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fpanrarraaa\vfl ropoA apxericroro KoMnJrerca Konscrorl ceepxrny6oroli cKBa)KrIHbI npotBl,IJracb B o6pa-
3oBaHrrr{ TeHeBbrx, nflTHr,rcrbrx ra HeqcHonoJrocqarbrx Mr,rrMarHToB c Bo3pacrott2.2lrnpA. rer. KornqecrBo
MrrrMaTr,rTOB Bo3paCTaeT or 2U30Vo B nopoAax ocHOBaHLrt CKBa)KrrHbI Ao 504OVo B TOH:UrIITOBbIX rHelicax
BepxHr{x.racreri pa3pe3a. Ha norepxHocrrr aHaJrorr.rqHbre MurMarr{Tr,r u rpaHrrronoqo6Hue flopolbl. Bo3-
pacr Koropbrx oqeHvrBaercfln 2.15 MJrpA. rer, o6pa3yror B ceBepo-BocrorrHovr o6palnrneHrrrl fle.{eHrla no-
Jrocy qnuHori 6onee 20 xu npu rurpr4ne 24 rrnr. flo cpaBHeHr{ro c rnericaMr{, B MI,IrMarr{Tax ycraHoBJreH
noBbrrrreHHrui yponeHb coAep>KaHrrr peAKr4x 14 Jrerytrux gJreMeHron, oco6eHHo cyqecrBeHHo yBeJrr{r{eHl{e
coAep)<aHra-a Rb, Ba, Nb, Zr,P33, Pb, Cu, Cr, Ni, Co, V, F, P u COz.flpz uayveHI,II4 rr3oronHoro cocraBa
HepaAr.roreHHoro cBrrHrla ycraHoBneHa MaHTwintas KoMrroHeHTa B cBrrHIIe Lr3 rloJreBblx rrrrlaroB rpaHtrrrr3rr-
poBaHHbrx nopoA. flpeqnonaraercfl, qro rpaHr4Tu3arlur 6ura o6ycnorneua Qnrovaauvt, orAeJrflBlutru\rcfl
or orrara pacnJraBoB, Marepr4HcKr,rx qnx cy6qerorrHbrx BynKaHr{ToB KyoTcrpuaHcroITr cepvn nerreHrcKoro
KoMnJreKca. floroxu Snrouqou, HarrpaBJreHHble I,I3 KprrcriurJrr,r3oBaBrrreric.r rvrarMbl B KpoBJrro oqara, BbI3bI-
Barrv,npoqeccbr rpaHrrrrr3arlrrr4 rtopoA nepxneri Kopbr, o6ycnonneHHble oca)<,qeHrdeM I43 Qnrongon rJraBHbIx
rr BTopocTe[eHHbrx KoMrroHeHToB B pe3yJrbTaTe naAeHrrrr IIx pacTBopI{MocTLI Ilpll yMeHbrrIeHI{LI TeMilepa-
Typbr rr AaBJreHr{r. BospacrHbre AaHHbre AJrr rpaHr{Tr{3r4poBaHHbrx fiopoA rr3 ocHoBaHrrt pa3pe3a cKBa>KrrHbI

n o6parnrnenltfl fle.reHna no3BoJrrror oqeHrrrb AJrr.rreJrbHocrb npoqecca rpaHrrrrr3a\vr4 s 50-70 MJrH. Jrer.

flpoqecc rpaHrrrr.r3arryrrr cBt3blBaror c Bo3Aellcr-
Br,reM QnrougoB, o6pa3oBaHHbIX rrplr rpaHynnroBoM
MeraMopQnsvre HTDKHT{x qacrell Kopbl (Baadsgaard
et al., 1979: Moorbath et al., 1981; Barueea, Eertroe,
1991) krJrrr rruerouvrx MaHTI,TI;IHoe rpollcxo)KgeHl4e
(Kop><uncxnfi, 1952; Xapraxos, 1986; 1996). Bnaro-
rprnrrHbrM o6'beKToM Ant paccMoTpeHnfl, Borlpoca o
npr4poAe rpaHzTrr3rrpyrcull4x Qnrongon flBrflercfl
Korrcrar cBepxrnyloras, cKBDKITHa (KC|C), uo-
crr,rrruar peKopAH ofi rty6uHbr B 12261 u u npo6y-
peHHaf, B ceBepHolZ .Iacru fle.reHrcrori crpyKTypbl,
BxoArrrlerl e cocrae Komcrof,r cy6nponuHlll{r4 ceBe-
po-BocroqHori qacru EarrrarlcKoro IrII4Ta (puc. 1).

B unrepnane 0-6842 wt cKBDKrrHofi ncrprlTbl oca-
AOr{HO-ByJrKaHOfeHHbre nOpOAbr rraJreoflporeposoft-
cKoro ner{eHrcKoro KoMnJreKca rr Ha rny6unax
6842-12261 v - apxer?cKue cyrpaKpycranbHble ro-
poAbr c Bo3pacrorr,l 2.83-2.93 MJrpA. ner (KonbcKaq
cBepxrny6oras..., 1998; Eu6urona u \p., 1993). Ap-
xeficxuit KoMrrJreKc KCfC rIoApa3AeJreH Ha 5 pur-
MOB, KOTOpbre COCTOTT I43 paClOnO)KeHHbIX B BepX-
Herl .{acrlr roJrIrI nrelZcoe c BblcoKorJrrrHo3eMr4grblMr4
Mr4Hepanarr,na (puc.2. cnepxy BHJ43 Tonlqu 1,3,5,7,9),
rroAcTr4JraeMbrx ToJrrrIaMI4 rHerrcoB ToHaJrr4T-TpoHAb-
eMrrroBoro cocrana (pnc. 2, ror.t4vr 2, 4,6, 8, 10).

B orrtra.u4e or rnertcon, BMerrlaK)rrlux fle.renrcKylo
crpyKTypy u coAep)KaIrIrD( He 6oJree IO-2O7o MLITMa-

Tr{ToB rro3AHeapxericroro Bo3pacra (M1), nopogu
apxericroro KoMnJreKca KC|C lIHTeHcrlBHo rpaHI,I-
Tr43rrpoBaHbr. fpaulrru 3a\vfl rlpoflBJreHa B 3aMeIrIe-
Hr4r4 rHerlcoB, paHHr4x MI4rMarr{ToB (Ml) u artaQu6o-
Jrr{ToB KBaprl-IloJreBoruflaToBbIM MaTepLIaJroM c
o6p aaonaHrlteM TeHeBbIx, rIfl THtIcrbIX I4 Hefl cHorloJro-
crrarbrx MrrrMarrrros (M2) (puc. 3). KonnqecrBo rpa-
Hrrru3upoBaHHbrx rropgA MaKcr4MaJrbHo B ToHaJrrrr-
TpoHAbeMrrroBbrx rHer4cax vr yBennr{I4BaeTcq cHvr3y

BBepx or 20-307o srHeircax 10-ofi ToJrIrIrr go 50407o
B rrOpOAaX 2-OfitroJrrqu. Ha nonepxHocr]I aHanoruq-
Hbre MrrrMarrrrbr r4 rpaHl/tronoAooHble llopoAbl xa-
paKTepHofo KpacHoro rlBera oopa3yloT B ceBepo-
BOCTOqHOTtT O6parr,rJreHr4r,r lle.renrz lonocy gluHori
6onee 20 rru rpr4 rrupwne 24 KM, rlpocJre)KeHr{yrc Aa-
Jree B ceBepo-3anaAHoM HarlpaBnemnt Ha reppl4ToprM
Hopreruu. Cy6crparoM AJrfl paccMarpvB aeMblx ropoA,
Bo3pacr Koropbrx orleHllBaeTcfl B 2150I\4JrH. Jrer, cJry-
>rczurv p a e noo 6p a3 Hbr e tHerZcu, f p aHI,ITbI ra alvr Qr,r6o -
JrATbr, rrpeBparqeHHbre B 3oHax rpaHurll3a\uvr B tlo-
poAbr c rore6aHvrflMzr cocraBa or rpaHI4ToB I4 rpaHo-
cr4eHrrroB Ao KBapllesrrx MoHIIoHLtroe (BnnorpaAoB,
1978). Bepxuxa Bo3pacrHar. rpaHulla AJrt "KpacHblx
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rpaHuroB" reorof rrrrecKr4 orlpeAeJr rer cfl, ftotBJreH[-
eM rrx oKaraHHux o6loMKoB B rpaBenl4Tax rperrerl
ocaAoqHorl roruql{ rler{eHrcKoro KoMrIJreKca (3aro-
pognrrfi n \p., 1964), HTDKHTIe qacrl4 Koroporo Mec-
TaMrr Mr4KpoKJrrIHrr3trpoBaHbI vr 6uoruru3l,rpoBaHbl
(Konrcxas cBepxrny6oxat.. ., 1984).

C qenrro olpeAeJreHvls. rrcror{HrrKa BenlecrBa B

rpoqeccax rpaHllTr43aw4kr H nprrpoArr QnrouAoB Ha-
Mr,r rr3yqenu rneficbl I4 rpaHI4TH3rrpoBaHHbIe rropoAbl
10-ofi ToJrIrIu apxeftcxoro KoMrrJIeKca, BcKpbITbIe
TperbrrM crBoJroM Konrcrofi crepxrny6oxorf cKBa-
)KrrHbr Ha rry6uHax 11708-12261 M. flponegeno
cpaBHeHr.re cocTaBoB rpaHI4Trr3r4poBaHHbIX IIopoA B

ocHoBaHr{rr pa3pe3a KCfC u "rpacublx rpaHlrroB" B

ce Be pHoM o6p arr,rne nr,rz fle'reurcxorZ crpyKTypbl, p e -
3yJrbrarbr feoJrorl4rrecKoro I,r3yareHrrt Koropblx Ir3-
Jro)KeHbr B 6oree paHHrrx pa6orax (3aropogurtfi
u Ap., 1964; BuHorpagon, 1978).

f E OIIO IVTfl fPAH NTI{3 I{POB AHHbIX
fIOPOtr OCHOB AH.T4fl

PA3PE3A KC|C

B eepxneri .racrn pa3pe3a 10-ori ToJrrrlu apxefi-
cKoro KoMnJreKca KC|C npeo6naAaror 6zorurosrte
u aruQu6or-6uotl{ToBble rsericrt rr MrdrMarI{TbI c
rrpocJroflMr,r noJreBorxrlaronrrx auQu6oluroB v aM-

Qra6on-6140rrrr-otII{AoroBbIX cJIaHIIeB, rlepeceKae-
Mbre npo)Kr,rJrKaMv.v reJraMI4 fpaHrrroB I{ oproreKTz-

2rl

ToBbrx rrerMarrrroB. B urorctelZ qacrl,t pa3pe3a
6uo'rzroBbre rHeircrl c MaJIoMoIrIHbIMrr [pocJroflMr,I
rpanar-6rrorl4ToBbrx, 6uorur-crlJrJrrrMaHr4ToBbIx
rnerlcoe rr )KeJre3rrcrblx KBapIIrdroB rpaHI{TIl3I4poBa-
HbI c o6paaonaHrreM TeHeBbrx, rrrrHl4crbrx rr HeflcHo-
noJrocqarbrx Mr4rMarrrToB, r4Meroqrrx [ocTerreHHble
nepexoAbr K MareprraJry urericoeoro cy6crpara.
Mraruarurbr qacro coAep)Kar nocJrorlnue r ceKy-
ulr4e npo)KHnKr{ ABycnrcAfHblx arIJrrIToB, rro MorIIHo-
crra o6rrr{Ho He npeBbrrrra}oullre nepBbIX caHTr{Mer-
pon. fHefrcs u rpaHrrr43rrpoBaHHbre ropoAbr Hecyr
MHofoql{cJreHHbre cnelbl TeKToHI4r{ecKofo sosAeli-
crBr4r c o6paaoBaHueM MaJroMolqnux (1-5 cu) c6tru-
>KeHHbrx 3oH KaraKJra3r,rroB. 6racroul4JroHllToB 14

TeKToHr4r{ecKrrx rrrBoB. f[ocregnrae Qurcttpyrorcfl
lJrocKocTHbr MLI alpef aTaMrI 3rlrrAoT-xnopuT-ol4oTr4-
TOBOTO COCTaBa, paCnOnO)KeHHbIMr{, KaK rIpaBI4JrO,

corJracHo c HanpaBneHlreM MrrrMarrlrosolZ rloJrocqa-
Tocrrr r,r cnaHrleBarocrrr nopoA, o6paayroqeu c ocblo
KepHa yrJrbr e 30'-50". YcuneHr4e crerleHrr Mr4Kpo-
KJrrlHrr3 arlr{rr MerauopQuve cKr4x r opoA HrDrHe rZ qac-

Tr4 pa3pe3a B cor{eraHnLr c rrx nocJreAyroqerZ rerro-
Hr4r{ecKorl nepepa6orrofi u xpynKr4ura AeQopMaIII4q-
MI4 HA 3AKJIIOqUTEJIbHbIX 9TAIIAX TCKTOIEHE3A

onpeAeJrfJrocb Haxo)KAeHr4eM 9TI4x nopoA B 3oHe
rny6znnoro pa3JroMa, coBrraAarou{ero ro rpocrvpa-
Hr,rro c HarrpaBJreHneM cTBoJra cKBaxr,IHbI B efo rlpu-
sa6oriHofi,racru.
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Pnc. 1. Cxerrla reKToHrrrrecKoro parionnponanrrq Korucrofi cy6npoBI,IHIIIru.

I - nnrpyanu neQellrHoBbrx cr{eHrrroB, 2 - nosgueflporepo3oficrue ocaAorrHble o6pasonaHus,3 - paHHerlporeposoficrue raH-

Tpy3r.rrr-rropQllponuqubrx rpaHrrroe, 4 - paHHenporeposoficKlle cKJraAqarble fiotca (fle - fleveura, I,Irra-Bap - Lft'lanqpa-Bup-
syra, JIan - flannanAcro-Ko.nnurlxufi), 5 - nosAHeapxefrcxue cKraAqarble norca (CK - Cesepo-KolrcxuIi, Tep-A1n - Tep-
cro-Annapevencxufi), 6 - 6loxu rropoA apxeficroro Qyrualren'ra (Myp - MypruaHcKLtfi, Ke - KefiscruIl, Ko-Hop - Kolscro-
Hopne>xcrufi, Tep - Tepcxurl, Eel - Eenolropcxnfi, l4la - l4uapu). KC|C - Kolrcrafl cBepxuly6oras, cKBaxIrHa.
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P ttc. 2. Apxe lic xu fi xolrnne xc Qynq aue nr a fleqenrc<ort
crpyKTypbr B pa3pe3e Konscxori ceepxuy6orofi cKBa-
>KrrHbr (Komcxaa cnepxrny6oKar.. ., 1998, c [ononHeHrr-
arvrn).

1 - rococlorrcrbre [ecqaHnKrr c npocJrorMn KoHrJroMe-
paroB (nporepoaortt), 2 - [ocrcKJraArrarr,re rpaHurbr r.r

IlerMarr.rrbl, 3 - lrerarraopQlraonaHHa;r Kopa BbrBerplrBa-
HIrr, KoHrJloMeparbr, 4 - 6uorur-rlJl a rr{oKJr a3oBbre rne fi -
cbI c BbrcoKornrrHo3eMrrcrbrMrr MrrHepanaMrr, 5 - 6uorur-
(arvrQu6on)-uarnorla3oBbre rureficsr, 6 - Fe-xsapqr{Tbr,
aruQll6on-MarHerr.rr-KBapr{eBbre cJraHrlbr, 7 - napa- u op-
'roavrQn6oJrrrrr,r, 8 - nopoqsr arraQn6olrrr-ToHaJlrr-rrJra-
rrrorpaHlrrHoro KoMrrJreKca, 9 - norvlepa crBoJIoB cKBa-
>KrrHbr B xpoHoJroruqecrort nocJregoBareJtbHocru, 10 -
TpaHIIIIbI ToJrrrL l l - rerroHrlrlecKlre pa3JloMbr rr rlrBbr,
12 - o1nacrr or6opa rrccneAoBaHHbrx o6pasqon lO-oft
rorrrrlu KC|C.

MI4HEPAJIbHbII4
VI XVTI'4I4qE CK WVT CO CTAB

Er,roruroesre u arvrQu6on-6zorrarossre rHericbr
IIpeACTaBJIeHbI CpeAHe3epHIICTbIMI/t nonOCqaTbIMI{,
MecTaMr4 oTaIeTJrr4BO nnor4qaTbrMu Me3oKpaToBbrMr{
nopoAaMrr r4 IIo cocTaBy cooTBeTcTByroT ToHaJrr4TaM
(ra6n. 1). flnarr.roKJra3 orBerraer oJrHroKJra3y v oJrr{-
foKJra3-aHAe3rrHy, 6raorur oTHocrrTcfl K MepoKceHy Lr

avrQu6on coorBercrByer KaJrueBoMy QeppooAeHrrry
(ra6n. 2). ArqeccopHbre Mr{Hepanbr rpeAcraBJreHbr
gnr4AOTOM, CQeHOM, KaJrbrIUTOM, OpTr4TOM, arraTr/r-
TOM, nr,rprrroM, rr[ppoTr{HoM r.r qupKoHoM. I{upxon
o6paayer cna6o oKparrreHHbre npu3MararrecKrre He-
3oHaJrbHbre Kpr4craJrJrbr c yAnr{HeHHocTbro 1-1.5, co
crna)KeHHbrMr4 pe6paMr4 rr cneAaMrr pacTBopeHr4rr Ha
rpaHrx. Benz.rrana orHoruenvr. ZrlHf paBHa 3UO.
flo qnery, Mop$oJrorrrra KprrcranJroB rd orcyrcrBr4ro
3OHaJrbHOCTr4 3epHa qr4pKOHa aHaJrorr4rrHbr Kpr{cTan-
JIaM STOIO MI4Hep aJIa V3 TOHanIIT-TpOHAbeMIrtTOBbIx
rHericoB c rJry6r{Hbr 10837-10844 v, AJrr Koropbrx Y/
BpeMq o6paaonaHr4rr orpeAeneHo 8,2.83 MJrpA. Jrer, a
BO3paCT rrpoqeccos 6oree ro3AHero rpeo6pa3oBa-
Hrtn-2.74w 1.76 vrnpA. Jrer (9en r,r Ap., 1998).

fpanurz3rlpoBaHHbre roHaJrrrroBbre rHefrcbr
3TO HeOAHOpOAHbTe rHericoBrrAHbre Me3OnefiKOKpa-
TOBbre [opoAbr, B KoTopbrx rrJrocKocTHbre arperaTbr
TeMHOTIBeTHbTX Mr4HepaJrOB HepaBHOMepHO pacnoJra-
raloTcfl B neriKoKpaToBor;r KBaprl-[oJreBorrrnaToBori
MaTpr4rle, cocraBJrflrorqefi He MeHee SOVo or o6rqero
o6reua [opoAbr. Vlxwr'epaJrbHbrri cocraB rro orHo-
rrreHr4ro K MrrHepaJrbHoMy cocraBy rHerlcoB rrperep-
rreBaeT cJreAyroqrle v3Il'4eIJeIdI1{fl: floqBrqroTcr Mr{K-
poKJIrrH, MycKoBI4T, TypMaJII4H, XJIOpr4T, yBeJIrIrII4Ba-
ercfl. coAep)KaHrre KaJrbrlrrra (no 0.9-1 .2Vo), anarprra
(go 0.7-1 .I7o) np?r yMeHbrrreHurr KoJrr{qecrBa nJrarr4-
oKJra3a (I8-227o An), enunora r{ rrrlprrra. Pelrarro-
Bbre Mr4HepaJrbHbre accoqua\wr4 B MrrrMaTr{Tax nPeA-
cTaBJreHbr cKorrJreHvrflIl,fu cep[qrrTr43rrpoBaHHbrx 3e-
peH rrJrarr4oKJra3a 6olee ocHoBHoro cocraBa
(32-35Eo An), arperaraMrr rJracrr.rHoK 6norura u \t-
peAKr{Mr4 3epHaMr,r avrQu6ona. Crpyxrypa MurMarr,r-
TOB fpaHO6racroeafl. c sneMeHTaMr4 Koppo3r4oHHo-
MeracoMaTrrr{ecKoit,antnroBori14rurnuavorvropQno-
3epHr,rcrorl; Anfl arrJrr4ToB xapaKTepHa anJroTpr,ro-
Mop$Ho3epHr4cTar crpyKrypa.

flo xnuuqecKoMy cocraBy Mr4rMarrrrbr ornlrqa-
rorcq or rHelicoB rroBbrrrreHHbrM coAep)KaHr4eM TiO2,
KzO, P2O5, CO2 upr.r rroHrDKeHHoM coAep>rauur.r Al,
CavNa, ynerr4qeHuvrAoJrrr 3aKrrcHofo )KeJre3a rr cyM-
MapHoIo )Kene3a rro oTHorueHr4ro K cyMMe )Kene3a rr
MarHrur (F = 65-68). llo rraeHbrM reTpoxvMrrqec-
Kr,rM napaMerpaM MIrrMarr4ToB - cogep)KaHr4ro SiO2,
cyMMe rleJrorrefi (6.1-8.8 Mac. 7o),, coorHorxeHr4ro
Na/(Na + K) Qt - 46-53) u rJrr4Ho3eMrrcrocrr{ (Als -
- 2.6-5.6) - onra orHocrrcfl K rpaxoArlopr,rraM, KBap-
rIeBbrM clreHr,rTaM, f paHr4TaM 14 cyoqeJlorrHblM lpaHr4-
ravr K-Na cepvu.llo cpanHeHrlro c rHer?caMu B pac-
cMaTpr4B aeMbrx Mr,rf MaTr4Tax ycTaHoBJreH noB br rrreH-
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PHc.3. PagnuqHrre rl{nbl MIIrMarIrron, o6pasoeaHHbrx nprr rpaHr{Trr3arl[rr roHaJrr,rroBsrx ruericon (a, o6p. 22627): n-f,rrrucruri
MLrrMarI,IT (6, o6p. 27809), HetcHonoJrocqarrrr? MrrrMarrrr (n, o6p. 27547), reHesoft MrrrMarrrr (r, o6p. 27809).

Hbrr4 ypoBeHb coAep)KaHr4n peAKr.D( u reTyqr4x
SneMeHTOB ; OCO6eHHO CyqeCTBeHHO yBe Jrr{qeHr,re CO-

Aep)KaHrrr Rb, Ba, Nb, Zr,P3?, Pb, Cu, Cr, Ni, Co. V,
F, P u CO2 @a6n. 3, 4, pvc. 4).

u-Pb BO3PACT TIT4PKOHOB

Bo:pacr Mr{rMarr{ToB orrpeAerqrcfl rro rIr4pKoHaM
vrcz-x o6pasqoB B r,rHTepBarre rly6nH 12188-12207 vr
(Bu6trroBa v \p., 1993). flarupoBaHrre npor43BoAlt-

Ta6mrqa l. MuuepanrHrrri cocraB (o/o) rneficoB, lpaHrrrr.r3rlpoBaHHbrx rtopoA n arrJrrrra

Muuepanu 44839-2 449r8-2 t22r8-I M999-2 45005-3 45001-2 44987 44994-3 7 crl90 lLcrl90

llrtarlrorrag

Knapu

MurporunH

ArrrQr.r6on

BuorlIlr

Mycxonn'r

Auaurr

Kanrqr,rr

llpovue

55

(2s-27)

28.2

13.3

0.4

0.2

2.9

52.2

(28-32)

30.3

J

10.3

0.3

0.2

3.7

55.3

(28-30)

24.2

16.8

0.6

0.2

2.9

36.3

(27-32)

27.7

r7.7

10.5

2

0.7

1.2

31.6

(r8-22)

31.6

17.6

12.7

I

1.1

0.2

4.2

aaaJJ.J

(2V22)

32.s

14.L

t4

1

1.1

0.2

3.8

36

(32-3s)

24

22

10.1

2.5

0.7

0.5

4.2

30

(r8-22)

30.7

19.3

12.2

a
J

0.5

0.9

3.4

34.3

(1s-18)

27.4

25.1

7.6

2.5

0.3

0.6

r.6

41.8

(12-ls)

26.6

23.6

4.5

1.5

0.3

0.4

t.3

IlprMe.rasEe. O6pazt\ar 44839-2,44918-2, 12218-1 - rueirc}'', 44999-2, 45005-3, 45OOl-2, 44981,44994-3,7crDO - q>aHrrr{3upo-
BasHEIe [opoabl, I I cr/9o - atIn{a. B cKo6rax yrasano co4epxanue auoprrra, 7o. IlpotrepK - Mntrepan orcyrsrByer.
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Korvrno-
HEHTbI

Ar"rSn6on Bnorrar Murporruru

12133-2 12133-2 449r8-2 44839-2 4./.994-3 44999-2 4500r-2 45005-3 M994-3 44999-2

sio2

Tio2

Al2o3

FeO

MnO

Mgo

CaO

Na2O

Kzo

45.5

0.36

10.61

20.98

o.54

6.79

1 1.55

r.66

t.32

36.87

2.r9

15.05

19.79

0.32

rr.69

9.86

36.45

3.43

r7.rl
17.8

0.4
lt.o7

0.19

10

36.24

3.08

15.42

21.75

0.33

r0.62

o.o2

10.33

37.28

2.63

15.15

20.32

0.26

1 1.18

0.04

9.83

35.59

3.1

14.35

20.65

0.22

13.1

10.16

36.46

2.89

14.83

20.89

0.27

10.83

10,01

36.36

2.94

16.8

18.@

0.28

tt.54

r0.25

65.81

16.87

0.03

16.38

65.63

t7

0.19

0.6

16.36

Cyr'rua 99.3r 95.87 96.49 97.77 96.69 97.r7 96.18 96.81 99.09 99.78

F

Npt

63.4 48.7 52.6 53.5 50.5 50 52 47.5

Kouno-
HEHTbI

Mlmpornm flnaruox.nag

44999-2 4500r-2 45005-3 12133-2 44918-2 44839-2 44994-3 44999-2 45mr-2 45005-3

sio2

Tio2

Al2o3

FeO

MnO

Mgo

CaO

Na2O

Kzo

He onp.

0.32

1.56

rt.4

65.48

0.03

17.16

0.03

0.56

16.34

I

17.12

0.04

0.04

r.34

T6.17

65 59.63

0.01

25.29

0.03

0.06

6.08

8.63

0.11

6r.3

23.4

0.05

0.04

6.43

8.33

62

0.02

22.9r

0.04

5.61

9.26

0.13

63.27

2r.8

o.o2

o.o2

4.37

9.v

6r.02

23.36

o.o2

0.03

6.37

8.11

0.16

62.5

o.o2

22.75

0.07

4.48

9.6r

0.05

6r.76

22.8r

0.03

0.1

4.96

9.39

0.15

Cyr"rua He oup. 99.6 99.81 99.84 99.55 99.97 99.02 99.O7 99.48 99.2

F

Npr

)>

>) 28 29.9 25.r 20.2 30.2 20.4 22.5

nptrMeqantre. Alrantr3br BlrrroJrnerrlr Ba MlKpo3oEre MS-46 Qtrpncr KaMeKa (aHanETnK C.A. PexenoBa). O6prztw 12133-2,44918-2,
44839-2-rneircln,44994-3,44999-2,45N1-2,45005-3-rpauurE3lpoBaErGrenopoar'IF=Fe/(R+ME),ar.qa,Npt=AnlQtb+An),
An - asoprra, Ab - 

^Jrb6Er. 
Ilpo,repK - gneMerrr He o6EapyxeH.

2t4

Ta6.rrurla 2. Xul.r;u,recrnfi cocraB (r"rac.

BETPI{H, |OPOXOBCKI,II4

Vo) uuyeparroB rag rnerfcoB u rpaHI{TtI3I,IpoBaHHbIX ropoA

J

\,

Jrocb rro Kpr4cTaJrJraM npu3MaTl4rrecKoro faorrTyca,
6ecqnernbrM, [po3parrHblM, co cJrerKa oKpyrJreHHbI-
Mr4 pe6paMvr n KoHrIeBbrMrr rpaHfl},/ivr, c yAJrr4HeHHoc-
TbK) or | :2 Ao I : 4. PaccvrarpprBaeMrrri vropQorl,Irr
cocraBJrrer He MeHee 60vo or o6uero KoJrrrqecTBa
3epeH, ocTaBrrraflcfl, t{,acTb rrpeAcTaBJreHa rr3oMeTprr-
qe cKl,il\,fl.r 3 epHaMr,I "tHeIicoeoro " Tvma, n po3p arfi blMr,r
I4JIIlt IIoJIylpo3paw{bIMI{, c yAJII4HeHHocTbIo I.UI.Z.
Kar cne4yer r43 pr4c. 5, rro I+rpKoHy I43 MrrrMarlrroB orl-

peAeJreH KoHKopAanTTIbnl Bo3pacr 2225 * 5 lurnn. ner.
I{utpxonrr r43 MrrrMaruroB rlo oTHorueHI4Io K IIr,rpKo-
HaM rr3 TOHaJrrrr-TpoHAbeMLITOBbIX THeIICOB pa3pe3a
KC|C (YeH ra Ap., 1998) o6oraqenu U z Th.

fEoxl,IMr4fl I43 OTOIIOB CB I{HqA
B nacroqrqee BpeMt vMeercq 6orrrruoli gKcrreplr-

MeHTaJrbsufi Marepuan, cBl4AereJbcrryroqrarz o

I
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22.80

40.00

3.96

12.30

r.67

0.70

1.05

0.13

0.65

0.11

0.28

0.04

0.29

0.05

5.54

9.08

0.92

3.30

o.s7

0.51

0.45

0.06

0.26

0.04

o.t2

0.01

0.10

o.o2

10.10

18.80

2.03

7.43

1.38

o.44

1.08

0.19

0.94

0.18

0.46

0.06

0.34

0.05

13.33

36.09

11.91

2.t2

1.87

1.79

1.33

0.62

0.49

0.07

12.94

25.99

2.30

8.14

1.44

0.88

1.09

0.13

0.79

0.11

0.37

0.04

0.31

0.05

115

23r

28.r

97.7

12.7

r.7

7.58

1.01

4.61

0.68

t.84

0.253

1.56

0.233

115

267.2

109

15.08

5.2

9.7

4.3

1.6

1.2

0.18

115.00

249.r0

28.r0

103.35

13.89

3.45

8.&
1.01

4.46

0.68

r.72

0.25

1.38

o.2l

39

68

33

5.7

o.76

2.8

He onp,

0.85

0.8

He onp.

30

53

25

4.r

0.76

1.6

He onp.

0.09

0.r4

He onp.

39

65

27

4

0.42
aaJ.J

He onp.

0.2

0.36

He onp.

6.s

t2

6.2

1.6

0.08

1.4

He onp.

0.3

0.26

He onp.

I9
36

r7

3.1

0.33

2.r

He onp.

0.17

0.32

He onp.

27.50

s9.30

7.Ol

27.70

5.33

1.91

3.r7

0.-lo

r.ffi
0.2-t

0.55

0.06

0.39

0.05

26.83

48.88

7.07

22.65

3.97

o.7t

2.10

0.40

r.66

0.24

0.36

0.06

0.38

0.05

216 BETPI{H, fOPOXOBCK I4I,l

Ta6anqa 4'.. Korqelrrpar{r[_ penKo3eMeJrbHbx gJreMerrroa (ppm) a ronaluronurx ruericax (1), rpafiurr-r3rrpoBaHrrbrx rro-
pogax l0-oft rorqa (2) u o6paMreHur Ileueuru (3)

flpuveuauve. x Analrr3 MeroAola ICP-MS (r. Haucu, Opanqr.ral.** Ananlrg Macc-crreKTpoMerprrqecKuM MeroAoM (r. Anarurrr).
ocrarurrre aHaJrrr3br BbrrroJrHeHu ICP MeroAoM (I,IJIC pAH, r. Mocrea).

V

v
10r

100

10-r

lo-2

'|l. ;:::;1

,Q'L'

ToM, qro Pb-z3oTonHbre xapaKTeprdcrr4xra o6pa6o-
TaHHbrx B )KeCTKI4X KI4CIOTHbIX yCnOBr4qX rroJreBbrx
rrrfraToB coAep)KaT Ba)KHyTO zHsOpMarIUrc O6 nCro-

llopoqa/nepxHrn Kopa

rr-f -a

prrt4 QopMr,rpoBaHr4q ropHbrx ropog (Stacey, Kram-
ers, 19751'Zartman, Doe, 1981; Oop, 1989). I,Isoron-
Hbrrl cocraB Pb noneebrx runaroB - Mr{HepanoB c Hr.r3-
Kr4M U/Pb ornorueHr{eM - o6sr.+ro r4crroJrb3yercfl Anq
noJlyr{eHr4r[ AaHHbrX O COCTaBe STOIO SJIeMeHTa B MO-
MeHT QOprnrUpOBAHVtfl Mr4HepaJra, qTo B cBoro oqe-
peAb Hecer uHQopvraqrrrc o6 ucro.rHr4Ke nlunur4cTo-
pnil SoprrrrapoBaHvrfl_ rropoAbr. OgHaxo nocKoJrbKy
lpr4poAHbre [oJreBbre rrraTbr rracTo coAep)KaT MnK-
porrpr4Mecu ypaHcoAep)Karrlux sas, BcJreAcTBile qero
r43MepeHHbrrl r,r3oTonHbrrt cocrae Pb HecKonbKo 60-
nee paArroreHeH, r{eM rrepBr4rrHbrrz, npoBoAr4Tct
[peABapr4TeJrbHoe yAaneHr4e paAr4oreHHorl cocraB-
Jrrroqerz Pb c nouorrlbro )KecrKoro Kr4cJrorHoro Bbr-
IrleJraqnB aHIdfl (OnvraHru{KoBa n Ap., 1994; Her;rrvlapr
v AP., 1996).

Meroquxa. MerxopacrepTbre o6pa3r{br noneBbrx
IIIIIaTOB noABeplanr4cb B TerleHr4e 6 .racoB KI4CJIOT-
norZ o6pa6orre Terrnoft 12N HNO3 c rlenbro yAaJre-
Hr4rr Bo3MO)KHbrX rrpr4Meceft paguoreHHofo Pb. Irlso-
ronHsrrl cocTaB Pb, a raK)Ke coAep)KaHr4e Pb u U on-
peAerqrr,rcb B ocTaTKaX nocJre Bbrrr{enaqllBaHnq.
Xr,rura.recKoe BbIAeneHr4 e cBr4HrIa Ant Macc-crre KTpo-
MeTpr4trecKof o aHaJrvt3a npoBoAr4Jrocb Ha aHr{oHoo6-
MeHHorl cMoJre Bio Red I x 8 e Qopvre HBr no MoAr.r-

SraqupoeaHHori MeroAr4Ke f. MaHe (Mahnes et al.,

->l-t'2
+3

4

KRbBaSrNbZr LaCeNdSmEuYbLuPbCuNiCoCr V Ti Fe

Puc. 4. Cpequlre coAep),KaHr{r rrerporeHHbrx gJreMeHToB
rr oJreMeHToB rprrMecefi (crra. ra6l. 3, 4) n rneficax roHa-
nl,IT-TpoHAbeMrrroBoro cocraBa ( 1 ), rpanurrr3rrpoBaHHbrx
rropoAax 10-ori Tonultr KC|C (2), "rpacnbx" rpaHrrrax ce-
Bepo-BocroqHoro o6palueuus fleqeHrn (3), rpaxu6a-
3aJrbrax, ange:uro6a3aJrbrax, TpaxrraHAeglrro6aganrrax
Ir aHAe3rrrax KysrcflpellHcxori cepurr [erreHrcKoro KoM-
nJIeKca (4) (KonscKar cBepxr.uy6oxaa. .., 1984, C. 106-
107), uopurrpoBaHHbrx K cogep)KaHr{rM gTrrx oJreMeHToB
B KoHTrrHenrarsHofi rope (Ter:rnop, Max-JIeHHaH, 1988).

I
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' 1978), ypan BblAentJrcfl, Ha toft >re cMone n Qoprvre
HNO3. Yponeur Qononoro 3alpr3HeHvrfl. cocraBJrflJr
0.4 nr n 0.05 Hr AJrfl Pb r,r U cooteercrBeHHo. I,IsN,{e-
peHrrr a3ororrHofo cocraBa BbIrIoJrHtJrLrcb na 8-ror-
neKTopHoM Macc-crleKTpoMerpe MAT-261 n pe>rur-
Me oAHOBpeMeHHOr4 perr4cTpaqufi rIoHHbIx roKoB
pa3Hbrx r{3oroflor. florperrrHocrrr rr3MepeHvfl Lr3o-
TorHoro cocraBa Pb coctaBJrflror O.O3Vo Ha eArrHrrqy
pa3Hocrrl Macc. Peeymrarbl orKoppeKTVpoBaHbI Ha
BeJrr{qrrHy xoeQSuqr{eHTa QpaxquoHrrpoBaHlnl
,f = 0.0013 + 0.0003 aeu-I, noJrytreHHyro ro pe3yJrbra-
TaM MHOfOKparHbrX r43MepeHUI,I II3OTOTIHOTO CTaH-

Aapra NBS-982. flaparrnerpbl r43oxpoH paccqurblBa-
nr4cb c 95Vo AoBepr.rreJrbHbrM r4HTepBaJroM no rpo-
rpaMMe "I43ounor" (Ludwig, 1991).

Pesynrrarbr r{ccJreaoBaHurs. Pb-Pb z U-Pb cI{cTeM
rroJreBbrx rrrraroB r,r ropoA B IIenoM (WR) grx nrellcon
I'I MII|MATIITOB NPVBEAEHbI S TA6N. 5 IdIdLA PUC. G8.

. Orleuxr,r Pb-Pb Bo3pacra rnerZcon no AByM Tor{-
rJrau - ropoAe B rIeJroM (WR) n rroJreBoMy rrrary Ba-

pbtrpyror or 2.83 ao 2.47 MnpA. Jrer, r{To cBr4AeTeJrb-
crByer o6 orcyrcrBvrv 3aMKHyrocrl4 Pb-zsororlHblx
crrcreM orrD( o6pasqon (puc. 6).Hau6onbrrree 3Haqe-
Hr4e Bo3pacra, paBHoe 2.8 vrnpR. Jrer, coBrraAaroqee
c Bo3pacroM rILrpKoHoB, noJryrreHo AJII o6paaqa
rnerlca 44839-2 (puc. 6, npruaz a) u yKa3blBaer Ha
To, r{To U-Pb cncreMbi etoro o6pasqa 6sInra MeHee
Bcero Hapy[reHbr B pe3yJrbTaTe BTopI4r{HbIX rpoqec-
con. flryxroqerrHbre rr3oxpoHbr, rrocrpoeHHbre no WR

211

z06p61zt9g

0.418

0.4t6

0.4t4

0.4r2

0.410

0.408
7.8 8.0 8.1 8.2

zotp6lz3sg

Puc. 5. U-Pb Ar{arpaMMa c KoHKopAueft glt gnyx o6pas-
rIoB rlr,rpKoHa rr3 FpaHrrTrr3rrpoBaHHbrx [opoA ocHoBaHrrt
pa3pe3a KC|C (T =2225 * 5 uln. ner, Ar,rarpaMMa nocr-
poeua rro AaHHbrM E.B. Eu6uroeori u Ap., 1993).

14 noJreBbrM rrmaTaM rr3 rpaHr4Tr,r3r.rpoBaHHbrx IIopoA, B

orJrrrqrre oT TaKoBbrx Anfl ruerlcor, rroKa3brBaror Ao-
cTaTorrHo 6tnzrue 3HarreHr4rr Pb-Pb Bo3pacra (cpeu-

f PAHI,ITVI3 AUVrq nOPOI APXE I4CK Of O K O MTTJIE KCA

\./

Ta6nnqa 5. Coqep)Kanr4e U, Pb u r{3ororrHbre orHorrreHr{n B nopoAax rr noJreBbrx il[rarax

nptrMeqaEne.IIrIQprracxo6rax-uuvrepeHHBle3Eaqettrlr,sqrpaueuur,reuaT=2M0MrE.Jrer,WR-ropogaoqeloru,P/-u,rarue
Krag. Mc - MtrKDoKrtrH.

Horr,rep o6pasqa fry6raua, rra
flopoga,
MI,tHepaJr

Pb, pmrr U, ppb z06p61zo+p6 zo7p61z0+p6 208pb/o4pt
tr

44839-2, rHerlc

44918-2, nreftc

12218-1, rnerfc

44987, Mr.rrMarr.rrbr

)>

>

4994-I, Mr{rMarr,rrbr

)>

M999-2, Mr.rrMarI{TbI

45001-3, Mr{rMarprrbr

45 001 -3, MrrfMarr,rrbr

45 005- 3, MrrrMarr,rrbr

12135-12r48

12r72-r2r88

r22r8-r2234.5

12207-r22r8
)>

12207-t22r8
)>

12207-r22r8

r22r8-r2239.5
r22r8-r2239.5

WR

PI
WR

PI
WR

PI
WR

PI
Mc
WR

PI
Mc
WR

PI
Mc
PI
Mc
PI
Mc

&.7
&.6

15.4

81.8

t)

tt.4
105

841

560

s0
r04

15

63

10

16.494

14.257

16.462
14.322

17.907

t5.342
16.87

14.137 (14.426)

14.768 (14.s6)

15.323

14.6 (r4.s3r)
r4.rs4 (14.126)

15.09

t4.066
14.08 (r4.O7s)

rs.s43 (rs.42s)
14.ro7 (r4.ro4)
14.t4r
15.004

15.298

14.851

t5.25

14.871

t5.&6
15.232

t5.29r
rs.02r (14.982)

rs.032 (rs.006)
14.986

1s.016 (1s.007)

14.838 (14.834)

14.946

14.8r2
r4.82s (14.824)

1s.386 (1s.371)

14.8s9 (r4.859)
14.829

15.r34

36.s69

38.501

39.998
37.168
36.64r
34.499
48.55s
43.604

43.9r8
4s.005

35.357

38.4s6

45.33
a- -aJI.IJ

37.783
34.459
37.935
39.559
38.154

0.835

0.s6

0.186

0.075

0.012

0.318

0.008
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2r8 BETPI4H. TOPOXOB CKI4I4

tr1
I2
A3
A4

16 l7 l8 t9
206p6p04p6

Pnc. 6.^pl-rrgQ)Tpon_r-rbre AaHHbre r.r r.r3oxpoHbl B KoopAII-
Harax 207 

Pb Po4t v206Pb Po4Pb.
S-K- KprrBar pa3Bkrrkrs.cBr.rHrloB no A>K. Creficu, .fl. Kpa-
Mepcy (Stacey, Kramers, 1975). l-2 - noteBbre rrrrarbr r{3

rpaHr.rrr.r3rrpoBaHHbrx ropog (1) u rnelicon (2), 34 - nopo-
Abr B rleJrou: 3 - rpaHrrrr{3rrpoBaHHbre nopoAbr, 4 - rueri-
cbr, a, b, c, d, e - Il3oxponu (crvr. rexcr).

207p61204p6

15.5

45001-3 B. K.

15.3
12218-r
I

15.1 500s-

Z.2utrpg. ner

14.9 45001-3
44918-2

4500s-3 44839-2
44999-2 44994-r

44999-2

14.7 MJrpA. JreT

13.0 r3.4 13.8 r4.2 14.6 15.0 r5.4 15.8
zo6p61zo+p6

Pue. 7. Pb-ugoronHbre AaHHbre AJrfl MrrKpoKJrrrnon (1),
[narrroKJragos (2) rr3 rpaHrrrr{3r.rpoBaHHbrx rropoA I,I lrJra-
rr,roKJra3oB rae rneficon (3).
(praes1p. 3^BpJrrolfrr.rr cBr,rHrIoB B Koopgr.rHarax
2utPb?olPF2o6Pbf04Pb 

"o.rru.Ho 
Bepcrrn z no i.3apr-

MaHy, E.Aoy (Zartman, Doe, 1981). M - MaHrI,tt, B.K. -
BepxHrr Kopa, H.K. - HrDKrurr Kopa. Konnoqauu coeAl{-
HeHbI ToqKII cocraBoB noJreBblx [IIraroB us ognoro o6-
pa3rla. flyHxrupnofi luuuefi o6ogHa.{eHa r{3oxpoHa Ant
rroJreBbrx rlnaToB r{3 fpaHr{TrrsrrpoBaHHbrx nopoA c Bepx-
HrrM nepeceqeHueM s2.2llllpg. Jrer rr Hlu<Hr,IM nepeceqe-
HrreM - e 2.8 MJrpA. ner (ua prrcyHKe HrDKHee repeceqe-
Hrre He norasaHo).

HeB3BerrreHHoe 3HarreHr,re paBHo 2.04+ 0.2 rnfirpg. JreT),
r{To B rrpeAenzx oru{6oK coBnaAaer c Bo3pacroM, [oJry-
I{EHHbIM NO IIIPKOHAM I{3 MLIIMATI4TOB (2225 N{.IIH. JIET,
(puc. 6, npavrue b, c, d)). HecronrKo rIoHr,DKeHHbIe
3HAIIEHI{'I Pb-Pb BO3PACTA NO CPABHEHI4IO C AAHHbIMI4
U-Pb MeroAa Moryr 6srrs o6rqcHeHbr, BeporrHo,
KaK 6oJree [o3AHrrM BpeMeHeM 3aKpbrrr,rr Pb-zso-
TorrHbrx crrcTeM nopoA B rIeJroM, TaK Ir BlrvrflHvreM fro-
cJreAyrcqefo cBeKoQeHHcroro MeraMopQrr3Ma.

IrlsoronHbre orHorrreHr{rr Pb noneebrx [rrraroB r/t3

rpaHr4Tpr3rrpoBaHHbrx nopoA pacrroJrararoTcr Ha rrpr-
MOJrr4HeriHOM TpeHAe (pnc. 6, npruafl e), Koropbrrz
flBlrflercf, B o6[IeM cnrrae Jrm]diriLeir, cMerrreHrrr. feHe-
Turre cKafl r,rHTep[peTarryrr I ToLr 3 aBr4crrMo cTrr Aorryc-
Kaer 2 BapuaHTa: l) npr repepa6orKe rHericoB
Qnrongo:lr 2.2 MJrpA. Jrer Ha3aA rrporrcxoAr,rJra repe-
Kp[CTaJIJIV3al+45. IOJI€BbIX IIIIaTOB, 3aXBaTI4BIUI/X
cBuHerL Koropbrr? HaKorrlrJrcr B LrHTepBaJre
2.8-2.2 MnpA. ner rd B pa3Hbrx rponopqurx cMerxaJr-
cr c nepBrrrrHbrM Pb lHeficoB; 2) rroMrrMo Pb r,rs rHerl- \a'
coBoro cy6crpara QnroI4A npnBHocrrJr AorroJrHr4TeJrb-
HOe KonrrqecrBo Pb qpyroro reHe3vca. PaccMorpe-
]f,{I,1ie Pb-usorollHbrx AaHHbrx B TepMrrHax MoAenu
"rrrolr6oreKToHrrKyr" (Zartman, Doe, I 98 I ) rroKa3br-
BaeT, r{To QzrypaTr4BHbre ToqKr{ Har{MeHee Lr3MeHeH-
HbIX IIOJIEBbIX IIIIIATOB I,I3

449 l8-2) pacnoJrararorcn H
zoePofuPb (pnc. 7) Hruxe
rpaHr4Trr3r4poBaHHbrx ropoA u 6nn>xe K Kpr4Boft lJ.a-
KonneHr{r Pb nIornefi ropu, Koropar xapaKTepu3y-
erctr HLr3Kr{MLt U/Pb orHorueHvnrlavr, a Ha rpaQrrKe B

z08p61zo+p6

sM987
E

Y

44994-r
44999-2

M9r8-2 H. K.
B. K.

M.

34
45001-3

r3.0 r3.4 13.8 r4.2 14.6 15.0 r5.4 15.8

2o6p612o+p6

Puc. 8. Pb-nso'ronHbre AaHHbre AJrr rroJreBbrx rflflaroB B

Koopg rr H ar ax 2oB 
Pb Po 

4 PV20 6Pb 
l2o 

4Pb.

Kpunsre oBonroqIlfi cBrrHrIoB no P. 3aprvary, E. ,[oy
(Zartrnan, Doe, 1981).l-2- noJreBbre rrnarbr rr3 rpaHuTr.r-
3rrpoBaHHbrx nopoA: I -unrpor-nvr^,2- [JrarrroKJra3,3 -
rrJrarr.roKJrag rlg rnericos.
Ocranumre ycJroBHbre o6osHaqeHr.rr cM. puc. 7.

z07p61zo+p6

15.7

15.5

15.3

15.1

14.9

14.7
13

44 Nl
a2
r3

I

45005-3
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rpAHI4T r43 ATIVIq fIO P Otr AP)G I4CK Of O KO MIIJIE KCA 2t9

a
KoopAktHarax zD8PbPMPv2MPbl2o4Pb - e o6racrlr BbI-

coKlx Thru orHorueHufir (puc. 8). flolyrreHHble xa-

. paKTeprrcrr.rKll [peAnoJraraK)T HTDKHeKOpOBOe [po-
rrcxo)K1eHrre Pb ucxoAHblx rnericon. Jlnuut, annpoK-
crrMrlpyrcqat rotrKl,r Pb-ugoronHblx AaHHbIx
rroJreBblx rrmaroB I,I3 rpaHLITLt3rrpoBaHHbIX ruerlcon,
nepeceKaer KpLIByrc HaKonJrelafifl' Pb r"rantwra B Torr-
Kax co 3HarreHLIgMrr Bo3pacra2.Zu2.8 rvrnpA. let (no-
cJreAHflu Ha prrc. 7 ne norasana), rrro Haxo4trrcfl' B xo-
porrreM co orBercrBvrvr c p e3yn braraMrr onpeAe Jr eHvs'
Bo3pacra rlo qupKoHaM. Tpen4u gna Pb-u3ororlHblx
otnoureruffi MrrrMarlrroB Ha puc.7 ra 8 yraauBalor Ha

cMerxeHlte ApeBHero Pb (c Bo3pacrorur 2.8 wpl. {eD:
pa3BlrBaBrrreroct rprr HrI3KrIx U/Pb rd BblcoKrrx Thru
orHorrreHvItD(. B o6nacrn Hrurcterl Kopbl, c 6onee uo-
JroAbrM Pb (2.2 MJrpA. ner), sBoJrroqut Koroporo ilpo-
xoAr,rJra B ycJroBtrtx 6olee BbIcoKlIx U/Pb lr 6olee
Hrr3KI{x ThAI orHorxeHuft. flpw eroM Il3ororlHble or-
HorxeHl{t Pb noneBblx rrlaroB MllrMarrdroB Haxo-

\.,/A"ta" Ha KpIIBOTI narOnlerrns. Pb r"ranurvl, AJIfl. KoTO-

- pofi xapaKTepnrt 6olee BblcoKrre U/Pb orHorrreHrrt,
r{eM AJrt ropoA srorcteri Kopbl (pnc- 7). 9rlt AaHHbIe
He nporrrBoperrar rrpeAloJro)KeHrrro o roM, 'rto o6-
pa3oBaHrre noJreBblx rrrflaToB fpaHI{Tr43r'rpoBaHHbIX

rlopoA [poucxoArrJro npn go6aBJreHrrrr cBr'rHIIa MaH-

ruriHoro reHe3r{ca.

Hau6o;ree BblcoKrre Il3ororlHble ornorrreHwl ypa-
HOTeHHOTO I4 Hrr3KI4e - TOpOreHHOro cBr'rHrla xapaK-
TepHbI AJrfl rlJrarrroKJra3oB, BcJreAcTBrre qero TorrKa
cocraBa nJraruoKJra:a o6p. 45001-3 pacnoJraraercfl B

o6racrz rp_lrngfi HaKorrJreHufl' cBr4HIIoB Bepxuefi xo-
pu (pnc. 7, 8). BoeMoxaro, 3To cBt3aHo c nepecrpou-
rori Pb-Pb cucter"r rloJreBblx rrrrlaroB B rlpoqecce ilpll-
BHoca BepxHeKopoBoro cBrrHIIa B 6onee ro3AHee
BpeMtt, nocJre o6paroeaHrlt Ml4rMaruroB. Cogep>ra-
Hrre cBrrHIIa B MrrKpoKJrune o6urrHo Bblrrre' rreM B
nJrarrroKJra3e, nosToMy np[BHeceHssIrl cBrrHeII Aon-
)KeH s 6onr[efi creneHpl lI3MeHilTb Pb-usororrHble
orHolrreHvlg, B rlJrarrroKJra3e rro cpaBHeHr4ro c MrrKpo-

. I KJIIIHOM. I4SOtOnHsIrl COCtaB CB14Hqa II3 IIJIaTI4OKJIa-
V AA- ea o6p. 44994-L rapKe 6olee paAnoreHeH no orHo-

rrreHrlro K cBI4Hqy B MlIKpoKJIr4He, lt o6pasyer B coBo-
KylHocrn c WR rpeHA c o6parublM HaKJroHoM' rrro
TaK)Ke He rlpoTrlBopeqr{T npeAloJro)KeHr4ro o [epe-
ctpofire Pb-Pb cl{creMbl rlJrarrroKJra3oB s 6onee no-
sgnufi reproA no orHorueHuro Ko BpeMenu Qopr'rr-
poBaHI4rI fpaHrITIr3lIpoBaHHbIX nopoA.

flp" r,r3yrreHrrlr U-Pb cl{creMbl B IIHpKoHax I,I3 rlo-
pog KC|C (Hen n Ap., 1998) 6sua rloKa3aHa cyqe-
crBeHHat ponb co6rtrrafi cnero$eHHcKoro BpeMeHI{,

Bbr3BaBrrrux upeo6pa3oBaHrre ApeBHux U-Pb crrcreM.
HapyrueHl,re repMaJrbHoro u tr3ororlHoro paBHoBe-
ctrs, B ropoA ax QyHgarnrenr a fle'renrcrorl crpyKTypbl
cBr3brBaercfl c BHeApeHrreM MaccrrBon uopQupoBI'IA-
Hbrx rpaHlrroB Jrr,rrlKo-apary6croro KoMlJreKca B ee
socroqHorl gK3oKoHrax'roeolz qacrrl I{ MHoroquc-
JreHHbrx TeJr rpaHrrToB lr flefMar[ToB c Bo3pacToM
1765 * 2 umt. Jrer B nopoAbl apxerZcroro KoMrIJreKca

KCfC. Cornacno nueroulelZcx rlerpoJlorn'recrorf
MoAeJrrr, )KrrJrbHble [poI43BoAHbIe MaccrrBoB nopQn-
poBrrAHbrx rpaHkrroB flBJrtrorcfl ALISQepeHIIr4araMrr
aHareKTr{rrecKr{x BepxHeKopoBblx pacrlJraBon (Ber-
prftr14gp., 1975). BHegpeHrreM )KI{JrbHbIX TeJI cBeKo-

QeHHcrurx rpaHrrroB rr rlerMarlrroB, o6oralqeHHblx
Pb ra U, nepoxrHo, n 6ruro o6ycnowreHo upeo6pa:o-
BaHrre 6oree ApeBHr4x rl3ororlHblx ctlcren rHelrcos u
fpaHr4Tr43r4poBaHHbIX nopoA, Koropoe corpoBo)KAa-
Jrocb [prrBHocoM r43 rpaHprToB AoloJrHr4TeJrbHoro Ko-
JII{ITECTBA CBI{HqA, IIMEBIUETO CYqECTBEHHO BEPXHC-

ropon rrrl LlcrorrHr{K.

I43OTO[IbI |F.JTVTfl,IT AP|OHA B NOPOIAX
llgoronHsrri cocras 6raropoAHblx ra3oB B rlopo-

Aax 3eMHoIl xopsl rr MaHTura 3evrlu cyqecrBeHHo

PA3JII,IqEH, 
IITO IPEAOCTABIqET BO3MO)KHOCTb II3YIIE.

HUrr npoqeccoB MaHTrrrrHo-KopoBoro rr BHyTpuKopo-
Boro B3arrMoAeircrswfl, (Tolstikhin, Marty, 1998).
C erofi rleJrblo 6stlu onpeAeJreHbl KoHIIeHTParyllt
He, Ar vvtx I{3oronHrtri cocrar s 2-x o6pasqax roHa-
JraroBbrx rnerZcoe u 2-x o6paeqax rpaHrrrrr3r4poBaH-
Hbrx ropoA u3 pa3pe3a apxercKoro KoMflneKca
KC|C (ra6r. 6).

Meroqnra. Brtgelenlre ra3oB nporr3BoArrJrocb
MeroAaMu [JraBJreHvIfl vr gpo6nenut o6pazqon (Ka-
uencruul u Ap., 1984; ?IxopcxrarZ, Kauenctr:ilrf,r,1998),
qro rro3BoJrLIJrO OnpeAeJrr{Tb KaK cyMMapHyro KoH-
rleHTpaquro He, At, tar r,r coAep)KaHI,Ie ra3oB Bo

Qmor,rgHbrx BKJrror{eHrrtx. ?lsoronHsIfi cocraB [I KoH-
qeHTpaquu He n Ar l43MeptJrrrcb Ha Macc-creKTpo-
Merpe MVI-1201. tlynctBr{TeJrbHocrb no He u Ar co-
craBJrfler coorBercrBeHHo 5 x 10-s n3 x 104 A/ropp-t.
Kouqeurpa\vn lI3MepeHbI MeroAoM Bblcorbl nuKa c
rorperrrHocrblo 5%o (+16). Orulr6Kl'r rr3Mepeuns' rr3o-

Ta6lnqa 6. Co4ep)KaHrre He, Ar r orHorueHr.{rr tr3oronos He lr Ar s ilopoAax Konrcxoli cBepxrJry6oroli cKBa>KI{HbI

Hor"rep o6pasqa fnv6ltra, u 4He, cn3/r, 10-6 3He/aHe, lo-8 4oAr, cu3/r, 10{ +04'7364'.

40458

43993

44994

44987

10837

11815

12207

12207

32

r7.5

90

5.3

3.5

2.2

2.45

2.3

75

49

He onp.

>)

38000

32500

He onp.

flpuMeqaEne. O6p. 40458, 43 993_- Toqarrrrosr,re rEeicrr (He, Ar BbrAereEEI MeroAoM llnaenestrt), o6p. 44994,44981 - tpaw"rd-
3rrpoDaaELre Iropo[bl (Meroa apooneEltr.
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5-6 | <450

5{ | <450

54 | <+so
s-6 | 660

(fly6poncruft,1978)

377-386
49r-50r
4054r4
591402

(Stormer, 1975)

220

Ta6.rrnqa 7. Teuneparypbr

Horrlep o6pasqa

4500r-2

4500s-3

4e99-2(r)
44999-2(2)

Anroprr MeToAa

pII 3Harre-

=nx10*,
3HAIICHI4'I
enno. Xo-

JIOCTbIE OIIbITbI TIPOII3BOATIJINCb ABDKNbI B HEAEJIK) B
Tex )Ke ycnoBrlrrx, qro n amaJrn3rr o6pasqos. 3Haqe_
Hr,n[ xoJrocTbrx olbrroB cocraBJrrttu I x lO-e u 1 x
x 10-10 cu3 coorBercrBeHHo [Jrr aHe u36Ar.

Apzon. Berra.rzna oTHorrreHrfl a0ArF6Ar rore6-
JIETC' B

'zsron ;Jl."Tlffff;36Aruc 
HHoM y'uacrvu

BOAbr aTMOTeHHOTO npor{cxo)KAeHr4rr B npoqeccax
o6pa:onaHvrfl vr npeo6pa3oBaHr4r ropoA.

fenufi . Bce ueyreHHbre nopoAbr xapaKTepr43yrorcfl
Hrr3KrrMr4 coAep)<aHr,nrMrlr He - (5.3-90) x 10{ cvf fr u
BeJrltqr{Hori oruoruel,jILTs.3He/aHe = (2.2-3.5) x 10-s,

r{nn c AaHHbrMr{ kr3yseHvrfl rr3oTonr{r{ HepaAr,roreHHo_
ro cBLtHrIa B nopoE,ax 14 Mr,rHepaJrax, froKa3brBaK)rrlu_
MI,r Hanilr{r{e uanturinorl KoMrroHeHTbI B cocraBe
cBrlHrla u3 rroJreBbrx [rnaToB Mr,rrMarr{ToB. Oro Heco_
orBercTBr{e MorJro 6rrrr o6ycnoeJreHo, BeporrHo,
T43MEHEHI'ICM ICPBIIIIHbIX COOTHOIIIEUUfiI I43OTOIIOB
felufl B pe3yJrbTaTe rrocJreAyroqvx npoqeccoB rrpe_
o6pasoeaHr.rr ropoA.

CorlacHo AaHHbrM r,r3yrreHr{rr r,r3ororrHoro cocTa-
BA T OTHOIIIEHI{,I3Hela 

eri vacrn pae-
pe3a MorJrr{ 6rnr
o6yclonneHbr rrepepacflpeAeJreHr,reM reJrrrr c BbrpaB-
HI4BaHr4eM ero cce Me_
rarvrop$n3Ma_ c (Zxop-
cxufrttgp.,I99 osaHr,rr:r
corJlacyrcTcfl c gTrrMLr AaHHbrMVr, CBU\eTeJrbCTByro_
IIII4MII O CTI,IpaHI,IU [epBI{r{HbIX rvranrr.rrinblx MeToK
Lr3OTOrrHOrO COCTaBa feJrkrfl rrpll perr4oHanbHoM Me_
rauopQu3Me rropo4.

oE CnKAEHI,IE PE3yIIbTATOB
Kar cne4yeT r43 noJryr{eHHbrx AaHHbrx, cTpyKTyp-

HO-TeKCTypHaq v BerrIecTBeHHar HeOAHOpOAHOCTb
rpaHr4Trr3rrpoBaHHbrx n opog o6ycnoBJreHa cor{eraHr4-

BETPI{H, TOPOXOB CKI,II4

AByrroJreB orlrraToB oro paBHoB ecuL B rpaHr,rrr(3r4poB aHHbrX nop oAax

T, oC

424433
s39-s49

45L4'60
&946r

(Whitney, Stormer, 1977)

eM B I/X COCTaB€ pa3JII{qHbIX, He IIMeIOTTID( pe3Krry
rpaHrrrl fracrKoB: rseficoBoro cy6crpara, nonoo6-
pa3oBaHHbX nelh<oKpaToBbrx MycKoBr.rr-LmpoKJrr4H-
rcaprl-I{arlroKJra3oBbx rracTKoB rr IIpo)<r4nKoB arr_
nrrroB. BsanvrooTHorueHrrn ilopoA, a rarcKe coqera-
Hrre B Hr.D( pa3Hoo6paanbrx rpaHo6racrosrrx, Koppo-
3l{oHHo-MeracoMarr{llecKr{x, rrlnrrAtrouopeHo3ep_
Hr{crbrx n anJrorprrovropQHo3epHucTbrx crpyKTyp
rro3BoJrrror rrpeAnoJrararb cJro)KHru? rene3rrc Mur-
MarnroB. OnpegeJreHr4e reMnepaTyp KprlcraJrJrr,r3a-
rlr4r,r nopoA np orr3BoAr4Jrocb no ABynoJreB orrm aToBbrM
repMoMerpaM (Stormer,, 1975; Whitney, Stormer,
1977) c orleHKorl eerraquHbr AaBneHr{rr rro reorepMo-
6apouerpy M.Ii. fly6poncKoro (1978). Kar cneAyer
nz ra6n. 7, gtrx npeo6lagarcqefi qacTr4 rroJreBbrx
rrrrraToB rr3 rpaHr,rTr,r3ltpoBaHHbrx nopoA TeMnepaTy_
pa Kpr,rcraJrJru3arlnn He rrpeBbrruana 380460oC, uro
CyIIeCTBeHHo HLDKe TeMnepaTyp Kpt4cTaJrrrn3Arrytur
MarMarrrrrecKrrx rroJreBbrx rlrraToB npu p = 5_6 r6ap.
B o6pae ae 44999 -2(2) reMrreparypa rroJreBorrrraro-
BOIO paBHOBeCIIfl Arrfl 3epeH r43 rracTKa c aJrnoTptro_
vropQnoaepnucrofi crpyrrypofr Aocrr{raer
650-660"C pr npu6nroraercfl K 3HarreHr{rrM TeMrrepa-
Typ cy6colngycHoro paBHoBecurr MarMarlrrrecKrx
froJreBbrx ruraroB. flpmegeHHbre 3HarreHr4rr reMne-
paTyp rro3BoJrflrcT rrpeArroJro)Kr4Ts eopvrupoBaHve
npeo6naAaloqero KoJrrlrlrecrBa rroJreBbrx ulraroB
MrIrMaTr{TOB B pe3yJlbTaTe OTHOCVTeJIbHO Hr43KOTeM_
neparypHoro npeo6pa3oBaHr,rrr rropoA rneficonoro
cy6crpara c Bo3Hr{KHoBeHr{eM JroKaJrbHbrx oqaroB
rrJraBJreHrrrr 14 [ocJIeAyrcXIUMrr [epeMerrleHrreM u
KpilcraJrJrlr3ar[,rer? .racrra aHareKTrrrrecKux pacnJra-
BoB c o6pasoeaHueM arrJrrrroB.

flo g aunbrM tr3yr{ envrr MuHep anbHoro u xuMr{rre c-
Koro cocraBa rrpoqecc o6pasosaH[rl rpaHnru3r.rpo-
BaHHbrx [opoA rrpor4cxoArrn B ycJroBr,rrx [oBbrrxeHHo_
ro rroreHrlrraJra BoAbr, COr, P, F, B u conpoBo)KAaJrct
yBeJrrrr{eHlreM B nopoAax cy6crpara coAep>KaHlur
oJreMeHToB KaK craqepo$ralrnori (Cu, Ni, Co, Cr, V,
Ti, Fe), TaK r,r nuroQtrnrHoft rpynr (Rb, Ba, Nb, Zr,
P33, Pb). fIpoBeAeHHoe HaMr4 corrocraBJreHlre xrrMr.r-
qeCKIx COCTaBOB MIIIMaTVTOB I,I npOI43BOAHbrx pa3-
JII{r{HbIX f e OAr4HaMIIrrecKr{x pe)KI4MoB fIOKa3 aJIO, rITO
yKa3aHHbre oco6ennocrrr cocraBa rropoA nar,r6olee xa-
paKTepHbr AJUI nlenorrHo-6asanrroBbrx v xlerorrHbtx
MarMaTr{lrecKrry nporl3Bo[Hrx, QopMLtpoBaBrrrrxcfl B
reo4r{HaMruecKux o6craHosKzx BrryrplrrrJrr4THoro Mar-
MaTLBMa rr KoHTrrHeHTzLrrbHbrx puQroBbrx 3oH (feoxr.r-

Y
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' ]I./iVLAMarMaTlrsr\,ra, 1982; MarrvraTr4r{ecKrre ropHbre...,
1 9 8 7 ). B .racrno crvr, AJrs, qe JrorrHbrx ra cy6rqe JrorrHbrx
6asarrrtoe Hapqy c BbrcoKrrM coAep)KaHrreM Jrraro-

' SmbHbD( pepa,D( gneMer{ron - Rb, Ba, Sr, h,Y, TR -
xapaKTepHbr rroBbrrrreHHbre (ua yponHe oKeaHrrrrec-
rrry 6aeamroe) coAep)KaHux Fe, Ti, Cr, Ni, Co B rro-
poAax KzlrrueBofi n uarposofi rpyril, cpeAr4 Koropbrx
cyrlecrByror B3ar4MorrepexoAbr (feoxnrvrrrr MarMa-
TrI3Ma, 1982). YrasanHbre Bbrrrre oco6eHHocrrrr xr4Mr{-
rrecKoro cocraBa [pr4cyrrlr4 cy6ulenoqHbrM nopoAaM
rpaxn6asanrrosofi Sopr"raqru paHHeoporeHHoro
o rarra p a3Bnrns, fle.retrrcxori crpyKTypbr, Q oprrrorpo -
saeruerlcr B pe3yJrbrare BHyrprrnJrr4THoro puQrore-
He3a r4 pa3BrrBasueficx 6e: o6pa3oBaHkrq oKeaHr,rqe-
crorZ Kopbr (3aropo4nluZ, Pagvenro, 1983; Kpervre-
Heqrr,rrl n Ap., 1990). flopogrr cy6qenorrHoro
cocraBa, Bxogrrqrre B cocraB rpaxu6asanrroeori
(Marvrarlr3M, ceAuMeHToreHe3. . ., 1995) rrJrr,r MypKrr-
epr.rr-rpaxnrosofi Qopuaqna (CxyQrzn r Ap., 1986)

\-/ xye tctpBl,rHcK oft cepuu Ce_nepo - flerreHrcKor? s oHrr,

- npegcraBJreHbr rJraBHbrM o6paeorta rpuoraHge3araMr{,
Tpilo,raHgesrro6asarrbraMlrurpawt6a3arrbraMr{(Myg-
)Kr,reprrraw), npevrr o6pa3oBaHrrfl Koropbrx, rro AaH-
HbrM Rb-Sr MeroAa, orpeAeneno s 2214 + 54 rvrJrH. JreT
(Marvrau43M, ceAr{MeHToreHe3. . ., 199 5). flo oco6en-
Hocrfl M xr{Mr{rrecKoro cocraB a nopoAbr noBbr ruerruorTr
ocHo BHocrr4, BxoA fltrryre B cocraB rpaxv6as ar troeori
Qopua4na, 6ruaxlr K BHyrplrKoHTnHerrrzurbHbn"r 6 a-
3 aJr bTaM, xap aKTeprr3yroTcr oTHocuTe Jr bHo Hu3Kr{Mrr
co4ep)Karturnun Ca, Mg, Si n o6orarrleHbr Ti, Fe, Jrer-
KIIMI{ peAKo3eMeJIbHbIMII gJIeMeHTaMLt, B u Pb (flpe-
goecruul rr Ap., 1974; Maruarnsu, ceArrMeHTore-
He3.. ., 1995; CryQsnr n Ap., 1986). WcuregyeMbre
rropoAbr r{Meror BbrcoKoe coAep)KaHlre qeJro.reli c
ilepexoAoM oT HaTpzeBbrx K KaJrueBo-HaTpueBbrM r{
KaJrLreBbrM rrJreHaM rrerpoxlMr,rqecxoli cepun v pac-
cMarpltBarorcr rax rparinvre KarrvreBbre rrJreHbr cy6-
rrleJrorrHoro prga (flpegoncxnfi,Lr Ap., 1974). Bpenae-
Hn QoprurapoBanvrs. ropoA rpaxu6asarsronorl

. , QopMarlur4 rpeArrrecrBoBaJr AJrnrenbHsrri repuoA
\'/ cra6unn3a\nu reKToHrrqecKoro pe)K[Ma, o6ycno-

srasrurri H aKorrJr eHlre 3pe Jrbrx r Au++ epeHrlr,rpoB aH-
Hbrx nop oA o caAorrHofr (ryrepHepuHrio xcxori) cBrrrbr
Kyorcfl pBlrncrorTr cepvu, rrMe rcrrlr4x 6olrruoe cxoAcT-
Bo c cy6nnarQopMeHHbrrvm o6pa3oBaHkrflMur flTy Jrrrfl.
Kaperuu (flpe4oncxuir v Ap., 1974). Cra6utrla3a\vs.
TeKToHrrrre cKoro pe)Kr4Ma rpr,rBoAtrJr a K Q opr*np oBa -
Hrrro oqaroB cy6qelorrHbrx pacliraBoB, orBer{aro-
IIIux ilo reoxuMuqecKr4M xapaKTeprrcTrrKarr,r uanrurl-
HbrM npor/r3BoAHbIM (Mal}urarr43M, ceALrMeHTore-
He3. . ., 1995; Cry$rzH n Ap., 1986).

flp" paccMorpeHrrn Bonpoca o6 r.rcro.rHrKe Be-

- qecTBa B npoqecce rpaHrrTr.r3arv[r cJreAyeT yr{r4Tbr-
Barb cJreAyroqrre o6croqrenbcrBa:

rpaHr{Trrsa\ilfl 6ula nporBJreHa noKaJrbHo
- Jrrrurb rroq fle.reHrcrori crpyxrypofi rr B ee 6mt>xaft-

rlreM oKpyxeHvrv v IIo oTHo[reHuro K BMenlarcqr4M
MeraMopQuvecxzM rropoAaM npeAcraBJrflJra co6ori
pe3Ko HepaBHoeecHrrri rr He[3oxrrMrl.recKrafi [po-

qecc, conpoBo>xgarururlcx BbrHocoM Al2O3, CaO,
Na2O, npr,rBHocou SiOr, TiO2, Fe2O3, FeO, KzO vr pfl-
Aa gJreMeHToB-npnwteceir, xapaKTepHbrx AJrr ropoA
noBbrrrrennori rlenorrHocrr4 ;

- no Bo3pacry ra oco6enHocrrM xr4Mr{qecKoro co-
craBa rpaHr4Tr43rrpoBaHHbre ropoAbr 6rngKu cy6qe-
JrorrHbrM ByJrKaHr4TaM paHH etry tuitcKoro MerarlrrK-
Jra ceBepnofi soHsr fle.renrcrorl crpyKTypbr, MaH-
rvlhroe rpo[cxo)KAeHr{e KoTopbrx rroArrepKrrBaercfl
HI{3KI{MI4 3HarIeHI4tlMIlI I9pBIITIHOIO OTHOTOHI{fI
ttsrT*utr = 0.7035 (Marnaarusvr, ceArrMeHToreHe3...,
1995);

- rpaHr4Tr,r3lrpyrc[ryre Qmoragu r{MeJrr,r rny6zn-
nrrrZ reHe3rlc, r{To [peAnoJraraercfl. Ha ocHoBarrvrvr
rr3yqeHrrn B ilopoAax rr MuHepaJrax KC|C rr3oronHo-
ro cocTana Pb, npeAcraBJreHHoro cMecbro cBrrHrla r,r3
ApeBHero (-2.8 rnpA. ner) rHericosoro cy6crpara co
cBI4HIIoM vrannrrinoro reHe3vrca, [pr4BHeceHHoro B
nopoAbr oKoJro 2.2 vlpg. Jrer Ha3aA.

Haxo>xgeHrre ByJrKaHr4ToB KygrcrpBurncrori ce-
pwr il rpaHrrTu3r{poBaHHbrx rropoA Ha pa3Hbrx ypoB-
Hflx pa3pe3a eAr,rHoro cerMeHTa serwror;r Kopbr, cxoA-
crBo oco6esHocrefi ux cocraBa n 6rrwztcytf,t Bo3pacr
MOryT CB[AeTeJrbCTBOBaTb, KaK rrpeAcTaBJrfleTcfl, O
recnorZ cBfl3u uHvr\wr4poBaBrrrLtx grr,r nopoAbr npo-
rleccoB vranrlrrlnoro ByJrKaHrr3Ma I,r rpaHrdrrr3ar+,rr4.
feHerra.recKoe eAIrHcrBo ByJrKaHI,rroB r,r rpaH[Tr,r3rr-
poBaHHbrx ropoA ocHoBaHlrs paspesa KCfC nog-
qepKuB a eT cfl, yALt Br4Te JrbHO Cr4HXpOHHbrM tr3MeHeHrr-
eM B Hr{x KoHrleHTparlr4fi rraeHsrx u peAKr,rx gJIeMeH-
ros (pzc. 4).

Thnre roqlle cfl A aHHbr e reoJr oro -rreTponorrrqe cKo-
ro v3y'ueHkTt fle.renrcrori crpyKTypbr (Konrcraa
cBepxrJry6orar. . ., 1984; 1998; Maruarvsu, ce1v-
MeHToreHe3.. ., 1995) n ee oKpy)<eHvrs., a rarcKe pe-
3yn br arbr o Kclepr{MeHTaJrbHbrx }rccJreAoB atruit [po-
rleccoB rpaHrrrrrsarryru (Xapuxoe, 1986; 1996) rro3-
BOJTflTOT HaMeTZTb CJreAyrorlyrc reHeTr4rrecKyro
cxeMy.

Couacno Mogenn Sop,-np oBaHus, fle.renrr,r, BHe-
ApeHrle cy6qenor{Hbrx nopoA KygrcrpBlnrcxori ce-
pl,nr rporcxoArrJro 23-2.2 MrpA. Jrer Ha3aA r,r3 MaH-
rurinrrx oqaroB, o6paaonaHHbrx B pe3yJrbrare MaK-
cr4MaJrbHoro rroA'beMa nepxnefi rroBepxHocTr4
acreHoJrr{H3br. flocle n3Jrwrlavrfl 6agalrroB r4 Kprrc-
TaJrJru3arlnn upeo6JraAaroqero Konr4rrecrBa paclJra-
BoB B vranrurfnbrx KaMepax ocrarorrHbre MarMbr o6o-
rarrlaJrlrcb BoAHo -yrJr eKrrcJrofr Qn rongnorZ S asorZ, co -
Aep)KaHr4e KoTopofi nporpeccr4BHo yBeJrrrrrr4BaJrocb
no Mepe Kpr4craJrnrr3a\vvr pacrrJraBoe. BcnegcrBr4e
ITHKOHfpyeHTHOTO paCTBOpeHr,nr OCHOBHOTO-yJrbTpa-
ocHoBHoIo BerrlecTBa, HaxoArrrlrrecfl c Hr4M B paBHo-
Beclz;a Snrolrgrr o 6oralq aJlrr4cb Kp eMHe 3eMo M, rrle Jr o -
r{aMLI II 9 neMeHTaMV -npVIMe Cfl]o{VI, KOHIIeHTp aq[I,I KO -
Topbrx no Qnroragnou Qase B 3Har{r4TenrHori cTerreHLl
oilpeAeJrflIrvtcb vrx coAep)KaHvrsMvr B MaTepr4HcKr4X
pacrlJraB ax. flocre AocrrDKe :eiufl neryrrr4Mrr KOHTIeHT-
p alql.rv H acbrrrleH vrs,, 3 a\ae aeNaorl rJr aBHbr M o 6p as orra
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BEJII{IIIIHOII BHEIIHETO AABJIEHI,I'I, OTAEJIflBIIIUEC' OT
pac[JraBoB JreTyrrue QoprnrupoBaJrr{ noToKrr Qnrou-
AOB, HanpaBneHHbre rr3 MarMbr B KpoBJrrc oqara II
Bbr 3brB aBrxr{e [poqe ccbl rp aHr4Tu3 a\vvr nopoA Bepx-
Herl Kopbr, o6ycroBJreHHble ocDKAeHr4eM ns Qmou-
AOB rJraBHbrX r4 BTOpOCTeTTeHHbIX KOMTTOHeHTOB B pe-
3yJr br ar e na[ elJr4s. r,rx p a cTB opl4Mo cru npn yMe Hbrrr e -
HLIIM TeM[eparypbr vr AaBreHvrs.. 3ruuu )Ke

Sarroparwr 6srno o6ycronneHo, BepoflTHo, yMeHb-
ru e Hrre peA Ko e Jr e M eHTH or,r crr e qu a Jrvr3 arryvr rp aHLITr4 -
3r4poBaHHbrx ilopoA no HarrpaBJreHrrro K BepxHrrM rra-

crflM pa3pe3a Kopbr, flpu coxpalJeHuvr rJraBHbIX TeH-
genqzrl pac[peAeJreHurr gJreMeHTon nzroQznrnorZ n
crageposunrnori rpylln, cBoricrBeHHbrx rpaHurlr3rr-
poBaHHbrM rropoAaM ocHoBaHI'IA pa3pe3a rr BynKaHr4-
TaM KyercrpBlrHcKoft cepun (pnc. 4).

I{zpxynxr-u,rr MaHTr,nZurx Qnrcugoe 6rIr a o6rer -
rreHa s 6ore,e rperqrrHoBarbrx lr [poHr4rlaeMbtx nopo-
Aax BepxHeft .racru Kopbl I/t BAonb eon rny6uHHblx
pa3JroMoB, rreM n 6uro, BepotrHo, o6ycloereuo
yBeJrllrreHrre KoJrtIqecTBa rpaHrrTr,r3r,rpoBaHHblx rro-

POA s BepxHlrx qacTtx pa3pe3a apxelrcKoro KoM-
rrJreKca KC|C r4 B rropoAax ceBepo-Bocro.rHoro o6-
paMJreHr4r cKBa)KuHrr. BospacrHbre AaHHbIe AJIfl rpa-
HVrTrl3VrpOBaHHbrX nOpOA Lr3 OCHOBaHU' pa3pe3a
cKBDKIIHbI r4 "KpacHblx rpaHrrroB" ee ceBepo-Boc-
Tor{Horo o6p ar"rn eH[rr tlo 3Bo Jrtror orleHr,rrb AJrI{TeJrb-
Hocrb npoqecca rpaHurn3a\nu s 50-70 MJIH. Jrer.

BbIBOIbr
flopo4u apxeficroro KoMrIJreKca Konrcrori

cBepxrJry6orofi cKBilKrrHu 6stnu noABep)KeHbI rlpo-
qeccy nporeposofrcxofi rpaHurrrsar\latr, B rreM cocro-
vrr rlx orJrr{r{ue or rropoA oKpy)Kenras fle.renrcrofi
crpyKTypbr, coAep)Kalqrx He 6oree 2OVo MrrrMarr{-
ToB no3AHeapxeficKoro Bo3pacra. Konu.recrBo rpa-
HnTn3ZrpoBaHHbrx rlop9A MaKcrIMaJrbHo B ToHanvr-
TpoHAbeMLrTOBbrX rHeI{CaX rr yBeJrr,rrIl{BaeTcfl cHpl3y
BBepx or 20-30Vo s rnaircax 10-ori ToJruIr Ao 5F60Vo
B ropoAax2-ofit ronlqu. Ha uosepxHocrrr aHaJrornq-
Hbre MrrrMaTrrTbr Ir fpaHrrTorloAooHble llopoAbl xa-
paKTepHoro KpacHoro Ipera o6paeyror B ceBepo-
BOCTOrrHOrvr O6paMJreHr4rr fle.renrz noJrocy gnunorl
oKoJro 20 rrvr npu tur{putte 24 rrvr. BepxHt I Bo3pacT-
Har fpaHltqa AJrr "rpacutrtx rpaHrlToB", Bo3pacr Ko-
Topbrx orleHr,rBaercr s 2l5O MJrH. Jrer, reoJroruqecKrl
onpeAeJrreTcfl notBJIeHIaeM rlx oKaraHHrrx o6rovr-
KoB B rpaBeJrr{Tax rperbefi ocagowrofi ToJruIu tre-
rreHrcKoro KoMrrJreKca (3aropogHrrrl u Ap., 1964),
HIDKHI'TE qACTU KOTOPOTO MECTAMZ MIIKPOKJIIIHI43I{-
poBaHbr u 6uorurrr3plpoBanst. flo xt'rMrrrrecKoMy co-
cTaBy rp aHr,rTr{3rrpoB aH HbI e IlopoAbl ocHoBa}Ivlfl, p a3 -
pe3a KC|C oTJrrrqarorcfl or BMelrlarcqux ToHaJILITo-
Bbrx rHer?coe noBbrrrreHHbrM coAep)KaHI{eM TiO2,
KrO nplr noHrDKeHHoM coAep)Kanrara Al, Cau Na, yne-
JrrrqeHlru Aonr4 3aKlrcHoro )Kene3a u cyMMapHofo )Ke-
Jre3a rlo oTHorrreHI,IK) K CyMMe )KeJre3a n lt'dalHvrfl.
Bospacr rpaHr4Trr3rrpoBaHHbrx ropoA orpeAeJreH

B ETPI4H. f OPOXOB CKI4I,I

U-Pb MeroAoM rro qrrpKoHaM B 2225 MJrH. net (Bll6n-
KoBa n\p.,1993). flo cparneHrlro c rnerlcaMr4, B pac-
cMaTpuBaeMblx MrrfMaTLrTax ycTaHoBJreH [oBblrxeH-
nsrrl ypoBeHb coAep)KaHrlrr peAKrIx rr Jreryrr[x oJre-
MeHToB, oco6enno cyqecrBeHHo yBennrreHrre
coAep)KaHru Rb, Ba, Nb, Zr,P3?, Pb, Cu, Cr, Ni, Co,
V,F,PuCO2.

flp" rr3yrreHr{rl npoqecca rp aHrrr n3ar\wn ycraHoB -
JreHbr cJreAyroq[e ocooeHHocrrr [poqecca:

rpaHrlTlr3a\ufl. 6ura rpoffiJreHa JroKaJIbHo
Jrrrrrrb B ropoAax apxelicKoro KoMrrJreKca KCfC u s
6nnxafrureM oKppKeHrlrr lle.reurcroIl crpyKTypbl;
rro orHorrreH[ro K BMelrlarcuprl\,f MeTaMopQnvecxrar"r
nopoqaM oHa npeAcraBJrflna co6ofi pe3Ko HepaBHo-
secHrrrl rr Hera3oxnvrlr.recrrrl npoqecc c npr{BHocoM
SiO2, TiO2, Fe2O3, FeO, K2O u ptAa oJIeMeHToB-rIpr-
ueceft rurroQlrrsuoft rr cr,IgepoQnnrnofi rpyrr, xa-
paKTepHbrx AJrfl nopoA rroBblrrrerutoft uleJroqHocrr{;

- ro Bo3pacry (-2.2 MnpA. net) n oco6erurot 
^n - l-,xrrM[lrecKoro cocraBa rpaHlrrrr3rrpoBaHHble [opoAbl v

6lngrra cy6ulenorrHblM ByJrKaHr{TaM paHHexryntffi-
cKoro MeraqrrKJra cenepnori 3oHbI fle.renrcrofi
crpyKTypbr; cxoAcrBo cocraBoB rpaHETrr3npoBaH-
Hbrx [opoA r,r nyjkaru,IToB rloArrepKuBaercfl, curil(poH-
HbrM r/r3MeHeHr{eM B Hrlx KoHIlenrpargd rJraBHbIx rr
peAKrrx 9neMeHToB;

- rpaHr,rrrr3rrpyrcque Qnrougbl uMeJru, Bepotrrro,
rny6runrsrri renesuc, rrro ycraHoBJreHo rlpu tr3freHuu B

ropoAax r,r MrrHepaJrax KC|C rr3ororrHoro cocraBa He-
paporeHHoro Pb, [peAcraBJreHHoro cMecblo cBnrrqa
us rHerlcoBoro cy6crpara (-2.8 wpl. rer) co cBtrHrIoM
r"raHnfrnoro reHe3llca, [prrBHeceHHbIM B rlopoAbl
oKono 2.2 lr.np!,. Jrer Ha3aA.

flpe gnon ar aercr, rrro rp aH nrv3ar\ns, 6u I a o6yc-
JroBJreHa Snrongarnnr, orAeJulBrfirMucfl or orrara pac-
lJraBoB, MaTepr4HcKI,x AJIfl cyolqeJrorlHblx ByJrKzlHrrroB

KysrcrpBrrrcxorZ ceprrr4 neqeHrcKoro KoMrlJrerca. flo-
ToKrr SnrougoB, HarrpaBJreHHble Ir3 KprrcrzurJrlr3ylo
qeficx MarMbI B KpoBJrro oqara, BbI3bIBaJrrr [poqec- V
cbr rpaHlaTn3a\vrn ropo4 eepxnerl Kopbl, o6ycnon
JreHHbre oca)<AeHr4eM u3 SnIon4oe rJraBHbIx vl

BTOpOCTeIeHHbTX KOMIOHeHTOB B pe3ynbrare rlaAe-
IJrrfl, vrx pacrBoprrMocTll llprl yMeHblrreHrrr4 TeMnepa-
Typbr u AaBJreHr4u. Srrar',rr )Ke Qarroparwr 6uno
o6ycnonJreHo, BepoflTHo, yMeHbrxeHlle peAKoone-
uenrnorf cneqrraJr n3a\vvr rpaHurtl3tlpoBaHHblx rro-
poA no HanpaBJreHl{ro K BepxHlIM rracTtM pa3pe3a Ko-
pbr rrprr coxpaHeHLII{ rJraBHbIx TeHAeHIIUU pacrpeAe-
JreHufl, g Jr eMeHTor rurroSranrnorl n crrnepo Qunurofi
rpyrrrr, csoftcreeHHblx rpaHr4Tkt3I,rpoBaHHbIM rlopo-
AaM OCHOBaHTT' pa3pe3a rr BynKaHLITaM Ky9TCflpBLIH-
crofr cepvvr. BoapacrHble AaHHbIe AJrfl rpaHrrrrr3tlpo- s

BaHHbrx flopoA Lt3 ocHoBalJkrfl. pa3pe3a cKBa)KrrHbI rr
"xpacutrIx rpaHuroB" ee ceBepo-BocrorrHoro o6parr,r-
JreHI,'.fl.rro3BoJrflroToIIeHLrTbAJrI,ITeJrbHOCTbnpoqecca i
rpaHrrrrr3ar\vrkr e 50-70 MJrH. Jrer.

TonanraroBble nrer?cu n rpaHurtl3l,rpoBaHHble
nopoAbr xap aKTepn 3yrcTct HI{3KrrMlI coAep)KaE[trMvr
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- He - (5.3-90) x 104 clur3/r rr BeJrr{rrr{norl ontorxeHrltt
:He/4He - (2.2-3.5) x 10-s, Koropaz, npu6rrlzriKaercn
IIJIII HE3HAIII{TE JIbHO TIPEBbIIIIAET 3HAIIEHIIE OTHOIXE -
laprs. 3Hel4He B nopogax KoHTr4HenranrHort Kopbl
(-2 x l0-8). flosruxeHHble BeJrrrqr{Hbl orHorrreHrrrl
tl{elaHe n apxeficKr,D( rlopoAax 6surra o6ycnoureHbl,
BeporTHo, nepepaclpeAeJreHr4eM reJrrlt c BbIpaBHr-
BaHrreM ero I43oTOnHOrO COCTaBa r4 CTUpaHrreM rlep-
Br{rIHbIX r"ranrrarinblx MeroK rr3oTonHoro cocraBa re-
Jrvrs. B [poqe cce rporep o gortcroro MeraMopQusvra.

EnazodapHocmu. Anroprt 6larogapar
C.B. I4ropcxoro vr I4.II. Kavrencroro (fI{ KHII
PAH, r. Anarnrrt) :a BbIrIoJrHeHrre rrt3ororlHblx aHa-
Jrr{3oB He r,r Ar, M.A. Betpuny n A.A. fieneHullrrHa
sa cogeficrBr{e B rloJryrreHvrvt u o6pa6orKe rIepBI{q-
Hbrx AaHHbIX rr rloAroroBKe pyKonrrcu. VIcctregoBa-
sue 6rtno 6u HeBo3Mo)KHbIM 6ee nrc6e3Horo coAerZ-

crBrufl. corpyAHrlros H[II{ "KonbcKafl ceepxrny6o-^ Kafl" 0.fI. ClurnpHona v A.M. fy6eprnrana
'V(r. 3anonxpnslli). Anarus cocraBa peAKo3eMenb-

Hbrx sJreMeHToB Merolovr ICP-MS 6uJr BbIrroJrHeH

A>r. JIalAeHoM (CRPG-CNRS, r. Hancu, @paHqIar).

I.IccnedonaHun npoeodunucu npu Quuarucoeoit
noddepwrce P@@LI, zparum lrlb 99-05-65158, u fl6nn-
rcmcfl ercnadou s npoeKm IGCP-408: "Comparison
of composition, structure and physical properties of
rocks and minerals in the Kola Superdeep Borehole
(KSDB)and their homologues on the surface" .

CIII4COK JII4TEPATYPbI

Be.ourcoe A.8., Bamueea I,I.l. Bgarauocnt3b KopoBoro
rpaHr,rroo6pasonarurt c Bo3HtIKHoBeHr{eM runepcreHoBblx
accoquaqr,Ili (engep6unrsaquefi) nepBrltrHoKopoBblx ro-
HaJrrlToB ll PyaoreHe3 B MeraMopQuuecrux KoMIrJreKcax
gorel,r6pnx lfloa peg. flerpona B.f[. Anaturrt: Konr-
cxuirnayuuufi IIeHrp AH CCCP,l99l. C. 106-111.

Eu6urcoaa E.8., Bempur+ 8.P., Kupuosoea.B.A. u dp.

. , feoxpoHoJrorl,It I{ Kopperfr\nfl. rlopoA nux<neu qacru pa3-:\r/ pe3a Konrcrofi cBepxrJry6oroli cKBa>KLIHrI ll\orct. PAH.
1993. T. 332. C. 360-363.

Bempuru 8.P., Buuozpadoe A.H., Buuozpadoea f.B. flet-
poJrorut r.r $aquamno-Qopruralll4oHHblIi aHarrs JTTIIIKo-

apary6croro AI{opI{r-r'paHrITHoro KoMrIJreKca ll LIHrpy-
3rrBHbre rrapHoKnrrr u nopQupoBI{AHbIe rpaHrrru Kolr-
cKoro roJryocrposa lflog peq. Baruenotl V.A. Anarurrr:
Konrcruri nayvnrrfr IIeHrp AH CCCP,1975. C.149-316.

B uuozp ado e A. H . flpnpasnoMHble MeracoMarI,ITbI I I lpa-
Hr{TorrAHbre Qopr"rallun ceBepo-Bocroquofi'racur EanruIf -
cKoro r+{ra / floa peg. EenrKoBa VI.B. JI.: Hayxa, 1978.
c. 8195.

- feoxvrMtrfl MarMarrr3r'ra / flol peg. OnvrIHHI4KoBa JI.H.,
,[rvrurpeHro H.K. M.: Hayra,1982.224 c.

,\y6poecrcurt M.A. flnynonenouruaronuri r:eprrro6apo-
- Merp Anr MaFMaruqecKr{x nopoA ll \orcn. AH CCCP-

1978. T. 241. C. I 175-1 178.

Xapurcoe B.A. llpo6neuu rpaHl{Too6paeonaHux ll
Becrn. Mfy. Cep. 4. feororm. 1986. Nb 6. C. 3-14.

223

Xapurcoe B.A. Herioropble acrIeKTbI npo6ner'rbl rpaHLI-
roo6pasoBannn ll Becrln. Mfy. Cep.4. feonorru.1996.
}.e 4. C. 3-r2.
3aeopoduadt B.f ., Mupcrcaa I.n., Cycnoea C.H. feono-
n4rrecKoe crpoeHrre neqeHrcKoll ocaAorrHo-ByJrKaHoreH-
Hori cepun. M.-JI.: Hayra, 1964.208 c.

3azopodruuui 8.f., Padqeurco A.T. TerroHI4Ka paHHero
qorervr6pua Konrcroro norryocrpoBa. JI.: Hayra, J983.
96 c.

I,IrcopcrcuiL C.8., Ka.meucrcuil nJI. Me'rog gpo6nenux rop-
Hbrx nopoA rr MrrHepaJroB B cTeKJrflHHbIx aMrlyJrix [pr,r H3o-
ronHbrx rrccJreAoBamuflx 6naropogublx ra3on ll I5-fir cwrr.-

rro3rryM rro reoxrrMrrrr rl3ororloB. Ter. gorr. M., 1998.
c. 115.

I,Ircopcrcuil C.8., Kaueucrcurt nJI., Cuupuoe n.n. Vlso-
Tonbr r e ilvt. B pa3pe3 e Kon rcxotTr cB epxrJry 6oroli cKB DKr.r-
su ll[orn. PAH. 1994. T. 335. C.84-87.
Kaueucrcufi nJI., Toncmuxun IrI.H., Illaprcoe n.8., Ilytu-
Kap es n .n. flepnrre pe3yJrbrarbl lr3Mep enfifl. tl3ororlHoro
cocTaBa r.errv[ Ha oAHoKacKaAHoM Macc-crleKTpoMerpe
}r[VI-1201 llleoxuvruy..1984. Nb 3. C. 439143.
Konrcras cnepxrny6oKat. I,IccnegonaHr.Ie rny6r.rHHoro
crpoeHrrr KoHTrrHeHtalrHoti Kopbl c rloMoulrro 6ypenru
Konrcrori cBepxilry6orori cKBDKLTHrI / flol peg. Koanon-
cKoro E.A. M.: Hegpa,1984.49O c.

Komcrax cBepxrJry6orax. Hayvnue pe3yJrbrarbl rr orIbIT
rrccneAoBalrrfir I floq peg. Opnora B.fI., Ilanepona H.fI.
M.: TEXHOHEOTE|A3, 1998. 260 c.

Koprcuucrcufi tr.C. fpaHnrus a\vfl. KaK MarMarrrqecKoe
3aMerrleHue ll VIsn. AH CCCP. Cep. reoJr. 1952. Nb 2.
c. s6-69.
Kpeuerue4rcufi A.A., Jlanudyc A.8., Crcpa6un B.IO. leo-
Jroro-reoxnMrlrrecKr,re MeroAbt uy6lrnnoro nporHo3a rlo-
Jre3Hbrx rrcKorraeMux / fIoA peg. OnvIrHHI,IKoBa JI.H. M.:
Hayra, 1990.234 c.

Maruarra3M, ceAI,rMeHToreHe3 I4 reoAI{HaMrIKa fle'rerrr-
crori naneopraQrorennori crpyKrypu / fIoA peg. Mratpo-
QaHona O.fI., CuonrrraHa B.Q. Anatrlrrt: Konrcrnil na-
yvnrrir rleHrp PAH, 1995.258 c.

MaruamqecKue ropHble ropogbl. T. 4. Kucnrre u cpeA-
Hue nopoAu / flo4 peg. fpNloJrroKa B.8., Kosareuro B.I4.
M.: Hayra, 1987.374 c.

Hefuvtaprc JI.A., Jlapuu A.M., OequuuuKoea f.B. u dp.
Cnnnqono-rr3oronHble cBI{AeTeJrbcrBa apxefi cxoro ncrorr-
Hr,rKa BerrlecrBa B 3oJroropyAHblx Mecropo)<[eHutx 3oH

rvregogoricrolTr axruBl{3alryn roxnoti qacrrl Anqano-Cta-
HoBoro rqr,rra // fleryonorrt. 1996. T. 4. Nb 3. C.421_4135.

OeuuHuurcoea f.B., Mampeuuqee 8.A., Jlee'deHrcoe O.A.
u dp.U-Pb u Pb-Pb lr3oronHble rccJreAoBaHl{t KI4cJrbIx

ByJrKaHrrron Xaytanaapcrori 3eJreHoKaueHHorl crpyKTy-
prr, I{eurpturbHan Kapenru ll Ilerpoton(t. 1994. T. 2.

J.& 3. C. 266-281.
[Ipedoecrcufi AA., @edomoe X.A., Axuedoe A.M. feo>ca-
Mr{r nerreHrcKoro KoMrureKca lfloa peg. 3aropoAHoro B.f.
JI.: Hayxa, I974. I4O c.

CrcyQuun n.K., Ilywrcapes n.I., Kpaeverurco M.II. Byl-
KaHr.rrbr MyAxr{epl{T-Tpaxrrrosoli Qoprnraquu n fle'renr-
crori ByJrKaHoreHHo-TeKToHI,IqecKoti naneo genpeccuu I I
I4gs. AH CCCP. Cep. reon. 1986. Nb 1. C. 18-29.
Tefinop C.P-, Marc-Jleuuau C.M. KoHtuHenranbHat Kopa:
ee cocraB r{ eBoJrroquq. M.: Mnp, 1988. 384 c.

fpAHI{Tr,r3AUpIq IIOPOA APXEIICTOTO KOMTTJIEKCA

IETPOIO|I4fl torvr 10 Ne 2 2002



224

T o n cmuxun IrI . H . I4goronnar reoxr,rM \rr,. I e ilurfl., aproHa r4

peAKrrx ra3oB / flot pe4. flyruKapeBa IO.A. JI.: Hayxa,
1986. 200 c.

<Dop f. Ocronu rr3ororrHori reonoruu. M.: Mup, 1989.
590 c.

Veu fl.,\., Kpoy 7.E., Bempuu 8.P., Mumpo$aHoa <0.n.
U-Pb reoxpoHoJrorrrfl rropoA apxelicrori .racru pa3pe3a
Konrcroll cBepxrJry6orori cxnaruHu // Konrcras
cBepxrJry6orar. Hayvuue pe3yJrbrarbr r4 onbrr rrccJre-
AoBaHrrn / noq peg. Oprona B.fI., Jlanepora H.fI. M.:
TEXHOHEOTE|A3. 1998. 260 c.

Baadsgaard H., Collerson K.D., Bridgewater D. The
Archean gneiss complex of Northern Labrador. 1. Prelimi-
nary U-Th geochronology ll Canad. J. Earth. Sci. 1979.
v. 116. P.95r-961.
Ludwig K.R. ISOPLOT program USA Geol. Surv. Open-
File report 912. 199L 80 p.

Mahnes G., Minster J.8., Allegre C.-/. Comparative urani-
um-thorium-lead and rubidium-strontium study of the
Saint Severin amphoterite: consequences for early solar

BETPI4H, |OPOXOBCKI{I{

system chronology llEarth Planet Sci. Lett. 1978. V. 39.
Ne 1. P.14-27.
Moorbath S.,Taylor P., Goodwin R. Oigin of granitic mag-
ma by crustal remobilization: Rb-Sr and Pb-Pb geochronol-
ogy and isotope geochgemistry of the Late Archaean Qorqut
Granite Complex of Southern-West Greenland // Geochim.
Cosmochim. Acta. 1981. Y. 45. Nb 7. P. 1051-1061.
Stacey J.5., Kramers J.D. Approximation of terrestrial lead
isotope evolution by a two-stage model llEatn Planet. Sci.
Lett.1975.V.26. Nb 2. P. 207-221.
Stormer J.C.Ir. A practical two-feldspar geothermometer //
Amer. Mineral. 1975. V. 60. Nb 7/8. P.667474.
Tolstikhin 1.N., Marty B. The evolution of terrestrial volatil-
es: a view from helium, neon, argon and nitrogen isotope
modelling // Chemical Geology. 1998. V. 147.P.27-52.
Whitney J.A., Stormer J.C.1r. The distribution of NaAlSi3O8
in coexisting microcline and plagioclase and its effect on
geological calculations ll Amer. Mineral. 1977. V.62.
P.68749r.
Zartman R.E., Doe B.R. Plumbotectonics-the model llTec-
tonophysics. 1981. Nb 75. P.135-162.

v

CAano n na6op 16.11.2001 r.
OQcernar rrerrarb Ycn. ne.r. r.

floqnucano K rerraru 16.01.2002 r.
I4.0 Ycn. xp.-orr.Z-l rrtc.
Tupax< 189 ers. 3ar. 5406

@opuar 6yvrarr.r 60 x 881/,
Yq.-nsA. n.I4.9 Eyv. r. 7.0

CnuqerenrcrBo o perrrcrparluu Nb Oll0l74 or 4.02.93 r.
n MunncrepcrBe rreqarrr n nnQoprvrarluu Poccuricxori Oeqepaqupr

Yvpegurenu: PoccuftcKar aKageMuq HayK, Otgerenue reoJrorufi, reoSlrslrru, reoxr.rMrlr.r rr FopHbrx HayK PAH

Aqpec rr3AareJrr: 117997, Mocxna, flporpcoroauar yn., 90

Orue.rarano n fIfIfI "Tunorpa$ux"Hayra", 121099, Mocrua, Illy6unc<uir nep.,6

IView publication statsView publication stats


