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I,Iey.ren rr3oronHbrri coctas He n Ar B nopoAax u MuH
ArroprrT-rp aHr.rTHoro KoMrur eKca, pacrloJrox<eHHoro
flepnnvnoe oruorueHr{e aHePHe i saxBa.reuuoM rp
ITIeCTBeHHO HIDKe 3HaqeH[r STOrO OTHOTUeHI4f, B rrop
ruaer raKoBoe n nau6onee rrogroruHoM pe3epByape
rrHTepnpeTarlur rr3oTorrHoro cocTaBa
KoHTuHeHranurorl Kopbr u uarmnrixor
vnn rny 6uHHbrx KceHoJrrrroB nprrHrrra o6orarqeHHarr
HOrO COCTaBa reJrr,rt

ilffiT,0.1H1T?i: 
"ry#:i###'::H#ffflir":3#*3"X[3iiX;BbrAeJreHHoro rr3 nopoA tr MuHepilroB rpaHr.rTor.rAoB.

IrlsoronHbre cocraesr 6naropoAHbrx ra3oB B no-
poAax geuHorf Kopbr rr MaHTrrul 3eurll cyulecrBeHHo
pa3rr.rrraroTcr, rrTo npeAcTaBJrreT yHrrKiurbHyro Bo3-
Mo)KHocrb tr3yrreurrr [poqeccoB rurK)M-Jrrrroceep-
Horo u uavruirno-KopoBoro B3arrMoA eitcrriufl,. Benlr-
qr.rHa orHorrreH us, aHe PHe B nopoAilx KoHTrrHeHTuurb-
Hori Kopbr cocraBJrrer -1. x 108, B 6asanrrax
cpeArrHHo-oKeaHurrecKux xpe6ror (MORB ), o6paso_
la^HHblT. rpu rJraBJreHrrr{ nepxneri MaHTurr, p}nna

, 8.9 x lOa u B ropoArrx roprqrrx rorrer (Ianalin,Vten-
JroycToH , VIcnaugrw n gp.) uouwKaercn \o <Z x 104
(Tolstikhin, Marty, 1998), rrro noAAep)KaBaeT rrrro-
Te3y nponcxo)KAeHurr uanrlrftubrx [JrroMoB r{3 rury-
6un'rr* MarMaTrlrrecK[x [cTorrHnKoB. oTJrLIrrHbrx or

pe3epByapa MORB. Ienrari-aproHoBbre xapaKrepuc-
Tr.rKn ocuoBHbrx pe3epByapon 3enaJrrr nprrBeAeHbr B
ra6n. 1.

B 4orevr6pnricxr.x nopoAax orIeHKa rrcxoAHbrx
KourleHTpaquli u r.r 3oTorrHbrx coorHornenlrri 3aTpyA-
HeHa, rrro Bbr3BaHo rrx MeTaMopeuuecrurMr.r n3MeHe_

pe3yJrbTaTe
cyrqecTBeH-

He, a raKx<e
unoxorf coxpaHHocTbro ruraBHbrx MrrHepaJroB KoH-
rleHTparopoB rr Hocrrreneri reilvr. Teru He MeHee

aTbI yc[eruHoro u3yrreHurr AoKeM-
yJrbrpaocHoBnoro (Richard et al.,
(Tolstikhin et al., 1992) cpeAHero n

Ta6auqa 1. He-Ar xapaKTep vcrvrKn ocHoBHbrx pe3epByapon 3 errrnn

Peeepryap aHel3He x loa 40ArP6Ar Jlureparypuuri ucrorrHr,rK

Hrurcrss MaHrr.rrr (LM)

Bepxuxx MaHrr{r (UM, MORB)

O6oraqeHHar Ma:c{Tnfl, (EM)

,[ennernpoBaHHar MaHTr,rn (DM)

HIMU ("high p mantle")

KonrunexraJrbHar ropa (C)
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(Tolstikhin, Marty, 1998)

To >re

(Hart et al., 1985; Flanyu et al., 1999)

(Chauvel et al., 1992)

(Zindler, Hart, 1986; Hanyu et al., 1999)

(Mamyrin, Tolstikhin, I 984)

(Illyxonroroe, Jlenc rprfir, 197 2)
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KrrcJroro cosraBoB (Kamensky et al., 1990), norasu-
Barorque eQQerrtrBHocrb trccJrenoBamrrr tr3ororrtrrr
6naropogHbD( ra3oB B ApeBHu rropogilx c rleJrbro pe-
KoHcrpyKrluu eBoJrroquu cocraBa JrerfrrD( upu Qop-
MrrpoBaHrrrr Kopbr n MaHTr.ru 3eunu n goreru6ptru.

Hauu BbrnoJrHeHo u3yqeHr.re KoHrlenTpa4nfr, n
rr3ororruoro cocrasa He n Ar B ropogax rr MuHepa-
Jretx paHHerporepo3oircroro JrrrrlKo-apary6croro
Ar,roprrT-rpaHuTHofo KoMnJreKca, pacnoJro)KeHHoro B

ceBepo-3ana4uori qacrrr Konscroro noJryocrpoBa rr
o6pasonaHHoro B pe3yJrbrare rlJraBJreHrrrr KoHTrrHeH-
ranrHorf Kopbr npr.r BHeApeHun B Hee pacnJraBoB MaH-
rzrinoro reHe3rrca. fnasHrre 3agarru uccJreAoBanwr
3AKIIOqUUIUCb B U3}^IEHIIII BO3MO)KHOCTII IPI,IMEHE.
lanfl. a3oronHoro cocraBa 6naropoAHbrx ra3oB Ant
p e rrreurrr BorrpocoB npoucxox<AeHrrrr Qnrouguofi Qa-
3br B gorervr6pnricxrx rpaHrrrorrgax. flpoananrr3rrpo-
BaHbI TaKX<e [PUrIrIHbI, BbI3BaBruIIe II3MeHeHIIe [ep-
BrrrrHbrx orHorueHnri ugoronos 6naropoAHbrx ra3oB
n "guoputoBoft" u "rpaHuroBoli" accoquaqntx KoM-
nJreKca. flponegeHo conocraBJreHrre rr3oronnoro co-
craBa He n Ar s MeJrKo3epnucrbrx rpaHrrrax 4-ft Qa-
3br Jrr.rrlKo-apary6croro KoMrrJreKca, o6pasyroqnx
gafrrorue reJra KaK Ha ypoBHe coBpeMeHHoro opo-
3rroHuoro cpe3a, TaK rr B pa3pe3e Konrcxori cnepx-
rny6orofi crsu{crHrr.

fE OIIOI ncIE CKOE IIO JIOXGHI,IE
Konrcruri nonyocrpoB pacnoJro)KeH Ha ceBepo-

BocrorrHofi orpaune Eanrnricroro qrrra, npeAcraB-
JrrK)rqero co6ori rpyuHeli utuit Bbrcryrr QyngavreHra
Bocro.nro-Enponeficrofi urarQopMbr rr cocrorrqero
ng Komcro-Kapenrcrori, CneroQesncrori u Cse-
KoHopBe>rcxori npoBrrHrlzfi (3erraHaJr Kopa.., 1978;
Windley, L992). Konrcro-KapenrcKuur ilpoBrrHrlr.rfl
cJr ox<e Ha HraBHbrM o 6pae or"r apxericxzMr.r uopoAaMrr
rr cocrorrr r{3 Konrcroft, Kapemcrori u Benouop-
cxofi cy6npornnquri, o6pasyroqru( vrera6noKn, or-
paHuqeHHbre rny6uHnbrMrr pa3JroMaMrr. Konscxas
cy6nponlrnwrfl,, 3aurrMaroqar ceBepuyro qacrb rlu-
Ta, BKJrroqaer Konscruui noryocrpoB, rracrb Cenep-
nori Kapertrtr, @uucryro Jlannanguro, o6nacrr @un-
MapK Cenepnort Hopnerilu u cocrorrr rr3 KpyrHbrx
6roxos - MypraHcKoro, Komcxo-Hoprex(cKoro,
VInapa, Keriscroro, BenorvropcKoro u Tepcroro.
3rn 6noKr.r pa3AeJreHbr apxeftcrr,rl,r.n n paHHenpoTe-
posoricrurrrau uo6nnurbrMrr norcaMrr Cerepo-
Konscxuu, Tepcro-AnnaperreHcKuru, JIamaHAcKo-
KonnuqrrrM rr fle.reHrcro-BapsyrcKr.rM (puc. 1a).

fle.reurcrar puQroreHHar crpyKrypa, QopMupo-
BaBrrrarcr B rrHTepBaJre 2.3-I.8 MJrpA. ner (KonbcKat
cBepxrury6orar.., 1998), pacrroJraraercr Ha ceBepo-
3anaAHoM QnaHre nporepogolicroro BynKaHr.rqecKo-
ro norca, roroprrri [porrrrrBaerct rrepe3 Becb
Konrcxuli nonyocrpoB rr cocrour r,I3 AByx .racrefi:
co6crseHno fle.renrcxofi u Vlrtangpa-Bapsyrcxoft.
B cenepuori .racru lle.reHrcroft crpyKTypbr npo6y-
peHa Konscxas cBepxrJry6oxas, cKBDKrrHa (KC|C),

IIETPOIIOMTI ror"r 10 Nb 3 2002

BcKpbIBIxuur B trHTepBilre U6842 M ocaAorrHo-ByJrKa-
HoreHHbre flopoAbr [ilreo[poreposoficKoro [etreHr-
cKoro KoMrJreKcavna rny6unax 6842-L2261 nr - ap-
xericrure cyrpaKpycrrurbHbre nopoAbr c Bo3pacroM
2.83-2.93 unpg. ner (Chen et a1., 1994; Konrcrar
cBepxrury6orag. "., 1998; Bu6uxoso tr Ap., L993).

fpaHurorrAbr JrrrqKo-apary6croro KoMrrJreKca o6-
pa3yroT rlenb rrHTpy3rrBHbrx TeJr nJrorqaAbro oKoJro
900 rtvr2 B BocrorrHoM o6paunennu fle.reHrcrofr
crpyKTypbr rr rro orHorueHrrro K neri npeqcraBJrrror
cO6Ofi nOcTCKJraArraTbre Ir nggTMetarvrOpQurregKae
Maccr,rBbr. Kpynuefirurau rr3 Hrrx flBrflercfl, Jluqrulfi
MaccrrB nJrorqaAbro 580 rrvr2, rpucraJrJrr.r3arlrrr Koro-
poro npoucxoArrJra na rny6nne 5-8 xu. PacuoJro-
>KeHHbre K ceBepo-BocroKy MaccrrBbr Jle6rxcxa vr

Han-anp r,rMeror nJrorrlaAb coorBercrBeHHo 65 tr
40 t<vt2 (puc. 16). Iloruuru3arlurr MaccrrBoB KoHrporrtr-
poBiuracb reKToHu.recrori goHofi ceBepo-BocrorrHo-
ro rpocrfipannt gnnnofi oKoJro 200 xna rpu iluprrHe
Ro 50 rrr,r. IIo reoJroro-reoxr.rMr.rqecKrrM oco6enuoc-
TrM rpaHnrorrAbr nrrrlKo-apary6croro KoMnJreKca
noApa3AeJrffroTcr Ha ABe ArrcKpeTHbre accoqua\ilu -
"glloplttoBylo" tt " fpanuroByro", Me)KAy KoTopbrMrr
Her B3arrMorrepexoAoB. flepnaa accoquaqru npeA-
craBJreHa nopogaMn l-fit n 5-fir uHTpy3rrBHbrx Qas, ll
BTopiu accoquaqur rpaHr.rrorrAaMrr 24-h Qag.
K nepnofi Qase orHocrrcr MoHrloArropnrbr, cy6qe-
JrorrHbre ra66po, KBaprleBbre Arroptrrbr c >rcrlrrrori
cepueli ArroprrroBbD( rropQupuron rr JraMnpoQupon,
K 3aKJrroqrrreJrbHofi (nrrofi) Qase - cueHnrbr, rpaHo-
crreHrrrbr, KBaprleBbre MoHrloHrrrbr. Onu 6rrnu o6pa-
3oBaHbr, KaK npegcraBJrrercr, rpn ArrQQepeHrlua-
TIIITI BCnJIbIBrrrerO K OCHOBaHUTO TpaHATHOTO CJrOt
vranrurfnoro acreHoJrrrra. flopQupoBr4AHbre rpa-
HoArropurbr r.r rpaHrrrbr rropori (r.rranHofi) Qaesl,
nelirorparoBbre cna6o nopQnpoBr.rAHbre rpaHrrrbr
(3-a Sasa) n vrelKo3epHrrcrbre rpaHrrrbr (4-r Qasa)
QopnaupoBzurrrcb npn qzQQepenqu algl,zru oqara Bro-
puvnofi rpaHoArroprrroBorf uarurr, Bo3HrdKrrreri npu
naJrrrHreHe3e nopoA Kopbr B TepMrrqecKoM KynoJre
HaA MaHTurfnrru acTeHoJrr.rrou (BerprrH r,r gp.,1975).
flepeg BHeApeHrreM nopoA KoMrrJreKca Koponuri cy6-
crpar 6ur nepepa6oraH uy6unubrMrr Qnrcugauu,
o6orarqeHHbrMrr K, Zr, Nb, REE n o6ycnoBrrBrrrrrMrr
o6pason anve MeracoMarurrecKnx nop$upo6lacru-
rrecK[x flopoA, 6tnzxux ro cocraBy K rpaHoArropu-
TaM rr rpaHrrTaM.

BospacrHbre olpeAeJreHrrr, BbrnoJrHeHHbre K-Ar
MeroAoM no 6uoruraM u3 rropog l-fit u Z-ft Sas KoM-
rJreKca v ns nop$upo6nacruqecKr{x rpaHoAr.roprr-
ToB, cBl,rgeTeJrbgrtsyrcT o Qoprr,nrpoBaHrrr{ orr,D( nopoA B

y3KoM Bo3pacrrroM rrHTepBzure 1750 + 50 unn. Jrer rr co-
rJracyroTcr c pe3yJrbTaTaMrr ollpeAeilelJurfl Bo3pacTa
FpaHrrrotrAoB Rb-Sr MeroAoM - L720 + 80 MJrH. rrer
(flyrurapes, 1990).

Ha rny6une 9100-11200 M s apxeftcroM KoM-
nJreKce KC|C MeJrKo3epHucrbre, rrHorAa cla6o
nopQupoBr4AHbre rpaHr.rrbr, aHaJrorlrqubre rpaHr,r-
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Pnc. 1. Cxerraa reKroHr'IqecKoro palionuponarus Konrcroft cy6npoBnHrlr{[ (a), onpo6oBatrrs.MacctrBoB JrnrlKo-apary6croro rou-
IUreKql (6), onpo6oBaHwl MeJlKo3epHncrbx rpaHIIToB B pa3pe3e apxeftcroro rorrrnnerca Komcroft cnepxrny6o*ot i*"uronr6r (B).
(a): 1 - I'IHTpy3I{Ir neQelnHoBblx cI{eHIIron,2- no3AHenpoteposoficKrre ocaAorrubre o6paaonaunz.,3 -paHHeflporepoaoircrue

cKJraIIqaTbIe norca
rrarbre rorcir (CK -
Mypuanclclri, Ke -

(6): I -q-eTPepruqn-ueo6pasoBaHlrs,24-[opoAbl5 _l-Ii$a:rorrrnreKca:2-cuesurbr,rpaHocr,reHr,rrbr,KBaprleBbreMoH-IIoHTITbI 5-Ii Qaeu, 3 - ue.nro3epHllcrble rpaHltrbl4-fi Saerri4 - uenronopQnpowrAHbre .pur"t", 3-fi Saerr, i-- nopeupo-B 13u, 6 - MoHlloAlloplrrbl,_cy6ulenovnrre ra66po, rrapqenue gubpurrr 1-r? 4jairr; 7,8 srcxofi (7) u Tonuinnra-Keynnr (8) crpyKryp; 9 - ""r"o*orJrr{Ho3eMrrcrbre 
rHer{cbr;1 gu; l l - Mecra or6opa o6piaqon'rr rrx HoMep.

(s): I - MeJrKo3epHl{crble FpaHI{TbI, 2 - napa- r.I oproar"rQz6orrarbr, 3 - xereeucrbre KBapqrrrbr ra arrasr,r6on-MarHerr.rr-KBap-
IIeBbIe cJraHIIbI' 4 - rneficu c BbIcoKofJrI{Ho3eMI,IcrbIMIr Ml,IHepaJraura, 5 - rneticu ro"anur-tpogAbeMl{ToBofo coctana, 6'-
TeKToHuqecKI're pa3JroMbl I'I IrrBbI, 7 - nouepa crBoJIoB cKBax<LIHbI B xponoJrorraqecroli noctegorareJrbHocrll, 8 - uec,ra ot6o-
pa o6pasqoB r{ nx HoMep.

ralu 4-fi Qasrr nuqxo-apary6cxoro xorvmrerca, o6- Kpr{criuurtr3ar{Err - 1762 + 9 rrrrn. ;ret ysrarroBJrego
pa3ylor MHoroqroreHrrbre gafixomre reJra MotrIHoc- uo qr{pKoxy I{3 MenKo3epHucr;Ix xtJrbgbD( rpaHtr-
TbK) or rlepBbrx caHTIrMerpoB go 10-15 r*1. Konxop- ror auqxo-apary6cKoro KoMrureKca Ha rroBepxHocrq
gaxrnrrri U-Pb roepacr 4rprolroB tr3 grnr [opoA c @erpun r gp., 2000). Axalorruxrrri aospacr nrr,reror
rny6m 9100-9700 rrl cocrasrser 1765 t2 MrrH. Jrer nopQuporugnsre rpauarbr rr,raccssa BafiHocraa
(Ko.nrcxaa cnepxrny6oxar.., 1998). Bnnsxoe rperur (1790 + 22vilu.ler, Huhma, 1986), pacnono:r<enurre
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K 3anaAy or fleqeHrcKoft crpyKrypbr BAoJrb 3oHbr
I4napu-KupKeHeccKoro pa3noMa ceBepo-BocrotlHo-
ro npocrupaHurfl, (puc. 1a).

OEPA3IIbI I{ rIPI4MEHffilIrrre,Cfl,
MET O [plr<Vr VTCCJIEA OB AHI{,I

O6pasqu or6npanrrcb rls nopoA, BcKpbITbIx rlc-
KyccrBeHHbrMrr rrrpa6orKaMll, wru ug ecre crBeHHbIx
o6naxcenuri Jluqroro MaccnBa, n roJrbKo cy6qenou-
nrre ra66po nepnoli Qaeu oro6paHbr a3 KceHoJrrrra
orr,rx nopoA n nopQupoBrr4Hbrx rpaHoArIopIITtD( Mac-
curBa Flan-anp (puc. 16). O6pa3rlbr MeJrKo3epHrrcrbrx
rpaHrrroB rr3 Kepna KCIC noAHrrbt c rny6nn 9128-
10068.5 u (puc. ln), rge oHu o6pa3yror )KnJrbHbre re-
Jra MorrlHocTbro or HecKoJrbKID( caHTrIMeTpoB
(o6p. 35699,36034) to10 rrr (o6p. 35547).

Brqenenue ra3oB rr3 nopoA rr MrrnepzuoB rrporr3-
BogrrJrocb MeroAaMr.r [naBJrenrrr u gpo6nelaufl. (Ka-
uencruri u Ap., 1984; Toncruxvrngp., 1999; I{xop-
cxlrri, Kauencruui, 1998). flepeg nJraBJreHueru o6pas-
rlbr uaccori 0.24.4 rpaMMa, pasgpo6rreHHbre Ao
0.254.5 MM, noMerrlaJrrrcb B Kaccery BMecrrrMocrbK)
go 7 o6pa3rloB, Korop:u orKarrtrBzuracb Ao AocrrDKe-
HrrJr BbrcoKoro BaKyyr{a. flocne gToro o6pasqu no-
cJreAoBareJrbHo c6pacrn aJrvcb r uo.rtu6genonsrri rn -
reJrb u HarpeBaJrrrcb Ao 1700"C s reqexue 30 MrrH.
IIp" BbrAeJreHrru ra3oB MeroAoM gpo6renrr u3MeJrb-
lreHHbre Uo 0.25-0.5 unr o6pasqrt uaccori l-2 rparvr-
Ma coBMecTHo c MeJrroqr,rMn cTaJrbHbrMrI poJluKaMrr
noMerrlaJrrrcb B creKJrrHHyro aMnyJry, Koropyro 3a-
TeM BaKyyMrrpoBiurrr n ornar{BaJrl{. IrlsMenr.reHrre
ocyulecrBJrrJrocb 3a cqer sn6pa4url aMrIyJnI. I4so-
ronnrrri cocraB rr KoHrleHTparlnrr He u Ar usrvrepr-
Jrrrcb Ha Macc-cneKTpoMerpe M'VI-L}OL. 9yrcrru-
TeJrbHocrb no He u Ar cocraBJrrer cooTBercTBeHHo
5 x 10-s u 3 x 104 A/ropp. KoHqeHrparlurr rr3Mepe-
Hbr MeroAoM Bbrcorbr nlrKa c rrorperulr.ocrr;to 5Vo

HIIIil
08u
IIre-

:auftnArf6Ar 4nr 3HarreHr.rfi 3000 u 50.000 6rrnu paB-
nu 0.3 n 25Vo coortsercrtseHHo. Xorocrsle onbrrbr
nporr3BoArrJrrrcb nocJre nepe3aprAKr4 Kaccerbr B Tex
)Ke ycJroBrrrx, rrro Ir aHiurr3bl o6pasqoe. 3Ha.reHut
xoJrocrbD( orrbmoB cocraRrunu I x lFe u I x lFl0 crra3

coorBercrBeHHo gna aHe r.r 36Ar. Konqenrpaquu U n
Th zsrvreprJrrrcb MeroAoM X-paguorpaQuu rprr Mrr-
HrrMaJrbHoM coAep)KaHrrrr s 0.5 ppm, a KoHIIeHTpaqrru
K u Li onpeAeJrflIrrrcb MeroAoM cnerrpoQoToMer-
pun c oruu6rofi orpeAeJreunfl,+I0Vo.

PE 3 yJIb TATbI I4CCJIE AOB AHITI,I

fe.nnri. Konqeurpaquu 3He e nopoAax "grropuro-
Bori" accoquaqurl JrrrrlKo-apary6cKoro KoMnJreKca,
ycTaHoBJreHHbre rlpu BbrAeJreHuu ra3a MeToAoM
rrJraBJreHnA, yBeril{qrrBarorcr or (2-3) x 10-12 cM3/r e
cy6qenoqnbrx ra66po u ra66po-gua6asax l-ft $asu
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Ao 8 x 10-12 cvr3lr B crreurrrax 5-fi Qasu. Cousnaepz-
Mbre c gTrrMrr unu 6onee Ha3Ktre coAep)Kanras 3He

(s n x 10-12 cna3/r) ycTaHoBJreHbr B rpaHrrrax 3-fi u
4-ft $az KoMrrJreKca (0.7-1.3), r rpaHoAr.ropr.rrrx
rnasHori Qasu oHrr yBernquBarorcr (4.+10.5,
ra6n.2, pr,rc. 2). Benr.r.rnna orHorrreHr.rr qHePHe

6nngra K Tr,rnuqHo KopoBbrM 3HarreHrrrM (-1 x 108,
Mamyrin, Tolstikhin, 1984) B nopogilx "4llopllroBori"
accoqnaquunyMeHbrrraercfl.or (5-l l) x 107 B MeJrKo-
nopQnpoBlrAHbD( rr
6.7x106srpaHoAu
coAep)Kanue 3He u
+IJePHe (3.33 x 108) ycTauoBJreHbr B MeracoMarurre-
cKlrx nopQnpo6uacrlr.recKrrx rpaHoArroprrrurx r.r3 gK-
3oKoHTaKToBbrx .racreft Jluqroro Maccr.rBa. Konqen-
Tparlrrfl 3He (n n x IUrz crta3/r) B MarHerrrre MrrHrr-
MiurbHa grx cy6rqeJrorrHbrx ra66po l-li Qasu (3.2) n
crreHrrroe 5-fi Qasu (4.4) r yBenuqlaiBaercn lo 6.9-
18.6 grrs nopQnpoBr.r[HbD( rpaHopopr{roB rnasHofi
Qaerr, Aocrr.rraJr 35.3 Ans. MeJrKo3epHrrcrbx rpanrrroB
4-fi Sasu. Hecnaorpr Ha rroBbrrrrenHbre KoHrIeHTpa-
qrar.r 3He B MarHerrrrax rr3 MeJrKo3epHr.rcrbrx rpaHrr-
ToB, BeJrrrqr.rHa orHorueHrrJr 4HePHe cocTaBJurer B

eroM MrrHep:ue Jrrrrrrb (2-3.3) x 108, vro o6ycloBJreHo
7.4 x 10-3
(3.3-5.6) x
efHe (6.2-

15.9) x 10s ycraHoBJreHbr B arr,rSz6oJre rr3 rpanoArro-
prrroB z-ft Qassr JrrrrlKo-apary6croro KoMrrJreKca.
Kar cJreAyer u3 prrc. 2, senuurrHbr 4IJePHre n arvrsu-
6one u3 rpaHoArroprrroB cyrqecrBeHHo Hrr>Ke groro
orHorrreHrrJr B rropoAitx KoHTuHeHranrnori Kopbr,

aHel3He

l.E+09

1.E+08

1.E+07

1.E+06

1.E+05

aAAa
trl
A2
-3
a4
X5
o6
+7
l8
L9

TICHTAJIbHA'

KOpa

!_
LJ

MORB
l.E+04

l.E-13 r.E-r2 1.8-11 1.8-10 l.E-09
3He, cu37r

Pnc.2.[narpar"rrvra B KoopArrHarax aH"l3H"- 3He (renuri
BbrAeJreH nprr nJraBJrenuz o6paaqon).
I - ar"rSu6oJr,2 - MarHerrrr, 3 - nopogu l-ri Saau, 4 -
nopQupoer.rAubre rpaHoAr,ropans 2-ir (rlrasHori) Saeu,
5 - uemonopQnponuAHbre rpaHrrrbr 3-ft Qasrr, 6 - rrlel-
Ko3epHr.rcrbre rpaHrrrs 4-h Qaau, 7 - ueyrro3epHr{crbre
rpaHr.rrbr rr3 pa3pe3a KC|C, 8 - cr.renurrr 5-ft Qaau, 9 -
nopSzpo6Jr asrrr qecKrre rpaHoAr.ropr{Tbr rr3 g K3oKor{TaK-
ronort qacrrr Jlnqroro Maccr.rBa. DM- qennerr{poBaHHat
Marrrrrr, EM- o6orauleHHar MaHTrrr, MORB- 6asansrrr
cpeAl,IHHo-oKeaHr{qecrux xpe6roe. flpuHarbre 3HarreHr{t
orHorueHr,r n "Hef tHe 

AJrr rJraBHrrx uanrlrfi Hbrx pe3epBy-
apon 3erurr{ cM. B ra6l. 1.
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flopoga, MrrHepar
3Hexnx

x 10-12, cu3lr
4HEPHE

nxl}s
4*P6nr K, VO

Li,
ppm

[I,
ppm

Th,
ppm

rr5l7r

)>

11617r

L32l7L

172/7r

L83l7r

2Wl7r

>

30170

22170

340868

35547

35699

36034

37471

c-l

7170

Cy6rqenorruoe ra66po,
l Qasa
AuQn6on
Marnerur
Cy6qeno.nroli
ra66po4ua6az,I Qaea
IlopQnponugnurt
rpauoArropur,2 Qasa
ArvrQra6on

flopQnpoeugnrni
rpaHoArropur,2 Qaaa
Marnetlrr
flopQrryonugnufr
rpaurrr, 2 Saza
AuQra6on

Marnerr.rr

IlopQnponugnrrrt
rpaHoArropnr,2 Qasa
AuQu6on

Marnerur
MemonopQnponugnuir
rpaHr{r,3 Qasa
Marnerur
Menroseprurcrrrri
rpaHnr,4dpaza

Marnerur
Melro aepnucruli rp annr
KCIC, rny6una 9128 u
To xce, rny6una 9495.5u

To xe, rny6uua 9565u
To xe, rny6uxa 96825u
Marnerr.rr

Menro aepnucru ri rpaHrrr
KC|C, rny6uxa 10068.5rvr

Manreurr
Cnesrar,5 Qasa
Marnernr
fI op Sup o 6n a crlr.r e cruir
rpaHoArroprrT

Marnernr

2

s.3s (0.32)

3.r9 (r.2)

3.3

4.4s (0.3)

ss6 (26.r)

10.s (0.8)

11.1 (1.11)

10.2 (0.s)

s36 (r1.s)

6.8e (0.7)

6.0 (0.4)

329 (rr.6)
18.6 (2.9)

0.68 (0.06)

10.3 (1.13)

1.28 (0.07)

3s.3 (r.e)
(0.07)

(0.e6)

(1.2s)

r.20 (0.42)

22.2 (s.38)

(0.02)

r0.2 (r.4r)
8.04 (0.2s)

4.42 (0.8)

0.8 (0.06)

3.5 (0.s)

500

303 (r72)

769 (r02)
667

3s7 (13e)

6.8 (2.6s)

34s (rM)

370 (167)

208 (130)

6.2s (4.r8)
714 (333)

66.t (r7.7)

1s.9 (19.8)

227 (44.8)

rrr0 (294)

3330 (8000)

ss6 (286)

2000 (3330)

(4r7)

(3s7)

(3s7)

476 (303)

3330 (43s)

(400)

2000 (s88)

333 (r43)
2000 (313)

3330 (12s0)

62s (2s6)

33r

1r4 (2)

1.8 (0.31)

143

267

300 (3.9)

284

6.2 (0.81)

295

r3s (2.3)

1.6 (0.33)

329

223 (r6e)
7.0 (2.4)

300

s.I (2.r)
262

r.3 (0.24)

230 (42.9)

2.4 (o.er)

3.2 (0.e6)

357

1.6 (0.6s)

314

s.0 (1.3)

3t200

13 150

775

31400

17890

15810

16450

1674 (3708)

r8740

87s0 (611)

537 (780)

26870

6080 (69s2)

1700 (34M)

12700

7e0 (430)

8496

4s2 (923)

41342 (49000)

812 (s61)

2263 (972)

14840

s04 (407)

43900

2s92 (43s1)

l.r5

2.r7

0.65

1.2

3.76

1.59

3.74

4.44

4.r9

4.2

4.7

3.76

4.99

1.83

4.4r

5.96

3.77

47

4

2

38

28

80

47

7

40

l6
r.4

27

23

3

20

4.3

47

7

23

3

4

16

1.4

61

2.7

3.2

0.94

5

1.8

2.2

2.1

4.4

)
2.9

0.81

5

1.8

0.9

5

3

40

6.3

23

35

2

15

4.8

5

3

18

18.5

4

5

9.2

9

7

14.8

5

13.1

7

15

9.3

6.2

5

17.2

92

13.2

45

28

13

15

12.2

15

72.5

40
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Ia6:nqa 2. KorqenTparsff K,U,Th,Li, nsorouos He,Ar u rerr.mrr onxourernfi aHefHe u 041736A1" tropoou* 
" 
r--

HepaJrax JtrtrKo-apary6croro xorruurexca

Ilp{r'{eqaEre. B cKo6Kax nptaeAeH6r pgyJrETar6r otrpeAeJIeHE r KoHrleFrpaq[fr ! q3oronEoro coqraBa He E At upu rugenenzu ra.ea
MeTOAOM ApOOJIemrr,

--,)

npu6rrurarorcr K 3HarreHuto 4HePHe s arMocQepe
3eunu (7.1 x 105, IIIyroJrroKoB, JlescKuri, L972) u:na
[oprAoK Bbrrrre BeJrrrqrrHs aIJePHe B oKeaHrrrrecKrrx
6asamrax MORB (S.9 t 0.9) x 104, Tolstikhin, Marry,

1998), o6pasonaHHbrx rprr nJraBJreHr4rr BerrlecrBa
nepxneli MaHTr,rv 3eunu.

OrHorue nne 4He PHe .racro paccMarprrBaercr KaK
[oKa3areJrb npoqeccoB uanurrlno-KopoBoro B3ar4-

T
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MoAeficrBr.rr. Berl,IrrnHa gToro orHorrreHafi onpeAe-
il eTcfr, pa3JrrrrrHbrM BKlIaAoM 3ixBaqeHHbrx u3oTo-
noB reJrur MaHTrrfiHoro flpoucxox(Aelgiurs., a TarcKe
BO3HtrKrrrrX B nOpOAe4He*u3He*-npo
Ornoueuze aHefHe
TaroKe npu o6pa3oBaHnrr HeKoroporo KoJrrrqecrBa
rHe s pe3yJrbrare crruurJrrrlrroHHbDr npoqeccoB (Kurz,
1986) rr npu KoHTaMrruarlrru ropoA rr MrrHepaJroB ar-
rvrocQepnbrM reJrr.reM.

OtcytcrBrre 3aMeTHoro KoJrnrrecrea 3He, o6paso-
BaHHoro B pe3yJrbrare KocMnqecKoro o6nyuerulx
o 6pasqoB, onpeA e rrfleT cfl. 6nrgxzur.r KoHrleHrpaqnr-
tun rHe rr aHturorurrHbrMu 3HaqeHrltMrr oruorrleHrr.:f,
4Hel3He n o6pasqux rpaHrrroB c rroBepxHocru n n3
pa3pe3a apxeficroro KoMnJreKca KC|C (plrc. 2).Te-
crrrpoBaHr{e crerrenrr Bo3Mo>rcrofi KoHTaMrrma\afi nc-
cJreAoBanHbrx o6pasqon arrvrocQepHbrM re.nueu 6rr-
JIO BbInOnHeHO HaMn C TICUOJIb3OBaHTIeM MeTOAIIKLI,
rrpeArrox<ennori B.I. flonrKoM u Ap. (1989). flpone-

Hee MeHee rreM na lvo, r.e.4HePH€"op, = 4HefHe".,
(puc. 3). 3ro orpeAeJrrer He3HaqrrreJrbHyro cre-
neHb KoHTaMrrHarIuu o6pasqon arrraocSepHbrM re-

. JrrreM rr rro3BoJrrer npeHe6pe.rr erc rrpu ganrHeri-
lrrrx pacqeTax.

O6pasonanue paArroreHHoro 3He* B nopoAilx u
MrrHepaJrix rpoucxoAtrr HraBHbrM o6pasor"r B pe-
3yJrbrare rAepHbrx pearqult c yqacrueM rrnrtrq:
6Li1n,u13tf - p- --* 'He*, rte i(3H) - xoncraHra
cKopocrrr pacnaAa, cocraBJrrroqar I2.2 roga, ht -
TenJroBbre nerirpoHbr, a - alsQa-qacrrrlsr (Morri-
son, Pine, 1955; fopluroB u Ap., 1966). Pacnag U,Th
n ux AorrepHllx r.I3oTonoB flBilfleTcfl. r.rcTorIHI{KoM
ct-qacrurl rr rerJroBsrx HerirpoHoB rr orpeAenqer o6-

' pa3oBanrre paArroreHHoro rr3oTorra aHe*. IIp" pacqe-
Tax KoJIrrqecTBa paArroreHHbrx r.r3oTonoB HaMr.r y.ru-
rbrBarcr Bo3pacT (1.76 MJrpA. ner) u o6t\uit cocraB
nopoA, a raK)Ke coAep>KaHrre B Hrrx raAorrnnvfl, u 6o-
pa, r,rMerorq[x 6onsuoe cerreHlre [orJrorqenns, neit-
TpoHoB.

Ha puc. 4 npegcraBJreHbr pe3yJrbraTbr corocraB-
JIeHIiIfl, U3

II3OTOIIOB
BaeTcr or
HeTI{TaM rr3 rpaHuToRAOB, HO Jrrrrllb B peAKrrX CJryrra-
rx ero BeJrrrqr.rua npu6nuxcaerc , r 1, vro cBrrAereJrb-
crByer o paAr.rorenHorf rpupoAe npeo6nagaroqefi
rracrr aHe s paccMarprrBaeMbrx o6pasqax rr 3aTpyA-
Hfler ugeHruQrrKarluro r"ranrraftnori rounoHeHTbr B

cocraBe rerrne. Oqeura BKJraAa vraHrlrftn oft u paArro-
renHofi (o6pasonannoli in situ) KoMnoHeHT B cocraBe
aHe uo>rer 6rrrs npon3BeAeHa ucxogr rr3 MoAeJrb-
Hbrx 3Haqelauit 4HefHe B BepxHeri uanrnu c Bo3pac-
rou -1.7 rvrnpg. ner. fta MaHTr.ru raKoro Bo3pacra

275

4He73Her",

1.E-06

1.E-07

1.E-08

r.E-09
1.E-09 1.E-08 l.E-07 l.E-06

4He/3He"oo,

Pnc. 3. Koppenaqrrr BeJrrrqr{Hbr orHorrreunfi 4He73He".r-

aHePHeropM 
B ropogax u MuHepalax JIAK.

Bur.rucreuae npotr3BeAeno no Qoprvrylau (flonxr tr Ap.,
1989):4Hel3He"oo'r= I -(He"oro6le)IeHel4He- 14O x lga
(He"o.oAIe), rge He"o.oAIe = 3.42 x tO4l(llelnfu"o.4),
u aHelao Ar 

"o3r 
= (4Hel0Rt)(4Rtl36 Ailzgs.s).

3H9"rr/p"*

I.E+02

1.E+01

1.E+00

l.E-01

T,E_02
r.E-02 1.E-01 1.E+00 1.E+01

4He"r*/pu"o

F ". 4. filrarparr.rrr.ra s KoopArrHarax 3He"rrlo".o
*H€rnrr/pu"u (renuft BbrAeJreH npr.r rrJr aBJrenzz o6pa'aqon ).

Ocramnue ycJroBHbre o6ogsaqeHrrr cM. pnc.2.

BeJrr.Irrr,rHa orHorrr envfl. 4He PIJe no pa3HbrM MoAeJrrM
orleHrrBaercfr, or 2 x 10s go 6 x 10a (ToncruxrrH r{ Ap.,
L999). flpu cpeAHeM coAep>Karuru 3He B rr3yrreHHbrx
arvrQn6onax4.l x 10-10 cu3/r r uprr oTcyrcrBr.rrr cyqe-
cTBeHHbrx rloTepb reJrl,Ifl KonnqecTBo roBeHuJrbHoro
aHe s gTrrx MrrHepaJrax MorJro cocraBJrrrr (3-10) x
x lO-s cvr3/r. Brr.rucreHHbre TaKr{M o6pasou KoHrIeH-
Tpaqrur 3axBarreHHoro aHe e 3-15 pa3 HrDKe u3Me-
peHHbrx KoHrleHTpaqufi ororo rr3orona n ar"rSu6o-
Jrax - (3.+5.2) x 104 cu3fr, rrro Aaer MoAeJrbHyro
orIeHKy coorHorrrenvfl vranrnrinofi (u) r.r KopoBofi (r)
cocraBJrrror+rx n arraQu6oJre - aHe*rHe* < 0.3. finx
MarHerrrra nogo6Hbre noAcrrerbr cBrrAereJrbcrByror
o cyqecrBeHHo KopoBoM npoucxo)KgeHrru aHe, xon-

MAHTUT rtIJd}Jitr O JIIOI4A B fIpOTEpO3 O IdCKr,D( |PAHT,TTOIUAX
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I

3H€rrr/pu""

r00

r234567
Oasrr KoMrrJreKca

Prc. 5. Benr.r.rnHa 3H€"rrn/ou"" e auQu6oJre R Marnernre
n3 ropoA l-5-ft Qae JIAK (l-5), r,r3 MeJrKo3epHucrbD(
rpaHtrToB B pa3pe3e KCIC (6) u ns uopQupo6rracrtrrrec-
Kux rpaHoAr.roprrroB (7). IIuQpbr coorBercrByror HoMe-
paM Ha oca x,

aHel3He

1.E+ 1

1.E+09

1.E+08

1.E+07

1.E+06

1.E+05

MORB
l.E+04

IE_T4 lE- 13 IE-t2 lE- I 1 lE- 10
3He, cu3/r

Pnc. 6. fluarpaurvra B KoopAr{Harax 4UePtt"}He (renufi
BbrAeJreH npu gpo6leuuu o6pasqon).

' OcralbHbre ycJroBubre o6ognaqenur cM. pnc.2.

rleHTparlur KoToporo B pezurbHbrx MarHeTrrTax B
(0.8-2.8) x 103 pa3 npeBbrrrraer MoAeJrbubre KoHrIeH-
Tpaquu 3axBarreHHoro 4He.

B ornu.rue or 4He, u3vrepeHHbre KoHrIeHTparIuu
3He s MarHerrrre u arr,rQlr6one 3aMerHo npeBbrrrraror
paccqrrTaHHbre KoHrleHTparlurr SToro rr3oTorra, npu-
rreM BeJrrrqr.rHa 3He"rrlpu"" Kore6rercfl or 1.5 go 8.1 s
MarHeTure, AocTurafl, 12-57 n auSu6oJre n3 rpaHo-
ArroprrroB HraBHori $asu (pfrc.5). flocroJrbKy rr3Me-
peHHar KoHrIeHTpa\us,H""r, n arvr$u6oJre cyqecr-
BeHHO npeBbrIIIaeT ee BbITIIICJIeHHOe 3HarIeHI,Ie, MO>K-
Ho cAeJrarb 3aKJrroqenne o roBeHznsHori [pupoAe
npeo6nagarcrqeli qacrrr nerKoro rr3ororra reJrrrr, T.e.

'Ha"r, = 3Heru*r. B uarneTrrrax, uMerorlux noBbrrrreH-
Hbre KoHrIeHTparInuU, Th u rroHr,DKeHHbre KoHTIeHT-
paquu rrnrvrfl' coAep)KaHne ,H"r*, cocTaBJrteT

-60-90Vo or o6rqero coAep)KaHrrr ororo rr3ororra B
MUHepilre.

[.rrr nogrBepxAeHrrrr cAeJraHHoro BbrBoAa o K)Be-
nnnrnorf npupoAe iHe 6u.no Bbr[oJrHeHo onpegeJre-
Hr.re KoHrleHTpaquft n rr3ororrHoro cocraBa rerrfru,
BbrAeJrenHoro zs QnrcuAHbrx BKJrrorrenuft s nopoAax
n Mr{Hepiurx rpn gpo6neHru o6pasqon. PaccMarprr-
saeMrrri MeroA no3BoJrrer rroJryqrrrb r.r3oTonHbre xa-
paKTepr.rcTaKrr r.eilas., cocTaB KoToporo B MeHbuei
cTeneHrr KoHTaMrrHrrpoBaH paArroreHHbrMr.r ra3aMn,
o6pasoraHHbrMtr nprr rAepHbrx peaKrlurx c yqacrneM
Li, U u Th, paccerHubD( rro rpaHurlaM 3epeH rr B Kprr-
craJrJrrrqecKrrx perueTKix MrrHepilrou (Kaneoka et al.,
L978; Hanyu et al., 1999). Ananus roryrreHHbrx pe-
3yJrbraroB onpeAeJreHtrrr KoHrleHTpaqllrf u rr3oro[-
Horo cocraBa rerrnfl, us QnrouAnbrx BKJrrorreuuri ue-
roAoM gpo6leuun (pnc. 6, ra6n. 2) nosnoJrreT cge-
JraTb cJreAyroqrre BbrBoAbr:

(l) xonrleHrpaqrm 3He s nopoAix rr Mr.rHepilrax Ba-
pbrrpyror B rurrpoKm npeAeJrrx - or 2 x loLa cM3/r s
MeJrKo3epHrrcrbD( rpaHr{T:rx KC|C ao2.6x l0-ll cvl3lr
r auQz6oJre rrg
o6rr.rno na l-1.
3He, ycraHoBJreH
Hep:uax flprr BbrAeJreH]rrr ra3a MeToAoM rrJraBJreHR r
o6pasqor,

(2) nenutnHa orHorxeHlrn 4HePHe npn6nmaercfr,
K KopoBbrM 3HaqeHr.rflM (-1 x lOE) n MeJrKo3epHuc-

- 
)Ke caMbrx uopoA:tx.r.r MrrHepuMax [prr BbrAeJreHrru ra-
3a MeroAoM nJraBJreHnq, o6paaqoB r.r noATBep)KAaror
cAeJraHHbrri nrrnog o npucyrcrBva uaHrzrinori rou-
NOHEHTbI B COCTABE TEJIII'I.

\nn o[peAeJrenvs, HarrzurbHbrx ornourenuri
aHePHe B 3axBarreHHoM Snrolrge rleJrecoo6pasno uc-
noJrb3oBaTb Mr.rHepaJrbl c MrrHr{MuurbHbrM coAepx<a-
HrreM U u Th, nocKoJrbKy gTrr gJreMeHTbr rBJrrrorct
reHeparopaMrr paAr,roreHHoro aHe, xonuqecrBo Ko-
Toporo AJrr Bo3pacra 1.76 rvrnpA. JreT nponopquo-
HaJrbHo Bbrpax<eHnrc (U + 0.2 Th) (Zarlman et al.,
1961). K taruu MrlHeparaM B u3yrreHHbrx rpaHrrrorr-
Aztx orHocurcfl, auQu6on, coAep)Kau1nfi 0.8-l ppm U
u L8 ppm Th. Ha rpa$lrre B KoopArrHarzx +HePHe-
(U + O.zTh)PHe (puc. 7) 6olrmrrHcrBo rorreK, xapaK-
Tepr.r3yroqux r43yqeHHbre nopoAb.l rr MrrHepaJrbr, pac-
rroJraraercr HrDKe gBoJrroquonnorl ilvunn AJrr Bo3pa-
cra 1.76 rranpg. Jrer, qro onpeqerrflercfl, rroreprMrr re-
Jrlrfl, rr3 nopoA rr MrrHepaJroB rpaHr4TouAoB B
nocTKprrcraJrJrr,r3aquonnsni neplrog. B ro )<e BpeMrr
TOrrKrr AByx arraQz6onoB rr3 nopQnpoBrrAHbrx rpaHo-
Arropr,rroB, oTBerrarcqr4e nau6olee BbrcoKlrvr lr 6lug-
KrrM 3 HaqeHurrM orHorueH nfl. aHe PHe, p acrroJrararor-
cr B HenocpeAcrBeHnori 6nugocru K gBoJrroquonnoft
Irnle;ulir. PerpeccnoHuar nprMar, npoBeAeHHar rrepe3

n
nn
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TorrKa cocraBoB gTrrx arvrQn6ouoB n arvrQu6oJra u3
cy6qenoqHoro ra66po, repeceKaer ocb opAnHar B

TorrKe c BeJrrrqrrgofi onroruenns aHePHe = 4.8 x 10s.

flpuuurvruur Bo BHnMaHue nau6onee Hrr3KRe 3HaqeHut
orHorueHunaHe/3He = (34) x 10s, noJryrreHgbre upn
a3yqeHzu rr3oTonHoro cocraBa l.ellvt, BbrAeJreHHoro
MeroAoM gpo6renua arvrQu6ora, BeJrrlqrrHa nepBuq-
Horo ornorrrenns,aHel3He B reJrnu, 3axBaqeHHoM nprr
Kpncr:urJrn3arl[rr eroro MuuepaJra, Mox(er 6rrtr
oqeHeHa, BepotrHo, KaK -(3-5) x lff.

Aprou. llsoronHrrft cocraB aproHa B nopoAtx rr
pa3JlrrrrHbrMu Brt[aAaMII
3OBaHHOTO nprr pacnaAe
rr 3axBaqeHHoro aproHa

uanurftnoro npoucxoxAeHns,. B orJrlrtlrle or reJrrrf,,
a3oronHrrft cocraB aproHa B MarMarr{qecKrx rrpor.r3-
BOAHbTX rI rD( MaHTrIrIHbrX IICTOTTHAKEIX U3yrreH MeHee
HaAe)KHo . \ns rrcrorrHrrra 6asarbroB cpeArrHHo-oKe-
aHuqecKnx xpe6ron (MORB) BerrrrrrrrHi 4Arf6Ar co-
craBJrf,er 39000 (Tolstikhin, Marty, 1998), Art Aenrle-
rupoBaHnori uanrnn - 21000 (Chauvel et al., 1992) n
AJrr nporr3BoAHbrx AeBoHcKoro [JrroMa Konrcroro
noJryocrpoBa - 500H000 (Maty et al., 1998; Ton-
crrDMH rr Ap., 1999).

Benu.runa orHorrr emurfl, n AJP6 k (rvrerog ruraBJre-
rtafl) B nopoAax JrnrlKo-apary6croro KoMnJreKca Ko-
.ne6uercs or 0.8 x 104 B MeJrKo3epurlcrblx rpaHrrrax
4-ft Qassr go 3.1 x lff s
l-li Qasrt. Ha ArlarpaMMe B

Kf 6lr npeo6naAaloulafl rrac

HrDKe firrv. Ha gBoJrroquonnori nparrorf AJrt Bo3pacTa
1.76 narpA. Jrer, nepeceKaroupri ocb opgrrHar B ToqKe
c seru.runori ornorreHr.rfl {Arf oAr - panuori arMo-
cQepnorvry 3HarreHuro (pnc. 8). Bsnue paccMarprrBa-
euori npn"rori pacrroJrararorcfl TorrKrI cocraBoB AByx
au$u6onoB u cy6qe.rroqHoro ra66po, B Koropbrx
KOHTIeHTPA\V1 aproHa He rroAAep)KrlBaeTct KarrreM.
3ro nosBoJrrer npeArroJrararb Harutlne B paccMaT-
prrBaeMbrx o6pasqax 3ixBarreHHoro aproHa c 6onee
BbrcoKr.rM no oruorueHrrro r arruocQepHoMy aproHy
HarrarbHbrM orHorueHrreM +057:05 - 5000. B ro >re
BpeMrr Ha ArrarpaMMe B KoopArrHarax NArP6Ar-
IP6An, o6rrnro ynorpe6nsel,Iorft AJrt oIIeHKH arMo-
cQepnori KoHraMrrHarlnu (Fisher, 1986; Rocholl et al.,
1986), TorrKr.r cocraBa Bcex nopoq o6pasyrcT rroJre
yAJruHeHuori QopMbI, opueHTrlpoBaHHoe B .HanpaB-
JreHr.ru rroJrr arrrroc$epHblx coorHolrr elnnft 4uArf 64,r

(puc. 9). 3ro yKa3blBaer Ha cyqecrBeHHylo KoHTa-
Muuarluro ropoA anuocQepHbrM aproHoM_LI 3aTpyA-
Irter IIHTeprperaIIrIIo noryrleHHoro 4uArfbAr - 5000
B KAIIECTBE NEPBIIIIHOTO.

\trx onpeAeJrelrlar, ucxoAHoro orHorueHrrrr
+057:05 6rrn BbrAeJreH rr rpoaHaJrrr3r.rpoBaH MarHe-
Trrr - MrrHepiu, He coAep>raquft Kanrurfl, u o6paso-
saHHrrfi Ha [o3gHeMarMaru.recxoft crap;nn KprrcTa[-
Jrrr3arlrru FpaHrrrorrAoB JraIIKo-aparyocKoro KoM-
nJreKca. OAnaro aHaJrrr3 rr3oronHoro cocraBa
aproHa, BbrAeJreHHoro r.r3 MarHerrlTa MeroAoM uJraB-

3nonroquoHHarr no,
Irtrurru 1.76 rnrnpg. Jrer

aHel3He

1E+09
u' o^
A.A

/A

1E+07
lE+07

a
lE+06

lE+05
4E+O9 6E+09 8E+09

(U + 0.2Th) l3He,rlcu3

1E+05
lE+ 10 lE+ 1 I lE+12 lE+ 13

(U + 0.2Th)/3He, r/cu3

Puc. 7. fuarparvtvra B KoopArrHarax ag"/3rte-{U +
+ 0.2Th)f He, [oKa3brBaroular coorHorrreHtre pogureJrb-
cKrD( rr AorrePHux E3oTo[oB B nopoAax n MrrHepiuax
JIAK.
Haruron oBoJrK)rluonnofi rutnuvr (rrynrmp) AJrr Bo3pacra
1.76 trarpg. rer paccqtrTaH c yqeroM BKJraAa paAuoreHuo-
fo reJrtrr, reHepEpoBaHHoro npn 3aAaHHbrx KoHrlerrTpa-
qulnx (U + 0.2Th). Cuorunax rrvnufl, - perpeccuoHHafi
fipflMar, uepeceqenr{e Koropofi c ocrrc opAuHar oupeAe-
Jlter HaqarbHoe orHorueHr.re "He/'He = 480000
(cru. rercr). Ha npeaxe cnpaBa s nuHeriHrrx KoopArrHarax
BbIHeCeHbI AaHHbre rr3 flprMoyroJrbHtrKa e renou qacTn

AtrarPaMMbr.

-r'7.
. // 9nonrcqlroHHarl

tt 7-/ ilvrutrfl.1.76 rvrnpg. Jrer/al
x

r234567
Ki36,q,r/n+8

Pug.. 8. fluarpar,t'ra B KoopqrrHarax 4oxP6xp + 4-
K/'oAr/E + 8 (aproH BbrAerreH npr.r nJraBJrenur,r o6pasqon).
ATM - BeruquHa orHorrrett aoArP6Ar 

" arrrroc$epe
(295.5). Haruon oBoJrroquonnoft nunuu (Alunuuir nyHr-
tup) lnr Bo3pacra 1.76 rrarpl. rer paccq[TaH, noJrarar,
qro Becb *tAr B u3yrreHHbrx [opoAax o6pasonau rrpu pa-
ArroaKTrrBHoM pacnage Kanrprfl. Koporrnu rryHKTrrpoM
o6g:ua^.1e u a r\rrurr,, [poBeAe HHat qepe3 TorrKLr cocraBoB
c 40fu'/36Ar - 5000. o'craninu" y"no"""te o6ogHa.reHns
crra. puc.2.

c)

c)
Es

nAr136ArlE+4
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40417364'

1.E+

1.E+04

l.E+03

I.E+02
1.E+07 1.E+08 1.E+09

l136Ar

Pnc. 9. fiuarparrarvra B KoopAuHarax Q n, /36 x-t /36A,1 1ap-
roH BbrAeJreH nptr rrJraBJreHtrrr o6pasqoe).
YcnosHrre o6osHa.reHurfl. cv.. pnc.2 n 8.

JIeHrLfl, nOKa3tUI Htr3KIIe 3HarIeHUr OTHOTIIeHTI'
40ArP6Ar 60+2592, cpegnee I2lO). HecronrKo 60-
Jree BbrcoKr.re BeJrrrqrrHbr orHoruemufl. a0ArP6Ar - Ao
4300 - rroJryrreHbr npr.r BbrAeJreHrrr{ ra3a MeToAoM
4po6reny odpyrloB. Ha graarpaMMe B KoopArrma-
r ax n Ar P6Ar- I F 

6Ar roqKr.r cocraBa MarHerrrroB TaK-
>re o6pa3yrcT o6oco6leHuoe noJre BbrrrHyrori Qop-
Mbr, opaeHTrrpoBaHHoe B Ha[paBJreHrr[ noJrr aTMo-
cQepnux coorHorx enuft N Ar/t6 Ar (pnc. 9).

Hr.rgKue 3HarreHrnr orHorrreHus. Q ArP6Ar s MarHe-
Tr{Te MoryT 6srrs o6rscseHbr, BeporrHo, 3axBaroM
aruoc$epHoro aproHa KprrcraJrJraMrr MarHeTura
rprr rlx oKr{cJreHllra (rervraTuTrr3arlrru) snrouAaMrr aT-
MOTeHHOTO npOUCXO)KAeHnfl C ItII3KrrM OTHOrueHr.reM4Arf6Ar. Kar cBrrAereJrbcrByror pe3yJrbraTbr gKc-
rreprrMenTaJrbHbrx pa6or (Matsumoto et al., 1996), ag-
cop64nn aToMoB aproHa Ha rpaHrx KprrcraJrJroB Mar-
Herrrra naz6onee rrHTeHcrrBHo nporrcxoArrr nprr
noHrDKeHrrrr TeMnepaTypbr rr KoHTpoJrupyeTcr npo-

, qeccoM oKncJreHrrrr )KeJre3a. CnegoBareJrbHo, nprr Ao-
cTrDKeHrrr.r MaccrrBaMrr rpaHrrTorrAoB ypoBrur qrrpKy-
rfl\nv arvrocQepHbrx BoA pa3Bvrrrre npoqecca reMa-
TrrTr,r3arlurr MofJro [prrBoAtrTb K oKKJTK)Ar{poBaHrrro
arrnrocQepHoro aproHa KprrcTaJrJraMu reMaTuTvr3kr-
poBaHHoro MarHeTrrTa u noHrDKeHrrro BeJrrrquHbr
nepBr.rrrHoro .oTHolrrenraq 

n Ar/36 Ar. Taxzvr o6pasovr,
orHorrreHue NArP6Ar s MarHeTr,rrax u nopogai 6rrno
B 3Haquremnori cTerreHrr rnroquSuqrrpoBano npu
KoHTaMrrHarlrru 3axBaqeHHoro Snrozga aruocQep-
HbrM aproHoM, rrTo 3aTpyAHreT UHTeplpeTarlnrc
9TOIO OTHOrrreHUr C rleJrbro peKoHcTpyKrlr,rr4 cocTaBa
lranrurfnoro Qnrcuga.

oE C)DKAEHI4E PE3yIIbTATOB
flpu o6cyrrqennu pe3yJrbraroB trccJreAoBaHur,

oco6oe BHr.rMaHne 6yger yAeJreHo AByM BonpocaM:
(1) npu.urHaM pasrv'rrnt KoHrleHTpaquri n r.r3o-

TonHoro cocraBa He s AByx ArrcKperHbrx accoquaqu-
rx [opoA JrnrlKo-apary6croro KoMlJreKca - "glroplr-

togoti" u "rpaunrosoli", AIrfl ogHoli E3 KoTopbrx
npeArroJraraercr uanruftuoe ilpoucxoxqeHne (nopo-
grr l-ft n 5-fri Qag), aqlrrgpyroft - KopoBbrfinnmMaH-
rurino-roponuft re He3rrc (rpauuro ugsr 24- ofi Qae) ;

(2) rosrr,roxcrocTu rrpr{MeHeHr.rr r.r3oronuu He c qe-
Jrbro xapaKTepncTnKrr. rrcTorrHrrKoB nopoA JrlrrlKo-
apary6croro KoMrrJreKca rr upoqeccoB MaHTufiHo-ro-
poBoro B3auMoA eitcrsns'

feoxwvtufl ttaomonoe He e "duopumolort"
u " zp aHumo 6oti" accoquaqunx

rtu4Ko - ap azy 6 c rco z o Ko JwrLne Kc a

flerpororuqecKur MoAeJrb o6pasonanufl, ropoA
"guopr.rronori" accoquaqrrrr Jrr{rIKo-apary6croro
KOM[JreKCa B npoqecce KpncTaJrJrrr3arlrru pacnJraBoB
uaHruftnoro reHe guca rroATBepx<Aaercr pe3yJrbrara-
Mrr o[pegeJreH[f, B Hax rr3oro[urr cTpoHrlus. Orno-
rueune ttstfusrB arrarrrre rlg ropoA l-ri ul-frtQas co-
craBJrrer 0.7024.704 u orBeqaer rr3ororrHoMy co-
cTaBy crpoHrlru B nporepogoficrofi MaHTr.ru
(3ngoreuHbre pe)Kr.rMbr.., 199I). Benu.runa oTHorrre-
nur 87Srf6Sr s-anarrrre r.r3 FpaHoAr.ropr.rros rnasHoft
Qasu "rpaunroBori" accoquaqnu cocraBJrrer 0.706-
0.7 07,, yBeruqu Baer cfl. B gToM MrrHepaJre rrs rpaHrrroB
3-ri Qasu go 0.709 rr Aocrnraer 0.712-0.715 B anarrr-
re r.r3 MeJrKo3epHncTbrx rpaurrror 4-ft Qassr. 3rlr pe-
3yJrbrarbr cBr.rAereJrbcrByrcT o6 ycunenuv Brrwrlolrrfl,
KOpOBOTO BerrlecTBa B HucxoArrrleM prAy nopoA
"rpaHuroB ori " accoqrraquu, QopruupoB aBrrruxcr npu
ArrQQepeHrlrraqur pacrJrana, o6pa3oBaHHoro B pe-
3yJIbTaTe rIJraBJIeHr{Jr rpaHrITHOrO CJIO' KOHTTIHeH-
ranrHorf Kopbr.

flpznegeHHbre AaHHbre He corJracyrorcr c pe3yJrb-
TaTaMrr onpeAeJre}Jvs. rr3oTonHoro cocTaBa reJIR r B

nopoAzrx r,r MnHepaJrax "4uopllrosor?" accoquaqwr, B
Koropbrx B e JrrrrrrrHa orHorrr enufl. 

qIJe 
PHe rone 6n ercr

or (2-3.3) x 108 lo (3-8) x 107 u corocraBrrMa c Be-
nr,r.ruHoli oToro orHolrreHrlt B TrIn[rIHo KopoBblx
rpaHrrrax 3-fii u 4-fi dpaz "rpauuroBori" accoquaquu
KoMnJreKca (pzc. 2).8 renueeori crrcreMaTrrKe cxoA-
CTBO paccMaTprrBaeMbrx nopoA [oArrepKuBaeTcfl lr
conocraBnMbrMtr KoHrIeHTparIutMtI B Hr{x rHe, roro-
pbre Ha noprAoK Hrrx<e KoHrleHTpaquft JrerKoro rr3o-
Tona rerrufl, B rpaHoArropr{Tax rnannofi Qassl. Cogep-
)KaHr.re rHe s arraQr.r6one r,3 cy6qe.rrorrHoro ra66po
TaK)<e sa 1.5-2 roprAKa HrDKe ro cpaBHeHuro c aM-

Qu6onorvr rr3 rpaHoArroptrroB. [tn onpeAeJr elnufl.
nprrqrrH HecoorBercrBrrrr He- u Sr-cucreMarrrK pac-
cMorprrM B enyque re Hne Hrlvrv Bapuaqufi oruo trre Hrrt
oHe/iHe B 3aBr{crrMocrrr or cocraBa nopoA.

Ha pzc. 10 tr 11 noragaHo rr3MeHeHrre BeJrr{qr{Hbr
aHePHi B coorBercrBrru c reHAeH\wrMn u3MeHeHrrt
rJraBubrx rapaMerpoB cocraBa ropoA JrrrrlKo-apary6-
cKoro KoMrrJreKca B rrpoqeccax KprrcTaJrJrrr3arlrroH-
nofi graQQepenqlra\nn - yMeHbrreHueM MarHe3r.r-
aJrbHocTrr [opoA II yBerr,rqe HrreM coAepx<aErrfl, Karfirfl,.
B nopogax "rpaHurosori" accoqrraqurr BeJrrrqrrHa or-

A

.l
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mg=Mg/(MS+Fe)
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1.E+0.8 1.E+0.9
qHel3He

HorueHur 4HePHe rrMeer npflIvrylo KoppeJrtqrrc c co-
Aep)KaHrreu K2O, a B rpauogrloplrrax rnasHofi Qasu
oHa KoHTpoJrtrpoBiuracb, BepotTHo, II MarHe3rluurb-
HOCTbTO arvrQn6ona, coAepx<aHlre Koroporo B rpaHr.ITo-
qax o6rr.uro He npeBbrluaer l-2Vo. fparurru 3-fituL

EK)T HII3KIIE CO-

BbICOKI,IE 3HAqE.
g "guopuroBoli"

accoqrraqun, coaepx<alqru( ao 30vo MarHe3rruurbHoro
arvrQu6oJr a, orrrerJruBo npotBJIeHHbD( TeHAeHrIrrui s a-
BrrcrrMocrrr orHoruenus.+IJePHe or cocraBa He ycra-
HoBJreHo. Srori accoqlraqurl xapaKTepHbl 3HaqeHlrfl
+IJefHe 6JrnsK[e K TaKoBbrrr s neriroKparoBbrx rpa-
HrrTax rr rrMercrqrle TeHAeHIITIT K He3HarIIITeJrbHOMy
yMeHbrrreHrrro or rlopoA l-Ii Qasrr K cIIeHrITarvr 5-fi
Qasrr npu cy6BeprrlKzurbHoM noJrox<enrltl TpeHAoB
rr3MeHeHurfl, r4x cocraBoB. OtMe.reHHbIe TeHAeHII[n
tr3MeHeHrrr KonrleHTpaqufi usotonoB reJltrt rI orHo-
rrreHrrrr +HePIJe Moryr 6rrtr o6rgcHeHbl rlcxoqr, n3
npeAnoJro)KeHrrr o pa3ruqnori cteneHu npotBJreHrlrl
[poqeccoB Aera3a\vu pacrlJraBoB Ha AoKprIcT:urJrr.I-
3arlnoHHori craguu QopuupoBaHr.rt nopoA "gllopu-
roBofi" u "rpauutogofi" accoquaqnfi.

flpu I,I3yrreHrIrI reoJrortrqecKoro rroJlox<enrlt a
crpoeHrrr MaccrrBoB JrrrllKo-apary6cxoro KoMnJreKca
noKa3aHo, rrro nopoAaMn l-frt Qassr 6rrru o6pa:oea-
Hbr MaJrbre MaccrrBrr u garixoBbre reJra, npeo6naAaro-
qur qacTb KoTopblx BnocJreAcTBIIrI rloABepHracb Ae-
crpyKrlrrn fipn BHeApeHuil [opoA "rpauutosori" ac-
couuaqura. 3areran\re B Brrre ne6oluul{x reJr I,I AaeK
xapaKTepHo raIOKe AJrt crIeHIIToB, rpaHocrleHrlToB,
KBaprleBbrx MoHIIoHrrroB 5-fi Qasu, 3aBeprrarcqux
SoprvrupoBaHrre KoMrJreKca. flpegcraBJrteTcfl, rrro
BHeApeHrre B 3oHy rny6uHHoro pa3JroMa ne6onrrunx
o6retvros my6nnublx MarM, r{cxoAHblx AJrr rlopoA
"guopntoBori" accoqrlarlull, cloco6crsosaJro r,D( rrH-
TeHcrrBHori gerasarl[u c yAilreHrleM ocHosHori qacrlt

' Qrror,rgHori Qasrr Bo BMelrlarcque nopoAbl. flopogu
rr MrrHepaJrbr, Kprrcr{urJrrr3 oBaBrrrne cfl, I{3 o oeAHeHHo-
ro reryrnrMrr paclJraBa, 3ixBarblaanrul Qnrong c HrI3-
KrrM nepBrrrrHbrM orHorueH uev aHe PHe, roropo e no -
creneHHo yBeruquBaJrocb BcJreAcTBI,Ie reHepaquu
paArroreHHoro oHe*, o6pasonaHHoro trpu pacnaAe
aroMoB U u Th. B qactHocrrr, Arrfl, anrQu6ora ns cy6-
uleJrorrHoro ra66po (o6p. Ll5l7l), coAep)Karrlero
4 ppttt Li, 1 ppm U n 4 ppm Th, pac.rerHoe orHorrre-
une aHePHe gnr Bo3pacra 1.76 r"rnpA. Jrer cocraBJrt-
er 6 x 108. flonaran, qro [epBrltlHoe orHorueHrle
aHefHe s 3axBarreHuor"r QnrcrrAe 6sIno ue 6onee
(3-5) x 105 (cu. osrure), gnr peuMI,I3aIIur,I oKcrepu-
MeHTaJrbHo ycraHoBJreHHoro B arvrQu6one orHorrre-
nus,aHePHe = 3 x 107, rprr orcyrcrBrrrr norepb rerrrrfl
ns anaQu6ona, rpe6yercr .rro6rr KoruqecrBo 3axBa-
qeHHoro orrrM MrrHepzuroM Qlrcuga He AoJDKHo
6rrno [peBbrrrrars L-ZVo or ero coAep)KaHrlfl B HeAe-
ra3rrpoBaHHoM pac[JraBe. Menee rIHTeHcrrBHo Aera-
3arlnr ropoA l-li Qasrl rponcxoAtlJla, no-BHArrMoMy,
B nocTKpvcrailIrv3allrroHHblrr fleprroA npI,I AecrpyK-

fnc.lO. [uarpar"rrraa B KoopAtrHarax mg = Mg/(Mg + Fel
"HePHe.
Kpunrnvru rroKa3aHbr gBoJrroquouHbre Jrrlutrr{ tr3MeHeHwr
cocraBoB JIAK B rrpoqecce guQ$epeHqrraquu ropoA
"quopuronoft"(nynrrnp) n "rpaHr.rroBofi" accoquaqufi.
YcnosHrre o6ogna.reHtrr cM. puc.2.

K"O. uac.7o
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Puc. 11. fiuarparnrrraa B KoopAr{Harax K2O-aHe73He.

florasaHrr rpeHAbr tr3MeneHrrr cocraBoB JIAK B rrpoqec-
ce KpncraJrJrrr3arlrroHHoft guQQepeHrlrraqrm fiopog "Auo-
pzronori" (rryurrup) u "rpan[ToBori" accoquaq[ri. Yc-
JroBHbre o6ognaqennr cM. pttc.2.

rlr.rr4 MaccrrBoB 9Trrx nopoA nvx rporpeBe B rrpoqecce
BHeApeHrrr MarMbr rpaHoAuopr,rToBoro cocTaBa.

Cpe4u nopoA "rpanuroBori" accoquaqrru vrlarrvr-

MaJrbHar creneHb Aera3aqrru pacuJrasa 6srna csoricr-
BeHHa rpaHoAr4oprrraM rrtasHori Q-rtr) Qaasr Jluqro-
ro Maccr,rBa, KprlcraJrJrrl3oBaBrrrrrMcr vg 6orsnux
o6reuon MarMbr (-3000 rrnr3) s runa6rcczurbHbrx yc-
JroBrrrx. B uarcuuansnori creneHrr 6stnn Aera3r,rpo-
BaHbr MeJrKo3epHlrcrbre rpaHrrrbt 4-ft Sasu rr MaJro-
MOrrIHbre )Kr,rJrbHbre TeJra 9Tr4x nopoA B pa3pe3e
apxericxoro KoMrrJreKca KCIC, Koropbre xapaKTe-
prr3yrorcr Hrr3 KrrMlr KoHrIeHTp arlrrJrMra 3 He r4 BbrcoKrr-
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MII 3HAIIEHII'IMU OTHOIUEHI,I' OH"PH", HE 3ABUC'ryI-
Mr.r oT rny6uHrr 3iureraHurr rpaHrrrHbrx ren (pzc. 6).

Tarulu o6pasou, pa3Jrurrrre KoHrlenrpaqnri n ugo_
TonHoro cocraBa reJrrrt B MrrHepaJltx u [opoA:lx ,,An-
oprrroBo ir" rt "rpaHurosofi " accbquaqufi o^6r"a""er-
cr, BeporrHo, pa3rtrrrHorf creneHbro Aera3arlnn Ma-
TeprrHcKrrx pacruraBoB r{ nocJregyrorqefi reuepaqneft
paArroreHHoro rr3oTona 4He*, npunoAxrqeft K U3Me-
HeHrrro nepButrnbrx oTHorueuuri aHel3He.

Hsomonut He rcarc uuduKamopbt ucmoqHuKol
p acrunaao e u np oqe cc o a JwaHmuituo - rcop o ao ?o

eeauuodeticmeua

Benr.r.rrua orHoruemus, 4Hel3He B DraBHbrx MaH-
rurinrrx pe3epByapax 

_3_enaJrrr 
Ha 3 lr 6onee noprAKoB

HI,DKE 3HAqEHUfiT AHEqHC B PAATIOTEHHOM TEJIIII NO.
poA KOHTr.rHeHTulJbnorf Kopbr (ra6n. l), vro no3BoJrr-
er ucnoJrb3oBaTb r{3oTonHrrri cocraB reJrur AJrr xa-
PAKTEPNCTIIKII IICTOqHIIKOB BEIIIECTBA IIPII NJIABJIE.
Hr{r'r qacreri uanrvn pa3rrnqHoro cocras-a. flouzl,ro
9TOrO, rrHeprHoe IIoBeAeIdIae A pa3JrrrrrHrrri ngoron-
urrri cocraB 6naropoAHbrx ra30B B rropoArr* ulrxcrefi,
repxuefi MaHTrru r.r gewori Kopbr AeJraror rrx rpacce-
paMrr rny6r.rnHsrx enrougon, a TaK)Ke rrpoqeccoB
nJrroM-Jrr.rrocsepnoro II uanrurino-*opororo B3atr-
uogericrrnr.

Pesynrrarbr onpeAeJreHr{rr KoHqeuTpaqufi rr rr3o_
TONHOTO COCTABA TEJIII'I B NOPOAAX U MI,IHEPAJIAX JILTq-
Ko-apary6croro KoMrrJreKca cBr.rAeTeJncrnyror o
BKJraAe uanrnrinoro 3He B r.rcxoAHrui enrcrgt ""n^_.ruHori orHorrreHus,4HepHe - (3_5) x tff. flocronsry
BJrLtflIIne arrvrocQepHoro, KocMoreHHoro u o6paso"-
BAHHOTO iN SitU TEJIII'I HA BEJIUIII,IHY NEPBOHAqAIbHO-
IO OTHOIII EIF{Ii,.fl. OH" PH" HC 3HAqI,ITEJIbHO, TEHETI,IqEC-
KyIO llHTepnpeTarlrtrc noryrreHHbrx pe3yJrbTaToB rle-
necoo6pa3Ho npoBoAtrrb B paMKax MoAeJrrI
CMEIIIIIBAHTI' MAHTUTIUOTO HE N TEJIII'I KOHTIIHCH-

,ranruofi Kopbr. Zgoronurui cocraB reJrrrn B nopoAax
Kopbr xopouo r.r3BecreH (aHefHe - I x lOs), cJreqo_
BATEJIBHO, KOPPEKTHOCT' ErOfi MOACJIII ONPEAEJI flET-
cq esr6opoM uanruriHoro rrcrorrHr,rKa AJrg ncxoAHbrx
MarM JrrrrlKo-apary6cxoro KoMnJreKca.

froragano, qro oAHrrM ns 
'auloree roMoreHHbrx

3eMHbrx pe3epByapoB rBJrfleTcfl Bepxruul MIa]fIT]/,'^, B
cocTaRe roroporf [prrH]rMaror yqacTr.re no rpafinefi
Mepe 4 ercrpeMaJrbHbrx KoMnoHeHTa _ DM (nenle-
rrrpoBanHar MaHTur), HIMU (..high p_mantle';;, EMI
nEM2 - KoMrroHeHTbr, xapaKTepr,r3yroqrre ABa Trrra
o 6orarge Hnori MaHrr.rn (Ziidler, Hurt, f q d e l, ;; Koro_
P.IX TOJIBKO INg EMl AONYCKACTC' NEPBIITIHO .IJIIO.
MoBar nprrpoAa.

PesynrraTbr tr3oTonHbrx r,r reoJroro-reoxrrMr{qec-
KIIX N CCJIEAOB AHIIfi TTE'IEHTCKOTO PAfi OUA CBIIAETEJIb-
crByror o6 esonrcqull cocTaBa MaHTnrr oT cnJrbHo
AerrJreTrrporanHorf B paHHenaJreonpoTeposolicxnfi
orar Ao reoxuMuqecKu-o6orauleunori B nepnoA Z.Z_
2.0 rvrnpg. Jrer. zsMeHeHrre cocTaBa BepxHeh,a"t""

c o6pasoBaHrreM rracrKoB o6orarqeHnori MaHTr.ru
npeAloJraraercfl. B pe3yJrbrare nosAericrBr{r Ha Hee
BelrlecrBa cynepnJrK)Ma' pacnoJraraBruerocs. B paH-
HeM rpoTepo3oe n_og Teppnropllefi ceBepo_Bocrorr_
Hofi .racru Eanrnlicroro- rqnr;a (C'ronr^rzu, 1992;
Konrcras cBepxrury6oraa..., l99b; Illapron u Ap.,
2000).

flerponortrqecKne AoKa3aTenbcTBa peaJrb'ocr'
npoqeccor rny6uunoro MeracoMaTo3a 

-c 
o6oraqe-

HueM paHHe[porepo3oficrori MaHTrrn HeKorepeHT-
HbIMII U IETTIUMI,I KOMNOHEHTAMII IIOJIYqEHbI NPN
n3yqeHur.r rry6uuurrx KceHoJrrrron (B erpnn, Kanun-
KrrH, 1992; ApsarvracreB, Benrqrzri, iggg; Beard
et al., 1998). cornacno gTnM AaHHbrM, nau6onee Dry-
6nnnrre ypoBHrr pa3pe3a nuroc$epbr perlro"u .o6-
x<eHbr Irr[rlHeJreBbrMr'r [epI'IAoTrrraMrI, rpaHaToBbIMLr
rpa.rryJrrrraMn rr SKJrofr.rraMtr. MOganrurrri uanrnri_

ux rporBneu o6pa-
(Beard et al., 1998:

999) rrJrr.r napr acurra, eno-rorrrra rr pyrrrJra (Berpnn, KanuHrra ri tggZ).Bfeux
rrporBJreHrrrr MaHrUrlnoro MeTacoMaTo3a Ha ocHoBa-
HI,M U3YqEI/iIlfl, SM-Nd CIICTEMbI KCEHOJII,ITA IUIIIIHE.
JIEBOTO

2054 + ,,.LLl"ttt B

Memac 
qrllrf' 1999)'
JilaHmuu co-

NPOBO)<AAJIOCb NPI,IBHOCOM KAK HEKOTEPCHTHbIX
gJreMeHToB, TaK u 6raropoAHbrx ra3oB us rry6zHHo_
ro, BeporrHo, acreHocQepHoro ucrorrHllra.- flocne-
Ayroqee ruraBJreHrre TaKoro o60rauIeHHOrO rrcroq-
HITKA MONIO NPIIBOAITTT X O6PA3OBAHI,IK) PACruIABOB C
NOBbIIIIEHHbIMII KOHIIEHTPAIIII'IMII IOBEHIIJIbHOTO

'q.. flpunzrvr afl. BelrurrruHbr oTHorueH "" ^H"Fi; ;o6oraqennori MaHTItrr n Ko'TrrHenranrnori Kope
paBHbrMr.r, cooTBeTcTBeHHo, 6.i x 104 (Hart et al.,
1985) u I x 108, gna peaJrrr3aqurr B rpaHrrro fi\axJrurq_
Ko.-^ap_qy6cro-ro KoMrrJreKca senriuHrr aHefHe 

=
= (3-5) x lOs neo6xogrrMo, .rro6rr cMerrrrrBaHrre
uanrnriuoro n KopoBoro KoMrroHeHTOB B COCTaBe
3axBaqeHHoro S;rrouga [poucxoAr.rJro B rrponop_
\nn -l : (4-7). Orlr gannire onpeAeJrrror cyrqecr_
BeHHo KopoByro rpnpoAy 3uxBaqeHHoro Snrou4a, ncocraBe KOTOpOTO uaHrnriHrrri KOMUOHeHT
cocTaBJrrer -13-22Vo.

3AKIIIOIIEHKTE
B pe synrrare rpoB eAeHHbrx r.rccJreAoB auuit roKa_
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BeHHo KopoBoM nponcxoxqeHnu 4He. B oTJrrrque or
TDKeJroro rr3orola reJrrrr, npeo6laAarcqilr qacTb
3He s arvrQlr6ore w Manrerure rrMeer roBeHurbHoe
nponcxox(qeHue. 3ro ycraHoBJreHo KaK rrpu conoc-
TaBJreHnn pacqernbrx KoHrIeHTp a\nft 3He c gKcrrepu-
MeHTaJTbHO OnpeAeJreHHbrMrr KoHrIeHTParIurMrr 9To-
ro II3OTOIIa, TaK A rrpn E3OTOIIHOM aHaJMe r'eltwfl.,
BbrAeJreHHoro B npoqecce gpo6rrenar MrrnepuuoB.
BenrruHa nepBrqHoro orHorrreHns aHePHe B cocra-
Be telInfl., 3zxBarreHHoro npn KpIIcTaJrJIu3arIIItI
auQu6oJra rr3 rpaHoAaoprrroB rnasnori Sasrr, oqe-
]g'inBaercfl,e -(3-5) x 105, qro cyqecrBeHHo HrDKe Be-
Jrr.rqnHbr SToro oTHorueHrrt B nopoAz|x KorrTrrHeH-
ranrxori Kopbr (-1 x 108), Ho rrpeBbrruaeT TaKoBoe B
Marrrr.dHbD( pe3epByapax 3er"rrru - B Bep)Gefi LraHflul s
rIeJroM (8.9 x lff), o6orarqemroli nep>cIefi Marrrtrrr
(6.7 x lff), gennerrrpoBaHnorl uaumu (1.5 x 1d).

Ienerra.r ecKas. rrHTepnp era\us, nepBrrHoro or-
HorueHrrJr aHePHe rpoBeAeHa B paMKax rrpeArroJro-\-' x<eHrIJI o cMelrruBanilu reJIrIrI KoHTrIHeHTaJIbHofi ro-
pbr rr rvrauturfHoro reJrtrr, 3a [cTorrHIIK KoTopofo Ha
ocHoBaHrrr.r pe3yJrbraroB ngy'l.envs, rny6uunbrx Kce-
HoJrrrroB npvnrra o6orarqeHHuur MaHTr.rr penroHa.
flpnHnruzur BeJrrrqrrHbr orHorrren us. 4IJe /3He e o6ora-
rqenHofi MaHTurr rr KoHTrrHeHTa[bHori rope paBHbrMrr
coorBercrBeHHo 6.7 x 104 u 1x 108, BeJrrrqrrHa
aHefHe 

= (3-5) x 10s npu o6pa3oBaHrrrr rpaHoArropr-
ToB ruraBHori Sasbr JrrrrlKo -apary6cKoro KoMnJreKca
MorJIa 6srr noJr) reHa npu cMeIrMBaHurr Malrrllrhoro
rr KopoBoro KoMnoHerrroB B nponopryu -l : (+7).
ManrufiHo-KopoBaJr MoAeJrb nporcxo)KgeHua Qnro-
rrAa B rpaHllTouAax "rpaHr,rroBori" accoquaqnn rfir\-
Ko-apary6croro KoM[JreKca xopono corJracyercr c
nerpoJroruqecKorl uogenbro upoucxox<AeHufl, erux
ropoA, ocHoBy roroporf cocraBJrrer rrpoqecc aHa-
TeKTr.rqecKoro nJraBJreHrnr Kopbr noA Bo3gericrsuel,r
pacnJraBoB uanrr.rrinoro reHe3r{ca (Berpran u Ap.,

, L975). BrrsereHo HecooTBercrBrre Me)KAy pe3yJrbra-
TaMlr rr3freHrrr rr3oronrru Sr n He B rropoAax l-fi u

--,./ 5-ri Qae KoMnJreKca, o6pa3oBaHHbrx, KaK npeArroJra-
raeTcr, LI3 pac[JIaBoB r"raHrnrinoro reHesnca, \ln
paccMaTprrBaeMbrx nopoA xapaKTepHbr Hr.r3Kae KoH-
rleHTparlun 3He, Koropbre Ha noprAoK HLDKe KoHqeH-
rpaqnri JrerKoro rr3orona rerrurs. B rpaHoAr,ropurax
rnasHori Qasu. Ornouresue aHePHe s Hrrx He Hr.rx<e
.reM 3 x 107 u co[ocraBrrMo c BeJrrrquHori eroro orHo-
rrreHr,rr B Tr,rnlrrrHo KopoBbrx rpanr.rrax 3-ri n 4-il $al
"rpauuroBoli" accoqrraqun KoMrIJreKca. Pagnu.rrae
KoHrleHTpaquri rr t43oTorrHoro cocraBa r.eilufl, B Mr{He-
pilrax n nopoAilx "4nopztoBoli" tt"rpawvttonoli" ac-
coquaquri o6'rscnflercfl, rrcxoAr rr3 pa3nu.urori crene-
Hrr Aera3arlurr MaTep[HcKrrx pacnJraBoB rr nocJreAyro-
tqeft reHepaqilv pauuoreHHoro rr3orona aHe. Cpegu
nopoA "rpaHuroBori" accoqrraqrrrr MtrHr,rMaJrbHzur
creneHb Aera3arlun pacnJrasa 6rrna csorfcrseHHa, Be-
porrHo, rpaHogr.roprrraM Jluqroro MaccrrBa, Kprrc-
TaJrJrr{3oBaBrrrrrMcr rr3 6onrurux o6'reruon MarMbr
(-3000 KM3) s rzna6nccrurbHbrx ycJroBr,rqx. B MaKcrr-
uanrnori crerreHrr 6unn Aera3rrpoBaHbr MeJrKo3ep-

Hrrcrbre rpaHrrrbr 4-fi Qasu rr MzuroMorrlHbre )KrrJrb-
Hbre rena B pa3pese apxeftcKoro KoMnJreKca KCIC,
KOTOpbre xapaKTepr.r3yrcTcr Htr3KnMrr KOHqeHTparIu-
fl:lr.u rHe v BbrcoKrrMn 3HarreHrlrrMrl oTHolueHrrrr
4HePHe, He 3aBlrcruluMrr or rny6unsr 3aJreraHr.rrr
rpaHrrTHbrx TeJr.

B pe s ynsrare rrpoBeAeHHbrx rrccJreAoB alnnft np eA-
[oJraraeTcr cyrqecTBeHHuur KoHTaMTTHA\Ufl. aproHa,
3axBarreHHoro nopoAaMrr rr MrrHepuuraMrr rpaHr.rTorr-
AoB, arMocQepnor? cocrannrroqefi. 9ro craBrrr noA
coMHeHr.re ucnoJrb3oBaHrre rr3oronrrrr aproHa \ilfl
n3yqeHurr BonpocoB npoucxoxAeHn r ucxoAHbrx
MarM JrurlKo-apary6cxoro KoM[JreKca rr KprrcreurJrrr-
3A\VV paC[JraBOB.

B4qzodlpHocmu. Anropu rrcKpeHHe 6narogap-
nu I4.H. Torcruxnlny n M.A. Berpnnoft (fl4 KHII
PAH) 3a nJro4orBopHbre AucKycctfir rrpu rroAroToBKe
pyKonucn rr noMorrlb B KoMrbrcrepnofi o6pa6orre
rpa$n.recKrrx Qaftnon. Mu nprcHareJrbHu [.LI. Ko,
Bzurb GI4 KHII PAH) 3a cenapaqnrc MoHoMr.rHe-
paJrbHbrx Qparqnri ana$n6oJra rr MarHeTRra. flo-
JIe3Hbre 3aMerlaHrrr n rlcnpaBJreltrtfl., yrrTeHHble
[pr.r oKoHrrareJrbHofi pegaKrlrru pyKorr[cu, 6stnn
cAeJraHbr E.f. ffonsrorvr (I?IH PAH) u Illyronro-
KoBbrM IO.A. (I,IffA PAH).

I,IccnedoaaHufl npoeodu.rtucu npu Quuancoeort
noddepxrce P@@LI, zpaHm l,lb 99-05-65158, u n6rtn-
nmcfl erc.nadou 6 npoeKm IGCP-408 " CpaeueHue co-
cmaaa, cmpyKmyput u QueuqecKux ceoticme nopod
u rvuHepanoa Konucrcoit ceepxz.,ty6orcort cK^ancr,tHbt
u ttx zofitorto?Oe Ha nosepxHocmu."

CIIICOK IINTEPAT)TPbI
Ap eauac4e e A.A., Eerta 4rcuil 6.8. SsoJrrorlr4r vranrnrino-
ro rrcrorrHura Xn6ttHcKoro vLaccvrBa no AaHHbrrvr Rb-Sr u
Sm-Nd r.r3yrrenr.{n rny6unnux KceHoJrrrroB ll \oxtr. PAH.
1999. T. 366. C.387-39r.
Eu6urcoea E.8., Bempun 8.P., Kupruoaoea B.A. u dp.le-
oxp oHoJr orufr. kr Kopp eJrrrlrr nopoA nrurxeli qacrr,r pa3pe -
sa Konrcxori crepxrny6orori cxsilKuss ll [orn. pAH.
1993. T. 332. C. 361363.

Bempuu 8.P., Bunozpadoe A.H., Buuozpadoea f.B. fler-
poJronrr n {aquanrno-SoprvrarlrroHHbrir aHanus Jrr.rrlKo-
apary6croro Arroprlr-rpaHr4THoro KoMnrreKca ll Vlnrpy-
3r.rBnbre rrapHoKnrrr n nopQupoBr,rAHbre rpaHr{Tu Kons-
cKoro norryocrposa lflog peg. Earnesor:r lI.[. AnarrlrLr:
Konrcrnri Hayvnuri qeurp AH CCCP, 1975. C. 149-316.

Bempun 8.P., Ka"auurcuu M.M. PeroncrpyKrlur rpoqec-
coB BHyrpr{KopoBoro rr KopoBo-uanrnriHoro MarMaTrr3Ma
r4 MeTacoMaro3a (no peaynbraraM r,r3yqeHr,ur rny6ranHux
BKJrK)qeHuir). Anarurbr: Konrcruft nayvnuir rIeHTp PAH,
1992.108 c.

Bempuu 8.P., Kaueucrcurt nJL, Baauoea 7.8., I,Ircop-
crcufi C.B. MaHrruixar cocraBJrrroular B rpaHrrror.rAax
JII{IIK xHOcTr,r rr B pa3-
pe3e onu He B ropo-
Aax II rny6unnOro Be-
rr{ecrBa u QuanvecKr.rx npoqeccoB B pa3pege Konrcrori

IIETPOJIOI4T{ ror"r l0 Jt 3 2OO2



282 BETPI4H rr Ap.

cuepxrny6oxorft cKBtDKrrHbI go rny6uns 12261 rvr / fIoR
peg. O.n. MurpoQaHoBa, O.O. fop6aqenrrqa. Anarurbl:
Konrcrrni nayrHuri rIeHTp PAH. 2000. C. 5-8.

fopwrcoe f .8., 3a6rcun 8.A., Jlamrcoecrcaa O.C., Qeem-
rcoe M.A. Ecrecrsennrrri nelirponnufi Qon atr"rocQeprr u
aemrori Kopbr. M.: Aror"rr3Aar, t966.410 c.

3ervnras Kopa Bocrorruort qacru Banrynicroro uryrra / flog
peg. K.O. Kparqa. JI.: Hayra,1978.232 c.

Arcopcrcuil C.8., Ka"nencrcurt nJI. Merog gpo6newtr rop-
Hbrx IIopoA rr MrrHepzuroB B creKJrf,rrHbrx aMrryJrfx npu n3o-
TorrHbrx rrccJreAoBauwD(. 6naropogrrbrx ra3os l l 15 cuMuo-
3rryM no reoxuMrrrr rr3orouos. Teg. AoKn. M.: 1998. C. 115.

Kauerucrcuil nJI., To.ncmuxun I,I.H.,Illaprcoe U.8., IIyw-
Kape6 n.il. flepnue pe3yJrBTarbr r43Mepennt n3oronHoro
cocraBa reJrrrr Ha oAHoKacKaAHoM Macc-cneKTpoMerpe
ML4-I20I llTeoxurvrvrs,.1984. Nb 3. C. 439443.

Konrcrar cBepxrJry6orar. Haynrue pe3yJlbraTbl rr onbrr
uccJreAoBanut / flol peg. B.fI. Opnona, H.f[. Jlarepo-
sa.M.: TEXHOHEOTEIA3, 1998. 260 c.

Ilonarc E.f .,Ilpaconoe 3.M., Ka"mencrcuil UJI. u dp.VIgo-
ronnurl cocraB rerrrrn, HeoHa rr aprona B noA3eMHbIx

Qnrougax Tsnr-IIIaHs llleoxnlaur.1989. Nb 1. C. 87-98.

Ilywrcapee n.I.Meraqnrnbr B oBoJrroquu ctrcreMbl Ko-
pa-MaHrnn. JI.: Hayxa, 1990. 216c.

Cuotturcun B.@. Kouaruuronuri u ilrrKprlTosrtli MarMa-
Trr3M paHHero goxervr6pnnBanrnftcKoro u+{Ta. JI.: Hayra,
1992.272 c.

To"ncmuxuu U.H., Kaueucrcuil AJI., Mapmu E. u dp.
I4genruQvKa\vt BerrlecrBa Hu)KHeMantufinoro [JrroMa B
AeBoHcKrrx uleJrorrHo-yJrbrpaocHoBHbrx-rap6onaruroBbrx
KoMrrJreKcax KonrcKoro noJryocrpoBa Ha ocHoBaHu u r4gy -
rreHrdrr rrcoronnu 6naropogHbrx ra3oB lr paArIoaKTuBHbIx
gJreMeHTon. Anaruru-Hancu-Bprcccenr: Konrcrufi na-
yvnuri rIeHTp PAII, Haqraonanunni rIeHTp HafrHLrx rrc-
creAoBaHrair (Opan ryrt), Cno 6ognuri Yrnmepcarer Bproc-
cenx (Eenrrua). 1999.97 c.

Uaprcoe E.8., Boeamurcoe O.A., Kpacuecrcaa I.I.C. Ponr
uanrurinrtx nJrroMoB B TeKToHr,rKe paHHero gorer"r6pua
BocroqHoft .racrn Eanuaricroro qrrra // feorerroHuKa.
2000. Nb 2. c. 3-25.

3n4oreHnbre pex<nMbr r.r gBoJrK)rlurr MarMarI,I3Ma B paHHeM
gorerra6pnu / fIoR peA. I,I.A. Earuenoli, A.H. BraHorpago-
ea. JI.: Hayra, 199I.198 c.

III y rco "orc rco e IO .A., JIe ec rcuil JI.K. feoxravrus I,I KocMoxrIMrIu
r,r3oronoB 6naropo4Hbxra3oB. M.: Arowt3Aar, 1972.335 c.

Beard A.D., Downes H., Hegner E. et al. Mineralogy and
geochemistry of Devonian ultramafic minor intrusions of the
southern Kola Peninsula, Russia: implications for the petro-
genesis of kimberlites and melilitites // Contrib. Mineral.
Petrol. 1998. V. 130. P. 288-303.

Chauvel C., Hoffman A.W.,Vidal Pft. HIMU-EM: the French
Polinesian connection ll Earth Planet. Lett. 1992. V. 110.
P. 99-119.

Chen Y.D.,Krogh 7.8., Vetrin V.R., Mitrofanov F.P. Precise
zrcon geochronology on Archean rocks sampled by the
world's deepest continental borehole, SD-3 Superdeep well,
Kola Peninsula, Russia // Abstracts 8th International Confer-
ence on Geochronology, Cosmochronology and Isotope Ge-
ology. Berkeley, California. 1994. P. 56.

Fisher D.E. Rare gases in MORB // Geochim. Cosmochim.
Acta. 1986. V.50. P.2531-2541.

Hanyu 7., Kaneoka 1., Nagao K. Noble gas study of HIMU
and EM ocean island basalts in the Polinesian region ll
Geochim. Cosmochim. Acta. 1999. V.63. P. 1181-1201.

Hart 5.R., Hogan L., DymondJ. The closed-system approxi-
mation for evolution of argon and helium in the mantle, crust
and atmosphere ll Chem. Geol. 1985. V.52.P.45:73.
HuhmaFl. Sm-Nd, U-Pb andPb-Pb isotopic evidence forthe
origin of the early Svecokarelian crust in Finland ll Geol.
Surv. Finl. Bull. 1986. V.337.48 p.

Kamenslq 1.L., T-olstikhin IN., Vetrin V.R. Juvenile helium
in ancieni rocks: 3He excess in amphiboles from 2.8 Ga char-
nockite series - Crust-mantle fluid in intracrustal magmatic
processes // Geochim. Cosmochim. Acta. 1990. V. 54.
P.3115-3122.

Kaneoka 1., Takaoka N., Aoki K. Terrestrial rare gases. To-
kyo: Japan Sci. Soc. Press, 1978. P. 71-83.

Kurz M.D.In situ production of terrestrial cosmogenic heli-
um and some application to geochronology // Geochim. Cos-
mochim. Acta. 1986. V. 50. P.2855-2862.

Mamyrin BA., Tolstikhin 1.N. Helium isotopes in nature.
Amsterdam: Elsevier Sci. Pub., 1984. V . 273. P. 267 .

Matsumoto 7., Maruo K., Tsuchiyama A., Matsuda J-l. Oc-
clusion of noble gases (He, Ne, Ar, Kr, Xe) into synthetic
magnetite at 500-1300"C ll Eann Planet. Sci. Lett. 1996.
v. 141. P.315-324.

Morrison P., Pine,I. Radiogenic origin of the helium iso-
topes in rock ll Ann. N. Y. Acad. Sci. 1955. V.62.P.69-92.
Marty 8., Tolstikhin 1., Kamenslcy I. et al. Plume-derived
trare gases in 380 Ma carbonatites from the Kola region
(Russia) andthe argon isotopic composition in the deep man-
tle llEathPlanet. Sci. Lett. 1998. V.164.P.179-192.

Richard D., Marty B.; Chaussidon M., Arndt N. Helium iso-
topic evidence for a lower mantle component in depleted
Archean komatiite // Science.1996. V. 273. P. 93-95.

Rocholl A., Heusser E., KirstenT. et al. A noble gas profile
across a Hawaiian mantle xenolith: coexisting accidental and
cognate noble gases derived from the litospheric and asteno-
spheric mantle beneath Oahu // Geochim. Cosmochim.Ac-
ta.1996. V. 60. P.47734783.

Tolstikhin 1.N., Dokuchaeva y.S., Kamenslcy 1.L., Ame-
lin Y.A. Juvenile helium in ancient rocks II. U-He, K-Ar, Sm-
Nd and Rb-Sr systematics in the Monche Pluton: 3HelaRera-

tios frozen in uranium-free ultramafic rocks // Geochim.
Cosmochim. Acta. 1992. V. 56. P.987-999.

Tolstikhin 1.N., Marty B.The evolution of terrestrial volatil-
es: a view from helium, neon, argon and nitrogen isotope
modelling ll Chemical Geology. 1998. V. I47.P.27-52.
Windley B. Precambrian Europe llThe European Geotraverse.
A Continent Revealed /Editors Blundell D., Freeman R.,
Mueller St. Cambridge: Cambridge University Press, 1992.
P. r39-r52.

Zartman R.E.,Wasserburg GJ., Reynolds J.H. HeLium, ar-
gon and carbon in some natural gases ll Geophys. Res. 1961.
v. 66. P.277-306.

Zindler 4., Hart S. Chemical geodynamics // Ann. Rev. Eafth
Planet Sci. 1986. V. 14. P.493-571.

T

IIETPOJIO|I4TI rorvr 10 Nb 3 2002

View publication statsView publication stats


