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U-Pb BO3PACT IIUPKOHA N3 METABASUTOB KPUCTAJNIMYECKOI'O ®YHIAMEHTA

APXUITEJIATA HIIIMOBEPTEH U UCTOPUSA ETO ®OPMUPOBAHNA

B cooTBeTCTBIHE ¢ COBpEMEHHBIMH MPEICTABICHNSIMI 0XAPAKTEPU30BAHBI 0COOEHHOCTH Ie0JIOTHIeCKOro
CTPOEHHs JBYX KPYINHbIX OJIOKOB IpeBHEr0 Kpucrajiamdeckoro ¢yHmamenra apxumenara IlInunbepren,
PACCMOTpPEHbI YCJIOBUS MPOSIBJIEHHs] PETHOHAJILHOTO MeTaMop(u3Ma M BONPOCHI ONpejaeeHus Bo3pacTa
JIPEBHUX TepMATbHO-MeTaMopduyecKux nponeccos. Ha npiuvepe MarepnaioB mo MeTada3uram U MeTayiib-
Tpabda3uTaM, TeJa KOTOPBIX MPOPHIBAIOT APeBHHE MUTMATHTBI, H3y4eHbI MPOIecChl Hoiee MO3THUX ITANOB
(0aiiKaNIbCKUil M KaJIeIOHCKMIi) TepMAJIbHOW AKTHMBH3AIMM JpPEeBHEro KpaTtoHa. Bospact 3TMX coOBITHI
onpezeen no nupkoHam U-Pb metonom. Ilo xapakrepy pacnpenesieHusl B U3YYEHHbIX 3épHAX LUPKOHA
REE onpenenien reHe3uc 3Tux 3épeH (M MX OTIENbHBIX 30H), YTO MO3BOJWIO pacmmgpoBaTh Xapakrep
TEePMAJIBHBIX COObITHI (MarMaTudecKasi KpUCTAIM3ANUsA WM MeTaMophusm).

KmoueBsie cioBa: Illnuybepeen, kpucmaniuveckuii pynoamernm, 6azumol, yavmpadazumol, Memamop-
@usm, yupkou, U-Pb memoo, pedkosemenvHble 31eMeHMbL, 803PACM KPUCMAAAUZAUUU.

The geological structure features of two large blocks of an old crystalline basement of Spitsbergen were
described according the modern conceptions, the conditions of manifestation of regional metamorphism
and aspects of dating of an old thermal metamorphic processes were considered. The later (baikal and
caledonian) stages of thermal activation processes of an old craton were studied based on examples of data
about metabasic and metaultrabasic rocks which had been intruded by an old migmatites. The age of these
events were dated by zircons (U-Pb method). The genesis of these grains (and it’s separated zones) was
determined according the way of the REE distribution in zircon that had been studied, this led to decode

the nature of the thermal events (igneous crystallization or metamorphism).
Keywords: Spitsbergen, crystalline basement, basic rocks, ultrabasic rocks, metamorphism, zircon, U-Pb

method, rare earth elements, age of crystallization.

BBenenue. Ha apx. IlInuubdepren ckiagyaToe oc-
HOBaHME BBICTYIIACT B YETHIPEX pailoHaXx, IIpeACTaBIsI-
IOIINUX COOO CaMOCTOSITEJIbHBIE JINTOTEKTOHUYECKIE
onoku: CeBepo-Bocrounas 3emnsa (CB3), CeBepo-3a-
manueiii [nuoepren (C31), m-oB Hro ®pucnanm,
3arajgHoe U 1oro-3anaaHoe noodepexne LInundepreHa
(puc. 1). DT KpymHbIe OJOKU pa3InyaroTcs 00bEMOM
pa3pe30B U MHTEHCHUBHOCTHIO TIPOIIECCOB MarMaTu3Ma
u Metamopdusma. B coctaBe ocHoBaHusa nuibep-
TeHa BBIIEJIEHbl YEeThIpe CTPYKTYPHO-BEIIECTBEHHBIX
komruiekca (CBK), oTmeneHHBIX IpyT OT Ipyra TIyOrH-
HBIMU pa3jioMaMM JTU0O MOBEPXHOCTIMU HECOTIACHUIA,
1 HAJIOXKEHHBIN Ha OCHOBaHME KOMILJIEKC JEBOHCKOTO
rpadena. [To muenuro [9], Beimenennsie CBK mpen-
CTaBASIOT cOOO ApeBHMUI (DYyHAAMEHT apxumela-
ra (HmwxHuit PR,, cpegnuit R,, mpomexyTouHsiii R,
KOMIUIEKCHI) 1 APEBHIOI MPOTOIUIaThopMy (BepXHUIMA
R,—PZ, xommekc), akTMBU3MPOBAHHYIO B IEBOHCKOE
BpeMs. KiiouoM K MOHMMaHUIO CIOXHOW TEKTOHU-
YeCKOI 3BOJIONMU ApeBHUX cTpykTyp Illmuibeprena
ceifiyac CUMTAIOTCS HaleKHBIC BO3PACTHBIC TaTUPOBKH
BHYTpHU oTaebHbIX CBK. M30TONMHO-reoxpoHoaornye-
CKHE MCCIIeIOBaHMsI, IIPOBEACHHBIC B ITOCICIHNE TOIBI
[5, 13 v Ap.], MoOATBEpAWIN BIABUHYTOE paHee MPearno-
JIoxXeHue [4 u Ap.] o paHHENPOTEPO30HCKOM BO3pacTe
IpeBHero (pyHmaMmeHTa. JIpyruM BasKHBIM pe3yIbTaToOM
cTaJIo orpeesieHne cpenHeprdeiickoro Bo3pacta mpo-
11eccoB pudTOoreHe3a, MpOSIBJCHHBIX B XOI€ aKTHUBU-
3allMM IpeBHEro (dyHmamMeHTa B TPEHBUJIBCKOE Bpe-
Ms$I; TakxKe ObLI MOATBEPXKAEH CpeaHEenaneo30MCcKuit
BO3pacCT MHOTOYMCJEHHBIX MacCMBOB aHOPOTEHHBIX
CyOIIIETOUYHBIX TPAHUTOMIOB, TIPOPHIBAIOIINX TTOPOIBI
HUKHETO MPOTepo30s U pudest.

[IpencraBiaeHHbIE MaTepUabl MO0 U3YyYEHUIO Clla-
6oMmeTamMOop(hU30BaHHBLIX 0Aa3UTOB M YILTPaba3UTOB,
onucaHHbix Ha CB3 u C3II cpenu mMurmMatusupo-
BaHHBIX MTOPOJ HUKHEro MPOTEepo30s, 1al0T BO3ZMOX-
HOCTH BBISIBUTH 0OJiee MO3THUE TEKTOHO-TepMalIbHbIE
MPOLECCHI, TPOSIBUBIIIMECS] Ha apXuIesare B MO3IHEM
pucdee — cpeaHeM najneo3oe. [lonydyeHHbIE aBTOpaMU
HOBBIC JaHHBIC IO BO3pacTaM METaMarMaTUTOB U3 3TUX
palioHOB apxwuresara Jaid BO3MOXHOCTb YTOUYHUTH
HUCTOpUIO (hOPMUPOBAHUSI KOMILIEKCOB 9TOTO peruoHa
¥ BOCCTAHOBUTD YCJIOBMS M MOCJIEA0BATEIHHOCTD Mar-
MaTUYeCKUX U MeTaMOP(PUUIECKUX MPOLIECCOB B MOPO-
nax apeBHero ¢yHaameHTta lllnunbepreHa.

Mertonpl uccienoBanusi. Bo3pact nmpkona omnpese-
JieH JokaibHbIM U-Pb MeTogoM Ha MOHHOM MUMKpPO-
3ouge SHRIMP II (IUM BCEI'EW) mo cranmaprt-
Holl MeTonuike [24]. [ns BeiOOpa TOYEK NAaTUPOBAHUS
B 3€pHaxX HCIOJIb30BAJUCh OINTUYECKHE (B IPOXO-
IOSIIeEM Y OTPaXXeHHOM CBETe) M KaTOMOJIOMUHEC-
neHtHble (KJI) mzobpaxkenuss mupkoHa. Cemnapaius
nupkoHa nposoauiack B LIMM BCEI'EU. Taxensbie
HemarHutHble dpaxmuu (100—200 r), B KOTOPBIX Ha-
XOIIUJICST LIMPKOH, TIOJIyYeHBI C TIOMOIIIBIO 3JIEKTpOMar-
HutHoi cemapauuu (CHUM) u TSKeNbIX XUIKOCTEH.
ConmepXaHMe PEIKMX M PEOKO3eMEJIbHBIX 3JEMEHTOB
(REE) B iupkoHe omnpeaesieHo Ha HOHHOM MUKPO30H-
ne Cameca IMS-4f (A ®TUAH) o meronnke [8]
B TeX XK€ TOUKaX, B KOTOPHIX OBLT M3MEPEH U BO3PacCT
JokaibHbIM U-Pb MerogomM. OTHOCHUTeNbHAsT OLIMOKA
W3MEpPEeHUs I OOJIBIIMHCTBA 3jeMeHToB 10—15 %,
nopor oOHapyXeHUs d3JieMeHTa B cpeaHeM 10 ppb.
TemriepaTypa KpuUCTa/UIM3allMU ITUPKOHA OIpenesieHa
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Puc. 1. Cxema reonormueckoro ctpoenus apx. IlInuudepren

1—-3 — mocneneBoHcKMit yexon (/ — HEOTeHOBBIEC TIaTO0a3albThl, 2 — MajieoreH, 3 — BEpXHUI IMaje030il — Me30301 ¢ Me30301i-
CKMMMU JOJIepUTaMu); 4 — JIEBOHCKUI KPAaCHOIBETHO-CEPOLIBETHBIN TEPPUTEHHBIN KOMIUIEKC (KOMILUIEKC NEBOHCKOTO TpabeHa);
5—7 — KOMILIEKChI JOJEBOHCKOTO (hyHIaMeHTa (5 — TeppUreHHO-KapOoHaTHbIe BepXHepudelicKre-HUXKHENaIe030iCKrue KOMITIEKChI
C KaJIelIOHCKUMU TPaHUTOUIAMU, 6 — METaTepPUTEHHBIE U 0CaT0YHO-BYJIKAHOTEHHbIEC HUKHE-CpeTHepr(eiicKe KOMIUIEKCHI C TPEH-
BWJIBCKUMM TPAHUTOUIAMU, 7 — MeTaMOp(hUUYECKre KOMITJIEKChl HIXKHETO MPOTepo30si); & — YeTBEePTUYHBIE BYJIKAHbI (1IETOUHbIE
Gazaimsronbl); 9 — pasznomel. Paitonbr otoopa npo6: b — m-oB buckaiiep, /I — paBauna Jlamdiioa.

[aBHBIe MUTOTEeKTOHMYecKUe O0ku pyHaamenTa Llnuuodeprena: I — Cesepo-Bocrounas 3emist; 11 — Hio ®@pucnann; 111 — Ce-
Bepo-3ananubiit Lnunodepren; IV — FOro-3anaaneiii LLnuudeprex.

CTpyKTYpbI MEPBOTrO MOPSIIKA: CEBEPO-BOCTOUYHBINM BBICTYN KpUcTauindeckoro dgyHaameHrta (1); aHTUKIMHOPUI 3amaaHoii yacTu
CB3 (tektoHuueckasi cryrnenb 3emiu [Ipunma Ockapa — 2-1 u antukinHopuit 0yxtel Hopnenmiensna — 2-2); XUHIOTEHCKU
cMHKIMHOpUiA (3-1 — BocTOouHOEe U 3-2 — 3amagHoe KpbUIo); aHTUKIMHOpuii 3amagHoro Hio @pucnanna (4); CeBepo-3amnaaHblid
BBICTYTT (DyHIaMeHTa (5) ¥ TEKTOHMYECKasl CTYTIeHb (5-1) Ha COWIEHEHUN C IEBOHCKUM TPabeHOM; TOPCT-aHTUKIIMHOPUI 3aaHOTO
no6epexbst L nundeprena (6); neBoHckuit rpaded Inuubeprena (7); 3anagHo-IInuiGepreHckuii rpabeHooOpasHbIii mporut (8);
Bocrouno-lInuudepreHckoe ropctoodbpasHoe mogHstue (9)

no «Ti-B mupkoHe» TepmomeTpy [23]. TIpu moctpoe-

K€ M IIMPOTHBIE HAa IOr0O-BOCTOKE, HE COBMAJAIOIINe
Hum crnektpoB pacnpeaeneHusi REE cocraB uupkoHa

C OCHOBHBIM CTPYKTYPHBIM IIVTAHOM apxuIiejara. Cam

HopmupoBasicsl Ha coctaB xoHapurta CI [20]. B pabore
HCIOJIb30BaHbl CUMBOJIBI TIOPOAI000PA3YIOIINX MUHE-
pasoB mo [25].

XapakrepucTuka oopasuoB. 06p. 3299-3 — daiika
memabasumos, o. Cesepo-Bocmounas 3emasn. [1poda
B3sTa Ha BocToKe 0. CeBepo-BocTouHast 3eMJist (K Boc-
Toky oT JlyBe-¢bopna), Ha paBHUHEe Jamdmioa. DToT
Y4aCTOK HAXOOUTCS B IIpeleiaXx CeBepO-BOCTOUHOTO
BBICTYITa KPUCTAINIMYECKOTO (pyHAAMEHTa, KOTOPBIi
BbIIEsIETCS Ha KpaliHeM BocToke CeBepo-Boctou-
HOI 3eMJiM U OrpaHMYEH C 3amaja PerMOHaJbHBIM
cyOMepuaroHaIbHBIM passiomoM JlyBe-dbvopaa. s
3TOro 0JI0Ka XapaKTepHbI CeBepO-3allaHble IMPOCTH-
paHUsl CTPYKTYPHBIX 3JIEMEHTOB Ha CeBepe M BOCTO-
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0JIOK CJIOXKEH MTOpoJaMy MeTaMOp(PUIeCKOro KOMILIEK-
ca JlyBe-(ropa, KoTopble He 00pa3yloT cTpaTUhUIIM-
POBaHHBIX TOJII ¥ BBIXOIST JINOO B pa3HOMACIITaOHBIX
TEKTOHMYECKHUX 0JIoKaX, MO0 KaK PeMKTHI cyOcTpaTa
cpelyu OOIIMPHBIX TPAaHUTOUIHBIX MacCUBOB. Jlomu-
HUPYIOIINE TUITBI MOPOA — THEMWCH U TIIaTMOTHEICHI
(0OBIYHO MUTMATU3UPOBAHHBIE), a TAKXKE TPAaHAT-CITIO-
JSTHBIE CJIaHIIbI, aM(DUOOJUTHI, KBAPIIUTHI, MUTMAaTUThI
¥ TEHEBBIC TpaHUTOUIH. [loBceMecTHO (UKCUPYIOTCS
MWHepaJIbHbIE TTapareHe3uchl aMrO0IMTOBOM (harum
MmeTtamopduima. 3aech XKe Cpead THEeiCOB OIMMCaHbI
JBYIIMPOKCEHOBBIE TTapareHe3uchl [18, 22], oObru-
HO TpaKTyeMble KaK PEJMKTBI TPaHYJIUTOBOU (arum.
TpaguunoHHO MPUHUMAEMBIN paHHETIPOTEPO30HCKUIA
BO3pacCT 3TOT0 KOMILIEKCA HE TTIOATBEPXKIACTCS Paario-



M30TOITHBIMU JaTUPOBKAMM; BEPOSITHO, ITOCICIHUE OT-
paxaloT BO3pacT HaJIOXXEHHBIX TEKTOHO-TEPMabHBIX
npoiieccoB. [Ipenronaraercs, YTo paHHENPOTEPO30Ii-
CKMiI1T KOMIUTIEKC IIpeTepIiel IBa 3Tala PermoHaIbHO-
ro Meramopdusma: paHHuit ¢ Bozpactom 1800—1700
u 6osee mo3nmHUit ¢ Bo3pactoM 1000—950 MuIH JeT.
Co BTOpBIM MeTaMOP(HU3MOM CBSI3aHBI TIPOLIECCH MH-
TEHCUBHOW MHWTMaTu3aluu. MarmMaTuieckKuii Bo3pact
Mallkyu MeTaauoOpUTOB, MPOPHIBAIOIIE! MUIMATUTHI,
cocrapisgeT 940 MJIH JIeT, a BO3pacT HAJIOKEHHOTO Ha
Hee cpeaHeTeMIlepaTypHoro Mmeramopgusma — 412 MiaH
Jet. B 3amamHoit yacTM paBHUHBI M3BECTEH MAaCCUB
CyOILLEIOYHBIX I'PAHUTOUAOB XETKOJUIEH, C KOTOPbI-
MM TEHETWYECKM CBSI3aHBI MHOTOYMCIICHHBIC TalKM
JIaMIIpodUpoB (KepCaHTUTbI, MUHETThI) C BO3PacTOM
411 = 7 mau net [7 n ap.]. MaccuB nmeet popmy rap-
MOJINTA, NUISITIKAa KOTOPOTO TOJIOTO MOTPYKaeTCsl MO
TOJIIIY MUTMATUTOB.

W3zyyenHas maiika metaba3utoB (00p. 3299-3) tak-
JKe TIPOPBIBAeT MUTMATUTHI U nMeeT C3 mpocTupaHue
U cyOBepTUKAIbHOE 3aJleraHue MPU MOITHOCTU 10 1,5 M
(puc. 2). Io mpocTupaHuio maiika IpociaexeHa MouTh
Ha 500 M. MeeT pe3kure, HO OUeHb HEPOBHbIE KOHTAK-
Thl. [Topona B cBexkeM CKoJjie TEMHO-3eJIeHOBaTO-cepasi,
MacCCHBHasl, MEJIKO-CpeIHE3epHUCTas, C BKpaIlJICHHN-
kamu (oo 1 mm) rpaHara. Ha BbiBeTpeHHOI mMOBepx-
HOCTM BUIHBI MarmMaTuWyecKasi CTPYKTypa U JEUCThI
TUIarnokIiasa pasmMepoM a0 3 MM. Boosb sHIOKOHTaKTa
B TIOPOJIE Pa3BUBAETCSI KPYITHOUEITYIaThlii OMOTUT (110
2—3 MM). B oTaenbHBIX MecTax mopojaa gaiku rmpopBa-
Ha XMJIKAMHU KBapIlieBOro cocTaBa. B 3Tom ke paitoHe
W3BECTHBI U JIpyTHe TaiiK1 ¢ aHAJIOTUYHOW XapaKTepu-
ctukoit. Ilpy onvMHaKOBOM MPOCTUPAHUU OHU MOTYT
o0sagaTh OOJBIIEH MOIIHOCTBIO (10 2—3 M).

[To xumMu3My 3T MeTaba3uThl COOTBETCTBYIOT CY0-
LLIeJIOYHBIM Tab0pougam (puc. 3—5); Mo cocTaBy HOP-

Puc. 2. Jlaiika metra6asutoB 0. CeBepo-Bocrounas 3emias
(00p. 3299-3)
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Puc. 3. Inarpamma TAS nns knaccndukanum metamarMaturoB IlImmmbeprena
1 — merabasursl CeBepo-BocrouHoii 3emin; 2 — ynsrpabda3utsl m-oBa buckaiiep (Cesepo-3ananubiit Lnui-

OepreH)
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Puc. 4. luarpamma AFM nas meramarmatutos IlInunoeprena
VYcn. 0603H. Ha puc. 3

100 NatK

501

0,71
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Puc. 5. OcHoBHble U yI5TPA0CHOBHBIE MeTaMarMaTuThl [1num-
Oeprena Ha auarpamme (Na + K)/Ca — Ac aas nerpoxummyde-
CKOWl THNM3auN 0a3a/IbTOUIHBIX M TPAHUTOUIHBIX cepuii [3]

VYca. 0603H. Ha puc. 3.

[Mons wenounoctu (rpynmsl cepuit): | — n3BecTKoBOE (HU3KO-
KajueBasi TojeuToBas); II — n3BecTKoOBO-1IIeI0UHOE (CpeaHeKa-
nuesast); 111 — cybienounoe (Bbicokokanuenast); IV — mienou-
Hoe 0a3anbToBOe; V — 1ienoyHoe (HedearmHUT-(hOHOIUTOBAs).
LltpuxoBas 1uHusT — TIaBHble TpeHabl: CA — MU3BECTKOBO-11Ie-
JIouHOI; AB — 1Ie104HO0-0a3aIbTOBBIN
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MAaTUBHBIX MUHEPAJIOB XapaKTepU3yIOTCS acColMalreit
0z-Hyp ¢ MUHUMaJIbHBIM KoinuecTBoM Di. MUKpocKo-
MUYECKU OHM OIMKCaHbI Kak MeTarabopo-noeputsl. Ha
OTIEIbHBIX YUYaCTKax (DMKCUPYIOTCS PEITUKTHI O(UTO-
BOI CTPYKTYPHI U TIEPBUIHBIX MUHEPAJIOB (TIJIarMOKIIa3
M KJIIMHOMUPOKCceH). OCHOBHO# 00BEM MOPOIbI OTBEYA-
€T HOBOOOpa30BaHHOU MUHEpaIbHOI accouranuu Bt +
+ Grt + Hbl + Ms + Ep + Kfs + Chl + Opg + Cal + Act.
KiunonupoxceH npencrtasieH aBrutom (F 0,39—0,52),
MJIATUOKIIa3 SIBJIIeTCS 1abpaaop-6uTOBHUTOM (67—76).
ITo nanHeM [19], TeMmiepaTypbl KpUCTAJUIU3ALIUN ITOTO
napareHesuca oueHusawTcs okojio 1000—1100 °C, yto
XapaKTepHO UISI OCHOBHBIX Marm.

bosee no3znHeoOpa3oBaHHBIMU MUHEpPATaAMU SIBJISI-
IOTCS TpaHaT v OMOTUT. [1epBblif UMEET U30METPUUYHYIO
(opmy, OobIIOe KOMMIecTBO BKItoueHuit (Qz, Bt, Opq)
u gocturaet B nonepeuynuke 1—1,5 mMm. Ilo coctaBy oH
OTHOCUTCST K rpoccynsp-anbManauny (F 0,82—0,87).
Xapaxktep 3oHanIbHOCTH MgO u MnO yka3bIBaeT Ha
dbopmupoBaHue TpaHaTa Ha MUKe Metamopdusma [6].
buotut npeacraBien menkumu (no 0,5 Mm) neiicra-
MU, TI0 COCTaBy OTBEYaeT MCTOHUT-CUIECPODUILIUTY
(F 0,52—0,59). Conepxanue Si (3,02—3,05 ¢.en.) u AlV!
(0,60—0,65 ¢.en.) ykassIBacT Ha BBICOKOTEMITEPATYP-
Hbl€ YCJIOBHUSI KpuUCTalau3zauuu ouoruta. Mcmoab3o-
BaHue Grt— Bt reoTepMoMeTpa MO3BOJIMIIO PACCUNTATh
temnepatypy 600—625 °C, 4T0 COOTBETCTBYET HU3KO-
TeMIlepaTypHoit yacTu am@puodoanToBoit hauu. OnHo-
BPEMEHHO TepMOIMHAMUYICCKIE PACUETHI BEITBUIIN He-
PaBHOBECHOCTh MUHEpaJbHbIX Map Gri—Cpx u Pl—Kfs.
Takum obpaszom, mId JaiiKd MeTanmop@UpUTOB BhIE-
JICHBI TPY MUHEpAJIbHBIX IaparcHe3uca: Pl(67—76) —
Cpx (penuKTOBBIM MarmMaTuueckuii); Grt + Bt + Hbl +
+ Kfs + Qz + Opq (rnaBHbBII MeTamopdusm); Chl +
+ Ms + Ep + Cal + Act + Qz (perpeccuBHbIi MeTa-
Mopdu3M).

00p. 3448-2AB — meao Jugpepenuyuposannvlx
yavmpabazumos, n-oé buckaiiep, pation Payo-gvopoa.
ITpobGa B3sTa B LIeHTpaJbHOI YacTu I-oBa buckaiiep,
Ha yyactke xp. borHe. I1-oB buckaiiep (K BOCTOKY
ot Payn-¢bopna) pacrnojaraeTcs B 3alajHOil 4acTu
JIeBoHCKoro rpabdena IllnuubepreHa, B mpeaenax Tak
Ha3bIBaeMOM 3aIalHOM TeKTOHUYeCKOU cTyneHu. I1o-
JIYOCTPOB MMEET OJIOUHOE CTPOEHUE; B €r0 LIEHTPE Ha
TMOBEPXHOCTb BBIBEIEHBI MOPOALI cepuu PuyapnianeH.
ImyboxomeTamopdu3oBaHHbBIE TOPOALI cepun Puuap-
najeH [1, 11] oOHaxXeHbl B pa3HOMACIITAOHBIX TEKTO-
HUYECKUX 0JI0KaX U MPeICTaBICHbl METaHOKPATOBbIMU
THEWCaMU U TUJIaTMOTHEMCaMU C MavykKaMU CJIIOJIUCTO-
TPaHATOBBIX CJIAHIIEB, MPOCIOSIMM MPaMOPOB, Kajlb-
HudUpoB U aMOUOOJUTOB, JIMH3aMU TPAHUTOUAOB
U BKJIOTUTONOA00HBIX nopoa. Bece 3T mopoabl odpa-
3YIOT «KEeCTKUe 0JIokn» mupuHoi 1o 1,0 kM, «obteka-
eMble» CJIIOIUCTO-TPAHATOBBIMU CJIAHLIAMU PETporpa-
Ho-MeTamopduueckoro npoucxoxaeHus [1]. Oomasa
IIMPUHA BBIXOIOB CEPUU OO0 3—4 KM.

MuHepaabHbIe aCCOLMALUU XapaKTepU3YIOTCs 0=
BCEMECTHBIM pa3BuUTHUeM mnapareHesuca HbI+PI, 4dro
COOTBETCTBYET YCJIOBUAM MeTamopduszma aMbubdosu-
ToBOM (hanu. Takke Hago OTMETUTD BbIAEICHUE IBYX
u OoJiee TeHepaluii IIsI HEKOTOPBIX MMHEPAJIOB, UTO
yKa3bIBaeT Ha CyIIeCTBOBAHUE Psijia TTOC/IEI0BATEIbHBIX
aTanoB MeTtamopdusma. 31ech, BMECTE C Pa3BUTUEM
MHUTMATUTOB Pa3IMYHOTO TUIIA, OTMEYAIOTCS B HEMMT -
MaTU3UPOBAHHBIX Pa3HOCTSX MTOPOJ OCHOBHBIC MHUHE-
panbHble mapareHe3uchl: Qz + PI(20—30) + Bt = Ms =
* Grt = Kfs; Qz + Pl + Bt = Grt = St = Sil = Ms;
Qz + Pl + Crd + Grt = Sil £ Kfs; Hbl + Pl + Q7 *
+ Grt = Bt. Hapsany ¢ atum 3apuMKcUpoBaHbl Mapare-



HE3UChl, OTBEYAIOIIe TPaHYIUTOBOM dauu [1 u ap.]:
Hyp + Di + Hbl + Pl + Qz; Hyp + Bt + Kfs + Pl +
+ Qz. OTU napareHe3uchbl pa3BUTHI JOKAJIbHO, TO3TOMY
MOXHO PacleHMBAaTh UX JUOO KaK PEJUKTHl Helepe-
paboraHHOro cyocrtpara elé 6oJjiee paHHEro Mpouc-
XOXAEeHUs, IM00 KaK (hparMeHTbl, TOCTUTIINE MaKCH-
MaJIbBHOTO TIpeoOpa3oBaHMsI B I'PaHYJIUTOBON harvu.
OTHeceHMe cepun PuuapamalieH K HUKHEMY IIpOTe-
DPO3010 YCIOBHO, TaK KakK OOJIbIIMHCTBO COBPEMEHHBIX
T€OXPOHOJIOTMYECKUX JAaTUPOBOK 00pa3yeT pa3HOBO3-
pacTHBIE WHTEPBAJIbl, yKa3bIBalOIINE HAa BO3MOXHOE
MPOSsIBJICHUE TO3JHEKapeJIbCKOTO, TPEHBUJILCKOTO,
0alfKaJIbCKOTO M KaJIeJOHCKOTO 3TarloB TEKTOHO-TEp-
MaJIbHOI aKTHUBHM3aIUH.

Ha m-oBe buckaiiep, cpeau nopoa cepun Puuapa-
nmaneH, C. A. AOakyMOBBIM [2] oOHapyKeHBbI 1 OITKCa-
HBbl HEMHOTOYHMCJICHHBIE BBIXOIBI OCHOBHBIX M YJIBT-
PAaOCHOBHBIX Mopoa. OHU MpeacTaBleHbl COTJTaCHBIMU
TeaaMu aM(PUOOTMTU3UPOBAHHBIX ITOPO Pa3HOTO MU-
HepaJibHOTO cocTaBa (puc. 6). B oceBbIX YacTax Kpyrm-
HBIX TEJI UMEIOTCS JIMH3bI, CJIOXKEHHbIC TIEPBUYHO-Mar-
MaTUYECKUMHU TTOPOIaMU OCHOBHOT'O-YJIETPAOCHOBHOTO
coctaBa. JIMH3bI UMEIOT WUpPUHY 10 7—10 npu piuHe
10 60—70 M; TTepexoabl K BMELIAIOIINM ITOPOIaM Jepes
30HBI aM(PUO0IUTOB pa3Horo tumna. CaMyu MarMaTUThI
00HAPYXMBAIOT TUITMYHBIE WHTPY3UBHBIE CTPYKTYPHI,
COCTaB M MPHUCYTCTBUE MEPBUYHBIX MarMaTH4eCKUX
MUHepajaoB. 31ech ONMMcaHbl TabOpo 1 raboPOHOPUTHI
(Cpx, Opx, Pl (50—70), Ol, Hbl, Bt); nUpOKCEHUTHI
(Cpx, Hbl, Mag, Spl); nepunotutsl (Ol, Cpx, Opx, Hbl,
Grt, Spl, Srp, Bt, Mag). Cpenu Tocie THUX BBIACISIOTCS
IpaHaTOBbIC U IIITMHEJIEBbIC BEPIUTHI M TPaHATOBBIC
JIEPLIOJINTHI.

ITo xumMu3My rumnep0a3uThl OTBEUAIOT CPEIHUM CO-
CcTaBaM 3THX TOPOI, OTIWYASCh JIUIIb ITOBBIIICHHBIM
comepxkaHueMm rianHo3ema, uyto C. A. AbakymoB [2]
OOBSICHSIET MX IIOBCEMECTHOM am@uboau3anmei.
OCHOBHBIE W YJIBTPAOCHOBHBIE PAa3HOCTU OTBEYAIOT
B LIeJIOM MOpoAaM HOPMaJIbHOM 1LIeJT0YHOCTU (puc. 3),
XOTs IIPH TIepecueTe Ha HOPMATHUBHBIE COCTaBbI B HUX
MOKET TTOSIBJISITECSI HOPMATUBHBINM HedeInH; IS T10-
PO XapaKTepHO IMpeodiiajaHue OKMCHOTO Xeje3a Haf
3akucHbIM. Ha mumarpamme AFM (puc. 4) ¢urypa-
TUBHbIE TOUYKM, OTBeyalollue rurepbdazutaMm, rabopo
u ampuboIMTaM, yKa3bIBalOT Ha TOJEUTOBBIA IyTh
nuddepeHIIay TepBOHAYAIBHON OJMBUH-0a3aIb-
TOoBOIt Marmbl; Tunbl 1EnoyHocty Na u K-Na. Ha
nuarpamme (Na + K)/Ca — Ac [3] Touku nopon mo-
nagamoT B MOJIS TOJEUTOBOM M IIETOYHO-0a3aIBTOBON
cepuii (puc. 5). ConepxaHre MUKPO3JIEMEHTOB B YJib-
Tpaba3uTax 3HAYMTEJbHO HIKE KJIAPKOBBIX JJIsI TTOPOT
sToro tuma. OCOOEHHO 3TO XapaKTepHO IS Xpoma
(B 2—3 paza HUXE KJapka) U HUKeNs (Ha MOpSAoK
HUXKE KJIapKa), YTO yKa3blBaeT Ha HETUMUYHbIE YCIIO-
BUST (hOPMUPOBAHUS MarMbl, U3 KOTOPOU KPUCTAILI-
30BaJIMCh TIOPOJIBI.

ITo muenuio C. A. AbakymoBa [2], 31ech onucaHa
mnddepeHIMpoBaHHas Tab0OpO-TIePUAOTUT-TTMPOKCE-
HUTOBasE WHTPY3Usl, CTPYKTYpPHO pacriojiaraomasi-
Ccs B BBICTYIIE HIKHEIPOTEpO30icKoro dyHaaMeHTa
1 OTHECEHHas] UM K rabOopo-TIepuaOTUTOBOI (dop-
Manuu. [To yctHomy coobenuto I. H. CaenbeBoii
(T'MH PAH), ot nepumoTuToB O(GUOJIUTOBOI acco-
ALy yabTpaba3uthl xp. borHe (mm-oB buckaiiep)
OTJINYAIOTCSI BBICOKMM COJIEp>KaHUEM IMHPOKCEHOB,
BBICOKOM 3X€JI€3UCTOCTbIO M HM3KOM XPOMUCTOCTHIO
Iopoa W MHUHepasioB. Bce maHHBIC, BMeCTe B3SITHIC,
MO3BOJISIIOT paccMaTpuMBaTh 3THW O0Opa3oBaHMST Kak
MPOU3BOAHbBIE BHYTPUIUIMTHBIX IIPOILIECCOB B KOpE.

Puc. 6. Cxema pacnosioxenus 1ucdepeHnIpoBaHHbIX T rad-
Opo-nepuAOTUTOBOrO COCTaBa B mpeaejax xp. borHe (paiion
03. PadoTrBarHet, n-oB Buckaiiep)

1 — THeiicel cepuun PuyapamaneH; 2 — JUMH3bI MPamMopoB; 3 —
30HBI IIPUKOHTAKTOBBIX TUCITIOKALIMIA B THelcax 1 aM(prboInTax;
4 — JIMH3BI U TIPOCJION MEJIAHOKPATOBBIX IPaHaTOBBIX aMdu6o-
JINTOB B MpaMopax; 5 — aM(pUOOINTEI IO TAOOPO-TIEpUIOTUTAM;
6 — OJIMBMHOBOE Tab0po; 7 — rpaHaTOBbIC BEPJIUTHI; & — 'paHa-
TOBBIE TTEPUIOTUTHI; 9 — IPAHATOBBIE JIEPLIOJIUTHI ¥ TapIIOyPTUTHI

Hamu mnocnegHue martepuanbl MO T€OXPOHOJOTUU
MO3BOJISIIOT JATUPOBATh 3TOT KOMIUIEKC KakK MO3[QHE-
pudeiicKo-BeHACKUIA.

U-Pb u3oTonHblii BO3PACT M reOXUMHUd LHUPKOHA.
06p. 3299-3 — daitka memabazumos, o. Ceeepo-Boc-
mounaa 3eman. VI3 naiiku meTtada3uTOB BBIAEICHO
HECKOJIbKO IEeCSITKOB 3epeH IIMPKOHA, KaK IPaBUIIO,
yIJIMHEeHHOM (popmbl, pyinHOo# 10 200—300 MKM U € KO-
3¢ GULMEHTOM yaauHeHus 3—5 (puc. 7, a). 3epHa uup-
KOHa XapaKTepHU3YIOTCsS HaJIUUMEeM TOHKOIIOJI0CYATOM
OCUMIISIIMOHHOU 30HAJTLHOCTH, TTapaJUIeIbHON Y-
HEHMIO KPUCTAJJIOB, U MpeodagaHueM TEMHBIX TOHOB
B KJI uzobpaxenuu. Ha nuarpamme ¢ KOHKopaueit
Tepa-BaccepOypra (puc. 8, a) Bce mpoaHaIu3upoOBaH-
Hble TOYKM LIMPKOHA 00pa3yloT KOMITAKTHBIA KOH-
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Puc. 7. KatonomomuHecneHTHOe H300paXKeHHe NMPOAHAIM3UPOBAHHBIX IIMPKOHOB M3 Jaiiku MeTadasutoB Cesepo-
Boctounoii 3emumn (@) m u3 Tena augdepeHINPOBAHHBIX YJIbTPada3uToB m-oBa buckaiiep (6). [namerp Kparepa

HOHHOTO 30HAa MpuMepHo 20 MKM

KOPIAHTHBIM KJIACTEP, COOTBETCTBYIOIIMI BO3pacTy
428 = 3 muiH neT. Th/U oTHOIIeHNE B IIUPKOHE CO-
crapisieT B cpegHeM 0,68 (Tabum. 1), 94TO XapaKTepHO
JUIST IUPKOHA MarMaTUYeCKOro mpoucxoxiaeHus. I1o
cogepxanuio REE nmupkoHbl U3 gailku MeTaba3snToB
pa3neNuIMCh Ha ABE TPYIIITHI, OTIMYAIOIINECS IIPUMep-
HO Ha MOPSIIOK MO YpoBHIO coaepxkaHus Bcex REE nmpu
COXpaHEHMM XapaKTepa CIEeKTpa MX paclpelneeHUs
(Taba. 2, puc. 9, a). B nepByio rpymnity nomnagaetr nsitb
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TOYEK IIMPKOHA, TPpOoaHaIM3MPOBAaHHBIX B TeMHOI B KJI
yactu 3epHa. B Hux compepxurcs ot 1200 mo 3200 ppm
REE npu nuddepeHIUpOBaHHOM XapaKTepe pacrpe-
nenenus REE ot nerkux x tszkensiM REE, ot 2000 no
5000 ppm Y, Th/U ot 0,51 mo 0,78 mpu OTHOCHUTETBHO
BeICOKOM conepkanuu Th m U, monoxurtenpHas Ce-
aHomanusl yeTko BbipaxkeHa (Ce/Ce* no 41), oTpuua-
TeabHas Eu-aHoManust mposiBieHa B MEHbIIICH CTeIeH!
(Eu/Eu* 0,3—0,4), conepxanue P ot 240 mo 500 ppm.




O6pazew; 3299-3 a
KoHkopAaHTHbI Bo3pacT 428 + 3 MnH net
CKBO (koHkopgaHTHocTH) = 1.7
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Puc. 8. /lnarpaMva ¢ KOHKOpaMeii /i1 IUPKOHA U3 JAKH Me-
tadasutoB Cesepo-Bocrounoii 3emau (a) u u3 Tena audde-
PEHIMPOBAHHBIX YABTPAGa3uTOB m-oBa Buckaiiep (6)
DJUIMIICH U 3HAYEHUS KOHKOPAAHTHOI'O Bo3pacTta COOTBETCTBY-
10T 20, BKJIIO4Yad MOrpe€IHOCTL KOHCTAHThI pacriaaa

[Be nmpyrve mpoaHAIM3WPOBAHHBIE TOYKU ITUPKO-
Ha (3.1 u 5.1, Tabn. 2), oTAMYamOIIKeCsd 3HAUUTETbHO
6onee cemnoit okpackoit B KJI (puc. 7, a), nemoH-
CTPUPYIOT, MTOMUMO MOHMKEHHOTro coaepxkaHusi REE
(HO ¢ coxpaHeHueM (opMbI crieKTpoB U BeauyuH Ce-
u Eu-anomanum), Th u U, Takke TMOHMKEHHOE CO-
nepxanue P (64—70 ppm), Ti, Y (Ha ToOpsIOK HMXe
10 CPAaBHEHUIO C OCTAJIbHBIMU TOYKaMU LIMPKOHa, 160
u 350 ppm), Th/U oTHOIIEHNE ¥ HUX TTOHMXKEHHOE,
no 0,05—0,28. OgHako MO CBOMM M30TOITHO-TEOXM-
MHUYECKUM XapaKTePUCTUKAM U 3HadyeHuIo °°Pb/?¥U-
Bo3pacTta Touku 3.1 m 5.1 HMKaK He OTIMYAIOTCS OT
0osiee BBICOKOYPAHOBBIX TOYEK LUpPKOHa (Tabi. 1),
OOBIYHO HMCMOJIb3YeMbIX MPU OIMpeneseHU Bo3pacTa
JIOKQJIBHBIMU MeToAaMu. B CBSI3M ¢ 3TUM BCTaeT BOIIPOC
0 KOPPEKTHOCTH UCMOJIb30BaHUs «Ti B IUPKOHE» Tep-
MOMeTpa Ul MarMaTUYECKUX IIMPKOHOB 13 OCHOBHBIX
TOPOJI, MCTIBITABIINX METaMOP(MU3M, BO-TIEPBBIX, IS
OTHOBO3PACTHBIX IIMPKOHOB, OTJIMYAIOIINXCST TOJBKO
colepXkaHUEeM psiAa PeliKuX 2JIEMEHTOB UM OKPacKoi
B KJI, cpenHee 3HauyeHME «TeMIEpaTyphbl» OTJIMYA-
ercst Ha 65° (730 u 665° @1 OBYX TpYIIl LUPKOHA);
BO-BTOPBIX, 3HAUYEHUE TEeMIIepaTypbl 110 TUTAHOBOMY
TEPMOMETPY 3HAYUTEIBHO HIXKE ITPEATIoaracMoit TeM-
repaTypbl KpUCTaJTM3allM 0a3uTOBOTO paciuiaBa, HO
npeBbIaeT MUHUMYM Ha 100° pacueTHyI0 TeMIiepaTypy
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Puc. 9. Cnekrpsi pacnpeneiennss REE B mupkoHe u3 naiku
MetadasutoB Cesepo-Bocrounoii 3emmn (a) u u3 Tena audde-
PEHIMPOBAHHBIX YJIBTPA0a3uToB m-oBa bBuckaiiep (6, 6)

aMbuO0IMTOBOM (hall, HAJTOXKEHHOM Ha pacCMaTpH-
BaeMylo faiiky 60a3utoB. K ToMy xxe caMu HUPKOHBI HE
JEMOHCTPUPYIOT KaKUX-JIMOO CIeI0B HAIOKEHHOTO Me-
tamopdusma — crekTpbl pacupeneiaeHuss REE u 3Ha-
yeHne Th/U oTHoOIIEHUS XapaKTepHBI ISl MarMaTuyie-
CKUX LMPKOHOB, OTCYTCTBYIOT OOpacTaHUsI U KalMbl,
TUMUYHbBIC 711 METaMOP(PUUYECKUX LIMPKOHOB, B LIUP-
KOHax B IIeJIOM TOHWXeHo coxepxaHue Hf — cpen-
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Tabauya 1

Pesyastatsl U-Pb jokanbHoro ananmsa nupkoHa
U3 MeTa0a3MTOB KOMILIEKCOB KpucTaLindeckoro ¢hynaamenta IlInunoeprena

Touka Bospact Bospact

- L LAY Bt B 20;11152;15, 2";}[’]11)14%'1"’;& D.% | g | £.% | m | % | Rno

O06p. 3299-3 — naiika mMetaba3uToB, 0. CeBepo-BocTtounas 3emiis
1.1 0,00 802 (678 0,87 47,6 431 +4 459 132 6054 | 1,8 | 0,069 | 1,0 | 0,577
2.1 0,82 950 |781 0,85 54,8 419 +4 427 £70 210,51 | 3,3 | 0,067 | 1,0 | 0,309
3.1 0,15 272 | 83,3 0,32 16,1 430 +5 428 =£70 00531 3,310,069 | 1,1 |0,342
4.1 0,00 881 (699 0,82 52,6 433 +4 422 £29 —310,53 | 1,6 | 0,069 | 1,0 | 0,622
5.1 0,00 233 16,87 0,03 13,7 426 £ 5 416 =+54 —-210,52 | 2,7 | 0,068 | 1,2 | 0,440
6.1 0,00 491 [336 0,71 28,9 428 +5 415 49 -310,52 | 2,5 | 0,069 | 1,1 | 0,445
7.1 0,00 808 [650 0,83 48,8 439 5 382 £32 | —-151(0,53 | 1,8 | 0,070 | 1,1 | 0,605
8.1 0,05 | 1985 | 1911 0,99 116 425 t4 401 =24 —6 | 0,51 | 1,5 | 0,068 | 1,0 | 0,699
9.1 0,02 | 3053 |2479 0,84 179 427 +£5 415 %19 -310,52 | 1,4 | 0,068 | 1,1 | 0,797
10.1 | 0,00 611 321 0,54 36,1 429 +6 421 39 -210,52 | 22 | 0,069 | 1,4 | 0,628
O06p. 3448-2AB — Teno nuddepeHIMPOBaHHBIX YIbTPada3uToB, MM-0B buckaiiep

1.1 0,05 921 | 664 0,74 75,5 588 + 8 562 +£17 —410,78 | 1,6 | 0,095 | 1.4 | 0,872
2.1 0,07 | 1348 |557 0,43 116 615 £ 8 604 =*15 -210,83| 1,5 | 0,100 | 1,3 | 0,884
3.1 0,05 917 65,0 0,07 117 893 £ 15| 1344 =10 51 1,77 1 1,9 | 0,149 | 1,8 | 0,960
4.1 0,05 444 | 54,1 0,13 24,8 405 = 7 411 £28 11049 | 2,1 | 0,065 | 1,7 | 0,801
5.1 0,29 534 1103 0,20 35,3 477 £ 6 468 +44 -2 10,60 | 2,4 | 0,077 | 1.4 | 0,569
6.1 0,08 409 |35,6 0,09 19,9 354 £ 5 | 1055 +34 198 | 0,58 | 2,2 | 0,056 | 1,4 | 0,643
7.1 0,05 372 | 356 0,99 35,7 682 + 9 703 +24 31097 | 1,8 | 0,112 | 1,4 | 0,779
8.1 0,25 103 |49,6 0,50 7,97 557 £ 8 509 +79 -910,72 | 3,9 [ 0,090 | 1,6 | 0,399
9.1 0,09 162 67,7 0,43 33,0 | 1371 £18 | 1371 £22 028 | 1,9 | 0237 | 1,5 | 0,795
10.1 | 0,00 136 | 77,8 0,59 12,9 676 £ 10| 718 =£35 6097 | 22| 0,111 | 1,5 | 0,672

IIpumeuanus. HoMep aHaIUTUUECKON TOUKM COOTBETCTBYET HOMEPY 3epHa U Kparepa B Mpenesax 3Toro 3epHa. OUmMOKM Ui UHTep-
Bana lo; Pb, u Pb* — HepammoreHHbII 1 paavoreHHbIN cBUHell. OmnoKa KaTuOpOBKY CTaHAApTa /ISl TIepBOii U BTOpoit mpober — 0,41 u
0,56 % (16). i30TOMHbIE OTHOLIEHHSI CKOPPEKTUPOBAHBI 110 M3MepeHHOMY **Pb. D, % — nuckopaantHocth: D = 100 - {[Bospact(*"Pb/**Pb)]/

[BoapacT(**Pb/>*Pb)| — 1}.

Hee 3HadyeHue 6450 ppm no mectr Toukam (tadi. 2),
00b1yHO moBbilamuieecs 1o 9000—10 000 ppm npu
MmetaMopusme. KpaitHe Hu3Koe coaepxkaHue Li, He
MIPeBBIIIAOIIee TIePBBIX ppMm, KOCBEHHO yKa3bIBaeT Ha
MaHTUIHBINA XapakTep pacruiaBa 6a3utoB. Takum 00-
pa3oM, BO3pacT KPUCTAJLIM3ALMU IIMPKOHA U3 JaiiKu
MeTaba3uToB Ha 0. CeBepo-BocTouHas 3emist 0oKoJio
430 MJTH JIeT MOXHO TIPUHSTH KaK BPEMsI €€ BHEAPEHUS
BO BMeUIAIOIIME TTOPOIHI.

006p. 3448-24AB — meao ougpghepenuuposannwvix yav-
mpabaszumos, n-oé buckaiiep, paiion Payo-gvopoa. 13
00paslia B OCHOBHOM OBLIM BbIIEIEHBI OKPYIJIbIE LIUP-
KOHBI quaMeTpoM 10 50—70 MxMm (puc. 7, 6) CIIOKHOTO
CTPOEHUSI — C SIApaMu C MPU3HAKaMU POCTOBOM OC-
LWUISSIMOHHOM 30HAJbHOCTU Pa3HbIX TOHOB OKPACKU
B KJI 1 tonkumu temHbiMu B KJI kaiiMaMu, Bapbu-
PYIOLLIMMM MO MOILIHOCTU OT MepBbix 10 10—15 MKM.
LupxoHsl, gocturatomue B 1auHy 100 MKM, Takxke
COCTOSIIIINE M3 siIep M KaliM, IMPUCYTCTBYIOT B PE3KO
TMOTYMHEHHOM KOJIMYECTBE (HANpUMep, 3epHa IIMPKOHA
1 u 5 Hapuc. 7, 6). K coxxaneHuto, Majblii pa3Mep Kaiim
LIMPKOHA HE ITO3BOJIMJI IPOIAaTUPOBATh UX <«UUCTYIO
KYJIBTYpY» — B IISITHO aHaJIM3a 00513aTeIbHO MOoMaao,
MOMUMO BeEIleCTBAa KaMBI, B TOM WA WUHOUW CTETIEHU
BEIIIECTBO IIEHTpaJIbHOI 4yacTW LMpKoHa. [IpomaTu-
pOBaHHbBIE LIMPKOHBI JEMOHCTPUPYIOT 3HAUYUTETBHBIN
pazépoc MHAMBUAYaIbHBIX 3HAaueHU 2°Pb/>¥U B03-
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pacta ot 354 mo 1371 mutH net (Tabma. 1), mpu 3TOM
0OJTBIIIas 9acTh 3HAYCHUM COOTBETCTBYET ITO3IHEPH-
(eiicko-BeHacKOMY Bo3pacTy. Ha auarpammy ApeH-
ca-Besepumna (puc. 8, 6) BeIHECEHBI KOHKOPIAHTHBIC
TOYKU IUPKOHA ITOTO BO3PACTHOTO IMAITa30Ha, a TAKXKe
0oJiee MOIOJbIE LIMPKOHBI MajIe030iickoro Bo3pacta (4.1
u 5.1, Ta6n. 1). JIBa MUpKOHA, MpOaHAIM3UPOBAHHEIE
B ICHTPAJIBHOM YaCTW C MarMaTUYeCKON OCLIWJIIS-
LMOHHOM 30HanbHOCThIO (10.1 1 7.1, puc. 8, 6), gaT
coBmagaomne 3HaueHus °Pb/>%U Bospacra OKOJIO
680 MJIH JieT. MOXHO MPEanoIoXuTh, YTO 3TO MarMa-
TUYECKMIT BO3pACT MeTayJbTpadbasuToB. UMEeHHO 3Tu
3¢pHa IUPKOHA AEMOHCTPUPYIOT TUIIMYHBIC MarMaTH-
yeckue criekTpol pacnpenesneHuss REE ¢ nubdepenuua-
1uei ot jerkux K TsekeabiM REE, 4eTko BbIpaskeHHbIMU
Ce- u Eu-anomanusmu (puc. 9, 6), B HIX yCTaHOBIIC-
HO MoHmkeHHoe coxepxanue Hf (5900 u 6500 ppm,
Taba. 2), a Takke P, ykasbiBalolliee Ha OCHOBHOI CO-
CTaB MaTEpPMHCKOIO pacIuiaBa. bian3koe IO coOCTaBy,
HO omIMyaloleecs: 6oyiee IpeBHUM BO3PACTOM OKOJIO
1370 maH et 3epHo nupkoHa 9.1 (puc. 8, 6) ckopee
BCETO 3aXBaY€HO M3 NOpoJ (pyHIaMeHTa IpY BHEAPEHUU
nuddepeHIMPOBAHHBIX 0a3UT-YIbTPAOA3UTOB.
Hpyrue tpu 3epHa (1.1, 2.1 u 8.1) obpa3yioT pac-
TSHYTHI BIOJIb KOHKOPIWHM KJIACTEP CO 3HAYCHUSIMU
206Pp /238U Bospacta B uHTepBajie 580—680 MiH et
(puc. 8, 6). B Toukax 2.1 u 8.1 nmpoaHaau3upoBaHa



Tabauya 2

Conepxanue perKko3eMeIbHbIX H PeKUX 3JIeMEHTOB (Ppm) B HMPKOHE
U3 MeTa0a3MTOB KOMILIEKCOB KpucTaLindeckoro ¢pynaamenta IlInunoeprena

O06p. 3299-3 — naiika MeTaba3uTOB, O0p. 3448-2AB — Teno nuddepeHIIMPOBAHHBIX YIBTPAOA3UTOB,
Kommo- 0. Cesepo-BocrouHas 3emist n-oB buckaiiep
e 9.1 8.1 6.1 7.1 3.1 5.1 1.1 4.1 5.1 7.1 8.1 9.1 10.1 2.1 1.1
La 0,43 | 0441 0,13 | 0,11 | 0,05 | 0,05| 0,20 | 0,18 | 2,54 | 0,14 | 1,50 | 0,16 | 0,10 0,39 | 1,39
Ce 108 | 60,9 | 16,1 | 13,8 | 5,64 | 1,47 | 152 | 4,86 | 26,3 | 24,6 | 17,7 | 153 | 7,18 25,3 | 56,6
Pr 0,95 | 1,50 | 0,61 | 0,44 | 0,05 | 0,02 | 0,75 | 0,12 | 1,54 | 0,79 | 1,14 | 0,20 | 0,19 0,30 | 1,24
Nd 6,30 | 18,0 | 7,77 | 6,31 | 0,54 | 0,19 | 10,4 | 1,03 | 8,40 | 12,0 | 7,07 | 2,94 | 3,21 2,35 | 8,53
Sm 10,9 | 26,2 | 11,5 | 9,04 | 0,86 | 0,26 | 16,1 | 1,86 | 5,28 | 16,8 | 5,35 | 5,47 | 5,07 4,83 | 7,75
Eu 3,31 | 536 | 2,25 | 2,14 | 0,34 | 0,08 | 4,01 | 0,67 | 1,58 | 0,25 | 1,02 | 0,60 | 0,20 0,37 | 1,65
Gd 57,7 118 | 455 | 39,5 | 4,79 | 1,65 | 66,1 | 13,7 | 18,3 | 72,9 | 23,6 | 28,5 | 21,0 34,5 | 34,2
Dy 238 436 172 146 | 23,4 | 9,34 225 | 75,9 | 55,3 219 111 129 | 74,7 208 131
Er 516 828 352 299 | 61,5 | 31,2 454 225 119 404 277 283 155 557 315
Yb 1099 | 1567 724 634 145 | 94,0 849 636 267 650 559 517 284 1185 676
Lu 177 233 117 104 | 26,3 | 20,0 136 114 | 46,3 103 | 96,5 | 82,7 | 48,3 184 116
Li 2,40 | 0,67 | 0,19 | 0,23 | 1,15 | 1,31 | 0,22 | 0,45 | 0,58 | 1,00 | 0,24 | 1,91 | 0,73 0,98 | 0,34
P 298 497 243 240 | 63,9 | 69,6 292 269 171 170 261 325 108 367 301
Ca 4,42 | 2,67 | 2,18 | 1,43 | 3,40 | 1,52 | 2,07 | 8,27 | 47,2 | 6,03 | 33,4 | 59,4 | 349 37,4 300
Ti 10,9 | 7,22 | 6,62 | 8,53 | 6,47 | 2,15 | 10,4 | 9,66 | 10,3 | 19,3 | 8,68 | 17,7 | 29,0 10,4 | 20,1
Sr 093 1,29 0,76 | 0,71 | 0,37 | 0,30 | 0,91 | 1,13 | 0,87 | 0,60 | 1,41 | 2,01 | 0,62 1,39 | 1,66
Y 3244 | 5345 | 2119 | 1918 352 163 | 2706 | 1296 794 | 2421 | 1535 | 1602 900 2933 | 1780
Nb 75,8 | 67,2 | 47,8 | 33,4 | 33,7 | 26,1 | 27,9 | 13,7 | 876 | 11,9 | 12,8 | 7,33 | 6,83 104 | 53,4
Ba 2,13 1,77 | 1,23 | 1,27 | 1,49 | 1,15 | 0,99 | 1,44 | 2,50 | 3,48 | 0,78 | 6,05 | 2,12 1,75 | 2,48
Hf 8783 | 6935 | 6195 | 6258 | 6423 | 6988 | 5898 | 8256 | 9733 | 6566 | 8430 | 7480 | 5898 |10 641 | 8757
Th 2807 | 2360 332 396 | 93,3 | 16,4 605 | 48,9 191 343 | 85,2 | 83,3 | 88,2 676 470
U 4288 | 3009 649 707 335 319 966 609 905 537 295 267 209 2353 933
Th/U 0,65 0,78 | 0,51 | 0,56 | 0,28 | 0,05 | 0,63 | 0,08 | 0,21 | 0,64 | 0,29 | 0,31 | 0,42 0,29 | 0,50
Eu/Eu* 0,40 | 0,29 | 0,30 | 0,35 | 0,51 | 0,36 | 0,37 | 0,40 | 0,49 | 0,02 | 0,28 | 0,15 | 0,06 0,09 | 0,31
Ce/Ce* 41,0 | 18,1 | 13,7 | 15,1 | 27,1 | 11,0 | 9,47 | 8,06 | 3,23 | 17,6 | 3,27 | 20,6 | 12,2 18,1 | 10,4
*REE 2219 | 3294 | 1449 | 1254 269 158 | 1777 | 1072 551 | 1504 | 1102 | 1064 599 2203 | 1349
YLREE 116 | 80,8 | 24,7 | 20,7 | 6,29 | 1,73 | 26,6 | 6,19 | 38,8 | 37,6 | 27,4 | 18,6 | 10,7 28,4 | 67,8
>HREE | 2088 | 3181 | 1411 | 1222 261 156 | 1730 | 1064 506 | 1449 | 1068 | 1040 583 2169 | 1272
Luy/Lay | 3943 | 5095 | 8449 | 8958 | 4749 | 3633 | 6518 | 5955 176 | 6863 621 | 5039 | 4436 4552 806
Luy/Gdy| 24,8 | 159 | 20,8 | 21,2 | 44,4 | 98,0 | 16,7 | 67,0 | 20,4 | 11,4 | 33,1 | 23,5 | 18,6 43,0 | 27,4
Smy/Lay | 40,4 | 95,2 137 130 | 25,8 | 7,79 128 | 16,3 | 3,34 187 | 5,72 | 55,4 | 77,3 19,9 | 8,96
T(Ti), °C| 750 715 708 729 706 623 746 740 746 804 731 796 847 747 809

KaiiMa C 3aXBaTOM LIEHTPAJbHOM YacTU 3€pHA, B YyI-
JIMTHEHHOM 3¢pHE IIMPKOHA ITPOaHAIN3MPOBaHA TOJb-
KO LieHTpaJibHas yacTth 1.1 (puc. 7, a). PacnipeneneHue
REE B aTHX 3epHax XapaKTepu3yeTcs BhITTOJaKMBAHM-
eM Ce- n Eu-anomanuii (puc. 9, ), KpoMe TOTO, II0-
BbIlIeHO conepxkanue Hf u P (ta6u. 2). Ckopee Bcero
oOpacTaHue 3TUX 3epeH ILMPKOHA KaliMaMU BBI3BaHO
MeTaMOp(GUUIECKIM COOBITHEM, (PUKCHPYEMBIM TIOSIB-
JICHUEeM MeTaMopduuecKrx mapareHe3ncoB. KoHKpe-
TU3UPOBATH BpeMsl MMPOSIBJICHUSI MeTaMopdu3Ma B Ipe-
nenax 580—680 MIIH JIET CJIOXKHO B CBSI3M C HEIpE-
CTaBUTEJIbHOCTHI0O METaMOP(PUUECKNX KaiiM IIMPKOHA
U HEIIOJIHOW MepeKpUCTAJLUIM3ALUE MarMaTUu4eCKUX
anep (Kak B ciaydae ¢ Toukoit 1.1).

LlupKoOHBI Maseo30MCKOro Bo3pacra, mpoaHaau3u-
poBaHHbIe B KpaeBoii 30He (Touku 4.1 u 5.1, Tabmn. 1),
UMEIOT CXOXHME TEOXUMHYCCKHE XapaKTePpUCTUKH
B uactu pacrnipeneieHusi REE, a Takke MoBbILLIEHHOE

conepxxanue Hf u munumansHoe 3HaueHue Th/U or-
HomieHMs (Tabj. 2), YTO yKa3bIBaeT Ha IIPOSBICHUC
oosnee mMonomoro meramopdusma. OlLieHKa TemIiepa-
TYpbl KaK 3TOro MetaMopdusMa, Tak U MpealiecTBy-
foiero, mo «Ti B LMPKOHE» TEPMOMETPY C y4ETOM
conepxanuss Ca B IMPKOHE JaeT OJIM3KWE pe3ysibTa-
Tel — 730—750 °C, He McKJIOUYalolIMe yCJIOBUI Ipa-
HYJUTOBOU hauuu.

Takum obpazom, coBMecTHoe uccienoanue U-Pb
BO3pacTa M reOXMMMU LIUPKOHA U3 META0a3UTOB KOM-
IUIEKCOB KpHcTajummaeckoro ¢gpyHmamenTa LImumoep-
reHa MO3BOJIMJIO YCTAHOBUThb CUJYpUHCKUI (OKOJIO
430 MJIH JI€T) BO3pacT BHEAPEHUS MalikKu MeTaba3u-
TOoB Ha 0. CeBepo-Bocrounass 3emiIst 1 OTCYTCTBHE
BO3/ICMCTBUS HAJOXEHHOTO MeTamMopdhu3Ma Ha M30-
TOITHO-TE€OXMMMUECKME XapaKTepUCTUKU IIMpKoHa. 1o
OUPKOHY 13 Tesla nuddepeHINPOBaHHBIX YIBTpada3u-
TOB Ha m-oBe buckaiiep (paiioH Payn-dropna) pekoH-
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cTpyupoBaHbl no3aHepuderickuii (680—700 MIH J1eT)
MarMaTM4ecKuil BO3PacT IMOPOA M CJIOXKHAST MCTOPUS
UX MeTaMop(UUYECKUX MpeoOpa3oBaHUl B BEHACKOE
M IaJIe030MCKOe BpeMsl IIPU BBICOKUX CTEIIEHSIX Me-
Tamopdu3Ma, BILIOTh IO TPAHYJIUTOBOU (haivm.

OO0cyxkneHne pe3yabTaTOB M BBIBOIBI. Pe3ynbra-
THI TIPEICTABICHHBIX MCCAEAOBAHUI LIMPKOHOB U3
MeTayabTpaba3uToB I-oBa buckaiiep moaTBepAUIN
C JOCTaTOYHOM HaAEXHOCTbIO IEPBUUYHbIA MO3AHE-
pudeiickuii — BEHICKUI BO3pacT 3TUX MarmaTuye-
cKmnx obpasoBaHuii (okojo 680—700 MIH JeT) U UX
nocaeayromuii MmetamopdusM (BO3MOKHO, HEOTHO-
KpaTHbI) B 0osee no3aHee Bpems. [TonyyeHHbIE Ma-
TepUaibl XOPOIIO KOPPEIUPYIOTCS C APYTMMM Teo-
JIOTUYECKUMM W TIETPOJOTUYSCCKMMHM JAHHBIMH, YTO
TO3BOJISIET TOBOPUTH O OANKAIBCKOM dTarle pa3BUTHS
KOpBI 3TOr0 pailoHa Kak O BPEMEHU MarMaTU4yeCcKOu
1 TeKTOHMYEeCKOM akTuBm3amuu. [lociemyromras me-
tamopdoreHHasi TepepaboTka 3THUX MOPOA CBs3aHa
B OCHOBHOM CO CPEIHEINaJIe030MCKUMU COOBITUSIMU,
HO TIPM 3TOM HaJ0 OTMETUTHh 3aMETHOE PACXOXKICHUE
B OIIEHKE YCJIOBUU 3TUX TEKTOHO-TEPMAaJIbHBIX TPO-
1eccoB. HoBooOpa3oBaHHbIe MUHEpabHbIC Iapare-
HE3UCHl YIbTPA0a3UTOB ITO3BOJISIIOT paccMaTpUBaTh
9TU YCJIOBUsI KaK He TMPEBbIIAIIINE HU3KOTeMITIepa-
TypHOIi cyodaunu amdubonuToBoil dauuu, 4to He
COBIIaJaeT C OLEHKOW TemIieparyp 1o «Ti-B LUPKO-
HE» TEPMOMETpPY. DTU HAJIOXEHHBIE TapareHe3ucChl
pPa3BUTHI JIOKAJIbHO, BCTPEYAIOTCS Yalle BCEro B IO-
pomax OCHOBHOTO M YJIBTPAOCHOBHOTO COCTaBa, He-
KOTOpBIE TaKXe NaTUPYIOTCS Kak Oaiikanbckue [21
u 1p.|. BeposTHO, YTO 3TOT JIOKQJIbHBI MeTaMOp-
¢u3M cBsI3aH ¢ popMHUpoBaHUEM OJIOKOBOI CTPYK-
Typhl M-oBa buckaiiep, MpoCTpaHCTBEHHO PacIoJio-
JKEHHOIO B 3allalHOM OOpTy IEeBOHCKOTO rpadeHa,
B HEIOCPEICTBEHHOM OMM30CTH K (hOPMUPYIOIIEMY
rpabeHy ryoOMHHOro pasjioma. MMeHHO 3TUM MOX-
HO OOBSICHUTH MOYUTH IOJHOE OTCYTCTBUE CpeaHerna-
JIE030MCKNX (KaJeOJOHCKMX) HAaTUPOBOK B KOPOBBIX
U MaHTUAHBIX KCEHOJWTAaX W3 YEeTBEPTUUHBIX Oa3za-
HuroB C3II [14].

BocTtounnie paitonbr CeBepo-Boctounoit 3emin
JI0 CUX TIOp MaJloM 3y4YeHbl B TE€OJIOTMYECKOM OT-
HOIIIEHUU, TTO3TOMY HOBBIE IPOSIBICHUS MailKOBO-
0 MarMaTM3Ma M €ro IIpUpOAbI, Bo3pacTta M 0Oosee
TO3MHUX TTPeoOpa30BaHUil UMEIOT OOJIbIIIOE 3HAYCHUE
IJIST PEKOHCTPYKIIMU TOJHON KapTUHBI CTaHOBJICHMS
KOpBI 2TOro paiioHa apxwuriejara. OmucaHHasT HaAMU
Jalika MeTaba3uToOB UMEeT BO3PACT BHEAPEHUSI OKOJIO
430 MJIH JIeT; B TO K€ BpeMsl HEU3BECTHBIM OCTa&TCs
BO3pacT MeTaMopduiMa 3Tux rabopougon. HamoxeH-
Hble MUWHEpaJbHbIE TapareHe3uchbl B 3TUX IMOPOAAX
OTBEYAIOT YCJIOBUSIM HU3KOTEMIEpaTypHOi cyodauu
aMduOoIUTOBOI (haliK, YTO 3aMETHO HUKE YCIOBMIA
MeTamopdr3Ma BMEIAomnUX MUTMaTuToB. OMHOBpE-
MEHHO 37eCh ke, Ha paBHMHE [daMcdiiioa, M3BECTHBI
JIPYrUe MarMaTU4IeCKue MPOSIBICHUS] — CYOIIEIOUHbBIC
TPaHUTOUABI U JTAMIIPOGUPHI (KEPCAHTUTHI, MUTHETTHI)
MaccuBa XErkoJuleH, KOTOpble HE IMOABEPXKEHbI MpPOo-
1meccaM MetamMopdu3Ma M UMEIOT BO3pPaCT BHEIPECHUS
okosio 411—412 mau set [7 u ap.]. YuuTbiBasg mac-
mTabsl 3Toro Maccua (6osee 100 km?) 1 ero dop-
My (TapIlOiuT), MOXHO TIPEIIojaraTb 3HAUMTEIbHOE
TepMaJIbHOE BO3/IEMCTBUE BHEIPUBIIUXCS TPAHUTOU-
JIOB Ha OKpPYXarolle MUTMATUThl U JOKaJIM30BaHHbIE
cpeny HUX aaiikyu mojoabix 6asutoB. [loatomy mpo-
11lecchl MeTaMOp(hUUECKOTO MPeodpa3oBaHUsT CpeaHe-
MaJIe030MCKMUX OCHOBHBIX JaeK HaJo paccMaTpuBaTh
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KaK JIOKaJIbHBIE, CBSI3aHHBIC C TePMaJIbHBIM METaMOp-
(bnu3MoM B 9K30KOHTaKTaX KaJIeJIOHCKUX IPAHUTOUIOB,
YTO yXe oTMevasoch Ha LlInuudepreHe, B 4aCTHOCTH
Ha 1mm-oBe Hio ®pucnang [4 u ap.].

JlaHHBIE TIPEIIIECTBYIOIINX TEOJIOTUUECKUX U U30-
TOMHO-T€OXPOHOJOTMYECKUX MCCIAEAOBAaHUMN HaroT
BO3MOXHOCTb COCTaBUTh KapTHUHY ITOCJIEI0BATEIb-
HOCTU COOBITHIT B MCTOPUU (HOPMUPOBAHUST CKIIAM-
yaToro ocHoBaHusi apxX. LmuubepreH oT paHHEro
IOKEeMOpHSI OO0 CPEIHEro Iajeo30s BKIIOYUTEIBHO.
CaMble OpeBHUE NATUPOBKM, TOJydYEHHBIE MO TIO-
pomam Hio ®pucianma, COOTBETCTBYIOT MHTEpBaJIaM
¢ makcumyMamu 2700—2600 u 1770—1730 maH ner,
yKa3blBasi Ha BO3MOXHBII BO3pacT apXeicKoro mpo-
TOJUTA U BO3PACT KapeJbCKMX aHAaTeKTUYEeCKUX Ipa-
Hutongos [5, 13, 16].

Hnsa npeBHux komiuiekcoB CB3, dopmupyromumx
37eCb OCHOBaHME apxumesara, 4€TKO (UKCUPYETCs
cpenHepudecKuii MaKCUMYM JTaTMPOBOK;, B MEHb-
el CTereHu MPOSIBICHBI CPeIHENaneo30McKuil (ka-
JIEIOHCKUI) U PaHHEINPOTEePO30MCKUI (KapeabCKUIA)
MaKCUMYyMBI. JIJI1 HEKOTOPBIX KOMIUIEKCOB 3a(hMKCH-
POBaHbI peKue BeHICKUE (OaiiKalbCKUe) U MO3aHEe-
apxeiickue gatupoBku [5, 12, 17]. Hamumu pabotamu
OBLIY BBISIBJICHBI JAaIKA METaIUOPUTOB, TIPOPHIBAIOIIINX
MUIMaTUThI ¢ Bo3pacTamu BHeapeHus 940 + 15 u me-
tamopdusma 412 = 13 maH yetr. B aToM ke paiioHe
TIPUCYTCTBYIOT KPYITHBIC TeJIa CYOIIIeIOUHBIX TPAHUTOM -
JIOB M KOMarMaTUYHbIX UM JaMITpo(UpOB C BO3PACTOM
411 £ 7 mnH net [7].

WM3oTonHbIe OTaTUPOBKM IO IPEBHUM IIOpOIaM
C3II [10, 15, 21] bukcupyrot Tpu pa3HOAMITIUTYAHBIX
MaKcuUMyMa: cpelHepudeiickuii (rJaBHbIN), paHHe-
TIPOTEPO30MCKUI U cpeaHenaneo3oickuii. C MeHbIIeH
MHTEHCUBHOCTHIO, HO TaKKe YETKO TIPOSIBIICHBI BEH/I -
ckue (baiikanbckue) coobiTus. Llenblit psin naTupoBOK
OTHOCHUTCS K apXeiiCKoOMy MHTEepPBaIY.

Becbma mpencraBuTesbHasT BHIOOpPKA AaTUPOBOK
MMeeTCsl IO MAHTUIHBIM U KOPOBBIM KCeHOIUTaM [14]
U3 4YeTBepTUYHBIX ByakaHoB LleHTpanbHoro Illmuii-
oepreHa (6osee 900 paTupoBoK). M3 HUX TOJBKO TpU
MMEIOT cpeaHenaneo3oiickuii Bo3pact (450—415 maH
J1eT). MakcumMyMm JaTUPOBOK MPUXOAUTCS Ha CpeaHEPU-
(elickuit MHTEPBAT; YYyTh MEHbIIIE UHTEHCUBHOCTBIO
XapaKTepU3YIOTCS PAaHHENPOTEPO30MCKUIA U BEHACKUI
MHTepBaIbl. TaksKke Bcerma MpUCyTCTBYIOT HEMHOTOUNIC-
JIEHHbIE apXeCKue NaTUPOBKU.

Ha aToM ocHOBaHMM OTMeUYaeM, 4YTo cpeaHepuderi-
cKoe (TPEHBUJIBLCKOE) COOBITHE C OMMHAKOBOM MHTCH-
CHUBHOCTBIO TPOSIBIIEHO BO BCEX 0JIOKAX CKJIamq4aToro
ocHoBaHus apxunenara. CiaeaoBaTelbHO, CpeaHE-
pudeiickuii aTam ABISETCS BpEeMEHEM 3aBepIIeHUS
cTaHOBJeHUs1 ApeBHero GyHmameHTta llnuideprexa.
HMMeeTcs nocTaTouHO 10Ka3aTeIbCTB MPUCYTCTBUS T10-
pPOII paHHEIIPOTEPO30MCKOr0 BO3pacTa B pa3HbIX paiio-
Hax apxumnenara. OTcioma MOXHO cleiaTh BBIBOA 00
M3HAYaJIbHO KapeJabCKOM Bo3pacTe (hyHIAaMEHTa U ero
OCHOBATEJIbHOI TIepecTpoiike B cpemHepudeiickoe
(TpPEHBUJIBCKOE) BpEMSI.

Bennckue (6aiikaabCcKue) COOBITUSI XOPOIIO MPO-
sneHbl HAa C31I u B apyrux paiioHax, 4yto Ja€T MpaBo
Ha BbIJIEJIEHNE 3TOTO Meproja B UCTOPUM apxuriesara
KaK 3Tana TEeKTOHO-MarMaTM4eCKOil M, BO3MOXKHO,
MeTaMOp(hHUIEeCKOll aKTUBHU3ALMU. TepMajabHBIE CO-
OBITUSI CPEeIHEMNale030MCKOro Bo3pacta co Bceil oue-
BUIHOCTBIO CBSI3aHbl B OCHOBHOM C MarMaTU4eCKUMU
3MU30aMU; MX MeTaMopdoreHHoe BO3ACHCTBHE Ha
KOMILJIEKCHI CKJIA[4aTOr0 OCHOBAHUS OBLIO JIOKAJb-
HBbIM U HE HOCWUJIO PErMOHAJIbHOTO XapakTepa.
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