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NMPEAUCIIOBHE

[IpoGiieMbl NPOUCXOXKAEHHA HW3IBCPKEHHBIX MOPOJ, BbIACHEHHA TPHYHHBI
pasHooOpasus cocTaBa 3THX MOPOMd, CBA3M C npoueccamu OuddepeHLHaLHH
ryOHHHBIX 30H 3eMJIH W ee BepxHHX 000MOYeK Bceraa NMpHBIEKAIH BHUMAaHUE
MeTpoJIOroB H reoOXMMHKOB. Tem He MeHee yCMelIHOMY pelleHHI0 3THX Npobiiem
ITHTENbHOE Bpems — Brulors 10 S0—60 ronoB HbIHELIHEro CTONeTHA — Mpensr-
CIBOBAIO OTCYICTBHC HA/IeXKHBIX [AAHHBIX O COCTABE NMOJAKOPOBOrO BELIECTBA H
0cOBEHHOCTAX OJBONIIOUHH TNYOHHHBIX MarM B 3aBHCHMOCTH OT cleuHdHKH
TeK TOHO-MarMaTH4YeCKMX MpOLECCOB B Pa3fIHYHBIX TeOIHHAMHYeCKHX o6craHoB-
Kax. [ToatoMy M 06GOOLIEHHA TeONOrMYECKHX MAT€pHANIOB MO MarMaiu3My H
METAJUIOreHHH [POBOJMIHCH MpEeMMYIIECTBEHHO HA YpPOBHE ONHCcaTelbHbIX
pabor, pasjHYaBIUMXCA IIABHbIM 06pa3oM LIMpPOTOH perHoHanbHbix 0Bo6LUe-
HHH # 06beMOM (aKTHYECKHX [aHHbIX. ['eHeTHYeckas HMHTEeplperauus 3THX
JAHHBIX WA rnobwibHbiX 06061IECHHA OOBEKTHBHO He MOTJ/IA BBIHTH 332 PAMKH
oBlKX acTpOU3IHYECKHX THIOTE3 MIIH NPUDIHKEHHBIX aHAIOTHH, HalpuMmep
€ MEeTajlly pruyeCKHMH MpOoLEeCCaMH.

Jlnum 3a nocnegnue 10—15 ner obiumui HayyHO-TeXHHYECKHH TPOTPECC M MO-
JepHH3aLHA TEOPETHYECKOTO H JKCNepHMMeHTalnbHOro 6a3uca eciectBeHHbIX
HayK, BKJIIOYaA M Ie0JIOrHI0, MO3BOMIWIH NMepedTH K KaueCTBEHHO HOBOMY 31ally
B Mo3HaHuM 1y6uH 3emin. HarnagHeiM BeipaieHWeM 310ro arana 6bU10 Mpo-
Be/IeHHEe KOMIUIEKCHBIX FeoJIOrHYECKHX H reoH3HYecKHX r106anbHbIX HCCTeNo-
BaHMH N0 MEXIYHapOAHbIM MpOeKTaM M3y4YeHHA BepxHei MaHTHM, HAa OKeaHa
U PUMTOBBIX 30H, & TAKKE IKCTIEPUMEHTAILHBIX H TEOPETHUECKHUX MeTPOJIOrH-
YECKHX MCCIIe[IOBAHWH, HANpaBlieHHbIX Ha BbIACHEHHE (HINKO-XMMHYECKOH
MPHPO/IbI MPOLECCOB MarmMoobpa3oBaHUA B YCIIOBHAX BBICOKHX [IABJIEHHH M TEM-
nepatyp. He meHblee 3HaueHHe B pellIeHHH NMPHHIMITHAIBHBIX BOIMPOCOB METPO-
JIOTHM ¥ METAUIOTeHHH MMEJIH IOCTHKEHHA H30TOMHOH re0XHMHH, PaBHO KaK H
Pa3BHTHE TOUHBIX KOJIMYECTBEHHBIX METOMIOB ONpefeNneHHsA HU3KMX (’'cneso--
BbiX"") CONEpPXKAHWA eMEHTOB-MpUMeced (MHKpPO3EMEHTOB) B rOpHBLIX NMOpPO-
gax M moponooGpasyloiuMx MHHepalax (HedTpOHHO-aK THBALMOHHBIA, peHIre-
HO-CMEK TpalibHbIH, MHK PO3OH/IOBbIH H [IpyrHe MeTOMb! aHANK3a) .

BaxHocTe TNpUMEHEeHHMA HOBEHIUMX AaHATHTHYECKHX METOIOB OKas3anach
0coGeHHO aKTyanbHOH B CBA3M C M3YYEHHEM IIOJIYYeHHBIX B MOC/IEOHHE Tofibl
OGIIMPHBIX MaTepPHANIOB MO NPOAYKTAM MaHTHHHOrO NMETPOreHe3Hca M3 pas3iiuy-
HbIX KOHTHHEHTabHBIX H OKEAHHYECKHMX NMPOBHHUMH — KHMOepnuram u HOmy-
nAm B Gazanbrax, KapboHAaTHTaM, pa3fIHUHBIM ILETOYHBIM M IPYTHM I11y OHHHBIM
noponam.

Ha ocHoBe KkauecTBeHHO HOBOH NETPONOTHYECKOH H TEOXMMH4YeCKOH HHOp-
MalHH OfNpefenuiach 00beK THBHaA BO3MOXKHOCTh MEpeXoaa OT CHCTEMATH3alHH
$aKTOB Ha YpPOBHE IMIIHPHYECKHX OMHCATENIbHBIX OGOGLUEHHH K HX aHAIH3Y B
paMKax KOIIHYEeCTBEHHBIX MOJIENEH, CBA3BIBAIOLIMX Pa3IHYHbIe 3Tanbl XHMHYeE-
CKOH JBOMIOIMH M B3aHMOJICHCTBMA BEIIECTBA 3EMHOW KOpbI M MaHTMH. 3710
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norpe6oBaI0 MEpecMOTpa H IHAYUTENIBHOrO OGHOBJIEHHA BCero (hak THYCCKOro
Gasuca, NMOBBILEHHA CTATHCTHYECKOH HAMENHOCTH GaKTOB M HX reoNOrHYecKon
M TeHeTHYECKOH MNpefcTaBHIeNbHOCTH B ofbeMe THNHYHBIX NMeTpoOrpapHYecKHX
MPOBHHUMH H ITIABHbIX MarMaTHYeCKHX POpPMAaLIKA.

BMmecre ¢ TeM 3HAUMTENIBHO YCIOXHWIMC MHOTHE HCXOMHbIE MONOMKEHHUA
NeTpONIOrHH H reoXWMMH. Tak, Ha OCHOBE PAa3BHUTHA MpEXHMX MpecTaBIeHHi
0 ABYX BE[yLUHX THIAX POMOHAYANBHBIX MArM — 6a3anbTOBOM M FPaHHTOBOM —
B MOC/eHHE rOfibl BBIACHMIACH HEOBGXOMMMOCTS BbiiefieHKA M MPOTHBOMOCTAB-
JNIeHHA HECKO/IBKHX [NaBHBIX FPYNN MNEPBHYHbIX MArM: MABHTHHHBIX — MpeUMy-
LIECTBCHHO 0a3anbTOBBIX, a TAaKXe LIEJIOYHO-YIbTPAOCHOBBIX, H KOPOBBIX M-
NUHTEHHBIX — Pa3THYHBIX I'PAHUTOBBIX.

Cneunduka cocraBa rnyGuHHbIX Ga3aNbTOBBIX H [IPYTHX MAarM, COIJIACHO
COBPEMEHHBIM METPOJIOTHYECKHMM KOHLIENUMAM, 33aBHCHT B MEpBYI0 ouepedb
OT rny6HHbl MarmMoo6pa3oBaHHA W CTeleHH CeleKTHBHOrO MUABNEHHA HCXOf-
HOrO MAaHTHAHOro BeluectBa. [eHepalls rpaHHTOBbIX Marm oGycrnoBieHa
MHBIMH MPOLECCAMH — PErHOHATBHOTO METAMOP(pH3IMA H KOPOBOrO MATMHIeHe-
3a. OnHako rpaHaMO3Hble MacliTaGbl perMOHANIBHON FPAHHTH3AUMH M COTIPAKEH-
HOrO C HEWw METACOMATHYECKOro npeoBpa3oBaHMA TONMIL OCaI0YHO-METaMOpdH-
YeCKHX MOpO[, KOHUECHTPAUKA B TPAHHTOMOAX LUEJTOYHBIX H PEIKHX METaJioB
3aCcTaB/IAIT MHOTHX HCClefoBaTeNled Mpeanonarath cyuecTBeHHyo pofib B pa3-
BHTHH 3THX MPOLECCOB MOLUHbIX BOCXO[ALIHX MOTOKOB riyGHHHO-KOPOBBIX
H MaHTHHHBIX pacTBOpoB (¢nonaoB). Tem caMbiM fipeanonaraerca, 410 Npolec-
cbl MarmooBGpa3loBaHMA H Nocienywouleid OHpdepeHIMAUMH PaVIHYHBIX THIIOB
Marm BCEerja B TOH HWIK HHOH CTeNeHH O0TpaxaioT B3aHMOIEHCTBHE 3eMHOM KOPbI
H MaHTHH, NpPOABJAKIIEECH KAK NMpPH MepeMeLlieHHH H JBOMIOLHH 10BeHWIBHbIX
MarM K pacTBOpOB B BepXHHX YacTAX JHTOCEph!, TAK H MpH FeHEpallHH KOpo-
BbIX aHaTeKTHYecKHX marM. Ha ocHoBe HoBeHiueH reoxumuuyeckod HHpopma-
UMM TIPUHUMIHANBHO H3MEHWIHCh W MpexHHe MpeAcTaBleHUA 06 OIHOpOAHOH
MaHTHH (IKJIOTHTOBO#H, MepHOOTHTOBOH K Ap.). [locTenenHo cTana BbIPHCOBbI-
BaTbCA MpoGniemMa HEONHOPOOHOCTH BEpXHEH MAaHTHHM: 3HAYMTEIBHOro JHanaso-
Ha rNyOGHHHOCTH MpOLECCOB B HeH, ee BEPTHKAIbHOH W JaTepaIbHOH 30HANb-
HOCTH — ()aKTOPOB, NPHBOAALLHX K BOSHHKHOBEHUI) PA3THYHBIX reo/IOTHYecKHX
o6pa3oBaHMii B JOCTYNHBIX HalleMy HaGniofeHHI0 yyacTkax H Gnokax 3emHo#l
kopsl. [loatomy B nocnenHKe roapl pa3pabaTbiBalOTCA MHOTOMMCIICHHBIE MOJIENTH

, B3aHMOJIeHCTBHA BeleCTBa MAHTHH H KOPBI, BHICKa3bIBAKTCA pa3fiMuHble Npef-
nojioXeHHA 06 yCNOBHAX H 3aKOHOMEPHOCTAX 3TOro MpOLEcca, OCHOBaHHbIE
B 3HAYMTENIBHOH Mepe Ha MHTeplpeTalHH KOCBEHHBIX re0H3HYECKHX NAHHbIX.
[IpuXoaMTCA OTMETHTBH, YTO NpeJIOXKEHHble K HACTOAILEMY BPeMEHH MOACIH
MarMaTHYeCKHX TMpPOLECCOB H CBA3M C HHMH OJHJIOTEHHBIX MECTOpOXICHHA
O6BIMHO B TOH WIH HHOM CTeleHH TMIOTeTHYHBI BBHAY OrpaHMYEHHOCTH HALLMX
3HaHHH O cOCTaBe H CTPOGHMH HE TONBKO MAaHTHH 3eMiIM, HO M FNyGHMHHBIX
FOPH30HTOB 3eMHOH Kopbl. [loaTomy Hew3Gexaibl METOJONOTHYECKH pa3Hbie
NYTH H NOAXOAbI K BBIACHEHHIO [OCTOBEPHOCTH TEX WIH HHbIX N PHHIHIHAIBHBIX
NONOXEHHH NpPeIIOKEHHBIX MOJIellei, TaKxie Hen3Bexao U “cocylecTBoBaHHe”
Pas’NMYHBIX MOPOH B3IAMMOHCKIIIOYAKIIHX MpENCTaB/IeHHH O reHe3uce OT/IeNb-
HbIX THIIOB MOPOJ, MacluTabax H COOTHOIUCHHH IOBEHWILHBIX H KOPOBBIX HCTOY-
HHKOB Marm H ap.

OrMeTHM elle OOHO MpPHHUHNHAIbBHOE OGCTOATENHCTBO. XOTA OCHOBHBIM
HCTOYHHKOM HHpOpMalUKH NpH 0GOCHOBAHHH TEHETHYECKHX MOJIeNeH, KaK H
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npexae, ABJACTCRK CPaBHHTEJTbHOE M3YYeHHe COCTABa M3BepXKeHHbIX MOpOf,
B COBPEMEHHOW METPONIOTHH M FEéOXMMHM BaxcHedllee 3HaueHHe NMONYUYHIH JaH-
Hble O pachpefe/leHHH MaJiblX, PEIKHX M paccessHHbIX JJleMeHTOB-NpHMeceH.
MMenHo 3TH MHKpO3NeMEHTHl M MX HHIMKaTOpHble OTHOLUEHHS MOTYT ObITb
MCTONB30BAHL! IR KOHTPONA CTEMeHH CeNeKTUBHOrO IUIABfCHMA, KOMArMaTHY-
HOCTH OTHENbHBIX MAarMaTtHyeCKHX AH(QepeHLHaToB, BbIABIECHHA MaciltaGop
ACCHMWIALMH MaHTHHHBIMH MarMaMH KOpDOBOIO MaTeépHana, M3MEHEHHA yCIlo-
BHH KHCIIOTHOCTH—OCHOBHOCTH MpPH MarMaTHyeckol Au¢p¢epeHIHaLH, HIOXH-
MHYHOCTH MeTaMopdu3ama M 1.4. TloaToMy npH oBocHoBaHMM OBLIMX Monenel
Pa3BATHA MarMaTHYeCKHUX NPOLECCOB M BHIACHEHMM TEKTOHWYECKON crieuupHKy
TeX WIH MHbIX THIOB MArM HeOGXOIMMO YHUMTBIBATH OCOGEHHOCTH pacmpefene-
HHA B 3THX MarMax pefiKMX M APYTHX JIEMeHTOB-ipHMecei U MOBEIeHHA B Mpo-
ueccax AH¢depeHUHAUWH H B3aHMOJEHCIBHA ¢ BMEILAWIUAMH KOPOBBIMH
nopoaaMH. He MeHee 3QeKTHBHO HCNOMB30BAHHE AAHHLIX MO TEOXHMHH pen-
KHMX JJIEMEHTOB H NpH DELIEHMM CIIOKHBIX BONpPOCOB PEXMM2 PETHOHAIBHO-
ro MeTaMopdH3IMa, UHCTOUHHKOB PAHHTHIUPYIOLUX PACTBOPOB M ap. Takum oG-
pa3oM, B MO3HAHWH HHTEPECYIOLUMX Hac IIyGHHHBIX MpPOLECCOB NMepBOCTENeH-
Had ponb NO/MKHA Oplth OTBeNEH3 NMPAMOH W HEMOCPeNCTBEHHOH  HMHQOpMa-
UHH, KOTOpYI0 MOTYT JATh METO[BbI H IPHEMBI MPaKTHYECKOH FeOXUMHH, OTH-
palomiMeca Ha [AHHbIE aHATTH32 XMMHYECKOro COCTaBa palTHYHBIX TeoNOrHYe-
CKMX O0pa30BaHMK — MPONYKTOB Pa3HbIX 3TAMOB M CTARMH M3yvaeMbIX mpo-
HeccoB, B 00A3aTe/bHOH TapMOHHYHOH COBOKYNHOCTH C JETajbHBIMH MHHe-
panoro-nerporpaduyecKHMH HCCIed0BaHUAMM.

ABTOpbI MOHOrpaMH HpOBENH IWIMPOKHH KOMIUIEKC HCCIIeNOBaHHA H 06-
OBKWTH OBLIMPHBIH GaKTHYECKHH MAaTepHan C LeNblo BHECTH CBOH BKJan B pe-
LIeHue TiepeyMcieHHbIX Bhille 3apjay. PaGora BhimonHANack MON PyKOBONCTBOM
un.-kop. AH CCCP J1.H. OBYMHHMKOBA H OXBAaThIBA/A IBA OCHOBHBLIX HAaMpaBle-
HuA: 1) reoxMMHA perHOHANBHOro MeTamMop¢H3IMa H NATUMHTeHHOro MarmMooGpa-
30BAHUA B 3eMHOM Kope: 2) pa3paGoTKa reoXMMHUYeCKHX XapaK TepUCTHK MeTpo-
JIOrMYECKHX MOZENeH reHepalMi Marm.

Hapany ¢ ofwMMH BOnpocamH TMETPOJIOTHH H TEOXHMMH BO BCEX Cyvamx
ocofo¢ BHHMaHKE ObINO yMeNeHO METAIOHOCHOCTH W3Y4aeMBIX CHCTEM W CBA-
3aHHBIM C HHMH BO3MOXHBIM MpOIleccaM pyaoo6pa3oBaHHA, BKIIOYAA HX Heno-
CpeACTBEHHYIO IPEMIBICTOPHIO.

[lo mepBoMy HanpaBJieHHI0 NpelycMaTpHBasiach pa3paboTka TeOXHMHUYECKOH
MOJIENTH IPOr pecCHBHOIO perHoHa/IbHOro MeTamopdu3Ma B cBA3H ¢ pobnemoit ko-
POBOTO IpaHKTOOOPa30BaHHA BMECTE B TEOXHMHUYECKON XapaK TEpHCTHKON pasnit:
HbIX MO COCTaBY MCXOMHLIX MOPOM U BHIACHEHHEM MX FEOXUMMUECKOH IBONIOUHH
npu Metamopdusme. UccnenoBanua npoBoguiuce B page pernoHos CCCP, npen-
CTaBMTENBHBIX [UIA Pa3/IHYHbIX THIOB METAMOPHHYECKHX KOMIUIEKCOB: MOHO(a-
UHAJIbHBIX (AJIIAHCKHE WIK1) H 30HaNbHO-MeTamopdHyeckux (CeepHoe [puna-
nosxebe, JlannaHockuit nosic, BopoHexckuit Kpuctannuueckuit maccuB (BKM),
xp. Xamap-Tlaban, [levenrckas cTpyktypa, Yxpaunckuh wmt (YIf) u 10xwo-
Yyiickui xpeGet). Pa3pabGaTbiBanich TaKXe KONMHYECTBEHHbBIE METPOJIOrHYECKHE
H TreOXMMHYECKHe MOJENH NaIMHreHe3a CKiagyaThix obnacreit ¢ Uelibi0 BbIAC-
HEHHA MCTOYHHKOB H OCOBEHHOCTEH MHIpallHM peaKHX 3JIEMEHTOB M OLEHKH
METa/UTOHOCHOCTH aBTOXTOHHBIX TPaHHTOHJOB.

[lo BTOpOMY HanpaBjienHio NpOBOAWIACh pa3paboTKa FeOXHMHYECKHX ¥ NeT-
POXMMHUECKHX XAPAKTEPUCTHK MONENeH reHepauMu MAHTWHHBIX MAarm Ha oc-

5



HOBe M3y4eHHS TJIABHBIX THIOB LIE/IOUHbIX Ga3abTOB H MIAaTHOPMEHHBIX ILENOY-
HO-YJIbTPAOCHOBHbIX—KApGOHATHTOBBIX ¥ KUMGepIMTOBBLIX (opmalnii, n3yve-
HAe BelECTBEHHOro cocTaBa rnyOuHHOro cy6crTpara B 30HaX aHIE3MTOBOIO
M TpaHUTOMOHOrO MarmartH3mMa ¥ 0BOCHOBaHHE MOJENH (POPMHPOBAHHA CepHH
M3BECTKOBO-LIENIOUHBIX H3BEPKEHHBIX IOPOLL.

J17ifi cpaBHHUTEIBHOTO NETPOXHMMYECKOTO AHAITM3a MCTIOIb30BaHBI O PHTHHAMIb-
HBIE MaTepHasibl 10 pALY ILENOUHbIX U KHMGepnuToBbiX npoBHHUKA CCCP (ITpu-
Gaiixanse, Kapeno-Koneckaa, flkyrua, Kysseuxu# Anatay, Maimeua-Koryh-
cKaAa M Op.), a Takxe oBIMpHbIe NMUTepaTy pHble HCTOUHHKH. OcoBoe BHUMaHMe
YOENEHO [IMCKYCCHOHHBIM . BONPOCaM MNETPOJIOTHH H TeHe3Wca KapGOHATHTOB,
a TaKe HEKOTOPhIM HOBLIM acnexTaM KapOGonatutoBod mpoGnemmr (andde-
peHuManya KapGoHaTHTOB U QIIIOHIHO-MarMaTHYeCKHA pexKuM X 06pa3oBaHuA) .

PaspaBorka neTponoro-reoXuMHuecKoi mMojenH (GpOpMHPOBAHHA OPOreHHBIX
M3BECTKOBO-IIE/IOUHBIX CEPHA HA OCHOBE NpPAMOK reHeTHyecKod MHGOpManuu
nyTeM (a3oBOro aHANH3a NPUPOMHBIX MArMaTHueCKMX 0Opa3oBaHuMH M Mocie-
nyloweit pecrappauun P—T—X ycnoBu#, HauHHag OT MOMEHTA 3apPOXKIEHHA pac-
I/1aBA W KOHYasA ero MONHLIM 3aTBEpHACHHEM B BMME ropHoH nopoas. B kavecr-
Be obbexTa HccreqoBaHWA GbUTH BhIOpaHbI TUTHOLEH-YETBEPTHYHbIE BYIIKAHHUTBI
Kapkasa u 3akapnatea ¢ THNOMOpPQHLIMH NMeTporpagHIecKHMH M TeOXHMUYe-
CKHMH MDH3HAKAMM, CBOHCTBEHHBIMM BHYTPUKOHTHHEHTAIbHBIM OPOreHHBIM
BYNIKaHHTaM, COCTaB KOTOPBIX OXBATHIBAET BCH) H3BECTKOBO-LLENIOYHYIO CEPHI0 —
ot Da3anbTOB A0 PHOJIHTOB.

Ocoboii 3apaveii, BRIMONMHABIIEACA B PaMKaX YKa3aHHbBIX TeOJIOTO-TEOXMMH-
YECKMX HCCIEOBaHMH, GbuT0 BhIABIEHHE 0OIMX 3aKOHOMEPHOCTEH paclpeme-
JICHHA PENKHX M NMEeTPOreHHBIX JIEMEHTOB B Mpollecce MarMatuyeckoi audde-
peHUHAIHH H QOPMHUPOBAHHA TNABHBIX MarmMathueckux cepui. C oToM nensio
6bUTH pa3paboTaHbl HOBbIE METOJIbI CPaBHEHHA T€OXMMHYECKHX TPEHIOB Ha Oc-
HOBE OLEHKH KHCIIOTHOCTH IJIaBHBIX THNOB H3BEpXKEeHHBbIX TIOpof,.

[Ipepiaraemans pa6ota, cyMMHpys OCHOBHBIE DPE3YNbTAThl WCCHEOBAHMA,
npencrasiifeT cobod KOMIEKTHBHYI0 MOMBITKY H3y4EHHS F€OXHMHH MpPOLECCOB
MarmatuaMa ¥ Metamopgu3Ma, NonsITKy pa3paboTKH U MPHIOKEHHA TeOXHMH-
4EeCKUX METOMOB ANf OUSHKW [ONM KOPOBOro Bewiectpa B 0GpasoBanuy marm
PasNHYHBIX THNOB, 4 TAKXe BBIACHEHHA BO3MOXHOH DONH pacCMaTpHBAeMbIX
MpoLeccOB B pyAOreHe3e M HX MPHHUHNHAJIBHOTO META/JIONeHHYECKOro 3Haye-
HuA. [lonyuexnas uHPOPMAUKA ¥ BLIABIEHHBIE 3AKOHOMEPHOCTH, IO MHEHHIO
ABTOPOB, MOJKHBI CNOCOGCTBOBATh PacLUMPEHHI0 H YrIy6leHWI0 NMO3HAHMH o
ponH mMarMaTtH3ma B o6pazoBaHHWH pyIHBIX MECTOPOXIECHHH pa3IHYHbIX reéHe-
THYECKHX THIIOB K 32KOHOMEPHOCTEH NPOCTPAHCTBEHHON ¥ TEHETUUECKOH CBAIN
NPOMBILUIEHHBIX Py/ Pa3iMuHBIX MPOAYKTOB MaHTHHHOTO M MAaHTHHHO-KOpO-
BOr'0 MarmMaTH3ma.

B mnpouecce paBotel Ham yxaszaHupiMy npobnemamu GonbUIyio TNOMOML
aBTOpaM OKa3alH crefymowue corpyankn UMIPI: U.B. Nanmunyc, JLK. Camo-
nypoBa, K.A. 3aiimenckuii, 10.C. Huxonaenxo, B.A. Cemuna, H.H. Kohosa,
H.[l. CmupHosa, H.®. Eroposa, B.M. Conossesa, a taxxe B.C. lilxomauncicui
(MI' i® AH CCCP). Bcem uM aBTOpbI MOHOTpahuH BhIpaXaIoT CaMYIo ropsavyio
BnarogapHocTs.



I'JIABA 1

TEOXUMHSA NMPOTPECCUBHOIO PETMOHAJIBHOTO METAMOP®U3MA
H CBA3AHHOI'O C HUM IPAHHTOOBPA30BAHUA

METObl UCCJIIENOBAHUA

IIpobrema noBefeHHA BeutectTBa I IPOUECCE MPOTPECCHBHOTO PErHOHANBHOTO
“eTaMoppH3Ma H YIhTpaMeTaMopdoreHHOro I'paHMTOOGpPA30BAHUA ABJIAETCA
ONHOW M3 Ba)KHEHIIMX B COBpPEMEHHOH MeTamopduueckoit nerponoruu. [Ipuuu-
Hy H3IMEHEHHH CONEPXKAHUA MHUKPOKOMIIOHEHTOB TPH 3TOM OBBIYHO CBA3BIBAIOT
M0 ¢ pasTHYMAMH MCXOIHOTO COCTaBa, MHBGO — C MepepacipeseieHHeM Belue-
crBa npH MeTamopdHaMe H aHatekcuce. CYMECTBYIOUME NPeCTaBNECHHA O Teo-
XMMHUYECKOM DeXKMME PEerHOHANBHOro MeTraMopdH3Ma CBONATCA, KaK M3BECTHO,
K IBYM MO THBOMONIOXKHBIM TOYKAM 3peHHS.

[lepBas oTCTaMBaET KITACCHYECKHE NpeICcTaB/IeHHa 06 H30XMMHYECKOM Xapak-
Tepe, HE¢ OTpPHUAA BO3MOXHOCTH HBPEMCLU.CHHH KOMIIOHEHTOB Ha HeDonbluHe
PacCTOAHHA MEXAY COCeIHHMH 3epHAMH HIH MaTOMOINHBIMH CIOAMH, ITpH
3TOM OIOHH HCCIIeoBaTeN Iy pacnonaramTt J0Ka3arenbCTBAMMU 00 M30XHMHYECKOM
XapakTepe MeTamop¢pH3Ma BIUIOTh N0 YCIOBHiA amdubGonuToBOH dauuu, npy-
e — 10 TpaHyJIMTOBOH, YTO HEpelKO [aeT OCHOBaHHME [ OGe3anesIALMOH-
HbIX ManeoreorpagHyecKHX PeKOHCTPYKHMH. Bropas mocTynmupyer ajustoxXMmu-
YeCKHH XapaKiep perMOHaIbHOrO MeraMopdH3Ma, ONMHpasch MPH ITOM Ha Mpef-
nonoxenue J1.C. Kopxuuckoro [55] o BronHe NOIBHXHOM NOBeJEHHH LIENIOYEH
npy MeraMopduIMe TOJ BO3MEHCTBHEM HATPHEBBIX (MUIIOHIOB MOOKOpPOBOIO
npoucxoxneHus. Haubonee momHoe pa3BuTHE 3Ta TOYKA 3PEHHA MONMYuwIa B
paborax A.A. MapakyueBa u gp. [82, 83], moKa3pIBaOLIMX JOMHHHPYIOMYIO
poSTb ALTOXHMHYECKOTO MeraMOpdH3Ma Ha BCEX CTafMAX pasBHIHA MOJBHX-
HpIX MOACOB, B XO[E KOTOPOTO BIIONIHE NOJABHXHbIMH ABAAI0TCA He TonbKo H; 0,
CO,, K u Na, Ho u Ca, Fe u gpyrue anemenisl. KpynHomaciuraGHas mojens
perMOHAIBHOrO MeTaMopdu3ma, T.e. KOHTAKIOBO-IUIYTOHHYECKOrO, MO [aH-
HBIM HEKOTOPBIX aBTOPOB, TAKXKE B paBHOH CTeNeHH [1aeT MpHMepbl KaK H30XH-
MHYECKOro, TaK M allIOXHMHUYECKOTO Mpolecca.

Ilo mHeHHI0 aBTOPOB, HafexXHbIE BBIBOIBI O XapaKTepe MHIDalUHH BEIIECTBA
npu meramopdusmMe U ynbrpameramopdH3me, a Takxie 0 haKTopax, 0BycIoBIM-
BAMOILMX CBA3AHHOE C3TMMH MNpoileccamH pynooGpa3zoBaHMe, MOTyT GeITh MOMy-
YeHbl TONhKO MpH Lie/IeHanpaBieHHOM cGope MaccoBOro pakTHYeCKOro MaTepHa-
712 Ha eJMHOH METOOUYECKOH OCHOBe, ¢ 06A3aTeNIbHBIMH CTATHCTHYECKHMH COMOC-
TaBAeHHAMH 10 pa3HOOGPasHEIM KOMIUIEKCaM.

Hacrosuiee uccreioBanye cTaBUT cBOEH 3afiauei NOJOHTH K PELLIEHHIO allbTep-
HATHBBI H3OXHMH3IM—AIOXHMH3M™ MYTEM reonoro-neTporpaduyecKoro uszy-
YEHHA PA3THYHBIX THIIOB MeTaMOpPGHYECKHX KOMIUIEKCOB C aHATM30M IOBE/C-
HHA MHMKPO3JIEMEHTOB TNpH MpOrpecCHBHOM u3MeHeHuu P—T napamerpos ot
HH3KOTeMIIepaTypHeIX Qauuil 40 YCIOBHH MaTHHTeHHO-aHaTeKTHYECKOTO IpaHHu-
1006pa3zopanusa. BMmecre ¢ TeM M3yueHHEe reOXHMHYECKOTO PeXMMa MMKpodjle-
MEHTOB IpH MPOrPeCCUBHOM pErHOHAIBHOM MeTaMOpdH3Me U YIbTpaMeTamop-
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(oreHHOM rpaHNUTOO6pPa30BaHUK NPOBOKIOCh HAMM C LENIbI0 BbIACHEHUA BYX
BOTPOCOB, MMEIOIIMX BaXKHOC MpPHKIIAHOE 3HAYeHHE: 1) KaKOBHI TpaHHILbI
BO3MOXHOCTH HCIONB30BAHHA MHKPOIIEMEHTOB NNpH PEKOHCTPYKLHH H KOp-
peNAlLMH MPOTOCOCTaBa [PEBHUX CYNEPKPYCTATbHBIX KOMIUIEKCOB; 2) KaKOBbI
maciuTabpl nepepacrpenesieHHs i MHTPallHH MHKPO3TIEMEHTOB TIPH NIPOT PECCHB-
HOM MeTamMophH3IMe, a TaKKe YaCTHYHOM H IIOJTHOM IU1aBieHHH Nopof cy6eTpa-
Ta, 1.6, MOTYT JIH CYNIepKpYCTa/IbHbIE TOJILM BBICTYTIATh B POJIH py[OreHe pHpyIo-
LIUX CUCTEM .

IIpoBenenHoe MccnenoBaHHe Ga3upyeTcs Ha ODHTHHATIBHOM (DaKTHYECKOM
matepHasie, BkiwoyawomeM 1670 npo6 no 8 peruonam CCCP. Ilpuusteie B pabo-
Te HAMMEHOBaHHA 30H 11POT PECCHBHOTO PETAOHATIBHOTO MeTamopdu3ma (1atn. 1)
NpPHUBOAATCA B COOTBETCTBHHM co cxemod ¢aumii H.JI. HoGpeuosa u up. [36].

Benymum Metooom TONEBBIX HCCIENOBAaHHWHA ABJIANOCH CONOCTAaBIEHHE
AeTanbHBIX Teo/IOrHUECKHX Pa3pe3oB ¢ NMOCIeAyloled KOppensluued ux B pas-
JIMYHBIX 30Hax Meramoppuama. B ormensHpix cnyvasx (xp. Xamap-[laBaH,
cMm. puc. 10) oOMH M TOT e IUIACT MPOCHEXHBANCA dYepe3 pa3NIHYHbIE - 30HBI
mMetamopguima, MaccoBoe reoxumuyeckoe onpoGoBaHHe NMPOBOMMIOCH TOYeY-
HO-CKOJIKOBBIM METOOM C NOCIIEAYIOIIHM NETPOrpadpuuecKum H3yueHueM Kax-
IOH TreOXHMHYECKOH mMpobbl (muarHocTHka dauui—cybhaumin meramopdus-
Ma ¥ OTOpaKOBKa OT HaOXEeHHbIX NMpoleccoB). B BricokoTemMnepaTypHbIX 30-
Hax MeTamop(pH3Ma, XapaKTepH3YIIIHXCA UIMPOKHM pa3sBHTHEM MHTMATHTOB,
COCTaBJIANICh MAeTalbHbie pa3pesbl ¢ ONpoBOBaHHeM NPONOPUHOHAIBHO MOLI-
HOCTH BceX pasHOBHAHocTed nopon. Hapagy ¢ aBTopckMmu B paGorte GbulH
TaKKe MCIOJIb30BaHbl KOJUIEKLMH Mopof, nwobe3Ho npepocrapneHHsie P.A. Be-
nesuessiv (MOM AH YCCP), B.U. Bepeskunsm (UI' A® CO AH CCCP),
O.H. Erunko (BI'Y), A.H. HUenuessim (UT K& AH CCCP), K.b. KenexuHcka-
com (UI'sI' CO AH CCCP), WU.II. JleGemesvim (BIY) u B.C. llkonanmHckum
(MI' A® CO AH CCCP).

Conepxxanua MHKposneMeHToB onpenensince B UMIP3 n BITD cnenpyio-
wKMH Metojamu: cnektpansHbiM (Be, B, F, Sc, Cr, Co, Ni, Cu, Zn, Ge, Sr,
Zr, Mo, Ag, Sn, Ba, W, Pb, Bi; uyscTBHTensHocts 0,5-50- 107*%), xBaHTO-
metpuieckuMm (Ti, V,Mn, Ga; uyBcTBHTeNbHoCcTL 5—10- 107%%) , xuMuYecKHM
(Nb, ZTR; uyBctButensHocts 7-50- 107™%), mnamenHo-poTOMETpHIECKHM
(Li, Rb, Cs; uyBcrButenshocts 0,5—10 - 107*%) u HHCTpYMeHTAIIBHBIM HeHTpPOH-
Ho-akTHBauHoHHbIM (La, Ce, Nd, Sm, Eu, Gd, Tb, Tm, Yb, Lu; uyBcTBHTED-
Hoets 0,05—3 - 107%%).

Hayuenne noBedeHHA MHMKpPOINIEMEHTOB 10 Mepe YBelHYEHHA CTeNeHH MeTa-
MOphH3Ma NpoBOOWIOCH B [IBYX IVIaBHBIX IO pacrpoOCTpaHeHHOCTH rpymmax
MeTaMOpdHYECKHX TOpOMd, COOTBETCTBYIOLMX NpOAyKTaM MetaMopduiama
IEPPUIeHHbIX MECYAHO-ITIHHUCTBIX OT/IOXEHMA (MeTanenuTsl) H OCHOBHBIX
BYIKAHOreHHbIX Topos (MeraGa3nthi). C UENbI0 KOHK PEeTH3ALHH TepMHHA ~Me-
TanenuThl”, OXBaTbIBAIOLIETO IIMPOKHH [Mana3soH pasHOBMIHOCTEH HCXOMHBIX
TePPHIeHHBIX NOPOA (IJIHHBI, aNIeBPOJIHTLI, ANIEBPO-TIECYAHHKH H T.I.), B Fpymmy
HOPMAJIbHBIX METaNelMTOB BKJIIOYATHCh TOJIBKO Te CIIAHLUbl M FHEHChI, B XMMHYe-
CKHMX aHaliH3ax KOTOphIX Mocie fepecyeTa Ha "cyxoe BelleCcTBO™ cofepKaHHe
SiO, ocrasanocs B npenenax 57—67Bec% npn copiepxanun Ca0 mensie 3 Bec.%
[105]. 3nemenThl, orpaHnuMBalOmME PAMKH TIETPOXMMHYECKHX TPYT, W3 Jalb-
HEHILEro pacCMOTPEHHA MCKIIIOYaHCh. BBeleHue Takoro orpaHHuYeHHs NO3BO-
NIWIO HAaM, C O/IHOH CTOPOHBI, Pe3KO CHH3HTb BJIHAHHE HCXOJHOrO COCTaBa, ¢
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Ta6auya /

Dayun ¥ 30HLL POTPECCHBHOTO PErHOHANLHOIO MeTamopdH3Ma B nopoaax Geaupix C20

(meranenurax) W Gorareix CaO (merabaszurax)

MeTtanenHTel Mera6asursi
Daumn
-30Ha HHAEKC 30H I0HA MHOEKC 30H
1. 3enensix cnanues; 1.1 Cepuuut- Cp—Xa 1.1 Mpenut-mymmnen- Iip—ITym
T =350-550°C XJIOpUTOBAs JIMMTOBAA
1.2 buoTTOBaA Bu 1.2 AKTHHONINT- Axr—Xa
XJIOPHTOBAsK
1.3 [panatoBas I'p 1.3 AKTHHOTIHT-
(poroBas oGmanka)-
GuoTUTOBAR
2. Omupor-ampubo- 2.1 Crasponut- Cr-Ano 2.1 PoroBoobmas- PO-9n
auroBas (aHpany- aHOany3HToBas KOBO-3MHA0TOBAA
IUT-CHIUIMMAHHT- 2.2 CHIIMMaHuT- Cua—-My 2.2 Porosoo6man- PO—0On2
MYCKOBHTOBBIX MYCKOBHTOBas KOBO-OJIHTOKIIa-
crianues) ; 0B4H
T =500-650°C .
3. Amdubonurosasn 3.1.a Buorui- Bu-Cun 3.1 Poropoo6man- PO-Aos
(6HOTHT-cWwUTHMa-  CHUTHMBHHTOBas KOBO-aHJ1e3HHOBasA
HHUTOBBIX THejicor) ; 3.1.6 CHIIMMaHMT- Cua—KITlH
T=650-800°C KaJIHILIIATOBasA »
3.2 Fpanar-xkoppne-  [p—Ko 3.2 [MpokceH- po- Hu—-PO
PHUT-Ka/HLLIIATOBAaA roBo-06MaHKoBas
4. I'panynuToBas I'unepcreHoBas Jlnoncup-runepcre-
(nBynupoxceHo- HOBad

4.1A [P < wGap
4.1B /P=8-10 Kﬁapf} Au-T'un
4.1B /P > 10 x6ap/

BBLIX THelcoB) ;
T=1750-1000°C

4.1A /P < 8 xGap/
4.1B /P = 8—10 x6ap/ } Tun
4.1B /P > 10 x6ap/

ApYroi — YCWINTh KOPpPEeKTHOCTH TIPH CPABHHTENIBHOM aHATH3e NOpo, 0100paH-
HBIX M3 Pa3jIMYHBIX MeTpodalHaIBHBIX 30H M CTPaTHrpadHIECKHX YPOBHEH HX
obpaszoBanna. [locienHee OCOGEHHO BaXKHO NMpPH M3YUEHHH TpYJHOOHArHOCTH-
pyembix 06pa3oBaHMH M3 BRICOKOTEMIIEpPATy PHBIX 30H MeTamopdusma. TlepBuy-
HO-OCaloyHas NpPHPO/Ia MCCIIEIOBAHHbIX MeTaTeppureHHbix 0Gpa3’oBaHHMi ycTa-
HaBJIMBATAch Ha OCHOBAHHM aHA/IM3a YCIIOBHM HX 3aJleraHus (CIIOMCTOe CTpOeHHe
CePHH, PUTMUYHOCTS , BHUIEPKAHHOCT COCTARA W MOLIHOCTH CNIOEB 1O NaTepanu) ,
4 TaKXe CTPYKITYPHO-TeKCTYpPHBIX [PH3HAKOB TNOPOJ (MHKPOCIOHCTOCTD,
GnacToncaMMHTOBBIC CTPYKTYpBI H T.1.) H MOpQOIOrHH peHKTOBBIX 0GIOM-
KOB KBapla M IUlarvokJasa. B rpymny meraGasuToB BKIIOH&IHCh amMpuBO-
JIOBbIC claHibl, aMGpHOOIHTEI H BYIIHPOKCEHOBbIE KPHCTATIHYECKHE CJ1aHIlbl,
OTBEYAOIIHE 10 XHMHYECKOMY COCTaBY H3BEPXKEHHBIM NMOPOJIaM HOPMAIBHOTO
rab6po-6asanprosoro papa (sec. %) : Si0, — 48-55, CaO — 8,5-11,0,Mg0 —
5-9 [59].

I'eoxumuveckme npo6s! 0GbeJHHAIKCD C YU TOM I'e0I0rHYECKOH H CTaTHCTHYE-
CKOH NpesicTaBuTeNbHOCTH. B MTore Gbuk cHOPMHPOBAHBI TPH T'PYIIIbI MOPOL:
MeTa6asutnt (712 npo6), Meranenuibl (643 npo6sl) U accOLMUpYIOLIUE ¢ HUMHI
rpaHToMabl (317 npoB), XapaKIepH3YIOLHMECH ONHOPOJAHLIM MKHEpPALIbHBIM
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COCTaBOM B Mpefielax KaXKIoH CTYMeHH MeTaMopdH3Ma BHe 3aBHCHMOCTH OT
paiHOHa pa3BHTHA 3THX Nopof. IlpcBepka CTaTHCTHYECKOH OHOPOOHOCTH Bbi-
GopoK Mo 30HAM OCYLIECTBAANack ¢ Momombio M — kputepus Jlukcona:
M= (x2—X;)/(n—X3) =(Xn —=Xn_1) (g — X, ). Cpensne conepkanna (X;_1y)
MHKPO3JIEMEHTOB PacCYMTHIBAINCH B 3aBHCHMOCTH OT CJIOXHOCTH OGbeKTOB
HCCIIeNOBaHHA (i[= EXiI'N; XL = inm[N; X = Eximi/Emi;iw = Exi . hm'
roe X; — comepxaHHe JnemeHTa B mpobe; n; — umcno nmpob B i-i BeiGopke,
N=Zn;; m; — MolHOCTS i-0ro paspesa; h; — oTHOCHTeNnbHas fons (B %) nopo-
nbl B-paspese (Zh;=100).

CpaBHeHHE Cpe[JHHX COMEpXaHMH MHKPO3TIEMEHTOB B pa3HBIX 30HaX METa-
MopdH3Ma NPOBOIMIIOCE B IOMOLIBI NMapamMeTpHueckoro t — Kpurepus CThio-
AeHTa M JTMHEHHOTO KOpPpeIALMOHHOTO aHaiH3a. B kavectBe Mepsl, XapaK1cpu-
3yIOLIEH TPEHJIBI TEpepacrpeleNieHHsa HCXOOHBIX KOHUEHTpPAlMA NpH Mporpec-
CHBHOM MeTaMOp(hH3Me H YIbTpaMeraMOpdOreHHOM TIpaHHTOO6pa30BaHUHM,
MCTIONB30BATICA KO3(p@UIMEHT oTHOcHTeNnbHOro Hakomienua K = X /X;(i# 1),
rge X; — cpelHee cofepxaHHe MMKPO31eMEeHTOB B 30He camoro cnaforo mera-
MoppuamMa; X; — cofepxkaHHe ITOro e MHKpPO3INeMeHTa B KaxIOH Nocne-
Aytoled 30He.

THIIbI METAMOPOHYECKHX KOMIIJIEKCOB
H YIIbTPAMETAMOP®OTrEHHbIX M'PAHHTOHMOOB

[leTponoro-reoXMMHYeCKHe HCCIEOBAHMA TIPOBOOWIMCh B Tperenax ban-
THACKOTO, YKpPaWHCKOro ¥ AJJAHCKOro IHT0B, BOpoHekCKOro Kpucramiu-
yeckoro maccuea (BKM), a taxxe Xamap-IlaGanckoro u Hxworo-Uyiickoro
xpe610B. [Tockonbky nofapoGHas reoyoro-neTporpaduyeckas  XapaKTepHCTHKA
H3YUYeHHbIX MeTaMOphHYecKHX KOMIUIEKCOB NpuBoaxTcA B pabotax P.f. Benee-
uesa [4], O.W. Erunko [39], A.HU. Uenuera [43], K.B. Kenexunckaca [47],
B.M. Kuuyna [50], B.M. Kuuyna, BC lixopsuickoro [131], WU.I1. JleGenena
[75] u A.A. llacdeeBa [127], 1O Hiike KpaTko OXapaKTepH3yeM JIHLIb NpPHH-
IMIHATIBHEIE YEPThl Te0JIOrHYECKOro CTPOEHHA W MeTaMOpgH3Ma ITHX KOMIUIEK-
coB. OnuceiBaeMbie MeTaMOphHYECKHE KOMIUTEKChI OTHOCATCA HAMH K [BYM
INaBHBIM TpYNNaM: MOHOQALMAJIBHEIM H 30HAJIBHO-MeTaMOP(HUECKHM KOMII-
JIeKCaM.

MoHodauuanstsie KOMIUIEKCHI

OTH KOMIUIEKCH NpPHHATO OTHOCHTh K MpPOAYKTaM apealbHOTO MeTamMop-
¢Hu3Ma H paliMyaTh CpelM HMX KAaK CpefHe- H HH3KOTeMIlepaTypHble (mpe-
MMYILIECTBEHHO MOJIOMbIe) , TAK H apxefickue rpaHynuToBbie. T H P 3mecsk co-
3[a10TCA 33 CUET BbIllIeJIeXaIMX TOJII, BCIIECTBHE UYEr0 OTIHUMTEIbHBIM MNpH-
3HAKOM HBIAETCH COBMAleHWe M30rpaj CO CTPaTHrpaHYeCKHMH I paHHUAMH
Pa3HOBO3pAaCTHRIX KOMMIEKcOB. Crenudyka TIOBCEMECTHO PpacrpoctpaHeHHOH
B paHHeM [OKeMOpUM [BYNHPOKCEHOBOH (rpaHy/nuToBO#) damuu MOXel
BbiTh OOBACHEHA C MO3WIMH THIOTE3bl O paclumpsomenca 3eme 3a cuer Gonee
BBICOKHMX 3HAUEHHH IUTaHetapHbix HanmeorpapueHtoB P u T [59]. Iocnenyowee
yMeHbLIeHHe 3HAYeHUH 3THX IpafiHeHTOB BO BpPEMEHHM CIIOCOGCTBOBAIO CMelle-
HHIO YCIIOBHM Metamopdusama B ofnmacte Gomee mmskux P u T: mia Bepxe-
apXeHCKUX OTIOXeHHH — am¢ubonutopas, g PR, — amupor-amdubonuro-
pas, juis PRy — 3eneHocnanueBas. B nrore mis nokeMGpHHCKHX WKHTOB 06biy-
10
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Puc 1 Cxema Meramoppusma ANAHCKOro WHTA, N0 B.H. Knuyny, B.C. llkon3uscko-
my [51]

I/ — me3030ficKHe HHTPY3MH PA3HOTQ COCTaBd; 2 — rPAHMTO-THEACHI; 7— 7 — 30HBI MeTa-
mopduama: 3 — Cr — AR, 4 — I'p — Ko, 5 — I'un {P < 8 x6ap), 6 — f'un (P> 10 xBap),
7 — I'un (P=8-10 x6ap); § — TeKTOHMueCKMe HApYIIeHHs; Y — reonormyeckue rpaHMUIIbl

HOH ABNAETCA JIOXKHAA TOPH3OHTANbHAA MeTaMOpdMyecKas 30HANBHOCTE, 06yc-
TIOBIIEHHAaA TEKTOHHYECKHM BbIBeJleHHMeM HA e[MHbIH TMIICOMETPUUECKHH YpO-
BeHb PA3HOBO3PACTHBIX M PATHYHO METaMOPOH3IOBAHHBIX KOMIUIEKCOB.

Tak, Hanipumep, B Tipeenax HecllefOBaHHOTO HaMu AlTaHcKoro wnra (puc. 1)
BoigenfioTes [50]: B paHHEM apxee—TpaHVIIMTOBasA (IJAHCKMA KOMIUIEKC,
3aHMMAKOLMA MONABNAOLLYI0 YacTh LMTa), B NO3[IHEM apxee—amdbubonuropas
(yurpisckui kommiexce), B PRy — snupoT-ampuGonurosas dauus 1 Guornt-
CWUIHMAHMTORasA 30Ha amdubonurosod ¢auun (cyOraHCKHA KOMIDIEKC).
Ilocnegnue OBa KoOMIUIeKca ciaraiT HeGo/blMe IO pasMepy TEeKTOHUUECKHE
knuHbA (rpaleHbr), 3axaTbie cpegu MOPOM ANOAHCKOro Komimiexca. Mera-
0CaJOYHO-BYJIKAHOT€HHbIC TOJIIIH, BBITOIHAIOIIME TPabeHbl, MCHBITAIH IIpOT-
PECCHBHBIA 30HANBHBIA METAMOPDU3M aHMIANY3HT-CHUTHMAHKTOBOTO THITA.

I'panynuroBas ¢auua NpoABICH2 B HIDKHEAPDXEGHCKHX NOPOAAX ai[IaHCKOIo
KOMIUIEKCa, COCTOSNIEro INIaBHBIM 06pa3oM U3 BLICOKOTIMHO3EMMCTLIX I'HEH-
COB, OCHOBHBIX KPHCTAJINM4YECKUX CTAHLEB M KapDOHATHBIX MOPOJI, U MMeeT He-
OJIHHAKOBYIO cTemeHb MeTamopdmaMa (cm. puc. 1): 1) mManornybuHHAS H HH3-
KOTeMIIepaTypHas 30HA XapaKTepHa [Uis 3aNMafHON YacTH wMTa (BépXHealmaH-
ckas M (efopoBcKad CBMTHI HEHrpckoii cepuu); 2) Goslee BbICOKOTEMHepa-
TypHasa 30Ha (4.1A, anpancku#l THI) pa3sBUTA B BOCTOYHOW YacTH (THMIITOHO-
[OKeITYNHHCKaA cepusi) u 3) HauGonee rnyOuHHas 30Ha (4.1B, cyramckwii
THII) OXBATLIBAET I0XKHYI0 yacTh uMTa (cepus 3BepeRa M BepXHETHMIITOHCKASA
CBHIa MeHrpcko# cepun). Cpeny napareHe3sHCOB BBICOKOITTHHOISMHUCTHIX NOPOX
HOC/Ie/IHeH 30K MoABNIAwTCA acconramy [un ¢ Cua (Makcumym no T) u Cngh
(mMaxcumym no P). TTo mmuenmo W.B. Kuuyna [50], omucamnas meramopdu-
yeCKas HEeONHOPOJIHOCTh IPAHYJIMTOBOTO KOMIUIEKCA SHBIAETCA CIIEICTBHEM
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6I10KOBOTO CTpOeHHA (yHOaMeHTa ANTAHCKOIO IMHTA M HEOOHHAKOBOK €ro
JPOAHPOBAHHOCTH. YUMTLIBAA 3ITO, H3YUeHHE TEOXMMMH IPOrpPECCHBHOTO MerTa-
MOpdU3Ma NPOBOMMIIOCH HAMMW HA NpHUMepe MCKIIOUMTENBHO MeTaGasuioBbiX
MOpON, XapaKTEPH3YIIMXCA YCTOHYHBBIM XMMHYECKHM COCTaBOM B YHIDHH-
CKOM, CyOraHcKOM H a1JaHCKOM KOMIUIeKCaX.

B 3anagHoi, HauMeHee JPOJMPOBAHHOH YAacTH IMMT4 LIMPOKHM pasBHTHEM
NOJIB3YIOTCA TPaHHTOMAbI, a2 B Bosiee rny6OKO3pOIMPOBAHHOM 10KHOH YacTH —
YapHOKHTBI IIPH pe3KOo NOJYMHeHHOM pa3sBHTHH IPAaHHTOMIOB, JIOKAJIH30BaHHbIX
B 30HaX TEKTOHHYECKHX HapylueHHi. B BmICOKOTEMNepaTypHbIX MeTaMopgH-.
YeCKMX KOMIUIEKCaX IIMPOKO pPa3BHTbI NOJIA MHTMAaTHTOB. B cooTBeTCTBMM C
npepcraeneduamu B.C. llkopnsunckoro [131], BbimeneHbl H TeOXMMHYECKH H3-
Yu€eHBI clleflyioliHe TeHETHYECKHE THITb! ITPaHHTOHMIOB.

MertaMopduueckHe TpaHUTOMIbI ABJIAKTICA Pe3yNnbTaTOM METaMopgHYecKOH
nepeK pHCTAUIH3AlHH COOTBETCTBYIOLIHX 10 COCTaBY MOPOL, KHCIOH POTOKOPBI.
06 ux MeTamMopdHYECKOM reHE3HCe CBUIETENbCTBYIOT COBEPLIEHHO COrTIACHOE
3ajleraHMe, NPHCYTCTBHE TOHKHX HEHapyIICHHBIX NPOCTOEB KPHCTANIHYECKHX
CIaHIeB, THEHCOBMIHBIE TEKCTYphl M GNACIHYECKHE CTPYKTYpbl, PasBHTHE
B HHX TeX e MpOLECCOB aHATEKCHCA, YTO H B THIHYHBIX MeTaMopdHyecKHX
nopoaax.

AHaTeKTHYECKHE TPaHMTOHMMbI NpeNCTaB/IeHbl >XWIbHBIM MaTepHalOM MHI-
MATHTOB, Yallle BCero "NPONUThIBANLIAM KHCIIbIE [0 COCTABY THeMchl (paccesH-
HBIH TPaHMTHBbIA MaTephan), pexe 06pa3yloT COTNIacHBIE H CeKyIUHe MCHIIbI
MOILIHOCTBIO [0 MepBbIX MeTpoB. Mx aHaTexTHueckuii IeHEe3HC NOKa3bIBaeTCH
¢U3MKO-XHMHYeCKOH paBHOBecHOCTbI0 HanGonee pacnpOCTpaHeHHOro paccesH-
HOTO TpaHMTHOrO MaTtepHaa ¢ cyGCTpaToM, €ro paBHOMEPHBIM paccesHHbIM
pacnpefieneHHeM B OHOPOAMBIX MO COCTaBY MOpOMAx, NPUCYTCTBHEM paclinas-
HBIX BKJIIOYeHHH. B Mmoarpymmy ocTaToyHO-aHaTEeKTHYECKHX TPaHHTOMIOB OTHe-
CeHbl MalO paclpoCTpaHeHHble NO3[HHe, OONee HU3KOTEMIEpATypHble 060C06-
JIEHHS W XKWIbI TIETMaTHTOB H KPYNHO3ePHHCTHIX IPaHHTOB B MHrMaTHTax. [pen-
nojiaraercsi HX obpasoBaHMe B pe3ynbraTe 060cOOMEHHA M KPHCTAIM3ALHH
nocneAHHX NMOPUMH aHATEKTHYECKOTO pacijlaBa B PErpecCHBHYI0 CTa[lMI0 MeTa-
MOphH3Ma.

Peomopduueckne rpaHMTOMObI MMEOT IpPH3HAKH TeUeHUs M ABIISIOTCA,
NO-BHIMMOMY, HE[{OPA3BHTHIMH T'DAHHTHBIMH MHTPY3HAMH HIIH KOPHAMH TaKHX
HHTpY3HH. [Ina HUX XapaKTepHbl aNNOXTOHHOE 3aneraHue, Gonbiuas HEOIHOPON-
HOCThb COCTaBa, NpPHCYTCTBHE GyIMHOMONOGHBIX BKITIOYEHHH MeTaMOphHYECKHX
nopop. [lo cocraBy oHH 6MH3KH K MeTamOpGHUYECKUM IPaHUTOHAAM, HO Gonee
A30TPONHBI H He COJAEPXKAT aHAaTeKTHYeCKOTO XWIbHOro MartepHana. B noprpyn-
Iy OCTATOYHO-peoMOpGHUECKHX I'PaHUTOMIOB OTHeceHbl pasHocTh, 06Gpa3oBa-
Hple B pe3ynbrate 0GocoBNeHHS M KpPHCTAUTH3ALHM OCTATOYHOTO PEOMOpdH-
YEeCKOTO paciuiasa.

WuTpy3uBHO-MarMaTHYeCKHe OINHOpPOIHbIE TPAaHMTOMIObI, He COMAEpIKallue
PENUKTOB MeTamMopdHUeCKHX NOPOJI, OGBIYHO MMeoT THIHAHOMOpdHO3epHHC-
TYI0 CTPYKTYpY H 00pa3yioT ACHO Bbipa)keHHbIE MHTPY3HH C OpeosldMH OpOro-
BUKOBaHMA. K HHM OTHOCATCA TPAaHHTOMObI BEPXHHX YPOBHeEH 3eMHOH KOpBI.
IeHeTHYECKH CBA3AHHBIE € ITUMH [PAHUTAMH JXWIbI AIUIHTOB, K PYMHO3EPHHCTBIX
TPaHUTOB W IMErMaTHTOB BBIJEJIEHbI B NOATPYNNY OCTaTOYHO-MarMaTHYeCKHX
rPaHUTOHIOB.
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3onanpHo-MeTaMopdHieckHe KOMIUIEKCHI

PaccMaTpuBaeMble KOMIUIEKChl HWMEIOT, KaK TNpaBWIo, TNpOTepO30HCKHH
BO3pacT M 06pa3ylorcA BCTle[ACTBHE BEPTHKAIBHOrO WIH FOPH3OHTAILHOIO M3-
MeHeHHs BeJIMYMHBI I€OTEPMHYECKOro rpajmeHTa (puc. 2). B nopsanke yBenu-
yernsi P Beigenstorca [37] tpn HaunGonee pacrpocTpaHeHHBIX THIA 30HAIBHOC-
TH: 1) aHOATY3WT-CHINHMAaHHTOBLIH, Monpasfensembli Ha [p—Ko (nupeHei-
ckun) M Cr—A4uo0 (NaNoXCKHMH) NMOOTHMBI, 2) NpPOMEXYTOUHBIH (HOXKHO-YYWH-
CKHil), XapaKTepU3YWLUWHCH COCYLIECTBOBAHHEM aHOWIYy3WTA M KHaHHUTa,
3) Ku-Cun (Gappoycckmit). IIpH 3TOM pa3nHyaioT H30- M rerepobapHuecKylo
MeTaMOPPHYECKYI0 30HRTLHOCTh; (POPMHpOBaHHe NocnenHed cBA3biBaloT [37]
¢ ’BydepHo-aBTOKNABHLIM” 3 dexTOM, 4T0, KaK 43BeCTHO, Hanbonee ynosner-
BOpHTE/IBHO 00bACHAET HEOOHOPOXHOCTh pacnpeneneHus P B mpepmenax omHo-
BO3pacTHOH TOJLUH.

[To xapaktepy paclpefielieHHsa B NpPOCTpaHCYBe M BO BPEMEHH TreOTEpPMH-
YeCKOTO TpafMeHTa Mbl MpefjlaraeM BbIOENATb CleAYHOLHe THIbI 30HAIBHO-
METaMOPCpH'-IECKl‘IX KOMINMEKCOB: ¢ TpaTO30HAaJ bHBbIE — H30rpansbl
MeTaMopdH3Ma COBNAfAOT CO CTPATHIPacHYeCKHMM IpaHUIAMK TOJIN, 30HAIb-
HOCTE HEOQTYETNIHBAA C pe3KUM HPCOGJIG.JLL&HHGM HHM3KO- % cpemleremneparyp-
HBIX 30H HaJl MOHOTOHHBIMH BBICOKOTEMIIEpaTypHbIMH; 06pa3yioTcs NMpH MeTa-
MOp(hH3Me NOTrpY>KEHHA NIPEHMYILLEeCTBEHHO B NOCKJIAUATDIA 3Tal; J1aTe paJi b-
HO30HaJbH bl € — H30TPajbl CEKYT CTPATHI padHUeCKHe IpaHHIbl Tom, 06pa-
3ys HepedKo H30/HpOBaHHbIE YYacTKH BBICOKO- M CpelHETeMIepPaTYpHBIX 30H
cpenu MpeobnagalolMX HU3KOTEMIIEPATYpHbIX danuii; o6pa3yloTca B nepudeph
YeCKMX 30HaX JIOKAIBHBIX TEIUIOBbIX aHOMANHH, NPeUMYLIECTBEHHO B CHHCKIIAM-
YaTHIH JTaN; IMHEHHO30HAaNbHBl € — H3OTpadbl BHITAHYTHI BOONb 30H
rinyGHHHBIX Pa3joOMOB, NpHYPOYEHHBIX OOBIYHO K OCEBBIM YacTAM CKJIamyaThbiX
CTpYKTYp; 0bpa3yloTca NpeMMYHIeCTBEHHO B MOCTCKIIayaThii 37all; KO H T a K-
TO30HaNbHBbl € — H30TPadbl OKOHTYPHBAOT MHTPY3HBHBle Tena; obpa3ly-
10TCA TIpA BHEJIpeHNH MarMaTHYeCKNX PacIUlaBOB Ha yMePeHHBIX IyGuHax.

B BbICOKOTEMIIEPATY pHBIX 20HaX MEPELIX 3 THIIOB 30HATIBHOCTH METAMOPDH3M
0OBIMHO COTNpOBOMIAETCA aHAaTeKCHCOM ¢ OOpa3oBaHHEM MOJIEH MHIMATHTOB,
a TAKX€ ABTO- H &JINIOXTOHHBIX TpaHHTOH0B.

B COOTBETCTBHH C OXapaKTepH3OBAHHBIMH THIIAMM 30HATILHO-MeTamophu-
YeCKHX KOMIUIEKCOB paccMOTPHM IpHHUMITHANLHbBIE YePThl Fe0JIOrMYecKOro
CTPOGHHA HCCIENOBAHHBIX HAMM DErHOHOB, aKLEHTHpYA BHHMaHHME NpPH 3TOM
Ha OTIIMYMTENBHLIX OCOGEHHOCTAX MX MeTamMopduama ¥ ynbTpameramopduama.

TumMYHBIM NpHMEPOM CTPaTO30HANIBHBIX KOMIUIEKCOB fiBiAeTcA [leveHrckas
ctpyktypa (KonbckHii HOAyocTpoB), 3ajerammas Ha CynepKpyCTaTbHBIX
obpazoBaHMAX KONbCKOW cepud rHedcoB (AR) u npencrasnsiomas coGoi
HEMOJIHYI0 CHHOPMY, HXKHOE KpbUIO KOTOPOH Cpe3aHo Ha[JBHIOM H IIepeK phiTo
omoxeHuaMH PR; (puc. 3). PaccMaTpuBaeman cTpykTypa Cj1oKeHa mMeTaMOp-
(uyeckHMM NOpoHdaMu INeyeHrckoro Kominexca (PR,), nogpaspgensemoro Ha
YeThipe OCaJOYHO-BYIIKAHOTEHHBIX TOJNIM oO6lied MOMHOCTBI OKOIO 7 KM.
OmiHuuTENnBHOR 0COBEHHOCTBIO CTPOEHHA BCEX TOJNLY ABJIAETCA 3a/leraHHe MeTa-
OCafiovyHBIX MOPOA B HIKHHX HX YacTAX, a NpeoGnajaioiiMx M0 MOLMHOCTH
MeTaBYNIKaHOTEHHbIX MOPOJl — B BepXHHX yactax Tomul. ITo MHeHuio aBTOpOB,
B [leweHICKOH CTpyKType NpOsBjieH OIHOAKTHBIA 30HANBHBIN MeTamMopduaM
AHOATY3HT-CWINIMMAHHTOBOIO THITA, OXBaThIBaloIUMH Bonee 95% ee IwromiaaM
(cm. pue. 3). OBpasoBaHKe XMaHWUTa, OTMEYAEMOTO B Y3KOH 30HE I0T0-BOCTOYHO-
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Pue 2 P-T gmarpamMma npoOrpecCHBHOTO PerHOHANKHOIO METaMOP(H3IMA NETHTOB

Hudps B KpYxKax COOTBETCTBYIOT HOMEDPAM TPeyroJIbHbIX [AMATDAMM Ha puc. 11; au-
HHH MOHOBAPHAHTHBIX paBHOBecHil AsHbi mo H0.B. Haraimesy [90}, K.B. Kenexunckacy
(47] » C.11. Kopuxosckomy | 59]

I — Hxno-Uylickui xpeGer; 2 — TMeuenrckan cTpykTypa; 3 — xp. Xamap-JlaGan; 4 —
BKM; 5 — Cemepnoe Ilpwiagoxne; 6 — YKpAHHCKHI wmt; 7 — Anaanckudt mur; 8§ — Jlan-
MBHACKMWHA NOAC; Y — HOHBAPHAHTHbLIE TOYKH

ro 3ambiKaHus [TeueHrcko CTPYKTYpbl, TIO-BHIHMOMY, CBA3aHO JIHGO ¢ JIOKAIb-
HBIM H3MeHEHHeM peXynMa P B 30He 1gHTPHKITHHAIIBHOTO 3aMbIKaHUSA CTPYKTYPbY,
nHBO C COBMELIEHHEM HA COBPEMEHHOM 3PO3MOHHOM YpPOBHE TEKTOHUYECKHX
6/I0KOB, HCHBITaBUIMX MeTaMopdu3m B yCioRMAX pasnuuHoro P. 3oHer mera-
MopdH3Ma B Npefe/iaX JaHHOH CTPYKTYphi BbiJeliert; kak Mo MeTalieliiTaMm,
14



mElZz I i\l

/
o N7 <Y ‘%
s o NN

- N/
[DID* ' 3549 /|+&
mm]’ lZ]" /PO-A0s

P uc. 3. Cxema meramopduieckoii 3oranbHocTH [Tevenrckoii crpyxrypsi, Koabckuit nomy-
octrpoe; no I'.I". [lyx [38], ¢ yrouHeHHAMH aBTOPOB

1 — mporveposolickue MeramopdHuecKHe TOPOMsI: d — MeTaocagouHble, 6 — OCHOBHbBIe
METABY/IKAHKThI; 2 — THeHACO-TPAHMTHI ApXeACKOro OCHOBaHMA; J—7 — MeTamMopdHYecKHe
sonwi: 3 — [Ip—IIym; 4 — Axkt—Xa; 5 — Akr—bu, 6 — PO-3n+PO0-0nz, 7 —PO— Ad3+
+/Tu —PO; 8 — m30rpagel B OCHOBHBIX MeTaBYIKAHMTAaX; 9 — TeKTOHHUECKHe HAPYIICHHMA;
10 — reonorwiecKHe rpaHMIIb

TAK ¥ MO MeTaGa3utaM; MOPH ITOM HH3KO- H CpeHeTemIlepaTypHbIe QalHH
(mo namHeim B.M. Kasanckoro) oxsatbiBaioT Gonee 85% MOIIHOCTH pa3pe3a
([Ip—IIym — 1100 M, Axr-Xa— 1700 M, Axr—bu — 2100 M, PO-0Onz —
1100 M) ; Ha ampubonuToBYyI0 dammio npuxomutca MeHee 15% paspesa (800 m).
CxemMa M3MEHEHHA KOJIHYeCTBEHHOTO MHHEPATbHOr0 COCTaBa M 3BONIOLHA Mapa-
redesucoB MeTaba3uToOB B XO[E€ 30H&IBHOTO [POrPeCCHBHOIO MeTaMOpQH3IMa
TleueHrcikoi cTpyKTYphI IOKa3aHbl Ha prc. 4 U 12.

JlatepanbHO30HAIBHEIE KOMIUIEKCH! HccleroBankcs B CesepHom Ilpmia-
H0Xbe, HA BOpOHEKCKOM KPHCTAITHYECKOM MAaccHBe, YKpPaHHCKOM IUMTE H B
toro-3anagHom Ilpubaikanse.

Cepeproe [lpnnanoxee ABNAETCA KIACCHYECKMM TNPHMEDPOM NpOsBIIeHHA
MeTaMOp(HUUECKOH 30HATBHOCTH AHOATY3INT-CHIUINMAHKTOBOTO THia. Metamop-
duueckue NOPOb! NAKOKCKOH HOPMALHH IAHMMAIOT TUTOWAML OKONO 15 Teic.KM?
W MOMpa3fensioTcs HA OBe cepud (puc. 5): copramansckylo (Meradpdy3uBHO-
OCaJIOUHYI0 MOILHOCTBI 10 1600 M) W NagOKCKYI0 (MeTaTeppHIeHHYK0 MOLL-
Hocthio 0 4000 Mm). CremeHs metamopdu3ama MOpoOJ, NafgokckoH (opmauyu
MOCIIeIOBATE/IBHO HapacTaeT OT OHOTHTOBOH 30HBI 3€/I€HOCIAHUEBOH dauuu
10 TMMEpPCTEHOBOH 30HBI IpaHy/IuToBOH damuu [89], uro nossonuno H.JIL. Jlo6-
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P uc. 4. H3MeHeHHA C peHHX cOAepP#KAHMI I0POJOOBPa3YOIHMX MHHEPANIOB IPH POTPECCHB-
HOM MeramopduiMe Gasutos [leveHrckoii cTpykTypni W nenutoB CeBepHoro [Mpunagoxss

petoBY K p. [37] BBIeNHTH JAHHYIO 30HANBHOCTE B COBCTBEHHO ~NAMOMKCK U™
(Cr—Anod) noprtun 3oHanbHOCTH AHO—Cun Tina. WccnemoBanus, MpoBeeHHble
aBropamMH Hacrosiel paGorer B CeBepHoM [lpunanmosbe, MOATBEPAHIH MPHH-
LMITHATIBHYH CXEMY MeTraMopdHYecKOH 30HANBHOCTH TONBKO 10 /p-KO 30HBI
ambpubonuroBoit cdauuu (cM. puc. 5); BegeneHHe Jun 30HbBI TPAHYIIHTOBOM
daimy cunTaeM ouMBOYHBIM Ha OCHOBAHHH CIIEIYIOLIEH CHCTEeMbI [10KA3aTeNbCTE.

K kpuiuueckum napareHesucam rpaHynutoBo# caimu 10.B. Harakues [89]
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Puc. 5. Cxema meramopdmyeckoii 3oHansHoctu CesepHoro n Cesepo-3anapuoro [pana-
poxwn; no 10.B. Harafiuesy [89] c yTouHeHHAMH aBTOPOB

! — rpauurm panmakueu; 2 — MHTPY3uMM GasuT-rumepBGazuTOB; J — IVIATMOKIA30BbIE
H MHKPOK/IHHOBbIEe rpaHuTsl; 4 — npoTepo3oiickue Meramopduueckue Nopoasl: d — MeTa-
ocagounsie, 6 — Kap6oHATHbIE M OCHOBHbIE METABYJIKAHHMTBI; J — THEHCO-TPAHUTHI ApXedi-
ckoro ocHopanua; 6—1/ — meramopduueckue soum: 6 — bu, 7 — I'p, 8 — Cr—Ano, 9 —
Cun—My, 10 — Cua—KITll, 11 — I'p—K9; 12 — usorpanm B meranenurax; /3 — reonoru-
YeCKHe IrpaHMIlbl

otHocHT I'p + Tun + Bu + [ay_44 + K6 £ KIIlIl B MeTanelHTOBBIX TMOPOJAX
H ([u + PO + ITnsg_qag)% Tun, bu, I'p, Ke B Metabazutax. B nopopgax ocHos-
HOro cocrtaBa, Kak ykasbiBaer W 10.B. Haraiues, runmepcred nmosBnsercsa eile
B ycnoBHAX ambubonuToBoi dauuu (PO + Ke 2 JJu + T'un + IIa + H,0). To xe
OTHOCHTCA H K IIOpOAaM CMeIlaHHOTO cOcTaBa (KHCJIble MeTaTeppHreHHbIe
OUIOXEHHA C MPHMECBI0 OCHOBHOIO BYJIKAHOMHKTOBOIrO MaTtepuana), mis
KOTOphIX B 30HAOT-ambuBoNMTOBOH daunu ycroduusa accoumauus PO + bu +
+1Ia + Ke = I'p. B ycnoBusax I'p—Ko0 30Hb1 aMpubONHTOBOH haluy yikazaHHaA
accolMalHsA 3aMelllaeTca MmapareHesucaMmu ¢ [ un, HanpuMep, 1o peakuuu: . PO +
1,39I'p + Bu + 6Ke =5,81un + K[l + 2,5Magg+ H, 0. B oTHOLIIEHHH MeTaleNH-
TOBBIX MOpPOJ, OTBEYANIIMX N0 XUMHYECKOMY COCTaBY TaKOBbIM U3 Gonee
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HH3KOTEMIepaTypHbIX 30H, CJIeflyeT CKa3arth, 4T0 B YCHOBHAX aMPHOOMHTOBOH
. dayu obpazoBaHHe aCCOUHAUHH Ip + Ko + bu + KIIlll oueHnBaerca HAMH 1O
Ip—bBu tepmomerpy B 660—725°C. TloABnelne B MeTanenuTax Toro xe coCTa-
Ba mapareHe3ucos ¢ /un Bo3Moxuo nuus 1u6o npu T > 800°C u P=3-7 x6ap
no peakumu bu + I'p + Ke = Ko + I'un + KITll + H,0 [57) ,muboipu P > 9,5x6ap
uT > 800°C no peaxuuu: I'p + Ko =Tuny+Cua+la,,, +Ke + H,0 [84].
Tonuoe paznoxenne buotnta (Bu + Ke = I'un + KITH + H, O) pomi#o npoucxo-
IMTh IpH ewe Gonee BRICOKHX TemneparypaX. OOHAKO MPOBENEHHCS HAMU H3YYe-
HHe peaTbHbIX ACCONMAIMA METalelMTOBBIX M aCCOUMMPYIOLUMX IOPOJ HHOTO
coctasa u3 okoHTypeHHmx [0.B. HaraineBsim ofinacredi paspurus [un 30HbI
(pa#ionnr Jlaxmennoxsa ¥ Kypkuékn) ofHO3HauHO CBHIAETENBCTBYET 06 oTCyT-
CTBMHM TapareHeauca ¢ Jun B HOpMambHBIX MeTanenurax (0BbIYHOM ABTIAETCA aC-
couuawna bu + I'p + [la + KIIM + Kg, temneparypa oGpa3soBaHMs KOTOPOH
no Ip—Bu TepMomeTpy OleHHBaeTcA Hamu B 650—700°C) M 0 MakcHMaibHO
IHPOKOM HX Pa3BHTHH B Npeo6lafaloliuX 37ech TIOPOAX CPe[IHero ¥ OCHOBHO-
ro cocraBa. 70T GaKT, @ TAKXKE TO, IO CyLIeCTBeHHble U3MEHEHHA B COCTaBe
cocymectByomux 5z ¥ Ip w3 I'p—K0 3onb1 (Buge_s53; Ipgg_g ) H T1aK Hasbr-
BaeMoit 'un 30HE1 (Bugs; Tpgg_74) OTCYICTBYIOT, MO3BOIAIOT HAM CHENATh
BriBog 06 oTcyrcTBHH B CeBepHom Ilpunanoxde TOKATBHO MPOABIIEHHON T'paHy-
JIMTOBOH (aluu 4, TaKHM 00pa3oM, OrpaHHYUTh BePXHMI TeMIepaTypHbIA Npe-
Oen “namoxckoro” TMNa meramopdwusMa ofnacteio ycroiumsoctu I'p + Ko +
+ bu + KMl naparene3uca.

B 1oro-Bocrounoit yacth BopoHexckoro kpuctamnnyeckoro macckba (BKM)
OKOJIO MONOBMHbLI Tepputopuy (Bonee 70 Thic. KM?) cTOKEHO PaHHENPOTEpO-
30HCKMM KOMIUIEKCOM NPEHMYILIECTREHHO META0Ca[I0YHbIX NOpof, obbenuHse-
MbIX B BOPOHUOBCKYI0 cepHio. B cTpaturpaduyeckom paspese cepuH pa3iuyaioT-
CA uYeThipe BYJIKAHOTEHHO-TEPPHTEHHBIC TONLIM, OOIIAs MOUIHOCTE KOTOPbIX
coctasnger 10—12 kM. OTueIMBO BhlpaKeHa NpaBWIbHAaA MeTaMopdHuecKas
30H&TBHOCTD CTPAaTO- W JIATEPAIbHO3OHANBHOIO THIOB (pHC. 6), HapyuieHHas
ONIOKOBBIMU TOABHXKAMH OTZENbHLIX yuacTKoB ¢yHmamenrta [75]. HanGonee
BBHICOKOTEMIIEPaTypHble 30Hb! — OBIACTH pa3BUTHA TMOpop, aMdubonuToBol da-
IMH — 08pa3yloT H3OMHPOBAHHEIE BBIXObI HA NOBEPXHOCTH KPHCTA/UIMYECKOTO
¢yHpamerTa wiomansio 10 600 km?. Tlo Mepe yhaleHMA OT 3THX 30H Hafuiio-
faeTcA MOCTIeOBaTe/bHasA cMeHa Gojee HM3IKOTEMNEpaTypHBIX (auuii BIVIOTh
no Bu w3orpagel. B Hanbonee BhICOKOTeMNepaTypHbIX 30HaX aMQHBONHTOBOR
cdanun (30up1 Cun—KITI wI'p—K9Q) cpeny rHeiicOB pasBHTBI MOIA MUIMATHTOR
W ABTOXTOHHLIE Tejla PeOMOpPGHYECKHX T'PAHHTOMIOB MHUIrMATHI-TOHATHI-IUIA-
rHoTpaHHTHOH opmamuy (39, 06pazoBaHHBIX B pe3yNibTaTe aHATEKCHCA IOPOL,
HIKHAX 4aCTed pa3pe3’a BOPOHNOBCKOH cepuH (I10aKONOMHOBCKMI YYacTOK, CM.
puc. 6). Kpome Toro, B mpegenax HceleyeMOi TepPHTOPHA OTMEYAITCHA AJI0X-
ToHHbIe Tena rpaHuTouaos ([lanwmckui ¥ KoplieBckuii yuacTicn), OTHOCHMbIE K
NPOAYKTAM HMHTDY3MBHO-MArMaTHYeCKOTo I'paHHTOOGDA30BaHKA 34 CYET TEX Xe
rnyBoKoMeTaMOp(H3OBaHHBIX  OTII0XKEHHIH BOPOHUOBCKOM cepun. Takum oBpa-
30M, (pOpMHPOBAHHE 30HAIBHO-METAMO PHHUECKOTO KOMIUIEKCA U PA3BHTHE IPaHi
TOMOHOrO MarMaTH3Ma B loro-BoctouHoi uactu BKM npencrasnswores nocnemo-
BaTe/IbHbIMH 3BEHBSIMM B LIENH JHIOTeHHBIX NpeoOpaloBaHui paHHENpOTepO30Hi-
CKHUX TEPPHI'€HHBIX OTIIOXEHHH.

Yxpaurckuit mut (YI[) cnodxxeH npenmyiecTBEHHO IpaHHTOMAAMH, KOTOpPbIE
paccMarpHBawica Kak OGnoku apxeickoro (2,8—3mnpmner) ¢yHmamenta —
18
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P uc. 6. CxemameTamOpQHY eCKOif 30HATBHOCTH T0-BOCTOYHOM YacTu BKM; no H.I1. JleGe-
ey [75]

1 — vaTpy3 UK Gasutr-runepbazuToB; 2 — MHTPY3 MM FPAHUTOMIAOB: Y4acTKH — I — Ilanum-
ckuii, I — Kopmesckuit u II1 — IMoaxonogmnonckmit; 3—9 — meramopduieckHe 30HDI:
(3 —Cp—Xn, 4 — Bu, 5 — I'p, 6 — Cr—AHO, 7 — Cun—My, 8 — Cun—KIIlll), 9 — F'p—K9);
10 — w3orpapml B mMeTamenurax, B TOM YHMCle Tipenmonaraembie; /! — TeKTOHHYECKHe Ha-
pywenus; /2 — reonormuecKHe rpaHMILI



HIDKHHH CTPYKTYpHBIA JTax. Meramopduueckne nmoposl coctasnait He Gonee
20% nnowapu YI, cnaras npocTpaHCTBEHHO pa3pO3HEHHBIE NOI0CHI, BBIMONHAI-
e MexxGnokoBble paHHenmpoTepo3oickue (1,7—2,3 MipA. 1€T) CHHKIHHANH —
BepXHHH CTPYKTYpHbIH 3TaXk. MexBIoKOBbIE CHHK/IHHAIH MMEIOT NCeBIOMOHOK-
JIMHATIBHYI0 CTPYKTYPY € KpyTONafaoliMMH K pbUIbAMU; MOLHOCTH MeTaocaaoy-
HO-BYJIKQHOT€HHBbIX TOJILI ONpeeNnAeTcA LIMPUHOH CHHKIIMHAIEH, [IOCTHras
5—6 kM. KaprupoBaHHe H Ie1polorHyecKoe U3yyeHne MeramMopdHuecKu Komi-
nexcoB Y, npoeenennsie P.SI. BeneBueBnim [4], nokasanu, uro 3efeHOCHaH-
ueBan ¢auusa XapaKTepHa I IBreOCHHKIIMHANEH, JnHaoT-aMpuBonTMTOBaA —
IUIA - MHOJBT€OCHHKIIMHANEH, & ampuBonuToBas — O/If MHMOreOCHHKJIMHAIEH.
[nomanou pa3BUTHA TrpaHynHTOBOH dauuu GUKCHpYOTCs M Ha Gnokax
" ¢pyHpamenta. lilupuHa mMeramopduueckux 30H Kone@nerea or 1-2 o 50 km;
npeofnaparwiiee NpoOCTHpaHHe — ceBepo-BoctoyHoe. ['paHuupl Mertamopdwu-
YeCKHMX 30H CeKYT KaK paHHeNpoTepo30HcKHe MexOIOKOBble CHHKIIMHAIH,
TaKk W 6nokH apxekckoro ¢yHpamenta (puc. 7). Ilo muenuio P.fl. Benesue-
Ba [4], npoTepo30HCKMA PErHOHATBHBIH METAMOPDHIM M CBA3AHHAA C HHUM
B BBICOKOTEMNEpaTYpHBIX 30HAX MHIMATH3alMA NPOABNEHbI OTHOBpPEMEHHO,
HO TpH Pa3MYHOM TeMNepaTypHOM peXHMe 1A nopopn GNOKOB (TelIoBble
Kynona) ¥ MexGIoOKOBLIX CHHK/IMHaiei (TemsioBble fenpeccud). B vactHocTH,
B KpuBopoxcko-KpeMeHuyrckoi 30He  BhIABIEHa H MpOC/IeXeHa MeTaMopdhu-
YeCcKad 30HAJIBHOCTh aHJANY3MT-CHIUIMMaHuTOBOro 1uma ot I'p mo Cua—KIIld
30HBI (CM. pHc. 7). 30HaNBHOCTL B LieNIOM ABNAeTCA W306apHuecKoi, TemMIepa-
TYpHO#M, HapacTag ¢ BOCTOKAa Ha 3amajl ¢ rOPM3OHTAIBHBIM FEOTEPMHUYECKMM
rpandenToM 1025 rpan/km; BepTHKanbHbIA rpagueHT He Bhiwe 20 rpaa/km.
B HanBonee BbICOKOTEMIIEpAaTypHBIX 30HAX pa3BHThl BEHHTOBbIE MOC/IOHHBIE
MM TIOJIOCYAThle MHIMAaTHTbi, 0Gpa3oBaBlIHECA NPH aHATEKCHCE HHXHENpOTe-
po3oiickux MertamenuToB. B Gnokax apxeiickoro ¢yHaameHTa, MOIb3YIOUIHXCA
IIMPOKHM paclpocTpaHeHHeM K BOcToKy M 3anaay ot KpuBopoxkcko-KpemeH-
YYrCKOH 30HBI, Pa3sBHThI OrPOMHbIE MOJNIA NpPeHMYIIECTBEHHO Nopgupobnacry-
YECKHX TEHEBBIX NMOMYMHIMaTHTOB am(puBGONHTOBOH M TPaHyIHTOBOH (alui.
PervonansHo MeTaMopdu3oBaHHbie oTnoxeHus Hro-3anammoro Ilpubaii-
Kanbf, Bbl[eNeHHble B XaMap-nabanckyio cepuio (PR ;) ,crmaraior oBuiMpHbli
yuactok (oxono 18 Teic. km?), pacmonarailumiics Ha CTbIKe CAAHCKHX M baii-
KalTbCKHX CTPYKTYp. Xamap-gaGaHckas cepud, o faHHbIM A.A. lHadeesa [127],
npepcrabBnaer cobod obpazoBaHHe eOMHOTO CelMMEHTAIHOHHOTO LMKNA, B cOC-
TaBeé KOTOpOro BbIACNAKWTCA CHHOAAHCKAA M xanrapynhcxaa NoJACepHH. Cito-
JAHCKAsA NOJICEPHA MMEET NPEHMYLIECTBEHHO MeTaTeppHreHHO-KapOOHATHRIA
COCTaB, XaHrapyJibCKas — MeTaTeppPHTeHHbIH. POpPMAaLMOHHO BCS CEPHA HMeEeT
MHOTEOCHHKIMHANbHBIA 06MMK M mowHocTs 8—13 kM. [loponel cepun B ne-
JIOM HCHBITAIH KaK PEerHOHAIbHBbIH CTPAaTO3CHA/IBHBIA MeTamopdH3M (OT 3elle-
HOCJIAHLEBOH (halMH B ee BepxHe# yacTH — wy6yTyHCcKas H BepXH KOpPHUIIOBC-
KO#H CBHT 10 rpaHyJIMTOBOH — HHM3bI XaHrapyJibcKoil OJICEpHH) , TAK H JIOKANBHBIH
71aTepaNbHO30HATbHBIA (NPHOCEBAsA YACTh Y TYJIMKCKOTO CHMHKIIMHOpHA, 3aMETHO
BBIIENAWIIAACA M0 Y3KOH cyOLUMpPOTHON Mojloce pa3sBUTHA NOpoa  wmyOyTyi-
CKOH CBMTbI). B naTepanbHO30HANBHOM KOMIUIEKCE MpOABIEHa MeTaMophH-
yeckas 30HANBHOCTh AHMAATY3HT-CHUITHMAHHIOBOTO THIZ (CM. pHC. 2), OTYETIH-
BO CEKylllasd BKPECT NPOCTHPaHMA OFHH M Te )€ MUIacThl HCXOJHBIX MOPOL OT
bu po Bu—Cun 3onsl (puc. 8). B npemenax Cr—AxO 30HBI pacmpocTpaHeHbl
MOJIOTOCEKYIIHE MUK POKJIMH-a/IbOMTOBbIE TErMaTHTBI CO CMofyMeHoM, Bepu-
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Puc 7 CxemameraMopdiiecKoit 30HaNBHOCTH HEHTPAIBHOR YaCTH YKPAHHCKOr o LHTA;
no P.fi. Benesuery [4]

1 — nmporepo3oiickue mopoast; @ — METAOCAOOMHLIe, O — OCHOBHLI® METAaBYNIKAHWTBIL;
2 — xeneaucTnie moponbl; J — rheilco-rpanuTh apxefickoro ocaorauna; 4— 10 — meramop-
tuueckHe oubi: 4 — Bu, 5 — I'p, 6 — Cr~And, 7 — Cua-My, 8 ~ Cua—KIIH, 9 ~ I'p—Ko,
10 = I'un; 1] — w3orpanm B metanermrax; 12 — rexvoMmieckue smpymennn; 1.3 — reono-
FHYECKHE T PAHHED!

NIOM MW KACCHTePHTOM, a B 30He Mexay u3orpapgon Cus H MOABNEHHEM KBaple-
BBIX MHTIMaTHTOB HabnwopawIcA MyckoBHTOBble nermatursl [81]. Hanuumne
MaTOMOLIHBIX OKOJIONErMaTHTOBBIX OpeoyIOB W YeTKas NMpHYpO4eHHOCTh pasJIny-
HBIX THIOB TMETMAaTHTOB K ONpefe/eHHbIM METaMOPQHUECKHM 30HAM CBHOETENb-
CTBYIOT © TOM, YTO TMpOIECC NermMaTuToo6pa30BaHys ClIe[lyeT BO BPEMEHH cpa3y
32 METaMOp(HU3IMOM TIOpOZd M KOHTPOAHPYETCA “[JIHTENIbHBIM COXpPaHEHHEM
pachpefiefieHHsi TeMIeparyp, AOCTHIHYTBIX HAa TNporpeccMBHom arame” [81,
c.244].

K nuHeAHO30HANBHBIM KOMIIEKCAaM HaM¥ OTHeceHs! JIanangcKuit rpany -
TOBbIN Nosc (ceBepo-3aman Konscxoro nonyoctposa) u xaio-Uyitckuii xpebet
(Anran).

JlannaHpckui TpaHYNUTOBBIA MOAC, NMpOCTHpasAch OT HonApHod Hopeeruu
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Puc. 8 CxemameramopdmuiecKoii 30HANBHOCTH 10T 0-3anaaHoro [pubaiixanss; no A.A. lila-
ceeny [127]

.1 — muTpy3um Gasur-runepBasuron; 2 — MHTPYIMM rPAHHTOMIOB; J — MPOTepo30fCKHe
MEeTaMOpHIEeCKHE TTOPOoabl: d — METaocC afnouHbie, 0 — OCHOBHbIE MeTaBynKaHuTh; 4—9 —
metamopgmueckue 3oubt: 4 — bu, 5 — I'p, 6 — Cr—And, 7 — Cun—-My, 8 — Cua~KITll,
9 — I'un; 10 — w3orpagm B meranenutax; /] — TekTonmueckue Hapywenms; /2 — reosno-
rHUecKHe rpaHMIib]

yepes OGuHckylo Jlannanpuio B paioH CanbHBIX TYHIpP, NpefcTaBnser coboH
CEPNIOBHIHYIO B MIIaHe CTPYKTYpYy NpoTsxeHHOCThI0 400 KM, npuHO# 580 kM.
[0ro-Bocroynas yacte JlannaHackoro rpaHysnH10BOro nosca, pa3sBuTas Ha TeppH-
1opuu MypmaHcko#i obnacti, o6pasyer JIMHeHHYI0 30Hy BIIacCTOMWIOHHTOB (IUH-
pHHOH 5—25 KM), MpOCTHPAKOLLYIOCA B 0TO-BOCTOYHOM HanpapfiecHHH Ha 60 Km.
30Ha GnacTOMWIOHKHTOB oOpa3yer kKak Obl CHMHKJIMHOPDHYIO CTPYKTypy, Jie-
KALLYI0 CBOEH OCBK B 30HE 71y GHHHOIO pa3sioma, OC/I0OXHEHHOTo MOMNepeyHbIMH
OpaxuopopMHBIMH CKJ1afKaMK WiH ByauHooBpasHbiMy nepexyumami. B paiione
CanbHpix TYHOp (pHc. 9) Meramopduyeckue MOPOabl NOOPa3eNANTCA HA TPH
MEeTaocaJoyHO-BYJIKaHOTeHHbI¢ TONMWIH obled MoluHocTeio ao 3,2 kM. Mera-
mMopdHueckoe KapTHpoBaHHe, npoBefneHHoe A.M. UenueBpim [43] B pmannom
paHoHe, NO3BOJAET BbIAENHTH [Ba 3Tana MeTramopgmima. Ha nepsom srame
MPOABJIEH CHHCKIIauaThli PerHOHAIbHbIA MeTamMOpdH3M B yclnoBHAX amgpubo-
nutoroit daunn (bu—Cun 30HA), MHHepaIbHBIE NapareHe3Uchl KOTOPOro Ha
COBPEMEHHOM JPO3HOHHOM Cpe3é COXPaHWIHCh JIHILL BO BHEIUHHX 30HAaX MOACA.
Bropoit atan Meramopdu3iMa CBA3aH ¢ TeKTOHHYECKOHM aKTMBM3aumed dyHma-
MEHTa B KAape/IbCKOE BpeMs M NPOABWICA JIMILUL B OCEBOH 30HE ONHCHIBAEMOH
CTPYKTypbl ¢ 0OGpa2oBaHHEM LIMPOKOH MONOCHI IK/IOTHTH3AUMKM 10 ACCOLMA-
uuaM nepporo jtana. Haubornee OTYETIIMHBO 3TO MOXKHO YBHAETb IPH NpO/IBHIKe-
HHH OT NepudepHyecKHX 30H JIaNnanIcKoro TpaHnyInTOBOTO NOACA K €70 OCeBOM
yactu (cm. puc 9). 3mech B meraneMTax HauMHaoT npeobnagars NapareHe3ucbl
¢ Ku, Ku + Cua + KITll (ampubonuroBas dauns BLICOKOrO [aBleHUsA), a elle
BnM¥Ke K OCeBOH YacTH MOfACa OTMEYAETCHA 3aMeLLUEHHe BhILLIEYKa3aHHBIX acCOIHa-
22
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P u ¢. 9. CxemameramopduuecKoli 30HAIBHOCT H HOT0-BOCTOYHOrO 32MbiKaHusA JIANNaHaCKO-
ro rpaHyHTOBOrO nofca, Konbekuit nonyocrpos; no A.H. Henuesy [43]

1 — wnTpy3um Gasur-rumepBazutor; 2 — paHenokemGpuiickMe MeTaMOphHUeCKHE
Moponbl: 4 — MeTaocamouHsie, 6 — OCHOBHBIE MeTaByIKaHuTbl; J—0 — meramopduueckue
sonw: 3 — Cua—KIIll, 4 — 'p—Ko, 5 — I'un (P=8-10 x6ap), 6 — l'un (P > 10 x6ap) ;
7 — m3orpansl B Meranenutax W merabasuTax; & — TeKTOHHWuecKMe HapylueHus; 9 — reono-
ruvecKHe [ paHHIlb

1Ml naparedesucom: I'p + Cua + KIJI + tutavmcteiii bu (rpaHynuroBas dbauus
CpEIHero JIaBJIEHHA) .

Metamopduueckuii kommiexkc Hxmo-Uyiickoro xpe6ra npeacraenaer coboi
YHHKAJIBHBIA TpHMep METaMOpP(HUYECKOH 30HAIBHOCTH, XapaKIepH3yIOLIeHcs
COCYLUECTBOBAHHEM aHOANy3HTa M KHAHHTA, a TAK)Ke OTYeTJIMBBIM YBEJIHUCHHEM
HHTEHCHBHOCTH MeramopdH3Ma B IIpefesiaXx aHTHKIJIMHAJIbHOH CTPYKTYpbl OT
nepudepHH K ee 3aMKOBOH uyactH. Kpome Ttoro, Bo Bcex MeTamopduueckux
06pa3oBaHHAX JaHHOro paHoHa otcyrcTByet K/TU. B cTpyKTypHOM OTHOLICHHH
MeTamopduueckHe NopoAbl 0Gpa3yloT JIMHEHHYH NpPHPAsTOMHYI0 IUOBHYH aH-
THKJ/IMHAIb ¢ Pa3sBHTOW BJ/I0JIb € OCEBOW YacTH MOLLHOH 30HOH CMATHA, POTA-
ruBawiueicas B Buae y3kod (10—15 km) mofockl Ha paccrosiHHe 10 60 Kkm
(puc. 10). MosaHepoxembBpuiickue GIIKILIOHIHbIE OTIOXEHUA TOPHOAITAHCKON
CEepHH MOJPA3AeNATCA HAa [BE CBHTBI! HHKHIOW MpPEeHMYILECTBEHHO aPKO30BYI0
HecHaHO-aJIeBPONTHTOBYI0 H BEPXHIOW TNECTPOLBETHYI0 C MOBBIIIEHHOH H3BECTKO-
BuctocTbio. O6Las MoOIHOCTE 06enx CBMT 5,5—6,5 kM. [IpHHIMNIHaIbHAA cXeMa
MeTamopdHuecKol 30HaIbHOCTH MeTanenuToB HxHo-UYykckoro xpeGra Bnep-
Beie Gbuta onucana A.C. Mutpononsckum u ap. B 1967 r. Y TOUHHBIIMHA NO3[HeE
aty cxemy K.B. KenexuHckac [47] Beyienser HATh 30H, pasBHTBIX BKpecT
NpOCTHPaHMA MOJIOCHI H XapaKTEpH3YIOLWMXCA Pa3jiMiHbIM MHHEpanbHbIM COCTa-
BOM [OpOJl MpH CXOOHOM BaJlOBOM COCTaBe. JTH 30HbI OTKapTHPOBaHbI IO
HHIEKC-MHHEpaJlaM ¢ YYeTOM CTPYKTYPHBIX B3aHMOOTHOLLUEHHH M TIOATBepK/e-
Hbl [IeTa/IbHbIM MHKPOCKOMHYECKHM H3yYeHHEM, OGHAapyKUBUIHM 3aKOHOMEp-
HYyl0 CMEHY MHHepaJlbHbIX MapareHe3ncoB NMpOrpPecCHBHOTO MeTamMoOpdu3Ma of
(p—-Xa po Cua—My 30Hbl (cM. pHc. 2). ['paHuiibl 30H rpy6o mapanniensHbl U
npubiM3HIENnsHO COBMAAT €O crparturpaduyeckumMu. OBinan MMpHHA 30HANb-
HOro KoMIUlekca He npesbiuaer 10 kM.
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