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CEPTEM nETPOBMM KOPMKOBCKMM* — HA^MCJIAB KAMEHMUKMM** 
lO'PAM MAUEK" — BJIAflHMMP AJIEKCAHflPOBMM BOPOHMXI4H* 

PT-yCnOBMH METAMOPtŕM3MA KPMCTAJIJIMHECKMX CJIAHU;EB 
MAJIOM OATPM (B PA3PE3E MJIBIHCKOrO PYHBH 

M E r O OKPECTHOCTEM) 

(Pne. 8, TRÓJI. 5) 

P C 3 10 M C ľ PT-yCJIOBHÍI MCTaMOpc[3M3Ma KpMCTaJIJIMHCCKMX CJiaHUeB 
Majicfi O a T p w (B p a 3 p c 3 e MjibiHCKoro p y i b a ) ôbura o p i t e H r a p o B O i H O 
H3y<-icHbi n e p M y K o M M j\p. (1984). HacTOíiiuaji p a S o T a AonojinneT 
MX HOBbIMl-I MCCJieflOBaHMHMM MeTaMOpCpHMeCKMX aCCOUMaUMM. CMJIJlHMa-
HMT-6noTMT-MycKOBMT-KaiiwiunaTOBa;i cyScpaijMa THCHCOB (K o p n K O B-
c K H ň, 1979) flaci n o 6noTMT-rpaHaTOBOMy TepivioivieTpy n e p M y K a 
ii fip. (1983) TCMiiepaTypy KpHCTajiJW3arj,ni<i OKOJIO 690 °C c MaKCwviy-
MOM OKOJIO 700 °C n n o rpaHaT-cMJiJiMMaHiiT-rijiarii0KJia3-KBapueB0iviy 

5apoMCTpy cpefli iee naBJíeHiie OKOJIO 6,5 K'ôap (A p a H o B H H, 1983). 
riofloÔHbie 3Hawenníi flaeT TaK>Kc rpanaTOBbiŕi aMcpMôojiMT n o r p a n a T -
-poroBooSiviaHKOBOiviy TepivioMcrpy (G r a h a m — P o w e 11, 1984). 143 
cymccTByioiui ix nccJie;iOBaHnň PT-ycJiOBMM MeTaiviopcpM3Ma KpiicTajum-
>-iecKMx cJiaHqeB 3anaf lHwx K a p n a T (Majiwe KapnaTbi, I/IHOBCIL Cyxi-i, 
Majiasi M a r y p a n Majiasi O a T p a ) cJie^yeT, MTO B Maj ioň O a T p e O/JI-IH 
u s n a i i ô o j i c e rjiyBiiHHbix cpe30B cpyHflaivieHTa 3ana/iHbix K a p n a T . 

A b s t r a c t : P T c o n d i t i o n s of m e t a m o r p h i s m of t h e M a l á F a t r a 
M t s . c r y s t a l l i n e s c h i s t s ( c u t of M l y n s k ý p o t o k b r o o k ) w e r e p a r t i y 
s t u d i e d b y P e r c h u k e t a l . (11 c p M y K n flp., 1984). I n t h e 
p r e s e n t w o r k t h e y h a v e b e e n s u p p l e m e n t e d b y f u r t h e r s t u d y of 
m e t a m o r p h i c a s s o c i a t i o n s . S i l l i m a n i t e - b i o t i t e - m u s c o v i t e - K - f e l d s p a r 
s u b t ' a c i e s of g n e i s s e s (K o p n K o B C K II ň. 1979) p r o v i d e s c r y s t a l l i ­
z a t i o n t e m p e r a t u r e of a b o u t 690 °C w i t h m a x . of a b o u t 700 °C b y 
m e a n s of P e r c h u k ' s e t a l . (11 e p M y K n ;(p., 1983) b i o t i t e - g a r n e t 
t h e r m o m e t e r a n d m i d d l e p r e s s u r e of a b o u t 6.5 k b a r b y m e a n s of 
g a r n e t - s i l l i m a n i t e - p l a g i o c l a s e - q u a r t z b a r o m e t e r (A p a H O B II M, 
1983) g a r n e t a m p h i b o l i t e g i v e s s i m i l a r v a l u e s b y m e a n s of g a r n e t -
- h o r n b l e n d e t h e r m o m e t e r ( G r a h a m — P o w e l l . 1984). F r o m t h e 
p r e s e n t s t u d y of P T c o n d i t i o n of m e t a m o r p h i s m of t h e W e s t 
C a r p a t h i a n c r y s t a l l i n e s c h i s t s ( M a l é K a r p a t y M t s . . I n o v e c . S u c h ý . 
M a l á M a g u r a a n d M a l á F a t r a M t s . ) it r e s u l t s t h a t i n t h e M a i á 
F a t r a M t s . t h e r e is o n e of t h e d e e p e s t s e c t i o n s of t h e W e s t C a r ­
p a t h i a n b a s e m e n t . 

B nocjicfli-iMe roflbi npw ii3yHCHww i<pMCTajuiMHHKyMa 3anaflHbix KapnaT 
GojIbLUOC BHHM3HHC V/ieJIflJIOCb BblHBJICHMlO PT-yCJIOBMM MCTaMOpCpM3Ma M re-
HCTWHCCKHM BSaWMOOTHOLLICHHHM I'paHI'ITOHflOB C BMCIIiaiOUIHMn nOpO/iaMM. 
ricpBi.ic nccjicflOBaHMH, na cfli-iHOH MeTOflMMecKOM ocHOBc, 6biJiM iie/iaBno n p o 
BefleHbi B ropHwx iiennx Majibix KapnaT, MnoBna, Cyxii n M a n o ň Marypbi. 

* fl-p C. K O J) II K O II C I) H li, fl-p B. A. B 0 : p O H H X H H, HuCTHTyT l'COJIOTHH MCCTO-
poKfle i imi, neTporpacpMM, Miiucpajion-rn n r e o x i i M n n A H C C C P CrapoMOHCTHbiii riep 35 
109017 MoCKBa. 

** fl-p JI. K a M c H n n K n ň, ji-p lO. M a n c K, KaHfl. nayiv, reojiorHnecKww IIHCTIITVT 
UcHTpa r c o a a y K C A H , XLvBpaiitKa nccTa, 9, 814 73 BpaTMCJiaBal. 
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OpneHTMpoBOMHbie flaHHbie MMCIOTCH TaioKe no ropHbíM uenHM H I I 3 K H X M B M -
COKMX TaTp M MajiOM OaTpbi. XOTH reoJion-meCKMe ycjiOBiin fljia TaKMX 
nccjieflOBaHMH B MajiOM í>aTpc He OHCHB 6jiaronpnHTHbi, 6ojiee noupoQuan 
flOKyMeHTau;H5i BeuiecrBeHHoro cocTaBa KpMCTajuiHHi-iKyMa n ero crpocHiiJi 
B pa3pe3e MjibíHCKoro pynbH ri03B0Jimia oToOpaTb o6pa3iibi, noAxoAímiMe Rnn 
peKOHCTpyKij,MM PT ycjiOBMM periiOHajibHoro MeTaMopcpii3Ma Ha STOM yqacTKc. 

KpMCTajiJiMHMKyM Majioň OaTpbi aBJíneTCH OAHMM M3 BHCLUHMX a^ep BHy-
TpeHHwx 3anaflHbix KapnaT, cpopMMpyiou^Mivi nacTb flyroBoro ropcTa jiflepHbix 
ropHbix n e n e ň njiomaflbio OKOJIO 200 KM-, AJIMHOM 38 KM, C MaKCWMajibHoií 
LUMpMHOM 10 KM. 3T0T KpMCTajIJIMHMKyM COCTOHT M3 flByX HaCTCM: K)rO-3anafl-
HOM JiynaHCKOM ^acTM (ropa BejiMKa JlyKa, 1476 M) C nanpaBJíeHMeM OCII 
I03-CB (pne. 1) M ceBepHoři KpuBaHCKOM MacTM (ropa BCJIMKM KpMBaHb, 
1709 M) C HanpaBJíeHweM ocn B-3. B nepBoň M3 HMX o6Ha>KaiOTC5i rjiaBHbíM 
o6pa30M nopoflbi MeTaMopdbwqecKořt o6oJioqKH M ri-iôpuflHbíc rpaHWTOMflbi, 
coAep>i<anj,Me pafl ÔJIOKOB MeTaMopcpMTOB. B i<pi<iBaHCi<oň ^acTii BCTpcnaiOTCfl 
HO^TM MCKJllOHMTeJlbHO rpaHMTOMflbl. 

B paHHew jiMTepaType i-iMeiOTCH CBe/jeHMíi O KpucTaJiJiHi-iMKyMe Majioň 
cDaTpbi B pa6oTax JI. 3 e M C H e p a (Z e j s n e r, 1944), F. X. K o p H r y 6 e-
p a (K o m h u b e r , 1858), A. III T y p a ( Š t ú r , 1860), B. y x JI M r a 
(U h l i g, 1902, 1903). BoJiee noflpoĎHafl reojiorwHCCKaa KapTa K)3 nacTM 
Obrna co3flaHa M. K y T a H O M ( K u t h a n , i n A n d r u s o v — K u t h a n, 
1944, 1947). HoBeňmMe flaHHbíc OTpa>KeHH B CTaTbHx H reoJioniHecKHx KapTax 
M. M B a H O B a M JI. K a M e H H i i K O r o ( I v a n o v — K a m e n i c k ý , 
1957). BoJiee KopoTKne 3aMeTKM BcrpenatOTCH B pa6oTax JI. K a M c H H Ľ, K O-
r o n K). M a i i e K a (K a m e n i c k ý — M a c e k, 1984; M a c e k, 1982a, 
1982b; M a c e k et al., 1982) M 51. K p H m T M H a (K a m e n i c k ý — M a-
c e k — K r i š t . i n , 1985) u spyri ix. 

nepBbie onpefleJieHHH P-T napaMCTpoB MdaMopcpiOMa i<piicTajuiMqecKHx 
TOJIUJ; Majioň OaTpbi 6WJIM Cflejiama JI. JI. n e p q y K o M H flp. (1984). Ma-
KCMMajibHan TCMnepaxvpa i<piiCTajiJin3auMM 6iiOTHT-rpaHaTOBbix rHeňcOB ri3 
pa3pe3a MjibmcKOro py^bH (o6p. CS — 8 2), ycTaHOBJieHHan no cocraBaM 
BHyTpeHHwx MacTeň cocyniecTBytoiiiFix 3epeH ÔHOTMTa n rpaHaTa, oueHi-iBaeT-
C H B 790—800 °C. JJJIJI BHeuiHMx, KOHTaKTnpyK>iu;i4x OTOpoMeK Tex >KC 3epeH 
nojiyMCHbi snaneHMa TCMnepaTyp OT 790 «o 470 °C, MTO cpiiKCiipyeT TCMne-
paTypw Hajio>KCHHOM njiarwOMMrMaTM3at(MM M peTporpaflHoro 3Tana. I l p n 
H3yHeHMM rpaHaT-HM03MT-6MTOBHMT-KBapiíeBOrO aMCpHĎOJIMTa C 30HaJIbHbIM 
rpaHaTOM (M3 pa3pe3a BAOJIB Aoporn Ha r. Kajiy>KHa, o6p. CS — 8 1) MaKCM-
MajibHaa TeMnepaTypa KpncTajuiM3aijHM corJiacHo aMcpiiĎoji-rpaHaTOBOMy 
xepMOMeTpy, cocraBJisieT 620 °C, c o6miipHbiM peTporpaflHHM TpeH^OM B IIH-
TepBane 620—460 °C. 

CpaBHeHiie o ô m e r o xapaKTepa MeTaM0pcpH3Ma n MiiHepanornii MeTanejiw-
TOB n MeTa6a3MTOB 3anaflHbix KapnaT M Bojibiuoro KaBKa3a, npOBCfleHHoe 
JI. JI. í l C p H y K O M M flP„ BMHBHJIO MX ÔOJIbHJOe CXOflCTBO. OflHaKO, cyflH 
no BbiBefleHHbiM P-T TpeHflaM, OTM oÔJiacTii OT.niiMaiOTca flpyr OT flpyra ypoB-
neM rjiyÔMHHOCTH M nMKaMi-i P-T napaMeTpoB MeTaMopcpii3Ma. HaoOopoT, 
MeTaMopcpMHCCKľie TpeHflbí AJIH rjiyônH 18—20 KM, BAOJIB io>KHoro Kpaa 
PyccKoň njiaTCpopMbi, 0Ka3ajiMCb CXOAHHMII. 
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Pe3yjibTaTbi MccjicflOBaHMH MeTacoMaTi-mecKMx npou,eccoB B KpMCTajiJiMnec-
KMX cjiaHqax M3 30Hbi yjibTpaMeTaM0pcpM3Ma B Majioň OaTpe, flonojmeHHbie 
xMMMHecKHMM aHajiM3aMM MMHepaJiOB, npMBe^eHbi B BHiiieyKa3aHHOM paóo-
TC K a M e H n n K O r o, M a u, e K a M K p H m T M H a ( K a m e n i c k ý — 
— M a c e k — K r i š t í n, 1985). 

PHC. 1. HarjiH/(Ha>i reojionmecKasi KapTa nyiaHCKoň MacTi-i Majioii OaTpw B MaciiľraGe 
1 : 200 000. 

noacHemisi: l — ncoren; 2 — najieorcH; 3 — MC3030ií OSOJIOMKM M nOKpOBOB; 4 — 
MJiafluinfi naJieo30íi; 5 — MwriviaTMTw: a) c Majioti flonbio opTo-KOMnonenTa, B) C npc-
BOCXOflCTBOM 0pT0KOMn0H6HTa; 6 — aMCpI'lSOJIHTM; 7 — rl'lSpMflHbie TOHaHMTbl; 8 — MS-
rypCKMÍI TMn TOHaJIMTOB; 9 — MCTaCOMa.TMi-ieCKM M3MeHeHHbie I'MBpMflHbie TOHajlMTbl; 10 
— JIHTOJTOrMMeCKMC, TCKTOHHMeCKMC rpaHMqbl M J1MHM3 npOCpIIJIÍI B pa3pe3C MUblHCKOrO 
pyMbH; 11 — TOHKM côopa iipoô fljiH onpefleJicHwsi P-T ycjTOBMÍi MeTaiviopcpH3Ma. npoSi.i 
8 1 M 8 2 BbiJTM n craTbc n c p H y K H up. (1984). 
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TeonorvmecKoe crpoeHne nynaHCKOŘ HZICTM KpMCTajiJiMHMKyMa Manoví Oarpbi 

B j iyqaHCKoň nacTM KpiicTanjiMHiiKyMa M a j i o ŕ i O a T p b i o6Ha>KaK)Tca 
KpwcTajiJiMqecKi'ie cnaHUM w rw6pMflHbie rpaHMTOWflbi. Kpi-iCTamniHecKiie cj ian-
iibi flaroT H e n p e p b i B H w e Bbixoflbi Ha BOCTOHHbix CKJiOHax r o p M a p T i m c K c r o -
jie, OT Tpe6ocTOBCKOM A O J I H H M (mwpMHa 1,6 K M ) n e p e 3 ixonnny MjibiHCKOro 
pyHbii (3,5 K M ) , AO XlyÔHOM cio j ib i B flOJiMHe pei<n B a r , r « e OHM norpy>Ka-
IOTCH nofl rpaHMTOM/íHbiM njiyTOH KpHBancKoii qacTw M a j i o i i O a T p b i . M H O T O -
qwcJieHHbie ocTani ib i , 6 J I O K M M BKJHOMCHI-IÍI KpiicTajiJiMMCCKMx onaHueB, B T O M 
MHCJie aMCpľlÔOJlMTOB M MeTaM0pCpM30BaHHbIX KMCJIblX ByJIKaHMTOB, BCTpe-
MaroTCH B ri ' iôpiiAHbix TOHajiMTax B OKpecTHOCTíix r. KyHcpaA, Ha C 3 cícnoHax 
r o p MapTMHCKMe r o j í c . C T O H K M 3 p e H n a MX nepBi-iHHOM npi ipof lb í , i<pHCTajuiii-
qecKi ie cjiaHHM npeflCTaBJíJHOT C O 6 O M ocaAOMHwe n o p o A b i c H e o o j i b i n o n flOJieň 
ByjiKaHoreHHbix K O M H O H C H T O B . 3 T H n o p o ^ b i 6 b u i n ii3MeHCHbi B yanoBiif lx p c -
rMOHajibHoro n r j i y 6 i i H H o r o KOHTaKTOBoro MeTaMopcpii3Ma, n n p e T e p n e m i 
^MaCpTOpC3 BapHCLÍMMCKOrO H aJIbnMMCKOrO B03paCT0B. KpHCTaJlJIIIMeCKHC 
CJiaHUibi x o p o m o oÔHa>KeHbi B npocpMJie MOK^y I lof lCTpaHe n B O C T O H H O M 
OKpecTHOCTbio Bej íHKoň jiyKii B p a 3 p e 3 e M j i b m c K o r o py<-ib5i. y H H X nocTOsiH-
Hoe n p o c T H p a H n e 2 0 0 — 2 2 0 °, c n a ^ e m i e M O K O J I O SO ° Ha 3 a n a f l . B c T p a T i i r p a -
CJllIHeCKOM OTHOLUeiIIIM MX MO>KHO pa3ACJlHTb Ha ABC CBHTbl, aHaJ ioniHHbíc 
renbHHUKOM n o f l r p y n n e M paKOseuKOM CBHTC r e M e p u f l . H M > K H H H n o f l r p y n n a 
( p n e . 2) npeflCTaBJiena KBapiJľiTOBbiMM, 6MOTMTOBbi.Mii n rpacpMTOBbiMw reeň-
crtMM; K H U M >KC npMHaflJie>KaT no j ie iunaTOBbie rncMCbi M aMCpľiôojiiiTbi Byjp 
KaHMHecKoro nponcxo>KfleHMH. H a KOHTai<Tc c H a j i e r a i o u j e ň CBMTOM HaxoflH-
TCH CMJibHO nepeMHTbie MCTaMopcpM30BaHHbie nopof lb í , nepBOHaqaj ibHO BC-
P O H T H O 3 T O 6biJin ajicBponejiMTOBbie c j i anubi . BbimcJioKaLuaH cBMTa npeflCTa-
JICHa TJiaBHblM 0 6 p a 3 0 M aMCpMÔOJIMTaMM, aMCpMÔOJlMTOBblMM M Ôl'IOTMTOBbIMM 
THeMcaMM. MouJHOCTb S T O M CBMTbi, n o c n e HacTMHHoŕi flCHyflaniiii, 6 o j i e e 6 0 0 M. 

n e p B O H a n a j i b H y i o n p n p o f l y oca^KOB M O Ä H O o n p e A c n i i T b n p i i i i3yqeHii i i 
MeHee MMrMaTi-iTinOBaHHbix n Hefli iacpTopiisOBaHHbix n p o c n o e B . 3 T O i-cacacT-
ca npc>Kfle B c e r o rpayBaKOBbix H n e c n a H i i c T b i x ocaflKOB, MO>KCT 6biTb 
n KBapueBbix necnaHiiKOB, B M e H b i u e n M e p e — rJiiii-nicTbix n 6iiTyMiiH03Hbix 
n a j ieeponcj i i iTOBbix c j iaHqeB. M T O KacacTCH ByjmaHimccKi ix n o p o f l , TO S T O 
6a3ajibTbi, IIX xycpbi H TycpcpiiTbi, a B H H Ä H C M CBHTC — Kiioibie M cpef lHeoc-
noBHbie ByjiKaniiTbi. CyflJi n o npiicyTCTBiiK) ii3BecTKOBO-ciuiiiKaTOBbix p o r o -
B M K O B ( 3 T O 3 a M c q a c r y>Ke K o y T e K, K o u t e k , 1931) , 3flecb HaxoflHmiCb 
TaK>Ke H e 6 o j i b i n n c npocjiowKw Mepre j i i icTbix M3BCCTH5IKOB. 

J l r iTOCTpaTiirpacl í i iqecKoe AaTnpOBaHi-ie n o p o f l oni ipaeTCí i Ha naj iHHOJioni-
MecKiie iiccjicflOBai-ii-ifl rpacpMTOBbix rHewcoB ii3 OKpecTHOCTen r. BbicTpwnKa 
(Me>Kfly r o p o u J],y6oBbi Aweji, 7 4 6 M, M K o n q a p , 1164 M ) , r ^ e Ha o c n o B e oc-
TaTKOB T p a x c i m n opraHMHecKMx O 6 J I O M K O B 6 W J I o r i p e f l c u e n naj ieo30M, CKO-
p e e B c e r o A C B O H ; KpucTajuíMMecKi'ie c j i anubi H3 O K P C C T H O C T H I loACTpaHe yKa-
3biBaioT n a Hi-i>KHiiň na j ieo30M (Č o r n á i n C o r n á — K a m e n i c k ý . 
1976). 

PerMOHaJibHbiň MCTaM0pqbii3M noasii j iCH B paccMOTpeHHbix cs i iTax n o - p a 3 -
HOMy. B HIl>KHefl CBIITC MOÄHO BIIflCTb CJIOKHbie TCKCTypbl, oopa30BaBUiMecH 
B n c p B o ň ciíHTCKTOHimecKOi/i n B T o p o ň nocjieTCKTOHiiHecKOH cpa3ax . B Bepx-
HCH CBIITC BIIflHbl npiI3HaKII TOUbKO BTOpOM Cpa3bl. 0 6 e CJDa3bI n p i m a f l J i o K a T 
BapiicqnficKOMy TCKTOrenesy. B x o ^ e H e r o nopof lb i o 6 c n x CBIIT n p c T e p n e j i i i 

http://6MOTMTOBbi.Mii
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CKJiaflKOo6pa30BaHnc, MiinviaTi-isauwio M rpaHJiTM3auMio, a TaiOKe BHeflpe-
mie rw6pMflHbix TOnajraTOB. Bbipa3irre.nbH0ří qepTOM CTpoeHiiH C3 CKJIOHOB 
rop MapTMHCKe rojie HBJIHIOTCÍI nonepenHbie CTpyKTypw, 3aivieTHbie npw BC-
epoo6pa3HOM pa3MemeHHM ocraHupB M 6JIOKOB KpMCTaJuiiiMecKi-ix CJiaimeB 
B rwopMflHbix TOHajiMTax. Ocb Beepa nepneHflMKyjiapHa HanpaBJíeHwio cJiaH-
ueBaToera KpMCTajiJiwqecKMx cJiaHueB Ha KDB CKJiOHax r o p MapTMHCKe rojie. 

' í 3 fc s 6 7 s 9 10 n r; is n is 16 n * r* n n n 

PHC. 2. ripocpinib CBHTaMii KpMCTaJMMijecKMx cnamieB Majioíi 0aTpbi B pa3pe3e MJIMHCKOI-O 
pyMbíi. 

I loiici-ieHHH: 1 — METaMopc|)H30BaHHbie KMCJibie M cpeflHe ocHOBHbie ByjiicaHMHecKMe nopo-
,Hbi; 2 — aMcljHÔojTHTbi; 3 — MCTaMopcpi430BaHHi>ie Tycpbi ocHOBi-ibix ByjiKaHMwecKMx nopofl; 
4 — MCTaM0pcf)I130BaHHbie TyCpMTH OCHOBHblX ByjIKaHHWeCKHX nOpOfl; 5 — ÔMOTMTOBHC 
rneňcbi; 6 — KBapuMTJľqecKiie n-ieíicbi; 7 — rpacpMT coflepxcamiie n-ieňcbi; 8 — rpacpHT 
coflep>i<amne rneŕíCM nMnperHnpoBannbie cyjibcpMflaMM; 9 — MeTa-nopcpupoiiflw; 10 — 
OWKOBblC rHeMCbl; 11 — 3epHMCTbie rHCMCH; 12 — OHKOBbie MMrMaTMTbl; 13 — CTpo.via-
THTbl; 14 — rpaHMTM30BaHHbIC I'HeMCbl; 15 — TITl-lrMaTHTbl; 16 — rMÔpUflHblC TOHajIMTbl 
coflep>Kamwe napa-MaTepwaJi; 17 — ™6pnflHi>ic TOHajiMTbi; 18 — MCTacoMaTMnecKM H3MC-
neHHwe rwôpMflHbie TOHaJíHTbi; 20 — rpaHMTOMflbí Tiina Marypa; 21 — jiMTonorMnecKue 
ľpaHHUbi n i-ix npoflOJi>i<eHi-ie; 22 — TeKTOHMiecKMe JIHHMU M opi-ienTaiiMsi cnaHqcBaTo-
CTM; 3 H 15 — TO'IKH côopa npo6 fljifl P-T aiiajii-t3a; 8 1 M 8 2 — TOHKH npo6 pa3pa5o-
ranHbix B cTaTbc n c p M y K M ,np. (1984). 

napareHe3i4Cbi MeraMopcpvmecKMx nopofí 

Hawôojiee oObi^HbiMM MeTaMopcpMqecKiiMw nopoflaiviM .nyqaHCKOŕi qac™ 
KpMCTajuíMHMKyMa MajiOM OaTpbi HBJIHIOTCH ôeflHbix CaO BbicOKOTeivinepa-
TypHbie ÔMOTMTOBbie, OWOTMT-rpaHaTOBblC, ÔMOTOT-MyCKOBMTOBblC M 6MOTMT-
CMJiJiMMaHMT-rpaHaTOBbie rneřicbi, a TaioKe o6orameHi-ibie CaO porOBOo6iviaH-
KOBbie, 3nMflOT-porOBOo6iviaHKOBbie, 6i40TMT-porOBOo6iviaHKOBbie vi rpaHaT-
-poroBooôiviaHKOBbie aivicpMÔOJiMTbi. 

fljifl nepBOM rpynnbi nopo/i; — GejjHbix CaO cmoflxi-ibix M rpauaT-cMjuíMMa-
HMT-fíBycjiK)fífiHbix rneňcoB, xapaKTepHbi jienwflorpaHOÔJiacTOBwe cTpyi<Ty-
pbi w paBHOBecHbie OTHOLUCHUH ivie>Kfly ÔMOTMTOM, rpanaTOM, cmuniMaHMTOM 
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n noJieBWMM iunaTaiviH (pne. 3). B CBH3M C O6IHMM BbicoKOTeivinepaTypHbiM 
xapaKTepoM MeTaMopcpM3Ma, KOJIMHCCTBO MycKOBMTa B rHewcax 3HaHMTejibHo 
MeHbiue, ^eivi ÔMOTMTa, M B 6ojibUJMHCTBe oôpasuoB OH MMeeT BTopMMHoe, pe-
rpeccMBHoe npoi<icxo>KjjeHMe, 3aMema5i 6MOTMT, r p a M T MJIM njiani0KJia3. H o 
He MCKJUOHCHO, MTO Heôojibuiaíi nacTb MycKOBMTa Bee »ce coxpaHaeT nepBM^-
HO-MeTaMOpcpM^iecKyio npMpo/iy. nnarMOKJia3 npeflCTaBJieH 0Jinr0KJia30M 
MJIM ojii'iroKJia3-aH^e3MHOM. 

Run ycTaHOBneHMH cyôcpauMM ivie-
TaiviopcpM3Ma Ba>KHoe 3HaqeHwc 
MMeeT Bonpoc o nponcxoKjieHMM i<a-
jiMinnaTa B ruewcax, M ero CTa6nnb-
HOCTM C CMJIJTOMaHMTOM. B HejIOM, 
cpe/iM MMCTO MeTaMopcpM-qecKMx no-
pofl flOMMHMpyiOT njiarMorHeiicbi 6e3 
KaJiMinnaTa. OflHaKO B6JIM3M rpaHM-
TOB OHM MHTeHCMBHO MMľMaTM3MpO-
BaHbi, HacbimeHbi 6ojibiiiMM KOJIH-
MCCTBOM nocnoMHbix KanMĽunaT-riJia-
rMOKJia3-KBapu,eBbix MJIM njiarMOKJia3-
-KBapneBHX MH-beKHMM M JieMKOCOIVI, 
MHor^a oneHb TOHKMX, MOiirHOCTbio 
flO HeCKOJIbKMX MM. B 3K30K0HTaKTax 
MHT>eKu;MM, B MCTaMopcpMHecKOM cy6-
cupaTe nacTO no«BJi5ieTCfl MCTacOMa-
TM êCKMM KajIMMinaT, CB5!3aHHbIM C 
npMBHOCOM K 2 0 n p n MMrMa™3auMM. 
H o HajioJKeHHWM xapaKTep KajiMLuna-

Ta BO BMemaiouiMx rHeňcax OMeBMfleH flaJieKO He Bcer^a: Hanpniviep, B MC-
cjieflOBaHHOM HaMM o6p. 15 He6ojibHiMe 3epHa KajiMiunaTa BCTpeqeHbi 
n MCTaMopcpMHecKOiM Me30CTa3Mce B noJiHOM paBHOBecMM c njiarMo-
KJia30M M cMJiJiMMaHMTOM. M O K H O npe/inojiOÄMTb, yMMTHBaa cpaB-
HMTejibHyK) peflKOCTb nepBMHHOro MycKOBMTa, MTO 3Ta reHepauMii i<a-
jiMHjnaTa MO>KCT B03HMKaTb 3a c^eT BbicoKOTeMnepaTypHoro pa3Jio-
>i<eHHa MycKOBMTa B xo/ie nporpeccMBHOM peaKHMM M u + Q = K s p + Sill -f-
+ H->On. B oômeM, He3aBMCMMO OT Tóro, MMeeT JIM KajinuinaT MeTacoMara-
HecKyra MJIM MeTaiviopcpMMecKyio npnpojxy, M H MWKCM KOHCTaTMpoBaTb, MTO 
Ha niiKe MeTaMopcpM3Ma, coBna/iaiomeii c MaKCMMyMOM MwrMara3aiiMM, 
B rHeňcax ManoM <t>aTpw cTaÔMJieH BecbMa BHCOKOTeMnepaTypHbiň napareHe-
3MC K s p + Sill + Q-

noMMMO CMJiJiMMaHMTa. B SeflHbix CaO nopo/iax He BCTpeneHO flpyrax CM-
jiMKaTOB rjiMHOseMa (KMaHMTa MJIM aHj;aJiy3MTa). IlpaKTMnecKM OTcyTCTByeT 
cTaBpojiMT, M jiMiJib B o6p. 15 oÔHapy>KeHO He6ojibi_uoe 3epHO uMHKOcojiep-

PMC. 3. rpaHaT-OMOTMT-CMJUIMMaHMTOBbIM 
THCHC (o6p. 15A) c rpanaTOM, loyneHHbiM Ha 
MMKp030Hfle (3epH0 1). TOHKM II UMCppbl — 
ynacTKM aHajin30B MMHepanoB (CM. Taôa. 1). 

') 3/jecb ii flajiee — cneflyiomiie HH/jeKCbi MMHepanoB: Ab — ajibdiiT, Als — cMjiMKaT 
rjiMH03eMa, An — aiiopTHT, Andl — aHflajiy3MT. Bi — BMOTHT, Clz — KJIHHOU.OII3IIT, 
Gr — rpanaT, H r b — poroBasi oSMaHKa, K s p — KanneBbiM nojieBOH uinaT, Ky — Kiiami-r, 
Mu — MycKOBiiT, PI — njiarnoKJia3, Sill — CMJiJimviaHMT, St — craBpoJiiiT. Uwcppa npn 
HHflCKce TeMHoqBCTHbix MHHepajiOB — MX >KCJie3HCT0CTb (Fe 'Fe + Mg, aT. % ) . 
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Pne. 4. P C J I H K T O B O C 3epHo ijMHKCOflcp>Kamero CTaBpojiMTa BHyTpn nJiarnoKJia3a (cjierKa 
COCCK>pWTH30BaHHOro). YBCJI. X 250, LUJI. 1SB. 

>Kamero CTaspojiMTa BO BKJHOHCHMM BHyTpn ojinroKJia3a (pne. 4). CraBpojiMT 
wivieeT OKpyrjiyto, pesopônpoBaHHyio cpopiviy, OH He KOHTai<TnpyeT c KBap-
HCM, 6MOTMTOM UJÍM rpanaTOM, n noaroiviy MO>KCT pacciviaTpi-iBaTbCfl B Ka-
"-iecTBe «6poHMpoB3HHOro peJiMKTa» OT npefliuecTByiomeň, 6ojiee HM3KOM 
CTyneHM MeTaiviopcpM3Ma. 

TaKMM o6pa30M, B 6e#Hbix CaO MeTaiviopcpMqecKMx nopo^ax Majioň OaT-
pbi CTa6njibHbi cjieflyramne paBHOBecHbie napareHe3wcbi: 

+ Mu(?) + Q ± (StZ:i) Bi + Sill + Gr + Ksp + PÍ 
Bi + Sill -j- Gr -i- PÍ + Q 
Bi + Gr + PÍ + Mu(?) + Q 
Bi + Gr -j- PÍ + Q 
Bi + Mu(?) + Pl + Q 

nocKOJibKy nojinaji paBHOBecHOCTb MycKOBMTa c ocrajiBHHMM cpasaivíM HC 
BnojiHe HCHa, OH B STMX accoijMauHJix yi<ca3aH co 3Hai<OM Bonpoca. CraÔMJib-
nocTb accounaunn Sill -f- Ksp -j- Q ^aer ocHOBaHwe M3o6pa3MTb BCC napare-
He3MCbi na flwarpaiviivie AFM c M36MTKOM KajinmnaTa (pne. 5) (npoeKirwa 
Kop>KMHCKOro»). OflHai<o npncyTCTBwe MJIM oxcyTCTBiie KauMiunaTa HC ci<a-
3biBaeTC5i na cpa30Bbix paBHOBCCwax ocTajibHbix MMHepajiOB, H noTOMy flawr-
paMivia nouHOCTbio OTpamaeT Tai«Ke napareHe3MCbi oôwnHbix j^jia A3HHOM 
TOJimM njiarnorHeňcoB. PenMKTOBbiň uwHKCOflepjKamnň eraBpojiMT M ero 
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GbiBLuaji accouwauHH M3o6pa>KeHa nyHKTiipoM'. CocTaBbi BCCX MimepaJiOB na-
neceHbi c yneTOM aHajiM30B B TaÔJi. 1 M 2. 

JJ>iarpaiviMa noi<a3WBaeT, MTO TeivmepaTypHbie ycJiOBMa MeTaMOpcpH3ivia 
OTBeM3K3T JIMĎO CMJIJIMMaHMT-6l40TI1T-MyCKOBMT-KaJIMLUnaTOBOM, JlIlOo (BepO 
HTHee) CMjiJiMMaHMT-ÔMOTMT-KajiMuinaTOBOM cy6cpau,MM (K o p II K O B C K H ň, 
1979). CpaBHCHMe Mi-iHepajibHbix accoi;Mam4M THCMCOB M3 Bcex qacTen 113y-
HeHHoro pa3pe3a BflOJib MjibmcKoro pyqbH M cro OKpecTHOCTcň, noi<a3ajio MX 
Bblflep>KaHHbIM M 0AH006pa3HHM xapaKTep, M, CJieflOBaTeJIbHO, OTCyTCTBMC BH-
HMMoro TepiviaJibHoro rpa^weHTa. O^eBMflHO, MeTaMopcpi'iqecKMe nopoflbí BCCH 
jiynaHCKOM qacw KpMCTajuíMHMKyMa M a j o r i OaTpbi OTHOCHTCH K OAHOM H TOM 
>Ke BbicoKOTeMnepaTypHOM cy6cpaii,i4M. 

r p y n n a oôoraujeHHbix CaO nopofí npeflcraBJieHa pa3JiMqHbiMii Tiinaiviii 
aMCpMÔOJIMTOB. B HeKOTOpblX M3 HMX, HanpMMep, B 06p. P-l, XOpOLUO BMflHa 
MeTara66po-ocpMTOBaH cTpyKTypa c MflMOMopcpHbiMM JieňcTaiviii nepBMMHO-
-MMriviaTMMecKoro nnarnoKjia3a. B flpyrax o6pa3iiax CTpyKTypa HCiviaTorpa-
HOÔJiacTOBaa; OAHaKO, MaccMBHOe cjio>KeHiie nOKa3MBaeT, mo 6ojibmiiHCTBO 
UOpOfl HBJIHeTCH OpTOaMCj3M60JIMTaMM. 

P n e . 5. PaBHOBCCiw B SMOTMT-i'paHaT-ciiJi- P H C . 6. rpanaTOBbin aMcpMÔoJii-iT ( o 6 p . 3). 
jiHMaHHTOBbix r H e n c a x MaJiOM OaTpbi (flua- T O H K I I H inicppbi — y<-iacTKH aHaJiH30B M H -
rpaMMa A F M c H 3 6 W T K O M KaJiniiinaTa). HcpajioB (CM. Ta6n. 4). 
Tď-IKM — KOHKpeTHbie aHaJIM3bI MMHepaJlOB, 

n o flaHHHM TaÔJi. 1 n 2. 

npeo6jia,naK3HJii'iň TeMHOiiBeTHbiň MFmepaji — 3eneHaH HJIM 6ypo-3ejieHaH 
poroBaa oÔManKa; B He6ojibtunx KOJiwHecTBax c aMcpnôcnOM accou,MMpyK)T 
6MOTMT, rpaHaT n KJIMHOI;OM3MT. COOTHOLUCHMH Bcex MimepajiOB paBHOBec-
nbie (pne. 6). Tai<nM o6pa30ivi, maBHbie napareHe3iicw aMCpii6ojiiiTOB: 

H r b + PI + Q 
H r b + G r + Bi + PI + Q 
H r b + Clz + PI + Q 

3 T I I acconiiauMii MeTa6a3iiTOB TaK>Ke xapaKTepHbi AJIH yonoBiiw crmjiMMa-
HiiT-6iiOTiiT-MycKOBiiT-KajiriiunaTOBOň MJIM cMJiJiMMaHMT-6riOTnT-KaJiiiuinaTO-
BOÍÍ cyOcpaijww. 
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B KaqecTBe SIOOTMMCCKMX nopo/j OTMCTMM npwcyTCTBMe B o6Ha>KeHMM 4 
CKapHonofloÔHwx nopofl, cjio>i<eHHbix SIIMJIOTOM (U,OH3MTOM), rpoccyjuip-aH-
flpaflMTOBbíM rpaHaTOM, njiarMOKjia30M, cpjioronMTOM M ccpenoM. 

Bo Bcex Ti-inax MeTaMop^w-iecKi-ix nopofl i-iaĎJiro/jaiOTCfl cpe/JHe- M HM3-
KOTeMnepaTypHbie perpecciiBHbie lOMeneHMH. B rnencax 6MOTMT M rpaHaT 
33MemaK)TCH XJIOpMTOM M MyCKOBMTOM (cepi-IHMTOM), C napaJIJieJIbHbIM OKBap-
qeBaHweM. B aivicpMÔojíHTax 6ypo-3ejienaíi poroBaa oôiviaHKa 3aMem,aeTCfl 
6ecqBeTHbiM aivicpMOonoivi M XJIOPMTOM, njiarwoKJia3 — COCCIOPMTOM, MHorfla 
c cepweň KBapqcBbix, KBapu,-3nMjJ0T0Bbix, KBapu,-ajib6nT-aKTMHOJiMTOBbix npo-
>KMJIKOB. B CKapHOnoflOĎHbix nopo/rax njiarMOKJia3 3aMemaeTC5i npcHMTOM. 
TeKTOHMTbi c HM3KOTeMnepaTypHbiMM M3MeHeHM5iMM, o6pa3yKDinMeca B XOfle 
perpeccMBHbix H3MeHeHMň noflpa3flejiHK)TCí! Ha flBa TMiia: a) x o p o m o paccjiaH-
qeBaHHbie M ncpei<pMCTajiJiM30BaHHbie ÔJiacrOMMjiOHi-iTbi M 6) MexaHMHecKM 
ApoÔJieHHbie n nepeTepTbie MMJIOHMTH M yjibTpaiviMJiOHMTbi, i-mor/ia c nep-
HbiM M30TponHWM arperaTOM. n o aHajiornn c jjpyrwMi-i nacTííMH 3anaflHbix 
KapnaT (U, a M 6 e JI — K O P M K O B C K M M , 1986), nepBbie, BepoHTHee Bcero, 
CBJoaHbi c peTporpaflHMM 3TanOM BapiicuMMCKOro HWKJia, BTOpbie — c ajib-
miMCKMM Tei<ToreHe30M. 

MimepanorMH u reoTepMOÔapoMeTpMH 

T p a H a T - 6 II O T M T - C M JI JI M M a H M T O B bi ií ľ H C M C (o6p. 15) 

COCTaBbl MMHepajlOB: Vl3 3TOM nOpO/Jbl C riOMOLIJiblO MMI<p030HJj;a 6bIJIO 
H3yneHO 2 npo3paHHO-nojinpoBaHHbix lujiwcpa (15A M 15B). Tneňc 
HMeeT cpc/4He3epHMCTyio, cjiaHiieBaTyio nenw/JorpaHOOJiacTOByio CTpyKTypy: 
B ÔMOTMT-CMJiJiMMaHMT-nojieBOiunaT-KBapiieBOiví arperaTe BKpanjieHbi i<pnc-
rajuibi rpaHaTa OKpyrjioň cpoprvibi, MHor^a c npn3Hai<aMľi nepeKpMCTajuiM30-
BaHHoro poMĎOflOfleKasflpa, pa3Mepoivi RO 2 — 3 MM. B rHcňce HMecTca TOH-
KHÍI (OKOJIO 3 MM) KBapneBbiii npocJiOM, napaJiJieJibHbiM cnaHucBaTOCTi-i, 
c 6ojibLUMM KOJiMHecTBOM OHeHb MejiKMx 3epeH rpaHaTa pa3MepoM 150—200 
MKM. B TaÔJí. 1 M 2 npwBefleHbi aHajii-obi Tpex 3epen rpaHaTa M accouMi-ipyro-
mwx MMHepanoB M3 ÔMOTMT-rpaHaT-CMjijiMMaHMT-noJieBOuinaT-KBapiieBOro 
Me30CTa3nca, a TaioKe COCT3B ofluoro M3 MCJIKMX 3epeH rpaHaTa (3epHO 4) M3 
rpaHaT-KBapueBoro npocJion. ľlojiyqeHHbie JiaHHbie IIO3BOJIÍHOT onpeAeJiWTb 
TeMnepaTypy KpncTajuin3aiiMM BnyTpeHHwx M BHCLUHMX OTopoqeK rpaHaTa 
no 6nowT-rpaHaTOBOMy TepMOMCTpy, a Tai<>Ke /jaBJieHiie no rpaHaT-ciuiJiM-
MaHMT-njiarMOi<jia3-KBapueBOMy 6apoMeTpy. 

TpaHaTbi M3 napareHe3Mca G r —j- Bi -j— Sill HMeiOT iiM3i<yio >i<eJie3MCT0CTb 
(BejiwíHHa F e F e + Mg = 64—70 ° 0) M co/rep>KaT o^eHb He6ojibLuoe KOJIM-
iiecTBO M n O M CaO. Bce 3epHa rpaHaTa MMCIOT rOMOreHHyio neHTpajibnyio 
<íacTb n cpaBHMTCJibiio y3i<yio (OKOJIO 50 MKM) peTporpaflHyio OTopoMKy (pne. 
7, a), BHyTpn KOTOpoíí >KCJie3MCT0CTb B03pacTaeT Ha 3—4 % , n yBejiMHMBaeT-
ca coflcp>KaHMe M n O . TaiOH >i<e peTporpaflHaH 30HaJibHOCTb xapai<TepHa 
n flJiH MCJIKMX rpaHaTOB H3 TOHKoro rpanaTKBapiieBoro npocjiOH (pne. 7, 6). 

BMOTMTbl M3 BKJIlOHeHMM B ITCHTpaJIbHblX HaCTHX 3CpeH rpaHaTOB HMCIOT 
HM3Kyio >Kejie3ncTOCTb (Fe F e -j- M g — 2 5 — 3 3 % ) , a M3 oi<py>KaK)mcro Me-
30CTa3HCa, B M3CTH0CTM, M3 K0HT3KT0B C BHCUJHeM OTOpOqKOM rpaHaTOB — 
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3HaHMTejibHO 6ojiee BHCOKyio — AO 45 " o. Bce ĎIIOTHTH coflep>KaT 3nanii-
TCJibHoe KOiumecTBO TiOj — 3—4 Bec. " o. 

COCT3B njiarnoKna3a B n o p o ^ e oneHb BbiflepjKaHHbiíi — 3TO 0Jinr0KJia3-an-
fle3MH C 23 25 "D aHOpTMTOBOH MOJieKyjIM. 

KpoMe o6biMHoro njiarnoKJia3a, B OCHOBHOM Mačce m e ň c a , B CTbiKax 
c wrojiKaivíM cwjiuMMaHMTa, npitcyTCTByiOT 3epHa HepeĽuen-iaToro KanneBOro 
nojieBoro ninaTa B paBHOBecHbix OTHOLUCHMHX CO BCCMM OKpy»caiomiiMii MM-
iiepajiaMM IlpiiMecb ajibOwroBoň MOJiCKynbi B KajniiiinaTe — 9—12 "o. 

CTaBpojiMT, BCTpeneHHbíM B BMfle eflMHwqHoro BKJiKmeHMK B nnaniOKJiase, 
OTHOCMTCfl K L(MHKOCOflep>KaiHMM pa3HOCTJIM M COAep>KIIT nOITM 1 Bec." I) Z n O . 

reoTepMo6apoMerpMS: TeMnepaTypbi KpncTaJuinsairwii 6iiOTiiT-rpaHaT-
-CMJUiMMaHMTOBbix rneňcoB 6binM onperjeneHbi no ÔMOTMT-rpaHaTOBbiM reo-
TepMOMeTpaivi n e p i i y K a n up. (1983), A p a n o B MM a (1983) w F e r ­
r y — S p e a r (1978). CpaBHi-iTejibHbie pc3yjibT3Tbi npi-iBefleHbi B TaOji. 3. 
Han6oj iee yrroBJieTBOpnTeJibHO c neiporeHeTMuecKOM ceTKoň yBH3biBaK)TC5i 
SHa^eHMH TeivinepaTyp no reoTepMOiweTpy n e p i y x a n flp. (1983), n MM 
npwHMMaeM nx i<ai< onopHbie. 

T a 6 JI H n. a 3 

reoTepMo6apoMeTpMMCCKne oqeHKi-t P-T yoiOBnň KpncTaJiJiH3aunH 6noraT-rpaHaT-cmuin-
MaHMTOBblX THCflCOB 

MiinepajibHwe accounaniiii 
Ri -I- r r Gr + Pl + 
B l + G l + S Í 1 1 + Q 

T-,° | T...° C ' Ps, K6 

3epHO rpanaTa 1 

Bi2,„5 - GlK.u 

Bi,,,,2-Gr7(1-Pl,A»/„An 
BiVl,;-Gľ,;s.7-Pl,1„/"An 

3epHo rpaHaTa 2 

Bi:Q-Grll7-Pl,:1„/»A„ 

Bi,,n-GrC7,!)-Pl23»/"An 

3epHO rpaHaTa 3 

BiK,(i-Gr68 

Bi,,()-Gr71-Pl25„/»An 
Bi,lll.--Gr(i,,,-Pl,,,1/«An 

o6p. ISA 

— UCHTp 
— Kpaň 
— K p a ň 

— Kpaň 
— Kpaň 

oôp. i5h 

— UCHTp 
— Kpaň 
— Kpaň 

(D 
(2) 
(3) 

(D 
(2) 

576 
703 
741 

639 
700 

62S 
672 
694 

596 
715 
747 

639 
712 

656 
683 
695 

556 
812 
904 

675 
806 

653 
742 
792 

— 
7,2 
7,4 

6,0 
6,9 

— 
5,6 
6,2 

noAwepKHyTbi npMHSTwe 3HaMeHiiH TeMnepaTyp: T, — no n e p i y K y n p,p. (1983), T., 
H P.: — no A p a H O B i i w y (1983), T:) — no F e r r y — S p e a r (1978). AHaJiioiipoBaH-
Hbie MHnepajibi — CM. pne. 3 M Ta6ji. 1 n 2. 

Elo COOTHOmCHMHM C0CT3B0B BHCLUHMX OTOpO^eK 3epeH TpaHaTOB C KOH-
TaKTnpyíoLiTMMn 6noTHTaMn 113 OKpy>Kaionj;ero Me30ciia3Mca, nojiyqeH run-
poKMM pa3Ďpoc Te.MnepaTyp i<piicTa.n.nii3anMM — OT 640 j\o 740 °C, HTO flaeT 
cpeflHee 3HaieHiie OKOJIO 690 °C. nocKOJibKy BHeiimflji KaíiMa y rpaHaTOB — 
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peTporpaflHaa, noJiyqeHHbie TeMnepaT,ypbi ,n,o.n>KHbi 6wTb HH>Ke flOCTnrHyToro 
MaKCMMyivia, XOTÍI M He HaiviHoro. M O K H O npnHHTb, HTO nni< neTaMopcpH3-
(Via, H3 KOTOpOM ÔblJI CCpOpMnpOBaH KpMTM êCKMM ,II,JI5I THenCOB MaJIOH <ŕaT-
pbi riapareHe3nc Bi -\- G r -4- Sill + K s p -)- PI -)- Q OTBcnaji TeivinepaType 
OKOJIO 700 UC. 

TcMnepanypa řcpncTajuinsaunn neHTpajibHbix n a c r e ň A»yx 3epeH rpanaTOB 
3HaMMTejibHO HM»ce, MeM MX KpaeBbix OToponex (TaÔJi. 3) M cocTaBJííiiOT 576 
n 628 °C. nocKOJibKy cocTaBbi rpaHaTOB OT n,eHTpa K i<paio NieuíiKncu He3Ha-
qwTejibHO, 6ojiee HM3KMC 3HaneHMfl TeivinepaTyp KpncTajuiMsannn íi^ep rpa-
HaTOB no ÔMOTMT-rpaHaTOBOiviy TepiviOMcrpy onpe,n,eJi5iK>TCfl rnaBHbiM o6pa-
30M MarHe3MaJlbHWM COCTaBOM BKJIlOHeHMM ĎMOTMTa. OneBMflHO, OĎMCHeH-
Hbie M g — F e peaKnnn MeJKfly OHOTMTOM M rpaHa-roivi B u,eHTpaJibHbix nacTax 
rpanaTOBbix 3epen ÔHJIM cnubHO 3aT0pM0>KeHM OTcyTCTBneM cpnrowfla, n cne-
flOBaTeJibHO, cocTaBbi oOenx cpa3 HBJIHIOTCÍI pejíHKTOBHMH OT npefliuecTBy-
íonien, 6ojiee HM3KOTeMneparypHOM CTynemi. 3 T O T BHBOA noflTBep>K,i;aeTC5i 
npMcyTCTBMeivi B o6p. 15 flpyroro HecoMHeHHoro p&nwKTa OT npeAuiecTByio-
men CTyneHM — ocTaTKa 3epHa CTaBpojíHTa BHyTpn njiarnoKna3a. 

BejiMMMHbi flaBJíeHMH ('raĎJi. 3) onpeflejmjiMCb no MOflncpnunpOBaHHOMy rpa-
HaT-cnjiJiMMaHHT-njiarMOKJia3-KBapi;eBOMy reo6apoMe r rpy A p a H o B n n a 
(1983), KOTopbiň flaeT 3HaneHM5!, x o p o m o yBfl3biBaK)mnecji c neTporeHeTM-
necKOM ceTKoň (CM. pne. 8). OnpefleJieHna no reoôapoivieTpy N e w t o n — 
H a s e l t o n (1981) cpHKcnpyíOT ôojiee BbicoKne BejinqnHbi flaBJíeHHíi, KOTO-
pbie cflBnraroT P-T napaiweTpbi MeTaMopopH3Ma meňcOB Majioň OaTpbi B IIO-
jie cTaôwjibHOCTM KwaHnTa. 3 T O He cooTBeTCTByeT npnpoflHMM accounannnM 
ľHeňcoB Majioň OaTpbi, B KOTopbix CTaOnjieH cnjuinMaHHT, a He KnaHHT. 

ľlocKOJibKy c cnjiJiMMaHMTOM, njiarnoKJia30M n KBapneivi KOHTaKTnpyíoT 
rojibKO BHeiĽHne Mac™ 3epeH rpaHaTOB, BejinqnHy flaBJíeHna MOJKHO onpe-
flejiMTb TOJibKO RJIH HMX. Pa36poc 3HaMeHnň P s 0Ka3ajicH, I O K n TeMnepaTyp, 
ÄOBOJibHO ôojibinnM — OT 5,6 flo 7,4 i<6ap, cpeflHHH BcnnnnHa — 6,5 i<6ap. 

T p a H a T O B bi ň a M C p M Ď o j i M T (o6p. 3) 

CoCTRBbl MMHepa.UOB: AHajIH3bI 30HaJlbHbIX rpaHaTOB, pOľOBblX 06iViaH0K, 
ônoTHTa n njiarnoKJia3a H3 rpaHaTOBoro aMcpnôojinTa (o6p. 3) npuBCfleHbi 
B TaÔJi. 4; Tom<M aHajiH30B noKa3anbi Ha pne. 6. 

1'paHaTbi H3 oGorauieHHbix CaO nopofl co,a,ep>KaT ôojibmoe KOJIMHCCTBO Ca, 
n 3HaHMTejibHO Oojibuiyio, neM B rHeňcax, npniviecb M n . >KeJie3ncTOCTb rpa-
naTOB -raioKe noBbimeHa B cpaBHCHnn c raencaMH n cocTaBJííieT 83—87 "u. 
SonajibHOCTb rpaHaTOB npeflCTaBJineT coôoň KOMÔHHannio nporpeccnBHOro 
n pcTporpaflHoro BO3ACHCTBI«I. B 3epHe 1 (CM. pne. 6 n TaÔJi. 4) OT n e m p a 
K oflHOMy H3 ero KpaeB (TonKa 3) B rpaHaTe, KOHTaKTe c poroBoň oĎMaHKoň, 
HecKOJibKO nOBbimaeTCH coflep>K3Hne M g n CHM>KaeTC5i — Mn, c yMeHbmeHneM 
OTHomeHna F e, F e -[- Mg Ha 1 "/o. TaKaíi 30HajibHOCTb OTpa>KaeT nporpeccnB-
nyro CTaflnio pocTa rpaHaTa. OflHaxo B 3epHe 2 30najibHOCTb y>Ke peTporpafl-
naa — co cHM>KeHHeM OT L(eHTpa K i<pa«M KOJinqecTBa Mg, B03pacT3HneM 
coflep>KaHnH M n n o6m,eň >Kejie3ncTOCTM rpaHaTa. 

PoroBbie oĎMaHKn OTHOCHTCJI K yMcpeHHO-rJiMH03eMncTOMy Tnny, c oôbin-
HbiM fljia aMCpHÔojíHTOBOti cpannn coflep>KaHneM T i 0 2 (flo 1,1—1,3 BCC. ° ( J) 
lljiarH0KJia3 eoflep>i<nT 36 " ; U An. 
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TeoTepMOMerpiiH: Mbi MO>KCM onpe^ejniTb TeivinepaTypy i<pncTaJiJiu3a-
L(MM KpaeBbix MacTeií rpaHaTa no rpaHaT-porOBOo6iviaHKOBOMy TeprviOMexpy 
( G r a h a m — P o w e l 1, 1984), a J\JISI 3epHa 1 — no 6iiOTMT-rpanaTOBOMy 
TcpMOMeTpy. Pe3ynbT3TM npuBefleHbi B Taôji. 5. 

T a 5 JI n u, a 5 

OUCHKII TernncpaTypbi (°C) KpMCTajuiM3aL(Mn rpaHaTOBOro a.\icbn6o;iMTa. (o6p. 3) 

.MiinepajibHbic acconiiaumi ,r h G ľ + _ H p b P H Gr + Bi 
H TOHKH anaJin30B (pwc. 6) (U i a n a m ť o w e (n e p M y K n np., 1983) 

Giv,,,, - Hrbno,/, - Bi,;-,,, (D 80S 733 
Gi>,,;, - Hrb,;,,.,-, (3) 746 
Gi>„ s - Hrb,;, .i, (4) 692 
Giv„s - Hrb-)S,,j (6) 684 

AnajiHSi-ipoBannbie MMHepajibi — CM. pne. 6 M 'raôji. 4. 

3a iiCKJiroqeHweM oflHOro W3 KpaeB nepBoro 3epHa (TOMi<a 1), reoTepiviOMeT-
pna ocTajibHbix yqacTKOB p,aer 3HaneHMH TeMnepaTyp KpwcTajuiM3aiíMM OT 684 
no 746 °C, HTO naxofliiTC5i B xopomeM corjiacMn c onpefleneHMHMM yanOBMM 
MeTaMopcpM3Ma GnoTWT-ďui.nniviaHMT-rpaHaTOBbix THCMCOB (CM. Ta6n. 3), n 
rioflTBep>KflacT 3aKmcmenwe o npMHaflJie>KHOCTn Bcex MCTaMopcpi'mecKiix no-
pofl jiyHaHCKOÍi MacTM KpMCTajiJiMHMKyivia Majioií O a i p n K O^HOM Teiwnepa-
rypnoH cy6cpan,HH. 

Kpaň (3) u e H i p K p a ň ( 2 ) 

e c % 

1 '-• 27 J 

j " 
0 , . . . 

J 
1.3-1 

FeO 

MgO 

MnO 

CaO 

_.• 

. • 

J 
UK M 100 300 

a 

500 700 

eec 

] ' •' [ 

(XKM 0 150 

ď 

PlIC. 7. MMKp030HflOBbie npOCbnjII-1 rpanaTOB 113 OÔp. 15: a — 3CpHO 1 M3 ÔHOTHT-rpaHaT-
-CMJuiiiMauMT-riojiCBOiiiľiaT-KBapucBoro rHeiica; 6 — 3cpno 4 (i« rpanaT-KBapucBoro npo-

CJIOM). 
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P-T ycjioBvm MeTaMopcpM3Ma KpucraJUUwecKKix nopon Manoň Oarpu 

H a P-T flwarpaMMe (pne. 8) c 3JicMenTaMn neTporeHCTi-mccKOM CCTKH TJJIH 
MeTaneJiMTOB (K o p H K O B C K H M, 1979) HaHeceHbi paconiTaHHbie c no-
MOUIMO reoTepMo6apoMeTpwM napaMCTpw MeTaiviopcpn3Ma nopofl Majioň 
OaTpbi (Ta6n. 3 M 5). O U C H K H , cflenaHHbie no BHCIUHMM, KpaeBbiM nacTsiM 3C-
peH rpaHaTa H3 rpana'r-ÔMOTMT-CM^JiMMaHMTOBbix rHeňcoB, flaiOT pa36poc 
3HaHeHww T B o6meivi OT 640 «o 740 °C, a P s — OT 5,6 AO 7,4 K6ap. Ynmbi-
B35i nonpaBKy Ha peTporpaAHyio OTopo^Ky rpaHaTOB, MO>KHO npwHHTb CJIC-
flyromee ycpeflHeHHoe 3HaneHne napaiweTpoB MaKcmvryivia MeTaMopcpM3Ma: 
T ~ 700 °C, P s ~ 6,5 i<6ap. ľlocKOJibKy AJIH rpaHaTOBbix aMCpMÔOJiMTOB, n UCH-
rpajibHbix n a c r e ň 3epen rpaHaTOB M3 rHeňcoB P s He onpeflejifljincb, nojiyneH-
iibie / p a HMX TeivinepaTypbi HaHeceHbi Ha flnarpaMiviy, HCXOAH I O cpeflHeň BC-
ni'iHMHbi flaBneHMK B 6,2—6,5 KÔap. 

riojiyMeHHbie BecbMa BbicoKwe napaivieTpw ivieTaMopcpM3Ma no,irrBep>KAaioT-
cji flaHHHMH no coeraBy caivwix ivinHepaJiOB. TaK, HM3Kaa npeACJibHasi >Kcnc-
3MCTOCTb rpaHaTOB — 64—70 ° 0 (MTO cooTBeTCTByeT MarHe3iiaJibHOCTii 30— 

Ps,kb 

7 -

6 -

5 -

4 -

3 • 

2 -

I • 

1 1 I l 1 Ĺ-

500 600 700 J ' ( C 

P,1C. s. nnpa.MCTpw n TpeHfl nporpeccHBHOro MeTaiviopcpiOMa KpiicTajuii-mecKiix nopoa 
Ma.JioH OaTpw Ha ynpomeHHoň P-T «narpaMivie paBHOBeďiH MeTanejiiiTOB (K o p n K O B-

C K H H, 1979). 
rioíícnouiR: OqeHKH: 1 — no napareH63Mcy Bi + Gr + Sill + PI + Ksp 4- Q (i<pan 3epeH 
rpaHaTOB), 2 — no nape Bi + Gr (uem-p 3epcn rpaHaTOB), 3 — no nape Gr + Hrb. 
TpcHflbí MeTaMopcpn3Ma: B KpwcTaJiJiMHecKMx KOMnJieKcax: M F — Majiasi OaTpa, PI — 
ľIoBa>KCKOro MHOBua, S — Cyxn (K o p n K O B C K H n — n y T n m, 1986). 
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—36 ",o) ACMCTBMTejibHO yi<a3biBaeT na o ô m e e flaBjíeHwe ne ivieHec 6 i<6ap. 
Tai<ne MarHe3waJibHbie rpaHarbi #o CHX n o p ne o6Hapy>KHBajincb B KpwcTaji-
jiHHecKMx nopoflax # p y r n x n a c r e ň 3anaflHbix KapnaT, xapaKTepM3yK»mnxcíi 
MeHbLUMMii flaBJíeHMHMM — ne Bbíme 4 i<6ap. BbicoKoe coflep>KaHMe T i 0 2 

B ÔMOTHTax (3—4 Bee. " 0) He33BMCMMO CBMfleTejibCTByeT o BbicOKOTeivinepa-
rypnoM xapaKTepe MeTaMopcpM3M3. rioflo6H3» TMTaHMCTOCTb ranHima flJia 
CHK3A H3 nopofl BbicoKMx CTyneueň aivicpuoojiMTOBOM cpauMM (Y m a K o B a, 
1971). 

H a P-T flwarpaMMe (pne. 8) nonyqeHHbie SHaneHHH T w P s nona/jsiOT B O 6 -
nacTb CTaÔMJibHOCTM CMjiJiMMaHMTa, 3a nperjejibi noun ycTOw^MBOCTM MycKO-
BMxa e KBapueivi npw P U D = 0,5 P s (JIHHMH M U -f- K s p - j- Als + Q), n n p a s e e 

JIMHMM rpaHMTHOrO JIMKBM^yCa, TO eCTb B OÔJiaCTb CymeCTBOBaHMH aHaTeKTO-
HflHbix rpaHHTHbix pacnjiaBOB. 3 T O cOBnar^aeT c reojiorwHecKMMM n n a p a r e -
HeTMMecKMMM Ha6jiH3AeHM5iMM. /],eMCTBMTejibHO, B rHewcax Majiofi OaTpw 
CTaÔMJieH CMJiJiHMaHMT M BbicoKOTeMnepsTypHbiň napareHesMc Sill -f- K s p , 
Torrj,a i<ai< nepBMMHwii MeTaMopcpMqeCKMM MycKOBMT JIM6O Booôme Heyc-
TOMMMB, JIM6O CTaOwjibHOCTb ero Kpairae orpaHwqeHa. THeňcbi MHTeHCMBHo 
MnrMaTM3wpoBaHbi, Hacbim,eHbi 6onbiiiMM KOJiMHecTBOM aHaTeKTOMflHbix rpa-
HMTHblX M TOIiaJIMTOBblX 14 H T. e K li, MM, >KMJI M npOJKHJIKOB, HTO yi<a3bIB3eT Ha 
BbicoKyio CTencHb qacraHHOro njiaBJíeHMH nopofl. riooTOMy nojiyqeHHbie BH-
coKľie P-T napaMCTpbi MeTaMopcbw3Ma KpucTaJuiimecKHx TOJIIU, Majioň OaT-
pw, OTHOceHHbix HaiviM K cMJiJiMMaHMT-ÔMOTMT-KajiMiunaTOBOM cyôcbaiiMM, 
npCflCT3BJIH10TCH BHOJIHe flOCTOBepHbIMM. 

OnpeflejicHMa TeMnepaTypu KpMCTajiJiM3aî MM iieHTpaiibHbix qacTeň 3epcH 
rpaHaTOB H3 rHewcOB flanw ropa3flo 6ojiee HM3KMC 3HaqeHMH — 576 M 628 °C 
(xaĎJi. 3). rio3TOMy, no aHaj ionw c oômenpMHHTOM TpaKTOBKOň CTpoeHMH 
i'paHaTOBbix 3epeH M3 cperj,HeTeMnepaTypHbix nopofl, MM pacciviaTpnBaeM 
paBHOBecMH B neHTpa^bHbix nacrxx rpaHaTOB I O K penuKTOBbie OT paHHwx, 
6ojiee HM3KOTeMnepaTypHbix 30H. O A H 3 K O ecjii-i B rpaHaTax H3 cpeflHeTeMne-
paxypubix nopofl nporpeccMBiiaa 30HanbiiocTb Bbipa>KaeTCíi B TOM, MTO a/;pa 
KpiiCTajinoB HMeiOT 6onee >KCJie3ncTbiň w MapraHu,eBncTbiM COCT3B M co^cp-
>i<aT pejiMKTOBbie BKJIIOHCHMÍÍ xjiopwTOMfla ii xnopMTa ( T h o m p s o n et al., 
1977) TO B BbicoKOTeMnepaTypHbix nopor;ax cjieflw nporpecďiBHOro xapaKTepa 
Kpi<icTajuiM3auHi<i cpMKCMpyiOTCH no APyroMy. Opii o6m,eM roMoreHHOM co-
CTaBe rpaHaTa, B u,eiiTpajibHbix M cpeiinnx qacTHx ero 3cpen coflep>KaTCíi 
BKJiKDqeHMH ropa3flo 6onee MarHe3naJibHoro 6noTHTa, HCM B OKpy>KaK)iiieM 
MC30CTa3iice, 3a CMCT Hero K D

M g - F c B n a p e rpaHaT-6noTMT flaiOT fljia IICHTPOB 
rpaHaTOB HM3i<ne, pejiMKTOBbie 3HaiieHHíi T. Kai< cne^yeT M3 neTporeHeTM-
qecKoň CCTKM (pne. 8), TCMiiepaTypa 628 °C, ycTaHOBJíeHnaji fljiH flflpa rpa-

IiaTa, COOTBCTCTByeT CMJIJIMMaHMT (KM3HMT) ÔMOTMT-MyCKOBMTOBOM Cy6-
cl33L(Mn, 3 576 °C — 6JIM3K3 K fl3>Ke BbicoKOTeMiiepaTypHofi rpaHML(e craBpo-
JIHTOBOM cpaui-iH. PeajibHOCTb 3Toro naruHAHo noflTBep>Kfl3CTCH ycToňqM-
BOCTbíO eflMHimHblX peJIMKTOB CT3BP0JIMT3 B nH3rH0KJia3e, r^e CTaBpOJIMT 
COXpaHHeTCH nOTOMy, MTO HC KOHTaKTIipyCT C KB3pU,CM I'I MyCKOBHTOM, 33 
CMCT Hero OH OCT3CTC5I ycTOwqMBbíM npw TCMnepsTypax, necKOUbKO npeBbi-
ujaiomMX ycjiOBMH pcaKUMň St -(- M u + Q = Bi + Als + G r -(- H 2 0 . J\py-
niM Ba>KiibiM cbaKTopoM ero coxpaHHOCTM SIBJIHCTCH nOBbímeHHoe coflep>Ka-
HHC Zn, HTO, K3K M3BCCTH0 (G U 1 d O t t Í, 1974), T3IOKC CTaOMJIH3MpyeT CT3B-
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POJIMT JIO ĎOJICC BblCOKMX T e M n e p a T y p B CpaBHCHMM C pa3HOCTHMH, HC COflCp-
jKaiUHMii Z n . 

nO-BMflMMOMy, ^aBJICHMH B yCJIOBMHX IipCJJLUeCTByiOmMX ĎOJICC HII3KOTCM-
n e p a T y p H b i x c y ô c p a i i n i í ĎWJIM TaioKe BMCOKM, M necoiviHeHHO OTBenajiii no j i io 
CTaÔMJIbHOCTM KMaHMTa. H a 3TO yK33HBaCT OMeHb BblCOKaH MarHe3M3JIbH0CTb 
( M g M g -f- F e ) Hflep rpaHaTOBbix 3 e p e H ( 3 6 % B 3 e p H e 2, TaÔJi. 1), H T O TM-
lUlHHO MCKJIKDHMTejIbHO flJlH TJiyÔMHHblX OpeOJIOB KMaHMT-CMJUIHMaHMTOBOrO 
T u n a . 

C o r n a c H O S T M M coo6pa>KeHHíiM M flaHHWM r e o T e p M o 6 a p o M e T p i i n , n a r i n a r -
paMMe p n e . 7 peKOHCTpywpoBaH P-T TpeHfl n p o r p e c c w B H o r o ivicTaMopcpľi3Ma 
KpMCTaJiJiMHMKyivia M a n o i í O a T p b i . Kai< cjie/iyeT 113 cpaBHemiH c P-T xpeH/ja-
Mii 3 0 H a j i b H o r o M6TaMOpcpi43Ma B Maj ib ix K a p n a T a x , TIoBa>KCKOM P I H O B I I S 
II CyXH ( K o p M K O B C K M M M flp., 1 9 8 4 ; K o p H K O B C K H H — ľl y T II LU, 
1986), KpMCTaJiJiMqecKwe TOJIUIM nynaHCKOM n a c r a M a n o ň O a T p b i MeTaiviop-
cpM30BaHbi B ycnoBMflx ropa3f lO 6oj ibLunx flaBJíeHww n T e M n e p a T y p , M n p e r i -
CTaBJIHlOT COÓOM OflHH M3 H a w 6 o j i e e rJiyÔMHHblX CPC30B B BapMCUHMCKOM 
KpMCTajiJiw-iecKOM cpyH/jaivieHTe 3 a n a / i H b i x K a p n a T . 
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