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MWHEPAJILHBIE ACCOIIMAIIAN METAMOP®NYECKNX U
METACOMATHYECKHUX MOPOJ ! P-T YCJOBUSI METAMOP®U3MA
CEBEPO-KAPEJILCKOTI'O 3EJJEHOKAMEHHOTO MOSICA
(BOCTOYHASI YACTb BAJITUIICKOI'O LIIUTA)

Aszumos I1.A.

WUI'TA PAH, Cankr-IletrepOypr, Poccus, pavel.azimov@mail.ru

MINERAL ASSEMBLAGES IN METAMORPHIC AND METASOMATIC ROCKS AND
P-T CONDITIONS OF METAMORPHISM IN THE NORTH-KARELIAN
GREENSTONE BELT (THE EASTERN FENNOSCANDIAN SHIELD)

Azimov P.

Institute of Precambrian Geology and Geochronology RAS, St.-Petersburg, Russia, pavel.azimov@mail.ru

Cesepo-Kapennbckuii 3enenokamennsiii osic (CK3KII), pacnonoxeHHbIi B 30He cowreHeHns1 Kapeb-
ckoro kparoHa u beromopckoro moasmkHoro mosica (BIIIT) B Boctounoit wacti banruiickoro mura, chop-
MHUpOBaJICAd B Heoapxehckoe (JIOMMHCKOE) BpeMsi, HO, B OTJIMYME OT 3eJICHOKaMEHHBIX MOsicOB BHyTpH Ka-
PENBCKOTO KpaToHa, MPOJOKUI ¢BOE pa3BuTHe B mporepo3oe BMecte ¢ BIIII [1]. M3yuenne ero meramop-
(brgeckoit HBOTIONMN AAET KITFOY K MOHUMAHUIO HCTOPUH beroMopcKoro MmoIBMKHOTO MOsIica M BCEH BOCTOY-
HoM yactu banruiickoro mmra B naneonporepo3oe. CK3KII cnoxeH nmpenMyIiecTBEHHO CyNpaKpyCTaIbHbI-
MH TOpOJaMH (Pa3IMYHBIMH METaBYJIKAHUTAMH W META0CaJKaMH), IPOPBaHHBIMU OA3UTOBBIMU AalKaMu H
MacCHBaMH KaJMEBBIX TPAHUTOB. B Jonmuiickux mopomax W3BECTHBI PENUKTHI apXeWCKUX CTPYKTYp, HO OcC-
HOBHBIE Je(OopMallii B HUX MPOUCXOAWIN B TajeonpoTrepo3oiickoe Bpems [2]. Cpemn mMeTamopgruecKux
OO/ B psifie CTPYKTYyp mosica (XuzoBapckoil, Bununnckoit, Upuroropckoi, Yenozepckoii, PsboBapckoit u
JPYIHX) MMPOKO PA3BUTHI 30HBI OCHOBHBIX U KMCJIOTHBIX METACOMATUTOB (XU30BapuTOoB) [3-4].

OCHOBHBIE TUIIBI CYTIpaKpycTanbHBIX Topo B coctaBe CK3KII:

—KHCJIbIEe ¥ CpeIHUE METaBYJKAaHUTHI: OMOTHTOBBIE, IPaHAT-OMOTUTOBEIE, IpaHaT-OMOTUT-aMPHOO-
JoBbIe THEHCH (1);

—OCHOBHBIE METaBYJIKAHUTHI: MOHOMUHEPAJIbHBIE, IIarMOKIAa30Bble, IPAHATOBBIE, aKTHHOJIUTOBBIE
amdudonutsr (2);

—IapanopoAbl: OMOTHTOBBIE, TPaHAT-OMOTHTOBBIE W TPaHAT-KUAHUT-OMOTHTOBBIC THEHCHI, KBaple-
BbI€ METAKOHIJIOMEPATHI, CIIFOANUCTBIE CIAHIIBI, KBAPLHUTHI (3).

B sTix mopogax oTcyTCTByeT MUTrMaTH3anya U HanOoJee 0OBIYHBI MUHEPAJIHHBIE ACCOIMALINN:

(1): P1 + Qtz + Bt + Grt £ Crb (B xucnbeix meraBynkanurtax), Pl + Qtz + Hbl + Bt £ Grt +£ Crb (8
CPEIHUX METaBYJIKAHUTAX );

(2) Hbl £ P1 + Qtz, Hbl + Pl + Grt, Hbl + Act + Tc;

(3) P1 + Qtz + Bt £ Grt, Pl + Qtz + Bt + Ms = Grt, Pl + Qtz + Bt + Grt + Ky &+ Ms + St (B penukrax),
Qtz + Ms + Bt + Grt.

OTH accoluanyy, NposiBIeHHbIE Ha BCEM npoTsbkeHnn CeBepo-Kapenbckoro mosica, OTBEUaIOT cpell-
HeTeMIIepaTypHbIM cyOdanuaM aMm(prOOINTOBOM (hariny MOBBIMIEHHBIX JTaBIeHNH. B mopogax npucytcTBy-
10T TIPOSBJICHUS] PErPECCUBHOTO MeTaMopdu3Ma (OMOTUT-IUIATMOKIIA30BbIe KaMBI IO TPaHaTy, XJIOpUTH3a-
st 6noTuTa U amQubona, CEpULUTH3ALUS U COCCIOPUTH3ALUS [UIarMoKiIa3a 1 Ap.), HO OHU Pa3BUTHI JIO-
KaJIbHO ¥ HE MEHSIOT 3HAUYNTENIFHO OOJIMK M MUHEPAJIBHBIN COCTaB IMOPOJ.

MeTacoMaTUThl (KUCIOTHBIE U OCHOBHBIE) MPUYPOUYCHBI K CBEKO(QEHHCKUM CIIBUTOBBIM 30HAM.
KucnotHele MeTacOMaTUTHI coiepKaT U30BITOUHBIN KpeMHe3éM u oboramensl Al, Ti, nunorna B, pexe
K, Fe. B TeutoBbIx 30Hax oTcyTcTByIOT Na, Ca, Mg. /5 KUCIOTHBIX METAaCOMAaTHUTOB XapaKTEePHBI ClIe-
JyIOIL[Me MUHEpaJIbHbIE acconManuy ThUIoBBIX 30H: Qtz + Ky + Ms, Qtz + Ky + Grt + Ms, Qtz + St +
Ms , Qtz + St + Grt. O6srunsl Takke Tur, [Im, Rt. Hepenko Berpedarores cynsduast (Pyr, Pho, Cpy u
ap.), Mag, rpadgur. B nepeoBsIXx U NPOMEXYTOUHBIX 30HAX METACOMaTUTOB YacTO IPUCYTCTBYIOT Bt,
oecmenounas Hbl (Ts), ocHoBHO# Pl (An), ormewaercs accommarust Ts + Qtz + Ky. B ocnoBHBIX Ca-
Mg meracomatutax xapakTepHbl Ts + Ath £ Dol + Tc, Ts + Ath + marnesuansubiii St = An + Chl £
Spl, mpucyrcrBytor Czo, Scp, Tur, B mo3nqHUX 30HAaX KUCIOTHOrO BhiLlenaduBaHus HaOmomaerca Ky.



B sxene3ucTrIx MeTacoMaTUTaxX MPUCYTCTBYIOT maparene3ucsl Bt + Cum + PI + Qtz, Grt + Cum. Turmo-
MOP(HBIMH SIBISIOTCS BCTPEUAIOIIUECS B MPOMEKYTOUYHBIX 30HAX KHUCJIOTHBIX M THUJIOBBIX 30HAaX OC-
HOBHBIX METaCOMAaTHTOB acCOLHAlNH POTOBOH OOMAaHKH CO CTaBPOJWUTOM M, B MEHBIIEH CTENeHH, C
kuaHuToM. OnucaHHbIle MUHEpaJIbHBIE acCOLMAIlMM B METaCOMaTUTaX OTBedyaloT TeM ke P-T ycnoBu-
sIM, YTO acCOLMAllMM BO BMEIIAIOIIMX Nopodax. BropuuHsle MuHEpasbl, pasuBaroImuecs B X0J€ per-
PECCUBHBIX U3MEHEHUH, IPUCYTCTBYIOT B HEOONBIINX KOJIMYECTBAX, YTO yKa3bIBaeT Ha (OpPMUPOBAHHE
METAaCOMAaTHUTOB B yY3KOM HUHTepBasie P-T ycnoBui.

BaszuroBrie (rabOpoBbIe) NaiiKu, CEKyLIHe CYNpaKkpyCTalbHbIE MOPOIBI, MeTaMOp(pHU30BaHbl H30(a-
LUaJbHO ¢ HUIMHU U UCHBITAJIM COBMECTHBIE Ne(OpMaLi, MECTAMU OHM TaKXe HOABEP)KEHbl METaCOMAaTH-
YeCKO# mepepaboTke, CXOMHOH ¢ mepepaboTKOi BMEIIAOIIHX JAHKH TTOPOI.

AHanornyHble MUHEpaJIbHBIE acCOLMAIMK HAOIIONAIOTCS B CYNPAaKpyCTAIBHBIX TMOPOJaX M pa3BH-
TBIX IO HUM MeTacoMaTHTax NpHUMBIKarolel k cesepo-3anagHoi yactu CK3KII nmaneonporeposoiickoit
Kykacozepckoit cTpyKTypBl, Takke MeTaMop(hU30BaHHBIX B CpeIHETEMITEpaTypHOH aM(puOOIUTOBON CyO-
¢dauuu. Xapaxrepnas uepta — cxoactBo meracomarutoB CK3KIT n Kykacoszepckoii CTpyKTypsl HE TOJIBKO
10 COCTaBYy, B TOM YHUCJIE ¥ 10 MUHEPAJILHOMY, HO 1 [0 MUKPOCTPYKTYpaM U TEKCTYpaM.

Metongom TWEEQU ompenenenst P-T ycnous meramopdusma Grt-Ky-Bt rHeiicoB 1 KHCITOTHBIX
METacOMaTHTOB BWHUMHCKOW CTPyKTyphl, MeTacomatn3npoBaHHbeIX Grt-St-Ky-Bt-Ms cianneB u Grt-Ms
(penrnr)-Qtz meracomaruToB Kykaco3epckoit CTpyKTypHI (cM. Takxke (A3UMOB U Ap.) B HACTOSIIEM cOOp-
Huke). Jlns Bcex mopoy nonmydeHs! 3HaueHust 600-650°C u 7-8 x6ap. [lonmyueHHbIe 3HAYEHHS COBMAIAIOT C
YCIIOBHSIMH CBEKOGEHHCKOTO MeTaMmopdu3ma B UynmnHCKOM maparaeiicoBom mosice [1].

7 KNaHUTOBBIX THEWCOB M KUCIOTHBIX METACOMAaTUTOB BUHUMHCKON CTPYKTYpPHI MOIYUYEHBI MPEJI-
BapuTeNbHBIE JTaHHBIE JaTUPOBAHMSA MO METaMOpPPHUUSCKHMM MUHEpajaM, yKa3blBaloIllde Ha CBeKO(eHH-
cKuil Bo3pacT Metamopduszma u Mmeracomaro3a. CBeKo(eHHCKUH Bo3pacT MeTaMop(H3Ma yCTaHOBJICH TaK-
ke Jutst mopoa Kykacosepckoit cTpyKTypsl (cM. (A3HMOB U JIp.) B HACTOSILEM COOpHUKE).

CBs13b MUHEPAJIbHBIX ACCOLMAIMN € TaJe0NpOTEPO30UCKUMHE (CBEKO()EHHCKUMH) CTPYKTYPaMHu, pas-
BUTHE aHAIOTUYHBIX aCCOIHAIMN 10 apXelcKoMy U mpoTepo3oiickomy cyocrpary (B mpeaenax CK3KII u
Kykaco3epckoii CTpyKTyphl), HUTOKEHHE MeTaMophr3Ma Ha IPOTEPO30HCKIe 0a3UTOBBIE JaiiK1, COBIIAIC-
Hue yciosuii Meramoppusma B CK3KII u cBekodpenckoro Mmeramoppusma B UynmuHCKOM MaparHeicoBOM
1osice, HAKOHELl, IIPeIBAPUTEIILHBIC JaHHbIE TaTUPOBAHUS METAMOP(PUUECKUX U METACOMaTHIECKUX MUHE-
painoB moka3sbeiBarotT, uTo CeBepo-Kapensckuii 3eIeHOKaMEHHBIH TMosic ObII, coBMeCTHO ¢ Kykacozepckoit
crpykrypoii u npuneratomumu Kk CK3KII ¢ Bocroka noponamu BIII1, Mmeramopdu3oBaH B yclIoBUsX cpel-
HeTeMIepaTrypHbIX cyOdaunii aMmpuOoInTOBON (ally MOBBILIEHHBIX AaBJICHUN B CBEKO(EHHCKOE BpEMs.
Metamopduzm ObuT ipakTHUeckn ogHOpoaeH B npenenax CK3KII u mpunexammx ctpykryp. PenukroBbie
acCOIMAIMH, KOTOPBIE MOKHO OBIIIO OBI CBSI3aTh C O0Jice paHHUM, HEOAPXEUCKIM, METaMOP(hU3MOM, HE yC-
TaHOBJIEHBI, XOTs CyllecTBOBaHHE Takoro meramopdusma B mpenenax CK3KII mokaspiBaercss Hamuuuem
PENUKTOBBIX HEOAPXEUCKUX CTPYKTYP [2].

Pabota vactnuno moanmepskana rpanrom HII-3533.2008.5.

The North-Karelian Greenstone Belt (NKGB) is located in the junction zone between the Karelian
craton and the Belomorian Mobile Belt (BMB) (eastern part of Baltic (Fennoscandian) Shield). It was
formed during the Neoarchean (Lopian) time but, unlike greenstone belts within Karelian craton, was
evolved during Proterozoic together with the BMB [1]. The investigation of the metamorphic evolution
furnishes the clue to Palaeoproterozoic history of the BMB and the eastern Baltic Shield. The NKGB is
dominated by supracrustal rocks (various metavolcanites and metasediments), intruded by basite dykes and
massifs of potassic granites. Relics of Neoarchean structures are found in Lopian rocks, but prevalent
deformations happened in Palacoproterozoic [2]. The zones with basic and acid metasomatites (hisovarites)
are widespread in some structures (Hisovaara, Vincha, Iringora, Chelozero, Riabovaara, and others) of the
NKGB [3-4].

Main types of supracrustal rocks for the NKGB are:

—acid and intermediate metavolcanites: biotite, garnet-biotite, garnet-biotite-amphibole gneisses;

—basic metavolcanites: monomineralic, plagioclase, garnet, actinolite amphibolites;

—metasedimentary rocks: biotite, garnet-biotite and garnet-kyanite-biotite gneisses, quartz
metaconglomerates, mica schists, quartzites.



Those rocks have no evidences for migmatization. The most typical mineral assemblages are:

(a): PI + Qtz + Bt = Grt + Crb (acid metavolcanites), Pl + Qtz + Hbl + Bt = Grt + Crb (intermediate
metavolcanites);

(b) Hbl + P1 + Qtz, Hbl + P1 + Grt, Hbl + Act + Tc;

(c) P1 + Qtz + Bt = Grt, Pl + Qtz + Bt + Ms + Grt, Pl + Qtz + Bt + Grt + Ky + Ms (£ relic St), Qtz +
Ms + Bt + Grt.

These assemblages occurs along the whole North-Karelian Belt. They displays metamorphic
conditions corresponding to middle amphibolite facies at kyanite-sillimanite facial series. The petrographic
study reveals manifestations of the retrograde metamorphism (biotite-plagioclase rims after garnet,
chloritization after biotite and amphibole, sericitization and saussuritization after plagioclase, and so on).
However these manifestations are enough local so there are no essential change of the rock appearance and
mineral compositions.

Metasomatites are related to Svecofennian shear zones. Acid metasomatites contain abundant silica
and are enriched with Al, Ti, somewhere B, rarer K, Fe. Na, Ca, Mg are lacking in inner zone. Typical
mineral assemblages of inner zones in acid metasomatites are: Qtz + Ky + Ms, Qtz + Ky + Grt = Ms, Qtz +
St + Ms, Qtz + St + Grt. Tur, Ilm, Rt are usual accessory minerals. Other minor minerals are sulfides (Pyr,
Pho, Cpy, and others), Mag, graphite. The outer and intermediate zones of metasomatites may contain Bt,
alkalineless Hbl (Ts), basic P1 (An), as well as assemblage Ts + Qtz + Ky. Typical assembages in the basic
Ca-Mg metasomatites are Ts + Ath + Dol + Tc, Ts + Ath + magnesian St + An + Chl £ Spl. Some
metasomatites contain Czo, Scp, Tur. The usual mineral in later acid leaching zones is Ky. Ferruginous
metasomatites are composed of Bt + Cum + PI + Qtz, Grt + Cum. Common assemblages for intermediate
acid and inner basic zones are hornblende + staurolite, and hornblende + kyanite. The listed metasomatic
mineral assemblages in are in agreeing with metamorphic P-T conditions for surrounding rocks. Secondary
minerals forming during retrograde stage exits in small quantities. This indicates the narrow P-T range for
metasomatism.

Basite (gabbro) dykes were metamorphosed and deformed together with host supracrustal rocks.
Somewhere basites were metasomatised like host rocks.

Analogous mineral assemblages are observed in supracrustal rocks and metasomatites of the
Palaeoproterozoic Kukas Lake structure which adjoins to north-western part of the NKGB. The rocks
composed the Kukas Lake structure are metamorphosed also in middle amphibolite facies. The
characteristic feature is resemblance between metasomatites of the NKGB and the Kukas Lake structure.
This resemblance is not only in composition (chemical and mineral), but also in textures.

Using TWEEQU technique we determined metamorphic P-T conditions for Grt-Ky-Bt gneisses and
acid metasomatites from the Vincha structure, metasomatized Grt-St-Ky-Bt-Ms schists and Grt-
Ms(phengite)-Qtz metasomatites from the Kukas Lake structure (see abstract by Azimov et al. in the
present volume). All rocks display P-T values in ranges 600-650°C and 7-8 kbar which agree with
conditions of the Svecofennian metamorphism in the Chupa Paragneiss Belt [1].

We have preliminary age data for the metamorphism of kyanite gneisses and acid metasomatites in
the Vincha structure. These data point to the Svecofennian age for metamorphism and metasomatism. The
Svecofennian age of metamorphism is ascertained also for the Kukas Lake structure (abstract by Azimov et
al. in the present volume).

Attachment of the metamorphic mineral aseemblages to the Svecofennian structures, appearance of
similar assemblages after Archean and Proterozoic protolith (within the NKGB and the Kukas Lake
structure), metamorphism in the Proterozoic basite dykes, coincidence of the metamorphic conditions for
the NKGB and the Chupa paragneiss belt, finally, preliminary data on age of metamorphism and
metasomatism demonstrate that the North-Karelian Greenstone Belt, conjointly with the Kukas Lake
structure and western part of the BMB, was metamorphosed at middle amphibolite facies during the
Svecofennian time. Metamorphism was nearly uniform within the NKGB and adjacent structures. Relic
assemblages originated from the Neoarchean metamorphism have not been found. However such early
metamorphism within the NKGB is corroborated by Neoarchean structures [2].

The work is partly supported by Russian State Grant SS-3533.2008.5.
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B BocTouno#t wactu Kykacozepckoit ctpykrypsl (CeBepHas Kapenus) coxpaHunachk cTpaTurpagu-
YyecKasi IpaHula MEXy JOMUHCKUMHU (HEOapXeHCKUMHU) U CYMUUCKUMH (IIaJIEONPOTEPO30HCKUMH) CYTI-
pakpycranbHbIMA TIOpoaamu [1]. Pa3pe3 cymus Haumnaercs 3mech ¢ mpocios Grt-Ky-St-Bt-Ms-Qtz
CJIaHIIEB MOIIHOCTHIO JI0 15 M, 3ajeraroniero ¢ yriaioBbIM HECOTJIaCHEM Ha JIOMUHCKUX MEeTaMOp(pHU30BaH-
HBIX 1 METacOMaTU3UPOBAHHBIX MeTaByiKaHUTax [2]. CiaHisl cnabo nedopMUPOBaHbl U ABISIOTCS XO-
pomuM OOBEKTOM AJISl TEPMOOAPOMETPHUECKOTO U T€OXPOHOJOTHYECKOr0 M3ydeHHUs. OTO KpYyHHO- U
CpeIHEe3epHUCThIe TIOPOIBI C TIOJIOCYATON MK MATHUCTON TekcTypoid. Cironsl (Ms u Bt) BMecte ¢ kBap-
ueM (Qtz) cnararot marpuiy nopoasl. I'panar (Grt), kuanut (Ky) u craBponut (St) 00pa3yroT HECKOIb-
ko reHepanmii: Grt — (1) menkue u (2) kpynHble moppupodIacTsl (BTOPBIE — C MHOTOYHCIIEHHBIMHU BKITIO-
yeHussMu), St — (1) penukTs B KpyMHBIX mopdupobiactax rpaHara, (2) MeITKHe KpPUCTaJUIBl B MaTpPHIIE
noposl u (3) peakue nopPpupodIIacThl ¢ BKItOUeHUAMHU KBapia, Ky — (1) npusmMaTiudeckue KpUCTaJLIbI B
Matpuue, (2) peakue noppupodnactsl u (3) kpuctaniasl BMecte ¢ Qtz B cocTaBe KailM BOKPYT OONBIINX
3€épeH rpanara. [lnarnoknas (Pl) B moposne BecbMa peok U BCTpedaeTcs B BUIE PEIMKTOBBIX BKIIOYEHUN
B KPYMHBIX 3épHax rpaHara. B mopose mupoko pacnpocrpanensl pyTui (Rt) u unemenut (Ilm). U3penka
orMeuaroresa 3€pHa xexpura. B.M. Kopocos [1] paccmarpuBan 3Tu ClaHIBl KaK METaMOP(PHU30BAHHYIO



KOpY BBIBETPHBAHUS JIOMUICKUX METAaBYJIKaHUTOB, HO TEKCTYPHBII U MapareHeTHYEeCKU aHau3 U U3y-
YeHUE COOTHOIIEHUH CIIAHIIEB C COCETHMMH MOPOJAMHU YKA3bIBAIOT, YTO OHH SIBIISIIOTCS METAaCOMAaTH3H-
POBaHHBIMH ITapaNIOPOAaAMH.

Beimie mo paspe3y MeramopQu30BaHHbBIC BYJIKaHOT€HHO-OCAJIOYHBIE TOPOJBI CYMHS BMEIAIOT Tela
KBapLMTOB U cmoauToB ¢ Ms, Ky, St, Grt, Ts-Hbl (depmakutoBoii poroBoit 0OMaHKoOi) U An (aHOPTUTOM).
B stux mopomax MyCKOBUT MMEET CBETJIO-3eNIEHBIN I[BET, a 1Mo cocTaBy (10 3.40 aT. ex. Si) oTHOCHTCS K
tderarutam (Phg). @enrur-coneprkamme KBAPIUTH U CIIOUTHI SIBISIIOTCS METACOMATUTAMH, Ha 9TO yKa3bl-
BalOT OTYETIIMBAsE MUHEPAIbHAS 30HAIBHOCTh C PEAKIIMOHHBIMU B3aMMOOTHOILEHUSMH MEXy 30HAMH U
MPUCYTCTBHE XapaKTepHbIX 11l MeTacomaruToB naparene3ncos (Ts+St u Ts+Ky; An B OoraTeix kBapiem
nmoponax). Ha meracomarnieckyio mpupoay (eHTHTOBBIX CIAHIIEB MOXKET YKa3bIBaTh M BHICOKOE OTHOIIE-
mue 'V'Sm/'*Nd, merumuuHoe 115 0cag0uHBIX 110poj. DOPMHPOBAHHME 30HANLHOCTH B XOJE CKIIAMYaThIX
nedopmanuii (IO3HKE 30HBI NApaIENbHBI OCEBBIM MTOBEPXHOCTSIM CKIIAZ0K, a B 3aMKaX 3THUX CKJIAJOK Ie-
peceKaroT paHHUE 30HBI) M HAJIMYME PETUKTOB paHHUX MapareHe3ucoB B OoJiee MO3IHUX 30HAX YKa3bIBAIOT
Ha CBS3b METACOMATO3a C PETMOHATIBHBIM MeTamopduzMomM. Haubosnee kpymnmHoe Teno (pEHrUTOBBIX MOPOJ
HMeeT MOIIHOCTh OKosIo 20—25 M U mpoTsbkEHHOCTE Oostee 60 M, o6aagast ApKO BHIPAKCHHOW 30HAJIBHO-
CTBIO, TIPOSIBJICHHOM B BHJIE MOJIOCYATON TEKCTYPHI C TIOJIOCAMH Pa3IMYHOTO MUHEpAIBHOTO cocTaBa. Cpe-
IV TTapareHe3ucoB MPeodIaaaoT:

Qtz + Ms + Grt; Qtz + Ms + St + Ky; Ms + St + Ky; Hbl + Grt + Qtz; Qtz + An + Ts + Ky;

Qtz + St + Ky + Grt; Qtz + Hbl (Ts) + St + Ky + Grt; Grt + Hbl + Qtz.

IlepenoBsie MeTacomaTuueckrue 30HbI copepkaTt Hbl, a TeutoBsie — Phg-Qtz maparenesucsr ¢ Grt
u/unu Ky. IIpu metacomato3e u3 mopojsl BeiHOocwinch Na,O u ocHoBanus (CaO, MgO, B MeHbIeH
crenenn FeO) u npuBHocunuch K,O n Si0;. Ky u Ms BO3HHKIN B pe3yJibTaTe HAKOIICHUS! HHEPTHOTO
ALO;.

TepmoOapoMeTpuuecKulil W maparcHeTUYeCKUi aHanu3 OazanbHbIX Grt-Ky-St-aByCITioasiHBIX
CIIaHLIEB CyMHMsI MTOKa3ajl, YTO OHH (OPMHUPOBAIUCEH B X0JI¢ IPOTPECCUBHBIX peakUuii BOTU3M MHKA Me-
tamopdusma. [lo aBym maparenesucam (Qtz—Pl-Bt—Grt—Ky—Rt-Ilm ¢ penmukTOBBIM MIarnoxiazoM u
Qtz—Bt—-Ms—Grt—Ky—Rt-Ilm) ms aux ycranosnensl 3HaueHus P-T mapamerpoB popmuposanus: 620-
650°C u 7-7.5 kbap, 4TO OTBEYAET CpeqHETeMIIepaTypHOil aM(puOOIUTOBOH (anuy MOBBIIICHHBIX J1aB-
nenuii. Meracomarnueckne Grt-Phg cmanmner (maparenesuc Qtz—Phg—Grt—Ky-Ilm—Pl-Rt) obpazoBa-
TuCh TIpHU Tex ke 3HadeHmsIX (600-650°C u 7-8 xbap) TemMnepatrypsl U JaBICHHS, TO €CTh TOXKE Ha MTUKE
MeTamoppuzma. OTMETUM CXOAMMOCTBH PE3YyJbTaTOB IO Pa3HBIM MOpoAaM W mapareHe3ucam. [lomy-
YeHHbIE 3HaueHHs yTOuHsI0T P-T mapameTpsl, onpeaenéHHble A MOpPOJ 3TOTO paiioHa paHee [3-4] u
COBIAJAIOT C OMpeAeNEHHBIMA HaMU 10 MeTacomatutaM CeBepo-Kapeabckoro 3eleHOKaMeHHOTO TOs-
ca (cM. HACT. COOpPHUK).

Jns ouenkn Bo3pacta meramopdusma rpanat u3 Grt-Ky-St-nsycmogsueix 1 Phg cnanues cymus
0b11 poananm3upoBaH Pb-Pb (Grt-Ky-St-nmBycmroasasre cinanmpl) 1 Sm-Nd merogamu. Ilockoisky ycra-
HOBJICHHASI TeMIIepaTypa MeTaMopdu3Ma HIKe Temneparypsl 3akpbITust U-Pb 1 Sm-Nd u30TOMHEBIX cHc-
TEM B rpaHaTe, TO MOJy4YCHHBIE 3HAYCHUSI BO3pPacTa OTBEYAIOT MOMEHTY MeTaMopdH3Ma U METacoMarosa.
CBuHel B rpaHate sBISETCS IPEUMYILECTBEHHO paguoreHHbM. C yuérom moaenu Craiicu-Kpamepa Pb-Pb
Bo3pact rpanata paBeH 1906 muH. 1et. Sm-Nd merox st map WR-Grt gaér coBnanmaromniye 3Ha4€HHS BO3-
pacta st Phg u Grt-Ky-St-aBycnroasaoro cinanies: 1813+61 mutn et u 1885+£29 MitH €T COOTBETCTBEH-
HO, B IpezAesax morpemHoctu onuskue K Pb-Pb Bo3pacTy rpanara. DTo mo3BoJsieT HaM MPHHATH 32 MO-
MeHT TKa Metamopdusma Bpems 1.89-1.90 mupa. ner. Mogensable Sm-Nd Bozpacta Grt-Ky-St-aByciro-
JISTHBIX CIIAHIIEB COCTAaBJSIOT 2.73 m 2.76 MIIpA. JIET, 9TO COOTBETCTBYET OOpPa30BaHMUIO WX IPOTOJUTA 3a
cuéT mepeMbiBa Jonuiickux nmopoa. Paccuurannbiii Sm-Nd mozaenbHbIN Bo3pacT Phg cnannes pasen 2.97
MJIH. JIET, HO, TIOCKOJBKY 3TH TOPOJBI SBISIFOTCS METACOMATHTaMH, TO OH 3aBBIIIEH W T€OJIOTHYECKOTO
CMBICJIa HE UMEET.

PaboTa wactnuHO moaaepkaHa TpaHTaMu HaydHOH mKoibl B.A. T'nebosunkoro HII-3533.2008.5 u
PODU 08-05-90416-Ykp-a.

The remaining stratigraphic boundary between Lopian (Neoarchean) and Sumian
(Palaeoproterozoic) supracrustal rocks was found in the eastern part of the Kukas Lake structure (northern
Karelia) [1]. Sumian stratigraphic sequence begins from the layer of the Grt-Ky-St-Bt-Ms-Qtz schists (with



width up to 15 m), lied with angular unconformity on Lopian metamorphosed and altered metavolcanites
[2]. The schists are weakly deformed and are suitable for the thermobarometric and geochronological
investigation. These schists are coarse- and medium-grained rocks having banded or spotty structure.
Micas (Ms and Bt) and quartz (Qtz) constitute matrix of the schist. Garnet (Grt), kyanite (Ky) and
staurolite (St) form some populations. Grt: (1) small and (2) coarse porphyroblasts (coarse ones with
numerous inclusions), St: (1) relics in coarse garnet porphyroblasts, (2) small grains in schist matrix, and
(3) rare porphyroblasts with quartz inclusions, Ky: (1) prismatic crystals within matrix, (2) rare
porphyroblasts, and (3) crystals forming (together with Qtz) mantles around the large garnet grains.
Plagioclase (Pl) is extremely rare in the schist and occurs as relic inclusions in the large garnet
porphyroblasts. The schist contains also numerous grains of rutile (Rt) and ilmenite (Ilm). One can found
solitary grains of gedrite. V.I. Korosov [1] considered these schists as metamorphosed weathering crust
upon Lopian metavolcanites. However the textural and paragenetic analysis and study of the schist
relations to adjacent rocks display that the schists are metasomatically altered metasedimentary rocks.

Higher in stratigraphic sequence metamorphosed Sumian volcanogenic-sedimentary rocks host
bodies of quartzites and micaites with Ms, Ky, St, Grt, Ts-Hbl (tschermakite hornblende) and An
(anorthite). In those rocks muscovite has light green colour and phengitic (Phg) composition (Si up to 3.40
a.p.f.u.). Phengite-bearing quartzites and micaites have metasomatic origin. This is confirmed by (1)
distinct mineral zoning, (2) reaction relations between zones, and (3) presence of the typical assemblages
(Ts+St and Ts+Ky; An in quartzy rocks). The metasomatic origin of the phengitic schists is revealed also
by high '"Sm/'**Nd ratio which is unusual for sedimentary rocks. Mineral zoning appearance during the
folding (latest zones are parallel to the fold axis planes and cross folded early zones) and existence of early
assemblage relics in late zones demonstrate the conjugation between metasomatism and regional
metamorphism. Largest body of phengitic rocks has the width about 20-25 m and length more than 60 m.
The rocks have the distinct mineral zoning manifested as bands composed of various mineral assemblages.
The prevalent are:

Qtz + Ms + Grt; Qtz + Ms + St + Ky; Ms + St + Ky; Hbl + Grt + Qtz; Qtz + An + Ts + Ky;

Qtz + St + Ky + Grt; Qtz + Hbl (Ts) + St + Ky + Grt; Grt + Hbl + Qtz.

Outer metasomatic zones contain Hbl whereas inner ones are constituted of the Phg-Qtz
assemblages with Grt and/or Ky. During alteration the rock lost Na,O and bases (CaO, MgO, partly FeO)
and became rich in K,O and SiO,. Ky and Ms resulted from the inert behaviour of Al,Os.

Thermobarometric and paragenetic analysis of the basal Sumian Grt-Ky-St-micaceous schists
reveals their formation resulting from prograde reactions at metamorphic peak. Using two mineral
assemblage (Qtz—Pl-Bt—Grt—-Ky—Rt-Ilm with relic plagioclase, and Qtz—Bt-Ms—Grt—-Ky—Rt-Ilm) we
determined P-T values of the peak metamorphic event: 620-650°C and 7-7.5 kbar (middle amphibolite
facies, higher pressure). The metasomatic Grt-Phg schists (Qtz—Phg—Grt—Ky-Ilm—Pl-Rt assemblage)
formed at the same pressure and temperature values (600-650°C and 7-8 kbar), i.e. during peak of the
event. We underline the convergence of the results for different rocks and assemblages. Obtained P-T
values became more precise comparing to previous values for this area [3-4]. New P-T values coincide
with results determined for metasomatites from the adjacent North-Karelian Greenstone Belt (see abstract
by P. Azimov in present volume).

To estimate age of the metamorphic event we analysed garnets from the Sumian Grt-Ky-St-
micaceous and Phg schists using the Pb-Pb (the Grt-Ky-St-micaceous schists) and Sm-Nd techniques. The
determined temperature during the metamorphic peak is lower than the closure temperatures for the U-Pb
and Sm-Nd isotopic systems of garnet. Therefore obtained age values correspond to the moment of
metamorphic and metasomatic event. Lead in garnet is predominantly radiogenic. Accounting the Stacey-
Kramers model the Pb-Pb garnet age is 1906 My. The Sm-Nd technique (WR-Grt pair) results the agreeing
age values for the Phg and Grt-Ky-St-micaceous schists: 1813+61 My and 1885429 My respectively.
These values are near to the Pb-Pb garnet age (within the limits of errors). Hence we can accept moment
1.89-1.90 Gy for metamorphic peak age. The model Sm-Nd ages for the Grt-Ky-St-micaceous schists are
2.73 and 2.76 Gy. That imply the schist protolith formed due to deposition of the eroded Lopian rocks.
Calculated Sm-Nd model age for the Phg schist is 2.97 Gy. Since these rocks have metasomatic origin
therefore their model age is overvalued and has no geological sense.

The work is partly supported by Russian State Grant SS-3533.2008.5 and RFBR grant
08-05-90416-Ukr-a.
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Kopbl BeIBeTpHBaHHS SBISSCH CIWHCTBECHHBIMH JIOCTOBEPHBIMH CBHUJCTEIHCTBAMU KOHTHHEHTAJIb-
HBIX 00CTaHOBOK Kak B (paHepo30€ TaK M B JOKeMOpHH, BCET/]a MPUBJIEKAIN TOBHINIEHHOE BHUMAaHNUE UC-
crenopareneid. OnvcaHHas HaMH KOopa BhIBeTpHBaHUSA Ha 03.Boponse (JlextmHCcKas cTpykrypa, C.Kape-
JIHsT) SIBJISIETCS CaMbIM JIPEBHUM OOBEKTOM THMIIEPIeHHOIo reHe3uca Ha banrtuiickoM mure, a Takke eluH-
CTBEHHBIM MECTOM, TJI€ yCTaHOBJIEHB! HEMIOCPEICTBEHHBIE B3aMMOOTHOLIEHHS JIONUHCKOTO BYJIKaHOT'€HHO-
0CaJIOYHOTO KOMIIICKCa U TpaHuTouaoB ¢hyHaamenta [1]. K HacTosmeMy BpeMEeHH T'€OJIOTHIECKOE CTPOe-
HUE, MUHEPAJIOTUYECKHI COCTaB, 0OCOOCHHOCTH XUMHYECKOTO COCTaBa (IOPOI000Pa3yIONINX 3JICMESHTOB)
JETaNnbHO U3YUYCHBI U Pe3yJbTaThl OCBEILEHHBI B paae myonukanuid. [Ipenmerom Hactosmieid paboThl SABIIS-
IOTCS Pe3yJbTaThl aHAIM3a pacipeneneHuss P30 B Kope BhIBETPUBAHUS W PE3yIbTaThl MUKPOIAIEOHTOJIO-
THYECKUX UCCIENOBaHUHN TOPO MpoduIs.

Kopa BeiBeTpuBanus Ha 03.Boponse (JIexTHHCKast CTPYKTYpa), pa3BUBACTCA MO CPEIHE3EPHUCTHIM IL1a-
ruorpaHutaM (yHaaMeHTa, uMeeT Bo3pact 2,8 mipx [1] u mpeacTaBiseT co00il TOPU3OHT KBapI-MyCKOBHTO-
BBIX CJIQHIIEB MOIIHOCTEIO 1,5-2,5 M. Cpenr aKkmecCOpHBIX MHHEPAJIOB HEMAarHUTHON (Qpakiiuyl mpeodiaaaroT
LUPKOH M alaTuT, COIEPIKaHue KOTOPBIX pacTeT BBEPX 10 npodutto. [1opoasl KOpbI BEIBETPUBAHUS IEPEKPHI-
BAIOTCSI METABYJIKAHUTAMH OXTUHCKOHN cepud. B ctpoennn nmpoduiist BeLiesnsieTcs: TpU 30HBL: 30Ha (PH3HYECKOM
Je3UHTErpalvy cyOocTpaTa, 30Ha SIFOBHAILHON OpEeKYHH M 30HA MPEUMYIIECTBEHHON aKKyMYJISIUU ayTHUTeH-
HBIX TJIMHUCTHIX MUHEPAJTIOB, KOTOpas B HACTOAIIMN MOMEHT MUMEEeT KBapl-MyCKOBHTOBBIH cocTas [1].

Conepxxanus P32 B mopomax ompenemsuiuck merogoM ICP-MS Bo BCEI'EM um.Kaprnuuckoro.
MukponaneonTosoruueckue uccinenoBanusi nposoauauck B IIMH PAH Ha 31eKTpOHHOM MHKpPOCKOIIE
CamScan-4 ¢ mukpoananuzatopom Link-860.

AHanm3 CIIeKTPOB paclpeiesieHHsI peIko3eMeIbHBIX 3JIEMEHTOB B Tipoduiie BiBeTpruBaHus 03.Bopo-
HbE TIOKa3bIBAET, YTO B 30HE OCTATOYHOTO JITFOBHS MTPOUCXOJANT HAKOIICHHE JTJAHTAHOH/IOB, & B METATJINHU-
CTOM 30HE MPOQIIIT KOHIICHTPAIU BCEX MIEMEHTOB HIDKE, 4eM B cyOcrpare ( puc. 1). [Tomo6HOE mOBEme-
Hue P30 BecbMa XapaKTepHO I COBPEMEHHBIX KOP BBIBETPUBAHMS IPAHUTOUIOB, I/I€ B OCTATOYHBIX MpPO-



IYKTax BBIBETPUBAHUS (IIIOBHMHU) MPOMCXOIUT YBEIHMUEHHE KOHIIEHTPALMH BCEX JTAHTAHOHJIOB, a B ayTH-
TCHHBIX TIMHUCTBIX MUHEpaliaX KOHICHTPAIWU PEeKO3eMEIIbHBIX 3JIEMEHTOB HUXKE, ueM B cyocTpare [4].
B 1ienom, mopospl mpoduiis XxapakTepH3yIOTCs TIIAJAKHM CIIEKTPOM PacTpe/ICICHHs PEIKO3EMENbHBIX dIie-
MEHTOB, 33 MCKIIFOUCHHEM HECKOJIbKO MOHIKEHHOTO COJCPXKAHHS CPEIHHUX JIAHTAHOUJIOB OTHOCHUTEIIBHO
JIETKHUX U TSOKEIBIX, HA0IFOIaeMOT0 B MOPOIaX U3 30HBI AMIOBHANLHOM Opekunn (puc.1). [logoOHbIH Xxapak-
TEp CHEKTpa pacrpe/ielicHHs MO3BOJISIET TOBOPUTH 00 OTCYTCTBHUH IIEPUEBOI aHOMAJIMU B KOPE BHIBETPUBA-
HUS, YTO HE MPOTUBOPEYUT Hamboliee pPaclpoCTpaHEHHBIM HA CETOAHSINIHWN JIeHb MPEJCTaBICHUSIM 00
AHOKCHJTHOW KOHTHHEHTAIIbHOU aTMoc(epe B paHHEeM JokeMOpuu. OTCYyTCTBUEM (PPaKIIMOHUPOBAHUS IIe-
pHisl OTHOCUTEIIBLHO JIAHTAHA M HEOJMMa XapaKTePU3YIOTCS BCE OMMCAHHBIC B JINTEPAType KOPbI BHIBETPUBA-
HUS JaHHOTO Bo3pacrta [3,5].
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Puc.1. Pactipenenenue penko3eMenbHBIX 3JIEMEHTOB B IpO(HIIe BEIBETPUBAHUS IPAaHUTOHIOB 03.BopoHbe
(JIexTunckas crpykrypa, C.Kapenus).
VYcnoBHble 0003HaUYeHUSL: 1- BII0BHANbHAS OpeKyus, 2 — TIIMHUCTAS 30Ha.

Fig. 1. Distribution of REE in paleoweathering profile, Voronje lake (Lekhta str, N.Karelia)
1 — eluvia zone of profile, 2 — clay-minerals zone.

bakrepualibHO-TAJICOHTONOTHYECKIE UCCIICIOBAHMSI, TIPOBECHHBIC IS psAaa 00pa3oB U3 mpodus
BBIBETPHBaHUsI TOKA3aId HAJIMYKE B JBYX M3 HUX (DOCCHIIM3MPOBAHHBIX MHKPOOPTaHW3MOB Pa3HOOOpas3-
HOW Mopdooruu. 3710, Kak NpaBuwiIo, HOCCUIN3NPOBAaHHBIE TPOKAPUOTHBIE (OPMEI ((prTaMeHTHBIE U KOK-
KOWHBIE), IOTPY>KEHHBIE B (DOCCHIM3UPOBAHHYIO OMOIUICHKY.

OdunaMmeHTHBIC (HATYATBIC) (hOpMBI Harbosiee oOMWIbHEI. BOoJbIel 9acThio 3TO JJIMHHBIC HATH JHa-
MeTpoM 10 1 MkMm (puc. 2). HOT1a HAONMFOIAI0TCS JOBOJILHO TOJICTHIC O00JIOUKH Y HUTYATBIX OaKTepHAIIh-
HBEIX (hopm. [ToBepxHOCTH 000MOUEK — Tpydast, Oyropuaras. Kak mpaBuio, ¢humaMeHTs! TOTPyKeHbI B Goc-
CHJTU3UPOBAHHBIN MIHKOKATUKC. HeKoTOpBIe 3K3eMILISIpBl HAITOMUHAIOT CMSITHIC YeXJIbI IMaHO0AKTePHH.

Puc. 2 ®occunmsupoBaHHbIE —(QHUIAMEHTHBIE
MHKpPOOPTaHMU3MBI W3 KOPHI  BBIBETPHBAHUS
(104016).
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e 08 2008 N . ? —" paleoweathering profile of Voronje lake (Lekhta

' ~or > ’ '*‘,\' A Fig. 2. Filament microorganisms from

10401 b M 00028 str, N.Karelia)
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Kokkougnele (opMBl HE CTOJNb MHOTOYHUCICHHBL. JlMaMeTp OOHapyKEHHBIX KOKKOB TOpsAKa
1-2 MxM. BerpedeHsl Kak CKOIUIEHHUs! KOKKOB, TaK M OAMHOYHbBIE KOKKH. [I0BEepXHOCTh KOKKOB OOBIYHO He-
pOBHasi, epoxoBaTas. Bo3M0KHO, 3T0 CBA3aHO C 0COOEHHOCTAMU UX (POCCUIM3ALIUY.

Ha ocHoBaHMM MOp}OIOTHYECKUX TPU3HAKOB (POCCHIU3NPOBAHHBIE MUKPOOPTaHU3MBI, OOHAPYKEH-
HBIE B 00pa3lax U3 KOpPhl BEIBETPUBAHUSA, BEPOSITHO, MOTYT OBITH OTHECEHBI K OCTaTKaM [IHaHOOaKTepHallb-
HBIX coobmecTB [2]. BerpeudaroTest Tak ke U peakue uckonmaeMele (GopMbl 0ojiee CI0XKHOW MOpQOIorny,
BEPOATHO, IBKAPHOTHI.

[IpucyTcTBHE OCTaTKOB MpeAnojaracMblx (GOTOCHHTE3UPYIOMNX (HOCCHIN3UPOBAHHBIX MUKPOOPTa-
HU3MOB YKa3blBaeT Ha (OPMHUPOBAHUE TOM MOPOJIBI B OBEPXHOCTHBIX YCIOBHUAX M IOATBEPKIACT, TAKHUM
00pa3oM, TUIIEPTreHHYI0 TPUPOTy 00pa30BaHM B OCHOBAHHH OXTHHCKOW CEPHH.

Pacnipenenenue peaxo3eMenbHBIX 3JIEMEHTOB B MOPOJIaX TAKKE CBUAETENBCTBYET B IOJIb3Y THIIEp-
TeHHOH MPUPOABI KBAPIl-MYCKOBUTOBBIX CIIAHIIEB.

Taxum 00pa3om, HaOJIIOAAaETCA HECOOTBETCTBUE MEXKY PE3yJIbTaTaMH, IIOTy4E€HHBIMHU 10 paclpese-
JICHUIO PEIIKO3EMEIBHBIX JJIEMEHTOB, CBUCTEILCTBYIOMIMMHU 00 aHOKCHUAHBIX 00OCTAHOBKAaX U HAIWYHEM B
o0pasuax (poTocuHTE3UpYIOWHKX OakTepuid. JJaHHbIi (akT TpeOyeT JOMOTHUTENBHBIX NCCIIEIOBAHUMH.

Pa6ora BrimonHena no Ilporpamme Ilpesunmuyma PAH “Ilpoucxoxnenue 6uocdepbl U SBONIONHS
reo-6nonornyeckux cucrem” (mognporpamma 1), rpanty PODU Ne 08-04-00484 n Hayuno# mkome HILI
4207.2008.5.

Weathering crusts, the only reliable evidence for continental settings in both Phanerozoic and
Precambrian time, have always attracted scientists. The weathering crust in the Lake Voronye area (Lehta
structure, North Karelia) we have described is the oldest hypergene unit in the Baltic Shield and the only
area where direct interrelations between a Lopian volcanic-sedimentary complex and basement granitoids
were ascertained [1]. Its geological structure, mineralogical and chemical (rock-forming element)
compositions have been studied in detail and analytical results have been reported in some publications. In
the present paper, the results of analysis of REE distribution in the weathering crust and those of
micropaleontological study of rocks in the profile will be discussed.

The 2.8 Ga [1] Lake Voronye weathering crust (Lehta structure) evolves after medium-grained
basement plagiogranites and occurs as a 1.5-2.5 m thick quartz-muscovite schist bed. Nonmagnetic-
fraction accessory minerals are dominated by zircon and apatite that increase in abundance from the base
upwards. Weathering crust rocks are overlain by Ohta metavolcanics. Structurally, the profile falls into
three zones: 1) a physical substrate disintegration zone; 2) an elluvial breccia zone; and 3) a zone of
preferable accumulation of authigenic clay minerals that presently consists of quartz and muscovite [1].

The REE content of rock samples was estimated by the ICP-MS method at Karpinsky All-Russian
Geological Institute (VSEGEI). Micropaleontological studies were conducted at PIN on a CamScan-4
electron microscope with a Link-860 microanalyzer.

Analysis of REE distribution spectra in the Lake Voronye weathering profile shows that lanthanides
accumulate in the remanent eluvium zone and that the concentrations of all elements are lower in the
metaargillaceous zone of the profile than in the substrate (Fig.1). Such an REE distribution pattern is fairly
typical of the modern weathering crusts of granitoids, where the concentrations of all lanthanides increase in
remanent weathering products (eluvium), and REE concentrations are lower in authigenic clay minerals than in
the substrate [4]. The rocks of the profile generally exhibit a flat REE distribution pattern, but a slightly lower
concentration of intermediate lanthanides relative to that of light and heavy lanthanides observed in rocks from
the eluvial breccia zone (Fig.1). Such a distribution spectrum suggests the absence of a cerium anomaly in the
weathering crust, which agrees with the most commonly accepted concept of the anoxic continental atmosphere
in Early Precambrian time. The absence of cerium of fractionation relative to lanthanum and neodymium is
characteristic of all weathering crusts of that age described in the literature [3, 5].

Bacterial-paleontological study of some samples from the weathering profile have shown the
presence of morphologically different fossilized microorganisms in two samples represented generally by
fossilized by fossilized prokaryotic (filamentous and coccoid) forms submerged in fossilized biofilm.

Filamentous forms, dominated by long filaments, up to 1 um in diameter, are most abundant (Fig.2).
Filamentous bacterial forms often have fairly thick shells. The shell surface is rough and hummocky. Filaments
are usually submerged in fossilized glycocalix. Some samples resemble crumpled cyanobacterial covers.
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Coccoid forms are less abundant. The cocci revealed are ca. 1-2 um in diameter. Both single cocci
and clusters of cocci were encountered. The surface of the cocci is usually rough, which is probably due to
their fossilization pattern.

Based on morphological characters, the fossilized microorganisms from crust weathering samples
could be interpreted as remnants of cyanobacterial communities [2]. Rare, more morphologically complex
relict forms, probably eukaryotes, are occasionally encountered.

The presence of the remnants of assumed photosynthesizing fossilized microorganisms shows that
the rock was formed in a surface environment and thus supports the hypergene nature of rocks at the base
of the Ohta series.

REE distribution in the rocks also suggests the hypergene nature of quartz-muscovite schists.

Thus, there is a discrepancy between the results for REE distribution, indicative of anoxic
environments, and the presence of photosynthesizing bacteria in the samples. To check this evidence,
further study is needed.

The study was conducted under the RAS Presidium Programme “The origin of the biosphere and the
evolution of geo-biological systems” (Subprogramme II), RFBR grant 08-04-00484 and Science School
4207.2008.5.
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bazanbThl apXxelCcKUX 3eJICHOKAMEHHBIX IOSICOB B JIUTEPATyPe Yallle BCEro COMOCTABIISIOT C 0a3aib-
TaMU cpennHHOOKeaHndecknx xpeoToB (NMORB), nnm 6a3ansramu 3aayroBeix OacceitHoB. B mocnennue
ronsl Ha ocHoBaHWM oTHommeHW HFS ameMenToB, mokazaHo, 9To apxelickue 0a3aibThl CYIICCTBEHHO OT-
m4atorcs o NMORB u cooTBETCTBYIOT 6a3aibTaM OKeaHWYEeCKHX M KOHTHUHEHTAIbHBIX T1ato [1,2].
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Ha BanTuiickoMm muTe u3ydeHsl 0a3anbThl mosicoB GeHHo-Kapenbckoii rpaHUT- 3eJICHOKaMEHHOMN
obxactu, Konbckol rpaHyuT-THEHCOBaoi obnact 1 pazfensromeil nx bemomopckoit 308w [3]. Hanbo-
nee npeBHUE Oa3anbThl HAa bantuiickom mute (2.96-2.91 mipn neT) pacmoioKeHbl B KpPaeBhIX 4acTiax Bo-
JIJI03€PCKOr0 KpaToHA - APEBHETO spa KOHTUHEHTAJIbHOW KOpbl banTtuiickoro mura. bazanbTel 3TUX MOS-
coB obnanatot mg = 0.60 - 0.50, konuenTpamsamu Ni = 100-180 r/T, HeppaKIMOHUPOBAHHBIM pacIpese-
nernem P33, pexe onn obemuens JIP3D (La/Yb)y= 0.5-0.7, xonnentpanuu P30 4 — 5.*PM, (Nb/La)y~1
[4]. CormacHo Nb-Zr-Y-Th cucremartnke 06a3anpToB, oCHOBaHHOW Ha oTHomeHusix HFS smementon [1],
0a3zansTel Bomnosepckoro kpatona xapakrepusyrores Nb/Y=0.10-0.28, Zr/Y=2.15-3.3, Zr/Nb=10-22 u Ha
quarpamme pacrosaraercs Boime JuHAN ANb (ANb>0), nonazast B mose miroMOBBIX UCTOUYHHKOB, MEXIY
nIyOuHHO neruteTupoBaHHBIM UcTOYHHKOM DEP m PM. I'eogmnamudeckas oO6ctaHOBKa (hOPMHUPOBAHUS
BYJIKAHUTOB OTBeYacT 0a3albTOM IUIATO.

bazanbTel 3eeHOKaMeHHBIX MosicoB (2.85-2.81 mupa net) 3anagno-Kapensckoro u Llentpansno-Ka-
pennsckoro nomeHoB denno-Kapenbcekoil rpaHUT-3€ICHOKaMEHHOH 001acTi Xapakrepusytoress mg = 0.60-
0.47, xounenrpauusmu Ni = 300-80 ppm., oun obennens JIP3D (La/Sm)=0.8, (Gd/Yb)x = 1.0; koHIIeH-
tpauuu P30 - 4-7*PM. Bosnpmas yacTs 6a3ainbToB HE HECET MPU3HAKOB KOHTaMHuHanuu - (Nb/La)y = 1.0.
ITo ornomrenusim HFS anmementoB (Nb/Y=0.10-0.28, Zr/Y=2.15-3.3) Bce 0a3aibThl PacIONOXEHbI BHIIIE
muanu ANb mexny ucrounnkamu DEP u PM. I'eogunamudeckas o0ctaHOBKA X (hOPMHPOBAHUS OTBEYACT
COBpEMEHHBIM 0azajbTaM IUIATo.

B Konbkcko-Hopexkckoit oOmactu m3ydeHbl 0a3anbThl 3elleHOKaMeHHBIX moscoB [lomvoc-ITopoc,
Ypary6a, Koparynapa u Bouenambuna (2.88-2.8 1mipa. met). Okono 70% Bcex 0a3ambTOB XapaKTepu3y-
torcst BeicokuMu mg  (0.65-0,51) u Ni  (100-200 ppm), HedpakurmoHHpOBaHHEIM pactipeneneHueM P33:
La/Yb)y = 0,9, (Gd/Yb)y =1.0. Ilo cootHomenuto HFS snemenToB Ga3anbthl Yparyockoro u Bouenawm-
OMHCKOTO TI0sICOB pactonaraercs Boime TuHI ANb (Nb/Y=0.10-0.20, Zr/Y=2.1-2,8. ANb>0), T0o ecTb BbI-
TUTaBJICHBI U3 TUTFOMOBOTO MCTOYHHUKA. U PACIIONIOKEHBI B I0Jie 6a3aJbTOB MJIATO MEXy UCTOYHHKaMHu PM
u DEP. bazanstel KopBatyHapoBckoro u yacTuyHo BouenaMOMHCKOTO MOSICOB PAcIONOXKEHBI HA JIMHUH
AND B eé€ Bepxneil gacti (Nb/Y=0.12-0.40, Zr/Y=3-6) To ecTb cMemIieHbl K 00OTAaIEHHOMY HCTOYHHUKY
EN. Dr1o cmemnienne cBHAETENBCTBYET O KOHTAMUHAIMH TEPBUYHBIX ITIOMOBBIX PAcIUIaBOB MaTepHAIIOM
KOPBI WIIN TUTOCEPHOI MAaHTHH.

Ha YxpaunHckoM miuTe M3y4eHbl KOMAaTHUTHI U 0a3aibThl 3eJICHOKaMEHHBIX NosicoB CpeqHenpua-
HEMPOBCKOW TpaHuT-3eneHokamennoil obmactu (CI'30), Ilpma3zoBckoil TpaHyIMT-THEHCOBOW 00JIacTH
(II'T'O) n, pazpemnsromeit ux, OpexoBo-IlaBnorpanckoii 30us1 (OI13) [5].

B CI'30 xomatuutel Cypckoii, Konkckoit u BepxoBuesckoii ctpykryp (3,16-3,20 miapna ner)
xapakrepusytorcs Beicokumu mg (0.90-0.81) u xonnentpanusmMu Ni (900-1100ppm), dpakuuoHupo-
BaHHBIM pacnpenencaneM JIP33 ¢ (La/Yb)y =2-4 u (Gd/Yb)y =1.0 Konnenrpanuu P33 BappupyoT
or 0,1*PM B Cypckpii ctpykrype no 2*PM B BepxoBueBckoii cTpykrype. B komatuurax Cypckoit
cTpykTypsl otHOomeHue (Nb/La)y>1, B komaTuuTax ocranbHbIX cTpyKTyp (Nb/La)y=0.25-0.33, cBuue-
TEIBCTBYET O KOHTAMWHAIMHA TEPBUYHBIX PACIIABOB BEIIECTBOM KOPBI WM JHUTOC(EpHONH MaHTHH.
Cornacuo otnomenusmMm HFS snementor (Nb/Y=0.11-0.32, Zr/Y=2.7-5.1, Zr/Nb=17-26 Nb/Th =1.9-
.2.5), Bce KOMaTHMTHI pacnojaraercs Boiie JMHUH ANb B mose ByJIKaHUTOB, 0Opa30BaHHBIX U3 ILIIO-
MoBoro ucrtouyHnka. Toukm komMaTtuuToB CI'30 9acTHYHO pacmoDKeHBl BONHM3W HCTOYHWKAa PM, a
4acTh TOYEK CMEIIACTCA B CTOPOHY obOoramieHHOTO kKommoHeHTa. EN. Bba3aiabThl 3eieHOKaMEHHBIX
ctpykryp (CI'30) xapakrepusytorcs mg - 0.57-0.43, konuentpausmu Ni - 80- 450 ppm, onu cnabo
oboramensl JIP3D: (La/Yb)y = 1.3-1.5, (Gd/Yb)x =1.2-1.5. Konnenrpanuu P33 B 6azanbrax 5-6*PM,
(Nb/La)y=0.5 cBuaeTeabCBYET 0 KOHTAaMHUHAIIMU MCXOMHBIX paciiaBoB. Ilo cootHomenusm HFS ame-
meHTOB (Nb/Y=0.262, Zr/Y=2.8 Zr/Nb=11 Nb/Th =11.0) 6a3anbThl BHIILIABICHBI U3 IUIFOMOBOTO HC-
tounnka DEP u PM. ['eonmnHamuueckass oOcTtaHOBKa (hOpMHpPOBaHUS 0a3allbTOB COOTBETCTBYeT Oa-
3aibTaM IUIaTo.

B III'T'O u OII3 uzyuyanuchk koMaTuuTH U 6a3anbTel KocuBueckoil, HoBoroposckoit, CopoKHHCKOM
u Bricokononbckoii crpykryp. [lo cpsrenuto ¢ CI130, ans komatuntos [II'T'O xapakrepHsl Ooee HU3KHE
mg - 0.81-0.70 m xonuentpamus Ni = 350-840 ppm, orm oboramensl JIP3D c¢ (La/Yb)y =1.5-3.5 u
(Gd/Yb)y =0,9-1.4, xouuentpauu P35 cocrasmsitor 0.7-2,5%PM. Otnomenue (Nb/La)y B komaTuuTax
Kocusuesckoit u Copokunckoit ctpykryp 0.9-1.9, a B8 HoBoroposckoii 1 BreicOKOnonbsCckoil CTpyKTypax ¢
(Nb/La)y=0,5-0,6 yka3piBaeT Ha UX KOHTAMHUHAIIMIO BEIIECTBOM KOPHI WiH JuTtocepHoir ManTuu. [lo oT-
vomenusiMm HFS anmementoB (Nb/Y=0.18-0.44, Zr/Y=2.7-5.7, Zr/Nb=10-22, Nb/Th =2.1-.6.9), Bce xoma-
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TUHUTHI pacrojaraercs Bole TUHUKA AND B T0oJe BYJIKaHHTOB IUIATO BOJM3HM McTouHUKa PM mnm cmema-
totcs B ctopory EM. bazanbter crpykryp III'TO xapakrepusyrorces mg - 0.56-0.47. Ni = 50- 100 ppm,
He(pakmmonupoBaHHbsIM pacnpeaeneaneM P33 (La/Yb)y =0.9-1.1, (Gd/Yb)y =0.9-1.3, u xoHIICHTpaIIIMH
P33 3-5,5%PM,. (Nb/La)y=0.9-1.1. B Kocusuesckoii cTpykrype ©0a3anbThl oOoramiensl JIP3D,
(La/Yb)n=3,. a (Nb/La)x=0,6 cBuneTenscByer 00 ux koHtamuHanuu. [lo coorHomenusm HFS anemenToB
(Nb/Y=0.10-0.15, Zr/Y=2.3-2.6, Zt/Nb=16-25, Nb/Th =9-30) 6a3anbThl BRITIABICHB U3 ILUTFOMOBOTO HC-
tounnka PM wmim DEP B o6cTaHoBKe 1m1aTo.

CpaBHeHHE 0a3WTOBBIX BYJKAHUTOB apXEHCKUX 3€JICHOKAMEHHBIX MOSCOB JIBYX IIUTOB MOKa3a-
710, 9T0 HcTouHNK DM, ucxomubeiii s 6a3zanpToB Tuma NMORB, B 0a3zanpTax apXeHCKUX 3eIeHOKA-
MEHHBIX MMOSCOB O0OUX IIUTOB MPaKTUIECKU HEe TposiBiieH. OCHOBHBIMUA MCTOYHHUKAMH TUIABICHUS IS
0a3anpToB 000MX MHUTOB BhIcTymana Mantusit PM, u DEP (FOZO), yto npeamnonaraet miroMoBYO IpH-
poay 0a3HTOB apXeMCKUX 3eJICHOKAMEHHBIX MOSCOB 000MX IMHUTOB. bojbInas yacTe 6a3anbTOB 3€IEHO-
KaMEHHBIX IMOsICOB banTuiickoro m YKpamHCKOTO IIUTOB (opMupoBantack B 0OCTAHOBKAaX COOTBETCT-
BYIOIIUX OKCAaHUYECKUM WJIM KOHTHMHCHTAJIbHBIM IUIaTO. B 0azanbrax M, 0COOCHHO, KOMAaTUUTaX YKpa-
WHCKOTO IIUTa WHTEHCHUBHEE MPOSIBICHBI MPOIECCH KOHTAMUHAIIMK PACILIABOB BEIIECTBOM KOPHI HIIH
nuTocepHON MaHTHH, YTO YKa3bIBA€T, YTO OOCTAHOBKA KOHTHHEHTAIBHOTO IUIATO JJIS HETO SBIISIETCS
npennoututenbHo. Komatuuter u 6azanstel CI'30, III'TO n bantuiickoro mmuTa BHIUIABISINCH U3
HMCTOYHUKOB Pa3JIMYHBIX MO cTeneHu oboramenus JIP3D unu Obuin B pa3IMuHON CTEICHH KOHTAMUHH-
pOBaHEI.

Paboma noooepowcena PODU, npoexm Ne 08-05-90416.

Basalts of Archean greenstone belts are most commonly correlated in the literature with mid-oceanic
ridge (NMORB) or back-arc basalts. Based on HFS element ratios, it has been shown in the past few years
that Archean basalts differ substantially from NMORB and correspond to oceanic and continental plateau
basalts [1, 2].

In the Baltic Shield, basalts from the belts of the Fenno-Karelian granite-greenstone province, the
Kola granulite-gneiss province and the intervening Belomorian zone were studied [3]. The Baltic
Shield’s oldest (2.96-2.91 Ga) basalts occur on the margins of the Vodlozero Craton, the old core of the
Baltic Shield’s continental crust. Basalts of the belts have mg = 0.60 - 0.50, Ni concentrations of 100-
180 g/t, a nonfractionated REE distribution pattern; they are less commonly depleted in LREE
(La/Yb)x=0.5-0.7, and REE concentration is 4 — 5.*PM, (Nb/La)x~1 [4]. According to the Nb-Zr-Y-Th
systematics of basalts, based on HFS element ratios[1], basalts of the Vodlozero Craton have
Nb/Y=0.10-0.28, Zr/Y=2.15-3.3, Zr/Nb=10-22. On the diagram, they lie above the line ANb (ANb>0), in
the plume source field, between a highly depleted source of DEP and PM. The volcanics were formed in
a plateau basalt geodynamic setting.

Basalts of the greenstone belts (2.85-2.81 Ga) in the West Karelian and Central Karelian domains of
the Fenno-Karelian granite-greenstone province have mg = 0.60-0.47, Ni concentrations of 300-80 ppm;
they are depleted in LREE (La/Sm) = 0.8, (Gd/Yb)y = 1.0, and have REE concentration of 4-7*PM. Most
basalts show no signs of contamination - (Nb/La)y = 1.0. Judging by their HFS element ratios (Nb/Y =
0.10-0.28, Zr/Y = 2.15-3.3), all basalts are above the AND line, between the sources of DEP u PM. They
were generated in a modern plateau basalt geodynamic environment.

In the Kola-Norwegian province, 2.88-2.81 Ga basalts of the Polmos-Poros, Uraguba, Korvatundra
and Vochelambina greenstone belts were studied About 70% of all the basalts exhibit high mg (0.65-0,51)
and Ni (100-200 ppm) and nonfractionated REE distribution: La/Yb)y = 0.9, (Gd/Yb)y =1.0. Based on
HFS element ratios, Uraguba and Vochelambina basalts lie above the ANb line: (Nb/Y = 0.10-0.20, Z1/Y =
2.1-2.8. ANb>0), suggesting that they were melted out of a plume source, and are plotted in the plateau
basalt field between the sources of PM and DEP. Korvatundra and some of Vochelambina basalts are on
the AND line, in its upper segment (Nb/Y=0.12-0.40, Zr/Y=3-6), i.e. they are shifted towards the enriched
source of EN. The shift suggests crustal or lithospheric mantle matter contamination of primary plume
melts.

In the Ukrainian Shield, komatiites and basalts from the greenstone belts of the
Srednepridneprovskaya granite-greenstone province (SGGP), the Priazovskaya granulite-gneiss province
(PGGP) and the intervening Orekhovo-Pavlogradskaya zone (OPZ) were studied [5].
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In SGGP, 3.16-3.20 Ga komatiites of the Surskaya, Konkskaya and Verkhovtsevskaya structures
display high mg (0.90-0.81) and Ni concentrations (900-1100ppm), fractionated LREE distribution with
(La/Yb)y=2-4 and (Gd/Yb)y = 1.0. REE concentrations vary from 0.1*PM in the Surskaya structure to
2*PM in the Verkhovtsevskaya structure. In komatiites from the Surskaya structure the ratio (Nb/La)y>1,
and in those from other structures (Nb/La)y = 0.25-0.33, suggesting crustal or lithospheric mantle matter
contamination of primary melts. Based on HFS element ratios (Nb/Y=0.11-0.32, Zr/Y=2.7-5.1, Zr/Nb=17-
26 Nb/Th =1.9-.2.5), all of the komatiites lie above the ANb line in the field formed by volcanic rocks
derived from a plume source. Some of SGGP komatiite points lie near the source of PM, and other points
are shifted towards an enriched component of EN. Basalts of greenstone structures (SGGP) show mg of
0.57-0.43 and Ni concentrations of 80- 450 ppm, and are slightly enriched in LREE: (La/Yb)y = 1.3-1.5,
(Gd/Yb)y =1.2-1.5. REE concentrations in the basalts are 5-6*PM and (Nb/La)y = 0.5, suggesting
contamination of primary melts. HFS element ratios (Nb/Y = 0.262, Zr/Y = 2.8 Zt/Nb = 11 Nb/Th = 11.0)
suggest that the basalts were melted out from a plume source of DEP u PM. The basalts were formed in a
plateau basalt geodynamic setting.

In PGGP and OPZ, komatiites and basalts from the Kosivtsevskaya, Novogorovskaya, Sorokinskaya
and Vysokopolskaya structures were studied. Komatiites from PGGP show lower mg of 0.81-0.70 and Ni
concentrations (350-840 ppm) than those of SGGP, are enriched in LREE with (La/Yb)y= 1.5- 3.5 and
(Gd/Yb)y = 0.9-1.4, and their REE concentrations are 0.7-2.5%*PM. The (Nb/La)y ratio of 0.9-1.9 in
Kosivtsevskaya and Sorokinskaya komatiites and in Novogorovskaya and Vysokopolskaya komatiites
with (Nb/La)y = 0.5-0.6 is indicative of their crustal or lithospheric mantle matter contamination. Judging
by their HFS element ratios (Nb/Y = 0.18-0.44, Zr/Y = 2.7-5.7, Zr/Nb = 10-22, Nb/Th = 2.1-.6.9), all of
the komatiites lie above the AND line in a plateau volcanic rock field near the source of PM or are shifted
towards EM. Basalts of PGGP structures show mg of 0.56-0.47, Ni concentration of 50- 100 ppm,
nonfractionated REE distribution (La/Yb)y = 0.9-1.1, (Gd/Yb)y = 0.9-1.3 and REE concentrations of 3-
5.5*PM,. (Nb/La)y=0.9-1.1. Kosivtsevskaya basalts are enriched in LREE, (La/Yb)y = 3, and (Nb/La)y =
0.6 is indicative of their contamination. Judging by their HFS element ratios (Nb/Y=0.10-0.15, Zr/Y=2.3-
2.6, Zr/Nb=16-25, Nb/Th =9-30), the basalts were derived from a plume source of PM or DEP in a plateau
environment.

Correlation of basic volcanics from Archean greenstone belts of the two shields has shown that
DM, primary for NMORB-type basalts, is not practically encountered in basalts from Archean
greenstone belts of both shields. The main source from which basalts of both shields were derived was
the mantle of PM and DEP (FOZO), which suggests the plume nature of basic rocks from Archean
greenstone belts of both shields. Most basalts from the greenstone belts of the Baltic and Ukrainian
Shields were formed in oceanic or continental plateau settings. Crustal or lithospheric mantle matter
contamination of melts is more intense in basalts and, particularly, komatiites from the Ukrainian
Shield, suggesting that a continental plateau environment is preferable for the Shield. Komatiites and
basalts from SGGP, PGGP and the Baltic Shield were derived from sources that differed in either
LREE enrichment or degree of contamination.

The study was supported by RFBR, Project 08-05-90416.
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GEOCHEMICAL CHARACTERISTICS OF THE ZAPADNOPRIAZOV’ SERIES
BASIC SHIST (PRIAZOV MEGABLOCK OF THE UKRAINIAN SHIELD)

Artemenko G.V., Shvaika I.A., Demedyuk V.V., Samborskaya 1. A.
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Mertamopduyeckre TOpoabl 3amagHONIPHAa30BCKOW CEpUU OTHOCATCS K Haubojee ApeBHUM (Tajieo-
apxeiickum) obpazoBanusM [IprasoBckoro merabmoka. OHH pa3fensroTCs Ha BEPXHETOKMAKCKYIO (HHXK-
HIOI0) M KaWMHKYJIAKCKYIO (BEpXHIOK0) Tommu. BepxHeTokmakckas Tomma (>4500 M) ciokeHa KpUCTaII-
JIOCJIAaHIIAMH OCHOBHOT'O COCTaBa, MMUPOKCEHOBBIMHU, aM(pHOOIOBEIMUA M OMOTHUTOBBIME T'HelicaMu U aM(u-
0oJMTaMU C TIPOCIOSIMH TPAHATOBBIX W MHUPOKCEH-MArHETUTOBBIX KBapUUTOB. KaliMHKymakckas ToJIIa
(>4250 M) crnoxkeHa THelWcaMH, CpelIH KOTOPBIX IpeoOIamaroT OHOTHT-aM(puOO0IOBEIE W MHPOKCECHOBHIC
Pa3HOBUJIHOCTH, TPU MOJYMHEHHOM Pa3BUTHH I'PaHAT-OMOTHUTOBBIX THEHMCOB, JKEIE3UCTHIX KBAPIUTOB U
MUPOKCEHCOICPKANUX KPUCTAJUIOCIIAHIICE.

OO0pasubl OCHOBHBIX KPHCTAIIOCIIAHIIEB BEPXHETOKMAKCKON TONIIM OTOOpaHBl M3 OOHAXKEHWHA B
npenenax JlozoBaTckoi aHTHKIMHAIH (BEpXOBbA p. ToKkMak) u Ha BOCTOYHOM Kpbute OOUTOYHUHCKOI aH-
TUKJIMHAIHN (BEpXOBbsl peku KuibThuMs), a OCHOBHBIC KPHCTAJLIOCTAHIIBI U rab0po-aMpuOOoInuThl KalinH-
KYJIAKCKOW TOJIIIM - B HWKHEM TedeHuu p. KalimHkynak, rae BCKphIBarOTCs mopozbl JIo3oBaTCKOW aHTH-
KIIMHAJU ¥ B HIOKHEM TeueHuH p. Mokpast Konka u3 OpaxucuHkiInHANeH - Pazgoposcekoit u bamok [omsix.

st penieHust Bompoca o0 reHe3uce OCHOBHBIX KPHCTAIUIOCIAHIIEB 3aMa HONPHAa30BCKON CepUu MpH-
MEHSUTUCH JHarpaMMBbl C HCIIOJb30BaHHEM HAaUMEHEee MOJBIKHBIX MPU MeTaMopdusme snementoB — Ti, Zr,
Nb, Y. [dns cpaBHeHHUs1 OBUTH MCTIOJIB30BAHBI aHAIHM3BI Cl1aboMeTaMophU30BaHHBIX 0a3anbToB KocuBiies-
ckoii 1 HoBoropoBckoii 3eieHokaMeHHBIX CTPYKTyp [IpnazoBckoro merabioka Me30apXelicKoro Bo3pacTa.
Ha auarpammax Si0,-Zr/TiO,, SiO,-Nb/Y, Zr/Ti0,-Ce, Zr/TiO,-Nb/Y [1] Touku cOCTaBOB OCHOBHBIX KpH-
CTAJUIOCJIAHIEB BEPXHETOKMAKCKOW W KAMWHKYJIAKCKOW TOJII TIONIAJIK B OIS HOPMAIIBHBIX, CYOIIEI0YHBIX
U IIEJIOYHBIX 0a3aJbTOB U aH/Ie3UTO-0a3aIbTOB, YTO CBUJICTEILCTBYET O UX MarMaTHYecKoM renesuce. Ha
muarpamme AFM kpucTaiiocianiiel U rabopo-am(puOOIuTh 3anaJHOIPUA30BCKOM CEPUHN PACIIONOKEHBI B
I0JIe TIOPO/] TOJICUTOBOW cepur. B m3ydaembix 00pasiiax OCHOBHBEIX KpUCTaJLUIOCHaHIEeB coaepkanus Co,
Ni u Cr npssMo KoppenupyroT ¢ conepxxanrnem MgO, a KoHIIeHTpalusi V HaXOAWTCS B 0OOPAaTHOM CBSI3H C
HuM. Takas 3aBUCUMOCTh XapaKTepHa JUIsl OCHOBHBIX MarMaTHUECKUX MTOPO/I.

OCHOBHBIE KPHCTAJLTOCTAHIIBI U Ta00p0-aM(DUOOTUTH BEPXHETOKMAKCKOW M KAaHMHKYJIAKCKOM TOJIIT
OTHOCSTCA K HOPMaJbHOMY TETPOXUMHUYECKOMY PSIy OCHOBHBIX mopo. ['ab0po-ampuOonnTe KaluHKY-
JIAKCKOM TOJITIM OTJIWYAIOTCS OT OCHOBHBIX KPHCTAJUIOCIAHIICB OoJjiee BBICOKMMH cojepkanusmu Ti0,
(2,08-2,51 %), P,0Os (0,32-0,38 %), Bbicoko# xkene3ucrocthio (Kp=79-80 %). Ha muarpamme Zr/TiO, -
Nb/Y oHHM momagaroT B MOJIE MEIOYHBIX 0a3aIbTOB. B 1a00po-ampnbomuTax HaOMIOMAI0TCS 3HAYUTEIHLHO
OoJiee BBHICOKHE, YeM B OCHOBHBIX KpHCTaJLTOCIaHIax coxepxkanust Ba, Y, Nb, Ta, Zr, Hf, P32. OcHoBHbIE
KPUCTAJUIOCIIAHIIBI U Tab0p0-aMpUOOIUTHI 3aMaHONPUA30BCKOIM CEPUU XapaKTePU3YIOTCS OTPHUIIATEIBHOMN
anomanuerd Nb. Pacrpenenenne P35 B OCHOBHBIX KPHCTAUIOCIAHIIAX BEPXHETOKMAKCKOW TOJNIIH ciaabo-
muddepenupoanHoe — (La/Yb)y=1,4-2,9, mpu Ybn=9,7-16,4 (puc. 1). OCHOBHBIE KPHCTAJLIOCIAHIIBI
KalMHKYJIAaKCKOW TOJIIM HMeT ciaabo auddepeHIMpoBaHHblii  CIeKTp pachpeneneHuss P30 —
(La/Yb)\=1,3-3,0, npu Ybn=12,4-17,5, a rabbpo-ampubonutax - Oosee IUPPepeHUNPOBAHHBIA —
(La/Yb)n=5,9-6,3, mpu Ybn=22,5-23,5.

Ha muarpammax K-Ti, K-P, Co-Ni, V-Cr [2] To4uku cOocTaBOB 0a3WTOB 3ama HONPHA30BCKON CEpHUH
(dhopMupyOT OCTPOBOIYKHBIC TpeHbl. Ha auarpamme Nb/Y-Zr/Y To4Yku MeTaba3uTOB 3amaJHONPHA30B-
CKOI1 cepyH PacIioJIOKEHBI B TOJIE MIOPO OCTPOBHBIX YT (pHC. 2).
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B pesynbTate BBITIOJHEHHBIX UCCIEIOBAHUN YCTAHOBICHO, YTO OCHOBHBIEC KPUCTAIIOCTIAHIIBI BEPX-
HETOKMaKckol Toim coaepxkat o6onbmie Ni, Cr, Pb u menbme V, Y, Nb, Ta, Zr u Hf, uem ocHOBHBIE KpH-
CTAJUIOCHIAHIIBI KalMHKYIaKkckoi Tommu. [lo cpaBHeHmio ¢ Mmerabazansramu KocuBuesckoit 1 HoBoropos-
ckoif 3C, B OCHOBHBIX KPHUCTAJLIOCIIAHIIAX 3aITaTHONPHUA30BCKOW CEPUH CYIIECTBEHHO BEINIEC COACPKAHUS
Nb, Ta, Zr, Hf, Y, 4T0 CBUETEIBCTBYET, BEPOSITHO, O MX BBHIMJIABJICHUN U3 HEJCTUICTUPOBAHHOTO MaHTHIA-
HOTO cyOcTpaTta, Wi 0Opa3oBaHUM B IPYTHX T'€OJIOTHYECKUX YCIOBHSAX. BBISBIEHHBIE OTIIMYHS COCTaBa
MeTaba3uTOB BEPXHETOKMAKCKOW W KaWWHKYJIAKCKOW TOJIII 3alaJHONPHA30BCKON CEPUH U 3€JICHOKaMEH-
HBIX T0sICOB [Tpra3oBCKOro Meradiioka OTPaXKaroT, BEPOSTHO, IBOJTIOI[MOHHBIC U3MEHEHUSI COCTaBa MAHTUHU
Y YCIIOBHI MarMoo0pa3oBaHus OT Hajieoapxes A0 Me30apXxesl.

Pabota mognepxana rpantom HAH Ykpanasr Ne48/08-O
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West Azov series metamorphic rocks are the oldest (Paleoarchean) rocks in the Priazov
megablock. They are subdivided into the Upper Tokmakian (lower) and Kayinkulakian (upper) units.
The Upper Tokmakian unit, over 4500 m in thickness, consists of basic schists, pyroxene, amphibole
and biotite gneisses and amphibolites with garnet and pyroxene-magnetite quartzite interbeds. The
Kayinkulakian unit, over 4250 m in thickness, is made up of gneisses dominated by biotite-amphibole
and pyroxene varieties, garnet-biotite gneisses, iron formation and pyroxene-bearing schists being less
abundant.

Samples of Upper Tokmakian basic schists were collected from exposures in the Lozovatian
anticline (Upper Tokmak river) and from the eastern flank of the Obitochninian anticline (Upper Kiltichia
river), and Kayinkulakian-unit basic schists and gabbro-amphibolites from the Lower Kayinkulak river,
where Lozovatian anticline rocks are exposed, and in the Lower Mokraya Konka river from
Razdorovskaya and Balok Golykh brachysynclines.

To cast light on the genesis of West Azov schists, the authors made diagrams using the elements Ti,
Zr, Nb and Y that are least mobile during metamorphism. Analytical data on poorly metamorphosed
basalts of the Kosivtsevian and Novogorovian greenstone structures from the Mesoarchean Priazov
megablock were used for comparison. On the SiO,-Zr/TiO,, SiO,-Nb/Y, Zr/TiO,-Ce, Zr/TiO,-Nb/Y
diagrams [1], the composition points of basic schists of the Upper Tokmakovian and Kayinkulakian units
are in the normal, subalkaline and alkaline basalt and andesite-basalt fields, suggesting their magmatic
genesis. On the AFM diagram, West Azov series schists and gabbro-amphibolites are in the tholeiitic-
series rock field. In the basic schist samples analysed, percentages of Co, Ni and Cr directly correlate with
that of MgO, and V concentration is inversely related to it. Such a relationship is characteristic of basic
igneous rocks.

Upper Tokmakian and Kayinkulakian basic schists and gabbro-amphibolites belong to a normal
petrochemical series of basic rocks. Kayinkulakian gabbro-amphibolites contain more TiO, (2.08-2.51 %),
P,05 (0,32-0,38 %) and Fe (Cf=79-80 %) than basic schists. In the Zr/TiO, -Nb/Y diagram, they are in the
alkaline basalt field. Gabbro-amphibolites are much richer in Ba, Y, Nb, Ta, Zr, Hf and REE than basic
schists. West Azov schists and gabbro-amphibolites typically show a negative Nb anomaly. The REE
distribution in Upper Tokmalian schists is poorly differentiated: (La/Yb)y=1.4-2.9, at Yby=9.7-16.4 (Fig.
1). Kayinkulakian basic schists exhibit a poorly differentiated REE distribution spectrum: (La/Yb)x=1.3-
3.0, at Yby=12,4-17,5, and gabbro-amphibolites show a more differentiated spectrum (La/Yb)x=5.9-6.3, at
Ybn=22.5-23.5.

On the K-Ti, K-P, Co-Ni, V-Cr diagrams [2], the composition points of West Azov basic igneous
rocks form island-arc trends. On the Nb/Y-Z1/Y diagram, West Azov basic igneous rock points are in the
island-arc rock field (Fig. 2).

Our study has shown that Upper Tokmakian schists contain more Ni, Cr and Pb and less V, Y,
Nb, Ta, Zr and Hf than Kayinkulakian basic schists. West Azov schists contain much more Nb, Ta, Zr,
Hf and Y than metabasalts of the Kosivtsevian and Novogorovian GS, suggesting that they were either
melted out of an undepleted mantle substrate or were generated in a different geological environment.
Differences in the composition of West Azov series Upper Tokmakian and Kayinkulakian metabasic
igneous rocks and that of the greenstone belts of the Priazov megablock seem to reflect evolutionary
changes in mantle composition and magma generation conditions from Paleoarchean to Mesoarchean
time.
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['ynsiinonabCcKkuil TpaHUT-3€JI€HOKaMEHHBIM 070K rpaHuuuT ¢ Bomuanckum u PemoBckuMm rpany-
JIUTOBBIMH OsoKaMu. OHHM OTHENSIOTCS OT MEPBOro - I'alfduypcKuUM pa3jioMoOM CEeBEpO-3araJHoro mpo-
CTHpaHus, K KoTopoMmy npuypoucHa moBHas Kocusnesckas 3C (3,2-3,0 mupa net). Bormganckwuit u Pe-
MOBCKUH OJIOKM HaJABHHYTHI Ha ['ynsiinonbckuii 610k. B aToM paiione BeiaensieTcs: 60bIIOE KOTUYE-
CTBO Pa3HOBO3PACTHBIX MHTPY3WH rpaHuToB - OT 3,0 mo 2,0 mapx ner. X xapakTepHOW 0COOEHHOCTH
SBJISIETCS] 9acTO€ MPHUCYTCTBHEM HApPSAy C MarMaTH4eCKUM ITUPKOHOM - PEITMKTOBOTO Iajie0apXencKo-
ro TPaHyJIUTOBOTO IUPKOHA BO3pacToM 3,4 MIIpA JIET, 4TO yKa3blBaeT Ha (HOPMHUPOBAHHE ITOTO 3eJe-
HOKaMEHHOI'0 Iosica Ha Oojee ApeBHeW cuanmmueckod kope [1,2]. B muomagHoM pacmpocTpaHeHUU
rpaHuTonioB B KocuBIEBCKOM palioHE BBISBIIEHA ONIpENEICHHas 3akoHoMepHocThb. Ha ['ynsitmons-
CKOM TPaHHT-3€J€HOKaMEHHOM OJIOKE MMEIOT apeajbHOe paclpocTpaHeHue miaruorpanutouast TTT
¢opmanuu (ToHanutsl >3,0 Miupa aeT, TpOHABEMUTH 2,92 mupa net) [1]. UHTpy3un rpaHOAMOPHUTOB
LIEBUYEHKOBCKOI0 KOMILIEKca cinaratoT Bo3asuwxenckuil 1 HoBoropuropbeBckuid MaccuBbl Ha [ynsiid-
MOJILCKOM OJIOKe M HeOonpmue WHTPY3uu B [altuypcekoit momoce (2,835+0,03 mupa. ner) [1]. ['pann-
TOUABI JO0OpoIonbckoro komiekca (2,140,015 mupa aer [2]) cnarator Pusassinckuit u J{oOpomnosib-
CKHMI MacCHUBBI, KOTOpPBIE PE3KO AMCKOPJAHTHBI MO0 OTHOIIEHHIO K CTPYKTypaM paiioHa. OHU pacnoio-
xeHbl B ['aiiaypckoit n J[oOpomonsckoit 30HaX pa3IoMOB (COOTBETCTBEHHO). JKuIbHBIE TPAHOINOPH-
ThI, IIUPOKO pacmpocTpaHeHsl cpenn BynkaHuToB Kocusiesckoit 3C. Ha Bomuanckom u PemoBckom
IpaHyJIUT-THEHCOBBIX OJIOKaX BBIIEISIIOTCS MHUKPOKJIMH-IUIATHOKIA30Bble TPAHUTBl PEMOBCKOTO KOM-
miekca (2,97+0,18 mupa net) [3]. Beicokas cTeneHb TEKTOHHYECKON TepepadOTKH TMOpOJ 3elIeHOKa-
MEHHBIX TOSICOB W BBICOKAsA CTENEeHb WX TPAaHUTH3AIUS MO3BOJSET BHICOKO ONEHHWBATH MX MEPHEKTHBHI
3TOTrOo paiioHa Ha 0JIArOPOTHOMETAILHOE OPYICHEHHE.

Inazuoepanumouowt TTI accoyuayuu (3,0-2,92 mapo nem). BoiaensaroTcss ATMOPUTH U TPOHIBEMHU-
Thl HaTPUEBOI CepUM, KBaplLEeBble JUOPHUTHI U TOHAJIUTHI KaJINEBO-HATpUEBOH cepuu. B npoananusupo-
BaHHBIX 00pasiax Si0, - (63,24-74,59 mac.%); Na,O (4,30-5,77 mac.%), K,O (0,34-1,10 mac.%). I1o ot-
Homenno K,;0/Na,0<0,5 oHH YeTKO OTAEMSAIOTCS OT TPAaHUTOMJOB IIEBYEHKOBCKOI'O, PEMOBCKOIO M
noOporoiabckoro komruiekcoB. Ha muarpammax Na-K-Ca u Ab-Qz-Ort TOYKH COCTaBOB TOHAIUTOB H
TPOHJIbEMUTOB XapaKTePU3YIOTCS TOHAIUT-TPOHABEMHUTOBBIM TPEHIOM. TOHAIUTHI OTINYAIOTCS HU3KH-
Mmu cogepxanuamu Rb (30 ppm), Ba (461 ppm) u orHomenuem Rb/Sr (0,09). [1o conepkanuio cTpoHuus
(331 ppm) OHH OTHOCSTCS K MaJIOCTPOHITMEBBIM ToHaIUTaM. Pacnipenencune P30 B TonanuTax mudde-
penmmpoBanHoe — (La/Yb)y = 12,8 (mpm Yby = 5,4). Ha cnaiimep-amarpamMme BBIACISIIOTCS
orpunarenbibie anomanuu Nb u Ti. Cornacho Sm-Nd usoronHsiM jgaHHbiM - eNd(T)= +0,6, Tpy =
3,097 mupa neT, TOHAJIWUTHI BHIIUIABISUINCH M3 CIAa00 JETIETUPOBAHHOTO MaHTHiTHOro cybcrparta. B
TpoHIbeMHUTax cozepkanue Rb (8-9 ppm), Sr (405-445 ppm), Ba (294-560 ppm), otHOomenue Rb/Sr
(0,02). Pacnpenenenue P33 B omHOM 00pasiie cinabo nuddepennuposannoe (La/Yb)y= 7,7, npu Yby =
5,4), a B apyrom — cunbHonup depenunposannoe (La/Yb)y=133,1, Yby = 5,4). B nocnennem nabnrona-
eTCsl TIOJIOXKHUTENbHasA eBponueBas aHoManus (Euw/Eu* = 5,7. Ha cnaiinep-auarpamme BBIICISIOTCS Hera-
tuBHBIEe aHoManmuu Nb u Ti. ITo Sm-Nd #30TOMHBIM JaHHBIM, TPOHIBEMHTHI BHITUIABIISIIUCH U3 JIETIIICTH-
poBanHoro MantuiiHoro cyocrpara eNd(T) = +2,6, Tpm= 2,92 mupa 7er.
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Lleguenxosckuii xomnaexc (2,83+0,70 mapo aem). 1o XuM. cocTaBy OHH OTHOCSITCSI K TPAaHOIUOPH-
TaM HOPMAaJILHOTO METPOXUMHUYECKOTO psijia KajaueBo-HaTpueBon cepuu. Si0, (68,67 mac.%), Na,O (2,97
Mac.%), K,0 (2,82 mac.%). B Hux HaOmromaeTcs moBsimieHHOE conmepkanne Ba (1240 ppm). Coxepixanue
Rb (63 ppm), otHomenue Rb/Sr (0,12). Pacnpenenenue P30 cunbHo nuddepeniuporantoe (La/Yb)y =
30,9, npu Yby = 3,9.

Hobpononvckuii komnnexc (2,1£0,015 mapo nem). 3ydanuch KBapIiieBble JUOPUTHI U TPaHOINOPH-
THl HOPMAaJILHOTO TMETPOXUMHUUECKOTO psifa KalnueBo-HaTpueBoi cepuu. SiO; (60,79-68,40 mac.%), Na,O
(2,53-3,80 mac.%), K,O (1,89-2,96 mac.%). Mx xapakTepHOW OCOOCHHOCTBIO SIBISCTCS HACBIIICHHOCTD
MEJIKIMH KCEHOIUTaMHU aM(pUOOIHUTOB, TUPOKCEHUTOB U, peXe, THeCcoB. J(HOpUTHI T0OOPOIOIBECKOTO KOM-
TUIeKCa XapaKTepPU3YyIOTCA HEBBICOKUMU cojiepkaHusMu Rb (60-75 ppm) ¥ MOBBIIIEHHBIMU COJIEPKAHISIMH
Ba (1200-1940 ppm). Conepxanue Sr (618-765 ppm), Rb/Sr (0,08-0,15). [Toesitennsie conepxanus Cr,
Ni, Co u V 00ycnoBieHbl HAIMYHEM B TIOPOJIE MEIKHX KCEHOIUTOB YibTpaba3utoB. Pacnipenenenue P30 B
Hux auddepermuposannoe — (La/Yb)y = 16,2-28,3 (mpu Yby = 3,7-6,1) c He3HAUNTENTFHON MOIOKHUTETH-
Hoii eBpornueBor anomanued Eu/Eu* = 1,08-1,19. [To Sm-Nd u30TONHBIM J1aHHBIM, IJIATHOTPAHUTHI J00-
POIIONIBCKOTO KOMILIEKCa BBHIIUIABISUTUCH U3 cyOcTpaTra ¢ MOAEIBHBIM Bo3pacToM Tpyv = 2,994 mupn ner.
[Tapamerp €Nd, paccuntanusbiii Ha Bozpact 2,1 mupx ner - eNd(T) = - 9,9. llepBuyHoe OTHOIIEHHE U30TO-
MOB CTPOHIIMA B IUIATHOKIIA3€ M allaTUTe M3 KBapUeBbIX nuopuToB Jlobpomonbckoro maccusa - 0,706. Co-
TJIACHO UMEIOMIMMCS T€0JOTMYECKUM M TEOXHUMHUYECKUM JIAHHBIM, TPAaHUTOUBI I0OOPOIIOJILCKOTO KOMILICK-
ca 00pa30BaUCh MPH TUIABJICHUN CMEIIAaHHOTO KOPOBO-MaHTHITHOTO cyOcTpara B 30HE CTOJKHOBEeHHA ['y-
nsinonabpekoro u PemMoBckoro 610k0B. Slipa u3 mupKoHa JOOPOTOIBCKIX TPaHUTOB UMEIOT XapaKTepPHCTH-
KH IIMPKOHA I'PaHyJIWTOBOTO THIA. DTO TMO3BOJIAET MPEAIONIOKNTE, YTO KOPOBas COCTABIIAIOMIAs B 3TUX
rpaHuTax NPUHAAISKUT TIOPOJaM 3araJHONPHA30BCKON CEpUU.

Pemoscxuii komnnexc (2,973+0,18 mapo nem). I'paHuTONIBI PEMOBCKOTO KOMILIEKCA CIIarar0T He-
OoJblIMe MHTPY3UU M KHUJIbHBIE Tella CPelld MOpOoJl 3alaJHONPHUA30BCKON M IIEHTPaIbHONPHA30BCKON Ce-
puii. OHE OTHOCSTCSI K TPaHUTaM HOPMaJILHOTO ETPOXUMHUYECKOTO Psijia KaIneBo-HaTpueBoi cepun. SiO;
(70,91 mac.%), Na,O (3,25 mac.%), K,O (3,39 mac.%). Comepxxanuss Rb (133 ppm), Sr (318 ppm), Ba
(1030 ppm), Rb/Sr (0,42). Ha cnaiinep-aquarpamMMe BBIAENSIOTCS OTpullaTenbHble anomanuu Nb, Sr, Ti.
Pacnipenenenue P39 cunbho nuddepennupoBantoe (La/Yb)=67,3 npu Yby = 4,5). Beigensiercs otpura-
TeapHas eBpornueBas anoManus Eu/Eu*=0,57. Cormacao Sm-Nd H30TOITHBIM TaHHBIM, TPAHUTHI PEMOBCKO-
T'0 KOMIUTEKCA BBITUIABIBUIUACH U3 AeruieTupoBaHHoro cyoctpara eNd(T) = +2,3; Tpy = 2,962 mipx jer.

CocraB TpaHUTOMIOB B M3yYacMOM palioHE OTpa)kaeT pasHble reoAMHAMHYECKUE YCIOBHS UX (op-
MUpOBaHUs. ['paHUTBl PEMOBCKOI'O KOMIUIEKCA Ha TPaHyJIUTOBOM BoiuaHCKOM OJIOKE XapaKTepHU3yIOTCs
Haubonee BeicOkuMU conepkanusamu K,O, Rb u Rb/Sr orHOmIennem. OrHOBO3pacTHBIE ¢ HUMU TUIarvo-
rpaautouasl TTI dhopmanmu Ha ['yISIIIONBECKOM TPAaHHUT-3€JIEHOKAMEHHOM OJIOKE OTIMYAIOTCS HU3KUMH
cogepxxanust K,O, Rb, Ba u Rb/Sr orHomenus. ['paHoanopuTHI IeBUEHKOBCKOTO KOMILJIEKCA BEChbMa OJIH3-
KH TI0 TEOXUMHYECKAM XapaKTepUCTHKaM C TPaHUTOMAAMH JTOOPOTOIBCKOTO KOMIUIEKCA, OTIHYAsCh OT
HUX OTCYTCTBHEM KCEHOMUTOB. IHTPY3HH TpaHUTOMIOB TOOPOIOIBECKOTO KOMIUIEKCA NMEIOT KOPOBBIIA Te-
Hesuc. B oriamune ot me3oapxeiickux rpanutonnoB TTT ¢opmaiuu, NIeBYSHKOBCKOT'O U PEMOBCKOTO KOM-
TUIEKCOB OHHM C(hOPMHUPOBAIIKCH B MAIEONPOTEPO30€ B pe3ysbTaTe MeperuiaBieHus nopol GyHIaMeHTa U
Mme3oapxeiickux rpaautoB TTI" popmarmu.

The Gulyaipolsky granite-greenstone block bounds on the Volchansky and Removsky granulite
blocks. The two latter blocks are separated from the former by the NW-trending Gaichursky fault to which
the 3.2-3.0 Ga Kosivtsevskaya sutural GS is restricted. The Volchansky and Removsky blocks are thrusted
over the Gulyaipolsky block. Many granite intrusions, varying in age from 3.0 Ga to 2.0 Ga, occur in this
area. Together with igneous zircon, they typically contain pre-relict Paleoarchean 3.4 Ga granulitic zircon,
suggesting that the greenstone belt was formed on an older sialic crust [1, 2]. The areal distribution of
granitoids in the Kosivtsevsky area shows a distinctive pattern. On the Gulyaipolsky granite-greenstone
block, plagiogranitoids of a TTG formation (tonalites >3.0 Ga, trondhjemites — 2.92 Ga) exhibit an areal
distribution [1]. Granodiorite intrusions of the Shevchenkovsky complex make up the Vozdvizhensky and
Novogrigoryevsky massifs on the Gulyaipolsky block and small intrusions in the 2.835+0.03 Ga
Gaichurskaya band [1]. 2.1+0.015 Ga granitoids of the Dobropolsky complex [2]) constitute the
Rizdvyansky and Dobropolsky massifs that are highly discordant with structures of the area. They are
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located in the Gaichurskaya and Dobropolskaya fault zones, respectively. Veined granodiorites are
widespread among Kosivtsevskaya volcanics. On the Volchansky and Removsky granulite-gneiss blocks,
2.9740.18 Ga microcline-plagioclase granites of the Removsky complex were identified [3]. A high degree
of tectonic reworking and granitization of greenstone belt rocks suggests a high noble-metal mineralization
potential of the area.

3.0-2.92 Ga TTG-plagiogranitoids. Sodic-series diorites and trondhjemites and potassic-sodic-series
quartz diorites and tonalities were identified. The samples analysed contain 63.24-74.59 mass.% SiO,,
4.30-5.77 mass.% Na,O and 0.34-1.10 mass.% K,O. They clearly differ in the K,0/Na,O ratio (<0.5) from
Shevchenkovsky, Removsky and Dobropolsky granitoids. On Na-K-Ca and Ab-Qz-Ort diagrams, the
composition points of tonalities and trondhjemites show a tonalite-trondhjemite trend. Tonalites contain
low Rb (30 ppm) and Ba (461 ppm) concentrations and exhibit a small Rb/Sr ratio (0.09). Based on
strontium concentration (331 ppm), they are classified as low-strontium tonalites. The REE distribution in
tonalities is differentiated: (La/Yb)y= 12.8 (at Yby = 5.4). Negative Nb and Ti anomalies are observed on
the spider-diagram. Sm-Nd isotopic data, eNd(T) = +0.6, Tpy = 3.097 Ga, tonalities were derived from a
slightly depleted mantle substrate. Trondhjemites contain Rb (8-9 ppm), Sr (405-445 ppm) and Ba (294-
560 ppm) and exhibit a Rb/Sr ratio of 0.02. REE distribution is poorly differentiated in one sample:
(La/Yb)y = 7.7, at Yby = 5.4) and highly differentiated in the other: (La/Yb)y = 133.1, Yby = 5.4). A
positive Eu anomaly (Eu/Eu* = 5.7) is observed in the latter. Negative Nb and Ti anomalies were identified
on the spider-diagram. Sm-Nd isotopic data suggest that trondhjemites were melted out from a depleted
mantle substrate, eNd(T) =+ 2.6, Tpy=2.92 Ga.

Shevchenkovsky complex (2.83+0.70 Ga). Based on chemical composition, they were classified as
normal petrochemical-series, potassic-sodic-series granodiorites, as shown by SiO, (68.67 mass.%), Na,O
(2.97 mass.%), K,;O (2.82 mass.%) concentrations. They are rich in Ba (1240 ppm). They contain
63 ppm Rb and have a Rb/Sr ratio of 0.12. Their REE distribution is highly differentiated (La/Yb)x= 30.9,
at Yby =3.9.

Dobropolsky complex (2.1+0.015 Ga). Normal petrochemical-series, potassic-sodic-series quartz
diorites and granodiorites were studied. They contain SiO, (60.79-68.40 mass.%), Na,O (2.53-3.80
mass.%) and K,O (1.89-2.96 mass.%). They typically host small amphibolite and pyroxenite xenoliths,
gneiss xenoliths being less common. Dobropolsky diorites have low Rb (60-75 ppm) and high Ba (1200-
1940 ppm) concentrations. They contain Sr (618-765 ppm) and their Rb/Sr ratio is 0.08-0.15. High Cr,
Ni, Co and V concentrations are due to the presence of small ultrabasic rock xenoliths in the rock. They
exhibit a differentiated REE distribution pattern: (La/Yb)y = 16.2-28.3 (at Yby = 3.7-6.1) with a small
positive Eu anomaly: Eu/Eu* = 1.08-1.19. Sm-Nd isotopic data suggest that Dobropolsky plagiogranites
were derived from a substrate with a model age Tpv = 2.994 Ga. The ¢Nd parameter, calculated for an
age of 2.1 Ga, is eNd(T) = - 9.9. The primary Sr isotope ratio in plagioclase and apatite from
Dobropolsky quartz diorites is 0.706. Available geological and geochemical data suggest that
Dobropolsky granitoids were generated upon melting of a mixed crustal-mantle substrate in the collision
zone of the Gulyaipolsky and Removsky blocks. Cores from zircon extracted from Dobropolsky granites
display the characteristics of granulitic-type zircon, suggesting that the crustal constituent of the granites
is made up of Western Azov-series rocks.

Removsky complex (2.973+0.18 Ga). Removsky granitoids constitute small intrusions and veined
bodies among Western Azov- and Central Azov-series rocks. They are classified as normal petrochemical-
series, potassic-sodic-series rocks. They contain SiO, (70.91 mass.%), Na,O (3.25 mass.%) and K,O
(3.39 mass.%). The concentrations estimated are: Rb (133 ppm), Sr (318 ppm) and Ba (1030 ppm). Their
RDb/Sr ratio is 0.42. The spider-diagram shows negative Nb, Sr and Ti anomalies. Their REE distribution is
highly differentiated: (La/Yb)y= 67.3 at Yby = 4.5). A negative Eu anomaly (Ew/Eu* = 0.57) was revealed.
Sm-Nd isotopic data suggest that Removsky granites were produced from a depleted substrate: eNd(T) =
+2.3; Tpm=2.962 Ga.

The composition of granitoids in the study area shows that they were formed under different
geodynamic conditions. Removsky granites on the granulitic Volchansky block have the highest K,O and
Rb concentrations and Rb/Sr ratio. Coeval plagiogranitoids of a TTG formation on the Gulyaipolsky
granite-greenstone block display low K,O, Rb and Ba concentrations and Rb/Sr ratios. Shevchenkovsky
granodiorites are fairly similar in geochemical characteristics to Dobropolsky granitoids but have no
xenoliths. Dobropolsky granitoid intrusions exhibit a crustal genesis. Unlike Mesoarchean TTG formation-
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and Shevchenkovsky and REmovsky granitoids, they were produced in Paleoproterozoic time by remelting
of basement rocks and Mesoarchean TTG-formation granites.
The study was supported by Ukraine’s NAS grant 48/08-F
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Keiisckuii Teppeiin (KT) pacnonosken Ha ceBepo-BocToke banTuiickoro mmura u paaukaib-
HO OTJINYAETCS OT CMEXHBIX TEKTOHHYECKHX OJIoKOB. OTiuuusi 0OyCIIOBIEHBl KaK HAJUYUEM B
HEM TOpOJI, KOTOPHIX OOJIbIIle HET HU B OJAHOM JAPYroil CTPyKType LIuTa, Tak U crneunduxoil na-
aeonpoTepo3oiickux nedopmarmid. [laneonporeposoiickue TONIIM, KOTOPbIE 3aJleraioT Cpeau
KeBcKkux napacianieB xp. CeprnoBHIHOT0, OTHOCSIIMXCS K HEOAPXEHCKOMY OCaI0UHOMY YeXJy
([2] u cchKM Tam), CMATHI B CHHPOPMHYI0 H30KIMHAIBHYIO CKIAKy KOJTYaHOBHIHOW MOpdoIio-
U (sheath fold), oOpa3yroliyto Ha TOBEpXHOCTH CIUTIOIIEHHBIN oBan 8 x 2 kM. Takast mopdouio-
I'Msl YCTAHOBJICHA KaK MO CTPYKTYPHBIM HAOJIOJCHUSM, TaK U MO pe3yJbTaTaM HHTEpIpeTaliu
MarHUTHBIX JaHHBIX. B CKIIaAKy Tak)ke CMSATHI Pa3JIOMBbIl, MapasuieibHble TPaHUIAM TOJIL] U Mec-
TaMU CpE3aloIlMe UX MOA OCTphIM yriioM. [laneonporepo3oiickas CTpyKTypa sIBISETCS 4acTbIO
KpyIHOU TEKTOHUYECKOH JIMH3BI (12 X 3 kM), KOTOpasi ClI0’KeHa CIIO/ITHO-KBAapIeBBIMU MapaciiaH-
[IaMH apXxes, CMATBIMU B aHTU(OPMHYIO CKJIaAKy. TakuMm oOpa3oM, 3ajeraHie HeoapXeucKux na-
pacJIaHLEB U MAJIEONPOTEPO3OMCKUX MOPOJ B 3TOM PAOHE HE OTBEYAET IIPOCTOMY CHHKIMHOPHUIO,
00biyHO BbLAesieMoMy B KT, B KOTOpBIN CMATBHI CyHpakpyCTajbHbIE MOPOJbI C NEPBUYHBIMU
cTpaTurpadu4ecKuMi COOTHOUICHHMHU MEXJy HUMHU. Bce 3TH mopojbl cliaraloT TEeKTOHUYECKHE
IUITACTHHBI U YElIyH, CMATbIE B KOJYAHOBMJHBIE CKJIAJKH, KOTOpBIE PAa3BUBAIOTCA B 00IACTAX
OYEeHb CHIIBHBIX JIe(hopMaIHii MPOCTOTO CIBUTA U CBS3aHBI C MOIIHBIM HajBUramu. 13 nmutepatyp-
HbIX AaHHBIX 10 KT cnenyer, 4To KpynHbIE KOTYaHOBUIHbBIE CKIAAKU (10 25 X 5 KM Ha MOBepX-
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HOCTH) Pa3BUTHI BO BCEil Mojioce MmapaciaHileB, KOTopas SBJSETCS KPYIMHON MIaCTUYECKOH CIBH-
roBoi 30HOH [3], pacnosnoxxeHHOW BIoJb ceBepHOM okpauHbl KT u cBsi3aHHON ¢ HaJBUraHuEM C
ceBepa Ha TeppeilH MypMaHCKOro KpaToHa. DTH ke JeopMaluyd OTMEYaloTCcsl U B apXeHCKuX
KHCITBIX METaBYJKaHUTAX W IIEJOYHBIX TpaHUTaX. B oTinune oT HUX, apXelcKkue rpaHUTOUIbI U
6a3uThl IpeBHelIIero GyHaIaMenTa, ciararomnme B oro-3anajgHon yactu KT oBanbHyIO CTPYKTYpY
pazmepom 90 x 20 kM, HE HECYT CJIEJIOB MaJICONPOTEPO3OUCKUX AePopMaruii.

Ha npumepe KOITU3MOHHBIX OPOreHOB (aHepo30s (Amnmnanauu, kaneaoHuabl CKaHIWHABUN)
ObUIO MOKa3aHO, YTO HA KPasX CXOJSIIMXCS KOHTHMHEHTOB OCaJI0OYHBINA 4eXxoJ OblI copBaH ¢ (QyH-
JTAMEHTAa, CMST B CKJIQJKU U MEpeMelléH M0 HaJBUraM Ha JECSITKH U Ja)kKe COTHU KUIIOMETPOB.
Msr1 nonaraem, uro KT siBisier co0oil mpumep copBaHHOTO ¢ HeZe(OPMUPOBAHHOTO B MAIEONPO-
TEpO30€ apXxenckoro (yHIaMeHTa CyNpakpyCTaJbHOTO uYeXJia, KOTOPBIH MCIBITAl MHTEHCHBHbIC
nedopmaruu Bo Bpems Jlammannacko-Konbckoit oporenun 2.0—1.9 Mapa. neT tomy Hazan. OTa
TeKTOHHYecKHe AneMeHThl cTpoeHus: KT BbaenstoTcs kak KOMIIOHEHTHI €UHOTO MaleonpoTepo-
30MCKOT0 CTPYKTYPHOTI'O ITapareHe3a BhICIIEro nopsaka. OBanbpHas CTPyKTypa apXeHcKoro rpaHu-
TOTHelcoBoro pyHmaMeHTa B roro-3anannoi yactu KT paccmarpuBaeTcst Kak TEKTOHHYECKOE OK-
HO CpeJy MajeonpoTepO30HCKUX TEKTOHHYECKHX MOKPOBOB. COpPBAaHHBIM 4eXOJl CIOXKEH JI0CTa-
TOYHO TJIyOOKO MeTaMOp(U30BaHHBIMHM TOPOAAMH, U TOBEPXHOCTh CpbIBa (pasjioM TUMa
"detachment") nomxHa Obljla HaXOAUTHCS HAa OTHOCUTEIBHO OONBLION TiayOuHe. DTy TiayOuHy
MO>KHO OILIEHUTh Ha OCHOBE P—1' yclioBUI 00pa30BaHMs TUHEHHOCTH.

AHanau3 OpPUEHTUPOBKH JIMHEHHOCTH, Bo3HUKIIEH 1.90-1.95 mupa. ner Ha3azd, BBIABUI B
Konbckom pernone crnenn(puveckyo BHYTPUKOPOBYIO TpaHUILy. B moponax, UCIIBITaBIINX MeTa-
Mopdusm npu P > 6—7 kbOap (OemoMOpuIbI, JaTUTaHICKUE TPAHYJIMTHI), pa3BUTa IMOJIOTas JTUHEH-
HOCTb, KOTOpas apajiesibHa IPOCTUPAHUIO CTPYKTYP CXKaTHs M OTpaxaeT (Cy0)ropu3oHTalIbHbIE
JBYDKEHUS BAOJb 3TUX CTPYKTYyp. JIMHEHHOCTh B mOpoaax, MeraMopdu30BaHHbIX mpu P < 67
KOap, sSBISETCS pe3yibTaToOM B30POCOBBIX M HAJABUTOBBIX JABIKEHUH, (CyO)MepHeHInKyISIPHBIX
HOPOCTUPAHUIO CTPYKTYp cxartus. "CyOnepneHnukyispHad" nuHerHocTh xapakrepHa ais KT u
I0’)KHBIX OKpauH nosica [leuenra—Mmannpa-Bapsyra. CrnenoBarenbHo, paccMaTpuBaeMas IpaHUIla
JI0JDKHA ObLJIa HAXOIUTCS Ha TryOnHax 20—23 kM.

CBs13p MuHEHOCTH, (Cy0)nepneHaAuKyIIpHON U (Cy0)napalljiesIbHON CTPYKTypaM CKaTus, ¢
pa3HbIMU TITYOMHHBIMU YPOBHSMH KOPBI COTJIACYETCS C MOJENbI0 TPAHCIPECCHU KOPOBOTO Mac-
mrada [4]. [Ipu coxaTuu OpPOABI BEpXHEH KOPHI BBIJABIMBAIOTCS BBEPX C pa3BUTHEM KPYTOU JIH-
HeltHoCTH, (Cy0)NepneHAUKYIIPHON CTPYKTypaM CXaTHsl, a B HUKHEH Kope pa3BUBAIOTCS C/IBH-
TOBBIE 30HBI CO CMEIIEHHEM HX OOPTOB MO MPOCTHPAHHUIO U 0OPA30BAHUEM IOJIOTON JTMHEHHOCTH,
(cy0)mapannenbHOU CTpyKTypaMm cxaTus. Kak m3BecTHO, KOHTHHEHTANbHAs KOpa MO peosioruye-
CKMM CBOMCTBaM JEJIUTCS Ha JBa CJI0s C epexoaHoi 30HoH Ha riryounax 20-25 km. B KT cpeis ¢
dbyHIaMeHTa yexsia, CI0KEHHOTO IMOYTH TOJBKO apXeWCKUMH CYNpPaKpyCTaJbHBIMU TOJIIAMH,
IIPOM30IIEN UMEHHO Ha 3TUX IIIyOMHaX, U Mbl CYMTAEM, YTO TOBEPXHOCTh CPbIBA SIBJIAETCS OJHUM
13 KOHKPETHBIX BBIPAKEHUI 3TOM Ba)KHEUIIIEH BHYTPUKOPOBOM MEPEXOTHOMN 30HBI.

Ha 3anane KT rpannunt ¢ Konscko-HopBexxckum TteppeitHOM, B KOTOPOM, Kak U B Myp-
MaHCKOM KpaTOHE Ha ceBepe, MaleonpoTepo3oiickue nehopMaluy MOYTH HE MPOSIBICHBI. TakuM
00pa3oMm, BO BpeMs HaIBUTOOOPA30BaAHUS ITH TEKTOHUICCKUE OJIOKU PEOJIOTHYECKU OBLTH TAKHMH
ke, kak u apxerickuii pyngament KT. Hanuroseie cuctembl KT koppenupyrores ¢ 3aKpbITHEM
naneopudra Ileuenra—Mmanapa-Bapayra, nporeaiiero yepe3 okeaHu4eckyto craauto 1.99-1.97
mipa. et Ha3an ([1] u ccbuiku Tam). Mmenno pyoexy 1.97 mupa. net B KT oTBedaer nuk meTa-
Mopdusma 1 neopMaIy MopoJ1 4exJa, KOTopble 3aBepinianch 1.93 mupa. et Hasza, Koraa mno-
poxbl octeun A0 ~450 °C [6]. C aTM pyOekoM CBs3aHBI U iepBbIe ocTpoBOoaAYKHBIE TTI™ mopo-
JI6l M TUOPHTHI B sifpe Jlarmanacko-Konsckoro oporeHa, 3HaMeHYIOIIME Ha4aIo0 CyOayKIUU OKea-
Hu4yeckor kopsl Jlammanacko-Konbckoro nmaigeookeana ([1] v ccpliku TaM). MeKKOHTHHEHTAb-
Hasl KOJUIM3USA B SIIpE OpPOreHa, PacloyiokeHHOM K roro-3anany ot KT, navanaces 1.95 mupa. ner
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Hazan. Takum oOpa3om, M0 Havala KOJTM3UU KEHBCKHI CyMpaKkpyCTalbHBINA YeXO0J yke ObUT CO-
pBaH ¢ apxeickoro (yHAaMeHTa, a ocje e€ Hayasia riIyOMHHbIE HaJIJBUTH PAa3BUBAINCH B HUKHEH
KOpe€ siipa oporeHa (JaruIaHICKUe TPaHyJIUTHl U UX aHAJIOTH) U IpuJjieraroliei ¢ rora yactu bemno-
Mopckoro nojsuxkHoro mnosica (BIIIT) B ycnoBusax nuka meramoppusma 1.92—1.93 mipa. ner Ha-
3an. [lanee k roro-3amany — Ha rpanuie BIIIT u Kapensckoro kparona (KK), — muk meramopdus-
Ma 0wl mocturHyT 1.89-1.91 mnpa. nmet Hazan (HeomyOnukoBaHHBIe naHHBIe H. JI. Anmekceera,
I1. 4. AsumoBa u B. B. banaranckoro). 3ateM oporeHHble COOBITHS C pa3BUTHEM HAJBHUIOB IPO-
ucxoamind B CBeKOQEHHCKOM 001acTy, MPU ATOM OHHU TaKK€ CMELIAINCh K Foro-3amnaay 1 oMoJa-
xuBanuch (CaBo-Jlamnanackas oporenust Boiib toxHoi rpanuisl KK, 1.92-1.89 mapa. ner, na-
nee Kk rory @ennckas oporenus, 1.89—1.85 mupa. ner, u, HakoHen, CBekoOaNTHIICKasi OPOTEHUS B
camoit 10kHO# yactu bantuiickoro mmura, 1.83—1.80 mupa. aet [5]).

TakuMm 00pazom, TAICOTPOTEPO30ICKUE AePOopMAIIH APXEHCKUX CYITPAKPYCTATBHBIX TOJIIL
KT u ero pacnonoxkenue B coctaBe banTuiickoro mura 3aHUMAIOT 3aKOHOMEPHOE MECTO B IPO-
CTPAaHCTBEHHO-BO3PACTHON IOCIEIOBATEILHOCTH OOpa30BaHMs MHaCONPOTEPO3OUCKOTO CyTIep-
KOHTHHEHTa, (P)parMeHTOM KOTOpOro siBisieTcs bantuiickuii muT. 3Ta mocinea0BaTeIbHOCTh Havya-
Jach Ha ceBepe LIUTa ¢ aMajbramManuu 1 aegopmanuu apxeickux teppeiinos, npuuém KT Hecer
CJeNbl caMoil paHHe# mepepaboTKH, U OKOHYMIIACh Ha IOTe IIMTa aKKpelueld K KOHTUHEHTY OCT-
POBOAYKHBIX TEPPEUHOB, CII0KEHHBIX IOBEHWIBHON MTAJICONPOTEPO30HCKON KOPOH.

Jannbie ucciaenoBanus (GuHaHCHUpOBaMCh Tporpammort OH3—6 u sABIAIOTCS BKJIaJAOM B
npoekTsl PODU 08-05-90416-Ykp-a u 09-05-00160-a, a Takxke npoexkt IGCP-509.

The Keivy Terrane is situated in the northeastern Baltic Shield and considerably differs from
adjacent tectonic blocks. It contains rocks that do not occur throughout the shield and displays specific
Palaeoproterozoic deformation. Palacoproterozoic formations that occur in the Serpovidny Range area
among the Keivy metasedimentary schists, which are interpreted to compose a Neoarchaean sedimentary
cover ([1] and references therein), are bent into a synformal isoclinal sheath fold, which shows a flattened
oval (8 x 2 km) on the surface. The sheath morphology has been recognised from both field observations
and interpretation of magnetic data. Faults which are parallel to boundaries between formations and locally
cut off them at acute angles are also folded. This Palaeoproterozoic structure is a component of a large
tectonic lens (12 x 3 km) make up by Archaean quartz-micaceous schists which are bent into an antiformal
fold. Thereby the occurrence of Neoarchaean schists and Palacoproterozoic rocks in the area under
consideration is not consistent with a model of simple synclinorium and supracrustal formations that have
preserved stratigraphical relations between them, which has been usually suggested for the Keivy Terrane.
All these rocks build up tectonic sheets and lenses bent into sheath folds that are characteristic of high
strain and thrust areas. Data available for the Keivy Terrane suggest that large sheath folds (up to 25 x
5 km on the surface) occur throughout the Keivy metasedimentary belt which is a large ductile shear zone
[3] located along the northern margin of the terrane and resulted from thrusting of the Murmansk Craton
onto the terrane to the southwest. Archaean felsic metavolcanics and alkaline granites display the same
deformation. In contrast with these rocks, Archaean metagranitoids and metabasites of an ancient
basement, making up an oval-shaped structure (90 x 20 km) in the southwestern portion of the Keivy
Terrane, are free of Palacoproterozoic deformation.

As was discovered in Phanerozoic collisional orogens (Appalachian, the Scandinavian Caledonides)
sedimentary cover is skinned from the basement at margins of convergent continents, is folded and shifted
along thrusts as far as tens and even hundreds of kilometres. We think that the Keivy Terrane provides an
example of a supracrustal cover that was skinned from an Archaean basement, which displays no
Palaeoproterozoic deformation and experienced high strain during the Lapland-Kola orogeny 2.0-1.9 Ga
ago. These tectonic elements of the Keivy Terrane are identified as components of a single structural
paragenesis of the highest order. The oval structure composed of the Archaean basement granitogneisses in
the southwestern portion of the Keivy Terrane is considered as a tectonic window in Palaecoproterozoic
nappes. The skinned cover consists of enough high grade rocks, and the surface of detachment fault should
have been situated at a relatively deep crustal level. This depth can be evaluated from P—7 condition under
which lineation has formed.

24



An orientation analysis of lineation developed in the Kola Region 1.90-1.95 Ga ago has discovered
a specific intracrustal boundary. Rocks that have been metamorphosed at P > 6—7 kb (the Belomorides, the
Lapland granulites) show gentle lineation which parallels the strike of compression structures and resulted
from (sub)horizontal movements along the strike. Lineation in rocks metamorphosed at P < 6—7 kb formed
during reverse and thrust faulting and is normal to the strike. This strike-perpendicular lineation is
characteristic of the Keivy Terrane and southern margins of the Pechenga—Imandra-Varzuga Belt.
Therefore, the boundary in question should have been located at depths of 20-23 km.

The link of the strike-parallel and strike-perpendicular lineations with lower and upper crustal levels
respectively is consistent with a model of crust-scale transpression [4]. This model suggests that
(sub)vertical movements of compressed rock masses dominate in the upper, more rigid, crust whereas
(sub)horizontal movements, parallel to the strike, prevail in the lower, more ductile, crust. As is well
known, continental crust rheologically is subdivided into two layers with a transitional zone between them
at depths of 20-25 km. The detachment in the Keivy Terrane that separates the basement and the skinned
cover composed of only Archaean supracrustal rocks has formed exactly at the same crustal levels. We
think that this detachment is a concrete expression of the intracrustal transitional zone under consideration..

The Keivy Terrane verges on the Kola-Norwegian Terrane in the west and the Murmansk Craton in
the north, and these two Archaean tectonic units are almost free of Palacoproterozoic deformation. Thus,
the units have been rheologically similar to the Keivy Terrane basement during Palacoproterozoic
thrusting. The Keivy Terrane thrust array has been coeval with the closure of the Pechenga—Imandra-
Varzuga palaeorift which passed through an oceanic stage 1.99-1.97 Ga ago ([1] and references therein). It
is an age of 1.97 Ga that conforms to the peak of metamorphism and deformation of the cover, which
terminated at 1.93 Ga when the rocks had cooled to ca. ~450 °C [6]. In the core of the Lapland-Kola
orogen the first island-arc TTG rocks and diorites formed at the same time manifesting the onset of
subduction of oceanic crust of the Lapland-Kola palaeo-ocean ([1] and references therein). In this orogenic
core located southwest of the Keivy Terrane intercontinental collision started at 1.95 Ga. Therefore, before
the collision the Keivy supracrustal cover had been already skinned from the Archaean basement, and after
its onset deep thrusts developed in lower crustal levels of the orogenic core (the Lapland granulites and
their analogues) and the adjacent portions of the Belomorian Mobile Belt at the time of the metamorphic
peak at 1.92-1.93 Ga. Farther to the southwest — at the border of the Belomorian Mobile Belt and the
Karelian Craton — the peak of metamorphism took place at 1.91-1.89 Ga (unpublished data by
N. L. Alexejev, P. Ya. Azimov and V. V. Balagansky). Then orogenic events including thrusting happened
in the Svecofennian Province, with these having migrated to the southwest and become younger (the
Lapland-Savo orogeny along the southern border of the Karelian Craton at 1.92—-1.89 Ga, farther to the
south the Fennian orogeny at 1.89-1.85 Ga and at last the Svecobaltic orogeny in the southernmost portion
of the Baltic Shield at 1.83—1.80 Ga [5]).

Thus, the age of deformation of Archaean supracrustal rocks of the Keivy Terrane and the tectonic
position of the terrane in the Baltic shield are consistent with a spatio-temporal succession according to
which a Palaeoproterozoic supercontinent, a fragment of which is the Baltic shield, was formed. This
succession had started with the amalgamation and deformation of Archaean terranes in the northern shield
(intercontinental collision), with the Keivy Terrane having experienced the earliest reworking, and was
terminated in the southern shield with accretion to the continent of island-arc terranes composed of
Palaeoproterozoic juvenile crust.

This study has been financially supported by programme ONZ—6 and is a contribution into projects
RFBR 08-05-90416-Ukr-a and 09-05-00160-a as well as project IGCP-509.
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IBOJIOIUA COCTABA I'PAHUT-3EJIEHOKAMEHHBIX CUCTEM: U30TOITHO-
IF'’EOXUMHNYECKHUE KPUTEPUAN

Bbanawos FO.A.

I' KHII PAH, Anarutsl, Poccus, balashov@geoksc.apatity.ru

COMPOSITIONAL EVOLUTION OF GRANITE-GREENSTONE SYSTEMS:
ISOTOPIC-GEOCHEMICAL CRITERIA

Balashov Yu.A.
Geological Institute, Kola Science Centre, RAS, Apatity, balashov@geoksc.apatity.ru

COBOKYNTHOCTh HOBEMIIMX M30TOMHBIM M F€OXMMHYECKUM JAHHBIX, MOJYUYEHHBIX JUIS psAsla MaH-
TUHHBIX MOPOA 3eMJIM CBUAETEIBCTBYET O CyLIeCTBOBaHMHU Aeduuuta Hanbomee nerkux P33 B ee man-
TAW B CPaBHEHWW XOHIPHUTAMH, YTO OTPAXKAETCS B CYIIECTBOBAHHHM OKEAHMYECKUX 0a3allbTOB 3eMIIH
(MORB). Io usoromuoii **Sm/'**Nd cucreme ycTaHOBICHO OUeHb paHHEe BPEMs TOSBICHUS JCIIe-
THPOBAHHBIX COOTHOIIECHUH BHYTpH P30, orpanndeHHoe cTajneil KOHIEHCANH - WHTEHCUBHOW aKKpe-
uun (= oT 4566 1o 4550-4525 maH. 7eT). ITO 3aCTaBISIET CYIIECTBEHHO MEPECMOTPETh TPAAUIIUMOHHO
NPUHUMAEMBbIl MyCTyJaT 00 HCXOJHOM OTOXKIECTBICHHMHM COCTaBa MAHTHH 3€MJIM C XOHIPHUTAMHU
[1-5 u 1p.]

Bropoii acmiekt 3Toif ke mpoOIeMbl - apHOPHOCTH MPEACTaBICHU 00 WHTEHCHBHOM YCpEIHEHHH
coCTaBa MaHTHH B XOJI¢ €€ aKKpennu. B 1eifcTBUTENbHOCTH, HAM HUYETO He U3BECTHO O CTENEeHH TOMOore-
HU3AIMHA COCTaBa MaHTHH, (hopmupoBaBmeiics B TedeHu: 100-150 MiIH. JIeT Ipu aKKpeIun, KOTopast MOT-
Jla HaJOXHTh OTIEYATOK Ha I€OJIOTHYECKHE 3TaIlbl Pa3BUTHS MAaHTUIHOTO M KOPOBOTO MarMaTu3Ma B ap-
xee. OTO UMeeT IpsAMOe 3HaYCHUE I PACIIM(POBKU SBOJIONUH COCTaBa TPAaHUT-3€JIEHOKAMEHHBIX CHC-
tem (I'3C) B anuTebHON HCTOPHH PAa3BUTHS BEPXHUX 000JIOUEK 3EMITH.

Wnentudukanus nogodHoro cruist pazsutusa 1'3C BO3MOXKHA IPU UCHONIB30BAHUN T€OXUMUYECKOM
rH(OpPMAITUH, YTO U SBIISIETCS MPEAMETOM 00CYKISHHS B MIpeIaraeMbIX Te3HCax.

IIpexxae Bcero, oTMeTHM HaOIfOgaeMble M30TOMHO-TEOXUMHUUYECKAE OCOOEHHOCTH paHHEH ak-
KPEIHMOHHON CTaJuU XOHJPUTOBBIX METEOPHTOB M 0a3allbTHUECKHX YBKPUTOB, JJIsI KOTOPHIX (UKCH-
pyeTcsl 3HaunTenbHas rereporeHHocTs nmo Sm/Nd (tabn. 1 u 2) npu oueHke ux Bo3zpact (4566 MiH.
net) [6]. PeanbHOCTh MOMOOHBIX Bapuanuii mo Sm/Nd moaTBepkaaeTcs JaHHBIMHU 10 PAHHUM MOPO-
nam JlyHsl. ns coBpeMeHHOM auTocdepsl 3eMiu, NpeACTABICHHON MepUI0TUTOBBIMH KCEHOIUTAMHU
KOHTHHEHTOB W OKEaHOB, auamna3oH m3MeHeHus Sm/Nd cymectBeHHo 6onbire (= ot 0.05 mo 0.6 u
0.2-0.9). Ecau comoctaBuTh Bapuanuu Sm/Nd B apXefCKHX KOMaTHHTaX 3€JICHOKaMEHHBIX ITOSICOB C
XOHAPUTOBOW rpymnmoi (tabma. 1, puc.2 u 3), To oueBHAHA 00IIasi TEHACHIUA CHIKECHHUS CTEIEHU
Bapuanuii Sm/Nd oT paHHUX apxeHCKHX, OJU3KUX IO 3TOMY OTHOLICHUIO K XOHJIPHUTaM, B CTOPOHY
NPOTEPO30HCKUX M COBpEMEHHBIX pasHocteil. s 6azanproB ['3C apxes v mpoTepo30s MpoCIeKUBa-
€TCs Ta K€ TEHJEHLHs, 38 UCKII0UCHHEM (aHEepO30MCKUX MUKPUTOB U 0a3anbToB ['OproHsl, AN KO-
TOPBIX (UKCHUPYETCs Pe3KHil CKayOK, CHHXPOHHBIN C JAMana3oHOM BapHalliid B MOPOJax COBPEMEH-
HOU IUTOCQEPHI.
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Tabnuya 1. Jnana3on Bapuaiuii Sm/Nd B komaruutax ['3C

OOBeKT MJIH. JIET n HHaHaSOEI WuTepBan
Bapuanunu
XOoHAPUTHI + 0a3aIbTHUECKUE IBKPHUTEI 4566 63 0.58-0.30 0.28
Komaruurtsl, Ucya, 3. I'pennanaus 3800 17 0.57-0.19 0.38
Komaruwutsl, OuBepBaxT, F0.Adpuka 3450 18 0.32-0.15 0.17
Komarunter, Jlymou Jlaiik.Ceron., Kanana 3000 6 0.41-0.21 0.20
Komatuntsr, bansmep.Coronepruop, Kanama 2992 3 0.45-0.34 0.11
Komaruutsel, B.Kapenus 2940 14 0.4-0.31 0.09
Komatuutsl, Koctomykua, 3. Kapenus 2843 13 0.44-0.34 0.10
Komaruutei+nepunorutsl, Kambanna 2722 11 0.39-0.33 0.06
Komaruntel, ®pann. ['Buana 2110 9 0.32-0.20 0.11
Komatuurtsl, ['oprona 88 7 0.54- 0.46 0.07
CoBpeMeHHas KOHTHEHT. Jiutocgepa* * 0.6-0.05 0.5
Tabmmna 2. wamazon Bapuaruii Sm/Nd B 6a3amprax ['3C
OOBeKT MITH. n I[I/IaHaSOI;I HNurepBan
Jet BapHaIuil
XoHApHTHI + 6a3aIbTHUECKUE SBKPUTHI 4566 63 | >0.58-0.30 0.28
BazanpTeI+T2a06pO0, Vcya, 3.I'pennanans 3800 39 0.39-0.16 0.23
BbazanpTel, OHBepBaxT, F0. Adpuka 3450 14 0.34-0.19 0.15
Bbazanpr+Tonentsl, JIlymOm Jlaiik., Kanana 3000 8 0.37-0.31 0.06
BbasansTe1, baneMep.Ceronepuop, Kanana 2992 4 0.47-0.33 0.14
bazansTel, B.Kapemus ** 2940 8 0.43-0.31 0.12
BbazanpTel, Koctomykma, 3. Kapenns 2843 6 0.44-0.34 0.10
BbazanpTel, Kambanga, ABctpanus 2722 16 0.34-0.23 0.11
Komarunrossie 0a3ansThl, Kuraii 1900 17 0.28-0.22 0.06
BazanpTeI+nmkpuTs, I'oprona 88 8 0.72-0.25 0.47
CoBpeMeHHast KOHTHHEHT. JuTocdepa™ * 0.6-0.05 0.5
* n>200; ** Nmeercs emre aBa 6azanpra ¢ Sm/Nd < 0.22 [7] (puc.3).
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Puc.l KOHTPacTHOCT M3MEPEHHBIX M30TOIHBIX MapamMerpoB B cucteme ' Sm/'**Nd mexmy xommpurtamu [6] n
JpeBHeWIIMME nopoaamu JIyHbl W MX (parMeHTaMu B CPaBHEHUM C MEPUAOTHTAMU M 0a3ajibTaMH COBPEMEHHOM
matocheps 3emii.. Sm/Nd x 0.6045="*"Sm/"**Nd . OM u CHUR — cpeanee wis MORB [3] u PM=C]1 [6].

Fig.1 Contrasting pattern of measured isotopic parameters in the 8 '*’Sm/'**Nd system between chondrites [6] and the
Moon’s oldest rocks and their fragments in comparison with peridotites and basalts of the Earth’s modern lithosphere.
Sm/Nd x 0.6045 = "YSm/'**Nd . OM u CHUR — average for MORB [3] and PM=C]1 [6].
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Fig.3 Variations in Sm/Nd in mantle rocks from GGS of South Africa and Karelia
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Urtak, ¢ ogHoi#t ctopoHsl, B MarMaTu3me ['3C oTMeuaroTcs TeoOXMMHUYECKe TPU3HAKH yHACIEA0Ba-
HUSI UICXOHOW TEOXNMHYECKOH TeTepOreHHOCTH, BEPOSTHO, OT dTala aKKPEeH 3eMITH C TTOCTIEAYIOIINM ¢
COKpAIl[CHHEM B X0JIe TOMOT'eHE3aI[H MPOAYKTOB MacCOBOTO MaHTHHHOTO MarmarudMa. C Apyroi cTopo-
HBI, BOSHUKHOBEHHE BTOPHYHOH auddepeHnusnun B haHepo30icKUX 0azanbTaXx MOKET OTpakaTh PacIlu-
pEeHHE MHTEHCHBHOCTHM MAaHTUHHOTO METacoMaTo3a B JUTOC]epe, Tak KaK coveTaeTcsl ¢ mpeoliagaHueM
IIEJIOHOTO THUTIA MarM B (haHepo30€, 0OCOOCHHO Ha 3aKIIOUNTENBHBIX dTanax pa3Butus ['3C [8]. Takum 00-
pa3oM, B [IEJIOM MaHTHHHBIA MarMaTu3M apxesi-(anepo30st HeCeT MPU3HAKH JABYX CAMOCTOSITEIbHBIX THIIOB
TreOXUMHUYECKOTo GppakuroHupoBanus (puc.1-3).



Kak BunHo u3 puc.2, hopmupoBanue BAJIP-accoruaruii xapakTepu3yeTcsi CaMOCTOSATEIIbHBIM TPEH-
JIOM TEOXMMHYECKUX BapHaluid, K pacim@poBKe KOTOPHIX HEOOXOIMMO MPUBIEKATh HHBIE HCTOYHUKH, B
YaCTHOCTH 3TO MOTYT OBITh MMITAKTHBIC COOBITHS 3aKIIOYUTEIBHBIX 3TamoB akkpenww (~4.3-3.8 mupm.
JIeT), MOSIBIICHHE TUAPATUPOBAHHOM TUTOC(EpPHI, MPOsSBICHIE METaMOp(hU3Ma UMIAKTHBIX COOBITUH U IpY-
rue [9, 10 u np.]. B wactHoCTH, cnegyeT oOpaTuTh BHUMaHKUE Ha MOBBIIEHHOE coaepkanue Rb u K B pan-
Helt kope 3emi. OTMETHM TaKkKe, YTO MPEAIOI0KEHHE O BEPOSTHOCTH KOMILIEMEHTAPHBIX COOTHOIIEHHHA
MeXly paHHEeW MaHTHEW M KOpoil Ha 0a3ze comocTaBieHus ¢ MmanTueld Trma MORB He Hamuio peansHOTO
noarsepxaeHus [11].

PaboTa BrITTONTHEHA TTpH puHAHCOBOH mopuepkke PODU (rpant 07-05-00572-a).

The latest isotopic and geochemical data on some Earth’s mantle rocks show that the mantle is
depleted in the lightest REE, as compared to chondrites, which is reflected in the existence of the Earth’s
oceanic basalts (MORB). The '**Sm/'**Nd isotopic system has indicated a very early time of emergence
of depleted relationships in REE limited by the condensation — intense accretion stage (= 4566 to 4550-
4525 Ma). Therefore, the generally accepted postulate, according to which the original Earth’s mantle
consisted of chondrites [1-5 et al.], should be revised.

Another aspect of the problem is that mantle composition is assumed to have been intensely
averaged during mantle accretion. In fact, we do not know anything about the degree of compositional
homogenization of the mantle that was forming for 100-150 Ma during accretion, which could have
affected geological stages in the evolution of mantle and crustal magmatism in Archean time. This
information would help cast light on the compositional evolution of granite-greenstone systems (GGS) as a
part of a long evolution of the Earth’s upper shells.

This evolution style of GGS can be identified, using geochemical data that will be discussed below.

First of all, let us dwell on the isotopic-geochemical characteristics of an early accretion stage in the
evolution of chondritic meteorites and basaltic eucrites. When estimating their age (4566 Ma), they were
observed to be highly heterogeneous for Sm/Nd (Tables 1 and 2) [6]. Such variations in Sm/Nd are
supported by data on the Moon’s early rocks. For the modern Earth’s lithosphere, represented by
continental and oceanic peridotitic xenoliths, the Sm/Nd ratio varies over a much wider range (= 0.05 to
0.6 and 0.2-0.9). Comparing variations in Sm/Nd in Archean komatiites from greenstone belts with a
chondritic group (Table 1, Figs. 2 and 3), one can see that variations in Sm/Nd generally tend to decrease
from early Archean, similar in this ratio, to Proterozoic and modern varieties. The same trend has been
observed for Archean and Proterozoic basalts from GGS, except Phanerozoic Gorgona picrites and basalts
that show a sharp jump simultaneous with the variation range in modern lithospheric rocks.

To sum up, on one hand, the magmatism of GGS shows geochemical signs of inheritance of the
original geochemical heterogeneity, probably from the Earth’s accretion stage followed by its reduction
during the homogenization of the products of mass mantle magmatism. On the other, the emergence of
secondary differentiation in Phanerozoic basalts may reflect an increase in the intensity of mantle
metasomatism in the lithosphere, because it combines with the predominance of an alkaline type of magma
in Phanerozoic time, particularly at the final stages in the evolution of GGS [8]. Thus, Archean-
Phanerozoic mantle magmatism generally shows signs of two independent types of geochemical
fractionation (Fig.1- 3).

Figure 2 shows that the formation of BADR-associations exhibits an independent geochemical
variation trend. To interpret the variations, different sources, such as impact events in the final stages of
accretion (=4.3-3.8 Ga), the emergence of a hydrated lithosphere, metamorphism of impact events etc. [9, 10
u 1p.], should be used. Attention should, in particular, be given to high Rb and K concentrations in the
Earth’s early crust. It should also be noted that the assumption of a complementary relationship between the
early mantle and the crust, based on correlation with a MORB-type mantle, has not been supported [11].
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ISOTOPIC-GEOCHEMICAL CONSTRAINTS ON THE TIME AND CONDITIONS
OF FORMATION OF THE EARTH’S EARLY CRUST
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[TpoGnemsbl 3BONFOIIMK 3eMIIM Ha CaMOU paHHEH cTaguu ee (OPMUPOBAHUS, pa3JieIeHUs] Ha 000JI04-
KU W BO3HUKHOBEHWSI IPOTOKOPBI, HECMOTPS Ha OTPOMHBIA 00BEM HAKOTUICHHBIX K HACTOSAIIEMY BPEMEHU
JAHHBIX ¥ pa3HooOpa3ue MPeaoKeHHBIX THIIOTE3, OCTAIOTCS OCTPO AUCKYCCHOHHBIMHU. HecoMHEHHO, UTO
reo(M3MUYECKUE U METPOJIOTUIECKUE MOICTH PaHHET0 KOPOoOOpa3oBaHus 3eMITH, TOJIKHBI YUYUTHIBAThH Orpa-
HUYEHUS, CIEeIYIOIINe N3 KOMITJIEKCa JaHHBIX M0 PAa3MYHBIM U30TOIMHBIM CUCTEMaM B JIPEBHEHUIIUX ITOPO-
nmax 3emun. [Iporpecc B 3T0it o6nacTi Hayk 0 3emiie oOecrieueH 3HAUUTEIFHBIMH TOCTIKCHUSIME B Pa3BH-
THUU M30TOIHBIX METOOB UCCIEAOBAHUS, KaK B TUIAHE BOBIICYCHHUSI HOBBIX M30TOIHBIX CUCTEM U B COBEp-
[IEHCTBOBAHWUH TPAIUITHOHHBIX U30TOMHBIX METO/IOB, TaK H B MOBBIIIEHAH YYBCTBUTEIBHOCTA U TOYHOCTH
COITYTCTBYIOIUX aHATUTUICCKUX MPOTIEAYP. AHAIN3 UMEIONMUXCS H30TOIMHO-TEOXUMHUYECKUX JAHHBIX IS
JIPEBHEHIINX TMOPOJ 3eMJIM MO3BOJISIET YCTAHOBUTH OINpPEACIIEHHBIE OTpaHUYCHUS HA BpeMs BO3HHUKHOBE-
HUSl, MacIITabbl U TEOXUMUYECKHEe 0OCOOEHHOCTHU MEPBUYHON KOpBI 3emuin. Hamu paccMOTpeHbl orpaHuye-
HUS, KOTOPBIE JAlOT W30TOMHBIE CHCTEMBI Ul OIEHOK BO3pPacTa M T€OXHMHUYECKHX OCOOEHHOCTEW IpeB-
HEHIMX Topoja 3eMiid, OTHOCUMBIX K Xajeickomy »oHy uctopuu 3emnn (4.50 mupa. et - 3.8 miupa. et
nasas). HanGonee nHMOPMATHBHBIMH U STUX LNl OKa3aIich: KOPOoTKoxkuBymas ' °Sm/ **Nd uzoron-
Hasi CHCTeMa, M30TONHBI COCTaB CBUHIIA APEBHEHIINX TMOPOJ M W30TOMHO-TEOXWMHYECKHE JaHHBIE O
JIPEBHEHIIINX IUPKOHAX BO3PAcTOM 0 4.4 MIIpI. JIET.

Pesromupyst 0030p COBPEMEHHBIX M30TOMHO-TEOXUMHUYCCKUX M T€OXPOHOJOTUYECKUX JAHHBIX IS
JIPEBHEHIINX TIOPOJ 3eMJIM, MOKHO COPMYJIHPOBATh CJEIyIOIIAE OTPaHUYCHHS, KOTOPbIe HEOOXOAUMO
VYIUTHIBATH TIPU PEKOHCTPYKIIMHM T€OXUMUYIECKOHN MPUPOJIBI PE3epByapoB, YUACTBOBABIINX B 00pa30BaHUH
MIEPBOM KOPHI 3eMJIH, a TAKXKe JIIUTEIHFHOCTH U XapaKTepa XaaeHCKUX KOpooOpasyomux MpoIeCCOoB:

1. Hammume anomamnn '*Nd, npoaykra pacmajga KOPOTKOXKMBYIIEro H30TOMA ' °Sm (mepros moiy-
pacmaga 103 muH. ser), B 6a3anbrax, OpTOTHEHCAX W KIIACTHYECKUX OcajKax 3anaaHoil [ pernananu, cBu-
JETeNbCTBYET 0 paHHel nuddepeHunanny Bemectsa 3eminu (50-75 MIIH. JIeT mocie akKpeuun) Ha «obe-
HEHHYIO» MaHTHIO U «00O0TalIeHHYI0» (0a3asToByt0) Kopy [1,2].

2. CaMBIMU JIpEeBHUMH, COXPAHHUBIIUMUCS KOPOBBIMH OOpa30BaHMSMHU HAIIEW TUIAHETHI, SBIISIOTCS
KJIACTOTCHHEIE ITUPKOHBI, O0OHApYKEHHBIC B KOHTJIOMEpaTax M IECYaHWKaX 3eJIeHOKaMeHHoro mosica M-
rapH, 3amagHas ABcTpanus Bo3pactoM okojo 3.0 mupa. ner. Bo3pact 10% OUPKOHOB, BBIACICHHBIX U3
3TUX TOPOJ, IO pe3yjbTaTaM aHaim3a Ha MOHHOM Mukpo3oHae SHRIMP, oka3zancs Beime 4.0 mup. JieT,
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JIOCTUTHYB B €IUHCTBEHHOM 3epHe 4.4 mupi. JjieT [3], 4TO MOATBEpXKAaeT paHHee 00Opa3oBaHUE KOPBHI.
Nmerommecss TeOXUMAYECKIE W M30TOITHO-TEOXMMHUYECKHE JTaHHBIE HE MCKIIOYAIOT BEPOSTHOCTH 00pa3o-
BaHHS TOJOOHBIX MUPKOHOB B MpefeNax KOphl KaKk TPAaHUTHOTO, TaK U 0a3albTOBOTO cocraBa. Hamboimee
MHTEpECHBI JaHHBIe 00 U30TOMMHOM cocTaBe radHus B HUpKOHAX. Tak, UccieoBaHNE H30TOMHOTO COCTaBa
rapHus B APEBHEHININX MOpoAax ABCTpaiauu Bo3pacToM Oomee 4.0 MIp[, yCTaHABIMBaeT HEACIUICTHUPO-
BaHHBIM XapakTep UCTOYHUKA 3TUX nopoJ [4,5]

3. JlaHHBIE O TTOBEJCHUY CBUHEII-CBUHIIOBOM M30TOMHON CHCTEMBI B JPEBHEUIINX KOPOBBIX 00pazo-
Banuil 3amagHod ['pennanmuu u Jlabpamopa CBHIETENHLCTBYIOT O TOM, YTO MPOTOJIUT 3TUX HOPOJ UMEIN
BO3pacT OKoyo 4.3 MIIpA. JIeT, a OPTOTHEHCHI Bo3pacToM 3.81 Mipx. jeT OBLIM BBHIIUIABICHBI U3 «00Oora-
IICHHOI» KOPBI, UMEBIIEH 0a3alIbTOBBIN COCTaB U BEICOKYIO BEIHYHHY Ll (238U/204Pb=10.9) [6].

4. N3BepkeHHBIE TIOPOJIBI APEBHEHIINX KPATOHOB 3eMIIN XapaKTepU3YIOTCS BHICOKON BETMYMHOM L
(high-p - kparonsl). K aTM kpatoHam otHocsaTcs cnenyromue: CeBepo-ATnantudeckuii, CneiiB, Mnrapx
u 3umba6Be. Kparons! - [Tmnbapa u KaanBaains, hopmupoBaiuch mpu 0ojiee HU3KOW BETUIHHE |L.

5. CoBmectHoe paccmotpenne **'Sm-"**'*"Nd m3orommnsix cucrem B moponax 3anaxHoii I'permnan-
UM CBHUJIETENLCTBYET O JUTMTEIBHON HM3OJMSAIMH MaHUuecKoil «00orameHHOW» MPOTOKOPHl MOIIHOCTHIO
OKOJIO 35 KM OT JCTUIETUPOBAHHOW MAaHTHHU Ha MPOTSHKEHUH, TI0 KpaiiHel mepe, S00 MirH. et 10 obpa3oBa-
HUS APEBHEUIINX MOPO/JI, COACPIKALIUX aHOMAIIUIO MINd. [Tpu 3TOM, «OOOTAIICHHBIN» KOPOBHIN pe3epByap
MOT HaXOJIUThCA KaK Ha TOBEPXHOCTU 3€MJIM, TaK U Ha TPAHUIIE SIAPO-MAHTHUS.

6. OtcytcrBre anomamnn ' °Nd B komatnntax bap6eprona (FO.Adprka) Bospactom 3540 MiIH. et
TOBOPHUT O TOM, YTO K 3TOMY BPEMEHH MMEJIO MECTO NEpEeMEIINBaHNE MaTepuana «000ralieHHOroy, KOpo-
BOTO M «00CIHEHHOT0», MAHTHIHHOTO PE3ePBYapOB.

7. Camas macitaOHast 31toxa (hOpMHUPOBaHUS paHHEH CHATNYECKO KOPBI COOTBETCTBYET HHTEPBAITY
BpeMeHHu 3.8-3.5 mupa. mer Hazaa. OXHOBpEeMEHHO ¢ (GOPMHUPOBAHHEM TOHAIMTOBON KOpHI (HOpPMHpPOBa-
JIUCh U JIUTOC(EPHBIC KOPHU, YTO IPUBOAMIO K O(OPMIICHHUIO APEBHEHININX KPATOHOR.

In spite of a huge body of data obtained and various hypotheses proposed, problems in the Earth’s
evolution at the earliest stage of its formation, splitting-up into shells and emergence of a protocrust are
still the subject of animated discussion. Geophysical and petrological models of the Earth’s early crust
formation should undoubtedly be developed with regard for the constraints imposed on the basis of
available data on various isotopic systems in the Earth’s oldest rocks. In this field of earth sciences a great
progress has been made in the development of isotopic research methods by involving new isotopic
systems, improving conventional isotopic methods and increasing the sensitivity and precision of
concomitant analytical procedures. Analysis of available isotopic-geochemical data on the Earth’s oldest
rocks has shown that some constraints on the time of emergence, size and geochemical characteristics of
the Earth’s primary crust can be imposed. We have discussed constraints that isotopic systems give for
estimation of the age and geochemical characteristics of the Earth’s oldest rocks assumed to have been
produced in the Hadean Eon (4.50 Ga - 3.8 Ga ago) in the Earth’s history. A short-lived "**Sm/ "**Nd
isotopic system, the isotopic composition of lead from the oldest rocks and isotopic-geochemical data on
the oldest (up to 4.4 Ga) zircons were most informative for this purpose.

Summing up modern isotopic-geochemical and geochronological data on the Earth’s oldest rocks,
the following constraints that should be considered in the reconstruction of the geochemical nature of
reservoirs involved in the formation of the Earth’s primary crust and the duration and pattern of Hadean
crust-forming processes can be formulated:

1. The presence of a '**Nd anomaly, produced by disintegration of the short-lived isotope '**Sm
(half-life 103 Ma), in basalts, orthogneisses and clastic sediments of West Greenland provides evidence for
early differentiation of the Earth’s matter (50-75 Ma after accretion) into a “depleted” mantle and an
“enriched”(basalt) crust [1,2].

2.Ca.3 Ga clastic zircons, found in conglomerates and sandstones of the Yilgarn greenstone belt,
Western Australia, are the oldest preserved crustal minerals. SHRIMP ion microprobe analysis has shown
that 10% of the zircons extracted from the rocks are more than 4.0 Ga old; the age of a single grain was
estimated at 4.4 Ga [3], supporting early crust formation. Available geochemical and isotopic-geochemical
data suggest that such zircons could have been generated in a granitic or basaltic crust. Data on the isotopic
composition of hafnium in zircons are most interesting. For example, the study of the isotopic composition of
hafnium in Australia’s oldest (over 4.0 Ga) rocks has shown an undepleted pattern of the rock source [4,5]
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3. Data on the behaviour of a Pb-Pb isotopic system in the oldest crustal rocks of West Greenland
and Labrador show that the protolith of these rocks was ca. 4.3 Ga old and that 3.81 Ga orthogneisses were
melted out of an “enriched” crust that consisted of basalt and had a high p- value U Pb=10.9) [6].

4. Igneous rocks from the Earth’s oldest cratons have a high p-value. The North Atlantic, Slave,
Yilgarn and Zimbabwe Cratons exhibit high p values. Pilbara and Kaapvaal Cratons were formed at a
lower p-value.

5. Joint study of "**'*’Sm-"**'**Nd isotopic systems in rocks from West Greenland has shown that
the ca.35 km thick “enriched” mafic protocrust was separated from the depleted mantle for at least 500 Ma
before the oldest rocks that contained a '**Nd anomaly were formed. An “enriched” crustal reservoir could
have been located both on the Earth’s surface and at the core-mantle boundary.

6. The absence of a '**Nd anomaly in 3540 Ma Barberton komatiites, South Africa, suggests that by
that time “enriched”, crustal and “depleted” matter from mantle reservoirs had been mixed.

7. The longest epoch of formation of an early sialic crust took place 3.8-3.5 Ga ago. A tonalitic crust
and lithospheric roots were formed simultaneously, giving rise to the oldest cratons.
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JlexTUHCKas CTPYKTypa pacrooKeHHas: B HETIOCPECTBEHHOM OJIM30CTH OT TpaHuIbl bemomopckoro
MOJIBUKHOTO Mosica 1 Kaperabckoro KpaToHa XapaKTepH3yeTcsl HENMPEpBIBHBIM pa3pe3oM CYIpPaKpycTajib-
HBIX TIOPOJ OT Heoapxes IO HaJeonpoTOpo30s, KOHTAKT MEXIY KOTOPbIMH OOHa)kaeTcs y 03. ['m3uspsu,
YTO MPEIOCTABISAET YHUKAIHHYIO BO3MOKHOCTh paciii()pOBKH MarMaTHYECKOH 3BOIOIMH Ha TpaHUIle ap-
xei-mporepo3oil. Heoapxeiickue (Jomuiickue) ByJIKaHOT€HHO-0CAJ0OUYHbIE TIOPO/IB! JAHHOTO paifoHa oObe-
JUHAIOTCS B E003EPCKYI0 CEPHIO, B OCHOBAaHMU KOTOPOI BBIAEISIETCS] BOPOHBEO3EPCKask CBUTA COCTOSIIAS
13 OMOTUTOBBIX U MYCKOBHTOBBIX T'HEHCOB M KPUCTAUIMUECKHX CJIAHLEB C TOPU30HTAaMM MOJMMHUKTOBBIX
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KOHTroMepaToB. Beliie 3anerarorT opToadubOIUThl XU3UIPBUHCKOM cBUTHI. Heoeapxelickuil pa3pe3 3aBep-
IIaeTcs TOJIICH TepecianBaHrsI aM(PpUOOIUTOB, PIIITUTOB, 1 OMOTUT-XJIOPUTOBBIX CIAHIICB (JICTITUTHI) aB-
HEPEYEHCKON CBHUTHI, BO3PACT KOTOPBIX cocTaBisier 2805+14 mun.jer [1]. HemocpeacTBeHHO Ha KOHTaKTe
apxel-manaeonporepo3oid, aMmpuOONIHUTHI MOCIE0BATEIHLHO EPEKPHIBAIOTCS KBAPL-CEPHLIMTOBBIMHU arloTep-
pUTEHHBIMU claHIamMu u kBapuutamu. U-Pb natupoBanme cnanieB B ocHoBaHMH cyMus KyMcuHCKOH
CTPYKTYpPBI IIOKa3aj0, 4TO BO3pPACT 3TUX MopoA He npeBHee 2712 muH.ier [2]. Ocaaku mepeKpbIBarOTCs
CHJIbHO M3MEHEHHBIMU MeTa0a3anbTaMu C PEeTUKTaMH MUHAJIeKaMeHHON CTPYKTYpPBI, OTHOCHUMBIMHU K OKY-
HEBCKOH CBUTE maneonporepo3os. Ha mauke 6a3anbToB 3ayieraioT Oenble CIMBHBIC KBAPLUTHI, BBIIIE KOTO-
PBIX pa3BHUTHI 0a3albThl W aHAE3W0A3aNbTHl TYHTYACKOW CBUTHI M KBapleBble MOPGUPHI OKUSPBHHCKON
CBUTHI cyMusl. BepxHuil pezien Bo3pacTta OCHOBHBIX MOPOJ OMPEAEIIIETCS BO3PACTOM CEeKyIel UX pruoja-
IUTOBOH paiiku kak 2416+15 mun.er [3]. Bo3pact kBapiueBbix nmopdupos cocrapiser 2438+8 MiH.JIeT.
Takum 00pa3oM B IaHHOH CTPYKTYpe MBI MOKEM MPOCIEIUTh MarMaTH4ecKyro 3BOJIOLMIO Ha MHTEpBaie
KaK MUHUMYM 400 MITH.JIET.

Uzyuennsie Heoapxelickue aM(pUOOIUTHI MO0 COCTaBY COOTBETCTBYIOT TOJIEUTOBBIM H Fe-Ti Gazaib-
TaM M XapaKTEePHU3YIOTCsl YMEPEHHBIMU U BHICOKUMHE coiepxkanusiMu Ti0; (o 1.4% u 2.6%, cooTBeTCTBEH-
HO) U Fe,05 (14.95-17.98%) npu HeBbIcokol MarHesunanbHocTH (Mg# = 32-42%). CrnekTpsl pacrpenerne-
U P33 BapbupyIOT OT OOCAHCHHBIX O HE3HAYUTEBHO O0OTAICHHBIX; UX YPOBEHB Bapbupyet ot 10 mo
50 xouaputos (La/Ybn=0.46-1,41, La/Smy=0,46-1.02, Gd/Yby =1,06-1,37). Ha cnaiizeprpammax orMeya-
€TCsI IPAKTHYECKH ITOJTHOE OTCYTCTBHE Nb M OTCYTCTBYIOIIAS OTpUIIATENIbHAS WIM He3HAUUTENbHAs ITOJIO-
xutenbHas Ti aHomanus, a Takke cylecTBeHHas St aHoManust. OTMedaeTcsl He3HaYNTeIbHas OTPUIaTelNhb-
Hast Th aHOManus, 4TO HE UCKITI0YAeT HIKHEKOPOBYIO KOHTAMUHAILIMIO TTOpoA. MeTaba3anbThl OKYHEBCKOU
CBHUTHI 10 XUMHYECKOMY COCTaBY MPAaKTUUECKH WACHTHYHBI HeoapxeiickuM Metaam¢pubdonuram (Puc. 1) n
paccMaTpHuBarOTCsS B TaHHOW paboTe coBMecTHO. Cremyer OTMETHTh, uTo aHamorudnble Fe-Ti 6a3ambTel
ObUTM HalileHbl Cpely BepXHEapXeHCKHX CyMpakpycTaIbHBIX MOpoA Xu3oBaapckoi M KammkopBHHCKON
cTpykTyp CeBepo-KapenbCkoro 3eJI€HOKaMEHHOTO M05Ca, a TAKXKE B MO3JHEAPXEHCKHUX 3€JE€HOKaMEHHBIX
cTpykTypax nposuHuuu Ceronepuop, Kanana [4].

bazanbThl TYHI'YJCKOW CBUTBHI OTHOCSATCA K M3BECTKOBO-IIEIOUYHON CEPUU U XapaKTEPUIYIOTCS yMe-
PpEeHHO-HEBBICOKUM cofepkanueM TiO, u Fe O3, ymepenHsiMu conepxkanusMu MgO u HEBBICOKUM CHIIBHO
BappupytommM mg# (33-55), cunpHO oboramenusiMu P30 criektpamm (La/Ybn=6.5-10.98, La/Smy=2.3-
3.6, Gd/Yby =1.66-2.74), ipu mmpokux Bapuanusx yposHs P332 ot 10 mo 100 xommputo. Ha cmaiinep-
rpaMMmax OTMEYAIOTCs CYIIECTBEHHBIE OTpHIaTeNnbHble aHoManuu Nb. [To Xxumu3My JaHHBIE TOPOBI HAU-
Oonee OnM3KM K Oa3ainbTaM MaJeonpoTEpO30HCKON TypoHCKoil cepun B Kanazne [5] u cepun Xamepcenu B
ABcCTpanuu.

Takum oOpa3oM rpaHuIia apxeh-mpoTepo3oi B mpeaenax JIEXTHHCKON CTPYKTYPhI XapaKTepru3yeTcs
peskoii cMeHoi xuMu3ma nopoa. Fe-Ti TonentoBsiM 0azanbraM clararoliuM BEpXH apXeHCcKoro paspesa u
HU3BI TAJIEONPOTEPO30s1 (OKYHEBCKasi CBUTA) HA CMEHY IPUXOISAT U3BECTKOBO-IIENIOYHBIE MAUTHI TYHTY/I-
CKOH CBHUTHI, UTO CONPOBOXKIaeTcs yBenmmueHueM Rb, Sr, Ba, Th, Zr, Hf, JIP3D u ymenpmenun Fe, Ti, Y,
Nb, TP33. Haubonee nHPOPMATHUBHBIM IJIsi OCHOBHBIX-YJIBTPAOCHOBHBIX PACIIAaBOB SBISICTCS XapaKTep
B3aMMOOTHOILIECHUH KOHLEHTpalui B 3JeMeHTHOU Tpuane Th-Nb-La, KOTOpBIil 3aBUCHT OT reoMHAMHYE-
CKOM MPHYPOYEHHOCTH aCcCOIMALMK MM MapKHPyeT MpOsBIeHNE KOHTAMHHAIIMK KOPOBOTO BemiecTBa. Ha
nuarpamMe Nb/La-Nb/Th Touku 6a3ayibToB 11e003epCKOl CepUU U OKYHEBCKON CBUTBI PACIIONIATAOTCS UK
OKOJIO MJIM B T0JIE HEKOHTAMUHHPOBAaHHBIX 0a3abTOB (haHEpO30MCKUX okeaHndeckux miaro (Puc. 2). B
JlaBax jke MaJeonpOTePO30NCKUX TTOPOJT MPOrcXoanuT cHmxkeHne 3Tux BenudnH (Thy>Nby < Lay), 9To BbI-
pakeHO B IMOSBJICHWM oTpHmarenbHoil Nb anHomanmnu Ha cmaiizeprpammax. COOTBETCTBEHHO, JaHHBIE IT0-
POl B OCHOBHOM IIOMa/Ial0T B T0OJIE OCTPOBOJLYKHBIX JIaB, OTpakasi yBeJIMUEHNE POJIM KOPOBON KOHTaMHM-
HaI[MHM Ha TOM J3Tare, YTO TOATBEPKAAeTCs OTPUIATEeIHHBIMHI 3HadeHUAMHU € Nd ¥ BITOJTHE COTIIacyeTcs C
X (hopMHpOBaHMEM B YCIOBUSAX BHYTPUKOHTHHEHTAIBHOTO PU(THHTA HA 3pEJIOil KOHTHHEHTAIBHO KOpeE.
WX MCTOYHMKM MMEH CMEIIaHHOe MaHTHUIHOE-KOPOBOE MPOUCXOKIACHNE: IETUIETUPOBAHHOE B pE3yJIbTaTe
NpeAbIAYIIUX 3MU30/I0B IUIABJICHUS YIbTPAOCHOBHOE BEIIECTBO aCTEHOC(PEPHOH MaHTHU TOTO BPEMEHH U
MaTepual apXercKorl KOpbl, aCCHMIJIMPOBAHHOM B IMPOIECCE MOIheMa MAaHTHWHBIX MarM K IMOBEPXHOCTH.
OTUM 00BSICHIETCS MX OJU30CTh K OCTPOBOYKHBIM CEpUsM (haHEPO30l.

KapnuHanpHas cMeHa TEKTOHHYECKOTO PEXMMa HAOIOJACTCS W MPH COTOCTABIICHUM KUCIIBIX Mar-
MaTHYECKUX TIOPOJ HeoapXes M MaJIeopoTepo30s JaHHOTO paiioHa. Kucible BykaHNUTHI 1e003epCcKoil ce-
PHUH OTHOCSITCS K H3BECTKOBO-IIIEIIOYHOMN CEPHH U BaphbHUPYIOT IO COCTABY OT aH/IE3UIAINTOB 10 PHOJIUTOB.
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Amphibolites of the Pebozero Group (1) and metabasalts of the Okunevka Formation (2)

100 » 100
10
10
1
0.1 1
RbBaUThNbLaCeSrNdZrSmEuThTi YYbLu La Ce Pr Nd SmEu Gd TbDy Ho Er Tm Yb Lu
Basalts of the Tunguda Formation
100 100
10 10
1 1
RbBaUThNbLaCeSrNdZrSmEuThTi YYbLu La Ce Pr Nd SmEu Gd TbDy Ho Er Tm Yb Lu
Felsic-intermediate volcanics of the Pebozero Group
1000
100
100
10
1 10
0.1
1
RbBaUThNbLaCeSrNdZrSmEuTbTi Y YbLu
La Ce Pr Nd SmEu Gd TbDy Ho Er Tm Yb Lu
Quartz porphyries of the Ozhijarvi Formation
1000
100
100
10
10
1
0.1 1
RbBaUThNbLaCeSrNdZrSmEuTbTi Y YbLu La Ce PrNd SmEu Gd TbDy Ho Er Tm Yb Lu

Puc. 1 Pacnpenenenne P32 HOpManu3oBaHHBIE K XOHAPUTY M PEAKUX DJIEMEHTOB HOPMAJIM30BaHHBIE K COCTaBY
MPUMUTHUBHOM MaHTHUU AJI apXEHCKUX U MaJeONpPOTEPO30HCKUX BYJIKAHUTOB JIEXTUHCKOM CTPYKTYPHI.
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N (Puchtel et al., 1999).

Onn xapakrepusyrorcsi ppakimonnpoBanHeiMu criektpamu P30 (xkpyteie JIP3D u cmabo ¢pakumnoHmpo-
Barnbie TP33): La/Yby=7.0-14.27, La/Smy=2.37-3.19, Gd/Yby =1.65-3.02. Ha cmaiimeprpamMmmax um Ipu-
CYLIM HEe3HauuTelbHbIe U oTpuuaTenbHble Nb u Sr anomanuu. [laneonporepo3olickue KBapieBbie mophu-
PBl OXKUSIPBUHCKOW CBUTBHI, COOTBETCTBYIOLIME JAllUTAaM M PUOJIMTAM MMEIOT CyOIIENOouHYI0 criequduky.
Ux cnaitneprpaMMbl CHIBHO OTJIMYAIOTCS OT TAKOBBIX JUIS apXEHCKUX KHCIBIX METaBYJIKAHUTOB HATUUUEM
riryOoOKHuX OoTpHuaTeNbHbIX anoManuid Nb, Sr, u Ti. Crnektpbl P3D xapakrepusyroTcs CHIbHO (BpaKkIuOHU-
POBaHHBIMH CIIEKTpaMH, oTdeTnuBod FEu aHomammeii u Oonee BBICOKMMHU conepxanusimu JIP3D:
La/Ybn=2.99-17.08, La/Smn=11.13-4.33, Gd/Yby =1.19-2.45. Kpome TOr0, 0:XKHAPBUHCKUE TTOPOJIBI CHITh-
HO 00OTaIleHbl OTHOCHTEILHO HEOAPXCHCKNUX KHCIBIX BYJIKAHUTOB JUTOQHIBHBIMH PEKUMH DJIEMEHTA-
MU, BBICOKO-3apsiIHMH dJIeMeHTaMH, a Takke JIP3D, 4to XapakTepHO A7 HOPOAHBIX 00pazoBaHui cop-
MHUPOBAHHBIX BO BHYTPUKOHTHHEHTAJIbHON 00CTaHOBKE.
PaGora BeimonHeHa npu Gpuaancooi nogaepxkke POOU No 07-05-00496 u 08-05-00350.

The Lekhta structure is located at the boundary between the Belomorian mobile belt and Karelian
craton. It is made up of continuous Archean-Paleoproterozoic supracrustal sequence, with immediate
Archean-Paleoproterozoic contact exposed near Lake Hisijarvi, which provides a unique opportunity to
decipher magmatic evolution at the Archean-Proterozoic transition. The WNeoarchean (Lopian)
volcanogenic-sedimentary rocks of this area are united into the Pebozero Group, whose base consists of the
biotite and muscovite gneisses and crystalline schists intercalated with polymictic conglomerates of the
Voron’e Ozero Formation. These rocks are overlain by the amphibolites of the Hisijarvi Formation. The
Neoarchean sequence is crowned by intercalation of amphibolites, phyllites, and biotite-chlorite schists
(leptites) ascribed to the Avnerechka Formation. The age of leptites is 2805+14 Ma [1]. At the immediate
Archean-Paleoproterozoic  contact, amphibolites are subsequently overlain by quartz-sericite
apoterrigenous schists and quartzites. U-Pb dating of these schists at the base of the Sumian of the Kumsa
structure showed that their age of these rocks is no older than 2712 Ma [2]. The sediments are overlain by
strongly altered metabasalts with relics of amygdaloidal texture, which are assigned to the
Paleoproterozoic Okunevka Formation. The basalts are followed by white massive quartzites, which give
place to the basaltic andesites of the Tunguda Formation and quartz porphyry of the Ozhijarvi formation,
the Sumian Group. The upper age limit of the basic rocks is constrained by cross-cutting dike as 2416+15
Ma [3]. The quartz porphyries are dated at 2438+8 Ma. Thus, a 400-Ma magmatic evolution at the
Archean-Proterozoic transition can be traced in this structure.
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The studied Neoarchean amphibolites in composition correspond to the tholeiitic and Fe-Ti basalts
and are characterized by moderate and high contents of TiO, (from 0.9% to 2.6%, respectively) and Fe,Os
(14.95-17.98%) at low mg number (Mg# = 32-42%). The REE distribution patterns vary from depleted to
slightly enriched; REE levels are from 10 to 50 times chondrites (La/Ybyx=0.46-1,41, La/Smy=0,46-1.02,
Gd/Yby =1,06-1,37 ). The spidergrams show no Nb anomaly and slight negative to positive Ti anomaly, as
well as notable negative Sr anomaly. There is also insignificant negative Th anomaly, which could be
consistent with lower-crustal contamination of the rocks. In terms of chemistry, the metabasalts of the
Okunevka Formation are practically identical to the Neoarchean amphibolites (Fig. 1). It should be noted
that similar Fe-Ti basalts were found among the Neoarchean supracrustal rocks of the Hisovaara and
Kalikorva structures of the North Karelian greenstone belt, as well as in some Late Archean greenstone
structures of the Superior craton, Canada [4].

The basalts of the Tunguda Formation are ascribed to the calc-alkaline series and have low-to
moderate TiO, and Fe,O; contents, moderate MgO and insignificant strongly varying mg# mg# (33-55),
strongly enriched REE spectra (La/Ybn=6.5-10.98, La/Smy=2.3-3.6, Gd/Yby =1.66-2.74), at wide REE
variations from 10 to 100 times chondrites. Spidergrams demonstrate significant negative Nb anomaly. In
terms of chemistry, these rocks most resemble the basaltic andesites of the Paleoproterozoic Huronian
Group in Canada [5] and Hamersly Group in Australia.

Thus, the Archean-Proterozoic boundary in the Lekhta structure is characterized by a sharp change
in chemical composition of the rocks. Fe-Ti tholeiitic basalts that crown the uppermost Archean section
and the base of the Paleoproterozoic (Okunevka Formation) gave way to the calc-alkaline mafics of the
Tunguda Formation, which is accompanied by an increase of Rb, Sr, Ba, Th, Zr, Hf, LREE and decrease in
Fe, Ti, Y, Nb, and HREE. The relations in the Th-Nb-La triad are the most informative for the basic-
ultrabasic melts, being determined by the geodynamic setting of the association and crustal contamination.
In the Nb/La-Nb/Th diagram, the data points of the Pebozero Group and Okunevka Formation are plotted
in the field of the Phanerozoic oceanic plateau (Fig. 2). The Paleoproterozoic lavas demonstrate a decrease
of these parameters (Thy>Nby < Lay), which is expressed in the negative Nb anomaly in the spidergrams.
Correspondingly, these rocks mainly plot in the field of island arc lavas, which is confirmed by negative
€ Nd and consistent with their formation on a mature continental crust in an intracontinental rifting setting.
Their source was of mixed mantle-crustal origin: asthenospheric mantle depleted during previous melting
events and material of the Archean crust, which was assimilated during ascent of mantle magmas to the
surface This explains their similarity to the Phaneorozoic island-arc series.

A cardinal change in tectonic regime can be observed also by comparison of Neoarchean and
Paleoproterozoic felsic rocks. The Pebozero felsic rocks are ascribed to the calc-alkaline series and vary in
composition from andesidacites to rhyolites. They are characterized by fractionated REE distribution
patterns (steep LREE and weakly fractionated HREE): La/Yby=7.0-14.27, La/Smn=2.37-3.19, Gd/Yby
=1.65-3.02. In the spidergrams, they display slight negative Nb and Sr anomaly. The Paleoproterozoic
quartz porphyries of the Ozhijarvi Formation correspond to subalkaline dacites and rhyolites. Their
spidergrams strongly differ from those of the Archean felsic metavolcanics in the presence of deep
negative Nb, Sr, and Ti anomalies. The REE patterns are characterized by strongly fractionated patterns,
distinct Eu anomaly, and high LREE contents: La/Yby=2.99-17.08, La/Smy=11.13-4.33, Gd/Yby =1.19-
2.45. Additionally, the Ozhijarvi rocks are strongly enriched with respect to Neoarchean felsic volcanics in
LILE, HFSE, and LREE, which is typical of rock associations formed in an intracontinental setting.

The work was supported by the Russian Foundation for Basic Research, project Ne 07-05-00496 and
08-05-00350.
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O KNCJIBIX TUO®PEPEHIIMUATAX KOMATHHUTOBBIX U TOJIEMTOBBIX
BA3AJIbTOB KOCTOMYKIICKOM CTPYKTYPbBI, DPEHHOCKAHJIMHABCKUM AT
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ON FELSIC DIFFERENTIATES OF KOMATIITIC AND THOLEIITIC BASALTS
FROM THE KOSTOMUKSHA STRUCTURE, FENNOSCANDIAN SHIELD

Volodichev O.1.

Institute of Geology, Karelian Research Centre, RAS, Petrozavodsk, Russia, volod@kre.karelia.ru

OmauM 13 HanOoJlee HATJISTHBIX MTPUMEPOB MarMaTndeckoi muddepeHnanuy sSBIsIOTCS BapHOIIH-
TBI — TIOPOJIBI, COAEpXKAIINE TI00YIIpHBIE 000cO0NeHns (Baprou) OoJiee KUCIOTO0 cocTaBa B 0a3uTOBOI
Matpuie. X mpoucxokaeHrne MHOTUMH HCCIIeIOBaTeNsIMHI CBSI3BIBAETCS C MpoleccaMy JTUKBaluu. B ap-
XEHCKMX KOMITJIEKCaX BapHOJUTHI XOPOIIO M3BECTHBHI B TOJEHTOBBIX 0a3zanbTax 3eJ€HOKaMEHHOIO Tosica
Aobutnom, Kanaga. Ho vamie oru OBIBAIOT MPOSIBICHB B KOMAaTHHUTOBBIX 0a3albTax — B 3€JICHOKAMEHHOM
nosice bapbepron B FOxHO# Adpuke u B IByX BO3PAaCTHBIX TPYMIaX 3€JICHOKAMEHHBIX MOACOB DeHHO-
ckanmuHaBckoro muTa — B Kolikapckoit ctpykrype (LlenTpansuas Kapenwns), Bo3pact ~ 3 Mipm. JieT, a
takxke B Tunacsapsuackoit (Bocrounas Ounstaans) u Kocromykmickoit (3amannas Kapenus) cTpykrypax,
Bo3pact ~ 2.8 mipy. net. B Kocromykiickoit cTpykType, KpoMe TOro, B KOMaTHUTOBBIX M TOJIEUTOBBIX Oa-
3anmbpTax OblIa oOHaApy)KeHa cilemyromnias, 0ONbIIas Mo 00beMy JIUKBAIIMOHHON nuddepeHnnaniy cTaaus B
(hopme 30HATHHBIX AUQHEPSHINPOBAHHBIX MOAYIICK, B KOTOPBHIX KpacBas 30Ha OOBITHO CIIOXeHa 0azalb-
TaMH, POMEXYTOYHAs — BAPHOIUTAMH U IIEHTPaJIbHAsi — TOMOT€HHBIM KUCIBIM T HEpEeHITNaTOM JalluTO-
BOTO-PHOJTUTOBOTO cocTaBa. KpaifHnMu mposiBieHus MU TudGepeHInaiy SBISIOTCS MMOAYIIKH, B KOTO-
PBIX KHCIBII KOMITOHEHT cocTaBisieT 10 90% u 6omnee obmiero mx odrema (puc. 1), mpu 3TOM KpaeBas 30Ha
OBIBaeT CII0’KEHA BAPHUOJIUTAMHU C OTCYTCTBYIOIIEH MIH KpaifHe MaJIOMOIITHON 0a3aabTOBOW 30HOM, a TaKkKe
000Cc00JIeHIS PHOJAITITOBOTO COCTaBa B (hopMe MepeMEIIeHHBIX JKFIT MOITHOCTRIO 110 1-1.5 M mim HeOoIb-
IIFX YYaCTKOB, HATTOMHUHAIOIIAX MATMATHTHI arMaTUTOBOTO THIA ¢ 0a3aJIbTOBBIM CyOCTPaTOM.

Puc. 1 luddepennmpoBanHbie TOIYIIKA B KOMATHUTOBBIX 0a3anbTax. KOCTOMYKIIICKas CTPYKTypa.

Fig. 1 The differential pillow-lava of komatiitic basalts. The Kostomuksha structure.
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Bynkauutel 3anagnoro nomena Koctomykiickoit cTpykTypsl, o ganubiM M.C. IlyxTtens u ap. [4]
ABJISIFOTCSL PEIIMKTOM HE0ApXEHCKOr0 OKeaHHMYecKoro miato. B atom ciydae kucnsie auddepeHnuaTs! 3To-
ro KOMIUIeKca IproOpeTaroT MOBBIIICHHBIH WHTEPEC KaK MpUMeEp METPOreHe3uca mopoja KHCIOro cocTaBa
paHHeI0KeMOPHIICKOr0 MAaHTHIHOTO IITIOMA.

MarHe3uanbHbIe BYJIKaHUTBHI UMEIOT OO0JbIoe pazHooOpas3ue cocTaBa — OT MEPUAOTUTOBBIX U Oa-
3aJbTOBBIX KOMAaTHUHUTOB JI0 BBICOKOMAarHe3HaabHbIX 0a3aibTOB. TonenTOBBIE 0a3aibThl, CPEIU KOTOPBIX
HEPEJKO BCTPEYAIOTCS YYaCTKH C OJacTONOJIEPUTOBON CTPYKTYpPOH, MMEIOT OTHOCHTEIHHO MOCTOSHHBIN
COCTaB, OTIAMYAIOLINICS OONBIIEH JKENe3UCTOCThIO U TUTAHUCTOCTHIO. [lopoasl MeTaMopHU30BaHbI B YCIIO-
BHSX aM(pUOOIUTOBOM (DalMM, TIPH 3TOM B BapHOJIAX M B KHCIBIX mauddepenmuarax (KI) coxpansercs
KOHTPACTHOE OTHOCHTEIIFHO MeTaba3albTOB TOHKO3epHHUCTOEe cTpoeHue. K/ cocTost mu3 kBapma u rarm-
oxnaza. [locnegunii uMeeT HEMOCTOSAHHBIN cocTaB — OT 75-80% An no 33-35% An B mpenenax OJHOTO
nrda ¢ TeHACHLUEH B 3TOM pALy K pacKucieHuio. TeMHoBeTHbIe MUHEPabl (2-8%) MpeacTaBieHbl aM-
¢ubonom u (M) ONOTHTOM B BHJIE METKHX IDIACTUHYATHIX MPEUMYIIECTBEHHO HIUOMOP(HBIX KpHCTal-
noB. HeratuBHo# ocoberHHOCThIO KJ[ KOMaTHMTOBBIX 0a3ajbTOB SIBJISETCS MPHUCYTCTBHE B HUX B 3HAUH-
TEJIHBIX KOJIMYECTBAaxX KapOoHaTa (KalbLUTa), KOTOPbI B MUHUMAJIBLHOM KOJIHYECTBE MOXKET OBITH ayTH-
TeHHBIM MHHEPAJIOM, HO B OCHOBHOM HaOJI0JIaeTCsl B BUAE *KUJIBHBIX 000CO0JICHHH, 4acTO C KBapLeM. JTo
SIBIIEHUE KpalfHe OTPaHNIMBAET BO3MOKHOCTH KOPPEKTHOTO METPOT€OXUMHUIECKOTO N3YUEHHUS ITHX TIOPO/I.
[MosToMy st ananmu3a ObUTH BBIOpAHBI MPOOBI ¢ MUHUMAIBHBIM COJIEpKaHUEM KapOoHaTa MM C €ro MoJ-
HBIM OTCYTCTBHEM. Ha KOMaTHUTOBOM y4acTKe ObLIM M3Y4eHBl OCOOCHHOCTH COCTABOB aHAE3M0a3aibTa u3
BapHOJIUTOBOH 30HEI (00p. 22-3) m promanuTa u3 INEHTPATLHON YaCTH NOIyIIKH (00p. 22-1), promaura u3
XUl B Komatuure (00p. 32-3); B mojie pacpoCTpaHEHUs TOJICUTOBBIX 0a3alibTOB — aHAe3u0a3aibTa U3
BapHOIUTOBOMU 30HHI (00p. 17) u pronuTa u3 neHTpa noxymwku (00p. 17-2). [l cpaBHEHUs] UCTIONIB30Ba-
JIUCH TAaHHBIE aHaIn30B KoMaTuuTta (00p. 911155) u 6azansTa (00p. 9436) [4].

Ha muarpamme R;—R, [2], memoHCcTpupylomei MeTporeHeTHUEeCKYI0 HHTEPIIPETAIINI0 TPAHUTOU-
HBIX cepuil, uccuenyemsle Byikanndeckue KJI nexat B mone GppakunoHNpOBaHHBIX MAHTHHHBIX TTOPO/I.

Crnabo nmeruieTHpoBaHHBIN WM HeppaKIIHOHUPOBaHHEIN (00p. 32-3) xapakTep pacnpenenenus P35
KaK I BApUOJINTOB, Tak U A1 KJ[ mMeet Gombinoe cxonmcTBo ¢ 6a3anpramu N-MORB ¢ Hebonbmmmu mo-
noxutensHeiMu Eu-anomanusamu st K/ (puc. 2). Konnentpanuu P39 B 2-3 pasa Bbllie MaHTHHHOTO
YPOBHSI 32 UCKJIFOUYEHHUEM TOJIEUTOBBIX 0a3aJbTOB M BapUOJIHMTOB 3TOTO COCTaBa, KOTOphIe Oojiee oboraiue-
Hel P39, uwem puonutst K| (puc. 2). Ilo otHomenusm (Nb/La)y u (Nb/Th)y Bapuomutsr (1.0-1.2 u 1.3-1.8)
u K1 (0.7-1.5 u 0.8-1.6) 6nu3ku 6a3anbram u komatuuram (0.8-1.5 u 1.0-2.1) [4]. B none opuonutos miu
B TMIOTPaHUYHYIO 30HBI nonagaroT Bapuonutsl u KJ| Ha amarpammax Nb/Yb — Th/Yb u Nb/Yb — TiO,/Yb
[3] ¢ Tpenmom 3BOIOIMH cOCTaBOB Iipu AuddepeHtmanuu B pany 6azanet — K/ B Hanpasieann N-MORB
— oboramenusii E-MORB.
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s 3amagnoro u Boctounoro nomeHoB KocTOMyKIIICKO# CTPYKTYpBI — KOHTOKCKOM M THMOJIBCKOM
cepuil o [1], TOHKO3EpHHUCTbIE KHUCIBIE MOPOIBI SIBISIOTCS XapaKTEpHOH OCOOCHHOCTHIO I'€0JOTHYECKOro
CTPOEHUSI 3TOW CTPYKTYpHL. [0 psimy maHHBIX MpUHAIUIEKAT OHM HECKOJIIBKUM HETPOT€HETHIECKUM H BO3pac-
THBIM rpymmaM. Kakoit 00beM cpe HUX 3aHUMAIOT KHCIIbIe UG QepeHIaThl MAHTHHHBIX KOMaTHUTOBBIX U
TOJIEUTOBBIX KOMIUIEKCOB MOKaXET NETPOr€OXMMHYECKOE HCCIENOBAaHUE 3THX IMOPOJ C HCIOJIB30BAHUEM B
KaueCTBE HCXOIHBIX NAHHBIX NPHUBEACHHBIC BBIIIE PE3yJbTaThl U3YUYEHHS IOPOJ PHOJALUTOBOIO COCTABa,
ClIararolyx [eHTpaIbHbIe YacTh Au(depeHIpOBaHHBIX TOAYIIEK U HEOOIBIINE 110 MOITHOCTH SKUIIBI.

One of the most demonstrative examples of magmatic differentiation is variolites — rocks that
contain globular units (varioles) of more felsic composition in a basic matrix. Many scholars believe that
they were generated by liquation. In Archean complexes, variolites are known to occur in tholeiitic basalts
from the Abitibi greenstone belt, Canada. However, they are more common in komatiitic basalts from the
Barberton greenstone belt, South Africa, and in two age groups of greenstone belts in the Fennoscandian
Shield, namely the ca. 3 Ga Koikary structure (Central Karelia) and the ca.2.8 Ga Tipasjarvi (East
Finland)) and Kostomuksha (West Karelia) structures. In addition, komatiitic and tholeiitic basalts from the
Kostomuksha structure were found to host the next stage, bigger in the amount of liquation differentiation,
in the form of zonally differentiated pillows, in which the marginal zone usually consists of basalts, the
intermediate zone is formed of variolites and the central zone is made up of a homogeneous felsic
differentiate of dacite-rhyolite composition. Pillows, in which a felsic constituent makes up at least 90% of
their total volume, are the extreme manifestation of differentiation (Fig. 1), the marginal zone consisting
occasionally of variolites and a basaltic zone being either absent or being very thin, and isolated units of
rhyodacite composition in the form of displaced veins, up to 1-1.5 m in thickness, or small patches that
resemble agmatitic-type migmatites with basaltic substrate.

According to I.S. Puchtel et al [4], volcanics from the Western domain of the Kostomuksha structure
are a relic of a Neoarchean oceanic plateau. In this case, felsic differentiates of this complex are of great
interest as an example of the petrogenesis of felsic rocks from an Early Precambrian mantle plume.

Mg-rich volcanics vary in composition from peridotitic and basaltic komatiites to high-Mg basalts.
Tholeiitic basalts that often contain blastodolerite-structured zones have a relatively stable higher-Fe and
Ti composition. The rocks were metamorphosed to amphibolite grade, varioles and felsic differentiates
(FD) retaining a fine-grained texture which is contrasting relative to metabasalts. FDs consist of quartz and
plagioclase. The latter varies in composition from 75-80% An to 33-35% An within one thin section with a
reduction trend in this series. Dark-coloured minerals (2-8%) are represented by amphibole and/or biotite
in the form of small lamellar, dominantly idiomorphic crystals. The negative characteristic of FDs of
komatiitic basalts is the presence of considerable quantities of carbonate (calcite), which, when occurring
in minimum quantities, can be an authigenic mineral, but is commonly observed as isolated veined units
that often contain quartz. For this reason, correct petrogeochemical study of these rocks can only be
conducted on a limited scale. Therefore, samples that contain minimum quantities of carbonate or no
carbonate at all were selected for analysis. In the komatiitic zone, the compositional characteristics of
andesite-basalt from the variolitic zone (sample 22-3), thyodacite from the central portion of a pillow
(sample 22-1) and rhyodacite from a vein in komatiite (sample 32-3) were studied; in the tholeiitic basalt
field, the compositional characteristics of andesite-basalt from the variolitic zone (sample 17) and rhyolite
from the centre of a pillow (sample 17-2) were analysed. Analytical data obtained for komatiite (sample
911155) and basalt (sample 9436) were used for comparison [4].

In the R|—R; diagram [2] that shows petrogenetic interpretation of granitoid series the volcanic FDs
analysed are in the fractionated mantle rock field.

A slightly depleted or nonfractionated (sample 32-3) REE distribution pattern for both variolites and
FDs is very similar to N-MORB with small positive Eu-anomalies for FDs (Fig. 2). REE concentrations
are 2-3 times as high as the mantle level, except tholeiitic basalts and variolites of this composition that are
more enriched in REE than rhyolites of FDs (Fig. 2). Variolites (1.0-1.2 and 1.3-1.8) and FDs (0.7-1.5 and
0.8-1.6) are similar in (Nb/La)y and (Nb/Th)y ratios to basalts and komatiites (0.8-1.5 and 1.0-2.1) [4]. In
the Nb/Yb — Th/Yb and Nb/Yb — TiO,/Yb diagrams [3], variolites and FDs are in the ophiolite field or in
the boundary zone with a composition evolution trend at differentiation in the basalt — FD series in the
direction N-MORB — enriched E-MORB.
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For the Western and Eastern domains of the Kostomuksha structure, the Kontokki and Gimoly series
after [1], fine-grained felsic rocks typically form a part of the geological pattern of this structure. Some
data suggest that they belong to several petrogenetic and age groups. The share of felsic differentiates of
mantle komatiitic and tholeiitic complexes in the groups will be estimated by petrogeochemical study of
these rocks, using the above results of the study of rocks of rhyodacite composition that constitute the
central portions of differentiated pillows and thin veins as reference data.
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3a Bpems m3yudeHHs apXeHCKWX TpaHWT-3elleHokaMeHHbIX oOmacteil (I'30) mpencraBienus o0 ux
TEKTOHMYECKOW 1 T€0AMHaMUYECKOH MPUpPOJie SBOIOLIMOHUPOBAIIM OT OTPHUIIAHKS CYIIECTBOBAHUS B apxee
HHU3KO MeTaMOpP()U30BaHHBIX BYJIKAHOT€HHO-OCAJOYHBIX KOMILJIEKCOB 0 PEKOHCTPYKIMU Ha MX MPHMEpe
PEKUMOB TIOJIOTOH U Topsiueil cyOnyKuuu. B mociaeqHeM IecsTUIETHH IPOU30ILEIT IaBUHOOOpa3HbIN cKa-
YeK He TOJIBKO B KOJMYECTBE (PaKTHUECKOTO MaTepHraia, HO U B pa3HOOOpa3uy reoIMHAMHYECKUX MOETIe
pa3BUTHS, KaK OTJIENbHBIX 3eJeHoKkaMeHHBIX noscoB (3KII), Tak u IpeBHUX KPaTOHOB B LI€JIOM, YTO HAIILIO
oTpakeHHue B pszie o0oOmaromux pador [1, 2, 3]. HecMoTpst Ha 3TH HECOMHEHHBIE YCIIEXH B H3YUSHHUH ap-
xeiickux 3KII, pacmmdpoBka ux TmpupoAbl OyIET HAXOAWTHCS B OOJIACTH THIIOTE3 W T'COAMHAMHYCCKHUX
«cHeKyysuiy (0T gpani. “speculer” —pa3MbIILIIATE) 1O TEX MOP, MOKa He OyAeT NPUHIUIHAILHO PEeLIcH
LEJNBIN PsiJl TEOPETHUECKUX MPo0ieM 00Ieil AuHAMUKK 3eMIT U CpaBHUTENbHOU IutaHeTosoruu. K Takum
HEPELIEHHBIM BOIIPOCaM MO>KHO OTHECTH CIICAYIOLIHE:

- KaK OTpa3WIMCh TIOCJIEACTBUS METEOPUTHOM OOMOapAMPOBKU 3eMii Ha Teoc(heHOM B3anMOJCHCT-
BUU B apXee;

- KOI'/la ¥ KaK BO3HHUKIIO 3€MHOE SpO;

- Kako ObLTa JHAMUKa MAaHTHIHON KOHBEKIIMY B pPaHHEM JTOKEMOPHH;

- KaKoW MeTpOJIOro-re0MHAMHYECKON MOJICTIbI0 0OBSICHUTD MPUCYTCTBUE IPEBHEHIINX UPKOHOB B
KBapILIEBBIX KOHIVIOMEpaTax U Kak BO3HHUKJIA IEPBUYHAS CHAIMYECKas KOpa;

40



- KOT/Ia ¥ KaK BO3HUKJIA HI)KHAS KOPa JPEBHUX KPATOHOB M X MAaHTHITHBIE KU,

- KakuM OBLI OKHMCIIUTEIbHO-BOCCTAHOBUTENIBHBIN MOTEHIMAI MAaHTHM B apXxee M KOTAa BO3HUKIH
KHCIIOpoaHas aTMocdepa u okeaHmdeckas rumapocdepa.

K ¢opram, nmerommm npruHIUNIHATEHOE 3HAYEHUE [T TOHUMAaHUs Te0IMHAMUYECKOU TPUPOBI ap-
xerickux 3KII, ciexyer oTHECTH BBICOKHH T€OTEPMUYECKUI TPaAUEHT B apxee, CBsI3aHHBIN ¢ OOJIbIIEH CKO-
POCTBIO TEMJIOI€HEpalMd Ha PaHHUX CTAAMAX PA3BUTH 3eMIIM. DTH NPUYMHBI ONPENCIIMIN U BBICOKYIO
TEMIIEpaTypy apXeHUCKOM BepXHE MaHWH, PEBBIIIAIONIYI0 coBpeMeHHy0 Ha 200-300°C.

OrpoMHOE KOJIMYECTBO T'€OJOIMUECKUX, TEOXUMHUYECKUX M U30TOMHO-T€OXPOHOJIOTHYECKHUX JAHHBIX
s apxeiickux 3KII yacto ucmionbp3yercst U MHTEPIPETUPYETCSI ABTOPAMHU B 3aBUCUMOCTH OT MX I€OAHHa-
MHYECKOTO «BEPOMCIIOBEAaHUs». Hanpumep, MOCTyIMPyIOTCS TaKue YTBEPKACHUS KaK: «TI00aTpHOE pac-
MIPOCTPAaHEHHE KOMAaTHUTOB CHUJIBHO MPEYBEINYEHO», «4YAaCTOTHBIM MMHHMYM pa3BUTHS aHIE3UTOB IIpe-
YMEHBIICH» WIH «apXeHCKHe Mop(upoBBIE aHOPTO3UTH (POPMUPOBATNCH B OKEAHMYECKHX OOCTAHOBKAaX,
TaK KaK aCCOLMUPYIOT C 3€JICHOKAMEHHBIMH MTOSICAMI.

K oueBumHbIM (akTam, onpenensiomumM crenuduky reoguHamuueckoro passutus 3KII u dopmu-
POBaHUs KOHTHHEHTAIBHON JINTOC(EPH! APEBHUX KPATOHOB, MO’KHO OTHECTH CJEAYIOLIee:

- NIPOCTPAHCTBEHHAs! M BpeMEHHas HempepblBHOCTH pa3BuTHsA 3KII M TOHaNUT-TpOHBEMHUT-TPaHO-
muopuToBeIX KomiiekcoB (TTG) Ha orpoMHOM OTpe3ke reosormueckoro spemenu (4.0 — 2.65 mupa. ner);

- CyILECTBOBaHME, IO KpaliHell Mepe, Tpex BO3pacTHBIX rpynm (nepuonoB) ¢opmupoBanus 3KII
(3.55-3.0, 3.0-2.8 m 2.8-.2.65 mupa. JIeT), IpH TOM, YTO Hamboyiee NPEBHSS BO3PACTHAS TPYIIa pa3BUTA
MPEenMYyIIEeCTBEHHO B KpaToHax I'oHnBaHckux marepukoB (KaanBansckui, [Iunbapa, [xapBap);

- mpuMepsl pazHoBo3pacTHoro 3anoxenus 3KII Ha cnannyeckoM OCHOBaHUM C KOHIJIOMEpaTaMu U
KOpaMH XMMUYECKOro BBIBETPHUBAaHMS B OCHOBaHHHM pa3pesa (cM. Te3ucsl H.A. Andumosoit);

- IPUCYTCTBUE KOMILIEKCOB IOPOJ, O0siee HEe MOBTOPSIOIINXCS B T€OJOIMUYECKON HCTOPHUH («yJIbTpa-
OCHOBHBIE» KOMAaTHUTHI, TOP(QUPOBUIHBIE aBTOHOMHBIE aHOPTO3UTHI, TIOJIOCYATHIE JKeNe30- U MapraHIeBo-
pyZaHble hopMannu, CTpOMaTOIUThI, OAPUTOBEIE YBAIIOPUTHI);

- metayutoreandeckuii oonuk 3KII onpenensercs MecTOPOXKICHUAMH, B TOM YHCIJI€ TUTAHTCKUMU -
cynbdunaeie Cu-Ni (Co) pynsr komatuutos, Cr, Ti (V) u PGE paccmoeHHBIX UHTPY3HH, KOTUeTaHHBIE
Mectopoxaenus Zn u Cu, Fe- 1 Mn mxecnunuTsl, Me3oTepmanbHoe Au, rurantsl - Au-U (mpotodexon
ButBarepcpann), cypbMsiHBIN TUTaHT MypYrcOH pedHIK, Li 1 peaxoMeranpHble MeTMaTHThHL. Takas Me-
TaJuIoTeHnYecKas crnenuanu3anus apxeiickux 3KII, He TOIhKO KOPEHHBIM 00pa3oM OTIUYAETCS OT PYIO-
HOCHOCTH OCTPOBOJYKHBIX M OKEAHHYECKUX KOMIUIEKCOB (haHep0o30s, HO U MPUHIUNUAILHO HE OBTOPSI-
€TCsI B T€0JIOTMYECKON NCTOPUH, HAUMHAs C NaJe0npoTEPO309.

BonbmUHCTBO COBPEMEHHBIX T'eOIMHAMHYSCKHX Moneneit ¢dopmuposanus apxeiickux 3KII ocHoBa-
HO Ha aKTyaJHUCTUYECKOM IPUHIIUIE, IEPEHECEHHOM B 00JIACTh T€OXHUMHH U TETPOJOTHH, 1 OCHOBAHHOM
Ha MPEJCTaBICHUSIX O HPSAMON CBS3HM «MHAWKATOPHBIX T'€OXMMUYECKUX OCOOEHHOCTEH» MarMaTH4ecKUX
KOMIIJIEKCOB (KOMaTHUTOB, 0a3aJIbTOB, aHOPTO3UTOB U aHIIE3UTOUIOB) TOJIBKO C ONPEACICHHBIMY ['€OANHA-
MUYECKHMH PEKUMaMH.

Komamuumsi, 6azanvmur u anopmoszumsi. Tonentossie 6azansTol (TH) apxefickux 3KII Bo MHO-
TUX F€0IMHaMUYECKHX MOJENAX paccMaTpuBaroTcs B kauecTBe aHanoroB N-MORB, koTopsie 1o cBoemy
METPOTEHE3NCY SABIAIOTCS MaJOTTyOMHHBIMH TIPOM3BOJHBIMH IUIABJICHHS ACTUIETHPOBAHHOW MaHTHH
(DM). Onnako B 6onwmmacTBe 3KII, TH mpexacrapistor coOoit pe3ynbrar riyOuHHON auddepeHiua-
WU TEPBUYHBIX KOMATHUTOBBIX PACIJIABOB MJIM IUIABJICHUS TTyOMHHOIO MaHTHMHHOTO MCTOYHHUKA THIIA
DM umu FOZO [4]. KoMaTUUTBI SABISIOTCS MPOAYKTAMH PA3HOTITYOHMHHOTO IITFOMOBOTO TUIABIICHUS TeTe-
POTEHHOH BepxXHEH MaHTHH W WHOTJA HECYT MPHU3HAKA KOHTAMWHAIIMU KOPOBHIM BemecTBoM [5].. [Ipu-
cyrcrBue B psage 3KII cuinoB mophupoBUIHBIX «aBTOHOMHBIX» aHOPTO3UTOB TaK e SBIISETCS BeCbMa
xapaktepHoil ueptoit psina 3KII, 4To B meTpoaornueckom acrekre o3HavyaeT (pakHOHUPOBAHUE OCHOB-
HOTO TUTarnoKja3a u3 0a3aJbTOBOTO PaciljiaBa B yCIOBHAX CYIIECTBOBAHUS JTUTOC(EPHI C MOIIHOCTHIO HE
MeHee 22-25 KM .

[Tpu nnentudukanmuu cyoIyKIHMOHHO-aKKPEIUMOHHBIX KOHBEPI€HTHBIX T€OJUHAMHUYECKIX PEXXUMOB
pasButus apxedckux 3KII kiaroueBBIMH NpHU3HAKAMU SIBISIOTCS BYJIKAHOTCHHBIE aCCOLMALNU C AHOE3U-
moudamu (B T.4. afaKuTaMH, OOHMHUTAMH, OassuTaMu), 001aJarole HEKOTOPBIMU «UHANKATOPHBIMU T'€0-
xumudeckumu Metkamm» (Ta/Nb, Nb/Y, Zr/Y, Mg" u np.). Ha ¢one eme kpaitie 6emH0il H30TONMHOMH-Te0-
xuMuieckoi (Sm-Nd) cucteMaTHku apXeHCKUX aHIE3UTOB, JKECTKAs Ie0JUHAMHUECKas IPUBSI3Ka UX I'€0-
XUMHYECKUX ITapaMeTPOB K MOJIOTOH ropsdaeit CyOyKIMH W/WIH TUTaBICHHI0 MAaHTUIHOTO KITMHA HE MOYKET
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ObITh yHHBepcanbHOW. [10o100HBIE TeOXUMHYECKHE 0COOCHHOCTH CBOMCTBEHHBI aHIE3UTaM KakK M3 Majeo-
apXeWCKuX MHTPAKPaTOHHBIX CTPYKTYp (BapaByna, kpatoH Iluntapa), Tak ¥ HaaeonpoTepo30icKuX BHYT-
PUKpaTOHHBIX pU(TOB (CyMHUIICKHE ByJIKaHOTEeHHBIE KOMIUIEKCH DeHHOCKaHIMHABCKOTO muTa). bonee To-
0, TaKe HHIUKATOPHBIE «CYOIyKIIMOHHBIE» TEOXUMHUUECKUE «METKNY, KaK OTpULaTeIbHbIe aHOMai Nb
u Ti, XxapakTepHbI A7 IEPMCKUX TPANIOBBIX 0a3aIbTOB [6].

B merposornueckoM acnekTe mpodiemMa MPOUCXOKACHUE aHIC3UTOMIHBIX PACIUIABOB IOCTATOYHO
TpUBHAJIFHA U OTpEAeNsieTcs BOJHBIM OaTaHCOM BEpXHEH MaHTHU U (YTHTHBHOCTHIO KHCIOPOIa B UCTOY-
HUKE [IEPBUYHBIX PACILIaBOB. B HacTosAlee BpeMs HE BBI3BIBAET COMHEHHUS W30TOIHO-TEOXUMUYECKAs Te-
TEPOreHHOCTh MaHTUH B apxee, B TOM YHUCJIe U B OTHOLIEHUH ra30BO-(QIroNIHOHN (a3bl Kak Hanbosiee HeKo-
TepEHTHOMN COCTaBIAIONIEH MaHTHUHHOTO BemiecTBa. CBUAETENBCTBAMHI OTHOCHTEIHFHO BBICOKOTO COJEpIKa-
HUS BOABI B IUIIOMOBBIX MaHTHUHBIX MCTOYHUKAX, SBJISIOTCS MPUCYTCTBUE MarMaTHueckoro amguobona B
apXeHCKUX KOMaTHUTaX M NajleONpOTEPO30MCKUX MUKPUTAX, Ta30BO-BOJHBIX MUKPOBKIIIOUEHHH B Oa3alib-
tax Wcmannnm n meiiMeuntax CuOUpcKod TpanmoBoil nmpoBuHIKK. Kpome TOoro, cCOBpeMeHHbIE JaHHBIE O
HaXOXK/ICHUH CTPYKTYPHO-CBS3aHHOM BOABI M JIETYYHX KOMIIOHEHTOB B CTEXHOMETPUYECKU OE3BOTHBIX MU-
Hepasiax (OJUBHHBI, MUPOKCEHBI) MaHTHHHBIX TOPOJ, TaKKe MO3BOJISIIOT MPEANONarath HE «CyXou», a
«MOKpBII» MaHTHIHBIN HCTOYHUK AJIS apXEHCKHUX BYJIKaHUYECKHX KOMIIJIEKCOB.

During the period of study of Archean granite-greenstone provinces (GGP) our understanding of
their tectonic and geodynamic nature has evolved from unwillingness to accept the existence of low-grade
metamorphic volcanic-sedimentary complexes in Archean time to reconstruction of gently dipping and hot
subduction regimes using the above complexes as an example. In the past decade, the amount of evidence
and the diversity of geodynamic models of evolution of both individual greenstone belts and (GSB) and
old cratons have been increasing in avalanche-like manner, as shown by some review papers [1, 2, 3]. In
spite of obvious success in the study of Archean GSBs, their nature will be the subject of debate and
geodynamic speculations (derived from the French word “speculer” = think) until quite a number of
theoretical problems in the Earth’s general dynamics and comparative planetology are solved. The
questions to be answered are:

- How did meteoritic bombardment of the Earth affect geospheric interaction in Archean time?

- When and how was the Earth’s core generated?

- What was mantle convection dynamics like in Early Precambrian time?

- What petrologic-geodynamic model can be used to interpret the presence of the oldest zircons in
quartz conglomerates and how did the primary sialic crust emerge?

- When and how did the lower crust of old cratons and their mantle “keels” originate?

- What was the mantle’s reduction-oxidation potential in Archean time and when did the oxic
atmosphere and the oceanic hydrosphere emerge?

One of the problems, essential for understanding of the geodynamic nature of Archean GSBs, is a
high Archean geothermal gradient attributed to more rapid heat generation in the early stages of the Earth’s
evolution. These factors were responsible for a high temperature of the Archean upper mantle which
exceeds the modern temperature by 200-300°C.

A huge body of geological, geochemical and isotopic-geochronological data on Archean GSBs is
often used and interpreted by scholars to support their “religious beliefs”. Below are some examples of
common assertions: “the global occurrence of komatiites is highly exaggerated”, “the frequency minimum
of andesite evolution is underestimated” or “Archean porphyric anorthosites were formed in oceanic
environments because they are associated with greenstone belts”.

Some obvious facts, responsible for the distinctive geodynamic evolution of GSBs and the formation
of the continental lithosphere of old cratons are:

- A continuous pattern of the time-space evolution of GSBs and tonalite-trondhjemite-granodiorite
(TTG) complexes over a long geologic time span (4.0 — 2.65 Ga);

- The existence of at least three age groups (periods) of GSB formation (3.55-3.0, 3.0-2.8 and 2.8-
.2.65 Ga), the oldest age group occurring dominantly in cratons on the Gondwana continents (Kaapwaal,
Pilbara and Dharwar);

- Examples of the different-aged generation of GSBs on a sialic basement with conglomerates and
crusts of chemical weathering at the base of the unit (see N.A. Alfimova’s abstract);
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- the occurrence of rock complexes that are not encountered any more in geological history, e.g.
“ultramafic” komatiites, autonomous porphyraceous anorthosites, banded iron and manganese formations,
stromatolites and baritic evaporites);

- the metallogenic pattern of GSBs depends on gigantic and other deposits such as sulphide Cu-Ni
(Co) ores of komatiites, Cr, Ti (V) and PGE of layered intrusions, Zn and Cu massive-sulphide deposits,
Fe- and Mn jaspilites, mesothermal Au, gigantic Au-U deposits (Witwatersrand protocover), the huge
Murchison Range antimony deposit and Li and rare-metal pegmatites. This metallogenic pattern of
Archean GSBs not only differs radically from the ore potential of Phanerozoic island-arc and oceanic
complexes, but, in principle, has not been encountered any more in geological history since
Paleoproterozoic time.

Most modern geodynamic models of formation of Archean GSBs are based on the actualistic
principle applied to geochemistry and petrology and based on the assumption that the “indicator
geochemical characteristics” of igneous complexes (komatiites, basalts, anorthosites and andesitoids) are
directly related only to certain geodynamic regimes.

Komatiites, basalts and anorthosites. In many geodynamic models tholeiitic basalts (TH) of Archean
GSBs are understood as counterparts of N-MORB. Petrogenetically, they are shallow-depth derivatives
produced by melting of the depleted mantle (DM). However, in most GSBs tholeiitic basalts were
generated by deep differentiation of primary komatiitic melts or melting of a deep-seated DM- or FOZO-
type mantle source [4]. Komatiites were produced by plume melting of the heterogeneous upper mantle at
varying depth and sometimes show signs of crustal matter contamination [5]. The occurrence of
“autonomous” porphyraceous anorthosite sills in some GSBs is also typical; petrologically, this implies
fractionation of mafic plagioclase from basaltic melt when the lithosphere, not less than 22-25 km in
thickness, existed.

The key signs used to identify subduction-accretion convergent geodynamic evolution regimes
of Archean GSBs are volcanogenic associations with andesitoids (including adakites, boninites and
bahiaites) that have some “indicator geochemical labels” (Ta/Nb, Nb/Y, Zr/Y, Mg" etc.). Considering
that the isotopic-geochemical (Sm-Nd) systematics of Archean andesites is still very poor, their
geochemical parameters cannot always be strictly attributed geodynamically to gently dipping hot
subduction and/or mantle wedge melting. Such geochemical characteristics are exhibited by andesites
from both Paleoarchean intracratonic structures (Warawoona, Pilbara Craton) and Paleoproterozoic
intracratonic reefs (Sumian volcanogenic complexes in the Fennoscandian Shield). Moreover, such
indicators “subduction “labels” as negative Nb and Ti anomalies are characteristic of Permian trap
basalts [6].

Petrologically, the genesis of andesitoid melts is a fairly trivial problem. It depends on the water
balance of the upper mantle and the fugitivity of oxygen in the source of primary melts. It is now clear that
the Archean mantle was isotopically and geochemically heterogeneous, as was a gas-fluid phase, the most
uncoherent constituent of mantle matter. Evidence for relatively large quantities of water in plume mantle
sources is provided by the occurrence of igneous amphibole in Archean komatiites and Paleoproterozoic
picrites, gas-water microinclusions in Icelandic basalts and meimechites from the Siberian trap province.
Furthermore, modern evidence for the presence of structurally combined water and volatiles in
stoichiometrically anhydrous minerals (olivines, pyroxenes) of mantle rocks also suggest a “wet”, rather
than “dry” mantle source for Archean volcanic complexes.
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ISOTOPIC-GEOCHEMICAL COMPOSITION, AGE AND PETROLOGY OF A
NEOARCHEAN BASALT-ANDESITE-DACITE ASSOCIATION OF THE POLMOS-
POROSOZERO GREENSTONE STRUCTURE, KOLA PENINSULA

Vrevsky A.B. and Bogomolov E.S.
Institute of Precambrian Geology and Geochronology, RAS, St.Petersburg, Russia, Vrev@peterlink.ru

[Terponoruss U reoaUMHaAMHUYECKas MPHUPOAA HM3BECTKOBO-IIEIOYHBIX MArMaTWYeCKUX KOMILIEKCOB,
SIBJIICTCS OJIHOM U3 HanOoJee aKTyalbHBIX MPOOIEM MPOUCXOXKICHHUS IOBEHHUIILHOW KOHTUHEHTALHON KO-
PBI Ha pPaHHUX CTAAHAX pa3BUTHA 3eMiu. ba3anbT-aHIe3uT-1aliT-PHOUTOBBIE aCCOIMAIINN apXEHCKUX 3e-
JIEHOKaMEHHBIX TIOSICOB MHOTHMHU HCCIICIOBATENIIMA IPUHUMAIOTCSI B KAUECTBE TJIaBHBIX U, 9aCTO €IUHCT-
BEHHBIX, «HHIUKATOPHBIXY» MPU3HAKOB CyOyKIIMOHHO-aKKPEIMOHHBIX KOHBEPTEHTHBIX T€ONHAMUYECKUX
00CTaHOBOK (OPMHUPOBaHHSI KOHTHHEHTAIBHON KOPBI TPaHUT-3eJIeHOKaMEHHBIX oONlacTell B paHHEM JI0-
kemMOpuu. MHauKaTOpHAs POIb TaKWX BYJIKAHHYECKHX KOMILIEKCOB, B TOM uucie DeHHOCKaHIMHABCKOTO
IIUTA, OCHOBBIBACTCS HA CXOXKECTH PSJia MX M30TOIMHO-TCOXUMHUECKUX XapaKTEPUCTHK C (haHEPO30MCKIM
aJaKUTOBBIM U OOHMHHUTOBBIM BYJIKaHWYECKHM cepusM [1, 2].

[Tonmmoc-ITopoco3epckasi cTpyKTypa, SBIsIETCS HanOoJee CoOXpaHUBIIeHcs dacTeio Y paryocko-Koo-
MO03ep0-BOpOHBHMHCKOTO 3€7€HOKaMEHHOTO TMO0sICa, PACIOIOKEHHOTO B 30HE COWICHEHHUS MypMaHCKOTO U
LenTpanpHo-Konbckoro 06moxoB MEHHOCKaHAMHABCKOTO IUTA. BylKaHOTEHHO-0CATOYHBIH KOMILICKC,
CTPYKTYPBI COCTOUT W3 Tpex Toii [3]. HmwkHss Teppurennas tonma (JIIBO3epCKas CBHUTA) CIIOKEHA Tpa-
HAT-OMOTUTOBBIMU ¥ OMOTUTOBBIMH ClIaHI[aMH. BEIlIesexarias ByJIKaHOTCHHAs TOJINA (TIOJIMOCTYHIPOB-
CKasi 1 BOPOHBETYHIPOBCKAasl CBUTHI) MPEACTABICHA PA3IUYHBIME aM(puboarTamMu, aMmpuOOIOBBIMU THEH-
cam¥ ® ciaHnamu. HmxHss 9acTh pa3pes3a BYJIKAaHOT€HHOW TOIIIM COCTOUT W3 METaMOP(H30BAHHBIX JIaB
TOJICUTOBEIX 0a3aJbTOB U KOMAaTHUTOB C MPOCIIOSIMHE BYJIKaHOTEHHO-0CAIO0UHbIX TTopox [3,4]. MeTaBynka-
HUTHI KOMaTHUT-TOJICUTOBOM acCOIUAIIMKM CMEHSIOTCS 0e3 CTpaTurpauuecKux MepepbiBOB U TEKTOHHYEC-
CKHX Hecoriacuii Ooyiee pa3HOOOpa3HOM MO COCTaBy TONIIEH IepecianBaHus MeTa0a3anbToOB, aHIe3uOa-
3JIBTOB, aHE3UTOB U JAITUTOB C TEKCTYPHBIMU MpU3HaKaMu JiaB U Ty(QoB. B pa3pese OazanbT-aHae3uT-aa-
[IUTOBOM acCOITMAITMN MPUCYTCTBYIOT TaK € MaJIOMOIIHBIC (0 HECKOJIBLKUX METPOB) MPOCIOU I'PayBaKK,
M3BECTKOBUCTHIX JIOJIOMUTOB, KEJIE3UCTHIX KBAPIUTOB U YIIEPOTUCTHIX CIaHIEB [3].

B memom, coctaB MeTaByIKaHUTOB 0a3anbT-aHAE3UT-IAIIUTOBON aCCOIMAIIMU OTBEUAET U3BECTKOBO-
MIEJIOYHON CEpUU HOPMAJLHOM IIEIIOYHOCTH. B TOXe BpeMsi, yCTaHOBIICHHEIC BapHAIlH COCTaBa TJIaBHBIX,
PEIKKX U peAKO3eMeNIbHBIX dNeMeHTOB (P3D) cpeqHux BylIKaHUTOB, TO3BOJWIN BBIICTUTH CPEAH HUX JIBE
TEOXUMHYECKUX TPYIIBI — aHAC3UTHI-1 1 aHAE3UTHI-2.

Anodesumepi-1 XapakTepu3yercs NPEeMMYIIECTBEHHO aHJe3uba3ambTOBBIMEH cocTaBaMu (Si0,=55.3-
56.6 mac. %), HuskumMu copepkanusmu Ti0O, < (0.5, HOpMalIbHOW MarHe3uanbHOCTBHIO (Mg#=0.26-0.40),
MPUHAJIC)KHOCTBI0 K HATPHUEBOW HM3BECTKOBO-IIEIIOYHON cepuu. MeTaByJIKaHUTHI 3TOTO THUIA HMEHOT
CWJIBHO (PpaKIIMOHUPOBAHHBIA XapaKTep HOPMHUPOBAHHOTO paCIpeAeNeHHs JIETKUX PeIKO3eMENbHBIX dJie-
MeHTOB (JIP3D) — (Ce/Sm)N=2.38-2.82 u MeHee (pakiumoHUpPOBaHHBI — Tsxkensix P30 - (Gd/Yb)N
=1.62- 2.35. Bmopas eeoxumuyeckas epynna CpeJHUX METaBYJIKAHUTOB MPEACTABICHA HU3KO TUTAHUCTHI-
mu (Ti0,<0.5) aHIE3UTOBBIMY M aHJE3UAANUTOBBIMU cocTaBam (S10,=56.4-59.7 mac. %) u xapakrepusy-
I0TCS1 O0JIee KaJIMeBbIM COCTaBOM Iresioueil 1 6ompiieit MmarnesuanbHocThio (Mg#=0.41-0.46). Jlns aux xa-
paKkTepHO HEOOBIUHOE /ISl aHJIE3UTOB HOPMUPOBaHHOE pacnpezencHue P30 ¢ obenneHuem yierkumu P35
- (Ce/Sm)N= 0.62-0.88 u cmabo ¢pakmuoHupoBaHHEIM pacnpenenenus TP3D - (Gd/Yb)N = 1.01- 1.58.
O06a Tuna aHae3uToB UMEIOT Oym3kre KoHteHTparuu Ti, Nb u Ta 6e3 oTpumatensHbIX aHOMAJIMNA Ha CITaii-
Jiep-AuarpaMMax, 4To OTJIMYAeT UX OT apXeHCKUX U (haHePO30MCKHUX aIaKUTOBBIX aCCOIMAITUH.
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[pu natupoanuu (U-Pb SRIMP II) upkoHoB 13 anne3utoB-1 Obuia mosyueHa u3oxpoHa (8 3epeH)
¢ Bo3pactoM 2778.4+5.4 M. ter (MSWD=0.75), B ToM guciie 4 KOHKOPAAHTHBIX ITAPKOHOB C BO3PACTOM
2776.7 £9.5 mma. net (MSWD=0.81).

[Nonmyuennsie AanHbIe MO0 SM-Nd M30TOMHON CHCTEMATHKE aHJIE3UTOBBIX METABYJIKAHUTOB 3€JICHO-
KaMmeHHoro nosca Konmozepo-BopoHsst Takke MO3BOJIUIN YCTAHOBUTD CYLIECCTBEHHBIC OTJIMUHUSA IBYX I'€0-
XUMHYECKUX TPYII aHAE3UTOB. AHIE3UTHI-1 XapaKkTepu3yeTcsl BapHallusIMH 3HAYeHUH TepBUYHBIX OTHO-
wrennit "*Nd/'"**Nd u, coorsercrBento Benmmunn eNdTarg 0T +0.8 10 +3.7. Sm-Nd MonenbHbIi BO3pacT
(TDM) angesutoB-1 Haxoautcs B mpenenax 3050-3235 muH. ner. Ha Sm-Nd sBomonnoHHO#N 1uarpamme
aHe3uThI-1, 0a3aibThl U KOMATHUHUTHI 3€JICHOKaMEHHOro mosca Konmoszepo-BopoHbsi 00pa3yroT JTHHHIO
perpeccur ¢ HaKJIOHOM, OTBedaronuM Bo3pacty 2810145 mun. et u eNd=+2.610.3, CKBO=0.84. Ora 3a-
BHCHUMOCTh MOXET NPEACTaBIATh COOOH KaK JIMHUIO CMEIICHHS TTPOU3BOIHBIX H30TOTHO Pa3IMYHBIX MaH-
TUUHBIX PE3EPBYAPOB, TaK U "MAHTUHHYIO" U30XPOHY, HAKIOH KOTOPOU ONpENEIsICS BpEMEHEM pazJiene-
HUS MaHTUUHBIX MCTOYHHKOB. [1OCKOJBKY TPOIECCH CMEIICHHWS MCTOYHHKOB, TaK KE KaK M IPOIECCHI
KOHTaMHMHAI[UM KOPOBBIM BEIIECTBOM OOBIUHO MPUBOIAT K 3aBbilicHUI0O Sm-Nd Bo3pacrta, a mojydeHHas
3aBUCHMOCTP B TIpejesiax ommOok coorBeTcTByeT U-Pb M30XpoHHOMY BO3pacTy aHAE3WTOB, TO BEPOSITHO
OHa OTpa)kaeT TeHEPAIUIO ITHX BYJIKAHUTOB U3 €MHOTO MaHTUITHOTO pe3epByapa ¢ eENd=+2.6103.

Anoezumopi-2 UMEIOT NPUHITUIHATBLHO UHBIC H30TOMHbIC XapakTepucTuku - ENdTyzg0 oT -1.0 110 -6.5,
KOTOPBIE CBUETEIBCTBYIOT 00 X 00pa30BaHUH U3 «0OOTAIICHHOT0» MaHTHIHHOTO UCTOYHUKA MU 00 y4a-
CTHU KOPOBOT'O BEIIECTBA B WX MeTporeHesuce. [Ipu reoXuMiuaecKoM MOJSITUPOBAHNH TIPOIIECCOB TIETPOTE-
HE3UCa aH/IC3UTOB-2 OBLJIO YCTAHOBJICHO, YTO UX «OOCIHEHHBIC» ICOXMMUYCCKUE XaPaKTCPUCTHKHI UCKITIO-
Yal0T BO3MOXHOCTh Y4acTHA MPOLIECCOB KOHTAMUHAIIMU KOPOBBIM BELIECTBOM U CMEUICHUS BBIILJIABOK U3
Pa3IMYHBIX KOPOBO-MaHTHIHBIX UCTOYHUKOB. OCHOBBIBASCH HA TEOXUMHUYECKHUX U TETPOJIOTHUECKUX OCO-
OCHHOCTSX aHIE3UTOBBIX PACIUIABOB, IS pacdeTHOW OmMeHKH Sm-Nd MomensHOro Bo3pacTa aHAC3UTOB-2,
ObLTa MCTONIBb30BaHa IBYX cTaauitHas Monens (T2DM), B KoTopoii B KauecTBE NMPOTOIUTA OBLIM MPHUHSATHI
HIDKHEKOPOBBIE OCHOBHBIE TPaHYJIUTHI, UMEIOIINE 47Sm/*Nd=0.15. ITonyuyeHHbIE OLIEHKH MOJAEIBHOTO
Bo3pacTta (3.69+0.42/-0.23 mupa. 1eT) CBUAETENBCTBYIOT 00 0YCHB APEBHEM BO3pacTe UCTOUYHUKA TICPBHY-
HBIX PacIIaBOB aHIC3UTOB-2.

YuuteiBas 0coOeHHOCTH Teosiorudeckoro crpoeHus [lommoc-Ilopoco3epckoii CTPyKTyphl, HEmpe-
PBIBHOCTH BYJIKAHOT€HHOTO pa3pe3a CyNpaKpyCTaIbHOTO KOMILIEKCA M PaHee yCTAaHOBIECHHYIO IMPHPOIY
KOMAaTHUT-TOJICUTOBON aCCOLMAIUH, TIOTYUYCHHBIC JJaHHBIC MOTYT OBITh MHTEPIPETUPOBAHBI B paMKaX Ieo-
JUHAMHYECKOW MOJICNIM SBOJIFOIIMA MAaHTUHHOTO TuTtoMa. Takoil MexaHu3M (OopMHUpPOBaHUs IOBEHUIBHON
KOpBI B HEoapxee IMO3BOJIET CBA3BIBATH T'E€HEPAIMIO MEPBUYHBIX PACIIABOB aHNIE3UTOB-1 C IIaBICHHUEM
MaHTUHHOTO MEPUIOTUTA «TOJIOBEIY ILTIOMAa, 00OTAIIICHHOTO ()IIFOMIHBIMHA KOMITOHEHTaMH, a TIPOUCXOXKIC-
HUE MEPBUYHBIX PACIUIABOB aHIC3UTOB-2 - C TUIABIICHUEM HIDKHEKOPOBBIX OCHOBHBIX JKIIOTUTOB B PE3YJIb-
TaTe TUTFOM-TUTOC(HEPHOTO B3auMOAeHCTBUSA. OCOOSHHOCTH PEKOHCTPYHUPOBAHHOTO M30TOIMTHO-TEOXUMMIYE-
CKOT'O COCTaBa HMKHEKOPOBBIX KBAPIIEBBIX AKJIOTUTOB, ITO3BOJISIOT MPEIION0KHUTD, YTO OHH SIBISUTACH pe-
3yJIbTaTOM «aHJEPIUICHTUHTa» B OCHOBaHHE KOPBI 0a3aJIbTOBBIX PACILIABOB - MPOJIYKTOB PAHHUX CTaIMi
TUTaBlieHusl crienupuyeckoro MantuitHoro ucroynmka (XTP3D ~1.5-0.3, (Gd/Yb)N~1.0, Ce/Sm)N=0.2-
1.2), paHee ycTaHOBIEHHOTO ISl OJHOTO U3 THIIOB kKoMatunToB [Tomvoc-Ilopocosepckoit cTpykTypsr [5].

The petrology and geodynamic nature of calc-alkaline igneous complexes are one of the most acute
problems in the genesis of a juvenile continental crust at early stages in the Earth’s evolution. Many
scholars consider basalt-andesite-dacite-rhyolite associations of Archean greenstone belts to be a major,
and often the only, indicator of subduction-accretion convergent geodynamic settings in which the
continental crust of granite-greenstone provinces was formed in Early Precambrian time. Such volcanic
complexes, including those of the Fennoscandian Shield, are regarded as indicators because some of their
isotopic-geochemical characteristics are similar to those of Phanerozoic adakitic and boninitic volcanic
series [1, 2].

The Polmos-Porosozero structure is the best-preserved part of the Uraguba-Kolmozero-Voronya
greenstone belt located in the contact zone between the Murmansk and Central Kola blocks of the
Fennoscandian Shield. A volcanic-sedimentary complex of the structure consists of three units [3]. The
lower terrigenous unit (Lyavozero suite) is made up of garnet-biotite and biotite schists. The overlying
volcanogenic unit (Polmostundrovskaya and Voronyetundrovskaya suites) is composed of various
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amphibolites, amphibole gneisses and schists. The lower portion of the volcanogenic unit is built up by
metamorphosed tholeiitic-basaltic and komatiitic lava with volcanic-sedimentary interbeds [3, 4].
Metavolcanics of a komatiite-tholeiite association pass without stratigraphic hiatuses and tectonic
unconformities into a unit that displays a more diverse composition and is formed by alternation of
metabasalts, andesite-basalts, andesites and dacites with textural signs of lava and tuffs. The basalt-
andesite-dacite association unit also contains thin (several metres) greywacke, calcareous dolomite, iron
formation and carbonaceous shale laminae [3].

The composition of basalt-andesite-dacite association volcanics generally corresponds to a normal-
alkalinity calc-alkaline series. However, based on variations in the major, rare and rare-earth element
(REE) composition of intermediate volcanics, two geochemical groups, namely andesites-1 and andesites-
2, were identified.

Andesites-1 consist dominantly of andesite-basalt (Si0,=55.3-56.6 mass. %), are poor in TiO, (<
0.5), have a normal Mg content (mg#=0.26-0.40) and belong to a sodic calc-alkaline series. This type of
metavolcanics shows a strongly fractionated normalized LREE distribution pattern (Ce/Sm)N=2.38-2.82
and a less strongly fractionated HREE distribution pattern (Gd/Yb)N =1.62- 2.35. 4 second geochemical
group of intermediate metavolcanics consists of low-Ti (Ti0,<0.5) andesitic and andesitic-dacitic
compositions (Si0,=56.4-59.7 mass. %) and show a more potassic composition of alkalies and higher Mg
concentrations (mg#=0.41-0.46). They typically exhibit a normalized REE distribution, uncommon for
andesites, with impoverishment in LREE (Ce/Sm)N= 0.62-0.88 and a poorly fractionated HREE
distribution (Gd/Yb)N = 1.01- 1.58. Unlike Archean and Phanerozoic adakitic associations, both types of
andesites have similar Ti, Nb and Ta concentrations without negative anomalies on spidergrams.

Zircons from andesites-1 were dated (U-Pb SHRIMP II), and an isochrone (8 grains) with an age of
2778.4+5.4 Ma (MSWD=0.75), including an isochrone of 4 concordant zircons with an age of 2776.7 £9.5
Ma (MSWD=0.81), was obtained.

Based on the data obtained on the Sm-Nd isotopic systematics of andesitic volcanics from the
Kolmozero-Voronya greenstone belt, substantial differences between the two geochemical groups of
andesites were also revealed. Andesites-1 typically show variations in primary '*Nd/"**Nd ratios and,
accordingly, eNdT,7g9 values from +0.8 to +3.7. The Sm-Nd model age (TDM) of andesites-1 varies from
3050 to 3235 Ma. On a Sm-Nd evolution diagram, andesites-1, basalts and komatiites from the
Kolmozero-Voronya greenstone belt form a regression line with a slope which corresponds to an age of
2810£45 Ma and eNd=+2.6+0.3, MSWD=0.84. This relationship may represent both a line of mixing of
the derivatives of isotopically different mantle reservoirs and a "mantle" isochrone, the slope of which was
dependent on the time of separation of mantle sources. As mixing of sources and contamination with
crustal matter usually result in older Sm-Nd ages and the relationship obtained agrees within the error with
the U-Pb isochrone age of andesites, it suggests that the volcanics were generated from a common mantle
reservoir with eNd=+2.6103.

Andesites-2 have completely different isotopic characteristics (eNdT,7g0 -1.0 to -6.5), suggesting that
they were formed from an “enriched” mantle source or that crustal matter was involved in their
petrogenesis. It was found by geochemical modelling of the petrogenesis of andesites-2 that their
“impoverished” geochemical characteristics rule out the possibility of involvement of crustal matter
contamination and mixing of melts from various crustal-mantle sources. Based on the geochemical and
petrological characteristics of andesitic melts, a two-stage model (T2DM), in which lower-crustal basic
granulites with '’Sm/"**Nd=0.15, were accepted as a protolith, was used to estimate the Sm-Nd model age
of andesites-2. The model age estimates obtained (3.69+0.42/-0.23 Ga) indicate a very old age of the
source of the primary melts of andesites-2.

Considering the geological-structural characteristics of the Polmos-Porosozero structure, the
continuity of the volcanogenic unit of the supracrustal complex and the nature of the komatiite-tholeiite
association revealed earlier, the data obtained can be interpreted using a geodynamic model of mantle
plume evolution. Such a mechanism of formation of a juvenile crust in Neoarchean time makes it possible
to relate the generation of the primary andesite-1 melts to melting of mantle peridotite from the “head” of
the plume enriched in fluid components, and the genesis of primary andesite-2 melts to melting of lower-
crustal basic eclogites as a result of plume-lithosphere interaction. The characteristics of the reconstructed
isotopic-geochemical composition of lower-crustal quartz eclogites suggest that were generated by
“underplating” at the base of the crust of basaltic melts produced in the early stages of melting of a
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distinctive mantle source (XTP33 ~1.5-0.3, (Gd/Yb)N~1.0, Ce/Sm)N=0.2-1.2) revealed earlier for one of
the types of komatiites from the Polmos-Porosozero structure [5].
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METAMORPHISM AND ULTRAMETAMORPHISM
OF ARCHEAN GRANITE-GREENSTONE PROVINCES

Glebovitsky V.A. and Sedova 1.S.

Institute of Precambrian Geology and Geochronology, RAS, St.Petersburgd Russia

Apxeilickue IpaHHMT-3eJICHOKaMEHHbIE 001acTH MeTaMOop(U30BaHbl HEOIHOPOAHO, B MX IpeAenax
BBIICTISIIOTCS OOIIMPHBIE TEPPUTOPHH, T/I€ YCIOBUS MIPeoOpa3oBaHUs 3€JI€HOKAMEHHBIX I0SICOB COOTBETCT-
BYIOT 3€JICHOCTaHLEBOH M snunoT-ampuoonuToBoi damusm (Hanpumep, OnexmuHckuit, Kapenbckuii u
Ceronupuop kpaToHsl). OOmell uepTol 3eI€HOKAMEHHBIX IIOCOB SIBJISIETCS MeTaMop(HUuecKas 30Hallb-
HOCTb, MapKHPYIOIIAs MOBBIIIEHHE TEMIIEPATyPhl OT €€ IEeHTpa K nepudepun, 1Mo HalpaBIeHHIO K TPaHu-
TOUJHBIM TOJISM, B KOTOPHIX U JIOKAJM30BaHbI 3€JIEHOKAMEHHBIE CTPYKTYpPHI. ['paHUTOMIBI HOpPMaIbHON
N3BECTKOBO-LIEJIOYHOM CEpUU B 3TOM CIIydae IOYTH CHHXPOHHBI C METaMOpP(GU3MOM 3€JICHOKaMEHHBIX
MOsICOB. 30HANBHOCTh, KaK MPAaBHUIIO, OTHOCUTCS K aHAATY3UT-CHITIAMAHUTOBOMY THITY U CBUACTEIHCTBYET
O TMOSIBJIGHUH B 36MHOM KOpE MOJ0KUTEIbHBIX TEPMUYECKIX aHOMaJIHH.

B ryboko meramophu30BaHHBIX TPaHUT-3€JICHOKAMEHHBIX oOnacTsax (Hampumep, LleHTpanbHO-
Konbckmii noMeH) crenedp MeTamMopgu3Ma MeHseTCs OT aM(prOOTUTOBOM N0 TpaHyauToBoi (aruu. [Ipu
3TOM 30HAJIBHOCTH, Kak Hanpumep, B LlenTpanbsHo-KonbckoM JoMeHe OTHOCUTCS K MaJoryOMHHOMY, a 3Ha-
YHUT U K BBICOKOTPAAUEHTHOMY THITy. J[7151 MOHMMaHUsA 3aKOHOMEPHOCTH NMPOCTPAHCTBEHHOTO pacmpezene-
HUs HanOoJiee BBICOKOIpasHOro MeramopdusMa Oosbioe 3HaU€HHE UMEIOT JaHHbIe 10 KpaToHy Chlomu-
pHUOp, TJe OHU YETKO MPUYpPOUEHBI K IMaparHeiCOBBIM TI05ICaM, PAa3BUBAIOIIUMCS COMPSDIKEHO C 3eJIeHOKa-
MEHHBIMHU Tosicamu. [locneHue ke 00J1aAaloT MPU3HAKAMU OCTPOBHBIX IYT.

CXoJHBIE 3aKOHOMEPHOCTH JIOKAIM3AallUM I'PaHYJUTOB YCTAaHOBJIEHBI B BOCTOYHOW uyacTH (DeHHO-
CKaHMTHABCKOTO IMHTa, U Ha KOJhCKOM MOTyOCTPOBE BBHIPAXKAIOTCS B TOM, YTO TPAHYJIMTA MOSABISIOTCS B
o0acTH pacnpocTpaHeHHs TJIaBHBIM 00pa3oM METaocaloyHOH KOJBCKOM CepuH, B TO BpeMs KakK B OKpY-
skaromux Llentpansno-Konbckuil JOMeH 3eJIeHOKaMEeHHBIX MoAcaxX CTeNeHb MeTaMop(hu3Ma He TIPEBBIIIAET
cpenHux cryneHed amdudonnToBoil damuu. OTueTnanBas CBsI3b IPaHYJIUTOB C 3€I€HOKAMEHHBIMU IOsICa-
MU, 00JaIaloNIMMH TIPU3HAKaMU OCTPOBHBIX AYT, YCTaHABIWBAeTCs B Mpeneiax apxeickoro bemomopcko-
ro nosca. MHdopmanus Takoro copra Mo3BOJSET NPUHATH TPAKTOBKY BBICOKOIPAJHOTO M BBICOKOTPaIu-
EHTHOro Metamopdu3Ma Kak HaJICyOayKIIMOHHOTO SIBJICHHUS.

EctectBenHas cMeHa CyOAyKIIMOHHOTO peKUMa KOJUTH3MEH OCTPOBHOM AyTH M Kpast KOHTHHEHTa OT-
pasmiach B CMEHE BBIKOKOTPaIUCHTHBIX PEeKUMOB MeTaMop(r3Ma HU3KOTPAaJUEHTHBIMUY, YTO MPOSBICHO
kak B Llentpansno-Konsckom nomene, Tak u B benomopckom nosice. [Ipu 3ToM BBISIBISIIOTCA ABE HanboJee
CYLIECTBEHHbBIE YEPThl KOJUIM3HOHHOTO pekuMa. D10 (OpMHUpOBaHME MHBEPTHPOBAHHOM MeTaMopduue-
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CKOM 30HAJIBHOCTH M KOMIIPECCUOHHOE oxXJaxaeHue nopo (PT-Tpena «IpoTuB 4acoBoil CTpENKu») B OC-
HOBaHUU KPYIHBIX TEKTOHUYECKUX MNOKPOBOB. ECTh H30TOMHO-T€0XPOHOIOTHYECKUE JOKA3aTEIbCTBA MPO-
SIBJICHUS OTUX TPOIIECCOB Ha 3aBEPIIAIOIIEM 3TAIE HeOapXEHCKOTO ITUKIIA IBOJIOIIHH.

Bce apxeiickue rpaHUT-3€ICHOKAMEHHBIC O0JIACTH B TOW WJIM MHON MEPE HCIBITATH TEKTOHO-TEP-
MaJIbHYIO TIepepaboTKy B maneonporepo3oe. B arom otHomeHnn ®eHHO-CKaHIWHABCKUHN MIUT SBISCTCS
STaNoHHBIM 00BekToM. MccnenoBanmne Komncko-HopBexckon 30HBL, JlammaHIckoro TpaHyIHTOBOTO IOS-
ca, bermoMopckoro mosica mMO3BONSIET YBA3aTh 3TH MPEOOPA30BAHUS C SBICHISIMHU KOJITU3UW THUIA «KOHTH-
HCHT-KOHTUHCHT.

Bricokorpanueiii MeTaMOppU3M T'PaHHUT-3€JICHOKAMEHHBIX O00JIACTEH CONMPOBOKIACTCS HHTCHCHB-
HEIM TIPOSIBJICHUEM YJIbTpameTamopdusma. [Ipn aHamm3e reoXuMun MOJTUMUTMATHTOB bermoMopckoro mosi-
ca yCTaHOBIICHO, YTO HEOapXEHCKUE MPOIECChl TPAHUTHU3AINH, AHATEKCUCA U TUATEKCUCA, KOTOPHIE Pa3BU-
BaJICh B TOHAJIIMTOBBIX THEHCAX M KPUCTAIUIMYECKUX CIIAaHIAX aHJIe3n0a3uTOBOro cocraBa. B Hauane pas-
BHUTHS TPAaHUTH3AINH TaparcHe3NC MUHEPAIOB, KaK MPAaBUIIO, OCTACTCS MPEKHUM, MEHSIOTCS KOJHYECT-
BEHHBIC COOTHOIICHUSI MUHEPAJIOB, 3aTEM IPOUCXOIUT 3aMelieHre aMm(puooIia arperaToM OMOTHTA U JIH-
JI0Ta C IMPKOHOM W QJJIAHWUTOM, YMEHBIIICHUE TEMHOIIBETHBIX MHHEPAJIOB M MCUE3HOBCHHE POTOBOM 00-
MaHKH{ Hapsy ¢ YBeJIHMUEHHEM KBaplia 1 MOJIEBBIX MIMaToB. Maduyeckrie KOMIIOHEHTHI BBIHOCATCSI U3 CHUC-
TEMBI U KOHIEHTPUPYIOTCA B CBOEOOPa3HBIX Oa3mduraTax — 30HaX OOOTAIIEHHS KEJIEe30M, KaJbI[eM U
MarHueM. B KOHEYHOM HTOre 00pa3yroTCsl 3HAUUTEIIbHBIC 00BEMBI IMPEUMYIICTBEHHO TPOHILEMHTOTHEH-
COB, KOTOPBIE U TIOJIBEPTAIOTCS JalbHEUIIEMY apIIHaIbHOMY TUTABIICHHUIO (aHATEKCHCY U TUATEKCHCY ), CO-
MIPOBOXKIACMOMY KaJIHIIITATH3AIMMEH TT0 OTAEIBHBIM 30HaM. [IponcxomuT medasndukaIis mopo — BEIHOC
Ti, Fe, Ca u Mg (a Taxxe Cr, Co, Sc), Ooyiee uHTeHCHBHas B ampuboauTax. [lapaniensHo yBeInuuBacTcs
conmepxkanue SiO, (OT ClIaHIEB W TOHAJIMTOBBIX THEWCOB K TpOHAbeMHUTOTHeiicam ¢ 55.07+3.16 u
66.45+£3.25 no 70-72%), K n Na. Maduveckne KOMIOHEHTHI OCaXIAlOTCs B 30HaX Oasudukanuu B BUjE
poroBoii 0OMaHKH, OMOTHTA U ANUI0TA. [IpH MOSBICHIM aHATEKTUYECKUX PACILIABOB HAIIPABJICHHOCTh W3-
MEHEHUU KOHIEHTPALUU YKA3aHHBIX AJIEMEHTOB COXpaHseTcs, UCKioyas K, KoIuMuecTBO KOTOPOTO BO3-
pacTaeT TOJBKO K KOHILy Ipolecca. BoaeneHsl 1Be pa3HOBUAHOCTU AMATEKTUTOB, TOYTHU HE MEPEMELICH-
HEIE U 00JIee CHIIBLHO TIepEeMEIIEHHBIC B CABUTOBEIC 30HEI. [lepBhle HICHTUYHHA TPOHIBEMHUTOTHECAM, BTO-
pble MPOAOJKAIOT TEHICHLUIO, CBOMCTBEHHYIO JKUIBHBIM JICHKOCOMAaM. MHIMaTUTBI MAJIEONpPOTEPO30ii-
CKOI'0 3Tana 3BOJIIOLIMH Ha HAYAJIbHBIX CTAUSAX OTIMYAIOTCS OT MPEAbIAYLINX MOBBILIEHHON OCHOBHOCTBIO,
¥ TOJIEKO TTOCJIC STOTO MPOUCXOANT (PpaKIIMOHUPOBAHIE TPAHUTHBIX PACIIIIABOB I TPAHUTHU3AINS ITOPOI.

PaccmaTpuBasi 0COOCHHOCTH PEIKO3JEMEHTHOTO COCTaBa B CEpUSX TpaHUTOO0Opa3oBaHusi B bero-
MOPCKOM TI05ICE OTMETUM, YTO KaK IO CPEJHUM COCTaBaM MOPOJ, TaK U JJIsi KOHKPETHBIX OOHAKEHUH I10-
POIIBI CEPHii IO OTHOIICHHUIO K CPEAHEMY COCTaBY KOPHI O0eIHEHBI TPAKTHYECKH BCEMH pPacCMaTPUBAEMbI-
MH 3JIEMEHTaMH, 9TO SIBIISIETCS XapaKTEPHON 0COOCHHOCTHIO ITPOBHUHIIMM B 11e710M. B Tporiecce rpaHnTH3a-
LMY TOHAJIHWTOB BBIABIISCTCS TCHACHINS K CHIKCHHIO cpeHux KoHreHTpamuii Cs, Rb, U, Ta, REE, Y, u k
TIOBBIIICHUIO St M Zr. DTa TEHACHIHS COXPaHACTCA M MPH POPMHUPOBAHUH BCEX TEHEPAIMH JCHKOCOM, HO
TOJIKO OTHOCHUTENBHO TPOHIbeMHUTOTHEWCcOB oHM 3HaunmMo obemneHsl LREE, Th. Ilpu dbopmupoBanumn
JMUATEKTUTOB 3Ta TCHIICHIIUS COXPAHSETCS, U OCOOCHHO OHA 3aMETHA MO YMEHBIIeHUIO cojepxkanus Cs,
Rb, K, Ti, Y, Yb, uTo, HECOMHEHHO, CBSI3aHO C (DPAKIMOHUPOBAHUEM paciliaBa M yIaJICHUEM €ro U3 30H
MapIUaIbHOTO TIaBieHuss. OTMETHUM, 4TO B AMATEKTUTAaX HaOmomaercs Hakoruienue Th. Pannue anarek-
TUTBI, (POPMHUPYIOIIUECS HAa MECTE, Maj0 OTIMYAIOTCS OT TPAaHUTU3MPOBAHHBIX TOHAJIHUTOBBIX THEHMCOB, 3a
CYET KOTOPBIX OHU pa3BuBaroTcs. [lo-BuaANMOMY, MO3AHUE aHATEKTUTHI, PA3BUBAIOIINECS MOCIE TUATEKCU-
ca, IPEJICTAaBIAIOT emle Oonee nuddepeHnpPOBaHHOE BEMIECTBO, CYS MO UX JEIIETHPOBAHHOCTH B OTHO-
menuu Th, La, Ce, Nd, P, Sm, Ti, Y. [loxoxwue TeHIESHITNN N3MEHEHHUS PEIKOIEMEHTHOTO COCTaBa JICHKO-
COM MHUTMAaTHUTOB MOXXHO HAOJIIO/IaTh U B KOHKPETHBIX CEPUSX MUTMATUTOB IO TOHAJTUTOBHIM THEHcaM, a
Takke 1o 6azuram. HabmromaeTcs, Kak U JUTst TOPOA0OPa3yIOUINX OKUCIIOB, HACHTUYHOCTh PEAKOIIEMEHT-
HOTO COCTaBa TPOHILEMHUTOTHEHCOB U ¢1a00 MMepeMENIeHHBIX THATCKTUTOB B OTINYHE OT MOJOOHBIX 00pa-
30aHU, MUTPUPOBABIINX B CABUTOBEIC 30HBL.

Archean granite-greenstone provinces were metamorphosed in non-uniform manner; there are large
areas, e.g. the Olekminsky, Karelian and Superior provinces, where greenstone belts were metamorphosed
to greenschist and epidote-amphibolite grade. One common trait of greenstone belts is metamorphic zoning
that marks a rise in temperature from its centre to the periphery toward granitoid fields in which greenstone
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structures are located. In this case, normal calc-alkaline series granitoids are almost coeval with
metamorphism of greenstone belts. An andalusite-sillimanite type of zoning, indicative of positive thermal
anomalies in the Earth’s crust, is commonly encountered.

In highly metamorphosed granite-greenstone provinces, e.g. the Central Kola domain, metamorphic
grade varies from amphibolite to granulite facies. In this case, it is a shallow-depth and, consequently,
high-gradient type of zoning observed, for example, in the Central Kola domain. Available data on the
Superior Craton, where they are clearly restricted to paragneiss belts that evolve together with greenstone
belts, are essential for understanding of the spatial distribution of the highest-grade metamorphism.
Greenstone belts show signs of island arcs.

A similar distribution pattern is observed for granulites in the eastern Fennoscandian Shield. In the
Kola Peninsula, granulites occur in the distribution area dominated by the metasedimentary Kola series,
whereas in the greenstone belts that surround the Central Kola domain metamorphic grade does not exceed
the middle stages of amphibolite facies. In the Archean Belomorian belt, granulites are clearly related to
greenstone belts that show signs of island arcs. Based on this evidence, high-grade and high-gradient
metamorphism is interpreted as a suprasubduction phenomenon.

As a result of a natural succession of a subduction regime by island arc - continental margin
collision, high-gradient metamorphic regimes were succeeded by low-gradient regimes, as observed in the
Central Kola domain and in the Belomorian belt. Two essential characteristics of a collision regime,
namely the formation of inverted metamorphic zoning and compression cooling of rocks (“counter-
clockwise” PT-trend) at the base of large tectonic nappes, are obvious. There is isotopic-geochronological
evidence showing that the above processes were active in the final stage of the Neoarchean evolution
cycle.

All Archean granite-greenstone provinces have been subjected to varying degree to tectono-thermal
reworking in Paleoproterozoic time. In this respect, the Fennoscandian Shield is a model. Based on the
study of the Kola-Norwegian zones, the Lapland granulite belt and the Belomorian belt, the above
alterations are related to continent-continent-type collisions.

High-grade metamorphism of granite-greenstone provinces is accompanied by vigorous
ultrametamorphism. Geochemical analysis of polymigmatites from the Belomorian belt has shown that
Neoarchean granitization, anatexis and diatexis evolved in tonalite gneisses and schists composed of
andesitic-basic rocks. When granitization begins to evolve, the paragenesis of minerals usually remains
unchanged, quantitative mineral ratios change, amphibole is then replaced by biotite-epidote aggregate
with zircon and allanite, the quantity of dark-coloured minerals decreases, hornblende disappears and the
quantities of quartz and feldspar increase. Mafic components are removed from the system and are
concentrated in so-called basificates — Fe-, Ca- and Mg-enrichment zones. Considerable amounts of
dominant trondhjemite-gneisses are eventually formed; they are then subjected to partial melting (anatexis
and diatexis) accompanied by potash metasomatism along individual zones. The rocks suffer debasification
(removal of Ti, Fe, Ca, Mg and also Cr, Co and Sc), which is more intense in amphibolites. At the same
time, the percentage of SiO, increases (from schists and tonalite gneisses to trondhjemite-gneisses from
55.0743.16 and 66.45+£3.25 to 70-72%), as are the percentages of K and Na. Mafic components are
deposited in basification zones as hornblende, biotite and epidote. When anatectic melts appear, the
directivity of variations in the concentration of the above elements is retained, except K which increases
quantitatively as late as at the end of the process. Two varieties of diatectites: a) slightly translocated and
b) more strongly translocated to shear-zones, were identified. Variety 1 is identical to trondhjemite-
gneisses, and variety 2 shows a trend typical of veined leucosomes. Migmatites, formed in the
Paleoproterozoic stage of evolution, are more basic in the initial than in preceding stages, and it is not until
then that granitic melts are fractionated or the rocks are granitized.

When discussing the characteristics of rare-element composition in granite formation series in the
Belomorian belt, it should be noted that rocks of the series are depleted in practically all of the elements
discussed with respect to average rock compositions and individual rock outcrops relative to average crust
composition, which is characteristic of the entire province. As tonalities are granitized, average Cs, Rb, U,
Ta, REE and Y concentrations tend to decrease, whereas Sr and Zr concentrations tend to increase. This
trend persists in the formation of all generations of leucosomes, but they are markedly depleted in LREE
and Th only relative to trondhjemite-gneisses. This trend is retained in the formation of diatectites; it is
clearly indicated by a decrease in percentages of Cs, Rb, K, Ti, Y and Yb, which is undoubtedly due to the
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fractionation of melt and its removal from partial melting zones. It should be noted that Th is observed to
accumulate in diatectites. Early anatectites, formed in situ, differ slightly from granitized tonalite gneisses
after which they evolve. Late anatectites that evolve after diatexis seem to be an even more highly
differentiated matter, as suggested by their depletion in Th, La, Ce, Nd, P, Sm, Ti and Y. Similar trends in
variation in the rare-element composition of migmatite leucosomes can also be observed in certain series of
migmatites after tonalite gneisses and basic rocks. Like in rock-forming oxides, the rare-element
composition of trondhjemite-gneisses is identical to that of poorly translocated diatectites, in contrast to
similar rocks that migrated to shear-zones.

I'PAHUTOUBI I[OKEMBPPIﬁCKOFQ XAPBEHMCKOI'O KOMILTEKCA
(ITOJIAAPHBIUN YPAJI)

Tonybesa U.U.

UT" Komu HIT YpO PAH, CrixteiBKap, Poccus, iigolubeva@geo.komisc.ru

GRANITOIDS OF PRECAMBRIAN KHARBEY COMPLEX (POLAR URALS)

Golubeva I. 1.
Institute of Geology Komi SC UB RAS, Syktyvkar, Russia, iigolubeva@geo.komisc.ru

JoxemOpwuiickuii xapOefCcKiii KOMIUIEKC MpeACTaBiIeH MOIIMHOW Tommei (okono 4000M) rmy6oko
MeTaMOP(HU30BaHHBIX TOPO/I, PACTIOJIOXKEHHBIX Ha BOCTOUYHOM ckiioHe [lomsproro Ypama. B ero ocnona-
HUH HaxoJATCs OpToaM(pUOOIINTEI, TiepecianBalonIrecs: ¢ OMOTUTOBBIMU CIaHIIAMHU (XaHMEWXOHCKas CBU-
Ta), a B BEPXHEH 4acTH — METaTEPPUICHHBIE IIOPOAbI C IPUMECHI0 OCHOBHOTO Ty(h(oreHHOro MaTtepuaia
(mapuxBaceIiopckas csurta). B mannom komrmiekce I'.A. Kefinpman Beimenui nBe OpaxudOpMHBIE aHTH-
kiauHanu — Jlanraroranckuid u EBroranckuii Kymouia, cJIOKEHHbIE MHTMAaTU3UPOBaHHBIMU aM(uOoIuTaMu
XaHMEWXONUCKOM CBUTHI [1], MEX Ty KOTOPBIMH PACIIONIOKEHA CHHKIMHANBHASA CTPYKTYpa, MIPeICTaBICHHAas
KpPHUCTAJUIOCIIAHIIAMH [TapUKBAChIIOPCKOM CBUTHL. Bece yka3aHHBIE CTPYKTYpBl HIMEIOT JOYPaIbCKOE CEBEPO-
3arajgHoe NpOoCTHPaHKe, B OTIIMYNE OT YPAIbCKUX — CEBEPO-BOCTOUHBIX.

Amopubonutsl 1 am(puOOIOBBIE MIATHOTHEHCH MOCTEHNEHHO MNepexomsiT B amduboIcoaepsKalue
THEWCO-TIJIarnorpaHuTel. Ha mepBhIX cTaauax rpaHUTH3ALMKM OTMEYAIOTCs TOHKHE KBAapI-IIarHOKIAa30BhIE
CJIOMKH, MOIITHOCTh KOTOPBIX IIOCTETIEHHO YBEITWYHUBAETCS O MAKCHMAaJIbHBIX pa3mMepoB — 2-3 metpa. [lpu
9TOM XOPOILO COXpaHSETCs] MEepBUYHAs CIIAHIEBATas TEKCTypa, 0OyCIOBICHHAs OPHEHTHPOBAHHBIM POC-
ToM ampudona. Ksapu u onuroxsiasz o0pa3yroT IOJIUTOHaJIbHbIE KpUCTAIIBI pasMepoM 0,5-1mm. U3 akuec-
COpPHEB OTMEYAIOTCS alaTHT, IPaHaT U OTHOCUTEIHHO OOJBIINE HINOMOP(HBIE KPUCTAIUIBI MarHeTuTa (10
5 mM). Mectamu aMmpuOOIOBBIC TNIATHOTPAHUTHI IIEPECIAaNBAIOTCS C OMOTHTOBBIMHU. JlanbHeiimas nporpec-
CHBHAsl TPAHUTH3ALHUS TOCIEAHUX U UX peOMOp(HOE TeUeHUE MPUBOAAT K (POPMUPOBAHHIO IPAHUTHBIX TEJ
MOIIHOCTEIO 10 500 M ¥ IPOTSHKEHHOCTHIO B HEKOTOPHIX CITydasX 10 7 — 8 KM. DTO OOBSICHICTCS TEM, YTO
UMEHHO OMOTHUT SBISETCS MCTOYHMKOM BOJSHOTO Tapa, KOTOPBIA CO37AaeT JOTOIHHUTEIHHOE JAaBICHUE B
rpanuToOpasyloleil cucreme, crocoOCTBYIOIIEE PEOTOTHIECKOMY TEUEHHIO M BO3PACTaHUIO WHTEHCHBHO-
CTH TPOLECCOB TPAaHUTH3ALMH. BHOTUTOBBIE THEHCO-TPAHMUTHI SABIAIOTCS TJIABHBIMH COCTABISIOLINMH
THEMCOBBIX KYIOJIOB M CIIaral0T B HUX IIACTOBBIE Te€Na, KOHKOPJATHBIE TI0 OTHOIICHHIO K BMEIIAIONIIM
aM(QuO0JIOBBIM TIIAaTHOTHEHcaM 1 aM(pUOOIUTaM.

buoTuTOBBIE THEWCO-TPAaHUTHI UMEIOT HEOJAHOPOJHOE CTPOEHHE, KaK [0 MUHEPATBHOMY U XMMHYE-
CKOMY COCTaBy, TaK U M0 CTPYKTYPHO-TEKCTYPHBIM 0COOEHHOCTSIM, YTO MPOSBISIETCS Aa)KE HA OTHOCHTEIb-
HO HEOONBIIMX y4YacTKaxX MPOTsLKEHHOCTHIO 1o 10 M. B Hanbonee MenaHOKpaTOBBIX OMOTUT-TUIATHOKIIA30-
BBIX peNUKTaX (CKHalIuTax) pa3BUBAETCSl MUKPOKJIMH, 3¢pHA KOTOPOTO OPHEHTHPYIOTCS BIOJb CIaHLEBATO-
ctu. TaMm jxe uaeT nepeKpucTauIn3ays KBapla 1 aipoura, ¢ 00pa3oBaHueM MOHOMHHEPAJIBbHBIX CIOMKOB
COOTBETCTBYIOIINX MUHEpajoB. [Ipu aToM KBapIl u miuarnoxias GopMHUPYIOT yAJHHEHHBIE 3€pHA, IPUCIIO-
ca0bnuBaromyecs: K HalpaBJICHUIO TeHepallbHOTO HampsbkeHus. Ha cienyrommx craausx mpeoOpa3oBaHHs
YPOBEHb MUKPOKIMHHM3ALUKN BO3PACTaET, ero coaepkanue pocruraetr 20-25%, Ho npeobpaszyemas mopoaa
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0CTaeTCsl THEMCOBUTHOM 32 CYET OPUEHTHPOBAHHOTO pOCTa OMOTUTA U MYCKOBHTA, Pa3BHBAIOLIECTOCS OJHO-
BPEMEHHO CO IIEIOYHBIM TOJIEBBIM LIMATOM, a TAKKE IPUOOpETaeT MUKPOIIOJIOCYATOCTh, KOTOPAs! SBJIACT-
csl CBOEOOpasHBIM «OpEeHIOM» MaHHBIX THelco-rpaHuToB. [lomocdarocTs 00yciOBIIEHA dYepenoBaHHEM
KBapIIEBbIX, AIbOUTOBBIX U MHUKPOKJIMHOBBIX CIOHKOB, C()OPMHPOBABIINXCS B pe3ysbTaTe peoMopdHOro
TEUEHHs TPAHUTHOT'O BELIECTBA 110/ BO3ACHCTBHEM T'a30BO-XKUAKHUX (utonaoB. [logoOHoe siBIeHuEe HAOIIO-
JaeTcsl ¥ MPH KPUCTAJUIN3ALMA MUJIOHUTOB, I'/Ie TAKKE MIPOMCXOINT IIEpepacipeieieHie BelecTBa B Ipo-
recce mpruoodpeTeHus pa3apoOICHHON MACCO CITOCOOHOCTH K TECUCHUI0. B HEKOTOPHIX CITydasix B THEHCO-
rpaHuTax HaOJIOAAIOTCS Pa3IMH30BaHKE, IPOSBISIONIEECS B Pa3BUTHH IPaHYJIMPOBaHHOIO KBaplla B BUAE
MEPECEKAIOLINXCS MEXLY cOO0M CHCTEMBl TOHKUX JICHTUKYJISIPHBIX JKHJI, pa3AessIOLNX HOPOAY Ha JIMH3bIL.
OTO CBHIETENHCTBYET O MPOAOIDKAIONIEMCS JIBIKCHUN THEWCO-TPAHWTOB B CYIIECTBEHHO TBEPIOM BH/IE,
MPU y4acTHU CKOpEee BCETO HEKOTOPOM JIONH paciiiaBHOM wiu QuronaHoi ¢asel. Hanbonee sipko Beipaske-
HO SBJICHHE PEOMOP(PHUUECKOr0 TEUEHHS IMOJYTBEPJAOr0 I'PAaHUTHOIO BELIECTBA B Pa3BUTHH IPOTOKIA3a
mop(hUPOBUIHBIX BKIIOYCHUH MUKpOKIHHA. Hebonpime 00710MKH MUKPOKIIMHA OTAEISIOTCS CIIETKa OT/ia-
JISIFOTCSL OT UCXOJHBIX (PEHOKPHUCTAIUIOB BJIOJIb IMHUN TEUCHUS, 2 MEK3EPHOBOE MPOCTPAHCTBO 3aJIcUMBAECT-
s 3aTEM MEJIKO3EPHUCTBIM KBapII-MIOJIEBOIINATOBBIM MaTepranoM. KpoMe qUpEeKTUBHBIX TEKCTYp B IPaHU-
Tax XOPOLIO MPEACTaBJICHbB U MaCCUBHBIC, 1€ KBApL-IUIEBOLIIATOBBIN MaTepuasl 00pa3yeT OTHOCUTEIBHO
MEJIKHE TIOJMTOHAJIbHBIE KPHCTAJUIBI, YTO CBHUIETEIHCTBYET O €0 KPHUCTAIUIM3AINH TPHU CHane HampsoKe-
Hus. Bo Bcex pa3HOBUIHOCTSAX IPaHUTOB BCTPEYAIOTCS MEPTUTOBBIE 1 MUPMEKUTOBBIE CTPYKTYPBI.

B nHaunbGosee nefiKOKpaTOBBIX OMOTHUTOBBIX THEHCO-TPAaHUTAX TUATHOCTUPYIOTCS allIaHUT (C pa3mepa-
MH 10 4 MM), ceH, araTuT, rpaHar, GIOOPUT U MarHETHT.

Ha 3aBeparoniux craausax CTaHOBJICHUS pacCMaTPUBAEMBIX MOPOJ HHTEHCUBHO MPOSBIISIOTCS MPO-
Hecchl aTbOUTH3AINH, C 00pa30BaHUEM LIAXMAaTHOTO AIBOHUTA, COMPOBOXKAAIOLINECS] OKBAapIIeBaHUEM. AJlb-
OuTH3anKs NPOSBICHA TONBKO B IPAHUTHBIX TENaX, IPUYEM MOIIHOCTH 30H HATPUEBOTO METAcOMaTo3a
JIOCTHUTAET MOpoii 10 cTa MeTpoB. [loposa mpruoOpeTaeT B UTOTe OTHOCUTEIBHO KPYITHO3EPHUCTYIO CTPYK-
TYpY, TOCKOJIbKY IIaXMaTHBIM allbOUT KPUCTAJUIN3YETCs B BUAE TAOMMUEK ¢ pasMepaMu 4 X 2 MM, a KBapIl
1o 1-2 mm. CocTaB rpaHuTa CTAaHOBHUTCS CYLIECTBEHHO KBapL-albOUTOBBIM. Pe3K0 yMeHbIIaeTcsl coaepika-
HHe OMOTHUTA, HO B OOJBIINX KOJUYECTBAX MOSBIIACTCSA AMUAOT. [ HelicOBUAHAS TEKCTypa IIPU ITOM OCTAEeT-
Csl, UTO CBUJIETENILCTBYET O COXPAHEHUH CTPYKTYPHBIX HANPSHKEHUI M HA 9TOM 3Tarne (OpMUPOBAHHUS Xap-
OelicKoro KOMILIEKca.

Ms1 nonaraem, 9TO YaCTHYHO MHTPY3UBHBIN (ITapaaBTOXTOHHBIN) XapakTep CTAHOBIIEHUS xapOeii-
CKUX TPaHUTO-THEWCOBBIX KYNOJIOB OOYCIIOBJEH yBEIIMYEHHEM 00beMa rpaHUTH3UPYEMOTO MarepHaia W
€ro peoMOpP(HBIM TEUECHHEM B YCIOBHSAX THIPOCTATHYECKOTO CKATHUSI.

1000

Puc. CroexTpbl penko3eMenbHBIX 3JIeMeH-
TOB, HOPMHUPOBAHHBIE K COCTaBY XOH/PHUTA,
JUIs OMOTUTOBBIX THEHCO-TPAaHUTOB Xap-
OelicKoro KoMIUIEKCA.

X X—X — 3¢ —X—X—X .
/ X—X X—X 1 — OMOTHTOBBIE THEHCO-TPAHUTHI; 2 — aTBOUTH-

10 N\
\ / 3UpOBaHHbIE THEHCO-TPAHUTHI

Fig. Rare-earth elements spectra, normalized

1 R to chondrite content, for biotite gneiss-
La Ce P* Nd Sm Eu Gd* Tb Dy* Ho* E* Tm* Yb Lu granites of the Kharbey complex.

1 — biotite gneiss-granites; 2 — albitized gneiss-

—X—1—e—2 .
granites

Kak yxe oTMeyanoch, XMMAYECKUN COCTAaB THEHCO-TPAaHUTOB CHJILHO BapbHUpyeT. Tak, cofep:kanue
Si0, konebnercs B npeaenax 71,21 — 77,41%, Al,O; — 11,61 -19,26%. Cy1iecTBEHHO pa3u4alOTCs TpaHu-
ThI ¥ IO coaepxkanuto menouen: Na,O — 2,76 -7,14%, K,0 — 1,18 -5%. Tem He MeHee, MOKHO CAENATh IO-
MBITKY YCTAHOBUTH CYOCTPATHO-TEHETHUYECKYIO MPUPOAY OUOTHTOBBIX THEHCO-TPAHUTOB XapOeCcKOoro
KOMIUTeKca. ['paHuThI, HAUMEHee 3aTPOHYTHIE METAacOMAaTO30M, MMEIOT KO3(P(PHUIMEHT TIMHO3EMHUCTOCTH

51



(K1) menbmie 1,01, yto xapakTepHo /it rpaHUTOU0B [- Tumna. IlocTosiHHOE MpUCYyTCTBHE B IOPOAAX al-
JAaHWTA M MarHeTHUTa TAaKKe CBUAETENBCTBYET O IEPBUYHOM cyOcTpaTe 0azuToBOoro cocrasa. Hambonee
HAJIC)KHBIM, Ha HAIll B3TJISL, KPUTEPUEM JUTS ONpeielieHUs] CyOCTpaTHOW MPUHAICKHOCTH TPAHUTOB SIB-
asieTcs XUMudeckuii coctaB ouorura [2]. Cpennee conepxanne Al,O; B OMOTHTE M3yuyaeMBbIX TPAHUTOB
Hu3Koe — 16,1%. Takoe HEBBICOKAs TIMHO3EMHUCTOCTh JAHHOI'O MUHEpaja TaKKe TUIHYHA AJISl TPaHUTOB
I- Tumna.

B criektpe pacripeneneHus yCpeaHEHHBIX PEIKO3EMEIbHBIX AJIEMEHTOB B THEHCO-TPAHUTAX XOPOIIIO
BhIpaKeHa eBpomnueBas aHoManus (puc.). Ha rpaduke nabmronaercs cmabas muddepeHuuanus TsSHKEIbIX
P33. B anpOMTH3MPOBaHHBIX Pa3HOBUIHOCTSIX KOJIMYECTBO PEAKHX 3€MEJb PE3KO BO3PAcTaeT, YTO 0COOEH-
HO 3aMETHO JUTA TSDKETBIX PEIKO3EMEIbHBIX SJIEMEHTOB.

Precambrian Kharbey Complex is represented by a thick series (about 4000 m) of deeply
metamorphised rocks located on the eastern slope of the Polar Urals. In its base orthoamphibolites are
interbedded with biotite shales (Khanmeykhoyskaya suite), and in the upper part — metaterrigenous rocks
with residual major tuffogenous material (Parikvasshorskaya suite). In the given complex G.A. Keylman
described two brachiform anticlines — Laptayugansky and Evyugansky domes composed of migmatized
amphibolites of the Khanmeykhoy suite [1], between which there is a syncline structure represented by
crystalloshales of the Parikvasshorskaya suite. All these structures have Preuralian northwestern strike in
contrary to the Uralian — north-eastern.

Amphibolites and amphibole plagiogneisses gradually alter into amphibole-containing gneiss-
plagiogranites. At the first stages of granitization thin quartz-plagioclase straticules are found, which
thickness gradually increases to its maximal value — 2-3 meters. At that the primary shistosity texture is
well preserved, which is caused by the oriented growth of amphibole. Quartz and oligoclase form
polygonal crystals 0.5-1 mm in size. Among accessories apatite, garnet and relatively large idiomorphic
magnetite crystals (to 5 mm) are determined. Sometimes amphibole plagiogranites are interbedded with
biotite ones. The further progressive granitization of the latter and their reomorphic flow result in granite
bodies to 500 m thickness and in some cases to 7-8 km long. This is explained by the fact, that biotite is a
source of water vapor forming additional pressure in the granite-forming system, promoting reologic flow
and the increasing of granitization processes. Biotite gneiss-granites are basic components of gneiss domes
and form bodies in them concordant to enclosing amphibole plagiogneisses and amphibolites.

Biotite gneiss-granites possess both nonuniform mineral and chemical structure, and nonuniform
structural-textural features expressed even at relatively small areas to 10 m long. In the most melanocratic
biotite-plagioclase relics (skialites) a microcline develops with its grains oriented along foliation. The
recrystallization of quartz and albite also occurs there simultaneously with formation of monomineral
straticules of corresponding minerals. At that quartz and plagioclase form elongated grains adapting to the
direction of general stress. At the next stages of formation the level of microclinization increases, its
content reaches 20-25%, but the reworked rocks are left gneiss-like due to orientated growth of biotite and
muscovite developed simultaneously with alkali feldspar, and also obtains microbanding, which is an
original “brand” of the given gneiss-granites. The banding is caused by alternation of quartz, albite and
microcline straticules resulted from reomorphic flow of granite substance under the influence of gas fluids.
The similar phenomenon is observed also at the crystallization of milonites, where also the redistribution
of substance occurs when the crushed mass obtains flowability. In some cases gneiss-granites show
boudinage expressed in intertransversal lenticular veins dissecting the rocks into lenses. This testifies to
continuous movement of gneiss-granites in predominantly solid state with the most probable assistance of
a certain part of melted or fluid phase. The phenomenon of reomorphic flow of semisolid granite substance
is most brightly expressed in the development of protoclase of porphyry-like inclusions of microcline.
Small fragments of microcline move slightly away from the original phenocrysts along the flow directions,
and the intergranular space is cured by fine-grained quartz-feldspar material. Apart from the directive
textures in granites also massive ones are well represented, where the quartz-feldspar material form
relatively small polygonal crystals, which testifies to its crystallization at lower stress. In all the varieties of
granites pertite and mirmekite structures are found.

Allanite (to 4 mm in size), sphene, apatite, garnet, fluorite and magnetite are diagnosed in the most
leucocratic biotite gneiss-granites.
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At the concluding stages of formation of the given rocks the processes of albitization are intensively
developed with the formation of chess albite accompanying by silicification. Albitization develops only in
granite bodies, at that the thickness of natrium metasomatosis zones reaches at times 100 meters. As a result
the rocks obtain relatively coarse-grained texture, as the “chess-albite” is crystallized as tablets with sizes 4x2
mm, and quartz to 1-2 mm. The texture of the granite becomes predominantly quartz-albitic. The content of
biotite sharply decreases, but epidote appears in greater quantities. Gneiss-like structure remains, this testifies
to the preservation of structural stresses at this stage of formation of the Kharbey complex too.

We suppose that partly intrusive (paraautochtonous) character of formation of Kharbey granite-
gneiss domes is caused by increasing volume of granitized material and its reomorphic flow under
hydrostatic compression.

As it was mentioned, the chemical structure of gneiss-granites greatly varies. Thus, SiO, content
ranges within 71,21 — 77,41%, Al,O; — 11,61 -19,26%. The granites are also very different by the alkali
content Na,O — 2,76 -7,14%, K,O — 1,18 -5%. Nevertheless it is possible to make an attempt to determine
the substrate-genetic nature of the biotite gneiss-granites of the Kharbey complex. The granites, less
affected by metasomatosis, have alumina factor (K,;) less than 1.01, which is characteristic for I type
granitoids. The continuous presence of allanite and magnetite in the rocks also testifies to the primary
substrate of basic content. The most reliable criterion, in our opinion, for determination of substrate affinity
of the granites is chemical structure of biotite [2]. The average Al,O; content in the biotite of the studied
granites is low — 16,1 %. Such a low alumina content of the given mineral is also typical for I type granites.

The spectrum of distribution of average rare-earth elements in gneiss-granites shows well expressed
europium anomaly (Fig. ). The diagram represents a weak differentiation of heavy rare-earth elements. The
quantity of rare-earth elements in the albitized varieties sharply increases, it is especially notable for heavy
rare-earth elements.

Jlutepatypa — References

Keiineman [.A. MurmMaTUTOBBIE KOMILIEKCHI MOJABMXKHBIX MosicoB. M.: Heapa. 1974. 197c. || Keylman G.A. Migmatite
Complexes of Mobile Belts. Moscow: Nedra.1974. 197 pp.

MaxmnaeB JI.B. I'parutounsr cesepa Llentpansao-Ypansckoro noguasatust (Ilomspasiii u [punonspusiit Ypan) Exatepun-
Oypr: YpO PAH. 1996. 148 c. || Makhlaev L.V. Granitoids of the Northern Central Ural Uplift (Polar and Peripolar Urals)
Ekaterinburg: UB RAS. 1996. 148 pp.

OCOBEHHOCTH TEKTOHUKH 1 MAI'MATH3MA
HEHTPAJIBHOU YACTHU KAPEJBbCKOI'O KPATOHA

Topvkosey B.A., Paesckas M.b.

UI" KapHILI PAH, IlerpozaBonck, Poccus, gorkovet@kre.karelia.ru

TECTONIC AND MAGMATIC CHARACTERISTICS OF THE
CENTRAL KARELIAN CRATON

Gorkovets V.Ya. and Rayevskaya M.B.

Institute of Geology, Karelian Research Centre, RAS, Petrozavodsk, Russia, gorkovet@krc.karelia.ru

DHIIOTCHHAs aKTUBHOCTH M XapaKTep PyIoo0pa3yIonIux MpPOIECCOB B paHHEM AokemOpuu DeHHO-
CKaHJIMHABCKOT'O IIUTA OMPEICIISIIUCh TeOIMHAMHUYECKUM PEKUMOM, 00YCIOBICHHBIM CJIOXKHOM 3BOJIIOIH-
ell Marmaru3ma, MeramopdusMa, CeIUMEHTOreHe3a. B pesynbraTe 3TOro chopMHUpOBaINCh PYyAOHOCHBIC
CTPYKTYPBI, C ONPEIEIICHHOW MUHEpareHN4eCKO! Cren(pHKOH.

Marepranbl KOCMUYECKUX ChEMOK, T€OJIOTHYECKUE U TeO(U3MISCKUE MCCIICAOBAHNS MOKA3alli, YTO Ha
ITOBEPXHOCTH 3E€MHOM KOpPBHI TPOSBJICHBI MHOTOUHCIICHHBIC KOIBIIEBBIE OOpa30BaHUS OT HECKOJIBKUX
KIJIMOMETPOB JI0 COTEH KWJIOMETPOB B JvaMeTpe. BO3HHUKHOBEHHS KOIBIEBBIX CTPYKTYpP MOXET OBITh
00YCIIOBIIEHO TEKTOHHYICCKAMH, MarMaTHICCKUMH, BYJIKAHUUECKIMHI, METaMOP(OUICCKUMH, SK30TCHHBIMH TIPO-
LIECCaMU MJIM COYETAHUEM HEKOTOPBIX U3 HUX, KOTOPBIE CIIOCOOCTBAIM KOHIICHTPAIMH MTOJIC3HBIX UCKOTIACMBIX.
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OcobeHHOCTH pa3MEeIIeHNs O3JHEAPXEHCKHX JOMUHCKUX KOMIUTeKCOB Kapenbckoro kpaTroHa, 30HalIb-
HOCTh PaclpOCTpaHeHus (arMatbHBIX W JIMTOTeHETHYECKUX THIIOB BYJIKAHOT€HHO-OC3JI0YHBIX 00pa30BaHMH,
(hopmarroHHas1, MEeTaTIOreHIYECKas 30HATbHOCTh, W30TOITHBII BO3pacT M reo(u3NIecKre TaHHbIE 0OOCHOBHI-
BAIOT MOJIOKEHHUE, YTO MO3JHEapXehcKas MOABIKHAsT 00JacTb chopMUpoBaNiach HAJl BOCXOASIINMU MaHTHH-
HBIMH Auanupamu. [Ipudem, 3eneHokaMeHHBIE TIosica B TIO3THEM apXee IPEICTaBISIOT cO00H PETIMKTHI Majeo-
OacceifHa ¥ CITy>KaT TIOBEPXHOCTHBIM BBIP2KEHHEM TEPMAITbHBIX IDTFOMOB, 3aPOJIMBIIHXCS B MAHTHH.

Hakorutennsiit 3a mocnemHee BpeMsi OOIIMPHBIN (PaKTHUECKHH MaTephal IO 3eJIeHOKaMEHHBIM
CTpykTypaM DEeHHOCKaHIWHABCKOTO IIMTA MO3BOJIMI ONPEASINTh TAaKCOHOMHUYECKHH YPOBEHb U UX Me-
TaJUIOT€HUYECKYIO CIIELUATU3ALUIO.

[ paHHTHO-3eIeHOKAMEHHBIE 00IACTH MPEACTABISIIOT co00i KpymHbe n-100 Thic. kKM 610KkH dyHIa-
MEHTa JPEBHUX paHHEapXeHCKUX miuat(opM, B KOTOPBIX BBLICIAIOTCS JBa 3Tana — HIDKHUN (CHanye-
CKUIl QyHIaMEHT), CIOKEHHBIH CyNpaKpycTaIbHO-TPAHUTOMAHBIM KOMILJIEKCOM M BEPXHHH — 3eJIeHOKa-
MEHHBIM KOMIIJIEKCOM.

3eJIeHOKaMEHHBIN KOMIUIEKC TPEACTaBIseT COOOH MapareHeTHUECKHe acCOMalii 30HaJIbHO MeTa-
MOp(HU30BaHHBIX BYJIKAHOTCHHO-0CAT0UYHBIX (opMalMii U BKIIOYAET CTPYKTYPHI 3eJICHOKAaMEHHBIX U Oeno-
KAMCHHBIX MOSICOB.

3eneHOKaMEHHBIE T0sIca TIPEACTABISIOT cO0O0M MPSIMOIUHEHHBIE HIIH Tyro00Opa3HO H30THYTHIE B TUIAHE
cONMKEHHBbIE WM COEUHSIOMMECS CHHDOPMHBIE PaHHEIOKEMOPHIHCKHE CTPYKTYPHBIC BJIEMEHTHI. 3eIeHO-
KaMeHHBIE T0sica TPEACTaBIICHBI TIOCIIEIOBATEIFHO WA KOHTPAcTHO Au((epeHIIMPOBaHHBIMH BYJIKaHOTCH-
HBIMH 1 BYJIKAHOTEHHO-OCAI0YHBIMI (DOPMAITHIMU ¢ XapaKTEPHOW KOTUETaHHON CIICTIHAT3aIHCH.

B nmpenenax ®@enno-Kapenbckoro kpatoHa Takue CTPYKTYpPHBIE 3JIEMEHTHI C BYJIKAHOTEHHO-0CaA04-
HbIMH (HDOpMaIUSIMHU U KOTYETAHHOW METAIJIOTeHWYECKON CHelHaIn3aield BKI0YaloT CUCTEMY JIIIIOHHU-
POBaHHBIX 3€JICHOKaMEHHBIX T0sicoB (Bemtozepo-Cerosepckui, [Tapannoso-Tukmesepckuii, Kyxmo, Cyo-
Myccanmu, Tunaceapsu, MiomanTcn), 00pa3ytoT KONBLEBYIO CTPYKTYPY, IPEACTABISIONIYIO COO0H peHK-
THI KPaeBOii, 00JIEKaIOIIEHCTPYKTYpHBI cynepruiioma [1].

BenokamenHsle mosica — 3TO MPEUMYIIECTBEHHO OBAJILHBIE WM Ayro00pa3sHO M30THYThIE CHH(OP-
MBI, O0JIEKAOIINE TPAaHUTOUAHBIE KyIoJia M 00pa3yrolire MPenMyIIeCTBEHHO H30JIUPOBAaHHBIE CTPYKTYPHI
B IeHTpasbHON acTh Perno-Kapensckoro kparona. CymnpakpycTaibHble KPUCTATNYECKAE 00pa30BaHUS
MIOSICOB CJIO’KEHBI METATEPPUTEHHBIMH TOJIIaMU MeTa(JIuIIa B aCCOIMAIIUH C HKETE3UCTHIMU KBapLIUTAMHU
W KpaliHe He3HAYMTENbHBIM Pa3BUTHEM CYyOBYJIKaHUYECKOW M JTABOBOH (allMsIMH PHONALMTOBOTO M aH[e-
3UTOBOTO ByJKaHu3Ma. C 3TUMH MOSICAMHU CBSI3aHbI BCE MO3HEAPXEHCKUE MECTOPOXKICHUS OCATOUHBIX JKe-
ne3nbix pya — Kocromykuickoe, Kopnanrckoe, Mexosepckoe, ['umonbsckoe, Xe3zo3zepo-bomnbiiesepckoe,
Cosmosepckoe, TymbapeueHckoe, Bomomckoe u mp. [2].

VY auBUTENbHAS YCTOWYHBOCTh T€OJIOTHUECKUX CTPYKTYP JKEIE3UCTO-KPEMHHUTHIX (OpMaIuii cBuje-
TEJIBCTBYET O CXOXKECTH YCIIOBHUI UX GopmupoBanus [3].

B npenenax nenrpansHoit yact @enHo-Kapenabckoro kpaToHa pa3BUTHI KOJbLEBBIE CTPYKTYpHI 11 mo-
psnka — BokHaBonokckuii 1 Bojutozepckuii OI0KH, IPEICTaBISIONIHE COO0 BBICTYIIBI paHHEAPXEHCKOTO KPH-
craiumueckoro pyrmamenta. OHU chopMHUPOBAIICH HAJ TEPMAIBHBIMU TUTIOMaMH, OKOHTYPEHBI JOJITOKUBY-
[IUMU TOJIBIXKHBIMU Pa3JIOMHBIMU 30HaMH. B mepuoJ1 mpoTepo30MCcKoil TEKTOHO-MarMaTH4eCKon MpOTOaKTH-
BU3AIMH 3TH ITyOOKO(OKYCHBIE 30HBI KOHTPOJIUPOBAIN 00pa30BaHKE THAPOTEPMAIBHBIX 30JI0TOPYAHBIX ITPO-
SIBIICHHH (2,45 MIIpJI. JIET) ¥ aJIMA30HOCHBIX JTUATEPM KIUMOEPIIUTOB 1 Iack JammpouTos (1,23 mipy. jieT).

The endogenous activity and pattern of Early Precambrian ore-forming processes in the
Fennoscandian Shield were dependent on the geodynamic regime affected by a complex magmatic,
metamorphic and sedimentary evolution. As a result, ore-bearing structures with distinctive mineralogenic
characteristics were formed.

Satellite images, as well as geological and geophysical studies have revealed numerous ring
structures on the earth surface that vary in diameter from several kilometers to hundreds of kilometres.
Ring structures could have been produced either by tectonic, igneous, volcanic, metamorphic and exogenic
processes or by combinations of some of them that contributed to the concentration of useful minerals.

The distribution pattern of Late Archean Lopian complexes in the Karelian Craton, the zonal
distribution of facies and lithogenetic types of volcanic-sedimentary units, primary, metallogenic zoning,
isotopic age and geophysical data suggest that the Late Archean mobile domain was formed above
ascending mantle diapirs. It should be noted that Late Archean greenstone belts are relics of a paleobasin
and surface reflection of thermal plumes generated in the mantle.
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Based on voluminous data on greenstone structures of the Fennoscandian Shield, obtained in the
past few years, their taxonomic level and metallogenic specialization were determined.

Granite-greenstone domains are large (n-100 000 km?) basement blocks of old platforms, in which
two stages are distinguished: 1) a lower stage (sialic basement) consisting of a supracrustal-granitoid
complex and 2) an upper stage formed of a greenstone complex.

The greenstone complex consists of paragenetic associations of zonally metamorphosed volcanic-
sedimentary formations and comprises greenstone and whitestone belt structures.

Greenstone belts are rectilinear or arcuate (in plan view) closely-spaced or connected synformal
Early Precambrian structural elements. Greenstone belts are represented by consecutively or contrastingly
differentiated volcanogenic and volcanic-sedimentary formations with a distinctive pyritic specialization.

In the Fenno-Karelian Craton, such structural elements with volcanic-sedimentary formations and a
pyritic metallogenic specialization include a system of echelon-like greenstone belts (Vedlozero-Segozero,
Parandovo-Tikshozero, Kuhmo, Suomussalmi, Tipasjirvi and Ilomantsi) and form a ring structure
understood as relics of a marginal enclosing superplume structure [1].

Whitestone belts are dominantly oval or arcuate synforms that enclose granitoid domes and form
chiefly isolated structures in the central Fenno-Karelian Craton. Supracrustal crystalline rocks of the belts
are made up of metaterrigenous metaflysch units associated with iron formation and poorly evolved
subvolcanic and lava facies of rhyodacitic and andesitic volcanism. Associated with these belts are all of
Late Archean sedimentary iron deposits such as Kostomuksha, Korpanga, Mezhozero, Gimoly, Khezozero-
Bolsheozero, Sovdozero, Tumbarechka, Voloma etc. [2].

A striking similarity of the geological structures of iron-cherty formations suggests that they were
formed in similar environments [3].

Second-order ring structures, such as the Voknavolok and Vodlozero blocks, understood as Early
Archean crystalline basement scarps, are widespread in the central Fenno-Karelian Craton. They were formed
above thermal plumes and are delineated by long-lived mobile fault zones. In the Proterozoic tectono-magmatic
protoactivation period these deep-focused zones controlled the formation of hydrothermal gold occurrences
(2.45 Ga) and diamondiferous kimberlite diatherms and lamproite dykes (1.23 Ga).
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B reonornyeckoM OTHOLICHUU CpPeld APEBHEHIINX CTPYKTYp PEHHOCKaHAWHABCKOTO IIUTa Haubo-
jee 3HAYUTEJIbHBIMH SIBJISIOTCS paHHEJOKEMOpHICKHE apXeWCKue 3eJIeHOKaMEHHBIE Iosica ¢ XapakTep-
HBIMH OCOOCHHOCTSIMH WX (POPMAIIMOHHOTO cocTaBa M MUHepareHnu. OnHUM U3 Hamboliee M3ydeHHBIX H
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NEePCIEKTUBHBIX 3eJICHOKaMEHHBIX mosicoB Kapenuu siisiercst KocToMyKuickuit, otnuyaromuiics gopma-
LIMOHHBIM COCTAaBOM CYINPaKpyCTaJIbHBIX 00pa30BaHUM, HAJIOKEHHBIMU IPOLIECCAMU TEKTOHO-MarMaTHue-
CKOI1 aKTHBH3aIlMY ¥ COOTBETCTBEHHO CBO€OOpa3ueM Habopa MOJIe3HbIX UCKOMAEMBIX.

HccenenoBanust MONMMXPOHHBIX TEOJIOTMYECKMX KOMILIEKCOB BBITIOJHEHHBIX Ha CTPYKTYPHO-(pOopMaIu-
OHHOH OCHOBE C y4YETOM pE3YJIbTaTOB I'€0JIOrO-reopu3NUecKuX HCCIeNOBAaHUN MO TIIyOMHHOMY CTPOSHHIO
KocToMyKIICKOTro 3€I€HOKaMEHHOTO MOsACa TMO3BOJIMIN YCTAHOBHUTH 3BOJIIOLUI0 BaXKHEHINNX pPYIOHOCHBIX
CTPYKTYp ¥ BBIIBUTH OOIIHNE 3aKOHOMEPHOCTH Pa3MEIIECHHs PAa3IMYHBIX BUIOB MOJE3HBIX MCKOMAEMbIX. Y C-
TaHOBJIEHO, YTO CTPYKTYpHOE MOJI0KeHHe KOCTOMYKIIICKOTrO 3€71€HOKaMEHHOTO T0sICa OIPENENAeTCS HaX0K-
JICHUEM €ro B MpeAenax MOABHKHOW MOOMIBHO-IPOHUIIAEMOI 30HBI HAa IPaHUIIE ¢ PaHHEAPXCHCKUM OJIOKOM
(cmotpu Te3uch ['oppkoBia, PaeBckoii B HacTosmeM cOopHuKe). [losic OBIT KpaTOHU3UPOBAH, HO OCTABAJICS
00JIaCTBIO IONTOKMUBYIIMX TITYOWHHBIX Pa3iOMOB, YTO ONPEJENHII0 MHHEPAreHUUECKY IO CIICHU(HKY MPOIIec-
COB TI03JJHEAPXEUCKOH U MPOTEPO30HCKOI TEKTOHO-MAarMaTHUECKON aKTUBU3ALNH.

Hanuuue 3010TOpYyAHBIX MposBiIeHHH B KOCTOMYKIICKOM pyJJHOM pailOHE OTMEYAJIOCh B HAYYHBIX U
MIPOU3BOICTBEHHBIX OT4yeTax B KoHIE 1970-x — nayane 1980 rr. Ha ocHOBaHMH KOMILUIEKCa Te0ornye-
CKHX W MUHepajoruueckux ucciaepoBanuii B 1990-2000 rr. oxapakTepu30BaHO pyAOIpPOSABIEHHUE 30J10Ta B
npenenax KocToMyKIICKOro 3eJIeHOKaMEHHOIO Iosica OTHOCALIEeCS K OAHOMY W3 NEPCIEKTHBHBIX THUIIOB
30JI0TOPYIHBIX MECTOPOXKIEHUN — 30JI0TO-CYIH(UIHO-KBAPIIEBOMY XapaKTEPHOMY IS 3eJIeHOKaMEHHBIX
MOSICOB, B KOTOPBIX MPUCYTCTBYIOT KEJIE3UCTO-KPEMHHUCTBIMU (POPMAIIHH.

I'eonoro-cTpyKTypHBIE U BELIECTBEHHO-MOP(OIOrHIECKHE OCOOCHHOCTH 30JI0TOPYIHBIX HpOSIBIIE-
Huii KOCTOMYKITICKOTO paiioHa IMO3BOJISET TPAKTOBATh THAPOTEPMAIBHBEIN TeHe3uc Au pyna, oOpa3oBaB-
IIMXCS IPU pereHepalyy U MepeoTIOKEeHNEM PYAHOTO BEIECTBA BMEIAIOIINX KOMITJIEKCOB.

®opmupoBaHre Au pyA IPOUCXOIUIO B JBa 3Tara TEKTOHO-MarMaTU4eCKOl akTUBU3aLlMU U B 3Ha-
YUTENBHOW CTENEHHM ObUI0 OTOPBAHO OT IEPBUYHOIO OTJIOKECHHMS MO3JHEAPXEHCKUX CYNPaKpyCTaIbHBIX
TOJII 3eJIEHOKAaMEHHOTO Tosica.

IlepBblit 3Tan Au MposBIECHUNA aCCOLUUPYETCS ¢ TPaHUTOUAAMH (2,65 MIIpA. J€T) U KOHTPOIUpYETCs
CyOMepHINOHATBHBIMHE Pa3ioOMaMH TIIyOWHHOTO 3aJI0KEHUS 30HBI MaaHcenbKa M HPEACTaBICH 30JI0TO-
KBapLEBBIM U 30JI0TO-IIUPUT-KBAPLEBBIM TUIIOM OpYIUHEHMSL.

Bropoii, Hanbomee MpoAyKTUBHEIH, 3Tan GOpMUPOBaHHS AU Py CBSI3aH C PAaHHENPOTEPO30UCKUMH
CeJICIIKMMH MHMKPOKJIMHOBBIMU M PANIaKUBUIIOAOOHBIMH LIETOYHBIMH IT'PAaHUTaMH C BO3pacToM 2,45 MIipA.
JIET W KOHTPOJIMPYETCSI PerHOHATBHBIME TeKToHmdeckiMu 30Hamu C3 310° mpoctupanus u mpecrasieH
XapaKTEepPHBIM 30JI0TO-apCEHOMUPHUT-KBAPLIEBBIM THUIIOM OpPYIUHEHHS. 30JI0TO pyaomnposiBienus Jlyymnen-
cyo, oTkpeiToro B 2005 r., BEICOKONPOoOHOE, CBOOOAHOE, Jierkooboratumoe. Pasmep 3eper Au ot 2 o 250
MKM (cpeananii 42 MxMm). [IporHo3HEIE pecypchl pyIonposiBIeHUs 10 Kateropuu Py cocraBnser 125 T Au.

Bropoii atan npoTepo30icKoil TEKTOHO-MarMaTH4ecKoi akTuBHU3auuu KocTOMyKIICKOro, a Takxe
Kyxmo-Cyomyccanmu (PuUHISHANS) 3eI€HOKAMEHHBIX MOSCOB MposBUICS B cpeaneM pudee (1,23 mupa.
net) (puc.). B npenenax KocTomykiickoro pyaHoro mons BeisiBieHo 6osee 100 maex J1aMIpoOUTOB pas-
JUYHOTO MHHEpaIhHOTo coctasa [1] m psang aumarpem kumOepnuroB Il rpynmsr opamxkentoB [2]. Kpowme
3TOTO MPHUCYTCTBYIOT ACCATKH JAcK: OJHUBUH-(PIOTOMUTOBBIX MEITHIUTHUTOB U aCCOLMHUPYIOMUX C HAMHU
OJIUBUH-KAJIBLUT-(QIIOTOMUTOBBIX MOPOJI, AJLTUKUTOB - ONIMBHH-KaJIbIIUTOBBIX HOPOJ C allaTUTOM, aromu-
POKCEHUTOBBIX HIIBMEHHUT-OMOTUT-aM(UOOIOBBIX TIOPOJ, MIBMEHUT-ONOTHT-aMPrOO0I-KBapI-KapOoHAaT-
HBIX TIOPO/I, IIEIOYHBIX JTaMIPOPUPOB KOMITOHUT-MOHUYEKUTOBOTO psijia, CyOIIeIIOUHBIX J1aMIpo(pHpoB-
KEpCaHTUTOB, KOHra-1uaba3oB U JoJepuToB. Bce mepeunciennsle Jailku NpOPHIBAIOT JIOMUKWCKHE CYTI-
pakpycranbhblie Toamu. Mx momHocts ot 0,1-10 M 1o 35 M u npotsskenHocts 10 500 m. IIpoctupanue
ux CB 5-15"n C3 310°.

Kumb6epautsl mpenacrtaBieHsl B KOCTOMYKIICKOM 3€I€HOKAMEHHOM TIOACE TpeMsl AuaTepMaMu
oBabHOU (hopmbl 200x200 M; 180x150 M u pparmMeHTOM TUATPEM MPOCICKCHHBIM Ha PACCTOSHUH 15 M.
MuHepanbHbIi 1 XUMUYECKUH COCTAB MUHEPAJIOB JUATPEM MOKa3al HAINYUE MUHEPAJIOB — WHIUKATOPOB
kuMOepnuToB Il pa3sHOBUIHOCTH — OpaHXEWTOB (IHPOI, INMHHENb, XPOMIHOICUA, MUKPOMIBMEHUT,
XPOMITUKOTUT, XPOMUT, allaTUT U ST-amnaTut, TeTpo-GpeppudIoronuT, pyTHi U APyrue MUHEPAIIb).

Juarpembl KMOEPIUTOB CIIOKEHBI HKCIJIO3MBHBIMU OpEKYMSAMH C OOJIOMKaMu rapu0ypUTOB-IyHU-
toB 0,1-10 cM B monepeynrke U aM(puOOIIOBBIX CIIAHIIEB MO 0a3aJbTaM KOHTOKCKO# cepun. OCHOBHAas Mac-
ca KUMOepyInToB (OpaHXEUTOB) MpeJCTaBIeHA (IIOTOMUTOM, OJIUBUHOM. OOJIOMKH B KUMOEpIUTaX UMEIOT
OKpYTJIy10, OBaJIbHYIO (OpMbI, orutaBieHbl. KonnuecTBo 00710MKOB BO (DJIOronMTOBOM OCHOBHOM Macce
KUMOEPIIUTOB MOKET nocturaTh 50%.
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Puc. CtpykTypHble enUHULBI paiioHa KOCTOMYKIICKOro 3eJIeHOKaMEHHOTO I0sica M pa3MeIleHUe ToJled KuMOepu-
TOB U JIAaMIIPOUTOB. | — THEICO-TPAHUTHI ¥ TOHAITUTBI; 2 — AalKHU JIOJICPUTOB U rab0pO-J0IepuTOoB; 3 — Mo3IHeapXeii-
CKHE CyNpPaKpyCTaIbHBIE TONIIH; 4 — Pa3IOMBbl; 5 — IMaTPEMBI U JIAHKH YIIbTPAOCHOBHBIX-IIEJIOYHBIX TTOPOJI; 6 — TO-
poxasl BokHaBoIOKCKOTO 0710Ka; 7 — PEKOHCTPYHpYEMBble MOABOJANIME KaHabl 0a3aJIbTOB; 8 — reosoro-reopusuye-
ckuit mpoduib 4B «M7».

Fig. Structural units of the Kostomuksha greenstone belt area and distribution of kimberlite and lamproite fields. 1 —
gneissose-granites and tonalites; 2 — dolerite and gabbro-dolerite dykes; 3 — Late Archean supracrustal units; 4 —
faults; 5 — diatremes and dykes of ultramafic-alkaline rocks; 6 — Voknavolok Block rocks; 7 — reconstructed incurrent
channels of basalts; 8 — geological-geophysical profile 4B «M7».

U3 opamxkentoB KOCTOMYKIICKOTO pyAHOro paiioHa OBUIM BBIACTICHBI JECATh KPUCTAIIIOB aIMa30B
TETPadAPUIECKOl U oKTasapmdeckoit popmel pazmepom 0,8-1,5 mm. Kpucramier 6ecriBeTHbIE.

PacnpocTpaHeHue U CTPyKTYPHBIH KOHTPOJIb KyCTOB KUMOCPIMTOBBIX AUATPEM MOXKHO OOBSICHUTH
NPUYPOUYCHHOCTBIO UX K Y3JIaM IepecedeHIsI U COUJICHEHHS COMIOCTaBUMBIX 110 PaHTy MaHTHHHBIX CyOIH-
porabix (C3 300-310%) u myroBeix cybmepuanonansHeix (CB 15°) TeKTOHMYECKHX PA3NOMHBIX 30H IIy-
OMHHOTO 3aJOXeHHA. B Takux TOYkax BO3HUKAIOT HambOoiyiee OJaronpuATHBIE YCIOBHUS i 00pa3oBaHHA
CTBOJIOBBIX BBICOKOTIPOHHUIIAEMBIX YYaCTKOB, KOTOPbIE MOTJIM CHPOBOIMPOBATH BHEAPEHHE B 36MHYIO KOPY
MaHTHUHHOTO BELIECTBA.

Bo3HukHOBEHHE B KOHTHHEHTAIHHOH JIUTOC(PEPHON MAHTHH Pa3HOTITyOUHHBIX MAHTUHHBIX 0YaroB U
nocjieyoliee NPoJABIKCHUE MarM K IIOBEPXHOCTH, BEPOSITHO, CBA3aHO C BO3AEHCTBHEM IUIIOMA HA JIUTO-
chepHYIO TUIUTY.

Early Precambrian Archean greenstone belts with characteristic primary composition and
mineralogeny are geologically the most significant oldest structures in the Fennoscandian Shield. One of
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Karelia’s best-studied and promising greenstone belts is the Kostomuksha belt that exhibits a distinctive
primary composition of supracrustal rocks, distinctive multiple tectono-magmatic activation processes and
a distinctive combination of useful minerals.

The study of polychromous geological complexes, carried out on a structural facies basis with regard
for the results of geological and geophysical studies of the deep structure of the Kostomuksha greenstone
belt, has cast light on the evolution of the most essential ore-bearing structures and revealed a general
distribution pattern of various types of useful minerals. The data obtained have shown that the structural
position of the Kostomuksha greenstone belt depends on a mobile-permeable zone located in the belt at its
boundary with an Early Archean block (see an abstract by Gorkovets & Rayevskaya in this volume). The
belt was cratonized but remained a long-lived deep-fault domain responsible for a distinctive
mineralogenic pattern of Late Archean and Proterozoic tectono-magmatic activation processes.

The presence of gold occurrences in the Kostomuksha Ore Province was emphasized in the late
1970s-early 1980s scientific and economic reports. Based on 1990-2000 geological and mineralogical
studies, the gold occurrence in the Kostomuksha greenstone belt was described as a promising gold-
sulphide-quartz type of gold deposits characteristic of greenstone belts where iron-chert formations are
present.

The hydrothermal genesis of Au ores, produced by regeneration and redeposition of the ore matter of
host complexes, can be interpreted on the basis of the geological-structural and elementary-morphological
characteristics of the gold occurrences in the Kostomuksha Ore Province.

Au ore formation was split into two tectono-magmatic activation stages and was largely separated
from the primary deposition of the Late Archean supracrustal rocks of the greenstone belt.

Stage I in Au occurrences is associated with 2.65 Ga granitoids, is controlled by near-N-S
Maanselka-zone deep faults and is represented by gold-quartz and gold-pyrite-quartz types of
mineralization.

Stage II, the most productive stage in Au ore formation, is associated with Early Proterozoic
Seletskian 2.45 Ga microcline and rapakivi-like alkaline granites, is controlled by regional tectonic zones
that strike NW at 310° and is represented by a characteristic gold-arsenopyritic-quartz type of
mineralization. Gold from the Luupensuo occurrence, discovered in 2005, is high-grade, free and easily
dressable. Au grains vary in size from 2 to 250 um (average size 42 um). The predicted P, resources of the
ore occurrence are estimated at 125 t Au.

Stage II in Proterozoic tectono-magmatic activation of the Kostomuksha and Kuhmo-Suomussalmi
(Finland) greenstone belt took place in Middle Riphean time (1.23 Ga) (Fig.). Over 100 dykes of
lamproites that differ in mineral composition [1] and some kimberlite diatremes of group-II orangites [2]
were revealed in the Kostomuksha Ore Field. Furthermore, there occur dozens of dykes such as dykes of
olivine-phlogopitic melilitites and associated olivine-calcitic-phlogopitic rocks; dykes of allikite — olivine-
calcitic rocks with apatite, dykes of apopyroxenitic- ilmenitic-biotitic-amphibole rocks, dykes of ilmenitic-
biotitic-amphibole-quartz-carbonate rocks, dykes of comptonite-monchiquite-series alkaline lamprophyres,
dykes of subalkaline lamprophyres-kersantites, konga-diabases and dolerites. All of the above dykes cut
Lopian supracrustal units. They vary in thickness from 0.1-10 m to 35 m and extend for up to 500 m. They
strike NE at 5-15° and NW at 310°.

In the Kostomuksha greenstone belt, kimberlites are represented by three oval-shaped diatremes,
200x200 m; 180x150 m and a fragment of diatremes traced over 15 m. Mineralogical and chemical
analysis of diatremal minerals has shown the presence of kimberlite II indicator minerals - orangites
(pyrope, spinel, chrome-diopside, picroilmenite, chrome-picotite, chromite, apatite and Sr-apatite, tetro-
ferriphlogopite, rutile and other minerals).

Kimberlitic diatremes consists of explosive breccia with fragments of harzburgite-dunite, 0.1-10 cm
across, and amphibole schists after Kontokki-series basalts. The matrix of kimberlites (orangites) is made
up of phlogopite and olivine. Fragments in kimberlites are rounde to oval-shaped and are melted.
Fragments in the phlogopitic matrix of kimberlites account for up to 50%.

Ten tetrahedral and octahedral diamond crystals, 0.8-1.5 mm in size, were extracted from orangites
of the Kostomuksha Ore Province. The crystals are colourless.

The distribution and structural control of kimberlitic diatreme clusters could be due to their
confineness to the intersection and joint zones of comparably ranking mantle near-E-W-trending (NW 300-
310% and near-N-S-trending (NE 15°) arcuate tectonic fault zones generated at depth. Conditions, most
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favourable for the formation of highly permeable stem sites that could provoke the intrusion of mantle
matter into the earth crust, arise at such points.

The emergence of mantle chambers at different depths in the continental lithospheric mantle and the
subsequent movement of magma towards the surface are probably connected with the effect of the plume
on the lithospheric plate.
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COOTHOINEHUE MEXJIY TEPPEMHAMHU I'PAHUT-3EJJEHOKAMEHHBIM
BYTAHN U TTTYBOKOMETAMOP®U30BAHHBIMHA XEHIIAH U ®YIINH:
3HAYEHME JUIA 9BOJIIOHUN TPAHC-CEBEPOKUTAUCKOI'O OPOI'EHA
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RELATIONS OF THE WUTAI GRANITE-GREENSTONE TERRANE AND HENGSHAN
AND FUPING HIGH-GRADE TERRAINS:
IMPLICATIONS FOR THE EVOLUTION OF THE TRANS-NORTH CHINA OROGEN

Zhao G.', Wilde S.A.°, Kroner A.°

'"Department of Earth Sciences, The University of Hong Kong, Hong Kong
*Department of Applied Geology, Curtin University of Technology, Perth, Australia
3Institut fiir Geowissenschaften, Universitit Mainz, Germany

B npennoxeHHONM HENaBHO MOJENHM TEKTOHHMYECKOW 3BoNOIMH CeBEpOKUTAaWCKOrO0 KpaTOHA pac-
CMAaTpHUBAIOTCs 1BA MAJIEONPOTEPO30UCKUX KOJTM3MOHHBIX COOBITHS THIA ,,KOHTUHEHT-KOHTHHEHT . Boiee
paHHee cOOBITHE MPUBENO K 00pa30BaHMIO Mosica XOHJAIUT IIUPOTHOTO MPOCTHPAHUS, BAOJIH KOTOPOTO
IpoM3oILIo cinsHKe Gnoka MuHiman Ha ceBepe u Goka Opoc Ha fore ¢ 00pa3oBaHHeM 3anagHoro 610ka
¢ Bo3pactoM ~1.95 mipxa. et (Zhao et al., 2005), B To BpeMs Kak BTOpoe COOBITHE MPUBEIO K 00pa3zoBa-
Huto Tpanc-CeBepoOKUTANCKOTO OpOT€HAa MEPUAMOHAIBHOIO MPOCTUPAHUS, BAOIL KOTOPOTO 3amagHbIN
010k cronkHyjca ¢ BocrounsiM Omokom, oOpa3oBaB CeBepokuTaiickuii kpatoH ~1.85 mupa. et Haszan
(Zhao et al., 2001, 2002, 2005; Wilde et al., 2002, 2005; Kroner et al., 2005, 2006).

Kak camoe oOmuMpHOE M JUTONOTHYECKH Hawbojee MpelcTaBUTeNbHOE OOHakeHHe (yHIaMeHTa,
npoTsHyBIueecs yepe3 Tpanc-CeBepokuTaiickuii oporeH, XeHmaH-Byraii-Dynunckue ropst (XBOI) sB-
JSIFOTCA, BO3MOYKHO, CAMBIM MEPCIEKTUBHBIM PailOHOM JUIsl JETAJIBHOIO MCCIAEAOBAHUS MarMaTH4ECKOM,
CTPYKTYpHOU B MeTamopdudeckoit uctopun Cepepokuraiickoro kparona. Ocoboe 3HaueHUE UMEET TPHU-
CYTCTBHE IPaHHUT-3€JICHOKAMEHHOTO KOMIUIEKCA HU3KOM cTyneHn MeTamopdusma (komiuieke ByTait), pac-
TIOJIOKEHHOTO MEXIY IBYMS TIIyOOKOMeTaMOp(H30BaHHBIMH THEHCOBBHIMH KOMILIEKCAMH — XEHIIaH U
O®ymnuH. IlepBoHavanbHO OBUTM MPEIIOKEHBI IBE€ Pa3iIUYHble TEKTOHWYECKHE Mojaemu 3Boironn XBOT'.
CoriacHO OTHO¥M W3 HUX, KOMIUTEKCH XeHIaH U OynuH IpeIcTaBIsu co00M eIUMHBIN KOHTUHEHTAIbHBIN
OJI0K, KOTOPBIH B MO3/AHEM apXxee MOoABEPrcsl pudTorenesy, cBI3aHHOMY ¢ 00pazoBaHueM Byraiickux 3ene-
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HOKaMEHHBIX TIOPOJI, ¥ 32 KOTOPHIM B TIaJIeONpoTepo30e nocieaoBaio ero 3akpeitue (Tian, 1991; Yuan and
Zhang, 1993), Torna xak, COTJIaCHO BTOPOH MOMENH, 3TH TOPHI OBUTH MO3JHEApXeHCKOH KOJTU3NOHHON
CHUCTEMOH “KOHTHHEHTaJbHas Ayra — KOHTHHEHT, B KOTOPOH KoMIuTeKchl PynuH 1 XeHIIaH MpeacTaBIs-
7u co0OH 1Ba SK30THUECKHX apXeHCKMX KOHTHHEHTAJIBbHBIX OJNOKa, a TPaHUT-3eJIeHOKaAMEHHBIH KOMIUIEKC
Byraii — octpoBHyto ayry mexny Humu (Li et al., 1990; Wang et al., 1996; Polat et al., 2005). Xots TekTo-
HUYECKHE OOCTAHOBKM M IIPOLECCHI 3BOJIIOLUM 3TUX IOp B MPEUIOKEHHBIX MOJIENAX PA3IMYHbI, aBTOPHI
o0enx Mojenel MpeanojaralT, 9TO THelcoBble acconuanuu XeHmaH U Oynua ObuIn Oojiee TPEeBHUM
(dbyHIaMEHTOM ISl CynpaKkpycTalbHBIX opoa Byraiickoro kommiekca. OgHaKo MociaegHHe T'€OXPOHOJIO-
IrMYECKHE, FEOXUMHUYECKHE U MeTaMOop(uUecKre NTaHHbIEe MOKa3bIBAIOT, YTO 3TH TPU KOMIUIEKCA COCTABIIS-
10T EMHYIO JOJITOKHBYIIYIO HE0APXEHCKYIO-TTaJIEONPOTEPO30HCKYI0O MAarMaTHYECKYTO YTy, T1e KOMIUIEKC
Byraii npencraBnsier co00il BEpXHEKOPOBYIO 00JIaCTh, TOTAA Kak rHedichl XeHmaH U OynuH sBASIOTCA
HU)KHEKOPOBBIMU KOMIIOHEHTaMH, 00pa3youMMu KopeHb ayrd. CaMblid paHHUH CBSI3aHHBINA C AyTOM Mar-
matu3M B XBOI™ npouzomen 2560-2520 muH. 1eT Ha3ad ¥ ObII OTMEUYEH BHEApPEHHEM ByTalcKux rpaHu-
ToUIOB; 3aTteM 2530-2515 MiH. JIeT Ha3a/ MPOU3OIIEI JYTrOBON BYJIKAHU3M, B pe3yJibTaTe KOTOPOro oopa-
30BaJIMCh ByTaiickue 3eneHOoKaMeHHbIe HMOpoAabl. Pacuinpenre, BBI3BaHHOE OOIIMPHBIM TYTOBBIM BYJIKa-
HU3MOM, IIPHUBENO K Pa3BUTHIO 3ayroBoro OacceliHa MJIM KpaeBoOro Mopsi, B pesyibraTte yero XBOI™ pas-
JENMIACh Ha OCTPOBHYIO NyTy XeHMIaH-ByTaii (SIMOHCKOTO THIA) M peTuKTOBYI0 ayry OynuH. B mepuoz
2520-2480 muH. JeT Ha3aJ] CyOAyKIUs [0 OCTPOBHYH0 nyry XeHiaH-Byrail Bei3Baia napiiuaibHOE IJIaB-
JICHWE HWKHEH KOpbl ¢ 00pa30BaHHEM TOHAIUT-TPOHABEeMHUT-TpaHoauopuToBbiX (TTI) cBuT, B TO Bpems
Kak CyOIyKIHsl KpaeBoIro MOpsi BOCTOYHOI'O HalpaBJICHUS NIPUBEJIA K PEaKTUBALUU PEIUKTOBON nyru Dy-
nuH, rae npousouuio BHeapenue TTI-ceutel @ynun. B mepuon 2360-2000 miH. jeT Ha3aa B peruoHe
Xenman-Byraii-DdynuH uMenn Mecto crnopaguyeckue ¢asbl H30JIUPOBAHHOTO TPAaHUTOMIHOTO MarMaTu3-
Ma, B pe3yJibTaTe 4ero B KOMIUIEKCEe XEHIIaH oOpa30BaIMCh I'PaHUTOWIBI ¢ Bo3pacToM 2360 MiH. JeT,
~2250 muH. net u 2000-2100 miuH. ner, B koMruiekce Byrait copmuposanick rpanutsl Banmkuaxyu u
[HaBanbsn ¢ Bozpactom ~2100 miH. neT, a B koMiuiekce @ynuH — rpaauronasl Hanenn ¢ Bo3pactom 2100-
2000 muH. ner. [IpubnmsurensHo 1920 MiH. neT Ha3aa OCTpoBHAs Ayra XeHIaH-Byrail ncnbsitana pacts-
’KEHUE, BBI3BAHHOE, BO3MOXHO, CyOyKIMell OKeaHMYEeCKOro XpeOTa, YTO IPUBEIIO K BHEIPEHUIO JOTEKTO-
HUYECKUX JaeK rabOpo, KOTOphIe, COBMECTHO CO CBOMMH BMEIIAIOIINMHU MOPOAAMH, ObLTH BIIOCIEICTBUN
MeTamMop(H30BaHbI, 00pa3oBaB CpeqHe - BEICOKOOapuueckue rpaHyauTel. B mepuon 1880-1820 muH. et
Hazaj AyroBas cuctema XeHmaH-Byrail-OynuH npeteprnena HaloXeHHWE, MHTEHCHBHYIO AeQOpMannio u
MeTaMOp(pH3M B X0/ KPYITHOT0, OOIIMPHOTO PETHOHAIBHOTO OPOT€HHOT0 COObITHS - JIyIbsIHCKOTO Opore-
He3a, KOTopoe MpuBesio K o0pazoBanuio TpaHc-CeBepoKUTaiCKOro OporeHa B pe3yJbrate Koumsnuu Boc-
TOYHOTO ¥ 3anaaHoro 61okoB. HakoHer mocie BHenpeHus post Mmapudeckux aaek 1780-1750 muH. et Ha-
3an mpownsonuia cradmmmsanys XBOI'.

CyMMupys BBIIIECKAa3aHHOE, aBTOPHI MPUIUIN K BBIBOAY, YTO SBOJIIOLMS TPAHUT-3EIEHOKAMEHHOTO
KoMmIuiekca ByTail HU3KOH cTyneHrn Mmeramopdu3Ma 1 I1y00KoMeTaMOp(hU30BaHHBIX THEHCOBBIX KOMILIEK-
coB XeHmad u PynuH, BO3MOXXHO, He OblIa CBsI3aHA C JIOKAJbHBIM B3aUMOJEHCTBHEM ITHX KOMILUICKCOB
nmyTeM Ju00 3akpbiTust pudra Byraii (Tian, 1991; Yuan and Zhang, 1993), nu60 kouIM3Uu MUKPOKOHTH-
HeTanbHBIX O010k0B XeHmran u Oymun (Li et al., 1990; Wang et al., 1996; Polat et al., 2005), Ho npencTas-
nsieT co00¥ HEMPEPBHIBHBIA pa3pe3 OT BEpXHEU 0 HIDKHEH KOPBI, KOTOPHIH IpeTepnen aedhopMarnuio, MeTa-
MOpP(HU3M M IKCTYMAIIHIO B X0 KOJUTM3MH 3anaaHoro u Bocrounoro 6y0koB Brosib Tpanc-CeBepokuTaii-
CKOT'0 OporeHa ¢ o0pa3zoBaHueM KorepeHTHOro yHnamenta CeBepoKHTaiicKOro Kpatona ~1.85 mipa. jer
Hazax (Zhao et al., 2001, 2005; Wilde et al., 2002; Kroner et al., 2005, 2006).

HccnenoBanme mposomwiock mpu (urancoBoit momnepkke Hong Kong RGC GRF (rpanTts
NeNe (7066/07P, 7063/06P u 7053/08P).

A recent proposed model for the tectonic evolution of the North China Craton envisages two
Paleoproterozoic continent-continent collisional events. The earlier one formed the west-east-trending
Khondalite belt along which the Yinshan Block in the north and the Ordos Block in the south amalgamated
to form the Western Block at ~1.95 Ga (Zhao et al., 2005), whereas the second one led to the formation of
the north-south-trending Trans-North China Orogen along which the Western Block collided with the
Eastern Block to form the North China Craton at ~1.85 Ga (Zhao et al., 2001, 2002, 2005; Wilde et al.,
2002, 2005; Kroner et al., 2005, 2006).
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As the largest and most lithologically representative basement exposure across the Trans-North
China Orogen, the Hengshan-Wutai-Fuping Mountains (HWFM) are probably the most promising area for
investigating the detailed magmatic, structural and metamorphic history of the North China Craton. Of
particular significance is the presence of a low-grade granite-greenstone terrain (Wutai Complex) located
between two high-grade gneiss complexes (Hengshan and Fuping Complexes). Two contrasting tectonic
models were originally proposed for the evolution of the HWFM. One argues that the Fuping and
Hengshan Complexes represented a single continental block that underwent late Archean rifting associated
with formation of the Wutai greenstones and followed by closure in the Paleoproterozoic (Tian, 1991;
Yuan and Zhang, 1993), whereas the other proposes that Mountains were a late Archaean continent—arc—
continent collision system, in which the Fuping and Hengshan Complexes represented two exotic Archean
continental blocks, and the Wutai granite-greenstone represented an intervening island arc (Li et al., 1990;
Wang et al., 1996; Polat et al., 2005). Although these two models propose different tectonic settings and
processes for the evolution of the Mountains, they both assume that the Hengshan and Fuping gneiss
assemblages were an older basement to the Wutai supracrustal rocks. However, recent geochronological,
geochemical and metamorphic data indicate that the three complexes constitute a single, long-lived
Neoarchaean to Palacoproterozoic magmatic arc where the Wutai Complex represents an upper crustal
domain, whereas the Hengshan and Fuping gneisses represent the lower crustal components forming the
root of the arc. The earliest arc-related magmatism in the HWFM occurred at 2560-2520 Ma, marked by
the emplacement of the Wutai granitoids, which was followed by arc volcanism at 2530-2515 Ma, forming
the Wutai greenstones. Extension driven by widespread arc volcanism led to the development of a back-arc
basin or a marginal sea, which divided the HWFM into the Hengshan-Wutai island arc (Japan-type) and
the Fuping relict arc. At 2520-2480 Ma, subduction beneath the Hengshan-Wutai island arc caused partial
melting of the lower crust to form the Hengshan tonalitic-trondhjemitic-granodioritic (TTG) suites,
whereas eastward-directed subduction of the marginal sea led to the reactivation of the Fuping relict arc,
where the Fuping tonalitic-trondhjemitic-granodioritic suite was emplaced. In the period 2360-2000 Ma,
sporadic phases of isolated granitoid magmatism occurred in the Hengshan-Wutai-Fuping region, forming
2360 Ma, ~2250 Ma and 2000-2100 Ma granitoids in the Hengshan Complex, the ~2100 Ma Wangjiahui
and Dawaliang granites in the Wutai Complex, and the 2100-2000 Ma Nanying granitoids in the Fuping
Complex. At ~1920 Ma, the Hengshan-Wutai island arc underwent an extensional event, possibly due to
the subduction of an oceanic ridge, leading to the emplacement of pre-tectonic gabbroic dikes that were
subsequently metamorphosed, together with their host rocks, to form medium- to high-pressure granulites.
At 1880-1820 Ma, the Hengshan-Wutai-Fuping arc system was juxtaposed, intensely deformed and
metamorphosed during a major and regionally extensive orogenic event, the Liiliang Orogeny, that
generated the Trans-North China Orogen through collision of the Eastern and Western blocks. The HWFM
was finally stabilized after emplacement of a mafic dyke swarm at 1780-1750 Ma.

In summary, the evolution of the low-grade Wutai granite-greenstone terrane and the high-grade
Hengshan and Fuping gneiss terrains may not have been related to a local interaction of these terranes,
either through closure of the Wutai rift (Tian, 1991; Yuan and Zhang, 1993) or collision between the Heng-
shan and Fuping micro-continental blocks (Li et al., 1990; Wang et al., 1996; Polat et al., 2005), but
represent a continuous section of upper to lower crust which was deformed, metamorphosed and exhumed
during collision between the Western and Eastern Blocks along the Trans-North China Orogen to form the
coherent basement of the North China Craton at ~1.85 Ga (Zhao et al., 2001, 2005; Wilde et al., 2002;
Kréner et al., 2005, 2006).

This study was supported by Hong Kong RGC GRF grants (7066/07P, 7063/06P and 7053/08P).
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3EJIEHOKAMEHHBIX U TPAHUTOUJIHbBIX KOMIVIEKCOB
OEHHOCKAH/IMHABCKOI'O IIUTA - CXOACTBO U PA3/IMYUA
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GOLD POTENTIAL OF NEOARCHEAN AND PALEOPROTEROZOIC GREENSTONE
AND GRANITOID COMPLEXES IN THE FENNOSCANDIAN SHIELD: SIMILARITIES
AND DIFFERENCES

Ivashchenko V.1I. and Golubev A.1.

Institute of Geology, Karelian Research Centre, RAS, Petrozavodsk, Russia, ivashche@krc. karelia.ru

3os0TopynHbIA ToTeHIMan DeHHOCKaHMHABCKOTO IIMTA CBSI3aH MPEHMYIIECTBEHHO C HEOapXei-
CKAMHU W TAJIEONPOTEPO30HCKUMH 3€JIEHOKAMEHHBIMA M TPaHUTOUIHBIMH KOMIUIEKCAMHU, COOTBETCTBYIO-
IIMe PyAHbIC 00BEKTHI B MPEIEIax KOTOPHIX B TEHETHUYECKOM aCIeKTe MPaKTHUECKU HAeHTHYHBI. OHU OT-
HOCSATCS K HECKOJIbKUM T€HETUYSCKUM THIaM [2], TIaBHBIMH CPEAM KOTOPBIX SIBJISIOTCS OPOrCHUYCCKHIA
Me30TepMalibHbIN, mopdupossiii (intrusion-related), xomdenannbiii (VMS) u snutepManbHbiil (Tadin.).
®dopmupoBaHHe 30J0TOPYIHBIX MECTOPOXKICHUI MPONCXOIUIIO, TIaBHBIM 00pa3oM, B HeoapXxenckyto (2,8-
2,5 mupa. niet) u cBekodenHckyto (1,9-1,8 mupa. net) MeTauioreHuYecKue 3MOXH.

MecTopokIeHHUS 30JI0Ta OPOTEHUYECKOTO Me30mepMalbH020 MUnd MHPOKO PacpoCTpaHe-
HBI B JJOKeMOpHH, pa3Memiasch B aKKPETHPOBAHHBIX M KOJJIQKHPOBAHHBIX TEPPEHHAX W KOHTPOIHPYSCH
30HAMH CIBUTOBBIX JUCIOKAITUi TIyOMHHOTO 3aimokeHus [5]. Ha deHHoCKaHAMHABCKOM IITUTE, TI0 BpeMe-
HU (OPMHUPOBAHHS U KPATOHU3ALUH OTACIBHBIX €r0 YacTed MoApa3AessIFoIerocs Ha TpU JOMEHaA - apXei-
CKWH, CBEKO(EHHCKHUIA ¥ TOTCKHUI, 00pa3oBaHMe 30JI0TOTO OpYyACHEHHUS OPOTEHNYECKOTO THITA TIPOUCXO M-
JI0 B KOJJTM3MOHHBIE CTaANU MX Pa3BUTHA. s apXeicKoro JoMeHa 3TO OTHOCHTCS K COOTBETCTBYIOIIUM
HepuoaM IBONIONUHU BXOIAIIUX B ero coctaB Kapenbckoii u Konbckoii TpaHUT-3eJIeHOKaMEHHBIX 00J1ac-
TeH, a Takke K CBeKO(EHHCKOMY 3Taly pa3BUTHS CHOPMHUPOBAHHBIX B €r0 Mpejaeiax MaleonpoTepo30i-
CKUX pU(TOTEHHBIX 3eI€HOKaMEeHHBIX MosicoB. /i1 CBeKOPEHHCKOTO JOMEHA, SIBIISIOMIETOCS Pe3yIbTaTOM
KOHBEPIeHTHOTO B3aHMO/ICHCTBUS HOBOOOPa30BaHHOM OkeaHHUYecKoi Kopbl U Kapenbckoro kparona, ¢pop-
MUPOBAaHUE OPOTEHUYECKUX ME30TEPMAIIbHBIX 30JI0TOPYIHBIX MECTOPOKIACHUN COMPSDKEHO C KOJUTH3UCH
o ocu Paaxe-Jlamora u mposiBIeHNEM MaKCUMaJIbHOW HHTEHCHBHOCTH COOTBETCTBYIOIIETO PyIOTeHe3a Ha
ynanennn 50-200 kM ot Hee (p. Hlemreddre, Paaxe-Xaanaspeu) [2]. 3070TOPYIOKOHTPOIHPYIOTUE CIBH-
TOBBIE CTPYKTYpbI YCTaHOBIJIEHBI TaKXe B ClIaHIIEBOM mosice Tammepe, nmpoBuHiun beprenaren, K03 ®un-
nsuauu u C. [punagoxee.
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Table. Comparison of the main characteristics of gold deposits in Neoarchean and Paleoproterozoic greenstone and
granitoid complexes on the Fennoscandian Shield.

Pedrolampi,Rybozero, Oleninskoye)

Characteristics | Archean Proterozoic
Orogenic mesothermal type
Abstract formation Gold-sulphide Gold-arsenide
(Pampalo, Valkeasuo, Hattunoja, | (Suurikuosikko, Osikonmaiki, Pékyld)

Gold-sulphide
(Pahtavaara, Juomasuo, Saattopora)
Gold-telluride
(Raikonkoski)

Mineral type

Gold-pyritic-pyrrhotitic
Gold-pyrrhotitic-arsenopyritic

Gold-arsenopyritic
Gold-pyritic
Gold-chalcopyritic

Mode of occurrence and
composition of gold

Native gold Au — 70-100%, Ag — O-
25%, Cu — 0-0.53%, Sb — 0-2.8%, Hg —
0-5%

Invisible gold, native gold Au — 40-100%, Ag — 0-
60%, Hg — 0-23%, Se — 0-1.7%, Te-0-5%

Au resources/production, t

200/1.8

870/130

Porphyric (intrusion-related) type

Abstract formation

Copper-gold (Lobash-1,
Gold-rare-metal
(Jalonvaara, Pellapakh)

Copper-gold
(Aitik, Bjorkdal, Kopsa, Johineva, Kurula)

Mineral type

Gold-polysulphide
Gold-pyritic

Gold-Chalcopyritic
Gold-arsenopyritic

Mode of occurrence and
composition of gold

Native gold Au — 65-100%, Ag — 0-
35%, Cu—0-0.5%

Native gold Au — 40-100%, Ag — 0-55%, Cu — 0-
0.9%, Hg — 0-12%

Au resources/production, t

60/0

270/70

Massive-sulphide (VMS) type

Abstract formation

Gold-sulphide
(S.-Vozhminskoye,
Nyalmozerskoye)

Talpus,

Gold-sulphide
(Outokumpu, Pyhdsalmi, Haveri, Vihanti,Falun,
Renstrom)

Mineral type

Gold-polysulphide
Gold-chalcopyritic-pyritic

Gold-polysulphide
Gold-chalcopyritic-
Pyrrhotitic

Mode of occurrence and Native gold Native gold. Electrum.

composition of gold

Au resources/production, t 5/0 150/90

Epithermal type

Abstract formation Gold-quartz Gold-telluride
(Kylmékangas) (Kutemajérvi, Jarvenpaa)

Gold-polysulphide
(Boliden)

Mineral type

Gold-pyritic

Gold-altaitic-pyritic
Gold-arsenopyritic-pyritic

resources/production, t

Mode of occurrence and Native gold Native gold 94.9% Au, 2.4%, Ag 2.1% Pb; Au-Ag-
composition of gold Hg

Au resources/production, T ?/0 200/150

Total Au 265/1.8 1490/440

Note:

Table was made using data from

(1, 31

http://en.gtk.fi/ExplorationFinland/Commodities/Gold/depositlist.html,

http://geomaps2.gtk.fi/website/fodd/viewer.html.

Hawnboiee 3HaYMMBIM ¥ UCCIIETOBAHHBIM OPOTCHUYSCKAM ME30TEPMAaIIbHBIM OPYACHCHHEM 30J10Ta B
apxee MEHHOCKAHIMHABCKOTO IIHUTA SBISIOTCS MECTOPOXKAeHUsS paiiona Mnomantcu (QuHISHINA) 3€ie-
HOKaMeHHOro nosica SlnonBapa-Xarry-Tymoc, B ipeaenax pocCUHCKON YaCTH KOTOPOTO B CXOJHOM Ireono-
rudeckoit mo3uruu BersieieHo (KI'D, I Kap.HI[ PAH,) HecCKOIbKO MEPCIICKTUBHEIX PYAOIIPOSIBICHUNA 30-
norta (Coanwvoku, XaryHos, [IpononBaapa, KOoBanbitoku u ap.). B npyrux apxeickux 3eIeHOKaMEHHBIX
moscax MmUTa MO MacmTabaM M M3yYEeHHOCTH BBIICISAIOTCS MecTopoxkneHus Preidosepo (3,28 T Au;
2,18 1/1) u llegpomammu (3,4 T Au; 5,9 r/t) B Kapenbckol rpaHnuT-3elieHOKaMeHHOW oOactu [3] u Oure-
HuHckoe (28 T Au, 3,1 1/1), Hanem (34,5 T Au, 0,35-3,7 r/1) — B Konbckotd [1].

OporeHnyeckoe Me30TepMalbHOE 30J10TO B MpoTepo3oe DEeHHOCKaHIMHABCKOTO IUTAa NpPECTaBIIe-
HO cepuell NPOMBIIIJIEHHBIX MECTOPOXKAEHUN B JlamaaHACKOM 3€JIECHOKAMEHHOM IOsCE, CPelr KOTOPBIX
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0JIHO U3 KpyHHeHIuX B peruone - Cyypukyocukko (>110 1; 6,1 /1) u cBexodennnnax (Ocuxonmsku, Ho-
KHcuBy, JlaitBakanrac, [lsxromns, SHuC).

[IpoMeIIeHHOE OpyACHEHHUE 30J10Ta nopghuposozo muna (intrusion-related) o 9UCITy MECTOPOXKIE-
HUI TposiBIIeHO B mpenenax PeHHOCKaHIMHABCKOro IMHUTa He3HauuTesIbHO. OJJHAKO M0 pecypcaM M 100bIve
30JI0Ta B COBOKYITHOCTH C KOMIUIEKCHBIM XapaKTEepOM pyA MPEACTABISCTCS OJHUM M3 BEIYyIIUX I'€OJIOTOo-
MIPOMBIIIUICHHBIX THITOB MECTOPOXKICHUH 30J10Ta B peruone. B apxee ato mectopoxnenus Jlobam-1 (5,06 T
Au, 4,71 1/1), llemmanakx (24 T Au, 0,1 /1) [1, 3], SImouBapa u, BepostHo, Tanoseiic u 3anomacBckoe. B
nporepo3oe — Aiituk (120 T Au, 0,2 /1), beepknan (20 T Au, 2,5 r/1), Konica (14 T Au) u ap.

3onomonecywue konwedannvle mecmopodcoenuss (VMS mun) 10 COCTOSIHUIO N3YYEHHO-
CTH M3BECTHBI TOJBKO IS TpoTepo3os - OyTokymiry - 10661T0 28 T Au, BuxanTu u [lroxscanmu - 7006ITO
~30 T Au u np.

OnumepmanvHulli Mun 30J0TOPYAHON MHUHEpanu3anuu B OeHHOCKaHIUN TPEACTABICH MPEUMYIIIe-
CTBEHHO CBEKO(EHHCKHMHU MECTOPOXKICHISIMH, TPY M3 KOTOPhIX paspabareBanuchk (bommaen - 128 T Au,
Onacen - 20 T Au, Kytemasipsu - >15 T Au). KomugecTBo 30510Ta, MOXYyYEHHOTO U3 PYJ ITHX MECTOPOXKIIC-
HU, COCTaBIISET MMOYTH MOJIOBUHY OT Bcero o0beMa ero J0ObIYH B PETUOHE 32 BECh HCTOPUYECKUN TIEPUO/I.

ComnocraBiieHHE TIaBHBIX XapaKTEPUCTHUECKUX MMPU3HAKOB 30J0TOPYIHBIX MECTOPOXKACHUN Heoap-
XEHCKHX W TAJICOMPOTEPO30MCKUX 3eIEHOKAMEHHBIX M TPAHUTOUIHBIX KOMIUIEKCOB DeHHOCKAHIMHABCKO-
ro mura (TabJ1.) moKasajio UX CXOACTBO U paznuuus. OHU B MOJHOM 00bEME CXOHBI 110 TCHETUYCCKUM TH-
aM MECTOPOXKIEHUH ¥ YaCTUYHO 110 MUHEPAJIHHBIM THIIAM OPYICHEHUs, YTO, BEPOSTHO, CBUIECTEIBCTBYET
O TIPUHIWIMHAIBHO ONHU3KOW MACHTUYHOCTH T€OJAMHAMHUYECKHX OOCTaHOBOK M DHJOTCHHBIX PEKHUMOB HX
(dopmupoBanust. OTIIMYHMS, 3aKITIOYAIONIUECS B OOJIBIIEM Pa3HOOOpa3ul MUHEPAILHBIX TUIIOB OpPYCHEHUS,
(hopM HaxXOXKJICHUS U COCTaBa 30JI0Ta, 0OJIee MIMPOKOM CIIEKTPE MUHEPAIOB-CIIyTHUKOB 30JI0Ta C HEBBICO-
KHMU 3HAUYEHUSAMH yJIETbHON SHEPTHH KPUCTAIUTMIECKON PEIIeTKH U Topa3io OONBIINX 3amacax mpoTepo-
30MCKUX 30JIOTOPYJHBIX MECTOpPOXAeHU (DEHHOCKAaHIMHABCKOIO IIUTA MO CPABHEHUIO C apXEWCKUMHU,
MPEAONPENEIIIOTCS, MO-BUAUMOMY, PA3IMYUSIMU JUHAMUKU MPOSBICHUS SHIOTEHHBIX MPOLECCOB, OTBET-
CTBeHHBIX 32 PT-rpazmreHTHBIE TTapaMeTpbl COOTBETCTBYIOIINX PYAHBIX CUCTEM B apXeWCKHU W MPOTepo-
30HCKHH ATAIbl 3BONIOIMH JAHHOTO MIMTA. JTO HAILIO CBOE OTPAKEHHE TAKXKE B KpalHE OTPaHUICHHOM
pacipoCTpaHeHHUHU B apXeHCKUX KOMIUIEKCaX SMUTEPMANbHOT0 U KoueaanHoro (VMS) 3omotoro opyaeHe-
HUS (S€AMHWUYHBIE MEJKHE TPOSBICHHUS), apCEHONMPHUTCOACPKAININX MHUHEPaIbHBIX AacCOlMaluid H
«invisible gold», MenkomMacmTaOHOCTH apXEHCKHUX 30JIOTO-TTOP(PHUPOBEIX MECTOPOXKICHUHN, MPEUMYIIECT-
BEHHO CBSI3aHHBIX C TPAHUTOMJIAMH M KPYITHOPA3MEPHOCTH MX MPOTEPO30OMCKUX aHAJIOTOB, 00pPa30BaHHBIX,
[JIABHBIM 00pa3oM, B CBS3U C MOHI[OHUTOMJIAMH M TOHAJIUTaMHU. B COBOKYITHOCTH C JPYTUMH I'eOJOrHYe-
CKUMHU W T€O(U3NIECKIMH IaHHBIMH CPaBHUTENbHBIA aHAJTU3 30JI0TOHOCHOCTH HEOApXEHCKHUX W Talleo-
MIPOTEPO30MCKUX 3ETICHOKAMEHHBIX W TPAHUTOMIHBIX KOMIUIEKCOB DEHHOCKAHINHABCKOTO IHUTA ITOKA3all
€ro MeTaJIOreHUYecKoe cBoeoOpa3ne B paclpelelieHHH 3alacoB 30JI0Ta MEKAY apXeeM M IMpoTepo30eM
(Tabmn.). 13 Bcero o0bpeMa qo0BITOTO B IpeAenax miura 300ta (~500 T), Ha 100 apXeHCKUX MECTOPOKIe-
HuM npuxomutcs ~ 2 T (M. [lammano, @uansaaus). [IpoTeposotickue (cCBeKOPEHHCKHAE) MECTOPOKICHUS
Bomupen (no6sito 128 T Au, 411 T Ag), AliTuk (akTuBHBIe 3anackl: Au — 140 T; Ag — 2800 T) u Cyypukyo-
cukko (>115 T Au) - camble KpyIHBIE 30JI0TOPYAHBIC 00beKThl EBpombl. [laHHAs MeTasIOTeHHYECKas CIie-
nmuuKa muTa 00BICHIETCS, ITO-BUANMOMY, HEOIArONPHSITHRIMU IS TIOCTIEAYIOIIEr0 KpyTHOMACITaOHO-
ro pyJoreHe3a TeoquHaMUYIEeCKUMHU (aKkTOpaMu €ro BOJIONMU B apxee [4] ¥ MacCHpOBaHHOW TEKTOHO-
TEPMaTbHON MPOPaOOTKOM ero apXelCKUX JTOMEHOB B CBEKO(EHHCKYIO AI0XY, 00yCIIOBHBINEH «pa3y0oKu-
BaHUE» W YaCTUYHOE «YHHUUYTOKEHHE» paHee 00pa30BaHHBIX apXeHCKUX 30J0TOPYIHBIX KOHIICHTpAIHUN B
3eJIeHOKAaMEHHBIX T0sICaX.

The gold potential of the Fennoscandian Shield is chiefly restricted to Neoarchean and
Paleoproterozoic greenstone and granitoid complexes that host genetically identical ore bodies. They fall
into several genetic types [2], the main types being orogenic mesothermal, porphyric (intrusion-related),
massive-sulphide (VMS) and epithermal (Table). Most gold deposits were formed in the Neoarchean (2.8-
2.5 Ga) and Svecofennian (1.9-1.8 Ga) metallogenic epochs.

An orogenic mesothermal type of gold deposits is widespread in the Precambrian units of accreted
and collaged terrains, and is controlled by deep-seated strike-slip fault zones [5]. In the Fennoscandian
Shield, the time of formation and cratonization of its constituents is subdivided into three domains:
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Archean, Svecofennian and Gothian. Orogenic-type gold mineralization was produced in the collision
stages of their evolution. In the Archean domain, gold mineralization took place during corresponding
periods in the evolution of its constituents, the Karelian and Kola granite-greenstone provinces, and at the
Svecofennian stage in the evolution of Paleoproterozoic riftogenic greenstone belts formed within its
boundaries. In the Svecofennian domain, produced by convergent interaction of a newly-formed oceanic
crust with the Karelian Craton, the formation of orogenic mesothermal gold deposits was favoured by
collision along the Raahe-Ladoga axis and a maximum intensity of ore formation at a distance of 50-200
km from the axis (Skellefte and Raahe-Haapajérvi areas) [2]. Gold-controlling shear structures have also
been reported from the Tampere Schist Belt, the Bergslagen Province, southwestern Finland and the
northern Lake Ladoga area.

Deposits in the Ilomantsi area (Finnish extension of the Jalonvaara-Hattu-Tuulos belt), exemplify the
most significant and best-studied orogenic mesothermal gold mineralization in Archean rocks of the
Fennoscandian Shield. Some prospective gold occurrences, similar in geological position, such as Soanjoki,
Hattunoja, Prolonvaara, Juovanjoki etc., have been discovered by the Karelian Geological Survey and the
Institute of Geology, KRC, RAS, in the Russian segment of the belt. Deposits, similar in size and extent of
study, known from other Archean greenstone belts of the Fennoscandian Shield, are Rybozero (3.28 t Au;
2.18 g/t) and Pedrolampi (3.4 t Au; 5.9 g/t) in the Karelian granite-greenstone province [3] and Oleninskoye
(28 t Au, 3.1 g/t) and Nyalm (34.5 t Au, 0.35-3.7 g/t) in the Kola province [1].

In the Fennoscandian Shield, orogenic mesothermal gold in Proterozoic units occurs in a series of
economic deposits in the Lapland greenstone belt, Suurikuosikko being one of the largest deposits in the
region (over 110 t; 6.1 g/t), and in Svecofennides (Osikonméki, Jokisivu, Laivakangas, Pékyld and Janis).

A porphyry (intrusion-related) type of economic gold mineralization in the Fennoscandian Shield is
represented by a small number of deposits. However, considering its gold resources, gold production and
complex ore pattern, it is one of the leading economic-geological types of gold deposits in the region.
Lobash-1 (5.06 t Au, 4.71 g/t), Pellapakh (24 t Au, 0.1 g/t) [1, 3], Jalonvaara and presumably Taloveis and
Zalomaevskoye are Archean deposits and Aitik (120 t Au, 0.2 g/t), Bjorkdal (20 t Au, 2.5 g/t), Kopsa (14 T
Au) etc. are Proterozoic deposits

So far, auriferous massive-sulphide deposits (VMS type), such as Outokumpu (28 t
Au have been produced), Vihanti and Pyhédsalmi ( ca. 30 t Au) etc., have only been discovered in
Proterozoic units.

An epithermal type of gold mineralization in Fennoscandia is represented dominantly by
Svecofennian deposits, three of which (Boliden - 128 t Au, Enasen - 20 t Au, Kutemajarvi — over 15 t Au)
have been mined. The amount of gold produced from the above ore deposits makes up almost 2 of total
gold production over the entire mining period.

Correlation of the basic characteristics of gold deposits in the Neoarchean and Paleoproterozoic
greenstone and granitoid complexes of the Fennoscandian Shield (Table) has revealed both similarities and
differences. They are completely similar in genetic types of deposits and partly in mineral types of
mineralization, suggesting that they were formed in identical geodynamic settings and endogenous
regimes. Proterozoic gold deposits display a greater diversity of mineral types of mineralization, modes of
occurrence, gold compositions, accessory minerals, smaller crystalline-lattice specific energy values and
much larger reserves than Archean gold deposits. This is probably due to differences in the dynamics of
endogenous processes responsible for the PT-gradient parameters of ore systems at the Archean and
Proterozoic stages in the evolution of the Fennoscandian Shield. Other factors are the scarcity of
epithermal and massive-sulphide (VMS) gold mineralization (scarce small occurrences), arsenopyrite-
bearing mineral associations and “invisible gold” in Archean complexes, small sizes of Archean gold-
porphyry deposits dominantly associated with granitoids and a large size of their Proterozoic analogues
chiefly associated with monzonitoids and tonalites. Together with other geological and geophysical data,
comparative analysis of the gold potential of Neoarchean and Paleoproterozoic greenstone and granitoid
complexes of the Fennoscandian Shield has shown its distinctive metallogenic pattern reflected in the
distribution of gold reserves between Archean and Proterozoic units (Table). Archean deposits (Pampalo,
Finland) have provided ca. 2 t out of ca.500 t of gold produced on the Fennoscandian Shield (ca.500 t). The
Proterozoic (Svecofennian) Boliden (128 t Au, 411 t Ag have been produced), Aitik (active reserves: 140 t
Au and 2800 t Ag) and Suurikuosikko (over 115 t Au) are Europe’s biggest gold deposits. This
metallogenic pattern of the Fennoscandian Shield seems to be due to the geodynamic factors of its Archean
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evolution, unfavourable for subsequent large-scale ore formation [4], and massive tectono-thermal
reworking of its Archean domains in the Svecofennian epoch, responsible for the “impoverishment” and
partial “destruction” of Archean gold ore concentrations formed earlier in greenstone belts.
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upkoHsl, TpaauuoHHO npuMeHseMble 11t U-Pb matupoBanus, SBISIOTCS BaKHEHIIIIMY KOHIICH-
TpaTopamu radHUs B TOPHBIX TIOPOAAX 3a CYET ero n30MOp(HOTo BXOXKICHUS B MX CTPYKTYpy. Kak npaBu-
70 MpKoHHI conepxkat 6onee 1000 ppm raduus npu Huskoi BenuumHe Lu/Hf, uro menaer mompaBky Ha
pacraj JTI0Tenus: C MOMEHTa 00pa30BaHUs MUPKOHA JOCTATOYHO Mayioi. M3ydeHne n30TomHONW CucTeMaTu-
KU raHUS B HUPKOHAX MO3BOJISIET PELINTH ABE 3aJauH: ONpee’cHue MOACTBHOTO BO3pacTa KpUCTasTu3a-
UM 110 Ta(HUIO U OTpeNeNIeHHs] HAYaIbHOTO H30TOITHOTO cocTaBa radHus Ipu 00pa3oBaHUH MOPOABI (Epy).
[Tocneanee BO3MOXKHO /ISl IUPKOHOB C M3BECTHBIM BO3PACTOM U TPEACTaBISAETCS OCOOCHHO LEHHBIM IS
OTIpe/ieJIeHNs TeHe3uca IMPKOHOB JAaTHPOBAHHBIX MPW MOMOIIH JIPYTHX JOKAJIHHBIX METOIOB, HapUMeEp
BTOpHYHO-HOHHOTO 30H1a THa SHRIMP. M3mepenne n30TonHoOro cocrasa radHus NpeACTaBIsSeT 3HAUH-
TEJIbHYI0 TPYIHOCTb 32 CUET €ro BBHICOKOIO MOTEHLMANA MOHU3ALUU, OJHAKO C MOSIBICHUEM MYJbTHUKOJI-
nexktopHbIX ICP Macc-ciekTpoMeTpoB JaHHas podiieMa ObliIa pelrIeHa, a BO3MOXKHOCTE pad0ThI 3THX TIPH-
0OpOB B KOMIUIEKCE C CUCTEMOH Jla3epHOM abJISIMK OTpeeNInia peali3ainio JOKaJbHOT0 METo/a U3yde-
HUSI M30TOMHOM CHCTEMAaTHKH TraHHs C IPOCTPAHCTBEHHBIM pa3pelIeHUEM, CONOCTABUMBIM C BTOPUYHO-
WOHHBIMH NTPHOOpaMHu.

B nanHoit paGoTe Gbuia BbINoNHeHa cepus n3Mepenuii | CHf/'"Hf otHomenwuii metomom LA-ICPMS
B 3€pHaX LMPKOHOB mopoa u3 llopberydckoro mokpoBa IOro-socrouHoro ¢parmenra Jlammanuckoro
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IpaHyJIMTOBOTO mosica. M3MepeHHs: ¢ MCIOIb30BaHUEM CHUCTEMBI JIa3epPHOM aONsuK ObUIM BBIITOJHEHBI B
LIEHTPEe U30TOIMHBIX MCCIeN0BaHmi Becepoccniickoro HayYHO-HCCIIeI0BATEIHCKOTO T€0J0THYECKOTO HHCTH-
TyTa ¢ ucnons3oBanueM 193 am. ArF nazepa COMPex-102, cucrems! abmsaun DUV-193 1 MHOTOKOIIIIEK-
TOPHOTO MacC-CIIEKTPOMETpa ¢ MOHHU3alMel B MHAYKTUBHO cBs3aHHOU 1miazMe (ICPMS) Neptune. s
KOHTPOJIA KOPPEKTHOCTH U3MEPEHHI BO BCEX CIIy4asX MCIIONB30BAJIKCh 1BA CTaHAapTa UPKOHOB: 91500 u
Temora. KoH(UrypaIis KOJIEKTOPOB MO3BOJISIA OJHOBPEMEHHO PErHCTPHPOBATh H30TOMBI | ~Yb, '"*YD,
L, '7°Hf, "7HS, "*Hf, '"Hf, 4To m03BOJISET BHIIOIHHTH BCE HEOOXOIMMBIC KOPPEKIIUU U TOIYUYNUTh BCE
HEOO0XOIUMBIE OTHOLLICHHUSI.

TUnNUYHBIE 3HA4YeHHs MonydeHHbIX oTHomenuit '°Hf/'""Hf nexar B o6nactu Benmumusr 0,28177.
3HadeHre MOACITHFHOTO BO3pacTa 1o radyHUIO JIeXkaT B paiioHe BenuduHb! 1950 MitH. et (pacdeT BBITIOTHEH
OTHOCHUTEIbHO DM, mpu 3HAYEHHSIX KOHCTAHTHI pacraja, COBPEMEHHOIO M HA4YaJbHOI'O OTHOIIEHHM
7eLw/"""Hf u "*Hf/'Hf B cooTBercTBHH ¢ [2]).

Puc. IlnotHOCTh pacmpenene-
must ' Hf/''Hf otHOmeHMIT B
HCCIIeIOBAaHHBIX IMpKoHax (18
oTnpeJiesIeHU ).

Relative probability

1

-1

i 177
‘HE/'HE o

Fig. .Density distribution of
e °Hf/"7"Hf ratios in the zircons
0.2812 0.2814 0.2816 0.2818 0.2820 0.2822 studied (18 determinations).

PacnipeneneHre uMeeT HOPMalbHBIA THI, KAaKUX JIMOO BO3PACTHBIX KJIACTEPOB HE BbLABIsercs. Pac-
YeT CpPEeJHEB3BEIIEHHOr0 3HAUYEHHs M0 BCEMY MAacCHBY JaHHBIX JAeT BEJIMYMHY BEPOSTHOTO OTKIOHEHUS
+/- 0.000021 [0.0074%] npu 95% BepOATHOCTH. DTO COOTBETCTBYET AWANAa30HY MOAEIBHBIX BO3PACTOB
JUIMTEIBHOCTBIO ~55 MIH. JeT. [laHHas BeIMYMHA COBMAaeT C AUANIa30HOM BO3PACTOB MOJIYUYEHHBIM IPH
U-Pb natupoBanny Ha BTOPHYHO-HOHHOM Macc-criekTpomerpe SHRIMP-II [1] 1 naeT He3aBucuMyto OLieH-
Ky JJHMTENBbHOCTH Ipornecca. 3Hadenus sncuion Hf(T) cocraBnstor +6 - +7 equnun otHocutensHo CHUR.
ComnocraBieHue JaHHOTO pe3ysbraTta ¢ u3MepeHusmu sncwion Nd (+1,8 - +3,1) [3] mokasbIBaeT, 4To Mo-
JydeHHBIE Pe3yJbTaThl XOPOIIO COOTBETCTBYET TpeHAy 3HadeHui sncuiioH Hf - amcumon Nd mist 3eMHBIX
nopoJ (“terrestrial array””) ¥ CBUAETENBCTBYET 00 Ay TUTEHHOCTH LUPKOHOB.

[TonyueHHBIN nHama3oH 3HaYEHUH MOJAEIBHOIO BO3pacTa MOKa3bIBAET, YTO MHTEpBal BPEMEHU
0T 00pa30BaHUs BEIIECTBA MPOTOJIUTA A0 NPeoOpa3oBaHusl BEIIECTBA IPU BBICOKOTEMIIEPATYPHBIX Me-
TaMOPPUIECKUX COOBITUSAX BEPOSTHO He MpeBbiman 50-60 MIH. JIeT, a caMO BEIIECTBO UMEET CBOUM
HMCTOYHHKOM JEIIETHPOBAHHBIM MaHTUIHBIA pe3epByap M HE HECET BUAUMBIX CJIEI0B KOPOBOM KOHTa-
MUHAIUH.

Hccenedosanusa uzomonnoti cucmemMamuxy 2agpuus 0nis 0aHHO20 00beKma GbINOIHEHbl KaK UHUYUA-
musnvie 6 LJUU BCET'EN.

Zircons, commonly used for U-Pb dating, are essential hafnium concentrators in rocks because
hafnium forms an isomorphic part of their structure. As zircons normally contain over 1000 ppm hafhium
at low Lu/Hf ratio, correction for lutecium disintegration from the moment of zircon formation is fairly
small. The isotopic systematics of hafnium in zircons is studied to solve two problems: 1) to estimate the
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model age of crystallization from hafnium and 2) to determine the initial isotopic composition of hafnium
upon rock formation (eys). The latter is possible for dated zircons and is particularly valuable for throwing
light on the genesis of zircons dated by other local methods, for example, a SHRIMP-type secondary-ion
probe. It is difficult to measure the isotopic composition of hafnium because its ionization potential is high,
but this problem was solved when a multi-collector ICP mass-spectrometer was invented. As this
instrument can operate in combination with a laser ablation system, the isotopic systematics of hafnium
can be studied by a local method with a spatial resolution comparable with that of secondary-ion
instruments.

A series of measurements of '"°Hf/'”"Hf ratios by the LA-ICPMS method in zircon grains from
rocks of the Poryeguba nappe of the southeastern fragment of the Lapland Granulite Belt was made.
Measurements made with a laser ablation system were made in the Centre for Isotopic Studies at the All-
Russian Geological Research Institute using a 193 nm. ArF COMPex-102 laser, a DUV-193 ablation
system and a Neptune multi-collector inductively-coupled plasma mass-spectrometer (ICPMS). To
control measurement correctness, two zircon standards, 91500 and Temora, were used in all cases. As
the configuration of the collectors made it possible to simultaneously record 2y, '"Yb, "Lu, '"°Hf,
YTHE, "*Hf and '"’Hf isotopes, all necessary corrections could be made and all ratios required could be
obtained.

Typical '"®Hf/'"Hf ratio values are within 0.28177. The model age from hafnium is estimated at
1950 Ma (calculation was made relative to DM, the disintegration constant value as well as the present and
initial '"*Lu/"""Hf and '"°Hf/'""Hf ratios being consistent with [2]).

The distribution pattern is normal, and no age clusters were revealed. Calculation of the weighted
average value for the entire massif gave a probable deviation of +/- 0.000021 [0.0074%] at 95%
probability which agrees with a model age range as long as ~55 Ma. This value coincides with the age
range obtained by U-Pb dating on a SHRIMP-II secondary-ion mass-spectrometer [1] and gives an
independent process length estimate. The eHf(T) values are +6 - +7 units relative to CHUR. Comparison of
this result with measurements of eNd (+1.8 - +3.1) [3] shows that the results obtained are consistent with
the eHf - eNd value trend for a “terrestrial array” and that the zircons are authigenic.

The model age value range obtained suggests that the time interval between protolith matter
formation and high temperature metamorphic alteration of the matter was not more than 50-60 Ma and that
the matter itself was derived from a depleted mantle reservoir and shows visible traces of crustal
contamination.

The isotopic systematics of hafnium for the locality discussed was initially studied at the Centre for
Isotopic studies at VSEGEL
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B Hacrosiee BpeMs CyIIecTBYeT HECKOJIBKO BepPCHi 00pa30BaHMs SKIOTUTONOI0OHBIX TTOPOJ pai-
ona Ilupoxoit n Y3koit Canmel (Kombsckuit momyoctpoB): 1) cyOayknuonnas moaens (Lumanckuit n
ap., 2005); 2) sxknorutusanust B ¢1BUroBeix 30Hax (Mutpodanos @.I1., Koznosa H.E., nuunoe cooOrie-
Hue) u 3) marmaroreHHas mMojenb (Snackypt u ap., 2006), cornacHo KOTOpOid, oM(paIUT SBISETCS TPO-
TYKTOM JIMKBUAYCHOW WHTPATEILTYPHUYECKON KpHCTaTU3alui 0a3uTOBOTO paciiaBa M He IapareHeH C
rpaHaTtoM, o0pa3yrommMes Ha cTagun gekomnpeccuu no Cpx-Pl cummiexturam.

Pacnipenenenus P33 u coctaB MUHEpaNbHBIX BKIIOUEHUH B IMPKOHAX JIBYX THUIIOB U3 SKIOTUTOIO-
no6HbIX mopox [lupoxoit Cammbl roBOpUT 00 WX 00pa3oBaHUM B YCIOBUSAX TPaHYJIUTOBOW (haruul MeTa-
mopdmsma. [latupoBka 2724+/-35 mua. ner (SHRIMP-II), momy4enHas mo n3oMeTpuyHOMY OECIIBETHOMY
IUPKOHY C BKIIIOYCHHUSIMU OCHOBHOTO P/ (56 Moi. % aHOpPTUTA) COOTBETCTBYET ATAIly Pa3BUTHUS B UCCIIC-
JIyeMBIX Topojax cyOconumycHoro maparenesuca Dit+Hyp+Plyy 7;72Hbl. B oTAenbpHBIX 3epHaxX HUPKOHA
3TOTO THITA OTMEYAETCs MPUCYTCTBHE 00Jee APEBHUX YYACTKOB, BO3MOXHO CBSI3aHHBIX C MarMaTHYeCKHM
mpoToNuTOM nopoa. Mx Bo3pact 2.92 mupa. aer cornacyercsi ¢ MojensHbiM Lu-Hf BozpacTom nporonwura -
2,8-3 mupn. et (Belousova et al., 2004) u mogensabiM Sm-Nd Bozpactom - 2.89-3.2 mupa. net. Bo3pact
KOPHUYHEBOT0 LupKoHa ¢ BKiIroueHusAMHu Cpx (Jd<5%) - 2703+9 man. net (Natapov et al., 2005) otpakaer
BpeMsI CHIKEHUS JTaBJICHUA 110 5 KOap Ha ctaanu 3amenienns oMmpanura Cpx-Pl-Hbl cumrmnextrramu.

Fe-Ti sxnorutononoOHbie mopopl paiiona Y3kol CalMbl CUUTANNCH PECTUTOBON (Da3oi Mpu 4acThy-
HOM IUIABJICHUN SKJIOTUTOB ¢ oOpaszoBaHueM ruiarnorpanutonnos (Ilumanckuit u mp., 2005). ITo MHEHMIO
M.B.MuHna (amuHoe coobiienue), npotoiautoM Fe-Ti sknornTonono0HbIX mopos, ckopee Beero, obutn Fe-
Ti rab0po, U3BECTHBIE B aCCOLMAIMAX OKEAHWYECKOH KOPBI U CpelH O(QHOIUTOBBIX KOMIUIEKCOB. L{pKkoH B
npobe Fe-Ti mopons! nmpencraBieH KOPOTKONPU3MATHUECKUMH KOPPOAUPOBAHHBIMU 3€pHAMH C TeTepOreH-
HBIM BHYTPEHHHM CTPOCHHEM M MHOXXECTBEHHBIMH MOHOMHHEPATbHBIMH W TONM(A3HBIMH BKIFOUECHHSIMH.
Bxarouenust paznoo6pasusl o coctary: Qtz, P1 (Ab=90%; An=10%); Cpx (Jd 0-6%), Rt, CaCO; Mu, F-Ap;
Al-Sph, TR-Ep, Ep, Py, Gal, Zm. HanpsimMyo 3KJIOrHTOBOTO IapareHe3nuca B COCTaBe BKIIOYECHUN He 3aduK-
crpoBaHO. MUKpPO30H/IOBBIE HCCIIEIOBAaHMSMU IUPKOHA M JATHPOBaHWE OTAEIBHBIX yYacTKOB, ITOKAa3allH,
YTO TeTEPOTeHHOCTh CTPOCHHUS 00yCIIOBJIEHA MPOIeCCaMi METACOMAaTHYECKOTO 3aMeIIEHHsI, OCHOBY KOTOPO-
IO COCTaBJISET COYETaHHe pOCTa HOBOH (ha3bl, MpEeICTaBICHHONW METaMOP(QUUIECKMMHI TUPKOHOBBIMH KaiiMa-
MH C PacTBOPEHHEM HMCXOJHOTO MarMaTHYeCKOTO IIMPKOHA TP ydacTuw Quonaa. JlaTupoBaHre BHYTpeH-
HUX YYacTKOB IIMPKOHA, oOorameHHbIX BKIroueHwsMH, Ha SHRIMP-II, ompenmemuio wx BO3pacT Kak
2939481 muH. ner. ['eoxumuyeckas cnenuduka 3THX ydacTkoB - Beicokoe Th/U otnomenue — 1.0-3.0 (tu-
NMYHOE /ISl HUPKOHOB M3 OCHOBHBIX MOPOJI) MO3BOJISIET pacCMaTpyBaTh 3TOT BO3PACT KaK BpeMsl MarmMaruye-
CKOW KpPUCTALTM3AIMU TPOTONMTA TMOpoJ, 4To moxarBepxnaercs Lu-Hf momenbHpiM Bo3pacTom (3.04-2.8
MIIPJ. JIET) HUPKOHOB M PaCIIONIOKEHUEM TOUYEK PSIIOM C JIMHUEH AeruieTupoBaHHoi ManTiu (Natapov et al.,
2005). B npenpiaymmx myOauKaysax Mbl IPHBOIMIN BO3pacT 2885+45 MIH. JieT, pacCUMTaHHBIA IS TOYEK
¢ Th/U otHomrenmsimu >1.5, cunrtas X HamMeHee M3MEHEHHBIMU y4yacTkamu. OOIiee BRICOKOE CoJiepKaHue
P33 (1000-1280 ppm) u Y (mo 4000 ppm), CBOMCTBEHHOE MUPKOHAM KOPOBBIX TIOPOI, B OTIUYHE OT ITHPKO-
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HOB MaHTHIHBIX Topoz ¢ P33 no 50 ppm u Y no 74 ppm (Belousova et al., 1998), a Takxke Goubliioe co-
Jiep KaHre MarMaTHYecKoro NMupKoHa (54 Mr 1upKoHa U3 4 KT mpo0bl), He XapakTepHoe It 0a3aIbTOB, SBI-
eTcs CBUIETENLCTBOM TOTO, YTO TMPOTOJMTOM SKIOTHTOMOAOOHBIX Mopoj Oblti rab0po. 3axBaT MHOTOYHC-
JICHHBIX BKIJIFOUCHUH MOXET OOBSICHATHCSI BBICOKOW CKOPOCTBIO POCTa KPUCTAIUIOB IIUPKOHA, KOTOPHIA B OC-
HOBHBIX TIOPOJaX MPOUCXOJNUT HA 3aKIIOYUTENBHBIX CTAINAX KPUCTAIUIN3AUN MacCHBa.

I{upkoHOBBIC KaiiMbl 0OeqHEHBI P30 M MMEIOT IUTOCKUN CIIEKTP WX pacHpeIeiIcHHs, XapaKTePHBIH
JUT TIMPKOHA PACTYIIETO B MOPOAE OJHOBPEMEHHO WIIM TOCHE TpaHaTa, TO €CTh B YCIOBUAX AeuuunTa TS-
xenbix P33. CornacHo nmetposnorudeckuM ganHbsM B.B. SImackypTa, CHHXpPOHHO ¢ pOCTOM IpaHara Ipouc-
xonua poct Pl-Hbl xaiim 3a cuer Cpx-Pl cuMimiekTuToB mmpu MeraMmopdusMe rpaHar-aM(puOoIuTOBON U
am¢ubonuroBoit ¢aruii. Hanbonee Xopormio 3Tu KaiiMbl MPOSBIEHBI B IPOOE TpaHATHTA, TE 110 HAM IOJTy-
aen Bo3pact 1891+17 mum. ner (Natapov et al., 2005). I'padux B koopaunatax > Pb/*”°Pb - Th/U, mocrpo-
SHHBIH 110 SIISPHBIM 30HaM U KaiiMaM UPKOHOB U3 Npob Fe-Ti «akmoruta» u rpaHaTuTa XOpPOLIO HILTIOCT-
pPHUpYET MpoIecc METaCOMaTHYECKOTO M3MEHEHHUS NCXOAHBIX IUPKOHOB ¢ 00pa3oBaHWEM KaliM U BBIPaBHU-
BaHHEM COCTaBa MEXAY sApoM H 00omoukoil. [TomyueHHas qaTupoBKa OTBEYAET 3aKIIOUUTEIBHON CTaaun
MeTaMOp(PHUUECKUX MPeoOpa3oBaHUM SKIOTUTONOAOOHBIX MOPOA, KOTOPYIO OHU HCIBITAIM COBMECTHO C
okpyxaromumu TTI rHeiicamu.

Boigoow

1. Marmatuueckuii 6a3UTOBBIH TPOTOIUT (rab0po) SKIOTUTONONOOHBIX opo. paiiona [lupokoit u
V3koit CamMbl 00pa3oBajics W3 IOBEHWIBHBIX paciuiaBoB 2,94-2,93 mMupm. jeT Ha3an. Y3KHil BO3pacTHOU
WHTEPBaJ KPUCTAIUTM3AINH dTHX MacCHBOB TOBOPUT 00 WX OAHOBPEMEHHOM 00Opa30BaHUU

2. DKJIOTHTOBBIA MeTaMop(du3M He MPOosBII ceOsl HU B U30TOIMHO-TEOXUMHUYECKUX, HM B TE€OXPOHO-
JIOTHYECKUX XapaKTePUCTUKAX [IUPKOHOB.

3. DxmoruTononoOHbie Topos! yuactka [llupokas Canma moaBepriuch rpaHyIMTOBOMY METaMOp-
¢u3My B 2.72 MIIpI. JI€T CHHXPOHHO C XOPOILO M3BECTHBIM ATAIIOM IPaHyJIMTOBOrO MeTamopdusma bermo-
Mopckoro nosica (2.73-2.71 mapa. aer). B mopogax Y3koii CanmMel 3T0 COOBITHE NPAKTHUECKH HE TPOSIBIIE-
HO, BEPOSITHO, B CBSI3U C JIOKAIBHOCTHIO MIPOSIBJICHUH TPaHYJIUTOBOTO MeTaMop(u3Ma, KOTOPBIA H B ITOPO-
nax bemoMopbs IposIBIIEH HE TIOBCEMECTHO.

4. T'paHaTuThl CKOpEE BCETO IMPEICTABJISAIOT cO00i HanboJiee U3MEHEHHbIC KpaeBble yuacTku Fe-Ti
«IKIIOTUTa», KOTOpBIe TpeTeprienu OONbIIyIo mepepaboTKy B pe3yibTare Aeopmanuii, BEI3BaHHBIX KOJ-
JU3HOHHBIME COOBITHSMH KOHIIA TAICONPOTEPO30s. — 1.89 Mupa. jeT. DTOT BBIBOA, BO-TIEPBBIX, CICIYET
U3 CXOKECTH S/Iep IIUPKOHOB B rpaHatuTax U Fe-Ti SKI0ruTONOJ00HBIX MOPOJax, a BO-BTOPBIX, U3 MOJIO-
JIOTO BO3pacTa rpaHaTUTOB Kak TakoBbIX. Sm-Nd Tpy rpanatutoB pasen 2030 muH. net, npu 3toM U-Pb
BO3PACT TPaHATOB, U3 KOTOPBIX Ha 90% cOCTOUT rpaHaTHT, paBeH 1893+55 muH. neT.

5. Hcxons n3 BHIIEW3IOKEHHOTO, HANOOJIee BEPOSTHOM TPEICTABIISETCS MAarMaTOreHHAsT MOJEIh,
COTJIACHO KOTOpOH MOSIBJICHME OMaluTa CKOpee CBsI3aHO C KpUCTain3auueil 0a3uToBOro pacruiaBa, He-
JKEJTN C SKIIOTUTOBBIM METaMOpP(U3MOM.

Pabora mognepsxana rpantamu PODOU 04-05-64059, 05-05-65012, 07-05-00759

Several models for the formation of eclogite-like rocks in the Shirokaya and Uzkaya Salma areas,
Kola Peninsula, have been proposed: 1) a subduction model (Shchipansky et al., 2005); 2) eclogitization
in shear-zones (F.P. Mitrofanov, N.E. Kozlova, personal communication) and 3) a magmatogene model
(Yapaskurt et al., 2006), according to which omphacite was produced by liquidus intratelluric
crystallization of basic rock melt, and is not parageneous with garnet formed in the decompression stage
after Cpx-Pl symplectites.

The REE distribution and composition of mineral inclusions in two types of zircons from Shirokaya
Salma eclogite-like rocks suggest their formation under granulite-facies metamorphic conditions. The age
2724+/-35 Ma (SHRIMP-II), obtained for isometric colourless zircon with basic P/ inclusions (56 mol. %
anorthite), agrees with a stage in which the subsolidus paragenesis Di+Hyp+Pl;_772Hbl evolved in the
rocks studied. In some grains of this zircon type there are older zones probably related to the igneous
protolith of the rocks. Their age, 2.92 Ga, agrees with the model Lu-Hf age (2.8-3 Ga) of the protolith
(Belousova et al., 2004) and a model Sm-Nd age of 2.89-3.2 Ga. The age of brown zircon with Cpx
inclusions (Jd<5%), 2703+£9 Ma (Natapov et al., 2005), reflects the timing of a decrease in pressure to 5
kbar in the stage of replacement of omphacite by Cpx-PI-Hbl symplectites.
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Fe-Ti eclogite-like rocks from the Uzkaya Salma area were believed to be a restite phase upon
partial melting of eclogites that gave rise to plagiogranitoids (Shchipansky et al., 2005). According to
M.V .Mints (personal communication), Fe-Ti eclogite-like rocks were most probably formed by
metamorphism from Fe-Ti gabbro known from oceanic crust associations and ophiolite complexes. Zircon
in a Fe-Ti rock sample occurs as corroded short-prismatic grains showing a heterogeneous internal
structure and abundant monomineral and polyphase inclusions that vary in composition: Qtz, Pl (Ab =
90%; An = 10%); Cpx (Jd 0-6%), Rt, CaCOs;, Mu, F-Ap; Al-Sph, TR-Ep, Ep, Py, Gal and Zrn. Eclogitic
paragenesis in the composition of the inclusions has not been directly revealed. Microprobe study of zircon
and dating of its individual zones have shown that a heterogenous structure was formed by metasomatic
replacement based on a combination of the growth of a new phase, represented by metamorphic zircon
rims, with dissolution of primary igneous zircon in which fluid was involved. The age of the internal
inclusion-rich zones of zircon, dated on SHRIMP-II, was estimated at 2939+81 Ma. Based on the
distinctive geochemical pattern of the zones, namely a high Th/U ratio (1.0-3.0) typical of zircons from
mafic rocks, this age is interpreted as the time of magmatic crystallization of the protolith of the rocks, as
supported by the Lu-Hf model age (3.04-2.8 Ga) of zircons and the proximity of the points to the depleted
mantle line (Natapov et al., 2005). In earlier publications, we gave the age 2885+45 Ma calculated for
points with Th/U ratios >1.5, assuming them to be the least altered zones. High total REE (1000-1280
ppm) and Y (up to 4000 ppm) concentrations, typical of zircons from crustal rocks, in contrast to those
from mantle rocks with P33 of up to 50 ppm and Y up to 74 ppm (Belousova et al., 1998), as well as a
high concentration of igneous zircon (54 mg of zircon from a 4-kg sample), not characteristic of basalts,
show that eclogite-like rocks were formed by metamorphism from gabbro. Trapping of abundant
inclusions could be due to a high growth rate of zircon crystals observed in mafic rocks in the final massif
crystallization phases.

Zircon rims are depleted in REE and show a flat distribution pattern typical of zircon that grows
in the rock either simultaneously with or after garnet, i.e. under HREE-deficit conditions. Petrological
data obtained by V.V. Yapaskurt show that garnet growth was accompanied by the growth of PI-Hbl
rims, favoured by Cpx-Pl1 symplectites, upon garnet-amphibolite- and amphibolite-facies
metamorphism. The age 1891+£17 Ma was obtained for rims in a granatite sample, where they are best-
defined (Natapov et al., 2005). A plot in the coordinates **’Pb/*’°Pb - Th/U, built for the core zones
and rimes of zircons from Fe-Ti “eclogite” and “granatite” samples, illustrates metasomatic alteration
of primary zircons that gave rise to rims and levelled core and shell compositions. The age obtained
agrees with the final stage in metamorphic alterations of eclogite-like rocks they suffered together
with surrounding TTG-gneisses.

Conclusions

1. The igneous basic rock (gabbro) protolith of eclogite-like rocks from the Shirokaya and Uzkaya
Salma areas was derived from juvenile melts 2.94-2.93 Ga ago. A narrow crystallization age interval of the
massifs suggests their simultaneous formation.

2. Eclogite-facies metamorphism does not manifest itself in either the isotopic-geochemical or
geochronological characteristics of zircons.

3. Shirokaya Salma eclogite-like rocks were subjected to granulite-facies metamorphism 2.72 Ga
ago simultaneously with a well-known granulite-facies metamorphic stage (2.73-2.71 Ga) in the evolution
of the Belomorian belt. In Uzkaya Salma rocks this event practically does not manifest itself presumably
because of a local pattern of granulite-facies metamorphism which is not ubiquitous ether in rocks from the
White Sea area.

4. Granatites most probably represent the most intensely altered marginal zones of Fe-Ti
“eclogite” that have been more thoroughly reworked as a result of deformations caused by collision
events in late Paleoproterozoic time (1.89 Ga ago). This follows, firstly, from the similarity of zircon
cores in granatites and Fe-Ti eclogite-like rocks and, secondly, from a young age of granatites as such.
The Sm-Nd Tpy of granatites is 2030 Ma, and the U-Pb age of garnets that make up 90% of granatite
is 1893455 Ma.

5. The above data have led the authors to conclude that the magmatogene model, according to which
omphacite was produced by basic rock melt crystallization, rather than by eclogite-facies metamorphism, is
most probable.

6. The study was supported by RFBR grants 04-05-64059, 05-05-65012, 07-05-00759.
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PAHHEJJOKEMBPUIMCKASI TEOCTPYKTYPHAS 3BOJIIOIIUA IIIUTOB
W MECTO B HEM TPAHUT-3EJIJEHOKAMEHHBIX OBJIACTEN
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EARLY PRECAMBRIAN GEOSTRUCTURAL EVOLUTION OF SHIELDS AND THE
POSITION OF GRANITE-GREENSTONE DOMAINS IN IT.

Kirilyuk V.P.

Ivan Franko Lviv National University, Ukraine, Kyrylyuk.V@i.ua

CTpyKTYpHO-BELIECTBEHHOE CBOEOOpa3ue paHHEJOKEMOPHICKOTO (yHAaMEeHTa IIUTOB APEBHUX
W1aThopM, UX CXOACTBO MEXKAY co00i M OTIMYHME OT CKIAI4aThIX 00NacTell Heores, XOpOoIIO M3BECTHO H
HEOJHOKPAaTHO OTMEYAIIOCh MHOTMMH HCCIIEAOBaTeIsiIMU. Ho mpH 3TOM reonoro-cTpyKTypHble 0COOCHHO-
CTH (QyHAaMEHTa LIUTOB 0 HEJaBHET'O BPEMEHH TaK U HE MMEJIH CBOETO YETKOI'O ONPEHENICHHS, B CBS3H C
YeM 110 OTHOUICHHUIO K HAM MPUMEHSITUCH, U JI0 CHX TIOP BCE €IIe YacTO MCIOJIB3YIOTCS, MIPEJCTABICHUS O
T'COJIOTUUECKUX M TEKTOHHYECKHX YCIOBHUAX (OPMUPOBAHHSA, pa3pabOTaHHBIE AJISl TOCTPaHHEIOKeMOpHii-
CKUX T€OCTPYKTYP 3€MHON KOPBHI.

Mexay TeM, OCHOBHBIE OCOOCHHOCTH (YH/JIaMEHTa IIUTOB, 10 CPABHEHUIO ¢ 00Jiee MOJIOJIBIMU I'eo-
CTPYKTYPHBIMH 3JIEMEHTaMH, B HACTOSIEE BPEMsI MOTYT OBITh JJOCTaTOYHO YETKO 0003HAYEHBI. JTO CTAJO
BO3MOXHBIM B CBSI3U C IUTAHOMEPHBIM NPUMEHEHHEM AJISl UX U3YUYEHUS U PacwiIeHEHHs reosioro-GpopMaru-
OHHOT'O ¥ Te€00JIOKOBOTO MOJXO0JI0B U CPABHUTEIILHOIO M3YYEHUS! CTPATUTCHHBIX METaMOP()UYECKUX KOM-
IUIEKCOB M T€00JIOKOBBIX CTPYKTYP. Pe3yibTaToM 3THUX UCCIEeIOBaHHIA SBUIIOCH BBIJICICHHE TJIaBHBIX TUTIOB
CTpaToMeTaMoOp(PUIECKUX KOMIUICKCOB IIUTOB, 3aKOHOMEPHBIE COUYETaHHsI KOTOPBIX ONPEACIAIOT pa3iny-
HBIE CTPYKTYPHO-(pOPMAIIIOHHBIE TUIIBI MEradyIoKoB [1].

Ha ocHoBanmnu ocobeHHOCTEH MeTaMophH3Ma, reosioro-GopMaIOHHOTO COCTaBa U CTPYKTYPHOTO TO-
JIO’KCHUS Ha IIUTaX YCTAHOBJIECHO MAMb 2NAGHIX MUN0E PAHHEOOKEMOPULICKUX CHPAmMOMemamop@Puieckux
KOMNIEKCO8: &) SPAHYIUMO-2Helico8bitl, 0) ampudOoIUmo-2Helcosblil, B) 3e1eHOKAMEHHBII (MEMAgyIKAHO2EH-
Hblll), T) JHCeNe3UCNO-KPEMHUCTNO-CTIAHYEBbI (MemAagyIKaHOLEHHO-XeMOSEHHO-MEPPUSEHHDIL), 1) 2HelcoC-
Jnanyesvili (MemakapboHamuo-meppuzennsiti). Ha pa3sHbIX MUTaX OHU BBIACIIIOTCS B KaUYeCTBE MECTHBIX
cTpaTurpaguiecKux HoApasaeieH!id (KOMIJIEKCOB MM CEpHii), IBa MEPBbIC U3 HUX B HEKOTOPBIX PETHMOHAX
JI0 CHX TOp O0BEAMHSIOTCS B COCTaBe €AMHBIX NoapasaeneHuil (Tabmuua). KpoMe HUX BCTpeyaroTcst HEKOTO-
pble crienuuyecKue MeTaTeppUreHHble (BOPOHLIOBCKAs cepysi BOpOHEXCKON aHTEK/IN3bl) U METaBYJIKaHO-
TeHHbIe (akuTKaHCKasg ceprsi AngaHo-CTaHOBOTO IIHUTA, KIIECOBCKAs ceprs Y KPAaMHCKOTO HIUTa) KOMIUIEKCHI,
OOBIYHO MPUYPOYEHHBIE K KPAEBBIM YaCTSIM ILIUTOB U B LIEJIOM HE MMEIOLIHE IIMPOKOTO PaclpOCTPaHEHHUSI.
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CrpaTtomeramophuueckre KoMIuIeKesl utoB Bocrouno-EBponeiickoit u Cubupckoii minardopm

Tumnst Bocrouno-EBponeiickas miiargopma Cubupckas miardopma
CTpaToMeTaMOp(PHUICCKIX BanTuiicknii YkpauHckuit Boponexckas AnpgaHo- AmHabapckuii
KOMIIJIEKCOB AT LIUT aHTEKJIN3a CraHoBOH Iyt AT
I'HeticocnaHIeBRII Jlaooosicckan | Temepesckas u Yooxanckas
cepust UHSYNIO-UHEY- -—-- cepus -—--
Jleykas cepuu
JKenesncro-KpeMHUCTO- Kapenvcxkuu | Kpusopoowcckas | Kypekas u oc- | Tyneypuunckas
CJIaHIIEBBIN KOMNJIEKC cepus KOJIbCKAsA cepuu_| cepust —
3eneHOKaMEHHBIH Jlonutickuii Konxcras cepus | Muxaunosckas | Ononounckas -
KOMNJIEKC cepus cepus
AMPHUOOIUTO-THEWCOBBIN Tukuuckuil u Cmanosoii u
aynvekuil ONIeKMUHCKULL -
Caamckuti KOMNIEKCbl Obosanckuii KOMNJIEKCbl
I'panynuTo-rHelcOBBIHA KoMniexkc Hobyscckuii u | Komniexkc Andanckuil Anabapckuii
npUaso6cKuil KoMnaeKc KoMnieKc
KOMNIEKCbl

CpaBHeHHE pa3pe30B Pa3HBIX CTPATOMETaMOP(UUECKUX KOMIUIEKCOB MOKa3bIBACT, YTO OHU HE CO-
HIOCTaBUMBI 110 CBOeMY (hopMarioHHOMY cocTaBy [1], kak Mexay co0Oi, Tak U ¢ U3BECTHBIMH (popMaiu-
OHHBIMU PsIJIAaMH HEOTesl, 4TO YXKe caMo 10 cebe CBUIETENBCTBYET O CBOCOOpa3rH paHHEIOKEMOPHIHCKOTO
(yHIaMeHTa MIMTOB U YCIIOBHI ero (POPMHUPOBAHMSL.

B nacrosimee Bpems st Beex mmtoB CeBepHoit EBpasun pa3paboTaHbl CXEeMBI HX T€00JI0KOBOH J1e-
JMMOCTH C BBIJICTICHHEM OJIOKOB Pa3HOTO MOPsIKA. XapaKTepUCTHKA HaunOoJIee KPYITHBIX U3 HUX, KOTOPEIC
Yaiie BCero Ha3bIBAIOTCS Me2abioKamu, ¢ TIOMOIIBIO PaclipoOCTPAaHEHHBIX B HUX TJIABHBIX CTPATOMETaMOp-
(UUECKIX KOMILJIEKCOB M COMOCTABICHUE HA 3TOM OCHOBaHUU METa0JIOKOB Pa3HBIX IIUTOB MO3BOJIUIN BbI-
JCTUTh TISTh CTPYKTYPHO-(DOPMAIIMOHHBIX THIIOB METaOJIOKOB [2]: epanyaumoswiii (mun A), epamyium-
ouagpmopumosyiii (mun b ¢ noomunamu by u b,), epanyrum-amgpubonrumossiii (mun B), epanumo-3enero-
xkamennwitl (mun I') u epanumo-eneticocnanyeguiti (mun /).

Pacnipesienenne crpaToMeTaMOppHUIECKHX KOMIUIEKCOB B Pa3HBIX THUIAX METalIOKOB, B KOTOPBIX
9TH KOMIUIEKCHI, BMECTE C 3aMEHIAONIIMU U MPOPHIBAIONIMMH UX IPAaHUTOHAMU, 00Pa3yIOT CTPYKTYPHEIC
9Ta)KH, MO3BOJISIET OTHECTH WX K ABYM Tpynmam: 1) epanyaumo-eneticogvle u am@udorumo-zHelicogule
KOMNEKCbl, IEPBBIE U3 KOTOPBIX PaCIpOCTPAaHEHBI BO BCEX, a BTOPbIC — B OOJBIIMHCTBE TUIIOB Merado-
KOB (KpOME T'PaHYJIUTOBOTO) U 2) 3¢IeHOKAMEHHbIE, JHCELe3UCHO-KPEMHUCMO-CIIAHYesble U SHelCOCIaHye-
8ble KOMNIEKCbl, TIPUYPOUCHHBIE TOJBKO K OIpPEICNICHHBIM THIIAM MEralJIOKOB. JTa 3aKOHOMEPHOCTb
CTPYKTYPHOTO TOJIO)KEHHSI KOMIUIEKCOB CBHICTEILCTBYET O I'€OCTPYKTYpPHOH IBONIONMK (pyHIaMEHTa U
MOXET OBITh ITOJI0KEHA B OCHOBY PaHHEIOKEMOPHIICKOM Tre0TeKTOHNIECKOH Tieproau3anuu [1].

CpaBHeEHHE OJJHOTHITHBIX I'PaHYJIUTO-THEHCOBBIX U aM(UOOTUTO-THEHCOBBIX KOMIUIEKCOB B Pa3HBIX
THUIaxX MeraOIOKOB IMOKa3bIBAET KaK UX YCTOMYMBBIE YEPTHI CXOACTBA, B YACTHOCTH HAJIMUUE OOIMX THIIO-
MopdHBIX popmaryii, Tak U OTIHYUTENBHBIE 0cOOeHHOCTH. Cpey MOCIEAHNX PA3INYaoTCsl H3HAYAIbHbIC
(cHHTEHEeTHYeCKHue), TAaKKE KaK IOJIHOTa Te0JI0ro-PpOPMAaIOHHBIX Pa3pe30B, OTHOCUTEIbHAS POJIb B pa3pe-
3aX METAJUTOTCHHBIX W METaBYJIKAaHOTEHHBIX (OpPMaIMii U HEKOTOpBIE IpyTue, U MPHOOPETECHHBIE B XOJC
JUTUTEIIFHOTO aBTOHOMHOTO Pa3BUTHUS OTJEIBbHBIX MeradiokoB. K HUM OTHOCSTCS pa3Hasi INIyOMHHOCTBH H
TeMIIepaTypHOCTh MeTaMOp(hH3Ma, XapakTep yiIbTpameTaMopduiMa, CTeNeHb JUCIONNPOBAHHOCTH U JIPY-
rue. Ha ocHOBaHMM M3HAYANBHBIX OCOOCHHOCTEH 00IIEero reonoro-GopMaoOHHOTO COCTaBa Cpely Tpany-
JIUTO-THEHCOBBIX KOMIUIEKCOB PA3INYAIOTCS 8VIKAHO-TUMOSPAHYIUMOBbILU, TUMO-8YIKAHOZPAHYIUMOBbLIL U
8VIKAHOSPAHYIUMOBbLI TUTIBI Pa3pe3oB (MMOATHUIBI KOMIUIEKCOB), OTBEYAOLINe, BEPOSTHO, HanboIee paH-
HUM, (anualbHO-CONPSHKEHHBIM U HEYeTKO 000COOIEHHBIM I'eOCTPYKTYPHBIM HEOJHOPOAHOCTSIM. B co-
craBe amM(puOOIUTO-THEHCOBOIO THIIA KOMIUIEKCOB AOCTATOYHO UYETKO PA3IMYAIOTCS SHelCO80-KpUCmai-
Jocnanyesslti. 1 KpUCMAaiocIanyego-amhuooIumosbsitl OATUTIBL.

Just aTana GopMUpOBaHUS BBICOKOTEMIIEPATYPHBIX CTPATOMETaMOPPHUYECKHX KOMILJICKCOB HET CBe-
JEHUH O CYIIECTBOBAHMM KPYIHBIX Pa3pBIBHBIX HApPYLUICHWH U, COOTBETCTBEHHO, OJOKOBBIX CTPYKTYP.
[lepBbiMH YeTKO 0OOCOONCHHBIMU PAaHHEIOKEMOPUICKMMHU T'€OCTPYKTYPHBIMH 3JIEMEHTaMH C Haubomee
BEPOSTHBIMHU PA3JIOMHBIMH OIPaHUYCHUSIMH SIBUIIUCH epanum-3eneHokamennvle ooracmu (I'30). I'paHuisl
WX PaclpOCTpaHEeHUs MPUMEPHO COBMAJATU C OJHOMMEHHBIMH MeraOiokamu. Kak W B coBpeMeHHOU
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CTpYKType (hyHIaMEeHTa IUTOB, 3TH 00JacTH cOCTaBisuM He Oosee 20% oOImiel romany, Bcst OcTaabHast
TEPPUTOPHSI, BEPOSITHO, NMPEACTABIsIa COOOM OTHOCHUTENBHOE MOAHATHE. THIIMYHBIE 3€IE€HOKAMEHHBIE
KOMIUIEKCHI 32 TIpeieflaMH TPaHNT-3eIeHOKaMEeHHBIX 001acTell M3BECTHBI TOIBKO B TPaHyIUT-IHApTOPUTO-
BBIX Merabnokax (moarun b;), panee Ha3BaHHBIX TPaHyJIUT-3€IeHOKaMEHHBIMU oOnacTsamu [3]. B ux mpe-
JeJiax 3eJeHOKaMEHHbIE KOMILJIEKCHI ITOJIb3YIOTCS OTPaHMUYCHHBIM PaclpoCTpaHEeHHEM, 3aHUMAIOT He OoJiee
5% TeppuTOpUN, IPUYPOUEHBI K NPUPA3IOMHBIM CTPYKTYypaM, UMEIOT peAylUPOBAaHHbIE MOIIHOCTH U CO-
KpalIeHHBIH (OpMaMOHHBIN cocTaB. B apyrnx meradmokax (tunsl A, by, B) 3enenokamMeHHbIE KOMITIEK-
CBl HE M3BECTHBI U, CKOpee BCero, Booodie He popMupoBauck. Ho, cyas Mo JaHHBIM H30TOMTHO-TEOXPOHO-
JIOTMYECKUX HCCIECIOBAaHUM B 3THX METabioKax, Ha YpOBHE COBPEMEHHOIO ACHYIAIMOHHOTO Cpe3a, OIHO-
BPEMEHHO C (OPMHUPOBAHHEM 3€JIEHOKAMEHHBIX KOMIUIEKCOB ['30 mpomomKaincy SHAOTEHHBIE METPOIIO-
THYECKHE TPOIIECChl, yHACTIeI0OBaHHbIE OT MPEABLIYIIEro 3Tana reoTeKTOHUYECKOT0 Pa3BUTHS.

I'panuT-3eneHOKaMeHHBIE 00NacTu (Mecabnoku muna 1) MPOAOIDKAIA aBTOHOMHOE pa3BUTHE W Ha
CIIEYIOIEM, MTOCT3eIEHOKAMEHHOM dTare. Bo BceX M3BECTHBIX METadJIoKaxX ATOTO THIIA C PA3HOH IOJIHO-
TOM TIpeACTaBIIEH METaBYJIKAaHOTEHHO-XEeMOT€HHO-TEPPUTEHHBIN (3KEJIe3UCTO-KPEMHUCTO-CIAHLIEBBINA) KOM-
TUIEKC, 3aJIeTaloiii B OOIIMX CHHKJIMHAJIBHBIX CTPYKTYpax M 4acTO MPaKTHYECKH Oe3 mepephiBa Ha 3ele-
HOKaMEHHOM KoMmiIuiekce. Ha atom srtame, Hapsay ¢ rpaHnT-3eJI€HOKaMEHHBIMH O00IacTsIMHU, YETKO 000Co-
OWMITCH TpAaHUTO-THEICOCIaHIeBbIe 00nacTu (Meradiaoku Tuma /[), B KOTOPBIX HAKaIUIMBAJIMCh MPOTOIUTHI
XapaKkTePHBIX METakapOOHATHO-TEPPUTEHHBIX (THEHCOCIAHIIEBBIX) KOMIUIEKCOB, B TO BPEMsl KaK OCTallb-
Hble Mera0noku (tumna A, by, B) npencrasmsnyi coboit 00acTi yCTORYHBOTO TIOTHATHS.

IIpuBeneHHble AaHHBIE TOATBEPIKAAIOT I€JIECO00Pa3HOCTH BBIJECICHHUS B pPaHHEM JOKEMOPHH
JIByX 3TaloB T'€OTEKTOHHYECKOTO pa3BuTHi, mpemnoxeHHslx B.U. Ulynsnunepom [4]: 20ces — atama
(hopMUPOBaHHS T03ETICHOKAMEHHBIX CTPATOMETaMOP(PHUUECKUX KOMIUIEKCOB U Hpomo2esi — 3Tana HaKo-
IJICHUsI 3€JICHOKAaMEHHBIX M 0oJiee MOJIOJBIX PaHHEIOKEMOPUHCKUX KOMIUIEKCOB. B cBere mpuBenen-
HBIX JTaHHBIX O T'€OCTPYKTYPHOH 3BOJIIONHNH 202eli MOKHO ONpPENEeNIUTh KaK 3Tall HEOTYETIMBOM, Jore-
00JIOKOBOH T'€OTEKTOHMYECKOU AuddepeHunannu, a npomoeeli — Kak 3Tal OTYETINBOH, reo0I0K0BOH
muddepenunanru. BpemenHnas rpaHuna s0ores U MpoTores, Kak M sl APYTUX FeOTEKTOHUYECKUX Py-
OcKell B HCTOPUU 3EMHOU KOPBI, SIBISETCS CKOJB3SIICH U B Pa3HBIX pErHOHAX, HA OCHOBAHHH WU30TOII-
HOTO BO3pacTa HM30B 3€JE€HOKaMEHHbIX KOMIIJIEKCOB, ompenensercd B Auana3zoHe ot 3500 muH. net g0
2900 miH. ner.

I'panuTO-3€€HOKaMEHHBIE METAOIOKH C TOYKH 3PSHUS MPEICTABUTEIFHOCTH HIDKHETOKEMOPHICKO-
r'0 CTpaTUrpauuecKoro paspesa SBJSOTCsS HanOoJee MOJIHBIMU M0 CPAaBHEHHIO C APYTHUMHU THIIAMH Merao-
J0KOB. B HUX mpezacTaBiieHbl Bce apXxelickue noapasaencHus (maneo-, Me30- U Heoapxei) U MajJeonpoTepo-
30il. OTO JaeT BO3MOXKHOCTh pacCMaTpUBaTh UX KAaK YCTOMYMBO HOTpY’KarolIUecs Ha MPOTSHKEHUH BCETO
paHHero gokemopust kamacmabuivusie (o Tepmuaonoruu JI.U. KpacHoro) obnactu (meradnoxu). Haps-
Iy ¢ HIMHU B TIPOTOTee CYLIECTBOBAIN aHACAOUIbHbIe (YCTOMYMBO BO3AbIMatonIecss — THIbI A, by, B) u
Mmodbunvhvle (TUNHBI by, J1) Merabiokm.

BoccranoBienrne MCXOTHOW TPHUPOABI TJIABHBIX (DOPMAIMOHHBIX KOMIIJIEKCOB T'PAaHUTO-3EJIEHOKA-
MEHHBIX METa0JIOKOB IMOKa3bIBAET, YTO BCE OHM 00S3aHBI CBOMM (POPMHUPOBAHHEM TIIaBHBIM 00pa3oM Mpo-
HeccaM BYyJIKaHU3Ma. |'paHyJIMTO-THEHCOBbIE KOMIUIEKCHI PaHHETo 30Tesl MPEJCTaBIICHBI 3[eCh BYJIKaHO-
TPaHYJIMTOBBIM MOJITHIIOM, TPAKTHYECKH OOUICTIPUHSTHIM SBISICTCS MPEJCTABICHUE O BYJIKAHOTCHHOM
MPOUCXOKICHUN aM(PHOOIUTO-THEHCOBOTO («CEPOTHEMCOBOT0») KOMIUIEKCA TO3JHET0 30res, MpeAcTaB-
nennoro B ['30 kpucrannocnanieBo-aM(puOOIUTOBEIM NOATUIIOM. He BBI3bIBaET COMHEHUH NpUpOJIa 3elie-
HOKaMEHHBIX KOMIUIEKCOB PaHHEIr'0 NMPOTOresl, HOYTH HOJHOCTBIO CIOKEHHBIX METaByKaHHUTAMH B JHalla-
30HE COCTAaBOB OT KOMAaTHHTOB 10 PHOJUTOB. M, HAKOHEI, COCTaB KeJIe3UCTO-KPEMHHCTO-CIIAaHIIEBBIX KOM-
TUIEKCOB 3aBEpIIAIOIIEH, MO3HENPOTOTEHCKON CTaui Pa3BUTHs I'PAHUTO-3€JI€HOKAMEHHBIX MErabiOKOB
TaKXXe CBUETENLCTBYET O 3aTyXaIOIINX, HO BCE €Ile aKTUBHBIX IIpolieccax ByJIKaHM3Ma B Xofe ux Gopmu-
poBaHUSI.

Bce 310 1aet ocHOBaHME pacCMaTPHUBATh MPaHUT-3€JICHOKAMEHHBIC 001acTH (MErabOKH) IIIMTOB KakK
TeOTEKTOHUYECKHE CTPYKTYPHI JUIMTENBFHOIO YHACIEAOBAaHHOTO BYJIKaHWYECKOro ¢opmupoBanus. Hapsmy
C HMMH B IIO3IHEM IIPOTOTEE Ha IUTAX YETKO 00OCOOMIIMCH M MapaijiebHO pPa3BUBAIMCH MPAaHUTO-THEH-
cociaHIeBble o0nacTu (Merabjaoku) ¢ KapOOHATHO-TEPPUICHHBIM THUIIOM JIUTOT€HE3a, ISl KOTOPBIX TaKkKe
yCTaHaBIUBAIOTCS IPU3HAKHM YHACIIEIOBAHHOTO MECTOIONIOXKeHUs ¥ popmuposanus. [lo ananoruu ¢ xopo-
10 M3BECTHHIMM HAaMMEHOBAaHMSMHU I'€OCTPYKTYP M3 I'€OCHHKIMHAIBHOW KOHLENIHU TPAHUTO-3€JICHOKA-
MeHHBbIe Merabioku (Tun ) MOTyT OBITH Ha3BaHBI 96Me2abI0KaMu, a TPAHUTO-THecocmantieBsie (Tum J1) —
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Mmuomezadroxamuy. IMEHHO codeTaHUe THX JIBYX THIIOB I€OCTPYKTYPHBIX 3JIEMEHTOB, BMECTE C JIPYTHMH
TUIIAMH MErabJIOKOB, NPEACTABISIBIIMMU CO00H B IO34HEM mpoToree obsacTu nmoaHaTus (tumsl A, b, B),
OTIpeIeNIiIo CPOPMHUPOBAHHYIO B X0/1€ 00IIel KpaTOHW3aLKH B MTO3HEM ITPOTOTee COBPEMEHHYIO I'e00II0-
KOBYIO CTPYKTYpY (pyHIaMEHTa UIMTOB, PE3KO OTIIMYAIOUIYIO X OT CKIIaI4aThIX CUCTEM Heoresl.
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MexaHu3Mbl (POPMUPOBAHUS apXEHCKUX TPAHHUT-3€JICHOKAMEHHBIX 00JIacTell - BaKHEHUIIIETO KOMIIO-
HEHTa COBPEMEHHOHN CHaINYeCKOH 3eMHOW KOPBI, SIBJISIFOTCS TIPEAMETOM JMCKYCCHH Ha TPOTSHKEHUH OoJiee
BEKOBOH MCTOPHH UX M3YyYEHHS Ha pa3HBIX KOHTHHEHTaX. Pa3paboTka Teopun TUTOC(EpHBIX IITUT BO MHO-
TOM W3MEHHIIA TIPEICTABICHUS T€0JIOTOB, H3YUAIOIINX apXeHd, 0 TEKTOHWKE W TeOMHAMHKE paHHEeW UCTO-
puu 3emun. Ha cMeHy B3MIISII0B 00 MCKITIOYUTEIBHBIX YCIOBHSIX apXeWCKOTro 3H0- M 9K30TeHe3a, TeKTO-
HUYECKUX PEKUMAaxX U Te0JMHAMHUYECKUX OOCTaHOBKaX MPHIIUIA MapagurmMa, B KOTOPOH Hapsmy ¢ HEKOTO-
PBIMH  TIOCTYJIaTaM{ NPEKHEH KOHLENIMU 3HAYUTEIbHOE MECTO 3aHMMAIOT TEOPETHUECKHE MOJ0KECHUS
MIEUT-TEKTOHUKH. PaIII/IKaJ'[BHOG IIPOTHUBOITIOCTABJICHUC TIEUT- U IIJTFOM-TEKTOHUKH, KOTOPOC HEPEIAKO JIC-
JaeTcsl MCCIeOBaTeIsIMU apxesl, MIPEJCTaBIACTCS HE COBCEM IMPaBOMEPHBIM, MOCKOJIBKY, 3apOIUBIIUCDH
MPAaKTUYECKHd OJHOBPEMEHHO, 3TH TEOPHUHU SIBISIOTCS KOMIUIEMEHTAPHBIMHU, OOBSCHSIOLIMMH IPOLECCHI
rI100aIhbHON KOHBEKIIMH BEIIECTBA JIUTOC(EPHI.

OIIHI/IM M3 TJIaBHBIX apryMEHTOB IIPOTHUBHUKOB IIPHUJIOXKHUMOCTH ITPUHIOUIIOB IUIEUT-TEKTOHUKH K ap-
X€I0 SIBIISICTCS BaKHEHIIIEE TIOJI0KEHHE IIUTHONW TEKTOHMKH O TOM, YTO B 3TO BPeMs ObLI OYE€Hb BBICOKHM
TETUIOBOM MOTOK, TUTMTHI OBLITM TOHKWE ¥ IIACTUYHBIE M HE MOTJIM BeCTH cels Kak ykecTkoe Telo. [leiicTBu-
TEJIbHO, IMEHHO B apxee HanboJjiee MacmTabHO TPEICTABICHBI KOMATHHTHI - TIPEJICIBHO BBICOKOTEMITEpa-
TypHBIE MAaHTUMHbBIE PACIUIABBI, TEMIIEPATYPa BBIILIABICHUS KOTOPBIX, OTBEYANOIAs 110 PacUeTaM CpeaHen
MOTEHIUAIBHON TeMIIEpaTypbl paHHEJOKEeMOPHIICKOI MaHTHM W ONMChbIBacMasi KpuBoi PuxTepa, co Bpe-
MEHEM IafaeT. boyiee BRICOKUI TEIIIOBOM MTOTOK B OKEAHCKOH JuTOChepe Aenai ee OJaronpusaTHOW oOcTa-
HOBKOI JJId BBIIJIABJICHUA KOMAaTUHUTOB, YTO HAXOAUT I'€OJIOTMYCCKOC U METPOJIOTHUYCCKOC MMOATBEPIKIACHUC
BO MHOTHX apxeiickux 3eneHokameHHbIX mosgcax (3KII). B apxeiickux 30Hax mepexoia OKeaH-KOHTHHEHT
KaK ¥ B X COBPEMEHHBIX aHaJOrax MPOUCXOANI0 00 ynnpoBaHue MaQUUECKUX Pa3pPe30B BEPXHUX JacTel
OKEaHCKOW KOPBI Ha KOHTHHEHTAIBHYIO Kopy. DopMupoBaHue CII0)KHOIOCTPOSHHBIX apXEHCKUX pa3pe3oB,
BKITIOYAIOMIMX KOMAaTHUTHI, MOTJIO IPOMCXOANUTh B Pe3ysibTaTe B3aUMOJACHCTBHS TUTIOMA C 30HOW TOJIOTOH
CYyOAYyKIIMU TIPU PACKPHITUN OKPAUHHO-KOHTHHEHTAILHOTO 33{yTOBOTO OacceiiHa.
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B KOHTHHEHTaxX/KpaToHaX TEIIOBOM MOTOK B apxee, COrNIACHO pacderam, Obl1 OJM30K K COBPEMEH-
HOMY. DTO OIpENeNsyio CYIIECTBOBAaHHME B apXEWCKUX KpPaTOHaX XOJOTHBIX KWJIEH ¢ MOIIHOW CYOKOHTH-
HEHTaJIBHON JUTOC(HEPHON MaHTHEH, Tae (OPMUPOBAIHCH U MOTJH JJINTEIEHOE BPEMSI COXPAaHATHCS ap-
xeickue anMaspl. OHUM U3 SPKHUX JOKa3aTelIbCTB 3TOTO SBISETCA OOHApY)KEHHE aliMa3oB B XaJEeUCKHUX
JIETPUTOBBIX IUPKOHAX C BO3PACTOM 110 4252+7 Ma, BBIIENEHHBIX U3 0OGIOMOYHBIX TIOPOJl B KpaToHe Mui-
rapH 3anagHoii ABcTpanuu. BrurroueHus kBapiia, KCEHOTHMA, MOHAIIUTA M KAJIWIIIATa B 3THX 00OTallIeH-
HeIXx LREE mupkoHax cBHIAETEIBCTBYET 00 OTHOCHUTENFHO MOIIHOM KOHTHHEHTAIBHOM THTOC(hEpe U O TOM,
YTO KOPOBO-MaHTHHHOE B3aMMOJEHCTBUE (PEUMKIMHI KOHTHHEHTAJIBHOW KOPBI) MPOMCXOAMIIO Ha 3emie,
0 KpaiiHeil mepe, HaunHas ¢ 4250 Ma Hazan.

Wzyuenne B Kapenun apxerickux 3KII B Teuennn nocneguux 15-20-tu et mokasano, 94To 60Jb-
IIMHCTBO M3 HUX MPEACTABISIOT TEKTOHMYECKHE KOJIJIaXKH, BOSHUKIINE B TpHU cTaauu. Ha nmHMnIManb-
HOM CTaguM B pa3HbIX '€OJMHAMHYECKUX O0OCTaHOBKaX CyOCHHXPOHHO WM IOCJIEAOBAaTENbHO (hopmHu-
pOBaNMCH OTACNHBbHBIC cTpaToTekToHMYecKHe acconmaruu (CTA) - cTpaTuuupoBaHHbIe TOJIIHA BYJI-
KaHUTOB M OCaJIKOB, HEPEIKO OTBEYAIOIINE CBUTAM WJIH CEPHUSM PETHOHAIBHBIX CTpaTHTpadUuecKhx
cxeMm. Tak, B pe3yibpTaTe IJIIOMOBOTO MarmMaTH3Ma B OKCaHCKOW WJIM KOHTHHEHTAJIbHOH 0OCTaHOBKE
BO3HHMKAaJIU MapuYecKre IUIaTo, a B 00CTaHOBKE KOHBEPTCHTHBIX T'PaHUI] MHUKPOILIAT —CYIpacyOmyK-
IHOHHBIE O(UONHUTHI WK MadruyecKasi KOMIIOHEHTa OCTPOBHBIX AYyT. B X0/1e KOHBEpreHIIMN Ha BTOPOH
craaun popmupoBanuch CTA OKpanHHO-KOHTHHEHTANBHBIX M OCTPOBHBIX IyT, 3a-/MEKIYTOBBIX Oac-
CEHHOB, CJIOKEHHBIE KHCIIO-CpeIHUMH BylkaHUTaMu CA-cepyud W BYJIKaHOTypOHIUTAMH C MOAYHHEH-
HBIM 00beMoM TH- m CA-6azansroB. [Ipu o0aykinyn MagudIecKuX IUIaTO HA BYJIKAHHMYECKYIO AYTY U
3aKPBITHH 3a-/MEXKIYTrOBBIX 0acceHOB, HaKAIIMBAIKNCH [TOJIMMOIANbHBIE TPayBAaKKH — CMECH IPOAYK-
TOB pa3pyLICHUs OCTPOBHOW AYTrH, 00AYLIHUPOBABIIEro MaQHUECKOr0 aJUIOXTOHA U TPAHUTOUAOB. B ps-
ne 3KII u oTaenbHBIX CTPYKTYP MPOSBIEHA MO3HSS KOJUTU3UOHHASA CTaAus, C KOTOPOH CBSI3aHBI CIIBH-
ropule JedopMalui, KOHTPOJIMPOBABIINE Y3KHE BBHIITOJHEHHBIE IPYy0000IOMOUYHBIMH TIOPOJIAMHU CTPYK-
Typbl, BecbMa HarmoMmuHaromue pull-apart-6acceiinbl. [Ipeobnanaronie KOHBEPreHTHBIH PEXHUM apxeii-
CKOT'0 DHJIO- W JK30TeHe3a, 3amedarieHHblii Bo MHOTHX 3KII Kapenbckoro kparona, 3acTaBiseT pac-
CMaTpUBaTh WX KaK aKKPEIHOHHBIE OPOTEHBI, ()OPMHUPOBABIIMECS B PEKMME KOHBEPTeHIIMH B aCHM-
METPUYHBIX CHCTEMaX MHUKPOOKEaH - MUKPOKOHTHHEHT. VCKilloueHneM SBIAIOTCS MaTKalaXTUHCKUN
3KII u ero ananoru B Bominozepckom Oioke, mpeacTaBistomue co00il MHTpaKpaTOHHBIE TTO3HEapXeii-
cKk#e pu(ToreHHbIe CTPYKTYPHI.

[Ipu3HakaMi KOHTHHEHTAIbHON KOMIOHEHTHI CICTEM MHUKPOOKEaH - MUKPOKOHTHHEHT SIBIISIOTCS: -
IpeBHUE Bo3pacTsl rpanuTon1oB B BocT. Kapenuu u Boct. u CeB.OUHISMHINYN; - HAXOJOKU CYNEP3pEibIX
KBapIEBBIX APEHUTOB — Hawnbollee paHHUX TEPPUTCHHBIX OCAJKOB B pa3pe3ax IOsCOB; - KOHTaMWUHAIIHS
9acTH Ma(h)UTOB KHCITBIM KOPOBBIM MAaTEPHAJIOM; - TEOXUMHS aH/IE3UTOB, XapaKTepHasl ISl aKTUBHBIX KOH-
TUHEHTAJIBHBIX OKpauH; - Nd-U30TOmus, yKa3pIBaroOImas Ha APEBHUH KOPOBBIM HCTOYHHUK TPAHUTOB U KHC-
TBIX ByJIKaHUTOB B 3ar. Kapennu u B Bomnoszepckom Gioxke.

Kak npu3Hakn okeaHCKOH YHCUMATH4YECKONH KOMIIOHEHTBI apXEHCKUX F€OAMHAMUYECKHX CHCTEM BBI-
CTYTAIOT: - MOIIHBIE TOJNIIH MaQUTOB C NMPU3HAKAMH TTyOOKOBOJIHBIX TOJBOAHBIX H3JIUSHHUNA, T€OXUMHS
KOTOPBIX OTBEYaeT HEKOHTAMHHUPOBAHHBIM KOHTHHEHTAJIBHOW KOpOH MapHUYEeCKUM IIaTo;

- JUTOJIOTUYECKHE IPU3HAKH OTIIOXEHHS CYTEepP3PETBIX OCaIKOB B 30HE IIeTb(a MpH BIUSHAN KOH-
TypHBIX TedeHuil; - reoxumus (Th-Nb-La 1 REE) TonenToBbIX aHIE3UTOB, OTBeUaromias 00CTaHOBKaM JH-
CUMAaTHYECKHX OCTPOBHBIX JIYT; - U30TONHEINH cocTaB Nd B rpanuronnax Llentp. Kapenun, ykazpiBaromuii
Ha OTCYTCTBUE CHANIMYECKON KOpbl ApeBHee 2.8 Ga.

Ha xoHBepreHmmio kKak JOMUHHUPYIOMUN pexxuM mpu GopmupoBannu n otneabHBIX CTA, u 3KII B
LIEJIOM YKa3bIBaIOT: - CTPYKTYpHBIE MPU3HAKHU MPOSBICHHUSI KOMIIPECCHOHHON M TPAHCIIPECCHOHHON TEKTO-
HUKH; - aCHMMETPUYIHOE UX CTpOeHHEe, 00yCIIOBIIEHHOE COBMEIIEHHEM B IpocTpaHcTBe pa3Hbix CTA (Tep-
PEHHOB); - TIOSBIICHHUE CPENU MOCIEAHNX OOAYIIUPOBAHHBIX O(OHUOIUTOUIHBIX HITH O(QHOIHTOBBIX JJIOXTO-
HOB; - TPW3HAKH KOP BBIBETPHMBAHUS HA ITHX AJIOXTOHAX; - HAXOJAKU MOPOJ C NMpHU3HAKaMH OOHUHHUTOB,
CaHyKUTOHUJIOB U aJaKUTOB, T.€. IOPOJ, CBA3aHHBIX OOBIYHO C CYNpacyOayKIMOHHBIMH OOCTaHOBKAMH U C
TUTaBJICHHEM MaHTHHHOTO KJIMHA U TOPSYEro clin0a; - HaJudue B pa3pe3ax IMOJTMMOAAIbHBIX TPayBaKK, UC-
TOYHUKAMHU KOTOPBIX ABJISUIMCH TPAHUTOUBI ¥ OOAYIIUPOBABIINE O(HUOTUTOBBIE AIJIOXTOHBI (+BYJIKAHUTEI
IOyTH), "Hamon3aBmre"” Ha COOCTBEHHBIE MPOAYKTHI pa3pylleHHs, U OTJaraBIinecs 10 THIy CHHOPOTEHHO-
ro (IINIIA; - BOIIOIMS aHIE3UTOB OT TOJIEUTOBBIX HATPOBBIX MAJIOTITYOMHHBIX JI0 U3BECTKOBO-IIETOYHBIX
0oJiee KaTMEBBIX U TTyONHHBIX.
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KoHBepreHTHBIN pexuM OTpa)kaeT BTOPYIO MOJOBUHY KIACCHYECKOTo UMKIa YHJICOHA WM €ro aHa-
JoroB 0ojiee HU3KOro paHra - nukiioB beprpana u lltunne. [Ipu3Haku KOPOTKONEPUOOMYHON LUKINIHO-
ctu (50-70 u = 150 Ma), oOHapyxuBatomuecs B apxee Kapenbckoro kpaTtoHa, CXOAHBI ¢ XapaKTepHCTHKA-
MH TaKHX MHUKPOIUIMTHBIX CHCTEM B HOBEHIIMX 30HaX KOHBEpreHuuu, kak Boct. CpenuzemHomopse, Ane-
yTeI-Menanesus u [lanama - Kocra-Puka B Kapubckom 6acceiine.

CxoacTBO apxeickoi u HOBEHIIel reoJMHaMUKH U TOMUHHPYIOIEe KOHBEPTeHTHBIH PEeKUM, NP KO-
topoM dopmupoBaiuch apxerickue 3KI1 B Boct.DeHHOCKaHINH, CXOIHBIN ¢ PEKUMOM aKTUBHBIX MHKPO-
IUTUTHBIX OKPaWH, ABJSIOTCS OnaronpusTHeIME akTopamu pyzaorenesa (Au, Cu-Mo, PGE), cBsa3annoro ¢
OPOTCHUSIMH, 3aBEPIIABIINMH apXelCKue reoinHaMuiIeckrue HUKiIbl. OTCyTCTBHE B pETHOHE MaslorTyOWH-
HBIX KOMAaTHHUTOB ¢ Bo3pacToM 2.7 Ga M MOJaBJIEHHOE MPOSIBICHUE TOJIEUTOBBIX aHAE3UTOB OKEAHCKOTO
OCTPOBOZY’KHOT'O THUIIa HAKJIQAbIBA€T OIPaHWYCHUS Ha HepcreKTuBbl oOHapyxeHus Cu-Ni-pyn kamOai-
nuHckoro tumna u Cu-Zn-pya tuna Hopanasr (VMS-pyn). Ilpu a3ToM 3HaUUTENBHO BO3PACTaeT BO3MOXKHAS
pOJIb SMUTEHETHUYECKOr0, CTPYKTYpPHO-KOHTPOJIUPYEMOTO OPYIAEHEHMS A LIMPOKOrO CHEKTpa pPYyIHBIX
3JIEMEHTOB.

HccnenoBanne BBHIMOMHIOCH TP (PMHAHCOBOW TOJIEPKKE MpOeKTa B HanpasieHuH 3 [Iporpammsl
¢bynnamenTanbpHbIx uccienoBanuii PAH OH3-2 “Opomronust nutocdepsl, MeTaIIOreHUIYECKUE MPOBUH-
LIUH, SMI0XU U PYJHbIE MECTOPOXKICHHSA: OT TeHETHUECKUX MOJIeJIeH K IPOTrHO3y MHUHEPAJIbHBIX PecypcoB”
u rpanTta PODU Ne 08-05-98815-p.

The mechanisms of formation of Archean granite-greenstone provinces, an essential constituent
of the Earth’s modern sialic crust, have been the subject of debate for more than a hundred years of
relevant research on various continents. The advent of the plate-tectonic theory has made Archean
geologists substantially revise their concepts of tectonics and geodynamics in the Earth’s early history.
The concept of the exclusive conditions of Archean endo- and exogenesis, tectonic regimes and
geodynamic settings gave way to a paradigm in which some postulates of the earlier concept persist
and theoretical theses of plate-tectonics are essential. Radical contraposition of plate- and plume-
tectonics, often attempted by Archean geologists, does not seem to be quite correct, because, born
practically simultaneously, these theories are complementary and are used to interpret the global
convection of lithospheric matter.

A major argument, provided by those who oppose the applicability of the principles of plate-
tectonics to the Archean, is the essential thesis of plate tectonics that in Archean time there was a very high
heat flow, and as the plates were thin and plastic, they could not behave like a rigid body. Indeed, it is in
the Archean unit that komatiites, the highest-temperature mantle melts, are most abundant. Their melting-
out temperature agrees with the estimated average potential temperature of the Precambrian mantle, is
described by Richter’s curve and decreases with time. A higher heat flow in the oceanic lithosphere made
it a favourable environment for melting-out komatiites, as supported by geological and petrological
evidence from many Archean greenstone belts (GSB). In Archean ocean-continent transition zones and in
their modern analogues, the mafic units of the upper parts of the oceanic crust obducted on the continental
crust. Structurally complex Archean units that hosted komatiites could have been produced by interaction
between a plume and a shallow dipping subduction zone upon opening of a continental margin back-
arc basin.

Calculations show that in continents/cratons the Archean heat flow was similar to the modern one.
Therefore, cold keels with a thick subcontinental lithospheric mantle, where Archean diamonds were
formed and could persist for a long time, existed in Archean cratons. One striking evidence is finding
diamonds in Hadean detrital zircons extracted from clastic rocks in the Yilgarn Craton, Western Australia
and dated at up to 4252+7 Ma. Quartz, xenotime, monazite and K-feldspar inclusions in the LRRE-
enriched zircons suggests that the continental lithosphere was relatively thick and that crust-mantle
interaction (continental crust recycling) began on the Earth at least 4250 Ma ago.

The study of Archean GSBs in Karelia over the past 15-20 years has shown that most belts are
tectonic collages produced in three stages. In the initial stage, individual stratotectonic associations (STA)
— strata-bound volcanic-sedimentary units, often ranking as suites and series in regional stratigraphic
schemes, were formed subsimultaneously or consecutively in different geodynamic settings. For example,
plume magmatism gave rise to mafic plateaus in an oceanic or continental environment and to
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suprasubduction ophiolites or a mafic constituent of island-arcs in a convergent microplate boundary
setting. During convergence in stage II, continental-margin, island-arc and back-/inter-arc basin STAs,
made up of CA-series felsic to intermediate volcanics and volcanic turbidites and smaller quantities of
TH- and CA-basalts, were formed. Polymodal graywackes, a mixture produced by destruction of an
island arc, an obducted mafic allochthone and granitoids, accumulated upon obduction of mafic plateaus
on a volcanic arc and closure of back-/inter-arc basins. A late collision stage, in which shear strain that
controlled narrow coarse clastic rock-filled structures, similar to pull-apart basins, manifests itself in
some GSBs and individual structures. As the convergent regime of Archean endo- and exogenesis
predominates in many GSBs of the Karelian Craton, geologists interpret them as accretionary orogens
formed in a convergent regime in asymmetrical microocean-microcontinent systems. The Matkalahta
GSB and similar belts in the Vodlozero block, formed as Late Archean intracratonic riftogenic
structures, are an exception.

A continental constituent of microocean-microcontinent systems is indicated by: a) the old ages of
granitoids in East Karelia and in East and North Finland; b) finds of supermature quartz arenites, the
earliest terrigenous sediments of the belt sequences; c¢) contamination of some mafic rocks with felsic
crustal material; d) geochemistry of andesites characteristic of active continental margins; e) Nd-isotopy
indicative of an old crustal source of granites and felsic volcanics in West Karelia and in the Vodlozero
block.

An oceanic ensimatic constituent of Archean geodynamic systems is indicated by: a) thick mafic
rock units with signs of deep-water outflows that correspond geochemically to mafic plateaus
uncontaminated with a continental crust; b) lithological signs of deposition of supermature sediments in the
shelf zone affected by contour currents; ¢) geochemistry (Th-Nb-La and REE) of tholeiitic andesites that
agrees with ensimatic island-arc environments; d) the isotopic composition of Nd in granitoids from
Central Karelia, suggesting the absence of a pre-2.8 Ga sialic crust.

Convergence as a dominant regime, in which both individual STAs and entire GSBs were formed, is
indicated by: a) structural signs of compression and transpression tectonics; b) their asymmetrical structure
produced by spatial overlapping of different STAs (terrains); ¢) the emergence of obducted ophiolitoid or
ophiolitic allochthones among STAs; d) signs of crusts of weathering on the allochthones; ¢) finds of
rocks with signs of boninites, sanukitoids and adakites, i.e. rocks produced commonly in suprasubduction
environments by melting of a mantle wedge and a hot slab; f) the occurrence of polymodal graywackes
derived from granitoids and obducted ophiolitic allochthones (+arc volcanics) that "crawled" over their
own destruction products and deposited as a type of synorogenic flysch; g) the evolution of andesites from
tholeiitic sodic shallow-depth to calc-alkaline, K-richer and deep-seated.

A convergent regime reflects a second half of the classical Wilson cycle or its lower-ranking
analogues such as the Bertrand and Stille cycles. Signs of short-period cyclicity (50-70 and =~ 150 Ma),
revealed in Archean rocks from the Karelian Craton, are similar to the characteristics of such microplate
systems in recent convergence zones such as the Eastern Mediterranean, the Aleutians-Melanesia and
Panama — Costa Rica in the Caribbean basin.

Similarity of Archean and recent geodynamics and a dominantly convergent regime, in which
Archean GSBs in East Fennoscandia were formed and which is similar to an active microplate margin
regime, are favourable factors for ore formation (Au, Cu-Mo, PGE) associated with orogenies that
completed Archean geodynamic cycles. As there are no 2.7 Ga shallow-depth komatiites in the region
and the manifestation of oceanic island-arc type tholeiitic andesites is suppressed, chances of
discovering Kambalda-type Cu-Ni-ores and Noranda-type Cu-Zn-ores (VMS-ores) are slim. In this case,
the role possibly played by epigenetic, structurally controlled mineralization for a wide spectrum of ore
elements.

The study was conducted under a project in Field 3 funded by the Basic Research Programme, RAS,
Earth Sciences Section-2 “Lithospheric evolution, metallogenic provinces, epochs and ore deposits: from
genetic models to prediction of mineral resources” and RFBR grant 8-05-98815-p.
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PemoOunm3anust M mepeoTioKeHne BEeUIeCTBa, MIPOSBICHHBIC MPAKTUYECKH BO BCEX 30JI0TOPYIHBIX
peruoHax OT apxesi O Heoresl, ONpeAeIAI0T HE0OX0IMMOCTh 3HaTh TOYHBIM M30TOMHBII BO3pacT pyJoreH-
HBIX TIporieccoB. Ocoboe 3HaUYeHUE ATO MPHUOOPETAET B apXEHCKUX 3€JI€HOKAMEHHBIX KOMIUIEKCaxX, B KOTO-
PBIX HEOJIHOKpPATHBIE HAJIOKECHHBIE PYyAOKOHTPOJIUPYIOUINE CTPYKTYPHI HEPEIKO HOCAT YHACIIEAOBAaHHBIN
XapakTep, U pa3HOBO3PACTHBIE PYJHBIE acCOLMALMM OKAa3bIBAIOTCA MPOCTPAHCTBEHHO COBMELICHHBIMHU.
AKTyalbHOCTD TPEIU3NOHHOTO JAaTHPOBAHUS TUIAPOTEPMATBHBIX COOBITHI B apXEUCKHUX 3eTIeHOKaMEHHBIX
nosicax (3KIT) Kapenuu onpenensercs TeM, 9To HapsIy C IPEICTaBICHISME O TIpeobIagaromnie apxeickom
Bo3pacte Ae(hOpMALMOHHBIX CTPYKTYpP, MAaCCUBOB «BHYTPEHHUX TPAHUTOUIOB» M 30JI0TOPYIHBIX HpOILIEC-
coB B HUX [1], B mocieaHue TOIBI MOSIBUIIMCH CBUAETENBCTBA MANEONPOTEPO30HCKOT0 MOCTCBEKO(EHHCKO-
ro (1.72 Ma) Bo3pacTa HEKOTOPBIX METaCOMaTHIECCKUX ITPOIIECCOB M aCCOIMAINMA, 000CHOBaHHOTO Rb-Sr-
JaTHPOBAHUEM CIIIOJ, TIOJIEBBIX IITIATOB M KapOOHATOB. DTH MPOLECCH pACCMATPUBAIOTCS JAHHBIMH HCCIIe-
JOBaTeNsIMH KaK TOTaJIbHBIE, IPOSIBIICHHBIE Ha Bcell Tepputopun Kapenbsckoro peruona [2]. C 6onee pan-
auM (1.9-1.8 Ga) cBeko(eHHCKMM HU3KOTPAJIUCHTHBIM BBICOKOOAPHBIM METaMOP()H3MOM CBS3aHBI PYIAHO-
MeTacomarnyeckue mpornecchl B CeBeproit Kapenuu [3] u B cBekopenangax Ounmnsaany u [punagoxss.
[Ipu3HaBas 3HAYUTENBHYIO POJIb CBEKOQEHHCKOTO MeTaMopdu3Ma Kak pyJdoreHepupylomero ¢akropa B
apxeiickux 3KII, aBTOpBI JaHHOW ITyOIUKAIINH CBSI3BIBAIOT PYIOTEHHBIE, B TOM YHCIIE 30JI0TOPYIHBIE, TIPO-
IIECCHI C OPOTEHHBIM 3aBEPIICHNEM T'€0JMHAMHYECKUX ITUKIOB, KOTOPHIMH OMHCHIBAECTCS Te€OJIOTHYECKast
HCTOPHS 3TUX apXeUCKUX CTPYKTyp. ['eonornueckue, reojaoro-cTpyKTypHble, T€OXUMHUECKHE, N30TOIMHO-
BO3pacTHbIE 1 MUHEPAJIIOTNYECKHE ApIyMEHTHI, YKa3bIBAIOIUE Ha apXeMCKUI BO3pacT pyAHO-METaCOMAaTH-
geckux nporteccoB B 3KI1, Op1r m310kKeHsI panee [4]. B qanHol paboTe mpencTaBieHbl HOBBIC TaHHBIC TI0
PyZIHOW MHUHEpaNOTHy, TE€OXUMHUH W M30TOIHBIM BO3pacTaM MetacoMmatuToB B apxeiickux 3KII, pacmm-
PAIOLINE 3TO MOJOKEHHE.

B Cesepokapensckom 3KII (XuzoBaapckas, BunueBckast, MipuHoropckas u MomuHCKast CTPYKTY-
PBI) OBIITH TIOTYYEHBI PE3yIbTATHI [0 HECKOJIBKUM paHee M3y4YeHHBIM [4] THIIaM mopoj ¢ aHOMaIbHBIM CO-
JiepaHueM pyAHbIX aneMeHToB (Au, Bi, As, Sb, Ag, Pb, Zn, Cu u np.):

- B IPaHaT-CTaBPOJIUT-CIIOIUCTO-KBAPIIEBBIX PYJHBIX METACOMAaTUTAX, pACCMATPUBAEMBIX KaK MpO-
IDYKTHI TOCMarMaTHYecKOro M3MEHEHHS TIOPOJI, CBSI3aHHOTO C TeJIaMH KHCIIOTO COCTaBa, BO3pacT rajeHnuTa
onpezaenex B 2.67 mupa.ier (anamutuk [.B.OBunnnkoBa, UI'T ] PAH). Kpome ranenura B mopojae npu-
CYTCTBYIOT c(aJIlepuT, TUPHUT, XILKOIUPHUT, THTAHOMArHETHT (CaMOCTOSITETIbHBIM U B BUJIE BKJIIOYCHHUH B
rajieHuTe), rpuHOKUT-CdS, KaKk BKIFOUEHUS pa3MepOM JI0 5 MKM B IIUPUTE U TajieHuTe. B ranennrte Habr0-
JTAIOTCSl BKIIIOYEHHUS rajieHoBUCMyTHHA - BiPb,S,, 30HansHbIe BKITIOUeHHS pazMepoMm a0 70 MKM, B KOTO-
PBIX PO, peACTaBIeHHOE caMOPOAHBIM Bi, okpyskeHo MaTuibauToM - BiAgS, (cM. puc.). B mupure kpo-
M€ TPUHOKHTa OOHApYKMBAIOTCS BKIIOYCHHS XalbKOMHMPUTA, PYTHIIA, KBapIla, a MpuMech Sb B mupute
nocturaet 3% (31ech U najee mpuBoAsATCsS Macce.%);

- B MaJIOMOIIHBIX TOPH30HTaX MAarHETUTOBBIX KBApIMTOB B pa3pe3e BepxHei Maduueckol cTparo-
TEKTOHHYECKOW accouuanuy Xu30Baapbl, OOHapyKEeHbl IIUPHUT, apCEHONUPHUT, colepkammid 10 2.5% Ni,
némmmHrUT - FeAs,, Takke comepxkammid Ni g0 2.5%, camopogHOe Kene30, KalIeBHIHbIE BKIFOUEHUS
meenuta - CaWO, B MarHeture U Ba-conepikaliero amomMocuinkaTa B reMature. [lonoOHast MuHepanbHas
Y 3JIEMEHTHAs aCCOLMAIIMsI TUITMYHA /IS 30JI0TOPYAHBIX CUCTEM, CBsi3aHHBIX ¢ BIF;
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- B HEMOJIOCYATBIX KEJIE3UCTO-KPEMHHUCTBIX MOPOJIaX, CIAralolIiX ralbKi KOHITIOMEPATOB, OTIIaraB-
muxcs B MyJuI-amapT OacceifHe, (parMeHTHl KOTOPOTo COXpaHWIHNCh B BuHueBckoil u MpuHoropckoi
CTPYKTypax, OOHapykeHbl KCeHOTHM — Y POy, conepkammii As, MOHAIIUT, MUPUT, XaJbKOITUPHUT, apCeHO-
HHUPUT, TEMATUT, CAMOPOJHOE JKEJIE30, CAMOPOJIHOE cepedpo (BKIIOUEHUS AMUHON 10 70 MKM), KOBEJUIMH,
BKIIFOUeHHS OapuTa pasmepoMm 10 5 MkMm. OOpamraer Ha ceOs BHUMaHHE 3HAUYMTENFHOE CXOJCTBO MHHE-
PATBHBIX U 3JIEMEHTHBIX aCCOUUANNI B 000HMX THUMAX JKEJIE3UCTO-KPEMHHUCTHIX TIOPOJI;

- OllpefecHue 207pp/ 2O6Pb—B03paCTOB IByX reHepanuil Typmanusa (anamutuk H.M.Kyapsmos, '
KonHII PAH) moka3ano, 9To TypMaIuH U3 THAPOTEPMATHHOTO Opeojia BOKPYT CyOBYIKaHUYECKOTO Tela
aHJIE3UTOB, IIPOPBIBAIOIETO BEPXHUN BYJIKAHOT€HHO - OCAI0YHBIN KHUCIIBIM pa3pe3 XU30Baapsl, UMEET BO3-
pact 2718 + 55 man.ter (MSWD = 0,97), a BozpacT TypMaiHnHa U3 KBapll-MyCKOBHTOBBIX IMO3AHUX METa-
COMAaTUTOB B 3TOM paspese, onpeneneHubii mo 10 Toukam -1794 + 130 muH.neT.

B Kocromykmickom 3KII B 3anagnoit Kapennn MUKpo30HI0BOE H3yUeHHE METACOMATHIECKUX CTaB-
POJUT-CHNIMMaHUTOBBIX KBAapIUTOB, 3aJETal0UX Ha KOHTakTe HUAMMSIpPBUHCKOrO TpaHUTOUIHOTO Mac-
cuBa ¢ Bo3pactoMm 2720 £ 20 miH.JTeT 1 6a3anbToB 3amamHoi [1o10ck, Moka3amo HaTHdue B 3TUX TOPOaax
MMPHTA, XAIbKOMTUPUTA, THTAHO-MarHeTuTa u Boib(ppamura — CaWO,. Apxeiickuil Bo3pacT 3THX MeTaco-
MaTHUTOB I'€OJOTUYeCKH 00OCHOBBIBACTCS TeM (PAKTOM, YTO OHU CEKYTCS MAIIOMOIIHOW, CMSTOW B CKIIQJIKH
JTaKOM aHAE3UTOB, UMEIOLIEN MTO3IHEAPXEUCKUI BO3pacCT.

B Cesepnoit Kapenmnn x ceBepy ot oz.Ilaanaspu B 00J0MOYHOM MaTepHalie MOJIUMHUKTOBBIX CY-
MHUICKHX KOHTJIOMEPATOB B 00JIOMKaX, MPECTABICHHBIX apXEHCKUMHU KBapLIMTaMU U TIeCYaHUKaMH, 0OHa-
pYXXHUBaeTCsl THIIMYHAs MOpPQHUPOBask pyaHas accoUuanys, B KOTOPYIO BXOIST MHUPHT, XaJbKOIUPHUT, MO-
JTUOICHUT, TAICHUT, comepkamuit 1.27% Se, 6aput, cuueput. B TopuTe, BKIIFOUSHHOM B XaJIEKOITUPHUT, 00-
Hapy»KeHO MHKPOHHOE BKIodeHne Au. ['mapoTepmanbHble W THIPOTEPMATbHO-U3MEHEHHBIE ITUPKOHBI
oboramiens! Al, Fe, Ca, P.
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HccnenoBanue BBINIOIHEHO NMPH (DMHAHCOBOM MOJJCPXKKE MPOeKTa B HampasieHuu 3 [Iporpammbl
(dhyanamentansabIX uccnenosannii PAH OH3-2, 2009 u rpanta POOU-08-05-98815-p cesep_a.
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Konbcknii mOMyOCTPOB SIBIISIETCSI OJHAM M3 KIIACCHYECKHUX PETHOHOB Pa3BHTHS aHOPTO3UTOBOTO
MarmMatuzMa. AHOPTO3UTH (POPMHUPOBAIMCH HA PA3HBIX ATAlax Pa3BUTHUS PETHOHA U B PA3IMYHBIX CTPYK-
TypHBIX 30HaX. OHH, KaK MPaBWIIO, He 00Pa3yIOT CaMOCTOSATENBHBIX MACCHBOB, @ ACCOLMUPYIOTCS C ITOPO-
JaM{ pa3HOTO COCTaBa, yallle Bcero ¢ rabbpounnamu u ynbrpadasuramu. Cpean apxelckux rabOpo-aHop-
To3uTOB KeHBCKOTO KOMILIEKCa BBIACIAIOTCS rab0po-aHopTo3uThl Llarnackoro, AunHckoro 1 MenBexne-
[Ilyube03epckoro MaccuBOB, BO3PACT KOTOPBIX cocTaBiseT 2.7-2.6 mupa. net [1]. Bee BbllieHa3BaHHBIE
MAacCHBBI pacroiokeHbl Ha rpaHunax KelBckoro teppeiina ¢ Mypmanckum U LenTpanbHo-Konbckum no-
MEHaMH B 30HaX TITyOMHHBIX Pa3jIOMOB U BbIIeNIeHBI B kKauecTBe KeliBcko-Kommosepckoro rabopo-aHopro-
3UTOBOTO KoMITIekca. K 3ToMy ke KOMIUIEKCY aHOPTO3HTOBOTO MarmMaTru3ma oTHocwinch [laTuemBapex-
ckuil nuddepeHnrpoBaHHbI MacCHB Tab0PO-aHOPTO3UTOB M PACTIONOKEHHBIH B HEMOCPEACTBEHHOM OJH-
30CTH ¢ HUM - CeBepHBIIl MaccHB, JOKaJIM30BaHHbIE B 30HE COWIEHEHHs 3eJeHOKaMeHHoro nosica Konmo-
3epo-Boponss 1 MypMaHckoro 1omeHa [2].

[TaTueMBapeKkCKuil MaccHUB IpeJCTaBlIeH HEOONBIIMMH IUIACTOBBIMH HHTPY3USIMH MOIIHOCTBIO JIO
IOBYX KMJIOMETPOB M COCTOUT IMIaBHBIM 00pa3oM u3 rab0po-aHOPTO3UTOB M YHAOKOHTAKTHBIX MHPOKCEHH-
TOB U rab0po. MaccuB ciokeH BecbMa OJJHOOOpa3HBIMU CPEIHE3EPHUCTHIMH METaradbopo-aHOPTO3UTAMH.
[Toponbl UMEIOT TUNNUYHYIO KYMYJIITUBHYIO CTPYKTYPY M COCTOSIT M3 OJMHM3KUX K HINOMOP(HBIM KpUCTAJI-
JlaM TIJIaruoKJia3a, MHTEPCTUIIUN MEXy KOTOPBIMU BBIIIOJIHEHBI arperaToM BTOPUYHONW pOTOBOM OOMaHKHU
o upokceHaMm. CocTaB TUIarnokiasa 1mo pa3pesy 3aKOHOMEPHO MEHSETCS, YTO CBUIETENBCTBYET O CKPHI-
TO# paccimoeHHOCTH. MHOTIa OTMEdaeTcsi pUTMHYHAsT PacCIOCHHOCTh, 00pa30BaHHAs YepelOBaHUEM JIeH-
KOKpaTOBBIX W ME30MEeJIaHOKPATOBBIX pa3HOBHAHOCTEN mopon. C roro-3amaja, Mo 30He paszjioMa, MaccHB
KOHTaKTHPYET C IpaHaT-CTaBPOJIMTOBBIMU U JABYCIIOASHBIMH THelcaMu 3eJleHoKaMeHHoro mnosica Kommo-
3epo-BopoHbs, ¢ ceBepo-BOCTOKA, Yepe3 30HY XJIOPUTOBBIX OJIACTOMHIIOHHWTOB, C MHTMAaTH3HPOBAHHBIMH
rHelico-rpannTaMu MypmaHcKoro nomMeHa. MiMmeromniuecst Bo3pacTHbIE TaHHBIE JUIsI 0CaJOYHO-BYJIKaHOTEH-
HBIX TONI nosca Konmoszepo-Boponss u 11 rpanuTon1oB MypMaHCKOTro 0JIoKa B HAcTOsIIee BpeMsl Ha-
xondarcd B npeaenax 2.8-2.7 mapa. net. KoHTakThl MaccBa TEKTOHUUYECKHE.
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B 1.5 kM Kk ceBepy OT HEro cpeiiu TPaHUTOMIOB pacmoiokeH CeBepHbIii MaccHB rab0pO-aHOPTO3H-
toB. C ceBepa OH popBaH HHTpy3uel KomMo3epcknx rpaHoAMOPUTOB. MacCHB CITOKEH KPYITHO3EPHHUCTHI-
MH MeTarabbpo-aHopro3utamu. B ero jekadeM OOKY COXPAaHIIINCH YIBTPAOCHOBHBIC MU(depeHITHATHI ¢
Ha0JII0/JaeMON PUTMHYHON PACCIIOCHHOCTBIO, XapaKTePU3YIOIIAsACs YePEIOBAaHUEM METarabopouIoB U Me-
Tanepu0TUTOB.

Xumudecknii coctaB rab0po-anopTo3uToB [laTaemBapekckoro m CeBepHOTO MacCHBOB XapaKTepH-
3yeTCs HU3KOH IMIEIIOYHOCTRIO B 60JIee BRICOKOH MarHe3ualbHOCTHIO TI0 CPAaBHEHHUIO ¢ Tab0po-aHOPTO3HUTA-
mu Llarunckoro, Aunnckoro u Mensexbe-11yupeo3epckoro MacCMBOB. 3HAYUTEIHLHOE OTIMYNE OTMEYACT-
Csl B UCKJIFOUMTENIFHO BBICOKOH OCHOBHOCTH HOPMATHBHOTO IUIAarvokiasa. Jloist aHopTuTa B IJIarnoKIIase
st [laruackoro, Aumackoro 1 MenBexbe-1Ilyaneo3epckoro MacCHBOB COCTaBIIIET B cpemHeM 45-65
mou1.%, nist [TarauemaBepexckoro u CesepHoro maccuBoB 70-85 moin.%.

Jlna nupkona u3 setikoradopo IlatuemBapekckoro MaccuBa panee 0bu1 nonyden U-Pb Bospact pas-
HBI 292546 MIIH. JIeT, KOTOPBIH OKa3ajcs 3HAYHUTEIBHEE NPEBHEE WMEIONIUXCS BO3PACTHBIX JAHHBIX ap-
XeHCKUX rab0po-aHOPTO3UTOBBIX MHTPY3uit Kosbckoro peruona [3]. M30TomHbINA BO3pacT HUPKOHA W3
rab0po-aHopTo3uToB MaccuBa CeBepHbIN cocTaBmi 2935+8 MiH. siet. Mopdonornyeckue xapakTepucTH-
KM ITUPKOHA M €ro BHYTpeHHee cTpoeHne kak B [laTuemBapekckom, Tak u B CeBepHOM MacCHBax CBHJIE-
TEIBCTBYIOT O KPHUCTAJUTM3AINH IUPKOHA U3 paciuiaBa (puc. ).
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Puc. 1. /lnarpamma ¢ KOHKOpAMEH U1st IMPKOHA U3 rab0po-aHOPTO3UTOB MaccuBa CeBEepHBIN

Fig. 1. Diagram with a Concordia for zircon from Severny gabbro-anorthosites.

I'a66po-anopro3uthl IlaTuemBapekckoro nu CeBepHOro MacCHBOB MMEIOT BEChMa HHU3KHE COZIEpIKa-
Hust REE (Ce, = 2.2-4.2, Yb, = 1.6-2.6), nonoroe pacnpenenenue REE (La/Yb, = 1.6-2.6) u oT4eTiuByI0
nonoxkutenbhyio Eu anomanuto (Eu/Eu* = 1.97-2.24). Komarmatu4Hbeie UM yIbTPAOCHOBHBIE JU(epeH-
MaThl UMEIOT TMOAO00HOE paclpe/ie]ieHne peAKuX 3eMellb, HO Oosee Hu3Kkue oburue conepxanus (Ce, =
1.2, Yb, = 1.1, La/Yb, = 2.8) u ne umetor Eu anomanuu (Eu/Eu* = 1.17). I'ab6po-anopro3uts L{armacko-
ro, Aunackoro u Mensexbe-lllyaneo3epckoro maccuBoB uMeroT ymepenusie coaepxkanus REE (Ce, =
6.5-11, Yb, = 0.5-1.2), cunpHO ¢pakmmonupoBanHoe pacupeaeneane REE (La/Yb, = 4-10) u oT4yeTnuByto
nonoxutensHyo Eu anomammio (Eu/Eu* = 1.8-3.1). Komarmarudnbsie um rab0po-HOPHUTEI UMEIOT CXOXKee
pactpenencuue REE, Ho He nmeror Eu anomanuu (puc. 2).
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Puc. 2. Pacnpenenenue xonapurHopmanuzoBanHbix REE B moponax Keiiecko-Konmosepckoro rabopo-
AHOPTO3UTOBOTO KOMILIEKCA

Fig. 2. Chondrite-normalized REE distribution in rocks from the Keivy-Kolmozero gabbro-anorthosite
complex

Jlnst ra66po-anopTo3utoB CeBepHOro Maccupa eng= +2.65, *’Sr/*°Sr(i) =070102+8. Jlns ra66po-
anHopro3uTtoB llarmuckoro maccmBa eng=+0.26, *’Sr/*°Sr(i)=0.70249+6, ra66p0-aHOPTO3UTOB AUHHCKOTO
maccnBa eng=10.20, 'Sr/*°Sr(i)=0.70162+4. Pasuble 3HaYCHHS [EPBUYHOTO H30TOMHBIX OTHOLIEHUH
"“Nd/"**Nd u ¥Sr/**Sr B ra66p0-aHOpHTO3MTAX HO3BONIAIOT HPEANIONAraTh CyIIECTBOBAHHE JBYX MaHTHii-
HBIX UCTOYHUKOB. OJMH U3 HUX CBA3aH ¢ (OPMUPOBAHKWEM MHTPY3HI ¢ Bo3pacToM 2.67-2.66 MipA. JeT u
HECyIMX TUTaHO-MarHeTUTOBYIO MuHepanu3auuio (LlarnHckuit 1 AYMHCKMIA MaccuBBI), a IPYToi ¢ BO3-
pactom 2.93-2.92 mipz. neT ¢ BhIIUIaBIeHHEM rabopo-anopro3uToB [laTuemBapexckoro u CeBepHOTO
MacCHBOB.

BriBobr:

» Uatpy3un KeiiBcko-Kommozepckoro rab0po-aHOPTO3UTOBOTO KOMITIEKCA SBISIOTCS Crierupude-
CKUMH 00pa30BaHMSIMH IOBHBIX 30H ITyOWHHBIX pa3jIoMOB, JOPMUPOBABIIUXCS B HEOApXee;

» ®opmupoBanue llarmackoro, AumHckoro u MenaBexbe-11ly4upe03epckoro MaccMBOB KOMILIEKCa
npoucxoausio 2.67-2.66 mupa. aet, [laruemBapekckoro u CeBepHOro MacCUBOB - 2.93-2.92 mipa. ner;

* [TerpoxumMHuUYecKHE XapaKTEPHCTHKH CBUICTEILCTBYIOT O MeHbLIed auddepeHranuu paciiaBa
[TaTuemBapekckoro 1 CeBepHOTO MacCMBOB II0 CPABHEHHIO C PACIUIABAMH JAPYTHX HEOApXeWCKuX radbopo-
AQHOPTO3UTOBBIX MACCHUBOB;

* [Ipeanomnaraercs, 4To mepBoHaYaIbHas MarmMa aHopTo3uToB [laTyemBapekckoro u CeBepHOTO Mac-
CHBOB OTHOcUTCS K 0azanbraM MORB THma, XapakTepHBIX AJs HaYaldbHBIX CTaJdil pa3BUTHS 3eJICHOKa-
MEHHBIX II05ICOB, a IIepBOHadanbHas Marma Llaruackoro, Aunackoro u Mensexse-1lyuro3epckoro aHop-
TO3UTOBBIX MAacCHBOB K CyOIIEIOYHOMY THITY B WX (hOPMHUPOBAaHUE ITPOUCXOAMIIO BO BHYTPUIUIUTHON 00-
CTaHOBKE.

The Kola Peninsula is a classical distribution area of anorthositic magmatism. Anorthosites were
generated at different stages in the region’s evolution and in different structural zones. They do not usually
form independent massifs, and are associated with compositionally different rocks, most commonly with
gabbroids and ultrabasic rocks. Gabbro-anorthosites from the Tsaginsky, Achinsky and Medvezhye-
Shchuchyeozersky massifs, dated at 2.7-2.6 Ga, were distinguished from Archean gabbro-anorthosites of
the Keivy complex [1]. All of the above massifs are located at the boundaries between the Kola terrain and
the Murmansk and Central Kola domains in deep-fault zones, and are referred to as the Keivy-Kolmozero
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gabbro-anorthosite complex. The same igneous anorthositic complex comprised the Patchemvareksky
differentiated gabbro-anorthosite complex and the nearby Severny massif located in the contact zone
between the Kolmozero-Voronya greenstone belt and the Murmansk domain [2].

The Patchemvareksky massif is represented by small intrusive sheets, up to 2 km thick, and consists
dominantly of gabbro-anorthosites and endocontact pyroxenites and gabbro. The massif is made up of
fairly homogeneous medium-grained metagabbro-anorthosites. The rocks show a typical cumulate
structure and consist of near-idiomorphic plagioclase crystals. Interstices between the crystals are filled
with aggregate of secondary hornblende after pyroxene. The composition of plagioclase varies consistently
upwards, which is indicative of cryptic layering. Rhythmic stratification, produced by alternation of
leucocratic and mesomelanocratic rock varieties, is occasionally encountered. On the southwest, the massif
is in contact along the fault zone with garnet-staurolitic and bimica gneisses of the Kolmozero-Voronya
greenstone belt, and on the northeast, across a chloritic blastomylonite zone, with migmatized gneissose-
granites of the Murmansk domain. The ages reported for Kolmozero-Voronya sedimentary-volcanic units
and for the Murmansk block vary from 2.8 to 2.7 Ga. The massif contacts are tectonic.

1.5 km north of the above massif, the Severny gabbro-anorthosite massif is located. On the north, it
is cut by Kolmozero granodiorite intrusion. The massif consists of coarse-grained metagabbro-anorthosites.
Ultramafic differentiates that exhibit a rhythmic stratification, produced by alternation of metagabbroids
and metaperidotites, have preserved in its flat wall.

Chemical composition. Gabbro-anorthosites from the Patchemvareksky and Severny massifs contain
less alkalies and more magnesium than those from the Tsaginsky, Achinsky and Medvezhye-
Shcuchyeozersky massifs. A considerable difference is provided by the extremely high basicity of
normative plagioclase. The share of anorthite in plagioclase is 45-65 mol.% for the Tsaginsky, Achinsky
and Medvezhye-Shchuchyeozersky massifs and 70-85 mol.% for the Patchemvareksky and Severny
massifs.

The U-Pb age, 2925+6 Ma, obtained earlier for zircon from Patchemvareksky leucogabbro, was
shown to be much older than the ages of Archean gabbro-anorthosite intrusions in the Kola region [3]. The
isotopic age of zircon from Severny gabbro-anorthosites was estimated at 2935+8 Ma. The morphological
characteristics of the zircon and its internal structure in both the Patchemvareksky and Severny massifs
suggest that the zircon was crystallized from melt (Fig.1).

Patchemvareksky and Severny gabbro-anorthosites are fairly poor in REE (Ce, = 2.2-4.2, Yb, = 1.6-
2.6) and show a flat REE distribution pattern (La/Yb, = 1.6-2.6) and a well-defined positive Eu anomaly
(Ew/Eu* = 1.97-2.24). Their omagmatic ultramafic differentiates display a similar REE distribution
pattern, but lower total concentrations (Ce, = 1.2, Yb, = 1.1, La/Yb, = 2.8) and no Eu anomaly (Euw/Eu* =
1.17). Tsaginsky, Achinsky and Medvezhye-Shchuchyeozersky gabbro-anorthosites contain moderate REE
concentrations (Ce, = 6.5-11, Yb, = 0.5-1.2) and exhibit a highly fractionated REE pattern (La/Yb, = 4-10)
and a distinct positive Eu anomaly (Euw/Eu* = 1.8-3.1). Comagmatic gabbronorites show similar REE
distribution but Eu anomaly (Fig. 2).

For Severny gabbro-anorthosites exe= +2.65, *’Sr/*Sr(i) = 070102+8. For Tsaginsky gabbro-
anorthosites exg = +0.26, ¥'Sr/*Sr(I ) = 0.70249+6, and for Achinsky gabbro-anorthosites exg =+0.20,
¥7S1/*°Sr(i) = 0.70162+4. Different primary isotope '*Nd/"**Nd and *’Sr/**Sr ratios in gabbro-anorthosites
suggest the existence of two mantle sources. One is associated with the formation of 2.67-2.66 Ga
intrusions that carry titanium-magnetite mineralization (Tsaginsky and Achinsky massifs) and the other,
dated at 2.93-2.92 Ga, with melting-out of Patchemvareksky and Severny gabbro-anorthosites.

Conclusions:

* The intrusions of the Keivy-Kolmozero gabbro-anorthosite complex are distinctive units formed in
the suture zones of deep faults in Neoarchean time.

» The Tsaginsky, Achinsky and Medvezhye-Shchuchyeozersky massifs of the complex were
generated 2.67-2.66 Ga ago and the Patchemvareksky and Severny massifs 2.93-2.92 Ga ago.

* Petrochemical characteristics show that melt from the Patchemvareksky and Severny massifs was
less differentiated than melts from other Neoarchean gabbro-anorthosite massifs.

* The primary magma of Patchemvareksky and Severny anorthosites is assumed to be a MORB type
characteristic of initial stages in the evolution of greenstone belts, and that of the Tsaginsky, Achinsky and
Medvezhye-Shchuchyeozersky anorthosite massifs a subalkaline type, and that they were generated in an
intraplate environment.
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BO3PACT APXEMCKOI'O BBICOKOMATHE3HAJIBHOT'O (CAHYKUTOMIHOI' O)
IMOPOCO3EPCKOI'O MACCHBA 3EJIEHOKAMEHHOTI'O ITOSACA KOJIMO3EPO-
BOPOHbS, KOJbCKHUH MOJIYOCTPOB

Kyopswos HM.

' KHII PAH, Anatutsl, Poccus, nik@geoksc.apatity.ru

AGE OF THE ARCHEAN POROSOZERO HIGH-Mg (SANUKITOID) MASSIF OF THE
KOLMOZERO-VORON’YA GREENSTONE BELT, KOLA PENINSULA

Kudryashov N.M.

Geological Institute, Kola Science Centre, RAS, Apatity, Russia, nik@geoksc.apatity.ru

BricokoMarue3nanbHbIe TPAHUTOUIBI (CAHYKHUTOU/IBI) HEOapPXEHCKOTO BO3pacTa MMEIOT IIMPOKOE PacIipo-
CTpaHEHHE B IpeJiesiax 3eJIeHOKaMEHHBIX TOsICOB Ha JOKeMOpHIicKuX kpaTtoHax. Ha bantuiickoM mute, BEICOKO-
Marfe3uajbHble TPAHUTOW/IBL, TI0 COCTABY OTBEYAIOIINE CAHYKUTOHaM, HanOoJiee IIMPOKO PacIpOCTPaHEHBI B
Kapensckoit u Konscko-Hopesxckoit mposunimsix [1]. B npenenax 3eneHokamennoro nosica Komvoszepo-Bopo-
HbSI 9T 00pa30BaHUs CIIAraroT JBa KPyMHBIX MaccuBa - [lopocosepckuii 1 Konmoszepckuii, KOTopble paciosio-
JKEHBI B FOr0-BOCTOYHOM YacTH Mosica Ha rpanuiiax ¢ LlerTpansao-KoibckiuM 1 MypMaHCKIM TOMEHAMH.

[Topoco3epckuii MacCUB SBJsSETCS MONM(a3HBIM IUTYTOHOM — TiepBas ¢aza mpencrasieHa mudde-
PEHLUPOBAHHOW cepueii: Tab0po-aHOPUT, KBAPLEBBI MOHIIOAUOPHUT, TPAaHOAMOPHUT, IUIarHOTPaHUT. Bro-
past haza cioxeHa JCHKOrpaHUTaMH U UX XHJIbHBIMH JAEPUBATaAMH, TPEThS — KUIBHBIMHU JIAMIIPO(GUpPaAMH
n yeTBepTas — nermaturamu [2]. [lopoas! rmaBHOU (aser xapakTepusytorcs: odoramenuem LREE (La= 30-
35 ppm, Ce=53-60 ppm, La,/Yb,=16-32), menouamu (Na,O+K,0=5-8%), BbICOKUMH 3HAUCHHUSIMH MgZH
(0.5-0.6). Uzotonnble xapakTepucTHkH &ng=10.3+0.56. JlamnpodupoBsie mopoasl comepxar Si0O,=52-
62%, Na,O+K,0=5.1-7.7%, mg#=0.56-0.58.

Jst reoxponHosormaeckoro uydeHusi U-Pb MeTooM 1mo 1mupkoHy ObLUTH 0TOOpaHBI IPOOBI U3 KBapIie-
Boro Mouuoauoputa (KV-47) u rpanonuopura (KV-37) rnaBHo# ¢as3bl MaccuBa, a Takke Mpoda n3 >KUIIBI
TaMITpoupoB, 1O COCTaBy OTBevaromas onuHUTy (M-590). AKmeccopHBI IUPKOH B Mpo0ax KBapIEeBOTO
MOHIIOJJIOpUTA ¥ TPAHOIUOPUTA TIPEICTABIICH MPO3PAYHBIMK | TIOTYTIPO3PAYHBIMK 3€pHAMU, I[BET KOPUIHE-
BBIH, JUMHPaMHUIATIBHO-TIPH3MATUIECKOr0 Tadbutyca. B MMMEpCHOHHOW >KHUIKOCTH BHYTPEHHEE CTPOCHHE
MIPOSIBIIEHO OTUYETIMBOIN TOHKOM 30HAIBHOCTBIO POCTA KPUCTAIIOB. Bo3pacT nupkoHa 11 KBaplieBOro MOH-
IIOTMOPUTA TI0 BEPXHEMY IIEPECCUCHHIO ¢ KOHKOpIUEH coctaBui 2734+4 MIH. JIeT, U1 TPaHOIAMOPHUTA —
273346 muH. neT (puc.l). AKiiecCOpHbBIE IIMPKOHBI B TPOOE OJMHUTA UMEIOT JBE paszHblie momyJusiuu. [lepBas
MIPEACTaBIIEHA MPO3PAYHBIMU KOPOTKOIIPU3MATHUECKMMHU KPUCTAJIIaMU LTUPKOHOBOTO THIIA, BTOpas TEMHO-
KOPUYHEBBIMH METAMUKTHBIMH TPU3MATHYECKUMHU 3epHaMU. [ [MpKOHBI BTOPOH MOIyIISIMH COEpXkKAaT BBICO-
Kre KoJIM4YecTBa ypaHa. Bo3pacT nupKoHa mepBoil MOIMyIISINH 10 BEPXHEMY MEPECeUeHHI0 ¢ KOHKOPHEH co-
ctaBui 2680+10 miH. et (puc.2). g BTopoi NOMy Ay HUPKOHA CHIIBHO JUCKOPJAHTHBIN BO3pacT paBeH
262948 MITH. JIET M pacCMaTPHUBACTCS KaK BPeMs METaCOMATHICCKON TIPOpaOdOTKH JIaMITPO(HPOB.
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Fig. 1. Diagram with a concordia for zircon from Porosozero granodiorites and quartz
monzonites
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Fig. 2. Diagram with a concordia for zircon from Porosozero lamprophyres

dopmuposanue nonudaznoro [lopocoozepckoro Maccupa MPOMCXOAUIO B KOPOTKUH HHTEPBAJ Bpe-
MEHHU C MOCNIEAYIONNM BHEApeHHEM JaMnpoupoBbix nmopoa. CanyKuTonaHbIH MarmMaTi3M Kombsckoro pe-
THOHA MO BPEMEHH COMpPSDKEH C CaHyKMTOMIHBIM Marmaru3mMoM Kapenbckoil mpoBHHIMH C BO3pacToM
2.73-2.775 mapn. ner.
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Neoarchean high-Mg granitoids (sanukitoids) are widespread in greenstone belts on Precambrian
cratons. In the Baltic Shield, high-Mg granitoids, corresponding in composition to sanukitoids, are most
common in the Karelian and Kola-Norwegian provinces [1]. In the Kolmozero-Voronya greenstone belt,
they make up two big massifs, Porosozero and Kolmozero, located in the southeastern part of the belt at
the boundary with the Central Kola and Murmansk domains.

The Porosozero massif is a polyphase pluton. Phase I is formed by a differentiated series: gabbro-
diorite, quartz monzodiorite, granodiorite and plagiogranite; phase II by leucogranites and their veined
derivatives; phase III by veined lamprophyres; and phase IV by pegmatites [2]. Major-phase rocks are
enriched in LREE (La = 30-35 ppm, Ce = 53-60 ppm, La,/Yb,= 16-32) and alkalies (Na,O+K,0 = 5-8%)
and show high mg# values (0.5-0.6). Their isotopic characteristics are: exg = +0.3 + 0.56. Lamprophyric
rocks contain 52-62% Si0,, Na,O+K,0 = 5.1-7.7% and mg# = 0.56-0.58.

To conduct geochronological study by the U-Pb zircon method, samples from quartz monzodiorite
(KV-47) and granodiorite (KV-37) of the main phase of the massif and a sample from a lamprophyre vein,
corresponding in composition to odinite (M-590), were collected. Accessory zircon in the quartz
monzodiorite and granodiorite samples occurs as transparent and semi-transparent brown grains showing a
dipyramidal-prismatic habit. In immersion liquid, its internal structure is emphasized by a well-defined
thin crystal growth zoning. The age of zircon for quartz monzodiorite, estimated from the upper
intersection of the concordia, is 2734+4 Ma and that for granodiorite is 2733+6 Ma (Fig.1). Accessory
zircons in the odinite sample form two different populations; one is represented by transparent short-
prismatic zircon-type crystals and the other by dark-brown metamict prismatic grains. Second-population
zircons are rich in uranium. The age of first-population zircon, estimated from the upper intersection of the
concordia, is 2680+10 Ma (Fig.2). For zircon population II, the highly discordant age 2629+8 Ma is
assumed to be the time of metasomatic reworking of lamprophyres.

The formation of the Porosozero polyphase massif took a short time and was followed by the
intrusion of lamprophyric rocks. The sanukitoid magmatism of the Kola region coincided in time with the
2.73-2.75 Ga sanukitoid magmatism of the Karelian province.
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B cTpoennn Haunbosiee IPEBHUX 3€JIEHOKAMEHHBIX 10sCOB — Cecozepcko-Bednosepckozo, Cymosep-
cxo-Kenoszepcroeo u FOoucno-Buizosepcroeo 311 (3,1-2,85 mupn 11.) B odpamnenun Bomiosepckoro 610ka
y4acTBYIOT Oa3uT-ruIiepOa3suToBbIe (KOMATUHUTHI, TOJEUTOBbIC Oa3anbThl; 3,1-2,9 Mupa 71.) U aHAE3UT-na-
UT-pHOIUTOBBIE (2,89-2,86 mipa 71.) kommiekcel. C BynkaHM3MOM (0a3albTOBBIM W aHJIE3UT-JAIUT-
PHOJIMTOBBIM Pa3HBIX YPOBHEH), YEPHOCIAHUEBBIMHU TOJILAMH CBS3aHO HAKOIUIEHHE PYJ KOTYeIaHHOTO
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cemeiicTBa ¢ paccessHHbIMM KoHIeHTparusMu Au. Hunocckuii, Boxmozepckuii, Llyiickuil HHTpy3HUBHBIE
KOMIIIEKCHI TpeICTaBICHBI Tab0po, MTHOpPHTaMH, IIarnorpanutamu (2,86-2,84 mupna i1.), mophUpOBEIMH
naiikamu (~2,81 mupg i1.), Na-K-rpaautamu. B opeonax 3THX MaccHBOB M Ha KOHTaKkTax Mop(HUpOBHIX na-
eK (hOpMHPYIOTCSI 30HBI pacciaHIEeBaHUs, HU3KOTEMIIEPaTyPHOTO M3MEHEeHHs (Oepe3uThl, JIUCTBEHUTHI) U
BKPAaIjICHHO-IIPOKUIIKOBOE 30JI0TO-CYIbL(QHUIHO-KBapLEBOE OpyAeHEHHE (TIPOSBICHUS 3a10MaeBCKOTO Py -
Horo 101, 3.-Boxkmozepckoe, Jlemesckoe, Dnpmyc, Buetykkamamm).

benomopckuii cknadouamoiii nosic (BCII) cnoxken neopMHUPOBaHHBEIMHE TOJIIIAMH OEITOMOPCKOH ce-
PUM M MUTMaTHTaMH 10 HUM, UMEET MOKPOBHO-CKJIAI4aToe CTPOCHUE U HU3KOIPaJAUEHTHBINA BEICOKOOApH-
yeckuil nonudanuansHeiii MetamopdusM. [1o JaHHBIM COBpPEMEHHBIX HCCIIENIOBAaHUI, AOKa3aHO, YTO MPO-
1eccsl Bysnkanu3Ma B BoctouHoi gactu bCII, mpotekanu 6oree 2,82 mipp et Hazan. PanHue rpaHuTon-
Ibl (2,86-2,82 Mipn J1.) IPOPBIBAlOT M MUTMATHU3UPYIOT TOJIIN YYMUHCKOW M XeTolaMOMHCKOW cBUT. bo-
aee mMononsle cTpykTypsl Tukiiesepo-ABneosepckoro 311 (Bunra-Xuzosaapa) popmuposanucek ot 2,8 1o
2,705 mnpn 1. [lozmHeapxelickne KOJUTM3HOHHBIE TPOIIECCHl AATHPOBAHBI BO3PACTOM TPAHUTHIX Ten ~2,7—
2,65 mupna 1. B maneonporepo3oe cBeKOpEHHCKHE AeQOpMaIK COMPOBOXKIAINCH CKIa4aTOCTbIO, MeTa-
MopduzmomMm, MeracomaTo3oM, nermaruramu (1,86-1,76 mupa 11.). Koauenannoe opyaenenue, chopMupo-
BaHHOE Ha aKkpeUuoHHOH craguu pa3Butus BCII B Me30- u Heoapxee Ha pa3HbIX 3Tamax aedopmanuii,
BHEJIPEHUS TPAHUTOB W MErMaTUTOB OBIIO MeTaMOp(U30BaHO W TMepeoTiokeHo. HeboraTeie mposBieHMs
30JI0Ta CBSI3aHBI C METaMOP(OTreHHBIMI METACOMaTHUTAMH, PreHePUPOBAHHBIMH KOJYSJAHHBIMU HIIH JpY-
rumu tuniamu pya (Kus ry6a, TpaBsnas, KinumoBckoe u f1p.); Ha yuacTkax Bunra, CtemanoBa Jlamb6a, Xu-
30Baapa, B TOM 9HUCIIEe, ¢ Sb-As opyIeHEHUEM.

Kocmomyrxwcko-I'umonvcxuu 311 3anoxuics u GOpMUPOBAJICS B UHTEpBajie BpeMeHu oT 2,88-2,84
1o 2,7 mupa 1. Passutue 311 Hauanock ¢ packpbiTust pudTa U 0TI0KEHUs 0a3aIbTOB U KOMaTUUTOB ((op-
MHUPOBAHUSI OKEAHUYECKON KOPBI), Ha aKKPELMOHHOM CTaanu 00pa30BaiCh KUCIIbIE BYJIKAHUTHI IIypIIOBa-
apckoii cButhl (2,8 mupn J1.). Ha paHHEKOUIM3MOHHON CTaJ iy BMEIIAIONIUE TOJIIM ObLIM CMSTHI U MeTa-
Mop¢u30BaHbl B aMpuO0auTOBOH (hanuu; B oOpamineHnr KocTOMYKIICKOH CTPYKTYpBl BHEAPUIUCH TOHA-
muThl (~2,8-2,78 mupa 1.) U copmupoBanmuch nogpodusie M MaccuBbl B 311 Cyomocanmu. beumn coBme-
MIEHBI BYJKAHOTCHHBIN (KOHTOKCKHI) M TEPPHUTEHHBIN pa3pe3 THMOJILCKON cepur. Ha mo3mHel cramuu B
OCEBOW YacTH CTPYKTYpPHI Mo 30HaM cABHUroBbIX aedopmannii CCB u cyOmmMpoTHOTrO MpoCTHpaHus BHE-
JOPWINCH HEOOJbIINE HHTPY3UBBI U JaliKH, IIpeIcTaBIeHHbIe Ta00po, AuopuTamMu, rpaHuT-nopdupamu Ta-
noseiicckoro komruiekca (Llentpansasriii, @akropusriii, bepenneit, 2,72 mupx i1.), Na-K- u K-rpanuts! (2,7-
2,68 mipx J1.). KocTOMYKIICKYI0 CBUTY MPOPBIBAIOT JAalKU Tad0po 1 (enb3uThl payTaoHCKOro KOMILIeKca
(~2,707 mupn 11.). PaccessHHBIE KOHLEHTPaMU AU YCTaHOBJICHBI B KOMYEIaHHBIX PyAax; IPaHOIUOPUTHI U
TPaHUTHI COMPOBOXAatOTCs Au-S-kBapieBsiM 1 Cu-Mo opyzaenenuem ¢ Bi, Te, Au. Ha no3nuelt kommsu-
OHHOM cTagnu pa3BUTHs cTPyKTypbl B CCB U cyOmMpOTHRIX MHP-30HAX CHOPMHUPOBAIHCH 30JI0TO-KBap-
ueBbie U Au-S-As-kBapiieBbie pynbl (Tanosetic, HO.-KocTomykiiickoe), M Ipe/IiecTBOBAIN pa3HOTEMIIE-
paTypHble U3MEHEHHUS IOPOA OT MUKPOKIMHU3ALUH, OMOTUTH3AaLNH, IPeii3eHn3aun 10 Oepe3nTOB.

B BoctounoM obOpamienun Kapenbckoro kpatoHa B Asueosepo-Ilapandosckom 311, B WHTEpBaie
BpeMeHu 2,81-2,7 MIIpA JeT IPOUCXOANIIO MOCIIe0BaTEIbHOE HaKOIUIeHHe 0a3aibToOB, aH/1e3n0a3aIbToB,
AHJIE3UTOB, PUOJALMTOB M MX TY(POB — OKpaMHHO-KOHTHHEHTAJbHBIX (anuii Hag 30HOM cyOnykumu O3
Hampasineans. @opmupoBanue cTpykryp 311 mpomomkarocs Ha TMO3MHEH KOJUTH3UOHHOW CTaJWH U 3aBep-
IIMJIOCH OTJIOKEHUEM KOCOCIIOMCTBIX 0CaIKOB U KOHrioMepaToB. Ctpoenue 311 00ycioBiIeHO BHEAPEHHEM
rab6po, KpynHbIX 0aTOIUTOB rpaHoaropuToB TyHryackoro, Koukomckoro, lllobuHckoro (~2,81 mupn i),
3areM Jlobamickoro u [IssiBapckoro MacCHBOB (AMOPUTHI, TPAHUT-TOPHUPEI, JEHKOTpaHUTHI; 2,705 Mip
11.). Kucimerit MarMaTt3m commpoBOXKIaNICS Tpei3eHaMu, OHOTUTHTaMHU, npormmutamu, Cu-Mo u Au-monu-
cynsuaneivu (c Bi, Te, Ag) pysamu - Jlo6am (Jlob6amr, Jlobam-1) u [Tsassapa (Iupkosipeu, Hopsasipn).

Ilyan-anapm cmpykmypsl YyenmpanioHOU 4acmu Kpamona 3aJ0KWINCh U (OPMHUPOBAIUCH B HEOAP-
xee (BeposATHO, OT 2,72+2,74 mo 2,65 MuIp JI.) B CBS3H C TIO3THEOPOTCHHBIMHA COOBITUSIMHU, 00YCIOBIICHHBI-
mu kosutn3uelt Kapenbckoro kpatona u bCO. Ha noBepxHOCTHOM ypoBHE 3TO ObIIH BHITSIHYThIE OacCEHHBI
CCB npocTtupaHnusi, B KOTOPbIX HaKalIMBajlach Heoapxeickas Mojlacca — MeCYaHUKH, TPayBaKKH, KOHTJIO-
Meparthl, coroctaBuMeie ¢ popmarnusmu Tumuckamusr B Kanane u lllaBma B 311 Muananac B 3umbalse.
B zanannoii Kapenuu B 310 Bpemsi popmupoBanuck ¢ummiesbie Tonmu [DK®. [l HUX XapakTepeH HU3-
KUK MeTaMop(u3M, OTCYTCTBUE CIIOKHO-CKIAI4aThX AedopMmannii, Haauuue 30H paccnanueBanus CCB n
3-B mpoctupanus. B 1. Kapenun koHrnmomepartsl 3THX CTPYKTYP MPOPBIBAIOTCS CYOLIETOYHBIMU TEJIAaMH U
nafikamMu Tab0pO-MTUPOKCEHNUTOB, CHEHUTOB, MOHIIOHUTOB (2,74-2,72 Minpx n.), Na-K n K-rpaautos (Mmac-
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cuBbl OHpo3epckuii, [lapaBanammu, Amungomaosi, [laganckuii, Csprosepo, Xmkosepckuid, ['apmosep-
ckuit), XayroBaapckuii (2,67 mupp i1.). OHA COPOBOXKAAIOTCS MUKPOKIMHU3AINEH, ONOTHTH3AINEH, TyM-
6entamu, naOrna Cu-Mo min 30710TO-Cynb(UAHO-KBApLIEBON MUHEepann3anueil. B XaytoBaapckoit u Dib-
Mycckoit cTpykrypax k CCB mmp-30HaM B HUX NpUypodeHBI 30i0TopyaHble 00bekThl (Kopyn, HoBbie
[eckwu, [enponammn).

311 Anonsaapa—Xammy—Tyroc FO3 okpaunsl Kapenvckozo kpamona pa3BuBaics HaJ 30HOH CyOIyK-
umu CB HampaBneHusi B UHTepBaje BpeMeHu ot 2,78 mo 2,6 mupx net. B cocraBe ocTpoBOAYKHBIX acco-
uuanuit 311 AnonBaapa—Xatry—Tynoc npeoOnangaioT cpegHue-KUCIbIE BYJIKAaHUTHL U OCAJIKU; C HUIMH CBSI-
3aHo0 Cu-KomuenanHoe opyjaeHeHne. Ha KOMIM3MOHHOW CTalnu BHENPSUTUCH Tela U JalKH TUOPUTOB, TO-
HaJINTOB, TpaHUTOB: B OuuisHInu — maccuBbl CunBeBaapa, Kyiitruna, [lorocra (2757-2725 muH 1.); B
Kapenuu — AnonBaapckuit, Kagunammu, Cyospsckuii (2,77 miapn 1.). B 311 Kyxmo-Cyomocanmu Bo3pact
Oozee npeBHUX Toum] 2,8-2,76, 6onee Monmonbix — 2,75-2,6 muipa 1. Onu cekyress TTIT koMiiekcoM u mop-
¢upoBugapME Na-K-rpanutamu (2678 u 2596 muH 1., mo nanaeM E. Luukkanen). [lepBuanoe Hakorie-
Hue Au Bo BMentaronux toimax 31 ceazano ¢ Cu-komdeaanHbIME pynamMu. JJHOpuTsl U TOPQHUPOBUAHBIE
rpanuThl conpoBoxkaatrorcs Cu-Mo, Au-Cu-W-Mo, Au-nosmcynbOUaHBIME Py IaMu.

Taxum 00pazom, B cooTBeTcTBUH ¢ pa3sutueM 311 B panHem nokemOprn Kapennn HamedaeTcst 3BOIO-
s rpaauTonaHoro MarmaTm3Ma (ot Ca-Na mo Na-K psmoB), ¢ o0muM yBETMISHAEM TIETOYHOCTH W TITHHO-
3eMHCTOCTH TIOpoJl, yMeHblIeHneM Na,O/K,0, u3MeHeHHeM KeNe3UCTOCTU-MAarHe3HAIbHOCTH, TEOXUMUYe-
CKOTO COCTaBa M METAJIOTEHUYECKON Crieruann3aun. [[porncxonuT ycnoXHEeHHe cOCTaBa pyIHOW MHHEpa-
TM3alUd OT JPEBHUX OKEAHWYECKUX TONII K Oojee MoioabiM (POpMUPYIOIIMMCS Ha KOHTHHEHTAIBHON KO-
pe): yBenmmueHue B KomuenaHHbIX pyaax Cu M MOJMMETaIOB, CMeHa Au-Cylb(QHIHO-KBAPLEBOW U 30JI0TO-
KBapLEBOM MUHEpaNIn3alyel, acCOUMUPYIOIeH ¢ TpaHnuTonaamu, Ha Au-Cu-Mo- win Au-Cu-W-Mo-nopdu-
poByto ¢ Bi, Te, Ag. IlosiBneHne B caMbIX MO3THUX IIUP-30HAX ITUPOKOTO CHEKTpa PyA (pasHOTeMIieparyp-
HBIX S-Sb-As, Bi-Te), conpoBokaaroniux 3070To. BhIe/ieHHbIE pa3HOBO3PACTHBIC PSIIIbI KMCIOTO MarMaTu3-
Ma SIBJISIIOTCSL HaunOosee OIM3KUMH [0 BpeMEHH 00pa30BaHus 30JI0TOMY OpYICHEHHIO.

Paboma evinonnsnace 6 cesasu ¢ n0020mosKoli 0OKMOPCKOU OUCcepmayuu u no npozpamme QyHoa-
meHmanvhelx uccredosanuti OH3 PAH Ne 2: [Ipoexm «3on0mopyoHsie cucmemvl 8 apXeliCKUx 3e1eHOKdA-
MEHHBIX NOACAX. 2e00UHAMUYecKUe 0OCMAHOBKU, 803DPACMbI, MUHEPAN020-2e0XUMUYECKA MUNU3AYUIY.
Pesynomamul uccreoosanuii asmopa onyoauxosanvt 6 JAH, sicypnanax PM, 3anucku PMO, «leonocusn u
nonesnvle uckonaemvle Kapenuuy (Ilempozasoock) 3a 1998-2008 .

The structure of the oldest greenstone belts, namely the Segozero-Vedlozero, Sumozero-Kenozero
and South Vygozero belts (3.1-2.85 Ga), located on the Vodlozero Block margin, is formed of basic-
hyperbasic (3.1-2.9 Ga komatiites and tholeiitic basalts) and 2.89-2.86 Ga andesite-dacite-rhyolite
complexes. Different-level basaltic and andesitic-dacitic-rhyolitic volcanism and black shale units are
responsible for the accumulation of pyrite-family ores with disseminated Au concentrations. The Shilos,
Vozhmozero and Shuya intrusive complexes consist of gabbro, diorites, plagiogranites (2.86-2.84 Ga),
porphyry dykes (~2.81 Ga) and Na-K-granites. Schistosity zones, low temperature alteration zones
(beresites and listwanites) and disseminated-stockwork  gold-sulphide-quartz  mineralization
(Zalomaevskoye Ore Field, W. Vozhma, Leshchevskoye, Elmus and Vietukkalampi occurrences) are
formed in the haloes of these massifs and at porphyry dyke contacts.

The Belomorian foldbelt (BFB) is made up of deformed Belomorian-series units and migmatites after
them. It exhibits an overlapping-folded structure and low-grade high-pressure polyfacies metamorphism.
Recent studies have shown that volcanic processes in the eastern BFB took place over 2.82 Ga ago. Early
2.86-2.82 Ga granitoids cut and migmatize rocks of the Chupa and Khetolambino suites. Younger structures
of the Tikshozero-Avneozero GB (Vinga-Khizovaara) were formed 2.8 to 2.705 Ga ago. Late Archean
collision processes were dated from the age of granite bodies ~2.7-2.65 Ga. In Paleoproterozoic time,
Svecofennian deformations were accompanied by folding, metamorphism, metasomatism and pegmatites
(1.86-1.76 Ga). Pyrite mineralization, formed at the accretion stage in the Meso- and Neoarchean evolution of
BFB at different granite and pegmatite deformation and intrusion stages, was metamorphosed and
redeposited. Low-grade gold occurrences are associated with metamorphogenetic metasomatic rocks and
regenerated pyritic and other types of ore at Kiv Guba, Travyanaya, Klimovskoye and other localities and
with Sb-As mineralization at Vinga, Stepanova Lamba and Khizovaara.
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The Kostomuksha-Gimoly GB was formed and evolved in the time interval 2.88-2.84 to 2.7 Ga. The
evolution of the belt began with rift opening and the deposition of basalts and komatiites (oceanic crust
formation); 2.8 Ga felsic volcanics of the Shurlovaara suite were produced in the accretion stage. In the
early collision stage, host units were folded and metamorphosed to amphibolite grade; ca. 2.8-2.78 Ga
tonalities intruded in the Kostomuksha structure margin, and similar massifs were formed in the
Suomussalmi GB. The volcanogenic (Kontokki) unit and the terrigenous unit of the Gimoly series were
combined. In the late stage, small intrusive bodies and dykes, consisting of Taloveis gabbro, diorite and
granite-porphyry (Tsentralny, Faktorny and Berendei, 2.72 Ga), as well as 2.7-2.68 Ga Na-K and K-
granites, intruded the axial portion of the structure along NNE- and near-E-W-trending shear strain zones.
The Kostomuksha suite is cut by ca. 2.707 Ga Rautajoki gabbro and felsic rocks. Scattered Au
concentrations were revealed in pyrite ores; granodiorites and granites are accompanied by Au-S-quartz
and Cu-Mo mineralization with Bi, Te and Au. In the late collision stage of the structure, gold-quartz and
Au-S-As-quartz ores (Taloveis and S.Kostomuksha) were formed in NNE- and near-E-W-trending shear-
zones. These events were preceded by rock alteration at different temperatures from microclinization,
biotitization and greysenization to beresites.

On the eastern Karelian Craton margin, in the Avneozero-Parandovo GB, basalts, andesite-basalts,
andesites, rhyodacites and tuffs thereof — continental-margin facies- accumulated consecutively 2.81-2.7
Ga ago above a SW-trending subduction zone. The formation of GB structures continued in the late
collision stage and was completed by deposition of cross-bedded sediments and conglomerates. The GB
structure was produced by the intrusion of gabbro, large granodiorite batholiths of the Tunguda,
Kochkoma, Shobino (~2.81 Ga) and then Lobash and P&&jarvi massifs (diorite, granite-porphyry and
leucogranite; 2.705 Ga). Acid magmatism was accompanied by greysens, biotitites, propylites and Cu-Mo
and Au-polysulphide (with Bi, Te and Ag) ores - Lobash (Lobash, Lobash-1) and Padvaara (Shirkojérvi
and Norvajarvi).

Pull-apart structures in the central part of the craton were produced and evolved in Neoarchean
time (presumably from 2.72+2.74 to 2.65 Ga) in connection with late orogenic events triggered by the
collision of the Karelian Craton and BFB. On the surface level, they looked like elongate, NNE-trending
elongate basins in which Neoarchean molasses (sandstone, greywacke and conglomerates), comparable
with the Timiskaming Formation in Canada and the Shawma Formation in the Midlands GB, Zimbabwe,
was accumulating. In West Karelia, volcanic-vent flysch facies were forming at that time. They are
characterized by low-grade metamorphism, the absence of composite fold deformations and the presence
of NNE- and E-W-trending schistosity zones. In Central Karelia, conglomerates of these structures are cut
by subalkaline bodies and dykes of gabbro-pyroxenites, syenites, monzonites (2.74-2.72 Ga) and Na-K and
K-granites (Ondozero, Sharavalampi, Amindomaoya, Padany, Syargozero, Khizhozero, Garmozero and
Hautavaara massifs, 2.67 Ga). They are accompanied by microclinization, biotitization and gumbeites,
sometimes by Cu-Mo or gold-sulphide-quartz mineralization. In the Hautavaara and Elmus structures, gold
units (Korud, Novye Peski and Pedrolampi) are restricted to NNE-trending shear-zones.

The Jalonvaara-Hattu—Tuulos GB at the SW end of the Karelian Craton evolved above a NE-
trending subduction zone in the time interval 2.78 to 2.6 Ga. Island-arc associations in the Jalonvaara-
Hattu-Tuulos GB are dominated by intermediate to felsic volcanics and sediments; associated with it is Cu-
pyrite mineralization. Bodies and dykes of diorites, tonalities and granites intruded in the collision stage,
e.g. the Silvevaara, Kuittila and Pogosta massifs (2757-2725 Ma) in Finland and the Jalonvaara, Kadilampi
and Suojirvi massifs (2.77 Ga) in Karelia. In the Kuhmo-Suomussalmi GB, older units are dated at 2.8-
2.76 Ga and younger ones at 2.75-2.6 Ga. They are cut by a TTG-complex and porphyraceous Na-K-
granites (2678 and 2596 Ma, after E. Luukkanen). Primary Au accumulation in the host units of GB is
associated with Cu-pyrite ores. Diorites and porphyraceous granites are accompanied by Cu-Mo, Au-Cu-
W-Mo and Au-polysulphide ores.

Thus, in accordance with the Early Precambrian evolution of the GB in Karelia, granitoid
magmatism evolved from Ca-Na to Na-K series with a general increase in the alkali and alumina content of
rocks, a decrease in Na,O/K,O ratio and a change in Fe-Mg content, geochemical composition and
metallogenic specialization. The composition of ore mineralization becomes more complex from old to
young oceanic units formed on the continental crust: an increase in the Cu and base metal content of pyrite
ores, the replacement of Au-sulphide-quartz and gold-quartz mineralization associated with granitoids by
Au-Cu-Mo- or Au-Cu-W-Mo-porphyric mineralization with Bi, Te and Ag. A wide spectrum of ores
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(different-temperature S-Sb-As and Bi-Te) that accompany gold appears in the latest shear-zones. The
different-aged series of acid magmatism are the closest in the time of formation to gold mineralization

The study was conducted in connection with the preparation of a Doctoral thesis and under Basic
Research Programme No.2 supervised by the Earth Sciences Section, RAS: Project “Gold ore systems in
Archean greenstone belts: geodynamic settings, ages and mineralogical-geochemical classification”. The
results of the author’s study were published in DAN, RM journals, RMO Notes, “Geology and useful
minerals of Karelia” (Petrozavodsk), 1998-2008.

IBOJIIOLUA MATMATHU3MA U 30JI0TOPYJTHASA MUHEPAJIN3ALIUA
KOCTOMYKIICKOM CTPYKTYPBI (KOCTQMYKIHCKO-FI/IMOJII)CKI/II?'I
3EJIEHOKAMEHHBIA ITOSC)

Kynewesuu JI.B.

UT" KapHII PAH, ITerpo3aBoack, Poccus, kuleshev@kre.karelia.ru

EVOLUTION OF MAGMATISM AND GOLD MINERALIZATION OF THE
KOSTOMUKSHA STRUCTURE, KOSTOMUKSHA-GIMOLY GREENSTONE BELT

Kuleshevich L.V.

Institute of Geology, Karelian Research Centre, RAS, Petrozavodsk, Russia, kuleshev@krc karelia.ru

I'eonornyeckoe crpoeHne KoOCTOMYKIICKOH CTPYKTYypbl HMpPEACTABICHO MOPOJAMH HIOKO3€PCKON
TOJIIIA, KOHTOKCKOW W TUMOJILCKOW CepHid, 00pa30BaBIINXCS B PA3HBIX T€OMHAMHYECKUX yCIOBUAX. KoH-
TOKCKasi cepusi BKIIOYaeT HUEMMSIPBUHCKYIO, pyBHHBAapCKyI0 M ILIypJIOBaapcKyro cBuTy. HuemusipBuH-
CKasl CBUTA CIIOKeHa ampuboauTamu, aM(prOOIOBEIMHU ClaHIaMy 1o Oa3anbTam, IIypioBaapcKas — ClaH-
[[aMH ¥ THEHCaMH IO KUCIIBIM BYJIKaHUTAM, arJIOMEpaTOBBIM U CIOUCTHIM TydaMm, TypduraM, OGHOTUTOBEI-
MH U YITIEPOACOAEP KALUIUMH CJIaHI[aMH, MarHETUTOBBIMU KBapLUTaMH C MPOCIOSMH KOJIYENaHHBIX PYI.
PyBuHBaapckasi cBUTa MpeCcTaBiIeHAa METaKOMaTUUTaMH U ampubonutamu no 6azansram. PopmupoBaHue
0a3uT-runepOa3uTOBBIX (OKEaHUYECKOH KOPBI) U OCTPOBOAYKHBIX KOMIUIEKCOB IMPUXOAUTCS HAa MHTEpBal
Bpemenu 2,88-2,84+2,82-2,8 mupp 1. (0 JaHHBIM UCCIETOBaHUN pa3HbIX aBTOpoB 1998-2006 r.). 'mMoIb-
CKas cepHs ciaraeT (IUILEBBIA THUI pa3pe3a CTPYKTYPHI M BKIIOYAET CICAYIOLINe CBUTHI: 1 — CyKKo3ep-
CKYI0, IPEJICTABICHHYIO KOHIJIOMEPATaMH M T'PaBEIUTAaMH; 2 — KOCTOMYKIICKYIO (3KEJIE3UCThIe KBApPLUTHI,
OnoTHTOBBIE, aM(pHOOIIOBBIE M YEPHBIE CIAHIBI) C OCHOBHBIMHU 3allacaMy JKEJIE3HBIX U MPOCIOSIMH KOJTde-
JaHHBIX PYJ; U 3 — CypIaMIIMHCKYIO (KBapLUUTHI, aM(pUO0I-OMOTUTOBBIE caHIbl). MeTamopduyeckue mnpe-
o0pazoBanus mopon, no aaHHeiM O.M. BojnoaudeBa, MpouMCXOOuIN Ha aKKPELIMOHHOM M KOJUIM3MOHHOM
STanax pasBUTHs CTPYKTYPHI: CTaTHYECKHH MeTaMophu3M nipu P~4—6 k6ap, T=530-640°C; meramopdusm
KOJUTM3HOHHOTO 3Tana B ycnoBusx T=590—640°C u moBsimeHHbx P=4,4-10 x6ap u cBsizan ¢ HopMupoBa-
HHEM TPaHCIIPECCHOHHBIX CABHIOBHIX 30H. MeTtacomaruthl B caBuroseix CCB u 3-B 30Hax ¢opmuposa-
JHMCh B yCJIOBUSX cHIbKeHHs T u P (MaTepuass! aBTopa).

Mertamnorenndeckas crnenuanusanus KocToMyKIICKOH CTpYKTypbI ONIpeeNsieTcsl MPeke BCEro Ha-
JIMYMEM JKENE3UCThIX KBapIIMTOB, FTOPU30HTOB KOJIYEIAHOB, 3010Ta 1 Cu-Mo opyaeHeHus. B komaTunrax
yCTaHOBJICHA OeHas HUKEJIeBask MUHEpaIH3alus. 30J0TOPYAHbIC IPOSBICHUS CBSI3aHbI C OPOT€HHBIM 3Ta-
TIOM Pa3BUTHS CTPYKTYPHI, KUCIBIM MarMaTU3MOM, 30HaMH JedopMaiuii, MeracoMaro3a u NepeKpucTa-
JM3alUU paHee CyIIEeCTBOBaBIIMX pyd. Hanbonpmuii mHTEpEeC B OTHOILICHUHU 30JI0Ta UMEIOT: 1 — ByJIKaHo-
TeHHO-0CAJ0YHBIC TONLIM U KOJMYEAaHHBIE TOPU30HTHI IIYPIIOBAAPCKOM M KOCTOMYKIICKOH CBUT, CyOBYJI-
KaHMUYECKHE Tela, 30Hbl UX THAPOTEPMAaTIbHON MPOpabdOTKH U CyIb(PUIHON MUHEpaTu3aluy, MoJIocyaThie
xKenesucTele hopMannu ¢ cynbduaamu; 2 — TajgoBeiicckuit (2,72 MiapA 1.), HIEMUSIPBUHCKHHN, IIypiioBaap-
ckuit (2,7-2,68), payraoiickuii (2,705) rpaHUTONIHBIE KOMIUIEKCHI, & TAaK)Ke 30HBI THAPOTEPMAIBLHOM MPo-
paboTKU B OpeosiaX MacCHBOB; 3 — cIBUToBble 30HbI CCB 1 cyOmMpoTHOrO MPOCTUPAaHUS C HHTEHCUBHOM
MeTacoMaTHYecKoi nmpopadoTkoi. (CocTaB mopoa U colepxkaHue Au mpuBoasATcs B TadmI. 1-2).
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Table 2. Noble-metal concentrations in the rocks and ores of the Kostomuksha structure

Rock and ore mineralization Content (ppm)

Prospect (Sample no.) N Pt, Rh Pd Ag Au
Southern part of the | Metasomatic rocks 8 H 0,0021-0,016 H u-0,0077
structure (C-16IT and exp.)

- Gabbro (C-16I1/ 67-179) 8 H H H H-0,027
- Ore-free quartzites (southern part 2 H H H H
of the structure)
Western band Pyrite ores 2 H u-0,01 H 1-1,1
Kostomuksha ore Tron formation and magnetite- 4 H H-0,0047 H H-0,0048
occurrence biotite schists
Magnetite-biotite schists with 2 H u-0,0033 H u-0,034
sulphides
- Carbonaceous shales with 20 H u-0,005 H u-0,014
sulphides
Stockwork-disseminated 2 H H H 1,93-2,43
pyrrhotite-arsenopyrite 10* 0,3-20,1
mineralization (data obtained by * 0,1-30

the author, V.Ya. Gorkovets;
KGE; Petrova & Golovnina).

- Wall rock halo: K-6/5, 6/12, 6/13, 4 0,02-0,65 0,004-0,021
6/22
Pyrrhotite-quartz veins 4 H H-0,006 H H-0,0034
Taloveis ore Faktorny prospect (trenches and * 0,41-1,41
occurrence Boreholes) 1,24-6,4
Taloveis (Tsentralny prospect and 0,5-80
Ushkov vein)
Berendei prospect 0,5-20
Kurgelampi prospect, 0,02-2,54
Vostochny prospect 0,1-2,04
SW structures Niemijarvi prospect (K-140) 0,89-1,8
NW structures West Ruvinvaara prospect 0,6-3

(C-422), 10-50 % sulphides

Note: N = number of analyses. PII = ore field. Fire assay-spectral analytical data are presented (CNIGRI, Tula (Institute of
Geology Archives, KarRC, RAS, made at the Institute of Geology, KarRC; data obtained by the author, V.Ya. Gorkovets, V.N.
Kozhevnikov and V.A. Zemtsov; * generalized results of gold-spectral and fire assay analyses (data obtained by V.V. Ushkov,
V.N. Furman, KGE; Petrova & Golovnina, SPbU).

Komnnexc nopoo wypnosaapckoii ceumsl — METaByJIKaHUTHI B TY(BI TaITUTOB-PUIAIIITOB COEPKAT
Si0, 66,6—71,08%, cp. 69,63%, umeror cymmy mmenodeit alk=5,79-9,17% (>7%, K,0>Na,O), nossiiicH-
HYIO TJIMHO3EMHUCTOCTb, KeJIe3UCTOCTh (Tadu. 1, 31mech u nanee). C HUIMHU acCOIMUPYIOT H3MEHEHHBIE MTOPO-
IIBI 3aM1aTHON TTOJIOCH — KBAapI-CEPUIIMTOBBIC CIIAHIIBI, YTIIEPOACOAepIKaIie TOPU30HTHI, KOTUeTaHbl, Mar-
HETUT-OMOTUTOBBIE WM —TPIOHEPUTOBBIE KBAPIMTHI. )11 M3MEHEHHBIX BYJIKAaHUTOB M IOJIOCYATON XKele-
3uctoit popmanuu ¢ cynbduaamu xapakrepeH reoxumudeckuii o Au ~0,001-0,03 r/t, uro sBiseTcs
OnaronpuATHEIM (DaKTOPOM JIJIsl POPMHUPOBAHHS 30JI0TO-CYIB(OUAHOTO OPYASHEHHS MTPH MTEPEKPUCTAIIIH3A-
UK KomdenanoB (mpossieHus 3. PysunBaapa, Huemusippunckoe: Au go 0,6-3 r/T; Tabmn. 2).

Cybsynkanudeckue 0ayumul—puooayumsl paymaoucko2o komniexca (renaedanHTs) oopasyloT cyo-
COTJIACHOE TTACTOBOE TeJo (MOIIHOCTEI0 10 500 M) u maiiku (heap3uTOBOTO MIIH MUKPOTIOP(QHPOBOTO Tpa-
XUTOUAHOTO CTpoeHHs. Ha jxene30pyqHOM MECTOPOKACHWW CHIIT BHEAPWIICA 1O CABHUTOBOW 30HE, CEUeT
JIeQOpMUpPOBaHHBIC KBAPLUUTHI U CIIAHIIBI, yYacTBYET B MO3AHEH CKIIaI4aToCTH, npopbiBacTcss K-rpanura-
MH, TIeTMaTUTaMH, KBapreBbIMH Xkmiamu. llopombl comepxkar SiO, 66,72-71,26%, alk=8,43-6,86%
(Na,0O>>K,0), nmerot noBeimeHHyo al m mg. bausku M no cocraBy maiiku yuactka Tamoseiic. B opeo-
Jax CWIUIa B CJaHIaX pa3BHUTa CyJIb(pHIHAS BKPAILIEHHO-TIPOXKIIKOBas CynbduaHas MuHepanuzanms (10—
30%, Au 0,05-2 r/t). KonuenanHoe opyieHeHuUE, B T. 4., PETCHEPUPOBAHHOE, BCTPEUACTCSI B MPOKBAPIIO-
BaHHBIX OMOTHT-aM(HOOIOBBIX M YEPHBIX CIAHIAX, PEKE B JKEIE3UCThIX KBaprurTax. ['emiedauHTsl moa-
BEPIKEHBI MO3JHIM U3MEHEHHUAM B CyOIIMPOTHON mup-30He. Ha HUX, KBapIUTHI U CIAHIIBI HA JKEJIEe30PYI-
HOM MecTopoxaeHuu no CCB u 3-B mmp-30oHam HanoxkeHo Au-S-As-KBaplieBoe OpyAECHEHUE, MPEICTaB-
nerHoe Ha ydacTtke FO.-KocToMyKIIckoM MHppPOTHHOM, apCEHOIUPUTOM, JISJUTMHTUTOM, 30JI0TOM, XallbKO-
mmputoM (Au 0,1-30 r/T, Tabm. 2).

Tanoseticckuil komnaekc 2abopo, OUOPUMO8, K8APYE8bIX OUOPUMOS, KEAPY-NIa2U0pAHUm-noppu-
P06 cedeT MeTaMOp(U30BaHHBIC BMELIAIONINE TOJIIIH B LIEHTPAILHON YacTH CTPYKTYPhI — aM(UOOIUTHI 110
0a3aibTaM, KOMATHUTOBEIM 0a3albTaM M METAKOMATHHTHI PyBHHBaapckou cBuTH. Ha yd. Tanosetic pa3su-
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ToI ITOKK ¥ Aaiiku CCB u 3-B npoctupanus, ux o6pazoBaHHe MPOUCXOIMIO HA TO3IHEN KOJTU3NOHHOM
craguu. Kpaesble uactu mrokoB LlenTpansHoro u @akTOpHOTO CoAepkaT KCEHOJINTHI BMEIAOIINX METa-
mopox u paHHuX (a3 KomIiuiekca. MaccuBsl Iu(GepeHInpOBaHbl OT JHOPUTOB 110 TPAHHUT-TIOPHHUPOB.
AnukanbHasg 4acTh TOKa LleHTpanpHOro KpymHO-NOP(HPOBas, €ro MPOPHIBAIOT AIUTUTOBHIHBIC JKUIIBI
nofo0HbIe refuieIMHTaM U TO3JHHE JIaMIPOUTHI U Tamnpo¢upsl. CocTaB MOPOJA TPaHOANOPUTOBOTO psla
konebercs mo SiO, ot 55,34 no 67,66%, alk=6,09-7,22% (Na,O 3,83—4,95%, Na,0/K,0=1,69-2,72). O6-
mas MEeJIOYHOCTE, coaepxkanune CaO, penkux menoder, Ba, Sr, Zr, Cr,O3; 1 HEKOTOPHIX PyAOTCHHBIX KOM-
MOHEHTOB HECKOJIbKO MOBbIMIeHHbIE, MgO 4,50-1,9%, mg=0,54-0,48, 4T0 MO3BOIUIO OTHECTH MOPOIBI K
canykuronnam (rmo C.b. Jlo6au-)Kyuenko, B.I1. UekymaeBy, A.B. CamcoHOBY). Jlaliku MUKPOIHOPHUTOB H
aHJIe3uAaIMTOB yuacTka bepenaeil koMarMaTuuHbl MopoaaM Komiiekca. Hag norpy:xeHHOM KpoBiei Mac-
cuBa DakTOpPHOrO pa3BUTHI OMOTHUTH3ALMS, MPOMHINTU3ANMS BMEIIAIOMINX TTOPOJ U MPOKHUIKOBAS CYyJIb-
¢bunHas MuHepanuzanus. KceHomUTh KOMaTUUTOB B TPaHUT-NIOP(UPaX HHTEHCUBHO OTANbKOBaHbI, KapOo-
HATU3UPOBAHBl U OMOTUTHU3UPOBAHBL. | paHUTOMABI M3MEHEHBI W HACHIIEHBI CETHIO Pa3HOOPHUEHTHPOBAH-
HBIX KBapLEBBIX MPOXKMUIKOB C MUPUTOBONW BKpamiaeHHOCTHIO (5 %). LllTokBepkoBble 30HBI PaKTOPHOIO
(0,4-6,4 r/1) u LlenTpanpHoro (BkparuieHHOCTH - 0,55 /T, mpoxunku 10 10 r/t) oboramensr Au. Maccus
LlenTpanbHblii pas3out mmp-3ou0it CCB-20°, Tpaccupyemoii ['1aBHON KBapIieBO MO MOIIHOCTBIO 0,1—
2 M, coxepxarueil Bugumoe 3051010 (Au 0,5-60 /1, cp. 4,5-5,6 1/1). Tosp skrtbl 0kom10 380-360°. B 3anb6an-
Jax naek ydactka bepennei ycranosieHo o 0,5-20 v/t Au, npu GoHOBBIX 3HaueHusx u B opeosie 0,003-
0,4 /1.

Huemusapsunckuii u wypnosaapckuil komniexcol Na-K u K epanoouopumos, epanumos u memaco-
mMamumsl ux conpogoxcoaiowue. I'panuTsl MaccuBoB Boctounoro (ropa Tanoseiic) u HuemuspBuaCcKOro
00pa3yloT CHHCKJIaI4aThle Tela, C HOIMH CBsi3aHbl erMaTuthl. [lo3anecknagyareiii lypnoBaapckuii Mac-
CHB CEYeT TOJIIM KOHTOKCKOH U TMMOJIBCKOHW CEpPHM, Cephble MIIarHOMUKPOKINHOBBIE TPAHUTHI U TPAHUTO-
THEWChl 0OpamiieHus. [ paHUThI U aIUIUThI MACCHBOB HU3KOMAarHesuaiabHble, cogepxar Si0, 73,46—75,26%,
alk mo 8,53-9% (Na,O/K,O =0,75-0,77), uMeroT NOBBIIIIEHHBIE 00IIyI0 MenouHocTh, Li;O, Rb,O, Cs,0.
I'panopnopursl Llyprosaapckoro maccusa comepxat 66,74-68,96% SiO,. I'paHnuTsl U atuInThl 3a11aAHOTO
oOpamieHust MacciBa BoCTOYHOTO COMpPOBOKAAIOTCA IITOKBEPKOBBIM OKBapIleBaHHUEM C MOJHOICHHUTOM,
MUPUTOM, aPCEHONMPUTOM, XaIbKONUPHUTOM, caM. BUcMyToM. Ha nposinenusix Boctounom u Kyprenammnu
conepxxanust Mo komnebmores ot 0,0001-0,0006 mo 0,07-0,1 /T, Au ot 0,02—0,55 mo 2,54 r/T. [lo3mane K-
MeTacoMatuThl conepkar 10 14% K,O (tabm. 1). TenaeHnnn n3MEHEHHS COCTaBa KHUCIBIX MOPOJ BHIHBI
u3 Tabi. 1 u paccMaTpuBaroTcs Ha rpaduKax B JIOKIIAJE.

Paboma evinonusnace 6 cesizu ¢ n0O20MOBKOU OOKMOPCKOU OUCCEPMAYUU U NPOSPAMMe QYHOAMEH-
manvHvix uccreoosanuti OH3 PAH Ne 2 (Ilpoexm «3oa0mopyoHvie cucmemvl 8 apxeiickux 3el1eHOKAMeH-
HbIX NOSACAX. 2e00UHaMUYecKue 06CmMaHo8Kl, 603PACTbL, MUHEPATIO20-2e0XUMUYECKAS MURUAYUAY).

The Kostomuksha structure consists of rocks of the Nyukozero unit and those of the Kontokki and
Gimoly series formed in different geodynamic settings. The Kontokki series includes the Niemijérvi,
Ruvinvaara and Shurlovaara suites. The Niemijarvi suite is made up of amphibolites and amphibole schists
after basalts, and the Shurlovaara suite consists of schists and gneisses after felsic volcanics, agglomerate
and bedded tuffs, tuffites, as well as biotite and carbonaceous shales and magnetitic quartzites with pyrite
ore interbeds. The Ruvinvaara suite is formed of metakomatiites and amphibolites after basalts. Basic-
hyperbasic (oceanic crust) and island-arc complexes were generated in the time interval 2.88-2.84+2.82-2.8
Ga, as shown by the data obtained by various authors in 1998-2006. The Gimoly series constitutes a flysch
type of section of the structure and comprises the following suites: 1) the Sukkozero suite that consists of
conglomerates and gravelstones; 2) the Kostomuksha suite composed of iron formation as well as biotite
and amphibole schist and black shale with basic iron ore reserves and pyrite ore interbeds; and 3) the
Surlampi suite made up of quartzites and amphibole-biotite schists. According to O.I. Volodichev, the
rocks were metamorphosed at the accretion and collision stages in the evolution of the structure: static
metamorphism at P~4—6 kbar, T = 530-640°C; collision-stage metamorphism at T = 590-640°C and P =
4.4-10 kbar and is associated with the formation of transpression shear-zones. Metasomatic rocks in NNE-
and E-W-trending shear-zones were produced at low T and P (author’s data).

The metallogenic specialization of the Kostomuksha structure depends primarily on the presence of
iron formation, pyrite and gold horizons and Cu-Mo mineralization. Komatiites host low-grade nickel
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mineralization. Gold occurrences are associated with an orogenic stage in the evolution of the structure,
acid magmatism and zones of deformation, metasomatism and recrystallization of earlier ores. Of utmost
interest with respect to gold are: 1 — volcanic-sedimentary units and pyrite horizons of the Shurlovaara and
Kostomuksha suites, subvolcanic bodies, their hydrothermal reworking and sulphide mineralization zones
and banded iron formation with sulphides; 2 — the 2.72 Ga Taloveis, the 2.7-2.68 Ga Niemijérvi,
Shurlovaara and 2.705 Ga Rautajoki granitoid complexes and hydrothermal reworking zones in the haloes
of the massifs; 3 — NNE- and near-E-W-trending shear-zones subjected to intense metasomatic reworking.
(Rock composition and Au concentrations are shown in Tables 1-2).

The rock complex of the Shurlovaara suite — metavolcanics and dacite-rhyodacite tuffs contain 66.6-
71.08% Si0, (aver. 69.63%), 5.79-9.17 % total alkalies (>7%, K,0O>Na,0) and high alumina and high iron
concentrations (Table 1, here and onwards). Associated with them west-band altered rocks such as quartz-
sericite schists, carbonaceous horizons, pyrites and magnetite-biotite- or —grunerite quartzites. Altered
volcanics and banded iron formation with sulphides typically show a geochemical Au background of
~0.001-0.03 g/t, which is a favourable factor for the formation of gold-sulphide mineralization upon
recrystallization of pyrites (W. Ruvinvaara and Niemijarvi occurrences: up to 0.6-3 g/t Au; Table 2).

Subvolcanic dacites-rhyodacites of the Rautajoki complex (halleflinta) form a subconcordant sheeted
body, up to 500 m thick, and felsitic- or microporphyric trachytoid-textured dykes. In the iron deposit, a
sill intruded along a shear-zone, cuts deformed quartzites and schists, is involved in late folding and is cut
by K-granites, pegmatites and quartz veins. The rocks contain 66.72-71.26% SiO, and 8.43-6.86% total
alkalies (Na,0O>>K,0) and high al and mg concentrations. Dykes of the Taloveis prospect are similar to
them in composition. Disseminated-stockwork sulphide mineralization (10-30%, 0.05-2 g/t Au) is
widespread in sill haloes in schists. Pyrite mineralization, including regenerated mineralization, is
encountered in silicified biotite-amphibole schists and black shales, less commonly in iron formation.
Halleflinta was subjected to late alterations in a near-E-W-trending shear-zone. Quartzites and schists in
the iron deposit are overlain along NNE- and E-W-trending shear-zones by Au-S-As-quartz mineralization
represented at the S.Kostomuksha prospect by pyrrhotite, arsenopyrite, loellingite, gold and chalcopyrite
(0.1-30 g/t Au, Table 2).

The Taloveis complex, made up of gabbro, diorite, quartz diorite and quartz-plagiogranite-
porphyry, cuts metamorphosed host units, such as amphibolites after basalts and komatiitic basalts as well
as Ruvinvaara metakomatiites, in the central part of the structure. NNE- and E-W-trending stocks and
dykes are common at the Taloveis prospect; they were formed at a late collision stage. The Tsentralny and
Faktorny stock margins contain xenoliths of host metarocks and the early phases of the complex. The
massifs are differentiated from diorite to granite-porphyry. The apex of the Tsentralny stock is
macroporphyric, and is cut by aplite-like veins, similar to halleflinta, and late lamproites and
lamprophyres. The composition of granodiorite-series rocks varies in percentage of SiO, from 55.34 to
67.66%, alk = 6.09-7.22% (Na,O 3.83-4.95%, Na,O/K,O = 1.69-2.72). As total alkalinity and
concentrations of CaO, rare alkalies, Ba, Sr, Zr, Cr,0; and some ore-generating components are slightly
high: 4.50-1.9% MgO, mg = 0.54-0.48, the rocks were classified as sanukitoids (after S.B. Lobach-
Zhuchenko, V.P. Chekulaev and A.V. Samsonov). Microdiorite and andesite-dacite dykes at the Berendei
prospect are comagmatic with the rocks of the complex. Biotitization and propylitization of host rocks and
stockwork sulphide mineralization are widespread above the subsident top of the Faktorny massif.
Xenoliths of komatiites in granite-porphyry are intensely talcified, carbonatized and biotitized. Granitoids
are altered and saturated with a network of differently oriented quartz veinlets with pyrite dissemination
(5%). The stockwork zones of the Faktorny (0.4-6.4 g/t) and Tsentralny massifs (dissemination — 0.5-5 g/t,
veinlets up to 10 g/t) are enriched in Au. The Tsentralny massif is cut at 20°NNE by a shear-zone traced by
a 0.1-2 m thick major quartz vein that contains visible gold (0.5-60 g/t Au, aver. 4.5-5.6 g/t). Tsm, of the
vein is about 380-360°.Up to 0.5-20 g/t Au were estimated at dyke selvages in the Berendei prospect,
background values and those in the halo being estimated at 0.003-0.4 g/t.

The Niemijdrvi and Shurlovaara Na-K and K granodiorite-granite complexes and accompanying
metasomatic rocks. Granites of the Vostochny (Mount Taloveis) and Niemijarvi massifs form synfolded
bodies; associated with them are pegmatites. The late folded Shurlovaara massif cuts Kontokki and Gimoly
rocks, grey plagiomicrocline granites and marginal granite gneisses. Granites and aplites from the massifs
are poor in M, contain 73.46-75.26% SiO,, up to 8.53-9% alkalies (Na20/K20 = 0.75-0.77) and have a
high total alkali content, Li,O, Rb,0, Cs,O. Shurlovaara granodiorites carry 66.74-68.96% SiO,. Granites
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and aplites on the western Vostochny massif margin3 are accompanied by stockwork silicification with
molybdenite, pyrite, arsenopyrite, chalcopyrite and native bismuth. In the Vostochny and Kurgelampi
occurrences Mo concentrations vary from 0.0001-0.0006 to 0.07-0.1 g/t and Au concentrations from 0.02—
0.55 to 2.54 g/t. Late K-metasomatic rocks contain up to 14% K,O (Table 1). The composition variation
trends of felsic rocks are shown in Table 1 and are discussed using plots in a presentation.

The study was conducted in connection with the preparation of a Doctoral thesis and under Basic
Research Program No.2 supervised by the Earth Sciences Section, RAS (Project “Gold ore systems in
Archean greenstone belts: geodynamic settings, ages and mineralogical-geochemical classification”).

O®OPMUPOBAHUE KOPOHAPHBIX CTPYKTYP ITPU DKJIOTUTU3ALIUN
I'ABBPON0B BEJIOMOPCKOI'O KOMIIVIEKCA

Jlapuxosa T.JI.

WUT'EM PAH, Mocksa, Poccus, larik@igem.ru

CORONA TEXTURES FORMATION DURING THE ECLOGITISATION OF
GABBROIC ROCKS OF THE BELOMORIAN MOBILE BELT

Larikova T.L.

Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry, RAS, Moscow, Russia, larik@igem.ru

KopoHnapHbie CTpYKTYpBI pa3INYHOI0 cocTaBa OBIIM MCCen0oBaHbl B MeTaraboponaax bemomopcko-
ro xoMmiekca Ha n-ose Tonctuk, octpoBax Kuspeuxa, Kpusoii-I'opensiii, Jloneinsiit, OBeunii [1,2]. Ilpu
HCCIICIOBAaHUN Pa3sHOOOPA3HBIX KOPOH B APY3HUTax OBUIM BbIIEJIEHBI OOOOIICHHBIE THUIBI KOPOHApPHBIX
CTPYKTYP, @ TaKkKe MPUHIUIHAIBFHOE Pa3InYKie B COCTaBE U MOCIIEI0BATEILHOCTH CJIOEB B 0€30JMBHHOBBIX
U OJMBHH-colepXamux Merabazutax. DopmMupoBaHUEe KOPOHAPHBIX CTPYKTYP B PaHHENPOTEPO30HCKUX
rab6pouznax bemomopckoro KoMIuiekca HaUMHAETCSl Ha MPOrpagHoM starne mMeramopdusma npu T ~ 670-
690°C, P=6-8 xbap. Janee, B cBs3u ¢ moBeimeHneM Pyyo Ha perporpagHom stame (T=680-540°C, P=6-5
K0ap) mpoucxoaut ampuboIr3anrs KOPOHUTOB, KOPOHAPHBIE CTPYKTYPBI MEPEKPUCTATUIUIYIOTCS, U Y-
3UTHI IPEBPAIIAIOTCS B TPAHATOBBIC aM(PUOOTUTHI [1,2].

KopoHnapHble CTpyKTYpBI pa3IHdHOTO MHHEPAIBHOTO COCTaBa (OPMHUPYIOTCS IO MEXaHU3MY AH(]-
¢dy3roHHOTO OMMeTacoMaro3a MpH peakuusix MEePBUYHBIX TeMHOUBETHBIX MuHEpasoB (O, Opx, Mt, Cpx) ¢
IUTarMoKIa3oM npu BerpeuHoit auddysuu Ca u Al co croponst P, u Mg u Fe - co croponst Mg-Fe mune-
pajioB ¢ MaccornepeHocoM 4epe3 (iarongHyro (azy. Moaenb MOATBEPKIACTCS 30HATBHOCTBIO KOPOHAPHBIX
CTPYKTYp B COOTBETCTBUHU C I'pPaJUEHTAMHU KOHIEHTpPAIMi M XMMHUYECKHX MOTEHIMAIOB KOMIOHEHTOB, a
TaKXe HKCIEPUMEHTAJIbHBIM MOJICTMPOBAHUEM KOPOHAPHBIX CTPYKTYD [3,4]. Takum ob6pazom, popmupoBa-
HHUE BCEX CIIOEB B KOPOHAPHBIX CTPYKTYypax MPOUCXOAUT OJHOBPEMEHHO M PA3JIMYHBI MUHEPAIbHBIN CO-
CTaB W TOCJIEIOBATEIHHOCTh CIOEB B KOPOHAPHBIX CTPYKTYpax OINpPENeNsiOTCS TPaAueHTaMH XUMAYECKIX
MOTEHIUAIOB TUPPYHANPYIOMINX KOMIIOHEHTOB.

HeransHO ObUIM MCCIeIOBaHbl OE3rpaHATOBbIC KOPOHBI BOKPYT OJIMBHHA, NMPEJCTABICHHBIC JBYMS
CIIOSIMU — BHYTPEHHUM OPTOMUPOKCEHOBBIM M BHEIIHEW KallMOM, CIIOKEHHOW CUMIUIEKTUTAMH KIMHOIIH-
pokceHa u mmnuHenu. Kpome Toro, Ha KOHTaKTe KOPOHApHOM CTPYKTYpbI M «3albUICHHOT0» IUIarMoKias3a
(B KOTOpOM copepKaTcsi MHOTOYHCIICHHBIE BKIIOUEHHUS MEJIKHX 3€pPEH LIMHUHENN) OblI OOHapY KEeHBI KITU-
HONHMPOKCEH-IUIArHOKIIa30BbIE CUMITJIEKTUTHI M OTAENBHBIE 3€pHA KAJIHEBOTO MOJEBOro Immnara. Menbuaii-
1ast BKPAIICHHOCTH IIMAHENINA BO BHEITHEH KIMHOMMPOKCEHOBOIM KOpPOHE U B IUIArMOKiIa3e MO3BOJsIeT 00-
Jee mogpoOHO OomHcaTh OTHOCHUTENBHYIO MOJABIKHOCTD aJIOMHHHUSI B KOPOHAPHOW CTPYKTYpE MO CpaBHe-
HHUIO C JIpyrumu IudGyHAMPYIOMIMMH KOMIIOHEHTaMH, T.€. €r0 MHEPTHOCTh. BeposTHO, Melkue 3epHa
MIMUHETH c(POPMHUPOBATINCH MPU paclajie MePBUYHO-MAarMaTHYeCKOro MIarnoKiia3a U pocTe KOPOHApHOM
OpPTONMHPOKCEH+KIMHOMUPOKCEHOBOW accouuaruy. Takum o0pa3oMm, MO MPUCYTCTBUIO IINMHUHENIH MOXKHO
ONPEAETUTH MO3UINI0 TIEPBOHAYAIILHOTO KOHTAKTa UCXOJHBIX OJMBUHA M IU1arnokiasa. OnHako, B OpTo-
MUPOKCEHOBOM KaliMe NMPOSABIIEHA 30HAIBHOCTD C YBEITUYECHUEM ATIFOMUHUS K IIIaTHOKIIA3Yy.
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CHUMIIIEKTATHI KIIMHOITMPOKCEHA U IITMHENIN TUIIHYHBI 711 KOPOHAPHBIX CTPYKTYp. YacTo, mpu mo-
crnenyromei aMmpuOoIn3aluy KIMHOITUPOKCEH 3amernaeTcss aMm(puOooM, B TO BpeMs KaK IIMUHEIb OCTaeT-
sl CTaOMIIBHOM, 1 TakuM 00pazom, obpazyercs Hbl+Spl kaiima na mecte Cpx+Spl. UaTepecHo, uto “3ambl-
JieHre” IIMUHEINBI0 TUIAarnoKias3a MpomnajaeT psAaoM ¢ aMmpuOoIoBOi KaliMoid, T.e. IIMHHEIs 00pa3oBaach
HECOMHEHHO paHbIle amdubdoa.

[Ipn cpaBHEHUWM PEAKLIMOHHBIX CTPYKTYp KOPOHHTOB (Apy3uToB) bemomopckoro komiuiekca u
MPOTEPO30HCKUX IKJIOTUTOB paiioHa ['puInuHO [5] MOKHO OIIEHUTh MUTPALIMOHHYIO CIIOCOOHOCTH Iu(-
(GyHAUPYIOIKMX KOMIIOHEHTOB KaK Ha MPOTPaJHOM, TaK M Ha PETPOrpagHOM dTamne meramopdusma. B
9KJIOTUTaX CHUJIIBFHO MPOSBIECHBI peTPOTpagHbIe N3MEHEHUs - popMupoBanre ampudora, SUI0Ta, KITH-
HONIMPOKCEH-TIJIATMOKIIa30BBIX CUMIUIEKTHTOB MO oMdamuTy. flapa 3epeH TpaHaTOB TOMOTEHHEIE, a
KpaeBble YaCTH I'PAHATOB MMEIOT PETPOTPaJHYI0 30HAIbHOCTh. OHAKO, pETMKTOBBIE MUHEpAJbI (Ipa-
HaT U OM(}aluT) MO3BOJIAIOT OLIEHUTH MapaMeTpbl MUKa MeTamopdusma - temmneparypa 670-680°C u
naBieHue - okoyio 13 xOap. MHTEpecHO, YTO OTAENbHBIC YacTH IPaHATOBBIX KOPOH B Apy3uTax Ooiee
KaJIbIIMEBbIE U MarHe3UWaJbHbIEC, YEM JKJIOTHTOBBIE TPAaHAThI (AHAJOTUYHO B IKJIOTUTAaX KOMIUIeKca Ma-
pyH-Key, [Tomstpusrit Ypai).

[Ipu perporpagHoii amprOOIU3aIUN SKIOTUTOB 3epHA OM(AIUTOB OOBIYHO 3aMEIIATCs KIHMHO-
MAPOKCEH-IIJIAarHOKJIa30BBIMU CUMITIEKTHTaMH. C HCTOb30BaHUEM KOMITBIOTEPHOTO aHalin3a M300pa-
KEHHH B OTPaKEHHBIX 3JIEKTpOHaX Oblla MOCUMTAaHA IUIOIIAJb, 3aHUMaeMasl JIaMeJUSIMH IIarHoKiasa
U KIMHONHMPOKCEHa. B peTporpagHo-u3MeHEeHHBIX dKJIoruTax oTHomeHue Pl/Cpx B CUMIUIEKTHTax MO
oMmdanuty cocraBuio npubmusurenso 49/51. Ognaxo Cpx-Pl cumrmuiekturax, oOHapyXEHHBIX Ha
rpaHHIle KOPOHBI M MEPBUYHOrO IUIATHOKIIA3a B KOPOHHTaX 3T0 oTHomeHue coctamiser 70/30. Ilo-
CKOJIbKY pa3Mep — TOJIIMHA CHUMILIEKTHTOB OINpEeeseTcss He TOoJNbKo coctaBoM wimm P-T mapamerpa-
MH, a TJIaBHBIM 00pa3oM, KHHETHYEeCKUMHU (DaKTOpaMH IpU pacnaje oMQanura B XoJe JeKOMIPECCUU
SKJIOTUTOB, Pa3IMUne B OTHOCUTEIBHOM KOJMYECTBE KIMHOMMPOKCEHA U MJIaruokiasa, BeposiTHO, yKa-
3bIBAET KaK Ha Pa3IMYHBIA COCTaB MHUKPOJOMEHOB, B KOTOPBIX IPOHUCXOIUT (GOPMUPOBAHNUE CUMILICK-
THUTOB ATUX JABYX THIIOB, TAK M HA pa3Hble CKOPOCTH AU(PPy3un KOMIIOHEHTOB NPU UX (OpMHUpPOBAHUH.
Taxkum o6pa3oM, KIMHOMUPOKCEH-TUIATHOKIIa30BbIe CHMILIEKTUTHI B KOPOHUTAX OBLIH C(HOPMHUPOBAHBI
HE IMPU TMOYTH W30XHMHUYECKOM pacIajie dKIOTUTOBOTO oM(amuTa IpH JEKOMIPECCHH, a 10 PeaKIHH
IJIaruokia3a u Oosee TIMHO3EMUCTOH KIMHOMHUPOKCEHOBOW KOPOHHI (C BKIIOYCHHSIMHU IITIMHENIN) Ha
nuke Meramopusma.

Takum 00pa3oM, BEpOSITHO, U JUIsi KOPOHUTOB (JIPY3UTOB) U LIS MPOTEPO30HCKUX IKIOTHTOB beo-
MOPCKOT'0 KOMIUIEKCA 3Tall MporpagHoro Meramopdusma (IKJIOTHTH3AIMK), U, HECOMHEHHO, PETPOrpa-
HEIH 3Tan ObUIA €TUHBIME;, ¥ (OPMUPOBAHNE KOPOHAPHBIX CTPYKTYP B METaradbOponaax CBSI3aHO C SKIIOTH-
TaMu peruoHa [ puauHo.

Pabora BemonHeHa npu GuHaHCcOoBOH moanepxkke PODU (Ne 06-05-65291); Crunenaun llpesnnen-
ta PO mononeM kanaumaram Hayk (MK-6348.2008.5), a Takke SFB 574 u Hong Kong RGC 7057/08P,
7066/07P.
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N30TOINMHOE JATUPOBAHUE ME3OTEPMAJIBHBIX OPOI'EHHbBIX
30JI0TOPYJHBIX MECTOPOXJIEHUN KAPEJUH — BO3SMOXXHOCTH
N OI'PAHUYEHUA

Jlapuonosa FO.O.
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DATING KARELIAN MESOTHERMAL OROGENIC GOLD DEPOSITS BY ISOTOPE
METHODS - OPPORTUNITIES AND CONSTRAINTS

Larionova Yu.O.
Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry, RAS, Moscow, Russia,
ukalarionova@gmail.com

Pemennie po6GiieM renesrca 30JI0TOPYIHONH MHUHEpAINU3aliK B OOJBITMHCTBE CIIy4aeB HEPa3pHIBHO
CBSI3aHO C TOYHBIM OIpeJeNICHHEM BO3pacTa pyJHOTO Ipolecca. B mocieanee Bpems A OTBETa Ha 3TOT
BOIPOC BO BCEM MHUPE YCIEITHO MPHUBICKAIOTCS METOJIbI U30TOIHOM TeoXpoHoyoruu. EnuHoro moaxoaa k
JaTHPOBAHUIO THAPOTEPMAIBLHOTO PYA0O0TIIOKEHHS HE CYIECTBYET, U KaXKI0I0 KOHKPETHOTO MECTOPOXK-
JICHVSI 3TH BOIIPOCHI PEIIAIOTC HHIUBUAYAIBEHO. Yale Bcero UCIONb3YITCS CICAYIOIIUE METO/IbI:

1. U-Pb matupoBanue THIpOTEepMANBHBIX TUPKOHOB, OaIaeenTa.

2. Sm-Nd n30XpoHHOE AATHPOBAHHUE MUHEPANOB-CITyTHHUKOB THAPOTEPMAIBHBIX XKWJI U METacoMa-
TUTOB: LICEIUTOB, TYPMAJIUHOB, CYJIb(UIHBIX MUHEPAJIOB U MPOY.

3. Re-Os narupoBanne MOIHOICHUTOB, INPUTOB, APCEHOMTUPUTOB

4. “Ar/*’ Ar naTupoBanue rUAPOTEPMANTEHBIX MYCKOBUTOB

5. Pb-Pb u30xpoHHBIN METO/ TaTUPOBAHUS TAJICHUTOB, CAMOPOJHOTO 30J10Ta, TMPUTOB

6. Rb-Sr nzoxpoHHoe naTrpoBaHre METACOMATHTOB M UX MUHEPAJIOB.

J71st OpOTE€HHBIX 30JIOTOPYAHBIX 00BEKTOB OIpeieNieHne N30TOITHOTO BO3pacTa Py IHOTO Ipoliecca
SIBJISICTCSI OCHOBOM JJISl TOHMMAHUS 1EIbHOW KapTHHBI UX (GOPMHUPOBAHUS U MO3UIMU B OOIICH re0I0ru-
YECKOM IBONIOLUU PETHOHOB. Tak, “Ar/°Ar, Sm-Nd, U-Pb, Rb-Sr, Re-Os JIaTUPOBAaHHUE KaHAACKUX U
ABCTPAIMHCKUX MECTOPOXKISHUH MO3BOIHIIO OTPEEIUTh BO3PACT M B3aMMOCBSA3b TAKHX MPOIIECCOB, KaK
TEKTOHU3M, MeTamMop(du3M, MarMaTu3M H pynoobpazoBanue. OHO MOKa3ajgo, 9To (HOPMUPOBAHUE PYII-
HBIX 3aJIeKeil MOXKET MPOUCXOANTD KaK HEMTOCPEACTBEHHO BCIIE/ 38 MarMaTu3MOM, perHOHAIbHBIM MeTa-
Mopdu3MoM U nedopManusiMu, Tak ¥ OBITh OTOPBAHHBIM Ha JIECSITKH MUJUITHOHOB JIET OT OPOT€HHBIX CO-
OBITHIA.

Hnst Kapenbckoii rpaHUT-3eIEHOKAMEHHOW 00JIaCTH B MOCJIEHHUE TO/IBI MTOTYYeHO OOJIBbIIOe KOJINYe-
CTBO M30TOITHO-TE€OXPOHOJIOTMYECKUX JaHHBIX O BpeMEHU (DOPMUPOBAHUS OCHOBHBIX KOMIUICKCOB TOPOI,
ciararoimux 001acTh, a TaKKe NaHHBIX MO0 TEKTOHO-TepMaibHON 3Bomonmu Kapensckoro kparona OpHa-
KO, MPSIMBIX T€OXPOHOJIOTHYECKUX HCCIICAOBAHUN 30JI0TOPYAHBIX 00bekTOB Kapenbckoro kparoHa Ha ce-
TOJTHS OCTAETCs KpaiHe MaJio.

Kaxp1it u3 BBINIETIEPEUNCIIEHHBIX METOJIOB N30TOITHOTO AATHPOBAHUS UMEET CBOM BO3MOXKHOCTH U
OTrpaHUYCHHS, HU OJMH M3 HUX HEJIb3sl NPHU3HATh a0COIIOTHO yHuBepcaibHbM. Tak, U-Pb matuporanue
LUUPKOHOB TMPHHATO CUUTATh HanboJee yOeOUTEIbHBIM METOJOM ONpENIENCHHsI BO3pAcTa IreoIoTHIecKuX
MIPOLIECCOB. DTOT METOJ JACHCTBUTEIHLHO MPEKPACHO pabdOoTaeT MpH AATUPOBAHUM IMPOIECCOB MarMaTH3Ma,
MeTamMopdu3Ma, OJHAKO €ro MPUMEHEHHUE IS JaTUPOBAHUS ME30TEPMAIbHBIX PYIHBIX O0BEKTOB SBIIACTCS
CKOpee UCKITIOYEHUEM, ITOCKOJIbKY TIIaBHBIM JI0Ka3aTeIbCTBOM THAPOTEPMATbHON MPUPOABI IMPKOHA SBIIS-
10TCs (PIIOUIHBIC U MUHEPAIbHBIC BKIIOYCHUS B HEM (IUPUTA, TAICHUTA, 30J10Ta U Jp.), KOTOPHIE, C METO-
JIMYECKOM TOYKHM 3pEHUs], CEPbE3HO 3aTPYIHIIOT HAIEKHOE M30TOIHOE JaTHPOBaHUE ITUPKOHA, MHOT/IA Jie-
JIast ero HEBO3MOXKHBIM.

Re-Os nanHbie 10 MOJIMOACHUTAM U APYTUM CYJib(HIaM TO3BOJISIOT HAMPSIMYIO M3ydaTh PYIHBIC
MuHepanbl. OHAKO, Ha CETOMHSAIIHUN [eHh HEMHOTOYHCIICHHBIE I MecTopokaeHuil Kapemsckoro
6moka pesynpratel Re-Os matupoBaHuss MONMHOJEHUTOB, OMPENEISIIONINE apXeHCKU BO3pacT MUHEpa-
JIOB, HE MOKA3bIBAIOT XOpOIIeH cxoauMocTu ¢ naHHbeIME U-Pb matmpoBanusi pyJoBMeNIaromuX MOPO,
naBast Oosiee npeBHue (0T 50 10 150 MITH. JI€T) ¢ YyY4ETOM PacUeTHOW MOTPEINHOCTH 3HaueHus. [Ipu aTom
Re-Os n3oTOMHBIE BO3pacThl MUPUTOB U aPCEHONMMUPUTOB ONPEACIAIOT 00JIee MOJIObIe BO3PACTHI CYIb-
¢bunoB, kak mnpaBwio, Ha 100 MIH. J€T MOJOXE PYAOBMEMIAIONIUX IOPOJ W MOJHOICHUTOB
(http://www.gsf.fi/explor/).

98



[Mony4enue Pb-Pb m3oxpoHsl Mo MuHepanam (rajJeHUTaM, CAMOPOJHOMY 30JI0TY, UPUTY) SIBISIOTCS
yOeauTenpHeNIINM JOKa3aTeIbCTBOM BPEMEHHU MIPOTEKAHUS PYAHBIX MpoueccoB, oqHako Pb-Pb m3oxpoHsl
JIOCTATOYHO PEIKHU IS TOKEMOPHIICKIUX 0OBEKTOB.

®dopMupoBaHre JOOOTO PYJHOTO THIPOTEPMAIBHOTO OOBEKTa COMPOBOXKIACTCS HHTCHCHUBHBIMH
METacCOMaTHYECKHMHU NPEOOpa30BaHUsIMH PYAOBMELIAIONINX OPOA - (POPMHUPOBAHUEM OKOJOPYIHBIX Me-
TaCOMAaTUTOB. Y CTAHOBUB BO3pacT CHHPYJHBIX METACOMATHUTOB, MBI MOKEM FOBOPHTBH O TOM, YTO OH OTBE-
yaJl BpeMEHHU MPOTEKaHUsI PyAHBIX MporeccoB Ha o0bekre. Ha GompmmaCcTBE 00BeKTOB Kapenun meraco-
MaTHUTHI IPEACTaBIICHb! Oepe3uTaMH, KOTOPHIE SIBISIFOTCS IPUBJIECKATEIbHBIM OOBEKTOM AJISl JaTUPOBAHHS C
noMouipio Rb-Sr MeTona, mockosbKy B MeTacOMaTH4eCKUil mapareHe3uc 0epe3uToB BXOIAT (asbl ¢ pas-
mmaHbIMHA Rb/Sr OTHOIEHUSIMH, 9TO TTO3BOJIAET IPUMEHSTH I HUX H30XPOHHYIO MOJIEIb.

Rb-Sr n3oTonHas cuctemMa METacCOMaTUTOB M PYJ JIIO0OTO THAPOTEPMAIBHOTO MECTOPOKACHUS (POPMH-
pyercst B pe3yJibTaTe B3auMoAeicTBHs (UIIoNIa ¢ BMELIAIOIUMHU opoJaMu. B aToM B3anMozeiicTBuM Tpouc-
XO/UT Tiepepactperenenie atomoB Rb u Sr Mexxay ¢azaMu cHCTEMBI, YTO B KOHEYHOM CUETE JIOJHKHO MPUBEC-
TH K BHIPABHABAHHIO PA3/IMUMIA 110 BETMUMHE OTHONICHHS ° St/*°Sr, cylecTByIomee B HAUATbHBI MOMEHT Bpe-
MEHU MexAy (iaronsoM U moponod. BaxxHOH xapakTepuCTHKOM mpoliecca SBISIETCS TO, YTO OH IIPOUCXOAUT
IIPY CPABHUTENFHO HU3KHUX TEMIEpaTypax, Ipu KoTopbix 1uddysns Rb u Sr B kpucrayuimueckoi pererke Mu-
HEpaJIOB WIET YPE3BBIYAHO MEIJICHHO W HOBOE M30TOITHO-TEOXUMHYECKOE PABHOBECHE MOXET JAOCTHUTATHCS
TOJILKO B PE3yJIbTaTe XMMUYECKHX Peakluii Mexay Gmounom u noponoil. C MUHEpaIoruueckol TOYKH 3peHUsI
IpoLecC B3aUMOAECHCTBHS MEXIy (DIIOMIOM M HOpPOJOH BBIpaXkaeTcss B 00pa30BaHMM HOBOI'O IaparcHe3Hca
MHHEPAJIOB, 3aMEIIAIOIIET0 MPEIIeCTBYIONHH (HapuMep, MarMaTHUeCKUii) TapareHe3uc.

B mocnennue roapl HaMu OBUIH MOTYYEHBI Pe3yIbTaThl Rb-Sr H30TONMHO-re0XpOHOIOTHYECKOTO H3Y-
YeHus1 HauboJiee 3HAYMMBIX 30JI0TOPYAHBIX 00BbekToB Kapenun — mectopoxxaenust Tanoseiic, [lenponam-
nu, Pagneiin-Kenesa, AnonBaapa, pynonposiienus Ilskrons. Bce m30TomHBIE MCCIETOBAaHUS BBITOIHS-
JIMCh TIPH JIeTaJbHEHIIIEM MTETPO-MUHEPATIOT0-T€OXUMUYECKOM KOHTPOJIE KaK 0 MUHEPAJIbHBIM (hPaKLIUsIM,
TaK ¥ 1o npodam mopoj B 1ejaoM. Takum oO6pa3oM ObUTH MPOTECTUPOBAHBI Pa3InUHbIC OAXO0/IbI K JaTUPO-
BaHUIO OEPEe3UTOB U PYAHBIX XKMJ C MOMOIIBI0 Rb-Sr MeTona, nmo3BonuBIINE UCIIONIB30BATh YCIICIIHbIE Ha-
pabOTKH [T OIpeieseH s BO3pacTa Py JHBIX MMPOILIECCOB HA M3yUEHHBIX 00BEKTaX.

[TosydeHHBI€ B Ipoliecce MPOBEIEHHBIX HCCIEIOBAaHUN Pe3yIbTaThl U HAKOIUIEHHBIN OMBIT MO3BOJIS-
eT c(hOopMyIHPOBATh HECKOJIBKO YTBEPXKICHUH, KOTOPbIE OyIyT AeTajJbHO 0OOCHOBAHBI B JOKJIAJE:

1) HanmesxxHo ompeneneHHbIi ¢ MOMOIIBIO MTeTporpaduaeckiX U MUKPO30HIOBBIX MCCIIEIOBAHHUH Ta-
pareHe3nc MHHEPAJOB, CIararlx odpasell, U YeTKoe 0OOCHOBaHWE METACOMATHYECKOW TMPUPOJIBI ATOTO
napareHesmca (C ykazaHHEeM TOTO, YTO OH €JMHCTBEHHBIH W APYrux Oojiee MO3AHUX MpeoOpa3oBaHUi HE
(uKcupyercs) Mo3BOJIsIeT HaM T'OBOPUTH, 4T0 Rb-Sr n30XpoHbI, NOTy4YEeHHBIE 10 MUHEpAIaM JaHHOTO 00-
pasiia, OTBEYal0T BPEMEHH MPOTEKaHHS THIPOTEpMaIbHO-METacoMaTnieckoro mporecca. 2) Ilomyuenne
CTaTHCTHUYECKU 3HAYMMOM M30XPOHBI CBUAETENBCTBYET O TOM, YTO B IPOIIECCE METACOMATO3a MPOU30ILIIO0
BbIpaBHMBAaHHE HAYaJIbHOI'O M30TOIHOI'O COCTABa CTPOHLMUS MEXIY HOBOOOPa30BaHHBIMH MHUHEPAIbHBIMU
¢azamu, T.e. MUHEpaJIbl IPOAHAIN3UPOBAHHON acCOLMALMU JEHCTBUTENBHO MapareHHsl. 3) MHTepecHbIMU
MPEACTABISIIOTCS U pe3ybTaThl HccieaoBaHuii Rb-Sr cucremMbl B 00beMe METacOMaTHTOB, OTOOPaHHBIX
BKpECT MPOCTUPAHUS PyIHBIX KWI. B 3aBUCHUMOCTH OT CTENEHH METacOMaTHUYECKHX MPeoOpa3oBaHUl py-
JOBMEILAIOIIUX [T0POJ, TAKHUE MCCIEJOBAHMS MO0 MO3BOJSIOT (PUKCUPOBATh JOCTHKEHNE HOBOTO U30TOII-
HOTO paBHOBECHUSI MEXIY METacOMaTHTaMH, OTOOpaHHBIMU M3 Pa3HbIX YacTell MeTacoMaTHYECKOW KOJIOH-
KH, 4TO JJaeT BO3MOXHOCTD ISl AaTUPOBaHUS, TUOO MO3BOJSIOT MPOCTPAHCTBEHHO U3y4aTh JABIKeHHE Rb-
St U30TONMHON CHCTEMBI HA ITyTH K HOBOMY PaBHOBECHIO.

Problems in the genesis of gold mineralization are commonly solved by high-precision dating of an
ore deposition process. Isotopic geochronology methods have lately been successfully used for that
purpose all over the world. There is no common approach to dating of hydrothermal ore deposition; the use
of one or another method depends on a particular deposit. The methods commonly employed are:

1. U-Pb dating of hydrothermal zircons and baddeleyite.

2. Sm-Nd isochrone dating of the accessory minerals of hydrothermal veins and metasomatic rocks
such as scheelite, tourmaline, sulphide minerals etc.

3. Re-Os dating of molybdenite, pyrite and arsenopyrite

4. *Ar/* Ar dating of hydrothermal muscovite
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5. Pb-Pb isochrone dating of galena, native gold and pyrite

6. Rb-Sr isochrone dating of metasomatic rocks and their minerals.

For orogenic gold deposits, isotope dating of an ore deposition process provides a basis for a
complete understanding of their formation pattern and position in the general geological evolution of
regions. For example, “Ar/°Ar, Sm-Nd, U-Pb, Rb-Sr, Re-Os dating of Canadian and Australian deposits
has made it possible to estimate the age and relationship of some processes such as tectonism,
metamorphism, magmatism and ore formation. It has shown that the formation of ore deposits can occur
directly after magmatism, regional metamorphism and deformation or can be separated by tens of millions
of years from orogenic events.

A lot of isotopic-geochronological data on the time of formation of the basic rocks complexes that
constitute the Karelian granite-greenstone province and evidence for the tectono-thermal evolution of the
Karelian Craton have been obtained in the past few years. However, few direct geochronological studies of
gold deposits in the Karelian Craton have been conducted.

Each of the isotope dating methods listed above has its own potential and constraints, and none of them
are recognized as general-purpose methods. For example, U-Pb zircon dating is considered to be the most
convincing method to date geological processes. Indeed, it is a good method for dating igneous and
metamorphic processes, but its use for dating mesothermal ore deposits is rather an exception, because the
hydrothermal nature of zircon is proved basically by its fluid and mineral (pyrite, galena, gold etc.) inclusions
that, from the methodical point of view, make isotope dating of zircon unreliable and sometimes impossible.

Based on Re-Os data on molybdenites and other sulphides, ore minerals can be directly studied.
However, few results of Re-Os dating of molybdenites from the Karelian Block that show the Archean age
of minerals are not in good agreement with the results of the U-Pb dating of ore-hosting rocks that show
older (50 to 150 Ma) ages with regard for the estimation error. It should be noted that the Re-Os isotope
ages of pyrites and arsenopyrites are responsible for the fact that sulphides are, as a rule, 100 Ma younger
than ore-hosting rocks and molybdenites (http://www.gsf.fi/explor/).

A Pb-Pb isochrone from minerals (galena, native gold and pyrite) is the most convincing proof of
the timing of ore processes, but Pb-Pb isochrones are fairly scarce for Precambrian deposits.

The formation of any hydrothermal ore body is accompanied by intense metasomatic alteration of
ore-hosting rocks that gives rise to near-ore metasomatic rocks. Once the age of synmetallic metasomatic
rocks is estimated, we can argue that it agrees with the timing of ore-forming processes in the area
discussed. At most Karelian localities, metasomatic rocks are represented by beresites — the rocks good for
dating by the Rb-Sr method, because the metasomatic paragenesis of beresites comprises phases with
different Rb/Sr ratios, so that the isochrone model can be applied to them.

The Rb-Sr isotope system of metasomatic rocks and ores from any hydrothermal deposit is produced
by fluid — host rock interaction. In the course of interaction, Rb and Sr atoms are redistributed between the
system phases, and differences in *’Sr/**Sr between the fluid and the rock, which originally existed, are
levelled. One essential characteristic of the process is that it occurs at relatively low temperatures, at which
Rb and Sr diffusion in the crystalline lattice of the minerals is extremely slow, and a new isotopic-
geochemical equilibrium can only result from chemical reactions between the fluid and the rock. From the
mineralogical point of view, fluid — rock interaction gives rise to a new mineral paragenesis that replaces
the previous (e.g. igneous) paragenesis.

In the past few years, we have obtained the results of Rb-Sr isotope-geochronological study of
Karelia’s most significant gold localities such as the Taloveis, Pedrolampi, Faddein-Kelya and Jalonvaara
deposits and the Pidkyld ore occurrence. All isotope studies were controlled in detail petrologically,
mineralogically and geochemically for mineral fractions and rock samples. Thus, various approaches to
dating of beresites and ore veins by the Rb-Sr method were tested, and the results obtained were used to
date ore processes at the localities studied.

The results of the studies, together with our experience, have led the authors to some conclusions
that will be discussed in detail in the presentation:

1) Based on the paragenesis of the mineral constituents of a sample, determined reliably by
petrographic and microprobe studies, and convincing arguments in favour of the metasomatic nature of this
paragenesis (showing that it is the only one and that no other later alterations have been revealed), we
argue that the Rb-Sr isochrones, obtained for the mineral of the sample, agree with the timing of a
hydrothermal-metasomatic process. 2) Obtaining a statistically significant isochrone shows that in the
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course of metasomatism the initial isotope composition of strontium has leveled between newly-formed
mineral phases, i.e. the minerals of the association analysed are really paragenetic. 3) Also of interest are
the results of the study of the Rb-Sr system in metasomatic rock samples collected across the strike of ore
veins. Depending on the degree of metasomatic alteration of ore-hosting rocks, such studies either make it
possible to argue that a new isotopic equilibrium between metasomatic rocks, sampled from the different
parts of a metasomatic column, has been achieved, thus providing the opportunity for dating, or to study
the movement of the Rb-Sr isotope system in space on the way to a new equilibrium.

I'PAHUT-3EJIEHOKAMEHHBIE U TPAHYJIMTOBBIE KOMIIVIEKCbHI
IMPUCAAHCKOI'O KPAEBOT'O BBICTYIIA ®YHJIAMEHTA
CUBUPCKOM IIJIAT®OPMbI
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GRANITE-GREENSTONE AND GRANULITE COMPLEXES OF THE PRISAYANSKY
MARGINAL SCARP OF THE SIBERIAN PLATFORM BASEMENT

Levitsky V. Levitsky 1. V.I, Salnikova E.B.%, Kotov A.B.’

'nstitute of Geochemistry, RAS, Siberian Branch, Irkutsk, Russia, vlevit@igc.irk.ru
“Institute of Precambrian Geology and Geochronology, RAS, St.Petersburg, Russia, akotov@peterlink.ru

Hns Ipucasackoro (Llapepxanraiickoro) kpaeBoro Beictyna (ynnamenta CuOUpcKoi miathopmbl
ceifyac BBISIBIICHA CIIEAYIOINAS [OCIENOBATEILHOCTE (POPMUPOBAHUS TOHAIUT-TPOHABEMHUTOBBIX, 3€JICHO-
KaMEHHBIX, TPAHYJIUTOBBIX, TPAHUTHBIX CTPYKTYPHO-BEIIECTBEHHBIX KOMIUIEKCOB, Pa3BUTHIX B VpKyTHOM,
Kunoiickom, Kutoiickom, Bynynckom, buptocuackom, Napranckom (OKHHCKOM) OJI0KaX, a TaKke Y PHK-
cko-UiickoMm mpoTomiatgopMeHHOM mporude (rpadeHe), ciaraiomux €AMHYI0 CHCTEMY ONPEACISIONIYIO
Te0JOTHYECKOe CTPOSHHE BEICTYIIA.

1) Maneoapxeiickue HU3KOMeTaMOp(U30BaHHBIE 0Opa30BaHMs, MPEACTABICHHBIC KJIACCHYCCKUMU,
MPUCYLIMMHU APYTHM PETHOHAM PaHHETO TOKEeMOPHS, TOHATUT-TPOHAbeMUTOBBIME accormauusmu (TTA) ¢
MOJYNHEHHBIM KOJIMUYECTBOM ano0a3ajbTOBBIX (KOHTUHEHTAJIBHBIX) U allOTOJICUTOBBIX aM(pHOOIUTOB, KO-
TOpBIE CIIaraf0T TEKTOHWYECKHE TUIACTHHEI B Tpefenax bymyHckoro m Kurtoiickoro 610koB, a Takxke I ap-
TFaHCKOI'0 MacCHBa.

Jnst ToHaMTOB M TpoHABeMUTOB KuTolCcKOro 6y10Ka NoMydeHsl OLIEHKU BO3pacTa B MHTEpBaie 3,2-
3,4 mapa. ner (U-Pb metox mo mupkonam, SHRIMP meton [1,2]). [Ipu atom 3rauennst (Rb/Sr)y TTA yk-
nmaapIBaloTCs B nuamnasoH, omuskuit BABI (0,699-0,701), a Tyg(DM)=3,5-3,6 Map/. €T, MOATBEPKIas X
OTHECeHHE K ApeBHeWmMM oOpazoBanusM Mupa. Bospact TTA TDapranckoro Onoka coctasusier 2,66
mipa. net (SHRIMP meron mo nupkonam).

2) Monnmeramopdhuieckrue KOMIUIEKCH IPaHyJIUTOBOH (aumu (mapebkanraickas cepus — B UpkyT-
HoM U JKumoiickoM Oiiokax, kuroiickas - B XKumoiickoM, Kutotickom, BynyHckom 010kax, xaiilaMuHCKas -
B buprocunckom 0nokax), GopMUPOBaBIINECS OT HEOapXest O HNaJe0npOTEePO309.

B mapepkanraiickoit cepuu npeo0safaloT IBYMUPOKCEHOBBIE CIAHLBI M IJIarHOTHEHCH (fporoBas
oOMaHKa, KBapIl, MarHeTUT), MTPOTOIUTAMH KOTOPBIX MOCIYXHIIN TOJEUTOBBIE OKEAHHYECKHE U OCTPOBO-
IyXHble 0a3aJbThl, aHJC3UTHI U, Pexke, 0a3aIbThl MIOMIOHUTOBOTO Ps/ia, MPUCYLIHE aKTUBHBIM KOHTHHEH-
TaJIbHBIM OKpauHaM (WM BHYTPUIUTUTHBIM 0OCTaHOBKaM). Jl0CTaTOYHO MIMPOKO pacripoCTpaHeHbl OMOTH-
TOBBIe (frpaHaT, rumepcTeH, am(uOon) THEHCH (METanenuThl, MeTarpayBakKi, METacHIUINTHI). Pemako
BCTPEYAIOTCS KAJIBIUTOBBIE U JIOJOMUTOBBIE MPaMOpPbl M MeTayIbTpabasutThl. s mapbpKalraiickon ce-
puu ¢ 80 r.r. XX Beka U3BECTHHI OIleHKH Bo3pacTa (Rb-Sr meronx) B naTepBane ot 3,4 mo 3,7 mupa. net [2].
Bruskue natupoBku — 3,3-3,4 mupa. et — noiydensl HepaBHo U-Pb SHRIMP metomom mo nupkonam [5].
B 0boux cimyyasx 3tu pyOexxu TpeOyroT MOATBEp KICHUSI COBPEMEHHBIMH MeToAaMu. boiee Haae:KHBIMU
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IUISL CEpHUH SIBISIFOTCSL OIIpeJieNieHus1, ToTyueHHble panee U-Pb MeTosoM mo nupkoHaM 4apHOKHUTOB U TH-
MEePCTEHOBBIX THeHcoB — 2,8 mupa. et [2,3]. Celtuac /il mapbhKairaicKkoi cepuu HaMu MOATBEPKIACHO
MIPUCYTCTBHE Kak Heoapxehckux (2,56-2,65 mupa. ner), Tak M maieonpoTeposoiickux (1,85-1,87 mipa.
7eT) accormanuii [3] B aToit cucreme.

B xwuroiickoil cepun NOMHHHPYIOT OMOTHTOBBIE (fIpaHaT, KOPAWEPHUT, CHIUIUMAHUT, TUTIEPCTEH)
THeWChl, BMECT€ C KOTOPHIMM BCTPEYAIOTCS TPOCIOM aHAANY3UTOBBIX U aHAANy3UT-CHITUMAHUTOBBIX
CJIAHIIEB U THEHCOB. B niepBoM cityuae, pu NajJeOPEeKOHCTPYKLUUAX Pa3HBIMH METOJAMU OHU COOTBETCTBY-
0T HE3peNbIM (TPayBaKKH, apTH/UIHTHI), @ BO BTOPOM — BBICOKOIU((GEPEHITUPOBAHHBIM (JIATEPUTHI) OCaI-
KaM. B paspesax KuTOHCKOH cepuM BechbMa BelMKa J0JS KaJbIUTOBBIX U JIOJIOMUTOBBIX MPamMOpOB, TOTa
KaK KOJIMYECTBO allOTOJIEUTOBBIX IBYMUPOKCEHOBBIX IJIATHOCIAHIEB U IJIATHOTHEHCOB COCTaBIsieT He 60-
nee 20%. s xuToiickoit cepunt Rb-Sr meTomom mo raeiicam ObLT yCTaHOBIIEH BO3pacT 2,8 Mip/. Jet [2].

Monensnble Bo3pacta Tng(DM) jutst mapspkanraiickoil 1 KUTOWCKOM cepuil BapbUPYIOT OT 2,9 1o
3,6 Mipa. et [Hamu gaHHble, 3,4].

3) Heoapxeiickue 3eneHokamenHble nosica (OHoTckui, Tapra3oiickuii u Jp.), aCCONUUPYIOT C Ia-
neoapxeiickumu TTA. MeraocagouHsle ¥ METaBYJIKAHHYECKHE TTOPOBI ATHX MOSCOB BBHIMOIHSIIOT TPOTO-
BbIe (TTanieopu(TOBbIe) CTPYKTYPHI [2]. B 3eeHOKaMEeHHBIX MOsicax CHHU3Y BBEPX BBIACISIOT: 1) Majouper-
CKYI0 U OypyXTYHCKYIO CBUTHI (METaBYJIKAHUYECKHE MTOPOIBI TOJICUT-PUOIUTOBON CEpPHH, PEXe MeTaTep-
pHUTEHHBIE THEWCHI C MpamMOpaMH W MeTarumnepOasuTamu); 2) KaM4alainbCcKylo CBUTY (aM(puOOIHUTHI, OHO-
TUT-TPAHATOBBIC THEWCHI, JOJOMUTOBBIE U MarHE3UTOBBIE MpaMophl); 3) cBuTy CocHoBoro baiina - kBap-
UTHI, aM(PUOOINTHI, THEUCH (+OMOTHUT, TpaHaT, CHJUIMMAHUT, KHAHWUT, CTaBPOJIUT, Kopaueput). [lopossr
9THX CBUT MeTaMOp(U30BaHBI B yCIOBUSAX aM(pUOOTUTOBON U SMHIOT-aM(PUOONIUTOBOM (anuii, a Takxke
MOJBEPITINCh UHTCHCUBHBIM METAaCOMAaTHYECKUM IOCTYJIbTpaMeTaMophHUecKUM NpeoOpa3oBaHUsIM B ycC-
noBHAX aM(puOOTUTOBOI (anyy MOBHIIEHHBIX TaBICHUH [2].

Rb-Sr meTogom amst aM(puOOIUTOB 1 OMOTHT-TPAHATOBBIX THEWCOB Pa3HbIX CBUT OHOTCKOTO 3€JIEHO-
KAaMEHHOTO T105Ca MOIyYeHb! OLEHKH Bo3pacTa ot 2,7 1o 2,8 mupa. ner mpu (*'Sr/*°Sr),=0,70165-0,70177
[2]. Ansa ampubomuToB u rHeiicoB OHOTCKOrO M BymyHckoro MoaenbHbIH Bo3dpacT Tng(DM) cocraBmser
3,1-3,6 mupa. net [4, Hamy JaHHBIE].

4) Heoapxelickue ynbTpaMeTareHHble TPAaHUTOMIbI KUTOMCKOTO KOMITIEKCa MPUYPOUYEHBbI K 30HAM
COWICHEHHSI IPAaHyIMTOBBIX M 3€J€HOKAMEHHBIX CTPYKTyp. Kak mpaBuiio, OHM IpeacTaBiieHbl THEHCOBU-
HBIMH MHTMaTHT-TPAaHUTaMH, PEKE JTEHKOKPATOBBIMH KAIHIIIATOBBIMU HUJIH TUIATHOKIA30BBIMU TPAaHUTOU-
JlaMH, COCTaB KOTOPBIX LIMPOKO BAPHUPYET B 3aBHCUMOCTH OT UCXOJHOTO CyOCTpaTa U CTENEeHHU ero npeoo-
pasoBanus. B MpkyTHOoM OJ10Ke OHHM ciararoT Tena MouiHocteio 10 100 M. B Kutoiickom 610Ke 3TO yiKe
MAaCCHBBI IIOMIAAbI0 10 1-2 kM’, a B BymyHckoM — 10 10 xv”. VI Bo3pacT cocTaBiser 2,53 Mipj. JieT B
Kurotickom 610ke 1 2,65 mupa. et B Upkytaom 610ke (U-Pb MeTox nmo nupkonam [3,5]), a Tng (DM) —
2,9-3,6 mapn. ner.

5) IManeonporepo3zoiickue nporomniaarGopMeHHbIe HU3KOMETaMOP(U30BaHHBIE BYJIKaHOI'€HHO-OCA-
JouHBIEe Tporosble mosica (Ypukcko-Uiickuii rpaben), B KOTOPHIX OTMEYAIOTCSI MACCHBBI TPAHUTOHJIOB Ca-
SHCKOTO M UTHOKCKOTO KOMIUIEKCOB, a TAaKXE CBSI3aHHBIE C HUMHM IOJI1 PEIKOMETAIBHBIX METMAaTHUTOB.
Kpowme Toro, B oOpamiennu rpabena pacrpoctpaneHsl TTA.

6) Ilameomporepo3oiickue Marmathdeckiue oOpa3zoBaHMs IpencTaBieHsl: 1) B MpkyTHoM Oioke —
CHUHKOJUIM3MOHHBIMH yJIbTpaMeTaMOp(QUUYECKUMH TIJIario- W KaJIWIINATOBBIMH MHI'MAaTUTaMH, T€HEBBIMU
MUTMaTHTaMH, apaaBTOXTOHHBIMHU U QJUIOXTOHHBIMHU T'paHUTaMH, pa3BUThIMU 10 TTA u moponam mapsl-
kanratickoit cepuu (1,85-1,87 mupa. aet, U-Pb meTon mo mupkonam) [2,3]; 2) B Kurtoiickom 610ke — yiIbT-
pameTamopduueckumMu rpanutamu u nermatutamu (1,86 mipa. ner, U-Pb meron no nupkonam) [2]; 3) B
UpkytHOM 1 BuprocuHckoM 6J10Kax - HOCTKUHEMATHYECKUMH TPaHUTOUIAMH CastHCKOTO U IIIyMHUXHHCKOTO
komrutekcoB (1,85-1,87 mupa. ner, U-Pb merox no nupkonam) [4]; 4) B Ypukcko-Uiickom rpabene — rpa-
HHATOMIaMH HTHOKCKOTO KoMmrmiekca (1,86 mipa. er, U-Pb MeTos o 1TUPKOHY).

BrlsiBieHHas MOCIEI0BaTENbHOCTh MPOIECCOB OTPaKaeT CTPYKTYPHYIO M BEIIECTBEHHYIO 3BOJIO-
LU0 TPAHUT-3€JICHOKAMEHHBIX U TPAaHYJUTOBBIX CHUCTEM IPU CTAHOBJIEHHH NOKEMOPHICKON KOHTHHEH-
TaapHOU KopHI [IprcasHckoro kpaeBoro BEICTyMA pyHaameHTa CHOMPCKON TIaThOPMEL.

UccnenoBanus BemonHeHbl npu noaaepxkke PODU (mpoexter Ne 08-05-00322, 08-05-00351,
09-05-00563).
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Tonalite-trondhjemite, greenstone, granulitic and granitic mineralogical complexes, widespread in
the Irkutny, Zhidoisky, Kitoisky, Bulunsky, Biryusinsky and Gargansky (Okinsky) blocks and in the
Uriksko-lIysky protoplatform basin (graben), that make up a common system, responsible for the
geological structure of the Prisayansky (Sharyzhalgaisky) marginal scarp of the Siberian Platform
basement, were found to have been formed in the following order:

1) Paleoarchean low-grade metamorphic rocks, represented by classical tonalite-trondhjemite
associations (TTG), typical of other Early Precambrian regions, with smaller quantities of apobasaltic
(continental) and apotholeiitic amphibolites that constitute tectonic slabs in the Bulunsky and Kitoisky
blocks and in the Gargansky massif.

The U-PB zircon ages of tonalities and trondhjemites from the Kitoisky block were estimated at 3.2-
3.4 Ga (SHRIMP method) [1, 2]). They are considered to be the world’s oldest rocks, as supported by the
(Rb/Sr), values of TTA in the range close to BABI (0.699-0.701) and Tng(DM)=3.5-3.6 Ga. The zircon age
of TTA from the Gargansky block is 2.66 Ga (SHRIMP method).

2) Granulite-facies polymetamorphic complexes (the Sharyzhalgaiskaya series in the Irkutny and
Zhidoisky blocks, the Kitoiskaya series in the Zhidoisky, Kitoisky and Bulunsky blocks and the
Khailaminskaya series in the Biryusinsky block) formed from Neoarchean to Paleoproterozoic time.

The Sharyzhalgaiskaya series is dominated by bipyroxene schists and plagiogneisses
(fhornblende, quartz and magnetite). They were formed by metamorphism from tholeiitic oceanic and
island-arc basalts, andesites and, less commonly, shoshonite-series basalts typical of active continental
margins (or intraplate settings). Biotite (+garnet, hypersthene and amphibole) gneisses (metapelites,
metagreywackes and metasilicites) are quite common. Calcitic and dolomitic marbles and
metaultrabasic rocks are scarce. Rb-Sr ages of 3.4 to 3.7 Ga have been obtained for the
Sharyzhalgaiskaya series since the 1980s [2]. Similar ages of 3.3-3.4 Ga have recently been obtained
from zircons by the U-Pb SHRIMP method [5]. In both cases, the ages should be supported by modern
methods. The age (2.8 Ga), obtained earlier by the U-Pb method for zircons from charnockites and
hypersthene gneisses, is more reliable for the series [2, 3]. For the Sharyzhalgaiskaya series, the
authors have proved that both Neoarchean (2.56-2.65 Ga) and Paleoproterozoic (1.85-1.87 Ga)
associations [3] occur in this system.

The Kitoiskaya series is dominated by biotite (+garnet, cordierite, sillimanite and hypersthene)
gneisses that occur together with andalusitic and andalusitic-sillimanitic schists and gneisses.
Paleoreconstructions, carried out by various methods, have shown that in the former case they correspond
to immature sediments (greywacke and argillite) and in the latter to highly differentiated sediments
(laterite). In Kitoiskaya-series units, the percentages of calcitic and dolomitic marbles are quite high,
whereas apotholeiitic bipyroxene plagioschists and plagiogneisses make up not more than 20%. A Rb-Sr
age of 2.8 Ga was estimated for the Kitoiskaya series from gneisses [2].

Model ages Tnyg(DM) for the Sharylgaiskaya and Kitoiskaya series vary from 2.9 to 3.6 Ga [authors’
data, 3, 4].

3) The Neoarchean Onotsky, Targazoisky and other greenstone belts are associated with
Paleoarchean TTA. Metasedimentary and metavolcanic rocks of the belts fill trough (paleorift) structures
[2]. The belts are subdivided from the base upwards into: 1) the Maloiretskaya and Burukhtuiskaya suites
(tholeiitic-rhyolitic-series metavolcanic rocks and more scarce metaterrigenous gneisses with marbles and
metahyperbasic rocks); 2) the Kamchadalskaya suite (amphibolites, biotite-garnet gneisses and dolomitic
and magnesitic marbles); 3) the Sosnovy Baits suite consisting of quartzite, amphibolite and gneiss
(tbiotite, garnet, sillimanite, kyanite, staurolite and cordierite). Rocks of the above suites have been
metamorphosed to amphibolite and epidote-amphibolite grade and have been subjected to intense
metasomatic post-ultrametamorphic alterations at high pressures under amphibolite-facies conditions [2].

Rb-Sr ages of 2.7 to 2.8 Ga at (*’Sr/**Sr),=0.70165-0.70177 were obtained for amphibolites and
biotite-garnet gneisses from the different suites of the Onotsky greenstone belt [2]. The model age Tyy(DM)
for amphibolites and gneisses from the Onotsky and Bulunsky belts is 3.1-3.6 Ga [4, authors’ data].

4) Neoarchean ultrametagenetic granitoids of the Kitoisky complex are restricted to the contact
zones of granulitic and greenstone structures. They are usually represented by gneissoid migmatite-
granites, less commonly by leucocratic K-feldspathic or plagioclase granitoids that vary considerably in
composition, depending on the original substrate and the degree of its alteration. In the Irkutny block, they
build up bodies up to 100 m in thickness. They make up massifs covering an area of up to 1-2 km” in the
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Kitoisky block and up to 10 km” in the Bulunsky block. Their age is estimated at 2.53 Ga in the Kitoisky
block and 2.65 Ga in the Irkutny block (U-Pb zircon method [3, 5]), and their Tyq (DM) is 2.9-3.6 Ga.

5) Paleoproterozoic protoplatform low-grade metamorphic volcanic-sedimentary trough belts
(Uriksko-lysky graben) in which granitoid massifs of the Sayansky and Ignoksky complexes and
associated rare-metal pegmatite fields occur. Furthermore, TTA are widespread on the graben
margin.

6) Paleoproterozoic igneous rocks: 1) In the Irkutny block they are represented by syncollisional
ultrametamorphic plagio- and K-feldspathic migmatites, shadow migmatites, paraautochthonous and
alochthonous granites that evolved after TTA and Sharyzhalgaiskaya-series rocks (1.85-1.87 Ga, U-Pb
zircon method) [2,3]; 2) in the Kitoisky block by ultrametamorphic granites and pegmatites (1.86 Ga, U-Pb
zircon method) [2]; 3) in the Irkutny and Biryusinsky blocks by postkinematic granitoids of the Sayansky
and Shumikhinsky complexes (1.85-1.87 Ga, U-Pb Zircon mmethod) [4]; and 4) in the Uriksko-lIysky
graben by granitoids of the Ignoksky complex (1.86 Ga, U-Pb zircon method).

The above order of processes reflects the structural and mineralogical evolution of granite-
greenstone and granulitic systems upon formation of the Precambrian continental crust of the Prisayansky
marginal scarp of the Siberian Platform basement.

The study was supported by the Russian Foundation for Basic Research (Projects 08-05-00322, 08-
05-00351, 09-05-00563).
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' Komtemx reonormueckux Hayk ¥ TexHukH, Hlannonckuit Hayuno-Texanueckuil yausepcutet, Kungao, Kuraii
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PETROLOGY AND METAMORPHISM OF KHONDALITES FROM JINING
COMPLEX IN THE NORTH CHINA CRATON
Li Xu-Ping ', Wang Fang ', Zhao Guochun’
! College of Geo-sciences & Engineering, Shandong University of Science and Technology, Qingdao, China
“Department of Earth Sciences, The University of Hong Kong, Hong Kong

Oyngament Cesepokuraiickoro kpatoHa (CKK) moxno pasmenuts Ha Boctounsii n 3amamHbiit
brnokun u Tpanc-CeBepokuTaliCKUii OpOTe€H Ha OCHOBE KOPPESIMH IMETPOJIOTHYECKHX, CTPYKTYPHBIX,
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MEeTaMOp(PHUUECKUX MPOLIECCOB U H30TOMHBIX BO3PAaCcTOB. B 1aHHOM HcCieIoBaHUN YIIOp CHIENIaH Ha U3yue-
HUU TIETPOJIOTHH U YCIOBUI MeTaMop(hr3Ma KOHAATUTOBOH cepur JKHHUWHCKOTO KOMITJIEKCa, KOTOPBIA Ha-
XOJIUTCSI B KOHIAJTUTOBOM ceprum 3amaaHoro bioka, Ha mepeceuenun 3amanHoro bioka u Tpanc-Cesepo-
KHATAKCKOro oporeHa. VM3ydeHHble KOHIAIUTHI BXOAWIH, TJIABHBIM 00pa3oM, B COCTaB THEHCOB ¢ BHICOKHM
coJepkaHueM amoMuHus. VcTopus ux MetamMopdu3Ma XapaKTepU3yIOeTCsl CHadaja MOYTH M30TepMalib-
HOM JIEKOMITPECCHEH, 3aTeM PETrPEeCCUBHBIM OXJIAXKICHUEM C MOCIEeIyIONINM JOMUKOBBIM M IMHKOBBIM Me-
tamopduzMoM. [loydeHHbIE pe3yabTaThl MO3BOJISIIOT MPEOIOKHATh, YTO KOHIAIUTOBAS ceprsl JKuHIH-
CKOTro KoMIuIekca npouuia nyts P-T meramopdusmMa 1o yacoBoil CTpeNKe, Ha YTO YKa3bIBalOT HOBBIE TEP-
MoauHamMuueckue BeruncieHus B cucreme KFMASH.

[TocnenoBarenbHOCTh MeTamMoOpuUecKuX mnpeodpasoBanHuid, oTBedaronux P-T myTtm mo «daco-
BOM CTpeNKe», 4TO OBUIO OMPENENICHO MO pe3yibTaraM aHaiu3a rnceBaopaspe3a B cucteme KMASH,
MO3BOJISIET NMPEANOIOKUTh, 4TO 1,92 MIpA. jeT Ha3aa Hepe] OKOHYATENbHBIM CTaHOBJIEHHWEM (yHOa-
menrta Cesepo-Kutaiickoro kparona mpousomuia kommmsus Cesepo-Munmanckoro u Kxuo-Opoc-
CKOTO OJIOKOB.

The basement of North China Craton (NCC) can be divided into the Eastern and Western Blocks
and the Trans-North China Orogen on the basis of petrological association, structure, metamorphic
process and isotopic ages. This research focuses on the study of petrology and metamorphic conditions
of khondalite series from Jining Complex, where lies in khondalite series of the Western Block,
intersection of the Western Block and the Trans-North China Orogen. Studied khondalite rocks involved
mainly in aluminum-rich silicate gneiss, which record a metamorphic history characterized by nearly
isothermal decompression and then retrogressive cooling following pre-peak and peak metamorphism.
Results suggest that khondalite series from Jining Complex experienced a clockwise P-T metamorphic
path by using new chemical data for thermodynamic calculation and the computation of pseudosection in
KFMASH system.

Quantified metamorphic stages and related clockwise P-T path derived from pseudosection analysis
in the KMASH system suggest collision of the north Yinshan block with the south Ordos block at 1.92 Ga
before the final combination of the entire basement of the NCC.

TTG APXEMCKUX KPATOHOB:
JJINTEJBHOCTh ®OPMHUPOBAHUSI, HCTOUYHUKHA, TEOJJUHAMUKA

Jlobau-)Kyuenxo C.b.

WUI'TA PAH, Cankr-Ilerep6ypr, Poccus, lobach-zhuchenko@]lanck.cards.net

TTG OF THE ARCHAEAN CRATONS:
CONTINUANCE OF ITS FORMATION, SOURCES, GEODYNAMICS.

Lobach-Zhuchenko S.B.

Institute of Precambrian Geology and Geochronology, RAS, St.Petersburg, Russia, lobach-zhuchenko@lanck.cards.net

Bonee 60% oObema KOpBI apXeHCKHUX KPATOHOB COCTABJISIIOT IMOPOABI TOHAIUT-TPOHABEMHUT-TPAHO-
muoputoBoit cepun (TTG), KOoTOpBIE W ONpPENeNIH TIOSBICHHE TPABUTAIMOHHO yCTOMYNBON KOHTHHEH-
TaJIbHOW KOPBI.

I'eosornyeckue ocodennoctu TTG. Nageiickue nUpKOHBI ABCTpaany MPOAEMOHCTPUPOBAIH 00-
pa3oBaHHe KUCIIOW Kopel Mexay 4.4 u 4.0 mupn jer, T.e. Beien 3a oopazoBanueM 3emuu (4567 MitH ner).
Ha srane 4.0-3.85 3emist ucmbITana CHIIBHYIO METEOPUTHYIO OOMOapIupOBKYy, KOTOpas B 3HAYMTEITHHOM
YacTH CTepJia 3eMHYIO IIPOTOKOPY .
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Tem He MeHee, re0JI0r0-re0XpOHOIOTUYECKHUE U U30TOMHbBIE Pa0OTHI OCIEIHETO AECITUIETUS YC-
TaHOBWIH (1) A7 MHOTHX apXeWCKMX KpAaTOHOB 3HAYMTENHHO OoJiee IPeBHUN BO3pacT paHHEH craiu-
YeCKOW KOPBI KPaTOHOB, YeM BO3pacT MOPOJ COBPEMEHHOTO cpe3a U (2) IIHUTENbHOCTh (popMHUPOBaHUS
TTG . OnauM U3 nmpuMepoB sBIIOTCS THeHcsl Akacta (4.03-3.96 mupn net) kparona CneilB, H30TOII-
HbIH cocTaB Hf HUPKOHOB KOTOPBIX MO3BOJIMI paccuuTaTh IaJeiiCKUil BO3pacT MPOTOJINTA: TOHAIUTHI C
BO3pacToM 3.9 MIIpJ JIET SIBISIOTCS MPOTYKTOM IepepaboTKu TOHATUTOB ¢ Bo3pacTom 4.2 mipx et [1].
Kparon CreliB  1eMOHCTpPHUpYET TaKXke MIUTEIbHOCTh hopmupoBaHus TTG: MX 3BOMONHS TPOOIIKA-
nace 400 muH ner, npu 3TOM 3eneHokameHHble nosca (3KII) Ha kpaToHe BO3HHMKIHM Ha pyOexe ~2.7
Mipa net. OnpeieieHlsi BO3pacTa TePPUreHHbIX UPKOHOB KPaTOHAa VIMIrapH Iokasalm, 4To Cliararo-
mue ero Cayc Bect, Hoynamu, Happuep Teppeiinst u Uctlonaduin cynepreppeiin, npeacTaBiIeHHbIE
Ha COBpeMeHHOM cpese (kpome Heppuep TeppeiiHa) rpaHUTOMAAMH U 3€JICHOKAMEHHBIMHU aCCOLMALUAMHU
¢ Bo3pactoM 3.0-2.6 mupn jer, 00pa30BaIiCh Ha 3HAYUTEIBHO Oonee ApeBHEM (yHIAMEHTE U IPEACTaB-
s 70 3.1 MuipA NieT enuHBIA ApeBHUE KpaToH. [2]. MUTcak rHelicoBbIi KoMIuieke ['pennannuu popmu-
poBaiicsa Ha potsbkeHuu 250 mutH et — ot 3.85 1o 3.6 mupx net. JnuTensHoCTh GOpMUPOBAHUS U TIPO-
uecc nepepabotku 6onee npesaux TTG B Oosee Monoable U3ydeH U Ha KpaToHe KaamBaib: ToHanuro-
BBIC THEUCHI ¢ Bo3pacToM 3644+/-4 Opumn yacTHIHO TiepepaboTrans! Ha dramax 3504 u 3433 mutH et ;
KceHOKpucThl 1HupkoHa B TTG u Metaocagkax 3Toro kpatona ¢ BozpactoM 3700 — 3500 muH jeT oTMe-
4aloT HAIM4YKUE U 00Jiee IPeBHUX, B T.4. 10 oTHomeHuIo K bap6bepton 3KII, kucibx mopos Ha dTOM Kpa-
ToHe [3]

TTG Bonnosepckoro kpaToHa BHEApAIUCH B TedeHue ~ 200 MIIH JIeT Ha paHHeM dtamne - oT ~ 3300
1o 3100 miH neT; mpu 3TOM, WX cTaHoBieHne Ha ~100 muH et mpemmectBoBasio obpasosanuto 3KII, a
6omnee mo3auuit atan Gopmuposanus TTG (2.8-2.7 mupa J1eT) BO3MOXKHO OBLT CHHXPOHEH C BYJIKAaHHU3MOM
BHYTPHKPAaTOHHOTO MaTKaJlaxXTHHCKOTO Tosica. B menom, Ha DeHHOCKaHIWHABCKOM INUTE 0Opa3oBaHHE
TTG patupoBaHo wuHTepBagoM OT 3.5 10 2.6 Mapna JeT, Ipu 3ToM Mexay 3.0 u 2.6 uMeeT MecTo UX He-
MIPEPBIBHOE 0Opa3oBaHUE.

Takum 00pa3oM, pa3HOBO3PACTHOCTh M JUIMTEIBHOCTh cTaHOBIeHHS TTG Ha orpaHHuYeHHBIX IO
pa3Mepy IUIOIIASMX SBISIOTCS XapaKTEpHOW TI'eONOrMYECKOW 4YepTOW CTPOEHMsI APEBHHUX KPAaTOHOB, MpHU
3TOM JJIs1 MHOTHMX KPaTOHOB YCTaHaBJICHO MX 0Opa3oBaHHE M3 MHOTO Oojiee APEBHErO MPOTOJIUTA, B T.4.
IPaHUTOMJHOTO COCTaBa.

HUctounuku TTG. Cucremarusanus Nd uzoronusix gaHHeix ais TTG mupa u tosneutoB 3KII-
OB YKa3bIBaloOT, yTo 00nbmMHCTBO TTG He MOTIO BO3HUKHYThH IPH IUIABJIEHUU 3TOTO THIA TOJECHUTOB,
IIOCKOJIBKY JIMHUH 3BOIOIMU €Nd TOJEUTOB UAYT NapajljellbHO TaKOBOHM ACTIETUPOBAHHOW MAaHTHH.
W3oTomnHbIe HaHHBIE COTMIACYIOTCS C METPOJIOTHUYECKUMHU pacdeTaMd W pe3yjibTaTaMU CPaBHEHHS IpH-
ponubix TTG ¢ pacmiaBaMu SKCIEpUMEHTANBHBIX pabOT, MOKA3aBIIUX PAJl MPUHIUIHAIBHBIX OTIWYHHA
Mexnay HumH [4]. [oaxomsmmm uctounukom mnst TTG MOTyT cinyXuTh MaduTHl HHOTO COCTaBa, Xa-
paKTepu3yIoIuecs MOBBIIICHHBIMU COJICPXKAHUIMU psiia HECOBMECTUMBIX 31eMeHTOB, B T.4. LREE n
noHmwkeHHbBIM Sm/Nd oTHOomenunem (<0.28). Dtu MaduTH pa3HOTO BO3pacTa BCTPEUEHBl HA MHOTHX
KpaToHax: B Boamnosepckom [5] , B IpeBHeM rueiicoBoM Komiuiekce CBa3WiieHAa, CpelAd TOHAIUTOB
npoBuHIMKH AOuTnOM Kanaackoro mura. Ouu ke ciaratotr Hanbonee npepauit 3KI1 Hysyarutyk (4.28
mipa Jjet) Ha CB Ceroniepuop [6]. JIunuu spomtonmu  €Nd 3TuX MaQUTOB HIYT B TOM Ke Halpaplie-
HUH, 9TO U JUIsl IOPOJ KOpbI. M30TOnHBIE, TakkKe Kak U reoxuMuueckue xapakrepuctuka TTG, Hau-
JydmuM o0pa3oM COrjacyloTcs C COCTaBaMM, IMOJIYYEHHBIMU IIPH BBINJIABICHUHM UMEHHO U3 TOTO TH-
na Mmautos [4].

l'eopnnamuyeckne mogenan odopaszopanusi TTG. [IBe rpynnsl npeactaBieHuii 00 0O0pa3oBaHUM
koHTHHeHTaNbHOU KOpbl ( 1 TTG) 6azupyrorcs Ha AuHamuke MaHTHH: (1) Kopa 0Opa3oBBIBaNach Ha KOH-
BEPreHTHBIX Kpasx IUIUT U (2) OHA pociia 3a CUeT BHYTPUKOHTHHETAIBHBIX NIPOLECCOB, ONPEACIAEMBIX aK-
TUBHOCTBIO TUTIOMOB. Heckonbko 00cToaTenscTB UcKiovatoT oopasoBanre TTG B 30Hax cyOmykumu : (1)
ananu3 nzotonHoro coctasa Nd TTG pa3nuuHbIX KpaTOHOB JEMOHCTPHUPYET, YTO OOJNBLIMHCTBO IPaHU-
tonmoB uMeroT TDm Nd mpeBsimarontuii BpeMsi UX KpHUCTaUIN3AINH, T.C. OHH HE MOTJIA BO3HUKHYThH IPH
TUTaBJIEHUH TOJIEUTOB BO BpeMs CyOMyKINH ; (2) HECOOTBETCTBHE M30TOITHO-TEOXUMHUYECKUX XapaKTepH-
cruk pacmnaBoB u3 6azanbToB 3KII 1 TTG u (3) reonornyeckue xaparepuctiuku TTG: mimTenbHOCTH
(hopMHPOBaHUS U UX BHYTPEHHSSI MHOTOKpaTHas IepepaboTKa, re0JIOrHYecKre, B T.4. BPEMCHHBIE, B3au-
mootHoteHus ¢ 3KII. bosee cormacoBaHHO# ¢ M30TOMHO-TEOXUMHIECKIMI U T€OJIOTHUSCKUMH XapaKTe-
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puctukamu TTG sBisiercss Mojenb, peanokeHHast psiiom aBTopoB [7-10 u ap.] 06 obpazoBanuu TTG
MIPH TUTABJICHUH MTOPOJ HWKHEW KOPHI 3a CUeT aHAepIUIeHTHHTa 6a3abTOB P MOIheMe TLTIOMOB. B kaue-
CTBE MPOTOJIUTA PACCMATPUBAIOTCS TPAHYIIUTHI M SKJIOTUTH HIDKHEH KOpBl. Mojaens oopazoBanus TTG u3
Ma(HUTOB BTOPOTO THIIA MIpEIoiaraeT Hanuuue oOorameHHo B oTHOUIeHHH Nd 1 psiia HECOBMECTUMBIX
JIEMEHTOB MAaHTHUH, HauMHas ¢ d0apxes. C 3TOH MOJAENBIO COTNIacyeTcsl U MPEACTaBIEHUE O JONTOKUBY-
mux (> 200 mutH 7eT) mmomax B apxee [11]. Ilpeamonaraercs, 9ro u nepBo3nanasie TTG BOZHUKIH U3 HK-
JIOTUTOB B 30HaX MporubGanus nepBudHON Madudeckoil kopsl [12]. BrickazaHna rumoresa, 9T0 UMITYIbCHI
marmaru3Ma TTG moriu ObITh BBI3BaHBI UMIIAKTaMHU [13].
Pabora BemonHenHa o npoekty PODU 08-05-90416Vkp_a.

Tonalite-trondhjemite-granodiorite (TTG)-series rocks, responsible for the formation of a
gravitationally stable continental crust, make up over 60% of the crust of Archean cratons.

Geological characteristics of TTG. Analysis of Hadean zircons from Australia has shown that an
acid crust was generated between 4.4 and 4.0 Ga, i.e. after the Earth’s formation (4567 Ma). 4.0-3.85 Ga
ago, the Earth was strongly affected by meteorite bombardment that obliterated a large part of the Earth’s
protocrust.

However, geological-geochronological and isotopic studies conducted over the past decade have
shown (1) a much older age of an early sialic crust of many Archean cratons than the age of the present-
day section and (2) a long time taken for TTG formation. One example is 4.03-3.96 Ga Acasta gneisses
from the Slave Craton. Based on the isotopic composition of Hf from their zircons, a Hadean age of the
protolith was determined: 3.9 Ga tonalites were produced by reworking of 4.2 Ga tonalites [1]. The
Slave Craton also shows that TTG formation took a long time: they were evolving for 400 Ma,
greenstone belts (GSB) being formed on the craton ca. 2.7 Ga ago. The age determination of detrital
zircons from the Yilgarn Craton has shown that its constituent South West, Younami and Narrier
terranes and East Goldfield Superterrane, represented in the present section (except the Narrier terrane)
by 3.0-2.6 Ga granitoids and greenstone associations, were formed on a much older basement and
existed as a common old craton before 3.1 Ga [2]. The Itsac gneiss complex, located in Greenland, was
forming for 250 Ma — from 3.85 to 3.6 Ga. A long time of formation and reworking of older to younger
TTG have also been studied in the Kaapvaal Craton: 3644+/-4 Ma tonalite gneisses were partly
reworked at 3504 and 3433 Ma stages; zircon xenocrysts in 3700-3500 Ma TTG and metasediments
from this craton point to the occurrence of felsic rocks on the craton, including those older than the
Barberton GSB [3]

TTG of the Vodlozero Craton were intruding for ca. 200 Ma at an early stage from ca. 3300 to
3100 Ma; they were formed ca.100 Ma before GSB, and a later stage in TTG formation (2.8-2.7 Ga) was
probably simultaneous with volcanism of the Matkalahta intracratonic belt. In the Fennoscandian Shield,
TTG formation is generally dated at 3.5 to 2.6 Ga; in the interval between 3.0 and 2.6 Ga they were
forming continuously.

Thus, a difference in the age of TTG and a long time taken for their formation in small areas are
typical of the geological structure of old cratons. In many cratons they were produced from a much older,
e.g. granitoid, protolith.

Sources of TTG. Nd isotopic data for TTG of the world and tholeiites from GSBs shows that most
TTGs could not have been produced through melting of this type of tholeiites, because the evolution lines
of eNd tholeiites are parallel to those of a depleted mantle. The isotopic data agree with petrological
calculations and the results of comparison of natural TTG with experimental melts that showed some
principal differences between them [4]. A favorable source for TTG could be provided by compositionally
different mafic rocks with high percentages of some incompatible elements, including LREE, and a low
Sm/Nd ratio (<0.28). Such different-aged mafic rocks have been encountered on many cratons, e.g. in the
Vodlozero Craton [5], in the old gneiss complex of Swaziland and among tonalities in the Abitibi province,
Canadian Shield. They make up the oldest (4.28 Ga) Nuwuagituc GSB in the NE Superior province [6].
The eNd of these mafic rocks and that of crustal rocks evolve in the same direction. The isotopic and
geochemical characteristics of TTG perfectly agree with the compositions obtained by melting-out from
this very type of mafic rocks [4].
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Geodynamic models of TTG formation. There are two groups of concepts regarding the
formation of a continental crust (and TTG) based on mantle dynamics: (1) the crust was produced on
convergent plate margins; and (2) crust growth was favoured by intracontinental processes dependent on
plume activity. There are several circumstances that exclude TTG formation in subduction zones: (1)
analysis of the isotopic composition of Nd of TTG from different cratons has shown that most
granitoids have TDm Nd that exceeds their crystallization time, i.e. they could not have been formed
upon melting of tholeiites during subduction; (2) disagreement of the isotopic-geochemical
characteristics of melts from GSB and TTG basalts and (3) geological characteristics of TTG such as a
long time of formation and their multiple internal reworking, as well as geological (e.g. temporal)
relationships with GSBs. A model of TTG formation through partial melting of lower crust lithologies,
caused by underplating of basalts from plume events, was proposed by some authors [7-10 et al.]. This
model is in better agreement with the isotopic-geochemical and geological characteristics of TTG.
Lower crust granulites and eclogites are considered to be a protolith. The assumption that the mantle,
enriched in Nd and some incompatible elements, had existed since Eoarchean time follows a model of
TTG formation from type-1I mafic rocks.

The concept of long-lived (> 200 miH et) plumes in Archean time also agrees with the model [11].
Initial TTG, too, are assumed to have been derived from eclogites in the sagging zones of the primary
mafic crust [12]. Some authors [13] believe that impulses of TTG magmatism could have been caused by
impacts [13].

This research was supported by RFFI grant Ne 08-05-90416-Ukr a
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IF'EOXUMMUSA U30TOIMOB Hf 11O HIUPKOHAM U Nd IO TIOPOJAM KAK
UHCTPYMEHT KOPPEKTHOM UHTEPIIPETALIUA
U-Pb TEOXPOHOJIOTTYECKOW NH®OPMAIINA U
OIIEHKHM PYJJIOHOCHOCTH UHTPY3UH OCHOBHOI'O COCTABA.

Jloxoe K.H.I'Z, Kanumownoe H.H.I, bocomonos E.C. 1, Ipecnsixos C.JI 1,
Ileguenxo C.C. " bepeosicnas H.I' Canmeixoea T.E., Cepeees CA?

! Llentp u3oTonneix ncenenoanuii BCETEU, Cauxt-IletepGypr, Poceus, Kirill Lokhov@vsegei.ru
? l'eonoruueckuii paxyasrer CIIGI'Y, Cankr-Ierepbypr, Poccus

GEOCHEMISTRY OF Hf ISOTOPES FROM ZIRCONS AND Nd ISOTOPES FROM
ROCKS AS A TOOL FOR CORRECT INTERPRETATION
OF U-Pb GEOCHRONOLOGICAL INFORMATION AND
EVALUATION OF THE ORE POTENTIAL OF MAFIC INTRUSIONS

Lokhov K.I."?, Kapitonov I.N.!, Bogomolov E.S.", Presnyakov S.L.",
Shevchenko S.S.", Berezhnaya N.G.", Saltykova T.E.", Sergeyev S.4."?

! Centre for Isotopic Studies, VSEGEI, St.Petersburg, Russia, Kirill Lokhov@vsegei.ru
% St.Petersburg State University, Department of Geology, St.Petersburg, Russia.

CoBpemeHHas n3oTonHast JokanbHas annaparypa (SIMS SHRIMP, LA-ICPMS) no3Bossiet onpene-
1116 U-Pb BO3pacT oTAeNbHBIX 30H pocTa HUPKOHOB. B mokemOpuiickux momumeramMopdruieckux mopo-
JlaX, KaK MPaBHJIO, IUPKOHBI UMEIOT APEBHUE SApa U OIHY WIIM HECKOJIBKO OTHOCHTEIHHO 00JIee MOJIOIBIX
obomnouek. Kaxnas u3 30H pocta MuHepaia MOXKET OBITh JaTHPOBaHA, OJHAKO CYIIECTBYET TPYIAHOCTBH
NPUBS3KH TIOJyYCHHOM NAaTHPOBKM K KOHKPETHOMY TeoJIornieckoMy coObiTHIO. Kak mpaBmiio Bo3pact
JIPEBHUX SIIEP OTOXKAECTBISIETCA B BO3PACTOM KPHCTALTU3AIIUH TTIOPOIBI, @ 000I0YEK — C BpEMEHEM Ipeoo-
pa3oBaHUsI MOPOJBI. DTO MOJOKECHUE HE OYEBUAHO U TpeOyeT JokazarenbcTBa. KpoMe Toro, OCHOBHBIE U
YIIBTPAOCHOBHBIC MHTPY3HUBHBIC Tella HEOOIBIIOTO pa3Mepa OOBIYHO COAEPIKAT KCEHOTCHHbIE 3aXBauCHHbIC
[IUPKOHBI, @ MAarMaTHYECKHE MTOPOJIbI KUCIIOTO COCTaBa — yHACIeIOBaHHbBIE U3 MPOTOINTA 3epHa. CUTyanus
eme Oosee ycIOXKHSAETCS, KOTJa TeOXPOHOIOTHIECKOE ONMPOOOBaHUE OCYLIECTBICHO MO KEPHY CKBAKHUH,
T.€. y T€0JIora HET BO3MOXXHOCTU U3YUUTh CTPYKTYPHBIE U TEKCTypHBIE OCOOCHHOCTH MOPObI, €€ B3aHMO-
OTHOUIEHUS ¢ APYTHUMHU IOPOAAMH B MacIITadax XoTs Obl OHOIO OOHAXKEHUS.

st pemieHnsi TeHETHUECKHUX 3a1ad C Halleld TOYKW 3peHHs 0COOEHHO 3(h(HEeKTHBHO KOMILIEKCHOE
m3yuenne U-Pb cuctemsl m HauanpHOTO M30TOMHOTO coctaBa radpuus ¢Hf(T) B mupkoHe n HavambHOTO
m3oronHoro cocraa Heoauma eNd(T) B mopome. [Ipu Mmarmatndaeckoit auddepeHIHanuu B MAaHTHH B KOPe
9TH BEIWYMHBI 33 CUeT CHHXPOHHOTo n3MeHeHus: Lu/Hf u Sm/Nd otHowenuii B auddpepeHunaTax 1 pecTH-
Tax KOppeNupoBaHbl, 00pa3ys «3eMHYI0 COBOKYMHOCTB» - “terrestrial array”, rme eHf(T)=1,5 eNd(T)+3
[1,2  mp.]. Takum 0O6pazoM ayTUT€HHOCTh IIUPKOHA MarMaTHYeCKOMY STally BBISBIAETCS B Cllydae IpH-
HAJUIe)KHOCTH COOTBETCTBYIOIINX IMapaMeTpoB “terrestrial array”. Ilpw HamoXeHHBIX MeTaMOp(HIecKux
COOBITHAX MOXXHO OXXMJaTh 3HAUMMBbIE U JIoKanbHble Bapuauuu eHf(T) B 30Hax pocra nupkona. [Ipu nepe-
KPUCTAUIM3aLUN UCXOTHBIX MUHEPAJIOB OyJeT MPOUCXOAUTH COPOC paluoreHHOro raHus U3 MUHEPaIoB
¢ BeicokuM Lu/Hf oTHomenuem (rpaHaT, OpTONMPOKCEH), T.€. HOBBIC 30HBI IUPKOHA OyayT 00Nanath 1mo-
BeIeHHBIMA BenmunHamu eH(T). HaoOopoT, pu cOpoce MUPKOHUS B HEPATUOTEHHOTO Ta(hHUSI U3 MIHE-
panoB ¢ Hm3kuMu Lu/Hf oTHomeHussMu (Hanpumep, ciaydail aMmpuOonu3anyuy KIMHONUPOKCEH COIepiKa-
LIMX TIOPOJ) WK B CIIydae TPAaHUTH3ALMU OCHOBHBIX TMOPOJ CIIEAyeT 0KUIaTh MPUBHOC HUPKOHUS U Hepa-
JIMOTEHHOTO raHusl B HOBOOOPa30BaHHbBIE 000JI0YKH HUPKOHOB (roHMkeHHbIe Bennuunbl eH(T)).

CoBpeMeHHasl M30TONHAs anmapaTypa MO3BOJIIET OCYILECTBISTH TaKHe KOMIUIEKCHBIC MCCIICAOBA-
Hus: JokanbHOe SIMS U-Pb matupoBanme mupkoHoB, LA-ICPMS onpenenenne eHf(T) B Tex ke moKaib-
HbIX Toukax u TIMS onpenenenue eNd(T) mo nopoje. /laHHbIC KOMITJICKCHBIE UCCIICOBAHMS HAXOAT I~
poxoe npuMenenue B LI BCET'EU kak ans penieHnus reoOXpoHOIOTHYECKUX 3314 110 MPOrpaMMe co3za-
HUS TocreonkapT HoBoro mokojiaeHus 'K-1000/3, Tak u mpu METAITIOTEHUIECKUX HCCIICIOBAHUSX.

Ilepsviti npumep TPUMEHEHNSI TAKOTO METOANYECKOTO IMOAX0/1a - TEOXPOHOJIOTMYECKHE UCCIIE0Ba-
Hus nopof ¢yHnameHnTa Kypckol rpaHUT-3eleHOKaMEHHOH 00nacT BOpOHEKCKOro KpHUCTaUIMYeCKOro
MaccuBa (BKM). Hamu ObUT M3ydeH KEpHOBBIM MaTepHall, MPEICTaBIISIONNH aM(pUOOIUTH 000SHCKOTO
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KOMIJIEKCa U MTPOPHIBAIOLINE Tesa rabOpHIOB U3 OTHOCUTEIBHO MEJIKHUX MAaCCHBOB CMOPOJIMHCKOT0, Oeno-
TOPbEBCKOTO M MaMOHCKOT'O KOMILIEKCOB. Iyl Kakaoi U3 mpo0 ObUIO OTMEUEHO KaK MUHHUMYM [Ba KOH-
KOPAAHTHBIX KJIacTepa MUPKOHOB, IPUYEM He BCEr/ia OTMEUEH CIydaid peBHUE sipa — MOJIO/bIe oOpacTa-
HUS: B po0ax MPUCYTCTBOBAIU M OTHOCHTEIBHO FOMOT'CHHBIE IIMPKOHBI 0€3 BUANMOW POCTOBOHM 30HAIb-
HOCTH, HO MPHUHAIJIEkKAINE K Pa3InuHbIM BO3PACTHBIM KiacTepaM. Pe3ynbTaTsl nccienoBaHUi MpeacTaB-
JeHsl Ha Puc.] u 3aKiI04aroTCs B CIIEAYIOIIEM:

1) IIpo6a n3 amMm(pnOOIUTOB OOOSHCKOTO KOMITIIEKCA COAEPYKUT MarMaTHUeCKHe IUPKOHBI C BO3PACTOM
3667 u 3540 muiH.JIeT 1 MeTaMOpdHUUYECKUE HUPKOHBI ¢ Bo3pacToM 3475 muH.jeT. [lepBble ABe rpymibl MOTYT
OTBEYaTh MarMaTH4eCKUM LIMPKOHAM OCHOBHOM MOPOJBI M MAarMaTHYECKUM LUPKOHAM IIPU €€ MHBEKLMOH-
HOW MUTMaTH3alliH TPAHUTOUIHBIM paciuiaBoM. OOOSHCKUI KOMIUIEKC SBIISIETCS MAJIC0apXEHCKIM;

2) IIpoba raGOpo CMOPOIUHCKOTO KOMIUIEKCA HE COACPKUT ayTUTEHHBIX HUPKOHOB. L{MpKOHBI €
Bo3pacToM 3540 MiH.JIeT MOrnM OBITH 3axBaueHbl M3 MOPOA OOOSHCKOIO KOMIUIEKCA, a C BO3PacTOM
3507 MITH.JIET SBIAIOTCS MeTaMOp(hOTCHHBIMU. ['ab0pouabpl CMOPOAMHCKOTO KOMIUIEKCA TOPa3a0 MOJIOKE
1 CKOpEe BCEero HeoapXenCcKue;

3) [Ipoba rab6po GEeTOropbEeBCKOrO COAEPKUT ayTUT€HHbIE IUPKOHBI ¢ Bo3pacToM 2830 MIIH.JIET U
3axBaueHHbIE ¢ Bo3pacToM 3460 MIIH. J€T, 10 BUAUMOMY U3 NOPOJ 00OSIHCKOro KoMIuiekca. benoropres-
CKHMI KOMIUIEKC UMEET HeOapXeHCKU BO3pacT;

4) Ilpoba rabOpO MaMOHCKOTO KOMILUIEKCA COJICPYKUT AayTUTCHHBIC LMPKOHBI C BO3PACTOM
2080 mutH.JIeT B MeTaMOp(OTeHHbIE TUPKOHKI ¢ Bo3pacToM 1975 MiH.JieT. MaMOHCKHIT KOMIUIEKC Maieo-
IPOTEPO30MCKUI U UCTIBITAT MeTaMOphHUECKIE IPe0Opa30BaHUsl BCKOPE [10CIIE CTAHOBIICHUS.

Bmopou npumep vcnons3oBaHHsS JAaHHON CHUCTEMaTHKU — KOMIUIEKCHOE M30TOIHOE M3yYEHHE HH-
Tpy3uii Hopuibckoil rpynmbl 11 BBIBICHUS M30TONHBIX KPUTEPHUEB MX PYAOHOCHOCTH. BBUTH M3ydeHBI
MIPOMBIIIEHHO PyIOHOCHBIe HHTPY3un Hopuibck-1, Tannax, Xapaenax, cna0o (HEIPOMBILUIEHHO) Pyao-
HocHble Bomorowan, YepHoropckas, nepcrekTruBHas MUK4YaHATa W HEPYAOHOCHBIE 3€IeHOTPUBEHCKAS H
Hwxuuit Tannax [3,4].
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Puc.1. Tadguwuii — HeOqMMOBas M30TOIMHAS CHCTEMAaTHKa B Topogax BKM.

Fig.1. Hafnium — neodymium isotope systematics in VCM rocks.

Pesynpratel Hf-Nd cucrematuku npusenensl Ha Puc.2. B nanHOM citydae BO3pacT BceX M3Y4YEeHHBIX
LIUPKOHOB OTBE€YAeT MHTEPBANY BPEMEHH KPHUCTAIUTM3ALUN MHTPY3Ui 241 —265 MIH. JeT, OJHaKo yIs
OOJBIIMHCTBA M3 HUX XapaKTepeH U30BITOYHBINA pavoTeHHBIN radHuid, T.€. GUTYpaTUBHBIE TOUYKH B OOJH-
IIMHCTBE CITyYaeB He MpuHaiexkar “terrestrial array”, u eHf(T)>1,5 eNd(T)+3. Jaunsiii apdexT Hanboee
3HAYUMO TPOSIBJIEH JJI MPOMBIIIIEHHO PyAOHOCHBIX MHTpY3uil. Ha Puc. 3. npeacraBnens! ycpeqHeHHbIE
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JaHHBIC 110 UHTPY3MBaM B KOOpAMHATAaX BO3pacT Kpuctayumzanuu nmo U-Pb cucteme B nmpkoHax — u30bI-
ToK paanorenHoro raduus B nupkone: SHE(T)=eHf(T)-1,5¢Nd(T)+3. U3 aToro mocTpoeHus cieayeT mpo-
CTOM M30TONHBIM KpUTEPUH PYAOHOCHOCTH: MAKCUMAJIbHBIA BO3pacT KpHUCTAUIM3aLMU, HE MEHEe
250 mun.niet nipu BenmunHe SHE(T)>S.
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Puc. 2. Tadumii — HeoxnMOBas H30TOMHAs CUCTEMATHKa B MHTPY3HUsIX HopHiIbCcKo# rpymmsl.

Fig. 2. Hafnium — neodymium isotope systematics in Norilsk group intrusions.
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Puc. 3. Ycpeanennsie napamMerpbl H30bITKa PaAMOTEeHHOTO TradHKUs B 3aBUCUMOCTH OT BO3pacTa
KpHUCTalTU3auy UHTpYy3ui Hopunbckoil rpymnisl.

Fig. 3. Averaged parameters of excessive radiogenic hafnium, depending on the crystallization
age of Norilsk group intrusions.
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[MToMuMO PEeHOMEHOIOTUYECKOTO KPUTEPHUsl PYJOHOCHOCTH BO3MOXKHO CHENATh U PsiJi BAKHEHIINX
TEHETUYECKUX BBIBOJOB:

1) B mopoaax Bcex MacCHBOB NMPHUCYTCTBYET IK30THUYECKAsI KOMIIOHEHTA C aHOMAJIbHO PanOTeHHBIM
raduuem (SHI(T)>2);

2) HauOombIiast K0y 3K30THUECKOW KOMITOHEHTHI MTPUCYTCTBYET B PYJAOHOCHBIX MacCUBaX Hadyallb-
HOTO ITyJIbca OCHOBHOT'O MarmMaTtusMa (Ooomnee 250 mMitH.JIeT);

3) B HEpyAOHOCHBIX MacCHBax MPUCYTCTBYET 3HAYMMAasi KOMIIOHEHTa KOPOBOTO CHJIMKATHOTO BeIlle-
CTBa, & B pyJIOHOCHBIX IPAKTUYECKH OHA OTCYTCTBYET (coriacHo BenuunHaMm eNd(T));

4) Dx3otrueckas komroHeHTa ¢ OHf(T)>2 moriia OBITH 3aMMCTBOBAaHA TOJIBKO M3 OTHOCHTEBHO JPEB-
HEero MCTOYHHKA C aHOMaJbHO BbICOKMM Lu/Hf oTHOIEHnMeM m HHM3KOH KOHIEHTpalied YMEpPEHHO JIETKHX
P33, B wactHoct Sm 1 Nd. [pyro# Bapuant — BenumauHbl Sm/Nd B 9K30THYECKOM HCTOYHHUKE OJIM3KHE K Ta-
KOBBIM B JIeTUIETUPOBaHHON ManTi DM, 1 nosromy no BenurHe ENd(T) oHM He pa3nuyaoTcs.

VCTOYHHK 2K30THYCCKON KOMIIOHEHTHI MOXET OBITh 0o miyOomHHBINA Tuma EHID [5], mubo mo-
BEPXHOCTHBIN — JIpEeBHHE XEMOT'€HHBIE OCAJIKH C TIIMHUCTHIM MaTepraioM [6]. YUuTeIBas, 4TO py1OHOCHBIE
WHTPY3UH, TJC BKIIaJ aHOMAJILHONW KOMIIOHEHTHI MaKCHMAJICH, XapaKTepU3yIOTCsl M Haubosee U30TOIHO -
TSKEJIOU cepoit (6348 > +8 - +10%o0), HAUMEHBIIIEH T0JIell MAaHTUIHHOTO TeNNs, M HAUOOJbIIIEH — BO3yIITHO-
ro aprosa [7], 3Kk30THYecKass KOMIIOHEHTa UMEET MOBEPXHOCTHOE MPOUCXOXKIEHUE, a IMEHHO XEMOTEHHBIE
Y TJIMHHUCTBIE OCAIKH.

[IpuBeneHHBIN KOMIUIEKCHBIH METOAWYECKHH TOJXO0/ IMOKa3al CBOK I(PPEKTUBHOCTh, U B HACTOA-
mee BpeMst 0obmuHCTBO uccneaoBanmii B [ BCEI'EU ocymiecTBiseTcs 0 MPUBEICHHON CXEME.

Pabora Obuta BeimonueHa B Llentpe M3oronubix Uccnenosanuit BCEI'EN Ha nHUIIMaTUBHOI OCHOBE
W YacTUYHO Npu (uHAHCOBOW moanepkke PocHenpa mo I'ocymapctBeHHbiM kKoHTpakTaM AJI-02-06/35 ot
14 mas 2005t u 7®-TAO/2005 ot 27 anpens 2005 ..

Modern local isotopic instruments, such as SIMS SHRIMP, LA-ICPMS, are used to estimate the
U-Pb age of individual growth zones of zircons. In Precambrian polymetamorphic rocks, zircons
commonly have old cores and one to several younger shells. Each mineral growth zone can be dated, but
it is difficult to connect the date obtained with a certain geological event. The age of old cores is
commonly understood as the age of rock crystallization and that of the shells as the timing of rock
alteration. This concept is not obvious and should be proved. Furthermore, small mafic and ultramafic
bodies usually contain trapped xenogenic zircons, and felsic igneous rocks carry grains inherited from
the protolith. Things become more complicated when core samples are used for geochronological study,
so that a geologist cannot study the structural and textural characteristics of rock and its relationship
with other rocks in at least one outcrop.

In our opinion, genetic problems can be efficiently approached by integrated study of the U-Pb system
and the initial isotopic composition of hafnium, eHf(T), in zircon and the original isotopic composition of
neodymium, eNd(T), in the rock. Upon magmatic differentiation in the mantle and in the crust, these values
are correlated because of simultaneous variation in Lu/Hf and Sm/Nd ratios in differentiates and restites to
form a “terrestrial array”, where eHf(T)=1.5 eNd(T)+3 [1, 2 et al.]. Thus, if relevant parameters belong to the
“terrestrial array”, then zircon came into existence in the magmatic stage. In the case of multiple
metamorphic events, significant and local variations in eHf(T) in zircon growth zones can be expected. Upon
recrystallization of primary minerals, radiogenic hafnium will be removed from minerals with a high Lu/Hf
ratio (garnet, orthopyroxene), i.e. new zircon zones will exhibit high ¢Hf(T) values. On the contrary, upon
removal of zirconium and non-radiogenic hafnium from minerals with low Lu/Hf ratios (e.g., in the case of
amphibolization of clinopyroxene-bearing rocks) or upon granitization of mafic rocks zirconium and non-
radiogenic hafnium are expected to be added to newly-formed zircon shells (low eHf(T) values).

Modern isotopic instruments are used to conduct integrated studies such as local SIMS U-Pb zircon
dating, LA-ICPMS estimation of ¢Hf(T) at the same local points and TIMS estimationo of eNd(T) from the
rock. Such integrated studies are carried out on a large scale at the VSEGEI Centre for Isotopic Studies to
solve geochronological problems under a programme for production of a new generation of state
geological maps GK-1000/3 and to conduct metallogenic studies.

One example of the application of the above method is provided by the geochronological study of
basement rocks from the Kursk granite-greenstone province of the Voronezh crystalline massif (VCM).
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We have studied core samples of amphibolites from the Oboyansky complex and those of cross-cutting
gabbroid bodies from relatively small massifs of the Smorodinsky, Belogoryevsky and Mamonsky
complexes. At least two concordant zircon clusters were revealed for each sample. It should be noted that
old cores overgrown with young matter were not always revealed: the samples also contained relatively
homogeneous zircons that showed no visible growth zoning but belonged to different age clusters. The
results of the studies, shown in Figure 1, are as follows:

1) An amphibolite sample from the Oboyansky complex contains igneous zircons dated at 3667 and
3540 Ma and metamorphic zircons dated at 3475 Ma. The first two groups are consistent with igneous
zircons from a mafic rock and with igneous zircons upon its injection migmatization by granitoid melt. The
Oboyansky complex is Paleoarchean;

2) A gabbro sample from the Smorodinsky complex does not contain authigenic zircons. Zircons,
dated at 3540 Ma, could have been trapped from Oboyansky rocks, and those dated at 3507 Ma are
metamorphogenetic. Gabbroids from the Smorodinsky complex are much younger and are most probably
Neoarchean;

3) A gabbro sample from the Belogoryevsky complex contains 2830 Ma authigenic zircons and
3460 Ma zircons trapped presumably from Oboyansky rocks. The Belogoryevsky complex is Neoarchean;

4) A gabbro sample from the Mamonsky complex carries 2080 Ma authigenic zircons and 1975 Ma
metamorphogenetic zircons. The Mamonsky complex was formed in Paleoproterozoic time and was
metamorphosed shortly after its formation.

Another example of the use of the above systematics is integrated isotopic study of Norilsk-group
intrusions to reveal the isotopic criteria of their ore potential. Economic metalliferous Norilsk-1, Talnakh
and Kharaelakh intrusions, poorly metalliferous (non-economic) Vologochan and Chernogorskaya
intrusions, prospective Mikchandga intrusion and nonmetalliferous Zelenogrivenskaya and Nizhny
Talnakh intrusions were studied [3, 4].

The results of Hf-Nd systematics are shown in Figure 2. In this case, the age of all the zircons
studied is consistent with the intrusion crystallization time interval 241 —265 Ma, but an excess of
radiogenic hafnium is characteristic of most of them, i.e. in most cases figurative points do not belong to
the “terrestrial array” and eHf(T)>1.5 eNd(T)+3. This effect is most conspicuous for economic
metalliferous intrusions. Figure 3 shows averaged data for intrusions in the coordinates: crystallization age
from the U-Pb system in zircons — an excess of radiogenic hafnium in zircon: SHf(T) = eHf(T)-
1.5eNd(T)+3. The simple isotopic criterion of ore potential that follows from the above construction is: the
maximum age of crystallization is not less than 250 Ma at SHf(T)>5.

In addition to the phenomenological criterion of ore potential, some essential genetic conclusions
can be drawn:

1) Rocks from all of the massifs have an exotic constituent with a anomalously radiogenic hafnium
(SHA(T)>2);

2) The largest share of the exotic constituent is present in metalliferous massifs produced by the
initial impulse of basic magmatism (over 250 Ma);

3) Nonmetalliferous massifs have a significant crustal silicate matter constituent, and metalliferous
massifs have actually no such constituent (as shown by eNd(T) values);

4) An exotic constituent with SHf(T)>2 could only have been inherited from a relatively old source
with an anomalously high Lu/Hf ratio and a low moderately light REE, particularly Sm and Nd,
concentration. Other option: as Sm/Nd ratios in the exotic source are similar to those in the depleted mantle
DM, they do not differ in eNd(T) value.

The exotic constituent could have been derived from either a deep EHID-type source [5] or a surface source
such as old chemogenic sediments with argillaceous material [6]. Considering that ore-bearing intrusions, where
the contribution of an anomalous constituent is maximum, are characterized by the most isotopically heavy sulphur
(8'S > +8 - +10%o), the smallest share of mantle helium and the largest share of air argon [7], the exotic
constituent was derived from surface rocks, namely chemogenic and argillaceous sediments.

The integrated methodical approach has proved its efficiency, and most studies at the VSEGEI
Centre for Isotopic Studies are conducted on the basis of the above scheme.

The study was carried out at the VSEGEI Centre for Isotopic Studies on the initiative basis with
financial support from Rosnedra under State Contracts AL-02-06/35 of 14 May, 2005 and 7F-TAO/2005 of
27 April, 2005 .
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BriepBeie 00pazoBaHus, COMMOCTABUMEIE C COPTaBaJIbCKOM cepureil, ObuTH BhIieneHsl CenepXoinbMOM B
1916 roxy, pa3nenuBIINM JIAJOKCKUN KOMILICKC HA BEPXHIOIO MECUAHO-CIAHIIEBYIO M HIDKHIOIO KapOoOHAT-
Ho-am¢ubonuToByto Tommy. K.O. Kparii oTHeC BEpXHIOIO TONIIY Ja0KCKOro KOMIUIEKCa K JIAI0KCKOH ce-
PHH, a HIDKHIOIO - K copTaBabckon cepuu [1]. B coctaB copTaBaimbCcKoil ceprn 00beTMHEHBI BYJIKAHOTEHHO-
0CaJIoYHbIE MOPOJIbI, 3AJIETAIONIME B OCHOBAaHMM pa3pe3a PaHHENPOTEPO30MCKUX oTiokeHuid Paaxe-Jlamox-
ckoro 30HbI ChexoheHHCKOTo MOABMKHOTO Tosica. ByJikaHOreHHO-0cai0uHbIe 00pa30BaHHsl COPTaBaIbCKON
CepHH 3aJIeTaloT JTH00 Ha HWKHEMPOTEPO30HCKUX MOPOAaX ATYIHICKOTO HAATOPHU30HTA, THOO HETOCPE/ICT-
BEHHO Ha TpanmrTomnmax ¢ynmamenta [4]. [lo Bo3pacTHO!N MO3UIMHM OHU COOTBETCTBYIOT JIFOAMKOBHHACKOMY
Haaropu3oHTty (2100+50 muH. et 10 1920£50 MIH. J1€T) KOPPEISIMOHHON CTpaTUrpad)UuecKol CXeMbl ap-
XEHCKUX U HW)KHENPOTEPo30MCcKuX oTiokeHni Kapeno-Konbsckoro pernona, npunsroir PMCK B 2002 r [3].

Lenpro riccenoBaHMiA ABISIIOCH YTOUHEHHE HMEIOMIEHCS CXeMBbl CTPATUTPaQHIecKOro pacuIeHeHUs
TIOPOJ] COPTaBaILCKON cepuu [2] Ha OCHOBAHHWH JIETAIHHOTO T€OJIOTHUECKOTO KAPTHPOBAHUS U M3YUCHUS
BEIIECTBEHHOTO COCTaBa BYJIKAHOT€HHO-OCAJI0YHBIX 0Opa3oBanuid. Ha mepBoil craguu paboT B mpernenax
CopTaBaibCKOro MOAHATHS OBUIO YCTAHOBJICHO, YTO HanboJIee MOJHBIE U MPEACTaBUTENIbHBIE Pa3pe3bl BYJI-
KaHHUTOB XapaKTEePHBI I CEBEPO-BOCTOYHOTO oOpaMieHns KupbsaBOmaxTHHCKON KyNOJIOBUIHON CTPYKTY-
prl. HecMoTpst Ha BBICOKYIO CTENEHb PErHOHAIBHOTO MeTaMopdu3Ma, oTBedaromero aMmpuooauToBoii da-
[IUH, BYJIKaHOT€HHO-0Ca0YHBIE MTOPOJIBI JAHHOTO YYacTKa, KaK MPaBIIIO, COXPAHIIOT IEPBUYHBIE JTUTOJIO-
THYECKUE TPU3HAKA. B M3MMBIINMXCS BYJIKAHUTAX XOPOIIO Pa3IMYMMBI PEUKTHI ITOAYIIEYHOHN, KIacToJa-
BOBOW, MHUHJAJIEKaMEHHOW 1 TTOP(UPOBOI TEKCTYP JaBOBBIX MOTOKOB, B BYJIKAHOT€HHO-0CAIOYHBIX 00pa-
30BaHUX - 00MOOBBIE TEKCTYPHI TY(HOB, CIONUCTBIE TEKCTYPHI TY(H(HUTOB U TEPPUTEeHHBIX TOpos [2].
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['eonorunyeckre B3aMMOOTHOLICHUSI M XUMUYECKUI COCTAB MO3BOJISIOT Pa3/ICUTh BYJIKAHUTHI COpTa-
BaJIbCKOW CEPUU Ha YETHIPE CBUTHI — MUTKAPAHTCKYIO, TIETCEBAAPCKYIO, XapJTy U TEHBSIPBU.

Humkapanmckasa ceuma. Hazpanue 1 HIWKHEH NMUTKSIPAHTCKOW CBHUTHI CBA3aHO C MCTOPHYECKH
CIIOKUBIIUMCS Ha3BaHHEM ITHX TOPOJ B JUTEpaType. B OCHOBaHWM CBUTHI 3aJIETAIOT CJIOUCThIE KapOOHAT-
HBIE TIOPOABI, KOTOPBIE MEPEKPHIBAIOTCS YIIIEPOACOACPKALIMMU AJIIEBPOJIMTAMHU TepecIanBaOIIIMUCS C
apKO30BBIMH TIecUaHWKaMu. Brimie 3aneratoT meTaba3zanbThl MeTaMOp(HU30BaHHBIE IO KPYITHO3EPHUCTHIX
aM(puOoUTOB. DTH TOPOABI HHTPYAUPOBAHEI MeTarabopo. BynkaHudeckue OpoIbl MATKIPAHTCKOW CBU-
THI 110 COJICPIKAHUIO TIIABHBIX MOPOI000PA3YIOIINX KOMIOHEHTOB MOTYT OBITh OTHECEHBI K BEICOKOTUTAHU-
cThIM Oazanbram. [ HuX xapakrepHo conepxanne MgO = 4,6 — 8,5% u TiO, = 1,4 — 1,9% (puc. 1). Co-
JIEpKaHNe W COOTHOILICHHS PEAKHIX JIEMEHTOB XapaKTepPU3YIOTCA ITIOCKUM CIIEKTPOM PACIpeIeIeHus pel-
KO3EMEJIbHBIX 3JIEMEHTOB ¢ oOoranienuem Jierkumu jgantaHougamu ([Ce/Yb]y = 1,2 — 3,5) npu conepxa-
HUM TSDKEJIBIX PEIKO3EMEINIbHBIX JIEMEHTOB Ha ypoBHe 10—14 HOpMUpOBaHHBIX equHMIL. Ti/Zr OTHOIICHUE
m3mensiercs ot 90 go 100.

Ilemcesaapckas ceuma. Briie 3aneraloT Moposl eTceBaapcKoil cBUTHL. Ha3BaHue 00ycioBIeHO TeM,
410 HanboJee MpeACTaBUTENbHBIN pa3pe3 Haxoautcs Ha rope [lerceBaapa. B ocHOBaHMM CBUTHI HAXOIATCS ap-
KO30BbIE KBapIUTHI U KBAPIIUTO-TIECYAHUKH, KOTOPhIE TIEPEKPBIBAIOTCS YTIIEPOACOCPIKAIIIMHA AJIEBPOJIHTAMHY,
TIepECTIaNBAIOIIMMHUCS C TpayBaKKaMu. Brlmie 3aieraroT 6a3anbThl ¢ MOAYIIEYHON OTAeIbHOCTRI0. Ha Kitaccu-
(MKaMOHHOH IuarpaMMe BYJIKQHUTBI CBUTHI IIETCEBaapa pacroiaraloTes B mnojie 6a3anbToB. s HUX Xapak-
TepHa oborameénnocth MgO = 7.5 — 11% u obequénnocts TiO, = 0,9 — 1,2% 10 OTHOIIEHUIO K BYJKaHATAM
NUTKApaHTCcKoi cBuThl. KommdectBo SiO, Bapeupyer B mpenenax 47 — 52%. ConepikaHue W COOTHOIICHUS
REE xapaktepu3yroTcsi IJIOCKUM CHEKTPOM pactipezerenus, ¢ nebonbinmum odennennem LREE ([Ce/Ybly =
0,5 - 0,8) mpu coaep)aHuM TSDKENBIX HA ypoBHE 8 — 8,5 HopM. ex. Ti/Zr = 147 — 167.
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Puc. 1. Xumuueckuii cocTaB ByJIKAHUTOB COPTABAIILCKON CeprH: 1 - BBICOKOTUTAHUCTBIC METa0a3aIbThl MUTKIPAHT-

CKO# CBHTHI, 2 — MeTaba3aIbThl [IETCEBAAPCKON CBUTHI, 3 — MeTaTpaxuaHae3u0a3aibThl CBUTHI Xapiy, 4 — meTaba-
3aJIbThl, KOMATHUTOBBIC METa0a3aIbThl 1 MCTAKOMATHUTBI CBUTHI TCHBSIPBU.

Fig. 1. Chemical composition of volcanic rocks (sortavala group): 1 — highly titaniferous metabasalts (pitkyaranta
suite), 2 — metabasalts (petsevaara suite), 3 — metatrachyandesibasalts (kharlu suite), 4 — metabasalts and
metakomatiites (tenjarvy suite).

Ceuma xapny. Ha nopojiax netceBaapcKoil CBUTHI, C IPU3HAKAMH Pa3MbIBa 3aJI€raloT MOPO/Ibl CBUTHI
xapny. Ha3BaHue CBHUTBI CBS3aHO C Te€M, 4TO HauOoJjee MONHBIM M MPEICTABUTEIBHBIA pa3pe3 HaXOJUTCS
BONM3HM mocenka Xapiy. B ocHOBaHMH pa3pesa 3aJleraroT BYJIKAHOTCHHO-OCAJOYHbIE TIOPOIbI OCHOBHOTO CO-
CTaBa C JIMH3aMH Ty()OKOHIJIOMEPATOB M MOJMMHUKTOBBIX KOHTTIOMepaToB. COCTaB M3JUBIIUXCS M BYJTKAHOK-
JACTHYECKHMX MOPOJI BAPbUPYET OT TpaXUaHAe3u0a3abToB JI0 TPAXHUTOB, C MPeodIagaHieM TPaXHaHIe3UTOB
Y TPaxUTOB BOJM3M SPYNTHBHOTO IIeHTpa. Bynkanutsl cBuTh Xapimy 3ametHo oboramieHsl LREE ([Ce/Yb]y =
4 — 5) pu comepKaHNH TSHKEIBIX JIAHTAHOUIOB Ha ypoBHE Yb =9 —14 Hopw™. exn. Ti/Zr = 60 — 95.
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Ceuma menvapeu. Ha nopogax CBUTHI Xapily 3aJleTal0T BYJKaHOI'€HHO-OCAJOYHBIE MOPOABI CBUTHI
TeHBsIpBU. Ha3zBaHue cBUTE JaHO MO HA3BaHWIO 03€pa, HA CEBEPHOM Oepery KOTOPOro HaXOIUTCsl HanOolee
M3yYeHHBIA pa3pes3. B paspese cBUTHI TeHBAPBH NMpeolIagaroT MeTaMop(hHU30BaHHbIE JIABBI U Ty(DbI OCHOBHO-
T'0 ¥ yIBTPAOCHOBHOTO COCTaBa, CPEeH KOTOPHIX IO cozepkarnto MgO, MOTYT ObITh BHIJIENICHBI KOMAaTHHUTEHI,
KOMAaTHUTOBBIE 0a3aJbThI ¥ 0a3aIbTHl. ba3albThl OTIIMYAIOTCS OT BYJIKAHUTOB aHAJIOTMYHOTO COCTABA MHUTKS-
PAHTCKOM ¥ TIETCEBAapCKOM CBUT MOBBIICHHON MIEIOYHOCTHIO, oOorameHHOCThi0 LREE ([Ce/Yb]y = 2-4) u
6onee BricokuM coaepkanneM HREE (Yb = 10-14 nvopwm.en.). JlanTaHOMIBI B KOMAaTHHTaX XapaKTEPHU3YIOTCS
noHmkeHHbIM conepkanieM LREE ([Ce/Yb]y = 0.7-1.1) nmpu KOHIIEHTpallMH TSDKENBIX Ha ypoBHE 4- 8 enu-
HUIl HOPMHUPOBAHHOTO coziepkaHus. KomatuntoBeie 0a3anbThl OJH3KH K 0a3aJIbTaM 10 CTETICHH 000TaleHust
LREE ([Ce/YD]n = 2-4), Ho omimuatotcst o cozaepxkanuto HREE (Yb = 6-8 Hopm.en.).

st ompenenennst BO3pacTOB TIOPOJI CBUT Xapily U TEHBAPBHU Obla m3ydeHa Sm-Nd u3oTomHast cuc-
Tema. Bo3pacTt BynkaHUTOB CBUTHI Xapiay cocTtaBisieT 2069131 muH. met npu eNd = -4 (puc. 2). M3oxpon-
HBIE BO3PACTHI BYJIKAHUTOB CBUTHI TCHBAPBU COCTAaBIAIOT 2096173 mutH. net npu eNd = 2 u 208331 muH.
net nipu €Nd = 0,7. 3HaueHUs] BO3pACTOB CBUTHI TEHBSIPBU JPEBHEE, YeM JJIsl IOPOA CBHUTHI Xapiy, XOTsI U
MepeKphIBAIOTCS B IpeAenax omuoku. Ho reojormueckre B3aMMOOTHONIEHHSI CBHIETENECTBYIOT 00 00paT-
HOM. CrieqroBaTenbHO, BYJIKAHU3M CBHUTHI Xapily HE ObIJI OTOPBAaH BO BPEMEHH OT MPOSBICHUI BHICOKOMAT-
HE3UaTbHOTO KOMATUUTOBOTO BYJIKaHW3Ma CBUTHI TeHBAPBU. OOJIACTh MEPEKPHITHS TATUPOBOK IMPEICTaB-
nseT cobor maTepBan 2100 — 2052 muH. JIeT U, COOTBETCTBEHHO, BO3PACT BYJIKAHM3Ma MOXKHO TIpEJICTa-
BUTH, Kak 2076124 MIIH. JIeT.
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Puc. 2. luarpamma Sm-Nd /17151 ByJIKAHUTOB CBUT Xapily ¥ TCHBSIPBU COPTABAIBLCKOI CEPHU.

Fig. 2. Sm-Nd isochrone for kharlu and tenjarvy volcanites (sortavala group).

Takum 00pazom, B paMKax COpTaBalIbCKOW CEpUH BBIIEICHO 4 CBHUTHI, ByJIKaHOTEHHBIE MTOPOABI KO-
TOPBIX PE3KO OTJIMYAIOTCS [0 XMMHUYECKOMY COCTaBy. Y CTAHOBJICHBI HEMOCPEICTBEHHBIC CTpaTUrpadmye-
CKH€ B3aUMOOTHOILICHUS MEXKIY ITOPOJaMU 3TUX CBUT.

Rocks, correlatable with the Sortavala series, were first identified in 1916 by Sederholm, who
divided the Ladoga complex into an upper sandy-schist unit and a lower carbonate-amphibolite unit.
K.O. Kratz understood the upper unit of the Ladoga complex as a part of the Ladoga series and the lower
unit as a part of the Sortavala series [1]. The Sortavala series comprises volcanic-sedimentary rocks that
occur at the base of the Early Proterozoic rock unit of the Raahe-Ladoga zone of the Svecofennian mobile
belt. Sortavala volcanic-sedimentary rocks rest either on the Lower Proterozoic rocks of the Jatulian
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superhorizon or directly on basement granitoids [4]. Their age agrees with that of the Ludicovian
superhorizon (2100+50 Ma to 1920+£50 Ma) in the Stratigraphic Correlation Scheme of Archean and
Lower Proterozoic Rocks in the Karelian-Kola Region accepted by RMSC in 2002 [3].

The goal of the present study was to improve the scheme of stratigraphic subdivision of Sortavala rocks
[2] by detailed geological mapping and by studying the mineralogical composition of volcanic-sedimentary
rocks. In stage [, the study was carried out in the Sortavala Uplift. The most complete and representative
volcanic sequences were found to be typical of the northeastern margin of the Kirjavolahti dome-like structure.
In spite of high-grade (amphibolite-facies) regional metamorphism, volcanic-sedimentary rocks at this locality
usually retain primary lithological characters. Relics of the pillow, clastic lava, amygdaloidal and porphyric
textures of lava flows are well-defined in discharged volcanics, and the bomb textures of tuffs and the layered
textures of tuffites and terrigenous rocks are discernible in volcanic-sedimentary rocks [2].

Based on geological relations and chemical composition, Sortavala volcanics are divided into four
suites: Pitkédranta, Petsevaara, Harlu and Tenjarvi.

Pitkiiranta suite. The name chosen for lower Pitkdranta suite is the historically established name of
the rocks used in the literature. The base of the suite is made up of bedded carbonate rocks overlain by
carbonaceous siltstones interbedded with arkoses. Resting on them are metabasalts metamorphosed to
coarse-grained amphibolites. The rocks are intruded by metagabbro. Based on the concentrations of major
rock-forming components, Pitkdranta volcanic rocks can be classified as high-Ti basalts. They typically
contain 4.6 — 8.5% MgO and 1.4 — 1.9% TiO, (Fig. 1). Their rare-element concentrations and ratios show a
flat REE distribution spectrum with enrichment in light lanthanides ([Ce/Yb]y = 1.2 — 3.5), HREE
concentration being 10 — 14 normalized units. The Ti/Zr ratio varies from 90 to 100.

Petsevaara suite. Occurring higher in the section are rocks of the Petsevaara suite. The suite was
named so because the most representative unit is on Mount Petsevaara. The base of the suite consists of
arkosic quartzites and quartzitic sandstones overlain by carbonaceous siltstones interbedded with
graywacke. Resting on them are basalts that show a pillow jointing. On the classification diagram,
Petsevaara volcanics lie in the basalt field. They contain more MgO (7.5-11%) and less TiO, (0.9-1.2%)
than Pitkdranta volcanics. SiO, varies from 47 to 52%. REE concentrations and ratios exhibit a flat
distribution pattern with a slight depletion in LREE ([Ce/Yb]y = 0,5-0,8), HREE concentration being 8 —
8.5 norm. units. The Ti/Zr ratio is 147 — 167.

Harlu suite. Petsevaara rocks are overlain with signs of scour by Harlu rocks. The suite was named
Harlu because the most complete and representative rock sequence is located near the Town of Harlu. The
base of the unit consists of mafic volcanic-sedimentary rocks with lenses of tuff conglomerates and
polymictic conglomerates. Discharged and volcanoclastic rocks vary in composition from trachyandesite-
basalt to trachyte; trachyandesites and trachytes dominate near the eruptive centre. Harlu volcanics are
markedly enriched in LREE ([Ce/YDb]y = 4-5), heavy lanthanide (Yb) concentrations being 9-14 normative
units. The Ti/Zr ratio is 60-95.

Tenjirvi suite. Harlu rocks are overlain by volcanic-sedimentary rocks of the Tenjérvi suite. The
suite was named so because the best-studied rock sequence is located on the northern shore of Lake
Tenjarvi. The suite is dominated by metamorphosed mafic and ultramafic lavas and tuffs in which, based
on MgO concentration, komatiites, komatiitic basalts and basalts can be distinguished. The basalts contain
more alkalies, are more enriched in LREE ([Ce/Yb]y = 2-4) and carry higher HREE (Yb = 10-14
normative units) concentrations than compositionally similar Pitkdranta and Petsevaara volcanics.
Lanthanides in the komatiites are poor in LREE ([Ce/Yb]y = 0.7-1.1), HREE concentration being 4-8
normative units. The komatiitic basalts are similar to basalts in the degree of LREE enrichment
([Ce/Yb]n = 2-4) but differ in HREE concentration (Yb = 6-8 normative units).

To estimate the ages of Harlu and Tenjirvi rocks, a Sm-Nd isotopic system was studied. The age of
Harlu volcanics was estimated at 2069+31 Ma at eNd = - 4 (Fig. 2). The isochrone age of Tenjérvi volcanics
is 2096273 Ma at eNd = 2 and 2083131 Ma at eNd = 0.7. The ages of Tenjérvi rocks are older than those of
Harlu rocks, although they overlap within the error. However, geological relationships suggest the reverse
pattern. Consequently, Harlu volcanism was not separated in time from high-Mg Tenjdrvi komatiitic
volcanism. As the ages overlap in the range 2100 — 2052 Ma, volcanism is dated at 207624 Ma.

To sum up, the Sortavala series is divided into four suites in which volcanics differ considerably in
chemical composition. Direct stratigraphic relations between the rocks of the above suites were
ascertained.
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Pykepckas o0macTe HaxoAWTCs B 00KHOM dacTu rop [Ipmuac-Uapns3 n Oblia BhIgENeHA B KayecTBE
rpaHUT-3eJIeHOKaMeHHOM oOuiacTu [1]. OqHako, B3aMMOOTHOIIIEHUS TPAHUTOUIOB U 3€JICHOKAMEHHBIX BYJI-
KaHOT'CHHBIX M OCAJ0YHBIX TOJI, UIMEIOMINX CPAaBHUTEIHEHO OIPaHUYCHHOE PaclpoCTpaHeHHe, 10 CUX TOp
Haa&KHO He ycTaHoBleHbl. Ha rope Pykep pa3BuThl JBe TONIIM pa3iIMYHOTO COCTaBa 3€JICHOCIAHLIEBON
¢dammu Metamopdusma (cepusi Pykep): MpeIIoNIoKUTEIbHO HIKHSS BYJIKAHUUECKAs TOJIIIA W BEPXHSS
BYJIKAHOT'€HHO-Ocai0uHast Toima [2]. Ha ceBepo-BOCTOKE 3TOr0 rOPHOTO MaccHBa BCKPBITHL B Pa3lUIHON
cTerneHu AeopMupoBaHnue poroBOOOMaHKOBO-OMOTUTOBBIE TPAHUTOUIBL. | PaHUTONIBI UMEIOT MaCCUBHYIO
WK CJIa00TI0NIOCYaTyIO TEKCTYPY H CIaHIEBATYIO CTPYKTYPY; HalpaBJICHHE MTOJOCYATOCTH HE COBIIAIAET C
TakoBOol B Meramopduuecknx mopomax cepuu Pykep. B mpenmenax ruryToHa rpaHUTOMIOB BCTPEUAIOTCS
pelKue qaku yasTpaMaduueckoro cocTaBa, He OOHAPYKEHHBIE B METaMOP(UTAX.

BynkaHOreHHas! TOJNIIA CIIOKEHA NMPEUMYILIECTBEHHO MaHUECKUMHU 3€JEHBIMU CIaHLAMHU, Peke —
(deNb3nYecKuMH ClIaHIIaMu (METaBYJIKaHUTHI) U QUIUIHTaMH. MagpuuecKie XJIOpUT-aKTUHOIUTOBEIEC CIIaH-
bl (MeTaba3albThl, METaJOJIEPUTHI) OOBIYHO UMEIOT MEJIKO3EPHHUCTYIO JIEMUIOTPaHOOIACTOBYIO CTPYKTY-
Py, MecTaMH HaOIIONAIOTCA PEIMKTHI rpy0o3epHUCTONH 0pUTOBOM MM AOIEPUTOBOM CTPYKTYp. B mpene-
JIax 3TOW TOJIIIM BCTPEYAIOTCS KPYITHBIE CHILIBI METarabopouIoB.

Bynkanudecko-ocagodHas TOJIA CIOKEHA MarHeTUT-CIIOJUCTO-KBAPLEBBIMU CIaHLAMH (MeTarie-
JUTaMH), XJIOPUT-CIIOANCTO-KBAPIIEBBIMU ClaHnaMu (MetamopduzoBaHHble TyGGUTH, TyQOTeHHBIE Tec-
YaHWKH), XJIOPUT-KaIbIUT-CITIOIICTO-TUIATNOKIIA3-KBapIEBBIME cllaHnaMu ((enb3udeckrue ByJTKaHHUECKHIe
MOPO/Ibl), KBAPLUTAMU, TUAMUKTUTAMH.

Brua semmonnena U-Pb natuposka (TIMS B UT'T' I PAH) ¢pakunii uupkoHa u3 AByx o0pa3uoB rpa-
HUTOHUZOB (He NeOpMUPOBAHHBIN TPAHUT U OTHEHCOBAHHBIM IPAaHNUT) U ABYX 00pa3LoB MEeTaMOP(HUIECKUX
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MOpOJi BepxHer Tomm (Ty(POreHHbIH aabOUT-XJIOPUT-CIIFOIMCTO-KBAPIIEBbIN clianel] U kBapuuT). [{upkoH B
IrpaHuTE NPEACTABICH TUIIMYHBIMU MarMaTHYECKUMH 3€pHAMH, & B THEHCO-TPAHUTE — METAMUKTHBIMU, OK-
pyTiieHHBIMH 3&pHamu 0e3 kpucramumdeckux (opm. B meramopduuecknx mopogax IMUPKOH MPENCTaBICH
OKPYTJIBIMH, KCCHOMOP(HBIMU 3¢pHAMU HJIM CJIETKa TIePEKPUCTAININ30BaHHBIMU (pparMeHTamu 3€peH, CXo-
HBIMH C LIMPOKOHOM M3 Je(OPMHUPOBaHHBIX TpaHUTOB. ClieoBaTeNbHO, TPAHUTHOE OCHOBaHHE OBLIO, BEpo-
ATHO, TJIaBHBIM MCTOYHHKOM CHOCA JIJIsI OCaJJOYHOM TOJIIIHU, XOTS OKpyTJieHHas (opMma 3EpeH yKa3blBaeT Ha
TO, YTO OHU ITOJIBEPTIIUCH TOMY K€ MeTaMOp(prIeckoMy COOBITHIO, YTO U 1e(OPMHUPOBAHHEIE TPAHUTHL.

®pakiuy MUPKOHA MPOSIBIISIOT 3HAYUTEIBHBIN pa30pOC H30TOMHBIX OTHOIICHUH U JJUCKOPAaHTHOCTh
(puc. 1), 9yTo TpeaNONaraeT MPOUCXOKIEHUE OOIOMOYHOTO IIMPKOHA M3 PA3HBIX UICTOYHUKOB U, BO3MOXKHO,
MHOTOCTaauitHbIe moTepu U mpu mocineayonmx coobITusIX. L{IupKkoH B rpaHnTONIaX MCTIBITAN 3HAYUTEIh-
uele otepu U Ha pyOexe 515420 muH jger. Kpucramm3zanus miyToHa MOXKET OBITh B IIEPBOM HPUOIIIIKeE-
HuM orieHeHa pyoexom 3000 miH ner. B nedopMupoBaHHBIX TPAaHUTOUAAX OTMEUAIOTCS MPU3HAKYU Belle-
CTBa IUPKOHA ¢ Bo3pacToM He MeHee 3175 muH neT. LlupkoH 13 MeTaMOpPUIECKUX MTOPOJT TAaKKE KPUCTAIT-
mu3oBaics mexay 3000 u 2500 moa et Hazazd; Bo3pacT 2500 MITH JIET MOXKET MPEICTaBISATh MUHUMAITb-
HYIO OLIEHKY BpEeMEHH MeTaMopu3ma.

206Pb /238U
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Mogensnbiii Sm—Nd Bospact Tpy rpannTonnoB coctasiser nopsaka 3300-3400 muH Jer, 4To yka-
3BIBaET Ha ME30apXeHKWi BO3pacT 3eMHOW KOpHI ATOro pernoHa. dDenp3ndecKre MeTaBYJIKaHOT€HHBIE U
0CaJIOYHBIC TTOPOIBI UMEIOT MOJAEIHHBIN BO3PACT MPpEeUMyIIecTBeHHO B aAuama3one oT 2800 mo 3000 mutH.
net; eng(t=2500) -1 — -3. D10 yKa3bIBaeT Ha JOMOJHUTENLHBIA HMITYJIbC KOPOOOpa30BaHUsl B HEOAPXEHCKOE
BpeMsl.

Bremonaenst Sm—Nd aHaiu3sl METaBYJIKaHUTOB OCHOBHOTO COCTaBa M MeTarabopo, BXOISIINX B CO-
CTaB HWXHeH Tommu. Yerblpe oOpa3na MeETaByJIKaHUTOB 00pa3yIOT M30XPOHY, OTBEYAIOLIYIO BO3PACTy
2916+120 mur 1et (MSWD = 0,175), eng(t) = -8; Tpu 0Opa3iia MeTagoaepuToB U MUHEpaibl (OMOTHT, TIIa-
THOKJIa3) JTAIOT M30XpOHHBIN Bo3pacT 2878465 muH et (MSWD = 0,64), eng(t) = -20; rab0po, KITUHOIH-
pokceH u marnoknas 2365+65 muma ger (MSWD = 1,80), exqg(t) = -12. DT maHHBIE YKa3BIBAIOT HA TO, YTO
BYyJIKAHHUUECKasl ToNIa ObUT cOpMUpOBaHa U, BEpOATHO, MeTaMopdu3oBana Ha pyOexe 2800-2900 miH
ner Hazaj. BHenpeHne MapudecKux CHIUIOB UMENI0 MeCTO Ha pyoOexe okono 2400 muH et Hazaa. Heobxo-
JUMO OTMETHUTH YPE3BBIYAHO HU3KHE 3HAUCHHS MapaMeTpa enq(t), yKa3bIBaromie Ha pe3Ko 00oramEHHbIi
XapaxkTep MaHTHHHOTO cyOcTpara.

MeraByJIKaHHMYECKHE TTOPOJIbI HMEIOT MIMPOKUE BapUALlM XUMHUYECKHX COCTaBOB, OT YJIbTPAOCHOB-
HBIX JI0 KUCIBIX. Ha OobImIHCTBE MHarpaMM COOTHOIIEHWH OCHOBHBIX M MAJIbIX 3JIEMEHTOB Ma(U4ecKue
MOPOJIbI 00PA3yIOT TPEH/IbI, IPENOaratolue Ko-reneruueckoe npoucxoxaenue. Ornomenus Ti/Zr, P/Zr
U Y/Zr cynecTBEHHO HWXKE, YeM B XOHJIIPUTAX, YTO MpeAnojaraeT NPOUCX0KACHHE MAaTEPHHCKON MarmMbl
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u3 6oraToro Zr MaHTHHHBIX UCTOYHUKOB, B TO BpPeMs Kak cOOTHOIICHUsI Nb/Zr ONU3KH K XOHIPHUTOBBIM.
Jlst 60BIIMHCTBA MTOPOJT XapakTepHa oTHocHTeabHass oboraménHocth LILE (50-100 pa3 BeImie mpumu-
THBHOU MaHTHH) U 3aMETHAsI OTpHIlaTebHas anoMamus Nb.

Maduyeckne MeTaByJIKaHUTHI UMEIOT TNIaAKuid Xxapakrep pacnpeneneHust REE nmumb ¢ HebonbIoi
anomanuerd Eu u cnabeim oboramenuem LREE, (La/YDb), mexny 2,3 u 4,6. DTO MOXKET OTpakaTh 4acTHY-
HOE TUIaBJIeHHEe 000TallleHHOT0 MAaHTUIHHOTO HCTOYHHKA, a BBICOKOE cozepkanue Tsokenbix REE (Yb, ~10)
YKa3bIBaCT HAa OTCYTCTBHE TpaHaTa B MAHTUHHOM CyOCTpare.

HekoTopsie moponbl umeroT Boicokue coxaepxkanus MgO (10-25%), Cr (1530-5390 ppm), u Ni
(385-1445 ppm), a Takxke oTHOCHTENbHO HU3KHE conepxkanust Ti0,, Na,O, P,Os u HFSE. Ha muarpamme
Al~(Fe+Ti)-Mg [3] (puc. 2), mump 1Ba 06pasiia OTBEYaAIOT MEPHIOTUTOBHIM KOMAaTHHUTaM, B TO BpeMs Kak
00JIBIIMHCTBO 00PA3IIOB MOMA/AIOT B IMOJISI TOJICUTOB U 0a3aJIbTOBBIX KOMAaTHUTOB. HE00X0[MMO OTMETHUTD,
YTO HeTporpadUYecKuX MPU3HAKOB MOPOJI KOMAaTUUTOBOM IPpyNIbl HE BHISABICHO. BhICOKOMarHe3uanbHbIC
TIOPOJBI UMEIOT OTHOIICHHS TJIABHBIX W PEIKUX 3JIEMEHTOB, B IIEJIOM OTIMYAIONTUECS OT THITHYHBIX XOH/I-
PUTOBBIX WJIM KOMAaTUUTOBBIX 3HaueHuid. OtHomenus Zr/Y (3—5) — Boiue, a Ti/Zr (30-57), CaO/TiO, (6—
20) u CaO/Al,0; (0,4-0,8) — Huxe. ['eoxumMHuUecKue 0COOCHHOCTH MOPOJ, TAKUM 00pa3oM, HE TIO3BOJISIOT
OTHECTH UX K THITMYHBIM BYJIKaHUTAM 3€JIEHOKAMEHHBIX TTOSICOB.

FeO* + TiO2

Puc. 2 Knaccudpukanmonnas pauarpamma lencena
(Jensen, 1976) nns meraByikaHuUTOB Pykepckoil 00-
JIaCTH.

. Maq)quCKHe METaBYJIKAHUTBI Fig. 2. Classification cation Al-(Fe+Ti)-Mg diagram
o Dep3nuecKue METaBYJIKAHUTbI of Jensen (1976) for Mt Ruker metavolcanic rocks.

Nmeromuecs reogornueckue TaHHble CBUAETEIBCTBYIOT O TOM, YTO T'PAaHUTOUJIBI U 3€JIEHOCIAHIIE-
BbIe TONIIN Pykepckoil obmacTy UMEIOT, CKOpee BCEero, B3aMMOOTHOIIECHHUS THITA (yHIaMEHT—4EXOJI, U4TO
HE SBJSICTCSI XapaKTEPUCTUUCCKUM TIPU3HAKOM apXEUCKUX TPaHUT—3CICHOKAMEHHBIX obOnacTteil. 3Hadun-
TENBHO 00OTAIEHHBIN XapaKTep MaHTUIHBIX UCTOYHUKOB TaKXKE SBJSCTCS JOBOJILHO HEOOBIYHOMW JIJIS Ta-
KUX CTPYKTYPHBIX IPOBUHUMN F€OXUMUYECKON YEPTOM.

PaboTa BrITIONTHEHA TIpH PUHAHCOBOU Moepkke rpanTa PODU 07-05-01001.

The Ruker Terrane is situated in the southern Prince Charles Mountains and was described as a
granite-greenstone province [1]. However, the relationships of granitoids and greenschist facies volcanic
and sedimentary rocks, which are of relatively restricted occurrence, have not been firmly established so
far. Two compositionally distinct greenschist facies sequences (the Ruker Series) may be distinguished in
Mt Ruker: supposedly lower volcanic and upper volcanic-sedimentary sequences [2]. In the north-east of
this mountain block variously deformed hornblende-biotite granitoids crop out. The granitoids have
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massive of banded texture and may have schistose structure, the foliation does not correspond with the
neighbouring Ruker Series metamorphic rocks. Rare ultramafic dykes occur within the granitoid pluton,
but are apparently lacking from the metamorphics.

The volcanic sequence is mainly composed of mafic green schist, less frequently — felsic schist
(metavolcanics) and phillite. Mafic chlorite-actinolite schist (metabasalt, metadolerite) commonly have
fine-grained lepidogranoblastic texture, and sometimes relict large-grained ophitic or doleritic texture can
be discerned. Thick metagabbro sills occur within this sequence.

The volcanic-sedimentary sequence is composed of magnetite-mica-quartz schist (metapelite),
chlorite-mica-quartz schist (metamorphosed tuffaceous rocks), chlorite-calcite-mica-plagioclase-quartz
schist (metamorphosed felsic volcanic rocks), quartzite, diamictite.

We have conducted U-Pb (TIMS with IGGP RAN, St Petersburg) analyses of zircon fractions
recovered from two granitoid samples (undeformed granite and gneissic granite) and two metamorphic
rock samples from the upper sequence (tuffaceous albite-chlorite-mica-quartz schist and quartzite). Zircon
from granite is represented by typically magmatic-shape grains, and in gneissic granite zircon grains are
metamict and rounded without well defined facets. Metamorphic rocks contain rounded detrital grains or
slightly recrystallized grain particles akin to the zircon from gneissic granite. Thus, the granitic rocks may
serve the source for the volcanic-sedimentary sequence, although the rounded grain shape indicate that
both the deformed granites and metamorphics experienced the same metamorphic overprint.

The zircon fractions show wide variations in the isotopic ratios and are variously, but generally
highly discordant (Fig. 1). That implies that the detrital zircon was incorporated from different sources and
possibly a multi-stage U loss during the subsequent events. Zircon in the granites underwent essential U
loss at ca 515420 Ma, and time of the pluton crystallization may be approximated at ca 3000 Ma. In the
deformed granite there are indications of zircon matter as old as at least 3175 Ma. Zircon from the
metamorphic rocks also crystallized between 3000 Ma and 2500 Ma; the date of 2500 Ma may be a
minimum age of metamorphism.

The granitoids have model Sm—Nd Tpy age mostly in the range 3300-3400 Ma, which points out to
a Mesoarchaean age of the crust in this region. Felsic metavolcanic and metasedimentary rocks have Tpy
ages between 2800-3000 Ma; eng(t=2500) -1 — -3. This reflects an additional crust-forming event during
the Neoarchaean.

We have conducted Sm—Nd analyses of the whole rock and mineral separates of mafic metavolcanic
rocks and metagabbro from the lower volcanic sequence. Four metavolcanic rocks form a regression line
corresponding to the age of 2916120 Ma (MSWD = 0,175), ena(t) = -8; three metadolerites and minerals
(biotite, plagioclase) give an isochron age of ca 2878+65 Ma (MSWD = 0,64), eng(t) = -20; gabbro,
clinopyroxene and plagioclase give 2365+65 Ma (MSWD = 1,80), exg(t) = -12. These data show that the
volcanic sequence was formed and most likely nearly contemporaneously metamorphosed at ca 2800-2900
Ma. Mafic sills were probably emplaced at ca 2400 Ma. It must be noted that the studied mafic rocks were
derived from extremely enriched mantle source(s) as evidenced by the low enq(t) values.

The chemical compositions of the metavolcanic rocks vary in wide ranges from ultrabasic to acidic.
In most major and trace element plots mafic rocks form trends suggestive of their co-genetic origin. Ti/Zr,
P/Zr and Y/Zr are essentially lower than chondritic, which implies they were derived from Zr-enriched
mantle source, while Nb/Zr are akin to chondritic values. Most rocks are relatively enriched in the LILEs
(50-100 times chondritic) and prominent negative Nb anomaly.

Mafic metavolcanics have smooth REE chondrite-normalised patterns with small Eu anomalies and
slight LREE enrichment with (La/Yb), between 2.3 and 4.6. This reflects partial melting of an enriched
mantle source, and high concentrations of the HREEs (Yb, ~10) point to derivation from garnet-free
source.

Some rocks have high MgO (10-25%), Cr (1530-5390 ppm), and Ni (385-1445 ppm), and
relatively low TiO,, Na,O, P,Os, and HFSE. In Jensen’s [3] cation Al-(Fe+Ti)-Mg diagram (Fig. 2) only
two samples plot within the peridotitic komatiite field, while the major part of the group correspond to the
tholeiite and basaltic komatiite fields. It must be noted that no petrographic indications of komatiite was so
far found. High-Mg rocks have major and trace element ratios basically different from those typical for
chondrite and komatiite. Thus, Zr/Y (3-5) are higher, and Ti/Zr (30-57), CaO/TiO, (6-20), and CaO/Al,0O;
(0,4-0,8) — lower. The geochemical features of these rocks do not argue for their similarities with the
typical granite-greenstone belt volcanic rocks.
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Available geological data suggest that the granitoids and greenstone-facies volcanic and sedimentary
rocks of the Ruker Terrane may have basement—cover type relationships. That is not a feature of the
Archaean granite—greenstone terrains. The observed strongly enriched mantle sources are also an unusual
geochemical feature of such provinces.
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ALUMINA GNEISSES OF THE ARCHEAN URAGUBIAN GREENSTONE
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Myskova T.A.", Milkevich R.I, Berezhnaya N.G.”, Skublov S.G."

'Institute of Precambrian Geology and Geochronology, RAS, St.Petersburg, admin@ad.iggp.ras.spb.ru
2A.P. Karpinsky All-Russian Geological Research Institute, St.Petersburg

B mocneqaee Bpemst TyHAPOBAsi CEPHS pacCMAaTPUBAETCS B cOcTaBe Y pary0cko-THTOBCKOW CTPYKTY-
P, KoTopas siBisieTcsi pparMeHToM no3aHeapxeirickoro CeBepo-Konbckoro 3eneHokameHHoro mosica [1].
XopouIo U3y4YeHbl B 3TOH CTPYKTYpE YIbTPAOCHOBHBIE U OCHOBHBIC METABYJIKAHUTHI, OHAKO IO COCTAaBY U
BO3pAcTy TIIMHO3EMHUCTHIX THEHCOB OITyOJIMKOBAHO OYEHBb Majo JaHHBIX. [10 HAIMYHMIO PETMKTOB IpaaIu-
OHHOM CIIONCTOCTH OHU OTHECEHBI K META0CaIKaM.

B HacTosimem cooOIIeHNH MPUBOAATCS PE3YJIBTaThl HOBBIX M30TOIMHO-TEOXHMMUYECKUX HCCIEA0Ba-
HUH THEHCOB 1 00CYXTaeTcs epBUYHAS IPUPOJIA H BO3PACT ATHX 00pa30BaHMIA.

Pa3pes TynapoBoii cepun (MourHOCTBIO 1.5 KM) H3ydeH B OacceiiHe cpeHero TeueHus p.Ypa u cio-
KeH npeumyniecTBeHHO (Ha 70%) OMOTUTOBBIMH, I'paHAT-OMOTUTOBBIMU (MHOTA CO CTaBPOJIUTOM M aHJia-
JTy3UTOM), pexke aM(puOoI-ONOTUTOBBIMU 'HEHCaMH, B IOAYMHEHHOM KOJIWYECTBE MPUCYTCTBYIOT aKTHHO-
JUT-TPEMOJIUTOBBIE CIAHIBI U aM(DUOOTUTHI, HISHTH(PHUIINPOBAHHBIE KAK METAKOMATHHUTHI M MeTada3alb-
Thl. [lopoapl ucHbITAIM MeTaMOpPpHU3M CpeaHeTeMIieparypHoit amdubonuToBoit ¢amuu (T=600-620,
P=4 x6ap) ¢ He3HaUUTEIFHON MUTMaTU3ael U cabo BHIPAKEHHBIM IUaQTOPEe30M HU3KOTEMIIepaTypHOU
aMmpuOoInTOBOM (harmm.

Ha xnmaccudukanmonnoit muarpamme A.H.Heemosa (1980) mist ocagkoB TOYKH COCTaBOB THEHCOB
MOMAAAIOT B TI0JIE TPayBaKKOBBIX ajeBpoiuToB. OHM yMepeHHO-1IelouHble, K—Na, He3HauuTensHo aud-
(hepeHInPOBaHBI 10 TIIMHO3EMHUCTOCTH W METAaHOKPATOBOCTH. B TO ke BpeMs Bce 3TH COCTaBBI pacroara-
I0TCS B TIpeJieiax TPeH/Ia MarMaTHYeCKUX opo (MoJie IAITOB, OTYACTH JMIAPUTO-1auuToB). Ha Bapua-
IUOHHBIX JuarpamMmmax Xapkepa 0003HAuWIIMCh 2 TPYNIBI HOPOA C pa3HBIMH TPEHIAMH T€OXHMHUYECKOU
muddepenunannu. s nHTEpIpETAIMK 3TUX TPEHIOB OBUT UCTIONB30BAH CTATUCTUYECKUI METO/ TITaBHBIX
KOMITOHEHT ((paKkTOpHBIH aHAIN3).
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I'napublii ¢akTop mopon I rpynmbel xapakTepu3yercsl MOJSpHBIM pacrosiokenneM Si0O,, Al20;,
Na,0, K;,0 ¢ omgHo#i cTtoponsl U Fe,03 o5, T10,, MgO, CaO — ¢ npyroii, 9To MOKHO WHTEPIIPETHPOBATH
KaK KHCIIOTHO-OCHOBHOH (060y?HOBCKUIT) TpeHa MarMmarmdeckoit muddepentmaruu JI.H. ynenko (1981).
g 3TOM rpynmel MOPOJ XapakTepHO HU3KOE 3HAYEHHE XMMH4ecKoro uHaekca BeiBeTpuBaHua CIA (50-
52), cBOWCTBEHHOE HEM3MEHEHHBIM MarMaTHYeCKUM mopojam, u npeodnaganue CaO nag MgO. Cpenuuit
cocraB nopox I rpymmer: Si0O; 67.92, TiO, 0.55, AL,O; 14.58, Fe;,05 ey 4.66, MgO 2.16, CaO 2.91, Na,O
3.93, K,0O 2.11, Rb 90, Sr 290, Y 15, Zr 149, Ba 514, V 85. Bo3aMoXHBIC aHAJIOTH: KUCIO-CPEIHUEC BYJIKa-
HUTBl M3BECTKOBO-ILEIOYHOIO Psiia BOPOHBETYHIPOBCKOW CBUTHI (A.b. BpeBckuii, HeomyOIMKOBaHHbIE
IaHHbIe), a Takke BynkaHuTsl rpynmsl F1 K. Kormau (1983), mpencraBneHHONH BO MHOTHX 3€TI€eHOKaMEHHBIX
mosicax Mupa (B KaHaJcKoi npoBuHIMN Chronmpuop, B Oioke [Iunbapa ABcrpanmu u ap.) [2, 3] u oTpa-
JKarolIel paHHUHM 3Tal IBOIIOLNUH BYJIKAHUTOB U3BECTKOBO-ILIEIOYHOMN CEpUH.

I'maBubIi dakTop mist acconuanuu nopon Il rpynmel xapaktepusyercst mpoTuBocTosiHueM SiO; ¢ o1-
Ho# ctoponsl u Al,O3, MgO, CaO, TiO,, Fe;O346, — ¢ Apyroii 1 MOXKeET ObITh HHTEPIPETUPOBAH KaK TPEH]T
rpanynomerpudeckoil audpdepenunanuu. Crnabas reoxumudeckas nuddepeHnuanus mopos mo TIuHo3e-
MHUCTOCTH B COYETaHHH C MEIaHOKPATOBOCTBIO XapaKTepHa AJIsl He3pelbIX rpayBakK win TyhduTos, 6mau3-
KHX TI0 COCTaBy K MarMaTHueckuM nopojaam. boree Beicokue 3Hadenus CIA (54-59) mo cpaBHeHUIo ¢ 110-
pomamu I rpynmer u ipeobaaganne MgO Hag CaO MOTYT CBHAETEIHCTBOBATH O TOM, UTO IMIOPOJIBI paccMar-
pUBaeMOM accolaliiy MOABEPIIINCH AE3UHTErPAIlMi U HE3HAUNUTEIIbHOMY XHMUYECKOMY BBIBETPHBAHUIO.
Cpennnii coctas mopox Il rpymmsr: Si0, 63.64, TiO, 0.77, Al,O5 15.78, Fe,03 o6, 6.40, MgO 3.17, CaO
2.32, Na,O 3.90, K,0 2.62, Rb 105, Sr 243, Y 16, Zr 146, Ba 530, V 128. Bo3moxHbIe aHAIOTH: METa-
rpayBakku KaHajckod mpoBuHImH Ceionupuop (Ilontmax, Kystuko, Unrnum-Pusep), KOCTOMYKIICKOI
cButhl, Kapenus [4].

Uzotomusie gannbie (U-Pb, SHRIMP-II) momyuens! o nmupkoHam u3 npoObl MeTaganuTa. B Hell BbI-
nenensl 2 Tuna nupkona. Lupkonsr I rpynmsl (coctaBisitor 70% MOHOMPAKIUK) MPEACTABICHBI CBETIBIMU
CyOMIMOMOP(HBIMHA MPU3MATHYECKHUMHU KPHUCTAJUIAaMH ¢ KO3 (UIMEHTOM YIJIMHEHUs 2.5 — 3 ¢ xopouiei
COXPaHHOCTBIO BEPIIMH M TOHKOH OCIMIUISITOPHOM 30HaIBbHOCTHIO. [Ipodum pacnpenenenust P33 xapak-
tepusytorcs yeTkumu Ce Makcumymamu u Eu muamMmymamu ¢ obegaennem serkumu P33, 9aro xapakrep-
HO JJIs1 IUPKOHOB MarMaTHYecKOro MpoucxokaeHud. Bospact atux nupkoHoB (2828+23 miH. neT) pac-
CMaTpHUBaeTCad HaAMHU KaK BO3PAcT BYJIKAaHM3Ma M Kak BpeMsl 0Opa3oBaHMs M3y4yeHHBIX mopod. Llupkonsr 11
THUIA IPEJCTaBJICHbl NOXOXXUMHU NPU3MATUYECKUMH KPHCTAJJIAMHU, TOJIBKO YaCTUYHO IE€PEKPHUCTALIN30-
BaHHBIMH, C PEITMKTOBON MarMaTH4eCKOl 30HAJBHOCTHIO B LIEHTPAJIbHBIX YACTSIX 3€PEH M TPEIINHOBATO-
CTBIO 1O KpasiM. Bo3pact ux 2774412 MiH. IeT HHTEpIPETHPYETCs KaK Bo3pacT Metamopdusma. [lo cpas-
HEHHMIO ¢ IMpKOHaMH | Turia oHu OoJiee TEMHBIE B KaTOAOIIOMUHECLICHIIMH, oOoraieHs! Jierkumu P33, uto
MOXET CBHIETEIbCTBOBATH O IIPUBHOCE BEIECTBA IPU MeTamopdu3me.

The tundra series has lately been discussed as a part of the Uragubian-Titovan structure, which is a
fragment of the Late Archean North Kola greenstone belt [1]. Ultramafic and mafic metavolcanics of the
structure have been thoroughly studied, but available data on the composition and age of alumina gneisses
are scanty. As they contain relics of graded bedding, they are classified as metasediments.

In the present paper the results of new isotopic-geochemical studies of gneisses are reported, and
their primary nature and age are discussed.

The 1.5 km thick tundra-series unit was studied in the middle Ura river basin. It consists dominantly
(70%) of biotite-, garnet-biotite (sometimes with staurolite and andalusite) and less common amphibole-
biotite gneisses. Actinolitic-tremolitic schists and amphibolites, identified as metakomatiites and
metabasalts, are less abundant. The rocks were metamorphosed to amphibolite grade at medium
temperatures (T=600-620, P=4 kbar) with insignificant migmatization and poorly defined low temperature
amphibolite-facies diaphthoresis.

On Neyelov’s classification diagram (1980) for sediments, the composition points of gneisses are in the
greywacke siltstone field. They are moderately alkaline, K—Na, and are slightly differentiated in alumina content
and the percentage of mafic minerals required for the rock to be classified as melanocratic. At the same time, all
of the compositions lie within the igneous rock trend (dacite and partly liparite-dacite field). On Harker’s
variation diagrams there are two groups of rocks that exhibit different geochemical differentiation trends. To
interpret the trends, the statistical major component method (factor analysis) was used.
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The major factor of group-I rocks typically shows a polar arrangement of SiO,, Al120;, Na,O
and K,O on one side of the diagram and Fe,Os; ¢, TiO,, MgO and CaO on the other. This could be
interpreted as L.N. Dudenko’s (1981) acid-basic (Bowen) magmatic differentiation trend. This group
of rocks typically has a low chemical index of alteration (CIA) value (50-52), characteristic of
unaltered igneous rocks, and the dominance of CaO over MgO. The average composition of group-I
rocks is: Si0, 67.92, TiO, 0.55, Al,O; 14.58, FeyO3 1o 4.66, MgO 2.16, CaO 2.91, Na,O 3.93, K,O
2.11, Rb 90, Sr 290, Y 15, Zr 149, Ba 514 and V 85. Possible analogues are felsic to intermediate,
calc-alkaline-series volcanics of the Voronya tundra suite (A.B. Vrevsky, unpublished data) and
volcanics of C.Condie’s group F1 (1983) that occur in many greenstone belts of the world, such as the
Superior province, Canada, the Pilbara Block, Australia, etc.) [2, 3], and reflect an early stage in the
evolution of calc-alkaline-series volcanics.

The major factor for a group-II rock association is characterized by the opposition of SiO, on one
side and Al,0;, MgO, CaO, TiO, and Fe,O; ( on the other, and could be interpreted as a grain-size
differentiation trend. Poor geochemical differentiation of rocks in alumina content and the percentage of
mafic minerals required for the rock to be classified as melanocratic are characteristic of immature
graywackes or tuffites similar in composition to igneous rocks. Higher CIA values (54-59) than those of
group-I rocks and the dominance of MgO over CaO suggest that the rocks of the association discussed mo-
poasl have been subjected to disintegration and small-scale chemical weathering. The average composition
of group-II rocks is: SiO, 63.64, TiO, 0.77, Al,O5 15.78, Fe,03 1 6.40, MgO 3.17, CaO 2.32, Na,O 3.90,
K,0 2.62, Rb 105, Sr 243, Y 16, Zr 146, Ba 530 and V 128. Possible analogues are metagraywackes from
the Superior province, Canada (Pontiac, Quetico and English River), and the Kostomuksha suite, Russian
Karelia [4].

Isotopic data (U-Pb, SHRIMP-II) were obtained for zircons from a metadacite sample. Two types of
zircons were identified in the sample. Zircons of group I make up 70% of the monofraction and occur as
light subidiomorphic, prismatic crystals with the index of elongation of 2.5 — 3, with well-preserved peaks
and fine oscillatory zoning. REE distribution profiles exhibit distinct Ce maxima and Eu minima with
LREE depletion characteristic of magmatically generated zircons. We understand the age of the zircons
(2828+23 Ma) as the age of volcanism and the time of formation of the rocks studied. Zircons of type II
occur as similar but partly recrystallized prismatic crystals with a relict magmatic zoning in the central
parts of grains and fracturing along their margins. Their age of 2774+12 Ma is interpreted as the age of
metamorphism. They are darker in cathode luminescence than zircons of type I and are enriched in LREE,
suggesting addition of matter upon metamorphism.
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[IpoGmema Heoapxes, Kak XpPOHOMETPUYECKOTO IMojapaszeneHus MexTyHapoqHoH crparturpadude-
ckoit mkaner (MCIH), amurensHOCTRIO 300 MITH. J1eT, 00BEANHSAET IMIUPOKHUHA KPYT BOIPOCOB MPUIHHHO-
CJIEICTBEHHBIX 3aKOHOMEPHOCTH CMEHBI apXxes U nporepo3oeM [3, 5]. KimroueBsIMU ABISAIOTCS KOHKPETHBIE
perepsl, BO3pacT W COOBITHIHOE COJEp)KaHHE EeCTeCTBEHHOMCTOPHUYECKUX CTPYKTYpPHO-BEIIECTBEHHBIX
noApasnencHuii, oopazoBanubix 2800-2500 MiIH €T Ha3aJ, COOTHONICHHUE, B3aUMOCBSI3h U CYIITHOCTH OBE-
LIECTBJICHHBIX B HUX HJOTE€HHBIX U 9K30T€HHBIX MPOIleCCOB 00pa30BaHUs U MPeoOpa3oBaHUs BHYTPEHHUX
U BHEIIHUX reocgep, NPUIMHHO-CIEACTBEHHBIE 3aKOHOMEPHOCTH HEPECTPOEK JeHYAAMOHHO-CEAUMEHTO-
TeHHBIX U OMOTEHHBIX CHCTEM B 3TOW MEPEIOMHON ATI0XE UCTOPUH PaHHEH 3eMIIH.

B Mexaynapoanoii crparurpadudeckoit mkaine (MCII) rpanuisl aOHOTHYECKUX TOIPa3AeICHUN
apXxelCcKol YyacTu CBOJHOTO pa3pes3a cTpaTucdepsl onpeiesieHbl CTaHAapTaMi U30TOITHOIO Bo3pacTa oopa-
30BaHUI TEPBBIX YETHIPEX, JPEBHEHUINX CTPYKTYPHO-BEIIECTBEHHBIX IOJPa3AelIeHHI KOHTHUHEHTOB: 1)
npesHee 3600 MITH JIeT — 20apxeti, «CEPOTHEHCOBOE» TOHAIUT-TPOHIBEMUT-TPAHOTHOPUTOBOC OCHOBAHHUC;
2) 3600-3200 miH JeT - nareoapxetl, IepBasi, HIKHSA TeHEpaIus 3eleHoKaMeHHBIX nporubos (311), 3)
3200-2800 mutH €T — Me30apxetl, BTOopas, cpenuss reHepanus 311, 4) 2800-2500 Mt JeT — Heoapxeil, Tpe-
Tb4, BepxHsst rerepanus 311. Tem caMbIM yCTaHOBIIEH M30TOMHO-XPOHOJIOTHYECKAN MTPUHITHI TIEPUOIN3a-
MU aOMOTHYECKOW HCTOpHHM 3eMIIM — OIpelesieHHe TI00aJIbHOTO CTaHAapTa M30TOMHOTO BO3pacTa
(I'CCB), xak abcTpakTHOH U(PHI ACTPOHOMUYECKOTO BPEMEHH O€30THOCHTENBHO K KAKOMY JIN0O ecTecT-
BEHHOMCTOPUIECKOMY T€OXPOHOJIOTHUECKOMY PETepy.

HoxembOpuiickas yactp O0mei ctpaturpaduueckoii mkaite Poccun (OCL) [6], mocTpoena mo ka-
HOHaM (paHepO30HCKON IEPUOAN3ALIUH [EOJIOTHIECKOW UCTOPUH: CTPYKTYPHO-BEIIECTBEHHBIH 1 N30TOITHO-
TEOXPOHOJIOTHYECKHI TTOIXOBI HCITOIB30BAaHBI BO B3aMMOJIOIIOHSIONIEM HEPa3phIBHOM €IMHCTBE UCXO/S
W3 TIPUOPUTETA HCTOPUKO-TEOJOTHUECKON TeoxpoHosoruu. C y4eToM CpaBHUTEIBHOW MPOJOIHKUTEIHHO-
CTH BpPEMEHH O0pa30BaHUsl €CTECTBEHHOMCTOPHYECKHUX MOJpPA3/ICICHUH COMOMAYMHEHHBIX PaHTOB, apXxew,
Kak mojpasjienenue I paHra Bo3Be/leH B KATETOPHIO akpoHa. ApXeHUCKU akpoH Nojpa3zelicH Ha IBE€ S0HO-
TEMBI - COTIOAYMHEHHBIX cTparurpadudeckux monapasaenennid Il panra, GUKCHPOBaHHBIX CTPATOTHUIIAMH:
HIDKHEapxeinckoe (caamckoe, apeBHee 3200 muH 1eT) U BepxHeapxelckoe (momuiickoe, 3200-2500 miH
ner). Hmwxneapxeiickas (caamckasl) S0HOTEMa 10 COBOKYMHOCTH CTPYKTYPHO-BEIIECTBEHHBIX XapaKTepH-
CTHIK ¥ TIOJIOKEHHIO B CBOJIHOM pa3pe3e COOTBETCTBYET 30apxero. BepHeapxelickas (Jionuiickas) J0HOTeMa
o0wpeuHsAET TpHU cTpaTurpaduueckne enuHunbl I panra - spaTemMbl: HIDKHEIONHICKYIO, CPeIHEIONNHi-
CKYIO U BEPXHEJONUICKYI0. DpaTeMbl BbIIEICHB B 00beMaX THIIOBBIX PETMOHAIBHBIX CTPATUTPa(UIECKUX
HaJArOPU30HTOB W/miu cepuil. OOpa3oBaHus, ONPEACIEHHOTO CTPATUTPAPUIECKOTO ITOJIOKEHUS, APEBHEE
3200 miH net, B Kapeno-KonbckoM pernone 1ocToBepHO HEM3BECTHHI. [l0aTOMY TpaHMIIa MEXAY HIKHE-
apxehckoi (caaMCKOi) U BEpXHEAPXCHUCKOUN (JOMMIICKOM) DOHOTEMAMHU - HIKHUM, «CEPOTHEHCOBBIMY U
BEPXHUM «3€JI€HOKaMEHHBIM» CTPYKTYPHO-BEIIECTBEHHBIMH dTaKaMH apxesl JaTupoBaHa Bo3pacToM 3200
MiH JieT. TakuMm oOpa3om, majeoaxeickue u doapxeickue oopasoBacHUs Kapemo-Kombckoro crpaTornma
00beIMHEHBI B OJJHY HIDKHEAPXEUCKYIO (CaaMCKyI0) 30HOTeMY; Me3oapxeiickoit spateme MCII cootBet-
CTBYIOT HIDKHeNomnuiickas u cpenHenonuiickas spareMbl OCI, Heoapxelckoil spaTemMe - BEpXHEIOMU-
CKas IpareMa W TaKuM 00pa3oM, BO3PaCT XPOHOCTPATUTPaPUIECKOTO MOApa3AelieH s 3aBEPIIAOIIETO ap-
Xel B 00e MIKaIBl onpezesieH BpeMeHHBIM nHTepBaioM 2800 - 2500 mutH er.

CXOJCTBO M OTJIIMYHUE JIBYX CPABHUBAEMBIX IIKaJ B YaCTH MEPHUOIU3AINH U YCTAaHOBIEHHS T€OXPOHO-
METPUYECKUX PENepoB T'PaHUI] OCHOBHBIX IOJPAa3AeNICHU apXesi — €CTECTBEHHOE CIIEICTBHUE CTaTyCOB
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stux mkan. Ecau MCII npencrasisieT rio0albHYI0 METPHUKY apXxeickoil ncropuu Beed 3emiu, To OCII
MIPOSIBJISICT 3aKOHOMEPHOCTH T'€0JIOIMYECKHUX IPOLIECCOB U COOBITHI B apXee Ha CPaBHUTEIILHO OTPaHUYCH-
Ho# Tepputopun CeBepHoil EBpaszuu. 310 - Bo-nepBbix. Bo-BTOpHIX, B MCIII py0exn reoxpoHoiormye-
CKUX TO/Ipa3fiefIeHUH OomnpeaesieHbl 3aJaHHbIM INI00aIbHBIM CTaHAAPTOM HM30TOIHOIO BO3pacTa, a Moapas-
nenenust OCI 3akperuieHsl cTpaToOTUIIaMU — HOCUTENSIMU KOHKPETHBIX €CTECTBEHHOMCTOPUUYECKUX CBEJIE-
HUHM 0 Ipoleccax M MPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTSX OBEILIECTBICHHUS BpeMeHHU. Takum
o0pa3oM, B EPBOM cilydae cTpaTHrpaduyeckas MIKajia MpeICTaBIsIeT yCIOBHYIO (0e3 IMIMPUKO-TEOPETH-
4eCKOro 000CHOBaHUS) U3MEPHUTENBHYIO CHCTEMY (ITI00aIbHBIM XPOHOMETPHUECKUI KaleHAaph) BO3pacTa
N30TOMHO-T€OXUMHUECKUX CHCTEM HCCIEAYEMbIX Ie0JIOrHuecKux oOpa3oBanuii. Bo BTopoM ciydae mkana
MIPEJICTABIISIET CTPYKTYPHO-BEIIECTBEHHYIO OCHOBY MAJIbHEHIIEr0 MYJIbTHAMCHUIUIMHAPHOTO HCCIIEI0Ba-
HUS 3aKOHOMEPHOCTEH OBEIIECTBICHHS N€0JIOTHYECKUX SBJICHUH B WX PEaJbHBIX MPOCTPAaHCTBEHHO-BpE-
MEHHBIX €CTECTBEHHOMCTOPHUECKHUX CBSI3SIX M B3aUMOOOYCIOBICHHOCTH.

Kapeno-KonsckoMy pernony cpeny mepcrneKTHBHBIX IMOJIMTOHOB COBEPIICHCTBOBAHUS 3HAHUN CYIII-
HOCTH TIepexofia OT apXxesl K NPOTEPO30I0 M YCTaHOBJICHUS TOUKH IIIO0AIBHOTO CTaHAApTa CTpaTHrpaduye-
CKOT'0 BO3pacTa IPaHULbl MEXTYy HUMH IPUHAJICKUT OJHO U3 IPUOPUTETHBIX MECT. 3/IECh YCTAaHOBJIEHBI U
JOCTaTOYHO XOPOIIO U3Y4YEHbI ABE OTIMYHBIE APYT OT ApYyra CTPYKTypHO-(auuaibHble 30HbI, T1€ CPAaBHU-
TEJBHO TIOJTHO, 0€3 KPYITHBIX MEePEPHIBOB, OBEIIECTBICHBI MPOIECCHl U COOBITHS MPOTEKABIINX B T. H. He-
oapxeiickoe (Ha mepexoie oT apxes K mporepo30t0) Bpems 2800-2500 mun et Hazan: [lana-Brirozepckuit
nosic (IIBII) xapnunm ceBepo-BoctouHoi Kapennmn un KeWBckuii CTpyKTypHO-BEIIECTBEHHBIH aHCaMOJb
(KCA) Kombsckoro momyoctposa [2, 5]. B TIBII mpo6iema Heoapxess 0XBaThIBA€T COBOKYITHOCTH XOPOIIIO
W3BECTHBIX M0 MHOTOYHCIICHHBIM ITyONHKAIMsIM XPOHOCTPATUTpaPUUECKIX HEONpPEAEICHHOCTEH CTpaTH-
rpaduu U T€OXPOHOJIOTUH THUIIOBOM T€OXPOHOJOTHYECKOH MOCIEI0BATENbHOCTH JIOMUICKO-CyMHICKO-Ca-
PHONMHCKUX METaocal0YHO-BYJIKAHOTEHHBIX OTJIOKCHWH 30HBI COWICHEHHMs Kapenua u Oemomopun. B
KCA neoapxeiickoMy BpeMeHH, 110 COBOKYITHOCTH H30TOITHO-T€OXPOHOJIOTHYECKUX JAHHBIX U HCTOPUKO-
TCOJIOTHUECKUX XapaKTePUCTUK, COOTBETCTBYET I'HEHCO-ClaHLeBas cTpaTurpaduieckas mocieqoBaTellb-
HOCTh ITOpOJ JEOSHKUHCKON U KeMBCcKO# cepuil. I B iepBOM, U BO BTOPOM CIIyyasix BC€ XpOHOCTpaTUrpa-
(uueckue HeONpenenéHHOCTH NPOUCTEKAIOT U3 OOBEKTMBHO MHOTOBAPHAHTHOIO OIPEIEICHUS KPUTEpUs
TJIABHOTO MCTOPHKO-TEOJIOTHYECKOTO pyOeka MEkAy apXxeeM M MPOTePO30eM M OTHOCHTEIBHOTO paHra
rpaHyLl cTpaTUrpaduyuecKux HoapasaeiacHuil omiokeHHH. OObEKTUBHONW NPUYMHON TAKOTO IOJIOXKEHHS
ABIISIETCS TO, YTO HabIroAaeMble cTpaturpadudeckre MociIeI0BaTeIbHOCTH B 000MX CITydasx XapakTepH-
3YIOT YCJIOBHS OTHOCHUTENBHO HEMPEPBIBHOTO TPAHCTPECCUBHO-PETPECCUBHOTO MOPCKOTO OCaJKOHAKOILIe-
HUS TMHAMHUUYECKH aKTHBHBIX KOHTHHEHTAJIBHBIX OKPaWH, B MpeesaX KOTOPhIX OTCYTCTBYIOT OJHO3HAYHO
TPaKTyeMble IPU3HAKH CTYKTYPHO-METaMOP(QHUUYECKHX M MaJleoreorpaduyeckux MmepecTpoek, a pasHoBO3-
pacTHbIe cTpaTUTrpaduUecKrue MOApa3JeNieHNs] W TPAHUIBI MEXIY HUMH CYIIECTBEHHO HE OTIMYAIOTCS
apyr ot apyra. OqHaKo UIMEHHO TaKOTo TUIa pa3pe3bl, COOTBETCTBEHO (aHepa30iicKUM KaHOHaM HauboJee
Ba)KHBI, IJIsI YCTAHOBJICHHUSI CTPATOTHIIOB €CTECTBEHHOUCTOPUYECKUX IPAHUI [€OXPOHOJIOIMYECKUX MOM-
pa3zAeneHuil, OCKOJIBKY B HUX NIEPEPHIBBI B OBEIIECTBICHUH I'€0JIOTHUECKHUX IPOLIECCOB MCUE3Ar0IIN Mabl
WM OTCYTCTBYIOT BooOIIe. [[puMEHNTENBHO K HEMPEPBIBHBIM pa3pe3aM (yHIaMeHTaIbHOE 3HAUCHHE MIPH
YCTQHOBJIEHUH M HCTOPUKO-TEOJIOTHYECKOM OOOCHOBAaHWHM TPaHMLl CTpAaTHUrpaUuecKuX IMMOApa3IesIeHHH
AMeeT XPOHCOOBITHIHAS cemquMeHTONIOTHA. IlepeoMHOe COOBITHE B MCTOPHH apXei-paHHENpPOTepPO30ii-
CKOM CeTMMEHTAIINH, TIPOSBIISET IIEPBOE TOSBIICHUE B CBOJJHOM pa3pese JoOKeMOpUiCKol cTpaTtucgeps! Ko-
PBl BBIBETPHBAHUS KpailHEH CTENEeHH XMMHYECKOTO Pa3oKEHHs aIOMOCHIMKATOB /WM MPOAYKTOB €€
0CaJI0YHOT0 NEPEOTIOKEHUS: YPaH-30I0TOHOCHBIX MOHOMHUKTOBBIX KBAapLEBBIX METAlleCUaHUKOB, KBalle-
BBIX KOHIJIOMEPATOB, BHICOKOIJIMHO3EMHUCTBIX METAIEIUTOB.

B mpenenax Kapeno-Konbckoit cTpaToTHnnueckoil MpoBHHIKMK Hadaio oOpa3oBaHUS BBICOKO3pe-
JIBIX TEPPUTCHHBIX OTJIOKEHUH CBSI3aHO CO CTPYKTYpPHO-MeTaMop(dhuueckoil 1 nageoreorpaduieckoi mnepe-
CTpOHKON (PUKCHUPYEMOIl HECOTIIACHEM MEXKTY JIOIHEM U cyMmueM. K 3Toif mepecTpoiiku MpruypodeHo Kade-
CTBEHHOE W3MCEHEHME JINTOT€HE3a TPACCHUPYEMOI0 OKYHEBCKOW CBUTOHW CTPAaTOTHIIA apXeH-IPOTEPO30M-
cKkoii rpaHuubl B Kapenuu u 4epBypTCKOil cBUTOM KeliBckoi cepun Ha KonbckoM momyoctpose [2]. O6pa-
30BaHKME 000MX THX CBUT COOTBETCTBYET '€OAMHAMUYECKUM IpoleccaM MpoTekaBmuM 2,7+0,5 mupa ner
Hazaj, Koraa «0buia copMHpoBaHa eTUHas axehcKas IUIUTa» [7], «IIJI0 MHTEHCHBHOE XMMHUYECKOE BBI-
BETPUBAHME MOPOJ M CHOC UX B 3aNOKUBIIMECS OaccelHBbl CeIMMEHTAIMU, YaCThI0 YHACIEJIOBaHHBIE OT
apxerckux mporudosy» [4]. 2.7 MIpK JeT, 3aBePIIMINCH IIEUT-TEKTOHNIECKHE MPOLIECCH B apXEHCKUX J10-
MeHax [1]. CBs3aHHBIC ¢ ATUM COOBITHS MTPOTEKATH HE OJHOBPEMEHHO M HE OJIMHAKOBO, KaK 3TO HEPEIKO
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NPUHUMAETCS, a B pa3HOE BpeMsl U CYLIECTBEHHO, MTO-pa3HOMY B Pa3HBIX I'€OJMHAMUYECKUX O0CTaHOBKaX.
[Tosromy ycranoBnenne ['CCB ocraercst 3amadeii cyry00 TEOpPHKO-METOIOJIOTHUECKON: HCIOIB30BaHIE
xpoHoMeTprudeckor TexHoxoruu MCII B mpakTuke pernoHaIb-HON T€OJIOTHH M T€OXPOHOJIOTUH HE CTOIb-
KO COIEHUCTBYET, CKOJIbKO 3aIlyThIBAacT [103HAHUE 3aKOHOMEPHOCTEH Ie0J0rMYeCKOro0 OBEILECTBICHUS ac-
TPOHOMHYECKOT'O BPEMEHH U JIC30PHEHTHPYET UCCIENIOBAHUS CBS3aHHBIX C 3TUM MpobieM. Baxueleil B
KpPYTY TakuX NpoOJeM SIBISETCS YCTAHOBJIEHHE NMPOCTPAHCTBEHHO-BPEMEHHBIX IPAHMI HACJO0EHMIl U
KOHKPETHBIX PaHHeI0KeMOPUICKUX NPOrudoB nepcrneKTUBHbIX AJs OUCKOB MecTOpo:kaeHnid Bur-
BaTepPCPaHICKOro 30J10TO-yPAHOBOI0 FTeHOTHIIA H €r0 AHAJIOTOB B IPYTHX PerHOHaX MHpa.
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OctpoBoy>KHast KOJUTM3HsI THIMYHA JUIs1 (PaHEePO30MCKOl re0JMHAMUKH U TOTOMY PACCMOTPEHHUE €
0co0eHHOCTEH B ITyOOKOM T'€0JIOTHUECKOM MPOLUIOM IIpeAcTaBiseT Oonbinoi uarepec. [Ipsmoe cpaneHue
apxeickux u (paHepo30iCKUX 0COOEHHOCTEH TEKTOHHMYECKOHM 3BOIIONHH SBIISIETCS 3(PPEKTHBHBIM CIOCO-
00M uX OOCYXKIEHHS M PaCcIO3HAHUS OOLIMX TEHICHIWH B II100albHON Te0JMHAMHUKE Ha MPOTSHKCHUHU UC-
TopuH 3eMid. DTO OBUIO MPOJEMOHCTPUPOBAHO HA TIPUMEPE WHTEPIpeTay reoorun Makpana [3].

B Teuenme me3030a KaBkasz mpencraBnsin co00W KpyMHBIN CTPYKTYpPHBIA TOMEH, PAacIIONIOKEHHBINA
Ha CEeBEepHOI OKpanHe okeaHa Heo-Tetrc. B HeM JOMUHHpPOBAIN OCTPOBHBIE AYTH, Pa3/IEIABIINE BHITSIHY-
ThIe 3a1yroBbie Oaccelibl. Kommsus tuna "myra-myra" ycranosneHna B cpenHeit tope [4,5]. Hanbonee Be-
POSITHO, OHA Havajack €lle B aajieHe, yCHIMIach B 0aiioce u J0CTUIIa CcBOero MakcuMyma B 6are. CeBepo-
3akaBKa3cKasi OCTPOBHas JIyTa CTOJKHYJach ¢ HOxHO-3akaBKa3CKOW OCTPOBHOM IIyroif, TOTAa Kak pasfie-
JSBIIWE WX KPYNHBIH OKeaHWYecKuil OacceitH, monmyuyuBIIMi HazBanue YepHomopcko-Kacmuiickoro, 3a-
KpbuIcs. Pe3ynpTaroM 3TOW KOJIM3UM CcTano (GopMHpOBaHHE eIMHON 3akaBKa3ckoil ocTpoBHOHU ayru. C
3TUM TEKTOHHYECKHUM COOBITHEM OBLIO CBA3aHO yCHJIEHHE BYJIKAHMUECKOW aKTHBHOCTH B Oaiioce W mepe-
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PBIB B OCaIKOHAaKOIUIEHHH B 0are. B Me3oapxeiickoii reoguHamuueckoil uctopun 3ananHo-ITundapckoro
TPaHUT-3elIEHOKAMEHHOTO TeppeiHa YCTaHOBJICHO CYIIECTBOBAHHE BHYTPHOKEAHUIECKOH OCTPOBHOHN TYTH
C MHTEHCHBHBIM MPOTEKaHUEM MarmMatuieckoil nestensHocTH [1,2]. Hecornmacue B ocHOBaHMH CBUTHI JIu-
3apa-Xwuic (~3 MIpA. JI.) U BHEAPEHUE MarMaTHUYEeCKUX WHTPY3UH SBUIUCH CIEACTBUEM KOJUTU3UH THIIA
"myra-KoHTUHEHT" [2]. OIHAKO CXOJCTBO C KOJUIM3HUEH TUIa "ayra-nyra" B COBpEMEHHBIX YCIOBHUSX TaKkKe
o0cyKIanoch uid Me30oapxeickoi ucropun 3amnagHo-IIunmbapckoro rpaHWT-3eIEHOKAMEHHOTO TeppeiiHa
[1]. KonnmmusnonHOe coOBITHE 0XBaTWiIO BpeMeHHOW mHTepBast 3190-3020 miH. 1., 32 4eM IMOCIeA0BaIO
MPOSIBIICHUE MOCT-KOJUTM3MOHHOM aKTUBHOCTH [2].

CpaBHeHHE OCTPOBOIYKHOW KOJUTH3UU B cpeqHell rope KaBkaza n me3oapxee 3amaaHo-IInnbapckoro
TPaHUTO-3€IEHOKAMEHHOTO TeppPEiiHa CBUIETENHLCTBYET O CXOJICTBE OCOOEHHOCTEH MX TposABeHus. B obonx
CITy4asiX yCTaHABIIMBACTCS YIIIOBOE HECOTJIACHE MEXK/Y MOIIHBIMH TTyOOKOBOJHBIMU OCaI0YHBIMH TTOCIIEI0-
BaTEJLHOCTSAMU C OOJIBIIMM KOJIMYECTBOM BYJIKAHHUECKHX OOpa30BaHUN U KPYMTHOOOJIOMOYHBIMU OTIIOXKE-
HUSIMH HEOOJNBIION W CpeAHEel MOITHOCTH, HAKOIUIEHHE KOTOPHIX OBLIO CBSI3aHO CO CMBIBOM C OJIH3KOpac-
MIOJIOKEHHON CYINHM, a TAaKKe 3aTyXaHHe BYJIKAHWYECKOW aKTHBHOCTH M yCTAHOBJIEHHE TpeHJa K pernoHalb-
HOW reoJlMHaMUYecKoil cradmmu3anuu. B npenenax 3amagHo-ITnidapckoro rpaHUT-3eI€HOKAMEHHOTO Tep-
peiiHa HalJIeHO YeTKOe CTPYKTYPHOE CBUIETEIHCTBO JIEBOCTOPOHHUX CABHIOBHIX Aedopmanuii [2]. DTo nBu-
YKEHHS TIOCIIEIOBAIM HETIOCPEICTBEHHO 33 KOJUTM3MOHHBIM coObiTHeM. MHTEpecHo, uTo rumore3a o0 aKTHB-
HOCTH B CpeHel I0pe KPYITHOM IIOBHOI 30HBI C JIEBOCTOPOHHUMH CMEIIEHUSIMHU BbICKa3bIBajach U Juia Kas-
Ka3za [5]. XoTda Takas rumoTes3a IMpeiarajach Kak ajlbTepHATUBA MOJAEIM KOJUIM3WU Tuna "myra-gyra", ux
MPOTHUBOIIOCTABJICHUE JIMIIIEHO CMbICHA. Paznuune Mexay cpensetopckuM KaBkazoB u me3oapxeiickoit [Tun-
Oapoii KacaeTcst IPOUCXOKICHHUSI CIBUTOBBIX JedopManuii. B mepBoM ciiydae OHM CBSI3BIBAIOTCS C TI00ITB-
HOM M, BO3MOXKHO, PaHEe CYIECCTBOBABIICH U JOJTOXKUBYIIECH IIIOBHOM 30HOM [5], TOraa Kak BO BTOPOM CITy-
Yae OHU OBUIH CBSI3aHBI C JIOKAJTHHBIM KOJUTM3UOHHBIM H/WJIH TIOCT-KOJUTM3MOHHBIM PEXKUMOM. [2].

Bpems mposBieHHsT 0CTPOBOAYX HON KOJUIM3UU JTOJDKHO OBITH O0OCYXAEHO OTAenbHO. B mpenemax
Kagkaza kommusus tumna "mayra-gyra" oXBaTuia MaKCUMAalbHO 8 MITH. JI., HO MOTJIa OBITh 3HAYUTEIBHO KO-
poue - mopsinka 3-4 miH. 1. B npegenax 3anagHo-IInndapckoro rpaHUT-3eI€HOKAMEHHOTO TeppeiiHa KO-
nmu3us tana "ayra-koHTHHEHT" mmtack 1o 170 muH. 1. CiaemnoBaTenbHO, HECMOTPS Ha CpaBHUMBIE pa3Me-
PBI pacCMaTpUBaeMbIX PETHOHOB, YCTAHABIMBAETCS OTPOMHOE pa3iHyuUe B JIIUTEIHLHOCTH OCTPOBOAYKHOM
KOJUTU3WH. SIBISETCS JM TO CIyYallHBIM pEe3yJIbTaTOM BEChMa YaCTHOTO MCCIIETOBAHMS WIIH JK€ OTpakaeT
o0rmire M3MEeHeHHsI HHTEHCUBHOCTH T€0IMHAMHYECKHX MPOIIECCOB ¢ apxeiickoro Bpemenn? s momxoms-
IIETO OTBETa TPeOYIOTCS AJONMOTHUTEIbHBIE CPAaBHUTEIbHBIE aHATH3BI.

B uenom, mpoBeaeHHOE M3y4YEHHE HE YKa3blBa€T HA MPUHLUIHAAIBLHOE PA3IU4ME OCTPOBOMYKHOM
KOJUTU3WH (32 HUCKITIOYSHUEM JUTUTEITFHOCTH €€ MPOSBICHUS) MEXIY apxeeM H (haHepO30eM.

Asmop svipasxcaem npusnamenvrocms C. Kexasa (Anonus) u [owc. MaxKoany (Aecmpanus) 3a no-
MOWb C AUMepamypotl.

An island arc collision is typical for the Phanerozoic geodynamics, and it seems to be intriguing to
trace its signatures in the Earth's deep Past. A direct comparison of the Archean and the Phanerozoic
patterns of tectonic evolution is an efficient way to discuss both of them as well as to recognize some
general trends in the global geodynamics through the geologic history. This was demonstrated by an
example of interpretation of the Makran geology [3].

During the Mesozoic, the Caucasus was a large structural domain located on the northern margin of the
Neo-Tethys Ocean. It was dominated by an activity of island arcs, which divided elongated back-arc basins. An
arc-arc collision is recognized to occur in the Middle Jurassic [4,5]. Most probably, it initiated in the Aalenian,
accelerated in the Bajocian, and culminated in the Bathonian. The Northern Transcaucasian Island Arc collided
with the Southern Transcaucasian Island Arc, whereas a large oceanic basin between them, namely the Black
Sea-Caspian Sea Basin, was closed. A result of this arc-arc collision was a formation of the unique
Transcaucasian Island Arc. This tectonic event was associated with an intense volcanic activity in the Caucasus
in the Bajocian and a dramatic interruption of sedimentation in the Bathonian. The Mesoarchean geodynamic
history of the West Pilbara Coastal Granite-Greenstone Terrane is interpreted to recognize an intraoceanic
island arc with an intense magmatic activity [1,2]. An unconformity at the base of the Lizard Hills Formation
(~3 Ga) and magmatic intrusions were resulted from an arc-continent collision [2]. However, a similarity with
the arc-arc collision in the modern setting was also discussed for the Mesoarchean record of the West Pilbara
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Coastal Granite-Greenstone Terrane [1]. The collision event occurred during 3190-3020 Ma to be followed by
some post-collisional tectonic activity [2].

A comparison of the island arc collisions in the Middle Jurassic Caucasus and the Mesoarchean
West Pilbara Coastal Granite-Greenstone Terrane suggests a similarity of their patterns. In both cases, one
can document an angular unconformity between a thick deep-marine sequence with abundant volcanics
and a sequence of coarse-grained siliciclastics derived from the neighbour landmasses with a little-to-
moderate thickness, a decrease in volcanic activity, and a trend toward a stabilization of the local
geodynamics. A strong structural evidence for sinistral strike-slip deformations in the West Pilbara Coastal
Granite-Greenstone Terrane was found [2]. These movements followed the collision event immediately.
Surprisingly, an activity of a major shear zone with sinistral displacements was also hypothesized for the
Middle Jurassic evolution of the Caucasus [5]. Although this hypothesis was proposed an as alternative to
the arc-arc collision model, there is no any reason to oppose these constraints. A difference between the
Middle Jurassic Caucasus and the Mesoarchean Pilbara concerns the origin of the strike-slip deformations.
In the first case, they are related to a global-scale and probably pre-existing long-lived shear zone [5],
whereas they were associated with a local collisional to post-collisional regime in the second case [2].

The timing of the island arc collisions should be discussed. In the Caucasus, the arc-arc collision took place
within 8 myr at maximum, but it might have been much shorter - about 3-4 myr. In the West Pilbara Coastal
Granite-Greenstone Terrane, the arc-continent collision lasted up to 170 myr. Thus, despite of a comparable size of
the considered regions, a great difference in a duration of island arc collision events is reported. Is this an
occasional result of a very particular study or an expression of general changes in the intensity of geodynamic
processes since the Archean? Additional comparisons are required to give a proper answer.

Generally, this case study does not indicate any fundamental difference in island arc collisions,
except probably their duration, between the Phanerozoic and the Archean.

The author gratefully thanks S. Kiyokawa (Japan) and G.J.H. McCall (Australia) for their help with
literature.
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TexkToHUYECKUE KOHIICIIINN, OCHOBAHHBIC HA MMapaJirMe TEIJIOBOTO CXKATHS 3EMIIH, OTBOAMIIA Be-
JIyIIYIO POJIb B Pa3BUTHH 3€MHOM KOPBI 00CTAHOBKAM TAHTEHITMAIBHOTO CXKaTHUsl. PernoHaibHbIN METaMOp-
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¢u3M, TpaHUTHBIE 0ATOJIHMTHI U HAKOIUICHHE MOJIACC CYMTAINCH OECCIIOPHBIMU CBUICTEILCTBAMH CKIIaaya-
TOTO OpOTeHe3a, 3aBEPIIAONIET0 TEKTOHWYECKHe IUKIBI (KaJelOHCKHHA, TepiIuHCKui u T.1.). [loBTOpsie-
MOCTh BO BPEMEHHU TaKUX LIMKIJIOB, BIEpBbIe HaMeueHHas B kKoHIe XIX B. M. bepTpanom, cocTaBuiia 0CHO-
BY MOJINIUKINYECKON KOHIETINN Pa3BUTHUHN MOABIKHBIX MOsCOB Heores. OfHaKo yxe B Hadane 60-x ro-
JIOB IIPOIJIOTO BeKa OBIJIO yCTAHOBJIEHO, YTO TOJIHAS TOBTOPSIEMOCTh COOBITHH B PaHHHUX LUKJIAX OTCYTCT-
BYET, a pa3BUTHE 3€MHOU KOPHI B (haHEPO30MCKIX O0JIACTIX MMEET CKOopee HampaBIeHHBIH ("'MOHOIMKIH-
yeckuil'") xapaktep. Ilpeamnonaranocs, 4T0O MOHOIIMKINYECKOE PAa3BUTHE CBOWCTBEHHO KPYITHBIM BPEMEH-
HbIM HHTepBanaMm (450-600 MITH. J1eT) U MOXKET OCIOXKHATHCSI UMITYJIbCAMH HOBBIIICHHONW TEKTOHUYECKOU
aKTHBHOCTH ¢ TIeproAUIHOCTEIO 30-40 1 150-200 MitH. 1eT. AGCOIOTHBIE OIIEHKH pa3HOMACIITaOHOH ITHK-
JMYHOCTH, HAMEUeHHBIE OoJiee MoNlyBeKa Ha3aJ Ha MaTepuanax 1o (paHepo3oHCKUM 00IacTsM, COXpaHs-
IOTCS 10 HACTOSIIEro BpeMeHu. [IpenpuHIMaroTCs MOMBITKY HAIOJIHUTh UX HOBBIM COJEPXKAHUEM U IKCT-
paroysmpoBaTh Ha BCIO MM OOJBIIYIO YacTh reosiorHueckoil ucropuu 3emnu [4]. IlpaBoMepHOCTh TakHX
ITOCTPOCHUH MPEACTABISIETCS] CTIOPHOH.

OTKpBITHE LMKJIA YWICOHA MOJIOKMIO HAayajdo JUCKYCCHH O BPEMEHHU BKIIOYEHHUS MEXaHH3MOB
TEKTOHMKH IUT. [Ipo0ieMaTnyHOCTs OOHApyKEHUS! AOKEeMOPHUHCKHX O(HONHUTOB M OCTPOBOAYKHBIX
KoMIIieKcoB To3Bosmiia A. KpéHepy BpIcKka3aTh MpenosiokeHne 00 WHBIX (opMax MpPOSBIECHUS TEKTO-
HUKH TUTAT B JJOKEMOPHH, KOHTPOJIHUPYEMBIX IBOIOIMOHUPYIONIEH BO BpeMEHN KOHBEKIMEH n A-cyo0-
OyKIUMEeH B dHCHAIMYeCKuX oporeHax. OJHAKO 3TH MpEACTaBIEHUS HE MOJYYHJIM JalbHEHIero pa3BH-
tusa. bonee BocTpeOoBaHHBIMU OKazanuch moctpoeHus Y.b.bopykaeBa, ocHOBBIBaromuecs Ha MOJIETH
MEePUOINIECKON CMEHBI OTHOSYEHCTON CTPYKTYPhl KOHBEKIIUH JBYSYEHCTON, 00YCIOBINBAIONINX PacXo-
JKICHHE U CXOXKIEHHE CHaTnYecKuX Macc. B Hacrosiee BpeMs 3Ta Hjesd COCTABISIET OCHOBY MOMYJIsp-
HOM runoTessl "CynepKOHTUHEHTAIbHBIX IUKIOB". BaKHBIM 37€MEHTOM 3TOM TMIIOTE3B! ABIAETCSA MPU-
3HaHHWE CBSI3W KOHTHMHEHTAJHHOTO PUPTHUHTA C MAHTHIWHBIM ILTIOMOBEIM MaduT-yiIbTpaMaUTOBEIM Mar-
MaTu3MoM. OTHAKO JI0Ka3aTeNbCTBa TOTO, YTO JIUTOCPEPHOE PACTSKEHUE B TOKEMOPHUICKUX Majgeopud-
TOBBIX CTPYKTYpax HEM30EKHO MPUBOIUT K Pa3phIBY IUIUT, OTCYTCTBYIOT. OUeHb HEONPEIEICHHBIMHU SB-
JSIOTCS TPAHUIBI "'CYTIEPKOHTHHEHTABHBIX ITUKIIOB", KOJIMYECTBO KOTOPHIX y Pa3IMYHBIX HCCIeN0BaTe-
neit komebmercss oT 4-5 mo 7-10. MHOTAa OHM COBHAAAIOT C TVIABHBIMH PyOeKaMH XPOHOJIOTHYESCKHUX
KA JOKeMOpHs MO0 MPOBOAATCA BHYTPH KPYIHBIX MojpasaeneHuii. B 000CHOBaHUAX K€ KOJIU3H-
OHHBIX COOBITHH, C KOTOPHIMH CBSI3bIBACTCS CIUSHUE KOHTHHEHTAIBHBIX MacC, MPUHUMAETCS CHCTEMe
JIOKa3aTeIbCTB, UCIIOIB30BABITUXCS TCOCHHKINHAILHON THIIOTE30H s ""ckiamgaToro oporenesa". Ta-
KOU MOAXOJ] MPEICTABIISICTCS YIPOIIEHHBIM, TaK KaK BCE "HHANKATOPHBIC" MPU3HAKU CKIIAT4aTOTO OpPO-
refe3a OOHapyXMBAIOTCS U B KOHTUHEHTaJIbHBIX pudrax [1]. [lageopekoHCTpYKINH, HE YUUTHIBAIOIINE
COBPEMEHHOI'0 YPOBHS 3HaHUH 0 cnenuduke IposBIeHUs 1eQOopMaIOHHBIX, METAMOPOUIECKUX U T'pa-
HATOOOPa3yIoNINX IMPOIECCOB B 0OCTAHOBKAX KOJUIM3MOHHOTO CXKaTHS M JUTOCHEPHOTO pacTsHKEHHS,
BPSJI JIM MOTYT CYUTATHCS KOPPEKTHBIMU.

PasButne mpencraBieHuil 0 TOKeMOPHIICKONH MCTOPUH 3€MJIM BO MHOTOM ONpEeIIsieTCs yCIeXaMu B
n3ydeHun paHepo3oickux obnactei. CMeHa mapaaurM, BeI3BaHHAS TEKTOHUKOW IUTHT, TpeOoBalia MOTHO-
ro OTKa3a OT MPEACTABISBIIMXCA (QYHIAMEHTAIBHBIMUA OCHOB THIIOTE3bl OPOTEHUYECKUX MUKIOB. OmHAKO
9TOro He MPOU30LLI0. B MoAemnsx, HOCTyIHMpyIOmUX MePHOANYHOCTh NMPOSIBICHHUS B TOKEMOPUH IHKIIOB
YuncoHa COXpaHSIOTCS HEKOTOpHIE MPEXHUE MOCTysaThl. Kputnyeckuit aHanmn3, 000CHOBBIBAIONTUI He-
NpaBOMEPHOCTH MOJOOHOTO MoaXo/a, Okl BrepBbie BbimonHeH C.H.MBaHOBBIM U MONy4mi JanbHeIee
pa3BUTHE B KOHLEMIUHU SBOJIOIMOHHO HAMPaBICHHOTO Pa3BUTHsI TUTOC(EPHl PaHEepO30UCKUX MOSCOB [5].
Bruto mokazaHo, 94TO B TO3MHENOKEMOPUHCKON TMPEABICTOPUH OKEaHOB, TOBTOPSIONINECS BO BPEMEHHU
TPAHCTPECCUBHBIE PSABI OCATOYHBIX (DOpMAIUil SBISIOTCS CIEACTBHEM PU(TOTEHHOTO Pa3BUTHS 3eMHOM
kopel. X hopmupoBanue ObIJIO BBI3BAHO JICHYAALUCH MPEAPUPTOBBIX MOAHATHI ("'9HCHAINYECKUX OpOTe-
HOB"). DHCHATMYECKHE OPOTEHBI HE 3aBEPIIAOT, a MPEIIECTBYIOT (OPMHPOBAHUIO OCAIOYHEIX OacceliHOB
¥ B 3TOM COCTOHMT OJHO W3 WX MPUHIUMHAIBHBIX OTIIMYNHA OT KOJUTM3MOHHBIX OporeHoB. llymbcammonnoe
(YHKIIMOHUPOBaHHE CYNEPIUTIOMOB Ha MPOTSDKEHUH Bcero pudes M BeHIa, OTMEYaeMOe IMPOSBICHUAMU
MaHTHHHOTO MauT-yIpTpaMadUTOBOTO MarMaTtu3Ma (IaliKOBbIC PO, CHIUIBI, PACCIOCHHBIC WHTPY3HUH),
MO3BOIISIET MPEIoiaraTh Hem30eKHOCTh MPOSBICHUS CyXOT0 aHIEPILICHTHHTA B YCIOBHSIX JTHTOC(HEPHOTO
pacTsDKeHHs U CBA3aHHYIO C HUM I'eHepalfio aHOPOTEeHHBIX IPaHUTOB, a TakkKe PUQPTOBBIM MeTaMOpPHU3M
Ha pa3jNYHBIX TUTOCHEPHBIX YpoBHAX [1]. Hukakux naHHBIX, KOTOpbIE Obl yKa3bIBAJM HA TO, YTO MPEO0-
Jajiarolee Ha MPOTSHKEHUH MIIUIHApAa JIeT JIMTochepHOoe pacTsSKEHUH B MPEIBICTOPUH TAIC030UCKUX
OKEaHOB MPEPHIBAJIOCh OOCTAHOBKAMHU TaHTEHIMAIBFHOTO CKaTusl (KOJUIM3HWK) HE cymiecTByeT. [IpaBomep-
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HOCTb TaKOTO 3aKJIIOYCHUS JIETKO 00OHAPYKUBACTCSI MPH KPUTHYECKOM aHaIN3€ apryMEHTallu KOJUTU3HOH-
HBIX COOBITHI pH GopmupoBarny "PoauHnn" 1 MeHee H3BECTHOTO MaJIEOMPOTEPO30MCKOTO ""CYyEPKOHTH-
menta" [3].

HecomHeHHOE CXOJCTBO 1O MHOTHM MapaMeTpaM HIKHEIPOTEPO30HCKUX U pudeii-BeHACKUX MOJ-
BIOKHBIX TIOSICOB ITO3BOJISIET MIPEATNONAraTh OJIM3KyI0 reOAMHAMHUKY UX (opMupoBaHus. Bo3M0OXHOCTE BO3-
HUKHOBEHHUS B IPOTEPO30€ PACKOJIOB KPACHOMOPCKOTO TUIA BIOJIHE JOIYCTUMA, HO MPOSBICHUE MIPH 3TOM
HaJACYOTyKITMOHHBIX MPOIECCOB C aHAE3UTONIHBIM MarMaTu3MOM OOOCHOBATh MPAKTUIECKH HEBO3MOXKHO.
AHJE3UTHl U JAIUTBl MOTYT OBITH CIIEICTBUEM IUIABICHHS KPHUCTAILIHYECKOro ¢yHmameHta. Pudrosas
npeapicTopust CeBepHOW ATIIaHTHKH [2], ¢ TUTOChEpHBIM pacTsokeHHeM B TedeHue 350 MITH. JIeT, Harsia-
HBIA ToMy npumep. OrpaHnyeHHeM B MPEACTABICHHUSIX O 3HAYUTEIHFHOM JIaTepaTbHOM TEPEMEIIeHNH B
MIPOTEPO30€ KOHTUHEHTAJBHBIX MAacC MOXKET CIYXHTh XOpOIIAasi COMOCTaBHMMOCTh KOHTYPOB apXeHCKHX
KPaTOHHBIX OJIOKOB, OU€Hb BBIPA3UTEIHHO MpOsABICHHAS Ha AQpPUKaHCKOM KOHTHHEHTe. OOuielr ocobeH-
HOCTBIO BCEX NMPOTEPO30MCKUX TOSCOB 3eMITH SBISETCA OTCYTCTBHME B HHUX IPOSBICHUHA HWHIUKATOPHOTO
JUIS. KOJUTM3HOHHBIX OPOT€HOB BBICOKO/CBEPXBBICOKOOAPHUYECKOTO JKIJIOTUT-TIIAYyKO(PaHCIaHIIEBOTO MeTa-
Mopdu3ma. I'paHyIuTOBBIE TIOsICa MOBBILIEHHBIX AaBieHui (I'penBuiickuii, CBekoOHOpBEXCKUH, Jlamnana-
CKUH | [Ip.), KOTOPBIE YaCTO WHTEPIPETUPYIOTCS KaK WHAMKATOPHI KOJUTM3UOHHBIX MPOIECCOB, 00IaAaroT
MHOTHMH CIIEITU(DUIECKUMU 0COOCHHOCTAMU. COTPSHKEHHOCTD MX (POPMHUPOBAHUS C AHOPOTECHHBIM aHOPO-
3UT-panakuBUTPAHUTHBIM MarMaTU3MOM, ITUPOKOE Pa3BUTHE CABUIOBBIX Ie(hOpMalnii, YKa3bIBAIOIIUX Ha
MeTaMopHuUecKue MpeoOdpa3oBaHUs B YCIOBHSX IUIACTHYHOW (XPYHKO-IDIACTUYHON) aedopmanuu, co-
XPaHHOCTh PEIMKTOBBIX IMApareéHe3MCOB TPAHYJINTOB YMEPEHHBIX NaBJICHUU U ApyTHe OoJiee COTIacyIoTCs
C TPE/ICTaBICHUSAMH O MPUHAIICKHOCTH IPaHYJIUTOB TOBBIIICHHBIX JABICHUH K TTIyOOKHM Cpe3aM KOHTH-
HETAJIbHBIX pUDTOB.

MHe mpeacTaBiseTcs, 4YTO KIF0Y K TOHUMaHUIO Te€OJMHAMUKHA PaHHETO JOKeMOpPHS CIIeAyeT UCKaTh
B IIPOTEPO30ONUCKUX T0SICaX, BBIEIEHHE IUKIOB YUJICOHA B KOTOPHIX OBUIO M OCTAETCs MPOOIEMOil.

In tectonic concepts, based on the Earth’s thermal compression paradigm, the leading role in the
evolution of the Earth’s crust is played by tangential compression settings. Regional metamorphism,
granitic batholiths and molasses accumulation were considered undisputable evidence for folded
orogenesis that completed the Caledonian, Hercynian and other tectonic cycles. The recurrence of such
cycles in time, first revealed by M. Bertrand in the late 19" century, provided a basis for a polycyclic
evolution concept of Neogaean mobile belts. However, it was found as early as the early 1960s that the
recurrence of events in early cycles is incomplete and that the evolution of the earth crust in Phanerozoic
provinces rather shows a directed (“monocyclic”) pattern. Monocyclic evolution was assumed to be typical
of long time intervals (450-600 Ma), and can be complicated by high tectonic activity impulses with a
periodicity of 30-40 and 150-200 Ma. Absolute estimates of different-scale cyclicity, obtained over half a
century ago from data on Phanerozoic provinces, are valid to this day. Attempts have been made to
reinterpret and extrapolate the estimates for the entire or a larger part of the Earth’s geological history [4].
However, the correctness of such reconstructions is open to debate.

The opening of the Wilson cycle gave rise to discussion of the time when plate tectonic mechanisms
were switched on. Problems in the discovery of Precambrian ophiolites and island-arc complexes have led
A. Kroner to assume that in Precambrian time plate tectonics manifested itself in different forms controlled
by convection, which evolved in time, and A-subduction in ensialic orogens. However, these concepts
were not developed farther. Ch.B. Borukaev’s reconstructions, based on a model of periodic succession of
a unicellular convection structure by bicellular, responsible for the convergence and divergence of sialic
masses, proved to be in greater demand. This idea now provided a basis for a popular “supercontinental
cycle” hypothesis. An essential constituent of the hypothesis is recognition of a relationship between
continental rifting and mantle plume mafic-ultramafic magmatism. However, the assumption that
lithospheric extension in Precambrian paleorift structures inevitably results in the rupture of plates has not
been proved. The boundaries of “supercontinental cycles” are very obscure, and scientists are not
unanimous as to the number of cycles that varies from 4-5 to 7-10. Sometimes the boundaries overlap
major boundaries in Precambrian time scales or marked within large units. A system of proofs, used in a
geosynclinal hypothesis for “folded orogenesis”, accepted as an argument in favour of collision events
responsible for the coalescence of continental masses. Such an approach seems simplified because all
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“indicators” of folded orogenesis are also encountered in continental rifts [1]. Paleoreconstructions, made
without considering the present knowledge of the distinctive patterns of deformation, metamorphic and
granite-forming processes in collisional compression and lithospheric extension environments, are hardly
correct.

The development of our concepts of the Earth’s Precambrian evolution depends largely on success
in the study of Phanerozoic provinces. The change of paradigms, caused by plate tectonics, required full
rejection of the orogenic cycle hypothesis believed earlier to be a firm basis. However, this did not happen.
Some earlier postulates persist in models that postulate the periodicity of occurrence of the Wilson cycles
in Precambrian time. Critical analysis that shows the incorrectness of such an approach was first made by
S.N. Ivanov and was further developed in a concept of the directed lithospheric evolution of Phanerozoic
belts [5]. It has been shown that in the Late Precambrian prehistory of oceans the transgressive sequences
of sedimentary formations that recur in time were produced by the riftogenic evolution of the Earth’s crust.
Their formation was caused by the denudation of subrift uplifts ("ensialic orogens"). Ensialic orogens
precede, rather than complete, the formation of sedimentary basins; it is one of their principal differences
from collisional orogens. The pulse-like functioning of superplumes throughout the entire Riphean and
Vendian, marked by mantle mafic-ultramafic magmatic events (dyke swarms, sills and layered intrusions),
suggest the inevitable manifestation of dry underplating under lithospheric extension conditions, the related
generation of anorogenic granites and rift metamorphism on different lithospheric levels [1]. There are no
data showing that lithospheric extension in the prehistory of Paleozoic oceans, which dominated over one
billion years, was interrupted by tangential compression (collision) settings. The validity of such a
conclusion is easily checked by critical analysis of arguments in favour of collision events upon formation
of Rodinia and the less known Paleoproterozoic “supercontinent” [3].

The undoubtable similarity of Lower Proterozoic and Riphean-Vendian mobile belts suggests in
many parameters suggests that they are similar in formation geodynamics. Red Sea-type rifts could well
have emerged in Proterozoic time, but it is practically impossible to support the assumption that they were
accompanied by suprasubduction processes with andesitoid magmatism. Andesites and dacites could have
been produced by melting of a crystalline basement. The rift prehistory of the North Atlantic [2] with
lithospheric extension for 350 Ma is a demonstrative example. A constraint in our knowledge of large-
scale lateral migration of continental masses in Proterozoic time can be provided by a good correlatability
of the outlines of Archean cratonic blocks, very distinct on the African continent. A common characteristic
of all Proterozoic belts of the Earth is the absence of high/superhigh pressure eclogite-glaucophane-schist
metamorphic events — an indicator for collisional orogens. The Grenville, Sveco-Norwegian, Lapland and
other high pressure granulite belts, often interpreted as indicators of collision processes, have many
distinctive characteristics. The association of their formation with anorogenic anorthositic-rapakivi granitic
magmatism, widespread shear strains indicative of metamorphic alteration under ductile (brittle-ductile)
deformation conditions, the preservation of the relict parageneses of moderate pressure granulites etc. are
in better agreement with our knowledge of high pressure granulites as rocks formed on deep levels in
continental rifts.

It seems to me that a key to understanding of Early Precambrian dynamics should be sought in
Proterozoic belts in which it is still a problem to identify Wilson cycles.
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TONALITE-GREENSTONE BELTS AND SANUKITOIDS
AS PRODUCTS OF AN ARCHAEAN ISLAND ARC SYSTEM EVOLUTION
(AN EXAMPLE OF KARELIAN CRATON)

Samsonov A.V.
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AKTyaJHCTHUECKHE TIOAXObI IPH TEKTOHUYECKUX PEKOHCTPYKUMSIX B PAaHHEM JTOKEMOPHH JOJKHBI
YUUTBIBaTh CHH)KEHHE TEMIIEpaTypbl MAaHTUH Ha MPOTSHKEHUH T€0JIOTMYECKON UCTOpUM 3eMId, YTO MOTJIO
OTIPE/IETISTh OCOOCHHOCTH T€OJMHAMUKH W CTHJISI TEKTOHUKH PAaHHHX ITAIlOB 3BOJIONHMH HAIEH TTaHEeTHI.
3T0, B 4aCTHOCTH, KacaeTrcsi MpoOIeMbl TEKTOHUKH JUTOCHEPHBIX IUIHT B apxee, AWHAMHKa KOTOPOM, Co-
IJIACHO TEOPETHYECKUM MOJEIISIM, CYIIECTBEHHO OTIMYaiach OT TEKTOHUKHM Ooiiee mo3auux 3mox [1]. Cre-
u¢uKa apxXeiHcKol TEKTOHUKH JTUTOC(HEPHBIX TUIUT YCTAaHABIMBAGTCS U MIPH CPABHEHUU CTPOCHHUS U COCTa-
Ba MaJICOOCTPOBOIYKHBIX CUCTeM (DaHEepOo30sl U UX apXEHCKHX aHaJOTOB - IPaHHUT-3eICHOKAMEHHBIX 00-
nacreit (I'30), koTOpble paccMaTpuBaloTCs B Toknazae Ha npumepe Kapenbsckoii o6nactu banruiickoro mu-
Ta. 34€Ch, KaK M B aHAJIOTWYHBIX OOJIACTSAX, KJIFOYEBBIMH TEKTOHHYECKHX PEKOHCTPYKLHUH CIyXaT IBa
CTPYKTYpPHO-BEIIECTBEHHBIX KOMILIEKCA MOPO/I: TOHATUT-3eJIeHOKaMEHHBIE 0sICa U CAaHyKUTOUIHBIE 0aTo-
JIUTHI, KQX/IbIH U3 KOTOPBIX UMEET KaK YepThl CXOACTBA, TaK U OTIIMYUI B CPaBHEHHUHU C MOPOAHBIMH acco-
IUaNMsIMH Pa3HbIX CTagui GopMupoBaHus (HaHEPO30HCKUX OCTPOBOLYKHBIX CHCTEM.

ToHanauT-3eJieHOKAMEHHbIe M0sica 00bETUHSIIOT BYJIKaHOTEHHO-OCAA0YHbIE U TIIyTOHHYECKHE ac-
conuaiuu, copMUPOBAHHBIC B XOJIE JABYX Pa3HOBPEMEHHBIX 3MU3070B 2.94-2.85 u 2.84-2.78 mupm. JieT, u
paccMaTpHUBarOTCs Kak sJipa aKKPELIMOHHBIX OPOr€HOB, B KOTOPBIX COBMEIIEHBI pa3HbIE 10 TEKTOHNYECKON
NPUHAUIEKHOCTU NTOPOJHbIE ACCOLMALINM, BKJIOYas (parMeHThl HaJCyOMyKIIMOHHBIX O(HOIUTOBBIX KOM-
TUIEKCOB, OKEAHWYECKUX IUIaTO M OCTPOBHBIX AYT. DTH accolMaluy, o0nagas yepTaMu CXOJACTBA, UMEIOT
TaKkKe U CIeHU(HKYy COCTaBa MOPOJ IO CPAaBHEHHUIO C acCOLUMANMAMH aKKPETHPOBAHHBIX OCTPOBHBIX IYyT
(anepo3o4.

Tak, cpenn MadUYEeCKHX BYJIKAHWTOB TOHAIHUT-3EJI€HOKAMEHHBIX IOSICOB IMUPOKO MPEACTABICHBI
HEeoObIUHBIE 715 paHep030s1 KOMATHUTHI U MarHe3najibHbIe 0a3abThl, YTO SIBISETCS MPSMBIM CBHJIETEIIBCT-
BOM 0oJiee BBICOKUX TEMIIEPATyp apXeHcKoil MaHTHH.

Cpenu KHCITBIX MOPOJ TOHATUT-3EJIeHOKAaMEHHBIX TOSICOB PE3KO JOMUHHAPYIOT PHOIUTHI-IAIUTH U
TOHAIUT-TPOHAeMUT-Tpanoanoputossie (TTI) rpaHuTONIBI C aTaKUTOBBIMU T€OXUMUYECKUMHU Xapak-
TepucTuKaMu. Takue MOpOAbl, MPEACTABISIIOIINE MPOIYKTHl IJIABJICHUS 0a3aJbTOB MOTPYKAIOIIUXCS
OKCaHMYECKUX IUINT, B (haHEepO30€ MapKUPYIOT OCTPOBHbIE AYTH, TIe cyOayuupyer Moionas (T.e. rops-
yas) OKeaHW4YecKas Kopa WM Kopa yBEIHMYEHHON MOIIHOCTH. B oTnuume ot daHepo3od, s apXercKux
OCTPOBHBIX OYT TaKWe MapaMeTphl MOTPYKAIOLMIMXCS OKEaHMYECKUX IIJIUT, BEPOATHO, OBLIIN TOMHUHHUPYIO-
IIMMH, IOCKOJIBKY O0Jiee BBICOKHE TeMIIepaTyphl apXeHCKOM MaHTUH AOJKHBI ObLIM oOecriednBath QGop-
MHpOBaHHe 00Jiee MOIIHONH OKEaHWYECKOH KOPHI [2], yBenndeHne CKOPOCTH KOHBEKIIMH M TEMIIEPATYPHI
cyOnyuupyemoii okeaHHUeCKOi Kophl. [Ipu Takux mapameTpax MorpyKarolinuecs TINTH B apXCHCKHUX 30-
HaxX CyOQyKIHMM JOJDKHBI OBIIM BBINOJAXKBaThes Ha rimyouHax 100-150 km [3]. YactuuHoe 1uiaBieHue
CyomynmpyeMol OKeaHMYEeCKOH KOPBI ¢ TeHepaIuel aJaKuTOBBIX PacIljlaBOB HAYWHAIOCH C TIyOouH 40-
45 xM B paBHOBECHH ¢ aMPHUOOJ-TPAaHATOBBIM PECTUTOM M MPOAOIDKAIOCH HA OONBIIMX INIyOMHAX B 00-
JacTH yCTOHYMBOCTH SKJIOTUTOBOM MUHEpANbHOH acconnannu [4]. 3HaunTeNbHBIH 00beM HaACyOIyKIH-
OHHBIX KUCJIBIX MarM ¥ HeOOJIbIIas MOIHOCTS MAHTUHHOTO KJIMHA C OJTHOW CTOPOHBI 00JIeTYalli IOCTYTI-
JICHHE PAcIJIaBOB K IIOBEPXHOCTH, a C APYTrOM — yMEHbIIAIH BO3MOXKHOCTb B3aMMOJAEHUCTBUS 3TUX pac-
TUTABOB C MAHTUIHBIM MaTepuaioM, o0ecrieunBasi 0ojiee BBICOKYIO KPEMHEKHCIOTHOCTD B 0oJiee HU3KHE
koHneHTparu MgO, Cr u Ni B apXxelcKuX alakiuTax 10 CPaBHEHHIO ¢ UX (paHepO30MCKUMHU aHAIIOTaMH
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[5]. OmHOBpPEMEHHO C 3TUM MUTPAIUs KUCIBIX PACILUIABOB Yepe3 MOPOIbI MAHTUMHOTO KJIMHA 00ecTIedn-
Bajla MHTEHCHUBHBIE METACOMATHYECKHE MTPe0OPa30BaHUs MOCIETHETO, KOTOPHIH Jaliee CITYKIJI HCTOYHH-
KOB PacCIUIABOB ISl CAHYKHTOUJIOB.

CaHYKUTOWIBI, MarHe3uajbHble CyOIIEIOUYHBIC TPAHUTOUBI JTUOPUT-TPAHOUOPUTOBOTO psijia, B
pasubix gacTsax Kapenbckoit ['30 cnararoT HeOONMbIINE MAaCCUBBI U TUTAHTCKAE KOMITO3UT-0ATOIUTHI I1JI0-
A0 B THICIYU KM2. DTH MacCHBBI JaTupyroTcs Bo3pactamMu 2.75-2.70 MIpH. €T, U UX BHEAPEHUIO
MIPEANISCTBOBAIH CTPYKTYPHO-TEKTOHUYECKas epepadoTka, MeTaMOphHU3M ¥ MUTMATH3AIIHS BMEIIAIOITIX
WX CYOJIyKIMOHHBIX acCOIUAIMN TOHAIUT-3eJICHOKAMEHHBIX MOsicOB. OTIMYUTEIHLHONH 0COOCHHOCTHIO Ca-
HYKWUTOWJIOB SIBJISIETCSl JBOWCTBEHHAs] TE€OXMMHUYECKas MPUPOAA: BBICOKAs MarHe3naibHOCTH (mg#>0.5) u
noBsIteHHbIe cogepxannsg MgO, Cr, Ni nu Co yKka3bIBaroT Ha BeIyIIyl0 POJIb MAHTUHHOTO CyOCcTpaTa B X
TeHE3NCe, a Pe3Koe o0oralleHue KPYIMHO-UOHHBIMHU JUTOPUIBHBIMUA M JICTKUMHU PEIKO3EMEIbHBIME 3JIe-
MEHTaMU NpeanojiaraeT BKJIaJ KOPOBOro MaTepuaina. JTa IujieMMa pa3pelinMa B paMKax MOJENU reHepa-
M CAaHYKUTOWMIHBIX MarMm 3a CueT MaHTHHHOTO CyOcTpaTa, KOTOPHIH OBUT METaCOMATH3UPOBAH aqaKHUTO-
BBEIMU pacIlJIaBaMU B XO/I€ TIPEIIIICCTBOBABIINX CyOTyKIIMOHHBIX TIPOIECCOB [6].

ITo reonoro-cTpyKTypHOU MO3ULIMK, COCTABY U HNETPOTCHE3UCY CAHYKUTOUBI COIIOCTABUMBI C MO3/-
HEOpPOTEHHBIMU CYOIIEIOYHBIMHI TPAHUTOUIAMH (PAHEPO30HCKUX CKIIAAUATHIX MOSICOB, TEHEPANU KOTOPBIX
CBSI3BIBACTCA C IIABJICHHEM BEPXHEH MaHTHH W KOPHI IIPH TOIbEME MAaHTUWHOTO TUANpa, MHUITMHPOBAH-
HOTO OTPBIBOM CyOIyIMpPOBAaHHOW IUIMTHI WM JAenaMuHanuei nurocdeproro xopus. s Kapenbckoit
I'30 3naunrensubrit (~ 100 MIH. €T) BpeMEHHOH pa3phiB MEXKAY CyOMyKIIMOHHBIM MarMaTH3MOM TOHa-
JIUT-3EJICHOKAMEHHBIX TI0SCOB U CAHYKUTOMIHBIM MarMaTu3MOM JieJiacT 60Jiee BEpOSTHOM MO JICITaMu-
HAIMK JTUTOCHEPHOTO KOPHS. DTOT MEXaHU3M JUIsl apXes, 0-BUIUMOMY, UMEN CBOIO CIEeIM(UKY H3-32a I0-
JIOTOW CYOMyKIIUH, IPH KOTOPOH MOTPYKAOIINECS TTUTHI 3aXOpaHUBAIOTCS B BepXxHel MaHTuu. Heckons-
KO CYOAYKIMOHHBIX SMH30/I0B, OTBEUYAIOMINX (OPMHPOBAHHUIO PA3HOBO3PACTHBIX OCTPOBOAY)KHBIX TOHA-
JUT-3€JICHOKAMEHHBIX TI0SCOB, MOTJIU CACNATh U3 BEPXHEH MAaHTUU «CIOCHHBIN MUPOT, COCTOSIIUN U3 HH-
TEHCHBHO IepepadOTaHHOTO MAaHTUHHOTO BEIIECTBA U «OTXKATHIX» B XOJI¢ JeTa3allii U YaCTUYHOTO TLIaB-
neHns MeTabazalbTOB 3aXOPOHEHHBIX OKeaHWdecKuX TuHT. ChopMUpOBaHHBIE TaKMM O0pa3oM y4YacTKH
«CIIOEHHOW» W, BEPOSTHO, YTOJIIECHHOW JUTOC(HEPHON MaHTHH, BEPOSTHO, OBLIM TPaBUTAIIMIOHHO HECTa-
OwibHBL. CHATHE 3TOM HECTaOWIIBHOCTH 3a CUST OTPBIBA M MOTPYNKEHUS TSDKEIBIX (parMeHTOB JuTochep-
HOM MaHTHU JIOJDKHO OBUIO MHUIIMUPOBATH MOJIBEM aCTEHOC(EPHOTO JAUAMUPA, YTO MPHUBEIIO K TUIABJICHHUIO
METacOMaTHU3UPOBAHHOW BEPXHEH MaHTHH U KOPHI M 00ECIEUIIIO MECTPBIA CIEKTP MarMaTHYEeCKUX TTOPOJT
MOCT3eNIEHOKaMEeHHOT0 dTamna 3Bojronnun Kapensckoit '30. B pesynbrare K KOHILy 3TOro 3tamna osut chop-
MUPOBaH OJIOK CTAOMILHONW KOHTUHEHTAILHOU KOPBHI.

Takum 00pa3oM, aHaNHM3 AaHHBIX [0 MarMaTHYeckuM Komruiekcam Kapenbckoit ['30 moxa3seiBaer,
YTO TEKTOHWKA TUTHT B HEOAPXEHCKOE BpeMs CYIIECTBEHHO OTJIMYAIach OT COBPEMEHHOM, BO-TIEPBHIX, I10-
JIOTUMH yTJIaMH TIOTPYXCHHUS TUIUT M, BO-BTOPBIX, MACHITAOHBIM ILIABJICHUEM CYyOIyIIHPYEMOH OKeaHHue-
cKkoil Kopbl. COOTBETCTBEHHO OTIMYAINCh M MOPOJHBIE KOMITJIEKCH KaK CYOJYKIIMOHHOM CTaIu¥l 3BOJIO-
umu Kapenbsckoit 130, npencrasnennoit T -3eneHokaMeHHBIME TIOSICAMH, TaK U OPOTEHHOW CTaJMH 3BO-
JIOLAY ATOTO KPATOHA, MPEJCTABICHHON B YACTHOCTH MIOPOJIaMU CAaHYKUTOUJTHON CEPHH.

Tectonic reconstruction of Early Precambrian events should be approached actualistically with
regard for the fact that mantle temperature was decreasing during the Earth’s geological evolution,
which could be responsible for the geodynamic characteristics and tectonic style of early stages in the
Earth’s evolution. This applies, in particular, to Archaean plate tectonics, which, according to
theoretical models, differed substantially in dynamics from plate tectonics in later epochs [1]. A
distinctive pattern of Archaean plate tectonics is also revealed by comparing the structure and
composition of Phanerozoic island-arc systems and their Archaean analogues — granite-greenstone
provinces (GGP) discussed in a presentation with examples from the Karelian province of the Baltic
Shield. Here, like in similar provinces, a key for tectonic reconstruction is provided by two structural-
mineralogical rock complexes: 1) tonalite-greenstone belts and sanukitoid batholiths, each complex
differing from and being similar to rock associations produced at different stages in the formation of
Phanerozoic island-arc systems.

Tonalite-greenstone belts combine volcanic-sedimentary and plutonic associations formed during
two episodes, 2.94-2.85 and 2.84-2.78 Ga, and are understood as the cores of accretionary orogens, where
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tectonically different rock associations, including fragments of suprasubduction ophiolite complexes,
oceanic plateaus and island arcs, occur together. In spite of being similar, these associations have a
distinctive rock composition, as compared to that of accreted Phanerozoic island-arc associations.

For example, komatiites and Mg-rich basalts, uncommon to Phanerozoic units, are widespread
among mafic volcanics from tonalite-greenstone belts, providing evidence for higher temperatures of the
Archaean mantle.

Felsic rocks of tonalite-greenstone belts are clearly dominated by rhyolite-dacites and tonaliti-
trondhjemitic-granodioritic (TTG) granitoids with adakitic geochemical characteristics. Such rocks,
produced by melting of subsiding oceanic plate basalts, mark island arcs in Phanerozoic time, where a
young (i.e. hot) oceanic crust or a thickened crust is subducted. Unlike Phanerozoic island arcs, such
parameters of subsiding oceanic plates were probably dominant for Archean island arcs, because high
Archaean mantle temperatures must have contributed to the formation of a thicker oceanic crust [2] and to
more rapid convection and higher temperature of the subducted oceanic crust. At such parameters,
subsiding plates in Archaean subduction zones must have been flattened out at a depth of 100-150 km [3].
Partial melting of the subducted oceanic crust that gave rise to adakitic melts began at a depth of 40-45 km
in equilibrium with amphibole-garnet restite and continued at great depths in the stability range of an
eclogitic mineral association [4]. On one hand, a considerable volume of suprasubduction acid magma and
a small thickness of the mantle wedge facilitated the supply of melt to the surface and, on the other,
reduced the opportunity of interaction between the melts and mantle materialy, providing higher silicic
acid and lower MgO, Cr and Ni concentrations in Archaean adakites than those in Phanerozoic analogues
[5]. Simultaneous migration of acid melts through mantle wedge rocks provided intense metasomatic
alteration of the wedge that later supplied melts for sanukitoids.

Sanukitoids, Mg-rich subalkaline diorite-granodiorite-series granitoids constitute small massifs and
gigantic composite batholiths that cover an area of thousands of square kilometers in some parts of the
Karelian GGP. The massifs are dated at 2.75-2.70 Ga, and their intrusion was preceded by structural-
tectonic reworking, metamorphism and migmatization of host subduction associations of tonalite-
greenstone belts. A distinctive characteristic of sanukitoids is a dual geochemical nature, namely high Mg
concentration (mg#>0.5) and high MgO, Cr, Ni and Co concentrations indicative of the leading role of
mantle substrate in their genesis, and considerable enrichment in large-ion lithophile and light rare-earth
elements suggests a contribution of crustal matter. This dilemma can be solved using a model of sanukitoid
magma generation at the expense of mantle substrate, which was metasomatized by adakitic melts during
preceding subduction [6].

Sanukitoids are comparable in geological-structural position, composition and petrogenesis to late
orogenic subalkaline granitoids from Phanerozoic foldbelts generated by melting of the upper mantle and
the crust upon ascent of a mantle diapir initiated by the detachment of a subducted slab or the delamination
of a lithospheric root. For the Karelian GGP, a long (~ 100 Ma) time interval between the subduction
magmatism of tonalite-greenstone belts and sanukitoid magmatism makes a lithospheric root delamination
model more probable. This mechanism seems to have had its own distinctive pattern in Archaean time
because of gentle subduction upon which subducting slabs are buried in the upper mantle. Several
subduction episodes that correspond to the formation of different-aged island-arc tonalite-greenstone belts
could have turned the upper mantle into a “layered pie” consisting of intensely reworked mantle matter and
buried oceanic slabs compressed during degassing and partial melting of metabasalts. Zones of the
“layered” and probably thickened lithospheric mantle thus formed seem to have been gravitationally
unstable. Removal of this instability by detachment and subsidence of heavy fragments of the lithospheric
mantle must have triggered the uplift of an asthenospheric diapir, which led to the melting of the
metasomatized upper mantle and the crust and provided a diverse spectrum of igneous rocks at the
postgreenstone stage in the evolution of the Karelian GGP. As a result, a stable continental crust block had
been formed by the end of this stage.

To sum up, analytical data on igneous complexes of the Karelian GGP show that plate tectonics in
Neoarchaean time differed substantially from modern plate tectonics in gentle plate subsidence angles and
large-scale melting of the subducting oceanic crust. The rock complexes produced at the subduction stage
in the evolution of the Karelian GGP, represented by TTG-greenstone belts, and those generated at the
orogenic stage in the evolution of this craton, represented, in particular, by sanukitoid-series rocks, differed
as well.
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WzydeHune merporeHesrnca MarMaTH4ecKiX pacIuiaBoB, (QOPMHUPYIOMUXCS B CyOyKIIMOHHBIX CUCTE-
MaXx, Ha IPOTSDKEHUH BCEH IeoJIOTHYECKO NCTOPUH TUIAHETH, C MOMEHTA 3apOKACHUS TUIEHT-TeKTOHNYe-
CKUX TPOIIECCOB B apXee W JI0 COBPEMEHHOTO BPEMEHH, SIBISIETCS OJHOW M3 (yHIaMEHTAIBHBIX Mpo0ieM
MIETPOJIOTHH.

MHorue HccneaoBaTeNt BEIICISIOT B KAUYeCTBE HHUIMAIBHON (ha3bl pa3BUTHUS CyOyKIIMOHHBIX KOM-
TJICKCOB aJaKUTOBYIO ceprio [1] hopMHPYIONTYIOCS B X0/I€ HETIOCPEICTBEHHOTO TIIABJICHHSI CIIP0a B PEKHU-
M€ TOPSYETO TOTPYKEHUS, TIPH STOM CaMH¥ MTOPOJBI SABIISIOTCS YHUBEPCATHHBIM T'€0IHHAMIYECKAM HH]IU-
KaToOpoOM CYILECTBOBAHUS KOHBEPTEHTHBIX MPOIECCOB. B CBA3M € TeM, YTO MEXaHW3M MOJIOTOH U ropsueit
CyOIyKIIMM MHOTUMH HCCIEAOBATESIMA PAacCMaTPUBAETCsl B KAUECTBE KIIOYEBOTO Mpoliecca npu Gopmu-
pPOBaHMY KOHTHHEHTAJIFHOW KOPHI HA PAHHMX dTalax CTAHOBIIEHUS IUIAHETHI [2, 3], KpaiHe BaKHO M3yde-
HUE ¥ MarMaTU9YEeCKHUX CepUil TeHEPUPYEMBIX TIPH 3TOM.

B pamkax nanHOW paOOThI, HAMU JI€NAETCS AKIICHT Ha M3yYeHUH JAPEBHEHIINX ME30apXeUCKUX aja-
KHUTOB, BBISBICHHBIX B XayTaBaapCKON 3eJICHOKAaMEHHOW MeracTpykType (BkiItouaromieii UrHOMIBCKYIO,
YanknHckyto, Hampmo3epckyto, XayTaBaapcKyro MajeoBYJIKaHWYECKHE MMOCTPOWKH) IEHTPATbHOW YacTH
Kapenbckoro kpaTtona.

Briepsrie npeBHeiimme (3 MIpA.JIET) aJaKUTOBEIE BYJIKAHUTHI M CyOBYIJIKAHUTHI ObUTH BBISBIICHHI B M-
HOWJIBCKOM MaleOBYIKAHUYECKOW MOCTPOMKE [4], pEUKT KOTOPOH MO IUTO(AUATBLHON XapaKTePUCTUKE OT-
HOCHJICS K CTPaTOBYJIKaHaM, OCJIOKHEHHBIM BTOPHYHBIMH 3((y3HBHO-ITUPOKIACTUIECKUMH KyTIOJIaMH.

U-Pb Bo3pact maB mocTpoiiku cocraBiseT 2945+19 muH. et [5], Bo3pacT MEHTPAILHOTO HEKKA -
2995420 muH. 7eT [6], MO F€OXUMUYECKOMY COCTaBY MOPOJbI BYJKAHMYECKOH MOCTPOUKU OTHOCSTCS K
ajgakuram [4].

B crpoeHnn naneonocTpoiiku npeoOasaroT MUPOKIACTHYECKUE (aluy, JIaBOBas U CyOBYyJIKaHUYE-
CKasl TIPeICTaBJICHbI B MEHbIIEM 00beMe. MacCHBHBIE JIaBBl M KJIACTOJIABHI aJaKUTOB, COOTBETCTBYIOT I1O-
ponamM aHae3u0a3albTOBOTO, aHAE3UTOBOTO U JAlIMTOBOTO COCTaBa, JOMHUHHUPYIOT Cpelu (anualbHbIX JIU-
TOTHIIOB, 00Pa3yrOT KOPOTKHE HEMPOTHIKEHHBIE JTABOBBIE TIOTOKH MOITHOCTHIO OT 25 mo 80 M. Ilo mpoctu-
panuio npociexxkuBatorcs Ha 1.5-2.0 kM. OHM COXPaHUIUCh B CEBEPHOMN YaCTH MOCTPOMKH, YACTO TIEPEKPHI-
BaIOTCS arjoMepaToOBBIMU TypaMHu.

CTpyKTypHI Ui alakKuTOB (aHIIE3UTOBOTO COCTaBa) XapaKTEPHBI CEPHIHO-TIOP(UPOBEIE, TIIOMEPO-
nop(GHUpOBEIE, BKPAIUNIEHHUKH IIPEACTABIEHBI COCCIOPUTU3MPOBAHHBIM IIarnoknasom (Pl,, ;) pasmepom

0.5-4.1mMM. ['manonmmnuToBas OCHOBHAS Macca CIIOJKEHa- IUIArMOKIIa30M, albOUTOM, KBapIeM, OMOTHTOM,
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XJIOPUTOM, KJIMHOLIOM3UTOM. B ajmakuTax (HalMTOBOrO cOCTaBa) MPUCYTCTBYIOT BKPANJIEHHUKH abOUTH-
3upoBaHHoro muaruoknasa (Pl ;,) u pexe kBapua, 3aKkiIi04€Hbl B OCHOBHYIO MAacCy € OJIMIOKJIa30M, OHO-
TUTOM, KBapLIeM, SIIHI0TOM, pPOroBOil 0OOMaHKOH, XJIOPUTOM.

Conepxanne SiO;, B 1aBOBOI U maiikoBoi (azax mezoapxeickux amakutoB LlenTpansaoit Kapemnn
BappUpPYET B IMIMPOKUX mperenax oT 53 g0 76 mac. %, OCHOBBIBASICh HA KPEMHEKHUCIOTHOCTH Me30apXei-
CKOH afmakuTOBOH accounanuu Bemnozepcko-Cero3epckoro 3eJI€HOKAMEHHOTO MOsICa MOKHO CAENAaTh BbI-
BOJX O JIOMUHHMPOBAaHUM CPEAM CEpHH BBICOKO-KpeMHHCTHIX (HSA) pasHOBuaHOCTEH ¢ MOAYMHEHHBIM KO-
JIMYECTBOM HU3KO-KpeMHHUCTHIX (LSA) muroTHmnos.

B apmakurax XayTtaBaapckoil mocTpoiiku Bapuanuu cojepkaHus Na,O M3MEHSIOTCS OT aHOMAJIbHO
Hu3kux 3HaueHud 0.3-0.7 mac. % no 5.8 mac.%, B HankuHckol ctpykrype -2.5-4.5 mac.%, B Hansmosep-
ckoit — 3.1-5.6 mac.%. [lanabie 3HAYCHMS WM OJIM3KW WM HEHAMHOTO HIDKE, YeM B COBPEMCHHBIX aJaKh-
tax HSA tuna. Ha Ham B3risag anomaneHO HHU3KHeE KoHIeHTparu Na,O B XayTaBaapcKoil MajneoByIKaHHU-
YeCKOil MoCTpoiike MOTYT OBITh CBSI3aHBI C METaMOP(HUIECKUM IPeoOpa30oBaHUEM ITOPOJ M YACTUYHBIM IIe-
pepacnpezieieHeM IIesloueii B 30HaX MaKCHUMaIbHO TPOSIBIIEHHBIX METAaCOMAaTHYECKUX BO3JIEHCTBHIA.

Jnsa agakutoB HSA u LSA THnoB rpanndHbeIM conepkanueM MgO sBnsercs BennunHa B 4 Mac.% (B
HSA MgO<4 mac.%; B LSA 4<Mg0O<9 mac.%). [lonyueHHbIE HAMH T€OXUMUYECKHE XapaKTEPUCTHUKH I10-
KasaiHd, 9TO Cpean Me3oapxeiickux anakutoB Bemiosepcko-Cero3epckoro 3e1€HOKaMEHHOTO 10sica JOMU-
HUPYIOT HU3KOMarHe3najJbHbIe Pa3HOCTH. lIpr 3TOM afakuThl XapaKTepU3yIOTCS 3HAYUTEIHHBIMU BapHa-
musiMu cofiepakanusi St ot 260 no 800 ppm (Hanbosiee THIIMYHBIE KOHIEHTpauuu Sr>320 ppm), Ipu Belu-
yuHe Str/Y otHomeHus Ha ypoBHe 20 -123. Kpome Sr, 11 aJaknTOB Tak e XapaKTePHBI ITOBBIIICHHEIE
KoHmeHTpannu Ba >350ppm, Zr -115-140ppm u U- 1.1-1.7ppm.

Crnektpsl pacnpeaenenus P33 B agakutax paccMaTprBaeMsbIx naneonoctpoek (Mruomnbckoi, Xay-
TaBaapckoi, Yankuackoit 1 HsutbMo3epcKkoil) TomoJornyeckn HASHTHYHBI U XapaKTePU3YIOTCsl SpKO BbIpa-
JKEHHBIMH OTpUIATeNHBIMU aHoManusiMu 1o Nb, Ti, mpu aToM mogo6us! P30 cniexTpam ¢anepo3oiickux
a/IaKUTOB I0KHOHM BynkaHW4YecKod 30HbI AHJ (AVZ) paitoHoB Pexiroc u Jlaypato [7] u aTanoHHsM daHe-
PO30HCKHMM afakuTaM DKBajzopa.

N3zyuenne Sm-Nd cucreMaTHku 1MoKasajio, YTO MEPBUYHBIE OTHOLICHHUS Eng VI aJaKUTOBOW CepUH
WrHOMIECKON TTANICOBYIIKAHUICCKOW MOCTPOKkH BappupytoT oT +0.7 mo +2.3, MomenpHBIe Bo3pacta (10
monenu De Paolo [8] ot 2956 no 3092 mnn. ner. Jlns Onmsnexaniero YalkHHCKOTO MaICOBYIIKAHA Eng IS
agakuToB u3Mensiercs ot +0.8 go +2.0, npu MoaenbHbIX Bo3pacTax - oT 2979 no 3071 mun. net. Ucnomns-
3ys paHee TOJy4YeHHbIE M30TOMHBIE MaHHBIE, ObuTH paccuuTanbl SM-Nd spaxpons! - 3014+130 muH et
(eng = +1.1 MSWD = 27, n=15) nnsa apakutoB Uraoinst u 2990+140 muH. et (eng = +1.4 MSWD = 2.1,
n=0) 11 anakuToB Yanku.

Taxu 00pa3oM pe3roMHUpYs, MOKHO CAEIaTh BEIBOA O TOM, YTO JpEBHEHIINE Me30apXeiCcKue alaKu-
Thl DEHHOCKAHIMHABCKOTO IUTa ObUTH C(HOPMHPOBAHBI B XOJI€ MHUIMAIBHOW CTaJUH KOHBEPTEHTHOTO
B3auMmozeicTBs Boanosepckoro 6moka (HeiHe Bemnosepcko-Ceroszepckuii 3el1eHOKaMEHHBIH M0sIC) ¢ paH-
HEll OKeaHWYEeCKOM KOPOHi, IPOSBIEHHOIO B 3JI0’KCHUU CYOIyKIIMOHHOM CUCTEMBI C TIOJIOTUM IOTPY KEHH-
em cimba B naTepBaie 3.05 mo 2.90 mupa. jger. PopMupoBaHHE MEPBUYHBIX aJaKUTOBBIX pacIijiaBoB (IO
MoJleny moiy4yeHHoOH Uit YankuHckoi u MrHomnbekol cTpykTyp) mpoxoauso npu 10-15% mnmaBneHun
ampubomura ¢ obpazosanneM Cpx (60%)+ Gar (10%)+ P1(25%) +HbI (5%) pectura ¢ mocnemyrommm
(paxmmonupoBanuem Pl+Cpx.

AHanmu3upysl MaTepuai Mo apXeWCKUM aJaKUTOBBIM KOMIUIEKCAM MHpa, KOTOPbIe OBUIHM BBIAECICHBI
Ha MHOTHX TEPPUTOPHSX - B 3€JICHOKaMEHHBIX NosAcax ceBepHo yacTu kpatoHa Crronupuop (Kanana), ta-
kux kak Jlymom Jleiik, Pexn Jletik ¢ Bo3pactom 2.9-3.0 mipm. et [9], B BocTouHO# yacT KpaToHa Chrome-
puop — B koMimiekce Auyanunu [10], B mosice bua-Yum ¢ Bozpactom 2.7 mua.JieT [11] u B Bepxueit BAJIP
acconmanu Kamennoosepckoii ctpykrypsl (Bocrounas Kapenust) ¢ Bozpactom 2.87 mupa.ger (Lunan-
ckutl, 2008) n psme NPyTUX, MOXKHO 3aKJITIOYHTh, YTO amakuThl Bemnozepcko-Cero3epckoro 3eieHOKaMeH-
HOTO T0sica, SBJSIOTCS IpEeBHEWINTNMH B mpenenax deHHOCKaHIUHABCKOTO IIUTA, M OJHUMHU U3 JApPEBHEH-
IIMX B MUpE, U MIPEACTABISAIOT PEIUKT IPEBHENIIETO TPOTOOCTPOBOTYKHOTO KOMILIEKCA.

The petrogenetic study of magmatic melts, formed in subduction systems throughout the entire
Earth’s geological history from the beginning of plate-tectonic processes in Archean time to the present
day, is one of basic problems in petrology.
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Many researchers understand an adakitic series, formed upon direct slab melting in a hot subsidence
regime, as the initial phase in the evolution of subduction complexes [1], the rocks themselves being a
multi-purpose geodynamic indicator of convergent processes. As many authors consider a gently dipping
and hot subduction mechanism to be a key process in the formation of a continental crust at early stages in
the Earth’s evolution [2, 3], it is essential to also study the igneous series generated during the process.

In the present project, emphasis is placed on the study of the oldest Mesoarchean adakites identified
in the Hautavaara greenstone megastructure (that includes the Ignoila, Chalka, Nyalmozero and
Hautavaara paleovolcanic edifices) located in the central Karelian Craton.

For the first time the oldest (3 Ga) adakitic volcanics and subvolcanics were revealed in the Ignoila
paleovolcanic edifice [4], a relic of which, judging by its lithofacies characteristics, was identified as a part
of a stratovolcano complicated by secondary effusive-pyroclastic domes.

The U-Pb age of lava from the edifice is 2945+£19 Ma [5], and that of the central neck is 2995+20
Ma [6]; based on their geochemical composition, volcanic edifice rocks are classified as adakites [4].

The paleoedifice consists dominantly of pyroclastic facies, lava and subvolcanic facies being less
abundant. Massive and clastic lavas of adakites correspond to rocks of andesite-basalt, andesite and dacite
composition, are a dominant facies lithotype and make up short 25 to 80 m thick lava flows. They can be
traced along the strike for 1.5-2.0 km. They are preserved in the northern part of the edifice and are often
overlain by agglomerate tuffs.

Adakites (of andesite composition) typically show serial-porphyric and glomeroporphyric structures;
phenocrysts consist of saussuritized plagioclase (Pl,,,5), 0.5-4.1Imm in size. The hyalopylitic matrix is
formed of plagioclase, albite, quartz, biotite, chlorite and clinozoisite. Albitized plagioclase (Pl,,,,) and
less common quartz phenocrysts, present in adakites (of dacite composition), are supported by the matrix
with oligoclase, biotite, quartz, epidote, hornblende and chlorite.

The SiO, content of the lava and dyke phases of Mesoarchean adakites from Central Karelia varies
considerably from 53 to 76 mass. %. The silicic acid content of the Mesoarchean adakitic association of the
Vedlozero-Segozero greenstone belt has led the author to conclude that the series is dominated by high
silicic acid (HSA) varieties with a minor quantity of low silicic acid (LSA) lithotypes.

Na,O concentration varies from abnormally low values, 0.3-0.7 mass. % to 5.8 mac.% in adakites
from the Hautavaara edifice, from 2.5 to 4.5 mass.% in those from the Chalka structure and from 3.1 to 5.6
mass.% in those from the Nyalmozero structure. These values are either close to or slightly lower than
those for modern HSA-type adakites. We assume that abnormally low Na,O concentrations in the
Hautavaara paleovolcanic edifice are due to the metamorphic alteration of the rocks and partial alkali
redistribution in zones where metasomatic processes were most active.

For HAS- and LSA-type adakites, the boundary MgO concentration is 4 mass.% (in HSA MgO<4
mass.%; in LSA 4<MgO<9 mass.%). The geochemical characteristics obtained have shown that
Mesoarchean adakites of the Vedlozero-Segozero greenstone belt are dominated by low-Mg varieties. Sr
concentration in adakites typically varies considerably from 260 to 800 ppm (the most typical Sr
concentration is over 320 ppm), the Sr/Y ratio being 20 -123. In addition to Sr, adakites typically contain
high Ba (>350 ppm), Zr (115-140 ppm) and U (1.1-1.7 ppm) concentrations.

The REE distribution spectra in adakites from the Ignoila, Hautavaara, Chalka and Nyalmozero
paleoedifices are topologically identical, show well-defined negative Nb and Ti anomalies and are similar
to the REE spectra of Phanerozoic adakites from the southern Andean volcanic zone (AVZ) of the Reclus
and Laurato areas [7] and standard Phanerozoic adakites from Ecuador.

The study of Sm-Nd systematics has shown that primary eyq ratios for the adakitic series of the Ignoila
paleovolcanic edifice vary from +0.7 to +2.3 at model ages (based on De Paolo’s model [8] of 2956 to 3092
Ma. For the nearby Chalka paleovolcano eyg for adakites varies from +0.8 to +2.0 at model ages of 2979 to
3071 Ma. Using earlier isotopic data, the Sm-Nd erachrones 3014+130 Ma (eng = +1.1 MSWD = 27, n=15) for
Ignoila adakites and 2990140 Ma (eng = +1.4 MSWD = 2.1, n=6) for Chalka adakites were calculated.

To sum up, the conclusion can be drawn that the oldest Mesoarchean adakites of the Fennoscandian Shield
were formed at the initial stage of convergent interaction between the Vodlozero block (now the Vedlozero-
Segozero greenstone belt) and an early oceanic crust that manifested itself as the formation of a subduction system
with a gently dipping slab subsidence in the interval 3.05 to 2.90 Ga. According to the model created for the
Chalka and Ignoila structures, primary adakitic melts were formed at 10-15% melting of amphibolite with the
formation of Cpx (60%)+ Gar (10%)+ P1(25%) +Hbl (5%) restite followed by fractionation of PI+Cpx.

Analysis of available data on adakitic complexes of the world, identified in many territories, e.g. in
the greenstone belts located in the northern Superior Craton (Canada), such as Lumbie Lake and Red Lake
dated at 2.9-3.0 Ga [9], in the eastern Superior Craton in the Achuanipi complex [10], those in the Beach-
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Uchie belt dated at 2.7 Ma [11], those in the upper BADR association of the Lake Kamennoye structure
(East Karelia) dated at 2.87 Ga (Shchipansky et al, 2008) etc., has led the author to conclude that adakites
from the Vedlozero-Segozero greenstone belt are the oldest in the Fennoscandian Shield and one of the
world’s oldest and are a relic of the oldest protoisland-arc complex.
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PEJXUM APXEMCKOM CYBAYKINU: TIOJIOTASI WJIN KPYTAS?
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ARCHEAN SUBDUCTION REGIME: A GENTLY DIPPING OR STEEP SUBDUCTION?
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MESOARCHEAN ISLAND-ARC COMPLEX OF CENTRAL KARELIA

Svetov S.A.
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B nocnemnue ronsl npu M3ydeHHH (aHepO30MCKUX CYOIYKIMOHHBIX CHCTEM OOJbIIOC BHUMaHHE
yaensercs B/Be cucremaruke ByJIKaHUTOB (POPMUPYIOIIUXCS B 3TUX 00CTaHOBKax [1].
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B cBsi3u ¢ Tem, uto 6op (B) sBiiseTcst oqHUM 13 HarboJiee TOBUKHBIX BO (UIFOMIHOM (a3e 3JeMeH-
TOB, OH MOJKET CIIy>KUTh XUMHUYECKHM MapKepOM CYIIECTBOBAaHMS ITyOMHHBIX (uronnoB [2]. bepunuii
(Be) MeHee MOABMKHBIN IEMEHT M MOXKET TPAHCIIOPTUPOBATHCS B cI30e Ha Oosee rryOoKnil ypoBeHb 0e3
CYIIECTBEHHOTO Tepepactpenenenus [3]. Takum o0Opa3oM, ¢ OIHOW CTOPOHBI BHICOKAs PacTBOPUMOCTH
¢dmonanoi dazoit Oopa, a ¢ aApyroi Oosee cTabMIBHOE MMOBEJCHUE B 3TOM IpoLiecce OSpUILTHs, TO3BOISIET
MOJIYYHUTh HETPOIOTHYECKH BakHOe oTHoweHue (B/Be), onenusatomiee ponpb (hiaronga B IpoLiecce MarmMo-
TeHepalHy PacijiaBoB B CYOMyKIIMOHHBIX CHCTEMaxX, U HE MEHSIOIIEECS B 3aBUCHMOCTH OT CTEIEHH Yac-
TUYHOTO TUIABJICHUS U PPaKOHUPOBAHUs PacIliaBa.

Kpome Oopa, s onenku posn ¢urouaa npu GopMHUpOBaHNN aHAE3UTOBBIX PacIjaBOB MOXKHO HC-
noabp30Bath Takue FME kak Li, Be, As, oqHako aHaJIM3 UX ITOBEJAEHUS MOJKET BBI3BIBATH JOIOJIHUTEIbHBIE
TPYAHOCTH MPHU MHTEPIPETALMH, HAIPUMED B CBSI3H C SIPKO BBHIPAKEHHOM XalbKOQUIBHON MPUPOAOH AsS.

B pamkax maHHOro uccienoBaHusi, Hac MHTepecoBaa FME—cucremaruka IpeBHEUIIEr0 ME30apXEUCKo-
IO OCTPOBOIY>KHOTO KoMIIIeKca (PEeHHOCKaHMHABCKOTO ITUTa (XayTaBaapcKast MeracTpykrypa, Llentpamsaas
Kapesus) ¢ 1elbio moydeHust A0MOJIHUTEILHON XapaKTePUCTUKH PAHHHUX CYOIyKIIMOHHBIX TPOIIECCOB.

Jns xoppextHOro ucnoabs3osanus FME cucremaTuku nopoj pu peKOHCTPYKLUU YCIOBUN apXei-
CKOr0 MarMooOpa3oBaHHUs, CIECAYeT OLCHUTHh HapaMeTpbl BO3MOXHOTO I'€OXMMHUYECKOIO M3MEHEHHUS II0-
POIHBIX JTUTOTUIIOB B XOJI€ PETHOHATBHBIX METaMOP(PUIECKUX COOBITHH.

W3yuaemble ByJIKaHUTHI, CyOBYJIKAaHUTHI UIMEIOT Pa3HYIO CTENIEHh METaMOP(UIECKONW COXPAaHHOCTH U
BTOpHYHOH npopabotku. Cpenanue xoHueHTpauud H,O B BylKaHHUTax OCTPOBOLYKHOI'O KOMILJIEKCA HE BbI-
coku, coctaBistroT 0.15-0.17 Bec.%, 3Havenwue 1.11.11. BappupyeT oT 1.6 10 2.1 Bec.%, 9TO TOBOPHUT O J0CTa-
TOYHO XOpoIIel coxpanHocTH mopo/1. 3naueHus uaaekca CIA aisa naB u cyOBYIKaHUTOB OCTPOBOTY>KHOTO
KOMIIJIEKCa BapbupyeT oT 46 110 52, CBUIETENbCTBYET O HU3KOW CTETIEHH (MJIM TIOJTHOM OTCYTCTBUH) XUMH-
YeCcKOro BeIBeTpUBaHUsA. Kpome TOro, BayKHbIM MapKEpOM XHMHUYECKOI'O BBIBETPHUBAHUS SBISIETCS] HATTMUHUE
Ce anomamuu (Ce/Ce*=3Ce,/(2La,+Nd,)). PaccmarpuBaemble BYJIKaHUTH M CyOBYJIKaHUTHI WTrHOMWIEI,
XayraBaapsl, Yanku umetot 3HadeHus: Ce/Ce*=0.86-1.15, yTo He mMO3BOJSET MpeanoaaraTb aKTUBHOE XH-
MHYECKOE BbIBETpUBaHME. TakuM oOpa3oM, MOJyUYeHHBIEC AaHHbBIC MTO3BOJISIIOT HAIEAThCS Ha COXPAaHHOCTD
FME-cucremsl B IpeBHeIIEM OCTPOBOIYKHOM Komruiekce Bemmozepcko-Cero3epckoro 3e1eHOKaMeHHO-
ro nosica LlentpansHoit Kapenun. Ilpu atom cnenyer noguepKkHyTh, YTO MaKCHUMajlbHas COXPaHHOCTh XH-
MHU3Ma BBISBJICHA B CyOBYJIKaHHUTAX.

B xagectBe 00beKTa HcCIeOBaHNS, HAMHU OBUTH BHIOpAHBI HHUITHABHBIE (a3bl 3aJI0KEHUS CyOIyK-
LIMOHHOM CHCTEMBI — alakKUThl ¥ IPOCTPAHCTBEHHO aCCOLUHUPYIOIINE ¢ HUMU ByJIKaHUTH BA/IP, Toneuro-
BOro 1 0afsINTOBOTO TUIIOB, OTPAXKAIOIINE AANbHEHIINE CTa U PA3BUTHUS CUCTEMBI.

Konnentpamus ¢rona-mo0mibHEIX d1eMeHToB (FME) n B/Be otHomenus B apeBHewmux (3.05-
2.99 Mipa.JieT) ocTpOBOMYKHBIX ByJIKaHUTaxX Bemmozepcko-Cero3epckoro 3e1eHOKaMeHHOTO Tosica OTpa-
JKeHa B Tabnuue 1.

Table 1. FME-systematics of the oldest island-arc complex

Rocks | Structure | B ‘ Be | B/Be | Li ‘ Cs
Adakitic series
Subvolcanics Ignoila 6.938+3.558 1.453+0.017 4.74 | 20.175+3.798 | 1.146+0.388
Lavas Ignoila 1.778+0.130 1.822+0.125 0.94 24.622+2.537 | 1.040+0.118
Tuffs Ignoila 1.12 1.294 0.86 28.169 1.986
Dykes Chalka 6.086+1.970 1.744+0.079 3.48 | 28.446+0.623 | 5.491+0.919
Lavas Nyalmozero - 1.245+0.053 0.685+0.418 | 0.552+0.321
High-Nb (HNB) series
Subvolcanics | Oster | 11.974+1236 | 1.524£0.323 | 785 | 76.884 [ 4.662+0.380
BADR-Nb-enriched series
Subvolcanics Oster 18.938+£2.110 | 1.300+0.263 14.56 53.252 4.303+2.328
Lavas Chalka 3.680+1.016 1.475+0.155 2.49 40.694 2.950+0.301
Bahiaitic (high-MgO) series
Lavas, dykes | Chalka | 5.820+1.131 | 1.009£0.097 | 578 | 24.647 [ 3.453£1.516
Tholeiitic series
Lavas, dykes | Chalka | 6.531+3.165 | 0.923£0.058 | 7.07 [ 27.955+7.642 | 4.072+2.383

Jlyis TpeBHEHIINX aJaKUTOB HAMU OTMEUAKOTCS 3HAYMTEIIbHBIC Bapuaiuu 0opa, oepusutus u B/Be or-
HOIICHUS B Pa3IMYHBIX JUTO(DAIMAILHBIX Pa3HOBUIHOCTSAX MOPOJ aJIaKUTOBOW CEPUH, YTO TOATBEPIKAACT
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NPENIONIOKEHUE O BO3MOXHOM o0eHeHnn (pasHoit crenenn obequenns) FME-cuctemsl. [Ipenmonaras, uro
CyOBYJIKAQHUTHI C OOJBIIEH BEpOSTHOCTHIO COXPAHWIIH TIepBUUYHBIE KOHIeHTparmu FME, cienyer otMeTHTh,
YTO YPOBEHH KOHIICHTpammu 0opa B UTHOMIBCKOM aIlakKUTOBOM HEKKE W aJaKUTOBBIX Jaikax YamKWHCKOM
NaJIeonOCTPOHKN HIACHTHYEH, U paBeH 6.0-6.9 ppm. [ns agakuToB U3 AaiikoBoi (a3pl YanknHCKOH majneo-
BYJIKAHUUECKOM MOCTPOMKM HaMH MOIy4YeHBI Takxke Oiam3kue cyOBynkaHutaMm WrHoiinsl 3Hauenus B/Be ot-
HOIIIeHUs Ha ypoBHe 3.4-4.7, a yUUTHIBasg NaHHBIE 110 JIaBaM U Ty(daM JpeBHEH aJlaknTOBOW CEPUU BEINYHMHA
B/Be otnomenuns Bappupyert ot 0.8 no 4.74.

B/Be otHomenue B agakutax (haHepo3oiickux kommiiekcoB [lanamsbl [4] cocraBuser - 6.76+1.01,
YTO 3HAYUTEJIBbHO HWKE 3HAYCHHM MOJYUYEHHBIX sl aHAe3uToB BAJIP M3BECTKOBO-LIEIOYHOW CEpUU —
11.3+6.10. B Bysnkanurtax ayru Banyary, Bennunaa B/Be oTHOIIeHNSsT 3HAYNTEHHO BapBUPYET, COCTABIIS-
er B cpeaneM 18.2+12.60, a HanOonplMe 3HaYEHUS MOJTYYeHBI Uit nopox LleHTpansHo-AMepukaHcKon
oyrd, B kotopod B/Be otHomenune mocturaer 36.5, HO Takke CO 3HAYUTEIBHBIMU BapUalMsIMHU B CEPUU
(36.5£30.2) [5].

Takum 00pa3oM OYEBUJIHO, YTO AJAKUTHI (KaK apXeWCKOro, Tak U (paHepo30HCKOro BO3pacTa) MoKa-
3BIBAIOT caMble HU3KKEe KoHIeHTpauuu FME snemMeHToB, B OTIIMYME OT MarMaTHYECKUX CHCTEM, T€HEpH-
PYEMBIX U3 00JIaCTH MeTOCOMaTH3upoBaHHOTO (urronnamu MantuitHoro kinuHa (BAIP-AIP cepwuit dane-
po30s1), A KOTOpBIX KoHIeHTparuu FME s1eMeHTOB MakCHMalbHBI, 9YTO XOPOIIO KOPPEIHPYET C MOJIe-
b0 QOPMHUPOBAHUS AJAKUTOB B XOJAE HEMOCPEACTBEHHOTO IUIABJICHUSI CYOIyLUPYyeMOTro Madu4ecKoro
ci0a, Korna Bech 00p 1 npoune GIIFoNI-MOOMIBHBIE AJIEMEHTHI ObUTH y/IajeHbl U3 HeTo Ha paHHEH cTaaun
JIETUAPOTALINH.

HabmroaeMble KOHIIEHTpAIMK Oopa B aCCOLMUPYIOUIUX C aJlaKUTaMH BBICOKO —Nb, 0aifstMTOBOM,
BAJIP u ToneuToBbIX cepusax HaxonaTcs B uHTepBaie oT 1.1-11.9 ppm, 4TO COOTBETCTBYET €r0 ConepKa-
HUIO B (DaHEPO30IMCKUX aJaKUTax U MPUMEPHO UICHTUYHO XapaKTEPUCTHKE M3y4aeMbIX HAMU B apXeHCKUX
anakuToBBIX cuctemax (1.1-6.9 ppm), 3a uckmouernnem bAJIP-Nb oboramennoit cepun OcTepcKoit CTpyK-
Typsl (B-18 ppm). Konuenrpauus Be B apeBHem ocTpoBoaykHOM kKommekce (0.9-1.5 ppm) B cpenHem
HIDKe, 9YeM B aJlakuTax. boiee BRICOKMMU BRITISAAT conepkaHus Cs B aCCOIMHUPYIOIMINX C aJaKUTaMH BYJI-
KaHuTax (ypoBeHb KOHIEHTparmii 2.9-4.6 ppm), XOTs B Ka4eCTBE UCKITIOUCHUS MOKHO Ha3bIBaTh aIaKUTO-
Bble Jaiiku YankuHCKO# CcTpyKTYphI, B KOTOpPBIX Cs 9acTo mpeBsIIaeT 6-8 ppm.

Takum 00pa3oM, alakuThl U BYJIKAHUTHI IIPOYNX CEPHUH CYIECTBEHHO pa3iMyaroTcs Juib 1o Li, a
oboramenne FME snemenTamu B paciuiaBax reHepHupyeMBIX B obmactu MaHTHitHOTO KiimHa (BA/IP, Gaii-
SIUTOBO U JIp.) YETKO HE MpOsBIEHO. J[aHHBIA BBIBOJ Ha MEPBBINA B3I HE YKIAAbIBAETCA B 0)KHIaeMbIe
TEHJICHIIMK U HECKOJBKO NMPOTHUBOPEYUT MOAEIH (OPMUPOBAHMS OCTPOBOAYKHBIX aHIIC3UTOBBIX CHCTEM
MIpH TUTaBNIeHUH (DITFOMA-000TaleHHOW 00J1acTH MAaHTHITHOTO KIIMHA.

OpmHako, B ciydae €Clid CyOIyKITHs 3aTparuBacT MOJIOAYIO (<20 MITH.JIET) «TOPSIYI0» OKEaHWde-
CKYIO KOPY IpH IOJIOTOM IOTPY>KEHUH, POTPECCUBHBIA MeTaMOpu3M, CBs3aHHBIN ¢ yBenuueHrneMm PT-
MapaMeTpoB IO Mepe MOTPYXKEeHHs clnda, MPUBOAUT K TOMY, 4TO Oobmias 4acTe Oopa u mpounx FME,
ele B Havayie MeTaMop(puIecknx IpeoOpa3oBaHmi, BEIHOCHTCS W3 ¢130a, OCTEIIeHHO 00eaHssI UM (DITIo-
uaHyo a3y npu ctabWIbHON KOHIIEHTpaluu Be, criencTBueM 4yero M sSBISETCS TOT (HakKT, 4YTO MeTacoMa-
TU3UPOBAHHBIM MAaHTHIHBIA KIIMH B 30HE IUIABJICHUS MMeeT Hu3Kkue BenuunHbl B/Be orHomenus [1]. Ta-
KHM 00pa3oM, BeCh aHCAaMOJIb (GOPMHUPYIOMIETOCS OCTPOBOAYKHOTO KOMIUIEKCAa OyIeT XapaKTepru30BaThCS
OM3KUMH, HE BEICOKMMH KoHIeHTparusiMu FME aneMeHToB.

B npoTHBONONI0KHOCTE, IPH CYONyKIMHU ApeBHEH (>20 MiH.JIeT) okeaHHuecKoi Kopel, B-Be cucre-
Ma SIBIISIETCS CTAOMIIBHOW M TIO TOCTKEHHIO OONBIIUX TITyOHH, YTO TP JeTUAPATAIIMA MPUBOIUT K Tepe-
HOCy Oopa durronamMu B 00J1acTh MAaHTHIHOTO KJTMHA M OTpa)kaeTcs B BRICOKHUX 3HaueHUAX B/Be oTHome-
HUI B paciuiaBax GOpMHUPYIOIINXCS Ha JAHHOM YpOBHe [2, 6].

Pesromupys, cienyer noauepkHyTh, utro FME crucremarnka apeBHEHIINX aJaKUTOBBIX BYJIKaHUTOB
Kapenbckoro xparoHa MOXeT SBISETCS JOTOJTHHUTEIHHBIM apTyMEHTOM MOJTBEPKAAIONINX CYIIECTBOBA-
HUSI TOPSYHX TTOJIOTUX CYOIyKIIMOHHBIX CUCTEM B Me30apxee, Ha YpoBHE 3 MIIp/.JeT.

In the past few years the study of Phanerozoic subduction systems has been carried out with an
emphasis on the B/Be systematics of volcanics formed in these settings [1].

As boron (B) is one of the elements most mobile in a fluid phase, it can serve as a chemical
marker of the existence of deep fluids [2]. Beryllium (Be) is a less mobile element that can be
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transported in a slab to a deeper level without substantial redistribution [3]. Thus, on one hand, a high
solubility of boron by a fluid phase and, on the other, a more stable beryllium behaviour in this
process make it possible to obtain a petrologically significant ratio (B/Be) that shows the contribution
of fluid to magma generation of melts in subduction systems and does not vary with the degree of
partial melting and fractionation of melt.

In addition to boron, such FME as Li, Be and As can be used to assess the contribution of fluid to
the formation of andesitic melts, but analysis of their behaviour can make interpretation more difficult, for
example, in connection with the well-defined chalcophilic nature of As.

The goal of the present research was to study the FME-systematics of the oldest Mesoarchean
island-arc complex in the Fennoscandian Shield (Hautavaara megastructure, Central Karelia) to throw light
ob other characteristics of early subduction processes.

To correctly use the FME-systematics of rocks in reconstruction of the conditions of Archean
magma generation, the parameters of possible geochemical alteration of rock lithotypes during regional
metamorphic events should be estimated.

The volcanics and subvolcanics studied differ in the degree of metamorphic preservation and
secondary reworking. Average H,O concentrations in volcanics from the island-arc complex are as small
as 0.15-0.17 wt.%, and loss on ignition varies from 1.6 to 2.1 wt.%, showing that the rocks are well-
preserved. CIA for lavas and subvolcanics from the island-arc complex varies from 46 to 52, showing a
low degree (or the complete absence) of chemical weathering. Furthermore, the presence of Ce anomaly
(Ce/Ce*=3Ce,/(2La,+Nd,)) is an essential marker of chemical weathering. Volcanics and subvolcanics
from Ignoila, Hautavaara and Chalka have Ce/Ce*=0.86-1.15, which does not suggest active chemical
weathering. Thus, based on the data obtained, we hope that the FME-system is well-preserved in the oldest
island-arc complex of the Vedlozero-Segozero greenstone belt located in Central Karelia. It should be
emphasized that chemical composition is best-preserved in subvolcanics.

The goal of our research was to study the initial phases of the formation of the subduction system,
namely adakites and spatially related tholeiitic and bahiaitic types of BADR volcanics that reflect further
stages in the evolution of the system.

The concentration of fluid-mobile elements (FME) and B/Be ratio in the oldest (3.05-2.99 Ga)
island-arc volcanics from the Vedlozero-Segozero greenstone belt are shown in Table 1.

The oldest adakites exhibit considerable variations in boron, beryllium and B/Be ratio in different
lithofacies varieties of adakitic-series rocks, supporting the assumption that the FME-system is depleted to
a varying degree. It is more probable that subvolcanics have preserved primary FME concentrations.
Assuming that, it should be noted that boron concentrations in the Ignoild adakitic neck and those in
adakitic dykes from the Chalka paleostructure are identical (6.0-6.9 ppm). For adakites from the dyke phase
of the Chalka paleovolcanic edifice we obtained B/Be ratios of 3.4-4.7, similar to those of Ignoila
subvolcanics, and, considering available data on lavas and tuffs of the old adakitic series, the B/Be ratio
varies from 0.8 to 4.74.

The B/Be ratio of adakites from Phanerozoic complexes of Panama [4] is 6.76%1.01, which is much
lower than the values obtained for calc-alkaline-series BADR-andesites (11.3+6.10). In Wanuatu Arc
volcanics, the B/Be ratio varies substantially, averaging 18.2+12.60, and the highest values were obtained
for rocks from the Central American Arc, in which the B/Be ratio is as high as 36.5, but also with
considerable variations in the series (36.5+£30.2) [5].

Thus, it is obvious that adakites (of both Archean and Phanerozoic ages) show the lowest FME
concentrations, in contrast to magmatic systems generated from the fluid-metasomatized mantle wedge
domain (Phanerozoic BADR-ADR series) for which FME concentrations are maximum, which correlates
well with a model of adakite formation during direct melting of a subducted mafic slab, when all of boron
and other fluid-mobile elements were removed from it at an early stage of dehydration.

The boron concentrations observed in high —Nb, bahiaitic, BADR and tholeiitic series, associated
with adakites, vary from 1.1-11.9 ppm, which agrees with boron concentrations in Phanerozoic adakites
and are roughly identical to the characteristics of those studied by the author in Archean adakitic systems
(1.1-6.9 ppm), except the BADR-Nb-enriched series of the Oster structure (B-18 ppm). The Be
concentration in the oldest island-arc complex (0.9-1.5 ppm) is lower on the average than that in adakites.
Cs concentrations in adakite-associated volcanics are higher (concentration level 2.9-4.6 ppm), except for
adakitic dykes from the Chalka structure, where Cs is often over 6-8 ppm.
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Thus, adakites and volcanics of other series differ substantially only in Li, and FME enrichment in
the melts generated in the mantle wedge domain (BADR, bahiaites etc.) is indistinct. At first sight, this
conclusion disagrees with the tendencies expected and slightly contradicts with a model of formation of
island-arc andesitic systems upon melting of the fluid-enriched domain of the mantle wedge.

However, if subduction affects a young (<20 Ma) “hot” oceanic crust upon gently dipping
subsidence, then as a result of prograde metamorphism, associated with an increase in PT-parameters in the
course of slab subsidence, most of boron and other FME are removed from the slab at the beginning of
metamorphic alterations, gradually depleting the fluid phase in it, Be concentration being stable. As a
result, the metasomatized mantle wedge in the melting zone has a low B/Be ratio [1]. Thus, the entire
ensemble of the island-arc formed will show similar, low FME concentrations.

In contrast, upon subduction of an old (>20 Ma) oceanic crust, the B-Be system remains stable even
at greater depths, which, upon dehydration, results in the transport of boron by fluids to the mantle wedge
domain and is reflected in higher B/Be ratios in the melts generated on this level [2, 6].

To sum up, it should be emphasized that the FME systematics of the oldest adakitic volcanics from
the Karelian Craton could provide another argument in favour of the existence of hot gently dipping
subduction systems in Mesoarchean time on the 3 Ga level.
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ARCHEAN SEDIMENTARY SEQUENCES OF GREENSTONE BELTS: AKEY TO
RECONSTRUCTION OF EARLY GEODYNAMIC EVENTS
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Institute of Geology, KarRC, RAS, Petrozavodsk, ssvetov@krc. karelia.ru

I'eoxuMuYeckuii COCTaB OCaJ0YHBIX aCCOIMALUN sABISCTCS (DYHKIMEH B3auMOJCHCTBUS MHOTHMX
(hakTOpoB: crienu(UKA UCTOYHUKOB CHOCA, YCIOBHU BBIBETPHBAHUS, MACCOIEPEHOCA, CEAMMCHTOICHE3a,
MeTamopdusma u np. ['eogrmHaMuveckoe MOJOKEHNE MUTAIONINX 00JacTell MaKCUMAIIbHO KOHTPOJIHPYET
COCTaB 0OCaJIOUHBIX aHcamOsiei[1], U Kak CIeJCTBUE, UX XUMH3M SBJISCTCS HAJCKHBIM MapKEpPOM Mayieo-
TeOJUHAMUYECKON TPUYPOUYEHHOCTH. [2-6].

B cinydae ecnu reonrHaMUyYecKHe PEKOHCTPYKLMH MPOBOIATCS HAa OCHOBE PEIMKTOB MarMaTuye-
CKHX aCCOIMAIIMHA, YTO SBIISCTCS CTAHAAPTHBIM CIydaeM I ME30apXEHCKUX CHCTEM, JCTATbHBIA aHaTN3
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0CaJOYHBIX MOPOJIHBIX IMOCIEA0BATENFHOCTEN aCCOLMUPYIOUINX C BYJKaHUTaMHM, ITO3BOJISIET BOCIOJIHHUTH
JAaHHBIE 00 SPOAMPOBAHHBIX KOMILIEKCAX, YTO JIeJaeT IBOJTIOIMOHHBIC TOCTPOSHHS 00Jlee KOPPEKTHBIMH.

B Hacrosamem moxiaze, Mbl MPUBOJANM pe3yJIbTaThl HCCIENIOBAHUN APEBHEHIEro Ha TEPPUTOPHH
DeHHOCKaHANHABCKOTO IHTa ME30apXeHCKOro OCaJ0uHOr0 MaparcHe3a, 3ydaeMoro B mpexaenax ¢par-
MEHTOB OCTPOBOIYXHOI'O M OKEaHHYeCKOro KomIiekcoB Bemnozepcko-Cero3epckoro 3el1€HOKaMEHHOTO
Tosica, PacIooKEHHOTO Ha 3amaHoM oOpamieHnn Boto3zepckoro 6moka.

XapakTepuCcTUYECKOM 4epTONW 3€JIEHOKAMEHHOI'0 IOsICa SIBISETCS XOpOoIllash COXPaHHOCTh B €ro
npeaenax crparorekronndyeckux acconuanuii (CTA)  ocrpoBogyxnHoro bAJIP-amakutoBoro (3.05-
2.95Mipa. J1eT), OKeaHHYEeCKOTO KOMaTHUT-0a3ainbToBoro (3.05-2.95 Miupa. 1eT) 1 OKpanHHOKOHTHHEH-
tampHOTO AJIP-amakuToBoro (2.90-2.85 mupa. net) tunoB. dparMeHT APEBHEUTIIETO OCTPOBOIYKHOTO
KOMIUIEKCA MPEJICTABICH PETUKTaMH MajeOBYJIKAHUYECKUX MOCTPOEK, CIOXKEHHBIX AU(QPepeHIUpOoBaH-
Hoit BAJIP-acconmanueii n3BeCTKOBO-LIETIOUHOTO PSiAa U BYJIKAHUTAMH, CyOBYJIKAaHUTaMU aIaKUTOBOH 1
TOJIEUTOBOH CEpUMU.

Mopdonornyecku napareHe3 chopMHUPOBaH IIIBIOOBBIMH, arJIOMEPaTOBBIMU, TOHKUMH Ty()aMu B Tie-
pECllauBaHUM C TIOTyIICYHBIMH, MACCUBHBIMU, MUHIAJICKAMCHHBIMH JIaBaMH, JTABOOPEKYUSIMH U KIIACTOJIA-
BaMH 0OIIei MOITHOCTBIO JI0 2.5 KM. MaKkcuMaiabHasi COXpaHHOCTh Pa3pe30B OCTPOBOY)KHOTO KOMITJIEKCA
OTMEUAETCs B I0T0-3alaTHON YaCTH TeppeiiHa B MpeaesiaX XayTaBaapCKOW METacTPYKTYPHI (BKITIOUAIOMICH
XayraBaapckyto, UrHoinbckyro, Yankuackyo, HAmpM03epeKyio maneoByIKaHHUECKHE CTPYKTYpshI). s
acCOITMAINH UMEIOTCS CIIEAYIONINe Te0XPOHOJIOTHIeCKHe NaHHbIe 1o MrHomnbckoit ctpykrype: U-Pb Bo3-
pacT JaB aHAC3UTOB cocTaBiseT 2945+19 muH. et [7], BO3pacT aHIe3UAaUTOBOTO HEKKa - 2995+20 MutH.
ner [8].

Ha ocHoBe nuTONIOrHYECKUX UCCIENOBAHUMN YCTaHOBIEHO, uyTO B mpenenax bAJIP-anakuToBoi acco-
[UAIMH [TUPOKUM PACIIPOCTPaHEHHEM II0JIb3YETCs BYJIKaHOTEHHO-OCAJ0YHBIN MapareHes, c)OpMUPOBaH-
HBIH B 00JIACTSIX MANICOACTIPECCH ¥ MPEACTABICHHBIA TPyOOCIOUCTHIME TTAYKaMH METKOOOJIOMOYHBIX TY-
¢doB-TyhduToB. [lepepbIBbl B AKCIIIO3UAX MapKUPOBAIUCH MaJOMOLIHBIMH CIIOSMH XEMOTEHHBIX CHUIIHIH-
TOB U aJIeBpOJUTOB. CHIDKEHHE BYJIKAHWMYECKONW aKTHBHOCTH B OCTPOBOAYKHOM CHCTeMe IMPUBOJAUT K BbI-
paBHUBaHHIO TTaJieopenbeda dacceitHoB u (POPMUPOBAHUIO PUTMHUTOB (TY(D-TyhdUT-TyPorrecuaHuK-CHITH-
IUT -TPpaUTUCTBIN aJIEBPOJIUT), ¢ MOITHOCTHIO CI0HKOB OT 0.05 - 0.2 10 0.8M , ¢ TOHKOW TOPU3OHTAIBHOM,
BOJIHUCTOH, peke TPallallMOHHON CIOMCTOCTBhIO. TOHKas paccessHHas BKPAIUIGHHOCTH CYJIb(HIOB CBHIE-
TEJBCTBYET B MOJIb3Y CYIIIECTBOBAHUS BOCCTAHOBHUTENBHBIX yCIOBHIA B OacceliHe cemuMenTaluu. Pacmmmpe-
HHE 00JIaCTH PAacIpOCTPaHEHHS TOHKHX OCaJKOB, XapaKTEPHBIX JUIS MPEJIyroBoro OacceiHa, GUKCHPYET-
Csl IO COXPAaHUBIIMMCSI pa3pe3aM reorpapuuecku pa3oOIIeHHBIX MaJeoACIPEcCH ¢ OIM3KUM XapaKTepoM
MOPOJTHBIX aHcaMOuel obmieit MoutHOCTRIO0 300-500M. OTIIOXKEHHE TTOPO]] TPOUCXOIUIIO 33 CUET paspylle-
HUS TIAJIEOTIOCTPOEK.

Ha sToM ypoBHE Tak ke MOSIBISIOTCS MPOAYKTHI pa3pylIeHUs] MaUTOBOW TONIIH- 3eJIeHbIe MaduTO-
BBIE TpayBakKkd, aM(pUOOIIOBbIE CHIUIUTHI, (POPMHUPOBaHNE KOTOPHIX MPOMCXOIUT 32 CYET IPO3UOHHOTO
paspymieHusi o0aynmupyeMoro MahuIecKoro ayuioXToHa. Bce ceaMMEHTOIOTHYECKHE OCOOSHHOCTH JTOM
MaYK¥ OTPAKAIOT TEKTOHMUYECKYIO0 aKTMBHOCTb, 3alI€UaTIEHHYIO B CJIOSIX C BOJHOOIIOJI3HEBBIMH TEKCTypa-
MH, CETUMEHTOT€HHBIMH TPYOBIMH OpEKUMsMH (30Ha aBTOKJIACTHYECKOTO MeJIaHXka), TIIBIOOBBIMU KOHTJIO-
meparamu. [Ipu 5TOM aBTOKJIACTMYECKUW MEJIaHX MpeliCTaBieH 15M ciioeM, B KOTOPOM HIDKeJIexKallre
0caski (TOHKOCJIOMCTBIE NAIIUTOBBIE W KPEMHHCTBIE TyQQHTHI) B BuAe AeHOPMHUPOBAHHBIX, H30THYTHIX
¢parmenToB (pazmepoM a0 0.8 — 2.0 M.) 3aKITIOUCHBI B IEMEHTE IPapUTHUCTHIX AJIEBPOJIUTOB.

B obGmactu 3agyroBoro 6acceiiHa Ty(hbl ¥ TOHKHE OCaJKH MOCTETIEHHO CMEHSIOTCS BYJIKaHOTEPPH-
TeHHBIMH W TEPPUTEHHBIMHU TTOPOAAMH — BYJIKAHOMUKTOBBIMU ape€HUTAMH, CyOapKO30BBIMH apEeHUTAMH, C
PEAKUMH CIIOSIMH CHJIMLIUTOB M aJE€BPOJIMTOB. B MHHEpaIbHOM COCTaBe apeHUTOB, B TSDKEION (ppakuuu
Peo0IaAar0T: amaTuT, IUPKOH, PYTHI, TYPMAaJIHH, SIUAOT, ATbOUT — CBUACTEIBCTBYIOIINE O PACITUPEHUN
00JacT! NeHyIaIlii, pa3MbIBE IMMOPOJT TPAHUTOMIHOTO psaa (pyHIaMEHTa WM TPAaHUTHBIX MacCHBOB). Ce-
JTUMEHTOT€HHBIE 0COOCHHOCTH TEPPUTeHHBIX MOPOJ — PA3HO3EPHUCTOCTH (OT MEJIKO 10 TPyO03epHUCTHIX);
JIMH30BUIHASI, BOJIHUCTAs, (IazepHasi, rpaJalliOHHasl CIOUCTOCTh — OTPa)Kar0T 0OCTAaHOBKY (OpPMHUpPOBa-
HUS OCa/IKOB B IIPHJIMBHO-OTJIMBHOM 30HE OacceliHa B YCIOBHSX TPAHCTPECCUBHO-PETPECCUBHOTO PEKUMA
U JCUCTBUH €IUHUYHBIX MyThEBBIX TTOTOKOB.

Ha ocHoBe metanbHOrO aHann3a 0CaOYHBIX JUTOTHIIOB MadUTOBBIX Toiml Beamozepcko-Cerosep-
CKOT0 3€JICHOKaMEHHOTO I0sICa, TMPEICTABICHHBIX KOMAaTHHT-0a3aIbTOBOI acCoIMaIell ¢ BO3PACTOM OKO-
70 3.1 — 3.0 Mapa 5eT, MOKHO ClieflaTh CIEAyIOIEe BbIBOIBI:
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HccnenoBanHble CEIMMEHTALMOHHBIE aHCAMONU «O(QHOJUTONOJOOHBIX)» TOJI Me30apXeHCKUX
OKEaHHYECKUX KOMIUIEKCOB OJIM3KH OcankaM Kiaccmdeckux (paHeposoiickux odpuonutoB Kurpa, n npen-
cTaBjieHbl Tydamu U Tyhduramu MapuTOB, CHITUITUTAMI, aJCBPOIUTAMH, OOOTAIICHHBIMUA TIUHUCTBIM U
OpPraHWYEeCKHM BEILIECTBOM, KDEMHE3EMOM, KeNe30M, CEPOM, CBA3aHHBIM C SKCTAIAIIUOHHO-THIPOTEPMab-
HBIMH BEIHOCAMH YEPHBIX «KYPIIBIIHKOBY.

I'myGoxoBoHBIE 0OCTAaHOBKH TOPOJOOTIOKEHUS XapaKTEPHBI JJIsi KOMaTHHTOB, IUIAarHO(HUPOBBIX
0azanpTOB B XayTaBaapckoi, Koikapckoit, [lamacensruackoit cTpykTypax, chOpMUPOBAaHHBIMHU B YCIIOBH-
SIX OKCAHMYECKOTO IIATO 32 CUET ACSTEIbHOCTH BYJIKAHOB TPELIMHHOTO THa. DOpMUPOBAHUE XapaKTep-
HOTO TTapareHe3a Mo IyIIIeYHbIX, MACCUBHBIX JIaB M THAOKIAacTUTOB (XayTraBaapa, Koiikaper, Cemus, [lana-
cenpra, CoBI03epo) MPUBS3BIBAETCS BEPOSITHEE BCETO K BYJKaHAM LIEHTPAIBHOTO THIIA CYIIECTBYIOIIUM B
0oJiee MEIKOBOIHON 00CTaHOBKE C PACHJICHEHHBIM Pellbe()oM.

Kpome Toro, HamH BBISIBIEHBI OOCTaHOBKH CEAMMEHTAIMH, ACCOLMUPYIOIINE C «BHE OCEBBIMI» BYJI-
kaamdeckumu roctpoiikamu OIB-tuma (ITamacensruackas u CoBno3epckast CTpyKTypa).

B Koiikapckoit cTpyKType MOJITBEPKACHO COBMECTHOE COCYIIECTBOBAHMHM KOMATUUTOBBIX M 0a3aib-
TOBBIX BYJIKAaHUYECKUX LICHTPOB.

YCTaHOBIIEHO, YTO B COCTaBE CTpAaTUrpaUUYECcKHX MOCIeNoBaTeIbHOCTEH (M0 IUTONOro(dannaib-
HBIM TIPU3HAKaM M YCIIOBHUSIM CEAMMEHTOTeHEe3a) CYIIECTBYEeT TeKTOHNIECKOe IepeMenieHre 6a3ambTOBBIX
TOJNI B XayTaBaapCcKou CTPYKType (IpU3HAKK ClAiIepHON TEKTOHWKH) BBHI3BABIIEE HAPYIICHUE MOPSIKA
cienoBaHusl (pparMeHTOB 0a3aJbTOBOTO pa3pe3a, YTO MPUBEJIO K 3aBBINICHHIO MOITHOCTH XayTaBaapCKOW
CepHH B pEKOHCTPYHPOBaHHOM paspese Ha 600 M.

The geochemical composition of sedimentary associations is a function of interaction of many
factors: the distinctive pattern of source areas, weathering conditions, mass transport, sedimentogenesis,
metamorphism etc. The geodynamic position of source areas entirely controls the composition of
sedimentary ensembles [1], and, consequently, their chemism is a reliable marker of paleogeodynamic
confineness. [2-6].

If geodynamic reconstructions are made on the basis of relics of magmatic associations, which is a
standard case for Mesoarchean systems, then detailed analysis of sedimentary rock sequences associated
with volcanics makes it possible to replenish data on eroded complexes, making evolutionary
reconstructions more correct.

In the present paper, we report the results of the study of the Fennoscandian Shield’s oldest
Mesoarchean sedimentary paragenesis studied within fragments of the island-arc and oceanic complexes of
the Vedlozero-Segozero greenstone belts located on the western margin of the Vodlozero block.

Stratotectonic associations (STA) of island-arc BADR-adakitic (3.05-2.95 Ga), oceanic komatiitic-
basaltic (3.05-2.95 Ga) and continental-margin ADR-adakitic (2.90-2.85 Ga) types are typically well
preserved in the greenstone belt. The fragment of the oldest island-arc complex consists of relics of
paleovolcanic edifices made up of a differentiated calc-alkaline-series BADR-association and adakitic- and
tholeiitic-series volcanics and subvolcanics.

Morphologically, the paragenesis is formed of blocky, agglomeratic, fine tuffs that alternate with
pillow,massive and amygdaloidal lavas and clastic lavas totalling up to 2.5 km in thickness. The sections of
the island-arc complex are best-preserved in the southwestern part of the terrain in the Hautavaara
megastructure (that includes the Hautavaara, Ignoila, Chalka and Nyalmozero paleovolcanic structures).
For the association, the geochronological data on the Ignoila structure are as follows: the U-Pb age of
andesitic lavas is 2945+19 Ma [7], and the age of the andesitic-dacitic neck is 2995+20 Ma [8].

Lithological studies have shown that a volcanic-sedimentary paragenesis, formed in paleodepression
domains and made up of coarse-bedded members of fine-clastic tuffs-tuffites, is widespread in the BADR-
adakitic association. Intervals in explosions were marked by thin chemogenic silicate and siltstone laminae.
A decline in volcanic activity in the island-arc system results in the levelling of basin paleorelief and the
formation of rhythmites (tuff-tuffite-tuffaceous sandstone-silicite —graphitic siltstone), with 0.05 - 0.2 to
0.8 m thick laminae and fine, horizontal, undulating and less common graded lamination. Fine sulphide
dissemination suggests the existence of a reducing environment in the sedimentation basin. The expansion
of the distribution area of fine sediments, characteristic of a fore-arc basin, is indicated by the preserved
sections of geographically separated paleodepressions with a similar pattern of rock ensembles totalling ¢
300-500 m in thickness. The rocks were deposited by destruction of paleoedifices.
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The rocks that occur on this level, such as green mafic graywackes and amphibole silicites, were
produced by destruction of a mafic unit at the expense of erosional destruction of an obducted mafic
allochthone. All of the sedimentological characteristics of this member reflect tectonic activity imprinted in
water slumping-structured beds, sedimentogenic coarse breccias (autoclastic mélange zone) and blocky
conglomerates. An autoclastic mélange is represented by a 15 m layer, in which underlying sediments
(finely laminated dacitic and siliceous tuffites), occurring as deformed, curved fragments, up to 0.8 —2.0 m
in size, are supported by a graphitic siltstone matrix.

In the back-arc basin domain, tuffs and fine sediments are gradually succeeded by volcanic-
terrigenous rocks such as volcanomictic arenites and subarkosic arenites with scarce silicate and siltstone
beds. In the mineral composition of arenites, the heavy fraction is dominated by apatite, zircon, rutile,
tourmaline, epidote and albite that indicate the expansion of the denudation domain and the erosion of
granitoid-series rocks (basement or granitic massifs). The sedimentological characteristics of terrigenous
rocks, such as different grain sizes (from fine to coarse grains); a lenticular, undulating, flaser and graded
bedding, show that the sediments were formed in the tidal zone of the basin, in a transgressive-regressive
regime and were affected by scarce turbidity currents.

Detailed analysis of sedimentary lithotypes of the mafic units of the Vedlozero-Segozero greenstone
belt, represented by a ca. 3.1-3.0 Ga komatiic-basaltic association has led the authors to draw the following
conclusions:

The sedimentary ensembles of the “ophiolite-like” units of Mesoarchean oceanic complexes are
similar to sediments of classical Phanerozoic ophiolites from Cyprus, and are represented by tuffs and
tuffites of mafic rocks, silicites and siltstones enriched in argillaceous and organic matter, silica, iron and
sulphur associated with exhalative-hydrothermal exhumation of black “smokers”.

Deep-water rock deposition environments are characteristic of komatiites and plagiophyric basalts in
the Hautavaara, Koikary and Palaselga structures produced under oceanic plateau conditions by the activity
of fissure-type volcanoes. The formation of the characteristic paragenesis of pillow and massive lavas and
hyaloclastites (Hautavaara, Koikary, Semch, Palaselga and Sovdozero) is most probably tied to central-
type volcanoes that existed in a shallower-water setting with a rugged relief.

Furthermore, we have revealed sedimentation settings associated with the “extra-axial” OIB-type
volcanic structures (Palaselga and Sovdozero structures).

In the Koikary structure, the co-existence of komatiitic and basaltic volcanic centres was
corroborated.

It has been found out that within stratigraphic sequences (indicated by lithologgic-facies characters
and conditions of sedimentogenesis) there exists tectonic migration of basaltic units in the Hautavaara
structure (signs of spider tectonics) that disturbed the succession of the fragments of the basaltic unit. As a
result, the thickness of the Hautavaara series in the reconstructed unit was overestimated by 600 m.
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MO3THEAPXEVMCKASI TPAHUT-3EJIJEHOKAMEHHAS OBJIACTh KAPEJINH
(CTPOEHHME U YCJIOBUA OBPA30OBAHUS)

Csupudenxo JLII.

UI" KapHII PAH, Ilerpo3aBonck, Poccus

LATE ARCHEAN GRANITE-GREENSTONE PROVINCE OF KARELIA:
STRUCTURE AND CONDITIONS OF FORMATION

Sviridenko L.P.

Institute of Geology, Karelian Research Centre, RAS, Petrozavodsk, Russia

Cy11eCTBYIOT TPH TJIaBHBIX MPOOJIEMBI O3 THEAPXEHUCKOI IrpaHUT-3eICHOKaMEHHOM 00siacTi DeHHo-
CKaHJMHABCKOI'O IUTa: 1) MPOUCXOXKIEHHUE 3€JIEHOKAMEHHBIX MOSCOB; 2) COOTHOLIEHHE 3€JIEHOKAMEHHBIX
MOSICOB C OKPY KAIOIIMMHU TPaHUTO-THEHCOBBIMH apeanaMy; 3) GyHJaMEeHT 3eJIECHOKAMEHHBIX IOSICOB U €T0
MIPOUCXOXKICHHE.

Hmeromuecss TOUYKM 3peHHs] Ha TPHUPOIY TO3JHEAPXCHCKUX 3€ICHOKAMEHHBIX MOSCOB (pU]THI,
OCTPOBHBIE IYTH H IIp.) CIy)XaT NMPU3HAKOM HEOJHO3HAYHOCTH PEIICHUS MPOOJIEMBI ITPOUCXOXKICHUS
TPaHHUT-3eICHOKaMEeHHOM 00nacTu. B mosib3y TOro, YTO OHA MpencTaBiseT cOO0N TPaHUTHU3UPOBAHHBIN
Mo3HeapXeNCKUI BYJIKaHOT€HHO-0CAIOUYHBIN YeX0J C PEITUKTOBBIMU 3€JICHOKAMEHHBIMHU TOSCAMH CBH-
JOETENBCTBYET HAIMYUE CPEON T'PAaHUTO-THEHCOBBIX apeayioB aM(pUOOIM3UPOBAHHBIX IIOTOKOB TOJEUTO-
BBIX 0a3aJIbTOB, COTMIOCTABUMBIX 110 XHMHYECKOMY COCTaBy ¢ 0a3albTaMH 3€JICHOKaMEHHBIX MOSICOB [4].
Kpome Toro, KOHTaKkThl HHAMBUAYAJIBHBIX 3€JI€HOKAMEHHBIX MOSCOB C OKPY’KAIOIMMHU I'paHUTO-THellca-
MU HE UMEIOT YETKOTO CTPaTUrpauuecKkoro mnonoxenus. Kak mpasuio, B MpoLecch IPaHUTU3ALUHN BO-
BIIEKAFOTCS OJIM3KHE TI0 COCTAaBY OCAJIOYHBIE MTOPOJBI, a TUIOTHBIE 0a3abThI JIABOBBIX NTOTOKOB YCTOHYH-
BBl K TPAaHUTH3AIMH M, KOHTAKTHPYS MOYTH MOBCEMECTHO, C OOPaMIISIOIIMMH MHUTMAaTH3HPOBAHHBIMH
rpaHUTO-THEcaMu (HE3aBUCHMO OT IOJIOKEHHS B pa3pese), OHM CO3Jal0T PEIUKTOBBINA XapakTep 3elie-
HOKaMEHHBIX TI0SICOB (CM. pHC.).

Bonpmioe 3HaueHwne UIsi TOHUMAaHHUS CTPOSHUS M COCTaBa IMO3JHEAPXEHCKON TpaHUT-3eJIEHOKaMEH-
HOM 00J7aCTH MMEET reoJIoTHYeCKoe cTpoeHue JISXTUHCKON CTPYKTYpPHI B €€ KpaeBOU 4acTH Ha TPAHHMIIC C
Benomopckum reobnokom [2]. [IpoGnenne npoToKOpsI 34echk MpeamecTBoBaio Gpopmuposanuio beaomop-
cko-Kombckoro cBogoBoro Bo3apManus U o0nactu Kapensckoro onmyckanus, Tie COPMHUPOBAIICS OOIIHP-
HBI MEJNKOBOAHBIN OacceiH, B KOTOPOM JI0 Hadaja ByJIKaHH3Ma OTJIOKWINCH TEpPUTeHHBIE TTOPOIHI (ap-
KO3BI, apPCHUTHI, AJIEBPOJIUTHI H JIP.), MOLTHOCTH KOTOPBIX Aocturana 1000 M. MollHbIe TONIN TeppUreH-
HBIX TIOPOJ] JIATepaIbHO € ora Ha ceBep beroMopckoil MIOBHOWM 30HBI CMEHAIOTCS 0CaJ0YHO-BYIKaHOTEH-
HBIMH U BYJIKaHOT€HHBIMH.

Jlutronoruyeckne 0COOEHHOCTH TEPPUTEHHBIX MOPOJ] CBHICTEIBCTBYIOT 00 HX (POPMHPOBAHHHU B YC-
JIOBUSIX IMKIMYECKOTO TPAHCIPECCUBHO-PErPECCUBHOTO OCAIKOHAKOIJICHUS IPH OOIIEM KOMIIEHCHPOBaH-
HOM NPOTHOAaHNH JTHA METKOBOIHOTO OacceiiHa [1] 1 HaM4re MOIIHOW TEPPUTEHHOM TONIIN B OCHOBAaHHUH
I'paHHT-3eJICHOKAMEHHOW O0JIACTH SIBIISIETCS PE3YJIbTATOM Pa3pyIleHUs] CHATHIeCKOro QyHIaMeHTa.

[Torpannynas 30Ha beromopcko-Konbsckoro nogusatus u Kapenbckoro omyckaHust B X0€ 3HaKOIIe-
PEMEHHBIX JBM)KEHUI pa3BHBajach BHa4alle M0 THITY MOJIOToro (prekcypHoro n3ruda, a 3aTeM B PeKUME
neBocTopoHHEro cipura. CoueTaHWsIMH pafuabHBIX W TOPU3OHTAIBHBIX JBIKEHHH OBUIO 0OYCIIOBIEHO
(hopMHpOBaHNE CHCTEM IJIABHBIX Pa3pBIBHBIX HAPYIIEHUH M KOCOOPUEHTHPOBAHHBIX K HUM CKOJIOBBIX 30H
pacTsokeHus ¢ GOpPMHPOBAHUEM PACKOIJIOB MIYOMHHOTO (MaHTHHHOTO) 3aiokeHus. ['panniia Mexay mopo-
nmamu bemomopcekoro n Kapenbckoro reo010koB UMeeT xapakTep COOTHOIIEHHS uexia u (pyHaamenTa. B
CTPYKTYpE JIOMMHCKOTO YexXJia B Mpejeliax, IIOBHOW 30HbI HAOMIOAAETCs YepeloBaHue rpabeH-CHHKIMHA-
neil 1 OJIOKOBO-KYMOJNBHBIX CTPYKTYp, B TO BpeMsl KaK BeloMOpPCKUII KOMIUIEKC MMEET CIIOKHO-KYTOJb-
HYIO CTPYKTYDY.

B menom, cynpakpycTaibHble TOPOABI PAaHHETO JIOMUS B MpEJesiaX paccMaTpuBaeMOi TEPPUTOPUU
BBICTYIAIOT B POJIM OCaJ04YHO-BYJIKAHOI'€HHOTO Yexya. B coBpeMeHHOH cTpyKType BocTouHOU yacTu PeH-
HOCKaHIMHABCKOTO IUTA (CM. PUC.) BBIIEIsIEMbIe 3eJIeHOKaMEHHEBIE T0sICa, MPEICTABIISIOT OO0 SPO3HOH-
HO-TEKTOHUYECKHE PEIMKTOBBIE OCTAHIIBI PEreHEPHUPOBAHHOTO YEXJIa.
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Puc. Cxema reonoruyeckoro crpoenus Kapenuu.

1 — BYJIKaHOTE€HHO-0CAJ0YHBIE MOPOBI TIaTGOopMEeHHOTO Yexia (pudeil, BeHa); 2 — TPAaHUTHl PalaKuBH; 3 — PaHHEIPOTEPO30ii-
ckue moposs! Jlagoxkckoro reo6noka; 4 — By TKaHOTEHHO-0CAI0YHBIE OPOIB! HIPOTOINIATGOPMEHHOTO Uexiia (ATynuii-cyiicapuii),
TIPECTABIISIONINE ByJIKaHOT€HHO-0CaI0YHBIH cioif Kapenbckoro reo6ioka; 5 — By TKaHOTE€HHO-0C{0YHbIE TIOPOABI CApHOIHS; 6 —
HHTPY3UH YapHOKUTOB. BepxHuii apxeif: 7 — MHTPY3UH INIAarHOMUKPOKIMHOBBIX JICHKOTPaHUTOB; 8 — MarMaTHT-TPAaHATHI U MUTMa-
THUTBHI, Pa3BUBAOIINECS TI0 JIOMUHCKOMY BYJIKAaHOT€HHO-OCAZ0UHOMY 4eXiy; 9 — MajorTyOHHHbIE YMEPEHHOKHCIIBIE TPAaHUTOM B
(TOHANMKUTSI, INIArHOKPaHUTHI); 10 — Jonuiickue peTMKTOBbIEC BYJIKAaHOTCHHO-0Ca104HbIe 00pa3oBanus. Hikuuii apxeit: 11 — ToHa-
JIUTO-THEWCHI, IarHOrpaHUTO-THEICHI ApeBHelilIero GpyHaaMeHTa ¢ PeIMKTaMU IPaHyJINTOBOTO KOMILIEKCa («IMOPUTOBBII» CIIOM
3eMHOH KOPBI); HIOBHBIE 30HBI MEXIY re00JOKaMH MO0 Te€OPU3MIECKUM JaHHBIM; 13 — MeXOIOKOBBIHA TTyOWHHBIA Pa3JIOM IO Ieo-
(U3UYECKUM JTaHHBIM.

Fig. Scheme showing the geological structure of Karelia.

1 — volcanic-sedimentary rocks of the platform cover (Riphean, Vendian); 2 — rapakivi granites; 3 — Early Proterozoic rocks of the
Ladoga geoblock; 4 — volcanic-sedimentary rocks of the protoplatform cover (Jatulian-Suisarian) that make up a volcanic-
sedimentary layer of the Karelian geoblock; 5 — Sariolian volcanic-sedimentary rocks; 6 - Charnockite intrusion. Upper Archean:
7 — plagiomicrocline leucogranite intrusions; 8 — magmatite-granites and migmatites evolving after the Lopian volcanic-
sedimentary cover; 9 — shallow-depth moderately acid granitoids (tonalities and plagiogranites); 10 — Lopian relict volcanic-
sedimentary rocks. Lower Archean: 11 — tonalite-gneisses and plagiogranite-gneisses of the oldest basement with relics of a
granulitic complex (“diorite” layer of the Earth’s crust); 12 — suture zones between the geoblocks, as shown by geophysical data;
13 — interblock deep fault, as shown by geophysical data.
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OnHOU M3 IEHTPAIBHBIX MPOOJIEM T'€OJIOrMU PAaHHEro JOKEMOpHs SIBIISETCS NpodJjieMa NMepBUYHON
NPUPOBI IUIOWAAECH KPaTOHOB MEXKAY 3elIeHOKaMeHHbIMU nosicaMu. B I{enTpansHoil yactu Kapenbsckoro
KpaToHa ATOW IUIONIAHA COOTBETCTBYET KpYITHAS PETHOHAIBHAS OTPUIATEIbHAS TPAaBUTAIMOHHAS aHOMa-
JUSL ¥ KYTOJIBHBIN XapakTep CTPYKTYp OOYCIIOBJICHHBINA MPOIECCAMU Pa3yIUIOTHEHHS MPU PETHOHATBHON
TPAHUTU3AIMH O3IHEAPXEUCKUX BYJIKAHOTCHHO-0CAIOYHBIX TOPOJI, OCYLIECTBIISIIOIICHCS B YCIOBUSAX CBO-
nmoBoro Bo3apiMaHus [3]. Ha ¢oHe oTpHIaTenbHOTO rpaBUTAMOHHOTO OIS JIOMHACKOTO BYJIKAHOTEHHO-
OCaJIOYHOTO YexJia OJIOKHM (yHIaMEHTa apXeUCKOW TpaHHUT-3eJIEHOKAMEHHOHN 001acTu (PUKCHPYIOTCS Clia-
OOTOJIOKUTENLHBIMU TPABUTAIIMOHHBIMUA aHOMAJIUSIMHU, IOCTUTAOIIMMHU B COBPEMEHHOM 3PO3HOHHOM Cpe-
3e 30 mri. dyHIaMeHT npeAcTaBiIeH IopoJaMu AHa(TOPUPOBAHHOTO TPAHYIIMTOBOIO KOMITIEKca (INOpH-
TO-THEHCaM1, TOHAIMTO-THEWCAaMU, TMHPOKCCHOBHIMH aM(PHOONIUTaMH C PEMKTaMH JIBYIHPOKCEHOBBIX
KPUCTAJUIMYECKUX CJIAHIICB M TUIIEPCTEH-OMOTUTOBBIX miaruorueiicos). [Ipu atom PT ycnoBus nmuadrope-
32 COMOCTaBUMBI C COOTBETCTBYIOIUMH YCIOBUSMH MPOTPECCUBHOIO PETHOHAIBHOTO MeTaMopdu3mMa Jio-
MAHCKOTO BYJIKAaHOTEHHO-0CAI0YHOTO 4Yexyia. VIHTEHCHBHBIA nuadTope3 TakKe CKa3hIBa€TCS Ha M30TOII-
HOM JIaTUPOBAHUM KOMILJICKCA ()yHJJAMEHTA, TaK KaK W30TOIHBINA BO3PACT €ro COBIAJAeT C BO3PACTOM TI'pa-
HUTU3UPOBAHHOTO JIOMMUUCKOTO BYJIKAHOTEHHO-OCAJOYHOTO YeXJa, COCTaBisAid mpeumyiiectBeHHO 2800-
2700 mnH. net. B Hacrosimiee BpeMs NOJYYEHBI JIMIb €AUHUYHBIE W30TOMHbIE JaTUPOBKHU ApeBHee 3500
MJTH. JIeT [5].

[IpucyTcTBHE B COBPEMEHHOM 3PO3MOHHOM Cpe3¢ KOMIUICKCA JPEBHEUIEro (PyHIaMEHTa CBUJIC-
TENBCTBYET O MPEUMYIIECTBEHHO BEPTHKAIBHBIX TIEPEMEIIEHUSIX U O CBSI3U T'€OIMHAMUIECKHX 00CTaHOBOK
C TIII00BO-BOJTHOBBIMH KOJI€0ATETFHBIMU JABIKEHISIMIL.

There are three major problems in the Late Archean granite-greenstone province of the
Fennoscandian Shield: 1) the genesis of greenstone belts; 2) relationship between greenstone belts and
surrounding granite gneiss areas; 3) the basement of the greenstone belts and its origin.

The nature of Late Archean greenstone belts (rifts, island arcs etc.) is the subject of debate, and
the genesis of the granite-greenstone province is a problem approached in different ways. Some authors
believe that it is a Late Archean granitized volcanic-sedimentary cover with relict greenstone belts. This
point of view is supported by the occurrence of amphibolized tholeiitic basalt flows, comparable in
chemical composition with greenstone belt basalts, among granite gneiss areas [4]. Furthermore, the
contacts of individual greenstone belts with surrounding granite gneisses have no distinct stratigraphic
position. The rocks involved in granitization processes are usually similar in composition, and dense
lava flow basalts are resistant to granitization and contact surrounding migmatized granite gneisses
almost everywhere, regardless of their position in the sequence, to create a relict pattern of greenstone
belts (see Fig.).

The geological pattern of the Lehta structure margin at the boundary with the Belomorian geoblock
is essential for understanding the structure and composition of the Late Archean granite-greenstone
province [2]. Here, breaking-up of the protocrust preceded the Belomorian-Kola arched uplift and the
Karelian subsidence domain, where a large shallow-water basin was formed. A ca. 1000 m thick pile of
terrigenous rocks, such as arkoses, arenites, siltstones etc., was deposited in the basin. Thick terrigenous
rock units pass laterally from the southern to the northern Belomorian suture zone into sedimentary-
volcanic and volcanic rocks.

The lithological characteristics of the terrigenous rocks suggest that they were formed under cyclic
transgressive-regressive sedimentation conditions accompanied by a general compensated warping of the
bottom of the shallow-water basin [1], and a thick terrigenous unit that forms the base of the granite-
greenstone province was produced by destruction of the sialic basement.

During sense-variable movement the Belomorian-Kola uplift-Karelian subsidence boundary zone
evolved initially as a gently dipping flexure bend and then in a left-hand shear regime. Combination of
radial and horizontal movements gave rise to major fault systems and extension shear zones obliquely
oriented to them, forming deep-seated (mantle) cracks. The boundary between rocks of the Belomorian and
Karelian geoblocks exhibits a cover-basement relation pattern. The Lopian cover pattern in the suture zone
is formed by alternation of graben-synclines and block-domal structures, whereas the Belomorian complex
has a composite-domal structure.
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Early Lopian supracrustal rocks in the territory discussed generally act as a sedimentary-volcanic
cover. In the modern structure of the eastern Fennoscandian Shield (see Fig.) the greenstone belts are
erosional-tectonic relict remnants of a regenerated cover.

One of major problems in Early Precambrian geology is the primary nature of craton areas
between greenstone belts. In the Central Karelian craton, a big regional negative gravity anomaly and a
domal pattern of structures produced by decompaction upon regional granitization of Late Archean
volcanic-sedimentary rocks under arched uplift conditions, correspond to such an area [3]. The basement
blocks of the Archean granite-greenstone province are indicated by slightly positive gravity anomalies,
up to 30 mgl in the present erosion section, against a negative gravity field of the Lopian volcanic-
sedimentary cover. The basement consists of rocks of a retrogressed granulitic complex (diorite-
gneisses, tonalite-gneisses, pyroxene-amphibolites with relics of bipyroxene schists and hypersthene-
biotite plagiogneisses), the PT- conditions of diaphthoresis being comparable to those of prograde
regional metamorphism of the Lopian volcanic-sedimentary cover. Intense diaphthoresis also affects
isotopic dating of the basement complex, because its isotopic age, dominantly 2800-2700 Ma, coincides
with the age of the Lopian granitized volcanic-sedimentary cover. Isotopic ages older that 3500 Ma
obtained so far are scarce [5].

The presence of the oldest basement complex in the present erosion section provides evidence for
dominantly vertical movements and the relation of geodynamic settings to block-undulatory oscillating
movements.
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«'paHUT-3€ICHOKAMEHHBIE CUCTEMBD?Y, T.€. COBOKYIIHOCTb 3€JI€HOKAMEHHBIX IIOSICOB M COIPSKCH-
HBIX C HUMH ()ParMEHTOB TIPAHUTO-THEHCOBBIX apeasyioB, SBISIOTCS E€CTECTBEHHBIMH, KapTHUPYEMbIMU
CTpyKTypamu. Bmecte ¢ Tem, 3TH CTPYKTypHhI, KaK IpaBUio, HE SBIAIOTCA (pparMeHTamMu €TUHBIX Te0TiHA-
MUYECKUX CUCTEM, FEHETHUUECKAs CBS3b BCEX UX KOMIIOHEHTOB JAJIEKO HE OYEBUIHA U B KaXJIOM KOHKDET-
HOM CIIydJae SIBISTCS MPEIMETOM CIENHaIbHBIX HCCIIEIOBaHUM.
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Knaccudukanusi rpaHUT-3eICHOMAaMEHHBIX CHCTEM BO3MOKHA Ha OCHOBE Pa3JIMUHBIX KPUTEPHUEB,
Han0oJee BKHBIMH U3 KOTOPBIX MPEACTABIISAIOTCS CIeyIOIIHeE

1) Ilo cooTHOMIEHUIO BpeMeHU (HOPMHUPOBAHUS COIPSKEHHBIX 3CICHOKAMEHHBIX W TPAHUTOMIHBIX
KOMILJIEKCOB (HAIIPUMET, «IICPBUYHBIC» U «BTOPUYHEIC) 3€JICHOKaMEHHEIE osca 1o: [1]);

2) 1o Habopy CTPYKTYpHO-BEIIECTBEHHBIX KOMILICKCOB, CIATAIONINX 3elICHOKAMEHHBIC (MaparHei-
COBBIC, CITAHIICBBIC) TOSICA M TCHETHYCCKH CBSI3aHHBIX ¢ HUMHU TpaHUTOHNIOB [2, 8, 10];

B npenenax deHHOCKaHIWHABCKOTO IIUATA 110 COOTHOIICHHUIO BPEMEHU (DOPMHUPOBAHUS COIPSHKCH-
HBIX 3€JICHOKAMEHHBIX U TPAHUTOUIHBIX KOMILJICKCOB BBIICIISIOTCS:

1. DHCUMaTHYECKHUE 3eJICHOKaMeHHBIE TTosica (HanpumMep, LlerrpanpHo-bemomopcknii [7], Konmose-
po-Bopouss u 1ip.);

2. DHcuannyeckue (Hanpumep, Boue-JlamOunckuii, MaTkanaxtiuackuit [4]);

3. Konnaxxu TeppeitHOB, T.e. TEKTOHHMYECKHM COBMEIICHHBIC (PparMeHTHl (OoJiblllas 4acTh MOS-
coB) [3].

[To Habopy CTPYKTYpHO-BEHIICCTBEHHBIX KOMILUIEKCOB, CIAralolIuX 3eJIeHOKaMeHHbIC (Taparnenco-
BbIC, CITAHIIEBhIC) TIOsCA!

4. CyOnyKuMOHHBIE BYJIKAHOT€HHBIE (OCTPOBOIYKHBIE U aKTHBHBIX KOHTHHEHTAJIBHBIX OKPanH) 00-
pa3oBaHwuS;

5. Oxeannyeckue acconuanuu (OQUOTUTHI, OKCAHMYECKHE IUIATO) C CUHXPOHHBIMH TPOH/IBE-
MHTaMH;

6. Aconuanuy mopojJ KOHTHHEHTAIFHOTO pU(TOTCHE3a;

7. KoMIuiekchbl 6acceiiHOB: MOJIACCOBBIE, ITyJUT-aIapTOBbBIE, PEAYyTOBEIC, 3a/yTOBbIE.

KoHkpeTHbIE TpaHUT-3eJICHOKAMEHHBIE CUCTEMBI, KaK MMPAaBUIIO, NPEACTABISIOT COOOM KOJUTAXHU U3
Pa3IMYHBIX KOMIUIEKCOB, CPEA KOTOPBIX BBIACISIOTCS IM0sicCa MOHOXPOHHEIE, T.€. COCTOAIINE U3 OJIM3KHIX
o0 BpeMeHH (popMHpOBaHUs KOMIUIEKCOB (Hampumep, Koctomykmickuii [3, 4], ¥ MONUXpOHHBIE, COCTOS-
[IMe U3 CYLIECTBEHHO pa3luYalonIuxcs mo BpeMeHu (Hanpumep, Ceepo-Kapenbsckuii [7], Bennosepcko-
Cerozepckuii [6]).

DopMHIpOBaHHUE OTIEIBHBIX 3€JIEHOKAaMEHHBIX (CIIAHIIEBBIX, TAPAarHEHCOBBIX) KOMILIEKCOB, O0OBEIN-
HEHBIX B COCTaB I'PAaHUT-3EJICHOKAMMEHHBIX CHCTEM, YaCTO MPOUCXOIMIO B OYCHD PA3HBIX T'€OAMHAMMYC-
CKHX 00CTaHOBKaX: CyOJIyKIIMOHHBIX (OCTPOBOAYKHBIX W aKTUBHBIX KOHTHHEHTAIBHBIX OKpaWHaX), CIIpe-
JIUHTOBEIX, TUTFOMOBBIX. Kpome Toro, paccMarpmBaeMble KOMIDIEKCHI IIPETEPIIEBAIOT MeTaMophUdecKre
npeoOpa3oBaHusl B X0JI€ aKKPEIIMOHHBIX M KOJUTM3HOHHBIX MPOIeccoB. bombinas yacTs (3a MCKIIOYEHUEM
JPEBHEHIINX ) IUPOKOTO criekTpa apxerckux rpanutonnoB (TTI, canykuTouabl, MIET0YHbIE TPAHUTOUIBI,
rpaHuThl) (GOPMHUPYETCS CHHXPOHHO C TEMH WM WHBIMH 3€JIEHOKAMEHHBIMH Komruiekcamu [5, 8, 11 u
CCBUIKH TaM]|.

®dopMHUpOBaHHE 3EJICHOKAMEHHBIX (MTAparHEWCOBBIX, CIAHIIEBBIX) KOMILICKCOB (DEHHOCKaHIMHAB-
CKOT'O IIUTAa IPOUCXOIUIO TUCKPETHO, B OCHOBHOM, B XOJI€ YEThIpE IMaBHbIX 31u304: 3,05-2,98 mupa. ner,
2,9-2,85; 2,82-2,78; 2,74-2,69 [8, 11]. Kaxnaplit 13 3MM30/10B 3aKaHUUBAJICS aKKPEIIOHHBIMH MPOIIECCAMH,
MIPUBOMBIIUMH K (DOPMHUPOBAHUIO HOBBIX (PparMEHTOB KOHTHHEHTAJILHOW KOPBI, XOTSI OTMEYAIOTCS U JH-
CTPYKTHBHBIE MPOLIECCHl B BHJIE KOHTHTEHTANbHOTO pudTorenesa [5, §].

OO0mas AMHaMUKa W TPOAOJDKUTENFHOCTh T€OJAMHAMUYECKHAX IPOIECCOB, 3aleyaTieHHBIX B KOM-
TUIEKCAaX apXeUCKHUX TPaHUT-3eJIEHOKaMEHHBIX crucTeM (DeHHOCKaHIMaBCKOTO IIWTA, CONOCTABUMA C IIHMK-
oM Buiicona [7]:

— HayvajJbHAas CTAJus, BO BPEMs KOTOPOWA, BEPOSTHO, IPOU3OIIEI Paciaj] «OCTpOBa CHaisy (BbIACI-
€TCsl ITI0 KOCBEHHBIM MTPHU3HAKAM ),

— paHHAA CTajs, BO BpeMs KOTOPOHW B 30HaX CYOIyKIUH (OpMHUpPYETCS HOBas KOHTHHEHTAJIbHAS
KOpa, B 30HaX CIpPENHTa U 33AyTOBbIX OacceifHax — OKeaHW4YecKas, a Mo BO3JeHCTBHEM IITIOMOB — BYJI-
KaHUYECKHE IIATO, MPOUCXOAT aKKPEIIMOHHBIE MPOIIECCHI;

— cpenHss (KOJUTM3MOHHAS) CTalIusl, KOTAa MPOUCXOJUT MHTCHCUBHOE B3aMMOJACHCTBUE KOHTHU-
HEHTAIBHBIX TJIUT (MW MUKPOIUINT), 3aKPBITHE OKEaHOB, (POPMHUPYETCS CTPYKTYypa KOHTHHEHTAILHBIX
0JI0KOB;

— TMO3MHSS CTaaus, BO BpeMs KOTOPOH MPOUCXOIUT KOJUIAC 0Opa30BaBIICHCS KOJUIM3WMOHHOW
CHCTEMBI;

— 3aKJIIOYUTENbHAsT CTaaus, XapaKTepu3yercs ci1adoi 3HIOTEHHON aKTHBHOCTHIO, MPEIIECTBYET
Hayaly HOBOTO IIMKJIA.
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[IponomxuTebHOCTh (GOPMUPOBAHNS KOHTUHEHTAIBHON KOPbI BOCTOUHOW YacTh DEeHHOCKAHIMHAB-
CKOTO IIHTa BO BTOPOH MOJOBHHE apxes B IEJIOM H €€ TJIABHBIX CTaIIi COMOCTaBUMa C UX MPOIOIIKUTEIh-
HOCTBIO B paMKaX KJIACCHYECKOTO MUKJIA BuicoHa: o0Imasi mpoIonKUTEIbHOCTE — OKOJIO 650 MiTH. JieT (¢
3,1 mo 2,5 mapn. ner), B TOM 4ucie, HadanbHas ctaaus — okojo 50 muH. ner, parsss — 330 miH. net (3,05-
2,72 mupa. net), cpennss (koumsuoHHas) — 30 muH. set (2,72-2,69 mupa. nert), mo3ausst — 110 muH. net
(2,69-2,58 mupa. met), 3akmrounTensHas — 80 murH. et (2,58-2,5 mupa. ner).

B pamkax apxeiickoro srana (unkia BuicoHa) pa3BUTHS KOHTHHEHTAJIBHOW KOPBI BOCTOYHON YacTh
DEeHHOCKAaHAMHABCKOTO IIUTA BBIICISCTCS JBa IUKIA BTOPOTO mopsaka (uuki beprpana no [9]): nepssiii
13 HUX TpoAonkuTebHoCcThio 200 MitH. neT (3,05-2,85 mupa. jeT) orBedaeT GOPMUPOBAHHUIO aKKPEITHOH-
HOTO oOporeHa B oOpamiieHnu Bojuio3epckoro MHUKpPOKOHOMHEHTa [6], BTOPOH MPOAOIKHUTENEHOCTHIO
300 mus. net (2,88-2,58 map. siet) — benomMopckoro KOUITM3HOHHOTO Oporena [7].

“Granite-greenstone systems”, i.e. greenstone belts combined with fragments of granite-gneiss areas,
are natural mappable structures. At the same time, these structures, as a rule, are not fragments of integral
geodynamic systems, the genetic relation of all of their constituents is not obvious and is the subject of
special studies in each particular case.

Granite-greenstone belts can be classified on the basis of various criteria. The most essential
criteria are:

1) Relationship between the time of formation of associated greenstone and granitoid complexes
(e.g. “primary” and “secondary” greenstone belts according to [1]);

2) A combination of structural-mineralogical complexes that constitute greenstone (paragneiss and
schist) belts and genetically related granitoids [2, 8, 10];

The following belts are identified in the Fennoscandian Shield on the basis of the time of formation
of associated greenstone and granitoid complexes:

1. Ensimatic greenstone belts (e.g. the Central Belomorian belt [7], the Kolmozero-Voronya
belt etc.);

2. Ensialic belts (e.g. the Voche-Lambino belt and the Matkalahta belt [4]);

3. Collages of terrains, i.e. tectonically overlapping fragments (most belts) [3].

On the basis of structural-mineralogical complexes that make up greenstone (paragneiss and
schist) belts:

1. Subduction volcanogenic (island-arc and active continental margin) units;

2. Oceanic associations (ophiolites, oceanic plateaus) with simultaneous trondhjemites;

3. Rock associations generated by continental rifting;

4. Basin complexes: molasse, pull-apart, fore-arc and back-arc.

The granite-greenstone systems discussed are, as a rule, collages of monochronous belts that consist
of complexes similar in the time of formation, e.g. the Kostomuksha belt [3, 4], and polychronous belts
made up of complexes that differ considerably in the time of formation, e.g. the North Karelian [7] and
Vedlozero-Segozero [6] belts.

Individual greenstone (schist and paragneiss) complexes that formed a part of granite-greenstone
systems were often generated in different geodynamic settings: subduction (island-arc and active
continental margin), spreading and plume. Furthermore, the complexes discussed have been
metamorphosed during accretion and collision processes. Most of various Archean granitoids (TTG,
sanukitoids, alkaline granitoids and granites), except the oldest granitoids, were formed simultaneously
with greenstone complexes [5, 8, 11 and references therein].

In the Fennoscandian Shield, greenstone (paragneiss and schist) complexes were formed discretely,
basically during four major episodes: 3.05-2.98 Ga, 2.9-2.85 Ga; 2.82-2.78 Ga and 2.74-2.69 Ga [8, 11].
Each of the episodes ended in accretion processes that gave rise to new fragments of the continental crust,
though destructive processes, such as continental rift formation, are also observed [5, 8].

The general dynamics and duration of geodynamic processes reflected in the complexes of Archean
granite-greenstone systems of the Fennoscandian Shield, are comparable with the Wilson cycle [7]:

- the initial stage, at which the “sialic island” must have disintegrated (identified by some indirect
characters);
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- an early stage, at which a new continental crust is formed in subduction zones, an oceanic crust is
produced in spreading zones and in back-arc basins, plumes give rise to volcanic plateaus, and accretion
processes take place;

- the middle (collision) stage, when continental plates (or microplates) interact actively, oceans are
closed, and the structure of continental blocks is formed;

- a late stage, at which the collision system formed collapses;

- a final stage, characterized by low endogenous activity, which precedes a new cycle.

The duration of formation of the continental crust in the eastern Fennoscandian Shield in late
Archean time and its major stages is comparable with their duration within the classical Wilson cycle: the
total duration is ca. 650 Ma (from 3.1 to 2.5 Ga), including the initial stage — ca. 50 Ma, the early stage —
330 Ma (3.05-2.72 Ga), the middle (collision) stage — 30 Ma (2.72-2.69 Ga), the late stage — 110 Ma (2.69-
2.58 Ga) and the final stage — 80 Ma (2.58-2.5 Ga).

At the Archean stage (Wilson cycle) in the evolution of the continental crust of the eastern
Fennoscandian Shield, two second-order cycles are distinguished (Bertrand cycle after [9]): the first cycle
that lasts 200 Ma (3.05-2.85 Ga) corresponds to the formation of an accretionary orogen on the Vodlozero
microcontinent margin [6], and the second cycle that lasts 300 Ma (2.88-2.58 Ga) that corresponds to the
formation of the Belomorian collisional orogen [7].
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B benomopckoit nposunnmn (bI1) ®ennockananaaBckoro mura (puc.l) Beyensiercs Llenrpanbho-
Benomopckuii 3eneHokamennslid nosic (LUB3I1), otnuuaromuiics ot Apyrux riyooxoMeTaMop(hU30BaHHBIX
3eJIeHOKaMeHHbIX nosicoB BlII, mpexxae Bcero Tem, YTo OH CI0KEH MPEUMYIIECTBEHHO MeTaMa(puUT-yIbTpa-
MapUTaMH C PEAKUM TPOCIOSIMHA M TUH30BUIHBIMU TEIAMU OPTO- U MaparHeiicoB, METaaHOPTO3UTOB, KOH-
Ye/IaHOB.

LB3I1, u3BectHbIi panee kak «LlenTpansHo-benomopckas maduueckas 30Ha» [1], mpeactasuser co-
0ol oHy M3 TeKTOHMYeCcKuX 1uiacTu, craratomux bII. Ha cxeme reonorndeckoro crpoenus BII (puc. 1) ot-
YETIIMBO BUJHO a3UMYTaJILHOE HECOIIACHE MEXJy pacCMaTpUBAEMOM CTPyKTypoil u UyNnuHCKUM maparsei-
COBBIM TIOSICOM, KOTOPOE PacCMaTPHBACTCS KaK pe3ysbTaT MOKpoBooOpa3oBaHus [1, 2 U CCBUIKK TaM], 4TO
XOPOIIIO COTJIACYeTCsl ¢ JAaHHBIMU cericMudeckoro npodummpoBanus (mpodunb 1-EB) [2 u cebutn Tam]. Tosic
npocnexuBaercst ¢ C3 Ha FOB ma 150-160 xm npu mmpuae 0.5-3.0 kM. B ero cocraBe BeigemnseTcss 4eThIpe
cTpykrypsl: Cepsakckasi, Hurposepckas, Jloyxcko-ITuzemckas n Hikemcko-OseHpe0cTpoBCKast.

Cepskckas cTpyKTypa nosica — 3T0 HanboJiee XOpOoILIo COXPaHUBILUICA, OOHAKEHHBIH U W3y4eHHbIH
[2-4 u cceiku TaMm] ero anemeHT. OHa mpocnexnBaercs 6oiee yem Ha 70 kM. B paiione 03. Cepsk B mosne
amM(puOOIUTOB 3aKapTHPOBAHO HanboJiee KpyrHoe (MomHOCThIO /1o 300 M) Teso ynbrpamaduToB. B amdu-
0oyMTax HEe YCTAaHOBJICHBI PEJIMKTHI IEPBUYHBIX TEKCTYP, MO3TOMY MX THUIIHM3ALUsS MPOBOIUTCA IO METPO-
rpaMuECKUM U METPOr€OXMMHUUECKUM ITPU3HAKAM.

Amduoonuter [[B3I1 mo 0coOEHHOCTIM XHMHUYECKOTO0 COCTaBa OTBEUYAIOT, INIABHBIM 00pa3oM,
0azanbTaM TOJEUTOBOW CEpUHU, CPEOU HHX OTMEYAIOTCS KaK BBHICOKOXEJIE3HCThIE, TAK U BRICOKOMAarHe-
3uajbHble pasHoBUAHOCTH [2, 3]. [lo xapakrepy pacnpenenenus P33 cpeau HUX BBIAEISIOTCS TPU pas3-
HOBUAHOCTH. MeTaba3anbThl NEpBOM TPYNIbI, XapakTepusymoueiics HenuddepeHIMpoBaHHEIM pac-
npenenenneM P33, OimM3Kku Mo cocTaBy K 0a3anbTaM CpEeJUHHO-OKEAaHMYECKHX XpeOTOB, HO Cped HUX
OTMEYEHBI TaK)K€ Pa3HOBUAHOCTH, oOeaHeHHble TP3D u BhICOKO3apsAHBIMHU 3JIEMEHTaMH, YTO Xapak-
TEPHO [UIsI TOJEUTOB OKEAHWYECKUX IUIaTO. AHAJIOIMYHbIE OCOOEHHOCTH MMEIOT Oa3uThl psiia TUIINY-
HBIX O(QHUOJUTOBBIX KOMIUJIEKCOB. ba3anbThl BTOpPOW TpymIbl, XapakTepusylommuecs AUQQepeHnnpo-
BaHHBIM CIIEKTPOM pacmpeaeneHus P30 ¢ Huszkumu copepkanusmu TP33, comoctaBuMel ¢ OazaibTa-
MH OK€aHWYeCKHX OCTpOBOB. [lopobl TpeTheil rpymbl, XapakTepusytomuecs odoramenuem JIP3D sB-
JSIIOTCS, BEPOSATHO, METACOMATUUECKU N3MEHEHHBIMH Pa3HOBUIHOCTSIMU.

Sm-Nd cucremarnka meradba3anbToB mosica (eng (2,85 mupn. ner) = + 2,3) [3]cBuaerenpcTByeT 00
OTCYTCTBMM KOHTAaMHHALIMH JPEBHUM KOPOBBIM BEILECTBOM IIPOTOJINTA 3TUX HOPOA, YTO TAKXKE COTJIACYeT-
Csl C TIpenroiokeHneM 06 nx popMHUPOBaHNN B OKEAHNYECKOWH OOCTaHOBKE.

Mertarumnep6a3uTsl pacCMaTPUBAEMOI0 Mosica MPEACTABICHBl allOJyHUTOBBIMH U anorapuoypru-
TOBBIMU CEPIIEHTUHUTAMH, METAOPTONMMPOKCEHUTaMH U aMpuboauTaMu. B cepneHTHHUTaX coXpaHs-
I0TCSI PEIUKTOBBIE 3epHa onuBHHA (86—-81% Fo), opronupokcena (89—85% En), mmuHenu (>kenesu-
cteiii peppuxpomut ¢ 21% Cr,0;). Onuunel u3 runepbasutos 03. Cepsak COMOCTABMMBI IO COCTaBy €

OJIMBUHAMHU KYyMYJISITUBHBIX NEPHUIOTHTOB TaO0pOUAHOTO KOMIUIEKCa O(HUOIIUTOB U C OJUBUHAMH TIIY-
OMHHBIX KYMYJISITHBHBIX IIEPUAOTUTOB [4].
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Puc. 1. Cxema reonorndeckoro crpoenust CesepHoit Kapenun [3].
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1 — nmaneomnporepo3soiickue (2,5-1,92 Mipx. 1eT) ocagouHbIe ¥ ByJIKaHOT€HHbIe 00pa3oBaHus; 2—5 — Heo- U Me3oapxeiickue: 2 — 3e-
JIeHOKaMeHHble KoMIuiekchl CeBepo-Kapenbckoli cucTeMbl 3eJIeHOKaMEHHBIX MOSCOB; 3 — maparHeicsl YynmuHcKoro nosca; 4 — aM-
¢ubonuTel u ynerpabazutsl LlentpanpHo-beromopckoro 3eneHokamennoro nosica (Ctpykrypsl nosica: C — Cepsikckast, H — Hur-
posepckas, JII1 — Jloyxcko-ITmzemckas, HO — Hmxemcko-OnenbeoctpoBckast); S — I'puanHCKON HeoapXeHCKHIA SKIOTUTCOAEpKA-
i komrwieke (I'K); 6 — pasrueiicoBannbie rpannTouasl 1 Murmatutsl BIIIT (2,9-2,7 mnpa. ner); 7 — apxetickue (3,2—2,7 mMipa.
net) rpauTonabl Kapenbckoro HeoapxeicKkoro KpaToHa; 8 - mpeanoaaraeMble HaaBHT .

Ha Bpe3ke. PacnionoxxeHue paccMaTpuBaeMoi TEPPUTOPUHU HA CXEME TEKTOHUUECKOTO paloHHpoBaHUs DEeHHOCKaH-
quHaBckoro mwmra. BIIIT — benomopckuit noaswxkHsii nosc, MK — Mypmanckuil Heoapxelickuit kpaTtoH, LIB3II —
HenTtpansHo-benoMopckuii 3eneHoKaMeHHBIN TOsIC.

Tpenas! n3MeHeHusT cocTaBa OOIBINEH YacTH yapTpaMadUTOB Tosica B KoopanHaTax MgO — metpo-
rerHble okucibl, Ni, Cr, Zr aHanornyHs! yasTpaMaduTaM THIIOBBIX O()HOIUTOBEIX KOMIUIEKCOB (haHEepo30st
U TIaJIeoNpoTePo30s [2, 3 U CChIIN TaM].

ITo comepxkanuto P30 cpenm rumep0a3uTOB BBIACISIOTCA TpH pasHoBHAHOCTU. OOpamiaet Ha
ce0s BHUMaHWE HaIMYHe CpeIu HUX pasHoBHAHOCTeH ¢ U-o0pa3HbIM pacmpenencHuem P33 [2, 3 u
ccoutku TaMm|. Ilopoasr Takoro cocraBa BCTpedaloTCs B yiabTpaMauTax O(QHOIUTOBBIX KOMILJIEKCOB
Vpana, Hosoit Kanenonuu, MopMya u CBA3BIBAIOTCSA C HEPABHOBECHBIM ILTABICHHEM MAHTHHHOTO
BEIIECTBA B PA3HOTIIYOMHHBIX YCIOBHSIX.

Sm-Nd wu30TOmHBIE XapaKTepUCTHKH THUIlepOa3uTa paccMaTpuBaeMoil accomuanuu (eng (2,85
MIIpA. JeT) = +1,9) UCKII0YaloT KOPOBYI0 KOHTAMHHAILIMIO U YKa3bIBalOT HAa X (OPMHPOBAHHE 3a CUET
JEIIETUPOBAaHHON MaHTUM [3], YTO TakX e COTJacyercsl ¢ MPEACTABICHUAMH O MPUHAJIEKHOCTH HX
OKEaHU4YeCKOU Kope.

Bpewmst popmupoBanus 6a3uT-runepOa3uTOBOM acCOIMAIMH OIMPEACIIeTCS TeM, YTO B TIOJIE €€ pas-
BUTHSI YCTaHOBJICHBI TEJla METaTPOHILEMHUTOB TOJIEUTOBOU cepun, U-Pb Bo3pacT KOTOPHIX (110 IUPKOHAM)
—2,88 £ 0,13 mapa. net [2 u ccbutn Tam]. KpoMe TOro, 3TOT KOMIUIEKC HHTPYAUPOBAH TEIaMU JUOPUTOB,
BO3pacT KOTopsIX — 2,85 £ 0,01 mupa. net [5].
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M3MEPCHUH Ha JHarpaMme).

g mpoBepKH MPEICTABIEHU O BO3pacTe M OKEAaHWYECKOW MPHUPOJE pacCMaTpHBAEOr0 KOMIUIEKCA
MIPOBEJICHBI TEOXPOHOJIOTHIECKHE MCCIIEIOBAHUS IIUPKOHOB, BBIIEICHHBIX U3 aM(pHUOOINTOB B OCHOBAaHUH
CTPaTOTEKTOHUYECKOro paspesa 0a3ur-runepba3uToBoro Komiuiekca B p-He 03. Cepsk. Cpean LHUPKOHOB
BBIJENSACTCS Ba MOP(HOJIOrHYECKUX THMA: 1) mpu3MaTH4decKkue, rpy0030HaNbHbIE, YACTO C TOHKONH OTOpPOY-
KO U 2) OKpYTJBIC, C IPEPHIBUCTON 30HATLHOCTHIO MaloypaHoBbie. O0e TeHepallnu HHTEPIIPETHPYIOTCS
Kak MeTamop(oreHHbsie. Bo3pacT IMPKOHOB paHHEW reHepaluy 110 BEPXHEMY MEPECCUEHHIO OLICHUBACTCS
B 2836+49 muH net, a mostooi — 1835 muH. net. B nopoaax He oOHapyKeHbI 3axBaueHHbIE HUPKOHBI. Ta-
KUM 00pa3oM, TIOTydYeHHbIE HOBBIE JTAHHBIE XOPOIIO COTJIACYIOTCS C AAHHBIMH O IOBEHWJIBHOUN OKeaHHde-
CKOMW TIpUpOJIe 3TUX TIOPOJ U O ME30apXeHCKOM BPEMEHH UX 00pa30oBaHUsl.

Takum oOpazom, 6a3utr-runepbazuToBeili kKoMIuieke LlenTpansHo-beroMopckoro 3en1eHOKaMeHHOTO
[0sICA COIIOCTABUM II0 NMETPOr€OXMMUYECKUM, N30TONHBIM (Sm-Nd) n HUPKOHOMETPUYECKUM XapaKTepH-
CTHKaM C TIOPOJaMH OKEaHHYECKHX CTPYKTYpPHO-BEIIECTBEHHBIX KOMILIEKCOB M MOXET pacCMaTpHBATHCS
KakK (hparMeHT Me30apXeHCKON OKeaHHYECKON KOPBHI.
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Penukt KunbnuchbsapBCKOTO 3€JI€HOKAMEHHOTO TMOsICa, UIMHOW 6 KM U IIUPUHON 10 3 KM, pacmoso-
xeH B C3 wactu OunisHauy, Ha BOCTOYHOM Oepery 03. Kuibnuewsipsu [1,3]. LlenTp yuacTka umMeer Koop-
nuHaTel 69°01'c.mn. u 20°53"' Boct.A. CeBepHOE OKOHYAHME PEIMKTA NEPEeKpbITo HAa rope CaaHa KajleqoH-
CKUM HaJBUTOBBIM TIOKPOBOM C KEMOPUICKHM OCaJOYHBIM aBTOXTOHOM B OCHOBaHHMH. MOIIHOCThH aBTO-
XTOHa He npeBbinaeT 200 M ¥ COCTOUT NMPEUMYILIECTBEHHO U3 INIMHUCTHIX CIAHIIEB, B BEpXHEH 9acTu pas-
pe3a ¢ TOHKUMH TpociiosiMu (MeHbIe 1 M) mecyaHuKoB. B HaJIBUTOBBIX TUTACTHHAX BCIOIY TPOSIBICHA WH-
TEHCHBHAs TMHEHHOCTD, yKa3bIBaromas Ha Haasuranue mactud ¢ C3 Ha KOB nox yrioom 3-10° (puc.1).

[lepBoHavanbHO Kpail HaIBUTOBOTO TIOKPOBA, BEPOATHO, HAXOAMJICS HECKOJIBKO I0ro-BocTouynee. He-
KOTOpBIE€ PEIUKTHl HA/IBUTOBBIX TUIACTHHOK, COCTOAIINE U3 KPEIKUX KBAPIIUTOB, BCTPEYAIOTCS HA BEPIIH-
Hax rop B 30HE 2-3 KM OT CIUTOIITHOTO Kpas HAaJBUTOB. B BepxHeil 4acTH HaIBUTOBOTO MIOKPOBa Ha F0)KHOM
ckioHe ropel CaaHa yCTaHABIMBAIOTCS BO3MOXHBIC IMpOsiBIeHHs HajaBuranus Hazan (back thrusting).
3nmeck yron Hajgsura gocturaer 15-16°. OTu ¢axThl MOKa3bIBAIOT, YTO MEPBOHAYAIBHO Kpail HAJBHUIOB,
CKopee Bcero, Haxoauiica He nanbiie 5-10 kv Ha FOB oT cBoeil HhIHEIIHEN TO3UIINH.

10.10. JlexToBaapa omucan KOpeHHbIE TOPO Ikl B KIIBMUCHAPBU U COCTABHII JIMCTHI T€OJIOTHIECKON
kapThl 1:100 000 [3]. CocraBuTenu reomorudeckoii kaptel Gunisaauu B Macimrade 1:1 000 000 [1] mox-
pasnenunn apxelckuil pyHZaMeHT N3yYeHHOTO y4JacTKa Ha JIBa KOMITJIEKCa: THeHChl OCHOBAaHUS U 3eJI€HO-
KaMeHHBIN Tosic. B rHelicax ocHOBaHUs 0ojiee MIMPOKOE pacpOCTPaHEHHE UMEIOT Cepble TPaHOIHOPHTEI,
TPaHUTOTHEWCHl U MUTMATUTHI, I KOTOPBIX ONpeAenseTcs Bo3pacTHOM uHTepBan 3,1-2,6 mupa. ner. B
AQHAJIOTMYHBIX TpaHoanopurax Ha Tepputopun lIBennu B 100 kM x FOB, ObLT MoMy4YeH W30TOMHBINA BO3-
pact 2,735 mupa. net [2]. Tunwaserii rpaHomquoput crabo oraeiicoBaH. [ paHUTOTHEHCH YaCTO MUTMAaTH-
3MpOBAHbI ErMaTOUIHBIMH, COACPIKALMIMH MYCKOBUT I'paHUTaMu. B rpaHonnopuTax W rHeWcOrpaHUTax
MUHEpaJIbHasl TUHEHHOCTh U MeJKasl CKIaA4aTOCTh BCTPEUAETCs OTHOCUTENBHO PEIKO U HE UMEET BBLIEP-
YKaHHOW OPUEHTHUPOBKH 10 BCEH M3YUEHHON TEPPUTOPHUU.

OTnenpbHBIE pelKre KCEHOTUTH aM(pHOOIUTOB BCTPEUArOTCA B THEHCOBOM KOMIUIEKCE Ha BCEH HM3y-
YEHHOW MJIOIIA/U, a TAKOM KPYMHBIN PEIUKT 3eJIEHOKaAMEHHOT0 Mosica Kak KunbnucwssapBckuii mosic u3Bec-
TeH B 3Tol yactu Ounnsaauu oauH. Ha reonornyeckoit kapre [1] KuiabnuchsapBckuii mosic OTHECEH K ap-
XEHCKHUM 3€JICHOKaMEHHBIM TTosicaM, ¢ Bo3pacToM 3,0-2,7 mipa. jteT. OCOOEHHOCTHIO TOsICa SIBIISIECTCS IITH-
pOKO€ pa3BUTHE KUCIBIX BYJIKAaHUTOB U OTCYTCTBHE TEPPUTE€HHBIX OCAJIKOB B pa3pese.

Kuciple ByIKaHUTHI PEACTABICHE MACCHBHBIMHU JIABaAMH, TUPOKJIACTUYECKUMU ITOPOIaMu, Tyhamu
1 Ty(OKOHTIIOMepaTaMu, KOTOPbIE BCTPEUaroTCcsl BMecTe. Ty(bl SBISIOTCS TOHKOCIOUCTBIMH MTOPOJIaMHU H
00pasyroT Mpocion, MOITHOCTEIO 10 2-3 M. B mosce BcTpedaroTcsl ByJIKaHUTHI BCEX COCTABOB, YIbTPAaoC-
HOBHBIE, OCHOBHBIE, CPEJHHE U KHCJbIe. B cpeaHnx BylkaHUTaX WHOTA HAOMIOAAI0TCSI MUHIAIEKaMEHHBIC
TeKkcTypbl. OCHOBHBIE BYJIKAHUTHI, HAPSITy C KUCIBIMH, SBIISTIOTCS Hanboliee pacrpocTpaHeHHBIMU. MecTa-
MU B HUX COXPaHWJINCH MOAYIIECYHBIMHA TEKCTYphl. OHH MPeCTaBIeHB B OCHOBHOM ILIaTHOKIIA3-POTOBO00-
MaHKOBBIMU ampubonmutamu. CoaepkaHue poroBoil 00MaHku MoeT npeBbimats 50%. PynasiMu MuHepa-
namu (0KoJ0 5%) 0OBIYHO SIBIIAIOTCS MAarHETUT M MIIBMEHHUT. AKIIECCOPHBIE MUHEPAJIBl — allaTUT U IIUPKOH
[2]. MectamMu TIpOSBISIOTCS MeNKHE 3epHa rpaHaTta. Kamerur oObrdeH m oOpasyer nedopMupoOBaHHBIC
JIMH3BI, MOITHOCTRIO 710 10 cM. BmecTe ¢ amuI0TOM ¥ TUTAHUTOM KaJIbIIUT BCTPEYaeTCs B U3MEHEHHBIX T10-
polax. B 0CHOBHBIX ByJKaHMTax MMEIOTCS IPOCIOH, MOILTHOCTBIO JI0 2-3 METPOB APKO-3€JEHBIX MarHe3u-
aIBHBIX aM(pUOOIHUTOB, KOTOPEIE 00Pa3yIOTCS OOBIYHO IO YIFTPAOCHOBHBIM PA3HOCTSIM.
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Puc. ['eonornueckas cxema peirkra KMIBIUCHAPBCKOrO 3eJICHOKAMEHHOTO Mosica (COCTaBJICHA C HCIIOIB30BaHUEM
kaptsl FO.1O. JlexToBaapa, 1994 [2].

1 — HaZBUTHU C TOPU3OHTOM JOJOMHTOBBIX MPaMOPOB B OCHOBaHMH; 2 — KeMOpuiickuil aBToXToH; 3 — nopdupuroBas aaiika; 4 —
naiiku rab0po-11ada3zoB; 5 — OTHOCUTENEHO MAaCCHBHBIE MUKPOKIMHOBBIE TPAHHUTHL, 6 — TPaHUTOTHEHCH (a) M TPaHOAUOPHTHI (B);
7 — OTHOCHUTENHFHO MAaCCHBHBIE KUCIIBIEC BYJKAHHUTHL; 8 — PrkaBO-Oypble OMOTUTOBBIE THEHCHI ¢ IPOCIOAMH TY(HOB U TY(HOKOHIIIOME-
patoB; 9 — cpeHUe U OCHOBHBIC BYJIKAHHUTBI, MECTAMH MHH/IAJICKAMEHHbBIEC WM C MOAYLICYHBIMH TEKCTypamu; 10 — yIbTpaoCHOB-
HBIE TIOPOMBL: MPOCION MarHe3nWadbHBIX aM(pHUOOIUTOB (a) U TENO TAIBKO-XJIOPHTOBBIX ciaHueB (b); 11 — rHelicoBHAHOCTS (a),
CJIONCTOCTH U IMHEHHOCTH (B).

Fig. Geological sketch map of the relict of the Kilpisjarvi greenstone belt (compiled with using the map of J.J.
Lehtovaara, 1994 [2]).

1 — thrusts with dolomite marble layer in the basement; 2 — Cambrian autochthon; 3 — dyke of porphyrite; 4 — gabbro-diabase dykes;
5 — comparatively massive microcline granite; 6 — granitic gneiss (a) and granodiorite (b); 7 — comparatively massive felsic volcanic
rock; 8 — rusty-brown biotite gneiss with tuff and tuff conglomerate horizons; 9 — intermediate and mafic volcanic rock, sometimes
with amygdaloidal or pillow-lava textures; 10 — ultramafic rocks: horizons of Mg-rich amphibolites (a) and body of talc-chlorite rock
(b); 11 — gneissosity (a), bedding and lineation (b).
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B prkaBo-0ypbIX MENKO3EpHUCTHIX OMOTUTOBBIX THelicax Ha FOB ckione ropel Caana, npsiMo Ha Ty-
PUCTHUYECKOW TPOTIe, HAMH BBISABJICHO COTJIACHOE TeJo, IIuHOM Oonee 50 M u mmpuHON 10 15 M, cephbIxX
TabKO-XJIOPUTOBBIX MOpoA. MecTaMu Ha TIOBEPXHOCTH MTOPOJBI UMEETCS CeTKa MEIKUX CEeKYIINX IreMaTH-
TOBBIX JKUJIOK, MOIIIHOCTBIO OT JI0Jiel MM /10 0J{HOTO cM. C KHCIIBIMH BYJIKaHHUYECKUMH MOpPOJIaMH CBsI3aHa
crnabas cyiapduaHas muHepaausauus. Ha nonxyoctpose CanMuBaapa MOIIHOCTE JIMH3 CIUIOMIHBIX MUPPOTH-
HOBBIX PYI AOCTUTaeT HECKOJIBKUX JIECSITKOB CAHTUMETPOB, a JAJIMHA — MEPBBIX METpoB. Menkas cyiabdua-
Has BKPAIJICHHOCTh HAa0JII0JaeTCA BO BCEX Pa3THEMCOBAHHBIX PA3HOCTAX KUCIBIX BYJIKaHUTOB.

Kunpnusipckuil 3e1€HOKAMEHHBIHA MMOSIC B FOX)KHOM 4acTH pas3fenseTcs Ha JBe BETBH. BocTouHas
BETBb MPOCTHUpAETCA B MpekHeM HarpasiieHuu, Ha FOB 155°, a 3amajiHasi BeTBb pe3ko MOBOPAYMBAET Ha
103 215°. Ha teppuropun llIBeninn 3ta BeTBh pociexkubactcs Ha KO3 eme okono 7 kM [4]. B CC3 BetBH
nopojsl umeroT npeumytiecTBeHHO C3 325-340° mpocTtupanue u kpyroe (55-80°) magenne Ha FO3. B 3a-
naaHoi BeTBH npeobnanaer C3 340°- CB 40° npoctupanue u najaeHue B I0XKHBIX pyMOax mox yriamu 38-
70°. IlouTH BCrOIy BCTpPEHUAIOTCS MENKWE CKJIAJKH M arperaTHas M MHHEpaJbHas JTUHEHHOCTH 0 KBapily,
MOJICBOMY ILTATy, OMOTHTY U amuOoiy. JINHEHHOCTh W MIAPHUPHI CKIAAO0K MOTPY>KAIOTCS IO YTJlaMH
36-54° B ocHoBHOM B 3ananHbix pymoOax (FO3-C3 255-280°). EctecTBeHHO, YTO TaKOH JIMHEWHOCTH HET HU
B KEeMOPHICKOM aBTOXTOHE, HU B KaJICIOHCKUX HaJIBUTaX.

ApxelcKkue TpaHOANOPUTHI, TPAHUTOTHEICH! M 3€J€HOCIIaHIIeBbIE TIOPOIBI CEKYT JaKH MAacCHBHBIX
Y OTHOCHTENBHO CBEXHX rab0po-a1nada3oB, MOITHOCTHIO OT 1 M 10 MEpBBIX AECATKOB MeTpoB. Jlaliku B oc-
HoBHOM C3 295-305° nmpoctupanus, najieHre MoYTH BepTHKabHOE WK 1o yriiom 80-87° na CB. Amodu-
OOJUTHI cedeT emne oaHa nopdupuToBas aaiika, ee nmpoctupanue CB 53°, magenne vHa KOB nox yriom 78°.

Metamopdu3M Opo/ 3eIEHOKAMEHHOTO T0sica ObIT OTHOCUTEIBHO cllalblid. [IlepBbie Menkue 3epHa
rpaHara MOsIBUJIMCH TOJIBKO B aM(uOonuTax, B KUCIBIX OPOAaX OHU HE BCTPEUEHBI. B KHCIBIX ByJNKaHU-
YEeCKHX MOpOoJiaX HayaJIbHbIE CTAAMU MUTMaTHU3alUM MOSBUIACH (OMOTHUTOBBIX THEHCOB) TOJIBKO YdacTKa-
MHU. YIIBTPaOCHOBHBIE, OOraThleé MarHHUEM Pa3HOCTH IPEBPAIIECHbI B TaNbK-XJIOPUTOBBIE CIAHLBI M CPEAH
amdubonauToB B 6orareie Mg amMpuO0omuTsl. DT0 (PaKkTHl MO3BONAIOT AENaTh BHIBOJ O TOM, YTO METaMOp-
(bu3M 3eTIeHOKaMEHHBIX TOPOJ HE MPEBBICHI YCIOBUHN 3MUA0T-aM(puO0IUTOBOH darum.

I'paHOAMOPHUTOBBIX KU M HEINOCPEACTBEHHBIX KOHTAaKTOB C 3€JIEHOKAMEHHBIM HOSCOM HE BbISBIIE-
HO, a Ta00po-aradazoBbIe JaliKM CEKYT KaK 3eJIEeHOKaMEHHBIE ITOPO/bI, TaK U IPaHoIuOpUTHI. OHM HIMPOKO
pacIpocTpaHeHsbl cpear apxelckux nopoa OeHHOCKaHAMHABCKOTO MuTa. Takue nosca 1aek BHEAPWINCH B
parHeM Tpotepo3oe [2]. 13 3Toro MokeT OBIThH CACIaHO 3aKIIOUCeHHE, YTO B paiione KmibnmuchapBu ocHO-
BaHHE KeMOpPHUICKOTO aBTOXTOHa (dAMakapckue oOpa3oBaHMsI B 3TOW 30HE OTCYTCTBYIOT) M HaJBHUTOBBIX
TUTACTUH COCTOUT M3 NMOPOJ apXEHCKOro rpaHUT-3€IEHOKaMEHHOT0 KOMILIEKca.

IloneBwie pabothl B paitoHe Kumsnuchsapsu Obutu mposeneHsl B 2002-2003 rr. mpu guHAHCOBON
nonaepxke LAPBIAT (rpant HPRI-CT-00132) u 2008 . mpu nognepxxke LAPBIAT 2 (rpant RITA—
CT-2006-025 969). O600mIcHrEe MaTepUaIOB TPOBOAUIOCH B paMKaX MpoekTa MUHUCTEPCTBA MPOCBeIIe-
Hus 1 Hayku OctoHuu SF0140093s08.

The relict of the 6 km long and up to 3 km wide Kilpisjarvi greenstone belt is located in the
Northwestern corner of Finland, on the eastern shore of the Kilpisjarvi Lake [1, 3]. Coordinates of its
center are 69°01° N and 20°53” E. The northern end of the relict is covered by the Caledonian nappes of the
Saana Mount with Cambrian sedimentary autochthon as there basement. The thickness of the autochthon
does not exceed 200 m and it is mostly composed of clayey slates with thin (less than 1m) sandstone layers
in the upper part. The nappes are everywhere lineated showing thrusting from NW to SE at angles 3-10°
(Fig.1).

Originally the edge of the overthrusted cover likely stayed somewhat to SE. Some relics of resistant
quartzite nappes are met on some hilltops to the distance of 2-3 km from the continuous thrust margin. In
the upper part of the thrust cover, on the southern slope of Saana Mount, there occur possible marks of
back thrusting and the thrust angle reaches here 15-16°. These facts show that the thrust margin was
probably initially located not more than 5-10 km to SE from the position of the contact on the present
ground.

J.J. Lehtovaara described the bedrock in Kilpisjarvi and compiled geological map sheets in scale
1:100 000 [3]. Compilers of the geological map of Finland in scale 1:1 000 000 [1] divided the Archean
basement of the studied area into two complexes, basement gneisses and greenstone belt. In the basement
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gneisses most common are gray granodiorites, granitic gneisses and migmatites 3.1-2.6 Ga in age. Same
type of granodiorite in Sweden, 100 km to SE from this area, gave isotopic age 2.735 Ga [2]. Typical
granodiorite is weakly gneissose. Granitic gneisses are often migmatized by pegmatitic, often muscovite
containing granites. Granodiorites and granitic gneisses sometimes occurs weak mineral lineation and
small scale folds, but their orientation change in the studied territory.

Single xenolites of amphibolite may occur in granitic gneisses everywhere in the studied area, but in
this part of Finland is found only one such large relict of greenstone belt as the Kilpisjarvi belt is. In the
geological map [1] the Kilpisjarvi belt is marked as Archean, 3.0-2.7 Ga old greenstone. The Kilpisjérvi
belt is unusual in high content of felsic volcanites and absence of terrigenic sediments in the sequence.

Felsic volcanic rocks are massive lavas, pyroclastic rocks, tuffs and tuff conglomerates.Tuffs and
tuff conglomerates occur together. Tuffs are thin-bedded and form 2-3 m thick layers. All compositions of
volcanic rocks, ultramafic, mafic, intermediate and felsic, are represented. In the intermediate volcanic
rock sometimes are met amygdaloidal textures. Mafic volcanites with occasional pillow structures are most
common. They are mostly plagioclase-hornblende amphibolites. Content of hornblende may exceed 50%.
Ore minerals (about 5%) are mostly magnetite and ilmenite. Apatite and zircon occur as accessory
minerals. Fine grained garnet occurs occasionally. Calcite is common occurring here and there as up to 10
cm thick deformed lenses. Together with epidote and titanite calcite characterizes altered rocks. In mafic
volcanite occur some 2-3 m thick bright green layers characteristic for Mg-rich hornblende. Usually such
amphibolites are altered ultramafic rocks.

In rusty-brown biotite gneisses on the SW slope of Saana Mount, exactly on the tourist path occurs a
more than 50 m long and up to 15 m thick concordant body of gray talc-chlorite rock. At places there is a
network of hematite rich veins, which are from parts of mm up to 10 mm thick. Within felsic volcanic
rocks occurs weak sulphide mineralizations. On the Salmivaara peninsula the thickness of pyrrhotite
mineralized lens is some tenths of centimeters and length some meters. Small grains of sulphides occur in
all gneissose felsic volcanic rocks.

In the southern part of the area the Kilpisjérvi greenstone belt divides into two branches. The eastern
branch continues in the same direction, SE 155° but western branch turns abruptly to SW 215°. This
branch continues to SW about 7km into Sweden [4]. In the NNW branch strike is NW 325-340° and dip is
to SW at angles 55-80°. In the western branch strike NW 340°- NE 40° is dominating and dip is 38-70° to
west. Small and middle scale folds and mineral lineation of quartz, biotite, feldspar and hornblende are
common. They plunge to SW 255°- NW 280° at angles 36-54°. Naturally, this lineation does exist neither
in the Cambrian autochthon nor in the Caledonian thrusts.

The Archean granodiorites, granitic gneisses and greenstones are cut by massive and comparatively
fresh looking gabbro-diabase dikes. Dikes are from one meter up to 40 meters thick. Their prevailing strike
is NW 295-305°, dip is near to vertical or 80-89°to NE. In the greenstone rocks was observed one dyke of
porphyrite with strike NE 53° and dip 78°to SE.

The metamophoses of the greenstone belt was comparatively weak. The first small garnet grains are
seen only in amphibolites. In the felsic rocks they were not seen. In felsic volcanic rocks first stage of
migmatization appears at places as biotite gneisses. Magnesium rich ultramafic rocks were altered to talc-
chlorite rocks and among amphibolites to Mg-rich amphibolites. These finds enables conclusion that
metamorphism in greenstone belt did not exceed conditions of epidote-amphibolite metamorphic facies.

No granodiorite veins or contact was found within greenstone belt rocks but gabbro-diabase dykes
cut both greenstones and granodiorites. They were widely developed in the Archean rocks of the
Fennoscandian Shield. These dyke swarms intruded in the Early Proterozoic [4]. It is concluded that in the
Kilpisjérvi region the Cambrian autochthons and Caledonian nappes have the basement composed of
Archean granite-greenstone complex.

Field work in the Kilpisjarvi area was done with financial support of the LAPBIAT (grant HPRI-
CT-00132) and LAPBIAT 2 (grant RITA-CT-2006-025 969). Data generalization was done in the frame
of the Estonian Ministry of Education and Research project SF0140093s08.
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SECULAR VARIATION IN ARCHEAN GREENSTONES
AND THE PUZZLING LACK OF INTERNAL UNCONFORMITIES
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B npoBunnnn Cronepuop 3eJIeHOKaMeHHBIE TOPOBI 00pa3yroT JIMHEHHBIE MMosca, KOTOPhIe OMOJIa-
JKUBAIOTCS. HAPYKY OT LIEHTPaJIbHOT0 MUKPOKOHTHHEHTAJIBHOTO fpa C BO3PACTOM OKOJIO 3 MIIpA. JIET.
3erneHOKaMeHHbIe CYONPOBHHIIMM Pa3/eIeHbl OMOJAKABAOIIMMHUCS K IOTY META0CaJIOYHBIMU CyOIpo-
BUHIUAMH. OTIENbHBIE 3eJIEHOKAMEHHBIE M0SICA COCTOSAT M3 OAHOW WM 0o0Jiee JTUTOTEKTOHWYIECKOH ac-
cormanuii ¢ BozpactoM oT 50 1o 300 muH. net. Takoil XxapakTep YepeayIOUIUXCs MOSICOB JOJITOE BpEeMs
paccMaTpuBalcsl KaK CBUAETEIbCTBO TEKTOHMKM IUIMT B apxee. TepcToH n Yusepc [1] JOKyMEeHTanbHO
MTOATBEPIMIN BO3PACTHYIO ITOCIEIOBATEIHHOCTh THIIOB aCCONMANNN 3€JIeHOKaMEHHBIX MOPOJ] MPOBHH-
uuu Cronepuop: 1) pannue (~3 MIIpA. J€T) MEIKOBOJHbBIE acCCOLUAINU, KOTOPBIE COEpkKAT KBapIEBbIE
apEeHMUTHI U HECOTJIACHO 3aJI€Tal0T Ha 3€JIEHOKAMEHHBIX IIOPO/IAaX WM TPAaHUTOMJIAX, IEPEKPHITHIX MEKO-
BOJHBIMH H OoJiee T1y0OKOBOJIHBIMU META0CaIKaMH, a 3aT€M IOABOIHAS KOMATHHT/TOJEUTOBAs TOJIIIA;
2) 6osiee mozmuaME (2.9-2.7 MiIpA. JIET) TIOABOIHBIE KOMATUUT-TOJICUTOBBIE TONINH; 3) B OCHOBHOM JTyTO-
BBIC TOJIIU C Bo3pacToMm 2.7 mipa. jeT u 4) no3auue (2700-2670 Mapa. €T ) U3BECTKOBO-IIECIOYHBIC U
IIEJIOYHBIE BYJKAHUTHI C aJUTIOBHAILHO- (DIIFOBHANBHBIMU MeTaocagkaMu. [lepBUdYHbIE TEKCTYPBI U Teo-
XUMHUYECKHE JaHHBIE TTO3BOJIAIOT MPEANOI0KNATh, YTO 3TH THITBI aCCONMANNN MPEACTaBISIOT COO0H Cco-
OTBETCTBEHHO: 1) MENKOBOAHBIE TIATHOPMBI C MOCIEAYIONIMM ILIIOMOBBIM BYJIKAaHU3MOM; 2) MOJBOJ-
Hble MapuUecKue PaBHUHBI, OTPa)KaIOIIKE MIIOMOBBIN BYJKaHHU3M; 3) B3aUMOJEHCTBHE JyTOBOIO U CBSI-
3aHHOTO C TUTIOMOM MarmMartu3ma #u 4) BOSHUKHOBEHHE MEIKOBOJIHBIX OacCeifHOB “Iysur-anapt” Mocie ak-
KpEeILWHU acCOIHaIuii ¢ 00pa3oBaHNeM 3eJIeHOKaMEHHBIX TIOSICOB.

ABTOXTOHHOMY pPa3BUTHIO CIIOCOOCTBYIOT: 1) accouuanuu B 3€JCHOKAaMEHHBIX I0s5ICaX, KOTOpBIE
CTaHOBSATCSI MOJIOXKE C YBEIMYEHUEM PACCTOSHHUS OT KPYIHBIX 0aTONHUTOB; 2) KCEHOKPUCTAIUIBI IIMPKOHA,
natupoBanHble U/Pb MeTonoM, B ByJNKaHWYECKHX TOJNIAX JAHHOTO 3€JIEHOKAMEHHOTO I0sica, OTpaKaro-
HIMe BO3pacT 0ojiee IPEBHUX BYJIKAHMYECKUX TOJII B TOM JKE 3€JIEHOKAMEHHOM Tosice; 3) KOHTaMHUHAIIHS
KOMAaTHHUTOBBIX M TOJEUTOBBIX TOJIL TPAaHUTHOW KOPOH; U 4) HaJMYUe HECOTIIACHA MEXIy acCOLHMAlMsIMU
3eJIeHOKaMEHHBIX TTOSICOB.

[TnardopmeHHBIE TOMIIM UMEIOT BO3pacT ~3 MIIPA. JIET B HECKOJBKUX Moscax (KpaToHsl Cronepuop,
Yepunmi, Munraps u Jlapeap); B OTAENBHBIX CIIydasX MOMy4eHBI BO3pacThl ~2.9 mupa. ner (BanTuiickuit
mwt), 2.83 mupa. net (npoBunius CrneriB) u 2.78 mupa. net (mpoBuHIus Croneprop), yKasbIBarolue Ha
nepuoanIHoCTh miatdopm B apxee B 100-300 miH. set. bimzocts maThopM ¢ BBICOKHM COICpIKaHHEM
KBaplia U TPAaHUTHBIX 0ATOTUTOB MO3BOJISET MPEANOIOKUTH, YTO MIATQPOPMEHHBIE ACCOLUAIIN MapKHUPYy-
10T yAaJIeHHe KPOBJIH OAaTOIUTOB U CBSI3aHHBIE C ATHM OPOT€HHBIE COOBITH. [IpocTpaHCTBEHHBIE CTPYKTY-
PBI TIOKa3BIBAIOT, YTO 3TH TUIAT(GOPMBI HAXOMATCS Ha OKpaWHaX BO3PACTHBIX PETHOHOB, HAIIPUMED, B MPO-
BuHIusax Cronepuop u Cneiis. [loaToMy naHHas NepUOIUYHOCTH CBA3aHA B OCHOBHOM C LIMKJIAMH HaKOII-
JICHUSI U pacIpOCTPaHEHHsI KOHTUHEHTOB [2, 3].

I'oBops Gonee moapoOHO, 3eI€HOKAMEHHBIE aCCONMAIUK 2-T0 W/UiK 3-r0 TUNOB (accommanuu “Ku-
BaTHH”) OOBIYHO COCTOST M3 0a3abHBIX MaQUUECKUX H YIbTpaMa@HUecKuX BYJIKAaHHYECKHX TOJII, Ha KO-
TOPBIX B 3-M THIIE 3aJIeTAIOT (eNb3uUecKUue U MUPOKIACTUIECKUE TONIIH, IPUYEM KPOBIsS 2-T0 U 3-T0 TH-
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OB CJIOKCHA KPEMHUCTBIM CIIAHIIEM W/WIIM JKEJIEe3UCThIMU KBapuuramu. Accoruaiyu “‘KusaTun” — 310 B
3HAYUTENFHON Mepe MOABOJHBIE ByJIKaHUYeCKre ToNmu. [leproanaHocTs cTpaTurpadudecKux W/uim Ju-
TOTEKTOHHYECKHUX TOJI 2-TO U 3-TO THUIIOB KOJIEOJIETCS OT OTHOCHUTEIIEHO KOPOTKHX WHTEPBAIOB [4], Ha-
npumep, 3-30 MITH. JIeT, MeKAy paBHO3HAYHBIMH TONIIAMH, 10 ~100 MIIH. JIeT MeXy paBHOLIEHHBIMHU TOJ-
mamu. bosiee kopoTkuii mepuoa B 00MKX YepTax CPaBHUM C MPOAOIDKUTEIBHOCTBIO (PENb3UUECKOrO U Ma-
¢udeckoro MarmMaTu3Ma, BKITIOYasi HEOOBIYHOE B3aUMOJIEHCTBHE MEXKIY TUTFOMOBBIMH M “IYTOBBIMH’ CHC-
teMamu. [{ukmmarocts B 50-100 MiTH. JI€T B HEKOTOPHIX 3€JICHOKAMEHHBIX TOscax B 0oJiee IPEBHUX KOM-
TUIEKCaX, BO3MOXKHO, MPEJICTABISIET cO00H MEePHOANYHOCTh OPOTEHHBIX COOBITHH. O3a1adnBaeT, OAHAKO,
o01m1asi MPOJOIKATENBHOCTD BYJIKAaHM3MA TOpsaka S50 MITH. JIET BO MHOTMX KPYITHBIX 3€JI€HOKAaMEHHBIX
mosicax (HampuMmep, B 3eJICHOKaMEHHOM Tosice AOuTuOm, nmpoBuHIMs CIOMEPHOP) IPH TAKOW CTpaTUTpa-
¢un, KoTopasi peAKO OTpaskacT TPAHCTPECCUBHBIE/PErPECCHUBHBIC IIMKIIBI (haHepO30HCKON cTpaTHrpadum.
Tem He MeHee, KeJIe3UCThIe KBapLUUTHI B KPOBJIE OOJBIIMHCTBA JINTOTEKTOHUYECKUX aCCOLUALNN, BO3MOXK-
HO, AayT OTBET Ha 3TOT BOMPOC.

JKenesucteie KBapUTHl 00pPa30BAINCH B OKEAHMUYECKOH 0OCTaHOBKE BJOJb XEMOKIIMHA MEXIy Oec-
KHCJIOPOJHON BBICOKOXKEJIE3UCTON TIyOMHHOW BOJIOW M KHCIOPOACOIEpXkalleld BBICOKOKPEMHHUCTOH MO-
BEPXHOCTHOH Boso#. TakuM 00pazom, kene3ucThie KBapIUTHI, BEPOSTHO, 00pa30BaIich Ha IIeib(e B WH-
TepBaJl BPEMEHH B T€YCHHE OJHOTO WM OOJIee ITUKIOB OTHOCHTEIHHOTO M3MEHEHHS yPOBHS MODS, KOTaa
YPOBEHb MOpS HaXOJUTCS HaJ KpaeM Hienb(da B TaHHOM JOKAIBHOM paiOHE, ¢ XeMOKJIMHOM Ha ITyOuHe
menb(ha, 4TO CO37alI0 YCIOBHS IS OTJIOKEHHUS JKEIEe3UCThIX KBapIHUTOB. B MHTEpBaI BpeMEHU B TeUEHHUE
OJTHOTO WK OoJiee IUKIOB OTHOCHUTEIBHOTO W3MEHEHHs YPOBHS MOpS, KOTJa YPOBEHb MOPS HaXOIHUTCS
HUKE Kpas mieibda, OTIOKEHHS KEJEe3UCThIX KBApIUTOB HE MPOUCXOAUT. [103ToOMy OOIIMpHBIE OTIIOXKE-
HUS JKEJIE3UCTBIX KBApUUTOB B 3€JEHOKAMEHHBIX MOsSCaX, COBMECTHO C NPOTEPO3OHMCKUMHU OpOTE€HaMH,
MIPENICTABIIIOT COOOM MEPUOANIECKYIO TPAHCTPECCHUIO U PETPECCHIO.

MBI H3yYHITH OTJIOKEHHUS KEIE3UCTHIX KBapLUTOB MOIIHOCTHIO ~50 M, clararolie KpoBIIO TOJIIH C
Bo3pacToM 2730 MIIH. JeT, Ha KOTOPOH 3ajieraeT ByJKaHH4YecKas Tojma ¢ BozpactoM 2710 miH. ner. XKe-
JIE3UCTHIE KBAPIIUTHI OTPAHUYEHBI CBEPXY U CHU3Y PUOIIUTAMH, TaTHPOBAHHBIMH YPaHOBO-CBHHIIOBBIM Me-
TOJIOM TI0 HUPKOHY, KOTOPBIE MMOKA3BIBAIOT, YTO YKEJIE3UCThIE KBAPIUTHI chopMupoBaivch 3a 0.5-6.7 miH.
neT. [To TeKCTYpHBIM U CTPYKTYpPhIM OCOOCHHOCTSM BBIIENISIOTCS MAaCCHBHBIE ITOPOJBI, KEIBAKU KPEMHHU-
CTOTO CJaHIa, CTPATU(HUIMPOBAHHBIE CIAHIIEBAThIE OPEKYNH, TeTEPOIUTHIECKHE OOJIOMOYHBIE MTOTOKH H
CBHUJIETENBCTBO JIOIMAT€HETHYECKOTO OKPEMHEHHS, IIPUYEM MEpPBUYHBIE TEKCTYPHI YKa3bIBAIOT Ha HArpy3-
Ky 1 00e3BokuBanue. OOIOMOYHBIC TOTOKH M TOPU3OHTHI KPEMHUCTON OPEKYMHU yKa3bIBAIOT HA MTHOBEH-
HOE OTJIOKEHHE; TAKUM 00pa3oM, KeJIEe3UCThIe KBApPLHUTHI MOKA3BIBAIOT, YTO OTIIOKEHUE MIPOUCXOIHIIO CO
CKOPOCTBIO Jioyiell MuimuMeTpa/roa. Cremysi METOAOJIOTHH WHTepIpeTanun bomxapa u np., [5], kpeMHu-
CTBIE CITaHI[BI UMEIOT HEKOTOPBIE OCOOCHHOCTH, yKAa3bIBAIOIIE HA THAPOTEPMATbHOE OTIOXKEHHE B MOP-
CKOM BOJIE WJIM OKPEMHEHHUE paHee CYIIECTBOBABLIMX MTOPOJ 3€IEHOKAMEHHBIX MOSICOB. XapaKTepHbIE 0CO-
OCHHOCTH KPEMHHUCTBIX OpeK4Hid, yKa3blBalolue Ha o0pa3oBaHHWE B MOPCKOW BOJE, TOBOPAT O TOM, YTO
OHH BO3HUKJIH ITyTeM (hOPMHUPOBAHUS KPETKUX KPEMHHUCTHIX MOPOJ B MEPHON HyJieBoro otioxkeHwus. [1o-
3TOMY CTPATOTEKTOHHYECKHE WIIH JTUTOCTPATHUTpaduuecKue acCOLUAIINH KEJIE3UCTHIX KBAPIIUTOB, TOKHO
OBITh, OTPaXKAIOT OYEeHb MEJICHHOE OTJIOKEHHE BO BpeMs IEPEPHIBOB B BYJIKAHUYECKONH aKTHBHOCTH, KO-
TOpbIe TPENCTABIAIOT HECOOTBETCTBUS WIIM TOIBOJHBIE HECOTIACHS B XOJE PAa3BUTHS 3eJI€HOKAMEHHBIX
TIOSICOB.

In the Superior Province, greenstones form linear belts which young outward from a central, ca.
3 Ga microcontinental nucleus. Greenstone subprovinces are separated by southward-younging
metasedimentary subprovinces. Individual greenstone belts consist of one or more lithotectonic
assemblages with an age span of 50-300 My. This pattern of alternating belts has long been considered
evidence for Archean plate tectonics. Thurston and Chivers [1] documented an age progression in
assemblage types of Superior Province greenstones: 1) early (~3Ga) shallow water quartz arenite-bearing
assemblages unconformably overlying greenstones or granitoids succeeded by shallow to deeper water
metasediments then a subaqueous komatiite/tholeiite unit; 2) later  (2.9-2.7 Ga) subaqueous
komatiite/tholeiite units; 3) mainly 2.7 Ga arc sequences and 4) late (2700-2670 Ga) calc-alkaline to
alkaline volcanics with alluvial-fluvial metasediments. Primary structures and geochemical data suggest
these assemblage types represent respectively: 1) shallow-water platforms followed by plume volcanism;
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2) submarine mafic plains reflecting plume volcanism; 3) the interplay of arc and plume-related
magmatism and 4) emergent to shallow water pull-apart basins produced after accretion of assemblages to
form greenstone belts.

Autochthonous development is favoured by: 1) assemblages in greenstone belts becoming younger
with increasing distance from major batholiths, 2) U/Pb zircon xenocrysts in volcanic units of a given
greenstone belt reflecting the ages of older volcanic units within the same greenstone belt, 3)
contamination of komatiitic and tholeiitic units by granitic crust, 4) the presence of unconformities
between greenstone belt assemblages.

Platformal units are ~3 Ga in several shields (Superior, Churchill, Yilgarn, Dharwar cratons) with
isolated examples at ~2.9 Ga (Baltic shield), 2.83 Ga (Slave province) and 2.78 Ga (Superior Province)
indicating a 100-300 My periodicity of platforms in the Archean. The proximity of the quartz-rich
platforms and granitoid batholiths suggests the platform assemblages may mark the un-roofing of
batholiths and related orogenic events. Spatial patterns indicate the platforms are at the margins of age-
based regions e.g. in the Superior and Slave Provinces. Therefore, this periodicity is most readily related to
cycles of continental aggregation and dispersal [2, 3].

In more detail, greenstone assemblages of types 2 and/or 3, (“Keewatin” assemblages), typically
consist of basal mafic to ultramafic volcanic units surmounted in type 3 by felsic effusive to pyroclastic
units, types 2 & 3 being capped by chert and/or iron formation. “Keewatin” assemblages are largely
submarine volcanic units. Periodicity of stratigraphic and/or lithotectonic units of types 2 and 3 ranges
from relatively short intervals [4] e.g. 3-30 Ma between equivalent units, to about 100 My between
equivalent units. The shorter period is broadly comparable to the duration of felsic and mafic magmatism
including the unusual interaction between plume and “arc” systems. The 50-100 My cyclicity in some
greenstone belts in older terranes probably represents the periodicity of orogenic events. However, the total
duration of volcanism within many major greenstone belts (e.g., Abitibi greenstone belt, Superior
Province) on the order of 50 Ma, with the stratigraphy rarely reflecting the transgression/regression cycles
of Phanerozoic stratigraphy, is puzzling, however, the banded iron formation at the top of most
lithotectonic assemblages may provide an answer.

Banded iron formation formed in an oceanic environment along a chemocline between anoxic, Fe-
rich, deep water and oxic, Si-rich surface water. Thus, iron formation likely formed on a shelf at oceanic
high stands with the chemocline at the depth of the shelf, permitting iron formation deposition. At oceanic
low stands, the chemocline is below the shelf and therefore iron formation is not deposited. Therefore,
extensive iron formation in greenstone belts, in common with Proterozoic orogens, represents periodic
transgression and regression.

We examined a ~50 m thick iron formation capping a 2730 Ma unit overlain by a 2710 Ma volcanic
unit. The iron formation is bounded above and below by U-Pb zircon-dated rhyolites which show the iron
formation represents 0.5-6.7 My. Textures and structures include hardgrounds, chert nodules, stratabound
chert breccia, heterolithic debris flows and evidence for pre-diagenetic silicification with primary
structures indicating loading and dewatering. Debris flows and chert breccia horizons represent
instantaneous deposition meaning the iron formation must represent deposition at rates of fractions of
mm/yr. Following the interpretive methodology of Bolhar et al., [5] the cherts have signatures representing
seawater, hydrothermal deposition or silicification of pre-existing greenstone belt rocks. The seawater
signature of the chert breccias indicates they originate by formation of siliceous hardgrounds during
periods of nil deposition. Therefore, assemblage or group-bounding iron formations must represent very
slow deposition during times of volcanic hiatus that represent disconformities or submarine unconformities
during greenstone belt development.
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[Taneoapxeiickass KOHTHHEHTAIbHAS KOpa CJIOXKEHA TIIaBHBIM 00pa30M CepOTHEHCOBBIMH KOMILIEKCA-
mu. [Ipeobiiagaroiime B UX COCTaBe MOPOJbI TOHATUT-TPOoHAbeMuUT-rpanoauopurooii (TTI) cepun obmna-
JAar0T OO0IMMH 0COOCHHOCTSIMHU COCTaBa, BKIIOYAIOIIUMH HPUHAUICKHOCTh K BEICOKOTTTMHO3EMHCTBIM TO-
HaJIUTaM ¥ TPOHIbeMUTaM, obemHenne TsoxensiMu P30 m Y, Beicokue La/Yb um Sr/Y oTHOmenus [2].
CornacHO PKCHEpUMEHTaIBHBIM JAaHHBIM TI0 TUIABJICHHUIO METaba3uTOB, JCTUIETHPOBAHUE TSDKEIBIMU JIaH-
TaHUJAMHU SIBIISICTCS CIEICTBHEM 0O0pa30BaHMs pacIulaBa B PaBHOBECHM C PECTHTOBBIM T'PaHATOM IPH
P > 15 k6ap, To ects npeanonaraet odpazoBanue TTI B pe3ynbpTare miuasieHus Ha riryouHax Oonee 40 kM.
l'eonunamuueckue ycnoBust popmupoBanusi apxeickux TTIT KOMIIEKCOB OCTarOTCs AMCKYCCHOHHBIMH.
PaccmatpuBatorcst 1Be anprepHaTUBHBIE Mojenu: (1) miaBneHne MeTaba3aabTOB MOTPYKAIOMIEHCS B 30HE
CyOJyKIIMY OKEAaHHYECKOM ITUTHI U (2) IJIaBJICHUE MeTa0a3uTOB B OCHOBAHUM YTOJIIEHHOW KOpkI [1, 2]. B
apXeUCKNX IPaHUT-3€JICHOKaMEHHBIX MPOBUHIMAX opoabl TTI™ KoMIUIeKCOB MpeACTaBIAIOT Kak IPaBUIIO
HauOoJee JpeBHHE aCCOIUAINH, TIOATOMY WHTEPIIPETAUs UX MPOUCXOXKIECHUS MMEET NMPUHIUITHAIBHOE
3HAYCHHE I TOHUMAHH 3BOIIONAN KOPbI 3TUX MPOBUHINHN U PEKOHCTPYKIIUU paHHEH HCTOPHH 3eMITH.

B roro-3amagnoit wactu Cubupckoro kpatona Lllapbpkanraiickuii BeICTyn (yHIaMEHTa NPOTATHBA-
ercsa Ha 350 kM oT pexu Oka J10 r0HOM yacTu o3epa baiikan. C ceBepo-3amajia Ha I0r0-BOCTOK HECKOJIBKO
CYTYpPHBIX 30H H pazioMoB pazuenstoT [llapepkanraiickuii BeicTyn Ha bymyHckuit 1 OHOTCKHIA TpaHUT-3€e-
neHokaMeHHble, Kuroiickuii u MpkyTHBIN rpaHyIuTOBBIe TeppeiHbl. [lopoabl ceporHeiicoBoro komriekca
B OHOTCKOM U BynyHckoM TeppeliHax ciararoT JIMHEHHO-BBITSHYThIE TEKTOHHUYECKHE OJOKU U MJIaCTHHBI,
YepeayIoIrecs CO CTPaTU(UITMPOBAHHBIMU U B PA3IMYHON CTENEHH Ae()OpPMUPOBaHHBIMUA META0CaI0YHO-
BYJIKAHOT€HHBIMH OTJIO)KEHUSIMHU 3€JI€HOKaMEeHHBIX M0sicoB. B OHOTCKOM OioKe TaneoapXeHcKuil KoM-
IUIEKC BKJIIOYAET Mpeoliafaroniie rHeiCOBUAHBIE 10 MAacCUBHBIX TPOHABEMUTHI NEPBUYHO WHTPY3UBHOU
TIPUPOJIBI, COJEPKAIINE PENUKTHI IIaruorHeiicoB u amdudonmntos. CornacHo pesynsratam U-Pb matupo-
BaHUS €MHUYHBIX 3€PEH MUPKOHA MPOTOJIUTHI MJIATHOTHEHCOB TPOHIBEMHTOBOTO COCTaBa MMEIOT BO3PACT
3386+14 muH. ner. [Inarnoraeiicel oOHapyXHUBatoT Bce uepThl nopoj apxeiickux TTI cepuit [2], BKIIIO-
Yarole HU3Koe cojepkanue Tsoxensix P30 u Y, dpakunonnpoBannoe pacnpenenenue P33 (La/Yb,=20-
55) u BeIcOKOE S1/Y(23-66). CeporHeiicoBblii KoMmIuieke byyHCKoro Oioka CIOXEH IUIaruorHeiicaMu, ux
MHUTMaTU3UPOBAaHHBIMH PA3HOCTSAMHU M TMOJYMHEHHBIMU THeWcorutarnorpanutamu [4]. IlpeoOnanaromue
IJIATMOTHEWCHl M MJIarMOTPAaHUTOMIBI COOTBETCTBYIOT TPOHABEMHUTAM M pPEXKE TOHAINTAM C BBICOKUMH
La/Yb, (23-66) u St/Y (27-135) otHomenusmu. Peqko BeTpevaromuecs TIariorHelickl MeTaaH1e3uT-prHo-
JAITUTOBOM acCOIMAINN OTIMYA0TCS oHmwKeHHbIME La/Yb, (7-32) u St/Y (11-24) u otueTuBeiM Eu Mu-
HumMyMoM (Eu/Eu*=0.5-0.7). ITo nanneiM U-Pb natuposanust (SHRIMP 1) npotonuTsl rHEHCOB U TpaHu-
TOB TOHAJIUTOBOTO W TPOHABEMHUTOBOTO COCTaBa OBUTH C(HOPMUPOBAHHEI B Tajieoapxee B pe3yibTare ABYX
JUCKPETHBIX 3MM3040B MarMaTu3Ma 333018 u 324748 muH. net u Mmeramopdu30BaHbl ~3,2 MIIPJ. JIET Ha-
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3an [4]. MarmaTudeckue sjpa UpKOHa U3 THEHCOB METaaHIe3UT-PHOJAIIUTOBON aCCOIIUAIIUN UMEIOT BO3-
pact 330617 1 0AHOBO3PACTHBI C IUPKOHOM M3 IJIaTHOTPaHUTOB.

[Ipeobnanaronyie BBHICOKO-Al IIarMOrHEWCH M IMJIArHOTPaHUTHI, MMEIOLIME IMPEUMYLIECTBEHHO
TPOHIILEMHUTOBBIH COCTaB M CHWJIBHO JCIUIETUPOBAaHHBIE TsoKensMU P30 u Y, dopmupoBanuchk npu BbICO-
koM P (= 15 kbap) c oTnenenueM amduOOI-rpaHaT-KIMHONUPOKCEHOBOro pectuta. B BymyHckoM Onoke
IUTA TIOPOJ] METaaHe3UT-PUOJAIINTOBON accolannu, odeqHeHHbIx Sr u Eu, ciemyer npeamnonarats mias-
neHre 0a3UTOBOTO MCTOYHHMKA NMPH HU3KOM JaBJICHUH B PAaBHOBECHH C IUIATMOKIIA30M WJIM MaJoOTIyOHH-
Hyo auddepeHnmaniio 6a3aabToBOro paciuiasa. Bee moponsl ceporHeiicoBoro komiiekca bymyHckoro
Osoka xapakrtepusytorcs Tyg(DM) B nuamazone 3,3-3,5 MuIpi. JIeT U BEJIMYUHAMH €ng OT —1 10 +3,1. Tpe-
HUMYIIECTBEHHO TOJIOXKHUTEIbHbIE 3HAYEHNUS E€ng CBUAETEIHCTBYIOT O IOBEHWJIBHOM XapakTepe mnajeapxeii-
CKOTO KOMILIEKca, c()OPMUPOBAHHOTO TIaBHBIM 00pa3oM 3a CHeT IUIaBJieHHS MapUUECKOW KOPBI, MPOH3-
BOJIHOM JeTNIETUPOBAHHON MaHTHH. DTO COTJacyeTcs € MOJO0KHUTEIbHBIMH €y B LUPKOHAX JUIS ABYX 00-
pasuoB nopox u3 TTI" kommiekca. Bappupyronuii Bkinazn 6osnee IpeBHET0 CHAIMYECKOro MaTepHuajia BO3-
MO>KEH JIMIIb 711 TPOHABEMHUTOBBIX TUIATMOTHENCOB € JMAa30HOM 3HaYEHUH eng OT —1 110 2,1, cyad mo Be-
mmanHe T(DM) Bo3pacTt npeBHEro KOpoBOTO UCTOYHHKA COCTaBIsuT He MeHee 3,5 mupa. set. [lopogsr TTT
cepun 3 OHOTCKOTO OJIOKa XapaKTEpU3YIOTCS B IeJIOM O0Jiee HU3KHUMH 3HAYCHUSIMU €ng (0T —0,4 10 1,2),
YTO CBUAETENILCTBYET O PELUKIMHIE KOPBI C BO3pacTOM ~3,5-3,6 MIIpJI. JIET IpH UX 00pa30BaHUH.

AJIAKMTOBBIE MarMbl, 0Opa3yroIIUecs MyTeM IUIaBICHUS 0a3aJIbTOBOM YaCTH IOTPYXKAIOLIETOCs CII3-
0a, xapakrepusytorcs oam3kumu K NMORB BBICOKHME MOTOKHUTENBHBIMU 3HAYCHUSAMH €ng [3]. YuacTue
IpeBHETO KOpoBoro Matepuaina B reHesuce TTI roro-zamamgHoii okpamasl CHOMPCKOTO KpaToHA HE COTJa-
cyeTcs ¢ UX o0pa3oBaHMEM IyTEM IIaBleHUs cid0a. JpyruM MOAXOSIIUM CIeHapUeM i GopMUpoBa-
Hust TTD moxer OBITH IUIaBJICHHWE KOPHEBBIX 30H YTOJIIEHHOH KOPBI, MPEACTaBICHHONW OKEaHMYECKHM
IUTaTO WJIM HArPOMOXKIEHNEM (pparMeHTOB OKCaHWIECKOU 1 cuaandyeckoil kopsl. [lnaBieHue okeaHnaecko-
ro IJato MpeAronaraeTcs Juis oOpa3oanus Oatonura ApyOa B KapuOckom okxeaHudeckoMm miato [5].
IIpomer TTT" kommurekca OHOTCKOTO OJIOKA, MMEIOITNE HU3KUE Eng U 0OCTHEHHBIC TSHKENBIMU P33, MoryT
OBITh MHTEPIPETHPOBAHBI KaK pe3yJIbTaT IUIABJICHHUS B OCHOBAaHHHM MOIIHOW KOPBI, COCTOSIIICH M3 cMecu
Ma(HUYECKOTO M JPEBHEr0 CHAIMYECKOr0 KOMIOHEHTOB. B ByiyHckoMm Onoke omHOBO3pacTHOCTH (~3,3
MJIPZ. JIeT) IUIarMOTHEHCOB METAaaHAE3UT-PHOAALUTOBON aCCOLMALUK M IUIarHOrPaHUTOB, 0Opa3oBaHME
KOTOPBIX Ipoucxoamno npu pasHelx P-T ycnoBusx (< 8kbGap m = 15 x0ap), CBHIETEIBCTBYET B HOJIB3Y
TUTaBJICHHSI HAa Pa3IMYHBIX TIyOMHAX yTONIEHHONH MaUIecKOil KOPBI, KaK 3TO MPEANoaaracTcst sl BBICO-
ko- 1 HuzkormHo3eMucThiX TTT Teppeiina Bocrounas [Munbapa, Ascrpanus [1]. M30oTonmHble NpU3HAKK
KOpOBOM KOHTAaMHHAIMH, YCTAaHOBJICHHBIE ISl MPEo0Iagalonux IariorHelcoB TPOHABEMUTOBOIO COCTa-
Ba, TIO3BOJISIIOT TAKXKE MpeAroaraTh Hanuuue (parMeHToB ApeBHEro (= 3,5 MIIpI. JIeT) CHATMYeCcKOro Ma-
Tepuaa, a cle10BaTesIbHO (JOPMHUPOBAHHUE YTOJILEHHON KOPBI B PE3yJIbTaTe TEKTOHUYECKOTO CKyUHBaHMUS.

KoneuHo, TONBKO re0OXUMHYECKre U U30TOIHbIE JaHHBIE HE MOTYT OBITh MCTIOIB30BAHBI ISl PEKOH-
CTPYKIMH TEKTOHHYECKUX OOCTaHOBOK OOpa3oBaHUs IMOPOJ| ManeoapXxeHCKUX CEpOTHEHCOBBIX KOMILICK-
coB. Bmecte ¢ TeM, pe3yibTaThl UCCIICAOBAHUS TIOPOJ CEPOrHEHCOBBIX KOMIUIEKCOB FOTr0-3allaIHON 4acTu
CubupcKkoro KpaToHa CBHAETENHCTBYIOT O NMPUMEHUMOCTH MOJENW IUIaBJICHWS Ha PA3MYHBIX YPOBHSIX
YTONIIEHHON Kopbl a7t popmuposanus apxeiickux TTI. M30TomHbIe MPU3HAKKA TPUCYTCTBUSI CHATMYECKO-
ro Marepuaja B HICTOUYHHMKE PACIUIaBOB YKa3bIBAIOT Ha PEUUKIMHT OoJjiee ApeBHEN KOPHI IpHU POpMUpPOBa-
HUU 10poJ naneoapxeickux (~3,4-3,3 mupa. ner) TTIT komruiekcos.

Pa6ora BemonueHa mpu noaaepxke PODU, rpant 09-05-00382.

The Paleoarchean continental crust is largely formed by grey gneiss complexes. Rocks of tonalite-
trondhjemite-granodiorite (TTG) series are predominated and share compositional feature. They
correspond mainly to high-alumina tonalities and trondhjemites, are depleted in HREE and Y and have
high La/Yb and Sr/Y values [2]. According to experimental data on metabasite melting, HREE depletion of
TTG is resulted from melt generation in equilibrium with residue garnet at >15 kbar, i.e. genesis TTG is
suggested to be the result of melting at depth over 40 km. The geodynamic conditions of formation of
Archean TTG complexes are still disputable. Two alternative models are considered: (1) the melting of
metabasalts of the descending oceanic plate during subduction and (2) the melting of metabasites in the
basement of the thickened crust [1, 2]. Within the Archean granite-greenstone provinces the rocks of TTG
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complexes are the most ancient assemblages so interpretation of their genesis is critical for our
understanding of crustal evolution and Earth’s early history.

In the southwestern part of the Siberian craton the Sharyzhalgai basement uplift extends for 350 km
from the Oka River to the south part of Baikal Lake. From NW to SE, several suture zones and faults divide
the Sharyzhalgai uplift into the Bulun and Onot granite-greenstone and Kitoy and Irkut high-grade domains.
Rocks of grey gneiss complex in the Onot and Bulun domains compose linear tectonic slices and sheets
alternating with stratified and differently deformed metasedimentary-volcanic greenstone sequences. In the
Onot domain the Paleoarchean complex includes predominant gneissic to massive trondhjemites of initially
intrusive nature with relics of biotite (thornblende) gneisses and amphibolites. According to U-Pb dating of
single zircon grains, the age of plagiogneiss protolith is 338614 Ma. The plagiogneisses share all features of
typical Archean TTG series [2], such as low HREE and Y, strongly fractionated REE patterns (La/Yb,=20-
55) and high St/Y ratios (23-66). The grey gneiss complex in the Bulun domain composed of plagiogneisses,
their migmatized varieties, and subordinate plagiogranitoids [4]. Predominant plagiogneisses and
plagiogranites correspond to trondhjemites and, more seldom tonalities with high La/Yb, (23-66) and Sr/'Y
(27-135) ratios. Plagiogneisses of metaandesite-rhyodacite association differ in lower La/Yb, (7-32) and St/Y
(11-24) ratios and distinct Eu minimum (Eu/Eu*=0.5-0.7). Based on U-Pb dating (SHRIMP II) protoliths of
gneisses and granites of tonalite and trondhjemite composition were formed in the Paleoarchean as a result of
two dicrete magmatic events, at 333018 and 324718 Ma, and their metamorphism and migmatization took
place at ca 3.2 Ga [4]. Magmatic cores of zircon from gneisses of metaandesite-rhyodacite association yield
age of 33067 Ma and are coeval to plagiogranite’s ones.

The prevailing high-Al gneisses and plagiogranites, having mainly trondhjemite composition and
strongly depleted in HRE and Y, were formed at high P (> 15 kbar) with the generation of amphibole-
garnet-clinopyroxene residue. In the Bulun domain the rocks of metaandesite-rhyodacite association
depleted in Sr and Eu might have been formed from mafic sources in equilibrium with plagioclase at low P
< 8 kbar or through shallow-depth differentiation of basaltic melt. In the Bulun block all rocks of grey
gneiss complex are characterized by a model Tng(DM) age of 3.2-3.5 Ga and &g values from —1 to to +3.1.
The mainly positive eng values indicate the juvenile character of the Paleoarchean complex, which is
resulted mainly from the melting of mafic crust, a derivate of the depleted mantle. It is confirmed by
positive eyr values in zircons of two samples from TTG complex. The varying contribution of the ancient
crustal material is possible only for trondhjemitic gneisses with the range of exq values —1 to 0.8. Judging
from the Tyg(DM) values, the age of the ancient crustal source was no younger than 3.5 Ga. In the Onot
domain TTG rocks show lower enq values (-0.4 to 1.2), which indicate the recycling of crust with age of ca.
3.5-3.6 Ga during their formation.

Adakitic magmas formed via melting basaltic part of descending slab show similar to NMORB high
positive eng values [3]. In the case of the southwestern Siberian craton, contribution of ancient crustal
material in TTG genesis does not conform a slab origin for TTGs. Other acceptable tectonic scenario for
Archean TTG origin might be the melting of the root zones of thickened crust represented by oceanic
plateaus or stacking of the oceanic and sialic crust fragments. Melting of oceanic plateau was suggested as a
possible origin for Aruba batholith in the Caribbean oceanic plateau [S]. The TTGs of the Onot grey gneiss
complex, having low eyg values and depleted in HREE, are may be interpreted to have resulted from the
melting at the basement of thickened crust, consisting of a mix of mafic and ancient sialic components. In the
Bulun domain the same ages (ca. 3.3 Ga) of plagiogneises of metaandesite-rhyodacite association and
intrusive plagiogranites that formed under the different P-T conditions (< 8 kbar and > 15 kbar) argue for
melting at different depth of the thickened mafic crust such as it is suggested for high-Al and low-Al TTG of
the East Pilbara terrane, Australia [1]. The crustal contribution established for prevailing plagiogneisses of
trondhjemite composition from isotope parameters suggests the presence of fragments of ancient ((= 3.5 Ga)
sialic material and, hence, the formation of thickened crust as a result of tectonic pilling-up.

There is no doubt that only geochemical and isotope data can not be used to constrain tectonic
settings of the Paleoarchean grey gneiss complexes. However, the data on grey gneiss complexes of the
southwestern Siberian craton show that melting of the thickened crust at the different depth may be an
appropriate model for the Archean TTGs. Isotope indicators of the sialic material in the melt sources argue
for recycling more ancient crust during formation the Paleoarchean (ca. 3.4-3.3 Ga) TTG complexes.

This study has been supported by Russian Foundation for Basic Research grants 09-05-00382.
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IBOJIIOIUA 3AHAI[HO-KAPEJIBCKOI71 INPOBUHIINN B APXEE
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ARCHAEAN EVOLUTION OF THE WESTERN KARELIAN PROVINCE

Holttd P.
Geological Survey of Finland, Espoo, Finland, pentti.holtta@gtk.fi

3anagHo-Kapenbckuil KOMIUIEKC (TeppeiiH) BKIOYaeT B ceOs 3HAUYUTENbHYIO YacTh BocTouHoi
OuHISHINY B KpaifHIow 3amagHyro 4acTh Poccuiickoit Kapenuu. 3meck nmpeobiagatoT MUTMaTUTOBBIC
TOHAIAT-TPOHABeMUT-TpaHonoputoBbie (TTI) oprorueiics n ampuOOIUTHI, a B 3aIaAHON YaCTH — U3-
BECTHBI BBIXOJBI TOPOJ IPaHyJIUTOBON (aluy CpeIHUX W HU3KUX AaBieHud. CeficMuyecKue NaHHBIE O
CTPOSHUHU KOPBI, a TAK)KE JTAHHBIE O CTPOCHHH KOPEHHBIX MOPOJ MO3BOJISAIOT MPEANIOIOKUTh, YTO TIPH-
MepHO 2.70 MIpa. JIET Ha3aa B XOJ€ MO3MHEH OpOreHHOH nedopMamy UMeIIn MECTO HaJIBUTO00pa3oBa-
HUeE U TpaHcIpeccHs. MaccomnepeHoc MPOUCXOANI B CEBEPO-BOCTOUYHOM U IOTO-BOCTOYHOM HaIlpaBJIeHH-
ax. [lonydyeHHbIe DaHHBIE MOKa3bIBAIOT, YTO 3amaaHo-Kapenbckuil KoMIulekc (TeppeiH) HagBUHYT Ha
HenTpanbHo-Kapenbckuili. B 3eneHokaMenHbix mnosgcax WMimomantcu u Xemosepcko-bolblieo3zepckoM
[enTpanbHo-Kapenbckoro koMiiekca (TeppeiiHa) yCTaHABIUBAETCsA OOJIBIIOE KOJMUYECTBO I'PAYBAKK H
BYJIKAHMYECKUX IMOPOA 0a3anbT-aHAE3UT-JallUuT-PUOJIMTOBONH CepUU ¢ Bo3pacToMm 2.74-2.72 mupa. 7T,
cthopMupoBaHrE KOTOPHIX MPOUCXOAMIIO B OCTPOBOIYKHOW 00CTaHOBKE, TOT/1a KAK OCHOBHEIE BYJIKAHH-
YecKre TIOpObI B 3eIeHOKaMeHHBIX mosicax Koctomykmicknit 1 Kyxmo 6o0sbIie cociocTaBUMBI C  Mar-
MaMu IUIFOMOBoOTO THna [1].

[Toponbl, BO3pacT KOTOPHIX IO IUPKOHY MpeBbimiaeT 3.0 MIp. JIET, peAKO BCTPEUAOTCs B 3arafHo-
Kapenbckom xomimiekce (TeppeiiHe) U M3BECTHHI JIMIIb B cocTaBe komruiekca Mucanmu (3.2-3.1 mupa. nert)
u Cuypya (3.5 mupa. ner) [2]. peBHeiinue ByJIKaHHUECKHE TOPOIBI ¢ Bo3pacToM 2.96-2.94 mapn. et 06-
Hapy>KeHbl B CEBEpPHOM 4yacTH 3eleHOKaMeHHoro nosica Cyomyccanmu, a HekoTopsle TTI' u murmatursl,
3arnerarone moOIM30CTH, HMEIOT Takor ke Bo3pacT [3]. OmHako Bce AaTUPOBaHHBIE BYJIKAaHUYECKHE T10-
poJIbl 3eMeHOKaMeHHBIX ToscoB Tumachspeu, Kyxmo, Cyomyccanmu n OusipBu HMeIOT Bo3pacrta 2.84-
2.75 mapna. netr. Me3zocombl murMatutoB U TTI-opTorHelicoB 3a mpenenaMy 3€lI€HOKAMEHHBIX IOSICOB
UMEIOT CXOJHBIe Bo3pacTta. Omnpenenenne Bo3pactoB U-Pb MeTOn0M ¢ MOMOIIBI0 HOHHOTO 30HAA TIO 3€p-
HaM [UPKOHA M3 ME30COM MaparHeicoB U3 pa3UYHbIX yacTed 3amanHo-Kapenbckoro komIuiekca orpaHu-
YUBaeT BpeMsl OTJIOKEHHUS BaKK MPOTOIMUTa epuoaoM ~2.71 - 2.69 mnpa. net. [laHHble 0 paccesHHBIX 3Jie-
MEHTax W JaHHble 0 maparHeiicax Hypmec, momyuennsie U-Pb MeTomom, mMO3BOISIOT MPEAION0KHATE, YTO
WX KOMIUTCKCHI-UCTOYHUKH BKJIIOYANN TIaBHBIM oOpazom TTI ¢ Bospactom 2.75-2.70 mupna. JeT w/wid
TUTyTOHUYECKHE U MaHUEeCKHEe BYJIKAHUYECKUE TTOPOJIbI CAHYKHTOUIHOTO THITIA. Hajnuune ByJIKaHUYECKUX
npocioeB Turna MORB B Bakkax Hypmec mo3BossieT mpeanoaokuTh, YTO UX OTJIOKEHUE MPOUCXOIMIO B
3aJlyTOBOW WJIM BHYTPUAYTOBOI 0O0cTaHOBKE [4].
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Ha ocHOBe cOCTaBOB INIaBHBIX U paccesHHbIX 31eMeHToB TTI' moapasaessroTcst Ha YeThIpe OCHOB-
HbIE TeOXUMHUYECKHE rpyninsl. [lepBas rpynmna nuMeeT OTHOCUTENBHO HU3KOe coaepkanue SiO,, MOBBIILIEH-
HOE cojaepxkaHue Mg, HH3KYIO BEIMYHMHY OTHOMICHHS St/Y M BBICOKOE CoAepkaHHe TsoKenbix P30, uro
yKa3bpIBaeT Ha MCTOYHUK, JIMIICHHBIN IpaHarta. Bropas rpymmna nmeer Bbicokoe coaepkanue SiO,, HU3KYIO
KOHIIEHTpauio Mg, HU3Koe cozepKaHue Tshkenbix P33 1 BbICOKYIO BennuuHy oTHOUIeHus St/Y, 4To 1mo-
3BOJICT MPEIOIOKUTh HANWYME TpaHaTCOAepKalero 0a3aabToBoro ucroyHuka. Ilopoasl, oTHOCAIUECS
K TPEeThe! IpyTIe, UMEIOT MOJIOKUTENbHBIE aHOMa K Eu, oT4eTnBo (pakumoHNpOBaHHBIE CIIEKTPHI P30
(Tsxensle P30 HaxonsTcs B OCHOBHOM HMXKE IPEAesioB 0OHApY>KEHMs), BHICOKHME BEIMYMHBI OTHOILCHHUN
St/Y u Zr/Sm u HEeBBICOKHE COJIepKaHUSI COBMECTHMEBIX 3JeMEHTOB, Fe m Mg. B yerBepTyto rpymnmy BXxo-
IIT CAHYKUTOUBI C BBICOKHM conepkanueM Ba u Sr, koTopsie 00br9HO Monoxe (2.74 - 2.72 Ga) npyrux
TTT. Ux nuskue coaepxanus SiO, u Bbicokue koHueHTpamu KO u MgO no3BoJsSiOT MPeaooKUTh,
YTO OHM 00pa30BAIMCH MYTEM ILIaBICHUS B 00OTallleHHOM MaHTHHHOM uctouHuke. [1o cpaBuenuto ¢ Llen-
TpanpHO-KapensckuM komIuiekcoM 3amagHo-Kapenbckuil KOMIUIEKC colepKuT Ooiee HU3KHH 00beM ca-
HYKUTOHUJIOB.

MurmatuzupoBaHHble aM(pHOOIUTE 00pa3yloT IBE OCHOBHBIX I'€OXUMHUYECKMX Tpymmbl. Ilopomsr
MEPBOM IpynIbl UMEIOT IIOCKUM WM JerieTupoBaHHbld TP33D xapakTep pacCcesHHBIX 3JIEMEHTOB, COMOC-
TaBUMBINA ¢ TakoBBIM B MORB. Iloponsr Bropoii rpynmsl oboramiens! JIP3D n kpyTHOMOHHBIME JTUTOMH-
namu (LIL), xapakTepu3yroTcs OoTpHIaTeIbHOM aHomanued Nb, momoOHO 0a3anbTaM OCTPOBHBIX ayr. B
rpynne nopoJ, obdoramenHon JIP3D, conepxanne coBMeCTHMBIX 31eMeHTOB (oco0eHHO Ni, a Takxke u Cr)
HU3Koe. AM(PHUOOTUTHI aHAE3UTOBOTO COCTaBa, TaKXKe Kak M 0a3aJbTOBOTO, IMEIOT CXOJHOE COJEpKaHHE
PAaCCEsIHHBIX DJIEMEHTOB, oOoraiieHHbl JIP3D. DT0 moka3bIBaeT, YTO OHU OTHOCSATCS K OJTHOM U TOM YK€ Mar-
MaTHYECKOH cepHu, KOTopasi, BO3MOKHO, IPEACTaBIIsIET cO00H OCTPOBOIYKHBIH MarMaTu3M, HO BO3MOKHO
TaKKe YTO 3TH HOPOABI 00pa30BaUCh O NaikaM, KoTopble BHenpuianuch B TTI' u ObUM KOHTAMHUHUPOBA-
HbI KOPOBBIM MaTEpHAJIOM.

3anagHo-Kapenbckuil KoMIIeKe ObUI MeTaMOp(U30BaH B YCIOBHAX BepxHeH am(uOonuToBOH M
IpaHyIuTOBOM (auunii. VICKIOUYeHNSIMU SBISIFOTCS BHYTPEHHHE YacTU 3€JICHOKAMEHHBIX IOSICOB, B KOTO-
PBIX BCE €Ille YacTO BCTPEUAIOTCS MUHEpANbHbIE acCONMAIIMU CPEeIHEeN Wi HU3KoW aM(pubonuToBoi (a-
U, XOPOILIO COXPAaHHUBILNECS EPBUYHBIE TEKCTYPHI U JIMIIb HE3HAUNTENIbHAS MUTMaTH3aIUs WIK €€ To-
Hoe orcyTcTBHe. CpenHeOapuieckue rpaHyauTsl ( 00pa3oBaguch Npu JaBjieHHH okoso 9-11 xbap u Tem-
neparype 800-900°C) oGHapykeHbl TONbKO B Oioke Mucanvu. B paiione Cuypya 3aneraror Mapueckue
IPaHyJIUThI, METaMOP()U30BAHHbIC MIPH JABICHHU OKOJIO 5-6 KOap u Temmnepatype 700-800°C. Ha ocnoBe
U-Pb BO3pacToB TUTAHUTOB, MOHALIUTOB U LIMPKOHOB U3 TPaHyJIMTOB M JIEHKOCOM MUI'MAaTUTOB ObLI cleNaH
BBIBOJI, YTO 3TO Ipousouuio 2.71-2.62 miupa. JeT Hazal, ONHOBPEMEHHO C BHEAPEHUEM CaMbIX MOJOIBIX
TPaHUTOUIOB [5, 2, 3].

Heoapxelickas akkpelusi 3K30THYECKUX KOMIUIEKCOB € MOCIEAYIOIEN KOJUIU3Hs, KOTOpasi POU30IIIa
npumMepHO 2.74-2.67 Mipz. IeT Hazal, BO3MOXKHO TOCITYXWJIM MEXaHU3MOM OO0pa30BaHHS COBPEMEHHOM
cTpykTypsl Kapenbckoit posunatmm. [Ipubmmurensao 2.80-2.75 Mip. JIeT Ha3al B CBA3aHHON C CyOTyKITH-
el 00CTaHOBKE MPOM30IILIA AKKPEIUs ME30apXeHCKHX MHUKPOKOHTMHEHTOB M MOPOJ OKEAaHWYECKOTO JHA, H
obpazoBanuck HoBele TTI BMecTe ¢ ByJakaHHUecKUMH mopopamu cepuri BADR HEKOTOpBIX 3e1eHOKaMEH-
HBIX 05ICOB. B pesynprare cyOmykunu nurochepHas MaHTHA 000raTWiIach KPYIHOMOHHBIMH JUTO(MIaMH
(LIL), n 2.74-2.72 munpa. et Ha3aj OTPBIB IUIATHI IPUBEN K TUIABJICHUIO 00OTAIICHHOW MaHTHU ¢ 00pa3oBa-
HHEM caHyKUTOHI0B. OCagKOHAKOIUIEHHE POU30LLIO0 puMepHO 2.70 MIp/. JIeT Ha3az B 3a{yTOBBIX Oacceii-
Hax, KOTOpBIE B HACTOsIIEEe BpeMsl IpecTaBieHbl Naparaeiicamu HypMec u Apyrumu TeJiaMi METaoCalkoB B
TTT [4]. [IpumepHO 2.71-2.64 MiIpA. IeT Ha3a1 3a aKKpeIruel cpasy ke MmociiefoBaia KOJuIi3usa. Me3oapxeii-
CKHE U TMaJle0apXelcKkue MUKPOKOHTHHEHTHI CYIIECTBYIOT B BHJIE TOHKHX CJIOEB B YTOJIIIEHHOW KOpe, Mpe-
CTaBJICHHOW B HACTOsIIee BpeMs, HapuMep, Kommiekcamu Cuypya u Mucanmu. BenenctBue paguoakTus-
HOT'0 pacraja B yTOJILIEHHOH KOPE C MOCIEAYIOIM OPOr€HHbIM OOpPYIIEHHEM H PACIIUPEHUEM, a TAKKE af-
BEKTHBHOT'O HAIPEBaHUS WHTPY3UAMHU CaHyKHUTOHJIOB, CPEIAHSAS U HIDKHSAS KOpa YaCTMYHO PacIUIaBHiIach, 4TO
NPUBEJIO K 00pa30BaHUIO0 MUTMATUTOB U TPaHUT-TPaHOJMOPUTOBBIX HHTPY3Hii [3, 5].

The Western Karelian terrane comprises much of eastern Finland and the westernmost part of
Russian Karelia. Migmatitic tonalitic-trondhjemitic-granodioritic (TTG) orthogneisses and amphibolites
predominate, with small medium to low pressure granulite areas in the western part of the terrane. Crustal
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architecture inferred from seismic data, as well as bedrock structural data, suggest thrust stacking and
transpression during late orogenic deformation around 2.70 Ga. Tectonic transport was towards NE and
SE, with evidence that the Western Karelian terrane was emplaced eastwards over the Central Karelian
terrane. In the Central Karelian terrane high abundances of greywackes and 2.74-2.72 Ga basalt-andesite-
dacite-rhyolite series volcanic rocks in the Ilomantsi and Khedozero-Bolsheozero greenstone belts indicate
that they represent arc type tectonic settings, whereas mafic volcanic rocks in the Kostomuksha and
Kuhmo greenstone belts resemble more plume type magmas [1].

In the Western Karelian terrane rocks whose zircon ages are > 3.0 Ga are rare, existing only from the
Iisalmi (3.2-3.1 Ga) and Siurua (3.5 Ga) terranes [2]. The oldest volcanic rocks are found in the northern
part of the Suomussalmi greenstone belt, 2.96-2.94 Ga, and some nearby TTGs and migmatites are of the
same age [3]. However, all dated volcanic rocks in the Tipasjarvi, Kuhmo, Suomussalmi and Oijarvi
greenstone belts yield ages of 2.84-2.75 Ga. Mesosomes of migmatites and TTG orthogneisses outside the
greenstone belts give similar ages. The ion probe and TIMS U-Pb age determinations on zircon grains from
mesosomes of paragneisses from various parts of the Western Karelian terrane constrain deposition of the
protolith wackes to c. 2.71 - 2.69 Ga. Trace element and U—-Pb data from the Nurmes paragneisses suggest
that the source terrains comprised mainly 2.75-2.70 Ga TTG and/or sanukitoid-type plutonic and mafic
volcanic rocks. The presence of MORB-type volcanic intercalations in Nurmes wackes suggests they were
deposited in a back- or intra-arc setting [4].

The TTGs form four major geochemical groups on the basis of their major and trace element
compositions. One group has relatively low SiO,, elevated Mg, low St/Y ratio and high HREE indicating
garnet-free source. Another group has high SiO,, low Mg, low HREE and high St/Y ratio that suggest
garnet-bearing basaltic source. Rocks belonging to the third group have positive Eu anomalies, strongly
fractionated REE patterns with HREE mostly below detection limits, high Str/Y and Zr/Sm ratios and low
abundances of compatible elements and Fe and Mg. The fourth group are high-Ba-Sr sanukitoids that are
generally younger (2.74.2.72 Ga) than other TTGs. Their low SiO, and high K,O and MgO contents
suggest an origin by melting in an enriched mantle source. Compared with the Central Karelian terrane the
Western Karelian terrane has lower abundances of sanukitoids.

Migmatitic amphibolites form two major geochemical groups. Basaltic rocks belonging to the first
group have flat or HREE depleted trace element patterns, resembling those of mid-ocean ridge basalts. In
the second group basaltic rocks are enriched in LREE and LIL elements, and they have a negative trough
in Nb, like island arc basalts. Compatible elements, especially Ni but also Cr are low in LREE enriched
group. Andesitic amphibolites have similar trace element contents with LREE enriched basaltic
amphibolites, indicating that they belong to the same magma system, which may represent island arc
magmatism or dykes that intruded into TTGs and were contaminated with the crustal material.

The Western Karelian terrane was metamorphosed in upper amphibolite facies and granulite facies
conditions. Exceptions are the inner parts of greenstone belts which still often have mid or lower
amphibolite facies mineral assemblages, well preserved primary structures and only a little or no
migmatisation. Medium pressure granulites, metamorphosed at ¢. 9-11 kbars and 800-900°C are found only
in the lisalmi block. In the Siurua area there are mafic granulites whose metamorphic pressures and
temperatures were ¢. 5-6 kbars and 700-800°C. On the basis of U-Pb ages on titanites, monazites and
zircons from granulites and migmatite leucosomes this took place at 2.71-2.62 Ga, coevally with the
emplacement of the youngest granitoids [5, 2, 3].

Neoarchean accretion of exotic terranes and subsequent collision at around 2.74-2.67 Ga may have
been the mechanism that generated the present structure of the Karelian Province. At around 2.80-2.75 Ga
Mesoarchaean microcontinents and ocean floor rocks were accreted in a subduction-related environment,
and new TTGs were formed together with the BADR series volcanic rocks of some greenstone belts. As a
result of subduction lithospheric mantle was enriched in LIL elements, and at 2.74-2.72 Ga slab breakoff
led to melting of the enriched mantle, producing sanukitoids. Sedimentation took place at around 2.70 Ga
in back arc basins that are now represented by the Nurmes paragneisses and other metasedimentary
interlayers in TTGs [4]. Accretion was then followed immediately by collision at 2.71-2.64 Ga.
Mesoarchean and Palaecoarchaean microcontinents are present as slices in the thickened crust represented
now e.g. by the Siurua and lisalmi terranes. As a consequence of radioactive decay in the thickened crust,
followed by orogenic collapse and extension, and advective heating by sanukitoid intrusions the middle
and lower crust was partially melted, producing migmatites and granitic-granodioritic intrusions [3, 5].
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OCHOBHBIE THUIIBI TPAHUTOOBPA30OBAHUSA B BEJIOMOPCKOM KOMIIVIEKCE
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MAIN TYPES OF GRANITE FORMATION IN BELOMORIAN COMPLEX

L.I. Khodorevskay

Institute of Experimental Mineralogy RAS, Chernogolovka, Moscow district, Russia, lilia@iem.ac.ru

B noknange paccMOTpeHO ABa MeXaHM3Ma IpeoOpa30BaHUs MOPOJ OCHOBHOTO COCTaBa B TPAHUTOU-
JIbI, THITMYHBIX B SBOJIIONIMN KOHTHHEHTAIFHON KOpPHI bemomMopckoro komIuekca.

I. IlTapunaabHOe NJIaBJIeHNE MEeTA0a3UTOB

60-70% moxeMOpHUiiCKOW KOHTHHEHTAIBHON KOpBI beToMOophs CIIOKEHO cephIMU THEHCaMu - MeTa-
MOp(M30BaHHBIMU aHAIOTaMH TOHATUT-TPOHABEMUT-TpaHoAOpHuTOBEIX cepuit (TTT). B obmem oOneme
TTI pe3ko mpeobnanaroT moponsl ¢ cogepkanueMm Al Gomee 15 mac. %, oboramenHble erkumMu P32 n
obeanennbie TsokenbiMu P30 (La/Yb>20), ¢ BeicokuM oTHOMIEHHEM St/Y M OTYETIIMBBIMH OTPHIIATEIbHEI-
mu Nb/Ta ' Y anomanusimu. Hammame B TTI 6510K0B, KCEHONMTOB M CKHAIUTOB aM(pHUOOINTOB, IBYTTHPOK-
CCHOBBIX CJIAHIIEB M JPYTUX THIIOB METa0a3UTOB CBUAETENLCTBYET O TOM, 4To TTI Morin BHIIABIATHCS
13 TIOPOJI OCHOBHOT'O COCTaBa — IMOPOJ] OKEAHNYECKON KOPBI, YTO MOATBEPANIN MHOTOUNCIIEHHBIE JKCIIEPH-
MEHTaJbHBIE HCCIEeI0BaHus. [ eoXxnMuueckoe MOACIUPOBAHUE, IPOBOIUMOE Ha OCHOBAaHHUHU HKCIIEPUMEH-
TaNbHBIX JaHHBIX, U TPSAMBIE U3MEPEHHUS TTO3BOIMIIN MPEAIONOXKNTh, 9TO 1y BeiuiaBienus TTI B apxee
ONaronpuATHBI yCIOBUS YaCTHYHOTO TUIABJICHUS YTOJIILECHHON OKEaHNYECKO KOPBl B MAIOTTyOUHHBIX YC-
noBusx (turromoBast Mojens) [1]. C apyroit cropossl, corimacHo ucciefoBanusM [2] BeiutaBneHue TTT
MIPOMCXOAMIIO 33 TIpefenaMu KpuBoii Amph-out B yCIIOBHSX AKIOTHTOBOW (haIiy, TOITOMY IpeoOIagaro-
MM THIIOM apXeWCKON reoguHaMuky Juis BeimasieHuss TTD sBisuiach CyOyKIMsl OKEaHHUSCKOM KOPBI.
HeiictButensHo, axknoruts! ['puanno, Canmel, Kypy-Baapa KOMIUIEMEHTapHBI 110 COCTaBY BMELAOIINM UX
TTT rHeilicam, Ui TeX U APYTUX yCTaHABIMBaeTcs Bo3pacT =~ 2720 u 2860 muH. ner [3, 4]. Otu dakrsl, Ka-
3aJ10Ch OBbI, OATBEPK AT BBIBOBI [2]. OqHaKo, coriacHo pacueram, Jyis Toro, yToobl TTI' BIIIaBHINCH
U OTIENWIUCH OT PECTHTA B SKIOTUTOBOH (aunu, Heobxoaumo, yToOsl copepkanus H,O B cucreme Obln
ooxee 4-5 mac. %. Hu ogun meraba3uT npoayupoBaTh Takoe komudectBo H,O He Moxer, T.e. s obpa-
3oBanus W otaenenns TTI pacmiaBoB B yCIOBHSX JKJIOTHTOBOW (panny HEOOXOIMM MPUTOK BOIHOTO
¢monga uzBHe. [peanonaraercs [4], yro uctounnkom H,O mns sxnmorutoB Canmel u Kypy-Baapa mornu
OBITH BHICOKOMAarHe3uaJlbHbIE IIOPOABI — MUKJIOTUTHI, IepecianBaromuecs ¢ skiorutamu. C apyroit cTopo-
HbI, MHOTOYMCIIEHHBIE SKCIIEPUMEHTHI MTOKA3aIH, YTO MPHU PacCMaTPUBAEMBIX MapaMeTpax Aa)ke MaHTHH-
HBbIE MHHEpaNbl 001a7Jat0T BBICOKOH MHKOHTPYIHTHOH PacTBOPHUMOCTBIO, IPH 3TOM BO (DIIOUI MEPEXOIST
KpEMHE3eM, LIeN0YH, B KaKOi-TO Mepe TanHo3eM. HanpuMep, KOHrpy?HTHas pacTBOPUMOCTS xanenta (Jd)
npu T=650°C B unrepBane aasienuii 15-20 k6ap cocrasisier 35-40 mac. %, npu 30 kGap Habmoxaercst
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YK€ MHKOHTpY3HTHasi pactBopuMocTh NaAlSi,Og ¢ cootHomennem Na/Al u Si/Al (at. ex.) Bo ¢uronse
Ooxpire, veM 1 u 2 COOTBETCTBEHHO, T.€. (pmonaHas daza c pocrom T-P mapamerpoB oboramaercs meno-
YaMH ¥ KpeMHE3eMOM. YCHJICHHE INEJIOYHOTO Xapakrepa (DIoWAOoB MPUBOAWUT K IOABMKHOCTH TaKHUX
WHEPTHBIX KOMIIOHEHTOB Kak Ti, P BBICOKHUX JAaBJICHUSX CTAHOBSTCS MOJBMKHBIMHU U MEPEHOCATCS pac-
tBopamu Nb, Ta, JIP3D, Y. CornacHo [5] MakcuManbHbBIE KOHIIEHTpAIu Na BO (UIIOHJIE CIEAYET OXKHUIATh
B oOnacTu mepexoaa P1-Px, T.e. aTo maTepBan maBmenuii 10-15 x6ap. Takum oOpa3om, TITaBIIeHHE OCHOB-
HBIX TTOPOJI B AKJIOTUTOBON (Al BO3MOXKHO TOJIBKO B MPHUCYTCTBUH (IIIOMIHON (a3bl, pACTBOPEHHBIE BO
¢mronae menouu, riaBHEIM 00pazoM Na, Si M Apyrue HEKOTEPEHTHBIC 3JIEMEHTHl OKa3bIBalOT CBOE BIIHS-
HUE Ha MOsIBIIEHUE cymiecTBeHHO Na, BbicokokpemHueBbix TTI" pacrnmaBos.

I1. 'panuTn3zanus MeTadba3zuToB

Jdpyrum Tumnom mpeoOpa3oBaHMsi OCHOBHBIX TOPOJ SIBJISIETCSl 00pa3oBaHUe KUCIBIX PacIlIaBOB IPH
nponeccax rpanutuzaunu (Kopkuuckuit, 1952). BenencTBue npuBHOCA-BBIHOCA KOMIIOHEHTOB COCTaB
BMEIIAOMIEH TIOPOIBI MPUOIIMKACTCS K TPaHUTY, eciid T-P mapameTpsl 0TBEYAOT CONMMIyCy, TOpoaa Iuia-
Butcs. [Iponeccsl rpaHUTH3aMM ¥ MUTMAaTH3alUH OTMEUYAIHMCh Ha MPOTSKEHUH OCHOBHOT'O BPEMEHH pas-
BuTHs bernomMopbs, paHHHe ee MPOsBIEHUs, Takke Kak 1 oOpazoBanue TTI cepuii, COOTBETCTBYIOT pyOeKy
2.8-2.7 muH. ntet. Hanbornee 6aronpusTHBIM JUTS IPOSIBIICHUS TPAHUTHU3AINH SBJISIOTCS YCIOBUS BEPXHUX
TemriepaTyp ampubdonuToBoi dhamuu u obmiee naBieHue 5-7 k6ap. Hamu ycTaHOBIIEHO, UTO TPaHUTH3AIIHS
HebonpImoro Maccusa (0. [opensiii, Kanganakuickuii 3anuB) orMedeHa npu nasieHun 9-10 k6ap. OgyeBua-
HO, 3TO JIaBJICHUE SBISETCS MPEAETbHBIM, TOCKOIBKY TpH OoJiee BHICOKMX JAaBIECHHSIX HaOIOMaeTCs Tepe-
xo7 Pl— Px, a Px maparene3uchl He SBISIOTCS XapaKTepHBIMU [T TpaHnTH3anui. OCHOBHBIE ITpeodpazo-
BaHUsI IPH pacCMaTPUBAEMBIX TPOLIECCaX 3aKIIOYAIOTCSl B HapacTalollell MeracoMaTnieckon nedaznguka-
UM ¥ OIIEJAYMBAHMH BMEIIAIOMINX ITOPOJ € MOCIEAYIOMNM UX MPEBPALICHUEM B TEHEBBIC MUTMATHUTEHI,
3aKITIOYUTENFHBIM IDIaBIIEHUEM W 3aMellleHHeM M3MEHEHHOW MOPObl THEWCOTPAHUTHBIM PaCILIaBOM, KaK
npaBuiio, ¢ cogepkanueM. Al,O; > 15 mac.%. MuHepabHbI cocTaB MeTaba3UTOB MPH IPAHUTU3AIMN Me-
HsieTcs cneayromum obpazom: Px u Grt 3amemarorest Hbl u Bt, Lbr-Btw npespamatorcs B Anz u Olg, no-
SIBIISTIOTCSL MEXTPaHyJIIpHbIe HOBooOpa3zoBaHus U 3epHa Kfs u Qtz. K ThUIOBOIA 30HE KOJIOHKH CHUXKAeTCs
(mebasudukanus) obmee kommdecTBo Hbl m Bt, a UX &ene3ucTocTs MOCTENEHHO PacTeT J0 3HAYCHHIMA, Xa-
PaKTepHBIX JJisl TPaHUTOMI0B. OCOOEHHOCTHIO MPOLIECCOB TPAHNUTH3AIINY SBIISIETCS HE TOJIBKO Na (TpoH/Ib-
E€MUTOBBIN) TpeH]T pa3BUTHs, HO U K (TpaHUTHIN), TPAKTUIECKH TIOTHOCTHIO OTCYTCTBYIOIIMIA TPH YacTHI-
HOM TUIaBJICHUH.

Taroke Kak U JJIsi MOJICITM YaCTUYHOTO IUIABJICHHSI METa0a3UTOB, NP TPaHUTH3ALNK WHQIIETPYOLIAMCS
(mounom npuBHOCsTCs Jerkue P30, LIL, BeiHOCATCs Tshkensie P30, oueBnmHO momkHa HaOmomateess Nb/Ta
AQHOMAITHA (JaHHBIE MMPAKTUYECKU MTOJTHOCTHIO OTCYTCTBYIOT), BaJIOBasi KOHIIEHTpAIWS CONEH BO (pIIrorIe MOXKeT
OBITH BBICOKA, BILIOTH JIO PACCOJIOB.

PaccMmoTpenHbIe pUMEpPBI MOKA3bIBAKOT, YTO TPOIECCHl TPAHUTH3AIMN METa0a3UTOB, TAKKE KaK M UX Yac-
THYHOE TUTaBJIEHHE B OOJIACTH BOJOHACKHIIEHHOTO COIHIYCA, MPOXOMAT MPH YYACTHH IIENIOYHO-KPEMHHUEBBIX
(hironzIoB, 9TO OOBSICHSAET HEKOTOPHIE CXOIHBIE OCOOCHHOCTH PAaCIpeeiCHUs SJIEMEHTOB, BKITIOUAS PEIKHC U
peakozemenbHbIe. [[pHHIMITHAIBHBIM OTIINYHEM 3THX JBYX MEXaHM3MOB SIBJISETCS Pa3MIHble 00beMbI (DITIOHI-
HOH (ha3bl, yyacTByIoIeld B rpaHuTO0Opa3oBanuy. [Ipy yacTHYHOM MiaBieHNMH HeOONbIoe KomuuecTBO Na-Si
cozeprkariero (oA MOTHOCTRIO PaCcTBOPSIETCS B pacIuiaBe, 00pa3yroTCsl TPOHABREMUTHL. [Ipn rpaHuTH3amn
(monHas ¢aza He TOJIBKO pacTBOpsieTCs B paciuiaie (Ooree HU3KKE AaBJICHUS TPEOYIOT MEHBIIINX COIEPIKaHUI
H,O nns1 nnaBnenust), HO M y4acTBYeT B IIPOLIECCaX METACOMATHIECKOM NepepadOTKH BMEIAIONIEH MOPOABI C BbI-
HOCOM OCHOBaHHH.

UccnenoBanus Obutn mpoBeneHsl npu (uHaHCOBOM momnepxke PODU, rpanter Ne 06-05-64645,
09-05-00744 u porpammer OH3, Tema Ne 7

Considered in the report are two transformation mechanisms of rocks of basic composition into
granitoids, which are typical of the evolution of continental crust of Belomorsky complex.

I. Partial melting of metabasites

60-70% of Precambrian continental crust of Belomorsky region is formed by grey gneisses —
metamorphized analogues of tonalite-trondhjemite- granodiorite series (TTG). In the total volume of TTG
there prevail rocks with Al content more than 15 wt.%, enriched with light REE and poor in heavy REE
(La/Yb>20), with a high ratio Sr/Y and distinct negative Nb/Ta and Y anomalies. The presence of
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xenoliths and amphibolite skialites, bipyroxene schists and other types of metabasites in TTG blocks
testifies that TTG could be melted off the rocks of basic composition — rocks of oceanic crust which has
been proved by numerous experimental investigations. Geochemical modeling based on experimental data
and direct measurements allowed to suggest that conditions of partial melting of reinforced oceanic crust in
low depths (plume model) are favorable for TTG melting out in Archean [1]. On the one hand, according
to investigations [2] TTG melting out proceeded outside the curve Amph-out under the conditions of
eclogite facies. That is why the main type of Archean geodynamics of TTG melting was the subduction of
oceanic crust. Actually, eclogites of Gridino, Salmy, Kuru-vaara are complementary in composition with
their country TTG gneisses. Their age was determined to be = 2.720 and 2.860 Ga [3, 4]. The cited facts
seem to prove the conclusions of [2]. However, according to calculations, H,O content in the system
should be more than 4-5 wt% to provide TTG melting out and separation from restite in an eclogite facies.
No metabasite can produce such H,O content, i.e. an income of water fluid from outside is necessary for
the formation and separation of TTG melts under the conditions of eclogite facies. It is supposed [4] that
high alumina rocks — piklogites interlayered with eclogites could be a source of H,O for eclogites of
Salmy and Kuru-vaara. On the other hand, numerous experiments showed that at the parameters
considered even mantle minerals possess high incongruent solubility. At that silica, alkalies, and at some
extent alumina transfer into the fluid. For example congruent solubility of jadeite (Jd) at T=650°C in the
temperature range 15-20 kbar is 35-40 wt %. At 30 kbar incongruent solubility of NaAlISi,O¢ with the ratio
Na/Al and Si/Al (at. un.) in a fluid more than 1 and 2 respectively, i.e. a fluid phase gets enriched with
alkalies and silica with increasing T-P parameters. An increase in alkalinity leads to the mobility of such
inert components as Ti, at high temperatures Nb, Ta, LREE, Y become mobile and transfer by solutions.
According to [5] maximum concentrations of Na in the fluid is expected in the transition zone, i.e. in the
pressure range 10-15 kbar. Thus, melting of basic rocks in the eclogite facies is only possible in the
presence of a fluid phase. Alkalies, mainly Na, Si and other incongruent elements dissolved in the fluid
have an effect on the appearance of Na, high silicon TTG melts.

I1. Granitization of metabasites

Another type of basic rock transformation is formation of acid melts upon the granitization processes
(Korzhinsky, 1952). As a result of gain - loss of components the composition of a country rock approaches
the granite one, if T-P parameters correspond to the solidus the rock melts. The processes of granitization
and migmatization were noted all through the main time of Belomorie development, the early its
manifestations as well as TTG series formation correspond to the period of 2.8-2.7 Ga. The conditions of
upper temperatures of the amphibolite facies and a pressure of 5-7 kbar are the most favorable for
granitization manifestation. It has been found that granitization of a small massif (is Gorely, Kandalaksha
bay) occurred at a pressure of 9-10 kbar. That pressure is obviously the maximum one, because at higher
pressures the transition Pl— Px is observed and Px parageneses are not characteristic of granitization. The
main transformations at the considered conditions consist in an increasing metasomatic debasification and
alkalization of country rocks with their following transformation into shady migmatites, final melting and
replacement of the altered rock by gneiss-granite melt with ordinary Al,O; content > 15wt%. Mineral
composition of metabasites at granitization changes as follows: Px and Grt are replaced by Hbl and Bt,
Lbr-Btw transforms into Anz and Olg, intergranular new formations and grains of Kfs and Qtz appear.
Total amount of Hbl u Bt decreases towards the rear zone of the column (debasification) and their iron
content increases gradually up to the amounts characteristic of granitoids. Besides Na (trondhjemite) trend
of development a peculiarity of granitization processes is K (granite) one which is practically absent at
partial melting. As well as for the model of partial melting of metabasites at the granitization light REE
LIL are gained and heavy REE are lost by infiltrating fluid. Nb/Ta anomaly should be obviously observed
(there are about no data) bulk concentration of salts in the fluid may be high up to brines.

The examples considered above show that the processes of metabasite granitization as well as their partial
melting in the region of water-saturated solidus take place with the participation of alkaline-silica fluids which
explains some similar peculiarities of element distribution including rare and rare earth ones. The main difference
between those two mechanisms is various volumes of the fluid phase taking part in granite formation. At partial
melting a small amount of Na-Si bearing fluid completely dissolves to form trondhjemite melts. At the
granitization the fluid phase not only dissolves in a melt ( at lower pressures smaller H,O contents are needed for
melting) but also participate in the processes of metasomatic transformation of the country rock with the loss of
bases.
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MPOILECCHI TPAHUTHU3AIIMN U CONPS)KEHHOM FASU®UKAIINN
METABA3HUTOB B BEJIOMOPCKOM KOMIIJIEKCE
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NDOM PAH, YepnoromoBka MockoBckas 0011., Poccust, lilia@iem.ac.ru

GRANITIZATION AND ASSOCIATED BASIFICATION
OF METABASIC ROCKS IN THE BELOMORIAN COMPLEX

Khodorevskaya L.1.

Institute of Experimental Mineralogy, RAS, Chernogolovka, Moscow region, Russia, lilia@iem.ac.ru

[Mpu P-T mapamerpax 5KJIOTUTOBOH M aM(PuOOIUTOBOM (anuii BeIIaBIeHUE OONBIIOT0 00beMa
TTI'-pacniaBoB BO3MOXHO MCKIIOUUTENBHO MPH YYaCTUH MHQUIBTPALMH [NIyOMHHBIX (IIIOUIOB, T.C. B
YCHOBHSIX OTKPBHITHIX cucteM. CornacHo monenu rpanutusanuu ([.C. Kopxunckuii, 1952), naHumst-
pyromuecs GIIOUIBI PUBHOCAT B MOPOABI IIEIOYH M KPEMHE3eM, 3TO MOXKET MPUBOJAUTH K 00pa3oBa-
HUIO KBapI-MOJEBOIINATOBbIX METACOMATUTOB U (heIbAINIAaTU3UPOBAHHBIX TOPOJ 03 MPU3HAKOB IJIaB-
nenust. OnHako ecau T-P mapameTpsl COOTBETCTBYIOT IPAHUTHOMY COJIMAYCY, HHTCHCUBHAS U IIUTEIb-
Hasl MUPKYJAmus 0orarsix menodamu u kpemuezemoM H,O-CI-CO, dmrongoB mpuBOIUT K MpeBparie-
HUIO MeTaba3uTOB CHadaja B TCHEBbIE MUTMATUTHI, 3aTEM B MUT'MY, U, HAKOHEII, 3aMELICHHIO TOHAINUTO-
BBIM WJIM JBYTIOJIEBOIUIIAT-TPAHUTHBIM PACIIaBOM M3MEHEHHBIX BMeIIaroumux nopod. Habmoaenus mo-
Ka3bIBAIOT, YTO TPAHUTU3ANMUS in Situ SIBJISETCS TUIMUYHBIM 3aBEpIICHUEM IMPOrpagHONd Meramopdude-
CKOM JBOJIONHMH JPEBHUX IIUTOB, B PE3YyJbTaTe YEro 0ObEM KHUCIOM T'PAaHUTOUIHOM COCTABISAIOIICH
(>knJ1, MerMaTUTOBBIX MOJIEH, TPAHUTHBIX KYIOJIOB, TCHEBBIX MUTMAaTUTOB) B HUX BCEI/1a yBEIUIUBACTCS,
a OCHOBHBIX ITOPOJ — COKPAIAeTCs.

Wzyuenue tpanchopmanuu MerarabOpo-HOPUTOB B rpaHUTOUAbI Ha 0. [openbiit (Kannanakiickas
ry0a, beiomophbe) mokasasno, 4To MO HalpaBieHHUIO K KOHTAKTY C THEHCOrpaHUTaMH MOYTH HE U3MEHEHHBIE
KOpOHAapHbIe MeTarab0opo-HOPHUTHI CMEHSIOTCA cHavana aroradbopoBeiMu Hbl-Pl+Scp+Qtz marnoamgudo-
JUTaMHA C MarMaTHYeCKWMH DPEIHKTaMH, 3aTeM - KanummatudupoBaHHbIME Hbl-Bt-Pl-Kfs-Qtz+Scp+Cal
anorabOpoBeIMU amduOoIUTaMH, U, HaKoHel, THeiicorpanutamu Kfs-Pl-Bt-Hbl-Qtz cocraBa ¢ mHOTOUMC-
JIEHHBIMH TIOJTyPAaCTBOPEHHBIMH CKHATUTAMK anmoradopoBeix am@uodonutos. [llupuHa 30HE MeTacoMaTH-
YECKUX MpeoOpa3oBaHuii B MeTaradbopo-HopuTe BappupyeT oT 5 10 20 M. 30HaNBHOE Mpeodpa3oBaHUE Me-
Tarabopou 108 ObLTO BBI3BaHO (uubTpanueil kpemuenieaounsix HyO-Cl-CO, pacconoB, acCOIUUPYOIIUX
1 TeHETHUYECKH CBS3aHHBIX C THelicorpannTamu, MojbHas 1ot NaCl B mocTynaromem B nopony ¢uitonse
(TeUTOBAs 30Ha MHOUIBTPAIOHHON KOJIOHKK) =~ 0.17-0.30. Mukpo3onnoBsie u3Mepenns conepxanus Cl B
OMOTHTAX MO3BOJMJIM PACCUMTATh HM3MEHEHHE KHCIOTHOCTH pPAacTBOPOB B NPHKOHTakTHOW 30He (Ig
Ju20/frcy). 3navenns 1g furo/fuc; = 0.8-1.3 cBUAETENBCTBYIOT O TOM, YTO PACTBOPHI, (DUIBTPYIOIIKECS CO
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CTOPOHBI THEHCOTPAaHUTOB, OBUIHM BHICOKOATPECCUBHEI, 001aai BEICOKOI steTydecThio HCl (f7c; Bo duion-
ne morna gocturate 500 6ap). IMeHHO MOSTOMY B IPHUKOHTAKTOBOHM 30HE OTMEUEHO Hambosee BBEICOKOE
conepxkanne Cl B amdpubdonax (mo 0.44 mac. %) u 6morure (1m0 0.38 mac. %), 9TO SIBISIETCS TOKAa3aTEIIbCT-
BOM WX (OpPMHUpPOBaHHUs Ha MuKe MeTamopdu3ma. [losiBIeHHe amaTuTa MPOXOAWIO B YCIOBUAX MeHee
KUCIOTHOH, Oonee BogHoi ¢pnrounuoit passl (1g fuzo/fuc = 2.98-3.91), Bugumo, cBsI3aHHOU C QUIIBT-
panmel OCTaTOYHBIX THAPOTEPMAaIbHBIX PACTBOPOB, H3PACXOIOBABIINX HA MUKE MeTaMOp(r3Ma OONBIIYIO
4acThb CBOEH COJIEBOM HArpy3KH.

[Tomumo mpuBHOCa QuronuOoM IMEnovYel u KpemHe3ema ¢uironoM npuBHOcHIuCh Rb, Ba, Pb, Zr,
nerkue P33, mpoucxomuio mepepacnpeaenenne Cu, Zn, Cr, Co, V, Ni BIoab HanpaBiIeHUS (QHUIbTPAHH
pacTtBopoB. [ pannTH3anms Merarabopo-HopuTa Mpoucxouia Ha poHe yBelIndeHns PyruTHBHOCTH KHUCIIO-
pona Bo ¢uironae npuoOaM3uTENsHO B MHTEpBasie oT QFM-1 Jor. ex. mo QFM+4 nor. en. Pacders! mokasa-
JIM, 9TO MOTOK (IIIOMAA, MPOCOUYMBIIMICA Yepe3 MOpPOAY 3a BCE BpPEeMs I'PaHUTH3ALUHU, COCTaBISUl ¢ =
4x10* - 2 x10° em’/em®. imenHo ManbiM 0GbeMoM dumonsa, mpoQHIbTPOBABIIHMCS Yepe3 OPOy, 00BsIC-
HSIOTCS IPeoOpa3oBaHusl TOJIBKO KPaeBoi 4acTH MeTarabOopo-HOPUTOB Ha 0. ["openblid.

BbiHeceHHBIE B pe3ysibTaTe MPaHUTU3ALMM KpaeBOW 4yacTH MerarabOpo-HopuTa o-Ba ['opesnsiid oc-
HOBHBIE KOMTIOHEHTHI Fe-Mg-Ca He OblTi HaMU Hali/IeHbI, IOCKOJIBFKY OOBIYHO OHU PaccenBaroOTCs 3a Tpe-
JIeJIaMU y9aCTKOB TPaHNTO00pa30oBaHUS M MUTMaTH3alui. B Oonee penkux ciydasx BO3MOXXHO U MX KOH-
LEHTPUPOBAHHOE KHUJIbHOE TepeoTioxkenne. OCOOEHHOCTBIO TaKUX MeTacoMaTHYecKuX (0a3u(puKaTHBIX)
JKUIT SBIISIETCSI 30HATBHOE CTPOEHHE, YTO CBHIETEIBCTBYET O TOM, UTO WX 00pa3oBaHUE OBLIO CBS3aHO C
pacTBOpamu.

[TpumepoM MOTYT CITy>KUTh I'paHaT-IIMPOKCEH-POrOBOOOOMAaHKOBEIE METACOMATHUECKUE JKHIIBI, 00-
Hapy>KeHHbIe BHYTpH KOJNBHIIKOro METaaHOPTO3MTOBOrO MaccuBa [1], MeTaMOp(hU30BaHHOTO U MeCTaMH
TPaHUTH3UPOBAHHOTO (YAPHOKUTHU3HPOBAHHOTO) B CBEKO(PEHHCKOM ITUKJIE B YCIOBHAX BBHICOKOOAPHUECKOM
rpanynuToBoi Qauun [2]. MOIIHOCT KU BapbUPYET OT | 10 HECKOIBKUX JECATKOB cM. THITBI 30HAJIBHO-
ctu KonBHIIKOM METaaHOPTO3UTOBOM MAacCHBE Pa3iIMYHbI, HO CHMMETPHYHBI, HAallpUMeEp, OCeBas 4acTb
JKUIT MOKET OBITh cioxena arperarom Grt cocrasa (20-30% Py, Grs — 20-30%) ¢ Mag, okpy»keHHas ¢ o0e-
nx ctopoH Cpx-Hbl-Mag 30H0M. B npyrux >xnnax neHTpanbHas 4acTh npezacTaBierHa Opx SApoM ¢ BKIIO-
yeHussMA Melikozepauctoro Grt, cmensromumMcs cHadana Cpx-Grt-, a B 3anb0ange — Grt-Hbl 3on0i1. Tpe-
tuit Tun — Cpx-Hbl nenTpanpras dacte, okaiimmenHas Grt-Hbl-Pl monocamu; B coctaBe Tex u Opyrux
MHOTO pyAHbIX Mag-Ilm cpocTkoB. Bo3MOXHBI 1 pyrue codeTanus. TepMOMETPHS KUl C UCTIONb30BaHHU-
em BrmoyeHndi Hbl m Cpx B LEHTpalbHBIX YacTsAX IpaHATOB Jajla TeMIepaTypy MeTacoMmaro3a OKOJIO
850°C, uTO coBmamaeT ¢ TEMIEpPaTypoil muka mMeTamopdu3Ma BMEIIAMOMINX aHOPTO3UTOB. 1o cocraBam
PETPOTPaTHBIX KPAeBBIX YacTel TPAHATOBBIX 3€PEH W KOHTAKTUPYIOMIMX aM(pHOOIOB MOTyUYeHBl 3HAUECHUS
10 700-650°C. TakuM 06pa3oM, TepMalibHasi MeETaMOP(GHUYECKas SBOJIIOIMS METACOMATHYECKUX KM M Me-
TaaHOPTO3MTOB OJMHAKOBA: MMOCiie Makcumyma mpu ~ 850°C, Te u apyrue GbUTH COBMECTHO MOBEPTHYTHI
JOBOJIBHO CIIaObIM PETPOTPaIHbIM U3MEHEHUSIM.

Uctounukom Ca, Mg, Fe, popmupyromux xuibl, MOru ciyxuth Grt-Px kpucramiocnaHusl B ce-
BEpHOM OKOHYaHMH KOJIBUIIKOTO MacCHBa, MMOCKOJIBKY MHUHEPAIIbHBIE ACCOLMAINH U COCTaBbl MUHEPAJIOB B
3THX MOpOoJax M B 0a3u(UKATHBIX JKUJIAX, TOYTH HICHTUYHBI.

Hpyrum npumepom BeiHOca Ca, Mg, Fe ciyxaT 0asudukaTHble XHJIbI, OTMEUYEHHBIC B 3allaJHOM
yactu 0. Kuii, pacnionoxeHHOTo B 10)kHOI yactn OHEXCKOM ry0bI bemoro Mops.

bonee MominbIe, YeM BhIIeonucanHble, qocturatontue 1.0-1.5 M, mpoTsokeHHbIe 6a3UBUKATHBIC KH-
JBl pacrioyiaratotcsi B Merarabopougax. JKuibl OTIUYAIOTCS AOBOJBHO MPOCTOH 30HATBHOCTBIO — IICH-
TpajbHasi 4acThb 30H cioxeHa rpanatoM (15% Py, Grs — 25-30%), kpaeBast aMm(puO0IOM —4EPMAKUTOM C
xenesucroctbio = 0.30-0.40. Temneparypa xunoodpazosanus - 650-700°C, nasienus okono 10 kGap. Io
NpeABAPUTENBEHBIM JAaHHBIM, HHOWIBTPAMS KPEMHEIICIOUHBIX (QIOUI0B B MeTarabopouas o Kuit npu-
BOJMIIA K X aM(pUOOIU3aMKM U METaCOMAaTO3y, BBIPA3UBIIEMYCSl B MOSIBICHUH MHOTOYUCICHHBIX OpHEH-
TUPOBAaHHBIX KBapII-TIOJIEBOIINMATOBBIX K. OcaxkIeHHe MIeoueil 1 KpeMHe3eMa COMPOBOXKAAIOCH pac-
TBOPEHHUEM, BBIHOCOM H niepeoTiiockenneM Ca, Mg, Fe B Buae MomHbIX 0a3uuKaTHBIX KA B HEITOCPEICT-
BEHHOH OJM30CTH OT UX UCTOYHHUKA.

HccnenoBanus ObITH TpoBeIeHBI MPH ¢GuHaHCOBOH mommepkke PODU, rpanter Ne 06-05-64645,
09-05-00744 u mporpammbr OH3, Tema Ne 7.
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At eclogite- and amphibolite-facies P-T parameters, a large volume of TTG-melts can only be
produced if deep fluid infiltration is involved, i.e. in open systems. According to a granitization model
(D.S. Korzhinsky, 1952), infiltrating fluids supply alkalies and silica to rocks, giving rise to quartz-
feldspathic metasomatic rocks and feldspathized rocks that show no signs of melting. If, however, T-P
parameters agree with the granite solidus, then as a result of long, intense circulation of alkali- and silica-
rich H,O-CI-CO, fluid, metabasic rocks are altered to nebulitic migmatites, then to magma, and, finally,
altered host rocks are replaced by tonalitic or bifeldspathic-granitic melt. Granitization in situ has been
shown to be a typical final stage in the prograde metamorphic evolution of old shields, so that the volume
of a felsic granitoid constituent (veins, pegmatite fields, granitic domes and nebulitic migmatites) in them
always increases and that of mafic rocks decreases.

The study of alteration of metagabbronorites to granitoids on Gorely Island in Kandalaksha Bay,
White Sea, has shown that almost unaltered coronary metagabbronorites pass towards the gneissose-granite
contact into apogabbro HbI-PI£ScptQtz plagioamphibolites with magmatic relics, then into K-
feldspathized Hbl-Bt-Pl-Kfs-Qtz+Scp+Cal apogabbro amphibolites and, finally, into gneissose-granites,
composed of Kfs-PI-Bt-Hbl-Qtz, with abundant semi-dissolved skialiths of apogabbro amphibolites. A
metasomatic alteration zone in metagabbronorite is 5 to 20 m wide. Zonal transformation of metagabbroids
was caused by filtration of silicic-alkaline H,O-CI-CO, brines associated with and genetically related to
gneissose-granites, the mole fraction of NaCl in the fluid supplied to the rock (rear zone of the infiltration
column) being ~ 0.17-0.30. Variations in the acidity of solutions in the near-contact zone were estimated
by microprobe measurement of the CI content of biotites (1g fu20/fuc). 18 fuz0/fuc values of 0.8-1.3 suggest
the solutions filtrated from the gneissose-granite side were highly aggressive and displayed a high
volatility of HCI (fy¢; in the fluid could be as high as 500 bar). That is why in the near-contact zone the
highest percentage of Cl was observed in amphiboles (up to 0.44 mass. %) and biotite (up to 0.38 mass.
%), showing that they were formed at a metamorphic peak. Apatite emerged in a less acid, more aqueous
fluid phase environment (lg fizo/fuc; = 2.98-3.91) presumably associated with filtration of remanent
hydrothermal solutions that spent most of their salt load at a metamorphic peak.

In addition to alkalies and silica, the fluid supplied Rb, Ba, Pb, Zr and LREE, and Cu, Zn, Cr, Co, V
and Ni were redistributed in solution filtration direction. As metagabbronorite was granitized, the fugacity
of oxygen in the fluid increased from ca. QFM-1 log. units to QFM+4 log. units. Calculations have shown
that fluid flow that percolated the rocks over the entire granitization period was ¢ ~ 4x10% - 2 x10°
cm’/cm®. Only the marginal part of gabbronorites on Gorely Island was altered because the volume of
fluid that infiltrated the rock was small.

We failed to find the basic constituents of Fe-Mg-Ca, removed by granitization of the
metagabbronorite margin on Gorely Island, because they are usually scattered outside granitization and
migmatization zones. Their concentrated veined redeposition is more seldom encountered. Such
metasomatic (basificate) veins typically exhibit a zonal structure, suggesting that solutions were involved
in their formation.

An example is provided by garnet-pyroxene-hornblende metasomatic veins revealed in the Kolvitsa
metaanorthositic massif [1] metamorphosed and locally granitized (charnockitized) in the Svecofennian
cycle under high pressure granulite-facies conditions [2]. The veins vary in thickness from 1 cm to tens of
centimetres. The types of zoning in the Kolvitsa metaanorthositic massif are different but symmetrical; for
example, the axial part of some veins is made up of aggregate composed of Grt (20-30% Py, Grs — 20-
30%) with Mag, and is surrounded on both sides by a Cpx-Hbl-Mag zone. In other veins, the central
portion is an Opx core with fine-grained Grt inclusions succeeded first by a Cpx-Grt- zone and then by
Grt-Hbl-zone at the selvage. Type 3 has a Cpx-Hbl central portion rimmed by Grt-Hbl-Pl bands; both host
many ore Mag-Ilm intergrowths. Other combinations are also possible. Thermometry of veins using Hbl
and Cpx inclusions in the central parts of garnets showed that metasomatism occurred at ca. 850°C, which
coincides with the metamorphic peak temperature of host anorthosites. Based on the compositions of the
retrograde margins of garnet grains and contacting amphiboles, temperatures of up to 700-650°C were
obtained. Thus, the thermal metamorphic evolution of metasomatic veins and that of metaanorthosites are
identical: after a maximum at ~ 850°C, both have jointly suffered slight retrograde alterations.

The source of Ca, Mg and Fe that formed the veins could be provided by Grt-Px schists at the
northern end of the Kolvitsa massif, because the mineral associations and mineral composition of these
rocks and those of basificate veins are almost identical.
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Another example of removal of Ca, Mg and Fe is provided by basificate veins reported from the
western part of Kiy Island located in the southern Onega Bay of the White Sea.

Long, ca. 1.0-1.5 m thick basificate veins, thicker than those described above, occur in
metagabbroids. The veins display a very simple zoning: their central portion consists of garnet (15% Py,
Grs — 25-30%) and their margin is made up of amphibole-tschermakite with an iron content of 0.30-0.40.
The veins were formed at a temperature of 650-700°C and a pressure of ca. 10 kbar. Preliminary data show
that infiltration of silica-alkaline fluids into Kiy Island metagabbroids resulted in their amphibolization and
metasomatism that manifested themselves as abundant oriented quartz-feldspar veins. Deposition of
alkalies and silica was accompanied by dissolution, removal and redeposition of Ca, Mg and Fe in the form
of thick basificate veins in close proximity to their source.
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OPAHEPO30OUCKUX 'EOJUHAMHNYECKHNX OBCTAHOBOK:
CXOACTBO 1 OT/IMYHUE

Yexynaes B.I1.

UIT[ PAH, Cankr-IlerepOypr, Poccus, vpchekulaev@mail.ru
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Ha coBpeMeHHOM 5pO3MOHHOM Cpe3e apXEHCKHX I'paHUT-3eJIeHOKaMEHHBIX obnacteit moponsl TTG
cepun 3aHuMatoT 6onee 80%. B rpanynuro-rueiicoBeix obnactiax o0beM TTG Takke BecbMa 3HaYMTEIICH,
HO 37iech OHU J1e()OPMHUPOBAHbBI, METAMOP(U30BaHbl U YACTUYHO MPEICTABIECHBI YHACPOUT-YaPHOKUTOBbI-
MH aCCOIHAIUSIMH, B CBSI3M C YeM TOYHBIE OIEHKH WX 00BEMOB 3aTpynHeHBl. COTlacHO CEeHCMHUYEeCKHM
JaHHBIM [2], Hanpumep, B Llentpanbroit Kapenuu onn npocnexuBatotcst Ha rryouHy a0 25-30 kM.

HMeromuecs: reoJIorn4eckue U re0XpoHOJIOTHYECKHE AaHHbIE JEMOHCTPHPYIOT BO-TIEPBBIX, OT-
CyTCTBHE JUIsl 3HAYUTEIHHOTO WHTEpBaja BPEMEHHU CBI3W MEXAYy (pOopMHUpOBaHWEM 3eI€HOKaMEHHBIX
nmosicoB u cranoBiecHueM TTG u BO-BTOPBIX, HEOAHOKPATHOCTH BHeApeHUs mopoa TTG cepuu Ha of-
HOW U TOH ke Tepputopun. CoraacHo 3THM ke JaHHBIM HauOonbmuii 06beM TTG Obu1 chopmupoBan
B Heoapxee. OT1o npucyne u Kapenbckoll rpaHnuT-3eJeHOKaMeHHOHN oOiactu. 3xech B Heoapxee (op-
MupoBaiuchk nopoasl TTG accornumanuu Oosnee ApeBHHE, CHHXPOHHbBIE W 00Jiee MOJIOABIE 1O OTHOIIIE-
HUIO K 3eJleHOKaMeHHbIM nosicaM. [Ipumepom 6onee npeBHux TTG cepuil SABASIOTCS IPaHUTOUABl (YyH-
JJaMEHTa 3€JICHOKaMEHHBIX NMOPOJ BHYTPUKOHTHHEHTAIBHBIX MOSACOB, TaKUX Kak, Keperckuii, Matka-
JAXTUHCKHANA ¥, BO3MOXHO, KocTomykmickmii. [Ipumepom Oosee MOJIOABIX WHTPY3WH TOHAJIUTOB, pac-
MOJIOKEHHBIX BHYTPH 3€JI€HOKaMEHHBIX MOSICOB, MOXeT ciykuTh [llmnocckas uatpysus Oxuo-Briro-
3epckoro 3esneHokameHHoro nosca Kapenun. Yro xacaercst TTG, HenmocpeacTBEHHO 00paMIISIIOIINX 3€-
JIEHOKaMEHHBIE TMosca M OJM3KUX K HUM IO BO3PACTY, TO 3TO MPEUMYIIECTBEHHO MPOIYKTHI PEOMOp-
¢uzma 6onee apeaux TTG.
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[Mopoasr TTG cepunt 061a1aI0T PAAOM XapaKTEPHBIX Y€PT, OTIIMYAIONINX UX OT JIPYTUX MarMaTHue-
CKUX opo. [ maBHOW 0COOCHHOCTHIO TIOPOJ CEPHH ABISETCS UX 3HAYNMOE PaCcIpPOCTPaHEHHE TOIBKO B ap-
xee, TIPH ATOM X (GOPMHUPOBAHHE OXBATHIBACT JIUTEIHHBIN NEPHUO BpEMEHH OT 4 MIIpJ JIeT 10 KOHIIA He-
oapxes. [Topoast TTG cepun, Kak IpaBUiIO, CIAraroT IJIOMAAN OKPYTIION WM OBaJbHOM (OPMBI M OOBIYHO
OTIMCBHIBAIOTCA KaK KyIoJia WK apeasbl. B Takux rpaHuT-3eJIeHOKaMeHHBIX 001acTsaX, kak CpenHenpuaHe-
npoBckas U Penno-Kapennckas, nopoasl TTG cepuu, B pa3iIMYHON CTEIEHM MUTMAaTU3UPOBAaHHbBIC, 3aHU-
MaloT BCE MPOCTPAHCTBO MEXIY 3eJI€HOKAMEHHBIMU TMosicaMu. MHTpY3uH marnorpaHnuToB B (paHepo30ii-
CKUX BYJIKAaHMYECKHX Mosicax B ominume oT apxeiickux TTG 3aHumaroT HeOOIbIIONH 00bEM U UMEIOT JIU-
HEeHHY0 (opMy, TOJUHHEHHYIO CTPYKTYpE ByJIKaHH4YecKoro mosica [3,]. OnpeaeneHHOe CXOICTBO C apXei-
cknvu TTG uMeroT HeKOTOphIe OATONMUTHl AHJ, HO IO MacmTabaM MPOSBICHUS OHU 3HAYUTEIILHO yCTyIIa-
10T apXxeickuM, a (GOpMHUPOBAaHUE UX CYLICCTBEHHO OTOPBAHO BO BPEMEHH OT BYJIKAHMUYECKHX CEPHU.

OcobenHoctsiMu coctaa mopog TTG cepun apxeiickux KpaToOHOB sIBJSIIOTCS: 1) mpeobnasaHue To-
HAJIWTOB HaJ TPOHILEMUTAMU; 2) TTOMIYNHEHHOE KOJIMYECTBO TPAaHOINOPUTOB; 3) JIEHKOKPATOBOCTH C J0C-
TAaTOYHO Y3KHM HHTepBajioM cojepxkanus SiO,. [Ipeobnamanue B cocTtaBe cepHu JEHKOKPATOBBIX MOPOJ
OYEBHJHO NPU CPaBHEHUH C cOocTaBaMu (aHEepOo30iMcKuX miuarnorpanutoB. Apxelickue TTG cepun sBis-
IOTCSl 3HAYUTEIHHO 00JIee KPEMHE3EMUCTHIMI B CPABHEHUH C BYJIKaHUTAMH OCTPOBHBIX YT U OKpaWH KOH-
TUHEHTOB. OHU OTIMYAIOTCSA M OT KaifHO30MCKUX aJlakKWTOB, KOTOPHIE HEKOTOPBIMH MCCIIEAOBATENAMU [5 U
Ip.] paccMaTpuBaroTcs B KadecTBe aHanioroB apxeiickux TTG u npuBiekaroTcs Aj1st HOATBEPKACHUS Cy0-
IYKIIMOHHOW MpUpoabl ToHAHTOB. OMHAKO, Kak nmoka3ano B pabortax K.Condie u R.Smithies, TTG He sB-
JISIOTCSI aHAJIOTaMH aJJaKUTOB, OOHAPYXKHBasl CYIIECTBEHHBIE TeoXxuMudeckne oTmams. Kpome Toro, oHn
CYUIECTBEHHO OTJIMYAIOTCS MarHe3WallbHOCTBIO, 3HAUUTENBHO Oonbiiel y agakutoB. K. Konmu ormeuaer
takke, uto TTG oTimyatorcst 6oee HU3KUMHU KOHLeHTpauusamu St, Mg, Ni, Cr, MEHbIIUMH OTHOLICHUSIMH
CaO/AL,O; u 6onee Beicokumu LREE n Na,O/CaO. Takum o0pazom, MPOBOAUTH aHAJIOTHIO ITHX JIBYX
TPYII MOPOJ BPSA JIH SABJSETCS PAaBOMOYHBIM.

Apxeiickne TTG cepun oTIMUaroTCs TaKke OT (HaHEPO30HCKHX, BXOAIIINX B COCTaB M3BECKOBO-IIIE-
JOYHBIX 0aTONMMTOB W OOpa30BaHHBIX HAa KOHBEPTEHTHBIX TPAHMIAX IUIUT, MEHBIITUMH COICPKaHUSIMHU
HREE, Sc, Y u Ti [4], a takxke K,0, Ba, Rb. IIpu cpaBaennn apxeiickux TTG ¢ TOHanAT-TPOHIEEMHUTO-
BBIMHM KOMIUIEKCAMHU MOJIOZBIX BYJIKAHO-TUTyTOHHYECKUX CEPUH OCTPOBHBIX AYT M aKTMBHBIX OKpauH [3 u
Ip.] ycTaHaBIMBAaETCA psJ NPUHLUIIUAIBHBIX OTJIMYUI cocTaBa 3TuX UHTPYy3ui oT apxeiickux TTG. Ipex-
JIe BCETO ATO KacaeTcs Xapakrepa pacupenenenus P3D. Mososie HHTPY3UH CYIIECTBEHHO 000TaIEHBI TSI-
xensiMu P30 u Y. B onpeneneHHoit Mepe 3TO coryiacyercss ¢ HEKOTOPBIMU Pa3IMYUsIMH B COJEp)KaHUU
[JIAaBHBIX AJIEMEHTOB. TaK, MIIarHOTPaHUTHI, TaK K€ KaK M aCCOLMUPYIONIe ¢ HUMU ByJakaHuTsl BADR-ce-
puii, o cpaBHeHHIO ¢ apxeiickuMu TTG UMEIOT B OCHOBHOM 0OoJjiee Hu3Kkue oTHOoImeHus Na,O/CaO u Sr/Y
u 6onee Beicokue oTHomeHuss CaO/Al,O;, oTpaxaromnue 0ojiee CYIIECTBEHHYIO POJIb TUTATHOKIa3a U MOI-
YHHEHHYIO POJIb TpaHaTa B PECTHTE. DTH OCOOCHHOCTH MX COCTABOB IIPEAIONAraloT MEeHee IIyOWHHBIC B
cpaBHeHuH ¢ apxeiickumu TTG ycinoBus MarmooOpazoBaHuUsL.

Pe3ynbraTel MOJEIMPOBAaHUS MO TJIABHBIM U PEIKUM 3JIEMEHTAM YKa3bIBaIOT HA HHOM COCTaB UCTOY-
Huka it TTG mopox HeXemu TONEHUTH 3eIEHOKAMEHHBIX TOSCOB. M3 TONenTOBBIX 0a3ainbTOB 3€I€HOKA-
MEHHBIX TI0SICOB, KOTOpbIe UMEIOT BbIcokne coaepkanus CaO (>10%) u au3kue xonueHTpanuu Sr (100-
120 ppm), HEBO3MOXXHO TMOJIYYUTh B pa3yMHOM OOBEME COCTaBbl PacCILIaBOB, WACHTUYHBIE NMPHUPOIHBIM
TTG, conepxanue Sr B KOTOPBIX yacTo npeBbimaer 500 ppm. Macc-6anaHcoBbIe pacyeThl MO TIIaBHBIM H
PEAKHM 3JEMEHTaM C MCIIOJIb30BaHNEM SKCIIEPUMEHTANIBHBIX JaHHBIX MOKa3bIBAIOT, YTO HCTOYHUK TOHAIIH-
TOB JOJDKEH ObLI copepkaTh okoso 6-8% CaO u 6onee 250 ppm Sr. OTuM TpeOOBaHUAM OTBEYAIOT JPEB-
Hrue ampubdonmutel Bomrozepckoro kparoHa u aM(GUOOIUTHI TPyl A TPEBHETO THEHCOBOT'O KOMILIEKCA
Cpaswienna, B ompenencHHor Mepe 0a3anpTel TH2 mo K.KoHmn wimm paccauTaHHBIN COCTaB HIKHEH KO-
pet o Teiinopy n MkJIeHHOHY M cOoCTaB IpeBHHX HIDKHEKOPOBBIX KCeHONMUTOB bantmiickoro mmra [1 u
Ip.]. DTH KCEHONMMUTHI NPEeACTaBICHBI IPaHyIMTaAMH, CPEIN KOTOPHIX MpeobiIaJaroT MOPOAbl C CoAep KaHu-
em CaO < 10% u koHuentpauusamu Sr u Ba > 300 ppm.

TTG rocks make up over 80% of the present erosion section of Archean granite-greenstone
provinces. In granulite-gneiss domains, TTG rocks are also abundant, but as they are deformed,
metamorphosed and are partly represented by enderbite-charnockite associations, it is difficult to precisely
estimate their quantities. Seismic data [2] show that, for example, in Central Karelia they can be traced to a
depth of up to 25-30 km.
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Available geological and geochronological data show, firstly, that the formation of greenstone belts
was not related to the generation of TTG over a long time interval and, secondly, that TTG rocks intruded
repeatedly in the same area. It has also been shown that most TTG were formed in Neoarchean time. This
pattern is also exhibited by the Karelian granite-greenstone province. TTG rocks, older, coeval with and
younger than greenstone belts, were generated here in Neoarchean time. An example of older TTG series is
provided by greenstone rock basement granitoids of intracontinental belts such as Keret, Matkalahta and
possibly Kostomuksha. An example of younger tonalite intrusions, located within greenstone belts, is the
Shilos intrusion located in the South Vygozero greenstone belt, Karelia. Most TTG that surround
greenstone belts and those similar in age were produced by rheomorphism of older TTG.

TTG rocks have some characteristics not observed in other igneous rocks. The main characteristic is
their widespread occurrence only in Archean units. They were forming over a long time period of time
from 4 Ga to the late Neoarchean. TTG rocks commonly constitute round to oval-shaped territories and are
usually described as domes or areas. In some granite-greenstone provinces, such as Srednepridneprovian
and Fenno-Karelian, TTG rocks, migmatized to a varying degree, occupy the entire space between
greenstone belts. Unlike Archean TTG, plagiogranite intrusions in Phanerozoic volcanic belts are not
abundant and exhibit a linear shape that depends on volcanic belt structure [3]. Some of Andean batholiths
are similar to Archean TTG, but they are far less common, and there was a long time interval between their
formation and the generation of volcanic series.

The compositional characteristics of TTG rocks from Archean cratons are: 1) the predominance of
tonalities over trondhjemites; 2) minor quantities of granodiorites; and 3) a leucocratic pattern with a fairly
narrow SiO, concentration range. That the TTG series is dominated by leucocratic rocks is clearly shown
by comparison with Phanerozoic plagiogranite compositions. Archean TTG series are much richer in silica
than island-arc and continental-margin volcanics. They also differ in Cenozoic adakites understood by
some authors [5 et al.] as analogues of Archean TTG and used to support the subduction nature of
tonalites. K. Condie and R.Smithies have shown, however, that TTG differ considerably in geochemical
composition from adakites. In addition, they are much richer in Mg than adakites. K. Condie also notes that
TTG have lower Sr, Mg, Ni and Cr concentrations, lower CaO/Al,O5 ratios and higher LREE and
Na,O/Ca0 ratios. Therefore, the two rock groups are hardly similar.

Furthermore, Archean TTG series contain smaller HREE, Sc, Y, Ti [4], K,O, Ba and Rb
concentrations than Phanerozoic series that form a part of calc-alkaline batholiths and were formed at
convergent plate boundaries. Comparison of Archean TTG with tonalite-trondhjemite complexes of
young island-arc and active-margin volcanic-plutonic rocks [3 et al.] shows that these intrusions differ
markedly in composition from Archean TTG, primarily an REE distribution pattern. Young intrusions
are substantially enriched in HREE and Y. This agrees to a certain extent with some differences in
major element concentrations. For example, plagiogranites, like associated BADR volcanics,
dominantly display lower Na,O/CaO and Sr/Y ratios and higher CaO/Al,O; ratios than Archean TTG,
reflecting a more essential contribution of plagioclase and a minor contribution of garnet to restite.
The above compositional characteristics suggest that plagiogranites were generated at shallower
depths than Archean TTG.

The results of major and rare-element-based modeling suggest that TTG rocks were derived from a
different source, rather than tholeiites from greenstone belts. Melt compositions, identical to natural TTG
in which Sr concentration is often in excess of 500 ppm, cannot be formed in reasonable amounts from
greenstone-belt tholeiitic basalts that contain high CaO (>10%) and low Sr (100-120 ppm) concentrations.
Mass-balance calculations for major and rare elements using experimental data suggest that the source of
tonalities contained ca. 6-8% CaO and over 250 ppm Sr. These requirements are met by old amphibolites
from the Vodlozero Craton, Group A-amphibolites from the old Swaziland gneiss complex, to a certain
TH2 basalts after K. Condie or the calculated lower crust composition after Taylor and McLennon and the
composition of old lower—crust xenoliths from the Baltic Shield [1 et al.]. The xenoliths are represented by
granulites dominated by rocks that contain less than 10% CaO and over 300 ppm Sr and Ba.
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Kak nmanexo B MCTOpHIO HAIIEHW TUTAHETHI MOXET OBITH MPOJOHTUPOBAH COBPEMEHHBIM THII
TEKTOHOMarMaTH4eckoil akTuBHOCTH? O/IHM MCCIIeZI0BATENN MOJIAraloT, YTO XapakTep TEKTOHOMarMaTHye-
CKHUX MPOLECCOB MPAKTHUECKH HE MEHSUICA HAUMHAas C 30apXes U MOXKET ObITh ONMCaH B TEPMUHAX COBpE-
MEHHOM IUICHT-TEeKTOHMKH. J[pyrue crenuaiucTsl HACTaMBAIOT HA CIEHU(UKE Pa3BUTHS 3eMJIM B PaHHEM
JIOKeMOpHH.

CornacHO COBPEMEHHBIM MOJEISM, NepeuiHas 3eMHds Kopa MOria ObITh WM 0a3uTOBOI Miu cua-
anyeckoil. C TOUKH 3peHHs EeTPOJIOTHU U (HU3UUECKON XMMUH, IPUHLIUIHAIBHBIX PA3INIUi MEXIY HUMH
HeT: 00e TpeOyIoT IT00aTbHOTO pacIIaBIEHUS NCXOAHOTO XOHAPUTOBOTO BEIIECTBA, YTOOBI 00pa30BaTh
MEPBUYHYIO 36MHYIO KOpY. /3-3a pa3sHHLIBI B BeNWYHHAX aAMa0aTHYECKOTO TPaJeHTa U TPaJIMeHTa TeMIIe-
paTypbl TOUKH IUIABICHHSI, 3aTBEPIEBaHNE MarMaTHYECKOI0 «OKeaHa» JOJDKHO OBIJIO MPOUCXOIUTH CHU3Y
BBEpPX, IPUBOAS K HAKOIIJICHHUIO JIETKOIUIAaBKUX KOMIIOHEHTOB, 00pa3yoLINX IepBUYHYIO Kopy. ['eonoruye-
CKHE M TeOXMMHUYECKHE JaHHbIe (pe3Koe npeodiaganie TPaHUTOUIOB B apXeicKOM 3eMHOM Kope U Haxo/-
KH JpeBHEHIINX IeTPUTOBBIX LIUPKOHOB ¢ Bo3pactoM 4.4-4.2 mupa. et (Valley et al., 2002), '"°Lu/'""Hf
OTHOLICHUSI B HUX BechbMa OJM3KHE K JOMHHHPYIOIIMM B apXee IUIaruorpaHuTaM TOHAJIUT-TPOHIbEMUT-
rpanoguoputoBoro (TTI) cocraBa (Blichert-Toft, Albarede, 2008)) cBHIETENBCTBYIOT B MONB3Y MEPBHY-
HO-CHAIM4YecKOl 3eMHON Kophl. Bece 310 nenaeT takue rpaHuTOn Bl Hanbosee BEPOSTHBIMHU MPETEHIeHTa-
MH Ha POJIb TIEPBUYHON 3eMHOM KOpbl. C (hopMHpOBaHUEM MEPBUYHONW KOPBI, OYEBHIHO, CBA3aHO U TEp-
BHYHOE )K€ TIOBCEMECTHOE MCTOIIEHUE BEIIECTBA BEPXHEH MaHTHH.

TexkToHOMarMaTu4yecKue NMpouecchl B apxee M paHHeM NajeonpoTepo3oe. [ TaBHBIMU TEKTOHHU-
YECKUMH CTPYKTYypaMH apxesi SIBISIMCH TpaHUT-3eleHoKaMeHHble oonacTtu (I'30) u pazgensiomue ux rpa-
HYJIUTOBBIE TOsica YMepeHHBIX AaBieHuil. 30 ¢ HempaBUIBHOW CETHIO 3€JICHOKAMEHHBIX MOSICOB B ILIa-
ruorpanutHoil TTI -maTpune (nepepaboTaHHON MEPBUYHO-CHATMYECKON KOpe). DTH mosica MpeICTaBIIsIIHN
co00l pOTOpU(TOBBIE CTPYKTYPHI, BBHIIOIHEHHBIE BBICOKO-Mg BYyJIKaHUTaMH KOMAaTHHUT-0a3aJlbTOBON U
6onnHnTONONO0HOM cepun. ['30 ABmsUTMCH 00MACTSIMU PACTSKEHHMSI, BO3ABIMAHUS M CHOCA, & TPAHYJIUTO-
BBIE TOsica — MPe00IaIalonIero CXKaTHs, MOTPYKEHUS U 0CaJKOHAKOIUICHHUS, APEBHEHITNMHI OCaI0YHBIMH
Oacceiinamu. Mexy HAUMH Pa3BUBAIUCH MPOMEXYTOUYHBIE 30HBI TEKTOHHYECKOro TeueHus. Curyanus B
LIEJIOM PEe3KO OTIMYANach OT COBPEMEHHOM IUIEHT-TEKTOHHUKH.

K npomeposoro 3emHast xopa cTaina )KeCTKOM, O YeM CBHJIETEIBCTBYET MOSBICHUIO COOCTBEHHO pH(]-
TOTE€HHBIX CTPYKTYpP, OTPOMHBIX POEB JJa€K M KPYMHBIX PacCIOCHHBIX HHTPY3UBOB. XapakTep k€ TEKTOHU-
YecKOW aKTMBHOCTHM B PaHHEM MAJEONpOTepo30€ U3MEHmIcs Mano: Mecto 1'30 3aHsAnIM KpaToHBI, pasjie-
JICHHBIE TPAaHYJIUTOBBIMH MOACAMM; MEKAY HUMH Pa3BHUBAIKMCH IPOMEXYTOUHBIE 30HBI MIOJOIOT0 TCUEHUS
KOpPOBOTO MaTepraia B CTOPOHY OT KpPaTOHOB K TPaHYJIMTOBEIM noscaM. [Ipeobmagaromum THIIOM Marma-
TU3Ma Toria ObUTM oOpa3oBaHus KpemHe3emucToi Bbicoko-Mg cepuu (KBMC), dopmuposasimie
KpYIIHbIE U3BEP>KEHHBbIE MPOBUHIMU. [[poncxoxaeHne MaHTUHHO-KOPOBBIX paciuiaBoB pacmiaBoB KBMC
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CBSI3BIBACTCS C «BCIUIBIBAHUEM) OYAroB BBICOKOTEMIIEPATYPHBIX YJbTpaMa(UUECKUX MarM CKBO3b KOPY
[0 TIPUHIUIY 30HHOH IUTaBKH, T.€. ITyT€M IMPOIUIABICHUS KPOBIW W Kpuctammu3anuu y aHa (Lllapkos u
ap., 2005).

®DopMUpoBaHUE KPYIHBIX U3BEPKEHHBIX MPOBUHIIMN MIPEANOIaraeT CylecTBOBAHNE MOl HUMHU MaH-
TUWHBIX CYNEPILTIOMOB MEPBOr0 MOKOJICHUS, CI0KEHHBIX MaTEpPHAIOM JEIJICTUPOBAHHOM MaHTuu. Pacte-
KaHME MX TOJIOBHBIX YacTel mpoucxoamno Ha riryomaax 200-450 kM, He BBI3BIBas pa3pbIBOB JPEBHEH ITH-
Tocdepsl. CHTyaIus MOKET OBITh OTIFICAHA B TEPMHUHAX TUTFOM-TEKTOHUKH.

KapaunanbHasi cMeHa TEKTOHOMarMaTH4ecKHX npomeccoB. Marepsan 2.3-2.0 Mip. JeT Ha Bcex
JIOKeMOPHIICKHX IIHATaX XapaKTepHU30BaicsS MaccOBBIM mosiBieHneM Fe-Ti mukputoB u 0a3zanpToB, aHAIO-
TUYHBIX (haHEPO30WCKUM BHYTPUIUIUTHBIM MarMaMm. B oTiimume oT MpeapIaymuX BRICOKO-Mg pacIuiaBoB,
OHM MPOMU3OIUIH U3 TE€OXUMHUUECKU-000TAIlIEHHOT0 MAaHTHHHOTO cybcTpara. C 3TOro BpeMeHH OHHM CTaHO-
BSITCSI TJIaBHBIM TUIIOM MarmaTu3Ma, IpuBojis K «BbipoxacHuio» KBMC. Buauane xapakrep TEKTOHUKU HE
M3MCHWUJICS: MOJIOJIBIE JJABOBBIC IIOTOKH HapaIIMBAIIA Pa3pe3bl B TEX K€ CaMbIX pU(TOTCHHBIX CTPYKTypax,
(hopMUPOBAIKUCH POU JaCK U KPYIHBIC PACCIOCHHBIC MHTPY3HBBI, HO Y)K€ TUTAHOHOCHBIC. [[paMaTuueckas
CMEHA I'e0JIOTUYECKUX MPOIEecCoB npou3soiuia Tojabko 200-300 MIIH. JET CIycTs, OKOJIO 2 MIIPI. JIET, KOraa
MOSIBUITUCH TIEHT-TEKTOHNKA U TIEPBbIE OpOTeHBI (DaHEePO30ICKOTO THIIA.

C sTOTO0 BpEeMEHH HAYaJOCh CHCTEMATHYECKOS YHUUTOKEHUE APEBHEH KOHTUHCHTAJIHHOUW CHAJIIYe-
CKOM KOpBI B HOBOOOPA30BAHHBIX CHUCTEMax BYJIKAHWYECKas Myra-3aIyroBoe Mope, I'Zie 9Ta Kopa M3 3ay-
TOBOTO IPOCTPAHCTBA BOBJIEKAIACh B 30HBI CyOMYKIIMH U 3aTe€M «CKJIATUPOBANIACHY) B «KIAJOMIAX CIID-
00B», yCTaHaBIMBAEMBIX ceilicMmuueckoi Tomorpacdueii B Tomme mantuu (Karason, van der Hilst, 2000).
OTO MPUBENO K MOCTCIICHHOMY 3aMEIIECHUIO TIEPBUYHO-CHATNYIECKOHN («KOHTHHEHTAIHHOW») KOPBI BTOPHY-
HOW Ma(huTOBOH (OKEAaHUYECKOI) KOPOH.

Takum oOpazom, B uHTepBaie 2.3-2.0 Mupa. JIeT Ha3all, COCTaB MaHTHIHBIX PACIUIABOB M T'eOMHA-
MUYECKHE TPOIECCHI UCTIBITATH OBICTPOE M3MEHEHNE MPAKTHUECKH OJTHOBPEMEHHO B MacmiTadbe Bcel 3eM-
U, MBI CBSI3bIBAEM ATH U3MEHEHHUS C MOJHEMOM MAHTHUMHBIX CYNEPIUTIOMOB BTOPOI TeHepaluu (TepMOXH-
MHUYECKHX ), KOTOPBIE U Ceiiuac TeHepUPYIOTCS Ha TPaHUIle KUAKOTO KEJE3HOTO sIpa U MAaHTHH, 00eCTIeYH-
Basi COBPEMEHHYIO0 TEKTOHOMarMaTH4IeCcKyl aKTUBHOCTH 3eMiid. [I0CKONBKY CyNepIuTIOMBI TOCTOSTHHO OT-
BOJIAT TEIUIO OT XKHUAKOTO KEJIE3HOTO SApa, OHO JIOJDKHO MOCTEIICHHO 3aTBepieBaTh. [Ipu 3ToM BEICBOOOXK-
JTaeTcs OOJBIIOE KOTMYECTBO PACTBOPEHHBIX B paciuiaBe (IIFOHIIOB, YTO U MHUIIMHUPYET UX MoabeM. biaro-
Japst HATHIAO (IIIOWUIOB, BEMIECTBO ATHX CYIICPIUTIOMOB UMEJIO MEHBIIYIO TUIOTHOCTh M JJOCTHUTAIO OoJiee
YMEPEHHBIX TUIyOWH, T/I¢ pacCTeKaHWE WX TOJOBHBIX YacCTeH ykKe MPUBOAMIO K aKTUBHOMY B3aMMOJICHCT-
BUIO C BEPXHEH YacThiO JPEBHEH JIUTOCHEPHI, BKIFOYAs 36MHYIO KOPY: K pa3pblBaM mocienHel, hopMupo-
BaHUWIO 30H OKEaHUYECKOTO CIIPEIUHTa, BOSHUKHOBEHHIO U TIEPEMENICHHUIO TUTUT, TIpolieccaM CyOIyKINA |
T.J., T.€. K TIOSIBJICHHUIO TUICHT-TEKTOHUKH.

[To aHanOru4HOMY CIIEHAPUIO PA3BUBAIIMCH U APYTHE IUIAHETHI 3€MHOM TPYTIIBL, T[I€ TAKXKE Pa3BUTHI
JIBA TTIABHBIX THIIA peibeda — MOJIObIe OOIIMPHBIE PABHUHEI, 3aluThle Oazanbramu (Ha JlyHe — mops) u
TIOJTHATHS, CIIOKEHHBIE OoJiee JIEeTKUM APEeBHUM MaTepuaiioM (meccepvl Ha Benepe u semau Ha Mapce).

IIpuYuHBI IBOJTIONUMN 3eMHBIX IJIAHET. V3 IpUBEICHHBIX MAaTEPUAIOB CIEAYET, UTO CITYCTS MPH-
MEpHO 2.5 MJIpJI. JIeT mociae 00pa3oBaHusl 3eMJIH, B TCKTOHOMAarMaTHYECKUE MPOIECCHI CTaI0 BOBIEKATHCS
HOBOE, T€OXUMIYECKHU-000TallleHHOE BEIIECTBO, PaHee MPAKTHIECKH B HUX HE Y9YacTBOBABIIEE, UYTO B KO-
HEYHOM CU€TE€ U MPUBEIIO K MOSIBIEHUIO TJIEHT-TEKTOHUKH, IEUCTBYIOLIEH U MOHBIHE. [ /1€ MOIJIO XpaHUTh-
Cs 3TO BEILECTBO U KAKUM 00Pa30M OHO ObLIO aKTUBUPOBAHO?

YcTaHOBIIEHHAs TIOCIIEIOBATEILHOCTh COOBITHI MOTJIa BO3HHUKHYTh TOJBKO NMPU KOMOWHAIIMH JBYX
He3aBUCUMBIX (akTopoB: (1) 3emis m3HadaIbHO OBLIa TETEPOTEHHOM, T.€. IPOU30IUIA B pe3ybTaTe TeTe-
pOTeHHOH akkpenuu U (2) ee pa3orpeB MPOUCXOIMI CBEPXY BHH3, OT TOBEPXHOCTH K SIAPY, COMTPOBOKAASICH
OXJTAKACHWEM BHEITHUX oOoyouek. Hamboree BeposSTHOW MPUYMHON HEHTPOCTPEMUTENBHOTO pa3orpena
3eMin B IPYTUX 3€MHBIX TUIAHET OblIa 30HA (BOJIHA) TEIUIOTCHEPUPYIOMHMX AehOpMAaIlHid, BOSHUKAIOIAS
IIPU YCKOPEHUH UX BpalleHus. MbI MmoyaraeM, 4To Takue BOJIHBI AedopMalinii mosiBUIUCH MOCIIE 3aBeplie-
HUS aKKPELMH IJIaHET B pe3yJbTaTe MOCTEHNEHHOr0 YIUIOTHEHHUS UX MaTepHalla U COOTBETCTBYIOIIETO CO-
KpallleHus] UX paanycoB. Takas BoJHa BHaYaje MPOXOAMIIA Yepe3 ACTUIETHPOBAHHYI0 MaHTHIO, TEHEPHUPYS
CYTIEpILTIOMBI TIEpBOTO TMOKOJeHHs. JKene3Horo sjpa oHa JOCTHraia B MOCJIEIHIOI O4depeab, MPUBOIS K
€ro IJIABJICHUIO U TeHEPAINi TEPMOXUMUYECKUX CYTIEPIUTIOMOB, CYIIECTBYIOIINX HA 3eMJIe U TIOHBIHE.

B Hacrositiee BpeMs CyNepILTIOMbI BTOPOTO IMOKOJICHUS OMPEAEISIOT MPAKTHIECKH BCIO TEKTOHO-
MarMaTH4ecKyl0 aKTHBHOCTb 3eMIH, SBISACH TJIABHBIMH JIBHDKHTEISIMA TEKTOHHYECKHX IporeccoB. U3
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9TOTO CIIEAYET, YTO JKUAKOE JKEJIE3HOE SIAPO ceiuac MpeNcTaBisieT COOOH DHEPreTHYECKOe «Cepale» Ha-
el ma”etsl. [locie ero 3aTBepaeBaHUsS TEKTOHOMAarMaTWdecKHe MpPOIEecChl MPEeKpaTITCs, Kak 3TO YxKe
umMeet mecto Ha JlyHe, Benepe, Mapce u Mepkypuu.

How deep in the Earth’s history the modern type of the tectonomagmatic activity can be prolonged?
Many investigators think, that character of such processes has not practically change from Eoarchean and
may be described in plate-tectonics terms, but other geologist insist on specificity of the Earth’s evolution
in the Early Precambrian.

According to current models, the primordial Earth’s crust could be mafic or sialic in composition.
Both models require a global melting of a primary chondritic material to form the primordial Earth’s crust.
The final result depends on the degree of melt differentiation during solidification of a magmatic ocean.
Such a solidification, because difference on adiabatic and melting-point gradients, proceeded in bottom-top
direction and resulted in accumulation of low-temperature derivates in the upper shells of the planets.

Geological data, namely granite-dominated Archean crust inferred from the study of inherited zircon
cores (Valley et al., 2002; Harrison et al., 2005) and '"°Lu/'""Hf ratios in them, close to TTG-granitoids
(Blichert-Toft, Albarede, 2008) supports the primordial-sialic crust hypothesis and make TTG granitoids
the most favour candidate for the primordial crust. The evidence of the separation of the continental crust
from the primordial mantle during the earliest stages of the Earth’s evolution comes from its composition
which is complementary to that of the depleted mantle (Galer, Goldstein, 1991).

Tectonomagmatic processes in Archean and early Paleoproterozoic. Major Archean tectonic
structures are granite-greenstone terranes (GGT) and divided them granulite belts of moderate pressures.
GGTs with irregular networks of greenstone belts in the TTG matrix (reworked primordial sialic crust?).
These belts represent protorift structures, infilled mainly by high-Mg volcanics of komatiite-basaltic and
boninite-like series. GGTs were areas of extension, upraising and denudation, and granulite belts —
compression, descending and sedimentation, the most ancient sedimentary basins (Taylor, McLennan,
1985) and their related synkinematic magmatic untis, which are dominated by enderbite and charnockite.
Transition zones of gently tectonic flowage, like Belomorian Mobile Belt, evolved between these
structures. Generally, the Archean geological pattern was drastically different form that inferred from the
modern plate tectonics.

By the Properozoic the crust became rigid resulting in formation of rifts, dike swarms and large
mafic-ultramafic layered intrusions. In the Early Proterozoic the character of the tectono-magmatic activity
remained almost the same: cratons separated by greenstone belts appeared in the place of GGT. Like in
Archean time, the cratons and granulite belts were interspaced by tectonic flowage zones. The magmatism
was dominated by siliceous high-Mg series (SHMS) forming large igneous provinces. Geochemically, they
were similar to the Phanerozoic boninites but with higher TiO, and negative exy(T) implying an important
assimilation of Archean lower crust rocks.

The SHMS and possible Archean geochemical analogues of boninites possibly resulted from the
ascent of deep-mantle derived high-temperature ultramafic melts and their percolation through the
lithosphere, like zone refining, implying melting at the top and crystallization at the bottom. This provided
large-scale assimilation of upper mantle and lower crust rocks.

The appearance of large igneous provinces requires first generation mantle superplumes located
beneath them and consisting of depleted mantle material. The heads of the plumes spread at depths of 200-
450 km. Such a situation can be described in terms of plume-tectonics typical of the Early Precambrian.

Cardinal change of tectonomagmatic processes. Within all Precambrian shields the period of 2.3
to 2.0 Ga was characterized by voluminous eruption of incoherent element enriched Fe-Ti picrites and
basalts similar to the Phanerozoic intraplate magmas. Unlike the older high-Mg melts they were derived
from an enriched mantle source. Since then they represent a major type of magmatism.

The character of the tectonic activity did not significantly change: younger lavas erupted over
riftogenic sections; dike swarms and Ti-bearing large layered intrusions were formed. The older type of
igneous provinces was replaced by modern-type LIP. A drastic change of the tectonic pattern occurred
200-300 Ma later, at ca. 2 Ga, for form first Phanerozoic-type orogens, ophiolites (Penrouz classification),
island arcs, back-arc basins, etc., which formed due to the closure of first oceans. Since then, the
subduction of the ancient sialic continental crust is a permanent process and the crustal fragments are
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stored in the slab graveyard, estimated in the mantle by seismic tomography(Karason, van der Hilst, 2000).
Since then it has been replaced by the secondary mafic crust.

Thus, during the period from 2.3 to 2.0 Ga, the tectonic processes and the composition of mantle
melts irretrievably changed over the whole Earth. This triggered the processes of plate tectonics which are
still active. Simultaneously, important compositional changes occurred in the atmosphere (it became
oxidative) and biosphere (multicellular organisms appeared) - Melezhik et al. (2005).

We believe that the ascending second generation mantle plumes (thermochemical plumes), enriched
in Fe, Ti, K, Na, P, Ba, Zr, LREE and other incoherent elements, were responsible for those changes.
Those plumes were generated at the core-mantle boundary in D" layer and this process is active so far
(Dobretsov et al., 2001).

Because the superplumes draw away the heat from the liquid core resulting in its solidification,
which goes upwards and thus provide the growth of the inner (solid) core. Such a process relieves big
amounts of the fluids dissolved in the melt and initiates the ascent of the thermochemical plumes. The
thermochemical plume matter possessed less density and could reach shallower depths. The spread of the
head parts led to their active interaction with the upper part of the ancient lithosphere including the crust.
This, in turn, resulted in crust fracturing, oceanic spreading, formation and movement of plates,
subduction, etc., i.e. plate tectonics.

Evolution of other terrestrial planets (Mars, Venus, Mercury and Moon) had evolved at the same
scenario. Two major types of relief observed on them also: ancient highlands composed by light material
(tesseras on Venus, earths on Mars and highlands on Moon) and vast younger planes, formed by basaltic
flows (maria on the Moon).

Causes of the terrestrial planets evolution. Our data show that at ca. 2.3 Ga on the Earth the
tectonomagmatic processes started to involve previously absent geochemically enriched material, which
finally led to appearance of plate tectonics. Where the enriched matter was stored, how it was activated?

The established succession of events could be provided by a combination of two independent factors: (1)
the Earth originally was heterogeneous, i.e. formed due to the heterogeneous accretion and (2) the downward
heating of the Earth — from the surface to the core — was followed by the cooling of its outer shells.

The most probable cause of the centripetal heating of the Earth and the Moon was a zone/wave of
heat-generating deformation directed inside the planets. Those inward-directed zone of deformation
appeared after the planets were formed (accretion finished) and their rotation around their axes accelerated.
That wave could reach the interior of the planets thus heating deep mantle material and generating first
superplumes. Finally, it reached the iron core, melted it and produced secondary thermochemical plumes,
which are still active.

Now such superplumes determine practically all tectonomagmatic activity on the Earth to be are
mover of tectonic processes. From this follows that liquid iron core is the energetic “heart” of our planet.
After it’s solidification tectonomagmatic processes will be completed, how it already occurred on the
Mercury, Venus, Mars and Moon.

APXEHNCKASI OKEAHUYECKAS KOPA: UTO CYBAYIHHUPOBAJIO?
Hunancrkuu A.A.
I'MH PAH, Mockgsa, Poccus, shchipansky@mail.ru
ARCHEAN OCEANIC CRUST: WHAT WAS SUBDUCTED?
Shchipansky A.A.

Geological Institute, RAS, Moscow, Russia, shchipansky@mail.ru

MHoro4unclieHHbIe pe3yJbTaThl reCOAMHAMUYCCKOT O, U30TOIMHO-TCOXUMUYCCKOI0 MOJACINPOBAHUS, 4
TaKKEC I/ICCJ'ICI[OBaHI/Iﬁ MaHTHUUHBIX KCCHOJIMTOB, BBIHCCCHHBIX KI/IM6CpJII/ITOBI)IMI/I pr6KaMI/I, IIOKa3bIBAKOT,
YTO B apXxeeC, Kak U B MOCICAYIOIINEC I'COJIOTUICCKUC 3II0XH, ,Z[CflCTBOBaJ'I MCXaHU3M PCIUKIIMHTA BCIICCTBA,
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00pa30BBIBABILETOCS Y TIOBEPXHOCTH 3€MIIM M MOTpYy’KaBIIerocs B riryookyto MaHTuio [1]. C Touku 3peHus
COBPEMEHHOH I'e0JMHAMHUKH IJIaBHBIM MEXaHU3MOM PELIMKIIMHTa KOPOBOTO BEIIECTBA ABJISIETCS CYOLyKIMs
OKEaHWYECKOW KOPBI; AeTaMUHAIMs ()parMeHTOB HIKHEHW KOPBI, TO-BHIUMOMY, MOXXET BHOCHTH JIMIIH He-
3HAYUTENBHBIN BKJIJ B 3TOT IIpOILIeCC.

Bwmecte ¢ Tem, npobiema cyOnynupyeMOCTH OKEaHHYECKO KOpHI B apxee MPOJOJDKACT OCTaBaThCs
0CTpO N1e0aTUPYEMBIM IPEAMETOM, YTO HANPSMYIO CBA3BIBACTCS C OLEHKAMU TEMIICPAaTyPHOIO PEKHMa
MaHTHH 3€MJIM TOTO BpeMeHH. B criry 6oiee BBICOKOTO TEIJIOBOTO MOTOKAa paHHeHW 3emin JoJKHa Oblia
(opMHpoBaThCA OKeaHWYecKash Kopa B 2-3 pa3a OoJiblIell MOIIHOCTH, HEXelH ~ 6 — 7 KM COBpEeMEHHas
OKEeaHHUeCKasi Kopa, TeHepUpyeMasi B CPEIMHHO-OKEaHNIECKUX XpeOTax ¢ MOTEHIHAIbHONW TeMIepaTypon
BepxHei ManTud ~ 1300 - 1350°C. OueHKH MOTEHIHMAILHON MAHTHHHON TEMIEpaTyphl IS apXeHcKoi
BEpXHEIl MAaHTUU CTAIKUBAIOTCS C GOJBIIMMHU TPYIHOCTAMH, IIOCKOJIbKY HE U3BECTHBI XOPOIIO JOKYMEHTH-
pOBaHHbIE MPUMEPBI OKEAHNYECKON KOPHI TOro BpeMeHH. CyIIeCTBYET IUPOKUN CIIEKTP OLEHOK 3TOro Ma-
pameTpa, OCHOBAHHBIX KaK Ha JAHHBIX MarMaTH4eCKOH METPOJIOTHH, TaK M Ha TTapaMeTPHIECKHUX pacdeTax
TEIIOBOM dBOJrOMK 3eMik - oT 1450 — 1500°C 101700 — 1800°C [2, 3]. Ho maxke py MHHHMAJIbHBIX
OIIEHKAX MOTEHIMAIbHON TeMIEpaTyphl apXeiCKOW BepXHEH MaHTHH MOILHOCTb FEHEPUPYEMON OKEaHHYe-
CKOM KODBI B 3TOM Cily4ae JOJDKHA ObUIa cOCTaBiIATh ~ 25 — 30 KM, a ee BHyTPEHHSSI CTPYKTYpa OBbITh CKO-
pee cxoXeil ¢ COBpeMEHHBIMI OKEaHHYECKUMHU TIIaTO, Hexkenn ¢ opuonutamu (cMm. 0030p [3]). Teopermue-
CKH, CyOayIHpyeMOCTh OKEaHHYECKOH KOPBbI CTOJb OOJNBIION MOIIHOCTH OKa3bIBAETCS MO OOJBIINM BO-
IIPOCOM.

Bo-nepBbix, Takas MomrHas Kopa JoJbKHA 00J1a1aTh MOJOKUTEIFHON IJIaBY4YeCThIO, a, CIIeI0BATENb-
HO, HE MOrJla CyOIylupoBaTh, U CKOpEE HCIBITHIBATH YTO-TO BPOJAE TOPOUICHUS HaJ MpEeAIoaraeMbIMU
30HaMU HUCXOJSIINX KOHBEKTUBHBIX siueil [4]. Bo-BTOpBIX, BBICOKas TeMIeparypa apXeWcKoi BepxHen
MaHTUHU JOJDKHA Obla MPUBOAWTH K MOHI)KEHHOH BS3KOCTU U, KaK CIEICTBHE, ee Oojiee MHTEHCHBHON
KOHBEKIIMH, YTO CUJIBHO MPENATCTBYEeT MHULIMAIUKN cyOaykuun. K ToMy e Takue BBICOKHE TeMIEPaTyphl
BEpXHEH MaHTHU HEU30EXKHO JOJKHBI BBI3BIBATH IOJIHYIO JACTHApATaluio MadHUECKUX YacTel apxenlckon
OKEaHHUYECKOW KOpPbI A0 IIyOMH MX TpaHc(opMalyy B SKJIOTHTHI, YTO TAK)KE HAKJIAAbIBAET CHIIbHBIE Orpa-
HUYEHUS Ha BO3MOXXHOCTh CyOAyKInu B apxee [5]. UncnenHsle Moenu CyOIyKINH, OCHOBAaHHBIE Ha Tapa-
METPU3aLUU [IJIaBY4YECTH APXEHUCKON OKEaHUYECKOM KOPBI U €€ IIPOYHOCTH IPHU MOBBIIICHHBIX MAaHTUIHHBIX
TeMIIepaTypax, IOKa3blBalOT, YTO CYyOAYKIMs NpH IMOTEHLHMAJIbHBIX MaHTHHHBIX TeMIiepaTypax Ooiee
1500°C He MPOUCXOAUT JaKe B TOM CIIydae, eClli IPEosiaraTh 4aCTHIHYIO SKJIOTHTH3AIUIO OTPYIKaB-
Ieicst OkeaHmIeCcKon Kopsl [6].

OaHAaKO MHOKECTBO JAHHBIX MO apXEMCKUM TPAHUT-3€JIEHOKAMEHHBIX CUCTEM apXes CBUIETEIbCT-
BYIOT O TOM, YTO OCHOBHbIE T'€0JJMHAMUYECKUE PEXHUMBI UX (DOPMHUPOBAHUS ObUIN CBSA3aHBI C KOHBEPI€HT-
HBIMH OOCTaHOBKaMH, IPEAIONIATAIONIUMA CyOMyKIIMIO OKEaHMYeCKoW Kophl (cM. 0030p [7]). [eticTBu-
TEJILHO, 0OJIbIIas YaCTh OCHOBHBIX METABYJIKAHUTOB apXEeHCKUX 3€ICHOKAMEHHBIX MOSCOB 110 F€OXUMHYE-
CKUM XapaKTepUCTUKaM 00J1alaeT IPU3HAKAMH HX NIPOUCXOXKACHHS B HAaACYyOAyKIIMOHHBIX O0OCTaHOBKAX, U
CYLIECTBYIOT JINIIb €IMHUYHBIE TIPUMEPDI apXeHCKUX 0a3allbTOB T€OXMMHUYECKH COTIOCTABHUMBIX C 0a3aib-
tamu MORB Ttuna [8]. 3BecTHBIC K HACTOSIIEMY BPEMEHH NMPUMEPBI COXPAHUBIIMXCS (pparMeHTOB ap-
XEeHUCKUX O(QHOTUTOBBIX ACCOLMALIMM, BKIIOYasl pa3pe3bl C METaBYJIKAHUTaAMU OOHHHHMTOBBIX CEPHI, OTHO-
CATCS K THITY CyIpacyOayKIIMOHHBIX 0(hHOTNTOB, 00pa30BaHNE KOTOPHIX CBA3BIBACTCA C MPOIIECCAMU CIIpe-
JIMHTa B TIEPEKPBIBAONICH (HAACYOMyKIIMOHHOM) OKeaHnuyeckoi autocdepe [3]. UTo jxe MOrio norpyxarh-
Cs1 B 30HBI ApXEHUCKOH MIIMTOBON KOHBEPTEHIINU?

HenaBHue oTKpBITUS apXEUCKUX 3KIOTUTOB B bemomopckom noasuxHoM nosice [9, 10] mo3BomstoT
MIPOJIUTH CBET HA 3TOT Bompoc. Kak 0p1T0 TOKa3aHo paHee, beroMOpckuii mosic mpencTaBisieT coboit dKIT0-
TUTOBYIO POBHHIIUIO, BKITIOYAIOIIYIO0 COTHH OJIOKOB 3KJIOTHTOB, 3akitoueHHbIX B TTI rHeiicax [11]. Kak u
npeobuanatonye B nosice TTI" rHelchl, 3KJIOTUTHI TOKa3bIBAIOT ME30- U HEOapXeHCKIe N30TOIHbIE BO3pac-
TeI. Heoapxeiickue skimoruThl (~ 2.72 Mapa. iet) oOHapyXeHbI B paiioHe a. ['puawmno, Kapemus [9], B paii-
one nponusa lupokas Canma o3. Umanapa [12] u ceBepHoii yactu kapsepa Kypa-Baapa na Komsckom
moyryoctpoBe. Mesoapxelickuii Bo3pact (2.86 — 2.87 Mip/1. JieT) MosrydeH JUist SKIOTHTOBOTO Tela, 0OHa-
xaromierocsi y nponuBa Y3kas Canma 03. Umanzapa [12]. HenaBHo Hamu ObU1 monydeH muzoTomHbrid U-Pb-
Th Bo3pact (SHRIMPII) a1 1iMpkOHOB M3 KMaHWTOBBIX AKJIOTMTOB FOKHOM 4YacTh Kapbepa Kypa-Baapa.
Haubonee panHue o0nacTv LUPKOHA C XOPOLIO BBIPAKEHHOW OCHWJIATOPHON 30HAIBHOCTBIO NOKAa3aiH
OUYeHb HAJIS)KHBIH KOHKOPAAaHTHEIH Bo3pacT 2821424 muH. et (CKBO = 0.0025), KOTOpHIii, TO-BHIUMOMY,
COOTBETCTBYET BO3PAcTy IIPOTOJIMTA PA3BUTHIX 3/1€Ch B M300MIMU KIOIMTOBBIX O10KOB. LlMpKoHbI U3 3a-
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MEYaTHIBAIOIINUX ST OJOKM THEHCOB TPOHILEMUTOBOTO COCTaBa JaIM KOHKOPAAHTHBEIN Bo3pacT 2801+
11 mia. ner (CKBO = 0.48), uto roBOpUT 00 OYEHBH y3KOM HHTEpBasie BpeMeHH (~20 MIH. JET) MEXIY
(hopMHEpOBaHUEM TTPOTOJIUTA, €TI0 YKJIOTUTU3AINEH U TIOCTIEAYIOIICH dKCTyMaITHH.

OTH TaHHBIE XOPOILO COTIIACYIOTCS C JAaHHBIMHU 0 peKoHCTpyKiuu P-T mapameTrpoB ¢popMHUpOBaHHS
1 3BOJIIOIUM apXeHUCKUX 3KIOoruToB benoMopckoro nosca. M Heoapxelickue, U Me30apXelCKHe SKIOTUTHI
[0 TIMKOBBIM TIapaMeTpaM MeTamMop(u3Ma OTHOCATCS K THUIYy aM(puOOJIOBBIX IKIOTUTOB, COXPAHHOCTH B
KOTOPBIX CBHJIETEIHCTB MPOTPAaJHON BETBH WX HCTOPHH M XapaKTep H30TEPMAIbHON JEKOMIIPECCHU Tpe-
OyeT oYeHb KOPOTKOT0 MHTEpBajia (IEepBble MJIH. JIET) BCErO IIMKJIA METaMOP(HUUECKON 3BOJIIOLUH. BrICT-
pas MeramopduUeckas 3BOJIONMS XapaKTepHa IS BBICOKOOAPHYECKHUX CyONYKIIMOHHBIX HKJIOTHTOB
MORB-tuna ¢aneposoiickux obmacteit. OqHaKo apxelckrue SKIOTHTH belmoMophs MOKa3bIBalOT HEKOTO-
pble BaXXHBbIC B TCHETHMYECKOM OTHOIIEHWU OTJIIMYHUS OT COCTaBoB coBpeMeHHbIXx MORB. Ha amarpamme-
WHMKATOPE KOPOBOW MIIM CYOyKIIMOHHOW KOHTaMUHAIIMH XOPOIIIO BHHO, YTO 3KJIOTUTHI bermomopckoro
niosica rroraaroT B mosie MORB (puc. 1 a) — ciaydait yHUKaIBHBINA I apxeiickux obpazoBanuii [8]. Oxna-
KO Ha JuarpaMMe-WHANKAaTOpe MaHTHHHO-TUTIOMOBOI KOMITOHEHTHI TaKKe OTYETIIMBO HaOMIOJaeTcsi, 4To
COCTaBBl HKJIOTUTOB TPYNIUPYIOTCA BOKPYI COCTAaBOB NPUMHUTUBHOM MAaHTHUHU, OTpakash T'€HETHUYECKYIO
CBSI3b MX MPOTOJIUTOB C MIPOU3BOJIHBIMA MaHTUHHO-TUTFOMOBOTO TekToreHesa (puc. 10). IlogoOHbIi reoxu-
MUYECKHI Tyallu3M MPOSBIISETCS B COBPEMEHHBIX OKEAaHWYECKUX IIATO, U JUIS HIUTIOCTPAIMN 3TOTO TI0JIO-
JKCHHSI Ha JuarpaMmax HaHECEHBbI TAaKXKe MOJisi COCTaBOB mo3aHemenoBoro Kapubcko-KomymoOuiickoro
okearanyeckoro miaro (KKOII). Takum oOpa3om, cyOmyupoBaBias apxelickas OKeaHHdecKasi Kopa Oblia
[0 CBOEMY COCTaBY M CTPOEHHIO, BEPOSITHEE BCETO, CXOXKEH C COBPEMEHHBIMU OKEaHMYECKHMH IIJIaTo, KO-
TOpBIE, HECMOTPS Ha «TEOPETUUECKYIO0 HECYOTyIMPEMOCTDY TaKKE UCTIBITHIBAIOT CYOMyKIIHIO.
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Puc. 1. Muaukaropsle reOXMMHYECKHE IMarpaMMBbl, WITFOCTPUPYIOIINE FeHETHYECKUEe 0COOEHHOCTH MPOTOJIUTOB ap-
XEUCKHUX IKIOrHUTOB bemomopcekoro nosica. a: auarpamma Th/Yb — Nb/Yb [8] — nunankaTop KOpoBOI KOHTAMUHAIHH.
ACC u CC — cpenHue cocTaBbl apXeHCKON KOHTHHEHTAIbHON KOPBI U KOHTUHEHTAJIbHON KOPBI, COOTBETCTBEHHO. Jls
CpaBHEHHUS] HAaHECEHBI TOUYKH COCTABOB METaBYJKaHHTOB KocToMykmickoro 3eneHokameHnHoro nosica [13], Cymosep-
cko-Kenoszepckoro nosica [14] u 6a3ansroB n raddopo Kap66cko-Komymouiickoro (KKOII) okxeanmueckoro ruato
[17]. 6: nmarpamma Nb/Y — Zr/Y [16] — vHAMKAaTOp MAaHTHHHO-TUTFOMOBOTO UCTOYHHKA. PM — MprMUTHBHAS MaHTHS,
N- MORB - cpennnii cocta 0a3aIbTOB COBPEMEHHBIX CPEIMHHO-OKEAHMIECKIX XPEOTOB.

Fig. 1. Archean Belomorian eclogites plotted on (a) the Th-Yb proxy (Th-Nb crustal input proxy) diagram [8], and
(b) the Nb/Y-Zr/Y proxy (Nb/Zr mantle plume input proxy) projection [16]. Abbreviations: Primitive mantle (PM),
continental crust (CC), Archean continental crust (ACC). For comparison are also shown the greenstones from the
Kostomuksha belt [13] and the Sumozero-Kenozero belt [14], and the fields of basalts, gabbros and picrites from the
Late Cenozoic Caribbian-Columbian Oceanic Plateau [17].

Hebe3bIHTepecHO 3aMeTHTh, YTO U IO BO3PACTY W 10 COCTaBY Me30apXelckue 3KIoruThl bemomop-
CKOT'O TT0sICa OKa3bIBAIOTCS aHAIOTHYHBEIMU MaduT-yIbTpamMaduToBeiM GopManusam Cymoszepcko-Kenozep-
ckoro u KocTOMYKIIICKOTO 3€JIeHOKAMEHHBIX TIOSICOB, KOTOPBIE OTOXKICCTBISIOTCS ¢ 00pa30BaHUSAMU OKea-
Hu4yeckux Iiaro [13, 14]. IMeHHO OHU MO TeOXMMHYECKUM KPHUTEPHUSM PAacCCMATPUBAIOTCS B KauecTBE
HanOoJiee BEPOSATHBIX KAHIUIATOB COXPAHUBIIUXCS (PparMEHTOB apXEeWCKOW OKEaHWIECKOH Kophl [&].
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Puc. 2. HopMupoBaHHbIe K IPUMUTHBHON MaHTHH paCIpeesIeHHsI COIepKaHUH MaJIbIX dJ1e-
MEHTOB CpPEIJHHX COCTABOB apXEMCKHX 3KIOrMTOB beromopckoro mosica, METaTOIEUTOB
Kocromykmickoro mosica [13] u 6asansram n radopo Kapno6cko-Komymbuiickoro miaro
[17]. Ans cpaBHeHMsI TOKa3aH cpeaHuid coctaB coBpemeHHoro N-MORB.

Fig. 2. Averaged trace element compositions of the Belomorian eclogites plotted on the
primitive mantle-normalized diagram. For comparison are also shown the averaged
compositions for Kostomuksha greenstones and CCOP basalts and gabbro, and modern N-
MORB. Data sources are the same that was used in the Fig. 1.

Oco0eHHO MOKa3aTelbHbl CPaBHHUTENILHBIE T'€OXPOHOJIOTHYECKUE W IeoXUMHUeckue naHHble o Kocrto-
MYKILICKOMY 3€JICHOKAMEHHOMY IOSICY M Me3oapxelckum skiorutam Kypa-Baapel. B Kocromykiickom
nosice Bo3pacT GOpMHUPOBaHHS 0a3albT-KOMaTHUTOBON acconuanuy oneHeH B 2843+43 muH. et (Sm-Nd),
2813%15 muH. ner (Pb-Pb) u 2795440 mun. ner (Re-Os) [13, 14], a Bo3pact obpamistomux nosic TTI
rHeficoB cocraBisser 2788+6 muH. jer (U-Pb, NORDSIM) [15]. Ot Bo3pacTHBIC OIEHKH B Ipeaeax
OIMOKN M3MEPEHNI aHAJIOTHYHBI MPUBEACHHBIM BBIIIE M30TOIMHBIM BO3pPAcTaM IO ME30apXEHCKOH 3KIIO-
rut-TTT accormanuu Kypa-Baapsl. Puc. 2 wumrocTpupyeT U 3aMeTHOE CXOACTBO B COCTaBaX 3KJIOTHTOB
Benmomopckoro mosica, metabanbroB Kocromykmickoro mosica u 6azanseroB u rabopo KKOII, ¢ oxHoit cTo-
POHBI, ¥ UX OTJIMYHE OT cOcTaBoB coBpeMeHHBIX MORB. Kak M0XHO BHAETH, X COCTaBBI TOPA30 MCHEE
mddepeHIUpoBaHHbIE, YeM cocTaBbl coBpeMeHHBIX MORB, 4To MOXeT ykasbIBaTh Ha TO, YTO B apxee
YaCTUYHOMY IUIABJICHHIO MOABEpranach Oojee MPUMUTHBHAS MaHTHSA. DTO CPAaBHEHHE MO3BOJIACT TaKKe
IyMaTh, YTO COBPEMEHHAsI OKEaHUUECKasi Kopa sSIBJISIETCS] IPOLYKTOM 3BOJIIOLIUH pe3epByapa BepXHel MaH-
THUU 3€MIIH, 9TO, BEPOSITHO, OBIJIO CBSI3aHO KaK C €€ BEKOBBIM OXJIAKJIEHHEM (YMEHBIIEHHE CTEIIeHe! Jac-
TUYHOT'O IUIABJIEHUS U YMEHBILIEHHE MOIIHOCTH OKEaHUYECKOH KOPbI), TaK M HapacTaroIUM BIUSHUEM pe-
LIMKJIMHTa KOPOBOTO BEILECTBA Ha IPEBANMPYIOIINI COCTAaB BEpXHEil MaHTHH.

Geodynamic and isotope-geochemical modeling and data from mantle xenoliths brought up by
kimberlites clearly indicate that materials that formed near or close to Earth’s surface were recycled into
the deep mantle in the Archean [1]. From the modern geodynamics, a key input of the recycled crustal
material into the mantle is achieved by subduction of oceanic crust whereas delamination of the deep roots
of thickened lithosphere is seen as a minor contributor to recycling of crust into the deep mantle.

However the subductability of Archean oceanic lithosphere is still depated that is closely allied to
diverse prescribing of Archean mantle temperature regimes. Owing to higher heat-flow in the early Earth
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it is commonly suggested that the Archean oceanic crust would have been thicker than the 6-7 km modern
oceanic crust the upper mantle potential temperature of which is assumed to be ~ 1300 — 1350 °C. Archean
mantle potential temperatures are poorly constrained because of lacking well-documented cases of
Archean oceanic crust remnants. There is a wide scatter of the published inferences on the Archean mantle
temperature calculated from Earth thermal history modeling or magmatic petrology approaching, from
1450-1500°C to 1700— 1800°C [2, 3]. Even for the lowest potential temperature values, a thickness of
Archean oceanic crust should be ~ 25 — 30 km that is characteristic of modern oceanic plateaus rather than
the modern oceanic crust [3, and references therein]. Theoretically, the subductability of such thick oceanic
crust appears to be open to question.

In fact, it is likely that oceanic plateaus would have been buoyant and thus would have accreted
rather than subducted, so increasing the possibility of oceanic crust stacking over convective downwellings
[e.g., 4]. Furthermore, in a hot mantle, the mantle viscosity drops considerably, which may result in an
increasing vigor of convection that could, in turn, hindered an initiation of subduction. The higher
geothermal gradient of the Archean could have caused tectonically buried ocean crust to be thoroughly
dehydrated at shallower depths than in modern subduction zones, thus precluding eclogitization of basaltic
protholith and inhibiting subduction [5], The recent study of the subduction process in a hotter mantle with
numerical model calculations has shown that at the potential mantle temperature as higher as 1500°C the
subduction of a partly eclogitizated thick oceanic crust becomes frequently hampered [6].

Nevertheless, a lot of the recent results from various Archean granite-greenstone terrains suggest
that their geodynamic settings were due to convergence margins involving the subduction of oceanic crust
[7, and references therein].Evidence for the existence in Archean greenstone belts with chemical affinities
comparable to modern island arcs and continental arcs is abundant, but there is the only few Archean
greenstones with the MORB-like geochemical affinity [8]. The now known Archean ophiolitic remnants
involving metavolcanics of boninite series belong to supra-subduction zone ophiolites resulted from the
spreading of overriding oceanic plates [3]. What did may be sunk into Archean plate convergence zones?

The recent discoveries of Archean eclogites in the Belomorian mobile belt have provided fresh
insight into that question [9, 10]. As has been previously stated, the Belomorian belt is defined as an
Archean eclogite province involving several hundred eclogite blocks, at least, embedded in TTG gneisses
[11]. At the moment we can say that the Belomorian eclogites were formed both in Neo- and Mesoarchean
semi-simultaneously with the holding TTG gneisses. The Neoarchean (~ 2.72 Ga) eclogites have been
found in the Gridino locality, N-E Karelia [9], in the Shirokaya Salma locality nearby the Salma Strait of
Lake Imandra, Kola Peninsula [12]. More recently we have found a few eclogite blocks in the northern part
of Kura-Vaara quarry (31°29.4°E 67°37.2°N) which yield U-Pb-Th concordant isotope age of 2722+21 Ma
(MSDW=1.4). The Mesoarchean U-Pb isotope age of ca. 2.86-2.87 Ga has been obtained for the eclogite
body outcropped nearby the Uzkaya Salma Strait of Lake Imandra [12]. In the past year we have dated by
SHRIMPII technique zircons from the kyanite-bearing eclogites occurred in abundance in the southern part
of Kura-Vaara quarry. These yielded a concordant age of 2821424 Ma (MSDW=0.0025) which based on
the zircon geochemistry data interpreted as the eclogite protholith age. It is of great importance that isotope
dating of zircons from the hosting TTG gneiss has shown a concordant age of 280111 Ma (MSDW =
0.48). This implies that the elapsed time from the protholith formation via its eclogitization to the
exhumation at the mid-crustal level was within the narrow interval, ~ 20 Ma.

The above data are in excellent agreement with the available petrological data on the P-T paths of
the metamorphic evolution of the Belomorian eclogites. The both Neo- and Mesoarchean eclogites belong
to the type of hornblende eclogites. They preserve occasionally the included mineralogy suggesting the
prograde path, and display the nearly isothermal paths of decompression. Coupled together, these indicate
the short time span (within a few Ma) of metamorphic evolutionary cycle. The fast metamorphic evolution
is typical of high pressure MORB eclogites from many Phanerozoic orogenic belts. However the Archean
Belomorian eclogites reveal some crucial geochemical differences as compared with the modern MORB.
Loci of the Belomorian eclogites on the Th/Yb—Nb/YDb projection (Fig. 1a) , recently proposed by Pearce
(2008) to search the Archean oceanic crust, preclude a miniscule feasibility of crustal contamination and
hence these can be distinctly defined as derived from Archean oceanic crust. As opposed to the Pearce’s
diagram, plotted on the Fitton’s Zr/Y-Nb/Y projection, the Belomorian eclogites and related high-Mg rocks
fall into the field of the mantle plume array (Fig. 1b). Such a geochemical duality is characteristic of
modern oceanic plateaus. To illustrate this inference the composition fields of Late Cenozoic Caribbian-
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Columbian Oceanic Plateau (CCOP) mafic-ultramafic volcanics are shown on the same plots. Thus, being
was subducted the Archean oceanic crust seems to be both compositionally and structurally akin to the
modern oceanic plateaus which prove to be subductable, despite their ‘theoretical unsubductibility’.

It is vital to note that the Mesoarchean eclogites from the Belomorian mobile belt are found to be
similar both in age and composition to Kostomuksha and Sumozero-Kenozero greenstones which have been
previously interpreted as remnants of the Archean oceanic plateau [13, 14]. These are precisely the Archean
greenstones which are geochemically corresponding to the best candidates for an Archean oceanic crust [8].
Of prime importance is a comparison of geochemical and isotope-geochronological data between the
Kostomuksha greenstones and the Mesoarchean eclogites from the Kura-Vaara quarry. The Kostomuksha
greenstones were dated at 2843+43 Ma (Sm-Nd), 2813+15 Ma (Pb-Pb), and 2795440 Ma muH. niet (Re-Os)
[13], whereas the surrounding TTG gneisses yielded an isotope age of 2788+6 Ma (U-Pb, NORDSIM) [15].
These isotope ages are similar within analytical errors with the isotope ages on the Kura-Vaara Mesoarchean
eclogite-TTG gneiss association mentioned above. Fig. 2 illustrates that a clear similarity exists between the
Belomorian eclogites, Kostomuksha greenstones, and basalts and gabbro from the modern CCOP, on the one
hand, and on the other hand, their apparent dissimilarity as compared with the modern MORB. This may
imply that the Archean upper mantle was less fractionated that at present and “primitive mantle” via deep
mantle plumes could make a significant contribution to its composition. The above comparison suggests also
that the modern oceanic crust is a product of evolving upper mantle reservoir due to both a secular cooling of
the Earth (diminishing rates of upper mantle partial melting and hence decreasing in thickness of oceanic
crust) and an increasing action of crustal recycling on the prevail mantle composition.

The work was supported by RFBR (grant Ne 06-05-65237)
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B noxmazne paccmatpuBaroTesl CTPyKTypHO-(pOpManioHHbIE KOMILUIEKCHI, HHIUKATOPHI Te0OIMHAMUYECKO-
IO pa3BUTHUS HCCIETYEeMOro pernoHa. PaccMoTpeHb! KOMITIEKCHI THEMCOB, TPOHbEMHUTOB-TUIArHOTPAHUTOB U
CHHTEKTOHHYECKHX MeTacoMaTuToB. OCHOBY pa3pe3a KOMILIEKCa THEHCOB COCTABIIIOT TOHKOIOJIOCUaThie Ou-
MOJIaJIbHBIE TUIATMOTHEHCHI [Tl KOTOPBIX XapaKTepHBI TOHKHUE (2-3 ¢M) JIMH30BHUAHBIC, BaJIOOOpa3HbIE POrOBO-
0oOMaHKOBBIC CIIOHKH. PoroBeie oOmanku mo winaccudukammu b.Jluka [2] mpencraBieHHBI SACHUTOM
(Nag61Ko.10)0.71 Car 72 (Mg2,44Fez+0,77A11,26Ti0,12Mn0_05)4_64022(OH)2. Pe3ynbraTom u3yuyeHus 3TOro KOMILIEKCa sIB-
JISIETCS BBIBOJ O TOM, YTO UCXOAHBIE HOPObI ObUTH IPOU3BOAHBIMU OMMOJAIBHOM BYJIKaHOIUTY TOHUYECKOH ce-
pun. Bo3MOKHO, 3TO OBUTH MOPOXBI CIMIIUT-KEPaTOPHUPOBOH (HOPMAIMH, XapaKTEPHOH Uil MPUMHTHBHON
(roHO¥) OCTPOBHOM AyrH 3amaaHo- T MXOOKEaHCKOH aKTUBHOW OKpauHbI [5]. Takoe cormocTaBieHue MOKET OBITh
HPHUHATO UCXO0AA U3 KoHuenuuu ¢popmupoBanust CeBepo-Kapenbckoii cucTeMBbl 3eJIeHOKaMEHHBIX TIOSICOB B XO-
JIe ABOJIOLUH OCTPOBHBIX AYyT [1, 3]. MarmaTtuueckne MUHEpasbl 1 MarMaTH4ecKasi CTaAus B TUTaruorHecax
HE MPOCIISKUBAIOTCS. B0o3MOXHO, 3T0 OBUTM ITyOWHHBIE OJIOKW HJIM TPOTOJUTHI OMMOAIBHBIX BYJIKaHHTOB,
MeTaMOp(hHU30BaHHBIX Ha ITyOHHE B ycnoBusax ampubomutoBoit parmu (T=500-550°C, P=8 kbap).

TpOHIBEEMUTHI-TUTATHOTPAHUTHI 3aJIeTAaeT B BHJE TEN JIMH30BHAHOW (hopMbI umHONW 16-17 KM, IO
2 KM. B TIONIEPEYHUKE, BBITSHYTHIX BIOJb TTIyOMHHOTO Pa3ioMa, KOTOPHIH YETKO OOO3HAUCH MPOTPY3HSAMH
yneTpadasutoB. C HECOMHEHHOCTHIO BOCCTaHABIHMBACTCS MONUCTaIUKHAs MCTOPUSL CTAHOBICHUS U
MeTramoppu3Ma TPOHIBEMHUTOB-IUIATMOTPAHUTOB OT MAarMaTU4eCKOW M aBTOMETaMOP(GHYECKHX  CTaauil
(T=750-900°C) 110 cTajmii IIacTHYECKON 0OBEMHOM TEPEKPUCTAIIM3ALMN [TPU CTAHOBJICHUH MAarMaTHYECKOro
TeJia B CyOCONMIYCHOM COCTOSIHHM, B CTaAWIO aM(pUOOINTOBON (haliy IpH MOBBIIECHHBIX AaBieHusx (T=500-
550°C, P>5k0ap) u jaiee K staiy OyIuHaKa ¥ pasrHEHCOBAHMSA MOl BO3AEHCTBHEM OJIHOHAIIPABIEHHOIO JIaB-
nierns. [TonbEéM mIacTHIHBIX OJIOKOB IUTAarHOTHEHCOB OBUT CYOCHHXPOHEH C TIOIBEMOM TPOHIHEMUTOBOM Mar-
MBI, IO3TOMY HE HaOJIIOAJIOCH OPOTOBHUKOBaHWE. B nanbHEHIeM Npu CTaHOBJICHHUHM THEWCOBOTO KOMILIEKCa
MOPOJIBI UCTIBITANIN TIJIACTUYECKOE TEYEHHE B YCIOBHUSIX MPOrPECCUBHOIO MeTaMmopdusma ampudoanToBoil da-
un (T=520°C, P=8 x6ap). DOpMHUPOBAIICH CHHE3EIEHBIC MAarHE3HAIBHBIE POroBbic OOMaHKH. [Iporcxouia
T depeHyanys BerecTsa npyu 000coOIeHNH JIMH3 POrOBBIX 0OMAaHOK W TIOBBIIICHUSI OCHOBHOCTH TTIarHOK-
nazoB (ot 19 1o 25% An), a Takxke o0pazoBaHie OMOTUTA. DTH MPE0OPa30BaHUSI IPOUCXOIUIN CyOCHHXPOHHO
¢ OyAnHaXeM U pa3THeiicOBaHNEM TPOHIBEMHUTOB. Takoe CTPyKTYPHO-BELIECTBEHHOE MPeoOpa30oBaHUEe MOXKHO
MIPEACTaBUTh, UCXO/S M3 JMTEpaTypHBIX aHAIOTHHA, B 30HE HaaBWTa. B mpemmayroBeix OacceifHax BEpOSTHO
copMHpOBaNTKCh (IIMIIONTHBIE KOMIUICKCHI, KOTOpBIE B X0JIe METaMOP(PHUUIECKHX W3MEHEeHH amMm()uOoInTO-
BOH (palny COXpaHWIN PUTMUYHOE CTPOCHHUE, XapaKTepHOE AT TypOUIUTOB. DTH KOMIUIEKCHI C CEBEpa - CeBe-
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PO-BOCTOKA MPUMBIKAIOT K OJIMHAKOBO MeTaMOP(U30BaHHBIM IUIaruorHeiicam. X moyioxeHue B Kakon-To Me-
Pe MOXET MapKHpOBAaTh IMOTPAHIYHYIO 00J1aCTh OCTPOBHAS AyTa-xkenoo [5].

Tabnuya 1. Cxema 1ociieoBaTelIbHOW CMEHBI FE€0IMHAMUYECKUX PEKMMOB It TI03/1Hero apxesi Kykacosepckoii 30HbI

Otansl Marmarizm, MeTaMoppu3M TekToHMUeCKUe YCI0BUs
dopmupOBaHKE BYJIKAHO-TUTY TOHUYECKON OMMOAIIBHOM Ceprn
MarMaTuyecKHX MopoJI

Mertamopdusm B ycnoBusix ampudoanToBoit ¢ammn (T = 500-550°C,

2 P =8 xbap.) ¢ popmMHupoBaHHEM OMMOIATBHBIX IUIATHOTHEHCOB.
Pacyernsbie rmyOnaB! 20-23 KM.

IMoxsem 6110K0B (TpoToMTOB) IIarnorHeiicos (T =475°, P = § kbap).

Pudrorenes, cBs3aHHBIA ¢ MAHTUHHBIMA
JIManpaMy WM BOCXOISIIMMI MaHTUHHBIMI
CTpysIMU. 3aTI0’KEHHUE 3€ICHOKAMEHHBIX
TOSICOB.

3 TpouasemutoBble uuTpy3uH (T =750-950° C. P<5 k6ap) Texrornrieckoe oxarue

4 AHOPTO3UT-Ta00pOHOPHUT-YIIBTPAa0a3UTOBBIE IPOTPY3UBHBIE KOMIUIEKCH! | CIBUTOBO-HAIBUTOBLIE ABMDKEHHS B 30HE
CHHTEKTOHUYECKHE METACOMATUTBI IIPH BOCCTAHOBUTEILHOM JIOJITO>KHUBYIIIETO ITyOUHHOTO

5 (bITIOMIHOM peXXHME B YCIIOBHSX HIDKHEH CTyTIeHH aM(pUOOIHTOBON pasnoma
¢ammn. (T =550-650°C, P = 8 xbap)

6 PaccrnanneBanue maruorseiicos (T = 520-510°C, P -8 x6ap). by munax
u pasHeiicoanue TponabeMuToB (T = 500°C, P = 8 xbap) I1acTHYeCKOe TeYCHHE BEIIECTBA

7 PerpeccuBHbIe MeTamMopduUeckre TPeoOPa30BaHMUs B yCIOBHSX KoHComaiist Kopbl

3enenocnanneBoi ¢armm (T = 350°C. P<5 xb6ap)

KoMrieke CHHTEKTOHMYECKUX BBICOKOTTIMHO3EMUCTHIX METaCOMAaTHTOB C()OPMHUPOBAH 3a CUYET MOJIOC-
YaThIX KPUCTAJUIOCIIAHLEB, COPMHUPOBAHHBIX B CBOIO OYEPEAb 0 IAKeTaM MapauleNIbHBIX JaeK, €CIIM CYIUTh
IO MAJIMMCECTOBBIM CTPYKTypaM. [1annMceToBBIMU CTPYKTypamMu 3a()MKCUPOBAHBI 30HBI 3aKAJIKU M pa3HOpa3-
MEpHbIE LICHTPaJIbHBIC YACTH MOMyAacK. MeTacoMaTUTHI 3aJI€raoT B 30HE JIOJITO JKUBYILETO TTyOMHHOTO pas-
noma B kpyTosaieraromux (70-75°) MOHOKIMHATIBHO CHKATBIX CIIOSIX C MPOJIOJBHBIME H JHATOHAIIGHBIMH C/IBH-
TOBO-HAJ[BUTOBBIMU pa3pbiBaMu. V3ydeHne 1mokasalio, 4TO METaCOMATHTHI MOJIHCTAANITHO (HOPMUPOBAIIHCH B
30HE Pa3HONTYOMHHBIX CIBHUTOBO-HAJIBHIOBBIX JeopMalyii Ha PerpecCHBHOM 3Tarle pa3BUTHSI HAOTEHHOM
CHCTEMBI B BO3MOYKHO U TaIe0CYOAyKIIMOHHOW 30HE MPU MHTEHCUBHOW (DHIIbTpALMK ITTyOMHHBIX BOCCTAHOBH-
TENBHBIX (MTIOWAOB MPEIOIIOKUTEIFHO B TIO3HEPEOOECKHI ATAll TEKTOreHe3a. B3phIBonogoOHbIH BEIOPOC
[IYOUHHBIX (DIIOUIIOB JIEKOMIIPECCHOHHOW TIPHPOJBI B IIPUCIBHTOBBIX 30HAX PACTSDKEHHUsI MPOTHO3UPYET
E.H.Tepexos [4]. B ycnoBusix ampubonutoBoii damun quHamotepmanbHoro Mmeramopdusma (T=550-610°C,
P=5-8 x0ap) hopMHUPOBAINCH BEICOKOTTIMHO3EMUCTBIE CTPECC MUHEPAJIbL: AUCTEH, CTABPOJIUT, MyCKOBHT I10JIU-
trma 2M;. I'paHatsl, npecTaBlieHHbIC ATbMAHJHHOM C TIEPEMEHHBIM COJICPIKAHNEM ITUPOTIOBOIM MOJIEKYJIbI, OT
16,5 no 42,3% B npsiMoii 3aBUCUMOCTH OT CTENIEHH METACOMAaTHIECKUX PeoOpa30BaHuid, a TAKKe BBICOKOAIIO-
MUHHEBBIH (amromMuHuN Oombie 2,5 ¢.e.) xmopur. llmarnokmaser npencraBnensl anne3nHoM (33-36An%).
[puBHOC AMIOMHHKS MOT OCYIIECTBISITHCS TOJIBKO BOCCTAHOBUTENHHBIMU (umtonaMu. CTpyiiHOE ABHKEHHUE
(ITIONIIOB ¢ MHEPTHBIM aJIFOMUHKEM, a Takxke ¢ Mg, Fe, Si 3aukcupoBaHO B TEKCTYPHBIX OCOOCHHOCTSIX KPYTI-
HO-THT'AHTOKPHCTAIUIMYECKUX TPAHATOBBIX METACOMAaTUTOB. AKTUBHAsI (DHIIbTpauys (IIIOUI0B cIOCOOCTBOBAIA
MHTCHCU()MKALMK TEKTOHUYECKUX JBIKEHUI, B TOM YHCIIE IaphsHKe0Opa3oBaHHIO 0€3 M3MEHEHHS HAPSKEH-
HOTO COCTOSIHHSI TIOpOJ, Oe3 MOBBIIICHUS AaBlIeHUs. 3a cu€T (IIIOMIHOrO JIABJIEHHs ONpaBIaHO oOpa3oBaHUE
3alpelI€HHOro B yciaoBusX ampubonnToBoil (aumu xnopura. IlocnenoBartenbHas cMeHa reOIMHAMUYECKHX
pexuMoB 11 no3aHero apxes: Kykacoz€pckoil 30HbI mokasana B Tadiuue 1.

Structural facies complexes, indicative of the geodynamic evolution of the study region, are discussed.
Gneiss, trondhjemite-plagiogranite and syntectonic metasomatic rock complexes are described. The base of the
gneiss complex is formed by thinly laminated bimodal plagiogneisses consisting of 2-3 cm thick lenticular, bar-
shaped hornblende laminae. According to B.Leake’s classification [2], they are made up of edenite
(Nag61Ko.10)071 Cay 72(Mga a4Fe” 0.77A1; 26 Tig 15Mng 05)4.64022(OH),. The study of the complex has led the authors
to conclude that primary rocks were derived from a bimodal volcano-plutonic series. These were probably rocks
of a spilitic-keratophyric formation characteristic of the primitive (juvenile) island arc of the West Pacific active
margin [5]. Such a correlation can be accepted on the basis of the concept of formation of the North Karelian
greenstone belt system during island arc evolution [1, 3]. Neither igneous minerals nor a magmatic stage in
plagiogneisses have been traced. These were probably deep-seated blocks or protoliths of bimodal volcanics
metamorphosed at depth to amphibolite grade (T=500-550°C, P=8 kbar).

189



Trondhjemite-plagiogranites occur as lens-shaped bodies, 16-17 km in length and up to 2 km across,
that extend along a deep fault clearly indicated by ultrabasic rock protrusions. The multi-stage history of
the generation and metamorphism of trondhjemite-plagiogranites can be reliably reconstructed from
magmatic and autometamorphic stages (T=750-900°C) to plastic volumetric recrystallization stages upon
formation of a magmatic body in subsolidus state, to an amphibolite-facies high pressure (T=500-550°C,
P>5 kbar) stage and farther to a boudinage and foliation stage under the influence of unidirectional
pressure can be reconstructed. As the uplift of plastic plagiogneiss blocks was subsimultaneous with that
of trondhjemitic magma, hornfels formation was not observed. Subsequently, upon formation of a gneiss
complex, the rocks suffered plastic flow under prograde amphibolite-facies metamorphic conditions (T =
520°C, P = 8 kbar). Blue-green Mg-rich hornblende was formed. Matter differentiation took place,
hornblende lenses were isolated, the basicity of plagioclases increased (from 19 to 25% An), and biotite
was formed. The above transformations were simultaneous with boudinage and foliation of trondhjemites.
Based on similar cases described in the literature, one can imagine such a structural and mineralogical
transformation in a thrust zone. Flyschoid complexes that have retained a rhythmic structure, typical of
turbidites, during amphibolite-facies metamorphism must have been formed in forearc basins. On the
north-northeast, the complexes adjoin identically metamorphosed plagiogneisses. Their position can, to
some extent, mark the boundary island arc-trough domain [5].

A syntectonic alumina-rich metasomatic rock complex was formed after banded schists formed, in turn,
after packets of parallel dykes, judging by palimpsest structures. Palimpsest structures are indicative of chill
zones and and the inequidimensional central portions of semi-dykes. Metasomatic rocks occur in a long-lived
deep-fault zone in steeply dipping (70-75°) monoclinally compressed beds with longitudinal and diagonal shear-
thrust ruptures. Our study has shown that metasomatic rocks formed in stepwise manner in different-depth
shearing-thrusting zone at the retrograde stage in the evolution of an endogenous system, probably also in a
paleosubduction zone affected by intsense filtration of deep reducing fluids presumably in the Late Reboly stage
of tectogenesis. Explosion-like discharge of deep fluids, produced by decompression, near extension shear-
zones was assumed by E.N. Terekhov [4]. Alumina-rich stress-minerals, such as disthene, staurolite and
muscovite of polytype 2M;, were formed under amphibolite-facies dynamothermal metamorphic conditions
(T=550-610°C, P=5-8 kbar). Garnets are represented by almandine with the percentage of a pyrope molecule
varying from 16.5 no 42.3%, depending on the degree of metasomatic alteration, and Al-rich (over 2.5 fu.
aluminium) chlorite. Plagioclases are represented by andesine (33-36 An%). Aluminium could only be
supplied by reducing fluids. The laminar flow of fluids with inert aluminium, as well as with Mg, Fe and Si, is
indicated by the textural characteristics of coarse- to gigantocrystalline garmet metasomatic rocks. Active
filtration of fluids contributed to intensification of tectonic movements, including thrust sheet formation, without
changing the strained state of rocks and without increasing pressure. Fluid pressure justifies the formation of
chlorite prohibited under amphibolite-facies conditions. The succession of geodynamic regimes in Late
Archean time in the Kukasozero zone is shown in Table 1.
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BBEJEHUE

APXENCKHWE KOMILJIEKCBHI KAPEJIbCKOW U BEJIOMOPCKOM ITPOBUHIINIA
®EHHOCKAHIMHABCKOI'O IIIUTA

Cnabynos A.U., Ceemos C.A.
UTI" KapHL] PAH (Iletpo3aBoack)

B cBs3u ¢ TeM, UTO LEIBI0 T€OIOTMUECKHUX 3KCKYPCHH IPOBOAMMBIX B paMKax Hay4yHOH KoH(pe-
peHnuu « paHUT-3eI€HOKAaMEHHBIE CHCTEMBI apxesi U UX MO3JAHHE aHaJOTH» ABIISETCS Pa3HOCTOPOH-
Hee 3HaKOMCTBO YYaCTHHKOB C TPaHUT-3€JICHOKAMEHHBIMU CHCTEMaMH M (GOPMHUPYIOLIUMH HX MOPOA-
HBIMH acCOITMAIUAMHE B Tipeenax Kapembckoit 1 bemomopckoii mposuamuit (cM. Ilpunoxenne 1) den-
HockaHuHaBckoro (banTuiickoro) mwura, 1enecoodpasHo AaTh KPATKyl0 IEOJIOTHYECKYI0 XapaKTepH-
CTUKY peruoHa.

Heo- u me3oapxeiickue obpasoBanust PEeHHOCKAHIMHABCKOTO LIUTA PAa3BUTHI B MpeAeiax 4eThIPeX
OCHOBHBIX PETHMOHAJIBHBIX MeracTpykTyp — Kapensckom, Mypmanckom u HoppOoTTeH HeoapXxeHckux Kpa-
ToHaX, bermoMopckoM moaBmxKHOM Mosice, KonmbckoM kommake TeppeitroB (mpwit. 1). Kaxknas u3 HUX umeet
CBOM crienu(puruecKre 4epThl POPMUPOBAHHS KOPHI B apXee H MOCIeAYIOUIHEe dTaIbl epepaOdoTKH B Maieo-
npoTepo3oe. Bce 3TH CTPYKTYpHI CIIOKEHBI, TTIaBHBIM 00pa3oM, apXeHCKUMH TPaHUTOUAHBIMH, 3eJICHOKA-
MEHHBIMU M NaparHeiicOBBIMM KOMILJIEKCAMH, ¢ HEOOJIBIION Jonel y4acTHs BhICOKOMETaMOP(HU30BaHHbBIX
(TpaHyTUTOBBIX, IKJIOTUTOBBIX ) aCCOLMALIMH.

Kapenvckasa nposunyus agnaemes munuunsiM Heoapxeuckum Kpamonom (WIH COKPALIEHHO — KpaTo-
HOM) U popMupyeT B cTpykType dennockanmuHaBckoro mura ero sapo (Gaal, Gorbatschev, 1987).

B ctpoennu Kapenbckoro kpaToHa IPUHMMAIOT Y4acTHE CYHpPaKpyCTalbHbIE METaMOP(HU30BaHHbIE
BYJIKAHOT€HHO-0Ca/I0UHbIe 00pa30BaHMs JIOMUHCKOTO KOMILIEKca (Me30- ¥ Heoapxei ), KOMIUIEKCHI TPpaHu-
TOWJOB, NIPEACTaBICHHbIE TPAHUTOUAAMH U TPAHUTO-THEHCaMH pa3IMYHOro (OT majeo- A0 Heoapxes) BO3-
pacra U reHe3nca ¢ COACPIKaIlUuMHICA KCEHOIUTAaMU CyIpPaKpyCTalbHBIX IIOPOJ, HEKOTOPBIM CBOEOOpa3zueM
00Ja1a10T TPaHyIUTOBBIE KOMIUIEKCHI.

[To ocobeHHOCTSM cocTaBa CarallX CTPYKTYpPy MOPOJHBIX ACCOLMALNI OHA OTHOCUTCS K TUIIHY-
HBIM TPaHUT-3eJIEHOKAMEHHBIM o0nacTsM (3eneHokaMmeHHEBIE..., 1988). B cocraBe kpaTroHa BBIAENSAETCS
MATh OTHOCUTEIBFHO KPYIHBIX TeppeitHoB (mpui. 1): Bomanosepckuii, Llentpansao-Kapensckuii, Kuanra (B
ero cocrase - 3ananHo-Kapenbckuit nim Mnomantcu-BoknaBonok), Mucanmu, Panya, koTopbie paznuya-
IOTCS BO3PAacTOM W COCTaBOM ciararommx ux mopon (Jlo6au-XKyuenko un ap., 20006; CnabyHoB u ap.,
2006; Holtta et al., 2008; Sorjonen-Ward, Luukkonen, 2005; Slabunov et al., 2006).

Oxkomno 2,5 mupa. aet Hazan Kapenbsckas CTpyKTypa Ipolijia CTaJuio KpaTOHU3AIUH U B TIPOTEPO30¢e
pearupoBana Ha TEKTOHWYECKHE COOBITHSI KaK OTHOCHTEIBHO XecTKuil Omok. B mpenenax Kapenbckoro
KpaToHa MaJICONIPOTEPO30HCKHE 0CAIOUHbIE U BYJIKAaHOI'€HHbIE KOMIUIEKCHI 4acTO C YIJIOBBIM HECOTJIACHEM
Y KOpaMHU BBIBETPHBAHMS MEPEKPHIBAIOT JpPEeBHHE 00pa3oBaHMA, OHM, KaK MPaBHIO, METaMOP(PH30BAHbI U
negopMUpOBaHbI MEHEe MHTEHCUBHO, YeM apxeiickue (I'eomorus..., 1987).

benomopckas nposunyus (OoxkemOputickuli nNOOGUICHBIL Nnosc) pacmoniaraeTcs Mexnay Kapensb-
CKUM KpaTOHOM M KoyibcKOH IMpOBHMHIMEH M NPUHIUIHAIBHO OTIMYAETCS OT HUX T€M, YTO NPEACTaB-
nsieT co00# CIIOKHO CKIAAYaTyI0 CTPYKTYPY MOJHULUUKINYHOTO PA3BUTHA, MPU 3TOM MOPoAsl ee dop-
MUPYIOLIUE HEOIHOKPATHO METaMOP(H30BaHBI B YCIOBHSIX BBICOKOrO (KHAHHUTOBBIA THI) AaBIICHUS
Kak B apxee, Tak ¥ B maieomporeposoe (Bomommues, 1990; I'nmebGosunkuii u ap., 1996; CnabyHoB,
2008; Ceictpa, 1978).

BwMmecte ¢ Tem, B cocTaBe MOJBMKHOTO MOsICA, TAKKE KaK U KpaToHa, JOMUHUPYIOT rpaHuTonasl TTI
accolMaliy, OJHAKO BEJIMKA U POJIb 3€JICHOKAMEHHBIX M MaparHeiiCOBBIX KOMILJIEKCOB, OOBIUHBI - I'PaHy-
JIUTOBBIE M BCTPEYAIOTCS YHUKAIBHBIE — SKJIOTHTCOIEPIKAIINE KOMIUIEKCHI. belToMOpCKuii OABMKHBIIN TO-
SC XOPOUIO BBIIENSETCS B TeOU3NUECKUX TMOJISAX; B YACTHOCTH, XapaKTepU3yeTCsl BBICOKMMHU 3HAYCHUSIMU
CHJIBI OJIS TsDKECTH (3emMHas Kopa..., 1978; Crpoenue..., 1983). [lo gaHHBIM ceicMUYIECKOT0 MPOGUITUPO-
BaHUs1, KOMIUIEKCHI beioMopcko mpoBUHIIMK HaJIBUHYTHI Ha Kapenbsckuii kpatoH, a Kosnbckuii — Ha beno-
Mopckyto mposuHImO (bep3un u mp., 2001; ['mybunnoe. .., 2004; Muan u ap., 2001; 2007; Ceiicmoreoo-
rudeckas..., 1998; Pilipenko et al., 1999).



I'panuTonanl

I'paruTonas! coctaBistor Oonbmryto gacts (Oonee 80 %) apxeiickux oOpasoBanuii. OHU GopmMHpO-
BaJIMCh B TEUEHHE HECKOJILKUX ATAIIOB, HO HANOONbIIHE 00bEMBI TEHEPUPOBAHBI B ME30-H HEoapxee.

[Taneoapxeiickue rpaHUTOUABI - ApeBHelmne Ha OEeHHOCKaHANHABCKOM IIUTE MOPOABI - B HACTOSI-
mee BpeMs M3BECTHBI TOJNBKO B TeppeitHe Panya B OumstHann (mpwi.l). 3To TPOHABEMHUTOBBIE THEHCH
Cuypy (Siurua). Mx Bo3pact ouenuBaercs mo uupkoHam (NORDSIM) B 3,5 mupa. ner, nmpudem Bo3pact
Aapa 0OJHOTO U3 IUPKOHOB paBeH 3,73 mupa. net (Mutanen, Huhma, 2003). Ero Sm — Nd MozaenbHbIii Bo3-
pacrt (tpm) = 3,48 mupa. ner.

Panrme mezoapxeiickue (3,2—3,1 Mip/. JIeT) TPaHUTOUABI BBEIABICHBI B TpeX paiioHax Kapembckoid
npoBuHIuH (Bomnozepckuii, Uncanmu u Ilomokaiipa teppelinsl) u npencrasiaeHs! noponamu TTI acco-
nuann. Boanmosepckuii TeppeiiH — caMblil KPYIHBIA (PparMeHT Me30apXeiCKoli KOHTHHEHTAIBHOW KOPBHI.
[Inpe pa3Buthl no3aane Me3oapxeickue (3,0-2,8 mupa. net) rparurouasl TTI accormary, KpoMe TOTO B
3TOT MEPHUOJ MOSBISIOTCA NepBble ABYIOJIEBOIINATOBbIe TpaHUTHl (Panuwmii..., 2005; Ceprees u ap., 2007
U CCBUIKM TaM).

Heoapxetickue rpanuronasl 6Oonee paznooOpasnsl (Panuwmii..., 2005; CnabyHoB u ap., 20006) :

1) rpanutonsl TTI' accoumaruu u3BecTHH! B TeppeiiHax Boamosepckom, Mucanmu, Kuanta (Pan-
Huil. .., 2005; Kdpyaho et al., 2006);

2) canykuTouzbl (BbICOKO-Mg cyOl1eno4Hble TPaHUTONIB), CIAararolie MOCTTEKTOHMYECKHE Mac-
CHUBHI C Bo3pacToM 2,74-2,71 mupa. neT (cM. pasaen « DKCKypcHs 3») U3BeCTHHI B Teppeiinax LlenTpanpHo-
Kapensckom, Kuanra, Mucanmu. CocTtaB MiIyTOHOB BapbUpyeT OT JHOPHUTA A0 TPAaHOAHOPHUTA, IPUCYTCT-
BYIOT TOPHOJICHIUTHI, MUPOKCEHUTHI, ra00p0 U TOHAIUTHL. CaHYKUTOMIB! OTINYAIOTCS IOBBIIIEHHON KOH-
nenTparueit Cr u Ni u maraesuanpHocThI0 0,45-0,70, oboramenHocTeio Sr, Ba u JIP33, cunmsro mudde-
peHiupoBanHbiM pacnpenencHuem P32 ((La/Yb)y > 20) u orcyrctBuem Eu anomanuu. C HUMH OOBIYHO
CBSI3aHBI NAHKHN JaMIIpoUPOB, BO3PACT KOTOPHIX MoJioke Ha 30—50 MiIH jeT.

3) cyOrieno4Hble OPOIBI, B OCHOBHOM, IIOCTTEKTOHHUYECKHE CHEHUTOBBIC MAaCCUBBI, BAPHUPYIOLIHE
OT MOHIIOJUOPUTOB 10 JIEHKOCHEHHUTOB, JaMIpoupsl (2694 + 10 mun ner, bubukosa u ap., 2005; Camco-
HOB # J1p., 2001), CXOIHBEI ¢ CAHYKUTOUAAMH, HO OTIUYAIOTCS OOJBITICH IIEITOYHOCTHIO M MEHBIICH MarHe-
3uanbHOCTHIO (JIoO6au-XKydenko u ap., 2007; Pannwuii..., 2005; Camconos u mp., 2001).

4) ABYNOJEBOIIIIATOBBIE TPAHUTHI 00Pa3yIOT MOCTTEKTOHUYECKHE IUTYTOHBI U MOJIOTHE TUIACTHUHBI C
Bo3pacToM 2680—2710 MJIH. I€T B pa3NUUHbIX YacTsaX KpaToHa. OHU oTHOCcATCA K [- m A-Tunam. Bennuunsl
end(t) B rpaHUTaxX 3aBUCAT OT BO3pacTa TeppeiiHa: B IUIYTOHAX MpeBHETO Bosozepckoro teppeiiHa enq(t)
Bapsupyet oT —0,4 1o —4,9; B Teppeitne Kuanta — ot —0,1 10 —1,2; B oTHOCHTENBHO MOJ0A0M LleHTpans-
Ho-Kapenbckom Teppeline nmpeobianarot 3HadeHus +0,8++2,2 (Jlobau-XKyuenko u ap., 20000).

5) menounsie nopoas! Keitckoro u Uucanmu teppeitnos (Betpun u ap. 1999; batuesa, 1976; bas-
HOBa, 2004; Murpodanos u np., 2000; O’Brien et al., 2005) nmpeacTaBieHb! STUPHH-apHEICOHUTOBEIME 1
JeTUAOMENIaH-TACTHHICUTOBBIMUA TPaHUTaMU M HE(ENMHOBBIMU CHEHHTaMH, dccekcutamu (Caxapiiok),
kapOoHaTutamu (CUMITUHIPBH).

6) NelKorpaHUTHl S-THIA (WX MyCKOBUTCOEpPKAIUM BeICOKOTIIMHO3eMUCTEIM (MPQG) ¢ Bo3pacTom
2700 mua. et (bubukosa u ap., 2004) , mupoko pa3BUTH B benomopckoit mposuniny (CiaadbyHos, 2008).

CynpakpycrajibHble (3eJ1eHOKAMEeHHbIe U MaparHeicoBbie) KOMILIEKChI

MeTamopu30BaHHBIE CYNpaKpPyCTAbHbIE KOMIUIEKCHl CJaraloT CYIIECTBEHHO MEHBIIYI0 4YacTb
IUIOIIA T, CIIOKEHHOU apXxelckuMu ropoaamu (B bemomopckoii mpoBuHIuy — okono 18 %, B Kapenbsckoii
u Konbckoit — menee 10%, a B MypMaHCKOI — OHM IPaKTHYECKU OTCYTCTBYIOT).

OTn 00pa3oBaHUs CaraioT, TIaBHBEIM 00pa3oM, 3eJIeHOKaMEHHEIE TMOsICa, SIBIISIONIUECS CIOKHBIMH,
KOJUT&KUPOBaHHBIMU cTpykTypamu (KoxxeBHrkoB, 2000; Mun, 1998; Cseros, 2005; Illunanckuii, 2008),
chopMUpOBaHHBEIMU HECKOJIIEKUMH 3€JI€HOKAaMEHHBIMUA KOMITIEKCaMHU (aHCAaMOJISIMU), 9aCTO Pa3IUIarOIIH-
MUCS TI0 BO3pacTy. BBIJCNSIOTCS TakKe MaparHeicOoBBIC MOsica — CTPYKTYPBI, B KOTOPBIX MPEO0IagaroT
0CaI0YHO-BYJIKAHOTEHHBIE ¥ OCAI0YHbIE TIOPOIBI C HEOOIBIION A0 KUCIBIX BYJIKAaHUTOB.

Bo3spact cynpakpycranbHbIX OPOJA ME30- U Heoapxeckuil. [Ipu 3ToM 3eIeHOKaMEHHbBIE KOMILIEKCHI
Pa3BUTHI B MHTEpBanax - 3,1-2,9; 2,9-2.82; 2,82-2,75 u 2,75-2,65 mupn. net, a naparaeiicossie — 2,9-2,82 u
2,75-2,65 mupn net (CnabyHoB u ap., 2006; Slabunov et al., 2006 u ccbutku Tam).



B Kapennckoli mpoBuHIUH (TIpHIL. 1), Kak MBI yKe YIIOMUHAIH, BBIIEISETCS Ps TEPPEHHOB: Hanbo-
nee KpymHbId — Boamo3epckuii, B COCTaB KOTOPOTO BXOAT 3eJICHOKaMEHHBIE mosica: Bemmozepcko-Cero-
3epckuii, Cymosepcko-Kenozepckuii, FOxno-Brirozepckuii 1 MaTkanaxTHHCKHN, IPUYEM IIEPBbIE /1BA CO-
CTOSIT U3 IBYX Pa3HOBO3PACTHBIX 3€JIEHOKAMEHHBIX KOMILJIEKCOB.

Lenmpanvro-Kapenvckuii meppetin exnouaem 8 cocmas Xeno3epcko-bombinosepckuil u I'mmodib-
CKUH 3elleHOKaMeHHbIe mosica. 3amnaaHo-Kapensckuil (wnu Miomanmcu-Boknagonok) TeppeiH BKIOYaeT
3eJICHOKaMEHHBIN (CiIaHIeBbIi) nosic MmomanTcu u naparneiicosiid nosic Hypmec. Teppeiin Kuanma o0b-
enuHsIeT 3eleHoKaMeHHbIe mosica Kyxmo-Cyomyccanmu-Tumacssapeu u KocToMyKIIcKu# (IepBhIi U3 HUX
CJIOKEH JIByMS pa3HOBO3PACTHBIMU 3€JI€HOKaMEHHBIMH KOMILIEKCAaMH, a BTOPOW — OIHUM); B COCTaBe Tep-
peifHa Takke HIMPOKO pa3BUTHI Heoapxelickue naparHeicel. B cocrase meppeiina Hucarmu BelaenseTcs
naparHeiicoBsiii nosic 3ananHas [lyonanka. [lmoxo oOHaxkeHHBINH meppetin Panya conepXuUT Malou3ydeH-
HBEIN 3enmeHoKaMeHHBIH mosic Owusapsu. Teppetin Ilomokatipa CIOXEH TMPEHMYIIECTBEHHO TPAaHUTOHMIAMU
(CnabynoB u ap., 2006 1 CCbUTKH Tam).

B benomopckoit mpoBuHuu B coctaBe Ceepo-Kapenbckoro 3e1€HOKaMEHHOTO T0sICa BBIAECSIOT-
Cs TPU PA3HOBO3PACTHBIX 3€JICHOKAMEHHBIX KOMILIEKca, a B mosicax Exnckom, Ile6o3epckom, LleHTpans-
Ho-benomopckom 1 Boue-JlamGuHcKkOM — 1o omgHOMY. Bpemsi ¢popmupoBaHus 3e1€HOKAMEHHBIX KOM-
TJICKCOB B COCTaBe MOSICOB OlleHuBaercs B 2,88-2,83, 2,8-2,78, okono 2,76 Miup[ JeT U Haubomee Bepo-
SITHO OKOJIO 2,7 mMiapnH. jeT. BaxkHbIM KOMIIOHEHTOM HPOBUHIMU SBISETCA Me3oapxeilckuil UynuHckuit
MaparHeicoBbIi MOsC.

I'panyJuTOBBIE KOMILTIEKCHI

Bonpirast 9acte TpaHyIMUTOBBIX (IPaHYIHUT-dHACPOUT-YaAPHOKUTOBBIX) KOMILIEKCOB Kapenbckoil u
Benomopckoit mpoBuHIMi (Bapnancesapsunckuii, Tymocckui, IlypacespBunckuii, Horosepckuit, Bokna-
BoJIOKCKHH ¥ OHexckuil; nmpui.l) copmupoBanucs 2,72—2,63 mapn net Hazan (Bomogmues u ap., 2003;
Koxesaukos, 2000; Pannwmii.., 2005; Holttd et al., 2000; Manttari, Holtt4., 2002). Bce orn 00HapyXuBaroT
OTIpe/ieTIeHHbIE YePThl CXOACTBA M, B OCHOBHOM, CJIO’KEHBI SHAEPOUTAMH JTUOPHUTOBOTO-TOHAJIUTOBOTO CO-
CTaBa, KOTOpBIE COZEprKaT BKIIOUEHUS Tapa- U OPTONOPOJ, PEICTaBIEHHBIX OCHOBHBIMH, CPETHUMH U pe-
K€ KHCIIBIMU M yJIETPAOCHOBHBIMH I'DaHYJIHTaMH. B OCHOBHBIX TpaHyJIMTax BCTPEUYAIOTCS LHUPKOHBI C Me-
30apxeiickumu Bo3pactamu 3,05-3,2 mupa. net (Hanpumep, B BapnaucesapeunckoMm komiuiekce, HoOlttd et
al., 2000).

I'eonnnamMuyeckue 00CTAHOBKH U IJIABHbIE 3TANBI KOPOOOPA30BaAHUS

B cocraBe apxeiickoii yacTn PEHHOCKaHAWHABCKOTO IUTA BBIACISAETCS, KAK CKa3aHO BBILIE, TPH
(parmenra npeHeimen (3,5-3,2 MIp/. JIeT) KOHTHHEHTAILHOW KOPBI, KOTOPhIE, BO3MOXHO COCTaBIISIIN
eAVHBI MUKPOKOHTHHEHT, pacHaBIuiics okojo 3,1 mipa. set (Slabunov et al., 2008).

Oxkozo 3,.05 mipa. JeT HaYuHASTCS HOBBIM ITMKI pOCTa KOHTHHEHTAILHOW Kophl. B mepuon 3,05 —
2,95 mupa. aet oHa GopMHUpyeTcsl MyTeM CYOIyKIUH U TOCIIEAYIOIEro aKkKpeTHPOBaHus K Haboee Kpy-
HOMY napeBHeMy Bomtozepckomy mukpokoHTHHEHTY (CBetoB, 2005). B 1ieHTpamsHOM 9acTH MOCIIETHETO
(buKcupyeTCs MPOSBICHUE MAHTHHHO-TUTIOMOBOTO Marmatusma (JlobGau-Kydenko u ap., 200006). Kpome
TOTO, B 3TOT MEPUOJ, BEPOIATHO, CHOPMHUPOBANACH CYOAyKIIMOHHAsI CUCTEMa, parMeHThl KOTOpOor (PUKCH-
pyertcs B 3anagHoi yactu Kapensckoro kparoHa.

B nepuon 2,95-2,82 mupa. net, korna chopMUPOBAICs HAUOOIbIINKH 00beM KOHTHHEHTAIbHOM
KOpBI PETHOHA, €€ POCT OBLI COCPENOTOUEH Ha oro-BocToke Kapenbckoii mpoBunuuu (Ceros, 2005),
Ha CMEXHOU ¢ Hell Tepputropun beromopckoit mpoBuHuMM, a Takxke B Konbckoit npoBunuuu. B beno-
MOPCKOU MPOBUHITNH W3BEeCTHHI pparMeHTH odronnutoB (CradyHos, 2008 u ccbuiku TaMm). Bo3MoxHO,
YTO B 3TOT nepuo popmupyrorcs u sximorutsl Tuna Canmu (I{unanckuii, Konnnos, 2009 u cceuiku
taM) OCHOBHOW MexaHH3M (pOpPMHPOBAHUS KOHTHHEHTAJIBHOM KOPBI — CYOAYKIIMOHHO-aKKPEIIMOHHBIE
IPOLECCHI.

OTH mporeccs JOMUHUPYIOT U B tepuoA 2,78—2,72 miapa. netr. imMeHHo B 3TOT nepuoA GopMupyroT-
csi, HaMpUMep, ApeBHEHIINe B MUPe KOPOBbIE SKIOTHTH (Bomonnyes u ap., 2004), cynpacyOayKIIMOHHEIE
oduonuts! (Shechipansky et al., 2004). Bmecte ¢ TeM, yCTaHOBJIEHBI U IPOLECCHl KOHTHHEHTAIBHOTO pUd-
torenesa (Jlobau-Kyuenko u ap., 20000), HaunHaeTcs GOpMUPOBAHHE CAHYKUTOMIHBIX KOMIUIEKCOB.



B nepuon 2,72-2,58 mipa. €T OpOUCXOIAT KOJUIM3HOHHBIE U MOCTKOJUTM3HUOHHBIE TPOLIECCH B LICH-
TpaJbHOM YacTH KOHTHHEHTA (PO KOJUTM3HOHHOTO OporeHa — bemoMopckuii mosic) v mpoI0IKarTCs akKpe-
LOHHBIE TPOLIECCHI K CeBEpY, 0Ty M 3amamy ot siapa oporena (Ciabyno, 2008 u ccpuiku Tam). Benen 3a
(hopMHpOBaHEM OpOT€Ha HAYMHAETCS €r0 KOJUIAIC, KOTOPHIA MPOSABISAETCS B 00pa30BaHUU BYJIKAHOTEHHO-
rpy0000IIOMOYHBIX KOMIUIEKCOB (HarpumMep, Bode-JIaMOMHCKIIT KOMIUTIEKC) M BHEAPEHUH TaO0pOHIIOB.

2,5 mupa. Jet Ha3ajd ¢ pUPTOreHe3a HaAUMHASTCS] HOBBIH LUK 3BONIONMHU JTUTOChepbl DEeHHOCKaHIH-
HaBckoro murta (bamaranckumii, 2002; Daly et al., 2006). B npenmectByromuii 3tomy mepuoj (2,58—
2,5 Mapa. set) GUKCHpyeTCs 3aTyXaHnue YHIAOTCHHOW aKTHBHOCTH.

[TocnenoBaTenbHOCTD TNIABHBIX CTAAMNA CTaHOBIIEHHUS BOCTOYHOH yacTH PEHHOCKAHAWHABCKOTO IIH-
Ta BO BTOPOI MOJIOBHHE apXes CONOCTaBUMa C MX IOCJIEN0BATEIbHOCTHIO B paMKax Iukia Buncona (Cra-
OyHOB, 2008):

- Ha4aJgbHas CTaJus, BO BPeMs KOTOPOH, BEPOATHO, TPOHM3OIIEN pachaja «OCTPOBa CHAIISD» (BBIIEN-
€TCsI 10 KOCBEHHBIM ITPU3HAKaM),

- paHHSS CTagus, BO BpeMsl KOTOPOil B 30HaX CyOAyKIUU (OpMHUPYETCS HOBask KOHTHHEHTAIbHAsI KO-
pa, B 30HaX CIIpeIMHTa M 33yTOBBIX OacceifHaX — OKeaHWdecKas, a IO/ BO3IEHCTBHEM TUTFOMOB — BYJIKa-
HUYECKHE TUIaTO, IPOUCXOIAT aKKPEIIMOHHBIE TPOLIECCHI;

- cpenHss (KOJTM3UOHHASA) CTaaus, KOTJa MPOUCXOJUT UHTEHCUBHOE B3aUMO/IEHCTBUE KOHTHHEHTAIIb-
HBIX IDTAT (WJIM MAKPOIUIUT), 3aKPHITHE OKEaHOB, (POPMUPYETCS CTPYKTYpa KOHTHHEHTATBHBIX OJIOKOB;

- IO3/IHSISL CTA/IUs], BO BPEMsI KOTOPOH MPOMCXOAUT KOJUIATIC 00pa30BaBIICHCS KOJIM3MOHHON CUCTEMBI;

- 3aKJIIOYUTENBHAS CTaMsl, XapaKTepu3yeTcst caboii SHAOTEHHOH aKTHBHOCTBIO, IPEALIECTBYET Ha-
Yairy HOBOTO IIUKJIA.

IIpomomkuTeIbHOCTE GOPMUPOBAHIS KOHTHHEHTAIBHONW KOPHI BOCTOYHON JyacTH DEeHHOCKaHANHAB-
CKOTO IIIMTa BO BTOPO MOJOBHHE apxesl B IIEJIOM M €€ TJIaBHBIX CTaIMi COMIOCTaBMUMa C WX MPOJIOJIKUTEb-
HOCTBIO B PaMKax KJIACCUYECKOTO IHKIa Buiicona: o0Iias mpoaonKuTeNnbHOCTh — OK0JI0 650 MitH. et (c
3,1 mo 2,5 Mipa. JeT), B TOM 4HuCie, HadaiabHas cramust — 50 muH. ner, panasas — 330 muH. jet (3,05—
2,72 mipna. net ), cpenuss (koumsuonnas) — 30 vurH. net (2,72-2,69 muapa. ner), mo3aasas — 110 mirH. et
(2,69-2,58 mupa. ner), 3akiarountensHas — 80 mutH. set (2,58-2,5 mupa. ner). B pamkax apxeiickoro stana
(umkna BuiicoHa) pa3BUTHS KOHTHHEHTAILHOW KOPHI BOCTOYHON yacTH (PEHHOCKAHJAWHABCKOTO IUTA BhI-
JIeNIIeTCsl J1Ba IMKJIa BTOPOTO TOPSAAKA: MEPBBIA M3 HHUX HpononkuTedsHocThio 200 muH. met (3,05—
2,85 mupa. jer) oTBeyaeT (JOpPMHUPOBAHUIO aKKPELIMOHHOTO OporeHa B oOpamieHnH Bomo3epckoro Muk-
POKOHWHEHTa, BTOPOU MpopoinkuTeabHocThio 300 muH. net (2,88-2,58 mupa. niet) — bemomopckoro xoi-
JU3NOHHOTO OPOTEHA.

I'eonoruueckue, TeOXPOHOJIOTHYECKUE, WU30TOIMHO-TEOXUMHYECKHE U Teo(U3UYecKue JIaHHBIEe M0
BOCTOYHOH yacTn DEHHOCKaHIMHABCKOTO IIMTAa JAIOT OCHOBAaHHUE IOJaraTh, YTO OCOOCHHOCTH (POPMHUPO-
BaHUSI KOHTHHEHTAJIFHON KOPHI a apxee U (haHepo30e BeCbMa CXOJIHBI.

IKCKYPCHH 1 u 2

BEJJIO3EPCKO-CEIO3EPCKHH 3EJIEHOKAMEHHBIN ITOSIC:
OBIIUE YEPTHI CTPOEHUSA

Csemos C.A.
UI" KapHI] PAH (IleTpo3aBojck)

Bennozepcko-Ceroszepckuii 3eneHokaMmeHHbIN mosic (puc. 1.1) B LlenTpansHoit Kapenuu nporsarusa-
ercst 6onee yem Ha 300 kM B cyOMepHIMOHAILHOM HarpasiieHud npu mmpune 50-60 km. B coBpemeHHOM
SPO3MOHHOM Cpe3e OH cocTouT U3 pafa cTpykryp (Cseros, 2005), Takux kak: XayTaBaapckas, Koiikap-
ckas, Cemuenckas, DnpMycckas, [lanacensrunckas, Ocrepckas, bepraynbsckas, CoBnosepckast, Kungacos-
CKasi U APYTHX CTPYKTYP.

B paspesax 3eneHOKaMEHHBIX CTPYKTYp MPeoOIajaroT JABa KOHTPACTHBIX aHCaMOIsl MpeJCcTaBiICH-
HBIX BYJKaHUTaMH KOMaTUUT-0a3aJIbTOBON M M3BECTKOBO-IIEIOUYHON CEpUH, IPH 3TOM IociaegHue GopMu-



PYIOT BYJKaHWYECKUE NMOCTPOHKH LEHTPAJIbHOTO THMA. PEIHMKTHI aneoByIKaHOB U3BECTHHI B XayTaBaap-
ckoii u Koiikapckoit crpykrypax (Bynkanudeckue..., 1978; Bynkanmsm...1981; Ceerosa, 1988). Haubo-
Jiee TpeACTaBUTENbHBIMHU ABJISIOTCS PEKOHCTPYHPOBaHHBIE pa3pe3bl XayTaBaapcKoil CTPYKTYpBI, oOmieit
MOIIHOCTBIO 6 KM U KOHKapcKoi CTPYKTYphl MOIIIHOCTBIO 3 KM.
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Puc. 1.1. Cxema reonorudeckoro ctpoenus Bemio-
3epcko-Cero3epckoro 3eJIeHOKaMEHHOTO Iosca. Yc-
JoBHBIE 0003HaueHus: 1, 2 — [laneonporepo3oiickue
obpazoBanusi: 1 — rpanutel panakuBu (1,65-
1,62 miupa. net), 2 — cympakpycTaibHbIe 00pa3oBa-
nust (2,50-2,10 mupa. ner); 3, 4 — Heoapxetickue 00-
pasoBaHMs: 3 — IUIATrHOMUKPOKJIMHOBBIE TPAHUTEHI
(2,85-2,87 mupa. ner), 4 — QUOPUTHI, TPAHOAUOPH-
THI, CAHYKUTOHU B! (2,74 Mipa. net), 5 — rabopomo-
pHTHL, 6 — raOOPOHOPUTHI, 7 — OCHOBHBIE U YJBTpa-
OCHOBHBIC TIOpPOJBI, 8—11 — Me30apxelickue oopaso-
BaHWA: § — aH/IE3WNAINTOBLIC BYJIKAHWUTHI, alaKUTHI
n ocanxu (2,86-2,85 mupn. sner), 9 — BBICOKOMarHe-
3uajgbHOE Tab0po, 10 — komaTHUT-0a3aNETOBAs acco-
muamus (71aBel, Tydsr) (3,0-2,95 mupa. ner), 11 —
BynkaHuTel BAJIP-cepun, agakutsr (3,05-2,94 mupa.
ner), 12 — am¢ubomutel, 13 — THeWCO-TPaHUTHI U
MUTMaTUT-TpaHuTH (3,15-2,95 mnpa. net), 14 — na-
JICOBYJIKaHWYeCKue MocTpoiiku: 1 — Hsampmosepckas,
2 — Urnoiineckas, 3 — XayraBaapckas, 4 — Macensr-
ckasi, 5 — Yankuuckas, 6 — Suunickas, 7 — Kopoo-
3epckasi, 8 — Dnmbmycckas, 9 — Cemuenckas (1-5 —
XaytaBapckast cTpykrypa, 6—9 — Kolikapcko-Cem-
YeHCKas CTPYKTYpa); 15 — pazinoMsr
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B o0mmeii crpaturpaduyeckoii mkane HUKHEro nokeMopus Poccun, npunsToit Beepoccuiickum co-
BemanueM B T. Amatutel B 2000r. 1 yTBEpKICHHOW MEXBEIOMCTBEHHBIM CTpAaTUTPahUISCKUM KOMHUTE-
ToM Poccuu B 2001 1., B BepxHEM apxee B JIONUHCKOM 20HOTEME B Ka4eCTBE CTPATOTUIIA CPEAHEN IpaTeMBbl
yTBepXkaeHa XxayTaBaapckas cepusi Kapenuu B reoxpononorndeckux rpanunax 3000-2800 miH. net.

Kak yxe ormeuanoch Bbllle, HanOoee MOJTHBI HA0Op CTPATOTEKTOHHMYECKHX acCOLMAaIMi coxpa-
HUJICS B mpezenax XayTaBaapCKOH CTPYKTYpbl pacloyIOKEHHOM B roro-3anagHoi yactu Bemnozepcko-Ce-
r03epcKoro 3eneHokameHHoro mnosca (puc. 1.1). CTpykTypa BHITSIHYyTa B MEPUAMOHAIBHOM HaIlpaBlIEHUH
Ha 100 kM 1 UMeeT MakcUMaTbHYIO HpuHY 10—12 kM. CynpakpycTaibHBIE TTOPOJIBI, OOBEAMHIEMBIC Pa-
Hee B COCTAaBE XayTaBaapCKOH CepHH, UMEIOT OOIIYI0 MOIIHOCTb JI0 5,5—6 KM.

B omnopHoM cTpaTurpaduueckoM paspese xayTaBaapcKoil CepuH BBIACTSIOTCA 5 CBUT (CTPaTOTEKTO-
Huueckux accouuanuii — CTA) uHTEepnpeTupyeMbIx, Kak aHcaMOJIb COBMELICHHBIX, T€OANHAMUYECKH KOH-
TPacTHBIX KOMIUIEKCOB (CHH3Y BBEpX IO pEKOHCTPYHPOBAHHOMY paspe3y (puc. 1.2) (neraimpHOE OmrcaHue
npuBoauTcs B pabore Ceetos, 2005):



«/IpeBreiitas 6azanbT-anae3uT-ganut-puonutoas CTA» (BuerykkamammuHckas cButa). Briroda-
eT BA/[P-agakuToByro accoruanuio U COMyTCTBYIOIIME BYJIKaHOT€HHO-0CAJ0YHbIE, BYJIKaHOTEHHO-XEMO-
TCHHBIC TaparcHe3bl, CMCHSAEMbIC HA 3aKIFOYUTEIHLHOM JTale BYJIKAHO-TEPPUTSHHBIMU TOPOJHBIMU aH-
camOsimu. U-Pb Bo3pact kpymHOTIOPQUPOBBIX JanuToB UTHOHIBCKOTO CYyOBYJIKAHMYECKOTO HEKKA PaBEeH
2995+20 muma. ner (Ceprees, 1989), cyOByIKaHMYECKOTO INTOKA aHAE3UTOB OCTEPCKOH CTPYKTYPHI —
3020+10 mmH. €T, CyOBYJIKaHUYECKOM JaliKi aHIe3UTOB (ceKylieil koMaTuuThl [lanacenbruHcKon CTpyK-
Typs1) — 3000410 miH. net (Jlobukos, 1982).

«Komatmur-6a3zansToBass CTA» (JloyxmBaapckas csuta). llpemcraBiseT cTpaTuQUIEpOBAHHYIO
TOJIIy KOMAaTHUT-0a3aJIbTOBOM acCOLMAIMU C COMYyTCTBYIOIUMH UM Tydamu, Typduramu U xeMoreHHO-
SKCTASAIUOHHBIMU TTOPOJIaMU ¢ OOIIIEeH MOIIHOCTBIO 2,7 kM. ['payBakku 1 MOHOKOHTJIOMEPATHI TOSIBIISIOT-
csl B BEepXHEW 0CaJlOYHON Madke, aCCOIMHUPYSICh C TPapUTUCTHIMU CIIAHIIAMH, CEPHOKOTYEAAHHBIMA Pya-
MH, CHJIMIINTAMH, XEJIC3UCTHIMUA KBapuuTaMu. Sm-Nd HW30XpOHHBIA BO3pACT CBUTHI - 2921+55MiH. et
(CeetoB, XyxMma, 1999).

«Mononas angesunanutoas CTA» (KamaspBuHckas cBUTA), pa3enseTcs HA TPH MAaYyKA — HIDK-
HAS, TEeppUTreHHas (ITOJIMMHUKTOBBIE KOHTJIOMEpATHI, apeHUTHI, aJeBPOJUTHI, BHYTPU(OPMAaIHOHHBIE
KOHIJIOMEpaThl, ByJIKAHUYECKHE apeHUTHI, apKO3bl, IPaQUTHCTHIE alleéBPOJIUTHI) MOIIHOCTEIO 70 320 M.,
CpeaHsis Mayka — BYJKAHOTEHHBIC MOPOJIbI JAIIUTOBOTO COCTaBa, U TPEThA MauKa — OCAJOYHBIC MOPOJIBI
(TypduThI — TpayBaKKM — apEHUTH — CHIUIUTHI — TPA(QUTUCTHIE ATEBPOIUTH — CEPHOKOITYETAHHBIE PY-
1ib1) MOTITHOCTRIO 10 400 M. OO6mas MomHOCTh CBUTHI cocTaBisieT 900 M. I[1opobl CBUTHI TPOPHIBAIOTCS
XayTaBaapCKUM MacCHBOM rpaHogunoputoB — 2850+ 50 mun. et (TyrapuHos, bubukora, 1980), maitkoit
puonutoB - 2854114 muH. net (Ceprees, 1989) u naiikoit ganuTos - 2862+45 muH. net (OBYMHHUKOBA U
Ip., 1994).

«bazansroBas CTA» (KynploHckas cBUTa) CIIOKEHa MOMYIIEYHBIMH M MAaCCHBHBIMU 0a3ajbTaMH C
€IMHUYHBIMY JINH3aMHU THAJIOKJIACTUTOB U Ty(oB. [ payBakku MPUCYTCTBYIOT B OCHOBAaHWH CBHUTHI, CMEHSIS
KOHTJIOOpEKYNH B cTpaturpadudeckoil KOIOHKE BBepX IO pa3pesy. OOImmast MOIIHOCTh CBUTHI COCTABISET
600 m.

«Bepxussa ocamounas CTA» (YcMmuTcaHbspBUHCKAas CBHTa), 3aBEpIIaeT paspe3 XayTaBaapCKou
CTPYKTYPBI, CIIOXKEeHa OCaIOYHBIMH (YTIIEPOCOJepAMUMH CIaHIIAMH) M MHPOKIACTO-0CaIOYHBIMU (TY-
¢Bl, TYGOUTH TAIIUTOBOTO COCTaBa, KPEMHHUCTBHIE CIAHIIBI) MOPOAAMH, BHAMMON MomHocTH a0 200 M,
BCTPEUEHHBIMH B JIOKAJIBHBIX pa3zpe3ax.

B npenenax Koiikapckoil CTpyKTyphl COXpaHWICS (parMeHT CTpaTurpaduveckoro paspesa, mpei-
CTaBJIEHHBIN ABYMS CTPATOTEKTOHHYECKUMH aCCOIHMAIIUSMHU (CBUTAMM):

«Komaruurt-6azansToBast CTA» (IIuTkunamMnuHCKash CBUTA - aHAJIOT JIOYXUBApPCKOM B XayTaBaap-
CKOH CTPYKType) claraeT HWKHIOK YacTh CTPATHUTPa(UUECKOro pa3pe3a W IMpeICTaBIeHa KOMAaTHUT-0a-
3a]IbTOBOM accoumanmed, oomeir MomHocThio 1000—1200 M. Pa3pe3 cBuThl chopMUpOBaH MacCHBHBIMH,
MOJTyIIEYHBIMY, BAPUOIUTOBBIMU, TU(PPEPESHIINPOBAHHBIMH JIABOBBIMU MOTOKAMHU C TOHKUMU HPOCIOSIMH
TydoBoro Matepuana. [lupoknacruyeckue ¢aiuu He MPeBBIIAT 5—7% 0T ux obmiero oobeMa. bazanbThel
MEPEeKPHIBAIOT KOMATHHUTHI HITH YePEIYIOTCS ¢ HUMH B pa3pese. BepXHsis 4acTh CBUTHI BKIIIOYAET B ce0s KO-
Py BBIBETPHBaHUS, MPOILYKTH MTEPEMBIBA KOPHI, TPAyBaKKW C PEIKMMH JIMH3aMH apKO3 M TPaBEIUTOB 00-
meit MomrHOCThIO B 200—230 M. Bo3pacT komMaTHHT-0a3aI5TOBOM accoruanui- 29444170 mH. et (Sm-
Nd, spaxpona) (CeeroB, Xyxma, 1999).

«Momnopnas anpesunanuroBas CTA» (KuBunamnuHckas cButa — aHanor KanaspBUHCKOU CBUTHI B
XayTaBaapckoii cTpykrype). CTpaTOTeKTOHMYECKas accOlMalusi MepeKphIBaeT KOMATHHT-0a3alIbTOBBII
aHcaMmONb (MUTKIJIAMIMHCKYIO CBUTY) M pa3felisieTcs] Ha JABe Mmavku. HikHAS madka mpencTaBiieHa aH[e-
3UTOBBIMU BYJIKAHUTAMH B aCCOLMAIIUY C BYJIKAHOTCHHO-OCAI0YHBIMH TIOPOJIAMH, ¥ BEPXHSS — TEPPUTCH-
HBIMHU (KOHTJIOMEPATHI, TPaBEJIUTHI, TPAYBaKKH, apKO3bl), XeMOTEHHBIMHU M BYJIKAHOT€HHO-0Ca/I0YHBIMH I10-
ponamu, obmelr MomHOCThIO 10 940 M. B ceBepHOI YacTH CTPYKTYPBI BO3PACT HEKKa CYOBYIKaHUIECKAX
nmarutoB paBeH 2860£15 muH. net (CaMcoHOB U 11p., 2001).

B Hacrosmee Bpems, cTpaTuUrpaduueckas cxema Mesoapxes (XayTaBaapCKOd cepwi) B Ipejaerax
HentpanbsHoii uactu Kapenabckoro KpaToHa CyIIECTBEHHOT'O W3MeHeHa (puc.1.2), Ha OCHOBaHUM AETalbHO-
T'0 T€OJIOTHYECKOTO, TEOXUMHYECKOTO U U30TOMHOTO M3yUYeHHs CTPATOTEKTOHMYECKUX acconuanuii. Hamu
CAeNaHbl CIEAYIONIe, MEHSIOINE IEPBUYHYIO CTPaTUTpadUIecKyI0 KapTHHY, BEIBOJIBL:

(1) xomaTumnT-6a3anpTOBAs (JIOyXHUBaapcKas, KyJIbIOHCKas CBUTA) U JIPEBHSISI aHAE3UTOBAs accolla-
sl (BHETYKKaJIaMITMHCKasl CBUTA) PACCMATPUBAIOTCS KaK OJTHOBO3PACTHBIC 00pa30BaHMS,

6



(2) xomaruuT-6a3anbTOBas cepusl (JIOyXUBapcKas M KyJIbIOHCKas CBUTHI) MPEACTABIISCT CAUHBIN aH-
camOI1b, pa3fe’eHHbIN mociie GopMUpPOBaHHUS Ha JIBE TUIACTHUHBI;

(3) MomHOCTH XayTaBapCKOW CEpUU MCKaKEHBI (3aBBILICHBI), U3-3a AyOJMPOBaHUS B pa3pe3e OAHO-
TUIHBIX aHcaMOJIel;

(4) pa3pe3 xayTaBaapCKOil CepHU TPEICTaBIAET COOOM KIIACCHUECKHN KOJUTAKHPOBAHHBINA TOPOJI-
HBIH aHcaMOJ1b, COPMHUPOBAHHEIN claliJIepHON TEKTOHUKOM U3 Te0AMHAMHYECKH KOHTPACTHBIX ITOPOTHBIX
KOMILIEKCOB;

(5) koMaTunT-0a3aTBTOBAS ACCOITHAITHS ITPEACTABIIICT COO0H (PparMeHT MPOTO-O0KEaAHNIECKOTO KOM-
TUIeKCa, B TO BpeMs, KaK aH/Ie3UTOBBIE CEpPUH JIBYX BPEMEHHBIX CPE30B, MAPKUPYIOT OCTPOBOIYKHBIH U OK-
PaHHO-KOHTUHEHTAJIbHBIN PEXKUMBI.

(6) Bemnozepcko-Cerozepckuil 3eJeHOKaMeHHBIN TI0SC TpEACTaBseT co00i peNuKT ApeBHEHmei
Ha DEHHOCKAaHIMHABCKOM IIKTE 30HBI IEpexoja OKeaH-KOHTHHET CYLIECTBOBABIIEH B Me30apxee Ha 3a-
NaJHo (B COBPEMEHHOM IJIaHE) OKOHEYHOCTH Boiozepckoro MUKpOKOHTHHEHTA.

2.800 mnpg net
OCaAOIHARA | vy TcanbApBUHCKaR
accoumauns | oura ! 2.5 mnppg net
KoMatuumT-
6Ga3zansroBas KynblOHCKasi cButa
accouvauus S
ARP 2.840 mnpp net %
— accounauus | KanaspsuHckas ceuta | g 2.650 ? mnpg net
E 2.935 mnpa net R CTA MMynn-anapt 6acceiiHa
o 8 e (I P <2.800 mnpa net
2 4 2.8 mnppa net-
s 3 KOMaTUNT- [ |_XEMOreHHO-TeppUreHHbIe ocafkn | 2.850 mnpa ner
© § |6asansrosas| noyyysapckas ceuta :
o & | accouauns Y ALP-agakutoBas CTA
o®
= TeppUreHHble 0CaAKM | 5 900 wnpp ner
s & 4 macuToBbIE rpayBaKky |—————————
S ®© 2.950 o = 2.935 mnpg net
52 -9o0 mMnpa ner ] Komarumt-
5 g e 6asansToBas
S8 9 CTA (2) BALP- 2.944 mnpa net
=z 4]
g aHaeanToBas BUETYKKanaMmnuHckas = mauToBbIe rpayBakku ‘ afakmToBast
g accoymnauus | csuta CTA
= Komatumt-
6asansToBas — 2,985 mnpa ner
CTA (1) ToHanutbl '
TPOHALEMUTBLI |- 2.995 mnpa net
MadMTOBbIE rpayBakkv rpaHOAMOPUTLI 3.100 mnpa ner
.2 mnpp, net =
3 pA ne % ,ﬂ,peBHVIVI KOMMeKc
Crpaturpacdumyeckas cxema E Boanosepckoro 6s10ka:
Bepnnosepcko-Cerosepckoro 8 THENCbI, TOHANNTBI,
3eMeHoKaMeHHOro nosica no g TPOHABEMUTbI, TPAHOAUOPUTDI
(Cmpamuzpacpusi...1992) E 3.400 mnpa net

Puc. 1.2. CooTHOmIEHUS CTPATOTEKTOHUYECKHX aCCOIMALUi Majeo-, Me30- U HeoapXeicKoro Bo3-
pacta B mpeneiiax Me30apXerCKoi 30HBI Iepexoja okeaH-koHTHHEHT (Bemnosepcko-Cerosepckuii
3eJICHOKaMEHHBIH T10sIC U 3araiHast 4acTh Boyo3epckoro Onoka)

IKCKYPCHA 1

YAJIKHUHCKAS, MTHOMJIbCKAS M XAYTABAAPCKAS CTPYKTYPBI
BEJJIO3EPCKO-CEI'O3EPCKOI'O 3EJIEHOKAMEHHOT O ITOACA

Ceemog C.A., Ceemosa A.U., Hazaposa T.H.
WI" KapHI] PAH (Iletpo3aBojck)

Llenb SKCKypCcHH — 3HAKOMCTBO C JipeBHeUMH (3,15-2,94 Mupy eT) KOMIUIEKCaMU OCTPOBOIY K-

HOTO 3Tara pa3BUTHUS 30HBI IIEPEX0/1a OKeaH — KOHTHHEHT (OKpanHa Bomirozepckoro 6J10ka) U peTuKTaMu
pa3pes3a MaUUeCcKOro miato B XayTaBaapckoi MEracTpykType.

B mpepenax MeractpyKTyphl, ¢ UCHOJIb30BAaHHEM METOJIOB (alraibHO-(POPMAIIMOHHOTO aHAIN3a,

PEKOHCTPYHUPOBaHA IEMb PENUKTOB MAICOBYIKAHUIECKUX MOCTPOCK IEHTpaIbHOTO THMa: HsmbeMozepo —




Urnoiina — XayraBaapa — Yazka, chopMUpPOBaHHBIX B CyOMapHHHBIX U cyOa’palbHbIX oOcTaHoBKax (Byi-
KaHudeckue..., 1978; CeeroBa, 1999). [/leTanpHas reoXxuMudecKas XapakTepUCTHKa AAHHBIX BYJIKaHHYeE-
CKUX CTPYKTYp, MOKazajla UX MYJbTHCEPUAIBbHYI0 MNpHHAANCKHOCTh. Cpenu anddepeHIrpoBaHHBIX
BAJIP-cepuil U3BECTKOBO-ILEIOYHOrO Psifa, CIAraloluX OCTPOBOAYKHBIA KOMIUIEKC, ITUPOKO MPOSIBICHBI
MOPOJHBIE ACCOLMALUHN aJaKUTOBOIO psAja, (JOpMHUPYIOLIME BeCh pazpe3 MrHOMIBCKON IajeoByIKaHUYe-
CKOM ITOCTPOMKH, YaCTHUHO XayTaBaapckoi, HsuibMo3epckoit u HanKuHCKOM NaleonoCTPOeEK.

JUis aHAEe3uTOBON accolraluy UMEIOTCS paHHUE TeOXPOHOJIOTHYecKHe JaHHble 10 MrHonbckoi
ctpykrype: U-Pb Bo3pacT naB aHIe3uToB (MHTEPIPETHPYEMBIX HAMM KaK aJaKUThl) COCTaBISAET
2945419 muH. net (OBUMHHUKOBA U Ap., 1994), Bo3pacT aHAE3UIAUTOBOTO (aaKUTOBOT0) HEKKA -
2995+20 mun. net (Ceprees, 1989). bauszkoro Bo3pacra aHAE3UTOBBIE KOMILICKCHI COXPAHWIKNCH €IIC B
pszne cTpyktyp, Tak U-Pb - 1aTHpoBaHHe HUPKOHOB M3 CyOBYJIKAHMYECKMX JaeK aHIe3UTOB Ilamaceis-
TUHCKOH CTPYKTYPHI a0 pe3yabTaThl - 3000£40 MitH. €T, 3 cyOByJIKaHWIEeCKOoro mroka Octepckoit
cTpykTypbl 3020410 M. et (JIoGukoB, 1982).

[Toponp! 1peBHEH aHAE3UTOBOW accOUMAMM METaMOP(U30BaHbI B yCIOBUSAX AMUIAOT-aM(pHOOTUTO-
BOM (arun MeTamop(u3Ma aHAATY3UT-CHIUIMMAaHUTOBOTO THIIA, YTO MO3BOJIMIIO COXPAHUTHCS MEPBUYHBIM
BYJIKAHHUECKHUX TEKCTYPaM.

B kadecTBe WITIOCTpallM¥ COBPEMEHHOI'O B3aMMOOTHOIICHUS Pa3pe30B MAICOBYJIKAHUYECKUX II0-
CTPOEK OCTPOBOY>KHOTO KOMIUIEKCA Ha pHc. 1.3 MPUBOANUTCS COOTHOIIEHHE MTOPOJHBIX MOCIEI0BATEIbHO-
CTell TI0 TpaBepcy Mex1y XayTaBaapCKUM U MITHOMIILCKUM BYJIKAHUYECKHUMU IICHTPaMHU.

Koppensiuust pa3pe3oB NpoBOAMIACH Ha OCHOBE JCTAIBHOI'O M3YUYEHHUS 30HBI HETMOCPEACTBEHHOTO
HEPEKPBITUS MIPOAYKTOB U3BEPIKEHHS Pa3HbIX BYJIKAHUUECKUX LIEHTPOB, TaK B Ipeaeiax 0OHaXeHUH ObLI10
BBISBJICHO II€pPECIanBaHKE JaBOBBIX IIOTOKOB U Ty(OBOro MaTepHuasa IOCTYIAOLIETO U3 Pa3HbIX BYJIKAHU-
YEeCKHX LIEHTPOB, YTO TO3BOJISIET TOBOPUTH O CHHXPOHHOCTH WX (opMHpOBaHMs. BakHO OTMETHTH, YTO B
LEJIOM Ul PEJIMKTOB MaleOBYIKAHUYECKUX ITOCTPOEK YCTAHOBJICHO CIIOKHOE 3((y3UBHO-IKCIIIO3UBHOE
CTpOEHHE, ¢ rpy0030HAIBHBIM Pa3MEIIEHUEM BYJIKAHUYECKUX U BYJIKAHOT€HHO-0CAJAOYHBIX (hanuii BOKPYT
HEHTPOB m3BepxkeHui ¢ pagmycom oT 20 mo 30 kM (Ceerona, 1988; Cseros, 2005). JKepnoBuHBI aseoByI-
KaHOB IPEJCTABICHBI HEKKaMH Pa3IMYHOTO COCTaBa pa3MepoM 10 2 Ha 1,5 KM («HEKK LEeHTpaJIbHbI» ana-
KUTOBOT'O cocTaBa, MrHoiia), MHOTJa HEKKaMH C arjioMepaToBOM MaHTHEH (IOZOOHBIH HEKK ONHCaH B
YanknHCKOM CTPYKTYpe 1 BBINIOJIHEH cyOByIKaHuTamMu bA JIP-cepun).

XayraBaapa Hrnoiisa
M
-
o, e
12500

i (U-Pb)
I~ 2945+19
(OBYMHHMKOBA U JP., 1994)

Puc. 1.3. CxeMaTHdeckoe CTPOCHHE OCTPOBOIY K-
HOM CTPAaTOTEKTOHMYECKOH accolualuy B npefe- 294713
nax XayTaBaapcKoil MeracTpykTypbl (CBeTOB H

1., 2006).

Tpasepc ot XayraBaapckoi 1o WrHoinbckoi mnaieo-
BYJIKAHMYECKHX HOCTpoeK, opueHTupoBka C3-I10OB,
paccTosiHUE MO MPOQHII0 MEXIYy HUMH - 15 kM. * -
HOBBIC T€OXPOHOJIOTHYECKHE TaHHBIC (MIJH. JeT). Yc-
JIOBHBIE 0003HAYEHUS: | - TaBBI KOMAaTHUTOB, 2 - TY(BI
KOMAaTHHUTOB, 3 - TEpPUTeHHEBIEC TPayBaKKH, apKO3BI, MO-
HOKOHIJIOMEpAThl, 4 - BYJIKAHOT€HHO-OCAI0YHasl ITayKa
NIpe/ICTaBICHHAsT NMEepPeMBITEIMU Tydamu, Tydduramuy,
TydonecyaHnKaMy,  CHIMLUTaMH, TPapUTHCTHIMU
aJIeBpOJIMTaMH, Ma(QUTOBBIMU IpayBaKKaMH, 5 - ario-
MepaToBbIE, JIAMMLIMEBbIE TY(bI JALUTOB, 6 - HKCILIO-
3uBHAs OpeK4Hs JauuToB, 7 - JIaBbl, JaBOOPEKYUH Ja-
LUTOB, 8- TICAaMMHTOBBIC Ty(Bl aHAE3UIAIUTOB, 9 -
cioncrtas Toima Ty($os aHge3upanuToB, 10 - cyOByI- A
KaHWYeCKHe JNaruThl, 11 - armomepaToBble TybI aHze-
310a3aabTOB, aHIC3UTOB, 12 - JaBbl, JABOOPCKYHH aH- (Sm-Nd) 3014+130
ne3u-0a3aibToB, aHAE3UTOB,13 - MadUTOBEIE TpayBak-

KH, 14 - TEeKTOHMYECKHE I'PAHULIBI

= 2000

1000

(U-Pb)
2995+20
(Ceprees, 1989)




[lo Habopy QanuanbHBIX JUTOTUIOB, MAJCOBYIKAHUIECKUE TOCTPOHKN XayTaBapcKOH MeracTpyk-
TypBI 3HAUUTENHHO OTIIMYAIOTCS APYT OT JIpyTa, TaK HanpuMmep B YalKWHCKOM TajieoByJIKaHe NIHPOKO pas-
BUTA JIaBOBas (auus, NpeACTaBICHHAsS MAaCCUBHBIMH, [TOYIICYHBIMI U MUH/IAIEKaAMEHHBIMH JIaBaMH, KJla-
CTOJIABAaMH aH/IE3UTOB, aHJE3UIALMTOB U JaUUTOB. [loxymeunsle OpeKYny MPUCYTCTBYIOT B IPIKEPIOBOH
30HE, 4acTO IepecIanBasCh C arjIOMEpaTOBBIMU U JIAIIMJUINEBBIMU Ty(daMu. MOIIHOCTD JIaBOBBIX [TOTOKOB
u3Mensiercst ot 4-5 M 10 25-30 M, 1o cocTaBy npeodiafaT cepuitHonophupoBbie aHae3uThl. B UrHowb-
CKOM MajneoBYJIKaHUIECKOH MOCTpOiKe, CHOPMHUPOBAHHOM MOPOAaMHU aaKUTOBOH CEPHH, B3aUMOOTHOILIE-
HHUE TOPOJHBIX JINTOTHIIOB MHOE, B pa3pe3e 3HAYMTEIBHO MEHBIIIE JIaB, OHU IPEACTaBIICHb! KJIaCTOJIaBaMH,
MaCCHUBHBIMHU, MUH/IaJICKAMECHHBIMU PAa3HOCTSMH aHJe3u0a3alIbTOBOTO, aHJIE3UTOBOTO, PEXKE aHIe3UalH-
TOBOTO cocTaBa u (hOpMUPYIOT MolIHbIe (0 60-80 M) HEMPOTSKECHHBIC JTaBOBBIC MOTOKU. [IMPOKIACTHTHI
IMpUHAUIeXAT K (aluy 5KCIUIO3UBHBIX BBHIOPOCOB, pEXe arioMepaToBBIX ITOTOKOB, MOCIEAHUE 00pa3yroT
JIOKaJIbHBIE IUIOIIAAN CBapeHHbIX Ty(}oB. YamajeHHas rpymna HUPOKIAcTHYeCKuX (aruii mpencraBieHa
MEJIKOOOJIOMOYHBIMH Ty(aMH U MPOAYKTaMHU UX MepeMbiBa— Typduramu u TydomnecuaHukamu, cyOByIIKa-
HUuecKas (arus - faiikamy aHae3n0a3aibToB, aHIC3UTOB, JALUTOB, PEKE PHOAALUTOB U PUOIUTOB.

O0bekr 1.
YaakuHcKas MAJIe0BYJIKAHUYECKAasi CTPYKTypa

YankuHcKas najgeoByJIKaHUYECKasi MOCTPOHKa HaXOAUTCS B CEBEPHOM YacTH XayTaBaapCKol CTpyK-
Typsl (puc. 1.4) u 3anuMaet miomans B 50 km” (Cetosa, 1988). By/IKaHUTEI aHIE3UTOBOTO M JIAIUTOBOTO
cocTaBa MPOCIIEKEHBl YaCTHBIMU pa3pe3aMu oT 03. KuBau (Ha ceBepe) 10 K./n. mocta uepe3 p. Llys (na
tore). [loctpoiika ¢ 3amaga orpanndyeHa YankuHCKUM MaccuBOM IpaHoaunoputoB ¢ U-Pb Bo3pactom mo
HUPKOHY - 2745+5 muH. et (OBUnHHUKOBA Jp., 1994), KOTOPHIN MO0 T€OXUMUYECKUM KPUTEPUIM MIPHUHA-
JEKUT K canykuTounHomy psny (Lobach-Zhuchenko et al., 2000; Jlo6au-XKyuenko u ap., 2003).

YankuHCKas MaJeonocTpoiika AeTalbHBIM 00pa3oM OblIa ONMCaHa paHee, C XapaKTEPUCTHKOH OT-
JIeTHHBIX YaCTHBIX pa3pe30B U najieodaruaibHol cxemoi B MoHorpadun (Ceetos, 2005).

B cBs13u ¢ Tem, uTO agakuToBas (aza ByJKaHU3MA B JAHHOW CTPYKTYpe MPOSIBICHA HE3HAYNTENBHO 1
JHIIbL B BUAE JalKOBOHW (haluu, B paMKax JAaHHOH paboThl, MbI IPUBEIEM KpaTKoe 0000IIeHHOe ONcaHue
CTPYKTYPHI (puc. 1.5), yuuTteiBaroliee HOBbIE I0JIy4YE€HHbIE MaTEpPHUAIbI.

Puc. 1.4. Cxema najxeoByJIKaHHYECKOW PEKOHCTPYK-

uuy YanKuHCKOM MmaneonocTpoiku. 1 - CaHyKUTOH-

11, YankuHckuit MaccuB (274543 miH. jiet); 2 - MO-
s somas CTA (2,9-2,8 mipa. jner), KajmaspBHHCKas
CBUTA - BYJIKAHOTCHHBIE, BYJIKAHOT€HHO- 0Ca/I0YHbIC
MOPOJIbl C TMH3aMU CEPHOKOMYEJAHHBIX pyJ; 3-12 -
npesusist CTA (3,1 - 2,9 mupa. jeT), BUETYKKaJIaM-
MIUHCKAs! CBHUTA 3 - 3KCTPY3UB KPYMHONOP(HUPOBBIX
8  aHIE3WTOB; 4 - armoMepaToBas MaHTHS SKCTPY3HBa;
5 - monymIedyHBIE JIABBI, IMOMYIICYHBIE OpeKYnH
KpYTHOTIOP(UPOBBIX aHAE3UTOB; 6 - HEKK, 3amoJ-
HSIOIIMI TTOABOIAIIMI KaHal, aHAe3u0a3aIbThl, aH-
TIE3UTHI; 7 - TIIBIOOBBIE, arIoMepaToOBbIe Ty(BI aH Ie-
3UTOB; 8 - JIaBbI aHAE3UTOB; 9 - nmaBbl ganuTos; 10 -
ncaMmmutoBbie Ty(Qsl; 11 - cion tydduros, Tydo-
necyaHukoB; 12 -nepembiTbie Ty(dbr; 13 - rpaHuror-
HEWCBI, MUTMaTUT TPAHUTHI
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OctanoBka 1 (00H. 100 ) I'nei60BEIe arnomeparoBble Tydbl anae3uTos (puc.1.6). OtaenpHbIe MIIBIOB HMe-
10T pasmeps 110 0,5 — 0,8 M, pexe 1o 1,2 M B nuHy, IIpH cpeaHeM pa3mepe oT 3-5 cM 10 10-15 cm, rieMeHT
MpeACTaBIeH MEIKOOOIOMOYHBIMU TyhaMu, aMPuOoInTH3NpoBaHHBIMHA. OOJIOMKH OCBETIEHBI 32 CUET
pasBUTHS LIOU3UTA, allbOUTA, KBapLa, YIUIOLIEHB! U BBITSAHYTHI IO CIAHIIEBATOCTH.

Puc. 1.5. Cxema pacnonoxeHus: 0OHaXKEHHI 110 MapLIPYTY
B npesenax YankuHCKON CTPyKTYphl

OcrtanoBka 2. Tpu nmoTtoka MacCUBHBIX MHK-
pornopdupoBbIX JaB aHAe3uToB B 00H. 101, 102 (puc.
1.7). C 3anagHoro koHIa oOHaxkeHus: 0,4 M MOITHO-
CTH KPOBJISI TIEPBOTO IMOTOKA, MPEJCTABICHHAS MHH-
JaNeKaMeHHBIMU J1aBoOpekunsiMu. C 30HOH 3aKaiku
B OCHOBAaHHH Ha TOJIHYIO MOMTHOCTH (3,4 M) BCKPBHIT
BTOPOIl MOTOK JIaB MacCUBHBIX MeTaaHae3uToB (101-
1), B KpOBJEe KOTOPOTr0 MHUHJIAJIEKAMEHHas 30Ha CO-
craBiasier 20-30 cM, U 3aTeM CleQyeT OCBETJICHHAA
30Ha 3akayku. Kposis Ha BocTok. Ha HEpoBHY1O 1O-
BEPXHOCTb JIABOBOTO MOTOKA JIOKHTCS CIOH TICaMMH-
TOBBIX TY(OB.

OcrtanoBka 3. BocrouyHee Hekka aHpae3nOa-
3aJBTOB Cpedu TOJs TyQOB 3aKapTHPOBAaHA JIABOBas
Mayka B BUJE JUH3bI, MOUTHOCTHIO B 70 M U AJUHOMI
mo mpoctupanuio ~1 kM. s maHHOTO paspesa xa-
PakTepHO pa3HOOOpa3zue JHUTO(AIMATIBHBIX Pa3HO-
BugHOCcTel mopox (paspe3 103). Hwxe mpuBomutcs
ero mocioitHoe onucanue (puc. 1.8):

1. IToTOK MacCHBHBIX MEIKO3EPHHUCTHIX aHe-
3UTOB MOIIHOCTBIO 2,5 M.

2. Crnoii mcaMMHTOBOTO Ty(a aHIE3UTOB MOII-
HocThIO 0,5-1,1 M.

3. IloToK TMOAYIIEYHBIX JIAaB MHUKPOTIOP(HUPO-
BBIX aHZE3UTOB. BCKphITa KpOBEIbHAS YaCTh MOIIIHO-

cthi0 0,6 M.
4. Crnoif armoMepaToBBIX TY(POB MOIITHOCTHIO
0,5 M. JlutoknacTel TpeacTaBleHBl aQUPOBHIMU U

10

Puc. 1.6. I'1b160BbIe ariioMepaToBbie TyQbl
aHAe3uToB, YanKkuHCKAs CTPYKTYpa
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Puc. 1.7. Cxema B3aMOOTHOIIEHHS ITOPOTHBIX TUTOTH-
moB B pacuuctkax 101-102



MUH/IaJIeKAMEHHBIMH aHIEe3UTaMH, pazMepoM oT 3—4 10 7—8 cM. YmakoBKa JUTOKIACTOB OYEHb IIOTHAS,
MIPH 3TOM I[EMEHT NPECTaBlIicH aM(pUOOIU3NPOBAHHBIM Ty (hoM.

5. Croit ncaMMHTOBBIX TY(DOB aHAE3UTOBOTO COCTaBa, B CEBEPO-BOCTOYHON YaCTH B HHUX MOSIBIIIOT-
Csl TUTOKJIACTHI arlIoMepaToBOil pa3MepHOCTH. MOIIHOCTE ciiosl 2 M. KOHTaKTHI ClI0sl YeTKHe, BOTHUCTEIE.
Tydsl cexyTcst Jalikoi MEITKO3EPHHUCTOTO aJaKuTa MOIIHOCTHIO 40 cM.

6. IToTok moaymnIeyHbIX OpeK4Hii MOIHOCTBIO 1,5—2 M. DparMeHTHI JIaBbl, MOAYIIKH, JTUTOKIACTHI
3aKJIFOYCHBI B TEMHO-3€JICHBIA MEJIKO3EPHUCTBIN [IEMEHT. B MENKUX BBITSHYTHIX MOMYIIKAaX HAOIIOIAFOTCS
CKOIUJICHUSI MUHIAJUH B IIEHTPATBHBIX YaCTsIX.

7. ArnomepaToBbie Ty(Bl aHAE3UTOB, KBEPXY CJIOS CMEHSIOTCS JAMUUIHEBBIMA. MOIITHOCTH CIIOS
2,5 M.

8. Croit mcaMMHUTOBBIX Ty(OB aHAE3UTOB MOITHOCTHIO 1,8 M. Cedercst naifkoit amakuTa.

9. Cnoii nanumeBoro Tyda, MomHocTh — 0,5 M.

10. Cnoit momymeunsix Opexunii, MmomrHocTh 0,8 M. B mopoje oTaenpHbIe MOAYIITKA aHIE3UTOB JIH-
Ho#t 710 0,7 M. 3aKJIIOYCHBI B arJIOMEPaTOBOM Ty(e TOro e COCTaBa.

11. IToTok MacCUBHBIX MUHJAJIEKaMEHHBIX JaB aHJE3UTOB MOIIHOCTHIO 1,5 M., KPOBJISI HampaBieHa
K BOCTOKY. [I0TOK B KpOBJ€ COAEPKUT 30HY MUHIAINH MOITHOCTHIO 30 cMm. Cedercs Jalikol agakuTa.

12. Cno#t arnmomepaToBbIX TyPoB, MOITHOCTE 30 cM.

13. IloTOK MOAYyNIEYHBIX JIAaB aHJIE3UTOB, MOIIHOCTE 3,2 M. [loaymIKy MO JUIMHHONH OCH JOCTUTAOT
2,5 M. ipu 0,7-0,8 M. B monepeunuke. B 1meMenTe moayiiek Menkoo0iIo0MOUYHBIA Tyd. B kpoBie moroka
peo0Iafar0T MEJIKHE MOAYIIKHA U JTUTOKIJIACTHI, TOPOJia HACKIIICHA KBAPIICBRIMA MUHIATHHAMH.

14. IToTok MOAyMIEIHBIX OPEKINii, MOIITHOCTH 1 M.

15. ArnomeparoBble Ty(hbl aHIE3UTOB MOITHOCTHIO 0,5 M.

16. [ToTOK MOAYIIEYHBIX JIaB aHAE3UTOB MOIIHOCTHIO 1,5 M. C XapakTepHBIMU KPYITHBIMH YILIOMIECH-
HBIMHU NOyIIKaMu pasmepoM 1,8%0,6 M. KpoBist HanpaBieHa K BOCTOKY.

17. Cnoit Tyda arne3ntoB MomtHocThi0 0,5-0,7 M, B OCHOBaHUU — KPUCTAIIOKIIACTUYECKUAN, B KPOB-
JIe — TOHKO3EPHUCTBIA U TOHKOCJIOMCTBIH.

18. Ioxymiednsie JTaBbl aHJAE3UTOB, BUAUMAs MOIIIHOCTD 2 M.

Becs paspes ceuetcs maiikamu anakuToB, MOIIHOCTE 0,2—0,7 M.

Oonaxenue 103
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Puc. 1.8. Xapaxrep BzaumooTHOIIeHUsI J1aB 1 Ty(oB B paspese 103, LleHrpanbHas yacTh YalKHHCKOW MaJIeO0NOCTPONHKH.

YcnoBHble 0003HaYCHNS: 1 — HOMyNIEUHBIC JIaBhl KPYIMHOIIOP(OUPOBBIX aHIE3UTOB, 2 — MOJYIICYHbIe OPEKYHH aH/IE3UTOB, 3 — JIaBO-
BBIC TTOTOKH MEJKO3CPHUCTHIX aHJIE3UTOB C MHUH/IAJICKAMCHHBIMU TEKCTYpaMu, 4 — arJioMepaToBbie Ty(bI aHIC3UTOB, 5 — IICAMMUTO-
BbIC TY(bI, 6 — KPUCTAJUIOKIACTHYCCKUE Ty(bl aHIC3UTOBOTO (aHAC3UIAUTOBOIO) COCTaBa, 7 — TOHKO3CPHHCTHIC, TOHKOCIIOUCTBIC
TydoaneBpoauThl, 8 — TAKK aTaKUTOB (TEMHBIC), 9 — HApaBJICHUE KPOBIIH MOTOKOB, 10 — HOMEpa CJIOEB U JIABOBBIX MOTOKOB
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OcrtanoBka 4 (o0n. 105). K ceBepy no nopore x 03. Hanka B cepun pacuuctok o6H. 105 BEIXomuT
CJIOHCTas MavyKa TEMHO-CEPhIX TY(OB aHJE3UTOB, MPEACTABICHHAS CIOSMH ariioMepaTOBBIX, JIATTHILINE-
BBIX, KPHCTAJUIOKJIACTHYECKUX U TICAMMUTOBBIX Ty(poB. CeKyTCs MailKoi CBETIIO-CEPhIX PHOJIMTOB, B FOXK-
HOM KOHTaKTe HaOIIO[aeTcsl TOHKas (pIIFoUJaIbHAS TOJI0CYATOCTh, CKOTUICHHUST KBapIIEBBIX MUHIAIMH, Pa3-
BHBAETCS JIUIOT, TYPMaJIHH, XJIOPUT. Tyl 1 Maiiku pUOTUTOB CEKYTCS JaiKaMH KBapIEBbIX HOPUTOB.

B 70 M x 3anamy B cepuu OOHa)XCHUU MpeJCTaBiICHbI aHae3nba3anbThl KOxkHOro Hekka. HOKHBIN
HEKK JIOKAJIM30BaH Ha IJIonaau Mexay ozepamu Capunamnu u Yanko3epo, MOp(OIoruuecku npeacTapis-
eT co0oii Terno oBambHON (DOPMBI, BEITIHYTOE B CEBEPO-BOCTOYHOM HAIIPABIICHUH, U MMEIOIIETO pa3Mephl
600x800 M, IO TEOXHMHUYECKOMY COCTaBY OTBEYAET TOJIEUTOBOM CEPUU.

Hexkk chopmupoBan anze3nbOazanbTaMu, aHAC3UTAMUA MEIKO3EPHHUCTOTO CTPOCHHUS M NPEICTABIICH B
cepur OOHaKeHWH. B 10)KHOM ero 3aBepIleHNH, TIOPOIbI Clararollie HeKK, H3MEHEHBI B 3MUI0T-aMpu0o-
JTUTOBOU paruu MeTamop(du3Ma, B CEBEpHOH 4acTH B OOHAKCHHSX IPOSIBICHO 0o0Jieeé WHTEHCHBHOE pac-
CITaHIIEBaHUE, MPU FTOM MeTaMop(hu3M nocturaet ampuOoIuTOBOM (aruu. B moponax nosBiastoTCcs THE3-
Jla ¥ TI0JIOCHI HAJIOKEHHOTO amduboiia, BIDIOTh /IO IPEBpAIlleHUs] aHIe3UTa B KPYIMTHO3EPHUCTHIN aMpuoo-
JIUT WIIA METKO3CPHUCTHI aM(DHOOIIOBEIN ClIaHell.

AHz1e3n0a3anbThl 1 aHAE3HUTHI, (HOPMUPYIONINE HEKK, UMEIOT 0JIACTONOP(UPOBYIO CTPYKTYPY C ABY-
Msl TeHepalusiMi BKPAIUICHHUKOB Iiarnokiiasa. [Inmaruoxnas I reneparum (Plyg4s) B BUge M30MOPQHBIX, C
M3BEACHHBIMA KOHTYpPaMH KPHUCTAJIOB, pa3MepoM 10 1 MM, ¢ HIMPOKHUMH JTBOMHHKOBBEIMH ITOJIOCKAMH,
WHOTJIa 30HAJIBHBIN, WHTEHCUBHO cocciopuTusupoBad. [lmarnokmnas Il reneparmuu (Plis,s) mpeacrasiex
MeJIKUMU JielicTaMu. OCHOBHasi Macca UMeeT HeMaTOrpaHo0IacTOBYIO, JIEMUIOTPaHOOIACTOBYIO CTPYKTY-
Py C PEeTUKTaMH THATIOIHINTOBOM, peke QeTb3UTOBOM.

B 06H. 106 BBIXOAB! KPYITHBIX MOJYIICYHBIX JIAB aHIIC3UTOB, 3/IeCh YK€ HAXOIATCS HEpaCIaBIIHECS
ONOKHM J1aBbl, U MaJeHbkue moayiku a0 10-15 cm B mmHy. [ogylikyn 30HaNBHBI, OCBETIICHBI, CONEPKAT
MUHAAIUHBI, MEKIOIYIIEYHOE MPOCTPAHCTBO BHITIOIHEHO MENKOOOIOMOYHBIM TyPoM. CeKyTcs maiikamu
rab0po-anada3os.

OcrtanoBka 5. B cepun pacuuctox 107, pacnosio’)keHHBIX Ha BEPIIMHE BO3BBIIIEHHOCTH, BBIXOAUT
Maydka arjioMepaToBbIX Ty()OB aHIE3UTOB, aHATOTUYHBIX 00beKTy 1. Pasmep nuroknact B cpennem 3-7 cm,
otaenbHble TIBI0B! focTturaioT 40-50 cM. @opma 06JIOMKOB M3MEHSETCA OT OKPYTJIBIX, H30METPUYHBIX 10
YIJIMHEHHBIX, BBITSHYTBIX 110 PACCIaHLIEBAaHUIO, OHH OCBETJICHBI U PeNbe(HO BHICTYNAIOT HA IOBEPXHOCTH
obHaxkeHus. LleMeHT TeMHOCephId, IcaMMUTOBBIH Ty¢ aHae3urta. VHorzma B arjgomepaToBbIX Tydax Ha-
OmromaeTcs HesCHas CIIOUCTOCTb, CBA3aHHASI C Pa3MEPHOCTHIO0 0010MKOB. Tyds! cexyTes naikamu 3-x TH-
IOB: MOIIHBIE JalKU CPEeTHE3EPHUCTHIX KBAPLIEBBIX THOPUTOB, TOHKHE JaWKHU CBETIOCEPHIX JAIIUTOB U Ca-
MBI€ MOJIOZIbIe Jalku aaHUTOBBIX aHAE3UTOB.

OcrtanoBka 6-10 (O6H. 109, 110-1, -7). [Tauka nepecnanBaHus ICAMMHUTOBBIX, KPUCTAIIIOKIIACTH-
YECKHX, JIUTOKPUCTAIIIOKIACTHUECKHUX, JAMMTUEBBIX, arJioMepaToBhIX Ty(OB aHAE3UTOB, MHTCHCUBHO
pacclaHIOBAaHHBIX U CMSATHIX B CKJIAJIKH.

Ocranoska 11 (O6m. 111, 114, 116). dparMeHT ceBepHOro Hekka (ILIOMAmbI0 22,5 KM®) mpej-
CTaBJICH B LICHTPAIbHOW YaCTH — MAaCCUBHBIMHU IIOPOAaMH, a 10 nepudepur KpymHONOp(PHUPOBEIMU aHIE3H-
TaMH, ¢ KPYITHBIMHU BKpaIieHHUKaMH 1oiaruokiasa (P117-32) pasmepom ot 3 mo 10 MM, mpu3MaTHIECKOTO
raburyca, KOTopble WHOTZIa 00pa3yroT riioMeponopdupoBsie cpocTku. DEeHOKPUCTAIIIBI TUIATHOKIIA3a U3~
MEHEHBI, 10 HUM Pa3BUBAETCS CEPUIUT, KIMHOIOM3UT. OCHOBHAsI Macca MOPOJIbl CI0KEHA KBapleM, allb-
OUTOM, LIOM3UTOM, IIATHOKIIA30M.

B ceBepHoﬁ YaCTHU HEKKa, B HpI/IKOHTaKTOBOﬁ 30HC, B MAaCCHUBHLBIX IIOpOJAax MOABIAIOTCA CAUHUYHBIC
MOIYLIKH, KPYTHBIE ()parMeHThl, OTpaHUUYECHHBIE 30HAMH 3aKaJIKH WIH TPACCHpPYyeMble IeOYK00Opa3HbIMH
CKOIUICHUSIMH MUHAAIMH. 31€Ch K€ COXPAHWINCh €ANHUYHBIC HETIPABUIBHON (OPMBI IIyCTOTHI C 3aKaJICH-
HBIMH KpasiMy, pasMepoM <20 cM, ¥ OTIEJIbHBbIE IOPUCTHIE (PparMeHThl MOPOIBI C MUHAAIEKAMEHHBIM
crpoeHueM. KOxHasi rpaHHIa HEKKa MMpeJCTaBIeHa arjoMepaToBOl MaHTHEH, ¢ MOCTENeHHbIM (aruaib-
HBIM [IEPEX0J0M OT KPYHHONOP(HUPOBEIX MACCHUBHBIX JaB K KJIACTOJIaBaM, MOIYLICUYHBIM JIaBaM H IOMY-
nieyHbIM OpexuusiM. HanpaBieHnue kpoBiin MOgyIIEK OPUEHTHPOBAHO HA IOIOBOCTOK, FOT, I0r0-3a11aj, a ux
MIPOCTUPAHUE MOBTOPSET KOHTYPHI IKCTPY3HuBa. MOITHOCTH 30HBI MOAYIICYHBIX JIaB U OpEeKUHii Ha JAHHOM
yuactke Bapbupyet ot 10-20 1o 300 m (paspe3 114-116). Hekk u okpy>Kkaroliee ero JaBoBO€ MoJje ceueTcs
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JOalikaMi KpyHTHOIOP(UPOBBIX aHAE3UTOB M MEJIKO3EPHUCTHIX JAlUTOB. XapaKTePHBIM NPUMEPOM JIUTOCT-
parurpaguyueckoil MOCIEOBATEIBHOCTH CIIYKUT pa3pe3 Mo MPO(UIIIO: «CEBEPHBI HEKK — OOHa)KeHUe
116» (HI>KE MPUBOAUTCS €r0 MOCIIOHOE onucanue). KOHTaKT MacCHBHBIX KPYITHOMOP(GUPOBBIX aHAE3UTOB
9KCTPY3HUHU C KJIACTONAaBaAMH, OAYIICYHBIMU OPEKYMSIMHU U MOAYIIEYHBIMU JaBaMu (00H. 111). B BepxHeit
JacTH OOHAKCHMS HaONIOAAaeTcsl He3HaUUTeNIbHas (parMeHTanus, HIDKE MOSBILIIOTCS MOAYIIKH pa3MepoM
1o 3,7%0,6 M., 3aKITIOYEHHBIC B KPUCTAJUIOKIACTUYSCKUI IIEMEHT, B KOTOPOM BKPAIUICHHHUKH IUIATHOKIIa3a
WIM UX CPOCTKU UMEIOT pa3Mepsl OoT 3 10 10 MM. B BBITAHYTBIX MO MPOCTHPAHUIO MOAYLIKAX, Pa3MEPOM
20-80 cM, MUHAQIMHBI IPUYPOUECHBI K BEpXHEH KpOBEIbHOM yacTu. JIaBOBBIA MOTOK UMEET MOILHOCTh 7 M
W cedeTcs JaiKoi KpymHOMop(hUpPOBBIX aHIe3uToB. [lepepsiB B oOHaxkeHHOCTH 30 M.

1. [Mogymeunsie Opexkynn (00H.112) COCTOSAT U3 OTAENBHBIX MOLYIIEK U (pparMeHTapHBIX 000co0Ie-
HUH JaBbI OKPYTJIOH, CII0)KHOU30THYTOM, INTACTUYHOM (POPMBI, MOTPYKEHHBIX B TEMHO-CEPBIH, KPYTTHOKPH-
cTayuloKyacTudeckuil Ty¢oBblii nemeHT. [Ipu nepexone K HOAYIIEYHBIM JaBaM HX YNAKOBKa CTaHOBUTCA
OoJiee KOMIAKTHOM, OTMEYAIOTCs YIUIOIECHHS OAYIIeK. MOITHOCTH MoToKa 12 M.

2. ITayka ariaomMepaToBbIX, JAMMINEBBIX, KPUCTAUIOKIACTHYECKUX TY()OB KPYITHONOP(PHUPOBBIX aH-
JIE3UTOB MOIIHOCTEIO 70 M.

3. [ToTok knactonas, naBoOpexunii (00H.114) KpynmHOMOPPHUPOBLIX aHJE3UTOB, PEICTABICHHBIX
pa3o0IICHHBIME JIABOBBIMH (parMeHTamMu (pazmepoMm g0 30x40 cM.) MUHJAJICKaMEHHBIX U MaCCHB-
HBIX, OCBETJICHHBIX aHJE3UTOB, 3aKIIOUYEHBIX B JIABOBBII [IeMEHT.B oTIeIbHBIX BBIX0OAAX HAOIIONAIOTCS
YYacTKH JIaBbl ¢ KOMKOBaTOM TEKCTYpOW, BO3HUKIIEH 3a cUeT CrieKaHUsl Oosiee MelIKuX 001oMKOB. Ha
MOBEPXHOCTH OOHAXKEHUSI BUJIHBI KPUCTAJUIBI POrOBOK OOMaHKH U MarHeTuta. Bunnmas MOIIHOCTH TO-
Toka 40 m.

OcrtanoBka 12 (00H. 113). [loToku nmoaymIeYHBIX J1aB KPYMTHONOP(HUPOBHIX aHAE3UTOB, MOIITHOCTHIO
2-6 M, COCTOAT U3 Y€TKO O()OPMIICHHBIX TeJ JIMH30BUIHOM, ILTUIICOUIAIBHOMN, KapaBacoOpa3Hoil (hopMEI,
pazmepom ot 0,3x0,8 M 10 0,7x1,5 M, 4acTO UMEIOT TOHKYIO 30HKY 3aKajKH, OCBETJIICHHYIO U3-3a Pa3BUTHUSA
KBapI-aJIbONT - KIIMHOLIOM3UTOBOTO MaTepHalla ¥ HACBHIIIEHHYIO0 MEJIKUMHI MUHIQTMHAMHU KBapla U anb0u-
Ta. MeXAyNnoAyIeYHOE TPOCTPAHCTBO BHIMOIHEHO TOHKUM TY(OBBIM MaTEPUAIIOM.

['eoxnMudeckoe u3ydeHHe MOPOJHOTO aHcaMOmd YanKMHCKON CTPYKTYpBI MOKa3aio MYJIbTHCEPH-
ANBHYIO0 XapaKTEPUCTHKY BYJIKaHUTOB (Tabi. 1.1). BonpmmHCTBO MOpos CTpYKTYphl OTHOCHTCS K Nb-0060-
rameHHoi BAJIP cepuu («HOpManibHOTO psifa»). K naHHOW cepun HaMU OTHECEHO OOJBIIUHCTBO JIaB H TY-
¢dos. [lo comepxkaHuIO KpeMHE3eMa W IIEJIoUYeH MOPOIHBIC aHCaMOIu MpUHAIISKAT K aHae3nba3abTaM,
aH/Ie3WTaM, JaluTaM | pexXe, PHOJAlUTaM C HOPMaJbHOW MIeN0YHOCThI0. COOTHOIIEHHE IIenoven
K,0/Na,O B nopogax Bapeupyet ot 0,3 10 0,5, 4TO MO3BOJISIET TOBOPUTH O SIBHO BHIpAKEHHOW Na crieiu-
¢uke accormmaruu. bAJIP-cepus mMeeT TOBBIMIEHHBIE coiepxkanus Nb (7-11 ppm), AlL,Os; (mo 16-
18 mac.%), Cr (20-200 ppm), Ni (12-140 ppm) B nepBUUHBIX BbIIIaBkax u odoramenue Co, Zr, Y , Sr, Ba
B nmo3auux auddepennuarax. s nag BAJ[P-cepun Yankunckoii, XayraBaapckoi, Ocrepckoii u Hsbmo-
3€PCKOH CTPYKTYP 3€JICHOKAMEHHOI'O M0sICa TUITMYHBIMU SIBISIOTCS] 0OOTalieHHbIe JerkuMu P33 crekTpsl,
C BBITIOJIAXKUBAHUEM B 001acTH TspKenbix P30, B Tydax coxpaHsSeTcs WX TOMOJOTHYECKOE Momoome, mpu
Oonee BbIcOKMX (OHOBBIX KoHUEeHTpauusx P33, Eu anomanus B mopogax oTCyTCTBYET WM cl1abo MpOsiB-
neHa. Uzortomusiii coctaB Sm-Nd B BAJIP cepusix Hankuackoid 1 OCTepCcKoil CTPYKTYP CBUAETEIBCTBYET O
3HAYUTENIFHOM BKJIaJle B COCTAB MX MAarMaTH4eCKUX MCTOYHHMKOB Oosiee APEBHEr0 KOPOBOTO MaTepHaa.
PaccunranHble MOEIbHBIE BO3pAcTa aHIC3UTOB M JAMTOB YanKMHCKON CTPYKTYphI 1o Mojenu De Paolo
(De Paolo et al., 1991) BapsupytoT ot 2890 10 3584 MIH. 1€T, eng 1) 4711 BAJIP-cepun YankuHckoil cTpyk-
Typsl (t - 2995 MiH. 1et) usmensiercs ot +1,5 mo —2,3.

Kpowme Toro B cTpyKType mposiBICHbI BHICOKOMarHe3najabHble aH/1e3UThI (0alsanThl). JlaHHbIi mopoa-
HBIH TN Xapaktepusyercs: Si0,=50-58 mac. %, MgO ot 4,9 no 10 mac. %, npu MarHe3uaaTbHOCTH
Mg# =52-67, otnomenuem FeO*/MgO<1, Rb/Sr<0.01, Beicokum conepxanuem Sr (mo 3000 ppm) u
Ba (>1000ppm). OcHOBHOE OTIHYHE OT BYJIKAHUTOB IMPOYHUX CEPUI CBA3AHO C WX IOBBHINICHHON MarHe3u-
TBHOCTBIO W BBICOKMMHE KoHLeHTpanusmu Cr (220-620 ppm), Ni (150-650 ppm) mpu MOHHKEHHBIX KOH-
neHTpausax Nb (6-9 ppm).

Tax >xe B pa3pese BbIIEICHbI aHAE3UTHI TOIEUTOBOrO psina. [lopoasl naHHOTO THIA MPENCTABIECHBI
JIABOBOM U aaiikoBoit armsmu. [To compeprkanuto SiO, = 58-65 mac. % oTBeUaroT aHAe3uTaM, UX MarHe3u-
JIBHOCTH BapbHpYyeT B LIMPOKUX Ipenenax Mg# ot 35 no 53. B aroil cepun Tak *e OTMEUarOTCs MOBBI-
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mennble koHneHTparuu Cr (270-800 ppm), Ni (100-300 ppm) npu Hu3KHX cofepxkaHusx Nb (<4 ppm).
Bynkanutel umeror otHomenus Zr/Y- 5,0-7,5, (La/Yb),n=0,9-1,9, Nb/Ta= 12-26, coornomenue Thyn-
Upm-Nbpm-Lagn-Hf, cucremsr ynosnersopser HepaBeHCTBO Thpm> Uyw>Nbyyw>Lay,m<Hf,,. OcHoBHOE OT-
JIMYUE OT BYJIKAHUTOB MPOYUX CEPUil CBA3aHO ¢ He()PAKIIMOHUPOBAHHBIM pacmpenenenueM P30

JaiikoBast (aza MpUHAMICKHUT ATAKUTOBON CEpHU. /JemanbHas 2eoXuUMuUyecKass Xapakmepucmura
NnopooHbIX numomunos npusooumcs 6 monocpaguu Ceemos C.A. /[pesnetiuue adaxumol Dennockanou-

nasckoeo wuma // KapHI] PAH, 2009, 120 c.

Ta6u. 1.1. Xummnueckuil cocraB NopoJHON acconuanuy YaakuHCKON NaneoByIKaHUUYECKON MOCTPONKU

TIpoGa 103-2 s-103-2b s-103-25 104-5 s-103-5 104-1 110-8 1113
Topoxa il il i 1 MJI JT I 1
Cepust A A A A TA BMA BAJIP BAJIP
SiO, 65.66 66.84 56.28 54.14 58.78 59.94 63.80 53.16
TiO, 0.74 0.65 0.88 1.82 0.45 0.64 1.40 0.83
ALO; 14.26 16.79 15.52 15.10 14.83 15.26 15.72 18.31
Fe,0; 2.07 131 1.94 3.52 3.44 1.56 1.76 2.33
FeO 3.88 2.51 7.26 4.74 4.46 4.88 2.72 7.71
MnO 0.07 0.11 0.20 0.32 0.14 0.14 0.18 0.17
MgO 1.76 0.55 4.80 3.61 4.96 4.94 1.17 4.00
Ca0 4.76 4.06 7.29 11.20 5.32 7.86 5.88 7.29
Na,O 3.86 3.87 2.85 2.56 4.66 3.02 3.71 1.55
K,O 1.72 2.20 1.05 1.30 1.48 0.65 1.80 1.48
H,0 0.11 0.08 0.10 0.10 0.11 0.09 0.13
Lo 0.72 1.02 1.30 1.24 1.23 1.15 1.28 2.86
Cymma 99.62 99.98 99.47 99.93 99.86 100.13 99.42 99.82
Cr 202.2 1422 296.8 180.4 821.7 235.7 165.4 496.0
Ni 35.0 48.7 1225 86.3 309.3 367.6 35.8 138.8
Co 9.9 11.8 31.9 23.7 35.8 583 15.3 29.1
\% 66.2 113.4 147.8 128.8 320.2 188.2 143.7 263.1
Pb 8.5 10.0 10.3 7.8 7.3 7.8 9.9 11.6
Rb 61.5 56.1 52.9 455 59.4 20.6 523 55.0
Ba 476.9 553.6 438.7 280.6 632.8 196.0 343.4 312.1
Sr 4722 495.5 406.4 463.8 263.8 258.3 385.6 219.0
Nb 5.2 6.0 6.8 6.3 11.8 8.5 8.5 8.5
Zr 218.3 220.1 221.0 180.5 197.7 146.2 189.0 183.6
Y 8.9 10.5 16.2 16.6 6927.8 | 5557.0 | 57267 | 6124.2
Th 7.8 8.6 8.7 6.0 32.9 38.9 21.4 25.0
Cu 12.7 19.8 16.3 11.8 4.8 2.9 7.0 6.3
Zn 35.7 412 46.6 73.4 39.4 36.3 25.7 184.2
La 16.89 15.18 32.01 26.22 81.9 131.5 76.9 78.4
Ce 35.64 32.80 71.34 59.22 6.32 21.41 28.72 17.26
Pr 3.60 3.49 7.36 6.10 15.36 47.18 59.35 38.48
Nd 15.44 13.36 27.22 29.68 1.99 5.44 6.23 4.85
Sm 2.80 2.57 432 5.39 8.66 21.86 24.20 17.82
Eu 0.82 1.04 1.58 1.35 2.70 537 5.02 3.87
Gd 1.76 2.18 3.94 3.57 1.14 1.23 1.02 1.13
Tb 0.30 0.31 0.44 0.54 3.32 533 439 3.96
Dy 1.52 1.77 2.48 2.88 0.69 0.92 0.70 0.62
Ho 0.34 0.36 0.51 0.65 4.97 5.10 3.44 3.90
Er 0.84 0.91 1.28 1.40 1.18 1.50 0.87 0.85
Tm 0.09 0.12 0.15 0.18 3.06 421 2.36 2.38
Yb 0.71 0.73 0.98 1.38 0.47 0.53 0.26 0.37
Lu 0.09 0.10 0.13 0.17 3.01 4.44 2.10 2.20
U 1.20 3.25 1.66 1.46 0.43 0.66 0.32 0.33
Hf 4.47 5.06 5.67 3.99 1.07 0.60 131 137
Ta 0.28 0.30 0.25 0.39 4.87 2.80 4.16 4.88

Ipumeuanue. J1 - naitku, MJI - maccuBHas naBa; [1JI - monymieunas kpynHonopduposas jiaBa, A - agakutoBas cepus, TA - Toneu-

TOBas CepHs.
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O0bexT 2. UrHOMJIbCKas AJIe0BYJIKAHUYECKas OCTPOHKA

WrHOMIBECKIN MMasieoBYJIKaH BIIEpBBIE OBUT BBIABIICH B 70-bIe TOIBI B IIEHTPAIIBHON YacTH XayTaBa-
apckoit ctpykrypsl (Pobonen u np., 1974). B npenenax maneoBylIKaHUYECKOW MOCTPOHKHU BBIIEIEHBI: 30-
HaJIbHOE TI0JIEC PaclpeeeH sl MPKEePIOBLIX (anuii u spynTuBHbIi neHTp (Puc. 1.9. Tabn. 1.2). Ilo auro-
(harmanpHON XapaKTepUCTHKE BYJIKAH OTHOCHTCS K CTPATOBYJIKaHAM, OCIIO)KHEHHBIM BTOPHYHBIMH 3 dy-
3UBHO-TIMPOKJIACTHYECKUMHU KYIOJIaMH, 3aKapTHPOBAHHBIMU B 4-5 KM K Ce€Bepy OT IIEHTPAJbHOTO HEKKa.
Kak y»xe roBopunock, U-Pb Bo3pact naB anae3nToB coctaisieT 2945+19 mun. ner (OBYMHHUKOBA U 1p.,
1994), Bo3pact aHae3umaUTOBOr0 HekKa - 2995+20 muH. net (Ceprees, 1989), o reoXxuMu4ecKoMy co-
CTaBy IPHUHAICKHT K amakutaM (CeTos, 2003).

B cTpoennu naneonocTpoiiku npeodsagaoT NUpoKIacTHYecKue (Gamnnu, JaBoBas U cyOBYyJIKaHUYE-
CKasl TIpeJICTaBIIeHbl B MeHbIIeM o0beMe. Koo pUIMeHT 3KCIIO3MBHOCTH TaJIeOBYJIKaHA OLEHUBACTCS Ha
ypoBHe 60-70% (1o aHanm3y peKOHCTPYHPOBAHHBIX pa3pe3oB). BayxHOW 0COOEHHOCTHIO MAICOBYIKAaHUYIE-
CKOM MOCTPOMKH SIBJIAETCSI OTCYTCTBHE MOIYLIEUHBIX JIaB CPEJIH MOPOAHBIX JTUTOTUIIOB. MacCHUBHBIE JIaBBI
W KJIACTOJIaBbl aIaKUTOB, COOTBETCTBYIOT IIOPOAaM aH/Ae3u0a3aIbTOBOT0, aHJE3UTOBOTO U JALIUTOBOTO CO-
CTaBa, JOMUHUPYIOT cpean (hallMallbHBIX JINTOTUIIOB, OHH 00pa3yl0T KOPOTKHE HETPOTSKEHHBIE JTaBOBEIC
MOTOKK MOITHOCTEIO OT 25 110 80 M. [lo mpoctupanuto npociexuatorcs Ha 1,5-2,0 kM. OHM COXpaHUIIHICH
B CEBEPHOI YacTH MOCTPOIMKH, YaCTO MEPEKPHIBAIOTCS arjIOMEPaTOBBIMU TY(aMH.

CTpyKTypHI UIsl aJaKuTOB (aHIIE3UTOBOTO COCTaBa) XapaKTEPHBI CEPUIHHO-TIOP(PHUPOBHIE, BKPAILICH-
HUKH TIPEICTABICHBI COCCIOPUTH3NPOBAHHBIM IIaruokiazom (P127-45) pasmepom 0,5-4,1mm. ['mamonmmm-
TOBasi OCHOBHASI Macca CJIOKeHa- TUIarioKIIa30M, allbONTOM, KBapIieM, OMOTHTOM, XJIOPUTOM, KITMHOIIOU3H-
ToM. B agakuTax (IalMTOBOTO COCTaBa) MPHUCYTCTBYIOT BKPAIJICHHUKH allbOUTH3UPOBAHHOTO TJIarMOKIIa3a
(P120-32) u pexe kBap1ia, 3aKITFOUYEHBI B OCHOBHYIO MacCy C OJIMTOKIIA30M, OMOTHUTOM, KBapIieM, 3IH0TOM,

pOTOBOI OOMaHKOMH, XJIOPUTOM.

B nesrenbHOCTH caMOro MajieOBYJIKaHa, MOTYT OBITh BBIJIEIIEHBI CIeAyIONHe Ga3bl er0 aKTHBHOCTH,
YTO PEKOHCTPYHPYETCS Ha OCHOBE MAJICOBYIIKAHOJIOTUYECKOTO0 aHAIN3a TIOPOAHBIX JIUTOTHIIOB, 00IacTel
WX pacrlpoCTpaHEHHUs U XapakTepa B3aUMOOTHOLICHHUH, IPH 3TOM CIIEAYET elle pa3 MOI4epKHYTh, YTO BCE
(ha3bl IEATETFHOCTH MAJICOBYJIKAHA M0 TEOXMMHUYECKOMY COCTaBY OTBEYAIOT aJJaKUTaM:

1 daza — popmMupoOBaHKE KIIACTOJIAB, TIIBIOOBBIX, arJOMEPaTOBBIX TY(POB KPYITHO- U CpeaHe- nophu-
POBBIX aHAE3UTOB, aHIe3M0a3aILTOB;

2 daza — OTIIOKEHHE TOJMII arJIOMEPATOBBIX TY(OB aHJE3UTOB, aH/1e3M0a3aIBTOB;

3 ¢a3a — hopMHUpPOBAHUE JTABOBBIX TTOTOKOB, JaBOOPEKYHHA, arIOMEpaTOBBIX M CIEKITUXCS TY()OB aH-
Je3UIAINTOB;

4 ¢a3za — 4a -0TIIOKEHHUE TAMMIIINEBBIX (OHH JJOMUHUPYIOT) M TICAMMUTOBBIX Ty(OB aHAE3UIAIUTOB;
406-TICaMMHTOBBIX KPUCTAUIOKIIACTHIECKUX TY(OB;

5 (aza — 3aBepieHNE BYJIKAaHHYECKOH aKTUBHOCTH, OTIIOKEHUE TOHKHX, IEPEMBITHIX Ty(QOB aHJIe3H-
JanuToB ¥ (OpMUPOBAHUE TOPOTHON TPHABI - KPEMHHUCTHIX Ty(P(QHUTOB, CHIUIUTOB, TY()OIIECUaHUKOB,

6 haza — dopmMupoBaHUe CyOBYJIKaHHYECKUX HEKKOB U BTOPHYHBIX MaJIEOTIOCTPOCK.

OcrtanoBka 1 . llenTpanbHblii Hekk Urnoiiabckoil naneonocrpoiixku. Ha mnotune Urnoinsckoit
I'SC (a. Urnoiina) B pycne p. lyu (Puc. 1.9), Ha 1eBoM 1 npaBoM Oeperax pekH, B CKaJbHBIX BBIX0JAX
IPEACTaBIEHbl MOPOJbl CyOBYJIKAHHYECKOTO LEHTPAJIbHOIO HekKa. Hekk uMeeT ajakuTOBBIH COCTaB
M XapaKTepu3yeTcs OBaJIbHON (OPMOIl C MHOTOUMCIEHHBIMH amnopu3aMu, pa3Mephl €ro COCTaBISIOT
2,1x1,5 km.

Hekxk npopsiBaeT Bce OKpyKaroIliue BYJIKAHUTHI - TY(Qbl pa3IMuHON pPa3sMEPHOCTH OT MEIK000-
JIOMOYHBIX 10 TJIBIOOBBIX, arJiOMEpPaTOBBIX, JAMWIINEBBIX W KPUCTAIIOKIACTHYECKHUX, JIABBI M Ja-
BOOPEKYMHU aHNIE3UTOB, aHIe3M0a3anbTOB. HEeKk 3amoiiHsAeT KepJIOBMHY MaleOBYIKAHUYECKOW TO-
CTPOWKHU M (QUAECPHBIE - MOABOASAIINE KaHAIbl, IPUYEM Ha COBPEMEHHOM 3PO3MOHHOM ypPOBHE OOHa-
KAIOTCSA MO-BUJUMOMY €ro KOPHEBbIE YacTH. XapakTepHo Ipy0030HaIbHOE pa3MelIeHHE BYJIKaHO-
TeHHBIX M BYJIKaHOT€HHO-0CaJIOYHbIX (Damuii BOKpYT SpYNTHBHOTO LIEHTpa. B KpaeBbIX 4acTsaX HEKKa
aZakuTOB (IPEICTaBICHBIX aHAE3UTaMH, JallUTaMH) HOPOABl UMEIOT KPYITHONOP(PUPOBYIO, TIIOMEPO-
nopGHUPOBYIO CTPYKTYPY, B LEHTPAIBHON YaCTU - aHAE3UTOBYIO, THAJIONMWINTOBYIO U HAIIOMHHAIOT
TUOPUTHI.
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yrsTpaMauTsL
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JIAKN pUOITHTA

arnoMeparoBble Ty(bl CyOBYJIKAHIYECKOE TEJIO
[ ]
(]

Puc. 1.9. Cxema reosnoruye-
ckoro crpoenus LlenTpaibHo- Ao

[# 4]
[Tl

I'0 aJaKUuTOBOI'O HCKKA, Urno- AHJIC3MALUTHI C KPYITHBIMU
[A_A]

QHJIC3HALHTOB JaiTon
JIANHIUTAEBBIC Ty(bl aHAC3UTOB,
aHJIe3M A TOB

TICAMMHTOBBIE T (bl
aHJIe310a3aIBTOB
TICaMMHTOBBIE TY(DBI
QHJIE3UTOB, JALHTOB

Pl T60] 6
HIIBCKAsl CTPYKTYpA. Kceno- MOPHUPOBEIMU BKPAIICHHUKAMI TOYKHM 0TOOpa Mpo

JIUTHI M3YYaluCh HA Y4acTKe
obnaxenus U-23

6peK‘H/lp0BaHHI>Ie AHJIC3U/IAlIMThI JKUJIBIC CTPOCHUSA

JIaBBI aH Ie3M0a3aITBTOB,
AHJIC3HTOB

Crenyer OTMETHTB, YTO MOpPOJAM HEKKa XapaKTepHa BHYTPEHHssi HeomHopomHocTh (Tabm. 1.2), B
OCHOBHOM I10 XUMHUYECKOMY COCTaBY OHHM OTBEYAIOT aHAE3UTaM, aHAC3UAalUTaM, JalluTaM, HO OTMEYaroT-
csl M aHze3u0a3anbThl (Bce MOPOAHBIC PAa3HOBUAHOCTHY MPUHAIJICKAT aAaKUTOBOM Cepun).

B ro’xHOW YacTH HEKKa CPEeAM MAaCCHBHBIX MOPO/] 3a()MKCHPOBAaHBI TPH 30HBI Opekunii, popma riabo
BBITSHYTAas, YIJIoBaTas, [EMEHT OOOralleH XJIOPUTOM W aKTHHOJIHUTOM, MIPU 3TOM B OTAEIBHBIX CIIydasx
OpEeKYMEeBUIHOCTh BO3HUKAET 3a CUET KOHTPAKIMOHHBIX TPEIIMH, BO3HUKAIOUIUX MIPHU OCTHIBAHUU MTOPOJBI
Y 3aT0JIHEHUN TPEIUH KHUI000Pa3HBIM CBETIBIM MaTEPHATIOM.

Jlanuthl U3 ceBepHOl KpaeBoit yactu Hekka (M-20, -21, 2116) npeacTaBistoT co00i cepble, TEMHO-
cepble, MaCCUBHBIE, CPEAHE3EPHUCTHIE MTOPOBI, C BBHICTYNAIONIMMHU HA MOBEPXHOCTH OOHA)KEHHS KPYIHbI-
MU BKpaIrjICHHUKAMH IDIarMoKiIas3a, Ipyu 3TOM HHOTAA GUKCUPYIOTCS MOPGUPOBBIE BBIJCTICHNUS TUIATMOKIIA-
3a B BHJIC THE3/ WM CKOIUICHUH pazmepoM o 2-3 cM. CTpyKTypa Mopojbl ceprualibHO-IopGupoBas ¢ aH-
JIE3UTOBOM CTPYKTYPOH OCHOBHON MacCCHI.
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Taémuua 1.2. XuMudecknit cCoCTaB MOPOTHON acCOIHMAU VITHOMIIBCKOH MANIeOBYIKaHHYECKON TIOCTPOUKH

ITpo6a 1914-2 2008-1 2008-2* u-2 u-3 u-4 u-10 u-20 u-21 u-22
Iopona KJI AT AT AT JIb JIb JII C C C
SiO, 63.14 54.06 62.32 60.22 59.62 62.34 57.24 65.24 65.74 66.00
TiO, 0.55 0.08 0.48 0.65 0.68 0.54 0.63 0.49 0.54 0.50
ALO; 16.51 16.50 15.68 16.35 15.28 15.37 14.78 15.66 16.16 15.41
Fe,0; 1.73 2.09 1.69 2.01 2.17 1.93 1.11 1.26 1.68 1.00
FeO 3.00 4.86 2.68 3.81 3.66 3.88 3.59 2.80 2.51 2.23
MnO 0.06 0.14 0.09 0.07 0.10 0.08 0.09 0.062 0.039 0.060
MgO 3.38 6.35 3.18 4.57 4.63 4.42 4.73 3.06 2.58 3.21
CaO 2.84 6.98 5.70 2.41 5.11 2.19 5.40 1.97 1.97 2.34
Na,O 4.57 4.71 5.56 5.47 436 5.14 5.39 5.41 5.67 5.14
K,0 2.02 1.65 0.55 231 1.75 1.90 1.77 1.61 1.04 1.96
H20 0.27 0.12 0.26 0.12 0.10 0.14 0.10 0.13 0.14 0.12
Il 1.51 1.65 1.13 1.72 2.51 1.87 4.70 2.34 1.60 2.09
Cymma 99.58 99.19 99.32 99.71 99.97 99.80 99.53 100.03 99.67 100.06
Cr 127 452 164 394.1 560.1 505.4 649.4 289.0 268.5 253.6
Ni 85.3 164 63 183.1 249.1 245.1 238.9 147.9 1153 933
Co 17.8 28.9 17 21.3 27.9 26.8 21.9 19.6 13.4 11.5
v 96.316 171 150 152.6 257.0 171.8 178.8 162.9 132.1 116.6
Pb 10.6 8.94 24 6.6 13.7 6.8 33 7.6 7.5 7.9
Rb 51.2 44.5 21 63.6 37.8 48.9 43.6 493 38.9 59.1
Ba 617 707 186 736.9 904.7 980.1 617.9 734.6 417.4 853.8
Sr 597 462 429 292.7 490.1 386.2 246.8 445.9 601.7 304.5
Nb 439 8.78 <2 5.0 6.6 6.0 54 7.5 6.0 5.6
Zr 131 221 133 143.5 175.6 163.7 141.9 178.4 134.5 153.3
Y 9.36 214 18 10.1 20.0 15.0 134 16.1 10.5 9.6
Th 5.08 10 8 59 10.6 8.5 6.4 9.4 6.5 6.1
Cu 11.9 20.3 200 7.2 31.0 39.7 5.1 8.2 4.7 8.0
Zn 73.5 90.9 50.2 87.0 62.9 42.5 47.5 443 41.7
La 22.7 57.3 15.97 49.86 36.60 30.24 38.02 20.22 25.21
Ce 46.3 119 33.46 105.08 75.51 64.83 85.05 42.31 51.74
Pr 5.68 15.8 3.76 12.61 8.95 7.87 9.07 4.74 5.58
Nd 223 65.3 15.81 50.55 36.06 32.16 34.66 18.42 22.56
Sm 4.27 11.9 3.46 8.67 6.62 5.73 6.06 3.46 4.21
Eu 1.01 2.57 1.02 2.21 1.70 1.58 1.70 1.02 1.14
Gd 3.25 8.49 2.99 7.28 5.41 4.88 5.40 3.14 3.44
Tb 0.417 1.04 0.37 0.82 0.62 0.55 0.62 0.38 0.37
Dy 2.09 4.87 1.86 3.75 2.84 2.52 2.93 1.91 1.80
Ho 0.371 0.812 0.36 0.67 0.51 0.47 0.53 0.37 0.34
Er 0.972 2.06 0.94 1.74 1.33 1.21 1.38 0.90 0.87
Tm 0.127 0.267 0.13 0.23 0.17 0.17 0.18 0.12 0.11
Yb 0.819 1.65 0.81 1.24 0.99 0.97 1.08 0.74 0.74
Lu 0.116 0.243 0.12 0.16 0.14 0.13 0.13 0.10 0.11
U 1.31 2.85 1.39 3.56 2.04 1.48 2.30 2.65 1.68
Ga 19.6 19.4 20.87 25.45 23.20 17.86 27.14 20.61 24.13
Sc 26.4 28.6 12.31 21.35 14.25 13.33 12.07 8.08 8.89
Hf 3.36 5.17 3.47 4.10 3.93 3.47 4.54 3.31 3.62
Ta 0.008 0.177 0.30 0.22 0.22 0.24 0.31 0.26 0.32

Tpumeuanue. 2008-2* - naHHbIe peHTreHO - (uroopecueHTHOro aHanusa, KJl-knacronasa, AT-arnomepatoBbix Ty, LIAT — uemeHT
arnomepatoBoro Tyda, JIb-naBodpekuns, JII1 - kpymHonopduposslii muTtoknact, C — cyOByIkaHuTH «L[eHTpaabHOT0» HEKKa.

Menko3epHHUCTIE JalUThl F0)KHOW YacTH HEKKa UMEIOT MUKPOIIOPPHUPOBYIO CTPYKTYPY C THAIIOIH-
JINTOBOM, aHJIE3UTOBOM OCHOBHOM Maccoil. Pasmep BkparuieHHUKOB miiarnokiasa ot 0,2-0,3 MM 10 1 M,
BKpAIUIEHHUKOB KBapIla — OKPYTJbIX, ¢ 3ayMBaMu, pasmep 0,2-0,3 mm 10 0,5 mm. [Inarunoknas npeacrasieH
ATBOUTOM U aHAEC3MHOM. B eMMHHYHBIX 3epHAX TUIArHOKIIa3a BCTPEUSHBI BKIIFOUSHHSI OCHOBHON MAcCHI IT0-
POMBI M KBapIla, HMEIOITHE OKPYTIIYIO (DOPMY U BOJTHHCTOE TIoTacaHUE. BHOTHT WHOTIa IPUCYTCTBYET B BH-
Jie TabIUTYATHIX 3€PEH, Yallle B BUJE yITUHEHHBIX YelTyeK, COOpaHHBIX B BUJIE MOJIOCOK. [1o 6buoTuTy pas-
BHBAETCS XJIOPUT, OJICHO-3€JICHBIH CO CIA0BIM IJICOXPOU3MOM. 3epHA MarHETUTa UMEIOT HEMPABHILHYIO
(hopMy, BcTpeuaroTcs €MMHIUYHBIC 3epHA alaTHTa. .

17



B nmoponax oTmeyaroTcsi y4acTKH CHIBHOTO pacciaHueBaHus. B 30He cnuBa 'DC Ha moBepXHOCTH
OOHa)KEHHUsI aH/IE3UTOB B JIOKAIBHBIX IUIOMIAIKaX OTMEYAeTCs CEeTKA MapalIeIbHBIX JKUIIOK 3MUA0TA, MOII-
HOCTBIO 1-3 cM, B accolMalyy ¢ )KUIKaMHU CBETIOCEPOro KBapla, MOIIHOCTEIO 3-15 cM (B pa3ayBax) U Ko-
POTKHUX W (MU JIMH3) aIbOUT-3MUI0T-KBApPLEBOI'O COCTaBa, MOITHOCTHIO 3-5 cM.

I'eoxumugeckn agakuTsl 1o comepxanuio SiO2 (54-70 mac.%) OTHOCATCA K aHAE3UTaM —IAIlUTaM,
MOTYT OBITh KJacCH(UIIMPOBaHBI OOJNBIIEH YacThio, KaK BhICOKO-Si02 amakutsl — Trn «HSA» (Martin et
al., 2005), mpu 3TOM OTIMYAIOTCA OT TUIHYHBIX M3BECTKOBO-ILIEIOYHBIX MOPOJ MOBBIIICHHBIMH KOHLIEH-
tpammsamu Na,O (3.6<Na,0<6,1 mac.%, npu cpeqnux 3HaueHusx 3,9-5,1 mac.%, 3HaUNTENHHON BapHanu-
eit MmaraesuanbHOCcTH Mg# =54-70). Takke mopoasl UMeEIOT cogepxkanust Sr>320 ppm (250-600 ppm), aHo-
MaJIbHO BBICOKHE KoHIleHTparuu Ba (280-980 ppm), Zr (140-240 ppm), U (1,0-3,5 ppm). Pacnpenenenue
P33 B agakurax ¢pakuunonuporannoe — (La/Yb)n>10, mpu 3ToM ypoBeHb coaepkanuss TP33D anomansHO
am3kuit: Ho <0,4, Er<1,0, Tm<0,1, Yb<0,9, Lu<0,11 ppm. Ha kmaccupukamoHHbIX AHarpaMMmax B KOOp-
muaatax St/Y-Y u (La/Yb)n -Ybn durypatuBHbie Touku cyOByIKaHUTOB XayTaBaapsl, IrHoinbl u Yanku
JI0XaTcs B 001aCTh TUIMYHBIX aJlaKUTOBBIX CEPU MHUPA.

N3yuenne Sm-Nd cucTeMaTHKH ITOKa3alio, 9YTO MepBUYHBIC OTHOMICHHS eNd I aqaKUTOBOM CepHH
UrHoinbCKON TaIeOBYIKAHUIECKOW MOCTPOMKK BappupyioT ot +0,7 g0 +2,3, MoaenbpHbIe Bo3pacTa (1o
mogenu De Paolo (DePaolo et al., 1991) ot 2956 no 3092 mnH. net. B cyOBynkanndyeckom LleHTpansHoM
WrHOWIBCKOM HEKKE aJaKUTOB HAMM TaKKe ObUTH BBISBIEHBI KCEHOJMUTHI, KOTOPbIE OTHOCATCS K 2 TpyI-
naM — aBTOJMUTaM (IJIarHOKJIa30BBIM KyMyJiaTaM aJaKHTOBOTO COCTaBa, c()OPMHPOBABIIMMCS TPH KpH-
CTaJUIM3AlMM OTAEIBbHBIX MOPLUUI MarMel, MM 3aKOHCEPBUPOBAHHBIM MOPLUUSIMUA UIEHTUIHOTO MATPUKCY
coCTaBa) M KCEHOJIMTaM METaMOP(HU30BAHHBIX TIYOMHHBIX W KOPOBBIX MOPOJ - amdubomuTam, rabopou-
JaM, NUPOKCEHUTaM CO 3HAYUTEIBHBIM COJEpXKAaHUEM pynHOW (a3pl, aHae3nOaszanbTaM, pPUOJIHUTAM,
STH03HUTaM.

OcCTpoBOAYKHBIH aJaKUTOBBIH KOMIUIEKC IMEPEKPHIBAETCS TEPPUTrEHHBIMU TpayBaKKaMHM, 3aje-
raloIlMM{ Ha BYJIKAHOI'€HHO-OCAJI0OYHOH Mauke, IIPEACTAaBICHHON IepeciauBaHueM Ty(pduros namu-
TOB, Ty(omnecuaHuKoB, MaUTOBBIX TpayBaKK, rpaHUTHUCTHIX ANEBPOJUTOB. B CBOIO odepens Teppu-
TeHHbIE TpayBaKKH IEPEKPHIBAIOTCS B pa3pe3e MOHOKOHTJIOMepaTaMH C BaJlyHaMH M TajbKaMu
KpynHonop¢upoBsix nauuToB. Ha Ham B3risa, JaHHBINA MOPOJHBINA JIMTOTUII Hanbosee KOPPEKTHO OT-
pakaeT KOHCOJNUAMPOBAHHOE BEIICCTBO MUTAIOIIEH MPOBUHIIUU ¥ MO3BOJISIET CYJAUTh O 3aBepUIAIOIIeM
JTamne CyIEeCTBOBAaHMUS BYJIKaHU3Ma B CTPYKType. Hamu mpoBogunocek netanbHOe H3ydeHHE MPOOBI
rpayBakk u3 oOHaxxeHus 884-10. CneqyeT OTMETHTH, YTO B COCTaBE TEPPUTCHHBIX I'PayBaKK MPUCYTCT-
BYET KJIACTHKA JIaB U Ty(POB MAIMUTOB, TPAaHUTOB, pazmMepoM 0,5-2 cM., TOTPYKEHHBIX B TEMHO-CEPHIi
KPYITHO3EPHHUCTHIN MaTpPUKC KBapIl-IUIaruoKIIa3-XJopuT-onotutoBoro cocrana. Jlns U-Pb uzoromnnoro
JaTUPOBaHUS ObUIM OTOOpPAaHbI YEThIPE HABECKH 3€pPEH LUPKOHA HaWIy4lled COXPaHHOCTH, TPH U3 KO-
TOPBIX OBLIM MPEACTaBICHBl TUIUPAMUIAIBHO-IPU3MATUUECKUMU KPUCTAUIAMHU CJIEAYIOLINX pa3Mep-
HBIX Qpaknuit: +125 MM, -125+75 mxm u +150 MM, ogHa ¢pakius Obula cocTaBlieHa U3 OKPYTJIBIX
KpHCcTalIoB pazMepoM -100 MKM.

U-Pb reoxpoHonoruueckie UcciaeaoBaHUsT MOHO(PaKIMHA [MPKOHA MPOBOIWINCH K.I.M.H. Kynps-
moBeiM H.M. B ' KHI] PAH (r.Amatutsl) Ha Macc-cuekTpoMmerpax MU-1201T u Finnigan MAT-262
(RPQ). Ha nuarpamMme ¢ KOHKOpIUeEH, GUTypaTUBHBIE TOUKU BCEX 4YeThIpeX (pakuuii 00pasyroT IUCKOp-
IO, BEpPXHEe IepeceueHre KOTopoil orBedaer Bo3zpacty 2947+/-13 mun. ner, CKBO=0.51, HmxHee co-
BPEMCEHHBIM TIOTEPSIM CBHHIIA, TaHHBIE C a0pa3uel TO3BOJIMIIN TTOTYIHTh 3HaYeHHEe — 2944 +/-7,9 MiH. et
(CsetoB u ap., 2006). [laHHbII BO3pacT SABISAETCS YCPEAHEHHBIM M OTpaXkaeT BpeMs (popMHUpOBaHUS IO-
cienHux (a3 aJakKUTOBOTO BYJKAaHM3Ma M BO3MOXHO COBIAJaeT C BpeMeHeM (OPMHUPOBaHUS TPaHUTOM/I-
HBIX UHTPY3HBOB, 1 MOXXET HHTEPIPETHPOBATHCS KaK BPEMs 3aBEPIICHHS ByJIKaHU3MA.

OO0bekT 3. 3HaKOMCTBO ¢ JpeBHelIMMH (pparmenTamu Me3oapxeiickoro (3,1-2,9 mapa
JieT) Ma(u4ecKoro miaro (paspe3 KOMATHHUT-0a3aJ1bTOBOM TOJIIN) 3€JI€HOKAMEHHOI0 TOS-
ca, XayraBaapckasi CTPYKTypa

Llenb 3KCKypcHHU — 3HAKOMCTBO € (pparMeHTaMHU BEpXHEH 4acTu pa3pe3a OKeaHWYecKOW CTpaTo-TeK-
TOHUYECKOH accoumanuu cHOpMHPOBAaHHONH KOMAaTHHTOBBIMH Oa3zanbTaMu XayTaBaapCKOW MEracTpyKTy-
PHI (BBLIENAEMBIX PaHEEe B COCTaBE KYJIbIOHCKOW CBHUTHI, B HACTOSAIIEE BPEMsl OTHECCHA K JIOYXMBaapCKOH
CBUTE).
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Paspes Bepreli wactu CTA (KyJIbIOHCKOW CBUTBI) MaKCHMAaJIbHO COXPAaHEH Ha TOpPe C PETPAHCIATO-
pom, ceBepHee nep. XayraBaapa. CTA ciokeHa cTpaTuUIMPOBAHHON JIABOBOM ToJIIIEH 0a3aabTOB C Io-
PHU30HTaMU THATOKIACTHTOB, Ty()oOpeKkunii 1 Ty(hoB KOMaTUUT-0a3aIbTOBOTO COCTaBa, MMEET MOIIHOCTH B
paiione nepesru 600 M (puc. 1.10). Huxe mpuBeneHO MOCIOWHOE OMIMCAHUE CBUTHI.

Puc. 1.10. Pa3pe3 BepxHeil 4acTH OKEAaHUYECKOM
CTA. Cocrasmuna T.H. Hazapoga.

1 — rab6poanadassl; 2 — THATOKIACTHTEL; 3 — Ty (BbI;
4 — Ga3anbThl; 5 — 6a3aNbTHI C MOMYLIEYHON TEKCTY-
poii; 6 — noaye4Hsle 0a3aabThl ¢ THAJIOKIACTUTAMH
B MEXIIOAYLIEYHOM IIPOCTPAHCTBE; 7 — MEIK00OIIO-
MoOYHas1 Ty(poOpeKUnsi OCHOBHOTO COCTaBa; 8§ — MeJ-
Kasi KOHIJIOOpeK4HsT; 9 — HalpaBlIeHHe KPOBJIH TOTO-
koB; 10 — HOMepa noTokoB; 11 — KOHTAKTHI: MpenIo-
naraemele (a), ycTaHoBIeHHBIE (0).

0 20 40m

I A

Ha yrmeponconepxamiye aneBpOIHTHI, 3aBEpIIAIONIAMHI KOMIUIEKC aKTHBHON BYJIKaHUYECKOH OK-
pauHbI (KaJlaspBHUHCKAsh CBUTA) C TEKTOHHYECKHUM HECOTJIACHEM JIOXKHTCS TOJIAa KOMAaTHHTOBBIX 0Oa3alib-
TOB, OTHOCUMBIX HaMHt K okeaHnueckod CTA (KyJbIOHCKOM CBUTE) (CHHU3Y BBEPX):

1. Menkoraiie4nple KOHTIIOMEPATHI C TalbKOM OCBETICHHBIX 0a3aJbTOB B MEIKO3EPHUCTOM apKO30-
BOM IIEMEHTE. 3/1eCh )K€ PEeIKHe JIMH3bI MOIIHOCTHIO /10 30 CM KBaplEBbIX MECUaHUKOB. MOIIHOCTH 5 M.

2. TydoOpexkunn OCHOBHOTO COCTaBa CIOXKEHBI OCTPOYTOJBHBIMH OOJIOMKaMHu 0a3aibTOB, MHOTIA
3aKalleHHBIMU, U3peKa HaOMIOAar0TCsS OOJIOMKH YEPHBIX CIIaHIEB, IIEMEHT MPEJCTaBIeH MEIKOOOIOMOY-
HoM Maccoi. Pazmep nutokiact gocturaer 10-15 cMm, B cpeanem 3-5 cm. MomnocTs 10 M.

3. Tydormnecuanuku ¢ mpociosMH Ty (HoaJeBpOIUTOB, MOIIHOCTH 1,5 M.

I moTok - Ha 3TOH O0casOYHON NMayke ¢ HEPOBHBIM KOHTAKTOM 3ajieraeT | JaBOBBIM MOTOK 0a3aibTOB
MOIITHOCTEIO 7 M. B ero moomBe HaXOAUTCS 30HA 3aKaKH, CIOKeHHAs adaHUTOBBIM O0azanpToM (1-1,5 M
MOIIIHOCTI/I), B cpenHeI‘/i YaCTH MOTOKa MopoJbl UMEIOT MEJIIKO3CPHUCTOC CJIIOKCHUEC, B BerHeﬁ TIOABJIACTCA
(bparMeHTapHas NOAyIICYHAs! TeKCTypa (Tadi.3).

II moTok - TpeacTaBieH MOAYNICYHHIMU JIaBAMH 0a3aibTOB. B HIDKHEH 4acTH NOTOKa — TOIYIIKA
oBabHOU GopMbl pazmepoM 20 x 60 cM, a B BepXHEH YacTH YBETUIHBAIOTCSA 10 2-2,5 M. B HEKOTOpBIX
KPYIHBIX MOJYyIIKAaX BUIHA BAPHOJIMTOBAS CTPYKTYpa M KPYIHBIC IIEHTPAJIbHBIC MYCTOTHI, BEIOJHCHHBIC
kBapreM. [loIylmku TUIOTHO YIIaKOBaHBI, MEKIOIYIIEYHOE MPOCTPAHCTBO BHIMOJIHEHO THAJIOKIACTHTOM.
Hanpagienue KpoBiau MOTOKa, ONpeesieMoe 1Mo MOAyIIKaM, CEBEpO-BOCTOUHOE. MOITHOCTD 23 M
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III moTok — MaccuBHbIe 0a3aybTHI C aBTOOpPEKUYNEH B KpOBJe MOToKa. [1o muToknacTaMm pa3BUBaeTCs
KBapI 1 duA0T. MomHocTs 18 M.

Mexay III u IV naBoBeIMH MOTOKaMHU 3aJieraeT CiIoil Ty(QoB OCHOBHOrO cocTaBa. Ha HepoBHYIO
KPOBJIIO TIOTOKa JIOXKUTCS CJIOH Ty(OB OCHOBHOTO COCTaBa. B momomiBe ciosi MenTKooOIOMOYHBIH Tyd, ¢
JIMTOKJIACTAMHU Pa3MepoM A0 1,5 cM, BbllIe KPUCTAIOKIACTHUECKUH Ty ¢ XOPOIIO 3aMETHBIMU KpHUCTal-
JIOKJIACTaMH TUIarHOKIIa3a. BepXHUIT KOHTAaKT cost He BCKPHIT. MoIHOCTE ciiost 3-5 M.

IV norok cnoxxeH noAynieYHbIMU JaBaMu O0a3anbToB. [Ipociexen mo nmpoctupanuio Ha 250-300 m.
[Toxyurkn UMErOT KiTaccuiIeckyto Gopmy, ¢ pazmepom ot 40 cMm g0 2-2,5 M 1o JuymHHOHK ocH. I1oTHO yima-
KOBaHbI, MEXIIOAYIIIEYHOE MPOCTPAHCTBO B 30HAX CTHIKOBKM HECKOJBKUX MOIYIIEK BHIIOIHEHO T'MajOKia-
ctutoM. KpoBnst motoka HanpasieHa Ha CB. MomHocTs 75 M.

V n0TOK — MacCUBHBIE JIaBbl. MOIIHOCTh OTOKA 5 M.

VI norok — C HEPOBHBIM KOHTAKTOM, C 3alIOJJHEHHEM BIIAJUH JIOKUTCA CJIOH THaJOKIACTUTA, CIIO-
JKEHHOTO 3aKaJeHHBIMH O0JOMKaMH 0a3ajbTOB OCTPOYTOJBHBIX M IIACTUYHBIX (GopM (KamjaeBHIHOH, OK-
PYTJION, BHITSIHYTOH), 3aKITIOYEHHBIMHA B MEJIKO3EPHHUCTHIN aMbuO0IOBEIiA 1leMeHT (Tabin. 1.3, xum. aH. 13-
1), orpaHUYeHBI 30HKOW 3aKaIKH U OCBETJICHBI B IICHTpaIbHOM yacTH. Pazmep nurokiact 7-10 cm. Ipocie-
JKeH 1o npoctupanuio Ha 100 M. MomHocTs 19 M.

VII notok — nmoaymieuHsie jiaB 6a3anbToB (Tabdm. 1.3, xum.an. 11). MourHocTs 10 M.

VIII noTok — MacCHBHEIE CpeHE3epHUCTHIE TUIarno(upoBbie 0azaibThl. B HIDKHEH 9acTh MOTOKa —
HedeTKas MoAyIIeyHast TeKCTypa. BKkpanneHHuky miarnokiasa, pasMepoM J1o 3-5 MM, MPeACTaBICHBI J1a0-
pazopoM, OCHOBHasl Macca UMeeT 0J1acTOOQHUTOBYIO CTPYKTYPY, CIIOKEHA JIeHCTaMU IJIaruokiasa, ampu-
00JI0M, BIIHUI0TOM. MOIIIHOCTE MOTOKA 30 M.

IX motok momymieyHwx JiaB OasanbToB. [lomymkm HenedopmupoBaHHBIE, pazmepoM oT 0,3 1o
1,5 M, orpaHU4eHbI 30HKOW 3aKalIKH, COJIEPKAT [EHTPAJIbHBIE MyCTOTHI, MEKIOAYIIIEYHbIE POCTPAHCTBA —
3aM0JHEHBI THATOKIACTUTOM (Tabi. 1.3, xuM. aH. 8). MomHocTs moToka 40 M.

X MOTOK MacCCHUBHBIX MEIKO3EPHHUCTHIX 0a3abTOB. Buammas MomHOCTE 15 M.

IlepepriB 15 M.

XI moTok nmogynIeyHbIX 0a3anbToB, B IUMHUYHBIX BBIXOAaX MPOJOJDKAIOTCS Ha paccTosHUH 80 M.

Tabéauua 1.3. Xumudeckuit coctaB 6a3ansToB BepxHel yactn okeanndeckoir CTA

KomnonenTs! 1-7 11 13-1 8 10
Si0, 52,28 50,20 50,40 50,34 49,74
TiO, 0,76 0,64 0,60 0,61 0,59
AlLO; 14,70 14,52 13,50 13,75 13,24
Fe,0; 1,10 1,52 1,52 1,06 1,66
FeO 7,83 7,90 8,26 9,12 9,48
MnO 0,226 0,226 0,218 0,248 0,240
MgO 8,16 7,76 8,77 9,02 8,37
CaO 9,67 12,62 13,32 12,69 12,48
Na,O 3,47 2,29 0,83 1,06 1,50
K,0 0,10 0,20 0,42 0,13 0,19
H,O 0,16 0,06 0,08 0,07 0,09
T 1,25 1,59 1,56 1,49 1,92
Cymma 99.71 99,53 99,50 99,59 99,50

Ipumeuanue: 1-7, 11 — maccuBHbI 06a3anpT, 13-1 — rHanoKIacTut, § — momymed-
Hble JaBbl 0a3anbToB, 10 — momymedHsie 0a3ambThl. AHAIHM3BI TPEACTABICHBI
T.H. Hazaposoii.

JlaBOBBIC MMOTOKHM CPE3aroTCs TeJIoM radopomnaba3oB. ['abbpoamabassl — cpegHe-, KPyITHO3EPHH-
CTBIE TIOPOJBI, C TUIUANOMOP(PHO3EPHUCTON CTPYKTYpPOW B IEHTPAIBLHOM YacTH Tesia U MOpPPUpPOBOU
CTPYKTYpO# B ceBepHOH yacTu. Ha moBepxXHOCTH OOHAKEHUS XOPOIIO BUACH yAIMHEHHBIH Ta0IUTIaThINA
IIJIaTHOKJIA3.
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IKCKYPCHA 2

KOHUKAPCKAS CTPYKTYPA BEJIJIO3EPCKO-CETO3EPCKOI'O
3EJIEHOKAMEHHOI'O ITIOSACA

Csemos C.A.
UTI" KapHL] PAH (Iletpo3aBoack)

Oo0bexT 4. KomaTunT-0a3anbToBasi acconpanusi B npenenax HEeHTPAJIbHON 4acTH 3eJIeHOKAa-
MeHHOro nosica (pparMmeHT okeannyeckoro miaro) Koiikapckoii cTpyKkTyphbl.

[lepBast yacTh SKCKypCcHUU 3HAKOMHUT C THIOMODP(HBIM pa3pe3oM JIpeBHEH OKeaHWYEeCKOH acco-
nuanuu (KOMaTHUT-0a3aIbTOBOM accomuarinn) Kolkapckoit cTpykTypsl (Bo3pact 3,05-2,95 mupa. mer)
(puc. 2.1). Haubonee apeuue nmopoasl Koiikapckoii CTpyKTypbl 0OHa)KaIOTCS B SApe IEHTPAJbHON aH-
TUKJIWMHAIA ¥ TPEJCTaBICHBl CTPAaTHQHUIMPOBAHHON JIaBOBOH TOJIIEH KOMAaTHHTOB, MHPOKCEHUTOBBIX
u 0azanbTOBBIX KOMaTUUTOB. C JlaBaMu nepecianBaroTcs TyQbsl U Ty(hUTH KOMaTHUTOBOTO M 0a3alib-
TOBOTO cocTaBa. MoOIIHOCTh 3TOM mauku coctasiseT 450-500 M. Brime mo paspe3y OHH CMEHSIOTCA
naykod 0a3aibTOB MOIIHOCTHIO 0 700 M, OCHOBHAs ILIOIIAJb PAa3BUTHs KOTOPOW NMPUYpOYCHA K 3a-
nagHoii yactu Kolikapckoit cTpykTypbl. JOMUHHpYIOIIMM pa3BUTHEM B CTPYKTYpE MOJIb3yIOTCS Oa-
3aNBTHI, IUIOMAIH 3aHATHIE TIEPHIOTHTOBBIMIA KOMATHHTAMH OIEHHBAIOTCA B 0,62 KM’, THPOKCEHHTO-
BEIMH ¥ 6a3a1bTOBBIMH KOMaTUMTaMu — 1,52 kM. B cTpaturpaduueckoil perMoHanbHON IIKaxe TH
KOMAaTHHUT-TOJIEUTOBBIE 00pa3oBaHusl OOBEAMHEHBI B COCTaBE NMUTKUJIAMIMHCKOHN (aHAJOT JIOyXUBaap-
CKOW) CBUTHI.

Pernonanbubiii Metamopdusm B Koiikapckoit CTpyKType CBsi3aH ¢ riiaBHOU (pe0oabckoi) dazoi
CKJIaI4aTOCTH U U3MEHSETCS OT 3eJIEHOCTaHIeBoH 10 aM(puOoauTOBO# (annn aHnaTy3UT-CHITUMAaHUTO-
Boro Oapuueckoro tuma. Meramopduieckue npeodpa3oBaHus HOPOJ OTPA3WIMCh B HOYTH IOJIHOM 3a-
MEIIECHUHU NEePBUYHOI MHHEPaJbHOH acCOLMAalMM, HO IO3BOJMJIM COXPAHUTHCA PEIUKTaM Marmarude-
CKHX CTPYKTYp (TMIOKpUCTAIUIMYECKUE, KyMYJISTHBHBIE, CIUHU(PEKC) M MEPBUYHBIM TEKCTYPHBIM MPH-
3HakaM. MUHEpaJbHBIH MapareHe3uC MPEACTABICH: aKTHMHOJIMTOBOH POroBoil 0OMaHKOH, aHTOQWIIH-
TOM, TPEMOJIUTOM, CEPIIEHTHHOM, XJIOPUTOM, TaIbKOM, KapOOHATOM, 3MUJ0TOM, MAarHETUTOM, IIaTHOK-
J1a30M U KBapleM.

B daumansHOM cocTaBe acconuanuy npeodnanaet gaBosas ¢anms. [lepuaoTuToBbie, MUPOKCEHUTO-
Bble U 0a3aJIbTOBBIE KOMAaTHUTHI CJIATal0T MACCUBHBIE, IOAYIIECYHbIE, BAPUOIUTOBBIC, OPEKINMPOBAHHbIE JIa-
BOBBIE TTOTOKH, PEXKE JIABOBBIE MOTOKM UMEIOT MuddepeHupoBanHoe cTpoeHue. [Tupoknactuieckue mo-
POIBI IPENCTaBICHBI Ty(PaMu pa3InyHON pa3MEPHOCTH - arIOMEPaTOBBIMU, JIAITMIITUEBBIMH, TICAMMHUTOBBI-
MH. B paspese TonaenToBbIX 0a3anbTOB Mpeo0aAa0T MOLYIICUYHbIC, MACCUBHBIC JIABbl U TY(BI JIAUIUINE-
BOT'0 U IICAMMUTOBOTO pa3Mepa.

I'eoxpoHONOrNYecKNe NaTUPOBKHU BBITIOJHEHBI Il CYOBYJIKAHUYECKUX JAIIUTOB, CEKYIIUX KOMATH-
UT-TOJICUTOBYIO aCCOIUAIIMIO M BEPXHIOK TEPPUTCHHYIO MAauKy, U cocTaBisitoT 2935115 M. net (bubu-
koBa, Kpeutos, 1993), Ha ceBepe CTPYKTYPHI - TSI TalIUTOB B ITOJIC KUCIIBIX BYJIKAaHUTOB 2860+15 MitH. JeT
(Camconos u mp. 1996).

ITo reoxumuueckumM xapakrepuctikam, otHouieHusM CaO/Al,05;<1 (0,35-1), Al,O3/Ti0,x22 (13-22)
u tonosoruu pacnpenenenns HREE (Gd/Yb),=0.89-1.04), xomatuutel Koiikapckoil 3er1eHOKaMEHHOM
CTPYKTYpBI OTHOCATCS K Al-HememnerupoBanHoMy THity «Mynro» (Tabu. 2.1). Bee BynakaHUTHI acconuanyn
MMEIOT TOBBIeHHBIe coaepskanns Ni u Cr (MakcuManbHble KoHIeHTparmu Ni-2130 r/T, Cr-3500 r/1.). Ty-
(Bl KOMaTUMTOB TEOXUMHYECKH BO MHOTOM IIOJOOHBI J1aBaM, OJHAKO, PX 3TOM OTMEYaloTCs OHMKEHHbIE
3HaueHust Al,O;< 8%, 6onee Bricokne Ca0-7-9%, n Hm3kue NaO <0,01%, K,0 <0,03%. Mg-tonentsI mosica
T€OXMMHUUYECKH CXOAHBI C 0a3aJIbTOBBIMUA KOMATUUTAMHU.

I'enepanysa mepBUYHBIX KOMAaTHUTOBBIX MarM MPOMCXOAMIIA B XOJI€ MPOLECCOB YaCTHYHOTO TIJIaBJIe-
Hust (45-60%) mMaHTHIiHOTO JepuonuTa ¢ obpasoBanueM Ol+Opx pectura Ha TayomHax 210-240 kM, mpu
nasienusx 6-7 Gpa, u remneparypax 1780-1845°C B ucrounuke (uro Ha 220-280°C Gosblie MOAETBHBIX
3HaYeHUH TeMIlepaTypbl MaHTUU B Tiepuon 2,9-3,1 mupa. net). CpeaHsist MOLITHOCTh MTPOTOKOPHI COCTABIIS-
er 60 kM. [luddepeHumannss KOMAaTUUTOBOTO pacijiaBa MOCHIE M3NUSHUSA (MakCHUMAabHBIE TEMIIEPaTyphl
m3nustaus 1560-1615°C) npoxoauiia o Ol KOHTPOJIEM ¢ y4acTHEM XPOMIITIUHEIH.
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Sm-Nd Bo3pacT komaruutoBOoi accormanuu Kolkapckoit cTpykTypbl - 2944+170 muH. Jer
(eNd=+1,7, MSWD=2). Bpems hopMupoBaHUsI BHICOKOMAarHe3uaJIbHbIX BYJIKaHUTOB Bemnozepcko-Cero-
3epCKOT0 3eJICHOKaMEHHOTO Tosica - 2921+55 mutH. net (eNd=+1,5, MSWD=5) (CsetoB u ap., 1999).

MAPIHIPYT 3KCKYPCHMN:

MapipyT HauMHaeTCs B LIEHTpanbHOW yacT KoHWKapcKoi CTPYKTYypHI, I'lle pa3BUTa CTpaTuUIHPO-
BaHHAas TOJIIIa KOMAaTHUTOBBIX JaB U Ty¢os. [Ipu moaxone K Hadamy SKCKypCHM IEPECEKaeM BEPXHIOIO
TEPPUTCHHYIO MaYKy (IOJIOMUTHI, CHITUIHTHIL, TYONECUaHUKH, TPA(QUTHCTBIC CIIAHIIBI).

Puc. 2.1. Teonornmueckasi cxema Koiikapckoi
CTPYKTYPHI (C ucroib3oBanueM marepuanos C. U.
Pri6akoBa u A. 1. CBeToBoii):

SArynuit: 1 — rab0po-anadasel, 2 — 6a3aibThL, 3 — KBapLEBbIC
KOHIJIOMEPATHl, KBapuuTo-necyanuku. Capuonuii: 4 — mo-
JIMMHUKTOBEIE KOHIIIOMepatsl. CyMmuil: 5 — aHne3n6a3aabThL.
Jlonmit: 6 — cyOByIKaHWYECKHE NALUTHI, PHOJALUTHI (2 —
2.8 mapa. set, 6 — 2.9 mupa. 1et), 7 — NepuaoTUTHI, 8§ — rpa-
¢buTHCTBIE aNeBPOIMTHI, Ty(donecyaHUku, Ty(GGHUTH Janu-
TOBOTO cocTaBa. 9 — nogomutsl, 10 — rpayBakku, 11 — momu-
MHUKTOBBIE KOHIJIOMepathl, 12 — mecuaHuku, 13 — cumunu-
THI, ATIOMOKPEMHHCTBIE HOpPOJbI, KOHKPEIMOHHBIE, CIIOH-
CTBIE, MAaCCUBHBIE, 14 — arloMepaToBbIe, TAHIUTHEBEIC (@),
NICAMMHUTOBBIE TY(BI aHIE3UTOB U HaruToB (0), 15 — Ty,

~ o~

s [V s
N al2 9 Y _vlis

s ool3 [Z k0|7 rli7

Ty dUTEL, TpayBakkH OCHOBHOIO W YJIBETPAOCHOBHOTO CO- ‘ ° ‘4 ‘0770 ‘11 ‘*‘ 4 ‘18
cTaBa, 16 — TOJCHUTHI MOMYIICUYHbIC, MACCHBHBIC, 17 — ra0b0- ‘ — ‘ ‘ . %70‘
po-nuabasel, 18 — KOMATUUTHI ¥ 0a3aJIbTOBBIC KOMATHHTHI, —> |5 12 [ 519

19 — HampaBieHre KPOBIIH MOJYIICYHbIX JIaB U JIABOBBIX MO-
TOKOB (a), ciaouctocts (0), 20 — TEKTOHHYECKHE Hapylie-
HUs, 21 — MapLIpyT reoIOTHYECKON SKCKYPCHH.

—
3L~ 120
= |7 {614 21
= |7 [2L5u [—]

OcrtanoBka 1. Pa3o0mieHHbIe BHIXOBI JJaB KOMAaTHUATOB. JIaBBI KOMaTUUTOB MPEICTaBICHBl MaCCHB-
HBIMHU HWJTU PACCITAHIIOBAHHBIMU TEMHO — HJIH CBETJIO3EJICHBIMU TIOPOJIAMH, CIIOKCHHBIMHU arperaToM aKTH-
HOJIUT-TPEMOJIMTA C TIOJYMHCHHBIM KOJMUECTBOM XJIOPHUTA, TalbKa, MarueTuTa. [|Jis OCHOBHON MaccChl Io-
pon xapakTtepHa GuOpoOIacTOBas WK IPpaHOOIACTOBAsI CTPYKTYPA, B OTACIBHBIX YYaCTKaX COXPAHHUIINCH
CcUHU(DEKC CTPYKTYPHI.

[Topoabl cexyTcs AalikaMu AalUTOB, MOITHOCTBIO 1-10 M, uIs HUX XapakTepHa OyiacTornopdupoBas
CTPYKTypa ¢ BKparuieHHuKamu Ply ;o 1 kBapra. OCHOBHas mMacca MOPOJIbI CIOXKEHA KBapleM, allbOMTOM,
OMOTHTOM, XJIOPUTOM.

B o6naxxennu 1 HaOmrogaeTcst cepusl JIABOBBIX MOTOKOB: MAaCCHUBHBIE MHUPOKCEHUTOBBIE KOMATHUHUTHI,
MOTOK IMOAYIICYHBIX 0a3anbToB, MOITHOCTHIO 0,3-0,7M, UHTEHCUBHO TEKTOHH3UpPOBaHHBIX. [lomymiku yn-
JIOWIEHBI U BHITSHYTHI TIO IPOCTUPAHUIO,IIPY STOM COXPAHSAIOTCS 30HBI 3aKAJIKH W OCBETIICHHBIE S/Ipa Oy -
IEK, B MEKITOAYIISYHOM IPOCTPAHCTBE OTMETAETCS CHIIMINT. [I0TOK BaprOIUTOBHIX JIaB. Ha BeIBeTpeso
MMOBEPXHOCTH BBIACISIOTCS OKPYTJIbIC, OBAJIbHBIC TJI00YJIBI Pa3MepoM 3-5 CM, MHOI'Ia OTMEUAIOTCS JINH3bI
pasmepom j10 0,5-0,7 M ciiokeHHbIe MUKpOBaprosiMi. CI0W TICAMMHUTOBBIX CIOUCTBIX TUIOHYUPOBAHHBIX
Ty(HoB KOMaTUUTOB (pHC. 2.2).
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Cxema ooHakeHui Ne 1-2

!EE;! Jlaiika aH/1e311allUTOB
[Tonymieunsie jaBbl TOJEUTOB

74" | Tlepu0THTOBBIE KOMATHHUTBI CO CIIMHU(EKC CTPYKTY POt

Y MarHeTUTOM

ITupokceHUTOBBIE KOMATHUTBI
Bapuoautst

Ty®s1 KOMaTHUTOB 59}5\,.—”/

1257-5

Puc. 2.2. B3auMOOTHOIIIEHHE TOPOJHBIX JUTOTUIIOB B KOMAaTUUT-0a3aIbTOBOM accolua-
1uu Kolikapckoil cTpyKTypbl

O0bekT 2. JIaBOBEII TOTOK KOMaTHUTOB B KOHTAKTE C TTIOTOKOM IOAYIIESYHBIX JIaB 0a3aibToB. B oc-
HOBaHUM MOTOKAa KOMAaTHUTOB MEIKOOPEKYMPOBAHHASI 30HA, MPEACTABICHHAS] TATbK-TPEMOJIHTOBEIM CIIaH-
LIEM, B KPOBJIE TEKCTypa IMOPOJIbl N3MEHIETCS] OT MAacCUBHOM 10 OpekunpoBaHHOW. B cpenneit yactu moro-
Ka, CJIOKEHHOM MAaCCHUBHBIMU IOPOJAMH, IIPOCIICKUBAOTCS 30HBI C PEIIMKTaMHU CIIMHUGEKC CTPYKTYp OJIH-
BHHOBOT'O THIIA B BU/I€ KOPOTKOCTOJOYATHIX , Pa3TMYHOOPHEHTHPOBAHHBIX MAKeTOB ATUHON 10 15-20 MM,
K HUM TIPUYPOUYEHBI KPYIHBIE OKTad[pUUECKUe KpUCTAIbl MarHeTuTa. [lepBUUHBI cocTaB cCMHU(EKC -
CTPYKTYD 3aMeLIeH TPEMOJIUTOM, aHTO(QUIIIUTOM M XJIOPUTOM, NICEBIOMOP(HO3bI OKOHTYPHUBAIOTCSI MEITIKO-
3epHUCTHIM MarHETUTOM.

O0BeKT 3. P51 BBIXOJIOB BapUOIUTOBBIX M MOAYIIEYHBIX JIaB ITMPOKCEHUTOBBIX KOMAaTUUTOB. MoIi-
HOCTBH JIABOBBIX ITOTOKOB M3MEHsieTcs oT 4-5 10 15-20 M. B BapHoIUTOBBIX JaBax TII00YIIBI pacipeIeacHbl
HEpaBHOMEPHO, 00JIee TATOTEIOT K KPOBEIBHOM YacTH, MHOTAA 00pa3ylOT CKOIUICHHUS B BUJE JIMH3 B IICH-
TPaNbHBIX YACTSIX JABOBBIX MOTOKOB. Bapuonu nMerot pasmepst 10 10-12 cM, cpenHe3epHUCTBIC, TPUCYT-
CTBYIOT PEJHMKTHI PaIaIbHO-IyYUCTHIX CTPYKTYP, IIPOSIBIIEHHBIE B TOHKOM CPacTaHWH albOWTa W aKTHHO-
JIUTOBOM pOTOBOM 0OMaHKH. B MHHEpalbHOM COCTaBE KPOME IJIaBHBIX MHHEPAJIOB, MPUCYTCTBYIOT: XJIO-
pUT, KBapll, 3MUI0T, kKapOoHaT, MarHeTHT. CTpyKTypa MaTpuKca IpaHO0JIACTOBAs, BOIOKHUCTAsI, COCTOUT
13 aKTHHOIINTA, XJIOPUTA, JMMH0Ta, TPEMOJUTA, Tlaruoknasa, /N:53/, marnerura. [lo xummuaeckomy cocra-
BY BapHOJIM OTBEYAIOT TIOPOJAM psijia HU3KO-KAIMEBBIX aHJE3UAANNTOB, a MAaTPUKC-THPOKCEHUTOBBIM KO-
MaTHHUTaM.

B momymiedHbIX aBaX MHPOKCEHUTOBBIX KOMATHHTOB MOMYIIKA MMEIOT pazMepsl oT 10-20 cMm 1o
2,1-2,5 M u 30HaIBHOE CTPOEHHUE: -30HA 3AKAIKU, MOIITHOCTHIO 10 1-2 cM, ahaHUTOBAs TIOPOIA, OTBEUAIO-
I1ast M0 COCTaBY MUPOKCEHUTOBOMY KOMATHUTY, ~MACCUBHAS Kpaesas 30Ha: MOTITHOCTHIO 10-30 cM, Menko-
3€pHHUCTasl, COCTaBa MHUPOKCEHUTOBOIO KOMATHUTA, PEIKO COICPKUT OTACIbHBIC MEJIKUE BapUOIU
pasmepoM 10 1 oM, -yenmpaibHas 30HA COCTABISAET OCHOBHYIO YacTh MOJYIIKUA, OY€Hb YaCTO COACPIKUT
6opioe konuyecTBo Menkux 0,3-1.5¢cM. Baprosneil, HHOTja CITUBAIOIIMXCS B 00pa3yIOIIUX CBETIIbIE MSATHA
B IICHTpE MOAYIIEK. [ €OXMMHUYECKA BapHUOIUTHI MOAYUICUYHBIX JIaB HE OTIUYAIOTCS OT BapHoJei u3 mac-
CUBHBIX JIABOBBIX ITOTOKOB. MEXITOMYIIEYHOE MPOCTPAHCTBO 3aIOIHEHO Pa3ApOOJICHHON JIABOW M XEeMO-
TeHHBIM CHJIUIUTOM. /1o x00y mapwpyma 00 Homepa 4 ecmpeuaromcs 8bix00bl pacCIAHYOBAHHBIX NOOY-
WeUHbIX 148 NUPOKCEHUMOBbIX KOMAMUUMOS8 C 8APUOIUMOBOL CIMPYKMYPOU 8 NOOYWKax. B Hexomopwix
PACUUCTNKAX BUOHBI KOHMAKMbL NOOYUEYHBIX U MACCUBHBIX 148 NUPOKCEHUTHOBBIX KOMAMUUTNOS.

O0bexT 4. BapnoauToBBIC JIaBBl NMHPOKCEHUTOBBIX KOMAaTHHUTOB. B ceBepHOW dHacTH OOHAKECHUS
KOHTAKTBI JIaBOBOI'O IIOTOKA BapHUOJIMTOB, MaCCUBHBIX 6peK‘-II/IpOBaHHBIX JIaB ¥ IOAYIICYHBIX JIaB. Bapnom/l
HaOJI0JAI0TCSI BO BCEX YacTax notoka. Camas pacrnpocTpaHeHHas hoopma rI00y OKpyriiasi, OBaJIbHAs, IPU
pasmepax ot 1 1o 10 cm. YacTo HabmogaeTcs qedopmainus Bapuosei, KoaleCeHIus 100y, y OObIIHH-
CTBa BHJIHA YeTKas rpaHuiia ¢a3oBoro pasaena. B oOHa)XeHUU MPOSBIICHBI BCE CTAINH KOAIECIICHIIUN TJI0-
OyJ, OT UX CTOJKHOBECHHMS JIO TIOJHOTO CIIHUSHUS C MPEOAO0JICHUEM TpaHull (a30BOro paszjena. MUKpocko-
MUYecKoe M3yueHne o0pa3IoB 1 NUTHU(OB MO3BOJIMIO OMMCATh 30HAIBHOE cTpoeHue rio0ynn. KpaeBas 30-
Ha: MOITHOCTBIO 2-8 MM COCTOHT M3 MEIKO3EPHHUCTHIX MUTOJbYAThIX CPACTaHUHN adhOnTa W aKTHHOIUTOBOM
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poroBoii oOMaHku. BHyTpeHHsIs 30na: MOITHOCTHIO OT 0,4 10 4 cM MMeeT KPYITHO3EPHHUCTOE CTPOCHHE, MU-
HEpaJIbHBIN COCTaB-XJIOPHT, SMUAOT, KBapL. Aapo oTianyaeTcs 0oyiee KPYNHBIM CTPOSHUEM, IPUCYTCTBHEM
kapOoHaTa, 3alOJIHAIONIET0 BO3MOXKHO PaHee CYLIECTBYIOIINE Ta30BbIe MMyCTOTHI.

Ta6uamuna 2.1. XuMudeckre coCTaBbl ByJIKaHOI'€HHBIX nopoa Koiikapckoil cTpyKTypsl

3 1-1 1-2 2-1 2-2 2-3 | 1206-1 | 1257-5 | 37-1v | 37-3m | 39-1v | 39-2m | 16-1
SiO, 68.40 | 43.02 | 48.17 | 38.96 | 44.42 | 4522 | 49.67 | 53.48 | 66.40 | 43.78 | 64.66 | 44.34 | 44.74
TiO, 0.60 0.63 0.60 0.63 0.51 0.34 0.26 0.78 0.55 0.48 0.53 0.78 0.26
AL O; 15.32 | 10.74 | 10.35 9.56 8.85 7.35 2.89 12.84 | 10.64 | 14.17 | 11.70 | 11.82 | 7.18
Fe,03 2.17 2.27 1.62 2.07 1.66 3.16 1.05 0.88 1.37 1.11 1.56 1.76 1.51
FeO 1.28 11.64 8.62 8.90 8.05 6.61 6.97 7.40 3.87 9.77 4.16 9.91 8.33
MnO 0.06 0.25 0.20 0.20 0.19 0.17 | 0.158 0.15 0.08 0.11 0.02 0.11 0.19
MgO 1.78 18.35 | 13.60 | 19.43 | 22.78 | 27.82 | 21.65 8.67 5.52 12.44 | 532 13.92 | 24.38
CaO 2.38 6.73 8.12 10.50 | 6.73 0.56 10.75 7.57 3.84 6.19 3.98 6.12 6.86
Na,O 3.44 0.31 1.77 0.32 0.05 - 0.15 4.33 6.14 3.22 5.84 2.58 0.04
K,O0 1.35 0.03 0.07 0.06 0.01 0.01 0.01 0.15 0.05 0.04 0.05 0.04 0.02
H,0 0.02 0.29 0.14 0.16 0.42 0.10 0.08 0.02 0.16 0.28 0.11 0.27 0.26
ILon | 3.08 5.74 6.86 9.36 5.90 8.18 6.48 3.65 1.25 7.82 1.55 7.81 5.97

Cr 3667 255 281 519 536
Ni 1223 58 89 66 107
Co 92 31 60 35 57
v 100 245 312 211 279
Pb 13 12 9 14 13
Rb 2 2 2 2 5
Ba 98 - 65 118 91
Sr 22 89 60 87 50
Nb 5 7 6 7

Zr 31 46 53 41 48
Y 14 18 23 17 19

Ipumeuanue. 3 naiika ranura, 1-1 THPOKCEHUTOBEIH KOMAaTHHT, -2 METUTOBBIN Ty MMPOKCEHHUTOBOrO KOMAaTHHTa, 2-1 IHpoKce-
HHUTOBBIH KOMAaTHHT CO CMHU(EKC CTPYKTYpOii, 2-2 , 2-3 NepHIOTUTOBBIH KOMAaTHHUT C KPYITHBIM IIAKETHBIM CIIMHU(ekcoM, 1206-
1 aktunosuTHT, 1257-5 nogyuieunsie naBbl TONEUTOB, 37-1v Bapuois, 37-3m-marpukc, 39-1v Bapuois, 39-2m marpuke, 16-1 cep-
MEHTHHHT.

O0bekT S. B 00Ha)XCHNHM BCKPHIT KOHTaKT TOHKUX CJIOUCTBIX, C1a00 MIOHYHUPOBAHHBIX HETUTOBBIX
Ty(OB IO COCTaBy OTBEYAIOIIUX MUPOKCEHUTOBBIM KOMAaTHUTaM U MAacCCHUBHBIX JaB MUPOKCEHUTOBBIX KO-
MaTHUTOB.

O0bekT 6. KOHTaKT MacCHBHBIX JIaB MUPOKCEHUTOBBIX KOMATUUTOB (HIDKHSS 4acTh OOHAXKEHHS) U
MOAYUICYHBIX JIaB C BapUOJIMTOBOH CTPYKTYpOH B siIpax moAyuliek.B IeHTpanbHON YacTH MOAYyIIEK OT-
JeTbHbIC TTI00YIM CIUBAIOTCs, 00pa3ysl CKOIUICHHUS B BHIE ISITEH, JMH3. MEXIIOAyIIeyHOe IPOCTPAHCTBO
3aII0JTHEHO 00JIOMOYHBIM KOMAaTHHTOBBIM MaTepHalIOM, CJIOUCTBIM TY()OM U CHIHIIUTAMH.

O0bekT 7. BBIXoI ynbTpaOCHOBHOTO MHTPY3UBHOIO TENa MEPUIOTHUTOB, IPOCTUPAIOIETOCs MO J10-
JIMHE M CEKYIIEero Mayvky JIaB ¥ Ty(poB KOMaTHUTOB. 11epuIoTUTHI — MacCHUBHbIC, TEMHO3EJICHBIE TOPOABI,
COCTOSIIIINE U3 AKTUHOIUT-TPEMOJIUTOBOIO arperara co 3HAYUTEIbHOM NPHMEChIO CEpPIICHTHHA, TaJbKa,
marHetuta. CTPyKTypa — BOJIOKHHUCTAS, CITyTaHHO-BOJIOKHHCTAs. [10 KOHTaKTaM ¢ BMEIAOIUMHU ITOPOJIa-
MH HHOTJIa Pa3BHBACTCS KPYHMHO3EPHUCTBIH aKTUHOJIUTUT. AKTHHOJIUTUTHI UMEIOT HEPaBHOMEPHO3EPHU-
CTBIE METEJIbYaTO-Iy4YUCThIE CTPYKTYPBI, B HUX COXPAHSAIOTCSI KCEHOIUTHI TY(OB, CI0KEHHbBIE XJIOPUTOBOH
Maccoil, ’HOT/1a C TaJIbKOM U KapOOHATOM.

O0bekT 8. BrIxoapl MacCMBHBIX MUPOKCEHUTOBBIX KOMAaTHUTOB, B KOHTAaKTE€ C HUMH HaXOATCS Mell-
KOOOJIOMOUHBIE arjioMepaToBbie TY(bl MUPOKCEHUTOBBIX KOMAaTHUTOB. B armomepartoBbix Tydax oOmomou-
Hasl 4aCTh COCTOMT U3 JIMTOKJIACT JIaB KOMaTUUTOB U Ty¢oB pa3mepoM oT 3 10 10 cM, 00JI0MKH OCBETIEHBI,
Oornee TeMHBIH LeMEHT c(hOPMUPOBAH MEIKOOOIOMOYHBIM Ty(oBbIM MaTepuanoM. [lo xumuueckomy cocrta-
BY Ty} OTBEYAeT MUPOKCEHUTOBBIM KOMaTHHUTaM. 110 X00y Osudicerus ciesa 8 oopvise 8bix00bl nypos koma-
MUUMO8 ¢ NEPeCIAUBAHUCM METKOOOIOMOUHO20 A2NIOMEPAMO8020 U JIANUIIUCE020 MAEPUANd.
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OobekT 9. Cepust muddhepeHITMPOBAHHBIX JIABOBEIX ITOTOKOB KOMATHHTOB. BwImemsiercs IsITh 30-
HaJIbHBIX JIABOBBIX TeJl 3aJIETAIOIINX B ciieaytomeM nopsake (Puc. 2.3):

Ilomox 1. TIoTOK CIIOXEH JIaBOOpEKYMEH MEepUIOTHTOBBIX KOMaTuUTOB (MgO-24-26%) Buaumas
MOIIHOCTB — 4,5 M. HIDKHIsI yacTh MOTOKA HMEET CTPYKTYPY MHUKPOCIHHU(EKC OJIMBUHOBOTO THITA B BUJEC
Pa3IMYHO-OPUEHTHPOBAHHBIX MAKETOB C PEIUKTaMH MOP(UPOBUIHON CTPYKTYPHI, TJ€ COXPAHIIUCH KOH-
TypBl H30METPUYHBIX 3€PEH ICEBIOMOP(HO 3aMELICHHOI0 oJMBHHA. [IceBIoMOpP(] 036! BEINOTHEHBI MENKO-
36pHUCTON XJIOPUT-TPEMOJIUTOBOM Maccoi ¢ TOHKOPACHBUIEHHOW MarHeTUTOBOH OTOPOYKOM, MOJYEpKH-
Barollel kpucrauorpaduueckue ouepranus. Jlanee cniuHU(EKC CTPYKTypa MEHSET THII Ha BeepoolOpas-
HBIH W JCHAPUTOBUIHBIN NpU pa3zmepe kpuctamio 1o 20-30 mMm. Pyanbie dasbl npencTaBieHbl akieccop-
HBIM XPOMIINUHEIUIOM, XpoMuTOM. KpoBiIs [IOTOKA CIIOXKEHA aBTOOPEKYUEH, B BUJE OCTPOYTOJIBHBIX H
OKpYTIBIX 00JOMKOB, pazMepoM oT 3-5 cMm a0 10-15 cM. B HEKOTOpPBIX MUTOKIIACTaX HAOIIOAAETCS CTPYK-
Typa MUKpocHHU}EKC (Tadu. 2.2).

yyacrka o3.Jlutkniaamnu
9-6
Iepu 0T TOBBIE KOMATHUTHI C 30HAMH

TI0JIOCYATOTO CIIMHHU(EKCA

uM Hepl/l)lOTl/lTOBble KOMAaTHUUThI
[TMpOKCEHNTOBBIE KOMATHUTHI
/ AroMeparoBble ¥ TICAMMUTOBBIC TY(DbI KOMATHATOB
Kopa BbIBETpHBaHUS KOMAaTHHTOB
,(‘];’S// ° < < | TlonmMMUKTOBbIC KOHIJIOMEPATEI

Puc. 2.3. B3aumooTHoOIIEHHE MOPOAHBIX JUTOTUIIOB B KOMAaTWUT-0a3anbToBoi accouuanuu Koikapckon
CTPYKTYPBI

Ilomok 2. J1aBOBBIM MOTOK MEPUAOTHTOBOTO KomaTuuTa (Mg0-22-25%) nMmeeT 4eTKUH HIKHHUI
W BEPXHUI KOHTAKTBI U XapaKTePHbIA MOP(OIOrHUecKril 00IUK, 00YCIOBICHHBIN THH30BUIHO-TIOIOC-
gaToi TeKcTypoil. COCTOUT U3 TpeX 30H: KyMYJSTUBHOH, TMH30BUAHO-IIOJIOCYATOH TEKCTYPHI CO CITH-
HU(pEKC CTPYKTYpOH, 30HBI MENKOTO rpaduueckoro cnuHudekca. KyMmynsaTuBHas 30Ha MOTOKA MOIIHO-
cteio 0,5-1 M, mopoga uMeeT PETUKTOBYIO KyMYJISITUBHYIO CTPYKTYpy U cioxeHa Ha 70-80% mceBmo-
Mop(}o3aMH ONIMBUHA M MUPOKCEHA, BBHIMOJHEHHBIMU XJIOPHT-TPEMOJIHUTOBEIM arperatoM. MHTepKymy-
JYCHOE MPOCTPAHCTBO HPEICTABICHO XJIOPUTOM, aKTHHOJIUTOBOH POTOBOM OOMaHKOH, TaabKOM, Tpe-
MOJIMTOM U MarHetutoMm. LleHTpanpHas 4acTh MOTOKA COACPKHUT JMH3BI MPOTSKEHHOCTHIO 0,8-2,5 M
npu MomHOocTH B 3-10 cM, KOTOpBIE BBIIENAIOTCS 0OJiee CBETIION OKpacKkoi. B IEHTpambHBIX YacTsxX
JIUH3 BUJIHBI CTPYKTYPBI ciuHU(DEKC pazMepoM 110 2-4 cM, (BBITIOJHEHHBIE TceBIOMOpP(H03aMU XITOPHT-
AKTUHOJIUTOBOTO COCTaBa MO MUPOKCEeHY). [To XMMUYECKOMY COCTaBy JIMH3BI KOHTPACTHBI BMEIIAIOIICH
nopojie, OHM MEHee MarHe3uajbHbl, MEHee >KENEe3UCTHl M coaepkar Ooiblie KpemMHezema. Kposis
IpelCcTaBiIeHa MAaCCHBHON MOPOJOH C PEUKTAMHU CTPYKTYPbl CIUHU(EKC MAKEeTHOTO U Pa3IMYHOOPH-
EHTUPOBAHHOTO THIIOB.
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Ta6auua 2.2. XuMudeckre cocTaBbl mopoa Koitkapckoit cTpyKTypsl

9-50 | 438-1 | 438-2 | 438-3 | 350-1 | 350-6 | 350-8a | 350-29 | 350-32 | 350-67 | 14-1 | 14-2 | 14-3 | 10-2
SiO, | 49.70 | 4598 | 50.44 | 41.87 | 47.80 | 47.74 | 42.78 | 50.40 | 42.10 | 43.60 | 47.44 | 26.78 | 27.42 | 50.34
TiO, 039 | 030 | 0.25 0.51 0.29 | 0.48 036 | 040 | 037 | 038 | 0.23 1.17 1.18 | 0.88
ALO3; | 996 | 6.66 | 4.08 | 11.27 | 6.12 | 7.04 | 922 | 11.01 | 8.69 8.13 6.15 | 18.64 | 19.36 | 15.15
Fe,O; | 2.55 2.04 1.83 2.84 | 212 1.74 140 | 2.18 | 2.63 1.78 1.61 3.17 1.94 1.83
FeO 8.47 8.30 6.83 940 | 6.82 | 7.62 891 8.84 | 10.20 | 8.91 8.63 | 16.76 | 16.52 | 10.34
MnO | 0.144 | 020 | 0.22 | 0.18 0.11 020 | 0.16 | 0.16 | 0.16 | 0.14 | 024 | 0.24 | 0.25 | 0.155
MgO | 14.87 | 22.92 | 22.62 | 20.68 | 24.49 | 22.02 | 23.34 | 12.36 | 22.11 | 23.20 | 22.06 | 20.66 | 20.31 | 8.44
CaO 6.16 | 7.46 8.88 570 | 6.31 8.55 6.52 5.81 6.58 | 6.56 | 7.42 1.12 133 | 223
Na,O | 2.14 | 0.05 0.07 | 035 0.04 | 0.11 008 | 269 | 028 | 0.12 | 0.06 | 0.03 - 3.47
K0 0.09 | 0.01 0.02 | 0.09 | 0.01 0.02 0.02 0.67 | 0.02 | 0.02 | 0.01 0.06 | 0.01 0.03
H,0 0.16 | 058 | 0.62 | 0.64 | 0.21 0.33 0.19 | 032 | 036 | 029 | 038 | 032 | 0.16 | 0.18
Lo | 5.11 5.65 | 441 6.77 | 499 | 453 638 | 4.61 639 | 634 | 537 | 1099 | 11.21 | 6.78

Cr - 1000 | 2296 891 2943 739 979
Ni - 280 1091 540 985 125 245
Co - 61 73 65 83 52 68
v - - 140 167 179 231 189
Pb - - 6 6 12 12 6

Rb - - 2 5 2 43 2

Ba - - 84 88 97 137 124
Sr - - 16 20 16 53 25
Nb - - 4.0 3.0 6.0 2.0 3.0
Zr - - 24 31 24 28 25
Y - - 8 11 9 13 12

Ipumeuanue. 9-50 maccuBHBII KOMaTUUT, 438-1 OpeKUNpPOBaHHBIN KOMAaTHUT, 438-2-arnomepatoBslil Tyd, 438-3 - 30Ha KPOBIH C
MuKpocnuHupexkcoM., 350-1 U3 BepxHell 4acTH MOTOKa MEPUIOTHTOBOro KoMaTuuTa, 350-6-u3 nun3el, 350-8a - u3 nemenra, 350-
29 - "rab6poBas" 30Ha MoTOKa, 350-32 - 30Ha cToN09aTHIX cHU(EKC, 350-67 MacCUBHBII KOMAaTUHT, 14-1 pacciaHIIOBaHHBIN KO-
MaTuuT, 14-2, 14-3 xopa BeiBeTpuBaHus, 10-2 IIeMEHT U3 KOHTIIOMepaTa (MEIKO3EPHUCTAs TPAYyBaKKa).

Ilomox 3. JIaBOBBII NOTOK OTBEYAaeT IO COCTABY MUPOKCEHUTOBOMY KoMmaTtuuty (MgO-23-14%),
MomHOCTh 3 M. [ToTok MMeeT MOP(OIOTHIECKH XapaKTEPHYIO EHTPAIbHYIO YacTbh, IPEJCTABICHHYIO I0-
ponoii ¢ rabbpo-opuTOBOI U rabOPOBOI CTPYKTYPOIl, UTO MOMOTAET MPOCIIECKUBATE €T0 MO MPOCTUPAHHIO.

JIaBOBBIM MOTOK COCTOUT U3 5 30H: KyMYJISTUBHOTO CTPOEHHS, CIMHU(EKC CTPYKTYpHl Beepoodpas-
HOTO THTIA, TaOOPOBON CTPYKTYPHI, CHMHU(EKC CTPYKTYpPHI MAKETHOTO THIIA U OPEKIMPOBAHHON KPOBIIH.
KymynsTuBHast 30Ha 4ETKO MPOCIIEKUBAECTCS B MOTOKE M MMeeT MolnHocTh — 0,3-0,4 M. OHa chopmupoBa-
Ha Ha 60-70% mnceBromopdo3amMu UANOMOP(HBIX, OKPYIJIBIX KPUCTAJUIOB ONMBUHA, pazMepoM 0,5-2 MMm.
30HBI cIUHU(EKC CTPOCHUSI UMEIOT B CBOEM COCTAaBE CIIMHHU(EKC CTPYKTYpYy IMMPOKCEHOBOTO THIIA BEEPO-
oOpa3Hoi, makeTHo# Gpopmbl pazmepom 0 0,8 cm. [Tupokcen B ciumHUDEKC KpUcTauIax 3amerneH ampuoo-
noM. CocTaB OCTalbHOM Macchl MOPOABL: XJIOPUT-TPEMOTUT-aKTHHOIUT-KapOOHAT-MarHETHT- aJIbOUTOBBIN.
LenTpanpHas 9acTh MOTOKa ¢ TabOPO-OPUTOBON CTPYKTypoil. B Hell BBLIENSAIOTCS JEWCTHI TUIarnoKia3a
pasMepoM 5-8 MM, KOTOPBIC 3aKITIOUEHBI B METKO3EPHUCTOMN XJIOPUT-TPEMOJIUT-aKTHHOJIUTOBOM Macce. Pe-
JUKTOBBIN MIaruokias cogepkut 50-60% An. B kpoBenbHOI 30HE Hapsily C 1aBOOpEeKYHel IUPOKO pas-
BUTA MOJUTOHAJIbHAS TPEIIMHOBATOCTb.

Ilomok 4. VImeeT cocTaB MUPOKCECHUTOBOTO KOMATHHUTA, MOIITHOCTE 70 cM. B o0Ha)keHMH 9eTKO BBI-
JIeNIeTCsl BEPXHUM M HIKHUI KOHTAaKT. B OCHOBaHMHM MOTOKA HAXOAWUTCS KyMYJISTUBHAs 30HA MOIIHOCTBHIO
20 cM, BBIIIE HEe MACCHBHAs MEJIKO3EPHHUCTAasi MOPOAa CO CIUHHU]EKC CTPYKTYpoil.B kpoBensHON vacTu
BHJIHA 30HA 3aKaJIKW MOITHOCTEIO 0,5-1 cM. mmpencTaBieHnas ahaHuToOBOMH TOPOIOH.

Ilomok 5. Tlo cocTaBy-IIMPOKCEHUTOBBIH KOMaTUWT.Buanmas momrHocTh moToka okosio 40 cwm,
MIPENNONOKUTENBHO MOXKET JOCTHraTh 1-2 M. B cTpoeHHM MoTOKa MOKHO BBIACITUTH JIBE 30HBI: KyMyJIs-
TUBHOW M COIUHHU(EKC CTPYKTYPHL. 30Ha KyMYJISTHBHOTO CTPOEHUS MOIIHOCTHIO0 20-25 cM, ClIO)KeHa TICEeB-
nmoMmopdo3zaMu TI0 UAUOMOPGHBIM 3epHaM OJMBHHA pa3zMmepoM 5-8 M. Coxpepxanue rceBmomopdos co-
craBisieT 80-90% oObema moposl. 30Ha CIUHU(EKC CTPYKTYPBI, COCTOUT M3 2 MPOTSHKEHHBIX TOJIOC Ma-
pajuienbHOro criuHudexca NTUpOKceHoBOro Tuma. Ilomockl uMeroT BeicoTy 8-10 ¢M, COCTOST U3 OTAEIBHBIX
UIJIOBAThIX KPUCTAJIOB, OPUEHTUPOBAHHBIX NEPIEHANKYIIIPHO K KPOBJIE MIOTOKA, OTYETIMBO HAOIIOAAIOT-
Cs TIO BCEH BUAMMOM YaCcTH MOTOKA. 3aJ€PHOBAHO SM.

Ilomok 6. JIaBOBBIi MOTOK NMHUPOKCEHUTOBOI'O KOMAaTHMHUTAa BUAMMAas MOLIHOCTH 2,5 M. Bckphita
BEPXHsIA 4acTh MOTOKA. B HIKHEH yacTh pacyMCTKH HAaXOIUTCA 30HA MACCHBHOTO MEJIKO3EPHUCTOIO CIIO-
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JKEHHS, BBIIIE CIIEAyeT 30Ha MPECTaBIEHHAsl TOJOCAMHU CO CTPYKTYpol crnuHU(EKC, T/ie IIaCTHHYAThIe
nceBIoMOp( 036l MO0 KIMHOMUPOKCEHY JOCTHTAOT BBICOTHI KpUCTAIOB B 25-30 cM. 30Ha 3aKajKH MOTOKA
uMeeT MOIIHOCTh 5-10 MM U ciokeHa adaHuTOBOI moponoii. Ha kpoBie moToka 3ayieraeT cjaoi riabl00BBIX
arJoMepaToBBIX TY(OB MEPUIOTHTOBBIX KOMAaTHUTOB C MEIKHMH JUTOKIACTAMH TEPUIOTUTOBBIX KOMa-
THHATOB Pa3MeEPOM J0 5-7 ¢M, U IIIBIOAMH MHPOKCEHUTOBBIX KOMAaTHHUTOB 10 30-35 cm. IlemeHT mpeacras-
JIEH MEJKOIPoOIeHON (ppakimeit mepuaoTUTOBOTO KOMATHHTA.

Ilomox 7. JIaBOBBIH NIOTOK MMEET COCTaB MEpUAOTHTOBOTO Komatuuta (MgO — 22,9-23.2%), BbI-
MOJIHEH aBTOOpeKkunel. Buaumas moutHocTh 0,7 M.

Oo6bexrt 10. B oOHa)XeHNM BCKPBIT KOHTAKT PAcCIAHIIOBAHHBIX KOMAaTHHUTOB C HAaJETAIOIMNMH Ha
HUX IOJMMHUKTOBBIMU KOHIJIOMepaTamMu. KoHIoMepaTsl 3ajleraloT Ha KOMaTUUTaxX 4epe3 KOpy BBIBETPH-
BaHus. Ee Bumumas MomHoCTh He npeBbimaeT 50-70 cM u npocnexuBaercs Oonee yem Ha 200 m. Coxpa-
HUBIIAsICA YacTh KOPbI BBIBETPUBAHUSA MPEACTABIECHA XJIOPUTUTAMHU (XJIOpUT cocTaBisgeT 80% ¢ mpuMechio
TallbKa, JISHKOKCceHa, kapOoHaTa, MarHeTuTa). CpaBHEHHE XUMHUYECKHX COCTABOB KOMAaTHHUTOB U MPOIYK-
TOB WX BBIBETPHUBAHHS CBUAETENHCTBYET O 3HAUMTEIHHOM BBIHOCE KpeMHe3eMa, KaJblMid M HAKOIUICHUH
ITIMHO3€eMa, Kene3a, TutaHa. ComepikaHue MarHus MEHseTcsl He3HauuTeNnbpHo. bosee mupoko B CTpyKType
MPEICTaBICHbl OTIOXKEHHS IEPEMBITON KOPBI BEIBETpUBaHUL. [10IMMUKTOBBIE KOHIIIOMEpAaThl HAUMHAKOTCS
CO CJI0Sl MEJIKOTAIEYHbIX KOHIJIOMEPATOB, CO CIa00 OKAaTAHHBIMHU YIJIOBATHIMU JIMTOKJIACTAMH KOMATHH-
TOB, 0a3aJbTOB U €AMHUYHBIMH TaJIbKaMH JAalMTOB B LIEMEHTE M3 MEIKO3EPHUCTOH rpayBakku. Ha smom
00HadICeHUU IKCKYPCUOHHbLIL Mapupym 3akanuueaemcs. Tpona, eedywas na 0opozcy, nepecekaem NAUKY
KOMAmuumoswix 1ae u my@oas.

Oo0nbexT 5. [IpeBHeliline TOHAJUTHI (¢ Bo3pacTtom 3,1-2,98 muipa. sier) 3anagnoii yactu Boasto-
3epckoro teppeiina (UeOuHcKkasi CTPYKTYpa)

Lenb 3KCKypcUU — 3HAKOMCTBO ¢ UeOMHCKMM MacCHBOM TOHAIHMTOB B KpaeBol yactu Caiiozepckoit
cTpykTyphl Bemtosepcko-Cero3epckoro 3e1eHOKaMEHHOTO mosica. MaccuB MpeacTaBisieT co0oi runaduc-
CaJTbHYI0 WHTPY3HIO, ITPOPBIBAIOIIYI0O ME30apXeHCKH OKECaHMYEeCKHH KOMIUICKC (TIpeCTaBICHHBIA KoMa-
TUUTOBBIMH 0a3aJIbTaMU, OTHOCHMBIMH PaHee K JIOYXHBapCKOM CBUTE) U aHJIE3UTHI IPEBHETO OCTPOBOJLY K-
Horo xomruiekca ¢ Pb-Pb Bo3pacrom 3020+10 mutH. et (JIobukos, 1982). MaccuB ciioxeH OMOTUTOBBIMH,
amM(puO0J —OMOTUTOBBIMH TOHAJIUTAMHU M TPOHIBEMUTAMH, CPEIAU KOTOPBIX OTMEYAIOTCS KCCHOIHUTHI Tab0-
POHJIOB, TUOPUTOB U CEUYETCS JaKaMH IIaruonopgupos.

[To reoxuMUYECKON XapaKTEPUCTHKE TOHAIUTHI OTHOCATCS K M3BECTKOBO-IIEIIOYHOM CEpUU HATPOBOTO
psiza, XapaKTepU3yIoTCsi HOBBIICHHBIME coziepxaHusiMu Al,O3; ¥ HU3KHMH KOHIICHTPAIIUSMH IIEeN0YCH.

W3 TpOHIBEEMUTOB IIEHTPATHFHOM YaCTH MAacCHBa BBIIEICHBI 5 (pakInii IMUPKOHA, OTHOCUMBIX K OJI-
HOU TeHepaluy. B IEeHTpaNbHBIX YacTAX 3epeH IMUPKOHA IBYX (paxiuii 0OHApyKEeH APEBHHUN PajHOreH-
HBII CBUHEIl M 3TU (PPaKIUU MCKIIOYCHBI P MOCTpoeHnH n30xpoH. U-Pb Bo3pact rpaHuToB, paccuuTaH-
HBIi 110 3 QpaknusM, coctaBisieT 2985+10 mun. net (bensukuit u ap., 2000).

IKCKYPCHA 3

KOCTOMYKIICKHUA HEOAPXENCKHUM 3EJTEHOKAMEHHBIN ITOSIC
T'opvrosey B.A., Paesckasa M.
NI" KapHI] PAH (IleTpo3aBojck)

Lenb SKCKYpCHH - 03HAKOMIIEHHE ¢ 00pa30BaHUAMU HUEMUSPBCKOM, ITypiIoBaapCcKoOi U pyBUHBaap-
CKOW CBHUT KOHTOKCKOH cepuH, B (HOPMALOHHOM OTHOILIECHHH NMPEICTABISIOMUX cO00H OTIOKEHUSI KOMa-
TUUT-0a3a]IbTOBOM M PHOJIUT-IAIMTOBOM Kele3ucTo-kpemHucro ¢opmanuu ([oppkoBernr u ap., 1981;
I'opbkosen, Paesckas, 2004).
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DKCKypCcHUsl HAUMHAETCS B IOT0-3amaHoN 4yacTH KOCTOMYKIIICKOTO 3eIeHOKAMEHHOTO TMosica, TIC U3~
BECTHBI BBIXOJIBI TIOPOJT HUEMUSPBUHCKON CBUTHI (puc.3.1, 3.2).

© oo N o 0O B~ W N =

Puc. 3.1. Cxema reosormgeckoro cTpoeHnss KocToMyKIICKOTO 3eI€HOKaMEHHOTO TTosica

1 - IIarHOMUKPOKIMHOBBIE ¥ MUKPOKJIMHOBBIC TPAHUTBI, JIOMHIA; 2 - KeIe30py JHO-CIIaHLEBbIe 00pa30BaHUs TH-
MOJIbCKOH cepum; 3-5 KOHTOKCKas cepusi: 3 - MeTaba3aabThl 1 KOMAaTHUTHl PYBUHBAAPCKON CBUTHI; 4 - KUCIIBIE
BYJIKAHUTBI, MATHETUTOBBIE CIAHI(BI M KBAPIUTHI ITyPIOBAAPCKON CBHUTHI; 5 - MeTa0a3aIbThl HUEMUSIPBHHCKOIT
CBUTBI; 6 - THEICHI HIOKO3EPCKOM TOJIIY; 7 - TPAHUTOTHEIChI U MUTMATHUTBL; 8 - TEKTOHUYECKHUE HapyLICHUs; 9 -
MapupyT 3kcKypeu; 10 - xene3opyanslii kapsep «LleHTpansHbliiy; 11 - HOMepa 3KCKypCHOHHBIX 00BEKTOB.

HuemusipBHHCKas CBUTA CIIOKEHA MPEUMYIIECTBEHHO MeTaba3aibTaMi, B COBPEMEHHOM BHJIC MPE/I-
CTaBJICHHBIMH 3IUAOT-M0JICBOIIAT-POTOBOOOMAHKOBBIMHU CIIAHIIAMH, aM(UOOIUTaMH, H3peKa ¢ MUH[A-
JICKAMEHHOM CTPYKTYpOil. B eqMHHYHBIX ciydasx cpenu MeTaba3aabTOB BCTpedaroTcs: MajgoMomrHbie (1,5-
2 M) MPOCJION KEJIC3UCTHIX KBAPIIUTOB.

B cocTtaBe cBUTHI B MMOJAYMHEHHOM KOJHUYECTBE MPUCYTCTBYIOT KOMAaTUUTHI. HIKHSS TpaHMIla HUE-
MUSPBUHCKOW CBUTBI OIPENEISICTCS KOHTAKTOM MEXKAY HMOPOJaMy HIOKO3EPCKOUM TOJIIHM U MeTaba3alibTa-
MU (TIOJICBOINAT-POrOBOOOMAHKOBBIMHU CIIAHIIAMHM); BEPXHsSA TPaHUIA GUKCUPYETCS KOHTAKTOM C BYJIKa-
HUTAMH KHCJIOTO COCTaBa.

B cocraBe oTioKeHMI HUEMHUSIPBHHCKON CBHTBHI PE3KO MPEOOIaNaloT IApOBBIE JIaBbl MeTaba3allb-
TOB, CJIArarolHe MOTOKH MOIIHOCTBIO 710 4 M. PEelHMKTBI TEKCTYp IAPOBBIX JIAB COXPAHSIIOTCS B PA3THYHOM
CTETICHH, B PsiJIe CIy4YaeB MO3BOJISS YCTAHOBUTh HAITPABIICHUE KPOBIH MTOTOKA.

MeTtaba3aibThl IpeBpallieHbl MpoleccaMu Metamopdusma (3nuaoT-ampubouToBast, aMmpruOOIUTO-
Bas (aiusi) B CJIaHIIbI, TOPOJ000pa3yOIIMMIA MHUHEPAJIAMH B KOTOPBIX SBJISIOTCS OOBIKHOBEHHAs! POTOBAsI
obmanka (50-85%), mmaruoxnasz ¢ 32-33% An (10-40%), B HE3HAYHTEIHHOM KOJHMYECTBE MPUCYTCTBYET
KBapIl, COJEpKaHMe dMUA0Ta BapbupyeT oT 5 10 20%. OObraHbIe aKkiieccopHble MUHEpATHI: ceH (10 1%),
M3pe/iKa UIbMCHHT.
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Puc. 3.2. JleTanpHbI 1aH y9acTKa pa3BUTHA OTIOXKEHUH KOHTOKCKOU cepur Kk C3 ot . Koctomykrm.

1 - MmeTabazanbThl (HUEMHUSAPBHHCKAS CBHUTA); 2 - BYJIKAHHUTHI yIBTPAOCHOBHOTO COCTaBA; 3 - BYJIKAHUTHI KHCJIOTO COCTaBa; 4 - Mar-
HETHTOBBIC KBApPIMTHI U MATHETUTOBEIE CIAHIBI; 5 - MeTaba3anbThl (pyBHHBaapcKas cBuTa); 6 - rab0poaMpuOOIHThL; 7 - TIIaruo-
MHKPOKJINHOBBIE THEHCOTPaHUTEL; 8§ - MUKPOKIMHOBEIE TPaHUTHI; 9 - ciaHneBatocTh; 10 - TeKTOHWYecKkue HapymeHus; 11- Ha-
IIpaBJICHUE KPOBIIH IIOTOKOB; 12 - HOMepa SKCKYPCHOHHBIX OOBEKTOB.

[To XuMU3My OCHOBHBIE BYJIKAaHUTHI HUEMUSPBHUHCKON CBUTHI COOTBETCTBYIOT Oa3zanbpTam (Tadm. 3.1).
WM npucyia HU3Kas KUCIOTHOCTD U IIET0YHOCTb.

O6mekt 1,2. OcMoTp 0O0HA)KEHWH HAYMHAETCS C 30HBI KOHTAaKTa THEHCOTPaHUTOB M MeTaba3aabToB.
B oOHaxxeHMsIX HaOIONAIOTCA MHOTOYHMCICHHBIE XKUJIbl IVIATMOMUKPOKIMHOBBIX 'PAHUTOB C KCEHOIUTaMU
n3MeHeHHBIX 3 (Qy3uBOB OCHOBHOIO cocTaBa (TOJICBOLINAT-POTOBOOOMAHKOBEIX CIAHIEB), B KOTOPBIX pe-
JIMKTHI IEPBUYHBIX TEKCTYP HE COXpaHstoTcs. Jlanee Ha BOCTOK, O Mepe yAaleHUs] OT KOHTAKTOBOM 30HBI
C TPaHUTOUZAMH Bce OoJiee OTUETIMBO BUAHBI PE JHUKTHI TEKCTYpPHI MApoBbIX jaB. HecMoTpst Ha oburyro
BBITSIHYTOCTh LIAPOBBIX TEJI 110 CIAHIIEBATOCTH, COXPAHAIOTCA MHIUBUAYaIbHbIE 0COOEHHOCTH OTAEIBHBIX
1IapOB, MO3BOJIAIOLINE ONPEIETUTh HAIlpaBJIEHHE KPOBJIM MOTOKOB Ha BOCTOK. HMKHHE yacTH MOTOKOB
NpeACTaBICHbl MACCUBHBIMU METajlaBaMU, BEPXHHUE - METAlIaBaMH C LIapOBOM TeKcTypol. MOIIHOCTE 1o-
TOKOB 1-4 M.

O 6 b e k T 3. 3aBepIIaloT pa3pe3 HUIEMUSPBUHCKON CBUTHI IIAPOBBIE JIaBbl MeTa0a3aibTOB. BCKpBIT
PE3KHii, COracHble KOHTAKT MEXIy MeTada3aJbTaMi HUEMHUSPBUHCKOM CBUTHI U 3¢ dy3UBaMHU KHCIOTO CO-
CTaBa IIYpJIOBAapOKOH CBUTHL. B HemocpencTBeHHOW OJIM30CTH OT KOHTaKTa, CyIs MO (OpMe IIapOBBIX
obocoOennii B MeTaba3zanbrax, KpOBJsl TIacTa HampaBlieHa Ha BOCTOK B CTOPOHY KHCIHBIX BYJIKaHHTOB,
KOHTaKT TeKTOHM3HPOBaH. B 30He KOHTaKTa (BUAMMAas MOLIHOCTH | M) OCHOBHBIEC BYJIKAHUTHI HHTEHCHBHO
paccnaHioBanbl. MOITHOCTh HUEMHUSPBUHCKOM CBUTHI 1,1 KM.

[lypnoBaapckasi cBUTa CI0XEHa MPEUMYILIECTBEHHO METaBYJIKaHHUTaMU KHCIOTO COCTaBa, C KOTO-
PBIMHU B BEPXHEH UacTH ee pa3pe3a acCCOUUUPYIOT KEIE3UCTO-KPEMHHUCTBIE TIOPOJBI U YIJIEPOeoiepaKaIIne
ciannbl. O0pa3oBaHUsl CBUTHI PACCMATPUBAIOTCA KaK MPOIYKTHI AALUT-PUOIUTOBON KeEJIe3UCTO-KPEMHH-
cTO¥ opMariu

B MeraByJiKaHHMTaxX KHCJIOIO COCTaBa, MPETEPIEBIIMX MeTaMopduiM smuaoT-ampuOoInToBoil ¢a-
LM, COXPAHSIOTCS PEIUKTHl NEPBUYHBIX TEKCTYP U YaCTHYHO CTPYKTYP, MO3BOJISIOIINE BBIIBUTH UCXO[-
Hble Iopofbl. Pe3ko mpeoliafaroT nupokinacTudeckue (Gaumuu - arjaoMepaToBble, JalWUIMEBble U Oojee
TOHKHE MeTary(bl, MeHee pa3BUThI MeTaTy(h(duThl. B cOBpeMEHHOM BHJIE OHH HPEICTABICHBI CIFOIUCTO-
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KBAapII-MOJICBOIINATOBBIMH CIAHI[AMU TTOPQUPOBUAHBIMU, C TEKCTYpOol Opekuuii, cimoucthiMu. [1opomgoos-
pasymoiye MUHEepaibl B HUX miarnoknas (3-22 % An), kBapil. Copepxanue OMOTHTA Yallle He TPEBHIIIacT
5%. B cnoucteix Metaryhdurax conepkaHiue MyCKOBUTA U OMOTHTA MOXKET Bo3pacTaTh 110 15%.

ITo XMMU3My KHUCITBIE METABYJIKAHUTHI OTBEYAIOT PUOJUTAM, PUOJAIIMTAM U OTHOCATCS K U3BECTKO-
BO-TIIENIOYHOM cepun (Tad. 3.1).

Tabnuya 3.1. XUMUUECKHI COCTaB apXeHCKUX CYIpaKkpycCTaAIbHBIX NOpoa KocTOMYKIICKOTO 3e71€HOKaMEHHOT0 TI0sica
1 IPOTEPO30MCKNX MHTPY3UBHBIX HIEIOYHO-YIBTPAOCHOBHBIX MOPOoA KOCTOMYKIICKOTO pyAHOTO paiioHa

KoMIioHeHThI 1 2 3 4 5 6 7 8
SiO, 72,36 49,90 43,80 37,22 64,48 58,92 44,49 43,25
TiO, 0,23 0,75 1,00 0,24 0,65 0,80 2,88 3,89
Al,O; 14,44 16,00 17,77 5,10 15,07 17,07 3,99 6,81
Fe,0; 0,47 1,60 3,80 1,70 2,41 1,72

FeO 1,50 9,20 11,90 8,55 4,67 8,26 9,99* 8,77*
MnO 0,018 0,100 0,210 0,234 0,059 0,075 0,31 0,11
MgO 0,80 6,70 4,12 31,35 2,65 3,58 28,51 20,98
CaO 2,56 10,90 12,40 1,61 2,90 1,33 3,88 8,22
Na,O 6,16 2,38 2,03 0,07 3,94 1,65 0,22 0,62
K,0 0,77 0,24 0,45 0,03 2,08 3,62 4,88 4,54
H,O 0,12 0,15 0,20 0,40 0,16 0,24 - -
CO, - - - - - - 1,54 0,51
nnn 0,33 1,66 2,00 12,89 0,72 2,52 7,2 6,1
P,O; - - - 0,03 - - 0,83 2,81
CcyMMa 99,76 99,58 99,68 99,69 99,97 99,95 100 100
Cr - - - 6842 - - 1563 489
Ni - - - 109,2 - - 1426 -
Cu 17,578

Co - - - 1104 - - 99 44
Ba - - - - - - 2258 2420
Sr - - - - - - 659 -
Ta - - - - - - 4.6 8,0
Nb - - - - - - 95,4 -
Hf - - - - - - 8,3 2,7
Zr - - - - - - 349 -
Y - - - - - - 12 -
Th - - - - - - 11 24
La 8,87 0,74 1,7 - 16,81 10,02 165 296
Ce 19,45 3,95 3,94 0,97 34,03 24,68 282 522
Pr 1,8 0,62 0,62 0,24 3,52 2,55 - -
Nd 6,15 2,57 2,77 0,81 12,56 11,29 97 201
Sm 1,47 0,99 1,89 0,42 2,72 2,93 9 19
Eu 0,37 0,25 0,39 0,08 0,74 0,56 2 6
Gd 1,31 1,45 1,29 0,28 2,83 2,3 - -
Tb 0,12 0,22 0,26 0,05 0,29 0,3 0,6 -
Dy 0,57 2,13 1,93 0,32 1,83 2,11 - -
Ho 0,1 0,4 0,38 0,08 0,31 0,38 - -
Er 0,34 1,21 1,15 0,26 0,98 0,92 - -
Tm 0,04 0,2 2,3 0,04 0,15 0,08 - -
Yb 0,41 1,14 1,43 0,27 1,06 1,06 0,2 -
Lu 0,05 0,21 0,23 0,03 0,13 0,16 - -

Ipumeuanue: 1 — meraty¢ propanura (IIypiroBaapckasi CBHTa); 2-4 — MOpoabl PyBUHBAapCKOM CBUTHL: 2,3 — MeTaba3anbTel, 4 —
KOMATHUT; 5, 6 — IOPOABI THMOJIBCKON CepUH: 5 — OMOTHT-KBApLEBHIA CllaHell, 6 — KBapI-OMOTHTOBBIN cilaHell; 7 — MUPOKCEH-
(IIOTOIINT-OJIMBUHOBEIN JIAMIIPOUT; 8 — ONUBHH-TIEHIUT-(roronuToBsIit amnpounr (7, 8 mo Hukutuna u ap., 1999).

Meraocano4Hble MOPOIBI B COCTABE IIyPIOBAAPCKON CBHUTHI MPEACTABICHB MarHETUTOBBIMH KBap-
UTAaMH ¥ MarHETUTOBBIMH CIIAHIIAMH, CJIarafoIlUMHU TOPU30HT 00Imel MonrHocThio A0 100 M. [To mMune-
pPaNbHOMY COCTaBY CpeIH MAarHEeTHUTOBBIX KBapLIUTOB BBHIIENAIOTCS TPIOHEPUT-, OMOTHT- W aKTHHOJIUTCO-
nepxarue. s HIX XapakTepHA CIIOUCTas TEKCTypa C MOCIONHOM CMEHOW MUHEPaIbHOTO COCTaBa U 00sI-
3aTeIbHBIM MPUCYTCTBHEM CBETJIBIX KBAPIIEBBIX MPOCIOEB. Pym1o00pa3yrommM MUHEPAIoOM SBIISETCS Mar-
HETHT, 9YaCTh U3 KOTOPOTO - TICEBIOMOP(O3bI IO reMaTuTy (MymkeToBuT). ComepikaHue MarHeTuTa KoJeo-
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netcs B ipenenax 20-25%, penxo Bospactas 10 40%, u B "0e3pyqHBIX" Pa3HOBHIHOCTSAX CHIDKAETCS IO S5-
1%, 4TO COOTBETCTBEHHO OTPa)KaeTCsI HA XUMHUYECKOM COCTaBE KEJIE3UCTO-KPEeMHHICTBIX Opoa Maraeru-
TOBBIE CJIAHIIBI B OTJIMYHE OT MAarHETUTOBBIX KBAapLUTOB HE COACPKAT KBapLEBBIX CIOHKOB, a COlEpKaHUE
MarHeTHuTa B HUX 00bIYHO He npeBbimaet 20%.

Yrnepoacoaep kalye CIaHIbl B COCTABE CBUTHI HE MPEBHIIAIOT 2% ee o0bema. YTIepoaucToe Be-
IIECTBO B HUX COCTaBIsAET 2-4%, HAXOMUTCS B PA3IMYHOM arperaTHOM COCTOSTHHH U TIPEICTaBICHO HETIOJ-
HOKpHUCTAIIIMYECKUM rpaduToM. MUHEpaabHBI COCTaB M HETPOXUMHUUECKHE OCOOCHHOCTH YIIepOACOAED-
KAIIUX MTOPOJI TIO3BOJISIIOT MPEAIONIOKUTh, YTO MCXOIHBIM OCAIKOM JUIA UX 00pa30BaHUS TMOCITYXII Tep-
PUTCHHBINA MaTepral ¢ HEOOJBIION MpUMechio Ty(oBoro. OOIas MOIIHOCTh OPO/I IIYPIIOBAaAPCKON CBU-
161 400-600 M.

OTI103keHUs CBUTHI K 3amany oT KOCTOMYKIICKOTO MECTOPOXKISHUS 00pa3yIoT MOJIOCy CyOMepHIro-
HaJIbHOT'O TIPOCTUPAHUS JUIMHOM 0K0j10 20 KM, Ha MPOTSHIKEHUH KOTOPOU CTPOEHHUE CBUTHI HEOAHOPOHO. B
LEHTPaJIbHOM YacTH TOJIOCH MPeo0IaaaloT arlioMepaToBble MeTaTy (bl pUOJIHUT-IAUTOB U MaKCUMaIbHON
MOIIHOCTH (70 60 M) AOCTHUTaIOT IJIACTHI )KEJIE3UCTO-KPEMHHUCTHIX TTOPO/I, B CEBEPO-3aIMafHOM U FOT0-BOC-
TOYHOM €€ KOHIIaX BO3PacTaeT KOJMIECTBO IMEIUIOBBHIX MeTaTy(hoB U TyhdHUTOB, MeTaMOPp()UIESCKUMH K-
BUBAJICHTAMHU KOTOPBIX SIBJISIFOCTCSI CIIOMCTHIC CIOANCTO-KBAPI-TIOJICBOIINATOBEIE CIIAHIIBI.

O 6 B e x T 4. B xo1e mapupyTa, MpOXOAAIIETo MO I0ro-3alaJHO YacTH MOJIOCH! pa3BUTHsI 00pa3oBa-
HUI IIypIoBaapCKON CBHUTHI, SKCKYPCAHTHI MOTYT O3HAKOMUTHCS ¢ OOHAKEHUSMH MPEUMYIIIECTBEHHO MeTa-
TydoB pruogaauros. JKene3opyIHbIH TOPHU30HT HE OOHAXKEH M BCKPBIT TOJIHLKO TOPHBIMHU BBEIPAOOTKAMH.

PyBuHBaapckasi cBUTa, 3aBepllalOIIas pa3pe3 OTIOKEHUH KOHTOKCKOW CepHH, CI0KEHa MperMyIe-
CTBEHHO MeTaba3allbTaMu, B MOAYMHEHHOM o0beMe (10 10%) mpucyTCTBYIOT KOMAaTHHTHI U HE3HAYUTEIh-
HO€ KOJIMYECTBO METaMOP(HU30BAHHBIX BYJIKAHOT€HHO-OCAIOYHBIX TOPOJ], MPEACTABICHHBIX CIONCTHIMH
rpaHaT-1oJIeBOLINAT-POrOBOOOMAHKOBBIMH, CHIIMKATHBIMH KBapIIUTAMH

Metaba3anbThl, peTepreBiIne MeTaMophu3M dUA0T-aM(PUOOTUTOBOM U aMPUOOIUTOBOH daruu,
MIPEBpAIIECHHI B ITOJIEBOMIIIAT-POTOBOOOMAHKOBBIE CIIAHIIBI, B KOTOPBIX COAEPKATCA PEIUKTH TEKCTYp BYJI-
KaHUTOB - MACCHBHBIX U IIAPOBBIX JIaB, JlaBoOpekunii. Hanbonee mmpoko pacnpocTpaHeHbl MIapoBhIe Jia-
BBl MeTaba3albTOB, 00pa3yolie MOTOKH MOITHOCTBIO 10 10 M. Ho MuHEpanbHOMY M XHMHYECKOMY CO-
CTaBy, TEKCTYPHBIM OCOOCHHOCTSM MeTa0a3aibThl PYBUHBAAPCKOW M HUEMHSPBUHCKOW CBUT CXOAHBL OT-
JMYUTEIBHOW OCOOCHHOCTHIO METaBYJIKAHUTOB OCHOBHOI'O COCTaBa PYBUHBAAapCKOW CBUTHI SIBISIETCS TO,
YTO Cpely MOCIEIHUX BCTPEYAIOTCS] METalaBbl ¢ KOHUCHTPHYECKH 30HAJIBHBIM CTPOSHHEM ILApOBBIX TeJl.
B nenrpanbHbIX, O0oee CBETJIBIX YacTsaX IapoB miarunokias (33-47% An) npeobnazaet Hall poroBoi 06-
MaHKOH, KpaeBble 4YacTH UX IHUpUHON 3-10 cM MO MHUHEpaTIbHOMY COCTaBY U CTPYKTYypE aHAJIOTHYHBI HE-
T depeHINPOBAHHBIM IIAPOBBIM 000COOICHHUSIM.

D¢ ¢y3uBHl yIBTPAOCHOBHOTO COCTaBa MeTamopduiecku mpeodpa3oBaHbl B €l1abd0 pacciaHOBaH-
HBIE ¥ MacCHBHBIE ITOPOJBI, COCTOSINNE W3 CEPIIEHTHHA, aKTHHOJINTA, TPEMOJIHNTA WM XJIOPHUTA, WHOTAA
TaJlbka U KapOoHaTa. B pekux ciydasix COXpaHsIOTCs PENMKTHI 3epeH oirBuHA. CTPYKTYpa JemuIoHeMa-
TOONAcTOBasI, HeMaToOIacToBast, GUOPOHEMATOOIACTOBAsL, YaCTO C PEIMKTAMH THIIOKPUCTATUYECKON H
MUKpocnuHU(EKCc. B maHHBIX mOpogax HAONIONAIOTCS OTYETIIMBBIE PETUKTHI TEKCTYP 3G (dy3UBOB - MIapo-
BBIX JIaB, aBTOOPEKYHH, CIIOMCTHIX Ty(HoB U TyhobOpekunii. [lo XUMHIECKOMY COCTaBy YJIbTPAOCHOBHBIC
BYJIKAHUTHI PYBUHBAapPCKOH CBUTHI OTBEUYAIOT KOMAaTUUTaM M HU3KO- M BHICOKOMarHe3ualbHBIM KOMaTHH-
TOBBIM 0azanbTam (Tabin.1). st Hux xapaktepHa HU3Kas MEeN09HOCTh. OCOOCHHOCThIO XUMU3Ma KOMATHH-
TOB SBJISIETCS TOCTATOYHO BBICOKOE cojepkanne B HUX A 1,03 u kpaitHe Manoe koimaectBo K,O. Ob6mas
MOIIHOCTE CBUTHI 1 KM.

[To xomy MapmpyTa 3KCKYpCcaHThl 03HAKOMSTCS C BBIXOJAMH HIAPOBBIX JIaB MeTa0a3ajbTOB PyBHH-
BaapCKOW CBUTHI, OIMKAWITUMH K KOHTAKTY C MOJICTHIIAIONINMHE ITOPOAaMHU IIypIIoBaapckoii cBUTH. Hero-
CPEICTBEHHBI KOHTAaKT He oOHaxeH. [lanmee MapumipyT mepecekaeT pas3pe3 OTIOKEHHWH PYBHHBAaapCKOU
CBUTHL. B pacumcTkax Xopomo BHAEH xapakTep AcdopManuii MIapoBHIX TeNl B MeTalaBax B Ipolecce
CKJIaT9aTOCTH.

O 6B eKT6. YHIaCTHUKN IKCKYPCHH TIO3HAKOMSTCS C 0COOEHHOCTSMHU CTPOCHHUS TAaYKH KOMaTHHTOB
(puc. 3.3, 3.4, 3.5). JIaBbI KOMaTUUTOB CJIararOT MOTOKH MOIIHOCTHIO 8-40 M. HrkHIE yacT MOTOKOB CIIO-
JKEHBI aBTOOPEKYHSIMH, PeXKe MACCUBHBIMHU JIaBaMH. B BEpXHHUX 4acTAX MOTOKOB 3aJIETAI0T aBTOOPEKYHH, B
KOTOPBIX MEXIy KPYIMHBIMH TJIbI0AMHU HaOOJAI0TCS MOJIOCHI C PEMKTaMU CTPYKTYpHI crinHudekc. B aB-
TOOPEKYHSAX KPOBIH MOTOKA YACTO BCTPEYAIOTCS PENUKTHI CTPYKTYpBI MUKpocnuHudekce. bonpmas morm-
HOCTb TIOTOKOB, IIUPOKOE PAacCHpOCTpaHEHHUE aBTOOPEKUYMH, MPUCYTCTBUE MUPOKIACTHYCCKUX MPOIYKTOB,
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MPUYPOYCHHOCTh K JAHHOMY YYacTKy TOBBIIIEHHOTO 3HAYEHHS TPaBUMETPUYECKOTO TOJS TO3BOJISIFOT
MIpeInoJaraTh 1 PeKOHCTPYHPOBATh BYJIKAHUYECKHM HEHTP, MOCTABISIONINNA MPOAYKTHl YIBTPAaOCHOBHOTO
coctaBa. B 3Toll ByJIKaHW4eCKOi MOCTPOKe, 00paMIIEHHOH TOJIEUTOBBIMH Oa3allbTaMu, HAOIIOAAaETCS CMe-
Ha (pannanbHBIX THIIOB BYJIKAHUTOB - JJABOBBIE MIOTOKH KOMATHUTOB C TEKCTYPOW aBTOOPEKYHI U MacCHUB-
HOW TEKCTYpOH MO HAIpPaBJIEHUIO K KPA€BOW YACTH MOCTPOUKH CMEHSIIOTCA JIAMUJUTMEBBIMUA U TOHKOCJIOU-
CTBIMH TIETIJIOBBIMHU Ty(haMi KOMaTHHTOB.

OmnpenesneHrie KPOBIIM U MOJOIIBHI JTABOBBIX IIOTOKOB, & TAKKE CTPYKTYpHBIE HAOIIOJCHUS TTO3BOJIIOT
YCTaHOBHUTb, YTO BYJIKAHUTHI UCTIBITAIN HEOTHOKPATHBIE AedopMarny ¢ 06pa3oBaHHEM CKJIA0K Pa3THIHBIX
MOPSIKOB. ITO 00YCIOBIIIO B COBPEMEHHOM JPO3HOHHOM Cpe3e HEOTHOKPATHYIO TTOBTOPSEMOCTh METaMOp-
(130BaHHBIX JIaB ¥ Ty(DOB B mpezienax ByJIKaHUUECKOW TOCTPOHKH, 0COOCHHO B €€ KpacBOi 4acTu.

Janbreiiee 3aakoMcTBO (MapmpyT: T.KocTomykia — kapeep LleHTpanbHbIH) ¢ CynpakpyCcTaTbHEI-
MH 00pa30BaHUSAMH JIOIHUS SKCKYPCAHTHI MPOIOIDKAIOT B Kaphepe LlenTpamsaom Kocromykmickoro I'OKa.
371ech AEMOHCTPUPYIOTCS Pa3IHYHbIE TUIBI KEJIE3UCTHIX KBApLUTOB M BMELIAIOINE UX MOPOJbI TUMOIb-
CKOH CepHH.

KocTtomykmickoe MecTOpoKIeHHE JKEIe3UCThIX KBAPIUTOB ABIsETCS KpynHemM Ha CeBepo-3arma-
ne Poccun. Hauano pa6ot B kapbepe LlenTpansaom otHOCHTCS K 1978 T.

Koctomykuickuil ropHO-000TaTUTENBEHBI KOMOWHAT paccyuTaH Ha mepepaboTky 24 MIIH.T CBIPOH
pPYZBI B TOJ, 1O MPOMU3BOJACTBO 9,5 MIIH.T kKeJIe30pyJHOr0 KOHIIEHTpaTa ¢ COAep)KaHUEM xkene3a 65,7% un
8,7 MITH.T O)ITFOCOBAHHBIX OKATHIIICH.
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Puc. 3.3. CxeMma reoJormgecKkoro CTPOCHHUS MaJeOBYIKaHUIECKOW MTOCTPOHKH IEHTPa YIABTPAOCHOBHOTO BYJIKAHHU3MA.

1 - NIarHOMHUKPOKINHOBBIE TPAHUTSI; 2 - aM(pubonn3upoBaHHbe rab0po MeNKo- (a) U cpeaHe3epHUcTsie (0); 3 - MacCHBHbIE MeTa-
naBbl KOMaTHUTOB ¢ MgO <24%; 6 - aBTOOpeKYnH KOMaTUUTOB; 5 - MeTanaBbsl KoMaTUUTOB ¢ MgO >24%; 6 - TOHKOCIIOUCTBIE TY-
¢B1; 7 - nanureBbie TyQBI; 8- MApOBBIC JTaBbl MeTaba3albToB; 9 - a CIOUCTOCTD, O - CIIAHIIEBATOCTb, B - (IIIOMAATBHOCTB; 10 -
HaTpaBJICHHE KPOBIHU MOTOKOB; 11 - KOHTaKTHI MOPOA YCTaHOBICHHEIE (a) U mpeamnonaraemeie (0); 12 - TEKTOHUYECKHE HapyIIe-
HUS; A - PEKOHCTPYKIINS BYJIKAHHYECKOTO IIEHTPa.
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Puc. 3. 4. ABTOOpEeKYNU KOMAaTHHUTOB.

1 - KOHTYpBI KPYIHBIX (PArMeHTOB; 2 - MEJIIKOOOIOMOYHAsI OPEKYHS; 3 - PEIUKTHI «OKHIKUX KaIlelb» PaciuiaBa; 4 - 30HbI CO CTPYK-
Typoi crinHHpEKC.
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Puc. 3.5. CtpoeHune noTokoB KOMAaTUUTOB U KOHTAKT JIBYX IMOTOKOB.

1 - MaccHBHbBIC KOMATHUTHI (KyMyJISITHBHAsSI 30Ha); 2 - KOHTPAKIMOHHAs OpeKk4ust; 3 - aBToOpeKuHs; 4 - 30Ha CO CTPYKTYpPOii CIH-
Hudexc; 5 - Opexuns (KPOBIIs TOTOKA); 6 - TOHKOCIOUCTBIE TY(DBI.
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Oo6nekr 7. B LlenrpansaoM kapeepe Koctomykmickoro 'OKa ocmotp HaunHaercs ¢ 3anagHoro 60p-
Ta, I7ie OOHaKAIOTCSI OCHOBHBIE BYJIKAHUTHI PYBUHBAApCKOW CBHUTHI (MeTa0a3aIbThl).

B 10kHOH 1 3amaHON YacTsAX Kapbepa paHee ObUT BCKPBIT KOHTAKT MEXAY MeTabazanbTaMu KOHTOK-
CKOW CepUH M MOJMMHUKTOBBIMH KOHIJIOMEpaTaM TMMOJIBCKON CepHH. JTa TpaHulla TPAKTYeTCs Kak IUIO-
aHas apXxerckas Kopa: XuMudeckoro BeiBeTpuBanus. (I'opskoserr, PaeBckas, 1985).

Ot MeTaba3aabTOB KOHTOKCKOI CE€pUH C MIapOBOM TEKCTYpOM, MPEACTABICHHBIX MEIKO3EPHUCTHIMU
MOJIEeBOIINAT-aM(PHUOOTIOBBIMU CIAaHIIAMH, A0 NAyKd MOJMMHUKTOBBIX. KOHIJIOMEPATOB IMPOCIEKHUBACTCS
crnemyromas cMeHa mopos. B 12,4 M oT KOHTaKTa ¢ KOHTJIOMEpaTaMy B MeTaba3albTax ¢ TEKCTYPOH mMapo-
BBIX JIaB TOSBJSIOTCS NPUXOTIMBO TEpPECEKaronecss TPEUIMHBI MOUTHOCTRI0 A0 0,2 cM, 3aedeHHBIe
KBapU-KaJbLIUTOBBIM, MUA0T-KAJIBLUTOBBIM, KaJBIUTOBBIM MaTepuaioM. Jlanee mo HampaBiIeHHIO K Bep-
XaM paspesa B IHOJIEBOLINAT-POrOBOOOMAHKOBBIX CJIAHIIAX MOCTETNIEHHO MCYE3al0T PENUKTHI TEKCTYPHI IIa-
POBBIX JIaB, BO3PAcTaeT KOJMYECTBO TOHKUX SMMIOT-KaJIbIIUTOBBIX MPOXKHUIKOB U MPOSBIISIOTCS JIUCTOYKH
U arperaTbl OMOTHTA, PaCIpeACIeHHOTO B IOPO/ie HEPaBHOMEPHO B BHJE MATEH. BHOTUTH3NPOBaHHBIE OC-
HOBHBIE BYJIKaHHTHI 3aT€M CMEHSIOTCS POrOBOOOMAHKO-OMOTHT-KBAapI-I10JIEBOIIIIATOBEIMU CIIaHIAMU C
rpararoM. O01mas MOIHOCTL MeTamopdr3oBaHHON KOpsl 10-12,5 M (puc. 3.6).
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Puc. 3.6. Meramopdu3oBaHHast KOpa XHMAYECKOTO BBIBETPUBAHUS (KeNe30pyIHbIH Kapbep «LeHTpanbHbI» ).

1 - MeTarpayBakkky; 2 - pOroBOOOMaHKO-OMOTUT-KBAPILIEBbIE CIIAHIIBI C TPAHATOM; 3 - OJEBOIINAT-POrOBOOOMAHKOBBIE CIAHIIBI C
rpaHaToM; 4 - rpaHaT-ONOTUT-TI0JIEBOLIIAT-POrOBOOOMAHKOBBIE CJIAHIIBL; 5 - MOJICBOLINIAT-POrOBOOOMAHKOBBIE CIIAHIIBI C PETUKTa-
MM TECTYPBI IIAPOBBIX JIaB; 6 - TPEILMHbI, 3aJICUCHHbIC KBapIEM U KAJIbLIUTOM; 7 - TOYKH 0TOOpa 1pod

C pe3krM M YeTKMM KOHTAaKTOM Ha IJIOMIAHYI0 KOPY XMMUYECKOro BBIBETPUBAHMS HAJETaloT IJia-
CTBI METAarpayBaKK U IOJIMMHUKTOBBIX KOHIVIOMEPATOB, SIBIIOIINXCSA 0a3aJIbHBIMU IS TOPOJ TUMOJIBCKOH
cepuu.

I'mMonbckas cepust B paiioHe KOCTOMYKIICKOTO MECTOpPOKIAEHHS NpEeACTaBIeHa METaoCaJ0YHBIMU
HOPOAAMH - JKEJIE3UCTHIMH KBAPLIMTAMH B aCCOLUALMU C PUTMUYHOCIOMCTBIMU CIIFOAUCTBIMU U YITIEPOJ-
conepkamumMu puimmuroBuaHbIME cianiamu (I'opbkosern, Paesckas u np., 1981).

Mertaocagounble 00pa3oBaHUsI TUMOJBCKOM cepur B KOCTOMYKIICKOM paifoHe pacuiieHsroTcs Ha
TPU CBUTHI: CYKKO3€PCKYIO, KOCTOMYKIICKYIO U CyplaMIMHCKY10. [IpogykTHBHas, colepikaias OCHOBHbIE
3aI1achl XKeJIe3HbIX PyJ, KOCTOMYKIICKAsl CBUTA CI0XKEHA METa0CaA04YHbIMU [IOPOJAMU: XEMOT€HHBIMHU Ke-
JIE3UCTO-KPEMHHUCTBIMU OCaJIKaMH, IPEBPAICHHBIMA METaMOP(UUECKUMH TIPOLIECCAMHU B JKEIIE3UCTHIC
KBAapLMTHl U TEPPUTCHHBIMH N1€CYAHO-TIIMHUCTBIMU OCaJKaMHu (UIMILIEBOTO THIIA, IPEACTABICHHBIMU PUT-
MHUYHOCJOUCTBIMU CIIIOUCTBIMU @ TaKXe YIJIEPOACONEPKALIMMHU IJIMHUCTBIMU U I€CYAHO-TJIMHUCTHIMU
0cCaJIkaMu, TIpeBpalIeHHBIMI MeTaMOp(OU3MOM B (PHITUTOBUAHBIC "dYepHBIe" CITaHIBI C YIIIEPOIOM U CYJIb-
¢uaHO MuHepanu3anueil. B 3aBUCMMOCTH OT COOTHOLICHUS IEPEYHCICHHBIX TUIIOB IOPOJ B COCTaBe KOC-
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TOMYKIIICKO¥ CBHUTBI BBIACISIOTCS JIBE TOACBUTHI: HIDKHEKOCTOMYKIIICKAS, CYIIECTBEHHO KeJIe30pyaHas, U
BCPXHCKOCTOMYKIIICKAA - C MPUMEPHO PaBHBIM COOTHOIICHUEM JKCJIC30PYAHBIX W CJIAHIEBBLIX ITJIACTOB
("Tomma nepecnanBanus")

B IleHTpanbHOM Kapbepe MOXHO YBUAETh BCE PA3HOBHHOCTH JKENE3UCTHIX KBapuuTOB. HanmeHnee
"GoraTeie" - 3aKHCHO-CHJIMKATHOTO THMA: | - TpIOHEPUT-OMOTHTOBEIE C IPUMEPHO PABHBIM COOTHOIIICHHEM
B HUX MarHeTHTa M MUPPOTHHA; 2 — MAJIOPyAHbIE OKHCHO-3aKUCHBIE - MarHETUT-TPIOHEPUTOBBIE, OMOTHUT-
TPIOHEPUT-MarHeTUTOBBIE; 3 — pyJHbIE OKUCHO-3aKHCHBIE — OMOTUT-MarHeTUTOBbIE, TPIOHEPUT-MAarHETUTO-
BbIe, pUOCKUT-MArHETHTOBEIE, STUPHCOKEPIKAIINE MATHETUTOBBIC KBAPIIHUTHIL.

Bce >xerne3ucTrie KBApIWTHI - 3TO CIIOMCTHIE TTOPOIBI OT 1py00id (MOITHOCTE S-10 M) 710 TOHKOH CJIOMCTOCTH
(momtHOCTH 0T 0,5-1,5 cM), TOHKO3epHUCTBIE. [ TaBHBIM PyIHBIM MHHEPATIOM KeJIe3UCTBIX KBAPLIUTOB SIBISICTCS. Mar-
HETUT, TIPE/ICTABIICHHBINA HECKOITBKMMU TCHEPAITUSIMU.

B zanamHOM 6OpTY Kapbepa OTYETIIMBO BHJIHO IUIACTOBO-CEKYINee TENO TeiUIeIIMHTEI - MOPOJIBI CBETIIOTO,
CBETJIO-CEPOTr0 1IBETA, TOHKO3EPHHUCTOM, MACCHBHOM TEKCTYPBbI, PUOTIUT-IALMTOBOTO COCTABA.

KoHTaKT remieImHTh ¢ MarHETUTOBBIMU KBAPLUTAMU CEKYIIUH, 9 € TK U i | CTa0ON3BUITHCTHII WM POB-
HbIM, aKTUBHBIN. B remiediauaTe BONMM3M KOHTAaKTa ¢ MATHETHTOBBIMH KBAPIATAMHU MOSIBIISIFOTCS MHOTOYHC-
JICHHBIC KPHUCTATIMKA MATHCTUTA, & B 0,3-1 M OT KOHTaKTa OTACIbHBIC KCCHOJIMTBI MarHETUTOBOI'O KBapIlu-
ta 0,1-0,4 M B monepeunrke. OT OCHOBHOIO IDIACTOBO-CEKYLIETO Tejia TeIC(IMHT B MArHETUTOBBIC KBAPIIUTHI
TO CJIOMCTOCTH BHEAPSIIOTCS anmodu3bl TeieGInHTB MOITHOCTRIO 10 0,5 M. B koHTakTe ¢ remnedauHTom
MAarHETHUT XKEJNEe3UCTHIX KBapIUTOB IIEPEKPUCTAIUIN30BAH H 00pa3yeT MAarHeTUTOBY OTOpPOY-
Ky MOIIHOCTBIO JI0 2-3 cM.

Cpenu xene30pyJHO-CIAHIEBBIX TOJII THMOJIBCKOH CEPUU MPUCYTCTBYIOT MIACTOBO-CEKYIIHE
Tena yabTpamMaduToB, PEACTABICHHBIC TANbK-XJIOPHUTOBBIMHU, TPEMOIUTOBBIMH, TATbK-OHOTHT-XJIO-
PUTOBBIMU U APYTHUMHU CIIaHIIAMH MOLIHOCTBIO 1-5 m. KoHTakTel YCTKHC, aKTHBHBIC. B 30He KkOHTaKTa
C HUMU B KENE3UCThIX KBAPIUTAX, CIFOIUCTBIX U (GHIUIUTOBUAHBIX CIAHI[AX OTMEYAETCS OPOTOBUKOBA-
Hue. Kpome 3TOr0 sxese30pyTHO-CIIAHIIEBBIC TOJIIU CEKYTCs MO3JHENPOTEPO3OUCKUMH JaliKaMH Kallue-
BBIX IEJIOYHBIX U CYOIIENIOYHBIX mopo (Tabmn.3.1).

IKCKYPCHA 4

APXEMCKHUE T'PAHUTOU/IBI, I'PAHYJIUTHI U 3EJIEHOKAMEHHBIE
KOMIIVIEKCBI KAPEJIBCKOU U BEJIOMOPCKOU INTPOBUHIIUHU

Lean 3KCKYpCMHU: 3HAKOMCTBO C 1) apxeiickumu rpanurouaamu TTI accommanmm, BBICOKO-Mg
rpaHuUTOMAaMH (CAaHYKHTOHIAMH), JaMIpodupamu, HU3KOOAPUIECKHUMHU TPAaHYJIUTAMHA BOCTOYHOH YaCTH
3anagno-Kapenbckoro Teppeitna Kapenbckoro kparona; 2) rpanoguoputamu CeBepo-Kapensckoro Heoap-
xelckoro canykutougHoro MaccuBa LlearpansHo-Kapensckoro teppeitna; 3) mopoaaMu BEICOKOMETaMOP-
¢uzoBanHOTO KepeTrckoro 3e1eHOKaMeHHOT0 T0sica belroMopCcKoro moABHIKHOTO Tosica

I'panutonan u rpanyantsl 3anaagno-Kapenansckoro teppeiina Kapejbsckoro kpatona

CamconoB A.B.!, Mumanckuit A.A. 2
1 - UTEM PAH (Mocxea); 2 - THH PAH (Mocxkea)

Llesn 3KCKYPCHH: 3HAKOMCTBO ¢ apxeiickumu rpanutouaamu TTI acconmanuu, mamMmnpodupaMu, HU3-
KOOapHUYECKIMH TPaHyJIUTaMH BOCTOYHOM yacTh 3amamHo- Kapemsckoro Teppeiina Kapemsckoro KkpaTtoHa;

I'eonoruyeckuii 0030p. Kapenbckuii HeoapxelcKuii KpaToH, yepe3 KOTOPYIO MPOXOIUT IKCKYpPCHs
(mpun. 1) , coctouT U3 AByX TeppeiiHoB Llentpansro-Kapensckoro n 3anagno-Kapensckoro (CnabyHoB u
Ip., 2006; Slabunov et al., 2006). KocTomykmickuii 3eeHOKaMEHHBIH IMOSIC ¥ COTPSKEHHBIE C HUM CHH- U
MOCTTEKTOHUYECKHE TPAHUTOU Il HAXOJUTCS B BOCTOUHOM YacTH MOCIEAHEr0, BOIN3HU €ro BOCTOYHOM Tpa-
HuLbl (puc. 4.1). B coctaB TeppeitHa BXOIAT Takke HU3KOOAPHUUECKUMHU TPaHyIUTaMid BOKHaBOJIOKCKOTO
OIoKa.
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OOBEKTBI IKCKYPCHH

Puc. 4.1. Cxema reoJormgeckoro CTpOoeHUs IeHTaTbHON YacTi Kapensckoro kpaTtoHa B patione Koctomykma — Ka-
neBaiia (cocraieHa Ha ocHoBe Kostinen et al. 2001).

Cunrekronnueckue TTI rpanuTomnmel, ciararonipe 00JbIIYI0 YacTh 3anaaHo-Kapenbckoro Teppeii-
Ha, pa3jMyaroTCs MO CTPOEHUIO M COCTaBY B 3alaJHOM M BOCTOYHOM €ro 4acTsX, YTO JAeT JONOJHHUTEIb-
HBI€ CBUJIETEJIBCTBA B II0JIb3Y aCUMMETPUYHOCTH KOCTOMYKIIICKOTO 3€71€HOKaMeHHOT o nosica (puc. 4.1).

TTI' rpanuTomabl 3anamHoro obOpamieHus KOCTOMYKIICKOW CTPYKTYpBI NMPAaKTUYECKU JIHIICHEI
BKIIIOUEHHI CYNpPaKpyCTalIbHBIX MTOPOJ U OJAHOPOIHBI MO COCTaBaM. 37ech MPeodagatoT BEICOKOTIMHO3E-
MHCTBIE TPOHIBEMHUTHl C I'€OXUMHUYECKHUMHU XapakTEPUCTHUKAMM, THIWYHBIMU ISl aJaKUTOBBIX CEPHIA:
CIJIBHO (DpaKIIMOHUPOBAaHHBIE CHEKTPBI P33 mpu HU3KUX YPOBHSX COAEPKAHMHN TSKENBIX JIAHTAHOUIOB U
Y, cnabo nposiBnenHsle anoManuu St, Eu u Ti npu OTYETIMBBIX Pe3KO OTPULATENBHBIX aHOMaIuiax Nb
(tabmn. 4.1, puc. 4.2a). LlupkoHBI B 3TUX TPAHUTOMAAX UMEIOT JOCTATOYHO TOMOTEHHOE CTPOCHHUE, 3aXBa-
YeHHOH ITUPKOHOBOW KOMITOHEHTH He ¢ukcupyetcs, U-Pb n3oTomHsiii Bo3pacT coctaBmnser 2747+17 miH.
net (bubukosa u ap., 2005). Paguorennsiii uzoronnsiii coctaB Nd (eNd (t) ot +2,4 no +1,8) B TpoHIBEMHU-
Tax 3amaJHoro oOpamMJIeHHs YKa3blBaeT HAa Ha Ma(HUYeCKHH HCTOYHHK HMX MAaTEPUHCKUX pacIlIaBoOB,
KOTOpBIE MOTJIM OOpa30BaThCs TMpPH IUIABICHWH MeTaba3anmsToB B paBHOBecmu ¢ Cpx(40%)+
Gar(30%)+P1(20%)+Hbl(10%) pectutom.

TTI rpanutonas! BocTouHOro oOpamienus Koctomykuickoit cTpykTypsl (ocT. 4.1) HIMEIOT OTYETIH-
BO BBIP&KEHHBIM KYMOJBHBIN CTPYKTYPHBIH IJIaH M COAEPKAT MHOTOYHUCIICHHBIE BKJIIOYEHHUS CYNpPaKpy-
CTaJIbHBIX MOPOJI, COMIOCTABUMBIX IO COCTABY C MOPOJIaMH KOHTOKCKOW M TMMOJbCKOM cepuid. ITo cocTaBy
OHH BapbUPYIOT OT JTUOPHUTOB JIO TPAHOAMOPHUTOB C NMPeodIaJaHNeM TOHAJIMTOBBIX Pa3HOCTEH, UMEIOT 000-
rameHHble CIeKTphl Jierkux P30, cnabo ¢paknnoHWpOBAaHHBIE CHEKTPHI TsHKeNbIXx P30, MOBBIICHHBIE
ypoBHH coaepxaHuii Yb u Y, orpuniatenpasle anoMmanun Str, Eu, Ti m Nb (tabn. 4.1, puc. 4.2 6) u 1o
TCOXUMHUYECKHM XapaKTEPUCTUKaM OJIM3KH K JaUTOBBIM Ty(daM THMOJBbCKON cepur. MuHepanornieckue
n U-Pb u3oTomHble WccieqoBaHMs IMOKa3ald, YTO MarMaTW4ecKue LUPKOHBl TOHAJIUTOB C BO3PacTOM
2782+5 MIH. JIeT coiepkaT sapa Oosee IPEeBHUX 3aXBau€HHBIX LUPKOHOB, UL KOTOPBIX ObUI IOJy4YeH
Bo3pact 2797+4 muH. jet (bubukosa u np., 2005). Takoe mpUCyTCTBHE 3aXBaYCHHOM IIMPKOHOBOH KOMIIO-
HEHTHI YKa3bIBaeT Ha BoBiieueHHe B reHepanmio TTI BocrouHoro obpamieHus KocToMyKIIcKoil CTpyKTy-
PBI IPEIIIECTBOBABIIMX KHUCIBIX HOPOA. DTO MOATBEPKAACTCS TAaKKe OJIM3KUMU K HYJIIO BelmurHamu eNd
(t) B 9THX TpaHUTOHIAX.
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. Puc. 4.2. Hopmupopannoe (Hofmann et
1 - al., 1988) pacmpeneneHue peaKux 3Je-
E meHToB Juist TTT -rpanu-ronaoB 3anaaHo-
. ro (a) m BocrouHoro (6) oOpamieHus
e Kocromykmickoit cTpykrypsl (Samsonov

RbBaUThNbLaCeSrNd Zr SmEuGd TiDy ErYb ctal, 2005).

TTI -epanumoudst 6 Bounuyxkom domene 3anaqHo-Kapenbckoro TeppeliHa Takke, Kak U U oOpamite-
HUst KOCTOMYKIIICKO CTPYKTYpBI, IPEACTaBIEHBI IByMs reoxummudeckumMu Tinamu (CaMcoHoB u ap., 2001).

B 3anmagHo# yactu gomeHa, 3amnanHee noc. BoitHuubl, TTIT rpaHuTOMIBl OOHOPOIHBI IO COCTABY,
JIEMKOKPATOBbIe, CPEAHEe-KPYIHO3EPHUCThIC, NHTCHCUBHO OIHEHCOBAHbBI, YY4aCTKaMHU MHUIMaTH3UPOBAHBI
(oct. 4.4). Ilo cocTaBy OHH 00pPa3yIOT KOMIIAKTHYIO TPYIITY ¥ OTBEYAIOT BEICOKOTIIMHO3EMHUCTHIM TPOHIBE-
MUTaM C aJJaKUTOBBIMH T'€OXHMUYECKHUMH XapaKTepUCTHKaMH, TaKUMH ke, kKak 1 TTI -rpanutonos 3a-
nagHoro obpamiienus: Kocromyxkmickot crpykrypsl (Tadm. 4.2, puc. 4.3a). U-Pb uzoTonHsIii Bo3pact nup-
KOHOB cocTtaBirsteT 2788+12 muH. jet muH. siet (bubukosa u ap., 2005).

B BOCTOUYHOI YacTH JOMEHA pa3BUTHI BEIIECTBEHHbIE U reoxumudeckue a"anoru TTI-rpaHurounnos
BocTouHOrO oOpammnenust Kocromykuickoir cTpykTypsl (ocT. 4.6). 3mech takke TTI rpaHuTOMIBI OYEHD
HEOJHOPOJIHBI MO CTPOCHHUIO M COAEPKAT MHOTOYHCIICHHBIE BKJIIOYEHHUS! MEJIKO3EPHHUCTBHIX OHMOTHTOBBIX
IUTarMOTHEMCOB 1 aM(pUOOIUTOB, KOTOPBIE, BO3MOXKHO, IPEACTABIIIOT KCEHOIUTHI BYJIKaHOT€HHBIX MOPOJ,.
[To xumMHuueckoMy cOCTaBy 3TH I'DaHUTOMABI BapbUPYIOT OT JUOPUTOB M TOHAJIUTOB A0 T'PAHOAHOPUTOB
(Si0,=57 - 72 Bec.%) u SBAAIOTCA reOXMMUUECKUMH aHanoramu TTT-rpaHUTOMIOB BOCTOYHOrO oOpamiie-
Hus KocTOMYKITICKO# CTpyKTYypHI (Tad:. 4.2, puc. 4.30).

KonTakT nByx reoxumuueckux TurnoB TTI-rpaHUTOMIOB HETOCPEACTBEHHO HE HAOMIOANCA, OJHA-
KO HMEIOIINEeCs JaHHbIE MPEANoIaraoT ero TeKTOHnYecKuil XxapakTep. Ha 3To yka3bpIBaeT mpocTpaHCTBEH-
Hast 000COOJIEHHOCTh 3TUX ABYX T'€OXUMHUYECKUX TUIIOB I'PAHUTOUAOB, OOHa)KEHHE B 00JIaCTH KOHTAKTa KO-
TOPBIX CPEIN CUIBHO MHUTMAaTH3MPOBAHHBIX THEHCOB C aJaKUTOBBIMH XapaKTEPHUCTHKAMHU MPUCYTCTBYIOT
MaJIOMOIIIHBIE KHJIBI JaMrpopupos (ocT. 4.5), BHeApEHHE KOTOPBIX, BO3MOYKHO, KOHTPOJIHUPOBAIOCH OC-
na0JIeHHON TEKTOHUYECKOM 30HOW. YUHUTHIBasA, 4YTO BO3pACT JIaMIpo(dupoB B npeaenax Boitnuikoro nome-
Ha cocTaBisieT 2694110 mun. ner (bubukosa u np., 2005), MOKHO MpeanoNaraTh, 9YTo TEKTOHUIECKOE CO-
BMEILEHHE 3TUX PA3HBIX reoXuMu4eckux THUnoB TTI nmpon3onuio He mMo3xe 3TOro BPeMEHH.
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Ta6mmnua 4.1. Xumudeckuit coctas rpanutounoB TTI cepun paiiona r. Koctomykma (CamcoHoB u 1ip., 2001)

Iopoap! TPOHIBEMHUTHI TOHAJIUT TPOHABMHT TOHAJTUT MerMaTUT
nn 5/97 3\01 5-1\01 10/97 54\01 56\01 58\01
Ocr. 4.1 4.1 4.1 4.1
SiO, 69.50 70.91 70.51 66.40 69.28 64.55 72.73
TiO, 0.47 0.32 0.25 0.62 0.42 0.53 0.15
AlLO; 15.80 15.86 16.71 15.90 16.36 16.18 16.16
Fe,0; 3.18 2.68 1.78 4.56 3.61 5.82 1.22
MnO 0.13 0.12 0.12 0.14 0.13 0.16 0.11
MgO 1.16 0.69 0.63 1.57 1.05 222 0.26
CaO 3.75 3.38 3.05 4.59 3.68 5.16 2.24
Na,O 3.74 4.82 4.89 3.62 4.01 3.80 4.16
K,O 1.57 1.12 1.97 1.70 1.34 1.40 2.90
P,05 0.10 0.11 0.09 0.17 0.13 0.17 0.07
nnn 0.60 0.32 0.44 0.60 0.53 0.40 0.58
Sc 4.26 3.60 3.20 8.09 11.93 32.66 1.12
\% 35.36 23.52 40.95 77.40 11.97
Cr 20.70 33.85 39.50 20.80 29.51 82.38 28.93
Co 6.83 5.52 4.23 8.39 6.16 14.42 1.86
Ni 17.10 24.08 27.51 11.90 19.07 40.04 18.52
Cu 2.19 3.47 2.54 5.02 9.44 24.08 2.64
Zn 50.10 49.99 34.71 74.00 60.26 87.27 27.40
Rb 73.70 51.93 49.41 103.00 69.09 47.89 73.92
Sr 282.00 279.60 653.18 189.00 31691 313.33 363.98
Y 5.26 5.59 4.02 17.80 18.24 14.64 4.92
Zr 162.00 148.06 108.33 179.00 253.47 122.25 102.78
Nb 4.04 3.32 1.69 11.80 7.04 7.04 5.54
Cs 2.49 2.94 1.49 8.66 241 2.08 3.87
Ba 432.00 274.20 606.66 184.00 187.27 317.57 683.32
La 29.30 19.84 8.24 26.70 54.58 18.83 3.66
Ce 52.70 32.51 16.83 53.60 98.84 43.53 8.23
Pr 5.31 3.40 1.86 5.64 10.14 4.52 0.85
Nd 17.50 11.36 7.09 20.10 33.43 17.28 3.35
Sm 2.68 1.68 1.37 3.94 5.12 3.57 0.78
Eu 0.60 0.55 0.45 0.82 0.77 0.96 0.47
Gd 2.12 1.21 1.12 3.79 4.40 3.27 0.76
Tb 0.25 0.16 0.15 0.60 0.65 0.47 0.11
Dy 1.07 0.82 0.70 3.04 3.39 2.65 0.65
Ho 0.20 0.16 0.14 0.63 0.67 0.54 0.14
Er 0.60 0.43 0.36 1.87 1.68 1.32 0.40
Tm 0.07 0.07 0.05 0.26 0.23 0.18 0.07
Yb 0.48 0.42 0.33 1.78 1.34 1.10 0.45
Lu 0.06 0.07 0.05 0.23 0.19 0.18 0.08
Hf 4.08 3.53 3.18 4.18 6.78 3.10 3.23
Ta 0.20 0.30 0.15 1.59 0.46 0.34 0.82
Pb 6.52 10.63 12.56 11.40 13.67 13.10 18.05
Th 7.65 6.65 1.72 8.64 17.26 5.68 3.08
U 0.94 0.87 0.60 3.67 1.31 1.51 1.58
(La/Yb)n 41.5 31.6 16.8 10.1 27.5 11.5 5.5
(La/Sm)y 6.9 7.5 3.8 4.3 6.7 33 3.0
(Gd/Yb)n 3.6 23 2.7 1.7 2.7 24 1.4
Eu/Eu* 0.8 1.2 1.1 0.6 0.5 0.9 1.9
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Taobmuna 4.2. XumMirdeckuii coctas rpaauTonnoB TTT ceprn, mammpodupos Boiiautkoro qomena (CamcoHOB 1 zp., 2001)

[opoxa aM(QHUOOIHUTHI | IUOPHT | TOHAITUT TPOHBJICMUT JIAMIIPOHUPHI MHUTMaTHTBI
nn 38-1/00[44-1/00|38-2/00| 38-3/00 | 36-1/00 37-1/00 | 38-4/00  37-2/00 39-4/00 36-2/00
OcT. 4.6 4.6 4.6 4.6 4.4 4.5 4.6 4.5 4.5 4.4
SiO, 48.3 51.0 57.8 66.4 73.7 70.3 753 68.3 60.1 72.9
TiO, 1.13 1.01 0.82 0.76 0.25 0.35 0.13 0.94 1.35 0.20
ALO; 17.5 13.4 19.0 15.5 15.0 15.9 14.2 15.6 16.4 15.8
Fe,0; 12.61 | 10.89 | 7.23 5.48 1.82 2.61 0.89 3.39 7.64 1.31
MnO 0.18 0.19 0.16 0.14 0.11 0.12 0.11 0.12 0.14 0.11
MgO 6.13 | 10.12 | 2.85 1.67 0.58 1.28 0.22 1.34 2.18 0.36
CaO 8.74 8.65 5.91 4.24 2.89 3.73 2.02 2.69 4.13 3.04
Na,O 3.05 2.25 3.84 3.76 4.15 4.18 3.34 4.03 3.72 3.95
K,0 2.05 2.22 2.09 1.81 1.40 1.47 3.82 3.34 3.76 2.32
P,0; 0.34 0.24 0.26 0.19 0.09 0.10 0.01 0.31 0.57 0.09
loi 0.72 0.85 0.87 0.74 0.47 0.72 0.68 0.77 1.08 1.02
Se 42.55 12.58 3.97 15.18
\4 375.23 64.59 16.93 125.75
Cr 275 54.09 30.81 62.17
Co 54.38 15.32 5.11 17.97
Ni 174.81 27.47 19.24 25.79
Cu 11.23 16.34 10.74 14.95
Zn 179.56 100.67 47.66 140.84
Rb 112.85 74.72 52.33 214.66
Sr 291.72 414.81 417.27 747.84
Y 25.25 32.25 3.28 30.91
Zr 84.88 267.20 219.73 803.22
Nb 6.35 19.12 3.12 32.66
Cs 2.33 1.13 1.20 2.87
Ba 438.04 465.39 459.51 1423.83
La 19.88 56.39 19.83 174.73
Ce 43.79 105.05 35.40 321.41
Pr 6.45 11.22 3.83 32.89
Nd 30.25 42.67 13.53 121.89
Sm 6.83 6.67 1.87 19.01
Eu 1.58 1.46 0.72 3.29
Gd 6.07 5.58 1.19 12.61
Tb 0.78 0.86 0.16 1.52
Dy 4.18 4.65 0.52 6.35
Ho 0.83 1.04 0.08 1.02
Er 2.05 2.66 0.17 245
Tm 0.27 0.42 0.02 0.29
Yb 1.70 2.99 0.18 1.97
Lu 0.27 0.41 0.03 0.28
Hf 2.95 6.54 5.50 17.09
Ta 0.73 1.78 0.22 2.04
Pb 6.81 13.17 9.22 14.23
Th 2.45 15.68 7.89 19.98
U 0.60 1.94 0.40 1.27
(La/Yb)x 7.88 12.72 74.66 59.95
(La/Sm)y 1.83 5.32 6.69 5.79
(Gd/Yb)n 2.88 1.51 5.36 5.18
Euw/Eu* 0.75 0.73 1.48 0.65

PaccMmoTpenHbIe BhIIIE TaHHBIE O BEIIECTBEHHON M M30TOMHO-reoxuMuyeckor acummerpuu TTI-3ene-
HOKaMEHHBIX KOMIUIEKCOB KOCTOMYyKIIICKOTO paifoHa He MOTYT OBITh OOBSCHEHBI B PaMKaX CYIIECTBYIOMICH
pudrorenHoi moaenu (Paesckas u np., 1992, Jlobau-XKydenko u ap., 2000a). s 00bICHEHUS] KOHTPACTHBIX
TCOXUMHUYECKUX M M30TOMHBIX XaPAKTEPUCTUK MAPHUESCKUX U KUCIBIX BYJIKAHUTOB 3aIIaHON YaCTH CTPYKTYPBI
(xoHTOKCKast cepusi) OblTa TIpEIJIOKEHa TEKTOHWYECKas MOEh, B KOTOPOH MadHUIeCKHe METaBYJIKAHUTHI
MIPECTABIISIFOT BEPXHEKOPOBbIC YPOBHU OKEAHHYECKOTO ILIATO, 0O YKIIMPOBAHHOTO HA Kpal JPEBHEr0 KOHTH-
HeHTa (I'UMoIbCKast cepusi), a KUCIbIC PaciuiaBbl (JOPMHUPOBAIUCH MPU OOIYKIIUH 32 CUET IUIABJICHHUS KOHTH-
HeHTanpHOH Kopbl (Puchtel et al., 1997, 1998, 2001). HoBbie maHHBIE MO3BOINISIOT JIOMOJIHUTH Ty MOJECTH U
MIPEATIONOKHUTH, 9T0 (hopmupoBaHre KOCTOMYKIIICKOM CTPYKTYpBI IPOUCXOFIIO B OOCTAaHOBKE aKTHBHOW KOH-
TUHEHTAJILHOW OKPaMHBI C CyOMyKIMeH OKeaHHMYeCKOH IUIMTHI ¢ 3amaga Ha BocTok (CamcoHOB u Ap., 2001).
ChopmupoBaHHOE BO BHYTPHOKEAHUYECKOH 00CTAHOBKE OKEAHWYECKOE IIaTO OBLTO MPUIBUHYTO K KOHTHHEH-
TabHOMY OJIOKY Ha OKCAHHICCKOHW KOpe, IOTPY KaBIIIEHCS 10T APSBHUI KOHTHHEHT C 3araja Ha BOCTOK. B pe-
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3yJIbTaTe KPOBJISI OKEAHHYECKOTO IDIaTO, MOIMHOCTh KOTOPOTO ObLIa COMOCTaBMMa C MOIIHOCTHIO KOHTHHEH-
TaJBHON KOpBI, ObIIa COpBaHAa M BHIOPOIIIEHA Ha KOHTHHEHTAIBHYIO OKpanHy. OZHOBPEMEHHO C 3TUM CYOIyK-
LU OKeaHHMYEeCKOM KOpBI MOJ KOHTHHEHTAJIBbHBIM ONOK omnpenensia HaOmomaemyro st KocTomyKiickoi
CTPYKTYPBI BEIIECTBEHHYIO U N30TOITHO-TEOXUMHYECKYFO 30HATLHOCTh MarMaTHIecKux accormarmii. Ha ¢ppon-
Te CYOIyKIMU TIPSMOE TUTABJICHNE OKCAaHIMUECKON TUTUTHI TeHepHpOoBalio axakuToBbie pactuiaBhl (TTI 3amagmo-
ro obpamienus). CMeIIeHHe 3THX PaCIDIaBOB C MPOIYKTaMH TUIABJICHUS KOPOBOTO CyOCTpaTa MOTJIH J1aBaTh
WCXOJHBIE IS TAUT-PHOIUTOBON TOJILH 3aIlaJHOH MOJIOCH CTPYKTYPHI paciuiaBbl. B TEUIOBOH 30HE CyOqyK-
UM JIETH/IpaTanysl OKeaHMYeCKOW IUHUTHI obecrieurBana (QIIOUIHYI0 TIepepabOTKy MaHTHHHOTO KIIHMHA, €ro
oboraieHue JUTOQUIBHBIMI U JISTKUMH PEIKO3EMENTbHBIMH DJIEMEHTAMH U YaCTUYHOE TUIaBJICHUE C TeHepa-
1Hel paciyiaBoB, HCXOJHBIX IS BYJIKAHUTOB THMOJIBCKOM CepHH (M BYJIKAHOTEHHBIX HCTOYHHKOB UX CHOCA) U
TTI BocrouHoro obpamiuenus KoctoMyKIckoit cTpykTyphl. biamn3kast TekToHU4ecKast MOZellb (hOPMUPOBAHUS
KocTomyxkickoii cTpykTypbl 0bi1a ipeyioxkera B.H. KoxxesaukosemM (2000, 2006).
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] Puc. 4.3. Hopmuposannoe (Hofmann et al., 1988) pac-
5 npeneneHue peakux snemeHtoB s TTT-rpanuronnos
T T T T T T TTTT T T T T 3amaiHoi (a) m BocTouHOH (0) yacTei BoiHmIKoro mo-

Rb Ba U Th Nb La Ce Sr Nd Zr Sm Eu Gd Ti Dy Er Yb mena (CamcoHOB U ap.., 2001).

I'panyautsl BokHaBosIOKCKOro 0/0Ka pacronararoTcss Mexay KocToMyKIICKOW CTpyKTypod u
Boitannkum nomenom (puc. 4.1) Kommuteke ¢ukcupyercs B TeopU3NIECKHX MONSIX 110 HHTEHCHBHBIM JTH-
HEWHBIM MarHUTHBIM aHoMaysiM C-B mpocTupaHus W pe3KOU IMOJOKHUTEIBHON TPaBUTAIIMOHHON aHOMa-
JIUH, KOHTYP KOTOpOM CIyXMT TpaHMIEN OJOKa Ha pa3HBIX IeoJIOTHYECKHUX KapTax. Bompockl reosioro-
CTPYKTYpHOUM M BO3pacTHOM MO3UIMM BOKHABOJIOKCKOro KOMILIEKca B CTpyKType 3amagHo-Kapembckoro
TeppeliHa, a Takke MPOUCXOXKISHHS MTPOTOIUTOB CIATAIONIUX €r0 MOPOJ M HAIPABICHHOCTh UX METaMOop-
¢uueckux npeoOpasoBaHuil sBIAOTCS npeameroMm auckyccuit. JL.II. Ceupunenko (1974) paccmarpuBaer
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MUPOKCEHCOeprKaIiue MeTaMop(oreHHble apareHes3sl B Nopoaax BOKHABOIOKCKOro KOMIUIEKCa Kak pe-
JIUKTOBBIE, COXPAaHUBIIKECS OT OOIIMPHOTO I'PaHYJIUTOBOTO OJIOKA, MPEACTABISIBILIEr0 Haubosee JpeBHEe
oOpazoBanue peruoHa. [lo manneiM npyrux uccienosateneit (Koxxesnukos, 1982, 2000) nupokceHcoaep-
Xalue naparesesbl (OPMHUPOBAINCH HA MPOIPECCUBHON CTaAUU MeTaMOp(pu3Ma, CHHXPOHHON Heoapxeil-
ckoii (pedombckoit) dase ckinamuatoctu F2 (KokeBaukos, 2000). [Tocmennee Hanmio moaATBEp K ICHUE U B
Hamux paborax (CamcoHOB U 1p., 2001). TUDNYHBIME 1 MPEOOIATAIOIIUMHE 110 00bEMY MTOPOJIAMH BOKHA-
BOJIOKCKOTO OJIOKa SIBISIIOTCA TEMHBIE 3HIEPOUTONONO0HBIE TPAaHUTOUIBI, KOTOPBIE COAEpPIKaT pa3iuvHbIe
10 pa3MepaM BKIIOYCHHSI THEHCOB M aMPuOOIUTOB (OCH. 4.3.). DTH BKIIIOUEHUS IO TCOXUMUUICCKUAM
XapaKTEpUCTUKaM aHajorn4usl nopoaaMm Kocromykuickoi ctpykrypsl U TTI'-rpaHuTOoOn 0B €€ BOCTOYHO-
ro obpamienusi (puc. 4.4a). Temuble >HACPOUTONONOOHBIE TPAHUTOWIBI, MUTMATUTBl M TIETMATHUTEHI,
OTIpENENSIOINe <JIMII0» BOKHABOJOKCKOIO KOMILIEKca, 1o pesynbrataM U-Pb nzotonHoro narupoBanus

1 a MeTamopduueckue nop oabl
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- Puc. 4.4. HopmupoBannoe (Hofmann et al., 1988)
’ pacmpeneneHde peaKUx OJIEMEHTOB Ui  TOpOJ
T T T T T T T T T T T T T ] BoknaBonokckoro komiekca (CaMcoHOB W Jp.,

RoBaUTh NbLaCe & NdzrSmEuGd Ti by &b 2001).

IIUPKOHOB (hopMupoBaich 2745+4 miH. net Hazan (budukosa u ap. 2005). 1o coctaBy 3TH OPO/IBI OTBEYAIOT
BBICOKOTJIMHO3EMUCTBIM TOHAIUTAM M TPOHIBEMHUTAM C YCTOMUMBO BbICOKMMH oTHOMIeHnsMA Na,O/K,O nipu
HU3KOH MIeNOoYHOCTH (Tabi. 4.3) ¥ KOHTPACTHO OTIMYAOTCs OT Apyrux rpymm TTI rHeficoB U rpaHUTOMIOB 3a-
nanHo-Kapenbckoro 670ka Mo TeOXMMHYECKHM XapaKTepucTUKaM. Tak, JeHKOTOHATUT MMEET HEBBICOKHE
YPOBHHU COAEpKaHUI U cpennee (ppakunoHupoBaHue P30, uTo mpenmnonaraeT reHepalyio ero MaTeprHHCKOro
pacruiaBa MpW YaCTUYHOM IUIABJICHHH METa0a3WTOBOTO HMCTOYHHMKA B PABHOBECHU C IUIATMOKIa3+ amQu-
Oon+npoKceH (+ TpaHar, 10 5%) pecTurtom, T.e. Ha rryomHax 30-40 KM IpH cofep>KaHuH BOJIBI B PACIUIaBe He
MeHee 5-7%. [loBeimieHHOE conep:kanue (IIONIa B UCXOAHBIX UL TPAaHUTOHUIOB PACIIaBaX MMOATBEPKIACTCS
IIUPOKUM PACTIPOCTPAHSHHUEM COTIPSHKEHHBIX C TPAHUTOUIAMH MUTMATUTOBBIX ¥ IETMATHTOBBIX XK. OTinvu-
TENFHON TEOXUMHYECKOH OCOOSCHHOCTBIO TPAaHUTOWAOB M METMATUTOB BOKHABOIIOKCKOTO OJIOKA SIBISETCS MX
peskas obeqaeHHocTs U 11 Th (puc. 4.46). TO TUIUYHO IS TPaHYJIMTOBBIX KOMIUIEKCOB U MOYKET OBITh CBsI3a-
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HO C BBIHOCOM 3TuX 35eMeHTOB CO,-o00raimeHHbM GruronaoM. M3ydeHne mIoTHOCTHBIX XapaKTEepUCTHK Ipe-
00nagarommx mno o0beMy THEHCOB M rPaHUTOHIOB BOKHABOIOKCKOTO KOMITIIEKCa HE BBISIBIIIA KAKUX-JTHOO aHO-
MaJIbHBIX 3HAUEHUH. JTO yKa3pIBaeT Ha BEPOSATHO TIyOMHHBIH MCTOYHHK IOJIOKUTEIBHONW IPaBUTALIMOHHOM
AQHOMAaJIMHM, KOHTYP KOTOPOM, COOTBETCTBEHHO, MOXKET OBITh 3HAYUTEIHLHO OOJbLIE IUIOMAIN PEabHOTO pac-
MPOCTPAaHEHUs Ha MOBEPXHOCTH 1opol BokHaBonokckoro komiuiekca. O0pa3oBanue MeTaMOp(hUIECKUX MUHE-
PaIBHBIX MIAparcHe30B B MeTaba3uTax BOKHABOJOKCKOTO OJioka oreHuBaetcs: P - 1,8 - 4,1 x6ap, T - 677+36°C
(CamconoB u ap., 2001). Ionmyuennsie P-T mapaMerpbl He COOTBETCTBYIOT YCJIOBHSM (DOPMHPOBAHUS HOP-
MaJIbHBIX TPaHyJHMTOB U YKa3bIBAIOT HA HU3KOOAPHUUECKUE U BRICOKOTEMIIEPAaTYpHBIE YCIOBHS MeTaMopu3Ma
MOPOJ BOKHABOJIOKCKOTO KOMIUIeKca. Bo3aMoxkHO, Takue mMeramopduueckue NpeoOpa3oBaHUsl HPOUCXOIMIH
TTIOJT BITMSTHUEM JIOKAJTLHOTO TepMaiibHOTOo 1uiroMa (CamcoHoB U 1ip., 2001).

Tabauna 4.3. XuMudeckuii coctaB opoi BokHaBooKcKoro rpanynuToBoro komiuiekca (CamcoHoB u ap., 2001)

HOPOABI Cpx-ampuOoIHuTHI OuzepbutononobHbie TIerMaTHUTHI Opx-Cpx Bi-Amph rHeiicsr
TPAHUTOU/IBI aM(pUOOTHUTHI
nn 31-1/00 31-2/00 22-1/00 23/00 22-4/00 22-5/00 22-3/00
OCTaHOBHU 4.4 4.4 4.3 4.3 4.4 4.3 4.3
SiO, 49.2 50.7 71.0 68.0 60.4 50.8 62.4
TiO, 0.99 1.00 0.31 0.60 0.60 0.70 0.92
AL O, 14.6 15.2 16.4 15.9 17.6 8.8 16.5
Fe,0; 12.95 12.86 1.80 4.24 10.20 12.90 5.30
MnO 0.21 0.18 0.11 0.12 0.12 0.23 0.13
MgO 6.06 5.87 1.12 1.45 0.73 12.83 3.49
CaO 14.01 11.94 3.51 4.83 3.50 11.62 5.79
Na,O 1.56 1.85 4.29 3.79 5.58 1.20 3.92
K,O 0.17 0.20 1.33 0.86 1.10 0.76 1.33
P,0; 0.22 0.18 0.13 0.14 0.09 0.13 0.26
T 0.58 0.7 0.34 0.31 0.3 1.28 0.62
Sc 53.78 10.52 28.23
\4 371.69 56.83 172.36
Cr 331 40.44 1816
Co 66.64 13.15 62.91
Ni 187.48 38.09 499.07
Cu 122.78 7.65 10.91
Zn 112.37 74.04 194.15
Rb 6.53 22.92 19.43
Sr 147.84 44591 158.24
Y 30.82 14.04 44.07
Zr 86.53 309.74 79.14
Nb 3.73 5.93 11.71
Cs 0.18 0.10 0.22
Ba 39.08 628.92 164.22
La 4.29 21.08 13.18
Ce 11.55 41.77 28.81
Pr 1.66 5.35 4.45
Nd 8.24 19.71 19.14
Sm 2.80 3.66 5.64
Eu 0.85 1.16 1.41
Gd 3.48 3.32 6.07
Tb 0.60 0.45 0.99
Dy 4.54 2.34 6.92
Ho 1.02 0.45 1.47
Er 2.69 1.02 3.82
Tm 0.43 0.14 0.64
Yb 2.80 0.89 4.18
Lu 0.43 0.11 0.59
Hf 2.25 6.65 2.46
Ta 0.97 0.24 0.65
Pb 1.44 4.83 241
Th 0.48 0.44 0.60
U 0.13 0.16 0.24
(La/Yb)n 1.03 16.02 2.13
(La/Sm)y 0.97 3.63 1.47
(Gd/Yb)n 1.00 3.02 1.17
Eu/Eu* 0.83 1.02 0.74
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OBBEKTbBI OCMOTPA.

OcranoBka 4.1. (puc. 4.1). O0HakeHHE B BOJJOOTBOTHON KaHaBE BOKPYT XBocToxpaHmiuiia Kocrto-
mykiickoro I'OKa. TTT -rpanutonnbl BocTouHOTO o0pamiienus Koctomykiickoi ctpykrypsl. OHU coep-
KaT MHOTOYMWCIIEHHBIE BKIIOUEHHS CYNPAKPYCTAIBHBIX MOPOJI, COMOCTABUMBIX IO COCTaBy C MOPOJaMH
KOHTOKCKOM M rUMOoJibckoi cepuit Koctomykiickoro nosica. [To coctaBy rpaHuTONIbl BApEUPYIOT OT AUO-
PUTOB 10 TPAHOAHOPUTOB C MpeobdIaaHueM TOHATUTOBBIX pasHocTel (tadim. 4.1, Ne 10/97, 54/01, 56/01,
58/01; puc. 4.2 a, Samsonov et al., 2005)

OcranoBka 4.2. (puc. 4.1). loposxHast BbleMKa Ha Tpacce BoknaBonok — Koctomykmia, 20 KM K ory
ot noc. BokHaBonok. Menkue ocTaHIBl JBYITUPOKCEHOBBIX aM(PHOOIUTOB B SHAECPOUTONOJOOHBIX TPaHU-
tougax BokHaBomokckoro Oioka. Ilo pesympraram U-Pb m3oTomHOTO maTUpoBaHWsS NHUPKOHOB M3 DTHX
TPAHUTOUIOB BO3paT TPAaHYJIMTOB OlleHUBaeTcs B 2745+4 muH. et (bubukora u mp., 2005). OcobeHHOCTH
cocraBa nopoJ (tabm. 4.3, Ne 22/1, 3,4, 5 u Ne 23, puc. 4.4 a, 6, CamcoHOB 1 1p., 2001)

OcranoBka 4 (puc. 4. 1). JlopoxHas BeleMKa Ha Tpacce BoiiHuisl — BokHaBonIOK, Ha ceBepHOI
okpauHe noc. BoxHaBonok. KpynHeIil ocTaHell MUPOKCEH-COoAepKAIIUX aM(PpUOOIUTOB B BOoKkHaBOIOK-
CKOM OJIOKE, M0 TEOXMMHYECKHM XapaKTePUCTHKAM aHAJIOTUYHBIA MeTabazanbTam KocTomyKiickoit
cTpyKTyphl. OcobeHHOCTH cocTaBa aMdpuOomuToB (cM. Tabm. 4.3, Ne 31/1, 2; puc. 4.4a, CamMmCOHOB U
Ip., 2001)

OcrtanoBka 4.4 (puc. 2.1). lopoxxHas BeleMKa Ha Tpacce KaneBana — BoiiHuipl, y MocTta yepes p.
Botiauma. TTI -rpanuronasl 3anafgHoi yactu BoliHuikoro 070ka ¢ aJJakKUTOBBIMU T€OXMMUYCCKHUMH Xa-
paktepuctrkamu OcodbeHHocTH cocTtaBa (Tadm. 2.2, Ne 36/1, 2; puc. 4.3a)

OcranoBka 4.5 (puc. 4.1). O6naxenue Ha Tpacce Kanesana — Bolinunbl. Jlaliku namMnpodupos
cpenn murMatu3upoBaHHeIX TTI-rpanuTongoB BoiiHuikoro moMmena. Bo3pact nammpodupoB B mpe-
nenax BoWHMITKOTO goMeHa oreHuBaeTcs B 2694+10 muH. et (bubukosa u mp., 2005). OcobeHHOCTH
coctaBa (cM. Tabn. 4.2, Ne 37/1, 2 u 39/4 nnsa cpaBuenus, CamcoHoB u np., 2001). IIpenmomnaraercs,
YTO JAWKH HaXOJSATCS B 30HAa TEKTOHMYECKOI0 KOHTAKTa ABYX reoxumuueckux tunoB TTI-rpanu-
TOUJIOB.

OcranoBka 4.6 (puc. 4.1). O6HaxxeHHE B IOPOXHOW BhIeMKe Ha Tpacce KameBanma — BoitHHIIBL
TTI-rpanuTonipl BOCTOYHOM yacTu BolHuIKOTO nOMeHa. ['paHUTOU]IBI OYEHb HEOJHOPOJHBI MO CTpOE-
HUIO U COJIepKaT MHOTOYMCIICHHBIE BKITFOUSHHSI METTKO3EPHUCTHIX OMOTUTOBBIX IJIATMOTHEHCOB 1 aM(ubo-
JIUTOB, KOTOPBIE, BO3MOXKHO, TPEICTABISIFOT KCEHOJUTHI BYJIKAaHOT€HHBIX MopoJi. OCOOEHHOCTH cocTaBa
rpanuTouioB (cm. Tadn. 4.2, Ne 38/1, 2, 3, 4; puc. 4.36, CamcoHOB u 1ip., 2001).

CEBEPO-KAPEJBCKHMI CAHYKHTOH,HHLIFIU(BLICOKO-Mg CYBIUIEJOYHOM
I'ABBPO-JUOPUT-TPAHOJANOPUTOBBIN) MACCHUB HEHTPAJIBHO-
KAPEJIbCKOI'O TEPPEHHA KAPEJIbCKOI'O KPATOHA

Crabynos AN Camconos A.B.?, Jlapuonosa FO. 0.
1 - UT" KapHL] PAH (Ilerpo3aBoack); 2 - U'EM PAH (Mocksa)

esb IKCKYPCHHU - O3HAKOMUTHCS ¢ KPYITHEHIITUM CaHYKUTOUIHBIM MaccuBoM Kapenbckoro apxei-
ckoro kparona — CeBepo-Kapenbckum.

B cocraBe camoro monogoro - LlentpansHo-Kapensckoro Teppeiina Kapenbckoro Heoapxenckoro
KpaToHa BecbMa LIMPOKO pa3BUTHI caHykuTouzsl (Slabunov et al., 2006). B ceBepHoii yacTu Teppeiina, B
HermocpeacTBeHHo Omm3ocTr oT CeBepo-Kapenbckoii CHCTEMBI 3elIeHOKaMEHHBIX T0sicoB bermomopckoi
MpoBUHINH, pacnionoxeH (mpui. 1) CeBepo-Kapensckuii (TaBagpBunckuii mnn I1so3epckuit) rabopo-ano-
PUT-TPaHOIMOPUTOBEIN (CaHYKHTOMAHKIN) MaccuB (bubukosa u ap., 1997, Konmmn, 1990; Jlapnonosa u
np., 2007) — xpynHeHmuii B pernoHe MaccuB 3Toro tuma. CeBepo-Kapenbcekuit MaccuB (0aTONT) BEIXOAUT
HA TLIONIAN OKOJIO 5 ThIC. KM~ M B ILIaHE MMeeT GopMy pa3GuToro Ha 6roku >mmmnca. Ero umHHas ock,
OpHMEHTHPOBAaHHAS CyOIIMPOTHO, UMEET pa3Mephl okojo 120 KM M KOpoTkas — okojio 85 kM (puc. 4.5).
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Kpowme Toro, K 10ory OT INIaBHOTO TOJISI €70 Pa3BUTHS HA MPOTSHKEHUU MpuMepHO 40 KM OTMEUEHBI CXO/IHEIE
0 COCTaBy, HO Oollee pa3rHeHcoBaHHBIE Tena pazMepoM 4—20 KM, a K ceBepy aHAIOTHYHBIE TUOPHUTHI Ha-
OJIFOafOTCsI B BBICTYyTIC (yHIAAMEHTa CpeAu MaJIeONpOTEepO30HCcKX obpa3oanuii Ilana-KyomaspBuHckoit
CTPYKTYPHI, a TAKXKE B CEBEPHOM OOpTy Tocyeaneil. bojee qpeBHIe MOPOIbI M0 OTHOUICHUIO K TPAHUTOM-
naM 0aToMTa COXPaHWINCh B HEM B BHJE KCEHONUTOB. JTH aM(pUOONUTHI, CIAHIbI, METayIbTpaOa3uThl
CXOJIHBI IO COCTaBy C BYJIKAHUTaMH 3eJIeHOKaMeHHbBIX nosicoB (CimabynoB, Crenanos, 1993). Kpome Toro,
B paccMaTpuBacMoM OaTosuTe HabronaroTcs, Ha uyTo obparwi BHuManue A.A. [llunanckuii (Slabunov et
al., 2008), yHUKaJIbHbIE AJIS apXesl CTPYKTYPBL: Ype3BBIYaHO CXOXKHE C MUHIJIMHT-CTPYKTypamMu (aHepo-
30HCKHUX OPOT€HHBIX CHUCTEM. DTH CTPYKTYPBI CIIyXKaT JOKa3aTeIbCTBOM CyOCHHXPOHHOCTH BHEAPEHUS U
MEXaHUIECKOTO CMEIIEHUS MaHTHUIHBIX (0a3UTOBBIX) M KOPOBBIX (MOHIIOHUTOBOW M TPAaHOMOHITOHUTOBOM
Marmsel). BaKHO OTMETHTH, YTO B JBYXMEPHBIX IUIOCKOCTAX OOHA)KEHUH MUHIJIMHT-CTPYKTYPBI BBITJISIST
KaK 00mire MUII0yoOpa3HbIX 0a3WTOBBIX KCEHOJIMTOB B MOHIIOTPAHWUTOWIAX, TOTJAa KaK B TPEXMEPHBIX
SKCMO3UIHAX OTUETINBO OOHAPYKUBAIOTCS CBUACTEIHCTBA JAHKOBOTO BHEPEHNUS KaK 0a3WTOB, TaK U Tpa-
HUTOUJIOB.

Batonut paccedeH TenamMu HeOapXeHCKHUX MJIarHOMHUKPOKIMHOBBIX TPaHUTOB. Takue ke TpaHuTOU-
JIBI 00paMIISIFOT OaTONUT C fora, 3amana u BocToka. CeBepHBIN ero 0opT cpes3aercs nmporeposoiickoii [1aHa-
KyonaspsuHcko#t cTpykTypoii. B HacTosiee BpeMsi JOCTOBEPHBIX KOHTAKTOB OATOIHMTA ¢ BMEIIAOIIUMHU
€ro TopoJaMH HEe OTMEYEHO — OH HaXOJWTCS CPeI¥ IIarMOMHUKPOKIHMHOBBIX TPAHUTOB, KOTOPHIE €ro Ce-
kyT. [laneonporepo3oiickue naiiku HeCKONbKUX (He MeHee 3) reHepauuii cekyT MaccuB (Crenanos, 1994;
Vuollo, Huhma, 2005)

Ceepo-Kapenbckuii caHyKUTOMIHBIN MaccuB (0aTonmuT) obOpasoBaics B Heoapxee. U-Pb Bo3zpact
LIMPKOHOB U3 STUX MOPOA paBeH 2724, 4 + 7,8 MiIH. eT 1 PUKCUPYET BpeMsi MarMaTU4ecKoi craauu dop-
MHUPOBaHUSI MacCHBa, a Bo3pacT cdeHa, paBHbid 2700 MIIH. JeT, — BpeMs MO3AHEMarMaTH4ecKux MpoLec-
coB B HeM (bubukosa u ap., 1997). Janneie Sm-Nd n3oTonHeIx uccnenoanuii (bubukosa u ap., 1999;
Jlapmonora u ap., 2007) mopox maccuBa (eng (2,7) = +1,24 -+2,2;) yKka3sIBalOT Ha OTCYTCTBUE 3HAUYUTEIh-
HOW KOPOBOW MPEIBICTOPHH ITHX MopoA. Bechbma npubimsurensrbiii U-Pb Bo3pacT MUpKOHOB W3 TIaruo-
MHUKPOKJIMHOBBIX TPAHUTOB, CEKYILIUX TUOPUT-TPAHOTUOPHUTOBEIH OatonuT — 2702 £ 84 miH. net (Byiiko u
ap., 1995).

['maBHBIE THITBI TOPOJ, Clararomre 6aTOINUT — 3TO KBapILEBbIE AMOPHUTHI, THOPUTHI, TPAHOAHOPHUTHL,
a TaKkKe B MEHBIIEH CTEIeH! IJIarnOTPaHUTHI, CHEHUTH B CyOIenodnpie radboponnsl (bubukosa u ap.,
1997; Jlapuonosa u ap., 2007; Crenanos, 1994). [lerporpadudeckue (Konmun, 1990, 1994; Crenanos,
1994) u uzoronHo-reoxumudeckue (budbukosa u ap., 1997; Jlapuonosa u ap. 2007) 0COOSHHOCTH MOPOJ
KOMITIIEKCa MTOAPOOHO OCBEIICHA B psijc padorT.

Cnabon3MeHeHHbIE pa3HOCTH UMEIOT MAaCCHBHYIO TEKCTYPY, THIIHINOMOP(PHOZEPHUCTYIO CTPYKTY-
Py, 4acTo ¢ KpymHBIMH (10 2 ¢cM) HINOMOP(HBIMH 3epHAMU TuTaruokia3a. OObIYHBI Takke OJacToKaTaKIIa-
CTHYECKHE CTPYKTYpbl. B Onokax-caTeqnuTax K IOTY OT IJIaBHOTO Tena 0aToiuTa MOpOAbl KOMILIEKca
MpeCTaBICHbI THEWCAMH C JIEMTHIOHEMATOOIACTOBOW CTPYKTYPOH.

['maBHBIMA MUHEPATHHBIMH (a3aMH MTOPOJ SIBIIAIOTCA: TUIATHOKIIA3, COCTaB KOTOPOTO BapbHPYET OT
60% An no 5-10% An, nmpucyTcTBYeT KBapl, B 00jee KUCIIBIX, YeM IUOPHT, PA3HOCTSIX — KaJIMEBbIH I10JIe-
Boit mmat (KIII), n3 TeMHOIBETHBIX MUHEPAJIOB OOBIYHBL: OHMOTHT, MUIOT, PEKE BCTPEUAIOTCS THIIEP-
CTCH W JMOIICHJ, aKIECCOPHU TPEACTABICHBI alaTUToOM, CHEHOM, UPKOHOM, PyIHBIE — MAarHETUTOM H
cympdpumaamu (Koummn, 1994).

[Toponsr 6atonuTa BappuUPYIOT IO COCTaBKY OT rabOpOHIOB 10 NEHKOTPaHUTOB, XOTs Mpeodiana-
10T Cpelld HUX KBaplLEBble IUOPUTHL U IpaHOIUOpUTH. Ha OMHapHBIX BapualMOHHBIX AWarpammax oT-
YEeTJINBO BHUIHO, YTO MOPOABI MaccHMBa 00pa3yioT HEMPEPHIBHBIA Psii COCTABOB OT Tab0po 10 TPAHUTOB.
Onu mo cpaBHeHuto ¢ mopomgamu TTI accommarnuu SBISAIOTCS O0Jiee OCHOBHBIMHU, COAEPIKAT OOJIBIIE
MgO, CaO, Ni, Cr, Sr. Jlni1 THOpUTOUIOB MacCHUBa XapaKTEPHBI: BRICOKAs MarHe3HalIbHOCTb, TIOBBITICH-
Heie conepxkanust Cr, Ni, Co, menoueii, Ba, Sr, LREE, P, nounxennsie cogepxxanus Ti, Nb (bubukosa
u ap., 1997; Jlapuonosa u np. 2007). ng HUX XapaKTepHbI TaKKe CHIIBHO (PPAKIIMOHUPOBAHHBIE CITEK-
Tpel REE ((La/Yb)y— 18-44).
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Puc. 4.5. Cxema reonorudeckoro crpoenus Cesepo-Kapensckoro (I1so3epckoro) rabdpo-auopuT-rpaHoguopUTOBOrO
barosiuta B paiione 03. [Iso3epo, CeBepnas Kapenus (bubukosa u ap., 1997 ¢ momnonHeHsIME)

1 — Enerpo3epckuii menounoi xommiekc (1,7-1,8 mupa. set); 2 — maneonporepo3oiickue (2,5-1,92 Mipx. J1eT) ocaJoqHbIe U BYJI-
KaHOTeHHBIC 00pa3oBaHus; 3 — maiiku radb0po-auadasos (2,1-2 mupx. j1et); 4 — MUKPOKINHOBBIE TPAHUTHI HyOPYHEHCKOTO THIA
(2,45 mappa. ner); 5 — HHTPY3UBHBIE YapHOKHUTHI M METAYapHOKUTHI TOIO3epcKoro Tumna (~2,45 miupa. ner); 6 — rpaHodupsr; 7 —
paccioenHsle HHTpY3uu Omanrckoif rpymmst (2,44-2,36 mupa. net); 8 — naiiku rab6ponopuros (2,446 mipa. 1et); 9 — Heoapxeii-
CKHe INIarHOMUKPOKIIMHOBBIE THelcorpannThl;, 10 — Heoapxelickue (2,72 MiIpJ. JeT) AUOPUTHI, KBapIEBBIC THOPHUTHI, IPAHOIHOPH-
THI ¥ INTATHOTPAaHUTHI MACCUBHBIE ¥ YMEPEHHO pa3rHelicoBaHHBIE (a) M CHIIBHO pasrHelicoBaHHbIe (0); 11 — cyOmenounsix rabopo-
HoputoB KyHnmo3epokoro tuma; 12 — Me30- U HeoapxelCKHe 3eleHOKaMeHHbIe KOMIUIEKCHl; 13 — 30Ha COKOJI03epCKOTO Pa3ioMa;
14 — ocraHoBKa 4.7 9KCKypcUU

Ha Bpe3ke: Mecrononoxenue puc. 4.5 Ha cxeMe paclpoCTpaHEHMsT apXEHCKUX CTPYKTYPHO-BEIIECTBEHHBIX KOMILIEKcoB bermomop-
CKOT'0 TOJIBKDKHOTO MMOSICA M COMPSKEHHBIX CTPYKTYp (CriabyHoB, 2008).

Ilo cBOMM IETPOreOXMMHUIECKUM XapaKTEPUCTUKAM OHU COIIOCTABUMEBI C apXeHCKMMU IIOPOaMHU ca-
HYKHTOMJHOH cepun npoBuHINU Crronuprop Kanaackoro mura, kparona [Tunbapa 3amagHo-ABcTpanuii-
CKOTO IIIUTA, a TaKkKe IpyruMH pailoHamu Kapenbckoro KpaToHa, Tie YCTaHOBJICHO ABE pa3HOBO3PACTHBIC
(c Bo3pacToM 0KOJI0 2,74 1 0K0JIO 2,71 MIPI. JET, COOTBETCTBEHHO) TPYIIIHI dTUX oOpa3oBanuii (bubnko-
Ba u jap., 2005; CamconoB u jp., 2001; Bibikova et al., 2005; Halla, 2005; Képyaho et al., 2006; Lobach-
Zhuchenko et al., 2005; Samsonov et al., 2005 u ccpuiku Tam). OHH TaK ke, KaK U Ha JAPYTHX KpaToOHax,
oOpazoBainuck no3aHee HanOomnee pacrpocTpaHeHHbIX mopon TTI accommanuu. CeBepo-Kapenbckuii ca-
HYKUTOWJIHBIA MacCUB — 3TO CaMblil KPYIHBIM UHTPY3UB 3TOM cepuu Ha KapenbCckoMm KpaToHE.
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OcranoBka 4.7.

[Ipencrasnser F0-B wacte CeBepo-Kapennckoro (IIsiozepckoro, TaBaspBuHckoro) 6aTonura. B mo-
POXHOI BeleMKe Ha NpOoTshKeHUH ~ 300 M BCKPBITHI Tpeolnaaromniye mo o0beMy cpeiHe- U KpyImHO3epHH-
CTBIC TPAHOIUOPHUTHI C PEIKUMH KPYIMHBIMH TOP(QUPOBBIMU BBHIIEICHHUSIMU KaJMEBOTO TMOJICBOTO MINATa,
YTO SIBIISICTCS XapaKTEPHOW 0COOCHHOCTHIO TPAaHUTOHIOB CAHYKUTOUIHOW CEpUH. DTU TPaHOJUOPUTHI TIPO-
PBaHbI XHUJIAMU MEJIKO3EPHUCTBIX T'PAHOIUOPUT-AIIINTOB U COIEPXKAT pazHOOOpas3Hble IO pasMmepaM (OT
MEPBBIX CM /10 HECKOJIBKUM METPOB) U MO (GopMe (KUIIO- U JUH30- U KCEHOJIMTOOOpa3HbIE) BKIIOUCHHUS
MEJKO- U CPEAHE3EPHUCTBIX MEIaHOKPATOBBIX MOPOJ IUOPUTOBOTO cOcTaBa. Bce 3TH mopoas! MpopBaHE
KPYITHBIM TelloM rab0pouAOB, BEPOSTHO, MAJICOMPOTEPO30HCKOTO BO3pacTa, KpaeBash 4acThb KOTOPOTO
BCKpBITa B 3aI1a/IHOM YacTH BBIEMKH.

B oOHaxkeHMH QUKCHpYETCsS HECKOJIILKO KPYTOMAIaloliX CeBEPO-3ara HOro MpOCTUPaHUs 30H WH-
TEHCUBHOI'O PAacCCIIaHLEBaHMs, KOTOPBIE HAKIAAbIBAIOTCA U HA TPAHUTOMIBI, H HA IAJICONPOTEPO30NCKUE
rabOopouIbI.

IleTporeoxummuueckue XapakTEpUCTUKU TJIABHBIX Pa3HOBHIHOCTEH IOPOJ, BCKPBITBIX B JOPOKHOU
BBIEMKE CyMMHpOBaHbl B Tabnuue 4.4. KpynHozepHUCTbIE TPAaHOAUOPHUTHI 37€Ch SIBIISIOTCS TIOMHBIMU aHAJIO-
raMu rpaHuTonzioB u3 npyrux yacteid Cesepo-Kapensckoro (IIso3epckoro) GaroinTta ¢ MPUCYIIMMH IS
TPaHUTOHJIOB CAHYKUTOMIHON CEpUH METPOreOXMMHUYECKUMH OCOOCHHOCTAMH. JKUIIbHBIE TPaHOIUOPHUT-AIl-
JIUTHI TI0 OOJIBIIMHCTBY XapaKTEPHCTUK ONM3KHM K BMEIIAIOIIAM T'PAaHOAWOPUTAM H, BEPOSATHO, SABJISIFOTCS MX
KUIbHOU (azoil. /IMopUTOBbIE BKIIOYEHHS B TPAHOAMOPUTAX, OTOOPAHHBIE U3 KPYIHBIX JKHJIO- U JIMH3000-
Pa3HBIX TN B Pa3HbIX YaCTAX OOHAXKEHUs, [0 METPOreOXUMHUYECKUM OCOOCHHOCTSIM OJNM3KU MEXIy coO0OH H
PE3KO OTIIMYAIOTCS OT Ma(UUYECKUX BKIIOYCHUH B TPaHUTOMAAX M3 APYTHX YacTsx Oaronura Oojiee BHICOKU-
mu coaepkanusiMu Ti0,, 6omee HU3kUMHU KoHIeHTpanusMu Cr 1 MeHbIIeH MarHe3uansHocThio (Mg# 38-42)
MPU COXPaHEHHHU OCTAIILHOWM T€OXUMHYECKON CTIeNU(HKHY, MPUCYIIEH TOpoJaM CaHYKUTOHJHOH CEpUH.

BckpeiToe B BBIEMKE TEJIO NAJICONPOTEPO30MCKUX rab0pOnI0B 0 XMMHUYECKOMY COCTaBy OTBEYAET HOP-
MaJIbHOMY TOJIEUTY M MOKET OBITh COIIOCTABIICHO C TOJICUTOBBIMHU JAlKaMH ATyIHKCKoro (2,1 Mipa. j1et) Bo3-
pacta (Vuolla, Huhma, 2005), koTopble IIHMPOKO MPEAICTABICHBI B APYTHX YaCTSIX CEBEPHON YaCTH KpaTOHA.

Taoauna 4.4. Cocrtas nopoxa Ceepo-Kapenbsckoro (I1s03epckoro) 6atonura paiitone ocTaHOBKH 4.7 (OpUTHHATIBHBIC
MaTepuansl CamconoBa A.B.)

O6pazen | K-44-3 | K-44-5 | K-44-6 | PY-705/2 K-44-4 K-44-2 | PY-705/1 | PY-705/3 K-44-1
Mopoaa |CpexHe-u KPyIHO3EPHUTHIE TPAHOOPUTEI Hﬁ%&ifgﬁ;ﬁ;a HHOPI;;ZII:EI;H%ISLI?:)?HM B I'a66po, PR1
Si02 66.74 | 66.11 | 66.13 68.82 66.06 55.79 53.54 53.77 51.00
TiO2 0.47 0.51 0.45 0.44 0.40 2.02 2.52 2.16 1.22
AI2O3 1525 | 1539 | 15.42 14.69 17.46 16.06 15.61 15.81 14.47
Fe203 4.20 4.86 436 4.65 3.1 9.93 11.35 11.44 13.86
MnO 0.14 0.14 0.14 0.15 0.13 0.15 0.16 0.16 0.18
MgO 2.05 2.40 1.97 2.23 1.10 3.09 421 391 6.39
Ca0 3.59 3.96 3.63 236 3.92 6.18 6.49 6.43 10.22
Na20 3.74 3.97 3.64 4.55 4.84 321 2.06 2.30 1.83
K20 3.65 2.46 4.09 1.95 2.76 3.06 3.65 3.53 0.67
P205 0.17 0.19 0.16 0.16 0.22 0.52 0.41 0.49 0.15
Tnn 0.72 1.07 0.99 0.81 0.94 1.53 1.39 1.30 0.77
Cymma 99.96 | 99.94 | 99.94 99.95 99.96 99.95 99.97 99.96 99.98
S (%) 0.01 0.01 0.00 0.01 0.02 0.07 0.01 0.01 0.03
Mgt 0.49 0.49 0.47 0.49 0.41 0.38 0.42 0.40 0.48
Cr 61 67 52 64 11 24 39 19 182
Sc 7 11 9 9 0 16 12 7 45
Vv 77 85 73 64 46 96 90 114 276
Co 14 17 12 15 10 23 34 25 41
Ni 29 28 25 30 13 35 57 45 100
Cu 11 9 11 92 21 68 49 17 134
Zn 66 73 48 59 48 106 114 123 107
Rb 94 97 90 58 74 109 120 108 22
Sr 658 709 642 529 823 900 800 826 198
Y 18 11 13 7 7 29 23 28 24
Zr 157 171 163 110 160 262 194 219 92
Nb 8 2 7 3 4 28 23 21 5
Ba 1405 1224 1612 581 835 816 732 928 207
Pb 10 13 6 12 11 10 11 9 9

Tpumeuanus. OKCHIBI M DIIEMEHTHI OIPEISISUTICH peHTreHo-(umoopeceHTHBIM MeTogoM B II'nl” CO PAH. Okcus! npuBeieHE
B Mac. % M IepecunTaHbl Ha CyXOH OCTaTOK. DJIEMEHTHI NPUBEIEHB! B MKI/T. JleTany METOIVK aHAJMTHYECKUX HCCIICIOBAHUI
naHbl B pabote (CaMCcoHOB | Jp., 2004).
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ME3OAPXENMCKHHN KEPETHO3EPCKHUM 3EJIEHOKAMEHHBIN
KOMILJIEKC B PAMOHE o03. KEPETH

Crabynos A.Y.

UTI" KapHL] PAH (Iletpo3aBoack)

[le1b IKCKYPCHH - O3HAKOMJICHHE C ME30apXEHCKUMH TITyOOKOMETaMOpP(PHU30BAHHBIMH BYJIKaHO-
TEHHBIMH U OCaI0YHBIEMHU 00pa3zoBaHusIMU KepeTcKkoro 3eeHOKaMEHHOTO TI0sca.

Keperckuii 3esieHokaMeHHbIH Tosic (puc. 4.6) Bxoaut B coctaB CeBepo-Kapensckoii crucTeMs! 3e-
neHokaMmeHHBIX nosicoB (CKC3II) u crnoxeH AByMs pa3HOBO3PACTHBIMHU 3€JIEHOKAMEHHBIMH KOMILIEKCAMHU
(Cnabynos, 2001, 2008; Pannwii..., 2005): keperbozepckum (2,88—2,83 map. jer) u xu3zoBaapckum (2,8—
2,78 MIp. JeT), PU 3TOM MIEPBBIA pe3Ko MpeodiIamaeT.

Kepemvoszepckuii komniexc COCTOUT W3 TPEX KapTUPYEMBIX CTPaTOTEKTOHWYECKHX accormarmii (CTA)
WITH CBUT: BEPXHEKYMO3EPCKOH, XaTTOMO3epCKOH, Maiio3epckoii (CnabyHos, 1990), mpencTaBneHHbIX COOTBETCT-
BEHHO TTOPOIHBIMH aCCOIMAIMSIMHI KOMaTUHT-TOJIEUTOBOMH, i depeHIMpoBaHHON aHIe3n0a3albT- aHAE3UT-PHO-
JIMTOBOH M aH/e310a3aIbT-0a3aI6TOBOI.

Komamuum-moneumosas accoyuayus. Meraba3anbTsl pe3ko npeoOianaioT B ee coctaBe. OHH OT-
HOCSTCS, TIABHBIM 00pa3oM, K ToienTaM HatpoBoro psaa. Ha OunapHbIX quarpammax MgO — okucsl ¢u-
TypaTUBHEIC TOYKH WX COCTaBOB 00pasyloT, TpeH ] Oym3kuid Kk GperaHepoBckoMy (CrnadynoB, 1993). Coxep-
skanue B HUX P30 (Tadn. 4.5) B 814 pa3 BeImie, ueM B XOHApUTE, Tpaduk pacnupeneneHus P35 umeer He-
muddepeHIMpoBaHHbIN BU, ¢ Eu MEHEMYyMOM.

dopmMupoBaHre TIOPOJT TOIICUTOBOW CEPHH MPOXOAMIIO MPEUMYIIIECTBEHHO B MAJIOTITYOMHHBIX Kamepax B XO-
Jie (PpaKIIMOHHON KPUCTALIM3AINK TICPBUYHBIX BBIIIIABOK, MMEBIIINX COCTAB, OJM3KMHA K KOMAaTHUTOBBIM Oa3aIbTaM
(CnabyHos, 1993).

Iopo/pl KOMAaTHUTOBOM CEPUU B JJAHHOW acCOIMAIK TI0 0cOOSHHOCT:M cocTaBa P33 (ypoBeHb comepika-
HUSI B HanOoJIee COXPaHMBIIHXCS PA3HOCTSX TsoKeNbIXx P33 B 3 pasa mpeBblmaeT XOHAPUTOBEIH YPOBEHB, a JIeT-
kux — B 10, kpaitne cmabo BeipaxkeH Eu muHmMyM) oTHOCsATCS K Komatuutam Tuna IlII, rpymmer I b (Bpesckwuit,
2000). [Topozp! Takoro coctaBa MOTJM 0OPA30BaTHCA B MAHTUIHOM ILTIOME TIPH TIIABJICHUH HEACIIETUPOBAHHO-
10 0e3rpaHaToOBOro MaHTHHHOTO CyOcTpara Ha riryorHe 75—120 kM ¢ mocieayronmM (GpakinoHApOBaHUEM, TT1aB-
HbIM 00pa3oM, oiuBuHA. O0OraleHHOCTh KOMATHUTOB JISTKUMHU P33, BEpOsITHO, CBs3aHA ¢ OCOOCHHOCTSMH CO-
cTaBa MaHTHHOTO UcTouHuka (Bperckuii, 2000).

HauGonee BeposTHO, YTO KOMAaTHUUT-TOJIEUTOBAs IMOPOJHAS aCCOIMAIUS 3EICeHOKAMEHHOTO KOM-
miekca chopMHpPOBATACH B OKCAHHUECKOH 00CTaHOBKE IO/ BO3ICHCTBHEM MaHTUIHOTO TUTIOMA.

Hupdhepenyuposannas andesubazanvm-andesum-puoisumosas accoyuayus Hanbosee MUpPoOKo pac-
npocTpaHeHa B mpezenax nosca. OHa Boiaensercs kak xarromosepckast CTA. U-Pb Bo3pacT HMpKOHOB U3
MeTaTy OB aHIEe3UTOBOTO cocTaBa — 2877 + 45 MiH. JeT, a MeTafganuTa HeKKoBou dartiu — 2829 + 30 (bu-
OukoBa u J1p., 1999), uTo U MO3BOIISIET OLIEHUTH Bpems ee GpopmupoBanus — 2,88—2,83 mup,. jer.

B BylIKaHHTax 4acTO COXPAHSIOTCS PENMKTBI arJIOMEPATOBOH, IOJI0CYATONU TEKCTYP, YTO IO3BOJIAET
HAJICKHO WIACHTU(DUIIMPOBATH OPOJBI KaK TY(bI, KpOME TOr0, OTMEUAIOTCs JaBOBbIE U HEKKOBBIE (haruu.
Ha xrmaccn(ukalmoHHBIX NETPOXMMHYECKHUX IuarpamMmax (UIypaTHBHBIE TOYKH COCTABOB HAaXOIATCH,
TJIaBHBIM 00pa3oM, B TOJI€ MU3BECTKOBO-LIECIOYHBIX CpPEJHE-KUCIBIX BYJIKAaHUTOB KaJIMEBO-HATPOBOTO U Ha-
TpreBoro psanoB. [IpeobnagaroT aHAE3UTHI U JAIUTHI.

CriekTp pactpenerreHnss P32 B mopomax paccMaTpuBaeMoOi acCoIMaIy pe3ko audhepeHITMpOBaHHBINA
(La/Yb)y = 10-30; comeprkanwst nerkux P33 npeBbiaroT XOHAPUTOBBIH ypoBeHb B 50—100 pas, cpenaux — B 12—
30 pa3, a TSOKeNBIX — B 6—8 pa3 [yis aHe3u0a3aIbTOB U aH/IE3UTOB U OKOJIO 4 — Jutst TanuToB. Eu MUHUMYM BbIpa-
JKeH crabo. ['paduky pacripeneneHnss HOpMUPOBAHHBIX COJEPIKAHUN PEIKUX JIEMEHTOB B ITOPOJIaX paccMaTpH-
BAEMO acCOIMAINK M TUTINYHBIX COBPEMEHHBIX OCTPOBOJYKHBIX BYJIKAHUTOB BECbMa CXOJIHBI, BKIIFOYasl HaJIH-
yrie Nb MuUHIMyMa.

Uzotomueiii cocta Nd B MeTaaHIe3nTe paccMaTpruBaeMoil accoruanuu (€ng(2,85 mupm. ner) =
+2,8; tom = 2800 MIIH. JI€T) CBUAETENLCTBYET O IOBCHUIBHOW MPUPOJE BYJIKAHUTOB M OTCYTCTBHU KOHTa-
MHUHALUH 00jiee IPEBHUM KOPOBBIM BEILIECTBOM.
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Puc. 4.6. Cxema reolorn4eckoro CTpoeHusi ceBepHoi yacTu KepeTrckoro 3eneHokaMmeHHOTro mosica (coctaBumin A.M.
CnabyHOB ¢ HCIOJIb30BaHUEM JTMUHBIX HaOmoaeHuit, marepuanoB B.C. Crenanosa, O.1. Bonoauuesa, E. I1. Uyiiku-
Hoi, 10.1. CoicTpbl U omyOnukoBaHHbIX JaHHBIX (bubukoBa u np., 2003; Bonomuues, 1990; KoxeBHukos, 1992,
2000; Crenano, Cnadynos, 1990; Ceictpa, CkopasikoBa, 1986; Xuzosaapckoe ..., 1988; Illunanckuii u ap., 1999)):

1— xoponuTOBEIE Ta00pO (2,11 MiIpA. 11eT); 2 — MUKPOKIMHOBBIH I'paHUT (OKO0J0 2,3 MIIpA. 1IeT); 3 — 3HAepOUTHI; 4 — HHTPY3UBHBIC
YapHOKUTHI (0KOJIO 2,45 MIpPA. JIeT) U KCEHOJMUTHI (IIOKa3aHbl 3BE3/I0YKON) BYJIKAHUTOB C I'PaHYJIUTOBBIMU acCOLMAIUAMU; 5 —
rab6ponoputs! (2,44-2,41 mipa. niet); 6 — aHOPTO3UTHI K METaaHOPTO3UTHI; 7 — rpanuTouasl TTI accoumarmu (2,83-2,72 mipa.
ner); 811 — XuzoBaapckuii 3eeHOKaMeHHBIH komInieke (2,8-2,78 mupa. ier): 8 — 6a3anproBast ¢ Tenamu yusTpabdasutoB CTA;
9 — KHcCIIble BYJIKAaHUTHI, BYJIKaHOT€HHO-0CaJ04YHbIe Opoasl (2,78 mipa. 1et); 10 — ocanouno-synkanorennast CTA; 11 — annesur-
oonnHuT-ToNenToBass CTA; 12—-16 — Keperro3epckuii 3eIeHOKaMEeHHBIH KoMIuteke (2,88-2,82 mupa. net): 12 — rpaHaT-0HOTHUTO-
BbIe THelcChI; 13 — BepxHekymo3epckas CTA (martaba3anbTsl M MeTakoMaTuuThl); 14 — xarromosepckas CTA (2,88-2,83 mupa.
JIeT; CpelHe-KUCIbIe METaBYIKaHUTH); 15—16 — maiiozepckas CTA: 15 — MmeTaanne3n0a3ainbThl, 6a3aabThl, IPOCIOHN MaparHeHCcoB;
16 — maparHe¥iicsl ¢ peakuMu npociaosMu Fe-rpaHatutos; 17 — OpHeHTHPOBKA IIOCKOCTHBIX AJIEMEHTOB 3ajieranusi; 18 — mpearo-
JlaraeMble HEOApXEHCKUE Pa3phIBHBIC HAPYLIEHUS: @ — Pa3JIoMbl, 0 — rpaHuIIa IOKPOBa
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ConocraBnieHre cOCTaBa XaTTOMO3EPCKUX BYJIKAaHUTOB CO CPEAHE-KUCIIBIMH BYJIKAHUTAMH COBPEMEHHBIX
CYOIYKIIMOHHBIX CHCTEM TOKa3bIBAET, UTO HAaUOOJNBINEE CXOJCTBO OHM OOHAPYKUBAIOT C M3BECTKOBO-IIIETIOYHBI-
MH ITOPOJAMH Pa3BUTBIX OCTPOBHBIX AyT (Pponosa, Bypukosa, 1997 u np.).

Andezubazansm-6a3ansmosas accoyuayus 1 IPOCION MeTarpayBakk (peaKo — MeraMop(u30BaHHbIX Fe
KBapIMTOB) cpeau HUX o0pazyror Maitozepckyro CTA. MeTaByIKaHUTHI TOJIIIH IO MIETPOXUMHYECKUM XapaK-
TEPUCTUKAM OTHOCSTCS, TJIABHBIM 00pa30oM, K TOJEUTaM HATPHEBOIO W KalWH-HATpueBoro psaa (taid. 4.7),
BMECTE C TEM B 3TOHM accoLMaly 3HAUuMMa POJib aHJe310a3aJIbTOB M3BECTKOBO-ILETIOUHOM cepun. B cocrase
CTA BBIIETSAIOTCS TeJla YIIETPa0a3uTOB (METAKOMATHHTOR).

dopmupoBaHne 6a3aJbTOUOB TAKOTO COCTaBa MOTJIO MPOHCXOIUTH MyTeM KPUCTAJUIM3ALMOHHOMN
muddepeHInanuy yMepeHHO-MarHe3uanbHeIX 0a3albTOBBIX PACIIaBOB B Pa3sHOITYOMHHBIX MarmaTHue-
CKUX KaMmepax, OfIHa U3 KOTOPbIX OblJIa OTHOCHUTEIHHO MAaJOTIyOMHHOH, a BTOpas pacrojiarajach Ha IIIy-
ounax He MeHee 22 kM (CnabyHoB, 1990).

Copneprxanne P30 B MerabazanbTax B 8—20 pa3 mpeBblIaeT XOHAPUTOBBIN YPOBEHb, TpaduK pacnpenene-
Hus P30 umeer HeanddepeHIMpoBaHHEI Br, HO € PE3KO BBIPXEHHBIM Eu MUHUMYMOM U OTHOCHTENBHO BBI-
coknM coneprkanreM Sm, Eu u Tb.

Jls pelieHns: BONpoca O TeoJMHaMUYecKoi 00cTaHOBKe (DOPMHUPOBaHMSI BYJIKAHUTOB Ba)KHOE 3HAUCHHC
MMEET COCTaB META0CAJIKOB, C KOTOPBIMU OHH accounupytoT (Koxesaukos, 2000 u np.). Cpenu GazansTonIoB
MaH03epCKOM acColMalyy KapTUPYIOTCS TOPU30HTHI Naparaeiicos (CnadyHoB, 1993). OHu He COXpaHUITH PEIHK-
TBI TIEPBUYHOOCATOYHBIX CTPYKTYP, B HUX IIOXO BBIPAYKEHBI OCAZOYHbIE TEKCTYPBI, TO3TOMY THUIIOBAs TeHETHYE-

CKasi KilacCu(hMKAIHsl OCa/I0YHBIX TIOPOJ] K HUM HE MPUMEHMMA, HO MOXKET OBITh HCIIOJIb30BaHA MIETPOXUMUYCCKAS
(Heenos, 1980; Pettijohn et al., 1973 u ap.).

Ta6mmuua 4.5. XuMudecKuii cocTaB Me3oapxeickux am@uOomuToB (Meraba3ambToB) — 1-7 M METaKOMATHHTOB
(cocTaBHI TepecynTaHBl Ha CyXyI0 HaBecKy) — 8-11 KoMaTHHT-TONENTOBOM accormanuu (BepxHekymo3epckas CTA)
KEPeThO3ePCKOT0 3eIEHOKAMEHHOI'0 KOMIUIEKca (OKUCIBI B Mac.%, SJIEMEHTHI B I/T)

1 2 3 4 5 6 7 8 9 10 11
Obp. 450-2 450-10 214-3 215-3 | 230-7 | 231-1 | 233-1 | 416-5 | 469-2 210-1 306-1
SiO, 48.80 48.80 48.24 51.02 | 48.04 | 49.23 | 50.23 | 47.96 | 46.03 47.46 46.96
TiO, 0.98 1.04 0.79 0.79 0.85 0.88 0.73 0.30 0.28 0.45 0.55
ALO; 15.14 15.77 16.54 14.67 | 15.17 | 15.15 | 14.75 6.32 5.06 10.27 4.29
Fe, 04 2.93 2.16 2.80 2.18 1.71 2.21 1.49 4.66 248 2.09 9.55
FeO 11.38 11.15 8.73 10.28 | 10.70 9.53 9.82 7.22 9.51 8.82 8.08
MnO 0.14 0.19 0.18 0.24 0.18 0.23 0.20 0.26 0.15 0.24 0.28
MgO 7.05 6.96 8.35 7.49 8.97 8.64 7.35 29.03 | 31.90 22.66 22.07
CaO 8.54 9.45 10.25 9.36 9.53 10.76 | 10.95 4.07 3.98 7.19 7.63
Na,O 2.81 2.25 2.11 1.50 2.02 1.36 1.80 0.11 0.05 0.73 0.42
K,O 0.28 0.23 0.31 0.22 0.25 0.09 0.27 0.02 - 0.09 0.07
P,0s 0.10 0.17 - - - - - 0.06 - - 0.10
H,0 - 0.01 0.11 0.11 0.13 0.11 0.08 - - - -
CO, 0.07 0.07 - - - - - - - - -
T 1.58 1.68 1.31 2.28 2.03 1.59 2.23 - - - -
Cr 286 293 538 374 472 431 444 1800 3100 2310 1393
Ni 68 89 169 107 94 99 118 850 1900 764 1194
Co 57 54 49 55 54 47 53 130 140 102 105
\Y 416 309 302 360 341 320 306 82 88 225 144
Cu - - - 17 24 12 19 83 45 96 -
Rb 5 3 32 3 8 4 6 1 3 3 2
Ba 30 - - - - - - - - - -
Sr 53 72 118 67 131 109 87 134 124 25 130
Zr 43 47 50 52 48 48 43 38 31 31 49
Nb - - - - - - - 5.0 3.0 3.0 -
Y 20 20 22 27 22 22 19 12 10 14 14
La 1.80 4.60 - - - - - 3.90 - - -
Ce 5.40 8.80 - - - - - 8.60 - - -
Nd 5.00 - - - - - - - - - -
Sm 1.80 2.40 - - - - - 1.50 - - -
Eu 0.51 0.61 - - - - - 0.41 - - -
Tb 0.55 0.51 - - - - - 0.27 - - -
Yb 2.20 2.10 - - - - - 0.80 - - -
Lu 0.35 0.34 - - - - - 0.11 - - -
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Ha xnaccudukarmonnoii quarpamme 1g(SiO,/Al,05) — 1g(Na,O/K,0) (Pettijohn et al., 1973) duryparus-
HBIC TOUKH COCTaBOB TIaparHeiicoB (Tabi. 4.7) HaXosITcs B MMojie TpayBakK. IIpoBeaeHHBIE pacueThl MOKa3hIBAIOT,
YTO OHM MOTJIM 00Pa30BaThCs 32 CYET CMEIIEHIS MOCTYTIAOIIEro U3 00JIacTH CHOCA MaTepuaia, B COCTaBe KOTO-
OO MPUCYTCTBYIOT OOJIOMKH, OTBEYAFOIIME MO cOCTaBy OazanbTam (okono 50% B cocTaBe cMecH), KUCIIBIM BYJI-
kaHuTaM (45%) 1 komaruuTam (110 5%).

[TonoxxeHne QUrypaTUBHBIX TOUYEK COCTABOB MAaHO3EPCKHUX META0CAJKOB (TpayBaKK) HA JUCKPUMHU-
HaioHHbIX guarpammax Th—Co—Zr, La—Th—Sc¢, Th—Sc—Zr u Th-La (Bhatia, 1983; Bhatia, Crook, 1986)
COOTBETCTBYET, TIIABHBIM 00pa30M, MOJISAM OCAaIKOB, (DOPMHUPYIONIUXCS B OOCTAHOBKAX OKEAHWYECKUX OCT-
POBHBIX YT, PEXe KOHTHHEHTAILHBIX OCTPOBHBIX IIyT.

Takum 00pa3oM, COBOKYITHOCTh JAHHBIX O COCTaBe mopoj Maiio3zepckoit CTA, BKITIOUArOIIeH ByJIKa-
HUTBI aHJe3n0a3aTbT-0a3aIbTOBOM aCCOIMAIIMHA M TPayBaKKH, CBHIETEIBCTBYET O (JOPMHPOBAHHU €€ BO
(pOHTANBHOW YacTH BYJIKAHMYECKOH OCTPOBHOM IYTH, BO3MOXHO, CYOCHHXPOHHO C Au(epeHInpOoBaH-
HOU aHme3nba3albT-aHAe3uT-PUOIMTOBOMN acconraIye.

Ta6muua 4.6. XuMudeckuil COCTaB CpeIHE-KUCIIBIX METaBYJIKaHHTOB xarromo3epckoii CTA mesoapxeiickoro
KEPeThO3ePCKOT0 3eIEHOKAMEHHOT0 KOMILIeKca (OKUCTBI B Mac. %o, DJIEMEHTHI B T/T)

Ne 1 2 3 4 5 6 7 8 9 10 11
O6p. 455-1 329-6 329-7 329-15 1A-1 224 314 314-10 | 314-11 777- 796-1
Si0, 64.20 56.40 53.10 63.40 70.00 60.04 71.58 56.82 53.36 52.90 59.20
TiO, 0.41 0.74 1.11 0.44 0.32 0.61 0.19 0.71 0.83 0.86 0.43
Al,O; 16.27 16.07 16.70 15.90 15.00 17.65 14.79 16.50 16.22 14.67 14.94
Fe203 1.90 3.71 9.45% 4.88%* 0.58 1.31 0.53 2.51 2.67 4.23 1.99
FeO 2.87 4.49 2.40 4.13 1.72 5.24 6.10 6.60 2.87
MnO 0.08 0.16 0.23 0.10 0.02 0.07 0.04 0.15 0.19 0.18 0.11
MgO 2.77 4.14 4.32 2.38 0.96 3.25 1.23 3.94 4.82 5.22 5.72
CaO 4.35 8.14 9.88 6.75 2.14 5.49 3.57 7.72 9.16 10.64 10.08
Na,O 4.67 3.76 3.67 3.39 3.66 4.80 4.50 3.33 3.23 2.60 3.17
K,O 1.50 0.98 0.76 1.37 4.18 1.73 0.84 1.24 1.30 0.58 0.57
P,0; - - 0.34 0.18 - - - - 0.25 0.16 0.11
H,0O 0.11 0.03 - - 0.08 0.04 0.06 0.13 0.04 0.97 0.60
IIIII 0.87 1.01 0.50 1.40 0.33 0.73 0.71 1.37 1.41 - -
CcyMMa 100 99.63 100.06 100.19 - - - - - - -
Cr 170 143 112 201 70 70 45 70 100 - -
Ni 46 30 28 42 8 27 20 50 50 - -
Co 22 37 22 9 8 96 7 30 35 - -
\ 60 206 225 166 15 38 28 180 200 - -
Cu - - 33 7 12 10 32 35 50 - -
Zn - - 104 57 56 - - - - - -
Sn - - 1.08 0.45
Mo - - 3.28 44.80
Rb 45 15 6 35 165 - 45 - - 108 11
Cs 2.8 2.8 - - 5 - - - - 14 13
Ba 450 366 159 523 1600 900 670 570 1300
Sr 800 630 579 348 410 740 378 600 600 - -
Ga - - 22 20
Li 16 7 - - 19 - - - 23 21
Ta - - 0.43 0.42 - - - - -
Nb - 4.0 4.5 3.1 - - 4.0 - - - -
Hf - - 2.94 2.83
Zr 104 101 120 115 125 - -

Y 24 18 21 13 20 - -

Th - 3.00 2.88 2.22 6

U - - 0.72 1.06 - - - - - - -
La 26.00 25.00 34.60 23.10 - - - - - - -
Ce 52.00 54.00 73.10 43.90 - - - - - - -
Pr - - 10.60 5.87 - - - - - - -
Nd - - 43.80 21.60 - - - - - - -
Sm 4.10 6.00 8.47 5.12 - - - - - - -
Eu 0.90 1.30 2.44 1.65 - - - - - - -
Gd - - 6.43 4.61 - - - - - - -
Tb 0.41 1.00 0.87 0.45 - - - - - - -
Dy - - 3.80 2.21 - - - - - - -
Ho - - 0.73 0.56 - - - - - - -
Er - - 2.26 1.35 - - - - - - -
Tm - - 0.29 0.27 - - - - - - -
Yb 0.90 1.40 2.08 1.21 - - - - - - -
Lu 0.13 0.26 0.28 0.21 - - - - - - -
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OcrtanoBka 1 (puc. 4.7). Beixonsr ampubonuto BepxHekymoszepckoit CTA. B HikHel yactu pas-
pe3a CTA npeoOiafatoT 3MUAOTOBIC U AUONICUIOBBIE aM(DMOOIUTEI, B BEPXHEH - TpaHaTOBBIE C OHOTHTOM
U pexe XJIOpUTOM, KapooHaToM. OTMeHaroTCsl pa3HOCTH ¢ nopdupobiactamu poroBoil ooManku. B taba.
4.5 (anamm3bl Ne 1-7) MpUBOAUTCS XUMHYECKUI COCTaB THITMYHBIX aM(HOOIUTOB STOW TOJIIIIH.

OctanoBka 2 (puc. 4.7). DmunoT-aMmpud01-0MOTUTOBEIE CIIAHITEI (METAAANThI) XaTTOMO3EPCKON
CTA. Meranauuts! (xuM. aHanu3 B Ta0. 4.6, Ne 1) npezacraBiieHbl CepbIMU OJHOPOJHBIMH CpPEIHE3CPHH-
CTBIMH, C PEIKUMH HEOOJBIIUMH KCEHONIMTaMU aM(UOOINTOB M CaHIEeB. B claHlax XOpoIo BeIpaKeHa
JTUHEHNOCTH TI0 am$puO0y. [IUpKOHBI U3 3TON MOPOILI UCTIONB30BaH il U-Pb matupoBaHus ByJIKaHHU3MA.
Bospact mtupkonos 2829 + 30 mutH. net (bubukosa u ap., 19996).

OcranoBka 3 (puc. 4.7). ['pynna oOHakeHHIA, CIOKESHHBIX MOJIOCYATBIMHU (AMUAOT-OHMOTHT)-aMpH-
OO0JIOBBIMH CJIAHIIAMH, B KOTOPBIX OTMEYAIOTCSl PEIMKTHI arjIoOMEPaTOBOM TEKCTYpPbl, OOBIYHBI PA3HOCTH C
PETMKTaMH TI0JIOCYATON TeKCTyphl. CTPYKTYpHO BBIIIE 3ajeraroT am¢puoonutsl Maitozepckoit CTA. Kon-
TakT Mex1y CTA TeKTOHHYECKH.

OcrtanoBka 4 (puc. 4.7). Beixonsr maparueiicoB maiio3epckoit CTA, TOPH30HT KOTOPBIX MPOCIIEKU-
BaeTcsa B cpeauw aM(uOOIMTOB Ipeaenax Bceld Maitozepckoit cTpykTyphl (puc. 4.7). OHE TpencTaBICHBI
(KMaHUT-MYCKOBHT)- TPAaHATOBBIMU THEMCaMU C pENUKTaMU NMEPBHYHOOCATOYHOIN TeKCTyphl. B Tabmn. 4.7
(ananu3el Ne 4) mpUBOANTCS XMMUYECKUH COCTaB 3THX MeTaocankoB. Cpenn HUX 3ajeraeT CHIUIONoA00Hoe
Teno aM(puOOTUTOB C KPYMHBIMU TopdupodIacTamMu rpanata. AM(GUOOTUTE OTBEYAIOT 110 COCTABY JKeJe-
3uctoMy 6a3uty (Tabi. 4.7, anamussl Ne 9).
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Puc. 4.7. Cxema reosnornueckoro crpoerust Keperckoro 3eieHokaMeHHOTo mosica B pailone o03. Maiio3epo u paspe3
o ipo¢mto I-11 (Cnadynos, 1986, ¢ mononHEeHUSIMH):

1-2 — mopops! Maiio3epckoii crparorekronndeckoi acconuarnyn (CTA): 1 — maparseicsl (a — TOPU30OHTHI C MPOCISKECHHBIMH IPH
KapTHPOBaHUM TpaHHUIAMH, O — ¢ Jemu(prpoBaHHEIMYU I'PaHULAMH); 2 — MeTaba3alIbThl, METaaH Ie3n0a3aNIbTEL; 3 — CpeIHe-KUC-
nble MeTaByJIKaHUTHl XxaTToMo3epckoil CTA; 4-5 — mopoxsl BepxHekymosepckoid CTA: 4 — MeTakOMaTHHTBI, 5 — aMpUOOTHTHI
(meTaba3anbThl); 6 — rHeficorpanuTsl Komiiekca TTT; 7 — npy3utsl (HepacuieHeHHBbIE); 8 — raOOpPOHOPHUTHI KOMILIEKCa JIEPLIOIIH-
TOB-rabOpOHOPUTOB; 9 — neiikorpanuTsl; 10 — npennoigaraeMple TEKTOHMYECKHE IPAaHULIBI (2 — pa3noMbl, 0 — HagBuru); 11 — sme-
MEHTBI 3aJIETaHus: a — IUIOCKOCTHBIE, O — NnuHelHbIe; 12 — 0cTaHOBKa BO BPEMS SKCKYPCHH.

OcrtanoBka 5 (puc. 4.7). AMpubonuter maiiozepckoii CTA mpencTaBieHsl 31ech (SMUAOT-TUOTII-
CHJI)-TPAaHATOBBIMU Pa3HOCTAMH. J[JIs1 HUX XapaKTepHBI CPEIHE3CPHUCTAs, YacTo MmopdupodIacTHUeCKas
CTPYKTYpa, ojocyaras tekcrypa. [locnenusas chopmupoBanack 3a cueT MeTaMoppUIeCKUX peodpa3oBa-
HUM 1 1eopMaIiK IIapOBhIX 0A3aIbTOB.
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OctanoBka 6 (puc. 4.8). Haxoautcs B 3amMkoBo# wactn HorreBoosepckoilt cTpykTyphl (puc. 4.5).
31ech moJIocUaThie cpeaHe-3epHUCThIe aM(puOoHTH BepxHeKkyMoepckoid CTA KOHTaKTHUPYT C THe#corpa-
Hutamu TTI koMmIuiekca.

I'panutorueiicel TTT koMmIuiekca BapbUPYIOT IO COCTaBY OT KBapIIEBBIX TUOPUTOB 10 TOHIbEMHUTOB.
Bospact nupkoHOB M3 KpaBueBbIX aAuopHTOB — 2803 + 13 mutH. ner, a moxaenbHbii Sm-Nd Bo3pact —

2,9 mapa. net (bubukosa u ap., 19996). Ito Hanboee NpeBHUIT KOMIIOHEHT IaHHOTO KOMILIEKCA.

Ta6mmua 4.7. Xumuyeckuii coctap ampuOoauToB (MetadazatoB) — 1-4 u MeraocaakoB — 5-8 maiosepckoit CTA
MEe30apXeHCKOro KepeTh03ePCKOro 3eJICHOKaMEHHOT0 KOMIUIEKCa M Tell MeTayIbTpada3uroB — 9, am¢pubdoiauTos — 10
cpemu HUX (OKHCIBI B Mac. %, 3JIEMEHTHI B I/T)

Ne it 1 2 3 4 5 6 7 8 o 10
Odp. 311-9 | 385-10 | 883-9 883-4 84-1 | 315-16K | 910-11 | 884-1 871-2 | 311-1c**
SiOo, 46.60 48.75 50.16 53.56 70.13 68.19 65.16 49.02 42.75 51.94
TiO, 1.03 1.05 1.29 0.70 0.48 0.56 0.65 0.19 0.23 1.81
AlLO; 14.51 14,30 14.11 14.23 15.96 13.30 17.36 3.56 3.96 13.50
Fe,0; 3.49 2.84 3.84 1.80 0.77 0.79 2.60 20.50 7.34 2.96
FeO 12.33 9.77 8.33 7.11 1.88 5.94 3.81 19.38 7.85 11.20
MnO 0.52 0.19 0.20 0.12 0.02 0.08 0.05 0.052 0.22 0.062
MgO 7.06 6.00 5.65 8.06 1.12 4.03 2.77 3.07 34.84 5.35
CaO 11.43 11.23 11.50 9.81 3.41 2.59 2.21 1.54 2.19 7.71
Na,O 1.04 1.69 2.82 2.25 4.88 2.72 2.82 0.03 0.19 1.69
K,O 0.23 0.71 0.36 0.61 0.98 1.56 2.30 0.02 0.43 0.89
P,0s - 0.12 - - 0.36 0.23 0.24 - - 0.24
H,O 0.04 0.09 0.09 0.10 0.18 0.05 0.32 0.24 0.32
T 1.95 3.08 1.40 1.21 0.42 0.92 1.43 1.40 2.10
Cr 230 200 300 400 73 373 307 87 2054 66
Ni 100 110 120 80 11 130 63 <10 874 32
Co 32 62 58 42 6 27 16 39 125 32
Sc 7 17 16 -
Vv 340 350 360 230 69 127 154 26 66 369
Cu 100 - 47 76 30 69 69 - 42 72
Pb - - - - - - 23 16 7
Zn - - - 45 105 108 - 112
Sn - - 0.49 0.48 1.93 - - -
W - 3.03 2.11 0.64 - - -
Mo - - - 1.01 2.25 3.16 - - -
Rb 6 - 18 2 35 48 79 7 20 17
Ba 60 - - 90 343 383 529 111 28 137
Sr 50 - 270 533 161 204 18 34 129
Ga - - - 12 12 25 - -

Ta - - 0.27 0.23 0.56 - -

Nb - - - 4.0 3.6 53 4 - 11
Hf - - 3.58 420 475 - - -
7r 49 59 65 104 110 130 33 24 131
Y 21 23 18 5 15 12 10 4 23
Th - - - 3.26 2.78 6.30 - -
§] - - - 0.55 0.75 1.36 - - -
La 3.50 450 - 14.96 17.54 17.44 47 -
Ce 6.30 6.70 - 25.20 35.58 33.04 5.8 -
Pr - - - 2.99 4.05 3.59 - -
Nd - - - 10.01 15.72 14.48 3.9 -
Sm 2.30 3.30 - 1.36 245 2.62 0.97 -
Eu 0.44 0.89 - 0.98 0.41 0.77 0.26 -
Gd - - - - 0.69 1.56 2.24 - -
Tb 0.54 1.00 0.18 0.35 0.42 0.3 -
Dy - - 0.69 2.15 2.42 - -
Ho - - 0.07 0.35 0.37 - -
Er - - 0.69 1.44 1.50 - -
Tm - - 0.12 0.18 0.28 - -
Yb 2.00 2.20 0.26 0.75 1.10 0.4 -
Lu 0.29 0.40 0.05 0.12 0.20 0.073 -
Be 6.09 1.21 - - _

** cocmae nepecuuman Ha Cyxyro Hagecky,

* ananuz obpasya us konrekyuu B.C. Cmenanosa.
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AM(DUOOIUTHI YaCTO UMEIOT CEeTYATYI0 TEKCTypy, 00pa30BaBIIyIOCS MpU MX MUTMaTu3anuu. OTMme-
YaroTCs MEJIKWEe W30KIMHANbHBIe cKiaaku, Ol KoTOphIX JexaT B TUIOCKOCTH T0JI0CYaTOCTH, a IapHHUPBI
NOrpy’KaLoTCs Ha IOB 125 / 40; Gosee 0ObIMHBI MENKHE CKIAAKK ¢ cybmuporHoil (F*) u roro-3amaHoit
(F®) OpHEHTHPOBKOIL.

OcranoBka 7 (puc. 4.8). Cepust BBIXOIOB CEpBIX TOJIOCUYATHIX (TPaHaT-dMHUI0T)-0H0THT-aM(pHUO0II0-
BBIX cIaHmeB (MeTaTy(oB), COCTaB KOTOPBIX BaphbUpPYeT OT aHAE3UT00a3aTbTOBOTO A0 AHAE3HUTOBOTO
(Tabun. 4.6, ananussl Ne 2-4) cocraBa, a Takke JaUTOBOro. OTMEUYaroTCsl TOPU30HTHI C PETTUKTAMH arjioMe-
paToBOil TEKCTYpHl. Bo3pacT IIMPKOHOB M3 arlioMETaTOBBIX MeTaTy(OB aHIE3UTOBOTO cocTaBa — 2877 +
45 wmun. ner (bubukosa u ap., 19996). OObIYHBI JIMH30BUAHBIE 000CO0JICHMSI, O0OTANICHHBIC AIHIOTOM.
BerpeuatoTcs cexyIye monocyaTocTh 30HbI aM()UOOTH3aIHH.

OcranoBka 8 (puc. 4.8). ['opuzonT maparneiicoB maitozepckoit CTA B HorreBooszepckoii CTpyKTy-
pe. [laparaeiicel peaCcTaBIeHBl MUTMATH3UPOBAHHBIMHE, CEPBIEMU Ha CBEKEM CKOJIe, KHAHUT-TPaHAT-MyC-
KOBUH-OMOTHUTOBBIE THEWCHI C CYyIb(QUAaMu, CpeiHe- KPYITHO3EPHUCThIC. XUMHUYCCKUN COCTaB ATUX TOPOJ
npuBoAuTcs B Ta0n. 4.7, Ne 6. B moponax pa3BUThI MHOTOYHCIICHHBIE MEIKHE M30KIMHAIBHBIE CKIIAIKH,
HIapHUPBI KOTOPBIX MOJ0r0 norpysxarrcs Ha C3 65°.

OcTtanoBka 9 (puc. 4.8). B 10p0oHO#1 BEIEMKE BBIXOIAT I'PAHUTOBBIC aM(HOOINTEI OJTHOPOIHBIE K BOC-
TOKY BCTPEUAIOTCS TAKXKE TIOJIOCYATHIE U JIMH30BUTHO-TIOJIOCYATHIE, YACTO TTOpPHUPOOIacCTHYSCKHIE (TUA0T-/IH-
OTICU]T)-TPaHATOBBIE aM(DUOOTUTEL. XUMUYECKHIA COCTAaB MOPOA MPUBOIUTCS B Ta0I. 4.7, Ne 2. OHM OoTHOCSTCS
K am¢pudomram mariozepckoit CTA. I[Topop! MpOoCIIeKUBAIOTCS MO IIPOCTHPAHHIO JAIEKO Ha BOCTOK (prc.4.5).
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Puc. 4.8. Cxema reomorndeckoro crpoerusi Keperckoro 3eneHoKaMeHHOTO Mosica B paiioHe o3. [lepoe Horreso u
paspessl o npoduisim I-11 (Cnabynos, 1993, ¢ qonHeHUsIMN):

1-4 — moponp! Maiiozepckoii crparorektonndeckoi accormanuu (CTA): 1 — maparseiicel ¢ npocnosmu MeTamopdusoBaHHbix Fe-
KBapIMTOB; 2 — MaparHeichl (MPOCIION ¢ a- MPOCIIEKEHHBIMHE, O — TIPEoIaraéMbIMU TpaHUIIaMK); 3 — MeTaba3anbThl (aMpUOOTHUTEI);
4 — MeTaynbTpaba3uThl; 5 — CpeHe-KHUCIIbIe MeTaByIKaHUTHI xarToMo3epckolt CTA; 67 — moponasl BepxHekymo3epckoir CTA: 6 —
METaKOMaTHUTHI, 7 — aMubomuTs! (MeTabazanbThl); 9 — rHeficorpannTsl KoMiuiekca TTI; 9 — rabOpouasI KOMIUIEKCa JIEpIOJINTOB—
ra0OopoHOpUTOB; 10 — MIArHOMUKPOKIMHOBEIE TPaHUTEL; 11 — nelikorpanutsl; 12 — cyOuienovHble rpaHuThl; 13 — npeanonaraeMblid
HaJIBUT; 14 — 2JIeMEeHTEHI 3aJIeTaHus: a — INIOCKOCTHBIE, O — JIMHEIHBIe; 15 — MyHKTBI OCMOpPTa BO BPeMsl 9KCKYPCHH.
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IKCKYPCHA 5

ME30-HEOAPXENCKUMN XNU30BAAPCKHUM 3EJIEHOKAMEHHBIN
KOMILIEKC B PAMOHE o03. BEPXHEE

Koowcesnuxoe B.H.
NI" KapHI] PAH (IleTpo3aBojck)
Lleqb 3KCKYPCHH - O3HAKOMJIEHHE C CTPATOTEKTOHMYECKUMH acconuanusMu 3, 4 B paszpe3e Heoap-

XEMCKOro 3eJICHOKaMEHHOI'O KOMILICKCa XI/I3OBaapCKOI\/'I CTPYKTYPB5I, IIPCACTaBJICHHBIMHA d)paFMCHTaMI/I OCT-
POBOOYKHBIX BYJIKAHOI'CHHBIX, OCAIOYHBIX 1 0CAJOYHO-BYJIKAHOI'CHHBIX OTJIOXKEHHI 3ayroBOoro OacceiiHa.

I'eonormyeckmii ouepk. Xu3oBaapckas CTpyKTypa siBisercs 4acteio CeBepo-Kapenbckoro 3eneHo-
KaMEHHOTO I105ICa, PACIIOI0KEHHOI'O B 30HE BJIMSHUS HEOAPXCHCKUX M MaJCONPOTEPO30NCKUX KOIHM3HOH-
HBIX IIPOLIECCOB, NPOSABICHHBIX B beoMopckoM MoOunbsHOM Hosice.

Xu3oBaapcKasi CTpyKTypa MpeACTaBiIseT aCHMMETPUYHYIO CIOKHOIIOCTPOCHHYIO cHH(pOpMY, ¢ oce-
BOM MOBEPXHOCTHIO, IOTPY’KAIOIICHCSA Ha 0T, BHINOJHEHHYIO BYJIKAHUTAMHU U OCAAKAMU M OOPaMIIEHHYIO
rpanutonnamu (KoxxeHukoB, 1992, 2000). Pe3ynbTaThl KOMIIJIEKCHOTO W3y4YEHUS IOKa3aju, 4TO OHA
MpEACTaBIsIeT TEKTOHUYECKUH KOJIIaXX HECKOJIIBKUX cTparoTekToHHuueckux accouuanuuii (CTA) BysikaHo-
TEeHHOM, 0Ca0YHO-BYJIKAHOTEHHON W 0CagoqHON MpUpobl (puc. 5.1), chopMHpOBAaHHBIX B Pa3HBIX IMaje0-
reorpa)u4eckux U MajeoreoAMHaAMUYECKUX OOCTAaHOBKAaX KOHBEPTEHTHOM I'paHHIbl «OKEaH-KOHTHHEHT.
(KoxxeBaukos, 1992, 2000, KoxeBHuukoB u ap., 2006).
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Puc. 5.1. I'eonornueckast kapra Xu30BaapcKoil CTPYKTYpHI (C ©I3MEHEHHeM U ynpouieHueM 1no: Koxesnukos, 2000) n
koonka CTA (c monoxaenuem no: bubukosa u ap., 2003, penepHbie BO3PaCTHI IO IUPKOHY MPUBEIACHEI B MITH.JIET,
M-Bo3pact MmeTamopdrzma).

Ycnosueie o6o3Hauenus: CTA 1: 1 - mepuaoTUTOBBIE KyMYJISATHI, 2 - TOJICUTOBBIE 0a3abThl (a), KOMAaTUUTHI (0), OOHUHUTHI (B), 3 -
¢deppodazanster; CTA 2: 4 - TonenToBble U H3BECTKOBO-1enouHble aHae3uTsl; CTA 3: 5 - kBapIieBble apeHUTSI, 6 - KHcTas ByJIKa-
HO-TEPPUTeHHAs TOJIIA TyPOUANTOBBIX OCAAKOB C TOPU3OHTAMH yriiepoaucThix nopos; CTA 4: 7- pacciaHIOBaHHBIC TOJIECHTOBbIE
0a3anbThl, 8 - N3BECTKOBO-IIEIOYHbIE aHIE3HUTHL, 9 - cHILIBI Tab0po, 10 - TeppUreHHO-0ca0YHas TOJIIA ¢ MAJOMOIIHBIMU TOPHU-
30HTaMH KHCIbIX Ty(OB U xene3ucto-kpeMHUCTHIX (BIF) mopon okucHoil, gacteio cunukataoi damun; CTA 5: 11 - omuroMukTo-
BbI€ KOHIJIOMEPATHI ¢ 00JIOMKaMHU KHCIBIX HOPOJI, YacThio TypoOpeKkdu (a), MOJTMMUKTOBBIe KoHITomepatsl (6); CTA 6: 12 - no-
IyIeyHble TOJNICUTOBBIE 0a3aybTh; 13 - F0XKHBIM KOMILIEKC TPaHOAUOPHUTOB; 14 - ceBepHbIE aIaKUTOBbIE TOHAIUTHI (2), MyCKOBHUT-
MHKpPOKJIMHOBBIE TPAHUTHI B IO)KHOM OOpTY CTPYKTypbl (0); rumabuccanbHble Tela DAUTOB U PHOAALUTOB, HMPOPHIBAIOIINE
15 (CTA 6) u 16 ( CTA 3); 17 - tena metacomaTutos; 18 - rpanunsl CTA nokymeHTHpOBaHHBIE (a) U mpeamnonaraemsle (0); 19 -
CclIebl HAZBUIOB JOKYMEHTHPOBaHHEIE (a) U mpeamnosaraemele (0); 20 - HanpaBiIeHUE IBHKEHHS aZIOXTOHOB M CMELICHUS 110 Ipa-
Hunam u BHYTpu CTA; 21 - 00BEKTHI 3KCKYpPCHOHHOTO OCMOTpa
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Huorcnnn eyaxanozennas CTA 1 npenctapiseT TOITY, B HU3aX KOTOPOH COXPaHUINCH (hparMeHTHI
MEPUIOTUTOBBIMU KyMYJISATOB (CEPIEHTHH + aHTOQWIINT + XJIOPUT + PYIHBIN), BBIIIE KOTOPBIX 3AJI€Tal0T
TPH METPOTEHETHICCKUE TPYIIBI opToaMpubonmuToB (CHH3Y BBepx): ymepeHHotuTanucteie (TiO, = 0,8-
1,3%), mo reoxumun (Tabin. 5.1) oTBeyaromye OCTPOBOAYKHBIM MeTaba3ansTaM (poroBas oOMaHKa + Tia-
THOKJIa3 £ SMUAOT = KYMMHHITOHHT + TpaHar), 0a3ajabTOBBIE A0 MEPHUAOTHTOBBIX KOMATHUTHI (aHTO(MII-
JIUT + TPEMOJIUT + TaNbK + KapOOHAT + XJIOPHUT), B pa3pe3e KOTOPHIX BBIICICH TOPU30HT HU3KOTUTAHUCTHIX
(TiO, = 0,3-0,45%) xkBaprconepx)amux aMmPpuOOTUTOB, UMEIOIINX T€OXUMHUYECKIE XapaKTEPUCTHKH OOHH-
autoB (Ilumanckuit u ap.,1999), u rpynma Beicokotutanucthix (Ti0, = 1,2-2,5%) am¢pubonmuToB — MeTa-
MOp(HU30BaHHBIX (heppobazambToB (poroBas ooOMaHka + Turarnokias = pynseri). [logoOHas cxema gepeno-
BaHMSI PA3IMYHBIX 10 coaepkanuio TiO, 0a3aabTOBBIX CEPHH SBISCTCS XapaKTEPHOW YepTON MHOTHX CYTI-
pacyOAyKIMOHHBIX O()HOIMTOBBIX KOMIUIEKCOB, BKIIFOUas Takve, Kak MaccuB Tpoomoc Ha Kumpe u oduo-
mutel Kox B HoBoit Kanemorwwn (Ll nmanckuit u mp., 1999).

MeTabOHMHHTHI 3aJI€TaloT B BUJE CHILHOIE(HOPMHPOBAHHBIX MajoMomHEIX (0,5 — 1 M) mmacToo06-
Pa3HBIX TeJ KBAapIIEBEIX aM(PUOOIUTOB Cpear MeHee KPEMHUCTRIX pa3HoCTeH opToamMbruOoIuTOB. Busyans-
HO METaOOHMHHTHI TPYTHO OTIUYHUMBI OT aCCOIMUPYIONMINX C HUMH BRICOKOMAarHe3naJbHBIX METAaTOJIEHUTOB.
EnuHCTBEHHBIM TPHU3HAKOM OTIHYHUS B OOHKEHUSIX CIYXKHUT WX OONBIIas MACCHBHOCTH IO CPABHEHHIO C
MeHee KPEMHHCTHIMH TOPOJaMH, KOTOPhIE W3BECTHBI B JIUTEPAType KaK BBICOKOMAarHe3MaJlbHBIE MPUMHU-
THBHBIC JIaBbl, HU3KO-T1 O(MHONHUTOBEIC 0a3aabThl WM OCTPOBOAYXHBIC TUKpUTHI (IIlumanckuii u nmp.,
1999, KoxxeBHukoB u 1p., 2005; Kozhevnikov, Shchipansky, 2008, cceutkm Tam).

MorurHocTs 1ol Tosu ot 100 mo 650 M. [Ins Hee xapakTepHbl MACCUBHBIE PEJKO MOAYIIECYHBIE
TEKCTYpbl, MaJIOMOIIIHBIE MPOCIOWKH THAIOKIACTUTOB ¥ CIIOWCTHIX TY(OB M OTCYTCTBHE MEKITOTOKOBBIX
TEPPUTEHHBIX KUCIBIX OCAJIKOB, CBUACTEIHCTBYIOIINE O HE BHYTPHKOHTHHEHTAIHHON 0O0cTaHOBKE (hOpMHU-
poBanus Madudeckoit accormanuu. Ha ceBepe HA3BI TOJITH IPOPBAHBI TPOHABEMHUTAMH C Bo3pacToM 2804
+ 27 muH. et (bubukosa u mp., 2003), o0nmamaOmMUMA TCOXUMUIECKUMA XapaKTEPUCTHKAMHU aJaKHUTOB.
Bo3spact npopsiBaronux 3Ty acconmanuio (heap3ndeckux gaek cocrabisier 2803 + 35 murH. net (KoxeBHH-
koB, 1992), uto ompenenser me3oapxeiickuii Bo3pact ganHoid CTA. B BepxHEH IMPHKOHTAKTOBOW YacTH
HaAOIIOJAI0TCS MHTEHCHBHAs KapOOHATH3aIus, PacCIaHIleBaHNe M KapaHIAllHbIe CTPYKTYPbI, CBHIETEIb-
CTBYIOIIIME O TEKTOHUYECKON Mpupojae BepxHero koHTakTta »To Tonmu. CTA 1 paccmarpuBaercs Kak
KOMIUIEKC CYIIPacyOIyKIIMOHHBIX O(HUOIUTONIOB, C(POPMHUPOBAHHBIH B MHTPAOKEAHMIECKOH 0OCTaHOBKE
(IMunauckuit 1 ap.,1999) mwim B 00CTaHOBKE 3aJyroBOro OacceifHa NMPH OKPaWHHO-KOHTHHEHTAJTHEHOM
cupenuare (KoxeBnukos, 2000), mpu B3aUMOJEHCTBHM IUTIOMa C 30HOM TIIOJIOTOM CyOMyKITNH
(Kozhevnikov, Shchipansky, 2008).

Cneodyrwuwan eynkanozennans CTA 2 Bapeupyromiei (100-700 M) MOIITHOCTH CIIOKEHA aHIE3UTaAMHU.
B nanbonee MomiHOM pa3pese CHU3Y BBEPX MPEACTaBICHB MUHIATEKaMEeHHBIE, OTHOPOIHBIE TEMHO-CEpPhIE
(Tutarmoxuras + porosas oOMaHka + KBapIl + OMOTHUT % SMHI0T), MUHIAICKaMEHHBIC ¢ TIpU3HAKAMU ITPUMH-
THUBHBIX TOAYIIEYHBIX TEKCTYp, TIIOMEpPONop(HUpoOBhIE U TPyOOMUPOKIACTHIECKIE MX pa3HOCTH. BOmm3u
HIDKHETO KOHTaKTa B MUHJIAJIEKaMEHHBIX JIaBaX KBapIeBbIE, KBAPII-IUIArHOKIA30BbIE W XJIOPUT-KapOOHAaT-
KBapIIeBbIC MUHIATUHBI BRITSIHYTHI BIIOJIb A-THHEHHOCTH C COOTHOIIEHHEeM Tpex oceit 20:3:1. Tonkwuit ro-
PHU30HT TIOMEpONOp(hUPOBBIX aHAE3UTOB, IMPOCIIEKEHHBI Ha HECKOJIBKO KUJIOMETPOB, Yepe3 KOPY BHIBET-
pUBaHUS TEPEKPHIBAETCS TOPU3OHTOM TEPPHUTEHHBIX KBAapIHTOB - KBApIEBBIX apeHUTOB. Bo3pacTt mupko-
HOB U3 TOJIIIM aHAE3UTOB, ONpEeIeIEHHbIN Kak 2775 £ 5 MIIH. JIeT, UHTEPIIPETUPYETCS KaK BO3paCT paHHe-
ro meramopdusma (bubukosa u ap., 2003).

Tpemovs ocaoounan accouyuayus — CTA 3, npencTaBieHa TOJIICH OCaTOYHBIX M BYJIKaHOTCHHO-
ocaJouHbIX opoa. Ee pa3pe3 HaumHaeTCsl C TOPU30HTA TEPPUTEHHBIX KBAPIUTOB M KBAPIEBBIX TPABEITUTOB
C KBapUEBBHIMH KOHTJIOMEpaTaMd B OCHOBAHHHM, 3aJETAIOMIMX Ha TJIOMEPONOp(HPOBHIX aHAE3WTaxX C
nm 0e3 KOpBl BEIBETPHUBAHUS Ha HUX. M3ydeHne AeTpUTOBBIX IIUPKOHOB M3 ATHX MOPO]] MOKA3aJIo, 4TO CY-
IIECTBOBAJIO HECKOJIBKO MX MCTOYHHUKOB, BO3PACTHI KOTOPBIX cocTaBistoT 3152 + 4.6, 2832 + 6 — 2811 +
7,2747 £5 — 2705 £ 10 muH. net. Bo3pact 2687 + 11 - 2651 £ 3.5 MiIH.JIET OLIECHUBAETCA KaK BpeMs MOCT-
ceauMeHTanoOHHOTO MeTamopdu3ma (KoxxeBHHKOB 1 11p., 2006).

Ha xBapreBbIX apeHNTAX 3aeraeT TONIa PUTMHUYHBIX TYPOHIUTOB C PU3HAKAMH SIIEMEHTOB IuKIIa bo-
yMa, C JIMH3aMH W TOPU30HTaMH KHCIBIX JIaB M MEIUIOBBIX TTOTOKOB, HAXOSIIMXCS B CJIOXHBIX JIATEPATBHBIX
COOTHOIIIEHMSIX, M XeMoreHHBIX Topon (Thurston, Kozhevnikov, 2000). Ilocnenane mpeacTaBieHbl KPEMHH-
CTBIMH, aJTFOMO-KPEMHHUCTBIMH, aJFOMO-KeJIe30-KPEMHICTBIMH, KeJIe30-KpeMHUCTBIMU TIopomamMu. B paspese
TIPUCYTCTBYIOT YTIICPOIUCTHIC U (PYKCUTOBBIC CiaHIBl. Bee ati 6emnmpie Ca-1mopoIsl ClI0KEHBI pa3HOO0pa3HEI-
MU MHHEPAITFHBIMHA aCCOIMAIMAMIE C Y9aCTHEM KBapIla, KHaHUTa, CTABPOJINTA, TPaHaTa, TIOJIEBOTO IIITaTa, aM-
¢uboma, MyckoBuTa, OMOTHTA, (PyKCHUTA, MarHETUTA, TpaduTa W Ip. MUHEPAIOB. Pa3HOMOPSAKOBBIE PUTMBI
MMEOT MOIIHOCTH OT 1 CM J0 JIECATKOB M, BOSMOXKHO, COTEH METPOB. B BEpXHHX YacTSIX KaXIOTO M3 TaKHX
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PUTMOB BO3pacTaeT cojepskaHue TIMHO3eMa. Pa3pes 3Toif Tonmm BeHJaeTcsl KUCIBIMH JIaBaMH H arjioMeparo-
BBIMHU Ty(hamu, 00pa3yroNrMU JOBOJIBHO MOIIHBIE JIMH3EL. HTpYy3uBHAs (artist mpecTaBieHa KIiIaMu, -
KaMH W IITOKaMH KHCJIOTO COCTaBa, C KOTOPBIMH CBSI3aHBI aBTOTHAPOTEPMANBHBIE TPOIIECCHI, COMTPOBOXKIae-
MBI€ TIOBBIIIIEHHEM KOHIIEHTPALIMI CBUHIIA, IIMHKA, cepeOdpa, 30510Ta U BUcMyTa. Bo3pact ranennTa O6Im30K K
2.67 mupa. et (anamTtuk ['.B.OBunaukosa, UT'TJ] PAH), a cBHHEIT-CBUHIIOBEIA BO3pacT TypMaJliHa U3 TH/I-
pOTEpPMATBHBIX OpPeoJIoB cocTaBrsteT 2718+55 mumH.et (anammutuk H.M.Kyapsmos, ' KHI] PAH)

Ta6auua 5.1. Cpegarie (n) 1 IpeACTaBUTEIBHBIE COCTABHI TIaBHBIX THUIOB mopos 3 Maduuecknx CTA 1 u CTA 6 u
CUJUIOB MO3JHUX KOMAaTUUTOB

Nerm | 1 2 3 4 5 6 7 g
AC‘;T(f) 022-3 6752 n=10 576-6 n=10 6562 n=18 n=4 | n=4 | H-321 |H-334/1| n=3 | 585a-1
Si0, 4490 4641 4550 5087 4931 5048 4880 5076 | 51.93 | 5677 | 60.14 | 4955 | 5046
TiO, | 018 038 040 053 050 064 0.5 084 | 107 | 042 | 036 | 198 | 196
ALO; | 330 864 953 1303 1299 1143 1139 1513 | 1454 | 1173 | 1005 | 1403 | 1532
Fe,0; | 10.64 1084 1197 1130 1201 1137 1175 1215 | 13.69 | 10.86 | 10.02 | 1693 | 16.60
MnO | 018 007 023 024 025 017 022 018 | 020 | 017 | 016 | 020 | 017
MgO  |35.67 2268 17.55 10.13 994 1924 1563 862 | 746 | 913 | 916 | 575 | 3.98
Ca0 | 323 890 976 1367 1123 763 878 1083 | 947 | 1015 | 931 | 9.08 | 8.16
Na,0 | 009 052 080 066 100 295 133 112 | 123 | 055 | 066 | 210 | 439
K0 |00l 003 010 026 022 020 020 029 | 027 | 016 | 007 | 018 | 005
P,0: - 004 004 - 007 009 012 008 | 013 | 005 | 007 | 019 | 031
Li . ) ) ) 202 | 188 | 2330 | 304 | 19 -
Sc . ) ] - 4190 | 413 | 363 | 464 | 282 ]
Ti 480 2158 - 3057 - 3837 ] 5023 | 5812 | 2500 | 2186 | 11882 | 11391
v 120 165 256 383 354 279 218 206 | 299 | 104 | 223 | 285 207
Cr 2574 3569 2496 697 671 148 1539 269 | 290 | 762 | 919 | 154 133
Co 95 101 82 62 54 58 65 484 | 50 | 776 | 623 | 483 | 370
Ni 1769 657 459 172 127 267 309 112 | 112 | 306 | 191 | 460 | 480
Cu N - - - 7358 | 27 | 498 | 273 | 867 | 510
Zn .. ] ] ] 800 | 99 | 867 | 653 | 105 62.0
Ga - ] ] ] 145 18 | 115 | 956 | 193 | 190
Rb 085 074 3 682 9 902 100 101 | 748 | 225 | 074 | 205 | 1.00
Sr 39 3658 71 9826 118 8748 147 99 97 | 825 | 735 | 248 86
Y 364 749 8 1206 12 135 13 230 | 235 11 145 | 304 | 170
Zr 1848 1673 22 2532 27 7269 58 142 | 522 | 200 | 265 | 111 127
Nb 027 057 - 092 - 3.03 A 229 | 281 | 0754 | 0865 | 103 5.0
Cs 031 01 - 036 - 6.00 ] 048 | 014 | 0123 | 0053 | 0.083 :
Ba oL ] ) ] ) 106 | 592 | 315 | 47 30
La 029 065 - 091 - 712 ] 345 | 267 | 104 | 134 | 133 | 273
Ce 100 191 - 27 - 1739 - 002 | 745 | 284 | 359 | 327 | 1217
Pr 018 034 - 047 - 234 ] 140 | 127 | 0425 | 054 | 469 | 174
Nd 092 167 - 262 - 9.92 ] 703 | 690 | 238 | 295 | 212 | 983
Sm 037 063 - 098 - 236 ] 241 | 230 | 09 | 106 | 535 | 289
Eu 010 026 - 041 - 0.74 ] 075 | 072 | 0402 | 0372 | 159 | 095
Gd 052 107 - 168 - 2.44 ] 208 | 300 | 127 | 154 | 504 | 242
Th 009 019 - 031 - 038 ] 052 | 053 | 027 | 028 | 093 )
Dy 058 121 - 202 - 24 ] 370 | 377 | 183 | 22 | 577 23
Ho 014 028 - 045 - 0.52 ] 081 | 086 | 0433 | 05 | 1.19 )
Er 044 077 - 135 - 151 ] 238 | 246 | 12 | 142 | 32 122
Tm 006 012 - 019 - 022 ] 034 | 037 | 0194 | 0216 | 044 ]
Yb 039 081 - 129 - 138 ] 220 | 232 | 122 | 148 | 265 | 134
Lu 007 0126 - 0194 - 0212 - 033 | 035 | 0174 | 0250 | 038 | 024
Hf 056 052 - 074 - 1.92 ] 061 | 163 | 062 | 075 | 200 | 273
Ta S ] - ] 013 | 061 | 0188 | 0056 | 0.63 )
Pb . ] ] ] 172 | 175 | 307 | 0896 | 222 ]
Th 005 007 - 01 ] 117 ] 029 | 027 | 0082 | 0065 | 1.09 | 3.04
U 005 002 - 003 - 022 ] 006 | 007 | 0038 | 0008 | 023 | 048
La/Yby | 053 057 - 051 - 3.70 ] 107 | 079 | 058 | 061 | 305 | 146
La/Smy | 051 066 - 060 - 1.95 ] 092 | 074 | 073 | 080 | 140 | o061
Gd/Yby | 110 109 - 108 - 1.46 ] 109 | 110 | 084 | 084 | 172 | 149
EwEu* | 070 097 - 098 - 0.94 ] 08 | 083 | 115 | 089 | 088 | 0091

Tpumeuanue: 31ech U fajiee MEPECIUTAHO HA CyXOH OCTATOK; | — MEPUAOTUTOBEIA KyMyJISIT, 2 — KOMaTUHT, 3 — METaba3aJIbT KO-
MaTHUTOBOW cepuu, 4 — MUPOKCEHUTOBBI KOMAaTUUT U3 CUILIOB cpeau ocanoulbix nopoa CTA 3, 5 u 6 — cpennuil cocraB Toneu-
TOBBIX MeTa0a3aIbTOB CEBEPHOH 1 I0XKHOU YacTel CTPYKTYpHI, 7 — MeTaByJIKaHUTHI O0HHHUTOBOH cepu; 8 — T i-eppobazansT.
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Bospacmnvim ananozom CTA 1 u 2 B 10xHOU yactu CTpYKTYphl sBiusieTca CTA 4, cnoxeHHas
TEPPUTCHHBIMU OCAJKaMM, B HHKHEH YacTH pa3pe3a MepeciauBaloIUMUCI C TOPU3OHTAMHU OCHOBHBIX
BYJIKAHUTOB - TIOAYIIEYHBIX 0a3aJIbTOB, OCHOBHBIX, CPEAHUX, PEKE KUCIBIX TypoB. HeznauntenbHbie
10 MOLITHOCTU FOPU30HTHI U JTMH3bI XeMOTeHHbIX nopos BIF oTmeuensr kak B cyry6o ocanodHoil yactu
pa3pesa, Tak U B acconuanuu ¢ 0asanpTamMu. HUKHAA rpaHuna 3TOH acCOLMALMU ONPENEsieTCs] TEKTO-
HU3HPOBAHHBIM MHTPY3UBHBIM KOHTAaKTOM C TPaHUTOHMAAMH I0XKHOTO oOpamieHusa. bonpmas yacTte ee
BEpXHEH TpaHULbl, TEKTOHMYECKH KOHTAaKTHPYIOWas ¢ MPEUMYIIECTBEHHO BYJIKaHOI€HHO-OCaJ04YHON
gacThio paspe3a CTA 3, mepekpriTa 0oiee BEpXHUMH TOJNIMAMH. Tam, TJie OHa He TepeKphITa, TpaHuIla
TpaccUpyeTcsl JICHTOBUJIHBIMU TeJlaMH METaCOMAaTUTOB W KHCIBIX TUIabHccanbHBIX HHTPY3Uil. [[Be
caenyromue CTA c HecornacueM nepekpriBatoT ocagku CTA 3 u BEpXHIOI 4acTh I0XKHOM Mpeumyiie-
cTBeHHO ocanoyHoiit CTA 4.

I'pyoooonomounvie nopoost — CTA 5, 06pa3yroT aBa MHUPOKUX IO B MIEHTPE CTPYKTYPHI, C TIPHU-
3HaKaMHl HEcOTJacusi KOHTAKTUPYS KaK ¢ HUXKe-, TAK U C BBIIIE3aJETaloMIMU KoMIulekcaM. OOIOMKH
MMEIOT BBIACP)KAHHBIM JalUTO-PHOIMTOBBIA COCTaB, O0Jiee KUCIHBIH, YeM LEMEHT, U MOPObl IPEICTaBIIs-
0T OJIMTOMHUKTOBBIE KOHIJIOMEPATHl U BYJIKAHOKOHIJIOMEPATHI C NMEPEMBITHIM TY(OBBIM LIEMEHTOM. B oT-
JIENIbHBIX MyHKTaX HaOIoZaeTcss TeCcHas acCOIMalys MOCIEAHUX C KHUCIBIMH JTaBOOpEK4HsSIMHU. JTa acco-
[UaLus pacCMaTpUBAETCsl Kak coxpaHuBIIascsa yacTh pull-apart-Oacceiina, pparMeHTapHO IPOCIECKEHHOTO
ceBepHee B cTpykTypax Bunum, Upunropst u Buuan (Koxesaukos, 2003)

Bt u3ydeH cocTaB meMeHTa U OOJIOMKOB B OJIMTOMHUKTOBBIX KOHIJIOMeparax. BosibImmHCTBO 00-
JIOMKOB UMEIOT BBIICP’KaHHBIA TAIIUTO-PUOIUTOBBINA cocTaB, OoJjiee KUCIBIN, 4YeM LeMeHT. BeTpeueHsl 00-
JIOMKH, MpPEICTaBIAIOLINE METACOMATHUYECKUE MOPOAbl - SHHIO3MTHL, CBHUACTEIHLCTBO MeTamoppusMma,
MPELIECTBOBABIIETO OTIOKEHHIO I'Py0000I0MOYHBIX OcaakoB. 110 XUMHU3My LIEMEHT KOHIJIOMEpPATOB OT-
nu4gaetcst ot rpayBakk CTA 3 66mbpmmMm conepskanueM MgO u CaO, a o reoXuMHH MHUKPO3JIEMEHTOB OH
OYEHb CXOJEH C JUCTAILHBIMH PUTMHUTaMH. B reoxuMuu nByx o0pa3noB 00JIOMKOB HaOMIONAIOTCS YEpPTHI
CXOJICTBA C IIOPOAAMH LIEMEHTA, HECMOTpPS Ha pa3Hylo uX Ipupoay. Boszpact 06;10MOUHBIX LMPKOHOB U3
ATUX KOHIJIOMEPAaTOB BapeupyeT B uHTEpBane 2838 + 25 — 2747 + 14 muH. netr (NORDSIM, CtokromsMm,
nepc. coodbur. Pentti Holtta).

Bepxnaa maguueckaa CTA 6 nipencraBieHa TONIIEH MOAYIIEYHBIX TOJIEUTOBBIX 0a3aibTOB (poro-
Basi oOOMaHKa + IUIarMoKmnas), B MOJOIIBEHHOW YacTH KOTOPOH OTMEYeHBbl MaJOMOLIHbBIE CHIUIBI KOHTAMH-
HUPOBAHHBIX KOHTHHEHTAJIHHO-KOPOBBIM MaTepHaIoM 0a3albTOBBIX, TUPOKCEHUTOBBIX U B MEHBIIEM 00b-
eMe TEePUIOTUTOBBIX (aHTOMWUIHT, aHTOWWIUTAT + €IWHUYHBIC 3€pHA INIAarMOKIIa3a) KOMaTHHTOB, PE3KO
OTJIMYAIOLINXCS 1O TeoXUMHUH OT KoMaTHUTOB B CTA1. OtMedensl MomHbie (>100 M) MOTOKM ¢ HUKHEH
rabOpouIHONM M BEepXHEW KPOBENBHOH 30HOHM, 00pa3oBaHHOW 0azanbTaMH C MPUMHUTHBHOW MOAYIIECYHON
oTaensHOCTRIO. [lo Mepe mpuOImKeHns K MeTacoMaTUTaM B CIABUTOBBIX (shear-) 30HaX B IOIyIIEYHBIX
YacTsAX MOTOKOB HAOIONAIOTCS yBEIMUYEHUE CTENeHH Je(GOpMUPOBAHHOCTH MOPOJ W MX METacoMaTHye-
cKkas rmepepadoTKa, CONMPOBOXKIaeMas H3MEHEHHEM UCXOJIHBIX 0a3albTOB CHavaja A0 aHAE3UTOBBIX COCTa-
BOB, a 3aTEM BIIIOTh 10 IPaHAT-CTaBPOIUT-KHAHUT-IIATMOKIIA3-KBAPIEBBIX MTOPOJ, B KOTOPBIX B BUJE Te-
HeW COXPaHSIOTCS 3€JeHBIC 30HBI 3aKaiku. M3oTomublii Bo3pact 3Toii CTA He ompeneneH. OHaA CO CTPYK-
TYpHBIM HECOTJacHeM IMEePEKPhIBAET BCE aCCOLMAINMY, 3a UCKIIIoueHreM, Bo3MokHO, CTA 1, u npopsiBaeT-
csl TaifkaMu pUOJAIIUTOB M TPAHOAMOPUTOB, U30TOMHBINA BO3PACT KOTOPHIX oleHuBaercs B 2706 + 7 miH.
net (Ilunanckuit u ap., 1999).

Crpoenue X130BaapcKOil CTPYKTYypbl omnpeaensercs aedopmanusiMu Tpex 3tanoB (KoeBHUKOB,
1992, 2000), ¢ KaxapIM U3 KOTOPHIX CBSI3aHBI COOCTBEHHBIC CTPYKTYPHBIC SJICMEHTHI.

Ilepewrii 3man D' oxsatbiBaet nedopmarmu, nposiBienHsie B 1Byx panHux CTA 1 u 2. Haubonee
paHHME CTPYKTYpBI, CBA3aHHBIE C ITUM 3TallOM NPEJCTABIEHBI HaJBUTaMHU, KOTOPBIE TOKYMEHTUPYIOTCS
naTerHcuBHOM (800-1400 %) nedopmanmeit aHne3UTOB, OlleHKa KOTOPOil caenana o 3D-3amepam MuH[A-
nuH. K 3TOH e reHepanuy oOTHOCSTCA HEOONbIINE CKIIaJAKH, B KOTOPBIE CMMHAIOTCS aH/I€3UTOBBIE TIOTOKH.

Bmopoit 3man D’ Bxmouaer nehopMaiyy, HATOKEHHBIEC HA IPOIYKTHl BYJIKAHH3MA H OCAIKOHA-
KOIIJICHUS], HAYaBILETOCs C OTIOKEHHs KBAPIEBBIX APEHUTOB U 3aBEPINUBLIETOCS PUOJALUTOBEIM BYJIKA-
HU3MOM M OTJIOKEHHMEM OIMTOMHKTOBBIX KOHTIOMepatoB. C stamoM D’ compsikeHbI CyOIIMPOTHEIE
CKJIaJIKH C TMOJIOTMMH IapHUPAMU U KPYTBIMH OCEBBIMH HOBEPXHOCTSIMH. KpymHbIe cKiamdarbie GOpMBbl
9TOr0 3Tana JOKYMEHTHPYIOTCS CTPYKTYPHBIM HECOTJIACHEM C HAJETAIOIIMMM Ha HUX OCHOBHBIMH BYJI-
kaautamu CTA 6.
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Tpemuii sman degpopmayuii D* sxmouaer uetbipe reneparmu ckaanok 3F-3F. C HekoTopbIMH 13
HUX CBS3aHBI 00pa30BaHUE 30H CKaJbIBAHUSI-CKOJIBKEHHUS, KOHTPOIMPOBABIIUX MIPOTEKaHHE METACOMAaTH-
YeCKHX MPOIIECCOB, U TPEIIUHHbIE AeopMalnn, KOHTPOIUPOBABIINE JaWKKU M KHUJIBI TO3AHUX JAIUTOB B
BepxHuX 0Oazanprax CTA 6. [leopmanmy 3TOro 3Tama HaJoXKeHbI Ha BeCh pa3pe3 Xu30BaapCKOl CTPYKTY-
pBl U Ha OOpaMJIAIONIME TOHAJIUTHI, OAHAKO, B YHCTOM BHJE, UCKIIOYAIOIIEM BIMsAHHE Oojiee paHHUX
CTPYKTYp, OHH MIPOSIBIICHBI B [TOPOJaX BepXHEH MapHUUECKON acCOLUAIINH.

Meramopdudeckne mporieccsl B XH30BaapCKoW CTPYKType OBLIH jaeTainbHo m3ydeHbl ([ reGoBuil-
xuit, Bymvun, 1983, ccbutkn Tam). Pexum meramopdusma onpenensuicst TP-mapamerpamu: TOC = 580 -
640°, P = 6,5 - 7,5 k6ap. Ha perpeccuBHOI CTamuu Ipu CHIKeHHH Temneparyp 10 300-550°C, xoraa map-
[IUAIBHOE JIaBJICHHUE BOIBI BO (IIOMJIE JOCTHTalI0 MAaKCUMAaJIbHOW BEJIMYMHBI HHTEHCHBHO MPOTEKAIH MPO-
[IECCHI KMCIIOTHOTO BBIIIETaYHBAHMS.

Onucanne Mapmpyra

OcrtanoBka 1 (puc. 5.1, 5.2). [leranpHbIi y4acTOK Ha F0)KHOM Oepery 03.BepxHero, rie HabmogaeT-
cs1 1Ba ropu3onTa aHae3uToB (A 1 u A 2) u nBa ropuszonTa (Q 1 u Q 2) kBapueBbIX apeHUTOB.
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Puc. 5.2. Ctpoenue 3088 niepexoma anae3ntoBoit CTA 2 u BynkanorernHo-ocagogHoit CTA 3 B myskre 1.

1 — 2 - anne3utsl: riioMeponopupossie (1a), romorennsie (10), MunaanekaMeHnsle (2a), rpyboobiaomounsie (26); 3 - KBapLeBbie
mopozsl — nauka Q 1: KoHroMepartsl (a); rajJeyHble apeHUTHI (0); KBapUuTHI (B); 4 - KBapleBble MOPOAbl — mavyka Q 2 ¢ mMpuMechio
MEITUTOBOTO U XEMOTE€HHOTO MaTepuaia 5 - yriepoacoAep Kaline NeIuThl; 6 - N3MEHEHHBIE KUCHbIe Ty(bl; 7 - KOPBI BEIBETPUBA-
HUS Ha aHJIe3UTax ¢ mpu3Hakamu (a) u 6e3 (0) maseoperonnra; 8 — ciex HaaABUTa; 9- HaOFOIaeMble (a) U MHTEpIpeTUpyeMsbie (0)
rpaHune! mopox; 10 — shear-30ub1; 11 - 3aeranue CIIONCTOCTH U TPAaHUI] TIOTOKOB (SO); 12 - 3aneranue cianuesatoct (S") u -
HEWHOCTH.

Ha ne3suHTerpupoBaHHOM BBIBETPEIIOM TJIOMEpOonopGupoBoM aHzae3uTe A 1 3ajeraet najaeoperoaut
¢ (pakuuonupoBanHbiM pacnpeneneHuem P30 u orpunartenshoit Ce - aHOMaluedl W MajJOMOIIHBIN
(= 20 cm) croit KBapIIeBOTO KOHTIIOMEPATa, MOCTEIICHHO MEPEXO SN B MEITKOTaICYHbIC apEHUTHI C TUI0-
XOOKaTaHHBIMH TallbkaMy Oenoro kpapra. MaTpuKCOM SBISIETCSI CEPBIi KBapIIUT, CIOXECHHBIH 3epHAMHU
KBapla ¢ MPUMEChI0 TUIarHoKiIa3a M OMOTHTA, YTO CBHIETEIHCTBYET O HEBBICOKOW TEKCTYPHOH U MU-
HEPAJIOTHUECKON 3pesIoCcTH MOpoasl. B mauke anme3uToB A 2 BBIACIEHBI 2 MOTOKA C MACCUBHOW HIDKHEH

58



9acThIO, epexoIsIeil BBEpX B MUPOKIACTHUECKYI0 Opekunto. Ha MaccuBHOW yacTu TpeThero MOTOKa 3a-
JIeTaeT BTOPO CEMHUMETPOBBIA TOPU30HT KBApUUTOB BTOpoif ropuzoHT Q 2 ¢ pe3KuM KOHTaKTOM 3aJleraeT
Ha BBIBETpENbIX aHae3uTax A 2. Jlns Hero xapakTepHBI: -)KEITOBATBHIA LIBET MOPOA, 00YCIOBICHHBINH MPH-
CYTCTBHEM TOHKOAMCIEPCHBIX CyIb(UIOB Kejie3a; - TOHKas MapajjieibHas CIOUCTOCTb, MeCTaMu nedop-
MHpOBaHHAs B MEJKHE TO(pHI; -peobaaaronie mecYanblii M 0ojiee MENKHI pa3Mep 3epeH KBapia U ¢Iv-
HuuHble ToHKKE (10 - 15 cM) TOpU30HTEI, comepxamiie Meikue (< 1 ¢M) ralbku KBapla;- HAIN4he MaJo-
MouHbIX (10 10 - 15 cM) ToprU30HTOB, 00OTAIICHHBIX MYCKOBHTOM, O0YCIIOBIHBAIOIINX PUTMHYHOE CTpOE-
HHe 3Toro ropusonTa. Ha kBapueBbsix nopogax Q 2 3aiseraet nmpocioi yriepoaucThIX KHaHUT-CIHOAUCTBIX
CJIAHIIEB.

AKTHUBHBIE HaJIBUTOBBIC JIBI)KEHHs, OOYCJIOBHBIINE CIBAaUBAaHME pa3pe3a «aHIE3UTHI - KBapLEBbIE
apEHUTBD» B OTOM IIyHKTE, JOKYMEHTHPYIOTCS 30HAMH PACCIAHLIEBAHUS W MUHEPAIbHON M arperaTHou A -
JUHEMHOCTH C MPEKPACHO BBIPAKEHHBIM KHHEMATHYECKHUM HHIUKATOPOM - BBITAHYTHIMH 110 JTMHEHHOCTH
rajJbpKaMu KBaplla B IpaBeINTax.

l'eoxumus kBapleBbIX apeHUTOB. Copep)kaHuE METPOrEHHBIX U PEIKUX DJIEMEHTOB B KBapILIEBBIX
apeHuTax MecuyaHol U raJeqHON pa3MEepHOCTH U3 JIByX YacTel pa3pesa KBapIUTOBOH Toumy Q MpuBeIeHbI
B Tabs.5.2

Ta6auua 5.2. CpegHuii XUMHYECKHA COCTaB KBapLEBBIX apEHUTOB XH30BAapCKON CTPYKTYPHI B COITOCTABICHUHU CO
CXOAHBIMH MTOPOJAMH HEKOTOPBIX APYTHX apXEUCKUX PETHOHOB

No it 1 2 3 4 5 6 7 8

Ne po6bt 10 4 9 1 22 3 8 49
SiO2 94.4 94.5 92.13 95.97 87.02 88.65 92.11 93.45
TiOp 0.04 0.05 0.06 0.02 0.1 0.26 0.07 0.04
AlpO3 2.21 2.44 4.34 2.24 4.47 7.71 4.58 4.07
Fep03 1.58 1.4 1.07 0.79 1.95 0.7 1.09 0.55
MnO 0.02 0.02 0.01 0.01 0.08 H.O. 0.01 0.02
MgO 0.42 0.35 0.31 0.2 2.47 0.44 0.88 0.27
CaO 0.43 0.26 0.26 0.07 2.98 0.1 0.09 0.14
NapO 0.76 0.46 0.98 0.04 0.07 0.36 0.24 0.17
K20 0.15 0.42 0.83 0.65 0.83 1.76 1.01 1.24
P20s5 0.02 0.05 0.02 <0.01 0.02 0.01 0.01 0.03

SiOp/Alp03 42.7 38.8 21.2 42.8 19.5 11.5 20.1 23

K20/Nay0O 0.2 0.9 0.8 16.2 11.9 4.9 4.21 7.3
Al»03/NayO 2.9 53 4.2 56 63.9 21.4 19.1 239

CIA 52 63 62 71 H.O. 74 73 69

1 - 4 - xBapueBble mopoasl Xu3oBaapsl: kBapuuThl madku Q 1 (1) u Q 2 (2); raneunsie kBapueBble apeHUTHL, adyku Q 1 3) u Q 2
(4); 5-8 - xkBapueBbie apeHuTHl Gopmarmii Keewaywin (5) , Keeyask Lake (6) B 3enenokamenHoM nosice Sandy Lake, cyOnpoBun-
s Cauuro, kparon Ceromupuop (Cortis, 1991); cyneprpynmna Pongola (7), kparon Kaansaans (Wronkiewicz, Condie, 1989); 3e-
JIeHOKaMeHHBIH 1osic Yavanahalli, xpaton JlapBap, Unnns (Argast, Donnely, 1982).

HaGmogaroTcst mMpoKye Bapualuy COJCpkKaHUS Psijia TJIABHBIX KOMIOHEHTOB - Si0,, Al,Os, Fe,0s,
FeO, CaO, Na,0O, K,0. Bapuauuu conepxxanus TiO, 1 MgO meHee 3HaunTenbHbl. KBapiuTel Xu3oBaapsl
IIPU CPAaBHEHHUM C aHAIOTAMH M3 JPYTHX apXCHCKUX PETHOHOB IMOKA3BIBAIOT OOJbIMHE comepkaHus SiO,,
CaO, Na,O u menpmmue Al,O; u K,O. B aux coorBercTtBenHo BhIme orHomenune SiO,/ Al,O; 1 HiKe 3Ha-
genue K,0 / Na,O. Xumudeckuii nagekc n3mMeHenus: — CIA, 3aMeTHO HIKe, 4eM B MOpoJax APYTHX ap-
XeMCKHUX pernoHoB. Bee 3To oTpaxaer OoJiee HU3KYIO XMMHYECKYIO 3PEIIOCTh KBApILEBhIX MTOPOa XHU30Baa-
pbl. [TomoOHOe HeOOBIYHOE coUyeTaHHe CAb0 XMMUYECKOH 3pEJIOCTH TOPOJ C OUYeHb BBHICOKHM COZIEpIKa-
HueM B HUX Si0; BO MHOTOM ONpE/IeliseT TCOXUMHUI0 MUKPO3JIEMEHTOB B HUX. B KBapieBbIX mopoaax Xu-
30Baapbl HaOrOaeTCst HU3Koe cojepxkanne > REE, B pasHoii crenenn GppakIHOHMPOBAHHOE paclpeelie-
nue LREE, V - o6pasubiii npopuns HREE u orpunarensnas Eu-anomanus (Euw/Eu” = 0,49 — 0,82), Tunuu-
Hasi JUIsl TIOCTApXEHCKHUX OCaIOYHBIX HOPOJ, MMEIIHKX Oojee HU3Koe 3HaueHne Eu/Eu” = 0,67 mo cpasHe-
HHUIO ¢ apxelickuMm 3HadeHnneM Eu/Eu” > 0,85 (Mc Lennan et al., 1984, 1990). Pacupenenenue Th u U, mo-
BHIIMOMY, BO MHOTOM KOHTPOJIUPYETCSI HAIMYUEM TKEIBIX MUHEPAJIOB, B MIEPBYIO OYEpEb, ITUPKOHA.
Tak, B ogHOM W3 00OpPa3lOB 3aUKCUPOBAHBI AHOMAJBLHBIC COJCPKAHUS Psiia MUKPOIJIEMEHTOB - Zr =
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933 r/t, Th =338 r/T, Y = 57 r/1, Pb = 72 1/1. B nenom nmoposr comepxkat HemHoro Zr (56 - 101 r/1, cp. =
75r/T,n=12)mn Y (4 - 11 r/T, cp. = 6,5 1/1, n = 12) u cunbHO Bapwupyomiee coaepxkanue Cr (42 - 581 r/t,
cp. = 235 1/1). llocnennee, kak u V-oopasznoe pacnpenencaue HREE, cBuaerenscTByeT 0 mpuMecH mpo-
IDYKTOB pa3pylLIeHHs YIbTPAOCHOBHBIX ITOPOJ B MaTPUKCE KBAPIIEBBIX APESHHUTOB.

MapupyT 1o JeTajbHOMY YYacTKY B CeBEPHOM YacTH CTPYKTYPbI

B sTOM MapmipyTe 1eMOHCTPUPYIOTCSI OOBEKTHI M TTOCIICOBATENFHOCT TEOJOTHIECKNX COOBITHH, yCTa-
HOBJIEHHAs TIPH JETaTbHOM KapTHPOBAHWM YYacTKa, ryie mpeacTtasiens! mopoast CTA 2,3 u 5 (puc.5.3).
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Puc. 5.3. ['eonornueckas kKapTa IeTaIbHOTO y4acTka | Xu30BaapcKoil CTPYKTYPHI.

1 - HIDKHHE aHJIC3UTHI: OJHOPOJHEIC (a), MUHIaeKaMeHHbIe (0) U rioMepornopdupoBsie (B); 2 - KBaplieBbIC apeHUTHI (a) U MO~
CTHJIAIOIIAsl X KOpa BBIBETPUBAHMA Ha aHIe3UTax (0); 3 - Kuciple ocagouHble U TY(HOreHHO-0CaA0UHbIE IOPOABL; 4 - YIIIEPOJICO-
JIeprKallie CIAHIBI; 5 - DAaIUTOBBIE Ty(bI; 6 - Tena AAlUTOB, PHOAAIUTOB; 7 - CUIJIbI MO3IHUX KOMAaTUUTOB; § - MOIIHBIE TTOTOKU
BEPXHHUX MeTa0a3albToOB ¢ Tab0poBoii (2) U moxymeyHoi (0) TeKCTypaMu; 9 - IITOKH MO3THUX aHAE3UTOB M AanuToB; 10 - 30Ha
WHTEHCHBHOTO KMCIIOTHOTO BhIIIeTaunBanus; 11 - naiiku rab0poanoputoB; 12 - seMeHTH 3aJleTaHus: CIaHIEeBATOCTh (a), MOy~
mrevHsle TeKCTypslI (6); 13 - cresl 0ceBBIX TOBEPXHOCTEH CKIIaJOK N-i reHepanun; 14 - KOHTYpHI y4acTKa; 15 - MyHKTHI 9KCKypCH-
OHHOT'O OCMOTpA.

OcTtanoBka 2. Bbixonpl MUHAJIEKaMEHHBIX U OJHOPOIHBIX aHAE3UTOB, C HEMTOCPEACTBEHHBIM KOH-
TaKTOM IEPEKPBIThIE KBAPLEBBIMU apeHUTaMU. KOHTaKT NE3MHTErpHpOBaH, B aHAE3UTAX €CTh NMPU3HAKU
BBIBETPUBAHUS, JOKYMEHTHpYyeMble IoJoxuTenpHod Ce-aHoMmManueid npu (QpakiMOHMPOBAHHOM TpPEHAE
REE u orpunarenbHoOi - nmpu HeQpakIMOHHPOBAHHOM WX pactpenenenuu. [locienHee sBIsieTCS THIIO-

MOP(HBIM IPU3HAKOM aHJIC3UTOB TOJICUTOBON CEPHH, KOTOPHIC COCTABJISIOT 3HAUUTENbHBIN 00beM CTA 2
(Tabm. 5.3).
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OctanoBka 3. O3HaKOMIJICHHE C CEpHEil BEIXOI0B, B KOTOPBIX MIPEICTABICH pa3pes:

MUHIJICKAMEHHBIC aHAe3UT00a3aIbThl U TIIOMEPONOPGUPOBBIC MOPPHUPUTHI aHICIUTO0A3ATETOBOIO
cocTaBa (aHIE3UTHI 3) — HEMOCPEACTBEHHBII KOHTAKT C KBapLIEBBIMU apeHUTaMH C TIpU3HAKaMy OyrpHCTOH
(hummocky) xoco# couctocT — ampuOOTM3NPOBaHHBIE 00JIOMOYHBIE TOPOABI. JleMOHCTpHUpyeTcs mepe-
cedeHue Jaiikoil rab0OpoIMOPUTOB KBAapLEBBIX apPEHUTOB, B KOTOPBIX HAOIIOMAIOTCS JKHJIKH HMEPEKpHCTA-
TMM30BaHHOTO KBapua. Jlalika Meramop@u30BaHa B yCIOBUSX SMUIOT-aM(pUOONIUTOBOH (annu, HO HE 3a-
TpoHyTa OoJiee paHHUMH NpoLeccCaMu MepeKpucTauIn3aniy. JIMHEHHOCTh B aiike OTBeYaeT reHepaIbHOM
JMHEHHOCTH CTPYKTYPHI.

Taoauna 5.3. XuMHYECKHUH COCTaB INIaBHBIX TUITOB aHAe3uTOB CTA 2

No. Amnpnesunr 1 Amnpnesur 2 | AHae3ur 3 No. Amnpnesnr 1 Amnpnesur 2 | AHAe3uT 3
ABT. No X-7/96 | X-27-2/96 | X-28/96 K-78/97 ABT. No X-7/96 X-27-2/96 | X-28/96 K-78/97

SiO, 53.31 62.70 57.60 57.27 Cs 0 0 0 0
TiO, 0.85 0.86 0.63 1.62 Ba 54 45 42.8 175
AlLO; 15.60 13.51 14.40 14.05 La 233 24.6 3.75 32.8
Fe,0; 14.17 10.08 10.24 13.17 Ce 48.1 53.3 11.0 70.3
MnO 0.16 0.15 0.17 0.18 Pr 5.61 6.33 2.04 9.23
MgO 6.19 3.40 5.18 3.18 Nd 21.8 23.8 10.8 36.10
CaO 4.95 4.60 5.78 5.39 Sm 4.14 4.71 2.98 7.28
Na,O 4.44 4.45 5.70 4.69 Eu 1.09 1.30 0.804 1.85
K,O 0.13 0.09 0.09 0.21 Gd 3.45 4.00 3.02 6.24
P,04 0.19 0.15 0.21 0.23 Tbh 0.589 0.629 0.410 0.881
Li 20.1 8.21 9.72 14.8 Dy 2.78 3.54 2.72 4.84
Sc 22.7 22.5 26.4 17.1 Ho 0.597 0.723 0.543 0.900
Ti 4770 4800 3505 9147 Er 1.66 1.95 2.52
\4 214 205 161 138 Tm 0.252 0.316 0.214 0.332
Cr 27.6 8.62 91.5 34.5 Yb 1.62 1.84 1.37 2.03
Co 40.9 28.6 40.7 473 Lu 0.196 0.259 0.192 0.322
Ni 47.6 23.4 52.3 65.9 Hf 2.85 3.34 2.84 5.18
Cu 69.2 87.2 12.2 158 Ta 0.368 0.408 0.196 0.750
Zn 131 127 69.6 152 Pb 5.08 7.04 4.97 5.08
Ga 21.7 19 18.8 20.3 Th 6.08 6.02 3.76 3.60
Rb 2.11 0 1.39 2.95 U 0.821 0.989 0.622 0.610
Sr 76 76 164 329 La/Yby 9.71 9.02 1.85 10.91
Y 16 18 17.9 24.6 La/Smy 3.54 3.29 0.79 2.84
Zr 133 134 105 155 Gd/Yby 1.72 1.76 1.78 2.48
Nb 6 6 4.24 13.3 Eu/Eu* 0.88 0.92 0.82 0.84

Hpumetmlme: aHaJIM3bl IEPECYUTAHBI HA CyXYIO HABCCKY.

OcTtanoBka 4. B Heckonpkux BeIxogax Oorateix (4 - 8%) yriiepooM ciaHIeB, HMEIONUX ITOJI0T0e
3ajieraHue, COJEePKUTCS OoJiee HU3KOTEMIIepaTypHas MOAU(UKaIUs yriaepoa - CKPBITOKPHCTAITHYESCKast
¢dopma rpadura. B 3THX opoaax conepxarcs aHoManbHble KonuuectBa Zn, Au u Cu. B kxpyTsix cyomepu-
JMOHAJBHBIX 30HAX HAJIOKEHHOTO pacCiaHIeBaHUS Ha ()OHE PEe3KOTO CHIDKEHHS KOJIMYeCTBA yTriepojia
(0,7 - 3%) u ero mepexojia B 0oJiee BRICOKOTEMIIEPATYPHYIO MOAM(DHUKAIINIO - HETOJTHOKPUCTAILTUISCKUN
rpadur, HabI0JaeTCsl pe3K0e YMEHBIICHHE KOHIIEHTPAUi BCEX MUKPO3JIEMEHTOB. B nmpomexxyTouHol 30-
HE COCYIIECTBYIOT 00e OopMBI yriieposa.

OcTaHoBKa 5. B cKaJIbHBIX 00HAKEHUSAX MOAYIICUYHBIE TOJIEUTOBEIX 0a3anpToB CTA 6 neMoHCTpH-
pyeTcs naiika puoJaluTOB MOIITHOCTRI0 MeHee 1 M. Bo3pact nmaiiku oreneH B 2706 + 7 Ma. O3HaKOMIJICHHE
¢ MomHBIM (> 100 M) TOTOKOM, HIDKHSISL HanOoJiee MOIITHAS YacTh KOTOPOTO CIIOKeHa rabopo-ambudoi-
TOM, BBIIIE ITEPEXOAALINM B 00JI€e METKO3EPHUCTYIO pa3HOCTh. B KpOBeNbHOI 9acTH MOTOKa HaOII0Iat0T-
Csl YETKHE TOAYIIECUYHBIE TEKCTYPHI.

Madwnueckas CTA 6 ciokeHa TOJEHTOBBIMU 0a3albTaMH, TEOXUMHUS KOTOPBIX MPAKTHYECKH HEOTITH-
gUMa OT T€OXWMHUH BBIIIICONMCAHHBIX TOJICUTOBEIX 0a3anmbToB B paszpese CTA 1 (tabm. 5.1), 9ro HaxomuT
cBoe oTpaxkeHue U B pacnpenenennn REE u Ha craiineprpammax. 9To B COBOKYITHOCTH € T€0JIOTO-CTPYKTYP-
HBIMH JaHHBIMH MOATBEpKaaeT autoxToHHy1o npupoay CTA 6 u ee korenetnaHocTs ¢ Madutamu CTA 1.
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OcrtanoBka 6. Pa3pes nogymedHbix 0a3anbToB, B KOTOPOM MaJIOMOIIHBIE TTOTOKH UMEIOT JBYUJICH-
Hoe crpoeHue. HuxHsist, Gojiee MacCUBHAs 4acTh MPEACTABISCT OAHOPOIHBIC CPEIHE3EPHHUCTHIC MTOPOJIBI,
COCTOSIIME U3 POrOBOI 00OMaHKH, iarnokiasza (An — 40%) u pyaHoro. B BepxHeii MoJioBUHE MOTOKOB Ha-
OI0Jar0TCS MOAyIIeuHble TeKCTyphl. [loaymiku, Jalie yIDIoNmeHHbIe, ¢ COOTHOIIEHUSIMH JUTHHHON U KO-
POTKO# Ocel B CEUCHUAX, HOPMAJIBHBIX K IMHEHHOCTH, paBHBIMU 4 - 7. 3aKajoYHbIC 30HBI CII0KEHBI MOHO-
MHUHEpaJbHOH POTroBOH OOMaHKOH, B SJEPHBIX YACTAX HaONIOJAIOTCS T'a30BbIe ITy3BIPH, BBHINOJIHEHHBIC
kBapieM. [1o oTAenTbHBIM 30HAM Pa3BUBAIOTCS XJIOPUT, KAPOOHAT, KYMMUHITOHUT, rpaHaT. B cepun oOHa-
YKEHUH TI0 Mepe MPUOIMKEHUS K MOIITHOM shear-30He B 30HE YHAOKOHTAKTa Ma(UIECKON TOJIIN HAOJIIOMa-
€TCs MOCTEIICHHOE HAapaCTaHUe CTEICHU Ae(OPMHUPOBAHHOCTHU MOIYIIEK, COMTPOBOXKIAEMOE METaCOMAaTHYEC-
CKHUM TIpeo0pa30BaHUEM KPOBEIILHBIX YacTel MOTOKOB. B HUX mopona mpuoOperaeT CoCcTaB, OTBEUAIOLIHIA
aHe3uTo0a3aNbTy 10 aHAe3uTa. B 30He HaNOOJIbIIEro N3MEHEHHSI TIOPOBI MTPEBPAIIAIOTCS B KBapIl — KUa-
HUT — CTaBPOJIUT - TPaHATOBYIO MOPOJTY, B KOTOPOH B BHJIE TEHEH COXPAHSIOTCS JIUIIH 30HBI 3aKAJIKH ITOY-
IICK, CJIOXKCHHBIE aM(BUO0IOM.

IKCKYPCHA 6

IKJIOI'UTHI BEJIOMOPCKOI'O MOBUJIBHOTI'O ITOACA
HA KOJIbCKOM INOJIYOCTPOBE

Hunancxuii A.A., Konunos A.H.

I'MH PAH (Mockga)

Llenb SKCKYpCHH: 3HAKOMCTBO € apxeickumu 3xiorntamu CanmMuHckon rpynmsl (bemomopckast mpo-
BHHIIMSA, F0’KHas 4acTh Konbckoro n-Ba).

I'eosiornyeckuii oyepk. BmepBele B MHpe apXeiiCKMe SKIOIMThI, JaTHUPOBAaHHBIE BO3PACTOM
2720,7 + 5,8 mMiH. JeT, ObUIM OTKPBITHI B BOCTOYHOHN uacTu bemomopckoro mosca B ['pupnHCKO# 30HE
TeKTOHHYECKOTO Menanka (Bomonnues u np., 2004). 3aTtem B ceBepHOi yacTu bemomopckoro nosica Ha
KonbckoM nomyocTpoBe OblIM OOHAPY’KEHBI €Ille HECKOJIbKO KPYIHBIX KJIOTHTOBBIX TeJl, KOTOPbIE I10-
JIYYUJIU Ha3BaHHUE MO0 MECTY MepBoil ux Haxoaku — 3kinoruTsl Canmel (Konilov et al., 2004; [I{unanckuit
U ap., 2005). DKIOTUTHL 3TOTO pailoHa MPEACTaBICHbI OJIOKaMH Pa3U4HOM (OPMBI U pa3Mepa, KOTOphIe
0e3 BUIUMON 3aKOHOMEPHOCTH Pa3MELIEHBl CPEAN ME30- U HEOapXECHCKUX TOHAINT-TPOHIbEMHUT-IPAHO-
nuoputoBbIX (TTI') THelicoB, cOCTaBNSIOMMX TJIABHBIN MOPOAHBIN KOMIUIEKC mosica. Kak mpaBuio, 3TH
OJIOKM MPEICTaBISAIOT CO00I CHIIBHO PETPOTPaJHO U3MEHEHHBIE KJIOTUTHI, 3a4acTyI0 MPeoOpa3oBaHHbIe
B rpaHaToBble aM(pHO0INTEI U aM(DUOOTUTHI, B KOTOPHIX JIUIIb JIOKAJIBHO COXPAHSIOTCS yUacTKH ¢ Ooiee
WIM MEHEE COXPaHMBIIMMIUCS NapareHe3lcaMy BBICOKOOApHYECKHUX MHMHEpaJIbHBIX accouuanuil. Panee
no100HBIE TeJa ONMUCHIBAIKMCH KaK «apXelCKHUe IPY3UThl» WIHM KaK «paHHHE apXelickue rpaHaT-am@uoo-
JIUTOBBIE HHTPY3UN.

OO0BeKTaMu I SKCKYPCHOHHOTO OCMOTpPA BHIOPAHBI ABa HarbOoJIee N3YUYEHHBIX U H30TOITHO JTaTHPO-
BaHHBIX DKJIOTUTOBBIX TeJa, PACIOJIOKEHHBIX BJIONb (enepanbHoi Tpacchl Mypmanck — Cankt-Ilerep-
Oypr, BOsm3u nponuBa Canma o3epa Mmannapa (mpui. 1).

O6bekT 1. Oxiaoruronoe Teo lupokas Caama

B BbleMKe TpHAOPOXKHOTO Kapbepa (32°21.1 B.a. 67°31.3 c.u1.) oGHa)kaeTCst SKIOTUTOBOE TEJIO B ac-
COLIMAINY C CHJIIBHO U3MEHEHHBIMH YJIBTPOOCHOBHBIMH mopoaamu (mipwuit. 1). [Mocnennue B.U. [loxunenko
¢ coaBTopamu (2002) Mo XUMU3MY OTOKICCTBIISIFOTCS ¢ KOMaTUATAMU. DKJIOTUTHI CHIILHO aM(bUOOTUTH3N-
POBaHbI, a HA KOHTAKTaX C BMEUIAIOIIMMHU MX TPAHUTO-THEHCAMHU TOJHOCThIO TPaHC(HOPMHUPOBAHKI B IIa-
THOKJIa30BbIe aM(HOOITUTHI.

Maxpockonndeckr HauMeHee W3MEHEHHBIE Pa3HOCTH JKIOTUTOB IMPEICTABIAIOT OO0 MacCHBHBIC
IJIOTHBIC TTOPO/IbI, B KOTOPBIX HAOJIOAAI0TCS MHOTOUMCIICHHBIC MeKue (1-2 MM) mopdupoOiacTsl rpaHaTa
B MEJIKO3EpHICTON MaTpHIIE CBETIIO- KOPUUHEBOTO 10 CBETIIO-3€JICHOTO IIBETA.
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B mmmndax (manpumep, oopazen S198/107) oOHapyxkuBaeTcs accolManus rpaHat - TUOICHIOBBIA
KIMHOIIMPOKCEH — TUIaruokia3 — aM(puoOos — KBapl| ¢ aKIECCOPHBIM IUPKOHOM M PYTHIIOM, KOTOPHIH 3a-
Memaercss wibMeHUTOM. Kimnomupokcen (Jds i) ¢ maruokiazom (Aniz,g) 0Opa3yloT KOJOHHHU CHM-
IUIEKTUTOB, KOTOPBIE OOHAPYKUBAIOTCS BO BCEX HKIOTUTAX HE3aBHCHUMO OT Bo3pacrta. Mx oOpazoBanme
CUNTAETCs MPOIYKTOM pacrana oMdanura npyu peakiuy KaJIeuTOBOI0 MIHAIA KIMHOIIMPOKCEHA ¢ KBap-
[[EM TIPU IEKOMIIPECCUH SKIIOTUTOB, YTO PUBOANT K MOSIBIICHUIO BTOPUYHOTO IJIATMOKIIa3a B CPOCTKAX C
OeIHBIM HATpHEM KIMHOMHPOKCceHOM (puc. 6. la) (Myson, Griffin, 1973). U geiicTBUTENbHO, B HEKOTO-
pBIX oOpa3nax HalIeHBI PeauKTh oM(panuTa C CoAepKaHWeM KeaenToBoro muHama 22% (Tabm. 6.1,
puc. 6.1 0). TunuuHbie cocTaBbl rpaHaTa - Almyg.47P1p33.34Grs19.21SPS; ¢ HEKOTOPHIM YBEIMUEHUEM JKEJIe-
3MCTOCTH OT LIEHTpA K Kparo: oTHourenus Xg, (Fe*’/Fe’” + Mg™") k xpasm 3epen BospactaroT oT 0,55 —
0,59 no 0,61 — 0,64.

JpyruM CTpyKTYPHBIM MPU3HAKOM JIEKOMITPECCHOHHBIX PEaKLUi B KJIOTHTAX SBISIFOTCS KeMn(pUTO-
BBIE€ KOPOHBI, BOSHHUKAIOIITHE BOKPYT TpaHaToB B pe3ynbrare peaknuu Grt + Qtz — Cpx + Pl. Takue kopo-
HBI THIIMYHBI TSI MHO)KECTBA MOJIOJIBIX DKJIOTHTOB Mupa. KenngpuroBbie kaiiMbl BOKPYT I'pPaHATOB SKJIOTH-
ToB [llmpokoit Canmpl COCTOST M3 TpaHOOJIACTOBBIX arperaToB KBapla, IUIardokiasa (Ansg), JOKaIbHO
napracuToBoro ampubona u KIuHONMpokceHa. KiimHonmpokceH conepxut 5-8% Jd, uTo cxoaHo ¢ cocra-
BaMH KJIMHOTIMPOKCEHA U3 CUMIIIEKTUTOBBIX Y4aCTKOB.

Hmeromasicss COBOKYITHOCTD IETPOJIOTHUECKHUX JAHHBIX MO3BOJSIET TOBOPUTH O TOM, 4TO Maduue-
ckue nopoabl lupokoit Canambl SBISIOTCS PETPOrpagHO M3MEHEHHBIMU SKJIOrMTamu. [lecTBUTENBHO,
TUTarHOKIIa3 M 1o OoJbIueii yacT aM(prOOIbI SIBISIOTCS BTOPUYHBIMA MUHEpAJIaMH MO OTHOIIEHHIO K 00-
Jiee paHHeW 0e3 IUTarnoKIa30BOM BRICOKOOAPHUUECKON acComuanuy rpaHaT + oMaluT + pyTHI + KBapil,
OIIPE/IeIISAIONICH ISl OTHECEHHMS STHX MOPOJ K SKIJIOTUTAM.

ITo omdamur-kBapueBomy reodbapomerpy (Holland, 1980) u rpaHaT-KIMHOIMPOKCEHOBOMY reoTep-
mometpy (Powell, 1985) nukoBbie mapaMeTpbl SKIOTMTOBOTO MeTaMOp(u3Ma COCTABIsUIM HE MeHee 13—
13,5 k6ap u 700-750°C, uro 1mo3BOJISET OTHECTH MX (anuu aMGUOOIOBBIX SKIOrHTOB. CUMILIEKTUTOBLIE
MapareHe3nchl M accOolMaluy KeMU(HUTOBBIX KOPOH OOpa30BBIBAIKMCH NPH MEHBIINX TaBICHUSIX ~ 8—
10 x6ap, HO, IPUMEpPHO, MpH TeX ke Temreparypax (~725°C), uyTo yKka3bIBaeT Ha W30TEPMAbHBIH MyTh
9KCTyMaIlUH SKIOTHUTOB.

.~k‘,-. "‘,»/ A
&

SEM MAG: 100 x

: P 5
3 e
P¥)

"DET: BSE Detector ~ L_L_1__

N
L

£ St
SEM MAG: 200 x DET: BSE Detector
HV: 200kV DATE: 09/23/04 500 pm Vega ©Tescan HV: 200kV DATE: 09/23/04 1 mm Vega ©Tescan
VAC: HiVac Device: MV2300 RSMA Group IEM RAS VAC: HiVac Device: MV2300 RSMA Group IEM RAS

Puc. 6. 1. Mukpodororpaduu perporpagHo u3MeHEHHBIX 3KJI0ruTOB IlIupokoit Caamel (BO BTOPHUYHBIX JJICK-
TPOHaX), MJUTIOCTPUPYIOIINE UX MUHEPAIOTHYECKUE U CTPYKTYpHBbIE OCOOCHHOCTH. A: MaTpUKC KIOTHUTOB, CJI0-
YKCHHBI CUMIUIEKTHTOBBIMU KOJIOHHSIMH TUOIICHA U Iularnokiasa. b: PeixuxT omdanura, no koropomy pa3Bu-
BaJICh OoJiee TMO3JIHUE JIEKOMIIPECCUOHHBIE CTPYKTYpBI pacnazna. Xopouio BUHa KeJln(UToBas KOPOHA BOKPYT
rpaHara.
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Ta6muua 6. 1. [IpencraButensHbIe cocTaBbl MUHEpasIoB U3 dkoruta lupokoit Canver (o6pazen S198/107) o gaH-

HBIM MHUKPO30HJOBBIX aHAJIN30B

Musnepan Cpxl Grt Grt Cpx2 P12 Cpx3 P13 HbI2
Acconpanus 1 1 1 11 11 111 111 111

TTozunust IlenTp Kpait IenTp Cumrut CumInt Kopona Kopona Kopona
SiO, 54,48 38,75 38,71 52,43 64,32 52,28 61,44 44,31
TiO, 0,22 0 0 0,14 0,32 0,20 0 1,07
Al,O4 5,32 21,27 22,05 2,60 21,68 3,95 23,88 13,61
Cr,05 0,27 0,01 0,02 0,14 0 0 0 0,18
FeO* 4,64 23,14 20,74 6,37 0,16 6,01 0,27 8,75
MnO 0 0,58 0,50 0,16 0 0,18 0 0,17
MgO 12,16 7,32 8,55 13,36 0 13,10 0 14,54
CaO 19,84 8,93 9,43 24,05 3,24 23,15 6,21 12,49
Na,O 3,07 0 0 0,75 10,22 1,13 7,95 2,12
K,0 0 0,01 0 0 0,07 0 0,23 0,77
Cymma 100 100 100 100 100 100 100 100
Si 1,978 2,991 2,958 1,945 2,843 1,931 2,733 6,388
Al v 0,022 0,009 0,042 0,055 1,129 0,069 1,252 1,612
Al y 0,206 1,927 1,943 0,059 0 0,103 0 0,699
Ti 0,006 0 0 0,004 0,011 0,006 0 0,116
Cr 0,008 0,001 0,001 0,004 0 0 0 0,021
Fe?* 0,141 1,494 1,325 0,198 0,006 0,186 0,010 1,055
Mn 0 0,038 0,032 0,005 0 0,006 0 0,021
Mg 0,658 0,842 0,974 0,739 0 0,721 0 3,124
Ca 0,772 0,739 0,072 0,956 0,135 0,916 0,296 1,929
Na 0,216 0 0 0,054 0,875 0,081 0,686 0,592
K 0 0,001 0 0 0,004 0 0,013 0,141
Cymma 4,006 8,041 8,049 4,019 5,021 4,018 4,991 15,697

Kpucrannoxumuyeckrue GopMysbl pacCUUTaHbl KHCIOPOIHBIM METOJIOM — KIMHOIUPOKCEH Ha 6 aTOMOB KHCIOpoaa, rpaHaT — 12,
I1arnoknas — 8, amgubdon — 23.

[To xumMuueckomy coctaBy SKIOTUTHI [lInpokoit CanMpl OTHOCATCS K HU3KO KAJIHEBBIM TOJECHTO-
BEIM 0a3a1bTaM, KOTOPBIE, Cy/s 10 MarHesuanbHocTH (Mg# = Mg’ /Fe*™ + Mg>" ~ 0.6), 6butn cdop-
MHUPOBAHBI U3 MPAKTUYECKH NMEPBUYHBIX BEPXHEMaHTUIHHBIX paciiaBoB 0e3 CyIlecTBEeHHOH (hpaKInoH-
HOM KpucTamnuzanuu (tad. 6. 2). Cnextpsl pacupenenenus REE B nmpo6ax U3 CUMIUIEKTUTOBBIX 3KJIO-
rutoB O0au3ku kK N-MORB, HO oTnnyaroTcs OT HOCIASIHMX OOJBINEH CTENEHBIO OOIIel eIIeTaluu.
(puc. 6.2a). HopMupoBaHHBIE K TPUMHUTHBHON MAaHTHHU CIICKTPHI PACIIPEICIICHIS MAJIBIX 3JICMEHTOB K-
norutoB Illupokoit Canmbl taxke cxoxu ¢ N-MORB (puc. 6.26). Mckitouenue cocrtasisier obora-
IEHHOCTh KpymHO-HoHHBIMU JTnTodunamu (LILE) — snemenTamu Hanbosee TOIBMKHBIMU B MPOIIEC-
cax Meramop(du3Ma u yacTHUHOTO TutaBieHus. 13 HekorepeHTHBIX 3neMeHTOB (HFSE), KoTOphIe pac-
CMaTpUBAIOTCS B KaYeCTBE MHEPTHBIX B MpOIleccax TaKoro poja, ocodoe BHUMaHHe oOpamaeT Ha cels
HaJU4Khe B SKJIOTMTAaX XOPOIIO BRIPAXKEHHOHN mosiokuTeIbHOW anoManuu Nb (Tab. 6.2). (Nb/Th)y ot-
HOIIEHHsI B DKJIOTUTAX COCTABIAIOT OT 2 A0 4, 4To BhImIe, deM B cpexaeM N-MORB (~ 2,5), u Gonee
COOTBETCTBYIOT 0a3anbTaM okeaHmdeckux tuiato (Kerr, 2003). Hanmnune momoXUTENbHBIX aHOMAIUH
Nb ¢ukcupyercs Takxke B MeTaylbTpaMaduTax, acCOMUUPYIOMHXCSA ¢ dKIoTHTamMu. [lo XumMudaeckomy
COCTaBy OHH MOTYT OBITh OTHECEHBI K KOMAaTHHUTaM, KOTOpBIE, BEPOATHO, IEPECIauBaIUCh C TOJICHTA-
MHU. BakHO OTMETHTB, UTO HaOyonaeMbie B OOHAXEHHH TPOIECCHl MOJHOW aMpUOOIH3aINK IKIOTH-
TOB, KOTOpHIE, BEPOSTHO, OBLIN CBsI3aHBI cO chekoPeHHCKON TEKTOHOTEpMAaIbHOU mepepaboTKOM, mpo-
HUCXOIUIN B OTKPHITON cucTteme. Ha rpaduke 26 MOKHO BHIETH, UTO IIPU OJNMHAKOBOUW KOHIICHTPAITUH
HanMEHee IMOJBMKHOTO 3JieMeHTa Nb B MOTHOCTHIO aM(pUOOIM3NPOBAHHBIX IKJIOTUTaX HaOIo/aeTcs
npuBHoc LILE, LREE, MREE, Zr u Betnoc HREE. B pesynberare Takoro mpouecca GopMHPYIOTCS
aM(puOOIUTHI, KOTOPbIE UMEIOT T€OXMMHUECKHE XapaKTEPUCTUKH ONM3KHE K OCTPOBOAYKHBIM TOJICH-
Ttam [AB.
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Ta6muua 6.2. Conepxxanus rnaBHBIX (PDOA) n mameix snementoB (ICP-MS) B 3xiioruTax M CBS3aHHBIX C HUMH
mopoaax Hupoxoit Caxmbl

Obpaszen S-198/102 S-198/103 S-198/107 S-198/108 S-198/109 S-198/106
Toposa CHUMIUIEKT. CHUMILIEKT. CHUMIUIEKT. Meraynstpamad | Meraynbrpamad Amdudonut
SKJIOTUT JKJIOTHT SKJIOTUT UT UT (110 KJIOTUTY)

SiO, 50.52 47.76 49.98 47.62 44.42 51.13
TiO, 0.72 0.86 0.76 0.80 1.12 0.86
ALO; 15.42 15.30 15.06 6.38 6.73 10.70
Fe,05* 11.16 13.77 12.24 11.79 14.94 12.84
MnO 0.17 0.21 0.19 0.16 0.22 0.13
MgO 7.76 8.20 8.54 19.27 18.17 12.84
Ca0O 11.58 12.10 10.92 8.67 8.45 8.43
Na,O 1.76 1.65 1.88 0.56 0.77 1.64
K,0 0.48 0.15 0.31 3.07 2.26 2.26
P,05 0.06 0.06 0.07 0.11 0.09 0.09
T 0.40 0.14 0.13 1.35 2.76 0.61
cymMMa 100.06 100.23 100.11 99.98 99.98 99.99
Mg# 0.60 0.58 0.61 0.79 0.74 0.66
Cr 224 308 478 1590 1560 721
Ni

Co 41 51 47 86 86 45.1
Sc

\Y 250 272 216 205 205 202
Rb 8.7 2.5 3.5 154 75 78
Ba 48 15 26 369 109 230
Sr 95 32 51 2 8.3 30.7
Zr 38 34 38 434 59 73.0
Y 16 23.3 16.6 15.6 15.2 12.5
Nb 2.03 2.51 2.46 3.32 4.03 431
La 1.75 1.58 1.41 0.69 3.12 9.42
Ce 4.88 5.43 4.30 4.74 10.7 21.0
Pr 0.74 0.94 0.71 0.96 1.77 2.61
Nd 4.10 5.37 3.84 5.66 8.98 11.0
Sm 1.51 2.07 1.34 2.19 2.59 2.66
Eu 0.55 0.70 0.51 0.69 0.72 0.78
Gd 1.98 2.57 1.87 2.56 291 2.79
Tb 0.36 0.52 0.36 0.48 0.50 0.40
Dy 2.45 3.70 2.64 2.70 2.94 2.45
Ho 0.58 0.83 0.63 0.60 0.63 0.45
Er 1.69 2.56 1.86 1.73 1.57 1.26
Tm 0.24 0.37 0.29 0.24 0.23 0.18
Yb 1.72 2.55 1.97 1.51 1.50 1.12
Lu 0.25 0.38 0.30 0.22 0.23 0.18
Hf 1.29 1.08 1.12 1.16 1.79 222
Th 0.12 0.08 0.08 0.10 0.39 2.01
U 0.04 0.04 0.05 0.12 0.22 0.38
[La/Yb]x 0.73 0.44 0.51 0.33 1.49 2.76
[Nb/Th}y 2.22 4.1 4.05 4.37 1.36 0.28

M30TOmHEBIH BO3paCT peTPOrpaIHo U3MEHEHHBIX SKI0TuTOB [1Iupokoi CanMel OB OIICHEH 10 JaTH-
POBaHUIO IIMPKOHOB, BBIICIEHHBIX U3 TpoObl S198/107. JatupoBaHue MpoBOJMIOCHE METOAaMH JIOKATBHO-
ro ananmu3a LAM ICP-MS (GEMOC, Macquarie University, Sidney, Australia) u SHRIMP-II (BCEI'EU,
Cankr-lIlerepOypr). Lupkons! okpyrible, pazmepom 50 — 100 MUKPOH; B KaTOJHON JTIOMUHHCIICHITUN OHU
00HApYKHUBAIOT CIIA0YI0 30HAITBHOCTH C 0OJIee CBETIIBIMU SApaMH W 0oJjiee TEMHBIMH BHEITHUMHU 30HAMHU.
ITo Bo3pacty, oHU He OOHApYKMBAIOT pa3nuyuii (B Mpenenax OmMOKM u3MepeHuid). Hanbomnee KoHKOP-
JnaHTHbIE 18 Touek natupoBanus qupkoHoB MetogoM LAM ICP-MS noxasanu Bo3pact 270349 miH. net u
FOBEHWJIBHBIN UCTOYHUK uX mpotonuta ¢ eHf =+1 + +4 u ¢ Tpy = ~ 2,94 muipa. et (Natapov et al., 2005).
[To manneiM natupoBanus upkoHOB MeTogoM SHRIMPII no 11 ToukaM monydeHa TUCKOPAMS C BEPXHUM
MepeceueHreM, OTBEUAIOIIUM Bo3pacTy 2724435 mun. net (Kaynuna u ap., 2007). T U30TOMHEBIE BO3pac-
ThI OJIM3KH K BO3PACTY SKJIOTHTOB U3 paiiona ['puanno (Bomoamues u np., 2004).
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Puc. 6.2. I'eoxummueckue ocobeHHOCTH 3KITOTUTOB [lInpokoit CanMel. a: HOpMUPOBaHHBIE K XOHIPUTY COACPIKAHUS
PEIKO3eMENIbHBIX JIIEMEHTOB. 0: HOPMHPOBAHHBIC K MPUMHUTHUBHON MAHTHH COJCPIKAHHS MAJbIX AJIEMEHTOB. Jlis
CPaBHEHUS MOKAa3aHbl CHEKTPHI PACIpECTICHUs] MAabIX 3JIEMEHTOB B CpPEJHEM 0a3alibTe CPEAUHHO-OKEAHUYECKHX
xpe6ToB (N-MORB). [IpumutusHas mantus 1 N-MORB (Hoffman, 1988).

O0BeKT 2. DKkJoruroBoe Teao Yikasa Caama

V nponuBa Y3kas Canma (32°22.4 B.x1., 67°28.3 c.11.) BIosb 10poru obHakaercst pparment (~ 200 m)
SKJIIOTUTOBOTO TeJa, KOTOpOoe MPOCIekeHo BAONb Oeperos ozepa babunckas Mmanapa, mpuMepHo, Ha 4 KM
no npoctupanuto. Ero mupuna onenusaercs, npuMepHo, B 500 M. 3to Teno sBisieTcsl Hanboiee KpyImHbIM
cpean HaOIIONABIIMXCS HAMM B 3TOM paiioHe. Teno sxsorutoB CanMel pacrioioKeHO CPEU «CephIX THeil-
coB», uimu TTIT" xomrekca benmomopckoro nosica. Ha koHTakTe ¢ THelcaMM 3KJIOTUTHI MTOJTHOCTHIO aM(H-
OOJIMTH3UPOBAHHI, T.€. MPEOOPa30BaHbl B INIATHOKIAa3-aM()HUOOJIOBBIE CIIAHIIBI, MOIIHOCTh KOTOPBIX TOCTH-
raeT HeCKOJIbKUX MeTpoB. CaMoO TEeJ0 SKJIOTUTOB HOABEPTHYTO CHIBHBIM PETPOTrPaTHbIM M3MEHEHHSM; B
HEM HaOJIONAI0TCS MHOTOYMCIICHHBIE TISITHUCTHIC, IMHEWHBIE, UTUPONIOIO0HbIE YUACTKH, TAe MPOHU30IILIa
MPaKTUYECKH MOJHAs TpaHCQOpMAaIHs 3KJIOTHTOB B IpaHaTOBBIE M Oe3rpaHaroBble amduOonuTsl. Baomnb
KOHTaKTOB C PBYLIMMHU CBEKO(EHHCKMMH NErMaTUTOBBIMU JaiiKaMM M XHJIAMH PO30BAaTOr0 KBapla dKIo-
TUTHI TAaK)Ke TTOJTHOCTHIO TIPeo0pa3oBaHbl B aM(pHOOIHTEL.

Cpenu HanboJiee COXpaHUBIINXCS OT MOCIEAYIOMIUX PETPOrpatiHbIX N3MEHEHNH BBICOKOOAPUIECKUX
Ma(HUYECKUX MOPOJ BU3YAJIBHO BBIACISIOTCA TPH PA3IUYHBIE 110 MHHEPAIBLHOMY COCTaBYy U TEKCTYPHO-
CTPYKTYPHBIM XapaKTEPUCTUKaM IOPOAHBIE Pa3HOBUIHOCTH: 1) CHMIUIEKTUTOBBIE 3KJIOIMTHI, B KOTOPBIX
KpaiHe peAKO HEBOOPYKEHHBIM B3TJISIOM yIAeTCsl PACMIO3HATH PEIMKTOBBIC YYACTKH C SPKO 3€JICHBIM OM-
(anurom; 2) p>kaBble, OU€Hb IJIOTHBIE 00OTaIllEHHbIE IPAHATOM KeJIe3UCThIE IKJIIOTUTOBBIE TIOPOEL; 3) Me-
TaIMIPOKCEHUTHI (METAITUKPHUTHI).

CHMIIIEKTUTOBBIE SKJIOTHTHI — 3TO PEUMYIIIECTBEHHO MacCHUBHBIE TIOPOJIBI, COCTOSIIUE U3 KPYITHBIX
(mo 4-5 mm) nopdupobaactoB KpacHoro rpanara (10 40% o0bema mOpoAbI) HEPaBHOMEPHO paclpeiesieH-
HBIX B 3€JIEHOBAaTO-CEPOH TOHKO3EpHHUCTON MaTpuile. BusyansHO BOKPYT 3epeH rpaHaTa HaOJIIOAAIOTCS Ke-
auduTOBBIE KaiMbl, CIOXKEHHBIE NPEeUMylecTBEHHO ambuboaoM. Kpome Toro, HEBOOPY>KEHHBIM B3IJIs-
JIOM BHYTPY MHOTHX TPaTOB MOKHO Pa3iIMYUTh TOHKHE BKIFOUCHUS TEMHOIIBETHBIX MUHEPAJIOB.

JKenesuctelie S5KI0TUTOBBIE MOPOABI — ATO IJIOTHBIE MEIKO3EPHUCTHIE TOPOBI, B KOTOPBIX HAOII0Aa-
I0TCS OY€HBb MeNKHe TpaHathl (1o 1 M), cocraBisromue He MeHee 50-60% oObema mopozsl, MOTpyKeH-
HBIE B TEMHO-3€JICHbI TOHKO3EPHUCTHIN MaTpukc. OOpaimaer Ha ceOs BHUIMaHHE MTPUCYTCTBHUE B 3TUX I10-
poJax 3aMeTHOTO KOJMYECTBA PYIHBIX BKIIOUEHHH.

MeTanupoKCeHUTbl OOHAXKAIOTCS B BHJE JIMH3BI CPEIU CHUMILICKTUTOBBIX JKJIOTUTOB. BHemHe 370
amM(puOO0I-KITMHOMUPOKCEHOBBIN CJIaHEel] MeCTaMH ¢ METaMOP(POreHHON CIOUCTOCThIO, O0YCIIOBJICHHOU
CKOIUIEHUSIMH MEJIKOTO TpaHaTa M 3eJIEHOTO KIMHOMUPOKCEHA.

B mmudax cUMIIIEKTUTOBBIE SKIOTHTHI OOHAPYKUBAIOT NMOP(HUPOOIACTOBYIO CTPYKTYpy, 00y-
CJIOBJICHHYIO HEPaBHOMEPHO PACIIPENEICHHBIMH CyOnIr00IacTHYECKUMHU KpHUCTaJIaMi IpaHaTta, OKpy-
KEHHBIMH KeJIM(UTOBBIMU KaliMaMH, U MaTPUKC, COCTOSIIUN UX TOHKHX CPOCTKOB KIMHOTHMPOKCEHA W
mwiaruoknasa. Cyas mo GoNbIIMHCTBY HUTM(GOB, peakius pacnana oMdanuTa Obljia MPaKTUIECKH MOTHOM;
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B CUMIUIEKTUTOBBIX KOJOHHUAX (PUKCUPYETCS KIMHOIMUPOKCEH C KaJAeUTOBBIM MUHAIOM 5-11% u annesu-
HOBBIN miarnokmna3. OJHAKO B HEKOTOPHIX 00pa3lax B CHMIUIEKTHTOBOW Macce yJalloch OOHApYXHUTh
ToHKHE (50-80 MUKPOH) pelUKTH oM(annuTa ¢ CoAepX)aHueM KaJeuToBoro MuHana a0 29% (O6pasen
M2a, tabn. 3). I'panatsl B Takux oOpa3lax MOKa3bIBalOT OTYETIMBYIO PETPOrPagHYIO 30HAJIHHOCTH: B
LEHTPaNbHOHN 4acTd 3T0 Almys 4sPrp2e27Grs2s.31Sps;, TOraa Kak K KpasiM €ro jKene3ucTocTh (Xg.) Bo3pac-
Taet 10 0.66.

B o6pasue SB-812 coxpanuics nepBUUHBINA BBICOKOOapuieckuii maparenesuc rpanat (AlmgoPyp;s-
40GTS24.27) + ompammr (Jdyp) + poroBas odmanka + kBapi + pyTuna (puc. 6.3, Tabm. 6.3), TO3BOISIOMINH
YBEPEHHO I'OBOPUTH O TOM, YTO CUMIIJICKTUTOBBIC DKJIOTUTHI V3koi CaaMbl SABISIOTCS MMpoAyKTaMH JIEKOM-
MPECCHOHHBIX N3MEHEHHH aM(prOOIOBBIX SKIOTUTOB.

Puc. 6. 3. Muxkpodotorpadus npax-
TUYECKM  HEU3MEHEHHBIX  OKJIOTHTOB
V3ko#t Cammer (00p. SB-812). Xopomro
BUIHA HauyajbHas CTagusd pacraja
omdarnmra.

3ameuaTebHOH 0COOCHHOCTBIO SKIIOTHTOB Y3K0H CalMbl SBISETCS TO, YTO B HUX, HECMOTPS Ha
CUJIbHBIE PETPOTPaJHbIC U3MEHEHHUS, COXPAHWINCH OTYETIIMBBIE CBUICTEIbCTBA MPOTPAJHON BETBH Me-
tamopduueckoil 3Bomronuu. OHU BKIIOYAIOT M COXPAaHHOCTh HU3KOTEMIEPAaTypHBIX M HHU3KOOapuue-
CKHX MHUHEpAJIOB, KOTOPBIE TPAAUIIOHHO CUHTAIOTCS «3AMPEIICHHBIMI» IS apXeUCKOW reoTMHAMHUKA
C MpeArnojaracMbIMH BBICOKOTEMIIEPATYPHBIMH pekuMaMu Metamopdusma. Oopazer; S204/16 nemoH-
CTPUpPYET aTOJUIOBHIM THUIl T'paHaTa C MPOTPECCHUBHON 30HAJIBHOCTHIO, B IEHTPAIBLHON YacTH KOTOPOTO
3aKITIOYEHBI «JIaTyYHHBIE)» YYacCTKH ¢ MHOTOYHCICHHBIMA BKIIOUeHUSIMU (puc. 6.4). JleranbHbIe MUKPO-
30HIOBBIE HCCIIENOBAHUS MMOKAa3alld, YTO UX paclpejelieHre 00HapYKUBAET SCHYIO0 3aKOHOMEPHOCTh: B
HEHTPaJbHOW YacTH JIOKANM30BaHBI MUHEpalbl CTAOMJIbHBIE B OTHOCHUTENBHO HH3KOTEMIIEPATYPHBIX
yCIOBUSAX, a Onmxe K nepudepun — ampuodon u KMMHONUpoKceH. Cpenn HU3KOTEeMIepaTypHbIX MHHE-
pajioB 0OHApYIKEHbI XJIOPHUT, alIbOUT, CeH, a TAKKE acCOIHAIlUs MarHe3uajbHOTO MyMIICIUICUTa U aK-
TrHONMUTA (Tabn. 6.3), xapakTepHas Ui MyMICIUICUT-aKTHHOIUTOBOM (anuu meramopdusma (Banno,
1998). Kpome Toro, B MIMMHENSAX U3 METANMUPOKCEHUTOB Y3K0H CanMbl ObLIM OOHapy>KeHBI TOHYAM-
e PEeNMUKTHI auacropa W camoHuta B kinuHomupokcene (Konilov, 2008). CoxpaHHOCTh TTOAOOHBIX
MUHEPAJIOB JIODKJIOTUTOBOH CTaJnd METaMOpPUUCCKOW SBONIOIHMH, KaK M JIOKAIbHAas COXPAaHHOCTb
TrpaHaToOB aTOJUIOBOTO THIIA, CBUICTEIBCTBYET O OBICTPOM 3aXOPOHEHHH MPOTOJUTA JKJIOTHTOB IO
MaHTHWHBIX TIyOWH, KaK, B pAaBHOW CTENEeHHU,  OBICTPOI mX 3Kcrymanuu. I[lo omenkam psma nccieno-
BaTeJe BECh UK MeTaMOp(UUYECKOM IBOJIONUU OT MOTPYKEHUSI MPOTOJIUTA IO TIYOUH SKIOTHTOBOU
¢anuu 1 UX moabeMa 0 YPOBHS CpeAHEW KOPBI MOT COCTaBISITH HE Oojiee MEPBBIX MUJUIMOHOB JIET
(Maller, 1998, 1999).
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Ta6muua 6.3. [IpencraBuTenbHBIE COCTaBBI MUHEPATIOB M3 SKIOTHTa Y3KoW CalMBl IO TaHHBIM MHKPO30HIOBBIX
aHaJIM30B

Ob6paszen SB-812 M2a

ITopona AM}uOOIOBBII IKIOTUT CHMIUICKTUTOBBIN YKJIOTHT

Musepan Cpxl Grt Cpx2 P12 Cpx1 Grtl Cpx2 P12 Hbll

[o3umust Lentp Lentp Cummn Cummn Penukr Kpait Cummn Cummn E:g;fg
SiO, 54,76 39,41 53,43 61,07 52,98 38,67 50,88 57,7 42,05
TiO, 0,14 0,16 0,18 0,04 0,32 0,09 0,35 0,08 1,56
Al,O4 5,82 21,39 3,99 23,86 8,71 22,69 5,98 26,15 17,64
Cr,04 0 0,48 0,12 0,09 0 0 0 0 0,03
FeO* 3,39 19,11 3,44 0,26 5,05 21,59 6,17 0,13 9,04
MnO 0,06 0,69 0,01 0,08 0,03 0,69 0,07 0,11 0,06
MgO 13,02 8,50 14,57 0 10,83 6,27 12,84 0 13,12
CaO 19,72 10,26 22,81 6,05 18,14 10,00 22,72 7,67 11,77
Na,O 3,08 0 1,45 8,53 3,95 0 0,98 8,17 2,72
K,O 0 0 0 0,01 0 0 0 0 0,03
Cymma 100 100 100 100 100 100 100 100 98
Si 1,974 2,999 1,946 2,721 1,921 2,969 1,878 2,592 6,041
Al iy 0,026 0,001 0,054 1,253 0,079 0,031 0,122 1,384 1,959
Al v 0,221 1,918 0,117 0 0,293 2,022 0,138 0 1,028
Ti 0,004 0,009 0,005 0,001 0,009 0,005 0,01 0,003 0,169
Cr 0 0,029 0,003 0,003 0 0 0 0 0,003
Fe 0,102 1,217 0,105 0,010 0,153 1,386 0,191 0,005 1,086
Mn 0,002 0,044 0 0,003 0,001 0,045 0,002 0,004 0,007
Mg 0,700 0,964 0,791 0 0,585 0,718 0,707 0 2,810
Ca 0,762 0,836 0,890 0,289 0,705 0,822 0,899 0,369 1,812
Na 0,215 0 0,102 0,737 0,277 0 0,07 0,711 0,756
K 0 0 0 0,001 0 0 0 0 0,005
Cymma 4,006 8,018 4,013 5,018 4,023 7,999 4,017 5,069 15,676

S-204/16 (SB-803) S204/3(SB-801)
CHMIUIEKTHTOBBII YKIIOTHT JKenesucTast 9KIOTUTOBAs MOPOIA

Musnepan Grtl Cpx2 Pmp | Act |  cChl Grt Cpx Hbl ] Chl

[To3unust IenTp Cumrut. Brurouenus B Grt Lentp Cumrn Cumiut Cumiun
SiO, 38,88 52,54 36,27 54,17 27,78 37,08 51,77 42,53 27,66
TiO, 0,11 0,29 0 0,01 0,03 0,02 0,30 0,17 0,11
ALO; 21,38 2,88 25,17 1,16 19,27 20,84 4,88 10,26 16,76
Cr,04 0,18 0,07 0,11 0,23 0,06 0 0 0,04 0,16
FeO* 21,32 6,36 3,78 14,39 21,30 29,27 10,21 21,72 36,36
MnO 0,45 0,07 0,10 0,11 0,22 0,37 0,04 0,22 0,08
MgO 7,86 13,36 1,87 14,36 17,19 4,09 10,75 9,38 8,13
CaO 9,83 23,65 22,76 13,42 0,11 8,33 20,11 12,55 0,58
Na,O 0 0,78 0 0,15 0 0 1,94 1,13 0,30
K,O 0 0 0 0 0 0 0 0 0,01
cymma 100 100 90,06 98 85,96 100 100 98 90,15
Si 2,984 1,945 6,017 7,849 2,914 2,949 1,934 6,505 3,006
Al iy 0,016 0,055 0 0,151 1,086 0,051 0,066 1,495 0,994
Al v 1,917 0,071 4,922 0,047 1,295 1,904 0,148 0,355 1,153
Ti 0,006 0,008 0 0,001 0,002 0,001 0,008 0,019 0,009
Cr 0,011 0,002 0,014 0,027 0,005 0 0 0,005 0,014
Fe’* 0 0 0,029 0 0 0 0 0 0
Fe*' 1,322 0,197 0,495 1,744 1,868 1,948 0,319 2,778 3,305
Mn 0,029 0,002 0,014 0,014 0,020 0,025 0,001 0,028 0,007
Mg 0,899 0,737 0,462 3,102 2,688 0,485 0,599 2,139 1,317
Ca 0,808 0,938 4,046 2,083 0,012 0,710 0,805 2,057 0,068
Na 0 0,056 0 0,043 0 0 0,140 0,334 0,063
K 0 0 0 0 0 0 0 0 0,001
cyMMa 8,038 4,011 16 15,059 9,891 8,072 4,021 15,716 9,937

Kpucramioxumudeckne GpopMyIIsl pacCIUTaHbl KUCIOPOIHBIM METOOM — KinHonupokceH (Cpx) Ha 6 aTOMOB KHCIOPOJa, TpaHaT
(Grt) — 12, mnarnoknas (P1) — 8, ampubon (Hbl) — 23, akrunonut (Act) — 23, xnoput (Chl) — 14. dopmyna mymnemuuura (Pmp)
paccuuTaHa KaTHOH-KUCIOPOJHBIM METO/IOM Ha 16 KaTHOHOB U 24,5 aTOMOB KHCIIOpOJa.
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[IukoBBIE OIEHKH MapaMeTPOB SKIOTUTOBOTO MeTamMOp(u3Ma, CIETaHHbIE Ha OCHOBE COACPIKAHUS
JKaJIEUTOBOI0 MUHAaJla B peiiukTax oMmdarura u coctaBoB rpanaroB (Holland, 1980; Powell, 1985), nanu
MHUHHMaJbHbIC 3HaUeHUs aaBneHus 13 — 14 k6ap u temmepartypsl B uatepsaie ot 700 mo 750 °C. Dkcry-
MaIs SKJIOTUTOB MPOUCXOMWIA B YCIOBHAX HM30TEPMAaJbHON JIEKOMIIPECCHH, TTOCKOJIBKY PETPOrpaJHbIe
rapareHe3uchbl (HOPMHUPOBAIKCH NMPU MEHBIHMX AaBJIeHUAX (~ 8 - 10 kbap), HO TIpH TEX ke TeMIepaTypax
(~700°C).

JKene3ucteie IKIOTUTOBBIE TIOPOABI CYIIECTBEHHO OTINYAIOTCS OT CUMILIEKTUTOBBIX 3KJIOTHTOB IO
CTPYKTYPHBIM XapaKTepUCTUKaM U XUMU3MY MHUHepasnoB. Menkue (o 1 MM) cyOrenpanbHbIe B OKPYTIIBIE
3epHa JOMHHHUPYIOIIEro MHHEpala — rpaHaTa — He 0OHAPYKHUBAIOT BBIPaKEHHON 30HANBHOCTH II0 COCTa-
BaM, KOTOPBIE OTBEYAIOT albMaHIMH-TPOCCYISP-TIMPONIOBOMY TBEpAOMY PacTBOPY (Almeo.es Grsai24P1p14-
155ps). CHMITJIEKTUTOBAs: Macca Pe3Ko OTIIMYHA OT TOT0, YTO HaOII0MaeTCsl B COOCTBEHHO PETPOTPaTHO U3-
MeHEeHHbBIX JKjorutax. OHa oOpa3oBaHa TPyOO3EpHUCTHIM arperaToM JHOIICHIOBOTO KIMHOMHPOKCEHA
OYEeHb BBIJIEp)KaHHOTO cocTaBa (Xn, = 0,06—0,09), Gpeppo-uepMakUTOBOM pOroBoii 0OMaHKH U OJIMTOKIIA30-
BEIM ITIaruokiiazoM (puc. 6. 5). Penko HaOmromaroTCs TakKe MONUTOHANBHBIE KPUCTAUTEI KBapia. B cum-
TUIEKTUTOBOM Macce OTMeJaroTcs MHorouduciieHHbIe 3epHa Fe-Ti okucno. Hurne He oOHApYKEHO pevK-
TOB OM(aIMTa, 4TO ¥ MPEAONPENeIIeT OTHECEHHE ITUX MOPOJI K TPYIIIE SKIOTHTOBBIX MOPOJI, HO HE co0-
cTBeHHO dKiIorutaM (cMm. Desmons, Smulikowski, 2007). [TogoOHble amMprOON-KIMHOMHPOKCEH-TIATHOK-
JIa30BBIE CUMILIEKTUTHI C HEOOBIYHO BBICOKMM KomdecTBOM Fe-Ti OKHCIOB ONMMCAaHBI B SKJIOTHTAX F0XKHON
yacty nosica CyJy, ¥ IOKa3aHO, YTO UX MPOUCXOXKACHHUE, T0-BUANMOMY, CBSI3aHO C 3BTEKTHKO-TIOAOOHBIM
pacmagoMm oMpanuTa B MPUCYTCTBUU BOJAHOTO (DIIOWAA, MOCTYMABIIETO U3 BHEIIHETO MCTOYHUKA (Yang,
2004). DToT mpolecc MPUBOIUT K BEIHOCY Oobinoro konmdectBa Si, Ca n Na ¢ ocakJeHreM BO3HHKAIO-
mero m30eITKa Fe (Bolland, Otten, 1985). [To TepMobapoMeTpHIEeCKUM OIIEHKaM COCYIIECTBYIOIINX MHHE-
PaJIbHBIX aCCOLMAIUN HAJEKHO (DUKCHPYETCS TOJIBKO PETPOrpaiHas craaus ¢ temneparypamu ~ 700 °C
u pasneHueM, He npesbimatomieM 10 kbap (mo Cpx-Pl-Qtz reorepmobGapomerpy McCarthy, Patifio
Douce, 1998).

Puc. 6.4. MukpodoTrorpadusi aroioBoro rpaHara c Puc. 6.5. Mukpodororpadust ydacTka Kene3ucTou
YKa3aHHUEeM MECTOIIOJIOKEHHSI HaXOJOK HU3KO TeMIle- 9KJIOTUTOBOM MOpo/Ib! Y3K0i CanMbl, HIUTIOCTPHPYIO-
paTypHBIX M HU3KOOApUUECKUX MHUHEPAJIOB IPOTrpaj- mast CTPYKTYPY «IPyObIX» auorcun-aMm(puoos-riari-
HOW CTaJlM 3BOJIIOLMHU MPOTOJUTA 3KIOTUTOB Y3KOH OKJIa30BBIX CUMILUIEKTHTOB, B KOTOPHIX HAOJIOAAI0TCS
Canmsl. MHorouncnennsie Fe-Ti okncios.

C 3TUMH TOpOJaMH TPOCTPAHCTBEHHO CBS3aHBI KWJIBI TPaHAT-OMOTHTOBBIX IIIATHOTPAHUTOWIOB
MOIITHOCTBIO OT MEPBBIX CM 70 ~ 50 - 60 cM. DTH KU HUTZIC HE BBIXOIAT 3a IIPEIEIIbl SKIIOTUTOBOTO Telia
1 XapaKTepU3yITCS HEOOBIYHBIMU COOTHOIIEHHUSIMH C BMEIAOIIUMHU UX dKIoruTamMu. C OJHOH CTOPOHHI,
SICHO BHJTHO, YTO OHH SIBJISTIOTCS CEKYITAMH II0 OTHOIICHUIO K BMEMIAIOIINM dKJIOTHUTaM, a, ¢ APYToi CTOpO-
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HBI, HA TIPOCTUPAHHUU KHJI OTYETIUBO HAOIIOJAETCS, YTO OHM HE MMEIOT OTPAHHMBAIOIINX KOHTAKTOB, KaK
61)1 PacTBOPSAACH B TEJIC OKJIIOTHUTOB. OTH COOTHOILIEHUS apeaonpeaciniin uX OTHECECHUC K TUITY «3aMOpPO-
JKEHHBIX KHUCIIBIX PacIIaBOBY», KOTOPbIE OBUIM 3alpy>KEHbI B TPEIIMHAX OTpPHIBA, a 3aT€M SKCTYMHUPOBAH-
HBIX BMECTE C SKJIOTHTOBEIM TenioM. [leTporpaduieckoe nccienoBanne 00pa3oB U3 STUX KU MOKa3hIBa-
€T, YTO OHHM CJIOXKEHBI TJIaBHBIM 00pa30M U3 IpaH00IacTOro arperara KBapia u miarnokmnasa (75-80% o0b-
eMa Mmopojibl) U nMop(upoOIaCTOB rpaHaTa, YCUIyeK OMOTUTA, U aUIOTPUOMOP(HBIX KPUCTALIOB KMAHUTA,
HaOJTIOJAIOIINUXCSI HA KOHTAKTE C 3epHaMU rpaHara (puc. 6.6).

Puc. 6.6. MukpodoTorpadus yuactka u3
«3aMOPOKEHHON» TPOHICMUTOBOU IKHJIBI
(SB-805), wmmocTpupyomas e¢ MHHe-
palbHBIA COCTaB M CTPYKTYPY MOPOI000-
pasyroleil acconuanym.

W3 akueccopHBIX MUHEpaJIOB (PUKCUpPYETCsl pyTHi, KOTOPBIHA 3aMeInaeTcss uiaIbMeHUTOM. [1o Muk-
PO30HIOBBIM OIPEACIICHUSIM COCTaBOB COCYIIECTBYIOIIMX MHHEPAIOB LEHTPaJbHbIE YacTH TrpaHaTa
uMmeroT coctaB Almyg—Prprs—Grsy; —Spsg, Torma kak 06omouku of Almsy—Prp,e—Grs,; —Spse, uTo cBUAC-
TEJIBCTBYET O PETPOTPaJHON MX 30HAIBHOCTU. BHOTHT siBisieTcst BeIcOKOMarue3uanbHbeM (Mg# = ~70)
¢ BBICOKUM copaepkanueM Si (2,6 — 2,75 B GOpMyJIBHBIX €IUHHIAX ), YTO SABISIETCS TUIMHYHBIM IS K-
sorutoB (Nakamura, 2003). ITo reotepmodapometpy Grt-Bi-P1-Qtz (Koziol, Newton, 1989) nukossie
mapameTpbl Metamopdu3Ma 3Toi acconuanuu gocturany > 13,5 — 14 x6ap u Temneparypst ~ 700°C,
T.€. OCYIIECTBJSUINCh B TE€X )K€ CaMbIX YCIOBHUAX, YTO U MPOUCXOAUT MeTaMOp(hU3M IKIOTUTOB ¥Y3KOU
Canmebl. ['oBOops ApYrUMH CIIOBaMH, MOKHO MpeANojaraTb, YTO BO3HMKHOBEHHE IUIarHOTPAHUTHOTO
pacruiaBa OBUIO NPSMO CBSI3aHO ¢ METaMOP(HUYECKUM HpoLeccoM (OPMUPOBAHUS HKIOTHUTOB, a 3TOT
paciuiaB MOXKET paccMaTpUBaThCS KaK CUH-MeTaMoppuueckuil (B ycioBusax ¢auun am¢pudOOIOBBIX K-
JIOTUTOB).

[To coxepxaHHIO TIaBHBIX 3IEMEHTOB 3KJIOTUTHl Y3K0i CalaMbl COOTBETCTBYIOT HU3KO-KaJINEBOMY
TOJICUTOBOMY, NPEUMYLIECTBEHHO BBICOKO MarHesunaipHOMy, 0azanbty (SiO, ~ 48 — 52%, MgO ~ 8 —
12%). Ilo pacripeneneHnio MabIX AIeMEHTOB OHHM HanOosee 63k kK N-MORB, uTto cBuzaerenscTByeT 00
OTCYTCTBHH BKJIaJla B UX METPOr€HE3UC KOPOBOTO BEIIECTBA, HEU30EKHOTO B CiIydyae MaQUUECKUX HHTPY-
3 B paHee CyLIECTBYIONIYI0 KOHTHHEHTanbHy0 Kopy (Tabmn. 6.4, puc. 6.7). D10 1aeT ocHOBaHHUE MPEAIIO-
JaraTh, 4TO IIPOTOJIUTOM PKJIOTUTOB OblIa apXeickas OKeaHHdecKast Kopa, KOTopasi, Cy s 10 IeTposIoruye-
CKUM JaHHBIM, CyOqyLIUpoBaa, 1Mo KpaitHel Mepe, 10 TiyOouH 55 — 60 kM. MeTanupoKCeHUTHI COOTBETCT-
BYIOT 1O COCTaBy OoJjiee MarHe3WalbHBIM IOPOAaM M, COOTBETCTBEHHO, Oojee MpUMHUTHBHBIM (Mg# =
0,70), MUKpUTOBBIM MOpPOJAM — MPOAYKTaM MAaHTHHHOTrO IUIaBJICHUS 0€3 3aMETHOTO BKJIaJa KOPOBOH co-
crapisiromeil. Ilo comepkaHMIO MalbIX JIEMEHTOB OHM OOHAPY)KMBAIOT IOJNHYI0 KOTEPEHTHOCTh C 3KJIOTH-
Tam#, 0003HAYasi KX TEHETHYECKOE POJICTBO.
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Puc. 6.7. ['eoxummyeckrie 0cOOEHHOCTH SKIOTHTOB ¥Y3Koi CalMBL. a: HOPMHUPOBAHHEIE K XOHAPHUTY COACPKAHIS Pell-
KO3EMEJbHBIX JJIEMEHTOB. 0: HOPMUPOBAHHBIE K IPUMUTHBHON MAaHTHUH COJCP)KaHUS MaJIbIX JIEMEHTOB.

Ha >ToM (oHe xene3ucTrie SKIOTHTOBBIE MOPOABI MO COCTaBaM PAa3IMYAIOTCs KapAMHAIBHO.
OHM XapakTepu3yloTcs 04eHb HU3KON MaruesnaidbHoCThIO (Mg# = 0,36—0,37), uTO He coryiacyercs ¢
BO3MOXXKHOW WX HHTEpIpeTalnueil, Kak (pakIMOHATOB IMEPBUYHOTO Oa3zambToBOTO paciuraBa (Tao6m.
4). Ilo pacnpenenennto P30 oHn 00HapYXKMBAIOT CHIIBHYIO JEIJIETAIIMIO B YaCTH JIETKUX PEIKUX 3€-
menb (La/Yby = 0,2-0,35) u, BMecTe ¢ TeM, 3aMETHYIO O0OTaIEeHHOCTh TSKEIBIMU PEAKUMH 3EMIIS-
mu. OOpamiaeT Takxe Ha ce0sl BHUMaHUE KOTEPEHTHOE MOBEJEHNE BBICOKO3aPsIAHBIX HEKOTEPEHTHBIX
anemeHTOB (Nb, Zr, Ti), KoTOpBIe Ha crmaiigeporpaMmMax OTMEUYAOTCS CHJIBHBIMH aHOMAJTbLHBIMH I10-
JIOKUTENBbHBIMHA NMHKaMK (puc. 6.7). DT 0COOSHHOCTH JKEJIE3UCTHIX IKIOTUTOB Y3K0oi CalMbl CHIIb-
HO KOHTpacTupyoT ¢ reoxumueii Fe-Ti sxnorutoB Cyny, KOTOpbIe MOKa3bIBAIOT HEKOTE€PEHTHOE pac-
MpeAesieHHe 3TUX AJEMEHTOB C SBHO BHIPaKCHHBIMH OTpPUIATEIBHBIMH aHoMaiusMu Nb u Zr. D10
WHTEPIPETUPYETCA KaK Pe3yJbTaT BHEAPEHUS BBICOKO MU epeHnnpoBaHHBIX pacIliaBOB radopo-
BBIX HHTPY3UH B PAaHHIOIO KOHTHHEHTAJIbHYI0 KOPY HIIM DHCHAJIMYECKyIo ocTpoBHYIo nyry (Liu et al.,
2007). 'eoxumudeckne XapaKTEPUCTHUKU JKEIE3UCTBIX HKJIOTHTOB Y3Koi CaaMbl B COBOKYIIHOCTHU C
JAHHBIMH TI0 MX METPOJIOTHH 3aCTaBISIIOT MPEANoaraTb, YTO OHU SBISIIOTCS PECTUTAMU BOJOHACHI-
IIEHHOTO TIJIaBJICHUS SKJIOTHUTOB.

OTOT BBIBOJA HILTIOCTPHUPYETCS pHUC. 6.8, HA KOTOPOM OTUETIMBO MOKHO BHUAETH T€OXHMHUYE-
CKYI0 KOMIUIEMEHTAPHOCTh MEXJY JKEIEe3UCTHIMH JKJIOTHTOBBIMH MOPOJAMHU U 3aMOPOKEHHOW BBI-
IUIaBKOW TPOHIbEMHTa. DTa MOPOJAa MO FeOXMMHYECKUM XapakTepucTukam (SiO, > 56%, AL,O; >
15%, St/Y > 40, La/Yb > 20) cooTBeTrcTByeT anakuty (06p. SB-805, tabn. 6.4), T.e. mnaruonopdu-
POBBIM JIaBaM ME3030MCKHX OCTPOBHBIX IYT, MPOHUCXOXKJESHHE KOTOPHIX OOBACHSIETCH YaCTHYHBIM
MJaBJIE€HUEM TpaHaT-coAeprKallero, Ho 0e3MmIarnokiaa3oBoro Maduueckoro mpoToJHTa (IKIOTHUTA)
(cm. Drummond, Defant, 1990). O6pa3zen 3toii mopoasl B Sm-Nd H30TONMHON cUCTeMe MOKa3bIBacT,
YTO MEPBUYHBIN paciiaB OblT IOBEHMIBHBIM ¢ Tpy = 3.05 mupna. 5er, mOCKOJIbKY MMEIomuecs M30-
TOITHBIE BO3PACTHBIE OIEeHKH (OPMUPOBAHHUS KOHTHHEHTAIBbHON KOpBl bermoMmopckoro mosica He mpe-
BoimaioT 3 mipa. net (bubukosa u ap., 2004). Ilo reoXxuMuM rIaBHBIX U MaJbIX 3JE€MEHTOB COCTaB
13 3aMOPOKEHHOTO TPOHABEMHUTOBOTO paciuiaBa B 3KJIOTHTE Y3Koi CanMbl IpaKTHYECKH TOYHO COB-
MajlaeT ¢ OLEHKaMH CPEJHEro cocTaBa TPOHAbEMHT-TOHATUT-TpagunoputoBeix (TTI') rueiicoB, nmun
paHHEH KOHTHHEHTanbHOH Kopbel 3emin (cM. Teimop, Mak-Jlennan, 1988). Meromuecs maHHbIe 110
FeOXUMHH 00paMIIIOIINX 3KJIOTUTOBOE Tesio Y3Kkoi CaaMbl THEHCOB MO3BONSIOT MPEAIoNaratb, YTo
OHM F€HETUYECKH MOTYT OBITh CBSI3aHBI C MPOLIECCAMH YACTUYHOTO IJIABICHUS YKIOTHTOB, YTO MOXK-
HO BUIIETH Ha puc. 6.9.
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Puc. 6.8. CnaiineporpaMma, WLTIOCTPUPYIOIAs T€OXUMHYECKYI0 KOMIDIEMEHTApHOCTh XKeJe3H-
CTBIX SKJIOTHTOBBIX MOPOJI M «3aMOPOKEHHOW» TPOHABeMUTOBOH BhimaBku. Cpexnuit TTI mo

(Drummond et al.,1996).

Taoauna 6.4. Conepxanust rinaBHbIx (PDOA) u manbix anemenToB (ICP-MS) B skiiorurax 1 CBS3aHHBIX ¢ HUIMH ITOPO-
nax Y3koi CaaMbl

Obpazen SB-801 SB-802 SB-803 80306 SB-804 SB-812
Fe-Ti Fe-Ti Cummut. Cumm.
[Topona MeTtanukpur OKJIOTUT
SKJIOTHT.IIOPOAA | SKJIOTHT.IIOPOAA JKJIOTHT 9KJIOTHT

SiO, 45.62 46.37 48.70 52.20 49.55 49.38
TiO, 222 2.54 0.98 0.63 0.50 0.54
ALO; 13.94 13.82 16.40 14.32 13.04 13.50
Fe,0;t 20.81 20.54 11.93 10.97 11.92 11.18
MnO 0.24 0.27 0.18 0.18 0.22 0.22
MgO 5.40 5.04 7.98 8.56 12.43 12.12
CaO 9.93 9.74 11.67 10.97 9.96 11.14
Na,O 1.86 1.70 1.92 2.36 1.72 1.12
K,0 0.03 0.09 0.20 0.14 0.16 0.08
P,0s 0.05 0.11 0.08 0.04 0.04 0.08
LOI 0.22 0.09 0.27 0.46 0.56 1.00
total 100.39 100.37 100.35 99.90 100.13 99.50
Mg# 0.37 0.36 0.60 0.66 0.70 0.72
Cr 70 60 188 1018 996
Ni 26 38 142 275 316
Co 82 93 42 67

Sc 44 42 31 35 41
\Y% 882 617 232 182 212
Rb 0.74 0.88 8.4 3 1.5
Ba 0.20 2.48 42 6 33
Sr 41 38 80 43 67
Zr 30 130 61 36.3 23
Y 414 334 24 14 12
Nb 3.75 5.10 3.02 1.55 1.61
La 0.76 1.82 4.01 1.76 1.54
Ce 2.31 4.79 114 3.98 3.78
Pr 0.44 0.80 1.81 0.65 0.57
Nd 3.22 4.79 8.92 3.41 2.70
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Obpazen SB-801 SB-802 SB-803 80306 SB-804 SB-812
m Fe-Ti Fe-Ti Cumr. Cumru.
opoza MeTtanukput DKJIOTUT
SKJIOTHT.NIOPOJIA | SKJIOTHT.IOPoIa 9KJIOTHT 9KJIOTHT
Sm 2.16 245 2.83 1.14 1.15
Eu 1.04 1.16 0.83 0.46 0.39
Gd 3.29 3.89 3.49 1.64 1.52
Tb 0.76 0.81 0.63 0.31 0.27
Dy 4.94 5.39 4.08 2.10 1.91
Ho 1.07 1.29 0.91 0.53 0.42
Er 3.22 3.61 2.72 1.58 1.28
Tm 0.44 0.54 0.39 0.25 0.22
Yb 2.93 3.53 2.52 1.62 1.33
Lu 0.46 0.56 0.35 0.28 0.22
Hf 2.10 3.10 1.73 0.91 0.76
Th 0.13 0.29 0.24 0.16 0.19
U 0.08 0.07 0.06 0.14 0.08
La/Yby 0.18 0.35 1.07 1.40 0.78
Sr/Y 1.0 1.14 33 2.6 1.8
O6paszen SB-805 SB-806/1 SB-807 SB-808
Toposa 3aMOpOXKEHHBIN Oobpamirsronuit Oobpamirsronuit OO6pamIIsronHii
TPOHIbEMHUTOBBIH pacIaB TTI rueiic TTI rueiic TTI rueiic
Si0, 68.34 71.01 61.21 68.66
TiO, 0.49 0.22 0.56 0.56
ALO; 15.80 15.71 19.03 15.39
Fe, 05t 4.29 1.73 3.97 4.05
MnO 0.05 0.02 0.05 0.06
MgO 1.84 0.65 1.93 0.84
CaO 4.78 3.00 5.81 3.59
Na,O 2.93 3.79 5.52 4.23
K,0 0.67 3.00 1.11 1.96
P,0s 0.11 0.06 0.17 0.08
LOI 0.72 0.78 0.62 0.39
total 100.02 99.36 99.98 99.81
Mg# 0.50 0.46 0.53 0.32
Cr 37 9 15 9
Ni 35 9 22 13
Co 20 4 14 6
Sc 7 6 13 12
\Y 54 23 66 36
Rb 40 165 45 60
Ba 531 709 277 794
Sr 404 394 650 505
Zr 227 107 146 430
Y 8.9 3.63 17.6 253
Nb 6.72 3.25 7.89 11.0
La 25.10 16.10 57.30 33.60
Ce 50.00 31.50 117 75.60
Pr 5.54 3.36 12.50 9.28
Nd 20.20 10.70 42.10 36.40
Sm 3.60 1.79 6.57 7.32
Eu 1.29 0.60 1.18 2.12
Gd 3.34 1.36 5.61 6.50
Tb 0.45 0.19 0.78 0.92
Dy 2.04 0.71 3.58 4.77
Ho 0.34 0.12 0.59 0.90
Er 0.71 0.26 1.73 2.46
Tm 0.12 0.05 0.22 0.36
Yb 0.72 0.20 1.55 2.21
Lu 0.11 0.04 0.24 0.35
Hf 5.10 2.98 3.78 9.93
Th 4.13 3.55 6.57 3.67
U 1.14 1.19 0.60 0.62
La/Yby 23.5 544 25.0 10.3
Sr/’Y 45.4 109 37 20
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O1eHKH M30TOIMHOrO BO3pAcTa 3KJIOTMTOB Y3Koi CalMbl MPOBOAWINCH PasHBIMH MeTomamu. [Ips-
MO€ JaTHPOBaHUE LIMPKOHOB, BBIACICHHBIX U3 peTporpanHo n3MeHeHHbIX dKkinorutoB (SHRIMPII) (15 to-
YeK) a0 CHIIBHYIO JUCKOPAMIO C BEPXHUM INEepeceUeHrEeM KOHKOPAMU C BO3PAcTOM OKoJo 2.9 mipa. et
n nukamu HapymeHust U-Pb cuctemsl, mpumepHo, B 2,78 u 2,6 mupa. net u 1,9 mupa. net. JlatupoBanue
IUPKOHOB M3 OOpaMIISIOIIHX ASKIoTHTOBOoE Teiao TTI' THeHCOB Takke HE Jall0 HAISKHBIX PE3yIbTaTOB.
W3oTOomnHBINH BO3pacT UPKOHOB, NMoydeHHBIN npu u3Mepenusx Ha SHRIMPII (9 touek), mokasan quckop-
JIUIO ¢ BepXHUM mepeceueHueM 2737+10 miH. net u HiKHUM 5184190 MiTH. JeT, KOTOpPBIN HE U3BECTEH HA
bantuiickoM ImUTe Kak BpeMs OIIYTUMOTO TEPMAJILHOTO COOBITHS, KOTOPBIH Mor Ol oTpa3uthcs B U-Pb
CUCTEME ITUPKOHOB.

JucKkopAaHThIi BO3PACT MO MUPKOHAM U3 JKEJIE3UCTHIX SKIOTUTOBBIX MOPOA ObLI MOJTY4YeH METOAOM
SHRIMP-II ¢ BepxHum nepeceueHueM ¢ KoHKopauen 2966+48 muH. net u HwkHUM 1890420 muH. ner,
YTO COIJIACYeTCsl C U3BECTHBIMM JaHHBIMU 10 HapyuieHuto U-Pb cucremsl B moponax benomopckoro nos-
ca. [lomyueHHbIN 110 BepXHEMY NEPECEUYEHUIO U30TOMHBIN BO3pacT LIMPKOHOB MHTEPIIPETUPYETCS KaK Ipy-
0as olLleHKa Bo3pacTa (opMHUPOBaHUS IpoToInTa dKinoruta Y3koit Canmel (Kayiauna u ap., 2007).
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Puc. 6.9. Pactipenenenus penkux 3emens (a) U Manbix 3meMeHToB (0) B TTI, oOpamMirstronix SKIOTHTOBON TeNo Y3-
Koit CalMBI B CPaBHEHHH C COCTABOM «3aMOPOXXCHHOI» TPOHIBEMHUTOBOW BHITUIABKU. [IoKa3aHbBI Takke CpemHui co-
cras no3aueapxeiickux TTI u cpexnnit cocraB agakura no (Condie, 2005).

Bonee ompeneneHHble pe3yabTaThl U30TOMHOTO JATUPOBAHMS MOKAa3alM JaHHbBIE 1O LHUPKOHAM M3
TPOHABEMHUTOBOTO PACIUIaBa «3aMOPOKEHHOTO» B 3Kiorutax (00p. SB-805). Beienennbie U3 3TOM KUITBI
IUPKOHBI MenkHue (~ 50 MUKPOH) W OKpYTJIbIE, YTO THITUYHO JUTS TUPKOHOB KPUCTAJUTM30BABIINXCS B BHI-
COKOOapUYECKUX YCIOBHSIX. DTH HUPKOHBI ObuIM AatupoBaHbl MeTogoM LAM ICP-MS, komOuHMpOBaH-
HBIM C TonydeHneM u3otonHbix Lu-Hf xapakrepuctuk numpkoHa B Toukax natupoBaHus (Natapov et al.,
2005). Kpome Toro, oHn uccnemaoBanuch taxxke JokanbHo U-Pb-Th natupoBannem Ha SHRIMP-II (Kaynu-
Ha u Ap., 2007). Oba MeTona MoKa3ald HACaIbHYI0 CXOIUMOCTh PE3YJIhTATOB: BEPXHEE KOHKOPIAHTHOE
niepecedenne 2861+31 murH. et (SHRIMP 1) un 2862+11 muH. net (LAM ICP-MS, cpenHeB3BemieHHOS
3HaueHue 1Mo 20 KOHKOPAAHTHIM TOYKaM). B 3Toii ke rmpoOe BhIAeeHa MOMy s 60jiee MOJIOABIX ITUPKO-
HOB C BO3pacToM 2769+19 muH. et (6 Touek). [IomoOHBIM M30TOMHBIH BO3PACT «MOJIOJBIX)» LIUPKOHOB
(hUKCHpYETCS W TI0 JaHHBIM IIPUMIIOMETPHH C BEPXHUM TepecedcHreM 2778+23 MITH. JIeT W HIOKHHUM IIe-
peceuenuem 1184+150 mun. et (Kaynuna u ap., 2007). Ilo nanueiM onpeaenennii uzoromubix Lu-Hf o1-
HOILIEHUI B TOYKAaX JIOKAIBHOTO AaTUPOBAHUS LIMPKOHOB MX MOJIENBHBIN BO3pacT cocTaBiseT ~ 3,04 mipa.
JIeT U MOKa3bIBaeT I0BeHWIbHOE porcxoxaenue (eHf = +2 + +6) (Natapov et al., 2005). Otu naHHbBIE TIpe-
KpPacHO COTJIaCYIOTCS C JaHHBIMH IO OIleHKaM MonenbHOoro Nd Bo3pacTa 1o 3To# mopoje, KOTOphIe Aaf0T
3nauenue 3,05 mupa. net. Takum 00pa3oM, MOKHO TyMaTh, YTO HauboJee IPeBHsS MOMYJISIHUI LIHPKOHOB
(hopMupoBanack OAHOBPEMEHHO C PaCIUIaBOM U OTPAKAET BO3PACT YACTUYHOTO TUIABJICHHS SKIIOTUTA B BO-
JIOHACBIIIEHHBIX YCIOBUAX, KOTOPBIE 00yCIaBIMBAIOT MOSBICHNE TAKOW 3aMETHOW MEPUTEKTUIECKON (hazbl
kak Fe-Ti oxucnel (cM. Moyen, Stevens, 2006), onpeaessionx BbICOKO JKEIE3UCThIH MPO(UIL PECTUTO-
BBIX AKJIOTMTOBBIX MOpoA Y3koi CaiaMmsl.
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IKCKYPCHA 7

BOYE-JIAMBUHCKAS 3EJJEHOKAMEHHAS CTPYKTYPA
Bbanacanckuii B.B.

I'M KHII PAH (Amatutsr)

Boue-JlamOuHCcKas 3eTeHOKaMeHHast CTPYKTYpa, CI0KEHHAsh OTHOMMEHHBIM KOMILJIEKCOM M OMHICaH-
Has B (Boue-JlamOunckuid..., 1991), Haxomutcs Ha rpanuiie bemomopckoro moasmkHoro mosica (BIIII) u
Konbckoit nposunnuu (puc. 7.1a). Boue-JlamOunckuil 3eneHokamenusiit komiieke (BJI3K) coctout u3
YeThIPEX TOJII, HUXKHSISI U3 KOTOPHIX MHTECHCHBHO PacClIaHIIOBAaHA, MIJIOHHTU3UPOBaHA (OCTAHOBKA 2) W
TEKTOHHYECKH OTJEISIET CYNpaKpyCcTalbHbIe 00pa30BaHUs OT CTPYKTYPHO JISKAIIUX HIDKE TPAaHUTOTHEH-
coB dyHmaMmenTa (MHppaKoMILIeKca, puc. 7.10).

A JIIM - Nannaxackuin rpaHynnMToBbIN NOSIC, BKNKOYas
KOMIM3NOHHbI MenaHx TaHaans.
KYTN - Koneuuko-YMBUHcKo-Tepckuii nosic, BKIovast
KonsunuK1in KONMU3MOHHBIN MenaHX.
CI - CTpenbHUHCKNIA NosiC.

Y B-J1 - Bouenam6uHckui
MONUroH

g
\ M2 ..
WHdpakomnnekc M
] ¥ \\\\\\\\\w\\\\\\\ %0

Mepsas Tonwa
Bropas, TpeTbs =553

oymparonnerca V] uierocpranonun [ Mererdo Cces HEDs

(casurosas 3oHa) cynpakomnnekca P

TPpaHMLBI MeXay Tomwamm cynpa- 3oHa MMaBHoro pasnoma [_54 43| CnaHueBaTocTb U fonoc-
IX] KOMMAEeKca TeKTOHM3NPOBaHHbIE ////// (casurosas 3oHa) X—%| 4aTocTs (a), nuHeitHoCTb (6)

Puc. 7.1. [lonoxenue nonurona Boue-JlamOuHa B TekToHMYECKO# cTpykType Kosbckoro pernoHa (a) u
cXeMa ero reoJlorudeckoro crpoeHus (0). 3Be304KH U HUPPBI — OOBEKTHI SKCKYPCHU M MX HOMEpA.

CymnpakpycraibHble 00pa3oBaHUs MPECTABICHBI THelicaMu ¥ aM(PUOOIUTAMU, MECTAMH C PEITUKTA-
MH TEKCTyp JaB (ocTaHoBKa 9) 1 TydoB (octaHoBKa 8). [Io cocTaBy OHM OTBEYAIOT PHOMAIUTAM, JAITH-
Tam, aHe3uTaM, aHae3ndazanbpraM u 6azanberam. [IpeobnanaroT cpeHie U KHCIbIe TOPOJIbl, KaK MPaBUIIo,
HOPMAJIHOM IENOYHOCTH, HO OTMEUAIOTCS M CYOIIEIOUHbIC PAa3HOCTH. B BEpXHHUX TPeX TONIIAX PA3BHUTHI
MEeTaoCaaKH (apKo3bl, TPayBaKKH, CyOTrpayBaKKH), BKIIFOYAs IMH3EI MTOJIMMUKTOBBIX KOHTIIOMEPATOB, Ty(o-
KOHIJIOMEPATOB M KOHTIIoOMepaToOpeKkunii (ocTanoBKa 3, 4 u 8). B coctaB 00J0MKOB | rajiek BXOJAT Tpa-
HUTOUJB! (B TOM YHUCIIE MHKPOKIMHOBBIC), THEUCHI (CPEIHUE M KUCIIBIC METaBYJIKAHUTHI), aM()UOOIHUTHI
(MeTaba3anbThl), MeTarabOpPOUIbI, TOPHOJICHANTHI, PEIKO KBAPIIOJHUTHI, YTO YKA3bIBACT HA T'€TEPOTCHHBIN
cuajmyeckuii cocraB obmactell cHoca. TakuM oOpa3oM, GOpMHPOBAHKE OCAJIKOB MPOHUCXOAMIO B KOHyCax
BbIHOCA CUHXPOHHO C BYJIKAHU3MOM.
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U-Pb Bo3pacT MarMaTMuecKuxX LUPKOHOB W3 TaJbKd METaMOP(HU30BAaHHBIX, PACCIAHLOBAHHBIX H
CMSATBIX B CKJIQJKH TOHAIUTOB (ocTaHOBKa 4) coctaBisier 2807+7 muH. net (KucnunpsiH, 2001) u unentu-
YeH BO3pacTy TOHAIUTOrHeHCOB HH(ppakomiiekca (octaHoBka 1), pasaomy 2807+10 mun. net (Balashov
et al., 1992). Bepxusist Bo3pacTHasi rpaHULla 3€J€HOKAMEHHOI'O KOMILIEKCa ONpelesisieTcss MUHHUMAaIbHBIM
U-Pb Bo3pacTtom 2663+1 MITH. JJeT MarMaTH4ecKoro MUPKOHA M3 aHNIE3WTOBOTrO Meraryda (KucaumsH u
Ip., 2000). C yyeToM TOro, 4To apXxeickas CTpyKTypHO-MeTaMopduueckas nepepadboTka nHpaKoMIiekca
CBEpXy OrpaHHMYeHa JaTUpoBKOH 2,76 mupa. net (Balashov et al., 1992), u nepepaboTaHHbIE TOHAIHUTHI
BCTPEYAIOTCS B raibkax (ocTanoBka 4), Bo3pact BJI3K MoxxHO omnieHUTH B 2,7 MIIpa JIeT. Pe3yapTaTel n3y-
gernst SM-Nd H30TOIHOMN CHCTEMBI KHCIIBIX BYIKAHUTOB (8xg (2800) = 42,57, tpy " = 2,76 mupa. net, oc-
TaHOBKA 8) M TOHAIUTOTHEHCOB nx (PpyHmaMeHTa (eng (2800) = +2,04; tov S = 2,81-2,87 miupa. et ocra-
HoBKa 1) (Timmerman, Daly, 1995) monTeepkaaroT 6G:1M30CTh BCEX 3TUX MOPOA APYT APYTY TO BO3PACTy U
YKa3bIBaIOT HA TO, YTO Y HUX OTCYTCTBYET AJMTENIbHASI KOPOBAsI IPEIBICTOPUSI.

OcobeHHocTH ceguMeHToreHe3a npu QgopmupoBanuu Boue-JIlaMOMHCKOTO 3€71€HOKaMEHHOTO KOM-
TUIEKCa YKa3bIBAIOT HA €T0 YPHCHAIMYECKYIO TIPUPOY, a BpeMsl ero oopazoBaHus (2,66—2,76 mip. JeT) oT-
BeUaeT KOJUTM3HOHHON cTamuu pa3BuTus Heoapxeiickoro BIIII (Cnabynos, 2008).

B camom Havane naneonporeposos (2,4—2,5 Mip. JeT) KOMIUIEKC ObUT MPOPBaH Pa3InYHBIMHU 0a3u-
TaMH, BKJIOYash rab0po-aHOPTO3UTHI U aHOPTO3HUTHI (OCTAHOBKA 5 M 6), KOTOpbIE Cpa3y K€ HCHBITAIH
CTPYKTYpPHO-METaMOP(PHUUIECKYI0 NepepaboTKy B YCIOBHSX PAcTSHKCHHUS, a MO3[HEE — B CBEKO(QEHHCKOE
Bpemst (1.90 mapn neT), — MCIBITAIM TOBTOPHYIO MUTMaTH3AIHIO (OCTAHOBKA 7).

MapumpyT 3KCKypcHH

OcrtanoBka 1 (puc. 7.2) cmoxxeHo ToHanuTorHeicamu pynmamenta BJI3K. [lnst HUX xXapakTepHBI
HEOJHOKpaTHbIe JAedopmaruy, MeTaMop(hu3M U IPOSIBICHUS JKWIBHBIX TPAHUTOUAOB, BKIIIOYAs MUTMAaTH-
3anuro, oomel amurensHocThi0 ~50 MitH. net (Balashov et al., 1992). [leTpoXHUMUYECKH 3TH TOHAIUTOT-
HEHCHI OTIIMYAIOTCS OT TPAaHUTOTHEWCOB, clararpnmx npaktudecku seck pynaament (JI.H. Koponesa, Bo-
ye-JlaMOmHCKHH..., 1991; pasnuams yctaHoBieHH B coaepxkanusx CaO, MgO, FeO+Fe,03, K,0O, a takxke
Takux syeMeHToB-ipuMeceit kak Cr, Nb, Rb, Ba u Sr). He uckirodeno, 4To OHM HPEACTABISIOT COOOM MH-
TPY3UIO, BHEAPUBIIYIOCS B TPaHUTOTHEHCHI. JKUIIbHBIE TPAaHUTOUIBI MO0 COCTABY OTBEYAIOT KBAapLEBHIM
OUOpUTaM, TOHAJIUTAM-IPAaHOAMOPUTAM M HHU3KOLIEIOYHBIM rpaHuTaM. Ilo HOpMaTHBHOMY COCTaBy OHHM
0oJiee OTHOPOHEI M OTBEYAIOT TOHAIMTAM, 33 UCKIIOYEHHEM Y7, COOTBETCTBYIOLINX TPOHIBEMHUTAM.

|2756+/-8 MITH feT, LlI/IpKOHI

m KBapueBble
Xunbl

[—] wmertatonanuTortericel, 2807+/-10 mrH et (Tpy = 2.81 MApA 1eT, £y4(2800) = +2.04)
[faviku 6asutoB KBapLeBble METaaNopnThI [°=7] metara66pounasi

XunbHble rpanutonabl: FE] v, Evs ]V 3=
Neitkocoma murmatutos: [N]mq-m, f==m; e fmed fuom [=-] m,-m; = = mgmy

Puc. 7.2. VIHTEHCHBHO MUTMaTH3UpOBaHHbIE TOHAIMUTOTHEHWCH MH(PAKOMILIEKCca C BKIIOYEHUSIMU MeTaraboponmaoB
(cxema cocrasnena M.H. bornanoBoii u 1p., Boue-JlamOuHCKHi..., 1991).

OcTaHoBKa 2 WUIIOCTPUPYET BCE TUIMHWYHBIE YepThl | TONIIM CympakoMILIeKca: KpaiHe BBICOKYIO
CTCIICHDb pacCCIaHlCBaHWUAd Y MUJIIOHHUTU3AUHN MOPOJ, YaCTyI0 U TOHKYIO ICPEMEKAEMOCTb KUCIIBIX, CPECI-
HUX U OCHOBHBIX MOPOJI, PEIKHUE CXKAThle 10 M3OKIMHAIBHBIX CKIAIKUA U JIMHEAPU3ALUIO MapallIeIbHO UX
mapHupaM (CTaTHUCTUYECKU BCE JIMHEHHBIE DIIEMEHTHI MOTPYKATCI K BOCTOKY IMOJI CPEIHUMH YTIIaMH).
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Bce sra Tonmmia mpexacraBisier coO00d 30HY MHTEHCHBHBIX CABHTOBBIX aedopmaruii. B pesynbrate Bce
CTPYKTYpHBIE M TEKCTypHBIE MPHU3HAKH MEPBUYHOM NMPHUPOABI 3TUX MOPOJ yTpadeHsl. lleTrpoxumuuecku
(3mech u nanee npuBosatcs nanueie A.A. [Ipenockoro u B.W. bonorosa, Boue-JlamOunckuit, 1991) mo-
pOIbI COOTBETCTBYIOT: (1) TOJEUTOBBIM, CYIIECTBEHHO HATPOBHIM, HOPMAIIGHBIM IO IIEIOYHOCTH 0a3alb-
TaM 1 MeTabazajgbTaM C IMOBBIIIEHHOH JKEJIe3UCTOCTHIO M HECKOJIBKO TOHMKEHHOH TIMHO3EMHUCTOCTHIO, (2)
aH/Ie3UTaM, HOPMaJIbHBIM I10 LIEIOYHOCTH (C HATPOBBIM YKJIOHOM) M C MOBBIIIEHHON TNIHHO3EMHCTOCTHIO,
u (3) puomauMTaMM HOPMaJbHOW MIETOYHOCTH, HATPOBOTO YKJIOHA M JOCTaTOYHO MOBBIMIEHHOH oOLIeH
TJIIMHO3EMHUCTOCTHIO.

OcTtanoBka 3 u 4. 31ech MOKXHO HaOMIOAATh TUITUYHBIE HEOHOPOAHO Ae(popMHUpPOBaHHbBIE Me-

TaTy(bOKOHI‘J'IOMCpaTLI CaMOr'o0 HUXXHETO TOPHU30HTA 1I TOJIH CYyIpaKOMILICKCA. OOJOMKH U TalbKH
CJIOKCHBI J'IefIKOFpaHPITaMH, TOHAJIWUTaMHu,

ampubonuramMu U MetabasutamMu (MIUPOKIIA- fng%'g;z‘:"“” S o ‘ L

cTutaMu?), MpU 3TOM HX 00BEM BapbUpYyeT
OT pe3Koro mpeoOiagaHusi Hal 00BEMOM
meMeHTa 10 oopaTHBIX cooTHommeHu# (T.D.
Herpyua, Boue-JlamOunckwuii..., 1991). Be-
nu4YuHa AedopManuu rajiek U GparMeHToB
mopoja B 3amagHoM u3 HUX (00H. 3) cmabas,
MPU IBHXKEHUH TI0 TPOCTHPAHUIO K BOCTOKY
OHa OYCHb YCUJIMBAeTCs, a 3aTE€M CHOBa
CHIDKaeTcsi, 1 B 00H. 4 Obuta oOHapykeHa
HeneopMUpOBaHHAs TrajbKa pacclaHLo-
BaHHBIX U MeTaMOp(U30BaHHBIX TPAHUTOU-
noB (puc. 7.3). Bo3pact MarmMaTH4eckKoro
[IPOTOJIUTA METATOHAIMTA B TalbKe DPAaBEH

2807£7 wmnu. netr (Kucmumer, 2001) u P
M uc. 7.3. 'ajgpka pacciaHIIOBaHHBIX, METaMOP()H30BAHHBIX,
UACHTHICH TaKOBOMy TOHAJIMTOTHCUCOB MHUI'MAaTU3UPOBAHHBIX U CMATBHIX B CKJIAJIKy METATOHAJIUTOB
$ynnamenTa (nHppakommIeKca). (T), neiikorpanutoe (JI) u nmermarounos (I1); ocesas mo-
OcraHoBka S. Merarab0po-HOpHUT 30- BEPXHOCTh MPOXOIUT MO Jekkorpanutam (o6p. B.B. bana-
Hbl ['1aBHOTO pasioma (CABUTOBOM 30HBI PAC-  TaHCKOTO).

TsDKeHUs1). Bo3pacT mupkoHa ¢ THIMHYHBIMH

JUIT HETO B OCHOBHBIX IMOpoAax depTramu paBeH 2491+13 mutH. meT (B pacCIaHIIOBAaHHBIX PAa3HOCTAX
HUpPKOHA HeT). XapaKTepHbl MHOTOYUCICHHBIC MEJKHE JalKh MSTHUCTBIX TaOO0pOUIOB, PBYIIUX
MeTarab0po-HOPHTHI, BKIIIOYAs M pacclaHIOBaHHbIC. Bce 3T MerarabOpou bl Ha AUCKPUMHUHAITMOHHBIX
IuarpaMMax IOIajaoT B I0JIe BHYTPUILTUTHBEIX OaszambroB (M.H. BormanoBa u np., Boue-JlamOuH-
cKwil..., 1991).

OcrtanoBKa 6. JInHeanM3UpOBaHHBIC METAAHOPTO3UTHI U yIILTPAMUJIOHUTHI 10 HUM. B ciabo mepe-
paboOTaHHBIX aHOPTO3UTAX IUPKOHA ITOYTH HET, TOT/IA KaK B YJIBTPAMHIIOHUTaX OH MPHUCYTCTBYET B 3aMET-
HBIX KOJHYecTBaX. Bo3pacT 3Toro mupkoHa MeTamMoporeHHO#H mpupombl coctaBiseT 2403+7 MiH. Jer
(Kucmunpia, 2001) 1 cBA3BIBAETCS C pacCilaHIIEBAHUEM aHOPTO3UTA, KOTOPOE OKA3bIBACTCS OJHOBO3PACT-
HBIM C TaKOBBIM aHOPTO3WUTOB M rab0po-aHOPTO3UTOB MaccuBOB ' maBHOrO xpedTa, [Ipipma 1 Komsui-
KW, BHEIpUBIIHXCA 2,45—2,48 MIIpI JIeT Ha3aI.

OcTaHoBKa 7 CII0OXKEHO KUCIBIMUA MeTaByIKaHuTamMu 111 TONIIHN, NCOBITABITUMU TBYKPATHYIO MHT-
Matu3anuio. MarmMaTuueckue MpoTONUTHL OMPEACICHBI KaK JAIUTHl U PUOJAIIUTHI OJJHOPOIHOIO COCTaBa
HOPMAaJBHOIO MO LIEIOYHOCTU pAna. OTIUYAIOTCS MOHUKEHHOU TIMHO3EMHUCTOCTBIO U HEMHOTO IOBbI-
IIEHHON JKEJE3UCTOCThIO U, COTJIACHO JAaHHBIM KJIACTEPHOTO W (PAKTOPHOTO aHalnu3a, 0OHAPYKUBAIOT
CPOACTBO C KHUCHBIMU MeTaByJikaHuTaMu Il u IV Tomm. PaHHssA nelikocoMa — TOHKasl, IPOTSKEHHAs,
MEJKO3epHUCTAs, TOT/Ia KaK MO3MHsA 00pa3yeT TMH3000pa3Hble Tella MOUTHOCTRIO 10 15 ¢M MpOoTsKeH-
HOCTBIO TIEPBBIE JECATKH CAHTUMETPOB M MApKHUPYET OCEBbIE TOBEPXHOCTH CIAOBIX CKIIAAYaTHIX H3TH-
00B, OTpakaroIlKue B30POCO-CIBUIOBBIC JBIKCHHUS K 3amany (yciaoBus ckatus). Bo3pacT HUPKOHOB U3
no3aHel neiikocoMbl paBeH 1898+2 muH. net (Kucnumpbra, 2001) u coBnagaer ¢ TakOBBIM CBEKO(EHH-
ckux Jeiikocom B KomBuimko-YMmoOuHcko-Tepckom mosice (puc. 7.1a), oOpa3oBaBIIUXCS B YCIOBUAX U
rpaHyJIuTOBOM, U ampuOOIUTOBON (pannu, a Takke CBEKOPEHHCKHX JIEHKOCOM B LEHTPaIbHOH YacTH
BIIIT (1,89-1,91 mupa. ner).
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OcTtaHoBKka 8. 31ech OOHaXEHBI KHCTIbIE M CPEIHIE METaBYJIKaHUTHI, METaTy(bl, METaKOHIJIOMEpa-
TbI U MeTaTy(dokoHrnomepatsl IV Tommu. MeraBynkauutsl 11, III u IV Tonm cynpakomIuiekca 1at0T U30-
xpoHHBIH Rb-Sr Bozpact 2530436 MIIH. JIeT, KOTOPBI HHTEPIPETUPYETCS KaK BPeMsl 3aKPBITHS H30TOMMHON
CHUCTEMHI mociie Heoapxelickoro meramopgusma (Balashov et al., 1992). [lepssie Tpu garupoBanasie U—Pb
MeTo0M (PAKITUH MarMaTHIeCKOro MUpPKoHA u3 MeTaryda ['X-205-5 He gamu TUHEHHOW 3aBUCHUMOCTH, a
cambiit apesruit **’Pb/*"°Pb Bo3pacT cocraBum 2663+1 MIH. T, KOTOPBIA ¥ ONpeeNseT MUHMMAIbHbIH
BO3pacT BYJIKAHU3Ma.

OctanoBka 9. [Ipumep MeraBynKaHUTOB [V TONIMM CyIpakoMIUIEKca ¢ HauOoJIee XOPOIIo CoXpa-
HUBIIMMHUCS TIEPBUYHBIMU TEKCTypaMH (BKIIOYas MUHIalekaMeHHbIe). VIcXoaHbIe BYJIKAHUTH HHTEPIIpe-
TUPYIOTCA Kak 0a3anbThl U aHAE3UTO0a3aJIbThl, OTIUYAIOIINECS HEBBICOKON TITMHO3EMHUCTOCTHIO, HOpMallb-
HOM ILETOYHOCTBIO U SIBHBIM HAaTPOBBIM YKIIOHOM. [IeTpoXuMHYECKH CXOQHBI ¢ OCHOBHBIMU METaBYJIKaHU-
tamu | u I Tosmmr.
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