHuMHaMu oTHomenwn# ' *3 Nd/' *4Nd
u 'Sr/**Sr. Cospemennomy otHowenuwo ''Sm/'**Nd B mauTum coortserc-
TBYeT BHOJIHE OMNpefeneHHoe 3Havenwe '3 Nd/'**Nd.HWcnons3ys rpaduk obpar-
HO¥M KOPPEJIALMA MEXIY H30TOIIAMH HEO/IMMa M CTPOHIIMA W MaHTHIHOE OTHOLUE-
nue '**Nd/***Nd (eNd = 0), 1. lenaono u I'. Baccep6ypr [164] u C. Kaprep c
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Puc. 9. W3menenue oTHowenus Rb/Sr B MepHOOTHTAX B 3aBHCHMOCTH OT BAPHAUMH COACPKAHHA
crpouums [91, 111, 125, 153, 249, 292, 350, 351 u ap.]

1 — mepHaOTHTHL, 2 — KOMaTHUTH, JHHHA Rb/Sr = 0,03 — cpemHee mIfA MaHTHH

coTpyaHukamHi [131] ompenenunu coBpeMEHHOE MAaHTHHHOE OTHOLLEHHE
HM30TOMOB CTPOHIMS ¥ HALUIH COOTBETCTBEHHO Yer/YSr = 0,7045 u 0,7050,
YTO B nepecueTe Ha oTHoueHHe Rb/Sr npuBoauT k Bennunnam 0,029 u 0,032,
BonbumHcTBO HccnemoBaTenel Teneps MCMNOJNB3YKT CpPeOHHE 3HAYCHHA
MeX 1y ITHMH ABYMS oleHKamu: " Sr/*°Sr = 0,70475 u Rb/Sr=0,031—0,030.
Takum obpa3zoMm, onpeneseHHe pacnpoCcTPaHEHHOCTH pYOUIHA U CTPOHUHA B
MAHTHH CBOOUTCH K pacyeTy KOHLEHTPAlHH OJHOrO M3 3THX 3JIEMEHTOB. B
JaHHO# paboTe mpHMeHeHa MeTOOWKa HOpMaJH3aluM oTHoweHuil Rb/Sr B
NEpHAOTHTaX MO cpegHeMy MaHTHHHOMY oTHomeHnro Rb/Sr= 0,030=s
CONOCTABJIEHHH C COJepXaHHEM CTPOHLHMA B 3THX MOpPOJaX, 3apeKOMEeHIO-
BaBLlas cebs npu HAXOXKIEHHH pacrnpocTpaHeHHocTH P33, xanus u ypaHa.
Kax BugHo n3 puc. 9, MmuHHMyM BapHaumii oTHoweHHs Rb/Sr nepunoturos
COOTBETCTBYET KOHUEHTpalHK cTpoHuus 15+ 1 r/ 1. PeansHocTs 3TOM OLIEHKH
NMoA4epKHBAETCA TEM, YTO B [AYHWTAX M rapubyprutax — OCTaTOYHBIX
MpOAYKTax Moclie BbinnasiieHHs 6a3anbTOBOH KOMIOHEHTHI H3 JIEPLOJIHTOB
— coepxaHue cTpoHuus He npesbitiaeT 8—10r/T,a B GonbInHCTBE Cliyyaes
Bapeupyer B npeaenax 0,2—6 r/1 (auwe B onHoi#t npobe ayuuTta 6Bwuio
obnapyxeno 14 r/T; cM. puc. 9). llanee, yuuTeIBas GakT HaKOIJIEHHS psjaa
BBICOKOTEMIEPATYPHBIX 37IeMeHTOB (ypaHa, Topus, P33) B manTuu 3emnnu,
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