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OlHofi H3 aKTyaJrbHbrx [po6JreM flerpoJrorvrvr flB_
-]'CTC' TIPOHCXO)KACHHE PAHHCII KOHTI'IHEHTANbHOI1
KOPbI, CJIOX<CHHOII |NABHbIM O6PA3OM IIJIA|I{O|HCII-
car{H TOHaJIHT-TpO
craBa ("ceptte rHe
qacru EalrHlicxor
TIJIOIIIAAb OKOJIO 40 rUC. rU2 rA 

'BJI'IOTC' 
rJIABHOII

cocraBJrf, rcrrler? rpaHnr-3eJreHoKaMeHHbrx o6lacreli.
Hauu u3yqeHbr reox'M'rrrecKrre oco6eHHocrr{ n. r,r3o-
TonHbrr? cocraB Nd, Sm, He s nJrarr4orHeftcax r,r BbrAe_
JICHHbIX I,I3 HI,IX AMQN6OIAX C IIEJIbIO OFPAHLInEHNI,
YCJI OB HIi O6PAA ON AHT4fl I{CXOAHbIX PACNJI ABOB, TIOJIY-
qCHbI AAHHbIE O NPHCYTmBUId IOBEHIIJIbHOTO fEJI[Ig B
cocraBe Qrrouga, 3axBarreHHoro npl{ Kpr,IcraJrJIH3a-
rlHrr ropoA.

Ha Ko.rrrcxol,r noJlyocrpoBe ..cepble rHefictrI"
HaH6OJree AeTanbHo r{ccJreAoBaHbr B ceBepo-3a[aA_
HoM o6paMJreHur{ [aneolporepo3olicxoro fle.reHr-
cKofo IlaneopuQra, a TaKxe B pa3pe
KOMrrJreKca Konscxofi cnepxuyoox
[2]. fnanHbrM Tr,rroM ropoA Ha roBepx
cfl.,ToHiurar-TpoH[beMrrToBbre (gaqnr_p]roAarlr{To_
Bbre) [JrarnorHeficu, nepBbre r{3 Koropbrx [Meror r,rH-
Tpy3r.rBHoe npoucxoxneHr{e }r BTopbre _ [epBr.rrrHo
ByrKaHHqecxnft reHe3lrc. tlacrr r{HTpy3r{BHbrx KoM_

qeHrH rlpocJlexl{Barorcs AaJree K K)ro-BocroKy, rAe
o 6pa3yror npeo 6l a[arcIqyro qacrb eyHgar"reHia fle_
qeHrcKoro rtureopuQra [4], u na rny6usax 6g42_
12261 M repeceqeHbr Kolrcxoli cnepxrny6orofi
crsaxr,rHori.

feon o zuvec rcuit uHcmutny m
Konucrcozo HayuHozo 4eHmpa
Poccuilcrcoit A rcadeuuu HayK,
Anomumu Mypuaucrcoil o6n.

flo xuullqecKoMy cocraBy nJrarr,rorHelicsl o6pa-
3yror pflA or BbrcoKorJrr{Ho3eMrrcrbrx (>l1Vo Al2O3)
A O MCHE E PACNPOCTPAHEHH bIX HII3 KO|JII4HO3CMI{CTbIX
nopoA, o6lagaroulux pa3nuqHbrMr.r KoHr{eHTp arlr4fl,-
Mr.r peAKo3eMeJrbHbrx eJreMeHron (p33). flpeo6na-
AarorlrrMx cpeAr{ HHx rBJrflK)Tcs [opoAbrrnna A _
crrJrbHo QparquoHr{poBauHbre, xpafine odegHennue
P33 nopoAbr (Yb, < 3, Lan = 30-80), BKJrroqarcqlre
nper{MyulecrBeHHo Jrerf KoKparoBbre rrJraruorHericrr.
[ng. Hrrx xapaKTepHo BbrcoKoe coAep)KaHne Sr n
xpafiue Hr.r3Koe - Tr)<eJrux p3O n y, cbnocraBnMoe
r{Jrrr AzDKe 6olee Hr{3Koe no cpaBHeH}[O C Tr{nurrHbr-
MH apxeftcxurrrH ToHdnlrr-TpoHAbeMr{ToBbrMr{ acco-
quaqrrrMrr t5]. TII B_- yr"repeuHo epaxquoHr{poBaH_
Hrrfi (LalYb), - 2U3O), AenJreruponauHslli rrxelsl-
uu P33 (Yb, = 3-5) c noBbrrrreHHbrM coAep)KaHr{eM
JIefKI{x P33 (La, = 9Q_ 130). HugxorrgHo3eMr{crbre
rHerfcu rrrfla c npegcraBJreHbr fJraBHbrM O6pasolr
Me3oKparoBbrMrr cJra6o QpaxqnoHr.rpoBaHHbrMn no_
poAaMr{ Ganab), - 748), o6orauleuHbrMr{ KaK Jrer_
Kr{Mrr (La, = 10G200), TaK r{ Tr)<eJrbrMr{ (yb, > 5)
naHTaHorr[aMr{. OHn xapaKTepr{3yrorcr noBbrrueH_
HbrMr{ KoHTIeHT_paqrr.ffr\{H Ti, Fe, BbrcoKo3apsgHbrx
oJreMeHTon (Zr, Nb, Hf, Ta, Y, U, Th) H [oHr.DKeHHbrM
coAepxanneu Sr.

flpunege HHbre re oxr.rMr{tre cKEe xap aKTepncrnKrr
Tr{rroB A n B "cepbrx rueftcog" o6rgcnsrorcs o6pa30-
BAHI{EM I{CXOAHbIX PACIJIABOB IIYTEM qACTI{TIHOTO
rrJraBJreHuc Mera6asurosoro cy6crpara rr{na THl
\ll c .o6pasoBanueM rpaHar-KJrnHour{poKceHoBoro
(run A) utm rpaHar-arraQn6onuToBoro (rnn B) pec_
TnroB. ftx nnaruorneficoB Tlrfla c npegnoraraercq
IJIABJIEHNE O6OTAUIEHHO|O I,ICTOIIHI,IKA I{ NJIA|HOK-
raa-auQr6oroesni cocras pec'rrra [8]. Ars Bcex rr{_
rroB rlrra peH y3Kr,ui nHrepnzur Ba_
pualq.uit 44Nd (0.09-{.14), n qe_
noM 6l oponoli BeJrr{quHe sroro
orHorrreHr{r (0. 12, ra6n.l). Blugocrb Bo3pacrHbrx
3HaqeH[ri, onpeqeJreuHbrx U-pb-raeroAoM no rlapKo_
Hy c quoparran MoAenbHor o Bo3pacra T*o(DM_2st),
Bbrqr,rcJreHnbrMr{ no AByxcragufinoli Mogenr{ [6], xa-paKTeplnyer npe6smarur nporonr{_
TOB B KOpe, a paKr[{oru,rpoBaHr{e r{3o-
TonoB Sm n HKopoBbrx npoqeccax, 3a
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Ilpruevame. Onpelenesry Konqelfrpaqti r r3crromoro cocraBa Sm, Nd aErlonBeHLr rra Macc-qrexrpoMerpe "Orrrdxral| MAT-262,'.
3rarexnecrargaprogLaJollala3NdlaNd6ruro0.5ll833t6(z=ll)nJiNdl=0.5120?8t5(n=10).pacqerAayxcralr{}slrxMo-
AenbIrLIx Eo3pacroD BblnonHen no MeroAr(e Liew, HofIman, 19E8, Irpf, rt = 270t0 MnE. ner. ll3orpruhr]fr cocTaD ren'' o[peAeJIeB npr
BLrAeJres t ra3a MeroAoM Apo6neEnr o6pa3rloa Ha Macc-cneKr?ouerpe MI4-1201, J$ 22_7g.

nepxHr.rft Bo3pacTHoli upe4eJr KoTopbrx rpnHrrr Bo3pacT
peruoHuurbHoro MeruMopQnsrnra (T - 2.7 MlpA. ner).
YuesrureHr,re B rrJraruorHericax BeJrurrlrHrr ENd or
2J ao -1.0 cBrrAereJrbsrByer o6 ux QoprtarapoBaHlrr,r
3a cr{eT IIpoToJIHTOB pa3JII,IrIHOrO COCTaBa, qaCT[rIHO
uoguQnqrpoB aHHux go6aBKaMr.r BerrlecrBa nepxneli
Kopbr. Cpe4nee 3HarreHlre eNd cocraBJrser 1.1 Anq
rrJraruorHeficos rnrroB Aw B u yMeHbrxaercr Ro 4.8
B nopoAax rlrna C.

OqHuu lrs rroKa3areleli [poqeccoB uaHu.rrino-
KOpOBOTO B3aI,IMOAefrtCrSUs, flBLfleT9fl. OTHOrUeHrre
4He/3He, benraquHa Koroporo cocraBnser 8.9 . lOa s
rropoAax repxuert MaHTr{r{ (MORB) H yBerr.rqr,rBaercq
Ao -5 . 107 s o6pasonaHnflxKoHruHeHTaJrbHoli xoprr
[9]. llocxoJrbKy BpeMr npe6unaHr,rr Mera6asuroso-
ro nporoJrr{Ta "cepsrx tttelicoe" n xope, ycraHoBneH-
Hoe npu rl3yrreHuu Sm-Nd-u3ororrHofi cncreusr, 6u-
JIO KpaTKOBpeMeHHbrM, TO MOXHO IIOJIaraTb, rITO B
fpaHuToHAzrx, o6pa3oBaHHbrx npfi Kpr4cTaJrJr]r3arlwr
qacrrrrrHbrx BbrnJraBoK H3 nopoA ruasrnliHoro reHe-
3l{ca, Mor coxpaH}rrbcr 3axBarreHHuri Qlrong, coAep-
xaqufi rroBbrrueHHbre KoHrIeHTparIun roBeHr,rJrbHbrx
KOMNOHCHTOB.

C qe.nsro npoBepKrr eroro [peA[oJroxeHr{r 6ulu
onpeAeneHbr KoHrIeHTparIun u r{3oronnslri cocraB
rernq c nugelOHr,reM ra3a npn rrJraBrrennil u qpo6le-

Hr,rn [opoA r{ Mr,rHepaJroB no MeroAHKaM, ony6lnxo_
BaHHbrM paHee [0, l1]. KouqeHTpaquu 3He B reJr]rv,
BbIAeJreHHoM H3 "cepblx rHertcos" u letlxorpaHl{ToB
MeroAoM nJraBJreHnfl, vt3ueHqrorcq or 4 lfito oo
9 . ltrrz cu3/r, u orHorueHue oHrfH. lrq 6oruurr,rH-
crBa o6pasqoB (3 . 107-3 . 108) cyqecrBeHHo He or-
rHrI a eTct oT B eJrrIqI{H bI I TOIO OTHOIIIe H Ufl , npuldgTo_
ro AJrr KoHTr,rHeHTaJrbHofi xoprr (5 . 107). B arr,rera6o-
JIe H3 "cepblx rnericos", I,IMeIoqeu 6olee BbIcoKlIe
KoHrIeHTpaIIuu 3He, uutrnMaJrbHoe 3HarreHlre orHo-
rrreHnr 4HefHe cocraBrser (l .5-2). l0i (pnc.l), uro
TaK)Ke Heu(OAr,rTCfl B rrpeAeJrax BeJrrdrltrH SToro oTHorrre_
Hr,rr B rropoAax nepxuell Kopbr. flr ncex o6pasqoR rro-
poA rr ar'lQu6oloB cooTHorrreHue r,r3MepeHHux (u3lra) u
paccquraHHbrx (pacv) AJrr Bo3pacra2.8 MJrpA. Jrer KoH-
rleHrpar{nli llaoronos He MeHbrrre eArrHr{rlbt (puc. Z),
qro cBnAereJrbcrByer o npeo6laAaroqeM paArroreH-
HoM [poucxoxgeHuu o6olo< r.r3ororroB reJr]rr B pe3yJrb-
rare rAepHbrx peaxqufi c fracrraeu IJ, Th, Li tI2].

Konqenrparrlltr
ilenvs.r.n Qnrougnr
rax I l],s2-20paz
[a np]r H3BJreqeHur,r ra3a MeroAoM rrJraBJreHua o6paa_
qon (cn. prnc. l), npr,r KoropoM rr3BJreKaercr Becb
relnli, HaxoAruluitcs B [opoAe. Beru.rraHa orHorrre-
uua aHe/3He eo Qlrongubrx BKJrroqeHHrx Aocrr{raer
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aDOpOAIU( Kopbr, r.r MoxeT paccMaTpnBaTbcr, BeporT_ | .
Ho, KaK cBruereJrbcrBo BKJraAa roBeHnJrbHoro 3He r l0rl_@craB3axBaqeHHofoQnronga. Ec.nusroraKr{KoH- l-- - - - l-^-11 - - -B-ep1ullLoPl -

3He*,TocneAyeT'no-BH[IIMoMy'o>KHAaTboTcyTcT-t9[
Bnr 3aBncnuocrefi Me)KAy peAKo )JreMeHTHbrM cocra- ru -- lt 1-- ?,
BoM nopoA H BenuquHori orHorrreH Hs,4He/JHe. Drouy 

3He' cu3/r

trpeAnoJIox(eHI{IO [porl{Boperlar BbItBJIeHHbIe o6- Pnc. l. flnarpar,rr,aa B KoopArrHarax 3He - aHe/3He. por'r-paTHbIe KOppeJIflIII,IOHHbIe CBfl3I4 Me)([y peAKOgJIe- 6u, xnaqparbr r{ rpeyronbHuKn _ nrrafnorHericu reoxn_
MeHTHbIM COCTaBOM BbIAeJIeHHbIX |eOXI,IMHqeCKI{X Mr4rrecKUX THnoB coOTBercrBeHHo A, B u C, xpyxxr.r -T[rrIoB "cepblx rHeIicos" u paccuarpnBaeMoti serq- J'IefiKofpaHl'rrbr. r{arrer{r,Kne pon6rr - avrQn6o,iir. Ter,a-
.I1411OI} OTHOIIISHIIg I,I3OTOIOB IeJIHg. OCO6eHHO OT_ Hble u cBerrlble roqKlt - pe3ynbrarbr onpeAeleHut{ KoH-

qerJrrrBo orlr 3aBr,rcprr{ocrr,r npor*reHbr Ha rpaenxax tr#-;HffiH:ff11Tffffffi","ff1#"1,t#T'i;1?Tl
(LalYb), -oHrFHe u eNd -oHr/tHe, orpeAeJrrroqux Hux o6paaqon.

yBenutreHne Berurrr{Hbr orHorueHus. 4Hel3He or or-
HocI{TeJIbHo Ae[JIerIrpoBaHHbIx rlJlar]IorHelicos rI{- ?rr Att
na A K nopo[aM fpyrlttbl C, o6orauIeHHbIM HeKofe- 'tlerrt/-llepacu

peHTHbrMr{ oJreMe"tur" (puc. 3). Cregonat"oi"o, t0[ 
,

In3oTom{slficocraBIeJIII'nosrrrougHbIxBKJIIoqeHH-0[-_

H:H::"::H^:Pji3::::n6::::yt3i:T1- 10-,1- r!
Hbrx lr3oronoB He, o6pa3oBaHHbrx B pe3yJrbrare pacna- ,, ' I
Aa U n Th, pacceflHHbrx B KpncrzrJrJrnqecKrr\ peurerKax l0-2l- I A
nopoAoooparytotqvx^ u aKrleccoprrbrx Mr,rH.p-o". Hu ::_"| o tl..^

osnofi lrvInvtvt, [peAcraBlxrcrqefi co6oft r{3oxpoHy aHenrn/Hepu"u

AJrfl Bo3pacra 2.8 Nrrpg. Jrer (puc.4). Bosne Hee Ha- n__-
xoAI{Tcr rroJre .o.tu"i" alaeu6onoB, AJrr.rHrortt J"ii l_1" 

2' \narpaMMa B KoopluHarax 4Hr'r' l4Hrp^"r-
pac[oJloxeHHoe [apaJlJreJrbHo aBoJlloqnotton it] 3Hen.*r/3Hep".u.ocrarlbHble 

ycrloBHble o6osHaveHr{q cM.

Hnv. Jloxarug a\ua rorreK cocraBoB n6rnsn r{3oxpo- pnc. 1.

HbI OnpeAeJIfleTCt, BepotTHo, MULITbIMI nOTepflMI4 re_
Jftrr, n3 crpyKTypbr Mr{Hepala. B ro >Ke BpeMs pacno_ eNd

rlenTpaqrln r{3ororroB reJlr{r Bo BKrK)rIeH""* 
"a- 

tu- - | ^ -"' 
t 

3w J(l- -l
Btr@JIH or coAep)KaHr,rr IJ, Th, Li - eneueHroB, ;;; t ot I o o 

*8^ao 
o '

pryyloquxBnopoAepagnoreHHbreH3ororrbraHe*u | " B o

rro)KeHr{e TorIeK Ha 3HarIIITenbHOM paccTof,Hnkt OT 5 rocl{ opAI,IHaT 3aTpyAHteT onpeAeJIeHIIe BeJrHqr{Hbr nL+t- oI{cxoAHoro orHorrrenvfl,oH"/tH",B pa3rrqnoft crene- ; L 
\J ' -

-^----r----- JF -' oHI{ MoAnSnquponaHHoro qo6anxofi paguoreHHoro ;t o-- 
trr'^AhAF^ 4rr^* -rr^--^-o- ---- Zl \r{3orona 4Hex. Taxoli x(e BbrBoA cneAyer r,r Anr no- :f o 

\

- -----r -- r n-? |

Ar{arpar{Me B KooplnHarax O + 0.l gTh)FH. - oU"Fg. t,J-'f o 
I

[13] to.Ixl{ cocraBa rropoA ra arraQn6oJroB pacrrojraFa- tO+^L- ' ' r ,

Iorcs Ha pa3rrrrHolvr paccroflHr.rr [paBe" r"onrou"- ^" l0-3 l0-2 l0-l 0 10
^,.-.^-s. u 4tt^ Att^

Y'
r{3oro[a -ne*. taKol{ x(e BbrBoA cneAyer I,I Ant no_ ;l o - _ o
poA, relnli r,r3 Koropbrx BbrAeJreH MeroAaMr.r nJraBne- I l- o - I o

O O--Hv|flugpo6rreHnxo6pasIIoB.lloloxeHIIeToqeKco-0
craBoB e o6ozx [oJrrx onpeAeJrs,ercfl,3aBrrcr.rMocrbro -l l- oo
oTHoIIIeHugaHePHeoTKoHIIeHTpaqufiUnTh,yBe-_2+
rHqeHI4e Koropbrx fipouc loo lo7JrI{qeH[e (orophrx npor,rc l0' l0/ 108
"ceprrx rneftcor" runa A aHe/3He

Cnegorarenruo, nau6o;re ptlc. 3. AlarpavMa a Kooparsarax aHe/jHe _ eNd.uenxa aHefHe o rerlrlr, BbrAereHHou r.rs elrougxsrx ctp"nxoir'n"iarar tpe"a iff;;qr;;;";;*.{w*r aNd
nxnroqeH[fi n nopoAax rpynnbr ,4, - (3.0-1.4 ) . lff - npr yBetrqerwi orttoureHnt 'HePHe.
Moryr paccMarpr{Barbcr Jrllrllh rar nepxnnri npeqe.t
BeJIUtrrlHbl SToro orHorueE[s B reJI]rI{, 3O$arreHHoM rorloB reJrr{, B [3yqeHEbtx ..cepsrx rnericax,, n aeft_rPx l(p,ncra,rJrlBaqu'n pacnnanos 'ceprrx T:191] I KorpaHtrax no orHorrreHnn K paAroreHHbrM rr3oro-
tr1}3T:l[-:_'_lcr 'r_ npnHflra BerrrrruHy orHorleur'u na^l'eroro e.neueEra cocraBJrrror H e Melee L-3qo, ,r-He./'He B BePxHen MaIITI{I.i c Bo3pacTorr,r 2.8 vnpg. .ler cMerrrlBarr[e vaHrninorO reJrr{, c reJllreM 3eMHonrax -4 ' l0 [14], xouqenrpaqlll IoBeH[JrI'IrbIx r.r3o- Kopbr Morno rpoficxoAnrb B rrpoflopquu -l: (gG-35).
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aHe/3He

l0e

108
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BETPIIH u Ap.

'oi& 1

(U + 0.l8Th)/3He

Puc. 4. [narparvtua B KoopArrHarax aH"/3He - (U +
+ 0.l8Th)/3He.

Tarcna o6pasorr,r, B no3AHeapxeficxrm..rsamorneft-
cil( ycraHoBJreHo npucyrcrBue uarrrnrhroro Qlronga,
3axBarreHHoro rp:lHrrTorrAHbrMr{ paquraBaMH IIpu IIap-
IUaJIbHoM rulzlnrrenrru Mera6a3rrroB, HMeBUTID( Kopor-
rryro KopoByro npeAbrcTopurc.

,'oABTophr 6naro4apnu I4.H. TorcrnxlrHy 3a Kprr-
TrrqecKr.re 3aMeqaur{r, a raK)<e A.A. Honuxony u
M.A. faunn6al 3a noMorrlb B npoBeAeHr{r.r rr3oron-
HbIX AHAJIII3OB TEJII4f, .

I,I cor ego Banvs, [poB eAeHbr rrpu Quu ancouofi nog-
AepxKe POOX (rpaHru 99{5-65158, 0H5-
7 2032, 0 l{5-64 67 t, 024544394, 03{5{4 I 69).
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