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MOJIEJIb ®OPMUPOBAHUSA KOJIJIM3UOHHBIX HIOBHBIX 30H YPAJIA
U CONPAXKEHHASI MUHEPATEHUS

B.H. Ca3onos, B.H. Oropoanuxos, F0.A. IloseHnoB

B3auMocBs3p BeAymmX SHAOTCHHBIX MPO-
[[ECCOB — pa3BUTHE IIOBHBIX 30H OOpaMIeHHS
THEHCOBBIX OJIOKOB, MPOIECCOB PETHOHAIBHOTO
Meramop¢usmMa, yiabrpamMmeramopdu3ma, Marma-
TH3Ma — OIpEJEisieT B TIIaBHBIX YepTax oliiee
COCTOSIHHE (MIFOHMIHBIX CUCTEM B IIOBHBIX 30HAX,
OTBETCTBEHHBIX, B KOHEYHOM HTOTE, 32 XapaKTep
MPOTEKaHUS W TEHACHIIMU B HAIPABICHHOCTH 3a-
BEPIIAOIINX METACOMATHYECKUX MPOIECCOB.

Onroupl UTPaT TPOMAJIHYIO POJTH B ITIa-
HETapHBIX HJIOT'CHHBIX TEOJIOTHYECKHUX TPOIIeccax.
Haubonee mmpoko OHU MPOSIBISIOT ce0s B IMPOIIec-
cax Metamop(du3Ma u yneTpameramopdusma. ['eo-
JIMHAMUYECKHUE MPOIIECCH Ha TpaHuIax urochep-
HBIX IUTAT ¥ PUQTOTCHHBIX IOBHBIX 30H, HAPSY C
MpoIlecCaMU BBICOKOTEMIIEPATypPHOTO METaMop-
(hm3Ma, COnpPOBOKIAOTCSI MHTCHCUBHBIM Marma-
THU3MOM, KOTOPBIH, B 0053aTEILHOM TIOPSAKE, CO-
YEeTaeTCs C MOCTYIUICHUEM KUJKUX U ra3000pas-
HBIX (DIFOMIOB, Macca KOTOPBIX HE TOJBKO HE YC-
TymaeT o0beMaM MarMaTHYECKUX PacIliaBOB, HO
U TIPEBOCXOJUT MX. BHenpeHne MarMaTuveckux
PacIuIaBoB U MOJABEM METaMOP(QU3YIONIUX (ITFOH-
JIOB TEHETHUYECKU U MPOCTPAHCTBEHHO TECHO CBS-
3aHBI, HO TIO TIPOMCXOXK/ICHHUIO U TTOBEICHUIO OHU
JIOCTaTOYHO He3aBHCUMEI. Ponb (onsoB B py-
JI000pa30BaHUU HE TOJBKO 3HAYUTENBHAS, HO U OII-
penernstonias, IMOCKOJIbKY MOOUITU3AIIHSI METAJLIOB,
WX KOHI[CHTpAlUs W OTIOKEHHE PYyI CBI3aHBI
TONBKO ¢ (mounamu [OBUMHHNKOB, 1988].

B 110BHBIX 30HaX CMATHS, OTPAHUIHBAFOIIIX
JIPEBHHE THEHCOBBIC OJIOKH, B PAaHHEM I1aJIc030¢
OTMEYAIOTCS KOHIYKTUBHBIC TEIUIOGIIFOHIONOTO-
KU, BBI3BIBAIOIINE B BYJIKAHOT€HHO-0C/I0YHBIX TOJI-
max oopamiieHus: MeTaMop(UIecKyro TpaHchop-
MAIIMIO Ha YPOBHE AMUA0T-aM(DUOOIUTOBON (aITHH.
MarmaTtu3m B 3THUX 30HaX HauyMHaeTcs rabopou-
JlaMU TaK Ha3bIBAEMOW PaHHEJCBOHCKOW CEpuH,
uMmerorieit Bozpact 420-380 muH. net. Hanuuue
(hTFOMTHOTO TTOTOKA MPUBOIUT K 3HAYUTEIHLHOMY
3aMeJUICHHIO TIPOoIlecca KPUCTALTU3aluu 0a3nuTo-
BOTO paciuiaBa. DTOT MarMaTu3M CO3/1aBall U Be-
IIECTBO MPOTOJIMTA TOHATUTOB, IPAHOJMOPHUTOB, U
WCTOYHUK SHEPTHU JIUIsl UX TUIaBJICHUs. ba3uTel Ha-
paluBaiy CHU3Yy KOpY, OOYCIIOBUIIU €€ ITOBBIIICH-
HYH0 MOITHOCTh B OJIOKOOTPaHUYHBAIOIINUX IIIOB-
HBIX 30HaX U THEMCOBO-aM(UOOIUTOBBIX MeTabIo-
kax [Kanunun, Pesepnatro, 1977; ®@epmrarep u

ap., 2007; Xomuues u ap., 2007]. Ilponssoausie
oT 0a3UTOB aHATEKTUYECCKHUE TPAHUTOUIBI UMEIOT
MPEUMYIIECTBEHHO TOHAIIUTOBBIN U1K TPaHOIUO-
puToBEIi coctaB (puc. 1). Bo3pacT mo nupkonam
JUTS 3TUX UHTPY3UBHBIX IOPOJ OTPENIENIEH B UHTEP-
Baje 360-320 muH. et [Pepmrarep u ap., 2007].
Takum 00pa3om, 3aKiaJbIBacTCI OCHOBA MHOTO-
(ha3HBIX ITYTOHOB, IPUYEM KOIUYECTBO (pa3 3aBH-
CUT OT TEKTOHUYECKOH OOCTAHOBKHU B 30HE CMS-
Tusg. CTaHOBJICHHE UX IMPOUCXOAUIIO B MarMaTH-
YeCcKOl Kamepe MmyTeM MyIbCalluOHHOW KpUCTa-
JMW3aldd €JUHOTO0 MarMaTU4YeCKOro paciuiaBa C
MOCTIeI0OBATEIbHBIM PACKUCICHUEM MOCIETYIOIINX
(ha3. IlynmpcaryionHass KpUCTaILIH3AIM 0COOCHHO
XapakTepHa AJI1 BEPXHUX YacTel TUIyTOHOB, U OIl-
TUMaJIbHbIC TTyOWHBI €€ TPOSIBICHUS OTPEICIIs-
totcs B 1-4 km [Kocanc, 1970].

KBapi-xuiapHOE BONBPpaMOBOE U 30JI0TOC
OpYyACHEHUE, CONPSKEHHOE C PAHHEKOJLTU3UOHHBI-
MU TPaHUTOUJAMH TOHAIUT-TPAHOIUOPUTOBOU
(hopmaruu, 00yCIOBIMBACTCS IBOIOIUCH TEPMO-
TpagUEHTHBIX MOJEH, CO3JaBaEMBbIX MacCHUBAMHU
3TOH (popMaIuu Ha CTAAUU HX KOHCOJNHAAIUU
(IlIapramickwui, [TnacToBckuii, BennkoneTpoBckui,
CyyHayKckni, AWIBIPIMHCKHAIN U JPYTUE MAaCCUBBI).
KgapiieBbie Kuibl KOHLIEHTPUPYIOTCS B KOHCOJIUIU-
POBaHHOI YacTH MacCHUBa HaJ OCTBHIBAIOIIUM Mar-
MaTHYECKUM OYaroM B 30HE PE3KUX TeMIepaTyp-
HBIX TPaJIUCHTOB B TPEIIMHAX CKOJa U OTphiBa. Opu-
EHTUPOBKA OCEH ITaBHBIX HAMPSKCHUM U MOBEPXHO-
CTel CKaJbIBaHUS YKa3bIBaCT HA BEPTUKAIBLHOE Ha-
MpaBJICHUE aKTUBHBIX YCUIIMN CHU3Y BBEPX Marma-
TUYECKUX Macc, CO3/1aBaeMoOe B pe3yybTare cyo-
IIUPOTHOTO CXKATHsI TEOJIOTUYECKUX CTPYKTYp Ypa-
na [Crapoctun, 1979; Oropoauukos, 1993].

OkcnepuMeHTanbHble nanusie [[ynapes,
1975] u reomornveckre HaOMIOMCHHS ITOKA3bIBAIOT,
YTO B IPAJUCHTHBIX HOJISX PYAHbIC U IETPOTCHHBIC
3JIEMEHTHl 3aKOHOMEPHO MEepepacipeesitoTCs U
00pa3yrT cBou 30HBI oboramieHus. Tak, BoIbQ-
paM, MOJIMO/ICH, MBIIIBSK TATOTEIOT K UCTOYHH-
KaM JIOKaJIbHOTO HarpeBaHus, T. €. KpPOBJIE Mac-
cuBa. OpyJeHeHHE PAcIpOCTpaHICTCsl Ha yaane-
Huu 200-300 M. Menp, cBUHEL, LIMHK [IepeMeEIIa-
I0TCS ¥ KOHIICHTPHUPYIOTCS B 0oJiee yIaICHHBIX
XOJOAHBIX YACTSIX CUCTEMBI Ha yAaaneHuu 1o 1-2,5
KM OT I'paHUTHOro Kymona [Pynnksuct u ap., 1970;
JletnukoB, 1992; Cazonos u np., 2001].
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Puc. 1. Kunematudeckas Moaens (GOpMUPOBAaHUS KBAPI-KUIBHBIX MECTOPOXKACHUN BO BpeMA

paHHEN U NO3IHEN KOTTU3UA:

1 — IpeBHsIsI KOHTUHEHTAIbHAS KOpa; 2 — ByJIKaHOI€HHO-0CaI0YHbIE OTIIOKEHNSI KOHTHHEHTAIIBHOTO pu(Ta;
3 — ToJNeNTOBBIE paHHEOKEaHUUECKUe 00pa3oBaHust; 4 — ynbTpaba3uT-rabOpOBbIil KOMILUIEKC C THTAHOMArHETHUTO-
BOM MUHEpanu3anuei; 5 — ynpTpadasuThl JyHUT-TapiOypruTOBOrO XpOMUTOHOCHOTO KOMILIEKca; 6 — rabopo-auo-
pur-rpaHoaunopuroBasi popmanus ¢ Fe-Cu ckapHamu; 7 — rpaHUTOUBI TOHAIUT-TPAHOTUOPUTOBON (hopMaIuu ¢
W, Mo u Au KBapueBbIMH JKUJIaMH; § — HOPMAJIbHBIE MUKPOKIMHOBEIE TPAHUTHL; 9 — pyIHBIC KBAPIIEBHIC KUJIBI U
XpycraneHocHble THe3/1a; 10 — nermaTuthl; 11 — MaHTHIRHBINA TEIOIIIOMIONOTOK B IIOBHBIX 30HaX; 12 — XJ10po- U
(dTopoTHIHAS CHENUATH3ALUS TPAHUTOUIOB; 13 — OIIOKOOTrpaHMYHMBAIOIINE IOBHBIC 30HBL; 14 — TaHreHIIMAIBHOE

CXKaTue BO BPEMs KOJIJIU3UH.

B xynonbpHO# 30He rPaHUTOHUIOB U BO BMe-
MIAIOIIMX [TOPOIaX KBAPLIEBbIE KUIIbI BHITIOTHSIOT
npotsbxenHsie 10 100 m (mHOTHA MO 1-1,5 KM) Tpe-
IIMHBI CKOJIa, PEKE OTPBIBA, 00Pa3yIOT Beep KU
C KPYTBIMHU yTJIaMU TaIeHUS ¥ TPEACTABIISIOT CO-
0011 THMMYHBIE JKUITBI BBITIOIHEHUS C PE3KUMH KOH-
TaKTaMH, MPAKTUIECKHU JTUIIEHHBIMH OKOJIOXKHIIb-
HBIX U3MEHEHUH. MOIITHOCTD K11 OOBIYHO HE Ipe-
BeimaeT 1 M, HO uHOorma gocruraet 2,0-2,5 M. K
HUM OTHOCSITCSl «O€3pYAHBIC)», MOHOMUHEPAIbHEIC
KBapIIEBbIE JKUJIBI C MEPBUYHO CTEKIOBUIHBIM,
MOJIOYHO-OEJIBIM KBApIEM U «PYIHBIC)» — IIEENNT-
KBapIeBBIE, IEENT-TypPMaIHH-KBaPIIEBBIE, 30710~
TOKBApIIEBBIE JKUJIBI, HHOTJA C apCEHOMHUPHUTOM,
KOTOPBIE COBMECTHO C «Oe3pyaHBIMI» 00pa3yioT
COBMEIIIEHHBIE KMIIbHBIE TOJS. JKMIIbI CIIOKEeHBI
MOJIOYHO-0€JIbIM, IIIINTYaThIM, HEPEIKO TPaHyIHU-

POBaHHBIM B pe3yibTaTe MO3THEKOJTU3HOHHOTO
JIMCIIOKAIIIOHHOTO MeTaMOp(u3Ma, MEITKO-, PeXke
KPYTTHO3EPHHUCTHIM KBapIleM U HEpaBHOMEPHO pac-
MIPEeACIICHHBIMU B HEM MICEIIUTOM, TYPMAaTHHOM H
CaMOPOIHBIM 30JIOTOM.

Bo Bpems nozaneit kommuzun (320-230 mutH.
JIET) B IIIOBHBIX 30HAX, 00PaAMIIAIOIINX «MUKPOKOH-
TUHCHTBD», TIPOSBHUIICS TUCIIOKAIIMOHHBIA METaMOp-
(du3M, paccianieBanue, OynuHax. /s Mmetamop-
(hUTOB XapaKTEPHO Pa3BUTHE CTPECC-MHUHEPAJIOB:
KHAHWUTA, CTaBPOIUTA, (DEHTHUTA, XJTIOPUTOUIA U JIP.
B »T0 BpeMs B LEHTpaIbHBIX YaCTSIX THEMCOBBIX
OJIOKOB W HEPEIKO B MpefeNax paHee o0pa3oBaH-
HBIX TOHAIAT-TPAHOIUOPUTOBBIX TN (HOPMHUPYIOT-
CsI KPYTTHBIE MACCUBBI HOPMATBHBIX MUKPOKITHHO-
BBIX TPaHUTOB, IMECIOIINX 32 CUET TePeIlIaBICHUS
KOPOBOTO cyOcTpara (JTOPOTUIIHYIO CIICI[HAIn3a-
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IIUIO PACTBOPOB. XapaKTEPHBI KyTOJIa, COCTOSIINE
U3 JIByX Pa3HOBO3PACTHBIX T'PAHUTOB, Ha KOHTAK-
T€ KOTOPBIX HAOMIOAAIOTCS 30HBI METMAaTOUTHOTO
CTPOCHHS.

B pesynerare sBOIIOINN TOCTMarMaTuyec-
KHX pacTBOPOB MO Mepe ylaJeHHs OT KyToa rpa-
HUTOB Pa3BHBAIOTCA THAPOTEPMAIIbEHO-METacOMa-
THYECKHEe 00pa30BaHMA, COMPOBOXKAaEMbIE KBapII-
JKWIIBHBIMHU TeJlaMH, KoTopele emte A. H. 3aBapui-
kuid [1947] pacnonoXun B TOCIET0BATEILHOCTH
BBIJICJICHUS IO Mepe MaJIeHus] TeMIepaTypsl U
YIAAJICHHOCTH OT KyTIOJa B PSi/I: IETMAaTHTHI — aJlb-
OWTHUTBI — TpEH3eHBbI M CIIOAUTHl — OEpe3uTHl,
JUCTBEHUTH — CEPUIUT-KBapIEBbIE TMOPOJIHIL.
IIpomeccrr MuHEPATO0Opa30BAHUSA TTPOUCKXOAAT
BOJIM3M OCTBIBAIOIINX WHTPY3MBOB B Opeojie WX
BO3ZICHCTBHUS Ha BMeNIaromue mopoasl. OCHOBHOE
BHUMAaHHE 3/IECh Y/IENSETCS BOSHIKHOBEHHUIO B OKO-
JIOMHTPY3UBHOM TIPOCTPAHCTBE CBOCOOPA3HON TEK-
TOHUKH, 0053aHHON CBOEMY IPOUCXOXKICHHIO TEP-
MHYECKOMY COKPAIIeHHIO 00heMa IUTyTOHOB U HT-
paroleil, Mo HaluM MpeaCTaBIeHUsIM, HEMaJo-
BaXHYIO POJIb B TIOCTIEAYIOMINX MPOIeccax dHAO-
TeHHOTO MUHEpaJIo00pa30BaHusI.

BcenenctBue 6oapmmx pazMepoB WHTPY3H-
BOB OCE/aHME WX MOBEPXHOCTH MPH OCTHIBAHUHU
MIPOUCXOMNT HE HETUKOM, a KAKIMH-TO OJIOKaMH C
obpaszoBaHHEeM pacKoJoB. HBEKIINNA W3 OCTHIBA-
FOIIETO pacIuiaBa OyayT OCYIIECTBISATHCS IO STHM
KPYTOMAIAIONINM TPeIHaM, o0pas3ys TaiKOBBIi
TIOSIC Ha yJTAJICHWH OT KpOBJIH. Bo3HUKHOBEHME T1er-
MAaTUTOB, TPEH3EHOB, KBAPIEBBIX KU U T. 1. 00ycC-
JIOBJIEHO 00pa3oBaHHEM «CBOOOIHOT0» oOBeMa
TIPY OCEAAHNH TIOBEPXHOCTH KYTIOJI000Pa3HOTO BHI-
CTyTla MHTPY3WBa W OTCTABaHUS OCEIaHUs Tepe-
KPBIBAIOMINX TIOpox (puc. 2).

[IponcxonuT 3TO MOTOMY, YTO TPAHHUTHBIH
0aronuT, Mpe’kae BCero, OTAAET TEIUIO MOKPHIBa-
oM ero nopoaam. [loatomy cHauana 3acThiBa-
eT HapykHas KOpKa, KOTOpas MOCTETIEHHO Hapac-
TaeT CHH3Y, MPUOIIKAACh K EHTPATFHOMY Oda-
ry. B BepxHel 4acTH NOCIEAHETO K I TOMY BpeMe-
HU 00pa3oBaliCs KPYITHEIN (JIIOWI0-pacIUTaBHBINA
«ry3sIpb». OJTHOBPEMEHHO C 3TUM HJET COKpaIlie-
HHe o0beMa OTBEPAEBIIMX dHacTell OaTonuTa,
BCJIEJICTBHE YEr0o KPOBJS pacceKaeTcs psaoM
TPEIINH, KOTOpble BOSHUKAIOT CHayaia HaBepXy U
MOCTETIEHHO Pa3pacTaloTcs BHU3, MMPHYEM YacTh
STUX TPEIIMH HAET PaJnalbHO, BEEpOM, ApPYyTHE
MIPOTATHBAIOTCS MEPIICHIUKYISPHO K HUM, T. €. Ta-
paieabHO TTOBEPXHOCTH OXJIAXKAEHHs, 00pasys
TPEIIHBI OTCIIOeHHS, KoHTpakuuu. [Ipu ocTriBa-
HHW THIa0HUCCATBHBIX UHTPY3UBOB YMEHBIIICHUE HX

BHEITHET0 0o0beMa cocTaBIgeT mopsaka 5-7 %
HavYaJIbHOTO 00BEMa MHTPYIUPOBABIIEH MarMbl
[Lep6a, 1960; ®epcman, 1960]. Eciu Bo3HHKa-
FOIIasi IOJIOCTh OTCIIOCHHUS HE MOJTydaeT coooe-
HUS C HIDKEPACIIONOKEHHBIM HCXOIHBIM pacriia-
BOM HHTPY3HBa, TO OHA MOXXET OBITH TpeBparie-
Ha B XHWJIOMOAOOHOE MEerMaTuTOBOE TENl0, a eIle
MOKE B KBAPII-TIOJIEBOIITIATOBYIO W, HaKOHEIl, B
THIUYHYIO THAPOTEPMalIbHYIO (dYallle BCEro B
KBapIIeBYIO) KTy (MecTopoxkaeHust «lopa Xpy-
cTanbHas», «CBemias pedukay, « Kemanaoe» u ap.).

['peitzern3anus mporcxoauT 0OBIYHO TOCTE
MarMaTu4ecKkoro 3tana (GOopMHPOBaHHUS KyTOJIOB.
Omna HakyIagpIBacTCA Ha y)ke paHee c(hOpMHpOBaH-
HBIE TTIETMaTHUTHI, YaCTO Pa3BUBAETCS JIUIIH JOKATb-
HO, BJ0JIb TPEIIUH OTCI0eHUsA. OCOOCHHO BayKHBIM
TIPEACTABIISAETCS BIMSIHAE TEPMUIECKON yCaIKy Ha
pa3MelieHune, JJOKAIU3aui0 PyIHBIX Tel BOTU3N
TIOBEPXHOCTH MaCCHBOB TPAHNUTOM/IOB, HA MUTPAIIHIO
¥ HaKOIICHHE PYIHOTO BEIIECTBA B TaKUX TeJax,
Ha BO3HUKHOBEHHE 30HATBHOCTH U CTaJUHHOCTH JH-
JIOTEHHOTO OKOJIOMHTPY3WBHOTO MHHEPAIO00pa3oBa-
Hust. OOBIYHO (pUKCHpyeMast aMIUTUTYa Pa3BUTHUS
TaKWX TPEUIMHHBIX 30H HaJ UHTPY3WBAMH COCTaB-
nsiet 1-2 kM [Pynaksuct u ap., 1970].

Bo ¢ropuanoil cucteme mMakcuManbHas
MOOWIT3AIIHS 30J10Ta XapakTepHa i1 Hauboee
BBICOKOTEMITEpATYPHONH YaCTH CHUCTEMBI. 30JI0TO
OyaeT mepexoAuTh B MOABIKHOE COCTOSHHE MPHU
temrneparypax Bbime 450 °C [JlernHukoB u ap.,
1969, 1992]. BricokoTemmnepaTypHbIe MeTacoMa-
TUTBI, 00pa30BaBIINECS TOJ BO3AEHCTBUEM (TO-
PHUAHBIX pacTBOPOB, 00eqHEeHBI 3070TOM. [lerma-
THATHI — 3TO MPOAYKTHl BHICOKOTEMIIEPATyPHOTO
MIEJIOYHOTO MOCTMAarMaTH4ecKoro npeoOpa3oBa-
HUS, C TIOCIIeOBATEIFHOCTBIO OT KePaMHUECKHUX
K PEIKOMETaJbHBIM U «KaMEepHBIM» — XpycTalie-
HOCHBIM. [ peif3eHbl, KaKk IPOU3BOIHBIE KHUCIOTHOM
CTaJINM 3TOTO TIPOIlEcca, MOCIeA0BATEIbHO CMe-
HSTIOTIINE TIETIOYHYIO0 ¢ 00pazoBaHueM GTopcoep-
JKAIIUX ATFOMOCHIINKATOB, TPAKTUIECKH CTEPUITb-
HBI B OTHOIIEHUH 30J10Ta. MoOMIM30BaHHOE 30710~
TO TIEPEHOCHIIOCH B MIOPOABI 00paMIICHHS yKe Cy-
[IECTBEHHO XJOPUIHBIMU (IIOUIAMH, TaK Kak
(hrop mcuesaeT U3 ra3o0BO-KUIKUX BKIIOUCHHUH B
KBapIle Ha yAaJeHnH 2-2,5 KM OT TPaHUTHOTO Mac-
cuBa [Oropogaukos, 1993].

3010TOpyAHBIE MECTOPOXKIECHHUS B XpyCTa-
JICHOCHBIE KBapI-XKIMJIbHBIE TOJISI C COMYTCTBYIO-
1Iei 30JI0TOPYTHOM MUHEpaIU3aIueil pa3MelatoT-
sl Ha yAaJICHUH OT MHTEHCUBHO TPaHUTH3UPOBAH-
HOTO THEMCOBOTO OJIOKa, TPAaHUTHBIX MacCHBOB,
30H MIETMAaTUTOO0PA30BaAHMSI, B TTIOPOIaX 00pamIe-

341



EXXETCOJIHMK-2007

+

2 3 ‘..

o+ 1

M\_

Puc. 2. Cxema (bOpMI/IpOBaHI/ISI METaCOMAaTHYCCKOM 30HAJIBHOCTH B Ha,[[KyHOJ'ILHOﬁ 30HC I'paHu-
TOB C 06pa3OBaHI/ICM TCJI IETMAaTHUTOB, Fpef/i3eHOB 1 KBApILCBBIX XUJI (COCTaBJ'IeHa C HUCIIOJIB30BaHHUEM

marepuanoB @.A. Jletnukosa, 1992):

1 — kynon rpanuTa; 2 — Tena armIuT-TPAaHUTOB U MIETMAaTUTOB; 3 — KBapIIeBO-KIWIbHBIE TeNa; 4 — (pouaHo-
ra3oBas MOJIOCTh B KPOBJIE TPAHUTOB; 5 — pa3phIBHBIC HAPYIICHUS U TPEIIMHBI OTCIOCHHUS; 6 — TPaHMIIA KaJTUIITIa-
TH3AIUH, aTTbONTH3AIMY; 7 — TPaHUNA IPEH3CHU3AINN U CEPUIINT-KBAPLIEBBIX METACOMAaTHTOB.

HUS, METaMOP(QHU30BAHHBIX JI0 YPOBHS SIHJIOT-aM-
(hnbOTNTOBOM W 3eNeHOCIaHIeBON (Qanuii MeTa-
Mophuzma.

B BynkaHuTax, MeraMopQU30BaHHBIX B yC-
JIOBHSAX 3€JIEHOCTAHIIEBON (haIiH, PaHHSS IIeI0Y-
Has CTajaus MpeacTaBiieHa OMOTHUTOM B BUJE HEO-
PHEHTHPOBAHHBIX TAOIUTYATHIX KPUCTAILIOB. bro-
TUTU3UPOBAHHBIC METABYJIKAHUTHI 30JIOTOHOCHBIE,
cofiep’kaHme 30J10Ta B HUX qocTturaer 9,6 r/T. Ilo-
BUJIIMOMY, B YKa3aHHBIX ITOPOJAAX 30JI0TO (PUKCH-
pyeTcs IpeuMylIeCTBEHHO B CAMOPOIHOM (opme.
Ero npo6nocts Bricokas (6onee 900), Tak Kak B
3THX YCIOBHSIX cepedpo B pacTBOpE AOCTATOYHO
ycroitunBo. Hambomee sipkasi yepTa dTUX MeTa-
COMAaTHTOB — IIMPOKOE Pa3BUTHE TEJUTyPUIOB, KO-
TOpPBIE COBMECTHO C CAMOPOIHBIM 30JI0TOM OIpe-
JIEJISIOT TIPOAYKTUBHOCTH PYAHBIX Tel [Ca30HOB U
Ip., 1989]. 3ona 6moTHTa B CHITy pAa MPUYHH SB-
JSIETCS TEPMOJINHAMHYECKUM M COOTBETCTBEHHO

TEOXUMHUYECKUM 0aphepoM, CIOCOOCTBYIOIIUM
HaKOIUICHUIO PYAHBIX KOMIOHEHTOB [bmroman,
1985], T. e. 30Ha OMOTHUTH3AIMHN TIPH CHIKESHUH
TEeMIEePaTyphl U PACKUCICHUN PACTBOPOB (XJIOPH-
TU3aIUsl OMOTHUTA) SIBISIETCA 30HOW MEPeCcTpOrKn
(hTrOMIHOM CHCTEMBI, ITepexo/ia ee U3 HaAKPUTH-
YECKOTO COCTOSHHS, PACCIOCHHUS Ha BOAHYIO U
ra3oByio (a3pl. Takas mepecTpoiika pe3ko CKasbl-
BAEeTCs Ha YCTOWYMBOCTH PAaCTBOPEHHBIX PYIHBIX
KOMITJIEKCHBIX COCIMHEHUH U COTIPOBOXKAAETCS X
OCaXJeHWEeM, B YaCTHOCTH, 30y0Ta. Hapsany c
3THM, PE3KO MaJaeT paCTBOPUMOCTH CYIb(HUAOB B
pacTBOpax 1o Mepe CHIXeHHs Temreparypsl. [1o-
3TOMY COBMECTHOE OCaXKJIEHHUE 30JI0Ta U CYIb(H-
JIOB TIPUBOAMT K (hOPMUPOBAHUIO PYAHBIX TEN U
00BEKTOB, OTHOCSIINXCS K 30JI0TO-CYAb(OHUTHOM
dhopmartiu (puc. 3, JeBast BETBb).

[Ipu HapacraromemM CHIKEHUHN TeMITepary-
PBI IPOLIECC MOXKET UIATH ABYMs Iy TsIMU. [1epBbIit
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Puc. 3. 3aBucuMoCTh cocTaBa MUHEpAIb-
HBIX MapareHe3MCcOB KOMIUIEKCHBIX (3010TO+TOp-
HBIH XpycTanb) mectopoxxkaenuid or T u pH cpe-
Il [c ucnonb3oBaHueM JnaHHbIX B.YM. beneraH-
ues, 1982; N.H. Toopos, 1977].

MyTh — JTANBHENIIIee PACKUCIICHUE pacTBopa (CM.
puc. 3). llpumepHas TeMmmeparypa 3aMelieHUs
OunoTHTA, a TaKKE ATbMaHIMHA U aM()UOOIOB XJI0-
putom 400-450 °C [Oroponuuxos, 1993; CazoHoB
u ap., 1989]. Xnopur 3amemaer xene3o-marse-
3UaNIbHBIE MUHEPAJIBI IICEBIOMOP(HO, IO COCTABY
OTHOCHTCS K KOPYHIO(PHIUTUTaM-pUIHI0INTaM. B
CepIeHTUHHUTaX HaOmromaeTcs o0pa3oBaHue 30H
XJIOPUTA U TaJIbKO-XJIOpUTOB. K KOHITY 3TOTO MpOo-
necca o0pazyrTCs MEIKO3EPHHUCTHIE 30JI0TOCO-
Jiep Kalye MUPUT U XaTbKOMUPUT. B 30HaX XJopu-
THU3ALUU KOHIIEHTPHUPYETCS 30JI0TO, COACPKAHUE
KoTOoporo mocturaer 4 r/T. Bo3MoxHOCTE ocax-
JISHYsI 30J10Ta MPH MOHKEHUH TEMIIEPaTyPHI II1e-
JIOYHOTO PacTBOpa IMOKa3aHa KCIIEPUMEHTAIBHO
[benepanmes, 1982; Paouukos, 1975; JleTHUKOB,
Bunop, 1981].

Bonee mo3nmHss KUCIOTHAS CTaaus THIPO-
TEPMaJbHON JIEATENLHOCTH OTYETIIMBO MPHUYPOYE-
Ha K 30HAM pa3jOMOB Pa3jINYHOW OPUEHTHPOBKHU
U TpeluHaM ux ornepeHus. Ee npoxykramu B Kpu-
CTAJNTMYECKUX CIIAaHIAX SBISIIOTCS KBapIEeBbIE
SKUJIBI, COMPOBOXKAAIOIIUECS aTIOMOKPEMHUEBBIMU

MeTacOMaTUTaMU: CHUDTAIMAHUTOM, aHAATTY3UTOM,
MYCKOBHTOM, XJIOPUTOM, IIJIATHOKIIA30M B aCCOIIHU-
aIuy ¢ KBaprieM. AHaJIN3 dTHX XUMHYECKUX TIpe-
BpaIlleHUIl CBUIETENbCTBYET O KHCIOTHOM BhIIIIe-
JaYyMBaHWUM. J|aHHBIE TTapareHe3nCchl MOTYT HaKIa-
JIBIBATHCS] HA METACOMATHThI PAHHEKOJUTU3HOHHOTO
stana. OHHA, COOTBETCTBEHHO, TUIIOMOP(HBI AIIs
KBapI-MyCKOBHTOBOW (Tpei3eHOBON) U Oepe3unT-
JHCTBEHUTOBOM (hopmanmii u obpa3zyrorcs mpu PT-
napameTpax pacTBOpa, OJIM3KUX WM OAMHAKOBBIX,
HO TIpU pasnu4HoM conepxanuu B Hem HCO, n
CO,. Ilocnennee peanmusyeTcs Ha MECTOPOKJIE-
HUSX B CBSI3W C HEPABHOMEPHOCTHIO MPOSBICHUS
KaTakja3a B 30HAaX Pa3joOMOB, 00YCIOBHBIIETO
mupdepennmnansuoe Beikunanue CO, u3 pacTBopa.
B Ha3BaHHBIX MeTacoMaTHTaX (UKCHPYETCS IH-
puT ¢ He3HauuTenbHBIM (0 0,1 T/T) comepika-
HHAEM 30J10Ta. DTO €CTECTBEHHO [IJIs NMHUPUTOB
CTaJW1 KUCJIOTHOTO BbIenaunBaHus [Ca30HOB,
1974, 1984; Oropomguukos, 1993; OropogHUKOB,
Cazonos,1991].

QopMHupoBaHUE aHHBIX METACOMATHUTOB
COTIPOBOXKIAETCSI MOOMIIN3aLel 30J10Ta U Xallb-
KOQIIBHBIX 3JIEMEHTOB B PacTBOp, JaNbHEWIIEe
pa3BHUTHE TpoLEcCa COMPOBOXKIACTCS PYIOOTIIO-
JKeHHeM. PynHble MUHEpasbl B )KAJIaX OTJIAraroT-
cs B 3ajp0aHzax W MO TpEeUIMHAM B KBaple W
MIPEACTaBICHBI MOJUOACHNUTOM, TUPUTOM, XaJIBKO-
MUPUTOM, KOBEJUTMHOM, IIEETUTOM, TEMATHTOM,
BHCMYTHHOM, 30510TOM. HaOmonenns mokasbiBa-
10T, 9TO 30JI0TOHOCHBIE METAaCOMATHUTHI C CYIb-
(buHOIM M BUCMYTOBOW MHHEpaJIH3alUeH, COpo-
BOXJIaeMbIe Tpei3eHn3anmen (MyCKOBUT-KBapIIEBbI-
MH METacOMaTHTaMH), MOTYT OBITh HaJIOKEHHBI-
MU Ha paHHETE€PIIMHCKUE CITa0030JI0TOHOCHBIE IIIe-
eJIMT-KBAPIIEBbIE KUJIBl U 3aHUMAIOT CEKyIlee Io-
JIOKEHHUE TI0 OTHOIIeHH 0 K HuM. CoaepkaHue 30-
JI0Ta B METacOMaruTax C Cylb(UAaMu JOCTHTAET
3,5 r/t. BMeraronye rpaHUTH3UPOBAHHBIE KPUCTAI-
JMYECKHe CIAHIbI TaKKe, KaK IUIardOrHeWChl U3
THEHCOBBIX OJI0KOB, B 00BEME BCEro OJI0OKa Xapak-
TEPU3YIOTCS HU3KHUMHU (DOHOBBIMHU COJIEPKAHMSIMHU
3omota (x=1,35 mr/t, [IxaObik-Kaparaiickuii Kom-
wiekc; x=1,4 Mr/T, AIaMOBCKHI KOMILIEKC), IIPH
METacCOMaTHYECKUX MPeoOpa3oBaHUAX OHO BO3-
pacTaeT W B PyOHBIX KBapIEBbIX JKHIJIaX MOXKET
JIOCTUraTh PAaMMOBBIX cojiep>kanuii. Keapiy kBap-
HEBBIX JKUJI, B KOTOPBIX PyIHAs MAHEPATN3AINS OT-
CYTCTBYET, [TOIBEPI'CS TPaHYISIHHN, PEKPUCTAIIIH3a-
IIH C OYHIIIEHHEM OT MUKPOIIPHMECEH, IPH 3HAYH-
TENTBHOW MPOTHKEHHOCTH ¥ MOIITHOCTH HCIIONIB3yeT-
Csl IJISl TUTaBKM MHOTOKOMITOHEHTHBIX CTEKONT W B
KauecTBE CBIPhsI JUISl CHHTE3a KBapIla.
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Bropoe nampasienne B ruApOTEPMaTbHO-
METacOMaTHYECKHUX MPeoOpa3oBaHUAX CBS3AHO C
aKTHUBU3AlMEN TEKTOHUYECKON JIESITEIHLHOCTH IOC-
Jie 3aBepIeHHs] 00pa30BaHUs KBAPI-KIIBHON MU-
Hepau3alyy 1 HaJIOXKEHHOTO Ha HUX PYIOOTIOKe-
Hust. [Ipy HaTHMYUK KOHTAKTA TOJIII METaBYJIKaHH-
TOB C KapOOHATHBIMU OTJIOKECHUSMH XJIOPOTHITHBIE
pacTBopEI Mpeodpa3yroTcs B OnkapOOHAT-XIOpH/-
HBIE W TPUOOPETAIOT OTYETIMBO MIEJIOYHYIO Xa-
pakTepucTuKy (cM. puc. 3, mpaBasi BeTBb). bukap-
OOHaTHAas CIEIMATN3aIUs PACTBOPOB MPUBOJUT K
3HAYUTEIFHOMY PaCHIMpPEHHUI0 MIeTOYHONH obcTa-
HOBKH 710 OoJiee HU3KHUX Temmeparyp. B ycioBu-
SIX 3€JICHOCJIAHIICBOH (hariul ¥ XpyNKuX aedopma-
I TIPH JKIIT000Pa30BaHUH MTPOUCXOIUT BCKUTIAHUE
pacTBOpOB, a MajJleHue AAaBICHUS CTUMYIHUPYET
OCaXJEeHHE KBapIla ¢ 00pa30BaHMEM KBapIIEBBIX
Y KBapIIl-KapOOHATHBIX JKHII.

KBapiieBble ®HIIbl, CJI0KEHHBIE TTOTYTPO3-
PaYHBIM CBETIO-CEPBIM KBapIEM C XapaKTepHBIM
0JIECKOM MOIIHOCTHIO j0 1,5-2,5 M, comepikar
pyOHYIO MUHEpantu3anuio B komndectBe 1-3 %
(TMpUT, TETPA3APHUT, MTUPPOTHH, TAJICHUT, CAJIEPHT,
XaJIbKOTIUPHUT, CAMOPOJHOE 30JI0TO, IIEETHT, Tell-
TypuAbl). 30JI0TO YaIle BCETO COACPKUTCS B
kBapie. Ero BeIZieNieHHsS MPUYPOYEHBI K TPEIu-
HaM, PacCeKaroliM KBapIl WU K TPAHUIAM 3epeH
kBapia. B 3anmp0aHgax KBapleBbIX KU MUPUT
obpa3syer THe31000pa3HbIe CKOTLICHUS, COMCPIKHUT
30JI0TO B KoynuecTBe 3,6-3,4 /1, uHorna 20-30 r/1.

Yrnekucnora, oOpa3yroniasicsl Ipu BCKUTIA-
HUHM OMKapOOHATHBIX PACTBOPOB, TIEpPEMEMIAsCh B
BEPXHHE TOPU3OHTHI KBAPII->KIIIBHOTO TIOJISI, HAKaIl-
JIMBAETCS TOJI PA3TUYHBIMU 3KpaHaMH, YTO TMpPU-
BOJIUT K (QOPMHUPOBAHUIO XPYCTAICHOCHBIX 30H ap-
THJUTU3UTOB. DTOT MPOIECC POMOIETHUPOBAH B
skcriepumMenTax [Lmok, 1988, 1989] u 3adukcupo-
BaH Ha XPYyCTAJICHOCHBIX O0BEKTaX [DUIKWH H Jp.,
1983; OropomaukoB, 1993; OropomarkoB, Ca3oHOB,
1991]. lllenounsle OMkapOOHATHO-XIIOPHUIHO-HA-
TPOBBIE PACTBOPHI 001a/1at0T OOJIBINIOI arpeccuB-
HOCTBIO TI0 OTHOIIIEHHUIO K KpeMHe3eMy [ bamumkui,
1973, 1972] v mpon3BOIAT BHIIIETIaYMBaHUE BCTPE-
YaroIMXcs Ha UX MyTH KBapIUEBBIX KIWI. YITICKHC-
JI0Ta, PACKUCISST PACTBOPHI, CTUMYIIHPYET OCaX-
JIeHHe KpeMHe3eMa, a TaK Kak MOCJIeIHee UAET B
CYIIIECTBEHHO 3aKPBITOW CHCTEME, a B PacTBOpPax
KOHIICHTpaIUs KpEMHe3eMa YK€ 3HAYUTEIbHO
HIDKE, 9eM TIpH 00pa30BaHMM XWII, TO HAOIIO/MA-
eTcsl MEJJICHHBIH POCT KaueCTBEHHBIX KPUCTAIIIOB
rOpHOTO XpycTais. DopMUpOBaHUE KPHCTAIIIOB B
MOJIOCTSIX, OOBIYHO MPOUCXONNIIO YK€ U3 CyIie-
CTBEHHO XJIOPHJIHO-HATPOBBIX PACTBOPOB, KOTJa

OukapOOHaTHAS COCTABIAIONIAs ObLIa B 3HAYH-
TEIbHON Mepe M3pacxoJ0BaHa Ha oOpa3oBaHUE
KapOOHATOB.

O6nacta GOpMHUPOBAHUS XPYCTATICHOCHBIX
THE3]T TI0 TEMIIEPATyPe U MICTOUYHOCTH PacTBOPOB
u 00JIaCTH PAHHETO PYAOOTIOKEHUS CYTh(OUIOB C
30JI0TOM IIEPEKPHIBAIOT APYT Apyra. B mpomecce
Xpycrajgeo0pa3oBaHus P HAJOKCHUH THE3] Ha
PYIHBIC XUITBI HEPEIKO OTMEYAeTCs TepeoTIIONKe-
HUE PYIHBIX MUHEPAJIOB, B TOM YHCJIC U 30JI0Ta, B
XPYCTAJICHOCHBIX THe3max. JInToxumuaeckue
ChEMKH, BBITIOJTHCHHBIC HA MECTOPOKICHUSX, 110~
Ka3ajH, 4TO XPyCTaJIEHOCHBIC 30HBI OOPaMIISFOT-
Cs1 KOHTPACTHBIMH OPEOJIAMH CYPbMBI, MBIIIbSIKA,
cepebpa, CBMHIIA, BUCMYTa, MEIN W TOJISIMH pa3-
BuTHS cynbduaos [Oropoganxos, 1993; Oropon-
HukoB, Cazonos, 1991]. CoBmenieHne xpycrae-
HOCHBIX ¥ 30JIOTOPYIHBIX JKWJI, KpoMe Ypana, Ha-
omomnaetcs Ha JlamsHeM Bocroxke, [Tamupe, Kas-
ka3ze, Tanp-lllane, Ka3axcrane u B 1pyrux peru-
oHax [MenpaEKOB, 1969; lllapkoB, 1960; ITomsi-
koBckuii, 1963; [Ty3anos, 1958, 1960; boukapes,
1971; Oranecsin, Xa3araesa, 1983].

Takxum 06pa3oM, TeOCTPYKTYPHAST IBOTFOITHS
MeTaMOophHUIECKOr0 KOMIUIEKCa Ha HadadbHOM
3Tare NPUBOAUT K 00Pa30BaHMIO B JHArOHAIBHBIX
IIOBHBIX 30HAX OJIArOMPHUATHBIX TEKTOHHYECKHX
0JIOKOB, BMEIIAIOIITIX KBAPIICBO-KITLHBIE 30JI0TO-
pyasbie, W, Mo u peakomMeTanbHble PyJAHbIE OIS
U MecTopoxJieHus. JlanpHeliee nX TEKTOHUYEC-
KOe mpeoOpa3oBaHue CO3daeT OJIarompUsITHBIC
«Kemob000pa3HbIe» IPEHAKHBIE TEKTOHUYCCKHE
CTPYKTYpPBbI, aKTHBHO MPOpabOTaHHbIE METacoMa-
TUYECKUMH TIPOTICCCAaMH M BMEIIAIOIIHE KBapIle-
BO-)KIJIBHEIE, XPYCTaJICHOCHBIE (C MEPEOTIOXKEH-
HBIM 30JI0TOM) 30HBI.

Paboma sewvinonnanace npu wacmuunom gu-
HAHCUposanuu us epanmos MunobpHrayxu
PHIT.2.1.1.1840 u HLI 420 2006.5.
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