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J1EOHH/J, JlbBOBHq I l E P ^ K * — HPHHA BJIA^HMWPOBIIA JlABPEHTbEBA* 
AJ1EKCEH P3Ä0BMM KOTEJlbHHKOB* — HTOP I1ETPHK** 

CPABHHTEJIbHAfl XAPAKTEPHCTHKA TEPMOflHHAMHMECKHX 
PE)KMMOB METAMOP<í>H3MA nOPOfl TJlABHOrO KABKA3CKOTO 

XPEBTA H 3AnAÄHbIX KAPnAT 

(Puc. 17, TaÔA.. 7) 

P e 3 i O M e : ľ lpoBcjcHO jjeTa.ibHoe neTpo. ioraqecKoe HCCJieflOBaHHe MeTaMop-
cpHiiecKHX n o p o a c e B e p n o r o CK.iona E i a B n o r o KaBKa3CKoro xpeĎTa, a Taioiíe 
OTOÓpaiifai n H3yienbi HecKo.ibKO oúpa3HOB 113 aHa. ionmHbix oópa30BaHHÍi 
B 3ana/iHbix K a p n a T a x . B OCOIIX MeTatnopepH^ecKiix KOMn.ieKcax MeTane. in™ 
nepecjiaHBaioTca c MeTa6a3HTaMH, MTO CBHjj,excJibCTByeT oó n.\ riepBHqnoíi 
ByjiKanoreHHO-ocaÄOiHOň npupoÄe. HsyneHO ôojiee 300 n p 0 3 p a i H b i x iujincpOB, 
H3 KOTOpbix OTOÓpaHbi n a n ó o j i e e npe/iCTaBHTe.ibHbie napareHe3HCbi MHnepa.iOB, 

•HecymHe HHCpopMamiio o TepMOUHHaMimec'KOM peíKHMc MeTaMopcpH3Ma. Cpe/iii 
HHX CTaBpOJlHT-rpaHaT-ÓHOTHT-MVCKOBHT-KBapU-CIiJI/IHMaHHTOBble ClaHUbl, KOp-
ÄnepHT-rpaHaT-ônoTHTOBbie rHcňcbi, rpaHaTOBbie n 9nHÄOT-njiarHOKJia30Bbie 
aMípHÔOJIHTbl, ÔHOTHT-rpaHaTOBbie KpHCTaJIJIH'leCKHe CJiaHIlbl, MHTMaTIITbl II 
neKOTopbie rpaHHTOHAM. Ocoôbiíi iíHTepec npe/tcTaB.iH.iii KceHo.íHTM rpaHaTOBbix 
n ÔMOTiiT-rpaHaTOBbix mei'iooB, BCTpeMennbie B nopcpiipoBiiAHbix rpaHHTOHÄax 
KaBKa3CKOro xpeÓTa. 

CBbime Tbicsmu MHKposoHAOBbix aHa.'in30B Bbino.'iHeHO B no.nupoBaHHbix 
m.incpax c ue.ibio onpeÄeJieHHH P T napaMtrrpon MiiHepa.ibHbix paBHOBecm'i 
c noMombio MiiHcpajiorHMecKHx TepMOMeTpoB H óapOMCTpoB (EI e p li y K, 1970, 
1973, 1977; ľ l e p i y K — Jl a B p e H T b c B a — n o a .i e c c n n i\ — A p a -
H o B H y, 1983; Ó e Ä b K H n H ap., 1983). B pn.ie Mcra6a3HTOB 6biJia o S n a -
pyjKena pocTOBan 30Ha.nbnocTb B r p a i i a T a x n aM(pnóo.iax, HMeioman n p o r p e c -
CHBHbifl xapaKTep. 3 T O ri03BO.iH.io MaMeriiTb 3B0.H0UHI0 P T napaMeTpoB n p o -
rpeccHBHoro s i a n a MeTaMop(pH3Ma Kaií B n o p o ^ a x KaBKa3a, TaK n 3anaÄHbix 
K a p n a T . B noAaBJMiomeM i » M e MeTane.íHTOB rpaHaTbi, Ď H O T H T H H a p y r n e 
TeMiiouBeTHbie Miinepa.iw .IHÔO He 30Ha.ibnw, . IHÔO o ó . i a a a i o T HCTKO Bbipa-
/KeHHOli ÄHCpCpy3H0HHOl"l 30Ha.lbH0CTbI0 perpeccnBHoro Turia. 3 T 3 3aKOHOMep-
nocTb no3BO.iH.ia npocjie/íHTb 3a na/ieHneM P T napa.vicTpoB Ha perpeccHBnoii 
BeTBH pernonaJibHOro MeľaMop(pH3Ma o ó e n x KOMnjieKcoB. ľ lo no.iy^eHHbiM 
TepMozuiHaMHqecKHM ouenKaM anoreft MeTaMopcpH3Ma ÄOCTíiraeTCH n p n 70P °C 
H 6 KÔap B nopo/iax ľ . iaBHoro KaBKa3CKOro xpeÔTa. H e ycTanoBJíeHO c y i u e c r -
BeHHbtX pa3JIHlIHÍ'l B P T pe>KHMax 3B0JH0HHH MeľaMOpCpH3Ma pa3JIHWHbIX CTpyK-
Typno-(pannajibHbix cepHň STOTO p e r n o H a . B OTJiniHe OT KaBi<a3a B 3anaÄHbix 
K a p n a T a x naMCMaeTCH qeľbipe TpeHja H3MeHeHHíi P T napaMeTpoB x o a e S B O -
JHOUHH MeTaMOp(pH3Ma. B CB5I3H C 3THM BbI.l,6JieHbI MeTblpe pa3HOr\iy6HHHbIX 
KOMnjicKca (B nopa/iKe B03pacTannn aaB.ieHHfl): M a . i u e KapnaTbi, B H O O K H C 
TaTpbi, Maj ian <t>aTpa H Hn3KHe TaTpbi. P T TpeHA SBOJIKDUHH MeTane.iiiTOn 
Majibix K a p n a T nojruocTbro coBiiaAacT c KaB3CKHM, ocTajibHbie—óojiec 
rjiyónHHbie. 

C X O Ä C T B O .iHTOJionmccKoro c o c i a n a nopoA n pe>KiiM0n MeTaMoptpii3Ma 
K a p n a T n T^aBi ioro KaBKa3CKoro xpeÓTa no3BOJineT npeÄnojio>KHTb, qTO 
CKjiafliaToe o6paM/iCHHc iora PVCCKOÍI n.iaTtj)opMbi óbi.io 3a,io>KCHO Ha O A H O -
TIiniIOM KpiICTajIJIHMCCKOM CpyHAaMCHTe. 

* ITpocp. ii-p Jl. J l . n e p M y K, Ä-p I I B. Jl a B p e n T b e n a, Ä-p A. P . K o T e n b-
H n K o B, HucTHTyT 3KcnepnMeHTa,ibnoíi MHHepajiorHii A H C C C P , 142 432 MepHorunoHKa, 
MoCKOBCKaH OÔJiaCTb. 

* * Up. H. n c T p H K, reo.'iorniiecKHH HHCTHTyT C A H , /JyôpaBCKaíi n e c r a 9, 814 73 B p a -
Tiic.iaBa. 
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A b s t r a c t : Corre la t ion of t h e r m o d y n a m i c s reg imes of m e t a m o r p h i s m 
in t h e complexes of t h e M a i n Caucasus R a n g e a n d t h e W e s t e r n Car­
p a t h i a n s . 

T h e deta i led invest igat ion of m e t a m o r p h i c complexes of t h e Caucasus 
a n d t h e W e s t e r n Carpathians, h a v e been carr ied out. I n each m e t a m o r p h i c 
belt metape l i te s a r e i n t e r l a y e r e d w i t h m e t a b a s i t e s reflecting t h e i r pr i­
m a r y vo lcanogeneous-sed imentary n a t u r e . 

M o r e t h a n 300 t h i n sect ions h a v e b e e n s tudied b u t jus t several of 
t h e m w e r e chosen for m i c r o p r o b e analyses of coexist ing m i n e r a l s in order 
to descr ibe t h e t h e r m o d y n a m i c reg ime of m e t a m o r p h i s m . For. example, 
istiauroliite-garnet-bio't ite-muscovite-quartz-sil l imanite schists, cordier i te-
-garnet-b iot i te gneisses, g a r n e t and garnet-plag ioclase amphibol i tes , bio-
tite-glannet crys ta l l ine schists, a n d m i g m a t i t e s . Xenol i ths of g a r n e t gneis­
ses a n d b iot i te-garnet gneisses f rom grani to ids of t h e Caucasus r a n g e 
w e r e of p a r t i c u l a r interest . 

M o r e t h a n 100.0 .analyses in pol ished sections h a v e b e e n d o n e for deter­
m i n i n g t h e P T condit ions of m i n e r a l equi l ibr ia b y minera log ica l t h e r m o ­
m e t e r s .and b a r o m e t e r s ( P e r c h . u k , 1970, 1973, 1977; P e r c h u k — 
L a v r e n t ' e v a — P e d l e s s k i i — A r a n o v i c h , 1983; F e d k i n 
et al., 1983). 

A g r o w t h zoning i n coexist ing garnets and a m p h i b o l e s in m e t a b a s i t e s 
w a s used for descr ipt ion of t h e evolut ion of progilade m e t a m o r p h i c s tage 
in t e r m s of t h e P T p a r a m e t e r s both in t h e Caucasus rocks a n d in t h e 
Wes tern C a r p a t h i a n s complexes . Almost, i n all t h e metape l i tes garnets , 
bioitites a n d s o m e o t h e r mafic m i n e r a l s h a v e a clearly seen chemical 
zoning of diffusion t y p e according to. t h e pr inc ip le of p h a s e corresponde­
n c e ( P e r c h u k , 1969, 1977). D u e t o e x c h a n g e react ion b e t w e e n t h e 
Fe-Mg m i n e r a l s t h e P T t r e n d of a r e t r o g r a d e s t a g e of m e t a m o r p h i s m 
has b e e n found ouf for b o t h complexes. By t h e o b t a i n e d t h e r m o d y n a m i c 
es t imates t h e m a x i m u m of p r o g r a d e m e t a m o r p h i s m . w a s e v a l u a t e d at 
700°C and 6 kb i n t h e rocks of t h e M a i n Caucasus Range. I n this region 
any significant differences in t h e P T condi t ions of evolut ion of m e t a ­
m o r p h i s m in t h e var ious series (Boulgen and Macker) a r e not found. 
Iin c o n t r a s t t o t h e Caucasus in t h e Wes tern C a r p a t h i a n s four t r e n d s of 
evolut ion of t h e P T p a r a m e t e r s can b e found. T h u s four complexes 
of la dif ferent d e p t h of m e t a m o r p h i s m w e r e d i s t ingui shed: t h e Smal l 
C a r p a t h i a n belt, t h e H i g h T a t r a s , t h e S m a l l F a t r a a n d t h e Low T a t r a s 
belts (in o r d e r of increas ing pressure) . Only t h e S m a l l C a r p a t h i a n bel t 
w.as formed a t t h e s i m i l a r P T condit ions ais t h e Caucasus m e t a m o r p h i c 
series. 

BBeAeHHe 

FleTpojiorimecKHe HccneAOBanHH no npo6jiei\ie KoppejiauHH MeTaMopcpuqecKiix 
KOMnjieKCOB cKJiaÄ^aToro oôpaMJieiiHH Mra PyccKoft njia'npopMH Ha npmviepe Bojib-
iiioro KaBKa3a H 3ana,tuibix K a p n a T npoBoruuiHCb B paMKax MHorocTopoHHero 
coTpyAHmiecTBa ÄKa/reMHH iiayK couHaJiHCTHqecKHX CTpan ( p a 6 o q a a r p y n n a 4. 5 ) . 
OCHOBHOH 3aaa"-ieň STHX iiccjieÄOBaHiiň HBHJiocb BbiHBJieuHe TepMOAWiaMHqecKHX 
yCJIOBHH MeTaMOp(pH3Ma B XO/ie ero 3BCUII0U.HH, IIOHCK KOppeJIHTHBHblX CBJI3eft P T 
napaiueTpoB STOH 3BOJIIOU.HU, 0Tpa>Kaiouieň cpH3HKo-XHMH4ecKyio oôcTaiioBKy (popivtii-
poBaHHH cKJiaaMaibix CTpyKTyp, oKaHMJiHBHinx B najieo3oe KUKHHU Kpaft jKecTKoft 
n/iHTbi—PyccKoft ruiaxcpopMbi. B STOM OTHomeHHii reojiorHqecKan ciiTyauim 
nanoMHHaex cooTHOiueiiHfl C'ranoBoro KOMn/ieKca (npoTepo3of t )—CK/ia^aToro 
oôpaMJieiiHH iora AjiaancKoro uiHTa HJIH >Ke a/ibnuňcKue CKJiaa^aTbie cTpyKTypu, 
oôpaMJiaiomne OpaHu.y3CKHH cpeÄHHHbiň MaccHB. 
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B TeieHHe noc/ieiuinx BOCbMii Jiex coBeTCKasi rpynna aBTopoB STOH paĎOTbi 
npno6pejia OEHT cpyH/xaMeHTajibHoro HCCJieflOBaHim cpa30Bbix cooTHomeHHH B MeTa-
.\iopcpnqecKiix nopoaax ap.xeyi XaHKaficKoro MacciiBa (ľ! e p i y K H ap., 1980; 
Jl a B p e H T b e B a, 1981), JIau,o>KCKoií cpopiviaunn, a xaioKe AjiflaHCKoro, CyTaM-
cKoro n MorapcKoro KOMnjieKCOB, pacnojioKem-ibix B pa3Jinmibix qacTJix CoBCTCKoro 
Coi03a ( I l e p i y K n zip., 1981, 1983). 3TOT onbir npe>KÄe Bcero BICJIIOHHJI B ceôfi 
MeTOflHKy nojieBbix, .laóopaTopHbix n SKcnepi-iMeiiTajibiibix paôoT, KOiopbie no3BO-
;IHIOT ii3 ôo.íibiuoro mien a o6pa3ii,OB BbiaeJiiiTb i-ianôojiee Hi-KpopiviaTHBHbie c TO^KH 
3peHHH 3B0JII0U.HH MeTaMOpcpH3Ma II, npHMei-IHB MHKp030HÄ H MHHepaJIOrH^eCKHe 
TepMOMCTpbi n SapoMeTpbi, oueniiTb TeMnepaTypy, ÄaBJíei-ine n jicTyiecrn ra30Bbix 
KOMnoneiiTOB B xozie pa3BiiTHH Ka>K/i,oro Aani-ioro KOMruieKca. J\i\n MeTaiviopcpHHec-
KIIX KOMnjieKCOB cKJiaiľ-iaTbix oôpaivuieHnň III,HTOB Booôme n PyccKoň njiaTcpopMbi, 
B MacTiiocTH, Tanan paôoTa i-ie Bbinojii-ifijiacb. 3TO nocnyxaMO TOJHIKOM K nocTanoBKe 
nofloôiibix iiccjieÄOBa'HHH B paftone T/iaBiioro KaBKa3CKoro xpeô'ra n 3ana,n,Hbix 
Kapnar B 1982 r. HiicTiiTyroM sKcnepHMeHTajibHoô MHHepajiornn AH CCCP n 
reojiorHHecKHM HiicTHTyTOM C.iOBauKoň AH CCCP, IOK OTMe>ia.iocb Bbime, B paM-
Kax paôoT P ľ 4.5. B nojieBbix paĎOTax, n o M n M o aBľopOB 3TOI"I craTbii, ripmiHMajiH 
yqacTHe coxpyÄHHKH H ľ E M AH CCCP C. n . K o p H K o B c K H ft, A. ľ. ľ y p 6 a-
n o B, A. M. B o p c y K, C. B. H e c n o K o B, JL /J, a M O III e B C K H \'\ n B. B ii'H O-
r p a n, a Taione coTpy/uíHKH THH CJI. AH H. K p a ;i b n 51. C n H m a K 

Mni<po30HÄOBMe HccJieaoBa'iuifi npoBOAHJiHCb na npnôopax „Geolsuperpro-
be--733" H „Geol—JXA5A" B BparacjiaBe n „Camobax" — B H 3 M AH CCCP 
(MepnorojioBKa). nepBbiň 113 HHX paôoiaeT B aBTOMaTimecKOM pe>KHivie 30HÄHpo-
BamiH nocpe^CTBOM qeTbipex cneKTpoMeTpoB c BHVTpeHiiHMH CTanaapTaMH. BTopoft 
oô.'iaÄaer TpeMH cneKTpoMeTpaMH py^noro peíKHMa, HO OTJiHiiaeTCH xopomeň cTa-
Ďii.'ibnocTbio. TpeTHH ocymecTBJiHeT .TOKajibi-ibiň MHKpoanajiH3 cpa3y na II sjieivre'H-
Tax nŷ KOM sjíempoHOB B I MHKpOH (njiioc 30Ha B03Ôy>KÄeHHH 2 MHKpona) c no-
Mombio sneprojiHcnepcHoro cqemHKa noJiynpoBOÄHHKOBoro ÄeTeKTopa. 

Xopomee Ka^ecTBO npenapaTOB H i-ia/i,e>KHaH paôoTa annapaTypbi aajiH BO3MO>K-
HOCTb nOJiytJHTb pe3yjIbTaTH HeCKOJIbKHX COTeH aHajIH30B, KOTOpbie jierjiH B OCHOBy 
ouenKH TepMoaHnaMHHecKoro pe>KHMa MeTaMopcpH3Ma H3yqenHbix paftoHOB. B oômeň 
CJ10JKHOCTH ÔbIJIO OTOÔpaHO OKOJIO 300 06pa3IJ,0B, H3 KOTOpbLX JIHIUb 22 IIOÄBepr-
.'IHCb MHKp030HÄOBOMy anaJIH3V. KpOMe TOro, Ä.1H OUCHKH TepMOÄHHaMHqeCKOro 
pe>KHMa rpaHHTH3auHH 6HJIH Hcnojib30Banbi MHKpo30HÄOBbie ÄaTiHbíc Hryen BbeT 
H, jiio6e3iio nepeflaiiHbie B i-iauie pacnopn>KeHHe. TaKHM o6pa30M niifi paňona Bojib-
Luoro KaBKa3a MH pacnojiarajín aHaxiH3aMH MHHepaJiOB, a JJIH 3an. KapnaT (BKJIIO-
iian Hn3Kiie H BwcoKHe Ta'ipbi) — 5 o6pa3uoB. 3TOTO MaTepnajia OKa3a^ocb 
aocTaTO^HO AJIH peuieHHH nocTaBJíeHHoň 3aÄami. 

MeTOÄHKa noJieBbix H jiaôopaTopHbix HCJieÄOBaHHň 

nojieBbie paôoTbi npoBOÄHJiHCb H a npeÄBapHTejibHo xopomo OTKapTHpoBamibix 
n n3yMemibix neTporpatpH^iecKH oôieKTax (M r a n o 6 JI H m B H R H, 1980; III e H r e-
n H a, 1972). B Ka>KÄOM o6na>KenHH OTÓnpajiocb necKOJibKO o6pa3ii,OB MeTaMopcpH-
ijecKH.x riopo.i, H/H^H rpanHTOHÄOB. 3aTeM HenocpeÄCTBemio B nojieBbix ycjiOBHíix1 

KaMeiľHbiH Matepnaji paciujiHipOBbiBajicH, npocMaTpHBajrcH noA MHKpocKonoM H 

1) IHrOTOBJICMHo IĽ;iHCf)OIl B nO.'ICBblX yCJlOBHSIX OCyiHCĽTB.'IíijfOCb ..'IHIIIb na TOppiITOpi-IH KaB-
wa3a. 
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nOÄÔHpajiHCb HiicfiopMaTHBHbie napareHe3HCH, n a ocnoBe KOTopbix B aajibiienuieM 
pecTaBpupoBajiacb HCTOPHH H3MeHeHHH TepMOÄHHaMi-mecKux napaMeipcm na npo-
rpeccHBHOM H perpeccHBHOM STanax MeTaMopcpH3Ma. IIIjiHcpbi ÄJIH MHKpo30H/iOBoro 
anajiH3a npHroTaBJíHBajincb na ocHOBe snoKCHAHoň CMOJIM H nojiHpoBajni ajiMa3-
HbiMH nacTaiviH na aBTOMaTH^ecKOM iujiHcpOBajibHO-nojiHpoBajibHOM cTaHKe „ M o n t a -
SUpal" (npOH3BOÄCTBO F f l P ) . 

riocJie noÄpoÔHoro onncaHHH uuiHCpa B HeM BbiónpajiHCb Hanóojiee Hirrepeciibie 
H Ba>KHbie yiacTKH juin MHKpo30HÄHpoBaHHH. 3 T a npoueÄypa ocymecTBJííijiacb 'Ha 
HaMeqeHHoft njioma/iH uuiHcpa co ue.nbio onpe/ieJieHHfl xHMHqecKoň 30HajibH0CTH 
B KpynUHX 3epHaX MHHepajIOB H BblHBJleHHH KOppejlHUHH COCTaBa OTAeJIbHbIX 30H 
c MeJiKHMH renepaitHHMH Tex »ce (pa3 B MaTpnue nopoflbi. PIpeÄBapHTejibHO npoH3Bo-
AHJiHcb 3apHCOBKH yiacTKOB UMH(pOB c noMOiu,bio pHcoBajibHoro a n n a p a T a PA-I . 

Pe3yjibTaTbi MHKpo30H,noBoro aHa.iH3a HHTepnpeTHpoBajiHCb B BHAC npocpHJieň 
cocTaBa, JIHÓO nyieivi p a c w T a H3onjieT MarHe3HaJibH0CTeň (HJIH >KeJie3HCTOCTeň) 
B npeaeJ iax Kascaoro 3epHa .naHHoro MHHepajia. 

B ocnoBy TepMotneTpHH H 6apoMeTpnH MHHepajibHbix accou,Hau,HH 6biJia nojiOŤKena 
rHnoTe3a o paBHOBecnocTH ueHTpajibHbix 30H cocymecTByromnx MHHepajIOB Ha paH-
HHX crafliinx SBOJIIOIIHH MeTaMopcpH3Ma H KpaeBbix KOHTaKTiipyiomnx 30H TCX >KC 
MHHepajIOB — Iia KOIie^HblX CTaAHHX 3T0H 3B0JIK>U,HH. 

JXJIÍI oueHKH P T napaineTpoB ncnojib30Bajiocb MHHepajibHbix paBHOBecHŘ — reo-
•repMOMexpoB H reoôapoMeTpoB, BHBefleHHbix TeopeTH^ecKH H SKcnepMeiiTaJiMio 
( r i e p q y K , 1970; n e p í y K H ap. , 1983 P e r c h u k , 1977). OfluaKO, u p e č m e 
MCM 33HHCaTb 3/JCCb OCHOBHble ypaBHeHHH, HeOÔXOÄHMO npHBeCTH IieKOTOpble 
yCJIOBHblC 0603IiaHeHHH H CHMBOJIbl, KOTOpbie ÔyÄVT HCnOJIb30BaHbI B TeKCTC 

TepMOAHHaMHHeCKHe BeJIHMHHbl 

N M ; — MOJibHbiň npoueHT KOMnoHe.HTa i B MHHepajie M 
X M j —-MOJibiiaa ÄOJIH, N M

i ; /100. 
C; —KoiiueHTpauHíí KOMnoHeriTa i, Bec. % 
T — aôcojriOTHaH TeMnepaiypa, °K 
t —TeivinepaTypa, °C 
P —ÄaBJíeHHe, 6 a p 
Kj —K03cpcpiiu,HeHT pa3/j,eJieHHH KOMnoneHTa i MejK/iy MHHepaJiaMii 
S D — KoscpcpHUHeiiT pacnpeae.neHHH KOMnoHeHxa i MOKAV MHHepajiaMH nepe-

MeHHoro cocTaBa 
R, — ra30Baíi nocTOHHHaa 
fi — cpyruTHBHocTb ra3a 
A V — OÔ-beMHblft 3(pCpeKT peaKUHH 

CMMBOJIM MHHepajIOB 

K y — KiiainiT 
M t — MarHeTHT 
M u MyCKOBHT 
Ol OJIIIBHH 
O r — opTOKJias 
P h l — (pjioronHT 

A b — ajibOiiT 
A m — aMCpHÔoji 
A n — anopTHT 
A n d — a'HAajiy3HT 
Bi - ÔHOTHT 
C a l — KajibuiiT 
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C h i 
C o r 
C p x 
E p 
F s p 
G r 
G r o s 
11 

— XJIOpiIT 
— KOp/UiepHT 
— KjiHHonnpoKceH 
— SnHflOT 
— meJio>iHOH nojieBOH iiinaT 
— r p a n a T 
— rpoccyjinp 
— HJIbMCHHT 

Pl>5 — nJiarnoKJias H coaepjKeHHe B HeM 
An 

Pyr — nnpon 
Qz — KBapu, 
Ru — PVTHJI 
Sil CHJIJIHMailHT 
Sp — mniiHeJib 
Sph — ccpeH 
St CTaBpOJIHT 
Zo — UOH3HT 

ZIJIH oueHKH TeMnepaTypw MM Hcnojib30BaJin cjieflyromne MimepajiornnecKHe 
TepMOMeTpbi, SKcnepHMCHTaJibHaH KaJin6poBKa KOTOpux 6biJia 3aBepuiena jiHiiib 
HeflaBHO (Jl a B p e H T b e B a — II e p H y K, 198! a, 6). 

1. KopftuepHT-rpaHaTOBMH TepMOHeTp: 

„ „ _ 3126 + 0,0178 (P-6000) 
: C _ lnKD + 1,287 Z'á' ( 1 ) 

( Y \ Cor / 1 V \ G r 

T
 M4 v M g , XMg = Mg/Mg+ Fe + 

1 — AMg/ \ ÄMg / 
+ Mn. 

KoeijjHUHeHT jiHHeřiHoři KoppeJiHUHH MežKAy lnKo H t °C r = 0,999 xo^HOCTb 
± 11 °C. llocKOjibKy BejiHqHHa A V oqeHb MaJia, nonpaBKoň ypaBHemin (1) Ha ÄSB-
jienne MO>KHO npeHeópe^b. 

2. BHOTHT-rpanaTOBHH TepMOMeTp no yToqneHHbiM 3KcnepHMeHTajibHWM ^anHbiM 
(íl e p H y K H Äp., 1983) MoxeT 6biTb Bbipa>Ken cJie/iyrouiHM ypaBnenneM: 

^ o r _ 3947,9-0,012 ( P - 6 0 0 0 ) 
ť lnKD + 2,868 i l 6 ' ( 2 > 

i V í XMg \ B i / 1 - X M S \ C T „ „ . , 
rae. lnK D = I— ^ — I I = - I ÄJIH ooMeimoro paBiieBecnn Bi F e + 

\ 1 — XMg/ \ XMS j 
+ G r M g = G r F c + B i M g B KOTOPOM A V = —0,103 Kaji/óap. 

B cJiyyae ii30MopcpH3Ma M n ^ M g - | - F e RJIH rpanaTa B ypaBneHun (2) ÄOJi)«Ha 
6biTb npoH3Beaena KoppejinuHH (Zlep^iyK, 1981 C):K ne.My c.neayeT aoôaBiiTb qjien 
252,25 (X G r

M n — 0,035), r Ä e X G ,
M n = Mn/Mn + Mg + F e ) . 3 T 3 KoppejmuHH oco-

ôeiľHO iieoôxoÄHMa ÄJIH TiapareHe3HCOB nopoa H3 CTaBpoJiHTOBoři cpaiinn Meiaiviop-
c[)H3Ma, KOTopbiň H noABeprjincb anajiH3y B STOH paôoTe. 

3. CTaBpojíHT-rpaHaTOBHň TepMOMeTp (ľl e p M y K, 1969; O c Ä b K n H H ap., 1983) 
ne noABeprajicH 3KcnepHMeiiTajibH0H KajinôpoBKe, no no yTOM'neinibiM aaiiHbiM (na 
ociiOBe Bi + Gr H3 naparene3nca co St) TeMnepaTypa KoppeJinpyercH c Koccpcpi-i-
uneHTOM pacnpefleJiennsi no ypaBiienmo: 

''C° .„ľ^ 8 7 8 -" 3 < 3> 
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rfle 

K / XMg V ' / l - X M g \ G r 

^ i — xMgJ y x M g y 

4. AivnpHOoji-rpaHaTOBbiH H aMcpH6oji-njiarHOKjia30BbiH TepMOMeTpbi ( I ! e p q y K, 
1966; 1967; n JI 10 c H H H a, 1983). 

X[JIH oueHKH ÄaBJíeHHH M bi Hcnojib30BajiH napare'iie3Hc Cor + Gr -f- Sil -f- Qz, 
Koecp4)HUHeHT pa3ÄeJieHHH AJIH KOToporo SKcnepiiMeHTajibHo OTKajiHÔpoBaH KaK 
(pyHKUHíí ÄaBJíeHHH ( A p a H O B H H — ľ l o Ä j i e c c K H H , 1981; ľl e p ^ y K H jp., 
1983): 

P = T (13,174 —4,312 lnKM g)—2463,3 6ap (4) 

i\ne K M g = X C o r
M g /X G r

M g , a T oueHHBaeTCíi no (1) B peaKm-in 

Cor = Gr + Sil -f Qz (5) 

KpoMe TOTO, ÄJIH oueHKH P MH TaKjKe Hcnojib30BajiH napareHe3Hc Bi -f- Gr -f- Mu -|-
+ Sil + Qz (ľ! e p 1 ! y K, 1973, 1983; P e r c h u k , 1977), KOTopbiň c V^CTOM Kop-
peKUHH Ha noBbiuieHHoe coaep>KaHHe Mn B Gr HMeeT BHÄ: 

P = 1 1 , 4 3 - 6 , 4 1 In ( N B i
M g / N % g ) + 0 , 0 9 2 ( N G r

M n - 3,5) K6 (6) 

r Ä e NGrMn = 100 Mn/(Mn + Mg + Fe) 
B co îeTaHHH c ypaBHeHneM (2) no neiviy ne CJIOJKHO pacciHTaxb aaBJíeHHe, ecJiH 

B napareHe3Hce xiaHnoro o6pa3ua npncyTCTByiox Bce yi<a3aHHbie MHHepajiH. 
TaKHM o6pa30M, MH oójiajiajiu Bnoji'He ÄOCTaToqiioR anajiHTHTCCKon H i-iHcrpy-

MeHxajibHoň OCIIOBOH ÄJIH peuiennn nocTaBjíeHHoň 3an,ímvi. 

Pe3yjibTaTbi 

AnajíHTHqecKHe pe3yjibTaTbi no CBoeMy oô^eMy ne o;i,HHaKOBbi juia BoJibuioro KaB-
Ka3a H 3anaÄHbix KapnaT. XOTH OHII H OTpaíKaioT ycnoBi-m MeiaMopcpioMa 6JIH3KHX 
no cocTaBy nopoa, uejiecoo6pa3HO ,n,aTb HX pa3,n,ejibHoe onncanne, a 3aieM, B cnc-
mia.ibHOM pa3ÄeJie STOH CTa'ľbii npoBecTH conocTaBJíeHHe. 

1. 3 o n a F j i a B H o r o K a B K a 3 c n o r o x p e 6 T a 

TeojiorHqecKaH CTpyKTypa Bojibuioro KaBKa3a nBjíneTCH vacrbio rnraHTCKoro no 
iipoTHJKeiniocTii aJibniiňcKoro noa,BH>KHoro noaca: r.naBHbie 3Tanbi ee pa3BHrHH 
CBH33HbI C TCKTOHHieCKHM pe>KHMOM aJIbniIHCKOrO 0p0reHe33. OflHaKO, reOCHHK.TH-
íiajibHbift pe>KHM cymecTBOBaji 3,iecb c sepxnero aoKeMÔpnn (?) ao Kapôona. ľlpu 
STOM rcojioniMecKHMH pa3pe3aMH cpHKcnpyeTCH nocjieflOBaTejibHan Mnrpau,HH 3Breo-
cHiiKJiHiiaJibiibix nponiôoB H conpn>Keiuibix c HIIMH MHoreocHHKJiHHajibHbix 3011 OT 
nepucpepiiii IO>KIIOÍI MacTH PyccKoň nJiaTcpopMbi na lor, B CTopony 3aKasKa3b5i. 3 r a 
Murpaunn ocymecTBJísuiacb jHCKpeTHo B TeneHHH Bcero cpanepo30Ji H cpHKcnpyeTCH 
pnflOM cTpyKTypno-cpaHHajibHbix 30H cyôujHpoTHoro npocrapaHHH, pa3AeJiHiomnecíi 
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rjiyÔHHHMMH pa3JioMaMH n xapaKTepH3yioLu,HecH cneiiHcpHqecKHM MarMaTH3M0M 
B xoae ajibnHHCKoro oporeHe3a Ha6.niozia.iocb OMojio/Kenne rJiyÔHHHbix pa3Ji0M0B, 
BepTHKajibHOe nepeMemeHHe ÓJIOKOB, a B pnae cjiynaeB — o6pa30BariHe Kpymibix 
nauBbiroBbix cTpyKTyp (III e M n e JI e B, 1982). 3aMCTaTejibHoň ocoSeimocTbio STOJÍ 
anoxH aKTHBauiiH cjieAyeT CTiiTaTb OTcyrcTBHe Kai<oro-jin6o MeTaM.opcpH3Ma nopozí,, 
.'HCJiouHpoBanHbix ajibnHHCKHM oporene30M. Bce MeiaMopcfiHnecKHe nopozibi, 06-
Ha>KaiOTCH B 30iie ľjiaBHoro KaBKa3CKoro xpeÓTa, a TaioKe B HeKOTopbix paŘouax 
3aKaBKa3bH, npHHaÄJie>KaT K aMcpHÔojíHTOBoň n 3|nH/iOT-aMcpH6ojiHTOBOH cpauHííM cpe/i-
i 1 e f i rJiyÔHHiiocTH 11 no CTenenn MeTaMopcpH3Ma MoryT ôbiTb cKoppeJiupoBaHbi c no-
poaaivi YAOKaHO-CTaHOBOH 30HH (npoTepo3oň), oKaňMJiHiomeň c lora A/iflan-
CKHH IUHT H pa3BHTbie no apxeňcKHM rpaHyjiHTaivi rHnepcTeH-cHjiJiHMaHHTOBoft (pannu 
(KopHKOBCKHfl, 1967; íl e p *i y K H ÄP-, 1983). 

BjioKOBoe CTpoeHHe cTpyKTypHO-cpauHajibHbix 30H, noposcaeHiioe aJibnnftcKHM 
TeKTOiiorene30M npnBCJio K TOMy, ITO B npeaejiax Kantón H3 HHX Ha OAHOM rnnco-
MeTpnqecKOM ypoBHe o6Ha>i<aiOTCH nopozibi pa3Hbix MeTaMopcpnqecKHx (paunň H paa-
HorjiyÔHHHbie MaraaTmecKne KOMnjieKCbi. Hepe,o.KO TaioKe M03aHHHoe CTpoeHHe 
npHBoaHT K 3naqHTejibHbiM 3aipyÄ'HeHHHM B oueHKe 3aK0H0MepH0CTeň pacnpexiejie-
HHH MeTaiviopcpHMecKHx cpau.HH B npocTpaucTBe H npHHHMaeTCH HeKOTopbiMH reojio-
raMH 3a MeTaiviopcpM^ecKyio 30HajibH0CTb THiia Bappoy. TaKan 30Ha/ibnocTb AĚMCTBU-
•re/ibiio cymecTByeT na KaBKa3e H 0ÄU03naqH0 aoKasana, iianpuiviep, ÄJIH pařiona 
p. KJibH, HTO na IO/KHOM cK.none F.TaBHoro KaBKascKoro xpeÓTa ( L U e H r e J i H a — 
K e u,x o B e/i H, 1982). Tpyano ubijio ycraHOBHTb cKO/ibKo 3TanoB MeTaMop(pH3Ma 
npeTepneJiH nopoAH r.naBHoro KaBKa3CKoro xpefŕra. Ha STOT Bonpoc MoryT OTBC-
THTb jiHiub ÄeTaJibHbie napareHeTHiiecKne HccJieaoBaHHH, ocHOBaH'Hwe na MHKpo30H-
ÄHpoBaHHH (pa3 nepeMeHHoro cocTaBa H oueHKe TepMOÄHnaMHHecKHx ycjioBHH MU-
nepajibHbix paBHOBecHH ana nopoÄ H3 pa3JiHMHwx paftonoB sroro Kpyunoro pernoHa, 
-3aÄana, flBHBinajicfi npeÄMeroM wamero nccne/ioBainiíi. O/inaKO, nojieBbie HccJie,no-
BaHHH npHBejiH Hac c 3aKJiiOHenHio, HTO jinuib OU.HH perHOHa/ibHbift MeTaiviopcpH3M 
(ÄoaeBOHCKHň) npoHB/ien Ha KaBKa3e B nojinoň Mepe. He HCKJircmeHa B03M0>KH0CTb 
KOHTaKTOBoro MeTaiviopcpH3Ma B CBÍI3H c rpanHTOHAHbiMH HHTpy3HHMH BepxHero 
najieo30H H Me303on. 0,HHaK0, H3yqeHHe MeTane/íHTOB — KCCIIO/IIITOB 113 STHX HHTpy-
3HÍi, KaK 6yaeT noi<a3ano HH>i<e, yi<a3biBaeT na no.inyio HHÄHCpTepeHTHOcTb HX MH-
Hepajibnoro n xnivumecKoro cocTaBa K BMeinarornnM rpaHHTaM. 

nepeňaeM K cncTeMaTH^ecKOMy H3Jio>KeHnio pc3yjibxaT0B neTpcnoniqecKHX nc-
cjieÄOBanHfi. B Taôjinue 1 npHBezieHbi ^aiinbie no MHHepaJibHbiM naparene3HcaM 
H3yjeiiHbix o6pa3UOB, cociaB (pa3 B KOTopbix H3VLien na MHKpo3onne. 3TH o6pa3u,bi 
OTOĎpanbi H3 MeianejíHTOB, MeTa6a3iiTOB n rpanHTOnaoB xaií Ka3biBaeMoň Byyjib-
reucKoft cepHH, npoTHrHBaromeňcíi B CVÔHJHPOTHOM nanpaBJíeiiHH, BUOJIB BO,aopa3Äe.aa 
ľjiaBHoro KaBK33CKoro xpeÔTa. Onpo6oBa'nne ocymecľBjífiJiocb BKpecT aa/ieraimsi no-
poA 3T0ÍÍ cepHH, no .HOJIHI-IBM peK Af.ianayc. LIoTqa, Byy.ibren, rana^xap n B jieBOM 
6opTy jieÄHHKOBOro Tpora Ajin6ei<. 

06pa3eu, K-12-13 (CM. Taô.i. 1) — nojioc-iaTbiň .UBVCJIIOZIJII-IHOH c.naneu,. no.nocna-
rocTb B neM oôycjiOBJíeHa qepeÄOBaHHeM ABycJiiOÄHHbix CJIOHKOB C rpai-iaT-cTaBpojíHTO-
BbiMH. 3TO 3iiaMHT, MTO ncpBHmiooca/iOMiian nopo/ia ôbijia KOHTpacTHO pacc/ioena 
no XHMH3My n, B nepsyio oMepezib pa3.inqH;i naCjiiOflajiacb B coaep/Kannn Al, Fe 
11 Mg. B Mecrax conpHKOcnoBeiuín OTOCIKOB H B Gr-St npocjiOHKax BCTpeiaiOTCH 
Bi, Mu, Qz, Chl, PI ii Cor. Han6o/iee iiiiTepeciibi B3anMOOTnoLueuii;i Cor c Gr, St 
u Bi. noBceiviecTHO Cor pa3BHBaeTCH B KomaKrax St H Gr, a TaioKe no rpemuHaM 
npoHHKaeT B 3epna Bi, Gr, St n Aa>i<e Mu. Hnai-ie roBopsí, B npucyrcTBHH Mu -|- Qz 

http://Ha6.niozia.iocb
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naÔJiiOflaeTCH KopÄHepHTH3au,Hfi S t i s - G n ? " Bi/io n a p a r e H e 3 n c a c o6pa30BairaeM ac-
cou.Hau.Hii Cor56-59+Gr8-io + BÍ42- ř í p u STOM, cocTaB S t npaKTHqeCKH ne H3MeHfleTCH 
(CM. Taôji. 2, 3 H pne. 1), JIHÔO N M g K icpanM 3epen o^eHb cjiaôo B03pacTaeT (na 
1 — 1 , 5 % ) . JIHÔO ocraeTCH 6e3 H3MeHeHHň. B i B KOHTaKTe c C o r cnn>KaeT Marae-
3najibHOCTb Ha 2—2,5 MOJI % . H a u ô o j i e e ^yBCTBHTeJieH K n p o u e c c y Kop/jHepHTH3a-
UIIII OKa3ajicH r p a n a T , Marue3HajibuocTb KOToporo B Kpajix 3epeH ÄOCTHraeT 8 

n L , I L ! • I « > ' 
0 tOO 200 300 400 500 600 700 800 .F'< 

| Sp.K-12^13] 

PHC. 1. PeaKUHOHHHe B3aHMOOTHomcHiiíi MHHepajiOB B oópa3u,e MeTaneJíHTa K-12-13 (jieA-
HHK AjiHÔeK, TjiaBHbiň KaBKa3CKiiň xpeôeT). S t 1 5 CTaHOBHTCsi neycToňtiHBbiM B napareHe3nce 
c G r 1 7 H B i w ( + M u - j - Q z ) . BMecTO accoujiauHH St 1 5 -f- Bi 4 0 -j- Qz BcmiHKacT Cor 5 5 -5 9 -(-

+ G r 8 _ 1 0 + Mu. 
ľloncHeHusi: 3 T H cooTHOiuemia noKa3aHbi na TpeyrojibHHKe cocTaB naparene3Hc: nyHKTiip-
HHM KaHíioaaM cooTBeTCTByeT nepBbiň naparene3nč (t = 575 °C), a cnjiouiHbiň — BTopoíí 
(t = 490 "CD. Ha npotjffljie BHÄHO CHMOaraoe H3MeHeHne Fe H Mn. 3aMem,aromHx Mg B Gr. 
JX.nn oueHKH TeMnepaTypw Hcnojib30Bajiocb yp-e (2). IIoMcpa TOTCK cooTBeTCTByiOT HOMe-
paM aHa/iH30B B Taôji. 1. 

MOJI. % . l lpH 3TOM, KpyrľHbie 3epHa G r 3aMeuiai0TCH C o r no TpemunaM TaKHM oó-
pa30M, mo OHH pa3TjeÄaiOTca no nepnMeTpy, cTanoBHCb caMOCTOHTeJibHbiMH OKpyr-
JlblMH KpHCTajIJiaMH. 3Ta „CaMOCTOHTeJIbHOCTb" Bbipa>KeHa B B03HHKHOBeiIHH XHMH-
yecKoň 30HajibH0CTH B K S A A O M OTaejiHBiiieMCH 3epHe G r (CM. p«c. 1). O^ieHb Ba>Kiio 
H TO, m o n p n oôiueM C H H Ä C H H H N G r

M g y KOHTaKTOB c 3epnaMH B i 30HajibHoen> B 
G r JnpaKTHiiecKH ne pa3BHBaeTCJi: B a p n a u n u (pHKciipyíOTca B npcuej iax 2 — 3 % . 

http://cou.Hau.Hii
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ľlpo4o.n>KOHHe Ta6. 2 

Oópaseu, RB—217/3 

OKHCJIH 

SÍO 2 

TiO, 
A1 2 0 3 

C r , 0 , 
F e O 
MgO 
CaO 
K 2 0 
CyMMa 

Chi* 

29,5 
0,1 

15,8 
0,2 

26,4 
27,6 
— 
— 

100,0 

Bi* 

33,8 
2,0 

21,3 
0,0 

27,4 
9,2 
0,0 
6,3 

100,0 

And 

37,5 
0,1 

61,0 
0,1 
1,2 
0,0 
0,1 

— 
100,0 

* npimeAeno K 100% 

A B 3epnax Gr, BKJiioqeHHbix B KBapu, N M g — Bejummia nocTOHHTian BO BceM O6TV 
eivie 3THX 3epeH. 

St H Bi, KaK H G r pe3opÔHpyiOTCH B npouecce KopÄHepHTH3au,iiH. Ilpn^eM, St 
TaKJKe 3aMeui,aeTCK Cor no TpemHHaM c pacTacKHBaHneivi KpynHbix 3epeH na oiaen-
Hbie caMOCTOHTejibHbie 3epHa, cocTaB KOTopbix npn STOM ocTaeTCH HeH3MeHeHHHM. 
MecTaMH MOJKHO 3aMeTHTb, qTo Cor pa3BHBaeTCH no Tpem,HHKaM aajKe B 3epHax Mu. 

ripoÓJieMa ycToft̂ HBOCTH naparene3HC0B St -|- Cor -f- Mu + Qz H Gr + Cor -|-
- j - M u + Q z B pernoHajibHO-MeTaMopiJiHqecKHX KOMnjieKcax oócy>K,najiacb K o p n -
K o B c K H M (1979). O H paccMOTpeJi STU napareHesncbi KaK ajibxepHaTHBy accou.Hau.HH 
Bi -f- Qz-f- AI2SÍO5 H npnmeji K BHBoay, HTO HX CTaÔHJibHOCTb B KOMnjieKcax iviajioň 
H yinepenHOH rjiyÔHHHOCTH oôycjiOB.ieHa BHCOKHMH KOHU.eHTpau.HHMH M n B rpa-
HaTe (napareHe3Hc Gr -f- Cor - |- Mu -f- Qz) HJIH Zn B eraBpojiHTe (napareHe3Hc 
St + Gr + Mu + Qz). KaK BHÄHO B Ta6ji. 1 11 2, STH ycjioBHH He BbinojiHHioTCH 
jinn cnynan o6p. K-12-13. 3,n,ecb npoHcxo^HT CMeHa accou,HauHH Grw 4~ St -)- Bi -f-
+ Qz accounauHeft Grs-io + M u - | - C o r ± Q z npn H3MeHeHHH TeMnepaTypu H 
AaBJíe'HHH ( O e Ä b K H H , 1957). Mu pacnojiaraeM ÄOCTaToqHbiM oô^eMOM anajiH-
THi-iecKHx aaHHbix ÄJIH oueHKH TeMnepaTypw H jaB.ieuHH CpopMHpoBaHHH napareHe-
3Hca Stis - j - Gri7 -(- Bi/,o -f- (Mu -j- Qz) H CMeHHBineň ero accounaunn Stu + BÍ42 + 
+ (Gr8_io) +Cor 5 5 -59 + Mu + Qz. 

Hanajiy npouecca KopÄHepHTH3au.HH cooTBeTCTByeT TeivinepaTypa 575 °C (napa-
rene3Hc Gno + Corss), a KOHuy 500 °C (napareHe3Hc Grs,5 + Cora) • 3 T H uncppbi 
nojiy^eHbi no ypaBnennio (1). Ho MM MOKCM oueHHTb H TeMnepaTypy CpopMHpoBaHHH 
CTaBpojíHT-rpanaT-ÔHOTHTOBoro naparene3Hca no cpopMyjiaM (2) 11 (3): Bi/,o + Gnco 
ÄSIOT TeMnepaTypy OKOJIO 685 °C, a Stis + Grio.u ~ 670 °C, cooTBeTCTBeHHO. TaKHM 
o6pa30M, npouec KopaHepHTH3aunH aeHCTBHTejibno nporeKaeT na (poHe CHH»ceHHH 
TeMnepaTypu, HO rjiaBHHM (paKTopoM HBJíHeTCH na^eHKe AaBJiewiiH. 

BejiHMHHbi P JXJIH napareHesHca Stis + Bi4o + Gri6,6 + Mu + Qz + PI MoryT 
ôbirb nojiy^ieiibi Ha ocHOBe ypaBneHHH peaKu,HH (5) no cocTaBaM cocyLU.ecTByrom.HX 

http://accou.Hau.HH
http://KOHU.eHTpau.HHMH
http://cocyLU.ecTByrom.HX
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Bi, Gr, PI 2 H Mu (A p a H o B H q, 1983). H no Kone^HOMy 3HaqeHHio STIIX cociaBOB 
(B naparene3Hce c Cor) MO>KHO oueHHTb 3HaqeHne aaBJienHH Ha 3aBepmaiomeM 
STane (popMnpoBanHH nopcubi. ECJIH >Ke aonycniTb q TO cocTaB Gr H3ivieHHeTCH 
conpH>Keniio c na^enneM aaBJienHH H TeMiieparypbi TO MOJKHO nojiymiTb Tpeufl 
H3MenciiHH 3THX napaMCTpoB npH B03/ibiMaHHH ByyjibreHCKoro 6jioi<a, BnjioTb j o 
ero cTa6iiJiH3au,HH na MaJiwx rjiyônnbix. 3TOT Tpeti/i. BHBe,n,eH na anarpaMMe pne. 2. 

6 / 
Rkb / 

5 ' / 

3 r /s 
PHC. 2. 3BO.IIOUHH napaMeTpoB MCTaMoptpiis-
Ma ne.THTOB, BbiBt\n,eHHafl H3 aHajiH3a napa-
reHe3HCOB oôp. K-12-13 (Ajin6eK, KaBKa:i, 

_, CM. pne. 1) H K-14-13 (AMaHayc, KaBKa3) 
70o'c na ocHOBe MeTOna cpa30Boro COOTBBTCTBHH. 

B TOM >i<e paňone 6biji oTOÔpan MeTa6a3HT K-12-6 (CM. Taóji. 1). 3TO TaK>Ke 
TOHKO noJiOCTaTaH nopoAa; B HeKOTopbix ee CJIOHX coaep>KHTcn ĎHOTHT, HO B OCHOB-
IIOM — 3TO rpaHaTOBblft aMCpHÔOJIHT, COCTaB MHIiepaJIOB B KOTOpOM H3MeHHeTCH 
B cooTBeTCTBHH c npocpnjieM „a" (pne. 3). CoBcpmeHHO o^eBHAHo, ^TO UCHrpajibHaa 
qacTb 3epna Gr npeflCTaBJíeHa ôojiee >KeJie3HCTbiMH cocTaBaMH (c co,n.ep>KaHHeM 
Mn ao 2,8 Bcc. % ) , Am HaoôopoT HivieeT 6ojiee MarHe3HajibH0e napo (CM. Taôji. 
3 H pne. 3a). B cooTBeTCTBHH c O6HIH,M npHHUHiioM cpaiOBoro COOTBCTCTBHH TaKan 
30iiaJibiiocTb OTpa>KaeT npouecc, npoHcxorj,Hiu,HH npn noBbiuieHHH TeMnepaTypw. 
fleňcTBHTejibHO, no Am-Gr TepMOMeTpy ueHTpajibHHM qacTHM 3epeH cooTBeTCTByeT 
TeMnepaTypa 630 °C, a KpaeBHM óojiee 900 °C (íl e p n y K, 1970). OanaKO, STII 
oueHKH ne MoryT 6biTb npH3iiaiibi yaoBJíeTBopuTeJibHbiMH, TaK KaK B BHCOKO-
>KeJie3HCToft qacTii cncTeMM Am-Gr TepMOMeTp BecbMa He TO^HMŮ, a cocTaBbi 
cocymecTByiomnx B oôp. K-12-6 MnnepajioB pe3Ko OTJiimaiOTCH OT cTaracTHqecKHX, 
ua KOTopbix 3TOT TepMOMeTp ocnoBan. Ho TaK min vmeme, B STOM o6pa3ue OTpa-
>nena HCTopiiH nporpeccHBHoro MeTaMopcpH3Ma ByyjibreHCKoň cepan, Koraa STOT 
6/IOK 6biJi onymen na oojibinne r.iyÔHHbi H no/iBeprajiCH BbicoKOTeMnepaTypHon 
nepepaôoTKe. 

iXocTaľomio ÄeTajibiibiň reojiornHecKHň pa3pe3 BKpecT npocTnpaHHH Byyjibren-
CKoň cepmi 6biJi CÄejiaii no pexe AMai-iayc. 3aecb TaioKe HaĎJiioaaeTCH nepecnaiiBa-
iine MeTaneJíHTOB c MeTa6a3HTaMH. FlepBbie npeacTaBjíeHbi cTaBpojinTOBbiMH cnan-
u,aMH, a BTopbie — aMtpnôojíHTaMH. 

HH'repeoiibíc cooTiiouieHHH MHiiepaJioB Ha6jiiorj,aiOTCH B nojioc^aTOM cTaBpojíHT-
-rpanaT-6HOTHT-MycKOBHT-KBapn,eBOM cjianue K-14-13 (CM. -raóji. 1). noJiociarocTb 
o6ycJioBJicna CKOnjieiiHHMH cjiiorj, c Sil (cpHÔpojíHTOM). KpHCTajiJibi Gr H St MeJiKHe 
(0,5—1 MM) iiiuioMopcpiioH orpaiiKH. Gr oôJia/iaeT pocTOBoii 30HajibHOCTbK>: napo 
ôojiee MarHe3najibHoe i<pan Maprann,OBHCTbie (raô.n. 2 H 3, pne. 3b). Miii<po30H-

2) Kpuc'rajiJiiiŕieqKHe cpopMyjiu PI np>iBe/;enbi B TAÚJI. 3. 

500 550 600 650 
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flOBbiíi npotpHjib qepe3 3epno rpanaTa (CM. pne. 3) orpaxaiOT HCTopnio cpopMHpo-
BaHHíi napareHe3Hca. O^CBU/IHO, HTO nepBonaiiajibHo npouecc MeTaMop<pH3Ma npo-
TeKaji na cpone B03pacTannH PT-napaMCTpoB (B03pacTaeT N G r

M g , a TaioKe KOH-
UCHTpauHH MgO H FeO, HO ciiHíKaeTcn M n O ) . BHAHMO, na nporpeccHBHOM 3Tane 
MeTaiviopcpH3Ma KpaeBbie 30HH rpanaTOB ÔHJIH .nocTaTomio Marne3HajibHbiMH H 6efl-
HHMH MnO. OníiaKO, STOT atan noqui ne 3acpHKCHpoBan 30HajibH0CTbio. B xoae 

0 0.2 0/. 0.6 0,8 1.0 1,2 Umm )SpK~14 l j 

Pne. 3. MnKpo30HAOBbiň npotpHJib iiepe3 Pne. 4. B3anMOOfflonieHHH n Bapnaumi coc-
yqacTOK mjiHcpa B o6pa3ue K-12-6. TaBOB MHHepajioB B OÄHOM H3 ywacTKOB 

uijiucpa K-14-13. BnaHa BccbMa o6brqHan 
perpecciiBHaíi 30na.nbnocTb B Gr c n30M0p-

(J)H3MOM no cxcMe Mn - Mg + Fe. 
floíícHQHun: a — 3apncoBKa yqac.TKa imiiKpa 
H b — npotpHJib licpe3 STOT yqacTOK, c — 
CJlO/KHbďl THn 30Ha,nbHOCTH B Gr. 

peTporpaflHoro MeTaiviopcpH3Ma STH 30HH pacTBopnjiHCb H BMecTo HHX ofipasoBajiiicb 
HOBbie, oĎorameiuibie Mn. CpaBHHBan npocpHJiH na pne. 4 c npocpH.nřiMH >iepe3 Gr 
na pne. I, jierKO 3aivieTHTb, *ITO B onucbrnaeiviOM rpanaTe npojiBJíeH HHOH run H30-
MopcpH3Ma: M n - M g + Fe. Tlpn îeM KOHueHTpaiiHH MnO AOcraraeT anoMajibHO 
BbicoKHx 3HaqeHHň (ÄO 12 Mac. % ) . B St TaK>Ke noBbiiuenbi KOHuenTpaun MnO 
(ÄO 1 %) H ZnO (ÄO 1,8 % ) . Cjie^yeT oôpaTHTb BHHMaHHe Ha TO, ÎTO BHOBb oópa-
30BannaH 30Ha ne coÄep>KHT HHKaKHX BKJiioieHHH, Tor/ia KaK ueHTpaJibnan 30Ha 
nepenojiHCHa HMH ( Q Z , PÍ, II, Sil). Ho B pn^e apyrax 3epen MOXHO o6napy>KHTb 
BK îoHeHHH H B cpeÄHHx Hx qacTHx. TorÄa HeT HHKaKH.x npnanaKOB nporpeccHBHoro 
sraná MeTaMopcpH3Ma, — cpHKcnpyeTCH oôbumo neKOTopuň npoMOKy-roqubiH 3Tan 
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perpeccHBiioro. TaKoň npniviep MO>KHO npHBecTii B TOM >i<e injiHĺpe, HO B apyroM 
ero yqacTKe (CM. npocpn.ib Ha ,,b" na pnc. 4) . 3,necb Gr KOHTaKTHpyeT co St 
H Bi, a MaipHua BbinojineHa Qz, Sil, Mu H PI. CocTaBbi nocjieawnx ÄByx npHBeÄeHfai 
B TaĎJTHue 3 B BHÄC KpHCTajuioxHMiMecKHx (popMyji, a St, Gr H Bi — B Taôji. 
3 H 2. 

Ha pne. 4 npHBefleiia 3apHcoBKa yiacTKa iujiH(pa, Ha6jiiOÄarc>TC3 paccMOTpeHHbie 
Bbiiue cooTHOuieHHH, B03HHKaiouiHe na cna^e TeMnepaTypu H, BeponTHO, ÄaBJíeHHH. 
KaK BHÄHO na npotpHJinx (pne. 4) H B Taôji. 2 KOHueHTpaiiHH MnO B Gr o^eHb 
BbicoKH H npHjio>i<eHHe St-Gr H Bi-Gr MHnepajioraqecKHX TepMOMerpoB H 6apo-
MeTpOB B HX OÔKRHMX Bbipa>KeHHaX (1) H (3) íle B03MO>l<HbI H3-3a OMeBHflHOrO 
npoHBJíeuHfi H30Mop(pH3Ma no cxeMe M n - F e + Mg. J\jin ÔHOTHT-rpaHaTOBoro 
TepMOMeTpa TaKaa nonpaBKa ÔHJia caeJiaHa nyTeM BBeÄeHHH KoppeKU.HH Ha Bejni-
HHHy 252,25 ( X G r

M n — 0,035). ripuBJíeKan AaHHbie pne. 3b H 4 (CM. Taóji. 3), 
naxoÄHM: 

XB iMg 

0,470 
0,486 
0,505 

XG rMg 

0,418 
0,106 
0,069 

NGr M n 

15,1 
20,9 
30,8 

ť C 

634 
569 
515 

P, K0 

5,09 
3,26 
1,18 

ConpsuKeHHbie 
TOHKH 

(Bi + Gr) 

6 + 1 6 (ueHTpu) 
2 + 2 (cepeÄHHu) 
9 + 1 1 (Kílfl) 

JX-nn St-Gr TepMOMeTpa TaKan KoppeKiiHfi ne ôbuia oneJiaHa. nosTOMy 3HaqeHHH 
reMnepaTypu, nojiy^aeMbie c ero noMombio ( CM. cpopMyjiy (3) Hejib3H npH3Harb 
Ha^eJKIIblMII, XOTH O'HH H ÔJIH3KH K nOJiy^eHHHM Bbiiue 

XSt M a 

0,167 
0,175 
0,169 

XG rMg 

0,151 
0,151 
0,091 

X G r
M n 

0,085 
0,085 
0,253 

ťC 

613 
600 
500 

Conpa>KenHbic TOTOH 
(St + Gr) 

8 + 5 (nciiTpbť) 
4 + 5 (ueHTpbi) 
6 + 1 0 (Kpaíi) 

riocKojibKy B nopoae iiMeiOTcn PI n Mu, cocTaBbi KOTopbix onpejejienbi (CM. 
Taôji. 3), Mbi npoH3Bejin ouenKy /i,aBJieHHn no cpopMyjie A p a H O B H q a (1983), 
BbiBeÄemioii AJIH yp-n peaKUHH (5). 3TO aajio B03MO>KHOCTb HaMeTHTb TpeHfl, PT 
iiapaMeipoB perpeccHBiioro 3Tana MeTaMop<pH3Ma B STOM oópa3u,e. B cpaBHeHHH 
c MeTanejíHTOM K-13-12 113 ymeJibH AjiHÓen, STOT Tpena noKa3aH na ÄHarpaMMe 
pne. 2. 

http://KoppeKU.HH
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BoJibiuaH paóoTa 6biJia npoaeJiaHa, HTOÔH BHABHTB 3aKOHOMepHOCTH Bapnaunii 
cocTaBOB cocymecTByromHX MHHepajiOB B rpaHaTOBOM aM(pn6ojiHTe K-14-6 (CM. 
H3 yponnuia AiviaHayc. 3TO — TOHKO nojioc^iaTbiň aMcpHÓojioBbni cjiaHeu,, B KOTopoM 
„nojiocbi" cymecTBeHno aMCpnôoJioBoro cocTaBa viepe^yiOTCH c rpaHaTOBbíMH n 
KBapu,-njiarnoKjia30BbiMH. PI BCTpeiiaeTCH B 3aMeTHbix KOJimecTBax H B aM(pn6o-
jiOBbix, H B rpaHaTOBbix cjioHKax. Bojiee TOTO, Am H PI BCTpe^eHbi B BH^e BKJIIO-
qeiiHH B KpynHbix, MecTaMH ôyÄHHHpoBamibix 3epHax Gr- noc/ie/im-w no pe3op-
ÔHpoBaHHbiM KpanM 3aMem,aeTca ÓHOTHTOM H conep>KHT 3HaqHTejibHOe KOJiimecTBO 
pyÄHbix BKJircmeHHfi. B HCKOTOPHX cjiyvanx MO>KHO HaoJiioaaTb nepeKpncTajuiH-
3au,Hio Am TaKHM o6pa30M, ^TO OH yraeTaeT Mopcpojiormo Gr H pa3BHBaeTca no 
neiviy B B n Ä e VÄJiHHeHHbix JieňcT. BcxpeqaioTCH H CPOCTKH Gr + PI. 

Pne. 5. 3apncoBKa ŷ iacTKa íujiHcpa K-14-6 c HUTepripeTauneň aHajíHTimecKiix ÄaiiHbix no 
cocTaBaM MHinepaJioB. Uiicppw — NGrM<>, NBiMg H NP1ca. 

MnKpo30HflOBbiM aHajiH30M cpHKCHpyeTCH ne Bno.nne Hcnaa (CM. pne. 5) 3onaj]b-
HocTb B Gr. B oflHHX cjiytianx naô.nioaaeTCH B03paciaHHe N G r

M g or uempa OÄHOTO 
H TOTO >i<e 3epna K Kpaio, B .npyrnx tiacrax KaprwHa oôpaTiiaa. OcoôeuHO ^CTKO 
STO npoHBjíHeTCu B KpynHbix 3epnax. Am cpaBHHTeJibHO Bbiaep>K.aH no cociaBy, 
HO 3aKonoMepnbie Bapnaunn coaep>KanH5i B neM Al H Fe Ha6jno;;ai0TC5i no y^JiH-
HeHHio 3epen. TaK 'nanpuMep, B npe;i,ejiax OÄHoro 3epna Am pa3MepoM B 400 MK 
N M g 3aKonoMepno H3MeHaeTCH H3 Kpan B Kpaň OT 39,6 ao 46,5 (CM. pne. 5). 
AMcpnôojibi Booôrne OTJiimaiOTca OAHonanpaBJiennbiM pa3BHTHCM 301-iajibiiocTH 
(B OTjiHHHe OT KO?meHTpnqecKOH 30HajibH0CTH, pa3BHToň B rpaHarax). 

AnajíHTHMecKHe ÄaHHbie AJIH MnnepajiOB H3 onncbiBaeMoro o6pa3U,a npuBeAeHbi 
B TaĎJi. 3 B Bn.ne KpHCTajiJioxHMiwecKHX cpopMyji a HX flHcno3Hu,HH B niJiHipe noKa-
3ana na 3apHC0BKe oxuioro H3 ero yiacTKOB (CM. pne. 5). TipHBeAfl B cooTBeTCTBHe 
uncppbi 3epen Gr c nanóojiee >KeJic3HCTMMH KpanMH Am, a TaiOKe Hcnojib3ya 
Äaniiue no cocTaBaM KO'HTaKTHpyíomiix Am c Gr H Gr c Bi, ôbijin pacc-imanu 
cjieayiomne 3iiaiieniin TeMnepaiypu: 
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MacTb 3epna 

ueHTpbi 

cpeÄHne 

CpOCTKH 

Kpan 

—"— 

BpOCTKH B Í 

D G r 

—"— 

N A m M g 

40 

45 

54 

41,8 

— 

— 

— 

X G r M g 

6,5 

12,2 

11,0 

10,5 

11,0 

6,5 

7,4 

t ° C 

400 

530 

420 

520 

— 

— 

— 

N%ig 

46 

46 

— 

38 

40 

38 

41,6 

t ° C 

46D 

570 

— 

600 

594 

510 

505 

D 10 20 30 40 50 60mk 
c d. 

Pne. 6. CocTaBbi MiiiiepaJiOD B HCKOTopwx MeTaneJinxax Bojibiuoro KaBKa3a n ycjiOBHH 
HX M6TaMOp(pH3Ma. 

íloncHeHiin: /J[narpaMMa ,,a": CBeTJibie Kpy>KK« oooTBeTCTByioT coc-raBauf G r H3 oóp. DB 
217/3, ie|pHbie — 113 o6p. DB 220/3, TpeyrojibHHKH — H3 o6p. 96. 

7J,narpraMMbi „ b " n „ d " npeAcraBjijiiOT npocpHJiii XHMH3Ma MHHepajiOB B OT-
ÄCJibHbix yliacTi<ax o6pa3ii,OB DB 217/3 n DB 220/3, cooTBercTBeHHo. Ha ana-
rpaMMe „c" npe/icTaBjieHbi PT TpeHÄH SBOJHOIJIÍH MeTaMoptpii3Ma STIIX o6pa3-
UOB: i — BKJiioMenHH Bi B Gr, c — ueHTpw 3epeH Bi u Gr, r — Kpaa 3epeH. 
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BbipHcoBHBaeTCH Bnojme OTLieTJiHBaH KapTHHa pejKHMa TeMnepaTypbi B xoae 
3BOJIIOUHH STOH nopoÄbi: nporpeccHBHbiň 3Tan MeTaMopc})H3Ma ÄOCTHraeT nHKa 
npn 600 °C, a 3aTeM TeMnepaTypa CHH>KaeTCH jxo 500 °C. Cyan no PT TpeHaaM, 
BbiBeÄeHHHM ÄJiH nepecjiaHBaioiiiHXCH B ÄJiHHe p. AiviaHayc c paccMaTpHBaeMbiMH 
aM(})H6ojiHTaMH, ÄOJiJKHa -HaôJTiOÄaTbCH 3aKOHOMepHaH Koppe^HUHH Mejicay Teivine-
paTypoň H ÄaBJíeHHeM. 

06pa3eu ,D,B-217/3 no MHuepajibHOMy cocTaBy—anajior o6p. K-12-13 (CM. 
Taôji. 1), no B HeM ÄOCTaTÔ HO innpoKO pa3BHT Sil. XapaKTep peaKirHOHHbix COOT-
HomeHHň MOKay MHHepajiaMH TaioKe HanoMHHaeT o6pa3eu, H3 AjiHÔeKa: St noBce-
MecTHO 3aMem,aeTCH Cor H B STHX cnyianx KopAnepHT o6pa3yeT KaÔMH BOKpyr 
o^eHb MejiKHX HÄHOMoptJjiibix 3epen rpaHaTa. ripn STOM o6pa3yiOTCH HOBbie Kpnc-
TajiJibi pyÄHbix MHHepaJiOB (Mt H II), oceaaromne jiecTaMH y KomaKTOB Me>K«y 
St H Cor. B oTJiHMHe OT o6p. K-12-13 3,necb rpaHaT coflepjKHT onenb BHCOKHe KOH-
ueHTpauHH Mn, H30Mop(pHO 3aMem.aiom.ero IOK Fe, TaK H Mg (CM. pne. 6,b). Ha 
npocpHJie „ b " pHC. 6 BHÄHO, KTO 3epna rpaHaTa HMeiOT c.na6o Bbipa>KeHHyio 30HaJib-
nocTb npnqeM H30MopcpH3M npoíiBjreH Ha cxeMe M n - F e + Mg c npeuMymecTBeniiHM 
3aMemenneM Mn * Fe. H XOTH 3Ta 3onaJibHOCTb B Gr ne oiieHb Bbipa3HTeJibHaH, 
T3M ne MeHee ona OTpa>KaeT SBOJIIOUHIO PT napaMeTpoB MeTaMop(pH3Ma. HcnoJib-
3ya aHajiHTH^ecKHe ÄaHHbie TaÔJi. 3, npeflCTaBJienHbie B BH^e KpHCTaJiJioxHMHqec-
KHX cpopMyji MHHepajiOB, H HX cooTHOiueHHa B cjianue — c npofpHjia „ b " na pne. 6 

HaXOÄHM 

MacTb 3cpna X"»'Mg 

neHTpu 0,5 

Kpaa 

i<pan 

0,505 

— 

Kpan — 

Kpan — 

XSt M g 

— 

— 

0,21 

0,21 

XCor M g 

— 

0,612 

— 

— 

X G r M g 

0,11 

0,09 

:o,io 

0,13 

t ° C 

575 

542 

500 

523 

0,10 473 

P, 

3,58 

2,90 

(1,37) 

— 

— 

B STOM o6pa3u,e TaioKe naôjiioaaeTCH pa3BHTne Kop/uiepiiTOBbix KařiM BOKpyr 
rpaiiara na enaue PT-napaMeTpoB MeTaMopcpH3Ma. OanaKO, cjieayeT oroBOpHTbCH, 
IITO ouci-iKa 3THX napaMeTpoB no Cor-Gr TepMOMe'ipy H 6ap0MeTpy ne Bno.nne ao-
CTOBepi-ibi, T.K. ypaBHCHiiři (1) H (4) ocnoBaiibi na SKcnepHMeinax c 6e3Mapraw-
noBiicTHMH rpanaTaMH. Ho conocraBJíeHHe nojiy-ieHHbix uHtpp t °C c o6p. K-12-13, 
r;ie Gr npaKTHiecKH ne conep>KiiT Mn, yKa3HBaeT Ha ncinioe HX coon-iouicHiie: H 
B TOM u n apyroM cjiyqanx OKOimaTCJibiiaji TeMnepaTypa Cor-Gr paBnoceciifi (Kpan 
3epen) ycTaiiOBHJiacb npH 500 °C, a iiaiióouee BHCOKHC 3fia>-ieHHn ť cooTBeTCTByiOT 
575 °C. B paccMaTpHBaeMOM o6pa3u,e 3Ta TeMnepaTypa onenena no Bi-Gr TepMo-
Mcrpy, a aanjieinie — no yp-io (6) c VMCTOM BbicoKoro co.a.ep>Kaiin;i Mn B Gr. 

http://3aMem.aiom.ero
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B cnaime flB-220/3 H3 TOTO >i<e ymejibH AiviaHayc npeKpacno pasBUTa perpec-
ĽHBiiaa 30HaJibiiocľb MHnepajiOB: N G r

M g cnHJKaeTCH, a N B i
M g B03pacTaeT K Kpasi.M 

3epen ( CM. 3apiicoBKy injiHcfia Ha pne. 7 H npocfíHJib „c" 'Ha pne. 6). lipu STOM 
cpeAHHe qacTH 3epen Gr- ocoôeuHo KpyriHbie, - nepenojiiienbi BKJiioMeHHHMH Bi, 
II H Qz. BneiHHHe, ôojiee >Kejie3HCTbie 30HH MHCTbie, He coaep>KaT BKJIIOTOHHH. Bi, 
BKjiKmeHHbiii B Gr, ôojiee Marne3Ha.nbHbiH (NBiMg = 55—61), <-ieM B MaTpnue nopoxibi 

PHC. 7. 3apncoBKa yMacTKa mjin(pa DB 220 3 ypoimue AMaHayc, KaBKa3. H30JIHHHH NMg 
BbiBeAeHbi na oanoBe TonoxiíMimecKoro MHKPO30HÄOBOTO aHa.in3a 3epen Bi n Gr. 

(NB 'Mg = 44—48). Ka>KÄoň 30He B KpynHbix 3epHax Gr cooTBeTCTByiOT MejiKHe 
HÄHOMOpcpi-ibie KpHCTajiJibi Gr, KOTopue B CBOIO OMepeflb 301-iajibHbi; Kpaa B HIIX 
TaiOKe ôcwice >Ke.Jie3HCTbie. 3TO xopouio BHAHO na npHMepe accHMeTpi-mHO 30Hajibiioro 
3epna Gr B BepxneŘ jieBOi'i qaera 3apHCOBKn, pne. 7. Tanaa xHMmiecKan 30HaJibHOCTb 
H iia.riHHHe B nopo/ie uejioro cneKTpa cocTaBOB MejiKHx 3epen Gr H Bi CBHaeTejib-
CTByeT o HanpaBJíeiiHoň nepeKpHCTa.ijiH3an,HH nopo^bi npn cHn>KeHHH PT napaMeT-
poB. 06pamaeT na ceôn BiiHManne pa3BHT»e B STOM o6pa3ue KpynHbix 3epeH Sil, cMe-
IIÍIIOIHeMCH MeCT3MH MejIKHMH CHOnOBHÄHbIMII po3eTKaMii cpnôpojíHTa, UTO TaK>Ke 
0Tpa>i<aeT /iJíHTejibi-iyio SBOJIIOIIHIO nopo^bi. PeiiKHe, HO OTHOCHTejibHO KpynHbie 
(no 20—30 MK) KpucTajijibi St ne 30HajibiHbi H HMeiOT MarHe3HajibH0CTb 11. 

OueiiKii PT napaMeTpoB jiOKa/iwibix paBHOBecufl B paccMaTpHBaeMOM o6pa3ti,e 
MoryT 6biTb cnejiaiibi no MHOTHM reoTepMOMeTpaM H reoôapoMeTpaM. Ho M H 3flecb 
orpannqHMCM jiimib Bi-Gr naparene3HC0M, nocKo.ibKy OH BKJiiowaeT B ceôe Mu, 
Sil n Qz (ľ! c p My K, 1973; P e r c h u k, 1977), T.e. H3BecTHa TeMiiepaTypnasi n 
Ďapni-iecKaji .TaBi-iciiMocTb Koecp(|)Hn,HeHTa pa3ÄeJieHHH K M g = N B i

M g / N G r
M g (CM. yp-e 

(6) B paniioBeciin: Bi + Gr + Sil = Mu + Qz. Hcnojib3yn ypaBiieiiHsi (2) H (6) 
una cny-ian H30MoptpH3Ma M n - F e + Mg, nojiy^eHM aaHHbie no PT-napaMeTpaM 
jioKajibHbix paBiioBecHH, KOTopue npHBeÄeiibi B Taôji. 4. 

B OÄHOM cjiy-iae o6napy>KeH KOHTaiíT Bkvi; + Griv.-, (N G r Mn=14,9) c napaMCT-
paMii: t = 640 °C n 5,1 KÔap. H3 Tpex coTen npofl,ejieHiift cocTaBOB TaKiie COOTHO-
IUCHHH OKa3aJiHCb eaHHCTBeHHbiMii n Hx cjieAyeT eiiie pas npOBeÄHTb. 
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H a ociiOBe aaiinbix H3 TaÓJi. 4 nocTpoeH Tpeii/j, SBOJIIOUHH P T napaMeTpoB MeTa-
Mopcf)H3Ma. Kaií BHÄIIO na AHarpaivie, pacnojio>KeHHoň B 'iiroKiieň q a e r a p n e . 7, B oóp. 
220/3 „ 3 a n n c a n " HHBepnoHHbiH xapaKTep H3M6HeHHH STHX napaMeTpoB, T.c. npor-
pecciiBnaH H perpeccHBHaa BeTBH MeTaMopcpH3Ma. (B npeÄbiflymnx o6pa3u,ax M U 
CTajiKHBa.Tiicb pa3,a;ejibH0 c KawAoi'i us iiii.x). 

T a 6 ji H u, a 4 

PT napaMcrpbi .lOKajiMibix paBHOBcciďi Bi H G r B napareHesiicc c Mu, Qz n Sil B oóp. 
DB-220 3 (AinaHayo) 

N B i M g 

55,0 
61,0 
61,0 
44,5 

45,7 
45,4 
47,0 
47,0 
47,8 

N C r M g 

15,2 
16, 6 
15,1 
10,7 

10,7 
12,2 

9,8 
8,0 
8,0 

N G r M „ 

13,5 
13,5 
14,0 
18,9 

20,7 
16,6 
21,7 
29,0 
21,5 

t °C 

576 
552 
536 
593 

589 
607 
567 
557 
528 

P, i<6ap 

4,11 
4,00 
3,44 
3,70 

3,68 
4,20 
3,05 
2,43 
1,62 

FlpHMeqaHHe 

BKJiioqeHiie B i B G r 

—" — 

UeHTpbi 3epeii B i 
n Gr 
—" — 
—" — 
Kpasi 3epeH Bi n Gr 
—" — 
—" — 

KaK OTMe^ajiocb Bbíme, Bce paccMOTpeinHbiee o6pa3Ubi OTOÔpanu H3 MeTaMopcpn-
lecKHX nopoÄ ByyjibrepcKOŘ cepmi, BbiÄBniiyTOii B BH/je Kpyraioro 6jiOKa cyômn-
poTHoro npocTHpaHHH B nepeBajibHOH 30ne BOflopa3,neJibHOH ^ a e r a TjiaBnoro K a s -
Ka3CKoro xpeÔTa. 3 ™ n o p o a w cjiaôo 3aTpoHyTbi npoueccaMH rpaHHTH3au,HH H OT-
HOCÍITCÍI K CTaBpOJIHTOBOH MHHepajIbHOH CpaiIHH. ITo-BHÄHMOMy, OHH npeACTaBJIHIOT 
BepxHHH cTpyKTypHbiň sípyc jipeBHero KpHCTajijimiecKoro (pHHÄaivieHTa. HHCpopMaiiHio 
o cocTaBe n o p o a iiH>KHero a p y c a MOJKHO nojiyiHTb n a ocHOBe iwyqeHHH KCCHOJIHTOB 
rHeflcoB, BKJiioqenHbix B BepxHenaJieo3oňcKHe rpaiiHTH H cKoppejiupoBaB VCJIO-
BHH MeTaMopcpH3Ma 3THX n-ieftcoB c 6jioKOM cpynaaMenTa, o6na>KaiomerocH B ypo-
Miime BauiHJib Ay3ycy, ^o TaioKe B 30ne rviaBiioro xpeÔTa Boj ibmoro KaBi<a3a, 

Cpe/in KcenojiHTOB naHĎoJibiiiHM pacnpocTpaneHHeM noJib3yiOTCH MeranejiHTOBbie 
rneftcbi, npeacTaBJíeiiHbie B OCHOBHOM OHoraT-rpatiaTOBbiMH pa3HOBH,n,iiocTsiMH. ^le-
Tbipe o6pa3u,a (CM. Ta6ji. 1) ÓMJIH no/oBepniy™ MHKpo30HAOBOMy a'HajiH3y. 

BHOTHT-rpanaxoBaa n o p o a a flP 261/1 cojj,ep>KHT Q Z , PI23-25, Sil, ( M u ) . 3 T O TH-
niiMHbiň cpe/j,He3epHiicTbiň c/ianen, c KpncTajiJiaMH G r nenpaBHjibnoH y/yinHeHnoH 
cpopMbi, nojioc^To pacnpe^ejieHUbíMH cpe/j.n xopouio pa3BHTbix qeuiyň ó n o r a i a . 
Fpa'HaT 0TMe iiaercH BHCOKOH MapraniioBHTOCTbio H craeiib HH3KOH Marne3HajibnocTbio: 
N G r

M n = 2 1 — 3 2 , a N G r
M g ~ 4,2—7,3. HHTepecHO, q-ro no nj iomaaH 3 e p n a G r ero 

Marne3HajIbHOCTb H3MeHíieTCH CJia.60, HO 3aMeTH0 H 3aK0HOMepHO BapbHpy.OT KOH-
ueHTpaiiHH F e O H M n O (CM. npocpnjib o6p. J I B 261/1 n a pne . 8 ) : co/iepnoiiHn 
F e O 11 M g O K KpanM 3epen CHHHOÍOTCH, a M n O - - B03pacTaeT, T.e. H30Mopcpii3M 
ocymecTBJíHeTCfi no CXCMC M n - F e + M g . P T napaMeTpu MeTaMopcpH3Ma, ouenenbie 
no B i - G r n a p a r e n e 3 n c y c y w r o M s i o r o H30MopcpH3Ma, cJie/j.yioniHe: iieHTpbi 3epen, 
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T. e. Bias + Gno.7, t = 690 °C, P = 5,77 K6; BÍ33 + Gr8,9, t = 643 °C 11 P = 4,48 
i<6ap; t = 576°C H P = 2,32 K6. 

B o6pa3ue K-21-3 H3 KcenoJiHTa B Tex >Ke rpanaTax ,ZT>Kan-TyraHa He oônapyjKeH 
Mu. 3 T O THnHqnbiň cujiHMHiiaTOBbiä rneňc, cocTaB njiarHOKJia3a B KOTOpoM Bapbii-
pyeT B npeaejiax 17—20 % aHopTHBOTO KOMnoHeHTa. TpaHaT accHMeTpmmo 30Ha.ib-
Hbiň. B ueHTpe 3epen N G r

M g = 14 npa coAepjKaiiHH M n ~ 3 , 2 Bec. %, a B Kpanx 

--——™— ~̂̂ -v___ Pne. 8. MiiKpo30HAOBMe npocpiijm Mepe3 3ep-
Ha rpanaTOB n ÓIIOTHTOB B neKOTOptjx Kce-

I I HOJIHTaX H3 rpaHHTOHÄOB 30IIW TnaBHoro 
20 40 60 80 100 120 wOmk KaBKascKoro xpcÓTa. OKIICJIH — B Bec. %. 

N G r
M g floCTHraeT 7,4. B Maipnue nopo,n,bi N B i

M g = 44, a B KOHTaKTe c rpaHaTOM 
N B i

M g = 39,4. napareHe3Hc BÍ39.4 + G m : j ÄaeT TeivmepaTypy 624 °C H yc/iOBHoe 
ÄaB.íieHHe (HeT Mu) OKOJIO 4 KÔap. 3TII napaMeTpbi cooTBeTCTByiOT HeKOTopoft 
npoMe>KyTOH cxaaHH MeTaMopcpH3Ma, OTMeqennoô B npeÄHjiymeM o6pa3u,e. Ha no-
cjiejiíefl craÄH BÍ30 npnxo;i,HT B paBHOBecHe e Gre,s ( N G l

M n = 3 , 5 ) . l ípu TeMnepa-
Type 551 °C H ycjioBHOM ÄaBJíeHHH 1,75 K6. 

B HH30BbHX p. Aflbipcy B rpamiTe BCTpeqaiOTCH KceiiojiHTbi OHOTHT-rpasaT-cHJiJin-
MaHiiTOBbift rHeňcoB. B OÄHOM H3 o6pa3UOB (JXB 96, CM. TaÔJi. 1) ÄeTajibHO usy^eHbi 
B3aiiMOOTHOiiieHHH H cocTaB MHHepajiOB. 3TOT o6pa3en - xopomo paccjiaHiiOBain-ibiíi 
rueňc c BbiranyTbiMH BÄOJib cjiaimeBaTOCTH noqTii ne 30HajibiibiMH KpHCTajuiaMH 
Gr. pa36HTHMii KpyniibíMii TpenumaMH. CocTaB n„iarH0KJia3a BapbupyeT OT 3epHa 
K 3epiiy B npeaejiax N P I

A n = 16,7—24,7. Bbi-ranyTbie B^ojib cjianueBaTOCTH 3epHa 
Gr HMeiOT cocTaB N G r

M g = 17—18, HO B y3K0H KoiiTaKTOBoň 30iie c Bi MarHe3Hajib-
Hoctb cHH/ioeTca ÄO 12,6. 3TO — IUCTO ,n,iicpcpy3HOHHaři 30Ha.nbHOCTb, KOTopan, 03-
H3K0, ÄaeT B03MO>KHOCTb BOCCTaHOBHTb PT yCJIOBIIfl MeTaM0pCpII3Ma KOIieMHOŮ cta-
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HUH. riepBan craAHn, 3anncaHHaH napareHe3HCOM Bi/,7,5 + Gns,?, cooxBexcTByeT 
napaMeTpaM P = 5,45 K 6 3 ) , t = 658 °C, a nocne/uiíia c napareHe3HCOM Bi/,s + Gri2/, 
cpHKCHpyeT napaMexpbi P = 2,5 K 6 3 ) , t = 560 °C. 

KceHOJiHTM H3 rpaiiHTOB (oôp.flB 62/2, CM. Tačji. 1), oÓHamaromHXCHB JieBOM óop-
Ty ÄOJIHHH, p. BaKcan, B 5 KM Bbiiue r. TbipHbiay3, npeACTaBJíeHbt rHeflcaMH c xo-
pomo BbipajKei-iHHMH íiBJíeiiHHMii pexporpa/iHoro MexaMop(pH3Ma. Hanôojiee BHCO-
KHM CTypjieHHHMpaBHOBecHH cooTBeTCTBOBaji napareHe3Hc Gng +BÍ:B_:I7 + S i l + 
+ Qz + PÍ + Fsp. C noHH>KeHHeM PT napaMexpoB 3a c^eT Sil c Fsp da j í pa3-
BHBaTbCH Mu, noHBHJiacb OTHeTJiHBaa XHMHqecKan soHajibHoexb B Kpynubix 3epnax 
Gr. KaK 11 BO MHorHX Apynix o6pa3nax, 3aecb Haôjiio/iaexcfl uejibiň cneKTp cociaBOB, 
npeacTaBjienHbiH He TOJibKo 30HaMH B KpyriHbix 3epHax Gr, HO H oxaejibiibíMH weji-
KHMH 3epHaMH OTHOCHTeJIbHO BblflepWaH'HOrO COCTaBa. 

Ha npocpHJie nepe3 yqacxoK injincpa JXB 62/2 (CM. pne. 8) BHÄHO, HTO 3epna Bi 
H Gr HMeiOT pa3JiH^nyio XHMHqecKyio „CTpyiixypy": OAHH H3 HHX o6jia,naiOT O/THOC-
Tbio, apyrne - CJIOŽKHOH accHMexpuraon 30HajibHOCTbio. C CUHOH cxopowbi 3xo OT-
pa>Kaex neflHopoflHOcxb xHMHHecKoro cocxaBa oTAeJibHbix CJIOHKOB B nepBHqHoii, 
ocaÄOMHofi nopoae, a c apyroň — SBOJIIOUHIO PT napaMexpoB MexaMopcpH3Ma. Tax, 
MeJiKoe 3epHo Gr, BKJiioqeHnoe B waxpnuy H3 M U + Q Z H jinujb ^acxHqno KOHxaK-
THpyiomee c Bi (npaBaa qacxb npocpHJin na pne. 8, o6p. JXB 62/2) He nOÄBeprjiocb 
H3MeHeHHio B npouecce pexporpaAHoro MexaMopcpimia: Bijg.s + Gri7,2, t = 710°C, 
P ~ 6,4 KĎap. XlaBjíeHHe onpeflejieno KaK ycnoBHoe, T.K. Ha STOM sxane MexaMop-
(pH3Ma Mu OTcyTCTBOBaji, T.e. ycJiOBne Bi + Sil + Qz = Gr + Mu He BbinojiHHJiocb 
H onpe,n,e.nnTb flaBJíeime no yp-K) (6) ne npaBOMepiio. QnHaKO, Ha OÄHOM H3 ôojiee 
no3AHH.x eTanoB MexaMop<pH3Ma PT napaMCTpbi CHH3HjiHCb H STO 3acpnKcnpoBaH0 
ÄByMa napareHe3HcaMH: 

Bi',o 4 Gri2,i; + Mu + Qz 4 - Sil, t = 651 °C, P = 5,1 K6 
BÍ34,Ď + Gr9.8 4- Mu + Qz -f- Sil, t = 615 °C, P = 4,3 K6 

HiaK, KceHOJiHTbi B rpaHHTOHflax ôacceňna p. BaKcan (pHKCHpyiox CBOHM napa-
reHe3HcaMH Hanôojiee BbicoKHe cxyn.neHH paBHOBecHH KaK no TeMnepaType, xaK n no 
naBJienmo. CKopee Bcero OHH onpcueJimoT nopoau MaKepcKoň cepnn H npiiHaA-
jie>KaT K ôojiee rjiyÔHHHoň cpaunn MexaMopcpH3Ma. H\ MO>KHO cpaBHHXb c riieftcaMH 
ypoiHiiia BauiHJib Ay3ycy (BepxoBbsi p. ^lereM), pacnoJio)Kennoro BOCTOTHCH pac-
CMaxpHBaeMoro paňona. 

3flecb LunpoKo pa3BHXbi KHHunrnxbi—KopaHepnx-rpaHax-ônoxHx-cHjiJiHMaHHx-
-KBapueBbie rneňcbi. 3xo—cpe/iHe- H KpynH03epHHCxbie npo6bi c HÄHOMoptpHbiM 
Gr H nopipnpoÔJiacxoBbiM Cor. TpaHax coAep>Knx MHOJKCCTBO BKJiioqeHHH Bi H QZ, 
HO Cor B iieM ne Bcxpe^aexcH. B nopoaax OICBHÄHO npoxeKaHHe peaKn.Hn Cor = 
= Gr + Sil + Qz, BMemei-iHoň BJiero. JXnn oueHKn PT napaMexpoB MexaMopcpH3-
Ma ôbijín Hcnojib30Banbi Bi-Gr H Cor-Gr TepMOMexpbi H Cor-Gr^Sil-Qz ôapoMexp. 
Ha pne. 9 npnBeÄeHa 3apncoBKa 3epi-ia Gr c BKJiiô eHHHMH Bi H QZ, Koxopoe Ha-
xojíHTCfl B KopflHepnxoBoň Maxpnue. TaM >Ke Bbinncaiibi Mariie3HajibiiocTH Bcex Tpex 
Fe-Mg MHiiepajioB. Oieiib xopoiuo BHAHO, IIXO Bi H3 BKJiioqeuHŮ B Gr n Cor pe3K0 
pa3JiHMHbi no BejiH^nnaM N M g , HO HMeiox npaKxniiecKn OÄHHaKOByio rjuiH03eMncxocTb 
noMxH B JI1060M yqacxKe nopoÄbi: XAI = Al/Al + Si + Fe + Mg + Ti«0,22. On-
nai<o, B OÄHOM H3 BKJiioqei-iHH B Gr BCTpeqen Bi c XAi = 0,165 ( N B i

M g = 0,56), 
n jiHLUb B OÄHOM 3epne ónoxi-ixa (y KOHxaKxa c Gr n Sil) X B i

A 1 = 0,242 npn N M g = 

: i) 3iia<-ieHHH ÄaBjíeHHH ycjioBHbie, x. K. B nopoae oxcyxc/iisyiox Sil H M U . 

http://peaKn.Hn
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= 46,8. B Tpemnnax 3epen Gr, a TaioKe no Cor MecTaMH pa3BHBaeTcn Mu n Chi, 
nojiBJieuHe KOTopbix no BpeMeHH conpnweHO c nepeKpHCTajiJiH3an,Heň Sil B cpHĎpjinr. 
TeM c a M M M rioHBJíJieTcn B03M0>KH0CTb oueHKH PT napaMeTpoB ne TOJIÍ>KO nanôo-
jiee BbicoKHx CTyneneň MeTaMopc])H3Ma B nopo^e no H 3aBepinaiom,ero STana per-
peCCHBHOH BeTBH eľO 3B0JII0UHH: 

N c ° r ,\ lg 

62 

64 

64 

— 

— 

N G r M g 

20 

20 

18 

15 

12 

N B i M g 

44 

48 

48 

52 

53 

t ° C 

710 + 5 

685 + 4 

648 + 3 

570 

520 

P, KÓ 

5,7 

5,4 

4,9 

3.45 

1,9 

riapareHC3HC 

P l + Q z + S i l 

P l + Q z + S i l 

P l + Q z + S i l 

M u + Q z + S i l 

Mu+Qz+Si l 

l lo 3THM ÄaniibiM na ÄHarpaMMe pne. 10 nocTpoen TpeHÄ BÄOJib KOToporo Ha-
MeiaeTCH ciiHÄenne PT napaiviepoB MeTaM0pcpH3Ma B o6p. K-16-10, npezicTaBJía-
meM rpanyjiHTbi ÔJioKa BauiHJib Ay3ycy. 3TOT Tpeitu cpaBmiBaeTCH na TOH 5Ke 
ÄHarpaMMe c TpeiiÄaMH, 3aJnncaHHbiMH naparene3HcaMH rHeftcoBbix nopoa npea-
no,io>KHTejibHO MaKepcKoft cepnn, BKJiioqeiiHbix B BHfle KceHOJíHTOB B rpaHHTOHÄbi 

Pne. 9. 3apncoBKa yiacTKa ni.ancpa K-16-10 — KmiminiTa ii3 ypomima BauniJib Ay3y-
cy. ílHtppbi — BejiHHHHH Marne3na;ibHOCTii (Nnig') MiuiepaBOB, paccmiTaHHbíc no ÄaH-

HbiM MiťKpo30HÄOBoro ana-mna. 

TjiaBnoro KaBKa3CKoro xpeÔTa, a TaioKe c PT TpeujiOM ByjibreHCKOň cepmi. \\3 
conocTaBJieiiH5i BHÄHO, mo paccMaTpuBaMbiň ÔJIOK Ha paHHeň era,nHH perpecciiB-
noro 3Tana MCTaMopcpH3Ma no/uiHMajica K noBepxnoe.TH 3eMJiH MeÄJieHHeft, H C 
ôojibmeft TenjiooTÄaMefi H jinnib na rjiyÔHHe OKOJIO 8—10 KM CKopocTb no/rteMa 
H TenjiooTÄaiin cpaBHHJiacb c ByjibreHCKHM H MacKepcKHM ÓJiOKaMH. 
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2. 3 a n a Ä H H e K a p n a T bi 

06jiacTb 3anaÄHbix KapnaT Hn/inercH nojiHMcraMopcpHi-iecKHM pernoHOM. Kpo-
ne BapHCUHHCKoro peniOHaJibHoro H KOHTaKTOBoro MeraMop(pH3MOB 3,i.ecb HMeJi 
MĽCTO H ajibnHÔCKHH MeTaMopcpH3M. ľlpoôbi oôpaôaTHBaeMbie nnn STOH paôoTbi 

Pne. 10. PT TpeHÄH 3BO;IK)U,HH MeTaMopcf>H3-
Ma neKOTopbix ócÄHbix KajibUHeM nopoÄ 

Bo.'ibinoro KaBKasa. 
noHCHemm: Mepiibie Kpy>Kicn — KceHojíHTbi 

ÔMOTHT-rpaHaT-CH.njlHMaHHTOBbl.x 
ÓHOTHT-rpaHaT-CHJlJIHMaHHTOBblX THeHCOB B 
rpaHHTOHAax ľ.naBHoro KaBKa3CKoro xpeó-
Ta, TpeyrojibHHKH-KHHmiruTbi ypoqíima Ba-
ujH.'ib Äy3ycy. TOHKHMII JIHHMHMH o6o3Ha-
•jeHbi TpeHÄH 3BO;IIOUHH nopOÄ Eyy.ibreH-
CKOÍÍ cepmi (oóp. DB 220'3, DB 217/3 H 
K-14-3). 

npOHCXOÄHT 113 perHOHajIbHO MeTaMOpCpH30BaHHOH ripaÔCKOH cepUH (MHTMaTHTbl 
ii aMCpHÔojíHTbi Majioň OaTpbi, aMcpHÔciíHTbi H3 BbicoKH.x Taip H BenopHÄHoň 
l̂acTH HH3KHX TaTp) H oôJiacTH nepHnJiyTOHiHecKoro KOHTaKTOBoro MeTaMop-

TH3Ma Majibix KapnaT (ne3HiicKO-nepHeKCKoe KpHCTajuiHHHKyivi). PerHOHajibHwň 
MeTaiviopcpH3M 3THX oôJiacTeň ÄOCTHr cpe/uiero H BHCOKOTO cTeneHeft, a KOHTaKTO-
Bbift - cpeaHeň cTenemi. 

ripoojieiviaMH cTpaTHrpacpHH MeTaMopcpH30BaHoro KpucTajiJiHHHKyMa 3aiiHMajiHCb 
noapo6HO paôoTbi U a M 6 e JI a (1976) H K p n c T a (1982). B noc/iezuiee BpeMH 
ÔblJI ÄOKa3aH BapHCUHHCKHH B03paCT perHOHajIbHOTO MeTaMOp(pH3Ma ne3HHCKO-
-nepHeKCKoro KpHCTajuiHHHKyMa MaJiux KapnaT py6nÄHH-cTpc»HU,HeBbiM MeTOÄOM 
na BajroBbix npoôax (387 ± 38 MJIH. JICT). Bo3pacT KOHTaKTOBoro MeTaMop(pH3-
jia AaTHpoBan B KoiiTaKTOBbix ÔHOTHTax coBnaaaeT B paMKax OUIHÔKH C B03pacT0M 
HHTpy3HH ópaTHc/iaBCKoro MaccHBa (298—354 MJIH. jieT) ( B a i r j a c a p a H n ap., 
1983). 

KaK na KaBKa3e, TaK n B 3anaanbix Kapnarax STH nopo^w npeacTaBJíeHbi 
MeTanejíHTaMH H MeTa6a3HTaMH, coaep>KamnMH naparene3HCbi, HHcpopMaTHBHbie 
C TOWKH 3peiIHH OUeHKH TepMOAHHaMH êCKOrO pe>KHMa HX 06pa30BaHHH H 3B0JIIO-
UHH. 3THMH napareHe3Hca.MH, B qacTHOCTH, BOcnojib30BajicH JX bi p a (1980), npeÄ-
npwHHBuiHH nonbiTKy onpeaeJíHTb TeMnepaTypw MeTaMopcpH3Ma naparneftcoB 
no ÔHOTHT-rpanaTOBOMy TepMOMeTpy. He oôjia/iaH XHMHTCCKHMH anajiH3aMH cocy-
mecTByiOLUHx Bi n Gr, on nonbiTajiCH HcnoJib30BaTb cpH3imecKiie CBoňcTBa 
3THX MHnepajiOB ÄJIH npHÔJiHJKeiiHoň oueiiKH Hx cocTaBOB c nocjieÄyiomHM paCTe-
TOM BejiHHHH K D H cooTBeTCTByiomHx HM SHa^enHH TeMnepaTypbi (450—610 °C). 

B iiameM pacnop«>KeHHH 6bi.no OKOJIO ÄByx ÄCCÍITKOB o6pa3HOB MeianejíHTOB 
n M6Ta6a3HTOB, H3 KOTopbix naTb noflBeprjiHCb ÄeTfljibiiOMy onTH'iecKOMy H aHajiH-
nmecKOMy H3y4eHHio (CM. raóji. 1). 

500 600 700 C 

http://6bi.no
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0 6 p . ČS-2/4—cTaBpoJiHT-rpaHaTOBHH 
cJiaHeu ii3 Majibix K a p n a T ( B 6 J I H 3 H Bpa-
THCJiaBbi) npeÄCTaBJTHeT c o ô o ä TOHKO-IIO-
jiocqaTyio nopo/ry, TeKCTypa KOTopoŘ 
onpeflejifieTcn qepeaoBaHHeM cymecTBeH-
Ho KBapueBHx „noj ioc" (c He3naqHTeJib-
iibíM co^ep>KaHHeM Bi) H „noj ioc", CJIO-
>i<eHHbix coócTBeHHO cTaBpojiHT-rpaHaTO-
BOH nopofloň. G r B n e ň HMeeT cmeiib npa-
BHJibiiyio cpopMy, onTHHecKan 30Hajib-

HOCTb OTCVTCTByeT. Pa3Mep KpHCTaJIJIOB 
G r pa3JTHlieH: OT 50 MK AO 300 MK. He-
pe.o,KO OH BKJiioqen B KpynHbie TaĎJiHTia-
Tbie KpHCTajiJiH cTaBpoJiHTa. MycKOBHTa 
H CH.iJiHMaHHTa B cnaHue oqeHb Majio, 
npímeM M u 3aMem,aeTCH OHOTHTOM. G r 
co S t npaKTHiecKH ne KonraKTHpyiOT: 

MMKÄV HHMH pa3BHBaeTCH XJlOpHT. 
MnKpo30HnoBbifi anajiH3 (CM. TaÔJI. 5 

H 6) MHuepajioB, cocymecTByiouiHX B O 6 -
pa3ue pacciviaTpiiBaeMoro cnaHua, noKa-
3aji, 'ITO onu 30iia.ibHbi. FIpHiieM HaĎJiio-
ÄaeTCH BO Bcex F e - M g MHHepajiax (CM. 
pne. U ) . B rpaHaTe 3OHajibH0CTb pa3BH-
Ta rjiaBHbíM o6pa30M 3a cneT vi30Mop-
4>H3Ma F e - M n + C a . BMecre c Ten Be-
JIHHHHa X M g B KaK0H-T0 Mepe CBH3aHa c 
coflep>KaHHeM C a . H a npo(|>Hjie ^ e p e s G r , 
B npaBoň ero HacTH BHÄHO, B03pacTaiiHe 
N G r M g conpsmeHO co CHH>KeHHeM KOHueH-
xpauHH C a O . T. e. B KpaeBoň qacTH 3ep-
Ha, ,npHMbiKaiomeň K Chl, oneBHÄeH H30-
Mopcj)H3M M g - C a . B KOHTaKrax G r H 
Bi, a TaKJKe S t H B i HaôjiiOÄaeTCH CHH-
>KeHHe N M g , MTO cBHÄeTejibcTByeT o npo-
TeKanHH B nopofle TOJibKO peaKU.HR civie-
meHnoro Tuna (U e p H y K, 1970, 1973), 

6e3 3aMeTHbIX HBJíeHHÔ ÄH(|)CÍ)y3H0HII0r0 
oÔMena F e H M g Me>KÄy MHHepaJiaMH. Bo 
BCHKOM cj iyjae, MO>KHO npeanojio>KHTb, 
tlTO B IIHX p33BHTa B 0CH0BH0M poCTOBafl 
30HajibH0CT ( A n d e r s o n — O l i m -
p i o, 1977) H 3TO ÄaeT H a M npaBO OA'HO-
3HaMH0 npHBOÄHTb B paBHOBecHe uen-
TpajibHbie H KpaeBbie q a c ™ conpHKacaio-
UIHXCH 3epen: 
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MacTii 3epeH 

uei irpbi 

cpefli-ine 

cpeAHHe 

Kpan 

N S t M g 

17,4 

16,4 

15,5 

12,3 

N G r M g 

10,6 

11,8 

11,7 

9,5 

N C r M „ 

12,3 

9,3 

10,5 

12,2 

ti °C 

547 

572 

587 

598 

N B i M g 

48,2 

44,8 

44,1 

43,1 

t 2 °C 

550 

586 

593 

564 

P, Kóap 

2,53 

3,41 

3,58 

2,54 

Pac^eT TeMnepaTyp paBHOBecnfi St + Gr n Bi + Gr ocymecTBJíHJicH no COOT-
BeTCTByiomHM MHHepajioraqecKHM TepMOMeTpaM c KoppeKujnefi Ha BbicoKoe coAep-
>KaHHe Mn. To ecTb K pacciHTaHHHM no yp-HM (2) H (3) 3iiaqeHHHM ť npnôaB-
jiajiacb SMnnpHqecKaji BejiHWHHa 2,5225 (N G l .

M n — 3,5), r/ie N G r
M n = 1 0 0 M n / 

/Mn + Mg + Fe. /JaBJieHHe pacc^HTMBajiocb no ypaBiienmo (6) c yqeioM nonpaB-
KH Ha noBbímeHHoe co,n,ep>KaHHe Mn B rpaHaTe. 

Ha BCTaBKe IITO na pne. 11 HaMe^eH PT Tpenn, SBOJIIOIIHH MCTaMopcpH3Ma, 
3anHcanHMH 30'HajibHOCTbio cocymecTByiomnx MHiiepajioB B paciviaTpHBaeMOM o6pa-
3e. BHAHO, qTO nni< PT napaivieTpoB npnxoAHTca na aaBJieniie 3,6 KÓap npn 
~ 600 °C. BocxoÄfímne n iiHCxo/iHmHe seTBH TpeH,o,a OTpa>KaiOT nporpeccnBHbiři 
H perpeccHBHbifl STanu MeTaMopcpH3Ma, cooTBeTCBeHHO. TaKHM o6pa30M, MeTa-
iviop(pn3M cTaBpojiHTOBoň cpaunn B Majibix Kapnaiax npoHcxo/j,nji na cpaBHHTejib-
iio Majibix rjiyôwHax (OKO.HO 12 KM) HO npn BMCOKOII TeMnepaType, 3TO TnnimHbiň 
MajiorjiyÓHHHbiň MeTaneJiHTOBbiň KOMnjienc cHJiJiHMaHHTOBoň 30HM. 

rijiarHOMHrMaTHT CS-8/2 H3 Majioň O a r p u npeac/raBJiaeT coôoň ÔHOTHT-rpa-
naTOByio nopo/j/y, no/j,Beprinyiocji 3aMemeHHio n.narHOKJia30M, cocTaB KOToporo 
BapbnpyeT B npe.ne.Jiax 22—34 MOJI % aHopxHTOBoro KOwinoHeHTa. BMecTe c njia-
THOKJia30M pa3BHBaeTCn Qz, HCMHOrO Fsp H ÔOJlee n03JIHHÍÍ ch l , npOHH3HBatOUI,HÍÍ 
no TpeniHHKaM 3epna rpaHaia. Ilpouecc njiarHOMnrMaTH3au,HH nieňca oqeiib 
flpKO npOHBHJICJI B TOM, MTO PÍ OÓpa3VeT peaKH,H0HHble KaflMbl BOKpyr OTAe.lbHblX 
qacTeft 3cpen Gr, KoriTaKTHpyioinHX c Bi- Bee STU .neTajiH OTpajKeiibi Ha 3apncoBKax 
ÄByx yqacTKOB mjiiicpa (CM. pne. 12). TaM >i<e naneceHbi iintppbi cooTBeTCTByioiUHe 
cocTaBaM ( N M g ) Bi, Gr, Chl, a Taioi<e N p l

C a (MOJI. % An B P I ) . OieBHAHO, qTO 
Biie 3aBHCHM0CTH OT TOTO, c K3KHM MHHepajiOM KOHTaKTHpyeT Gr, ero MarHe3Hajib-
nocTb K KOHTaKTaM 3epen pc3Ko ciiiDKaeTCH OT N M g = 26,7 ÄO 15, B pHÄe cjiyqaes 
H ÄO 5,3. CooiBeTCTBeiiHO AOJi>KHbi cHH>KaTbCH H 3HaqeHHH TeMnepaTyp MHHepajib-
iibix paBHOBecHii. IlpímeM TeMnepaTvpHbiH pe>KHM njiariiOMHrMaTH3an,HH, ee 'Haqajib-
noft ii Koiieqiioň craaiiíi — MO>KeT 6biTb 3aperHCTpnpoaaH BO Bnojine onpeaejieHHbix 
npe/ieJiax. Cy/iH no cocTaBaM ueiiTpajibiibix qacTeň 3epen Búr„3-.«,;i H Gr26.7-25.6 
nieiic 6bui ccpopMiipoBan npn 800—790 °C, a 3a-reM npeTepneji perpeccHBHbifi MeTa-
Mop(|)ii3M B HHTepBajie 790—680 °C, o IICM cBii/ieTeJibCTByjOT cocTaBbi KOHTaKTH-
pyiouiH.x 3epen Bi«-<:i n Gri7.7-i5,5- ZlaJiee nacTyniiji 3Tan nJiarH0MHrMaTH3au.HH, 
pa3BHBaiomeňcH MeTacoMaraqecKHM nyTeM B HHTepBajie TeMnepaTypbi 680— 
470 °C. 3TOT inrrepBaji jierKo nojiyqHTb pacqeTOM BeJiimiiH lnK D no cocTaBaM 
KpaeBbix n cpeAiitix lacTeň 3epeii Bi n Gr, cmíTbiBaa N M g c 3apncoBOK 3epeH 
na pne. 12. 

http://npe.ne.Jiax
http://nJiarH0MHrMaTH3au.HH
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B Meia6a3HTax n p o u e c c njiarnoMHrMaTH3aUHH npoHBJíHeTCH B coBepiueirao HHWX 
XHMHTCCKHX H MopcpojiornqecKHX ^epTax. 3flecb O Ô H I H O pa3BHTHe CKnajiHTOB, T. e. 
B3aHMonpopacTanHfi OAHHX MHi-iepajiOB apyrHMH, nesaKOHOMepiioe pacnpeÄejieHHe 
KOMnoHenTOB B npeaeJ iax o/uioro H TOTO >i<e 3epna H T. n. B STOM OTHOUICHHH 
BecbMa noKa3aTeJien o6p. ČS-8/1, OTOÔpai-iHuň K o p n K o B c K H M B TOM >Ke 
paňoHe Majioň <J>aTpbi (MapTHHCKe rojie) H3 n OJI SI pa3BHTHíi TeHeBbix H CKHajiH-
TOBblX MHTMaTHTOB B TOJlIHe rpaiiaTOBblX 3MCJ3?l60JIHT0B. MHIiepaJIbHblft COCTaB STOI'O 
o 6 p a 3 u a npiiBeASH B TaÔJi. I, a cTpyKTypno-TeKCTypHbie cooTnouieHHH npeacTaBjíeHbi 
Ha 3apHCOBKe y i a c r e a m JIH (p a (CM. piic. 13), ^ e p e s KOTopbiô 6MJI npoňfleH MHKpo-
30HÄ0Bbiň npocpHJib nepemicj ie inibie Bbime ocoôeHHOCTH na^ajibiibix CTaÄHň n p o -
uecca MHrMaTH3auiiH oqeBHjiHbi Ha npHBexieHiiOM rpacpHKe pne. 13. ľloÄOÓHbie 
cooTHOLueiiHH oneHb 3aTpyaHHiOT TepMOMeTpHio B TaKHX nopoflax H3-3a HeBbiaep-
/KanHOCTH cocTaBOB G r H A m . H TeM ne Menee, HCKOTopue ou,eHKH TeMnepaTypbi 
c noMouibio aMCpHÔoji-rpanaTOBoro TepMOMeTpa ( E l e p ^ y K , 1970) MoryT 6biTb 

í. 

3 

P-̂ b Sp.ČS-2/A 

S / 

/ r 

- 5 5 0 600"C 

Q25 0,5 m m 

Pne. 11. XiiMíľiccKaH :ioiia.ľii.iiocTb Mimepa.TOB, COCVUU'CTBVIOIHIIX B OĎ. CS-2/4 (Majme 
KapnaTw). 

rioHCHCHUíľ. Ha 3apncoBKc y-iacTKa uuiHCpa umppaMH n i<py>Ki<c y'Ka3anbi HOMcpa MHKpo-
30HÄOBHX atia.nn30B, npuBeÄĽKHbie B Taójinne 6. Hiuppbi na nao.inunsix - BC/IHMHHM NMg 
cooTBeTCTByiomiix MHHepajioB Pl2(;—njiarHOKJia3 c 2 6 % An KOMiionen'ra. Ha BCTaBKe 
noKasaii PT Tpcu/i SBOJIIOUHH MCTaM0pcpH3Ma B cTaBpojiiľľOBbix cjiamiax Majibix KapnaT, 
BblBeÄCHHbli'l H3 npCUnOJIOJKCHIIH O paBHOBeCHOCTH HfHTpOB, Kpa'EB H npOMOKyTOmiblX 30IH 
cocymccTByiomnx iVHuepa-ion. 
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anejiaHbi, Ilo conpHKacaiomHMCH KpaHM 
3epen Grso + Am-,s oneneno 3HaqeHHe t = 
620 °C. TaKafl >i<e TeivinepaTypa nojiyqeHa 
AJI5I KOHCTaHTbl Gľ-'í, + Am.55. Bo Bcex oc-
TajibHbix cjiyqaax Am HMeeT aocTaTorao 
BbIAep>KaHHbIH COCTaB N-A 45—46, 

C KOTOpbIM MOJKHO npHBCCTH B cpa30Boe 
cooTBeTCTBHe (Íl e p n y K, 1970; ľ l e p -
qyK — P íi 6 q H K o B, 1976) uejibift pan 
cocTaBOB rpanaTa. TaKHM o6pa30M 6HJI 
nojiyqen TeMiiepaTypHHň HHTepBaa npo-
uecea iuiarH0MHrMaTH3aunn: 460— 
620 °C. lipu STOM cJieayeT oôpaTHTb BHH-
iviaHne Ha uiupoKoe pa3BHTHe B nopone 
u,0H3HTa (Zo) H ocHOBHoro nJiarnoKjra3a 
(NP IAn š 8 0 ) . 

rpaHaTOBbie aMCpHÔOJIHTbl II3 H H 3 K H X 
T a i p npeacTaBJíenbi B Hauieň KOJiJieKUHn 
jiHinb ortHHM o6pa3U,OM CS-6, oTOÔpan-
HHM K o p H K O B C K H M BÔJIH3H CeJla fl-
p a ô a . MHHepajibHbiň napareHe3HC STOro 
oôpa3U,a npHBeaen B raÓJi. 1, XHMH^ec-
KHe aHajiH3bi c/iararomnx ero MHiiepajiOB 
H HX KpHCTaJIJIOXHMHH B TaóJiHuax 5 H 6, 
cooTBeTCTBeHHO. CneayeT oôpaTHTb BHH-
MauHe n a TO, ^ T O aivicpHÔojíHTbi noBce-
MjecTHO nepecjiaHBaiOTCfi c ÔHOTHT-rpaHa-

TOBblMH THeřlCaMH, ripHieM KOHTaKTbl 
MeJKÄV OTÄeJIbHHMH npOCJIOHMH oqenb 
qeTKHe. 3 T O T THn nepecJiaHBaHHH H TCK-
CTypubie ocoôeHHOcTH rpaHaTOBbix aivrcpH-
ÔOJIHTOB — xapaKTepubiň npn3HaK Kpnc-
TaJiJinqecKoro (pyHflaMeHTa B e n o p n a . 

TpanaTOBbie aMcpHÔojíHTbi s a e c b n p e a -
CTaBJleHbl THnHqHbIMH nHTHHCTHMH CJI3H-
U,aMH, B KOTOpblX CJiaHUeBaTOCTb B03HH-
KaeT 3a cqeT opneHTHpoBaHHoro p a c n o -
jio>KeHHH KpucTajiJiOB A m no yaJiHHe-
HHiO. BlVieCTe C TeM, y KOHTaKTOB c Hano-
MOpípHblMH 3epHaMH TpaHaTa B03HHKai0T 
HOBble, MCJTKHe KpHCTajIJIHKH. A m , oôjie-
Kaiomne G r B Bnae pyôauiKH. CocTaB 
3Toro A m OTJinqaeTCH OT poroBoň oÔMaii-
KH H3 MaTpHUbT (TBÔJI. 5 ) , HT0 XOpOLUO 
BHaHO na npocpHjie pne. 14. 

B03HHKH0BCHHe H0B0T0 A m npoHcxo-
ÄH./10 na cpoiie B03pacTaHHH TeMnepaTy-
pbi: >KeJie3HCTbift r p a n a T Gri/, p e a r n p o B a ^ 
C Pl-27 H OTHOCHTeJIbHO MajI0rjlHH03eMH-
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CŤOU poroBOH oÔManKoň. B pe3yjibTaTe BO3HHKJI ôojiee rjiHH03eMHCTbiň H Äejie3HCTbiň 
A m , npniueÄiiiHň B paBHOBecne c 6oJiee MarHe3najibHbiM G r . Upil STOM BO3HHK 
ôojiec OCHOBHOH P I a E p 0Ka3ajicn 6poHHpoBaHHbiM B rpaHaTe; BMecTO Hero BO3HHK 
UH03HT, KOTopbiJi npHiueji B paBHOBecne c IIOBOH poroBOň oÔMaHKoň. 3 T H ra30Bbie 
cooTHOiueHHfi 0Tpa>Keiibi n a ÄHarpaMMax cocTaB-naparene3HC, npHBeÄeHHbix Ha 
pne. 15. 

Pne. 12. 3ap>iCOBKH AByx yqacTKOB uj.incba CS-8/2 (n.ianiOMHrMaTHT) H3 MaJiofl OaTpw. 
ďrqeTjiHBO BIIAM xHMHiieCKasi aoHajiwiocTb Gr, a Tárate njiarnoKJia30Bbie KaiiMu, OTÄe-
jisiioLmíc G r OT Bi, no TpewanaM B G r pa3BiiBaeTca Chi. Iincppbi na H30JIHHHHX 3epeH Bi 
n G r coTBeTCTByioT 3HaHeBHHM N M S . HoMcpa TOMCK nanpocpujie aa' nepc3 BTopoň yqacTOK 

UIJIIKpa COOTBCTCTByiOT HOMCpaMH KpHCTaJIJlOXIIMHMCCKIlX (pOpMVJI B TaÓjT. 3. 

H3MeHenne cociaBOB MenepajiOB H MiinepaJibHOro cocTaBa nopoÄbi oaH03HaqHO 
CBHÄeTejibCTByiOT 06 yBejiHqeiiHH ť MeTaiviopcpH3Ma B XOÄC 3BO.JIIOU.HH Äannoň 
ropi ioň nopoÄbi. OcoôeHiio HHTepecna 301-iajibHOCTb r p a n a T a (CM. p n e . 14) : noMHMO 
Toro, MTO o n a acciiMeTpimnan, Ha6.nioziaiOTCH CKaqKOo6pa3Hbie H3MeHeHHH KOHueH-
r p a i u m C a O n F e O . H a HH3KHX cTiineunx MeTaMop(pii3Ma G r 6bui cymecTBeHHO 
rpoecyjifip-aJibMaiiÄHHOBbiM. 3aT6M coaep>i<aHHc rpoccyjiflpoBoíi cocTaBJíaiomeft 
yrvienbiHaJiocb, HO c BecbMa 3eMeTHbiMH cpJiyKTyauHííMH OT STOH oômeíi TeHaeHUHii; 
napajijie.nbiio B03pacTajio coÄep>KaHHe M g O , a F e O BapbupoBaji ciiMÔaTno c C a O 
— nponcxoÄiiJi H30Mopc|)ii3M M g - F e + C a (npaBÄa BecbMa o r p a n H i e H i i u ň , — 
B npe^e j iax 1—2 Bec. % ) H o npn STOM N G ,

M g HeyKJioi-iHO yBeJiHmiBaJicfl K KpaaM 
3epen. 

http://3bo.jiiou.hh


CPABHHTE/IbHA51 XAPAKTEPIICTHKA TEPMOflHHAMHKH METAMOPOI-I3M 147 

TeMnepaTypHbiři pejKHM nporpeccHBnoro 3Tana MeTaMopcpH3Ma B IIHTHHCTLIX aMipH-
60J10BHX onanuax MOJKeT 6biTb BoccTaHOBJíeH c noMombio aMtpHOoji-rpaHaxoBoro 
reoTepMOMeTpoB (II e p q y K, 1970; P e r c h u k , 1969): 

HoMepa ToqeK Ha pne. 14 
(CM. Taóji. 5 H 6) 

1+31 

57+30 

5+12 

4+13 

27+28 

32+33 

7 + 8 

22+23 

N A r a M g 

60,9 

59,7 

~"56,6'~ 

52,2 

42,6 

34,0 

43,9 

34,7 

N G . ' M g 

14,3 

15,7 

18,5 

20 

18,6 

15,2 

25,9 

19,5 

t °C 

430 

460 

500 

600 

660 

685 

725 

750 

N A m C a 

— 

— 

72 

— 

65 

— 

~~ 

NPA„ 

— 

— 

27 

— 

32 

-

— 

t °C 

— 

— 

535 

— 

600 

— 

— 

Pne. 13 3apHCOBKa yiarrca numera CS-8, 1 — cKiianiTa 113 Majioii (PaTpu. IJ,n(j)pbi Ha 
aepiiax Am n Gr COOTBCTCTIÍVIOT Nwg-
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riynKTupHoři tiepTOH 3,uecb OTMc-iena rpam-ma noHBJieHHH BToporo Am OKOHTy-
pHBaiomero KpncTaJUibi rpanaTa. 3HaqemiH ť 700 °C He npeACTaBJiHioicH naM 
pea.ib'HHMH, T. K. B nopozie coxpaHHeTca ariHflOT KaK MHHepaji-y3HHK B rpanaTe, 
a TaKJKe U,OII3HT, TeiwnepaTypa pa3Jio>KeHHH KOTopux na An + Qz HH>Ke 700°. 
BepHTiio, cTOJTb BbicoKHe 3iiaiiennji TeivinepaTypu nojiyqeHbi H3-3a BbicoKoro coaep-
jKaHHH rpoccyjinpoBoro KOMnoiieHTa B Gr, T. e. aaimbift rpaMT cymecTBeHHO OTJIH-
qaeTCH OT cTaracTHqecKH cpeffnero, 3ajio>KeHHoro r, OCHOBV Am-Gr reoTepMOMeTpa 
( n e p i y i i , 1970). 

Pne. 14. 3apncoBi<a yqacTKa nijm(j>a ČS-6 n XHMHICCKHÍÍ npoehiwb wpe3 3epno rpaHaia, 
BKJiioqeHHoe B aMtfinuojiOByio MaTpimy. 

B rpaHaTOBOM aMcpHÓojíHTe CS-7/2 H3 BMCOKHX TaTp (CM. Taóji. 1) BCTpeieHO 
Bcero qeTbipe nopoÄOo6pa3yiom.Hx MHHepajia, HO jyin HHX xapaKTepubi THnHHHbie 
peaKUHOHHbťe B3aHMOOTHomenHH. 3aecb mnpoKO pa3BHTH KaftMbi n.naraoKJia3a, coc-
TaB KOTopux BapbHpyeT B npcuejiax 30—38 % An, ^TO HHorja BCTpeqaiOTCH H 6oJiee 
KHCJibie (P1H). ripHMep njiaraoKJia30Bbix KaftM BOKpyr rpaaaTa npcucTaBJieM Ha 
pne. 16. 3TH KafiMbi oqenb noxojKH no CBoeň MopcpojiorHH Ha KaňMbi H3 uuiHipa 
CS-8/2, rae OHH pa3BHTbi na rpannue Gr H Bi (CM. pne. 12). Eloq™ TpHÄuaTb 
MHKpo30iiÄOBbix ana^H30B óbijio BbinojiHeHO B ce^eHHe 3epHa Gr, KOHTaKTiipyiomero 
c Am H PL 3 T H gamine HHTepnpeTHpoBaHbi B BH^e XHMHqecKH.x npocpHJieS H H30-
JIHHHH N G r

M g na p n e 16. Ha HX ociiOBe MO>KHO BOccTawoBHTb TepMimecKyio 
3BOJHOH.HIO o6pa3ua paccMaTpHBaeMoň nopo/nsi ecJin npHBecTH B cooTBeTCTBne 
codaBbi ueHTpajibHbix qacTeft Am H Gr H KpaeBbix. Hcnojib3yn aM(pH6oji-rpaHa-
TOBbiň TepMOMeTp, Mbi nojiyqujiH cjicnyiomne flaHHbie: 
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4acTn 3epen 

UeHTpbi 

CepCÄHHbl 

Kpasi 

Kpasi 

Kpafl 

Kpan 

N A m M g 

54,5 

55,5 

49,6 

59,4 

— 

— 

N C . - M g 

17 

23,8 

15,9 

21,6 

— 

— 

n °C 

525 

640 

550 

550 

— 

— 

N A m C a 

— 

— 

— 

77,8 

77,5 

76,5 

NP'ca 

— 

— 

— 

38 

30 

8 

4, °C 

--

— 

— 

570 

525 

410 

3/iecb BHana Ta >Ke 3aKOHOMepnocTb CMSHH TeivinepaTypHoro H BepoHTiio, 6apn-
qecMO.ro pe>KHMa MeTaiviopcpH3Ma B xo,ne SBOJIHDUHH nopoj nofloĎHO TOMy, KaK 
iiaĎJiioflajioch B o6pa3u,e CS-4/2 H3 Manbix KapnaT (CM. pne. 11). Kaprana CMeHH 
nporpeccHBHoro STana MeTaM0pcpH3ivia perpeccHBHMM Ka^ecTBeHHO xopoiuo BHÄHa 
HenocpeÄCTBeiiHO Ha npocpHJie, nocTpoeHHOM noa 3apHC0BKofi Ha pHC. 16, rae 
uenTpajibHaa ^acTb 3epna rpaHaTa oôeÄHeHa Mg, B cpeflHHX ^acTax ero cOÄep>KaHHe 
B03pacTaeT, a K KpaHM—cnHxaeTCH. Ha 3aBepLuaiom,eH CTa,a,HH npouecca, t ~ 
» 570°C na KOHTaKTax poroBoô oÔMaHKH H rpanaTa Ha^HHaeT pa3BHBaTbca iuia-
rH0KJia3, oôoramaiomHHCH aJibônTOBHM KOMnoHeHTOM npn caMbix HH3KHX TeMnepa-
Typax MeTaMopcpH3Ma. 

Pne. 15. JJ,iiarpaMi\ibi cocTaB-naparene3Hc /um MHiicpajibiibix aiicaMÓJieH oópa3na ČS-6 
(HH3KHe TaTpbl). 
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CpaBHeHHe TepMOAHHaMHHecKHx POKHMOB MeiaM0p(pH3Ma 
Bojibmoro KaBKa3a H 3anaAHwx KapnaT 

l ipu ÄeTajibHOM paccMOTpeHHH MCTaMoptpH3Ma nopofl KaBKa3a H KapnaT B npe-
ÄbiaymHx ÄByx pa3,nejiax CHCTeMaraiecKH npoH3BOÄHJiycb oneHKH PT napaMeipoB 
H BbiBOÄHJiHCb cooTBeTCTByiomne TpeHflbi 3BO.JIIOU.HH MeT3M0pcpH3Ma. K co>KajieHHio, 
Ha6op MHHepajibHbix naparene3HcoB STHX ÄByx peraoHOB pe3Ko pa3jraqeH no HHCpop-
MaTHBHocTH. y>Ke B Taojinue 1 6biJio BHÄHO, i™ MHHepajibHbie accounauHH 3anaa-
HHX KapnaT, ocoôenno B TaTpax H Majioft OaTpe cymecTBeHHO ôeflHee, H&U Ha 
KaBKa3e. B *iacTHOCTH, HII B OAHOM 113 uiJíHtpOB H3 STHX pernonoB He yaajiocb 

0,1 M 0.6 QB 10.0 1,1 W> mi* 

PHC. 16. 3apncoBKa yqacTKa ui„in(l;a ČS- -7/1 (2) BWCOKIIX TaTp H MHKPO30HÄOBHU 
npocjntjib aa' nepe3 3epno Gr, KOnraKTupyiomee c A m n PI. 

íloHOHeHim: Kpynnue u.Hcppbi y Mepimx TOTeK— 3na>iieHim N M » B A m H Gr. LlepHbiMii 
TomoMH BAOJib npocpHjifl aa' OTMemeHbi Mecra „noKajibiioro peHTreno-cneKTpa.nbHoro aHa-

jnisa. 

http://3bo.jiiou.hh
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o6napy>KHTb MeTanejiHTH c CHJiHKaTOM rjiHH03eivia. Jlmub B ÄByx o6pa3u,ax npn-
cyTCTByeT napareHe3Hc Bi + Gr + PÍ + Qz. Hanoojiee HHipopiviaTHBeH o6p. CS-2/4 
CTaBpojiHTOBbiH cJiaHeu. H3 Majibix KapnaT, KOTopbifl aaeT B03MO>KHOCTb oaH03HaqHO 
BbíHBHTb H npoHHTepnpeTHpoBaTb H3MeHeHHe PT napaMeTpoB B xoae SBOJIIOUHH 
nopoÄbi. 

npH cpaBneiiHH TepMOAHHaMiwecKHX pe>KHMOB paccMaTpHBaeMbix periionOB cjie-
ayer ymiTbiBaTb HX reojionmecKyio HeoaHopo/iHOCTb. Ha KaBKa3e MH H3ynuiii 
o6pa3u.bi jiHiiib H3 ByyjibrencKoň H MaKepcKofl cepHH. B 3anajiibix KapnaTax 
nauiHMH HccnejioBaHiisiMii SbiJiH oxBaqenbi nopoAbi pa3Jiira.Hbix CTpyKTypno-tpamiaJib-
Hbix 30H: BenopHÄbi, Majibie KapnaTH H TaTpiizibi. B pn^e o6pa3noB cpHKCHpyeTca 
CMeHa nporpeccHBHoro 3Tana MeTaMopcpH3Ma perpeccHBHHM, npeKpacHO Bbipa>Ken-
Haji B TeMnepaTypHOM pe>KHMe. Ho jiHuib B OÄHOM o6pa3ue CS-2/4 113 Majibix KapnaT 
3Ty cMeny yaajiocb 3anncaTb B TepMHHax PT napaivieTpoB (CM. pne. 12). 

Cyan no neTporpacpimecKOMy cocTaBy MeTaMopcpHqecKHX nopoa KOMiuieKc Mena-
TejiHTOB 11 aMHHÔojíHTOB, cnararoman KpHCTajuiimecKoe ocnoBairae 3anana/iHbix 
KapnaT, Becbivia cxoaen c ByyjibreHCKOft cepneft H3 30Hbi EjiaBHoro KaBKa3CK0ro 
xpeĎTa. YÍ STO CXOACTBO ne TOJIBKO cTpyKTypHO-cpannaJibHoe. OHO Bbipa>KeHO 
n B cocTaBe MiinepajioB. TaK, nanpniviep, cTaBpojinTOBbie cnanubi O6OHX perHOHOB 
coaep>KaT oienb >KeJie3HCTbie St, Gr n Bi. OraocHTeJiBHO BbicoKaa }KeJie3HCT0CTb 
Am H Gr xapaKTep'Ha KaK min aivtcpnoojiiiTOB KaBKa3a, TaK H 3ana,a,iibix KapnaT. 
n p n 3TOM B rpanaTax HaôJiioaeTca noBbimeHiioe coaep>KaHHe CaO, a B aMfpnôojiax 
— qepiviaKHTOBoro KOMnoHeiiTa. HanpiiMep, cpe/uiuft Am H3 MCTa6a3HT0B KapnaT 
ÔHJI30K no (popiviyjie K Fe-Mg îep.MaKHTy: Ca2Mg2,37Fe2,oľAl2,i . TÍ 0 ,I5SÍG,55O22(OH) 2 . 
3TO ziaeT B03MO>KHOCTb 3anncaTb KpaeByio peaK.unio JXJIÍI oôbimioro naparene3Hca 
rpaHaTOBoro aMCpHÔojiiiTa: 

Mg3Al2SÍ30i2 + Ca:;Al2Si::Oi2 + 3,5 S i 0 2 + H.O = Ca2Mg;1Al.SÍ7,r,022(OrI) + 
B rpanaTe B rpaHaTe KBapn. B aivicpnóo^e 

+ C a A L ^ O * 
B njiarnoKJia3e 

(7) 

ECJIH najio>KHTb ycnoBHe nocTOHHCTBa cOÄep>KaHKň na.Tbu,neBbix KOMnoneHTOB 
B Am, Gr H PI, tiTO B nepBOM npH6jiH>KeHHH ne npoTHBopemiT anajíHTHi-iecKHM 
aaHHbIM MO>KHO 33nHC3Tb KOHCTaiITy 3T0H peaKUHH CJieÄyiOIUHM o6pa30M: 

AG°T + ^ S ( P 2 - P i ) \ = X A | 

RT " / X( KMg = exp ( - J b T Ť
B y - ť ' ; ) = ̂  W 

M K 

rae npn ycnoBim HfleajibHOCTH CMCIUCHHH Fe-Mg MHnajioB B Am 11 Gr Bejinimibi 
AG°T H AVS paBHbi: 

AG°r = AG°A, + A G ° A m - A G ° G r o s - AG°Pyr - A G % -

Pi 
- / \ G 0 H 2 O - / V H , o d P . ( 9 ) 
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AV°S = V A n + V A m + V G r o s - V P y r - V Q z (10) 

Kai< 6bi.no noKasano panee ( ľ l e p n y K , 1973, P e r c h u k , 1977) npn AaB-neHHHX 
HH>i<e 6 i<6 npn MeTaMopcpH3Me H rp3HHTH3auHH <p;ii0HA nonra Ha 96 % COCTOHT H3 
H 2 0 , nosTOMy napunajibHoft BejiiwHHOH flaBJieHHH BOAH MO>KHO npeneôpe^b, CTHTSH 
MTO P H ) 0 = P s ~Pfi- Toraa, pa6oia npn H3MeHeHHH AaBjíeHHH 6yaeT onpeyieJiHTbcn 

Pi 
HHTerpajioM / (VH20 + AVS) d P H . 

P 2 

ripn onucanHHH napareHe3HC0B nopoa ByyjibreHCKofi cepHH H3 paňoHOB jieAHHKa 
AjiHÔeK H ypo^Hma AMaHayc 6MJIO noKa3a'HO, HTO MeTa6a3HTbi H MexanejiHTbi nepe-
cjiaHBaiocH Äpyr c ApyroM c ctpopMHpoBanbi B OAHHX H Tex >Ke TepMOAHHaMHqecKHX 
ycjioBHHX. CjieflOBaTeJibHO, MM MOJKCM BOcnojib30BaTbCH TpeHAaMH Ha pne. 2 juia 
KaJiHÔpoBKH ôapn^ecKoň 33BHCHMOCTH BejiHqHHH l n K M g B ypaBHeHHH (8). B TaÔJinue 
7 BbinucaHbi flarnibie, neoôxoAHMHe JJIH CTaTHCTH êcKoft oôpaóoTKH H BbiBoaa 
TSKOH 3aBHCHM0CTH. 3 T H flaiiHbie oxBaTHBaiOT rpaHaTOBbie aMCpHÔojíHTbi KaBKa3a 
H 3anaÄHbix KapnaT. 06pa3U.H K-12-6 H K-14-6 woryT jie^b B ocHOBy K3Jiii6poBKii, 
a o6pa3Ubi c HHAeKCOM CS -AAH oueiiKH PT napaivieTpoB MeTaMop(pH3Ma B cooTBer-
CTByiomHX paftonax KapnaT (CM. TSÔJI. 1). 

ľIpoe6pa3yeM (8) B cneayiomee Bbipa>KeiiHe: 

RTln ( N A m
M g / N G r

M g ) = - AG° - (AVS + VH20) P (H) 

n, ÄonycioH B caMOM nepBOM npHÔJiHweHHH He3aBHCHMOctb (AVs + V H . o ) OT CUJIIO-

11|- P.kb 

10-

9 -

01 , , , 1 1 , L__ , 1 . • _ l l — l . 

400 500 600 700 C 

Pne. 17. ConocTaB.ieHHe npiiĎjiHmeHHbi.x 
TpeHAOB MeT3MOp4)H3Ma nOpOA H3 pa3JIH1HHX 
cTpvKTypHO-t))aii,najibHbix 30H 3anaflHbix Kap­
naT (MK—MaJibie Kapna™, MF—Ma.naa 
4>aiipa, VT—BbicoKne TaTpu, NT—Hii3Kiie 
TaTpbi) H Bo.nbinoro KaBKa3a (3auiTpnxo-

BaHo). 

http://6bi.no
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T a 6 .T 11 u a 7 

CocTaBbi A m H Gr 113 aM(|)ii6ojiiiTOB KaBKa3a n KapnaT, npiiBJielicH'Hbre K oueiine PT iia-
paMCTpOB MeTaM0pCJ)II3Ma 

o6pa3ua 

K-12-6 

K-14-6 

CS-8/1 

ČS-6 

CS-7 1 

N A m M g 

22,2 
32,9 
16,7 
27,2 

40 
45 
54 
41,8 

58 
45 

60,9 
59,7 
56,6 
52,2 
34,0 
34,2 

54,5 
55,5 
49,6 
59,4 

N G r M g 

9,3 
12,1 
5,4 
8,2 

6,5 
12,2 
11,0 
10,5 

26,0 
9,0 

14,3 
15,7 
18,5 
20,0 
15,2 
19,5 

17,0 
23,0 
15,9 
21,6 

t°C 

700 
650 
660 
640 

400 
530 
420 
520 

620 
460 

430 
460 
500 
600 
625 
750 

525 
640 
550 
550 

lnK,Mg 

0,90 
1,00 
1,13 
1,20 

1,82 
1,31 
1,59 
1,38 

0,80 
1,60 

1,45 
!,34 
1,12 
0,96 
0,81 
0,56 

1,165 
0,847 
1,138 
1,288 

TlnK 
Kaji. 

875,7 
923 
1054 
1095,4 

1224,9 
1051,9 
1101,9 
1094,3 

714,4 
1172,8 

1019,4 
382,2 
865,8 
838,1 
727,4 
593,3 

929,7 
773,3 
936,6 
1060„0 

P, KÓ 

6,0 
4,9 
5,2 
4,85 

0,2 
2,6 
0,5 
2,4 

(8,67)* 
(1,43) 

(3,85) 
(4,45) 
(6,3) 
(6,72) 
(8,47) 
(10,6) 

(5,27) 
(7,74) 
(5,1) 
(3,211) 

RTlnK Mg 

1740 
1834 
2094 
2176,6 

2433,9 
2090 
2189,1 
2173,4 

1420 
2330,4 

1025,6 
1951,2 
1720,3 
1665,3 
1445,3 
1178,9 

1847 
1536,5 
1861 
2106,2 

B CKOÓKax npHBefleHbi Be.iMM-ibi P, paccmiTaHHbie no vpaBHeHmo (13). 

HAHoro ÄaBjíei-iHH c noMombio TaôJiHUbi 7 n TpeHAOB na pne . 12, naxoAHM SMnnpn-
necKoe ypaBneHiie: 

R T l n K M g (8) = 2344,7 — 76,052 P ( K 6 ) , Kaji (12) 

H JI 11 >ne 

P = 19,98 — 7,96 R T l n K M g , i<6aP (13) 

C K03(pHUHeHTOM JIHHeíilIOH KOppejlHUHH — 0 , 7 7 8 . 
OT/jaBaa ce6e OTTCT B HH3KOH TO^IHOCTH »THX ypaBneiiHH, nonbiTaeMCH na HX OCHOBC. 
jiHiiib conocTaBHTb MejKÄV co6oH pe>KHMbi MeTaMoptj)H3Ma B pa3Jiimnbix CTpyKTypno-
-(paííHa/ibHbix 30H 3anaAHbix K a p n a T . P e s y j i b T a r a pacqeTa BCJIHIÍHIH P ÄJIH aiwcpu-
60JIHTOB H3 STOH oô.iacTH npHBe/ienbi B raÔJiHue 7. ľlo STHM ziannbíM nocrpoenbi 
TpeHAbi MeTaMopcpH3Ma B IOJKÄOM o6pa3u,e (CM. puc . 17). ConocTaBJienne STHX 
TpenÄOB yKa3biBaeT na TO, ^ITO Bee q e r a p e paccMorpennbix KOMnjieKca pa3JiHnaiOTCfl 
He TOJibKo rjiyÔHHHocTbio (popivinpoBaHHa, no H no nHKaivi P T napaivieTpoB MCTa-



n EPM y K — JIABPEHTbEBA - KOTEJIbHHKOB - I1ETPHK. 

Mopc[)H3Ma. Bo BCHKOM c n y q a e Majibie K a p n a ™ ( M K ) , BbicoKHe T a i p u (VT) n 
HH3KHe TaTpw ( N T ) pe3KO pa3.wiaiOTCH no MaKCHMyMaM P H T. P a ň o n Majioň 
OaTpbi H3yHen 3HaiHTejibHO cjiaôee H noKa HeJib3H caeJiaTb OÄH03HaqHoe 3aKjiio-
q e n n e o KoppejiHUHH T H P MeTaMoptpH3Ma B HMeiouinxca B naineM pacnopa>KeHHH 
o6pa3u,ax. 

H a pne . 17 BHÄHO, q-ro TpelHflw MeTaMop4>ii3Ma nopofl Bojibiuoro KaBKa3a H M a -
JIMX K a p n a T , a TaioKe perpeccHBiiHH Tpena ÄJIH n o p o a H3 B H C O K H X TaTp coBna-
aaioT. 3 T O cBHaeTeJibCTByeT o 6 J I H 3 0 C T H TepMOÄHHa.MimecKHx ycjiOBHÔ MeTaiviopcpH3-
Ma na rJiyÔHHax no 18—20 KM B cKJiaÄ^iaTOM oôpaMJieHHH JO>KHOH qacTH PyccKoň 
njiaTCpopMbi. C Äpyroň cropoiibi, n o j i o K e n n e TpenaoB Ha pne . 17 yKa3biBaeT Ha 
BepoHTHocTb HaxoflOK Ha KaBKa3e H 6ojiee rjiyÔHHHbix MeTaiviopcpHqecKHx nopOÄ, 
OTHOCHIUHXCH K 6a3ajibTOBOMMy CJIOIO 3eMHoň Kopbi. TaKHe nopoÄbi MoryT 6biTb 
BCTpe^ieiibi B BHAe KcenojiiiTOB B rpanHTOHÄax HJIH >Ke B ByjiKaHHqecKHX n o p o ^ a x . 
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