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IBOJIOIHUA METAMOP®U3IMA KCEHOJIMTOB B CHEHHUTAX
IIEBEKHHCKOI'O MACCHBA KMA

B.1O. Cxpnoun, T.H. Ilonsaxosa

Boporneoaccxuti zocyoapcemeerinblil yHusepcumem

MpvBeaeHbl pelynbTaTsl MHHEPASOro-NeTPorpachmueckux UCCNeA0BaHWA, NIYYeHWA ocoBeHHoCTe R BHYTPEHHErO CTPOEHNA
U WIMEHYMBOCTA XUMUYECKOrO COCTaBa MUHEpPanbHbIX hal U OLEeHKa TeMnepaTypHbIX NAPaMeTpos NpoUeccoB MuHepanoobpaao-
BAHURA B KCEHONWUTE 13 cueHuToB LLleGexnHcKkoh MHTPYauKU. YCTaHOBNEHO, YTO paccmMaTpuBaemMan MeTaMmopdUUIecKan cCuCTema Aoc-
THrana COCTORHWA JINWL YACTWMHOIO PasHOBECUA. Buigenerst Tpu cTagum meTamopduueckux npeobpasopaHuil KCEHONUTA: KOH-
TaxToBO-TepManbHbIA MeTaMopuam Nopoabl, ewe Haxo4WBLWENCA Ha 3TOW CTaAWM B Npejenax 3KIOKOHTAKTOBOro Opeona WHTpy-
anu (T=677-742 °C), axcTpemansHbiA MeTamMopdr3m KCEHONUTa B CHEHWTOBOM pacnnaee (T=780 °C), perpeccHsHble UIMEHEHHA
NP Y4ACTHA NETY4UX KOMNOHEHTOD, CPA3AHHbIE C ABTOMETAaMOPhMUIMOM WHTPYINBHbIX nopos (T=442-583 °C).

B npouecce WHTPYIMBHOTO MarMaTHima B pac-
nnas o6bl4HO MONAZAKOT (ParMeHTH BMELUAIOUIMX MO-
poA. Metamopduueckue npeobpa’oBaHHA TaKHX Kce-
HONMTOB XAPaKTEPH3YIOTCA creunduyeckumu ocoben-
HOCTAMMH, 3aKTHOYAIOIHMHKCA B UX KPaTKOBPEMEHHOCTH
N0 CPAaBHEHHIO C NPOJOMKHTENLHOCTLIO MPOLECCOB
peruodanbHoro meramopdpHiMa, a Takke B NpoTekaHuu
npy Gonee BLICOKMX, 4EM B IKIOKOHTAKTOBLIX Opeosiax
MHTPY3IWi, TemnepaTypax, npubammaroWixca k ycno-
BHAM CYLUECTBOBAHWA OKpYyxaiolero pacrnasa. B
JanbHeMIIEM KCEHONUTBI BMECTE C OKPYWQIOLWMMH HX
HHTPY3HUBHBIMH NOPOJAMH MOTFYT TNMOABEPraThCA peTpo-
rpafHbLIM NpoueccaM aBTOMETaMOp(H3Ma MPHU YYaCTHH
METYYHX KOMMOHEHTOB, OTACNABIIMXCA OT pacnnaea
npH ero packpuctainusaumu. Bee aTo npenonpeaenser
MHOTOCTaAHAHOCTb (POPMHPOBAHHA, a TakXKe BO3IMOX-
Hyl0 HEpaBHOBECHOCTb Hab/loJaemblX B HHX MHHe-
palbHBIX accounauui, 4yTo B IHAYMTENBHOH CTENEHM
3aTPYAHAET BLIABIEHHE NOCNEAOBATENBHOCTH U OLIEHKY
ycnoBuit metamopduyecknx npeobpa3oBaHUi KCEHONMH-
ToB. [lo3TOMY OULEHKA (HIUKO-XMMHHECKHX YCNOBHiA
METaMopdHIMa KCEHONHTOB 8 WHTPY3IMBHBIX NOpoAax
210 HacTOALIEro BPEMEHH ABJAETCR OAHOW W3 Mano niy-
qeHHbIX U Hanbonee cnoXHbIX mMpobnem Metamopbuye-
CKO#i NIETPOJIOrHH.

B cBA3H € 3TMM B HacTOAILEH CTaThe HAa OCHOBE
H3YYEHUA MHHEPANOTHH KceHonuTa B cHeHuTax LlleGe-
KMHCKOTO MaccHea, 0COOEHHOCTER BHYTPEHHErO CTpOE-
HHA M HM3MEHYMBOCTH XHMHYECKOro COCTaBa Clarawo-
WHX ero MUHEpansHbIX (a3 KW pe3ynbTaToB MHUHEPANO-
rHyeckoi reoTEpMOMETPHH PaccMOTPEH BOMPOC O CTa-
AWAHOCTH NPOLIECCOB MHHEpPanooGpaloBaHMA W PaBHO-
BECHOCTH MHHEPAILHBIX aCCOLMALMA, BOIHHKAIOWMKX B
xoje MeTaMmopu3ma.

["'eonormyeckas no3uuus

llleGexuHckunii MaccuB pacnonoxeH B npeaenax
10ro-3anagHoi nonocbt Kypckux MarHMTHbIX aHOManyii
(KMA) B ueHTtpanuHoi uacth benropoackofi cuHxniu-

‘HaNbHOH CTPYKTyphl. [lnowane BLIXOAA HHTPY3HM Ha

3PO3HOHHYKO MNOBEPXHOCTL HokeMbpufickoro ¢yHna-
MEeHTa cocTasaseT okono 60 xm’. Maccus MMeeT W3o-
METPHYHYIO GOPMY M 30HANLHOE BHYTPEHHEE CTPOEHHE.
B ero uentpanbHoii yactu (cks. 3277) BckpbiThl Hu0-
THT- U MHKPOKJIHHCOAEPXALUHe MNOPOAbl OCHOBHOIO
coctana. K nepudepuu MHTPY3HUH 3TH MOPOAbI CMEHs-
I0TCA CHEHHTaMH, CNAralolWMH NOAaBAAIOUYH0 YacThb
niaowann maccusa. Kaxue-nubo AaHHbIE O BIAMMOOT-
HOIJEHHH CHMEHWTOB W MOpOA OCHOBHOMO COCTasa OT-
CYTCTBYIOT.

CHeHHTbl nepHepHYeCKUX HacTeil HHTPY3HMH
npeacTaBnaloT cobofi po3oBbie CpelHe- WAH KPYMHO-
3CPHUCTBIE MOPOALl C MACCHBHOM, HHOTHA TPaXHTOMI-
Ho#i TexcTypoil. I'naBHLIM Topoaoo6pasylolnM MUHE-
panoM ABJAETCA pelleT4aTHi MUKPOKNHH, 0bpasyio-
wui cybnauoMopdHeie tabnuryaTble 3epHa, coaepma-
e OGONbIIOE KOMHYECTBO NEPTHTOBLIX BblRENEHUIt
anLOnTa. B HHTEPCTHUMAX MexAy IEPHAMH MHKPOKIH-
Ha MOCTOAHHO, HO B BAPbHPYIOLUHX KOJIHYECTBaX MpH-
CYTCTBYET KBapl, B MEHbILEM KONMYECTBE — KHCIIBIH
nnaarnoknas. TeMHOUBETHbIE MHHEpaabl NPEACTABAEHLI
6MOTHTOM, poroBoii 06MaHKOH H OPTOTIHPOKCEHOM.

Mo mauueim I'.B. Aptemenko (MI'®M. r. Kues)
PaAHONOrHYECKNH BO3PacT CHEHHTOB, ONPEASNEHHBII
H3OXPOHHBIM YPAaHO-CBHHLOBLIM METOIOM MO UHPKOHY
(cks. 3270, rny6. 776,0-787,2 M) coctasnaeT 2066+14
MITH. NeT.
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Puc. 1. @parMeHT KCEHOJINTA TrpPaHAT-OHOTHT-
KBapUEeBOro OPOroBHKOBAHHOrC C/1aHUa ¢ NPoCnon-
MH KBapLIHTa. Ham. een.

B 1oxHoii kpaesoii yacTn lle6eknHckoro mac-
cHBa (ckB. 3692) B CpeQHE3ePHUCTBIX CHEHMTax NpH-
CYTCTBYHOT KCEHONMWTHl BMELLAKIHX NOpoa, pa3Mep
Haubonee KpynHOro M3 KOTOpbIX cocTabifeT okono 30
M. KceHonutel cnoweHb! OypoBaTo-TEMHO-CEPLIMH,
3ENEHOBATO-TEMHO-CEPbIMH, HHOTAa MOYTH YEPHBIMH
MENKO3IEPHUCTBIMH TMNATHHUCTBIMK WIH MACCHUBHBIMH €
PakoBHUCTHIM M3NOMOM POTOBHKAMH, a TAKKe [onocya-
THIMM OpPOrOBUKOB3AHHBIMH CNaHLUAMM CYLIECTBEHHO
OpTONMPOKCEH-GHOTHT-KBApPUEBOTO M rpaHaT-OMOTHUT-
KBapueBoro CoCcTaBa C  [pOCNOAMK  MarHeTHT-
reMaTHTOBBIX ¥ Oe3pydHbIX KBApPUMTOB..AHANHI Ha-
6nronaeMoi B KceHONUTAX acCCOHHAUWN MOPOA NO3IBOJNA-
eT CAeNaTh BbIBOJ, YTO OHN MEpBOHaYanbHO NpencTas-
nany coboii obpalopaHus KOpoOKOBCKOH CBUTBI Kyp-
CKOil CepHH.

s metanbHeiX necnenosanuA (asoBplX paBHO-
BECHUI U TEPMOMETPHUYECKHX OLEHOK METaMopHHECKHX
npeoGpa3opaHui mopoa Obin BoiOpaH pparMeHT KceHo-
JINTA, HMMEIOILIHA LWMPOKO PacNpOCTPaHEHHBIA cpeau
obpazosaHuii kopobkoBckOM CBHTBLI rpaHaT-GHOTHT-
KBapleBsIf COCTaB.

Mnunepanoro-netporpaguyeckas
XapaKTepHCTHKa

HayueHHbIfi PparMEHT KCEHONHTA MpeacTaBiIseT
cobofi Gypbifi, B OTAENbHBIX Y4acTKax MOYTH YepHbi
MIIH C 3eNeHOPaThiM OTTEHKOM MEJIKO3epPHUCThIA Tpa-
HaT-OMOTHTOBLIE OpOroOBHMKOBAHHLIA Cnaven ¢ npo-
cnoaMy ceporo 6e3pyaHoro KpapLHTa MOWHOCTLIO 0,2—
1,3 cm (puc. 1).

ManomouiHble NPOCNON KBAapLMTa HMEIOT JIHH-
30BHAHYIO ¢opmy, Gonee MolLHbIe — Pa3GUThI Nonepey-
HbIMH TpelwHHamMH U OyaHHupopansl. MukpocTpykTypa
kBapuuTa rpaHofnacrosan, TekcTypa MaccupHas. Oc-
HOBHaA Macca nopoawt (Oonee 95 % obwveM.) cnomena
H3OMETPHYHbIMM 3€PHaMH KBapla, Cpead KOTOPhLIX
NMPHUCYTCTBYIOT - MENKHE KPUCTAINHMKH TypMalHHA M
€AMHUYHLIE YelyHKH OHOTHTA U MYCKOBMTA.

OporoBrHKoBaHHbIR TpaHaT-GHOTHTOBLIA chaHel
kceHoNnTa umeeT noppupobnacTosyio cTpykTypy, ofy-
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C/IOB/IEHHYI0 NPHCYTCTBHEM MHOTOYHCIEHHBIX Kpyn-
HEIX 3€peH rpaHarta, JenHaorpaHobnacToByl0 MHKpO-
CTPYKTYPY OCHOBHOA MacChl H MOJOCHATO-MATHHCTYIO
TekcTypy- [lonocyatocte oT4eTnIHBO QHKCHpYeTCH
MaKpOCKOTIHYECKH B BHAE YepeLOBAHUA npocnoes, ofo-
raweHHbIX W obenHeHHbIX nopdupo6nacTamMu rpaxarta,
YTO OTPaXKaeT, BEPOATHO, MCXOAHYIO JIHTONOTHHECKYIO
HEOAHOPOAHOCTb TMOpOABI. [IATHHCTOCTL BLISBNAETCA
TONMLKO NPH MHKPOCKOMHYECKOM H3YYEHHH H Xapakre-
pH3YeTCA NIPUCYTCTBHMEM YHYAacTKOB C PEHKTOBON CnaH-
LeBaTOCTbIO, O0ycnomneHHoH HANHYHEM nNpeanoyTH-
TeNbHOM OpHMEHTHPOBKH uewryek OHOTHTa M nATEH ¢
XaOTH4eCKN OPHEHTHPOBAHHBIM OMOTHTOM M paBHO3ep-
HUCTBIMH MONMrOHAIBHBIMH 3€pHaMH KkBapua, o6pa3o-
BaBLIMMMCA, BEPOATHO, B PE3y/abTaTe NEpeKpHUCTANIN-
3aguH (aporopHkoBaHHsa) nopoabl. Cpean ocHOBHOW
OHOTHT-KBApLIEBOH MAcChl HAacTO BCTPEYAIOTCA HARHO-
MOP(DHBIE YMUIHHEHHO-NPHIMATHYECKHE KPMCTANIHKH
TYPM&IHH2 U €AMHHYHbIE MENKUe Nennuaodnactst Myc-
KOBHT2. PynHbie MHHepanbi MNpeaCcTaBNEHbl MarHeTH-
TOM, [EMaTHTOM M MENKHMH BBIACNEHUAMH MHpUTa,
Pa3BUBAIOILMMHCA MO NepUdepHH 3epeH MarHeTHTa.
l'panam B.-OPOroBMKOBaHHOM claHue obpalyet
xopoulo kpucrannorpaduyeckd odpopMneHHsle MAHOO-
nactel (puc. 2a) pasmepom 00 6 MM. Bce kpucTannb!
TpaHaTa okpyxeHbl Gonee nefdkoxpaTosbiMH obonouka-
MU, CIIOKEHHBIMH MPEUMYLUECTBEHHO NEPEKPHCTAMNH-
30BaHHBIMK H3OMETPHYHBIMH MONHIOHANBHBIMU 3EpHa-
MU KBaplia ¢ o6WILHOM TOHKOI! chinbio MarHeTHTa. Jna
TPaHaTOB XapakTePHO ~ HEONHOPOAHOE BHYTPEHHEe
CTPoeHHE. B UEHTpaibHBIX YACTAX KPHCTAMWIOB Habio-

JAl0TCA MHOTOYMCICHHbIE BKJIIOMEHHA MENKHUX 3epeH

KBapua, COAEPKAaHWE KOTOPLIX B KPaeBulX 30HaX
ymeHblIaeTca. Eme Gonee cnoxHblii XapakTep 3oHanb-
HOCTH NPOABJIEH B XHMHYECKOM cocTaBe rpaHara (Ta6n.
1). B uenoM pasnHuHbie 30HBI POCTa KPUCTANNA FpaHaTa
HMEIOT CYIUECTBEHHO anbMaHAMHOBLIA cocTan (Almgys.
90,9PTP5 2.6 20183 6.4.95PS0,106Adr0,0.03), U OT LEHTPa KPH-
CTanna K ero nepudepun dpukcupyerca Hebonbwoe, HO
CTaTUCTHYECKH 3HauMMoe (P>0,95) yMeHBIUEHHE KOH-
ueHTpaunn MnO. 3aKOHOMEPHOCTU HIMEHEHHA coaep-
#wauui FeO, MgO u CaO no3sonAioT BbIAENHTb B KPH-
CTanne rpaHata LUCHTPalbHYIO0 4YacTb, MPOMEXYTOYHYIO
H KpaeByl0 30HbI, B MpeAenax KOTOPLIX MO Hanpasie-
HHIO OT UeHTpa k nepudeprH HabmomaeTcA nepHoaH-
YECKOE CHHXEHHE M BO3IPAaCTAHWE KOHLEHTPALMH ITHX
KOMRNOHEHTOB (puc. 3). Takue BapWaLUMM COCTaBa rpa-
HaTa CBHIETENLCTBYET O HEOAHOKPATHOM H3IMEHEHUH
ycnosHii B npouecce GOpMHUPOBaHNA €Er0 KPHCTALNOB.
Buomum npeactasnes MHOrOMMCNEHHMIMH Ye-
wryiaTbiMK nenupobnactamu pamepom ot 0,05 no 0,3
MM, HHTEHCHBHO TMNCOXPOMPYIOLIMMH OT no4TtH Gec-
upeTHO (no Np) no ceposato-Gypoit (no Ng) okpackw.
Bce 6uOTHTBI MMeOT cylwiecTseHHo cuaepodunnuTo-
BbIA COCTaB ¢ NOAYHHEHHOR PONBLIO AHHUTOBOTO M WC-
TOHMTOBOTO MHHAIOB H KpaidHe HelHayHTenAbLHOH Aoned
¢aoromura  (Sdfses.7)9ANN g5 21 sEaSt)3 0200Phly2-60)
(tabn. 2). OaHaxo NO COOTHOWEHHIO XKENeIUCTbIX H
MarHe3uanbHbIX KOMMOHEHTOR (pHc. 4) 6HOTHTH OTHET-
NMBO pa3denAloTCA Ha ABA THNA B 3aBHCHMOCTH OT pac-
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iHa (6) B OpOroBHKOBAHHOM CllaHUle KCeHOTH-

Ta. Pomo @ NpoXodsALeM NONAPU30EaHHOM ceeme bOe3 aHanulamopa. Ha 3epwe 2paHama nokasaH npoghuns MUKPOIOHI0E8bIX

aHanu3os, npueedenHeix @ mabn. 1
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Puc. 3. Xapakrep pacnpeaeneHHs KOMNOHEHTOB B
KPHCTANNIe rPABATA. YcnoeHbie cokpalienusn: Xcp. — cped-

HeapubMemu4ecKkoe CoJdepXaHue KOMAOHeHMa, I — Koagegpu-
Yuerm Koppenayuy

T

NoNoXeHHbIX BOMN3N C HIMH MHHepanbHbiX ¢as. Hau-
Gonee vacTo BCTpevaloLWIHeca GHOTHTLI € BhICOKOI Xe-
neaucroctoio (79,3-83,2 % ar.) npHcyTCTBYIOT B OC-
HOBHO#l Macce nopoabl, okpyxaiouleli nopgpupobaactsl
rpaHaTa, a MeHee ene3uncToifi coctas (74,3-76,5 % art.)
6uoTHTel npuobperator 86AM3N 3epeH Typmanuua. Ta-
KOe MPHCYTCTBME B OPOrOBMKOBAaHHOM cnaHue OHOTH-
TOB Pa3IMMHOTO COCTaBa YKa3bIBaeT Ha TO, YTO MPH Me-

Cupepodpunant Hceronur
K,Fe Al[ALSLO.)(OH), K,Mg.AHALSiO, JtOH),
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Puc. 4. KoMnoHenTHBlit cocTap 6HOTHTOB B oporo-
BHKOB3HHOM rpaHaT-OHOTHTOBOM CaHUE KCEHONN-

Ta. YcnoeHble 0bo3naveHun. 1 — Ra yGanexuu om 3epeH myp-
Manuxa, 2 - ebnusu 3epeH mypMmanuHa

TaMOp(HIME KCEHONNTA YCNOBHR OEHCTBHTENLHOrO
MHHEpanbHONO paBHOBECHA 3aBEPLUECHHOMO Npouecca He
NOCTHFANIHCh W MOXHO FOBOPHTb, CKOPEE BCErO, MHWbL O
YaCTHYHOM PaBHOBECHH.

Typmantin kak B OpOroBHKOBAHHOM rpaHaT-
GHOTHTOBOM CNaHLe, TAK H B NPOCNOAX KBapUWTa 3aHu-
maeT okono 2 % obwvema 3THX nopon, obpasys uamo-
MOpQHLIE  YLIHHEHHO-NPU3MATHUECKHE  KPHCTALI
paamepom ot 0,04 no 0,30 MM. B Hanbonee kpynHeixX
JepHaX B CEYCHHAX, MEPNEHAHKYIAPHLIX YUTHHEHHIO,
Habnopaercs 3oHanbHOCTL (puc. 26), KoTopaa QHKcH-
pyeTcs HW3MEHEHHEM LBETOB NNCOXPOMIMA TyPMANHHA
OT cepoBaTo-ronyboBaThix B LUEHTPIbHBIX HacTAX 10
OypoBaTo-3e/IeHbIX B KpaeBblX 30HAX KpucTannos. Pe-
3yMLTaThl MMKPO3OHAOBOrO aHATM3a NO NpodHI0 yepel
TaKoe 30HaNbHOE 3epHO (Tabn. 3) He BLIABWIH PaiNHYHA
B COAEPXAHHWM AHANTHIUPYEMBLIX KOMIOHEHTOB B €ro
LIeHTPaNbHON W KpacBoR 30HaxX, YTO NO3RONAET MpeaAno-
naraTh B JAHHOM Clyyae BAMAHME HA 1iBETa MNEOXPO-
HWIMa TYPManHHa Kakux-nHOo 3neMeHTOB-NpHMecer.
TypManuHbl 8 KBapLUTOBbLIX NPOCAOSX OTAHYAOTCH OT
TypManHHOB OpOroBMKOBAaHHOTO rpaHaT-6HOTHTOBOFO
cnaHua Oonee HU3KOM KOHUEHTpauuerd SiO; W nosbl-
weHdem cogepanneMm Al,O;. BoaMoxHO, 4TO BbIfAB-
NEeHHOE pa3nM4yHe B COCTAaBE TYPMAIHHOB CBA3aHO C
NPUCYTCTBHEM B OPOTOBHKOBAHOM CAaHLE TaKOH BbICO-

107



"BBONHOHOY 'H'H NNUWNUBHE
‘WO X8QBLIBD ETOWBENLUBHBOUNN WOHIUBALINELD-OHB2WHED BH HYJ XQIJ © ISHOHUOUIE 'p=| "UQRW B SI9HHEPIBNDU 'BOLRUSHNI ISENUEHE GNNDORANNX 899 8nHEnanNdL)

o 2.

Becmn. Boponexc. yu-ma. eonozun. 2003.

. 0 . ' Sog . ‘ . . . . . oy ‘ . B . ‘ . . 1e o,
L'T6 | 676 | 676 | 1'E6 | 1'€6 | I'C6 | £'c6 | £'¢c6 | v'e6 | 1't6 | 86 | 8T6 | S'76 | L't6 | 626 | 1'6 | 526 | 826 | 876 | 7 €6 | -@pn tm_..%r._
00 00 0 1'0 0°0 0°0 00 70 0 0'0 0°0 Z'0 €0 | 10 1'0 0 1’0 00 0'0 0'0 apv
€0 0 |[-¢'0 X #'0 $'0 £0 9'0 ¥°0 €0 €0 z'0 £0 $'0 €0 £0 ‘o £0 £0 £0 sdg
v'y 6't L'y L'y §'t 8’y 9'¢ t'v b'p Sy 8y 9'y L'y v'y £y b'b 'y 0'v o't 8't $10)
L's §°S L's $'S £'s P'S TS +'s £'c £'s L's 6'S 9 6'S LS 9'c 0'9 LS 9'C £'c dig
968 [ 1'68 | 068 | T68 | S06 | ¥68 | 606 | v68 | L'68 | 668 | 68 i'68 [ ¢'88 [ 768 | v'68 | c68 | L'68 | 006 | 106 | 906 wyy
] AUon e\o ‘gelI0d E.m:._._._u_._o_._s_ov_
00'c | 66'C | S6'T | 86'T [ 66'T | 00'C | 86'T | L6'C | 96'T | o't | L6'T | S6'T | €6'T | L6'T | 86T | v6'T | S6T | V6T | L6T | ¥6T ma
91° | 81°0 [ £1'0 | 210 | #1°0 | 810 | €10 | L1'o [ 910 | zto | 210 [ £1'0 | Z1'0 | 910 | 910 | 910 | sto [ v10 | v10 | £10 ")
120 | oz'0 { oz'0o | oz'0 [ oz'0 | 610 | 610 | 61'0 | 61°0 | oz'0 | oz 1Z°0 120 1Iz°0 | oz'0 [ 0T'0 120 | 0Z'0 | oz'o | 61 "SI
100 | zo'o | 10'0 | To'0o | 10°0 [ zo'o | 100 | zo'o | zo'o 10°0 10°0 [ 100 | 100 | 10°0 | To'0o | 100 | o000 [ 100 | 10°0 [ 100 U
7297 | 66T | tsT [ esT | v9T | 197 | 69T | 65 | 6sT | ¥9°T | 65T | 95C | vST | 65C | 09¢C | 45T | 65C | 65T | 29Z | 19¢ w22
00'T | 66'T | ¥0O‘T | €0'T | 00T | 66'1 10T | T0'T | v0'T | L6'l | €0'T | 90'C | 90'C | €0z | vo'z | Loz | pO‘T | 00T | zo'T | 10T A4
000 | 000 | 00 | 00 | o000 | 000 | o000 | 800 | 800 | o000 100 [ 600 | Z1'0 [ so'c | so'0 | ot'0 | 90'0 | 000 | 000 | oO‘C d
000 | oo'0o [ oo0 [ oo'c | oo'c [ oo'0 | oo'c { oo | o0'c [ o000 | o000 [ 000 | 000 | 00'0 | 00C | 000 | 000 | 000 | 000 | 000 1
00T | 661 | 96'1 | 661 | 00'T | 66°I 107 | v6'1 | 961 | L6°1 0T | L6 | ¥6'1 86'l | £6'1 | 61 | 86'1 | 00T { 20T | 10% v
00'c | €0't [ 00'c | 00'¢c | 00'¢c | 10'c | 10'C | oo't | oo'¢ | zo't | o0t | oo't { 00'c | oo'c [ oo'c | 00°€ | oot | SO | 00E | PO AT
000 | 00'0 | v0'0 | €0'0 | 00'0 | 000 | oo'c | €00 | ¥0'0 | oo'0 | €o'0 | coo | Loo | €00 | €00 | 900 | ¥00 | 00'C | 000 | 000 v
00t | €0'c | 96T | L6 | oo0'c | 10°¢ | 10 | L6 | 96T | <0t | L6T | €6C | €62 | L6C | L6C | ¥6T | 96Z | SOt | oot | vOE IS
_,O HOHOMHE Z[ BH 312hJ2d3L & HOHOHLEN 081DIhMUO) _
$9'86 | 9066 | 11°66 | ST'86 | £2°66 | LS66 | vL'86 | 9L'86 | 9£'86 | 68°86 | 96'86 | 96'86 | 6v'86 | ¢1°66 | L8°86 | 99'86 | 98'86 | ¥9'86 | 0766 | 08°86 BWWAD
6L'1 107 | 96'1 | ¥6'1 | 8s't [ ooT [ zs't | 81 [ w81 | 281 [ 961 [ 061 | L6T | s8°1 | 081 | €81 AN EIREIEES oed
89°1 191 | 99°1 | 86'1 | 091 | 65’1 | s¢1 [ 281 [ 2y 651 ¢9'l | 891 [ w1 | €1 | 9971 190 | sct | ¢9°1 | £91 | #5°I 03
810 | st'o | 810 [ sz'0 | oz'0o | €20 [ 910 [ 620 [ vz0 | 610 | ci'0 [ zi'0 | 91°0. | 610 | €20 | v10 | ¥00 | ¥10 | st0 | 10 OuW
96'LE | sL're | so8e | €6'Le | 958 | 1T°8€ | Sv'8€ | 9.°8¢ | Ls'8E | ZEBE | €8°LE | 9S°BE | TSBE | 1V BE | 8V 8E | SOBE | PSSE | COLE | 178E | L8LE 0°d
190z | 950z | 1.0z | 690z [ z0T | 890z | z9'0z | 1€'0z | 050z | £20Z | 81°12 | 96'0Z | LS°0Z | 1L°0Z | 19°0T | S80C | L8OZ | 09°0Z | 680Z | vL 0T 'Ol
900 | 00 | 900 [ v0'0 | 900 | 200 | v0'0 | 00 | £0'0 | €00 | £00 | ¥0°0 | ¥00 | €00 | £00 | 000 | 000 | 000 | SO0 | SO0 ‘oL
LE'9E | €8°9 | 66°CE [ T8'SE | IS9€ | 6L°9€ | Ob'9€ | 16°SE [ 99°Se [ 2979t [ Z1°9€ | 89°SE | 6b°SE | 0T'9€ { 90°9€ | 8BS SE | S6'SE | IOLE | 099 | 169¢ ols
0Z-HO | 61-MD [ BI-MO [ LI-UD [9I-UD [ SI-UD | ¢[-UD [ €1-UD | ZI-UD [ I1-UD [ 0I-WD | 6-HD [ 8-uO | L-uD [ 9-un [ ¢-u0 | p-uO | ¢-uD | Z-uD | [-HD | ecnueHe oy
srireLondy divon WAN (f £2dah 9rudodu enredhdy yedy EHDHEO] |
1°128/969¢ eneedgo sN

] enmrge ],

ereneds 19rdiwdod auMdIahHIWHXOUTrBRLOHAN H SBLIOD HHMIIhHWHUY

108



Munepanozua, nempozpaghusi, nemponozus

. ‘ . ) ] + . . L . & . Y . [} e axu
7'e8 I'e8 8'78 £6L 1'e8 7'c8 908 808 z'o8 6'18 €08 6'6L (72 S‘9L B'SL (BI+o4)d
4 't '€ 7's 6'€ 97 A3 ¢ bt 7't 9'p 33 LS b'S 0'9 ud
£91 S'LI 1°61 L6l 681 8Tl Cel Lyl 8Ll 00l L'81 g1z $'9l gLl 681 vuy
S'¢l 4l I'p] 9'C1 0°¢l Z'rl 7’91 LSl &l 6°SI 1'S1 9pi 007 181 ATl el
0°LY 9'¢9 L'L9 $°6S AL A 1°L9 1'99 v'79 6'1L 9’19 8¢ g'LS 0°6¢ 6'9S JpS

“AUON o4 '24B1202 HITHLHOHOUWOY
r0'l S0'I €0°] $0'1 £0°1 701 101 86'0 101 060 00'1 10°1 r0'l 101 70'1 wa <
£0°1 $0°1 T0°l 10°1 10°] 101 10°1 96°0 001 68°0 660 00°l 70' 00°l 001 A
10'0 10°0 00°0 70'0 10°0 10°0 00°0 100 10°0 10'0 000 10°0 20'0 100 70°0 BN
000 00°0 100 700 10'0 000 00°0 10°0 00°0 00°0 100 000 00'0 00'0 000 2D
96'T 96'7 L6'T 96'T 867 96'T L6'T £0'€ 00'c In'e 00°c 66'T L6'T 867 86°T wHZ
SE'0 90 9t'0 S0 LEOQ X0 170 o vr'0 0F'0 €70 §H'0 €5'0 €0 £5°0 an
00'0 100 00°0 00'0 00'0 00°0 00°0 00'0 000 00°0 00°0 00°0 00'0 00°0 000 U
2 vL'l pL'l L] 6L°1 pL'l L'l 0L 9L’} 08°l oLl LL'1 86°1 ¢9°l £9°l «od
Zl'o Z1'o Z1'o ZI0 Z1'0 11°0 010 01'0 010 01°0 110 010 Z1'0 €1°0 £1'0 1L
SL'0 £L°0 ¢L'0 89'0 0L'0 9L'0 vL'0 €L'0 0L0 18°0 0L0 L9'0 L0 69°0 L90 N
00'y 00'r 00'r 00'F 00y 00'y 00' 00'v 00‘p 00't 00'y 00'r 00'v 00'r 00‘¥ PRt kd
N ' 80°1 £1°] N po'l v0'1 60’1 60'1 ¥0°l el L1l £l 0r'l 11 alV
68°C 68'C 767 L8T 68'C 96T 96'C 16°C 16'C 96'T L8°T £8°C L8'7 067 68T 1S
.nO HOHOHHE | | BH 215h03dall a soHOHIeH 0HLIILHIOY
76'86 6066 $v'66 6b'66 90'66 97'86 L9'66 80°66 9£'86 LT'86 1001 | S1°001 | 6996 vEL6 zI'86 BAWAD
20'0 £0°0 000 £0°0 £0'0 000 20'0 00 L00 £0°0 £0°0 $0°0 L0'0 000 00°0 S
LT'o 0t'0 vZ'0 (X4 0¢°0 £€'0 vZ'0 0€0 vZ'0 vZ'0 v7°0 LZ'0 LZ0 €z'0 970 )
700 Z0'0 000 £0'0 000 £0°0 20'0 00 90°0 00°'0 K 120 0Z'0 800 vE0 d
1Z°01 001 0T°0l v1'01 00°01 1001 0201 ¥5'6 166 vL'8 §6'6 z1ol §0'01 166 68'6 o
£0'0 £0°0 00'0 01°0 €0'0 80'0 £0'0 b0'0 90°0 £0°0 000 80°0 P10 L00 £1°0 O'eN
¥0'0 £0°0 10 92°0 L00 ¥0°0 £0'0 900 00°0 000 71°0 700 000 70°0 $0'0 0®)
00'¢ bO'€ 01°¢ 98°¢ 11'¢ 86'T LS'E B¢t A LEE. £L'E 98°t 65y 0ty 8’y 0N
$0°0 L00 £0'0 £0'0 90°0 200 900 000 100 000 £0°0 10°0 £0'0 10°0 v0'0 OuUn
p$9T BS'9T 0992 62°9C LT'LT 62'9C 0r'9T 08'9C ¥9'9C |  0T'LT 9[°LT TE'LT 0L'ET 16'vT y0'ST 03d
1007 6861 8L°61 L9'61 6v'61 9Z°61 LEG] (861 61°61 LL6I 8661 €0'07 §9°61 6161 9061 ‘oYY
00°C 00T £0'C 00T 20T 26'l 'L §L'I 1Ll . 09'1 78°l 0Ll v6°l £1'C vZ'T o
TL'9E 0L°9¢ 0f'LE 98'9¢ 99'9¢ 0£'LE 86'LE €O'LE LL'9E 6T'LE §6°9¢ 9r'9¢ $0'9¢ 9p'9f 09'9¢ 018
vT-1d £7d g 1Z-d 074 61-19 81-1€] L1-d 9i-d | S17d .| vrid £1-19 £-1d d 1.9 BEHIRHE o\
BHHIRWAAL HOdIE 10 HMHALRTA g eHUIreWdAL HWeHdaE 9 Kenrgg | snHaxorouolaajp]
“1°128/269¢ Eneedgo N
801LH10HQ 1rAnwdod anxdsnuuwnxovreLdnds n aeLdo0d HHMIIhHIWHY
7 EnHirge ] :

109



Becmun. Boponexc. yi-ma. ['eonozun. 2003. Ne 2.

Tabaunua 3
XHMHYecKHii COCTAB H KPUCTANIOXHMHYECKHE GOPMYALT TYPMAHHA
Nz obpasua 3692/821,1
TMopoaa Ksapuur ['paHaT-OHOTHTOBBIH OpPOrOBHKOBAHHBIA CllaHel
[Toanums IEPHO 3EPHO aepHo | kpah LUeHTp JepHa ° Kpati
Ne ananmaa Tur-5(3) | Tur-6(3) [ Tur-9(3) | Tur-4(4) | Tur-5(4) | Tur-6(4) | Tur-7(4) | Tur-8(4) [ Tur-9(4)
Si0, 34,43 34,84 33.89 36,84 36,75 316.43 37.53 36,68 317.90
Ti0, 0,07 0,12 0.06 0,87 0,97 0,89 0,74 0,63 0,81
Al O, 34,38 34,93 34,09 30,87 32,11 32,01 32,20 324] 32.11
FeO 11,18 10,64 11,20 10,17 10,01 9,94 10,24 9,52 10,16
MnO 0,01 0,04 0,00 0,00 0,05 0,05 0,03 0,03 (.00
MgO 3,22 3,58 3,04 3,30 3,31 1,41 3,22 3,01 331
Ca0 1,81 1,41 1,34 1,47 1,96 1,52 1,37 1,39 1.47
Na,O 0,66 1,10 0,88 1,17 1,09 1,22 1,08 1,12 1,15
K,;0 0,07 0,12 0,09 0,07 0,06 0,06 0,06 0,05 0,07
B,0,* 10,33 10,47 10,20 10,12 10,27 10,23 10,36 10,18 10.40
F 0,00 0,04 0.12 0,04 0,20 0,04 0,21 0,14 0.11
Cl 0,01 0,00 0,00 0.00 0.00 0,00 0,00 0,01 0,01
S 0,02 0,00 0,01 0,02 0,03 0,01 0,00 0,00 0,00
Cymma 96,19 97,29 94,92 94,94 96,81 95,81 97,04 95,17 97.50
QPopMyNbHBIE KONHYECTBA B NepecHeTe Ha |5 katnoHos (Hckmodan B, K, Na, Ca)
B 3,00 3,00 3,00 3,00 3,00 3,00 3.00 3,00 3,00
Si 5,79 5,78 5.78 6,33 6.22 6,19 6,30 6.26 6,33
A" 0,21 0,22 0,22 0.00 0,00 0,00 0,00 0,00 0,00
Si+AI" 6,00 6.00 6.00 6.33 6,22 6.19 6.30 6,26 6.33
Al(Z) 6,00 6,00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
A" 061 | 06] 0.63 0.25 0,40 0.41 037 0,52 0.32
Ti 0.01 0,01 0.01 0,11 0,12 0.11 0,09 0,08 0,10
Fe* - 1,57 1,48 1.60 1,46 1,42 141 | 144 1,36 1,42
Mn 0,00 0,01 0,00 0,00 0,01 0,01 0,00 0,00 0.00
Mg 0,81 088 [ 0,77 0,85 0,83 0,86 .0.80 0,77 0,82
Y 3,00 3,00 3.00 2,67 2,78 2,81 2,70 2, 2.67
Ca 0,33 0,25 0,24 0,27 0,35 0,28 0.25 0,25 0.26
Na 0,22 0,35 0,29 0,39 0,36 0,40 0.35 0,37 0.37
K 0,02 0,03 0,02 0,02 0,01 0.01 0,01 0,01 0.0l
paxancus X 0,44 0.37 0,44 0,32 0,28 0,31 0,39 0,36 0.35
refierkel 1 661 | 625 | 674 | 634 | 629 | 621 | 641 | 640 | 633

* - codepxative 8,0; paccyumaHo no CIMexuoMempul.

KOrJIMHO3EMHCTOR (pa3bl, Kak rpaHaT, a €ro OTCYTCTBHE
B KBApLHMTOBBIX MPOCNOAX H 0OYCNOBHRO MpPEAnOYTH-
TENbHOE BXOXACHHE ANOMHHHUA B CTPYKTYPY TypManu-
Ha.

Myckosum BCTpeyaeTcA KaKk B OPOroBMKOBaM-
HOM C/dHlE, TaK U B KBApUMTOBLIX NPOCNOAX B BHAE
EAHHUYHBIX MENKHX nenHaobnact pasmepom ot 0,02 no
0,15 mm. Ero xomnoneuTHelft coctas (1abn. 4) xapak-
TEPH3YETCA BapbHUPYIOIWM COfepKaHHeM (EeHTHTOBOrO
MHHANa ¥ HU3KoH nonei naparoHuTa (Msgs .96 0Phn,
13.2P80.3-2.0)-

MyCKOBHT #ABNSETCA LIMPOKO PacnpoCTpaHeH-
HLIM MHHEPANOM B MOPOAAX, MeTaMop(H30BaHHBIX B
YCNOBUAX HH3KHX H YMEDEHHbIX Temnepatyp. OaHako
ero cTabWwibHOCTh B TEMNEPATYPHBIX YCNOBHAX Cylle-
CTBOBAHMA MArMaTHYECKUX pPacniaBoB BOIMONKHA JIKLIL
Npu o4YyeHb 6ONbLIWIOM [ABAEHHH BOAbI, IHAYHTENBHO
MPeBBILAKOIIEM HMEIOLYIOCA B HACTOAILEE BPEMA
OLEHKY BennynHbl obuero naenexus (2,1 kbap) 8 Kou-
TAaKTOBLIX OpEO/laX PaHHENpPOTEPOIOHCKHX WHTPYIHi

110

KMA [1]. 310 naet ocHoBaHHS fpeanonarate, 4To Kpu
CTAINMIALUMA HAbMONAEMOro MYCKOBMTAa MPOHCXOAHI:
YA€ Ha perpecCHBHOA CTafMU MeTaMopduimMa KCeHoMH
Ta.

Takum o6pajoM, MHHepanoro-netporpadmsec
KHE HCCrefoBaHUsA CBUIETENLCTBYIOT O (JOPMHPOBaHHI
B pely/ibTaTe MeTaMopdHIMa KCeHONUTa MUHEpanbHOI
accounaumu, BKntoyaroueii 8 cebd keapu, 6MOTHT, anb
MaHOWHOBBIA rPaHaT, TYPMaNHH, MYCKOBHT, MarHeTHT
réeMaTtuT W NUPHT. BbiaBneHHbIEe BapHaLUHK coaepKaHH!
pAda NeTporeHHbix koMmoueHtos (MnO, CaO, MgO) |
Pa3sNMYHBIX 30HAX POCTa KPHCTAMIOB rpaHaTa yKasbl
BAOT Ha HEONHOKDATHOCTL SIPOTEKAHMR W MepHOAnME
CKOE H3IMEHEHHe yCnoBHA meTamopHueckux npeobpa
J0BaHHWII KCEHONMTa, a Habmopaemble NPH 3TOM 3aKO
HOMEpHble BapHalMH cocTapa GMOTHTAa B 3aBHCHMOCTI
OT pacnonoXeHHulX BO6AH3IM ¢ HUM MHHEpPanoB ceuae
TENLCTBYIOT O NOCTHKEHMH paccMaTpuBaeMoi MeETa
MOpDHUECKOR CHCTEMON NNIWL COCTOAHHA YACTHUHONN
PaBHOBECHA.
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Tadnuua 4

XuMHyecKHi cocTaB H KPHCTANI0XHMHYECKHE

GopMYNEI MYCKOBUTA

No pbpasua 3692/821,1
No ananuia Ms-10 Ms-11 Ms-12
Si0, 52,08 5132 51,12
TiO, 0,00 0,00 0,00
AlLO; 33,45 35,06 34,48
FeO 2,31 1,51 1,38
MnO 0,00 0,04 0,02
MgO 0,14 0,20- 0,10
Ca0 0,135 0,05 0,85
Na,O 0,08 0,02 0,14
K,O 10,53 11,24 10,14
F 0,04 0,02 0,00
Cl 0,03 0,00 0,02
S 0,02 0,02 0,03
Cymma 98 83 9948 98,28
KonnuecTeo KaTHONWOB B Nepecyete Ka 11 anuoHos O
Si 3,40 3,31 3,34
Al"Y 0.60 0,69 0,66
ER" 4,00 4,00 4,00
AlY 1,96 1,97 1.99
- Ti 0,00 0,00 0.00
Fe*’ 0,13 0.08 0,08
Mn- 0,00 0,00 0,00
Mg 0,01 0,02 0,01
IR" 2,10 2,07 2,08
Ca 0,01 0,00 0.06
Na 0,01 0,00 0,02
K 0,88 0.92 0,85
IRV 10,90 0,92 0,93
KoMMIoHEeNTHBIH cocTas, Yo MOAb. '
Ms 85,7 90,0 96,9
Phn 13,2 9,7 1.1
Pg 11 0.3 2,0

TemneparypHEIe YCIOBHS M 3BOJIOLIMA

meTamopduiMa

IOna OueHKH TeMNepaTypHbIX YCMOBHA MeTa-
MOp(jHIMa KCEHONWTa HCMOMb3OBANMChL rpaHar-6HOTH-
ToBbIA [2], OHOTHT-TYPMANHHOBBLIA H OHOTHT-MYCKO-
BUTOBLIH [3] reorepmomeTphl. Tak Kak MuHepaloro-
nerporpadHyecKHe MCCNENOBAHHA KCEHOJIHTA Moka3bl-
BAIOT, 4TO paccMaTpuBaeMan MeTamopdHieckas cucTe-
Ma JOCTHraNa JMMb COCTOSHWUA 4acTHYHOrO paBHOBE-
CHA, TO BOIMOXHbLI CHUCTEMATHYECKHE OTKIIOHEHHA Io-
NyqYEeHHBIX PACYETHBIX 3HAYEHHH TEMIEPATYP OT HCTHH-
HbiX TEMMEPaTYpPHbIX NapaMeTpoB [pPOLIECCOB METa-
mMopdoreHHoro MuHepanooGpaszoBaHHi. OAHAKO OTHO-
CHTE/IbHbIE TEHAECHLUUH WIMEHEHWA TEMIEpaTypbl B XO-
ne wmetamopginieckux npeobpazosannii nNpu  3TOM
AOJDKHBI COXPAHATBLCA.

Haubonee BbicokHe 3IHauyeHMA TeMnepatyp no-
y4YeHbl ANA ACCOUMAUHH TPAHAT-BbICOKOMENEINCTHIA
OMoTHT. [INA pa3lvMHBIX Nap aHaNM3IoB ITHX MHHepa-

4760

-4 750

4740
730 4 730
720 720
710 710
700 700
690 690

003 009 015 021 027 033 039 045 051 057 mm
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Puc. 5. TemnepaTypHbie yc/10BHA KPHCTANJIHIAUHH

Pa3NHYHLIX 30H POCTAa HAHOONACT rpaHaTa. Cmaduu: |
— MmepMansHbii MemamMop@uIM @ KOHMaKMosoOM OPEoNe UH-
mpysud, Il - Memamopguyeckue npeobpa’iveaHus KCEHONUMA
8 cueHumoegom pacnnaee, il - pezpeccuenbie UIMEHeHUR Npu
asmoMemamopghu3Me UHMPy3ugHLIX MOPoJ

noB OHM BapsHpYHOT OT 652 no 750 °C. [1pu 3TOM B Ha-
NPaBNEeHHH OT LEHTPa K nepH(epHH KpUCTANIa rpaHaTa
MOXHO BbIACAHTL TPH 30Hbl, XapaKTepU3YIOLIHECH Pa3-
NHYHbIMH, HEOONBLIUMMH MO 3HAYEHHIO, HO CTATHCTHYE-
Ckd 3HayuMmbiMH (P=0,95), TeHReHUMAMH HIMEHEHMA
TeMIepaTyphl: LEHTPaNbHYIQ, B Npefenax KOTOpPOA Ha-
6monaetca ee cHuxeHue ot 715 no 688 °C, npomexy-
TOYHYIO, A1 KOTOPOi XapakTepHO BO3pacTaHye TeMIie-
patypsi ao 723 °C, W kpaeByto ¢ MaeHHeM TeMNepaTty-
pel Ao 692 °C (puc. 5). :

CHiXeHHE TeEMMEpaTypLl B KPacBOA 30HE rpaHa-
Ta 00ycnoBneHo, BEPOATHO, 3aTyXaHWEM MarmaTHye-
CKOro mpouecca, KpUcTaiaulalHeid OKpYKalOLIEro cHe-
HUTOBOro pacnnasa LlleGeknHckoA MHTPY3HMH W npoAs-
JICHHEM PeTPOrpagHOro MeTamMoppHIMa B KCEHOJMTE.
[ToaToMy noyYeHHble MAaKCHMaNbHble OLEHKH Temmne-
paTypbl XPHCTalNM3alliH TpaHaTa, BEPOATHEE BCEro,
HHIKE HMCTHHHBIX 3HaYeHWA TEMNEpaTypHbIX YCIOBHH
nuKa MeTaMopdindyeckux npeobpa3oBaHuUi KCEHONHTA.
Cyas No TeHAEHUWH WU3IMEHEHHA TEMIMEPATYpPHLIX OL€-
HOK npH GOPMHUPOBaHHH NMPOMEXYTOYHOM 30HLI FpaHa-
Ta, OHW gocTHrau He mebee 780 °C. [Mo Bcel BHAUMO-
CTH, MUK MeTaMOpdHUYeCKHX Mpeobpa3oBaHMil KCEHOIH-
Ta CBA3AH € €ero MomajaHdeM B CHEHWTOBBLIA pacnnas
IlleGexuHckoi WHTPY3MH. B Takom ciaydae MOXKHO
NpeanookUTb, YTO JAPOXAEHUE rpaHara W pocT ero
LUEHTPANbHOA 4acTH MPOHCXOAMNKH B YCNOBHAX Tep-
ManLHOro MeTamMopduiMa noOpolbl KCEHOMMTA, eule
HaXoOAMBLUEHCA HA 3TOH CTaaHW B Mpeaenax 3IKIOKOH-
TAKTOBOro oOpeona HMHTPYy3Ind. OpHaxko Hadawonaemoe
CHH)KEHHE TEMIepaTypsl KpPHCTANNH3AUMH TIpaHaTa B
HanpaBNEHUW OT UEHTPA K TPOMEXYTOYHONH 30HE 10-
BOJILHO HeoOBIYHO W Bpoae Ob! HE COrNacyeTcs ¢ OXH-
A2eMbIM MOHOTOHHBIM POCTOM TEMNEPATYPEl OT YCNO-
BHI1 KOHTAKTOBO-TEPMaNbHOro MeTamoptu3ma k npe-

I
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Tabanua 5
OueHxH TeMnepaTyp paMIHUHBIX cTaARI MeTamoppHYecKHX NpeofpaloBaHNil KCEHONHTA
I'eorepmomeTphl
Cranun meramopduama* I'panar-GHOTHTOBBIA BHOTHT-TYPMANHHOBLIA BHOTHT-MyCKOBHTOBEIT
Tcp_. Tmin 1m TcL Tm_ln Tnn Tcg. T-i- T..“
Ia 715+15 | 677 742 - - - - - -
16 688+14 | 652 713 - - - - - —
Il 723%15 683 750 - - - - - -
1! 692+14 | 655 717 52716 506 548 507+15 442 583

* — emaduu memamophuIMa cM. puc. 5.

Plﬁlll.’ I{ﬁap

L) o

400 500 600 700 T, °C

Pue. 6. IkcnepumenTanLuLIe U pacyeTHbIE KPHBLIE
pacmana MycKOBHT2 B MPHCYTCTBHM KBapuUa npH
Pa3x Y HbIX COOTHOWEHHAX Py, 1 Pyyo H paBuoBe-

cusi B cucTeme And — Ky — Sil [ro 4 ¢ vamenenunnmn|.
YcnogHeie 0603HaYEHUR: 1-3 — MOHOBAPUAHITIHLI® NIUHUL pe-
axyuU pasfoXeHus MyCcKOBUMa e NMpucymcmeuu xkeapya: 1 —
no 3KCNepuMeHmMansHbiM 0aHHbIM MPU Posy, = Py [5.6]; 2 -
npu buKCUPOBAHHBIX IHAYEHUAX Pipg; 3 = Npu P =0,5u 0,8
Posw [7]; 4 — nunus nonumopgbHeix nepexodoe cunuxamoe
2nuHo3eMa U Koopduxamst mpolinod movku no [8]; 5 — mem-
nepamypHsie oueHKu bumuHepanbHLIX DagHOBECUld @ KCeHO-
nume lebexuHckoz0 Maccuea

00pa30BaHiio (hparMeHTOB BMELLAKOWIMX NOPOd B Mar-
MaTH4YeCKOM pacrutape. Takoe HECOOTBETCTBHE MOMET
6bITh 06BACHEHO TEM, YTO NPH NONANAHMH KCEHONHTA B
CHEHUTOBLIA PacnnaB pe3Koe yBeIHYEHHE TEMIIEPaTypbl
AONKHO 6bITO NPHBECTH K BO3PACTAHUIO MarHe3Haihb-
HOCTH KpaeBbIX 30H rpaHaTa 3a cyer oOMeHa KoMIio-
HEHTaMHU MeEXIY HPM H OKPYXalIUMMH HKeneio-
MarHesHanbHeIMH asamu. OnHako B ycnosuax nedw-
LMTa NOCNCAHHX, O YEM CBHAETENLCTBYET TPHCYTCTBHE
BOKpYr 3€pE€H rpaHaTa NeAKOKpaTOBBIX KafM, MpaKTu-
YeckH He comepxkawnx GuorHTa, ycTaHoBneHue thaso-
BOTO paBHOBecHA ofecneydBanoch, NO Bced BHAMMO-
CTH, AudQy3ned MarHMa M3 BHYTPEHHHX vacTeli
KpucTanna.

TlonoGHan TeHNEHUMA MIMEHEHHA Temnepartyp
KPUCTANIHIAUNM B LEHTPANbHOI YacTH rpaHaTa MoeT

OuiTh 06YyC/OBNEHa Takke ABYXHMITYRbCHBIM XapakTe-
pOM HHTPY3HBHOTO npouecca npu ¢opmupopaunu Ille-
OexkHHCKOW WHTPY3HH. B 3TOM ciayyae B LeHTpanbHo#
YacTH rpaHaTa Mbl HabniogaeM peTporpagHylo 30Hafib-
HOCTb, COPMHPOBABLIYIOCA Ha ITANE OCTHIBAHHA 3KIO-
KOMTAKTOBOTO OPEONIa Ha CTAIWH IEPBOTO MMnynbca, a
BTOPOil MMMY/bC MPHBEN K B31aMbIBAHHIO MOPOJ 3K30-
KOHTaKTa, MOMajaHHIO MX B pacliaB B BHIAE KCEHONHTa
H JAOCTIDKEHIIO MHKOBLIX YCNOBHII MEeTaMOpQHYECKHX
npeobpa3opaHuii.

TemnepaTypHbie OUEHKH MO PaBHOBECHIO Typ-
MaliMHa ¢ OKpYXalolMMH ero 6onee MarseanansHbiMH
GuoTHTaMK COCTaBNAKOT B cpeaHeM 527 °C (tabn. 5).
bnuikKe 3Ha4YeHHMA TeMnepaTypbl noayuyeHol W no Guo-
THT-MYCKOSHTOBOMY reotepmomerpy (507 °C).

CornacHo CywecTBYIOWHM  IKCIIEPUMEHTANb-
HbIM W PacCY€THLIM NAKHBIM, 3 TAKKE MOJYYEHHbIM 3Ha-
YEHHAM TEMNEpaTyp, NKK meTamoppuyeckux npeobpa-
JOBAHMA KCEHOMUTA MpPEBbILIAN YCIOBUA YCTORYHBOCTH
myckobuta (puc. 6). Kpuctannulauma MyckoBuTa, Typ-
MailuHa, a Takxke Gonee MarneinansHoro 6HOTHTa npo-
HCXONHAa MPH PErpecCHBHOM HIMEHEHHH NOPOA Kce-
HONMTA, 2 MoABMEHHE Ha 3TOM cTaaHH Boasl M Gopa cBa-
33aHO, BEPOATHO, C OTAENEHHEM NETYYHX KOMIOHEHTOB
OT CHMEHHTOBOTO pacrifiasa MpH ero pacKpHCTAIAM3ALMH
W NMpOTEKaHHEM NpOLECCOB aBTOMeTaMop(dHu3Ma B no-
ponax LlleGexunckon HHTPy3mn,

Brsoar!

Pe3ynsTathl npoBegeHHbIX MUHEpanoro-neTpo-
rpafuyecknx uccnenoBanuii, MIyueHus ocoGeHHoCTell
BHYTPEHHErO CTPOEHHA M HIMEHYHBOCTH XHMHYECKOro
COCTaBa MHHepanbHLIX (a3, a Talke NONYyYEHHbIE
OUECHKH TEMMEPATYPHLIX NapaMeTpoB MPOLIECCOB MHHeE-
panoobpaloanus 8 kceHonute LlleGexuHckoit uHTpY-
3UH CBHICTENLCTBYHOT O MHOTOCTAANAHOCTH €ro MeTa-
MOP(H3IMA, TPOTEKABLIErO B LIKPOKOM AHAMNA30HE TeM-
neparyp.

3akoHoMepHOe M3IMeHeHHEe cocTaBa GHOTHTR 8
3aBUCHMOCTH OT PacnoNoeHHbIX BOAHIM € HUM MUHe-
panbHbIX $as, a TaKKe COBMECTHOE MPUCYTCTBHE B kee-
HOINTE BBICOKO- M HU3KOTEMNEPATYPHLIX MHHEpPANDb-
HBIX accouHauui (BbicoxoxenesncTsifi 6HoTHT + rpa-
HaT u Gonee MarHeawambHbli GHOTHT + TypManum +
MYCKOBHT) CBWIETENLCTBYIOT O TOM, NTO PaccMaTpH-



Munepanozun, nempocpagur, nemporozun

BacMan MeramopipHueckan CHCTEMA HOCTHrAna CocToR-
HMA NHLL YACTHYHOTO PABHOBECHA.

®opmuposanse Habmopaemoit  MHHepanbHOR
SCCOLMALIMM MPOHCXOAHNO B pe3ysbTaTe TpexX CTaluA
meTaMoppuueckux npeobpaloBaduA  kceHonwta: 1)
KOHTAKTOBO-TCpMAnbHuA MeTamopdHIM B npeaenax
3KIOKOHTaKTOBOr0 OpeoNa HHTPYIHH (3apoXieHHe M
pocT uewTpansHOA vacTH rpanata, 1=677-742 °C), 2)
npeoOpa3lopaHHe KCCHONMTR B CHCHHTOBOM PpaciLiase
(mix  metamopdu3Ma) (pocT Gonee MarHe3IHaNLHOro
rpanata, T~780 °C), 3) perpeccuBHuie HIMEHEHHA NpH
ABTOMETaMOP(PHIME HHTPYIHBHLIX NMOPOA C YYacTHEM
RETYYHX KOMITOHEHTOB, OTACNABLUNXCA OT CHEHHTOBOIO
pacnnasa NpH ero packpucraanwsaunu (obpazosanue
peTporpanHeix kafim B rpaHare, 6osiee MarHe3HanbHOro
6noTHTa, MYCKOBHTA U TypManuHa, T=442-583 °C).

Paboma gwnonnena npu gunancoeots noddepc-
xe cpaimos Munobpasoganun PP no dyyndamenmans-
HbLM UCCE008aHUAM 6 OBRacmu ecmecmeennuix u mov-
noix wayx (npoexm E02-9.0-160), «Poccuiickue ynuaep-
cumemst» (npoexm VP.09.0].038), PQ®H (npoexmw
N 03-05-64071, 03-05-79088, 03-05-06442), Ipesu-
oenma P (npoexm M/-248.2003.05), ®LIT «Hume-
epayun» (npoexm 30348).

VK 552.43 (470.323).
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MUHEPAJIOTHSI, ®A30BBIE PABHOBECHS ¥ Y CJIOBHSI
METAMOP®H3MA [TOPO/ HOBOSLITHHCKOT'O JKEJIE3OPY JHOI'O
MECTOPOX/IEHUS KMA

K.A. CaBko, M.B. Ilockpsikosa

Boponeaicckuti 20cydapcmeernbiii yHueepcumem

B paaHbix N0 XMMUIECKOMY COCTABY TUNAX eNeIUCThIX KBapUMTOB HOBOAITTMHCKOMD MECTOPOWAGHHA BLIAGNARIOTCA TPH OC-
HOBMLIX TWNA naparedeancon. Qz+Mag+GrutSdiCaltAct, Qtz+Mag+RbkiStp+Sd, Qtz+Mag+SidiFe-ShmiHem+Sd. Avanua da-
J0BHIX PABHOBECWRA XENESUCTRIX NOPOA W AaHHLE NO MWHEPaNLHOW feoTepMoBapomeTpun BHYTPMDYAMEIX CNaHUeB NoIBonAnu
OUSHNTE DUINED-XUMHIECKHE YCNOBUA MeTamopuama: T = 460-510 *C, P = 2-3 xbap. [1nn coaep»awmx pubekut naparexeancos
WMOMOMCTLIX KBAPUMTOR JHAVMEHNA DYTMTUBHOCTH KUCNOPOAa NpW MeTaMopduime GolN HINKE MarHeTUT-remaTurosoro Gygepa B
ITOM MHTEPBANe TeMNEepPaTYP W ASBNEHWA, HO BHIWE YBAPU-MarHeTWT-haanuToBoro Gydepa. AKTUBHOCTL HaTPWA OLEHWBAETCA
nHTepaanos log[a(Na‘ya(H")] = 5.0-5.5.

‘MUHEPANbHLIE CCOUMALMM B WONEINCTBIX KBApUUTax HOBORNTHHCKOMO MECTOPONAGHWA MMEIOT CXOACTBO XaK ¢ HeobbN-
HbiMM NBPAreHeaMcasn MuXaRNOoBCKOIO WENe3opyaHOro MECTOPONMAEHNWA, COABPNALUMK CONAROHNT, (DOPPULLAMOINT, Tal U ¢
NBPAreNeINCANM PAHHENPOTEPOIOACKAX MENeINCThiX hopmaunii CesepHoid Amepuxu, ABcTpanuin U 1OmHOR Adpuku, rqe WHpoxo
PacnpoOCTPaHeHb MPIOHEPUT, AKTUHONUT W CTURABAHOMENaN.

€TCR OT HIBECTHBIX XOPOINO H3yHeHHWX AOkemOpHii-
CKUX Wene3ucToix dopMaunii ApcTpanum, AMEpHKH H
10xHo# Adpuxu. MunepantHwe napareHeIHcHl B xe-
NE3INCTBIX XBapuHuTax HOBOANTHHCKOrO MECTOPOKACHHA
MMEIOT CXOACTBA H OT/IHYHA KAK C MHHEPATbHbLIMH ac-

Beenenue

Hacroswas pabota nocealleHa HIyyeHHIO Mpo-
UeccoB METAMOP}HIMA PAHHENPOTEPOIOACKHUX KeNeIo-

pyAHEX Tomu HOBOAATHHCKOrO MECTOPOXACHHA, Ha-
XOAAWeroca B npeaenax Muxafnoscxoro xenelopya-
Horo pafiona KMA. B npesenax storo xe pationa pa-
Hee HaMA Gbiny W3yyeHn ¢asoBnie papHoBecha Muxait-
NOBCKOTO MENEIOPYAHOTO MCECTOPOXAEHHA, MEHEpano-
THA XEACIHCTHIX KBAPUHTOB KOTOPOTNO CHWILHO OT/HYA-

couHaumaMH MuxaiinoBcKkoro MECTOPOXAEHHA, TAK M C
PaHHENMPOTEPOIOACKHMH WEJIEINCTHMH  GOPMALIMAMH
Apyrvx AokeMOpHAckHX LUUTOB.

Llent HacrosweR CTaThH — YCTAHOBHTL HIMEHE-
HHs ajoBhix pasHoBecuR W onpeaesHTs GHIHKO-
XHMHYCCKHE YCNOBHA MeTaMmopduiMa NENeIucTmX
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