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Asuenro O.B.", Yyouenko K.B.>, Anexcanopos H.A.", Xyoonooxckun B.O.!

! IBTY JIBO PAH, BuagmBocrok, Poccus, sirenevka@mail.ru,
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APPROACHING PROBLEMS IN METAMORPHIC ROCK PETROLOGY
ON A «<SELECTOR» SOFTWARE COMPLEX

Avchenko O.V., Chudnenko K.V.%, Alexandrov I.A.", Khudolozhkin V.O.!

! Far East Geological Institute, DVO, RAS, Vladivostok, Russia, sirenevka@mail.ru,
ZAP. Vinogradov Institute of Geochemistry SB RAS, Irkutsk, Russia

B nacrosimee BpeMs CyIIecTBYET Ba MOJXOAa B MMOCTAHOBKE M PEIICHUH 3a[ad pacueTa XUMHYECKHUX PAaBHO-
Becuid. [IepBblii MOAX0/ OCHOBaH Ha (OpPMaIN3Me CTEXHOMETPUUYECKUX YPABHEHUI peaklnii 1 UX KOHCTaHTaX PaBHO-
BECHH — pacyeT 0 PeakUusaM, BTOPOM — Ha IPUBJIECYCHUH MAaTEMATUYECKOrO allapara BhIIYKJIOr0 IPOrpaMMUpPOBa-
HUA — METOA MUHUMU3AINUU TEPMOJUHAMUYCCKHUX MTOTCHI[UATIOB. Pacuer o peakuuAM NPUMCHAJICA XUMUKaMHU €1IC B
JI0 KOMITBIOTEPHYO 3II0XY, & C MOSBJICHUEM KOMITBIOTEPOB Pa3IMYHbIe CXEMbI peakuuii Obui (hOpMann30BaHsbl C pas-
pabOTKOW BEIYMCIINTEIBHBIX aJITOPUTMOB U CIICIMAIBHBIX KOMITBIOTEPHBIX IporpamMM. OJJHAKO, B MOCIEAHUE JIECATH-
JIeTUST METOJI MUHUMH3ALUK Bce OOJIbIIE NMPOHUKAET B XMMHUYECKYIO0 TEPMOAWHAMUKY I€OXMMHUYECKHX IPOLECCOB.
Takast sxcriaHcus He citydaiiHa. HecMoTpst Ha TO, 4TO Ka3anock Obl, Ha IEPBBII B3I, B 000MX MOAX0AaX UCIIOJIB3Y-
IOTCSL OHU | T€ K€ TCPMOJMHAMUYECKUE TaHHBIC, Pe3yIbTaThl OKA3BIBAOTCS Pa3HBIMHA. MeToa MUHUMHU3AIUH (FUTH
BEIITYKJIOTO TPOTPaMMHPOBaHHUs) 00IagaeT HAMHOTO 0oJiee MOIIHBIMH, YeM METOJ PEaKlIri, BO3MOXHOCTSIMH Je-
TaJXBHOTO, TOYHOTO U SKCIUTMKATUBHOTO OTOOPaYKEHHS B CBOMX KOHCTPYKIMSIX CTPYKTYPBI (PH3UKO-XHUMHUIECKAX MO-
neneii. Hike paccMaTpuBarOTCsl HECKOJIBKO YK€ PEHICHHBIX 33/1a4 B 00JIACTH METPOJIOTHH MeTaMOPGHUECKHUX MTOPO/I,
KOTOPBIE CBHICTEIBCTBYIOT O OOJBIINX BO3MOKHOCTSIX Pa3BUBaEMOI0 METOA.

1. Tlpexnae Bcero, HaMH MOKa3aHa MPUHIMIHAAIBHAS BO3MOKHOCTh (PU3UKO-XHMMHYECKOTO MOJICIMPOBAHHS pe-
JIBHBIX MUHEPAJIbHBIX aCCOIMAIIMI B ITOPOJIax JH000ro COCcTaBa, ¢ JI00bIM (ha30BbIM U KOMIIOHEHTHBIM COCTaBOM. YcTa-
HOBJICHO, YTO MHOT'OIIO3UIIUOHHBIC MOJCIIN TBEPJLIX PACTBOPOB B COUCTAHUHN C COIIACOBAHHBIMU 63,38.MI/I TEpMOJUHA-
MUYECCKUX NaHHBIX MO MHUHaJIaM, COCTABIAIOININM MUHEPAJIILHBIC PACTBOPHBI, AAI0T YAOBJICTBOPUTCILHBIC PECIICHUA TTPU
MOJICIIMPOBAHNH B YCIIOBHSIX TPaHYJIMTOBOW M amudomiToBoi daruii Mmeramopdusma. [loayueHHOe cOOTBETCTBHE Me-
XKy peaJbHBIMU M BBIYMCIIEHHBIMU COCTaBaMH MUHEPAJILHBIX ACCOLMAIMH SIBISIETCS] BEpUHKAIMEH METO1a MOJIEIHPO-
BaHUA U JOKa3aTeJIbCTBOM IPHUHIIHIIA JIOKATEHOTO paBHOBecHs, BeiaBuHyTOrO [.C. Kopkunackum [1,2].

2. [penyoskeH HOBBIM MOIXOM K OLCHKE OKHCIUTEIHFHOTO MOTEHIMANA (DIFOMIA W MUHEPATbHBIX ACCOIHAITHH,
MTO3BOJITIOIMINI OLIEHUTh TOTCHITHAT KUCIOPOJAa MPAKTHYSCKHA B JIFOOBIX MHUHEPAJIBHBIX acCOLNHMANMNAX, HE3aBUCHMO OT
MPUCYTCTBUSI B HUX MarHETUTa, WIbMEHHUTA WK rpaduTa. Y CTaHOBJICHO, YTO BCE NMAPAreHEe3MUChl METAIIEIUTOBBIX MTOPO.T
OXOTCKOr0 METaMOP(UIECKOro KOMILIEKCa, He COCPKAIINEe MAarHETHT, SIBISIFOTCS 3HAYUTENLHO BOCCTAHOBJICHHBIMH, 2
na juarpamme logfO, —10%/T(K) onn Haxomsres Hivke Gydepa kBapi-hasut-maraetnt, Bommsu 6ydepa CCO [3].

3. Iloxa3zaHo, YTO B MOJEIN MUHEPAIBHBINA MapareHe3UC — BOJHOYIJIEKUCIIBIA PacTBOP AIIEKTPOJIUTA B YCIOBUAX
IpaHyJIMTOBO# (harmu MeTaMopdu3Ma B pacTBOP U3 HOPOJI MOCTYIAIOT TOJIBKO KPEMHUH, HATPHH, KK U ATFOMUHHN, KO-
TOpPBIC MPUCYTCTBYIOT BO (UIIOMIIE B BUJIC HEUTpaIbHBIX KoMiniekcoB — Si0,, KOH, NaOH, NaAlO,, u nonoB — HSiO;-,
K+, Na+ u AlO,-. CoenuHeHns Kanblys, MarHus W jkeie3a B BOJHOYIJIEKUCIOM (NIIOHMAE HPAKTHYECKH OTCYTCTBYIOT.
Kpowme Toro, Bo durronsie copeprkarcst 3HaUMTEIbHBIE KOJIMYECTBA YIJIEKHUCIIOTHI, BOJOPO/A M MHOTIa MeTaHa. Pe3yibrars
pacuera MOJICNM BOAHBIA PAacTBOP IEKTPOJINTA — MUHEPAIGHBIN TTapareHe3UC CBUIETENICTBYIOT O BBICOKOH PacTBOPHMO-
ctu SiO, B BogHOYTIIEKHCIOM ¢umorze. [lo3ToMy mporiecc rpaHyIMTOBOrO MeTaMop(hu3mMa MOKET OBITh MOIIHBIM TE€OXH-
MHYECKHAM (HaKTOPOM TIepepactpeieNicHIs 1 IIepeHoca KpeMHe3eMa i3 HIDKHIX TOPH30HTOB KOPHI B BepXHHE [3].

4. Ha mpumepax MOIEIHpPOBAHHS pPaBHOBECHH KaJbIIUT+BOJUIACTOHUTHKBAPI] M TpaHAT+HKIMHOMUPOK-
CEHTKaIBIUT-HION3UTHIIATHOKIIA3+KBapIl, Pa3sBUTHIX B M3BECTKOBO-CHINKATHBIX MOpoax fora Annano-CtaHoBo-
ro muTa U XaHKalCKOro0 MacCcHBa, YCTaHABIMBACTCS MHEPTHOE IOBEACHHE YIJIEKUCIOTHI MeTaMOp(OreHHOTO
¢rona. Yka3zaHHbIe MUHEPAJIbHbBIE ACCOIMALIMYU MOJICPKUBAIOT YPOBEHD MAPIUAIBHOTO AABICHHS YTIIEKHUCIOTHI
Ha IOCTOSIHHOM YPOBHE C MOMOIIBIO «BHYTPEHHUX» Oy(EpHBIX peakluii, MPOTEKAIOINX C U3MEHEHHEM KOJINYeCT-
BE€HHBIX COOTHOIICHUN MUHEPAJIOB B IMaparcHe3nce. 910 JOKa3bIBACT, YTO BbBIYUCIICMAA 110 3TUM (ba30BI)IM paBHO-
BECHUSIM BEJIMYMHA TapIHaIbHOTO JABJICHUS YIJIEKHCIOTH OTHOCHTCS! TOJBKO K KOHKPETHOMY JIOKQIBHOMY CIIOFO
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N3BECTKOBO-CHIIMKATHOM IOPO/IBL, Tie HaO0AaeTcsl JaHHBIH KaJbIIUTCOAEPIKALINN MapareHe3uc, HO He K BeJIMUH-
HE MapUHaibHOTO JaBJICHUS YIIIEKUCIOTH PETHOHAIBHOTO («BHEIIHET0») MeTamopdorenHoro durtonnaa [4].

5. C momouIpio METo/a IICEBAOCEKIUI» B MHUPOKOH obnactu PT mpoieMOHCTpUPOBaHO U3MEHEHHE CO-
CTAaBOB MUHEPAJIBbHBIX accoluanuii B MeTaba3uTax M METaleauTax I'PaHyIMTOBOH (annu; OIEHEH Mpeaen yc-
TOWYHUBOCTH IJIATHOKIIa3a B ATUX MMOPOJaX MO AaBICHUIO BenmunHou B 11-12 xbap. [TokazaHo BIusSHUE BapHa-
ouii oTHOWmEeHHUS (IToUa/mopoaa u coctaBa ¢aonna npu noctosacTee PT ycnoBuii Ha n3MeHeHne (Ha3oBOTO
COCTaBa MHHEPAJIBHBIX aCCOLMANMH. YCTAaHOBJIEHA PE3KO pa3jinyHas peakiys oOOTalleHHBIX U 00CTHEHHBIX
TPEXBAJICHTHBIM JKEJIe30M MOPOJA Ha MHQHUIBTPALHUIO B HUX MeTaMOp(OTreHHOr0 BOCCTAaHOBIEHHOTrO (onaa.
DTO BBIpakaeTcs B TOM, UTO IEPBbIC MOPOABI MOANECPKUBAIOT CBOW «BHYTPEHHUM» OKHUCIUTENbHBIA MOTEHIIH-
aJ Ha OIpeeICHHOM YPOBHE C MOMONIbIO Oy(epHBIX peakluii, TOrJa Kak BTOpble OBICTPO TepsIoT OydepHyIo
CIOCOOHOCTH U MPUOOPETAIOT OKUCIUTENBHBINA MOTEHI[MAJ BTEKAIOIIET0 «BHEIIHEr0» Quionia. DTO MO3BOJISIET
oneHUTH BennuunHy log fO, «BHemHero» Meramopdorennoro ¢uronna — He Boime munyc 17 ( mpu T = 700°C,
P = 6.8 xbap) [5].

6. MozennpoBanue Ha KOHKPETHBIX 00pasiiax TOpHBIX MOPOJ JaeT OCHOBAHKE I0JIaraTh, YTO peajbHbIe MeTa-
MopdHIecKue MIUHEPAIBHBIE aCCOIMAIMN B YCIOBHSIX I'PaHyJIUTOBOHM (harun MOTyT OBITH 00pa30BaHBI MPH HEOOIb-
IIIOM BECOBOM OTHOIICHHUH ¢uronn/mopoaa — He 6onee 0.01 - 0.06 [5].
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GEOTHERMOBAROMETRY IN DISEQUILIBRIUM SYSTEMS:
METASOMATITES AND CORONITES

Azimov P.

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

I'eoTepmobapomeTpust — METOJ ONpeeNeHus] TePMOAMHAMHYECKHX HapameTpoB nerporenesuca (T, P, aktusHO-
cTeit), OCHOBaHHBIM Ha paBHOBECHOM PACIIPEIeTIEHUH KOMIIOHEHTOB MEXK/y COCYILIIECTBYIOIMMH MUHepaiaMu. COOTBETCT-
BEHHO, HCII0JIb30BaHHE TepMOOapoOMETpUH NpeArioaraeT HaIu4due paBHoBecus B opoze. [lockoneky MHOrHe MeTacoma-
TUTHI 00JIA/IAI0T MPU3HAKAaMH, YKa3bIBAIOIMMH Ha CYIIECTBEHHYIO HEPaBHOBECHOCTH IIPU MX 00pa30BaHHM, BO3HUKAET BO-
TIPOC O MPUMEHUMOCTH TEPMOOAPOMETPHH JUIS TAKKX TIOPoJI. B MeTacoMaTnuecKoi crucTeMe KpUCTaITH3alysi MHHEPAJIOB
MIPOMCXOZUT M3 BoxHOro (hmonaa. HepaBHOBECHOCTh B METaCOMAaTHTaX ONPEAEISeTCsl Pa3IMuueM COCTABOB IIOPOBOTO
(nrona, paBHOBECHOTO € MOPOJIOH, U METACOMATHU3HUPYIOIIEro (IIIora, IPOCAYMBAOIIEr0Cs Yepe3 Mopoy (B Cliyyae UH-
(GrIBTpaOHHOrO MeTacoMaTo3a). [I0CKONIbKy MeTacoMaTH3UPYIOIIHI (BITIOMI CHIIBHO TEPECHILCH HIM HEIOCHIILCH Ka-
KUMH-TIHOO KOMITOHEHTaMH, 3TO IPHUBOJMUT K PACTBOPESHUIO OJHUX M POCTY IPYrHX MHHepaioB. CTeleHb HepaBHOBECHO-
CTH MEXIy (UIIOMIOM M TIOPOZOH NP METACOMATO3€ MOXKET OBbITh 3HAYUTEIIEHOM, CYIIECTBEHHO MPEBBILIAIONIEH HEpaBHO-
BECHOCTPH Aaxke TpH OonbimoM m3meHeHnn PT ycioswmii [1]. CymiecTBoBaHIHE TakoW HEPaBHOBECHOCTH TTOATBEpPIKIACTCS
0COOEHHOCTSIMH MOP(OJIOTUH U AHATOMHH KPUCTAIIOB METACOMaTHYECKIX MUHEPAJIOB.
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@mronn B MeTacomMaTHTax SBISETCS CPEeNoi TpaHCHOpTa W KPUCTALIM3ALUHU, TaK 4YTO paclpeleicHHe
KOMIIOHEHTOB B MHHeEpajax OIpeaesseTcs] paclpeaeiieHHeM KOMIOHEHTa MEXKAY BOJIHBIM pacTtBopoM (¢diroun-
JIOM) U PacTyIIUM KPHUCTaJUIOM Ha (QpoHTE ero pocta. MOXHO paccMOTPETh 3aBUCHUMOCTh K03 duunenra pac-
npeneneHus “MuHepan—(Iona” 0T KMHETHYECKUX MapaMeTpoB: IMEpechIeHus ¢urona (CpoJCTBA PEaKInn),
CKOPOCTH MOBEPXHOCTHOHM pEakIuy U COOTHOUEHNA KoddunueHToB nuddysnn. TepmonnHaMUUecKUi aHAIN3
CHCTEMBI “BOJHEIN pacTBOp — TBEPABIN pacTBop” [5] MOKA3BIBAET, YTO MEPECHINICHUE HE BIHUSICT HAa KO3 uim-
€HT pacupeeneHus Mexay (GarounoM u KpuctamioM. KuHeTHka KpUCTaIM3alud MOXKET BIUATH Ha paclpese-
JICHHE KOMIIOHEHTOB IIPH BBICOKMX CKOPOCTSAX pocTa 3a cuéT HeoOpaTMMOro 3axBara IpumecH [5], HO Takoe
BIMSHHAC 3HAYMMO JIMIIb TP OOJBIIUX 3HAUCHHUSIX KHHETHYCCKOTO K03 (UIIMEeHTA, XapaKTEPHBIX I BOJOpac-
TBOPHUMBIX COC)IHHCHI/IPI, HO HC IJId CUJIMKATOB, U NIpU CyIJ.[eCTBeHHOﬁ pasHune 3HAUCHUM KMHETHYECKHUX KO3(1)-
(UIUEHTOB YUCTHIX KOMIOHCHTOB. BenmnunHbl k03P GuiineHToB AudGy3un HOHOB MOPOI000PA3YIONIUX KOMIIO-
HEHTOB B HAaJKPUTHUYECKUX BOAHBIX (uronaax Oiu3kyu [4], Tak 4YTO COOTHOIIEHUS WX OJIM3KHM K €NUHUIE, U TUd-
(y3noHHOE (HPAKIMOHUPOBAHUE HE MOXKET OBITH 3HAYUMBIM. TakuM 00pa3oM, MpH COBMECTHON KPUCTAIUTH3ALNH
MHUHEPAJIOB J1ake U3 MEPECHIIIEHHOT0 BOJHOTO (UIIOKN1a B YCIOBHIX HHTEHCHUBHOI'O 3aMEIEHHS OPOJIbI (COIpo-
BOJKJIAIOIIETOCS MOJHOW MEepeKpUCTAIUTM3AIie MUHEPAIOB) paclpe/ielieHne KOMIIOHEHTOB MEXAY H08000pa30-
6AHHbLIMYU MAHEPAIAMH BIIOJHE MOXET OBITH PABHOBECHBIM.

CkazaHHOE ITOJTBEPKAACTCS OIBITOM H3YYEHHS PACHpE/eNICHHsT KOMIIOHCHTOB MEXIY MHHEpaJlaMH METaco-
MaTH4ECKUX MOPOJ, 00pa30BaBIINXCS MPU PErHOHAIBLHOM MeTamopdu3me. IlomyuaeMble METOOM MyJIbTHPaBHOBEC-
Ho# Tepmobapomerpun (TWQ) maHHBIE cornacyroTcs MEXIy COOOH M ¢ JaHHBIMH 110 BMEIIAIOIINM ITOPOIaM.

Jpyroii ciyuaii HepaBHOBECHH B MeTaMOP(GUUECKHUX MTOPOAAX — PEAKIMOHHBIE CTPYKTYPBI, B Y4aCTHOCTH, KOPO-
HUTHL [10100HBIE CTPYKTYpBI OOBIUHBI JUIS TPAHYJIUTOB PA3JIMYHBIX KOMIUIEKCOB, I03TOMY BOIPOC O BO3MOXKHOCTH
WX WCIOJIb30BAaHUs JIJIs TEPMOOApOMETPHUHN BbI3bIBaeT OoJbION MHTepec. Kak mpaBmiio, B cocTaBe KOPOHBI €CTh U
peareHThbl, U IPOAYKTHI pEaKluK, HEPEIKO — MPOMEKYTOUHBIX CTaJANH peakiny, TO €CTh (a3bl 3aBEOMO HEPaBHOBEC-
Hble. OJTHAKO HEpeIKOo MOXKHO HaOI0/1aTh PABHOBECHBIC COOTHOIIEHHS KOMIIOHEHTOB MEX/y PaHHHMH U ITO3HUMH
MuHepanami [2,3]. Takoe noBeneHNE MOKET ONPEAETIATHCA MEXaHM3MOM PeakUil B yCIOBUAX CYILIECTBEHHOM HEpaB-
HOBECHOCTH MEXAY CTapblM M HOBBIM IapareHe3rcaMH M OrpaHHYEeHHOIo MaccollepeHoca. B aToMm ciydae Moxer
TIPOMCXOMUTD “‘CTEXHOMETPUIECKOE PACTBOPEHHE PEareHTOB — TBEPIBIX PACTBOPOB M KPHUCTALIM3ALMs HOBBIX (a3,
COOTHONIEHHE KOMIIOHEHTOB B KOTOPBIX OINPEIEISIETCS] COCTABOM pacTBopsitoleiicss ¢Gaspl. B aTom ciyuae okasbiBa-
FOTCSI BOBMOXKHBIMHU pacuéTsl P-T ycmoBuii 00pa3oBaHus KOPOH ¢ OAHOBPEMEHHBIM HCIOJIH30BAHUEM COCTAaBOB PaH-
HUX ¥ HOBOOOpa3oBaHHBIX (a3. HeoOxoanm manpHEHIINN TePMOAMHAMUYECKUN W KUHETHYECKUN aHaimmu3 oOpa3oBa-
HHS KOPOH H paclpelieNieH!s KOMIIOHSHTOB MEXAy (a3aMH.

Paboma noooeporcana epanmamu PODOU 10-05-00855-a u 09-05-12053-opu_m u epanmom HIII B.A. I'nebosuykoeo.

The geothermobarometry is the technique for determination of the thermodynamic parameters (T, P, ac-
tivities) of the petrogenesis. This technique is based on the component equilibrium distribution between coexist-
ing minerals. Correspondingly, use of the thermobarometry supposes equilibrium state between minerals of the
rock studied. Metasomatites often display evidences for the high disequilibrium degree at their formation, there-
fore the applicability of thermobarometry for metasomatites is in question. The metasomatic minerals crystallize
from aqueous fluid. Disequilibrium degree in metasomatites is determined with the difference of the composi-
tions between the porous fluid in equilibrium with the parent rock and metasomatic fluid, percolated through
this rock (at infiltrational metasomatism). Since metasomatic fluid is highly supersaturated or undersaturated
with various components, this leads to the dissolution of some minerals and growth of another. The disequilib-
rium degree between fluid and rock at metasomatism can appreciably more then the disequilibrium degree at
strong change of the PT conditions [1]. Availability of such disequilibrium is confirmed by features of the crys-
tal morphology and anatomy of metasomatic minerals.

The aqueous fluid at the metasomatism is medium for the mass transfer and mineral crystallization. So compo-
nent distribution between new-formed minerals is controlled by the distribution of the components between the parent
aqueous solution (fluid) and growing crystal at the crystallization front. We can consider the dependence of the min-
eral/fluid distribution coefficient on the kinetic parameters: fluid supersaturation (reaction affinity), rate of the surface
reaction and ratio of the component diffusivities. The thermodynamic analysis of the “aqueous solution — solid solution”
system [5] demonstrates that the supersaturation has no influence on the fluid/crystal distribution coefficient. At the same
time the crystallization kinetics can influence on the component distribution at high growth rate due to the irreversible
admixture capture [5]. However this influence can be important only at high kinetic coefficient which typical for water-
soluble compounds not for silicates and at significant difference between values of the kinetic coefficients for the pure
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components. Since the diffusivities of ions for rock-forming elements in the supercritical aqueous fluids are almost iden-
tical [4] the diffusional fractionation of components is slight. Therefore the component distribution between new-formed
cocrystallizated minerals at intensive rock replacement (with full mineral recrystallization) can be truly equilibrium if
even those minerals originated from the strongly supersaturated aqueous fluid.

This conclusion is corroborated by the component distribution between minerals in metasomatic rocks formed
during regional metamorphism. The data obtained with the multiequilibrium thermobarometry technique (TWQ) are
in agreement with each other and with data from the country rocks.

Another case with disequilibrium in metasomatic rocks is presented by rocks with the reaction textures includ-
ing coronites. Such textures are usual for granulites from numerous complexes. Therefore question on their use for
thermobarometry is very interesting. As a rule coronas are composed of both the reagents and reaction products, fre-
quently also phases formed at intermediate reaction stages. Thereby those phases are evidently in disequilibrium.
However we can often see the equilibrium component relations between early and late minerals [2,3]. Such behavior
can be specified by the reaction mechanism at high disequilibrium between old and new assemblages and the strongly
restricted mass transfer. In this case the “stoichiometric dissolution” of reagents — solid solutions is possible. Then at
crystallization of the new phases the component relation can depend on the composition of the dissolving phase.
Therefore the calculations of PT conditions at corona formations are possible with using compositions of the early-
and new-formed phases. We need in further thermodynamic and kinetic analysis of corona formation and coefficient
distribution between phases in coronas.

The work is supported with RFBR grants No. 10-05-00855-a, 09-05-12053-0o¢pu_m and grant of V.A. Glebovit-
sky's Scientific School.
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I'EOXUMMUSA UHT-IT'PAHYJIUTOB CUBAKAHO-TOKCKOI'O BJIOKA
U NIETPOI'EHE3UC NTPOTOJIUTOB ITIOPO/J

Anexcanopos U.A., Jlaspux C.H., Asuenxo O.B.
JBI'U IBO PAH, BnamuBoctok, Poccus, alexandrov@fegi.ru

GEOCHEMISTRY OF UHT-GRANULITES OF THE SIVAKANO-TOKSKII BLOCK
AND PROTHOLITH PETROGENESIS

Alexandrov IL.A., Lavrik C.N., Avchenko O.V.
Far East Geological Institute of the FEB RAS, Vladivostok, Russia, alexandrov@fegi.ru
CuBakano-TOKCKHI MpaHyJIUTOBBIA OJIOK BXOJIHT B COCTaB JTOKeMOpuiickoro ¢yHaamenta Jxymxypo-CraHo-
Boii ckiamuaroit obnactu (JJCCO), xoTopast mpeacTaBiisieT co00i I0ro-BOCTOUHYIO YacTh AjaHo-CTaHOBOTO IINTA.
Baxknoii ocobennoctsio crpoenust pynnamenrta JJCCO sBiseTcs ero ckiiaadaro-Tipl00Bas MO3au4yHasi CTPYKTypa —

TPaHyJIMTOBBIE OJIOKM pa3sHOro pa3Mepa OOHAXKAIOTCSI CPe JOMHHUPYIOIMX TEPPEHHOB (30H M OJIOKOB), CIIOKEH-
HBIX MeTamopduieckuMu mopogamu ampnuOonuToBOH Qaruy (TIepBOHAYATBHO BBIICICHHBIX B EAWHBIN CTAaHOBON
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KomIuiekc). biioku rpanynutoB kpome camoii ICCO (Jlapounckuii, JJamOyknHckuii, CuBakano-Tokckuii u ap. 6110-
K{) TPUCYTCTBYIOT TaKkKe B 30HE €€ COWICHEHHs C AJIIaHCKOH I'paHyJHMTO-THEHCcOoBO# oOnacteio — IlprcranoBom
nosice (Kypynbrunckuii, 3sepeBckuii, CyTaMcKuii 1 1p.).

[Tpobnema nmponcxoxaeHns rpaHyInToBbIX 0710K0B B npeaenax JJCCO u ux B3aMMOOTHOLIEHUI C OKpPYXaro-
IAMH TTOpoAaMu aM(pUOOIUTOBOH (haruy 10 CHX MOP OCTAETCS OCTPO JUCKYCCHOHHOM. ['paHUIIBI MEX Iy CTPYKTYypa-
MH 3THX Pe3KO0 pasHodanuaaIbHbIX METAIOpo]] BCETIa MIMEIOT TEKTOHHYIECKYIO Tpupoay. ' paHyuToBbIe OJI0KK OTAE-
JICHBI OT OKPY>KaIOIIMX TOPOJ] IIMPOKUMH 30HAMH I'PaHUTH3ALUH, THA(QTOPUTOB U OITaCTOMUIOHUTOB U XapaKTEepU3y-
I0TCSL OTCYTCTBHEM NIEPEXOIHBIX 30H 0 YCIOBUH aM(pHOOIUTOBOH (aryn.

Hopoas pynnamenta JICCO ucHbITHIBAI MHOTOKpaTHBIE akThl MeTamMopdu3ma. [To nupkoHaM U3 rpaHyiu-
0B JICCO u [IpricTaHOBOTO 1M0sICa BOCCTAHOBJICHBI IaThl HECKOJBKUX COOBITHI MeTaMopdu3Ma B tuamazoHe 2.8—1.9
mipa. get [3]. TlapameTphl nmuka rpaHyIMTOBOrO MeTaMophu3Ma OTIIMYAIOTCS I PasHbIX 0J0koB. CamMble HU3KHE
PT—ycnoBus 3adukcupoBaHsl B pezenax JamOykunckoro 6ioka — okoso 650 °C u 7 kOap, a Hanbosee BEICOKOTpal-
HOMY Metamopdu3My noasepriimchk nopoasl CuBakano-Tokckoro 610ka — 900-960 °C u 9-10.2 x6ap [1]. Bospacr
nporosuTa nopoj st JJamOykuHckoro 6y0ka onpenenes B 2.8 mupa. jeT, a 1yt Cyramckoro — 3.1 Mipz. JieT.

CuBakaHo-TOKCKHI TpaHyJIUTOBBIA OJIOK PacloyioXKEeH B HIDKHUX TeueHusX pek Tok m CuBakaH B ICH-
tpansHO yactu JJCCO, umeer pazmepsl 50 X 15 KM u CII0KEH OPOIaMH TOKCKOM CEPUH 3BEPEBCKO-IOTapCKOTO
komruiekca. JI.II. KapcakoB [4] B meramop¢uuecknx mopoaax CuBakaHO-TOKCKOTO OJ0Ka OOHAPYKUI pernep-
HBII NapareHe3uc candupuHa ¢ kBapueM. Tak jke B IpaHyJIUTax IPUCYTCTBYET acCOLMALU IpaHaT-OPTOIHPOK-
CEH-CHJUIMMAaHUT C BBICOKUM cojiepkanueM riauHozema (10 12 % Al,O;) B opTonupoKkceHe, U 3HaYUTEIbHbIM KO-
nudectBoM (6onee 60 mou. %) nupona B rpanare [4]. DT Npu3HAKY SBIAIOTCA MHAMKATOpaMH MeTamopdusMa
ceepxBbeicokux Temnepatryp (UHT, ultrahigh-temperature), KOTOpBIH ONMpeACNsIeTCs] COUETAHUEM BBICOKHX TEM-
neparyp — 6onee 900 °C u ymepeHHBIX naBieHuit — 7—13 kbap.

B Hacrosiiee BpeMsi OTCYTCTBYIOT JaTHPOBKHU, KaKk IPOsBICHHUI MeTamMop(duiMa, Tak 1 00pa3oBaHui 1po-
tosinta noposa CuakaHo-Tokckoro Osioka. ['eoXuMus 3THX TPaHYJIUTOB TAK)KE NMPAKTUYECKH HE HCCIIEJ0BaHA.
Hamu Obutn n3y4eHsl TOpo/isl, 0OTOOpaHHBIE BO BpeMsl CIIaBa 1o peke TOoK. DTH MOPObI MPEICTABISAIOT CO00M B
pa3IMyYHON cTeneH! AMa(TOPUPOBAHHBIE TPAHYJIHUTHI — OT MTOJIHOCTHIO aM(pHUOOINTU3NPOBAHHEIX TOPOJ 10 MpakK-
THYECKH HEU3MEHEHHBIX MHPOKCEHOBBIX KPUCTAIUIMYECKUX CJIaHIeB. [lnadTope3 rpaHyInTOB IPOXOAHI B YCIIO-
BHAX 3MUA0T-apuO0NNTOBON (aluu 1, BUANMO, IPOSBICH IVIABHBIM 00pa3oM B MOpOJaxX OJIM3KUX K MHOTOYHC-
JICHHBIM pa3jioMaM, CIYKUBIIMM MOABOISIINMHU KaHanaMmu g (mronnos. Jis nccienoBaHuss OTOMPANINCh Me-
JIAaHOKPATOBBIE PA3HOCTU MOPOA MPEANOYTHTEIHPHO OCHOBHOTO cocTaBa (cM. Tabnuiy). [IpakTudecku Bce mpo-
aHaTu3upoBaHHBIE 00pa3msl (kpome T09-32a) Mo XMMHYECKOMY COCTaBy OTBEYAIOT BBICOKOXKEIE3UCTHIM TOJIEH-
TOBBIM 0a3anbTaM (Tabiuia).

Tadauma. Xumudeckuii coctas rpanyauToB CuBakaHo-ToKckoro Gioka.

sample SiO, TiO, Al O3 FeO Fe,0; | MnO | MgO CaO Na,O K,0 P,Os LOIL Sum fig. 2*
T09-25a | 47.43 1.36 13.41 9.91 7.09 0.42 5.40 12.03 2.09 0.32 0.10 0.65 |100.21 MORB
T09-28a | 43.65 2.10 13.02 | 11.47 | 8.57 0.28 7.63 9.43 2.23 0.42 0.11 0.92 99.83 MORB
T09-28b | 52.66 1.98 12.85 6.49 10.00 | 0.22 4.81 5.78 2.76 1.12 0.14 1.05 99.86 MORB
T09-29a | 45.31 1.88 13.18 8.45 8.22 0.27 8.54 10.83 1.52 0.18 0.14 1.25 99.77 MORB
T09-30a | 46.84 1.79 12.69 | 3.38 13.31 0.28 7.39 11.80 1.72 0.25 0.12 0.38 99.95 1AB
T09-32a | 55.82 1.03 15.74 | 2.33 7.43 0.21 5.12 6.88 3.81 0.78 0.21 0.77 |100.13 | CRB+OIB
T09-33b | 48.64 1.47 13.27 | 897 6.01 0.25 7.41 10.71 1.89 0.38 0.09 1.39 |100.48 1AB
T09-34 48.71 2.11 12.69 | 5.79 10.14 | 0.24 5.57 10.31 2.95 0.32 0.15 1.30 [100.28 | MORB
T09-35 45.32 1.32 12.54 | 7.96 11.56 | 0.41 7.25 10.36 1.62 0.42 0.05 1.31 [100.12| MORB
T09-36 49.01 1.56 13.27 | 10.82 | 6.00 0.28 5.53 1044 | 2.63 0.17 0.06 041 [100.18] MORB
T09-37a | 45.56 2.05 12.91 7.08 11.06 | 0.28 8.02 11.60 | 0.52 0.56 0.12 0.33 [100.09| MORB

[pumevanue: * Ilose, 3aHuMaeMoe 006pa3oM Ha puc. 2.

B na6oparopun ananuruveckoit xumun JJBI'M JIBO PAH ObL1 BRIIOTHEH aHAIN3 MUKPOIJIEMEHTOB METOIOM
ICP-MS. Ha puc. 1 npuBeaeHbl MyJIbTUIIEMEHTHBIE AMArpaMMbl ISl UCClIeqOoBaHHbIX Nopon. Kak BumHO w3 aua-
rpamMM, TPaHyJIUTHl XapaKTEPU3YIOTCS OOJIBIIIMM Pa3HOOOpa3HeM CIEKTPOB pacrpeneineHus P3D u qpyrux MUKpodIie-
MeHTOB. Ha mmarpamme P33 (puc. 1b) Bce mopoasl JeMOHCTPHPYIOT YeTKO BhIpakeHHBIH Eu mMuaUMYM. OOpa3mbl
T09-28a u T09-35 UMErOT OYEeHb CXOMHBIN crieKTp pacupenenenus P30 u obenuens! serkumu P33 ((La/Yb).,~0.29),
CJIeIOBATENEHO, 00Pa30BANKCh M3 OOCTHEHHOTO JIETKUMH P30 MarMaTH4YecKOro MCTOYHHKA, YTO XapaKTepPHO ML
MORB. Oznaxo 1o abcoJIIOTHBIM 3HaYCHUSM cojiepkanne P3D B aTux mopojax npeBocxoasr 3Hauenuss NMORB or
1.28 pasza mnsg La mo 2.69 pasa mis Yb (puc. la). EnnncTBeHHBIH 00pasell M3BECTKOBO-IIEIOYHOTO Oa3zanbronsa
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(T09-32a) xapakrepusyercs HanOOJIBIIUM (paKIHOHHpoBaHWEM P33 ¢ pe3kuM HaKIOHOM KPUBOH ClieBa HarpaBo
(puc. 1b). OcTanpHble 00pa3Lbl XapaKTEPU3yIOTCS IIOX0KHUMH CIIEKTPaMU paclipeiesIeHns] 1 aOCOIIOTHBIMH COJIepiKa-
HUSMH Tsokensix P30 npu paznuynom noBenenun aerkux P33 (puc. 1b).

160
a) 1400 = b)
75.00 -o- T09-25a | 1204 “m
-o- T09-28a | 110} “a
50.00] —— T09-28b 1 100F L.
—— T09-29a | 90f ]
-e- T09-30a 80 \
25.00] -m- T09-32a 70 L
-+- 109330 |
—— T09-34 I
TR |
7.50 P
—— T09-37a | 40l
5.00
30
2.50
AN % : 20
1.00/.NMORB g N
0.75
0.50
Cs Ba U K GCe Pr_ P 2 Eu Dy Yo 10
Ro Th Nb La Pb Sr Nd Sm T Y Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Puc. 1. MynbTH3IEMEHTHBIC JHAaTrpaMMEL 171 TpaHyIuToB CHBakaHO-TOKCKOTo OJI0Ka.

a) MHKpO3JIeMeHThI, HopMupoBaHHble K NMORB; b) peiko3eMenbHbIe 371€MEHTbI, HOPMUPOBAHHBIE K XOHIIPHUTY.

Ha puc. 2 n3yyeHHble 00pa3ibl HAaHECEHBI Ha KJIACCU(HKALMOHHYIO TUarpaMMmy Uil MarMaTHuecKuX MOpoJ
[5]. Ucnonp3oBanue B AuarpaMme TOJBKO OTHOCHUTEIBHO MHEPTHBIX 3yieMeHTOB (La, Sm, Yb, Nb, Th) mo3sosser
MIPUMEHSATDH €€ JUIsl AUCKPUMHHAIIMY U3MEHEHHBIX U MeTaMOp(H30BaHHBIX 1opoA. CorllacHO JaHHBIM aBTOPOB [5] aTa
JarpamMmMa o0JaiaeT Hanbosee BRICOKUM pa3pelleHneM MpU pasfieleHuH ByJikaHuToB rpanul it (MORB, IAB) n
BHYTpUIITUTHBIX OazansTonnoB (OIB, CRB). Kak BunHO 13 puc. 2 1 Tabnuipl, O0JBIIHHCTBO 00pa3IoB MMONaAaloT B
noie MORB (noka3zans! Ha puc. 1 cromHoil auHuer). Takke pasnuuaercs JTMHEWHBIN TpeHn u3 noiast MORB cy06-
nepHeHAnKyIsipHO Tpanuie ¢ nosieM CRB+OIB, uTo MOXXeT cBUAETENHCTBOBATH B MTOJIb3Y CMEIIEHHUS COOTBETCTBYIO-
X uctoaHnkoB. O0Opasusr T09-30a, T09-32a u T09-33b, pacnonokeHHBIC HA AWAarpaMMe pHC. 2 3a MpeaeiaMH To-
1t MORB (Tabnmma), xapakTepu3yroTces HamnaneM Nb-MUHIMyMa.

Puc. 2. I'panynuter CuBakaHo-Tokckoro 0j10ka Ha
KIaccu()UKAMOHHON AuWarpamMMe s HM3MEHEH-
HBIX MarMaTU4ecKux nopox [5].

-4 4
b CRB +0IB MORB — 0a3anbThl CpEeIMHHO-OKEAHHMYECKHX XPeOTOB;
-6 4 IAB — octpoBozy>xHbIe 6a3ainbTsl; CRB — BHYTPHKOHTHHEH-
TanbHble 6a3aapThl; OIB — Ga3aIbThl OKEAHHIECKUX OCTPO-
.8 BoB; DF1 n DF2 — nuckpuMiHaHTHEIE (DYHKIHH, IOCTPOEH-
: ' = E H 3 L Hble 110 Jtoraprudmam cootHomenuit La/Th, Sm/Th, Yb/Th u

-8 -6 -4 -2 0 2 4 6 8 Nb/Th (cm. [5]).
DF 1

Takum 00pa3zom, n3ydeHHble rpaHyIuThl CuBakaHO-TOKCKOro OJI0Ka OTIAMYAIOTCs OOJIBLIMM pa3HO00pa3reM co-
JIepYKaHU MUKPODJIEMEHTOB M HMX MPOTOIUTHI, BUJUMO, MPOUCXOSIT OT HECKOJBKUX MarMaTU4eCKUX HCTOYHUKOB.
BonbIMHCTBO MOPOA MO CBOUM XapaKTEPUCTUKAM CXOJHBI C COBPEMEHHBIMH 0Oa3alibTaMU CPEIUHHO-OKEAHHMUECKUX
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XpeOTOB, ¢ y4acTreM pas3Hoi jonmu oboramenHoro OIB-kommoneHTa. OfHaKo JBa 00pa3ia UMEIOT FeOXUMHUYCCKUE
MIPU3HAKK, CBOMCTBCHHBIC (haHePO30MCKIM 0a3albTaM OCTPOBHEIX OyT. PaHee, mpu M3ydYeHUH YCIOBHI MeTaMopQu3Ma
1 TICTPOTeHE3Hca MPOTOIUTOB MTOPOJ] CTAHOBOTO KoMIutekca [2], Obut crienan BoBoj, uto JJCCO sBisieTcs: TOKeMOpHii-
CKUM aKKpEIIMOHHBIM OPOTEHHBIM TI0SICOM, COCTOSIINM U3 TEPPEHHOB pa3IMIHOTO MPOUCXOXKAeHHA. Ha paHHuX mepuro-
JIaX CBOETO Pa3BUTHUSA HEKOTOPBIC M3 3THUX TEPPEHHOB MOTIIM UMETh CAMOCTOSTEIBHYIO HCTOPUIO M OTCTOATH APYT OT
JIpyTa Ha 3HAUYUTEIbHBIC paccTOsIHU. CHBakaHO-TOKCKHUIT TpaHyIUTOBBIN OJIOK SIBISACTCS OJHUM W3 STHX TEPPEHHOB, 1,
B CBOIO O0Yepe[Ib, CIIOKEH METaBYJIKaHUTAMHU Pa3INIHOro TeHe3nuca. CieoBaTelbHO, CIararonie JaHHbIH OIOK TOpObI
TaKKe MOTYT MMETh Pa3HYI0 JOMETaMOP(PHUECKYIO HCTOPHIO.

Paboma evinonnena npu noodepacke unmezpayuonnozo epaunma JJBO PAH, CO PAH u YpO PAH Ne 09-11-
CY-08-003 u epanma J[BO PAH Ne 11-11I-B-08-175.
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IFEOXUMHYECKHUE OCOBEHHOCTH MAJIEOAPXEMCKHX SHAEPBUTOB
OPEXOBO-ITABJIOT'PAJICKOU CTPYKTYPhI YIII (BACHJIIBKOBCKHNHU YYACTOK)

Apmemenko I'.B., Cambopckas H.A., [{emeorwk B.B.
UI'MP um. H.IT. Cemenenka HAH Ykpaunsl, Kues, Ykpauna, regul@igmof.gov.ua

GEOCHEMICAL CHARACTERISTICS OF PALAEOARCHAEAN ENDERBITES FROM THE
OREKHOVO-PAVLOGRAD STRUCTURE, UKRAINIAN SHIELD, VASILKOVSKY SECTOR

Artemenko G.V., Samborskaya 1. A., Demedyuk V.V.
Institute of Geochemistry, Mineralogy and Ore Formation , NAS, Ukraine, Kiev, Ukraine, regul@igmof.gov.ua

OpexoBo-IlaBnorpanckas cTpykrypa, IuHOM okono 150 kM u mmpuHO# 10-15 kM npencTaBiseT coboit cHK-
JIMHOPHIA, IPUYPOUCHHBIH K JPEBHEMY TIIyOMHHOMY PasjioMy, KOTOPBIH 3ajouiics B apxee. DopmupoBanue rpabe-
HOOOpa3HOU CTPYKTYPHI B COBPEMEHHBIX I'PaHHIIaX IMPOU3O0IILIO, BEPOATHO, B HIDKHEM NpoTepo3oe [4]. CHHKIHHOpHI
CJIO’KEH TPEePBIBAIOIICHCS cepreil CHKAaTBHIX CKIAAO0K JUTHHON 8-10 KM, MpencTaBIIONIX co00H OyIIMHaX-CTPYKTYPHI,
pasopBaHHbIe 10 MpocTupaHuo. CKIAIKU CIOXKEHbI METaMOP(PUIECKUMH MOPOAAMH HOBOIIABJIOBCKOW M BOJIYAHCKOM
TOJII, a TAKKe IUIAarMOrPaHUTOMAMH HOBOIIABJIIOBCKOTO KOMILIEKCA. XapaKTePHOH 0COOEHHOCTBIO 3TOH CTPYKTYpBI
ABJIAETCS MOHOKJIMHAJILHOE 3aJIeTaHHe C BOCTOYHBIM IaJIeHHEM CIaralollux ee mopoA. B cesepHoii wactu OpexoBo-
[MaBnorpanckoli cTpyKTypHl, JpeBHEHIINE MOPO/IbI HOBOIIABJIIOBCKOM TONIIIN 00pa3yloT CpeAn MUTMATHTOB JIMHEHHO
BBITSHYTHIE 0JI0ckl HMpUHOH 0T 100 10 1500 M 1 npoTsxeHHOCTHIO 10 10-14 KM, IPHypOYEHBI K Y3KUM BBITSHYTHIM
AHTUKJIMHAIBHBIM CKJIaJKaM BTOPOTO M TPETHETO MOPSAAKOB, a TAKXKE 3aJerafoT B Ape BorauaHCKOW aHTHKIMHAIIN
nepBoro nopsiaka [2]. OHu BCKPBITEI OYpPOBBIMH CKBKMHAMHU BachIbKOBCKOTO MPOQHIIS, a TAKXKE BBIXOIIT Ha JTHEB-
HYIO TIOBEPXHOCTbH B Kapbepe U CAMHNYHBIX OOHAXEHUX B paiione ypounnia bemnas Ckana.

HawnbGonee coxpanuBmInecs ApeBHEHIINE TOPOABI BCKPHITH B KpaifHEM CeBepHOM 3aboe kapbepa Bacuis-
koBckoro P/IPCVY [1, 2]. B cTenkax kappepa W BO B30pPBAaHHON Macce MUTMAaTHTOB BCTPEUYCHBI TEKTOHUYECKHE
JIMH3B! OTHOCHTEJIBHO CIA00M3MEHEHHBIX TOHAJINUTOB M HASPOUTOB. M3yunTh UX B3aUMOOTHOLICHUS B OOHaXxe-
HUSX HE MPEJICTaBISAETCS] BOBMOXKHBIM M3-3a ()parMeHTapHOCTH MX BBIXOJOB. B TO ke BpeMs, BONIPOC O TeHETH-
YECKUX COOTHOLICHHSX NaJIe0apXCHCKUX TOHAJUTOB U JHIAEPOUTOB (OMOTHUT-NHPOKCEHOBBIX OPTOTHEHCOB),
MOJIB3YIOIUXCA 3HAYUTCIbHBIM pacClpOCTpaHCHUEM, UMECT BECbMa BAXXHOC€ 3HAYCHHUEC JIA PCKOHCTPYKIUU I1O-
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CJIEI0BATENIBHOCTH TEKTOHO-METaMOP(QHUUECKHUX INPOLECCOB, B PE3yJbTaTe KOTOPHIX CHOPMHUPOBAIKNCH MOPOIBI
HOBOIIaBJIOBCKOM TOJILIH.

[TpoGa Tonanmura 99-163 Obu1a 0TOOpaHa U3 IMH3000pa3HOrO Tena pasmMepoM 30 x 70 cM cpean MUTMaTHUTOB.
ITo TEKTOHMYECKNM IUIOCKOCTSIM, OPHEHTHPOBAHHBIM COTJIACHO CIIAHIIEBATOCTH B TOHAIUTE, HAONIOAAIOTCS TOHKHE
MPOXKIWIKH (2-3 MM) JIEHKOKPATOBBIX TPaHUTOB. DHAEPOUTHI (00p. 8/233a) oToOpaHbl U3 TIBIOB, HAXOAMBIICHCS BO
B30pBAaHHOW Macce MOPO/IbI B 3TOM ke 3a00e.

Onoepdoum (00p. 8/233a) MMeeT MACCUBHYIO TEKCTYpY. DTO CpefiHe- M KPYITHO3epHHUCTas Topoaa. MuHepaib-
HBIH cocTaB (%): kBapi — 5-20, maarnokia3 (HEKOTOPbIE KPUCTAILIBI COAEP)KAT MUKPOIIEPTUTOBBIC BPOCTKH KalIHEBO-
ro nosesoro mmara) — g0 70, pomOuueckuii nupokcer — 0-10, 6uotut — 2-10, HUPKOH M aNaTUT — eAMHUYHBIC 3€PHA
[3]. TTo xMMHYeCKOMY COCTaBY MOPOJia OTHOCUTCS K HOPMAJILHOMY TETPOXMMUYECKOMY PSJY KUCIBIX OPOJ HATpHe-
Boii cepun (tabmuua). CymMMmapHOe colep)kaHHe peaKo3eMellbHbIX dmeMeHToB (P3D) B snpepOuTe cocraBisier
82,87 ppm. Ha MyJbTHRJIEMEHTHOM JriarpaMMe BBLACIAIOTCS oTpHuaTeabHble anomainuu Nb, Sr, Ti (puc. 1). Pacmpe-
nenenue P30 cwpHO muddepenmupoBanHoe — (La/Yb)y = 19,77; (La/Sm)y = 6,31; (Yb/Gd)y = 0,47 pu Yby = 4,6.
Briensiercs monoxkutenbHas anomanus esponus — Eu/Eu* = 1,14 (puc. 2).

1000

100

Puc. 1. Hopmanu3oBaHHass K NPUMHUTUBHOH MaHTHH
MYJIBTHIJIEMEHTHasl AuarpaMma it 9HAepOuTOB U TO-
HaJIUTOB.

HopmupoBanue Ha IPUMHTUBHYIO MaHTUIO 10 Sun &
McDonough, 1989.
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Fig. 1. Multielement primitive mantle normalized dia-
gram for enderbites and tonalites. Primitive mantle
normalization values are from Sun and McDonough
(1989).
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Puc. 2. HopmupoBaHHBII Ha XOHAPUT TpaduK pacmpe-
nenennsa P30 B sHnepOuTax u ToHanuTax. Hopmuposa-
HHUe Ha XoHApHT 110 Sun & McDonough, 1989.
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Fig. 2. Chondrite normalized REE diagram for ender-
bites and tonalites. Chondrite normalization values are
1 — T from Sun and McDonough (1989).

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

OHzepOouTsl BacuiibKOBCKOro Kapbepa 10 TeOXMMHYECKHM XapaKTEPUCTHKaM CYIIECTBEHHO OTIMYAIOTCS OT
naneoapxeickux HnepouToB Onecckoro kapbepa [1o0yxes (Tabmuma, 06p. 10/300). B samepourax Onecckoro xapb-
epa 3HaYUTEIBHO HIKe coaepkanne P30 (Xp3r=42,85 ppm), OTCYTCTBYIOT oTpHuIaTenbHbie anomannu Nb u Ti (puc.
1) u cymectBenHo Boime copepkanue V, Cr, Co, Ni u Cu.

Tonanum (06p. 99-163), cormacHo [1, 5], umeeT Bo3pact — 3,5 MiIpI JieT. DTO CpeHE3EPHICTAst TOPOAA C MACCHBHOM
TeKCTypoil. MunepanbHblii coctas (%): 6uotut — 4-6; kBapn — 12-15; maruokias — 79; runepcTeH, MUKPOKIIVH, TPaHar, Lip-
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KOH, aIlaTuT 1 pyI[HBIﬁ MUHEPA — B €AMHUYHBIX 3€pHAX. IIo XUMHYECKOMY COCTaBy HCCICAYyEMas IopoJa OTHOCUTCA K HOP-

MaJILHOMY TIETPOXHMHYECKOMY PsiTy KHUCIIBIX TIOPOJT KaJIMEBO-HATPUEBO cepuH (Tadimia).

Chemical composition of enderbites and tonalites

Major, wt % 1/ 2/ 3/ Trace, REE, 1/ 2/ 3/
> 8-233a 99-163 10-300 ppm 8-233a 99-163 10-300
Sio, 64.91 66.76 66.47 Rh <Dl - <Dl
TiO, 0.12 0.66 0.42 Pd <Dl - <Dl
AL O, 15.87 14.85 14.88 Ag 0.07 - 0.05
Fe,0; 0.10 0.72 0.13 Cd <Dl - <Dl
FeO 4.45 2.80 5.47 Sn* 1.10 - 1.10
MnO 0.03 0.05 0.12 Sb 0.32 - 0.16
MgO 1.87 1.36 2.20 Te <Dl - <Dl
CaO 4.25 4.95 3.88 Cs 0.21 - 0.05
Na,O 5.78 4.70 3.80 Ba 763.00 1140.00 382.00
K,0 1.08 1.90 1.40 La 21.50 71.50 10.30
S 0.02 Co. <0.02 Ce 36.30 119.00 17.40
P,05 0.25 0.18 0.11 Pr 3.50 11.20 1.90
H,O- 0.11 0.01 0.09 Nd 12.10 35.00 6.40
LOI 0.90 0.76 0.63 Sm 2.20 5.10 1.20
Total 99.74 99.70 99.60 Eu 0.78 1.28 0.57
Na,0/K,0 5.40 2.50 2.71 Gd 2.00 4.60 1.20
Na,0+K,0 6.86 6.60 5.20 Tbh 0.34 0.55 0.19
Fe # 70.87 72.13 71.79 Dy 1.80 2.70 1.20
al' 2.47 3.04 1.91 Ho 0.37 0.40 0.28
- - - - Er 0.95 1.00 0.90
Trace, REE, ppm Tm 0.12 0.13 0.13
Li 17.30 - 10.70 Yb 0.78 0.80 1.02
Be 1.80 0.65 1.30 Lu 0.13 0.12 0.16
Sc 4.90 - 9.10 Hf 2.20 9.00 1.76
\4 16.70 50.00 65.50 Ta 0.19 0.27 0.21
Cr 12.50 42.00 57.10 W 0.20 0.06 0.25
Co 8.20 9.00 13.90 Re <Dl - <Dl
Ni 12.90 8.00 37.60 Ir <Dl - <Dl
Cu 14.00 - 51.20 Pt <Dl - <Dl
Zn 72.70 44.00 71.00 Au <Dl - <Dl
Ga 16.80 20.00 21.50 Pb 11.80 9.00 10.50
As 0.82 - 1.00 Th 6.30 21.00 0.28
Se <IIO - <1.00 U 1.20 1.10 2.30
Rb 9.00 51.00 15.50 TREE 82.87 253.38 42.85
Sr 335.00 330.00 205.00 (La/Yb)n 19.77 64.49 7.24
Y 8.10 12.00 6.60 (La/Sm)x 6.31 9.05 7.84
Zr 75.70 397.00 59.00 (Yb/Gd)x 0.47 0.21 1.03
Nb 1.60 11.00 4.60 Eu/Eu* 1.14 0.81 1.45
Mo 0.38 - 0.60 - - - -

Note. Vasilkovka quarry: 1 - enderbite (sample 8-233A), 2 - tonalite (sample 99-163); Odessa quarry: 3 - enderbite (sample 10/300). DI - detection
limit, Fe# - the iron content ratio, al '- coefficient of alumina rocks.

Ha MynbTHaneMeHTHOW auarpamMme BBIIEISIOTCS OTpUuaTenbHble aHoMmanuu Nb, Sr, Ti (tabmuua, puc. 1).
Pacnpenenerne P30 B Tonanmure cmimbHO auddepenmupoBarnoe — (La/Yb)y = 64,49; (La/Sm)y = 9,05; (Yb/Gd)y =
0,21, mpu Yby = 4,7; cymmapHoe conepxanne P33 — 253,38 ppm (tabmuia, puc. 2). XapakTepHa OTpHIIATEIbHASL
anomanms espornus — Eu/Eu* = 0,81.

[Ipu cpaBHEHHH XMMHYECKOTO COCTaBa »HAEpOWTa M TOHAINTAa BacHIBKOBCKOTO y4YacTKa yCTaHOBJICHO,
YTO JUIsl TOHAJIUTA XapakTepHbl Oosee Beicokue coaepxkanus SiO,, K,0, Ba, Rb, Th, serkux P33, Nb, V u Cr u
meHbinne — Al,O; u MgO (tabnuna). B Hux BblensieTcs: oTpuuaTenbHas aHomanus esponust — Eu/Eu* = 0,81,
KOTOpasd, BEPOATHO, ABJIACTCA PE3YJIbTATOM HUX BSaHMOI[eﬁCTBMSI C KaJIMEBBIMU TI'pPaHUTaAMU (FpaHI/ITI/I?)aL[I/II/I), C
KOTOPBIMHU CBsI3aH Takxe NpHBHOC Jerkux P33. B sunepOuTax ¥ TOHANIUTaX HAOIIOJAIOTCS HU3KHE COJCPKAHHS
Tsokensix P33 (Yby = 4,6-4,7), 4To yKa3plBaeT Ha BO3MOXKHOE NMPUCYTCTBUE I'PaHATA B PECTUTE UX MarMaruye-
CKOT'O MCTOYHHKA.

BruiBoapbl. [1o reoxuMuuecKiM XapakTepucTuKam SH1epouTsl BacuibpkoBekoro yuactka Opexoso-IlaBnorpan-
CKOH CTPYKTYpBI CyIIIECTBEHHO OTJIMYAIOTCS OT Najieoapxeiickux sHnepouros Onecckoro kapbepa J{HecTpoBcko-byr-
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CKOT'O Meraﬁnoxa, YTO YKa3bIBAaCT HAa BBIIUIABJIICHUEC 3TUX MOPOJ U3 Pa3HbIX IO COCTABY Cy6CTpaTOB ", BEPOATHO, pa3-
HbIC TCOAMHAMUYCCKUC YyCIIOBU O6pa3OBaHI/I${. Ha6n}0aaeMLIe OCTaHIIbl TOHAJIUTOB B BacuibskoBckoMm Kapbepe C(l)Op-
MHPOBAJIMCH B PE3YyJIbTATC 'PAHUTU3ALAU U PETPECCUBHOTO MeTaMop(mea 3HZ[€p6I/ITOB.

The Orekhovo-Pavlograd structure, about 150 km in length and 10-15 km in width, is a synclinorium
confined to an old deep fault which formed in Archaean time. A graben-like structure was probably formed
within its present boundaries in Lower Proterozoic time [4]. The synclinorium consists of a discontinuous 8-10
km long series of compressed folds identified as boudinage-structures broken along strike. The folds are formed
of metamorphic rocks of the Novopavlovskaya and Volchanskaya units and plagiogranitoids of the Novopav-
lovsk complex. A characteristic feature of the structure is its monoclinal mode of occurrence. Its rocks dip east-
wards. In the northern Orekhovo-Pavlograd structure, the oldest rocks of the Novopavlovskaya unit build up
linearly elongated bands, 100 to 1500 m wide and up to 10-14 km long, among migmatites; they are confined to
narrow, elongate anticlinal second- and third-order folds and also occur in the core of the Volchanskaya first-
order anticline [2]. They were intersected by boreholes in the Vasilkovsky profile and are exposed in an open-
pit mine and in scarce outcrops in the Belaya Skala area.

The best-preserved oldest rocks were stripped in the far northern working face of an open-pit mine run by the
Vasilkovsky RDRSU [1, 2]. Tectonic lenses of slightly altered tonalities and enderbites were encountered in the pit
walls and in a pile of blasted migmatites. Their relationships in the outcrops are impossible to assess because the out-
crops are fragmental. At the same time, a genetic relationship between widespread Palacoarchaean tonalities and en-
derbites (biotite-pyroxene orthogneisses) is essential for the reconstruction of the order of tectonic-metamorphic
processes that have produced Novopavlovskaya rocks.

Tonalite sample 99-163 was collected from a lens-shaped body, 30 x 70 cm in size, which occurs among
migmatites. Thin (2-3 mm) veinlets of leucocratic granites are observed on tectonic planes oriented concor-
dantly with schistosity in tonalite. Enderbites (sample 8/233a) were collected from a block found in a pile of
blasted rocks in the same working face.

Enderbite (sample 8/233a) has a massive texture. It is a medium- to coarse-grained rock. It consists of the fol-
lowing minerals (%): 5-20 % quartz, up to 70 % plagioclase (some of the crystals contain microperthitic ingrowths of
K-feldspar), 0-10 % rhombic pyroxene, 2-10 % biotite and scarce zircon and apatite grains [3]. Chemically, the rock
is in a normal petrochemical series of sodium-series felsic rocks (Table). The total REE content of enderbite is
82.87 ppm. Negative Nb, Sr and Ti anomalies are shown on a multi-element diagram (Fig. 1). The REE distribution
pattern is highly differentiated: (La/Yb)y = 19.77; (La/Sm)y = 6.31; (Yb/Gd)y = 0.47 at Yby = 4.6. A positive Eu
anomaly is distinguished: Eu/Eu* = 1.14 (Fig. 2).

Enderbites from Vasilkovsky open-pit differ substantially in geochemical characteristics from Palacoarchaean
enderbites Odessky open-pit in Pobuzhye (Table, sample 10/300). Enderbites from Odessky open-pit contain much
smaller REE concentrations (Xp3»,=42.85 ppm), have no negative Nb and Ti anomalies (Fig. 1) and are much richer in
V, Cr, Co, Ni and Cu.

Tonalite (sample 99-163), according to [1, 5], has an age of 3.5 Ga. It is a medium-grained massive-textured
rock. It consists of the following minerals (%): 4-6 % biotite; 12-15 % quartz; 79 % plagioclase; hypersthene, micro-
cline, garnet, zircon, apatite and ore mineral are present as scarce grains. Chemically, the rock analyzed belongs to a
normal petrochemical series of potassium-sodium-series felsic rocks (Table). Negative Nb, Sr and Ti anomalies are
distinguished on the multi-element diagram (Table, Fig. 1). The REE distribution in tonalite is highly differentiated:
(La/Yb)y= 64.49; (La/Sm)xy=9.05; (Yb/Gd)y= 0.21, at Yby=4.7; total REE content is 253.38 ppm (Table, Fig. 2). A
negative Eu anomaly is characteristic: Eu/Eu* = 0.81.

Comparison of the chemical compositions of enderbite and tonalite from Vasilkovsky sector has shown
that tonalite has higher SiO,, K,O, Ba, Rb, Th, LREE, Nb, V and Cr concentrations and smaller Al,O; and MgO
concentrations (Table). They exhibit a negative Eu anomaly (Eu/Eu* = 0.81), which seems to be the result of
their interaction with K-granites (granitization), which are responsible for the addition of LREE. Enderbites and
tonalities have low HREE concentrations (Yby = 4.6-4.7), suggesting the presence of garnet in restite from their
igneous source.

Conclusions. Enderbites from Vasilkovsky sector of the Orekhovo-Pavlograd structure differ substantially in
geochemical characteristics from Palacoarchaean enderbites from Odessky open-pit of the Dnestr-Bug megablock,
indicating that these rocks were melted out from substrates which differed in composition and probably geodynamic
conditions of formation. The remnants of tonalities examined in Vasilkovsky open-pit were produced by granitization
and regressive metamorphism of enderbites.
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[Taneonporepo3oiickne BICOKOOApUYECKNE TPAHYJIUTHI 3AJIEraloT cpeau 1nopoJ JIbIoNccKoro KoMIuiekca B
HOxnoM Xappuce, ceBepo-3amannas LloTmangus. Otu rpanynutsl umetoT PT — uctoputo, koTopas pa3BuBaiach
MpOTUB YacoBoi crpenkn. OHA BKIIOYaNa paHHee yiabTpaBbicokoTemmneparypHoe (UHT) codsrtre (950 + 30°C, 10
+ 1.0 kOap) u mocneaymomee BEICOKOOapuIeckoe - rpanyinutoBoit gamuu (850-900°C, 13—-14 xbap). PT — Tpenn
MIPOTUB YaCOBOM CTPEJIKM CXOJIEH C TAKOBBIMH B IAJIEONPOTEPO3OMCKUX TEKTOHMYECKUX MTOKpoBax benoMopckoil u
Jlannannckoii cucrem [1]. Tlpeanonaraemsiii naneonporepo3oiickuit UHT meramopdus3m ObLT OTMEYEH B TaKUX
crpykrypax CeBepHOH ATIaHTHUKH, KaKk TpaHyIUTOBbIN koMmekc bytus-Comepcet [2], oporene Tantcon-Tenon
[3] u 30ne KonBuia-Ymba [4]. Bo3pact meramopduzma 3tux KoMmIuiekcoB — okojio 1900-1970 mun. ner. (U-Pb
BO3pACTHI [0 IIMPKOHY ¥ MoHauuTy). B IO)xHOM Xappuce BozpacT BbIcOKOOAapHYECcKOro MeTaMophu3mMa CoCTaBIIs-
er ~1870-1890 mun. ner. Sm-Nd Bo3pacT mo MUHEpaJIbHOH H30XpoHe oneHnBaercs B 1870 + 40 muH. et u, Kak
CUMTAIOT, YKa3bIBAET BPEMsI OXJIAXICHHS CUCTEMBI nocie Meramopdusma. JlarupoBanue nupkona U-Pb meTonom
Ha MOHHOM MHKpo3oHAe U Ha SHRIMP nana Bospactel 1873 + 5 u 1887 £ 7 muH. ner. JleranbHoe cpaBHEHHE Ma-
JICONPOTEPO30HCKUX TEPPEHHOB, BOZMOXKHO, TOMOXKET MO-HOBOMY B3TJISIHYTh HAa TEKTOHO-TEPMAIBbHYIO UCTOPHUIO
CeBepo-ATIaHTHYECKOTO PETHOHA.

B IOxxnoMm Xappuce BBIICIAIOTCS YEThIPE CTaAnN MeTaMOphUIECKNX NMpeodpa3oBannii rpanynantoB (M1—
M4), uro mo3Bosser yctaHoBUTh PT — Tpern mpotuB wacoBoit crpenku [5]. Ctagus M mpenctaBiseT co0oif
UHT co0siTue, kotopoe npousouuio B xoae BHeapeHuss SHIC npu nasiaenun 9-11 x6ap u temneparype 900—
980°C. 3arem Ha cragauu M, MPOU30ILIO BEICOKOOApUYecKoe COObITHE TPAHYJIUTOBOM (aiuu nocie BHEAPEHHS
IOxHO0-Xappucckoro MHTPY3UBHOTO KOMILIEKca Nmpu Temmeparypax ~850-900°C u mgaBieHuu, Bo3pacTaroniemM
1o 13—14 x6ap. JlaHHbIe yciIOBUSI OBUIM JOCTATOYHBI AJISE TOTO, YTOOBI BHI3BATh JETHUAPATAIOHHOE IJIaBJICHUE
nyTeM paspymenust onoruta. Craaus M; Obuta peTporpagHbM coOBITHEM, KOTOPOE BKJIIOYAJIO JIEKOMIIPECCHUIO B
OTHOCHUTEJILHO CyXHX YCIIOBHUSX, Ha YTO YKa3bIBaeT 00pa3oBaHHE KOPOH U CHUMILIEKTUTOB OPTONHPOKCEHa—KOP-
JIMEPUTA, OPTONHPOKCEHA—IUIArHOKIIa3a ¥ TePUUHUTAa—KOPAUEPUTa, KOTOPbIE 3aMEeCTHIIM NOp(hUpPOOIIacThl rpaHa-
ta [5]. CobbiTHe M4 Takke perporpagnoe. OHO XapakTepusyercsi QOpMHUPOBAHUEM THAPOKCHIICOAEPIKALINX MHU-
HEpaJioB, KOTOPHIE 3aMENIal0T CYLIECTBYIOLINE accoruanuu nopdupodiaactoB. LIupkoHbI U3 pa3iaMYHBIX THUIIOB
T'PaHyJIUTOB U THeKcoB B JIptoncckoro koMiuiekca B paitone FOxHoro Xappuca O0vimu qatupoBansl Ha SHRIMP.
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[TosryueHnHble BO3pacThl OBUIM HMPOMHTEPIPETUPOBAHBI C YYETOM IETPOJIOrHUYECKOT0 M3yUYeHUs NMPOaHaIU3UPO-
BaHHBIX 00pa3lloB, aHAJIN3a CTPOCHMS IIUPKOHOB M Bo3pacToB MoHanuTa (Baba et al., in submit). Mbr npunum
CJIEIyIOIINM BBIBOJAM.
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Puc.1. Yopouennas pexonctpykuus JlaBpentun u bantuku 1.2 mupa. et Hazaz. 3Be3g0ukaMy IOKa3aHbl paifoHbI Ipeanoiarae-
moro UHT-meramopdusma B maneonporeposoe (Baba, 2004). Wnag = 3anmagnas gacts nosica Harccyrroxksuaunan; ENag = Boctou-
Has JacTh nosica HarccyrrokBuauas; 1 = rpaHynuToBblid komiuieke bytus-Comepcet u oporen Tantcon-Temnon; 2 = 3oHa KonBu-
na - Ymba.

Fig.1. Simplified reconstruction of Laurentia and Baltica for 1.2 Ga. The stars mark the localities of possible UHT metamorphism
at Palaco-proterozoic (Baba, 2004). WNag, west Nagssugtoqidian belt; ENag, east Nagssugtoqgidian belt; 1, Boothia-Somerset
granulite terrane and Taltson-Thelon orogen; 2, Kolvitsa-Umba zone.

CaMeble peBHHE BO3PACThl OBUTH ONpeNesIeHbl 0 BEPXHUM IIEPECEUCHUAM AUCKOPIHUI, TOCTPOSHHBIM I10 30-
HaJBHBIM SApaM LUPKOHOB B ABYX oOpasmax. DTH sAApa MOXKHO HHTEPIPETHPOBATh KaK YHACJIeJOBaHHbBIC ACTPHUTO-
BbI€ 3epHa, 00pa30BaBIlIKeCs B OOBIYHOM, BO3MOXKHO, MarMaTH4ecKoM UCTOYHKKE ¢ Bo3pactoM ~2800 muH. set. Co-
rmacoBaHHBINA Bo3pacT ~1900 mua. jet (1911 +4, 1900 + 7, 1897 + § mMuH. neT), HOXYYEHHBIA IS Tpex oOpasIoB,
OBUT OMpECIICH MO 30HAIBHBIM KaliMaM OOpacTaHWi M 3epHAM CEKTOPHO-30HAIBHOr0 ctpoeHus. Bospact 1900 + 7
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MJIH. JIET, TIOJTy4YeHHBIH U3 MEJIaHOKPATOBOTO IpaHyJNTa (rpaHaT ¥ KMaHUT/CHIUTMMaHKT; 76-91 006. %), uarepnperu-
pyeTcs Kak BpeMsl KpUCTAIUIH3AIMY [IUPKOHA JI0 00pa30BaHMs I'paHaTa ¥ KHaHWTa/CHIUIMMaHuTa B BUze pectuta. [lo-
9TOMY JJaHHBII BO3pACT CUUTAETCS BPEMEHEM KPUCTALIM3ALUK IIMPKOHA B XO/I€ PaHHETO METaMOp(PHUIECKOTo COOBI-
tus (M1). B neiikokpaToBoM rHelice Bo3pacTHas momysanus 1853 + 19 muH. 1teT, morydeHHas mo 30HaM 00pacTaHus
¢ HI3KUM cozepxkanreM U 1 HU3KUM cozepkanueM Th, mpencTaBiseT BTOPYIO CTaANIO POCTa HUPKOHA B YCIIOBUSIX,
OTJIIMYAIOIINXCS OT TAKOBBIX NEPBOH cTaanu. Bo3mMokHOE 0OBSCHEHHE 3aKIII0YAETCsI B TOM, 4TO KOHTpacTHble HAa CL-
n300paXEHHUAX Kpast ¢ HU3KUM cojiepkaHieM U yKa3bIBatOT Ha BpeMsI IOBTOPHOTO POCTa IUPKOHA U3 KPUCTAIUIU3YIO-
IIErOCsl aHATEKTUYECKOT0 paciulaBa, TOTAa Kak spa ¢ BEICOKMM cojepkaHreM U (QUKCHPYIOT BpeMsi poCcTa | Iepe-
KpHUCTaJUIM3alMHU [IMPKOHA JI0 aHaTeKCKca. BajoBelii cOCTaB MpoaHaIM3UPOBaHHOrO 00pasLa MOATBEPKIAET CYIIECT-
BOBaHME YaCTMYHOT'O IJIABJICHUS. DTH Pe3yJIbTaThl TO3BONAIOT IPEANIONOXKUTh, YTO PA3IUUUS 3TUX TeHEepalui 1up-
KOHOB I10 COCTaBY W BpeMEHH 00pa30BaHUs CBSI3aHbI C TAKUMH MeTaMOpP(GUUECKHMH IPOIIecCaMy, Kak (popMHUpOBa-
HHE PECTUTa ¥ KpUCTAJUIN3alMs [IUPKOHA U3 paciijiaBa, 00pa3oBaBLIErOCs IPU YaCTUYHOM IIIaBICHHUH.

MoHanuThl U3 AByX 00pa3loB JICHKOKpATOBOro rHelica XxpoHosiornuecku ogHopoansl. Mix CHIME-Bo3pac-
THI KOJICOJIIOTCS B OTHOCUTENBHO Y3Koi obmactu: 1858 + 7 muH. net u 1840 + 7 muH. neT. DTH BO3pacThl, B cOYe-
TaHUM C OJHOPOAHBIM XHMHUYECKHM COCTaBOM OOpasIOB, IMOKAa3bIBAIOT, YTO JAHHBIE MOHALUTHI OBIIM MOBTOPHO
YpaBHOBEIIEHbI XUMHYECKH B X0/1e MeTamopdusma Beicokoil ctynenn. CHIME-Bo3pacT MoHanuTa cOOTBETCTBYET
Bo3pacty (SHRIMP) nupkoHa u3 kpaeBoii 30HBI 0OpacTaHus B oOpasue 93927-1, koTopas KOHTPACTHO BEIIETISAETCS
Ha CL-u300paxeHuH. DTH BO3pacThl yKa3bIBAIOT HA BPeMs KPUCTAJUIM3ALUHN [UPKOHA 1 MOHAIUTA U3 YaCTHYHOTO
pacmiaBa u Ha nepeypaBHoBeninBanue cucrembl U-Th—Pb. IIpennomnoxus, uto craaus M; (10 k6ap, 950°C) ume-
na mecto 1900 miH. et Ha3an, M, (14 kb6ap, 850°C) - 1870 mun. net, a M; (~7 k6ap, 750°C) - 1850 MuH. €T, MbI
MOJKEM OLICHUTh CKOPOCTh OXJaxaeHus B 3.3°C Ha MUIUIMOH JIET U CKOPOCTh morpyxenus - 0.47 Mmm/ros Ha craau-
ax M-M, u ckopocTh oxnaxaenus 5.0 °C Ha MUJUTHOH JIET U CKOPOCTh HoausATHs 1.05 Mmm/roa Ha ctagusix M,-Ms.

B Oynymiem HeEoOX0AMMO MPOBECTH AETAIbHOE CPaBHEHHE BpeMeHH MeTaMopdu3Ma (IIMKOBOTO U PETPOrpa-
HOTrO), a Takxke P-T-ncropuio maneonporepo3oiickux riaybokoMeTaMopdr30BaHHBIX THEHCOBBIX TeppeitHoB CeBepo-
ATIIaHTUYECKOTO pPeruoHa. ITO NOMOXKET MOHATh 0COOEHHOCTH ()OPMHUPOBAHKS OPOT€HHOTO 10sICA U N3MEHEHHS I'e0-
TEpMaJIbHBIX YCIIOBUH B Henpax 3emiid. Bo3MoskHO, 3Ta reosormyeckas U reopusnyeckas HHPOPMAIHS TOMOXKET
JydIiie NoHATh oOpa3oBanne CyNepKOHTHHEHTA 1 3BOJIOIMIO 3eMITH B IIaJIEOIPOTEPO30E.

Palaeoproterozoic high-pressure granulite occurs in the Lewisian Complex in South Harris, NW Scotland. The
granulite has anticlockwise PT history involving early ultra-high temperature (UHT) event (950 + 30°C, 10 £+ 1.0
kbar) and subsequent high-pressure granulite-facies event (850—900°C, 13—14 kbar). The trace of the anticlockwise P-
T path is similar to those of Palacoproterozoic Belomorian and Laplandian system of nappes [1]. Probalble Palacopro-
terozoic UHT metamorphism were reported from North Atlantic regions, such as; Boothia-Somerset granulite terrane
[2], Taltson-Thelon orogen [3] and Kolvista-Umba zone [4]. Metamorphic ages of these terranes have been identified
at c. 1900-1970 Ma (U-Pb zircon and monazite ages). In South Harris, the high-pressure granulite-facies metamor-
phism was dated at ~1870-1890 Ma. A Sm—Nd mineral isochron age of 1870 = 40 Ma is interpreted to represent
cooling after this metamorphism. Ion microprobe and SHRIMP U-Pb zircon dating yielded ages of 1873 = 5 Ma and
1887 £ 7 Ma. Precise comparison among Palacoproterozoic terranes may give new insight into the tectono-thermal
history of North Atlantic region.

In South Harris, four metamorphic stages (M1-M4) have been proposed for the granulite, which together trace
an anticlockwise PT path [5]. M1 represents a UHT event that occurred during the emplacement of the SHIC at 9-11
kbar and 900-980 °C. M2, a subsequent high-pressure granulite-facies event, after the emplacement of the SHIC and
~850-900°C, with pressures increasing to 13—14 kbar. Conditions were sufficient to cause dehydration melting via
the breakdown of biotite. M3 was a retrograde event that involved decompression under relatively dry conditions, as
indicated by the formation of coronas and symplectites of orthopyroxene—cordierite, orthopyroxene—plagioclase, and
hercynite—cordierite replacing garnet porphyroblasts [5]. M4, also a retrograde event, is characterized by hydrous
minerals that modify existing porphyroblast assemblages. SHRIMP zircon U-Pb ages applied to several different
types of granulite and gneiss in the Lewisian Complex in South Harris. Obtained age results were evaluated based on
petrological character of analyzed samples, zircon internal textures, and monazite CHIME ages (Baba et al., in sub-
mit). We obtained the following conclusions.

The oldest ages were determined from the upper intercepts of discordia obtained from zoned zircon cores
in two samples. These cores can be interpreted as inherited detrital grains derived from a common, possibly ig-
neous, source with an age of ~2800 Ma. A concordant age of ~1900 Ma (1911 £4, 1900 + 7, 1897 £ 8 Ma) was
obtained for three samples, determined from zoned overgrowth rims and sector-zoned grains. The 1900 = 7 Ma
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date obtained from melanocratic granulite (garnet and kyanite/sillimanite; 76-91 vol. %) is interpreted to repre-
sent the timing of zircon crystallization prior to the formation of garnet and kyanite/sillimanite as restite. There-
fore, this age is considered as the timing of zircon crystallization during an early metamorphic event (M1). In
leucocratic gneiss, an age population of 1853 + 19 Ma obtained from low-U and low-Th overgrowth rims repre-
sents a second stage of zircon growth under different conditions from those of the first stage. A possible inter-
pretation is that the high-CL, low-U rims represent the timing of zircon re-growth from crystallizing anatectic
melt, whereas the high-U cores represent the timing of zircon growth and recrystallization prior to anatexis. The
whole-rock composition of analyzed sample supports the existence of partial melt. These results suggest that
differences in zircon formation and timing among the samples were controlled by metamorphic processes such
as restite formation and zircon crystallization from partial melt.

Monazites from two samples of leucocratic gneiss are chronologically homogeneous, and have relatively nar-
row CHIME age ranges: 1858 + 7 Ma and 1840 + 7 Ma. These age results, combined with the homogeneous chemis-
try of the samples, indicate that these monazites were chemically re-equilibrated during high-grade metamorphism.
The CHIME monazite age is consistent with the SHRIMP age obtained from the high-CL zircon rim in sample
93927-1. These ages represent the timing of zircon and monazite crystallization from partial melt and a resetting of
the U-Th—Pb system. Assuming that M1 (10 kbar, 950°C) occurred at 1900 Ma, M2 (14 kbar, 850°C) at 1870 Ma,
and M3 (~7 kbar, 750°C) at 1850 Ma, we obtain a cooling rate of 3.3 °C per million years and a burial rate of 0.47
mm per year during M1 to M2, and a cooling rate of 5.0 °C per million years and an uplift rate of 1.05 mm per year
during M2 to M3.

Precise comparison of the timing of the metamorphism (peak and retrograde) and P-T histories among Palaeo-
proterozoic high-grade gneiss terranes in the North Atlantic region are required for future. It will resolve an extension
of the orogenic belt and changes in geothermal condition of earth interiors. These geological and geophysical infor-
mation may contribute to understanding a formation of Supercontinent and an evolution of Earth at Palacoprotero-
Zoic.
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MM TaparpanyjJuTamMu (KOHAAJINTaM1) paHHEero JOKeMOpus co BpeMeH ux onucanus [1. Dckona B cepenHe Mpomuuio-
ro Beka. C KOH/QINTaMH CBSI3aHbI TIOAYMHEHHBIE UM CPEAHUE U OCHOBHBIC I'PaHyJIUTHI, BKIIIOYasi MeTarabopo-aHop-
TO3uTHI. Takue e MOopo/Isl pa3BUTHI Ha odepeskbe benoro mops ot 1. Kanpanakma 1o nmoc. Ym0a, HO TaM cpei HUX
PE3KO JOMHHHUPYIOT CpEIHHE U OCHOBHbBIC I'paHyJIUTHI. boibias poib rOpU30OHTANBHBIX ABIKEHUH B 00pa30BaHUU
JIT'TI 6p11a otmeueHa eme A.A. TTonkarossim 1 Th.S. Sahlstein'om B 1930-x rogax. B utore 3T rpaHyIHTHI CHITpaIH
TJIaBHYIO POJIb IIPU Pa3pabOTKe MaleonpoTePO30HCKON TEKTOHMYECKOH MOIeH Ul ceBepHOH (DEeHHOCKaHUN Ha OC-
HOBE TEKTOHUKH JIUTOCHEPHBIX IIUT B pamkax mporpamMmmsel EBPOITPOBEI B 19962002 rr. [2, 5]. UcTtopus pa3sutus
Jlarunanacko-Kosbckoro oporeHa BKITIOYAET JUIMTENbHBIH pachaj] apXeHCKOro KOHTHHEHTa, 0Opa3oBaHHE OKeaHa,
CYyOAYKIIMIO OKCaHUYECKOM KOPBI M, HAKOHEI[, MC)KKOHTHHEHTAIbHYIO KOJUIM3HIO. DTOT Mpoliece Aauicsa okono 700
MIJIH. JIET U, ITIO-BUAUMOMY, OTB€UAJ CYIICPKOHTUHCHTAJIbHEMY ILUKITY BI/IJ'II)COHa, HO CyHICCTBYIOT U APYTrU€ IJIMTHO-
TEeKTOHHYeCKne BapuaHThl oopaszoBanus JI['TI (cMm. 0630psl B paborax [2, 5]). OnHON W3 OTIIMYHUTENBHBIX Y€PT MOJIe-
7M1, pa3paboTaHHOM aBTOPOM JaHHOTO COOOIIEHUS, SIBJISICTCS TEKTOHMYECKOE COBMEIIEHHE HI)KHEKOPOBBIX OpTOrpa-
HYJIMTOB PAaCTsDKEHHUS, BOSHUKIINX Ha HA4YaJIbHOM cTaauu pudrorenesa 2.4—2.5 MipJ. JeT Ha3ajl, U NaparpaHyJnToB,
00pa30BaBIIMXCS BO BPEMS MK ME)KKOHTHHEHTAIbHON KoJum3nu 1.91-1.93 mupa. et Ha3a.

I'panynuThl pacTsbkeHHs IpecTaBIeHbl MeTarabopo-anoprozuramu Kannanakmickoro n KonBuikoro MaccuBoB
Ha mobepexne bemoro mopst u maccuBa [IvipmmH B Pycckoit Jlammanmun (cM. 0030p AaHHBIX B padotax [1, 2]). Tpex-
(a3t KomBuikuii maccuB obpasoBancs 2.46—2.43 mipa. et Ha3an. Bo Bpems mepBoit ¢assr (~2.46 Mipa. j1eT) BHe-
JIPUJIACh TJIaBHASI YacTh rab0pO-aHOPTO3UTOB, Pa3pe3 KOTOPBIX XapaKTepU3yeTcsi CKPhITON pacciioeHHOCThIo [4]. BTo-
poii (aze oTBeyaI0 BHEAPEHHE aHOPTO3UTOB ~2.45 Mipa. siet Hazan. HecMoTps Ha To, 4To nepsast u BTopast (asbl pas-
JIeTIEHbI HEOOTBIINM MTPOMEKYTKOM BPEMEHH, aHOPTO3UTHI BHEIPSUTUCH B YK€ PACCIAHIIOBAHHbIC, JIMHEATN3HPOBIIAH-
HBIE U CMSITHIE B CXKAThIE CKIIAIKU rab0po-aHopTo3uTHL. TpeThs (ha3a siBisieTcs: JalKOBOM, IIPUYEM YCTaHOBIICHBI HE Me-
HEC YCTBIPCX HMITYJILCOB 6aSI/ITOBOF0 HaﬁKOBOFO MarmMaTtusma, KOTOpbI€ MCCTaMH IPUBEJIIN K IOABJICHUIO CTPYKTYP
"naiika B naiike". Jlaiiku cpasy e mocie ux conuauduKaniy noABeprachk MeTaMop(u3My BBICOKUX CTYIIEHEH 1 pac-
CIIAHIICBAHUIO B YCJIOBHSIX IIPOCTOTO CABUTA, M B pe3yJibTaTe OoJiee MO3JHUE KN BHEJPSUIHCH B YK€ paccllaHIlOBaH-
HBIE 1 MeTaMOp(H30BaHHbIC paHHKE Aaiiku. Takke BBISBICHBI JaliKM CPEIHETO CocTaBa ¢ BO3pacToM ~2.44 Mipa. Jer,
KOTOpbIE TPOPBIBAIOT JAKK BTOPOTO ¥ (MJIM) TPETHETO MMITyJbca. BO3pacT 3aKiItounTeIbHOTO UMITyJIbca 0a3UTOBOTO
JTAMKOBOTO MarMaTu3Ma coctaBiisiet 2.43 mipa. net. OkoHYaHue repepaboTKu olpeaerseTcs Bo3pactoM 2.39 mipa. jer
Jutst Hele(hOpMUPOBAHHBIX TIETMATUTOB, CEKYIIUX PACCIAHIIOBAHHBIEC raO0OPO-aHOPTO3NUTHI U JANKH.

ITo ouenkam B.U. ®onapesa (cMm. 0030p B [2]), KpucTaum3aus rabopo-aHOPTO3UTOB MPOUCXOAMIA IPH T =
990°C u P = 12.4 x6ap (cTamus m,), a X NepBbiii MeTamopdusM npotekan BHadare pu 7 = 870-915°C u P = 11.2 x6ap
(my), a 3atem ipu 7 = 750-830 °C u P = 8.9 xbap (m3). [To mamneim H.JI. AnekceeBa, pacciaHIieBaHUE AA€K, CEKYIIUX
pacciaHIlOBaHHBIC METarabOpo-aHOPTO3UTHI, IpouCcxXo a0 pu I = 666—734°C u P = 8.3-9.8 kbap, T.c. IpH yCIOBUSIX,
COIOCTABMMBIMH C TAaKOBBIMU cTaauu m3. Takum oOpa3om, yciaoBus Meramopdu3Ma rabopo-aHOPTO3UTOB OTBEYAJIM Ipa-
HYJIUTOBOH (hallyl P CHIDKEHUH TeMIIepaTypbl MeTaMop(du3Ma JaeK JI0 BEJIMYMH, OTBEYAIOLIHX MEPEXO/LY OT IPaHyJIHTO-
BOM (haruu K aM(pHUOOIUTOBON. ITO OCTHIBAHUE TIPOTEKAIO Ha (hOHE TIOTheMa TIOPOJ] C TITyOUHBI 42 KM (YPOBSHb MarMaru-
YEeCKON KPUCTAJUTU3AIK Ia00p0-aHOPTO3UTOB M IEPBBIN MX MeTaMophu3M) 10 TIyOHHBI 32 KM (MeTaMOphH3M JacK).
TexToHnueckast 00CTaHOBKa 00pa30BaHMs PACCMOTPEHHBIX OPTOIPAaHYJIMTOB HHTEPIIPETUPYETCS KaK PACTSDKEHHE HIDKHEH
KOpbI IIpH pH(TOreHe3e, KOTOPOE IPUBOIHUT K YTOHSHHIO KOPBI M ITOJIbEMY HIDKHEKOPOBBIX MOPOJI, HCTIBITABIINX TPaHYIIH-
TOBBI METaMOP(I3M 3a CUET TeIlIa MarM OCHOBHOTO COCTaBa (aBTOMETaMOP(HU3M B YCIOBHAX PACTSDKCHIIA).

HUcropwust rpaHymiTOBOrO MeTaMopdu3Ma B KOHIAIHUTAaX U OCHOBHBIX rpanyimTax JI['TI, mo maraemvM M.B. Munma n
ero koier (cM. 0030pHl B [2, 5]), Bkmodaer Tpu craauu. Ctamus M, oTIMYaeTcss MAKCUMANbHBIMUA 1-P yCIOBUSMH
(900-860°C m 11.5-9.0 x6ap) u ycTaHOBIIEHA TOJIBKO B OCHOBHBIX rpaHynuTax HrkHeH vactu JII'TL. Ha cramunm M,
koHnanuThl HibkHed yactu JITTI 6putn metamopduzoBansl ipu 7= 860°C u P =12.4 (rnybuna h = ~45 kM), a KOHJa-
nuThl BepxHel yactu — npu 7= 800°C u P = 5.8 kb6ap (4 = ~21 km). Ha cranun M; HUKHSISL M BEPXHSSL YaCTH KOHJIa-
JIUTOBOTO pa3pe3a Obutd MeTaMophu30BaHbl cooTBeTCTBeHHO Ipu 7'= 770 u P=10.7 km (h =~39 xm) u T= 640 °C u
P =428 kbap (h = ~17 xM). DT NaHHbIE YKa3bIBAIOT HAa 3aBUCHMOCTH JaBJIEHUsI OT JIUTOCTATHUECKOM Harpy3ku. Ta-
KO e BBIBOJI BHITEKAET U3 JAHHBIX 110 METaMOppHU3My KOHIATUTOB Ha mobdepexse benoro mops [3]. Bee ykazanusie
BbIIle MeTamopduyeckue npeodpasoBanus nporekatn 1.93—1.91 mupa. jer Haszan, OpU 3TOM BO3PACT OCAIOYHBIX
IIPOTOJIMTOB KOH/IATUTOB HE MTPEBbIIIaeT 2.1 Mipa. JeT.

JITTI n KOMIIIEMEHTapHBIE €My CTPYKTYPBI MOACTHIIAIOTCS TEKTOHMYECKUM MEJIAHXEM, COCTOSIINM M3 JIMH3 U IUIa-
CTHH CWJIBHO PacCIaHIEBaHbIX U JIMHEATN3UPOBAHHBIX KOHIAINTOB H OCHOBHBIX TPAHYJINTOB. DTH Ae(opManiy Mponucxo-
JUUTN B YCTIOBMSIX KPHCTAJUTU3ALMH NTAPAreHEe3Hca OpmonupoKCeH+CuuiumManum, 9T0 yKa3blBacT Ha OUCHb BBICOKHE BEJH-
uynHb! 7' 1 P ipu rpaHynmutoBoM Metamopdmme. [lopossl, moactumnatomue Tektorndecknii menamk JIITI, nemerram me-
tamophu3M am(prOOIUTOBOM (alu U 0OHAPYKUBAIOT 0OpaTHYIO MeTaMOP(HHYECKYIO 30HaBHOCTh. ClieIOBaTeNbHO, UC-
TOYHHKOM Teruia NpH aM(prOOIMTOBOM MeTamopdu3Me Mopo/, MOJACTHIIAIOINX MeJIaHK, ObLIN NMEPEKPBIBAIOIINE HX TOPS-
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Yre TEKTOHUYECKHE TUIACTHHBI TPaHyIMToOB. Bo Bpems rpaHyimMToBOro MetaMophusMa HiH cpasy ke Iocje Hero 9T IUia-
CTHHBI B pe3yJIbTaTe KOJUIM3HUH ObUIHM IIepeMeIIeHbI Ha OoJiee BHICOKHE YPOBHH KOpbl. CelficMuuecKie TaHHbIe 110 POEKTY
FIRE (Finnish Reflection Experiment 2001-2005) u crpykTypHble nanHble 110 KeBckoMy TeppeiiHy npe/rosiaraioT 3Ha-
YUTENBHO OONbIIME MAacIITaOBl TOPU3OHTAIBHBIX NMEPEMEIICHNN TEKTOHUYECKHUX MOKPOBOB, BBIIBUHYTHIX M3 sijIpa Opore-
Ha, YeM NPEeAToJarajJoch paHee. JTa )ke KOJUTH3HUS NPHBeia K TeKTOHMYECKOMY COBMEILICHUIO B OPOreHHOM SIpe FPaHyJIn-
TOB PACTSDKEHHS C BO3PACTOM 2.4—2.5 MIIpII. IET U KOJUTM3UOHHBIX TPAHYIIUTOB C BO3pacToM ~1.9 mip. Jer.

Paboma ssnaemcs exnadom 6 npoexm PODH 09-05-00160a.

The Lapland granulites make up the Lapland Granulite Belt (LGB) in the northern Baltic/Fennoscandian Shield and
since the middle of the last century when P. Eskola gave their detailed description these rocks have been considered as classic
Early Precambrian metasedimentary garnet, cordierite and sillimanite granulites (khondalites). Subordinate intermediate and
mafic granulites including metagabbro-anorthosites associate with the khondalites. The same rocks occur on the coast of the
White Sea between town of Kandalaksha and settlement of Umba. A significant role of horizontal movements in the formation
of the LGB was pointed out by A.A. Polkanov and Th.S. Sahlstein still in the 1930s. Eventually these granulites have played
the crucial role for developing a Palacoproterozoic tectonic model for northern Fennoscandia that was one of the results of an
EUROPROBE research project in 19962002 and based on the concept of plate tectonics [2, 5]. The evolutionary history of
the Lapland-Kola Orogen includes a long-term break-up of an Archaean continent, the formation of an ocean, subduction of
oceanic crust and, after all, intercontinental collision. This tectonic process was as long as ca. 700 Ma and seems to have corre-
sponded to the Wilson supercontinental cycle but other plate-tectonic scenarios also have been suggested (see reviews in [2,
5]). One of characteristic features of a model developed by the author of the given communication, is a tectonic juxtaposition of
lower crustal extensional granulites formed at the initial stage of rifting 2.4-2.5 Ga ago and metasedimentary granulites formed
at the peak of intercontinental collision 1.91-1.93 Ga ago.

The extensional granulites are represented by metagabbro-anorthosites of the Kandalaksha and Kolvitsa massifs
on the White Sea coast and the Pyrshin Massif in Russian Lapland (see reviews in [1, 2]). The three-phase Kolvitsa Mas-
sif formed at 2.46-2.43 Ga. The main portion of gabbro-anorthosites displaying a hidden magmatic layering was injected
at the first phase (ca. 2.46 Ga). The second phase is represented by ca. 2.45 Ga anorthosites. In spite of the fact that the
first and second phases were separated by a short time interval, the anorthosites were injected into already sheared, lin-
eated and folded by tight folds gabbro-anorthosites. The third phase consists of, at least, four pulses of mafic dyke mag-
matism which locally resulted in sheeted dykes. The dykes were subjected to high-grade metamorphism and simple
shear immediately after their solidification, and younger dykes were injected into already sheared and metamorphosed
older dykes. Ca. 2.44 Ga intermediate dykes also have been discovered; these cross-cut mafic dykes of the second and/or
third pulse. An age of the final pulse of mafic dyke magmatism is 2.43 Ga. The termination of reworking is constrained
by 2.39 Ga undeformed pegmatites that cross-cut sheared gabbro-anorthosites and dykes.

According to V.I. Fonarev (see review in [2]), magmatic crystallization of these gabbro-anorthosites took
place at T=990°C u P = 12.4 kbar (stage m1), their first metamorphism occurred at 7= 870-915°C u P = 11.2 kbar (stage
m2) and then at 7= 750-830°C u P = 8.9 kbar (stage m3). After N.L. Alexejev, shearing of the dykes that cross-cut sheared
metagabbro-anorthosites, took place at 7' = 666—734°C u P = 8.3-9.8 kbar, i.e. under conditions comparable with those of
stage m3. Therefore, metamorphism of the gabbro-anorthosites corresponded to granulite facies at decreasing temperature
in the dykes down to values transitional from granulite to amphibolite facies. This temperature decrease occurred coevally
with the ascent of rocks from a depth of 42 km (level of magmatic crystallization of gabbro-anorthosites and their first
metamorphism) to a depth of 32 km (metamorphism of dykes). A tectonic setting of the formation of meta-igneous granu-
lites in question is interpreted as extension of lower crust at rifting, which has resulted in a thinning of the crust and an as-
cent of lower crustal rocks undergone granulite-facies metamorphism due to heat of basic magmas (autometamorphism
under extensional condition).

According to M.V. Mints and his colleagues (see reviews in [2, 5]), granulite-facies metamorphic history of the
khondalites and mafic granulites of the LGB consists of three stages. Stage M1 is characterized by the maximum 7-P pa-
rameters (7 = 900-860°C u P = 11.5-9.0 kbar) and has been discovered only in mafic granulites of the lower part of the
LGB. At stage M2 khondalites of the lower part of the LGB were metamorphosed at 7'= 860°C u P = 12.4 kbar (depth (%)
of ca. 45 kbar), and khondalites of the upper part at 7= 800°C u P = 5.8 kbar (& = ca. 21 km). At stage M3 the lower and
upper parts of the khondalitic section were metamorphosed at 7= 770 °C u P = 10.7 kbar (& = ca. 39 km) and 7= 640°C u
P =4.8 kbar (h = ca. 17 km), respectively. These data indicate that pressure at metamorphism depended on lithostatic load-
ing. The same conclusion has been drawn from data on khondalites exposed on the White Sea coast [3]. All these aforemen-
tioned metamorphic changes took place 1.93-1.91 Ga ago, along with an age of sedimentary protoliths of the khondalites
does not exceed 2.1 Ga.
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The LGB and complementary structures are underlain by a tectonic mélange that is composed of lenses and sheets of
strongly sheared and lineated khondalites, intermediate and mafic granulites. Shearing and linearization occurred under condi-
tions of crystallization of a paragenesis orthopyroxene-tsillimanite, which suggests very high values of 7 and P during granu-
lite-facies metamorphism. Rocks that underlie the tectonic mélange of the LGB experienced amphibolite-facies metamorphism
and display reverse metamorphic gradient. Therefore, hot tectonic sheets of granulites were a heat source for amphibolite-facies
metamorphism of the rocks that underlie the mélange. During this granulite-facies metamorphism or immediately after it the
sheets were transported to a higher crustal level due to collision. Seismic data from project FIRE (Finnish Reflection Experi-
ment 2001-2005) and structural data on the Keivy terrane suggest a significantly larger scale of horizontal replacements of
tectonic nappes expelled from the orogenic core than suggested before. The same collision resulted in tectonic juxtaposition of
2.4-2.5 Ga extensional granulites and ca. 1.9 Ga collisional granulites in the orogenic core.

This work is a contribution in project RFBR 09-05-00160a.
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I'PAHYJINTBI CBEKO®EHHCKOI'O IOACA PEHHOCKAHJINHABCKOI'O IIIUTA:
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GRANULITES FROM THE SVECOFENNIAN BELT OF THE FENNOSCANDIAN SHIELD:
DISTRIBUTION PATTERN, AGE AND HEAT SOURCE

Baltybaev S.K.
Institute of Precambrian Geology and Geochronology RAS, Saint-Petersburg, Russia, sb@ipgg.ru

[opoxsr Cexoennckoro mosica (CII) xapakTepu3yroTcs HEOIMHAKOBEIM YpOBHEM MeTamopdmMa. [1pu 3ToMm, B pas-
HBIX PErHOHAX PE3KO PasiMyYatoTCs M MacIiTaObl BBIXO/IA Ha THEBHYIO IIOBEPXHOCTD NApareHe3CoB IpaHyIMToBoH (armi. B
pAzie cilydaeB IHIEpCTEHOBbIe MeTaMOp(hHYecKUe MapareHe3UChl 0OHAPY>KUBAIOTCS JIMIIB KaK M30JMPOBaHHBIC eMHUYHbIC
0OBEKTBI, KaK, HAIPHMED, TPaHyJIUThI B IIEHTpaJIbHOM yacTi boraudeckoro Oaccelina (L1Beuust). HanGosee kpyrHbie apeasl
pacrpocTpaHeHus opo, METaMOP(H30BaHHBIX B BHICOKOTEMIIEPATypPHOH aM(uOOIMTOBOM U TpaHyIMTOBOW (harry Haxo-
nsirest B CeepHoM [punanoxee (Poccus), B paitionax CynkaBa, Kuypysecu, Yycuma u Typky (OunnsiHavs). Makcumanb-
HBIA pa3Mep IUIOoNma/ield pa3BUTHS BbICOKOMeTaMopdu30BaHHbIX nopos He mpeBbiuaer 100x50 kM, a yale CyIecTBEHHO
Menble. [Toposip! rpaHyIMTOBOH (harmu IposIBIEHBI HHOTTIA KaK TEKTOHUYECKH 000CO0ICHHBIE OJIOKH, BOKPYT KOTOPBIX pac-
MPOCTPaHEeHBI O0JTee HU3KOTEeMIIepaTypHbIe MOpoAbl. Takue COOTHOIICHHS OIIChIBatOTCs B palione Kuypysecn B @uHistHINM
[1, 2]. BeicokotemmiepaTtypHoe simpo Metamophirdeckoro komruiekca CeBepHoro [Ipumanoikes Takxke MpeICTaBIIET XOPOIIHit
TIPEMEP TEKTOHIMYECKHX COOTHOIIEHHH BBICOKO- M HU3KOTEMIIepaTypHBIX 1opoxt [3]. B To sxe Bpems, st HEKOTOPBIX 30HAIb-
HO-MeTaMOP(M30BaHHBIX KOMIUIEKCOB (HarpuMmep, B paiionax Yycuma, Cynkasa, Typky B OUHISIHIMN) OTMEYAETCs HETpe-
PBIBHBII XapaKTep HapacTaHWs TEMIEPaTyphl OT HU3KOTEMIICPATYPHOH Nepr(epHH K APy METaMOP(UIECKOro KOMILIEKca.
Jst Takux MeTaMopUIecKIX KOMIUIEKCOB TIPUMEHUM TEPMUH "'TepMaJIbHBIA KyTION'", OTpaykKaloIIMiA XapaKkTep pacrperiese-
HHMSI TEMIIEPaTyPHOTO IOJIst TPY (POPMHUPOBAHKH MTAPareHE3|COB IPOrPECCUBHOTO Psiia.

ITo xapaktepy Murmatusaiuu U meramopdusma B CII1 BbIIENAIOTCS IBE 30HBI: CEBEPHAS — C TOHAJIUTOBBIMU
MHUTMaTUTaMH U I0KHas, TIe IpeodIagaioT KajaueBble («IpaHUTHbIe») MUrMaTHUTHL. [1o ocobeHHOCTSIM MeTamopdu3-
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Ma, COIPSHKEHHOMY C HUIM MarMaTH3My, TEKTOHHYECKOMY COOTHOIIEHHIO U M30TOIHBIM JaHHBIM, MOXKHO 3aKJIFOUHUTD,
YTO MEXIy STHMHU 30HaMH CYLIECTBYET CTPYKTYpHO-MeTaMopdrueckoe Hecoriacue. HabroieHnst moKa3bIBaloT, 4TO
nedopmanuu 1 MeraMop(hU3M B KAJTMEBOH 30HE MUTMAaTUTOB IPOUCXOAMIN MOCJIE KOHCOIUAAIMH KOPBI B 30HE TOHA-
JIUTOBBIX MUTMAaTHUTOB. DTH 30HBI OTIIMYAIOTCS M OCOOCHHOCTSIMU TPOSIBICHHS TPAHYJIUTOB — B YaCTHOCTH, IIPHYPO-
YEHHOCTHIO K TOCJIEIHIM CIEHU(PUIESCKUX THIIOB MarMaTHYECKNUX HOPOI.

Temnepatypst (T) ot 500°C go 600-650°C xapakTepHBI U JOMATMATHTOBBIX TIOJICH, a B TIpeenaX Pa3BUTHS MHT-
marutoB T nonuumaercs 1o 680-780°C. ObnacTu pa3BUTHSI OPTOMMPOKCEHCOACPKAIINX apareHe3ucoB, (HPUKCHPYIOIINe
YCIIOBHS TPaHyMTOBOH (aiuu, xapakrepusytores T metamopduzma 800-850 (900)°C [1-4 u p.]. BricokoTemmeparypHbie
YCIIOBUS TIOATBEP)KAAIOTCS, B YACTHOCTH, 00Opa30BaHUEM OPTONMPOKCEHa WM IINMHMHENb-KBapLEeBoro napareHesuca. Tako-
BBI, HAaIIpUMep, TPaHyJIUThHI B 00pamiieHnn HopuroBoro MaccuBa Hurapnen (ILseuus) [4]. [Togcuer mtomiazeit BbIxona 1mo-
PO TIOKA3bIBACT, YTO MATMATU3UPOBAHHBIC MIOPOJIbI COCTABIISIIOT He MeHee 70-80 % oT o0beMa MeTaocaI0uHbIX Opo [5].

MuHepanbHble TapareHe3uchl TPaHyJIMTOBOI CTyNeHN MeTaMopH3Ma B CBeKOQEHHHIaX 00pa3ytoTes npu 4-6
kOap. YKa3aHHBIM JaBJICHHUSM COOTBETCTBYET IiIyOuHa mopsinka 15-25 kM. Takue oneHku ObUIM MOTy4eHBI IS IPO-
BuHuuu beprcnaren [4] B IlBenuu, qis pa3ubix pailoHoB @unnsnauu [1-2, 6] u [punagoxes [3]. OrcyrcTBue ru-
MEPCTEH-CHIUIMMAHNUTOBOTO TIApareHe3uca MOATBEPXKIAET, YTO JABICHUE NTPHU MeTaMop(du3Me He IpeBbIIao 7 Koap.
KunannT He TUNIMYEH JUI CpesiHe- B BBICOKOTeMITepaTypHbIx opox CII.

W3oronHble naHHBIE MO3BOJSIOT BhIAEAUTh B CII 1Ba 3Tama rpaHylIMTOBOrO MeTamMop¢hu3Ma: PaHHECBEKO-
tdennckuii (1.89-1.87 mupa. ner) u nozauecBekopennckuii (1.83-1.79 mupa. net) [7]. [IpocnexuBaercs: 3akoHOMEp-
Hasl IPUYPOYEHHOCTh MarMaTH3Ma OCHOBHOTO U CPEJHETO COCTaBa K BBICOKOTEMIIEPATYPHBIM SIpaM TEPMaJIbHBIX Ky-
II0JIOB PaHHECBEKO(EHHCKOI0 dTala MeTaMop(pu3Ma, B TO BpeMs KaK MarMaTH3M, CONPSDKEHHBIH C MO3IHECBEKO-
(heHHCKUM PTarioM MeTaMopdu3Ma XapakTepHu3yeTcsl B 1IeJIOM 0ojiee KHCIBIM COCTaBOM.

B paﬁOHax Pa3BUTHA I'PAaHYJIMTOB BLIABIACTCA COBIAJCHUC IMOJIOKHUTCIIBHBIX T'paBUTAIIMOHHBIX aHOMaJIMH C
TUIOLIA/IBIO BBIXOJIA BRICOKOTEMITEpaTypHbIX mopoa. st [Ipunanoxss atot dakT cBs3biBajics [3] ¢ npupaiieHneM Ha
YPOBHE HW)KHEH U cpeJJHEeH KOpbl MarMaTH4ecKuX I1opoJ MahMTOBOTO COCTaBa, IIPOU3BOJHBIMU KOTOPBIX paccMaTpH-
BaJIMCh OOHAXAIOUIHECS Ha JHEBHOM MOBEPXHOCTH 3HAEpONTOBBIe MaccuBbl. [ paifona Kuypysecu B OunistHANN
BBICOKOTEMIIEpATypPHBIH METaMOP(H3M CBS3BIBAJICS C TUIIEPCTEHOBBIMH JTMOPUTAMH, KOTOPHIE PACCMaTPUBAINCH KaK
T€OJIOTHYECKUE TeTa, MOCPEACTBOM KOTOPBIX MOIBOAMIOCH Teruio [2]. s cBekodennny roxxHo# 1lIBennn npusene-
HBI MHOTOYHCIICHHBIC TaHHBIE B IT0JIb3y NMPUIMHHO-CICICTBEHHON CBS3M IUTyTOHMU3Ma M BEICOKOTEMIIEPATypHOTO Me-
TaMmop¢u3Ma BMEIIAONINX NOPOA [T uHTepBaia BpeMern 1845-1780 mun. ner [4].

JlrameTpbl TepMabHBIX KYTIOJIOB Ha COBPEMEHHOM 3pO3HOHHOM cpese KomruiekcoB CIT mMoryt ve npesbimats 50-60 kv
(narpumep, kynion Cyrkasa, OUHISIHKS), 4TO, BUIMMO, TOBOPUT O JOCTATOYHO CHIILHOM C(POKYCHPOBAHHOCTH TEIIOBOTO MOTO-
Ka. BeposiTHO, TOJIBKO B TAKOM CTydae MOTYT 00pa30BaThCsl TEPMATbHBIE CTPYKTYPBI C BRICOKMMU IPAJIMEHTAMU: B CITydae CyJl-
KaBCKO# TePMaJIHOH CTPYKTYPBbI, paCCTOSIHUE OT aHITy3UTOBO 30HBI K THIIEPCTEHOBOM cocTapisieT He Ooiee 30-35 kM.

[To-BuarmMoMmy, B psze ciyyacB nosaHecBekodenHckue rpanynuth (1.83-1.79 mupa. ner), usBectaeie B FOx-
HoWi (DUHISHINY, BO3HUKAIOT Ha IJIOIIA/ASX Pa3sBUTHS MOPOJ, KOTOPBIE HE OBUTH 3aTPOHYTHI paHHECBEKO(DEHHCKUM
Meramopdu3MoM. DTO IPENNONI0KEHHE OCHOBAHO HAa TOM (haKTe, YTO CJebl MpOosBIeHNsT 0oJiee paHHET0 MeTaMop-
¢u3ma He ynaercs 3a(UKCHpPOBATH JlaKe B CaMOW HU3KOTEMIIEPATYPHOH YacTH ITO3HECBEKO(EHHCKUX 30HAIBHBIX
KOMIIIEKCOB (TI€ OHM MOTJIM COXPaHUTHCHA).

Kak cnenyer n3 anamm3a MorHocTH 3eMHO#M KopsI oz CIT o qaHHbIM celicMUYecKoro 30HMpoBaHus [8], ee MakcH-
MaJTbHasI MOIITHOCTB cocTaBIsieT okono 60 kM. CornocTaBieHue TITyOHHBI 3aJIeraHys TIOBEPXHOCTH M ¢ cOCTaBOM MOPOJ Ha CO-
BPEMEHHOM 3PO3HOHHOM CPE3€ BBISIBIIIET OIHY OCOOEHHOCTB - MAKCHMAaJIbHAsI MOIITHOCTB KOpbI B npezienax CII Habmonaercs
B 00JIACTH Pa3BUTHSI ByJIKAHOT€HHO-OCAJOYHOTO YeXJIa M K TOMY 7K€ 3TH 00JIaCTH OOBIMHO OTIIMYAFOTCS O0JIEe BBICOKUM METa-
MOp(HHU3MOM TTOPOJ. ITOT (HaKT MOIUEPKUBACT CBS3b TAKUX BHYTPUKOPOBBIX MPOLIECCOB KaK METaMOP(H3M, yIbTpamMeTaMop-
(u3M, rpaHUTO0OpA30BaHKE C SBICHUSIMU NTyOHMHHOTO YpoBHS. Bo3amoxHO, uTo "mporu6" noBepxHoctu M sBIIsieTCs: pe3yiib-
TaTOM M30CTaTUYCCKOI'0 BbIpAaBHUBAHUS TTOCJIC HHTCHCUBHBIX IMTPOLECCOB, IMMPOTCKABIIINX Ha MaHTHﬁHO-KOpOBOM YPOBHE. Ta-
KUMHU TIponeccaMu MOryTt 6I)ITI) IoaABEM aCTCHOJIMTA, MOBBIIIICHHBINA TEIJIOBOM ITOTOK U BHCAPCHUEC MarMaTu4eCKux Mmacc,
o0ecrieunBaroIIHii pa3HOMACIITaOHBIH Pa3orpeB MOPOJT Ha HIKHEM U CPEITHEM YPOBHSIX CBEKO(EHHCKOH KOPBL.

The rocks of the Svecofennian belt (SB) differ in metamorphic grade. The degree of exposure of granulite-facies par-
ageneses also varies considerably from one region to another. In some areas, hypersthene metamorphic parageneses are only
encountered as scared isolated units such as granulites from the central Bothnian basin, Sweden. The largest areas of rocks
metamorphosed to high-temperature amphibolite and granulite grades are located in the northern Lake Ladoga area (Russia)
and in the Sulkava, Kiuruvesi, Uusima and Turku areas (Finland). Highly metamorphosed rocks cover a maximum area of 100
x 50 km; most of such areas are much smaller. Granulite-facies rocks sometimes occur as tectonically isolated blocks sur-
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rounded by lower-temperature rocks. Such relationships have been described from the Kiuruvesi area, Finland [1, 2]. The high-
temperature core of the metamorphic complex in the northern Lake Ladoga area (Priladozhye) is another good example of the
tectonic correlations of high- and low-temperature rocks [3]. At the same time, temperatures were observed to rise continuously
for some zonally metamorphosed complexes (e.g. those in the Uusima, Sulkava and Turku areas, Finland) from the low-
temperature periphery to the core of a metamorphic complex. The term “thermal dome”, which shows the distribution pattern
of a temperature field upon formation of progressive-series paragenesesis applicable to such metamorphic complexes.

Based on migmatization and metamorphic styles, two zones are distinguished in the SB: 1) a northern zone
with tonalitic migmatites and 2) a southern zone dominated by potassic (“granitic”’) migmatites. Metamorphic pattern,
associated magmatism, tectonic correlation and isotopic data suggest a structural-metamorphic unconformity between
these zones. Observations have shown that deformations and metamorphism in the potassic zone of migmatites oc-
curred after crust consolidation in the tonalitic migmatite zone. These zones also differ in the mode of occurrence of
granulites: distinctive types of igneous rocks are confined to granulites.

Temperatures (T) of 500°C to 600-650°C are characteristic of pre-migmatite fields, and in migmatite fields T
rises to 680-780°C. Areas of orthopyroxene-bearing parageneses, indicative of granulite-facies conditions, were
metamorphosed at temperatures of 800-850 (900)°C [1-4 et al.]. High-temperature conditions are confirmed, for ex-
ample, by the formation of orthopyroxene or spinel-quartz paragenesis. Examples are granulites occurring at the mar-
gin of the Nygarden norite massif, Sweden [4]. Calculation of exposed rock areas has shown that migmatized rocks
make up not less than 70-80 % of metasedimentary rock volume [5].

Mineral parageneses metamorphosed to granulite grade in the Svecofennides are formed at pressures of 4-6
kbar. These pressures are consistent with a depth of 15-25 km. Such estimated have been obtained for the Bergslagen
province, Sweden [4], for some areas of Finland [1-2, 6] and for the Lake Ladoga area, Russia [3]. The absence of
hypersthene-sillimanite paragenesis also shows that metamorphic pressure was not more than 7 kbar. Kyanite is not
typical of medium- and high-temperature SB rocks.

Based on isotopic data, two stages in granulite-facies metamorphism are distinguished in the SB: an Early
Svecofennian stage (1.89-1.87 Ga) and a Late Svecofennian stage (1.83-1.79 Ga) [7]. Mafic and intermediate magma-
tism was typically confined to the high-temperature cores of thermal domes at the Early Svecofennian stage of meta-
morphism, while magmatism associated with the Late Svecofennian stage of metamorphism is generally character-
ized by a more felsic composition.

In granulite areas, positive gravity anomalies coincide with the area covered by high-temperature rock exposures.
For the Lake Ladoga area, this fact was attributed to [3] the accretion of mafic igneous rocks, derived from exposed ender-
bite massifs, at the lower and middle crust level. For the Kiuruvesi area, Finland, high-temperature metamorphism was at-
tributed to hypersthene diorites that were understood as geological bodies through which heat was supplied [2]. Extensive
arguments in favour of the relation of plutonism to the high-temperature metamorphism of host rocks for the time span
1845-1789 Ma have been presented for the Svecofennides of southern Sweden [4].

The diameters of thermal domes in the present erosion section of SB complexes are not more than 50-60 km
(e.g. Sulkava dome in Finland), suggesting that the heat flow was highly focused. It seems that it is only in such a
case that high-gradient thermal structures can be formed: in the case of the Sulkava thermal structure, the distance
between the andalusite zone and the hypersthene zone is not more than 30-35 km.

Late Svecofennian (1.83-1.79 Ga) granulites, known from southern Finland, seem to have originated occasionally
in rock fields unaffected by Early Svecofennian metamorphism. This assumption is based on the fact that no traces of
earlier metamorphic events have been found even in the lowest-temperature zones of Late Svecofennian zonal com-
plexes, where they could have been preserved.

Analysis of crustal thickness beneath the SB, based on seismic sounding data [8], has shown that the maximum
thickness of the earth crust is about 60 km. Correlation of the depth of occurrence of M-discontinuity with rock composition
at the present erosion section has revealed one characteristic: crustal thickness in the SB is at its maximum in the volcano-
sedimentary cover domain. Moreover, metamorphic grade in these domains is generally higher. This evidence supports the
relation of such intracrustal processes as metamorphism, ultrametamorphism and granite formation to events that occur at
depth. The “sagging” of M-discontinuity is presumably the result of isostatic levelling after vigorous processes that occurred
at the mantle-crust level, e.g. the uplift of an asthenolith, elevated heat flow and the intrusion of magmatic mass which pro-
vides the unequal heating of rocks at the lower and middle levels of the Svecofennian crust.
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GEOCHEMICAL CHARACTERISTICS AND AGE OF ZIRCONS FROM AN ECLOGITE-
AMPHIBOLITE COMPLEX, GORNY ALTAI
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% Institute of Precambrian Geology and Geochronology, RAS, Saint-Petersburg, Russia

Banteipranckuii cyOayKIIMOHHBIN 3KJIOTUT-aM(pHOOIUTOBEI MeTaMOP(UIECKHH KOMIUIEKC BBIZEIECH B JIEBO-
oepexxbe p.Uyu B buiicko-Katyrnckom cektope KysHerko-AnaTtayckoil IIOBHOHM 30H, TI€ OH cJlaraeT HECKOJIBKO TEK-
TOHUYECKHX TUIACTHH, JIMH3 ¥ OJIOKOB SKJIOTUTCOACP)KAIINX IPAaHATOBBIX aM(pHO0INTOB, TiIayKadaH-aM(pHOOTOBBIX U
CTHJIBITHOMEJIAHOBBIX CIIAHIIEB B ACCONMAIMU ¢ yibTpamaduramMu YaraHy3yHCKOro MaccuBa M MeTabazalbTaMHu
apbIPKAHCKOTO U Oanxaiickoro komriekcos [1]. TunomopdHbIMU 115t GaNTHIPraHCKOro KOMILIEKCa SIBISIFOTCS TIpe-
obiamaromye rpaHaToBbIe aM(PHOOIUTHL. DKIOTHTHI 00pa3yIOT HEOOIbIINE BKIOUYCHUS WM HMPOIUIACTKH B TPAHATO-
BbIx ampubonuTax B CB sk30koHTaKTe Yarany3yHCKOTro runep0oa3uToBOro MacCHBa.

JkJorutsl (np.4245) xapakrepusyrotcs accormanueit Grt+Omp+Bar+Ep+Q-+Rt.

I'panaToBble ampudoantsl (p.40) umeror Tunoyto accormanuio Grt+Bar+Ep+Ttn u conepxar mogurHeH-
HBbIE KOJIMYECTBA KBaplia, anbOuTa, GeHrura, pyTuia, BUHYMTAa U xyoputa. P-T ycinoBusi oOpa3oBaHus SKIOTUTOB H,
BO3MOJKHO, TPAHATOBEIX aM(puOOIUTOB oreHnBatoTcs aasieaueM 13,0+20,0 K6 u remmeparypoit 590+660°C [4].

Bospact sxiorutoB omnpezensuics Ar-Ar MetogoM 1o amdubony [3] u cocraBun 627+5 + 636+10 MiH Jer.
Jnst yTO4HEeHHMS BO3pacTa SKIOTUT-aM()UOOIMTOBOTO KOMILIEKCA OBLUTH JaTHPOBAHBI IIMPKOHBI M3 TJIABHBIX Pa3HOBU-
HOCTEH, CIaralonyx ero mopo.

XapakTepucTHKA HUPKOHA U Pe3yJbTaThl ONpeeseHust Bo3pacTa. B sxnorurax oOHapyxeHo deTbIpe Oec-
I[BETHBIX NPO3PAYHBIX 3€pHA IMPKOHA PA3JIMYAIOIIUXCS 10 CTENECHN UX NMEPEeKPUCTAIIM3ALUY B YCIOBHAX IKIOTUTO-
Boro Meramopdusma. Hanbosee kpymHoe 3epHO LMPKOHA C HAPYIIEHHOM MarMaTW4ecKoW 30HAIBHOCTBIO U SAPOM
(puc.1a) mmeet 3HaueHwne 1652 MITH JIET U, BO3MOXKHO, OTpa)KaeT MO3AHEKaPEIbCKO-paHHepHPEHCKIA BO3pacT MOpos
nporonuta dKiI0ruToB. OHO xapakrepusyercss Marmaruueckum Th/U = 0.46, moBblleHHBIM cojnepkaHueM P30
(ZREE =461 ppm), nonoxutensHoii anomanueit Ce (Ce/Ce* = 15,6) u otpunarensnoit Eu (Eu/Eu* = 0,2).

Bonee Menkue 00JIOMKH C pEJIMKTAMU CEKTOPUATIbHOW 30HAIIBHOCTH MUMEIOT HEOJJHOPO/IHOE CTPOCHHE C KaiMOM
pekpuctamzanuy no nepudepun. s HUX xapakrepHo Huzkoe cozaepkanne P3D (XREE = 35+90 ppm, Th/U =
0,01+0,03, Th 1+2 ppm, Ce/Ce* = 1,1-5,0, Eu/Eu* = 0,4-0,9), cBoiicTtBeHHOEe MeTamMOop(horeHHOMY IHpKoHy. OHU Je-
wietnpoBanbl HREE ¢ oTHOCHTENIBHO «TUTOCKUMY TpaMKOM UX pacnpezeneHus (puc.la).
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Puc.1. CnekTpsl pacnpeneneHusi peaKo3eMENbHBIX JJIEMEHTOB JUIS IIOPOJ M LMPKOHA OaTHIPraHCKOrO KOMIUIEKca (@ - DKIIOTHTH,
1p.4245 u 6 - rpanatoBbic amuboUTHI, 1p.40). YcnoBHbIe 0003HaUeHUS: 1 — 3KIOrUTHI (TIp. 4245), 2 — OecIUIaroKIa30BbIe IPaHaTo-
Bble aM(pubonnTsl; 3, 4 — rpaduku copeprkanmii P33 B iupKkoHe, 4 — KCEHOreHHBII LIMPKOH € BO3pacToM 1652 MITH JieT U3 SKJIOTHTOB

Fig. 1 REE patterns for rocks and zircons of Baltyrgan complex (a — eclogites, s.4245, and b — garnet amphibolites, s. 40). Legend: 1 —
eclogites, s. 4245, 2 — plagioclase-free garnet amphibolites, 3,4 — REE patterns in zircon, 4 — zircon with age 1652 Ma from eclogites

XapaxTepHo, uto cozxepxanue Hf = 7147+7393 ppm nocTosiHHO, Kak B MarMaTH4eckoM, Tak U B MeTamopgo-
TeHHOM IIMPKOHE U YKa3bIBaeT Ha X MPHUHAIISKHOCTh K OPO/iaM OCHOBHOTO cocTtaBa. Coznepkanne Y HU3KOE U He-
moctostaHOE (50+128 ppm), BEpOSTHO, CBA3AHO C PA3IMIHON CTEIIEHBIO MEpEeKpHCTAILIN3ANY UpKoHa. Husko pen-
KO3eMeJbHbIE IMPKOHBI PACCMATPUBAIOTCSI HAMH KaK MPOAYKT SKJIOTHTOBOTO MeTaMop(du3Ma, BO3pacT KOTOPOTO 110
Tpem mmeperusam 619413 muH ner (CKBO=0,034, BepositHocTs 0,85). Bo3M0OXHO, TTOTYYEHHBIA BO3pACT HECKOIBKO
3aBBILICH NPUCYTCTBUEM PEJIMKTA.

B rpanaroBbix ampuboanTax IUPKOH OXHOTHIHEIN. [IpeobnanaroT po3oBatkle, PO3pavHble, YIINHEHHO IPU3Ma-
THYecKre urroMopdHbie Kpuctawibl amuHon 80+250 MM, Ky=2,0+3,0. B KJI u3o0paskeHru OHH COCTOSIT U3 sifiep CO Cie-
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JIaMH CEKTOPHAIILHON 30HAJIBHOCTH M OTHOPOJIHBIX 000JIOUEK ¢ MaKCUMaJIBHO sipkiM cBeueHreM B KJI. Huzkue 3nauenus
Th/U 0,01+0,07, XREE = 16+66 ppm (Ta0.1) yKa3bIBaloT Ha MX MeTaMmopdraeckoe mpoucxoxaeHne. OHu B OobIIcH Me-
pe obennens! nerkumu P30 (XLREE = 1+2 ppm), yem nupkoH n3 sxnorutos (XLREE = 7+14 ppm) npu 61m3kom cozaep-
KaHueM Tsokenbix P30 (28+50 ppm u 14+64 ppm, coorBerctBeHHO). Coneprkarme Th = 1-2 ppm, Y = 44+143 ppm. Heko-
TOpBIe YacT KprcTawioB (T 2.1, 3.1, 5.1, 7.1, 8.1 Tabn.) mverotr Hambonee Huskue Lu/Gd (2.8+4.4) u Beicokne Eu/Eu* =
0.7, coiictBennbie HP-impkony. [1oaTomy sizipa 1 cBeTJIbIEe KailMbl LMPKOHA MOT'YT PAaCCMaTpPUBATHCS, KaK PE3yJIbTaT peK-
PpHCTAIUIM3ALMS TPaHyIMTOBOTO IIMPKOHA B YCIOBHSAX KJIOTHTOBOrO MetaMmopdusma. Ilo crekrpam pacnpenenenus P33 n
COJIEpYKaHUSIM UTTPUSL U TOPHS LIUPKOHBI M3 IPAHATOBBIX aMpuOOonTOB (prc. 16) COOTBETCTBYIOT LIMPKOHAM, 00Opa3oBaH-
HbIM B ycioBusix UHP-HP meramopdusma [2, 5]. KonkopnanTtHoe 3Hadenne Bospacta 1o 10 usmepenusim (1ip.40) - 60446
MJIH JIET B TIpe/ieliaX OLIMOKM COBIAaeT C BO3PACTOM IOJIYUEHHBIM IO SKJIOTUTaM M OTpaXkaeT MeTaMopduueckoe coObl-
THE B YCJIOBUSIX BHICOKUX JJABJICHHH.

Ta6auna. ConepxaHue peIKkuX U PeIKO3EMENbHBIX JIEMEHTOB B IUPKOHE

Kowmrmo- Oxuorutsl (mpoda 4245) I'panatoBsle ampubomuts! (mpoda 40)

HEHTBI 1.1 4.1 5.1 8.1 2.1 2.2 3.1 5.1 5.2 7.1 8.1 8.2 9.1 9.2
La 1.00 2.72 1.47 1.06 0.08 0.08 0.10 0.10 0.11 0.17 0.12 0.07 0.07 0.19
Ce 41.89 6.47 3.61 10.21 0.75 0.68 0.76 0.76 0.63 0.86 0.77 0.54 0.59 0.63
Pr 0.42 0.73 0.25 0.23 0.03 0.01 0.01 0.03 0.03 0.04 0.02 0.04 0.02 0.04
Nd 1.87 3.59 1.50 1.20 0.34 0.24 0.25 0.46 0.49 0.86 0.38 0.43 0.27 0.72
Sm 1.77 1.31 0.44 0.19 0.75 0.14 0.38 0.96 0.20 0.88 0.41 0.31 041 0.36
Eu 0.23 0.72 0.22 0.04 043 0.05 0.16 048 0.08 0.38 0.07 0.08 0.24 0.29
Gd 8.73 4.79 2.06 0.46 4.30 1.00 2.13 5.21 1.37 3.72 1.51 0.89 2.15 3.17
Dy 39.05 11.28 5.83 6.16 10.60 5.50 4.19 11.28 6.35 8.21 3.20 3.38 6.26 13.55
Er 100.24 10.50 5.86 20.56 | 1824 | 15.08 4.35 1346 | 13.56 8.31 3.56 9.75 1195 | 32.01
Yb 227.88 19.81 12.18 | 41.51 | 2613 | 3248 8.26 23.18 | 36.15 | 1481 5.22 27.11 | 22.64 | 63.27
Lu 37.95 3.64 1.91 7.90 4.69 531 0.73 2.80 6.35 2.04 0.82 5.05 3.54 9.09
Li 0.35 2.94 2.04 0.84 1.01 0.37 0.80 1.41 1.50 244 1.51 0.13 0.99 1.56
Ca 35.08 1073.20 | 192.41 | 140622 | 1.82 2.99 1.11 1.94 3.12 | 283.66 | 2.79 2.26 2.16 9.16
Ti 38.58 1224.10 | 81.87 | 955.88 | 2.54 191 1.76 2.04 197 | 37482 | 2.14 3.22 1.59 3.26
Sr 1.21 4.13 2.07 1.63 0.72 0.72 0.80 0.83 0.68 1.14 0.77 0.79 0.69 0.71
Y 606.34 | 100.74 | 50.54 | 128.17 | 143.59 | 89.83 | 44.07 | 13197 | 8749 | 83.54 | 3272 | 5433 | 97.59 | 238.84
Nb 81.70 23.51 2434 843 18.50 8.88 3.36 3.02 8.64 8.25 28.79 | 16.34 8.10 833
Ba 5.27 6.52 24.52 4.56 0.54 1.81 0.81 0.73 1.40 2.39 1.10 1.26 0.90 2.10
Hf 7217.93 | 7393.92 | 7147.41 | 7252.39 | 7814.26 | 6079.26 | 6422.66 | 7512.43 | 6458.99 | 6375.93 | 7456.74 | 6756.06 | 6305.28 | 6597.48
Th 58.55 2.51 1.54 0.44 2.00 1.68 1.85 1.97 1.30 245 2.02 1.43 1.29 1.43
U 126.65 90.07 | 11420 | 1.52 | 116.84 | 22.56 | 12195 | 101.61 | 46.94 | 75.65 | 106.07 | 1648 | 59.66 | 38.66
Th/U 0.46 0.03 0.01 0.29 0.02 0.07 0.02 0.02 0.03 0.03 0.02 0.09 0.02 0.04
Ce/Ce’ 15.6 1.1 14 5.0 4.0 4.9 5.1 33 2.7 2.5 3.8 24 42 1.7
Lun/Gdy 352 6.2 7.5 140 8.8 43.1 2.8 4.4 37.6 4.4 4.4 45.7 133 23.2
Smy/Lay 2.8 0.8 0.5 0.3 159 3.0 5.9 153 2.9 8.3 5.1 7.6 94 3.1
Eu/Eu* 0.2 0.9 0.7 0.4 0.7 0.4 0.6 0.7 0.5 0.6 0.3 0.4 0.8 0.8
~REE 461 66 35 90 66 61 21 59 65 40 16 48 48 123

The Baltyrgan subduction eclogite-amphibolite metamorphic complex has been identified on the left bank of the
River Chuya in the Biysk-Katun sector of the Kuznetsk-Alatau suture zone, where it builds up several tectonic slabs,
lenses and blocks of eclogite-bearing garnet amphibolites, glaucophane-amphibole stilpnomelane schists associated with
the ultramafic rocks of the Chaganuzun massif and the metabasalts of the Arydzhan and Balkhash complexes [1]. Pre-
dominant garnet amphibolites are typomorphic for the Baltyrgan complex. Eclogites form small inclusions or intercala-
tions in garnet amphibolites at the northeastern exocontact of the Chaganuzun hyperbasic massif.

Eclogites (sample 4245) are characterized by the association Grt+Omp+Bar+Ep+Q+Rt.

Garnet amphibolites (sample 40) have the type association Grt+Bar+Ep+Ttn and contain minor quantities of
quartz, albite, phengite, rutile, winchite and chlorite. Eclogites and possibly garnet amphibolites were produced at a
pressure of 13.0+20.0 kbar and a temperature of 590+660°C [4].

The age of eclogites, dated by the Ar-Ar method from amphibole [3], was estimated at 627+5 +~ 636+10 Ma.
To more accurately determine the age of the eclogite-amphibolite complex, zircons from the main varieties of its rock
constituents were dated.

Characteristics of zircon and the results of age dating. Four colourless transparent zircon grains, differing in the
degree of recrystallization under eclogite-facies conditions, were revealed in eclogites. The largest zircon grain with dis-
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turbed magmatic zonation and a core (Fig.1a) has an age of 1652 Ma and presumably reflects the Late Karelian-Early
Riphean age of the protolith rocks of eclogite. It is characterized by magmatic Th/U = 0.46, high REE concentration (XREE
=461 ppm), positive Ce anomaly (Ce/Ce* = 15.6) and negative Eu anomaly (Eu/Eu* = 0.2).

Smaller fragments with relics of sectoral zonation exhibit a heterogeneous structure with a crystallization rim along
the periphery. They have low REE concentrations (XREE = 35+90 ppm, Th/U = 0.01+0.03, Th 1+2 ppm, Ce/Ce* = 1.1-5.0,
Eu/Eu* = 0.4-0.9) typical of metamorphogenetic zircon. They are depleted in HREE with a relatively “flat” distribution
pattern (Fig.1a). Hf concentration of 7147+7393 ppm in both magmatic and metamorphogenetic zircon is commonly stable,
indicating that they are basic rocks. Low, unstable (50+128 ppm) Y concentration is probably due to the varying degree of
zircon recrystallization. The authors understand low-REE zircons as having been produced by eclogite-facies metamor-
phism dated from three measurements at 619+13 Ma (MSWD = 0.034, probability 0.85). The age obtained could have been
overestimated because of the presence of a relict.

One type of zircon occurs in garnet amphibolites. Pinkish, transparent, elongate-prismatic idiomorphic crystals,
80+250 pum in length, Ky = 2.0+3.0, prevail. In a cathodoluminescence image, they consist of cores with traces of sectoral
zonation and homogeneous shells with the brightest glow in cathodoluminescence. Low Th/U values of 0.01+0.07 and
>REE of 16+66 ppm (Table) suggest their metamorphic origin. They are more depleted in LREE (XLREE = 1+2 ppm) than
zircon from eclogites (XLREE = 7+14 ppm) and are similar in HREE concentration (28+50 ppm and 14+64 ppm, respec-
tively). They contain 1-2 ppm Th and 44+143 ppm Y. Some portions of crystals (points 2.1, 3.1, 5.1, 7.1 and 8.1, Table)
have the lowest Lu/Gd (2.8+4.4) and high Eu/Eu* of 0.7 typical of HP-zircon. Therefore, the cores and light rims of zircon
can be interpreted as the result of the recrystallization of granulite zircon during eclogite-facies metamorphism. Zircons
from garnet amphibolites are consistent in REE distribution spectra and yttrium and thorium concentrations (Fig. 16) with
zircons produced by UHP-HP metamorphism [2, 5]. The concordant age value 604+6 Ma, estimated within the error from
10 measurements (sample 40), coincides with the age obtained for eclogites and is indicative of a high-pressure metamor-
phic event.
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B cBs3M ¢ MaseOTEKTOHNYECKUMH PEKOHCTPYKIHMSMHU U TEKTOHHYECKUM PaliOHMPOBAHHEM paHHEIOKEMOpHIA-
ckoit kopsr BEK oco0pIit mHTEpec MpecTaBIsAIoT Mosica BEICOKoMeTaMopdr3oBaHHEIX opos B benapycu, [lonpme u
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[Mpubantuke. B HepaBamx myoOmukanwsx [1 u cceutkn], M.B. MuHI otHec ux k enuHoMy «Jlammranncko-CpemHepyc-
cko-FOxHONIpHOaNTHIiCKOMY» BHYTPHUKOHTHHEHTAJILHOMY KOJUIM3HOHHOMY OporeHy Bo3pacta 1.93-1.7 mupn. jer.
[To HamemMy MHEHHIO, BBIIEIIEHHE 3TOTO I10sICa HE COOTBETCTBYET (PAaKTUUECKUM JaHHBIM 0 Bo3pacte U PT sBomronnu
TPaHyJIUTOB U JPYTUX BBICOKOTPaIHEHTHBIX Mopo Ha 3anane BEK.

Uro KacaeTcst meppeunos u Memamoppuueckux nosacos 6 pynoamenme medxncoy bBanmuvickum u Yepaunckum
wumamy, TO MHOTUMH HCCIICAOBAHMSIMU OBUIM JOKa3aHbI MaJICONPOTEPO30HCKIHA BO3PACT M IOBEHIIBHBINH COCTAB
kopsl B [Ipubantuiicko-bemapycckom permnone, kak mpsimoe npogospkeHne CBekoheHHCKOTo noMeHa OUHITHINN
u lIBenuu, T. e. npuHamiexkHOCTh DeHHOCKaHANNCKOMY JuTOochepHoMy cermenty (DPennockanaun) BEK [2;3].
OTUMH HCClIeI0BaHUSIMU OblUIa TaKke ycraHoBieHa LlenTpanbHo-benapycckas cyrypHas 30Ha, pasaensiomas Oen-
HockaHauio U CapMatuio.

Archaean:
@ Fredominantly 3.7-28 Ga
@ Predominantly 3.0-27 Ga

Proterozoic:

@® 22-21Gaorogenicbelts

2.0-1.95 Ga Osnitsk-Mikashevichi
Igneous Belt, a) middle- and
- 2 Jower crustal fragments of the Belt

@ 1.90-1.85 Gaorogenic belts,
a) 2.0 Ga terranes involved
O @ in the 1.9 Ga orogeny

1.85-1.80 Ga orogenic belts

! &5  1.75 Ga orogenic belts

‘@2 1.7-16 Gaorogenic belts

D 1.2-1.0 Ga orogenic belts

1.81-1.67 Ga Transscandinavian
Ignecus Belt

a AMCG- and related rocks:

Ukraininn Shisid

a) 1.80-1.74 Ga,
b b)1.85-1.40 Ga

—_— Major terrane boundaries
—  Major fault/shear zones

Granulites

Puc. 1. TexToHnueckoe pailoHHpOBaHHE paHHEIOKEMOPHUICKON KOpHI B 3amaaHoi yactd BocrouHo-EBporneiickoro kparona (1o
[2] ¢ nononHeHusMn).
Coxpamenns: CBSZ- Llentpansao-benopycckas cyrypras 30Ha, KP — Kopocrensckuii myron, LKO (Bpeska) — Jlanmanacko-Kombckuit opores;

LLDZ — Jlopraxammap-JIunuénusr 30Ha aedopmanuii; O-J - Ockapmxamu -Exuénunr nosc; PDDA - Ipunsrcko-/lnenpoBo-/{oHenKuii aBaako-
reH; PKZ — ITonouko-Kyp3semckas 3ona; WLG — 3anagHo-JIutoBckuii 1oMen.

Fig. 1. Tectonic subdivisions of the crystalline crust in the western part of the East European Craton (modified after [2]).

Abbreviations are: CBSZ — the Central Belarus Suture zone, KP — Korosten Pluton, LKO (in inset) - Lapland-Kola orogen, LLDZ - Loftahammar-
Linkoping deformation zone, O-J -Oskarshamn-Enkoping belt, PDDA — Pripyat-Dniepr-Donets Aulacogen, PKZ — Polotsk-Kurzeme zone, WLG —
West Lithuanian domain.

I'panynutel ®ennockanuu B [Ipubantuiicko-benapycckoM pernoHe CliaratoT CEpHIO TOSICOB, MEPEMEKAFOIIMXCS C
nosicamu opoJ; ampuodonToBol (armu (puc. 1). OHM y4acTBYIOT B CTPOSHUM CPEIHEN M HIDKHEH KOPbI TEPPEHHOB paz-
maHoro Bozpacta: 2.0-1.90 mipa. ner (OxonoBo-PynpMmsiHckuit Teppeiin), 1.89-1.85 mupn. ner (JIutoBcko-benapycckuid,
IOxH0-OctoHckmii n CeBepo-OctoHckuid Teppeiinsl), 1.84-1.82 mupa. ner (Iomscko-JIuToBekuii Teppeiin). @opmuposa-
HHE TeppeHHOB OBLIO MHOTOCT3/IMHHBIM B TEYEHHE JIOKAIBHBIX aKKPELMOHHBIX COOBITHIA CXKATHSl W PACTSDKEHUS, TaKkKe
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Kak 1 Bo BceM CBeKO(EHHCKOM JIoMeHe. TaM Ipe/nosaraeTcsi HECKOJIBKO TaKMX OPOT€HHBIX COOBITHH JI0 TJIaBHOM KOJUIH-
3n0HHOM oporeHnu Mexay 1.82 u 1.80 mpn. sier (cp. Lahtinen et al. 2005). 3ToT nocnennuii eprox coBnagaer ¢ oopazo-
BaHUEM MAJIEONPOTEPO30HcKoro cynepkonTrHeHTa KomymOus/Hyna, n ¢ HadansHOl crajuell kocoi kommsun deHHo-
ckanauu ¥ Bonro-Capmarnm, npusentiei k gopmuposannio EEC kak eauroro nenoro. CTpyKTypHasi OpraHu3aiust mpH-
OaNTHITCKO-0eTIapyCCKUX TOSICOB W COTIOJYMHCHHOCTH 30HE COWICHEHHMS STUX CErMEHTOB (pHcC. 1) YKa3bIBalOT HA KOJUIH-
3WIO B YCJIOBHSIX NPABOCTOPOHHETO caBura. Meramopduueckre IMpKOH, MOHAIUT U aM(pHuOO0II TPaHyIIUTOB, OJIACTOMHIIIO-
HHTOB U3 Pa3JeAOIINX TPUOANTHICKO-0eIapycCKre Mosica pa3IoMOB, a TAKKE BO3PACT aCCOLMMUPYIOIINX HHTPY3HH AaT-
PYIOT «IIOSICOBYIO)» CTPYKTYpPY KaK CIOKHBIIyIOcst oKoito 1.8-1.7 mmpz. net. OHa akTHBH3HUPOBAach BILIOTH 10 1.53 mupa.
JIET B CBSI3M C TOTCKOM U IaHOTIOJIOHCKOM oporeHusiMy Ha roro-3amazae BEK [4].

I panynumol npubanmuiicko-benapycckux nosicog ObLM 00pa3oBaHbI MPH Pa3IUYHBIX TEKTOHO-TEPMAIbHBIX PEKUMAX.
I'muHOo3emMuMCTBIE MeTaocaI04YHble, KabIHI-coiepKalliie METaByJIKaHOTeHHbIe U Majuueckre TpaHyiiThl OKOJIOBCKOTO U
Benapyccko-Tlomsicckoro mosica, BKitodast PyapMsHCKuMI mosic, 3aMKCHpOBaIN MPOTPECCUBHYIO CTaaMI0 MeTaMophH3Ma,
BBIPOKEHHYIO B TIepexosie oT aMmdubonToBoi ¢armu k rpanyiuroBoi ¢ PT mapamerpamu ot 725°C mpu 8 — 8.5 xbap 1o
840°C npu 10-10.5 x6ap [2]. [Ipu 5T0M NMKOBBIE 3HA4EHHS OBUTN JOCTUTHYTHI B pasHoe Bpemst okoso 1.9 u 1.79 mnpn. ner, a
PETpOorpatHble TPEHABI B OONBIIMHCTBE CITy4aeB OCJIOKHEHBI CTYTICHSIMH TOBBIIIICHHS TEMIIEPATYPhl 1 H300apHIECKIM OXJIa-
JKIICHIEM 32 CYeT MArMaTUYeCKOM aKTHBHOCTH B ITepriop! okoio 1.8, 1.7 u 1.6-1.5 mupm. net (puc. 2).
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10  Calc-alkaline magmatism Bimodal magmatism
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o \ / ) 30 Puc. 2. CpaBuenue PT BpeMeHHBIX TpeH-
g 8 1876 1 Peak metamorphism g noB MeTamopdusMa Iopoj bemapyccko-
o S I at1.79 Ga -gt Tommsicckoro mosica u JlamiaHackoro rpa-
2 6 BPG interior .,' BPG margin = HyJuTOBOrO mosca [5]. s mocieaHero
@ - N 20 3 noka3ansl PT TpeHabl BEpXHUX M HUXKHHUX
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{4 Granite intrusions Fig. 2. Comparison of PTt paths of meta-

‘*"'f._ ca. 1.6-1.5 Ga 10 morphism in the Belarus-Podlasie granulite

2 4 belt and in the Lapland granulite belt [5].
PT paths of the upper and lower parts of

the latter belt are shown; the whole evolu-

=~ —— 200 3100 tion took place between 1910 and 1886

Temperature (°C) Ma.

310 0cO0EHHO XapaKTEpHO AJIS TPAaHYJIUTOBBIX KOMIUIEKCOB 3amaaHoi JInTBeI [4], Torga Kak 3CTOHCKHE Tpa-
HymuTel (800°C mpu 5-6 x6ap) BBIIENAIOTCS SIPKO BBIPAKCHHBIM HM300apHdecKUMH TpeHnamu Mmexnay 1.85 m 1.73
miIp. et [3].

B atom cwmebicie, Meramopduueckas 3BOJIOIMS TPUOAITUIICKO-0eNapyCCKUX U JIATUIAHJCKUX TPaHYJIUTOBBIX
KOMILJIEKCOB [5] paziuuanach CylIeCTBEHHO:

1. 'panynuTsl nmpubantuiicko-6enapycckux nosicoB opmupoBaick MHorocraauitao (1.9; 1.85 u 1.80 mupn
JIeT) KaK B TeYCHUE aKKPELIMOHHOI OPOT'€HUH, TaK U B CBSI3U INIaBHOM Komum3ueit okono 1.82—1.80 mupa. net. Mexny
1.7 u 1.5 mupa. ner oOpa3oBaHKe rpaHyJIMTOB MOBBIIICHHBIX T/P MpoOHCXOauMiIo B acCOLMAM ¢ HHTCHCUBHBIM Mar-
MaTH3MOM BHYTpH JOJITO-XHMBYIIEH FOT0-3araj Hol (B COBPEMEHHBIX KOOPAMHATAX) aKTUBHON KOHTHHEHTAJILHOM OK-
paunnsl BEK. IIpuMedaTensHo, 9TO HACTOSIINE SKJIOTHTHI 10 CUX TTOp HE ObIIIM HaWAEHBI B BCEM PETHOHE.

2. B omnmume oT HUX, JOBOJIBHO KOpoTKo-xkuBymui (1.93-1.88 mupn. sner) Jlammanacko-Konbckwii oporexn
BO3HHK B PE3YyJIbTaTe CTOJKHOBEHUS KOJIBCKUX M OETOMOPCKO-KapEIbCKUX apXeHCKNX OJIOKOB M PaHHETIPOTEPO30H-
ckux nosicoB GeHHocKaHuu ¢ 610kamu JlaBpenTnnu u ['peHIanann Ha paHHUX CTaAMsAX 0Opa3oBaHUs CYNEPKOHTH-
HeHTa KomymOus. ["paHyIUTHI 3TOTO OporeHa xapakTepu3yroTcsa nzorepmudeckumu PT Tpernamu (mpoTuB u 1o 4a-
COBOM CTPEJIKE) B COOTBETCTBUH C 3BOJIOINEH THIINYHBIX HOKPOBHO-HAIBUTOBBIX OPOTEHOB.

Takum 00pa3oM, Mbl HE BUIMM NPHYMH IJIsI OOBEJUHEHUS IPUOANTHIHCKO-0enapyccKux nosicoB ¢ Jlaruanacko-
KonbckuM oporeHoM B eIMHBIN MHTPAKPaTOHHBIN KOJTM3MOHHBIN Nosc, okpyskaromuii Kapensckuii kpatoH u CBeko-
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(deruckmit tomeH. CyIIECTBYET TakKe JOCTATOYHO JAHHBIX MO3BOJITIONIMX YTBEP:KAaTh, uTo Jlammanncko-Koibckuit
OpOTeH «OOpBIBacTCs» HAa KpaifHEeM FOro-BocToke DeHHOCKAaHAWYU 30HON Kowum3nu Mexay DerHockanaueir u Bomro-
Capmarueit ¢ nepekpoiBaroliuM ee CpelHEpyCCKUM aBIaKOreHoOM Bo3pacta okoso 1.0 mupa. ser. Jlamnanacko-Konb-
CKHI1 OpOTeH, Cy/sl TI0 BCEMy, He TIPOJOIDKAETCS Ha F0r0-3amajl, OJJHAKO €r0 COPBAHHBIC M CMEIICHHEIE (pparMeHThl MO-
TYT PUCYTCTBOBaTh BHYTpH CpenHepyCCKOTro KOITM3UOHHOTO mosica Bo3pacta 1.8-1.7 mupa. jer.

Belts of high-grade rocks in the crystalline basement of the Baltic States, Belarus and Poland are of particular
interest with regard to geodynamic reconstructions and the tectonic subdivision of the early Precambrian crust in the
East European Craton (EEC). In recent publications [1 and other named therein], M. V. Mints refers all of them to a
single 1.93-1.7 Ga continuous “Lapland-Central Russian- South Baltic” intracontinental collisional orogen. As we
discuss below, the proposal of such a belt, however, disagrees with the available age- and PT- data of the granulites
and other high-grade rocks in the western part of the EEC.

As far as the terranes and metamorphic belts in the region between the Baltic and Ukrainian Shield are con-
cerned, much research has by now proved a Paleoproterozoic age and juvenile origin of that crust, and its direct con-
tinuation into the Svecofennian domain of Finland and Sweden. Thus it clearly belongs to the Fennoscandia litho-
spheric segment of the EEC [2, 3]. Recent EUROBRIDGE work has also demonstrated the existence of the Central
Belarus Suture Zone that separates Fennoscandia from Sarmatia.

The Fennoscandian granulites in the Baltic-Belarus region form several belts alternating with belts of amphi-
bolite facies rocks (Fig. 1). They compose the middle and lower crust in the Paleoproterozoic terranes of different
ages. These are: the 2.0-1.90 Ga (Okolovo (-Rudma) terrane, the 1.89-1.85 Ga the Lithuanian-Belarus, North- and
South Estonian terranes, and the 1.84-1.82 Ga Polish-Lithuanian terrane. The development of all these terranes com-
prised a number of accretionary compressional and extensional events like in the Svecofennian domain, where there
were several orogenic stages prior to the major collisional orogeny at 1.82-1.80 Ga (cf. Lahtinen et al. 2005). The
latter period coincides with the final assembly of the Paleoproterozoic Columbia/Nuna supercontinent and with the
initial stage of the oblique collision between Fennoscandia and Volgo-Sarmatia, which formed the EEC as an entity.
The arrangement of the arc-like Baltic-Belarus belts along the suture zone between these segments indicates their
development during dextral movements.

The ages of metamorphic zircon, monazite and amphibole from intrusions, granulites and mylonites along the
deformation zones separating the various Baltic-Belarus belts date their final formation to between 1.8 and 1.7 Ga.
Later structural complications at 1.7-1.5 Ga were related to the Gothian and Danopolonian orogenies in the south-
western EEC [4].

The granulites of the Baltic-Belarus belts were formed in different tectonothermal regimes. High-Al meta-
sedimentary, Ca-bearing metavolcanic and mafic granulites from the Okolovo-Rudma and Belarus-Podlasie belts
have recorded prograde stages of metamorphism from amphibolite to granulite facies at 725°C and 8 — 8.5 xbar up to
840°C and 10-10.5 xbar [2]. The peak values were reached at different times at 1.9 and 1.79 Ga, and the retrograde
paths went through several stages of increasing temperatures and steps of isobaric cooling due to magmatic activity at
1.8, 1.7 and 1.6-1.5 Ga (Fig. 2). Such multistage retrograde development affected particularly the granulites in west-
ern Lithuania [4], while the Estonian granulites with peak limits of 8000 C at 5-6 kbar differ from the others by their
strictly isobaric retrograde evolution between 1.85 and 1.73 Ga [3].

In this manner, the metamorphic evolution of the Baltic-Belarus high-grade rocks differed markedly from that
of the Lapland Granulite belt [5]. In particular:

1. The rocks of the Baltic-Belarus belts reached granulite facies conditions at ca. 1.9; 1.85 and 1.80 Ga during
various accretionary tectonothermal events and, finally, during the 1.82-1.80 Ga major collisional orogeny. Later, at
ca.1.7 and 1.5 Ga, high-T/P granulites were formed during the periods of intense magmatism within the long-lived active
continental margin of the presently southwestern EEC. Notably, no real eclogites have been found in the entire region.

2. Under very different conditions, the rather short-lived (1.93-1.88 Ga) Lapland-Kola collisional orogen in NE
Fennoscandia was initiated by collision of the Archean Karelian-Belomorian and Kola microcontinents and the Paleopro-
terozoic belts of Fennoscandia, with continental blocks of Laurentia and Greenland. This happened during the earliest
(NENA) stage of the Columbia amalgamation. The granulites of this orogen feature isothermal clockwise and counter-
clockwise PT trends typical of the evolution of fold-and-thrust belts. The collisional and postcollisional fault zones of the
Lapland-Kola orogen were later involved into deformation along with the EEC formation between 1.8 and 1.7 Ga.

In summary, we cannot see any reason to accept the proposal of a previously unknown intracratonic collisional
belt, which encircles the Karelian craton and includes the Baltic-Belarus part of the Svecofennian domain. Moreover,
there exists ample evidence to suggest that the Lapland-Kola orogen terminates in southeasternmost Fennoscandia at
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the edge of the 1.8-1.7 Ga collisional suture zone between Fennoscandia and Volgo-Sarmatia, which subsequently
became the site of the ca. 1.0 Ga Central Russian aulacogen. Thus, the Lapland-Kola orogen does not continue to the
southwest. However, its detached and displaced fragments can well be present within the Central Russian suture zone.

This is a contribution to the project “Precambrian rock provinces and active tectonic boundaries across the
Baltic Sea and in adjacent areas” of the Visby Programme (the Swedish Institute).
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PALEOTECTONIC ANALYSIS
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Bricokobapuueckue rpanynuto-rHericoBbie nosica (BBI'TTI) — mpotskeHHbIe 30HbBI, CII0KEHHBIE BRICOKOOApH-
YECKUMH TTOJMINUKINIECKUMH KOMIUIEKCAaMH TPaHYJIMTOBOH M BBICOKOW CTereHH aM(prOO0IMTOBOM (ariu, co 3HAUH-
TEJIFHBIM Y4acTHEM IepepaboTaHHbBIX IOpPOJI, 00JaJaroNie CI0KHOI MOKPOBHO-HAIBUTOBOH CTPYKTYPOH M IPOSIB-
JISIIOIIKE B T€UEHUE BCEH CBOEH 3BOJIFOLIUYU B TOM WJIM UHOM BHJIE SHIOT€HHYIO aKTUBHOCTD.

B crpoennn BBITTI nmpuHMMAaOT ydacTue MPEUMYILECTBEHHO THEMCHI KBAapL-NOJIEBOLINATOBOIO COCTaBa U
ampubomnTel. CynpaxkpycTaabHbIE TIOPO/IBI IIPEJICTABICHBI, B OCHOBHOM, METAKJIACTUTAMH U METAIICIUTAMH C TIOAIH-
HEHHBIM KOJMYECTBOM JIPYTUX OCAJOYHBIX M BYJKaHHIECKUX HOPOA. XapaKTepHO MPUCYTCTBHE PACCIOCHHBIX OCHOB-
HBIX MHTPY3HUii, aHOPTO3UTOB, YAPHOKHUTOB U TPaHUTONIOB. [10 Bo3pacTy mocieaHero rpaHyIuTOBOrO MeTaMophu3mMa
BBIICNIAIOTCS  apXxeiicko- maneonporepo3oiickue (JIummomo, JDxyrmkypo-CranoBoii, bemomopcko-Jlanmmannckui,
TpancceBepokuTaiickuii U Ap.), Me3onporepo3oiickue (Boctouno-TI'arckuit, I'penBunbckuii, Hamakpaiickuii, Mac-
rpeiiB-Ondenu dpezep, CBEKOHOPBEKCKHIA U JIp.), HeompoTepo3oiickue (Mo3amOukckuii, Pubeiipa, Jlupuiicko-Hure-
pwuiickuii u np.), dpaneposoiickue (MonganyOukym u zip.).

PaccmaTpuBaemMble rpaHy/IMTOBbIE MOSICA NMPEACTABISIOT c000H HHAMKATOPHI MAJIEOre0AMHAMHYECKHUX
00CTAaHOBOK HapaBHe ¢ O(HMOIUTOBBLIMH CYTYpaMH, CyOQYKIMOHHBIMH M KOJIJIM3MOHHBIMH MarMaTHTaMH H
JAPYTHMMH CTPYKTYPHO-BEIeCTBEHHBIMH JIMTOT€OAHHAMHYCCKUMH KOMILIEKCAMH. DTO CIeLyeT U3 UX TEeKTOHH-
YeCKOW NPUPO/Ibl, YCTAaHABINBAEMOW Ha OCHOBAaHUU CTPYKTYPHBIX JaHHBIX M PE3YJIbTATOB (PU3MKO- MATEMaTHIECKOTO
MOJIETTUPOBAHMS.

Bricokobapudeckne rpaHyIUThl JaHHBIX MOSICOB (POPMHUPYIOTCS B PE3yJIbTaTe KPAaTKOBPEMEHHBIX TEKTOHHYE-
CKMX COOBITHI M Pa3BUTHA OJHOAKTHOTO MeTaMop(u3Ma B KOMIIPECCHOHHOM CHHKHHEMATHIECKOM PEXHUME TIPH JaB-
neHusix ot 8 10 15 x6ap u Beime u remneparypax ot 700 mo 950 rpagycos Llenscns, ¢ XxapakTepHBIMU OYTH U30TEP-
MaJIbHBIMH AeKOMIIpecCHOHHBIMU PT TpeHmamu 1o 4acoBoii cTperke, NPHHAUISKAIMM KOMIIEKCaM C(hOpMHUPOBaH-
HBIM B pE3YyJIbTATC TCKTOHUYCCKOI'O MEPECYTOMICHUA KOPHI.
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B nacrosimee Bpems s o0pasoBanus BEI'TTI moutn oOmenpuHsITON SBISIETCS KOJUIM3HOHHAS MOJICIb TUMa-
naiickoro tuna. OHa mpejnonaraeT TEKTOHUYECKOE CKYyYMBAaHUE U MEPEyTONIEHUE KOPBI BIUIOTh 10 CABAMBAHUS €€
MOIIIHOCTH B XO/i¢ KOHTUHEHTAIbHON KOJUTM3HMH, COIPOBOJKAAIOIIEEeCs IPaHyINTOBBIM METAMOP(QHU3MOM C TIOCIIEYI0-
el OTHOCHUTENBFHO OBICTPOM 3KCTYMAIMel TPaHyJIHUTOB, B YCIOBUSX YTOHEHHUS KOPHI 32 CUCT SPO3UHM U TCKTOHHYE-
CKOH AeHynmanuu. YKa3aHHas MOJEh COTJIACYETCs ¢ KOJUIM3MOHHBIM XapaKTepOM BHYTPEHHEW CTPYKTYpHI TpaHyIIH-
TOBBIX TIOSICOB, MPEACTABIIIONICH OOBIYHO HATPOMOXKACHHE TEKTOHHMYECKUX MOKPOBOB. OHA JTOCTaTOYHO MOJHO HC-
CJIeJOBaHA TEOPETUUECKHU C MCIIONBb30BAaHIEM OJHOMEPHOTO U IBYXMEPHOTO (PH3MKO-MaTEeMaTHIECKOTO MOICIHPOBa-
HUS U pacdeTa TeopeTrndeckux P7 TpeHI0B 3BOIIONHN TIopox [2, 3].

Takum o0pa3om, AaHHBIE MOsICA SBIIAIOTCS MHAWKATOPaAMHM MEKKOHTHHEHTANbHBIX KOJIN3UM. Mcnons3oBanue
BBITTI B maneoTeKTOHMYECKOM aHalIM3e MOXKET OBITh CTOJIb K€ MPOIYKTUBHBIM KaK ¥ OOpalieHue K APYruM CTPYK-
TYpPHO-BEIIECTBEHHBIM KOMIUIEKCAM—HHANKATOPaM re0IMHAMUYECKIX 00CTaHOBOK.

Tak, m3yuenne BBITTI oOHapykuBaeT BaKHbIE YEPThl YHACJIEJAOBAHHOCTH B XOJI€ TJIOOAIBHBIX TEKTOHHYE-
ckux mporeccoB. Kak nmpaBuiio, B mpejenax 0JHOrO Mosica OTMEYAeTCsl MPUCYTCTBUE HECKOIBKUX Pa3HOBO3PACTHBIX
TPaHYJIMTOBBIX KOMIUIEKCOB. [0 JaHHBIM pa3HBIX aBTOPOB, YbH MMEHA NMPUBOJATCS B JIOKJIaJe, B ATIaHTHYECKOM
mosice FOxHON AMEpHKH TpaHyTUTOBBI MeTaMop(hu3M (UKCUpyeTcs Ha YpoBHIX okoio 2900 miH ner, 2600 miH
net u 2000 muH 1et; B mosgce JIummomno—3 100 min iet, 2600 miu et u 2000 MiaH et; B Mo3aMOukckoM mosice—2600
MiH 1et, 2000 v net, 1000 muH et u 650 muH et; mosce Pubeiipa—2000 vra net u 600 mitH 1et; B TpaHcceBepo-
kuTaiickoM mosice—2500 maH aet u 1850 min set; B Bocrouno-I'atckom mosice—3000 man jget 1650 mau ger 1000
MiH JeT ¥ 600 miH net; B ['perBunbckoM—2600 mta et 1650 ma aet 1000 miH net u maneosoe; B mosice Moa—
1000 mua et u 535 muH net; B benmomopceko-Jlammanackom—2600 muma net, 2400 muH et u 1950 mumH net; B mosice
HamakBa-Haranp-1850 mun net, 1400 mun get u 1000 min set; B Jbxyrmkypo-CranoBoM mosice— 2850 MIH Jer,
2600 muH net u 1900 miH net; B nosice Apanra — MacrpeiiB— 1745 mua et 1160 miH et u 550 mun net; B Kame-
pyHckoM nosice—2900 mutH set, 2050 mutH et u 600 MutH seT; B eBpomneiickux Bapuciuaax—200 muH net, 600 MiH Jet
u 340 mun net. Mcxons u3 BelmeykazaHHoi npupoast BBI'TTI, MOXHO IpearnonoKuTh, YTO TaKUE MOsICa UCIBIThIBA-
JI1 HEOAHOKPATHBIE MEXKKOHTHUHEHTAIIbHBIE KOJUIM3HY, a CIIEA0BAaTENbHO U MPEIIECTBYIONINE UM OKEAaHUYECKHUE pac-
KpBITHS, T.€. B KaXIOM U3 HUX UMEJI0 MECTO MPOSIBICHUE HECKOJNbKUX LUKI0OB Bunbcona. Mubimu ciaoBamu, BBI'TTI
SIBISUTHCH apeHaMH HEOJHOKPATHOTO PACKPBITHS M 3aKPBITHS MOJIOJBIX OKEaHOB B CTHJIC aKKOPACOHHON TEKTOHHUKH
(1). Bmecte ¢ TeM, B 1F000M KOHKPETHOM IOSICE STOT MPOIECC He OBUT HETIPEPBIBHBIM, STAIlbl TPAaHYJIATOBOTO METa-
Mopdu3Ma 3/1eCh YePEAOBATUCH C ATANIAMHU €TI0 OTCYTCTBHS.

CymecTtBeHHYI0 poib npuobperaet uccnenoanue BBITTI ans pemenust mpobieM CynmepKOHTHHEHTOB H CY-
MEPKOHTHHEHTATBHON MUKIMIHOCTH. ECTh OCHOBAaHMWS CBA3BIBATH MEPUOIMYECKOE MPOSBICHUE TEKTOHUYECKOH ak-
TUBHOCTH B 3THX MOACaX C CYNEPKOHTHHEHTAIBHBIMU LIUKJIAMH, YUUTHIBas MPOCTPAHCTBEHHYIO IPUYPOUEHHOCTh UX
K KpasiM COBPEMEHHBIX MOJIOJIBIX OKCaHOB, BO3HUKIIIMX B pe3yJbTare pacrnaja [laHreu, nosoxxeHne Ha MajJeopeKOHCT-
PYKIMAX CYNEPKOHTHHEHTOB a TaKKe NMPOJODKUTEIIBHOCTh HHTEPBAJIOB MEXKIY MPOSABICHUAMHU I'PaHYIMTOBOTO KOJ-
JIM3MOHHOT'O MeTaMop(u3Ma, OJIM3KOH K CyNepKOHTHHEHTAILHOMY LMKITy. Pacnan n cOopka cylepKOHTHHEHTOB, MO
BUJMMOMY MPOXOJWIX BJOJb IPAHYIUTOBO THEMCOBBIX MOSICOB U B MPOIUIOM, YUUTHIBAs MOKA3aHHYIO MPHYyPOYEH-
HOCTb K HUM LUKIOB Bunbcona. XapakrepHo, uro BBI'TTI, He BoBleUeHHbIE B OIIpeIeICHHOM CYNEPKOHTUHEHTANb-
HOM IIMKJIC B 3TH MPOIECCH M HE MCIBITABIINE TPAHYIUTOBBIA MeTaMOP(H3M, MPOSBIIINA CBOIO TEKTOHHYECKYIO aK-
TUBHOCTH B BHJIC KOHTHHEHTAJILHOTO PU(THHTA, TEKTOHO-TEPMAaIBHON MTepepabOTKH, BHYTPUILUIUTHBIX AeopMaIiii u
Marmatu3ma. Tak, B pudee Bmomb dactu bemomopcko-Jlammanmckoro mosica pa3BuBaiiack bemoMmopckas pudroBas
CHCTEMa, a B Iajeo3oe (GOopMHUpOBaNach IIEIOYHAS MarMaTHYecKas IMPOBHHINS; Hajeo3oiickue pudtel Kappy mpu-
ypodens! Kk nosicy Jlummono; /xyrmkypo-CTaHOBOI HOSIC MCIIBITAT ME3030MCKYI0 aKTUBH3AMIO | T.7. TakuMm obpa-
30M, 3TH TOsiCa SBISIOTCS MEPMAaHEHTHO-MOOWIBHBIMH, TIEPHOJNYECKH TPOSBIIASA B TCUCHHE BCEH CBOEH 3BONTIOLINU
Pa3HOTUIHYIO SHIOTEHHYIO aKTMBHOCTh. B pa3IMUHBIX CYyNEepKOHTHHEHTAIBHBIX IIUKJIAX ONpee/ieHHast 4acTh TaKUX
MOSICOB TpeIoNpeeNsiia pactaja u cOOpPKy CyHepKOHTHHEHTOB, TOT/a KaK Jpyrasi 4YacTh UCIIBIThIBala KOHTHHEHTANb-
HBI PU(TUHT, WM TEKTOHO-TEPMAIIBHYIO NEpPepabOTKy B BHE I'PAHUTOMIHOTO MarMaTtuima, peTporpagHoro Mera-
MopdH3Ma 1 HaJIO)KEHHBIX JIeOpMaIIHi.

CyniecTBOBaHHE TOAOOHBIX YHACIIETOBAHHBIX MOJIHMIUKINYECKUX TIOSICOB KaK CTPYKTYP KOHTPOJHUPYIOLINX
MIPOSIBJICHUS TUKJIOB BriThbcOHA B MCTOPHH 3eMITH, YKa3bIBaeT Ha YIMOPSAOUYCHHBIH XapakTep TII00aTBHOTO CTPYKTYP-
HOTO TIJIaHAa B paMKaX KOTOPOTO MPOTEKAIT IITUTHO—TEKTOHNYECKHE Tporiecchl. OHO MPOTUBOPEUUT MPEICTaBICHU-
sIM 0 OECHOPAIOYHON TepeTacoBKe (PParMeHTOB KOHTHHEHTAJIHFHON KOPHI B MPOIIECCE PACKPBITHH W 3aKPBITHH JIPEB-
HHUX OKEaHOB, NPH (HOPMUPOBAHUH U paciiajie CyNnepKOHTUHEHTOB.

VYkazaHHBIE TPUMEPHI HCCIEAOBAHHS BBICOKOOAPHUECKUX T'PAHYIMTO-THEHCOBBIX MOSCOB ITOKA3BIBAIOT IEp-
CHEKTHBHOCTH UX MCTIOIH30BAaHMUS B KAYECTBE HHCTPYMEHTA NaCOTEKTOHNIECKOT0 aHAIIN3A.
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High-pressure granulite-gneissic belts (HPGGB)—the extended zones composed of polycyclic high-pressure
metamorphic rocks formed at conditions from high- grade amphibolite to granulite facies with considerable participa-
tion of the reworked rocks, showing complex thrust structure and endogenic activity during all evolution.

Rocks of these belts are mainly represented by quartz + feldspar gneisses and amphibolites. Metaclastites and
metapelites are presented with the subordinated quantity of other sedimentary and volcanic rocks. Presence of layered
intrusions, charnokites, anorthosites and granitoides is characteristic as well. On age of the last granulite metamor-
phism Archean- Paleoproterozoic (Limpopo, Dzhugdzhuro-Stanovoj, Belomorsko-Lapland, Trans North China , etc),
Mezoproterozoic (East-Ghats, Grenvilian, Namaqua, Masgrave — Olbeny Frazer, Svekonorvegian, etc.), Neoprotero-
zoc (Mozambiquan, Ribejra, etc.) and Phanerozoic (Moldanubicum etc) belts are recognized. .

These belts could be considered as indicators of paleogeodynamic conditions on a level with ophiolite su-
tures, subduction and collisional igneous rocks, and others lithogeodynamic complexes. It follows from their
tectonic nature established on the basis of the structural data and results of physical- mathematical modelling.

High-pressure granulites of the given belts are formed as a result of short-term tectonic events and develop-
ment of one-act metamorphism in compressional syncollisional mode at pressure from 8 to 15 x6ap and above and
temperatures from 700 to 950°C, with characteristic clockwise near-isothermal decompressional PT paths, belonging
to complexes generated as a result of a tectonic thickening of a crust.

Now for formation of HPGGB the collisional model of the Himalayan type is almost universally accepted. It
assumes tectonic stacking and thickening of the Earth crust up to doubling of its thickness during a continental colli-
sion, accompanied by granulite metamorphism with the subsequent fast exhumation of granulites under conditions of
thinning of the crust due to erosion and tectonic denudation. This model conforms with a collisional character of in-
ternal structure of the granulite belts, representing usually a heap of tectonic nappes. It is enough investigated theo-
retically with use of one-dimensional and two-dimensional physical and mathematical modelling and calculation of
theoretical PT paths of rocks evolution [2,3].

Thus, the given belts are indicators of intercontinental collisions Their use for a paleotectonic analysis can be
so productive as well as operations with other indicators of geodynamic conditions.

So, studying of HPGGB finds out the important lines of inheritance during global tectonic processes. As a rule,
within one belt presence of several various—age granulite complexes is marked. According to the different authors
mentioned in the report, in the Atlantic belt of the South America high pressure granulite metamorphism is fixed at
levels about 2900 Ma, 2600 Ma and 2000 Ma; in the Limpopo belt -3100 Ma, 2600 Ma and 2000 Ma; in the Mozam-
biquan belt-2600 Ma, 2000 Ma, 1000 Ma and 650 Ma; in the Ribeira belt -2000 Ma and 600 Ma; in the Trans North
China belt-2500 Ma and 1850 Ma; in the East-Ghats belt-3000 Ma, 1650 Ma, 1000 Ma and 600 Ma; in the Grenvil-
lian belt-2600 Ma, 1650 Ma, 1000 Ma and Pz; in the belt of the Mod-1000 Ma and 535 Ma; in the Belomorsko-
Lapland belt-2600 Ma , 2400 Ma and 1950 Ma; in the Namaqua-Natal belt -1850 Ma, 1400 Ma and 1000 Ma; in the
Dzhugdzhuro-Stanovoy belt - 2850 Ma, 2600 Ma and 1900 Ma; in the Arunta — Masgrave belt - 1740 Ma, 1160 Ma
and 550 Ma; in the Camerunian belt-2900 Ma, 2050 Ma and 600 Ma; in European Variscides-2000 Ma, 600 Ma and
340 Ma. Proceeding from the above-stated nature of HPGGB, it is possible to assume that such belts underwent nu-
merous intercontinental collisions, and consequently oceanic openings preceded them as well, i.e. display of several
cycles of Wilson in each belt. In other words, HPGGB were arenas of numerous display of opening and closing of
young oceans in style of accordion tectonics (1). At the same time, this process was not continous in the each individ-
ual belt where epochs of granulite metamorphism alternated with epochs of its absence. .

The belts under consideration have increased in importance with for research of supercontinents and supercon-
tinental cyclicity. There are bases to connect periodic display of tectonic activity in these belts with supercontinental
cycles, considering spatial location of these belts to edges of young oceans formed as a result of the break up of the
Pangea, their position on reconstructions of supercontinents and also duration of intervals between displays of colli-
sional granulite metamorphism close to a supercontinental cycle.It seems that HPGGB controlled break ups and as-
semblages of ancient supercontinents as well, considering shown above their association with Wilson’s cycles. It is
characteristic that HPGGB not involved at a certain stage in these processes and not underwent granulite metamor-
phism, showed the tectonic activity in the form of continental rifting, tectono-thermal reworking, intraplate deforma-
tions and magmatism. So, in the Riphean along a part of a Belomorsko-Lapland belt the Belomorsky rift developed
and in the Paleozoic the alkaline magmatic province was formed; paleozoic Karru rifts are located in the Limpopo
belt; the Dzhugdzhuro-Stanovoj belt has underwent mezozoic activation. Thus, these belts are permanent-mobile,
periodically showing various endogenic activity during a whole evolution. In various supercontinental cycles a certain
number of such belts predetermined breaks up and assemblages of supercontinents, whereas other part underwent
continental rifting, or tectono-thermal reworking in the form of a granitic magmatism, retrograde metamorphism and
superimposed deformations.
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Existence of the similar inherited polycyclic belts as structures which control Wilson cycles in the history of
the Earth, shows the ordered character of the global structural plan in which frameworks proceed plate—tectonic proc-
esses. It contradicts ideas about a chaotic reshuffle of fragments of a continental crust in the course of breaks up and
formations of supercontinents.

The specified examples of studying of high-pressure granulite-gneissic belts show considerable promise of
their use as the tool for the paleotectonic analysis.
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SIZE DISTRIBUTION OF FRAGMENTS IN NEOARCHAEAN
ONEGO GRANULITE-ENDERBITE-CHARNOCKITE COMPLEX

Burdyukh E.V.

Institute of Geology, Karelian Research Centre, RAS, Petrozavodsk, Russia, evburdyukh@yandex.ru

[opoabsl OHEKCKOTO TPaHYIIUT-IHIEPOUT-YAPHOKUTOBOTO KOMILJIEKCA POCIIEKHUBAIOTCS BAOJb 3aaJHOTO I10-
oepexbs OHEXCKOro o3epa — oT 0. 'ypuit u Mbica TOJICTBIN HA FOT JI0 HIMPOTHI OCTPOBOB '0JibIbl — MuxaiisioBell Ha
cenepe [2]. Ha ceBepe u ceBepo-BOCTOKE OHH TpaHMYAT ¢ rpaHuTaMu Ty003epCcKOro M OAHOMMEHHOro OHEXCKOTo
KOMIUIEKCOB COOTBETCTBEHHO.

[MpeobnanaromumMy MOpoaaMu MaccHBa SIBISIOTCS YaPHOKKTHI [3], MpEeMMYIIECTBEHHO Ciararonye HeHTpalb-
Hy¥o ero 9acts (MbIchl Kapumkue Hocsl, [lepuit Hoc) [2]. Ilpu ynaneHun ot 1eHTpa B CEBEPHOM U I0XKHOM HaIlpaBJie-
HUSX YapPHOKUTHI TOCTETICHHO CMEHSAIOTCS YapHOIHICPOUTAMH, SYHACPOUTAMH.
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Puc. 1. Pacnipenesnenue no AnuHe KCEHOJIUTOB CEBEPHOM KpaeBoi o6mactu OHEXCKOT0o TPaHyIUT-3HAEPOUT-YapHOKUTOBOIO KOM-
IieKca (n — BeIMYrHa BEIOOPKH)
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B npenenax MaccuBa BCTpedaroTCss MHOTOUYHCIIEHHBIE PEIMKTHI 00Jiee PEBHUX TOHAIUTOB, MOJBEPTHY THIX AH-
nepoutn3aiuu [2] ¥ OCHOBHBIX IpaHyIUTOB. Bo3pacT komiiekca oneHuBaetes B 2739117 muH. et (CnaOyHOB U 1p.,
JTAaHHBIA COOPHUK).

CymiecTByeT JjBe THIIOTE3bl 00pa30BaHuUs JAHHOTO KOMILIEKCA:

1. B pe3ynbpTaTre METaCOMaTHUSCKOW U IMATHHTCHHON MepepadOoTKH [2] TOHAIUTOBOTO cyOcTpara.

2. B pesynbraTe BHEOpEHUS TPAaHUTOUTHONH MarMel Ha ypoBHe PT-mapamerpoB rpanyianToBoi darmm 3] B re-
TEPOTCHHYIO pamy.

Hannune BxmodyeHnit B mopogax OHEXCKOTO MacCHBa IO3BOJIMIIO IPUMEHUTH TPAHYJIOMETPHICCKUIA aHATTN3
JUTSL TIPOBEPKH THITOTE3 €ro (POPMHUPOBAHUSL.

B ciygae cripaBeyIMBOCTH NIEPBOM THUIOTE3BI PEIUKTHI O0Jiee APEBHUX MOPOJ] TIOciie 00pa30BaHMs HE MTOIBEP-
raloTCsl aKTMBHOW cenapaiuy, clieoBaTeIbHO, Paclpee/ieHue UX 110 BEIWYHMHE JO0JKHO UMETh OJIM3KUI K JIOTHOP-
MajgbHOMY Xapaktep [1].

Bo BTOpOM ciiyuae 00JIOMKH aKTHBHO B3aUMOJCHCTBYIOT CO CPEO, UTO JOIKHO OTPA3UTHCI B OTKIIO-
HEHUU 3aKOHA MX pacupeneieHus ot jJorHopMainbHoro [1]. Kpome Toro, mist Toro 4To0OBl IpH MONagaHUU B
MarMaTH4ecKylo KaMepy KCEHOJUTHI C INIOTHOCTHIO OoJbIIel INIOTHOCTH paciulaBa dyepe3 HEKOTOPHIH Ipome-
JKyTOK BPEMEHHU MEHBIINH, YeM BpEeMs OCTHIBAHUS MHTPY3HH, HE OCEIIM HA JTHO KaMepsbl, a JErKne He BCIUIBLIN
Ha TTOBEPXHOCTh HEOOXOAMMO HalW4YWEe MPETSATCTBYIONINX 3TOMY KOHBEKTHUBHEIX MOTOKOB. IIpu 3TOM B naH-
HOM CEYCHHUH MOTOKa OyAyT mpeodiaagaTe KCEHONUTHI, NBIDKYIIHECS ¢ OMUHAKOBON CKOpOocThio. CieoBaTelb-
HO, JUISl HAX JOJDKHA BBITIOJNHATHCS CilIeAyromas nponopuus [4]:

Apl _ pl _pliq _ rzz
= =— (),
Ap, Py =Pu 1
TZie Py, P2 - ITIOTHOCTH KCEHOJIUTOB COCTaBa | M 2 COOTBETCTBEHHO, I', I, - PAINYCHl KCEHOIMTOB cocTaBa | u 2 coot-
BETCTBEHHO, Pliq - INIOTHOCTb KUKOCTH

PaBeHcTBO (1) MOXKET CIY>KUTH KPUTEPHEM TIPOBEPKHU HATMYHMA KOHBEKTUBHOTO JABIDKEHHST MarMbl, COIPOBOKIAFOIIIC-
rocs IJIOTHOCTHOH Cernaparifieil 00JIOMKOB, YTO BO3MOYKHO B YCIIOBHSIX MarMaTH4IecKoi kamepsl. CiienoBaTebHO, BBIIOMHE-
HHE JAHHOTO PAaBEHCTBA YKA3bIBACT HA CIIPABEAIMBOCTG BTOPOH THIIOTE3bI 00pa3oBaHus OHEXKCKOro KOMILIEKca SHIepOHTOB-
YapHOKHUTOB. V] COOTBETCTBEHHO €TI0 He COOMIOCHHE SIBISICTCS KOCBEHHBIM IIOITBEPIKICHAEM TIEPBOI THITOTE3BI.

I'panynomerpuueckuil aHaau3 BKIIOYEHUI MPOBOIMICS B CeBEpPHOM uacTu MaccuBa (M. UépHsrit). Vi3mepenus
BCJIMYUHBI 06J'IOMKOB IIPOU3BOANINCH B 06Ha)KeHI/IHX C IIOMOUIBIO JIMHEWKHU C TOYHOCTBIO a0 1 cm. I/I3MepHHI/ICb JJIA-
Ha (HauOOJIBIINI pa3Mep) U IIMPHHA.

Pacnipenenenne 006J0MKOB 10 JUIMHE UMEET JIOTHOPMAaJIbHBIN XapakTep (puc.l), 9To MOATBEPkKIAETCs TIPOBEP-
KoH 1o kputeputo IlupcoHa npu ctangapTHOM ypoBHE 3HauuMocT# o = 0.05.

[TomMumo 3TOTO OBUTH POBEAEHBI BHIYUCIICHUS, KOTOPBIE MOKa3aJd, 4To paBeHCTBO (1) st OHEKCKOro KoM-
TUIeKCa He BBITIOHSACTCS

2

Ap1 pmaf.gramtlite - Ioliq rgneiss
o 0002 x147. ()
pZ pgne[ss pliq rmaf.granulite

rae pig= 2.5 r/cM’ - IIOTHOCTB KHAKOCTH SHAEPOHTOBOrO cocTaa [5].
Takum 00pa30oM MOJIYYECHHBIC PE3yJIbTAThl YKA3bIBAIOT HA OTCYTCTBHE IUIOTHOCTHOW Cemapanud OOJIOMKOB,
YTO B CBOIO OYEPE/Ib JeIacT MPEANOUTUTEIBHOMN MEPBYIO THIIOTE3Y POPMUPOBAHHS MACCHBA.

Tabuauna 1. Jluneiinble pa3Mepsl U MJIOTHOCTU KCEHOIUTOB.

Petrographic composition Quantity of measure- | Average length (a) Average width Average radius Density (p)
of ments cm (®) (r=(a+b)4) g/cm’
xenolith cm cm
Mafic granulite and amphi-
bolite (metagranulites) 210 38.4 19.2 14.4 2.9
Gneiss 102 45.7 24.1 17.5 2.7

OTcyTCcTBHE cenapalyy Mo INIOTHOCTH U JJOTHOPMAJIBHBIN 3aKOH paclpeeseHusl 10 BeTUYHNHE OTMEUYEHBI A
00JIOMKOB 3KJIOTHTOBOrO 1 ampuboimToBoro cocraBos ['punuHcKkoro Menamxa beaoMopckoro moJBmXHOTO rmosica
[1]. U3yuenne xe BkiIroyeHHi (kceHOIMTOB) B OHEKCKOM KOMIUIEKCE I'DAaHUTOB B paiioHe ryObl ['myOokas Kapa
OHeXCKOro 03epa MokKasaino, 4yTo JJIsl HUX paBeHCTBO (1), BBIMOIHSETCS ¢ BHICOKOH TOYHOCTBIO [1] M, COOTBETCTBEH-
HO, TAaHHBII MACCHB, CKOpE€e BCETO, IMEIOT HHTPY3MBHOE IIPOUCXOXKICHHE.
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ABTtop BbIpakaer OmarogapHocts Hecreposoit H.C. u I'pomosy U.B. (UI" KapHI[ PAH) 3a nmo6e3Ho npemoc-
TaBJICHHBIE TIOJICBBIC JAHHBIC.
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[IceBnoceuenus, paccuntanabie ¢ moMombio mporpaMMel THERMOCALC, no3BONSIOT MPEANON0KHUTD,
YTO JIABCOHUTCOJEPXKAIINE PABHOBECHs, BKIIIOUAs SKJIOTHUT, IIHPOKO PACIPOCTPAHEHBI B CyOAYLHPOBaHHOU
OKEaHWYECKOW KOpe, HaXOJsIIeHcsl B MPOXJaJHbIX, BOJOHACKIIEHHBIX yciaoBusax. s ycnoBuil riaykodas-
nmaBcoHUTOBOH (ammu >kiIoruToB (500—-600°C and 18-28 kbar) MoXHO IpeANONOKUTH, YTO COCTABHl 0a3aib-
TOB cpeanHHO-oKeaHndeckux xpedToB (MORB) B cucteme NCKMnFMASHO coaepxat riaykodas, rpaHar,
oM@®aluT, JJaBCOHUT, (EHTUT U KBapl, NpUYeM XJIOpHUT, oOpa3oBaBIIMiicsS MpU Oosiee HU3KOW Temmeparype, a
TalbK — NpH 0oJiee BHICOKOW. B 3THX acconumanusx colep)kaHue MUpora B rpaHaTe KOHTPOJIUpPYeTcs KoJieba-
HUSMH TEMIIEpPaTyphl, a COJIEP)KAHUE I'POCCYJIsipa — HHTEHCUBHO KOHTpOJHUpyeTcs aaBieHueMm. CouepkaHue
KpeMHe3eMa B (peHTruTe BO3pacTaeT JIMHEWHO C MOBHIMIEHUEM JaaBieHus. [1ockoabKy 0ObIYHBIE KOJeOaHMs Ba-
JIOBOTO cocTaBa mopoJ cinabo BiausoT Ha PT-ycnoBust nns maHHbIX nM3omieT, To PT-niceBgoceuenns, BO3MOXK-
HO, TPEJCTABIAIOT ACHCTBEHHBIH reoTepM0oOapoMeTpUUECKIil METO I ISl TIayKO(paHCOAepKAIIUX IKIOTUTOB.
Pesynbrarel TepMoOapOMETpUH, MONYYCHHBIE METOJOM H30IUIET M TPaJAMIHOHHBIM METOJIOM, MOKa3bIBAIOT,
94TO OOJIBIIMHCTBO NMPHUPOAHBIX riaykodaHcoaepxkamux 3xnorutoB (Tum L) u rmaykodaH-3nuA0TOBEIX 3KIIO-
ruToB (Tun E) Haxoaunuce B cCXOAHBIX TUKOBBIX PT-ycaoBusix B mpenenax o01acTi CTaOMIBHOCTH JaBCOHUTA.
Jlekommpeccus OT yCIOBHH, COOTBETCTBYIOIIMNX YCTOHUYNBOCTH JIABCOHUTA, NOJDKHA IIPUBECTH K 00Pa30BAHUIO
accoManuil 3MUA0Ta MyTeM peaknui JeruapaTanuu, KOHTPOJIUPYEMbBIX PAaBEHCTBOM JTaBCOHHUT + oMdanut =
rnaykodan + smugor +H,0. Paspyuienue naBconnta u oMmdanura OyaeT COMPOBOXKIATHCSA BHICBOOOKICHUEM
0OJIBLIIOT0 KOJIMYECTBA CBA3aHHOW BOJBI; MPU 3TOM 3KJIOTHTOBBIE aCCOLMALMU MEPEKPUCTAIUIM3YIOTCS B pas-
JUYHOW CTEeINeHU B TojyOble CaHIbl C BHICOKMM COJAep)KaHUEeM riaykodaHa. BelyuciieHHbIE ICeBaOpa3pesbl
MTOKa3bIBAIOT, YTO SKJIOTUTOBBIC aCCOIMAIMU CKOpee 00pa3yloTcs B MOPOJaX C BHICOKUM COJEpKaHUEM Kajlb-
1Usl, a TOIyOOC/IaHIIeBbIE aCCOMALMN — Yallle BCEro B MOPOAaxX C HU3KUM COJIepKaHUEM KaJlbIHsl. JTO pa3iu-
Yye B BaJIOBOM COCTaBE MOPOJ, BO3MOXKHO, 00YCJIOBJIMBACT COCYIIECTBOBAHIE HU3KOTEMIEPATYPHBIX SKJIOTH-
TOB M TOJIyOBIX CJIAHIIEB B BHICOKOOAPUIECKUX KOMIIICKCAX.
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Pseudosections calculated with THERMOCALC predict that lawsonite-bearing equilibria, including
lawsonite eclogite, will be common for subducted oceanic crust that experiences cool, water saturated condi-
tions. For glaucophane-lawsonite eclogite facies conditions (500-600°C and 18-28 kbar), MORB composi-
tions are predicted in the NCKMnFMASHO system to contain glaucophane, garnet, omphacite, lawsonite,
phengite and quartz, with chlorite at lower temperature and talc at higher temperature. In these assemblages,
the pyrope content in garnet is mostly controlled by variations in temperature, and grossular content is
strongly controlled by pressure. The silica content in phengite increases linearly with pressure. As the PT
conditions for these given isopleths are only subtly affected by common variations in bulk-rock compositions,
the PT pseudosections potentially present a robust geothermobarometric method for natural glaucophane-
bearing eclogites. Thermobarometric results recovered both by isopleth and conventional approaches indicate
that most natural glaucophane-lawsonite eclogites (Type-L) and glaucophane-epidote eclogites (Type-E) re-
cord similar peak PT conditions within the lawsonite stability field. Decompression from conditions appro-
priate for lawsonite stability should result in epidote assemblages through dehydration reactions controlled by
lawsonite + omphacite = glaucophane + epidote +H,O. Lawsonite and omphacite breakdown will be accom-
panied by the release of large amount of bound water, such that eclogite assemblages are variably recrystal-
lized to glaucophane-rich blueschist. Calculated pseudosections indicate that eclogite assemblages form most
readily in Ca-rich rocks and blueschist assemblages most readily in Ca-poor rocks. This distinction in bulk
rock composition can account for the co-existence of low-T eclogite and blueschist in high pressure terranes.

BO3PACT Y COCTAB I'PAHYJIUTO-THEMCOBBIX ACCOILIHAILIUIA
KOJbCKO-HOPBEKCKOI'O MET'ABJIOKA

Bempun B.P.
'l KHLI PAH, Anarutsl, Poccus, vetrin@geoksc.apatity.ru

THE AGE AND COMPOSITION OF THE GRANULITE-GNEISS ASSOCIATIONS OF THE
KOLA-NORWEGIAN MEGABLOCK

Vetrin V.R.

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

®DopMupoBaHHe TOKEMOPHICKUX TPAHYIUTO-THEHCOBBIX aCCOIHMAIMNA IPOUCXOIMIIO B PE3YIIBTATe IITUTEIEHOTO
HAaIIPaBJICHHOTO BO3AEHCTBHS Psia SK30T€HHBIX M 3HAOTEHHBIX MPOLECCOB, HIPABIINX CYIIECTBCHHYIO POJIb, KaK B 00-
pa3oBaHMH, TaK U B TIOCIEIyoNIel epepaboTke BelecTBa paHHei Kopsl. pesreiimumu mopoaamu Kombckoro perno-
Ha o6pasoBan Kosscko-HopBe)xckuil Merabiok Iiomaso okoio 15 Tric. KMZ, PacIoOJIOKEHHBIN B LIEHTPATLHOM YacTH
Komnbckoro noyocTpoBa, 1 OrpaHHUYEHHBIN C ceBepo-3amaaa 1 1oro-socroka Koiamosepo-Boponsunckum u Tepcko-An-
JIApEYEHCKUM 3€JICHOKAMEHHBIMU MosicaMu. MeralIioK ClIo)eH OpTornopoiaMu rab0po-rpaHUTHOTO COCTaBa, COCTOSIIIN-
MH U3 3H/IEPOUTOB, TUIATHOTHEHCOB, OCHOBHBIX KPUCTAJLUIOCIAHLEB U aM(UOOINTOB, 3aJIeraloNIuX CPeIy INIMHO3EMH-
CTBIX THEHMCOB KOJILCKOH cepuu. M3yueHne npoCcTpaHCTBEHHOIO pacrpe/ieSieH|ss MUHEPaIbHBIX TTapareHe3UCOB CBHIIC-
TENIBCTBYET O 30HATEHOCTH MeTaMop(hu3Ma OT CHIIIMMaHUT-MYCKOBUTOBOH cyOdarmu ampubonmmToBoit darmu 1o rpa-
HymutoBoi ¢auun (T= 630-790°C, P= 4.2-5.4 x6ap [1]). Bozpact Haubosee panHero srana Mmeramopduima OLEHUBALCT-
cs kak 2830-2860 murH. et [2]. [IpoTOMHUTEI TIAMHO3EMHUCTHIX THEHCOB OTBEYAIOT COCTABAM THAPOCIIOANCTHIX TIINH, TIIH-
HHCTBIX I'payBaKK, apKO30B B IIEpECIanBaHiN ¢ Oa3aabTaMy, aHAE3Hu0a3aIbTaMU U PEXe C JTalUTaMH M PHOJAIUTAMH.
Bpemst obpazoBanust 3¢¢y3UBHBIX MOpox B HeHTpaibHOH udacth Kombcko-HopBexckoro merabioka OmpeneieHo B
2910421 miH. JIeT, ¥ IPUCYTCTBHE B TOPOE IIMPKOHOB C Bo3pacTtamu 3.1-3.6 MIIpA. JIeT O3BOJISIET CAENAaTh BRIBOJ O CY-
IIECTBOBAaHMH OoJiee paHHEH Majeo- Me30apXeUCKol KOHTHHEHTAIbHOU KOpHI [3]. KOHTaKTEI OpTOMOPOA ¢ TIIMHO3EMH-
CTBIMH THEWCaMH, KaK MPAaBWIO TEKTOHU3HUPOBAHBI, YTO JOMYCKAET PA3IMYHYI0 TPAKTOBKY MX BO3PACTHBIX COOTHOIIE-
HUM U esaeT He0OXOJUMbBIM BBITIOJTHEHUE MPEM3UOHHBIX ONPEICIEHUI BO3pacTa dTHX MOPOJI.
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Puc. 1. Cxema reonoruueckoro crpoerus Ces. Hopseruu u ceepo-3anaznHoit yactu Konbckoro nomyoctposa. 1-4 — nopoasl na-
JIEOTIPOTEPO30iCKOro Bo3pacTa: | — MOCTCKIIa4aThle IPaHUTHL, 2 — MyCKOBHT-MUKPOKIMHOBBIE TPAHUTHI, 3 — BYJIKaHOT€HHO-0Ca-
nounsle nopozsl I[lewenrcko-Mmanapa- Bapsyrckoro mosica, 4 — HHTpY3UBHBIE TIOPOJBI OCHOBHOTO COCTaBa, 5-12 — mopomsl ap-
xelckoro Bo3pacta: 5 — mop(upoBUAHBIE IPAHUTEI, 6 — KBapIIEBble CHEHUTHI, CHEHUTHI, 7 — MOHI[OHUTHI, I'PAHOJJMOPHTHI, § — IIa-
THOMHUKPOKJIMHOBBIE TPAHUTHI, 9 — ByTKAaHOT€HHO-0CaI0THBIE TTOPO/IBI 3€JICHOKAMEHHBIX M0sICOB, 10 — MIHHO3EMHCTHIE THEHCH, 11
— TOHAIUT-TPOHIBEMUT-TPAHOANOPUTOBBIE MOPOABI, 12- MHPOKCEHCONEpKAIINE OPTOTHEHCHI, 13 — MmpoeKuuu pasioMoB, 14-
Komnbckas cepxriybokas ckBaxkuna (CI'-3).

BBepxy BO Bpe3ke — cxeMa TeKTOHMYECKOTo paiioHupoBanusi Konbckoii cyonpoBuHimy bantuiickoro mura. 15 — naneo3oiickue UHTpy3uu Hede-
JIMHOBBIX CHEHHTOB, 16 — HeonpoTepo30iickue ocafouHble ITIOpoasl, 17 —apxeiickue mopoasl: a- Mypmanckoro (Myp), benomopcxkoro (ben), Keiis-
ckoro (Ke), Tepckoro (Tep), Unapu (MH) merabinokos, 6- Koascko-Hopsexckoro (Ko-Hop) mera6ioka (1- CanBuk-Helinenckuii cermesr, 2- Tu-
TOBCKHII cerMeHT, 3- IlenTpansHo-Konbckuil cerment), 18- rocynapcTBeHHbIe rpaHuIb, 19- MecTo 0T60pa Ipod HUPKOHOB.

B ceBepo-3ananHoit yactu Konbcko-HopBexckoro meradioka nMupoKCEHCOAEpKallhe OPTOrHEHCh 00pasyoT
HN30METPHUYHBIE BBIXOJIbI CPEIN INIMHO3EMHUCTBIX THEHCOB (pUc. 1) U UMEIOT ¢ HUMH COTJIACHBIE, OCI0KHEHHBIC MO3/1-
HUMHU TEKTOHUYECKMMH HapYIIEHUSIMH KOHTAKTHI C TIOTPY>KEHHEM OPTOTHEICOB I10]] IIIMHO3EMHCTHIE THelchl. OpTor-
HEWCHI TPENICTaBIAIOT COO0H OTYETIIMBO I0JIOCYATHIE THEHCOBH/IHBIE TIOPOJIBI, COCTOSIINE U3 MPOCIOEB ME30KPATO-
BBIX 9H/IEPOUTOB, KOTOPBIE YEPENYIOTCS C IUIACTaMH W JIMH3aMHU JABYIIHPOKCEHOBBIX KPUCTAIIOCIIAHLIEB M aM(prO0oIn-
TOB, M TIEPECEKAIOTCS KWIAMH JICHKO3HIEPOUTOB U MErMaTUTOB. [10 XUMHYECKOMY COCTaBYy ABYNHPOKCEHOBBIE KpPH-
CTAJUTOCJIAHIIBI OTHOCSITCSI K TIEPECHIILICHHBIM TOJEUTaM, aH/e310a3aIbTaM 1 aH/E3UTaM, IMEIOT HU3KHE KOHIICHTpa-
UM IIenodeii ¢ mpeobnagaHueM HATpUs HAJA KallueM, cpenHioio xene3uctocTh (F = 45-54 %) m HU3KyIO CTereHb
oxucnenus xenesa (Fo = 12-15). OunepOuTsl 0TBEYAIOT COCTABY TOHAJHNTA, TPAHOANOPHUTA, U JIEHKOIHIEPOUTHI — CO-
CTaBY TPOH/ABEMHTA C COXPAHCHUEM B TPAHUTOHMIAX HATPOBOTO YKIIOHA INEJIOYHOCTH, HU3KOH OKHCIEHHOCTH JKeye3a
(Fo = 16-35), cpenHeli il HECKOJIBKO MOBBIIIEHHOM Jene3nuctoctu (F = 62-66 %), CBOICTBEHHBIX U JIBYIIHPOKCEHO-
BBIM KPHUCTAJLIOC/IAHIAM. DHAEPOUTHI U JIEWKOIHAEPOUTHI HAXOAATCS B MOJI€ CTaHAAPTHBIX COCTABOB “‘CEePhIX THEM-
COB”, WM pACIOJIaraloTCsi HIDKE JTOrO MoJs (JIEMKOIHAEpOMThI) M UMEIOT (pakHMOHMPOBaHHBIA cocTaB P30
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((La/Yb),= 21-104 n 13-26). JIBymupOKCEHOBbIE KPUCTAIIOCIIAHIIBI XapAKTEPU3YIOTCSI HU3KUM COZIEPKaHUEM JIETKUX
pelKo3eMeIIbHBIX AJIEMEHTOB U IIOCKON KOoH(Urypanuei kpusbix pactnpenenenus P30 ((La/Yb),=1,1-2,5).

[{ipKoHBI N3 SHAEPOUTOB NPEICTABICHBI IPU3MaTHYeCKUMH KprucTayutamu pasmepoM 0,01-0,5 MM, KoprdaHeBaTo-
Oyporo 1BeTa, HOMYIPO3PaIHBIMU MM HETIPO3PAavHbIMK, YaCTO C OKPYIVICHHBIMH peOpamMy M KOHIIEBBIMU TpaHsmH. [Ipn
KaTOJIOJIFOMHHECIICHTHOM M3YYEHHHN IMPKOHOB BBIJENIEHBI J[BA TJIABHBIX THIA KpucTamioB. Hambonee pacmpocTpaHeHbI
yAnuHeHHble KpucTaibl (Ky=3-4), He30HabHbIE MIIM C HEYETKO BBIPAXKEHHOH BHYTPEHHEH 30HAJIBHOCTBIO, MTOBTOPSIOIIEN
KOHTYPBI 3epeH. [y IMpKOHOB paccMaTpuBaeMoro Mopdoruna 1 xapakTepHbl CHIIBHO BapbUpYIOIIMe KOHLeHTpauy U
(173-1608 ppm), Th (63-315 ppm), cBoiicTBEeHHbBIE IUPKOHAM MeTaMOP(OreHHOro reHe3uca, U 3HayeHus ortaourenust Th/U
ot 0,08 1o 0,50. Hupkonst mopdorumna 2 ¢ Th/U B npenenax 0,25 - 0,55 00pazytoT 000co0IeHHbIE YUTMHEHHBIE KPUCTaI-
161 (Ky=3-5) ¢ monMroHanbHO KOHIIEHTPHYECKOH 30HABHOCTBIO, I HE30HAIBHBIE 3¢pHA HEMpaBUIbHON (GOpMBI, Haxo-
JUILIMECs] BO BHYTPEHHHX 4acTsX KpuctauioB Mopgotuna 1. OnpeneneHre Bo3pacta HUPKOHOB BBIIOIHEHO HA BTOPHYHO-
noHHoM mukpoanaizarope SHRIMP-II B nientpe msoronnsix uccienosannii BCET'EU (r. Cankr-IlerepOypr). Ha nua-
rpaMMe ¢ KOHKOpAMEH TOUKH COCTaBOB LIUPKOHOB alIIPOKCUMHPYIOTCS ABYMSI AUCKOPMSMHU C BEPXHUMH NIEPECEUCHUSIMH,
COOTBETCTBEHHO, B 285413 mutH. et (17 Touek) 1 2926+18 muH. net (4 Toukw, puc. 2).
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Puc. 2. lnarpamma ¢ QUCKOpAMSAMH AJIs IUPKOHOB U3 OPTOTHEHCOB. Bo Bpeske — quarpamMma ¢ JUCKOPAXEH st KOHKOPIAHTHBIX
1 OJIM3KUX K KOHKOPJAHTHBIM IUpKOHAM auckopauu T1.

OTH TaHHBIE HApsLy C pe3yJbTaTaMy M3ydeHHst MOP(OJIOTHH, COCTaBa U BHYTPEHHEH CTPYKTYpPhI KPHCTAILIOB
LIMPKOHOB MHTEPIPETUPOBAHBI, COOTBETCTBEHHO, KaK BO3PACT PErMOHAILHOIO MeTamop(du3Ma, 00yCIIOBHBIIETO Hac-
TUYHOE IJIaBJICHUE THENCOB, U KaK BpeMs BHEIPEHUS M KPUCTAJUIN3ALUK IPOTOIUTOB OpTorHeiicoB. Huxuue nepece-
yeHust quckopanit (389+48 u 1324930 muH. JieT) OTBeYaroT BpEMEHH MOTEpH CBUHIIA IMPKOHAMH BO BpEMS Iajeo-
30MCKOT0 TEKTOHO-MarMaTH4ecKoro IUKIa. [ 0THOro OKpyriaoro (OKaTaHHOTO ?) 3epHa IHMPKOHA, UMEIOIIEro pe3-
KO BBIP@KCHHYIO OCLEIUIIPUIECKYI0 30HAUIFHOCTD M HAXO/SIIIETOCS B ICHTPAIBHON YacTH yIUIMHEHHOTO IpU3MaTHIe-
CKOTO KpHCTaJla, ONpeNeNieH ONM3KUKA K KOHKOPAAHTHOMY Bo3pacT B 2982 wmupna. mer. MozaenbHBIH BO3pacT
TNd(DM) 3n1epOuToB 1 aMm(puOOIUTOB COCTABIISET, COOTBETCTBEHHO, 2,99-3,30 u 3,16-3,38 mupa. ner, u eNd(T) ko-
nebnercs ot 1,7 no -2,44 (onpenenenus B 'Y KHL] PAH, anamutuk A.A. Jlenenumun).

[IpuBeneHHBIE JaHHBIE CBUACTENBCTBYIOT O TOM, YTO HA MOMEHT BHEAPEHHSI ME30apXEHCKUX MPOTOIUTOB Op-
TOTHEHCOB B PETHOHE yKe CyIIeCTBOBaNa 0oJiee APEBHsIs KOpa, a Takke 0 OJIM3KOM BpeMeHH 00pa30BaHUs OPTOTHEH-
COB M IIPOTOJIIUTOB INIMHO3EMHUCTHIX I'HEUCOB KONbCKOM cepun. CpeqHui XMMHUYECKUH COCTaB Me30apXeHCKoil Kopbl
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Konbcko-HopBexckoro merabioka, OmpeaesieHHBIH M0 MeToauke [4], COOTBETCTBYET cocTaBy aHze3uTa (Mmac. %:
Si0,- 63,34; TiOy- 0,56; Al,O;3- 14,97; FeOyy - 6,90; MnO- 0,12; MgO- 3,73; CaO- 5,48; Na,O- 3,15 , K,0O- 1,64;
P,0s- 0,11; ppm: Rb-103; Ba- 773; Nb- 8; La- 34; Ce- 60; Pb- 24; Sr- 306; Nd- 26; Zr- 143; Sm- 5; Eu- 1; Gd- 3; Y-
19; Er- 2; Yb- 1; Cr- 300; Co- 18; Ni- 109; Cu- 39; V- 169), 11 X0poIII0 KOPPECIIOHINPYETCS C COCTaBOM CPEIHEH KO-
PHI 110 [5], HE3HAUNTENBFHO OTIMYAsICh OT Hee HAIMYHEM IOBBIIICHHBIX KoHIeHTpami Fe, Cr, Ni.

I'paat PODU 10-05-00082-a

Precambrian granulite-gneiss associations have formed as a result of the long, directed effect of some exogenic
and endogenic processes that have greatly contributed to the formation and subsequent reworking of early crustal
matter. The oldest rocks of the Kola region have build up the Kola-Norwegian megablock, which is located in the
central Kola Peninsula, covers an area of about 15 000 km2 and is bounded on the northwest and southeast by the
Kolmozero-Voronya and Tersk-Allarechka greenstone belts. The megablock is made up of orthorocks of gabbro-
granite composition consisting of enderbites, plagiogneisses, basic schists and amphibolites that occur among Kola-
series alumina gneisses. The study of the spatial distribution of mineral parageneses has shown a zonal pattern of
metamorphism from the sillimanite-muscovite subfacies of amphibolite facies to granulite facies (T= 630-790°C, P=
4.2-5.4 kbar [1]). The age of the earliest metamorphic stage is estimated at 2830-2860 Ma [2]. The protoliths of alu-
mina gneisses are consistent with the compositions of hydromica clay, argillaceous greywacke and arkose interbed-
ded with basalt, andesite-basalt and lesser dacite and rhyodacite. The age of the effusive rocks from the central Kola-
Norwegian megablock is estimated at 2910+£21 Ma, and the presence of 3.1-3.6 Ga zircons in the rock suggests the
existence of an earlier Palaco-Mesoarchacan continental crust [3]. As the contacts between orthorocks and alumina
gneisses are usually tectonized, their age relations can be interpreted in various ways. To accurately date these rocks,
high-precision measurements are needed.

In the northwestern Kola-Norwegian megablock pyroxene-bearing orthogneisses form isometric expo-
sures among alumina gneisses (Fig. 1) and are in concordant contact with them. The contacts are affected by late
tectonic dislocations with orthogneisses plunging under alumina gneisses. Orthogneisses occur as clearly
banded gneissoid rocks, consisting of mesocratic enderbite intercalations, that alternate with beds and lenses of
bipyroxene schists and amphibolites and are cut by leucoenderbite and pegmatite veins. Chemically, bipyroxene
schists are classified as oversaturated tholeiites, andesite-basalts and andesites. They exhibit low alkali concen-
trations with sodium dominating over potassium, medium percentage of iron (F = 45-54 %) and a low degree of
iron oxidation (Fo = 12-15). The composition of enderbites is consistent with that of tonalite and granodiorite
and the composition of leucoenderbites to that of trondhjemite with the preservation in granitoids of the sodium
gradient of alkalinity, low iron oxidation (Fo =16-35) and medium to slightly elevated iron content (F=62-66 %)
also typical of bipyroxene schists. Enderbites and tholeiites are in the standard composition field of “grey
gneisses” or are beneath this field (leucoenderbites) and have a fractionated REE composition ((La/Yb), = 21-
104 u 13-26). Bipyroxene schists are typically poor in LREE and display a flat REE distribution pattern
((La/Yb), = 1,1-2,5).

Zircons from enderbites occur as brownish prismatic, semi-transparent to non-transparent prismatic crystals,
0.01-0.5 mm in size, often with rounded edges and end faces. The cathodoluminescence examination of zircons has
revealed two basic types of crystals. Elongate (K, = 3-4), non-zonal crystals or crystals with indistinct internal zona-
tion, which follows grain contours, are most common. Zircons of the morphotype 1 discussed exhibit highly variable
U (173-1608 ppm) and Th (63-315 ppm) concentrations typical of metamorphic genesis and Th/U values of 0.08 -
0.50. Zircons of morphotype 2 with Th/U ranging from 0.25 to 0.55 form isolated elongate crystals (Ky = 3-5) with
polygonal concentric zonation or non-zonal irregular grains occurring in the internal portions of the crystals of mor-
photype 1. Zircons were dated on a SHRIMP-II secondary-ion microanalyzer at the VSEGEI Centre for Isotope Study
in St.Petersburg. On the concordia diagram, the composition points of zircons are approximated by two discordia with
upper intersections at 2854+13 Ma (17 points) and 2926+18 Ma, respectively (4 points, Fig. 2). These data, together
with the results of the study of the morphology, composition and internal structure of zircon crystals are interpreted
correspondingly as the age of the regional metamorphism, responsible for partial gneiss melting, and the time of the
intrusion and crystallization of the protoliths of orthogneisses. The lower intersections of the discordia (389+48 and
1324930 Ma) are consistent with the time of the loss of lead by zircons during a Palacozoic tectono-magmatic cycle.
A near-concordant age of 2982 Ga was estimated for a rounded (rolled?) zircon grain, which clearly shows oscillating
zonation and is located in the central portion of an elongate prismatic crystal. The model ages TNd(DM) of enderbites
and amphibolites are estimated at 2.99-3.30 and 3.16-3.38 Ga, respectively, and eNd(T) varies from 1.7 to 2.44 (esti-
mated by analyst A.A. Delenitsyn at the Geological Institute, KSC, RAS).
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The data presented show that an older crust had already existed in the region before the intrusion of the
Mesoarchaean protoliths of orthogneisses and that Kola orthogneisses and the protoliths of alumina gneisses were
formed within a short time. The average chemical composition of the Mesoarchaean crust of the Kola-Norwegian
megablock, estimated by procedure [4], is consistent with the composition of andesite (mass.%: SiO,- 63,34; TiO,-
0,56; ALOs- 14,97; FeOyy - 6,90; MnO- 0,12; MgO- 3,73; CaO- 5,48; Na,O- 3,15 , K,O- 1,64; P,Os- 0,11; ppm: Rb-
103; Ba- 773; Nb- 8; La- 34; Ce- 60; Pb- 24; Sr- 306; Nd- 26; Zr- 143; Sm- 5; Eu- 1; Gd- 3; Y- 19; Er- 2; Yb- 1; Cr-
300; Co- 18; Ni- 109; Cu- 39; V- 169) and is in good agreement with the composition of the middle crust, according
to [5], but differs slightly in elevated Fe, Cr and Ni concentrations.

The study was supported by RFFR grant 10-05-00082-a.
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JPEBHEHMIINN I'PAHYJHUTOBBIN KOMIIJIEKC ®YHIAMEHTA AJJIAHCKOI'O IIUTA:
COCTAB MA'MATHYECKUX ITPOTOJUTOB U UX ITPOUCXOXKJIEHUE

Bosna I'M.
JBI'U IBO PAH, BnamuBoctok, Poccus, galal367@mail.ru

THE OLDEST GRANULITE COMPLEX OF THE ALDAN SHIELD BASIN: COMPOSITION
AND ORIGIN OF IGNEOUS PROTOLITHS

Vovna G.M.

Far East Geological Institute, Far Eastern Branch RAS, Vladivostok, Russia, galal367@mail.ru

Camble JpeBHUE TPaHYJINUTHI PaHHETO apxest AJAaHCKOrO IUTa U3BECTHHI B ero LleHTpanbHO-AniaHCKON rpa-
HyJMT-THeHcoBol obnactu (HumHBIpckuit 6510k). Bospact rpanynnroB HumHbipckoro Giioka ycranosien U-Pb me-
tonom SHRIMP u cocraBisier 3335+2 muH. set [5]. ['panynuToBbIil koMIuieke HUMHBIpCKOTO OJ0Ka MpeACTaBICH
MeTaba3nuT-3HIepOuTOBON acconuanueid. bonpnryto yacte 00beMa OpOoJT acCOLUALMK COCTABIISIOT YHAEPOUTHI (TH-
MIEPCTECHOBBIE TUIATHOTHEHCHI), TONIA KOTOPBIX UMEET TPYOOCIONCTHIA OONMHMK (HUMHBIPCKAs TOJIIA (CBHUTA) MO Pa3-
HBIM aBTOpPaM) U COAEPHT B MOJYNHEHHOM KOJIMYECTBE NMPOCION U JIMH3BI ABYIIMPOKCEHOBBIX, IBYITHPOKCEH-aM(pH-
0O0JIOBBIX CIIAHIIEB, TPAHAT-OMOTUTOBBIX M TPAHAT-OMOTHT-TUIIEPCTECHOBBIX IUTarnoraeiicoB. [Topoas MerabaszuT-3H-
JIepONTOBOM acconMaIy B 3HAYNTEIBHON Mepe IOABEPKEHBI IpolieccaM TPAHUTU3AIMU ¢ 00pa30BaHUEM YapHOKH-
ToB. Ha knaccudukannonHoi nuarpamme uis ByiakanuToB Na,O+K,0-SiO, cocTaBbl He rpaHUTH3UPOBAHHBIX Ipa-
HYJMTOB METa0a3UT-9HICPOUTOBOH acCONMANNH PACTIONAraoTCsl B HOJISX MTOPOJ, HOPMAIBHON MIETOYHOCTH, HAUMHAS
ot 0aszanbToB 110 AanutoB. Ha kinaccudukanmonnod nuarpamme Al-(Fe+Ti)-Mg sHIepOUTHI U BYITUPOKCEHOBBIE
CJIAHIIBI COOTBETCTBYIOT IIOJISIM BYJIKAHHTOB MU3BECTKOBO-LIEIOYHONW M KOMAaTHHUT-TOJIEUTOBOW cepuu. B cocraBe mc-
XOJIHBIX BYJKaHWUTOB M3BECTKOBO-ILEIOYHOI CEPHM YCTaHOBJICHBI 0a3alIbThI, aH/1e31M0a3aIbThl, aHJE3UThl U JAIUTHI.
HcxonHple ByJIKaHUTBHI KOMaTHUT-TOJICUTOBOM CEpUM NPEICTABICHBI TOJICUTOBHIMA M KOMAaTHUTOBBIMHU Oa3ajibTaMH.
Ha mynbranemeHnTHOW amarpamme (puc.l) paHHeapxeHCKHe 3HIepOUTHI MeTada3uT-3HAEpPOMTOBOH acconuanyu
HumHbIpckoro 6510ka 001a1al0T CXOHOM TOIOJIOTHEH rpadyKa ¢ CepbIMHU IHEHCaMHu (yH/IaMEHTa apXeHCKUX IUTOB
[4], nns koTOpEIX XapakTepHbl MEHUMYMEI Ta, Nb, P, Ti. CocTaBbl TOIEUTOBEIX MeTa0a3aIbTOB paHHEAPXEHCKOH Me-
Taba3uT-3HACPONTOBON acconmanmyu HumHBIpcKoro Ooka Ha auarpamme Nb/Y-Zr/Y [3] pacmonaraiorcs B moine Oa-
3aJbTOB TUTFOMOBBIX UCTOYHUKOB (pHC. 2).
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Puc. 1. MynbsTuaneMeHTHas [uarpaMma JUisl paHHeapXeHCKUX SHIepOUTOB MeTaba3uT-3HAEpOUTOBOI acconnanuy HuMmHBIpCcKOTO
6noka. 1 — sunepoutsl HUMHBIpCcKOro 6110ka; 2 — coCTaB apXeicKuX cepbIX THeWcoB GyHnaMenTa miatgopmsl [4]. Hopmuposano
10 COCTaBYy MPUMUTHBHOIT ManTHH (PM).

Fig.1. PM-normalized multi-element pattern for early-archean enderbites of the metabasite-enderbite association of the Nimnyr’s
block. 1 —enderbites of the Nimnyr’s block, 2- archean grey gneisses of the platform’s basement complex.
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Puc.2. Tnarpamma Nd/Y — Zr/Y [3] a7t TOIEUTOBBIX MeTaba3anbTOB METa0a3UT-3HAECPONTOBOH acconnanuu HuMHBIpcKkoro 610-
ka. [Tons mopox: OPB — 6a3anbTel okeannuecknx miato; OIB — miromMoBbie 6a3anbThl okeaHnueckux octpoBoB; N-MORB — 6a-
3aJbTHI CPEAUHHO-OKEaHNIeCKUX XpeOToB; IAB — ocTpoBOMLy KHBIC Oa3aIbTHI.

Fig.2. Nd/Y vs Zr/Y [3] diagram for toleiitic metabasalts of the metabasite-enderbite association of the Nimnyr’s block. OPB —
oceanic plateau basalts, OIB — oceanic island basalts, N-MORB — mid-osean ridge basalt, IAB — island arc basalts

ABTOp TI0JIaraeT, 4T0 TEOXUMHYECKHE OCOOCHHOCTH IPOTOIUTOB 3TOH aCCOLMALMM MOTYT OBITH YIOBJICTBOPH-
TEeJIbHO OOBSCHEHBI Ha OCHOBE KOHICTIIMM MarMaTi3Ma MaHTHHHBIX IUTIOMOB, BeAyIlIas POJb KOTOPBIX B apXeHCKHX
TEKTOHO-MarMaTHYeCKUX MPOoIeccax pa3BUTHS 3eMIIH, TOJIEPKUBAINCH PaHee MHOTUMH HccienoBartessmi [1,2 u ap.].

Cuanndeckasl KOpa HbIHEIIHEro AJIJJAHCKOTO IIUTA HapalliBanach BOKPYr HUMHBIPCKOI0 MUKPOIIPOTOKOHTH-
HCHTA BCJICACTBUEC MIPOSABJIICHUA MarMaTU4ecKom JACATCIbHOCTHU HOS[[HGapXCﬁCKPIX MaHTHUHHBIX IIJIFOMOB, O YEM CBUC-
TEJILCTBYIOT T€OXMMHUYECKHE OCOOCHHOCTH TPaHYJIMTOB M JaHHBIE U30TOITHOTO fatupoBanus [1].
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The oldest Early Archaean granulites known on the Aldan Shield occur in its Central Aldan granulite-gneiss
domain (Nimnyr block). The U-Pb SHRIMP age of granulites from the Nimnyr block is estimated at 3335+2 Ma [5].
The granulite complex of the Nimnyr block is represented by a metabasic-enderbite assemblage. The assemblage con-
sists dominantly of coarse-bedded enderbites (hypersthene plagiogneiss) (Nimnyr unit (suite) after different authors)
and contains minor interbeds and lenses of bipyroxene, bipyroxene-amphibole schists and garnet-biotite and garnet-
biotite-hypersthene plagiogneisses. The rocks of the metabasic-enderbite assemblage have been substantially grani-
tized to form charnockites. On the classification diagram Na,O+K,0-SiO, for volcanics the compositions of non-
granitized granulites of the metabasic-enderbite assemblage are in the fields of normal alkalinity rocks from basalts to
dacites. On the classification diagram Al-(Fe+Ti)-Mg, enderbites and bipyroxene schists are consistent with the fields
of calc-alkaline and komatiite-series volcanics. Basalts, andesite-basalts, andesites and dacites were found to be part
of original calc-alkaline-series volcanics. Original komatiite-tholeiite-series volcanics are represented by tholeiitic
and komatiitic basalts. On the multi-element diagram (Fig.1), Early Archaean enderbites of the metabasic-enderbite
assemblage of the Nimnyr block are similar in plot topology to the basement grey gneisses of Archaean shields [4]
that typically exhibit minimum Ta, Nb, P and Ti. The compositions of the tholeiitic metabasalts of the Early Archaean
metabasic-enderbite assemblage of the Nimnyr block on the diagram Nb/Y-Zr/Y [3] plot in the basalt field of plume
sources (Fig.2).

The author assumes that the geochemical characteristics of the protoliths of this assemblage can well be inter-
preted on the basis of the concept of the magmatism of mantle plumes, whose leading role in the Archaean tectono-
magmatic processes of the Earth’s evolution has been emphasized by many scholars [1, 2, etc.].

The sialic crust of the present Aldan Shield has been accreted around the Nimnyr microprotocontinent under
the influence of the magmatic activity of Late Archaean mantle plumes, as shown by the geochemical characteristics
of granulites and isotopic data [1].
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TPAHYJIUTOBBIE U SKJIOT'UTOBBIE KOMILIEKCHI TOKEMBPHUSI BOCTOUYHON
YACTH ®PEHHOCKAHIMHABCKOI'O IIUTA (BEJIOMOPCKHH IIOJABUXKHBIN ITOSIC U
KAPEJIbCKUHU KPATOH)

Bonoouues O.U.
UI" KapHI[ PAH, ITerpo3aBoack, Poccus, volod@kre karelia.ru

PRECAMBRIAN GRANULITE AND ECLOGITE COMPLEXES IN THE EASTERN
FENNOSCANDIAN SHIELD (BELOMORIAN MOBILE BELT AND KARELIAN CRATON)

Volodichev O.1.

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

Cpenu rpanynuToBEIX KoMmiekcoB (I'K), MMeomuX J0CTaTOYHO IHPOKOE PACIIPOCTPAHEHHE B apXee JaHHOTO
pernoHa, BEIIENAIOTC yMepeHHoOapuyeckue u BeicokoOapudeckue I'K. Cpenu mepBeix HamOombIee pacpocTpaHe-
HHUE U TUIOIIaaHoe pa3BuTHe uMeroT apeanbHbie ['K. ['pannier apeanoB 'K HedeTkune 3a cueT HHTEHCHBHOTO IIpeoOpa-
30BaHUs HACPOUTOB B THEWCH aMPUOOINTOBOH (alnu, oITOMY MaciTabbl KX HCTHHHOTO PaclipOCTPAHEHHUs OCTa-
1oTcst HeonpeneneHHbIMU. OcHoBHOW (on 'K aToro Tnma cocraBisioT cpeJHe3epHUCThIC SHAEPOUTHI KBApLIEBOANO-
PHUTOBOTO—TOHAJIMTOBOIO COCTaBa ¢ KCEHONUTAMH I'PAHYJIUTOB OCHOBHOTO, PEXE CPEIHETO, YIbTPAOCHOBHOTO U IJIHU-
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HOo3emucToro cocraBoB. Hekotopeie I'K mmerot Gonee cnoxxnoe crpoenne — ['K 03. Tynoc u ocobernno I'K 03. Hoto-
3epa. Boiensitores aBe Bo3pacteie rpynmsl: [ — 3.15-3.10 mupa. ner [1, 2] u Il — nenquddepenunposannas (2.78-
2.63 mupa. ner). PT ycnoBust Mmeramopdusma B pasHbix 00bekTax Bapsupytor — T = 700-900°C, P = 4-5 no 7-8 x0ap,
MakcumyM 11 k0ap [2]. [Ipoucxoxaenue 'K 3TOr0 THIIA HEJOCTATOYHO ONPENEICHHO, HO TI0 COBOKYITHOCTH I'€0JIOT0-
MIETPOJIOTHUECKUX JAAHHBIX MOXHO HPEANOIOKHUTD UX CBS3b C PA3BUTHEM ILUIIOMOB, (DOPMUPYIOIINX TETJIOBBIE MOTO-
KH, 00YCIIOBUBIIIE 00pa30BaHUE SHACPOUTOBOTO QOHA.

Hpyroii, MeHee pacpoCTPaHEHHBIH THII CBA3aH ¢ MEeTaMOpP(U30BaHHBIMU CYNpPaKpPyCTaIbHBIMH MOPO/a-
MU, HE aCCOLMUPYIOMMUMH C 3HAepOuTamMu. K HEMY OTHOCATCS HEMHUTMaTH3UPOBAHHBIE «CYXHE» IpaHaT-OMOTH-
TOBBIE THEWCHI YYNMHCKOHN 30HBI, CIOKCHHON MCEBAOCTPATU(UIIMPOBAHHBIM KOMJIEKCOM TIHMHO3EMHUCTHIX THEH-
COB, IO COCTaBY M COOTHOLICHHUIO MOPOJ COOTBETCTBYIOLIEH TEKTOHUYECKOI OpeK4HH, COCTOALIEeH 3 00IOMKOB
MeTarpayBakKk ¥ METaBYJKaHUTOB KHCJIOTO COCTaBa M MaTPHIIbl — KHaHUT-TPaHaT-OMOTUTOBBIX THEWcOB. B ryode
[Tonproma u psjge Ipyrux Mect Meramop(u3M rpaHaT-OMOTHTOBBIX THEHCOB COOTBETCTBYET I'PaHyJIMTOBOU (a-
IIUHU, Bo3pacT Meramopdusma — 2788+4 muH. aet [3].

JlpyruM yHUKaJIBHBIM OOBEKTOM 3TOTO THUIIA SBJISIOTCS PETUKTHI B aM(puOoauT-rHelicoBoM Komiuiekce Kepet-
CKOTO 3€JIEHOKaMEHHOT0 Tosica (p-oH N-oBa Buuansr), MeTaMOp()HU30BaHHBIX B YCIOBHUSIX I'PaHyJIMTOBOH (aiuy BYII-
KaHUTOB — 0a3aJbTOB, aHJE3UTOB M MX TY(OB, JAMTOB U PHOJIUTOB C yIUBHUTEIBHON COXPaHHOCTBIO TEKCTYPHO-
CTPYKTYPHBIX 0coOeHHOCTeH. Hackosbko MIMPOKO OBUT pacnpocTpaHeH IPaHyIUTOBBIH MeTaMOp(hHU3M B ByJIKaHUTax
Keperckoro 3e1eHOKaMEHHOTO TI0SICa OCTAETCS 3araaKoi.

Eme onHO nposiBiIEeHHE yMEPEHHO0apHUECKOTO IPaHyJIMTOBOr0 MeTaMoppH3Ma CBSI3aHO C IEKOMIPECCHOHHOM
craauedt popMUpPOBaHHS 30H MENaHXa — dHAepOUThI [IOHBrOMOBCKOW ¥ AKJIOTHTCOEepIKallei [ puanHCKO#H 30H.

Bricokobapuieckuii rpaHyIMTOBBIH MeTaMOphH3M HMeeT Iupokoe pacrpocrpaHenue B BIIII, oOpasoBanue
KOTOPOT'O CBSI3BIBACTCSI C apXeWcKo# (0Koyo 2.7 MIIpI. JIET) TPAHCIIPECCHOHHOW KoJuth3uel. Hanbonee HHTEHCHBHO
CTPYKTypHO-MeTaMop(duueckre npeodpa3oBaHusl MPOUCXOAMIM B IIOBHON 30HE KOJUIM3UHM, MPEICTABICHHOH KOM-
IJIEKCOM TJIMHO3EMHCTHIX THEelcoB. TunmomMopdubeiM nmapareHesucoMm spisercs Ky—Kfs (opToknas), B p-ue Buuan (03.
Keperts) 0611 00Hapy»xeH penkuii B npupoae Ky—OPx naparenesuc.

K j0KasibHBIM NIPOSIBIICHUSIM BEICOKOOAPUYECKOT0 TPaHyIMTOBOTO MeTaMop(hu3Ma OTHOCSTCS apXeickne U na-
JICONPOTEPO30HCKIE CUMITJIEKTUTOBBIE SKIOTUTHI, 00pa30BaHHbBIE Ha PETPOTPOATHON CcTaauu npeodpazoBanus, n Grt—
Na-Cpx—P1 nmopoxsl, 06pa3zoBaHHbIE B IpOILIECCE aBTOHOMHON IIPOTPECCUBHOM IKIIOTUTH3AIMN TAJIEOTIPOTEPO30HCKIX
JacK rab0pOnIOB.

B BIIIT Kapenuu B p-one c. ['puanHO ycTaHOBICHHI ABE [4, 5] BO3pacTHBIE U TEHETUIECKHE TPYIIIBI SKIOTH-
TOB: apXEUCKHE U NAJIEONPOTEPO3OICKHE.

Apxeiickue dKIOTUTHL, BEPOSTHO, 00pa30BaIHCh B Ipoliecce CyOMyKIUH U 3aTeM ObUIH S9KCTYMHPOBAHBI B TEK-
TOHWYECKOH IUIACTHHE, MPEACTABIIIONIEH c000if MHTEHCHBHO MUTMaTH3HPOBAHHBIA MEIIaHX, B 00JIOMOYHON COCTaB-
JISIFOILEH KOTOPOTO OOJIBIIYIO POJIb UTPAIOT B PA3IMYHOM CTENIEHN PETPOrpaHO MpeoOpa3oBaHHbIE IKIOTUTHI. ApXeil-
CKH BO3pacT JOCTATOYHO OIPEACICHHO YCTaHABIMBAETCS HA OCHOBE T'€OXPOHOJOrn4ecKux (2720.8+8 miH. siet) u
TeOJIOTUYECKUX JaHHBIX [4].

[To BKJIIOYEHHMSIM B I'paHaTax BOCCTAHABIIMBAETCS TPEH] IMPOTPECCHUBHOIO Pa3BUTHUS Mpolecca SKJIOTUTH-
3aIMi OT 3ejeHocanneBoi ¢anuu (Bxmouenus Ab, Chl, Ms, Ky, Zo) no T=820°C, P>17 k6ap (Ky—Omp 10
40 % Jd). Perporpanusie mpeoOpa3oBaHus MPOUCXOJMIN B BEICOKOOAPUUECKHX YCIOBUSAX TPaHyINTOBOH—aMpu-
6oauTOBOM (anuil.

Jpyroii TeHeTUYECKUH THIT SKIOTUTOB — HMaJICOMPOTSPO30HCKUE SKIOTUTHI IO TabOponaam. B p-one c. ['puau-
HO M3BECTHBI 3 TeHepaluy Jaek dKIOTUTH3NPOBaHHBIX Tad0oponaoB (T=700-930°C, P=12-19 kbap), 3aHMMaIOmuX ce-
KyIlee MT0JI0KEHNE, HEPEKO C 30HAMH 3aKJIKH OTHOCHTENILHO BMEMIAIOIINX MTOPOA, METaMOP(H30BAHHBIX B YCIIOBHU-
ax am¢udomuroBoit dammu (T=650-700°C, P=6.5-7.5 kbap, penko no 9-10 kbap). 'eonoro-nerposornyeckre naH-
HBIE TI0 COOTHOIICHHUIO MarMaTHYECcKOTo IPoIiecca U MPOoIecca SKIOTUTH3AIMN B AalfKaX, C OMHOW CTOPOHBI, SKJIOTH-
TH3AIMU B JJaiiKax ¥ CHHXPOHHOTO MeTamMop(u3Ma BO BMEIIAIOIINX MTOPOAAX, C IPYroi CTOPOHBI, ITO3BOJISIOT MPE-
M0JIaraTh, 4TO SKJIOTUTH3ALMS IPOSBIIIACH B JaKaX B aBTOHOMHOM PEKHME M MMEET CBS3b C MarMaTHYECKUM IIPO-
[IECCOM Ha CTaAusaX cyOCOMMIyCHON U aBTOMeTaMOp(pHUIecKoil kpuctamm3anud. OJHAKO BOIPOC O FeHE3HCE IKIIOTU-
TOB 3TOH I'PYMIIBI OCTAETCSI MPOOIEMHBIM.

Granulite complexes (GC), widespread in the Archaean unit of the region, fall into moderate-pressure and
high-pressure types. Areal moderate-pressure GCs are most common. As enderbites were intensely altered to gneisses
under amphibolite-facies conditions, the GC’s boundaries are indistinct and their real distribution range remains un-
certain. This type of GCs is dominated by medium-grained enderbites of quartz-diorite—tonalite composition with
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granulite xenoliths of mafic and minor intermediate, ultramafic and alumina compositions. GCs from the Lake Tulos
area and especially those from the Lake Notozero area are structurally more complex. Two age groups are recog-
nized: 1) a 3.15-3.10 Ga age group [1, 2] and 2) a non-differentiated group (2.78-2.63 Ga). The PT metamorphic pa-
rameters at different localities are variable: T=700-900° C, P=4-5 to 7-8 kbar, maximum 11 kbar [2]. The genesis of
this type of GC is uncertain, but available geological and petrological data suggest that it is associated with the evolu-
tion of plumes, which form heat flows responsible for the formation of enderbite front.

The other, less common, type is associated with metamorphosed supracrustal rocks not associated with ender-
bites. This type comprises non-migmatized ’dry” garnet-biotite gneisses from the Chupa zone, which consists of a
pseudo-strata-bound alumina-gneiss complex corresponding in composition and rock ratio to relevant tectonic breccia
composed of fragments of felsic greywacke and metavolcanics and a kyanite-garnet-biotite gneiss matrix. In Pon-
goma Bay and some other localities garnet-biotite gneisses were metamorphosed to granulite grade and have a meta-
morphic age of 2788+4 Ma [3].

Another unique locality of this type is represented by relics in the amphibolite-gneiss complex of the Keret
greenstone belt (Vichany Peninsula area) metamorphosed to granulite grade and consisting of volcanics such as ba-
salts, andesites, andesite tuffs, dacites and rhyolites with strikingly well-preserved structural and textural patterns. The
distribution range of granulite-facies metamorphism in Keret volcanics is still an enigma.

Another moderate-pressure granulite-facies metamorphic event, represented by enderbites from the Pongoma
zone and the eclogite-bearing Gridino zone, is associated with a decompression stage in the formation of mélange zones.

High-pressure granulite-facies metamorphism is widespread in the Belomorian mobile belt (BMB), whose origin
is attributed to Archaean (ca. 2.7 Ga) transpression collision. Structural-metamorphic alterations were most intense in the
suture zone of the collision represented by an alumina gneiss complex. Ky—Kfs (orthoclase) is a typomorphic paragene-
sis. A Ky—Opx paragenesis, seldom encountered in nature, was reported from the Vichany area (Lake Keret).

Local high-pressure granulite-facies metamorphic events are exemplified by Archaean and Palaeoproterozoic
symplectitic eclogites formed at a retrograde metamorphic stage and Grt—Na-Cpx—P1 rocks produced by progressive
autonomous eclogitization of Palacoproterozoic gabbroid dykes.

Two age and genetic groups of eclogites: an Archaean group and a Palaecoproterozoic group, were recognized
in the BMB in the Gridino area [4, 5].

Archaean eclogites seem to have been formed during subduction and were then exhumed in a tectonic slab,
represented by an intensely migmatized mélange; its clastic constituent consists largely of eclogites variably altered
by retrograde metamorphism. Their Archaean age is estimated accurately from geochronological (2720.8+8 Ma) and
geological data [4].

The progressive evolution trend of eclogitization from greenschist facies (Ab, Chl, Ms, Ky and Zo inclusions)
to T=820°C, P>17 kbsr (Ky—Omp up to 40 % Jd) are reconstructed from inclusions in garnet. Retrograde metamor-
phism proceeded under high-pressure granulite-facies conditions.

Another genetic type of eclogites is exemplified by Palacoproterozoic eclogites after gabbroids. Recognized in the
Gridino area are three generations of eclogitized gabbroid dykes (T = 700-930°C, P = 12-19 kbar). They have a cross-
cutting position, often with chill zones relative to host rocks metamorphosed to amphibolite grade (T=650-700°C, P=6.5-7.5
kbar, less commonly up to 9-10 kbar). Geological and petrological data on the magmatism-eclogitization ratio in the dykes,
on one hand, and those on eclogitization in dykes and simultaneous metamorphism in host rocks, on the other, suggest that
eclogitization proceeded in the dykes in autonomous regime and was associated with a magmatic process at subsolidus and
autometamorphic crystallization stages. However, the origin of this group of eclogites is open to discussion.

The work was supported by RFBR grant 11-05-00168-a.
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SUPERPOSITION OF TWO AGE AND GENETIC GROUPS OF ECLOGITES IN
THE GRIDINO AREA, BELOMORIAN PROVINCE, FENNOSCANDIAN SHIELD

Volodichev O.1., Slabunov A.1

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

B Benomopckoil npoBuHIuu OEeHHOCKAHAWHABCKOTO INMTA YCTAHOBIIEHBI BE BO3PACTHBIE U I€HETUYECKHE
IpYIIBI 3KJIOTHTOB: apXelckue U maneonporepo3oiickue. O0e 3TH rpymmsl u3BecTHH! [1, 3] B paiione c. I'puanHo.
Kpome Toro, apxeiickume 3KIOTUTHI B pETHOHE OIMCAHEI B paiioHe 03. JKocTpoBckas Mmannpa, Konpckuii momyoct-
poB (Iupoxas u Y3kas Cammer, Kypy-Baapa) [5], a maneonpoTepo3oiickue — B naiikax B paiione M. KpacHsrii [2].

B paitone c. I'puinHO apXxeHCKUN SKIOTUTCOAEPKALIMNA KOMIUIEKC cllaraeT TEKTOHUYECKYIO INIACTUHY, U
IpEeACTaBIsieT COOOH MHTEHCHBHO Ie(OPMHUPOBAHHBI MUIMAaTH3UPOBAHHBIH MEJaHXK C MeTaMOp()U30BaHHBIM
THEHCOTPAaHUTOBBIM MATPHUKCOM, 0OJIOMOYHOM cOCTaBistomell — Ae(OPMUPOBAHHEIMU U B PAa3IMYHON CTEICHH
peTporpajHo MeTaMOp(hU30BaHHBIMU SKJIOTUTaMH, aMpuOonuTaMu (TpaHaTOBBIMH M TPaHAT-KIMHOMHUPOKCEHO-
BBIMH), MeTayJbTpabda3utaMu, MerarabOpouaaMu, IOU3UTHTAMH, TIMHO3EMHCTHIMH U aMpHUOoICcoAepKAIUME
THelcaMu.

Apxelickue 3KJIOTUTHI IUI0XO COXPAaHWJINCh U B OCHOBHOM IIPEJCTABIIEHBl PETPOrPaJHO U3MEHEHHBIMU CHM-
IUIEKTUTOBBIMH PAa3HOBUIHOCTSIMHU C PEIMKTaMH 3KJIOTMTOBBIX MTapareHe31COoB.

OKJI0TUTHI OBLIH 00pa3oBaHbI 10 0a3UTaM, COMOCTaBUMBIM C O(YMOIUTONOAOOHBIM KOMIUIEKCOM besromopceko-
TO MOJIBIXKHOTO TI0sICa, PEeXkKe - 10 MarHe3najIbHbIM rab0poHopHuTaM. JIeHKOKpaTOBbIE Pa3HOBUAHOCTH MOCJIEAHUX, SB-
JISIFOTCSI, TIO-BUIMMOMY, IPOTOJIMTOM KHAHUTOBBIX 3KJIOTUTOB.

M3oTOmHBIH BO3pACT IIMPKOHOB U3 SKIOTUTOB 0-Ba Ctombnxa oneHuBaercs B 2720.7+8 muH. net [1]. Mopdo-
JIOTHSl €MHCTBEHHOH MOMYJIALUY [IMPKOHOB XapaKTEpHa Ul BHICOKOOAPHBIX I'PaHYJIUTOB U SKJIOTUTOB, a O Iapare-
HETUYHOCTH IIUPKOHOB M 3KJIOTHTOBBIX MUHEPATIOB CBUAETEIBCTBYET UX 00eqHeHHCTh TP33. Dkiorntconepxamuit
MEITaH)KHBIH KOMITIIEKC CeUeTCs OCT-TEeKTOHNIECKUMH KIJIAaMH TPOHIBEMUTOB ¢ Bo3pacToM 2701.3+8.1 muH. et u
JlaikaM¥ aJIeonpOTePO30iCKUX raO0pOHOPUTOB (MECTaMH SKIOTUTU3NPOBAHHbIX ).

DKJI0TUTHI IO OazuTam (6azanbTam) coctoat u3z Omp (28-40 % Jd), Grt (22-30 % Prp, 22-30 % Grs), Rt u
Qtz. B xuanutoBbix skimorutax Omp (38-42 % Jd), Grt (32-40 % Prp, 18-23 % Grs) accomuupyrot ¢ Ky, Qtz u
Rt. Jns Grt KHaHUTOBBIX AKJIOTMTOB XapakTepHa oOpaTHast 30HaIbHOCTH (36 % Prp nentp — 40 % Prp kpaii),
4TO, OUEBHJIHO, COOTBETCTBYET MPOTPECCUBHOMY TPEHIY Ipolecca dkiaorutusanuu. [Ipu 3ToM Menkue BKIroYe-
Hus B Grt kmaHUTOBBIX SKIOTHOB ¢. ['pumuao — Qtz, Ab, Chl, Ky, Zo, Kfs oTpaxkaroT HU3KOTEeMIICPATYPHYIO
CTa/INI0, a 30HAIBHbBIC BKIIOYCHHS B TpaHaTe U3 KHAaHUTOBOTO JKJoruTa o-Ba IIpsHnuHas myna — neHtp: Cpxs —

Grtag — Plys — Qtz (T=640° C, P=8.8 x6ap) — npomeskyTounas 3oua: Omp,; — Grtyy — Qtz (T=715°C, P=13.3
kOap) — kpait: Ompsy — Grt:’g — Ky (T=820°C, P = >16.8 xbap) onpeaeisioT napaMeTphl IPOrPeCCUBHOTO TPEH-

Jla pa3BUTHS MPOLIECCOB apXEHUCKOM AKIOTUTU3ALINH.

[pennonaraercs, 4To HeoapXeHCKHUE SKIOTUTHI 00PAa30BAINCH B IIpoliecce CyOMyKIUH, Kak U MHOTHE (aHepo-
30Mckue KI0ruTH [1, 3, 5].

Jpyroii reHeTHYeCKHil THIT SKJIOTUTOB B paiioHe ¢. [ puaNHO — NaeonpoTepo30MCKHE SKIOTUTHI 110 rado-
pounam [3, 4]. U3BecTHO HecKONBKO (10 3-X) reHepanuii JaeKk dKIOTUTH3UPOBAHHBIX Ta00POHIOB, YaCTO C 30HA-
MU 3aKaJIK¥, 3aHUMAIOIINX CEKyIlee MOJ0KEHNE OTHOCUTEIFHO HHTEHCUBHO IPe0Opa30BaHHOI0 HEOapXeHCKOTro
SKJIOTUTCOJIEPKAIIEro KOMIUIEKCca, MeTaMOp(pU30BaHHOTO B YCIOBUAX amdubonnToBor danuu. TunnaaemM 00-
pa3oM SKIOTHTH3alMs TPOSIBICHA B OJUBHHOBBIX raOOpOHOpPHTAX, Claralolux Jaiky Ha okpauHe c. ['puauHo
[4]. B neHTpanpHOW Y4acTH OHA CII0KEHA SKJIOTUTU3HPOBAHHBIMH KOPOHUTOBBIMH OJMBHHOBBIMH Ia00pOHOPHTA-
MU, 9KJIOTUTOBBIE (TpaHaT+oM(anUTEKUAHNT, KOPYH]) MaparcHe3nUChl Pa3BUBAIOTCS B BUJE PEAKIIMOHHBIX KailM
BOKPYT MarMaTW4ecKuX MuHepanoB. Marmatudeckne Cpx oOHapyXHMBAfOT MOBBIIICHHBIE conepkaHus Jd kom-
MIOHEHTA, KOTOPhIE OT LeHTpa kpuctamia (~ 12 % Jd) k kparo mocTeneHHO yBEINYUBAIOTCS C epexogamMu B Omp
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KaiiMy. B cTpykTrypax pacnaga Opx namemnnu Cpx coxepxar 1o 10-15 % Jd. Otu naHHbIe MO3BOJSIOT MpeaOa-
raTh, 4YTO MPOLIECCHI IKJIOTUTH3ALUU UMEIOT HENOCPEACTBEHHYIO CBSI3b C MArMaTUYECKUM MPOLECCOM.

B npomexyTouHO! 1 KpaeBOH 30HaX JalKK Pa3BHUTHI SKJIOTHTHI (IrpaHaT+oMdanuT+opTonupokcen+amduoo,
OMOTHUT) M UX PETPOrPaaHO M3MEHEHHBbIE pazHocTH. [locneiHIe BEIpaskaroTcsl B 00pa30BaHNH PETPECCHBHON 30HAb-
HOCTH B KJIMHOIIMPOKCEHAX M TpaHaTax, MOSBICHUH IapareHesrnca aMm(puoOo+iarnokas.

YcnoBust popMUPOBAHHS SKJIOTHUTOB 3TOH IPYMIIBI BAPUPYIOT B IMPOKUX MPEAEIaX U OLEHUBAIOTCS CIEILYI0-
mMu napamerpamu: P=12-20 x6ap, T=700-930°C. Cnenmansaoe n3ydenue PT ycioBuit Mmetamopdusma BMemao-
WX A SKJIOTHTH3MPOBAHHBIX JaeK IOPOA IOKAa3ajo, YTO OHO OTBEYaeT IapamerpaM am(puOonInTOBOH (aumu:
P=6.5-7.5 x06ap, penko mo 9-10 k6ap, T=650-700°C.

HccnenoBanust HUPKOHOB, BBIICJIECHHBIX U3 LICHTPAIBHOU M IPOMEXKYTOYHOM 30H 3TOH JaiiKu, I0Ka3ailu
HaJU4Me B HUX TPEX BO3PACTHBIX U MOpQosioruueckux rpymn [4]. BolbIIMHCTBO IMPKOHOB B U3y4YECHHBIX TPO-
0ax — xceHoreHssle. X Bo3pacT BapbUpyeT OT Me30- 10 Heoapxeiickoro. I[Ipuamarnueckue «radbOpossie» (c
MHUHEPAIbHBIMH BKJIIOYCHUSMHU MUPOKCCHOB, BBICOKUMHU conepxanusmMu u otHomeHuem U, Th, Pb, REE u
Th/U) mupxons! ¢ U-Pb Bo3pactom 2393+13 MiH. JeT OTBEYar0T MarMaTH4eCcKoi cTaauu GopMUpOBaHUS Jaii-
K. Bpems 00pa3oBaHMs 3KIOTUTOBOTO MaparcHe3nca COMMKEHO ¢ MarMaTH4YEeCKHUM IIPOLECCOM, Ha YTO yKa-
3BIBACT TOSIBICHUE B KPACBOW YAaCTH MPHU3MATHYECKUX IUPKOHOB BKIIOUYEHHH KIMHONHMPOKCEHA C MOBBIIICH-
HBIM COJIEp’KaHHEM KaJeuTOBOTO MuHaNa. KOpOTKONpU3MaTHiecKie M OKPYIJIble IUPKOHBI, KOTOpBIE HE yCTa-
HOBJICHBI B IICHTPAJILHOW 30HE M OTBEYAIOT BPEMEHHM HAJIOKEHHOro MeraMop¢uizMa aM(puOOIUTOBOH (aunu,
nmeroT U-Pb Bo3pact 19114+9.5 mnH. ner.

®DopMHUpOBaHHE 3TOI IPYMIIBI SKJIOTUTOB, BEPOSITHO, CBSI3aHO C OCOOEHHOCTSIMH ITPOIIECCOB MarMaTHYECKOH
KpPHUCTaJUIM3alMU PACIUIaBOB B CPEAHEH 4acTH 3eMHOW KOpPbI B yCIOBUSX pudrorenesa. OnHaKo, BOIPOC O TeHe3Hce
9TOM TPYNIIBI TOKA OCTAETCS OTKPHITHIM.

Two age and genetic groups of eclogites: an Archean group and a Palaeoproterozoic group are recognized in the Be-
lomorian province of the Fennoscandian Shield. Both groups have been reported [1, 3] from the Gridino area. In this region,
Archaean eclogites have also been described from the Lake Ecostrovskaya Imandra, Kola Peninsula (Shirokaya Salma,
Uzkaya Salma and Kuru-Vaara) [5] and Palaeoproterozoic eclogites in dykes from the Point Krasny area [2].

In the Gridino area, an Archaean eclogite-bearing complex builds up a tectonic slab and occurs as a highly de-
formed migmatized mélange with a metamorphosed gneissose-granite matrix and a clastic constituent made up of
deformed eclogites, garnet and garnet-clinopyroxene amphibolite, metaultrabasic rocks, metagabbroids, zoisites and
alumina- and amphibole-bearing gneisses which have been variably subjected to retrograde metamorphism.

Archaean eclogites are poorly preserved, and are represented dominantly by regressed symplectitic varieties
with relics of eclogite parageneses.

Eclogites were formed after basic rocks correlatable with an ophiolite-like complex in the Belomorian mobile
belt and less commonly from high-Mg gabbronorites. Leucocratic varieties of high-Mg gabbronorites seem to be a
protolith for kyanitic eclogites.

The isotopic age of eclogite zircons from Stolbikha Island is estimated at 2720.7+8 Ma [1]. The mor-
phology of the only zircon population is characteristic of high-pressure granulites and eclogites, and the par-
agenetic pattern of zircons and eclogite minerals is indicated by their depletion in HREE. The eclogite-bearing
mélange complex is cross-cut by 2701.3+8.1 Ma post-tectonic trondhjemite veins and locally eclogitized Palae-
oproterozoic gabbronorite dykes.

Eclogites after basic rocks (basalt) consist of Omp (28-40 % Jd), Grt (22-30 % Prp, 22-30 % Grs), Rt and Qtz.
In kyanitic eclogites, Omp (38-42 % Jd), Grt (32-40 % Prp, 18-23 % Grs) is associated with Ky, Qtz and Rt. Grt from
kyanitic eclogites typically shows reverse zonation (36 % Prp centre — 40 % Prp margin), which is obviously consis-
tent with a progressive eclogitization trend. Fine Qtz, Ab, Chl, Ky, Zo and Kfs inclusions in Gr of Gridino kyanitic
eclogites reflect a low-temperature stage, and zonal inclusions in garnet from kyanitic eclogite on Island Pryanich-

naya Luda reflect the centre: Cpxs — Grt;g — Plps — Qtz (T=640° C, P=8.8 kbar) — an intermediate zone: Omp,; —
Grtgg — Qtz (T=715°C, P=13.3 kbar) — margin: Omp;, — Grt% — Ky (T=820°C, P=>16.8 kbar) are responsible for

the parameters of the progressive evolution trend of Archaean eclogitization.
Neoarchaean eclogites, like many Phanerozoic eclogites, are assumed to have been produced by subduction [1, 3, 5].
Another genetic type of Gridino eclogites is Palacoproterozoic eclogites after gabbroids [3, 4]. Up to three
generations of eclogitized gabbroid dykes, often with chill zones, which cross-cut the highly altered Neoarchaean
eclogite-bearing complex metamorphosed to amphibolite grade, are known. Eclogitization exhibits a typical pat-
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tern in olivine gabbronorites that build up a dyke at the outskirts of the Town of Gridino [4]. Its central portion
consists of eclogitized coronitic olivine gabbronorite. Eclogitic (garnet+omphacite+kyanite, corundum) paragene-
ses evolve as reaction rims around igneous minerals. Magmatic Cpx has elevated Jd concentrations, which rise
gradually from the centre of a crystal (~ 12 % Jd) to its margin with transition to an Omp rim. In Opx disintegra-
tion structures, Cpx lamellae contain up to 10-15 % Jd. These data suggest that eclogitization processes are directly
related to a magmatic process.

Eclogites (garnet+omphacitetorthopyroxene+amphibole, biotite) and their regressed varieties are common in
the intermediate and marginal zones of the dyke. The latter are indicated by regressive zonation in clinopyroxene and
garnet and the presence of an amphibole+plagioclase paragenesis.

Eclogites of this group were formed at pressures of 12-20 kbar and temperatures of 700-930°C. A special
study of the PT parameters of metamorphism of eclogitized dyke-hosting rocks has shown that they are consistent
with amphibolite-facies parameters: P=6.5-7.5 kbar, seldom up to 9-10 kbar, T=650-700°C.

The study of the zircons, extracted from the central and intermediate zones of this dyke, has revealed three
age and morphological groups [4]. Most zircons from the samples analyzed are xenogenic. Their age ranges from
Meso- to Neoarchaean. Prismatic “gabbro” (with mineral inclusions of pyroxenes, high U, Th, Pb and REE con-
centrations and a high Th/U ratio) zircons with an U-Pb age of 2393+13 Ma are consistent with a magmatic stage
in dyke formation. The formation of an eclogitic paragenesis is separated by a short time span from a magmatic
process, as indicated by the presence of clinopyroxene inclusions with elevated jadeitic minal concentrations at the
margin of prismatic zircons. Short-prismatic and rounded zircons, which are not encountered in the central zone
and are consistent with the time of multiple amphibolite-facies metamorphism, have an U-Pb age of 1911+9.5 Ma.

The formation of this group of eclogites is presumably related to the characteristics of the magmatic crystalli-
zation of melts in the middle portion of the earth crust affected by rifting. However, the genesis of this group is still
uncertain.

The work was supported by RFBR grant 11-05-00168-a.
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3eMHBIe HOPOBI X MHHEPAIbI O0BIYHO 0GOTAIIEHE! H30TOIOM 'O OTHOCHTEILHO COBPEMEHHOI MOPCKOM BO-
JIbI, T.€. HMEIOT MOJOKHTENBHBIE 3HaueHHs O "O. BOIBIIMHCTBO CHIIMKATHBIX TIOPOJ XapaKTEPU3YETCs 3HAUCHHSAMH
5'%0 or +4 10 +15 %o. Haxonka B ceBepHOi Kapennu mopoa, CHIPHO 00CIHEHHBIX TSHKETBIM H30TOMOM KHCIIOpOJa
otHOcuTenbHO SMOW [1], BEI3BaNIa 3HAYUTENBHBIN HHTEPEC, IIOCKOIBKY MpEAIoiaraeT BecbMa crieruduyaeckue yc-
JIOBHA UX 00Pa30BaHMUS.

KopynnoBsie nposiBieHus ceepHoi Kapenun mnpu HEOOIBIIOM KOJMYECTBE CIIATAIOIIMX UX MUHEPATOB Xa-
paKTepu3yroTcsi OOIBIINM Pa3HOOOpa3ueM CTPYKTYPHO-TEKCTYPHBIX OCOOEHHOCTEH. Bapuaym KOMU4IeCTBEHHBIX MH-
HEpaJbHBIX COOTHOIIICHHI, OOWINE TeHepalluii MUHEpaIbHBIX (a3 (rpaHara, amduOoIIa, IIaruokiasa), HAIMIUE PaH-
HUX KOPPOJMPOBAHHBIX PEIMKTOB MHHEPAIOB B MO3JHUX HOBOOOPAa30BaHHUSIX OOYCIIOBJICHBI 30HAILHBIM CTPOCHHEM
TeJI U pa3BUTUEM I1apareHe3rcoB, (OPMHUPOBABILMXCS B IIMPOKOM MHTEPBAJIC TeMIeparyp H jaaBieHui [2]. Pacyers
ycIoBuUil 00pa3oBaHMs KOPYHAOHOCHBIX IIOPOJI HA OCHOBE METOJ[a MUHMMH3AIMU TEPMOIMHAMUUECKOTO TIOTEHIHaNa
C IOMOMIBIO MporpamMmHoro komiekca «Cenexkrop-Cy» [3] mokaszanu, 4yTo TeMmneparypa JojbkHa ObITh He MeHee 720
°C, a naBienue He HIDKe 10 KOGap, YTO COOTBETCTBYET HH3aM IPaHyIUTOBOM (auuu Meramopdusma. TONBKO IpH Ta-
KHX yCJIOBHAX HA0Op M COCTaBBl PaCUETHBIX MHUHEPAIOB COOTBETCTBYIOT MPUPOAHBIM.

KopyHoBBIE TIPOSBICHNST HMEIOT CIIO’KHOE T€0JIOTMIECKOe CTPOCHNE M TEHE3HC M TI03TOMY CYIIECTBYIOT ITPO-
0J1eMBI ¢ YCTAHOBJICHUEM BO3pacTa Mx oOpa3oBaHKs. MbI poBeny naTupoBanue K/Ar MeTonoM 1o coCyIIeCTBYIOLINM
MHHEpaTaM 00pa3oB XUTOCTPOBCKOTO 1 Bapankoro npossienuii (tad. ). [TomydeHHBII BO3pacT CoBIagaeT ¢ JOMUHH-
PYIOIMMH Ha CETOMHAIIHUN JEHb MTPEACTABICHNSIMU O CBEKO(EHHCKOM IIEPUOAE TeHe3Nca MPOSBICHUH KOPYH/Ia U XO-
potuo cornacyrorcs ¢ Th-U-Pb narupoBkamu, osry4eHHBIME IO [UPKOHAM ISl XUTOCTPOBCKOTO ITPOSIBIICHHSI.

Tabuuna. BozpacTHble JaTHPOBKM MUHEPAIOB U3 OPOJ KOPYHIOBBIX IposiBiIeHUN Bapanukoe u XurocTpos.

MecTtoposkaenue Ne obpasna Munepan Kanwuit, % Al;03,% Ay, HI/T Bospacr, min.ter
Bapankoe K-231/6 OHOTHT 6,22 0,7 1330 1824445
Bapanxoe K-231/6 amdubdon 0,45 1,2 95,49 1811+45
XuTocTpoB K-90/23 OUOTHT 5,13 1,0 1166 1895447
XuTOCTpOB K-90/23 ampubo 0,16 3,0 34,35 1814463

IIpumedanue: npu pacyere BO3pacTa UCIOIb30BAINCh /11{ =0.581x107" yearil

" Ay = 4,962x107 year™

Pe3ynbraTsl H3MepeHUi N30TOMHBIX OTHOLICHUH KHCIOPOAa MpUBEAeHB! Ha puc. 1. boibmmHCTBO MpoaHau-
3MPOBAHHBIX MHHEPATIOB HMEIOT aHOMANBHO HI3KHE (-15,5 - -26 %o) 3HaueHus 3'°0.

HonoGubie 3Hauenns 8'°0 U1 3eMHBIX TIOPOJ [0 TOCJIEIHEr0 BPEMEHH HEOBUIH H3BECTHBL B TO e Bpems
JUIS JbJJa ¥ CHEXKHO-JIETHUKOBBIX BOJ ['peHianany M AHTapKTHIBI OHU HE SIBJISIOTCS YE€M-TO SKCTPAOpAWHAPHBIM,
3/1eCh OTMEYEHBI U 0ojiee Hu3kue (MeHee -60 %o) 3HaueHUs 5'%0. Crnemyer OTMETHTP, YTO IOHM)KEHHBIE, HO HE OTPH-
naTesbHbIe, 3HAUCHNs &' 'O IS KOPYHIOHOCHBIX MOPOJ M MHHEPANIOB BeoMOphs OTMeUasIich i paHee [4], i CBA3bI-
BaJIOCh 3TO C BIMSAHUEM BOJ METEOPHOTO IPOUCXOXKICHHUS.

MOXHO TIPEAIOI0KNATh, YTO KOPYHIOHOCHBIE TOPOABI XUTOCTPOBCKOTO U Bapankoro mposieieHuit copmupo-
BJIMCh IIPU yYacTHU INISINMANBbHBIX BOA. [Ipu 3TOM mom00HBIE BOJBI HE 00sI3aTEIBHO JIOIKHBI OBITh XOJ0AHBIMU. He-
naBHO B Cubupw, B 30He baiikanbckoro pudra, Obiin 00HApYXKEHBI TUIPOTEPMBI ¢ TemiepaTypoi 6osee 100°C, umetro-
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e 880 menee -22 %o. IIpu 5TOM H30TONHEIA COCTaB BOABI COOTBETCTBYET MOJIOKEHHUIO TOUYKU Ha TIIO0ATBHOM JTMHUN
MeTeopHBIX Box (puc. 1). Takum 00pa3oM, He BRI3BIBAET COMHCHUS, YTO KOPYHIOHOCHBIC TIOPOIBI ceBepHOU Kapenwwu,
00J1a1as1 aHOMAJTLHO JISTKAM U30TOIHBIM COCTABOM KHCIIOPO/Ia, 00Pa30BaNCh B BEChMa CIICIIM(DUYHBIX yCIOBHIX.

<~
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0~ ~
C 3D %o
-20 FSMOW
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-40 =
o <
-60 = _ Magmatic water
P fr.'f.rc‘;‘;j.’_f;frm.‘ {.‘; 8 (Taylor. 1 9?4]
30 * ’. / ( mice A
- f / I{!\.'_ f‘i'\j
B mica,
-100 | /
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120 K-90/23@] &3- ,ff 4
- K-90/14 s
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Puc. 1 UzoTonHEIi cOCTaB KOPYHAOHOCHBIX ITATHOTHEHCOB

W3oTonHbIi cOCTaB MHUHEPAIOB KOPYHIOHOCHBIX IUIarMOTHEHCOB, KaK BOJOCOAEPIKAIIUX, TaK U OE3BOIHBIX,
XapaKTepu3yeTcsi aHOMaJIbHO JIETKUM COCTaBOM, PE3KO OTIMYAIOLIMMCS OT BMELIAIONIUX MOPOJ. AHAIN3 UMEIOLIHXCS
MaTepHalioB MOKa3bIBAET, YTO IPOLECCOM, B pe3yJbTaTe KOTOPOTo MOITH c(hOPMHUPOBATHCS MOAOOHBIE OTHOLICHUS
CTaOMIIbHBIX M30TOIIOB B MUHEpANaX, SIBJISIOTCS OOMEHHbIE MPOLIECCHl MEXAY TpaHC(HOpMHUPYEMOil Oposoi 1 BOJ-
HBIM (DITFOMIOM. A BOZIaMU, 00IaaI0NIMMHU OTEHIIAAIOM sl (JOPMHUPOBAHUS TOAOOHOTO (QIIFOMIA SIBISOTCS TIISIIH-
QJIbHBIC BOJBL. YUUTHIBas JaHHbIE 10 H30TOIMHU KHCIOPOJAa BO JbJIaX AHTapKTUABI U ['peHnanany, rae 3agukcupopa-
HHI emie Oojiee HU3KKUE COOTHOIICHHUS, TaKOH MpoIlecc BIOIHE Bo3MokeH. Hanpumep, kak mokaszan I1. Apon (1988),
4eTBEpTHUHbIC KAPOOHATHBIE OCAIKH AHTAPKTH/BI, OT/IATAIONIMECS U3 TVISIMATBHBIX BOJ, HMEIOT 3HaueHHs &' 'O B
unteppane -14,1 - -17,3 %o orHocutensHo SMOW. PacueTHoe H30TOIMHOE cooTHOmIEHUE Kucaopona (8'°0) B tamoii
JIETHUKOBOW BOJIE B 3TOM ClTy4yae KoseOsercst B uHTepBaie -47,2 - -50,3 %o.

He MmeHee mokazaTelbHBIM IPUMEPOM SIBISIETCSI OOJIETYeHHBIH COCTAB M30TOMOB KUCIOPO/a BO BTOPUYHBIX
MHUHEpaJax ¥ U3MECHEHHBIX T'OJIOEHOBBIX 0a3anbTax VciaHauM, BCKPBITBIX CKBaXWHAMHU TiiyOokoro Oypenus. Ilo
nauneiv K. Hattori u K. Muehlenbachs (1982), rumpoTepManbHO H3MEHEHHbIE 6a3aibThl MMEIOT 3HaueHHe &' "0 Me-
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nee -10 %o oTHOCHTEEHO SMOW, a BO BTOPHYHOM 3IIHI0TE U3 THX TOPOJ 3HaueHHs &' O KoneGmoTes B HHTEpBAIe
-11,8 - -12,7 %o. [lonararot, 4T0 B rUApOTEpMAIBEHOM (DIIFOMEC TPHHUMAIHM Y4acTHE METCOPHBIE BOJIbI, HMCIOIINE B
Wcnanauu n3otonHsie 3uadenns 8'°0 ot -8 10 -11 %o [5]. Jst TepMalibHbIX BOJ CuxoTre-AJIMHSA OTMEYal0TCs Bapua-
wn 5'°0 B unTepBae -10,8 - -18,8 %o, B ropsUMX TepMaNbHBIX Bojax Baiikansckoro pudra sHauenus §'°0 omycka-
10TCsT HIKE -22 %o. Takum 00pa3om, ydacTue MISIUAIBHBIX BOJ B MPOLIECCE THAPOTEPMAIBHBIX TPe00pa30BaHUM Mo-
POZ B 30HE BYJKAHWYECKOW AKTHBHOCTH BITOJHE MOTJIO MPUBECTH K ()OPMHUPOBAHHIO METACOMATHTOB C aHOMAJIBHO
JIETKUM OTHOIIEHHEM CTaOMIBHBIX H30TOIIOB.

MbI [OIaraeM, 4To SKCTPeMaTbHO Hu3Kie 3HaueHus 8 0 u 3D B MUHepanax MOTYT CBHIETEILCTBOBATH O CO-
XpaHEHUH B HUX M30TOIHBIX OTHOIICHHH KHCJIOpPOJa M BOAOPO/a IPOTOJIHNTA U JOMETaMOP(PHIECKOM OOMEHE C TIIsi-
MaJbHBIMU BOJIaMH. BeposTHO, cBeKo(heHHCKUE INIMHO3EMUCTbIE KOPYHIOHOCHBIE TIArHOKIa3UThI ObLIH CPOPMHUPO-
BaHbI 110 METACOMATHU3UPOBAHHBIM MAJICONPOTEPO30HCKUM NOpOJiaM, 00pa30BaBIIMMCS B MaJIOTTlyOMHHOI 30HE (y-
MapoJILHOTO NOJIS MOA JeTHUKOM. [10100HbIe MO MIMPOKO PACHpPOCTPAHEHB! B COBPEMEHHBIX BYJIKAaHHYECKHX 00-
nactsax (Hanpumep, Ha KamuaTtke nim B Mcnanaun). OOneryeHHblit cocTaB M30TONOB KUCIOPO/a M BOIOPO/a BO BCeX
MHUHEpaJIaXx KOPYHJIOBBIX HPOSIBIEHHH CBUIETEILCTBYET O IOJHOM IPEoOpa3oOBaHWM PAaHHET0 Me30-HE0apXeHCKOoro
cyOcTpaTta B HU3KOTEMIIEpaTypHbIE TITHHO3EMUCTBIE METACOMATUTHI B MaJieonpoTepo3oe. st 3Toro HeoOXoanuM 1oc-
TAaTO4YHO OOJNBIION 00BEM BOMBI C JIETKMM COCTaBOM H30TOIIOB, a THAPOTEPMalbHasl sSUeiika JOJDKHA NEHCTBOBAaTh
JUINTETbHOE BpeMsi. MeTacomMaTo3, BEPOSTHO, MPOUCXOIMI B IIEPUO] IPEBHENIIIEr0 T'yPOHCKOTO OJIEICHEHHS, TIHK KO-
TOpOro mpuxoauTcs Ha 2,3 mupa. jet. B mampHENIeM 3TH MOPOIBI TOABEPIIIACH BEICOKOOAPHOMY CBEKO(EHHCKOMY
(1,9-1,8 mppa. ret) Mmeramopuzmy.

Paboma evinonnena npu gpunarncosoii noooepocke PODHU (No. 10-05-00371-a)

The Earth’s rocks and minerals commonly have positive 3'*0 values, being enriched in isotope '*O relative to
the modern sea water. Most of silicate rocks are characterized by 5'*Osmov from +4 to +15%o. The recent finding of
the Karelian rocks anomalously poor in heavy oxygen isotope suggesting very specific conditions of their generation
[1] aroused significant interest.

The corundum-bearing rocks of the northern Karelia composed of a few major mineral varieties are character-
ized by a high diversity of textures and structures, among which zoning is widely presented. Garnet, amphibole and
plagioclase of different generations mix with each other in different proportions and form both early corroded relics
and late mineral phases, indicating development of paragenetic sequences in a wide range of temperature and pressure
[2]. Our calculations basing on minimization of thermodynamic potential with the help of the Selector-C software [3]
show that formation of the corundum-bearing rocks occurred under temperature not less than 720°C and pressure not
less than 10 Kbar, corresponding to the lower granulite-facies metamorphism. Only such conditions provide matching
between the calculated and natural compositions of minerals.

The corundum occurrences have a complex geological structure and genesis creating many problems for their
age determination. We performed K-Ar dating of coeval minerals extracted from rock samples of the Khitostrov and
Varatskoe locations (Table 1). The Svecofennian age that we determined is in a good agreement with the previous
Th-U-Pb datings of the Khitostrov zircons as well as with the currently dominating ideas about origin of the minerali-
zation.

It should be noted that low, but not negative values of 5'"*Osmov were detected in the corundum-bearing rocks
of the Belomorian region previously [4]. They were interpreted as formed under influence of meteoric water.

Fig. 1 shows oxygen isotopic ratios in the minerals we analyzed. Most of them are anomalously low (from -
15.5 to -26 %o) that were not known until recently. At the same time, they are not extraordinary for ice and glacial
water in Greenland and Antarctica, where 3'*Osmov may be as low as -60 %o and below.

It may be suggested that the corundum-bearing rocks of the Khitostrov and Varatskoe occurrences were origi-
nated with participation of glacial water. Such a water should not obligatory be cold. For example, hydrotherms with
temperature higher than 100°C and §'*Osmov less than -22 %o were recently found in the Baikal rift zone, Siberia.
However the oxygen and hydrogen isotopic data of these hydrotherms plot close to the Global Meteoric Water Line
(Fig.1). So, there is no doubt that the Karelian corundum-bearing rocks with the anomalously light oxygen were
formed under exotic conditions.

Both water-bearing and water-free minerals from the corundum-bearing plagiogneisses are characterized by the
anomalously light oxygen isotopic compositions, which significantly differ from those in the host rocks. Our analysis of
the available information shows that such mineral features may result from interaction between rocks and hydrothermal
fluid significantly contributed by glacial water. Taking into account the data on oxygen isotopic compositions of the
Antarctic and Greenland ice, where the lowest values of 8'0 were determined, this process is considered to be quite
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possible. For instance, P.Aron (1988) noted 8'*Osmov from -14.1 to -17.3 %o in the Quaternary calcareous sediments
deposited from the glacial water. The calculated 3'*Osmov in this water is between -47.2 and -50.3 %o.

The altered Holocene basalts and their secondary minerals from cores of the deep boreholes in Iceland may give
us another demonstrative example of light oxygen in hydrothermal environment. K. Hattori and K. Muehlenbachs (1982)
reported §'*Osmov lower than -10 %o in altered lavas and -11.8 to -12.7%o in epidote there. Meteoric water with
3'"*0smov from -8 to -11 %o is believed to significantly participate in the local hydrothermal fluid [5]. In addition,
3'"Osmov varies from -10.8 to -18.8%o in the thermal waters of Sikhote-Alin and gets below -22 %o in those from the
Baikal rift. Consequently, participation of glacial water in hydrothermal alteration of rocks in the areas of volcanic activ-
ity may result in formation of metasomatic rocks with the negative anomaly of oxygen isotope composition.

We believe that minerals may retain the extremely low values of 8'*0 and 8D, which resulted from interaction of
glacial water with their protolith, after metamorphic transformations. The Svecofennian high-alumina corundum-bearing
plagioclasite was probably formed after the hydrothermally altered Paleoproterozoic rocks originated in the shallow zone
of fumarole field under a glacier. Such fields are widely distributed in the modern volcanic areas, such as Kamchatka
and Iceland. The light oxygen and hydrogen isotopic compositions in all minerals of the corundum occurrences evidence
that the early Meso-Neoarchean primary rocks were completely replaced by the low-temperature metasomatites during
the Paleoproterozoic time. Both sufficiently large volume of water with light oxygen composition and long duration of
the water-rock interaction were necessary to provide such a deep alteration. The metasomatic processes took place
probably in the oldest Huronian glaciation period, which maximum occurred 2.3 billion years ago. Later, these rocks
suffered the high-pressure Svecofennian (1.9-1.8 billion years) metamorphism.

We are grateful to the Russian Foundation for Basic Research (No. 10-05-00371-a) for funding our investiga-
tion.
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B nmoxiaze paccMaTpuBaeTCs reoorndeckas U T€OXUMHUYECcKasi ABOJIONHS BBICOKOTPAIHBIX (TPaHYIUTOBBIX)
KOMIUICKCOB, NOAPAa3/ICJICHHLIX Ha JiBa TUIIA, HA3BAHHBIX 3Hﬂep6HTOBLIﬁ u LIapHOKI/ITOBI)II‘/II M UCCIICAOBAaHHBIX B IIPC-
nenax bemomopckoro u CBekodeHHCKOro mosicoB Ha @eHHO-CKaHAMHABCKOM IIUTE U B 3aIIaJHON YacTH AJITAHCKOTO
IPaHyJIMTOBOIO apeaya. DHACPOUTOBBINA THIT IPAaHYJIUTOBBIX KOMILUICKCOB OOHAPYKHUBAET CBSI3b C HEOAPXCHCKOW U ma-
JICOMPOTEPO30HUCKON OCTPOBOAYKHBIMU CUCTEMAaMH, COOTBETCTBEHHO, YTO JIOKA3bIBACTCSI ITCOJIOTMYSCKUMHE HAOITOIe-
HUSIMH ¥ H30TOITHO-T€OXPOHOJIOTHYSCKUMH JTAHHBIMI. YapHOKUTOBEIA TUI TPAHYJIMUTOB Ha AJTAHCKOM IIUTE 1MO100-
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HBIM 00pa3oM cBsi3aH ¢ PegOPOBCKOM OCTPOBHOM IyTroif, HO KajueBasi TeOXUMHYECKas CIeUaIn3alus TPaHUTOUIOB
ObuIa ompe/esieHa 3HAYUTENILHO paHblle, B Me30apxee.

B benomopckoM mosice BEICOKOTpaJIHBINA MeTaMOp(hH3M IIPOUCXOJII B MHTEpBaIe BpeMeHH 2.74-2.69 mupa. ner
Ha3aJ B CBS3U C KOJUIM3KEH OCTPOBHOMU AYTH U Kpas ApeBHero koHTuHeHTa (DernHo-Kapenbckuii kpatoH). B CBekodeHH-
CKOM TIOsICE TPAaHYJINTOBBIC KOMITICKCHI Pa3BUBAINCH B CBSI3H C IMOSBICHUEM TOJIOKUTEIBHBIX TEPMUUCKCKUX aHOMAINH B
TBUTBHON YacCTH OCTPOBOY>KHBIX CHCTEM, a Oaroziapsi UIX MUTPALMIH B FOTO-3aI1a/THOM HaIpaBJICHNH, 110 KpaltHeH mMepe, B
TEUeHHE JABYX pa3leieHHbIX BO BpeMeHH »mm3040B: 1.87- 1.88 u 1.82-1.80 mupa. net. Bo Bpems nepBoro smm3ona popmu-
POBaICSI KOMILIEKC 9HAEPOUTOBOTO TUIA. bornee mo3iHue rpaHyIMThI OTHOCATCS K YAPHOKUTOBOMY THITY.

Bonee crmoxHas reoysornueckas MCTOPHUS NMPOCIEKEHa B AJIJJaHCKOM TpaHYJIUTOBOM apeaje, Iie coxpa-
HUJICS CHJIBHO TPAaHUTH3UPOBAHHBIA KOMILJICKC MOpoJ ampuboauToBoit damuu, chopmupoBanusid 3.25 mipa.
JIeT Hazaj, 4TO J0Ka3blBaeTcss HOBBIMHU JaHHbIMH U-Pb natmpoBaHusi HIMPKOHOB M3 HEOYJIMTOB M aHATEKTHUE-
CKHX JeiikocoM. boree Toro, 1MaTeKTUTHI, BOSHUKIINE B PE3yJIbTATE MapIHAILHOTO TUIABICHUS ME30apXeHCKNX
HeOYJIMTOB ¥ MUTMAaTHUTOB, COJIEPKAT IUPKOHBI MarMaTHYECKOTO THIA ¢ Bo3pacToM 2.45 Mipa. jeT. DTH coObI-
THS TPEIONpPENEIIIA TeOXUMUYECKYI0 CHEIHaln3alii0 TPAaHUTOUAO0B 0ojiee MO3AHHUX IEPHUOJOB 3IBOJIIOLHUU.
[TonHbIi MK TPAaHUTOOOPA30BaHUS B YCIOBHAX I'PAaHYJINTOBON (paliMyM OTHOCHTCS K MAJIEONPOTEPO3010 U YKJa-
IbIBaeTcs B mHTEepBanl BpemeHH 2.05-1.90 mupxa. ner, xorna ¢popmupoBanack deqopoBckasi OCTpOBHAS Iyra U
MIPOMCXOAMIIA €€ KOJUIM3HS C KPaeM JPEBHEr0 KOHTHHEHTA, HO, CyAs 1O JaHHBIM O BO3PAcTe yHACIEeIOBAaHHBIX
IUPKOHOB B aBTOXTOHHBIX U MaPaaBTOXTOHHBIX TPAHUTOUAAX, MOKHO MPEATNOJIaraTh CylecTBOBaHUE HEOapXe-
ckoro Mmetamopduueckoro coObrTus (oxoio 2.70 mipa. ner).

B xommiekcax 3HAEpOUTOBOTO THIA YCTAHOBICHBI 00IINE 3aKOHOMEPHOCTH B MOCJIEI0BATEIBHOCTH IPO-
LIECCOB IPAHUTO00PA30BAHUS OJTHOTO TEKTOHO-METaMOP(UUYECKOTO LHUKIIA, ATUTEIbHOCTh KOTOPOTO OOBIYHO HE
npesbimaet 40 MiH. eT. CymHOCTh 3TOH MOCIEA0BATEIBHOCTH CBOJUTCS K CMEHE BO BPEMEHH MPOIIECCOB aHa-
Tekcuca (mojiocyaTble MUTMAaTUThl HECKONBKUX T'€HEepaluii) mporeccaMu JuaTeKkcuca (BETBUCTblE MUTMATHTHI).
I'panuTH3anMs CONPOBOXKIAET POPMHUPOBAHNE MUTMATHTOBBIX IOJIEH YacTO Ha IO3IHUX CTAAUSIX UX Pa3BUTHS,
IIPU 3TOM yCTaHaBiHuBaeTcs npuBHOC Si, Na, He Bcerna Rb u Ba, Beinoc Ti, Mg, Fe*,Ca, Co, Ni, Cr, V u HREE.
[Tpu popmMupoBaHHMHM MOJIOCUATHIX MUTMAaTUTOB B OOJIBIIIMHCTBE CIy4YaeB MPOUCXOANUT 00EHEHHE JIEHKOCOM TOY-
TH BCEMH MaJIBIMH 3JIeMeHTaMH, B ToM uucie 1 REE, mo otHomenuo k ucTouHuky. JIntoduasr BexyT cedst He-
3aKOHOMEPHO. JIMaTeKTUTHI, c1ab0 MepeMeIleHHbIe, 10 OTHOLICHHUIO K MPEIIIECTBYIOIINM H 0COOCHHO K Ioce-
JYIOIIUM aHATEKTUTaM UMEIOT HECKOJIKO TOBBIIIEHHYI0 OCHOBHOCTb M HEPEJKO 00O0TaIeHbl MHOTUMHU MaJbIMU
3JIEMEHTaMH, YTO CBA3BIBACTCS C MPOTPECCUPYIOIINM NMapIUaAIbHBIM IIABICHUEM HCXOAHBIX MOPOA M CMEIIEHU-
€M pacIliaBa C pECTHUTOM.

I'eoxuMuYecKue JaHHBIC MO3BOJISIIOT MPOCIEAUTh MPE00Pa30BaHUsI KPUCTAIIIMYECKUX CJIaHLEB U OMOTH-
TOBBIX THEWICOB B aBTOXTOHHbBIC U MAPaaBTOXTOHHBIC IPAHUTOU/IBI U MOJMMUTMATHTHEI BO BPEMS ME30apXeHCKOTo
uukia. [Helchl B oTiinuKe oT 0a3UTOB XapaKTepu3yroTcs Oosee HU3KUMHU copepxkanusamu V, Co, Ta, Gonee BbI-
cokumu REE, u otHomenusamu Lay/Yby, Th/U npu Huskux 3Hauenusx Sm/Nd, Nb/La, K/Rb, Torna xak rpanu-
TOTHEHCHI, pa3BUTHIE 110 IIOPOJaM Pa3HOT0 COCTaBa, IPAKTUYECKH HE Pa3IMuuMBbl. B GOJNBIIMHCTBE CEepHii IpaHu-
TH3AI[MU TIPOMCXOANT Bo3pacTaHue coxepxanuii Rb, Pb, Ba, yosiBanue V, Cr, Ni, Co, Ga, Nb, Ta, Y, HREE,
Eu, U. Jleitkocomsl murmMatutoB (Lc,), 00s13aHHBIE TApIIHATBHOMY ILIABICHUIO, 1 AHAaTeKTUTH (Lcs), BO3HUKATO-
IIME TIPY BO3PACTAONICH CTENEHH IUIABJICHUS, 110 COACPKAHUIO MAJIBIX JIEMEHTOB MajO OTIMYMUMBIX OT HCXOJ-
HBIX JUIsl HUX HeOynuToB. IIpn pasBuTuu nmosTopHoro auarexkcuca (Lcy) HabmronaeTcss TEHACHIMS K CHIKCHHIO
KOHIIEHTPAIMH BCEX MAJbIX 3JIEMEHTOB U (JOPMHUPOBAHMIO MHBIX CBA3EH MEXKAY IEMEHTaMH, YTO MOXKET OIpe-
nensitbes usmenennem P-T-fl pexxuma ynbTpameramopdusma.

B mpornecce paHHMX cTaguil HBOJIIOLMN TPAHYIUTOB YapHOKUTOBOTO THUIA HAa ANJaHCKOM InuTe Maduue-
CKHe KpHUCTAJUIMUYECKHUE CIAHIbl, TOHATUTOBBIEC THEHCHI U BBICOKOTJIMHO3EMUCThIE IPaHAT-KOPAUEPUTOBBIEC THEH-
CBI B pe3yJibTaTe MHPMIBTPAIIMOHHON IPaHUTHU3ANNHU NTPeo0pa3yroTcs B MOCIEA0BaTEIbHO (GOpMHUpYOIINECs H-
JepOUTOBBIC ¥ YaPHOKHUTOBBIC HEOYJIUTHI, 4TO BeAeT kK oboramenuto mopon Si, K, Rb, Ba, Pb, LREE u k ux
o6ennennro Ti, Mg, Fe, V, Co, Ni. [locienyroniass MUrMaTU3amus TOCIOWHOTO ¥ CETYATOTO THIA IMPHUBOJIUT K
(OpMHUPOBAHUIO MOJIUXPOHHBIX AHATEKTUTOB M JMATEKTHTOB M B KOHEYHOM HUTOre K peoMop(hU3My Iociie Hachl-
IICHXS TOJI] PacIlaBaMH BBIIIE KPUTHYECKOTO. | '€OXNMUYECKH AUATEKTHTHI 3aHUMAIOT MPOMEXYTOUHYIO MO3H-
U0 MEXIy SHACPOUTaAMH N YapHOKUTAMH, HO YaCTO KOHTAMHUHHPOBAHBI OCTATKAMU MPOTOJIUTA, BKIIOUEHHOTO B
HeOymut. Mckmouenue cocraBisiotr K, Ba, Rb u Pb, conepxanue KOTOpBIX MMOCTEIIEHHO BO3pacTaeT B IpoIecce
nuaTekcuca. THTeHCHBHOE MOBTOPHOE MapluagbHOE TUIaBiIeHne o0yciaaBianBaeT HakomieHne B paciase REE u
yBenuueHue otHomenus La/Yb.

[IupokomacimTabHOE pa3BUTHE KATMHCOACP)KAIMX aBTOXTOHHBIX M MApPaBTOXTOHHBIX TPAaHUTOMIOB Ha AJaH-
CKOM IIUTE, HAYMHAsl C PAHHUX JTaloB yJIbTpamMeTaMop(hu3Ma CB3aHO o creludUKoil (IIonIHOro NoToKa, BO3MOXKHO
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¢ OOJIBIINX FJ'Iy6I/IH, n HpeﬂHIeCTByIOHICﬁ ﬂJ’II/ITCJ’ILHOﬁ HOHFOTOBKOfI KOMIIJICKCOB K MOCJICAYHOIIUM npeo6p3303aHHs{M B
OTJIMYUEC OT NPOLECCOB, KOTOPLIC Ha6J'IIO,HaIOTC$I B BCJ’IOMOpCKOM n CBGKO(I)GHHCKOM nosicax Ha bantuiickom IuTe.

In the presentation a geological and geochemical evolution of high grade (granulite) complexes, subdi-
vided on enderbite and charnockite types and studied in the Belomorian and Svekofennian belts of the Fenno-
scandinavian shield and in the Western Aldan shield will be under consideration. The enderbite type of granu-
lites related to the Neoarchean and Palaeoproterozoic arc systems, that supported by geological evidences and
isotope geochronological data.

In the Belomorian belt metamorphism under high grade occurred 2.74-2.69 Ga during collision the arc
and the ancient continent (Archaen Fenno-Karelian craton). In the Svekafennian belt metamorphism of the
granulite facies related to the positive thermal anomalies occurred along back arc zones, which migrated to
South-West during two episodes 1.87-1.88 and 1.82-1.80 Ga ago. At the first of them the enderbite type of
granulite complex was formed. The later granulite belong to charnockite type. Charnockite type of granulite
in the Aldan shield similarly related to the Fedorov arc, but K-rich specific of the granitoids resulted from
much more ancient Mesoarchaen processes.

More complicated geological history was established in the western part of the Aldan granulite terrain, where
preserved strong granitisited complex formed 3.25 Ga ago that supported by new U-Pb dating of zircons from the
nebulites and anatexite leucosomes. Moreover diatexites resulted from portion melting of the Mesoarchean nebulites
and migmatites containing magmatic type of zircon have the age of 2.45 Ga. These events resulted in the geochemical
specific of granitoids the later stages of evolution. Whole cycle of the granite formation under granulite facies condi-
tion was occurring during 2.03-1.90 Ga period of the Palacoproterozoic, when the Fedorov arc existed and its colli-
sion with the margin of ancient continent but dating inherited zircons suggests occurrence of the Neoarchean meta-
morphic events (near 2.70 Ga).

In the enderbite type complexes general regularities of granite formation during single cycle of the not more
40 Ma long established. In the general sequence stromatic anatetic migmatites followed by the net-work diatetic ones.
Granitization took place as a rule in the later stage of the cycle and lead to collecting of Si, Na, Rb u Ba and depleted
by Ti, Mg, Fe*,Ca, Co, Ni, Cr, V and HREE. The formation stromanic type of migmatites lead to trace elements par-
ticularly REE depleting compared to the sourse. Slightly removed diatexite melts within the nebulite fields similar
with them and following anatexites in rock forming and trace elements but different from the latter enriching by some
trace elements due to melting residual material or its mixing and melt.

Geochemical data allow to trace schist and gneiss transformation to autochthonous and parautochthonous
granitoids and polymigmatites during Mesoarchean cycle. Gneisses unlike the mafic schists are characterized by the
lower V, Co, Ta and the higher REE contents and Lan/Yby, Th/U ratio, and the lower Sm/Nd, Nb/La, K/Rb ratio. Due
to the granitization Rb, Pb, Ba concentration uncreases and V, Cr, Ni, Co, Ga, Nb, Ta, Y, HREE, Eu, U decrease.
Mesoarchean leucosomes Lc, and diatexites indicate are geochemically similar to the nebulite. The secondary Paleo-
proterozoic diatexites are different from nebulites of the lower all trace elements contents and characterized by the
other correlations between them that related to P-T-fl regime.

During the earlier evolution stage of the charnockite type in the Aldan shield mafic orthoschists, tonalitic
gneisses and high alumina garnet-cordierite gneisses as result from the infiltration granitization were transforming to
enderbite, charnockite and granite nebulites that leaded to enriching of the rocks in Si, K, Rb, Ba, Pb, LREE and de-
pleted them in Ti, Mg, Fe, V, Co, Ni. Following migmatization of stromatic and net types resulted in formation of the
multistage anatexites and finally diatexites and reomorphism, connected with saturating complex by the granitoid
melts. Geochemically the diatexites occupy intermediate position between enderbite and charnockite gneisses, but
sometimes are contaminated by remnant protolith included in nebulites. Exclusions are K, Ba, Rb and Pb which con-
tent are continuous increasing during diatexites. At secondary intensive partial melting occurs increase of REE and
value of La/Yb.

Widespread development of the potashium rich autochthon and parautochthon granitoid of the Aldan shield till
the earliest evolution stages related to the specific of fluid flow, and possible to deeper its source and to the long time
preliminary preparation of the geochemical changing the crust differently from the processes which we are observing
in the Belomorian and Svekafennian belts.
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U-PB BO3PACT (SHRIMP II) BAJITBIPTAHCKOI'O 9KJIOT UT-AM®HABOJIMTOBOI'O
KOMIUIEKCA (T'OPHBIA AJITAN)

I'yces HH.
BCEI'EU, Cankr-IletepOypr, Poccus, nikolay gusev(@vsegei.ru

THE U-PB AGE (SHRIMP) OF BALTYRGAN ECLOGITE - AMPHIBOLITE METAMORPHIC
COMPLEX (GORNY ALTAI)

Gusev N.I

Russian Geological Research Institute, Saint-Petersburg, Russia, nikolay gusev(@vsegei.ru

Banteipranckuii sxiorut - aMm(puOOIUTOBBIH MeTaMOp(hUUYECKHH KOMILIEKC BbLieneH [2] B 3amajHoW yacTu
Anrae-CassHCKON aKKpEIHOHHO-KOJUTM3HOHHON o0sacTu B mpeaenax Kys3Henko-AnTaickoil cyTypHoit 30HbI [laneo-
aszuarckoro okeana. OH IpeACTaBIeH HECKOIBKUMH TEKTOHHUECKHMH IUIAaCTUHAMH, JIMH3aMH 1 OJIOKaMy SKJIOTHUTCO-
JIep KaIluX rPpaHaTOBBIX aM(pHOOINTOB, TIayKO(PaHOBBIX U CTHIILITHOMEIAHOBBIX CJIAHIEB B aCCOLMAINH C YIbTpama-
¢urammn Yarany3yHckoro MaccuBa M MerabasansTaMu (puc 1). TunoMophHBIMHU SIBISIOTCS MpeoOiIagaonye rpaHa-
TOBBIE aM(PHUOOTUTHI. DKIOTUTHI 00pa3yroT HEOONbIINE BKIIFOYCHUS WIH MPOIUIACTKH B TPAHATOBBIX aM()UOONIHTAX,
PAacIOI0KEHHBIX K I0T0-BOCTOKY OT YaraHy3yHCKOTO YIbTpaMa(UTOBOTO MacCHBa.

IDKJIOTHTHI XapakTeprsytoTes accormanmeit Grt+-Omp+Bar+Ep+Q+Rt [5]. I'panar B rumiuoMopHBIX 3epHAX, pa3-
MEPOM OKOJIO 1 cM B aMeTpe, 3aMelleH BAOJb TPEIMH U TI0 KPasiM XJIOPUTOM U CTUIBITHOMENaHOM. OH COepuT 00mb-
11I0€ KOJIMYECTBO BKJIIOUEHHH SMHUI0TA, OappyasuTa, KBapiia, oMmdarura, pyTuia, anpoura u gpenrura. Omdanur odpasyer ru-
AMOMOP(HBIE KPHCTAILIBL 10 5 MM B JUTHHY. OHY 3aMeIIaloTCsl akTHHOJIMTOM M CTHJIBITHOMENIAHOM IO TPEIMHAM U T10 Kpa-
sim. TTopdupobacTruueckuii Oappya3uT 4acTo OKPY)KEH I1ayko(haHOM, KOTOPBIH, B CBOIO OUepe/ib, OKANMIIACTCS aKTHHOJH-
ToM. MHor1a riaykodaH MpUCyTCTBYET B TMITMIMOMOP(MHBIX KPHCTAUIaX MO TPEIMHAM B IpaHaTe ¥ OKanmMIsieTcs 6appyasu-
ToM. PyTHIT BCTpeuaeTest B MaTpHUKCE, T/Ie OH OKalMIICH THTAHUTOM, U B BUJIC BKIIFOUCHHI B IUPUTE U OappyasuTe.

I'panatoBbie am¢uéoanTHI 00619HO cocToAT U3 Grt+Bar+Ep+Ttn u conepkar o juMHEHHBIC KOIMYECTBA KBapLa,
anbOMTa, PEeHrnTa, pyTHiia, BUHUUTA U XJIOPUTA. BBIIEISETCS TpU CTPYKTYpHO-TIETpOrpaiuecKux TUIA TPAHATOBBIX aM-
¢udommToB [5]. 'panaroBsie ampubommTh! I-ro THIa cocrost u3 Bar+Grt+Ep u conepxar arperarst Act+Stp+Chl, nHorna
C anbOUTOM M HE3HAYMTENIBHBIM KOJIMYECTBOM KBapiia B Marpukce. I panatoBbie ampubonuts! II-ro Tuma, nepeciansaro-
IIMECS C 3KIOTUTaMH, OTIIMYAIOTCST 00MMeM nophupo0IacToB rpaHaTa M OTCYTCTBHEM ajbOMTa M KBapla B MaTpHKCE.
CraHIeBaToCTh 00YCIIOB/IEHA JTOMUHUPYIOIIEH OPUEHTHPOBKOM MPOAOJITOBATO-BBITSHYTOTO OappyasuTa W IpHU3MaTHye-
cKoro 3muaoTa. MapomopdHsie kKpructamuisl rpanara auaMerpom 0.5-1.5 MM comepkuT BKITIOYEHHS KBaplia, OappyasuTa u
crunbiiHoMenana. ['panaroBeie amdubonuts I1I-ro Tina ¢ MeraMopUUYecKoil pacCIOCHHOCTBIO COIEPXKAT IPaHarT, Hpo-
JIOJITOBATHIC BBIICIICHUSI OappyasuTa, SMUI0TA, XJI0pUTa, (HEHIHTa U JUH30BHHbIC TOphUPOOIacThl ansouTa. [Topdupoo-
JIACTBI TPaHaTa CoJiepyKaT BKIIIOUCHHs 0appyasuTa, SMUI0Ta, PyTHiIa U KBaplia. DTH BKIIIOUCHHsT 00pa3yloT CKIIaAKH BOJIO-
4eHus1, ChOPMHUPOBAHHBIE CHHXPOHHO CO CJIaHLIEBATOCTHIO MaTpuKca. [ paHar Takke pacceueH KBapUEBbIMU POXKHIKAMU
C XJIOpHTH3alMeH 1Mo KpasM. bappyasur, kak U BIKJIOTHTaX, OTOPOYEH IJIayKo(haHOM M 00a 3aMEIIAoTCs aKTHHOJIMTOM.
Penxuii BHUHUMT 00pa3yeT YelIyikn B MaTpHKCe BMECTE C SMUIOTOM U GappyasutoM. P-T ycioBus oOpa3oBaHust SKIIOTH-
TOB U, BO3MOXXHO, TPaHATOBEIX ampuoomtoB II-ro tuma onenmBarotces napnenueM 1,3-2 I'Tla u Temnepatypoit 590-660°C
[5]. Bozpact skimoruToB, onpeneneHHbId Ar-Ar MerogoM 1o amduoony [4], ot 63610 mo 627+5 miuH net. Beero B 0an-
TBIPTAHCKOM KOMIDTEKCe (PUKCcHpyeTcst 4eTbipe rpymmbl Ar-Ar u K-Ar Bo3pactos: 635, 535540, 523 u 473-487 muH ner,
CBHZICTEIILCTBYIOIINE O €ro MOJIMMETaMOP(HHUIECKOM T€HE3HCE, BKIFOYAIONIEM ITO3JHETIPOTEPO30UCKNI CYOMyKIIMOHHBINA
MeTamMop(H3M, IKCIyMAIMIO U OoJIee TO3/IHIE CIOKAINN B paHHETIAJIC030CKON TEKTOHNYECKO! 30He [4].

3anagHee YaraHy3yHCKOTO yJIbTpaMaHTOBOIO MAacCHBa B IPaHATOBBIX aM(HOONIMTAaX IpOsBICHA NJIArHO-
murmatusanus (puc.l). CTeneHp MUTMaTH3aIMH HE TPEBBIIIAET MEPBIX MPOIEHTOB 00BhEeMa IMOPO/I, TUIOIAAb MHT-
MaTHU3UPOBAHHBIX YYACTKOB COCTABIISIET IECITKU MeTpoB. [1o crenenu 060co0IEHHOCTH JIEHKOCOMBI BBIJIENISIETCS Ye-
TBIPE THIIA IUIATMOMUTMATUTOB. [IepBBIi TN NpeCTaBIeH HOBOOOPAa30BaHHBIMU KBapI-TUIAaTHOKIa30BbIMH OTOPOY-
KaMH BOKpYT mop¢upoOiacToB rpaHaTa. BTopoil THIT IpeCTaBieH CIOUCTO-TI0JIOCYaTIME 000CO0ICHUIME KBapII-
TUIATMOKJIA30BOI0 MaTepHaia, COAEpIKalllMU I'PaHaT U OTAEICHHBIMH OT MEJIaHOCOMBI TPaHATOBBIMH ITPOCIOHKAMH.
Tperunit Tun npeacraBieH KPYMHBIMH (MeTp M 0oJjiee) JTMH30BHIHBIMU 000COOJIEHUSIMH JIEHKOCOMBI KOH()OPMHBIMU
MTOJIOCYATOCTH M CIaHIEeBaTOCTH B ampudommTax. Ee coctaB Plys 3o = 60-70 %, Q = 30 %, Amp= 5 %. UeTBepTsIit
THUII — CEKYIIHE O0JI0CYaTOCTh M CIIAHIIEBATOCTD JKMJIBI M JaKH JEHKOIIarHOTPaHUTOB, TTI0 MHHEPAIEHOMY COCTaBY
AHAJIOTMYHBIC TPETHEMY THITY.
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Puc.1. Cxema reosoruueckoro crpoeHus Bogopaszaena pex Uys - YaranysyH.

1 — oTiOXeHUs KBapTepa; 2- TePPUIeHHO-BYJIKAaHOTCHHbIC OTJIOXKEHUSI IeBOHA; 3 — MeTaba3anbTel IAB-Tuma pannero keMOpusi; 4 — H3BECTHSIKH
OaparanbCcKoii cepun BeHaa; 5 — meraba3anstel MORB-Tuna pudes-senna; 6 — GanTblpraHckuii MeTaMopdUUecKuil KOMILIEKC: a — SKIOTUTCOIep-
Kallue rpaHaToBble aM(puOONHTHI, 6 — INIATHOMUTMATH3HPOBAHHBIE TPAHATOBEIC aM(UOOIHTBI; 7 — YaraHy3yHCKHil yibTpaMadUTOBBIH KOMILIEKC;
8 — MecTa oTOOpa M HOMEpa TeOXPOHOJIOTHIECKHX TTPO0.

Fig. 1. The geological scheme of the watershed of rivers Chuya - Chaganuzun.

1 - Quaternary sediments; 2 - Devonian terrigenous-volcanogenic deposits; 3 - Early Cambrian IAB-type metabasalts; 4 - Vendian limestone of
Baratal series; 5 - Riphean-Vendian MORB-type metabasalts; 6 - Baltyrgan metamorphic complex: a — eclogite-bearing garnet-amphibolites, b —
plagiomigmatization in the garnet-amphibolites; 7 - Chaganuzunsky ultramafic complex; 8 - site and number of samples for geochronological
investigations.

OKJIOTUTHI ¥ TPaHaTOBbIE aM(pHOOIUTHI UMEIOT CXOJHbBIE TEOXUMUIECKHE 0COOEHHOCTH. [l HUX XapaKTepHbI
HU3Kast KpEMHEKHUCIOTHOCTH (Si0; = 47.3-49.9 %) u HopmansHas menodnocts (Na,O+ K,O = 2.54-3.66 %, npu K,0
= 0.19-0.32 %), Bbicokast xenezucrocts FeO, (12.6-14.0 %, FeO/MgO = 1.8-2.0), noBbimennsie Ti0, = 1.8-2.2 %,
CaO = 8.4-10.5 % u ALL,O;=12.7-13.3 %. Ilo cpaBuenuto ¢ 6azansramu N-MORB-THIIa B HUX MOBBILIEHHBIE CO/IEP-
xanust K, Rb, Cs, Ba, Sr, Pb, U u P30 (ZREE = 54-88 ppm). I'paduku pacnpenenerus P33 cnaboBbinykiibie, 1o100-
HbIe TakOBbIM B Oa3anprax N-MORB-tuma. B sxiorurax orcyTcTByeT, a B aM(puO0IuTax ¢1abo BhIpakeHa OTPHIIA-
tenbHas Eu anomanust (Eu/Eu* = 1.0 - 0.8).

XapakTepHbIMH 0COOCHHOCTSIMHU JICHKOTUIArHOTPAaHUTOB JIGHKOCOMBI TPETHETO THUIA SBJISIOTCS BBICOKHE COZIEp-
sxkarus Si0, = 75,8 %, ALO; = 14,5 %, Na,O = 7,2 %, npu auzkux - K,0O = 0,52 %, Rb/Sr = 0.02 u ZREE=1.21 ppm.
Beicokue Bennunabl EWEu* = 3.46, Sr/Y = 426 u npyrue ocoOEHHOCTH COIIOCTaBUMBI C XapaKTEPHUCTHKAMHU a/IaKUTO-
BBIX TPaHUTOB, KPUCTAJUIM3YIOIINXCS M3 paciulaBa, PABHOBECHOTO C TPAHATCO/ICP)KAIIM PECTHTOM.

[{ipKoH B 3KJIOTUTaxX BCTPEUACTCS PENIKO U MpeACTaBieH 4 3epHamu (puc. 2, a), pasTHyaronIMHUCS MO CTEIICHU
Meramopduueckoit pekpuctammzanyui. Hanbomnee kpymmHoe 3epHO IMPKOHA C PUTMHYHOM, HO HAPYIICHHOW MarMaTH-
YeCcKOW 30HAIBHOCTEIO (pHUC. 2, a, Touka 4245 1.1) mmeet Bo3pact 1652 MITH JIET 1, BO3MOXHO, OTPaXkaeT BO3PACT K-
JIOTUTOBOTO IPOTOJINTA MM SBISIETCS KCEHOTeHHBIM. Bo3pacT MeTamopdu3Ma SKIOrUTOBOM (aryu 1Mo TpeM uzmepe-
HusiM 619+13 muH ner (puc. 2, b). Bo3pact meramopdusma amdubonuToBoii darmu (rpanaroBbie am(puOOIUTEI),
PEeTPOrpasHOro [UIsl FKIOTHTOB, 10 10 namepenusm - 604+6 min ner (puc. 2, ¢, d). l{upkon B miarnorpanurax (puc.
2, €) oTIn4aeTcs 1o MOP(HOJIOTUH U 30HAITBHOCTH OT METaMOP(GUUECKOT0 IUPKOHA B SKJIOI'UTAaX M IPAHATOBBIX aM(H-
6onurtax. KoHkopaaHTHBIN Bo3pacT 1o 7 usmepeHusM coctaBua 610+3 mun siet (puc. 2, d). DTOT BO3pacT, B mpeje-
JIaX CTaTUCTUYECKOW ITOTPEIIHOCTH N3MEPEHNUH, IEPEKPBIBACTCS C BO3PACTOM IPaHATOBBIX aM(pHOOIUTOB.
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Puc.2. KatononroMuHecieHTHBIE H300paXkeHHs TUITOBOTO IipkoHa U U-Pb nquarpaMMel ¢ KOHKOPIUSIMU.

Kpyxxamn o6o3nadens! yuactku aHanmu3oB SHRIMP. a, b - skiorursl, ¢, d - rpanarosie amdubomuts; e, f - muarnorpanntsl. Lentp HM3oTomHeix
Uccnenoannit BCET'EU, ananutuku: A.H. Jlapuonos, E.H. Jlenexuna, W.I1. [Tagepun.

Fig. 2. Cathodoluminescence images of typical zircon and U-Pb Concordia diagram

Circles denote areas of SHRIMP analyses. a, b — eclogites; ¢, d — garnet-amphibolites; e, f — plagiogranites. The Centre of Isotopic Research (CIR)
of the A.P. Karpinsky Russian Geological Research Institute (VSEGEI). The analysts: A.N. Larionov, E.N. Lepekhina, I.P. Paderin.
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Amnanornusslii Bo3pact 605+8 muH ter (MSWD=0,84, SHRIMP II) noxydeH aist alakuTOBBIX IIarHOTPaHH-
TOB BockpeceHcKoro HHTPY3UBHOIO MacCHBa, KOTOPBIN Takxke pazMemiaercs B Ky3Henko-AnTaiickoil cyTypHOH 30He,
6onee yem B 500 KM ceBepHEe U3YYCHHOTO HAMH YYaCTKa. JTO CBHICTEIBCTBYET O KPYITHOMACIITAOHOCTH MarMaTu-
YEeCKHUX COOBITHI ¢ Bo3pacToM ~ 605 muH ner. [ImarmoMurmMatuzanus TpaHATOBEIX aM(pHOOIUTOB OTpaXKaeT PeTpo-
TpaJHbIC U3MEHEHHS B MPOIlECCe IKCTYMAIMH METaMOP()HUIECKUX ITOPOJ BHICOKOTO AaBlieHus. [lnaBieHne rpaHaTo-
BBIX aM(pHUOOIUTOB U IKJIOTUTOB MPOMCXO IO BOZMOXKHO IO BO3ICHCTBHEM BOIHO-yTIIEKHCIOTO durtonna [1], otae-
JISIBILIETOCS TIPH JICBOJIATHIIN3AI[MN CEPIIEHTUHU3UPOBAHHBIX YIIbTpaMaUTOB WK TJ1ayKo(haHOBBIX cliaHieB. borarbrii
Na,O u SiO, u 6egnbrit P39 pacruiaB omkuMaics Ha 60yiee BRICOKHE TOPU30HTHI, HAKAIUTMBAJICS U YBOJIOIMOHUPOBAIT
B MarMaTHYCCKUX Kamepax, M3 KOTOPhIX BHEAPSUIUCh MarMbl aJaKHTOBBIX IUIATMOTPAHUTOB, MOIOOHBIX MOPOJAM
BockpeceHckoro HHTpy3HBa.

Baltyrgan eclogite - amphibolite metamorphic complex [2] located in the western part of Altai-Sayan accre-
tionary-collissional area within the Kuznetsk-Altai suture zone of Paleo-Asian Ocean. It consists of several tectonic
plates, slivers, lenses and blocks of eclogite-bearing garnet-amphibolites, glaucophane and stilpnomelane schists as-
sociated with ultramafic rocks of Chaganuzun massif and metabasalts (Fig. 1). Typomorphic are the dominant garnet-
amphibolites. Eclogites form small inclusions or streaks in garnet-amphibolites located to the south-east from
Chaganuzun ultramafic massif.

Eclogites are characterized by an association of Grt + Omp + Bar + Ep + Q + Rt [5]. Subhedral garnet near
lcm in diameter is replaced by chlorite and stilpnomelane along cracks and margins. It contains abundant inclusions
of epidote, barroisite, omphacite, quartz, albite, rutile, and phengite. Omphacite form subhedral crystals up to 5 mm in
length. Along fractures and edges they are replaced by actinolite and stilpnomelane. Porphyroblastic barroisite often
surrounded by glaucophane, which, in turn, is bordered by actinolite. Sometimes glaucophane occur as subhedral
crystals within cracks of garnet porphyroblasts and bordered by barroisite. Rutile occurs in the matrix, where it is sur-
rounded by titanite, and as inclusions in pyrite and barroisite.

Garnet-amphibolites commonly contain Grt + Bar + Ep + Ttn with minor quartz, albite, phengite, rutile,
winchite, and chlorite. There are three textural-petrographic types of garnet amphibolites [5]. I-type consists of Bar +
Grt + Ep and contain aggregates Act + Stp + Chl, sometimes with albite and minor amounts of quartz in the matrix.
Garnet-amphibolites of II-type are intercalated with eclogites and differ abundance of garnet porphyroblasts and the
lack of albite and quartz in the matrix. Schistosity is achieved by the dominant orientation of the elongated barroisite
and prismatic epidote. Subhedral garnet crystals with a diameter of 0.5-1.5 mm contains inclusions of quartz, bar-
roisite, and stilpnomelane.

Garnet-amphibolites of III-type having metamorphic layering contain garnet, elongated grains of barroisite,
epidote, chlorite, phengite, and lenticular albite porphyroblasts. Garnets contain inclusions of barroisite, epidote,
rutile, and quartz. These inclusions form folded trails continuous with the matrix schistosity. Also garnets are cut by
quartz veins, and chloritized along their margins. Barroisites are rimmed by glaucophane like those in the eclogites,
and both barroisite and glaucophane are replaced by actinolite along cracks and margins. Rare winchites occur to-
gether with epidote and barroisite in the matrix.

P-T conditions for eclogites, and possibly garnet-amphibolite of II-type, are estimated by pressure 1,3-2 GPa,
and temperature of 590-660°C [5]. The Ar-Ar ages by amphibole from eclogites [4] range from 636 + 10 to 627 + 5
Ma. For Baltyrgan complex in total there are four groups of Ar-Ar and K-Ar geochronological data: 635, 535-540,
523, and 473487 Ma, indicates its polymetamorphic genesis, which includes Upper Proterozoic subduction meta-
morphism, exhumation and later deformation in Early Paleozoic tectonic zone [4].

To the west of Chaganuzun ultramafic massif in garnet amphibolites manifested plagiomigmatization (Fig.
1). The migmatization degree not exceed a few of percent of the rock volume, area migmatized sites amounts to tens
of meters. From isolation degree of leucosome distinguishes four types of plagiomigmatites. The first type is repre-
sented by newly formed quartz-plagioclase rims around garnet porphyroblasts. The second type is represented by lay-
ered banded segregations of quartz-plagioclase material containing garnet and separated from the melanosome by
layers of abundant garnet. The third type is represented by large (one meter or more) lenticular leucosome conform to
banding and schistosity in garnet-amphibolites. Its composition: Plys.30 = 60-70 %, Q =30 %, Amp = 5 %. The fourth
type - banding and foliation discordant veins and dikes of leucoplagiogranites are similar to the third type by mineral
composition.

Eclogites and garnet-amphibolites have similar geochemical features. They are characterized by low silica
(Si0, = 47.3-49.9 %) and alkalinity (Na,O + K,0 = 2.54-3.66 %, and K,0 = 0.19-0.32 %), high iron content (FeO,=
12.6-14.0 %, FeO, / MgO = 1.8-2.0), elevated TiO, = 1.8-2.2 %, CaO = 8.4-10.5 %, and AL,O; = 12.7-13.3 %. Gar-
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net-amphibolites, compared with basalts of N-MORB-type, have higher contents of K, Rb, Cs, Ba, Sr, Pb, U, and
REE (XREE = 54-88 ppm). The shape of REE patterns slightly convex similar to those in basalts of N-MORB-type.
Negative Eu anomaly in the eclogites is absent, and in garnet-amphibolites weakly expressed (Eu/ Eu *= 1.0 - 0.8).

Characteristic features of plagiogranites leucosome are the high content of SiO, = 75,8 %, Al,O; = 14,5 %,
Na,O = 7,2 %, low content of K,0 = 0,52 %, ratio Rb / Sr = 0.02 and XREE = 1.21 ppm. High values of Eu / Eu *=
3.46, Sr /'Y =426 and some other affinities are comparable with adakite-like granitoids, crystallizable from the melt
in equilibrium with the garnet-bearing restite.

Zircon in eclogites are rare and represented by 4 grains (Fig. 2 a), differing by degree of their metamorphic re-
crystallization. The largest grain of zircon with a rhythmic, but violated magmatic zoning (Fig. 2, and the point
4245 1.1), has the age of 1,652 Ma, and probably reflects the age of eclogite protolith or it is xenocryst. Concordant
age of eclogite metamorphism by the three analyses of 619 + 13 Ma (Fig. 2, b). Age of amphibolite facies metamor-
phism (garnet-amphibolites), retrograde to eclogites, by 10 analyses of 604 + 6 Ma (Fig. 2, a, d). Zircon in the leuco-
plagiogranites (Fig. 2, e) is differ by morphology and zonation from metamorphic zircon in eclogites and garnet-
amphibolites. Concordant age of leucoplagiogranites by 7 analyses of 610 £ 3 Ma (Fig. 2, d). The ages of leucopla-
gioranites and garnet-amphibolites are overlaps within the statistical error.

A similar age of 605 + 8 Ma (MSWD = 0,84, SHRIMP II) was obtained for adakitic plagiogranites of Voskre-
sensky intrusive massif, which are also located in the Kuznetsk-Altai suture zone more than 500 km to the north from
the studied area. This indicates a large-scale magmatic events with the age of ~ 605 Ma. Plagiomigmatization of gar-
net-amphibolites reflects retrograde changes in the process of exhumation of high pressure metamorphic rocks. It is
possible that melting of garnet-amphibolites and eclogites happened under the influence of water and carbon dioxide
fluid [1], which separated by devolatilization of serpentinized ultramafic rocks or glaucophane schist. The melt abun-
dant in Na,O and SiO,, and poor in REE, pressing into higher levels, accumulated and evolved in the magma cham-
bers, from which introduced adakitic plagiogranites, like the rocks of Voskresensky intrusion.
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B npenenax FOxH0-KonbCkoii akTHBHOW OKpaWHBI BJIOJH CEBEPO-BOCTOUHON TPAHUIIBI BElIOMOPCKOTO aKKpEIHoH-
HOTO OpOTeHa Pa3MEILeHb! Tella SKJIOTHTOB, CHOPMHUPOBAHHBIX B PE3yJbTaTe Me30-HEOapXEHCKOW CyOMyKIMH OKeaHHnde-
CKHMX ¥ KOHTHHEHTAIBHBIX KOMIUIEKCOB [3]. BeloMopckas SKJIOruToBasi MPOBHHIIMS BKIIIOYAET aCCOLMAIMHU JBYX THIIOB,
paznuyaroImecs Mo NpUpoJe MPOTOIUTOB. JKIOTUTHI accouramy CaaMbl GOPMUPOBAIUCH 1O TTOPOJaM OKEaHHYECKOH
Kopbl. B accormarym ['pumiHO SKIOTUTH3AIMK TTOJBEPTaINCh KOHTHHEHTAIBHBIE TTOPO/bI, BKIIOYArOIMe MaduuecKue
JTalKK 1 (pparMeHTbl MaIecKnX 1mopol. JleTarabHble HCcie10BaHus IIPUBENN Hac K BBIBO/Y O TOM, YTO SKJIOTUTOBBII Me-
Tamophu3M Beex nopox ['puanHo 6611 He nozaHee 2.7 mipa siet Hazax [7]. OnHako 3HaYeHHe coObITHS ¢ BO3pacToM ~2.4
MJIPL JIET, (PUKCHPYIOIIETOCS 110 OTAEIBHBIM IUPKOHAM, PETYIISIPHO BCTPEUAIOIMMCS B COCTABE SKIOTHTH3MPOBAHHBIX Ma-
¢uaeckux mopox [2, 5, 7] ocTaBanochk He MOHATHIM. MHOTHE HCCIeJOBATENH YKIIOTUTOB B paifoHe ¢. [ puaInHO HE COMHEBa-
0TCS, YTO BO3pacT ~2.4 MIIp[ JIeT B Jaiikax ecTh HEe 4TO MHOE, KaK BO3PACT HHTPY3UH MaUIECKUX JacK U BBIIEILSIIOT B HC-
ToprH (HOPMUPOBAHMS TOPHBIX MOPOJI B 3TOM paiiOHE J1Ba ATara SKIOTHTH3aImH [8] — apxelckuii Ha pybexe 2.72 mMipa
JIET, CBS3aHHBIN C OTPY)KEHUEM OKEaHUYECKOH TUTHTHI B 30HY CYOIYKIIMH; 1 MAICONPOTEPO30HCKHM, CBI3aHHBIN C «aBTO-
HOMHO¥» KJIOTUTH3AIMEN MaJIeONPOTEPO30HCKUX MahUUECKHX 1ACK, O CLICHAPHAX KOTOPOU BEIyTCs JKapkue cropsi [1, 4,
6 u 1p.]. B ommume ot pacnpocTpaHEeHHOrO MHEHHS O TaJIeONPOTEPO30HCKOM BO3PACTE SKIOMTU3MPOBAHHBIX JaeK, MbI
CUHUTaeM, 4TO JIAKH MHTPYIMPOBAIM B apXee, a SKJIOTHTH3ALMSI BCEX MOPOJHBIX KOMILIEKCOB [ pHuIMHO CBsi3aHa ¢ apxeit-
CKMMH CYOTyKIIMOHHO-KOJIM3MOHHBIMH TIPOLIECCaMHU BJIOJIb aKTUBHOW OKpauHbl Kosibckoro kontuHeHTa. Hamm BeIBOIBI
OCHOBaHBI Ha pe3yJbTarax kiaccuyeckoro u SHRIMP II natupoBaHust TMPKOHOB M3 TPaHUTHBIX JIEHKOCOM M 3HJIEPOHUTOB,
TIEPECEKAOINX U MUTMaTH3UPYIOIIMX 3KIOTHTH3UPOBaHHbIE Taiki. HeoOX0aMMO OTMETHTb, YTO B IATUPOBAHHBIX KHC-
JIBIX JKUJIaX (PUKCHPYIOTCS MUHEPAITBHBIC aCCOIMANIH U SKITOrHTOBOH (14-17 x6ap npu 750-850°C), 1 BBICOKOOAPHUIECKOIA
rpanyuToBoii (10-13 xk6ap npu 750-850°C) darmii, T.e. 3TH Kbl HOPMUPOBATHCH B JEKOMITPECCHOHHBIX YCIIOBISIX Ha
perporpaHoi BeTBH MeTamopduueckoii sBomony. Bo Beex Cilydasx IUPKOHBI U3 SHIAECPONUTOB M TPAHUTHBIX KW HECYT
B ce0e CBUICTENHCTBA METaMOP(HHIECKOT0 U MarMaTHIECKOro COOBITHS Ha pyoOeske 2.71 mipx net [7].

Wnteprperanus Bo3pacta 2.4 MIpA JIET, KAK BPEMEHH HHTPY3UH Ma(pHUUECKUX SKIOTHTU3UPOBAHHBIX JIACK
I'puauHO, Kaxercst HaM He oueBHAHON. [loaX0m0M K pelmeHnio mpoOiIeMBbl CTalo METPOJIOrNYEeCKOe HUCCIEIOBAaHNE
JIATUPOBAaHHOM [5] OyAMHBI KHaHUT-COEPIKALIMX allOFKIOTUTOB Ha 0-Be BricokoM Benukoii ry0Osr benoro mopst. 3to
pETpPOrpagHO U3MEHEHHbIN XJIOPUTU3UPOBAHHBIN CUMIUIEKTUTOBBIN IKJIOTUT, COAEpPKALMN KPYIHbIE 3€pHAa KHaHUTA
(puc. 1a). [larupoBanue HeOOIBIIOr0O KOIMYECTBA HU3KO-U NMpU3MaTHYECKUX IUPKOHOB JIAJI0 KOHKOP/JIAHTHOE 3Have-
HHe Bo3pacTa 2415+2 MiH sieT [5], KOTOpBIi aBTOPHI MyOJIUKALIH

CBSI3BIBAIOT C MHTpY3ue naiiku. OfHaKO HUKAKUX SICHBIX MPH3HAKOB TOTO, YTO ONPOOOBAHHBIA ()parMeHT NpHHAI-
JIeXal falike, HeT HM Ha ypoBHE OOHAXKEHWsI, HM Ha MUKPOYPOBHE: B IIOPOJIe HET MarMaTHYecKUX MuHepasioB, Omp coxpa-
HsIETCS TOJIBKO B BUJIE BKJIFOUeHHH B Grt, BOKpYT KMaHMTa COPMHUPOBAHbI 30HAITBHBIC KOPOHBI IUIArMOKIIA3a C BKIFOUCHHS-
MM IIITWHEH BO BHYTPECHHNX YacTsX (puc. 1a). Bo3HMK 3aKOHOMEpPHBIH BOIPOC: KaKOE COOBITHE IATUPOBAIN ABTOPHI?

MBbI npoBeny MCCNe0BaHMs B JaHKe 3KIOTMTH3MPOBAHHBIX OJIMBHHOBBIX TaOOPOHOPHTOB Ha BOCTOYHOH OKpAKHE ce-
na 'pununo, rie O.M. BonomraeBsM ¢ coaBTopamu [2] 1o mupKoHaM ¢ BeIcOknM conepkanreM U u Th Oput ompenesieH BO3-
pact 2393+13 miH 51T, KOTOPBIil aBTOPHI CTaThi MHTEPIPETHPOBAIN KaK BO3PACT MarMarm3Ma. B mpobax mprcyTcTBOBAIH
TaKXKe U OCHWUIITOPHBIC IUPKOHBI C 2%pb/2’Pb Bo3pacTamut 2.62-2.84 MiIpJ JIeT, TIPOHHTEPIPETHPOBAHHbIC KK KCCHOTCH-
Hble BKitoueHus [2]. ['eoxpoHosornyueckas npoda Obuta oToOpaHa 13 (GIIIOUJAIBHBIX POXKHIIKOB, IIPUYPOYECHHBIX K 30HE Ha-
JIOXKCHHOM JtehopMariim, epeceKarolieii 1aiky, 00pa3oBaHHyt0 OeckBapiieBbiM Opx 3koruToM (puc. 1b). [poxunku mpen-
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CTaBJICHBI KBApLICOAEPIKAIIM CHMILIEKTUTOBBIM 3KJIOTHTOM C JIMHEHHBIMU 1Tpoceukamu Qtz-Bt-Pl cocrasa (puc. 1¢) nmm 00-
Pa3oBaHHBIMHU YHCTHIM KBapLieM. Bionb mpocedek kBapLia mposiBieHb! JiuHelHble ckoruieHus Grt u 3epeH Rt. Ha rpanune Qtz
u Grt popmupyrorcst Opx-Pl peakimionnsie kaliMbl. B coctaBe 2Px-Pl cuMImiekTuTOB coxpaHnsroTes penrkTel Omp ¢ cozep-
>karneM Jd o 30 %, B Grt conepxarcs Brmodenust Ky n Omp. BaxXHO 0TMETHTB, YTO B CHMIDUIEKTHTAX TTOBCEMECTHO BCTpE-
YaroTcs 3epHa xJop-anaruta ¢ copepxanneM Cl no 6.37 Bec. %, Rt, BeicokotuTanncteiii Bt (mo 7 Bec. % TiO,) u nuHeiiHbIe
LIEMIOYKH 3epeH IMPKOHOB (puc. 1d). PopmMupoBaHIe NPOKIIIKOB, MO-BUANMOMY, CBS3aHO C IIPOCAYMBAHEM B SKJIOTHT HACHI-
IICHHOTO XJIOPOM KHCJIOTO ()IFOMIA, IPUPO/Ia KOTOPOTO 3aCITy)KHBACT OTASIBHOTO 0OCY KACHHSL.

Opx+
Cpxitipl

b Opx 6

Opxt
Cpx'iPl

Omp

- L mm

Puc. 1. a) BSE uzobpaxenune Ky-comepkamero CHMIUIEKTUTOBOTO SKIIOTHTA

0-B Bricoxuii Benukoii ry6s1 benoro mopst; b) @otorpadus oToOpaHHBIX Ha HUPKOHBI (UIIOMAIBHBIX MPOXKUIKOB (Ipoda 1111-08) mo opromu-
POKCEHOBBIM 3KJIOrHTaM (COPMHUPOBAHHBIM 110 OJIMBUHOBBIM rab0poHoputam), Boctounast okpanta c. I'puauno; ¢) BSE uzo0paxenue npoceuex
Qtz-Bt-Pl cocraBa, nepecekarorue Opx sKi1orut B 30He aedopmanuu u cumuiektutusanuu; d) BSE m300paxkeHnss HUPKOHOB, MPUYPOUYECHHBIX K
Opx-Cpx-Pl cummiexruram.

Fig. 1. a) BSE image of Ky-bearing symplectite eclogite

(locality Vysokyi Island, Velikaya bay, White sea); b) Field photos of outcrop of fluidal veins (sample 1111-08) in Opx eclogite (in Ol gabbro-
norite dyke), Eastern outskirt of the Gridino Village locality; ¢) BSE image of streaks of Qtz-Bt-Pl composition crosscutting the Opx eclogite in
deformation and symplectitization zone; d) BSE image of zircon grains in Opx-Cpx-PI symplectite.
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W13 nipo6s1 Becom 430 r 66110 BBIEneHO S0 3epeH 1MPKOHA, NPUHALISKAIMX SANHCTBEHHON ITOMYJISIIUN: IUPKOHBI
HMEIOT CHELM(pHIECKYI0 «KOMKOBaTYI0» (hOpMYy € HOJBIMU YIiTyOJICHHSIMH — CJIEIaMU Ta30BO-XKUIKMX BKJIFOYEHHH (puc.
2a). LlupkoHs! He MMeroT cBeyeHne B CL. B monepevHbIX CeYeHMsIX OHM BBINISULAT KaK pacIlerieHHbIE [IeCTOBAThIe, OK-
pyriisle 1 ame6000pa3HbIe 3epHa, POPACTAIONINE CKBO3b TBEPAYIO MOPOY B OTPAHWYCHHBIX YCIOBHAX pocTa. L{npKoHEI
coziepkaT MHOrouHcIIeHHbIe BKimoueHust Opx, Cpx, BeicokoTuTanucroro Bt, Rt, Qtz, Cl-anmatuta - MUHEpaIOB CHMITIEKTH-
TOB M MUHEPAJIOB, KPUCTAJUIM30BABIINXCS ¢ yaacTreM (urronsa (puc. 2b). B mupkoHax BEIIENSIOTCS OHOPOIHBIE BEICOKO-
Th y4acTku 1 y4acTKH HaJIOXKEHHOH IepeKkprcTan3auyi. OTHOPOAHbBIE YHaCTKH XapaKTepU3yIOTCs yparaHHBIMH Conep-
xaumsmu Th (mo 17700 ppm), U (mo 8500 ppm), Y (mo 30000 ppm), Hf (o 9750 ppm) n P33 (1014500 ppm) n BeICOKUMHI
Th/U ornowenusmu (1.0-2.8). Konkopnantaeiii U-Pb Bo3pact Takux yuactkoB, momydeHHslii Ha SHRIMP I (WA
BCEI'EN) pasen 2394+6 muH nieT. MI3MeHEHHBIE YYacTKH LUPKOHOB, XapaKTEPU3YIOTCS OTHOCHUTEIBHO MOHMKEHHBIMH,
BILTOTH JI0 oueHb HI3kuX Th/U otHotenusmu (0.91-0.04), camxenriem kontentpaiuii Th (18-3810 ppm), U (188-3263
ppm), Y (874-4864 ppm) u P33 (1307-4234 ppm), conepxat 1o 10 Bec. % H,O, moBeimmennsie konmeHTparmu Na, K, Ca,
Fe, a Taxke MHOrOYMCIICHHBIE BBIIEJICHHSI TOpUTA. Bo3pacT nmepeKprCcTauIM3ai HUPKOHOB COOTBETCTBYIOIINK 3HAUe-
Huto 1886 10 MiH J1eT cBsI3aH O CBEKO(EHHCKUM TEKTOHO-METaMOP(HYECKHIM 3TaIlOM.

,

Opx .« p|
1848 (0.04) @

— 50 -
2l 2149 (0.91) 2402 (2.66)

Puc. 2. a) SE n3o6pakenns nupkoHoB, mpoda 1111-08; b) BSE n3obpaskenns naTHpoBaHHBIX HTMPKOHOB, poda 1111-08. bensle kpyxku
—mecto SHRIMP 11 ananmusa, mdpamu gans! 3Haderns 2 020" © BO3pacTa B MJIH JIET, B CKOOKax - BesmurHa Th/U oTHoLeHus.

Fig. 2. a) SE image of zircon grains, sample 1111-08; b) BSE image of dated zircons, sample 1111-08. Circles indicate spots of
SHRIMP II U-Pb analyses; >*’Pb/**Pb ages are reported in Ma; Th/U ratios are in parentheses.

Bwi6o0. DopmupoBaHue IIMPKOHOB Bo3pacTa 2.4 MIIp/ JIET CBSI3aHO C NPOLIECCaMK B3aUMOACHCTBUS SKIJIOTUTH-
3HPOBAHHBIX TIOPOJ JaKK TaOOPOHOPHUTOB C BRICOKOTEMIICPATYPHBIM (DIIFOUIOM U HE UMEET OTHOIICHUS K BO3PACTy
Ma(UIECKON HHTPY3UH U BPEMEHH €€ SKJIOTHTU3AINH.

Eclogite bodies are in South-Kola active margin along northeastern boundary of Belomorian accretion orogen.
Eclogites formed in the time of Meso-Neoarchean subduction of oceanic and continental crust [3]. Belomorian ec-
logite province involves two associations with different protoliths. Compositional and structural features of the Salma
eclogites suggest that the protolith was Archean oceanic crust. The high-pressure processes in the Gridino area devel-
oped in a continental crust of TTG affinity and are especially evident in mafic enclaves and dykes. We investigated
Gridino high-pressure rocks and drew a conclusion about Archean age of eclogite metamorphism (not younger 2.7 Ga
ago) [7]. However we did not understand value of event with age about 2.4 Ga which was measured in individual
zircons from eclogitized mafic rocks [2, 5, 7]. Many researchers of Gridino area do not doubt the 2.4 Ga age is time
of mafic dyke’s intrusions. Researches and select in story of a rock forming two stage of eclogite metamorphism:
Archean stage associated with burial of an oceanic slab to a subduction zone; Paleoproterozoic stage associated with
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“local” eclogitization of Paleoproterozoic mafic dykes [1, 4, 6 etc]. We think that mafic eclogitized dykes intruded at
Archean time and eclogitization of all Gridino rocks connects with Archean subduction-collision processes along the
Kola continent active margin. Our conclusions were based on results of classic ID TIMS and SHRIMP II (VSEGEI)
dating of zircons from granite leucosome and enderbite which cross-cut the eclogitized dykes. It should be note that
dated acid veins have eclogite (14-17 kb at 750-850°C) and high-pressure granulite (10-13 kb at 750-850°C) mineral
assemblages and were formed during decompression at retrograde stage of metamorphic evolution. Zircons from the
acid veins indicate metamorphic and magmatic event about 2.71 Ga [7].

Interpretation of age 2.4 Ga as the time of intrusion of eclogitized dyke of Gridino is unobvious for us. We ex-
amined of a dated boudin [5] of kyanite-bearing retrograde altered chloritized symplectite eclogite in Vysokiy island
of Velikaya bay of the White Sea (Fig. 1a). Dating of few low-U prismatic zircon grains gave age of 2415+2 Ma [5]
that authors of publication connect with the magmatic intrusion. There are no clear evidences of a dyke origin of this
boudin: no crosscutting boundary and no igneous minerals. The question is: what event was dated by authors?

For this study, we examined an eclogitized olivine gabbronorite dyke (Eastern outskirt of the Gridino Village lo-
cality) where O.I. Volodichev with coauthors [2] dated high-Th and U zircons with age 2393+13 Ma interpreted as the
time of the dyke intrusion. Note other zircon grains from this body gave ages of 2.62-2.84 Ga and considered by the au-
thors as inherited from the country rocks [2]. Geochronological sample was collected for zircon dating from fluidal
veins, which confined to superposed deformation zone in quartz-poor Opx eclogite (Fig. 1b). Veins are symplectite ec-
logite with linear streaks of Qtz-Bt-Pl (Fig. 1c) and pure Qtz composition. Linear accumulation of garnet and rutile are
along streaks of quartz. Opx-PI corona form in boundary Qtz and Grt. Relics of Omp (Jd to 30 %) remain in 2Px-Pl
symplectite, Ky and Omp inclusions are in Grt. It is important note symplectite contains chlorine-apatite (Cl to 6.37 wt.
%), Rt, high-Ti Bt (upto 7 wt. % TiO,) and chains of zircon grains (Fig. 1d). Fluidal veins forming probably associated
with an infiltration in eclogitic rock a chlorine-rich acid fluid which nature deserves a special discussion.

50 zircon grains of single population were separated from about 400 g of fluidal vein’s rock. Zircon grains are
specific “clumpy” morphology and cavities — traces of fluid inclusions (Fig. 2a). Zircon has no catodoluminescence.
Cross-sections of zircon are split pole-like, rounded and amoeboid morphology which grown through crystalline rock
in limited-growth condition. Zircon grains contain numerous mineral inclusions: Opx, Cpx, high-Ti Bt, Rt, Qtz, CI-
Ap — minerals of symplectite and mineral of fluid (Fig. 2b). Two types of area can be distinguished inside of zircons:
homogeneous high-Th area and area of superposed recrystallization. Homogeneous areas are characterized by “hurri-
cane” concentrations of Th (up to 17700 ppm), U (up to 8500 ppm), Y (up to 30000 ppm), Hf (up to 9750 ppm) and
REE (up to 14500 ppm) and high Th/U ratio (1.0-2.8). Concordia age (SHRIMP II, VSEGEI) of these areas is 2394+6
Ma. Recristallization areas are characterized by relatively low and very low Th/U ratio (0.91-0.04), decrease of con-
centrations of Th (18-3810 ppm), U (188-3263 ppm), Y (874-4864 ppm) and REE (1307-4234 ppm), to 10 wt. %
H,O0, higher contain Na, K, Ca, Fe, and numerous thorite grains.

Conclusion. Zircon forming about 2.4 Ga is connected with interaction of the eclogitic rock of gabbronorite
dyke and high-temperature fluid; this age does not concern the time of mafic intrusion and eclogitization time.
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METAMORPHIC REACTIONARY TEXTURES IN MAFIC DYKES OF GRIDINO DYKE
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B cocrage I'punuHckoro gaitkoBoro nojst benoMopckoit 3KI10ruToBoi NPOBUHIIMHN BBIIETISIIOTCA MarHe3uajibHbIe
OJIMBUHOBBIE Tab0po 1 rabOpOHOPUTHI, KBaplieBble raO0OpPOHOPUTHI M JKele3ucThie rabopo (tab.). Ilerporpadudeckoe
n3ydeHre NUH(OB U3 Pa3HBIX JaeK MOKA3bIBACT, YTO BCE MCCICAOBAHHBIE JaiKH (nedopMupoBaHHbIE U HeaePOpMHUpO-
BaHHI)Ie), HC3aBHUCHUMO OT UX BAJIOBOI'0O XMMHYCCKOI'0 COCTaBa, MOIIIHOCTH 1 q)OpMaLIHOHHOﬁ MPpUHAJIC)KHOCTH OABEPT-
JIUCh METaMOP(QUYECKUM IpeoOpa3oBaHUsIM B YCIOBHUSIX SKJIOTMTOBOM, rpaHyJMTOBOW M aMubonuToBoi danuid. B
JIoKiIazie OyayT Hpe/cTaBiIeHbl HEKOTOPBIE THITI KOPOHAPHBIX M PEAKLIMOHHBIX CTPYKTYp, M3yUeHHBIE B laiikaX pa3HOro
cocTtapa, (POPMHUPYIOIIUXCS B BEICOKOOAPUIECKUX YCIOBHUSX SKJIOIUTOBOM M IpaHyJIMTOBOM darwii (tab.).

Table. Classification of the studied Gridino dykes with characteristic mineral assemblages of magmatism and metamorphism

Rock type Magmatic Pre-eclogitic Eclogitic Post-eclogite Post-ecloglte Granulitic Mg/(Mg+Fe)
assemblage coronas assemblage coronas symplectites assemblage
A B C D E F

Olivine gab- Ol, Cpx(Aug), Omp+ lamella

bro 1 Pl Chr Omp + Opx Opx Prg Not found Opx + Prg 0.72-0.73

Olivine gab- Ol, Opx, Pgt,

. > Omp-CaTs | Opx+Omp+G

bronorite 1 Cpx(/éﬁ;g), PL, | Omp, Opx Omp Grt +Cr/Spl+PI (R 0.69-0.78

I?;Ti‘tnzg- gab- I COP )Z intf,)l Grt Omp + Grt + 85: I Ei: Opx + Cpx + | Opx+Cpx+Grt 0.54-0.73

bronorite Px( Qltlf)’ i Ky + Qtz Opx + Cpx + Pl +P1+Qtz T
Pl

Ferriferous Omp + Grt +

gabbro v Not found Not found | Qtz; Relics of Cpx£0px + | Opx+ Cpx + | Cpx+Grt+Pl 0.39-0.51
Pl Pl +Qtz

CaTs-Cpx

Note: all mineral abbreviations after [Kretz, 1983]

Onusunosvle 2abbpo. beimn W3ydeHb Be JalKH OJMBUHOBOTO rabopo B mpenenax LleHTpambHOTO JOMEHa 0-Ba
W36nas Jlyna. B maiikax XOpoImo COXpaHSIOTCS MarMaTUYeCKHe MHHEPAbl — aBIUTHI, OJIMBHHBI U TPaHYJIHPOBAHHBIN
rarnokinas (assemblage I-A, tab., fig. 1a), mosTOoMy 3TH Jaliki 9acTO WHTEPIPETHPYIOT KaK HEMETaMOP(H30BaHHBIC.
OpnHaxo B Jaiikax NPHCYTCTBYIOT BBICOKOOapHUecKie MUHEpaIbHbIE IIapareHe3nChl, peIcTaBIeHHbIe KopoHaMu OpX ¢
omdarnurom (Jd no 40 mon. %) Ha rpanuie marmatnaeckux Aug u Pl (ass. I-A, B, fig. 1a), nuauBuyansHele 3epHa OJIH-
BMHA, KaK IpaBwio, 3ameniatorcst Opx, B peAKHX Ciydasx HaOmomaercs nepekpuctammmsanus Ol ¢ o6pazoBanmeM 00-
Jactei ¢ rpaHodiacToBeiMu cpoctkamu Opx u Cpx. I'panynutoBast cragus B Ol rabOpo mpejcraBiicHa paBHOBECHBIM
Opx-Amph (mapracur) naparenesucom (ass. I-D, F), kotopsiii B Ol rab0po uMeeT BHICOKOE COICPKAHUE HATPHSI, OTHO-
cutenbHO aM(pro010B ampudonuTOBOH (ariu Metamopdusma, nocruraromiee 4.2 macc. % Na,O.
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Puc. 1. a) pororpadust mpu ckpenieHnbix Hukonsix 1 BSE uzo6paxenune numda Ol rabbpo: nporpagnas kopoa Omp u Opx BOKpyT
MarMaTH4eckoro KamHonupokceHa (ass. I-A, B); b) ¢otorpadus numda Ol rabbpoHopuTa (HUKOIM MAPAJUICIIBHEL): MeTaMopgrye-
CKHE KIMHOIMPOKCEH U TPaHaT 3aMeIaloT MarMaTHuecKue MIPOKCEeHBI U Iarnokias (ass. 1I-A, D); ¢) BSE nzo0pakenue sxioruTu-
supoBanHoro Ol rab6ponoputa. IlepBudHble OM(AINTOBEIE KOPOHBI BOKPYT MarMaTUUECKUX MIPOKCEHOB C 3aKOHOMEPHBIM yBeIHde-
HHEM COJIepXaHMs KaJeHTOBOTO MIHAJIA 110 HaNpaBleHHIO K nepudepun kopoHsl (ass. II-C) u Omp + P1 + Crn/Spl cumruiekTutst
(ass. II-E), xoTopble cpe3atoTcst BTOPHIHBIMU IPAHATOBBIMI KOPOHAMHU C BKIFOUESHHUSIMU KopyHza u oMmdanuTa (ass. [I-D); d) BSE u3o-
OpakeHHe OPTOIHPOKCEHOBOr0 KI0ruTa 1o Ol rab6ponoputy (ass. II-F). Ha tpoiiroii quarpamme Mg — (Fe™, Mn) — Ca u3006paxeHo
MuHepansHoe paBHoBecue Grt, Omp u Opx. Hucnia B mOACTpOYHOM HHAEKce y oMdanurta — cogepxanue Jd.

Fig. 1. a) crossed-polarized light microphoto and BSE image of olivine gabbro. Note the prograde corona of omphacite and orthopyroxene
around igneous clinopyroxene (ass. I-A, B); b) plane-polarized light microphoto of olivine gabbronorite: metamorphic clinopyroxene and
garnet have overgrown igneous pyroxene (ass. II-A, D) ¢) BSE image of olivine gabbronorite: primary omphacite corona around igneous
orthopyroxene with regularly increasing jadeite content in the corona rim (ass. II-C), and Omp + P1 + Crn/Spl symplectite (ass. II-E). Sec-
ondary corona of garnet with inclusions of corundum and omphacite cuts the omphacite corona (ass. II-D). d) BSE image of orthopyrox-
ene eclogite after olivine gabbronorite (ass. II-F). Inset: Ternary Mg — (Fe”, Mn) — Ca diagram showing equilibrium compositions of gar-
net, orthopyroxene and omphacite. Numbers refer to mole percent jadeite in omphacite.
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Puc. 2. a) BSE mo6pakenne Qtz rab0poHopuTa: rpaHaToBbIe KOPOHBI C KHAHUTOM, C()OPMUPOBAHHBIC HA TPAHMIIC IIArHOKIIA30B U M-
POKCEHOB. B 1oe riariokiiasa 1o ToHy BbIIEIAIOTCS O0JIee CBETIIbIC yHaCTKH, COOTBETCTBYIOIME COCTaBaM € 00J1€€ THKEIBIM CPEIHUM
ATOMHBIM HOMEPOM (TTOBBIIICHHBIM COZCPYKAHUEM aHOPTUTOBOM MOJICKYJIbI), OTBEYAIOLIUE COCTABY MarMaTHYecKoro Iuarnokiasa Plyy
(ass. 1lI-A, B); b) BSE m3o0pakenue sxioratuzupoBaHaoro Qtz raboponopura: omdarmtsl (ass. III-C) m Opx-Cpx-Pl cumruiekTiTsI
(iceBnoMop¢o3sl o omdarmry) (ass. I1I-E). ¢) BSE m3o6paxenne Qtz rabdponopura: rpanynur (ass. III-F). d) BSE nzobpaxenue Grt-
Cpx-Pl accormaru B naiike xene3nucToro Meraradopo (ass. IV-F). Ha Tpoitnoii muarpamme Mg — (Fe™, Mn) — Ca IpeficTaBieHbl COCTa-
BbI accoranmu Grt + Cpx + Pl. Yucna B mogctpounoM unzaekce y Pl obo3Hauarot copeprxkanue An, y Omp u Di — coneprxanue Jd.

Fig. 2. a) BSE image of quartz-bearing gabbronorite: garnet corona with kyanite at the boundary between plagioclase and pyrox-
ene. Anorthitic plagioclase relics in the metamorphic plagioclase aggregate (ass. III-A, B); b) BSE image of eclogitized Qtz gab-
bronorite: omphacite (ass. III-C) and orthopyroxene-clinopyroxene-plagioclase symplectite pseudomorphs after omphacite (ass.
III-E); ¢) BSE image of Qtz gabbronorite: granulite (ass. III-F); d) BSE images of quartz-bearing ferriferous gabbro: Grt-Cpx-P1
assemblage (ass. IV-F). Mg — (FeX, Mn) — Ca ternary diagram shows mineral compositions in equilibria of garnet, clinopyroxene
and plagioclase. Numbers refer to mole percent anorthite in plagioclase and mole percent jadeite in clinopyroxene.

Onusunosvle 2aboponopumsi. Jlaiiku Ol rabOpOHOPUTOB XapaKTEPU3YIOTCST HEOIHOPOIHBIM TEKCTYPHO-CTPYK-
TYPHBIM CTpoeHHEM. B nutndax oOHapyKUBarOTCS MarMaTuueckue MuHepanbl: penuktbl Ol, Opx, aBrura, MmKOHUTA,
rpanyaupoBanHoro Pl u xpomura (ass. II-A, fig. 1b). Ol 3ameriaercst opronupokceHoM (ass. 11-B). B oOpasuax, B ko-
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TOPBIX OTCYTCTBYET PeNMKTOBBI Marmatndeckuil Pl, Bokpyr Ol u nmupokceHOB GopMupyroTcs KopoHs! Omp ¢ Ipo-
I'PECCUBHO HapacTaroumM copepkanuem 110 50 mon. % skagentoBoro muHana (ass. II-B, fig. 1c), koTopsle cMeHsIOT-
cs1 cumiiekturamu Omp ¢ Pl w/nnm ¢ xopynmoM, mim co mmunensto (ass. II-E, fig. 1c¢). Conepxanne Jd munana B
Omp u3 cUMITIEKTUTOB Aocturaet 60 Moia. % mpu BeicokoM copepkannu CaTs kommoneHTa (10 15 mon. %), T.e. Ko-
POHBI (OPMHPOBAIHCE B pe3ynbraTe Metamopdudeckoil peakiuu Ol + P1 — Opx + ompamur—CaTs. Ha omdanmro-
BbI€ KOPOHBI HAaKJIagbIBAIOTCS Oostee mo3aaue Grt KOpoHBI, BKItodaromme Omp, KOPYHA W IUIarHOKIIa3 MpeablIynien
ctaguu. Grt KOPOHBI KOCO CPE3al0T KaK 30HaNbHbIE KaiiMbl Omp BOKPYT MarMaTHYECKUX MHHEPANIOB, TaK U CHMIIEK-
TUTOBBIE TiceBoMOpdo3bl (ass. I1-D, fig. 1¢). CocraBbl Grt B KOpoHax cooTBETCTBYyeT coctaBaMm Grt B paBHOBECHOM
Rt-Grt-Opx-Omp (Jd mo 27 mon. %) naparenesuce B naiikax raboponoputos (ass. II-F, fig. 1d), koTOpbIii MBI CBSI3BI-
BaeM C IMOCTIKJIOTMTOBBIMHU NTPe00pa30BaHUsIMU B YCIOBUIX IPaHYJIMTOBON (alliy NOBBIIIEHHBIX JIABJICHUH.

Ksapyesvie 2cabdpornopumsr. B HenehopMUpOBaHHBIX AaliKax HEOOJBIIOW MOIIHOCTH OOBIYHO MPEoOIIagaroT
I'paHyJIMTOBBIE IPaHAT-/IBYTUPOKCEHOBBIC MUHEPAILHBIE TTAPAreHEe3HChl C PEIKUMH PEIUKTAMH JTHOIICHA-TUIarHoKIa-
30BBIX CUMILIEKTUTOB. B KpyIHBIX JalikaX, MOIIHOCTh KOTOPBIX JocTHraeT 25-30 M u Gosbliie, MOXKHO HCCIIEI0BATh
BCE JTaIlbl MeTaMop(hHUeCcKOi HBOMONMH. B numdax ycTaHOBIEHBI PETMKTOBBIE MarMaTH4eCKHe TMPOKCEHBL: TUPOK-
CEeHBI CO CTPYKTypamu pacnana — Pgt m Aug u Opx (ass. II[-A). Ha rparniie MarmMaTndeckux MUPOKCEHOB U TUTATHOK-
na3a popmupyrores Grt koponsl ¢ BmoueHnsMu Ky, Pl, Cpx u Qtz B Grt (ass. III-B, fig. 2a), ykaspBaromue Ha Ha-
9aJo0 MorpykeHus: c(hoOpMHUPOBAHHON MarMaTH4ecKoW mopospsl. B mone rabdpo ¢ KOpoHapHOW CTPYKTYpOH BCTpeda-
I0TCS OT/ETbHBIE yuacTKy, riae Grt ¢ Ky momHocTsio 3amematoT Pl n hopMupyroTest y4acTkn «MHUIMAIBHOM 3KI0TH-
Tu3anuu». Ha rpanune y4acTkoB, TJe COXpaHAIOTCS MarMaTH4ecKHe TEKCTYPhI B laiike, HAOMOAal0TCs OCTEIICHHBIC
nepexonsl OT TabOpOBOi CTPYKTYPHI ¢ MaKpOCKONNYECKH OTYETIIMBO MPOSBICHHBIMH KopoHamu Grt Bokpyr Pl mo
MacCHBHBIX HIOPOJI ¢ MEJIKO3EPHUCTOMH cTpyKTypol Grt-Omp cocraBa, KOTOpbIE IPEACTABISIOT COO0H SKIOTUTHI (ass.
[II-C) u cuMIUIEKTUTOBBIE 3KJIOTUTHI. B skitorutu3npoBaHHbix yuactkax Grt ¢ BkiaroueHussmu Ky oOpasyer mosiHbie
nicesgomMopdossl o Pl, ocHoBHas Macca 3THX nmopoy npezcraBiieHa kononusimu Opx-Cpx-Pl cummiiekTuToB, THITNY-
HBIX JUIsL 9KJIOTHTOB, CHJIBHO IpeoOpa3oBaHHbIX npu aekommpeccun (ass. I1I-E, fig. 2b) B PT-ycnoBusix rpanysiuro-
Boii daruu [1, 3]. Cpenu CUMILUIEKTHTOB coxpaHstoTest penuktel Omp (ass. I1I-C, fig. 2b). MunuManbsHOE NaBieHne
JUIsl DKJIOTUTOBOM cTauu MeTamopu3Ma oneHnBaercs kak 15-17 k6ap npu temneparype 800°C. Kpome Cpx-Opx-Pl
CUIIIEKTUTOB, OpX BXOAWT B COCTaB BTOPHYHBIX KOPOH Ha IpaHHUIlE 3epeH KOopoHapHOro Grt ¢ CUMIIEKTUTaMH OC-
HoBHOH Macchl (ass. III-D), a Takxe B cocTaB rpaHOOIaCTOBBIX 000COOJIEHNH, MIHEPAIBHBIE ACCOIMAIIMN KOTOPBIX
MOTYT OBITH IpeICTaBleHbl MOHOMUHEpaibHbIM OpX, wik Opx u Cpx ¢ pe3Ko MOAYMHEHHON POTOBOM 0OMaHKOM WU
TUTTUYHBIM JJIS1 BRICOKOOAapHIecKuX rpanynuToB naparesesncom Opx+Cpx+Grt+Pl+QtztHbl (ass. II-F, fig. 2¢)

Kenesucmoie 2ab6po. B n3ydeHHBIX faiikax MeTarabOpo HaMy He BBISBIICHBI PETUKTH MATMATHUECKHUX TEKCTYp U
MHHEpaJIOB. MUHEpaisl 3K10ruToBoH (harym npeacrasnens! Grt u Omp (o 36 mon. % Jd) (ass. IV-C). Grt cogep>xut MHO-
rouncniennsie BritoueHus Ky, Qtz u Omp. Ombarwmr tpanchopmupyercst B Cpx-Pl cummnexrurst ¢ Opx (ass. IV-E),
c(hOpMHPOBAHHBIC TIPH JCKOMIIPECCHH B YCIIOBUSIX TPaHyIMTOBOH (harmu. OOBIYHO ke MeTarabopo 3TO MACCUBHBIC TPaHYy-
JIMTU3UPOBHHBIE TTIOPOJIBI C TPAHOOJIACTOBOM CTPYKTypoH, cnokenHble Grt, Cpx u Pl (£ Hbl, Bt u Qtz) (ass. IV-F, fig. 2d).
B simpax HEKOTOpPBIX KIMHOIMPOKCEHOB NHATHOCTUPYIOTCSI PENMKTHI KJIMHOIMMUPOKCEHA C TIOBBIIICHHBIM COJEPKaHUEM
CaTs munana (10 9.2 mace. % Al,Os), CBUIETENBCTBYIOIINE O PaHHEH OoJiee BEICOKOOApHOM cTauu MeTamopdmsma [2].

Ha xoHTakTax maex M B 30HaX MX TEKTOHMYECKHX JedopManuii HaOIONAI0TCsl XapaKTepHbIe IS aeK BCEX
KOMIUIEKCOB 30HHI aMmpudonm3anuu. HanoxenHas no3aass amdubonu3anus — XxapakTepHbIi IPU3HAK Beex naek [ 'pu-
JIMHCKOTO IAHIKOBOTO TIOJIS.

Gridino dyke swarm of Belomorian eclogite province involve some types of mafic dykes: magnesian olivine
gabbro and gabbronorite, quartz-bearing gabbronorite and ferriferous gabbro. Petrologic studies of the different dyke
types make it clear that all dykes underwent successive metamorphic transformations (from eclogite through HP-
granulite to amphibolite) and have a heterogeneous structure that is more pronounced in the bigger bodies. Character-
istic mineral assemblages of different stages of the metamorphic evolution are given in Table 1.

Olivine gabbro. We examined two olivine metagabbro dykes (Central domain of Izbnaya Luda island locality).
Igneous minerals include olivine, augite, chromite and granular plagioclase (assemblage I-A, tab. 1, fig. 1a), therefore
these dykes are considerer as unmetamorphosed. However coronas of orthopyroxene with omphacite (up to 40 mole
%) developed along the contact between igneous plagioclase and augite (ass. I-A, B, fig. 1a). Individual olivine grains
are generally rimmed by orthopyroxene corona, or, in rare instances, olivine is replaced by granoblastic orthopyrox-
ene-clinopyroxene intergrowths. The granulite facies stage is evidenced by the equilibrium orthopyroxene-amphibole
(pargasite) assemblage in olivine gabbro (ass. I-D, F). Granulite facies amphibole is distinguished from the amphibo-
lite facies amphibole of dykes and gneiss by soda content that reaches 4.2 wt. %
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Olivine gabbronorite. Igneous mineral relics include olivine, augite, pigeonite, orthopyroxene, chromite and
plagioclase (ass. II-A, fig. 1b). Olivine grains are generally rimmed by orthopyroxene (ass. II-B). Coronas of ompha-
cite with a progressively increasing jadeite content up to 50 mole % (ass. II-B, fig. 1¢) developed around olivine and
pyroxene in rocks in which relicts of igneous plagioclase are absent. The omphacite corona changes to a symplectite
of omphacite with plagioclase and corundum or spinel (ass. II-E, fig. 1c). Jadeite content in symplectitic omphacite
reaches 60 mole % at simultaneously high Ca-Tschermak content (up to 15 mole %). Probably such coronas formed
as result of the metamorphic reaction Ol + Pl — Opx + Omp—CaTs. Secondary garnet coronas with inclusions of om-
phacite, plagioclase and corundum intersect primary coronas of orthopyroxene with omphacite and symplectite pseu-
domorphs (ass. 1I-D, fig. 1¢). Corona garnet composition is similar to garnet composition in the HP granulite assem-
blage of rutile-garnet-orthopyroxene-omphacite (Jd up to 27 mole %) in olivine gabbronorite dykes (ass. II-F, fig. 1d).

Quartz-bearing gabbronorite. In undeformed thin dykes a granulite assemblage, garnet-orthopyroxene-
clinopyroxene (not omphacite) with rare relics of clinopyroxene-plagioclase symplectite, predominates. In
large dykes 25-30 m wide all stages of the metamorphic evolution may be discerned. Igneous structures and
mineral associations are preserved in the central part of the dykes. They comprise orthopyroxene and pyrox-
enes with exsolution structures: inverted pigeonite and augite (ass. III-A). A garnet corona with inclusions of
kyanite, plagioclase, clinopyroxene and quartz (ass. III-B, fig. 2a) formed at the contacts between igneous
pyroxene and plagioclase at an insipient eclogitization. As the eclogite assemblage begins to form, coronitic
garnet with kyanite inclusions completely replaces igneous plagioclase. The rock matrix composed by or-
thopyroxene-clinopyroxene-plagioclase symplectite, which is typical of strongly retrogressed eclogites in
granulite facies condition [1, 3] (ass. III-E, fig. 2b). In rare cases omphacite relicts with up to 36 mole % of
jadeite (ass. III-C, fig. 2b) are preserved in the symplectite and as inclusions in garnet with kyanite and
quartz. Minimal pressure of eclogite stage is 15-17 kb at 800 °C. Orthopyroxene also forms a corona around
garnet (ass. III-D). Locally, orthopyroxene forms part of granoblastic horblende-orthopyroxene-
clinopyroxene domains. The granulite facies stage in olivine gabbronorite is evidenced by the equilibrium
garnet-orthopyroxene-clinopyroxene-plagioclase-quartz+horblende assemblage (ass. I1I-F, fig. 2c).

Ferriferous gabbro invariably contains quartz. Relict igneous textures and minerals were not found. Metamor-
phic minerals of the eclogite stage are garnet and omphacite (up to 36 mole % Jd) (ass. IV-C). Garnet contains nu-
merous inclusions of kyanite, quartz and omphacite. Omphacite commonly has been transformed to clinopyroxene-
plagioclase symplectite with orthopyroxene (ass. IV-E), which was formed during decompression at granulite facies
conditions. Generally ferriferous metagabbro has a granoblastic structure composed of garnet, clinopyroxene, plagio-
clase and quartz (+ amphibole and biotite) (ass. IV-F, fig. 2d). Some clinopyroxene grains have a relict core of clino-
pyroxene with elevated Ca-Tschermak end-member content (up to Al,O3 9.2 wt. %). This relict core is evidence of a
higher-pressure metamorphism [2]. Decreasing Al,O; in clinopyroxene is evidence of decreasing of pressure and
temperature in the metamorphic evolution.

The dyke contacts with host gneiss are characterized by an amphibolite assemblage. Superposed late amphibo-
litization is a characteristic feature of all Gridino dykes.
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V3kwii (200 kM B mimuHy, 15-35 — B mmpuHy) BEITAHYTHIA Ha ceBep xp. [lexynpHEN 3aHuMaeT Mexaypedse be-
noit u TaHIOpepa — IByX caMbIX KPYITHBIX JIEBBIX IPUTOKOB P. AHAabIPb. DTO CHIIBHO PACUICHEHHOE TOPHOE COOPY-
JKEeHUe, Bo3Bhlmaromieecs oonee yem Ha 1000 M Ha NpUIISKAIIMMH C 3a11a/la U BOCTOKA HEOT'€H-YeTBEPTUYHBIMH BIIa-
MUHAMU. B TpamuIoHHON cxeMe TeKTOHUYECKOro paioHupoBanust CeBepo-BocToka A3um CTPYKTYphl XpeOTa pac-
CMaTPHUBAIOTCS B KAYECTBE CEBEPO-3amaHOro (iaHra KaiHO30MCKOH AHaabIpcko-KOpsAKCKO#M CKIaq4aToi CHCTEMBI,
HEIMOCPEICTBEHHO IPaHUYAIIETO C SMUKPATOHHBIMU YyKOTCKMMH Me303ouaamu. OOmuii 00JMK NMPUTUXOO0KEAHCKUX
kaitHo3zony CeBepo-Bocroka Asun, Bkimrouas xp. [IexynbHei, onpenensercss oproIUTOBEIMU MOSICAMU, IPUPOJIa KO-
TOPBIX, HECMOTPSI Ha JIOJITYI0 HCTOPHUIO MCCIICIOBAHMM, TPOAOIDKAET AUCKY THPOBATHCA.

CoBpemenHoe crpoenue xp. IlexynbHel OIOKOBO-YelmIyHdyaToe aCHMMETPUIHOE. ACUMMETpHsI 00yClOBIeHa
HaJIMYUEM JBYX Pa3lNYHBIX, TECHO TEKTOHHYECKH CONPSDKEHHBIX CTPYKTYPHO-(OPMAalMOHHBIX 30H: OTHOCHTEIBHO
MIPUTIOTHATON CeBEepO-3aMaJHON (B MOOMIIMCTCKIX MOJEISAX — "aBTOXTOH") M IOTO-BOCTOYHOH, M3HAYAIBHO COCTaB-
JSBIICH BYJIKaHOTEHHBIN MPOrud, a HeIHE — "0(UOTUTOBBIN autoxToH". XapaKTepHa MHTEHCHBHAS (parMeHTanus
JIOTIO3THEMEIIOBBIX KOMIUICKCOB, HX CIIOXKHBIE Ae(OpMaIiy, HEOJTHOKPATHBIH MeTaMOp(n3M, COBMEIIEHIE HA OHOM
APO3UOHHOM cpe3e pazHO(haIMaTBHBIX O0CATOYHBIX M Pa3HOTTTyOMHHBIX MarMaTHUecKux obpa3oBaHuil. OcoObIi HHTE-
pec MPeCTaBIISIIOT SBICHUS METPOrpapuIeckoil KOHBEPreHIIMN UHTPY3UBHBIX U METaMOP(UYECKUX MOPOJ, CO3JIat0-
1K€ JIONOJHUTEIbHbIC TPYAHOCTH B pa3pellieHHH BOIPOCOB TEKTOHUKHU U T€OJMHAMUKH.

Tak, Bo BTOpoii nonosure 70-x rT. I'.E. HekpacoB BbICKa3aj MBICIIb, YTO MEIKO3EPHUCTHIC aM(pHUOO0II-IBYTHPOKCE-
HOBBIE 0A3MTHI CeBEpHON YacTh XpeOTa, okazaHHble Ha [ 'ocynapcrenHoii reonormyeckoii kapre (I'TK) CCCP macmrada
1 : 200 000 (3axapos, 1964) kax paHHeMesI0BbIE Tab0pPO, SKOOBI MPEICTABISIIOT COOOW IPaHyJIUTHI, COOCTABUMBIE C ap-
xefickumu oOpazoBaHmsIME OMOIIOHCKOTO MaccuBa U AHabapckoro mmura [4]. [Tociemyrome paboThI MOKa3alH, OJHAKO,
YTO MEPBONPOXOALB! UyKOTKH OBUIHM NPaBBI: HA3BaHHBIE MOPOABI 00Pa3yIOT KpaeByto (alio KpyIMHOTO HHTPY3HBA, TT1aB-
HBIH 00BEM KOTOPOTO PACCIIOCH OT IUIArMOKJIA30BbIX MEPHAOTHTOB U TPOKTOIHMTOB 0 raOOpOHOPHTOB M aM(prOOIOBBIX
rab0po. Dta mopoaHas acCOIMAIHs, U3BECTHAS U Ha Fore XpeOTa, BBIICICHA B PAHHEMEIOBOH CBETIIOPEYECHCKUH KOMILIEKC
[2]. B aToM KadecTBe rab0Opon bl MOKa3aHbl U Ha JIMCTax BToporo nokonenus cpentemaciiradnoi ['TK (T'ynbmna, 2009 r.).

B 10 k€ BpeMs1 MOIIHBIMH HEOTEKTOHHMUYECKUMH JBI)KEHUSIMH Ha COBPEMEHHBIN Cpe3 CEBEpPHON dacTu xpedra
BBIBEJICHBI ()parMeHThl METaMOP(UIECKOr0 KOMIUIEKCA, TEHETUUECKH CBSI3aHHOTO C BHEAPEHUEM Marmbl, MIOPOJIHMB-
el CBETVIOPEYCHCKUI KOMIUIEKC. DTO alloTepPPUIeHHBIE M allOBYJIKAHOT'CHHBIE CIIAHIIBI, THEHCH U aM(pHOOIHTHI,
MIPOCTPAaHCTBEHHOE PaCIIpPE/IeJICHNE KOTOPBIX YKa3bIBaeT Ha BEPTHKAJIBHYIO TEMIEPATypHYIO 30HAJIBHOCTh METaMOp-
¢u3Ma B AMamnasoHe OT AMUAOT-aM(UOOTUTOBOIM 10 IpaHyIUTOBOI (anuy Npu 00IIEM HH3KOM JIMTOCTaTHYECKOM
JIaBJIeHNH. 371ech (B OTIMYUE OT KOMIUIEKCOB PaHHETrO JIOKEMOpHs) TPaHUTH3AIMS NPOSBISsUIach Ha MUKE METaMOp-
(hm3ma, IpUBOJIS K TOSIBIICHHIO B ani00a3aIbTONIHOM aM(pHOOINTOBOM CyOcTpaTe OMOTHT-THIIEPCTEHOBOM (YapHOKH-
TonIHON) neiikocomsl [1]. Ha HOBBIX KapTax BBIICICHBI IBE TOJIIU: CYIMIECTBEHHO META0CAJAO0YHAs TEKYIbHEHTHIT-
TBIHCKasl 1 MeTaba3anbToniHast cOOpHEHCKast (00€ — MPEOIOKHUTEIFHO CPeTHE-TI03AHENATIC030HCKHE).

Emé Gonee cnokHa cutyanms B 30He "oduonmrooro ammioxtona". Cormacuo I'.E. HekpacoBy, 3aech, B mo-
JIOIIBE CPEIHEIOPCKO-PAHHEMENIOBOTO 0a3albTOBO-KPEMHHUCTOTO (T1aJI€00KEaHNYECKOr0) KOMIUIEKCA, 3alleTacT, B
(hopme OJIOKOB M IUIACTHH ILIOMIAABIO 10 25 KB. KM, CPEIHE-II03IHeNalIe030icKas yabTpaMapur-MmaduT-rpaHyInuro-
Bas accoLMalys, K BepXaM KOTOPOIl OTHECEHBI, KPOME TOTO, I'PaHAT-KIMHOIMHPOKCEHOBBIE M T'PaHAT-OMOTUTOBBIC
rHelcel. [losBieHne rpaHyTUTOB 00BACHIETCS MepepadoTKOM MOOIIBEI MOLITHON CHATTMYECKOM KOpHI B Xoe e€ pac-
TSXKEHUS U MPOrpeBa MPU BHEAPEHUH PACCIOCHHONW MHTPY3UH Ha YPOBEHb KOpo-MaHTHIHOTO paszaena [5]. I'.B. Jlex-
HEBa C COaBTOpaMM pacCcMaTpHBalOT yibTpamaduT-MaduTs! 105KHOM yacTn xp. [lekynbHel Kak KyMyJISTHBHBIN KOM-
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TUIEKC, COPMHUPOBABIINIICS B INTyOMHHOHN HaJCYOIyKIMOHHOM 00CTaHOBKE NMPU KPHCTAJUIM3ALNU OJIM3KOro K OOHH-
HUTOBOMY MaHTHIHOTrO pacimiasa [3].

[To HammMm HaOIFOICHUSM, TIOPOJIBI TITyOMHHOTO 00JMKA 10’KHON yacTH Xp. IlekynpHell rereporennsl. Cpenu
HHUX, HECMOTpPS Ha HEOJHOKPATHBIE MPeoOpa30BaHMs, PACIO3HAIOTCS (ParMEeHThl KAK MHUHAMYM TPEX T'€0JIOTHYECKH
CaMOCTOATENHBIX KOMIIEKCOB, 8 IMEHHO:

1. I'myOuHHBIE (HMKE YPOBHS yCTOWYNBOCTH TUIATHOKIIa3a) MarMaTHYECKNE YIbTpaba3uThl, 00bEANHSIONINE, B
CBOIO OYEpEb, IBE CEPUHU: MAarHE3UaIbHO-KAIBIHEBYIO (AyHNUTBHI, BEPIUTHI, KIMHOMMPOKCECHNUTHI) U TIMHO3EMHUCTO-
KETE3UCTYIO (TpaHaT-IIITHHEIEBbIE KIMHOMMPOKCEHUTHI OPTOIMMPOKCEH-, MAPTaCUT- U MarHETUTCOAEPKALIHE).

2. ®parMeHTHl pamMbl NIMHO3EMHUCTO-XKEIE3UCTHIX YJIbTPa0a3uTOB, MPE/ICTABICHHbIE TEKCTYPHO HEOJHOPO-
HBIMH KPYITHO3EPHUCTHIMU TIOPOJIaMH I'PaHOOIaCTOBOW CTPYKTYPBI, CIOKEHHBIMU I'paHaTOM, Oypo-3enEHOH pOroBoi
06MaHKOﬁ 1 KIIMHOIMMMPOKCCHOM B pa3IMYHbIX KOJIMYECTBCHHBIX COOTHOMICHUAX. Pa3HOCTI/I, COoJZCpIKaIue rpaHart, 4a-
IIe BCEro MMEHYIOT aM(pUOOJIOBBIMHU IKJIOTUTAMH, XOTSI HU3KOe conepxkanne Na,O B KIMHONHUPOKCEHE W MOBBIIICH-
Hoe — Al,O3 He THUITMYHBI I SKJIOTHTOB 5. s. Crienuduueckast 0coOEHHOCTh 3THX 00pa30BaHNil — NHTEHCHBHAs METa-
comMaTuyecKkasl Hou3uTH3anus (TryOMHHBIH BapuaHT nebasudukaiyn), KOTOpoi 00s3aHBI CBOMM BO3HHKHOBEHHEM
4EPHO-0€ETbIe KPYIMHOKPUCTAIIMYECKHE TTOPOJIBI CO CIIEAAMH IUIACTHYECKOro TedeHus. OOBIMHO WX ONMMCHIBAIOT Kak
n3MeHEHHbIe Tab0pou sl (MeTarabopo, rabopo-aMPHOOTUTHI), HO 3TO HEBEPHO: METporpaduuecKie HaOIOICHUS O/I-
HO3HAYHO CBHICTEIBCTBYIOT, YTO OOJIBIICOOBEMHON IIOM3UTH3AIMN M COITYTCTBYIOIICH Ae(OpMaIMy ITOBEpPraics
cybcTpart, paHee He COAEpIKaBIINH ITarnoKiIasa.

3. CtpykTypHO 1 (hanuanbHO pazHOOOpa3Hble TUa(TOPHUTHI MO MOPOJaM IPaHyJIUTOBOH (aluu pernoHaIbHO-
ro MeramopdusmMa — aHanoraMm CynpakpyCTAIbHBIX HIKHEapXeHCKUX 00pa30BaHMIl, CIaraloluX BBICTYIIBI KPUCTAJI-
nryeckoro (yHnamenta B Mezo3ouaax BepxosiHo-UykoTckoi ckiagdarod obmacti. Cpeay NMepBUYHBIX Pa3HOCTEMH,
WCIIBITABIIUX AUAPTOpPE3, YCTAHOBJICHBI TNIAarHOTHEHCH (OMOTUT-TPaHaTOBbIE, IPaHaT-KJIMHOITUPOKCEHOBBIE) U aMpu-
0OJIMTHI, CIIOKECHHBIC CPEIHUM ILIATMOKIIA30M M OYpO-3eJIeHON JIMOO KOPUYHEBOH poroBoit ooMankoii. ITogmeucHo,
YTO TEKTOHW3UPOBAHHBIE ()PArMEHTHI arlOrpaHyIMTOBBIX AUAPTOPUTOB TATOTEIOT K JAYHUT-KIMHOIMPOKCEHUTAM, HO
MHOT/Ia BKJIMHUBAIOTCS U B ME3030CKIE KPEMHHUCTO-BYJIKAHOTCHHBIE OTIOXKEHUS.

B nenom >xe rab6ponono6Hsie MeTaMophuUTHl Ha tore xp. [IekysnpHe# — naneko He SK30THKa: B OTAEIBHBIX
"MaccuBax' IJIOMIAAN BBIX0/JIa HX M MarMaTHYECKUX YIbTPaOa3uTOB OBIBAIOT con3MepuMbl. Ha iamucTax BToporo moxo-
nenns cpeaaeMacmtadbHoi I'TK, B cooTBeTcTBHE ¢ panee coctaBnenHou Jlerennoit Kopsikckoii cepun nmctoB 'TK-
200/2 (MansieBa, Maneimes, 1999 r.), Mmarmaruueckue yiibTpaba3uThl OTHECEHBI K CPEIHEIOPCKO-PAHHEMEIOBOMY
MeKyTbHeHBEEMCKOMY KOMIUIEKCY, M BbIJIEIeHa YCIOBHO apxeiickas "TiarnoraericoBas Tommia'", 4To HE OTpaxkaeT
BCETO I'e0JI0r0-TIeTPOrpagIecKoro pasHooOpasus paiioHa u TpedyeT 1opabOTKH JIeTeH b

Narrow (200 km long and 15-35 km wide) Pekulney Ridge extends northwards and occupies the area between
Belaya and Tanyurera, two largest left tributaries of the River Anadyr. It is highly rugged mountain structure, which
towers 1000 m above adjacent Neogene-Quaternary depressions located in the west and in the east. In a generally
accepted tectonic zonation scheme of North-East Asia the ridge structures are understood as the northwestern flank of
the Cenozoic Anadyr-Koryak fold system which borders directly on Chukotka epicratonic mesozoids. The general
habit of Pacific cenozoids in North-East Asia, including Pekulney Ridge, depends on ophiolite belts, whose nature is
still being discussed, although they have been studied for a long time.

Pekulney Ridge now has a blocky-scaly asymmetric structure. The asymmetry is attributed to the presence of
two different, tectonically conjugate structural-facies zones: 1) a relatively uplifted northwestern (“autochthone” in
mobilistic models) zone and 2) a southeastern zone, which originally constituted a volcanic downwarp and now an
"ophiolitic allochthone". The intense fragmentation of pre-Late Cretaceous complexes, their multiple deformation and
metamorphism and the overlapping of sedimentary and igneous units differing in facies and depth on one erosion
section are characteristic. Of special interest is the petrographic convergence of intrusive and metamorphic rocks,
which creates additional difficulties in solving tectonic and geodynamic problems.

For example, in the late 1970s G.E. Nekrasov assumed that fine-grained amphibole-bipyroxene basic rocks
from the northern portion of Pekulney Ridge, shown as Early Cretaceous gabbro on a 1: 200 000 scale State Geologi-
cal Map of the USSR (Zakharov, 1964), are, in fact, granulites correlatable with Archaean rocks from the Omolon
massif and the Anabar Shield [4]. More recent studies have shown, however, that Chukotka pioneers were right in
that the above rocks form a marginal facies of a large intrusive unit, most of which is stratified from plagioclase peri-
dotites troctolites to gabbronorites and amphibole gabbro. This rock assemblage, also known from the southern por-
tion of the Pekulney Ridge, is now understood as a separate Early Cretaceous Svetlorechensky complex [2] and is
shown as such on second-generation medium-scale State Geological Map Sheets (Gulpa, 2009).
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At the same time, the fragments of a metamorphic complex, related genetically to magma intrusion that gave rise
to the Svetlorechensky complex, were uplifted to the present section of the northern Pekulney Ridge by intensive neotec-
tonic movements. These are apoterrigenous and apovolcanic schists, gneisses and amphibolites, whose spatial distribu-
tion indicates a vertical zonation of metamorphism from epidote-amphibolite to granulite facies at generally low
lithostatic pressure. Here, in contrast to Early Precambrian complexes, granitization manifested itself when metamor-
phism reached a peak, giving rise to biotite-hypersthene (charnockitoid) leucosome in apobasaltoid amphibolitic sub-
strate [1]. Distinguished in new maps are two units: 1) the Pekulneygytgynsk largely metasedimentary unit and 2) the
Sbornensk metabasaltoid unit (both units are presumably of Middle-Late Palaeozoic age).

The “ophiolitic allochthone” zone even shows a more complex pattern. According to G.E. Nekrasov, resting at
the base of a Middle Jurassic-Early Cretaceous basalt-cherty (Palaco-oceanic) complex is a Late Palaeozoic ultrama-
fic-mafic-granulite assemblage in the form of blocks and plates covering an area of up to 25 000 sq. km. Garnet-
clinopyroxene and garnet-biotite gneisses are understood as part of the top unit of the assemblage. The occurrence of
granites is attributed to the reworking of the base of thick sialic crust during its extension and heating upon emplace-
ment of layered intrusion at the crust-mantle boundary [5]. G.V. Ledneva and co-workers understand ultramafic-
mafic rocks from southern Pekulney Ridge as a cumulate complex formed in a deep suprasubduction setting upon
crystallization of near-boninitic mantle melt [3].

Our observations have shown that rocks of deep habit from southern Pekulney Ridge are heterogeneous. In
spite of multiple alterations, fragments of at least three geologically independent complexes can be distinguished
among them, namely:

1. Deep (below the plagioclase stability level) igneous ultrabasic rocks that, in turn, combine two series: a
magnesium-calcium series (dunites, wehrlites and clinopyroxenites) and an alumina-iron series (garnet-spinel clino-
pyroxenites, orthopyroxene-, pargasite- and magnetite-bearing rocks).

2. Fragments of an alumina-iron ultrabasic rock frame represented by texturally heterogeneous coarse-grained
granoblastic-structured rocks consisting of garnet, brown-green hornblende and clinopyroxene in different quantities.
Garnet-bearing varieties are commonly referred to as amphibole eclogites, although the low Na,O content of clinopy-
roxene and high Al,O; concentrations are not typical of s. s eclogites. A distinctive feature of these units is intensive
metasomatic zoisitization (deep version of debasification), which gave rise to black-and-white coarse crystalline rocks
with traces of ductile flow. They are usually described as altered gabbroids (metagabbro, gabbro-amphibolites), but it
is incorrect: petrographic studies have clearly shown that the substrate, which earlier contained no plagioclase, was
subjected to large-scale zoisitization and associated deformation.

3. Structurally and facially diverse diaphthorites after the rocks subjected to regional granulite-facies meta-
morphism similar to Lower Archaean supracrustal rocks which build up the crystalline basement scarps in mesozoids
from the Verkhoyano-Chukotka Folded Region. Distinguished in primary varieties subjected to diaphthoresis are
(biotite-garnet and garnet-clinipyroxene plagiogneisses and amphibolites consisting of intermediate plagioclase and
brown-green or brown hornblende. Tectonized fragments of apogranulitic diaphthorites were found to be confined to
dunite-clinopyroxenites, but sometimes they also intrude Mesozoic siliceous-volcanogenic units.

In summary, gabbro-like metamorphic rocks in southern Pekulney Ridge are far from being exotic because in
some "massifs" the area of their outcrops and magmatic ultrabasic rock exposures are comparable. On a second-
generation medium-scale State Geological Map, in accordance with an earlier legend to the Koryak series of a State
Geological Map Sheets, GGK-200/2 (Malysheva & Malyshev, 1999 r.), igneous ultrabasic rocks are shown as part of
a Middle Jurassic-Early Cretaceous Pekulneyveem complex, and an Archaean “plagiogneiss” unit is tentatively
shown, which does not fully illustrate the geological-petrographic diversity of the region. Therefore, more efforts are
needed to update the legend.

Jluteparypa - References

1. Xymnanosa M.JI. 3emuas xopa CeBepo-Bocroka Asun B nokembpuu u paneposoe. M.: Hayka. 1990. 304 c.

2. XKynanosa MN.JIL., IlepueB A.H. ba3utsl ceBepHOil yacTn xpe6Ta IlekynpHel: reonorus, NeTpoNIorHuecKiue 0COOEHHOCTH, PO~
6nema mpoucxoxaenus / Tuxookeanckas reonorus. 1987. Ne 3. C. 65-76.

3. JlegueBa u ap. YnbrpamaduTsl 1 MapHTH MeKyIbHEelickoro kommiekca (UykoTka): BEICOKOOApHUECKIE OCTPOBOMYKHBIE KY-
MYJISTHI // Y bTpada3nT-0a3uToBble KOMIUIEKCH CKIIaM9aThIX 00JacTell U CBA3aHHBIE ¢ HUMHU MecTopoxaeHus. Te3. moxi. Exare-
purOypr: UT'ul” YpO PAH. 2009. T. 2. C. 17-20.

4. Hexkpacos I'.E. HoBble nanHBIe 0 TeKTOHHYECKOM cTpoeHHH xpebTa Ilekynbrel (ieBobGepexne p. AHansips) // JJAH CCCP.
1978. T. 238. Ne 6. C. 1433-1436.

5. Hexpacos I'.E. ®anepo3oiickue rpanynutsl xpebTa [lexynpreit / I'paHyIMTOBBIE KOMIUIEKCHI B T€OJIOTHYECKOM PAa3BUTUH J0-
keMOpwust u daneposos. Tes. noxn. CI16.: UT'TI PAH. 2007. C. 231-235.

71



Extended Abstracts

FPAHY.JII/ITOBI)II?'IV METAMOP®HU3M U TPAHYJIUTOBBIE KOMILIEKCbHI B
PAHHEJOKEMBPUUCKOM PA3BUTUU 3EMHOU KOPbI CEBEPHOU EBPA3NU

Kynanosa H.JY.I, Kupuniox B.IL’

! CBKHUM IBO PAH, Maragan, Poccust, metamor@neisri.ru
2 JIbBOBCKHii HALHOHAIBHBIN yHuBepcuteT umeHu VBana ®panko, JIbBoB, Ykpanna, Kyrylyuk.V@i.ua

GRANULITE-FACIES METAMORPHISM AND GRANULITE COMPLEXES IN THE EARLY
PRECAMBRIAN CRUSTAL EVOLUTION OF NORTH EURASIA

Zhulanova LL.", Kyrylyuk V.P.’

!'Northeastern Research Institute, Far East Branch, RAS, Magadan, Russia, metamor@neisri.ru
2van Franko Lvov National University, Lvov, Ukraine, Kyrylyuk.V@i.ua

B Cegepnotii EBpazuu acconmariuu mopoJ1 rpaHyIuTOBOH (anuu (TpaHyIUTOBBIE KOMIUIEKCHI, TPAHYJIUTHI S. [.)
LIMPOKO PAaCIPOCTPaHEHBb! Ha IUTaX, JOMUHUPYIOT B QyHIaMEHTE IPEBHUX IUIaTGOpM, 00pa3yroT BBICTYIIBI B CKIA/I-
yaThIX noscax Heores. OHM pa3HOOOpPa3HBI MO COCTaBy W CJIAraloT MOIIHBIC TeJla ¢ MHOTOYPOBHEBOW BHYTpPEHHEH
cTparndukanuei (KpucTauiMueckue Toimm). Ha ocHOBaHMM CTPYKTYPHO-TEKTOHHYECKHX COOTHOIIEHHH CO CBOMM
okpyxeHueM ¢ Havana 30-x rr. (mocie pynnamenranbHbix uccnenosanuid 1.C. Kopxunckoro Ha rore CubupH) u 1o
KoHIa XX B. IPaHYJIUTOBBIC KOMIUIEKCHI MOYTH EAMHOAYIIHO CUMTAIUCH APEBHEHIIMM CTPAaTOHOM JOKeMOpHs,
HMEIOLIMM CYNPaKpyCTaJIbHYIO MPUpPOLy (Topas3/io pexke OHM PaccMaTpUBAIOTCS B PsLy MPOJYKTOB MarMaTH4eCKON
Wi Meramopgo-MeTacoMaTHdeckoil mudepeHnmanuy nepBudYHON 3eMHON Kopbl). OOIenpu3HaH apeanbHbli (MO-
HO(aIManeHbI) THIT MeTaMOp(H3Ma JOKEMOPHHCKMX TPAaHYIWTOB, OOYCIOBICHHBIH BBICOKMMH 3HAYCHHSIMH HE
toreko T° (650-1000°C), HO U P65y (3—13 x0Oap), mpu ux, B 00IIeM, TOJIOKHUTENBHON Koppemsinun [1]. Macmradsr
IIporecca U MOPOXKAaeMble MM OCOOEHHOCTH MHHEPAIBHOTO COCTaBa, CTPYKTYP M TEKCTYp MOPOJA HACTOJIBKO CIICIH-
(UYHEL, YTO B IIPAKTHKE T€OJIOTHYECKOT0 KapTHPOBAHMS IPHHAUISKHOCTH METAMOP(PHUIECKUX 00pa30BaHUM K TpaHy-
JUTOBOM (hariM JaBHO 3aKpENIIach (M HCIIONB3YETCs TOceiyac) B Ka4eCcTBE KPUTEPHUS UX apxeickoro Bo3pacta. B
KOHIICTIIIMY BYX THIOB PETHOHAIBHOIO MeTaMop(hU3Ma, 00yCIIOBIEHHBIX PAa3IMYHBIMU 110 CBOEH IIPUPOAE TEILIOBHI-
MU TTOTOKaMU 3eMJTH, 3TOT SMITUPUUECKUN KPUTEPUN TOMyUns TeopeTndeckoe obocHoBanue [4].

[pencraBnenust 0 TOM, Kakue U3 KOMIUIEKCOB PaHHEro JIOKeMOpHs (Iopudest) sIBISIOTCS IPEBHEHIIIMMH, CTaIN
UCIIOJIBOJIb MEHSTBCA MOCNIE TOTo, Kak MeXTyHapoIHbIH COI03 Te0JIOTMYECKUX HayK M30paji YMCTO FeOXpOHOMETpHYEe-
CKHH MOJIXO/ K PACWICHEHHIO TOKeMOpHs M "HaBeUHO" 3aKpenwiI TPaHHMIly apXxesi U mpoTepo3ost Ha ypoBHe 2500 MIH.
net (1976 r.). leno B ToM, 9TO yke B Havaine 80-X IT. BBIACHIIOCH, YTO Ha BCEX KOHTHHCHTAX 3E€MITH ATk, IIPCBHIIIAI0-
e 2500 MITH JIeT, Topa3io yamnie 00HapyKUBAIOTCS HE B KPHCTAJUIMIECKHX, a B "'3eJICHOKAMEHHBIX"' TOJIIAX, 0COOCHHO
B T€X, KOTOPBIE CIIATraloT CPaBHUTENBHO Y3KHE IOsICa Ha CBOCOOpa3HOM Mo (armanbHOMy 0ONMnKy (GyHIaMeHTe, MOITy-
YMBIIEM Ha3BaHUe "cepble THEHCH". [l BbIXOa U3 MPOTHBOPEUHS C TEOJIOTMUECKUM OIBITOM OBLIO MPEATIOKEHO CUH-
TaTh, YTO apXel KOHTHMHEHTOB IMPEJCTABJICH HE TOIBKO apealIbHBIMU I'PAHYJIUTOBBIMU (TPaHyJIUTO-THEHCOBBIMH), HO U
JIBYXBSAPYCHBIMH 'TPaHNUT-3€JI€HOKaMEHHBIMHU"' 001acTsIMu. Bo3pacTHbIE COOTHOMICHUS TeX W APYTHX MOHAYATY IHCKY-
THPOBAINCh. B HacTosmee Bpems (Korna 00beM reoJornueckoro KapTHPOBAHUSI PE3KO YMEHBIIWICA, U HA TIEPBBIil [UIaH
BBIILIA T€OXPOHOMETPUYECKHE UCCIICI0BaHHsI, 0COOCHHO LIMPKOHOMETPHSI) IEepeBeC PUOOpETaeT MHEHHE, YTO CAMbIMU
JPEBHUMU (paHHEAPXCHCKUMH) B pa3pe3ax IIUTOB SBIIOTCS "cephle THEHCHI" — MeTaMOp(GU30BaHHBIC B YCIOBHIX aM-
¢uboMTOBOM (aiyn ToHAIMT-TpoHALeMUT-TpanoguoputoBbie (TTIY) HHTpY3UBHBIE accolMalnm.

I'panynuTOBBIE KOMIIEKCHI HA TOM € OCHOBAHUU CTaJIU TPAKTOBATHCS KaK BTOPOCTEICHHBIE B [€0IBOIIOIM-
OHHOM OTHOUIEHUH, BO3HUKILINE MPEUMYIIECTBEHHO B MO3JHEM apXee WM JaXke paHHEM MPOTepo30e. DTO HAILIo
CBOE OTpaXKCHHUE, B YaCTHOCTH, B O0mIel crpaTurpaduyeckoil mkaiae HxHero pokemopust Poccun (2001) u, oTyac-
T, B KoppermsmmonHoi XpoHoCTpaTUrpaguueckoil cxemMe paHHeTro TokeMOpust YkpanHckoro muta (2004).

Mexay TeM, IpSIMBIMH T€OJIOTHIECKUMHI MeToIaMu Ooitee ApeBHUI Bo3pacT "ceprix rHeiicoB" (TTIY) otHOCH-
TEJIFHO TPaHYJINTOBBIX KOMIUIEKCOB HHT/IE HE YCTaHOBJICH, TaK K€ KaK HE YCTaHOBJIEH Ooiiee MOJIOAOH BO3pacT Io-
CJIEIHUX MO OTHOMICHHIO K KaKMM-JIH0O MHBIM CYNpPaKpyCTadbHBIM 00pa3oBaHUsAM. IlomeleHe rpaHy TMTOBBIX KOM-
IUIEKCOB B CBOAHBIX CTpaTUrpa(uiecKux cXemax KOHKPETHBIX perrnoHoB Bbime TTI (a mHOrZAa U BbIIE BEpXHEap-
XEHWCKUX 3€JIEHOKaMEHHBIX KOMIUIEKCOB) 0a3upyeTcs MCKIIOYHUTEIHHO HA M30TOMHBIX JaTHpOBKax. IIpuuem 3a BO3-
pact TTI Hepenko BbIAAKOTCS JATUPOBKU TMIIEPCTEHOBBIX IUIATMOTHENCOB, MEPECIAUBAIOIIUXCS ¢ TUIIMYHBIMU I1apa-
mopoamu. IMEHHO M3 TaKuX MOPOJ AJIs TPaHyIMTO-THEHCOBBIX KoMIuiekcoB Cpeanero [1o0yxbs u [Ipua3oBbs mo-
nydeHsl onpenenenus 3,60-3,78 mupn ser [2]. UToObl MHTEpHpPETHPOBATH COOTBETCTBYIOLIME OOpa3oOBaHUS Kak
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"npesreiime TTI™, Tonbko MeTaMopdu3oBaHHBIC HE B aM(DUOOIMTOBOM, a B TPaHyJIMTOBON (anuy, Ha YKPaHHCKOM
muTe (a TaKXKe U Ha IPYTUX) JICNAI0TCS YMO3PHUTEIBHBIC MONBITKN OTACIUTH FMIIEPCTEHOBBIE IUIarHOTHEICHI OT Yepe-
JYIOIINXCSl ¢ HUMHU Pa3HOOOpasHBIX 1MopoJ, HexapakTepHbIX st TTIT (BBICOKOTIIMHO3EMHCTBIE THEHCHI, MpPaMOPBI,
KaTbIUUPBI, KBApIUTh). OfHAKO ITOJOOHBIE ONEpannyl MPOTHBOPEYAT BCEMY NMPEIIECTBYIONIEMY OMNBITY I'€OJIOTH-
YECKOro KapTHPOBAHMS 00JacTei pa3BUTHS TPAHYIUTOBBIX KOMIIJIEKCOB.

Takum 00pa3zoM, B HACTOSIIEE BPEMs HET PEaIbHBIX T€0JI0THIECKUX AaHHBIX, YTOOBI OTKa3aThCs OT MPEACTAB-
JICHUsI O TPaHYJIUTOBBIX KOMIUICKCAX KaK O HauOoiee IPEBHUX CMPAMUZPAPUUECKUX noopaz0eneHusx HuicHezo
00KemOpus, CHOPMUPOBAHHEIX B paHHEM apxee B TEPMOAMHAMHYECKUX YCIOBHUIX, KOTOpPBIE HA OoJiee MO3IHUX ITa-
nax SBOJIOIMH 3€MHOI KOPBI B T€0JOTMYEeCKH 3HAUMMOM MacliTabe He MOBTOPSUIUCh. B TO ke Bpemsi cienyer moa-
YEepPKHYTbh, YTO VISl CTPATUrpadUuecKOl KOPPESUUU IPOCTPAHCTBEHHO Pa300IIEHHBIX TPAHYJIMTOBBIX KOMILIEKCOB
0a30BBIM KPUTEPHEM CITY)KHT HE CTOJIBKO CTETICHb M XapaKTep X MeTaMop(u3Ma, CKOJIBKO (OpMaIlMOHHBIE OCOOCH-
HOCTH — TJIaBHBIC MHAWKATOPHI T€OTEKTOHUYECKNX (TEOANHAMUYECKHX) U Najieoreorpaduieckux 00CTaHOBOK (hopMu-
pOBaHMs ApeBHEHIer cionctoi obonoukn 3emian. Hanbomnee nonHblie pa3pesbl IpaHyIUTOBBIX KOMIUIEKCOB Ha YKpa-
nHckoM, Anano-CtanoBoM, AHabapckoM HiuTax, B BepxossHo-UyKOTCKOM pernoHe BKIIOYAIOT 0 5—7 4ETKO pasiu-
YaroIIUXcs Teosorudeckux Gopmarmii (Tabmmma). Ha Goree e BBICOKMX CTpaTHUTPa@UIECKUX YPOBHIX JOKEMOpHS
HE U3BECTHBI 00pa30BaHMsl, KOTOPbIE MOTJIM OBl IPETCHAOBATh HA POJIb MIPOTOJINTA HanOoIee IPKUX U3 HUX: KWHIIH-
TUTOBOM, SHIEPOUT-THEHCOBOH, ICHKOTPaHYIUTOBOH, BEICOKOTIIMHO3EMHUCTO-KBAPIUTOBOH, MpaMop-KanbIu(DUPOBOH
U HEKOTOPBIX APYTuX. MIX KOIMYECTBO, OTHOCUTENbHAS POJb, @ MHOTAA U MOCIEA0BATEIbHOCT B Pa3HbIX PETHOHAX
MOTYT Pa3IH4aThCsl — B CHITy JIATEPAIbHOM M3MEHYMBOCTH, CBOMCTBEHHOM JIFOOBIM CYIPaKpyCTaJIbHBIM HaKOIUICHH-
aM. OJJHaKO TPH LIeJICHAIPABICHHOM MOJXOAE MPU3HAKH, CIIOCOOHBIE 00ECIIEYNTh MEXPETHOHATBHYIO KOPPEISALHUIO
JIPEBHEUIINX Pa3pe30B HA YPOBHE re0JIOTHUECKUX (DOPMALIUiA, BHISIBIISIOTCS BIIOJIHE ONPENEIICHHO.

I'eonoro-popmanioHHast KOppeILIIUs TPaHyIIUTO-THEHCOBBIX KoMILIeKcoB BocTouno-EBpomneiickoii muiardopmer 1 Boctoka Poccuu

Boctouno-EBponeiickas miatdopma Bocrok Poccun

Teonormeckne The East European Platform The East of Russia

tdhopmarmu
Geologic Assemblages

JlelikorueiicoBast

Leucogneissic

PutMu4HOCIOHCTAS TIIMHO3EMHCTO-
6azuroBast

Alumina-basic

rhythmicstratified

Konpanurosas

Khondalitic
Mpamop-KanbLupupoBas
Marble-calciphyric
BEICOKOTIITHHO3EMHCTO-KBAPLIUTOBAS
High-alumina-quartzitic
JleiikorpanynuroBas
Leucogranulitic || | b |
DHpepOuTo-rHelcoBas b
Enderbite-gneissic

Kunnururosas a b
Kinzigitic |
BasurorpanyiuroBast a a

Basicgranulitic

Tpumeuanue. 1 — Yxpanuckuii umr: 1 — INononsckuit 1 byrcko-Pocuuckuii merabioku (mo0ysxckuii komiuiekc), 2 — ITpuasoBckuii Mera6iok (npu-
asoBckuil komiutekc); I — Bocrounas wacts Banruiickoro mura: 3 — Bemomopckuii Merabiox (a — JaIuIaHACKUE KOMIUIEKC, 6 — 6elIoMOpCKHil KoM-
iekc), 4 — Konbcekuit merabiox (konbcekast cepust); 1 — benopyccko-ITpubanruiickuii reoonok: 5 — Benopyccko-IIpubanTuiickuii mosic (IryInHCKast
cepusl); 6— Bparunckuii MaccuB (kystaxusckas cepust); IV — Bonro-Ypanbckuii reo6iok (a — oTpagHeHcKas ceprs, 0 —OobliedepeMIaHcKas cepusi);
V — Annano-CraHoBoit mut: 7 — AJaHcKui Mera6Iiok (anfaHcKui koMiniekc), 8 — CTaHOBOI MerabiIoK (MOTOUHHCKHIL U 3BEpPEBCKO-40TapCKHIl KOM-
wiekchl); VI — Anabapckuii mut (aHabapcekuit komiuiekc); VII — BepxostHo-UyKoTcKuii perHoH (PEerHOrOpH30HTHL: @ — OMOJIOHHH, O — ayJIaHPKHHII)

The notice. I — Ukrainian Shield: 1 — Podolsky and Bugsko-Rosinsky Megablocks (Pobuzhsky Complex), 2 — Pryasovsky Megablock (Pryasovsky
Complex); II — Eastern part of a Baltic Shield: 3 — Belomorsky Megablock (a — Laplandsky Complex, b — Belomorsky Complex), 4 — Kola
Megablock (Kola Series); III — Belorus-Pribaltic Geoblock: 5 — Belorus-Pribaltic Belt (Shchychskaya Series), 6 — Braginsky Massif (Kulazhyn-
skaya Series); IV — Volga-Ural Geoblock (a — Bolshecheremshanskaya Series, b — Otradnenskaya Series); V — Aldan-Stanovoy Shield: 7 — Aldan
Megablock (Aldansky Complex), 8 — Stanovoy Megablock (Mogochinskaya and Zverevsko-Chogarsky Complexes); VI — Anabar Shield (Anabar-
sky Complex); VII — Verkhoyan-Chukotka region (regiohorisons: a — Omolonyi, b — Aulandgynyi)
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Uro kacaercs T€OXPOHOMETPUIECKUX METOJOB, TO UX pa3pelIarmias ClIOCOOHOCTh B paHHEJOKEMOPUHCKOM
JTUAITa30He MOKa IBHO HEOCTaTOYHA. J[JIs TpeX BaKHEHIINX re0I0r0-CTPYKTYPHBIX A1eMeHTOB muToB CeBepHOl EB-
pasuu — 3eNeHOKaMEHHBIX T0sicoB, KoMIuiekcoB TTI' u cTpaTuUIMpOBaHHBIX IPAaHYIUTOB, APEBHCHIINE TaThl, KaK
M3BECTHO, OAMHAKOBEL: 3,8-3.,4 mupn net. Ha atom ¢oHe 0OHamexmBaroT Bo3pacTHbIe 3HaueHUs 4,4—4,0 Mipx Jer,
MTOTyYSHHBIE ST OOJIOMOYHBIX IUPKOHOB U3 THKENOW (PaKIHUU KOHTIIOMEPATOB, TIOJACTHIAIONINX 3€IEHOKAMEHHBIH
mosic [Ixxexk Xuwic [5], TOCKOIBKY B ABCTPaIHH, IOMUMO 3€JICHOKAMEHHBIX TTOSICOB, BCKPHITO M X KPUCTAIUTMYECKOES
(TpaHynUTOBOE) OCHOBaHME, KOTOpoe emlé Ha 3HaMmeHHTON Kapre moxemOpust xontmaenToB FO.A. Koceirnna 65110
COOTHECEHO ¢ anjanuem [3].

In North Eurasia, granulite-facies rock assemblages (granulite complexes, granulites, s. /.) are common in the
shields, dominate in the basement of old platforms and form scarps in Neogaean foldbelts. They vary in composition
and build up thick bodies with a multi-level internal stratification (crystalline units). Based on structural-tectonic rela-
tionships with their surroundings, granulite complexes have been almost generally understood since the early 1930s
(after the fundamental studies conducted by D.S. Korzhinsky in South Siberia) to the late 20th century as the oldest
Precambrian straton of supracrustal origin (they are interpreted more seldom as products of the magmatic or meta-
morphic-metasomatic differentiation of the primary Earth’s crust). The areal (monofacies) type of metamorphism of
Precambrian granulites, attributed to high T° (650—-1000°C) and Py (3—13 kbar) values, and their generally positive
correlation are recognized [1]. The scope of the process and the mineral composition and structural and textural rock
patterns produced by it are so distinctive that the alteration of metamorphic units under granulite-facies conditions has
long been used in geological mapping as a criterion of their Archaean age. In the concept of two types of regional
metamorphism, based on genetically different Earth’s heat flows, this empirical criterion has been supported by theo-
retical arguments [4].

Our approach to the question: which of Early Precambrian (pre-Riphean) complexes are oldest began to change
after the International Union of Geological Sciences has chosen a purely geochronometric approach to the subdivision of
the Precambrian and “perpetuated” the Archaean-Proterozoic boundary at 2500 Ma (1976). The point is that as early as
the beginning of the 1980s it became clear that on all the Earth’s continents ages over 2500 Ma are revealed much more
often not in crystalline but in “greenstone’units, especially in the units which build up relatively narrow belts on a fa-
cially bizarre basement now referred to as "grey gneiss". To resolve this discrepancy with geological experience, it was
proposed that the continental Archaean is represented not only by areal granulite (granulite-gneiss) but also by two-
storeyed "granite-greenstone” domains. At first, the age relations of both were discussed. Now that geological mapping
is carried out on a much smaller scale and emphasis is placed on geochronometric (especially zirconometric) study, most
geoscientists believe that “grey gneisses”, i.e. intrusive tonalite-trondhjemite-granodiorite (TTG) assemblages metamor-
phosed to amphibolite grade, are the oldest (Early Archaean) in the shields.

The same arguments were used for interpreting granulite complexes as those derived dominantly in Late Ar-
chaean or even Early Proterozoic time and playing a minor role in geological evolution. This point of view is re-
flected in a General Lower Precambrian Stratigraphic Scale of Russia (2001) and partly in a Chronostratigraphic
Early Precambrian Correlation Scheme of the Ukrainian Shield (2004).

However, direct geological methods have not shown that “grey gneisses” (TTG) are older than granulite
complexes. Nor has it been proved that the latter are younger than any other supracrustal units. Placing granulite
complexes above TTG (and sometimes even above Upper Archaean greenstone complexes) in the summary
stratigraphic schemes of some areas is based solely on isotopic dating. The ages of hypersthene plagiogneisses,
alternating with typical pararocks, are often accepted as the age of TTG. It is from these rocks that ages of 3.60-
3/78 Ga were estimated for the granulite-gneiss complexes of Srednyey Pobuzhye and Priazovye [2]. To inter-
pret such units as "the oldest TTG”, metamorphosed to granulite rather than amphibolite grade, speculative at-
tempts are made in the Ukrainian Shield (and on other shields) to separate hypersthene plagiogneisses from
various rocks, not typical of TTG (high-alumina gneiss, marble, calciphyre and quartzite) that alternate with
them. However, these attempts are conflicting with the experience in the geological mapping of areas where
granulite complexes are common.

To sum up, there are no convincing geological data which could make us reject our understanding of granulite
complexes as the oldest stratigraphic units of the Lower Precambrian formed in Early Archaean time under thermo-
dynamic conditions, which were not created on a geologically significant scale at later stages in the evolution of the
Earth’s crust. It should be stressed, however, that a basic criterion for the stratigraphic correlation of spatially sepa-
rated granulite complexes is provided by not by metamorphic grade and metamorphic pattern but by formation style —
the basic indicator of geotectonic (geodynamic) and palacogejgraphic settings in which the Earth’s oldest layered
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shell was formed. The most complete successions of granulite complexes in the Ukrainian, Aldan-Stanovoy and Ana-
bar Shields and in the Verkhoyansk-Chukotka region comprise up to 5-7 clearly different geological formations (Ta-
ble). We know of no units at higher Precambrian stratigraphic levels that could act as a protolith for the most promi-
nent kingizitic, enderbite-gneissic, leucogranulitic, high-alumina-quartz, marble-calciphyre and some other forma-
tions. They can vary in volume, relative role and sometimes succession between regions due to lateral variability in-
trinsic to any supracrustal units. However, signs that could be used for interregional correlation of the oldest units at a
geological formation level can be revealed if this problem is approached thoughtfully.

As regards geochronometric methods, their resolution in the Early Precambrian range is clearly insufficient.
The oldest ages of 3.8-3.4 Ga, estimated for three most essential geological-structural constituents of North Eurasian
shields, such as greenstone belts, TTG complexes and strata-bound granulites, are the same. The ages of 4.44.0 Ga,
obtained for clastic zircons from a heavy fraction of conglomerates underlying the Jack Hills greenstone belt [5], are
encouraging because in addition to greenstone belts, their crystalline (granulitic) basement was revealed in Australia,
which was correlated with the Aldanian by Y.A. Kosygin on a famous Map of Precambrian Continents [3].
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AHTapKTUYECKHH IMUT PACIOJIOKEH B ATIIAHTHYECKO-MIHIOOKeaHCKOM ceKTope BocTOYHO-AHTapKTHUECKOTO
KpaTtoHa Mexay mepuauanaMu 0° 3.1. u 100° B.x. Llenw KOpeHHBIX BBIXOAOB KPUCTAUTMIECKAX TOPHBIX MOPOJ MIUTA
NPOTATUBAIOTCS B CyOIIMPOTHOM NMPUMOPCKON IPEPBIBUCTON M0JI0CE AHTAPKTUABI MEXK]Ly CUCTEMOI BBIBOJIHBIX JIE/I-
HukoB [lenka-lOTynbcTpeymeH Ha 3amaje U JeAHUKOM JleHMaHa Ha BOCTOKE.

Bonbinas yacte 00HaXKEHUH AHTAPKTUYECKOTO MIMTa 00pa3oBaHa KeMOPUICKO-1103/1HEIOKEMOPHICKUMU KPH-
CTAJUTMYECKMMH KOMITIEKCaMH CyOmmpoTHOro Berenep-MoycoHckoro mosmkHoro nosca [1] (puc.).

Ha ceBepHoIi okpanHe 3TOr0 1osica pacroyiaraeTcs pephIBUCTast EeToYKa OJI0KOB pPaHHEAOKEMOPUICKUX KpH-
CTAUTMYECKUX KOMITIEKCOB (puc.). OHU NMpeCcTaBIISIOT cOO0H PENTMKTHI TOIBM)KHBIX MOSICOB apXesl ¥ paHHETo MpoTe-
PO30s1, KOTOPBIC CIIOXKEHBI TPEUMYIIECTBEHHO METaMOP(PUIECKUMH IOPOIaMH BBICOKOTEMITEPATYPHON TPaHyIUTOBOH
¢amnu. I'maBHBIM 00pa3oM K HUM OTHOCHUTCS HeHMUpCKuii KOMIUIEKC CeBEpHOW JacTh 3eMitd JHAepOH, KpUCTallIn-
YecKue mopoasl XxomMoB Bectdomns u octpoBoB Péyep Ha ceBepe 3emmn [Ipunneccst EnnsaBetst. FOxxHee Berenep-
MOYCOHCKOT0 1osica PeIMKTHl paHHEIOKEMOPHICKHX MOSICOB MPEACTABICHEl MEHEe MeTaMOP(QHU30BaHHBIMH [OIHMeE-
TaMOP(UUECKIMHU TTOPOJAMHU, KOTOPBIE BCKPBITHI TOJIBKO B BEPXOBBsX JenHUKa JlamOepra. OHu 00beauHeHs! B Py-
KEPCKHUH KOMILIEKC.
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Puc. Cxema TEKTOHUYECKOTO palOHUPOBAHUSI AHTAPKTUYECKOT'O IIUTA.

1-3 - PannenokemOpniickue Kpuctamumdeckne kommekcesl: 1 — Heftnepcknii, 2 — Pykepcknii, 3 — Bectdommscknii 6110k 1 610K apxumenara
Péyep; 4 — no3nHenokeMOpuiickuii Berenep-MoyCOHCKHI OIBYKHBIN 105IC; 5 — JIEIOBBII TOKPOB

Fig. The scheme of tectonic zoning of the Antarctic Shield Structure

1-3 — Early Precambrian crystal complexes: 1 — Napier Complex, 2 — Ruker Complex, 3 — Vestfold Block and Block of the Rauer archipelago; 4 —
Wegener-Mawson Mobile Belt; 5 — ice cover

Ilo30nedoxkembpuiickuii Bezenep-Moyconckuit noosusxcuutii noac. K nemy otaocstea Uuzensckuit, ['ym-
OonpaTckuit kKomiuiekchl 1 OHrynbckuii komiieke 3emin Koponessl Mon, TlonkanoBckuii komiieke u PeiiHepckuit
KoMIuteKesl 3emin DHuepOu, busepckwuii, @uriepckuii U JlambepTckuit komruiekesl rop Ilpunc-Yapip3 u ycrymna
MoycoHa, a TakKe MOpOoJbl TpaHynuToBOM (aruu modepexns 3emuu [Ipunieccsr EnuzaBersr u Bepera Ilpasmpi,
BKJIIOYasi HyHaTaKy 3anajaHoro Oopra yenHuka JleHmana.

I'ym6onbarcknit, OHrysnbckuii, PeitHepckuil n buBepckuii KoMIuIeKChl 00pa3oBaHbl OPOAaMH, MeTaMOp(hU30-
BaHHBIMU NPEUMYILECTBEHHO B YMEPEHHBIX YCIJIOBHUSX IpaHysinToBOH (armu. Muzenbckuit n [lonkaHoBckuit KoM-
IUIEKCHI, MeTaMopdudeckue Tommy rop XanceH Ha 3emiie Kemna, 1 1oxHas yactu buBepckoro KoMIuiekca OTHOCSTCS
K BBICOKOW cTyneHn amdudonnToBoii armu. Bce oHM HECyT NpU3HAKK NEPBOHAYAIBEHOTO MeTamopdu3mMa rpanyim-
TOBOH! (halMy B yCIOBHUSIX YMEPEHHBIX TEMIIEPATYp U aBICHUH.

HecMotpst Ha JToKaIbHBIE pa3Indusl B CTEIIEHH MeTaMopdu3Ma, B 00IIEM MOKHO CUHUTATh CTETIEHb METaMOp-
¢u3ma rpanynnToBoi (auuu B Berenep-MoycoHckoM mosice Oosiee HU3KOM, YeM B PaHHEIOKEMOPUICKUX KOMILIEK-
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cax ¥ Oyiokax. MuHepaJbHbIe reoTepMoOapOMETpPHI IIOKa3bIBAIOT, YTO TEMIIEpaTypa rpaHyJIMTOBOrO MeTaMop(u3Ma B
TIOJBIDKHOM Tosice kosebanack oT 750 no 850°C, a maBnenue — ot 8 o 13,5 x6ap. YcioBus Goiee mo3Hero mMeTa-
Mopduzma ampudoauToBoii pannu orsevanu: T=650-700°C, P=5-7 kbap.

[ToBXHBIM MOSC MMEET KOJUIM3HMOHHOE NMPOUCXOXICHWE M Pa3BUBAJICS, MO-BHIMMOMY, HONUIMKIMYECKH.
OKOHYATEeTbHO OH KPaTOHU3MPOBAJICS TOJNBKO B paHHEM naieosoe [1,2]. Haunbonee spko M MpakTH4YeCKH OBCEMECT-
HO B pacCMaTpHUBaEcMOM II0sICE TPOSIBIICHBI IUKIBI ¢ KyabmuHAIer 1200-1000 Ma u 600-500 Ma. IlepBeiii u3 3THX
IIUKJIOB XapakTepU3yeTcss MeTaMop(U3MOM B YCIOBHSIX yMEpeHHOW rpanynutoBoi (arun. Ha 3emie Koponessr
Mop mpu 3TOM OTMEYaIHNCh HMapareHe3UCHl, XapaKTepHbIe IS TOBBIIICHHBIX AaBieHni nopsaka 10-13,5 kbap. Ilo-
CJIC/THUI LIUKJI 03HAMEHOBAJICS BHEIPEHUEM CYOIIETIOYHBIX rab0pONIOB M KPYIHBIX IUNTyTOHOB aHOPTO3HUTOB, & 3aTEM
OTPOMHBIX MacC CyOLIEIOYHBIX T'PAHUTOMIOB, MUTMAaTH3allel B YCIOBUSAX BBICOKOW CcTyrneHH am(uOonnToBon ¢a-
LMK JIO TPaHyJIUTOBOM, UHTPY3H JISHKOIPAHUTOB U PEIKO3EMENbHBIX TIErMaTUTOB. B rmocieanee BpeMs MOSIBUINCH
M30TOIHBIE JIaHHBIE O Oo0Jiee paHHWX IMKJIAaX TEKTOHO-TEPMAaJbHOW aKTMBHOCTH B COCEIHHX C Ha3BaHHBIM MOSICOM
paiioHax, KOTOpbIE, BO3MOXKHO, ToCTUTaNH KyibMuHarmid ~2200, ~1700 Ma [2]. OnHako cBsS3aTh ¢ HUIMH KaKHE-JIA00
reosioruueckre coObITHs B Berenep-MoycoHCKOM Mosice 1oKa He MPEeACTaBIseTCsl BO3MOXKHBIM.

Heiinupckuii komnaekc 3emau Indepou. BOIbITMHCTBO TOPOJ] 3TOTO KOMIUIEKCA MPECTaBICHbI ME30TIEPTH-
TOBBIMH YapHOKHTaMH U 3HAEPOUTAMH, CPEAN KOTOPBIX BCTPEUAIOTCSI KOPEHHBIE BHIXO/IBI PAHATOBBIX ME30MEPTHTO-
BBIX TPAHYJIUTOB M COIYTCTBYIOIINX UM KPHCTAJUINYECKHX CIAHIEB BEICOKOTIIMHO3EMHICTOT0, OCHOBHOTO H YIBTPaoC-
HOBHOT'O COCTaBa.

ITo cocraBy u ycnoBusM Meramop(du3Ma OTIIMYAIOTCS B KpYMHbIX Osioka. CeBepHblit 010K (ropsl Helinup u
Trrona), XxapakTepusyeTcs IMHUPOKUM PAcIpPOCTPaHEHUEM ME30IEPTUTOBBIX YapPHOKUTOB, a F0XKHBIA 010K (Tops! Par-
rart 1 CKOTTa), OTJIMYaeTCsl 3aMETHBIM NPUCYTCTBHEM OOJBIIMX Macc 3HIEPOUTOB U MHUPOKCEH-IJIArHOKIIA30BhIX
KPHUCTaJUTMUECKHX CIIaHIeB. MUHepallbHbIe apareHe3nchl FTOPHBIX MOPOJ] 000HMX OJIOKOB YKa3bIBalOT HAa 00pa3oBaHKeE
3THX TOPHBIX TOPOJI P OYEHb BHICOKHX TeMIlepaTypax u noBbiieHHoM Aasienuun (T=900-1200° C u P> 8 xbap)
[3]. Onnaxo, pacnpocTpaHeHHe B F0’KHOM OJIOKE accOLMalMii THIEPCTEeHa ¢ CHIIMMAHUTOM IO3BOJISIET CYUTATh, YTO
Mmeramopdusm B HeM Obu1 Oonee riryounHbIM (P=9-11 k6ap), yem B ceBepHoM (P=7-9 kbap). [Tociie muka metamop-
(m3mMa Mmopoxabl rpaHyJIUTOBOM (aluy MpeTepreny MoYTH H300apuieckoe oxyaxkaeHue npumepHo ot 1000°C mo
700°C pu P=7-11 x0ap.

[epBrie cBeneHNMs 00 OYEHB APEBHEM BO3pPACTE HEKOTOPHIX TOPHBIX mopoxa Helmmpckoro xomimiekca (~ 4100
Ma) 6butn nontyuenst Pb-Pb merogom 3.B. CobotoBuuem u ap. (1974, 1976). 3apyOexHbie ucciaeoBaHus MOATBEP-
JIAIIA OYCHb JPEBHUI MCXOIHBIN BO3pacT MHOTHX OpTonopox 3toro kommiekca: 4060-3850 Ma [3]. B cereprom 6Gito0-
ke B ropax Heiinup mo [3] mepBeIif n3BecTHBIN MeTaMop(du3M U aHaTeKcHUC aaTupyercs B mpenenax 3490-3420 Ma.
Ha ceBeprom noGepesxne rop Heiinup, o Black u Sheraton (1986) ¢ pybesxxom 3100 Ma cBsI3bIBalOT BBICOKOTEMIIE-
parypHblii MeTraMop(hu3M 1 GOPMUPOBaHHE CHHOPOT€HHBIX HHTPY3HH.

ITo Sandiford u Wilson (1986) B roxxHoM O1oke Heiinmupckoro komiuiekca (opMHUpOBaHUE OPO/T TOJIOCUATON
THEWCOBOH cepuM ¢ carndupHH-CoAepKaMMU napareHesucamu npoucxogmino 3800-3300 Ma, a obpazoBaHue aHa-
TEKTUYECKUX YAPHOKUTOB U 3HIepOouToB — 3100-2500 Ma. [lannsie Carson et al. (2002) cBS3BIBAIOT BpeMs MPOSIBIIC-
HUS MeTamop¢u3ma B 3ToM O110ke (2620-2520 Ma) ¢ popmMupoBaHHEM MOPOJ C IBYITUPOKCEHOBBIMH IapareHe3uca-
MH  (9HAEpPOMTOB ¥  KPUCTAIMYECKUX  CIAHIEB), C YHUKAIBHBIMH  [apareHe3lcaMH  METaleJnTOB
(Grt+Crd+Opx+KFsp, Grt+Sil+Opx, Sapph+Qtz, ocymunut B npucyrcruu Grt, Opx, Sil).

Becmdhonvckuit 610k u 610k apxunenaza Péyep. Bectdonbckuii 6710k 00HaKEH B OMHOMMEHHBIX XOJIMax Ha
CEBEPO-BOCTOYHOM Tobepexne 3amuBa [Iproac. XoaMbl CIIOKEHBI TOPOAaMHU apXEUCKOT0 B MPOTEPO30HCKOTO BO3pac-
Ta. [Topoas! apxelcKoro Bo3pacra IpeICTaBIEHbl KPHUCTAJUIMYECKIMH ClIaHIAMH (METaBYJIKaHUTAMH) U MaparHeica-
Mu. OHH UHTPYIUPYIOTCS TOHAJIMTAMH — OPTOTHEHCAMH, BO3PACT KOTOPBIX OIEHHBACTCS Mexay 2526+6 u 2501+4
Ma [4]. [Iporepo3oiickue 00pa3oBaHusl MPeICTABICHBI IPYIIIO MeTaMOp(U30BaHHBIX U Ae()OPMUPOBAHHBIX HHTPY-
3MBOB U MHOTOYHCIICHHBIMU JJAKaMi OCHOBHOT'O COCTaBa.

[To Zubati u Harly (2007) BbinensieTcsi ABa METaMOP(UUECKUX COOBITHS, KOTOPBIE, KaK Mpe/oaraeTcsi, UMEIoT
TIO3IHeapXeHCKUI-PaHHEIIPOTEPO30MCKIH Bo3pacT. PaHHMiT MeTaMopu3M POMCXOIMI B YCIIOBUSIX TPaHyJIUTOBOH (a-
LM YMEPEHHBIX JaBieHui (~7.2-9.0 k6ap n 895-850°C). Bpemst ero nposiBneHus oueHnBaeTcst uHTepasioM 2501-2496
Ma. Bornee mo3mamiA MeTaMOp(u3M IPOUCXOIII B yeIoBuax aMmpudomuroBoit darwm (600-660°C u 5-8 xbap) u cBA3BI-
BAETCs C peaKkTHBAlMEH apXeWCKOro ocHOBaHUs oasuca Bectdomns B panHeM mpotepo3oe. CHHXPOHHO C 3TUM METa-
MOpP(U3MOM, WX YyTh MO3/JHEE, ObIT BHEPEH MarMaTHUECKUil MPOTOINT METaMOP(HU30BAHHBIX HHTPY3HBOB U ITOPOJIBI
OBUTH TIepeMeIIeHbI Ha 0oJiee BBICOKHE YPOBHH KOpHI (3-5 kGap) K MOMEHTY BpeMeHH okoito 2470 Ma.

Bbrok apxumenara Pé€yep mpencrasisier co60ii MHTEHCUBHO J1e(OPMHUPOBAHHBIC apXeHCKUE U CPEeTHETIPOTEPO-
30iicKKe MTOpO/Ibl, METaMOP(H30BAHHBIE B YCIOBHUS BRICOKOOAPHUYECKOH rpaHyIuTOBO# (arun. Apxeiickue o0pa3oBa-
HUSI TIPEJICTABIICHBI: TOJILEH MepeciianBaHusi OPTOTHEHCOB M CIaHIEB Pa3IMuyHOIO COCTaBa, TOHATUTOBBIMH OpPTOT-
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HelcaMM, M HHTPY3USIMH OCHOBHOTO-YJIBTPAOCHOBHOTO cocTaBa. K mpoTepo30ickuM 00pa3oBaHUSIM OTHOCSTCS Tapa-
THEHCBI, SHIEPOUTO-THEHCHI U THEWCO-TPaHUTHI.

[To [5] B noponax xommekca Péyep BblenseTcs HECKOIBKO 3MHM30/10B MeTamopdusma. Havanbnast cragns —
TPaHyITUTOBBIA MeTaMOp(HU3M MpH BbICOKMX AaBieHuAX (~10-11 k6ap u 850°C) u mnaBieHHe OPOJ HA TIHKE METa-
Mopodusma (~12 kbap u 960-970°C), 3aTem cragus cybuzorepmanbHOi nekommpeccuu (~10 kbap u 1000°C), kotopas
IIpUBeNa K PasBUTHIO Pa3IMYHOTO POJa KOPOHAPHBIX CTPYKTYP U TOSIBICHHUIO COAEpXaliel canHupHH JIEHKOCOMBI.
[anee nexommpeccnoHHoe ocTeiBaHUE Topof (~7 k6ap u 850°C), mpuBeamniee K MOABICHUIO PA3ITUIHOTO BHUAA CHM-
IUIEKTUTOB C y4acTHeM camndupuHa. Bpems mosiBieHns muka mMeramMop(du3Ma OLEHHBACTCS HMHTEPBAJIOM BPEMEHHU
1100-1000 Ma. Craaus AeKOMIIPECCHOHHOTO OCTHIBAHMS MOPO]] CBSI3BIBBIBACTCS C MaJICO30MCKUM 3TarlOM Pa3BUTHS
oxoiio 500 Ma [5].

The crystalline Antarctic Shield is exposed along comparatively narrow coastal zone of the East Antarctica be-
tween 0° long. to 100° long. in the sector between Penck-Jutulstraumen glaciers in the west and Denman glacier in the
east . In places it reaches up to 300 km in width (in the Lambert Glacier zone about even 700 km) but usually not over
100 km across.

Most bedrock outcrops of the Antarctic Shield are formed by the late Precambrian (1200-900 Ma) and the lat-
est Proterozoic to Cambrian (600-500 Ma) crystalline complexes of sublatitudinal Wegener-Mawson Mobile Belt —
WMMB [1] (fig. 1).

There are few blocks of the Early Precambrian crystalline complexes on the north outside of the WMMB
(fig. 1). They are the relics of the Archean and early Proterozoic mobile belts and represent by mostly metamor-
phic rocks of high grade granulite facies. Mainly these relics are the Napier Complex of the Enderby Land and
small blocks of the Vestfold Hills and the Rauer Ilands in the Princess Elizabeth Land. To the south from the
WMMB the relics of the Early Precambrian metamorphism in the upper sources of the Lambert Glacier are
formed by mostly high grade amphibolite facies rocks of the Ruker Complex. In some granite-gneisses of the
Ruker Complex there are some relics of earlier granulite facies associations mostly represented by hypersthene.
Low grade greenschist facies rocks in the southern Prince Charles Mountains are included in the Ruker Complex
as the volcanic-sedimentary cover.

Late Precambrian WMMB. That mobile belt includes the Insel, Humboldt, Ongul complexes of the Dronning
Maud Land, Polkanov and Rayner complexes of the Enderby Land, Beaver, Fisher and Lambert complexes of the
MacRobertson Land and also the outcrops of the crystalline rocks on the islands and costs of the Princess Elisabeth
Land and The Pravda Coast including the nunataks on the western side of the Denman Glacier [1].

The Humboldt, Ongul, Rayner and northern parts of Beaver complexes are formed by the rocks metamor-
phosed mostly in moderate conditions of the granulite facies. The Insel and Polkanov complexes and crystalline rocks
of the Hansen Mountains on the Kemp Land relate to high grade of the amphibolite facies. The other complexes are
polymetamorphic (first granulite + second amphibolite facies). Some parts of the Fisher Complex are changed by the
stress-metamorphism and diaphtoresis of the epidote-amphibolite and greenschist facies. The moderate granulite fa-
cies metamorphism characterized by T = 750-850°C and P = 8-13.5 kbar and later metamorphism of amphibolite fa-
cies — T = 650-700°C, P = 5-7 kbar.

The mobile belt has a collision origin and developed, apparently, polycyclically from the end of the Paleopro-
terozoic up to the early Paleozoic. The cycle with the culmination 1200-1000 Ma manifested most fully and practi-
cally everywhere in the belt. On the Dronning Maud land at the same time there were paragenesises typical for high
pressure about 10-13.5 kbar. Last Paleozoic cycle (600-500 Ma) was marked by broad migmatization in the condi-
tions of high grade amphibolite facies and intrusion of the large subalkaline mafic felsic plutons mostly granitoids.
Recently there were isotopic dates about earlier cycles of tectonothermal activity in the areas next with a named belt
which, probably, reached the culminations ~2200, ~1700 Ma [2]. However, to connect with them any geological
events in the Wegener-Mawson belt, it is not obviously possible yet.

The Napier Complex of the Enderby Land. Most rocks of that complex are represented by various char-
nokites, enderbites, garnet granulites and minor crystalline schists of mafic, ultramafic and highaluminous composi-
tion and also aluminous quartzites.

There are two large tectonic blocks divided by the valley of the Beaver Glacier. The Northern block (Napier
and Tula mnts) is characterized by wide distribution of mesoperthitic charnokites. The southern block (Raggat and
Scott mnts) is characterized by wide distribution of enderbites. Mineral paragenesises of the rocks of both blocks in-
dicate on the metamorphism of very high temperatures (900-1200°C) and moderate to high pressures (P > 8 kbar).
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The wide distribution of mineral association hypersthene + sillimanite in the rocks of the southern block is in-
dicative of the deeper metamorphism of that block (P = 9-11kbar) than of the northern block (P = 7-9 kbar). After the
peak metamorphism of the granulite facies rocks cooled down almost isobarically from 1000 to 700 °C. The pressures
in different places were 7 to 11 kbar.

The first information about the oldest age (~ 4100 Ma) of some orthogneisses of the Napier Complex was ob-
tained by Pb-Pb method by Sobotovich E.V. (1974, 1976). The later foreign investigations supported the unique old-
est age (4060 — 3850 Ma) of many schists and ortogneisses from Napier Complex [3]. In northern block in mountains
Napiers on [3] the first known metamorphism and anatexis dated within 3490-3420 Ma. Black and Sheraton (1986)
considered the age of 3100 Ma as the age of high temperature metamorphism and sinorogenic intrusive magmatism.
In the southern block of the Napier Complex, according to Sandiford and Wilson (1986), the formation of anatectic
charnokites and enderbites was dated 3100 - 2500 Ma. Data of Carson et al. (2002) connect the time of metamor-
phism in that block (2620 — 2520 Ma) with the formation of the rocks with two-pyroxene paragenesises (enderbites
and shists) with unique paragenesises of metapelites (Grt+Crd+Opx+KFsp, Grt+Sil+Opx, Sapph+Qtz, osumilite +
Grt, Opx, Sil).

The Vestfold Block and the Block of the Rauer archipelago. The Vestfold block is exposed on the north-east
coast of the Prydz Bay. It consist of Archean and Proterozoic cryttalline rocks. Archean rocks are represented by
schists (metavolcanics?) and paragneisses. They are intruded by tonalite ortogneisses the age of which 252646 -
2501+4 Ma [4]. Proterozoic formations are represented by the groups of metamorphosed and deformed intrusives and
plural dykes of basic compositions.

According to Zubati and Harly (2007), there are two metamorphic events which as it is supposed, have late
Archean - early Proterozoic age. Earlier metamorphism of the medium pressure granulite facies characterized by P =
7.2-9.0 kbar and T = 895-850°C. Time of this event is estimated by an interval of 2501-2496 Ma. Late metamorphism
of the amphibolite facies (600-660° C u 5-8 kbar) is connected with the reactivation of the Archean basement of Vest-
fold block in early Proterozoic.

Rauer block is represented by intensively deformed Archean and medium Proterozoic rocks metamorphosed in
the conditions of the granulite facies of high pressure. Archean rocks are represented by the layered orthogneisses and
schists different compositions, tonalitic ortogneisses and small intrusions of basic and ultrabasic compositions. Pro-
terozoic formations concern: paragneisses, enderbito-gneisses and gneisso-granites.

According to [5], in that block there are several episodes of metamorphism: 1) granulite facies episodes of
high pressure (~10-11 kbar and 850°C) and peak melting of rock (~12 kbar and 960-970°C); 2) subisothermal decom-
pression (~ 10 kbar and 1000°C) which has led to the development of different forms of coronary structures and leu-
cosome with sapphirine; 3) decompression - cooling (~ 7 kbar and 850°C) led to appearance of different types of
symplectites with the participation of sapphirine. The time of peak metamorphism is estimated by an interval of 1100-
1000 Ma, and the stage of decompression-cooling of rocks associated with the Palaeosoic tectonothermal event about
500 Ma [5]
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POCT IMPKOHA ITPHU DKJIOTUTOBOM U I'PAHYJIUTOBOM METAMOP®U3ME
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ZIRCON GROWTH UPON ECLOGITE- AND GRANULITE-FACIES METAMORPHISM
Kaulina T.V.
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B rpaHynHTOBBIX KOMIUIEKCaX OOBIYHO BCTPEYAIOTCS ABA THIIA METaMOP(HOTreHHOTO LIMPKOHA: H30METPHYHBIN
OecCLBETHBII ¢ aMa3HBIM OJIECKOM, BEICOKOW NPO3PAYHOCTBIO U HU3KHM COJCPIKaHHEM JIEMEHTOB-TIpuMecei (rpaHy-
JIMTOBBIN IUPKOH) U KOPOTKONPH3MATUUECKUI KOPUYHEBBIH C BEICOKUM COJICP)KAaHHEM ypaHa (IIOCTIPaHyJIHTOBBIN).
BonpmMHCTBO HMccnenoBaTeneld MpUXoIiAT K BBIBOAY, YTO LUPKOH NEPBOTO THIIA B YCJIOBUAX I'PaHYJIMTOBOH (annu
pacTeT U3 aHATEeKTHYECKOTo PacIuIaBa, KOTOPBIH B BBICOKOTEMIIEPATYypPHBIX KOMIUIEKCax 00pa3yeTcst Ha CTauu U30-
TEPMHUUECKOH JlekoMnpeccuu [Hamp., 1,2,3]. [TocTrpaHynMTOBBIN BBICOKOYPAHOBBIN IIMPKOH 00pa3yeTcs IpH Mepexo-
ne K ampubonuroBoit ¢anuu Meramopduszma. PocT 3TOro nupkoHa CBsi3aH ¢ IPUBHOCSLIMMH ypaH PETPOrpagHbIMUA
¢uroniamMu, KOTOphIe B CBOIO OYEpe/ib CBSA3aHbl C CHHMETaMOP(PHYECKUM IPAaHUTOOOPa30BaHUEM B BBICOKOTEMITEpa-
TYPHBIX KOMILJIEKCaX, YTO MOJTBEPKAAETCS CXOAHBIM pacrpeaenenieM P30 u ONM3KuM XMMHUYECKHM COCTABOM I10-
CTTPaHyJIMTOBOTO IMPKOHA C IUPKOHOM M3 TPAHHUTOB.

B ycnoBusix skiorutoBoii hanmu Takxke o0pazyercsi H30MEeTPUYHBINH OECIBETHBIH IUPKOH C HU3KUM COZIepXkKa-
HHUEM 3JIeMeHTOB-IIpuMeceil. CxonHble MOP(HOIOTHYECKHE U TEOXUMHUYECKHUE YePThl SKJIOTUTOBBIX U TPaHYJIMTOBBIX
UPKOHOB YaCTO 3aTPyJHSACT TEHETHYCCKYIO HICHTU(DHKAINIO IMPKOHA B MOJIMMETaMOP(PHUYECKUX KOMIUIeKcax. Poct
[UPKOHA TIPH SKIOTUTOBOM MeTaMOp(u3Me KOHTPOIUPYETCS] METaMOP(GHUISCKHM BOIHBIM (IIIOMIIOM, KaK M caMo 00-
pa3oBaHKE SKIOTUTOBOTO MapareHe3nca [Hanpumep, 4].
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Pacnipenenenne P30 B rpaHyIMTOBOM UPKOHE MOXKET OBITh aHAJIOTMYHO MarMaTH4eCKOMY, a MOXKET OT-
paXkaThb pOCT COBMECTHO ¢ rpaHaToM (puc.l) nmpu oOimeM BeicokoM cojaepkannu P3D. XapakrepHbIM oTIHYHEM
9KJIOTUTOBOI'O IIMPKOHA SIBIISIETCS] TOpa3io 0ojee HU3KOE o0lee coiepkaHne pEeAKUX 3eMelb, 00eHEHNE TshKe-
JBIMU PEAKUMH 3eMJISIMU U oTcyTcTBHE Eu anomanuu (puc. 1), 9To oTpakaeT mapareHe3uc ¢ rpaHaToOM HpPH OT-
CYTCTBUU IUTarnokiasa - Grt+Omf+Qtz+Rt. Hu3zkoe comepxaHue JIETKUX PEeIKHX 3eMelb, ocodeHHo Pr u Nd, a
takke Huzkoe Th/U oTHOIIEHnE MOXKET OBITH CBSI3aHO C OJHOBPEMEHHOHM KPHCTAIUIM3AlMeH MHUHEPAJIOB I'PYIIIBI
3MUA0Ta [Hampumep, S].

HccnenoBanue BHYTPEHHETO CTPOCHUSI TPAHYJINTOBBIX U SKJIOTHTOBBIX IIUPKOHOB B PEXHMME KaTOMOIIOMHUHEC-
HEHIUH U B OTPAKEHHBIX JIEKTPOHAX ITOKa3bIBACT CHENU(UUECKOE CEKTOPHAIbHOE CTPOCHUE KPUCTAIJIOB, C HEPOB-
HBIMH TPaHUIIAMH MEXKIY CEKTOpaMU, OMUCAHHOE KaK 30HAJIBHOCTh «C €NOYHBIM y30pom» [1]. Takoi Tum 30HaIBHO-
CTH OOBSICHSIETCSl PE3KUMH KOJIe0aHUsIMU CKOPOCTEH pocTa IpaHeil KpUcTajuia, KOT/ia pacTyluas TpaHb MepexXoanuT OT
COCTOSIHHSI aTOMHO-TJIQJIKOM K aTOMHO-IIIEPOXOBATOH, COOTBETCTBEHHO BBI3BIBAS MEPEXO]] OT IMOCIOHHOro K Oosee
ObICTpOMY aJCOPOLIMOHHOMY MEXaHU3MY pocTa u 00partHo [6]. B mocTrpanyMToBOM IUPKOHE OOBIYHO YETKO MPOSIB-
JIeHa 3BreJipabHasi POCTOBasi 30HAJILHOCTh, HO YaCTO OTMEYAETCs TYCKIJIOE CBEUEHUE B KaTOIOJIIOMUHECICHIINH, CBSI-
3aHHOE C METAMUKTHOCTBIO CTPYKTYPBI, BBI3BAHHON BBICOKHM COZAEP>KaHUEM ypaHa.

OO6pazoBaHuE CEKTOPHATBHOCTH W HEPOBHBIX TPAHMI] MEXKAY CEKTOPaMHU POCTa CBHIETEIBCTBYET O HECTAIHO-
HApHOCTH YCJIOBHH KPHCTAJUIM3AIMU 10 CPABHEHUIO C POCTOM M3 MarMaTHYeCKOTO pacIliaBa, TAe OTMEUaeTcsl 00bId-
Hasl A1 IUPKOHA 3Bre/ipanbHasi 30HAIBHOCTh. HecTalMoHapHOCTh KPUCTAJUIM3ALUH CBsI3aHA, CKOPEE BCEro, C He-
OoxpmuMu 00BeMaM (IO CPaBHEHHUIO ¢ MarMaTHYECKUM) paciuiaBa Wi (IIronsa, re ObICTPO MEHSETCS IepechIe-
uue. O HeOOJBIIOM 00BEMe FOBOPHUT U TOT (PaKT, 4TO Co/epKaHUe MpUMecel B IIUPKOHE (0cOOEHHO TshKenbix P303)
HAuMHAET 3aBHCETh OT COCYIIECCTBYIOIIMX MUHEPAIOB. [I0 MHEHHIO MHOTHX aBTOPOB, IIOCKOJIbKY METaMOp(pHYECKUI
IIUPKOH B YCJIOBUSIX TPAHYJIMTOBOM (halliy pacTeT B PaBHOBECHM C aHATEKTHYECKUM PACILIaBOM, OH MOXKET HE OTJIH-
YaThCsi OT MarMaTUYeCcKOro 10 COCTaBy M paclpeieIeHHI0 PeIKO3eMENIbHBIX 3JIEMEHTOB. TeM He MeHee, 4acTo pe-
3ynpTHPYIOIMA P30 puCyHOK OTIHYaeTcs OT TUIMMYHBIX MarMaTHYEeCKUX PacHpe/iesieHHi B 3aBUCHMOCTH OT 00beMa
paciulaBa M HauyMHAEeT 3aBHCETh OT CYLIECTBYIOIIEro napareHesuca. IIpum Gonpmmx o0bemax paciuiaBa (HarmpuMep
NpU JUaTeKcuce) win ¢uironsa (B caydae NOCTTPaHYJIMTOBOTO IUPKOHA), COIEPXKAHUE DIIEMEHTOB-IIpUMeEceil B 1up-
KOHE U pacupezaencane P30 aHAIOTHIHO MarMaTHIeCKOMY .
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Fig. 2. Diagram of the normalized to PM contents of some rare elements in metamorphic zircons (PM after Carlson, 2003).

Ha puc. 2 npeacraBiieHbl BapHaluy CONEPKaHUSA HEKOTOPBIX PEIKHX JIEMEHTOB, 10 KOTOPHIM OTMeYe-
HO HaumOoJbpllee pazNuyMe B KPUCTAJUIaX LHUPKOHA B 3aBHCHMOCTH OT YCIOBUH ero oOpaszoBaHus. Ilomumo
MpeCTaBICHHBIX AJIeMeHTOB (He cuuTas P39) Owputo ompeneneno conepxanue B nupkone Hf u Pb. Ho ux co-
JepkaHue IPUMEPHO OJUHAKOBO BO BCEX M3YYEHHBIX KPUCTAJUIaX LHUPKOHA, I03TOMY OHH HE OBLIN UCIOJIB30-
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BaHBI B MarpaMMe. BUaHO, 94TO MO BCeM 3JIeMEeHTaM 00pa3yeTcs ONnpeeICHHBIN psi 10 CTENeHH UX Co/epxkKa-
Hus B nupkoHe. Hambosee oborameH BceMH 3TUMHU 3JIEMEHTAMH MarMaTHYeCKHi LIUPKOH, 3aT€M MOCTIPaHy-
JIUTOBBIA, TPaHYJIUTOBBIN, 1 HaMEHEe BCETO — JKJIOrUTOBBIH. OOpa3oBaHMe NMEPBHIX TPEX THUIIOB CBSA3aHO C
pacruiaBoM, 3TO OTHOCHUTCS M K MTOCTIPAaHYJIMTOBOMY IUPKOHY, pacTyIeMy U3 (uironna, KOTOPBIH M0 T€OXUMHU-
YECKHM YepTaM OJIN30K K MOCTMAarMaTHIECKOMY.

HanbGonpmme Bapuanmy oTMEYalOTCS B COJCPKaHUAX TOPHUS M ypaHa. B rpaHyIMTOBOM IMPKOHE BEIWYHMHA
Th/U oTHOwmIEHNS MOXKET ObITh EPEMEHHOM, HO IIOCKOJIBKY OHA pearnpyeT Ha yCIOBHS KPUCTAJUIU3ALUH, TO COBME-
CTHO C IPYTUMH F€OXUMHUYECKUMH KPUTEPHUIMH MOXKET OBITh HCIIOIB30BaHA [UIsl ONPEENICHUs TeHe3nca [IUpKoHa. B
skorutoBoM nupkone Th/U oTHorieHus: Hanboiee HU3KKE, YTO BMECTE C XapaKTepHBIM pacrpenenenuem P33, mo-
KET ABJIATHCA MHAUKATOPOM SKJIOTUTOBOI'O IUPKOHA.

OO0pazoBaHue KPUCTAIOB U30METPUYHON (hOPMBI CBSI3aHO C OIPENEICHHBIM COOTHOILIEHHEM TEeMIIepaTy-
pa/nepechiieHre B pacruiase win ¢uronge. OOure 3aKOHOMEPHOCTH 3aBUCUMOCTH (POPMBI KPUCTAIITIOB OT TEM-
HepaTypsl U MEPEChIEHUs [T0KA3hIBAIOT, YTO 00JACTh YCIOBHH, IIPU KOTOPHIX 00pa3yIOTCsl H30METPHUYHbBIE KpHU-
cTamsl (KOrja CKOpOCTH POCTa BCeX I'paHel OJIM3KM — 001acTh rmepeceueHus KHHEeTHYeCKUX KPUBBIX pPOCTa Ipa-
Hel) noctatoyHo y3kas [7]. I3MeHenne rabuTyca KpUCTAUIOB MUPKOHA (MOSBICHUE, HAPSALY C M30METPHYHEI-
MU, YIUIMHEHHOIIPU3MATHUECKUX KPHCTAUIOB) B MOPOJAAX T'PAHYJIUTOBOW M SKIOTHTOBOH (halyy MpH OTHOCH-
TEIHHO HEOOIBIIOM MHTEPBAJIE TEMIIEPATYP KPUCTAILTU3ALNH IIUPKOHOB, TJIAaBHBIM 00pa3oM, CBSI3aHO, BEPOSITHO,
C U3MEHEHHUEM INEPECHIIICHNUS.

CpaBHeHHe TeMIlepaTyp KpHUCTAJUIM3aLuK rpaHyiuToBoro nupkona JII'TI ¢ Temmeparypamu MeTamopgusMa
MOPOJ, MOTyYEHHBIMH TI0 OOIIENPHHSATHIM T€0TEPMOMETPAM, ITOKa3bIBAET, YTO OHM XOPOLIO coryacyroTes. Temmepa-
Typa KpUCTALIM3AlMU IKJIOTUTOBBIX IIUPKOHOB (Ha IpHUMepe IKIOTUTOB paifoHa Yanmosepa) He Bcerzna COBMNAAAIOT
€O 3HAQUYEHUSIMU TEMIIEPATyPhl, [I0JIy4YEeHHON MUHEPAJIILHON TEPMOMETPUEH.

HccnenoBanus BBINOIHSUINCH NpU GruHaHcOBOH noanepxke POOU (mpoexr 11-05-00817)

Two types of metamorphogenetic zircon commonly occur in granulite complexes: 1) isometric colour-
less, highly transparent zircon with diamond luster and small concentrations of trace elementsu (granulitic
zircon) and 2) brown, short-prismatic high-uranium (post-granulitic) zircon. Most geoscientists believe that
zircon of type 1 grows under granulite-facies conditions from from anatectic melt, which is formed at an iso-
thermal decompression stage in high-temperature complexes [e.g., 1, 2 and 3]. Post-granulitic high-uranium
zircon is formed upon transition to amphibolite facies. Zircon growth is contributed to by uranium-supplying
retrograde fluids which, in turn, are related to synmetamorphic granite formation in high-temperature com-
plexes, as shown by a similarity in REE distribution and chemical composition between post-granulitic zircon
and zircon from granite.

Isometric colourless zircon with low trace element concentrations is also formed under eclogite-facies
conditions. Zircon in polymetamorphic complexes is often hard to identify genetically because of the morpho-
logical and geochemical characteristics of eclogite- and granulite-facies zircons are similar. Zircon growth upon
eclogite-facies metamorphism is controlled by metamorphic water fluid, as is the formation of eclogite par-
agenesis [e.g., 4].

The REE distribution pattern in granulite-facies zircon may be similar to that of igneous zircon and may reflect
growth together with garnet (Fig.1), the total REE concentration being high. One distinctive feature of eclogite-facies
zircon is a much lower total rare-earth concentration, depletion in HREE and the absence of Eu-anomaly (Fig. 1),
which reflects paragenesis with garnet in the absence of plagioclase - Gre+Omf+Qtz+Rt. Low concentrations of
LREE, especially Pr and Nd, together with a low Th/U ratio could be due to the simultaneous crystallization of epi-
dote-group minerals [e.g., 5].

The study of the internal structure of granulite- and eclogite-facies zircons in a cathode luminescence regime
and in reflected electrons has shown the distinct sectoral structure of crystals, with irregular boundaries between sec-
tors described as zonation with an arborescent pattern [1]. This type of zonation is due to marked variations in the
growth rate of crystal faces, when a growing face passes from an atomic-smooth to an atomic-rough state, invoking
transition from a lit-par-lit to a more rapid adsorption growth mechanism and back [6]. Post-granulitic zircon com-
monly exhibits well-defined euhedral growth zonation and often shows dim glow in cathodoluminescence, which is
related to metamictic structure produced by a high uranium concentration.

The formation of sectors and irregular boundaries between the growth sectors suggest unstable crystalli-
zation conditions compared to growth from magmatic melt, where euhedral zonation, typical of zircon, is ob-
served. The unstability of crystallization is most probably due to small volumes (in comparison to magmatic
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zircon) of melt or fluid, where oversaturation varies rapidly. Small volumes are also suggested by the fact that
the impurity (especially HRRE) content of zircon begins to depend on co-existing minerals. Many authors be-
lieve that as metamorphic zircon grows under granulite-facies conditions in equilibrium with anatectic melt, it
may not differ in composition and REE distribution from magmatic zircon. However, the resulting REE distri-
bution pattern often differs from typical magmatic distributions, depending on melt volume, and begins to de-
pend on co-existing paragenesis. In the case of large volumes of melt (e.g. upon diatexis) or fluid (in the case of
post-granulitic zircon), the trace element concentration in the zircon and REE distribution are similar to those of
magmatic zircon.

Figure 2 shows variations in the concentrations of some rare elements for which zircon crystals differ most
substantially, depending on zircon formation conditions. In addition to the aforementioned elements (not counting
REE) the Hf and Pb content of zircon was estimated. However, as their content of all of the zircon crystals examined
is about the same, they were not used in the diagram. One can see that a certain sequence for all elements is formed,
depending on their concentration in zircon. Magmatic zircon is richest in all of these elements; post-granulitic and
granulitic zircons are poorer and eclogitic zircon is poorest. The formation of the first three types is related to melt.
This also applies to post-granulitic zircon growing from fluid, which is similar in geochemical characteristics to
postmagmatic zircon.

Thorium and uranium concentrations vary most considerably. In granulitic zircon, the Th/U value can vary,
but since it responds to crystallization conditions, it can be used together with other geochemical criteria to determine
the genesis of zircon. In eclogitic zircon, Th/U values are lowest, which, together with a characteristic REE distribu-
tion pattern, can be indicative of eclogitic zircon.

The formation of isometric crystals is related to a certain temperature/oversaturation ratio in melt or in
fluid. The general pattern of the dependence of crystal shape on temperature and oversaturation show that the
range of conditions, under which isometric crystals are formed (when the growth rates of all faces are similar,
the range of intersection of kinetic face growth curves is fairly narrow [7]. Changes in the habit of zircon crys-
tals (the emergence of elongate-prismatic crystals in addition to isometric crystals) in granulite- and eclogite-
facies rocks over a relatively narrow zircon crystallization temperature range are probably due to variations in
oversaturation.

Comparison of the crystallization temperatures of granulitic LGP zircon with the metamorphic temperatures of
rocks, estimated with generally accepted geothermometers, has shown that they are in good agreement. The crystalli-
zation temperature of eclogitic zircons (exemplified by eclogites from the Chalmozero area) does not always coincide
with the temperature values estimated by mineral thermometry.

The study was supported by the Russian Foundation for Fundamental Research (Project 11-05-00817).
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B Pogorickoit Mmetamopduueckoii IpOBHHINN Ha ceBepe | pennu npeodiagaroT MOKPOBEI THEHCOB aMPHOOIH-
TOBOU (panu, 00pa3oBaBIIKECS B KOHTHHCHTAIBHOW M OKCAHHIECKOH 00CTaHOBKaX. DTO Pe3yibTaT CyOqyKIMOHHO-
AKKPEIMOHHBIX M KOJUIM3HOHHBIX MPOIECCOB, KOTOPBIE MPOIOIDKAIHNCh OT Tpruaca (?) mo mo3muero mena [1]. Dkery-
Malys KOMIUIEKCa Hayaloch B Hayale paHHEero 30IeHa (MM KOHIE MO3IHEro Meja), MPOXOAWIa SIMH30IMYECKH H
IpoaoIDKaIack 10 cpegHero MuoneHa. OHa, BO3MOXKHO, IIPEIILIECTBOBAIA PACTSHKCHUIO DrefiCKOro peruoHa, KoTopoe
MIPOMCXOJIUIIO C TPETUYHOTO TIEPHO/IA JI0 HACTOSILIEr0 BpeMeHH. PacTskeHue, NpOUCXOIUBIIEE B TPETHYHBIH IEPHOI,
COMPOBOXKIAIOCH BHEAPCHUEM OOJIBIIIOT0 KOJIMYSCTBA HHTPY3HUI KUCIIOTO U CPEIAHEro cocTana [2].

B ueHTpaanof/i YacTU I'pC€YCCKUX POI[OH BBIACTIAIOTCA TPHU OCHOBHBIC CBUTBI: HUXKHASA, CPECAHASA U BCPXHIAA!

Hwoxasist - BKITTOYaeT B ce0sl MOIIHYIO TOJIIILY, OYEBHAHO, SKC-TIIAT(GOPMEHHBIX MPaMOPOB € HEOOJIBIIINM KOJINYECT-
BOM IIPOCIIOEB KPHCTAUTMYECKHX cliaHieB 1 ampubomuros. Tosma 3aneraer Ha oprorueiicax ¢ Bo3pactoM 300 MiH. JeT.
CpenHsisi CBUTa CIIOKEHA B Pa3HOW CTENEHH MUTMaTH3UPOBAHHBIMU TaparHeicaMu, CoAep KaliMHU JIMH3bI 3KIOTUTOB, KO-
TOpBIE, BEPOSITHO, chopMupoBanck B yenousix UHP metamopdusma npeapanseropckoro Bo3pacta [3]. B cocraB cBUTHI
TaKXKe BKIIFOYCHO HECKOJIBKO TEKTOHUYECKHX IUIACTHH OPTOrHEeHcoB ¢ BozpactoM 300 MiH. nieT. BepxHsis CBUTA COCTOUT U3
OpTOTHEHCOB C Bo3pacToM 160 MIIH. JIeT, KOTOpBIe 00Pa30BaAINCH B KOHTHHEHTAIBHO-IYTOBON 00CTaHOBKE [4].

Iopons! cpexHelt CBUTHI HHTEHCHBHO MUTMATH3UPOBAHBL.

CpenHsis CBUTA TIOpa3eIseTCs Aajiee Ha:

i. HIKHIOIO 4acTh, CIIOKEHHYIO Pa3HOOOPa3HbIMU MHTEHCUBHO Ae()OPMHUPOBAHHBIMU MOPOJIaMH, KOTOpPbIE, KaK
CUMTAIOT, NMPEACTABISUIN coOO MepBOHAYaIbHO MeNlaHX. B ero cocraB BXomsT pparMeHThl OKEaHMYECKUX TIOPO U Tie-
PEKPBIBAIOIIMX MX OCAJIKOB: TEIEph 3TO MUIMAaTH3HUPOBAaHHBIE (JIEHKOCOMOI TPOHIBEMHUTOBOIO COCTAaBa) B Pa3NUYHON
crenenn aM(uOONUTHI (TpaHaTcoAepKaIlIUe WM HE COJEpIKallie TaKOBOr0), KHAaHUTCOCPIKalle METAICIIUTHI, MOTy-
NIeJIMTaMH, TICAMMHTaMH, B HEOOJBIIOM KOJIMYECTBE MPaMOPBl U KaIbIHU(HPHL, MapraHercoepKanye MerayepTaMmu
(KpEeMHHCTBIMH CIIaHLIAMH) U JIMH3bI PETPOTPaHO MTPEe0OpPa30BaHHBIX SKIOTMTOB. KnaHut- 1 cimogocoaepskamiye mopo-
Il COZIepKaT 3HAYMTENBHOE KOIMYECTBO IPAHUTHOM JIEHKOCOMBI (TIPOAYKTHI AKC-NAPLIHAIBHOTO TUTaBICHUS).

ii. CpemHIOI YacTh, CIOKCHHYI0 MHTMAaTUTOBBEIMH THEHCOB (IMATEKCUTAMH) C TPOCIOSMHU KBapIUTOB, METa-
4epToB M aM(puOOIUTOB. Me3ocoMa M MEJIaHOCOMa C BBICOKHM COJCp)KaHHeM OMOTUTa — 3TO Ipeoldiamaromas co-
CTaBJIAIONIAs JaHHBIX MUTMATHTOB. BHOTHTHI, BO3MOXKHO, IIPECTABIISIOT PECTUTOBYIO a3y B MPOCIOSIX C BEICOKUM
cozlep)KaHMEM KBaplla M IOJICBOTO LIIIaTa, IZie B IPOLECCe YaCTHYHOIO IUIABJICHHS B BOIOHACHIIICHHBIX YCIOBHSX
0OblIas 4acTh KBapla U IMOJICBOTO MINAaTa U3 MPOTOJIMTA BhIIIaBUIACk. JKWIIbl JielikocoMbl (hOpMUpPYIOTCS in situ, a
HUTAPBL 1 000CO0IEHHS IPaHUTa JEHUMETPOBOTO pa3Mepa COCYIIECTBYIOT ¢ MEJIAHOCOMOH, B KOTOPOH IIpeodi1anaet
6I/IOTI/IT. B mMurmarurax BBIACIIAIOTCA q)paFMeHT]:I HEPACIJIaBJICHHBIX MPOCJIOCB YEPTOB C BBICOKHUM COJCPKAHUCM
KBapIia W/wik OyIWHHPOBAHHBIC CJIOM YEPTOB C PEIUKTAMH MHHCPAIbHON acCOIMAIlUM SKIOTHTOBOW (aruu
Cpx+Gt+Qtz. YacTndHOE TUIABICHHE, ITO-BUANMOMY, TIPOMCXOAMIO BO BPEMs KPYITHOTO TEKTOHHMYECKOTO COOBITHS,
KOTOpOE NPHBEJIO K 00pa30BaHUIO KOJIYAHOBUIHBIX CKJIAZIO0K, TMO0 (B OCHOBHOM) MOCJIE HETO.

iii. BepXHsS YacTh CIIOXKEHA IMOPOJaMH C OTYETIIMBO BBIPAXXCHHBIMHU IIJIOCKOCTHBIMU CTPYKTYpaMu (S-TeKTo-
HUTaMH) M OJHOBO3PACTHBIMH MacCCHBHBIMH OpTOTHeWcamu ¢ Bo3pactoM 300 MIIH. JieT. DTH MOPOIBI MEPEKPHITHI
MpaMopaMH ¥ MOIIHOH NMavykod OMOTHTOBBIX (+ am(puOoI) rHEWCOB, MepecIanBarOIIMXCs ¢ KBapLUTaMH, Majo-
MOIIHBIMU FOPH30HTAMH MPaMOpPOB, H3BECTKOBBIMH CHIIMKAaTaMH M HEOOJIBIINM KOJIHMYECTBOM IIEIUTOB. B ocHOBa-
HUH 3TOW TOJIIM 3aJIeTal0T aM(DUOOTUTEL, B KOTOPBIX 3aJIerafoT OyJHHBI POrOBOOOMAHKOBO-COJIEPIKAIINX YIIbTpa-
Ma(UTOB M CEPIEHTHHUTOB.
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MBbI paccmaTpuBaeM HIKHIOIO M CpeHIoo yactu CpeiHel CBUTHI Kak MeTaMop(hH30BaHHbIE (hparMeHTHI OKea-
HI4YecKor Kopbl. OHM ObUIM TIPe0Opa30BaHbl B YCIOBUSIX SKJIOTUTOBOH (halliyl ¥ MO/ABEPIIINCH PErPECCUBHOI MUTMAaTH-
3alMH TIPY BBICOKOM JIaBJICHUH (T10JI€ yCTOMYMBOCTH KMAHUTA) B BOJOHACHIIICHHBIX YCIOBUIX. OHAKO BEICOKOOApHbIE
accolyalyy (KHaHWUT + IpaHaT) BCTPEYAIOTCS PEeXe B CpeHEN YacTH CpeHei CBUTHI. 1 CTPYKTYp HIDKHEH U cpenHen
CBHUT OT METPOBOTO JI0 KWJIOMETPOBOTO MaciiTaba XapakTepHa MHTEHCHBHAs NPOHHUKaromIas aedopManus ¢ KpyTo Ma-
JIAIOMNMH L-TekToHNTaMH (CBsI3aHHAS ¢ CyOIyKIMel WiTN KOJUTH3HEeH) U TakoKe KPyTO MAAAloINMH OCSMH KOJTYaHOBH/I-
HBIX CKJI3JI0K. B X07ie IeTanbHBIX MONEBBIX PabOT B paiioHE, pacHoNoKEHHOM IpuMepHO B 10 KM K ceBepy OT ropoza
Kcanru, 6b11a o0HapykeHa KOTYaHOBHIHAS CKJIaKa KMIOMETPOBOTO MaciiTada, B siipe KOTOPOi MpeobiIaiaroT Kpem-
HUCTBIH ClIaHel, MpamMop, TENUThl U KBapLHThl, OKPY>KEHHbIE TOPU30HTOM MaCCHBHBIX MeTaMapuTOB (aMpUOOIUTOB 1
SMHU-3KJIOTUTOB, BEPOSITHO, C PEIMKTAMH BHYTPUIIOIYIIEYHBIX META0CAIKOB MEXTY HUMH).

MBbI HHTEPIPETUPYEM BEPXHIOIO YaCTh CPE/IHEH CBUTHI KaK METaMOP(PUYECKUIT SKBUBAJICHT OCA/IKOB, KOTOpPBIE
3aI0JTHSUIN TITyOOKOBO/IHBIC BIaMHBI ((DJIMII) U B MIPOTOJIMTE KOTOPHIX BEJIMKA POJIb BYJIKAHUTOB [5]. MexaHnnuecku
Gostee crabmiibHBIE Oa3aJIbHBIE MACCHBHBIE OPTOTHEHCHI B ATOM BEpXHEH 4acTH ObUIH, BEPOSITHO, O0Jiee YCTONUYMBEI K
JMHEIHOM nedopMaliy 1 IPpUBENU K 00pa30BaHUIO INIaBHBIM 00pa3oM S-TeKTOHUTOB. B GMOTHTOBBIX rHelicax (MeTa-
rpayBakkax) 3ToH dacT coxpaHuiauchk acconnannu Cpx+Gt+Kfs u B HeOOIbIIOM KOIMYIECTBE METNTOBBIX THEHWCOB -
acconmarmu Ky+Gt+Kfs, uro ykaspiBaeT Ha coxpanHocTh perankToB HP MeTamopdusma rpanymnToBoit darmm.

B cyOnynmpoBaHHBIX OKEaHHYECKHUX U TPOTOBBIX KOMIUIEKCAX cpenHer cButThl coxpanmwmmck HP-HT accorma-
LIUH, YTO O3HAYACT UX JUINTEIBHOE HAX0XKICHUE BOIM3M OCHOBAHUS CBEPXMOIIHOW KOPHI U TEILIOBYIO PENAKCALHUIO,
OUYEBHUHO, M10CJIE KOHTHHEHTAIBHON KOIM3UU. DTO MOIJIO MIPOM30MTH B pE3ylbTaTe aHOMAIBHO MEUIEHHOTO KOJI-
Jiarca M pa3pyuieHHsl OpOTeHa, BEPOSTHO, BBUAY OOJBIION MOIIHOCTH KOPBI, 00YCJIOBICHHON HaJBUT000pa30BaHUEM
B Pononckoi npoBUHIMY B MEJIOBOM IIEPUO/JE.

The Rhodope Metamorphic Province in Northern Greece is dominated by stacking nappes of amphibolite facies
gneisses of continental and oceanic affinities. It is the result of subduction-accretion and collision processes lasted from
Triassic(?) to late Cretaceous times [1]. Exhumation of the complex started by Early Eocene (or latest Cretaceous), was
episodic and lasted till the Middle Miocene; it may have been the precursor of the late Tertiary to present extension in
the Aegean region. Tertiary extension was accompanied by acid to intermediate voluminous intrusions [2].

Three main units (Lower, Intermediate and Upper) can be distinguished in the central Greek Rhodope:

The Lower Unit comprises a thick succession of apparently ex-platform marbles, a minor variety of schists,
and amphibolites, all overlying 300 Ma orthogneisses. The Intermediate Unit comprises variably migmatized parag-
neisses which include eclogite lenses that may have experienced an UHP event of pre-early Jurassic age [3]. A few
300 Ma orthogneiss blocks, probably tectonically emplaced, are also included in this Unit. The Upper Unit comprises
160 M.a. orthogneisses of continental arc affinities [4].

Migmatization is extensive in the Intermediate Unit.

The Intermediate Unit is further subdivided into:

i. alower part comprising a variety of strongly deformed rock types, interpreted to be derived from an original
melange in which oceanic crust and its cover sediments were intermixed (now variously migmatized amphibolites
(garnetiferous or not) with trondjemitic leucosomes, Ky-bearing pelites, semipelites, psammites, minor marbles and
calc-silicates, manganiferous metacherts and lenses of retrogressed eclogites). The kyanite- and mica-bearing types
incorporate a substantial amount of granitic leucosomes (ex-partial melting products).

ii. an intermediate part of migmatitic gneisses (diatexites) alternating with quartzites, meta-cherts, and amphi-
bolites. Biotite rich mesosomes and melanosomes are the predominant rock types. Biotite may represent restitic phase
in Qtz-Fsp-rich lithologies, where partial melting in water saturated conditions removed most of the Qtz and Fsp from
the protoliths. In situ leucosomes forming veins, shlieren and dm scale granitic segregations coexist with biotite-
dominating melanosomes; they alternate with unmelted qtz-rich and/or boudinaged cherty layers bearing relics of a
Cpx+Gt+Qtz eclogite facies mineral assemblage. Partial melting seems to partly syn- but in the most post-dating a
major seath fold forming tectonic event.

ili. an upper part with prominent flat S-tectonite structures and a coherent rock sequence comprising massive
orthogneisses of 300 Ma, overlain by marbles and voluminous Bt(+ amphibole) gneisses, alternating with quartzites,
thin marble horizons, calc-silicates and minor pelites. Amphibolites occur at the base of this rock sequence and/or
envelope Hbl-bearing ultramafic boudins and serpentinites.

We envisage the lower and intermediate parts of the Intermediate Unit as metamorphosed fragments of oce-
anic crust. They have both experienced eclogite facies conditions and a retrogression-migmatization event in HP wa-
ter saturated conditions (Ky field). HP assemblages (Ky+Gt) are however more rare in the intermediate part of the
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Intermediate Unit. Meter to km scale structures of the lower and intermediate parts are characterized by a penetrative
intense deformation with steep L-tectonites (subduction or collision related) and axes of the seath folds also steeply
dipping. Detailed field observations in an area about 10 km north of the city of Xanthi reveal a km scale seath fold
culmination with a core dominated by chert, marble, pelites and quartzites, surrounded by a mantle of massive
metamafics (amphibolites and ex-eclogites with screens of probably ex-intrapillow metasediments between them).

We interpret the upper part of the Intermediate Unit as the metamorphic equivalent of trench filling (flysch)
sediments of mainly volcanic origin [5]. The mechanically more stable basal massive orthogneiss of this upper part
was apparently more resistant to linear deformation and gave rise mainly to S-tectonites. In the biotite gneisses (meta-
greywackes) of this part Cpx+Gt+Kfs and in the minor pelitic gneisses Ky+Gt+Kfs assemblages are preserved relics
of HP granulite facies metamorphism.

For the now exposed subducted oceanic and trench lithologies of the ITU, preservation of HP-HT assemblages
imply a prolonged residence and thermal relaxation near the base of an overthickened crust, apparently after continen-
tal collision. This could have been achieved by an abnormally slow collapse and levelling of the overlying orogen,
probably as a result of a sustained high crustal relief due to Cretaceous thrusting in the Rhodope.
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YJIbTPAMETAMOP®U3M U «'PAHUTOOBPA3ZOBAHUE» B IIOBYKCKOM
I'PAHYJIMTOBOM KOMIIVIEKCE YKPAUHCKOT' O IIUTA

Kupuniox B.I1.

JIbBOBCKUIT HAIIMOHANBHBIN YHHBEpcUTET UMeHH VBaHa ®panko, JIbBoB, Ykpauna, Kyrylyuk.V@i.ua

ULTRAMETAMORPHISM AND “GRANITE FORMATION” IN THE POBUZHSKY
GRANULITE COMPLEX OF THE UKRAININAN SHIELD

Kirylyuk V.P.
Ivan Franko Lvov National University, Lvov, Ukraine, Kyrylyuk.V@i.ua

VYipTpameramopduueckre 00pa3oBaHus SIBISIOTCS HENPEMEHHON COCTaBHOM 4acThi0 MOHO(aIMAIBHBIX Tpa-
HYJHUTOBBIX KOMIUIEKCOB. OHU MPEICTABIICHBI TOCTATOYHO Pa3HOOOPa3HBIM HAOOPOM MOPO TPAHUTHOTO U TPAHUTO-
HOI[O6HOFO cocTaBa, UMCHOIIIUX HHyTOHM‘{eCKI/Iﬁ O6J'II/IK 1 HECYIIUX MPU3HAKU BOSHUKHOBCHHSA IO UCXOAHBIM CTPATO-
Meramop(duiecKkuM KoMIulekcaM. PacripocTpanenne yiibTpaMeTaMophrIeckuX 00pa3oBaHUK B I'PaHyJIUTOBBIX acco-
[UaNUsIX Pa3HBIX IIUTOB M UX OTAEJIBHBIX T€OCTPYKTypax KpaiHe HEpaBHOMEPHO — OT CPABHHUTEIBFHO PEAKUX HEOOIIb-
IIMX PAcCESHHBIX TeJl, COCTABIIIOIINX IIEPBbIE NMPOIEHTH B 00BbEME KOMIUIEKCOB, O SBHOTO mNpeobnananus. [Ipu
3TOM NPHYHHBI UX CTOJIb HEPABHOMEPHOTO PA3BHUTHS, TP OUEBHIHOM CXOJICTBE UCXOIHBIX METAMOP(HUUECKUX KOM-
IUIEKCOB, TTOKa HE UMEIOT CBOETO OOBSICHEHHS.

Paznuunas crenenp ynbrpameramopdusma Hamuia cBoe orpaxkenue u Ha YkpaunckoM mpure (YIL). CpaBHu-
TEJILHO €J1a00 MPOsBIIEH YIbTpaMeTaMop(hu3M B IPHA30BCKOM KOMIUIEKCE OJHOMMEHHOTO MeralJioKa, Iie sIBHO Ipe-
obiamaroT MeTaMophUUECKUe TTOPOABI, CPer KOTOPHIX ylIbTpaMeTaMophudeckrne 00pa3oBaHMsI B OOJIBIIMHCTBE CBO-
€M cilaratoT BHeMaciutabHble paccesiHHble Tena. B mooyxckom komruiekce Cpenaero [1o0yskbsi, B 10)xHOM yactu Byr-
cko-PocuHckoro merabioka, MeraMoppuyeckue U yinbTpameramopduueckue oO0pa3oBaHMsI COCTABIISIOT MPUMEPHO
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paBHbIe YacTy, a B Bepxuem [loOyxbe, B npenenax [logonbckoro meradiioka, siBHO Ipeo0iaialoT yiabTpaMeTaMop-
¢unueckne obpazoBanus, coctapisronire donee 80 % oObeMa rpaHyIMTOBOIO KOMILIEKCA.

Wzyuenune ynprpameramopuueckux obpasoBaHuii Ha TeppuTopuu [100yXbsi, TpaguIMOHHO 0OBEANHIEMBIX
TI0J] Ha3BaHHEM «TPAaHUTOWIHBIX», IMEET ITUTEIBHYIO HCTOPHIO, B XO€ KOTOPOH BBICKA3bIBAINCH PA3INYHBIC TIPE/I-
CTaBJIEeHUS 00 MX MPHPOAE M BO3PACTE, YTO HAINIO CBOC OTPAXCHUE B BBHIJCICHUH B Pa3sHOE BPEMS I10J MECTHBIMHU
reorpaMueCKUMH HAMMEHOBAHHUSMH PA3JIMYHBIX 110 00bEMY TPAaHUTOUIHBIX KOMIUIeKcoB. OO0Imeil uepToil Bcex 3THX
KOMIIJIEKCOB SIBJIIETCSI UX IPOTHBOIIOCTABIICHUE BMELIAIOIINM Memamop@uyeckum nopodam, KOTopble paccMaTpUBa-
I0TCS B Ka4eCTBE OCHOBBI MIIM paMbl, Ha (poHE KOTOPOi c(hopMUpOBaHA HOBASI HAJIOXKEHHAS aCCOLUALNS T'€HETHYESCKH
WHBIX yibmpamemamop@uieckux nopod. [Ipu 3ToM oryckaeTcss HEOIHOKPAaTHOE MPOSIBIICHUE ylIbTpaMeTaMoppuzMa
B Oyin3kux PT-yCOBUSX B OJJHUX M TEX )K€ T'€OCTPYKTypax.

[TpencraBienus o npupoje yiabTpameTaMopPuuecKiux oOpa3oBaHUil NPUHIMIIMAIEHO MEHSIOTCS TP MX pac-
CMOTPEHHHU B CTPYKTYPHO-BEUIECTBEHHOM M IIETPOJIOTHYECKOM EJHHCTBE CO CTPATOMETaMOP(PHUUIECKUM MOOYKCKUM
I'paHyJUTO-THEHCOBBIM KOMIUIEKCOM M Ha ypOBHE reojiormdyeckux Qopmanuii. B coctaBe xomruiekca pasinuaercs
CeMb CYINEepKpyCTAIBHBIX (pOpMaIii (CHU3Y BBEPX): KMHIIUTHTOBAsI, SHIEPOUTO-THEHCOBas, JIEHKOTrpaHyINTOBAsI, BbI-
COKOTJIMHO3EMHCTO-KBapIUTOBAas, MPaMOp-KaIbLU(PHUPOBasi, KOHJAINTOBAS, PUTMUYHOCIONCTAs TIIMHO3EMUCTO-0a-
sutoBast. Kaxkgas u3 Tpex HIKHUX QopmMariuii mMeeT MOmHOCTh 0koio 3000-4000 M U 10CTaTOYHO OJXHOPOTHBIHN CO-
CTaB, C SBHBIM NPe00IaJaHueM B KWHIMTUTOBOH (hOpMaIMu TpaHaTCOAEP)KAIINX THEICOB, B SHAEPOUTO-THEHCOBOH —
TUIEPCTEHCOAEPKAIMX TJIaTMOTHENWCOB, U IBYINOJIEBOLIANTOBBIX JIEHKOKPATOBBIX THEHCOB B JIEHKOIPaHYJIUTOBON
¢dopmarmu. Bepxaue Gopmanuu B cymme coctaisiiorT okoiio 4000 M, UX OTJIMYaeT O4eHb MecTphlid, yeTko audde-
PEHIMPOBAHHBINM COCTAB M OTYETIIMBOE MJIACTOBOE, HEPEAKO PUTMHYHOE YePEJOBAHHE.

[NoBcemectHOMY ynbTpaMeTaMop(hU3My MOABEPKEHBI TPH HWXKHUE CyNepKpycTaibHble GopMaliu, 3a c4eT KOTo-
PbIX c(hOPMHPOBAHBI TPH TUTYTOHO-MeTaMopduyeckue (GopMalii: KMHIUTHT-TPAHUTOBAs, SHAEPOUTOBAsI U THEHCO-als-
ckuroBas. Kaxxmast U3 HUX n30MOP(HHO 3aMeII[aeT OHY M3 UCXOMHBIX CYIEPKPYCTANBHBIX (hopMaruii, HaCIeLysl, TAKAUM 00-
pasomM, ee CTPYKTYpHO-CTparurpayecKkoe IoJIoXKeHHe B oOIIeM paspe3e U JehOpMAIMOHHON CTPYKTYpEe KOMIDIEKCA.
OTOT BBIBOJ JIETACTCSI HA OCHOBAHUHU PE3YJIbTATOB FE0JI0rMUECKOr0 KapTHPOBAHUS U HATTMYKS B KQKIOHU U3 IUTyTOHO-METa-
Mop¢uiecknx (GopMalyii PeMKTOBBIX BKIIIOUCHHH MeTaMOP(HYECKHX MOPOJ, MPUHAUICKAINX OAHOM M3 3aMelaeMbIX
cynepkpyctanbubix (popmanmit. Ilox nuymono-wemamopghuveckumu popmayusmu (IIM®P) TOHUMAIOTCS TEOIOTHIECKUE
Tena, CIOKEHHbIE acCOLMAMel MpeolIaJatoiX yabTPaMeTaMOPPUIECKUX MTOPOA TUIyTOHHIECKOr0 OOJIMKA 1 BKITIOYE-
HHIT MeTaMOP(GHYECKHX TTIOPO, B OTINYHE OT YacTO BBIICTAEMBIX VIbIMPAMEMamMophuyeckux Gopmayuii u KOMIIeKcos, B
KOTOpBIe O0BEUHSIOTCS TOJIBKO HOBOOOPA30BaHHBIE YIIETPaMETaMOP(IIECKIE TIOPO/IBL.

Kunyueum-epanumosas IIM® cioxeHa Tak Ha3bIBAEMbIMU «TyJHOBO-OEPIMUEBCKUMHU T'PAaHUTAMW», OYCHb
HEOJHOPOIHBIMU IO CTPYKTYPHO-TEKCTYPHBIM OCOOEHHOCTSIM CpeIHe-KPYITHO3EPHUCTHIMU OUOTUT-TPaHATOBBIMU TO-
poaaMu, 4aCTO C KOpAUCPUTOM U MHOTI'Ia CUJUIMMAaHUTOM. B HuX mocTosHHO HaXoIATCs BKIIFOUYCHUSA 6J'II/13KI/IX 10 CO-
cTaBy OMOTHT-TPAaHATOBBIX THEWCOB M M3pENKa JPYTMX BTOPOCTEINEHHBIX YJICHOB MCXOJHOM KMHIMIMTOBOH (hopma-
un. Eme 6onee nmomysexa Hazazn FO. Up. [TonoBuHkKHA crienana BBIBOJ O TOM, YTO «OepIHMYEBCKUI I'PaHUT» 1O CO-
CTaBY, U, KaK TENephb CTAJI0 OUEBUAHBIM, 110 MPUPOJE, HE BIUCHIBAETCA B HOMEHKIIATYPYy MarMaTHUECKUX MOPOA, HO
€ro J10 CHX IOp TPAJULMOHHO HA3bIBAIOT «TPaHUTOM». B morpanmuHoil yactu ¢ suaepOuroBoii [IOGM pa3Buts ru-
MEPCTEHCOIEPIKAIINE PA3HOCTH «TyTHOBO-O0EpIMIEBCKUX TPAHUTOBY, ITOJIYYHBIINE HA3BAaHNEC «BUHHUIIUTOBY.

Onoepoumosas IIMP cnoxeHa TakKe JOCTATOYHO M3MEHUMBBIMH IO COCTaBy M BHEIIHEMY BHUIY SHAEpOH-
TOWAAMH C TIOCTOSIHHBIMH BKJIFOYEHHSIMH THIIEPCTEHCOAEPKAIINX IIIArHOTHEHCOB M KPUCTANIMIECKUX cinaHmes. Kak
U3BECTHO, 3Ta CHeU(HUIECKas IPyMIia MOPOA TAKKE JHIIb YCIOBHO OTHOCUTCS K TPAaHUTONAAM.

Tnetico-anackumosas [IM® mpencraBieHa MPpeoOIagaoNMK JIBYIIOJIEBOIIIIATOBEIMH JICHKOKPATOBEIMH H
AJIICKUTOBBIMU I'PaHUTO-THEWcaMu. boJbplnas yacTh ee mopoj, Mo cocTaBy U OOJIMKY JIEHMCTBUTENIBFHO OMM3KHX K Ipa-
HHUTaM, BO3HHKIJIA 3a CUHCT UCXOJHBIX HeﬁKOKpaTOBLIX JBYIIOJICBOLINIATOBBIX FHeﬁCOB, YacToO ITOYTH IMOJIHOCTHIO 3aMC-
IICHHBIX, B CBA3M C YEM BO BKJIIOUEHHUSIX HEPEAKO COXPAHSIOTCA TONBKO «HETPAHUTHBIE» PENUKTHI (PE3UCTOPHI) TH-
MEPCTCHCOACPKAIINX HHaFHOFHeﬁCOB, KPUCTAINIMYCCKUX CIIAHIIEB U HEKOTOPLIX APYTHUX BTOPOCTCIICHHBLIX IMMOPOJ] UC-
XOHOM JICHKOTpaHyJIMTOBOM (hopMaIyy.

CpaBHUTEIBHOE U3YUYEHHE CYNPAKPyCTAIBHBIX U 3aMEIIAIOIINX UX TUIyTOHO-MeTaMoppHuyecknux (hopmaruii Ha
YpOBHE THITMYHBIX WICHOB M BAJIOBOTO cocTaBa (popManuii CBUAETENbCTBYET 00 ONpeensiomei ponu B GpopMUpoBa-
Hun [IM® KBa3UM30XUMHYECKON MEpEeKpPHUCTAINIH3ANNN B P7T-yCIOBHAX TPaHYIUTOBOW (aruu. ITOT mpoIecc, ove-
BHJHO, OBII [UTUTEIBEHBIM, TIOCKOJIBKY B KPYITHBIX OOHaKCHHUAX Kaknoi m3 [IM® moxHO HabmoaaTe 10 5-7 mocieno-
BaTEJIBHBIX TEHEpALUi OAUKUX O _cocmagy nopod, oOIel TeHIeHIMeH KOTOPBIX SBIIAETCS YBEIMYECHHE 3epHUCTO-
CTH, BIUIOTb JI0 TIETMATOUIHOM, KaXI0H MOCIenyoLIel TeHepalui U EPexo ] OT COTIaCHOTO A0 MOIyCOTIaCHOIO U
CEKYIIIETo MOJI0XKEHHsI HOBOOOPA30BAHHBIX TEII.
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Becpma He3HauMTENBHOM B 00pa30BaHNM KUHIUTUT-TPAHUTOBOM 1 SHepouToBoi [IM®, u 3ameTHO Oosblieit
B rHelico-ansickuToBoil [IM®, B criry ocoOeHHOCTEH ee cocTaBa, SIBISIETCS POJIb aHATEKCHCa, POSIBICHHOTO B (op-
MHUPOBaHHY OTPAHUYCHHO PAa3BUTHIX KUIBHBIX TEJ TaK HA3BIBAEMBIX «AIUTHTO-NIETMATOWIHBIX TPAHUTOB» W WHOTIA
MHTMAaTHUTOMOJOOHBIX 00pa30BaHUI ¢ HEUETKO 000COOICHHON JeHKOCOMOM B KHHIIMTUT-TpanuToBoi [IM®. Otcrona
OYeHb 71200 MPOSBICH MOCTAHATEKTHYCCKIH KAJHIITIATOBBIH METaCOMAaTO03. 3aKIIOYUTEIbHBIE cTaand BO Bcex [IM®D
BEIPA3MWIIACH B (JOPMHUPOBAHUY KBAPIIEBBIX THE3]T M KMIIBHBIX TEJI, 9aCTO C XapaKTEPHBIM TOIyOOBATEIM OTTEHKOM.

Takum oOpa3zom, yibrpameramMopdu3M B MOOYKCKOM TPaHYJIMTOBOM KOMILIEKCE BbIPa3HJiICs, IIIaBHBIM 00pa-
30M, B MHTEHCHBHOM CTPYKTYPHO-TEKCTYPHOM MPeoOpa30BaHUU MCXOJHBIX CYNPAKPYCTANBHBIX (hOpMAaluii, HAIIPaB-
JICHHOM B CTOPOHY OOIIeH «rOMOTeHH3aIMK» 00JMKa HOBOOOpa3oBaHHbIX [IM®, yKpymHEHUs! 36pPHUCTOCTH ITOPOJ,
KOTOpBIE 110 CYyTH CBOEH OCTaIOTCS MeTaMopduueckuMu oopasoBanusimMu (OacTutsl 1o Tepmunosiorun K. Mennepra)
U He IPUOJIMKAIOTCS TI0 COCTaBY K IPaHUTHOMY 110 CPABHEHHUIO C UCXOHBIMHU MTOPOJHBIMU aCCOLHAIUSIMU, YTO OOBIY-
HO TIOHMMAETCsl I0J] TEPMHHOM «TPaHUTH3ALM». B TakoM NMOHUMaHUM YIbmMpamemamop@husm nobyiIccKo2o KOM-
niekca TIPEACTAaBISETCS KaK JUTUTENbHBIN Npoliece JOMHUHUPYIONIETO KpHcTauio0nacTesa, IpoJOIDKaBIIMHCS, Cy s
T10 JJAHHBIM W30TOITHO-TEOXPOHOJIOTHUECKHUX MCCIIEA0BaHU, BO BpEMEHHOM MHTEpBase oT Oosee yeM 3650 MiH. jer
1o ipuMepHOo 2000 MitH. 11eT B PT-yCIOBHAX TPaHyTUTOBOM (haIli.

Ha ocHOBaHHMHM pa3NMHYArONINXCS TATHPOBOK B HACTOSINEE BPEMsI B CXEME PACWICHEHHs YIbTpameTaMmopguue-
ckux oOpazoBanmii Y11 BeImenseTcss HECKOIBKO CXOMHBIX TI0 COCTaBY Pa3HOBO3PACTHBIX KOMIUIEKCOB — 2Ali8OPOHCKUL
(3650-3400 mum. 7ner), aumunckui (2800 mmH. net), nobyxcckuti (2500-2380 muH. et) u 6epounesckuii (2060-2000
MIH. J1eT). X pearqpHOE BOCTIPOM3BOAMMOE PACHWICHEHHE MIPH TEOJIOTHYECKOM KapTHPOBAHUN OKA3bIBACTCSI HEBO3MOXK-
HBIM, BBHIY IOCTEIICHHBIX IEPEXOI0B MEXIY «Pa3HOBO3PACTHBIMU KOMIUIEKCAMIY, CPOPMUPOBAHHBIMU MO OJHUM U
TEM K€ MCXOJHBIM 00pazoBaHusiM. HeoTHOKpaTHOE Ha MPOTSHKEHUH OoJiee MoyTopa MUJLIHAP/IOB JIET SITU30/IMUECKOe
BO300HOBJICHHE MMEHHO TPaHYJIMTOBBIX YCJIOBHU METPOreHE3HCa OKa3bIBAETCS TPYAHO OOBSCHUMBIM U C TEOpeTHYe-
CKHX TO3UIIMH, B CBSI3H C OTCYTCTBUEM 3((PEKTUBHBIX IPOLIECCOB OCTHIBAHMS M ITOCIEAYIOLIEr0 pa3orpeBa OrpoOMHBIX
00bEMOB 36MHOI KOPBI, BIIOCIECTBHN 6bI6€0CHHbIX HA YPOBEHb COBPEMEHHO20 IPO3UOHHO20 cpe3d. bonee BeposSTHBIM
NIPEJICTABISIETCS OUSHBb NPOAOJDKUTEIBHBIN yIbTpaMeTaMophusM Ha ()OHE MEJUICHHOTO OCTHIBAHMS U JUIUTENBHOTO Cy-
IIECTBOBAHMUS YCJIOBHH TPaHyJUTOBOW (hally C MOCIIEIOBATEILHON CTaOMIM3aliel H30TOITHBIX CUCTEM, JTMCKPETHBIN
XapakTep KOTopor TpeOyeT CBOETO MCCIICTOBAHUS U UCTOIKOBAHHS. DTHUM K€ MOXKET OOBSICHATHCS H MAaCCOBOE «OMOJIO-
JKCHHE» TaTHPOBOK MIHEPAIIOB M3 METaMOP(UUECKUX TIOPOJ MOOYKCKOTO TPaHyIUTO-THEHCOBOTO KOMIUIEKCA, CTPATH-
rpaduyeckuii BO3pacT KOTOPOTo, KaK M €0 aHAJIOTOB B IPYTHUX PETHOHAX, HECOMHEHHO, peBbimaeT 3800 MIIH. JieT.

Uro KacaeTcst BepXHEeH 4acTH pa3pesa MoOYKCKOTO TpaHyJINTO-THEHCOBOTO KOMIUIEKCa, TO €r0 IMOPOJBI, 0CO-
OCHHO MHHEpAaJIbHBIC U aHXUMOHOMHHEPAIBHBIE (MPaMOPbI, KBAPIUTHI, TPAHATOBBIC THEHCHI U AP.), YaCTO TOXKE MMe-
10T KPYITHO3EPHUCTYIO CTPYKTYPY M «ILTyTOHHYECKUID» 00auK. OHAKO UX COCTaB M KOHTPACTHOE IUIACTOBOE Yepelio-
BaHHE C JIPYTMMH [OPO/IaMH COXPAHSIOT OO BUJI CTPATUTEHHBIX (hOpPMAIMi, XOTS U OHU, HECOMHEHHO, UCTIBITAIN
MHOTOKPATHYI0 M30XHMHUYECKYI0 NepekpHucTamin3anuio. Ha KoHTakTax HEKOTOPHIX KOHTPACTHBIX MO COCTaBY ILIa-
CTOBBIX T€J YCTaHABJIMBAIOTCS MAJIOMOIIHBIE (B YCIOBHUSIX «CyXOro» IrpaHyJMTOBOrO MeTamopduiMa) 30HbI OMMeTa-
COMaTHYECKUX NPeoOpa3oBaHuil.

Ultrametamorphic units are an integral part of mono-facies granulite complexes. They consist of various rocks
of granite and granite-like composition that have a plutonic habit and show signs suggesting that they were formed
after initial stratomorphic complexes. The distribution of ultrametamorphic units in the granulite assemblages of dif-
ferent shields and their individual geostructures is highly irregular: in some complexes they occur as relatively scarce,
small, scattered bodies which make up a few percent of the volume, while in others they clearly prevail. The reasons
for their irregular evolution, in spite of the similarity of the original metamorphic complexes, are not clear.

A difference in metamorphic grade is also observed in the Ukrainian Shield (US). Ultrametamorphism is
poorly defined in the Priazov complex of the Priazov megablock clearly dominated by metamorphic rocks, where
most ultrametamorphic rocks build up scattered bodies. In the Pobuzhsky complex of Srednyeye Pobuzhye, in the
southern Bugsko-Rosinsky megablock, metamorphic and ultrametamorphic units are about equal in volume, whereas
in Upper Pobuzhye, in the Podolsky megablock, ultrametamorphic rocks make up over 80 % of the granulite complex
volume.

The study of ultrametamorphic units in Pobuzhye, collectively referred to as “granitoid” units, has a long his-
tory. Their origin and age is still the subject of debate, and granitoid complexes differing in volume were distin-
guished and given local geographic names. A common feature of all these complexes is their pattern, which bears a
strong contrast to metamorphic host rocks understood as the basis or frame on which a new multiple assemblage of
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genetically different ultrametamorphic rocks was formed. The multiple manifestation of ultrametamorphism under
similar P-T conditions in the same geostructures is admitted.

Our understanding of the origin of ultrametamorphic units is greatly changing as we analyze them as an inte-
gral structural-mineralogical and petrological portion of the stratometamorphic Pobuzhsky granulite-gneiss complex
and as a geological formation. Distinguished in the complex (from the base upwards) are kinzigitic, enderbitic-
gneissic, leucogranulitic, high-alumina-quartzitic, marble-calciphyric, khondalitic and graded-bedded alumina-basic
supercrustal formations. Each of three lower formations is about 3000-4000 m thick and has a relatively homogene-
ous composition. The kingizitic formation is clearly dominated by garnetiferous gneisses, the enderbitic-gneiss for-
mation by hypersthene-bearing plagiogneisses and the leucogranulitic formation by bifeldspar leucocratic gneisses.
The upper formations have a total thickness of about 4000 m and exhibit a mottled, clearly differentiated composition
and well-defined sheet-like, often rhythmic alternation.

Ubiquitous ultrametamorphism has altered three lower supercrustal formations, by virtue of which three plu-
tonic-metamorphic kingizitic-granitic, enderbitic and gneissic-alaskitic formations were formed. Each replaces iso-
morphically one of original supercrustal formations, thus inheriting its structural-stratigraphic position in the common
sequence and deformation structure of the complex. This conclusion is drawn from the results of geological mapping
and the presence of relict inclusions of metamorphic rocks, belonging to one of the formations replaced, in each of
plutonic-metamorphic formations. Plutonic-metamorphic formations (PMF) are understood as geological bodies con-
sisting of an assemblage of dominant ultrametamorphic rocks of plutonic habit and metamorphic rock inclusions, in
contrast to commonly distinguished ultrametamorphic formations and complexes made up only of newly-formed ul-
trametamorphic rocks.

The kingizitic-granitic PMF consists of so-called Tak “Chudnovo-Berdichev” granites”, structurally and tex-
turally heterogeneous medium- to coarse-grained biotite-garnet rocks, often with cordierite and sometimes with silli-
manite. They always contain inclusions of compositionally similar biotite-garnet gneisses and occasionally other sec-
ondary members of the original kingizitic formation. Over 50 years ago, Y. Ir. Polovinkina concluded that “Berdi-
chev” granite is inconsistent in composition with igneous rock nomenclature and, as is now obvious, origin, but it is
still being referred to as “granite”. Hypersthene-bearing varieties of “Chudnovo-Berdichev” granites, now known as
“vinnitsites”, are common at the enderbitic PMF boundary.

The enderbitic PMF is also built up of enderbitoids, variable in composition and appearance, with permanent
inclusions of hypersthene-bearing plagiogneisses and schists. This distinctive group also is only arbitrarily classified
as granitoids.

The gneissic-alaskitic PMF is dominated by bifeldspar leucocratic and alaskitic granite gneisses. Most of its
rocks, really similar in composition and habit to granites, were derived from initial leucocratic bifeldspar gneisses,
often almost completely replaced. Threrefore, only “non-granitic” relics (resistors) of hypersthene-bearing pla-
giogneisses, schists and some other minor rocks of the original leucogranulitic formation are often preserved in inclu-
sions.

The comparative study of supercrustal formations and the plutonic-metamorphic formations which replace
them by analyzing the typical members and bulk composition of the formations has shown the greatest contribution of
quasi-isochemical recrystallization under granulite-facies P-T conditions to the formation of the PMF. It must have
been a long process, because up to 5-7 successive generations of compositionally similar rocks can be observed in
large outcrops of each PMF. Their common trend is the coarser (up to pegmatoid) grain size of each successive gen-
eration and transition from the concordant to semi-concordant and cross-cutting position of newly-formed bodies.

Anatexis, which manifests itself in the formation of scarce veined bodies of so-called “aplite-pegmatoid gran-
ites” and sometimes migmatite-like units with indistinctly isolated leucosome in the kingizitic-granitic PMF, contrib-
utes poorly to the formation of the kingizitic-granitic and enderbitic PMF and markedly to that of the gneissic-
alaskitic PMF owing to its compositional characteristics. Hence, post-anatectic K-feldspar metasomatism manifests
itself poorly. Quartz pockets and veined bodies, often with a distinctive light-bluish colour, were produced at final
stages in all PMF.

To sum up, ultrametamorphism in the Pobuzhsky granulite complex manifests itself as the intense structural
and textural alteration of the original supercrustal formations toward the total “homogenization” of the habit of
newly-formed PMFs and the coarsening of the rocks, which actually have remained metamorphic units (blastites after
K. Mennert) and do not approach granite composition in comparison with original rock assemblages understood
commonly as “granitization”. The ultrametamorphism of the Pobuzhsky complex then seems to be long-lasting pre-
dominant crystalloblastesis, which continued, judging by isotopic-geochronological study, during a period of time
from more than 3650 Ma to about 2000 Ma under granulite-facies P-T conditions.
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Extended Abstracts

Based on different age dates, several compositionally similar, different-aged units are distinguished in the Ukrain-
ian Shield: the Gaivoronsky unit (3650-3400 Ma), the Litinsky unit (2800 Ma), the Pobuzhsky unit (2500-2380 Ma) and
the Berdichev unit (2060-2000 Ma). Their real reconstructable subdivision in geological mapping is impossible because
of gradual transitions between “different-aged complexes” formed after the same original units. The episodic renewal of
granulite-facies petrogenesis over more than 1 %2 billion years is also hard to explain theoretically because of the absence
of efficient cooling and subsequent heating of tremendous volumes of the Earth’s crust uplifted later to the present ero-
sion section level. Very long ultrametamorphism, accompanied by slow cooling and the persistence of granulite-facies
conditions over a long time span with successive stabilization of isotopic systems, the discrete pattern of which should
be studied more closely, seems more probable. This also seems to be the reason for the mass “younging” of mineral age
dates from the metamorphic rocks of the Pobuzhsky granulite-gneiss complex, whose stratigraphic age, like that of its
counterparts from other regions, is undoubtedly more than 3800 Ma.

With respect to the upper portion of the Pobuzhsky granulite-gneiss complex, its rocks, especially mineral and
anchimonomineral rocks such as marble, quartzite, garnet gneiss, etc., often also show a coarse-grained structure and
a “plutonic” habit. However, their composition and contrasting sheeted alternation with other rocks retain a general
pattern of stratigenic formations, although they have also suffered multiple isochemical recrystallization. Thin bime-
tasomatic alteration zones, formed under “dry” granulite-facies metamorphic conditions, are identified at the contacts
of some compositionally contrasting sheet-like bodies.
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Hanbonee akTyanbHble BOIPOCHI TE€OANHAMUKH bertoMopcKoro JokeMOpHs 4acTo yIUPAIOTCS B KOIMUYECTBO U BO3-
pacT 3TanoB BBICOKOOApHOTO MeTamMopdu3Ma, a TakKe B MacmTad MposiBIeHHs 3Toro Meramopdmsma. [Ipu 3tom Goms-
IIMHCTBO MCCIIEA0BaTeNeH, Kak MPaBUIIO, 3alIMKIMBAIOTCS HA HHTEPIPETALN CBOUX M YY)KUX JIAHHBIX 00 M30TOITHOM BO3-
pacTe SKJIOTMTOBBIX IMPKOHOB, HE MPUHIMAsi BO BHUMaHHE T€0JIOTMYECKUX 0COOCHHOCTEH BHICOKOOAPHBIX TIOPOJL U COZEP-
MKaIMX UX KOMIUIEKCOB. B pe3ynbTare nprpoa 3THX HHTEpECHBIX 00pa3oBaHMil Tak U ocTaéres 3aranouHoi. Hamu mpose-
JIeHa JieTalbHas Teosiornyueckasl cheMka roodepexbsi KpacHoit ryosr benoro mopst u ocrpoBoB Kemb-Jlypl u reonornye-
CKOE M IeTporpauieckoe U3ydeHHe BHICOKOOApHBIX NapareHe3ncos B [lymonrckom n Kysemckom ¢parmenrax B 3amaj-
Ho# yactr BoctogHoro nomeHa BITIT. TTo pesynpratam 3THX padoOT GOJMBITMHCTBO BHICOKOOAPHBIX TOPOA bemoMophs MOX-
HO OOBEJMHHTD B JIBE TPYIITBI, OCHOBBIBASICH HA MX TCOJIOTMUECKHX M TIETPOIIOTMYECKUX OCOOCHHOCTSIX.

1. Cybcmpamugpopmnvle nunsvl cobcmeentno sxnoeumos u Gri-Cpx nopood. DKIOTUTE GOPMHUPYIOT CyOCTpaTH-
(opMHBIe JIMH3BI B THelcax, a Grt-Cpx Hopopsl — JIMH3bI B aM(pUOOIMTAX C XOPOIIMMHU COTJIACHBIMU KOHTaKTaMH. Pexe
Grt-Cpx MOpOJBI CIIAraloT CEPUK MENKUX OYHMH, BBITSHYTBIE COIJIACHO NosiocyaTocT amproomuToB. OpreHTHPOBaHHbIC
TEKCTYPBbI BMEIIAOIIMX TOJIII TUIABHO OOTEKAIOT JIMH3BI M OyAnHBI SKiI0ruToB B Grt-Cpx mopoa. MOIIHOCTE JIMH3 AKJIOTH-
ToB 1-12 M mipu nipoTsix€HHOCTH 5-35 M. MomHocTh JmH3 Grt-Cpx mopoj — 10-50 cM, npoTsbk€HHOCTh He 6onee 3 M. Jlist
BCeX JIMH3 AKI0ruToB U Grt-Cpx mopoj1 XxapakTepHa BechbMa BHITSIHyTas (JOpMa; COOTHOIICHUE JINHEHHBIX pa3MepOB JIMH3 B
uiaHe u3Mensiercs ot 1:5 o 1:17. BeicokoOapHbIe mopobl 3TOM IpyIIbI 00HAPYKEHBI KaK HAa BOCTOKE, TaK U HA KpaiiHeM
3ar1a/ie BOCTOYHO-0EIIOMOPCKOTO JJOMEHa BOJIM3H I'PaHMIIbI ¢ KOMIUIEKCOM BBICOKOTIIMHO3EMHUCTBIX THEHCOB. JIMH3BI 3KII0-
rutoB 1 Grt-Cpx mopo/1 3aieraroT B ToJiie aM(prOOINTOB M THEHCOB, KOTOpas MPOPBIBACTCSl HHTPY3USIMH Tab0pO-HOPUTOB
(2,44 mnpp. net) u paspesatorcs naiikamu Fe-Ti radopo (2,12 mupa. srer). CriejoBaTelnsHO, MX BO3PACT JIpEBHEE, YeM BO3-
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pact rab0po-HOpUTOB. MuHepabHbIi coctaB 3kiIoruToB U Grt-Cpx nopox: Cpx+Grt+Qtz; PI<<§ %. B sknorurax Cpx:
Jd=22-24 monek. %; Grt: Prp=12-14 momek. %, Grs=27-30 monek. %. B Grt-Cpx mopomax Cpx: Ts=1-7 monek.%, Jd=2-5
Modek. %; Grt: Prp=6-10 monek. %, Grs=38-42 monek. %. [Tapamerpsl 00pa3oBanus 3KIOTUTOB B JMH3aXx: P=10,9-14,9
kOap, T=590-610°C, u Grt-Cpx nopoy: P=10,2-13,2 kb6ap, T=660-720°C, uro oTBe4acT COOCTBEHHO ILIATMOKIIa3-KHAHUT-
oM(panuToBOH cyOdamun 3KIOTUTOBOH (arwm. BMmemntatomue rHelichl 1 aMpuOOIUTE O c(hOpMUpPOBaHE TpH P=8,5-
9,7 x6ap, T=610-680°C. To ectb, 3xnoruts! 1 Grt-Cpx HOpO/IBI B JIMH3aX MPECTABILIIOT COOO0H CYIIECTBEHHO OoJiee BBICO-
KoOapHbIe 00pa30BaHMs, YeM BMEIIAOIINE ITOPOIBL. ATIOIKIOTUTOBEIe aMpuoomuTsl (P=8,5-9,2 k6ap) m3odanmansHe! ¢
BMeIIaromieil Tommel raeiicoB n amdubdomuToB. MBI TipenmonaraeM, 94To BEICOKOOApHEIE MOPOIBI JAHHOTO THITA OBLIA
TIO/THATHI U3 TTyOOKHX TOPU30HTOB 3€MHOM KOPHI B BH/I€ KCEHOIMTOB PH (POPMHUPOBAHUI HEOAHOPOAHOI APEeBHEH MPOTO-
BYJIKAHUYECKOI TOJIIM Ha TEPPUTOPUM BCETO BOCTOYHOTO benomopsst. Jlanee MMH3bI BHICOKOOAPHBIX MOPOJ U BMEIIAIO-
I1as MX TOJIIIA PETEPIIesI COBMECTHBIN METaMOP(H3M B YCIIOBHAX aM(pHOOIUTOBOH (aru.

2. DKn0eumonodobuvie nopoosl 30H OehopMayuil u IKI0UMUUPOSarHble Oatiky. B 3TOM rpyIiie mopo SKIOTUTo-
BBIH MapareHe3nc pa3BUBaeTCs MPEUMYIIECTBEHHO 10 30HaM pacciiaHileBaHust rab0poHOpUTOB 1 1o Aaiikam Fe-Ti radopo,
BHEIPUBILMXCS 110 9TUM 30HAM pacclaHieBaHus. MoIHocTh 30H paccinanieBanus 10-35 cM mpu npoTspkEHHOCTH He 60-
nee 3-4 M. MoIHOCTb SKIOrHTH3UPOBaHHBIX Jaek 0,5-6 M npu npoTskEéHHOCTH 4-16 M. Jlaliku UMEIOT CeKyllee MOoXKe-
HHE T10 OTHOIICHUIO K BMEIIAIOINM THeiicaM. Tonbko BOJIM3M KOHTAKTOB C Jaikamy HaOIFo/IaeTcsl epeopUeHTHPOBKA
THEHCOBHIHOCTH MApaJIeNbHO KOHTaKTaM 1 (popMHpoBaHne KOH(QOPMHBIX CTPYKTYP. DKIOTHTOBBIE TOPOIbI ATOM TPYIIIIEI
TIPOSIBJIEHBI TOJIBKO HAa BOCTOKE BOCTOYHO-OETIOMOPCKOTO JOMEHA BJIOJIb TOOEpeskbst bermoro Mopsi 1 He BCTpeUeHsB! Ha 3a-
nazie. DKJIOTUTOBBIE apareHe3NChl HAJIOXKEHBI Ha rab0pO-HOPHTHI, BO3PACT KOTOPBIX 2,44 MIIp/L. JIeT U CHHXPOHHBI TaiikaM
Fe-Ti ra66po ¢ Bo3pactom 2,12 mipa. net. B penxux cirydasx, Koraa gaiku sxioraTusupoBanHbix Fe-Ti rab6po paspesa-
0T JIMH3BI aM(pUOOIM3MPOBAHHBIX 3KJIOTUTOB IPYIIIHI 1, 10 HocneHUM (GOPMUPYIOTCS 30HBI PacCIaHIEeBaHUS U BTOPHY-
HOM 3KJIOTMTH3aLUY, aHAJIOTHYHBIE 30HAM PACCIIaHIEBaHNs B TaO0Opo-HOpUTax. MUHEPAIBHBIN COCTAaB SKIOTUTONOA00HBIX
nopox: Pl+Cpx+Grt+Opx. B maparenesuce ¢ 5KI0rHTOBBIME MuHepatamu otcyTeTByeT Qtz. Cpx: Jd=24-32 monek. %;
Grt: Prp=20-36 monek. %, Grs=16-25 monek. %. [Tapamerpsl 00pa3oBaHus SKIOrHTOBBIX TIopo: P=9,5-10,5 x6ap, T=660-
740°C, a Si0,=0,32-0,70, uTo oTBeYaeT rpaHaT-OMOTHT-KUAHUT-OPTOKIa30BO# cyOdarun amprboIuToBO# (haruu. JKio-
TUTOBBIE MApPareHe3uchl (POPMUPOBATIMCH B PE3yJIbTaTe JASCUIIMKALMK 0a3UTOBOrO MPOTOJHTA MOTOKAMH HEJIOCHIIIEHHBIX
KpeMHe3EMOM (DITFOMIOB, IMPKYJIHPYIONINX 110 30HaM AeopMaliii ¥ 1o TPEelMHAM KOHTpakiuu B naiikax Fe-Ti radbopo.
Bwmermnarorue rueiicsr copmupoBauck npu P=10,8 k6ap, T=660°C. DKIOrHTOBBIC APAreHE3UCHI U BMEIIAOIIHUE THEHCHI
NPaKTHYECKU n30QarmaibHbl. Heboumoe 0TKIIOHEHNE SKIIOTMTOBBIX IapareHe3MCOB B HU3KOOAPHYECKYIO M BBICOKOTEMITE-
paTypHyI0 00JIaCTh YKa3bIBaeT Ha JIOKAJIBbHYIO JEKOMIIPECCHIO M pa3orpeB MOpoJ B 30He aAedopmanmii. Perporpanssie n3-
MEHEHHS SKJIOTUTOBBIX ITOPOJI BEIpaXKaroTcs JopMUpOBaHHEM CHMILIEKTHTOBBIX Cpx-Pl-Qtz cTpyKTyp, KBapIEeBbIX Kelle-
(hUTOBBIX KaliM BOKpYT IpaHaTa, a Ha 3aKITI0YUTEIbHOM JTarie - Grt-Qtz IpoXKHIKOB. OTH N3MEHEHHUsI OTBEYAIOT ABYM (a-
3aM PeTPOrPaIHOTO TIpoIiecca; 1- IeKoMIIpeccry U oxiaxkaeHnto 10 8-9 k6ap u 570-580°C, 2- cyOm3obapudeckoMy OCTHI-
BaHUIO Ha ypoBHe 8-9 k0ap, To ecTh Oe3 BBIBO/Ia B BEPXHNE TOPHU30HTHI KOPHI.

Takum 00pazom, BBICOKOOApHBIE MAapareHe3UChl ABYX PAacCMaTPHBAEMBIX TPYIII SIBISIOTCS MPHUHIMITHAIBHO
Pa3sHbIMHU M, BEPOSITHO, PA3HOBO3PACTHBIMH T€0JOTHYECKMMHU 00pa30BaHMAMHY, C(HOPMHUPOBABIIUMUCS B pa3HOBO3pa-
CTHBIX U Pa3HOOPUEHTUPOBAHHBIX CTPYKTYpax, Npu pa3Helx PT mapamerpax u ¢ pa3HOU UCTOpUEN PETPOrpaiHbIX U3-
MeHeHHH. 1 XOTs BHEIlIHe paccMaTpuBaeMble OPO/Ibl MOTYT ITOKa3aThCsl BEChMa IMMOXO0KHUMH, HO Y HUX HET IpaKTuye-
CKHM BooO1Ie HUuero odmiero. CienoBarebHO, HET HUKAKUX OCHOBAaHMH paccMaTpuBaTh MX MPOHMCXOXKACHHE B paM-
Kax Kakoro-To OJTHOTO TeKTOHO-METaMOP(PHUIECKOTrO IHUKJIA.

OO1mas ucTopys 3TUX NOPOJ HAYMHAETCS TOJIBKO C TOTO MOMEHTA, KaK OHH IOMaAal0T B 30HY TEKTOHHYECKOTO
MeJlaHKa. 30HbI MeJIaHKa UMEIOT CeKyIlee IT0JIOKEHHUE 110 OTHOILIEHUIO K CTPYKTypaM, BMELIAONIMM BEICOKOOapHbIe
MOPO/BI 000X THITOB. DTO BECbMa MOIIIHBIC 30HBI CIIOXHOTO BHYTPEHHETO cTpoeHHs. Kak nmpaBuiio, 30HbI MeNaHxa
HMEIOT CYOUTMPOTHOE MPOCTHPAHUE C HEOOIBIINM OTKIOHEHHEM K ceBepo-3amany: a3. mp. 270-320 C3 u monoroe ma-
nenue 20-50° Ha ceBep M ceBepo-BOCTOK. [10 mpocTUpaHHIO HEKOTOpBIE 30HBI MEJAaH)Ka MPOCIEKEHBl Ha 3-7 KM,
BKpecT mpoctupanusi — Ha 600-800 M.

BricokobapHbIe TOPOIBI 000MX THUIIOB B 30HE MEJaHKa 00pa3yroT OyAMHBI M30METPHYHON WM YeueBUIE00-
pa3Hoi (OPMBI C COOTHOIICHHEM JIMHEHHBIX pa3MepoB He O6onee ueM 3:1. Byaunbl cuiabHO aMpHOOTN3UPOBAHEI U 3a-
KIIFOUEHBI B MATPUKC U3 MUKPOKIMHU3UPOBAHHBIX Ms-Bt THEHCOB, CMATHIX B CI0KHYIO CHCTEMY MEIKOAMITIUTY JHBIX
ckianok. Temmeparypa meraMopdu3Ma B 30HE METaHka cocTaBisieT B cpeaneM 690-770°C, HO B OTACIBHBIX CITy4asx
MOeT Bo3pacTath u 110 840°C (cm. cratbio Kosznmosckoro B.M. u Buproc A.A. B 3tom cOopHuke). B pesynbraTe Ta-
KOT0 MHTEHCHBHOT'O IPOIPEBa BO3MOXKHO MEPEypaBHOBENINBAHUE HEKOTOPBIX M30TOMHBIX CHCTEM, YTO MOXKET IpH-
BECTH K OIIMOKaM B MHTEPIPETALMH H30TOITHOTO BO3PACcTa BEICOKOOAPHBIX ITOPOI.

Paboma evinonnena npu ¢punarncosou noodepacxke PODU, epanmer Ne 10-05-00015-a u Ne 09-05-00193-a.
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The most acute problems in the Precambrian geodynamics of the White Sea area are the number and age of
stages in high-pressure metamorphism and the scope of metamorphic events. Most authors usually focus on the interpre-
tation of their own and other data on the isotopic age of eclogitic zircons, disregarding the geological characteristics of
high-pressure rocks and their host complexes. As a result, the nature of these interesting rocks remains enigmatic. The
authors have conducted the detailed geological survey of Krasnaya Bay of the White Sea and Kem Luda islands and the
geological and petrographic study of high-pressure parageneses in the Pulonga and Kuzema fragments of the western
portion of the eastern Belomorian mobile belt. The results of these studies suggest that most high-pressure rocks of the
White Sea area fall into two groups based on geological and petrological characteristics.

1. Substratiform lenses of eclogites proper and Grt-Cpx rocks. Eclogites form substratiform lenses in gneisses and
Grt-Cpx rocks make up lenses in amphibolites with good concordant contacts. Series of small boudins, composed of Grt-
Cpx rocks and elongated conformably with the banding of amphibolites, are less common. Oriented host rock textures gen-
tly follow lenses and boudins of eclogites and Grt-Cpx rocks. The eclogite lenses are 1-12 m thick and 5-35 m long. The
Grt-Cpx rock lenses are 10-50 cm thick and not more than 3 m long. All of the eclogite and Grt-Cpx rock lenses are typi-
cally elongate; the ratio of the linear dimensions of the lenses varies from 1:5 to 1:17 in plan view. The high-pressure rocks
of this group were identified in the eastern and far western East Belomorian domain near the boundary with a high-alumina
gneiss complex. The eclogite and Grt-Cpx rock lenses occur in the amphibolite-gneiss unit cut by 2.44 Ga gabbronorite
intrusions and 2.12 Ga Fe-Ti gabbro dykes. Consequently, they are older than gabbronorites. The mineral composition of
eclogites and Grt-Cpx rocks is Cpx+Grt+Qtz; P1<<5 %. Cpx eclogites: Jd = 22-24 molec. %; Grt: Prp = 12-14 molec. %,
Grs = 27-30 molec. %. In Grt-Cpx rocks Cpx: Ts = 1-7 molec. %, Jd = 2-5 molec. %; Grt: Prp = 6-10 molec. %, Grs = 38-
42 molec. %. The parameters of eclogite formation in the lenses are: P = 10.9-14.9 kbar and T = 590-610°C, and those of
Grt-Cpx rocks are P=10.2-13.2 kbar, T = 660-720°C, which is consistent with the plagioclase-kyanite-omphacite subfacies,
eclogite facies. Host gneisses and amphibolites were formed at P=8.5-9.7 kbar and T=610-680°C. Consequently, eclogites
and Grt-Cpx rocks in the lenses were produced at much higher pressures than the host rocks. Apoeclogitic amphibolites (P
= 8.5-9.2 kbar) are isofacial with the gneiss-amphibolite host unit. The authors assume that high-pressure rocks of this type
were uplifted from the deep levels of the Earth’s crust as xenoliths upon formation of an old heterogeneous protovolcanic
unit over the entire eastern White Sea area. The high-pressure rock lenses and their host unit were then subjected together to
amphibolite-facies metamorphism.

2. Eclogite-like rocks of deformation zones and eclogitized dykes. In this rock group eclogitic paragenesis evolves
dominantly after gabbronorite schistosity zones and after Fe-Ti gabbro dykes which intruded along these schistosity zones.
These zones are 10-35 cm thick and not more than 3-4 m long. The eclogitized dykes are 0.5-6 m thick and 4-16 m long.
The dykes occupy a cross-cutting position relative to host gneisses. It is only near the contacts with the dykes that gneissos-
ity is re-oriented parallel to the contacts and conformal structures are produced. The eclogitic rocks of this group only occur
in the eastern East Belomorian domain along the White Sea coast and are not encountered in its western portion. Eclogitic
parageneses rest on on 2.44 Ga gabbronorites and are coeval with 2.12 Ga Fe-Ti gabbro dykes. In rare cases, when eclogi-
tized Fe-Ti gabbro dykes cut amphibolized eclogite lenses of group 1, schistosity and secondary eclogitization zones, simi-
lar to schistosity zones in gabbronorites, are formed after the latter. The mineral composition of the eclogite-like rocks is
PIHCpx+GrttOpx. There is no Qtz in the paragenesis with eclogitic minerals. Cpx: Jd = 24-32 molec. %; Grt: Prp = 20-36
molec. %, Grs = 16-25 molec. %. The eclogite rock formation parameters: P = 9.5-10.5 kbar, T = 660-740°C, a SiO,= 0.32-
0.70, are consistent with the garnet-kyanite-orthoclase subfacies of amphibolite facies. Eclogitic parageneses were produced
by desilication of the basic protolith by silica-undersaturated fluid flows circulating through deformation zones and along
contraction cracks in Fe-Ti gabbro dykes. Host gneisses were derived at a pressure of 10.8 kbar and a temperature of 660°C.
The eclogitic parageneses and host gneisses are practically isofacial. A small deviation of the eclogitic parageneses to a low-
pressure and high-temperature range is indicative of the local decompression and heating of rocks in the deformation zone.
The retrograde alterations of eclogitic rocks manifest themselves as the formation of symplectitic Cpx-PI-Qtz structures,
quartz kelyphite rims around garnet and, at the final stage, Grt-Qtz veinlets. These alterations are consistent with two phases
of a retrograde process: 1) decompression and cooling at 8-9 kbar and 570-580°C, 2) sub-isobaric cooling at 8-9 kbar, i.e.
without uplifting to upper crustal levels.

Thus, the high-pressure parageneses of the two groups discussed are entirely different and probably different-
aged geological units formed in different-aged and differently-oriented structures at different PT parameters and with the
different histories of retrograde alterations. Although the rocks discussed look similar, they have practically nothing in
common. Consequently, there are no grounds for discussing their origin within one tectono-metamorphic cycle.

The common history of these rocks began only when they found themselves in a tectonic mélange zone. Me-
lange zones occupy a cross-cutting composition relative to the structures that host high-pressure rocks of both types.
These zones are thick and have a complex internal structure. Melange zones commonly strike approximately E-W
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with a minor inclination to the north-west: az. about 270-320 NW and dip gently at 20-50° north and north-east. Some
of the mélange zones have been traced over a strike length of 3-7 km and across a width of 600-800 m.

High-pressure rocks of both types in the mélange zone form boudins of isometric or lenticular form with the
linear dimension ratio of not more than 3:1. The boudins are intensely amphibolized and are supported by a matrix,
which consists of microclinized Ms-Bt gneisses thrown into a complex system of small-amplitude folds. The average
metamorphic temperature in the mélange zone is 690-770°C, but sometimes it rises to 840°C (see a paper by V.M.
Kozlovsky & A.A. Viryus in this volume). As a result of such an intense heating, some isotopic systems can be re-
equilibrated, and the isotopic age of high-pressure rocks may thus be interpreted incorrectly.

The study was supported by RFFR grants nos. 10-05-00015-a and 09-05-00193-a.
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GRANULITE PARAGENESES IN THE LOCAL DEFORMATION ZONES
OF THE EASTERN WHITE SEA AREA

Kozlovsky V.M.", Viryus A.A°

!Institute of Mineralogy, Petrology and Ore Geology, RAS, Moscow, Russia, bazil@igem.ru
2 Institute of Experimental Mineralogy, RAS, Chernogolovka, Russia,

B 30HaxX WHTEHCHBHBIX TEKTOHHYECKUX JAe(OpMannii OTMEUYAIOTCs HAXOJKH aHOMAJIbHBIX MUHEPAIbHBIX
napareHe3ucoB, KOTOpbIe c(HOPMUPOBAINCH IPU TEMIIEPATYPE U ABJICHHUH, CYIIECTBEHHO oTiHyatomuxcs ot PT
IapaMeTpoB BMELIAIOMIKX OpoJ. MHTepnperanus 3THX HaxoJ0K OOBIYHO TPeOyeT BBISIBICHUS CTPYKTYpPHBIX H
METPOJIOTMYECKUX NMPUYHH, IPUBOISIINX K JIOKATHHOH KOMIIPECCUH/AEKOMIIPECCHH U (M) pa3orpeBy W IJIaB-
JICHUIO TTOPOJ.

OOBEKTOM HaIleTO MCCIIEAOBAHMUS MOCTYXKIIH aM(rO0IOBBIE 1 OMOTHT-TIONEBOIIIIATOBBIE METACOMATHUTHI, Pa3BH-
BaroOIIMecs B CyOIIMPOTHOM 30HE TEKTOHUYECKOTO MEJIaHKa, 3aTPOHYBILCH HHTPY3Hto rabbpoHopuToB Ha T. IllaBpyxa. B
30He nedopmarmii rabOpOHOPUTHI PAacCIaHIIOBAHBI U aM(pHOOIM3UPOBAHEL. MOIITHOCTh YYACTKOB PACCIAHIIEBAHUS U aM-
(hubommzarmu cocrasisier 10-50 M pu poTspkeHHOCTH 0T 150-200 M. CTpOeHHe 30HBI pacCIaHIIEBAHI MOXKHO paccMaT-
pHBaTh KaKk METAMHJIOHHT: H30METpHYIHBIE OKpyTIbie (parmeHTsI (0,3-4,0 M) HEM3MEHEHHBIX MACCHBHBIX TaOOPOHOPUTOB
3aKIIFOYCHBI B PACCIIaHIIOBaHHBIM JIMH30BUAHO-NPOXUIKOBbIA Grt-Bt-Pl-Amph arperar. Otor arperar oOpasyer BeTBU-
CTYIO CETb, OKOHTYPHBAIOIIYIO OKpPYTJIble (parMeHThl TabOpPOHOPHTOB. M30CTPYKTYPHO C HAlpaBJICHUEM PacClaHIeBaHHsI
B Grt-Bt-PI-Amph arperare 3aneraror sietikocomsl Grt-Bt-P1-Qtz u Bt-P1-Qtz cocraBa. B ctpoeHnu 30HbI pacciiaHieBaHus
MOXKHO BBIIETIUTD 4 pasHOBHAHOCTH ropof (puc.l u tabmima): 1. MaccuBHbIe c1abopacciiaHIIOBaHHBIE MEJTAHOKPATOBbIE
rpanaroBbie ampudomuTel (O0paserr shvr-5) : Amph 50-60 %, Grt 8-12 %, P1 30-35 %, Bt 5-10 %, +Ged, +Rt, +Ilm, +Py,
+Qtz); 2. Me30KpaToBble paccilaHIOBaHHbIE IpaHaT-OnoTUT-amMpubooBsie opoasl (Oopaser shvr-10: Amph 10-15 %,
Grt 5-10 %, P1 65-75 %, Bt 10-15 %, +Qtz, +Rt, +IIm, +Ttn, +Py); 3. JlelikokpaToBble pacciaHLOBaHHBIE aM(pHOOI-Tpa-
Hat-OrotuToBbie Iopoas! (Obpazer shvr-8: Grt 10-15 %, P1 70-80 %, Bt 5-10 %, +Amph, +Qtz, +Dol, +Mus, +Rt, +1lm);
4. JIeiikoKpaToBbIe TPAaHAT-OMOTUTOBBIC U OHOTHTOBBIE MOPO/IbI rHeFicoBuaHOTrO obikka (Oopasust shvr-12 u 13: Grt 0-5
%, PI+Qtz 80-95 %, Bt+Mus 8-10 %, +Kfs, +Dol, +Rt, +1Im).

MenaHOKpaTOBBIE pa3HOBHIHOCTH, OTHOCHTENBHO oOoraménnabie Grt 1 Amph, ciaraloT OCHOBHOH 00BEM 30H
paccinanueBanus. JleiikokparoBbsie Grt-Bt-Pl u Bt-Pl moponpl, hopMupyror xuabHbIE JEHKOCOMBI Cpelld MeJIaHOKpa-
ToBbIX Bt-Grt-Pl-Amph nopon. [IpuKOHTaKTOBbIE YacTH TaKHX JIEHKOCOM CJIO0XKEHBI MPOMEKYTOYHBIMHU 110 COCTaBY
Mme30kpaToBbiMu Grt-Amph-Bt-Pl noponamu. B sKUIIBHBIX JEHKOKPATOBBIX MOPOJaX PEryJIpHO HAOIIOAAIOTCS TEeHe-
BbI€ CTPYKTYPBI M PEITMKTOBBIE MUHEPAIIBI U3 MEJIaHOKPATOBBIX aCCOLMAIMNA. JTO MO3BOJISAET YCTAHOBUTH HallpaBJie-
HHE METacoMaTHYEeCKOTro Nnpeobpa3oBaHusi rabOpOHOPHUTOB B 30HAX PACCIIAHIIEBAaHUS — OT MENaHOKpaToBHIX Bt-Grt-
PI-Amph nopon x neiikokpatoBeim Grt-Bt-Pl u Bt-Pl skunbnbiM neiikocomam. MUJIOHUTOBEIE CTPYKTYPBI, BI3KHE pa3-
PBIBBI M TEHU JIABJICHHUS BOKPYT PEIMKTOB MarmMatndeckux Opx u Cpx MO3BOJIAIOT paccMaTpuBaTh alorabopoHOPUTO-
BBIE€ MOPO/IBI KaK BBICOKOTEMIIEpATypHBbIE OIaCTOMMIOHHTHI. VI3MEHeHHne XMMHUYECKOTO COCTaBa arorabOpoHOPHUTO-
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BEIX TIOPOJ BhIpaxkaeTcs B yBenmdeHuu SiO,, AlOs3, Na,O, K,O u magenun MgO, Fe,0O; u CaO B HampaBiIeHHUU OT
MEJIaHOKPATOBBIX MOPOJ K JielikocomMaM (Tabmnua).

Table. The Chemical composition of the metasomatites of the apogabbronorite and the chemical composition of the silicate glass
(mass. %) from a zone of the deformations.

1 3 4 5 6 7 8 9 10 11
Compo-nents shvr-1 shvr-15 shvr-20 shvr-5 shvr-10 shvr-8 shvr-12 shvr-13 shvr7—51 - shvr7—; -

SiO, 53.21 49.75 50.06 57.54 60.17 60.89 68.98 63.78 55.28 46.02
TiO, 0.44 0.30 0.16 0.21 0.21 0.46 0.15 0.14 0.00 0.04
AlLOs 13.97 11.23 12.12 14.22 13.74 18.96 15.61 19.34 26.64 28.01
FeO 9.03 9.42 10.03 6.40 5.21 3.36 1.36 0.91 0.27 1.63
MnO 0.14 0.15 0.16 0.10 0.09 0.04 0.03 0.02 0.00 0.01
MgO 10.58 15.67 12.99 9.46 8.62 1.60 1.57 1.24 3.79 9.70
CaO 7.28 8.69 8.18 6.90 4.86 6.16 3.35 3.34 0.12 0.30
Na,O 2.41 1.67 2.31 2.97 2.71 4.07 3.72 6.72 0.05 0.06
K,0 0.88 0.35 0.54 0.89 1.88 1.70 2.59 2.05 8.37 4.54
sum 97.94 97.23 96.55 98.69 97.49 97.24 97.36 97.54 94.52 90.31

Note: Analysis Ne 1-9 have been produced in the IGEM RAS on the XRF-spectrometer PHILIPS; analysis Ne 10 and 11 - on the microanalyzer
JEOL-8201; shvr-1 - gabbro-norite not amphibolized; shvr-5, shvr-15, shvr-20 - melanocratic massive or poorly-cleavable garnet amphibolites;
shvr-10 - mesocratic cleavable garnet-amphiboles rocks; shvr-8 - leucocratic cleavable amphibole-garnet-biotite rocks; shvr-12, shvr-13 - gneissose
garnet-biotites and biotites leucosommes; shvr-12-75, shvr-12-78 - intergranular transformed silicate glass.

CocTtaBbl TOPOA00OPA3YIONIMX MUHEPAIOB YBOIIOIMOHUPOBAIH COrMIaCHO yBennueHuto SiO, B mopoxaax. I'pa-
HAT U3MEHSET CBOW COCTaB OT BBICOKOMUPOIOBOro (Prp=46-48 moin. %, Grs=10-12 mon. %, Alm=44-46 mon. %,) B
MEJTaHOKPaTOBEIX MaccUBHBIX Bt-Grt-Pl-Amph mopojax o BeicokorpoccymsipoBoro (Prp=18-20 moin. %, Grs=30-35
Moi. %, Alm=45-46 mon. %,) B (Grt)-Bt-Pl xunpHbIX seiikocomax. B 3ToM ke HampaBieHUH C YBEINYEHHEM KpeM-
HEKHCIOTHOCTH TIOPOJI MporcXoanT yBenndeHue xenesucroctr (Fe/(Fe+tMg)) amdudonos ot 0,15 no 0,50, a Taxke
yBenuuenue uepmakutoBoro 3amemenns (Mg+Si—>Al"V+AIY) ot 0,40 1o 1,2 atomos (AI"V+A1"") Ha popmysHyio
emunny (¢.e.) u saeruToBOro 3amernenus (Si—>Na+Al"") or 0,2 10 0,7 aromos (Na+Al"") na ¢.e. Cocras GuoTuToB
SBOJIIOLIMOHHUPYET MOI00HO cocTtaBy amdubonoB. OT paHHUX MellaHOKpaToBbIX Bt-Grt-Pl-Amph nopon k nozmaum
Grt-Bt-PI neiikocomam Bo3pacraet xene3uctocts 0notutoB ot 0,14 mo 0,55 u yBenmmuuBaeTcs KOJHMYSCTBO UCTOHHT-
cugepoduimmrosoro 3amemenns (Mg+Si— AlV+AIY) ot 0,12 10 0,30 aromos (AI"V+A1"") Ha ¢d.e. B xuibHbIX neii-
KOCOMax CKaukooOpa3Ho Bo3pacrtaeT conepxkanue TiO, B 6umotute ot 1,5 no 4-5 macc. %. CocraB miarnokiasa 3Bo-
JMOIUOHUPYET OT aHAe3nH-abpanopa (An 47-52) B Hen3MeHEHHBIX Tab0OpoHOpHTaX 110 aHAe3nHa (An 35-40) B mena-
HokparoBbix Bt-Grt-Pl-Amph noponax u 1o onurokiasa (An 24-30) B (Grt)-Bt-PlI neiikocomax.

P 14

(Kbar) iy Shvr-20
Shvr-15

13

12

Puc.1. DBomronus TeMIepatypsl U JTaBJICHHUS B
nporecce (HOPMUPOBAHUS 30HBI pacciaHIIEeBa-
Hug 10 rab6ponopuram. A-B (B*) — panmss
cTajus KoMIlpeccuu u pasorpena, B-C — yua-
Shor2u 13 CTOK JEKOMIIPECCHH, OTBEYAIOIIMH 3apoiKie-
HUIO 30HBI paccinanueBanus, C-D — cybuszoba-
puueckuil pasorpes U (HopMHpPOBaHHE JIEHKO-
coM B 30He paccianueBanus. O6pasmst kg-36 —
BMEIIAIOIINE TpaHAT OWOTHTOBBIE THEHCHI
shvr-5* — nanbonee panuss mopdupobdracro-
Bas Grt-Amph acconuanus B MacCHBHBIX Me-
JIAHOKPATOBBIX aM(pUOONINTAX; OCTAIbHBIE 00-
pasusl — B TEKCTE.
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MeTos0oM COTTIacOBaHHBIX MHHEPAJIOTMYECKUX TEPMOMETPOB U 6apomeTpoB TWQ yCTaHOBIEHO, YTO 3BOJIIOLIMS
aro0a3uTOBBIX TIOPO B 30HAX PacCIaHLEBaHMs IPOXOoMiia B TpH cTaauu (puc. 1). Ha panHel KoMIIpecCHOHHOW cTaaun
IpY TOBBINICHUH AaBjieHus ¢ 8,1 1o 13 kbap u He3HaunTebHOM pasorpese ot 680 no 710°C (yuactok A-B), popmupo-
BaJINCh MACCHBHBIC W CllabopacciiaHIOBaHHBIE MenaHoKpaToBeie Bt-Grt-Pl-Amph nopomsr (06p. shvr-15, shvr-5). B
penxux obpastax MenaHokpaToBbix Bt-Grt-Pl-Amph nmopon paszorpes mor nocrurars 760°C (06p. shvr-20, Touka B*).
[peBblmenye npeena IPOYHOCTH MPUBENIO K 3apOXKICHHIO 30H PacCIIaHIEBaHHs ¥ CONPOBOX/IAJIOCH JEKOMIIPECCHEH ¢
13 x6ap 10 ypoBHs BMemarommx nopof - 11 k6ap (yuacrok B-C). IIpu stom Hagamm GopmMupoBaThCsi ME30KpaTOBbIC
paccnanmoBannbie Grt-Amph-Bt-Pl mopoasr (00p. shvr-10 u shvr-17). Ilocnenyronmii cy6n3o0apryecKuii pa3orpes mo-
Pox B 30He MHTEHCHBHBIX Aedopmanmii 1o 840°C (yuactok C-D Ha puc. 1) npuén x (GOpMUPOBAHUIO JICHKOKPATOBBIX
paccnannoBanHbx Amph-Grt-Bt-Pl mopoz (06p. shvr-8) u raeficoBunnbix Grt-Bt-Pl u Bt-Pl nefikocom (06p. shvr-12;
13). TTonoOHblit “Z”-00pa3ubiii PT-TpeH/ pa3BuTHs MOPO CO 3HAYUTEIBHBIM CYOU300apUUeCKUM Pa3orpeBOM XapakKTe-
peH st 30H gedopmaruii 1 66Ut yetanosieH JIJI. Tlepaykom B rpanynuTax mosica Jlmmrorno.

B caMbIX BEICOKOTEMIIEpaTYPHBIX OPOJAX, TO €CTh B THEIICOBUIHBIX JIeiikocoMax, ObITH 0OHapY>KEHbI H30METpHY-
HbIE TIOJIMMHUHEPAITbHBIE BKITIOUEHHS (pUC. 2), UMEIOLIME, C BMEIAIOIINM MUHEPAIBLHBIM arperaroM 4€TKy0 CTPYKTYPHYIO
rpaHuily. BHyTpeHHee cTpoeHre BKITIOUSHHUH HATOMUHAET CTPOCHHE 30HAIBHBIX KepaMHUiecKux nermarutoB. K 30He sH10-
KOHTaKTa TSArOTEIOT 3épHa caxapoOBUIHOTO KBaplia M Iiaruokiiasza. OKoso NoJOBHHBI 00bEMa BKIFOYEHHUS 3aHUMAIOT “MHUK-
PpoOIIOKK” MUKPOKJIMHA C BKITIOUCHHSMH KBaplia, HAITOMHHAIOIIMMHU TICEBIOTpauieckue CTpyKTyphl. LleHTpanbHas yacTh
30HAJIBHBIX MOJIMMHHEPATBHBIX BKIFOUEHHH CII0’KEeHa 3EpHaMK KPYITHO3EPHUCTOTO CaxapOBHIHOTO KBapIia, OKPYXEHHBIMA
MHKPO3EPHHUCTHIM MHHEPAILHBIM arperaToM, HaOMHUHAIOLINM IUIOXO PACKPHCTAILUIM30BaHHbBIE TICEBIOTaXMIUTHI (Tabu-
11a), aHATOTUYHbIE OOHAPY>KCHHBIM B 30HAX TEKTOHUUECKOTO MEJIAHKa M B UMITAKTHBIX CTPYKTYpax.

JEOL COMP

Puc. 2. TlonmmMuHepanbHOE MUKPOBKIIIOUEHHUE “MHKPONETMAaTUTOBOr0” CTpOeHus B Jielikocome (00p. shvr-12), ¢popmupyromeiics B
30HE pacliaHieBaHus 1 aMpudoIn3anuy rabOpOHOPUTOB (B MOTIIOMIEHHBIX NEKTPOHAX). | — CUMIUIEKTUTOBBIN KBAPI-MUKPOKINHO-
S

BBI arperar, 2 — 3¢pHUCTBIN “‘caxapOBUIHBIN™ KBapL-IUIAaTHOKIA30BbIi arperar, 3 — OKpyIJible KpYIHbIE BbIICICHHUS KBapIa B OCEBON
Y4acTH MUKPOBKJIIOUCHHS, 4 — YeIyUaThIii CIIFOMCThIN arperar, 3aMeLaiolnii ICeBJOTaXWIMTOBOE CHIIMKATHOE CTEKIIO.

Haxonxn nmonmmMuHepai bHBIX BKIIOYEHHH “MHKPOINErMaTHTOBOTO” CTPOCHHS MBI MHTEPIPETHPYEM Kak
IIepBBIE NMOPLIHH aBTOXTOHHOTO T'PAaHUTHOTO paciuiaBa, copMUpOBaBIIKECs B HanOoJiee BHICOKOTEMIIEPATyPHOM
(haze pa3BuTHs 30HBI AedopManuii. B n3ydyaeMbIx jeiikocomMax IIaBICHHE HACTYNAET NMPH TEMIIepaType, IPEBbI-
maromeit 800°C, To ecth Oojee BHICOKOH, YeM MOJydYeHa B AKCIEPUMEHTaX HO TpaHUTH3AlMH aM(pUOOIHUTOB.
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B03MOKHO, 3TO SBISETCSA CIEACTBHEM BOJHO-YIJICKUCIOTHOTO COCTaBa (IIOMIa, B KOTOPOM aKTHBHOCTH BOJIBI
CYIIECTBEHHO HIKE, YeM B YUCTO BOJHOM (ITFOHIIC.

Takum 00pa3oM, MEXaHWYCCKHE HAIMPSDKCHUS B 30HAX JeQopManuil COCOOHBI HHHIIMHPOBATH JIOKAJh-
HYH KOMIIPECCHIO, & pelaKCcalys 3TUX HAMPSDKEHUH MPUBOAUT K 0OPa30BAHMIO 30H TPEUIMHOBATOCTU M COIPO-
BOY/IAETCS MaJICHUEM JaBiieHus. Pa3orpes u mocienyrolee iaBieHne MOpoJI Ha CTAANH IEKOMIIPECCUU MTPOUC-
XOJUT KaK 3a CYET peakuuil ¢ QIOUIOM, TaK U 32 CYET TPEHUS IPH IJIACTHYSCKOM TeueHUH. 30HbBI JedopMariuii
JIPEBHUX KPUCTAIJIMYECKUX KOMIIJIEKCOB SIBISIOTCS OJIArONPUSATHBIMU CTPYKTYPaMHU UIsl TE€HEpaIi aBTOXTOH-
HBIX MarMaTU4eCKHUX PacIljaBoB.

Paboma evinonnena npu gpunarncosoii nooodepocke PODOU, epanmor Ne 10-05-00015-a u Ne 09-05-00193-a.

Anomalous mineral parageneses, which formed at temperatures and pressures differing substantially from
those of host rocks, are encountered in intense tectonic deformation zones. To interpret them, one usually has to
reveal the structural and petrological factors that have led to the local compression/decompression and/or heat-
ing and melting of rocks.

The goal of the present study was to examine the amphibole and biotite-feldspar metasomatic rocks oc-
curring in the near-E-W-trending tectonic mélange zone that has affected a gabbronorite intrusion on Mount
Shavrukha. In the deformation zone, gabbronorites are foliated and amphibolized. The foliation and amphiboli-
zation zones are 10-50 m thick and 150-200 m long. Structurally, the foliation zone is a megalylonite: isometric
rounded fragments (0.3-4.0 m) of unaltered massive gabbronorites are in foliated lenticular-streaky Grt-Bt-Pl-
Amph aggregate. The aggregate forms a branching network delineating rounded fragments of gabbronorites.
Leucosomes of Grt-Bt-Pl-Qtz and Bt-P1-Qtz composition are distributed isostructurally with the direction of
foliation in the Grt-Bt-Pl-Amph aggregate. Four rock varieties can be distinguished in the foliation zone struc-
ture (Fig.1 and Table):

1. Massive poorly foliated melanocratic garnet amphibolites (Sample shvr-5) : Amph 50-60 %, Grt 8-12 %, PI 30-35
%, Bt 5-10 %, +Ged, +Rt, +1lm, Py, £Qtz);
2. Mesocratic foliated garnet-biotite-amphibole rocks (Sample shvr-10: Amph 10-15 %, Grt 5-10 %, P1 65-75 %, Bt
10-15 %, +Qtz, +Rt, +Ilm, +Ttn, +Py);

3. Leucocratic foliated amphibole-garnet-biotite rocks (Sample shvr-8: Grt 10-15 %, P1 70-80 %, Bt 5-10 %, +Amph,
+Qtz, +Dol, +Mus, +Rt, +1lm);
4. Leucocratic garnet-biotite and biotite rocks of gneissoid habit (samples shvr-12 u 13: Grt 0-5 %, P1+Qtz 80-95 %,
Bt+Mus 8-10 %, +Kfs, +Dol, +Rt, +1lm).

The foliation zones are dominated by melanocratic varieties relatively enriched in Grt and Amph. Leu-
cocratic Grt-Bt-Pl and Bt-P1 rocks form veined leucosomes among melanocratic Bt-Grt-Pl-Amph rocks. The
near-contact portions of such leucosomes consist of intermediate Grt-Amph-Bt-Pl rocks. Shade structures and
relict minerals from melanocratic assemblages are commonly observed in veined leucocratic rocks. This helps
determine the metasomatic alteration trend of gabbronorites in foliation zones: from melanocratic Bt-Grt-Pl-
Amph rocks to leucocratic Grt-Bt-Pl and Bt-Pl veined leucosomes. Based on mylonitic structures, viscous rup-
tures and pressure shades around the relics of igneous Opx and Cpx, apogabbronoritic rocks are classified as
high-temperature blastomylonites. Variations in the chemical composition of apogabbronoritic rocks are re-
flected in the increase of SiO,, Al,O;, Na,O and K,O and in the decrease of MgO, Fe,O; and CaO from
melanocratic rocks to leucosomes (Table).

The compositions of rock-forming minerals were evolving concordantly with the rising concentration
of Si0; in the rocks. Garnet changes its composition from high-pyrope (Prp = 46-48 mol. %, Grs = 10-12 mol.
%, Alm = 44-46 mol. %,) in melanocratic massive Bt-Grt-Pl-Amph rocks to high-grossular (Prp = 18-20 mol.
%, Grs = 30-35 mol. %, Alm = 45-46 mol. %,) in (Grt)-Bt-Pl veined leucosomes. As the silicic acid content
of the rocks increases, the iron content of (Fe/(Fe+Mg)) amphiboles rises from 0.15 to 0,50, tschermakite re-
placement (Mg+Si—>Al"V+AI"") increases from 0.40 to 1.2 atoms (AI''+Al1"") per formula unit (fu.) and
edenite replacement (Si—>Na+Al'") from 0.2 to 0.7 atoms (Na+AlI'") per f.u. The composition of biotite
evolves like that of amphibole. The iron content of biotite rises from 0.14 to 0.55 from early melanocratic Bt-
Grt-Pl-Amph rocks to late Grt-Bt-Pl leucosomes and the amount of eastonite-siderophyllite replacement
(Mg+Si— Al"+A1"") increases from 0.12 to 0.30 atoms (Al'"Y+AIY") per f.u. In veined leucosomes, the TiO,
content of biotite jumps from 1.5 to 4-5 mass. %. The composition of plagioclase evolves from andesine-
labrador (An 47-52) in unaltered gabbronorites to andesine (An 35-40) in melanocratic Bt-Grt-Pl-Amph rocks
to oligoclase (An 24-30) in (Grt)-Bt-P1 leucosomes.
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The evolution of apobasic rocks in foliation zones falls into three stages, as has been shown using the
method of concordant mineralogical thermometers and barometers, TWQ (Fig. 1). As pressure increased from 8.1 to
13 kbar and temperature rose slightly from 680 to 710°C (zone A-B) at an early compression stage, massive and
poorly foliated melanocratic Bt-Grt-PI-Amph rocks were formed (samples shvr-15 and shvr-5). In scarce
melanocratic Bt-Grt-Pl-Amph rock samples temperature rose up to 760°C (sample shvr-20, point B*). The exceeding
of compressive strength gave rise to schistosity zones and was accompanied by decompression from 13 kbar to a host
rock level of 11 kbar (zone B-C). Mesocratic foliated Grt-Amph-Bt-P1 rocks (samples shvr-10 and shvr-17) began to
form. The subsequent sub-isobaric heating of rocks in the intense deformation zone nto 840°C (zone C-D in Fig. 1)
gave rise to foliated leucocratic Amph-Grt-Bt-PI rocks (sample shvr-8) and gneissoid Grt-Bt-Pl and Bt-P1 leucosomes
(sample shvr-12; 13). Such a “Z”-shaped PT evolution trend of rocks subjected to considerable sub-isobaric heating is
characteristic of deformation zones and has been reported by L.L. Perchuk from Limpopo belt granulites.

Isometric polymineral inclusions (Fig. 2), which have a distinct structural boundary with a host mineral aggre-
gate, were revealed in the highest-temperature rocks, i.e. in gneissoid leucosomes. The internal structure of the inclu-
sions is similar to that of zonal ceramic pegmatites. Sugar-like quartz and plagioclase grains are confined to the en-
docontact zone. “Microblocks” of microcline with quartz inclusions resembling pseudographic structures occupy
about % of the inclusion volume. The central portion of the zonal polymineral inclusions consists of coarse sugar-like
quartz grains surrounded by fine-grained mineral aggregate which is resembles poorly recrystallized pseudotachylytes
(Table) similar to those encountered in tectonic mélange zones and in impact structures.

The authors interpret polymineral “micropegmatitic”-structured inclusions as the first portions of autoch-
thonous granitic melt formed in the highest-temperature evolution phase of the deformation zone. In the leucosomes
examined, melting begins at a temperature in excess of 800°C, which is higher than the one obtained in amphibolite
granitization experiments. This is probably due to the water-carbonic acid composition of the fluid, in which water
activity is much lower than in purely aqueous fluid.

To sum up, mechanical stresses in deformation zones can initiate local compression, and the relaxation of the
stresses gives rise to fracturing zones and is accompanied by the drop of pressure. The heating and subsequent melting of
rocks upon decompression takes place by virtue of reactions with fluid and friction upon ductile flow. The deformation
zones of old crystalline complexes are favourable structures for the generation of autochthonous magmatic melts.

TUIIOTE3A OB YJIbTPA-BBICOKOBAPUYECKHUX YCJIOBUAX B HOPOJAX APXEMCKOWM
BEJIOMOPCKOI DKJIOTATOBOM IMTPOBUHIIUN. IETPOJIOT MYECKHUE JAHHBIE JIJIsI
SKJOTUTOB ACCOLUALIUY T'PUVHO

Konunoe A.H.I’Z, Jokykuna K.A.Z, Ban K.B.!

" IOM PAH, Yeproronoska, Poccust, konilov@iem.ac.ru
TUH PAH, Mocksa, Poccust

HYPOTHESIS ABOUT ULTRAHIGH-PRESSURE CONDITIONS IN ROCKS OF THE
ARCHEAN BELOMORIAN ECLOGITE PROVINCE. PETROLOGICAL DATA FOR
ECLOGITES OF GRIDINO ASSEMBLAGE

Konilov A.N. '?, Dokukina K.A. >, Van K.V. '

!Institute of Experimental Mineralogy RAS, Chernogolovka, Russia, konilov@iem.ac.ru
2 Geological Institute RAS, Moscow, Russia

I'pununckas acconmanus BxiarogaeT TTI rHElCHl U OPOJbI TEKTOHUYECKOIO MEIaHXa, SKJIOTUTU3UPOBAHHBIE
Ma(HTOBbIE AaKH HECKOJBKHX Te€HEpali, a Takke HeOoblie Oy IMHUPOBAHHBIE TeJa SKJIOTMTOB, B OTHOILECHUU
KOTOPBIX MpeJrojaraeTcs CyoJyKIIMOHHOE NpoucxokaeHne. Ha pucynke la mnpejcraBiieH npuMmep 9KiIoruTa u3 Oy-
JIMHUPOBaHHOTO Tesa Ha Mbice Baprac. CocraB Brmodenust ompanura — Jd;sAes Mo, % nipu sxenezucroctu 0.28; co-
craB rpanara-xo3siuHa — Grs18-20 moin. % npu xenesucroctu 0.66-0.69. TP-ycnosust ouenenst ~750 °C u 16 xbap.
JIJst OLIEHKH JIaBJICHUS UCIIOIB30BAJICS MUHAJIBHBIN XKaJIeMTOBBIH re00apoMeTp, MO3TOMY JaBlICHUE SIBISETCS MHHH-
MaJIbHO BO3MOXKHBIM [Tl PaBHOBECHSI OM(annTa yKa3aHHOTO cocTaBa ¢ KBapueM. [IpobineMoii sBisieTcs: oneHka pe-
IBHOTO JABJIECHUS Ha ITHKE 3KJIOTMTOBOTO MeTaMopdu3Ma. Psii KOCBEHHBIX MPU3HAKOB YKa3bIBAIOT HA TO, YTO KIIO-
TUTH3anus Beel [ puIMHCKON acconmanuy MOTJIa MPOUCXOANTD B YIIbTPA-BBICOKOOApHIECKUX yClnoBHaX [1,2].
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Fig. 1. a) BSE u300paxeHne CUMILIGKTUTOBOTO JKJIOTHTa U3 OyauHbI Ha Mbice Baprac. I[TopdupobiacT rpanaTa ¢ BKIIOYCHUSIMU
ombanura u kBapua. [[nuHa maciirabuoii nmuaeiiku 1 Mm. Ha Bpeske — sHepromucnepcnoHHsiii criektp omdarmra. (b-¢c) BSE n3zo-
Opaxenue (b) m Mukpodororpadus (c) SKI0ruTa U3 Aalku Ha ocTpoBe BoporHas Jlyma. Ombanur ¢ Beiaenenusimu SiO,. JnuHa
MacitabHou auHeiikn 0,1 MM.

Fig. 1. (a) BSE image of symplectite eclogite (Cape Vargas locality). Porphyroblast of garnet with omphacite and quartz inclusions.
Scale bar is 1 mm long. Energy dispersive spectra of omphacite is shown in the insert. (b) BSE image and photomicrograph (c) of
eclogite from the dyke from Vorotnaya Luda island. Omphacite with SiO, rods. Scale bar is 0.1 mm long (b).

OnHuM n3 Hanbosee 0OOCHOBAaHHBIX apIyMEHTOB B ITOATBEPIKICHHE TAKOW TMIIOTE3BI SBIISIOTCS UTOJIbYaThIe BBIZE-
nenws ("pozpt") SiO, B omdanurax. OHH SIBISIOTCS XapakTepHoit ocobenHocThio UHP KOMIUIEKCOB 1 paccMaTpHUBatOTCs B
KauecTBe CTPYKTYP MHTPAKPUCTAILIMYECKOr0 pacia/ia KaTnoH-neduuutHoro "supersilicic” nmiupokcena, odoramensoro Ca-
Eskola munanom. Ha Puc.1b,c npeacrasiens MukpodoTtorpaduu moJo0HbIX CTPYKTYp, OOHApYKEHHBIX B JaiiKkax KBapIl-
cozepxanmx raboporoputoB. JlokansHbIe cocTaBbl oMdarmta — Jdy-26Aes.g Mot % mpu xenesucrocta 0.15-0.17; cocTas
rpanara — Grs12-13 mon. % mpu xenesuctoctu 0.50. PT-ycnoBust oeHens ~720°C u 14 k6ap. [ peKOHCTPYKIUH Tiep-
BUYHOTO cocraBa CaEs KIMHOMMPOKCEHA IPHMCHSIIOTCS pa3iIMIHbIC IPHEMBI — perHTerparms omdarmra ¢ "pogamu” SiO,
C TIOMOIIBI0 MUKPO30HIOBOIO aHAJIM3a M0 TUIOMIAIH, a Takxke penHTerpamus Cpx-Pl cummrekruTos. [Ipu penHTerpammu
Ha MUKOAHAJIN3aTope cocTaBoB oMdarmTa ¢ poramu SiO, u Cpx-Pl cHMIUIEKTHTOB €O CTPYKTYpO# "0JHOTO 3epHa" B Jaiike
KBapL-CoJIeprKalliero rabOpoHOpHTa paiioHa ['pHIMHO OBLIM TOTy4YeHB! OMHAKOBBIC HHTErPaJbHBIC COCTaBBI, COCTAB KO-
TOPBIX MOKHO IIPOUHTEPIIPETUPOBATH B KAUECTBE KIIMHOMMPOKCEHa ¢ coaepxanneM CaEs Monekyist 5-7 moin. % [2]. Yun-
TBIBAsI SKCIIEPUMEHTAIIbHBIC JaHHbIC [3], MMPOKCEH TAKOrO COCTaBa B PABHOBECHU C TPAHATOM MOT ObITh CTaOWIICH MpH
JIABJICHUH TIpeBblIiatonmm 25 kbap npu temneparype 850°C.
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Fig. 2. (a-b) BSE u3o0pakeHHs SKIOTUTA 110 TaiiKe OJIMBHHOBOTO rabOpOHOpHUTa Ha BOCTOYHOM OkpanHe c. ['puauHo. {nmHa mMac-
mrabuoi ymueiikn 0,2 Mm. (a) Kopona om¢annTa Bokpyr MarMaTH4eCKOro KJIMHOIMPOKCEHA W OM(]aIUT-IUIarHOKJIA30BbIe CUM-
IUIEKTHTHI C KOPYHAOM B OKPYXXEHHH BTOPUYHOH IpaHaTOBOI KOpoHEI, oOpaser; 1111-3a. Ha Bpe3ke — sHeproaucnepcHOHHBII
CIEKTp CHMIUIEKTHTA Ha tiomaan 60x60 mukpoH. (b) OMpanuT-mIarnokia3oBble CUMILIEKTUTHI C KOPYHIIOM U IIITUHENbI0 (0TMe-
4eHsl cTpenkamu). TeMHO-cepoe — IIarnokia3, 0eroe — rpaHaTOBbIE KOPOHBI, 110 Kparo cIipaBa — ()parMeHT oMQaruToBoi KOPOHEI
BOKpPYT MarmMaTu4eckoro kiauHonupokcena. O6paszer 1111-3c. (¢) [TapameTpsl cOCTaBOB KIMHOMMPOKCEHOB B JaliKe OJIMBHHOBOIO
rabbpoHopHTa Ha BOCTOYHON OokpawHe c. ['pumuno. Hamru nannsie u [4]. CruiomHas JUHUS - TPSHA U KOPOHAPHBIX KIMHOIH-
POKCEHOB, ITyHKTHPHASI — A CHMIIEKTHUTOB KIMHOMMUPOKCEHA C KOPYHAOM H IIATHOKIIA30M.

Fig. 2. (a-b) BSE images of eclogite after olivine gabbronorite (eastern outskirt of the Gridino village). Scale bars are 0.2 mm long. (a) Om-
phacite corona around of magmatic clinopyroxene and omphacite-plagioclase symplectite with corundum inside of secondary garnet corona,
sample 1111-3a. Energy dispersive spectra of symplectite area of 60x60 microns is shown in the insert. (b) Omphacite-plagioclase symplectite
with corundum and needle-shaped spinel (marked by arrows). Dark-gray is plagioclase, white — the garnet, on right side — a fragment of om-
phacite corona around of magmatic clinopyroxene. Sample 1111-3c. (c) Na vs. AlIV (or Jadeite vs. Ca-Tschermak end-members) diagram of
clinopyroxenes from the dyke of olivine gabbronorite (eastern outskirt of the Gridino village). From [4] and our data. Solid line is a trend for
coronitic clinopyroxenes, dashed line - for symplectites of clinopyroxene with corundum and plagioclase.

B rpuamHCKHMX OJMBHHOBBIX raOOpPOHOPUTAX OOHAPYXKMBAIOTCS OM(ALUTHI ¢ MAKCUMAIBHBIM COJIEPKAaHUEM JKa-
JIENTOBOTO MUHANA npeBbiaronmM 50 moit. % [2,4]. Takue oM¢armTsl IPUCYTCTBYIOT B TPEX PA3INYHBIX CTPYKTYPHBIX
MO3UIMAX — B MOHOMHHEPAIBbHBIX KOPOHAX BOKPYT PEIIMKTOB MarMaTHYECKHX IHMPOKCEHOB, B COCTAaBE CUMILICKTHTOB C
IUIaTMOKJIA30M M KOPYH/IOM (MHOTIa BMECTE CO ILIMHENBIO0) U B BUJIE BKJIIOUYCHHI B KOPOHAPHOM TpaHaTe, B KOTOPOM TaK-
e OOHapY)KMBAIOTCs BKIIOYEHHS KOpYHIa W Iuarnokiasza. Ha pucynke 2a, b npencraBieHbl n300pakeHus TOJOOHBIX
CTPYKTYpP B OTP@KECHHBIX JIEKTpoHax. OM(alToBEle KOPOHBI UMEIOT KOHLIEHTPIYECKOES 30HAIBHOE CTPOCHHE, B HAIIPaB-
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JIEHUH OT UCXOJTHOTO MarMaTHYeCKOro OpPTO- WM KIIMHOIMPOKCEHA COIep KaHUe HAaTPUsl M, COOTBETCTBEHHO, JKaJlehTa BO3-
pacraer. MuHepasbHasi acCOIMaIys CUMIUIEKTHTOB, OYEBHIHO, 3aBHCHT OT BAJIOBOTO cocraBa moponsl. [loxoxue cum-
TUIEKTUTHI HaMH OBUIM M3y4eHBI B TpeX Humdax u3 oguoro odpasua 1111-3. [TapameTpbl XMMHUYECKOro coctaBa MarMaTH-
YEeCKHX MUHEPAIIOB — OJIMBHHA, OPTO- M KIIMHOMMPOKCEHOB MpeAcTaBieHs! B Tadmume 1. B mmde 1111-3a npucyTcTByrot
HanOoee MarHe3naIbHbIE MAarMaTHUeCKHEe MUHEpAJbl, @ B COCTaB CUMIUICKTHTOB HE BXOAMT IIMMHENb. B 1BYX Apyrux
numdax B CHMIUICKTUTAX TPHCYTCTBYET MIITMHEINb UTONIbYaToro radburyca (Puc.2a,b, Tadmn.1). MuHepanbsHbIE TTaparcHe3u-
ChI JITS1 ATOM K€ alKH MO AaHHBIM [4] 10 XUMHU3MYy MHUHEPAJIOB U COCTABY CHMILIEKTUTOB aHaoruunel numdy 1111-3a.
IIpuBeneHHbIE 3/1€CH METPOIOTUYECKIE M MUHEPAJIOTHUYECKHE JJaHHbIe oATBepkAaroT BbiBoj O.M. Bonoxmuesa u coasro-
poB [4] o nuddepeHITPOBaHHOCTH COCTaBa TaOOPOHOPHTOB, AAKE B MPEeiaX HeOOBIIIOro 00beMa OPOIbL.

Table. Parameters of composition of magmatic minerals and mineral assemblages of symplectites in olivine gabbronorite; re-
integrated composition of symplectites (1) and hypothetical chemical and crystallochemical compositions of replaced clinopyrox-
ene (2) in a sample 1111-3a. See text for explanations.

Magmatic minerals
Sample Ol Opx Cpx
XFe XFe AlLO, CaO XFe
1111-3a 0,16-0,18 0,16-0,17 1,8-2,8 1,8-2,8 0,10-0,11
1111-3b 0,27 0,16-0,24 1,5-3,5 1,5-3,3 0,11-0,18
1111-3¢ n.f. 0,18-0,25 1,0-3,0 2,5-2,8 0,13-0,19
Sample Symplectite
1111-3a Omp + Pl + Crn
1111-3b Omp + Pl + Cm + Spl
1111-3¢ Omp + Pl + Crn + Spl
Symplectite
wt. % 6 )
SiO, 48,41 56,28
TiO, 0,06 0,07
AlLO, 27,05 16,13
Cr,05 0,29 0,34
FeO* 1,59 1,84
MnO 0,02 0,03
MgO 6,01 6,98
CaO 10,34 12,02
Na,O 5,38 6,26
KO 0,04 0,05
Total 99,19 100
Cations
Si 1,692 1,957
ALY 0,308 0,043
Al 0,806 0,618
Ti 0,002 0,002
Cr 0,008 0,009
Fe" 0,046 0,054
Mn 0,001 0,001
Mg 0,313 0,362
Ca 0,387 0,448
Na 0,365 0,422
K 0,002 0,002
Total 3,929 3,918
[0} 6 6
Fe/(Fe+tMg). 0,129 0,129
CaEs (=2x(4-Cations)) 0,164
Jd (=Na) 0,422
CaTs (=(AI*+Cr-Jd-CaEs)/2) 0,042
Di-Hd (=Ca-CaEs/2-CaTs) 0,324
En-Fs (=(Fe+Mn+Mg-(Di-Hd))/2) 0,047

Notes: n.f. — not found. * All iron as FeO.

OmMdanuTsl B cocTaBe KOPOH, CUMILIEKTUTOB 1 BKIIIOYEHHUI B TpaHaTe paslIMyaroTcst Mo riMHo3eMucToctd. Ha pucyn-
Ke 2¢ MPEACTABIEHb! 0OCOOEHHOCTH MX COCTaBa. Y UUTHIBAIUCH CIIeAyIoIMe o0cToATebcTBa. 1. MUKPO30HAOBBIC HCCIe0Ba-
Hust wgoB 1111-3 npoBoannmck Ha MPOTSHKEHUHN psilia JIeT Ha PasHbIX MUKpoaHa3artopax. CHCTEMaTHYeCKUX OTKIIOHE-
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HUI B QaHAJT3aX HE BBIABICHO. /1711 CpaBHEHNUS HA PUCYHKE 2C MPEICTaBICHbl He3aBUCUMBbIE TaHHbIE [4, pyc.6a, aHanu3bl 23-
36, Tab.2], pe3ysbTaThl XOpOLIO COrvacyloTcs. Bee pacuers! mpoBeieHs! 1 Npe/ICTaBiIeHb! Ha pUCYHKe 2¢ Oe3 yueTa TpexBa-
nieHTHOro sxese3a. Cymma kaTnoHOB B (opmyse Cpx, paccunTaHHON Ha 6 aTOMOB KHCIIOPO/Ia, IMEET OTPHIATENIBHYIO Koppe-
JSILMIO C COJEP)KaHUEM HATpusl, CYMMBbI OKTa pUUECKUX KATHOHOB HAXOIWIMCh B nuanasoHe 1.98-2.05. Marmartuueckue
KIIMHOTIMPOKCEHBI M KITMHOMMAPOKCEHBI B TpaHyMTOBBIX Opx-Cpx-Grt-Prg+Dol nomenax (rpaHympOBaHHBIC yIacTKH 110 [4])
NMEIOT HU3KHE cojiepkanmst Hatpus n Ca-UepmakoBoro MuHasa. B oTimamie oT KOpOHapHOTO, KIIMHOMMPOKCEHBI B CHMILIEK-
THTaX C KOPYH/IOM M BKJIFOUEHHsI B rpaHate oOorarmeHs! CaTs MOJIeKy 0, Ipy 3TOM BKJIFOUEHHS B IPaHATE PACIIONAararoTcs B
nonie Oosiee HU3KKMX 3HayeHunit kak CaTs, Tak u xaneura (Puc. 4). 2. [Ipenmnonaraercsi, uto 3akoHOMepHOE yBenuueHue Jd
KOMITOHEHTa B OM()allUTOBOI KOPOHE CBSI3aHO C MOCTENEHHBIM YBEIMUYECHHUEM JaBJICHHUS, AaXKe MPU OTCYTCTBUM KBapua. dop-
MHpPOBaHHE JAHHOW IPyIIbI OM(AIIMTOB COMPOBOXK/IATIOCH 3aMEIIEHHEM TIEPBUYHO MarMaTHYECKHX OJIMBHHA U TUIarMoKia3a
1 HOBOOOPa30BaHHEM OPTOIMPOKCEeHA U KOpyH/a. [1o Hammm qanaeM 1 [4] coctas wiarnokiiaza B Omp-Crn-Pl cumriiekTu-
Tax COOTBETCTBYET OJIMTOKIIA3y Anjs,s, a BKIIOUYEHHS B IpaHaTe — ONIMTrokiiasy An,;. Takue HeoObIYHbIE CTPYKTYPHBIE U XH-
MHYECKHE OCOOEHHOCTH MO3BOJISIIOT HPEIIOIOKUTh, YTO IUIArHOKNIa3 B IOCT-KOPOHApHBIX mMapareHesucax 1 Omp-Crn-Pl
CHMIUIEKTUTBHI B LIEJIOM SIBJISIFOTCS| IPOLyKTaMH MHTPAKPHUCTAINTMYECKOTO pactiaja.

Jns pecraBpanuy cocTaBa IpermoiaraéMoi (asel MpoBeACHbB MHUKPO30HIOBBIC MCCIIEIOBAHMS B CKAaHUPYIOIIEM
pexmmMe 1o miomam 60x60 MUKPOH B 4eThIpex ydacTkax mnmda 1111-3a, KommdecTBo CKaHOB COCTAaBIBUIO OT 1 10 7 Ha
KaXJIOM Y4YacTKE B 3aBUCHUMOCTH OT €ro pazMmepa, Bcero 13 ckaHoB. [IpencraBurenbHbI 3HEProAUCIIEPCHOHHBIA CIIEKTP
MIPE/ICTaBIICH Ha Bpe3ke Ha pucyHke 2a. [lomyueHHBIH cpemHuii cocTaB npeacTasieH B Tadimmme 1 (komonka (1)). Yepen-
HEHHBIE COCTaBHI JUIS BceX CKaHOB (n=13) i 11 ygacTKa ¢ HAHOOJIBIINM YHCIIOM CKaHOB (N=7) MPaKTHYECKN COBIIAJIH,
pacxoxxaenust He npesbiciin 0.3 macc. %. [lomydueHHBI coCTaB MPEeACTaBIACTCS HaM HEPEaTbHBIM I OAHOH (hasbl, mo-
3TOMY MBI [IPEJITIOJIaracM, 4TO BECh KOPYH/I CUMILIEKTHTA ObLII 00pa30BaH paHee 1 He BXOJIJI B COCTaB TBEPIOTO pacTBOpa
PEKOHCTpyHpyeMoro MuHepaia. J{ist "ouniieHus" OT BIMSHUS KOPYH/IA MPU CKAHUPOBAHUU CUMIUICKTUTOB OBLIO TPHUHSITO
MaKCHMaJIbHOE COJIep)KaHKie AIFOMUHUS PaBHOE MaKCHMAaJIbHOMY COZCPYKAHHUIO JIEMEHTa B KOPOHAPHOM oMdaruTe, rpa-
HHU4aIeM ¢ cumiuiektuTamu - Jd53, Al,O;=13.8 macc. %. 310 3HaUeHne TOYTH B 2 pa3a HIDKE, YEM B YCPEIAHEHHOM COCTa-
Be cumintekruta (Tabn. 1, kononka (1)). B tabmme 1 B kononke (2) npencrasien HopmuposanHbIid Ha 100 % cocras cum-
TUIEKTHTA MOCJIE SKCTPAKIMK YacTH TIIMHO3eMa U ero (opMylia, paccyuTaHHast Ha 6 aToMOB kuciopoa. [lomydeHHsii co-
CTaB MOKET COOTBETCTBOBATH KJIMHOMMPOKCEHY ¢ conepxkanneM CaEs munana 13.6 mom. %.

Ipenmaraemsrii crieHapwii opmupoBanwst Omp-Crn-Pl cuMruiekTiToB npeamnonaraet, 94to (GOpMIPOBaHNE KOPOHAP-
HOro omanura OrpaHHIMBAIOCH COCTaBOM Jd53 mpu OTHOCHTETEHO HM3KOM BXOXIICHHH B e€ro coctaB CaTs munama 1o 5
Moi. % (Puc. 2¢). Ilpu nanereiimem yBeanueHnH faBneHus Mor opmupoBatsest CaEs KIIMHOIMMPOKCEH ¢ BKITFOUEHHUSIMH KO-
PYyHAa, IIPH pactiazie KOTOporo Mpu JeKoMIpeccHi (opMUpOBaINCh CUMILIEKTUTHI CaTs KITMHOMMPOKCEHA € IUIArHOKIa30M 1
TOJIBKO TIOCIIE 3TOr0 (POPMHUPOBATMCH KOPOHBI TpaHaTa. C yueToM JaHHbIX [4, Puc. 6a, Tabmina 2, aHanuzsl 25,26] Uit BKITIO-
YEHHUI KIIMHOMMPOKCEHa B rpanare (Puc.2¢) oleHKa TemMiieparypbl cocrasisier 853436 °C npu 3anansoM fasiernd 10 kGap.

The Gridino assemblage includes TTG gneisses and rocks of tectonic mélange, eclogitized mafic dykes of several
generations, and numerous small eclogite pods concerning which a subduction origin is supposed. Fig.1a shows an example
from eclogite boudin of cape Vargas. Composition of omphacite inclusion is Jd36Ae4 mole % at iron content (XFe) of
0.28; composition of a host garnet is Grs18-20 mole % at iron content of 0.66-0.69. The PT-condition is 16 kb at ~750°C.
Minal jadeite geobarometer was used for pressure estimation; therefore the pressure is minimum for equilibrium of speci-
fied Omp with Qtz. A problem is the estimation of real pressure at peak of eclogitic metamorphism. There are a lot of cir-
cumstantial evidences that eclogitization of Gridino assemblage underwent ultrahigh-pressure metamorphism [1, 2].

One of the most reasonable arguments in a supporting of such hypothesis is the needles ("rods") of Si02
in omphacite. They are characteristic for UHP complexes and are considered as structures of intracrystalline
exsolution of cation deficit "supersilicic" pyroxene, enriched in Ca-Eskola end-member. On Fig.1b,c the micro-
photos of similar structures found in dyke of quartz-bearing gabbronorites are submitted. Local composition of
omphacite is Jd22-26Ae5-8 mole % at iron content of 0.15-0.17; the composition of garnet - Grs12-13 mole %
at iron content of 0.50. The estimated PT-condition is 14 kb at ~720°C. To reconstruction of primary composi-
tion of CaEs clinopyroxene various methods are applied - re-integration of omphacite with rods of SiO2 with
microprobe analyses on the area, and also the re-integration of Cpx-Pl symplectite. At the re-integration on the
scanning microprobe of omphacite with rods of SiO, and of Cpx-PIl symplectites with "one grain" structure in
dyke of quartz-bearing gabbronorite from the Gridino zone were obtained the identical integrated compositions,
which can be interpreted as clinopyroxene with the CaEs molecule content of 5-7 mole % [2]. Taking into ac-
count the experimental data [3], pyroxene of such composition in equilibrium with garnet could be stable at
pressure exceeding 25 kb at temperature of 850°C.
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In olivine gabbronorite there is the omphacite with the maximum contents of jadeite end-member exceeding 50 mole %
[2,4]. Omphacites are present in three different structural positions - in monomineral coronas around relics of magmatic pyrox-
enes, in symplectite of omphacite, plagioclase and corundum (sometimes with spinel) and as inclusions in coronitic garnet, in
which there are also the inclusions of corundum and plagioclase. The BSE images of such structures are submitted in Fig.2a,b.
The Omp coronas have concentric zoning structure, in a direction from initial magmatic Opx or Cpx the contents of sodium
and jadeite end-member, respectively, increase. The mineral assemblage of symplectite, obviously, depends from rock bulk
composition. We investigated the similar symplectite in three thin-sections from one sample 1111-3. The parameters of chemi-
cal composition of igneous minerals - Ol, Opx and Cpx are submitted in Tab.1. In thin-section 1111-3a the most magnesian
igneous minerals are found, and spinel is absent in symplectites. In two other thin-sections there is a spinel of the needle habit
(Fig.2b, Tab.1). The mineral paragenesises from this dyke also described in [4]. Mineral chemistry and composition of sym-
plectites from [4] are similar to a thin-section 1111-3a. The resulted petrological and mineralogical data confirm conclusion of
[4] about differentiation of Ol-gabbronorites dyke, even in limits of small rock volume.

The omphacites of coronas, symplectite and inclusions in garnet differ on alumina content. Peculiarities of
omphacite composition are submitted in Fig.2c. The following circumstances were taken into account. 1. The micro-
probe studies of thin-sections 1111-3 were carried out during several years using different microprobes. Systematic
deviations in the analyses are not revealed. For comparison in Fig.2c the independent data [4, Fig.6a, Tab.2, analyses
23-36] are submitted, the results are in good agreement. All calculations are spent and are submitted in Fig.2c without
consideration of ferric iron. The sum of cations in Cpx formula calculated for 6 oxygen atoms has negative correla-
tion with contents of sodium; the sums of octahedral cations were in a range of 1.98-2.05. Magmatic Cpx and Cpx in
granulite Cpx-Opx-Grt-Prg+Dol domains (granular areas according to [4]) have low contents of sodium and Ca-
Tschermak end-member. Contrary to coronitic, Cpx in symplectites with corundum and the inclusions in garnet are
enriched by CaTs molecule, thus the inclusions in garnet place in a field of lower values of CaTs as well as jadeite
(Fig.2c). 2. It is supposed that the regular increase of Jd component in coronitic omphacites is directly connected to
gradual increase of pressure, even at absence of Qtz. The formation of the omphacite coronas was accompanied by
replacement of igneous Ol and Pl and by appearance of Opx and Crn. From our data and [4] the composition of pla-
gioclase in Omp-Crn-PI symplectites corresponds to oligoclase An,s,s, and inclusion in garnet is oligoclase Anll.
Such unusual structural and chemical peculiarities allow assuming that Pl in post-coronitic paragenesises and Omp-
Crn-PI symplectites as a whole are the products of intracrystalline exsolution.

For restore of composition of prospective phase were carried out EPMA studies in scan mode (60x60p in size) in
four areas in thin-section 1111-3a, scans number were from 1 to 7 on each area depending on its size, totally 13 scans. The
representative ED spectrum is in insert in Fig.2a. Average composition is submitted in the Table 1 (Column (1)). The aver-
age compositions for all scans (n=13) and for area with the greatest number of scans (n=7) have practically coincided, the
divergences have not exceeded of 0.3 wt. %. The obtained composition seem to us unreal for one phase, therefore we as-
sume, that all corundum of symplectite was formed earlier and was not a component of solid solution of restoring mineral.
For "cleaning" of influence of Crn at scanning of symplectites was accepted the maximum content of alumina equal to the
maximal content of element in coronitic Omp on boundary with symplectites - Jd53, Al,O; =13.8 wt. %. This value almost
in twice is lower than in averaged composition of symplectite (Tab.1, Column (1)). In Table 1, Column (2) composition of
symplectite normalized to 100 % after extraction of alumina and its formula, calculated for 6 oxygen atoms, are submitted.
The restored composition can correspond to Cpx with CaEs end-member of 13.6 mole %.

The offered scenario of Omp-Crn-PI symplectites formation assumes that the formation of coronitic omphacite
was limited by composition of Jd53 and relatively low content of CaTs end member up to 5 mole % (Fig. 2c). At fur-
ther increase of pressure the CaEs clinopyroxene with inclusions of corundum could be formed, at exsolution of
which during decompression the symplectite of CaTs clinopyroxene with plagioclase were formed and only later the
coronas of garnet were formed. In view of data [4, table 2, analyses 25,26] for inclusions of clinopyroxene in the gar-
net (Fig. 2¢) the estimated temperature is 853+36°C at reference pressure of 10 kb.
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LATE ISOFACIAL RECRYSTALLIZATION IN GRANULITE-ENDERBITE-CHARNOCKITE
COMPLEXES OF KARELIA
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B meramopdudeckoil 3BOMIONMK TpaHYJIUT-3HAEPONT-UapHOKUTOBBIX KoMIutekcoB Kapemnw, chopmmpoBas-
IIMXCS B YCTIOBHSIX BBICOKHX TEMIIEPATyp U YMEPEHHBIX U (MJIM) MOHKCHHBIX JaBJICHUN BBIACIAIOTCS POLECCHI O3~
Hell u30(dalmanbHON MepeKpUCTaITM3alMU TPaHYJINTOBBIX oOpa3oBanuii [1]. Pemeramopdu3m ocyiecTBisieTcs mocie
3aBCpHICHUA peFI/IOHaJ'lI)HOI‘/lI MUTMaTHU3alu U TPpaHUTU3AIN — 06p33013aH1/1$1 MUTMaTUTOBBIX TMOJEH U HWHTPY3UBHBIX OH-
JIepOUTOB (+ YapHOKHTOMJIOB) M CBSI3aHHOM C HUMHU IpaHyJuTOBOW amdubomuszaiuu nopoa [2]. [lerporpaduueckumu
MpU3HAKaMU TEPEKPUCTAIUIN3ALNH SBISIIOTCS: YKPYITHECHHE TI'PaHYJIMTOBBIX MHHEPAJOB — ITHPOKCEHOB, aM(pHOOIIOB,
TUIarMoOKJ1a30B, IPH HAJIMYUU OMOTUTOB M OPTOKIIa30B; (hOPMUpOBaHUE MOMKHIIIONOopdrpodIacTHIecKix GopM UX BbIJe-
JICHUS, TIO3THUX KaiiM, B3aUMOIPOPACTAHUI; cTaHOBJICHHE HOBOOOpa3oBaHHbIX Opx+CpxtAmphtBt+PlI+Or+Qtz napa-
T€HE3HMCOB OCHOBHBIX, CPEIHUX M KHCIIBIX I'PaHYJINTOB, SHJIEPOUTOB U YapPHOKUTOH/IOB, HUBEINPYIOINX OoJiee paHHUE.
IpeoOpa3zoBanust OPOJ] OCYIIECTBISIIOTCS B OTHOCHTENIBHO CHOKOWHOW TEKTOHMYECKOW 00cTaHOBKEe M B shear-3oHax
npy ygactun aedopmarnuid. [locnenane nposiBnenus pemeramopduama Brepsblie ObuM BbiAeeHs! 1 onmcansl O.1. Bo-
nmogmdeBbM [3] B Tymocckom 'OY komrmiekce, Kak TpaHyIUTOBBIH MeTamophusM 11, KoTopslii conmocTaBiswics 1Mo Bpe-
MEHH C Ha4qaJIOM KOJUIM3HOHHBIX MPOLECCOB B BeOMOPCKO# CTpyKType, ¥ peCTaBIsiI, BEPOSITHEE BCETO, 3aBEPIICH-
HBIH TpoLiece MO3AHEeH n30(annuaabHON MepeKPHCTAIUIN3ANN 10 CTaUN JeCTPYKTUBHBIX H3MEHEHUH TPaHyIUTOB, JH-
JIepOUTOB ¥ YAPHOKUTOU/IOB.

B rpanymmT-3HIepOUT-9apHOKUTOBEIX KOMIUIeKcax beromopckoro moasmkHoro nosica (Horozepckuit) u Ka-
penbekoro kparona (Tynocckuii, OHEXCKHIT) HCClieIoBaHbl peMeTaMopduiecKie Npeodpa3oBaHKsl OCHOBHBIX I'PaHy-
JIUTOB OT MEJIKO3EPHHUCTHIX JIBYITUPOKCEH-aM(PHUOONOBBIX KpUcTAIUINYeCKUX ciaaHneB (I) k mepekpucTaiin30BaHHBIM
CpeIHe3epHUCTHIM uX pasHoBuaHOCTAM (II).

[Mo3gusist n3odannanbHas MepeKpUCTaIUIM3aIM B OCHOBHBIX IrpaHyiuTax o3. HoToszepa ocymecTsiseTcs
B OTHOCHUTENIFHO CIIOKOHHONH TEKTOHMYECKOH OOCTaHOBKe, ITOCNEe AHAEPOUTO0O0pa30BaHMUS, MOJ BO3ACHCTBHEM
OCTAaTOYHBIX BOAHBIX (uionaoB. B mopomax mpu mepexone or panHux (I) mapareHeTnyeckux accomuamuii K
no3gauM (II) oTMeuaeTcst mOHMKEHUE KEJIEe3UCTOCTH B pOMONYECKIX M MOHOKJIMHHBIX TUPOKCEHaX, U aM(puodo-
nax. Kpome Toro, 3adukcupoBaHbl TeHACHIIMM yMEHbIICHU coaepxannud TiO, B Amph n packucieHus niaru-
OKJIa30B OT J1abpomopoB a0 6uToBHUTOB. IIporecc pemeramopdusma ABISETCS, MO CYyTH, COYETAHUEM METaMOp-
¢bruecKol NepeKpHCTAIIIM3aLUN C BEBIHOCOM JKejle3a U IPUBHOCOM MarHus, M 4acTHYHO Kajpuus. Ilo oTHomre-
Huto K panHuM (I), cranoBiaenue mo3nHux mapareHe3ucoB (II) mporekaeT ¢ oueHp HEOOIBIIMM BO3pAacCTaHHEM
temneparypsl (750-831°C u 752—-862°C) u npu NOHMKEHUH MUHUMAaNbHOTO AaBieHus B (7.2—8.0 kbap u 6.1-8.0
k0ap, MUHUMYM J10 5.6-5.7 k0ap).

Io3nusas u3odanmanbHas nepekpuctautusanms win Il rpanynuToBeiii Metamopdu3Mm B paiione o03. Tyroc
MIPOMCXO/IMIIA B OCHOBHBIX I'PaHYJINTax KakK B CIIOKOMHOW TeKTOHHYeCKOW oOcTaHoBKe (03. Kopormu), Tak u B shear-
30Hax (03. [llupoTHOE), TOCTIE 3aBEPIICHUS IPOIIECCOB IHIEPONTOO0OPA30BAHMS 10]] BO3JCHCTBHEM OCTATOUYHBIX BOJI-
HBIX U LIEJI0YHO-BOJHBIX (DIFOHIOB.

B criokoifHON TEKTOHIMYECKON 0OCTaHOBKE MPH peMeTaMOpPIUECKUX Iepexoax oT paHHuX nmaparene3ncos (I)
k no3aHuM (II) B rpaHynMTax NMpakTHYECKH HE M3MEHSIOTCSI COCTABBI MOHOKJIMHHBIX ITUPOKCEHOB, aM(pnOoIIoB, mia-
THOKJa30B (OMTOBHUTOB-1a0panopoB). OmHaKo HAOIIOACTCS MOBBIIICHUE JKEIIE3UCTOCTH B BEPXHEM Tpeesic Koe-
OaHuii U SHCTATUTOB M QUKCUpyeTcs HekoTopoe Bo3pactanue Aly; ot Amph I k Amph II. TIpeoOpa3oBanust siBis-
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I0TCSI KOMIIEHCAallMOHHOM MeTaMOp(pHUYECKOH MepeKpUCTAIM3aliel, HO ¢ BO3MOXKHBIM HE3HAUYUTEIbHBIM BBIHOCOM
MarHusi ¥ HEKOTOPOM MOABIKHOCTEIO amoMurust. [Tpu Giuskux temmeparypax (752-867°C u 750-871°C) dhopmupo-
Banus paHHuX (I) m nozauux (II) mapareHeTHyecknx accounanyii, JaBJICHUS MIPU MEPEKPHCTAIUIN3ANN HE3HAUUTEIb-
HO Bo3pactaroT (4.9-5.3 u 5.4-5.9 kbap).

B shear-30Hax pacmnpocTpaHeHbl pemeTamop(hu3oBaHHbIE OCHOBHBIE TpaHynuThl (II), mpeacTaBneHHBIC TBYMS
Pa3HOBHIHOCTSAMH JIBYNTUPOKCEH-TUIArHOKJIA30BbIX KPUCTAIIOCIAHIIEB C SIPKO-KOPHYHEBBIM OMOTHTOM M OypoBarto-
3eJIeHbIM, U OypeiM amdubomoM. ITopoabl OTINYAIOTCS OT ONMCAHHBIX BEIIIE, IPHCYTCTBUEM OHOTHTA, OoJee JKene3n-
CTBIMH HPOKCeHaMH U aM(puboIamMuy, U TOKUCICHHBIMH IUIArHOKIIa3aMu (J1abpajopamu-anae3nHaMu). B shear-3onax
npouecc Il rpanynuToBoro Meramopdusma sBISETCS COYETAHUEM METaMOP(PHUUYECKOH MEePeKPHCTAIUIN3AINU C ITPHUB-
HOCOM KaJlusl U HaTpusi, ¥ BBIHOCOM MarHusi. CTaHOBJICHUE MapareHe3lCcoB 3TUX OCHOBHBIX IPaHYJIUTOB ¢ OypoBaTo-
3eJIeHBIM U OypBIM aM(prboIaMu IPOUCXOIUIO NpU Temreparypax 753-875°C u 766-799°C, ¢ nasnenusmu 6.1-7.1
k6ap (min, 5.7-6.0 x6ap) u 6.2—-6.6 k6ap. OueBUAHO, YTO MpoOIEcCH peMeTamMopdu3Ma B shear-3oHax ocyIecTBIIs-
JIMCh B €JMHOM TEMIIEPaTypHOM PEXHMME, HO C MOBBIIICHNUEM JaBieHust oTHocutenbHo | n Il rpanynmuToBoro mera-
MopdH3Ma, MPOTEKABIIETO B CIIOKOHHOM TEKTOHNYECKOH 00CTaHOBKE.

B Omnexckom I'DY komruiekce HccieoBaHbl peMeTamopduyeckie npeoOpa3oBaHusl OCHOBHBIX I'PAHYJIHTOB W3
KCEHOJINTa ¢ HEOAHOPOAHBIM CTPOCHHEM B MHTPY3HMBHBIX SHAEpPOHUTaX. LIEHTp €ro cioxeH IBYNMPOKCEH-aM(prUOO0IOBEIMH
¢ OMOTUTOM, a Kpail — OMOTHT-ABYITUPOKCCHOBEIME ¢ am(puboom kpuctamiocnaninamu. Panaue (I) u mepexpucTammzo-
BanHbIe (II) maparenesucel 0OHapyXEHBI B IIEHTPAIBHON YacTH KCEHOJNTA, a B KpaeBoi — Toibko mo3auaue (I1). [Tponeccs
pemeTamopdu3Ma OCYIIECTBIUINCH B OCHOBHBIX TPaHY/INTaX B CIIOKOHHOM TEKTOHMYECKOH 00CTaHOBKE, OJJHOBPEMEHHO B
TIpeZieNnax BCero KCEHOINTa, Mocie 00pa3oBaHusl 3HACPOUTOB — YAPHOKUTOB MHTPY3UBHOTO MacCHBa U T10J] BO3ACHCTBUEM
OCTaTOYHBIX ILEJIOYHO-BOIHBIX (hmonzoB. [Ipu nepexonax ot panuux (I) k mozauum (1) mapareHesucam B rpaHyiurax U3
LEHTPAJILHON YaCTH KCEHOJIUTA COCTaB OJJHOMMEHHBIX MUPOKCEHOB MPAKTUYECKH HE M3MEHSETCs, MarHHi 1 JKeJ1e30 BeayT
cebs uHepTHO. OnHaKo, B peMeTaMop(U30BaHHBIX ABYMHPOKCEH-aM(HOOJOBBIX MapareHeTnieckux accouuanmsix (1) mo-
SIBJISICTCS SIPKO-KOPUYHEBBIM OMOTUT M TIOKUCIISIOTCS TUIArMOKIIa3bl OT OUTOBHUTA-TIA0paiopa 10 aHae3nHa. TeMmeparypsl
cranosnenust panaux (I) u mosmuux (II) naparenesucos npaktuuecku 6iusku (754-870°C u 750-877°C). OnrumaibHbie
KOJIeOaHWsI JaBIICHUH TIpY TO3HEeH M30]annanbHOi NepeKpUCTAINIM3AMK COCTaBIIOT 5.5-6.1 kOap. MuHMManbHbIE —
4.3—4.6 x6ap QUKCHPYIOT (POPMHIPOBAHIE ITO3THAX KaiiM aMm(prOoIa o OpTOIMHPOKCEHY.

Pemeramop¢hu3oBaHHBIE OCHOBHBIE TPAaHYJIUTHI KPAacBOM YacTH KCEHOJIMTA OTIMYAIOTCS OT TAaKOBBIX U3 IIEH-
TPaJIHOTO y4YacTKa, 6oJiee MMPOKUMH TpeaeinaMy KoJICOaHUH jKEeNe3UCTOCTH B POMONYECKUX MUPOKCEHAX U MOBBIIIC-
HHEM MaKcUMalbHbBIX conepkanuii TiO, B ampubonax u OMOTUTAX; YBETMUCHHEM KOJIMUECTBA OMOTHUTA U TOKUCIICHHBI-
MH aH/e3lMHaMu. BeposTHO, Ha KOHTaKTe ¢ 3HASpOUTaMM MPUBHOC KallMs U HATPUsL, ¥ BOABI ObLT 00JI€e MHTCHCHBHBIM.
Ipu 6nuskux temmepatypax (750-879°C), napnenue (6.6—6.8 kOap) mpeoOpa3oBaHUs IPAHYIUTOB KPACBOM YaCTH KCe-
HOJIUTA BBIIIIE, YEM €T0 LIeHTpalIbHOW yacTH. 1o cBoeli cyTu mpouecchl peMeraMophr3Ma OCHOBHBIX KPHCTAIOCTAHIIEB
13 KCEHOJIUTA SIBIISTIOTCS COUYETaHHEM MEeTaMOP(UUECKOW MEPeKPUCTAIIIM3ALMH C IPUBHOCOM HATPHUS, KAJIUs M BOJBL

Ipoueccel nozaueit n3odanuanbHON MEPEKPUCTAILIM3ALNHN PEAIECTBYIOT AUadTOPHUECKUM MpeodpazoBa-
HUSIM TIOpoJ1 B MeTamopduueckoit 3Bostornu ['OY KoMIiekcos.

Late isofacial recrystallization processes in granulite-facies units are distinguished in the metamorphic evolution of
granulite-enderbite-charnockite (GEC) complexes formed in Karelia at high temperatures and at moderate and/or low pres-
sures [1]. Re-metamorphism occurred on completion of regional migmatization and granitization - the formation of migma-
tite fields and intrusive enderbites (+ charnockitoids) and associated granulitic amphibolization of rocks [2]. Petrographi-
cally, recrystallization is indicated by: the coarsening of granulitic minerals, such as pyroxene, amphibole and plagioclase,
provided biotite and orthoclase are present; the formation of poikiloporphyroblastic forms of their emanation, late rims and
intergrowths; the evolution of the newly-formed Opx+Cpx+Amph+Bt+Pl+Or+Qtz parageneses of mafic, intermediate and
felsic granulites, enderbites and charnockitoids that level earlier ones. The rocks were metamorphosed and deformed in a
relatively quiet tectonic setting and in shear-zones. O.I. Volodichev [3] was the first to identify and describe the last re-
metamorphic events from the Tulos GEC complex as granulite-facies metamorphism II, which correlated in time with the
beginning of collision processes in the Belomorian structure and was most probably a process of complete late isofacial
recrystallization to a stage of destructive alteration of granulites, enderbites and charnockitoids.

Remetamorphic alteration of mafic granulites from fine-grained bipyroxene-amphibole schists (I) to their re-
crystallized medium-grained varieties (II) was studied in the GES complexes of the Belomorian mobile belt (Notoz-
ero) and the Karelian Craton (Tulos, Onega).

Late isofacial recrystallization in mafic granulites from the Lake Notozero area proceeded in a relatively quiet
tectonic setting after enderbite formation under the influence of residual water fluids. The iron content of orthopyrox-
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ene and clinopyroxene and amphibole is observed to decline in the rocks upon transition from early (I) to late (II)
paragenetic assemlages. Furthermore, the TiO, content of Amph tends to decrease and plagioclase is reduced from
labrador to bytownite. Remetamorphism is, in fact, a combination of metamorphic recrystallization with the removal
of iron and the addition of magnesium and partly calcium.Late parageneses (II) evolve at slightly higher temperatures
(750-831°C and 752-862°C) and at lower minimum pressures (7.2—8.0 kbar and 6.1-8.0 kbar, minimum to 5.6-5.7
kbar) than early parageneses (I).

Late isofacies recrystallization or granulite-facies metamorphism II in the Lake Tulos area proceeded in mafic
granulites in both a quiet tectonic setting (Lake Koroppi) and in shear-zones (Lake Shirotnoye) upon completion of
enderbite formation under the influence of residual water and alkali-water fluids.

The compositions of clinopyroxene, amphibole and plagioclase (bytownite-labrador) in granulites remain
practically unchanged upon remetamorphic transition from early (I) to late (II) parageneses in a quiet tectonic
setting. However, iron content increases in the upper variation limit for enstatite and Aly; rises slightly from
Amph I to Amph II. Alteration is understood as compensatory metamorphic recrystallization, but a minor re-
moval of magnesium and the mobility of aluminium are possible. At similar formation temperatures (752—867°C
and 750-871°C) of early (I) and late (II) paragenetic assemblages recrystallization pressures rise slightly (4.9—
5.3 and 5.4-5.9 kbar).

Remetamorphosed mafic granulites (II), represented by two varieties of bipyroxene-plagioclase schists with
bright-brown biotite and brownish-green and brown amphibole, are common in shear-zones. These rocks differ in the
presence of biotite, Fe-richer pyroxene and amphibole and reduced plagioclase (labrador-andesine) from those de-
scribed above. In shear-zones, granulite-facies metamorphism II is a combination of metamorphic recrystallization
with the addition of potassium and sodium and the removal of magnesium. The parageneses of these mafic granulites
with brownish-green and brown amphiboles evolved at temperatures of 753—-875°C and 766—799°C and at pressures
of 6.1-7.1 kbar (min, 5.7-6.0 kbar) and 6.2—6.6 kbar. Obviously, remetamorphic processes in shear-zones proceeded
in a common temperature regime, but at higher pressures relative to granulite-facies metamorphism I and II, which
occurred in a quiet tectonic setting.

Remetamorphic alterations of mafic granulites from a heterogeneous-structured xenolith in intrusive enderbites in
the Onega GEC complex were assessed. The centre of the complex consists of bipyroxene-amphibole schist with biotite,
and its margin is formed of biotite-bipyroxene schist with amphibole. Early (I) and recrystallized (II) parageneses were
identified in the central portion of the xenolith and only late parageneses (II) at the margin. Remetamorphic processes in
mafic granulites proceeded in a quiet tectonic setting simultaneously within the entire xenolith, after the formation of ender-
bite-charnockite of the intrusive massif and under the influence of residual alkali-water fluids. Upon transition to from early
(I) to late (I) parageneses in granulites from the central portion of the xenolith the composition of pyroxenes remains prac-
tically unchanged, and magnesium and iron show an inert behavioral pattern. However, bright-brown biotite is observed in
remetamorphosed bipyroxene-amphibole paragenetic assemblages (II) and plagioclases are reduced from bytownite-
labrador to andesine. The evolution temperatures of early (I) and late (II) parageneses are similar (754—870°C and 750—
877°C). Optimum variations in pressure upon late isofacial recrystallization are 5.5-6.1 kbar. Minimum pressures of 4.3-4.6
kbar indicate the formation of late amphibole rims after orthopyroxene.

Remetamorphosed mafic granulites from the xenolith margin differ from those of the central zone in greater
variations in the Fe content of orthopyroxene, higher maximum TiO, concentrations in amphibole and biotite, greater
quantities of biotite and reduced andesine. The addition of potassium, sodium and water at the contact with enderbite
must have been more intense. At similar temperatures (750-879°C), the alteration pressure (6.6—6.8 kbar) of granu-
lites from the xenolith margin was higher than those from granulites in its central portion. In fact, remetamorphic
processes in mafic schist from xenolith are a combination of metamorphic recrystallization with the addition of so-
dium, potassium and water.

Late isofacial recrystallization processes precede the retrograde alteration of rocks in the metamorphic evolu-
tion of GEC complexes.
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SBOJIIOLUS ®JIIOUTHOIO PEXKUMA U YCJIOBHUSI ®OPMUPOBAHMS ITOPO/I
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EVOLUTION OF FLUID REGIME AND CONDITIONS OF FORMATION OF KHANKAISK
MASSIF ROCKS
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XaHKaUCKUI MeTaMOPQHUIECKUil MacCHB MPUYPOYEH K BOCTOUHON 9acTh MOHTo0-OX0TCKOH CKII1aqdaToil 30HBI
U CI0KEH JOKeMOPHHCKIMH (HIDKHE- W BEPXHETPOTEPO30WCKUMH) KOMITIEKCAMI: TePECIanBarOIINMUC KapOOHATHO-
CUJIMKATHBIMH U BBICOKOTJIMHO3EMHUCTBIMU ITOPOJIaMH, CJIaHIIaMH, THEMCaMHM C JIMH3aMHU 3BJIM3UTOB U 3H}1€p6HTOB.

Jist u3yueHust pU3NKO-XMMHUYECKHUX YCIOBHIA MeTamMop¢u3Ma ObLIM OTOOpaHbl 00pa3sipbl, COAEpIKalie napa-
TeHe3MChl MUHEPaJIoB aM()UOOTUTOBOI U IPaHyIMTOBO (aruii, MPUroAHbIC AJIsl pACYETOB 0 UX COCTaBaM TeMIlepa-
TYp, AABJICHUIL, PSKUMA JICTYYHX KOMIIOHCHTOB: FPaHaT, OUOTHUT, KOPIAUEPUT, MUPOKCEH, MOJICBHIC LIMATHI, CHILINMA-
HHT, KBapll, rpadut u 1ap. Mcronp30Banucy 3HaYCHHsI TEMIIEPATyp U JABJICHHM, MTOJY4YCHHBIC, [IABHBIM 00pa3oM, 110
MeTony TpeHJ0B». B pesynbrare B koopauHatax P—T mocrpoen Tpena meramopdusma Ha XaHKalCKOM MaccHBe
(puc. 1). Ioxy4ueHHsle oneHKH PT-ycioBHil perpeccCHBHOrO 3Tama Meramopdu3ma KomeOmorces B mpenenax 900—
450°C u 8.4-1.2 x0ap.

Ps. kb
Puc. 1. PT-ycnoBusi NpOTEKaHUS peT-
8 1 porpaiHbIX IpoLeccoB Ha XaHKaii-
CKOM MacCHBe.
1 — mapameTpel, ONpeeaeHHbIE N0 YITIEKU-
6 I CIIOTHBIM (BJIFOUTHBIM BKITIOUSHHUSM; 2 — O
T - G C BOJHO- COJIEBBIM U BOJAHO-YI'JIEKUCIIOTHBIM
oo O r-vor BKJIFOYCHHSIM.
. oS o™ @ Gr-Bi
Fig. 1. PT-conditions of retrograde
o metamorphism in the Hanka Massif.
1 — PT-conditions inferred from carbon
dioxide inclusions; 2 — from aqueous-salt
and aqueous- carbon dioxide inclusions.

L [+
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HO HapaFeHe3I/IcaM Kaﬂl)]_II/IT—BOJ'IJ'IaCTOHl/IT—KBap]_I—Fpa(i)I/IT, UCXoas1 U3 MOACIU H}leaﬂbHOﬂ cCMEeCcHu peaanblx
ra3oB, IPOBEJICH pacyeT COCTaBa paBHOBECHBIX (ironnoB B cucteme C—O—H: omnpeneneHbl MOTEHIMAN KUCIOpoaa U
J'IeTy'-leCTl) 1 MOJIBHBIC JOJIM OKHUCH U 3aKHCHU yrnepo,ua, MCTaHa, BO)Z[OpOZ[a 1 BOJBI. Pacqu HpOBOI[I/IJ'ICH 110 YUCTBIM
MUHaJIaM, TepMO,HI/IHaMI/ILIGCKI/Ie CBOﬁCTBa KOTOpBIX HN3BCCTHHI C 60J'[I)HIOI7[ TOYHOCTBIO, a HC 110 paBHOBCCI/IHM TBCpHI)IX
paCTBOpOB. HpI/ICYTCTBI/Ie a30Ta HE yLITeHO, YTO BHOCUT OHII/I6Ky B HOJ'Iy‘IeHHBIe OLCHKHU BCIIMNYUH MOJIbHBIX Z[OHCﬁ ra-
30B. PaC‘IGTI)I HpOBOﬂI/IJ'II/I JJI PT-YCJ'IOBI/Iﬁ BAOJIb HOCTpOCHHOFO TpeH;[a. HO HOJ'Iy‘-IeHHI)IM pesynLTaTaM O6IH€I7[ TCH-
I[CHLII/ICﬁ N3MCHCHUSA COCTABOB (bJHOI/IIlOB Ha perpecanHOM oTarrC SABJILACTCA ITOBBIIIICHHUC MOHLHOﬁ JO0JIU AJIs1 BOJBI,
BOHOpO,I[a, METaHa U CHMKCHHUEC TJISI OKUCHU U 3aKHUCHU yrnepo;[a.

B Tex ke oOpa3max, A KOTOPBIX NMPOBOMMIOCH M3YUYCHHE MaparcHe3NCOB MHHEPAJIOB, OBUIA HUCCIICIOBAHBI
¢uroniHbIe BKIIOYEHUs. B kBapiie, rpaHate U KalbliuTe OOHAPYKEHbI OJHO-, IBYX- U Tpexda3Hbie BKIroueHus. Cpe-
AW HUX HMCHOTCS KaK BOJHO-COJICBBIC, TaK U BO,Z[HO-yFJ'ICKI/ICJ'IOTHBIe nu yFHeKI/ICHOTHBIe BKJIFOYCHUA, 110 pacnonome-
HUIO B 3epHaX MI/IHepaﬂa-XOSHI/IHa OHH no;lpa:meﬂﬂ}oumeca Ha HepBI/I‘lHO-BTOpI/I'-leIe nu BTOpI/I'-IHbIe. HepBI/l‘lHI)Ie,
O4YCHb MeJ'IKI/Ie, OAWUHOYHBIC UJIU B He6OJ'II)LHl/IX rpynnax BKJIFOYUCHHUS OYCHBb pe[lKl/I.
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Temmneparypsl miaBieHns: 0THO(A3HBIX BKIIIOUEHUH COCTaBISIIOT —62...—55.6° C, 4TO CBUETENBCTBYET O CO/lep-
JKalllehcsl B HUX YIJIEKUCIOTE B CMECHU C a30TOM WJIM METaHOM. TemmepaTypbl TOMOT€HU3aIMU OTBEYAIOT TUIOTHOCTSIM
yraekuciotsl ot 1.05 o 0.87 r/em’, KonmeHTpamust com B BOIHBIX BKIIIOUYEHUsX cocTaBiseT 12—20 mac. % NaCl-3kB,
roMoreHm3anus B xKuIkocTh — 105-430° C. BogHO-yTIIEKHUCIIOTHBIE BKIFOYECHHUSI TOMOTSHH3UPOBAIHCh TIpH 348-360° C
(wm BekpbBanuck npubmmsuTensHo mpu 290° C). [puHsB TemriepaTypy 3axBaTa BKIIOUYCHHH, OTBEUAIOIIYIO PAacCUH-
TAaHHOW 10 MUHEPATFHBIM PaBHOBECHSIM, OIIPEICIICHO aBlicHHE. BeencTBre HaMaus BapHaliii N3MEPEHHBIX TIOTHO-
CTel BKIJIFOYCHUI, ITOYYeH MUAra30H 3HAYCHUH JaBJICHHUHA, YTO BUAHO Ha PHUC. 1, T/Ie COmOCTaBIeHBI TPEH/IBI YCIOBHIA
MHHEPaJI000pa30BaHMs 10 JaHHBIM PacyeTOB MUHEPAIBGHBIX PABHOBECHH M M3YUIEHUS (DITFOUIHBIX BKIFOUCHHH.

Jlist psiaa oOpasioB MPOBEACHO TAaKKe ra3xpoMarorpauyeckoe ONpeesIeHHe COCTABOB JIETYYHX, BBIACIHB-
mMxcsi U3 (PIIOUIHBIX BKIFOUCHHHA. VX0 U3 MpeaBapUTEIbHO MOMYUYCHHBIX JCKPENTOrpaMM, aHATU3UPOBAIN TI0-
CJIEJIOBATEINILHO JIBE TIOPIIMH T'a30B, MOyUYCHHBIX MpH npokaiuBanuu npu 500, a 3arem npu 700°C. Bo Bcex oOpasiax
00HApy)KEHO MPUCYTCTBUE a30Ta B kKonmuuecTBe 10 10 mon. %. Ha muarpamme C—O—H nuHHM M3MEHEHUS COCTABOB
JIETYYHX TPU CHIDKCHHH TEMIICPATyphl NapaJUIeIbHBI IPSIMO, COCTUHSIONICH (GUTYPAaTHBHBIC TOYKH BOJBI U YTIICKH-
CJIOTBL. DTO CBUAECTENBCTBYET O TOM, YTO OCHOBHOM TEHJICHIIMEH U3MEHEHUM SIBJISIETCS] YBEJIIMYEHHE COJIEPIKaHUs BO-
IIBI TIPY OJTHOBPEMEHHOM yYMEHBIICHUH KOJMYECTBA YTICKUCIOTHL. M MOATBEpIKIaeT pe3ynbTaThl MPOBEACHHBIX pac-
YETOB COCTABOB (MIIFOMOB MIPU Pa3HBIX TEMIEpaTypax.

Kak BumHO U3 puc. 1, TpeHnsr nm3mMeHeHus PT-ycinoBuii perpeccuBHOT0 MeTaMopdu3ma, orpeeeHHbIe ABYMS
pPa3HBIMH METOJaMH, YaCTHYHO COBIAJIAIOT, PACXOXKICHHUS UMEIOTCS TOJIBKO B 0OJIACTH KpaeBbIX yacTel TpeHaoB. B
00acTé BBICOKMX MapaMeTPOB PACXOKICHHE HEBEIWKO M YKJIAABIBACTCS B OMIMOKY METOMOB. B o0macTi HM3KUX ma-
paMeTpoB AaBJICHHUS, IIOTyYEHHBIE TIPH U3Y9IEeHUH (DIFOMIHBIX BKIIOUYSHUH, IMEIOT TOpa3o Ooiee BHICOKHE 3HAUCHUS.

NaCl

Puc. 2. ®a3zoBble rpanunsl ans cucrtembl H,O—
CO,—NaCl npu ycnoBusix peTporpajHoro Mera-
Mopdu3mMa XaHKalCKOTO MacCHBa.

3aITpUXOBAaHHOE IOJIE TIOKA3bIBACT (IIIOM/IBI, COAepIKa-
e 12-20 mac.% NaCl, kak ompezaeneHo 1o QGIounn-
HBIM BKItOYeHUsIM. A,B,C u 1, 2, 3 — (a30BbIe IpaHULIBI
C KOHHOZAMHU W JuHMH ¢ oTHowmeHusMu H,O:CO, mis
700°C, Sxbap; 600°C, 3 kbap; 500°C, 2 xb6ap coOTBETCT-
BeHHO. G and L — ra3oBast u sxuzkas (a3bl HECMECUMOTO
¢umonza.

L LT T T

Fig. 2. Phase boundaries of the system H20-
CO2-NaCl at the conditions of retrograde meta-
morphism of the Hanka massif.

Shaded field corresponds to compositions of fluids,
containing 12-20wt% NaCl with respect to water, as
determined from fluid inclusions. 4,B,C and 1, 2, 3 —
phase boundaries and connodes and H,O:CO, ratio for
700°C, 5kb; 600°C, 3kb; 500°C, 2kb respectively. G and
L — gaseous and liquid phases of heterogeneous fluid. mas. 0/0

[TomydenHble pe3ynbTaThl MOKa3ajdHW, YTO Ha PETPOrpajHOM ITare J0Jis YIJIEKHCIOTH BO (IIIOMAax
yMeHbmanack ot 31 mgo 3 mon. %. MbI ipenmnonaraeM, 4T0 TOMUMO pPeakIuidi KapOOHATH3AUU U TUAPATAIUU K
TaKMM M3MEHEHHSIM MOTJIa IPUBECTH T'eTeporeHu3anus (Iouaa u mocieryiomlee pas/ielieHue HeCMECHMBIX (a3.
Ha puc. 2 nzobpaxkensl ¢paszoBbie rpaHuilsl st cuctembl H,O—-CO,—NaCl mns 700, 600, 500°C u npu gaBieHu-
SIX, OTBEUAIOIIUX MOCTPOSCHHOMY TpeHAy Mmeramopdmsma. [Tockompky ¢mronn HempepriBHO obemusiercs CO,,
TPEHIBI U3MECHCHHS BAJIOBOT'O COCTaBa M300pa)kaloTCS TMHUSAMHU, COSTUHSIIOMUMA (QUTYpaTUBHBIE TOUYKH UCXOJI-
Horo ¢uironsia u CO, (CTpENKH MOKa3bIBAIOT HAMPABICHUE MPOUCXOASIIUX U3MeHeHuit). [10 JaHHbIM QIIFOUTHBIX
BKJIIOUEHHUH KOHLIEHTPALHUs coyid B pacTBope oTtBeyaeT 12-20 mac. % (3amITpUXOBaHHBIN CETMEHT Ha puc. 2), Uc-
xoaHoe (1:1) u xoneunoe (npu 7=600°C u P=3 x6ap) cootHouienus H,O:CO,. [Inomaas, orpaHnyeHHast JTHHUS-
MU (a) u (0) c 3aIUTPUXOBAHHBIM CETMEHTOM IIOKa3bIBaeT MpEJeibl M3MEHEHHs BaJIOBOTO cocTaBa Quitonja JUis
Xankalickoro maccuBa. B Takom ciyuae npu 7=700°C u P=5 x6ap ¢datoun paznenurcs Ha ase dassl: L u G. [lpu
JaJIbHEUIIeM JBH)KEHUH NpH najgeHuu P u T 0051acTh HECMECUMOCTH PacIIUPSETCs, U3MEHSFOTCSI U COCTaBhI He-
CMeCHUMBIX (a3, cONmKasich IpyT ¢ APYyrom: KOHIEHTpamus conu B L cHmkaercs, Boasl B G — pacter. [Ipu aTom
HaKJOH KOHHOJ oTHOocuTenbHO JuHUU H,O—-CO, npu conpsbkeHHOM u3MeHeHuu P u T u3MEeHseTcCs He3Hauyu-
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TenbHO. B Takom cirydae npu 700°C u P=5 k6ap ¢umronn pasnenurcs Ha ase dassl: L u G, cogepxamue okoiuo 10
n 58 mac. % CO,. Ilo mepe ynanenus 6onee moABMXHOM (azel G BanoBbIi cocTaB ¢urrona OyneT odoramarbes
coJbl0 M HakJIOH TpeHaa norepu CO, Oyner craHOBHUTHCS Bece Kpyue. Ilpu conpspkeHHoM cHykeHuun P u T o06-
JACTh HECMECHMOCTH CHavasa paciupsiercs, Gaza G oOemgHsIeTCS yriaekucinoTon, B ase L yMeHbIaeTcss cooT-
HomeHue coyib: CO, mpu NpuUOIU3NTENBHO OJMHAKOBOM KoJIMdecTBe BOAbI. [Ipu manbHEHIIeM CHIDKEHUH Tapa-
METpPOB I10JI€ COCYLIECTBOBaHMUS ABYX (a3 ¢uronaa cyxaercs, IPOUCXOIUT ITOITHOE CONMKECHHNE HX MO COCTaBy U
B IIPOIIECCE YYAaCTBYET FOMOTEHHAsl CMECh JICTYYMX KOMIIOHEHTOB. TakuMm o0pa3om, IpH peTpPOrpagHOM MeTa-
Mopdu3me XaHKalHCKOr0 MacCHBa MMEJCS 3Tall FeTepOreHu3anuy (QIonaa, 3aKOHYUBLIIMKACS MPUOIU3UTEIHHO
mpu 7=600°C u P=3.5 x0Oap. 3aBepiicHue 3TOTO 3Tana 3a(UKCHPOBAIOCh B M3MEHCHUHU YIJla HAKJIOHA TPeHIA
PT-ycnoBwuii, onpeneneHHOro o (QJIIOUIHBIM BKJIIOYEHHUSIM: IPU TOMOTCHHM3AIMH BOJIIOMETPHUUYECKHNE CBOWCTBA
(bIFOMIHOM cMecH U3MEHSIIHCh CKauK000pasHo.

KAHEHTBSBPCKHUI MACCHUB SHJIEPEUTOB KOJIbCKOI'O ITOJIYOCTPOBA:
I'EOXPOHOJIOI'MYECKHUE U U30TOIMHO-'EOXUMHNYECKHUE UCCJIEJOBAHUS

Kyopswoe HM., Kosnosa H.E., Kosnos H.E., Copoxmun H.O.
' KHII PAH, Anarutsl, nik@geoksc.apatity.ru

KANENTJARVI ENDERBITE MASSIF OF THE KOLA PENINSULA: GEOCHRONOLOGICAL
AND ISOTOPIC-GEOCHEMICAL STUDIES

Kudryashov N.M., Kozlova N.E., Kozlov N.E., Sorokhtin N.O.

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

B mpenenax MypmaHCKOro IoMeHa Mpeo0afaloliiM paclipoCTPaHEHHEM MOJIb3YIOTCS METaMOp(UIECKHE U
ynbTpaMeTamopdudeckre 00pa3oBaHUS THIMYHBIC AJS 30H aM(puO0NMUTOBOM (harum, cpend KOTOPBIX OTMEYArOTCs
YYacTKU C PEIMKTaMH IOpPOJ TPaHyIUTOBOH (arun. [ paHyIUTOBBIE TapareHE3UChl B ATUX paiioOHaX MOCIe0BaTeb-
HO 3aMeImaroTcs aM(puO0IMTOBEIME M O0JIee HU3KOTEMIIEpaTypHBIMA acconnarnusavMu. K onHomy n3 Hambosee KpyT-
HBIX ¥ XOPOILIO M3YYSHHBIX MacCHBOB, IOPOJbI KOTOPOTO HMEIOT IapareHe3NChl IPaHyIUTOBOU (arun MetaMmopdus-
Ma, oTHocHuTCsl KaHeHThSIBPCKHUI MaccuB.

KaHeHTBABPCKUI MacCHB MPEACTABISICT COO0I TEKTOHUYCCKUH OJIOK, OTPAHUYCHHBINA pa3jioMaMH CyOIIUpOT-
HOTO ¥ CyOMEpHIMOHAIBHOTO POCTUPAHUS, TPAAUIMOHHO OTHOCUMBIH K IpEeBHEUIIEMY TPAHUTOHJHOMY KOMILIEKCY
Konbsckoro peruona [1,2]. Tlopoas! KaneHTBIBpCKOro MaccuBa B FOT0-3alafHOM HANpPAaBICHUU uyepe3 TEKTOHHUYE-
CKYI0 30HYy I'paHHUaT ¢ IOPOAAMU 3eJleHoKaMeHHoro nosica Koamoszepo-Boponss [3].

B mpenenax komIuiekca BBIICISIOTCS JIGHKOKPATOBBIE M ME30KPATOBBIE SHAEPOUTHI, KOTOPHIE COXPAHSIOTCS
JUIIb B BUIE OTACJIBHBIX IATHUCTHIX IOJICH M HESACHO BBIPAKCHHBIX 30H CEBEPO-BOCTOYHOTO mMpocTupanus. Bes oc-
TaJIbHAsE TEPPUTOPHSI CIOXKEHA TUIATHOTPAHNTAMH B KOTOPHIX (PUKCHpYETCs HeYeTKas II0JIOCYATOCTh € IIOCTEIIEHHBIMA
MepexojaMn MEXAY JIEHKOKPAaTOBBIMH M MEIaHOKPATOBBIMU Pa3HOCTSIMH. CeBEpO-BOCTOYHOE NMPOCTUPAHHE MEPBUY-
HOM I10JI0CYAaTOCTH YCTaHABIMBACTCS B PAne OOHAKEHUH MacCHBHBIX 3HISPOUTOB 110 YepeoBaHuIo Ooiee JelKokpa-
TOBBIX U MEIaHOKPATOBBIX MPOoCIoeB. YacTo HAOIIOIAI0TCS IOCTEHEHHBIE TIEPEXOBI OT SHAEPOUTOB K MIarHOrPaHH-
TaM, MJIarHOMHKPOKIMHOBBIM IPaHUTaM M TpaHUTOrHeWcaM. VIHora sHAepOUTHI 00JIEKAIOTCS 30HAMH PacClaHIeBa-
HUSI, B KOTOPBIX HAOJIONAIOTCSl KPYITHO3EPHHUCTHIE JIGHKOKPATOBBIE IJIArMOTPAHUTHI C THE3aMK Ouotuta u amgpubo-
na. Cper MacCUBHBIX SHJIEPOUTOB B HEOOJBIIOM KOJMYECTBE BCTPEYAIOTCS JIMH30BU/IHBIE U IIACTOO00pa3HbIe Tena
MEJIKO3EpHHUCTHIX aM(pHOOIM3UPOBAaHHBIX JABYIIHPOKCEHOBBIX KPHCTAJUIOCIAHIIEB — ITOPOJ] IPaHyJIUTOBOH (aunu me-
Tamop(u3ma, a TaKXKe JUOTICUIOBBIX aM(DUOOIUTOB U OHOTUT-aM(PHUOOIIOBBIX THEHCOB, MHBELIMPOBAHHBIX POXKHIIKA-
MU THIIEPCTEHOBBIX IIArHOTPaHUTOB U IUIArHOAIUINTOB.

Oupepoutsl KaHeHTHSIBPCKOrO MaccHBa MPECTABIAIOT COO0I OHOPOIHBIE TUIOTHBIE TIOPOBI CEPOH MIIH KO-
pPHYHEBATO-CEPOH OKPACKH, MACCHBHOM MM HESCHO THEHCOBHIHOM TeKCTyphl. CTpyKTypa MOpo NPEHMYIIIECTBEHHO
amoTpromMopdHO3epHHUCTas, rpaHobaacToBas. CocTosT n3 miarnokiasa - 35-50 %, kBapma — 15-30 %, opTonupok-
ceHa — 5-10 %, kpacHOBaTO-KOPUIHEBOTO BEICOKOTUTAHUCTOTO 6noTHTa — 5—15 % aKiieccopreB: THTAaHUTA, alTATHTA,
nupkoHa. bruotute! 3H1ep6UTOB MO cooTHOMIEHMIO T10,; 1 FBt cooTBeTCTBYIOT OMOTHTaM rpanynuTOBOM (amun. Co-
nepxaansg Al,O3; B OpTOMMUPOKCEHAaX OTHOCUTENRHO HeBbIcoKoe (0.6 Mac. %), 9TO CBUAETENBCTBYET O (hopMUpOBaHUN
MIOPOJ B YCIIOBHSAX YMEPEHHOOAapU4YeCKol rpanyauToBoi ¢aunu. s sunepoutoB KaHEeHTHIBPCKOro MaccuBa Xapak-
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TEPHBI BHICOKAS KEIE3UCTOCTh U Mpeodnananre HaTpus Hax kanueM. Ouu obexreHsl Rb, Nb, U, Th, Ti, Sm u o6ora-
meHsl Sr, Zr, Ba, Nd.

1l M30TOIHO-TEOXMMHUUYECKOTO U M30TOIHO-Te0XpoHoJorndeckoro m3ydeHus U-Pb meronoM mo nupkoHy
ObUTH OTOOpaHBI TIPOOBI U3 SHAECPOUTOB, MO COCTaBY OTBEUANOIIUE TUNEpCcTeHOBOMY auopuTy (Ces-3), a Takke U3
paccranoBanHoro OmotuToBoro rueiica (Ces-20), 3aneraiomero B Bujie cyOCOTTIaCHOTO KCEHOJHNTa CPEAH MacCHB-
HBIX SHIEPOUTOB.

Xumuueckuii cocraB obpasua Cev-3 (macc. %): Si0,-59.64, Ti0,-0.97, Al,05-16.25, Fe,05-2.81, FeO-
4.80, Mn0O-0.10, Mg0O-2.53, Ca0-6.20, Na,0-4.15, K,0-0.52, P,05-0.38. LlupkoH B mpoOe THIIEPCTEHOBOTO
JIMOpUTA TIPEJICTaBICH €IMHOW TeHepaleil IByX pa3inyHbIX Mopdosiornyeckux TUnoB. [lepBelid THI - 3TO JH-
MUpaMUJAIBHO-TIPU3MaTHYECKHE 3epHA KPEMOBOTO I[BeTa, pedpa KOTOphIX criaxensl, Ky=2-3, Bropoit tun -
KpEMOBbIE H30METPHUYHBIE MHOI'OTPAHHbBIE KPUCTAJLIBI C ajMa3HbIM OJIECKOM, TUIIMYHBIC I OPOJ| TPaHyIHTO-
Boil Qaumu. BHyTpeHHee cTpoeHHe B 000MX THHAX IUPKOHA XapaKTEpH3yeTCs TOHKOW 30HAIBHOCTHIO POCTA.
Jlns nupKoHa xapakTepHbl HU3KHe copepxkanus ceunna (40-100 ppm) u ypana (70-140 ppm), Beicokue Th-U ot-
nomenust 0.5-1.0. Bo3pacT no BepxHeMy NEpecedeHHI0 ¢ KOHKOPJIUEH YeThIpeX pa3MepHbIX (pakiuili nupKoHa
oboux tunos coctaBui 277217 mun. net (CKBO=0.79), HnxHee nepeceueHre 0TBEYAET COBPEMEHHBIM ITOTEPSIM
cBuH1A (puc. 1).

0.55
2 2772+/-7 Ma
3 MSWD=0.79
& 2750
053
Cev-3/4
051 |
Cev-3/3
Cev-3/2
049
Hypersthene diorite
207Pb/235U
0.47 ] ]
10.5 15 12:5 13.5 14.5

Puc. 1. [IluarpamMmma ¢ KOHKOPAXEH IS TUIIEPCTEHOBOTO AuopuTa KaHEHTBABPCKOTO MacCHBa SHACPOUTOB.

Xumuueckuit coctaB oopasia Cev-20 (macc. %): Si0,-68.30, Ti0,-0.45, Al,05-14.45, Fe,05-2.00, FeO-3.58,
MnO-0.04, MgO-1.05, Ca0-4.19, Na,0-4.30, K,0-0.56, P,05-0.14. [{upkoH, BEIIEIEHHBINA U3 OMOTHTOBOTO THENCA,
XapaKTepu3yeTcs TaKKe IBYMsl MOP(OJIOrHIeCKUMHU THIIaMU. [1epBbIi — 3TO BBITSHYTBIE OKPYTJIbIE IPO3payHbIe KPH-
cTaJuIBl OJIEZIHO-PO30BATOrO L(BeTa O€3 OrpaHku. B OTpakeHHBIX JIEKTPOHAX BHYTPEHHEE CTPOCHHE LIUPKOHA OJIHO-
POIHOE, 30HAIBHOCTH HE IPOCMaTpuBaeTcsi. BTopoi THI — OKpyTJIbIid IMPKOH ¢ TPy00il 30HATBHOCTBIO POCTa, MPOSIB-
nerroit B BSE. B 3Tux THmax mupkoHa HECKOJBKO TMOBEIMIEHHOE conepxanne ypaHa (100-190 ppm) u 3ametHOE
ymenbinenne Th/U no 0.4-0.3. BepxHee nepeceueHne QUCKOPIMN C KOHKOPHEH IIeCTH pa3MepHBIX (ppakuuii nupko-
Ha 000MX THITOB MUPKOHA ompeaesseT Bo3pacT 27675 muH. ner, CKBO=0.41, HioKHee niepecedeHrne OTpakaeT Co-
BpEMEHHbBIC TTOTEPH CBUHIIA (pHC. 2).
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Puc. 2. [luarpamma ¢ KOHKOpAUEH 1t OHOTHTOBOTO THelica KaHeHThSIBPCKOTO MacCHBa YHICPOUTOB.

OHaepOouTsl KaHeHTHSBPCKOro MaccuBa UMEIOT (PpaKIMOHUPOBAHHBIN CHEKTP paclpeaesieHus] pelKo3e-
MenbHBIX deMeHToB (La/Yb)n = 9-10. Jlns rurepcTeHOBBIX AMOPUTOB M MAaCCHUBHBIX HAEPOUTOB OTMEYAIOTCS
Oosee BrICcOKME 3Ha4YeHMs cojepkaHui yerkux u Tsokeisix REE (Cen = 85-90, Ybn = 9-10) no cpaBHeHHIO C
O6noTUTOBBIMU M OnoTHT-aM(pubonaoBeME THelicamu (Cen=27-30, Ybn = 2-3). CrieKTp IrMnepcTeHOBBIX THOPH-
TOB BbIpa)keH oTpunareiabHoi anomanueit (Eu/Eu* = 0.7), ansa 6uorntoBoro rueiica, ¢ HUI3KUMH KOHIEHTpAIUs-
mu REE, xapakrepHa nmonoxxurenbHas anoManus (Eu/Eu* = 1.4). Sm-Nd MonensHBIE BO3pACTHI I SHACPOUTOB
KanenTesaBpckoro maccuBa HaxoasTcs B nuama3one 3070-2960 miH. net, uro Ha 200-250 MITH. €T MPEBIIAIOT
BpeMs KpUCTAIIIIN3AUHN opo. Takoii BpeMEeHHOH pa3pbIB, BEPOSITHO, CBS3aH C JUINTEIBHONH KOPOBOM HCTOpHUEH
IPOTOJINTA IIOPOJ MACCUBA. End(2770) XAPAKTEPU3YIOTCS MOJIOKUTEIbHBIMU 3HAUYEHUAMU B npenenax +0.8 + +1.8.
78r/%S1(1) = 0.70201-0.702654. [Tomy4uenHbIe 3HAUCHHUS BO3pAcTa ISl THIEPCTEHOBOTO THOPHUTA U OMOTUTOBOTO
rHelica COBIAAAOT B Npe/eaxX OMMOKY M HHTEPIPETUPYIOTCS KaK BpeMsl KpUCTAIIN3LUH dHAepOouToB KaneHTs-
ABPCKOTO MacCHBa.

The Murmansk domain is dominated by metamorphic and ultrametamorphic units, typical of amphibolite-
facies zones, where relics of granulite-facies rocks are encountered. In these regions granulitic parageneses are suc-
cessively replaced by amphibolite- and lower-temperature associations. The Kanentjarvi massif is one of the largest
and best-studied massifs consisting of rocks metamorphosed to granulite grade.

The Kanentjarvi massif is a tectonic block bounded by near-E-W- and near-N-S-trending faults and generally
understood as the oldest granitoid complex in the Kola region [1, 2]. The rocks of the Kanentjarvi massif border on
the rocks of the Kolmozero-Voronya greenstone belt in a southwestern direction via a tectonic zone [3].

Leucocratic and mesocratic enderbites, encountered solely as individual mottled fields and indistinct NE-
trending zones, have been identified in the complex. The rest of the area is formed of plagiogranites, which show
poorly-defined banding with gradual transitions between leucocratic and melanocratic varieties. Primary banding in
some exposures of massive enderbites strikes northeast, as indicated by the alternation of more leucocratic and
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melanocratic interbeds. Gradual transitions from enderbites to plagiogranites, plagiomicrocline granites and granite
gneisses are often observed. Enderbites are occasionally surrounded by schistosity zones, in which coarse-grained
leucocratic plagiogranites with biotite and amphibole pockets are observed. Encountered among massive enderbites
are scarce lenticular and sheet-like bodies of fine-grained amphibolized bipyroxene schists, metamorphosed to granu-
lite grade, and diopside amphibolites and biotite-amphibole gneisses injected by veinlets of hypersthene pla-
giogranites and plagioaplites.

Kanentjarvi enderbites are grey to brownish-grey, compact, homogeneous rocks showing massive or indis-
tinctly gneissoid textures. The rocks dominantly exhibit an allotriomorphic-granular, granoblastic structure. They
consist of 35-50 % plagioclase, 15-30 % quartz, 5-10 % orthopyroxene and 5-15 % reddish-brown high-Ti biotite;
titanite, apatite and zircon are present as accessories. The biotites of enderbites are consistent with granulite-facies
biotites in TiO, and FBt ratio. The Al,O; content of orthopyroxene is relatively low (0.6 mass. %), suggesting that the
rocks were metamorphosed to granulite grade at moderate pressures. High iron concentrations and the predominance
of sodium over potassium are characteristic of Kanentjarvi enderbites. They are depleted in Rb, Nb, U, Th, Ti and Sm
and are enriched Sr, Zr, Ba and Nd.

Samples from enderbites, corresponding in composition to hypersthene diorite (Sev-3), and those from foliated
biotite gneiss (Sev-20), occurring as a subconcordant xenolith among massive enderbites, were collected for isotopic-
geochemical and isotopic-geochronological study using the U-Pb zircon method.

The chemical composition of sample Sev-3 (mass. %) is: Si0,-59.64, Ti0,-0.97, Al,05-16.25, Fe,05-2.81,
Fe0-4.80, Mn0O-0.10, MgO-2.53, Ca0-6.20, Na,0-4.15, K,0-0.52 and P,05-0.38. Zircon in a hypersthene diorite
sample is represented by a common generation of two different morphological types. Type I is represented by cream-
coloured dipyramidal-prismatic grains with smoothened edges, Ky=2-3. Type Il comprises cream-coloured isometric,
polyhedral crystals with diamond lustre typical of granulite-facies rocks. Characteristic of the internal structure of
both types is fine growth zonation. Zircon typically displays low Pb (40-100 ppm) and U (70-140 ppm)
concentrations and Th-U ratios as high as 0.5-1.0. The age, estimated from the upper intersection with the concordia
of four dimensional zircon fractions of both types, is 277217 Ma (MSWD=0.79); the lower intersection is consistent
with the present lead loss (Fig. 1).

The chemical composition of sample Sev-20 (mass. %) is: Si0,-68.30, Ti0,-0.45, Al,03-14.45, Fe,05-2.00,
Fe0O-3.58, Mn0-0.04, MgO-1.05, Ca0-4.19, Na,0-4.30, K,0-0.56, P,0Os-0.14. There are two morphological types of
zircon extracted from biotite gneiss. Type I is represented by unfacetted pale-pink rounded transparent grains. In
reflected electrons, zircon has a homogeneous internal structure and no zonation. Type Il comprises rounded zircon
with course growth zonation, which manifests itself in BSE. These types of zircon have slightly higher uranium
concentrations (100-190 ppm), and their Th/U ratio declines markedly to 0.4-0.3. The upper intersection of the
discordia with the concordia of six dimensional zircon fractions indicates an age of 2767+5 Ma, MSWD=0.41. The
lower intersection reflects the present lead loss (Fig. 2).

Kanentjarvi enderbites exhibit a fractionated REE distribution spectrum (La/Yb)n = 9-10. LREE and HREE
concentrations were found to be higher for hypersthene diorites and massive enderbites (Cen = 85-90, Ybn = 9-10)
than for biotite- and biotite-amphibole gneisses (Cen=27-30, Ybn = 2-3). The hypersthene diorite spectrum is
expressed by a negative anomaly (Eu/Eu* = 0.7); biotite gneiss with low REE concentrations typically shows a
positive anomaly (Eu/Eu* = 1.4). The Sm-Nd model ages for Kanentjarvi enderbites range from 3070 to 2960 Ma,
which exceeds rock crystallization time by 200-250 Ma. This time gap seems to be related to the long crustal
evolution of the protolith of Kanentjarvi rocks. enqge770) values are typically positive in the range +0.8 + +1.8.
¥7Sr/*Sr(i) = 0.70201-0.702654. The age values obtained for hypersthene diorite and biotite gneiss coincide within
the error and are interpreted as the crystallization time of Kanentjarvi enderbites.
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Myiickas rib10a, pa3zesieHHas kKaiiHo30ickol pudToBoi BiaanHoi Ha CeBepo- u OxHO-Mylickyto, Tpaanuim-
OHHO paccMaTpuBaeTcs Kak OJoK apxeickoro Mmeramopduyeckoro ¢ynnamenra Cubupckoidl ruiatgopmbl BHYTPH
Baiikano-Myiickoro ckiaguatoro nosica (Canomn, 1964; I'pyauaun, 1988; Kupmacos, 1989; boxko, 1999).

[To nmerommMces MpeACcTaBICHUAM 3HAUNTENbHYI0 YacTh OkHO-MyHCKOH IIIBIOBI caraeT KMHINKAHCKAas
cepust HIXKHETO apXxes, B KOTOPYIO 0ObeTUHEHB! KWHANKAHCKas (HWXKHSA) U cepeOpsKoBCKast (BEPXHsS) CBUTHI.
B coctaBe HUKHEH CBUTBHI BBIACIAIOTCS I'PaHAT-IIMPOKCEH-IBYCIIOASHbBIE THEHCHI, aM(UOOIUTHI, KanbIUPUPH U
MHUTMaTHTHI, B CTPOSHHH BEPXHEH — H3BECTKOBUCThIE KPUCTAIIIOCTIAHIIBI, TapaaM(pUOOIUTEI, rpaHaT-OHOTHT-aM-
¢ubonoBeie rHeichl [2]. Dkmorutel B npenenax CeBepo-Myickoi TibIObl OMUCHIBAIOTCS CpPelN HIDKHEapXei-
CKUX THEHCOB JKAITYyKCKON M ocuHOBCcKo# cepuit [1]. [locnennue naHnHbie 0 COCTaBe M BO3pacTe ITHX DKIIOTH-
TOB IMO3BOJIAIOT MHTEPIPETUPOBATh UX KaK MeTamop(u3oBaHHble 0QroiauThl balikano-MyHcKoro ckiag4aToro
nosica [4, 5].

B 80-¢ roxs! nponutoro Beka B FOsxHO-Myiickoi riibioe ObIIM yCTaHOBJICHBI HEOOJIBIINE TeNla MeTaMOp(hU30-
BaHHBIX Ta00pONIOB C JIMH3aMH I'PAaHATOBBIX NMEPUAOTUTOB U dKiIoruToB (I'pyannuH, 1983), nozaHee cpeny kpucra-
JIMYECKUX CIIaHIIEB OBUTH OMMCAaHbI al00A3UTOBBIE KJIOTHTONOJOOHBIE TIOPOIBI, ITOIBEPIIIIMECS MOCIEAYIOMEMY Ina-
¢ropesy u rpanutnzanuu (boxko, 1999). O6pa3oBaHue BRICOKOOAPUIECKUX TTAPArecHE3NCOB CBA3BIBACTCS B 3TUX pa-
00Tax ¢ TEKTOHUYECKUMH TTOABIDKKAMH B PAa3JIOMHBIX 30HAX Ha (DOHE 0OIIETO perHOHATBHOTO MeTaMopdu3Ma aMmpu-
OonuToBOM (hanmu. ABTOpaMH TakXKe yTBEPHKIACTCS, YTO K HEONpOTepo30r0 Myiickas ribiba mpeacraBisiia co0oi
y’K€ MUKPOKOHTHHEHT.

B cBs3u ¢ HEOOHO3HAYHOW MHTEpIIpeTared GopMUpoBaHHs pa3HBIX dacTeil MyHCKON TIIBIOBI aKTyalbHBIM
0CTaeTCs BOIPOC MX T'€0JIOTMYECKOr0 CTPOCHHSI, PEKOHCTPYKIIMU MEPBUYHOTO CyOCTpaTa Kak KJIOTUTOB, TAK U BMe-
HIAIOMIUX MeTaMopuTOB, onpeneneHus: PT ycnoBuit Meramophu3mMa 1 MHTEPIPETalMs MaJIeOre0JMHAMHYECKOH 00-
CTaHOBKH ()OPMHUPOBAHUSI TOPOJI TIIBIOBI.

Hamu Obutn mpoBenieHsl uccienoBanust MeramopguroB FOxHO-MyHCKOH TIIBIOBI B CPETHEM U HW)KHEM Tede-
1M pyubst CepeOpsikoBckuid (mputok p.Tyiys). M3y4eHHBIH KOMIUIEKC TOPOJ MpecTaBisieT co0oi CIoKHO nedop-
MHPOBaHHYIO I0JIOCYATYIO TOJIILY, BMEIIAIONIYI0 OJOKM MacCHUBHBIX mopo. [lomocuaras Tonma cMmsTa B U30KIH-
HaJbHBIE WJIK TECHO CXKAThIE CKIIAJKU CEBEPO-BOCTOUYHOIO MPOCTHUPAHUs € yriamu najaeHust kpbuibeB 50-88° u roro-
BOCTOYHOW BEepreHTHOCTHIO. IIlapHHpPEI morpykarwTcs K ceBepo-BOoCTOKy mon yriaamu 20-40°. XapaKTepHBI OCITIOXK-
HSIOINE MEJIKUE CKJIAJKN — KaK Ha KPBUIbIX, KOTOpPBIE elle (PUKCHUPYIOTCS 110 KJINBaKy OCEBOW IUIOCKOCTH, TaK U
JUCTapMOHWYHBIE CHHMETaMOppHUUIECKne — B AApax CKIaJoK. BecbMa pacrpocTpaHEeHbI TakKe IApHUPBI CEBEPO-3a-
MIAJHOTO TOTPYKeHUs ¢ yriamu 75-80°, onmpezensiomue, Mo Bcelf BUAUMOCTH, Oonee nmo3aane aedopmarmm. broku
MaCCHBHBIX TOPOJ OOBIYHO MPHUYpPOUEHBI K SApPaM CKIAI0K, pazMep 050koB BappupyeT OT 1-2 M mo 20-50 M, pexe
200-500 m.

[Monocuaras TosiIa cIoXeHa TpaHaT-IIMPOKCEH-KBaPII-TUIarHOKIa30BbIMH KPUCTAIOCIAHIIAMH, 4acTO Kap0o-
HaTCOJICPIKAIlMMH, KaJbIn(pHpaMu, IUIarnorHeHCaMy, a TaKXKe TUIaruokiIa3-0noTuT-aM(pruOoI0BEIMU KPUCTAIIOCIAH-
namu u ampudonuramu. MomrHocTs nooc mersiercs ot 0,1-0,2 cm 1o 70-90 cm. MeTaba3uToBEIC TOPOIBI — TpaHaT-
MTUPOKCEH-KBapL-IIJIarH0-KJIa30Bble KPUCTAJUIOCIAHIBI 00J1aJal0T MAaCCUBHOW MIIM, B HEKOTOPBIX CIydasX, I0JIocya-
TOH TeKCTypoi, TOpPHUpPOOIACTOBOM ¢ TPAaHOHEMATOOIACTOBOH, YIaCTKAMH JICNHI00IaCTOBOM CTPYKTYpOil OCHOBHOM
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Mmaccel. Cocrost u3 rpanata (Grf), knmuHonupokceHa (Cpx), mnarnoknasa (P/), kapua (Qtz), Turanuta (7nt), pytuia
(Ru), nnemennTa (/lm) n 6onee NO3MHUX TUTAHUCTOM poroBoii ooManku (Hbl), buorura (Bi), akrunonura (Act). Ilop-
(upobacTsl TpaHaTa coiepkKaT MeJkue BritoueHus Qfz, Ilm, a taxoke nupkona (Zrn) u anartura (4p). Llupkon u ama-
THUT TPUCYTCTBYIOT U B MaTpukce mopoabl. COXpaHWINCh YYaCTKH KPHCTAJUIOCIIAHIIEB, COJCP)KAIINe TOMUMO 3€pEH
Cpx emie U pelnuKTH cUMILIEKTHTOBOrO0 Cpx+Pl arperara, mceBIOMOp(hHO 3aMeIaloNIero 3epHa 0ojiee PaHHETO OM-
¢ammra. Cpeny MUHAIIOB B TpaHaTe IpeodianaeT anbMaHIuH (4/m), cogepxkanus rpoccyispa (Grs) u mupona (Prp)
CyIiecTBeHHO MeHbIe. HalmronaeTcs He3HaUNTENbHOE H3MEHEHHE COCTaBa rpaHarta oT siupa (Alm7oGrs7Prpo) K me-
pudepun (4lmgsGrs sPrpo). KiuHONMMPOKCEH OTBEYAET M0 COCTaBY YKEIE3UCTOMY CAJMTY, AOJIS XKageuToBoro (Jd)
muHana paBHa 4,5 %. [lnaruoxnas cootBeTcTByeT onuroknazy X(Ca)=0,19-0,21. ITo BaioBOMYy XUMHUYECKOMY COCTa-
BY KPHCTAJJIOCIIAHIBI OTHOCSTCS K OCHOBHBIM mopojaM (SiO, — 49 %, TiO, — 2,5 %, Na,O — 2,6 %, K,0 — 2,5 %), a
uX cyOCTpaT peKOHCTPYUPYETCs KaK eCYaHO-TIIMHUCThIE TPayBaKKH.

Metab6a3uTsl U3 OJIOKOB MaCCHMBHOI'O CTPOCHUSI MPEACTABICHBl CUMIUICKTUTOBBIMHU allOdKJIOTUTAMH C T€Tepo-
rpaHo0IacTOBOM (y4acTKaMH - CHMIUIEKTHTOBOI) CTpyKTypoii. [Topoabl cocTosT U3 rpaHara, CHMILIEKTUTOBOTO KJIH-
HOITMPOKCEH-TUIarMOKJIa30BOr0 arperara, KBapla, THTaHUTa, U 0ojee MO3HUX TUTAaHUCTOW pOroBOi OOMaHKH, OHo-
TUTA, TPEMOJINTA, KIMHOIIOM3HUTA, MYCKOBUTA, ainp0ouTa. CocTaB rpaHaTa MEHSETCS OT Almsg 4aPrpsa30Grsis1a B LIEH-
TPANBHBIX 10 Almyg 49PrprgosGrsise B iepudepuiiHbIX dacTax 01okoB. [Ipu 3ToM mpociexuBaercs: cnadas 30Hab-
HOCTh COCTaBOB I'DAaHATOB, BRIPAXXCHHAs B YMEHbIIEHNN KOHIEHTpaui MgO n yBenndenuro FeO ot neHTpoB 3epeH
K UX KpasM. /3 BKIIIOUEeHHNH B TpaHaTe OTMEYAIOTCS TOJIBKO PEIKUE 3epHA THTAaHNTA. KIIMHOMMPOKCEH CUMITIIEKTUTOB
OTHOCHTCS K CaJMTy, JOJA ’KaJIEHTOBOr0 MHHA/IA B HEM TakXke BapbupyeT oT 7,7 % B neHrpax 61okoB 10 4,4 % Ha
nepudepun. [lnarnoknas spusiercs: angesuHom X(Ca)=0,35-0,38. CyOcrpaT AaHHBIX MOPOJ [0 XUMU3MY PEKOHCT-
pPyHpyeTCs KaKk MarMaTU4ecKuii, oCHOBHOTO cocTapa (Si0; — 43-51 %, TiO, — 0,53-1,4 %, Na,O — 1,5-3,2 %, K,0 —
0,6-1,8 %), a maneoreoquHaMuyIeckast 00CTAaHOBKA (POPMHUPOBAHUS — KAK OKCAHHUCCKAsT HAJICYO Iy KIIMOHHAS.

s onpenenenust PT ycnoBuii oOpa3oBaHusi MeTaMOP(GUUECKUX MApParcHe3MCOB HCMONIb30BAIUCH Gri-Cpx
reotepmometp [6] u Cpx-Qtz-Pl reobapometp [3]. DKIOTHTOBBIN MapareHe3uc (JaHHBIE COCTABOB MUHEPAIOB B3STHI
n3 nmyonukanuid ['pynuanna) coorBerctByer P = 15 k6ap u T = 650° C, oOpa3oBaHHe CHUMIUIEKTUTOB IPOUCXOIMIO
NIPY NIEpBOHAYAILHOM YBEJIWYEHUN TEMITEpaTyphl M CHIDKeHUH aasineHus (P = 11,5 x6ap u T = 750° C), a 3aTem mo-
CIEIYIOIIeM CHIKCHUH KaK TeMIIepaTypsbl, Tak u gasineHus (P = 8,5 k6ap u 7=650° C). JansHeiimee mormkenne PT
napaMeTpoB 70 6 k6ap u 560°C mpuBeno K MCUE3HOBEHHIO CHMIUIEKTUTOB M (JOPMHUPOBAHMIO TPaHAT-KIMHOIHPOK-
CCH-ITarMOKJIa30BOT0 TPaHOOIacTOBOrO arperara. [Ipogomkaromuecs perpecCUBHbIE H3MEHEHHS IIPUBEIIN K 00pa3o-
BaHHIO aM(UOOIUTOB M0 BCeM NopoiaM 6a3uToBOro cydcTpara.

Takxum o6pazom, B KOxxHO-Myiicko# TpI0e comepkaTcs MeTaba3uThl IBYX THUIIOB: MIEPBBIN THIT — KPUCTAIUIIOC-
JIAHIBI TT0JIOCYATOTO CJIO0KHOUCIONNPOBAHHOTO MaTPHUKCa, MMPOTOJIMTOM KOTOPOIO, BEPOSITHO, SIBISUIACH OCA0YHAs
TOJIIA, BTOPOI THUI — 3KJIOTHTHl M CUMILICKTUTOBBIE allO3KJIOTUTHI, yUaCTKaMH IIpEeBpalleHHbIe B aMpUOOINTHI, U3
0JIOKOB MacCUBHOTO CTPOEHHS B CKJIQI4aTOM MaTpHKCE.

The Muya block, divided by a Cenozoic rift into the North- and South Muya, is conventionally considered as a
block of an Archaean metamorphic fundament of Siberian platform within the Baikal-Muya folded belt (Salop, 1964;
Grudinin, 1988; Kirmasov, 1989; Bozhko, 1999).

Most of South Muya block is composed by the lower Archaean kindikan sequence, presented by kindikan
(lower) u serebryakovaskaya (upper) suites. In the lower suite composition garnet-pyroxene-two-micaeous gneisses,
amphibolites, calciphyres and migmatites occur, and calciferous crystalline schists, paraamphibolites, garnet-biotite-
amphibole gneisses are in the upper suite (Bulatov, 1983). Eclogites within the North Muya block are distinguished
among lower Archaean gneisses of dzhaltuk and osinovskaya sequences [1]. Recent data on the composition and the
age of these eclogites allows us to interpret them as metamorphosed ophiolites of the Baikal-Muya folded belt [4, 5].

80-s of the twentieth century small metamorphosed gabbroid bodies with garnet peridotites and eclogites
lenses were found in the South Muya block (Grudinin, 1983); later diaphtorized and granitized apobasitic eclogite-
like rocks were recognized among crystalline schists (Bozhko, 1999). Formation of high-pressure parageneses is re-
ferred in these papers to tectonic activity in fault zones with the background regional metamorphism of amphibolitic
facies. It is also claimed that by Neoproterozoic the Muya block was already a microcontinent.

Considering diverse interpretations of different Muya block parts formation, the problem of its inner geologi-
cal structure, reconstruction of primary nature of eclogites and host metamorphites, determination of P-7 metamor-
phic conditions and interpretation of rocks formation paleogeodynamic settings remain actual.

We studied metamorphites of the South Muya block in the middle and lower part of Serebryakovskiy stream
(Tuluya river tributary). Studied rocks represent complexly deformed banded strata, containing blocks of massive
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rocks. The banded strata is folded into isoclinal or tight folds with NE axial plane trend and SE vergence. Their limbs
dip at 50-88° and hinges plunge at angle of 20-40° to NE. There are small parasitic folds on limbs, fixed by axial
plane cleavage, and disharmonic synmetamorphic folds in cores. Hinges plunging 75-80° NW, determining probably
(likely) later deformations, are also widespread. Blocks of massive rocks are usually confined to fold cores; their size
varies from 1-2 to 20-50 meters and rarely to 200-500 meters.

The banded strata is composed of garnet-pyroxene-quartz-plagioclase crystalline schists, often carbonate-
bearing, calciphyres, plagiogneisses, and also plagioclase-biotite-amphibole crystalline schists and amphibolites.
Thickness of layers changes from 0,1-0,2 to 70-90 centimeters. Metabasites — garnet-pyroxene-quartz-plagioclase
crystalline schists — have a massive or, in some cases, eutaxitic structure, porphiroblastic with granonematoblastic
fabric of bulk mass, sometimes with lepidoblastic areas. Schists are constituted of garnet (Grf), clinopyroxene (Cpx),
plagioclase (P/), quartz (Qfz), titanite (7nt), rutile (Ru), ilmenite (//m) and superposed Ti-high hornblende (Hb!), bio-
tite (Bi), actinolite (Ac?). Garnet porphiroblasts contain fine inclusions of Q¢z, /Im, and also these of zircon (Zrn) and
apatite (4p). Zircon and apatite are also comprised in a rock matrix. There are preserved areas of crystalline schists,
which include, beside of Cpx grains, relicts of the symplectitic Cpx+PI aggregate, lyy replacing earlier omphacite
grains. Almandine (4/m) predominates in minal concentration, grossular (Grs) and pyrope (Prp) are less presented
(contents are much smaller). Slight change in garnet composition from the core (4lm;Grs;;Prp;)) to rim
(AlmgsGrs sPrp ) is observed. Clinopyroxene composition corresponds to Fe-high salite, jadeite minal (Jd) concen-
tration is 4,5 %. Plagioclase is an oligoclase (X(Ca) = 0,19-0,21). Crystalline schists are referred chemically to basites
(Si0; — 49 %, TiO, — 2.5 %, Na,O — 2.6 %, K,0 — 2.5 %), and their protolith is reconstructed as sand-argillaceous
greywacke.

Metabasites from massive blocks are presented by symplectitic apoeclogites with a heterogranoblastic
fabric (partly — with a symplectitic one). Rocks are composed of garnet, simplectitic clinopyroxene-plagioclase
aggregate, quartz, titanite and later formed Ti-high hornblende, biotite, tremolite, clinozoisite, muscovite, albite.
Garnet composition changes from Alm;sg 44Prps4.30Grss.14 in central parts of blocks to Almyg 49Prps.25Grs;q s at
peripheral parts. At the same time a weakly distinguishable zoning in MgO concentration decrease and FeO de-
crease from inner parts of grains to rims is noted. Rare titanite grains were found as mineral inclusions. Clino-
pyroxene from symplectites is a salite with a jadeite minal part varying from 7,7 % in central parts of blocks to
4,4 % on peripheral parts. Plagioclase in an andesine (X(Ca) = 0,35-0,38). The protolith of these rocks is recon-
structed on the basis of chemical analysis as igneous of basic composition (SiO, — 43-51 %, TiO, — 0,53-1,4 %,
Na,0 - 1,5-3,2 %, K,0 - 0,6-1,8 %), and paleogeodynamic settings is characterized as oceanic supra-
subduction.

To determine PT conditions of the metamorphic parageneses a Grt-Cpx geothermometer [6] and a Cpx-Qtz-
Pl geobarometer were used [3]. An eclogitic paragenesis (mineral composition data is taken from Grudinin’s pub-
lications) corresponds to P = 15 kbar and 7= 650°C, and the symplectites formation occurred during an original
temperature increase and pressure decrease (P = 11,5 kbar and 7 = 750°C), which were followed by decrease of
both temperature and pressure (P = 8,5 kbar and 7 = 650°C); a subsequent decrease of PT parameters down to 6
kbar and 560°C resulted in a symplectites disappearance and the formation of garnet-clinopyroxene-plagioclase
granoblastic aggregate. Further regressive alteration led to the formation of amphibolites upon all the rocks of
basitic substratum.

Thus two types of metabasites are contained in the South Muya block: the first is represented by crystalline
schists of a laminated and complexly dislocated matrix (a sedimentary pack is believed to be a protolith for this type
of metabasites), and the second one is formed by eclogites, symplectitic apoeclogites, changed partly into amphibo-
lites, from massive blocks in folded matrix.
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Xpeber MapyHKey, B CTPOCHHH KOTOPOTO MPHHUMAET yYaCTHE MApYHKEYCKHH JKIIOTUTCOAEPIKAIINN KOM-
IUIEKC, PACIIONOKEH B MpeAeax MaleOKOHTHHEHTANbHOH obmactu IlomsipHOTo Ypama K 3amamy OT CYyTypHOH 30HEI
Ypanbsckoro oporena. Komiiekc, HOMIMO META0CaIOYHBIX TIOPO/I, COACPIKUT SKJIOTHTHI, IPOTOIUTAMU KOTOPBIX CTa-
JI MarMaTU4eckhe Nopo/ibl OCHOBHOTO cocTaBa (J0JIepuThl, rabopoupl). Hanbonee mimpoko OHU pacipocTpaHEeHbI B
paiione CnronsiHoit ['opku (t0xHas 4acTh xpedra MapyHkey). DKIOruThl 00pa3yioT 3/1eCh JTMH30BHIHbIC TENa OT Jie-
CATKOB JIO COTEH METPOB B MOIEpPEUHHKE. Psim Ted CIOXEeH HEpaBHOMEPHO 3KIOTMTH3MPOBAHHBIMU OJMBHHOBBIMHU
raboponopuramu. Cama MarMaTH4eckasi HopoJia COXPaHUIIACh JIMIIb Y4aCTKaMH, B KOTOPBIX HAOJIOJAal0TCS PETUKTHI
KPYIHO3epHHUCTOH rab0po-0¢huToBoil cTpyKTyphl. [lepexon oT rabOpoHOpHTA K SKIIOTUTY MPOCIEKUBACTCS MO MOCTE-
TIEHHOH cMeHe rab0po-0pHUTOBOH CTPYKTYpHl KOPOHAPHOM, a 3aTeM M 4aCTH4YHO HeMarorpaHobiactoBoi. [TogoOHbIe
TpaHc(opMalny U3BECTHBI U ONKCAHBI, B YaCTHOCTH, JuIsl MeTaradbopo paiiona Cymy [5]. OqHoponHas TekcTypa radbo-
POHOpHTA BUIOM3MEHSIETCS Yepe3 PeaKkMOHHO-CEerperaiioHHbIe Pa3HOBUAHOCTH J0 aTOJIOBOW TEKCTYPHI, YTO CBU-
JIETENILCTBYET O MPE0OPA30BAHMUSX TTOPOJ B YCIOBHSX CTATHYECKOT0 MeTamopdusma [2].

Hamu 6pu1a ycraHOBIIEHa Cieyromas IMociaeJ0BaTeIbHOCTh MUHEPATIbHBIX MaparcHe3lCcoB B 30HE Mepexoa
rabOpoHOpPUTA B KHAHUTOBBIM HKJIOTHT B OHOM M3 Tel paiiona CironsHas ['opka.

HammMenee m3MeHeHHBIE pa3HOCTH COIEPKAT MarMaTHdeckuii mapareHesuc onuerHa (Ol), oprormmpokcena (Opx),
kirHOTIMpOoKceHa (Cpx), arnoxiasa (OHToBHMTA Btw). MexXIy OMMBHHOM M TUIATHOKIIA30M, a TAakKe MEXIY OpTOIH-
POKCEHOM M IUIaTHOKIIa30M (DOPMHUPYIOTCS TOHKHE KaiMbl, ONTOBHUT HAYMHACT 3aMeIaThCsl KIIMHOLIOM3UTOM (puc. 1,a):

Ol — Opx — Grt — PIBtw
Opx — Amp — PIBtw (cZo)

KOpOHI/ITOBLIe OKJIOTUTBI, KOTOPBLIC €HIC COXPAHAIOT PCIMKTBI MarMaTH4CCKUX OJIMBMHA U OPTONHPOKCCHA, Xa-

PaKTEepH3YIOTCS CIIEIYIOIIMMH Pa3HOBHIHOCTSIMU MHUHEPAJIbHBIX TTapareHe3lucoB B KOPOHAPHBIX CTPYKTYypax (puc.1,0-B):
Ol — Opx — Grt (Crn+Ky) — (Ky+Omp; Omp+Ky+cZo+Qtz+PIOlg)
Opx — Amp — (Omp + Qtz) — Grt (Crn+Ky) — (Ky+Omp; Omp+Ky+cZo+Qtz = PlOlg)

KopoHHUTOBBIE AKIIOTHTEHI, TA€ MAarMaTHYECKUH MapareHe3nc MOJIHOCTBIO MPeo0pa3oBaH, HO COXPAHSETCS eIle
BTOPUYHBIA OPTONHMPOKCEH B BHIE HEOOIBIINX 000COOICHNH TPaHyISIPHOTO arperaTa, MoKa3bIBaloT TaKyIo ITOCIIE0-
BaTEIHHOCTH!

Opx — Amp — Omp — Grt — (Omp+Ky+cZo)

[onHOCTRIO Tpeobpa3oBaHHas TOpoaa (KHAHUTOBBIN SKJIOTHT) MPEACTABIIAET HEMAaTOOIACTOBBIN arperat KHaHu-
Ta ¥ oMdaluTa, B KHAHUTE COJIEPIKATCs Mellbuaiiline BKIFOUeHUs oM¢anuta 1 Haooopot (puc.1,r). PaBHoMepHO3epHH-
CTBIIl HEMaTOOIACTOBBIN arperaTr OKaiiMIIIETCs IETIOYKaMK 3epEH rpaHara, (POpMHUpPYs aTOJUIOBYIO TEKCTYPY MOPOIbI.

Becbma xapakTepHblii MUHEPAJIBHBIM IapareHe3uc B KaliMax U3Y4YeHHbIX IIOPOJ U UX I0CIIEN0BATENBHOCTD 110-
3BOJISIET TOBOPUTH O YETKO BHIpKEHHOU N PYy3nOHHOI MOJEH SKIOTUTH3AMK B rponecce aud¢ysuu Si, Ca, Na u
Al oT rutarnoksiasa B CTOpoHy oJMBHHA (opTonupokcena) 1 Mg u Fe B npoTruBononoxuoM HarpasieHuy [ 1, 3, 4].

[TockonbKy OJMBHHOBBIN raOOPOHOPHT SIBIISIETCS Si-HEOCHIILICHHON ITOPOJIOH, a IJIarHoKIIa3 10 COCTaBy OTBE-
4yaeT OMTOBHUTY, TO 3TO MOXKET CIIOCOOCTBOBATH (DOPMHUPOBAHUIO B

KOpOHAaX TpaHaTa BRICOKOTIIMHO3EMUCTHIX (a3 [1], B HamreM cirygae — 3To oOpa3yromuecs Meikue GuoOpoInuTsl
KOpYHZIa M KHAaHUTa B TpaHATOBOM KopoHe. [IceBromMopdHOe 3amerieHne ONTOBHUTA arperaToM MENIKUX MPHU3M KHa-
HHUTa U OM(aIKTa, a TAKKe BKIIOYESHHUS 3TUX MUHEPAIOB BHYTPH JIPYT Ipyra B KHAHHTOBOM JKJIOTHTE yKa3bIBAIOT Ha
KHAHUT-IKJIOTUTOBYIO cyO(aluio o0pa3oBaHus U3y4eHHbIX mopoy [1].

Takum o0pa3om, HabIIOJaeMbIE CTPYKTYPHBIE B TEKCTYPHbIE OCOOEHHOCTH ¥ MUHEPAJIbHBIE TapareHE3HChl 30HbI
niepexoia rab0pOHOPHTA B KHAHUTOBBIIN SKJIOTHT CBUETENBCTBYIOT O (JOPMHUPOBAHHUH TIOPOJL B YCIIOBUSIX CTATHYECKOTO
MeTaMopdu3Ma B YCIOBHSIX NTyOHMHHON KMaHUT-3KJIOIUTOBOM CyOdaIuu SKJI0ruToBoH (aruu Mmeramopdusma.

115



Extended Abstracts

VITIOVN - VISSY

Puc.1. TlocnenoBatensHOCTh NMpeoOpa3oBaHUs CTPYKTYp IPU SKIOrHTH3auuu rabopoHopura paiiona CmropsHas ['opka xpeOra
Mapyukey (ITomsipubiii Ypan): (a) penukToBas rabopo-opuToBasi CTpYKTypa C JIeMEHTaMHd HOBOOOPa30BaHHOH KOPOHHTOBOW B
OJIMBUHOBOM rab0ponopure; (6) peakunOHHbIE KaiiMbl B KODOHUTOBOM JKIIOTHTE; (B) IICEBIOMOP(HOE 3aMelIeHre OUTOBHUTA ar-
peraToM MeJIKHX Ipu3M oManuta, KHaHUTa ¥ KIMHOLOM3KTA, 36PeH IpaHaTa, ¢ y4aCTKaMH MUKPO3EPHUCTOrO KBapl-KHaHUTOBO-
ro arperara; (T) TpaHOHEMAaTOOIACTOBasl CTPYKTypa KHAHUTOBOTO 3kioruta. CoKpalmieHnss MUHEpaJoB Ha PHCYHKE W B TEKCTE Ja-
Hel 10 Kpetiy (1983).

Fig.1 The sequence of transformation of structures in process of gabbronorite’s eclogitization (Mica Hill area, Marunkeu ridge —
Polar Urals): (a) relict gabbro-ophitic fabric with fragments of the neogenic coronitic in olivine gabbronorite; (b) reaction rims in
coronitic eclogite; (c) pseudomorphic replacement of bytownite by aggregates of small prisms of omphacite, kyanite and clinozo-
isite, garnet grains, with areas of quartz-kyanite micrograin aggregate; (d) granonematoblastic fabric of kyanite eclogite. Abbrevia-
tions of minerals in the figure and the text given by Kretz (1983)

Marunkeu mountain ridge, in a structure which is involved Marunkeu eclogite-bearing complex, located
within paleocontinental area of the Polar Urals to the west of the sutured zone of the Ural orogen. Complex con-
tains metasedimentary rocks and eclogites. Igneous rocks of basic composition (dolerite, gabbroides) were pro-
tolith of eclogites. They are more widespread in a Mica Hill area (south of the Marunkeu ridge). Eclogites form
lenticular bodies from tens to hundreds of meters across. Some bodies are composed by irregularly eclogitized
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olivine gabbronorites. Relics of coarse-grained gabbro-ophitic fabric have been preserved in certain parts only.
The transition from gabbronorite to eclogite can be traced on the gradual change of fabrics: gabbro-ophitic —
coronary — partially nematogranoblastic. Such transformations are known and specifically described for the me-
tagabbro of Sulu region [5]. Homogeneous texture of gabbronorite has been modified through the reactionary-
segregated varieties to atoll texture, which indicate the transformation of rocks under static metamorphism con-
ditions [2].

We have established the following sequence of mineral assemblages in the transition zone of gabbronorite to
kyanite eclogite in one of the bodies of the Mica Hill area.

The least modified varieties contain magmatic paragenesis of olivine (OI), orthopyroxene (Opx), clinopyrox-
ene (Cpx), plagioclase (bytownite, Brw). Thin reaction rims between olivine and plagioclase, as well as between or-
thopyroxene and plagioclase, are formed. Bytownite is partly replaced by clinozoisite (Fig. 1a):

Ol — Opx — Grt — PIBtw
Opx — Amp — PIBtw (cZo)

Coronitic eclogites with relics of magmatic olivine and orthopyroxene are characterized by the following va-

rieties of mineral assemblages in the corona fabrics (Fig. 1b-c):
Ol — Opx — Grt (Crn+Ky) — (Ky+Omp; Omp+Ky+cZo+Qtz+PIlOlg)
Opx — Amp — (Omp £ Qtz) — Grt (Crn+Ky) — (Ky+Omp, Omp+Ky+cZo+Qtz + PlOlg)

Coronitic eclogites with completely transformed magmatic paragenesis and small granular aggregates of sec-
ondary orthopyroxene segregations indicate the following sequence:

Opx — Amp — Omp — Grt — (Omp+Ky+cZo)

Completely transformed rock (kyanite eclogite) is nematoblastic aggregate of kyanite and omphacite. Kyanite
contains tiny inclusions omphacite and vice versa (Fig. 1d). Equigranular nematoblastic aggregate is bordered by
chains of garnet grains, forming atoll texture of the rock.

Very typical paragenesis and sequence of forming minerals in the coronas of studied rocks specify clear diffu-
sion model of eclogitization: Si, Ca, Na and Al diffusion from plagioclase toward olivine (orthopyroxene), and Mg
and Fe in the opposite direction [1, 3, 4].

Since olivine gabbronorite is Si-undersaturated rocks, and plagioclase composition is responsible bytownite, it
may contribute to the formation of high-alumina phases in the garnet coronas [1], in our case — they form small fibro-
lite of corundum and kyanite in garnet coronas. Pseudomorphic replacement of bytownite by aggregate of small
prisms of kyanite and omphacite, as well as the inclusion of these minerals within each other in a kyanite eclogite
indicate a kyanite-eclogite subfacies of studied rocks formation [1].

Thus, the observed structural and textural features and mineral parageneses of the transition zone of gabbro-
norite to kyanite eclogite indicate the formation of rocks under static metamorphism in the conditions of deep
kyanite-eclogite subfacies of eclogite facies metamorphism.
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METASOMATIC HIGH TEMPERATURE AND HIGH PRESSURE PROCESSES
IN THE SHEAR ZONES OF THE PORYEGUBA NAPPE
OF THE LAPLAND GRANULITE BELT, BALTIC SHIELD

Lebedeva Yu.M.
Institute of Precambrian Geology and Geochronology RAS, Saint-Petersburg, Russia, y.m.lebedeva@ipgg.ru

SIpkuM TIpUMEpOM TPOSIBIIEHMSI METACOMATO3a MPH BBICOKUX TEMITEPATypax M JABJICHUSX SBIISIOTCS MPOIYKTHI (hitro-
WTHOM TIepepabOoTKU TPaHyJINTOB B 30HAX CIBHTOBBIX Je(OpMaIiiii Foro-BOCTOYHOTO OKOHYAaHMS JlaruiaHaCKoOro TpaHyInTo-
BOro mnosica Ha bantuiickom 1mTe. B 9T0M paiioHe OTYETIIMBO BhIPAXKEHHbIE PErMOHANIBHBIC 30HbI CIBUTOBBIX jAedopmariuii
CBEKO(EHHCKOr0 Bo3pacTa 1.9 MiIpz. JIeT, pHypoYeHs! K KPYITHBIM TIOKPOBHBIM CTPYKTYpaM, CIIOXKEHHBIM IpaHysMTaMu. OT-
JIMYUTEITLHOMN OCO6€HHOCTbIO TAKHX 30H SBJIACTCA KOHLICHTPALUA B HUX KUJIBHBIX TEJI THAPOTEPMAIIbHO-METACOMATUTYCCKHX
HOpOJI Pa3HOTO MUHEPATIBLHOIO COCTAaBa C IPAHYIUTOBBIMU IapareHe3UcaMH, KOTOPbIE CBUIETENLCTBYIOT O CYILECTBOBAHUN
Ha ypOBHE IITyOWHHOMW TPaHyJIMTOBOH (halli MOIIHBIX BBICOKOTEMIIEPATYPHBIX (DIIFOMIHBIX TOTOKOB [1].

o ¢ 34 _ 40° (a
c}““,-' Barents (@)

Puc.1. Cxema reonoru4eckoro CTpoeHus paifona.

a - JIT'TI - Jlanmanackuii rpanynuToBbii nosic; JIKIIIT -
Jlamnanacko-Konbckuii moasmxkHbi mosc. b - 1 - Casu-
roBbie 30HbI; 2 - yuactku ¢ HT/HP MetacomaTnyeckumu
nopozaamu; 3 - MeTarabOopo-aHOPTO3UTHI; 4 - IPEeuMy1Ie-
CTBEHHO OCHOBHBIC TPAHYJIHUTHI, 5 - MPEUMYIIECTBEHHO
KHCIIBIE TPaHyJIUTHIL.

Fig.1. Sketch of geologic structure of the area.

a - LGB - Lapland granulite belt; LKMB - Lapland-Kola
5km mobile belt. b. 1 - Shear zones; 2 - zones with HT/HP
l ] 3 | ] 5 | I— metasomatic rocks; 3 - metagabbro anorthosites; 4 -
mainly basic granulites; 5 - mainly acidic granulites.
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I'eonorusi MeTacoMaTH4YeCKUX MPOLECCOB

B onmHOI W3 MPOTSHXKEHHBIX CABUTOBBIX 30H (Ooiee 16 kM mpu momHOCcTH okoso 100 merpo) [Topeerydckoro
TEKTOHHUYECKOTO MOKPOBa (pHC. 1), CI0)KEHHOTO I'PaHyJIMTaMH OCHOBHOT'O M CPE/IHETO COCTaBa, COCPEAOTOYEHBI METACO-
MaTH4eckue Gorateie kBapueM Mg-Al-Si mopopl ¢ CHINTMMaHUTOM, BBICOKOMarHe3HaJIbHBIMU OPTOITHPOKCEHOM H T'pa-
HATOM, TTaTMOKIIa30M, KATHEBBIM ITOJICBBIM LIMATOM U ITO3HIUMH KOPIHEPUTOM U OHoTHTOM. C HUMH NPOCTPAHCTBCH-
HO CBSI3aHBI pa3HOOOpa3HbIe IO cocTaBy Oorateie ocHOBaHmWsAME U mmienodamu (Fe, Mg, Ca, Na, K) mopdupobractide-
CKHM€ M JKWIbHBIE IIOPOJBI: CHIUIMMAHHUT-OPTONMPOKCEH-TPAHATOBBIC, CHIUTMMAHHT-KOPAUEPUT-OPTOMPOKCEHOBBIE, a
TaKXKe TPAaHATOBBIC, CKAIOIUT-AUOICHIOBbIE, CHIIIMMAHUT-OHOTUTOBBIE, OMOTUT-OPTONMPOKCEHOBBIE, KaIUIINaT-0Ho-
TUTOBBIC. BpeMeHHasi CBsI3b OPTONMHMPOKCEH-CHILIMMAHUTOBBIX METACOMAaTHUECKUX TIOPOA C JiepopMaIMsIMH B CIIBUTO-
BOW 30HE JJOKa3aHa MUKPOCTPYKTYPHBIMH HCCIIEIOBAaHUSIMU 1 aHAJTN30M KMHEMAaTHUECKUX MHIUKATOPOB Je(hopMaIiiii.

PT ycaoBus

[pucyTcTBylomue cpey METacCOMaTHTOB TPAaHAT-CHIUIMMAHHUT-OPTOTMPOKCEHOBBIE TTOPObI SIBISIFOTCS XOPOIIMM
MHHEPAIIOTNYECKIM HHIMKAaTOPOM SKCTpeMaibHO BbicOkMX T u P mpm meracomaroze. Hammume mapareHesuwca Immu-
HEJbTKBapI] TAKXKE YKa3bIBaeT Ha OUeHb BhICOKHE Temreparypsl. Onenkn PT mapamerpoB oOpa3oBaHMsI OpTONHPOKCEH-
crwumMaHnToBBIX opo metonoM TWEEQU [1] naxonsres B maTepBane T=800-925°C u P=10-11.5 k0. (puc. 2).
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Puc.2. Pe3ynbratel TepMoOapoMeTpriecKoro uccienobanus oorarsix kBapuem HT/HP MeracomaTtnueckux opoJ Hopo METOI0M
TWEEQU. IR - xonuuecTBo IMHEHHO He3aBUCUMBIX peakuuii. MSD - CpennekBaapatuuHoe oTkioHeHue. Puc.2a. - yu. [lanensriid.
Qtz+Opx+Grt+Sil+Bt; Puc.2b. - yu. Kocrapuxa. Qtz+P1+Opx+Grt+Sil+Bt; Puc.2¢. - yu. Haymuxa. Qtz+Pl+Opx+Grt+Sil+Bt

Fig.2. Results of thermobarometric study of the HT/HP quartz-rich metasomatic rocks by the TWEEQU method. IR - number of
linearly independent equilibria. MSD - square deviations of intercepts. Fig.2a. - area Palenyi. Qtz+Opx+Grt+Sil+Bt; Fig.2b. - area
Kostarikha. Qtz+P1+Opx+Grt+Sil+Bt; Fig.2c. - area Naumikha. Qtz+Pl+Opx+Grt+Sil+Bt
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MeTtacomaTHyeckasi 30HATbHOCTb, PEAKIHOHHBIE CTPYKTYPbl, MHHEPAJIbHbIE PeaKIUU

I'maBHas yepTa MUHEpAILHOI 30HAJIBHOCTH KBApLEBBIX MOPOJ — 3TO OBICTPOE MCUE3HOBEHHE IUIarHOKIIa3a, yMEHb-
IIIEHHE YKCIIa TEeMHOIIBETHBIX MUHEPAIOB M MOBBIIIEHHUE COJCPXKaHMs CHIUTMMaHUTa Ha ()OHE HapacTaIOIIEro OKBapLeBa-
HUS TTOpopl. [IpHHIMIMAIBHO Takoe ke 30HAITBHOE PACIIPEe/ieNICHHe MUHEPAIBHBIX aCCOLMANA OKBAPLIOBAHHBIX TOPOJ
MOXKHO YBHJIETh U B MacIITabe 00pa3IioB KBapLEBBIX O1aCTOMUIOHNTOB. Mopdomorus 1 B3anMOOTHOILIEHHS 3ePeH TPaHa-
Ta, OPTONMPOKCEHA 1 CHJUTMMAaHUTa B Pa3HBIX 30HAX MOPOABI MO3BOJIIOT HOJIAraTh, YTO COOTHOIICHHUSI MEXITY TIaBHBIMH
MOPOI000PA3YIOIINMI MUHEPAIaMH B IIPE/IeNiax 3TUX 30H ObUIH OIM3KMMH K paBHOBECHBIM. Ho mpu 3TOM B pazHooOpas-
HBIX PEAKIMOHHBIX CTPYKTYpax TaKKe HAOJIIOAt0TCs M HEPABHOBECHBIE B3aMOOTHOIICHHUS MEK/Ty MUHEpPaIaMH, KOTOpbIE
YKa3bIBAIOT Ha MPUYMHBI UX MCUE3HOBEHMS M3 MaparcHe3ncoB (PacTBOPEHUE, 3aMellleHHEe) U TaKMM 00pa3oM, OTpa)aroT
PeaKLMK Mepexo/ia MeX/y Pa3HbIMH MUHEPAIbHbIMU 30HaMU. OOHapyKEHHbIE 3aKOHOMEPHOCTH XOPOILO COIIIACYIOTCS C
W3BECTHOM MOJIEJIbI0 MH(MIBTPAIIMOHHOIM MeTacomaTnieckoi 3oHanbHOCTH [1.C.KOop»KHHCKOrO, MO3BONISIOT TOBOPUTH O
BO3/ICHCTBMH KHCIIBIX PACTBOPOB M HAa3bIBATh METACOMAaTHUYECKUIT IIPOLIECC BBICOKOTEMIIEPATypHOH iebasnuduKaliii rpaHy-
JIMTOB (KPHUCTAJIOCIIAHIIEB U THEWCOB) «KUCJIOTHBIM BBIIIETIAYMBAHUEM) HITN «KUCIIOTHBIM METacOMaTo3oM» [2].

Oco0eHHOCTH cocTaBa W NPOUCXOskKAeHHE (IIOUA0B

3aKOHOMEpHbIE H3MEHeHNs BenndH 8'°O B MOPOA006Pa3yIOLIX MHHEPANaX U3 PasHbIX [0 MUHEPATLHOMY H
XMMHUYECKOMY COCTaBY METACOMAaTHYECKUX 30H [3] yOexIaroT B TOM, 9TO 30HAIBHOCTH (hOPMHUPOBANIACH O] BO3ACH-
CTBHEM KPaTKOBPEMEHHOTO (DIIOWIAHOTO MOTOKA C MEPEMEHHBIM OTHOLICHHEM (hIIIONA/TIOPOAa B CUCTEME JTUCKPET-
HBIX (DITFOMIONPOHUIIAEMBIX 30H CIBUTOBBIX Ae(OopMalii Ha MUKE TEPMOJIUHAMHUCCKHUX ITapaMETPOB KOJUIM3UOHHO-
ro TpaHyJuTOoBOro Meramopduima. OOpa3oBaHHE METACOMAaTHYECKHUX I'PaHAT-CHJUIMMaHHT-OPTOIMPOKCEHOBBIX IIO-
POJ MIPOUCXOAMIIO NIPU YHACTHH CYIIECTBEHHO BOJHOTO (Xco,~ 0.2) M H30TONHO-JIETKOro 1o Kuciopoay ¢ronaa:
3'%0 =+5 - +6%0 SMOW. VICTOUHHKOM H30TOIHO-JIETKOT0 KHCIOPOaa BO (IIOHMIE MOT GBITH KaK MOBEPXHOCTHBIN
¢uronn (ruapochepHbie Bo/ibI), Tak U QIO U3 TTYOMHHOIO MAaHTUIHOTO pe3epByapa.

HauanpHble pe3ynbTaThl MCCIIENOBAHUS BKIFOUCHMH YKa3bIBAIOT TOJIBKO HA HHU3KOIUIOTHBIN a30THO-YIJIEKH-
CIIOTHBIN coctaB (urronaa. Huzkas IIoTHOCTh a30Ta MO3BOJISIET MPEAIOJaraTh, 4YT0 3TO ObUI aMMHAaK, KOTOPBIH NpU
TIOHDKEHUH TEMIIEPaTyphl Pa3JIoKMWICS Ha a30T U BoJopoa. Ho B cuity BHICOKOW TOABMIKHOCTH BOJIOPO/ia BO BKIIIOYE-
HUSIX OOHAPY>KUBAETCSI TOJBKO HU3KOIUIOTHBIHM a30T. Takke MoydeHbl XapaKTepHUCTHKH XMMHUUECKOTO COCTaBa MeTa-
COMaTH3UPYIOLIETO BOAHOTO (UIIONAa U HAa OCHOBAaHMH PacdeTa MUHEPAJIbHBIX PEaKIMi C y4eTOM JIaHHBIX II0 COCTa-
BaM ()MIFOMIHBIX BKIFOYCHHU. PacueTHbie BeawmuuHbl akTHBHOCTH BOAbI aH,O = 0.37-0.63 COOTBETCTBYIOT comepika-
HHIO BOZIbI B IUIOTHOM BOAHO-coaeBoi (rrounHoil daze Xy,o = 0.6-0.8 mpu Xco, ~ 0.1-0.3 1 Xy~ 0.1.

BoszpacTt meTacomaTo3a

3HaveHus Bo3pacTa mnporeccoB B IlopeeryOckoM TOKpoBe, HomydeHHble M30XpoHHBIMH Sm-Nd (1863+11,
1886+9, 1912+11 mun. net) u Rb-Sr (1860+7 MiH. IeT) METOJaMH JaTHPOBAHUS MUHEPANBHBIX IaparcHe3ucoB [4]
MIOJTBEPKAAIOT MAJICONPOTEPO30HCKUH CBEKO(QEHHCKHH BO3pacT KOJUTM3HOHHOTO MeTamMop(du3Ma W MeTacoMmarosa
1913-1914 mun. ner, panee ycranosiaeHHslii U-Pb SHRIMP-II meronoM mgaTtipoBaHus HUPKOHOB [5] M MO3BOJISIOT
CUYHTATh, YTO CKOPOCTH OCTHIBAHUS METaMOP(PHIECKON CHCTEMBI OblIa T0cTaTOYHO O0mbmIoii — 8-12°C 3a 1 muH. Jer.

Ionesvle pabomul nposoounuce Ha meppumopuu Kanoanaxuickoeo 2ocyoapcmeenHo2o npupooHo2o 3anogeo-
HUKA ¢ 60IbUIOL ROMOWYbIO €20 pYKosodcmeaad. Mcciedosanus 6blnoIHeHbl npu QuHaAncogou noddepicke PODHU (npo-
exm (09-05-00392).

The rocks produced by fluid reworking of granulites in shear zones at the southeast end of the Lapland Granu-
lite Belt on the Baltic Shield are a striking example of high temperature and high pressure metasomatism. In this area,
well-defined regional shear zones of Svecofennian age (1.9 Ga) are confined to large nappe structures consisting of
granulites. Veined bodies of hydrothermal-metasomatic rocks of varied mineral composition with granulitic par-
ageneses, which suggest the existence of vigorous high temperature fluid flows at the deep granulite-facies level,
typically concentrate in these zones [1].

Geology of metasomatic processes

Metasomatic quartz-rich, Mg-Al-Si rocks with sillimanite, high-Mg orthopyroxene and garnet, plagioclase, K-
feldspar and more recent cordierite and biotite are concentrated in one of the extensive shear zones (over 16 km long
and about 100 m thick) of the Poryeguba tectonic nappe (Fig. 1) that consists of mafic to intermediate granulites. Spa-
tially related to them are compositionally diverse base- and alkali-rich (Fe, Mg, Ca, Na, K) porphyroblastic and
veined sillimanite-orthopyroxene-garnet, sillimanite-cordierite-orthopyroxene and garnet, scapolite-diopside, silli-
manite-biotite, biotite-orthopyroxene and K-feldspar-biotite rocks. The time relation of orthopyroxene-sillimanite
metasomatic rocks to deformations in the shear zone has been proved by microstructural study and by analysis of the
kinematic indicators of deformations.
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PT conditions

Garnet-sillimanite-orthopyroxene rocks that are present among metasomatic rocks provide a good mineralogi-
cal indicator of extremely high T and P during metasomatism. The presence of the paragenesis spinel + quartz is also
indicative of very high temperatures. Orthopyroxene-sillimanite rocks were formed at temperatures of 800-925°C and
pressures of 10-11.5 kbars, as shown by the TWEEQU method [1] (Fig. 2).

Metasomatic zonation, reaction structures and mineral reactions

The principal characteristic of the mineral zonation of quartz rocks is the rapid disappearance of plagioclase, the de-
creasing number of dark-coloured minerals and rising sillimanite concentration accompanied by increasing rock silicifica-
tion. Basically the same zonal distribution of the mineral assemblages of silicified rocks can be seen in quartz blastomy-
lonite samples. The morphology and interrelations of garnet, orthopyroxene and sillimanite grains in different rock zones
suggest near-equilibrium relationships between major rock-forming minerals in these zones. However, various reaction
structures also exhibit non-equilibrium relationships between minerals that indicated the reasons for their disappearance
from parageneses (dissolution, replacement), thus reflecting reactions of transition between different mineral zones. The
pattern revealed is consistent with the well-known infiltration metasomatic zonation model developed by D.S. Korzhinsky.
The effect of acid solutions can thus be assumed and the metasomatic high temperature debasification of granulites (schists
and gneisses) can be described as “acid leaching” or “acid metasomatism” [2].

Compositional characteristics and origin of fluids

Variations in 5'*0 values in rock-forming minerals from metasomatic zones differing in mineral and chemical
composition [3] show that zonation was formed under the influence of short-term fluid flow with a variable fluid/rock
ratio in a system of discrete fluid-permeable shear zones at the peak of the thermodynamic parameters of collisional
granulite metamorphism. Metasomatic garnet-sillimanite-orthopyroxene rocks were formed with the involvement of
largely hydrous (Xco,~ 0.2) light-isotope fluid for oxygen: 880 =+5 - +6%0 SMOW. Either surface fluid (hydro-
spheric water) or fluid from a deep mantle reservoir could be a source of light-isotope oxygen in the fluid.

The initial results of the examination of inclusions only indicate the low-density nitrogen-carbon dioxide com-
position of the fluid. The low density of nitrogen suggests that it was ammonia which decomposed to nitrogen and
hydrogen when temperature declined. However, as hydrogen is highly mobile, only low-density nitrogen is found in
inclusions. The chemical composition of the metasomatizing water fluid was also determined by estimating mineral
reactions, considering available data on the compositions of fluid inclusions. The estimated water activity values a
H,0 = 0.37-0.63 are consistent with the water content of a dense water-salt fluid phase XH,O = 0.6-0.8 at Xco,~ 0.1-
0.3 and Xsalt~0.1.

Metasomatic age

The age values for the processes in the Poryeguba nappe, obtained by the Sm-Nd (1863%11, 188649, 1912+11
Ma) isochrone and Rb-Sr (1860+7 Ma) methods for dating mineral parageneses[4], support a Palacoproterozoic Sve-
cofennian age of collisional metamorphism and metasomatism of 1913-1914 Ma estimated earlier using the U-Pb
SHRIMP-II method for zircon dating [5] and suggest that the rate of cooling of the metamorphic system was as high
as — 8-12°C over 1 million years.

Field research was conducted in Kandalaksha State Nature Reserve with great support from its administra-
tion. Funds to accomplish the project were provided by the RFFR (Project 09-05-00392).
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o 90 rr. XX Beka B Bocrounoit Cubupu 1mo BEICOKOW CTENEHH MeTaMopQu3Ma TPaHyIUTOBOH (aIiu BhIIe-
JSUTH HDKHeapXxelckue (IIapbpKalraliCKylo W KUTOMCKYI0) W BepHEapXeHCKHe (CIOASHCKYIO, OJbXOHCKYIO) CEpHH.
[Tozxe mapppKanraiickas 1 KUTOHCKasl CEpUU CTAIHM PacCMaTpUBaThCsA B cocTaBe IpnbalikambCKOW rpaHyIUT-THEH-
cosoit obmactu (IIpI'T'O) IpucasHckoro kpaeBoro BeicTyna GpyHaamenTa Cubupckoit miardopmer - CII (Cesepo-
Asmarckoro, Asmarckoro, Cubupckoro kparona). CIIOASHCKYIO H OJbXOHCKYIO CEPHH CHa4dasla OTHOCHIN K CasHo-
BaiikaabCKOMy CKJIa4aToMy IMOsCY, ITOTOM - ckiaguaTtomy obpamienuio ®CII, a teneps LleHTpaabHO-A3HATCKOMY
ckiaguaromy mnosicy — LIACTI. Celiuac rpaHy/IMTOBbIE KOMILIEKCHI B HEM pacCMaTPHBAIOT Kak MeTaMop(uiecKkue uim
OCTPOBOJLYKHbIE TEPPEHHBI.

B nokemOpuiickux u (aHEpO30HCKMX I'PaHyJIMTOBBIX KOMIUIEKCAX OTMEYArOTCSl OJM3KHE 3aKOHOMEPHOCTH
nposiBiieHust PT pexuMa pernoHaIbHOTO0 H30XMMHUYECKOT0 MeTaMop(du3Ma rpaHyJIMTOBOM (allii yMEpEeHHbBIX JAaBie-
HUH ¥ HaJOXEHHBIX yJIbTpameraMop(pUuecKux npeoOpa3zoBaHuii (rpaHuTH3anu) cyocrpara. IlocnemHuii mporecc
BKJIFOUaeT MacIITaOHOE MPOSBICHUE W COYECTAaHNE METACOMATHYECKOH MUTMAaTH3aIMH C TUIaBJICHUEM, TATMHICHE30M,
3apOXKICHUEM PacIUIaBOB, MOCIEIYIOUIEH WX KPHCTaJUIM3alnel, CKapHUpOoBaHWEeM W Oasudukanmeil. Yibrpamera-
MopdHIecKue U3MEHEHMS! HOCAT AJUIOXUMHWYECKUH HAJO0KEHHBIH XapakTep M OCYIIECTBIISIOTCS IyTEM 3aMEIICHUs
MeTaMOP(UIECKUX TOPOJ] B MTOCIEI0BATEIBHOCTH — INIATHOMUIMATHT - KaJIHUIINATOBBI MUTMATHUT - TCHEBOW KaJIMIII-
MIATOBBI MUTMATUT - aBTOXTOHHBIEC U aJUIOXTOHHBIE TPAHUTOH/IBI IO BO3AECHCTBUEM INTyOMHHBIX MAaHTUHHBIX (piron-
noB, oboramennbix Si, Na, K, Rb, Cs, Ba, Pb, Sr, La, Ce, Nd, Zr, Ta, Nb. CoctaB HOBOOOpa30BaHHBIX ITOPOJI UIACHTH-
YeH B JOKeMOpHUICKHX U (haHEePO30WCKUX KOMILIEKCAX, ONPENeIseTcsl CyOCTpaTOM METaMOP(QHTOB U T€OXHUMHUUECKOM
cneuudukoit ¢puronnoB. B 10keMOpHICKUX CTPYKTypax yibTpameramopguueckue npeoOpa3oBaHus MPOSIBICHBI HH-
TEHCUBHEH, YeM B (paHEepO30HCKHUX.

B IIpI'T'O nopoxs! mapsbkanraickoi cepu npuypoueHsl K pkyTHOMy, a KuToickoi - k Kuroiickomy 6110-
kam [Ipucasiackoro kpaeBoro Beictyna MCII. B Hux ycraHoBieHsI JBa nuKiIa MeramMopdusma 1 yiabTpameramopdus-
Ma (TpaHHUTHU3AIMH) B YCIOBUAX TpaHyIUTOBOU (partum: 1) Heoapxeiickwmii [2,557-2,562 mupa. ner (B MpkyTHOM 0710~
Ke); 2,48-2,53 mupa. net (B Kutotickom 0710ke)| — OMOTUT-IBYITHPOKCCHOBBIC TIATHOCITAHITBI (IIETIOYHBIE 0a3alIbThI,
IIOIMIOHUTHI) M TUIaTMOTHEHCHI (METaaHAE3NUTh), META0CAJOUHBIC IIJIATHOTHEWCHI, METarabOpom Ibl, KaTbIIUTOBBIC Mpa-
MopbI; 2) naneonporepo3oiickuii (1,85-1,87 mMipa. ieT; MHTEHCHBHO MposiBiieH B VIpkyTHOM GJI0Ke) — MeTaTeppHUreH-
HbIEe OMOTHTOBBIE, OMOTUT-TPAaHATOBBIE MIATHOTHEHCHI, I0JIOMUTOBBIE MPaMOPBI, METATOJICUTOBBIE IBYITHPOKCEHOBBIE
IUTaTHOCIIAHIIBI, KeJe3UCThIe KBapuuThl. MonenbHbie Bo3pacta Tng(DM) s mapepkanraiickoit 1 KUTOMCKOM cepuit
00pa3yIoT J[Ba HHTEPBAJIa ME30-U HeoapXehckuit 2,8 10 3,8 MiIpa. JeT u majnenpoTepo3ouckuil - 2,4-2,65 MIIp. Jier.
s rpanynutoBbix komiuiekcos [IpI'T'O U-Pb SHRIMP metomom 1o 1upKoHaM MOJyYeHBI 1 Me3oapxeiickue 3,2-3,4
MJIpZL. JIET AaTHPOBKH. BO3MOKHO, 4TO yCTAaHOBJICHHBIE B IPaHYJIMTOBBIX CTPYKTypax liBa pyOeka OTpa)kaloT WU
BpEMs CTaHOBJICHHsI HEOAPXEUCKOro MH(PACTPyKTypHOTO M IMaleoNpoOTepPO30HCKOr0 CYNpacTpyKTYpHOTO HPOTOJIH-
TOB, WJIM aKPELHIO JBYX I'PaHYJIUTOBBIX Pa3HOBO3PACTHBIX KOMILJIEKCOB IIPHU MAIE€ONPOTEPO30HCKON KOJIIU3HH.

C HeoapXelCKUM U MaJleoNpOTEPO30HCKUMH [UKIAaMH NPeo0pa3oBaHUM I'PaHyIMTOBBIX KOMIIJIEKCOB CBSI3aHO
(opMHpOBaHUE yIbTpaMETaMOPPHUIECKUX TPaHUTONNOB, KoTopble B [Ip['TO ABIAIOTCS KapTHPyeMBIMH CTPYKTYpa-
mu. Heoapxefickue rpaHnTONIHBIE 00pa30BaHMs PEICTABICHBI TPAHNTAMH, MUTMaTUTaMH, THEHCO-TPaHUTaMH, dap-
HOKHUTOHUIAMH U SHJEPOUTAMHU U MPHUYPOUEHBI K IOPOAAM TPAHYIUTOBON (alyy MapeDKaITaiCKON 1 KHTOHCKOH ce-
pHii, a TaK)Ke K MacCMBaM TOHAIHUT-TPOHABeMUTOBEIX accoranuii (TTA) Bocrouno-CasHCKOH rpaHUT-3eTIeHOKaMEH-
Hoii obnactu OCII. ['eoxumMnuecKkue XapakTepUCTUKA IPAHUTONUIO0B KHTOMHCKOTO KOMILIEKCA HACIEAYIOT CHEHU(PHKY
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3aMelaeMoro MMpoToJIMTa Ha HE0apXeHCKOM 3Tare UX npeodpasoBanuit (2,55-2,65 mupa. aer). CpeaHeB3BeICHHBIH
COCTaB BBIOOPOK I'PAaHUTOMIOB KUTOHCKOTO yJIbTpaMeTaMOp(UIecKoro KOMIUIEKCA Pa3BUTHIX B MIApbDKaITaiCcKoOi 1
KHTOHCKOH cepusx OJIM30K Mexay coboil. B cBoro odepenp rpaHUTOMIB! 3aMENIAONINE TPaHyIMTOBBIE TOJIIN PE3KO
OTIMYAIOTCS OT TPaHUTOHUOB, pa3BUTHIX 1m0 TTA @CII Gonee Bricokmmu KonneHTparwsimu Ti, Fe, Mg, Ca, Ba, Sr,
Sn, La, Ce, Nd, Yb, Y, Zr, Zn, Cr, V, Ni, Co, Sc. [TareonpoTepo3oiickue yiapTpaMeTaMopPuIecKie TpaHUTOUIBI (Te-
HEBBIC MUTMATHUTHI, aBTOXTOHHBIC W aJUIOXTOHHBIE TPAHUTOMIBI) JOMUHHUPYIOT B IMOPOJax LIAPHDKAITAHCKON CEpHH.
Bce oHr uMeroT GiIM3KHE TEOXUMHUYECKHE XapaKTepUCTHKH - peobnananue K Han Na; Fe Hag Mg; moBBIIIeHHBIE CO-
nepxanns K, Ba, Sr, LREE, Zr, Co, Cr u nonmxkenusie - V. ITo a3Tum mapamerpam oHM OJHM3KH K IIMPOKO PacIpo-
cTpaHeHHbIM B [IpHrcasHCKOM BBICTyNE€ NOCTKHHEMATHYECKUM T'PaHUTOMUAM, OTHOCHMBIM B Pa3HBIX €ro 4acTAX K IIy-
muxuHckomy (Kuroiickuit 650k), casuckomy (MpxyTHbiid, buprocuHckuii 6ioku), urHokckomy (Ypukcko-Uitckuit
npoTorIaThopMeHHbIN porud), npumopckomy (3ananHoe [pubaiikanbe) kommiekcam. CpeHeB3BEIIEHHBIE COCTa-
BbI TIOCTKMHEMaTHYECKUX TPAHUTOMJIOB U3 3THX OJIOKOB OJIM3KK MEXIY COOOH, M B CBOIO OYepeb OHU TAaKKEe COOT-
BETCTBYIOT CPEJIHEB3BEIICHHBIM 3HAUCHMSM IS YIbTPaMeTaMOP(UUECKHX T'PaHUTOMJIOB IIApbDKANTaliCKOW CepHH.
Ha nuckpuMHHAIMOHHBIX AMarpaMMax COCTaBbl BCEX M3YYEHHBIX IOPOJ] PacIioiOKEHbI B MOJISX TPAaHUTOB A-THUIIA,
BYJIKaHWYECKUX YT W BHYTPUIUTUTHBIX, YTO XapaKTEPHO JUIS MOCTKOJUIM3HOHHBIX TPaHUTONAOB. PyOexxn ux craHoB-
nerns - 1855-1871 muH. ner B pasubix Omokax Ilpucasackoro Beictyma @CII Gmmsku nepuogam (HopMUpPOBAHUS
yIbTpaMeTaMop(pUIeCKUX TPAHUTOUIOB B IIApBDKANTAUCKOM cepun - 1853-1868 mutH. net. Bee 310 yka3wiBaeT Ha TO,
4TO MEXIy (GOpPMHUPOBaHHEM MAcCHBOB IOCTKHHEMATHYECKHX TPAaHUTOHUIOB U YIbTpaMeTaMOP(PHUIECKUM IPaHUTO00-
Pa30BaHMEM B I'PAHYJIMTOBBIX KOMIIIEKCAX CYIIECTBYIOT TEHETHYECKHE U BPEMEHHBIE CBSI3H.

I'parynTOBBIE KOMILIEKCHI B (DaHEPO30IMCKUX CTPYKTYpax NPUCYTCTBYIOT B METAMOP(HHIECKUX M0sICaX, ClIararo-
LIUX OJHY U3 "30H" KOMIIO3UTHBIX TeppeiHOoB (XamaprabaHCKUi TeppeiiH — CITIOITHCKUN U OJIbXOHCKUM KOMIUIEKCHI).
OTH KOMIUIEKCHI YaCTO aMarMaTHYHBL. 3/IeCh PaclpOCTPaHEHbl METATEPPUICHHBIE TOPOAbI (pa3HOOOpa3Hbie THEHCHI C
CYIIECTBEHHOM J0Nieii Ty(OBOro 1 KapOOHATHOTO MaTepualia) 0OCTAHOBOK MACCUBHBIX U aKTUBHBIX KOHTHHECHTAJIBHBIX
oxpaunt. KapOoHaTHbIe Opo/p! (KaTbIU(GHUPEl 1 MPaMOpPbI) MOTYT cocTaBisiTh 10 40-80 % oObema ToI, HMEIOT J0JI0-
MUT-KJIBIUTOBBIN M KaJbIUT-I0JIOMUTOBBIH COCTAB; PacpOCTPAaHEHbI KBAPIUTHI C TIOBBIMICHHBIMU COIEpKaHUsIMH P,
Sr, Ba, Cr, V u nonmwxkenusiMu Fe. J[onst MeTaByJIKaHUTOB B pa3pe3ax 3THX KOMIUIEKCOB HamMHOro Mensiue (15-30 %),
geM B fokemOpuiicknx (50-60 %). Kpome Meraba3zanbToB OKEaHNUECKUX M OCTPOBOIYKHBIX OOCTaHOBOK 3/1€Ch TPHUCYT-
CTBYIOT ILEJIOYHBIE 0a3aJIbTONABI OKpanH KOHTHHEHTOB M BHYTPHKOHTHHEHTAIBHBIE, a TAKXKE METaaHJE3UTHL. B ciro-
JISTHCKOM U OJIbXOHCKOM KOMIUIeKcax MoaesbHblil Bo3pacT (Tng(DM)) pasHbIX CBUT BapbuUpyeT B OJNM3KHX Mpeferiax
COOTBETCTBEHHO cocTaBisieT — 1,7-3,0 mupa. net u - 2,0-3,2 mupa. net; U-Pb Bo3pacT 1eTpuTOBBIX IUPKOHOB KOJIEOIET-
cs — 1,3-3,5 u 0,8-3,6 mipa. et. 10 yKasbIBaeT Ha TO, YTO (POPMUPOBAHUE TOJIIII MPOMCXOAMIO TIPH Pa3pyIIeHUN ap-
XEHCKUX, MPOTEepO30icKuxX, panHe-u cpenHepudeiickux tonu OCII u ero odpamiienuns. B citoAsSHCKOM U OJIBXOHCKOM
KOMILIEKCaX, KaK U B IOKEMOPHICKHX CTPYKTYpax, paclpocTpaHeHbl KpYIHbIE TpaHUTHBIE OaronuThl. Bo3pacT cunrpa-
HYJMTOBBIX TPAHUTOUIOB B CIIFOASHCKOM U OJIBXOHCKOM KOMIUIEKCAX COOTBETCTBEHHO cocTaBiseT 478-488 u 485-507
MJIH. JIET; TOCTMETaMOP(UUECKUX TPaHUTOB (XamMapAabaHCKOro, IapaHypCKOro M anHCKOI0), CHEHHTOB U Tab0ponIoB
—467-494 1 460-475 MIH. €T, TO3THUX NErMaTUTOB - 447 1 450 MuIH. JI€T

Paboma evinonnena npu noodepaicke epanmog POOU 09-05-00563, 11-05-00771.

Until the 1990s, the Lower Archaean (Sharyzhalgaiskaya and Kitoiskaya) and the Upper Archaean (Slyudyan-
skaya and Olkhonskaya) series were distinguished on the basis of high granulite-facies metamorphism in East Siberia.
More recently, the Sharyzhalgaiskaya and Kitoiskaya series were interpreted as part of the Pribailalskaya granulite-
gneiss domain (PrGGD) of the Prisayansky marginal scarp of the Siberian Platform basement, SPB (of the North
Asian, Asian and Siberian Craton). The Slyudyanskaya and Olkhonskaya series were first considered to be part of the
Sayany-Baikal foldbelt, then as the folded margin of the SPB and now as part of the Central Asian foldbelt. The
granulite complexes located in it are now understood as metamorphic or island-arc terrains.

Precambrian and Phanerozoic granulite complexes are similar in the P-T pattern of regional isochemical
granulite-facies, moderate-pressure metamorphism and multiple ultrametamorphic substrate alterations (granitiza-
tion). The latter process comprises large-scale metasomatic migmatization combined with melting, palingenesis
and the generation of melts followed by their crystallization, skarnification and basification. Ultrametamorphic
alterations show an allochemical multiple pattern and occur by replacing metamorphic rocks in the following or-
der: plagiomigmatite — potassic feldspar migmatite — shade potassic feldspar migmatite — autochthonous and al-
lochthonous granitoids affected by Si-, Na-, K-, Rb-, Cs-, Ba-, Pb-, Sr-, La-, Ce-, Nd,- Zr-, Ta- and Nb-enriched
deep mantle fluids. The compositions of the newly-formed rocks of Precambrian and Phanerozoic complexes are
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identical and depend on the substrate of metamorphic rocks and the distinctive geochemical characteristics of flu-
ids. Ultrametamorphic alterations are more intense in Precambrian structures than in Phanerozoic structures.

In the PrGGD, the rocks of the Sharyzhalgaiskaya series are confined to the Irkutny block and those of the
Kitoiskaya series to the Kitoisky block of the Prisayansky marginal scarp of the SPB. They have been subjected to
two cycles of granulite-facies metamorphism and ultrametamorphism (granitization): 1) a Neoarchaean cycle
[2.557-2.562 Ga (in the Irkutny block); 2.48-2.53 Ga (in the Kitoisky block)] — biotite-bipyroxene plagioschists
(alkaline basalt, shoshonites) and plagiogneisses (meta-andesites), metasedimentary plagiogneisses, metagabbroids
and calcitic marbles; 2) a Palaeoproterozoic cycle (1.85-1.87 Ga; quite intense in the Irkutny block) — metaterri-
genous biotite- and biotite-garnet plagiogneisses, dolomitic marbles, metatholeiitic bipyroxene plagioschists and
iron formation. The model ages Tng(DM) for the Sharyzhalgaiskaya and Kitoiskaya series form two intervals: 1)
Meso- and Neoarchaean (2.8 to 3.8 Ga) and 2) Palacoproterozoic (2.4-2.65 Ga). Mesoarchean ages of 3.2-3.4 Ga
also have been obtained for the granulite complexes of the PrGGD using the U-Pb zircon SHRIMP method. The
two boundaries, identified in granulite structures, probably reflect either the time of formation of Neoachaean in-
frastructural and Palaeoproterozoic suprastructural protoliths or the accretion of two different-aged granulite com-
plexes upon Palacoproterozoic collision.

Related to the Neoarchaean and Palacoproterozoic alteration cycles of granulite complexes is the formation of
ultrametamorphic granitoids, which are mappable structures in the PrGGD. Neoachaean granitoid units consist of
granites, migmatites, gneissose-granites, charnockitoids and enderbites, and are confined to the granulite-facies rocks
of the Sharyzhalgaiskaya and Kitoiskaya series and to the tonalite-trondhjemite association (TTA) massifs of the East
Sayany granite-greenstone domain of the SPB. The geochemical characteristics of granitoids from the Kitoisky com-
plex inherit the distinctive pattern of replaced protolith at a Neoarchaean alteration stage (2.55-2.65 Ga). The
weighted average compositions of granitoids from the Kitoisky ultrametamorphic complex, common to the Sharyz-
halgaiskaya and Kitoiskaya series, are similar. The granitoids, which replace granulite units, differ from the TTA
granitoids of the SPB in higher Ti, Fe, Mg, Ca, Ba, Sr, Sn, La, Ce, Nd, Yb, Y, Zr, Zn, Cr, V, Ni, Co and Sc concentra-
tions. Sharyzhalgaiskaya-series rocks are dominated by Palacoproterozoic ultrametamorphic granitoids (shade mig-
matites and autochthonous and allochthonous granitoids). They are all similar in geochemical characteristic such as
the prevalence of K over Na and Fe over Mg, elevated K, Ba, Sr, LREE, Zr, Co and Cr concentrationsand and low V
concentrations. They are similar in these parameters topostkinematic granitoids, which are widespread in the Prisay-
ansky scarp and are understood as part of the Shumikhinsky (Kitoisky block), Sayansky (Irkutny and Biryusinsky
blocks), Ignoksky (Uriksko-Iysky protoplatform downwarp) and Primorsky (West Baikal area) complexes. The aver-
age weighted compositions of postkinematic granitoids from these blocks are similar and are consistent with the
weighted average values obtained for the ultrametamorpphic granitoids of the Sharyzhalgaiskaya series. On the dis-
crimination diagrams, the compositions of all the rocks analyzed lie in the B nonsx A-type, volcanic-arc and intraplate
granite fields, which is typical of postcollisional granitoids. Their age boundaries of 1855-1871 Ma in the Prisayansky
scarp blocks of the SPB are close to the time of ultrametamorphic granitoid formation in the Sharyzhalgaiskaya series
(1853-1868 Ma). This evidence suggests genetic and time relations between the formation of postkinematic granitoid
massifs and ultrametamorphic granite formation in granulite complexes.

Granulite complexes in Phanerozoic structures are present in the metamorphic belts that build up a “zone” of
composite terrains (Khamardabansky terrain — Slyudyansky and Olkhonsky complexes). These complexes are often
amagmatic. Metaterrigenous rocks (various gneisses with abundant tuff and carbonate material), produced in passive
and active continent margin settings, are common here. Carbonate rocks, such as calciphyres and marbles, constitute
up to 40-80 % of the units and have dolomite-calcite and calcite-dolomite composition; quartzites. High-P, Sr, Ba, Cr
and V and low-Fe quartzites are widespread. The percentage of metavolcanics in these complexes is much smaller
(15-30 %) than in Precambrian complexes (50-60 %). In addition to oceanic and island-arc metabasalts, continent-
margin and intracontinental alkaline basaltoids, as well as meta-andesites, are present. In the Slyudyansky and
Olkhonsky complexes the model ages of (Tng(DM)) of the suites vary over a narrow range (1.7-3.0 Ga and 2.0-3.2
Ga; the U-Pb age of detrital zircons is also variable (1.3-3.5 and 0.8-3.6 Ga). This indicates that the units were formed
upon destruction of the Archaean, Proterozoic and Early and Middle Riphean units of the SPB and its margin. Large
granite batholiths are widespread in the Slyudyansky and Olkhonsky complexes and in Precambrian structures. The
ages of syngranulitic granitoids from the Slyudyansky and Olkhonsky complexes are estimated at 478-488 and 485-
507 Ma; those of postmetamorphic granites (Khamardabansky, Sharanursky and Ainskya), syenites and gabbroids at
467-494 and 460-475 Ma and those of late pegmatites at 447 and 450 Ma.

The study was supported by RFFR grants 09-05-00563 and 11-05-00771.
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NEOARCHAEAN AND PALAEOPROTEROZOIC GRANULITE-FACIES METAMORPHISM IN
THE PRISAYANSKY SCARP OF THE
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B Ipucasackom (Illapepkanraiickom) kpaeBoM BeIcTyne (yHmameHTta CuOupckod mmatdopMbl YCTaHOBIEHO
NPOsIBIICHUE IBYX pyOexeil (LIMKJIOB) rpaHyIMTOBOro MeTamopdu3Ma - Heoapxenckoro (2,56-2,65 mipa. nier) u najeo-
npotepo3oiickoro (1,85-1,87 mupa. net). Kaxxasiit ki1 xapakTepusyeTcs pa3BUTHEM ITOPOJ: Ha dTalle PErHOHAIBHOTO
M30XMMHYECKOro MeTaMopdu3Ma rpaHylIUTOBOH (anny; Ha 3Tare yabTpaMeTaMOp(pHUYSCKUX M3MEHEHHH B yCIOBHSX
IPaHyJUTOBON U aM(puOONIUTOBOW (halfuii; Ha 3Tare MOCTyJIbTpameTaMophHuecKux npeodpasoBanuii. Ilopomas! 3Tamna
PETUOHATIBHOT'O MeTaMop(mea MpeacTaBJICHbl METAMaIrMaTUYCCKUMU KPUCTATINIMYCCKUMU CJIaHIIaMU U FHeﬁC&MH, Me-
TA0CaIOYHBIMHU TJIArHOTHEHCaMK M THEHCcaMu, KBapiuTamu, MpaMopamu. [Topoasl yasTpaMeTraMmoppudeckoro rarma 00-
pasyroTcs B pe3yJibTaTe 3aMelIeHNs] OCHOBHBIX M KHCIIBIX ITOPOJ B MOCIIEIOBATEILHOCTH TUIATHOMUTMATUT — KaJIMIIITIa-
TOBBI MUTMaTHUT — TEHEBOM KAJMIIIIATOBBI MHUTMAaTUT — aBTOXTOHHBIC ¥ aJJIOXTOHHBIC TPAHUTOHIBI 1101 BO3JICHCTBH-
eM TJIyOMHHBIX MaHTHHUHBIX (ironmoB [2]. Acconmaiyy mocTyiabTpameTaMop(ryeckoro (II0CIeMHIMaTUTOBOrO, MO-
CTMarMaTH4ecKOTr0) 3TANOB MPEACTABICHBI CPEAHE- U HU3KOTEMIIEPaTyPHBIMHA METACOMAaTHTaM1 W MIMEIOT KpaifHe orpa-
HUYEHHOE pa3BuTHe. VX coctaB onpenensiercs cyoctparom u PT ycinoBusiMu ero nmpeoOpa3oBaHmii.

ITopoasl MeTamMopdHuIecKOro 3Tana HEOMPOTEPO30MCKOTO UKJIA B MIAPHDKAITAHCKOM M KHTOMCKOM KOMILIEK-
cax Mpe/CTaBICHbI: OMOTUT-IBYMMPOKCEHOBBIMHU UIATNOCIAHIIAMH (IIETOYHBIMY 0a3abTaMH U HIOMIOHUTAMH), OHO-
TUT-TUIEPCTEHOBBIMH U OMOTHTOBBIMHU ITarHOTHEcaMy (ILETOYHBIMU METaaHAE3UTAMH), PEKE — YMEPCHHOTITMHO3E-
MHUCTBIMH OMOTHTOBBIMH, OHOTHT-TPAaHATOBBIMH (AJIEBPOJIUTAMH U TPayBaKKaMH) U BBICOKOTJIMHO3EMHUCTHIMH (aJIeB-
POIENTMTOBBIMU aprUIIJIUTaM1) THEHCaMH, MeTarabopo-aHOPTO3UTaMH, KalIbIUTOBBIMA MpamopamH. s mapenkai-
raiickoii cepun ¢ 80 r.r. XX Beka M3BECTHBI OlleHKH Bo3pacta (Rb-Sr meron) B unteprane ot 3,4 mo 3,7 Mip. JieT
[2]. Briu3kue natupoBku — 3,2-3,4 mupa. aet — noaydensl U-Pb SHRIMP meromom mo mupkonam [S]. Bonee Hamex-
HBIMU SIBJISFOTCS onpeeneHus xiaccuaeckuM U-Pb meromom mo nupkonam - 2,7-2,8 mupa. net [4]. MoaenbHbIE BO3-
pacra TNd(DM) nns mapbbKanraiickoit ¥ KNTOMCKO# cepuii Bappupyrot ot 2,87 no 3,85 mupa. ner. Pannue mporo-
JIUTHI METaMOP(HUTOB MIAPDKAITANCKON cepur (POPMUPOBAIMCH B 0OCTAHOBKE OCTPOBHBIX YT, ITO3/IHHUE - aKTUBHBIX
KOHTHHEHTAIBHBIX OKPanH (MEHEE BEPOSITHO 3pENbIX OCTPOBHBIX AYT); a B KHTOMCKOHW CEpUH - BHYTPUKOHTHHEHTAJb-
HBIX pUQTOB.

Heoapxeiickne rpaHUTONBI, OTHOCUMBIE K KHTOHCKOMY yJIbTPaMETarecHHOMY KOMIUIEKCY, IPUYPOYEHBI K 0J10-
KaM TPaHyJHTOBBIX U TOHAJIUT-TPOHIBEMUTOBBIX accoruanuii (TTA) 3eneHokaMeHHBIX CTpyKTYp. X coctas Bapbu-
PYeT B 3aBHCHMOCTH OT CyOCTpaTa M CTENEeHH ero mpeobpasoBanuii. Cpenn HUX BBIACISIOT KaK C1a00 M3MEHEHHBIC
rpanysuThl Wik TTA — MUrMaTH3UPOBaHHBIE CIIAHIIBI M THEHCHI, TaK U POJYKTHl UX HHTEHCUBHBIX IIPE0Opa3oBaHuil
- IJIAarMOKJIa30BbIC U KAJIUIIIIATOBBIC MUTMATUTHI, 3H[[ep6I/ITI)I, YapHOKUTBI, aBTOXTOHHBIC U aJIJIOXTOHHBIC T'PAHUTHI,
NerMaTuThl, pa3BUTHIE 110 OPTO- W NapanopojaM. B mapepkanraiickoi cepun MpkyTHOro 0J0Ka MOIIHOCTH TeJ J0C-
turaet - 100 M, B KUTOWCKON CepUH - MAaCCHUBBI 10 1-2 kM, B 6mokax TTA Kuroiickoro u Bynynckoro 61oxoB — Oa-
TomuThl 10 10 kM°. TI0 ImMETOYHOMETAIIBHOCTH MX COCTABbI BAPHUPYIOT OT HU3KOIIENOUHBIX JI0 CYOIIENOUHBIX, a 110
TeOXMMHUYECKUM ITapaMeTpaM OHHU OTHOCSTCS K yJIbTpaMeTaMoppHUYecKOMy THITy TpaHUTOB - oboramensl Ti, Al, K,
Ba, LREE, Zr, Cr, Ni. Bo3pact mopon xoMiuiekca, moxydeHHbii U-Pb MeTo0M 1o UpKOHAM B MIapbDKAITaiCcKOi
CepUH JJISl IETMATHTOB paBeH 2557+28 MuIH. JeT, Ay TpaHuToB — 2562420 miH. [3], a B KUTOHCKOM cepun — 253547
witH. et [1]. ITo ganabM Rb-Sr m30XpoHHOr0 METO/1a BO3pACT KaJIHEBOMOJIEBOIIIATOBBIX MUTMATHTOB X TPAHUTOB B
TTT Onotckoro 311 — 2,64 mipa. net [2].

Cpenu mopon MeTamopdudeckoro stama majeonporeposoiickoro nukia (1,87 mmpa. ner — U-Pb merox mo
LUPKOHY CIIAHIIEB) PAa3BUTHIX TOJIBKO B HIAPBDKAITalCKOM CEpUU TOMUHHUPYIOT METATOJCUTOBBIC IBYIHPOKCEHOBHIE
TUIaTMOCNIaHIIbl, B MEHBILEH CTENEHU Pa3BUTHI METATePPUTeHHbIE OMOTHUTOBBIC (METANENUTHI, TPayBaKkKK), OUOTHT-
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rpaHaTOBbIE (METaapKO3bl) IUIArMOTHEHCHI; COBCEM PEIKO OTMEYAIOTCs JJ0JIOMUTOBBIE MPaMOpbI, KBapuuThl. Bee nan-
HBIC CBUJICTEIILCTBYIOT O TOM, YTO OHH 00pa30BaIMCh B TPOT'OBOH CympacTpyKType ¢ Bo3pactoM 2,3-2,4 mip. net [5]
B 00CTaHOBKE OKEAaHMYECKMX OCTPOBOB HJIM OCTPOBOAYKHOH. B KMTOHCKOM KOMIUIEKCE, TIOKa HE yJajoch 0OHapy-
XKHTh CYNPACTYKTYPHOTO METaMOP(PHUECKOTO KOMITIEKCA.

IMopons! ynbTpamMeraMophUIEcKOro 3Tana MajJeonpoTepO30HCKOTO MHKIIA MIPEICTABICHBI [UIArHOKIa30BbIMUA U
KaJIMIITNAaTOBBIMA MUTMAaTUTaMH, aBTOXTOHHBIMH 1 &JUIOXTOHHBIMH IpaHuTamMH. 110 Bo3pacTy ¥ T€OXMMHUYECKUM Xapak-
TEPUCTUKAM K yJIbTPaMEeTaMOPGHIECKUM I'PAHUTAM OJIM3KU ITIOCTKUHEMATHYECKHE TPAaHUTOUBI, OTHOCHMBIEC B PETHOHE
K CastHCKOMY, IIyMUXHWHCKOMY, HTHOKCKOMY, IPIMOPCKOMY KOMIUIEKCaM. JTO MO3BOJISIET pacCMaTpPUBaTh yJIbTpaMeTa-
MOp(hHUUYECKUE TPAHUTOUIIBI KaK 00pa3oBaHMsi, CHOPMHUPOBAHHBIC HA HI)KHHUX YPOBHSX IIapbDKAIraiiCKoi cepun B He-
KapTHpyeMbIX MeNKUX Teiax. [Ipu mocnenyromeM nx repeMelieHuH B BEPXHHUE CTPYKTYpPHBIE STaXH, 3apOXKAAr0TCs
KPYIIHBIE OYaru ¢ Mocjeayouiei TpancopMaleil 1 KpucTaun3anyeld TOMOreHHBIX MarM B TPaHUTHBIX 0aTOJIUTaxX IM0-
CTKMHEMaTHYECKUX TpaHUTONIOB. Tak B MipkyTHOM OJIOKe ImapbbKalraiickol cepryl MPUCYTCTBYIOT CHHKOJTU3UOHHBIE
yIbTpameTaMop(uueckre Iiarkuo- ¥ KaJuIiaToBble MUTMAaTHTBI, TEHEBbIE MUTMATHTHI, IAPAaBTOXTOHHbIE M aJUIOXTOH-
HBIE TPaHUTEHI, pa3BUThe B MHTEpBane 1,851-1,86 mupx. ner [3], a B Kuroiickom 6noke xurorickoii cepun — 1,852-1,87
MIIpA. et [4; Hamu gaHHEIe]; B UpkyTHOM, KHTofickom u buprociackoM O10Kax pactpocTpaHEeHBl TPAaHUTOUIBI CasH-
CKOTO U IIyMHXHHCKOTO KomruiekcoB (1,85-1,87 mupn. ner); B Vpukcko-MiickoMm rpabeHe — ITHOKCKOTO KOMIDIEKCa
(1,86 mipa. et). CocTaBbl TPaHUTOMIOB CassTHCKOTO, IIPUMOPCKOTO M ITYMHUXHHCKOTO KOMIIIEKCOB MO KOHIICHTPALMSM
Si, Ti, Al, Fe, Ca, K, Na, Li, Ba, Sr, La, Nb, Y, Zr, Ta, Nb, Pb, Cr, V, Co 61u3Kku K cpeHEB3BEIIICHHBIM COACPKaHNIM B
yIbTpaMeTaMOp(UUECKUX TPAaHUTONIAX (TEHEBBIX MUTMAaTHTaX, IPAHUTAaX, YaPHOKUTONUAAX) HIAPBDKANTAHCKON CEpUH.
B mocnenHuX, OTHOCHTENBHO MOCTKUHEMATHYECKHX I'DAHUTOWAOB, OTMEUEHbI HECKONBKO MOBBIIICHHBIE KOJIMYECTBA
Mg, Ca, Cr, V, Co. D10 00yCIOBJICHO JOMHHUPOBAHHEM B CyOCTpaTe IIaphKaIraiiCKoi cepuu OCHOBHBIX mopo. ['pa-
HUTOM/Ibl HHTPY3UBHBIX KOMIUICKCOB, HA000POT, pe3ko odoramieHsl — Rb, Cs, Li, B, Be, LRRE, Sn, Ta, Nb, Pb, uro o1-
pakaeT IpOsIBJICHUE B HUX MarMaTH4ecKoi 1 ASMaHaIlMOHHOM anddepeHuranyy.

[Toponbl HeoapXeHCKUX M IMaJICONPOTEPO30HCKUX T'PaHYJINTOBBIX KOMILIEKCOB MMEIOT Pa3HYI0 I'€OXUMHYE-
CKyIO crieriu()uKy, 0OyCIOBICHHYIO PA3IMUYMSIMHU B IIPOTOJINTE M OCOOCHHOCTSIX €ro NmpeoOpa3oBaHui, a Takke Guk-
cUpyeMble BCEMH HCclieoBaTessiMu Onm3kue pyoexu dopmuposanus. [Ipn paHHENpoTepo30HCKON KOIIM3UK TPO-
M30IIIa aKPEHsl TPAHYIUTOBBIX KOMIUIEKCOB B €MHYIO CTPYKTYPY, @ TAKXKE CTAHOBJICHHE MAaCCHBOB MOCTKOJIIH3H-
OHHBIX TPAHUTOHJIOB.

Paboma evinonnena npu noodepacke epanmog PODOHU 09-05-00563, 11-05-00771.

Two boundaries (cycles) of granulite metamorphism: a Neoarchaean boundary (2.56-2.65 Ga) and a Palaeo-
proterozoic boundary (1.85-1.87 Ga) are distinguished in the Prisayansky (Sharyzhalgaisky) marginal scarp of the
Siberian Platform basement. Each cycle is characterized by the formation of rocks: at a regional isochemical granu-
lite-facies metamorphic stage, at an ultrametamorphic granulite- and amphibolite-facies alteration stage and at a post-
ultrametamorphic alteration stage. The rocks produced at a regional metamorphic stage are represented by metamag-
matic schists and gneisses, metasedimentary plagiogneisses and gneisses, quartzites and marbles. At an ultrameta-
morphic stage, rocks are formed by replacement of mafic and felsic rocks in the following order: plagiomigmatite —
potassic feldspar migmatite — shady potassic migmatite — autochthonous and allochtnonous granitoids affected by
deep mantle fluids [2]. The associations generated at a post-ultrametamorphic (post-migmatite, post-magmatic) stage
are represented by medium- to low-temperature metasomatic rocks and are scarce. Their composition depends on
substrate and its P-T alteration conditions.

The rocks produced at a metamorphic stage in the Neoproterozoic cycle in the Sharyzhalgaisky and Ki-
toisky complexes are: biotite-bipyroxene plagioschists (alkaline basalts and shoshonites), biotite-hypersthene
and biotite plagiogneisses (alkaline meta-andesites). Moderate-alumina biotite-, biotite-garnet (siltstone and
greywacke) and high-alumina (aleuropelitic argillite) gneisses, metagabbro-anorthosite and calcitic marble are
less commmon. The ages estimated for the Sharyzhalgaiskaya series since the 1980s by the Rb-Sr method range
from 3.4 to 3.7 Ga [2]. Similar ages, 3.2-3.4 Ga, have been obtained using the U-Pb SHRIMP zircon method [5].
The ages 2.7-2.8 Ga, estimated by the classical U-Pb zircon method, are more reliable [4]. The model ages
TNd(DM) for the Sharyzhalgaiskaya and Kitoiskaya series vary from 2.87 to 3.85 Ga. The early protoliths of
metamorphic rocks in the Sharyzhalgaiskaya series were generated in an island-arc setting and late protoliths in
an active continent margin environment (less probably, in a mature island-arc setting), and a those in the Kitois-
kaya series in an intracontinental rift setting.

The Neoarchaean granitoids of the Kitoisky ultrametagenic complex are confined to the blocks of the granu-
lite- and tonalite-trondhjemite associations (TTA) of greenstone structures. Their composition depends on the sub-
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strate and the degree of its alteration. Distinguished among them are mildly altered granulites or TTA, such as mig-
matized schists and gneisses, and their intense alteration products such as plagioclase and potassic feldspar migma-
tites, enderbites, charnockites, autochthonous and allochthonous granites and pegmatites that have evolved after or-
tho- and pararocks. The bodies in the Sharyzhalgaiskaya series of the Irkutny block are up to 100 m thick; the massifs
in the Kitoisky series massif cover an area of 1-2 km2; and the TTA-batholiths in the Kitoisky and Bulunsky blocks
have an area of 10 km2. Their compositions vary in alkalinity from low-alkaline to subalkaline. Based on their geo-
chemical parameters (enrichment in Ti, Al, K, Ba, LREE, Zr, Cr and Ni), they are classified as an ultrametamorphic
type of granite. The U-Pb zircon age of rocks from the Sharyzhalgaiskaya-series complex is 2557+28 Ma for pegma-
tites and 2562+20 Ma for granites [3], and the age of Kitoiskaya-series rocks is 2535+7 Ma [1]. The age of potassic
feldspar migmatites and granites in the TTG of the Onotsky GB, estimated by the Rb-Sr isochrone method, is 2.64 Ga
[2].

The rocks produced at a metamorphic stage in the Palaeoproterozoic cycle (1.87 Ga, U-Pb method on zircon
from schist), which only occur in the Sharyzhalgaiskaya series, are dominated by metatholeiitic bipyroxene plagio-
schists; metaterrigenous biotite- (metapelite, greywacke) and biotite-garnet (meta-arkose) plagiogneisses are less
common; and dolomitic marbles and quartzites are scarce. All available data show that they were formed in a 2.3-2.4
Ga trough suprastructure [5] in an oceanic-island or island-arc setting. No suprastructural metamorphic complex has
been revealed so far in the Kitoisky complex.

The rocks formed at an ultrametamorphic stage in the Palaeoproterozoic cycle are plagioclase and K-
feldspar migmatites and autochthonous and allochthonous granites. Postkinematic granitoids, interpreted in the
region as part of the Sayansky, Shumikhinsky, Ignoksky and Primorsky complexes, are similar in age and geo-
chemical characteristics to ultrametamorphic granites. Ultrametamorphic granitoids can thus be interpreted as
rocks formed at lower levels in the Sharyzhalgaiskaya series in small unmappable bodies. Upon their subsequent
transport to upper structural storeys, large sources are generated, and homogeneous magma is then transformed
and crystallized in the granitic batholiths of postkinematic granitoids. For example, occurring in the Irkutny
block of the Sharyzhalgaiskaya series are syncollisional ultrametamorphic plagio- and K-feldspar migmatites,
shade migmatites and para-autochthonous and allochthonous granites that are widespread in the interval 1.851-
1.86 Ga [3], and in the Kitoisky block of the Kitoiskaya series in the interval 1.852-1.87 Ga [4; our data]; the
1.85-1.87 Ga granitoids of the Sayansky and Shumikhinsky complexes occur in the Irkutny, Kitoisky and
Biryusinsky blocks; and the 1.86 Ga granitoids of the Ignoksky complex occur in the Uriksko-Iysky graben. The
compositions of granitoids from the Sayansky, Primorsky and Shumikhinsky complexes are similar in Si, Ti, Al,
Fe, Ca, K, Na, Li, Ba, Sr, La, Nb, Y, Zr, Ta, Nb, Pb, Cr, V and Co concentrations to weighted average concen-
trations in the ultrametamorphic granitoids (shade migmatites, granites and charnockitoids) of the Sharyzhal-
gaiskaya series. The latter are slightly richer in Mg, Ca, Cr, V and Co than postkinematic granitoids, because the
substrate is dominated by the Sharyzhalgaiskaya series of mafic rocks. Granitoids from intrusive complexes are,
on the contrary, markedly enriched in Rb, Cs, Li, B, Be, LRRE, Sn, Ta, Nb and Pb, suggesting magmatic and
emanation differentiation.

The rocks of the Neoarchaean and Palaeoproterozoic granulite complexes differ in geochemical characteris-
tics, which is due to differences in the protolith and its alteration pattern and similar formation boundaries proved by
all geoscientists. Upon collision in Early Proterozoic time, granulite complexes accreted to form a common structure,
and postcollisional granitoid massifs were produced.

The study was supported by RFFR grants 09-05-00563 and 11-05-00771.
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ISOTOPIC COMPOSITION OF FLUID UPON METASOMATISM IN THE SHEAR-ZONES OF
THE PORYEGUBA NAPPE OF THE LAPLAND GRANULITE BELT
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Jns perennst mpoOieMsl TeHe3nca GIIFONI0B, IPOHUKABIINX B PETMOHAIBHBIE 30HBI CIBUTOBBIX AehopMaluii, pa-
Hee ObLIbI BBIIOIHEHBI UCCIIEZIOBaHMSI M30TOMHOrO coctaBa kucnopoaa HT/HP meracomarutoB [TopberyOckoro TeKTOHH-
4yecKoro nokposa Jlaranackoro rpanynuroBoro nosca [1, 2]. Beuio ycraHoBieHo 4To 00pa3zoBaHHE METacOMAaTHYECKUX
rpaHaT-CUJUTIMAHUT-OPTOMUPOKCEHOBBIX OPOJ] IPOUCXOJMIIO IIPU YYAaCTHH CYILECTBEHHO BOJHOIO (X o, ~ 0.2) 1 u3oron-
HO-JIETKOT'0 TI0 KHciopoay ¢uironza: 8'%0=+5 = +6%0 SMOW. MCTOYHHKOM H30TOIHO-JIErKOr0 KHCIOPOaa BO (imonse
MOT OBITh KaK MOBEPXHOCTHBIN (hton (rugpocepHbie BOIb), TaK U (uItou U3 rTyOMHHOrO MaHTUHHOTO pe3epByapa. Ta-
KUM 00pa3oM, JUIsl OLICHKH reHes3rca (IIIoHIa OJTHUX JIAHHBIX 00 U30TOITHOM COCTaBe KHMCIIOPOAa HEOCTaToOuHO. B cBsizu ¢
9TUM HaM{ HAyaTo MCCIIEIOBAHHE U30TOIHOIO COCTaBa OJIAaropoHBIX ra3oB (Teyus U aproHa) (IIFOMAHBIX BKIIOYEHUH TeX
e HT/HP mMeracomaTnieckux 1mopoj, a Takye U30TOIHOTO COCTaBa yrieposia rpadura u KapOOHaTOB B ITOPOJAX 30H Me-
TacoMaTH4eckoi rnepepadborku. Tem Gosee uTo rpaduTCOACPKAIINE KBAapLEBbIEC KIIbl M OKBAapIIOBaHHBIE MOPOBI PacIIo-
JlararoTcs B TOH ke ciBUroBoi 3oue, uro 1 HT/HP rpaHaT-criummMaHUT-OpTONMPOKCEHOBBIE METACOMATHTHL, @ B COCETHHX
COTIPSDKEHHBIX CIBUTOBBIX 30HAX COCPEIOTOUYEHBI XKMIIbHBIE TeJla KapOOHATHBIX M KapOOHAT-IMOTICHIOBBIX METaCOMaTHYe-
ckux mopoa. U yraepon m3 duronna, yaactsoBasiiero B oopaszoBanurt HP/HT MeracoMaTnuToB, MOT OBITH 3a()IKCHPOBaH B
KapOOHATHBIX Mopozax. [Ipu 3TOM mogdepkHeM, YTO BHEIIHNE 30HBI IIUPKOHOB B KapOOHATHBIX IOPOaX UMEIOT BO3PACT
1898+14 mun. net, coBnagatonmii ¢ Bozpacrom HT/HP meracomatutoB [3]. CrenoBaresbHO OHU MOTYT paccMaTpHBaThCS
Kak Iopo7ipl, BO3HUKIINE B enrHOM nponecce ¢ HT/HP meracomarnTtamu. VX reHETHUECKOE €AMHCTBO YCTAHOBJICHO U TIPU
n3ydyennn Lu-Hf cucrembl B iupkoHax MeTacOMaTHUECKUX OO [4].

W3ydenue M30TOMHOTO cOCTaBa OIaropoAHBIX ra30B MPOBOAMIOCH Ha JIBYX 00pasijax Ha Macc-CIeKTPOMET-
pe Micromass NG5400 (Lentp uzoronnsix uccienoanuiit BCET'EN, Caunkr-IleTepOypr) nocie npobienus npod B
BaKyyMe U U3BJICYCHHS ra30B U3 MUKPOBKIIIOYEHHUH MO OpUTHHANBHOW MeTouKe. O0Iee KOJTMIECTBO BbIIEIEHHO-
ro U3 MHKPOBKIIIOUEHHIT ra3a JOCTATOUHO BEIHKO M COCTaBHIIO 3,4 cm’/r (06p. BJIT), 0,2 em’/r (06p. JI4-2). Komu-
YecTBa TeIus B Mpodax Maio (<10'6 CM3/F), npu *He/*He = 0,1-0,28 x 10, uto orBeuaer MpUMECH MaHTHIHOTO Ta-
3a He Gonee 1-2 %. KonmuecTBO BBIIEIEHHOTO U3 BKIOUeHHM ‘CAr HeOOBIYHO BENMKO W cocTaBwio 24 x 107
(06p. BJIT) 1 6,8 x 10 (06p. JI4-2) cm’/r. [lonydeHHbIe NaHHBIC NEMOHCTPHPYIOT AHOMATbHO HU3KHME BETHUMHbI
otnomenuit *“He/ **Arrad (0,65 B 06p. J14-2 1 0,013 B 06p. BJI'). O6paaer Ha ceGs BHUMAHHE CHIIBHO (DPaKIHO-
HUPOBAHHBIH W30TOIMHEIA COCTAB IO HEPAIMOTEHHBIM W30TOMAM aproHa: BemmdnHa T Ar/°Ar (0,1922) mourn Ha 3
% BBIIIE aTMOC(EPHOro 3HAUCHHA. DTO CYLIECTBEHHAs BEIMYMHA H30TOMHOTO (pPaKIHOHUPOBAHUSA, M ITOT G PEKT
MOT' OBITH JIOCTUTHYT TOJIBKO IPH ()PaKkLMOHHPOBAHUU aproHa MeXIy MarMod W (IIIOHIOM IPH OTHOCHUTEIHHO
HHU3KOW TeMIleparype, HampuMmep, Ipu GOpMHUPOBAHUM BYJIKAHHUTOB, SBJISIOIIAXCS MPOTOIMTOM JJIi METAaCOMATHU-
T0B. OfHaKO 3TOT 3PPEKT U30TOMHOTO (HPAKIMOHUPOBAHUS ObLT OOHAPYKEH B OJHOM oOpasile U TpeOyeT Jaib-
HelIero crennanbHOro U3y4eHusl Ha cepun 00pasioB. Tem He MeHee, ONpeleIeHHbI N30TONHBIM COCTaB aproHa
(“Ar/ *°Ar = 11580), 6nu3kuii XapakTepucTHKaM Tra3oB s jgemnerupoBanHoii mamtun (‘Ar/ *°Ar = 15000-
25000), yka3pIBaeT Ha TIIyOMHHBIH UCTOUYHUK (IIFOMIHOTO MOTOKA U UCKIIIOYAET MPUMECH IIOBEPXHOCTHBIX JIETYUHX
BO (urronIHOM noToke. HecMOTps Ha MaJble KOJIMYECTBa Ieinsl, KOTOPbIH, BUMMO, ObIT MPAKTUYECKH MTOJTHOCTHIO
MOTEPSIH HA MO3AHMUX CTATUIX METaMOP(UIECKOTO U METACOMAaTHIECKOTO MHHEPaI000pa30BaHusl, H30TOIHEIH CO-
CTaB TEJHsI TAK)KE CBUACTENBCTBYET O NEPBOHAYAILHOM MPHUCYTCTBUH 3HAYNMBIX KOJHMYECTB MAaHTUHHBIX Ta30B BO
(hTFOMIHBIX TOTOKAaX CABHTOBBIX 30H.

128



Mamepuanet kongepenyuu

KapOoHnatel kapOOHATHBIX W KapOOHAT-IHOIICHAOBBIX MeTacoMaTHUecKuX ropoj (octpoBa KapOoHaTHBI U
SAroaHblil) XapaKTepU3yTCS H30TOIHBIM COCTaBOM yriaepona 8°C =-7 + - 5%o, 4To Takke MOKET YKa3bIBaTh HA
MaHTUHHBIA TeHe3UC MeTacoMaTu3upyommx ¢iaonnos (puc. 1). M3oTomHsli cocTaB rpaduTa M3 KBapLUEBBIX KWI U
OKBapIIOBAHHBIX MHPOKCEHOBBIX IpanyutoB (8'°C = -9,5 + -11,5%o) yKka3bIBaeT Ha ero aGHOreHHOE MPOUCXOYK/ICHHE.
Taxoii rpauT ¢ MOT GHITH B PABHOBECHH C MAHTHITHBIM YITICKHCIBIM Ta3oM (8'°C = - 6%o) npu Temmeparype 800-
900°C (puc. 2). Bmecte ¢ TeM, B pyIHBIX CY/IbQHIHBIX 30HAX 0OHAPYKEH U GoNee M30TOMHO-IErKuii TpaduT, OTBe-
garomuii paBHOBecHOU Temmeparype 200-550°C. CnemnoBaTensbHO, €T0 pa3InIHbIC TeHEPAINHA MOTIIN TIOCIE0BATEb-
HO BBINAJaTh U3 (UIOW/A NIPH CHIDKEHUW TEMITepaTypbl. [Ipy 3TOM MOJIbHAS OISl YTJIEKUCIIOTO Ta3a BO (IIIOMIHOM
MOTOKE CHM)KANIACh 3a CUET (puKcanuy yrieposaa B rpaduT Mpu H30TEPMUIECKOH KOMIPECCHH MTOPO] ¥ IPOTPECCUBHO
yMeHbLIaIach Ha (oHe JanbHEeHIIero CHIDKEHHS TeMIepaTypbl. TakuM o0pa3oM, B pe3ysibTaTe H30TOIHO-TeOXHUMHUYe-
CKHUX HMCCIIC/IOBAHHI YCTaHABIUBACTCS, YTO (IIFOU] MMEI TITyOUHHBINH, BO3MOXKHO, MAHTUHHBII T'eHE3HC.
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[NonbITKa OLIEHKM XMMUYECKOTO COCTaBa METACOMATU3UPYIOIINX (DIIFOMIOB Ha OCHOBAHMHU HCCIIEIOBAHUS COCTa-
Ba (QuIIOMIHBIX BKIroYeHnH B MuHepaiax HT/HP rpanar-crimmMaHUT-OpTONMPOKCEHOBBIX METACOMATHTOB II0KA HE Ja-
JIa 3HAYMMBIX OKOHYATEJIbHBIX PE3yJbTaToB. Tak METOJJOM KPHOMETPUH HCCIIEIOBAHbI (UIIOMTHBIE BKIIIOUCHUS Pa3BH-
ThIE TJIaBHBIM oOpa3zoMm B kBapie. [Ipu 3ToM OOHapy>KEHBI TONBKO MEPBUYHO-BTOPHYHBIC W BTOPUYHBIC BKIFOUCHUSL.
I'maBHBIe THITBI BKITIOYEHHH — 3T0 BKIFoUeHHs CO, W HU3KOIUTOTHBIE T'a30BbIE BKJIIOYEHHMS, B KOTOPBIX HE HAOIO1aeTCs
(ha30BbIX MEPEXOJ0B MPU OXJIAKICHHUHN, TOTJa KaK BOAHO-COJIEBbIC BKIIOUCHHUSI OOHAPYKEHBI B PE3KO MTOTYMHEHHOM KO-
nmyectse. [InoTHOCTE HabmogaBmmXca BKiIoueHH CO, IperMyIecCTBeHHO HU3Kas. JIMIe B HECKONBKHX oOpasmax
Hali/IeHbl BKJIIOYEHHs TOBbIIICHHOH ioTHocTH. [Ipu Temneparypax 800-900°C napnenus npu (GOPMHPOBAHUH TAKUX
BKJIIOYEHHH COOTBETCTBYIOT 6-7 kOapaM. Pe3ynbTaThl paMaHOBCKO# CIIEKTPOCKONNHM HU3KOIUIOTHBIX Ta30BBIX BKIFOYE-
HHUH CBUJIETENILCTBYIOT 00 MX MPEUMYILECTBEHHO a30THOM cocTaBe. KproMeTpuieckuii aHann3 BOJJHO-COJIEBBIX BKIIIO-
YEeHHUH YKa3bIBaeT, [JIABHBIM 00pa3oM, Ha COJIM YTOJBHOM KHCIIOTHI C KOHIeHTparueil 1-2 Mac. % U, B MeHbIILeH cTere-
HH, Ha XJIOPHABI KIbIHMs. /[Ba BKIIFOUSHHUs OOHAPYXKEHBI ¢ TATUTOM. TakuM 00pa3oM, HayaJlbHbIE Pe3YNbTaThl HCCIEHO0-
BaHUS BKIIIOYEHHUH YKa3bIBAIOT TOJIKO Ha HU3KOIUIOTHBIM a30THO-YIJIEKUCIIOTHBIN cocTaB ¢uronna. Huskast mioTHOCTE
a30Ta IM03BOJISIET MPEATIoIaraTh, YTo 3TO ObUT aMMHaK, KOTOPBIH IPpY OHMKEHUH TEMITEpaTyphbl pa3joXuIICs Ha a30T U
Bojopoa. Ho B crity BBICOKOH MOABMXHOCTH BOAOPOAA BO BKITIOYEHHSIX OOHAPYKMBAETCS TOIBKO HU3KOIUIOTHBIN a30T.
Takxe TMOMy4eHbl XapaKTEPUCTHKH XHMHUYECKOTO COCTaBa METACOMATH3HPYIOIIEr0 BOAHOTO (UIIOMIa Ha OCHOBAaHHWH
pacdeTa MUHEPAIBHBIX PEAKIMH C y4ETOM JIaHHBIX 0 cOCTaBaM (DITIOMIHBIX BKIIOUCHUH. PacueTHble BEIMUMHBI aKTHB-
Hoctu Boabl aH,0O = 0.37-0.63 coorBercTBytoT (Aranovich, Newton, 1996) conepkaHuio BOJbl B INIOTHOW BOIHO-COJIE-
BoH (monaHOH daze Xy, ~ 0.6-0.8 mpu Xco,~ 0.1-0.3 n Xsalt~ 0.1. DxcnepuMeHTaNIbHBIE HCCIEIOBAHNS BOAHO-YIIe-
KHCJIOTHO-COJICBBIX CHCTEM IPH BeICOKHMX PT-mapamerpax mokasbIBatoT [5], uro mpu Oombiux copepkanusix CO, u Bo-
JIOpacTBOPUMBIX COJIEH (UIFOH] HOJDKEH COCTOATh M3 ABYX (ha3 - BEICOKOIUIOTHOM MPEHMYIIECTBEHHO BOJHO-COJICBOH 1
HHU3KOIIJIOTHOHM YIJIEKUCIOTHON. Hamm pe3ynbraTel MOTYT CBUETENBCTBOBATh O TOM, YTO TaKOE Pa3ZeieHHE ACHCTBH-
TENBHO CYILECTBOBAJIO MpHU paccMarpuBaembix HT/HP nmapamerpax meracomaruueckoro nerporenesuca. Torna B cucre-
M€ CABUT'OBBIX 30H Pa3HOT'O MacmTa6a OJHOBPEMEHHO CYHICCTBOBAIM JUCKPETHBIC MMOTOKHW HU3KOIIJIOTHOI'O MPpEUMYIIC-
CTBEHHO a30THO-YTJIEKUCIIOTHOTO (pirona, 00eceYrBIIero KapOOHATHU3ALMIO U TPadHUTH3ALMIO TPAHYIMTOBBIX TOJI U
BBICOKOIUIOTHOTO TIPEUMYIIIECTBEHHO BOAHOTO (MIIIOMIA, IEPEHOCUBILETO OCHOBHYIO MAcCy IETPOTEHHBIX JJIEMEHTOB.

Mboi 6raeodapum pyrosoocmeo Kanoanakuicko2o 20cyoapcmeeHHo20 npupooH020 3an08e0HUKA 3d HOMOUWb
opeaHuzayuu noresvlx pabom Ha e2o meppumopuu. HMccnedosanus 6blnoiHenvl npu QUHAHCo8ol nodoepiicke PODU
(npoexm 09-05-00392) u Canxm-Ilemepbypeckozo I ocyoapcmeennoeo ynusepcumema (npoexm 3.37.81.2011).

To cast light on the genesis of the fluids, which penetrate into regional shear-zones, the isotopic composition
of oxygen from the HT/HP metasomatic rocks of the Poryeguba tectonic nappe of the Lapland granulite belt was ana-
lyzed earlier [1, 2]. The analytical data obtained have shown that largely aqueous (XCO, ~ 0.2) and light-isotope oxy-
gen fluid: 8'*0= +5 + +6%0 SMOW was involved in the formation metasomatic garnet-sillimanite-orthopyroxene
rocks. Both surface fluid (hydrospheric water) and fluid from a deep mantle reservoir could have been a source of
light-isotope oxygen in the fluid. Thus, data on the isotopic composition of oxygen alone are not sufficient for assess-
ing the origin of the fluid. Therefore, the authors have begun to analyze the isotopic composition of the noble gases
(helium and argon) of fluid inclusions from the same HT/HP metasomatic rocks and the isotopic composition of car-
bon from graphite and carbonates in the rocks of metasomatic reworking zones, considering that graphite-bearing
quartz veins and silicified rocks occur in the same shear-zone as HT/HP garnet-sillimanite-orthopyroxene me-
tasomatic rocks, and veined bodies of carbonate and carbonate-diopside metasomatic rocks are concentrated in
neighbouring shear-zones. Carbon from the fluid, involved in the formation of HP/HT metasomatic rocks, could have
been fixed in carbonate rocks. It should be emphasized that the external zones of zircons in carbonate rocks have an
age of 1898+14 Ma, which coincides with the age of HT/HP metasomatic rocks [3]. Hence, they can be interpreted as
rocks derived together with HT/HP metasomatic rocks during the same process. That they are genetically common
has also been proved by examining the Lu-Hf system in zircons from metasomatic rocks [4].

The isotopic composition of noble gases was analyzed on two samples on a Micromass NG5400 mass-
spectrometer (VSEGEI Centre for Isotopic Studies, St.Petersburg) after crushing the samples in vacuum and extract-
ing gases from microinclusions using the original procedure. The total quantity of gas extracted from the microinclu-
sions was 3.4 cm3/g (sample BLG) and 0.2 cm3/g (sample L4-2). The quantity of helium in the samples is small
(<10 cm3/g), at *He/*He = 0.1-0.28 x 10, which is consistent with not more than 1-2 % mantle gas impurity. The
quantities of “’Ar extracted from the inclusions are unusually large - 24 x 10 (sample BLG) and 6.8 x 10 (sam-
ple L4-2) cm3/g. The data obtained show abnormally low “He/ **Arrad values (0.65 in sample L4-2 and 0.013 in
sample BLG). The highly fractionated isotopic composition for non-radiogenic argon isotopes is noteworthy: the
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¥ Ar/SAr value (0.1922) exceeds atmospheric pressure by almost 3 %. This high isotopic fractionation effect could
only be produced upon fractionation of argon between magma and fluid at relatively low temperature, e.g. upon the
formation of volcanics that act as protolith for metasomatic rocks. However, as the effect was revealed in one sample,
a special study of a series of samples is needed. Nevertheless, the isotopic composition of argon (*’Ar/ **Ar = 11580),
similar to the characteristics of gases for a depleted mantle (**Ar/ **Ar = 15000-25000), suggests a deep source of
fluid flow and rules out the presence of surface volatile impurity in the fluid flow. In spite of small quantities of he-
lium, which seems to have been completely lost at late stages in of metamorphic and metasomatic mineral formation,
the isotopic composition of helium also shows that significant quantities of mantle gases were present originally in
the fluid flows of shear-zones.

The isotopic composition of carbon, 5"°C, in the carbonates of carbonate and carbonate-diopside metasomatic
rocks from Karbonatny and Yagodny Islands is typically - 7 = - 5%o, suggesting the mantle genesis of metasomatizing
fluids (Fig.1). The isotopic composition of graphite from quartz veins and silicified pyroxene granulites (8'°C =-9.5 +
-11.5%o) is indicative of its abiogenic origin. Such graphite could have been in equilibrium with mantle carbon diox-
ide (8"°C = - 6%o) at a temperature of 800-900C (Fig.2). However, lighter-isotope graphite, consistent with an equi-
librium temperature of 200-550 C, has been reported from ore sulphide zones. Consequently, its various generations
could have precipitated successively from the fluid with decreasing temperature, the molar fraction of carbon dioxide
in the fluid flow decreasing by fixation of carbon to graphite upon isothermal rock compression and declining pro-
gressively against further decrease in temperature. Thus, our isotopic-geochemical data suggest that the fluid was
generated at depth, presumably in the mantle.

Attempts to estimate the chemical composition of metasomatizing fluids by analyzing the composition of fluid
inclusions in the minerals of HT/HP garnet-sillimanite-orthopyroxene metasomatic rocks have not produced signifi-
cant results so far. For example, fluid inclusions, occurring dominantly in quartz, were analyzed by the cryometric
method, but only primary-secondary and secondary inclusions were identified. CO,-inclusions and low-density gas
inclusions, in which no phase transitions are observed upon cooling, predominate, while water-salt inclusions are
much less abundant. Most of the CO,-inclusions show low densities. High-density inclusions have only been revealed
in several samples. At temperatures of 800-900°C the pressures upon the formation of such inclusions are 6-7 kbar.
The results of the Raman spectroscopy of low-density gas inclusions have shown that they consist dominantly of ni-
trogen. Cryometric analysis of water-salt inclusions points mainly to salts of carbonic acid with a concentration of 1-2
mass. %, rather than to calcium chlorides. Two inclusions were found to contain halite. Thus, the initial results of the
examination have only revealed the low-density nitrogen-carbonic acid composition of the fluid. The low density of
nitrogen suggests that it was ammonia, which decomposed into nitrogen and hydrogen upon decrease in temperature.
However, as hydrogen is highly mobile, only low-density is observed in the inclusions. Furthermore, the chemical
composition of the metasomatizing water fluid was estimated by calculating mineral reactions with regard for data on
the composition of fluid inclusions. The water activity values estimated, aH,O =0.37-0.63, are consistent with
(Aranovich, Newton, 1996) the water content of a dense water-salt fluid phase Xy,0 ~ 0.6-0.8 at XCO,~ 0.1-0.3 and
Xt~ 0.1. The experimental study of water-CO,-salt systems at high PT-parameters [5] has shown that at high CO,
and water-soluble salt concentrations the fluid is expected to consist of two phases: 1) a high-density, dominantly
water-salt phase and 2) a low-density carbon dioxide phase. Our results suggest that such a division did take place at
aforementioned HT/HP parameters of metasomatic petrogenesis. This means that discrete flows of low-density,
dominantly nitrogen-carbon dioxide fluid, responsible for the carbonatization and graphitization of granulite units and
high-density, water-dominated fluid, which carried the bulk of petrogenic elements, existed simultaneously in a sys-
tem of inequidimensional shear-zones.

The authors wish to thank the Administration of Kandalaksha State Nature Reserve for assistance in organiz-
ing field studies in the Reserve. The studies were supported by RFFR (Project 09-05-00392) and St.Petersburg State
University (Project 3.37.81.2011).
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Heoapxetickuii rpanynutoBblii Metamopdusm B PenHo-Kapenbckoil rpaHuT-3e7€HOKaMeHHOW 00JIacTh Tpo-
SIBJICH JIOKAJIBHO U ycTaHOBJIeH B CeBepHoil u LlentpansHoit Ounmsaaun (parions Ilynaceapsu u Bapnaiicesapsu), B
3amagnoit Kapenuu (moc. BokraBouok u 03. Tynoc), B FOro-Bocrounoit Kapenuu (Ilpronexse u p. Bunena).

B IIpuonexse mopoas!, MeTaMOppHU30BaHHBIC B YCIIOBHSX I'DaHYJIUTOBOHM (alliy, pa3BUTHI Ha MOOEpEXbe U
octpoBax OHEXCKOro o3epa B paiione noc. llansckuid.

B crpoennu paitona npeobnanatot nopoast TTIT acconnanny (TOHAIUTHI, TPOHABEMHUTHI, MUTMATUTHI) U Tpa-
HUTBHI, CO/IEPKAIINE MHOTOYNCIICHHBIE BKJIIOYEHHS THEICOB, AMOPHUTOB, aM(pUOOIUTOB, IIMPOKCEHOBBIX KPHCTAILIOC-
JIAHIEB, KOPYHACOAepKANX MOpoa. HacTh BKIIOUEHUH THEHCOB U aM(PUOOIUTOB NMPEACTABIISAIOT, MO-BHIMMOMY, Me-
TaMOpP(HU30BaHHbBIE PETUKTHI MOPOJ 3€JIEHOKAMEHHBIX MTOSCOB. BKITIOUEHNUS MMPOKCEHOBBIX CIIAHIIEB, CYAS IO UX I'€0-
JIOTHYECKUM XapaKTEPUCTUKAM, SIBIIIOTCSA (parMeHTaMHU JacK.

Ha octpose bomnbme 'omnbliel Habm0AaETCS 3aMEIEHHE CPEJHE3EPHUCTBIX TOHAIIMTOB 00Jiee KPYITHO3EPHH-
CTBIMU U 60.]'[66 J'IeﬁKOKpaTOBbIMH TOHAJIUT-TPOHABEMUTAMMU. ToHamuThl COCTOAT U3 AHTUINICPTUTOBOI'O IJIarkoKjasa,
KBaplia, OpTOKJIa3a, TEMHO-OYporo Wi KpacHO-Oyporo Ouorura, coxepxamiero 4-5 % TiO, u BTOpu4HOro OecuBer-
Horo amubosa, BEeposTHO, 3aMECTHBLIETO OPTOIUPOKCEH, KOTOPBIH MPUCYTCTBYET B TSOKEJIOH (pakuuu. Xumude-
ckuii coctaB ToHANMUTOB: Si0; 65.0-69.5; TiO, 0.3-0.6; Al,O; 15.2-17.2; FeO 2.5-4.88; MgO 1.0-1.8; Ca0O1.3-4.2;
Na,O 3.1-4.8; K,0 0.6-1.4; P,Os 0.08-0.23. ToHaNUT-TPOHABEMUTHI — 3TO KPYIMHO3EPHUCTHIE MOPOJIbI C TUIUANO-
MOP(HO3EPHUCTOI CTPYKTYPOH, COCTOSIINE U3 IIArHoKiIasa, KBapua, OMOTHTa, HHOT/Aa IIPUCYTCTBYIOT aMpuoo (po-
roBast OOMaHKa) ¥ eAMHUYHbIC 3EépHa KAIMEBOTO MOJIEBOTO mmara (OpTokias3). Bapuanuu riaBHBIX 3J1EMEHTOB B CO-
CTaBe TOHAIUT-TPOHABEMHUTOB: Si0; 67.5-76.1; TiO, 0.48-0.06; AL,O5; 13.6-16.8; FeO 0.8-3.5; MgO 0.4-1.9; CaO
2.6-3.6; NaO 4.0-4.7; K,0 1.1-2.2; P,O5 0.04-0.1.

CpaBHEHHE COCTaBOB MOPOJ MOKA3BIBAET, YTO MPH NMEPEKPUCTATUIN3ALUH IPOUCXOISIT U3MEHEHUs, BBIPaXKaro-
IIMecs B YBEIHMUYCHUH CTENCHH JICHKOKPAaTOBOCTH MOPOJBL, B yBenmueHnH copepkanus Si0,, K,O u ymeHbIIeHnN
A1203, P205.

Cxo/iHbIe M3MEHEHUsI UMEIOT MECTO BO ()parMeHTax MapruecKoil Jaliku, paclooKEeHHOW Cpeid IPaHUTOU/IOB
(06H.20, octpoB bonbmue I'onbips). [eHTpanbHble YacTH (parMeHTOB CI0KEHBI POroBO 0OMaHKOM, OpPTOITUpPOKCe-
HOM, IJIarHOKJIa30M, KIMHONMPOKCEHOM M OnoTuToM. Kaxkplit pparMeHT uMeeT KaitMy, CI0KEHHYIO IIarHoKIIa30M,
OPTOIMPOKCEHOM, OMOTUTOM W KBapleM. DTH MUHEPAIOTHUECKHE U3MEHEHHUS OTPAXKAIOTCS B U3MEHEHHN XUMH3Ma: B
KaliMax yBemuuuBaeTcs coaepxkanue Si0O,, Na,O, ymensmaercs Ti0,, CaO, MgO, Y.

OTH reoslornyecKre 1 neTporpaguiIeckue JTaHHbIE TI03BOJISIIOT YCTAHOBHUTH CIIEYIOIIYIO TTOCIIEI0BATEIHOCTh
00pa3zoBaHus MOPOA: CTAHOBJICHHE TOHAJIUTOB, BHEAPEHNE MAa(UTOBBIX JJacK, 00pa30BaHHE TOHAINT-TPOHIBEMHUTOB.

CocraBpl MUHEPAIOB TOHAJIUTOB COOTBETCTBYIOT BBHICOKOTEMIIEpATypHOI amuOomnToBOH (arum, s ¢par-
MEHTOB Ma()UTOB TPaHYJIUTOBOH (armu. OO0pazoBaHHE TOHATUT-TPOHILEMHUTOB U IIUPOKOE PAa3BUTHE MUTMATHTOB C
JIEWKOCOMOI1 BYTIOJIEBOIINIATOBOTO IPAaHKUTA IIPOUCXOIUIIO IIPH Nepexoie K aMmpuoonnToBoi (arum.

Jis maHHBIX TOPOJ MONMy4YeHHl cienyromue Bo3pacTHele nanHble (SHRIMP 1I). IlupkoHs! ToHamHTa
(06p.802/1) matoT 2 3Ha4eHHS BO3pacTa: KOHKOPJAHTHBIIN Bo3pacT 2844+-24, a o nepecedeHUIo KOHKopaun- 2850+ -
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74 (cxkB0=0) 1 60J1€€ MOJIOZON KaK KOHKOPIAAHTHBIHN, TaK U IO MepecedeHnto Koukopauu- 2717x-8, (ckBo=0.79). Bo3-
MOXHO, 4TO 3€pHa C BO3pacToM 2.85 MIIpI JET MPEACTABISIOT COOOM KCEHOKPUCTHI. 3HaueHue 2.72 MIpa JeT OJU3K0
K BO3pacTy IUIArMOMHUKPOKIMHOBBIX I'PaHUTOB Bomsosepckoro momena [2]. Bo3pact uupkona u3 ¢gparmenTa gaiku
(00p. 20), cnoxxeHHOM TpaHyIMTOBOI accormanueit Opx+ Cpx+ Bt+Pl, onpenenen panee no HaBecke 3epeH, PaBHBIM
2650%£-50 muH ner [1].

MHaiika MeTarabOpoHOpHTa, pacroio’keHHas K ceBepy oT moc. [lanpckuii, mmeeT Bo3pact 2608+£56 MiH Jer,
OTIpeNIeICHHBIN TI0 MIUHEPaIbHOH m30xpoHe Sm-Nd metomom [3].

Taxkum 06pa3zom, mposiBIeHHE MeTaMOppU3Ma, IPUBEINIET0 K 00pa30BaHHUIO TPAHYJIUTOBEIX aCCONMANNN B
OCHOBHBIX IOPOAax, OBIJI0O KPAaTKOBPEMEHHBIM COOBITHEM, MPAKTHYECKH OJHOBPEMEHHBIM C BHEIPEHHEM cCyOIe-
JIOYHBIX MaQUIECKUX JACK, PEIUKTHI KOTOPHIX MPUCYTCTBYIOT B TOHATUT-TPOHAREMUTAX. BIusHIE TPaHyINTOBOTO
MeTamMop(du3Ma Ha BMEIIAIOIINE TPAHUTOHIbI, BEPOSITHO, HE TIPUBENIO K 00pa30BaHUIO MUPOKCEHCOIEPIKALIUX Ipa-
HYJIMTOBBIX aCCOLMAIMHA, XOTS HE MCKIIIOUYEHO, YTO ITMPOKCEH ObUI 3aMeIlIeH B pe3yJibTaTe IMOCIeAYIOIIero npouec-
ca, CBSI3aHHOTO ¢ (JOpPMHUpPOBAHMEM ABYNOJICBOIINATOBLIX I'paHUTOB. [lo-Buanmomy, nporpeB TTT, cBsizaHHBIH C
BHE/IpeHHEM Ma(UTOBBIX JacK, CKa3aJicsl Ha MOBBIIICHHOM cojepkanuu Ti0, B OMoTHTax M NMOSBICHUN aHTHUIIEP-
THUTOBOTO IUIarMOKjIa3a. BepxHss Bo3pacTHas I'paHMLA STHX IPOLECCOB ONpEAesieTcs BpeMEHEM BHEJPEHUS Jaii-
KM rab0po-HopHTa.

Neoarchaean granulite-facies metamorphism in the Fenno-Karelian granite-greenstone domain manifests itself
locally and has been documented from North and Central Finland (Pudasjarvi and Varpaisjarvi areas), from West
Karelia (Voknavolok and Lake Tulos) and from Southeast Karelia (Prionezhye and River Vinela)..

In Prionezhye, rocks metamorphosed to granulite grade occur on the shore and islands of Lake Onega near the
Town of Shalsky.

Structurally, the area is dominated by TTG-rocks (tonalites, trondhjemites and migmatites) and granites con-
taining abundant inclusions of gneisses, diorites, amphibolites, pyroxene schists and corundum-bearing rocks. Some
of gneiss and amphibolite inclusions seem to be represented by metamorphosed relics of greenstone belt rocks. Py-
roxene schist inclusions are dyke fragments, as shown by their geological characteristics.

On Bolshye Goltsy Island, medium-grained tonalities are replaced by coarser-grained, more leucocratic to-
nalite-trondhjemites. Tonalites consist of antiperthitic plagioclase, quartz, orthoclase, dark-brown or red-brown biotite
containing 4-5 % TiO2 and secondary colourless amphibole, which seems to have replaced orthopyroxene present in
a heavy fraction. The chemical composition of tonalities is: SiO, 65.0-69.5; TiO, 0.3-0.6; Al,0; 15.2-17.2; FeO 2.5-
4.88; MgO 1.0-1.8; Ca0O1.3-4.2; Na,O 3.1-4.8; K,0 0.6-1.4; P,Os 0.08-0.23. Tonalite-trondhjemites are coarse-
grained rocks with a hypidiomorphic-granular structure, consisting of plagioclase, quartz and biotite; amphibole
(hornblende) and scarce K-feldspar (orthoclase) grains are occasionally encountered. Major element concentrations in
tonalite-trondhjemites vary as follows: SiO, 67.5-76.1; TiO, 0.48-0.06; Al,O; 13.6-16.8; FeO 0.8-3.5; MgO 0.4-1.9;
Ca0 2.6-3.6; Na,0 4.0-4.7; K,0 1.1-2.2; P,05 0.04-0.1.

Comparison of rock compositions shows that the rock becomes more leucocratic, SiO2 and K20 concentra-
tions rise and Al,O; and P,Os concentrations decline upon recrystallization

Similar variations are observed in fragments of a mafic dyke occurring among granitoids (outcrop 20, Bolshye
Goltsy Island). The central portions of the fragments consist of hornblende, orthopyroxene, plagioclase, clinopyrox-
ene and biotite. Each fragment has a rim composed of plagioclase, orthopyroxene, biotite and quartz. These minera-
logical variations result in altered chemical composition: SiO, and Na,O concentrations in the rims increase and TiO,,
Ca0, MgO and Y concentrations decrease.

These geological and petrographic data show that the rocks were formed in the following order: tonalite for-
mation, intrusion of mafic dykes, tonalite-trondhjemite formation.

The mineral compositions of tonalities are consistent with high-temperature amphibolite facies and those of
mafic rock fragments with granulite facies. Tonalite-trondhjemites were formed and migmatites with bifeldspar gran-
ite leucosome became abundant upon transition to amphibolite facies .

The ages estimated for the above rocks (SHRIMP-II) are as follows. Zircons from tonalite (sample 802/1) give
two age values: a concordant age of 2844+-24 and a concordia intersection age of 2850%+-74 (MSWD=0) and a
younger concordant and concordia intersection age of 2717%-8, (MSWD=0.79). Grains dated at 2.85 Ga are probably
xenocrysts. The age 2.72 Ga is close to the age of plagiomicrocline granites from the Vodlozero domain [2]. The age
of zircon from a dyke fragment (sample 20), consisting of the granulite assemblage Opx+ Cpx+ Bt+Pl, was estimated
earlier from a weighted portion of grains at 2650+-50 Ma [1].

133



Extended Abstracts

A metagabbronorite dyke, located north of the Town of Shalsky, has a Sm-Nd age of 2608+56 Ma estimated
from a mineral isochrone [3].

To sum up, metamorphism which resulted in the formation of granulite assemblages in mafic rocks was a
short-time event that occurred simultaneously with the intrusion of subalkaline mafic dykes, relics of which are pre-
sent in tonalite-trondhjemites. The effect of granulite-facies metamorphism on host granitoids probably did not result
in the formation of pyroxene-bearing granulite assemblages, although pyroxene might have been replaced as a result
of a subsequent process associated with the formation of bifeldspar granites. The heating of TTG, related to the intru-
sion of mafic dykes, seems to have led to increased TiO, concentration in biotites and the appearance of antiperthitic
plagioclase. The upper age boundary of these processes depends on the time of intrusion of the gabbronorite dyke.
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JeranbHblie reonormueckue padotel mpoBoaminuchk B 2009 r. B Enckom cermente BIIIT B mpenenax MecTOpox-
JleHus kepamuueckux nermatutoB Kypy-Baapa, rae TT-rHeicsl ¢ 3aKII04eHHBIMYE B HUX TeJIaMH 3KJIOTHTOB CEKyTCS
MHOTOYHUCIICHHBIMH TIETMAaTHTOBBIMHU JKWJIaMH. Jlist McclieioBanuii ObUTH BhIOpaHbl HauMeHee n3MeHeHHble Grt-Cpx
TIOPO/IBI IBYX TUIIOB: 1) MacCHBHBIE SKJIOTHTHI, COCTOSIIUE U3 MOPPHUPOOIACTOB IpaHaTa B CPEJHE3EPHUCTON MaTpH-
e oMdarmra, 3aMeIeHHOT0 CUMIUIEKTUTaMH KIIMHOTIMPOKCEHA | IUIarMOKJIa3a, B KOTOPBIX BOKPYT nopdupodiacToB
rpaHaTta HaOoaaTcs aM(prO0I-TUIarnOKIIa30Bbe KaiMbl (00p. 46); 2) 3KIOrHTONOA0OHBIC KPYIHO3EPHHUCTHIE TIPO-
cion (MOIIHOCTBIO 110 20 cM), TpaHaT-aBIUTOBOTO ¢ aM(pHUO0IOM COCTaBa, N3 BEICOKOMArHE3NAIBHBIX METAyIbTpada-
3utoB (00p. 21).

Xapaxkrep pacnpenenenust REE n peaknx meMeHTOB B rpaHaTax, KIMHOIMPOKCEHAX M aM(pHO0Iax U3 KIOTH-
TOB HCCIIE0BAJICS HA HOHHOM MuKpo3oHae Cameca IMS-4f (1O ®TUAH).

I'panatsl U3 MacCHBHBIX AKIOTUTOB (00p. 46) mpencTaBisiroT co00i M30METpHYHBIE 3epHA 10 3-5 MM B Iua-
MeTpe. B HuX HaOmrogaeTcst mporpaaHas 30HaAIbHOCTD, YTO MPOSIBIISICTCS B YBENUUEHNUH uponosoro (Prp) Munana ot
32-33 no 45-47 % nipu 0JJHOBPEMEHHOM YMEHbBILICHUH albMaH uHOBOro (Alm) u cneccaptuHOBOrO (SpS) MUHAJIOB OT
LEHTpa K Kpato 3epeH. [1o peaxuM sieMeHTaM rpaHatsl U3 o0p. 46, Kak npaBmiio, ToMOreHHbL. 1o pacripeneneHuro
HREE u Y B rpaHarax OTCYTCTBYET sIBHasi 30HaJIbHOCTB, YTO OOBSCHIETCS UX OTHOCUTEIBHOW HHEPTHOCTHIO B YCIIO-
BHSIX SKJIOTHTOBOM (armu [1].

I'panats! U3 3k0rUTONONO0HBIX Grt-Aug-KIMHOMUPOKCEHUTOB (00p. 21) KCeHOMOPGHBI WIIH, PEKO, H30MET-
puuHOit popmsl 10 1-2 MM B noriepednrke. OHU TOMOTEHHBI, JINOO MTPOSIBISIOT PETPOrPaaHyI0 30HAIBHOCTD I10 TJIaB-
HBIM 3JIeMeHTaM ¢ yMeHbienneM Prp ot 37 % no 30 % ot nenTpa kx kpato. OOpaTHas 30HATBHOCTD MOATBEPKIAECTCS
PEAKHMH SIIEMEHTaMU: TIPOUCXOANT yBEIMUCHIE OT IIEHTpa K Kparo 3epHa rpaHata coaepxkanus Y (ot 29 mo 80 ppm)
u Cr (ot 1000 mo 3235 ppm), 9TO SBNSAETCS HHANKATOPOM YMEHBIICHHUS TEMIIEPaTYPHI IIPH HAJIOKECHHOM PErpecCHB-
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HOM Meramop¢usme. ITo noarBepxkaaercs ysenunuennem conaepxannss HREE ot nienTpa K xpato 3epHa rpaHara rnpu-
MepHo B TpH pasa (ot 11 mo 34 ppm).

Bce npoanannznpoBaHHbIE TPaHATH XapaKTEPU3YIOTCS THITMYHBIM JUISl BBICOKOKAJIBIIMEBBIX I'PAHATOB BHICOKO-
TeMITepaTypHbIX (anuii Meramopusma criektpoM pacrpenenenust REE ¢ cunbpHON muddepennmanueii ot 1erkux K
TsokensiM REE, oTrcyrerBueM orpunarensHoil Eu-anomanuu.

B sknorurax mo 6asuram (00p. 46) MeramopduUecKuil KIMHONMPOKCEH MPEJCTaBICH AByMS TCHEPAIHSIMU:
paHHEHN, COXpAHUBILEHCS B PEIMKTaX, U MO3HEN reHepaell - B CUMIUIEKTUTOBBIX CPOCTKaX C IUIArMOKJIA30M H, pe-
XK€, C MIArHOKJIa30M M pOroBoi oOMaHKOH. IIepBUYHBIN KIIMHOIIMPOKCEH CONEPKHUT 10 28 % u Oosee KaaeuToBOrO
(Jd) munana, xapakrepusyercs #mg 0.87-0.88. BTopuuHbIil KIMHOMHMPOKCEH coaepkuT He 6osee 9 % Jd npu Toii ke
MarHe3uanabHOCTH; HECKOJIBKO yBennuuBaetcs conepxkanue Ti, Nb, Y, nepuuur KoTopbIx B IEpBUYHOM KIMHOMHPOK-
ceHe 00BsCHSETCSl COBMECTHOM Kpuctaium3anueit ¢ pytiioM (Ti u Nb) u rpanarom (Y). st nepBUYHOTO KIMHOIH-
pOKceHa XxapakTepHa nojoxutenbHas Eu-anomanus (Ew/Eu* no 1.54), cBuaerenscTByronias 0 KpUCTAUIM3AINHT B OT-
CYTCTBHE IIIarnoKIiasa. KIMHOMMPOKCEH U3 CUMIIIEKTUTOB OTJIMYaeTCs MoBbIMeHHbIM conepxkanneM HREE (B pasbr)
n LREE (Ha nops/10K) Ipy OTCYTCTBUH MOJI0XNTeNbHOM Eu-anomanmuu (puc. 1).
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Puc. 1. Cnexrpsl pactpeneneaus REE B rpanarax, KIMHOIMPOKCEHAX U3 HKJIOTUTOB U HOpoJe B LiesioM (00p. 46).

Fig. 1. REE patterns in garnets and clinopiroxenes from eclogite and whole rock (sample 46)

KnunormpokceHn u3 skinorutononoOHeXx Grt-Aug-KIMHONMPOKCEHUTOBBIX IPOCIOEB B METaylbTpadasuTax
oTiM4acTcs 0oiee BBICOKOW MarHe3nalbHOCThIO (#mg nocturaer 0.91), conepxanne Jd He mpeBbrmaet 6 %. Takoe
HU3Koe cofepkanne Jd MoxeT ObITh 00BSICHEHO BIMSIHUEM BaJOBOT'O COCTaBa IOPOALI — METayJIbTpada3ura, B KOTO-
pom cozepxkanue Na B HECKOJIBKO pa3 HIKE, YeM B IKJIIOTHTU3UPOBAHHOM MeTabaszute. IloBbIIEHHOE coneprkaHue
LREE u Sr cBsi3aHO ¢ OTCYTCTBHEM HX MHHEPAIOB-KOHIIEHTPATOPOB (B OCHOBHOM, IJTarHOKIIa3a).

AMOHUOOITBI U3 SKIOTUTOB SBISIOTCS POTOBBIMH OOMaHKaMH - MarHE3MOTOpHOJIEHAaMH 10 Kiaccupukanuu [3].
[Moumxennoe coaepxanre Ti u Nb B ampubonax U3 MacCUBHBIX KIOTHTOB (00p. 40) SIBISETCS CIIENCTBUEM COBMECT-
HOU KpHCTaUIM3aluy ¢ pyTwioM. YeTko BeipaxkeHHast nonoxurenbHas Eu-anomamus (Eu/Eu* 1o 3.7) B nepBUYHBIX aM-
¢$urboIIax 13 MACCUBHBIX AKIOTUTOB (00p. 46) yKa3bIiBaeT HA KPUCTAIUTH3ALHMIO TIPH OTCYTCTBHH IIArMOKIIa3a.
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PoroBsie 0OMaHKH U3 SKIOTHTOMOAOOHBIX Grt-KIMHOIMHPOKCEHUTOBBIX TpocioeB (00p. 21) obpazoBaimch 3a
CYeT KJIMHOIIMPOKCEHOB, Ha 3TO yKa3blBaeT mojaobue crekTpoB pacrpereneHuss REE npu Oonee BBICOKOM ypoBHE
pacnpenenenust REE B am¢pubonax.

I'eoxpoHONOTHYECKOE MCCIEA0BaHNE IUPKOHOB U3 CAIMUHCKHX 3KJIOTUTOB ObUTO mpoBeneHo U-Pb meromom
Ha noHHOM MuKpo3oHae SHRIMP-II (MW BCET'EN).

3epHa IMPKOHOB M3 MACCHBHBIX SKJIOTHTOB (00p. 46) B OCHOBHOM OECIIBETHBI, C OKPYTJIBIMU TPaHHULIAMH, Pa3MEPOM
10 100 mxm B noniepeunrike. Llupkonst B CL, Kak HpaBiiio, 00HAPYKHUBAIOT 30HAJIEHOCTb, IIPOSIBIISIFOLLYIOCS B TIOYTH Yep-
HOH AIepHOH YacTh 3epeH U CBeTIIo-cepoit Kaime (110 30 MkM). B cBeTio-ceprix kaiiMax 1 B cX0xkuXx ¢ HUMHU B CL mpakTu-
YEeCKH OHOPOJHBIX 3epHaX PaclpoCcTpaHEeHbl MUKPOBKIIFOUCHHS KBapla U nou3uta (1o 10 MKM B HonepeyHuke). 30Hab-
HOCTh pKOHOB B CL moaTBepkaaeTcs pa3HbIMH T'€OXMMHYECKHMH XapaKTepUCTHKaMH JOMEHOB IpkoHa (puc. 2). Llen-
TpanbHble yacTu umetoT noskiieHHoe Th/U otnomenue (0.7-1.0), pesko muddepenimpopannoe pacnpenencaue REE ¢
yBeNMYEeHHEM OT Jerkux K TsokensiM REE, uetko BeIpakeHHbIe nonokutenbHyro Ce- v oTpuiaTensHyto Eu-aHomany,
YTO COOTBETCTBYET XapaKTEPHCTHUKE MarMaTHIecKux LpkoHoB. Huskue, coneprkanust Hf (o 5500 ppm) u Li (no 8 ppm),
XapaKTepHbIe JUIs IIMPKOHOB M3 0a3UTOB, a TaKkKe NMOBTOPSIEMOCTh CIieKTpoB pactpeneienns REE ykaspBatoT Ha TO, 4TO
LeHTpalbHBIE (TI0uTH YepHbIe B CL) 9acTi MUPKOHOB — PENIMKTOBBIE 3epHA SKJIIOTUTOBOTO MPOTOIUTA 0a3UTOBOTO COCTaBA.
27pb/*%Pb BospacTa MOUTH BCeX LEHTPATbHBIX YACTEl [MPKOHA TIONAAT B y3KHUit HHTepBan 2895-2897 MITH. JieT.
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Puc. 2. Cnexrpsr pactipenencaus REE B riupkonax u3 sx1orutos (00p. 46).

Fig. 2. REE paterns in zircons from eclogite (sample 46).

Cgeriipie B CL 0TOpOYKHM M 3€pHA IIUPKOHOB OTIMYAIOTCS OT HEHTPAJIBHBIX YacTeil aHOMAaIbHO HU3KHUMH CO-
nepxxanrem Th (menee 1 ppm) u Th/U otHomenuem (Ha ypoHe 0.0n), moHmxkenueM oodiuero coaepxkanus REE 6o-
Jiee yeM Ha Tpu nopsaka (1o 10 ppm), pexyrmpoBanabiMu Ce- u Eu-anomanusivu. [ToMuMo 3TOro HaOJIt01aeTCs II10-
ckuit nmpodus pacnpeneneHus Tsokesbix P30 Ha ypoBHeE 5-10 XOHIPUTOBBIX OTHOLICHUH M TPOrooOpasHbIM Mpodu-
neM pacnpeaencuus gerkux REE ¢ mosiienuem otpunarenbHoit Nd-anomanuu. /[aHHBIE T€OXUMUYECKHE OCOOCHHO-
CTH XapaKTepHbI JUIsl IUPKOHOB M3 SKIOTMTOB PAa3lIHUHBIX PErHoHOB Mupa. - Pb/*’*Pb Bo3pacTa cBeTIO-CephIX OTO-
POYEK ¥ 3epeH BapbUPYIOT OT 1822 no 1892 ¢ GonpmmMu norpemHocTsamMu [2].

B skiorutrsnpoBaHHOM MeTayibTpadasute (00p. 21) 3epHa HIMPKOHOB MPO3PavHbI, HE COJIEpIKaT BKIIIOUSHHH, IMe-
10T OKpyTIyIo hopmy 1 pazmep 1o S0 MM B morniepeunrnke. OHH, Kak mpaBmiio, ogHopoaabie B CL, depHbIe, peqko ¢ Mo3a-
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WYHO-TIITHUCTON CTPYKTYpOii IleHTpaibHOM yacTh. L{upkons! umetor Huzkoe Th/U ortromrenue (0.1-0.2), u HU3KOE cozep-
xanue Th (B cpeaneM, okono 2 ppm). B Hux Beicokoe (Oosbllie YeM B MPKOHAX M3 MarMaTHYeCKHUX MOpOJ) COAEp)KaHHte
Hf (7000-9500 ppm). 1o 3THM reoxuMH4eckuM XapakTepUCTHKaM JIaHHbIE IIMPKOHBI CXO/IHBI C SKJIOTUTOBBIMH JIOMEHAMH
IIUPKOHOB 13 00p. 46. 207pp,2%py, BO3pacTa TUX IIMPKOHOB HaXOAATCs B auamna3oHe 1894-1931 mumH. et co cpemHnM 3Ha-
gerreM 1910 MiTH. JeT, 171 9eThIpeX TOUeK OBLT pacCUMTaH KOHKOPAAHTHEIHA Bo3pacT 1907 £ 11 miH. ner.

In 2009, detailed geological study was conducted in the Yensky segment of the Belomorian mobile belt (SMB) at
the Kuru-Vaara ceramic pegmatite deposit, where TT-gneisses that host eclogite bodies are cut by numerous pegmatite
veins. The least altered Grt-Cpx rocks of two types were selected for examination: 1) massive eclogites consisting of garnet
porphyroblasts in a medium-grained omphacite matrix replaced by clinopyroxene and plagioclase symplectites, in which
the garnet porphyroblasts are surrounded by amphibole-plagioclase rims (sample 46); 2) coarse-grained eclogite-like
interbeds (up to 20 cm thick) of garnet-augite composition with amphibole from high-Mg metaultrabasic rocks (sample 21).

The REE and rare element distribution patterns in garnets, clinopyroxenes and amphiboles from eclogites were
analyzed on a Cameca IMS-4f ion microprobe (YF FTIAN).

Garnets from massive eclogites (sample 46) occur as isometric grains, up to 3-5 mm in diameter. They show
prograde zonation, as indicated by B an increase in pyrope (Prp) minal from 32-33 to 45-47 % paralleled by a
decrease in almandine (Alm) and spessartine (Sps) minals from the centre to the margin of grains. Garnets from
sample 46 are commonly homogeneous in rare elements. The HREE and Y distributions in garnet do not exhibit well-
defined zonation, because they are relatively inert under eclogite-facies conditions [1].

Garnets from eclogite-like Grt-Aug-clinopyroxenes (sample 21), up to 1-2 mm across, are either xenomorphic
or (less commonly) isometric. They are either homogeneous or display retrograde zonation for major elements with a
decline in Prp from 37 % to 30 % from the centre to the margin. Reverse zonation is supported by rare elements: Y
concentration rises from the 29 to 80 ppm and Cr concentration increases from 1000 to 3235 ppm from the centre to
the margin of a garnet grain, indicating a decline in temperature upon multiple regressive metamorphism. This is sup-
ported by a rise in HREE concentration from 11 to 34 ppm from the centre to the margin of a garnet grain.

All of the garnets analyzed show a REE distribution spectrum with strong differentiation from light to heavy
REE and the absence of negative Eu anomaly typical of high-Ca garnets metamorphosed at high temperatures.

In eclogites after basic rocks (sample 46) metamorphic clinopyroxene is represented by two generations: 1) an
early generation preserved in relics and 2) a late generation occurring in symplectite intergrowths with plagioclase
and (less commonly) with plagioclase plus hornblende. Primary clinopyroxene contains at least 28 % jadeite (Jd)
minal and has #mg 0.87-0.88. Secondary clinopyroxene carries not more than 9 % Jd and has the same Mg content;
the percentages of Ti, Nb and Y, whose deficit in primary clinopyroxene is due to their crystallization together with
rutile (Ti and Nb) and garnet (Y), increase slightly. Primary clinopyroxene typically shows Eu-anomaly (Eu/Eu* up
to 1.54) indicating crystallization in the absence of plagioclase. Clinopyroxene from symplectites has much higher
HREE (multifold) and LREE (by one order of magnitude) concentrations and no positive Eu-anomaly (Fig 1).

Clinopyroxene from eclogite-like Grt-Aug-clinopyroxene interbeds in metaultrapyroxenite interbeds in
metaultrabasic rocks is richer in Mg (#mg is up to 0.91), while its Jd content is not more than 6 %. Such a low
percentage of Jd could be due to the effect of the bulk composition of the rock (metaultrabasic rock), whose Na
content is several times lower than that of eclogitized metabasic rock. Elevated LREE and Sr concentrations are due
to the absence of their concentrating minerals (mainly plagioclase).

According to classification [3], amphiboles from eclogites are hornblende- magnesiohornblende [3]. The low
Ti and Nb content of amphiboles from massive eclogites (sample 46) results from combined crystallization with
rutile. Well-defined positive Eu-anomaly (Eu/Eu* up to 3.7) in primary amphiboles from massive eclogites
(sample 46) is indicative of crystallization in the absence of plagioclase.

Hornblende from eclogite-like Grt-clinopyroxenite interbeds (sample 21) were formed after clinopyroxenes, as
shown by the similarity of REE distribution spectra at a higher REE distribution level in amphiboles.

The geochronological study of zircons from Salmi eclogites was carried out using the U-Pb method on a
SHRIMP-II ion microprobe at the VSEGEI Centre for Isotopic Study.

Most zircon grains from massive eclogites (sample 46) are colourless, with rounded boundaries, up to 100 um
across. Zircons in CL commonly show zonation indicated by the almost black-coloured core of the grains and a light-
grey rim (up to 30 um). Quartz and zoisite grains, up to 10 um across, are widespread in light-grey rims and in simi-
lar, practically homogeneous grains in CL. The zonation of zircons in CL is supported by the different geochemical
characteristics of zircon domains (Fig. 2). The central portions have an elevated Th/U ratio (0.7-1.0), a highly differ-
entiated REE distribution with a rise from light to heavy REE, a well-defined positive Ce- anomaly and a negative
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Eu-anomaly, which is consistent with the characteristics of magmatic zircons. Low Hf (up to 5500 ppm) and Li (up to
8 ppm) concentrations, typical of zircons from basic rocks, and the replication of REE distribution spectra indicate
that the central (almost black in CL) portions of zircons are relict eclogitic protolith grains of basic composition. The
27pb/*Pb ages of almost all the central portions of zircon are in a narrow interval, 2895-2897 Ma.

The rims and grains of zircon, light in CL, differ from the central portions in anomalously low Th concentra-
tion (less than 1 ppm) and Th/U ratio (about 0.0n), a decrease in total REE concentration by over three orders of
magnitude (to 10 ppm) and reduced Ce- and Eu-anomalies. Furthermore, a flat HREE distribution pattern at a level of
5-10 hondrite ratios and a trough-shaped LREE distribution pattern with a negative Nd-anomaly are observed. These
geochemical characteristics are typical of zircons from eclogites from various parts of the world. The **’Pb/2*Pb ages
of light-grey rims and grains vary from 1822 to 1892 Ma with great errors [2].

In eclogitized metaultrabasic rock (sample 21) zircon grains are transparent, contain no inclusions, are rounded
in shape and are up to 50 um across. They are normally homogeneous in CL, are black-coloured and seldom show a
mosaic-mottled structure in the central portion. Zircons exhibit a low Th/U ratio (0.1-0.2) and a low Th concentration
(about 2 ppm on the average). Their Hf content is higher (7000-9500 ppm) than that of zircons from igneous rocks.
These zircons are similar in the above geochemical characteristics to the eclogitic domains of zircons from sample 46.
The *"Pb/**°Pb ages of these zircons range from 1894 to 1931 Ma with an average value of 1910 Ma; a concordant
age of 1907 = 11 Ma was calculated for four points.
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TPAHYJIMTO-THEMCOBBIE KOMILIEKCHI BOCTOUHO-EBPOITEMCKOI'O KPATOHA:
TEKTOHHUYECKAS MO3NNUsA, 'EOJUHAMHNYECKHUE OBCTAHOBKH
OOPMUPOBAHMUSA MPOTOJIUTOB, METAMOP®U3MA U CTPYKTYPOOBPA3OBAHMUSA
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GRANULITE-GNEISS COMPLEXES OF THE EAST EUROPEAN CRATON: TECTONIC
POSITION, GEODYNAMIC SETTINGS OF THE PROTHOLITH ORIGIN,
METAMORPHISM AND TECTONIC STRUCTURE DEVELOPING

Mints, M.V., Konilov, A.N., Philippova, I.B.

Geological Institute of the RAS, Moscow, Russia, michael-mints@yandex.ru

PannenoxemOpuiickue rpanynuro-raHeficoBeie koMiuiekesl (ITK) Bocrouno-Espormeiickoro kpatona (BEK)
YYacTBYIOT B CTPOCHHH OOIIMPHBIX apeaioB BHYTPUKOHTHHEHTAILHOTO MarMaTH3Ma, OCaJIKOHAKOIIIIEHHUSI M BBICOKO-
TemnepaTypHoro mMeramopgusma (puc.l u 2). B mokmage paccmotpens! [ TK Boctouno-EBponeiickoro kpatoHa, mc-
KJItouyask Y KpauHCKHi LuT.

Me3oapxeii. Hau6onee pannunit ['TK B npenenax paccmarpuBaeMoii Tepputopu, crnaratouwii Kypcko-bece-
Oounckuil apean nnmnoi 200 kM npu mupuHe 35 KM, naTupoBad 2.85-2.82 mupx net [4].

Heoapxeii. Konbvckuii apean (600 km x 200 kM) BKIIOYaeT 3eneHokaMeHHble mosica Muapu-Konbsckoit 1730, cun-
¢opmubiii Lentpansro-Komnbckuii ITK, KeliBckyro ByJKaHO-TEKTOHHYECKYIO MAJICO/ETIPECCHIO, allOrPaHyIMTOBbIE TPaHU-
TOUII MypMaHCKOIO MacCHBa U HECKOJIBKO TeJ CAHYKHTOHIOB. IIMKM TepMaIbHOM aKTUBHOCTH Mpuxonsatces Ha 2.79-2.71 u
2.67-2.63 mnpn ner. Kapeno-benomopckuii apean oBarsHO-KOHIIEHTprYeckoro crpoerus (700 kv x 350 kM) B miporecce
cBoero (hopmMupoBaHust OBICTPOM pacipsuics: 2.76-2.72 MIpA JeT — paHHUE MPOSIBICHUS TeKTOHO-MarMaTH4ecKon U Tep-
MaJILHOM aKTHBHOCTH B LICHTPE apeana (3eJIeHOKaMeHHBIE Mosica BHyTpeHHeH obacti Kapenbekoro KparoHa, rpaHy InTOBbIC
KoMIuIekchl BokHaBomok u JInekca-Tymmoc, MacCUBBI CaHYKHTOHIOB); 2.74-2.70 MIIpI JIeT — TpaHyJIUTO-THEHCOBBIE IM0sica B
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pefienax o0paMIITIOIIEH KPaToH Tyroo0pa3HOi 30HBI MPOTHKEHHOCTHIO 0koito 800 kM (cuH(pOpMHBIE Tosica — Bapmancssp-
B 1 Horozepo-Uyna u nosica HeyctaHoBiIeHHON Mopdosoruu — [Tynachsapeu u OHexckuit); 2.72-2.70 mapx jeT — rpaHy-
TOBBIN MeTaMOP(H3M M Tella CAaHYKHTOHJIOB, CIIOPAIMYECKH pacpesieieHHbIe BO BHEIHEH 30He apeana; 2.69-2.58 mup et
— «MOJIOZIBI®)» TPAHUTOHABI ¥ JIOKAIBHBIE TIPOSIBIICHHS TPAHyIMTOBOTO MeTamopdusma. B crpoennn Bonzo-Ypansckozo zpa-
Hylumo-2Helicoeozo apeana (Bonzo-Ypanvckozo Kpamona) TIaBHYIO POITh HTPAIOT OBOUABI — YareoOpa3Hbie OJIOKH 3eMHOM
kops1, 300-600 KM B TIOTIEpEYHIKE C OCHOBAHHEM Ha YPOBHE KOPO-MaHTHIHHOTO pasziena. B cTpoeHnr 0BOMIOB IpeodIagaroT
Ma(HTOBbIE TPAHYJIUTBI, raA00POH/IbI, rabOPO-aHOPTO3UTHI U YIBTpaMaduThl. Pa3MellieHHbIe B MEKOBOMIHOM MPOCTPAHCTBE
YIUTHHEHHO-OBaTbHbIe crH(opMBb! mmuHO#H 0T 200 10 400 KM BBIITOIHEHBI META0CaJ0YHBIMI ITPAHYIHTAMHE [P yIaCTHH Ma-
¢uToBbIX pazHocTei. [IpoTonuThl, AaTHpOBaHHbIE MHTEPBAIOM OT 3.4-3.2 no 3.1-3.0 Mupa. JieT, UCIIBITAM TPaHy IUTOBBIH
MeTaMop(hI3M U TIOCIICIOBABIIIYIO peTporpeccuio 2.74-2.70 u 2.62-2.59 mnp net Hazan [3].

B

Puc. 1. Apxeiickue u naneonpoTepo30iCcKie rpaHyIuTO-THEecoBbIe KOMILIEKCH BocTouno-EBponeiickoro kparona. [lyHKTUpHBI-
MH OBallaMH 0003Ha4€HbI I'PaHyIMTO-THEHCOBEIE OBOMABI Bonro-Ypanun u apeaisl BHYy TPHKOHTHHEHTAIBHOTO MarMaTU3Ma, oca-
KOHAKOIUICHUS] U BEICOKOTEMIIEPATypPHOTO MeTaMop(hU3Ma, PECTaBICHHbIE Ha PUC. 2 (TeppUTOpUs YKPAaHHCKOTO IIUTa HE TTOKa-
3aHa). [1o [3] ¢ He3HAYUTENBEHBIM YIPOLICHUEM.

Fig. 1. The Archean and Paleoproterozoic granulite-gneiss complexes of the East European craton. Granulite-gneiss ovoids in
Volgo-Uralia and areals of the intracontinental magmatism, sedimentation and high-temperature metamorphism (see Fig.2) are
drown as dotted ovals (Ukranian shield is not shown). Simplified after [3].
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Puc. 2. Heoapxeiickue apeanbl BHyTPUKOHTHHEHTAJIBHOTO MarMaTH3Ma, 0CaAKOHAKOIUICHHUS U BHICOKOTEMIIEPATYPHOTO METaMop-
¢dusma B ceBepo-BocTOUHO# yacTu Boctouno-EBpomneiickoro kparoHa (Boctok MeHHOCKaHAMHABCKOTO LIHUTA).

Fig. 2. The Neoarchean areas of the intracontinental magmatism, sedimentation and high-temperature metamorphism in the north-
eastern part of the East European craton (eastern Fennoscandian shield).

IMasieonpoTepo3oiickue rpaHyIuTO-THecoBble kKoMmIuiekchl BEK sBIstOTCS OJHUM U3 TJIaBHBIX KOMIIO-
HEHTOB BHYTPHKOHTHHCHTAIBHBIX KOUIH3UOHHBIX oporeHOB (BKO). Cpedne-naneonpomepo3soiickuit bpanck-
Kypck-Boponescckuin BKO BxnouaeT oporeHsl BTOPOro Nopsijka, B CTPOEHUU KOTOPBIX YU4aCTBYIOT IpaHyJINTO-
THENCOBBIE KOMILIEKCHI. Kynaoicunckuti eHelicogblli nosic Ha 3amajie oporeHa uMeer npoTsxkeHHocTs 300 kM mpu
mmpuHe okoio 200 kM. Bo3pact rpanynuroBoro meramopdusma — 2.13-2.05 mupx aer [7]), Toraa kak mpoToJIu-
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Tbl (OPMHPOBAINCH 3HAYUTENBHO paHbiie — 2.95-2.56 miupn ner [5]. PacnonoxeHHbI BocTouHee Bpsauckuil
I'TTI nmeer npotspkeHHOCTh 300 KM M mmpuHy okono 50 kM. JJnst Bopouyosckozo uewryiinamo-nadguzo6020
nosca B cocraBe Bocrouno-Boponexckoro BKO Broporo mopsiika, 00pa3oBaHHOTO TeppPUTEeHHBIMH, BYJIKaHO-
MHUKTOBBIMH M Ty(OT'C€HHBIMH OCa/JKaMH, XapaKTepHa MeTaMOp(HuIecKas 30HAIbHOCTh TUIATEPMAIbHBIX «KYTIO-
noB» [6]. B BeIcOKOTEMIIEpaTypHBIX 30HAX CIIAHIBI IEPEXOAT B TPAHyIUTO-THEHCH. BepxHssa rpannna ocanko-
HakoruieHus — 2.13 mupn net [1], BeIcOKoTeMmepaTypHbId MmeTamophu3M natuposad 2.10 MIpx JeT, BHEAPCHHE
KOJUTM3MOHHBIX TpaHuToB — 2.02 mupna ner. Ilozgue-nmaneonpoteposorickue I'TTI cocpemoTodeHsl B mpeaenax
nyroobpasnoro Jlannanocko- Cpeonepyccko-FOxicnonpubanmuiickozo BKO nnmuuoii 3500 kM nipu mupuae 400
kM. Tlosica mpoTskeHHocThI0 OT 400 10 1200 kM mpu mupune oT 40-80 o 170 kM nMpeuMyImIeCTBEHHO pacipe-
JIeJICHBI B 0CeBO# oOsactu oporeHa (Jlarmmannckuii, Konsuma-Ymounckuii, Conosenkuii, Jiexcko-I'puBuHCcKuid,
Kamuno-/lpsikonoBckuii, Jmurpopo-I'anuuckuii, 3yomnosckuii, Crapas Pycca — FOxunodunnsanckuii, bemopyc-
cko-Ilpubanruiickuii, 3amafHOIUTOBCKUN, ButeOckuii mosica).

3anoxeHue oporena 2.53-2.42 Hazaj B yCIOBHSX PAaCTSHKEHUS M MPOrnOaHKst KOPBI CONPOBOKAANOCH (hopmu-
POBaHMEM KpPYITHOH M3BEP)KEHHOW NPOBHUHINH (rab0p0o-aHOPTO3UTHI, pacCIOeHHbIE MadHUT-yIbTpaMaduThl, YapHOKH-
TBI, KOHTPACTHBIA BYJIKAaHU3M), BOSHUKHOBEHHEM M OBICTPBIM 3alIOJHEHHEM BHYTPUKOHTHHEHTAIBHBIX BITAJWH, Ipa-
HYJHMTOBBIM METaMOpP(QHU3MOM apXeHCKOro OCHOBAHMUS W ITAJICONPOTEPO30HCKOTO BBIMOIHEHHS BraanH. IIpu peakTn-
Br3anuu oporeHa 2.11-1.92 mupz et Hazag BO30OHOBHIIOCH OBICTPOE MporudaHue 0acceitHOB, CTPEMHTEIIEHO 3a110JI-
HSBIIMXCS OCAIOYHBIM, 3 (y3UBHBIM U MUPOKIACTUYSCKUM MaTEPHAIOM IPEUMYIIECTBEHHO IOBCHUJIBHOTO IPOHC-
XO0XKJIEHUsI, KOTOPBIN BCKOpPE MO/ABEprajcs rpaHyINTOBOMY MeTaMophu3My. B pe3ynbrare KOMIM3HOHHBIX TPOIIECCOB
1.93-1.86 mupp et Ha3ad HA MECTE JIENPECCH BO3HUKIIN CHH(OPMHBIE aHCAMOJIH TPaHyIMTO-THEHCOBBIX MOSICOB.

Hapamempovt memamopghuzma nopoJ, clararwiux rpaHyIMTO-THEHCoBBIE Tosica U apeansl BEK, npesbimator
650-700°C npu nasienusix ot 5-6 no 10-12 kOap ¥ MOIYT JOCTUraTh «CBEPXBBICOKUX» Temmeparyp — g0 1140 °C.
OTH napaMeTpsbl, Kak 1 OCOOEHHOCTH COIYTCTBYIOIIMX WHTPY3UBHBIX 00pa30BaHUii, OTBEYAIOT YCIOBHSIM CpEeIHEH U
HIDKHEW KOpblL. « BHYTpeHHMID» TEPMUYECKUH TPaJUeHT B KOPE BO BpeMs IPaHYJIMTOBOIO MeTaMop(u3Ma BapbupyeT
ot 1.8 mo 5°C/km [2, 3]. ApeanbHblii U BEICOKOTEMIIEPATYPHBIN XapaKTep TEKTOHO-TePMAIbHBIX IPOLECCOB M OTYET-
JIMBasi T€OMETPU3alMsl IPOCTPAHCTBA C BBIAEIEHHEM KOHIEHTPHYECKH-OBAJIBLHBIX OOJlacTeil HaxoasaT Hanbosiee 00-
mee OOBSCHCHHUE B Modeiu Manmuiinozo naroma. Ei, B CBOIO odepenb, OTBedaeT modens gpopmuposanus I'TTI éo
eéHympenneil obaacmu KOHMuUHEHma, MpeACTaBICHHAas TI0CIIeI0BATEIbHOCTRIO COOBITHIL: TIPOTPEB MOIIHBIX cede-
HHH KOPBI 32 CYET MaHTUIHBIX HCTOYHUKOB TeIUIa (IUIIOMOB) — BO3HHMKHOBEHHE PU(TOreHHBIX 0ACCEHHOB U BYJIKa-
HO-TEKTOHHYECKHX JETPECCHI — UX 3aI0JIHEHNE OCaJKaMU pU(PTOBOTO THUIIA, FOBEHIIbHBIMHU JIABAMH, OTI0KEHHSIMHU
MTUPOKIIACTHYECKUX TOTOKOB, MPOAYKTAMHU MX AE3MHTETPALUH U MEPEOTIOKEHUS] — BBICOKOTEMIIEPATypHBIH MeTa-
MOpQH3M KOpBI, BKITIOUas BHINOJHEHHE 0acCeifHOB U JIeNpeccuil — paccjoeHne KOpbl U HaJIBUT000pa3oBaHue B 00-
CTaHOBKE KOJUTM3HH [2].

The Early Precambrian granulite-gneiss complexes (GGC) of the East European craton (EEC) take their part in
extensive areals of the intracontinental magmatism, sedimentary basins and high-temperature metamorphism (Fig. 1
and 2). In this paper the EEC area is considered, the Ukrainian Shield excluding.

Mesoarchean. Granulite-facies metamorphism within the Kursk-Besedino areal 200 km long at width of 35
km was dated at 2.85-2.82 Ga [4].

Neoarchean. Kola areal (600 km x 200 km) includes greenstone belts of the Inari-Kola GGT, synformal Cen-
tral-Kola GGC, Keivi volcano-tectonic paleodepression, apogranulitic granitoids of the Murmansk massif and some
sanukitoid bodies. Thermal activity peaks are at 2.79-2.71 Ga and 2.67-2.63 Ga. The oval-concentric Karelian-
Belomorian areal (700 km x 350 km) extended rapidly: 2.76-2.72 Ga — early manifestations of the tectono-magmatic
and thermal activities in center of this areal (greenstone belts within interior of the Karelia craton, Voknavolock and
Lieksa-Tulos granulite complexes, sanukitoid massifs); 2.74-2.70 Ga — granulite-gneiss belts within the arc-shaped
craton bounding zone 800 km in length (Varpaisjdrvi and Notozero-Chupa synformal belts, Pudasjdrvi and Onega
poorly studied belts); 2.72-2.70 Ga — granulite-facies matamorphism and sanukitoid bodies distributed sporadically in
the outer zone of the areal; 2.69-2.58 Ga — “young” granitoids and local appearance of a granulite-facies metamor-
phism. In structure of the Volgo-Uralia granulite-gneiss areal (Volgo-Uralia craton) the ovoids play the main role
(ovoids are bowl-shaped crustal blocks 300-600 km across and with its bottom at crust-mantle boundary). Ovoids are
built mainly by mafic granulites with inclusions of gabbro, gaddro-anorthosite and ultramafics. Lengthened oval syn-
forms (200-400 km long) emplaced in the interovoid realm are filled by metasedimentary granulites with subordinate
mafic varieties. The protholiths dated from 3.4-3.2 to 3.1-3.0 Ga underwent granulite-facies metamorphism and fol-
lowing retrogression 2.74-2.70 and 2.62-2.59 Ga ago [3].
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Paleoproterozoic. The granulite-gneiss complexes are one of the main components of the Paleoprotero-
zoic intracontinental collision orogens (ICCO) of the EEC. The mid-Paleoproterozoic Bryansk-Kursk-
Voronezh ICCO includes three second order orogens, some of which includes granulite-gneiss complexes. Ku-
lazhino gneiss belt in the western part of the orogen is 300 km long and around 200 km wide. An age of the
granulite-facies metamorphism is 2.13-2.05 Ga [7], as the protholiths have been formed significantly earlier, at
2.95-2.56 Ga [5]. Bryansk GGB westward from Kulazhino belt is 300 km long and 50 km wide. Within Voront-
sov imbricated thrust belt that is a part of East Voronezh second order orogen formed with terrigenous, vol-
canomiktic and tuffaceous sediments the metamorphic zoning of the thermal domes type can be observed [6].
Within high temperature metamorphic zones schists turn into granulite-gneisses. The upper age boundary of
sedimentation is 2.13 Ga [1], high-temperature metamorphism was dated at 2.10 Ga and collision granite intru-
sions occurred 2.02 Ga ago. Late-Paleoproterozoic granulite-gneiss belts are concentrated within the arc-shaped
Lapland-Midrussia-Southbaltia ICCO 3500 km long and 400 km wide. These belts that are from 400 to 1200
km in length and from 40-80 to 170 km in width are distributed preferentially in the axial area of the orogen
(Lapland, Kolvitsa-Umba, Solovetsky, Lezhsko-Grivinsky, Kashino-Diakonovsky, Dmitrovo-Galichsky,
Zubtsovsky, Starayarussa-Sothfinland, Belarus-Peribaltian, West-Lithuanian and Vitebsk belts). A creation of
the orogen at 2.53-2.42 Ga was accompanied by an origin of the Large Igneous Province (gabbro-anorthosites,
layered mafic-ultramafics, charnokites, contrast volcanism), appearance of intracontinental depressions with
high-tempo sedimentation, granulite-facies metamorphism of the Archean basement rocks together with the Pa-
leoproterozoic filling of depressions. The fast subsidence of those basins restored 2.11-1.92 Ga ago due to reac-
tivation of the orogen. Basins were filling impetuously by the sediments, effusives and pyroclastics mainly of
juvenile provenance. In a short time these rocks underwent granulite-facies metamorphism. As a result of the
collision processes 1.93-1.86 Ga ago the above considered depressions were transformed in the synformal en-
sembles of the granulite-gneiss belts.

Parameters of metamorphism of the rocks that form granulite-gneiss belts and areals within EEC exceed
650-700°C and pressures from 5-6 to 10-12 kbar and can reach “ultrahigh-temperature” conditions up to
11400C. These parameters together with features of accompanying intrusive assemblages are characteristic for
mid- and low-crustal levels. “Internal” thermal gradient within the crust during granulite-facies metamorphism
vary from 1.8 to 5°C/km [2, 3]. Regional and high-temperature character of the tectonic-thermal processes and
specific geometrization of the crustal structures with concentric oval areas can get the most general explanation
in mantle plume model and in its turn in a model of the GGB formation in the internal areas of continent. This
model suggests a succession of specific events: heating of the thick crustal sections by the mantle heat sources
(plumes) — origin of the riftogenic basins and volcano-tectonic depressions — filling of depressions by the rift-
type sediments, juvenile lavas, pyroclastic flow deposits, products of their disintegration and resedimentation —
high-temperature metamorphism of the crust including a filling of the basins and depressions — delaminating of
the crust and thrusting in a collision setting [2].
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K Hacrosimemy BpeMeHH OXapaKTepH30BaHbI INIaBHbIE 0COOCHHOCTH benomMopckol 3KJIOrMTOBOM MPOBHHIIMU
(B2I1) nHa BocToke deHHOCKaHAMHABCKOTO IUTa. OHAKO MOJTYy4YEHHbIE MaTepHalbl pa3HBIMH HCCIICIOBATENSIMH HH-
TEPIPETHPYETCsl CYIIECTBEHHO IO-pasHOMY. B mokiaze Mbl cTpeMuMcsi 000OCHOBAaTh MOAEIBHBIC MPENICTABICHHS,
CJIOKHMBIIIMECS Y aBTOPCKOTO KOJUICKTHBA.

BOII BrmrOUaeT IBe SKIOTUTOBBIC acCOIMAIIN Me30-Heoapxeickoro Bo3pacta [ 1, 8]: Canva u I'pumauso (puc. 1).
CanMa BKJIFOYaeT SKIOTUTHI, 00pa30BaBIIHECS B CBSI3H C CYOIyKIMEH OKEaHWIeCKOW KOpBI: MposBIeHHs Y3kasa u 11Iu-
pokas Canma (ITupenra), Ynonakmra, Yanma (Kypy-Baapa), Xanras-Bapaka u B paiione c. ['pununo (Ha o-se Cronbuxa
U JIp.). DKIOTUTHI accoruaryu I puauHo copMUpOBaHBI IPH MeTaMopdu3Me 1aek rabopo 1 rabbpoHOpUTOB, HanboIee
MOJTHO MCCJICIOBAaHHBIX B COCTaBEe [ pUAMHCKOrO JalKOBOTO POs U Ha ocTpoBax mponuBa Kpachas ['y0a.

30 36 a7
200 km

Ve Salma: subduction-
*_*.1"¥ type eclogite

Puc. 1. Meso-Heoapxeiickas bemomopckasi 3KIOTHTOBAs
nmpoBUHLUA (TI0 [1] ¢ HE3HAYUTENBEHBIM YIPOLICHUEM).

*++] -, Gridino: eclogitized . . . :
Omzﬁlc ngesogl = Fig. 1. Meso-Neoarchean Belomorian eclogite province

) e e 60° (simplified after [1]).
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OKJI0ruTH 00eMX accounanuii pasmenieHsl B MurMatusupoBannbelx TTI raeficax xeperckoit Tommu. Tomma
HOTpYXKaeTcs B CEBEPO-BOCTOYHOM HalpaBJIeHUH U MOACTHIIaeTCs MahuTamMu U ynsTpamaduramu LlenrpansHo-beno-
MOPCKOI1 CyTypHOI 30HBI [3, 7]. OCOOEHHOCTH CTPYKTYpHOH MO3MIMH TI03BOJISIIOT paccMaTpuBaTth Keperbekue TTT
THEWCHI B KAYeCTBE MPOU3BOIHBIX ME30-HE0apXEeUCKOM akTHBHON oKpanHbI Koibckoro maneokoHTHHEHTA (pucC. 1).

Memamopghusm. TlopasurensHON 0COOCHHOCTHIO SKJIOTHTOB SIBISIETCS yIUBHTENbHOE coBnagenne P-T-t Tpa-
ekTopuii o0enx accormarnuit (puc. 2) [2, 5, 6]. Ecu 061 JOBOABI B MONIB3Y TPEXKPATHOTO MPOSBICHUS YKIOTUTOBOTO
meramopdusma B ucropuu BIII (3a Bpems ot 2.89 no 2.4-2.3 mupp niet u no3anee) 6butk BepHbl, BAI okazanack Obl
«TPUXKIB! YHUKATBHON.

IIpupooa npomonumos u cmpykmypooopazosanue. PeKOHCTpYHUPOBAHHBINA MIPOTOIHUT IKIOTHTOB CaaMbl 00-
pa3oBaH MepecaanBarONUMKC rab0poHOpuTamu, TpokronuTamu u Fe-Ti rabopo mogoOHO TpeTheMy CIIOK OKeaH-
CKOMH KOpBI MEJICHHO-CIIPEMHTOBBIX XpeOTOB [2, 4, 6]. DBosrouus BOI1 Brirouana [2, 6]: (1) popmupoBanue okean-
cKOM Kopbl ~2.89 Mipa seT Hazal; (2) morpyKeHne OKEaHCKOW KOpBI B 30HE CYOIYKIMH M SKJIOTHTOBBIA METaMop-
¢u3m — Mexxay 2.87 u 2.82 Muipp JIeT WM He3HaYMTeNbHO no3zHee; (3) popmupoBanue accormanuu ['pununo (BHe-
JIpEHHE JIacK B KOPY aKTHBHOW OKPaWHBI MU IMOTPY>KEHWH CIPEIUHIOBOIO XpeOTa, AeNaMHHAIMS M TOTpY)XEeHHE
BMEIIAIONINX JaWKH KOPOBBIX TUIACTHH, YKJIOTUTOBEIH MeTaMOp(u3M) — okouo 2.82 1 onmpeneneHHo paHee 2.72 Mipna
net; (4) pacTshKeHHE W TIepEeMEICHHEe SKIIOTUTOB 00eHX accoluanuii K 0ojiee BEICOKOMY YPOBHIO B Kope B mone PT
mapaMeTpOB TPaHyIUTOBOH (arun — 2.72-2.70 mipp sieT; (5) TepManbHOEe COOBITHE, COIPOBOXKIABIIIEECS POCTOM BBI-
coko-U, Bbicoko-Th 1upkoHOB — okoo 2.4 mupp jet; (6) SKCryMalfio 3KIOTHTOBBIX aCCOIMAIMi B CBSI3H C 3aBep-
IIEHHEM T103IHE-1aJICONPOTEPO30HICKOT0 TEKTOHNIECKOTO MKIa — okouo 1.9 mipp ser.

Cneuyughuxa cybOyKuyuoHHbIX RPOUECCO8 U Hhopmuposanus IK102umos meso-neoapxes. OOHapyKeHUE ap-
XEUCKHMX IKIIOTUTOB CHUMAET OJIHO M3 TPAIUIMOHHBIX BO3PAKEHHH NMPOTHUB CyOJyKIIMH OKEaHCKOH KOpBI B apxee,
CHOCOOCTBYET peabHOU OLEHKE TeMIlepaTyp B apXeiiCKoil MaHTUH U PEKOHCTPYKILIUH I'€OIMHAMUYECKHX 00CTaHOBOK
ME30- U Heoapxesl.

1. TemmiepaTypbl OKEaHCKOH KOpPBI, TIOCTYyMaBIIEi B 30Hy cyOayKInu, Obutn kak MuHUMYM Ha 100—150°C BBI-
Ie, 4eM B OKeaHcKoi rumte Kackaauu, KoTopasi paccMaTpHBaeTcsl Kak cBOeoOpasHBIN 3TajloH Hanbojee «Terioiny
coBpeMeHHOM cyonykiu [ 10] (puc. 2).

%
=g o™
PT-trajectories
for tcif and
bottom
of the subducting
plates

P-T-t-trajectories:

Salma
subduction Puc. 2. P-T-t 3Bomonus 3KJIOTUTOB CYOMyKIMOH-

related HOT'O MIPOHCXOK/IEHHS ¥ SKJIIOTHTH3HPOBAHHBIX J1a-

ec!ggtre ex BOII B cpaBHeHuu ¢ moxensamu P-7-t 3BoO-
gggg}ﬁz - UM COBPEMEHHBIX M MOJIOJBIX 30H CybayKimu (¢
dykes HCIIONIb30BaHKEM JaHHbIX U3 [9, 10]).

Subduction O6o3Havenns noneil Meramopduueckux dauuii o [9]:
related EB — snupoToBbIxX romyOsix cianues, LB — maBconuto-
eclogite BBIX TONyOBIX ciaHneB, EA — snumor-amdubonurosas,
in Gridino

area

1000 1100 TC
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A — ampubonuToBas, GA — rpaHaroBeiX aM(puOOIUTOB,
PG — nwmpokceHoBbIX TpaHynuToB, GG — rpaHaTOBBIX
IPaHyJINTOB.

Fig. 2. P-T-t evolution of the BEP subduction type
eclogites and eclogitized dykes in comparison
with some models of the P-T-¢ evolution of the
modern and young subduction zones (data from [9
and 10] have been used).

Metamorphic facies after [9]: EB, epidote — blue schists,
LB, lawsonite — blue schists, EA, epidote amphibolite,
A, amphibolite, GA, garnet amphibolite, PG, pyroxene
granulite, GG, garnet granulite ones.



Mamepuanet kongepenyuu

2. Boicoknmu TemnepaTypaMu OKEaHCKOH IJIMTHI, TOTPY’KaBILIEHCS B 30HYy CyOAyKuuu, oObsIcHIeTCs ¢e-
HOMEH IIOJTHOT'O OTCYTCTBHS B apXeHCKOH Kope CIenu(pUIeCKHX KOMIIJIEKCOB «IKJIOTHTOB — TOIYOBIX CIIAHLIEBY.
Kak nokazano Ha puc. 2, PT-nmapaMeTphl «HAIPaBIIsiIN CyOqyKIMIO B 00X0/1» HU3KOTEMIIEpaTypHBIX—BBICOKOOA-
PUYECKHX YCIIOBUH, ONpeAeHAomux GopMupoBaHne royryObIX CIaHIEB, U «IIPOBOIWIN» CyOIyIHPYIONIYIO TUIN-
Ty B TIOJI€ TApaMETPOB

SKJIOTUTOBOHM (halliy 4epe3 YCIOBHS TIpaHaT-aM(pHOONINTOBONH M, BO3MOXKHO, T'PaHAT-TPaHYJIUTOBOH (arruid.
VYike Ha ManbIX ryOuHax, B npenenax PT-mossi rpaHaToOBbIX aM(pHO0IUTOB, P-T--TpaeKTOpust MOTpY>KarOIIEeHCs M-
TBI TIEPECEKACT JIMHUIO «BJIAXKHOTO» CONUIyca 0a3aibTa, 4eM OIpEAENAeTCS BO3MOXHOCTh IUIABJICHUS MOTPYIKAro-
LIEHCsI TUIMTHI MPEXJIe, YeM OHA JIOCTHUTHET YCJIOBHUM SKJIOrUTOBOU (haruu. DTH 00CTOSTEIBCTBA HEMOCPEACTBEHHBIM
00pa3zoM CBsI3aHbI C 0COOEHHOCTSIMH (POPMUPOBAHUS PaHHEH KOHTHHEHTAILHOM KOPBI.

3. I[lonyuennsie oueHkH P u T cOTNIacylOTCs C NPEICTABICHUSAMHU O MOBBIIIEHHOM OTHOCUTEIBHO COBpeE-
MEHHOTO yPOBHE TeMIleparyp B apxeiickoil ManTuu. C 1pyroit CTOpOHBI, U3BECTHO, YTO B COBPEMEHHON 3emiie
HanOoJiee BHICOKHE TEMIIEPaTypPhl B 30HaX CYOAYKIMH JTOCTUTAIOTCS MPU MOTPYKEHUH CIIPEJUHTOBOIO XpeoTa.
B pesynbraTte 2D uyncnenHoro moaenuposanus [11] Ob110 moKazaHo, 4TO crienuduKa TEPMaIBLHOTO pEeXUMa B
30HE CYyOqyKIIMU ONpENeNsieTcs CKOPOCThIO CIIPEAMHIa U CKOPOCTBIO MPUOJIMKEHUSI CIPEINHIOBOTO XpedTa K
30HE CyOAyKIuH (OCTaBIIssA 32 CKOOKaMH POJIb MAaHTHHHOTO TEIJIOBOTO MTOTOKA U Pa3orpeBa, BHI3BAHHOTO Tpe-
HUEeM). PTTpaeKkTOpHH 3BOJIIONHMH 3KJIOTUTOBBIX acconuanuii CanMbel u ['puamHO OKazannuch MASHTHUYHBIMH
Hanbosee «ropsaei» Tpaektopuu B mogenu [11], oTBewaronied MUTHUMaIbHOMY OTHOLIEHHUIO CKOPOCTH TIPH-
OmmkeHus xpedrta kK 30He cyOayknuu U ckopoctu cyonyknuu (0.1), mocturaemMmomMy nIpu MEHUMAaJIbHOU CKOPO-
ctu cupeaunnra (0.5-1 cm/ron).

4. Mogens BOII, npeamnonararoiias 3BOJIOINUI0 MEIICHHO-CIIPEAMHIOBOTO XpeOTa U ero mocjieayoliee
MOTPY)KEHHE B 30HE CyOMYKIMHU, 00BICHACT MHOTHE 0coOeHHOCTH accoranuu Canma. B cBoto ouepens, naii-
k1 'pUAMHCKOTO posi, BEpOsATHO, GUKCUPYIOT MHBEKIIMM MaHTHUHHOTO pacijiaBa MpH MOrpyXKeHUU xpedra, a
X MeTaMopduuecKas UCTOPHUS MOIJIAa ONPECIITHCS BOBICUEHUEM B CYOAYKIIMIO HIXKHEH YacTH KOPHI aKTHB-
HOIl OKpaWHBI, BKJIIOYABIIEH NaHKOBBIH KoMIUuleKC. Mojeiab Mmo3BOJIseT OOBSCHUTH CYOCHHXPOHHOCTB, IIPO-
CTPaHCTBEHHYIO U CTPYKTYPHYIO OJIM30CTh M COBIaJACHME YCIOBUH (HOPMUPOBAHUS IKIOTUTOB 00EHX accolua-
uuit BOII.

To present time the main features of the Belomorian eclogite province (BEP) in the eastern Fennoscandian
shield have been characterized. However the data available were (and are) interpreted differently in some important
lines. In our paper we strive to substantiate model ideas of our research team.

The BEP includes two eclogite associations of the Meso-Neoarchean age [1, 8]: Salma and Gridino
ones (Fig. 1). Salma contains subduction related eclogites, localities: Uzkaya Salma, Shirokaya Salma
(Pirenga), Upolaksha, Chalma (Kuru-Vaara), Hangaz-varaka and in vicinity of the Gridino village (Stolbikha
island and s.o.). Eclogites of the Gridino association have been formed in a result of metamorphism of the
gabbro and gabbronorite dykes that are best observed and studied within Gridino dyke swarm and at the is-
lands in the Krasnaya Guba strait.

Eclogites of both associations are distributed among migmatized TTG gneisses of the Keret’ formation that is
usually understood as an upper part of the Belomorian series. The Keret’ formation plunges northeastward and lies
above mafic-ultramafic assemblage of the Centhal-Belomorian suture zone [3, 7]. This permits us to suggest that
Keret’ TTG gneisses arose as derivates of the Meso-Neoarchean active margin of the Kola paleocontinent (Fig. 1).

Metamorphism. Striking feature of the eclogites is surprising coincidence of P-T-t paths for both associations
(Fig. 2) [2, 5, 6]. If arguments on three-time appearance of eclogite-facies metamorphism in the BEP history (from
2.89 to 2.4-2.3 Ga and later) could be realistic, the BEP was “three-time unique”.

Provenance of protholiths and structure origin. Reconstructed protholith of the Salma eclogite was
formed by interlayering gabbronorites, troctoliths and Fe-Ti gabbros similar to the Third Layer of the oceanic
crust formed at slow-spreading ridge [2, 4, 6]. The BEP evolution included [2, 6]: (1) an origin of the oceanic
crust app. 2.89 Ga ago; (2) subsidence of the oceanic crust in the subduction zone and eclogite-facies metamor-
phism between 2.87 and 2.82 Ga or not much later; (3) creation of the Gridino association (dyke intrusions into
the active margin crust related to plunging of the spreading ridge, delamination of the crust and subsidence of
the crustal slices together with dykes and eclogite-facies metamorphism) at app. 2.82 Ga and certainly earlier
2.72 Ga; (4) extension and displacement of the both associations eclogites to upper level in the crust in a field of
the granulite-facies PT-parameters 2.72-2.70 Ga ago; (5) a thermal event and related growth of the high-U,
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high-Th zircons at app. 2.4 Ga; (6) exhumation of the eclogite associations resulted from termination of the later
(Paleoproterozoic) tectonic cycle app. 1.9 Ga ago.

Specifics of the subduction processes and eclogite origin during Meso-Neoarchean. Discovery of the Ar-
chean eclogites rejects one of the most usual arguments against subduction of the oceanic crust in the Archean. Re-
sults of the BEP studies create a basis for real estimates of temperature in the Archean mantle and for reconstruction
of the geodynamic settings in the Meso- and Neoarchean.

1. Temperatures of the oceanic crust plunging in the subduction zone were at least 100-1500C higher
than in the Cascadia oceanic plate that is accepted as distinctive etalon of the “most warm” modern subduc-
tion [10] (Fig. 2).

2. High temperatures of the subsiding oceanic plate explain the phenomenon of the absolute absence in
the Archean crust of the specific eclogite - blue schist complexes. As it is shown in Fig. 2, P7- trajectory
goes round the low-temperature — high-pressure conditions related to blue schist facies and “conducted” sub-
ducting slab in the realm of the eclogite-facies conditions via garnet amphibolite and probably garnet granu-
lite facies fields. At low depth and within the garnet amphibolite field the PT-trajectory crosses “basalt wet
solidus” line. This defines a possibility of the early partial melting of the subducting slab, before reaching the
eclogite-facies conditions. These circumstances are chained directly with features of the early continental
crust creation.

3. P-T estimates obtained from the Salma eclogites agree with ideas on elevated in relation to the present time
temperature level characteristic for the Archean mantle. On the other hand, it is known that the modern examples of
the warm subduction are directly chained with short distance between spreading center and subduction zone and
plunging of the spreading center in the subduction zone. Using 2D numerical thermal modeling [11] it was shown that
specific of the thermal regime in the subduction zone is determined by the spreading rate and rate of ridge approach to
subduction zone (shear heating and mantle flow are not taken into account). PT evolution of the Salma and Gridino
eclogite associations occurred identical with “hottest” trajectory in the model [11] related to minimal u/v (0.1), where
u represents the ridge approach rate to the trench and v is the subduction rate. Such u/v can be reached at minimal
spreading rate (0.5-1 cm/year).

4. The BEP model suggested evolution of slow-spreading ridge and its subsidence in a subduction zone makes
clearer many features of the Salma association. Dykes of the Gridino swarm record probably some mantle melt injec-
tions related to plunging ridge; their metamorphic history suggests involvement of the dyke complex together with
hosted assemblages of the active margin in subduction. Such a model explains the synchronous evolution, spatial and
structural resemblance and coincidence of conditions and evolution trends for eclogites belonging to both BEP asso-
ciations.
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Hoxem6Opwmitckuit komruiekc Jlmmmomno B KOxHO# Adpuke B mpomecce cBOel SBOTIONNN HCIIBITAT ABA JTa-
Ila pEeTHOHAIBHOTO MeTaMop(du3Ma, KX U3 KOTOPHIX COMPOBOXKAANCA oOpazoBanueM rpaHuToB [1]. Haubo-
nee paHHee coObiTie D2/M2 (2.67-2.53 mipj. neT) ObLIO COMPSIKEHO € OOIIMPHBIM YaCTUYHBIM ILIABJICHUEM C
0o0pa3oBaHHEM KPYMHBIX TPAaHUTHBIX TEJ B SIpax TaK Ha3bIBaeMBIX «(QYTISAPOBUIHBIX CKJIAIOK», PAcHpOCTpa-
HEHHBIX noBceMmecTHO B Ilentpanbhoit 3oHe (L[3) xommuekca [1]. Bonee mo3aHee TekToHO-MeTamMopduueckoe
cobbiTe D3/M3 (2.02 mipp.sietT) 03HAaMEHOBAJOCh MEHEe MHTCHCHBHOM I'paHUTH3AIMeH, MPUYPOYSHHOH K pe-
THOHAIBHBIM U JIOKaJbHBIM 30HaM JedopManuii (LIMp30HaM), CIy>KUBLUIMM IPOBOJHUKAMHU TNIyOMHHBIX ()IIIOU-
noB. Hapsiny ¢ oOpazoBaHHeM NErMaTUTOBBIX TEJ B MpejesiaX MUpP30H, rpanuTu3anus D3/M3 3namenyercs mpo-
[IECCOM JIOKAIBHOHM JeTHUIpaTaluy NopoJa ¢ 00pa3oBaHUEM OPTOIMHMPOKCEH COJEPIKAIIMX KM, KOTOPbIE CTPYK-
TYpHO HalOMHHAIOT ISTHUCTHIE YapHOKUTHDY, (JOpMaIysi KOTOPBIX pa3BUTa BO MHOTHX KomIulekcax IOro-Boc-
ToyHOU ['OH/1BaHBI.

B nanHO# paboTe npencTaBieHbl pe3yIbTaThl METPOIOTHIECKOTO H3YUEHHS OJOOHBIX 30H JETHAPATALUH B
omotut-amdudonoBex oprorueiicax Cann Pusep B paitone Kaysseit, k 1oro-Boctoky ot r. Meccuna (puc. 1). @op-
MHpPOBaHHE 30H JETHAPATALMU CBSA3aHO C MAJICONPOTEPO30HcKuM (~2.0 MIIpA. JIeT) TEeKTOHO-MeTaMOp(hUIeCKUM
cobbitueM [2]. TIpyu MakpOCKOIMYECKOM M3Y4YCHHU OOHAXKEHUS BBIIEICHBI TPU THIA MOPOJ], OTPAXKAIOIIUX TOCIIe-
JOBaTeNIbHBIE CTaIuy mpouecca neruaparanuu. (1) Yactuuno nerunparuposannslii THeiic (GAB-7) cTtpykTypHO He
OTJINYACTCS OT UCXOAHOTrO OuoTUT-aMpubomoBoro rueiica Cang PuBep, HO XapakTepHU3yeTCs JIOKAIbHBIM 00pa3o-
BaHUEM PEaKIMOHHBIX CTPYKTYp ¢ yuactueM Opx u Cpx 10 OMOTHTY M pOroBOil OOMaHKe, CONpPOBOKAAIONIMXCS
oOmmpHbIM 0oOpa3zoBanneM Kfs npoxxunkoB (Puc. 1, neBas BcraBka). (2) Ilepexonnas 3ona (GAB-8) ¢ acconuanu-
eil Bt+Opx+Pl+Qtz ¢ HeOONbIIMM KOJIMYECTBOM KaJHeBOro mnojesoro mmara. (3) Snpo 30HBI neruapaTtanuu
(GAB-6) conepxur yapHo-3H1epOUTOBBIE (Opx+Kf$+Pl+(Qtz) TOMEHBI ¢ MOX0XeH Ha MarMaTHYECKyI0, MOHI[OHHU-
TOBOH CTpYKTypo# (puc. 1, mpaBast BctaBka) U rpanuTHble (Bt+Kfs+Pl+Qtz) nomensl. Cexyiiee MOI0KESHNE SKUIT
10 OTHOIICHHIO K BMELIAIOIINM THeiicaM (puc. 1) ykasplBaeT Ha HMaplHalbHOE IUIaBJICHUE MOPOJ, COMPOBOXKIAB-
1Iee B3aMMOICHCTBHE MOPO ¢ (IIFOMIAMH.
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Puc. 1. O6HaxxeHne OPTONMMPOKCEH COAEPIXAIINX 30H JAeruapaTtanuu B oprorueiicax Cany Pusep B paitone Kaysesosii ¢ Mmectamu
otbopa obpasnoB GAB-7 (yacTuuHO AeruapaTHpOBaHHEIHA THeilc), GAB-8 (nmepexonnas 30ona) 1 GAB-6 (sAp0 30HBI Aeruapara-
un). BetaBky Moka3pIBaloT 0COOCHHOCTH CTPYKTYPHI M MUKpoaccouuanuu oopasnoB GAB-7 u GAB-6.

Fig. 1. Exposure of the orthopyroxene-bearing dehydration zones in the Sand River orthogneiss at the Causeway locality with indi-
cations of the samples GAB-7 (partially dehydrated gneiss), GAB-8 (transition zone) and GAB-6 (core of the dehydration zone).
Inserts shows specific textures and microassemblages of the samples GAB-7 and GAB-6.

[Naparenernyeckuii aHaJIN3 MHUHEPAIBHBIX acCOLMALMI B 30HAX JACTHApPATALlMH, C MCIIOJIb30BAHUEM IUarpaMMEl
Hk20— Mo (PHUC. 2), IpEAroNaraeT CyiecTBOBaHNE ABYX TPEHIOB, OTPAKAIOIINX 0OpaTHY0 3aBUCUMOCTb aKTUBHOCTH BO-
JIbI OT aKTUBHOCTH KaJIns BO (IIIOMIE B X0/ Iporiecca aeruaparaiyy. [IoHmwKeHe akTHBHOCTH BOJBI 1 HEOOJIBILIOE TTOBBI-
[ICHHE aKTUBHOCTH KaJIKS BO (DJIFOMIC MPUBOJIUT K M3MEHEHHIO aCCOLMAINIA (HIDKHUI TpeH T Ha puc. 2) ot Bt+HbI+PI (uc-
XOJIHBIH THeliC) uepe3 Bt+Opx+Pl (nepexonHas 30Ha) kK Opx+Kfs+Pl (a1po 30HbI Aeruapatarmu). [Ipyu MOBBIIICHHON aK-
TUBHOCTH KaJTUsI UCXOMHBIN THevic Bt+HbI+Pl nepexoaut B Opx+Cpx+Kfs accormarpo (BepxHuii TpeHa Ha puc. 2). Crie-
(UYecKoe pactpeielieHHe 3THX acCOLMAIMI B 30HE JETHPATAIMH MTOKa3bIBaeT JIOKAIbHBIC BapHalii aKTUBHOCTEH BO-
Jb1 1 mienoyueit Bo durronie. OHM MoryT 00yciaBiuBaThes (1) IuiaBieHneM 1 Imocleyronieii Kpuctaun3alyeil paciiaBa B
sIIpe 30HBI Jieruparanuy; (2) HeCMeCHMOCTBIO BOJIHO-costeBoro u CO, ¢uron1oB 1 HEOAWHAKOBOM MOOMIIBHOCTBIO 3THX
¢mornioB B mopoe; (3) Bapuanueii temmeparyps! 50-100°C mpu nprOIN3UTEIFHO MOCTOSHHOM /IaBJICHHH B XOZIE TIPOLIEC-
ca. O1H (paKTOpPBI YKa3pIBAIOT HA CIIEYIONIYIO MOJIEIb SBOJIFOLINHN 30H Jiernaparanu B rHeiicax Cann Pusep.
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Puc. 2. JTuarpamMmma oo — Mipo A1 accolManiid B 30He aeruapatanuy. CTpeikn MOKa3bIBalOT 3BOJIOLMIO TIpoLiecca Jernapara-
LMY, BOCCTAHOBJICHHYIO Ha OCHOBE MapareHeTndeckoro ananusa mopoxa: GAB-7 — Cpx+Opx+Kfs accouuariysi, J0KaabHO pa3BUTast
B YAacTUYHO JeTHApaTHpoBaHHOM THeiice; GAB-8 — mepexomnas 3oHa (Opx+Bt+Pl); GAB-6 — saapo 30HBI AerHapaTaludl
(Opx+PI+Kfs).

Fig. 2. Diagram pg,0 — o for the assemblages in the dehydration zone. Arrows show a progress of the dehydration process
evaluated from the paragenetic analyses of different types of rocks: GAB-7 — Cpx+Opx+Kfs assemblage locally developed in the
partially dehydrated gneiss; GAB-8 — transition zone (Opx+Bt+PI); GAB-6 — core of the dehydration zone (Opx+PI+Kfs).

I'maBHas cragms mpouecca aeruapartanuu umena mecto npu 760+20°C u 5.6-6.2 kbap — yCcIOBHUSAX, OTBE-
yaromux Hadany D3/M3 meramopdusma [1]. Dta craausi Oblla MHULMUPOBAaHA B3aMMOJCHCTBUEM T'HEUCOB C
H,0-CO;-conesiMu (hroniaMyu U 3aKOHYMIIACH NapIHAIBHBIM IUTaBICHHEM U GOpMUpOBaHUEM ceKymmux Opx-
COJIEpKALIMX TPAHUTHBIX XXWI. DTOT MPOLECC COMPOBOXKIAICS MAacCIITAaOHBIM MEPEHOCOM BEIIECTBA IOCPEICT-
BOM (bJ'lIOI/IIla MCXKAY KUJIaMU U BMEIIAOIUMH ITOPOaAaMHU. (DJ'I}OI/IHHI)IC BKJIIOYCHHU U COCTaBbl MUHCPAJTIOB B KU~
JlaX YKa3bIBaIOT HA TO, YTO B MPOIECCE YUACTBOBAIM KaK BOJHO-cosieBoi (o 29 macc. % NaCl 3kB.), Tak u yrie-
KHCHbli (aroua. B xone octeiBaHus (IpU NPUOJIM3UTENBHO MMOCTOSSHHOM JaBieHun) 10 650-700°C rpaHUTHBIH
paciuiaB KpUCTaJIIIM30BaJICS, BBIIEIAS OCTATOYHbIE KOHIICHTPUPOBAHHBIA PAaccosl U BOJHO-YITICKHUCIBIN (IIIOHI.
B nomonHeHME K QIIOMIHBIM BKIFOYCHUSM, CBUICTEIHCTBOM MPUCYTCTBUS PACCOJIOB MPHU SBOIIOLHH SIpa 30HEI
NETUAPATALNH SBISACTCA Pa3BUTHE MPOXKIUIOK KaMEeBOTO TOJEBOTO IIMaTta M (OPMHPOBAHHE MEPMEKHUTOB, CO-
NpsDKEHHBIC ¢ peaknuaMu oOMeHa menodamu [3, 4], mossimenue conepxanus Cl B Ouotute, oO6pazoBaHne Mo-
HAIUTOBBIX BKJIIOYCHUN MPH MHKOHTPYIHTHOM PACTBOPEHHH amatuta B paccoyiax [5]. Byayum Gosiee MoOUIIb-
HbIM B cpaBHeHHH ¢ H,O-CO, dmaongom, HaAKPUTHUIECKU Paccoll MPOHUKAJ B THEHC, MPUBOS K JalbHEHIIEMY
Pa3BUTHIO MpoIecca AeTHAPATAINH, HO TIpH OoJee BRICOKOH aKTUBHOCTH IIenoveil (BepXHHUil TpeHa Ha puc. 2) ¢
nokaiapHbIM (hopmupoBanuem Cpx+Opx+Kfs acconmanuu (670+40°C). BogHo-yriekucibiii GIiroua oTBETCTBE-
HeH 3a OoJsiee MO3JHME MPOLECCHl pe-THjapaTalud ¢ 00pa3oBaHHEM mHapracuToBoro amduoona (puc. 1, nesas
BCTaBKa) U OMOTUT-KBapIEBBIX CUMIUIEKTHTOB 10 opTonupokceny npu 700+10°C. Bo3neiicTBue 3Tux (Iong0B
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npu eme Oosiee HU3KHUX TEMIEpaTypax BHIPAa3HIIOCh Pa3BUTHM KyMMHUHITOHHMTa (+marHetuTa) (puc. 1, mpasas
BCTaBKa), XJIOPUTA, ¥ MHOT1a KapOOHATOB [0 OPTONHPOKCEHY.

Precambrian Limpopo Complex (South Africa) experienced two regional dynamo-metamorphic high-
grade events both accompanied by granite formation [1]. The earlier event, D2/M2 (2.67-2.53 Ga), was mani-
fested by voluminous melting with formation of large granitic bodies in cores of so-called “sheath folds” [1].
The later overprinting event D3/M3 (2.02 Ga) was associated with less intensive granitization in domains within
the regional and local shear zones, which served as conduits for exotic deep-seated fluids. In addition to a for-
mation pegmatite bodies along the shear zones, the D3/M3 granitization recorded a phenomenon of localized
dehydration with formation of orthopyroxene-bearing veins, which is structurally similar to “arrested char-
nockitization” observed in many South-East Gondwanian complexes.

We report results of petrological study of such dehydration zone within the Sand River biotite-hornblende or-
thogneiss at the Causeway locality, southeast of Musina (Fig. 1). The formation of dehydration zone is surely corre-
lated with the Paleoproterozoic (~2.0 Ga) metamorphic event [2]. The studied exposure shows three macroscopically
distinct rock types, which could be considered as progressive stages of the dehydration process. (1) Partially dehy-
drated gneiss (GAB-7) texturally similar to the initial Sand River biotite-hornblende gneiss shows localized formation
of Opx and Cpx-bearing reaction textures after biotite and hornblende accompanied by extensive Kfs veining (Fig. 1,
left insert). (2) Transition zone (GAB-8) shows Bt+Opx+PIl+Qtz assemblage with rare K-feldspar. (3) Core of the
dehydration zone (GAB-6) contains charno-enderbitic (Opx+Kfs+Pl+Qtz) with clear magmatic-like monzonitic tex-
ture (Fig. 1, right insert) and granitic (B¢+Kfs+PI+(tz) domains. Secant position of the core vein (Fig. 1) testifies the
partial melting accompanying the fluid-rock interaction.

Paragenetic analysis of the mineral assemblages in the dehydration zone in terms of the pgoo — Huoo dia-
gram (Fig. 2) allow suggestion of two trends in inverse relations between water and potassium activities during
dehydration process. Decrease of water activity and slight increase of potassium activity in a fluid result in a
transition (lower trend in Fig. 2) from Bf+HbI+P! (initial gneiss) through Bt+Opx+PI (transition zone) to
Opx+Kfs+PlI (core of the dehydration zone). At higher potassium activity the initial gneiss Bt+Hbl+PIl would be
transformed to the Opx+Cpx+Kfs assemblage (the upper trend in Fig. 2). Specific distribution of these assem-
blages in the dehydration zone indicates the local variations of water and alkali activity in fluid, which could be
a consequence of (1) melting and subsequent melt crystallization in the core of the dehydration zone; (2) immis-
cibility of aqueous brine and CO, fluids and unequal mobility of these fluid portions in the rock; (3) temperature
drop by 50-100°C at almost constant pressure during the process. These processes imply the following model for
evolution of the dehydration zones within the Sand River gneisses.

The main stage of the dehydration process occurred at 760+20°C and 5.6-6.2 kbar, corresponding to the
beginning of the D3/M3 metamorphic event [1]. This stage was triggered by interaction of gneisses with H,O-
CO,-salt fluids and finalized in partial melting and formation of secant Opx-bearing granitic veins. This process
was accompanied by extensive mass transfer via fluid between the vein and the host rock. Fluid inclusion and
mineral composition data for the vein indicate that both aqueous brine fluid (up to 29 wt. % of NaCl eq.) and
CO, operated during the vein formation. During cooling (at nearly constant pressure) down to 650-700°C gran-
itic melt crystallized exsolving residual concentrated brine and H,O-CO, fluids. In addition to fluid inclusions,
the evidences for presence of brines during evolution of the core of the dehydration zone include K-feldspar
veining and formation of myrmeckites conjugate with alkali-exchange reactions [3, 4], increase of Cl content in
biotite, formation of monazite inclusions via incongruent dissolution of apatite in brines [5]. Being more mobile
in comparison to the H,O-CO, fluid, the supercritical brine penetrated into the gneiss provoking further progres-
sion of the dehydration process under higher alkali activity (upper trend in Fig. 2) with the localized formation
of the Cpx+Opx+Kfs assemblage (670+40°C). The H,O-CO, fluid resulted in late re-hydration with formation
of pargasitic amphibole (Fig. 1, right insert) and biotite+quartz after orthopyroxenes at 700+10°C. Action of this
fluid at lower temperatures is expressed in formation of cummingtonite (+magnetite) (Fig. 1, left insert), chlo-
rite, and rare carbonate after orthopyroxene.
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BricokobGapHbIe KOMIIIEKCH HECYT Ba)KHEHMIITyI0 MH(POPMAIMIO O XapakTepe INIEHT-TeKTOHHYECKUX IMpo-
LIECCOB Ha Pa3HBIX 3Tamax pa3BuUTUs 3eMiu. [IpHumHBI PE3KOro COKpaIleHus CHeHu(pUIECKUX I 30H CyOqyK-
UM METaMOP(QHUYECKHX KOMIUICKCOB BBICOKOTO JaBJICHUs B JokeMOpuu He AcHBL. [Ipenmomaraercs, 4To 3TO sB-
JICHHE CBSA3aHO C Pa3IMYHON MHTEHCUBHOCTBIO PETPECCHBHBIX MPE0Opa3oBaHUi MOPOJ, JTUOO C 0COOESHHOCTIMHU
JIPEBHUX TEKTOHMYECKHUX MPOLECcCOB. ['pUANHCKUN 3KIOTUTCOAEPKAIIUN KOMIUIEKC, BXOAIINN B cocTtaB beino-
MOPCKOTO MOJBHXKHOTO mosica Kapenuu, siBasieTcst oqHUM M3 ApeBHeldmux Ha 3emie. OH mpexacraBisieT co0oit
TEKTOHHYECKYIO TUIACTHHY CEBEpO-3alafHOro MIPOCTUPAHNUS, IPOCIECKUBAIOLIYIOCS B MPUOPEKHOH Imojioce U Ha
0-Bax Oenoro mops 10 50 km npu mupuHe 6-7 kM [1]. Hapsiny ¢ SKIoruTH3MpOBaHHBIMH TelaMu rabopo u rado-
PO-HOPHTOB B TOJIIE apXEeHCKHUX IJIArHOrHeHCcoB ['PHIMHCKOro KOMIUIEKCa HaxoAsTcs OyAMHHPOBAaHHBIE Tella
MeTayJabTpaMaduTOB, NPEICTABICHHBIX IPAHAT-IUPOKCEHOBBIMHU MOPOJAMU U OpTONMpOoKceHnTamMu. HecmoTps
Ha MOBBIIICHHBIH MHTEPEC K KOMIUIEKCY, 10 CUX IOP HET €AMHCTBA MHEHUH OTHOCHUTENIBHO KOJINYECTBA BHICOKO-
OapHbIx MeTaMop(huUyecKuX cOOBITHH, BO3pacTa W reoJMHaMUYEeCcKOl 00CTaHOBKH MX (opMupoBaHus. B artom
KOHTEKCTE BaXXHO IMOJIyYHUTbh CBEJICHHUS O METPOJOTUN U TEOXUMHUH METAaylIbTpaMadUTOB, KOTOPHIE 10 HACTOSIIE-
r0 BPEMEHH NMPAKTUYECKH OCTaBAINCh 3a pAMKaMU HCCIIEOBAHNH.

I'panam-nupokcenosas nopoda odpasyeT oBalibHOE TeJO pazMepoM 4x5 M Ha 0-Be Bricokuii, Haxozs1ee-
cs1 B Toumie aMmpubos-0MoTUTOBBIX TrHeiicoB. [Topona cioxeHa rpaHaToM, KIMHO- U OpTONUpOKceHamu. J{is per-
PECCHBHOM CTanuu XapakTepHa ampubonu3anms, pexe HabmoaaeTcs 3aMenieHne MMPOKCEHOB rpaHar-aMmpuoo-
JIOBBIMH CPOCTKaMu. B spax KpymHBIX MOppHUpoOIacTOB rpaHaTa HaXOAsITCs BKIIOUYEHHS XJIOPUTA, PexXe BCTpe-
yaeTcs Mg-KaJbIUT, B KPA€BBIX 4acTAX HAXOJATCS BKIIOYEHUS KIMHONMpPOKceHa n amduodona. st nophupood-
JacTOB I'PaHATOB XapaKTEPHA PErpeccUBHas 30HANBHOCTh (UEHTP - Xyp~0.48, Xc,~0.17, kpait - Xy~0.44;
Xca=0.16) u BpIcOKOE comepkanne Mapranua (MnO~2.54 Bec. %). KnuHonupokceH obpasyeT KceHoMOpghHbIE
KpPYTHbIE KPUCTAJIBI, UMEET aBTUTOBBIM COCTaB M HEBBICOKOE COAEpIKaHME KaleuToBoro mMuHanma (X;q~0.04).
OprtonupokceH popmupyet KpynHsie 10 6 MM kpuctamisl (Al,05=0.9-1.5 Bec. %), a Taxke MenKne KCeHOMOpPd-
HBIE 3€pHa, BCTpeyalolluecs CPeaH TIpaHaT-aM(pHUOOJIOBBIX CPOCTKOB. LIEHTPHI KPHCTAIIOB OPTONHPOKCCHA
(Al,03=0.57-0.9 Bec. %; Xy = 0.73-0.76) oTnnuarorcs ot kpaeBbix cocTaBoB (Al,O3=1.11-1.71 Bec. %; Xyg =
0.70-0.73) [2]. KnuHO- 1 OPTOMHPOKCEH COAEpIKAT BKIIOYEHHUS XJIOpHUTa, aM(puboa, anaTuTa, HIBMEHHUTA, Mar-
HETUTa, LIMPKOHA U Apyr npyra. AM¢uOobl B MaTpuKce MpeJCTaBICHbl MarHe3najibHOW poroBoid 0oOMaHKOM u
TPEMOJUTOM. XJIOPUT HAXOAMUTCS MCKIIOUNUTENBHO BO BKJIIOUEHHUSX U mpejactasiieH quadantutom (Fe-Si xiopu-
Ta). OH accoUMUPYEeT C MUHEpaJaMH, OOOTAIEHHBIMH DPEIKO3EMEIbHBIMH 3JIEMEHTAMH, TOPHEM U YPAHOM —
¢depporopedboMHuTOM U (heppopoacenToM. Bokpyr BKIIIOUSHHH XJIOpUTa B TpaHaTax Bceraa o0pasyroTcs pajau-
aJbHBIE TPELUHEL, a B IUPOKCEHAaX U KoHLeHTpudeckue. Ha ocHoBe ucnonbs3oBanus nporpammel TWQ [3] u na-
pareHeTnueckoro aHainuza O0butn BocctaHoBiieHbl PT ycnosust nuka meramopdusma (T = 695°C u P = 18 kb6ap),
32 KOTOPBIM CJIeTOBaJ dTall cybmuzorepmudeckoit nexkommpeccuu a0 T = 710°C, P = 12 x6ap, cMeHUBIIUKCA fe-
KOMITpeCCHOHHBIM oxyaxkaeHueM 10 T = 650°C u P = 9 x6ap (Puc. 1).
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Puc.1. O6o6uiennast P-T apomonusi MerayapTpamMaguToB ['pUANHCKOrO KOMIUIEKCA, pAaCCYMTAHHAS C MOMOIIBIO MPOTrPaMMbl
TWQ [2] mo cocTaBam nenTpaibHbIX (3Tan I) u kpaeBbix (3Tam 1) yacTeil KpyImHBIX KPUCTAIIIOB IpaHaTa, KIMHO- U OPTOMUPOK-
CeHa, a TaKk)Ke 10 COCTaBaM MHHEpasioB M3 perpeccuBHoi accouumarnuu (3Tam II1). Ludper — HOMepa MUHEpaTbHBIX PEaKIHM,
MIPEACTaBICHHBIX HA AUarpaMme.

Opmonupokcenumopl BCTpevaroTcsi Ha ocTpoBe V30Has Jlyna B Bume Oyaun ot 5 10 40 ¢M B MONEpEeYHHUKE B
am¢ubon-onoruToBeIx rHelcax. [lopoma MaccuBHas, TMraHTOKpHUCTaJuIM4eckas. Kpucramiel opromupokceHa
(Al,05=1,07-1,61 Bec. %, Xy,=0.74-0.77) pasmepom 10 15 cM coaepskaT 60NIbIIOE KOJMYECTBO BKIIIOUEHUH OHO-
THTa, amdubdoma U kBapma. AMGUOOT MpeAcTaBieH MarHe3WaJIbHOW pOroBOil oOMaHKOW M aHTOQMLIUTOM. IlO-
CJIeTHUN 9acTO OKAMIIIET POroBy0 0OMaHKY W/miu KBapil. [loMUMO TBepABIX MHHEPAIBHBIX BKIIIOUEHUH OPTOITH-
POKCEH COIEPKUT MHOKECTBO (DIFOUIHBIX IIEPBUIHO-BTOPUIHBIX BKIFOUCHUHN, IIETOYKH KOTOPBIX IPEPHIBAIOTCS HA
rpaHuile ¢ MUHEPaJbHBIMH BKIIOUYCHUsIMHU. B opTonmupokcennte ceHcopsl P-T ycioBuii muka meramopduszma ot-
cyTcTBYIOT. Tem He MeHee, 00HApYKUBAIOTCA OTACIbHBIC (PparMeHTHI PETPECCUBHOMN ABOJIONNHU. Tak MHUHEpaIbHOE
paBHoBecue En+Qtz+H,0=Ath, paccuutanHoe ¢ nmomouisio nporpammel TWQ [3], mokassiBaeT, 9To mpeaesn cra-
OunbHOCTH aHTOoGMILINTA (TIpU Xy,0=1) He mpeBbIIaeT 3HaueHue Temieparypst 570°C (puc. 2), 1.e. npu P-T yc-
JIOBHSIX MHUKa MeTamMop(hu3Ma aHTO(UILIUT JOJDKEH pasjaraTbCs ¢ 00pa3oBaHHEM SHCTATUTA U KBaplia. PeakinoH-
HBIC COOTHOUICHUA YKa3bIBalOT HAa CMCUICHNUE JAHHOT'O paBHOBECHA B CTOPOHY aHTO(bI/IJ'LHI/ITa, 4TO CBUACTCIILCTBYET
0 ero perpeccuBHO npupoze. Cyas M0 MHOTOYHMCICHHBIM I[ENOYKaM (DIFOUIHBIX BKIOUYCHUNA B OPTOMHPOKCEHE,
HUCTOYHUK (DIIFOMIA HAXOTUIICS BHE MPOHUIIaeMoro Juist (uronaa kpucrasia [2].
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Puc.2. ['eoxumudeckne pa3andus MeX1y MaHTHHHBIME (Oeroe mojie) ¥ KOPOBBIMHU (cepoe Ioje) MepruA0TUTaMU/THPOKCEHHTAMU
0 COACPKaHUAM MOPOA000Pa3yIOIINX OKCHIOB (Macc. %) U peAKnX 3J1eMeHToB (T/T) Ha OuHapHbIX quarpammax [4]. Coxeprkanus
OpO000Pa3yOIINX OKCUIOB HE HOPMHPOBAHEL. Y CIIOBHBIE 0003HAUCHUS: KPYKOK — OPTONHMPOKCEHHT, KBaIpaT — IrpaHaT-IIUPOK-
ceHoBas nopoza (I puanHCKHIA KOMIUTEKC).

CoracHO reoXMMHYECKOH KiIacCHU(UKAIK, HanboIee MOJHO pa3pabOTaHHOM /ISl TPaHATOBBIX NIEPHAOTHTOB U ITH-
POKCEHHTOB (paHEpO3OHCKUX CKJIAUaThIX IMOSICOB MUPOKCEHUTHI/TIEPHIOTUTHI (YIbTpaMa(UThl) C MOBBIIEHHBIMH COAEP-
YKaHUSIMU MarHust ¥ XpoMa COXPaHsIOT TeOXHMMHYECKHE IPU3HAKK MaHTUHHBIX 11opoy] (Mg-Cr tui), a mopo/ipl, odorarieH-
HBIE JKEJIE30M U THTAHOM - KOpoBbIX (Fe-Ti Tum). Ha reoxuMideckix aparpaMMax, OTPaKaroIIUX Pasindms MeXIy STUMA
rpymmamu 1opoj [4], cocTaBel MeTayabTpamMaduToB I pUANHCKOTO KOMIUTEKCa JIHOO TIOMMAJAI0T B TIOJIE KOPOBBIX TTOPOJ,
TIO0 HAXOJSITCS MEXKTY TIOJIIMH MAaHTUIHBIX U KOPOBBIX yibTpamMaduToB (prc. 2). [IpuMedarensHo, 9To TpaHaT-IIpOKCe-
HOBasl TIOPOJIa UMEET TOT )K€ MUHEPAIBHBIH COCTaB, YTO M IPAHATOBBIA BEOCTEPUT W3 SKIOTUTOBOH MPOBHHIMK CEBEPO-
BOCTOUHOM 'pernanuu [5]. M30TONHbIe XapakTepHCTHKH (gxg= -5—16; ¥ Sr/*Sr= 0.708-0.715) 1 noneBble COOTHOMICHUS
IPaHaTOBOro BeOCTepUTa ¢ BMELICIOIIMMY FHelcaMyl YKa3bIBAlOT Ha TO, YTO elle J0 BBICOKOOApHOTrO MeTaMopu3Ma ero
MPOTONUT ObIT MHTETPAJIbHON YaCThI0 KOHTHHEHTATIBHON KOpHI [5]. Bonee Toro, BeIcCOKobapHBIe accormaryu [ puanHCcKoro
KOMILJIEKCa BCE Yallle CBSI3bIBAIOT C KOHTHHEHTAJIBHOH KOJUIM3HEH, YTO XOPOIIO COINIACYETCsl C MOJIOKEHHEM SKIOTUTOB U
MeTayJIbTpaMaduTOB B THEHCOBOM cyOcTpare. Takum 00pa3oM, CyIIECTBYET HEMAIO KOCBEHHBIX CBUJIETEIIHCTB B IOJIB3Y
KOJUITM3UOHHOM MPUpO/Ib! yiabTpamMaduToB [ puauHcoro komruiekca. Ho Mbl MOXeM JIHIIIb KOHCTaTHPOBATh, YTO paccMar-
pHBaeMble MporpaaHble IPeoOpa3oBaHKs MeTayJIbTpaMa(uTOB MOTJIM IIPOUCXOIUTH B IOTPY’KaloIieMcst OJI0Ke Kak KOHTH-
HEHTAJILHOM, TaK N OKeaHN4ecKoH Kopsl. [1pu aToM oueBnaHO, uto (hukcupyemslie PT ycioBust He MOTyIH OBITH peati30Ba-
HBI B COCTaBe a0MCCANBHBIX IIOPOJT MAHTUHHOTO KJIMHA, /ISl KOTOPOT'O XapakTepeH 0oJiee BEICOKOTEMIIEPATyPHBII PEXKHM.

[Nerponornyueckue UCCIIeNOBaHHUS METATMPOKCEHUTOB [ PUIMHCKOrO KOMIDICKCA MOKA3aJl, YTO IIEPBHYHBIC HH-
TPY3UBHBIC MarMaTHYECKUE ITIOPOJIHI OQHOIUTOBOIO MIIM THEHCOBOIO KOMILIEKCa OBUTH HHTCHCHBHO NepepaboTaHBbI erie
10 IHKa MeTamopduama. OpTONHPOKCEHHUT (HOPMHUPOBAJICS Ha IPOTPECCUBHOM dTalle MeTaMop(u3Ma 1o KBap-OHOTHT-
am(¢pubonoBoMy ciaHIy. ['paHaT-mupoKkceHoBas ropozaa Owna odpasoBaHa npu P—T yclnoBHSX SKJIOTHTOBOrO METaMop-
($u3Ma 1o XJIOpUT-coAepKaleMy MeTacoMaTuty. [IporpecciuBHBIe IPOLIECCH COMPOBOXKAAINCH HHTCHCHBHON AeTrHapa-
Talyeil, B TO BpeMs Kak Ui PErpecCHUBHOTO 3Talla XapaKTepHO 00pa3oBaHKE MapareHe3UcOB C BOJOCOAEPKAIMMH MH-
Hepasjamu. Takum 00pa3oM, paccMaTpHBaeMbIe MOPOIbl UMEIOT CIIOXKHYIO HCTOPHIO IIPeo0pa3oBaHuii, B X0/ KOTOPOH
HCOAHOKPATHO MCHAJIMCH UX MUHCPAJTIbHBIC ITaparCHE3nChbl 1 BaJIOBBIN XUMHYECKHI COCTaB opon.

Qunancosas noodepacka PODU (epanm Ne(9—05-01217, Ne 09—05-00991).
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High-pressure complexes carry essential information on the pattern of plate-tectonic processes at differ-
ent stages in the Earth’s evolution. The reasons for a drastic reduction in high-pressure metamorphic complexes,
typical of subduction zones, in Precambrian time are not clear. This event is assumed to be related either to the
different intensity of regressive rock alterations or to some characteristics of old tectonic processes.The Gridino
eclogite-bearing complex, which is a part of the Belomorian mobile belt of Karelia, is one of the Earth’s oldest.
It is a north-west-trending tectonic slab which can be traced in the coastal strip and on the islands of the White
Sea over a distance of 50 km and a width of 6-7 km [1]. In addition to eclogitized gabbro and gabbronorite bod-
ies, the Archaean plagiogneiss unit of the Gridino complex comprises boudin-like bodies of metaultramafic
rocks represented by garnet-pyroxene rocks and orthopyroxenites. In spite of the great attention given to the
complex, geoscientists are not unanimous as to the number of high-pressure metamorphic events, age and geo-
dynamic setting. It would be essential, therefore, to cast light on the petrology and geochemistry of metaul-
tramafic rocks which have been beyond the scope of research so far.

Garnet-pyroxene rock forms an oval body, 4x5 m in size, on Vysoky Island which occurs in an amphibole-
biotite gneiss unit. The rock consists of garnet and clino- and orthopyroxenes. Amphibolization typically occurs at a
regressive stage, while pyroxenes are less commonly replaced by garnet-amphibole intergrowths. Chlorite inclusions
are encountered in the cores of large garnet porphyroblasts, Mg-calcite is less common, and clinopyroxene and am-
phibole inclusions occur at the margins. Garnet porphyroblasts typically exhibit regressive zonation (centre:
Xmg~0.48, Xc~0.17, margin: Xyg~0.44; X,=0.16) and are rich in Mn (MnO~2.54 wt. %). Clinopyroxene forms
large xenomorphic crystals, have augite composition and is poor in jadeitic minal (X;4~0.04). Orthopyroxene forms
large (up to 6 mm) crystals (0.9-1.5 wt. % Al,Os) and fine xenomorphic grains occurring among garnet-amphibolite
intergrowths. The centres of orthopyroxene crystals (0.57-0.9 wt. % Al,Os; Xy, = 0.73-0.76) differ in composition
from the margins (1.11-1.71 wt. % AlL,Os3; Xy, = 0.70-0.73) [2]. Clino- and orthopyroxenes contain inclusions of
chlorite, amphibole, apatite, ilmenite, magnetite, zircon and those of each other. Amphiboles in the matrix are repre-
sented by Mg-rich hornblende and tremolite. Chlorite occurs solely in inclusions and is represented by diabantite(Fe-
Si of chlorite). It is associated with minerals enriched in rare-earth elements, thorium and uranium — ferrotérneboh-
mite and ferrodolaseite. Radial cracks are always formed around chlorite inclusions in garnet, and concentric cracks
develop in pyroxenes. The TWQ software [3] was used and paragenetic analysis was made to reconstruct the PT con-
ditions at the peak of metamorphism (T = 695°C and P = 18 kbar) followed by sub-isothermal decompression to a
temperature of 710°C and a pressure of 12 kbar followed, in turn, by decompression cooling at a temperature of
650°C and a pressure of 9 kbar (Fig. 2).

ORTHOPYROXENITES occur on Izbnaya Luda Island in the form of boudins, 5 to 40 cm across, in amphi-
bole-biotite gneisses. The rock is massive, gigantocrystalline. Orthopyroxene crystals (Al,0;=1.07-1.61 wt. %,
Xmg=0.74-0.77), up to 15 cm in size, contain abundant biotite, amphibole and quartz inclusions. Amphibole is rep-
resented by Mg-rich hornblende and anthophyllite. The latter often rims hornblende and/or quartz. In addition to
hard mineral inclusions, orthopyroxene contains plenty of fluid primary-secondary inclusions that form chains
broken at the boundary with mineral inclusions. There are no sensors of the P-T conditions of peak metamorphic in
orthopyroxenite. However, some fragments of regressive evolution are encountered. For example, the mineral
equilibrium En+Qtz+H,0=Ath, calculated using the TWQ software [3], shows that the anthophyllite stability limit
(at Xp,0=1) does not exceed 570°C (Fig. 2), i.e. at the P-T conditions of peak metamorphism anthophyllite is ex-
pected to be decompose to form enstatite and quartz. Reaction ratios indicate the shift of the equilibrium toward
anthophyllite, suggesting its regressive nature. Judging by numerous chains of fluid inclusions in orthopyroxene,
the source of fluid was outside the fluid-permeable crystal [2].

According to the geochemical classification, which is most complete for garnet peridotites and pyroxenites from
Phanerozoic foldbelts, Mg- and Cr-rich pyroxenites/peridotites (ultramafic rocks) retain the geochemical characters of
mantle rocks (Mg-Cr type), and Fe- and Ti-rich rocks preserve those of crustal rocks (Fe-Ti type). On the geochemical
diagrams that show differences between these rock groups [4], the compositions of metaultramafic rocks from the
Gridino complex plot either in the crustal rock field or between mantle and crustal ultramafic rock fields (Fig. 2). Inter-
estingly, garnet-pyroxene rock has the same mineral composition as garnet websterite from the eclogitic province of
north-eastern Greenland [5]. The isotopic characteristics (exg= -5—16; *'St/*Sr= 0.708-0.715) and field relations of gar-
net websterite to host gneisses show that prior to high-pressure metamorphism its protolith was an integral part of the
continental crust [5]. Moreover, the high-pressure assemblages of the Gridino complex are often attributed to continent
collision, which is in good agreement with the position of eclogites and metaultramafic rocks in gneissic substrate. Thus,
there is extensive indirect evidence for the collisional nature of Gridino ultramafic rocks. However, we can only assume
that the prograde alterations of metaultramafic rocks discussed occurred in the plunging block of both the continental
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and oceanic crust. Obviously, the PT conditions revealed could not have affected the composition of the abyssal rocks of
the mantle wedge that typically have a higher-temperature regime.

The petrological study of metapyroxenites from the Gridino complex has shown that primary intrusive
igneous rocks of the ophiolite or gneiss complex were intensely reworked prior to peak metamorphism. Or-
thopyroxenite was formed at a progressive metamorphic stage after quartz-biotite-amphibole schist. Garnet-
pyroxene rock was formed under the P-T conditions of eclogite-facies metamorphism after chlorite-bearing
metasomatic rocks. Progressive processes were accompanied by intense dehydration, whereas the formation
of parageneses with aquiferous minerals is characteristic of a regressive stage. Thus, the rocks discussed have
suffered complex alterations during which their mineral parageneses and bulk chemical compositions changed
repeatedly.

The project was supported by RFFR (grants 09—05-01217 and 09—-05—00991).
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HEJUTOCTATHUYECKOE JABJIEHUE BO BKJIIOYEHUAX XJIOPUTA B
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LITHOSTATIC PRESSURE IN CHLORITE INCLUSIONS IN THE ROCK-FORMING
MINERALS OF GARNET PYROXENE ROCK FROM THE
GRIDINO HIGH-PRESSURE COMPLEX, KARELIA

Morgunova A.A."?, Perchuk A.L.?
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BcenencTBue M3MeHEHHs BHEIIHMX [apaMeTPOB METaMOP(HUYECKOro MJIM MarMaTU4ecKoro mpoiiecca, Ta-
KHMX KaK JaBJICHUE W/WIH TeMIlepaTypa, AaBjIeHHE B MUHEPAJIbHBIX BKIIOYEHHUSIX MOXET OTJINYAThCS OT JIUTOCTA-
tuyeckoro [1, 2]. Jlanubiil 3¢ ekt 00ycioBieH pazanuneM (QU3NYECKUX CBOWCTB BKIIIOYEHHS M MHHEpasa-Xxo-
3stuHa. [Ipy 3HAUNTENBHBIX CTPECCOBBIX HArpy3kax BOKPYT BKJIIOUEHUH MOTYT 00pa30BBIBATHCS pagralbHbIEC NIH
KOHIICHTPHUYECKHE TPEIHHbL. HampumMep, INpOKO N3BECTHH paAHaIbHbIE TPEIMHBI BOKPYT BKIIOYEHUH KOICUTA
B I'paHaTe, BO3HUKAIOIINE ITPH 3aMEIIEHNH KO3CHUTA KBAPIEM B XOA€ JEKOMIIPECCHH YIbTPaBBICOKOOApHO 1MOpo-
nel [1]. B nanHo#l paboTe Ha OCHOBE MOJIENH JMACTUYHOIO BKIIOUEHHs [3] paccmaTpuBaeTcst mpupoja TPeInH
BOKPYT BKJIIOUCHHH XJIOPHUTA, OOHAPYKEHHBIX BO BCEX MOPOA000PA3yIOIINX MHHEpAIaXx IpaHaT-NMHPOKCEHOBOMN
mopozs! u3 I'puamHCKOTO BEICOKOOapHOTO KOoMILIekca, Kapemms [4].

BrurtoueHns BBITIOIHEHB! THA0aHTUTOM (pa3sHOBUAHOCTE Fe-Si xmopuTa), acCOIMUPYIOMNM C pEAKO3EMENbHBI-
MU MHHepajlaMH - eppOoTOPHEOOMUTOM M PEeppo0ILIACEUTOM, HEPEIKO HAXOSIIMMHUCS 110 Neprueprn BKIFOUSHUH
(puc. 1). B rpanarax BOKpyr BKIIIOYEHHH 0Opa3ylOTCs TOJBKO pajMalibHBIC TPEIIUHBI (puc. la), a B MUpOKCEHax
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£ VI3 VISSY

BCTPCYANOTCA KaK paJuaibHbIC, TAK 1 KOHHCHTPUYCCKNUEC TPCIIUHBI (pI/IC. 16) I[Be CHUCTEMbI TPCIIHUH BOKPYT BKJIFOYC-
HUS B MUHEPAJIC — ABJICHUC YHUKAJIBLHOC.

\ = _. =~ (6)
radial cracks
|

R
\/ N

concentrical cracks 50 um

-

S0pm

Puc.1. Brirouenns xnopura u (assl, 000ramieHHoi peakodeMenbHbiMu dieMeHnTamu (REE). a - B rpanare, 6 - B kimHOmipokcene. doto-
rpadus B OTPKEHHBIX AeKTpoHax. CHMBOIIBI MuHEpaoB: amph — amdubo, chl — xmopur, cpx — KIMHOIMPOKCEH, gt — rpaHar.

Jst pacyera JaBieHHs BO BKIFOYEHHMH XJIOpHUTa B xoxe PT sBomonmu mopons! Obuia HCIIOIB30BaHA MOAEIH
AJIACTUYHOTO BKJIIOYEHHUSI, MpejcTaBieHHas B padore @. Xune u ap. [3]. B ocHoBe Mozenu nexuT ypaBHenue HaBbe
JUISL N30TPOIHOM cpefibl B chepHIecCKUX KOOPAUHATAX:

(- Ofou 2-u
diviii)=—| —+==1=0,()
op\op p

Tlie O - paguaibHas KOOpAuHaTa, U - BeKTOp cMeleHus. OTMeTHM, 4to cepruueckoe BKIIOUEHHE, 00J1a1as paBHO-
MEpHBIM pacHpe/ielieHHeM HapPsDKEHHMS 110 BCei MOBEPXHOCTH, AAET MPEAEIbHBIC OLIEHKH (IIPH ITPOYMX PaBHBIX YCIIO-
BHSX) BHYTPCHHETO JTABJICHUS.

[pu pemenun nanHoro anddepeHnuaabHOro ypasHeHus (1) JOMKHBI BBIIONHATHCS CIEAYIOIINE TPaHUIHBIC
YCIIOBUSI:

-upu R =p

3B 4uC
Gy =—FL =———7—

e 3
9o B R
rae B u C - koHCTaHThI, Pe — BHEIIHEE aBJIeHUe (THIPOCTaTHIECKOE), R - paauyc rpaHarta.
- HOpMaJbHOE HENpephIBHOE HAINpsUKEHHE (0) Ha TpPaHMIIe B3aUMOJCHCTBUS MUHEPATa-X03IMHA U BKIFOUCHUS
O [ "+ (1] = Oy [ "u ()] = <P,
rae Pi — naBieHue BKIIIOYCHNS (BHYTpEHHEE JaBIICHHE).
- CMEIIECHHE HEMPEPHIBHOCTH HA TPAHUIIE B3aMMOACHCTBHS:
r'+ulfr)=r’'+ulr)
Pemennem quddepenimansaoro ypapaenus (1) siBIsifoTcs cieyronye BpipaxeHus it konctant A, B u C [3]:
' ' 2
45'uC  p'P 4upC PP (r'=ryr
A== = Ty ; B= TSR RE C:#’
3r 3 3R 3 46°ur' /3r' +1

TJIe T - pajinyc OTBEpCTHs, I’ - panyc BKIIOUeHHs, R - pamuyc rpaHara, [TepMalibHOE pacluIMpeHue, -U30TepMaib-
HOE C)KaTHe, |.-MOJyJIb CIIBUra — 3JIaCTHYHbIE KOHCTAHTHI rpaHata, o, ' = alacTUUHbIe KOHCTAHThI BKIIOYCHUs. Pe-
LIEHUE NAHHBIX YPaBHEHUI OCYILECTBISIOCh METOAOM urepauuid. Ha kaxzaom mare noseiienust P u T paccuntsiBa-
muck A, B u C, a tarke mapamerpsl - o, 3, o/, B, 1. 3HauUeHHe CBEPXAaBJICHHs OIIEHHBAJIOCH 10 COBMA/ICHHUIO PAJIHY-
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Ca BKIIFOYCHUS C pailyCOM COOTBCTCTBYIOLICTO OTBEPCTUA B KpUCTAJLIC. Pa,HI/ch BKJIFOYCHUSA NOJLKCH YAOBJICTBOPATH

ycnoBuio: R>5 /1 paccunThIBaeTCs M0 ypaBHEHUIO
1/3

T2
r'=r,- exp(joc(T)dT) ,
T1

oa oa o
e a(T)=ay+— P+—T+——

OP oT oT
JlaBiieHne BO BKIIIOYEHHH XJIOPHUTA PACCUMTHIBAIOCH JUIsl KaXKJOT0 MOPOI000pa3younero MHHepaia B OT-
nenbHOCTH. OueHkn nposojuinck g PT Tpenna sBosonny rpaHaT-MMPOKCEHOBOM mopossl (puc. 2, Tabdmn.l),
YCTaHOBJICHHOTO B XOJi¢ CIIeNHajbHOI0 HcciefoBanus [4]. MojaenupoBaHUe ITOKA3bIBACT, YTO JaBJICHHE BO
BKJIIOUEHHSX B IPaHATE U B OPTONMPOKCEHE B XOJI€ MMPOTPECCUBHOIO MeTaMOp(du3Ma HIKE JTUTOCTATHYECKOTO Ha
0.6 u 0.2 xkOap, COOTBETCTBEHHO, a B KIIMHONMMMPOKCEHAaX He3HaunTenbpHO BhIme (Ha 0.03 xb6ap) (puc. 2a, Tadmn. 1).
[Ipu mexkoMIipeccuu NaBlICHHE BO BKIIOYCHHUSAX Bcerja Heckosbko Bhime (Ha 0.3-0.6 xk0ap) JIHTOCTaTHYECKOTO
(Ta6n. 1). O4eBUAHO, YTO pacyeTHBIC OTKIOHEHHS MABJICHUS BO BKIFOUEHHUSAX OT JIUTOCTATHUECKOTO JaBICHHS
HEe3HAYUTEIbHBI U1 KaKUX-TH00 HapyLIIeHWH LEeIOCTHOCTH MHHepanoB. CliezoBaTenbHO, 00pa3oBaHUe TPELIUH
OBLIO CBA3aHO C MHBIMU IPOIECCAMHU, TPUBOAALINMH K U3MEHEHHIO yeNbHOT0 00beMa BKItodeHus. K unciy Ta-

KHX HPOIIECCOB MOKHO OTHECTH IJIABJICHUE XJIOPUTA.

-T2 ro=3%10" M, R=2.5%10" m

(a) 9. (©) 40, 0+5%
357 ©+4%
171 P
= 301 Q+3 Yo
= 154 = 55 0+2%
o] - .
~ 13 o O0+1%
q_)“ a 20' .
511 5 -
E ﬂ‘: 1351 }L T - D -1%
A9 101 ’,99" o B-2%
7 ] 5177 B-3%
5 v T T T 1 0 ' LJ T T 1
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Puc. 2. PacueTHoe naBieHune BO BKIIOUEHHX XJIopuTa Baoiab PT Tperaa rpaHaT-nmupoKCeHOBOM MOPObL. a - 0e3 yueTa IIaBJIeHHs,
6 - c y4eTOM IUIaBJICHUS U TIOCIEAyIoNnel KpUCTAIUTH3AHY XJIOpHUTa. Y CIIOBHBIE 0003HAUCHUS: TyHKTUPHBIE IMHHUH - JaBIECHNUE BO
BKJTIOYCHHH, CIUIONIHBIC TUHKH - PT TpeHa, Kpy>KKH - JaBIeHHE BO BKIIOUCHUH IIPH yBEINYCHUSIX €T0 yASIBHOro 00beMa (TIaB-
JICHWE), KBaJIPaTHI - TaBIICHHUE TIPH YMEHBLICHHE YICIbHOTO 00beMa BKIFOUeHHS (KpucTaummsamysi). CBepXaaBieHHe BO BKIIOYE-
HUSX B KJIMHO- M OPTOIHMPOKCEHE IIPH IUIaBIeHUN/KPUCTAIUTU3ALUH ,0JIU3KHL.

Tabauna. [laBnenne Bo BKIIOYEHHAX XJIOPUTa B TOPOI000pa3yIOIIIX MUHEpaJIaX IpaHaT-MHPOKCEHOBOH MOPob! Oe3 yJera IaB-
JICHUS

T, °C Pressure, kbar
A A inclusion

given given . . .

in grt in cpx in opx

500 6.00 6.00 6.00 6.00
700 18.00 17.41 18.03 17.81
700 18.00 18.00 18.00 18.00
710 12.00 12.03 12.06 12.05
650 9.00 9.21 9.05 9.10

*P-T path of rock
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HecmoTtpst Ha TO, 4TO TepMOJMHAMUYECKHE YCIOBHS CTAOMIBHOCTH NMabaHTHTA MIOKAa HEU3BECTHBI, HEJIb3S
UCKIIFOYaTh BEPOSTHOCTH €T0 Pa3JIOKEHHS B XOJ€ ITPOIPECCUBHOrO MeTaMop(hu3Ma, cIeICTBUEM KOTOPOTO M MOTJIO
CTaTh JETH/IPaTallMOHHOE TUIABJICHNE BKJIIOYCHHWH Ha IMKEe MeTaMop(du3Ma IpaHaT-NMHPOKCEeHOBOH moposs! (P=18
k0ap, T=700°C) [4]. DTOT mpoIecc U3BECTEH KaK MO HKCIEPUMCHTaIBHBIM padoTaM, TaK W MO MPHUPOIHEIM MaTe-
puanam [5]. Ilpenmnonoxenue o MIaBJICHUH BKIIOYSHHUI XOPOILIO COrjlacyeTcsi ¢ uX Mopdoorueit 1 HepeIkum pac-
MIOJIOKEHHEM aCCOLMUPYIOIINX MHHEpaNoB 10 nepudepun Bakyouneil. [IocKoNbKy IuIaBIeHHE CBS3aHO C YBEJIUYe-
HHEM YJIIeNbHOTO 00beMa, a KPUCTAIIM3ALMUs Ha PETPECCUBHOM CTAAUHU - C €r0 COKpalleHHeM, TO 3TOT IPOLecC
MOXHO OLICHHTbH KOJMYECTBEHHO, BHOBH BOCIIOJIB30BABIINCH MOJIENIBIO STACTHYHOTO BKIIIOUSHHUS. PacdeTsl, BBINOII-
HEHHBIC JUJIsl ClTy4asl TUIABJICHUS BKIIOYEHUS] Ha MHKe MeTamop(u3Ma, MOKa3blBaloT, YTO yBEJIHUYEHHE YAEIHHOTO
oObeMa BKIIOUCHHS Ha 5 % KOMIIEHCHpYETCsl pocTOM JaBieHus Ooiee yeM Ha 30 kOap B rpaHare u OoJiee 4eM Ha
20 x0Oap B nupokceHax (puc.26). Eciu jxe npoyHOCTH MHHEpaia-Xx03siMHa He XBaTajuo Ui yJepiKaHUsl BO3ZHUKAIO-
IIEr0 HampsDKEeHUs, To Kpucrami "peaics” ¢ oOpa3oBaHHEM paJuaibHbIC TPEIIMH. B 3THX ciydasx paBieHHE BO
BKITIOYEHHUSX MOTJIO cOpachIBaThCS 10 JUTOCTaTHUEcKoro. Kpucrayumsanus Takoro BKIFOUEHHsI, HA000pOT, JOJIK-
Ha OblJIa COMPOBOXKJIATHCS COKpAIIEHHUEM YAEIBHOTO0 00beMa M MaJeHUEM JaBJICHHUS BO BKJIFOUCHHH, CIICACTBHEM
KOTOpPOT'O MOTJIO CTaTh 00pa30BaHHE KOHIIGHTPHUYECKHX TPEeIMH ycaakd. COrllacHO MOJAENBHBIM OLICHKAaM, COKpa-
meHne oobeMa Ha 3 % MPUBOJHUT K CHW)KCHHIO JTABJICHHS BO BKIIIOYCHUH, 3aKJIIOUCHHOMY Kak B KIMHO- TaK U Op-
tonmpokceHe Ha 13 xb6ap (puc. 20).

Pe3ynbTaTsl MOAENMMpPOBaHUS MOKA3bIBAIOT, YTO PA3IM4Us B (PU3MUECKUX CBOWCTBAX XJIOPUTA M BMEIIAIOIINX
MHHEpaJoB (IpaHaT, KIMHOIMPOKCEH, OPTOIMPOKCEH) HEJOCTATOYHBI ISl CO3JaHU B PACCMATPUBAEMBIX BKIIIOUCHU-
AX 3HAUUTENILHBIX HANPSDKEHUH, CIOCOOHBIX HAPYIIMTH MPOYHOCTHh BMELIAIOIIX MUHepanoB. CrenoBaTensHo, oOHa-
PYKEHHbIC HAMU CHCTEMBbI TPEIUH AOJIKHBI OBITH CBSI3aHBI C ()a30BBIMH MPEBPAIICHUSIMH BO BKJIIOUYEHHX. B ux unc-
JIO BXOJSIT PACCMOTPEHHBIE BhIIIE 3((EKTh IUIaBICHHUS/KPUCTAUIN3AIMN BKIIOUSHUH, a TaKkKe HEKHUEe TUIOTEeTHYe-
CKHE CMEUICHHBIE PEaAKIHH.

Q@unancosast noodepoicka: epaumol PODU Ne 09-05-01217 u 09-05-00991

As the external parameters of a metamorphic or magmatic process, such as pressure and/or temperature, vary,
pressure in mineral inclusions may differ from lithostatic pressure [1, 2]. This effect is due to difference between the
physical properties of an inclusion and those of a host mineral. If stress is considerable, radiating or concentric cracks
can form around inclusions. For example, radiating cracks around coesite inclusions in garnet, which arise upon re-
placement of coesite by quartz during ultrahigh-pressure rock decompression, are well-known [1]. Based on an elastic
inclusion model [3], the authors discuss the nature of cracks around chlorite inclusions revealed in all of the rock-
forming minerals of garnet-pyroxene rock from the Gridino high-pressure complex, Karelia [4].

The inclusions consists of diabantite (a variety of Fe-Si chlorite) associated with rare-earth minerals, such as
ferrotdrnebohmite and ferrodollaseite, which often occur at the periphery of inclusions (Fig. 1). Only radiating cracks
(Fig. 1a) are formed around inclusions in garnets, while both radiating and concentric cracks occur in pyroxenes (Fig.
16). Two systems of cracks around an inclusion in a mineral is a unique phenomenon.

An elastic inclusion model, presented in Gillet et al. [3], was used to estimate pressure in a chlorite inclusion
during the PT evolution of the rock. The model is based on Navier’s equation for isotropic medium in spherical coor-
dinates:

ah'v(ﬁ)zi Gu 24 g (1)
op\op p

where p is the radiating constant and # is the shift vector. It should be noted that as a spherical inclusion ex-
hibits even stress distribution over the entire surface, it gives marginal internal pressure estimates, other things being
equal.

The following boundary requirements should be met to solve this differential equation (1):

-atR=p

) TR
where B and C are constants, Pe is external (hydrostatic) pressure, R is garnet radius.
- normal continuous stress (o) at the host mineral-inclusion interaction boundary

gy [r Fur)] = oy [r+ur)] =-Pi,
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where Pi is inclusion pressure (internal pressure).
- continuity shift at the interaction boundary:
r'tul(r)=r’'+ulr)
Solution to differential equation (1) is provided by the following expressions for A, B and C constants [3]:
4p5'uC  p'P 4upC PP (r' —r)r’
A=-|222= PO g |28 P o 2D
3" 3 3R’ 3 48" 3r' +1

where 1 is hole radius, r' is inclusion radius, R is garnet radius, a (thermal expansion), f (isothermal compres-
sion), p (shear modulus) is the elastic constant of garnet, o', B’ are the elastic constants of the inclusion. The equa-
tions were solved using the iteration method. A, B and C, as well as the parameters a, B, o', ', i, @, were calculated
at each step of the increase in P and T. Superhigh pressure was estimated from the coincidence of the inclusion radius
with the radius of the corresponding hole in the crystal. The inclusion radius is expected to meet the requirement: R>5

r’and is calculated from the equation
1/3

T2
r'=r,- exp(Ia(T)dT) ,
Tl

where a(T) = a, +6—a-P+a—a-T+ 8052
oP oT oT

Pressure in the chlorite inclusion was estimated separately for each rock-forming mineral. Estimates were
obtained for the PT evolution trend of garnet-pyroxene rock (Fig. 2, Table 1) determined during special study
[4]. Modelling has shown that pressure in the inclusions in garnet and orthopyroxene during progressive meta-
morphism is 0.6 and 0.2 kbar lower than lithostatic pressure, respectively, and slightly higher (by 0.03 kbar) in
clinopyroxene (Fig. 2a, Table 1). Upon decompression, the pressure in the inclusions is always 0.3-0.6 kbar
higher than lithostatic pressure (Table 1). Obviously, the estimated deviations of the pressure in inclusions from
lithostatic pressure are too small to disturb the integrity of minerals. Consequently, the formation of cracks was
related to other processes that lead to changes in the specific volume of the inclusion. Chlorite melting is an
example of such processes.

Although the thermodynamic stability conditions of diabantite are still unknown, the probability of its decom-
position upon progressive metamorphism, which could have resulted in the dehydration melting of inclusions at the
peak of metamorphism of garnet-pyroxene rock (P=18 x6ap, T=700°C), cannot be ruled out [4]. This process is
known from experimental research and from the study of natural materials [5]. The assumption of the melting of in-
clusions is in good agreement with their morphology and with the occasional distribution of associated minerals at the
periphery of vacuoles. As melting is related to the increase of specific volume and crystallization at a regressive stage
to its decrease, this process can be estimated quantitatively, using the elastic inclusion model again. Calculation, made
for inclusion melting at the peak of metamorphism, has shown that an increase in the specific volume of the inclusion
by 5 % is compensated by the growth of pressure by more than 30 kbar in garnet and by over 20 kbar in pyroxenes
(Fig.2b). If the host mineral was not durable enough to retain the resulting stress, then the crystal was "broken" and
radiating cracks were formed. In such cases, the pressure in the inclusions could drop to lithostatic values. Con-
versely, the crystallization of such an inclusion is expected to be accompanied by a reduction in specific volume and
by the drop of pressure in the inclusion, which could result in the formation of concentric mudcracks. According to
model estimates, as volume decreases by 3 %, the pressure in the inclusion hosted by both clino- and orthopyroxene
drops 13 kbar (Fig.2b).

The results of modeling have shown that differences in the physical properties of chlorite and host minerals
(garnet, clinopyroxene, orthopyroxene) are not great enough to create a considerable stress in the inclusions discussed
which can disturb the durability of the host minerals. Consequently, the systems of cracks the authors have revealed
are related to phase transformations in the inclusions such as the above melting/crystallization of inclusions and some
hypothetic shifted reactions.

The project was supported by RFFR grants 09-05-01217 and 09-05-00991

-T2 r0=3*%10"m, R=2.5%10° m
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MHUHEPAJIBHBIE ITAPAT'EHE3UCBI SKJIOTMTOB U SKJIOT'HTOIIOOBHBIX ITOPOJ
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MINERAL PARAGENESES OF ECLOGITES AND ECLOGITE-LIKE ROCKS FROM THE
GRIDINO DYKE FIELD

Nozhevnik V.M.
Institute of Mineralogy, Petrology and Ore Geology, RAS, Moscow, Russia, victoriya2005 @mail.ru

Ha Bceit tepputoprn beromopckoro moaBIKHOTO ITOsica ONMHCAHBI KOPEHHBIE BBIXOZBI SKJIOTHTOBBIX IOPOT,
c(hOpMHUPOBABIINXCS IO MHTPY3HUBSIM OCHOBHOTO cocTaBa. Haxoaku SKJIOTHTOB B paiioHe C. [ pHIMHO MHTEPECHBI TeM,
YTO 3/IECh COXPAHEHbI HX €CTECTBCHHBIE B3aMMOOTHOIICHNS C BMEIIAIOIIMMH TOJIIAMH, KOTOPBIE TIO3BOJITIOT KOPPEKT-
HO BOCCTaHOBHTb I'€0JI0T0-CTPYKTYpPHBIE U (PH3UKO-XUMUYECKUE YCIIOBUS (POPMUPOBAHUS SKIIOTUTOBBIX MOPO/I.

HecMoTtps Ha TO, YTO ETPOIOTMUECKON XapaKTEPUCTUKE NAcK | pUAMHCKOro JaliKOBOI'O HOJIS IIOCBSILEHBI MHOTUE pa-
6otsI [1,2,3], ycioBust 0Opa3oBaHus MeTaMOPPUUECKIX TIOPOJT paiioHa c. [ pruauHO 10 cux Hop OCTaroTcs CropHBIMA. [Ipo-
OyieMa 3aKIIIOYaeTCsl B TOM, KAKOB BO3pacT MeTamop(hr3Ma 1 0ZIMHAKOBA JIM €0 CTeNeHb JUIs BCeX TUIIOB Nopof. B cooTsercT-
BHU C PELICHHEM 3TOT0 BOIPOCa TPELIararoTes pasinuHble TeKTOHMYecKHe Mojien. OcTaeTcsi HesICHbIM, (DOPMUPOBAJIHCH JTA
SKJIOTUTHI U30(aIMaIbHO C BMEIIAIOIIMMHI TOPHBIMH ITOPOIAMH HITH JUTS MX 00pa30BaHUs TPEOOBAIMCH KAKHE-THOO CIICIU-
¢raeckre (HU3NKO-XUMUYECKUE (M, COOTBETCTBEHHO, T€OAMHAMUYECKHE) YCIIOBHS, HE NMEBIINE PETHOHAIBHOTO 3HAYCHUSL.
KimrouoMm K pemieHuto 3Toro BoIpoca SBJISIOTCS COBMECTHBIE MCCIIEIOBAHMS KaK SKJIOTHTOB, TaK M BMELIAFOIIMX MOPO/T C TIPHU-
MEHEHHEM METO/]a KOJIMYECTBEHHO-TIApareHeTHYECKOro aHaIi3a. B OCHOBE 3TOro MeToza JISKHUT JETATbHOE H3YUeHHE MHUHE-
PATBHBIX ACCOLMALMHN, TEKCTYPHBIX M CTPYKTYPHBIX B3aMMOOTHOILICHUH MUHEPAJIOB, KOJMYECTBEHHbIN aHAJIN3 NX COCTABOB U
pacter o 3THM JITaHHBIM TJIaBHBIX (PI3MKO-XMMHUYECKHX MTApaMETPOB MUHEPATIGHBIX PABHOBECHIA.

B cocraBe I'puauHCKOTO IaifkOBOTO IOJISI pacIpoCTpaHeHB MeTamopdu3oBaHHBIe Aaiiku OazutoB. Ilpudem
OJIHM M3 HUX COXPaHWIN OOJMK MHTPY3UBHBIX TEN U MIEPECEKAOT THEHCOBUIHOCTD, a APYTUE ObIIN 3HAYUTENBHO Je-
¢dbopmupoBansl [4] . Meramopdu3oBaHHbIe qaliKyi 0a3UTOB MPOPHIBAIOT MOPO/Ibl TEKTOHMYECKOTO MEJIaHXka, B COCTaBe
KOTOpOTO MpeobaaroT METaTOHATUTHI U METarpaHUThI.

OKJIOrMTH3UPOBaHHBIE 0a3UThl HA KOHTAKTaX C BMEIIAIOUIMMHU FOPHBIMH MOPOAaMH 00bIYHO aM(UOOTH3HPO-
BaHbl. BCcTpedaroTcs: cpemHe3epHUCThIe aM(pUOOIUTHI ¢ OMOTHTOM, PEXE C TPAHATOM M HEOOJBIINM KOJHYCCTBOM
TUIarnoKJIa3a — KOHEYHBIH pe3ysIbTaT MpeoOpa3oBaHusl JaHHbIX ITOPOI.

BwMmemaromnyiie mopojpl - MeTaMOp(HU30BaHHbIC TOHAJIUTHI, IUNIATHOTPAHNTHI M TPAHUTEHI - pa3rHEHCOBaHbL. B ux
cocTaBe npeo0nanaloT: OMOTUT, TpaHaT, aM(pHOOI, IIArHOKIIa3, KAIUEBBI MOJIEBOW IIMaT U KBapll, HHOTJa IPUCYT-
CTBYET 3MUI0T. IIpryeM 3nHuI0T Yalie BCero BCTPEYAeTCsl B TE€X PA3HOBHIHOCTSX MOPO, B KOTOPBIX OTCYTCTBYET
rpaHaT U BCTpedaeTcs KapOoHar.

O6pas1el, 0TOOpaHHBIE B pa3HBIX MECTaxX OAHOW JalKu, OBLIN U3Y4YEHBI U3 YIACTKOB C COXPAaHUBIIMMHUCS TIep-
BHYHO-MarMaTHYeCKHMH IIapareHe3NCaMH, a TAKKe U3 SKIOTHTU3UPOBAHHBIX U aM(nOOIM3NPOBAaHHBIX Y4aCTKOB.

Hawubosee nHpopMaTUBHBIM OKa3ajcs oOpasell, 0ToOpaHHbIi Ha 0. BoporHas Jlysa Ha KOHTaKTe KUCIIOH IMO-
POJIBI C METAKCEHOIMTOM POrOBOOOMaHKOBO-I'PaHaT-KIMHOIMPOKCEH-ONOTHT-IUIarHOKJIa30BOr0 COCTABA.

B 00pa3ie oT4eTIMBO BBLICNSIOTCS TPH JIOMEHA, Pa3IHYaloNIUXCs 110 BAJIOBOMY M MUHEPAIbHOMY COCTaBY: B
JIOMEHE, COOTBETCTBYIOIIEM METAarpaHHTy, MPeo0aqaroT BhICOKOMAarHE3WAbHBIH OMOTHT, MJIarHOKIAa3, KaJIUEBBIH
TI0JIEBOM IITIAT U KBApIl; B IPOMEXYTOYHOM JIOMEHE, YCIOBHO HA3BaHHOM METAIeJIMTOM, IPUCYTCTBYIOT OMOTHUT, Tpa-
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HAT, TUIATHOKJIa3, KBapIl, a TaK)Ke O0HAPY)KEH KHAHUT, T.€. MUHEpAIbHAsL aCCOLUAIINs, HAUDOJIee MPUTOHAS IS T€0-
TepMobapomerpun. HakoHel, KOCHOBHO#» JOMEH CIIOKEH JKJIOTUTONOM00HOM accouaIieil, CoCTosIIel u3 rpaHaTa
U KIIMHOMMPOKCEHA, C MOYMHEHHBIMH POrOBOI 0OMAaHKOM U IUIArHOKJIa30M. B MOpojie MOKHO BBIJICIUTH J[BA THIA
rpaHara: mepBblii — THIHAAOMOPQHBIHN, ¢ GOJBIIAM KOJHYECTBOM BKITIOUCHHM B IIEHTPE U MPAKTHYECKH TONHBIM MX
OTCYTCTBHEM IO KpasM 3e¢peH; BTOPON — He WMEIOIIHH YeTKUX OuepTaHHi, ¢ GOJBIIMM KOJUYECTBOM BKIJIFOUCHHUI
KBapIa ¥ OGHOTHTA. DTO TOBOPUT O TOM, UTO MOPOJIA, BEPOATHO, TPETEPIIENa CIOKHBIHA UK METAMOP(PHUIECKHX TIpe-
obpazoBanwmii. Ha 9T0 Takke yKaspIBAIOT pasiMdms COCTaBa TpaHaTa B COCEIHHUX JoMeHax. [IpenBapuTenbHbIe pacue-
THI TIOKa3ayH, uto PT mapameTpsl muka MeTaMopQu3Ma, YCTaHOBIEHHBIC 10 MUHEPATBHBIM aCCOIHAIIUSIM PA3THIHBIX
JIOMEHOB, OJIM3KH MEX 1y co00it u coorBeTcTBYIOT 650-700°C 1 11-12 x6ap.

Eclogitic rocks formed after basic intrusions have been described from the entire Belomorian mobile belt.
Finds of eclogites from the Gridino area are interesting because the eclogites have retained their natural relations to
host units that can be examined to correctly reconstruct the geological-structural and physico-chemical conditions of
formation of eclogitic rocks.

Although dykes from the Gridino Dyke Field have been described petrologically by many authors [1, 2, 3.],
the conditions of formation of metamorphic rocks in the Gridino area remain the subject of debate. Two questions
arise: 1) What is their metamorphic age? 2) Is metamorphic grade the same for all rock types? Various tectonic mod-
els have been proposed to answer these questions. It is not clear whether eclogites were formed isofacially with host
rocks or some distinctive physico-chemical (and, therefore, geodynamic) conditions of no regional significance were
required for their formation. Solution to this problem is provided by combined study of both eclogites and host rocks
using quantitative-paragenetic analysis. This approach is based on detailed examination of mineral assemblages, tex-
tural and structural relations between minerals, quantitative analysis of their compositions and estimation of the basic
chemical parameters of mineral equilibria from the data obtained.

Metamorphosed basic dykes are widespread in the Gridino Dyke Field. Some have retained the habit of intru-
sive bodies and cut across gneissosity, while others have been greatly deformed [4]. Metamorphosed basic dykes
cross-cut tectonic mélange rocks dominated by metatonalite and metagranite.

Eclogitized basic rocks at are commonly amphibolized at host rock contacts. Medium-grained amphibolites
with biotite, lesser garnet and small quantities of plagioclase, produced by alteration of these rocks, are encountered.

Host rocks, such as metamorphosed tonalite, plagiogranite and granite, are foliated. Their composition is
dominated by biotite, garnet, amphibole, plagioclase, K-feldspar and quartz. Epidote is encountered occasionally. It
occurs commonly in rock varieties, where garnet is absent and carbonate is sometimes present.

Samples collected from the different portions of a dyke were examined from areas with preserved primary-
magmatic parageneses and from eclogitized and amphibolized areas.

The sample collected from Vorotnaya Luda Island at the contact between felsic rock and metaxenolith of
hornblende-garnet-clinopyroxene-biotite-plagioclase composition was found to be most informative.

Three domains, differing in bulk and mineral composition, are clearly distinguished in the sample: 1) the do-
main which corresponds to metagranite is dominated by high-Mg biotite, plagioclase, K-feldspar and quartz; 2) the
intermediate domain, named arbitrarily metapelite, consists of biotite, garnet, plagioclase and quartz; kyanite, i.e. a
mineral assemblage most suitable for geothermobarometry, has also been revealed; 3) the “basic” domain is made up
of an eclogite-like assemblage consisting of garnet and clinopyroxene with minor hornblende and plagioclase. Two
types of garnet can be distinguished in the rock: 1) a hipidiomorphic type with abundant inclusions in the centre and
their almost complete absence along grain margins; 2) an indistinct type with abundant quartz and biotite inclusions.
This, together with differences in garnet composition between neighbouring domains, suggests that the rock has been
subjected to a complex cycle of metamorphic alterations. Preliminary calculations have shown that the PT parameters
of the metamorphic peak, estimated from the mineral assemblages of different domains (650-700°C and 11-12 kbar)
are similar.
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OKIJIOTHTHI HECYT BayKHEHIIY 0 HHQOPMALNIO O TITyOMHHBIX MTpoLieccax, NPOTEKAIOIMX B 30HaX KOHBEPIeHIIUH
JTUTOC(EPHBIX TUTUT. XapaKTep 3KJIOTUTH3ALUH MOXKET MEHSTHCS B 3aBUCHMOCTH OT Pa3IMYHBIX IapaMETPOB, K YUCITY
KOTOPBIX MOYKHO OTHECTH TEPMaJIbHYIO CTPYKTYPY 30HBI CyOIyKIMN/KOIIU3UH, TTOJI0KEHHE TTOPOJ B IIOTPYKAIOIIECH-
sl TUIMTE, THI TIEPBUYHBIX MMOPOJ M (UIIOWAHBIN pexuM Metamopduima. Eciau B 0JJHUX SKJIOTHTaX MPOrPECCUBHBIC
npeoOpa3oBaHus OTCYTCTBYIOT BOBCE, TO B IPYTMX HaOI0aeTCs MMoCiIe0BaTeNbHas CMEHa OJJHUX MUHEPaJIbHBIX ac-
couuauuii Apyrumu . [IpuMedaTenbHo, 4TO B METaMOP(PHYECKUX KOMIUIEKCaX, KaK MPaBHJIIO, MPOSBIICH JIHUIIb OJHH U3
BBIIIICHA3BaHHBIX PEKUMOB AKIIOTHTH3AIMU. B 3Toil cBs3M OoubIIoi MHTEpeC mpeacTasisieT | pUIUMHCKUI BBHICOKO-
OapHBIH KOMIUIEKC, I7Ie B TeaX, HaXOAAIINXCsl Ha HeOOJIBIIOM YAAIEHHH APYT OT Apyra (IepBble KMIOMETPHI) B Ipe-
JieTlax eJMHOTO THEecoBoro cyOcTpara, IposiBiIeHbl 00a peXuMa dKIIoruTH3anuu. B nanHoi pabore npuBOANTCS MeT-
pOJIOTHYECKast XapaKTEPHUCTHKA TIOPOJI, SKJIOTUTH3UPOBAHHBIX B Pa3HbIX PEXKUMax, U 00CYKIAIOTCSI BO3ZMOXKHBIE TIPH-
YHMHBI UX IPOCTPAHCTBEHHOTO COBMEIICHHUS B IIPEAETAaX OJJHOTO KOMILIEKCA.

I'punuHCKUIT BEICOKOOAPHBIN KOMIUIEKC MPEACTaBIAET COO0H TEKTOHHYECKYIO IUTACTHHY CEBEPO-3amaaHo-
T'O TMPOCTHPAHUS, MIPOCIEKNBAIONIYIOCS B IPUOPEXKHON ToJI0ce U Ha 0-Bax bemoro mopst 1o 50 kM npu mmupuHe
6—7 kM [1]. OcHOBHO# 00BbEM KOMIUIEKCA COCTABJISIOT MUTMATU3UPOBAHHBIC THEHCHI, ColepKaline Oy IuHUPO-
BaHHBIE TeJa OPOJ| PA3IMYHOr0 pa3Mepa U cocTaBa. B OyanHax pes3ko mpeobiaafaloT NOposl OCHOBHOTO COCTa-
Ba — MeTa0a3UThl (AKIJIOTUTHI U aM(pUOOIHTHI), peKe MPUCYTCTBYIOT METayJIbTpaMa(uThl, MpaMOpPBI, IOU3UTOBbIE
W CKaroJInToBble Mopobl. KoMIuiekc cedercss MeTaMop(hU30BaHHBIMU B YCIIOBUSIX SKIIOTUTOBOW U BEpXOB aM(u-
O6onuToBOl Qanuii nalikamMmn rabOPOUAOB NMAIEONPOTEPO30MCKOro BO3pacTa, a TAK)Ke MHTPY3HSAMH W KHUIAMHU
maruorpaHuTos [1-3].

OnuH 13 peXXUMMOB MeTaMOp(hH3Ma MOXKHO HaOJIIOAATh B HEKOTOPBIX OyJAMHUPOBAHHBIX TENaX, HAXOISIINXCS B
aM(puO0I-O0HOTHTOBEIX THelcax 0-Ba CTonOmxa. TO MacCHBHBIE MEITKO-CPETHE3EpHUCTHIE MOPOIBI C TPpaHO0IacTO-
BOM CTPYKTypoil. BricokoOapHBIil mapareHe3nuc mpeacTaBieH rpaHaToM, oM(auToM, KBapueM u pyTminoM. Ha per-
peccuBHOM cragnu obpasyrorcst AmftPl+Bt kaiimbl Bokpyr rpanata, a Takxke Cpx+PltAmftBt cumiekTuTs MO
KJIMHOIIUPOKCEHY. B IIeHTpallbHBIX, HANMEHEE KEJIE3UCTHIX, YacTsIX rpaHaTa HaxXOsITCS BKIFOUEHHMS SIHI0TA, XJIOp-
cozpepxaiero am¢puooa, kapOoHaTa, peAKkne BKIIOYEHHS KBapLa U aJbOHuTa, KOTOpble GUKCUPYIOT PaHHUH 3Tam pas-
BUTHS TTOPOJIbI, COOTBETCTBYIOLIMH ampuboianToBoi damun meramopdusma. Pacnonararommecs Bo BHeUIHEH 30HE
pOCTa rpaHaTa BKJIOUYEHHs KBapiia U oM@aluTa OTHOCATCS K MUKy Metamopdu3ma (puc.la). Omdauur B MaTpukce u
BO BKJIIOYCHUSIX COJCPXKUT 110 32 MOJIBH. % jKaJeuTta. B KIMHONMpPOKCEHE U3 CUMILIEKTUTOB COJEPKaHUE ITOTO MHU-
Hana cHwxkaercs 10 8 mosbH. %. Ilo naHHBIM TepmoOapoMeTpuu (rpaHaT-KIMHOMUPOKCEHOBBIH TepMoMeTp [4] u
KJIMHOITMPOKCEH-TUIarnoKJIa3-KBapleBbli 0apometp [5]), nmuk meramopdusma 3TuxX mnopoj coorserctByer T = 700-
750°C npu MuHMMansHOM fasiennu P = 15 x6ap.

CoBceM Ipyroi xapakTep SKJIOTHTOBOTO Meramop¢uisma Habiromaercs B ['pUAMHCKOM TalKOBOM TIOJE.
TunuuHele JUIst TUX TOpPOJ MeTaMopHuUecKre IpeoOpa3oBaHus MOXHO Ha0JII0aTh B Jaiikax MerarabOpo Ha o-
Be Be3bIMsHHBIN. DKIOTUTHI IPEACTABIAIOT COO0H HEPAaBHOMEPHO3EPHUCTHIE MOPOIBI ¢ TPAHOOIACTOBON CTPYK-
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Typoil. OHU CIIOKEHBI I'PaHATOM, KIIMHO- U OPTOIIMPOKCEHOM, a TAK)KE€ PEerpecCUBHBIMU OHOTHTOM, aM(pHUO0IOM,
IUTarMOKJIa30M M KBapleM. B rpanatax conepikaTcsi BKIIOUCHHS KMAaHWTA, KBapla, U oMdannTta ¢ BEICOKHM CO-
JIep KaHUEeM KaJeuToBOM Mojekyibl (1o 40 MonbH. %) (puc.16). B KIIMHOMMpPOKCEHAX OCHOBHOM MaccChl COMep-
JKaHHE JKaJeUTOBOTO MHHAJA B IIEHTPaX KPUCTAIIOB JocTHraeT 22 MonbH. %. IIpuMedaTensHo, 4TO HECMOTPS
Ha onuHakoBele PT ycioBust oOpa3zoBaHus, BKIIOUEHUS oM(anuTa, KHaHUTA U KBapua B siapax rpanara (puc.10),
MTOKa3bIBAIOT 3HAYUTENIBHO 00Jee BRICOKOE JaBJICHUE, YeM MUHEPAJIbl MaTPUKCa MOPOJIBl. DTO, BEPOSITHO, CBs3a-
HO C JIOKQJILHO# HEOAHOPOIHOCTHI0 MUHEpPaIoo0pa3sytoriell cpesbl. Tak, MUHEpalbl U3 BKIIOYEHUH POCIH B ILIa-
T'HOKJIa30BOM JOMEHE, I'le ObUT M30BITOK HATPHUS U AMIOMUHHS, B TO BpeMs Kak OM(aluT U3 MaTpUKCa KPUCTAJ-
JU30BAJICS B JIOMEHE MarMaTu4eckoro KIMHOMUpPOKceHa, ooenHenHoro Na u Al. [lozunuonnpoBanue Hanbosee
BBICOKOOApHO acconualyy B SACPHOM YaCTH TpaHaTa CBs3aHO C 0OCOOCHHOCTSIMH Pa3BUTHSI KOPOHAPHBIX CTPYK-
Typ. 3/1ech I'paHaT, pacTylUil Ha rpaHMIe IIarnokiasa ¢ Fe-Mg MuHepanom, MOXKET ITOJTHOCTBIO 3aIIOJIHUTh J0-
MEH, BBIIIOJIHEHHBIH OJTHUM W3 MCXOJHBIX MHUHEpasoB. Takoi Xxapakrep pocTa rpaHaTa (BHYTpPbh KpUCTallia) BO3-
MOXXEH B TOM cCllydae, Korja 00beM OJHOTO M3 JOMEHOB (IUIarnokias), CymeCcTBEHHO MEHbIIE 00beMa APYyroro
JnoMeHa (mupokceH). PerpeccuBHbBIE MPOSIBICHUS XapaKTEPU3YIOTCS pOCTOM KpaeB 0oJiee JKeJIe3ucToro rpaHara
1 KJIMHOTIMPOKCEHA C HU3KNUM COJIEp)KaHUEM XKaJIenuTa, a TAaK)KEe pa3BUTHEM BTOPHUYHBIX IUTarnokiasa, ampuodona,
OMOTHTA ¥ TIIATMOKJIa3-KIMHOMHUPOKCEHOBBIX CHMILIEKTUTOB. COTIIACHO MOKa3aHMUsIM TpaHaT-KINHOIHPOKCEHO-
BOTO TepMoMeTpa [7] ¥ KIMHOMHMPOKCEH-TIIIAarnoKIa3-KBapieBoro 6apomerpa [8], muk meramopdu3Ma 3THX TI0-
pon orBeuaer T=750°C npu nasiaexun P>15 kbap. OTCyTCTBHE NaparoHUTa B MOPOJIE CBUIETEIBLCTBYET O TOM,
YTO AaKTHBHOCTh BOJBI BO (UIIOWAE NPU 3TUX IapaMeTpax COIJACHO PaBHOBECHIO IaparOHUT=IKaJeUT+KHa-
Hut+H,0O He npespimana 0.4.

Puc.1. CtpyKTypHBIC COOTHONIEHUS B SKJIOTHTAaX, 00Pa30BaHHBIX IPH Pa3HBIX peXXMMax MeTaMopdusMa. a - SKJIOTHT ¢ Iporpec-
CHBHOHU M perpeccUBHON cragusaMu Meramopdusma, 0-B Ctonbuxa, 6 - 3KJIOTUT C MPOSIBICHHEM IIMKa MeTamMopdu3Ma U perpec-
cuBHOHU craguu (0-B BespiMsuHblil). PoTorpadus B OTpakeHHBIX JJIEKTPOHAX. Y CIOBHBIE 0003HadeHus: Amph - am¢pubon, Bt -
6uortut, Cpx - kuHonupokceH, Ep - anupor, Grt - rpanart, Ky - knanut, Omp - omdarur, Opx - opronupokceH, Pl - miaruoknas,
Qz — xBap1.

CpaBHUBas METPOJOTNIYECKHE OCOOCHHOCTH PAacCMOTPEHHBIX HMOPOJ, MOXHO T'OBOPUTH O TOM, YTO OJHH M3
HUX (9KIOTUTHI 0-Ba CTosbMXa) ObUTH 0Opa3oBaHEl B PE3YJIbTATE MPOrPECCHBHOTO MeTaMopdu3Ma, COMpOBOXKIAI0-
IIErocsi HHTCHCHUBHBIM BBIJICJICHHEM BOJHOTO (pIIoKIa, B TO BpeMs Kak Jpyrue (3KJIOTHTHI 0-Ba be3bIMAHHBIN) ObUTH
00pa3oBaHbl P 3KJIOTMTOBOM MeTaMop(du3Me, HaJIOXKEHHOM Ha "cyXyl0" MarmMaTniecKkyto acconuamnuio. CToss pas-
HBIE PEXKHUMBI MeTaMOp(hH3Ma MOTYT OBITH CBSI3aHBI JIMOO ¢ PAa3HBIMU T€OANHAMHYECKHM O00CTaHOBKaMU (CyOIyKIms,
KOJUTM3HS), ¥ TOTJa SKJIOTUTHI JOJDKHBI IMETh pa3Hble BO3PAcTa, MO0 ¢ pa3HbIM MO3UIHOHHPOBAHUEM OHOBO3DPACT-
HBIX ITOPOJ B IOTPY’Karolieiics minTe.

Qunancosas noddepoicka: epaumot PODU Ne 09-05-01217 u 09-05-00991

Eclogites contain essential evidence for the deep processes occurring in the convergence zones of lithospheric
plates. Eclogitization pattern depends on various parameters such as the thermal structure of a subduction/collision
zone, the position of rocks in a plunging plate, the type of primary rocks and the fluid regime of metamorphism.
Some eclogites exhibit no progressive alterations, while others display a succession of mineral assemblages. Curi-
ously, only one of the above eclogitization regimes is commonly observed in metamorphic complexes. Of great inter-
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est in this connection is the Gridino high-pressure complex, where both eclogitization regimes were identified in bod-
ies spaced several kilometers apart in common gneiss substrate. In the present paper the petrological characteristics of
rocks eclogitized in different regimes are described and possible reasons of their spatial overlapping within one com-
plex are discussed.

The Gridino high-pressure complex is a northwest-trending tectonic slab which is traced in a coastal strip and
on islands in the White Sea over a distance of up to 50 km and over a width of 6-7 km [1]. The complex is dominated
by migmatized gneisses that host boudin-like rock bodies varying in size in composition. The boudins are clearly
dominated by mafics such as metabasic rocks (eclogites and amphibolites); metaultramafic rocks, marble and zoisitic
and scapolitic rocks are less common. The complex is cut by gabbroid dykes of Palacoproterozoic age, metamor-
phosed to eclogite and upper amphibolite grade, and by plagiogranite intrusions and veins [1-3].

One metamorphic regime is observed in some boudin-like bodies that occur in amphibole-biotite
gneisses on Stolbikha Island. They consist of massive fine- to medium-grained granoblastic-structured rocks.
High-pressure paragenesis is represented by garnet, omphacite, quartz and rutile. Amf+P1£Bt rims around
garnet and Cpx+Pl£AmftBt symplectites after pyroxene are formed at a regressive stage. Epidote, chlorine-
bearing amphibole and carbonate inclusions, as well as scarce quartz and albite inclusions that indicate an
early stage in rock evolution corresponding to amphibolite-facies metamorphism, occur in the central, Fe-
poorest portions of garnet. The quartz and omphacite inclusions, occurring in the external zone of garnet
growth, were generated at the peak of metamorphism (Fig.1a). Omphacite in the matrix and in inclusions con-
tains up to 32 mole % jadeite. The concentration of this minal in clinopyroxene from symplectites declines to
8 mole %. Thermobarometric data (garnet-clinopyroxene thermometer [4] and clinopyroxene-plagioclase-
quartz barometer [5]) have shown that the metamorphic peak of these rocks was at a temperature of 700-
750°C and at a minimum pressure of 15 kbar.

The eclogite-facies metamorphism in the Gridino Dyke Field shows an absolutely different pattern. Meta-
morphic alterations typical of these rocks can be observed in metagabbro dykes on Bezymyanny Island. The ec-
logites occur as inequigranular granoblastic-structured rocks. They consist of garnet, clino- and orthopyroxene and
regressive biotite, amphibole, plagioclase and quartz. Garnets host kyanite, quartz and omphacite inclusions with a
high concentration of a jadeite molecule (up to 40 mole %) (Fig.16). The clinopyroxene of the matrix contains up
to 22 mole% jadeite minal in the centre of crystals. It should be noted that, in spite of identical P-T conditions of
formation, omphacite, kyanite and quartz inclusions in garnet cores (Fig.16) show much higher pressures that rock
matrix minerals, which is probably due to the local heterogeneity of a mineral-forming environment. For example,
minerals from inclusions grew in a plagioclase domain, where sodium and aluminium concentrations were exces-
sively high, whereas omphacite from the matrix crystallized in an igneous clinopyroxene domain depleted in Na
and Al The position of the highest assemblage in the core of garnet is due to the evolution characteristics of coro-
nary structures. Here, garnet growing at the plagioclase-Fe-Mg mineral boundary can fill the domain composed of
one of original minerals. Such a garnet growth pattern (into a crystal) is possible when the volume of one domain
(plagioclase) is much smaller than that of other domain (pyroxene). Regressive events are characterized by the
growth of the margins of Fe-richer garnet and low-jadeite clinopyroxene and the evolution of secondary plagio-
clase, amphibole, biotite and plagioclase-clinopyroxene symplectites. The garnet-clinopyroxene thermometer [7]
and the clinopyroxene-plagioclase-quartz barometer [8] show that the metamorphic peak of these rocks was at a
temperature of 750°C and a pressure >15 kbar. The absence of paragonite in the rocks suggests that water activity
in the fluid at these parameters was not more than 0.4 according to the equilibrium parago-
nite=jadeite+kyanite+H,0.

Comparison of the petrological characteristics of the rocks described shows that some of them (eclogites from
Stolbikha Island) were produced by progressive metamorphism accompanied by the intense release of water fluid,
while others (Bezymyanny Island eclogites) were generated by eclogite-facies metamorphism overprinted on a "dry"
magmatic assemblage. So different metamorphic regimes could be due either to different geodynamic settings, such
as subduction or collision (if so, then eclogites are expected to differ in age) or to the different positions of coeval
rocks in a plunging slab.
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B okeanmueckoii muTocepe HaXOMITCS KOIOCCAaIbHBIE OOBEMBI BOTHOTO (DIIFOWA, 3aKIFOYCHHOTO B CTPYKTYpE
MUHepaIoB. Bospactanue TeMnepaTypsl U JaBICHUS B CyOIyIMPYIOMIEH IIMTE CIIOCOOCTBYET NMPOTEKAaHUIO MeTaMop(hu-
YECKMX PEaKLUi JIETHApaTalliy, BCICACTBUE KOTOPBIX CBA3aHHAs BOAA MOKHUIACT IUTUTY, B3aUMOJCHCTBYSI C TIOPOJIAMH BbI-
HIeNeXKAIEH MAaHTHH. DT MPOIIECCHl BO MHOTOM OMPEAEISIIOT XapaKTep U CTENEeHb IPeoOpa3oBaHisl MAaHTHIHOTO KIMHA U
(opmupoBanre MarMatudeckoro (ponta. [TockosIbKy IPUPOIHBIE JAaHHBIE [0 COCTaBY BUCSYEro KpbUla MaHTHHU U TIPOLIEC-
caM ero rnpeoOpa3oBaHys BECbMa OIPaHUYEHBI, BAYKHYIO POJIb B UX MTO3HAHWH MIPAIOT SKCIIEPHUMEHTAIILHBIE UCCIIC0BAHUS.
BwMecrte ¢ TeM, OoibIivie TepMaIbHBIC TPAJIUCHTBI, XapaKTEPHBIC TS 30H CYOMYKIIMH, 3aTPYIHSIIOT H3YUCHHE B3aUMOICHCT-
BUSI XOJIOTHOM OKEaHMYECKOW KOpBI C TOpsiueld MaHTHEl TpaJuIIMOHHBIMU METO/IaMH, OCHOBAaHHBIMH Ha M30TEPMO-HN300a-
pHUYECKHX JKcriepuMeHTax. Pa3pabaTbiBaeMblii HAMU HOBBIN ITOAXO0]] MO3BOJISIET BOCIIPOM3BOUTH OCOOCHHOCTH TepMaJlb-
HOM CTPYKTYpPHI 30H CYOIyKIIMK Ha YCTAaHOBKE THIIA "IMIMHp-TopmieHs" [1]. DTa MeToIMKa OCHOBaHA Ha CO3/IaHWH 3HA-
YHUTENHHOTO TEMIIEPATypHOTO TPpajfeHTa, 00ECIEUMBAIONIETO MPOTEKAHNE PeaKni AeruapaTali B 00pasax KOpPOBBIX
MOpOA B HHU3KOTEMIIEPATYpHOH OONACTH, M CHHXPOHHOE BO3ICHCTBHE BBICBOOOKIAIOIIETOCS CYIECTBEHHO-BOIHOTO
(o a Ha IOPOJIBI MAHTHHM B BEICOKOTEMITEpaTypHO obnacty. B naHHO# paboTe NpUBOISTCS pe3yabTaThl SKCIIEPHMEH-
Ta, MOJIETMPYIOIIETO MPOLECCHl MPE0Opa30BaHMsI OJMBHHA, MPEACTABIIAIOIIET0 MOCIBHBIN aHATOI MaHTUIHOTO KIMHA,
071 BO3JeHCTBHEM (DITFOMIA, BBIIEIMBILETOCS U3 IIayKO(haHOBOTO CIIAHIIA, SIBIIAOIIETOCS MOAIEIBHBIM aHAJIOTOM KOPBI.

OkcrepumeHT npu naBieHud 2.6 I'Tla mpomomxuTensHOCTRIO 168 4acoB BBIOMHSUICA Ha YCTaHOBKE "IH-
muaap-nopireHs" 8 UOM PAH. Usmepsiemas ¢ momornpio WReS5/20 TepMmonapsl TemrepaTypa Ha BEpXHEM KOHIIE 5
MM Pt ammynsr cocraBnsna 1000°C. Temnepatypa ~760°C Ha HIDKHEM KOHIIE aMITyJIbl PacCUMUTHIBANACh C TIOMOIIBIO
CICIMATIBHON mporpamMMsbl [2], yuuThIBaromei Temiopu3nyeckie CBONCTBA KOMIIO3UTHBIX MAaTECPHATIOB M Pa3MEphl
BEIIleCTBa Mociie onbITa. KOPpEeKTHOCTh Pacu€THBIX TEMIIEPATYp YCTaHABIMBAIACH C IIOMOIIBIO KATHOPOBOYHBIX IKC-
MIEpPUMEHTOB C JIByMsI TEPMOIIapaMy, TOMEUIEHHBIMH Ha Pa3HbIX (PUKCUPOBAHHBIX) YPOBHSX SUCHKH.

IMopomkn ncxogubIx mopox (pasmep 3epeH MeHee 50 MKM) IMOMEIIAINCH B aMITyJie B BHAE CBOCOOPa3HOTO
«COHIIBUYA», B KOTOPOM TJIayKO(aHOBBIH ClIaHen HaxoAwics B Oojee HU3KOTEMIIEpaTypHOH 30HE, yeM oiauBHH. PT
YCIIOBHUS SKCTIEPUMEHTOB COOTBETCTBOBAJIM PEKMMY TAaK Ha3bIBaeMOH «ropsuei» cyoayknuu [3]. B omblTax ucmomb-
30Bajics TIayKo(aHOBBIN claHen u3 paiioHa AtOamm, Kuprusus, cioKeHHBIH NMPEeHMYIIECTBEHHO TMIayKodaHoM (70
95 00beMHBIX %), ¢ HEOONBIIMMH COAEPXKAHUAMH (DEHTUTa, SNUI0Ta, Oappya3uTa, XJIOPUTA, KaJIbIUTa U anbOHTa.
Kpucramn cBexxero onuBuHa 06T 0TOOpaH B Kapbepe Axaiim, Hopserusi.

B xone skcriepuMeHTa IpoUcXoJuiIo Mpeo0pa3oBaHue BELIECTB I10]] BO3IEHCTBUEM METaMOP(PHUUYECKUX U Me-
TAaCOMaTHYECKHX TponeccoB. [aykodaHn yacTHyHO 3amernaicss oMpanuToM, KBapueM U aM(pu00I0oM BHHYUTOBOTO
coctaBa. O0bEM MOCIIETHETO YBEINYUBACTCSI OT OCHOBAHMUS TJ1ayKo(aHCIaHIIEBOH 001acTH K €€ BBICOKOTEMIIEpaTyp-
HOH IpaHMIIE C OJMBUHOM, TJI€ OSBIIIOTCS TaKkKe KPUCTAJUTBI TpaHaTa. Belenstomuiics B Xxo/ie pa3ioKeHHs IIayKo-
(ana BoHBIN (iron] copepxkai psa Mopoaooopasyomux KOMIIOHEHTOB (Si, Al u 1p.), KOTopble, B3aUMOJCHCTBYS C
onmuuHOM (Ol) 1o peakunu
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Ol + SiO, (60 ¢mouoe) — Opx;, (1)

CIIO0COOCTBOBAJI 0OPa30BaHUIO OPTONUPOKCceHOBOTrO (OpX) Ci10st MOLTHOCTHIO 10 40 MKM B OCHOBaHHMH OJIMBH-
HOBOW 30HHI (puc.la).

Belme opTOnMpoKCeHOBOTO CIOsI BCTpEYaeTcsl emle oanH opTonupokceH (Opx;) ¢ MOBBINIEHHONH MarHe3uaib-
HOCTBI0. DTOT OPTONUPOKCEH aCCOLMHPYET C YepBEOOPa3HBIMU BHIJCICHUAMH MarHe3uTa (Mst), IpuypoYeHHBIMHU K
TpaHUIaM 3epeH oiuBuHA (puc.l a).
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Puc. 1. OcHoBaHNE OJIMBUHOBOM 30HBI TIOCJIE SKCIIEPUMEHTA. @ — OPTOIMPOKCEHOBBIN CJIOH M MarHe3UT-OPTONHPOKCEHOBbIC BBIJICIICHNUS
Ha IPaHHULIC 3ePEeH ONMBHHA. VI300paskeHHe B OTPEKEHHBIX 3IEKTPOHAX. 6 — KapTa MHHEPAIbHBIX (a3 10 JaHHBIM HCCIIEJOBAHUS HA MHUK-
po3onze. Pamka — o6macTb, mpeacTaeiaeHHast Ha puc. la. CumBoibl MuHepaioB: Opx — opronupokceH, Ol — onuBuH, Mst - Marge3ur

INockonmbKy MarHe3uT B HICXOAHOM IOPOZiE OTCYTCTBOBAJL, TO €TI0 NOSIBIICHUE B OJMBUHOBOM 30HE, BEPOSTHO, CBSA3AHO C
PacTBOpPEHMEM KaJIbLIMTa U3 TJIayKO(aHOBOTO CJIaHIa B BOJXHOM (MIFOH/IE ¥ OTIIOKEHNEM B (popMe MarHe3uTa 1o BOCXOSIIIC-
My TepMaJIbHOMY rpaaueHTy. KirrodeByro posb B 3TOM IIpOLECCEe UIpasl BOIHO-KApOOHATHBIHN (YoM, MO/ ASHCTBUEM KOTO-
Pporo npoTekasa He TONbKO peakiys (1), Ho 1 IPOCTPaHCTBEHHO OTAENECHHAs OT He€ PEeaKIyst IMCTIPOIIOPIIMOHNPOBAHIS:

166



Mamepuanet kongepenyuu

Ol + CO; (80 gpniouoe) — Opx, + Mst.(2)

OTMETHM, YTO B OTJIMUKE OT peakiuu (1) 0oOpa3oBaHHE OPTOMUPOKCEHA B JAHHOW PEaKiH MPOTEeKaao 0e3
npuBHOCca kpemHuust. Kapra MuHepaibHbIX (a3, MOCTPOECHHAs Ha OCHOBE KapT PacClpejelieHUs] OpO1000pas3yroix
9JIEMEHTOB B OCHOBAHHH OJIMBHHOBOTO CJIOs, TIOKAa3aJia, 4TO 00hEMHOE COJIEPKAHUE OPTOIMTUPOKCEHA BTOPOrO THIA U
MarHe3ura COmocTaBuMBI (prc.16). DTO MOATBEPKAAET KOPPEKTHOCTD CIETAHHOTO TIPEIITOTIOKEHHS O peaKiuu (2).

TakuMm 00pa3oM, B XOJi€ DKCIIEPUMEHTAILHOTO HCCIEIOBaHUs OBUIO TIOKAa3aHO, YTO B COCTaBE MAaHTHIHOTO
KJIMHA MOTYT TIPOMCXOUTH MacIITabHbIE PeoOpa3oBaHust HCXOMHOTO OJMBHHA TI0JI BO3/IEHCTBHEM BOJHO-KapOOHAT-
HOTO (hironIa ¢ 0Opa3oBaHUEM JBYX THUIIOB OPTOMHUPOKCEHA, PA3IMYAOIINXCS [0 CTPYKTYPHBIM M XUMHYECKHM KPH-
TepusiM. OpTONMMPOKCEHU3AINSA MAHTHH B 30HAX CYOIYKIIMM KOHTPOJIMPYETCS HE TOIBKO MPHBHOCOM B HEE KPEMHHUSI
1 QJUTFOMUHHUS, HO ¥ YTJICKUCIIOTHI.

@unancosas noodepoicka: epanmol PODU Ne 09-05-01217 u 09-05-00991

The oceanic lithosphere contains tremendous quantities of water fluid present in mineral structure. Rising tempera-
tures and pressures in a subducting slab contribute to metamorphic dehydration reactions, owing to which combined water
leaves the slab, interacting with the rocks of the overlying mantle. These processes are largely responsible for the pattern
and degree of transformation of the mantle wedge and the formation of a magmatic front. As natural evidence for the com-
position of the hanging wall of the mantle and its transformation is fairly limited, experimental study contributes greatly to
their understanding. At the same time, high thermal gradients, characteristic of subduction zones, make it hard to examine
interaction between cold oceanic crust and a hot mantle by conventional methods based on isothermal-isobaric experiments.
A new approach the authors are developing can be used to reproduce the thermal structural characteristics of subduction
zones on a “cylinder-piston” assembly [1]. This approach is based on the creating of a considerable temperature gradient to
contribute to dehydration reactions in crustal rock samples in a low-temperature range and to the simultaneous effect of the
largely aqueous fluid emanated on mantle rocks in a high-temperature range. The present paper reports the results of an
experiment conducted to simulate the transformation of olivine, a model analogue of a mantle wedge, by the fluid which
emanated from glaucophane schist, a model analogue of crust.

The experiment was carried out at a pressure of 2.6 GPa for 168 h on a “cylinder-piston” assembly at the Insti-
tute for Experimental Mineralogy, RAS. The temperature at the upper end of a 5 mm Pt ampoule, measured with a
WRe5/20 thermocouple, was 1000°C. The temperature ~760°C at the lower end of the ampoule was calculated with a
special software [2] which accounts for the thermophysical properties of composite materials and for the size of the
matter after the experiment. The correctness of estimated temperatures was checked by conducting calibration ex-
periments with two thermocouples mounted at different (stable) cell levels.

Powders of original rocks (grain size less than 50 pm) were placed in an ampoule in the form of a sandwich, in
which glaucophane schist was in a lower-temperature zone than olivine. The PT conditions of the experiment were
consistent with a so-called “hot” subduction regime [3]. Glaucophane schist from the Atbashi area, Kirgizia, was
used. It consists dominantly of glaucophane (up to 95 vol. %) and small concentrations of phengite, epidote, bar-
roisite, chlorite, calcite and albite. A fresh olvine crystal was collected from Ahaim quarry, Norway.

During the experiment the substances were subjected to metamorphism and metasomatism. Glaucophane was
partly replaced by omphacite, quartz and amphibole of winchite composition. The volume of amphibole increases
from the base of a glaucophane schist range towards its high-temperature boundary with olivine, where garnet crys-
tals emerge as well. The water fluid, which emanates during glaucophane decomposition, contained some rock-
forming components (Si, Al, etc.) which interacted with olivine (Ol) in the reaction

Ol + SiO; (in fluid) — Opx,, (1)

contributing to the formation of an orthopyroxene (Opx) layer, up to 40 um thick, at the base of the olivine
zone (Fig.1a).

Above the orthopyroxene layer is another, Mg-rich, orthopyroxene (Opx,) layer. This orthopyroxene is associ-
ated with vermiform magnesite (Mst) emanations confined to olivine grain boundaries (Fig.1 a). As there was no
magnesite in the original rock, its presence in the olivine zone is presumably due to the dissolution of calcite from
glaucophane schist in water fluid and deposition in the form of magnesite along the ascending thermal gradient. A
key role in this process was played by water-carbonate fluid which affected not only reaction (1) but also the spatially
separated disproportionation reaction:

Ol + CO; (in fluid) — Opx; + Mst.(2)

It should be noted that, in contrast to reaction (1), orthopyroxene was formed in this reaction without addition
of silicon. The map of mineral phases, produced on the basis of maps of rock-forming element distribution at the base
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of the olivine layer, has shown that the volume concentrations of second-type orthopyroxene and magnesite are com-
parable (Fig.16). Consequently, our assumption regarding reaction (2) is correct.

To sum up, our experimental study has shown that in original olivine in the mantle wedge can be considerably altered
by water-carbonate fluid to form two types of orthopyroxene differing in structural and chemical criteria. Mantle orthopyrox-
enization in subduction zones is controlled by the addition of not only silicon and aluminium but also carbonic acid.
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[IInpokoe BHeIpeHNE COBPEMEHHBIX METOJIOB T€OXHMUH, T€OXPOHOIOTUH, T€0TEPMOOAPOMETPUH U TeO()UZUKI
B U3y4YCHUE METaMOP(PHUIECKUX KOMIUIEKCOB TIO3BOJIMIIM CYIIECTBEHHO CKOPPEKTUPOBATH HAIIW 3HAHUS 110 STAITHOCTH
Pa3BUTHS SHIOTCHHBIX, B TOM YHCJIE M METaMOP(UYECKHX, MPOLECCOB B ToKeMOpun pernona u Llenrpansao-Kois-
CKOro OJIOKa B YaCTHOCTH.

I'panynuro-rueiicoBsie Kommekchl LlenTpanbao-Konsckoro 610ka XxapakTepu3yloTcs HEOTHOKPATHBIM IPO-
SBJIEHHEM MeTaMop(H3Ma M MarMaTH3Ma, YMEPEHHBIM BBICOKOTPAIMEHTHBIM aHAATy3UT-CHIIMMAaHUTOBBIM THUIIOM
TEPMOIMHAMUYECKOTO PEXKUMa PErHOHATIBHOTO MeTaMopu3Ma apXeHCKOTo BPEeMEHH, CONPSDKEHHOCTBIO TPaHyIUTO-
BOro MeTaMop(hu3Ma CO CTAHOBJIEHHEM THIIEPCTEHCOAEPKALIIX IPaHUTOUIOB.

[IpousBeneHa pPEeKOHCTPYKIMSI MPOTOJIUTA THEHCOB KOJBCKOW CEpHM MO METPOreHHBIM W PEeIKO3eMEIbHBIM
aneMeHTaM. PacronioskeHre cocTaBOB 'HEHCOB B MOJISIX OCATOYHBIX M U3BEPKEHHBIX IMTOPOJI MO3BOJISIET IPEATIOIIararh,
YTO MPOTOJIUTAMHU THEHCOB KOJIbCKOM CEpHUU ABJIAINCH OCAIOYHBIC U BYJIKAHOI'CHHO-0CAJI0YHBIC TTOPO/JbI. FeO[ll/IHa-
MHYECKHE YCIOBHS (POPMUPOBAHUS MOPOJ] UCXOMHBIX ISl THEHCOB KOJIBCKOM CEpUH OTBEYAIOT YCIIOBHSIM OCTPOBO-
JIy’KHBIX 00pa3oBaHuid. Bpems nposiBiIeHus BYJIKaHUYECKOH AEATEIbHOCTH M 00pa30BaHMsI THEHCOB KOJILCKOW CepHH
B CEBEPO-3aMaHON yacTH Meradiioka (pukcupyeTcs HaIMYNEeM IUPKOHA BYJIKAaHOTEHHOTO NMPOMCXOXKICHHUS C BO3pac-
toM 2910+21 miH. set [3], 9TO CBUACTEIBECTBYET O CHHXPOHHOCTH TIPOIIECCOB OCAAKOHAKOIIICHHS M BYJIKAaHW3Ma B
Hentpansao-Konbckom merabmoke. MonenbHbid Sm-Nd Bo3pacT mpoToinTa THEHCOB KOJIBCKOH CEpUU OLICHUBACTCS
B 2922 muH. Jer B ceBepo-BocTouHoit uactu LlenTpanbHo-Konbsckoro meradioka (Timmerman, Daly, 1995) u — B
2955 MiH. JeT B ero LeHTpansHol JacTu [4].

B paiione o3zepa UyaswsaBpa (ceBepo—BOCTOUHAS YacTh 0JI0KA) MPOJATHPOBAHEI HaHOOJIee paHHKE 3TAIbl Ipa-
HYJIUTOBOrO MeTtamopdusma W sHAepOuTooOpa3oBanusi B mpeenax lleHrpansHo-Kombckoro Giioka ¢ Bo3pacTtamu
2832+11 mun. ner [S] u 2830460 mun. ner (Ilymkapes, 1978), coorBercTBeHHO. [IprMepHO B 3TO ke BpeMs: (huKCH-
pyeTcsi CTaHOBJICHUE MAarMaTH4ecKoro KOMIUIEKCa, HCXOJHOTO JUIsi OCHOBHBIX aM(pHOOII-ABYIHPOKCEHOBBIX KPUCTAN-
JIOCJIAHIIEB LIEHTPAJIbHOW yacTn Merabioka (paiion Bexe-TyHapsr) ¢ Bozpactom B 2830470 muH. jer [1; 2]. Takum
00pa3oM, NpHUBEACHHbIC JaHHBIE CBU/ICTEIBCTBYIOT O PETHOHAIBHOM MPOSBICHUH YCIOBHH I'PaHYJIMTOBOH (auuu B
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nepron 2832-2830 MuH. NeT B mpejenax IeHTPaIbHON U CeBEPO-BOCTOYHON YacTsAX OJ0Ka M MPUYPOYCHHOCTH (Hop-
MHUPOBaHHS SHAECPOUTOB K 00I1aCTSAM pa3BUTHS BHICOKOMETaMOP(HU30BaHHBIX KOMIUIEKCOB.

Bornee mo3HMe 3Tanbl TpaHyIMTOBOrO MeTaMopdH3Ma OIpe/ieieHbl B IICHTPE U Ha ceBepo-3amnae Ooka. s
TeHEpaINX TPAHYIUTOBBIX IUPKOHOB W3 OCHOBHBIX KPHCTAIIIOCIAHIICB IEHTPAJIBHON JacTu Meradioka (paiion Bexe-
Tynapser) nomyder Bo3pact 2760+£10 miH. et [1; 2]. B ceBepo-3amagnoii yactu (03. HembsBp) A7 THEHCOB KOIBCKON
CepUH TaKKe OMpEIeIICH IPaHyINTOBBIH MeTaMOP(H3M ¢ Bo3pacToM B 2788+16 muH. net [3].

Cornacuo manaeM E.B. bubukosoii (1973) u A.M. Tyrapunosa, E.B. bubuxosoii (1980), pernoHanbHbI MeTa-
MOp$H3M KOIBCKUX THEHCOB B paifoHax cT. Ilymosepo u 03. Baiikuc — 03. MoHUY€03epo npoTeKan 0IHOBPEMEHHO KaK B
IPaHyJIMTOBOM, Tak U amduoOoanTOBOl (auusix 2740+£50 u 2700450 miH. JeT TOMy Hasal, cooTBeTCTBeHHO. Clemyro-
U 3Tal IPOSIBJICHUS PErMOHAIILHOrO MeTaMop(du3Ma TPaHyIMTOBOM (artuu ¢ Bo3pacToM 2724449 muH. net [4] npo-
JIATUPOBAH B SH/IEPOUT-TPaHyJIMTOBOM KoMIuiekce paiioHa [Tynozepo — [Tonuek-Tynapsl. [IposiBiaenue amprbonuToBo-
ro MeTamop(u3Ma B rHelicaX KOJIbCKON cepuH ¢ Bo3pacToM 2743418 MIH. J1eT, KOTOpBIi (PUKCUPYETCs Ha CeBepo-3ara-
Jie Meradioka [3], MOJKeT CBHICTENBCTBOBATh O HAIMYUH MeTaMOp(UUECcKOi 30HAJIbHOCTH C YBEIIMUEHHEM CTETICHH Me-
Tamop(u3Ma K IIEHTPaIbHOM YacTH Meradioka. BHeapeHue u KpUcTaUTM3alys THIIEPCTEHCOAEPKAINX MOHIIOANOPH-
TOB C Bo3pacToM 272043 MIIH. JIeT ¥ KBapIEBBIX MOHIIOJHOPUTOB 271548 MiH. net B paiioHe 03. UynsbsiBpa [5] cooT-
BETCTBYIOT YCJIOBHSIM T'PAHYJIMTOBOH (halliyl ¥ COTPSDKEHO BO BPEMEHH C MPOSIBJICHUEM TPAHyJIMTOBOTO METaMop(hu3Ma
B paifore [Tymoszepo — [omrek-Tyrapa. CoracHO IpHUBEICHHBIM JaHHBIM, HHTepBaI 2.70-2.74 Mupa. IeT ToMy Hazan
COOTBETCTBYET 00Pa30BaHUIO PA3IMYHBIX MOPOJ M MOPOJHBIX aCCOLMALINN B BBICOKOMETAMOP()HU30BaHHBIX KOMILIEKCAX
LlentpanbsHO-Koabckoro Merabiaoka B YCIOBHSX IPaHyJIMTOBOTO MeTaMop(hH3Ma.

[epron 2.67-2.68 mipa. net B reonoruueckoit ucropun Llentpaapao-Konbsckoro 65oka o3aameHoBaics Gop-
MHUpPOBaHHMEM KpPYIHOTO MaccHuBa 3HIepOuToB paiiona Ilynosepo — ITonuek-TyHaps! ¢ Bo3pacTom 2656+14 MiH. et
[4] v BHenpeHMEM OoJiee MEIIKUX TEJ THIIEPCTEHCOACPIKAIMX KBAPIEBIX JUOPUTOB paiioHa 03. Uya3bsiBpa ¢ Bo3pac-
TOM B 2679+18 muH. ner [5].

B paiione ITynozepo — [lonnek-TyHapsl npeobpa3oBanne SHAEPOUTOB B KYMMHHITOHUT-OMOTUTOBBIE OPTOT-
HEHCHI B ycnoBHAX aM(uOomuToBO# (annn Metamopdusma onpenesiercs Bozpacramu 2640+20 miH. net u 2635+5
MIH. JieT [4]. bim3koe 1o BpeMeHH MpOsIBICHHE CHHTEKTOHWYECKOTO TPaHyJIMTOBOTO METaMopdH3Ma ¢ BO3pPacTOM
2648+18 miH. neT GukcupyeTcs B paiioHe 03. Uya3paBpa 10 CHIIBHO PAacCIaHIOBAHHBIM CHIDITAMAHUT-TpaHaT-OHOTH-
TOBBIM THElicaM [5], 4TO MOXKET CBUAETEIHCTBOBATH O CHIDKCHNH CTEIIEHH MeTaMop(dr3Ma 3TOro 3rama ¢ ceBepo-BOC-
TOKa MeradJioka K ero IHeHTpalibHoil yacTu. [IpuMepHO B 3TO ke Bpems B paiione 03. Uya3bsBpa (pUKCHPYETCsl BHE-
JIPEHNE MOHAIUTCOACPKAIINX TUTATHOTPAHUTOB € Bo3pacToM 2634412 MitH. JeT, KOTOpBle 0OBEANHEHBI B OJHY BO3-
PacTHYIO IpyMITy C aHATEKTUT-TPaHUTAMHU U IUIarHONerMaTuTaMu [5].

Bornee no3mHuii 3Tan HanoXeHHOro MeramMopdusma B YCIOBUSIX aMpUOOIUTOBON (anuu QUKCHPYETCs B yMe-
PCHHOKAJIBLIMEBBIX THEWCAaX KOJIBCKOW Cepur U aM(puO0I-OMOTUTOBBIX TOHATINTAX paiiona [Tynosepo — [TomHek-TyHaps
Bozpactamu 2568+10 muH. jet u 2575420 miH. 5eT, cooTBeTcTBeHHO [4]. K 3TOMYy e 3Tamy MOXHO OTHECTH BHEJpe-
HHE XXWIbHBIX IPaHaT-CHIUIMMAaHUTCOJIEPIKAIMX MUKPOKIIMH-TUIATHOKJIA30BBIX TPAHUTOB C BO3pacToM B 2550416 miH.
JIET, CeKyIIUX YMEPEHHOKANbLIEBbIE IPaHyJIUTHl KOJIbCKOM cepuu paiioHa Ilymosepo — IlomHex-TyHIApbI, KOTOpbIE
OJIM3KH 110 BpEMEHH K MOCTIPaHyJIMTOBBIM IIerMaTuTaM paiiona o03. Uyi3wsBp ¢ Bo3pacToM 2556+27 muH [5].

[Terponornueckne Mcciue0BaHUS B COYETAHUHM C T€OXPOHOJIOTHYECKHMHU IAHHBIMH TTO3BOJMIN YCTAaHOBHTH,
YTO BOJIONNS APXEHCKUX TPaHyIUTO-THEHCOBBIX KoMIIeKcoB LleHTpanpHo-Kombckoro 6110ka XxapakTepusyeTcs Iuc-
KPETHBIM BO BPEMEHM M JIaTepalbHO HEOJHOPOIHBIM IPOSBICHHEM IPOIECCOB MeTaMophH3Ma M Marmarusma. B
HEeHTpanbHO-KOoIbCKOM OIIOKE PEKOHCTPYHPYETCS THI 3BOJIOIMHU IO YaCOBOH CTPEJKE», UTO SIBIAETCS XapakTep-
HBIM JJIsI yMEPEHHOOApHUYECKIX METaMOP(PHUIECKHX I0SCOB, CBA3aHHBIX C (DOPMUPOBAHMEM KOHTHHEHTAJILHOW 3eM-
HOH KOPBI B YCIIOBHAX CXOJHBIX C OCTPOBOIYKHBIMH OOCTaHOBKAaMHU.

The large-scale implementation of modern methods of geochemistry, geochronology, geothermobarometry and
geophysics in the studying of metamorphic complexes allowed us to essentially adjust our knowledge concerning the
stage-by-stage development of endogenous, including the metamorphic ones, processes in the Precambrian of the
region and the Central — Kola block, in particular.

Granulite-gneiss complexes of the Central — Kola block are characterized by a multiple manifestation of
metamorphism and magmatism, by the moderate high-gradient andalusite-sillimanite type of thermodynamic regime
of regional metamorphism of the Archaean, by the conjugacy of the granulite metamorphism with establishing of
hypersthene bearing granitoids.

The reconstruction of protolith of the Kola series gneisses by petrogenic and rare earth elements has been car-
ried out. The location of gneisses’ structures in the fields of sedimentary and effusive rocks allows us to assume that
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sedimentary and igneous-sedimentary rocks were protoliths of the Kola series gneisses. Geodynamical conditions of
formation of sedimentary rocks, original for gneisses of the Kola series meet the conditions of island-arc formations.
The time of manifestation of volcanic activity and formation of the Kola series gneisses in the northwest part of the
megablock can be registered by the presence of a zircon of volcanogenic origin aged 2910+21 Ma [3], which is an
evidence of the synchronism of sediments’ deposition and volcanism processes in the Central — Kola megablock. The
model Sm-Nd age of the protolith of the Kola series gneisses is estimated at 2922 Ma in the northeast part of the Cen-
tral — Kola megablock (Timmerman, Daly, 1995) and at 2955 Ma in its central part [4].

Near the lake Chudzyavr (the northeast part of the block) the earliest stages of granulite metamorphism and
enderbite formation were dated within the Central — Kola block with respective ages of 2832+11 Ma [5] and 2830+60
Ma (Pushkarev, 1978). Approximately at the same time the establishing of magmatic complex, original for the basic
amphibole-two pyroxene crystal schists of the central part of the megablock (in the area of the Vezha-Tundra) was
registered with the age of 2830+70 Ma [1; 2]. Thus, the above data testify to the regional manifestation of the granu-
lite facie conditions in the period of 2832-2830 Ma within the central and northeast parts of the block and to the en-
derbites’ formation being confined to the areas of development of highly metamorphized complexes.

The later stages of the granulite metamorphism have been determined in the centre and in the northeast of
the block. The age of 2760+10 Ma [1; 2] has been obtained for the generation of granulite zircons from the basic
crystal schists of the central part of the megablock (the area of the Vezha-Tundra). In the northwest part (the
lake Nelyavr) granulite metamorphism for the Kola series gneisses has also been found to have the age of
2788+16 Ma [3].

According to the data by E.V. Bibikova (1973) and A.I. Tugarinov, E.V. Bibikova (1980), the regional
metamorphism of the Kola gneisses in the area of Pulozero station and the lake Vaikis — the lake Moncheoz-
ero, occurred concurrently in the granulite and amphibolite facies 2740+50 and 2700+50 Ma ago, respec-
tively. The next stage of the manifestation of regional metamorphism of the granulite facie with the age of
2724449 Ma [4] was dated in the enderbite-granulite complex of the area Pulozero — Polnek-Tundra. The
manifestation of amphibolite metamorphism in the Kola series gneisses with the age of 2743418 Ma, which is
registered in the northwest of the megablock [3], can be an evidence of the presence of metamorphic zonality
with an increase of the metamorphism degree towards the central part of the megablock. The intrusion and
crystallization of hypersthene-bearing monzodiorites of the age of 2720+3 Ma and quartz monzodiorites with
the age of 2715+8 Ma in the area of the lake Chudzyavr [5] meet the conditions of the granulite facie and are
conjugate in time with the manifestation of granulite metamorphism in the area of Pulozero — Polnek-Tundra.
According to the above data, the interval of 2.70-2.74 Ga ago matches the formation of various rocks and
rock associations in the highly metamorphized complexes of the Central — Kola megablock in conditions of
granulite metamorphism.

The period of 2.67-268 Ga in the geological history of the Central — Kola block was marked by the formation of a
large mass of enderbites in the area of Pulozero — Polnek-Tundra with the age of 2656+14 Ma [4] and intrusion of
smaller bodies of hypersthene-bearing quartz diorites of the area of the lake Chudzyavr with the age of 2679+18 Ma [5].

In the area of Pulozero — Polnek-Tundra, the transformation of enderbites in cummingtonite -biotite or-
thogneisses in conditions of amphibolite facie of metamorphism is determined by ages of 2640+20 Ma and 2635+5
Ma [4]. A close in time manifestation of syntectonic granulite metamorphism with the age of 2648+18 m. a. is regis-
tered in the area of the lake Chudzyavr by the strongly interstratified sillimanite- garnet-biotite gneisses [5], which
can testify to the decrease of the degree of this stage metamorphism from the northeast of the megablock towards its
central part. Approximately at the same time, in the area of Chudzyavr lake, the intrusion of monazite-bearing pla-
giogranites can be registered, dated 2634412 Ma, while these are united in one age group with anatektite-granites and
plagiopegmatites [5].

A later stage of the superposed metamorphism in conditions of amphibolite facie is registered in moderately cal-
cium gneisses of the Kola series and amphibole-biotite tonalites of the area of Pulozero — Polnek-Tundra with age of
2568+10 Ma and 2575420 Ma, respectively [4]. We can refer to the same stage the intrusion of vein garnet-sillimanite-
bearing microcline-plagioclase granites with the age of 2550416 Ma, crosscutting the moderate calcium granulites of the
Kola series of Pulozero — Polnek-Tundra area that are close in time to post granulite pegmatites of the area of Chudzyavr
lake with the age of 255627 Ma [5].

The petrologic studies in combination with geochronological data allowed us to establish that the evolution of
Archaean granulite-gneiss complexes of the Central — Kola block is characterized by the discrete in time and laterally
inhomogeneous manifestation of metamorphism and magmatism processes. In the Central — Kola block a “clockwise”
type of evolution is reconstructed, which is characteristic for the moderately baric metamorphic belts, connected with
the formation of the continental earth crust in conditions similar to the island-arc history.
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OOBEKTOM JICTAIBHBIX T'€0JIOT0-TE€0XPOHOJIOTMIECKUX MCCIIEIOBAHUH SIBISIETCSl HEOapXEeHCKHUI SHAEPOUT-TpaHy-
JIUTOBBIM KoMIIeke paiioHa ITyno3epo — IlonHek-TyHApbl, pacnonoKeHHbIH B ieHTpanbHOoN yacTu LenTpansHo-Komb-
ckoro 0j0ka. B mpezenax u3ydeHHOro paiioHa BBIIEISETCS JIBa KOMILIEKCa OPOJ: CYNPaKpyCTaIbHBIH, TPeICTaBICH-
HBIA TpaHyIUTaMU KOJIbCKON cepuy (YMEPEHHOKAIBIMEBHIMU U BBICOKOKAIBIIMEBBIMU THEWCAMH) W MHTPY3HUBHBIN, KO-
TOPBIA BKIFOUAET B ceOsl SHIEPOUTHI, KyMMHHI TOHUT-OMOTHTOBBIE OPTOTHENCHI M XKWJIbHBIE TPAaHUTOHIHBIE 00pa3oBa-
Hu. [1o pesynprataM paHee MPOBEACHHBIX NCCIECAOBAHNUI €TI0 SHIOT€HHAs [€0JIOTHUECKasi HCTOPHS OXBAThIBACT MHTEP-
Bax 2.72-1.81 mipa. et. B raeiicax KOIbCKOM ceprn 3a(MKCHPOBAHO MPOSIBICHNE IBYX IIaBHBIX 3TAllOB PETHOHATIBHO-
ro MeTamop(u3Ma: paHHETo TPaHyIUTOBOTO (2724449 MiTH. J1eT) 1 MO3THEero HaJoKeHHOTo amdubonuToBoro (2568+10
MITH. JIET) € MOCIEAYIOMNM BHEAPEHUEM aHATEKTUT-TPaHUTOB (2550+16 miH. net). OnpeaeneHsl ATamsl SHAepOUT000-
pazoBanus (2656+£14 MuH. JIeT) U pa3BUTHUS MO 3HAEPOUTaM KyMMHHITOHHT-OMOTHTOBBIX OpTOTHeHcoB (2640+20 u
2635+5 MiIH. JIeT) B YCIOBHSX aM(puO0IUTOBON (hanuu Meramopdusma. M30TOMHO-reOXUMHUYSCKUMH METOIaMH yCTa-
HABJIUBACTCS TEPMAIBHO-(IIIOUIHOE BO3CHCTBUEC HA SHICPOUT-IPAHYIUTOBBIN KOMILIEKC PAHHEIPOTEPO30MCKUX TPO-
teccoB B iepuoabl 2505-2460 u 1811-1827 mun. et [2].

CynpakpycTajabHble MOpPOJBI 3HIEPOUT-TPAHYIUTOBOTO KOMILUIEKCA, NPEACTABICHHBIC TIIMHO3EMHCTBIMU
YMEPEHHOKAIBIINEBBIMU M BEICOKOKAJIBIIUEBBIMH THEHCAMHU 10 COJIEPKAaHUIO KPEMHE3eMa COOTBETCTBYIOT IIOPOAaM
CPEIHEr0 U KHCIOTO COCTABOB, MMEIOT HOpMallbHYI0 ImenogHocTh (Kmaccudukanmus..., 1981) u B cBoém 601pIInH-
CTBE XapaKTepU3yIOTCsl KAJIMEBOW M KaJIMEBO-HATPHEBOH crenuann3anneil. Y MepeHHOKaIbIEBbIE U BEICOKOKAIIb-
[[MeBbIe THEMCHI pa3INdaloTcsa MO COAepiKaHUIo TakuX 3nmeMeHToB kak CaO, Na,O u FeO*. B BBICOKOKaIBIIMEBBIX
raeiicax comepxkanus CaO mouyTH B ABa pasa Bhime, a Na,O B 3-4 pasza HIDKe, YeM B YMEPEHHOKAIBIIUEBBIX MPH
ONMM3KUX COACP)KaHUAX KpeMHe3eMa. JTO BEIpaXaeTcs B CELM(YUIECKOM MHUHEPAILHOM COCTaBE BBICOKOKAJIBbIIHE-
BBIX THEHCOB: nipu coaepxanun Si0, 62.28 - 72.32 mac. % - IUIaruokiia3 B mopoiax MnpeacTaBIeH OUTOBHUT-aHOP-
THUTOM. XHMMHYECKHI COCTaB BLICOKOKAILLUMEBLIX T'HElcoB: SiO, - 62.28-72.32; TiO, — 0.34-1.04; Al,O; — 13.83-
16.80; Fe,O3 — 0.86-2.39; FeO — 1.54-3.95; MnO - 0.03-0.25; MgO — 2.06-3.89; CaO — 3.69-5.71; Na,O — 0.21-
1.62; K,0 — 1.40-2.65 (mac. %).

C nomompio Kiaccu(pUKaMOHHBIX TUarpaMM, OCHOBAHHBIX HAa COOTHOIICHHUH METPOTeHHBIX U PEIKO3EMEIBHBIX
9JIEMEHTOB, ObIIa IIPOU3BE/ICHA TOMBITKA PEKOHCTPYKIMH MTPOTOINTOB BBICOKOKAIBIMEBBIX THEHCOB. DHUrypaTuBHBIC
TOYKH COCTaBOB Ha AWarpamMMax pacloJIararoTcsi Kak B MOJIE OCAJOUYHbIX, TaK U B TIOJIC M3BEPKEHHBIX ITOPOJI, YTO MOXK-
HO OOBSICHATH CMEIIIaHHBIM OCaJJ0YHBIM, 0CA/I0YHO-BYJIKAHOTCHHBIM M BYJIKAHOTCHHBIM COCTABOM MCXOHBIX MOPOI.
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B BBICOKOKaNBIMEBBIX THEHCAX KOJIBLCKOH CEPHH, TaK Ke KaK U B yMEPEHHOKAJIBIIMEBBIX, 3a()MKCHPOBAHBI J1Ba
sTana MuHepanooOpazoBanus. PaHHNIT MUHEpabHBIA mapareHesuc npeacrasieH Grtsogo + Bti; 45 (KopuuHeBbIid) +
Plgy.99 + Kfsp + Qtz; mo3mauii — (Grtyyg; + Btyssg (3emensrit) + Plg;_gr + Qtz).

TepMoanHaMu4eckre yCIoOBHA OOpa30BaHWS MHHEPAIBHBIX ITaparcHE3WCOB BBICOKOKAIBIMEBBIX THEHCOB
KOJIbCKOH cepuu. TemrmepaTypa omnpenensiack u ucrnons3oBaaneM Grt-Bt reorepmomerpa JILJL. Tlepuyka u ap. [1], a
JIABJICHASI C YYETOM [aHHBIX T'€OTEPMOMETpa IO psIy TIeo0apOMETPHUYECKUX PABHOBECHH ISl aCCOLMAINH
Grt+Bt+P1+Qtz, smnupuuecku otkanudpoBanubix T. Xoitmem [3; 4].

Jns onpenenenns nukoBeix PT ycrmoBuit Metamopdm3ma ObUTH TPaIWIIMOHHO HM3YyYEHBI IIEHTPAJIbHBIC YacTH
kpucTayuioB accoranuii Grt-Bt-Pl mj1s1 BBICOKOKAIBIMEBBIX THEWCOB. TepMOIUHAMUYCCKHIE 3HAUCHHS TPAHYJIMTOBON
Gauu metamopdusma orernsarores B T=766-831°C u P=8.5-11.3 k6ap. [lis ouenok PT yciaoBuii HalOXKEHHOTO MeTa-
Mopdr3ma ambHOOIUTOBOM (aluu ObLIM M3YYCHBI ICHTPaIbHbIC YacTH mo3aHux Grt-Bt-Pl s BRICOKOKaIBIIUEBBIX
THEHCOB, a TakKe KpaeBble YaCTH PaHHMX MHHEpaJbHBIX acconuanuid. PT mapaMerpsl, momydeHHbIe JUIs HEHTPAITGHBIX
YacTeil rpaHaToOB BTOPOM reHepalii U3 BHICOKOKAIBIMEBBIX THelcoB onennBatotest B T=600-675°C u P=5.0-7.7 k0Oap.
[Mpusenennsie ouenku T u P 1715t BEICOKOKAJIBIMEBBIX THEHCOB MPEICTABIISIOTCS 3aBBIICHHBIMHE, YTO, BO3MOXXHO, 00Y-
CJIOBJICHO CHEIM(UKOI UX XMMH3Ma 1, COOTBETCTBEHHO, BO3MOXKHOCTSIMH HCIIOJIb30BaHHBIX F€0TEpPMOOapOMETPOB.
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Fig. 1. U-Pb concordia diagram for zircons from high-calcium garnet-biotite gneiss, mountain Polnek-Tundra (sample P-219).

Isotopic U-Pb data for zircon from high-calcium garnet-biotite gneiss, mountain Polnek-Tundra (sample P-219)

Hns onpenenenust U-Pb Bo3pacTta qByx 3TaroB MUHEpaooO0pa3oBaHMsl B BRICOKOKAJIBLMEBBIX THEicax ObLia 0To-
Opana mpo6a P-219 Becom okoiio 30 kr. [Topos! ceporo 1Bera, CpeHE3epHUCTRIE, THeHCOBHIHBIC. CTPyKTypa nophupoo-
JIacToBas 3a CYUET BBIIECICHUH IpaHaTa, CTPyKTypa OCHOBHOI TKaHHM XapaKTEpU3YeTcsl COYETaHHEM JIETTH0rpaHo0IacTo-
BOH, TPaHOOJIACTOBOM C JIEMEHTaMHM KaTakjacTideckoil. [IpoBesieHHOe MIUHEPAIOrniecKoe U H30TOMHO-T€0XPOHOIOTHYe-
CKOE M3y4YEHHE aKIECCOPHBIX IIMPKOHOB B BHICOKOKAJIBIIMEBBIX THEHCAX KOJIBCKOM CEPUM MO3BOJIMIIO YCTAHOBUTH PazHO-
BO3pACTHBIC TEHEPAIHH STOr0 MUHEpalia, OTBEYAIOIINX JBYM 3TallaM MUHeparooOpa3oBaHus (MeTaMopdu3Ma) B JaHHON
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niopozie. PaHHssI reHeparys IMPKOHOB Npe/ICTaBIeHa TIPU3MAaTHYECKIMH, MPO3PAUYHbIMKM KPHCTAIUIAMH H30METPHYECKOTO
00JIMKa, CBETIIO-KOPUYHEBOTO IIBETa C alMa3HbIM Oi1eckoM, cpenaue pasmepsl — 0.09 x 0.09 mm, Ky=1. Bemunna maccest
cpenHero kpuctaia cocrasiser 3x10°r. Konnenrpaums U (o 90 ppm) u Pb ruskue (10 50 ppm); Takue IUPKOHbI 110 Te-
HE3UCY OTHECEHHI K IpaHyanToBbIM. U-Pb Bo3pacT 1MpKOHOB paHHeW reHeparuu omnpesesieH B 273315.1 muH. siet npu
CKBO=0.4. 3T0T BO3pacT MHTEPHPETUPYETCST KaK BpeMs MPOSBICHUA MeTaMop(u3Ma rpaHyJIMTOBOM (halliii B BBICOKO-
KaJIbLIEBBIX I'PaHAT-OMOTUTOBBIX THEHCAaX KOJMBCKOHM CEpHH, 9TO OJM3KO MO BPEMEHH IPOSIBICHHS I'PAHYJIUTOBOTO METa-
Mopdu3Ma B yMEPEeHHOKAITBIIMEBBIX THEHcax KOBCKOU cepun (2724449 MiH. eT).

INo3auss reHepanysi TUPKOHOB IPEICTABICHA IPU3MATHUECKUMH KPUCTAIIaMU THAIIMHTOBO-IIMPKOHOBOTO TH-
11a, BOJASHOIIPO3pAavyHOro I[BeTa, cTeKITHHOro Oiecka. Cpemnue pasmeps! — 0,123 x 0,07 mMm, Ky = 1.8. Benmnunna
Macchl CpeIHero KpucTamia coctapiser 2.4x107 r. Tlo BeicokuM konuentpauusam U (125-250 ppm) u Pb (120-220
Ppm) reHe3uC TaKKX LUPKOHOB MOXKET OBITh METaMOP(QUYECKUM M COOTBETCTBYET aM(UOOINTOBOH (haumu Meramop-
(u3Ma B BRICOKOKAIBIMEBBIX THeHcax. U-Pb Bo3pacT UPKOHOB MO3HEH reHepaluu onpeaeicH B 2551.4+8.9 miH. et
npu CKBO =0.33. 3T0T BO3pacT HHTEPIPETUPYETCS KAK BPEMsI IIPOSIBIICHHST HATIO)KEHHOTO0 MeTaMmopdu3Ma aMpuoosu-
TOBOM (halliM B BBICOKOKAIBIIMEBBIX TPaHAT-OMOTHTOBBIX 'HEMCax KOJIBCKOHM CEepUH, YTO OJIM3KO MO BPEMEHHU MpOsIBIIe-
HUSI HAJIOXKEHHOTO MeTaMop(r3Ma B yMEpEeHHOKAIBIIMEBBIX THEHcaX KOJIbCKOH ceprn (2568410 mitH. nier).

. Concentration, Isotope ratio* Isotope ratio and age in Ma**
No Weight, ppm
mg o . —— 06pp 250 P50 207p,5%Ph 06p, 250 07pp 250 7pp2%Pb
+20 +20 +20 +20 +20 +20

granulitic zircons
1 0.030 42.57 | 45.56 262.81 0.491+0.005 | 12.79+0.27 | 0.1889+0.0029 | 2575427 2664+57 2732443
2 0.021 47.74 | 88.13 3540.60 0.446+0.004 | 11.59+0.11 | 0.1868+0.0010 | 2378+20 2564+26 2714+14
3 0.025 25.87 | 59.55 959.27 0.373+£0.004 | 9.70+0.09 | 0.1867+0.0006 | 2043£19 2397+24 2714+8
4 0.023 33.88 | 68.88 197.72 0.273£0.002 | 7.06+0.06 | 0.1878+0.0006 | 1555£12 2119+18 272349
amphibolitic zircons
1 0.035 163.73 | 124.49 884.51 0.473£0.003 | 11.16+0.09 | 0.1712+0.0009 | 2496+£17 2537+24 2569+16
2 0.040 121.14 | 201.15 354.87 0.385+0.083 | 9.01+1.97 | 0.1699+0.0027 | 2098+46 2339451 2557440
3 0.050 217.07 | 248.88 240.48 0.229+0.050 | 5.46+1.20 | 0.1733+0.0049 | 1327+29 1894442 2590+73

Notes: * - ratios corrected for blank of 1 ng Pb and 10 ng U, and mass-discrimination of 0.12+0.04 %; ** - correction for common according to
(Stacey, Kramers, 1975).

Takum 0Opa3om, B BBICOKOKaIBIMEBBIX THewcax [lenTpansno-Kombckoro 010ka 3apuKCUpOBaHO TIPOSBICHUE
IIByX ATAllOB PETHOHAIBFHOTO MeTaMop(u3Ma: paHHEro ¢ Bo3pacToM 2733+5.1 MIH. JIeT W MO3IHEr0 HAI0KEHHOTO
ampudommToBOr0 MeTamopdu3ma ¢ Bozpactom 2551.4+8.9 miH. jer.

A Neoarchaean enderbite-granulite complex, located in the Pulozero-Polnek-Tundra area in the central part of
the Central Kola block was the goal of detailed geological and geochronological studies. Two rock complexes are
distinguished in the study area: 1) a supracrustal complex consisting of Kola granulites (moderate-Ca and high-Ca
gneisses) and 2) an intrusive complex formed of enderbite, cummingtonite-biotite orthogneiss and veined granitoid
units. Earlier studies have shown that the endogenous geological history of the study area covers a time span brack-
eted by 2.72 and 1.81 Ga. Kola gneisses show traces of two major stages in regional metamorphism: 1) an early granu-
lite-facies stage (2724+49 Ma) and 2) a late multiple amphibolite-facies stage (2568+10 Ma) followed by anatectite-granite
intrusion (2550+16 Ma). Stages in enderbite formation (265614 Ma) and the evolution of cummingtonite-biotite orthogneiss
after enderbite (2640+20 u 2635+5 Ma) under amphibolite-facies conditions were distinguished. The thermal-fluid effect of
Early Proterozoic processes on the enderbite-granulite complex during the periods 2505-2460 and 1811-1827 Ma was assessed
using isotopic-geochemical methods [2].

The supracrustal rocks of the enderbite-granulite complex, represented by moderate-Ca and high-Ca alumina
gneisses, are consistent in silica concentrations with intermediate and felsic rocks and have normal alkali concentra-
tions (Classification..., 1981); most of them show K- and K-Na specialization. Moderate-Ca and high-Ca gneisses
differ in CaO, Na,O and FeO* concentrations. The CaO content of high-Ca gneiss is almost twice as high and the
Na,O content 3-4 times as low as that of moderate-Ca gneiss, but their silica concentrations are similar. The mineral
composition of high-Ca gneiss is, therefore, quite distinctive: its percentage of SiO, is 62.28 - 72.32 mass. % , and
plagioclase in the rocks is represented by bytownite-anorthite. The chemical composition of high-Ca gneisses is: SiO,
- 62.28-72.32; TiO, — 0.34-1.04; Al,O; — 13.83-16.80; Fe,O; — 0.86-2.39; FeO — 1.54-3.95; MnO — 0.03-0.25; MgO —
2.06-3.89; CaO — 3.69-5.71; Na,0 — 0.21-1.62; K,0 — 1.40-2.65 (mass. %).
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An attempt was made to reconstruct the protoliths of high-Ca gneisses using classification diagrams based on
the ratio of petrogenic and rare-earth elements. The fact that the figurative points of compositions in the diagrams are
in both sedimentary and igneous rock fields is attributed to the mixed sedimentary, sedimentary-volcanic and volca-
nogenic composition of original rocks.

Mineral formation in high-Ca Kola gneiss and in moderate-Ca gneiss falls into two stages. Early mineral par-
agenesis is represented by Grtsg_g9 + Btsy45 (brown) + Plgg.g9 £ Kfsp + Qtz and late mineral paragenesis by (Grty.g; +
Btss.35 (green) + Plgs.op + Qtz).

The thermodynamic conditions of formation of the mineral parageneses of high-Ca Kola gneisses. Tempera-
ture was also estimated with a Grt-Bt geobarometer of L.L. Perchuk et al. [1], and pressure was measured with regard
for geothermometric data on a series of geobarometric equilibria for the assemblage Grt+Bt+PI1+Qtz calibrated em-
pirically by T. Hoish [3; 4].

To assess the PT parameters of the metamorphic peak, the central portions of crystals from Grt-Bt-P1 assem-
blages for high-Ca gneisses were examined as usual. The thermodynamic values for granulite-facies metamorphism
are estimated at T=766-831°C and P=8.5-11.3 kbar. To assess the PT parameters of multiple amphibolite-facies meta-
morphism, the central portions of late Grt-Bt-P1 for high-Ca gneisses and the margins of early mineral assemblages were
analyzed. The PT parameters, obtained for the central portions of second-generation garnets from high-Ca gneisses are
estimated at T=600-675°C and P=5.0-7.7 kbar. The above T- and P- values for high-Ca gneisses seem to be overesti-
mated probably due to their distinctive chemical composition and the potential of the geothermobarometers used.

To estimate the U-Pb age of two stages in mineral formation in high-Ca gneisses, sample P-219, weigh-
ing about 30 kg, was collected. The rock is grey-coloured, medium-grained and gneissoid. Its porphyroblastic
structure is attributed to garnet emanations; the basic tissue shows a combination of lepidoblastic and granoblas-
tic structures with elements of cataclastic structure. The mineralogical and isotopic-geochronological study of
accessory zircons in Kola high-Ca gneisses has revealed different-aged generations of this mineral, correspond-
ing to two stages in mineral formation (metamorphism) in this rock. An early generation of zircon is represented
by light-brown prismatic, transparent, isometric crystals showing diamond luster. Their average size is 0.09 x
0.09 mm, Ky=1. An average crystal has a mass of 3x10° g. U (up to 90 ppm) and Pb (up to 50 ppm) concentra-
tions are low; genetically, these are granulite zircons. The U-Pb age of early-generation zircons is estimated at
2733+5.1 Ma at MSWD=0.4. This age is interpreted as the age of granulite-facies metamorphism in high-Ca
Kola garnet-biotite gneisses, which is close to the age granulite-facies metamorphism in Kola moderate-Ca
gneisses (2724+49 Ma).

A late generation of zircon is represented by water-coloured, prismatic crystals of hyacinth-zircon type
showing glass lustre. Their average size is 0.123 x 0.07 mm, Ky = 1.8. An average crystal has a mass of 2.4x10°°
g. High U (125-250 ppm) and Pb (120-220 ppm) concentrations suggest that such zircons were produced under
amphibolite-facies conditions in high-Ca gneisses. The U-Pb age of late-generation zircons is estimated at
2551.44£8.9 Ma at MSWD =0.33. This age is interpreted as the age of multiple amphibolite-facies metamor-
phism in high-Ca Kola garnet-biotite gneisses close in time to the age of multiple metamorphism in Kola mod-
erate-Ca gneisses (2568+10 Ma).

To sum up, regional metamorphism in high-Ca gneisses from the Central Kola block falls into two stages: 1)
an early stage with an age of 273345.1 Ma and 2) late multiple amphibolite-facies metamorphic stage with an age of
2551.448.9 Ma.
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mixing properties of octahedrally-coordinated cations in muscovite and biotite / Contrib. Mineral. and Petrol. 1991. V. 108.
P. 43-54.
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CTPYKTYPbI PACHAJIA MTOJIEBBIX IHITATOB B YAPHOKUTAX TPUBAHJIPYMCKOI'O
T'PAHYJIUTOBOI'O BJIOKA (10. UH/IHST)

TTunoeun C.M. 1, Casxko K.A.I, Konunos A.H?

' BI'Y, Bopouex, Poccust, geoscience@yandex.ru
2UBM PAH, Yepnoronoska, Poccust

FELDSPAR DISINTEGRATION STRUCTURES IN CHARNOCKITES FROM THE
TRIVANDRUM GRANULITE BLOCK, S. INDIA

Pilyugin S.M.", Savko K.A.", Konilov A.N.”

! Voronezh State University, Voronezh, Russia, geoscience@yandex.ru
2 Institute of Experimental Mineralogy, RAS, Chernogolovka, Russia

Panee [2; 3] nnsa Tpusangpymckoro rpanynuroBoro 6moka (TT'B) (FO. Unaus) ycranoBien HeoObrunbd PT
TpeHa MeTamopduiMa (prc. 2) ¢ JMUTETBHBIM (II0 TEMIepaType) MepHOIOM CyOH300apuIecKOro OXJIaXISHHUS U I0-
CJIEAYIOIIUM MEPHOIOM MOBTOPHOTO NPOrpeBa B YCIOBUIX YHHKAJIbHO BBICOKMX I€OTEPMHUYECKUX I'PaJHEHTOB (I10-
psaxa 140-180°/km). Meramopduueckas ucropust TT'b BecbMa crienuduyna: MeTaMOPPUUECKUI UK 3/1€Ch, COOT-
BETCTBYIOUIMH MaHa()pUKaHCKOMY BPEMEHH, OTHOCUTEIBHO KOPOTOK, U OXBaTbiBaeT neproj ot 540-600 no 440-470
MJIH. JIeT. DKcryManusi mopoji pernona (¢ riryoun nopsiaka 20 kM 1o 13 kM) siBHIach pe3ysbTaToM KOJUIM3MOHHBIX
npoueccoB B [Tanadprkanckoe BpeMsi, U CONPOBOXKIaIach TEKTOHHIECKUMH Ae(OopMaIisiMU, TIPOHUKHOBEHHEM TeTl-
na u Qrrona u, Kak CleICTBHE, NIMPOKHM Pa3BUTHEM YapHOKHUTOB.
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Puc. 2. Dpomtonns metamopdusma TpuBanapymckoro rpanyiauroBoro 6ioka (TI'B), FO.Muaus. (1-3) — paccuntannsle TepMoba-
POMETpUUECKHE JJaHHbIE ISl YAPHOKUTOB M MeTacoMaruueckux nopoxa Nuliyam- Kunnanpara, a Taxke BMEILAIOUMX THEHCOB U
gyapuokuToB Nellikkala; (4), (5) — Tpena metamopduueckoit sBomtoru kparona Karnataka u BoctouHoro noasmxHoro nosica Uu-
1ud; (6) — BOCCTaHOBIICHHBIE COCTABBI MOJIEBBIX IITaTOB M3 yapHOKuTOB TI'B. M1-M3 — MeTamopduueckue codbitust. ToHkue TO-
YeuHbIE JIMHKY - cooTHOmEenue T/D (TemmepaTypa/riaybuna) B °/KMm.

[pu neranpHEHIINX 3TEKTPOHHO-MUKPO30HIOBEIX HccienoBaHusx (Jeol 6380 — LV) obpasuos waprokuros TI'b B
HUX ObUIM OOHApYKEHBI PEMKTOBBIE CTPYKTYPHI paciiaja MojieBbIx mmaToB. CTPYKTYpBl pacnaja MpeiCTaBIeHbl IBYMs
OCHOBHBIMHM THIIaMH: 1) aHTHIIEPTHTHI (JIAMEJUIN KAJIMEBOTO IOJICBOTO IITaTa B MaTPHIIE IU1arnokiiasa) (puc. 1a); 2) nepru-
THI (JTAMETUTH TUIATHOKIIa3a PasHOOOpa3HOH (OpMEI B MaTPHIIE KAJIMEBOTO MONEBOro mmara) (puc. 16). Jlamenn gacto mpo-
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TspKeHHbIe (>100 MKM) B OZIHOM YeTKO BBIP)KEHHOM HalpasiieHHH, TonmuHoi ot 0,1 Mxm 10 50 pexe 100 mxMm. B 60mb-
LIMHCTBE CITydYaeB JaMelH IUIaruoKiia3a NMEIOT OBAIBHO-BBITSIHYTYIO, FAHTEIE00pasHyo (M3-3a TIEPEKMMOB B LIEHTPAIIb-
HBIX YacTsix) GopMy (IIPOXKMIIKOBO-UTONIBYATBIE M YETKOOOpa3Hble THMEI 1tepTuToB 1o Ommary [1]). Jlamenn kamueBoro
TIOJICBOTO MITTaTa (AHTHIEPTHTHI) XapaKTEPHU3yIOTCs, KaK MPaBIIIO, OBAIBHOMN, M30MeTpH4HOH (hopmoit. Hepenko Habmona-
€TCsI I3MEHEHNE MOP(OJIOTUH M YMEHBILIEHHE KOJIMYECTBa JJaMellel pacta/ia B KpaeBbIX YacTsIX 3€PEH IMOJICBBIX IITIATOB.

[t onpesieneHust cocTaBa MEPBUYHOTO TOJICBOTO IITIaTa (PEUHTETPHUPOBAHUS) OBUT HCIIOIB30BaH METO TOJICUE-
Ta B KaK/IOM 3€pHE COOTHOIIECHUS IUIOMA/AEH (M COCTABOB MO JAHHBIM TOUSYHOTO HEPTOANCTIEPCHOHHOTO aHAIN3a) MU-
Hepasa — X0351Ha U JaMelel pacraaa. BeisiBiIeHO, 4TO MPOAYKTHI paciia/ia MOJICBbIX IINATOB (KaK JIaMelH, TaK U MaTpH-
11a) TOMOTeHHBI 110 COCTaBY — MaKCUMAJIbHbIE Pa3IM4Msi B MUHAILHOM COCTaBe He MpeBbIIatoT 1 - 2 mMoib. %; ycpen-
HEHHbIE PEUHTEIPHUPOBAHHBIE COCTABBI COOTBETCTBYIOT — Ab3;AnsOrsg uist TepTUTOBBIX U AbgzAny;Oryy U1 aHTHIIEP-
TUTOBBIX 3¢peH. B KamreBoM 1osieBOM minare 00bIMHO (GUKCHpYeTCs He3HauuTenbHast (<1 mac. %) npumecs BaO.

JUIsl OLleHKH TeMIepaTyp KpPHCTaJUIM3alWy IOJIEBBIX IIIATOB HCIIOJIB30BAJICS JBYIOJIECBOLINATOBBIA TEPMO-
metp @ypman u Jluaacnu [4]. Ha quarpamme (puc. 1B) i naBnenuit 8 k6ap (3¢ ekt naBiaeHus: He OYeHb 3HAUUTE-
JIeH) TIOKa3aHbl COCTAaBbl PEMHTETPUPOBAHHBIX MOJICBBIX IIITATOB M MPOAYKTOB UX pacnaza. M3 nuarpamMmsl ciemyer,
YTO OIEHKH TEMIIepaTyp YCTOMYMBOCTH MEPBUYHBIX IOJICBBIX IIIATOB, B IEJIOM OJIM3KM IUISI aHTHIIEPTHTOB (=
880+10°C) u mepruroB (= 910+10°C). [TockonbKy B KaKAOM M3 HCCIIETOBAHHBIX OOPA3lOB MPHUCYTCTBYET TOJBKO
OJIMH U3 TIOJICBBIX INMATOB C IIEPTUTOBBIM, aHTUIIEPTUTOBBIM THUIIOM pacmajia, TO IOJyYeHHBIC 3HAYEHHUS OTPAXKAIOT
MHHHAMAJIbHO BO3MOJKHBIE TEMIIEPATYPhl KPUCTAIUIM3ALUN NEPBUYHBIX MUHEpanoB [5]. IlomydeHHble Temmeparypsl
COOTBETCTBYIOT MMKOBBIM yCIOBHAM MeTamopdu3ma yapHokutoB TI'b (cooTBeTcTBYyIOT cTaaun meramopduzma M1).

Puc. 1. CTpykTypsl pacnaza MoJIeBbIX HIMATOB U3 YapHOKUTOB TpuBaHAPYMCKOTO rpaHyauToBoro Omoka (FOxnas Munus). (a)
AHTHIIEPTHTOBOTO THIIA — JIAMEJIIM OPTOKJIa3a B MAaTpUIHOM osiuroxiiase. (6) [lepruroBoro Tuma — raMeny OJIMTOKIJIA3a B Mat-
puuHOM oprokiase. (B) [uarpamma [4] ycinoBuit MeTamopdu3Ma peHHTETPHPOBAHHBIX MOJIEBHIX IIIATOB, a TAaK)XXe IPOTYKTOB
HX pacraja U3 4apHOKNUTOB TpHBaHAPYBCKOro rpaHynutoBoro 6ioka IOxuoit Mugun (1) — BoccTaHOBICHHBIE COCTaBBI aHTH-
NepTHTOB, (2)- nepTutoB (3), (4) — MPOLYKTHI UX pacuaja.
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CocraBbl pacnaBIIMXCs MOJIEBBIX LINATOB (IIEPTUTOBBIX M aHTUIIEPTUTOBBIX ), OTPAKAIOT PETPOTPATHYIO HCTOPHIO OX-
JaXAeHus1 opoy 1o Temreparyp <700°C 1 XOpOLIO COINacyroTcs € YKe M3BECTHBIMU Te0TepMOOapOMETPHUIECKIMHU OIpeie-
neHnsiMu Jutst atana M2 (puc.2). K emte 6or1ee HU3kuM Temriepatypam (3tan Meramopdusma M3) oTHOCHTCS, OUEBHIHO, TTPO-
1ecc M3MEHeHHs] MOP(HOJIOTUH M YMEHBIIICHHS KOMYECTBA JIaMeliel B KPAaeBbIX YacTsX MOJNEeBbIX HmatoB. [lomydeHHble aH-
HBIE TONOJHSIOT YoKe M3BECTHBIN TpeH ] MeTamopdu3ma TpuBaHApyMCKOro rpaHyauToBoro 61oka KOsxHoi Mamim.

Paboma evinonnena npu ghurnarcogou noodepacke epanma Ilpesudenma PO (MK-1978.2010.5).
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YCTOMYUBOCTh «CBEPXBBICOKOTEMIIEPATYPHbBIX» MUHEPAJIbHBIX
ACCOIUAIIMU BBICOKOT'JIMHO3EMUCTBIX 'PAHYJIMTOB

Hooneccrkuu K.K.
UI'EM PAH, Mockga, Poccust, kkp@igem.ru

STABILITY OF “ULTRAHIGH-TEMPERATURE” MINERAL ASSEMBLAGES IN
ALUMINOUS GRANULITES

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

B nocnenaue nonropa AecATHIETHS 3HAYUTENBHO ITOJHSIICS TTOTOJIOK OIIEHOK TeMITepaTypbl (GOPMUPOBAHNS BbI-
COKOTJIMHO3EMHCTHIX TpaHyuToB — 10 1000°C 1 BBIIe. DTO MPOM30IILIO, TIIABHBEIM 00pa3oM, 3a CYEeT MUHEPAIbHBIX ac-
COLMAIMH, KOTOpbIe NIPHHSTO HA3bIBATh HHANKATOPAMH «CBEPXBBICOKOTEMIIEpaTypHOro» («ultrahigh-temperature») me-
tamopdusma. TakoBbIMH CUHUTAIOTCS TapareHe3uchl carndupuna ¢ kBapuem (Spr+Qtz) U OpTONUPOKCEHA ¢ CHILTUMAHH-
ToM [2]. B TO e Bpems1, pacyeT ycTOWIMBOCTH 3THX accorwarmii B cucreme FeO-MgO-Al,05-Si0, (FMAS) Ha ocHo-
B€ B3aMOCOIJIACOBAHHBIX CTAHIAPTHBIX TEPMOJUHAMHYECKUX CBOMCTB MUHEPAJIOB M CBOMCTB CMEILIEHUS TBEPABIX pac-
TBOPOB TIOKa3bIBaeT, YTO JIUAIa30H TEMIICPaTypbl, IPU KOTOPO OHH CTaOHJIBbHBI, HE BIIOJIHE OIPE/IENIeH, U PACXOXKIe-
HHS M@Ky OLIEHKaMH 110 Pa3IMYHbIM MOJIENISIM MOTYT OBITh BeChbMa 3HauMTeNbHbIMU. [l1si accouuanuu canduprHa ¢
kBapiieM B cucreme FMAS nociennsist Bepeust nomyssipHoit 6a3bt janasix THERMOCALC [3] mpennonaraer ee ycToi-
4MBOCTh IpU Temmeparype He Huxke ~980°C, Torna kak pacders! [1] mOKa3bIBalOT, UTO B 3TOI CHCTEME OHA MOXET Cy-
mectBoBarh 1 Hke 840°C. Ecnut ydecTs, 4To noJie cTabMIbHOCTH caripyprHa ¢ KBapLeM CyIIECTBEHHO PacIIUpsETCs B
o61acTh Gosee HU3KOM TeMIepaTypsl 110 CpaBHEHHIO ¢ cuctemMoit FMAS 3a cuer BBenenns Fe3' [5], HeonpeneneHHocTs
OLICHKH YCJIOBHI MeTaMOp(u3Ma COOTBETCTBYIOIINX KOMIUIEKCOB eIl 00JIee BO3pacTaeT.

AHanm3 IpUYMH CTOJIb CYIECTBEHHBIX PACXOXICHHUI PacdeToB C PasiIMYHBIM HA0OPOM TEPMOAMHAMUUYECKHX Xa-
PAKTEPUCTHK MUHEPAJIOB TIOKA3bIBACT, YTO JAHHBIC M3MEPEHUH 1 3KCIIEPHIMEHTOB, HA KOTOPHIX OHU OCHOBAHBI, HE MO3BO-
JISFOT ONMCATh ¢ OOJBIIEH TOYHOCTRIO Aake pocThie cucteMbl FAS 1 MAS. OtcyTcTBHE TOCTOBEPHBIX 3KCIEPUMEHTAb-
HBIX JJAHHBIX 110 M3MEHEHHIO COCTaBa caruprHa B 3aBUCUMOCTH OT TEMIIEPATYphI U JIABJICHUsI TIPUBOJIUT K TOMY, YTO Tep-
MOJIMHAMHYECKOE MOJICIIMPOBAHNE PEAKIHIA C YHaCTHEM 3TOr0 MUHepasia CBS3aHO CO 3HAYUTENILHBIM Mpou3BosioM [4]. Co-
BEpILIEHHO HEOOOCHOBAHHOM TPE/ICTABIISETCSI MOJIEb TBEPIOrO pacTBopa canduprHa, npeiaraemasi JUisl NCTIOb30BaHHs
B nocnenHert Bepcun THERMOCALC. HeaoctaTouHo IaHHBIX W JUIs HQJAEKHOM SKCTPAOJISILUKA CBOMCTB KeJe30CoAep-
JKAIIIEro OPTOIMPOKCEHA B 00JIACTH COCTABOB C BHICOKUM COJIEPYKaHHEM TIIMHO3EMa, XapaKTEePHOTO [Tl «CBEPXBBICOKOTEM-
TIepaTypHBIX» TPAHYJIUTOB. PacXo)keHne OLEHOK pacCYMTHIBAEMBIX 10 PA3IMYHBIM MOJIEIISIM I'PaHHUL] yCTOWYMBOCTH TIIH-
HO3EMHCTOTO opTonmpokceHa B cucteme FAS moxker npeBbimiats 100°C.
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WuTtepnperanys B3aMMOOTHOILICHUN MUHEPAJIOB BBICOKOTJIMHO3EMUCTBIX IPaHyJIUTOB HA OCHOBAaHHU METPOreHe-
TEUECKHX CETOK 3aTPyIHSETCA €IIe U TeM, 4To Aaxe Tononorus P-T nuarpaMMel MEHSIETCSl C U3MEHEHHUEM aKTUBHOCTU
BOJIBI WJIN JIPyTHX KOMIIOHEHTOB (hiItoM/1a, KOTOPBIE CYIIECTBEHHO BIMSIOT HAa YCTOWYHMBOCTH KOPMEPUTCOACPIKAIINX
accoraruii. ConocTaBieHIE pacueToB MOJIeH YCTOHUMBOCTH Pa3IMYHBIX MapareHe3UCOB C OLIEHKaMH TEMIIEpaTypsl U
JIaBJICHMS 110 COCTAaBaM COCYIIECTBYIOIINX MHHEPAJIOB CBUIIETEIHCTBYIOT B ITOJIb3Y JIOBOJIBHO HU3KOWH aKTUBHOCTH BOJBI
Ha NMKe MeTamop¢u3Ma. PeakIioHbIe CTPYKTYpBI, KOTOPBIE 9aCTO PACCMATPHBAIOT KaK pe3yabTaT M3MEHEHHS TeMIlepa-
TYPHOTO PEXKUMA, MOTYT OBITh CBA3aHBI C ©3MEHEHHEM ITOTOKOB MeTaMop(uuecKoro ¢iounsa.

TepmonunHamuyeckoe ommcaHue ¢a3oBbIX OTHOIIeHHIT B FMAS mpencraBnseT OCHOBY IS MOICTHUPOBAHUS
OoJiee CIIOXKHBIX CUCTEM, HO 3Ta OCHOBA €llIe HE BIIOJHE HaJIe)KHA. Pa3BUTHE COBPEMEHHOTO MPOrpaMMHOr0o odecre-
yenust, Harpumep takoro kak THERMOCALC, no3Bonsier jerko crpouts P-T mceBnoceuenus ¢ n3o0pakeHHEM
CJIOKHBIX B3aMMOOTHOLICHUH MHOTMX (a3 B LIECTH-, CEMH-, BOCbMHUKOMIIOHEHTHBIX cuctemax. lMcrmonb3ys Takue
NIPOrpaMMBbl JUIS HHTEPIIPETaluy MPUPOAHBIX IIPOLECCOB, HE CTOUT 3a0BIBATh O JAIEKOM OT HACAILHOIO KauecTBE
TEPMOANHAMHUUYECKUX JAAHHBIX, KOTOPBIE JE€KAT B UX OCHOBE.

Hccnedosarnue gvinonneno 6 pamxax npoepammol Ne 4 OH3 PAH, a makoice npu noodepoicke cpedcme PODH,
8bi0eNieHHblX Ha pabombl no npoexkmy Ne 09-05-00193.

Over the last fifteen years, temperature estimates of formation of aluminous granulites have shown a significant rise,
with the upper limit exceeding 1000°C. This happened mainly due to the recognition of parageneses of sapphirine with
quartz (Spr+Qtz) and orthopyroxene with sillimanite as indicators of «ultrahigh-temperature» metamorphism [2]. However,
calculations in the system FeO-MgO—Al,05—SiO, (FMAS) based on the internally consistent standard thermodynamic
properties of end-member minerals and mixing properties of solid solutions show that temperature ranges, where these as-
semblages are stable, cannot be defined with sufficient confidence, and discrepancies between the estimates obtained with
different models may be great. Thus, the latest version of the popular THERMOCALC database [3] implies that the assem-
blage of sapphirine with quartz can be stable only at temperature above ~980°C, while other calculations [1] show that these
minerals can coexist stably in this system even below 840°C. The uncertainty of estimates of temperature conditions for
related metamorphic complexes still increases, when incorporation of Fe3" is taken into account, which must expand the
Spr+Qtz stability field towards lower temperatures comparing to the FMAS system [5].

Reasons for the significant discrepancies between the calculations with different thermodynamic datasets must be re-
lated with that the measurements and experimental data are insufficient to provide confident descriptions of even more sim-
ple systems as FAS u MAS. Lack of reliable experimental data on changes in composition of sapphirine with temperature
and pressure inevitably requires considerable ambiguity in modeling reactions involving this mineral [4]. With this regard,
the model of sapphirine solid solution suggested by the latest version of THERMOCALC seems abso;utely unsubstantiated.
Experimental data also do not provide sufficient constraints for extrapolating properties of iron-bearing orthopyroxene into
the range of composition with high alumina contents typical for «ultrahigh-temperature» granulites. The discrepancy be-
tween estimates of the aluminous orthopyroxene stability boundary in the system FAS calculated with different models may
exceed 100°C.

Interpretation of mineral relations in aluminous granulites based on petrogenetic grids is also hampered by changes in
activities of water and other fluid components that significantly increase stability of cordierite thus changing the typology of P-
T diagram. Comparison of calculated stability fields of different parageneses with the estimates of temperature and pressure
based on the mineral compositions indicate relatively low water activity at the metamorphic peak. Reaction textures that are
often considered related to changes in the temperature regime may be caused by variations in the metamorphic fluid flow.

Thermodynamic description of phase relationships in FMAS is the foundation for models of more complex
systems, and this foundation is still not very reliable. Development of modern software packages like
THERMOCALC allows easy construction of PT pseudosections depicting complicated relationships of many phases
in six-, seven-, eight-component systems. While employing such packages for interpreting natural processes, it is
worth remembering that the thermodynamic data that form their basis are far from perfect.

This study was financially supported by Program ONZ 4 of the Russian Academy of Sciences and by the Rus-
sian Foundation for Basic Research, project no. 09-05-00193.
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IINKOHUT-T'PAHATOBBIE 'PAHYJIUTHBI U3 TUHAMOTEPMAJIBHBIX OPEOJIOB
JAYHUT-KJIMHOIMUPOKCEHUT-I'ABBPOBBIX MACCHUBOB YPAJIA
KAK UHJIUKATOPBI BPEMEHH U YCJIOBUA HHTEIPAILIUU
MAHTUHHBIX 1 KOPOBBIX KOMILIEKCOB

Ihwkapes E.B.
UIT YpO PAH, Exarepun0ypr, Poccus, pushkarev@igg.uran.ru

PIGEONITE-GARNET GRANILITE FROM THE CONTACT METAMORPHIC AUREOLE OF
THE URALIAN DUNITE-CLINOPYROXENITE-GABBRO MASSIFS: INDICATORS OF THE
TIME AND CONDITIONS OF THE
MANTLE-CRUSTAL ROCKS INTEGRATION

Pushkarev E.V.

Institute of Geology and Geochemistry, Ural Division, RAS, Ekaterinburg, Russia, pushkarev@igg.uran.ru

Kiaccnueckumu npumepamu (pOpMHUPOBaHMS I'PaHYJIMTOBBIX KOMIUICKCOB Ha (DPOHTE IMOJIOKHUTEIBHOH Tep-
MaJbHOM aHOMAJINH, CBA3aHHON C BHEJPEHUEM rOpsSYUX MAHTUHHBIX MAcC, SIBJIAIOTCS IPAaHYJIUTOBBIC KOMILIEKCHI 30-
Hbl Bpea-Bep6ano B UtanbsHckux AJjibliax U JIp. MBI IpezronaraeM, 4To 1o CXOAHOMY CHEHApHUIO 00pa3yIoTcs Bbl-
COKOTEMIIepaTypHble JHHAMOTEPMAJIbHbIE MeTaMOp(pHUYECKHe TOpPOJIbl, O0paMIISIONIHE AYHHUT-KIHHOIUPOKCEHHUT-
rabOpoBble MaccuBbl B [InaTHHOCHOM MOsICE M B APYTHX 30HaX Ypaya, KOTOPbIE pacCMaTpPHBAIOTCS MHOTHMH HCCIIe-
JIOBaTeIsIMU Kak poroBUkH. OJIHaKO, MOJIy4YEHHBIE B MOCIEHEE BPEMs JaHHBIC, CBUAETEILCTBYIOT, YTO 3TH MOPOJBI
(opMupoBaIHCh TIpH JaBieHnsX 5-8 kOap u Temmeparypax 750-850°C, 4To MO3BOJISET OTHOCUTH MX K I'PaHyJIMTOBOM
¢anun Metamopdusma. ¥YcraHoBineHHble PT nmapamMeTpbl COOTBETCTBYIOT YCIOBHSAM, IPH KOTOPBIX MPOUCXOIUT HHTE-
rpanysi MAaHTHHHBIX U KOPOBBIX KOMIUIEKCOB, TTOCTIE KOTOPOH OHHM COBMECTHO BBIBOJSITCS B BEPXHNE TOPH30HTHI 3€M-
HOH KOPBI, HCIBITBIBAsL IIPU 3TOM PETPECCHBHBIC MeTaMOp(QHUYECKHe NMPeoOpa3oBaHus, HePEeKPUCTAUIU3ALIIO U Jie-
¢dopmaru. CrieroBaTesIbHO, COCTAB, YCIOBUS 00pa30BaHUSA U BO3PACT PEIUKTOBBIX OJIOKOB IPaHYIUTOB M3 AUHAMO-
TepMaJIbHBIX OPE0JIOB HECYT HH(pOpMaLNIO 0 HanOoJIee paHHEM 3Tale MAaHTHUITHO-KOPOBOH MHTETPALHIH.

Jlutonorusi, U3y4eHHBIX HaMH TPaHYJHTOB pa3HOOOpa3Ha: JBYMHMPOKCEH-IUIarMOKIa3-KBapleBble KPHCTAIOC-
JIAHILBI, MKOHUT-TPAHATOBBIE TPAHYIUTHI, KOPAUCPUT-IIITHHENb-KHAHUT-KBapIEBbIe TPAHATUTHI, TUPOKCEHOBBIE Kajlb-
I (UpBI, MUPOKCEHOBBIE KBAPLUTHI, OMOTUT-OPTOIHPOKCEH-TPaHATOBbIE THEHCH M Jpyrue mnopoasl. [loatomy kpaTko
OCTaHOBHMMCSI JIMIIIb HA HEJABHO OOHAPY>KEHHBIX MVKOHUT-IPAHATOBBIX I'PAHYJINTAX, OTPaXKAIOMIMX «IIMKOBBIE» YCIIO-
BUsI MeTaMopdu3Ma. ITOT THII TPaHyJIMTOB ObLI YCTAHOBJIEH Ha YpaJie B IBYX MecTaX. B BOCTOYHOM 5K30KOHTaKTe Jy-
HUT-KJINHONHPOKCEHUTOBOrO MaccuBa CeeTiiblil bop [InatnHOHOCHOrO nosica Ypaia U B 3K30KOHTaKTOBOM OPEOJI€ BOC-
TOYHO-Xa0apHIHCKOTO TyHUT-KIHHOMTHMPOKCEHUT-BeOCcTepuT-rabopoBoro komrurekca (BXK) va FOxxaoM Ypare.

I'parymuTe B oO6pamnennn Ceetioro bopa obpasyrot kpymHble muH30BUIHEIE Tena (20%150 M) cpenn am¢pubomm-
TOB, TPAHATOBBIX aM(PHUOOINTOB, TPaHAT-OMOTHTOBBIX THEHCOB, TMPOKCEH-TPAQUTOBBIX KBAapUUTOB. | paHyIHTBI COCTOST
n3 (heppocuiuTa, MIKOHUTA, TPaHaTa, TEMHO-KOPHYHEBOr0 amM(rboia, pyTHOrO MUHEpala, IIaruoKia3a, KBapiia 1 akiec-
copHoro araruTa. [l MOJaJIbHOTO KBapLa Bapsupyer, gocturas 50 %. IlopdupobnacTsl croxeHsl rpoccyIsp-aabMaH-
JIMHOBBIM TpaHaToM M (eppocruToM. OpTOMHPOKCEH XapaKTepu3yeTcsl BEICOKOM skene3nuctocthio (f=0.81-0.82), comep-
xut 0koIto 0.6 % AlO; u 1-1.8 % CaO. bonee menkne kceHOMOP(HBIC U MPU3MATUICCKHE 3epHA COOTBETCTBYIOT KEJIC3H-
CTOMY HIKOHHTY, 4acThb M3 KOTOPOTO MCIbITAJIa paciia]] TBEPIOro pacTBopa ¢ 00pa3oBaHHEM IUIACTUHYATHIX CPOCTKOB
(beppocunuTa u sxenesuctoro aprurta. Cogepxanue CaO B mmkoHuTe BapsupyeT oT 2.5 10 8 %. Conepkanunst CaO B pac-
TIaTHOM aBIHTE HE IMMOJHUMAETCs Bhiie 17.5 mMac.%. [TupokceHbI 00pa3yroT TpeXMHUHEPATBHYIO accolrarto. AM¢uoom mo
COCTaBY OTHOCHUTCS K (pepporapracuty WM (epporacTUHICUTy ¢ xenesuctoctbio 0.83-0.84. Inarnokias mpencraBicH

179



Extended Abstracts

OJIMTOKIIa30M Anps. TUIMYHBIME PYIHBIM MUHEPAJIAMH SIBJISTIOTCSI THTAHOTEMATHT, MIIBMEHUT U reMathT. [1o coctaBy, usy-
YEHHBIE ITOPOJIbl COOTBETCTBYIOT IPaHAT-3BINTOBBIM TPAHYJINTAM W ABJIM3UTaM apXeHCKOro TapaTaliCKoro KOMIUIEKca Ha
IOxxHOM Ypane. Temneparypa paBHOBECHs accolMaK (PeppOCHIINT-aBIUT-IIM)KOHHT, COITIACHO MMPOKCEHOBOMY TEPMO-
merpy . Jluncmm, cootBerctByer 850°C. laBneHue o ambuoOon-miarnokiazosomy 6apomerpy ['.b.®Depmratepa coot-
BeTCTBYET 6-7 KOap. TeKcTypHO-CTPYKTYpHBIE OCOOCHHOCTH M XMMHYECKUI COCTaB TIOPO] CBUACTEIECTBYIOT 00 0caiod-
Hoi1 pupoze npotonmta. U-Pb natnpoBanie DUPKOHOB M3 OMOTHTOBBIX THEHCOB, EPECTaNBAIOLIMXCS C TPaHyJIUTaMH TO-
3BOJIIJIO YCTAHOBHUTH BO3pAcT MeTaMop(r3Ma, KOTOPBIA COCTaBIII 427 MITH. JIeT.

B sx30k0HTaKTe TabbpoHopuToB BXK Ha HOxHOM Ypaie mmpoko pa3BUTH pa3HOOOpa3HBIE TOPOABI TPaHyIUTO-
BOM q)al_II/II/I, MPEACTAaBJIICHHBIC JIBYIIUPOKCCHOBBIMU KPUCTAJNIMYCCKUMU CJIaHIIaMHU, HHpOKCCH-I’pa(bI/ITOBI)IMI/I KBapuura-
MU, KHaHUT (CHJUTMMAHUT)-IIIHHEIb-KOPIUEPUTOBBIMU I'paHaTUTAaMU U Ipyrumu nopogaMu. PT mapamerpsr metamop-
(du3Ma paBHBI, COOTBETCTBEHHO, 5-8 kOap u 750-800°C. [TmKOHUT-TpaHATOBBIC TPAHYJIUTHI 00PA3yIOT HEOOJIbIINE KCe-
HOJIUTHI ¥ ()parMeHTHI OKPYTJIOi (hOpMBI B SHIOKOHTAKTOBOM 30He rabOpoHopuToB BXK. BHyTpenHee crpoenue Gio-
KOB KpaifHe HEOTHOPOIHO, YTO MOXKET OBITH OTPaKEHHEM METACOMAaTHYECKOT0 B3aNMO/ICHCTBHS MEXIy KCCHOJIMTaMH 1
rabopounamu. [Toponsl cocTosT U3 OPTONMPOKCEHA, KIMHONMpPOKCeHa, amduboma, rpaHaTa, IUlarnokiasa, OHOTHTa,
KBapIia, pyTHia, WIBMEHUTA U XPOMHUCTOH HINMUHEIN. Bce TeMHOIBETHBIC MUHEPAITBI XapaKTEPH3YIOTCSI BRICOKUMHU KOH-
LEHTPalMsIMU MapraHiia, YT0 OTpaskaeTcsi U B COCTaBE MOPOJ, KOTOpBIE coziepkar 10 2-7 mac. % MnO.

LenTpasbHBIC s1pa MTHPOKCCHOB TIEPBOHAYATIGHO OBUIHM TPEICTaBICHBI MAapTaHIEBBIM MIKOHUTOM, WCTIBITABIINM
pacnaz TBepzoro pactsopa. COOTHOIICHHE KIMHO-, M OPTOIMPOKCEHA B CTPYKTYpax pacrajia COCTaBiIAeT, IPUMEPHO, 1:1.
MapraHueBbIif OpTOIHPOKCEH coaepkuT okoso 1-1.5 mac. % ALO; u 1.5 mac. % CaO, Mg#=0.6. KimmHonmpokceH coznep-
xuT 1.5-2 mac. % ALO; u 17-20 mac. % CaO, Mg#=0.7. [IBynTHpoKCEHOBOE PaBHOBECHE COOTBETCTBYET TEMIIEPATyPE OKO-
710 750-800°C. I'panar oOpacraet 3epHa MUPOKCEHOB, 00pa3ys BEHYMKOBBIC WITH ATOJUIOBUIHBIC CTPYKTYPbL. OH COICPIKHT,
NPUMEPHO, PABHBIE KOJINYECTBA MTUPOIIA, aJIbMaH/IMHA U CIIECCAPTHHA U TONaJIaeT B 00J1aCTh HECMECUMOCTH, UTO SBIISIETCS
BEChbMa HEOOBIYHBIM /IS TIPUPOAHBIX TPAHATOB U OTPAXKAeT X BHICOKOTEMIIEpaTypHbIi reHesnc. Sm-Nd Bo3pact rpaHaru-
TOB M3 3TOMH K€ 30HBI COOTBETCTBYET CHIIypY W paBeH 423 MiIH. jieT. OCHOBBIBAsICH HA CTPYKTYPE U COCTaBE MKOHHUT-TPa-
HATOBBIX I'PaHYJIMTOB, MbI NpEATIONaraeM, YTo rabOpoHOpHTaMK ObUIM 3aXBadeHbl ()parMEHTHl KPEMHHCTO-MapraHIIOBHU-
CTBIX 0CaJIKOB OCTPOBOJIY’)KHOTO aKKPELIMOHHOT'O KIIMHA, OTPY>KEHHBIX B 30HE CYOIyKIIMHN HA TIIyOUHY, IJIe MPOUCXOINIIO
BHEPEHNE MarMaTHIECKUX MOPO/T BOCTOYHO-Xa0apHUHCKOTO KOMILIEKCA.

[IpuBeneHHBIE HaHHBIE CBUACTEIBCTBYIOT, YTO B CHIIype Ha Ypale MpoHcXoanuT (GopMHpOBaHHUE TPAHYIUTO-
BBIX KOMIIJICKCOB, CBSI3aHHBIX C MPOSIBICHUEM OJI0KUTEIBHON TEPMATIbHON aHOMAINH, 00YCIOBICHHONW BHEJIPEHHEM
3HAYUTEIBHBIX 00BEMOB FOPSIYMX MAHTHHHBIX MAacC B OCa/I0YHO-BYJIKAHOTE€HHBIE Pa3pe3bl HUKHEH JacTH 36MHOHN KO-
PBI, UIMEIOIIEi OCTPOBOLYKHBIE TEOXUMHIECKUE XapaKTepUCTHKH. [lapaMeTphl HHTErpanuy MarMaTHYeCKUX U MeTa-
MOp(GHUYECKUX MOPOJ COOTBETCTBYIOT Temiepatypam 750-850°C u maBneHuto 5-8 xb6ap, KOTOPhIE MOXKHO paccMaTpu-
BaTbhb KaK MAaKCUMAJIbHBIC U3 YCTAHOBJICHHBIX K HACTOAIICMY BPEMCHU JId JAHHOT'O TUIIa 06pa3OBaHHﬁ.

Paboma evinonnena npu gunancosou noodepacke epanma PODOU Ne 09-05-00911-a, IIpoepamm OH3 PAH
Ne 2 (09-T-5-1011) u Ne 10 (09-T-5-1019).

Granulites of the Ivrea zone, Northern Italian Alps are typical examples of granulite complexes related to a
positive thermal anomaly taking place during hot mantle upwelling and mafic melt intrusions. We assume that high
temperature contact aureoles around Uralian-Alaskan-type dunite-clinopyroxenite-gabbro massifs in the Ural Plati-
num Belt and in other places were formed in similar manner. Most geologists admit the hornfels affinity of these
rocks. However, new data obtained recently show that these rocks form at P=5-8 kbar and T=750-850°C and corre-
spond to granulite facies. It means that under these PT conditions mantle and crustal complexes were integrated, then
rose together to the upper crustal level and underwent retrograde metamorphism, recrystallization and deformations.
Therefore, the composition, age and PT conditions of relict granulite blocks from metamorphic aureoles around the
ultramafic bodies are indicators of the earliest stage in mantle-crustal integration.

Different lithological types of granulite are distinguished in these aureoles: two-pyroxene crystal schists, pigeonite-
garnet granulites, cordierite-spinel-kyanite-quartz garnetite, pyroxene calciphyre, pyroxene quartzite, biotite-orthopyroxene-
garnet gneiss and others. The present paper only contains information on newly-found pigeonite-garnet granulite reflecting
peak-metamorphic conditions. This type of rocks has been reported from two areas in the Urals. One area is in the eastern
contact zone of the Svetly Bor dunite-clinopyroxenite massif in the central Uralian Platinum Belt. The other is situated at
the contact with the Eastern-Khabarny dunite-clinopyroxenite-websterite-gabbro complex in the Southern Urals.

The granulite in the outer metamorphic aureole of the Svetly Bor massif forms lens-shaped bodies (20*¥150 m)
among amphibolite, garnet amphibolite, garnet-biotite gneiss, pyroxene quartzite. It consists of ferrosilite, pigeonite, garnet,
brownish amphibole, plagioclase, quartz, opaque minerals and accessory apatite. Quartz content varies considerably ap-
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proaching 50 %. Grossular-almandine garnet and ferrosilite form porphyroblasts, 3-5 mm in size. Orthopyroxene has high
Fe/(Fe+Mg)=0.81-0.82 and contains about 0.6 % ALO; and 1-1.8 % CaO. Small prismatic and xenomorphic grains are
represented by pigeonite undergoing exsolution and formation of thin ferrosilite and iron-rich augite intergrowths. The CaO
content of primary pigeonite is 2.5-8 wt. %. The CaO content of augite is about 17 wt. %. Pyroxenes form three-mineral
association. Amphibole corresponds to iron-rich pargasite and has Fe/(Fe+Mg)=0.83-0.84. The anorthite number of plagio-
clase is 25. Opaque minerals are represented by titanohematite, ilmenite and hematite. The rocks examined are very similar
in composition to ferrosilite-garnet granulite and eulysite from the Archean Taratash complex in the Southern Urals. The
equilibrium temperature of the three-pyroxene association ferrosilite-pigeonite-augite, according to D.Lindsley geother-
mometer (1983), is 850°C. Amphibole-plagioclase equilibrium, according to G.B.Fershatater geobarometer, corresponds to
a pressure of 6-7 kbar. The chemical composition of the rock reflects the sedimentary origin of protolith. The U-Pb isotope
dating of zircons on SHRIMP-II from coexisting biotite gneiss has shown a metamorphic age of 427 Ma.

Granulite from the second place occurs in the outer metamorphic zone of the Eastern-Khabarny mafic-
ultramafic complex in the Southern Urals, where the following types of granulites are widespread: two-pyroxene
crystal schists, pyroxene-graphite quartzite, kyanite-spinel-cordierite garnetite and others. The PT metamorphic pa-
rameters estimated are 5-8 kbar and 750-850°C, respectively. The pigeonite-garnet granulite fragments crop out in the
marginal part of a gabbronorite body and have a small size and a round shape. The internal structures of these xeno-
liths and the distribution of different rock-forming minerals are irregular, reflecting metasomatic interaction between
fragments and gabbronorite under these metamorphic conditions. Granulite consists of orthopyroxene, clinopyroxene,
amphibole, garnet, plagioclase, biotite, quartz, rutile, ilmenite and chrome spinel. As all dark minerals are enriched in
manganese, the high MnO (2-7 wt. % MnO) content of the rocks is understood.

The central cores of pyroxene grains were first represented by Mn-rich pigeonite which has undergone exsolu-
tion. The distribution of clino- and orthopyroxene lamellas in exsolution areas is close to 1:1. Mn-orthopyroxene con-
tains 1-1.5 wt. % Al,O; and 1.5 wt. % CaO, Mg-number=0.6. Clinopyroxene contains 1.5-2 wt. % Al,O3 and 17-20
wt. % CaO, Mg-number=0.7. Two-pyroxene equilibrium corresponds to 750-800°C. Garnet forms atoll-like rims
around the pyroxenes. It contains almost equal molecular amounts of spessartine, almandine and pyrope, and its com-
position is situated within the garnet gap, which is very strange and probably reflects the high temperature origin of
garnet. The Sm-Nd age of garnetite is Silurian, 423 Ma. We assume that gabbronorite has caught fragments of Mn-
rich cherts or sediments from a deeply subducted accretionary prism.

The above data confirm the assumption that the formation of granulite complexes, related to a positive thermal
anomaly accompanied by abundant mantle intrusions, took place in the Urals in Silurian time. This mantle-crustal
integration occurred at a temperature of 750-850°C and a pressure of 5-8 kbar, respectively. These are the peak pa-
rameters known for such a type of mafic-ultramafic complexes.

The study was supported by RFFR grant No. 09-05-0091 1-a and Programmes No. 2 (09-T-5-1011) and No. 10 (09-T-5-1019).

TPAHYJIMTOBBII Y SKJIOT'UTOBBINA METAMOP®U3M B HCTOPUN ®OPMHUPOBAHMUSI
OYHJAMEHTA ITPUYPAJIBCKOU YACTHU EBPOIIEMCKOI'O KPATOHA
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GRANULITE- AND ECLOGITE-FACIES METAMORPHISM IN THE HISTORY OF
FORMATION OF THE BASEMENT OF THE URALIAN PART OF THE EUROPEAN CRATON

Pystin A.M., Pystina Y.1.

Institute of Geology, Komi Science Centre, RAS, Uralian Branch, Syktyvkar, Russia, pystin@geo.komisc.ru

Ha Ypane nan6onee 000CHOBaHO HAIMYNE BBICTYNOB INIAT(OPMEHHOTO OCHOBAHHS B €TO 3aIlaJHOH MalICOKOH-
THHEHTAIBbHON YacTH (K 3amamy oT I aBHoro Ypanbckoro pasinoma). K HIM OTHOCSITCS pa3nuyHbIe IO BEIECTBEHHO-
My COCTaBy, CTPYKTypaM W OCOOCHHOCTAM MeTaMopdu3Ma MOpoJ MOJTUMETaMOPPHUECKHE KOMIUIEKCH (PHUCYHOK).
Cpenu HUX MBI BBIJEISIEM CIEAYIOIINE OCHOBHBIE Pa3HOBHUAHOCTH: THEHCO-TPaHYINTOBBIE, THEHCO-MUTMaTUTOBEIE,
KPHCTAJUIOCIAHIIEBbIE, TPAaHyJIUTO-METa0a3uTOBbIE, SKIOTUTO-THEHCOBBIE U 3KIIOTUTO-CIAHLEBbIE [1].

Hcropus MeramopdusmMa nopoJ, claraiolux noauMeraMmopduueckne KOMILIEKCH 3aafAHoi acTu Ypana (3a-
I1a/HOTO CKJIOHa Ypaia) onpeaensercs uarepsasioM 2.7—-0.35 mup et Hazaz.
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Haubonee npesHue natupoBKu MeTaMOp(OTreHHBIX IIMPKOHOB ITOJYUYEHBI 110 OPOAaM TapaTaliCKoro rHei-
CO-TpaHyJIMTOBOTO KoMIulekca Ha HOxxHoMm Ypaie. 3xeck Ooublas 4acTh MeTaMOp(QHUIECKUX TOPOJI, ONpPEIesIo-
IIMX COBPEMEHHBIH OOJIMK 3TOTr0 KOMILIeKca, oOpa3oBanack NMpu MeTaMop(hu3Me rpaHyJIUToOBON (auun okoso 2.6
MIIpa JeT Hasan [2, 3 u ap.]. Auadropes ambpubonuToBO# Qanum U rpaHUTH3ANAS TPOSBUINCH B HHTepBaue 2.1—
1.7 Mapna net Hazan.

o 0 QS-» Baian
>//£\J/"-’“fm<jJ

& HAPBAH-MAP

Puc. Cxema pasmemneHusi JOKEMOPHHCKHUX KOMIUIEKCOB THMaHO-
VYpanbckoro peruona

1-2 — maneo3otlickue popmanuu: 1 — naneookeaHU4ecKue, 2 — NaJTCOKOHTH-
HEeHTAJIbHBIE; 3 — ocafo4HbIH yexon EBpomneiickoii miaTtdopmsl; 4-8 — HIK-
HenokeMOpuiickue (?) monuMeraMopuuecKie KOMIUIEKCHI: 4 — FHeico-rpa-
HYJIMUTOBBIC, 5 — THEHCO-MUTMATUTOBBIH, 6 — KPaCTAIOCIAHIEBbIE, 7 — K-
J0rUT-aM(HOOIHTIHEHCOBBIC W OKJIOTUT-CIIaHIIEBEIe, 8§ — IPaHyIHT-MeTaba-
3UTOBBIC; 9 — BEpXHEJOKEMOpHUIicKHe 00pa30BaHMUs, IPEUMYILECTBEHHO Ipe-
TepIeBIINE 3eICHOCIAHNEBEIH MeTamopdm3M. MeTamopduueckue KoM-
TIEKCBI: | — ManbIKCKUH, 2 — MapyHKeyCKHid, 3 — XxaHMelixoiickuli, 4 — na-
PHMKBAachIIOPCKMH, 5 — XapamMaTaloyCKuid, 6 — XOpIBIOCKHIA, 7 — Hepkaro-
ckuii, 8 — HApTUHCKHIL, 9 — Taparamickui, 10 — anekcanapoBckuid, 11 — yda-
nelickuii, 12 — BocrouHo-ydaneiickuii, 13 — Genopenxuii, 14 — MakcioTOB-
CKUM, 15 — canauuckui, 16 — Myp3uHCKO-ayHCKUH, 17 — ceNTHKMHCKUH, 18
— CBICEPTCKO-MIBMEHOTOPCKUiA, 19 — koukapckuii, 20 — MapuuHCKH, 21 —
aZlaMOBCKMI, 22 — TeKeNnbAbITAyCKUH, 23 — KallpakTUHCKUH, 24 — Tanablk-
CKHH, 25 — MUKYJIKHHCKHHA. OCHOBHBIC 00JaCTH Pa3BUTHUS TOKeMOpHs: 26 —
IentpansHo-Ypansckas 30Ha, 27 — KBapkyuickoe nogusrue, 28 — bamkup-
ckoe noauste, 29 — noaustue Kannn Hoc, 30 — L{pimeMckuit kamens, 31 —
Yernacckuii kameHb, 32 — Beimckast rpsina, 33 — O6asipckoe nogustue, 34 —
noansaTue /Hxexxumnapma, 35 — [1oar0J0BCKOE MOIHATHE.

100 kM

B rHeiico-MUrMaTUTOBBIX KOMIUIEKCaxX (anekcaHJpoBckoM — Ha HOxHoM Ypaie, HIPTHHCKOM M XaHMEHXOM-
CKOM KOMIUIEKCax Ha ceBepe Ypaia), a Takke M NapHKBachIIOPCKOM KpHUCTAJUIOCIAHIEBOM Komiuiekce [lonmsipHoro
VYpana apeBHeHmie BO3paCTHRIC ONpEACICHUS BapbUPYIOT B WHTepBase 2.12—1.75 mupa. ner. BospactHoii pyOex
MeTamop(dr3Ma TpaHyIUTOBOH (arwu onpeaersercs mudppamu okono 2.1 mupx set. [Tomumeramopdusm ampudonu-
TOBOU W »HI0T-aM(puboIuTOBON (hanmii mposBuics B uHTepBane 1.99-1.75; 1.37-1.20 mupx net Hazax; okoio 0.9
wiIpA et Hazaxa u 0.62—-0.56 mupa. et Hazax [1].

Ha n-Be Kanun mo nupkoHaMm u3 HOPOJ MUKYJIKHHCKOTO KPHCTaJUIOCIAHIIEBOTO KOMIUIEKCA IOJIyYEHO TPH
BO3pacTHBIX UHTEpBana: 1994-1764, 1372—-1338 u 1260-1080 muH set [1], KOTOpBIe COTMACYIOTCS ¢ BO3PACTOM IO-
CTTPaHyJIMTOBBIX MPOLIECCOB MeTaMop(dr3Ma B MOPOIaX aJIeKCaHAPOBCKOTO KOMILIEKCA.
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I'panynuT-MeTaba3uTOBbIE KOMIUIEKCH JABHO PACCMATPUBAIOTCSI HAMM, KaK BOMOXKHbIE BO3PACTHBIE aHAIOTH THEH-
CO-TPaHyJIUTOBBIX KOMIUIEKCOB, K KOTOPBIM Ha Ypaje OTHOCUTCS YK€ YIOMHHABILIMICS BBIIIE BEpXHEApXEHCKUI THENCOo-
TpaHyJIMTOBBIN TapaTamickuii kommuieke. Henasuo B. A. [lymmHbiM 1 ero coaBropamu [4] omy6mukosanst U-Pb (SHRIMP
— IT) BO3pacTHbIE AATUPOBKH LIUPKOHOB U3 META0a3UTOB MATIBIKCKOTO TPaHYJIUT-METa0a3UTOBOrO KOMIUIEKCA, CBUIETEIb-
CTBYIOIIHE O TIPOSIBIICHUH B HUX PaHHHX METaMOP(UUECKIX COOBITHI B KOHIIE apXest — OKOJIO 2.7 MIIPJ JIeT Ha3al.

Bormpoc 0 Bo3pacTe ¥ BO3MOYKHOCTH COIOCTaBIICHHS C JIOKEMOpPHEM JIPEBHUX IUIAT(OPM 3KIOTHUTCOACPIKAIINX
TOJII Ypaia, CIaralonX HEKalOCKUi, MapyHKEYyCKHUH, MAKCIOTOBCKHH M JPYTHE KOMIUICKCHI, OCTaeTCs MpodIeMaTHd-
HbIM. TeM He MeHee, pealbHOCTb IPOSIBIICHUS YIbTPaBBICOKOOAPHIECKOro MeTaMop(di3Ma B paHHEM JOKeMOPHH JJOKa-
3bIBACTCS HAXOJKAMU apXEUCKUX SKJIOTMTOB B beroMopckoM moBMKHOM nosice GeHHOCKaH IMHABCKOr O 1uTa. I'eoxpo-
HOJIOTHYECKasl M3yYEHHOCTh BBICOKOOAPUUECKUX METaMOp(hHUTOB Ypalia OCTaeTCs HEeO0CTaTOuHOI. B reoxpoHosoruye-
CKOM OTHOUICHUU JIy4llle U3y4eH MapyHKeycKkuil koMiuiekce [lomssproro Ypana. MakcumallbHble 3Ha4E€HUS BO3PACTa I10-
POA 3TOro KoMIuiekca, onpeaeneHnsie myreM K-Ar u Pb-Pb natnpoBanns MuHepanoB U3 SKJIOTHTOB, cocTaBisioT 1.70,
1.56, 1.54 mapn ner. B mocneanue rofpl comocTaBUMble 3HaYeHHs Bospacta skjorutoB (1.68+0.07, 1.61+0.07,
1.5440.15, 1.54+0.14 mnpp et) Obutn mosryueHs! Ha ocHoBe Rb-Sr 1 Sm-Nd M30XpOHHBIX cHCTEM 110 IOPOJE B LIEJIOM U
Mo MeTaMOp(OTreHHBIM MHUHEpaliaM, BKItodast ampuoon [5]. Kpome toro, mis mupkoHa u3 3THX ke mopon B.JI. Arapen-
YeBBIM MOJTy4eH KOHKopaaHTHeIH U-Pb Bozpact, paBHbi 1.86 Muipp ster. OTH AaHHBIE JAalOT OCHOBAHHWE CUMTATh, UTO,
BO-TIEPBBIX, YCIIOBHUS SKJIOTUTOBOM (pary MMENI MEeCTO Ha HanboJee paHHeH cTaguu MeTaMOp(UIECcKOi HCTOpHU Ma-
PYHKEYCKOIO KOMILIEKCa M, BO-BTOPBIX, YJIbTPaBBICOKOOAPHUECKU MeTaMOP(H3M, KOTOPBI OOBIYHO CBSI3BIBACTCS C
CcyOmyKIye OKeaHHIeCKOH KOPHI, B MIPEAeIaXx pacCMaTpUBaeMON TEPPUTOPUH MPOSBUIICS B paHHEIOKEMOPHIICKOE Bpe-
Ms Goree, gem 1.70 mupa et Hazax ( mo-BuAMMOMY, B HHTepBaine 1.9-2.1 mMupa jeT Ha3af, eciii YYUTHIBATh HAJTHMYIHE B
9KJIOTHTAX HAIOXKEHHOro am(uboia, BO3pacTHOE 3HAUCHHUE, MOITYyYEHHOE VISl IUPKOHA, M BHICOKYIO BEPOSITHOCTH KOM-
TUIEMEHTApHOT'0 Pa3BUTHS BEICOKOTEMIIEPATYPHBIX YMEPEHHO- U BEICOKOOAPHUIECKHX MPOIIECCOB).

Pa3nuns B BelIECTBEHHOM COCTaBe, a TakkKe (alalbHbIX YCIOBUSX U OCOOCHHO THIE MeTamop(u3Ma Hopo.
TIO3BOJISICT BBIJICINTH JIBE TPYIIIbLI MOJMMETaMOPPHUIECKUX KOMIUIEKCOB, KOTOPhIE B OOIIMX 4epTax OBbUIM HaMe4YeHBI
elle B HalllMX paHHHX paborax [1 u cchliky B JaHHOM padore]. OnHa M3 HUX XapaKTepu3yeTcs MpeodiaJaHieM B paspe-
3€ MOPOJI KMCJIOTO COCTaBa, MPEUMYIIIECTBEHHO IIEPBUYHO-0CA/I0YHOTO POUCXOKACHHS U YMEPEHHOOAPUIECKUM THIIOM
Mmeramopdusma. B cocrase npyroii rpymiisl cyiecTBeHHas poilb IPHHAUICKHUT IEPBIYHO-MarMaTHIECKUM 00pa30BaHH-
SIM, TIPEMMYIIECTBCHHO OCHOBHOTO Psi/Ia, MCIIBITABIINM BBICOKOOapHiIecKnidi Metamopdusm. B kaxmoil n3 Ha3BaHHBIX
JIBYX TPYIIT MOXKHO BBIICIIUTh BEPTUKAIbHBIE (BO3PACTHBIC) PSbI HOIUMETaMOP(HHUECKUX KOMILIEKCOB (Ta0nuIa).

Tabauna. JlaTepanbHble ¥ BEpTHKAIbHEIE (BO3PACTHBIE) PSABI HOJIMMETaMOP(HUUECKUX KOMITIIEKCOB

Bo3spact Kommiekcst
DKJIOTHTO-CIIAHIIEBbIE KOMILIEKCHI
KpucrannocnaHneBble KOMILIEKCH .
o . MeTtamop(u3M SKIOTHTOBOI (HH3KOTEMIIEpaTypHBIE H yMe-
MeTtamopu3M auI0T-aMPHUOOINTOBOH H ahHOOIUTOBOI (HH3KO-
PR, o pEeHHOTEMIIEpaTypHBIe CyO(aIu) 1 rpaHat-
TeMIepaTypHble U yMEepeHHOTeMIIepaTypHble cyodanun) daruii. o .
rnaykodaHcmaneBoit cyodarmit
I'pannTH3anus npossieHa cnabo.
I'nelico-MUrMaTHTOBbIE KOMIIJIEKCHI
ARS(?) Meramopdusm amprO0IUTOBOM (halvu yMEPEHHBIX AaBICHUH C DKJIOTUTO-THEHCOBBIE KOMIIJIEKCHI
Pi{. peNMKTaMHU TPpaHyIuTOBO# dauun. ['panntuzanus. ['panuro- Meramophu3M 3KIOTUTOBOH (haruu.
! rHeicoBbIe Kymoa. VYibTpaBeicoKoOapHdecKue cyodarim.
I'Helico-TpaHyIMTOBBIE KOMIUIEKCHI I'panynuTO-MeTaba3UTOBBIC KOMIIIEKCHI
AR, Metamophu3M rpaHyIHTOBO# (alMi yMEPEHHBIX H MOHMKEHHBIX MeTtamMopdu3M rpaHyIHTOBO# (aliyl MOBBILICHHBIX U BBICO-
aBJICHUN KHX JIaBJICHHI.

BeptukaneHelil (BO3pacTHON) P KOMIDIEKCOB, IEPBOH M3 NEPEUNCICHHBIX TPYIII, COCTABILIIOT (CHU3Y-BBEPX):
THEHCO-TPaHyJIUTOBBIE (TapaTalICKUil KOMIUIEKC) — THEHCO-MUTMATHTOBBIE (aJIEKCAHAPOBCKUM, HAPTHHCKUH, XaHMEH-
XOMCKHI KOMITIEKCHI) — KPHUCTAJUIOCTAHIIEBbIe (MUKYJIKUHCKHUN, TApUKBACHIIOPCKHUH, XapaMaTanoyCKHi KOMIIJIEKCHI).
Bropoii BepTHKaJIBHBIA P COCTABISIIOT (CHU3Y-BBEPX): I'PaHYJIUT-METa0a3uTOBbIE MAJIBIKCKHHA U XOPABIOCKUHA KOM-
TJIEKCHI) — DKJIOTUTO-THEHCOBBIE (MapyHKEYCKUI KOMIUIEKC) — KJIOTUTO-CIAaHIIEBbIe (HEPKAIOCKUI U MaKCIOTOBCKHIA
KoMIuIeKchl). HIokHSIsT Bo3pacTHast TpaHHIa BEPTUKAIBHBIX MOCIIE0BATEIBHOCTEH Y palbcKOro JOKeMOpHs onpeess-
eTcs JaTUPOBKaMU He MeHee 2.6 mipa. neT. Hapsay ¢ BepTUKanbHBIMU psiaMH HAMEUArOTCs ONPEAEICHHbIE JIaTepab-
HBIE COOTHOIICHUS MEK/Ty Pa3IMYHBIMHA KOMIIIEKCAMH, CBH/IETENBCTBYIONMMH 00 X (OPMHUPOBAHUHU B Pa3HBIX I'€OIH-
HaMHYECKUX 00CTaHOBKax. VI3 MPHBEACHHBIX BBIIIE T€OXPOHOJIOTMUECKUX JAHHBIX MOXKHO CJIENaTh 3aKIIOYEHHE, YTO
pasnyMs B re€0JMHAMUYECKUX 0OCTAaHOBKAX (pOPMHPOBAHHS PACCMATPUBAEMBIX CTPYKTYPHO-BEILIECTBEHHBIX KOMILIEK-
COB CYILIECTBOBAJIM, HAYMHAs, 110 KpaliHEW Mepe, C TIO3[HETO apXesd U B TEYEHUE BCETO PAHHETO MPOTEPO30sI.
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YcTaHOBIIEHHBIE 3aKOHOMEPHOCTH B COCTaBE M CTPOCHHUM ITOJMMETaMOP(PHUYECKUX KOMILIEKCOB 3araJHOro
CKJIIOHa Ypaia, a TakKe JIaHHbIE O BO3pacTe IIOSBJICHUS MPOLIECCOB BBICKOTEMIIEPATYPHOTO MeTaMop(du3Ma Iopos
(TpaHyJINTOBOH M SKJIOTUTOBOM (alliif) Jal0T OCHOBAHUE CUNUTATh, YTO OHM SIBJISIOTCS (pparMeHTaMHu OJHOTO KpaToHa
(EBporeiickoro mim, Tounee, Bonro-Ypansckoii wacti bantukm).

In the Urals, the presence of scarps in the western palacocontinental portion of the platform basement (west of
the Major Uralian Fault) is best-based. Examples are provided by mineralogically, structurally and metamorphically
different polymetamorphic complexes (Figure). The basic varieties distinguished are gneiss-granulite, gneiss-
migmatite, schist, granulite-metabasic, eclogite-gneiss and eclogite-schist complexes [1].

The metamorphic history of the rocks that build up polymetamorphic complexes in the western Urals (western
Urals slope) covers a time span bracketed by 2.7 and 0.35 Ga.

The oldest ages from metamorpogenic zircons were estimated for rocks of the Taratash gneiss-granulite com-
plex in the southern Urals. Here, most metamorphic rocks, responsible for the present pattern of the complex, were
produced by granulite-facies metamorphism at ca. 2.6 Ga [2, 3 etc.]. Amphibolite-facies diaphthoresis and granitiza-
tion occurred in the interval 2.1-1.7 Ga.

In the gneiss-migmatite complexes (in the Alexandrovsky complex in the southern Urals, in the Nyartinsky
and Khanmeikhoisky complexes in the northern Urals) and in the Parikcasshorsky schist complex in the Polar Urals
the oldest ages vary from 2.12 to 1.75 Ga. The age boundary of granulite-facies metamorphism is estimated at ca. 2.1
Ga. Amphibolite- and epidote-amphibolite-facies polymetamorphism occurred at 1.99-1.75; 1.37-1.20 Ga; 0.9 Ga
and 0.62-0.56 Ga [1].

On Kanin Peninsula, three age intervals: 1994-1764, 1372—1338 and 1260-1080 Ma [1], consistent with the
age of post-granulite-facies metamorphism in the rocks of the Alexandrovsky complex were obtained on zircons from
the rocks of the Mikulkinsky schist complex.

The authors have long been interpreting granulite-metabasic complexes as possible age counterparts of gneiss-
granulite complexes, exemplified in the Urals by the aforementioned Upper Archaean Taratash gneiss-granulite com-
plex. V.A. Dushin et al. [4] have recently published the U-Pb (SHRIMP — II) age dates of zircons from the metabasic
rocks of the Malyk granulite-metabasic complex that provide evidence for early metamorphic events in late Archaean
time at about 2.7 Ga.

The age of old eclogite-bearing rock platforms in the Urals, which build up the Nekayusky, Marunkeusky, Mak-
syutovsky and other complexes, and their correlation with Precambrian units are still the subject of debate. However, ultra-
high-pressure metamorphic events in Early Precambrian time are supported by the occurrence of Archaean eclogites in the
Belomorian mobile belt of the Fennoscandian Shield. Age dates for Uralian high-pressure metamorphic rocks are scanty.
The Marunkeusky complex in the Polar Urals has been best studied geochronologically. Maximum ages for rocks from this
complex, estimated by K-Ar and Pb-Pb dating of minerals from eclogites, are 1.70, 1.56 and 1.54 Ga. Correlatable ages of
eclogites (1.68+0.07, 1.61+0.07, 1.544+0.15 and 1.5440.14 Ga) were estimated from Rb-Sr and Sm-Nd isochrone systems
for whole rock and for metamorphogenic minerals, including amphibole [5]. Furthermore, a concordant U-Pb age of 1.86
Ga was obtained for zircon from the same rocks by V.L. Andreichev. These data have led the authors to conclude that,
firstly, eclogite-facies conditions existed at the earliest stage in the metamorphic history of the Marunkeusky complex and,
secondly, ultrahigh-pressure metamorphism, which is commonly attributed to oceanic crust subduction, occurred in the area
discussed in Early Precambrian time at more than 1.70 Ga ( presumably in the interval 1.9-2.1 Ga, considering the presence
of multiple amphibole in eclogites, the age obtained for zircon and the highly probable complementary evolution of high-
temperature, moderate- to high-pressure processes).

Based on differences in mineralogical composition, metamorphic grade and especially metamorphic type of
rocks, two groups of polymetamorphic complexes, described briefly in the authors’ earlier publications [1 and refer-
ences ibid.] are distinguished. One group is dominated by felsic rocks of primary-sedimentary origin metamorphosed
at moderate pressures. The other group consists largely of primary-magmatic, dominantly mafic, rocks metamor-
phosed at high pressures. Vertical (age) series of polymetamorphic complexes can be distinguished in each of the
above two groups (Table). The vertical (age) series of complexes of the first of the groups listed consists of (from the
base upwards): gneiss-granulite (Taratash complex) — gneiss-migmatite (Alexandrovsky, Nyartinsky and Khan-
meikhoisky complexes) — schist (Mikulkinsky, Parikvasshorsky and Kharamatalousky complexes). A second verti-
cal series is formed of (from the base upwards): granulite-metabasic Malyk and Khordyusky complexes) — eclogite-
gneiss (Marunkeusky complex) — eclogite-schist (Nerkayusky and Maksyutovsky complexes). The lower age
boundary of Precambrian Uralian vertical successions is estimated at no less than 2.6 Ga. Together with vertical se-
ries, lateral correlations between different complexes, indicative of their formation in different geodynamic settings,
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are observed. The above geochronological evidence has led the authors to conclude that differences in the geody-
namic settings, in which the structural-mineralogical complexes were produced, have existed since at least the Late
Archaean throughout the entire Early Proterozoic.

Based on the compositional and structural pattern of the polymetamorphic complexes on the western slope of the Urals,
together with the ages of high-temperature metamorphism of granulite- and eclogite-facies rocks, the authors have concluded
that they are fragments of one craton (the European Craton or, to be more exact, the Volga-Uralian portion of the Baltic).
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Hcxons u3 mpeacTaBieHns: O PErHOHAIBHOM MeTaMopdu3Me Kak 00 M30XMMHYECKOM IIPOLecce, IPUHAITO OT-
HOCHUTB BCE TEOXMMHUYECKHE Pa3INiMsl MeTaMOp(U30BaHHBIX MOPOJ 33 CUET pa3iInuuii COCTAaBOB BO3MOXKHOT'O IPOTO-
muta. OJHaKo B IOCIHeHEEe BpeMsl IMOSBISIETCS Bce OOJbIIE JaHHBIX [0 TEOXUMHH MeTaMop(r30BaHHBIX 0a3WTOB,
MMEIOIINX 3aBEJOMO OAWHAKOBBIN MPOTOJHT, U OOBSICHUTh NX TEOXUMHUYECKHE PA3IHYMS OKa3bIBACTCS BO3MOXKHBIM,
€CITH JIOIYCTUTH MOJBIKHOCTh TE€X WJIM HHBIX KOMIIOHEHTOB B IIPOLIECCE CAaMOTo MeTaMopdu3ma.

B npenenax beroMopckoro moaBMXHOTO MOsSCa OTKPHITO U MccaenoBaHno KpacHoryOckoe maiikoBoe mose, co-
crosiiee Oosee yeM u3 30 MabIX HHTPY3HUil rabOPOHOPHUTOB U JiaeK OoJee KENe3UCThIX («rpaHaToBbIX») radopo [2].
Bospact nx o6pa3oBaHus, MO-BUANMOMY, HE OTJIMYACTCS] OT ONPEIEICHHOTO ISl aHATOTUYHBIX 00pa3oBaHuil peruo-
Ha - 2.44-2,36 n 2.14-2.12 mapx. net, cootBeTcTBEeHHO [3,4]. basutsel KpacHol ry0pl HHTEHCHBHO 3KJIOTHTH3HPOBA-
HBI: TAOOPOHOPHTHI TOJILKO BIIOJIb 30H CIIBUTOBBIX JieopManuii, rabopo — MpakTHUeCKH NOIHOCTHIO. [10 1aHHBIM MH-
HepaJbHOH TeoTepmobapoMeTpuu [2] GhopMHpPOBaHHE SKIOTUTONOMOOHBIX MOPOJ (TUIarkokiiasz+rpaHar+omdariur)
MMPOUCXOANJIO B AMAIIa30HC TEMIICPATYpPbl U JaBJICHUA, OTBECUAIOIINX BbICOK06apH‘leCKOﬁ n BbICOKOTeMHepaTypHOﬁ
ampuodomuToBoii pamuu (7= 700+ 40°C u P = 10.0+0.5 x6ap). 3nauenus PT napamMeTpoB 00pa3oBaHHs KIMHOIHPOK-
CCH-IUIarMOKJIa30BbIX CUMIUIEKTUTOB 110 OMQanury, cooTBeTcTBy0T 630-660°C u 7.9-8.2 kbap. IlocTakmorurosas
amMpuOONINTH3ALMS IPOXOMIIA Ha PETPOrPaJHOM dTare MeTaMopusma.

OcobOeHHOCTH COCTaBOB MHHEPAIOB SKIOTUTOBBIX MOpoa KpacHoi ry0bl MOTYT OBITH YJOBIETBOPUTEIHHO
00BSICHEHBI AOMYIICHUEM ITOJBIKHOTO MOBEACHHUS KpeMHe3eMa M AecHiInKanuei 6asnutos [1,2] B pe3ynbrare B3au-
MOJICHCTBHS (IIIOMA-TIOPOJa B 30HAX TEKTOHWYECKUX HapymeHud. CrenyeTr MmoJ4epKHyTh poib nedopmanuii u co-
MPSDKEHHBIX ¢ HUMU (IIIOMTHBIX TIOTOKOB B 00pa30BaHMH 3KIOTUTOBHIX MapareHe3uncoB [1]. [Ipencrasnsiercs oueBua-
HBIM, 4TO (JIIOHM] y4acTBYeT B IpOLECcCe SKJIOTUTU3ALMH HE TOJBKO KaK KaTalnu3aTop MHHEPAIbHBIX PEeakuuil, HO U
Kak cpeJia Terio- 1 MaccooOMeHa.
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IeoxumMuueckre 0cOOEHHOCTH MeTaMOpP(H30BaHHBIX MarMaTHUECKHUX MOPOJ, B YaCTHOCTH, 0a3UTOB, OIpese-
JISIFOTCSI KaK 3aKOHOMEPHOCTSMH PAacIpelieNICHNs] BEIIECTBA MPH BBIIUIABICHUH U AuddepeHnranni rabopo-HOpUTOB
1 1ab0pO, KOTOPBIE SIBMJIMCH NPOTOJIMTOM JIJISl HCCIIEAYEMBIX MeTaba3uToB, TaK M M3MEHEHHEM MHUHEPAIBHOTO COCTa-
Ba MOPOJ B pe3ybTaTe COOCTBEHHO MeTaMop(hu3Ma, ¢ BO3MOXKHBIM MepeMeIieHHeM (IIPUBHOCOM MIIM BEIHOCOM) TEX
WM UHBIX HEKOT€PEHTHBIX KOMIIOHEHTOB COITy TCTBYIOIIUM METaMOp(u3My (IIIOHIOM.

HccrnenoBana meTpoXuMusl M TEOXUMHUS MeTaMOp(HU30BaHHBIX Tab0poHOPUTOB U Tab0po. Kommuecta MgO,
Fe,03, TiO2 B meraraboponopurax 7.5-20.5, 7.3-14.0, 0.3-0.8 mac. %, Torma kak B Mmetaradopo 3.2-8.0, 12.9-18.0 u
1.0-2.5 mac. %, cootrBercTBeHHO. MccnenoBannsle MeTarabopo Mo CpaBHEHHIO ¢ METarabOpOHOPUTAMHU CYIIECTBEHHO
obeanensl Cr, Ni u B kakoii-to Mmepe Rb, Sr, Ba, Ho oboramienst P, V, Sc, Y, HREE, Nb, Zr.

Crnaiinep-quarpaMMbl METarabOpOHOPUTOB, HE3aBUCUMO OT CTENEHH M3MEHEHUsI IPH MeTaMop(pH3Me, JeMOH-
CTPUPYIOT SIPKO BhIpakeHHbIe MakcuMyMbl K u Ba, u ctosb xe sBHble MuHuMyMbl Nb u Ta, P, Ti. Ilpu cpaBHeHuun
crnaiiiep-auarpamm ciaado SKJIOTMTU3UPOBAHHBIX OJIMBUHOBBIX Ta00OPOHOPHUTOB U 3KJIOTHTOIIOJOOHBIX ITOPOJ] 3aMETEH
poct konuentpauuii Rb, K, LREE, Zr, Hf. I1pn am¢pubonuTisanuy S5KI0rHTH3NPOBAHHBIX TAOOPOHOPUTOB B OPOIAX
3aMeTHO yMeHbIIarTcs KoHneHTpauu Nb, Ta, Th, U, u penkux 3emels, KOTOpEIC B alorabOpoHOPUTOBBIX aMm(puOo-
JUTaxX - HanMeHelne. B anorabOpoHOPUTOBBIX OMOTHTH3MPOBAHHBIX aM(UOOIUTAX MOXHO OTMETHTH yBEINYEHHE
KOHILICHTPAIMH BCEX HEKOTEPEHTHBIX 3JIEMEHTOB.

Crnaiinep-auarpaMMbl SKJIOTUTH3HPOBAHHBIX PaBHOMEPHO3EPHUCTHIX METarabopo MMEIOT ci1abo BBIpaKEHHBIC
munumymbl Nb u Ta, Sr, Ti. B onbuiacTBe aMpUOOIUTH3NPOBAHHBIX SKIOTHTU3UPOBAHHBIX MeTaradbopo Habo1a-
1oTcst peskre MuHuMyMbl Rb, K, Sr, u coorBerctBytoiue Mmakcumymbl Th u U, La u Ce. B anorad6poBbix ampubosm-
Tax NMpH OMOTUTHU3ALNHU OCTACTCS 3aMETHBIM MUHUMYM St, HO CTaHOBSITCS ABHBIMHA MakcuMmyMbl Ba, LREE u Zr. Kon-
LEHTPAIMU PAKTUYECKH BCEX HEKOTEPEHTHBIX 3JIEMEHTOB B OMOTHTOBBIX MOP(HHp0oOIacTOBbIX aMpurboanTax Bo3pac-
TaIOT NPU COXPAHEHUH YETKOTO Sr-MUHHUMYMa.

B xonnpur-HopMmupoBanubix criektpax REE meraraboponopuToB npu sxnorutusanuu La/Yb nsmensiercs ot 7.7
10 9.3, npu amdudonutuzammu ot 8.1 1o 3.5 (B am¢pubonmrax), npu 6notntnsammu La/Yb BHOBE Bospacraer o 8.2. B
OonbIIMHCTBE aM(HOOIMTH3UPOBAHHBIX METAaraOOPOHOPHUTOB M arorabOpOHOPHUTOBBIX aM(pHOOIHUTaX HAOIIOAETCS OTYET-
nmBas nooxkutensHas Eu-anomanus. Konnentparmu REE B Metarab0po cylecTBeHHO BhIIIE, YeM B MeTarabOpoHOpHTaX
W OTIIMYAIOTCS HEOOMBIION oTpunarensHoi Eu-anomanueit; cabas monoxurenbHas Eu-aHoMmanys 3aMeTHa TOJIBKO B IBYX
obpasmax. [Tpu obmoruTH3aiy anomMeraradbopoBeIx amprdoanToB Bo3pactaet La/Yb otromenwe (ot 2.9 mo 7.2).

IMpu sxnoruru3anyu radbOopoHopuTa yBennuuBatoTcs otHomeHus K/Sr u K/Ba m ymMeHpIIaloTCs OTHOLICHHS
Ca/K, Sr/Rb, umeer mecto npuBHoc K u Rb. B MeTarab0opo HeBO3MOKHO BbISIBUTH 3aKOHOMEPHOCTH M3MEHEHHSI Te0-
XMMHH TPH SKIOTHTH3ALMH, OHH HE COXpaHMIHCh. [Ipy aMpuOOIMTH3aIUK SKIOTHTH3UPOBAHHBIX [A00POHOPUTOB
pactyt otHomienus Ca/K, Sr/Rb, Ba/Rb, St/Ba, Sr/Y, u ymensinatorcs ornomenus K/Sr, K/Ba, K/Zr. TIpu amduobo-
JUTHU3AIMU anoradOpoBbIX IKIOruTOB M3MeHenue K/Zr u Sr/Y npakTudecku OTCYTCTBYET, & TEHJICHLIUH U3MEHEHHMS
OCTJIbHBIX YKa3aHHBIX OTHOLICHHUH TaKUe XKe.

YCcTaHOBIEHO, YTO OTHONICHHS HEKOTOPHIX peakux anemeHToB (K/Ti, Sr/Ba, Ti/Y, Ti/Zr, Zt/Y, La/Sm,
Nb/Th), pasnudnble U XapakTepHbIe A METarabOpOHOPUTOB U MeTarabopo, MpakTUYECKH HEM3MEHHBI B IIPO-
necce Meramopdusma. Tak, Ipu CpaBHEHWH TE€OXMMUYECKUX XapaKTePUCTHK MerarabopoHoputoB KpacHoii ry-
OBI ¢ KoMaTHUTOBEIMU Oazanbramu Berpenoro Ilosica Toro ke Bo3pacTa [5] MO HEKOTOPHIM MTOCTOSTHHBIM MH]U-
KAaTOPHBIM OTHOIIEHHUSIM PEAKHX 3JIEMEHTOB, MOXHO INPEAINoaraTb, 9YTo 0a3uThl (IPOTONHUT MeTarabopoHOpH-
TOB) BHEIIPSUTNCH C TIyOWHBI, COOTBETCTBYIOIIEH naBieHUI0 okono 3.5 I'Tla, a ncTOYHHMK MX BemecTBa OBUT Cy-
IIECTBEHHO JINTOC(HEPHBI ¢ HEKOTOPOU JTOJIEH IIIIOMOBOTO, B OYEHb MaJON CTENEeHW KOHTAMHHHPOBAHHBIN KO-
POBBIM BeLIECTBOM. TakuM 00pa3oM, IpPH SKIOTHTH3ALHUH Iab0pO-HOPUTOB 3aMETHO M3MEHSIOTCS COAEpIKaHHSI
IIEJOYHBIX U HIET0YHO-3EMEIbHBIX IEMEHTOB, a IPpH aM(PUOONIUTH3AMH U OHOTUTH3aLUU Kak Tab0pOHOPHUTOB,
Tak 1 rad0po, U3MEHSIOTCS KOHIEHTPAlMH TOYTH BCEX PEIKHX 3JieMeHTOB. OJHAKO OTHOLICHHS HEKOTOPBIX
PEAKUX 3JIEMEHTOB OCTAIOTCS MOCTOSHHBIMH H, ITO-BUJAMMOMY, SIBIISIIOTCS MHIUKATOPAMH COCTaBa U yCIOBUIl 00-
pa3oBaHKs BO3MOXKHOTO NPOTOJHUTA. be3 yuéra BBISBICHHOIO M3MEHEHHS F'€OXUMHUHU METaMOP(PHU30BaHHBIX I10-
PO, IO OTHOIICHHUIO K TEOXHMHUU HEMETaMOP(PHU30BaHHBIX IOPOJ] TOTO K€ BO3PACTa, METPOJIOrHUEcKas U Te0AH-
HaMHU4ecKasi MOJEIN MOTYT 0Ka3aThbCs HEKOPPEKTHBIMH.

Paboma svinonnena npu noooepocke PODU, epanmer NeNe 10-05-00015a, 09-05-00193a.

Based on our knowledge of regional metamorphism as an isochemical process, all geochemical differences between
metamorphosed rocks are attributed to differences in the composition of a possible protolith. However, as more geochemi-
cal data on metamorphosed basic rocks having an identical protolith have lately been obtained, their geochemical differ-
ences can be interpreted, provided one or another component is assumed to be mobile during metamorphism.
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The Krasnaya Guba Dyke Field, consisting of more than 30 minor gabbronorite intrusions and Fe-richer (“gar-
net”) gabbro dykes, has been discovered and studied in the Belomorian mobile belt [2]. Their age does not seem to
differ from the age of similar rocks occurring in the region (2.44-2.36 and 2.14-2.12 Ga, respectively) [3, 4]. Kras-
naya Guba basic rocks are considerably eclogitized: gabbronorites are only eclogitized along shear-zones and gabbro
is completely eclogitized. Mineral geothermobarometric data [2] show that eclogite-like rocks (plagio-
claset+garnet+omphacite) were formed in the temperature and pressure range consistent with high-pressure and high-
temperature amphibolite facies (7 = 700+ 40°C and P = 10.0+0.5 kbar). The PT parameters of clinopyroxene-
plagioclase symplectite formation after omphacite are estimated at 630—-660°C and 7.9-8.2 kbar. Post-eclogitic am-
phibolitization occurred at a retrograde stage of metamorphism.

The compositional characteristics of minerals from Krasnaya Guba eclogite rocks can well be interpreted by
admitting that silica was mobile and that basic rocks were decilicified [1, 2] as a result of fluid-rock interaction in
tectonic dislocation zones. The contribution of deformations and associated fluid flows to the formation of eclogite
parageneses is noteworthy [1]. Obviously, fluid was involved in eclogitization not only as a catalyst of mineral reac-
tions but also as heat and mass exchange medium.

The geochemical characteristics of metamorphosed igneous, particularly basic, rocks, depend on both
matter distribution pattern upon melting-out and differentiation of gabbronorites and gabbro, which acted as a
protolith for the metabasic rocks examined, and on the alteration of the mineral composition of rocks as a result
of metamorphism proper with possible transport (addition or removal) of various incoherent by the fluid associ-
ated with metamorphism.

The petrochemistry and geochemistry of metamorphosed gabbronorites and gabbro were analyzed. The
MgO, Fe,0; and TiO, content of metagabbronorites was 7.5-20.5, 7.3-14.0 and 0.3-0.8 mass. %, while those of
metagabbro were 3.2-8.0, 12.9-18.0 and 1.0-2.5 mass. %, respectively. The metagabbro analyzed is much more
depleted in Cr, Ni and to a certain degree in Rb, Sr and Ba but is richer in P, V, Sc¢, Y, HREE, Nb and Zr than
metagabbronorites.

Spidergrams for metagabbronorites show well-defined K and Ba maxima and equally distinct Nb, Ta, P and Ti
minima, in spite of the degree of metamorphic alteration. Comparison of spidergrams for mildly eclogitized olivine
gabbronorites and eclogite-like rocks shows a rise in Rb, K, LREE, Zr and Hf concentrations. Upon amphibolitization
of eclogitized gabbronorites, Nb, Ta, Th, U and rare-earth concentrations in the rocks decline markedly (they are low-
est in apogabbronoritic amphibolites). The concentrations of all incoherent elements in biotitized apogabbronoritic
amphibolites are observed to rise.

Spidergrams for equigranular eclogitized metagabbro show poorly-defined Nb and Ta, Sr, Ti minima. Most
amphibolitized eclogitized metagabbro exhibit sharp Rb, K and Sr minima and corresponding Th and U, La and Ce
maxima. Upon biotitization, minimum Sr concentrations in apogabbro amphibolites remain noticeable, but maximum
Ba, LREE and Zr concentrations become obvious. The concentrations of practically all incoherent elements in biotitic
porphyroblastic amphibolites rise, but minimum Sr concentration clearly persists.

In the chondrite-normalized REE distribution spectra of metagabbronorites La/Yb ratio varies from 7.7 to 9.3
upon eclogitization, from 8.1 to 3.5 (in amphibolites) upon amphibolitization and increases again to 8.2 upon biotiti-
zation. Most amphibolitized metagabbronorites and apogabbronoritic amphibolites show a well-defined positive Eu-
anomaly. REE concentrations in metagabbro are higher than in metagabbronorites and differ in a small negative Eu-
anomaly; a poorly-defined positive Eu-anomaly is only observed in two samples. La/YDb ratio increases from 2.9 to
7.2 upon biotitization of apometagabbro amphibolites.

As gabbronorite is eclogitized, K/Sr and K/Ba ratios increase, while Ca/K, St/Rb ratios decrease and K and Rb
are added. A geochemical alteration pattern in metagabbro, caused by eclogitization, is impossible to reveal because it
has not been preserved. Upon amphibolitization of eclogitized gabbronorites Ca/K, Sr/Rb, Ba/Rb, Sr/Ba and Sr/Y
ratios increase and K/Sr, K/Ba and K/Zr ratios decline. As apogabbro eclogites are amphibolized, K/Zr and Sr/Y ra-
tios remain unchanged, while other ratios tend to vary in the same manner.

Some rare-clement ratios (K/Ti, St/Ba, Ti/Y, Ti/Zr, Zr/Y, La/Sm and Nb/Th), different and characteristic of
metagabbronorites and metagabbro, remain practically unchanged during metamorphism. Comparison of the geo-
chemical characteristics of Krasnaya Guba metagabbronorites with those of Vetreny Poyas komatiitic basalts of the
same age [5] in some stable indicator rare-element ratios suggests that basic rocks (protolith of metagabbronorites)
intruded from a depth corresponding to a pressure of about 3.5 GPa and that their matter was supplied from a largely
lithospheric source with a certain share of plume. Thus, upon eclogitization of gabbronorites alkaline and alkaline-
earth element concentrations vary markedly, and upon amphibolitization and biotitization of both gabbronorites and
gabbro almost all rare-element concentrations change. However, some rare-element ratios remain stable and seem to
indicate the composition and conditions of formation of a possible protolith. Petrological and geodynamic models
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may be incorrect without considering changes in the geochemistry of metamorphosed rocks relative to the geochemis-
try of unmetamorphosed rocks of the same age.
The study was supported by RFFR grants nos.10-05-00015a and 09-05-00193a.
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ECLOGITIC COMPLEXES OF THE URALS:
ISOTOPIC AGES AND PETROGENESIS PROBLEMS

Rusin A.1', Krasnobaev A.A.", Valizer P.M?
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OKJIOTUTOBBIE KOMIUIEKCHI MPECTABIIOT OHY M3 HanOoJee BBIPA3UTEIbHBIX (OPM IPOSBIECHHUS BHICOKOOA-
prueckoro meramopdusma Ha Ypaie. SICHO BbIpaskeHHast UX CTPYKTYpHasi TIO3ULHNS, TOCTYIHOCTh 1 MHPOBas H3BECT-
HOCTh PANa TUIOBBIX OOBEKTOB CIIOCOOCTBOBAIM MX BCECTOPOHHEMY HCCIIEIOBAHUIO. BBIIM MONTydeHBI COTIacyro-
LIMeCs OLCHKU TEPMOJMHAMHUYECKHX IapaMeTPOB U T€OXMMHUYECKHX OCOOCHHOCTEW JKIOTHTOBOTO MeTramophusma,
PacCMOTpEHBI BEPOSITHbIE MOJEIH TOCIIEI0BATEILHOCTH METaMOP(HUECKHUX MPOIIECCOB, BBIIBUHYTHI HOBBIE HIEU O
BO3MOXKHBIX MEXaHN3MaX BO3ZHHUKHOBEHUS HAJUIMTOCTATHYECKHUX JABJICHUI U MPUPO/IE IKIOTUTOBBIX MPOTOJIUTOB [2].

Hauboree MHOrO4HCIIEHHBIE ONpEEICHUs] BO3pacTa ObUIH IMOJy4eHb! s "HIKHEH cepuu’ MaKCIOTOBCKOTO
KomIuiekca [2, 4 u np.]. UmeBmmecs panee K-Ar natuposku (434-370 mitH. seT), ObUIH JONONHEHBI Ar-Ar onpezere-
HUSMH H30TOIMHOTO Bo3pacta GeHrutoB (392-373 u 365-355 muH. net) u rmaykodanoB (411-389 muH. neT), MuHe-
pansabIMA Sm-Nd n3oxponamu (396-357 min. ner) n U-Pb matupoBkamu Bo3pacrta nupkonos (1800, 1216 u 443-352
MJH. JIeT) u pyTuioB (1517, 547 u 384-377 miuH. ner). B uHTepnpeTanuy 5THX TaHHBIX OTYCTIMBO MPOSBUIKCH BA
noaxona. B mepBoM, BceM Mane030HCKUM JaTHPOBKAM MPUAABAIICS T€OJOTHIECKUI CMBICH, 1 OHH PacCMaTPUBAINCH
KaK CBHJICTEIbCTBA MHOTO3TAITHOCTH METaMOP(UIECKUX, 1e(OpPMANMOHHBIX ¥ SKCT'yMAaI[HOHHBIX Npo1ieccoB. Bropoi
MTOJIXO/, COXPAHSAIONIMICS U 10 HACTOSIIETO BPeMEHH [2], OCHOBBIBAJICS HA OOIICTIPHHATON KOHIEIINHU "TIOPOTOBBIX
TemnepaTyp" 3aKpbhITHS U30TOMHBIX cHcTeM. [lodydeHHbIe pa3sTMYHBIMU MeToIaMu cxoasamiuecs 3HadeHus (370-380
MJIH. JIET) UHTEPIPETHPOBAIMCH KaK BPEMsl SKJIOTUTOBON KPUCTALIM3ALMH, CONPSHKEHHON ¢ HA4aJoOM OXJIaXICHUS
(axcrymanun), a TuckopAaanTHbie (>380 MIIH. J1eT) - paHHEero CBepXBBICOKOOapHUECKOro Meramopdusma.

Wnast uaeonorust, OCHOBBIBAIOIIASCS HA Pe3yJIbTaTaX MCCIENI0BAHUS SKIOTHTOBOIO MeTaMop(dH3Ma Ha 3TajoH-
HBIX 00bekTax 3amanHoil HopBernu, Obuta nmpuHsTa B Hammx padotax [2, 4, 5 u ap.]. DKIOTHTH3AIMS CyXUX IpaHaTo-
BBIX I'PaHYJINTOB B bepreHckux mayrax MpoHCXOIMT TOJBKO B 30HAX MPOHMKHOBEHUSI CBOOOIHOTO BOJIHOTO (IIIOHAA, OT-
MEYaeMOro pa3BUTHEM TI'MAPOKCHIICOAEPKAINX MHUHepasoB ((eHruTa, maparoHura, oW3uTa M Jp.). BripasurenbHbe
CBHJETENHCTBA BEYIIEH POJIM SKIOTHTOBOTO (hirona oOHapY KMBAIOTCSA M B HIDKHEH CEpPUHM MaKCIOTOBCKOTO KOMITIIEK-
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ca. MHOTOUYHCIIEHHBIE THAPOTEPMAIIbHBIE JKHJIbI (KBapLeBbIe, KBapI-(h)eHINTOBBIE, JJABCOHUT-TPAHATOBBIE U JP.), BKIIO-
YEHHs1 BOJHBIX MUHEPAJIOB B 30HAIBHBIX MOpQHpoOIacTax rpaHaToB U JPYTrye CBUCTENbCTBA YKA3bIBAIOT HA OUCHb BbI-
COKHME COOTHOLIECHUS (ITIOMI-NIOPO/ia BO BPEMs SKJIOTUTOBOW KPUCTAJUTU3ALIMH, IIPY KOTOPBIX IIPAKTHYECKH HE COXPaHs-
I0TCSI PENTUKTOBBIC TTApareHe3 chl. B To ske BpeMs, SKJIOrNTOBBIH MeTaMOp(u3M He BEAET K MOJIHOMY IepeypaBHOBEILIH-
BaHmo Sm-Nd u, ocodernno, U-Pb u3oTomHpIX cucteM, 00HApYKUBAIOMKX "MPOTOIUTOBHIC" TAaTHPOBKH.

JU71s OLIGHKM BpEeMEHHM SKJIIOTMTOBOTO MeTamMop(hHr3Ma BOSMOXXHOCTH MCHOMB30BaHMsT Rb-Sr Merona orpanmmBaiock
TEXHUYECKMMHU TPYIHOCTSIMH. BriepBble OTyYeHHbIE HAMHU 711 MAKCFOTOBCKOI'O KOMILIEKCA BBICOKOTOYHBIE BHYTPEHHHE MHU-
HepaJIbHBIC M30XPOHBI Ha OCHOBE (DEHTHTOB MO3BOJIMIIM MOKA3aTh[S], YTO peaKlMy SKIOTHTH3ALKMN He OBUIN PacTSHYTHI BO
BPEMEHH, a MPEZICTABIISUIM KPaTKOBPEMEHHBII MPOLIECC, CBSI3aHHBIN ¢ aKTUBHOCTHIO (DITIOMIOB, YETKO NaTUPYeMblii 3HAYEeHH-
em 375,1£1,8 mMiH. J1eT. DT0 cpeHEeB3BEIICHHOE 3HaYEHHUE, TIOTyIEHHOE TI0 9 4aCTHBIM W30XPOHaM JKJIOTHTOB, BMEIIAIOLIHX
IJ1ayKO(aHOBBIX CJIAHIIEB ¥ THIPOTEPMATIBHBIX JKHII, OTKIIOHEHHS] B KOTOPBIX HE IPEBBIIAIOT 2 MJIH. JIET.

AHanorn4Hele UCCIe0BaHMs OBUTH MPOBE/ICHBI B MAPYHKEYCKOM 3KIIOTHT-THEHCOBOM KoMIutekce [lonmsipHoro
VYpana [2, 4 u 1p.]. DTOT KOMIUIEKC XapaKTepU3yeTcss MEHbIIEH (UIIONI0HACHIIICHHOCThI0. OOHAPYKMBAIOTCS y4acT-
KH{, B KOTOPBIX JC()UIMT WIN OTCYTCTBHE (DIIOMIA CO31aeT KHHETHYECKHEe Oapbhephl ISl MPOTEKaHUs PEaKLUi 3KII0-
rutu3anuy. HaOmogaromascss B 3TOM KOMIUIEKCE XOPOIIasi COXpaHHOCTh METaMarMaTHIECKUX CTPYKTYP C 3KIOTHUTO-
BBIMHU ITapareHe3WcaMy M pe3Kas KOHTPACTHasl 30HAIBHOCTh B IpaHaTaxX WHTEPIPETHUPYIOTCS HAMH KaK CIIEICTBHE
OYEHB BBICOKOI CKOPOTEYHOCTH MeTaMmopduuecknx peakuuil. Vizoxponusie Rb-Sr Bo3pactsl w1 14 o6pasnos u3 ac-
COLIMAITMIA SKIIOTUTOBOW M aM(prOOIMTOBOH (harwii, a Takke (IIONTHBIX KW TAl0T cpenHee 3HaueHune 355+1,4 muH.
ner. Toueunsie U-Pb natupoBkH HUPKOHOB M3 TeX e 00pa3lOB MOKAa3bIBAIOT JONaneo3oiickue 3HadeHus. Jlokem-
OpuiicKHe POTOIUTOBBIE BO3PACTHI YacTO coxpanseT Sm-Nd u3oronHas cucrema. TpakToBKa UX Kak BO3pacTa 3KJIO-
THTOBOTO MeTaMop(hu3Ma B MapyHKEYCKOM KOMIUIEKCE SIBIISIETCS OIIMOOYHOM.

B nocneiHue rofpl BEICOKO- M CBEPXBBICOKOOAPUUECKHE aCCOLIMAIINN YCTAHOBIICHBI M M3y4YeHbl B CYOKOHTHHEHTAIIb-
HBIX MaHT-yIBTPaMapUTOBBIX KOMILIEKCAX, SBIISIOIMXCS, KaK TPEICTABIIETCS], 00513aTENIbHBIM 3JIEMEHTOM KOJUIM3UOHHBIX
oporeHoB. K 3tnm o0OpazoBaHKsIM ObLIM OTHECEHHI JIEPLIOJINTOBBIE MacchBbl HKOkHOTO Ypasa, acConMMpOBaHHbBIE C IpaHaT-
MIMPOKCEHOBBIMU MauTaMi U yibTpamaduramu [1], menoyHo-yIIbTpaoCHOBHasT acconyaryst MTbMeHOropeKol CIBUTOBOM
30HBI, BKIIFOYAIOMIAsl TPaHaT-TMPOKCEH-aHOPTUTOBBIE TTOPOABI [3] M OJMBHUH-PHCTATUTOBBIE YIbTpaMa(UTHl MaKCIOTOBCKOTO
komIuiekca. B Maccuse Y3sHckuil Kpaka 3a10KyMEHTHPOBAaH YHUKAIBHBIA IPUMEP PACcCIOEHUS JIEPLIOJIUTOB HA KOMILIEMEH-
TapHbBIE CEPUH JYHWUTOB U CHMIUIEKTUTOBBIX I'PAHATOBBIX MHMPOKCEHHUTOB [1], 00YCIOBIECHHBIH IEKOMITPECCHOHHBIM TO/TbC-
MoM (6onee 20 kbap 1 900°C — 13-11 kbap u 860-750°C) r1yOMHHOrO GJI0Ka B BEDXHIOK KOPY HPU PU(GTOBOM PAaCTSHKEHHH.
Bpewms 3toro coOpITHsI 3apUKCHPOBAHO CXOISIIMMUCS 3HAYCHUSMHE IIUPKOHOBBIX TATHPOBOK B MHTEpBaie 590-550 MitH. JIeT.
L{ipKOHOBBII BO3PACT MIETIOYHO-YIBTPAOCHOBHOM accormaniu Mnemen (662 n 543 MiTH. JIeT) o3BOJISeT CBA3BIBATE €€ (op-
MHPOBAHHE C BEHJICKOM aKTHBH3allKel pU(TOreHHBIX IPOLIECCOB, & COXPAHHOCTh B MeTaba3uTax rpOCIIHINTOBOrO MapareHe-
3uca (Gros+Px+Dist+Z0) siBisieTcst IPsIMBIM YKa3aHHEM Ha OueHb TIIyOHHHBIE YCIIOBUsI KpUcTaym3amu (> 27 xbap). OOHa-
PY)XEHHUE B YJIbTpaMauTOBOM OJIOKE MAaKCIOTOBCKOTO KOMILICKCA TapareHe3uca: OpCTepuTr + 3HCTATUT + MarHe3uT + TH-
TaHKJIMHOTYMHT + aHTHTOpUT, neHTIaH T 1 SRIMP nrpkoHOBBIe natpoBku (2449+22, 1666+15, 1492+16 n 545+5.8 M
JIET) TTO3BOJISIIOT MPEATIONIOKNTh, YTO B 9TOM THIIOBOM 3KJIOTHTOBOM KOMIUIEKCE NPUCYTCTBYIOT CBEPXBBICOKOOApHUUECKUE
(parMeHThI CyOKOHTHHEHTAIFHOH MaHTHH, N30TOIHbIE CUCTEMBI IIMPKOHA B KOTOPHIX HE OBUIH NepeypaBHOBEIICHEI B CBSI3U
C KOJUTM3MOHHBIMH COOBITHSIMI. B 3TOM actiekTe, BEpOsITHO, 3aCiTy’KUBAET OOCY>KICHMS U BOIIPOC O MPHUPOAE BBICOKOOApHYe-
CKOT'0 MeJamXa (aHTUTOPUTOBBIC CEPIICHTUHUTHI -1660+40 u 45244 mH. net, "Ca sximorutsr” - 439, 8+4.9 MiH. ner), pazme-
JISTFOILIETO HIDKHIOIO M BEPXHIOIO CEPHY MAKCIOTOBCKOTO KOMILIEKCA.

Hccneoosanus nposedenvl npu gpunarcogou nodoepoicke Unmezpayuonnozo npoekma YpO PAH (Ne 09-H-5-
2001), svinoansiemoco coemecmuo ¢ CO u JIBO PAH, u Ilpoepammor OH3 PAH Ne 4 (npoexm 09-T-5-1013).

The eclogitic complexes are most expressive manifestations of the high pressure metamorphism in the Urals.
The clear structural position, accessibility and world-famous typical objects promoted their fundamental research.
Previously, the concordant thermodynamic parameters and geochemical peculiarities of eclogitic metamorphism were
estimated, the probable models of the sequence of the metamorphic processes were considered and new ideas about
the possible origin of the supralithostatic pressure and eclogitic protoliths were suggested [2].

Numerous age determinations were obtained for the lower series of the Maksutovo Complex [2, 4, et al.]. Previous
K-Ar ages were supplemented with Ar-Ar ages of phengites (392-373 and 365-355 Ma) and glaucophanes (411-389 Ma),
mineral Sm-Nd age (396-357 Ma) and U-Pb ages of zircons (1800, 1216 and 443-352 Ma) and rutiles (1517, 547 and 384-
377 Ma). Two approaches became apparent during the interpretation of these data. The first approach was filled with geo-
logical meaning of all Paleozoic ages which were regarded as evidences of the polycyclic metamorphic, deformational and
exhumation processes. The second approach existing till nowadays [2] is based on the «threshold temperature» convec-
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tional conception of the closure of isotopic systems. The convergent ages (370-380 Ma) estimated with different methods
were considered to belong to the period of eclogite crystallization conjugated with the exhumation onset whereas discordant
ages are interpreted as the period of the early ultra-high pressure metamorphism.

Other ideology based on the research of the eclogitic metamorphism on the example of the West Norway model ob-
jects was accepted by us [2, 4, 5, et al.]. The formation of eclogites after dry garnet granulites in the Bergen arcs occurred
only in the penetration zone of free aqueous fluid marked by the hydroxyl-bearing minerals (phengite, paragonite, zoisite
and other). The striking evidences of the leading role of eclogitic fluid were found in the lower series of the Maksyutovo
Complex. Numerous hydrothermal quartz, quartz-phengite, lowsonite-garnet and other veins, inclusions of hydrous miner-
als in the zonal garnet porphiroblasts and other evidences point to the very high fluid-rock ratio during eclogite crystalliza-
tion which almost does not retain the connate mineral assemblages. At the same time, the eclogitic metamorphism does not
lead to the absolute re-equilibration of the Sm-Nd and U-Pb systems corresponding to protolithic ages.

The determination of the Rb-Sr age for estimation of the timing of eclogitic metamorphism was related to
some technical difficulties. High-precise mineral isochron ages of phengites from the Maksyutovo Complex obtained
for the first time [5] showed that eclogitic formation was a short-term process related to the fluid activity 375.1 £ 1.8
Ma ago. This is a weight average value obtained by 9 isochrons of eclogites, host blueschists and hydrothermal veins
which deviation does not exceed 2 Ma.

Similar researches were carried out in the eclogite-gneisses Marunkeu Complex in the Polar Urals [2, 4 et al.]. The
complex is characterized by the lesser fluid-saturation however some areas with deficiency or fluid lack are the kinetic barriers
for the reactions of eclogite formation. The good preservation of metamagmatic textures in eclogitic assemblages and contrast
zoning in garnets are interpreted as a result of very high rate of metamorphic reactions. Rb-Sr ages of 14 samples from the min-
eral assemblages of eclogitic and amphibolitic facies and fluid veins give the average value 355+1.4 Ma. The point U-Pb ages
of zircons from the same samples indicate the Paleozoic age. Sm-Nd isotopic system often retains the Precambrian photolytic
ages which are incorrectly interpreted as the ages of eclogitic metamorphism of the Marunkeu Complex.

In the last years, high and ultrahigh-pressure rock associations were established and studied in subcontinental ma-
fic-ultramafic complexes which are considered to be the obligatory elements of the collisional orogens. These associa-
tions include the lherzolitic massifs of the South Urals associated with garnet-pyroxene mafic-ultramafic rocks [1], al-
kali-ultramafic rock association of the Ilmeny shear zone with garnet-pyroxene-anorthite rocks [3], and olivine-enstatite
ulrtamafic rocks of the Maksutovo Complex. The unique compositional layering of lherzolite into complementary
dunites and symplectic garnet pyroxenites [1] caused by the decompression uplift (more than 20 kbar and 900°C — 13-
11 kbar u 860-750°C) of the deep blocks into the upper crust at the rift tension was documented at the Uzyansky Kraka
massif. The age of this event is 590-550 Ma based on reconvergent zircon dating. Zircons ages of alkali-ultramafic rock
association of the [lmeny Mountains (662 and 543 Ma) allow us to relate its formation to the Neoproterozoic activation
of riftogenic process and the preservation of the grospydite assemblage (Gros+Px+DisttZo) in metamafic rocks is a di-
rect indication of the deep conditions of crystallization (> 27 kbar). The presence of the forsterite + enstatite + magnesite
+ titanoclinohumite + antigorite, pentlandite assemblage in the ultramafic block of the Maksutovo Complex and SRIMP
zircons ages (2449+22, 1666+15, 1492+16 and 545+5.8 Ma) allow suggestion that the ultrahigh-pressure fragments of
subcontinental mantle are localized in this typical eclogitic complex. The isotopic systems in zircons from these frag-
ments were not re-equilibrated during the collision. Regard to this, the problem of origin of the high-pressure mélange
(antigoritic serpentinite - 1660+40 and 452+4 Ma, “Ca-eclogite” - 439, 8+4.9 Ma) divided the upper and lower series of
Maksutovo Complex probably deserves the further discussion.

The study was financially supported by the integration project of the Urals, Siberian and Far East Branches of RAS
(project no. 09-U-5-2001) and Program of the Department of Earth Sciences of RAS Ne 4 (project no. 09-T-5-1013).
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I'paHynUTOBBIE KOMILIEKCH! KOJUIM3MOHHBIX OPOI'€HOB XapaKTEpU3YIOTCS OOJIBIIMM pa3sHooOpasueM. B Heko-
TOPBIX M3 HUX yCTaHABIMBAIOTCS HECOMHEHHBIC CBHIETENILCTBA CBA3M C PAHHEAOKEMOPHICKMM KPHCTAJUIMYECKHM
¢dbyHnameHTOM npuieraronpx miargopm. B mepByro ouepeap K TaKUM CBHAETEILCTBAM OTHOCSTCS M30TOIHBIE ap-
XeWCKHe NaTHPOBKHU U cxoxacTBo PT-mapamerpoB Meramopdusma ¢ apeaibHbIMU FpaHyJIuTaMu MUTOB. OHAKO reo-
XPOHOJIOTHYECKHEe 000CHOBaHMS JOKEMOPHHCKOrO BO3pacta IPaHyJIMTOBBIX accouuanuii B (haHepO30WCKUX Mosicax
OTHOCHUTENBHO PEJIKH, YTO MO3BOJISICT MPEIIOIaraTb BO3MOXXHOCTh UX 00pa30BaHUs U B CBSI3H C IaJI€030HCKHMH CO-
ObITusiMH. Pemnaroriee 3HaueHHE B TAKMX TPAKTOBKAX MMEIOT TEKTOHWYECKHE BO33PEHUs aBTOPOB. B rumnotese opore-
HHYECKHX LIUKJIOB PETHOHAIBHBIN, B TOM YHCJIE U TPaHYIUTOBBIH METaMOP(H3M CBA3BIBAIICS TOJIBKO C 00CTAaHOBKaMHU
TaHTeHIMATIBHOTO CxkaThs. [IpencraBieHns 0 BO3SMOXKHOCTH 00pa30BaHMs TPaHyJINTOB Ha JI000H CTaany nuKia Yui-
coHa OpUTH BriepBBIe copmyrupoBansl b.®. Yurmmn [5], oTHeCIINM K MPOSBICHUSAM TPaHYJIUTOBOTO MeTaMophu3Ma
PasHOTHIIHbIE yIbTpamMapuT-MahUTOBBIC accorraiy (O(HUONHUTH U PacCIOCHHBIC MAacCHBBI). Takol moaxon mpen-
CTaBIISUICS aBTOPY NMEPCHEKTUBHBIM UL TOHUMaHUS 00CTaHOBOK ()OPMUPOBAHUS HIDKHEH KOPBI HE TOJBKO B (paHEepo-
30HCKHX, HO M JOKeMOpuiickux obmacTsx. OQHaKO JadbHEHIIEro pa3BUTHS OH HE TOTY9HII.

B KoHIIETIIMU OTKPBITHS M 3aKPBITUSL OKEAHOB COXPAHACTCSI HEKOTOPOE MOA00HE C TOMUIMKIMYSCKIMH THITO-
Te3aMH, OCHOBaHHBIMU Ha IapaJiuTMe TEIJIOBOro cxkartus (KoHTpakuuu) 3emin. Hamu Obuio mokaszano [4], 4ro B
MO3/IHEIOKEMOPHUICKOI MpenbicTOpuE (HaHSPO3OUCKUX MOSICOB OTCYTCTBYIOT MaTepHANIbHBIC CBHICTEILCTBA I[HKIIOB
YunicoHa u npeodaagaronuMy SIBISIFOTCS 0OOCTAHOBKH JIUTOC(HEPHOTO PACTSHKEHHS € MEPHOTUUECKUMU MPeapudTo-
BBIMHU TI0JTbéMaMi 3€MHOH KOpHI ("'SHCHAINYECKUMH OpPOTEHHSAMH'). DHCHAIMYECKHE OpPOr€HHH HE 3aBepIIaloT, a
MIPEALIECTBYIOT (POPMHUPOBAHUIO OCAIOYHBIX 0ACCEHHOB M B 3TOM COCTOUT MX MPUHIMIHAIBGHOE OTJIMYUE OT CKJIaada-
TOro (KOJUIM3MOHHOTO) OporeHe3a. B To ke Bpemst 00yCIIOBICHHOCTh PU(TOI€HHOTO PAa3BUTHA MaHTHHHBIMH (TIITFO-
MOBBIMH) TIPOIIECCAMU HaXOAWT BBIPAXKEHHE B SHIOTCHHONW aKTUBHOCTH - aHJIEPIUICHTHHTE, aHOPOT€HHOM MarMarTu3-
M€, TaKOBBIX POSIX M KOHTHHEHTAILHOM pHdpToBOM MeTamopdusme [1]. DToT MeTaMopdu3M MpOSIBISAETCS CHHXPOH-
HO B PUQTOreHHO-IENPECCHOHHOM 4exJie (OJHOPOAHBIC W 30HAJIbHBIE KOMIUIEKCHI), HIDKHEH Kope M JIUTOChHEepHOH
MaHTHH (KOMIUIEKCHI pUPTOTEHHBIX 0JIACTOMUIIOHHUTOB).

Bonpoc 0 He0OXO0IUMOCTH PaCCMOTPEHHS METaMOP(MUIECKHUX acleKTOB HPoOIeMbl TUTOCHEPHOTo pacTs-
JKCHUsS OBbLI BIIEPBBIC MOCTABJICH M HEOJHOKPATHO oOCYykaaics B Hamux padotax [1, 2, 4 u ap.]. OcHOBaHHEM
JUTSL 9TOTO CTaJI0 OOHApY)XEHUE HE BBIXOMASIIUX 3a Mpeneibl nopuderckux OJ0KOB JIMHEWHBIX 30H pa3HOTEMIIe-
paTypHbIX 0JaCTOMWIOHHTOB, CHHXPOHHBIX 110 BPEMEHHU MPOSBICHUIM 30HAIBHOr0 MeTamopdu3ma B pudToreH-
HOM 4exJie, U 00N aHaIu3 MEXaHU3MOB Pa3pbiBa IUIMT. BBIJIO yCTaHOBIEHO, YTO XPYNKO-IUIACTUYHBIE Jedop-
Maly¥ IPOSIBISIIOTCS. HE TOJIBKO B MOIIHBIX, YETKO 000COOISMIOMHNXCS 30HaX PUQPTOrCHHBIX 0JIaACTOMHIJIOHHUTOB,
OTMEYAIOMIMX IUIOCKOCTH JIaTePaIbHOTO MepeMENICHHS TUIACTHH NPU JTUTOCHEPHOM PACTSIKEHUH, HO M B JIOKAJIb-
HeIX caBurax. B 900 m Kyarambckoit ckBaxknHe Taparama OIacTOMIIIOHHTH3AIMS OXBaTbBaeT okono 40 %
BCKPBITOTO pa3pesa, a AJCKCAHAPOBCKHUHA TEKTOHWYECKUH KIWH M CaKCOHCKHI MaccuB B [ paHYIUTOBBIX Topax
MPAKTHYECKH BO BCEM 00BEME HECYT CBHUACTEILCTBA CPEIHETEMIIEPATYPHBIX XPYNKO-IUIACTUYHBIX AedopManuii.
O3HakoMJiIeHHe ¢ BbIxoJamu gopudeiickoro pynnamenrta B O3 Hopeeruu u repuunugax EBpornsl, a Takke aHa-
JH3 JUTEPATYPHBIX JAHHBIX 110 APYTrUM (aHEepO30HCKUM IoscaM, He OCTaBHIM COMHEHHH B TOM, YTO IIPOLECCHI
MeTaMop(pHu3Ma B YCIOBUAX XPYIKO-IUIACTUYHON AedopManny, CBA3aHHbBIE ¢ PUQTOBBIM PACTSHKEHUEM HIDKHEH
KOpBI, MPOSBIISAIOTCA NoBceMecTHO. PT-mapameTpsl 3Toro Meramop¢dusMa, UMEIIEro perpecCUBHYIO HaIlpaB-
JICHHOCTB, MOTYT OBITh PEKOHCTPYHUPOBAHBI TOJIHKO HA OCHOBE MUKPO30HJIOBOTO aHaJM3a MHUHEPAIBHBIX Mapare-
HE3HMCOB MaTpHKCa PUPTOreHHBIX OJACTOMUIOHUTOB. MMetomuecs: B HallleM pacrnops>KeHUH JaHHbIE TOKa3bIBa-
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10T, YTO MPOIECCH MeTaMOp(hU3Ma PacTIKEHUS HIDKHEH U CpeJHEl KOpbI IPOUCXOJISAT B TEMIIEPATYPHOM HHTEP-
Bajie OT I'PaHYJUTOBOH 10 3eJeHocHaHneBod ¢anun. OObeKTUBHYI0O HHYOPMALIMIO O peXUMax JaBJICHUS AAr0T
BbICOKOOapuueckue nozaHenokemopuiickue (I'penBrimicknii, CBEeKOHOPBEKCKHUN U Ap). U pAHHETIPOTEPO30HCKIE
(JTammarackwii, JIMMIIOII0) aHOPTO3UT-TPaHYIUTOBEIC Tosica. MIMeeTcst JOCTaTOYHO MHOTO OCHOBaHUH IOJarath,
YTO TaKUe CTPYKTYPHI GOPMUPYIOTCS HE B KOJTU3MOHHBIX 0OCTaHOBKAaX, a B TITyOMHHBIX 30HAX KOHTHHEHTAIb-
HBEIX pUQPTOB.

O0s3aTeNbHBIM 2JIEMEHTOM BCEX KOJUIM3MOHHBIX OPOTEHOB SABIISIOTCS pa3HOOOpa3HbIe yIbTpaMauT-Ma-
(GbuTOBBIE TIYTOHO-MeTaMOp(UIECKUE KOMILIEKCh. B OOJIBIIMHCTBE CBOEM OHH COJIEPIKAT CTPYKTYpPHbIC U MUHE-
pajiornyeckue CBHAETENIbCTBA PAHHEW MOCTMAarMaTH4ecKol PeKpHCTANIN3AlMU B YCIOBUSIX TPaHyNIUTON danuu
u OoJsiee mo3aHero aMmpudboIUTOBOrO AMadTopesa. Bompoc o reoguHaMuuecKux 00CTaHOBKAX UX (HOPMHUPOBAHHUS
Ha MPOTSDKEHUM MHOTHX JIET SIBJISIETCS MPEIMETOM IUCKycCHH. B TpaaullMOHHOM moJpa3fesieHuH ypajbCKUX
KOMIUIEKCOB Ha O(HMOIMTOBBIA M MOCTO(GHUOIUTOBBIN (INIATHHOHOCHBIN) THUIIBI NMPeo0IaalouM ObUI0 MHEHHE
00 OKeaHMYEeCKOM H/MJIM OCTPOBOIYKHOM HX T'€He3Hce. B To ke BpeMs AaBHO M3BECTHO, YTO B COCTaBe Haubo-
Jiee KPYIHBIX O(HOJIMTOBBIX aJUIOXTOHOB IPUCYTCTBYIOT "dysKepoaHble" rad0po-rpanyiauToBeie O1oku (3aman-
HEIT Bolikap u ap.), meTpo-reoXuMudeckue 0COOCHHOCTH KOTOPBIX YKAa3bIBAIOT HA CyOKOHTHHEHTANbHBIE 00CTa-
HOBKH (DOPMUPOBaHM, a BRICOKOOAPHUYECKUH MeTaMOp(HU3M B YCIOBHIX XPYIKO-IUTACTHYECKOW AehOpMaInm,
[0 CBOMM IapaMeTpaM COIOCTaBHM C Yorapckoil ¢anmeil rimyouHHOCTH [1]. OOmuit aHAaMM3 ynpTpamMapuT-mMa-
¢uToBOrO MarmaTu3Ma Ypasua no3BOJWI BbIIBUHYTH HJICI0 00 aHAEPIUICHTHHIOBOM NPUPOie HE TOJIbKO rabdpo-
IPaHyJIUTOBBIX, HO M IUIATHHOHOCHBIX MAacCHBOB [3], 4TO corjacyeTcsi ¢ HOBBIMHU MO3THEAOKEMOPHUICKUMH pa-
JHOJIOTHYECKUMH TaTHPOBKaMH. MHUHEpaIbHbIE aCCOIMAIMN MEeTa0a3UTOB B IJIATHHOHOCHBIX MacCHBax, Kak U B
0oHOIUTaX, YKA3BIBAIOT HA IPAHYIMTOBYIO (DAllUI0 YMEPEHHBIX JABJICHHI, YTO MOXHO CBSI3aTh C OOJIBIIUM yTO-
HEHHEM KOPBI, UeM IpH GOPMHUPOBAHMH BBICOKOOapHUeCKHuX "rab0po-rpanyIMTOBBIX" KOMIUIEKCOB. B 1emnom xe
ypaJbCKue NaHHbIE MOATBEPXKIAIOT MPEJICTaBICHHE O TOM, YTO KOHTHHEHTANbHBIN pH]TOreHe3 sBISETCS HE
TOJIBKO JIECTPYKTHUBHBIM IIPOILIECCOM, CIIOCOOHBIM BBI3BaTh YTOHEHHE M Pa3pblB IIUT, HO U KOPOOOpa3yrolinuM,
HapalllUBaIOIIHUM €€ [0 MeXaHU3MYy "CyXxoro" MIlOMOBOTO aHAEPILUIEUTHHTA.

Boree criopHbIM SBISIETCSI BOIPOC O MPOSBICHHUSX TPaHYIMTOBOIO MeTaMop(du3Ma B OPOreHHBIX (KOJTM3HOH-
HBIX) 0OcTaHOBKax [2]. B 30HaNBHBIX KOMIUIEKCAX TTaJICOOCTPOBOIYKHOTO CEKTOpa Ypaja OIpeesiecHHO YCTaHABIN-
BaeTCsl COIPSDKEHHOCTh MX (DOPMHUPOBAHUS C HAJCYOMYyKIIMOHHBIM TOHAJIHT-TPOHIHECMUTOBEIM MarMaTH3MOM, HO
TEMIIEpaTypHBIE YCIOBHsI MeTamMop(u3Ma He JOCTUTalOT YPOBHS IpaHyauToBO# (aruu. [IposiBieHus xe MeTaMmop-
(u3Ma, CBSI3aHHOTO C MAJMHICHHBIM BHYTPHUKOPOBBIM IPaHUTOO0Pa30BAHUEM U HAKOILJICHUEM MEPMCKHUX MOJIacc, BO-
0011e OTCYTCTBYIOT. MOXHO TPEIION0KNATE, YTO TIPH PEJAaKCAlMH TEPMATbHOM CTPYKTYPHI IOCHE KOJIIM3UH THIIA
KOHTHUHEHT - KOHTUHEHT B ITyOMHHBIX 30HAaX JIOCTUTAIUCH YCIIOBHS I'PaHyIMTOBOH (halu, HO B COBPEMEHHOM 3PO3H-
OHHOM cpe3e OHM He 00HaXKaI0TCsl.

Hccnedosanusi nposedenvl npu gunarcosou nodoepoicke Unmeepayuonnozo npoexkma YpO PAH (Ne 09-U-5-
2001), svinoausemoeco coemecmuo ¢ CO u JIBO PAH.

The granulitic complexes of the collisional orogens are variable in occurrence, mineralogy, chemical
composition, etc. The relationship to the Archean crystalline platform basement is established for some of them.
The Archean isotopic age and similarity of PT-parameters of metamorphism with areal granulites of the shields
are evidences of this. However, the geochronologic substantiation of the Precambrian age of granulitic associa-
tions in the Phanerozoic belts is rare therefore it suggests that some of them may have been probably formed in
the Paleozoic. Such conclusions often depend on the tectonic opinions of the researchers. Based on the orogenic
cycle hypothesis, the regional metamorphism, including granulitic facies, was previously explained only by tan-
gential strain. B.F. Windley [5] first has formulated a conception about the formation of granulites at any stage
of the Wilson’s cycle and has related the formation of various ultramafic-mafic associations (ofiolites and strati-
fied intrusion) to the granulitic metamorphism. He considered such an approach as very perspective for under-
standing of the tectonic setting of the low crust both in Phanerozoic and Precambrian areas. However, this idea
has not been developed further.

The conception of opening and closure of oceans retains the some kind of similarity with polycyclic
hypotheses based on the Earth’s contraction. It was showed [4] that no evidences of the Wilson’s cycle de-
velopment was found in the Precambrian period (before the formation of the Phanerozoic belts) which was
characterized by the dominant lithospheric tension with periodic prerifting uplifts of the Earth’s crust (en-
sialic orogeny). The ensialic orogeny precedes the formation of sedimentary basins that is principal distinc-
tion of the collision orogeny. At the same time, the rifting development governed by the mantle (plume)
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processes is expressed in endogenous activity such as underplating, anorogenic magmatism, dyke swarms and
continental rift metamorphism [1]. This metamorphism is synchronous to the riftogenic-depressed cover (ho-
mogenous and zonal complex), low crust and lithosphere mantle (complexes of riftogenic blastomylonites).

The necessity of the consideration of metamorphic problem of lithosphere tension was first arisen and has
been repeatedly discussed in [1, 2, 4, et al.]. The finding of the linear zones of various temperature blastomy-
lonites, which are synchronous to the zonal metamorphism in the riftogenic cover and do not extend into the adja-
cent pre-Mesoproterozoic blocks, along with the plate breakup are the basement for a statement of the question. It
was established that the brittle-ductile deformations are displayed both in the thick (up to several hundreds kilome-
ters) clearly expressed zones of riftogenic blastomylonites marking the planes of the lateral plate movement at
lithosphere tension and local displacements. The Kuvatal well 900 m deep located in the Taratash Granulitic Com-
plex shows that the process of blastomylonite formation is manifested in ~40 % of the rock volume whereas Alex-
andovsky tectonic wedge and Saxonian Massif in the Granulitgebirge are characterized by the medium temperature
brittle-ductile deformations in the entire volume. The outcrops of the pre-Mesoproterozoic basement in the South-
west Norway, European Hercynides and other Phanerozoic belts do not retain doubts that metamorphic processes
of the brittle-ductile deformations are related to the rift tension of the low crust and are developed everywhere. PT-
parameters of such kind of regressive metamorphism can be reconstructed on the base of microprobe analysis of
mineral assemblages from riftogenic blastomylonites matrix. Our data show that metamorphic processes of tension
in the low and middle crust occur at temperature peculiar of granulite to greenschist facies. Objective information
on the pressure regime can be available from the high pressure Paleoproterozoic (Lapland and Limpopo) and
Meso- to Neoproterozoic (Greenville, Svekonorway, etc.) anorthozite-granulitic belts. We have every reason to
suppose that these structures are formed in the deep zones of continental rifts but not in a collisional setting.

The various ultramafic-mafic plutonic-metamorphic complexes are the obligatory elements of all colli-
sional complexes. They often contain structural and mineralogical evidences of early postmagmatic recrystalli-
zation at granulite facies and later amphibolite diaphtoresis. The question of geodynamic setting of their forma-
tion is a matter of debate for many years. The traditional division of the Ural ofiolitic and postofiolitic (Pt-
bearing) complexes is related to their oceanic and/or island-arc origin. Although it was known for a long time
that the largest ofiolitic allochthons host the «allogenic» gabbro-granulitic blocks (West Voikar and others)
which petrogeochemical peculiarities indicate subcontinental formation setting and the high pressure metamor-
phism of brittle-ductile deformations is comparable with the Chogarsky deep facies [1]. The general analysis of
the ultramafic-mafic magmatism in the Urals allow us to advance an idea about the underplating origin of gab-
bro-granulitic and Pt-bearing massifs [3] that is in agreement with new Meso- to Neoproterozoic Pb-Pb age.
Mineral assemblages of metamafic rocks from Pt-bearing and ofiolitic massifs in comparison with those of gab-
bro-granulitic complexes point to the granulite facies of moderate pressure that can be linked to the great crust
thinning. Generally, the data on the whole Urals confirm the conception that continental rifting is a destructive
process bringing about the plate thinning and breakup and it can also form the crust growing it during the dry
plume underplating.

The question related to the formation of granulitic rocks within the orogenic (collisional) settings is more
discussable [2]. The zonal complexes of the Ural paleoisland arc are complemented with supra-subduction to-
nalite-trondhjemite magmatism but temperature conditions of metamorphism do not correspond to granulite fa-
cies. No evidences of metamorphism related to the palingenic intracrustal granite formation and accumulation of
the Permian molasse are found. It can be suggested that the granulite facies conditions were attained at the
thermal structure relaxation after continent-continent collision in the deep zones but they do not crop out at the
modern erosion level.
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Bo MHOrHX naneonpoTepo30iCKMX OporeHax I'paHHUTHBIE MOpPOABI, 0Opa3oBaBIIMECs TIOC/IE IJIABHOH (has3bl pocTa
KOpBI, CJIaratoT 3aMETHYIO JINTOJIOTMYECKYIO TOJIITY, KOTOPasi OTIIMYACTCS 1O NIETPOIOTHH, TEOXHUMHH U TEKTOHHKE OT T'pa-
HUTOW/HBIX IUTYTOHOB, CBSI3aHHBIX C TJIaBHBIM (KOpOOOpa3yIOIINM) COOBITHEM MaHTHHHO-KOPOBOH Iu()(hepeHIHAINN.
DTN THITMYIHO JIEHKOKPATOBBIE TPAHUTBI IMEIOT 3BTEKTONIHBIA COCTAB M 00OTAIEHb! ATFOMUHIEM B CPaBHEHHH CO IIENT0Y-
HBIMU METAJIIaMU. DTH JIEHKOrPaHNUTBI, BO3MOXKHO, TEKTOHUYECKH CBSA3aHBI C KOJUIAIICOM OPOTeHa MM C TPAHCIIPECCHBHON
(ha3oii KOIIM3UH ¥ CITy’KaT HHAUKATOPOM JIMTOJIOTHH M BO3pAcTa KOPOBBIX 00JIaCTeH, B KOTOPBIE OHU BHEIPUIIHCH.

[TaneonpoTtepo3oiickast kopa 10>KHOH OHHISTHINN, KaK CYATAIOT, 00pa30BaIach MyTeM MPUPAICHHUS JBYX OCTPOBO-
JIY>)KHBIX KOMIUIEKCOB K apxeiickomy kpatony 1.91-1.88 mupp. siet Ha3aj B Xozie CIoXHOI cBekoeHckol oporenuu [1] (1
cchUIKK TaM). [list cBeKO(hEHCKOro OporeHa XapakTepHbl CYIpaKpyCTalbHbIE 0sica U “CHHOPOTreHHbIE” IUIyTOHUYECKHE
opoi! (B OCHOBHOM TPaHHUTOM/IBI), KOTOphIC 00pa3oBauch ~1.93—1.86 mupa. jier Ha3aq B 000MX OCTPOBOLYKHBIX KOM-
IieKkcax. B mpenenax ocTpoBOmyKHOTO KOMILIEKca 10KHOM (UHISTHAMY TOSIC JISHKOKPATOBBIX MUTMaTHTOOOpa3yoIInX
TPaHUTOB MPOCTHPAETCS HA 3aI1a/I-I0r0-3ara;] 4Yepe3 camyro I0KHyo yacTb OUHISHANY OT rpaHuibl ¢ Poccueit Ha BocToke
JI0 FOrO-3araJiHoro apxurenara OUHISTHIMA. OTH JIEKOTPaHNTHI CJIAraloT MO3JHECBEKO(EHCKYIO TPaHUT-MUTMATHTOBYIO
308y (IICT'M) roxkHOM OHHISHINA [2]; TPaIUIIMOHHO CYATACTCS, YTO UX BO3PACT cocTaBisieT ~1.84—1.83 mupa. net. On-
HaKO JIaHHBIE TT0 MUHEpaJIaM, TOJyYeHHbIe HaMi HeaBHO U-Pb MeTooM, MOKaspIBaroT, YTO HCTOPUSI MX KPHUCTATLIA3ALNN
ropaszio amuHee - ot ~1.86 10 1.79 mnpa. ner [3] — [5], a Hawu u3oToNHBIE HccaenoBanust U-Pb MeTonoMm in situ mokasbl-
BAIOT, YTO KPYIHBIE YHACIIEAOBaHHBIC OMYJISIINHN UPKOHOB copmupoBaimch 2.1-2.0 mupa. ner Hazax u 2.8-2.5 mipa.
JIeT Ha3aj. BerpedaroTest IeHKOrpaHuThI ¢ HyJCBOM U CHIIBHOM YHACIISOBAHHOCTBIO; OHHM 00pa30BaIMCh U3 Ipeoliiaaro-
IUX KOMIIOHCHTOB COOTBETCTBCHHO M3BEPKECHHOI'O U OCA/I0OYHOI'0 UCTOUYHHUKOB.

OCTpOBOIYKHBIH KOMIUIEKC 10)KHOI DUHIISIHANN BKIIOYaeT BbICOKO-T M HU3KO-P rpanynuroBsie obnacTH,
IJI1 KOTOPBIX XapaKTEPHbI UHTCHCHUBHAsA MHUI'MaTU3allusd U O6paSOBaHHe AHATCKTUYCCKUX PacCIlJIaBOB. OtH pac-
TUTaBbl KPUCTAIN30BAIM JIEHKOTPAHUTHI, KOTOPHIE SIBISIOTCS neprinHo3eMucTbiMu (BennunHa A/CNK = oxoio
1.1), umeroT BBICOKOE conepkaHue kpemHezema (69-77 Bec. % SiO;), U3MEeHUUBOE conepkaHue Jerkux P30
(manpumep, conepxxanue La B 20-300 pa3 BbllIe XOHAPUTOBOTO), & B HEKOTOPBIX CIydasX O4YeHb BBICOKOE CO-
Jep KaHue TeIUIOTeHepUPYIOMuX paccesHHbIX ameMeHToB U 1 Th (cootBeTcTBeHHO 10 30 ppm u 75 ppm). Hamm
HOBBIC JaHHBIEC 10 M30TonaM Nd M3 BaJIOBBIX NMPOO MOKA3bIBAIOT, YTO OOIBIINHCTBO JICHKOTPAaHUTOB UMEET Ha-
YaJIbHBIC BEIIMYUHEI €yg OKOJIO 1.5 - 0; 3TO yKa3blBaeT HA OTHOCHTEIBHO “IOBCHWIBHBIA OOINHMNA XapakTep HUC-
TOYHHKA JIEHKOTpaHUTOB. CpaBHEHNE M30TOMHOTO cocTaBa Nd JEHKOTpaHWTOB M BMEUIAIOIINX MX CHHOPOTEH-
HBIX TPAaHUTOMOB YKa3bIBaeT Ha UX BEChbMa CBOE0Opa3HBINA XapakTep. B ceBepHOI wacTu 3TOH 30HHI JIEHKOTpa-
HUTHI UMEIOT (32 UCKIIOYEHNEM HEKOTOPBIX 00pa3IoB ¢ aHOMAJIBHO BBICOKOW BETMYMHOMN €x¢, KOTOPBIE TTO3BOJIS-
10T TPEANOJIO0KUTh N30TOMHO-HEPABHOBECHOE IIABICHHE HAa YIAJIEHHBIX Y4acTKaxX OTHOCHTEIbHO oOnacTei c
BeicokuMHu T u P) Gonee HU3KHE (XOHAPUTOBBIEC HIIM COAT0 OTPHUIATEIbHBIC) BETUINHBI €Ny, €M BMEIIAIOIINE UX
CHUHOPOT'€HHbIE NIOPOJbI. B 10)KHON 4acTH 3TON 30HBI TAKOrO pa3auyus HeT. Eciu JOomyCTUTh, YTO TaKOE pasiu-
9He eCcTh, TO MHOTHE (€CIIi HE BCe) JIEHKOTPaHUTH B CEBEPHON YacTH 30HBI ObUTH OBl aymoXTOHHBIME. CienoBa-
TCJIBbHO, HCTOYHHK O6pa30BaHI/I${ MarmMbl MOI' HAXOOUTHCA B IO’)KHOM 4YacTu OCTPOBOJYXHOI'O KOMIIJICKCA FO)KHOM
OUHISHANY B HETTOCPECTBEHHON OJM30CTH OT o0yacTeil ¢ BBICOKUM conepxkanuem T u P.
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In many Paleoproterozoic orogens, granitic rocks that postdate the main phase of crustal growth
constitute a conspicuous lithologic unit that differs — petrologically, geochemically, and tectonically — from
granitoid plutons that are associated with the main (crust-forming) mantle-crust differentiation event. These
granites are typically leucocratic, have minimum-melt compositions, and are comparatively enriched in
aluminum relative to the alkali metals. Tectonically, the leucogranites may be related to orogenic collapse or a
transpressional phase of collision, and they also serve as indicators of the lithology and age of the crustal
domains that they were emplaced within.

The Paleoproterozoic crust of southern Finland is considered to have formed by accretion of two arc
complexes to the Archean craton at 1.91-1.88 Ga during the composite Svecofennian orogeny [1] (and refer-
ences therein). The Svecofennian orogen is characterized by supracrustal belts and “synorogenic” plutonic
rocks (mostly granitoids) that were formed at ~1.93—1.86 Ga in both arc complexes. Within the Arc complex
of southern Finland a belt of leucocratic, migmatite-forming granites runs in a west-southwest direction
across southernmost Finland from the Russian border in the east to the southwestern Finnish archipelago. The
leucogranites constitute the late Svecofennian granite-migmatite zone (LSGM) of southern Finland [2] and
they have traditionally been considered ~1.84—1.83 Ga old. Our recent U-Pb mineral data show, however, that
they register a far longer crystallization history, from ~1.86 to 1.79 Ga [3] — [5], and our in situ U-Pb isotope
studies imply major inherited zircon populations at 2.1-2.0 Ga and 2.8-2.5 Ga. Leucogranites with nil and
strong inheritance are both present and they were derived from dominant igneous and sedimentary source
components, respectively.

The Arc complex of southern Finland includes high-T, low-P granulite domains that are characterized by
intense migmatization and production of anatectic melts. These melts crystallized leucogranites that are margin-
ally peraluminous (A/CNK value round 1.1), high in silica (69-77 wt. % Si0,), varying in the LREE (e.g., La
20-300 times chondritic), and in some instances very high in the heat-producing trace elements U and Th (up to
30 ppm and 75 ppm, respectively). Our new whole-rock Nd isotope data show that the bulk of the leucogranites
have initial exg values of ca. —1.5 to 0; this reflects the relatively “juvenile” overall character of the source of the
leucogranites. Comparison of the Nd isotope composition of the leucogranites and their synorogenic country-
rock granitoids reveal a rather peculiar pattern. In the northern part of the zone, the leucogranites have (save for
some anomalously high-eyy samples that probably register isotope disequilibrium melting in distant locations
relative to the high-T, high-P domains) lower (chondritic or slightly negative) eyg values than their synorogenic
country rocks. In the southern part of the zone, no such difference is present. Given this difference, many (if not
all) of the leucogranites in the northern part of the zone would be allochthonous, and hence the locus of magma
production could have been in the southern part of the Arc complex of southern Finland in the proximity of the
high-T, high-P domains.
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B cocraBe ¢pyHmameHTa ApxaHTenbCKoi anma3zoHocHOW mpoBuHIWH (AAII) BRIOEIEHB ABa KOHTPACTHBIX
110 BO3pacTy, CTPOCHHIO U COCTaBYy CTPYKTYPHO-BEUIECTBEHHBIX NoMeHa: OHero-/IBuHCKM 1 3MMHEOEpEKHBIN
TEpPEHHBI.

Onero-/IBunckuii Teppeiin (OAT) 3anumaer roxuyo 9acts AAIl. HanGonee paHHUMH U, BEpOSTHO,
npeobIagaonMi 1o 00beMy OPOIAMH TOTO TepperHa ABIAIOTCS Me3oapxeiickue (3.0-2.8 mupa. ner) meTa-
0a3HTHI TOJIEUTOBOW M M3BECTKOBO-IIEIOYHON CepUil M THEHCH TOHATUT-TPOHAReMHUT-TpanoguoputoBoro (TTI)
COCTaBa, KOTOPbIE COMTOCTABUMBI C ME30apXEHCKUMH TOHANIMUT-3eJIeHOKaMEHHBIMU NosicaMu bemomopckoro noj-
BikHoro nosica (BIIIT) banrtuiickoro mura. Pa3HooOpa3Hbie 110 NETPOreOXUMHUUECKHM OCOOEHHOCTSIM AaiKu U
WHTPY3UBBI METa0a3UTOB MPEJCTABISIOT HeoTheMieMyto koMmnonenty O/T u, mo-BuauMomy, SIBISIOTCS aHAJIO-
ramMM BHYTPHIUIMUTHBIX 0a3zuToBblX MHTpY3ui BIIII panHero m cpennero majneomnporeposost (2.45 no 2.10 mupn.
net). ['pannT-nopdupsl, nermatutsl U amwuthl O[T, H30TOMHO-reOXMMHYECKHE 0COOCHHOCTH KOTOPBIX IPEIII0-
JararT uX GOPMHUPOBAHHUE IIPH TUIABJICHUH Pa3HOTITYOMHHBIX 9acTE€H KOPBI, KOPPEIUPYIOTCS C TPAaHUTOWIHBIMU
komruiekcamu BIIIT pannero (~2.4 mupa. net) u mo3aHero (~1.8 mupa. nmer) manxeonpoTepo3os. ComocTaBUMOCTh
OJAT c BIIII Ha ypoBHE MOPOJHBIX aCCOIMAINI XOPOIIO JOMOIHIETCS CXOACTBOM yCIIOBUN MeTaMop(du3Ma paH-
HuX THeiicoB u merabasutoB OT mpu gaBiaeHusx ~9.5 k6 u remneparypax ~700°C, aro GIM3KO K OI[EHKaM ycC-
noBuii Meramopdusma apxeiickux nopon bemomopckoro noasuxHoro nosica [1]. B Toxe Bpems o01uieit ocodeH-
HoCcThIO Beex nopoxa O/IT siBisieTcs MOBCEMECTHO MPOSIBICHHBIN AMadTOpe3 U METACOMATO3 B yCIOBHIX SMUAOT-
amM(puOOJIUTOBOI U 3esIeHOCIaHIIeBOW (anuu.

3umHeOepe:xHbIil Teppeiin (3bT), Beiensemslii B neHTpansHoit yactu AAIL mo coctaBy U Bo3pacTy HOpoA-
HBIX KOMIUIEKCOB KOHTPacTHO oTiunyaercst oT OHero-/IBUHCKOTO TeppeitHa. 31ech mpeoOyiafaloT IUOPUTHI, TPaHO-
JIMOPUTHI ¥ TPAHUTHI, C KOTOPBIMH aCCOLMUPYIOT U3BECTKOBO-LIEIOYHBIC U CyOIenounbie MeTarabopounsl. Bee atn
MIOPO/IbI UMEIOT NalleonpoTepo3oiickue MozensHble Bo3pacThl (Tyxg(DM) ot 2.1 mo 2.3 mipa. j1eT), 4To mpearnosaraer
OTCYTCTBHE BKJIaaa Oosee ApeBHEH apxeickoil Kopbl. [ paHNTOMIIBI HMEIOT SPKO BBIPAXKEHHYIO T€OXHMMUYECKYIO CIIe-
MUQHUKY - TOBBIIICHHYI0 MarHe3WaIbHOCTh, OBHIIIEHHBIE KOHIeHTparu P,Os, Sr, Ba, Y u Tsokensix P33, uto Tak-
JKe TIPHUCYIIE MaJeONPOTEPO3OHCKIM TpaHUTONIAM Y MOMHCKOTO TeppeitHa [2] u sBIsgeTCs OTIHMYNTEIBHON 0COOCH-
HOCTBIO TPaHUTOU/IOB MTOCTKOJTIM3HOHHON CTANH 3BOJIIOINU OPOTEHHBIX MOSACOB (haHepo30s. ClienyeT Mo 4epKHyTh,
YTO NPH CXOJCTBE COCTaBa U M30TOMHBIX XapaKTEPHUCTHK, BCE H3yUCHHBbIE MarMaTHueckne kommmiekcsl 3bT meramop-
(U30BaHbI B YCIOBUSX 3MUA0T-aM(DUOOTHTOBO# (aruy B oTiiMune oT YMOHHCKOTO TeppeiiHa, rie npeodnaaaoT rpa-
nyJuthl [1]. FOxHbIii ¢anr 36T cnaraiot KopJuepuT-CHILIMMAHNT-TPaHaT-0MOTUTOBBIE NTAaparHeicel, copMUpoBaH-
HBIE MPHU Pa3pyILCHUHU MAICONPOTEPO30OHCKUX HCTOYHHMKOB, HA YTO YKa3bIBAIOT BEJIIMYMHBI MOJEIBHBIX BO3PAacTOB
(Tna(DM) ~ 2.3 mapa. 1et). OTH METa0Ca KU 110 COCTaBY M U30TOIMHBIM XapaKTEPUCTUKAM aHAJOTMYHBI METAa0CaaKaM
KOH/IAJJTUTOBOTO KOMITIEKca YMOUWHCKOTO TepperiHa [1].

Wudopmanys o CTpOSHNH HOBEPXHOCTH (yHIaMEeHTa 3UMHEOEPEKHOTO TeppeiiHa JIOMOIHACTCS JaHHBIMH 110
KCEHOT€HHOMY MaTepHaily, BRIHECEHHOMY KUMOEPIUTaMH, KOTOPHIE CBUIETEIBCTBYIOT O HEOJHOPOAHOCTH COCTaBa U
BO3pacTa B 00beMe KOPBI 3TOTO TepperHa.

196



Mamepuanet kongepenyuu

Jans nentpansHoit yactu 3BT Beck 00beM KOPBI, 0XapaKTEpU30BAHHBIM KCEHOINTAMU U KCEHOKPUCTaMH LIUP-
KOHOB M3 KMMOEPIIMTOBBIX TPYOOK 30J0THIKOr0 N KennHcKoro mojei, coeH MajieornpoTepo30iCKIMN KOMIUIEKCa-
MU, IPUCYTCTBHS apXeHCKHUX MOpoJ He ycTaHaBimMBaeTcsi. Ha 3To, BO-NepBBIX, YKa3bIBAIOT JaHHBIC 110 HIKHEKOPO-
BEIM (P ot 10 mo 14 k0) kceHomuTaM u3 TpyOkn 688 [3], KOTOPBIE IO COCTaBaM OTBEYAIOT N3BECTKOBO-IIIEIIOYHBIM 0a-
3aJbTaM U aJaKUTaM, HMEIOT OCTPOBOIY>KHBIC T€OXMMUYECKHE XapaKTEPUCTUKH U MPEICTABIAIOT IOBEHMIbHBINA T1a-
JICOMPOTEePO30iCcKuii MeTamarmatiudeckuit Matepuan (Tyg(DM) = ot 2.0 mo 2.2 mupa. ner). BropsiM aprymeHTOM
ciyxat pe3ynsTaThl U-Pb natupoBaHns KCEHOKPUCTOB LIMPKOHOB M3 TpyOku IImoHepckas, B MOMYNIAMH KOTOPBIX
pe3Ko mpeobsIagaT MUPKOHBI MO3IHETaIeonpoTepo3oiickoro (~1.9 mupa. ier, 3aech U fanee BO3pacT 1O JaHHBIM
SHRIMP mo BemmumnaM otromennit 2’ Pb/*"Pb npu cTeneHy IUCKOPIAHTHOCTH Touek He Gomee 2 %); HH OXHOTO
apXelCcKOoro UPKOHA B Ipode HE BCTPEUEHO.

Hus ceBeproii wactu 3BT kopa, npencraBieHHas KCEHOJIMTaAMH U KCEHOKPHCTaMH IIMPKOHOB U3 KUMOEPIUTO-
Boil TpyOKku uM. B.I'puba, cnoskeHa nperMyIIECTBEHHO MajeONPOTEPO30HCKUMH KOMIIEKCAMH C PE3KO ITOYNHEH-
HBIM KOJIMYECTBOM apXxeiickoro marepuana. Cpeanexopossie (P ~5 k0) kceHonmutsl ¢ xapakrepucrukamu Mg n Fe-Ti
BHYTPHUIUTUTHBIX 0a3ajibTOB MMEIOT apxeiickue monenbHble Bo3pacThl (Tyg(DM) ~2.8-2.9 mipa. ner). Hiwkuaekopo-
BhI (P ~10 k0) KCEHONHT ¢ CYyOXyKIIMOHHBIMH aIaKUTOBBIMH XapaKTEPUCTUKAMHU UMEET IaJICOMPOTEPO3OHCKUI MO-
nenbHeI Bo3pacT (Tyg(DM) 2.4 mupa. ier). B momynsiiui KCEHOKPHCTOB ITUPKOHOB U3 MOP(PHUPOBOTO KUMOEpIUTa
TpyOku um. B.I'puba no narabmv U-Pb n30TOMHOTO HaTHpOBAaHUS BBIBICHO TOJNBKO 2 apXCWCKHUX 3€pHA, B TO BpPEeMs
Kak IpeobiaialoT TUPKOHH ¢ Bo3pactamu 1.8-2.0 mupa. et [4].

st roxxHoro (umanra 36T, moBepxHOCTh (yHAaMEHTa KOTOPOTO CI0KEHA IOBEHUIBHBIME MaJCONPOTEPO30ii-
CKMMH MeTaocagkaMu ¢ Nd-MoelIbHBIME BO3pacTaMy OKOJIO 2.3 MIIpA. JIeT, ToKa3aTesbHa TpyOka Unasus, kotopas,
Hapsily C MaJeoNnpoTePO30HCKUMH, BbiHECHa 0K0JI0 30 00. % apXeHCKHX UPKOHOB JIBYX BO3PACTHBIX rpymn — 2.7 U
2.9 mapa. aer. ICTOYHUKOM 3THX IPEBHHUX LIMPKOHOB MOTJIa CIY)KUTh apXeickas Kopa, Ha KOTOPYIO ObUIM Ha/JBHUHY-
ThI NTAJIEONPOTEPO30MCKHUE OCAAKH.

Takum 00pazoM, NMPOBEIECHHBIC WCCIEJOBAHMS ITOKA3bIBAIOT, YTO TEKTOHMYECKHUE CTPYKTYPHI (yHAaMeHTa
AAII ssnsarorcs IO-B mpomomxenuem maneomnporepo3oiickoro Jlanmanncko-Konbckoro KoIIH3MOHHOTO OpOreHa
Banruiickoro muTa. Pasnuuust B crenenn meramopgusma bantuiickoro 1 ApXaHrenbCKOro CETMEHTOB MOTYT OBITh
CBSI3aHBI C OOJIBIIMM 3PO3HOHHBIM CPE30M 3TOM CTPYKTYpBI B Ipeenax mura. 3uMHeOepexHas 30Ha AAIT conocra-
BUMa ¢ YMOuHCKNM 1 Tepcknm O10KaMH M MapKHUpYyeT, O-BHAMMOMY, OCEBYIO IIOBHYIO YacTh 3TOr0 oporeHa. Bax-
HBIM apryMEHTOM IS TAKOM MHTEPIIPETALNH CITy>KUT BBIIBICHHAs HEOJIHOPOAHOCTH CTPOCHHS KOPBI 3UMHEOEPEKHO-
ro TeppeitHa, KoTopas Moria ObITh chopMUpOBaHA TPU BBIABIMBAHUH MAIEOIPOTEPO30MCKON FOBEHUIBHOW KOPHI B
XOZle KOJUTM3UH apxeiickux OmokoB. Onero-J/[BuHCKMI 6ok, sBistomuiics mpomoipkenuem BIIII, mpencraBmser
(hpOHTATBHYIO 30HY MAJICONPOTEPO30UCKON CHHKOJUTM3UOHHOM mepepaboTku apxeiickoro Oioka. [logydeHHbie AaH-
HBIE 110 Kpuctandeckomy Gpynnamenty AAIT nporuBopeuat «npasmny Kinddopna», corimacHo koropomy anmaso-
HOCHBIE KUMOEPJIUTHI JOJKHBI OBITh NPUYPOUEHBI K MAaKCUMAJIBHO JIPEBHUM Y4acCTKaM KOHTHHEHTAJIbHOW KOPBI WU
«apXoHam», M CBUJAETEILCTBYIOT O JIOKAJIM3AIMH MTPOMBIIUICHHO aJIMa30HOCHBIX KUMOEpIINTOB 3TOI NMPOBUHLMK B
HaJIEONPOTEPO3ONCKOM KOUTU3UOHHOM IIIBE.

Hccnedosarnus nodoepoicanvt PODU, npoexmor 08-05-00904, 10-05-00901 u 11-05-01130.

Distinguished in the basement of the Arkhangelsk diamondiferous province (ADP) are two structural-
mineralogical domains differing greatly in age, structure and composition: the Onego-Dvinsky and the Zimneberez-
hny terrains.

The Onego-Dvinsky terrain (ODT) occupies the southern portion of the ADP. The earliest and presumably
most abundant rocks of this terrain are Mesoarchaean (3.0-2.8 Ga) metabasic rocks of tholeiite- and calc-alkaline se-
ries and gneisses of tonalite-trondhjemite-granodiorite (TTG) composition correlatable with the Mesoarchaean to-
nalite-greenstone belts of the Belomorian greenstone belt (BMB) of the Baltic Shield. Petrogeochemically different
dykes and intrusive units of metabasic rocks make up an integral constituent of the ODT and seem to be similar to the
Early and Middle Palaeoproterozoic (2.45-2.10 Ga) intraplate basic intrusions of the BMB. The granite-porphyry,
pegmatite and aplite of the ODT, whose isotopic-geochemical characteristics suggest that they have been produced
upon melting of different-depth crustal segments, correlate with the Early (~2.4 Ga) and Late (~1.8 Ga) Palacopro-
terozoic granitoid complxes of the BMB. The correlatability of the ODT and the BMB in rock associations is sup-
ported by the similarity of the metamorphic conditions of early gneisses and metabasic rocks from the ODT at pres-
sures of ~9.5 kbar and temperatures of ~700°C that are close to the metamorphic conditions of Archaean rocks from
the Belomorian mobile belt [1]. At the same time, a common characteristic of all ODT rocks is ubiquitous diaphthore-
sis and metasomatism under epidote-amphibolite and greenschist-facies conditions.
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The Zimneberezhny terrain (ZBT), distinguished in the central ADP, differs considerably in the age and
composition of rock complexes from the ODT. The terrain is dominated by diorites, granodiorites and granites with
which calc-alkaline and sub-alkaline metagabbroids are associated. All of these rocks have Palacoproterozoic model
ages (Tng(DM) of 2.1 to 2.3 Ga, suggesting the older Archaean crust did not contribute. Granitoids exhibit a well-
defined geochemical pattern of their own, such as elevated Mg content and elevated P,Os, Sr, Ba, Y and HREE con-
centrations, also typical of Palaeoproterozoic granitoids from the Umba terrain [2] and is a distinctive feature of the
granitoids produced at a post-collisional stage in the evolution of Phanerozoic belts. It should be noted that in spite of
similar compositional and isotopic characteristics, all the ZBT igneous complexes examined have been metamor-
phosed under epidote-amphibolite-facies conditions, in contrast to the Umba terrain dominated by granulites [1]. The
southern flank of the ZBT is built up of cordierite-sillimanite-garnet-biotite paragneisses formed upon destruction of
Palacoproterozoic sources, as indicated by model ages (Tng(DM) ~ 2.3 Ga). These metasediments are similar in com-
position and isotopic characteristics to those of the khondalite complex of the Umba terrain [1].

Evidence for the surface structure of the Zimneberezhny terrain basement is supported by data on the xeno-
genic material removed by kimberlites that indicate the compositional and age heterogeneity of the terrain crust.

In the central ZBT, the entire crust, characterized by xenoliths and xenocrysts of zircons from the kimberlite
pipes of the Zolotitskoye and Kepinskoye Fields, consists of Palaeoproterozoic complexes. No Archaean rocks have
been revealed. This is indicated, firstly, by data on lower-crust (P from 10 to 14 kbar) xenoliths from pipe 688 [3],
which are consistent in composition with calc-alkaline basalts and adakites, show island-arc geochemical characteris-
tics and represent Palacoproterozoic juvenile metamagmatic material (Tyg(DM) = 2.0 to 2.2 Ga). A second argument
is provided by the results of the U-Pb dating of zircon xenocrysts from the pipe Pionerskaya. Their population is
strongly dominated by zircons of Palacoproterozoic age (~1.9 Ga; the ages presented hereinafter were estimated on
the basis of SHRIMP data from **’Pb/2*°Pb ratios at the degree of point discordance not more than 2 %); no Archaean
zircons were encountered in the sample.

The crust in the northern ZBT, represented by zircon xenoliths and xenocrysts from V.Grib kimberlite pipe,
consists dominantly of Palacoproterozoic complexes and minor quantities of Archaean rocks. Middle-crust (P ~5
kbar) xenoliths with the characteristics of Mg anf Fe-Ti intraplate basalts have Archacan model ages (Tng(DM) of
~2.8-2.9 Ga. The lower-crust (P ~10 kbar) xenoliths with subduction adakite characteristics has a Palaeoproterozoic
model age (Tng(DM) of 2.4 Ga. U-Pb zircon dating has revealed only two Archaean grains in a population of zircon
xenocrysts from the porphyry kimberlite of V.Grib pipe, whereas 1.8-2.0 Ga zircons prevail [4].

Chidvia pipe, which, together with Palacoproterozoic zircons, has removed about 30 vol. % Archaean zircons
of two age groups, 2.7 and 2.9 Ga, is demonstrative for the southern flank of the ZBT, the basement surface of which
is built up of Palacoproterozoic juvenile metasediments with Nd-model ages of ca. 2.3 Ga. These old zircons could
have been derived from an Archean crust superposed by Palacoproterozoic sediments.

To sum up, our study has shown that the tectonic structures of the ADP basement are a southeastern extension
of the Palaeoproterozoic Lapland-Kola collisional orogen of the Baltic shield. Differences in the metamorphic grade
of the Baltic and Arkhangelsk segments can be attributed to the large erosion section of this structure within the
shield. The Zomneberezhnaya zone of the ADP is correlatable with the Umba and Tersky block, and seems to mark
the axial suture zone of this orogen. An essential argument in favour of this interpretation is provided by the structural
heterogeneity of the Zimneberezhny terrain crust, which could have been formed upon extrusion of the Palaeopro-
terozoic juvenile crust during the collision of the Archean blocks. The Onego-Dvinsky block, which is an extension
of the BMB, is a frontal zone of Palaeoproterozoic syncollisional reworking of the Archaean block. The data obtained
for the crystalline basement of the ADP are conflicting with Clifford’s rule, according to which all diamondiferous
kimberlites are confined to the oldest continental crust segments (“archons”) and indicate the emplacement of eco-
nomic diamondiferous kimberlites of this province in a Palaeoproterozoic collisional suture.

The studies were supported by the RFFR, Projects 08-05-00904, 10-05-00901 and 11-05-01130.
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SVECOFENNIAN GRANULITE-FACIES METAMORPHISM IN THE BELOMORIAN MOBILE
BELT: A MYTH OR REALITY?

Sibelev O.S.

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

B cBexodennckoe Bpems (~2,1 — 1,75 mupa. siet) B benmomopckom noasmkHoM mosice (BITIT) npoTekaroT HHTEH-
CHBHBIE I'€0JUHAMUYECKUE U I'€0JIOTMUECKUE TIPOLIECChI, BO MHOT'OM OIPEIEIMBILNE €r0 COBPEMEHHBIH 00JIHMK: IKCTYMH-
PYIOTCSI MOIIIHBIE TOJIIIM MITyOMHHBIX OPOJ] M OKOHYATENBHO (POPMHUPYETCsl IOKPOBHOE «4elnyiiuaroe» crpoenue. Co-
NIPSDKEHHBIE TEKTOHO-MeTaMop(hHUYecKUe MpeoOpa3oBaHusl HOCAT PETHOHABHBIN XapakTep, HO, JaXe B paMKax 3TOrO
BPEMEHHOTO TIepHO/Ia, SIBIAIOTCS MMOJIUATAIHBIMUA U JIUCKPETHBIMH, a, KPOME TOro — NMONn(aiaibHbIMU 1 JIaTepalbHO
HeoHOpoaHBIME. [ToMnMo oOmmenpu3HaHHbIX T HUX (0e3 yuera Jlamranackux n KonBUIIKKMX IpaHyIMTOB), TEMIlepa-
TYPHBIX ycIoBHH aM(puOOIUTOBOH (anun (KHaHUT-MUKPOKIIITHOBON M KHAaHUT-MYCKOBHTOBOM cyOdaruii [1]), B BIIIT
(huKCHpyIOTCS TeosIornieckre 00bEKTHI, TIe apaMeTpbl MeTaMop(ru3Ma HIMEIOT OoJiee BHICOKYIO CTYTICHb.

OmnH n3 Taknx o0wvekToB — EHckuit paiion (O3 wacte Kombckoro momyoctpoBa). 3nech Ha 3HAUNTENBHON
TEPPUTOPHU PA3BUT II03HECBEKO()EHHCKUH BBICOKOIPaJMEHTHBIA 3Tan MeTamMopdu3Ma yMEpPEeHHBIX AaBICHHUH, 110
HEKOTOPBIM OIIEHKaM, JIOCTUTAIONINH YPOBHS TPaHyIUTOBOH (anuu (rpaHaT-KOpAHEePUT-CIIUTMMAaHUTOBAs, 6e30noTn-
ToBasi cyodanus [2]). OcoOeHHOCTSIMU ATOTO ATama SBJSIFOTCS: 30HAJIBHOCTh, BHIPAKEHHAS B 3aKOHOMEPHOI cMeHe
MapareHe3ncoB C CHJUIMMAHUTOM, KOPJHEPHUTOM, CTaBPOJIUTOM, aHIATy3UTOM, XJOPUTOM M Jp., HaJOXKEHHbIH (Ha
paHHecBeKOpeHHCKHE AUAdTOPUTHI) XapaKTep, 'eHETHYecKas CBS3b C MErMaTUTaMHU MYCKOBUT-PEIKOMETAIIIbHOM
¢dopmaruu u PTt Tpenn «mo yacoBoii crpenke» [3], 00ycIOBIEHHbIH MOBBIIIEHHEM TeMIepaTrypsl Ha (OHE JIEKOM-
IIPECCHH, C MOCIEIYIOIIEH HeTPEPHIBHOM PErpecCUBHOM MOCIIEI0BATENLHOCTEIO.

JlokasibHBIE MTPOSIBICHUS] BBICOKOTEMITEPATYPHBIX METaMOP(QHUTOB (PUKCUPYIOTCS U B IIEHTpajbHOM benomopse
(manpumep, paiion 03. KopxuHo), rae 6bu1 n3ydeH (pparMeHT 30HBI TEKTOHUYECKOTo MeNamxka [4], mpeacraBisiore-
ro co0OH IMOJIOTO 3aJETaoNIyI0 CTPYKTYpY HaaBHToBoro Tumna. Ero obiomodHast 4acTh mpencraBieHa ampudonmTa-
MH, MeTarabopongaMy, TIMHO3EMHUCTHIMHA (KHAHUT-TPAHAT-OMOTUTOBBIMK) M TpaHaT-aM(HOOIOBEIMU THEHCaMH, a
TaKKe aroaH/Ie3uTaMi U MpamMopamu. B kadecTBe MaTpHKca MENaHXa BBICTYIAIOT, TAK Ha3bIBAEMble, TCKTOHOMETA-
MOPGUTEI — MUTMAaTH3UPOBAaHHBIC TPAHAT-OMOTHT-aM(PHUOOIOBBIE THEHCEL. DTH NOPOAbl (GOPMHUPYIOTCS NPU HMHTCH-
CUBHBIX TEKTOHHYECKUX JBIKEHHSX IT0 HEOJHOPOJHOMY CyOCTpary, IOJA BO3JEHCTBHEM MOIIHOTO HEPAaBHOBECHOTO
(JIIOMTHOTO TTOTOKA M MUTMATH3UPYIOLIETo paciuiaBa. [Ipu BEICOKO# MIIaCTUYHOCTH, 32 CUET MPHUCYTCTBUS JIUKBHLYC-
HOU (ha3bl, TEKTOHOMETAaMOP(UTHI CIOCOOCTBYIOT JIE3UHTETPALIUH [TOPOJI, UX TPAHCIIOPTY C Pa3IMYHBIX YPOBHEH ITy-
OMHHOCTHU M CKOJIL)KEHHIO TEKTOHMYECKHX IUIACTHH BJIOJIb TUIOCKOCTH Menamka. «[IMKoBble» yciaoBus Meramophus-
Ma il HUX cocTaBisitoT He meHee 800°C, mpu naBneHnu nopsijaka 12 k6ap, 4To HAMHOTO BBIIIE COOTBETCTBYIOIINX
MoKasarteseil B mopojaax o0oMouHo# cocrapisroneit (max T — 690°C, mpu P — 8,6 kOap). DTo cBS3aHO C BBICOKOI
CKOPOCTBIO TEKTOHHYECKHUX MPOLIECCOB, IIPH KOTOPBIX KPYNHBIC AITIOXTOHHBIE OOJIOMKH BMEIIAIONINX MTOPOJ COXpa-
HSIOT MH(OPMALIUIO O MPEIIECTBYIOMNX TEKTOHO-METaMOP(HUIECKHUX MTPOIIECCaX.

B paccmarpuBaemMoMm acriekTe, HanOoJIee MHTEPECHBIE PE3YJIBTATHI MOMYIEHBI IPU N3yYEHUH KHAHUTOBBIX K-
sorutoB [ puanHCcKOi 30HBI Menamka [5]. [ToMrMo XapaKTepHBIX MUHEPATbHBIX aCCOLMAINKA ¢ KHAHUTOM, IJIarHOK-
J1a30M, TOPHOJICHIUTOM, KOPYHIIOM M KIMHOIMHMPOKCEHOM, B HUX OBIIM BBISBICHBI HCKIFOUUTENbHO penkue aist BIIIT
HapareHe3ncChl, colleprkaniyue canupyH, IIHHeb, aHOPTUT U XErOOMUT, a TAakKe He CBOMCTBEHHBIN MOpOJaM LeH-
TpaJbHOTO beroMophbst CTaBpOIUT. DTH MOPOBI PAa3BUBAIOTCS O MAJIEOIPOTEPO30iiCKUM radbdpo u conepxkat HHPOP-
Malyo 00 MHTEHCHBHBIX MeTaMOp(HUeCKHX NpeoOpa3oBaHMsX. V3HauanbHO rabOpOUIbl SKIOTUTH3UPYIOTCS, MPU
4YeM 3TOT MPOLECC, 10 MHEHHUIO aBTOpa, MPOTEKAET B YCIOBHUAX MPHCYTCTBUS OCTATOYHOI'O MarMaTHYeCcKOro pacruia-
Ba, 32 CYET KOTOPOT'O TI0POJia COXPaHIET NOABHKHOCTh M BHEIPSIETCSI HA YPOBEHb COBPEMEHHOTO HPO3HOHHOTO Cpe3a
yke, Oyaydu SKIOTUTH3NPOBaHHOW. Peakimn GpopMUpOBaHMS SKIIOTHTOBOTO INapareHe3nca MpOUCXOIiT MeXIy de-
HOKPHCTaMH U PACIIaBOM, KOTOPBIH CIYKUT HCTOYHHUKOM BOAHOTO (urionza. B mocienyiomem SKI0ruThl HCTIBITHIBA-
10T OJ1aCTe3 B YCIOBHAX CyOM30TepMHUEcKOi aekommpeccuu. Temmeparypsl mopsika 700-750°C GukcupyeMsie co-
OTBETCTBYIOLINM COCTABOM MHHEPAJIOB CIYXAT «OTIPABHOW TOUKOW» K MOCIEAYIOIINM METaMOP(HHUUECKUM H3MEHE-
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HUSIM, BBIPOXEHHBIM B KPUCTAILIM3ALUH BHICOKOTEMITEPATYPHBIX cal(pUpHH-IIIMHENEBbIX apareHe3ncos. [1pu stom
HaOJr01aeTCst OTYETIIMBAs IPOTPECCUBHAS TCHACHIMS, BRIPAKEHHAS! B HEYCTOHYMBOCTH M Pa3I0KEHHN BOAOCOAEpKa-
IIMX MHUHEpaJIOB, TAKMX KaK OMOTUT M pOroBas OOMaHKa, a Takke 00pa30BaHUM ITPOTrPECCUBHON 30HAIBHOCTH B Tpa-
Hatax. OTCyTCTBHE MapareHe3nca KOpJuepHuTa ¢ KOPyHIOM M HaJIM4YKME acCOIMAIMi candupruHa ¢ KOPyHIOM H IITH-
HEJIBIO ABJISIETCSI MPU3HAKOM BBICOKHX JaBJICHHUI, 4TO coriacyercs ¢ (pakToM NmpoTeKaHHs MEeTaMOp(UUECKHX peak-
Ui B 00JIaCTH yCTOWYMBOCTH KHaHHUTA. Ilo MMerommMcs OLEHKaM, IapaMeTpsl MeTamMop(u3Ma COOTBETCTBYIOT
T=860-950°C, npu naBnenun e HIKe 11 KGap. BeposTHO, Ha 3TOI cTaANK MPOUCXOAUT JE3UHTETPAINS U MEJTaHKH-
pOBaHHE NAHKOBBIX Tell, & COMYTCTBYIONIHE IIACTUYECKUE CIBUTOBBIE Ie(hOpPMALK UIPAIOT PO KOHTPOIUPYIOLIETo
¢axTopa Meramopduzma. GopMHpOBaHKE MO3THUX ACCOLUAIMN CO CTAaBPOJIUTOM, CEPULIMTOM, albOMTOM M aKTHHO-
JIUTOM CBSI3aHO C PErPeCCHMBHBIMH M OTHOCHUTEIBHO HHM3KOTEMIEpaTypHBIMU IpeoOpazoBaHusiMU. TakuMm oOpazom,
o0wwmit Tpena PT 3BoOMIOLMHM KHAHUTOBBIX SKJIOTUTOB NMPHOOpPETaeT KOHPUIYPALMIO «3HAKa MOJIHMNY, KOTOPBIA Xa-
paKTepeH Uil MHOTHX BBICOKOOApPHBIX M TPAHYJIMTOBBIX KOMIIJIEKCOB.

Bo3moxxHBIME M30(anuanbHBIMA TOA00HBIM MeTaMopuTaM 00pa3oBaHUSIMH B palioHe ['puanHO MOryT sB-
JATBCSL HAEpOUTONON00HBIE TTopoasl. OHM Pa3BHUTHI B BHIE KM M HEOOJBIIMX M30METPUYHBIX TeJ, KOTOpPBIE, MO
T'€0JIOTHYECKUM COOTHOIICHHUSM, MPECTABIIIOTCS HanOoiee TO3AHNMH ITOpoAaMy Menamka. K coxxanenuto, ux usy-
YEHHOCTb OCTAeTCS OYEHB CIa0O0M.

[TpuBeeHHBIE IPUMEPHI TEOIOTHYECKUX 0OBEKTOB C BEICOKOTEMIIEPATypHBIMHA MeTaMOP(HUIECKIMHU TIpeodpa-
30BaHMSAMH YKa3bIBAIOT HA BO3MOXHOCTH B npeaenax BIIIT mposiBnenuit MmetaMmopdu3Ma rpanyIuToBoii daruu B cBe-
KodeHHCcKoe BpeMsi. HecMOTpst Ha TO, 9TO pacCMOTPEHHbIE MOPOABI MPETEPIEBAIOT HHTEHCUBHBIE N3MCHEHHS B He-
CKOJIBKO Pa3IMYHBIX TEKTOHWYECKUX OOCTAaHOBKAaxX, BCE OHM, B TOW MJIM MHOM MEpE COIPOBOXKIAIOTCS IKCTyMaruei
(mexoMnpeccueii) 1 BeposITHO (POPMUPYIOTCS B paMKax €MHOI'0 reoIMHaMUYecKoro pexuma. Mx temneparypHas u
BpPEMEHHAs UACHTH(UKAINS TO3BOJISACT MAPKUPOBATh OTACIBHBIN 3Tan MeTaMop(du3Ma, KOTOPBIi YBEPCHHO BBIICIS-
ercsi B EHCKOM pailoHe, HO II0Ka He BBIABICH B LieHTpasibHOU yactu BIIIT.
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B nacrosimee Bpemst Unauiickuil 1 @eHHOCKaHAMHABCKUH IIUTHI - €AMHCTBEHHBIE B MUPE CTPYKTYpPBI B COCTa-
BE KOTOPBIX, KPOME I'DaHUT-3€JIEHOKAMEHHBIX KOMIIJIEKCOB, N3BECTHBI MOPO/IBI, IPETEPIEBIINE B apXEHCKOE BpeMs
MeTamopdudeckue mpeodpa3oBaHus B YCIOBHIX SKIOTUTOBOH ¢armu. Vimeercs B BuIy rpuguHCKuid (2720 MitH JeT)
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n canMuHckui (2860, 2820, 2730 MiH. JIeT) 3KIOTUTCOIepKalINe KOMILIEKCH B benomopcekoit npoBuHumy denHo-
CKaHJIMHABCKOTO IuTa [2, 3 1 cchlIkM TaMm| U eHrurcoeprkamue cianipl (2780 miH net) B banaenpkanackoM Kpa-
ToHe [5] Unnuiickoro.

BannenskaHICKUi KPaTOH COCTOMT, TIaBHBIM 00pa3oM, W3 TPaHUTONIOB, MCHEE N3YYCHHBIMHU B T€OJIOTHIECKOM U
N30TOITHO-TEOXPOHOJIOTYIECKOM OTHOIICHNH OCTAalOTCS 3€JIEHOKaMEHHBIC T0sica. 31eCh YCTAaHOBIICHBI JIBa MOsICA, CIIOXKEH-
HBIE CYIpaKpyCTATBHEIME MoponaMu. CeBepHbIH nosic mpoctupaetcs ot Kapepsr (Karera) mo KaGpas (Kabrai) uepes babu-
Ha (Babina), Kypaituya (Kuraicha), [Irxancu (Jhansi), Maypanumyp (Mauranipur) 1 Maxo6a (Mahoba), 1oxHsiii - oT Mazay-
pbl (Madaura) o bapaiita (Baraitha) uepes 'npap (Girar). DT nosica IMEIOT B LIEJIOM CyOIIMPOTHOE MPOCTUPAHHKE C Tajie-
HueM Ha ceBep. CynpakpycraibHble 00pa3oBaHHs NPEUMYIIIECTBEHHO MPEACTABICHBI JKEIE3UCTHIMU KBapLUUTaMU ¢ ampu-
OonuTamu, yapTpaMaduTamMu 1, B MEHBLICH CTEIeHH, KBapLIUTaMH, MeTareIMTaMi 1 MpamopoM. BospacT merabazansToB
u3 pariona Maxo0bI onierrBaetcst Pb-Pb Metoiom no nupkony B 3249 muth. nier [4].

B npenenax bannenpkanackoro kparoHa Ha I0XKHOH rpaHnne baOMHCKOro 3eJ€eHOKaMEHHOTO Tosca yc-
TaHOBJICHBI ()EHT'HTCOJIEPKAIME CIAHIBI, YCI0BUS (OPMUPOBaHMS KOTOPBHIX oleHHMBaroTcs [5] B 18-20 kbOap
npu temrneparype okosno 600°C (4TO COOTBETCTBYET IKJIOTHTOBOH (aluu), a BpeMs MPOSBICHUS 3TOT0 MeTa-
Mop¢uzMma - B 2,78 mupa. get. Ha ocHOBaHWM AaHHBIX MO METaMOP(GUUECKOH METPOJOTHH IMpearoiaraeTcs
[5], uTo naHHas 30Ha MapKUPYET KOJUIM3MOHHYIO CYTYpy, XOTS T€0JIOrH4YEeCKOi HH(pOpMaAuu s 3TOro MoKa
HEJOCTaTOYHO.

B BocTouHo# yactu banruiickoro mura (B bernoMopckoii mpoBHHITNH) BIIEpBEIE B MUPE YCTaHOBIIECHBI KO-
pPOBBIC apXEWCKHE SKIOTHUTHI, UX HeoapxeWckuil Bo3pact (2720,7+8 MiH. 1eT) MOoKa3aH IyTEeM JaTHPOBAHHUSA C
moMoImbe0 HOHHOTO MHKpo30HAa NORDSIM oKpyTibIX HHPKOHOB, BBIACICHHBIX W3 DKJIOTHUTOB [3 M CCBUIKH
taMm]. [TokazaHo, 4TO SKJIOTUTCOIEPIKALIMI KOMILIEKC (POPMUPOYET TEKTOHUYECKYIO TUIACTUHY, CIOXKEHHYIO Me-
namxeM. Haxoka KOpOBBIX IKJIOIHTOB, OTBEYAIOIINX MO COCTAaBY OKEaHHMYECKUM 0azaibTaM, SIBISETCS BaXKHBIM
apryMEHTOM B IOJIb3Y CYLIECTBOBAaHMS apXehckoil cyonykuuu. B BeroMopckoil MpoOBHHIIMU YCTaHOBIEHBI TaK-
ke, me3oapxerickue (2860 n 2820 MitH. JeT) IKIOTUTHI — 3KJIOTUTH Camitsl [2 1 ccbikH TaMm). TakuM oOpazom, B
paccMaTpuBaeMON CTPYKType CYLIECTBYIOT OJHOBO3PACTHBIC 3€JIE€HOKAMEHHBIE U HKIOTUTCOAECPIKALIUE KOM-
IUIEKCHI (CM. B 1aHHOM cOopHuke: CnabyHos, 2011) — acconuanus, no-BUANMOMY, HMEIONasi HEKOTOPBIE YEPThI
CXOJICTBA C MapHBIMU METaMOP(HUIECKUMHU TosscaMu (aHEePO30sl.

Bwmecre ¢ Tem, B mpenenax Kapenbckoro kpaToHa yCTaHOBIICHBI BhIcoKoOapudeckue (no 12-13 kbap) mapare-
HE3BI, KOTOPBIE CBSA3BIBAIOTCS CO CABUTOBBIMH Aeopmanmsivmu [1 u ccputku Tam]. Tak, mo pe3yiabTaTaM H3ydeHUS
ocobeHHocTeld Metamopdusma nopox KocToMyKIIckoro 3eieHOKaMeHHOTro Iosica KapesbcKoro KpaToHa IOKa3aHoO
pa3BUTHE 37€Ch ABYX AUCKPETHBIX BO BPEMEHHU IIPOSBICHUAX MeTaMOp(u3Ma, KOTOPBIM COOTBETCTBYIOT pa3Hble PT
TpeHbl. PanHui MeTaMop(u3M — TUITMYEH IS 3eJICHOKaMEHHBIX MOSICOB U COOTBETCTBYeT PT-ycinoBusM aHaamy3uT-
CHJUIMMaHUTOBOTO 0apUuecKoro Tuma ¢ Hanbosiee 00OCHOBAaHHBIM TEMIIEpaTypHBIM WHTEPBAJIOM OT 3€JEHOCHaHIIe-
Boii (aumu 10 ampuodonuToBoi [1]. OaHako ¢ popMupoBaHHeM 0oJiee MO3JHUX CABUIOBBIX 30H CBSI3aHO MPOSIBIICHHE
Meramopduima Gojiee BHICOKUX JaBIeHUH (KHaHUT-CHIIMMaHUTOBOTO Oapudeckoro tuna). Ero mapamerpsr Bapsupy-
10T 110 Temneparype 590-640°C, no nasnenuro ot 4,4 no 10,1 (12) k6ap, Takum 00pa3oM, MUKOBBIE 3HAYECHHSI 3TOIO
MeTamop(dr3Ma COmoCTaBUMBI C FKJIIOTUTOBOH (harmeii.

Takum 00pa3zoM, CpaBHUTEIBHBIH aHATN3 UCTOPHH (YOPMHUPOBAHUS CONMPSDKEHHBIX apXEHCKUX TPAaHUT-3€JICHO-
KaMEHHBIX U BBICOKOOApHYIECKNX KOMIUIEKCOB MHaMICKOro n banTuiickoro mmMroB— 3TO MEPCIEKTUBHOE HaIpaBie-
HHE UCCIIEI0BaHNI reOIMHAMUYECKHUX YCIOBUS paHHEH 3eMITH.

Paboma nposooumcs 6 pamxax Coemecmuoii 00120CPOUHOL NPOZPAMMbBI HAYYHO-TNEXHUYECKO20 COMPYOHUYe-
cmea medicdy Unoueii u Poccueil (ILTP) - INT/ILTP/B-2.72.

The Indian and Fennoscandian Shields are now the world’s only structures, which comprise, in addition to
granite-greenstone complexes, rocks metamorphosed to eclogite grade in Archaean time, e.g. the Gridino (2720
Ma) and the Salmi (2860, 2820, 2730 Ma) eclogite-bearing complexes in the Belomorian province on the Fenno-
scandian Shield [2, 3 and references ibid.] and phengite-bearing schists (2780 Ma) in the Bundelkhand Craton [5]
on the Indian Shield.

The Bundelkhand Craton consists dominantly of granitoids; geological and isotopic-geochronological data on
its greenstone belts are scanty. Two belts formed of supracrustal rocks are recognized here. The North belt extends
from Karera to Kabrai via Babina), Kuraicha, Jhansi, Mauranipur and Mahoba, and the South belt stretches from
Madaura to Baraitha via Girar. These belts generally strike near-E-W and dip northwards. Supracrustal rocks are
dominated by iron formation with amphibolite and ultramafics and minor quartzite, metapelite and marble. The Pb-Pb
zircon age of Mahoba metabasalts is estimated at 3249 Ma [4].
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Phengite-bearing schists, which formed [5] at a pressure of 18-20 kbar and a temperature of about 600°C
(eclogite-facies conditions), occur at the southern boundary of the Babina greenstone belt within the Bundelk-
hand Craton. The age of this metamorphic event is 2.78 Ga. The metamorphic petrology of the rocks [5] sug-
gests that this zone marks a collision suture, although relevant geological evidence is too scanty to support this
assumption.

Archaean crustal eclogites were discovered for the first time in the world in the Belomorian province
located in the eastern Fennoscandian Shield. Their Neoarchaean age of 2720.7+8 Ma was proved by dating
rounded zircons, extracted from eclogites, on a NORDSIM ion microprobe [3 and references ibid.]. The ec-
logite-bearing complex was shown to form a tectonic slab composed of melange. The discovery of crustal
eclogites, corresponding in composition to oceanic basalt, is a strong argument in favour of the existence of
Archaean subduction. Mesoarchaean (2860 and 2820 Ma) eclogites have also been reported from Salma, Be-
lomorian province [2 and references ibid.). Thus, coeval greenstone and eclogite-bearing complexes (see Sla-
bunov, 2011, this volume), understood as an assemblage similar to paired Phanerozoic metamorphic belts,
exist in the structure discussed.

At the same time, high-pressure (up to 12-13 kbar) parageneses, attributed to shear strains, were recognized in
the Karelian Craton [1 and references ibid.]. The study of the metamorphic pattern of rocks from the Kostomuksha
greenstone belt has revealed two discrete metamorphic events with different P-T trends that occurred here. Early
metamorphism is typical of greenstone belts and corresponds to the PT-parameters of andalusite-sillimanite pressure
type with the best-proved temperature range from greenschist to amphibolite facies [1]. However, higher-pressure
(kyanite-sillimanite pressure type) metamorphism is responsible for the formation of more recent shear-zones. As it
ranges in temperature from 590 to 640°C and in pressure from 4.4 to 10.1 (12) kbar, its peak values are correlated
with eclogite facies.

To sum up, comparative analysis of the background of conjugate Archaean granite-greenstone and high-
pressure complexes in the Indian and Fennoscandian Shields is a promising approach to the study of geodynamic
conditions on the early Earth.

The work was supported by Integrated Long Term Programme in Science & Technology between India and
Russian (ILTP) - INT/ILTP/B-2.72
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MULTISTAGE GRANULITIC METAMORPHISM IN THE CRYSTALLINE BASEMENT OF
LITHUANIA, WESTERN EAST EUROPEAN CRATON
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3amagnas dacte Bocrouno-EBpomnetickoro kparona (BEK) obpa3oBanachk myTem akKpenuu pa3iudHBIX Tep-
peitroB mpumepHo 1,8 mipa. et Hazan (Puc. 1 B [1]). MHOrOYHCICHHBIE JaHHBIC IOATBEP)KIAIOT, YTO OHM OMOJIAXKH-
BAIOTCS B FO)KHOM HampasjieHUuH. B onHOM u3 Teppeiinos, 3anaano-JIutosckoii rpanymutoBoi obmactu (3JII), pacmo-
JIOKEHHOH B KpUcTaIundeckoM ¢yHaamente JIUTBbI, mpeobiaanaroT MeraMop(HU30BaHHbIEC B YCIOBHUSIX IPaHYIUTOBON
(anmu pa3HOOOpa3HbIe TUIIBI OCAJIOYHBIX M W3BEPXKEHHBIX MOpoJ. Emie ouH THI IpaHyJIMTOB CBS3aH C aHOPTO3MT-
MaHI'epUT-4apHOKUT-TpanuTHEIM (AMUI') kommuekcom (okoino 1,5 mupxa. ner) Cpeane-JIuToBCcKOW IMOBHON 30HBI
(CJIII3, Puc. 1 B [1]), paconoxennom Ha tore JIuTBel. OnpeneneHuss BO3pacToB MeTaMOP(OTreHHBIX LUPKOHA
(SIMS/NORDSIM, Crokronsm) u MoHarmra (Metoq EPMA, BapmaBckuii yHUBEPCUTET) ITOKA3bIBAIOT, YTO C KPYII-
HBIMH OPOTEHHBIMH TIPOIIECCAMH CBSI3aHO HECKOJIBKO MeTaMop(huiecKux coObIThil. Hapsiny ¢ oOmMpHBIMU TaHHBIMA
o P-T napamerpax, OHU O3BOJIIIOT HAM PEKOHCTPYUPOBATH P-T-t 3BONIOINIO 3TUX TEPPEUHOB.

3JII" cnoskeHa METa0CaJOYHBIMU U OPTONOPOJaMu (MeTaMOp(U30BaHHBIMU OCAIOYHBIMH M MarMaTH4ECKUMHU
MOPO/IaMH), TPOPBAaHHBIMU HECKOJIBKUMH UHTPY3usiMU. B toro-3anannoit uactu 3JII B ckBaxkunax B1150, Lk2, 5 u Pc
3 BCKpBITHI IPEUMYIIECTBEHHO TPaHAT-OMOTHT-CHITMIMAaHUT-IIITNHEIb-WIBMEHUT-MarHeTUT-PYTHIT COZIEpIKAIIINE Me-
TaoCaJi0YHe I'PaHYJIMUTHI, COJEPKAIUX JETPUTOBBIEC IUPKOHBI o0mupHoro (ot 3,0 no 1,85 mupa. 1er) uHTepBaia Bo3-
pacToB, OTIIOKEHUE KOTOPBIX pou3onuIo He panee 1,85 mupa. ner. Hauano Mmeramopduueckux M3MEeHEHHi IPOUCXO-
JIMJIO C POCTOM MOHAIIUTA C OTHOCUTENLHO BBICOKUM coiaepykanueM uttpus (Y>3 Bec. %) 1,84-1,83 mupa. net Hazan,
onHako MUK Temriepatypsl 850°C npu gaBiennu 9-10 x6ap ObUI, BEPOSTHO, JOCTUTHYT IpuMepHO 1,80 mupa. et Ha-
3aj, Ha YTO yKasblBaeT MeTamopduueckuii nupkon (Lk2) u moarBepskmaer MoHanut ¢ BoszpactoMm 1,81-1,79 mupa.
net (1 Ha puc. 2A). ComocraBuMble IO BpeMEHH, HO ropas3io 6osnee Huskue nukosbie (700°C npu 6 k6ap) PT-ycimo-
Bus Juis MetanennToB (B1150), 3aneraromux gajnee K BOCTOKY, BO3MOXKHO, YKa3bIBalOT HA HHOE MECTO Tepesi HadajuioM
MeTtamopdmsma (2 Ha puc. 2A). JIBa snm3oaa pocta MoHanuTa - 1,72-1,70 u 1,63-1,62 mupn. et Hazax (B1150) wm
1,70-1,64 mupn. et Hazan (Lk2, 5), BO3MOKHO, OBUTH BBI3BaHBI ABYMS 3TallaMH W300apHUECKOTO OXJIAXKICHUS ITOCIe
MMUKOBBIX ycioBui. [Topoabl okoHuaTenpHO oxnanumuck 10 4000 C npu naBieHnu 2 K6ap.

B ceBepo-3anannoi yactu 3JIT, ciabo nedopmMupoBaHHbIe KpyIHO3epHUCThIE YapHOKHTOMABI Sp3, P11 1 Vd1 ¢
Bo3pactoM 1.84-1.81 muIp/. JIeT MOABEPITIMCH CABUIOBBIM Je(hopManusiM U TEPMaIbHOU repepaboTKe B YCIOBHSIX I'pa-
HYJIMTOBOH (harmu cpasy ke 1mocie KpucTaJuIM3aliy, KaKk TI0Ka3bIBalOT IMPKOHBI C BO3pacToM npuMepHo 1,79-1,74 Ga
U BBICOKO-Y MOHAIUTHI ¢ Bo3pactoM 1,83-1,76 mupj. jet, U B mporecce 0ojiee MO3HEro MeraMophusmMa, KOTOPOMY
OHH ToBepIIIKCh OKojo 1,70 miupa. sietr Ha3an. MouiHas kaliMa IUPKOHOB U OKPYTJIbIE, METaMOP(PHUIECKHE IIMPKOHBI C
CEKTOPHAIILHON 30HAJIBHOCTHIO M BO3PAacTOM OKoJIo 1,70 Mipz. JieT, BEpOSTHO, POCII BMECTE C TPAHATOM IIpH TeMIlepa-
type 800°C u naBnenuu 7 k6ap (Sp3, 3 Ha puc. 2A) nnm npu temneparype 760°C u gaBnennu 6,5 x6ap (P11, 4 na puc.
2A). MHOrOUNCIICHHBIE MOHALIUTHI C BO3pacToM 1,62-1,56 Mipa. et oOpa3oBaiich B X0O€ JEKOMIIpeccHH 10 2 kbap u
oxnaxkaerus 1o 500°C B Sp3, u npenmMytiecTBeHHO nipu oxiaxaeHuu 1o 450°C (npu 4 x6ap) B P11 u npu m3oTepmans-
Holt nexommpeccuu ot 650°C mpu 7 k6ap g0 500°C mpu 3 k6ap in Vd1 (5 Ha puc. 2A) [2].

B 1oxHoii JIutBe marmatuzm AMUI™ Bospacta 1,53-1,50 mupa. net, compoBOKIANICS JTOKATBHBIM METaMOp-
¢bu3MOM BbICOKOI crernenu. KpynHo3epHUCThIN YyapHOKUT Lz1, cocTosIuiA 13 IIIarnokiasa, Kpapia, KalueBoro mo-
JIEBOTO IIITIATa, TUIIEPCTEHA, OMOTUTA U HETIPO3PAYHBIX MUHEPAIOB (MarHeTUTa, WIBMEHUTA U TAHUTOBOH INHHENIN),
LIUPKOHA M MOHAIMTA C MEJIKMMH BKIIOYCHUSIMHU, COEPKALIMMHI KOPJIUEPHUT U TPaHAT KaK MHANKATOPOB MEIUTOBOTO
KOMITOHEHTa, ObUT MeTaMOp(r30BaH B YCIIOBUSX I'paHyIuTOBOM danun. OKOJII0 KOHTAaKTOB YapHOKHTA C OKpYXKaro-
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MU METaMarMaTH4eCKUMH-METa0CaJ0YHBIMH ITOPOJAMH MOXKHO HaOII0NaTh TEPMaIbHBIN 0peoll (00BIMHO OHOTHT,
KOpAMEPUT U TpaHaTcoiepKauii poroBuk). [TukoBsie yciaoBust porosuka (1 Ha puc. 2B) 1 MeTanenuToBBIX PelnK-
ToB (2 Ha puc. 2B) nocrurator 900°C u 8-9 kbap. Bo3pacTsl, nosryyeHHbIE 7151 METaMOP(HHUUECKUX KaiiM U U3MEHEH-
HBIX ITUPKOHOB, & TaKkkK€ HOBOOOPA30BaHHOTO MOHAIWTA HE CIIMIIKOM OTIMYAIOTCS OT BO3PACTOB SApa IUPKOHOB U
HaxomsATCs (B Mpe/esiaX OIMOKH) B TOM e Bo3pacTHOM uHTepBaie - 1,52-1,50 mupa. et [3]. OxmaxaeHue u JeKoM-
npeccust 10 400°C u 2 x6ap npomsonwmn 1,45 — 1,43 mupa. meT Ha3al, Kak MOKa3bIBalOT BO3PACTHI MOHAIIUTA H POTO-

Boit ooManku. P-T-t ucropus 3TuX cOOBITHI TpeICTaBICHA Ha pHUC.2.
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Takum 06pa3om, rpaHyIMTOBBIH MeTamop(hu3M, KOTopsIi pousoren 1,81 -1,76 mipa. et Hazax, OblT CBsA3aH
C KpyNHOH akkperuel 3amanHoil yactu Bocrouno-EBporneiickoro kparoHa, KOria ByJKaHWYeCKasi OCTPOBHAs IyTa,
BBISIBJICHHAs Ha ceBepo-BocToke Ilonbiu, B r0okHOW U HeHTpanbHOH JIuTee [4], IpeanonoKUTENbHO, CTOJKHYIACh C
MHKPOKOHTHHEHTOM K ceBepy. Meramopduueckue coObITHsI, npouctneamue 1,70-1,60 Mapa. et Hazan, BO3MOXKHO,
OTpaXaIOT BIHMSHUE TOTCKOW OpOTEHHH, KOTOpas mponsonmia 1,7-1,.6 Mipa. et Ha3ax B roro-3amaqHoii @eHHOCKaH-
nun [5]. Marmatusm AMUT ¢ Bozpactom 1,55-1,45 mnpa. net, meramopdusM ¢ Bo3pacToMm okoio 1,52-1,5 mmpa. aer
U CABUTOBEIE JlepopMalii YapHOKUTOB, BO3ZMOXKHO, SIBIISIOTCS IIPOSIBIICHUEM JAHONOJIOHCKOH OpOT€HHH, OCOOEHHO
SIPKO BBIPQKCHHOW Ha I0KHOM mobepexxse bantuiickoro Mopsi. Takum oO6pa3oM, OMUCAHHBIC BBIIIEC AMHU30BI TPAHY-
JUTOBOTO MeTamop(du3ma B KpHcTauinueckoM (pyHaameHTe JIMTBBI MOKa3bIBAIOT, YTO 00pa30BaHUE TPAHYJIUTOB 3a-
naaHo-JINTOBCKOW 00acTH OBLIIO MHOTO(A3HBIM M OTPAXKACT OTICIBHBIC COOBITHS B IMAJCO-ME30IMPOTEPO30MCKOI
SBOJIIOLIMM HA IOT0-3anaHol okpanHe Boctouno-EBpornelickoro kpaToHa.

Paboma asnsemcs eknaoom 6 npoexm “lIposunyuu 0okeMOpUICKUX NOPOO U aKMUGHbLE MEKMOHUYEeCKUe 2pa-
Huywl, nepecexaowue barmuiickoe mope u npociedcennvie 6 npunecaowux paiionax” Ipoepammor Visby (Llleeo-
ckuil uncmumym), Jlumoeckozo Hayuno-ucciedogamensvckozo gonoa u npoekma SYNTHESYS SE-TAF-1535.

The western East European Craton (EEC) was formed by the accretion of different terranes at c. 1.8 Ga (Fig. 1
in [1]). Numerous data confirm their southwestward younging. One terrane, the Western Lithuanian Granulite (WLG)
domain in the crystalline basement of Lithuania is predominated by various types of sedimentary and igneous rocks
metamorphosed to granulite facies. Another type of granulites is associated with the ¢. 1.5 Ga Anorthosite-Mangerite-
Charnockite-Granite (AMCG) rocks in southern Lithuania, in the Mid-Lithuanian Suture Zone (MLSZ, Fig. 1 in [1]).
Available age determinations on metamorphic zircon (SIMS/NORDSIM, Stockholm) and metamorphic monazite
(EPMA method, Warsaw University) show several metamorphic events related to major orogenic processes. Together
with the large body of P-T data they allow us to reconstruct P-T-t evolution of those terranes.

The WLG is composed of metasedimentary and metaigneous rocks cross-cut by several intrusions. In the
south-western WLG, in the BI150, Lk2, 5 and Pc 3 drillings predominantly pelitic garnet-biotite-sillimanite and
opaques (spinel, magnetite, ilmenite and rutile) -bearing metasedimentary granulites containing a wide age range (3.0
to 1.85 Ga) of detrital zircons were deposited not earlier than 1.85 Ga. An incipient metamorphism started with the
growth of relatively high-Y monazite (Y>3 wt. %) at 1.84-1.83 Ga, however, a peak of 850°C at 9-10 kbar was
probably reached c. 1.80 Ga ago, as indicated by metamorphic zircon (Lk2), and confirmed with 1.81-1.79 Ga mona-
zite (1 in Fig. 2A). The contemporaneous but much lower peak (700°C at 6 kbar) conditions for the metapelites
(B1150) farther east may indicate a different location prior to metamorphism (2 in Fig. 2A). Two episodes of monazite
growth at 1.72-1.70 and 1.63-1.62 Ga (BI150) or at 1.70-1.64 Ga (Lk2, 5) may be attributed to two steps of isobaric
cooling after peak conditions. The rocks were finally cooled to 4000 C at 2 kbar.

In the WLG northwest, the slightly deformed, coarse-grained Sp3, P11 and Vdl 1.84-1.81 Ga charnockitoids
were sheared and thermally reworked in the granulite facies immediately after crystallization, as indicated by c. 1.79-
1.74 Ga zircons and c. 1.83-1.76 Ga high-Y monazites, and during later metamorphism which they underwent at c. 1.70
Ga. Thick zircon rims and rounded sector-zoned metamorphic zircons of c. 1.70 Ga age probably grew together with
garnet at 800°C, 7 kbar (Sp3, 3 in Fig. 2A) or 760°C, 6.5 kbar (P11, 4 in Fig. 2A). Numerous 1.62-1.56 Ga monazites
were formed during decompression to 2 kbar and cooling to 5000 C in Sp3, mostly cooling to 450°C (at 4 kbar) in PII,
and isothermal decompression from 650°C at 7 kbar to 500°C at 3 kbar in Vd1 (5 in Fig. 2A) [2].

In southern Lithuania, AMCG magmatism at 1.53-1.50 Ga was accompanied by local high-grade metamor-
phism. The coarse-grained Lzl charnockite consisting of plagioclase, quartz, K-feldspar, hypersthene, biotite, opaque
minerals (magnetite, ilmenite, gahnitic spinel), zircon, and monazite with small inclusions containing cordierite and
garnet as indicators of a pelitic component, was metamorphosed to granulite facies. A thermal aureole (usually bio-
tite, cordierite and garnet-bearing hornfels) can be observed near charnockite contacts with surrounding metaigneous-
metasedimentary rocks. The hornfels (1 in Fig. 2B) and metapelitic relics (2 in Fig. 2B) record peak temperatures
exceeding 900°C and 8-9 kbar. The ages obtained from the metamorphic rims and altered zircons and from newly
grown monazite do not differ significantly from the zircon core ages, and fall (within the error limits) in the same
1.52-1.50 Ga age range [3]. Cooling and decompression down to 400°C and 2 kbar occurred at 1.45 — 1.43 Ga, as
indicated by monazite and hornblende ages. The P-T-t history of these events is given in Fig. 2.

In summary; the c. 1.81 -1.76 Ga granulite metamorphism was related to major accretion of the western EEC
when a volcanic island arc, which has been identified in NE Poland, southern and central Lithuania in the present south
[4], possibly collided with a microcontinent to the north. The 1.70-1.60 Ga metamorphic events may reflect a distal in-
fluence of the 1.7-1.6 Ga Gothian orogeny in SW Fennoscandia [5]. The 1.55-1.45 Ga AMCG magmatism, c. 1.52-1.5
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Ga metamorphism and shearing of charnockites can be manifestations of the Danopolonian orogeny, particularly promi-
nent around the South Baltic Sea. Thus, the described episodes of granulitic metamorphism in the crystalline basement
of Lithuania provide evidence that the granultes of the West Lithuanian domain were formed during multiple phases,
reflecting separate events in the Paleo-to Mesoproterozoic evolution along the SW margin of the EEC

This is a contribution to the project “Precambrian rock provinces and active tectonic boundaries across the
Baltic Sea and in adjacent areas” of the Visby Programme (the Swedish Institute), Lithuanian Science and Study
Foundation and SYNTHESYS project SE-TAF-1535.
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GEOCHEMICAL CHARACTERISTICS OF ZIRCONS FROM ECLOGITES
Skublov S.G.", Berezhnaya N. G.2, Simakin S.G.’, Presnyakov S.L’> Berezin A.V.!
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JlocTroBepHOE BBIZIETICHUE U JTAaTHPOBAHUE ITANIOB BHICOKOOApHOr0 MeTamopdu3Ma Hapsay C HENOCPEACTBEH-
HBIM HCCIICZIOBAHUEM Pa3JIMYHBIX M30TOITHBIX CHCTEM, NpeumMymiectBeHHO U-Pb cucreMbl, B MHHEpanax-reoXpoHo-
METpax COIMPOBOXKAAETCS KOMIUIEKCHBIM U3Y4YE€HUEM PACHpPENENICHUS PEAKUX U PEIKO3EMEIbHBIX 3JIEMEHTOB B COCY-
MIECTBYIOIINX MOPOI000PA3YIONINX U aKIIECCOPHBIX MUHEpaax M (pa3oBOro M XUMHIECKOTO COCTaBa MUKPOBKIIIOYE-
HUM B HuX. B Hacrosmiee BpeMs HOAaBIAOMIas YacTh pabOT MO AATHPOBAHHMIO IIMPKOHOB M3 IOPOA KOMIUIEKCOB
CBEPX- ¥ BHICOKOTO JAABJIEHUS MPOBOJMUTCSI COBMECTHO C MCCIIEOBAHUEM HX T€OXMMHUYECKHX OCOOEHHOCTEH UIs Kop-
PEKTHOM MHTEpIpeTalii AaHHBIX reoxpoHosioruy. Cnenuduka reoXMMHH UPKOHOB M3 SKIOTUTOB BIIEPBBIE OblIa
ormeueHa J[. Pybarro [1] u oObacHEeHa 0COOEHHOCTRIO MUHEPAIBHOTO MapareHe3nca SKIOTHTOB, KOTJla COBMECTHAs
KPHUCTATN3AIHS C TPAHATOM B YCIOBHUSX 3aKPBITON CHCTEMBI IPUBOIUT K obenuHenuio mupkoHoB HREE, a otcyTct-
BHUE IUIarMOKJIa3a — K MICUE3HOBEHUIO B IUPKOHE OTpHLaTeIbHON Eu-aHomanuu.

Hamu npoezieHo 000011IeHNEe BeeX OIMyOIMKOBAHHBIX aHAJIMTUYECKUX JaHHbIX 1o pacnpenenenuto TE u REE B 1mp-
KOHaX M3 3KJIOTHTOB, TEHE3HUC KOTOPBIX CBS3aH C BHICOKOOAPHBIM MeTaMopdu3MoM. B oTmure ot IMPKOHOB U3 MarMaTuye-
CKHX TIOPOJ, /Il KOTOPBIX M3BECTHBI NMPHMEpPB! 00001eHNs ocoOeHHOCTEl cocTaBa [2], 0030p JaHHBIX 110 COCTaBy METaMop-
(pMUeCKUX IIMPKOHOB TaKOTO MaciuTaba paHee He IMPOBOAIIICS. Bbumn HCIob30BaHbl aHAIM3EI IIMPKOHOB (0Kou1o 870) n3 42
paboT B 3apyOeXHBIX JKypHaJIaX 3a rocieaue 10 yet, BBIOoHEHHbIE JIOKATBHBIMU METOJaMu. B 11e510M B BEIOOpKE TOMIHH-
PYIOT IIMPKOHBI M3 KOMITIEKCOB CBEPXBBICOKOT'O JIABJICHHS 3aIlaHOTO M BOCTOYHOTO KuTast, Takke MpecTaBIeHb! BBICOKO-
OapHbIe Komruiekesl Anbr, Pomorm, Hoperuy, ['pernanmim u ap. perronoB. J{uanazon P u T metamopizma o4eHp Impo-
KU ¥ 3aXBaTHIBACT TOJIC OT HIDKHUX TPEJIEIIOB TS SKIOoruToBol (parmm 1o 35 x6ap u 900°C. Bospact meTamopdr3ma Baph-
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upyer ot 2-8 M. 1eT i ocTpoBos [lammya Hosoit I'sunen 1o 1870 muH. neT ais koMruiekca 3K10orutoB B I'pernanauu. [pu
TIOCTPOEHMH CIIeKTpoB pacnpenenennss REE mis Bcelt BBIOOPKM LIMPKOHOB W3 SKJIOTMTOB YETKO YCTAHABJIMBACTCS I1OJIOCA
CIUTOIIHOTO CTYILIECHUSI HHAMBUIYaIbHBIX CIIEKTPOB IIMPUHOM OKOJIO OJJHOTO TOpPS/IKA B JIOTApUPMHIECKOM MaclITade (pHc.
1). st Hee xapakTepHo crnabo maddeperimporanHoe pactpenencaine HREE ot Gd (5-50) no Lu (10-100 XoHAPATOBBIX OT-
HOIIEHNH), oTcyTCTBHE Eu-aHomanmu, ymepeHHO BhIpaKeHHas! HonoxuTenbHast Ce-aHoManusl. Y psiia UPKOHOB COZlepKa-
nue Becex mmm yacti LREE oxazanoce Hinke mopora obHapyskeHnst. CpeaiHee cofepykaHne psijia JIEMEHTOB M IpyTrue mapa-
METPHBI OB PACCUMTAHBI C YYETOM JIOTHOPMAJIGHOTO XapaKTepa pacipenenieHus (Tadmia).

Table. Statistical data for eclogite zircons

Standard Deviation
Parameter N Mean (ppm for elements) of log(x)

>REE 844 25.0 0.43
>HREE 844 20.5 0.47
>'LREE 838 1.45 0.65
Lun/Gdy 801 4.66 0.55
Eu/Eu* 760 1.00 0.22
Ce/Ce* 471 11.9 0.58
Th 771 2.92 0.75
U 780 106 0.58
Th/U 771 0.03 0.64
Y 656 434 0.47
Hf 610 11163 0.11
Ti 385 8.02 0.43
P 245 34.8 0.63
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Puc. 1. HopMupoBaHHbIe Ha XOHAPUT CEKTphl pacupeneneHus REE B iupkoHax U3 3KJIOTUTOB.

Fig. 1 Chondrite-normalized REE patterns for zircons from eclogites.

Cpennee 3nauenne cymmbl REE 11 DHpKOHOB U3 3KIOTUTOB (25 ppm) pe3Ko OTIMYaeTCsl B MEHBIIYIO0 CTOPOHY B
CpaBHEHMH KaK ¢ IUPKOHAMHI MarMaTHdeckoro TeHesuca [2], Tak ¥ ¢ HUpKOHaMu rpanyanToBoi darm [1]. Comepxanue
LREE emie 6onee HuuToXKHO — B cpenHeM 1.45 ppm. XapakrepHoi 0COOSHHOCTBIO sIBIsIETCsl HU3Koe cozeprkanue Th (He
6onee 3 ppm) u Th/U ornomenne 0.03, MUHMMaNbHOE Jaxe A1 MeTaMOP(HYECKHUX LIUPKOHOB, JUISl KOTOPBIX OJHHM U3
kputepues Boiaenenus spisiercst Th/U <0.2. Cpentee conepkanue Y (40 ppm) KOppeTHUpPyeTCs ¢ HOHMKEHHBIM COJICpIKa-
nueMm cymmbl HREE. Copneprxanne Hf B cpeaem 11160 ppm (nozasiisitoniast 4aTh HIMPKOHOB TI0TAJaeT B UHTEPBAJ CONEP-
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xannst Hf 8000-14000 ppm) 1o3BossieT yBEpEeHHO OTIIMYATh KJIOTHTOBBIE IIMPKOHBI OT MarMaTHYECKUX [UPKOHOB IPOTO-
JIUTa, KaK MpaBUIIo, 0a3UTOBOTO COCTaBa, [UIsl KOTOPBIX XapaKTepHO MnoHmwkeHHoe copepxxkanue Hf 5000-8000 ppm. Yera-
HOBJICHHBbIE 0COOCHHOCTH AKJIOTHTOBBIX IIMPKOHOB (HoHmwkeHHoe conepykanne REE, Th, Y u Th/U orHomienus, BINoso-
*keHHbIH xapakTep criekrpa 111 HREE u xoperrooopasssiit aist LREE, gacto ¢ otpurarensHoi anoManieit o Nd, B 1ie-
JI0M BBICOKOE conepkanne Hf) HeoOxoammo paccMaTpuBaTh B KOMIDIEKCE TSI COOTHECEHHS TEX WIIM MHBIX IHUPKOHOB C
IporieccaMy BEICOKOOApHOTO MeTamopdunima. OUeBHAHO, YTO HE TOJIBKO TPaHAT WIM OTCYTCTBHE IUIAIMOKIIA3a SBIISTFOTCS
OTBETCTBEHHBIMU 32 MOSIBJICHNE IAHHBIX YCTOWYMBBIX XapaKTEPUCTHK, HO TAKKE M KIMHOLIOM3HUT, aJUTAHUT, allaTUT, JPYyTHE
aKneccopur. Bo3aMoXHO, YTO CBOIO POIIB UrpaeT cnenuduyeckuii o coctaBy (IO, MPUCYTCTBYIOLIMI PH BEICOKOOAp-
HOM MeTamopdu3Me 1 criocoOHbIH BEIHOCUTH HFS-311eMeHTbI, KOTOPBIMU 00€HEHBI SKJIOTUTOBBIE IIMPKOHBIL.

JlaHHbIE IO COCTaBY IIMPKOHOB SBJISIOTCS OCHOBHBIM KPUTEPHUEM IPU MHTEpIPETAlH Pe3yIbTaToB JoKansHoro U-
Pb narupoBaHus IIMPKOHOB M3 SKJIOTUTOB benoMopckoro nosica U, COOTBETCTBEHHO, PEIICHUH aKTyalIbHOTO BOIIPOCA O BO3-
pacre BbIcOKOOapHOTro Metamopdu3ma. J[jist SKIOruToB ceBepo-3araHoi yacTy benomopckoro mnosica (CaIMHHCKUX SKIIO-
THTOB) MMEHHO TI0 T€OXUMHYECKHM XapaKTEePHCTHKaM IUPKOHBI M KaiiMbl IIMPKOHOB CBEKO(EHHCKOrO Bo3pacra (OKOJIO
1900 mtH. J1eT) ObUIM MICHTU(UIMPOBAHBI KaK 00pa30BaHHbIE PH MeTaMop(u3Me IKIOTHTOBOH darm [3].

s sximoruToB patioHa c. ['pumuHo (0-B Cromnbmxa) Bo3pact MetamMopdu3ma ObIT orpeienieH kak 2720 MIIH. JIeT 1o
LEHTPATIFHBIM YacTsIM 3epeH COo cpeqHuM coepxanreM Th 24 ppm u Th/U otHomreHnem, Bappupytormmm ot 0.26 mo 0.53
[4]. TTozaree aBTopamu ObLTO ycTaHOBIEHO MOHMKEHHOE conepykanne HREE B 3TuX mUpKoHaX, 9TO MOATBEPIUIO NX YBe-
PEHHOCTB B ONPEEIICHUHN BO3PacTa SKJIOTUTOB. MBI MOBTOPHIIN N30TOITHO-TEOXHMMHUIECKOE HCCIIEIOBAHNE [IUPKOHOB U3 Te-
J1a KIOrUTOB 0-Ba CTONOMXAa, I7Ie PETUKTOBBIA OM(AINT UMEET MaKCUMAIIbHOE COZIEpKaHKe >KaJlenToBOro MuHaia. Ilod-
TH BCE IUPKOHBI OKa3aJIMCh TETEPOTEHHBI — C IIEHTPAIBHOH (SIIEpHO) YacThio 1 OoJiee cBeToi Kaiimoi. [Tpn BHUMaTED-
HOM paccMoTpeHn# CL kaliMbI MOKHO pa3/iefTUTh Ha J[BA THUIIA, COCYIIECTBYIOIINE B IIPOM3BOJIBHBIX MPOMOPLIHX: CBETIIO-
cepble BHYTPEHHHUE M Cepble MO3au4HbIe BHEIIHUE. Bo3pacT siuep 1iMpkoHoB nostyuuiicst 2702 MIiH. J1eT, OJIM3KO K JIaHHBIM
[4], a 0ba THIa KaliM OKa3aJIMCh OJHOBO3PACTHBIMHU B MPEEIaX MOrPEIHOCTH U cBeKopeHHckumuy — 1878 muth. set. ['eo-
XHUMUS SIIep IMPKOHOB BapbUPYET OT TUITMYHO MarMaTHYECKUX XapaKTEPHCTHUK JI0 MEPEXOAHBIX K AKJIOTHTOBBIM MO STy
npu3HaKoB. OJIHAKO F€OXUMUSI KaiiM SIBJICTCS TUITMYHO SKJIOTUTOBOM, YoKe TI0 BCEM IPU3HAKaM COCTaBa.
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i —— 3] 2.34 | 9766 | 19.9
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Puc. 2. HopmupoBaHHbIe Ha XOHAPHT CHEKTPHI pacupeneneHus REE B nupkone u3 sknorura o-Ba Cronbuxa (paiion c. ['puanHo,
Kapemust). Pasmep peansubix (BSE) 1 ormeuennsix (CL) kpaTepoB HOHHOTO MHUKPO30H[a IpuMepHO cooTBeTcTBYeT 20 MKkM. Co-
nepskanue Th, Hf u Y npuBeneno B ppm.

Fig. 2. Chondrite-normalized REE patterns for zircon from eclogite from Stolbikha isl. (Gridino area, Karelia). Size of real (BSE)
and marked craters is aprox. 20 mk. Concentrations of Th, Hf and Y are in ppm.
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Ecnum He naTv mo myTH yBeNTMYEHHs KOJIMYECTBa 3TAoB SKJIOTMTOBOrO MeTaMopdu3Ma, TO PEIIEHHIO 3TOT0 BOIIPO-
ca MOKET IIOMOYb JETaJIbHOE UCCIIEI0BAaHNUE TEOXUMUH 3€pHA IUPKOHA, Tie HE3HAUUTENbHBIA pa3Mep spa SBHO HeE Tpe-
MSITCTBOBA AU(Qy3nH perKiX JIEMEHTOB, a 00a TUIa KaiiM IPUTOHBI JUIS HCCIIEIOBAaHNS HA HFOHHOM MUKPO30HJIE (pHC.
2). BuaHo, 9T0 TIO Mepe MPOIBIDKCHUSI OT IEHTPAIBHOW YaCTH K BHEITHEH KaiMe BCe TEOXMMHYECKUE XapaKTEePUCTHKA
CTAHOBSTCS] MAKCHMAJIBHO COOTBETCTBYIOIINMY CPEJHUM JAHHBIM IS SKJIOTUTOB (Tabina). OTKIIOHEHHE COCTaBa SIpa OT
MarMaTH4YecKoro SIBISIETCS CieACTBHeM AU((Y3UH peKnuX 3IEMEHTOB MPH HAIOKEHHOH 3KIOTHTH3allNH, BHYTPEHHSS
KaiiMa — 3TO MepeKPHUCTAIUTN30BaHHAs MIPH SKJIOTUTU3ALMN B CBEKO()EHHCKOE BpeMst 4acTh 00JIee APEBHETO MarMaTHYECKO-
TO LIMPKOHA, a BHEIIHSS KaiiMa 00pa3oBaach M3HAYAIGHO M OJHOBPEMEHHO C KpHCTAUIM3AlMeN rpaHara (y Hee MUHH-
MmasibHoe coziepkanne Y 1 HREE) Toxe B cBexodenHckoe Bpemst. HeoObuHbIe KOMOMHHPOBAaHHBIE TEOXUMUYECKUE XapaK-
TEPUCTUKH N3MEHEHHBIX MarMaTHYeCKUX LIUPKOHOB B AKJIOrHTE 0-Ba CTONOMXA MOXKHO OOBSICHUTh OTJIMYAIOIIUMUCS KO-
sddunmentamu muddy3un 1yt HecoBMeCTUMBIX B IpkoHe AneMenToB (HFSE u np.).

Reliable identification and dating of high-pressure metamorphic stages, together with the direct study of various iso-
topic systems, dominantly an U-Pb system, in geochronometer minerals is accompanied by the integrated study of rare and
rare-earth element distribution in co-existing rock-forming and accessory minerals and the phase and chemical composition
of microinclusions in them. Dating of zircons from the rocks of super- and high-pressure complexes is now carried out
mostly together with the study of their geochemical characteristics to correctly interpret geochronological data. D.Rubatto
[1] was the first to note the distinctive geochemistry of zircons from eclogites, which he thinks is due to the distinctive min-
eral paragenesis of eclogites, when collective crystallization with garnet in a closed system results in the HREE depletion of
zircons, and the absence of plagioclase leads to the disappearance of negative Eu-anomaly in zircon.

The authors have summed up all published analytical data on TE and REE distribution in zircons from ec-
logites generated under high-pressure metamorphic conditions. In contrast to zircons from igneous rocks, for which
compositional characteristics have been summed up and analysed [2], available evidence for the composition of
metamorphic zircons has not been reviewed earlier so extensively. About 870 analyses of zircons from 42 publica-
tions in foreign journals over the past 10 years, made using local methods, were used. Most of the zircons were sam-
pled from superhigh-pressure complexes in western and eastern China. Other samples were collected from high-
pressure complexes in the Alps, Rodopi, Norway, Greenland and other regions. The P and T range of metamorphism
is very wide, covering a field from the lower limits for eclogite facies to 35 kbar and 900°C. The metamorphic age
varies from 2-8 Ma Papua New Guinea islands to 1870 Ma for an eclogite complex in Greenland.

To construct REE distribution spectra for all zircon samples from eclogites, a complete condensation band of
individual spectra, about one order of magnitude wide, in logarithmic scale is clearly identified (Fig. 1). It typically
shows poorly differentiated HREE distribution from Gd (5-50) to Lu (10-100 chondrite ratios), the absence of Eu-
anomaly and a moderately expressed positive Ce-anomaly. Some of the zircons were found to contain all or part of
LREE below the detection limit. The average concentrations of some elements and other parameters were calculated,
considering a lognormal distribution pattern (Table).

The average total REE value for zircons from eclogites (25 ppm) is much smaller than that for magmatically
generated zircons [2] and granulite-facies zircons [1]. The LREE concentration is as low as 1.45 ppm. One character-
istic is low Th concentration (not more than 3 ppm) and the Th/U ratio of 0.03, which is minimum even for metamor-
phic zircons, for Th/U <0.2 is an identification criteria. Average Y concentration (40 ppm) correlates with low total
HREE concentration. Based on average Hf concentration is 11160 ppm (most zircons are in the Hf concentration
range 8000-14000 ppm) eclogite zircons can be reliably distinguished from the igneous zircons of the protolith, usu-
ally of basic composition, whose Hf concentration is typically as low asgnst 5000-8000 ppm. The characteristics of
eclogite zircons, such as low REE, Th and Y concentrations, low Th/U ratios, a flat spectrum pattern for HREE and a
trough-like pattern for LREE, often with a negative Nd anomaly and generally high Hf concentration, should be con-
sidered collectively to correlate one or another zircon with high-pressure metamorphic processes. Obviously, not only
garnet or the absence of plagioclase, but also clinozoisite, allanite, apatite and other accessories are responsible for the
above stable characteristics. The compositionally distinctive fluid, which is present during high-pressure metamor-
phism and is capable of removing HFS-elements in which eclogite zircons are depleted, is probably another contribu-
tor .

Data on zircon composition are used as a basic criterion to interpret the results of the local U-Pb dating of zir-
cons from Belomorian belt eclogites and, correspondingly, to estimate the age of high-pressure metamorphism. Based
on geochemical characteristics, the zircons and zircon rims of Svecofennian age (ca. 1900 Ma) from the eclogites of
the northwestern Belomorian belt (Salmi eclogites) were identified as those formed during eclogite-facies metamor-
phism [3].
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The metamorphic age for eclogites from the Gridino area (Stolbikha Island) was estimated at 2720 Ma from
the central portions of grains with average Th concentrations of 24 ppm and the Th/U ratio varying from 0.26 to 0.53
[4]. The low HREE content of these zircons, determined later by the authors, has shown that the age of the eclogites
was estimated correctly. We conducted another isotopic-geochemical study of zircons from the eclogite body on Stol-
bikha Island, where relict omphacite has a maximum jadeitic minal concentration. Almost all of the zircons were
found to be heterogeneous, with a central (core) portion and a lighter rim. A closer examination shows that CL rims
can be divided into two types co-existing in arbitrary proportions: 1) a light-grey internal type and 2) a grey mosaic
external type. The zircon cores were dated at 2702 Ma, close to the age in [4], and both rim types were proved to be
coeval within the error and to be Svecofennian (1878 Ma). Analytical data have shown that the geochemical charac-
teristics of zircon cores vary from typically magmatic to eclogitic. However, the geochemistry of the rims is typically
eclogitic, based on all compositional characteristics.

This problem could be approached not by increasing the number of stages in eclogite-facies metamorphism but
by thoroughly analyzing zircon grains, where a small size of the core clearly did not retard rare-element diffusion, and
both types of rim can be examined on an ion microprobe (Fig. 2). Obviously, all geochemical characteristics begin to
be fully consistent with average data for eclogites from the central portion toward the external rim (Table). The devia-
tion of the core composition from magmatic results from rare-element diffusion upon multiple eclogitization. The
internal rim is a part of older igneous zircon which recrystallized upon eclogitization in Svecofennian time, and the
external rim was formed originally and simultaneously with garnet crystallization (it has minimum Y and HREE con-
centrations) also in Svecofennian time. The unusual combined geochemical characteristics of altered igneous zircons
in Stolbikha eclogites can be interpreted by different diffusion coefficients for the elements incompatible in zircon
(HFSE, etc.).
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APXENCKHE IKJIOIUTCOAEPKAINUE U TPAHUT-3EJIEHOKAMEHHBIE KOMILJIEKCBI
BEJIOMOPCKOMU ITPOBUHIIMU: KOPPEJISILUA U TEOAUHAMHNYECKASA
NHTEPIIPETAIIUA
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ARCHAEAN ECLOGITE-BEARING AND GRANITE-GREENSTONE COMPLEXES OF THE
BELOMORIAN PROVINCE: CORRELATION AND
GEODUNAMIC INTERPRETATION

Slabunov A.1

Institute of Geology, Karelian RC, RAS, Petrozavodsk, Russia, slabunov@krc.karelia.ru

Benomopckas mpoBuHIMSA, win nokeMOpuiickuii moaBmkHbIA mosic (BIIIT)— ato cTpykrypa ®deHHOCKaHIUHAB-
CKOTO IUTAa, COCTOAIIAsl U3 HEOTHOKPATHO (B Heoapxee M IMajJeonpoTepo30e) HHTCHCUBHO MeTaMOp(HU30BaHHEIX (B
YCIIOBHUSIX 3KIOTMTOBOW, TPaHYJIMTOBOW, yMepeHHoOapuiyeckoi aM(puOONTUTOBOW (anuit) 1 AUCIONHUPOBAHHBIX (C
00pa3zoBaHUEM, B TOM YHCJIE CUCTEMBbI Ha/IBUTOB) KOMIUICKCOB. B cocTaBe JaHHOrO KOMILIEKCA PE3KO MpeodianatoT
apxeiickue obpazoBanusa (TTI, 3eneHOKaMeHHBIE, TTaparHeCOBbIe KOMIUIEKCHI), XOTS IIHPOKO PACIPOCTPAHEHBI U
NaJICONPOTEPO30ICKIE MHTPY3UBHBIE (HECKOJILKO TeHepanuii rab0pon 0B, YapHOKUTOUIOB M TPAaHUTOUJIOB).

B konTekcre HacTosIei KOHPEPEeHIIMN HHTEPEC NMPEICTABISIET TO, YTO CPEAN apXEHCKUX KOMILJIEKCOB H3BECT-
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HBI OJIM3KKE 10 BO3pacTy I'PaHUT-3eIEHOKAMEHHBIE U IKJIOTHTCOAEpIKaIie KOMIUIEKCHI [3 1 cchutku TaMm]. Llens nan-
HOW padOTHI: MPOBECTH BO3PACTHYIO KOPPEISIMIO 3THX 00pa30BaHUN U OIIEHUTH BO3MOXKHBIC I'€0IMHAMHYECKHIE MO-
JIeTH UX (POPMHUPOBAHMUS.

3eeHOKaMEHHBIE KOMIUIEKCHI MTPECTaBICHBI PEUMYIIECTBEHHO METaMOP(HU30BaHHBIMH BYJIKaHUTAMH (TO-
JICUTOBOM, M3BECTKOBO-IIEIOYHON, KOMAaTHUTOBOW, aJaKUTOBOM CEpHii), 0CaIOUYHO-BYJIKAHOTCHHBIMH, THITA0HCCAITb-
HBIMH 00pa30BaHMAMM, B MOAYMHEHHOM KOJIMYECTBE METAOCAJKaMH, rab0pongaMu, TyHUTaMH-IEPUIOTHTAMH [3 1
cceuikd TaM]. Onu cnaraioT Keperckuii, Tukmosepckuii (qBa 3T nosica coctaBisitoT CeBepo-Kapensckyto cuctemy
3eneHokamenHbix nosicoB (CK3I1)), [Teboszepckuii, Enckuii (E3IT), Boue-JlamOunckuii u l{eHrpanbpHo-benomopckuii
(IIB3I1) 3enenokaMenHbIe mosica (puc. 1). B 10)HOH YacTh MPOBUHIMK M3BECTHBI JIMIIL HEOOIbIINE (pParMeHThl 3e-
JICHOKaMEeHHBIX CTPYKTYp (Harpumep, Kysryockas).

Apxeiickue (raasmbiv obpazom, TTI) n
najeonprepozofickue (Ipyaursl v ip.) odpazosanms b1

| I:] JloxemGpuckne oOpasopannd Kapennekoii u
Koabexoii npoprnimii, miardopymennsii yexon

Oxomno 2.7 Ga seleHOKaMEHHBIE KOMITICKCHI
(Boue-JlamGuncxuit, CvomysprHHCKHiT)

2717 Ma rab0po-/HOPHT-1PAHOIHOPHTORLIH

komruieke (I1loGuncknii, JloGamekuii MaccHBRI)
Heoapxeiickne (2,78 1 2,72 Ga) rpanyiiroBsie
KOMILIEKCHI (3H/AePOHTHL, YAPHOKHTEI, KPHCTAUIOCIaHIIb)

Apxeiickue (2,87 2.82: 2.72 Ga) 9KIOTHTE

2724 Ma canyKHTOH/ILI

(Cepepo-Kapenserkuii Sarour) 650

2.73-2.78 Ga (xu3oBaapekHii) 3e/eHOKaMeHHLIT

KOMILIEKC

2.88-2.82 Gia (kepeTho3epekHii) Beﬂoe Mope
3e/leHOKaMeHHLIH KOMILTEKC

2,88-2.82 Ga otpuonmronogobHbiH

3elleHOKAaMeHHBIH KoMILIeKe

2,82 Ga naparseiicoBntii (rpayBakki) KOMILIEKS

Paspoisrble HapyeHHA: a - apxelickue HaiBUIH:

0 - nporeposoiickue pasioMhl

Puc. 1. Cxema pacnpocTpaHeHHs apXeHCKIX KOMILIEKCOB bemoMopckoil MpoBUHINY [3 ¢ TOTIOTHEHUSIMHU |.

Fig. 1. Scheme showing the distribution of Archaean complexes in the Belomorian province [3 with addenda].

B cocrase 3eneHokamenHbix nosicoB BIIII Beigensercs, nmo kpaHel Mepe, YeThIpe BO3PACTHBIE TPYIIIHI 3elie-
HOKAMEHHBIX KOMILJICKCOB: KepeTho3epckuid (2,88—2,83 mupa. ner- dazee Ga, a MiH. jeT - Ma), Xu30BaapcKuit
(2,8-2,78 Ga), yenosepckuii (okoio 2,75 Ga) u Boue-maMOMHCKHI (Hanbosee BeposTHO, okojo 2,7 Ga). B cocrase
BCEX KOMIUIEKCOB (pHC. 2), KpOME MOCIEAHEr0, 3HAYUTEIbHYIO YaCTh COCTABISAIOT BYJIKAHUTHI OCTPOBOAYKHOTO THIIA
(M3BECTKOBO-IIIEIIOYHON M aJlaKUTOBOI cepuii). Me3oapxeickuii maparHelicoBbIi KOMIUIEKC UyNmuHCKOro mosica
(YIIIT) mpencraBiieH MeTarpayBakKaMH C IPOCIIOSIMH OMOTHTOBBIX THEiicoB (MeramanuroB) WM ampubdonuroB. OH
(dopMupoBascs B IpeayroBoM OacceiiHe. Me3o-HeoapxelcKkue CynpakpycTalbHble 0Opa3oBaHUS IO3BOJISIOT JI0-
BOJIBHO HAaJIEKHO, C TOUKH 3PEHHS aKTyaJIHCTHIECKOTO MMOIX0/1a, PEKOHCTPYHPOBATH TJIABHBIEC SMH30bI KOPOOOpas3o-
Banwus BIIII, cBs3aHHbIe ¢ CyOAYKIIMOHHBIMHU 1 aKKPEIIMOHHBIMH MPOLIECCAMH [3 M CCHUTKH TaM].

Kpaitae Ba)xHO, 9TO HEJJaBHO BHINOJIHEHHOE [ 1] mepeaTupoBaHue TPaHUTOUIOB rab0pO-IHOPUT-TPAHOTHOPH-
ToBOM cepun B morpanndHoit ¢ BIIII wactu Kapensckoro kparoHa, mokasajo, 9TO OHH UMEIOT HEOapXeHCKuid, a He
Me30apXeUCKHii, Kak CYUTANIOCh paHee, Bo3pacT. Tak, aist JIoOackux rpaHUToB, ¢ KOTOPBIMU HEIIOCPEICTBEHHO CBSI-
3aHbl MOJIMO/ICHOBBIE MECTOPOIXKICHHS TOPPUPOBOTo THIA, OH olieHuBaecst B 2717413 Ma, rpanoauopuToB - 2705+8
Ma. ITopoabl 3TOr0 KOMILIEKCa 10 0COOSHHOCTSIM COCTaBa COMOCTABIISIOTCS C TPAHUTOMIAMU, (POPMUPYIOLIMMUCS B
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reoIMHaAMHYEeCKON 00CTaHOBKE aKTMBHOW KOHTWHEHTaJIbHOW OKpauHbl [1 n cchuiku tam]. Takum oOpazom, Ha OCHO-
BaHMM OCOOCHHOCTEH MPOSBICHHS MarmMaTu3Ma yCTAHOBJICHO NPOSIBIEHHE CYOJYKIMOHHBIX HPOLECCOB B 3amaHON
yacty BIII1 n conpspkenHol yacTu kparona B iepuon 2,72-2,71 Ga (puc. 2).

Crnenyer Takxe oTMeTHTH cymiectBoBaHue B BIIIT odprommToBbIx (0prOMUTOMOI00HBIX) KOMIDIEKCOB: ME30apXeii-
ckoro (oxomo 2878 Ma) B LIB3I1 u Heoapxeiickoro (2778 Ma) Upuroropckoro cynpacyoaykmuonoro B CK3II (puc. 2).

t, LK CK3I1 3B6ITI Yriril L1B3I1 'K E3I1 CHOK BJI3I1
m:}m CK NKGB WBGB ChPB CBGB GEC YGB SEC VLGB
2700 S® @0 =@ =m0 =8 ' ©|9
27201 6 (gg) : 10 ’14 1€ N )
2750
2780 (i I
2800

2820 9

v 17
: 2
2850 @ ﬂ\.\
2880 D 12 .I3 @6

2900
- 3KJIOrHTOBOI (hatiin
( { = 10 =
1 Q OcTpoBOaYKHBIE BYIKAHHTBI 6 @ Konansuonibie S-rpanire = 0 (BO3pacT HagexHo 000CHOBAH)
0
a = IKJIOTH it haumn G T
2 ® ['paHuTonbl AKTHBHOI 7 ® Canyxkuronel £ 11 p 3*NOrMToED) tpaun (c spast
< KOHTHHEHTANLHOM OKPAHHBI & Tpedyer A0NoAHNTEeNbHOIO 0DOCHOBAHMS )
= = ) 2
3 4 Oduomontie komnaekes! 8 O OnnepGuter g2 N o FpERySMTONON fEJaNNH
= ampubonuroroit Gatmm
4 !] I'payBakkn npeayrosoro dacceiina 9 HaproxiThi 13 \.\ YMEPEHHBIX J1aBlIeHNii
5 @ BynkaHoreHsas monacca 14 <== TekTOHHY ECKNE NOKPOBI

Puc. 2. Cxema KOppesIiUK apXeUCKUX 3eJICHOKAMEHHBIX (COepIKaIX OCTPOBOAYKHbIC, OQHINTONON00HbIE 00pa30BaHHs), IK-
JIOTUTCOJIEPIKAIINX, TPAHYIUTOBBIX M HEKOTOPHIX (KOJUTH3HOHHBIX, OKPAMHHOKOHTUHEHTANBHBIX) TPAaHUTOUIHBIX KOMILIEKCOB be-
nomopckoit npoBuHuMU U LlenTpansHo-Kapensckoro teppeitna Kapenbckoil.

BykBamu o603HaueHsl cTpykTypbl: LK — Ienrpansno-Kapensckuii Teppeiin Kapensckoit nposunimu; CK3IT — Cesepo-Kapenbckas cucrema
3eneHokaMeHHbIX mosicos; 3BI'TI — 3amanno-benomopckuii rpanyiuToBsiit nosic; UINI — Yynuackuii maparaeiicoBslil nosc; I'OK - I'pununckuit
sxnorurcosepkamuii kommieke; E3IT — Exckuii 3eneHokamenssiit nosic; COK — sxnorurconeprkamuii komruieke Camuisl; BJI3IT — Boue-JIam6uH-
CKUH 3eJIeHOKaMEHHBIH MOsAC.

Hudppamu 0603HaYeHBI KOMILIEKCHI: | — KepeTbO3ePCKHil 3eleHOKaMeHHBIH KoMIuleke (xartomo3epckas CTA, maBsl, Ty(dsr); 2 — KepeTbo3ep-
CKHI 3eJIeHOKaMeHHBbIIT koMIueke (xartomo3epekass CTA, cyOoBynkanudeckue obpasoBanus; (?) maiiosepckas CTA); 3 — xu30BaapCKuil 3e71€HOKa-
MEHHBII KOMIUIEKC; 4 — YeI03eCKUil 3eICHOKAaMEHHBIN KOMIUIEKC; 5 — rab0po-auopUT-rpaHOJMOPUTOBOM KOMILIEKC; 6 — rab0po-1HOpUT-IIaruo-
TPAHHUTHBIN (CAHYKHTOHIBIN) KOMIUIEKC; 7 — CyHIpacyOayKIHOHHbIE O(HONUTEL; 8 — SHAEPOUTH! H YapHOKHUTH HOTO3epcKoro rpaHyIHTOBOrO KOM-
iekca; 9 — runepcreHoBble 1MopuThl (IToHbromHaBosok); 10 — nelikorpanuTtsl S-tuna; 11 — orpTonupokceHoBble quopuTh (11. Yyna); 12 — mera-
rpayBakku YynuHckoro nosica; 13 — opuonurononodusiii komruieke LienTpanbHo-benoMopekoro 3eneHokaMeHHoro nosica; 14 — sxiorutsl ['pu-
JIMHKOTO HKJIOTHTCOIEPIKAILET0 MeTaHka (Tea S3HACpOUTOB cpeau HUX); 15 — EHCKuil 3eIeHOKaMeHHbIH KOMIUIEKC; 16 — sxitorutsl Y3koii Canmer,
17 — sxnorutsl Kypy-Baapsr; 18 — skmoruts! Inpokoit Canmer; 19 — Boue-JlaMOHHCKHH 3e1eHOKaMEHHBIH KOMILICKC.

Fig. 2. Scheme of the correlation of Archaean greenstone (island arc- and ophiolite-like-bearing units), eclogite-bearing, granulite
and other (collisional, continent-margin) granitoid complexes of the Belomorian province and the Central Karelian terrain of the
Karelian province.

Letter symbols indicate the following structures: CK = Central Karelian terrain of the Karelian province; NKGB = North Karelian greenstone
belt system; WBGB = West Belomorian granulite belt; CPB = Chupa paragneiss belt; GEC = Gridino eclogite-bearing complex; YGB = Yensky
greenstone belt; SEC = Salma eclogite-bearing complex; VLGB = Voche-Lambino greenstone belt.

Numbers indicate the following complexes: 1 = Keretozero greenstone complex (Hattomozero STA, lava, tuffstydsr); 2 = Keretozero greenstone
complex (Hattomozero STA, subvolcanic rocks; (?) Maiozero STA); 3 = Khizovaara greenstone complex; 4 = Chelozero greenstone complex; 5 =
gabbro-diorite-granodiorite complex; 6 = gabbro-diorite-plagiogranite (sanukitoid) complex; 7 = suprasubduction ophiolites; 8 = enderbites and
charnockites of the Notozero granulite complex; 9 = hypersthene diorites (Pongomnavolok); 10 = S-type leucogranites; 11 = orthopyroxene dio-
rites (Chupa); 12 = Chupa belt metagraywacke; 13 = ophiolite-like complex of the Central Belomorian greenstone belt; 14 = eclogites of the
Gridino eclogite-bearing melange (enderbite bodies among them); 15 = Yensky greenstone complex; 16 = Uzkaya Salma eclogites; 17 = Kuru-
Vaara eclogites; 18 = Shirokaya Salma eclogites; 19 = Voche-Lambino greenstone complex.
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VYHukanbHble Uil apxes SKJIOTuThl ycTaHoBieHsl B BIIIT B aByx paiionax: I'puauno u Canwmsl [3, 4, 5 u
CCBUIKH TaM].

2720+8 Ma 3KIIOTUTHI B p-He C. [ puanHO BXOIAT, Hapsy ¢ aM(pHOOIUTaMH, yIbTpada3uTaMu, THEWCaMH, B COCTaB
MeTaMOp(HU30BaHHOTO MEJAHXa, (POPMHUPYIOLIEr0 TEKTOHWYECKYIO TNIAcTHHY [3 M cchUIKH TaM]. Bospact skiorntoobpa-
30BaHUsI ONPEZIEISETCS IOCTATOYHO HAJEXKHO 0 IIMpKOHaM, obetHeHHBIM TP33), 1 X0poIIo cornacyercsi ¢ TeoI0rHIecKH-
MH JaHHBIMH (MENTaHX cedeTcss HeoapxecknMu (2701 Ma) MacCHBHBIMHU KHJIaMH TPaHHUTOB, MAICOMPOTEPO3OHCKAMHA
Jaiikamu). @opMHpOBaHHE SKJIOTUTOB M MENIAHKa, B COCTAaB KOTOPOTO OHU BXOJISIT, CBA3BIBACTCSI C CYOMyKIIMOHHBIMH TIPO-
neccaMu. Y CTaHOBIICHHBIE B 3anaqHoi yactu BIIIT 2717413 Ma rpanoauiopuTsl, 00pa3oBaBIIrecs: B 00CTAHOBKE aKTUBHOM
KOHTUHEHTAIILHOW OKPaMHBbI, MO-BUIMMOMY, SIBISIFOTCSL PE3YJIBTATOM 3TOTO YK€ 3Mu30/a cyoaykuuu (puc. 2). OH ObUT 1m0-
crnenHuM, HaunHas ¢ 2,9 Ga, mepen ctapToM Heoapxelckoit koim3un. [lomoruii xapakrep CyOQyKIMU B peXUMe aKTUB-
HOIl KOHTHHEHTAJILHON OKPaHbl MOXKET OBITh MPUYMHOM TOTO, YTO 3KOJIOTHTHI [ PUIIMHO OTHOCATCSI K TPYIIE OTHOCHUTEIIb-
HO MasormyounHbIX (P - o 17,5 k6ap, npu T~700-860°C no onenke O.1. Bonoguuesa). @opmupoBanue 3H1epOUTOB, Te-
J1a KOTOPBIX U3BECTHBI CPEAN SKOTUTCOIEPKAIIEr0 MEJIaHXKa, CBA3HO C IIPOLIECCAMU €0 IEKOMIIPECCHH.

Brms3kue 1o Bo3pacTy 3KIOrUTHI M3BECTHBI [4 M CChUIKK TaM]) U cpeau accormarmu Canmel (Y3kas Canva 1 «ceBep-
Hoi» rpymsl Kypy-Baapsr). Bmecte ¢ Tem, Bonpoc 0 Bo3pacTe 1 IPUPO/IE STHX SKJIOTHTOB IOKA HE PEIeH [2 U CChUIKH TaM|.

OKJIOTUTHI M MTUKJIOTHTHI «I0XKHOM» rpymisl pailona Kypy-Baapa, Bo3pact KOTOpBIX OLIEHHBAETCSl B MHTEPBaJe
2820-2805 Ma, peacTaBigroT coboi acconuarnuio Mmeramoppu3oBaHHbIX (pu P 14— 14,5 x6ap, T ~ 700-750°C) 6a-
3aJIbTOB, MUKPUTOB U KOMAaTHHUTOB, COIIOCTABUMBIX C MOPOJaMH OKCaHHYECKHX IUIaTo [4]. DTa rpynmna 3KJIOTHTOB IO
BpPEMEHU 00pa30BaHMs KOPPEIUPYETCS C CyOAyKIIMOHHBIMH BYJIKaHHUTaMH KepeTckoil 3eIeHOKaMEHHOH CTPYKTYpPBI
(puc. 2). Bmecte ¢ TeM, BOIIPOC O BO3PACcTE ATUX IKIOTUTOB HE PELICH OKOHYATENbHO U CYHIECTBYET TOUKA 3PEHHS O
TOM, YTO OH CBEKO()EHHCKUIT [2 1 CCBUIKHU TaMm].

2862 Ma sknorutsl Y3koi Canmbl [S5 ¥ cchUIKH Tam| 00pa3oBauch 10 OKEaHW4ecKUM Oasurtam mpu P ~13-14
kbap, T ~ 700-750°C, HO B HHMX (DUKCHPYCIOTCS MPOTPagHbIC MPEOOPA30OBAHUS, & TAKIKE KIIIbI «3aMOPOKECHHBIX)»
TPOHABEMHUTOB, KOTOpBIE paccMaTpuBaioTcst A.A. IllunmaHCKuUM Kak BBIIJIABKU U3 3KJIOTUTOB U MO KOTOPBIM JaTHPY-
eTcs cTaaus 3KIoruToodpazoBanus. OTHaKO, IMPKOHBI ATOH CTaauy (GOPMUPOBAHMS HE YCTAHOBJICHBI B SKJIOTHTAX [2
1 CCBUIKH TaM|, 4YTO O3Ha4aeT HEOOXOANMOCTh POJIOIKEHUs paboT B 3TOM palione. Bmecre ¢ Tem, 2,86 Ga 3KIIOTUTHI
KOpPpEIHUPYIOTCS 110 BpeMeHU (OpMHPOBaHMS C CyOJYKIHMOHHBIMU 0Opa3oBaHUsIMH KepeTbo3epckoi CTPYKTYpHI U
UIIII, a Taxke ¢ oduonuTonomoOHsIMU oOpa3oBaHmsMu L[B3I1. DTo Xopomio cormacyercst ¢ MpencTaBICHUSIMA O
CYOAYKIIMOHHON TPUPOJIE IKIOTUTOB Y3K0i CaiMEbl.

Takum 00pa3oM, aHAIN3 COOTHOLIEHHS BO3pacTa (OPMHUPOBAHHS T'PAHUT-3EIEHOKAMEHHBIX M SKIOTUTCOJEp-
xamux koMmuiecoB BIIIT ykaspiBaeT Ha TO, YTO OHM UMEIOT TEHETUYECKYIO CBA3b M (POPMHUPOBAJICH B XOZE TUCKPET-
HBIX CyOIyKIMOHHBIX MpoueccoB. Cymneprno3uiusi pa3HOBO3PACTHBIX 3KJIOTMTOB — 3TO PE3yJIbTaT MHTEHCHBHOW MO-
KPOBHOM TEKTOHUKH B XOZ€ HEOAPXEHCKOMN U NaneonpoTEPO30MCKOM KOJUTU3HUI.

The Belomorian province, also known as the Precambrian Belomorian mobile belt (BMB), is a Fennoscandian
Shield structure consisting of a rock complex which has been subjected repeatedly (in the Neoarchaean and Palaeo-
proterozoic) to intense eclogite-, granulite and moderately high-pressure amphibolite-facies metamorphism and dislo-
cation that gave rise to a fault system. The complex is clearly dominated by Archaean rocks (TTG, greenstone and
paragneiss complexes), although Palaeoproterozoic intrusive (several generations of gabbroids, charnockitoids and
granitoids) rock complexes are also widespread.

Granite-greenstone and eclogite-bearing complexes, known to occur among Archaean complexes, are of inter-
est in the context of the present conference [3 and references ibid.]. The goal of this study is to correlate these com-
plexes in terms of their age and to assess possible geodynamic models of their formation.

Greenstone complexes are represented dominantly by metamorphosed volcanic (tholeiite, calc-alkaline, ko-
matiite and adakite series), sedimentary-volcanic and hypabyssal rocks and minor metasediments, gabbroids and
dunites-peridotites [3 and references ibid.]. They build up the Keret, Tikshozero (these two belts constitute the North
Karelian greenstone belt system, NKGB), Pebozero, Yensky (YGB), Voche-Lambino and Central Belomorian
(CBGB) greenstone belts (Fig. 1). Only small fragments of greenstone structures, e.g. the Kuzguba structure, are
known in the southern part of the province.

At least four age groups of greenstone complexes are distingished in the greenstone belts of the BMB: the
Keretozero (2.88-2.83 Ga), Khizovaara (2.8-2.78 Ga), Chelozero (ca. 2.75 Ga) and Voche-Lambino (most probably
about 2.7 Ga). Island-arc volcanics (calc-alkaline and adakite series) make up a large part of all the complexes (Fig.
2), except the last one. The Mesoarchaean paragneiss complex of the Chupa belt (CPB) consists of metagraywacke
with biotite gneiss (metadacite) and amphibolite interbeds. It was formed in a fore-arc basin. Based on Meso-
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Neoarchaean supracrustal complexes, major BMB crust formation episodes, associated with subduction and accretion
processes, can be reliably reconstructed from the point of view of an actualistic approach [3 and references ibid.].

The recent re-dating of (Bogachev et al., 2009) of gabbro-diorite-granodiorite-series granitoids from the Kare-
lian Craton area which borders on the BMB has shown that they are of Neoarchaean rather than Mesozoic age, as was
assumed earlier. Their age is estimated at 2717+13 Ma for Lobash granites with which porphyry-type molybdenum
deposits are associated and at 2705+8 Ma for granodiorites. The rocks of this complex are correlated compositionally
with granitoids formed in an active continent margin geodynamic setting [1 and references therein]. Thus, the charac-
teristics of magmatism have shown that subduction processes occurred in the western BMB and in the associated por-
tion of the Karelian Craton in a time span bracketed by 2.72 and 2.71 Ga (Fig. 2).

It should also be noted that an ophiolite (ophiolite-like) complex of Mesoarchaean age (ca. 2878 Ma) occurs in
the CBMB and a Neoarchaean (2778 Ma) Iringora suprasubduction complex is located in the NKGB (Fig. 2).

Eclogites, unique for the Archaean, have been reported from two BMB areas: Gridino and Salma [3, 4, 5 and
references therein].

In the Gridino area, 272048 Ma eclogites constitute, together with amphibolites, ultrabasic rocks and gneisses, a
metamorphosed mélange which forms a tectonic slab [3 and references therein]. The age of eclogite formation is esti-
mated reliably from HREE-depleted zircons and is consistent with geological data (the mélange is cut by Neoarchaean
(2701 Ma) massive granite veins and Palacoproterozoic dykes). The formation of eclogites and the mélange, which they
are part of, is attributed to subduction processes. The 2717+13 Ma granodiorites, formed in an active continent margin
setting and revealed in the western BMB, seem to have been produced by the same subduction episode (Fig. 2). On 011
mocieTHuM, HagmHas ¢ 2,9 Ga, mepen crapToM Heoapxeickoi kommmsnn. A gentle subduction pattern in an active conti-
nent margin regime could explain why Gridino eclogites represent relatively shallow-depth eclogites (P up to 17.5 kbar
and T=700-860°C, as estimated by O.I. Volodichev). The formation of enderbites, whose bodies are encountered in the
eclogite-bearing mélange, is related to its decompression.

Eclogites, similar in age, have also been reported [4 and references therein]) from the Salma assemblage (Uz-
kaya Salma and the “northern” Kuru-Vaara group). However, the age and nature of these eclogites are still uncertain
[2 and references idid.].

Eclogites and piclogites of the “southern” group of the Kuru-Vaara area, dated at 2820-2805 Ma, represent an
assemblage of basalts, picrites and komatiites metamorphosed at a pressures of 14-14.5 kbar and at a temperature of
~ 700-750°C) and correlatable with oceanic plateau rocks [4]. This group of eclogites correlates in the time of forma-
tion with the subduction volcanics of the Keret greenstone structure (Fig. 2). However, the age of these eclogites is
still the subject of debate. Some authors assume them to be of Svecofennian age [2 and references ibid.].

2862 Ma Uzkaya Salma eclogites [5 and references ibid.] were formed after oceanic basalts at a pressure of
~13-14 kbar and a temperature of ~ 700-750°C, but they exhibit prograde alterations and “frozen” trondhjemite veins
interpreted by A.A. Shchipansky as melts from eclogites that are used to date an eclogite formation stage. However,
as zircons of this stage have not been encountered in eclogites [2 and references ibid.], work in this area should con-
tinue. At the same time, 2.86 Ga eclogites correlate in the time of formation with the subduction rocks of the Keretoz-
ero structure and the CPB and with the ophiolite-like units of the CBGB. This evidence is in good agreement with the
knowledge of the subduction nature of Uzkaya Salma eclogites.

To sum up, analysis of the correlation of the age of formation of the granite-greenstone and eclogite-bearing
complexes of the BMB has shown that they are genetically related and were formed during discrete subduction proc-
esses. The superposition of different-aged eclogites is a result of intense nappe tectonics during Neoarchaean and Pa-
lacoproterozoic collisions.

The work was supported by RFBR grant 11-05-00168-a.
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Slabunov A.1', Korol’ N.E., Berezhnaya N.G.2, Volodichev O.1", Sibelev O.S."
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Omnexcknit (Kapumkuii [2]) Heoapxelckuii TpaHyIMT-3HAEPOUT-YapHOKUTOBBIN KOMILIEKC pacroiaraercs Ha
TpaHuIle IEeHTPaIBHOTO U Mepudeprdeckoro 1oMeHoB Bomrosepckoro teppeiina Kapensckoro kparona [4]. Ero ko-
PEHHBIC BBIXO/IBI HAXOAATCS B y3KOH OEperoBoil 1ojoce n Ha 0OCTPOBAaX BOCTOYHOTO Oepera OHEKCKOTO 03epa I0KHEES
ycThs p. Boana u mo um ciokHO CyauTh 00 MCTHHHBIX pa3Mepax MaccuBa. OmHAKO, Cy/isl 0 OCOOEHHOCTSIM CTPYKTY-
PBI MAaTHUTHOTO TIOJISA, TPAHYJIUTOBBIM KOMIUIEKC ciiaraeT Teno pasmepoM (B miane) 100 * 25 kv C3 mpoctupanus.
Bpewmst nposiBieHns: JaHHOTO TPaHyJINTOBOTO MeTaMop(dr3Ma oreHIBanock B 2650145 mun. net [1].

OcHOBHBIE TPaHYJIUTHI (JBYHPOKCEHOBBIE KPUCTAIUIOCIAHIIBI) B BUJE KCEHOJIIMTOB Pa3MEPOM OT HECKOIBKHX CM
JI0 2 M, Hapsiy ¢ IOPOAAMH CPEJHETO M KUCIIOTO (JBYHMPOKCEHOBbIE KPHUCTAIUIOCIAHIIBI) M YIBTPAOCHOBHOTO COCTaBOB,
YCTaHOBJIEHBI Cpe/iy SHIEPOUTOB-4apHOKUTOB [2]. [To neTporeoxnumMmu4yeckuM 0COOEHHOCTSIM OCHOBHBIE KPHCTAIIOCIIaH-
LBl OTBEYAIOT 0a3albTaM TOJICMTOBOW cepHu. J[iisi HUX XapaKTEpHO «IUIOCKOE» paclpesielieHne HOPMHPOBAaHHBIX IO
xoHapury coa. P33 npu ypoBhe con. 10-20 xonaputoB, orpuniatenbHas (otHocutenbHo Th m La) anomanus Nb na
cnaiineprpamme. Takue reoxuMuueckne 0OCOOEHHOCTH POAHST 3TH TOPOBI C OCTPOBOAYKHBIMHU 0a3aJIbTaMH.

Hamu npoBezseHb! feTanbHBIE NETPOIIOTHYECKHE W FE€OXPOHOJIOTHYECKHE HCCIIECOBaHUS OCHOBHBIX TPaHyIIH-
TOB U3 KceHonura pazmepom 20 * 100 cm B sHgepOuTax o. bonbmoii ['onen. KceHomut nMeer 30HaIbHOE CTPOEHUE.
LleHTp ero CloXKeH NBYMHPOKCEH-aM()HUOOTOBEIMI ¢ OMOTHTOM KPHCTAJUIOCTIAHIIAMH, a KpaeBas 30Ha (1-2 cM) — Ono-
TUT-ABYIIMPOKCEHOBBIMHU ¢ am(pubonom. Hannane peakiimoHHBIX KaiM — 3TO XapaKkTepHasi 9epTa KCEHOJIUTOB OCHOB-
HOTO COCTaBa KOMIUIEKCA.

Ilerponorus. B 1ieHTpaJIbHOM 4acTH KCEHOJIMTA YCTaHOBJIEHBI /1B TPAaHYJIMTOBBIX NTaparcHe3uca: paHHUN U I031-
HUIA; B KpaeBO# 30HE — TOJIBKO MO31HUH, pudeM B HeM OPx cymectBeHHO npeobmanaet Hag Cpx. PanHss maparenernde-
ckast accoranmst (OpxI + CpxI + Amphl + PII) Beinensiercs Kak OTHOCUTENBHO MEJIKO3EPHUCTAs Cpe/ii OoJiee KpYIHO3ep-
nucroit nozaHelt (OpxIl+ CpxIl+ Amphll+ BtIl + PIII). Meramoduyeckue npeoOpazoBaHus TOPOJIbI MPOXOIMIN B CIIO-
KOMHOM TEKTOHUYECKOW 00CTaHOBKE, 0e3 (OpMHUPOBAHUS AUPEKTUBHBIX CTPYKTYp. [103mHuUi mapareHe3uc oopasyercs, Be-
POSITHO, TIOJ] BO3JIEHCTBHEM ILEJIOUHO-BOIHBIX (DIIOMIOB rpaHUTOMAOB (9HIepOuTOB-yapHOKHTOB). [T0 CcBOEH cyTH 3TOT
TIPOLIECC SBIISFOTCS COYETAaHUEM METAMOP(PHIECKON MEPEKPUCTALTU3ALMY C TIPUBHOCOM KaJIvsl, HATPUS ¥ BOJIBL.

Onenka temneparyp cranopieHust paHaux (I) u nmozauux (II) maparenesucoB Gnusku - 754-870°C u 750—
877°C, coorBercTBeHHO. ['e00apOMeTpHsi PAaHHEr0 IPaHyIMTOBOrO0 MeTaMop(u3Ma He IPOBEICHA, a JABICHUS VIS
MTO3/IHETO - OLleHUBaeTcs B 5.5-6.1 xOap.

Bce nopozsr OHEXCKOTO TPaHyIMTOBOTO KOMITIEKCA B TOM MJIM MHOW CTETICHH MCIIBITAIN HaJOXKEHHBIH MeTa-
MOP(}HU3M B YCIOBHUSIX OT aM(pUOOIUTOBOM K 3MH10T-aMbHOOIUTOBOM 0 3eJIeHOCaHIeBOH (anuii [2].

I'eoxpononorus. M3 nBynupokceH- aM(prO0IOBOr0 KPUCTA/UIOCIAHLA, ONMCAHHOTO BBIIIE, OBUTH BBIIEIICHBI
IUpKOHBL. VX MOHO(paKuus npeacTaBiIeHa KOPHUHEBATHIMU MOIYIPO3PAauYHBIMHU OKPYTJIBIMHU, HHOT/IA C XOPOIIO BbI-
PaKEHHBIMH MHOTOYHCIICHHBIMHU TPAHSIMH, PEXe NPU3MAaTHIECKUMU CyOUANOMOP(HBIMU KpHUcTaulaMu. Pa3mep kpu-
crayuioB 70-250 MkMm ¢ ko3 durrentom ymmaenus 1.0-3.5.

IIpu n3yyennu ontryeckux, BSE u CL u3o0paxenuit 1iupkoHoB (Puc. 1) BeiensroTcs 3epHa ¢ OJJHOPOIHOM CTpyK-
TYpOH, HO OOJIBIIMHCTBO 3€PEH COCTOMT M3 IBYX-Tpex (a3. Cpemy 0HOPOIHBIX NMPUCYTCTBYIOT IPU3MATHIECKOH (HaTpH-
Mep, puc. | T)) 1 u30MeTpUIHON (OPMBI C MHOTOUHCIICHHBIMY I'paHsMHu (puc. 1 a, B). Bblnemnsercst HeCKOJILKO THIIOB siIep
1 00oJI04eK: ¢ Tpy00i 30HAITBHOCTBIO U 1OYTH Oe3 BKIItoueHHH (Harpumep, Prc.1 0), TOHKO30HAJIBHOE SIIPO ¢ BKIIFOYEHHMS-
MH U TPaHYJIUTOBOH 000JIOUKOM, CEKTOPUAIIBHBIE siIpa Oe3 BKITIOUECHHH, C TOHKO30HATEHOH 000I0UKOT.
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Ha Mukpo3on/ie ObUTH M3y4YeHBI MIUHEPAIbHBIC BKIIOUYCHUS B IIMPKOHAX. 3epHA H3oMeTpuIHOI dopmel (Puc. 1
a, B) C MHOTOYHCJICHHBIMU TPaHAMHU (TaK Ha3bIBaCMBIC, «TPAHYJIUTOBEIC») HE COJCPKAT MHUHEPAIHHBIX BKIFOUYCHUH,
KOTOPBIE MOXXHO OOHAPYXHTh C TIOMOIIBI0 MHKPO30H/Ia. B mpH3MaTndecknx 3epHax OOBIYHBI BKJIFOUCHUS AIaTHTA,
OmoTHTa, KBapla, B TOHKO30HAIBHOM sape oTMeueHo BKiroueHue nmapusut [(Ce, La), Ca(COj) 3F,], oObraHOTO M7
MErMaTUTOB, HEKOTOPBIC TPEIMHBI B 3ePHAX 3aJICUCHBI XJIOPUTOM.

BSE CL

Puc. 1. Ontrueckue (Onr), B oTpaxkeHHbIX ekTpoHax (BSE) n katonomromunecuentHeie (CL) n300pakeHns! IUPKOHOB U3 OC-
HOBHBIX KpucTaiutocianues o. b. T'onen. Kpyramu o603HaueHsl MecTa onpeeneHust H30TOIHBIX BO3PACTOB, C YKa3aHUEM 3Haue-
it 2’Pb/*"Pb Bo3pacToB: (a) - 3epHO H30METPHUHOH hopMbI (Touka AaTHpoBarus ON9-7-1.6.1), (6) — 3epHO NPH3MATHYECKOM
¢dopmbl ¢ rpybo3oHanbHbM spoM (T. ON9-7-1.4.1) u oxHOopoaHo# Kaitmoii (T. ON9-7-1.4.2); (B) — OAHOPOIHOE «TPAHYIHUTOBOEC)
3epHO (T. ON9-7-1.3.1); (T) — TOHKOTIPpH3MATHYECKOE 30HATBHOE 3epHO (T. ON9-7-1.2.1).

[To pe3ynbpraTaM HM30TOIHOTO JATHPOBAHUS €AMHUYHBIX 3€pEH IIMPKOHA, BHIITOJIHEHHOTO HAa MOHHOM 30HJIE
SHRIMP-II (BCEI'EN), noiy4eHo HECKOIBKO BO3PACTHBIX PYIIIL.

Hawubonee npeuuii Bo3pact 2739417 MiH. JIeT MOJIyYeH M0 sApaM U 000JI0YKaM IIMPKOHOB (puc. 1 6), B ToM
YHCIIE C XapaKTEepHOU «rpaHyIMTOBBINY» Mopdonorue (puc. 1 a). Hekoropsle siapa 1100 moTepsiiv NepBUYHYIO HH-
(hopmarnmro, OO0 BpeMst UX KPHCTAILIM3AIUN CONMKEHO ¢ MeTaMoppu3MoM. B IpaHyIHTOBBIX IUPKOHAX COAEpIKa-
aHue U - 118-636 ppm, Th - 117-181 ppm, Th/U 0.29-1.02, B sinpax HesicHoro rene3nuca U - 71-284 ppm,Th - 34-214
ppm, Th/U 0.44-0.88.

216



Mamepuanet kongepenyuu

[To ToHKO30HAIBHEIM 000J0YKaM HPU3MATHUECKUX KPUCTAIIIOB U MEJIKOMY TPEIIMHOBATOMY 3€pHY OKPYIJIOH
¢dopmsl (puc. 1 B) momyueH 6osiee Moo1oi Bo3pacT - 2701+£14 muH. ner. B atux mupkonax conepxanue U - 532-778
ppm, Th - 50-181 ppm,Th/U 0.08-0.34.

Bospact (¢ Oomnbmoi omrOKoN) pacCUUTaHHBIN 110 €1a00 30HATBHOMY IiepepabOTaHHOMY SIIPY U NPU3MaTH-
yeckoMy Kpuctamuty (puc. 1 r) cocraBmser 2522164 muH. net. B atux 3epHax conepkanue U - 698-757 ppm, Th -
260-511 ppm,Th/U 0.08-0.34. ®opmupoBaHue 3TOH reHepaliy, BEpOsITHO, OTBEYAET CTauu AuadTopesa.

Comnocransist IETPOJOTHIECKUE M TEOXPOHOJIOTHYECKNE JaHHbBIE, MOXKHO KOHCTAaTHPOBATh, YTO BPEMS paH-
HEro rpaHyJIMTOBOro Meramop¢uima oneHuBaercs B 2739117 miH. net, no3xHero - B 2701+£14 muH. ner (B npe-
Jleax OMMOKH OHM HE IEPEKPBIBAIOTCS, BMECTE C TEM OHHM COJIIKEHBI C BO3PACTOM BTOPOH T€HEpalnu IHUPKO-
HOB M3 BMEIIAIOINX KPUCTAIIIOCIAHIIB TOHATUTOB (3HAEepOuTOB) 271748 MuH. et [3]) u nporeccoB quadTope-
3a - 2522464 muH. nerT.

Paboma nposooumcs npu nodoepoicke PODOU (epanm 11-05-00168-a).
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Heoapxetickuii Horozepckuii rpanynut-sunepout-4apokutoBblid (I'9Y) kommiekc [1] sBisiercst yactbio 3a-
naaHo-benoMopckoro rpanynuroBoro mosica [5] u pacnonaraercss Mexay UynMHCKUM MaparHeicoBBIM MOSICOM U
TuknrozepckuM 3eeHokaMeHHbIM (MommHckoi 1 KnyaHckol cTpykTypamu).

B coctaB HoTto3epckoro I'9Y komriekca BXoAST 1) 3HASPOUTHI 1 YAPHOKHUTH H3BECTKOBO-IIEIOYHOH ce-
pun, 2) rabbpo, THOPHUTHI, YAPHOSHASPOUTHI TOICUTOBOU cepuH, 3) mopPHPOBUIHBIC YAPHOKHUTH U 4) KCCHOIH-
THI TPAHYJIUTOB.

OHAepOUTH U YaPHOKUTHI N3BECTKOBO-IIIEIOYHON CEPUH OTBEYAIOT IO COCTAaBY KBAapIEBHIM THOPHTAM — TOHA-
JUTaM U TPaHUTaM, COOTBETCTBEHHO. OHH coepKaT KCEHOJIUTHI TPaHyJIUTOB OCHOBHOTO, YIIBTPAOCHOBHOTO, CpPEIHE-
0, peke KUCIIOTO COCTABOB, a TAKXKE MEPUIOTUTOB, TAOOPO M aHOPTO3UTOB.

I'eonoruveckue COOTHOIIEHUS UHTPY3UBHBIX Mopoa ['DU koMmIuiekca M3BECTKOBO-IIEIOUYHON U TOJEUTOBOM
cepuil OIpeneNsaioTCs HEOAHO3HAYHO: C OJHOI CTOPOHBI, MOPOJBI TOJIEUTOBOM CEpUM COMEPKAT KCEHOJIUTHI IBYIHU-
POKCEHOBBIX I'PaHyJIMTOB U 3HAEPOUTOB, HO, C IPYTOii, OHH MOJBEPKEHBI MeTaMOP(U3My IpaHyIUTOBO# darmu u ce-
KyTCsl )KWJIaMH DHIEpPOUTOB.

Hawubonee MononsiMu 00pa3oBaHUSIMH KOMIUIEKCA SIBIISIFOTCS! TOP(UPOBHUAHBIE YAPHOKHTHI, CIaralonye Kpyr-
HBIH MHTPY3UBHBIH [TaxkmuHCKHMIT MaccuB [ 1, 3] u psix Oonee MENKKX Tel.
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VYcnoBust MeraMopQu3Ma rpaHyJIUTOB KOMILIeKca cooTBeTcTBYIOT T=780-820° C, P=5-6 k0ap [1, 4]. PT ycio-
BUS HAJIO)KEHHOT'O BBICOKOOApHYECKOro MeTaMop(u3Ma, CBSI3aHHOTO C Pa3BUTHEM apXeHCKoro (0koio 2.7 MIIpA. JIeT)
KOJUTM3HOHHOTO mporiecca cooTBeTcTBY0T T=630-670°C 1 P=8-9 k0bap.

Panee U-Pb kiraccnueckuM M3TOITHBIM METOJIOM IO MYJIETH3EpHOBBIM HaBECKaM LIMPKOHA OBUIH OIpesiesieHbl BO3-
pacThl: YapHOSHICPOUTOB TOJICUTOBOM ceprr OKoo 2730 MITH. JIeT, SHACPOUTOB, CEKYIIMX (EeppOTOICUTOBOE Tab0po —
okoJo 2715 mnH. et [4 u ccbUTKY TaMm]. bpuT Takoke OLEHEH BO3pacT MOHAIMTA U3 YapHOKUTA [1akKMUHCKOHM MHTpY3UH -
2660+10 mumH. siet [4]. YautsiBas BIIIecKa3aHHOE, HaMy ObUT0 TipoBeieHo U-Pb n30TOmHOE NaTnpoBaHne eIMHUYHBIX 3¢-
PEH nupKOHOB Ha HOHHOM MuKpo3oHae SHRIMP. brum n3ydeHs! upKoHHI U3 ABYX 1mpod (3-218-1 u 3-219-1)

[epras mpoda (3-218-1) oToOpaHa U3 YHAEPOUTOB U3BECTKO-MIETIOYHON CEpUH B paliOHE MX HAWITYHIIeH COXPaHHO-
CTH — B NPOJIUBE, coeinHsitonieM o3epa Hepriosepo u JlapuHoBa. DHAepOUTHI MpeIcTaBIeHbl MACCHBHOM CpEeIHE3ePHUCTON
MOPOOH KBapII-THOPUTOBOIO COCTABA, COCTOAIIECH M3 IUIArMOKIIa3a, OPTONMPOKCEHA, KITMHOMMPOKCEHA U KBapIia.

BropbiM 00BEKTOM HCCIIEIOBAHUS CTAIN YaPHOKHUTHI [1a)kKMUHCKOM MHTPY3UU. MecTo B3SITHSI IPOOBI COOTBETCT-
ByeT npobe B-2095-2 [1], u3 xotopoii panee [4] ObL1 BbIZIEIEH U JaTHpOBaH MOHAUMT (2660+10 MIIH. JieT) - XxapakTep-
HBII aKI[eCCOPHBIM MUHEpaJ 3TOW MOpoAbl. YapHOKUTHI IPAHUTHOTO COCTaBa UMEIOT MOP(OUPOBUIHBIN OOJIMK U COCTOST
13 IUIarMoKIIa3a, OpTokasa (rmopupoBuIHbIE BBICICHUS U B MaTPHKCE), KBaplia, OPTOITMPOKCEHa U OMOTHTA.

B snzpepOure nogapmnsromas Macca IMPKOHOB IpejcTaBieHa KpymHbIMH (Gonee 200 MKM) IPU3MAaTHUECKUMHU
KPHCTaJUIAMH C TOHKOW KOHTPAaCTHON OCHHUJISITOPHOM 30HAIBHOCTBIO, OOBIYHO C HAJWYHEM CBOEOOPa3HON 3aTpaBKH B
neHrpe sapa (puc. 1A). BonpmmHCTBO 3HaYCHUH BO3pacTa IS 3TOH TeHepaiy TUPKOHOB KOHKOPAAHTHO M COCTAaBH-
1o 2777+18 MiH. eT. DTOT BO3pacT IPUHUMAETCS KaK BO3PACT MarMaTHIeCKOH KPUCTAJUTU3AIIUH ITOPO/I.
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218-1.1.1
2752 Ma

28-142 2804Ma
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218-1.1.2 2777 Ma

B !
218-1.2.1 2717 Ma

28-1.5.3

28-1.5.1 2781 Ma

2776 Ma

218-1.6.1
2746 Ma
Q
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O
218-1.6.2

2786 Ma

Puc. 1. CHUMKH KpUCTAJUTOB UPKOHOB M3 3HAEpOUTOB (11poba D-218-1) B kaToxHOi momuHecueHnun (CL) 1 oTpaskeHHBIX 3J1eK-
tponax (BSE) tpex mopdonoruueckux turos (I — puc. A, II - B, III - B), ananuriueckue TOUKH 1 3Hauenus ' Pb/ “*Pb Bospacros
B MJIH. JieT (Ma).

Fig.1. Photos of zircon crystals from enderbites (sample E-218-1) in cathode luminescence (CL) and reflected electrons (BSE) of
three morphological types (I — Fig. A, II - B, III - B), analytical points and *”’Pb/ *Pb ages, Ma.
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Ha onHOM 30HanBpHOM 3epHE HaOomaeTcst KaliMa odpactanus (puc. 1B) ¢ Bo3pacToM 10 M30TONHOMY OTHO-
wenmio ~”'Pb/ **°Pb paBrbIvM 271749 MiH. JeT.

B uvapHOKuTE, HapsLy C Y/UTMHEHHO-TIPU3MAaTHYECKHMH 36pHAMH C 30HAIBHOCTBIO MarMaTHYecKoro reHe3nca U TOHKOH
KaiiMoli To3Hel rerepari (prc. 2 A, B), IprucyTcTBYIOT 1 O0JIee H30METPHYHBIE 3epHA ¢ KOHBOIIOTHON 30HAITBHOCTEIO B IICH-
TpabHON YacTy (puc. 2 B). Takoe BHyTpeHHEe CTpOEHHE XapaKTepHO TS [IMPKOHOB, KPHCTATM30BABIIMXCS HAa IIOCTMArMaTH-
YecKol cramuu. J{Jist iepBoii pa3HOBUIHOCTH TIOTYYCHBI B OCHOBHOM KOHKOPIAHTHBIE BO3PACTHI 2756 16 MITH. JIeT, TSI BTOPOI
JIaHHBIE 0oJIee MCKOPHATHBL, IIPH 3TOM, HapsiTy ¢ OOBIMHOM MCKOPIAHTHOCTBIO HaOmonaeTcst 1 obparHast. Tem He MeHee, 3Ha-
YeHHe BO3PACTa, PACCYMTAHHOE MO JIMCKOPJIHH, TAKXKE COCTABIIAET OKOo 2755 miH. Jiet. Takum oOpa3om, BpeMsi MarMariye-
CKOMH M MO3/IHEMAarMaTHIeCKOM CTa/Inii CTAHOBJICHHSI MHTPY3UH YaPHOKUTOB HE PA3IMUMMO U OlleHUBaeTcs B 2756+16 MiH. nieT

=

2746 Ma

aTe—

21962

o 2755 Ma

219 6.1

219 2.1 2755 Ma

2743 Ma

219 4.2

2764 Ma O -

219 4.1 2507 Ma

2740Ma 219 1.1

0
{ b

219 1.2
2541 Ma

Puc. 2. CHUMKH KPHCTAJUIOB LUPKOHOB U3 YapHOKHTA (mpoba D-219-1) B KaToOHOI JIOMHHECHEHIIMU M OJUH — B OTPa’KEHHBIX
anextponax (BSE) uersipex Mopdomoruecknx timos (I — puc. A, II - B, IIl - B, IV - T'), aHanuTHyecKie TOUKH 1 3HadeHns ° Pb/
205ph BospacToB B MiTH. JieT (Ma).

Fig. 2. Photos of zircon crystals from charnockites (sample E-219-1) in cathode luminescence and one in reflected electrons (BSE)
of four morphological types (I - Fig. A, Il - B, IIl - B, IV - I), analytical points and **’Pb/ **Pb ages, Ma.

Ha MHOTHX 30HaJIBHBIX 3€pHAX OTMEYalOTCs KaiiMbl oOpacTaHus (puc. 2), OJHAKO UX BO3PACT OpeeNnsercs ¢
OueHb OOJIBILION OIIMOKOM U HE MOXKET CITY)KHUTh OLICHKOW BpeMEHH UX (hOPMUPOBAHUSL.

PeSyﬂbTaTbI MpCACTABJICHHOTO M30TOMHOTO AATHPOBAHUA CAWMHUYHLIX 3€PCH LUPKOHA W3 Hanﬁonee paHHUX
(9HzepOuTOB) M Hanbosiee MosIOBIX (dapHOKHTOB) opoxa Horozepckoro I'OK no3Bosnsier onieHuTs nepuoz ero ¢op-
MUpOBaHUA B UHTEpBajue 2777-2756 MiH. neT.

Paboma nposoodumcs npu nodoepoicke POOU (epanm 11-05-00168-a).
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The Neoarchaean Notozero granulite-enderbite-charnockite (GEC) complex [1] is part of the West Belomorian
granulite belt [5] and is located between the Chupa paragneiss belt and the Tikshozero greenstone belt (Moshino and
Kichany structures).

The Notozero GEC complex consists of 1) calc-alkaline enderbites and charnockites, 2) tholeiitic gabbro, dio-
rites and charnoenderbites, 3) porphyraceous charnockites and 4) granulite xenoliths.

Calc-alkaline enderbites and charnockites correspond in composition to quartz diorites-tonalites and granites,
respectively. They contain mafic, ultramafic, intermediate and minor felsic granulite xenoliths as well as peridotite,
gabbro and anorthosite xenoliths.

The geological relations between the calc-alkaline and tholeiitic intrusive rocks of the GEC are hard to define
explicitly: on one hand, tholeiitic rocks contain bipyroxene granulite and enderbite xenoliths; on the other, they have
been metamorphosed to granulite grade and are cross-cut by enderbite veins.

Porphyraceous charnockites, which build up the large Pazhma intrusive massif [1, 3] and a series of smaller
bodies, are the youngest rocks in the complex

GEC granulites were metamorphosed at T=780-820°C and P=5-6 kbar [1, 4]. The PT parameters of multiple
high-pressure metamorphism associated with the evolution of an Archacan multiple high-pressure (ca. 2.7 Ga) colli-
sion process are T=630-670°C and P=8-9 kbar.

The classical U-Pb isotopic dating method was employed earlier using weighed multi-grain zircon samples.
The age of tholeiitic charnoenderbites was estimated at about 2730 Ma and that of enderbites that cross-cut
ferrotholeiitic gabbro at about 2715 Ma [4 and references ibid.]. Monazite from Pazhma charnockite was dated at
266010 Ma [4]. In view of the above, we conducted U-Pb isotopic dating of scarce zircon grains on a SHRIMP ion
microprobe. Zircons from two samples, E-218-1 and E-219-1, were dated.

The first sample (E-218-1) was collected from calc-alkaline enderbites in a strait connecting Lakes Nerpozero
and Larinov, where they are best-preserved. Enderbites occur as massive, medium-grained rock of quartz-diorite
composition consisting of plagioclase, orthopyroxene, clinopyroxene and quartz.

Charnockites from the Pazhma intrusion were another target of our study. A sample was taken from the same
site as sample B-2095-2 [1], from which monazite, an accessory mineral typical of this rock, was extracted and dated
earlier [4] at 2660+£10 Ma. Charnockites of granite composition have a porphyraceous habit and consist of plagio-
clase, orthoclase (porphyraceous emanations also in the matrix), quartz, orthopyroxene and biotite.

Most zircons in enderbite occur as coarse (over 200 um) prismatic grains showing fine, contrasting, oscillatory
zonation, commonly with distinctive seed in the core centre (Fig. 1A). Most ages, determined for this zircon genera-
tion (2777418 Ma), are concordant. This age is interpreted as the magmatic crystallization age of the rocks.

An encrusting rim (Fig. 1B), observed on one zonal grain, has an isotopic age of 271749 Ma, as shown by the
isotope ratio 2*’Pb/ **°Pb.

In addition to elongate-prismatic grains, showing magma-generated zonation and fine later-generation rim (Fig. 2 A,
B), charnockite contains more isometric grains with convolute zonation in their centre (Fig. 2 B). Such an internal structure
is characteristic of zircons crystallized at a postmagmatic stage. The ages obtained for variety I are dominantly concordant
(2756 16 Ma), while those estimated for variety II are more discordant. It should be noted that both common and inverse
discordances are observed. However, the age value, calculated from a discordia curve, also is about 2755 Ma. The timings
of magmatic and postmagmatic stages in the evolution of charnockite intrusion (2756+16 Ma) are indistinguishable.

Encrusting rims are observed on many zonal curves (Fig. 2), but their age was determined very incorrectly and
cannot indicate the time of their formation.

The results of the isotopic dating of scarce zircon grains from the earliest (enderbite) and youngest (char-
nockite) rocks of the Notozero GEC show that the complex was formed in the time interval 2777-2756 Ma.

The work was supported by RFBR grant 11-05-00168-a.
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Brei6ckmit meramopdraeckuii komuieke (BMK) pacriornoxer B BHIMMOM OCHOBAaHHH JOANBITHICKOM 30HbI [lepeoBoro
xpedTa CeBepHoro Kapkasza. OH CTpYKTYpHO TOZCTHIIACT cpemuenaieo3onckuii (S?-D;-C,) cmabomeraMophr30BaHHbIA BYJIKa-
HOTEHHO-0Ca/I09HBIN KI3WIKoIbCkuii koMmueke (KMK). YuntbiBas cTpykTypHOE MoNoskeHue 1 TiTyOoKwii Meramopdmsm BMK,
OJITHM ABTOPbI BOCIIPUHUMAIOT €r0 KaK JI0I€BOHCKHUIA, MPEANONIOKHUTENBHO npoTepo3oiickuii pynnament KMK, apyrue - kak ero
rTy0OKOMeTaMOp(r30BaHHy0 HHBpacTpyKTypy. Mbl npezmnonaraem, uto BMK coBmertien ¢ KMK TekToHHUeCKH Mpy KPyITHO-
AMILTUTY/IHBIX TOPU30HTAIBHBIX NEPEMEILICHHUSX, YACTHIHO OJTHOBO3pAcTeH eMy, He oOHapyxuBaeT ¢ KMK npu3sHakoB reosoru-
YECKHX CBSI3eH 1 [T09TOMY MOYKET TPAKTOBAThCS KaK €r0 TEKTOHMYECKAs! TTOJIOMKKA, HITH TICEBA0(YHIAMEHT.

Jlumonoaus u memamopguzm. B cocraB BMK BxozsiT MeTaToHaMTBI (OPTOTHEHCHI), MeTarknepoa3uThl, METaByJIKaHH-
TBI CPEJJHETO COCTaBa, METada3WThl M MaparHeichl pasHOro Twma. Yxe aaBHo B coctaBe komruiekca H.®. Tarpumisim u
B.B. [Tnomiko 6pu1 00Hapy>KEHBI SKIIOTHTHI, OJJHAKO JUTUTEIIEHOE BPeMsI OHH PacCMATPHUBAIIMCH KaK SK30THUECKUE BKIIIOUECHHSI B
ruriepOasuTax Wi B 30Hax HaaBuroB. [laraeie [I. M. [lenremma, A.JL. Tlepuyka v Halm HAOIOACHYS TTOKA3BIBAIOT, YTO, TIO-BU-
JmmoMy, mtst Beero BMK, ocoGeHHo B TIpefienax ero 0CHOBHOTO BIIbIOCKOTO BBICTYIIa MIMEFOTCS CBHICTENBCTBA BBICOKOOApHYe-
CKHX ycioBuit MeTamopduzma (16-17 kGap 1 650-700°C [2]) DKITOTHTHI 3IETAr0T COTTIACHO CPEH THEHCOB HITH IPAaHATOBBIX aM-
(buOOTMTOB, XOTSI M3pEIKa 3TO OJIOKH B CEPIICHTHHITOBOM MeNamke. benas ciroma B rHelicax npeicTaBiieHa (JeHTHTOM U paBHO-
BECHa C PoroBoii oOMaHKo# [1]. B kucibIx THelicax Hamu OOHApY»KEH MHPUT, COAEP KA PETMKTOBBIC MUHEPATBI SKIIOTUTO-
BoM (ariu (puc. 1A - D): omarur (Jd mo 63 mon. %), iceBoOpYKHUT, (GEHIUT U PYTIUT; B MeTarenuTax (peHruT acCoLmmpyer ¢
TPaHaTOM M KUaHUTOM |[1]; JaBiieHus yisi TpaHaTtoBbIX aMpubomToB He Hibke 8 kOap. Ouenka PT-napamerpoB ro peivkram
omarmra (puc. 1A) — 13 k6ap mpu 600°C. CocraB KMK uHO¥ - 310 M3MEHEHHBIE Ga3alIbTh, PEKE PHOJIUTHI, TY(PbI aHIE3UTOBO-
IO COCTaBa, BHYTpU(OPMAIMOHHBIE TY(OKOHITIOMEPAThI, U3BECTHIKU (haMeHa — TypHE B BEpXHEI YacTH paspesa; pelKu Teia
MOHIIO/IOPHUTOB, TUIAarHOrPaHUTOB, TPaHO(pUPoB. OOMIIBHBI PESIMKTHI ICXOJHBIX MarMaTHYECKHX CTPYKTYp M MUHEPAJIOB; MeTa-
MOp(HH3M OIpeersIeTCs Kak HU3K0OapUIecKHii 3eJIeHOCIaHIeBbIH. DHKCHpyeTes pe3Koe H3MEHEHHE JINTOIIOTMYECKOr0 COCTaBa
n Tura Metamop¢msma Ha kontakre BMK 1 KMK; cam koHTaKT cpesaet pasHble crparurpadieckue yposan KMK, mapkupo-
BaH OnactomuionrTamu 1o oproraericam BMK. ITpu atom B BMK HeT mpaek, KOTopble MOXKHO ObLIO OBI pacCMaTpHBAaTh B Kade-
CTBE MOJBOANIMX KaHanoB ByikanntoB KMK; B mocnenseM HeT 1 MPU3HAKOB Pa3MbIBa KAKOTO-TMOO KPUCTAILTMIECKOro (DyH-
namenTa. Meramopdrrdeckast spororst BMK Biirogana Tpu cramii: 1) SKIOTHTOBYIO — 00CTAHOBKA MAKCHMAITBHBIX JABJICHUIH
C MPOTPECCHBHBIM THIIOM 30HAIBHOCTH B TpaHatax [1, 2]; 2) «1eKoMIIpecCHOHHY 0 TTOBBIIIEHHOTO qaBieHns (P=9 k6ap), otse-
YaBIITyI0 HayaTy SKCIYMALUK; U Hee XapaKTepeH MeTaMopd3M s1ua0T — aMm(pruOoIuToBoi (army 1 popMUpOBaHHE IpaHaTo-
BbIX amudonToB (Mut+Ab+PhntGrtAmf); 3) cranuio nuadropesa B ycioBusix 3eneHocnanieBoi ¢amrn. BMK B npenenax
BubiOcKoro BhICTYTIA B LIETIOM HHTEPIPETHPYETCS KaK BBICOKOOAPHUECKUid CyOKOrepEeHTHBIH KOMIUIEKC. Y CIIOBHs MeTaMophu3-
Ma B cocetHux beckecckom u CaxpaiickoM BBICTYIIAX €I1e HE OHpe/esIeHbL

Teoxumus. CoctaBbl MeTaMOP(HYECKHX TIOPOJI, B IIEPBYIO OYEPE/Ib OPTOIHEHCOB, YKa3bIBAIOT Ha CMEIIaHHOE KOPOBO-
MaHTHHHOE TPOMCXOK/IEHHE TP JIOMUHHPYIOIIEH pOJIM MaHTHIHOM cocraBisttornelt (nanubie I'.C. 3akapuaize 1 aBTOpoB).
Crenens s3HcMMaTnuHOCTH BMK HaMHOTO BBIIIIE, 4eM y CMEXHBIX METaMOP(HYIECKUX KOMILIEKcoB I J1aBHOrO XpeoTa.

Teoxpononocus. K-Ar natnpoBanue 6enbix cimox u3 oproraeiicoB BMK bibiOckoro BeicTyma 1aio MKH BO3pacToB
oxkoio 320 u 360 muH. net (manssie 1.C. Kpacusckoit n aBropoB). Lu-Hf u Ar-Ar matnpoBaHne MUHEPAJIOB U3 SKIOTHTOB
BBIIBIIIO 3Ha4eHHs Bo3pacta 320-303 mutH. met [2]. Bo3pacT mpoToauTOB OPTONOPO OMPEACIUICS IT0 MArMaTHYSCKIM
upkoHam. U-Pb Bospact mupkoHoB (TIMS) u3 meraruiaruorpanutoB onpezenieH B 323 MiH. JeT (4TO MOYTH HASHTHIHO
ux K-Ar Bo3pacry), u3 rabopo-amdudonuros- 400 mun. ner. SHRIMP II U-Pb- Bo3pact nporonuta BMK orennBasicst mo
LpPKOHaM U3 opTorHeiicoB u coctasun 350-400 mumH. net (A. Kpenep u B. PognonoB), m3 Meraarumros [laxoBckoro mac-
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cuBa - 353 MiIH. J1eT, u3 opTorHelicoB beckecckoro BeicTyna- 388 miH. ser. (A. Kpenep). lerpuroBsie 1iupkoHs! (n=20) 13
Gr-Phn-Amf cnanueB mokasanu Tpu rpynms! Bo3pactoB (1) 2471-1500, (2) 653-499 u (3) okono 374 muH. ner. branskue
3Ha4YeHMs1 Bo3pacta mnoiydeHsl MetogoM LA-ICP-MC mo 50 neTpuToBBIM IMPKOHAM M3 ()EHTHT-TPAHATOBBIX CJIAHIICB
BMK, mpu sToMm B rpymmie (2) BEISABICHEI 3¢pHA, TaTUPOBaHHBIC HA ypoBHE 470-446 MITH. JeT (CpemHUil 1 TTO3THUI OpIo-
BUK). DTa rpyIia 3Ha9eHNH B COBOKYITHOCTH C Pe3yJIbTaTaMH JATUPOBAHHS MarMaTHYECKHUX IIMPKOHOB TOITBEPIKIACT BbI-
Box o PZ2 (D1- C1) Bo3pacre npotommroB BMK. JlatupoBku rpyrms! (3), OYSBHIHO, OTPAKAIOT BOICHCTBIE HA IIUPKOHBI
JOCTaTOYHO BBICOKOTEMIICPATyPHBIX METaMOP(GUUYECKHUX MNPOLECCOB B KOHIE CPEIHEro majieo3os. JleHcTBUTENbHO, It
MHOTHX IIMPKOHOB 3TOW IPYIIITBI XapaKTepHa HU3Kas BednHa oTHouteHus Th/U.

SEM MAG: 2.17 kx DET: BSE Detector SEM HV: 20.00 kV Vac: HiVac
HV: 20.0 kV DATE: 0119/11 Vega ©Tescan SEM MAG: 180 x Det: BSE Detector
VankV Device: Vega TS5130MM RSMA Group IEM RAS Date(m/dly). 10/29/10 BaH KB.

Fe oxyde

e

A - 1 L 1
SEMHV: 20.00kV  Vac: HiVac i fel i p ] VEGAW TESCANSEM HV: 20.00kV  Vac: HiVac | ESCAN
SEM MAG: 800 x Det: BSE Detector 100 pm “ SEM MAG: 6.00 kx Det: SE Detector 20 ym s
Date(m/dly): 11/26/10 BaH K.B. RSMA Group IEM RAS [l Date(m/diy): 11/26/10 Ban K.B RSMA Group IEM RAS n

Puc.1. Mukpo3oHg0BBIe (OTOrpaduu 3epeH MUPHTA, YACTHIHO 3aMEIICHHBIX OKCHJIAMH jKeJle3a, ¢ BKIIoYeHHsIMH MuHepanos HP
acconuanyu: A - 6anka Xanasura; B — p. Ypymren; C, D —p. M. Jla6a.

Fig. 1. Photomicrographs of pyrite grains partially replaced by Fe-oxides, with inclusions of minerals HP association: A- Hatsavita
creek; B — Urushten river; C, D- M. Laba river.
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Takum obpazom, BMK no mensmieli Mepe yactnuno omnoBo3pacreH KMK u, cienoBaTenbHO, COBMEIIEH C
HUM TEKTOHHYECKH, a IIOCKOJIKY OH €ro CTPYKTYPHO IOJICTHIJIACT, TO MOKET OBITh Ha3BaH JIOKHBIM (DYHIaMEHTOM
(nceBnodynnamentom) KMK. Tepmun npeasaraercst 111 0003Ha4€HUsI KOMIIIEKCOB, Y€l COCTaB OTBEYACT MPE/ICTaB-
JICHUIO O KPUCTANIMYECKOM CyOCcTpaTe, HO KOTOPBIE B CHITY MX T€0JOTHYECKOr0 BO3PACTa HE MOTYT UMETH C BBIIIEIIE-
JKAIMUMH TOJNIIAMHU CTPATUTPaQUIECKUX COOTHOMICHUH. MeTtaMoppruecKue Mporecch B OJIBIOCKOM KOMILIEKCE 3a-
BEPLIMJINCH HE K Hadally HAKOIUICHHS «UYEXOJBHOT0» KH3MIIKOJIBCKOTO KOMIUIEKCA, @ BO BpeMs ero (hOpMHUPOBAaHUS
WJIM NOCIIE 3aBEPILUEHUS 3TOro npouecca. B coBpeMeHHOM cTpykType Bbixoabl BMK cocTaBisOT TEKTOHUYECKUE OK-
Ha B AJUIOXTOHHBIX MAcCaxX KH3HMIKOJIbCKOTO M BBILIEIEKAMINX OGHOIUTOBOTO U alrapUHCKOTo MOKpoBoB. Ha BocTo-
ke IlepenoBoro xpedra posb NceBAOPYHIAMEHTa IO OTHOIIEHUIO K 0CaJ04YHO-BYJIKAHOTCHHBIM TOJIIL[AM CPEIHETo Ta-
neo3os urpaet yxe LP-HT xomruteke ['nmaBHoro xpe6ta [3].

BipI0OCKuiT KOMILIEKC - He €IMHCTBEHHBIA MPUMeEp TceBAOpyHIaMeHTa. B Takoii e TEeKTOHHMYECKO TO3ULINU
HaXOJAITCs, HAIIpUMEpP, MeTaMOP(UIECKIH KOMIUIEKC I0kHOWH KaM4aTky u, BepoSTHO, BEICOKOOAPUUECKUE TPaHyIIH-
ThI boremckoro maccuBa. BrlsiBiieHHE KOMIUIEKCOB IceBIO(YyHIaMEHTa CYIIECTBEHHO W3MEHSET HAlllM MpeCTaBiie-
HUS O CTPYKTYpE CKJIauaThIX CUCTEM.

Blyb metamorphic complex (BMC) is located in the visible base of a pre-Alpine Fore Range zone of the
Northern Caucasus. Structurally it underlie Middle-Paleozoic (S?-D1-C1) low-grade metamorphosed volcanogenic-
sedimentary Kyzylkol complex (KMC). Taking into account a structural situation and high-grade metamorphism of
BMC, one authors considered it as pre-Devonian, presumably Proterozoic basement of KMC, whereas the others as
its highly metamorphosed infrastructure. We assume that BMC is tectonically juxtaposed with KMC at high-
amplitude horizontal moving has not with KMC any attributes of geological relationships and can be treated as its
pseudobasement.

Lithology and metamorphism. The BMC is composed by metatonalites (orthogneisses), metahyperbasites
and metabasites, dacite metavolcanics and paragneisses of different types. A long time ago in the rock assem-
blage of BMC eclogites were discovered by Tatrishvili and Ploshko however they were considered as exotic
inclusions in serpentinite or in zones of thrusts. The data of Shengelia and Perchuk and our observations show,
that, apparently, for the whole BMC, especially in limits of Blyb salient there are the evidences of high-pressure
conditions of metamorphism (16-17 kb and 650-700°C [2]). Eclogitic enclaves lie concordantly among gneisses
or garnet amphibolites, though occasiona