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JlaiikoBbIe MJIarMOpUOIUTHI JAOMO3IHEIOPCKOTO BO3pacTa COACPXKAT PECTUTOBBIN IpaHAT (CUTOBMAHBIE cpacTa-
HUs ClieccapTUMH-aJbMaHAMHA U KBapiia) U eppokopareput. ['paHaThl TaKUX 00JMKA M COCTaBa U C MOA00HOI 30-
HaJbHOCTBIO — OT LIEHTPA K KpasiM pacTéT coaepxanue Mg 1 CHUXXaeTcsl cofepkaHue Mn, TUITMYHBI TS KeJIe31C-
TBIX MeTaneauToB ampuboauToBoit ¢aumu. CocTaB TMOPOA, MPU MMaJUMHIEHE3e KOTOPHIX BO3HUK pacruiaB
TJIAaTMOPUOSIMTOB Topbl Kacrtesb, BEpOsITHO, OTBEYa KOPAUEPUT-aJIbMaHIMHOBBIM TularMorueiicam. OueHka napa-
MeTpOB (HOPMUPOBAHUS ITUX MeTaMOPMUUECKUX MOPOJL [0 COCTaBy TpaHarta u Kopauepura ~ 550° C u 4 k6ap, T. e.
9T0 MeTaMopduThl amMGuUOOIUTOBOM (alny yMepeHHOro jaaBieHus. BbickaszaHo mpeamnoioxeHue, uto [op-
Ho-KpbIMcKasi TEKTOHUYECKasi 30Ha, BO3MOXHO, ObUIa 3aJl0KeHa Ha JPEBHEM KpUCTaJuIMyeckoM (yHnameHTte, Ha
3pesioil KOHTMHEHTAJIbHOM KOpe, BEPOSITHOM MPOIO/DKEHUH Ha 10T CTPYKTYp Pycckoii mtatdopmbl. Briepsbie B Kpbi-
My onucaH GpeppoKOPAUEePUT — ceKaHMHAUT. YacTh rpaHaTa U KOpAuepuTa 3aMelleHbl BBICOKOXEIe3UCTBIM XJI0PH-
ToM (macHUT) ¥ nymmemuuToM-(Fe), yacTh 6MOTHUTA, TUTAHOMArHETUTAa M WJIBMEHHUTA — XJIOPUTOM, SIHUIOTOM,
nymneuuToM-(Fe) 1 MuHepaaoM, TpOMEXYTOUHBIM 110 COCTaBY MEXIy TUTAHUTOM M BIOSIHbITMUTOM. MTak, ria-
TMOPUOJIMTHI TTOBEPIINCH METAMOPMU3MY B YCIOBUSIX MPEHUT-ITyMITEIIMUTOBOM (haruu.

KniodyeBble ¢10Ba: peCTUTOBBIC aJIbMaHAMH U (PePPOKOPAUEPUT; XJIOpUT — AadHuT; nmymnenut-(Fe); tTu-
TaHUT — BIOSIHBSITUT; MaJIMHTeHe3; hyHIaMeHT ckiiaayaToil obmactu ['opHoro Kpeima.

THE ISLAND ARC FERROCORDIERITE-ALMANDINE PLAGIORHYOLITES
OF THE MOUNT KASTEL, MOUNTAIN CRIMEA
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Lomonosov Moscow State University
119991, Russia, Moscow, GSP-1, Leninskie Gory, 1; e-mail: ernstspiridon @gmail.com

Plagio rhyolites of the Pre-Late Jurassic dyke contain restitegarnet (cribrate inter grow ths of almandine-
spessartine and quartz) and ferrocordierite. The garnets of such habit and composition and with such kind of
zonality — the content of Mg increases and the content of Mn decreases from the center to the edges — are typical for
ferriferous metapelites of amphibolite facies. Composition of the rocks, during palingenesis of which the melt of
plagiorhyolites of the Mount Kastel formed, probably corresponded to the cordierite-almandine plagiogneisses. An as-
sessment of the parameters of these metamorphic rocks forming according garnet and cordierite compositions is
~550° C and 4 kbar, so they are metamorphic rocks of the amphibolite facies of moderate pressure. There is an as-
sumption, that Mountain Crime a tectonic zone was possibly formed on the ancient crystalline basement, on the ma-
ture continental crust, possible continuation of the structures of Russian Platform to the south. Ferro cordierite —
sekaninaite has been described in Crimea for the first time. A part of garnet and cordierite was replaced by highly
ferriferous chlorite (daphnite) and pumpellyite-(Fe), a part of biotite, titanomagnetite and ilmenite — by chlorite,
epidote, pumpellyite-(Fe) and mineral with intermediate composition between titanite and vuagnatite. The reby,
plagio rhyoltes were subjected by metamorphism of prehnite-pumpellyite facies.

Key words: restite garnet — almandine and ferrocordierite — sekaninaite; chlorite — daphnite; pumpellyite-(Fe);
titanite — vuagnatite; palingenesis; basement of folded area of the Mountain Crime.
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Topublit KppIM — 4acTh IrpaHIMO3HOTO AJIBITMIA-
cko-I'umanaiickoro ckiaguyatoro mnosica [13]. F'opHbiit
KpbiMm npencranisier coboit Me3030iickoe (KuMMepuii-
CKO€) MOKPOBHO-CKJIaAYaTOe COOPYKEHUE, COCTOsIIIIeE
M3 IBYX CTPYKTYPHBIX 30H — ceBepHOii — JIo30BCcKoOIi
30HbI CMATUS U 10XHOU — ['opHO-KpbIMCKOI TeKTO-
Huyeckoil 30HbI [2, 5, 7]. CyllecTBylOT pasjMYHbIe
npeAcTaBieHNs O TUIle pyHIaMeHTa CKJIamyaToil 00-
nmactu Topnoro Kpeima. Jlydmmii 3HaTOK TIeoJIOrvu
Kpbima — Muxann Bnagumuposuny MypaToB nosnarai,
YTO IO ME3030MCKUMU CKJIATYaTBIMU COOPYKEHUSIMU
TI'opHoro KpbiMa npoaoskarTcst CTPYKTYPhI BbIICJICH -
HOIl MM B ceBepHOil yacTu KpbiMa snureplLMHCKOMR
Ckudckoit mautsl [7]. HekoTopele reosiorn aorycka-
M HaJIM4yMe KOophl okKeaHumueckoro tuma [10, 14].
OnpenesiéHHbI UHTEepeC AJISl pellieHUs] JaHHOM Ipo-
OJieMbl MOTYT MPEACTABJISATh Pe3yJbTaTbl M3Yy4YeHUsI
rPaHaTOBBIX IJIArMOPHUOJUTOB JaKK Ha FOXKHOM CKJIO-
He ropnl Kactenb B okpecTHOCTsIX AnyluThl. B Kpbimy

Puc. 1. ITnaruopuonutsi ropsl Kacrens ¢ BKpanieHusi-
MM PO30BO-KPACHOTO FPAHATA; YaCTh I'paHaTa U MovTH
BEeCh KOPAMEPUT 3aMEIIECHBI JKEeJIE€3UCThIM XJIOPUTOM
(TéMHO-3e€HbIe TISITHA). 47x45 MM; KOJUIeKIIUs
10.A. TTonkanosa, doto 5.M. CnupugoHona

Puc. 2. IInaruopuomutel ropbl Kacrenb ¢ BKpamie-
HUSIMM PO30BO-KPACHOTO rpaHata u oyporo ¢eppo-
KOpPAMEpUTa; KOJJICKIIMs Te0JIOTHYeCKOro Mys3est
Kpbimckoro monurona MIY, oop. Ne 10-411.
52x43 MM, ¢doro .M. CniupunoHoBa
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3TU CBOEOOpa3Hble Mopoasl (puc. 1, 2) moayyuau Ha-
3BaHMEe «(hopeieBblii KaMeHb» [9].

Marmatuueckue odopa3zosanus [opaoro Kpsima

MarmaTtuyeckue oopa3zoBaHus pa3BUTHI B ['opHOM
KpbiMy OTHOCUTEbHO HELIUPOKO, carasi 3HauuTeb-
Ho MeHee 10 % oObEMa ckiamyaToro Komruiekca [4].
T'opubiii KpeiM — ckiagyaTtass o0JacTh C peayLIMpO-
BaHHOI UCTOPUEN reoIOrMYeckKoro pa3BuTus. Tunuy-
Hble 00pa3oBaHMSI OKEAHWYECKON CTaauu pa3BUTHUS
cKJIamyaTeIX obyacteli — oduonuToBas dopmauus u
e€ HauboJjiee SIpKUe MPEACTABUTEIN — aJIbIIMHOTUII-
Hble TUMepOasuThl (IYHUT-TAPLUOYPIUTOBBI KOMII-
JIEKC) Me3030HCcKoro Bo3pacta B KpbiMy 10CTOBEpHO
HE YCTaHOBJEHbI. Majble Tejaa anorunepOasuTOBBIX
AHTUTOPUTOBBIX CEPIIEHTUHUTOB BCKPBITHI B CKBAXKU-
He P-1 B paitoHe r. Cumdeporiob noa Me3030MCKUMHU
oToxeHusimu |[14]. YpoBeHb MeTamopdu3Ma JaHHBIX
CEpPIIEHTMHUTOB OTBeYaeT (haluy 3eJEHBIX CIaHLEeB.
YcnoBusi MetaMop(du3Ma Me3030MCKMX OCaAOYHbIX U
BYJKAHUYECKUX TOJI M MHTPY3UBHBIX OOpa30BaHUit
KpbiMa oTBeYaloT 11€0JMTOBOM M HU3KOTEMIIepaTyp-
HOI YacTH MpeHUT-nmyMmneiuToBoi ¢amuii [11]. Cyas
MO CTeneHu MeTaMopdu3Ma BCKPBITBIX CKBaXKMHOM
P-1 aHTMTOPUTOBBIX CEPINIEHTUHUTOB, 3TO (PparMeHThI
JIOME3030MCKUX 0PrnoNIUTOB. Mesikue Teia MHTPY3UB-
HBIX MUKPUTOB M aCCOLIMMPYIOIINX OJMBUHOBBIX rad-
OopounoB non banaxkiiaBoii, BeisgBieHHbIe B. M. JIbiceH-
Ko (punman MI'Y B CeBacroroie) 6osee 15 neT Hazan,
OLIMOOYHO OTHeceHbl K OoduoauToBOil (opmanuu
[10]. AHamornuHble MOPOAbI paHee ObLIU BCKPBITHI B
psiie TyOOKMX CKBaxkMH B paiioHe Cumdeponons u
onucanbl B.B. [noiiko kak accouumanus NuKpuToB U
KBapleBbIX n11ada3os [8]. [To reosornyeckum COOTHO-
IIEHUSIM, COCTaBY TOPHBIX MOPOJ U MUHEPAIOB (OJM-
BUH — JKEJE3UCTbI XPU30JIUT — THUAJOCUAEPUT,
XPOMILTIUHENUAbI, oboramgHHble Ti 1 Zn) 310 — 00-
pa3oBaHMSl OCTPOBOMYXKHOH TMUKPUT-rabopo-HOPUT-
noneputoBoit dopmaimu — IlepBomaiicko-Aronarc-
KOTo MHTPY3UBHOTO KoMmIuiekca [12]. Takum obpaszom,
Hannuue B ['opHom KpbiMy Me3030iickoil oroanuTo-
Boii (opMallMu U MpeacTaBieHue 00 OKeaHUYeCKOM
npupoae dbyHaamMeHTa ckiamyaToil obnactu 'opHoro
Kpbima peanbHO He J0Ka3aHbI.

3HAUMTENbHYI0O 4YacTh CKJIagyaToro KOMILIEKca
TI'oprnoro KpriMa ciaraioT o0pa3oBaHUsSI OCTPOBOIYK-
HO# CTamuM — TOJIIMA CPEeAHETPUACOBOTO — paHHe-
JOPCKOTrO BO3pacTa IIeIb(pOoBON TIMHUCTO-TEPPUTEH-
HOM 3CKUOPIABIHCKON cepuu u 0oJjiee IyOOKOBOIHOM
¢auieBoil TaBpUUYECKOM CEpUM, CIOXKHO AUCIOLUPO-
BaHHbBIC, MeCTaMU QWLIUTU3NPOBaHHBIe. OHU HECOT-
JJACHO TIEPEKPBITHI KOHTJIOMEPATO-TeCYaHO-TJIMHUC-
TBIMHU, 3a4acTyl0 YIJIEHOCHBIMU, OTIOXECHUSIMU Cpell-
HEIOPCKOTO BO3pacTa, KOTOPbIE 3aMETHO IUCIOLIMPO-
BaHbIl. TeppureHHbIE TOJIIN MepeceuyeHbl 1 KOHTAKTO-
BO MeTamMop¢M30BaHbl HEOOJILIIOTO pa3mepa ILIyTO-
HaMM paHHe0al0CCKMX KBaplEBbIX rab0pO-HOPUT-A0-
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JIEpUTOB U KBaplLEBbIX rabOopO-HOPUT-AUOPUTOB A0
MUKPUTOBBIX TAOOPO-I0JEPUTOB U MUKPUTOB, C OTHOK
CTOPOHbI, U O KBaplLEBbIX TMOPUTOB, MJIarMoTrpaHu-
TOB U I'paHO(PUPOBBLIX TPAHUTOB — C IPYroii. DTo mnep-
BOMAaKCKO-al0AarcCKuii MHTPY3UBHbBIA KOMILIEKC, KO-
Topblii Beiaewn D.M. CrimpugoHoB u T.O. ®Eénopos
[12], nanbonee mapeBHME U3 CPEIHEIOPCKMX Mar-
Marndeckux oopazoBanuii I'opaoro Kpsima. OHu mipop-
BaHbl KEPJOBMHAMU JIABOBBIX OpeKuuii 0a3ajibTOB U
JaiilkaMu 0a3aJibTOB W aHAE3UTOB I03J1He0aiioCCKOoi
00/IpaKCKO-Kapagarckoii ByJKaHMYeckuit cepun. K
MepBOMAaCKO-al0JJarCKOMy KOMIUIEKCY MPUHAIIEKUT
OoJiblllasi YaCTb MHTPY3UBHBIX 0Opa3zoBaHuii ['opHOro
KpbiMa. DTU MHTPY3UBBI BHEAPSIUCH MEXaHUYECKU
aKTUBHO, JIOMOJIHUTEJbHO CMMHAs, pa3ABUrasi u Inpo-
HU3bIBasi AMCJIOLIMPOBAHHbBIC TOJIIM paMbl UHTPY3U-
BOB. MOXHO mMoJiaraTb, YTO BHEAPEHHUE MaHTUMHBIX
0a3MTOBBIX MarM JaHHOTO KOMILIEKCa COIMPOBOXIAIO
Y 3aBEPIIMJIO MPOLieCC paHHE0al0CCKON CKIaI4aTOCTH.

B no3aHem 6Gaitocce Ha 1ore I'opHoro Kpbeima Bo3-
HUMKJIa ByJIKAHMYECKas OCTPOBHAs Ayra, B 3HAYMTEIb-
HOIii 4yactu cyOmapuHHas. llenoyka ByJIKaHMYECKUX
MacCUBOB 00JpaKCKO-Kapagarckoil cepuu u CyOBYII-
KaHMYeCKMX TeJl 00IpaKCKO-Kapaaarckoro KoMIuiekca
npotsruBaercs oT bamakiaaBel — CeBacTomnoiisl Ha 3a-
nane n1o Kapamara Ha Boctoke [3, 4, 7, 12]. ByakaHuTh
MMEIOT TUTTMYHBIE OCTOPOBOIYKHBIE XapaKTePUCTUKH,
YTO BIIEPBBIC ITOKA3aHO B [12] ¥ MOATBEPXICHO HO-
BeHIIMMU UcciaeaoBaHupsamu [18]. ByakaHuTel mo3a-
Hero Oaitocca 3amaga KpbimMa HamMmeHee 1eJIOYHBIE,
MO COCTaBy OJM3KM K TOJEUTOBBIM, CPEIM HUX MUHU-
MajibHa J0JiI KPEMHEKUCIBIX Mopon. BeposiTHOo, oHM
BO3HUKJIM BO BHEIIHEH <«IIPUOKEAHUYECKON» 30HE
octpoBHOI ayru. Bynkanutsl Boctoka Kpsima—Kapa-
Jara HauboJiee 1IeJ0UYHbIE MO COCTABY, CPEAN HUX He-
MaJjio IIOIIOHUTOB — JIATUTOB, IMOBBIIIEHA TOJIS KPeM-
HEKMCIbIX TTopof [3]. BeposiTHO, OHM BO3HUKJIIU B ThI-
JIOBOH, «HPUKOHTUHEHTAJIbHON» 30HE BYJIKAHUYECKOMN
octpoBHoii ayru [12]. C ByIKaHUTaMM Kapagarckoii ce-
pYHU CBSI3aHBI TIPOSIBICHUST KOTYETAHHOTO OPYACHEHUS.

OaHOo M3 Haubojee MHTEPECHBIX MarMaTUyeCKUuX
oOpazoBaHuii I'opHoro KpbiMa — paiika rpaHaTOBBIX
iarnopuonutoB ropel Kacrenb [4, 9]. [Haiika ceuyér
WHTEHCHUBHO IMCIOLMPOBAHHYIO TOJIY (hauilia TaB-
pUYECKO cepuu. DTU IUIAaTMOPUOJUTHI B 3aMETHOM
CTENEeHU 3aXBaueHbl 3MUTC€HETUYHBIM HU3KOTPaJHBbIM
MeTaMOp(pU3MOM TIPEHUT-TIYMITSJJIMMTOBOM (halluu.
Bospact 3Toro metamopgusma oTBeyaeT Hauaay Mmo3mi-
Heit 1opbl [11]. [ToaTOMy BepOsSITHBII BO3pacT IJiaruo-
PUOJIMTOB — KOHEll CpeJHel I0pbl. DTO OJHO U3 CBOE-
00pa3HbIX OCTPOBOAYKHBIX MarMaTUUYeCK1Ux oopa3oBa-
Huii ['opHoro Kpsima.

OctpoBoayxHblii 3Tan pa3BuTtust I'opHoro Kprima
3aBEPIININ TOKPOBHO-CKJIaAUaThle JUCIOKAIIMU TIPH-
MEpPHO Ha I'paHMlIe CpeaHEel U MO3IHel 1ophl [5], KO-
TOpPBIE COMPOBOXAATNCH BHEAPECHUEM MEIKUX MHTPY-
3MBOB TUIATMOTPAHUTOMIOB W JaeK TPaHUTOUI-TIOP-

¢upos [12].

I
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Bosee Mooable, TOCICOCTPOBOMYKHbBIE, CyOCEK-
BEHTHBIE BYJIKaHUTBHI MEJIOBOTO OajlaKiaBCKOTo 0Oa-
3aJIbT-aHIe3UT- Al T-PUOJIUTOBOTO KOMILJIEKCa pa3-
BUTHl Ha 3amnane ['opHoro Kpnima. C GanakiaBcKUM
BYJIKAHMYECKUM KOMIIJIEKCOM CBSI3aHBI 30HBI apTyJI-
JIN3aLUY U KBapIeBO-XKWJIBHBIC TIPOSIBJICHUS C TTHPH-
TOM, caJlepuTOM, CaMOPOIHBIM 30JI0TOM W aHTUMO-
HUTOM.

MaTepl/laJlbl U METOAbI UCCJICAOBAHUSA

W3ydennl o0pas3ubl (POpeaeBOro KamMHs, ITOJydeH-
Hele oT FO.A. TlonkaHoBa (Cumdeponons) (puc. 1) u
ot J1.®. KonaeBny M3 KouteKIuu mysest KpbimMckoro
noyimroHa MI'Y (o6paszen; Ne F0-411) (puc. 2). O6pas-
Bl MCCIEMOBAHB MHKPOCKOITMYECKA M C TIOMOIIBIO
3JIEKTPOHHOTO MMKpo3oHma. Dotorpadum B pexmme
3JIEKTPOHHOTO MHUKPOCKOTIAa M XUMMYECKHMI aHaau3
muHepasioB BeinojHuiaa H.H. Koporaesa ¢ momoliibto
AHAIMTUYECKOTO KOMIUIEKCAa € KOMOWHMPOBAHHOM
cucTeMoil MuKpoaHaiuza Ha 06aze COM Jeol
JSM-6480 LV (;rabopaTtopust TOKaJIbHBIX METOIOB MC-
clemoBaHUl Kadeaphl TIETPOJOTUM TEOJOTUIECKOTO
dakynberera MI'Y).

I'panaToBble maarnopuoauTsl ropsl Kacrenan

IInarnopuoauTel — CcBeTJIocepble  (heIb3UTOBLIE
MOPOAbl C MEJIKMMU BKpaIUIeHHUKAaMU ILIarMoKjas3a 1
KBaplia, C OTHOCUTEJIbHO PEAKMMM BKPAIJICHUSIMU 10
2 MM po30BaTO-KpacHoro rpaHara (puc. 1, 2). Yyactku
mopoja, B 3aMETHOM CTeleHM MeTamMop(U30BaHHEIE,
OKpallleHbI B 3eJIEHOBAThIil LIBET, YaCTh IpaHaTa B HUX
3aMellleHa TEMHO-3€JIEHBIM KEJIE€3UCThIM XJIOPUTOM
(puc. 1). BanoBblii XMMUYECKHUI COCTaB MOPO JalKU,
Mmac. %: SiO, 75,06; P,O5 0,07; TiO, 0,10; Al,O5 14,15;
FeO 1,59; MnO 0,26; MgO 0,11; CaO 2,43; Na,O
4,86; K,0O 1,15; i 0,35; cymma 100,22 %. To cocra-
BY — B3TO TUIIMYHBIE OCTPOBOMYKHBIE ILJIATMOPUOJIM-
TBI, 00OTaIlIEHHBIE TIIMHO3EMOM, BBICOKO KEJIE3UCThIC
U BBICOKO KaJIbLIMEBBIE, C PE3KMM IpeodiafaHUeM Ha-
TpUsl Hall KaJIMeM.

IToponapbl cnaraloT BKpaIrJIeHHUKU — TaOJIMLIbI I1J1a-
ruokjiaza M OKpYIJIble KPUCTaJUIbl KBaplia U CBSI3YIO-
1Iasi Macca M3 MUKPOJIUTOB ILIarMokjasza, MEIKUX U
MeJIbYallluX BbIOEJIEHUI KBaplia, OMOTUTA, TUTAHO-
MarHeTuTa, amnaTuTa, wibMeHUTa. Pa3Mep BKparieH-
HUKOB ILIarnokiaza no 3 MM. LleHTpajbHble 30HBI
BKpPAIUIEHHUKOB CJIOXKEHbI HU3KO KaJHME€BbIM BBICOKO
KaJIbLIMEBBIM aHAE3UHOM cocTaBa Cagg 3.41,3Nas5) 5 58,1
Ko4.06 (n=6). BHenHne 30HbI — KaiiMbl BKpaIlIeH-
HUKOB CJIOK€HBl HATPOBBIM aHIAE3MHOM COCTaBa
Ca39’6_38,3N358’4_59’5K270_2’2 (n = 4) MMKpOﬂMTbI HOEMEH-
TUPYIOLLE MacChl cJlaraeT OJMUIOKJIa3, U3peaKa Kajlu-
eBblil onurokias cocraBa CajgsNagysK;g9. Pasmep
peIKUX BKpPAIrUIECHHUMKOB KBaplia OKPYIJIOoi (hOpMEBI 10
2 MM. B cBssyloleil Macce HeMajo MEJIKUX Bblaelie-
HUIA TUTAHOMATHETUTA, KOTOPBIA WCHBITAT OKUCIM-
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TEJbHBI OTXKWT W TIPEeBpaIlléH B arperar MarHeTWTa
(MaTpu1Ia) ¢ Maccoi TOHKUX TUTACTUHYATBIX JIAMEJIJICH
WiIbMeHnTa. BanoBhIil cocTaB TMTAHOMArHeTnTa, Mac. %:
T]Oz 6,22, F6203 48,58, A1203 6,65, V203 0,08,
FeO 35,97; MnO 1,30; ZnO 0,18; MgO 0,20; cymma
99,18 %; Cr, Ni — He oOHapyXeHBI; COAepPKaHUSI
Fe,0; u FeO paccuurtansbl 1o crexuomerpuun. OcobeH-
HOCTh TUTAHOMAarHeTUTa — KpailHe HU3KUE COoAepKa-
HUSI BaHaausl, YTO MCKJIIOYAET AaKe HeOOoJbIIoe yyac-
THE pacriaBa 6a3uToBoro cocrapa. CoctaB TUTAHOMAr-
HeTUTa IUIArMOPUOJMTOB ropbl Kacrenb B MUHaznax,
Mois. %: mmmHenp MgAlLO, 1,1; repuuautr FeAl,O4
13,0; ranur ZnAl,O, 0,5; xyanconut FeV,0, 0,2;
ynbBownuHens Fe,TiO, 17,.4; marnetur FeFe,0,
63,7; askoocutr MnFe,0, 4,1.

BkparieHnsT MaKpOCKOITMYECKH PO30BO-KPAaCHOTO
rpaHaTa pa3MepoM OT HECKOJIbLKMX Jojeil 10 1,5 MM,
MpHUIAoIIe KaMHIO CXOACTBO CO CITMHKOM (openu,
ITOJ, MUKPOCKOTIOM BBITJISIASIT KaK aMEOOBUIHEIC He-
MPaBUJILHOM (DOPMBI CUTOBHIHBIE KBapl] — TpaHaTO-
Bole cpacTaHusl (puc. 3, 4). CTpyKTypa 3TUX cpacTa-
HUIi rpaHob1acTOBast, KOJMUYECTBO TpaHaTa U KBaplia B
HUX MPUMEPHO paBHbI. Takyio GopMy U CTPYKTYpY He-
peaKo uMeroT nopdupodaacTel rpaHaTa B OEIHBIX Ka-
aueM MeTamenauTax [1, 6, 16]. I'paHaT omuchIBaeMbIX
cpacTaHUil MO COCTaBy OAHOTHUITHO TUIABHO 30HAJb-
HbIl (Tabn. 1, 2). B neHtpe cpacranuii — 310 cneccap-
TUH-aJbMaHAMH ¢ 66—68 % MuHana ajdbMaHAMHA
Fe;AlLSi;0p,, 24—26 % wMwuHana creccapTuHa
Mn;AlLSi;0p,, 4—5 % muHana nupona Mg;Al,SizO,.
K BHelHe# yactu cpacTaHuii coaep:KaHue MapraHia
(MyHasa crieccapThHa) B IpaHaTe IMJaBHO CHUXKAeTcs,
a coJepxKaHue MarHus (MUHaja MUpora) MiaBHO pac-
T€T. 'paHaT BHEIIHENW YacTU cpacTaHUil — 310 Mn —
Mg anpmanmuH ¢ 75—77 % MuHala ajJbMaHIWHA,
8—10 % cneccaptuHa, 9—11 % nupomna (tadia. 1, 2).
I'panathbl Takux obnuka (mopdupobiactel), cocTaBa 1
C TaKOM 30HAbHOCTbIO TUTTMYHBI IJI5T 3KETe3UCThIX Me-
TanexuToB amduodonutoBoit danuu [1, 6, 17, 19, 21,
22]. Wrtak, CUTOBUAHBIC KBapll-I'paHATOBbIE CpacTa-
HHUS B IUIarMOpUOJMTax ropbl Kactenb — He BKparl-
JICHHUKH, & PECTUTHI, TYTOIJIaBKUE OCTAaTKU OT TUIaB-
JIEHUsI TIPOTOJIUTA.

B kBapli-rpaHaTOBBIX CpacTaHUSX MPUCYTCTBYET
He0OoJIbIIOe KOJIUYECTBO MEJKUX KOPOTKOMpPU3MaTH-
YeCKUX KPUCTAILIOB ruapokcuiadTopanatuta (puc. 4).
Ero coctas, mac. %: CaO 51,28 u 47,46; Na,O 0,31 u
0,36; MnO 2,16 u 3,13; FeO 1,67 u 3,95; Y,05; 0,26 u
0,30; Ce,05 0,28 1 0,32; Nd,05 0,25 u 0,39; P,0O5 41,59
un 41,31; SiO, 0,39 u 0,34; F 2,92 u 2,38; cymma —
O =T, 99,88 n 98,95; dopmysbl — (CaycsMny ;sFeq 5
Nay,05Y0,01Ce0,01Ndg,01)4,99[ (PO4)2,08(S104)0,0313,01 (Fo,7s
OHy )1 1 (Cay 3sFeq 2:5Mng 53Na0 06,01 Ceo,01Ndg 014,96
[(PO4)3(Si04)0,0313,03(Fo,6s50Hy 35),.  Takum  o6pasom,
afmaTuT B acCOLMALMM CO CIeCCapTUH-aJIbMaHAUHO-
BBbIM TPaHATOM BeCbMa OOraT MapraHllieM U KeJIe30M,
COIEPXUT OKOJIO 1 % CyMMBI JIAHTAHUIOB U UTTPUS,
HekoTopast yactb rpymnmn PO, 3ameiena SiO,
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Puc. 3. HenpaBuiibHoii (hopMbl pecTUTOBBIE NOP(HUPOGIACTHI — CUTO-

BUJIHbIE CPACTAHMS CIECCAPTHH-AJIBMAHAMHOBOrO rpanarta (Oesiblii)

(neBbIit — Tabm. 1, aH. 1-5) 1 kBapua (YEPHBINA) B TOHKOKPUCTAIINA-

YECKOW MaTpulie IUIATMOPUOJIIUTOB; (POTO B OTPaKEHHBIX BJIEKT-
poHax

Puc. 4. AMéooBuaHoii hopmMbl pecTUTOBBIE MOPPHPODIACTHI — CHTO-
BU/IHbIE CPACTAHUS CHECCAPTHH-AJBMAHIMHOBOrO rpaHara (Oesblil)
(tabx. 2, aH. 6—9) u KBapua (YEPHBIN) B TOHKOKPUCTAIUTMICCKOM
MaTpulle TUIaTMOPUOJIUTOB; JIeBBI MopdupodaacT rpaHara 3a-
MEIIEH KeIe3UCThIM XJIOPUTOM — nadHUTOM; Ha (oHe KBapla u
XJIOpUTa 3aMETHbl MeJKHUE KOPOTKONPU3MATUUECKUEe KPUCTAILIbI
arratuta (Oesbie); (OTO B OTPaKEHHBIX JIEKTPOHAX

BkpamieHusi MakpocKonmuyecku Oyporo Kopaue-
puta pasmepoM 0,5—3, o0bryHO 1,5—2,5 MM pacrpe-
JeJeHbl B IJarMOpUoJUTax HEPaBHOMEPHO, B OIHUX
y4JacTKax ¢ morepedHukoM a0 30—50 MM uX Ioutu
HET, B JIPYTMX NPUMEPHO TOTO XK€ pa3Mepa UX CoIep-
JXKaHWe oKoJIo 3 %, B OTHEIbHBIX TUH30BUIHBIX YIacT-
Kax pamsepoMm 10 70x30 MM UX colepKaHue JOCTUTAeT
5—7 %. Ilom MUKpPOCKOITOM OHM TIPEICTABIISTIOT COOOIH
PEJIMKThI KOPAMEPUTA B arperaTHbIX CpaCTaHMSIX XKeJle-
3UCTOrO XJIOpUTA U XKeje3uctoro mnymmnemiuura. Ilo
COCTaBY KOPIMEPUT BBICOKOXKEIE3UCTHINM, €ro COCTaB
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Ta6nuua 1
XWMHYECKHii COCTAB PECTUTOBOTO aJbMAaHIUHA (Mac. %), PEIMKTOBBIA KBapI-rpaHATOBbIi Mopdupodaacr 1,
Jaika niaruopuoutos ropsi Kacrenn
KomroHeHTs! (uel!n‘p) (TIpOMEXYTOUHAs 30Ha) (TIpoM. 30Ha) (TIpOMEXYTOUHAs 30Ha) (Kpsaﬁ)
SiO, 35,11 35,41 36,22 36,48 36,22
TiO, 0,17 0,22 0,18 0,14 0,17
Al,O, 19,91 20,19 20,53 20,65 20,63
Fe,0, 2,54 2,62 1,49 0,90 1,27
FeO 28,10 30.05 33,39 33,71 33,33
MnO 10,97 9,21 5,89 4,82 4,35
MgO 1,21 1,26 1,86 2,6 2,78
CaO 0,61 0,70 0,59 0,60 0,61
Cymma 98,62 99,66 100,15 99,76 99,36
Yucio atoMoB B ¢opMyJie B pacueTe Ha 8§ aTOMOB METAJJIOB
Fe2* 1,961 2,076 2,280 2,297 2,276
Mn 0,775 0,644 0,407 0,332 0,300
Mg 0,150 0,155 0,226 0,299 0,339
Ca 0,055 0,062 0,052 0,052 0,053
Fe3t 0,049 0,063 0,035 0,020 0,.032
AV 1,888 1,887 1,933 1,956 1,944
Fe3t 0,101 0,099 0,056 0,035 0,046
Ti 0,011 0,014 0,011 0,009 0,010
Si 2,930 2,923 2,958 2,973 2,958
AlY 0,070 0,077 0,042 0,027 0,042
ConepxxaHusi MUHAJIOB, MoJI. %
CreccapTud 26 21 14 11 10
ITupon 5 5 8 10 11
AJbMaHIMH 64 68 76 77 76
AHIpAJIUT U MHBIE 5 6 2 2 3

ITpumeuanue. DnekTpoHHbI MuKpo3oH Camscan, ananmutik H.H. Kopotaesa, komuectBa FeO u Fe,O3 paccuntanbl Mo CTEXMOMETPUN.

Tabonuuma 2
XUMHYECKHIi COCTAB PECTUTOBOTO ajbMaHIMHA (Mac. %), PEMKTOBbIA KBapU-TPaHATOBbI Mopdupodaacr 2,
Jaiika miaruopuouTos ropbl Kacrens
KommoneHTbl (ueg'rp) (HpOM? 30Ha) (npOM?.; 30HA) (Kp9a171)
SiO, 35,46 35,87 35,75 36,41
TiO, 0,28 0,18 0,18 0,28
Al,O3 20,53 20,50 20,32 19,88
Fe,0, 2,95 2,24 1,93 1,30
FeO 29,77 32,29 32,27 32,92
MnO 9,38 6,87 6,62 5,38
MgO 1,47 1,72 1,78 2,58
Ca0O 0,59 0,58 0,59 0,61
Cymma 100,44 100,15 99,44 99,36
Ywucio aToMoB B hopMyJie B pacyeTe Ha 8 aTOMOB META/LIOB
Fe2t 2,038 2,207 2,221 2,257
Mn 0,650 0,475 0,462 0,373
Mg 0,179 0,210 0,219 0,315
Ca 0,052 0,051 0,052 0,054
Fe3t 0,081 0,057 0,046 0,001
AV 1,882 1,907 1,915 1,906
Fe3* 0,101 0,082 0,074 0,080
Ti 0,017 0,011 0,011 0,014
Si 2,902 2,932 2,943 2,985
Al 0,098 0,068 0,057 0,015
ConepaHusi MMHATIOB, MOJI. %

CreccapTu 22 17 16 12

ITupomn 6 7 7 11

AJbMaHIMH 68 74 75 75

AHIPagUT U UHBIE 4 2 2 2

ITpumeuanue. DnekrpoHHbI MuUKpo3oH Camscan, anamtuk H.H. Koporaesa, konmmuectBa FeO u Fe,O3 paccuntaHbl o CTeXMOMETpUN.
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% @5 MN3BECTHUA BY30OB. TEOJIOTUA U PASBEJIKA. 2017. Ne 2
%"EAD YHbIA w
Tadnuua 3
Xummueckuii coctaB (Mac. %) pecTuToBOro (heppoKopANEpUTa — CEKAHMHAMTA (JAiiKa IIArHOpHOJIUTOB ropel Kacrein)
Yuco aToMoB B hopmyie B
KoMmnoHeHTbI 10 11 pacuete Ha 11 atomMoB 10 11
METaJll/IOB

SiO, 46,78 47,03 Fe2* 1,124 1,012
TiO, CJIeIbI cJIeNbl Mn 0.054 0,082
Al,O, 32,11 32,17 Mg 0,624 0,642
Fe,0, 2,11 2,82 Fe3t 0,121 0,155
FeO 12,70 11,52 Ca 0,007 0,013
MnO 0,60 0,92 Na 0,070 0,096
MgO 3,96 4,10 Al VI 2,953 2,924
CaO 0,06 0,12 Fe3* 0,047 0,076
Na,O 0,34 0,47 Si 4,949 4,941
cymma 98,66 99,25 Al IV 1,051 1,059

[TpuMedaHue. DreKTpoHHBII MUKpo3oHI Camscan, aHamntuK H.H. Koporaesa, kommuectBa FeO n Fe,O3 paccunTaHbl 110 CTEXMOMETPUU.

oTBeyaeT GopmyJie (Fez+l,0l—l,leg0,62—0,64Fe3+0,11—0,16
Mno,os-o,osNao,m-o,1ocao,01)2(Alz,92-2,95FC3+0,05-0,08)3

[(Si4 04-4,05A10,05-0,06)6O15], f 001 67,5—68,5 (Tabun. 3).
®eppoxkopauepuT = cekaHuHaut, no [20], onucaH B
KpriMy BriepBbIe.

TToMMMO pPECTUTOBBIX KBapll-TPaHATOBBIX CpacTa-
HUl 1 peppokoparepuTa, NIArMOPUOJIUTHI COAEPKUT
MEJIKME KPUCTAJJIbl PECTUTOBOIO LIMPKOHA CO ClIeAaMu
pacTBOpPEHUs Ha BHEUIHEH CTOPOHE KPUCTAIIOB U C
JIaKyHaMU BHYTpH (puc. 5).

1Bk AERES

Puc. 5. PeankrToBble pecTHTOBbIE KPHUCTAUIbI IMPKOHA (CBETIIbIC),

YAaCTUYHO PACTBOPEHHBIE, C MEJIKMMU JIAKyHaMU, 00pociiiie 6uoTu-

TOM; IUIarMOpUoIuThl ropbl KacTenb; ¢hOoTO B OTpak€HHBIX 2JIEKT-
poHax

BeposiTHbIN cocTaB mopom, npu NaJIMHIeHe3e KOTO-
PbIX BO3HUK pacruiaB IJaruopuoauToB ropsl Kacresnb
C PeCTUTOBBIMM KBapll-TpaHATOBBIMU CpPACTAHUSIMU,
beppoKOpPIMEPUTOM U LIMPKOHOM, BO3MOXHO, OTBE-
yajg KOpAUMEPUT-aIbMAaHAMHOBBIM IJIarMorHeicam.
OueHka napaMeTpoB (hOPMUPOBAHUS STUX METaMOp-
(rUYeCKUX MOPOI IO COCTaBY PECTUTOBBIX I'paHaTa U
Kopauepura ~ 550° C u 4 xbap [6, 15, 17, 19], T. e. 310
MmeTaMoppuThl aM(PUOOIUTOBOIN (alluu YMEepPEeHHBIX
JIABJICHUMN.
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ITpoaykThl HU3KOTPAAHOTO MeTamMophuzmMa
IUIATMOPHOJIHTOB

[Tnarnopuonutel Kacrenu cnabo TeKTOHU3UPOBA-
HBl U BeCbMa HEOTHOPOTHO 3aXBAaYeHBI SMMTCHETHY-
HbIM HM3KOTIpagHbIM MeTamopdusMoM. B oTaenbHbIX
yJacTKaxX TPaKTUYECKU Bech (DeppOKOpAMEpPUT U 3a-
METHasl 4acTb IpaHaTa 3aMelIEHbl XJTOPUTOM M MyM-
MEJJTMUTOM, OMOTUT, THTAHOMATHETUT U UIbMEHUT —
XJIOPUTOM, DIUAOTOM, MyMITEJUIMUTOM U MUHEPAIOM,
MIPOMEXYTOUHBIM TI0 COCTAaBY MEXXIY TUTAHUTOM U BIO-
SIHBSITUTOM. B 1Ipyrux ydyacTkax MpakTUYeCKU BECh
rpaHaT cBexuil (puc.3), B COCEOIHUX — 3aMelleHa
yacTh rpaHarta (puc.4). Crojb HepaBHOMEpHasi CTe-
TeHb 3aMeIleHUsT — XapaKTepHas yepTa HU3KOTeMIIe-
patypHoro Metamopdusma.

M3 MetamopdoreHHbIX MUHEPAJIOB HanboJjee pac-
MPOCTPaHEH XJIOPUT. XJIOPUT, 3aMECTUBLIUI crieccap-
TUH-aJIbMAaHAWH, BBICOKO XXEJIE3UCTHIH U CONEPKUT
>1 % Mn, ero coctaB, mac. %: SiO, 22,76 u 24,40;
Al,O5 19,41 n 18,84; FeO 37,78 m 39,73; MnO 1,03 u
1,63; MgO 4,76 n 4,81; ZnO 0,29 u cieasl; cymma
86,03 n 89,41, (bOpMny)I - (F62+3’70Al]’34Mg0,83Mn0’]0
Zng 5)6[(Siz66Al134)4010](OH)s 1 (Fe?*; 76Al; ;Mg g,
Mny 16)¢ [(Siz76Al124)40101(OH)sg, /= 81,2 u 82,8. Tlo
knaccudukanuu M. Xest, 9T0 — peaKuil TUIT XJIOPU-
Ta — gapHUT. XJIOpUT, 3aMECTUBILUI (PEPPOKOPAUECPUT,
6emgHee MapranieM, — mac. %: SiO, 23,35; Al,O5 18,71,
FeO 38,55; MnO 0,96; MgO 4,75; ZnO 0,22; cymma
86,54; dopmyna — (Fe?*;56Al; 30MggsMng g9Zng 1)
[(Siz,73A11 27)4010] (OHg 9700,03)s, /= 82,3. Tlo knaccu-
¢ukanuu M. Xes, sto gadpHuUT. PacnpocTpaHEHHBIN
MeTaMop@oreHHblii MuHepal — nymieuur-(Fe),
ero cocraB, Mac. %: SiO, 36,27 u 37,05; TiO, cinensl n
0,10; Al,05 23,42 u 24,06; FeO 8,68 u 9,60; MnO 0,10
n 0,26; MgO 1,10 n 0,84; CaO 22,20 u 21,75; Na,O
caenpl u 0,22; Y,0; 0,22 1 0,18; cymma 91,99 u 94,06;
dopmyabt — (Cayg;Mng Yo 011,99 (Fe2%) 50Alg 25M8g,14)1.01
AL[(OH7,00,2)1/OH/H,0/8i0,/Si;07] n (Ca, gyNag g3
Mg o1 Yo 01195 (Fe2* 64Aly 30Mg 10)1,05ALI(OHg, 7000 30)1/
OH/H,0/Si0,/Si,0-], f= 81,7 u 86,8. CocraB mera-
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MopdoreHHoro snupora, mac. %: SiO, 37,49; Al,O;
23,25; Fe,05 13,50; FeO 0,15; MnO 0,37; MgO crenpl;
CaO 22,85; cymma  97.61; dopmysta  —
(Cay gsMngg3Fe* 1) (Al 19Fe**051); [O/OH/Si0,/Si,0;].
CoctaB MeTamMOp(OreHHOro MUHepajia, KOTOpbIid
MMKPOCKOITMYECKN He OTJIMYUM OT TUTaHUTa, Mac. %:
Si0, 32,79; TiO, 20,23; V,0; 0,28; Al,O; 13,63; FeO
2,49; MnO caensr; MgO 0,16; CaO 27,97; Y,05 0,36;
cymma 97,82; dopmyna  (Cago3Yo01)0,04(Algso  Tigas
Fe2%,06V0,01)1,0s[S11,0104/(0g 560Hy 44)]. Coctas sTOTO
MHUHEpaja TIPOMEXYTOUHBII  MEXOy TUTAaHUTOM
CaTi[SiO,/0] u BrosHbsiTuToM CaAl[SiO,/OH] [20], ¢
HE3HauYMTeJIbHbIM Tpeo0yafaHueM MUHajla BIOSIHbSI-
thuTa. MuHepasl ooHapyxXeH B KpbIMy BIiepBbIe.

Takum o6pa3oMm, MIArMOPUOJUTHI TOJABEPIIUCH
MeTaMop(u3My B YCJIOBUSIX TTPEHUT-TTyMITSJTUMMTOBOM
daunmn.

3akinoueHue

OmHO M3 MHTEPECHEMIITNX OCTPOBOAYKHBIX MarMa-
TMYeckux obOpaszoBaHuii ['opHoro KpeimMa — mnaiika
IJIarMOpUOJIMTOB Topbl KacTeab A0MO3IHEI0PCKOTO
BO3pacTa, CeKylllasi AMCIOLMPOBAHHYIO TOJIILY (iuia
taBpuyeckoii cepuu T,— J,. Tlnaruopuonutel Kacre-
JIU cofiepXaT BKparuleHUsl PpECTUTOBBIX (peppoKopane-
pUTa U CUTOBUIHBIX CpacTaHUIA crieccapTUH-aJbMaH-
JIMHA ¢ KBapleM. I'paHaTbl Takoro o0JMKa U coctaBa 1
C TaKOW 30HAJIbHOCTbIO — OT LIEHTpa K KpasiM B HUX

I
938e 0 qpuii I

pacTéT coaepxkaHue Mg M CHUXKAETCsl colepKaHue
Mn — TUNWYHBI 1151 JKEJE3UCThIX METaIreJuTOB aM-
¢ubonuroBoii auuu. CoctaB mopomd, MpU IaJIMHIe-
He3e KOTOPbIX BOZHUK pacIIaB MIariOpUOIUTOB TOPhI
Kacrenb, BepossTHO, OoTBeyan KOpAMEPUT-aIbMaHI-
HOBBIM TLJIaTMOTHeMcaM; OlieHKa MapamMeTpoB ux (op-
MUPOBaHUSI 110 COCTaBy I'paHaTa u kopaueputa ~ 550° C
u 4 xoap.

B nnaruopuonurax ropsl Kacrtenb yacth rpaHata u
deppoxkopauepuTa 3aMelleHbl BHICOKO KEIE3UCThIMU
XJIOPUTOM — Ja(DHUTOM U MyMITEJLTMUTOM, YacTh OMO-
TUTA, TATAHOMATHETUTa U WIbMEHUTA — XJIOPUTOM,
3NUI0TOM, nyMneummuToM-(Fe) n MuHepaaom, 1o co-
CTaBy MPOMEXYTOUHBIM MEXIY TUTAHUTOM U BIOSIHbSI-
TUTOM. TakuM 00Opa3oMm, IJIarMOPUOJUTHI MOJABEPI-
JINCh MeTaMOp(du3My B YCIOBHUSAX IPEHMUT-ITyMITEII-
JIMUTOBOM (pauuu.

dakTyecKre JaHHbIE — PECTUTOBBIEC TpaHaT (crec-
CapTUH-aJbMaHIWH) U KOpAUEPUT amM@puOOIUTOBOM
dauuu mMeramopdusMa B IOPCKUX IIaTMOPUOJIMUTAX
ropsl Kacrtenb — TMO3BOJISIIOT TPEANnoSoXUThb, UYTO
OCHOBHAasl CTPYKTYpHasi 30Ha CKJaayaTtoil o0jacTu
T'opHoro Kpsima — I'opHo-KpbIMcKast Morjia ObITh 3a-
JIOXXeHa Ha JIpeBHEM KPUCTALNIMYeCKOM (hyHIaMeHTe,
Ha 3pesioii KOHTUHEHTAIbHOW KOpe, MPOJOKEeHUH Ha
IOT CTPYKTYp YKpPaunHCKOro 1uTa Pycckoii miathopMbl.

PabGora BbimonHeHa npu (UHAHCOBOW MOAAEPXKKE
POD®U (rpant 16-05-00241).
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