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CpaBHUTe/IbHOE U3YdYeHUE CTPYKTYPHBIX OCOOEHHOCTel OBOM/IOB KaJMieBOTO IIOJIeBOTO ILIaTa
U OpUPOBNUAHOTO KBaplia U3 TPAHUTOB PANAKMBYU Pa3/IMIHBIX MaccuBOB (AnaHnckuil, Beibopr-
cxuit, CanmuHckuit — bantuiicknit umt u Bepasyickuit — FOxxHbiit Ypai), a Takoke TMOPUIHBIX
HOPOJ, Pa3/IYHOTO IeHe3)ca II03BOJIMIIO YTOYHUTD UX PO/Ib B GOPMUPOBAHUM PAIIAKVBUTPAHUTHBIX
KOMIIJIEKCOB.

ITokasaHo, 4ro mopduposuaHsLt kBapy, osoupsl KIIII 1 mIarnokntasoBble 060I0YKM HA HIUX
ObUTM cOPMUPOBAHBI IO Hayajla KPUCTA/UIM3ALMM OCTATOYHOrO KOTEKTIYECKOIo pacIliaBa Ipa-
HUTOB pallakuBM. B MarMaTOreHHBIX KOMIIO3UTHBIX IMOPULHBIX IOPOJAX KCEHOKPUCTAIIBI-OBON-
mer KIIII mpeTepmenu pacman TBepHAOro pacTBopa ¢ 06pa3oBaHMeM BTOPUYHBIX KPUITOIEPTUTOB
IUTaTMOK/Ia3a, a B KCeHOKPUCTA/TaX KBaplia IPOMCXOAMIA JeKPUINTALUA HePBIYHBIX (IIOVIHbBIX
BKJIIOYEHMIT ¥ 00pa3oBaHIie HOBBIX BTOPUYHBIX BHICOKOTEMIIEPATYPHBIX BKIIOUEHUIT. B rubpumHbIx
KOMITO3UTHBIX METACOMATHUTAX, CHOPMUPOBABLINXCS IO MeTaMOP(UIECKIM 1 OCHOBHBIM MarMaTl-
YeCKIM HopofiaM, oBouzgonono6bHsle mopdupo6bnactsr KIIII (B ToM 4nciie ¢ IIarnoKn1asoBbIMy 060-
JIOYKaMM), a TakoKe TOp(UPOBUHDI KBapIL (B TOM 4MC/Ie ITIa3KOBBIN) KPUCTa/UIM30BaIICh U3 pac-
TBOpOB. IIpy 3TOM B KpucTa/ax KBaplja IpUCyTCTBYIOT ePBUYHbIE BKIIOUEHNA (OTpUIjaTe/bHbIe
KPUCTAJI/IBI) TPUTOHAIBHON CUMMeTPUY, XapaKTepHbIe /Il HUSKOTEMIIePaTyPHOI a-MOAMpUKAIIN.
Bbubnuorp. 24 Hass. V. 9. Ta6r. 2.

Kniouesvie ¢7106a: TpaHUTDI PAIlaKUBY, OBOMABL, HOPGMUPOOIACTBL, THOPULHDIE IOPOLBI, METACO-
MaTUTBHI.
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ABOUT THE GENESIS OF OVOIDAL K-FELDSPAR AND PORPHYRY QUARTZ IN RAPAKIVI
GRANITES AND RELATED ROCKS
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A comparative study of structural peculiarities of ovoid K-feldspar porphyry and quartz of rapakivi
granite of different arrays (Aland, Vyborg, Salmi batholith rapakivi of the Baltic shield and Bardiaush
batholith rapakivi of the South Ural), and hybrid rocks of various genesis allowed us to clarify their
role in the formation of rapakivi granite complexes.

It was established, that the porphyritic quartz and ovoides of K-feldspar and their plagioclase shell
was formed before the crystallization of the residual cotectic melt of rapakivi granite. In the composite
hybrid magmatic rocks xenocryst K-spar have undergone a disintegration of solid solution with for-
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mation of a secondary cryptoperthite plagioclase. And xenocrystic quartz was subject to decrepitation
by primary fluid inclusions and the formation of new secondary high-temperature inclusions. In a
hybrid composite rocks formed as metamorphic and basic igneous rocks ovoid-like porphyroblast K-
spar (including plagioclase shells) and quartz porphyry (including the ‘ocelly’) was crystallized from
solution. In the crystals of quartz primary inclusions (negative crystals) of trigonal symmetry were
present, typical for low-temperature a-modification. Refs 24. Figs 9. Tables 2.

Keywords: granite rapakivi, ovoides, porphyroblast, hybrid rocks, metasomatic rocks.

BBenenne

MexpyHaponublii komuteT reonorndeckoit koppenauuu IOHECKO ornec k 4mc-
JIy TIPMOPUTETHBIX 3a/jad MMPOBOIL Te0Iornu npobieMy reHesyuca IPaHUTOB PANaKMBU
U POZICTBEHHBIX ITOPOJ, TaK KaK MX MACCUBBI IPECTAB/ISAIOT 3HAUUTENIBHYIO YacTh 3€M-
HOJI KOPBI ¥ UTPAIOT BOKHYIO POJIb B JOKeMOpUiicKoit aBomonuy nurocdepsl. Kpome
TOTO, C TPAaHUTAMI PallaKMBU B IPOCTPAHCTBE U BpEMEHU aCCOLMUPYIOT PYLHbIE MECTO-
POXJIEHIsI, @ TAKXKE LIEJIBIIT CIIEKTP TOPHBIX MOPOT: Ta0OPO-aHOPTO3UTHI, MOHI[OHUTON-
mpl [1-3], menounble 1 HeeTMHOBbIE CHEHUTSI [4], a Tak>Ke TMOPUHbIE MarMaTUIeCKye
[5-7] n meTacomarmyeckye IOpoxel [8, 9], ocHOBHBIE 1 Kuc/ble ByIKaHKUTEI [10]. B pa-
6orax nocnepuux pecarunetuit (mpoektel IGCP-315 «Correlation of Rapakivi Granites
and Related Rocks on a Global Scale», a Taxoxe IGCP-373, IGCP-426, IGCP-510) ycra-
HOBJIEHO, YTO OOIMM [I/Is1 BCEX PallaKMBUTPAHUTHBIX aCCOLMALINIL SIB/ISETCS UX 3aPOXK-
IeHJe B IIpefiesiax KPaTOHMU3MPOBAHHBIX IUIUT B YC/IOBMSX PAcTSDHKEHUS 3€MHOI KOPBI.
[Tpu 9TOM GOBUIMHCTBO UCCTIENOBAHNIT OBIIV MOCBSIIEHBI M30TOITHO-TeOXUMIYECKOMY
MoZlenMpoBaHNi0 GOPMUPOBAHNS PANTAKMBUTPAHUTHBIX KOMIUIEKCOB IIOJ BO3MECTBU-
eM Cy6nmmuTocdepHbIX MAaHTUITHBIX ICTOYHIMKOB Ha IIOPOJbI HYDKHEN 4acTy 3eMHOII KOPBI
[2-11]. B cBsA3M ¢ 9TUM 60/IbIIOE BHUMAaHYE YIENAI0Ch U3YYEHUIO TeOXVIMIM IIPOLIECCOB
CMellIeHNsI COCYLIeCTBYIOMNX 6a3UTOBBIX 1 TPAaHUTHBIX PACIIaBOB [11].

Bmecre ¢ TeM ¢pu3uKO-XxMMUYecKe yCIoBys GOPMUPOBAHNS PallaKUBUTPAHUTHBIX
KOMIITIEKCOB TeM /I MHBIM 00pa3oM 3abUKCUPOBaHbI B 0COOEHHOCTSX MUHEPATbHOTO
COCTaBa M CTPYKTYPBI HOPOJ, II03TOMY VX M3Y4eHYe [IO-IIPEXKHEMY SBJIAETCS K/II0YeBbIM
UL pellleHVs IpoO/IeMbl B IIe/IOM. [7IaBHOI CTPYKTYPHO 0COOEHHOCTBIO paHHUX (a3
[PAaHUTOB PAINAKNMBY SIBIISIOTCS METaKPUCTAJUIbI-OBOW/IBI Ka/TIMEBOTO IIOTIEBOTO IIIa-
ta (KIIIII), okaiiM/IeHHbIe [IIATMOKIA30BbIMM 000mouKamy. OHU BCTPEYAIOTCS U B TH-
OpUHBIX KOMIIOSUTHBIX IOpofax [5-9], ofHaKO TPajUIVIOHHO XVMMYECKUII COCTaB
K-noneBoro mmara msydvasucs st OLeHKN (PU3MKO-XMMUYeCKNX YCTIO0BUil popMupoBa-
HUS TPaHMUTOB pamakuBy [12]. BmecTe ¢ TeM CTpPYyKTypHble 0COOEHHOCTM MUHEPAIOB
TAKOKe OTPXAT TEPMOAVHAMIYECKIE YCIOBUA UX KPUCTA/UM3aunun. B cBaAsu ¢ aTum
IUIsL OLeHKM YCTOBUIT (GOPMMPOBAHMS PalaKMBUIPAHUTHBIX KOMIIIEKCOB IIPOBEHEHO
CPaBHUTE/IbHOE V3YyYeHUe PeHTTeHOCTPYKTYPHBIX OCOOEHHOCTell OBOMIOB KaJIMeBO-
o II0/IeBOrO IInara 1 HopGUpOBUIHOTO KBaplia U3 IPAaHUTOB PAllaKMBU U IMOPUIHBIX
MOPOJT Pa3IMYHBIX MACCUBOB: AJTaHICKOrO, Berboprckoro, Canmuuckoro (Bamruiickmit
wnt) u bepasymckoro (YOxub1it Ypan).

Osoupp! KIIII B rpannTax panakusu

CoOCTBEHHO panakuBy IPMHATO HAa3bIBATh KPYIHO-TUTAHTO3E€PHICTBIE TOPPUPO-
BUiHBIe aM(PUOOT-6MOTUTOBBIE TPAHUTDI (BBIOOPTUTHI) C OKPYI/IBIMU YaCTO 30HAIbHBI-
vy Merakpucratamu KITIII, gacTb 13 KOTOPBIX OKPY>KeHa O/IUTOK/Ia30BbIMIU 060/I0UKa-
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mu. KIIII Taxyke IpUCYTCTBYET B Ppa3HO3€PHMCTOI OCHOBHOJN Macce MOopopbl. PasupiMu
aBTOpamu obpasosanme oBoyuoB KIIIII TpakToBamoCh B COOTBETCTBUM C MX B3I/IAAMMU
Ha Te€He3)C 'PAaHUTOB PANaKMBY, ONMPAOIIVMICA B OCHOBHOM Ha TeOfMHaMUYeCcKue
U N30TOIMMHO-TCOXMMMYECCKNE MO C/IN. O,U,'HI/I ABTOPbI CYNUTAIOT, 9YTO 'PAHNUTDI pallaKMBU U,
cooTrBeTcTBeHHO oBouabl KIIIII kpucTanmmsoBannuch 13 rpaHUTHOTO paclijiaBa Ha yPOB-
He CTaHOBJIeHNA VHTPY3uu [1, 3, 12, 13]. Cepbe3HbIM Ie0/IOrM4YeCcKM IO TBeP>KieHIEM
3TOJI TUIIOTE3bI OBIIO OMMCaHNe KPaeBOil MeTKOOBOUIHON (aluy TPaHNTOB PAIaKMBU
B Bri6oprckom maccuse [14]. JIpyrue aBTOpsI pa3BUBAIOT IpeCcTaBaeHNs 0 GOpMMpO-
BaHMM T'PAHUTOB PANaKMBU B IIpOIlecce Ka/luii-KpeMHMEBOTO METacCOMaTo3a B TBEPHOI
HOpOfie OCHOBHOTO cocTaBa 1 paccmarpusany osoyabl KIIII kak nopdupobnacter [15].
ITo muennio H.T. CynoBukoBa, oBouab! 00pa3oBaich B pe3y/IbTaTe IIyOMHHOTO KasIuii-
KPeMHIEBOTO MeTacoMaTo3a MeTaMop(uUyecKux IOPOJ, U IOCTIEAYOIero YacCTUIHOTO
IJTaBJIeHM s TPAaHUTU3VMPOBAHHBIX TOJI. JTO MPUBOANIO CHa4yaaa K OIJIaB/IEHMIO IOp-
¢upobnact KIIII npy nogbeMe MarMbl ¢ KCEHOKPUCTA/IZIAMM, @ HA YPOBHE CTAaHOBJICHNA
MHTPY3UM — K UX JOpacTaHMIo u3 paciiasa [16]. Ha mpumepe bepasynickoro maccua
6BITO TTOKA3aHO, UTO NPV IPAHUTMU3ANNN KATAKIA3MPOBAHHBIX TabOPOUIOB KpEeMHE-Ka-
JIMeBBIM (IIOMAOM B HUX (GOPMUPOBAINCh MeTacoMarndeckue noppupoodmactsr KITII
u kBapua. [Ipu fanpHesieM 9acTMYHOM IUIABJIEHUI TPAHNUTH3POBAaHHBIX 30H BO3MOX-
HO 00pa3oBaHMe palaKVMBUTPAHUTHBIX PACIUIABOB, COfIEPKAIVIX KCEHOKPUCTAIIbI UC-
xopHoro cyberpara [17].

Bormpoc o MexaHusme 06pa3oBaHMs IIATMOK/IA30BBIX 000I0UEK TaK>Ke MHOTOKpPAT-
HO 00Cy>X/jajIcsl B Hay4qHOU nuTeparype. OfHM MCCIeOBATENN CUNTAIOT BO3MOXKHBIM MX
KPUCTa/UIM3aLMIO U3 pacivIasa [1, 3, 12, 13], apyrue paccMaTpMBalOT MEXaHU3M UX KPH-
CTa/UIM3aly B TBEpHIOM CyOCTpaTe B IIpolecce MeTacoMmaTosa iy akcomronyy KITIIT
[15]. B HacTOs1Iee BpeMs MMeeTCs MHOTO (haKTOB, YKa3bIBAIOI[UX Ha TO, YTO IIATMOK/IA-
30BBIe 000TOUKM Ha OBOMZAAX (POPMMPOBANNCH M3 MAarMbl IO Havyajga KPYCTa/UIM3aIn
OCTAaTOYHOTO T'PAaHMTHOTO pacIvlaBa. Tak, IJIaTMOK/Ia30BBIMU 000IOYKAMV OKPY>KEHBI
KCEHOJIMTBI MEJIKO3ePHIICTOrO IpaHnTa B Beiboprurax (puc. 1) [13]. EcTb Haxofky oBOK-
JIOB C IBOJTHOII IIATYOK/Ia30BOI 060/104KOI1 B TpaHUTaX Bei6oprckoro Maccusa (puc. 1).

a

Puc. 1. Ooug KIIIII ¢ ABOJHOI IIArMOK/Ia30BOI 060I0UKOIL, BEIOOPrcKMil MACCHB, TPAXUTOMIHBII
rpaHut (a). KceHOMUT MeNKO3epHICTOrO TPaHNUTA B OBOMIHOM I'PAHUTE PallaKVBM, OKPY>KEHHbII II/Iaru-
OKJIa30BOIT 060/104K0I1, 0Opaser; A. Bopma 13 MUHEPATOrMYeCKOTO My3esl [e0/IOrMYecKoit cy>kOpr Pun-
nanguu (6). MacimrabHas 1uHelika — 3 cM
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B Canmunckom maccuse (Kapemnst) opouppr KITIII, B TOM 4mcrie 1 € IIarnoK1a3oBbl-
MM 060/109KaMM, TIPUCYTCTBYIOT B flalike OpOMKY/IAPHBIX IPAaHUTOB pamakusy (puc. 1, a)
[18]. dopmupoBaHMe TOCTETHIX IIPOUCXOIIO B YCTIOBUAX PACTSDKEHMSI 3eMHOI KOPBI.
BHeflpeH1e OCTATOYHOTO IPAaHUTHOTO paciiaBa, comepxaiero oBomapl KIIIII ¢ mma-
IMOK/Ia30BbIMM 000I0UKaMy, B PACIIMPSIONIYIOCS TPELIMHY COIPOBOX/AIOCh Pe3KUM
CHVDKEHMEM JaBJICHNA, HPI/I KOTOPOM HpOI/ICXOJII/UIO BCKUIIaHVI€ MarMbI U BbIC/ICHIIE JIE-
TY4IMX KOMIIOHEHTOB B CAMOCTOSITENbHYIO ProngHyio dasy. ITo IpUBOAUIO K OBICTPOII
KPUCTAIM3AINN OCTATOYHOTO KOTEKTMYECKOTO PAaCIlaBa Ha KCEHOKPUCTAIAX-OBO-
npax KIIII, B ToMm 4ncie u ¢ IIATMOKIa30BBIMU O00IOYKAMM, CIYKUBIIUX LeHTPaMu
KPUCTAIM3AINH [T KBaPII-TOEBOIIIATOBOrO rpanodupa (puc.2, a) [18].

Puc.2. Osougn KIIII B OpOMKYIAPHOM TpaHUTE, OKPY>KEHHBII OOOTIOYKON M3 KBaplLi-IOJIEBO-
1maToBoro rpaHodupa (a). Kpait oBouza ¢ arnokniasoBoit 060/1049K0Ii, OKPY>KeHHBbIIT KaliMOJi 13 KBapli-
[I0/IEBOLIIIATOBOTO TpaHodupa, B 30He sHITOKOHTaKTa Ca/MMHCKOro MaccuBa (6). MacirtabHast TuHel-
Ka—1lcMm

[Tomo6HBIE CTPYKTYPBI MPUCYTCTBYIOT TAK)Ke B IIOPOJAX 30HBI SHTOKOHTAKTA Ipa-
HuToB Ca/IMMHCKOrO MaccuBa. KBapIi-1o/eBOIIIaTOBBIM IPAaHODUPOM OKPYXKEHBI He
tonbko oBouasl KIIII ¢ maarnokna3oBeiMyu 00OMOYKAMI, HO M arperatbl MUHEPaIoB
KPYITHO3EPHUCTOI OCHOBHOI Macchl (puc. 2, 6).

Takum o6pasom, popmmposanme oponnos KIIII, B ToM uncie u ¢ MIarMOK/Ia30BbI-
M1 0607104KaMH, B TPAHUTAX PAIlaKMBI, BEPOSITHEe BCETO 3aKOHYMIOCH 1O KPUCTATIIN-
3allMM OCTaTOYHOTO KOTEKTUYECKOTO pacIl/iaBa.

O HavanbHBIX cTagyAax Kpuctaummsanyuy osouaos KIIII MoryT xocBeHHO cBupe-
TE/IbCTBOBATh MIHEPAJIOro-reoXuMmdeckue 0co6eHHOCTH 3¢ (y3UBHBIX aHATIOIOB Ipa-
HUTOB pallakKuBU — PUONUTOB. [eomornyeckne, reoXxuMmmyeckue M U30TOIMHO-T€OXUMMU-
JecKyie MCC/IeJOBaHNUsA BY/IKAaHUTOB 0. [OI/IaH] TOATBepAVIIN, YTO HOP(PUPOBbIE PHOIUTHI
(1638-1640 mtH 11eT) 06PA30BATICH 3 MATMbI POJIOHAYATIBHOI JI/ISI OBOVUIIHBIX TPAHUTOB
panakusy Ber6oprckoro maccusa [10]. B TOHKO3epHUCTOM, 9aCTO CTEKIOBATON OCHOB-
HOJI Macce PUOIUTOB HAOMIONAIOTCS BKPAIUIEHHVKY Ka/IeBOTO II0JIEBOTO IIIaTa OPTO-
knas-nepruta (0.5-2.5 cMm B nonepeuynuke) u kBapia (0.1-0.5 cM B monepeyHuKe) ciara-
touvie 5-10% 1 3-10% o6beMa opopbl cooTBeTcTBeHHO. Bkparennuku KITHI u xBap-
IJa 9acTO MMEIOT 3a/1uBBI (cavities), BBIIOTHEHHbIE MUKPOKPUCTA/INYIECKOI I OCHOBHOII
Maccoit (puc. 3, 8, ¢). Takue 3an1Bbl, KaK IIPaBIUIO, 0OPA3yIOTCs PV PaCTBOPEHMI BKpa-
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IUTEHHMKOB IO Je/ICTBMeM HEPaBHOBECHOTO C HMMU pacIulaBa U 00pacTaloT CHapy>XKu
30HaJIPHBIM KaJIMeBbIM MOIEBBIM IIIIATOM WM KBapiieM. [lonoOHble sBIeHNS HabMOa-
I0TCSI B CYOBY/IKQaHMYECKMX KBapLieBbIX NOpdupax KoOMIUIeKca XaMMapyna ATaHgCKOTO
maccuBa panakusu (Ouunsuans), Mukporpanntax Ansren6epr (Tepmanus) u ap. [5, 7).

a

Puc. 3. Bkpamnennuxku KIIII n kBapIja ¢ 3aMBaMy BbIIIOTHEHHBIMU MIU-
KPOKPMCTAJIINIECKO OCHOBHOJ Maccoil: d, 6 — B KBapIieBbIX MOpdupax KoM-
wiekca XaMMapyzia A/IaHICKOTO MacCyBa panakyBy; 6, 2 — B IIOPQPUPOBBIX PU-
opanurax o. Jormanp Beiboprckoro MaccuBa rpaHUTOB pamakuBy. MacirabHas
nuHenka — 1 cm

s Canmuuckoro u BeIOOPrcKoro MaccuBOB YCTAHOB/IEHO 3aKOHOMEPHOE YMEHb-
trene cogepkanus Ba (ot 1500 o 100 r/t) u Sr (o1 200 o 10 1/T) OT paHHMX TPAaHUTHBIX
(a3 K HO3THUM 1 OT KPYITHO3E€PHICTBIX Pa3HOBUHOCTEN K MOPMUPOBULHBIM U XKITb-
HbIM. [Ipy aTOM Ccoep>xaHye pyOuaMs, HAIPOTUB, yBenndusaercs (ot 200 go 900 r/1) [3,
4]. Takas xe teHpeHims xapakrepsa u st KIIIII oBonoB: B 30HAIBHBIX KPUCTAIAX,
OT IIeHTPa/IbHBIX YacTell K KpaeBbIM, HaO/II0fjaeTCs 3aKOHOMEPHOE YMeHbIIIeHIe COflep-
xxaHyst Ba u Sr (ta6m. 1). IIpu aTom camoe Bbicokoe copepskanye Ba u Sr, mpu camom HK3-
KoM copepxxanuu Rb, xapaxrepno s KITII 13 eHTpa/IbHbIX YacTell KPYIHBIX OBOU/IOB
[19]. Copmeprxanue 6apusi, CTpOHLIMA U pyOMIVs B Ka/IMeBBIX IIO/IEBBIX LIIIaTaX U3 BKpa-
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IUIEHHMKOB B puonnTax o. [ormany 6/11M3K0 K KaIyeBbIM II0JIEBBIM IIIIaTaM U3 LIeHTPajIb-
HBIX YacTell OBOMIOB BBIOOPrCKOro MaccuBa, YTO [jaeT OCHOBaHUE MPENIONOKUTD X
TeHETUYECKOE POJICTBO.

Tabnuya 1. Copepxanne Ba (%), Rb u Sr (r/t) 8 KIIIII 13 rpaHUTOB pamakuBy 1 POACTBEHHbIX IIOPOT,

BoiGopr- CamMMHCKUIT MaCCHB
cxuit OpONKyIAPHDI TPAHUT
Puomutel | MaccuB | Merakpuctsr | OBompbI ITopdupo-
Tormanpma | 0BOMABI | y3 MoHmOHNM- | M3 BBIGOP- 6macTpr
13 BBIOOP- TOB TUTOB oBouabl | rpaHodup | g poroBukax
IUTOB
Ba 0.5-1 0.5-1,3 0.26-0.52 0.2-0.7 0.5-0.9 0.08-0.1 0.27-1.2
Rb | 340-400 510-590 200-300 200-300 300-400 300 200-300
Sr | 220-310 | 200-300 200-300 200-300 300-400 100-200 350-360

PacyeTHBIMM MeTOfjaMI ITOKA3aHO, YTO NPYU IOAbeMe PAaKMBUTPAHUTHON MarMbl
JIO/DKHA IIPOMCXOAUTD CyOM30TepMIYecKas IeKOMIIPeCCHs pacIlIaBa, IIpy KOTOPOii BO3-
MOXXHO OITaB/IeHNe MHTPATe/UTypUYeCKMX BKPAIUIEHHMKOB KBaplja 11 IO/IEBOTO IIIaTa
[20]. 91O moATBep>KHAETCS TepMOOAPOMETPUUECKUMM VCCTIEOBAaHUAMYU Ha IIpUMepe
HECKOJIPKUX paNaKMBUTPAaHUTHBIX MaccuBoB bamtmiickoro mmra [21]. Beuto ycranos-
JIEHO, YTO MUHepa/lbHble BK/IIOYEHNS BO BHYTPeHHUX dacTsx osoupos KIIII Hepenko
KPUCTA/IM30BA/INCh NIpK Oo/lee HU3KMX TeMIepaTypax 1 0oree BBHICOKMX 3HAUEHUAX
masnenus (T = 680-720°C, P = 5-6 kbap) 1mo cpaBHEHUIO C UX mepudepueit 1 Onmro-
k1azoBbiMy oropoukamu (T = 780 °C, P = 3,5-1 k6ap). OTo npepnonaraet, 4To GopMupo-
BaHILe s7lep OBOV/IOB IIPOM3OIIIO Ha ITTyOMHE, C KOTOPOIl OHM MarMaTYeCKMI TOKaM
ObUIV BBIHECEHBI B IPYTYIO, MeHee ITTyOMHHYI0 Kamepy [21].

Takum o6pasom, kpucrajuiel KITII n kBapiia B pyonnTax MOIIN MPEACTaBIIATb CO-
6011 MO0 MHTpaTe/UTypudecKye BKpaI/IEHHNKM, 00pa3oBaBlINecs Ha IIyOMHe [0 U3-
JIMSAHNA MarMbl, 1160 KCEHOKPMCTbI — HepacIlIaBJIeHHble MUHEPAJIbl MCXOJHOTO IPO-
TOJINTA, U3 KOTOPOTO BBIIAB/IA/IACH pAallaKVMBUIPAHUTHAsA Marma. Brocnencrsum, mpu
dbopmupoBaHUM UHTPY3MBa panakusy, BKkparieHHuKy KIIIII u kBapja MO Cly>XUThb
LeHTpaMM KPUCTA/UIN3ALVMN )1 YaCTU OBOUJIOB U TOP(MUPOBUIHOTO KBaplja IPaHUTOB.

Mopdonornueckue ocobennoctu osoumos KIIII u mopdpuposugHoro kBapia
B MArMAaTOT€HHBIX TUOPUIHBIX TIOPOJAX

B monmuMopanpHBIX MarMaTMYeCKUX KOMIUIEKCAX PaIlaKMBU YaCTO BCTPEYAIOTCS
BecbMa crienraecKme MarmaTuieckie ruOpyugHble MOPobl — 6a3anbThl, COTepIKale
osoyppl K-nonesoro mmara n nopgupoBugHoro kpapua. KceHOKpyucTanibl nonajaoT
B 0a3a/jbTOBYI0 MarMmy IIpY BHEJPEHUM ee B He IOTHOCTBIO 3aKPMCTA/UIM30BaBIINe-
cs1 rpaHuThL. Takue cmydyan usBecTHBI B MaccuBax CyomeHnHuemu [5] n Xammapypa Ha
Ananpcknx octpoax [7] (Ouunanpusa, Canmu). Ilo ganabiM O.K1yHA, MUHEpPaIbl
TPaHNUTOB JIETKO NPeofoneBaoT (asoBy0 TPAHUIY MEXY pacI/laBaMy Y POHUKAIOT
B 06asa/mbroByl0 MarMy. OfHOI 13 XapaKTepPHBIX MOP(HOTOIrMYeCKNX 0COOEHHOCTEN I~
OpyUHBIX 6a3a/IbTOB SABJISIOTCS KCEHOKPUCTBI KBaplLja, OKPY>KEHHbIe KaeMKaMU U3 MeJl-
KX KPUCTA/UIOB aMuboIa — «rmaskoBblit» mmn «ocelly» kBapry (puc.4, a) (7, 9].
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Puc. 4. MarMaToreHHbIe KOMIIO3UTHBIE TMOPVIHbIE TOPOABL: @ — <ITIA3KOBbI» M «ocelly» kBapry
B 6asanbTax (AMaHCKUIT MACCUB PalaKuBM); 6 — KCeHOKPUCTHI K-IoeBoro mimara u KBapla B Auaba-
3ax rnopupHoi saitky (CaZIMMHCKWIT MacCUB pallakVBY) BBIBETPEHHAs MOBEPXHOCTD; 6 — osouy, KITIII
C IJIArMOK/Ia30B0I1 0O0IOYKOI B KOHTAKTe aliK/ C OBOMHBIMY IPaHMTaMU panakyuBu. MacurrabHas /-
Helika — 1 cm

[Tomo6HBIe KCEHOKPUCTAIIBI MPUCYTCTBYIOT B Aradazax rMOpUIHBIX HaeK, IPOpPbI-
BAIOIIX OBOM/IHbIE aMp1O0I-61MOTUTOBbIE TPAaHNTHI pamakyuBy CaIMIUHCKOTO MacCHBa
[6]. B menkosepHuctoM nmabase comepkarcst Kpuctamasl KIIII u rmaskoBelil KBapl,
OKPY>KeHHBIT KariMoit am¢pubona. B kcenokpucrammax KIIII Habmoga0Tcst IEHTOYHbIE
MEPTUTHI, KaK M B OBONJ]aX B TPAHUTAX PAIlaKMBI, a TaKXKe creruduiecke TMH30BI]-
HbIe KpUIITONIepTUTHI pasMepoM oT 0.325 o 1 Mk [19, 22].

Mopdonornyeckue oco6ennoctu osoupos KIIII u nopdpuposugHoro keapua
B METaCOMATNYeCKUX THOPUIHBIX TOPOJAX

Osomnppi KITII u kpuctanas TopbUpOBUFHOTO KBaplia B ACCOLMALINY C TPAHUTAMU
paIrakyBy) V3BECTHBI ¥ B METACOMATIYECKMX TMOPUIHBIX TOpoAax. Tak, B 9K30KOHTAKTe
CaZMMHCKOTO MacCuBa PamakuMBi B OPOTOBUKOBAHHBIX OpeKUMsAX MO KBAPI-OMOTUT-
IUTaTMOK/Ia30BbIM CJIaHIJaM KOBaI'bsIPBMHCKON CepUM BCTPEYAIOTCS OBOULOIOHOOHbIE
merakpuctamasl KIIII (o 8 cM B momepevHnKe), B TOM 4MC/Ie OKaliM/IEHHbIE TIarno-
K/Ia30BbIMM 000/I0YKaMM, a OKPYIJIble TOPPUpoOIacThl KBapla JOCTUTAIOT 3 CM B I1O-
nepeunuke [9, 22] (puc.5).

[TopdpupobmacTel MMEIOT METACOMATUIECKYIO IPUPORY, U UX GOpPMUPOBAHME CBSI-
3aHO C BO3JeiCTBUEM (IIIONIOB, OTIICIUVICHHBIX OT I'PAHUTHOJ MarMbl pamakyBU, Ha
BMeIIAIOIyie POTOBUKU. DTO HMOATBEPXKJATCSI M30TOMHO-TEOXVMUIECKUMM JJAaHHBIMU
0 BO3pacTe 1 MCTOYHNKE BELeCTBA /IS METACOMATMIeCKuX mopdupobmact K-monesoro
ILIIIaTa B POTOBMKAX. VI30TOIIHO-reoXnMmdeckoe uccaefoBanme pasnmnaubix 3o KITII,
[UTATMOK/Ia3a 0O0TOYKY Ha METAKPUCTA/UIAX M MUHEPAIOB U3 OCHOBHOI MacCChl POTO-
BJKOB IIOKa3a/0 BO3PACTHYIO 3aBUCUMOCTb Rb—Sr M30TOIHBIX JaHHBIX IJI HOPOZO-
obpasymomux MuHepanos Metacomatutos (T = 1515+54 miH net, Isg = 0.7168+0.0011,
CKBO = 4.2) [9]. Ilpu atom U—Pb Bo3pacT upkoHOB U3 rpaHnuToB pamakusu Ca-
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Puc. 5. TTopdupo6mactsr KIIII B 0pOoroBnKoBaHHBIX OpeKYMAX: d — OBOV/OIO-
nob6uble kpucrauisl KITII u mopdupoBnpHOro KBapia; 6 — OBOU/OIOZOOHbIE KPU-
cramnel KITII, okpy>keHHbIe IUIArMOKIa30BbIMYU 0060/10uKaMu. MaciurabHas nmHert-
Ka—lcm

MMHCKOTO MaccyBa cocTaBisAeT 154348 miH et [2]. IIpuBeieHHbIe JaHHDIE TO3BOJIAIOT
CUNTaTb, YTO YACTh BelleCTBA METAKPNCTA/UIOB ObI/Ia MpUBHeCeHa (IoNIoM, OT/eNAB-
myMcs Ipy GOpMMUPOBAHNUM MHTPY3MBA TPAHUTOB panakusu. Kpucrammsanus mwiarn-
OKJIa30BBIX 0007104eK Ha mopdupobnacrax KIIIII B porosukax, BIIOJTHE BEPOSITHO, MOITIA
IPONCXOAUTb OJHOBPEMEHHO C (POpMIUPOBaHNEM IUIATMOK/IA30BbIX 000/I0UeK Ha OBOM-
flaX B TPAaHUTAX PaIlaKMBIL.

B BepastyuickoM MaccrBe OBOMHbIE TPAHUTDI U CMEHNUTBI PallaKUBY COflepIKaT Kce-
HOJINTBI TPAaHUTU3VPOBAHHBIX rA06PONIOB, BO BHEIIHNX 30HAX KOTOPBIX IIPUCYTCTBYIOT
nop¢upobmactel kBapua 1 oouponofobuslie Merakpuctabsl KIIII, okpy>keHHBIe I1a-
IMOK/Ia30BbIMM 000710uKamu (puc. 6, a). IIpu aToM HekoTopble HOphUpoOIACTHI KBapIia
00671eKaloTCA KaliMOoli M3 MeIKUX 3epeH aMdubona mofo6HO I7Ta3KOBOMY KBapIly B TM-
OpyHBIX MarMaTyeCcKux Nopopax (puc. 6, 6, 8). Becbma npumedarenbHO, 4TO MOFOOHBIN
IJIa3KOBBII KBapl] BCTPEYaeTCs U B CAMVX IPaHNTaX parakmuBi (puc. 6, 2—e).

U—Pb Bo3pacT UPKOHOB 13 KCEHOMUTOB MOKasan 3HaueHne 1380.4+2.2 MIH e,
TOT/a KaK LMpKoH u3 nopgupobdmacta KIIII ¢ nmaarnokina3oBoit 060104KOI U3 TpaHUTA
pamakyBM OKa3ascs 3HAYMTENbHO MoOjIoXKe: 1353.2+5.3 miH net. [Toatomy rab6poussr
U3 KCEHOIUTOB U IMOpY/HbIe OBOUAICOAEePIKallllie MOHIIOHUTBI He MOTYT IPUHAMIIEKATh
K eIMHOJ MarmMaTi4ecKoll rabOpo-TpaHUTHON cepyuy IOPOJ, KaK CYMTAIOT HEKOTOpbIe
nuccnegosarenu [1, 2].

B cocraBe CaIMMHCKOTO KOMIUIEKCA MeX/ly PAHHMMI MHTPY3UAMM rab6po-HOpH-
toB (U-Pb Bo3pact amaruta 156319 MiH sieT) 1 60/1ee MO3THUMM IPAaHUTAMU PALlaKM-
B1 (U-Pb Bospact umpkoHOB 1543+8 myH neT) [2] Tak)Ke IPUCYTCTBYIOT MOHIIOHUTBI
Y MOHIIO-CHEHUTBI, B KOTOPBIX mocTosiHHO mpucyTcTyeT KIIIII B Me3ocTasuce rab6po-
BOJI CTPYKTYPBI U B BMJIe METaKpPUCTAUIOB 10 1-2 cM B momnepevHuke (puc.7), BecbMa
HepaBHOMEPHO PacCIIpe/ielleHHBIX B IIOPO/ie.

BmecTe ¢ TeM HEKOTOpBIe aBTOPBI TAK>Ke OTHOCAT MOHIJOHNTBI K eJMHON MarMarnde-
CKOIt TabOpO-TPaHUTHOI CepyM MOPOJ, HECMOTPS Ha CYLIECTBEHHYIO PasHUIY B BO3pacTe
[1,2].

B npunnyme KITII MerakpuctaazoB B MOHIOHUTAX MOTYT OBITb KCEHOKPUCTAaMI,
HONABLIVMY Tyfja B IIpOLiecce CMeIIeHNs TPAaHUTHOI 1 6a3UTOBOI MarM, 1Wim nopupo-
6macramy, 00pa3oOBaBIIVMICA B pe3y/IbTaTe MeTACOMATNYeCKOil IpaHuTH3anuu (OKBap-
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Puc. 6. TToppupo6bmactsr KIIII u «rma3koBoro» KBapua B IPaHUTU3UPO-
BAaHHBIX KCEHONNTAX rab6ponioB u rpaHNTax pamnakusy Beppsymickoro Kom-
mwiekca: a — osouponono6Hsit Kpucramn KITII B rpaHNTU3MPOBAHHOM rab-
Opo-AuopuTe, OKPY>KeHHBIIT IJTar1OKIa30BoI 0607104KoIL; 6 — mopdupobmact
«IJIa3KOBOTO» KBAPI[a, OKPY)KEHHBbII KailMOI1 13 ME/IKIX KPUCTAIoB aMpu6o-
JTa; 6 — «IJIA3KOBBII» KBaPIl B rab0OPO; 2—e — «ITIA3KOBbI» KBAPI] B OBOMTHBIX
rpaHMTax pamakyBy. MaciuTaOHas MuHeitka — 1 cM

Puc. 7. Merakpucrpt KIIII B MoHnjoHNTax Ca/IMMHCKOTO KOMIITIEKCa
pamaxuBu. MaciutabHas muHelika — 1 cm
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LIeBaHVA ¥ Ka/IMIIIATU3ANVN) PAaHHNX rab6ponsios (rongoM, OTAEMMBIINMCS OT Mar-
MblI panakuBu. Kpome toro, KIIII B MOHIIJOHMTaX MOT/IN ITOTHOCTBIO KPYCTA/IIN30BaTbCSA
u3 pacrnasa. Copepsxkanne Ba, Rb u Sr merakpuct KIIIII 13 MOHIJOHMTOB IPaKTUYeCKN
upentnyHo KIIII u3 rieHTpanbHbIX YacTell OBOULOB I'PAHNUTOB PallaKiBY, BIIPOYEM, KaK
u nopdupo6bractam KIIIII B porosukax.

CrpykrypHble oco6ennoctu KIIII u3 rpaHNTOB pamakvBy U pa3IMIHbBIX 110 TEHE3UCY
KOMITO3UTHBIX ITMOPUHBIX IIOPOT,

TaxuMm o6pasom, HecMOTpsI Ha Mopdonorndeckoe nopobue, KIIII u nopbuposus-
HBIII KBapl] 3 IPAHUTOB PAllaKMBI M PA3/IMYHBIX 10 T€HE3UCY KOMIIO3UTHBIX TMOpU-
HBIX IIOPOJ HO/DKHBI PA3INYaTbCsl CTPYKTYPHBIMM 0COOeHHOCTAMN. KceHokpycTaibl
MIHEpPAJIOB, IIOIIaBIIVe B OCHOBHOI PACIl/IaB, HO/DKHBI ObUIM IIOBEPraThCs 3HAYNTEIIb-
HOMY HarpeBy U OBICTPOMY OXJIQ)XX[€HUIO, TOTZIa KaK MeTacoMaTudecKue noppupoobia-
crol KITII 1 kBapiia KpUCTa/IN30BaIICh VI3 PAaCTBOPOB ¢ 60/Iee HU3KOIL TeMIIepaTypoii,
yeM I'PAaHUTHBII PacIiaB.

Hamu 651710 IpoBeieHO CpaBHNUTENIbHOE U3ydeHue CTPYKTypHoro cocrosaus KITIIT
OBOMJIOB T'PAHUTOB PAIlaKVBJ, MOHIIOHUTOB, KCEHOKPYUCTA/UIOB U3 IMOPUIHBIX MarMa-
Trdeckux nopoy, (CaIMUHCKMIT M AJTaHACKUI MacCUBBI), @ TaK)Ke METaCOMaTHMYeCKIX
OBOMJONOROOHBIX KPUCTA/IOB B poroBuKax (Ca/IMMHCKIIT MAaCCHB) U TPAHUTU3UPOBAH-
HbIX kKceHommmTax (beppsaymickuit maccus). Ha penrtrenosckoM mudpakromerpe JPOH-
2.0 (Cuka, 35 kv, 20 ma) KIIII u3 mepeuncieHHBIX TOPOJ M3YYaMUCh B OOBIYHOM CO-
CTOSIHIY I10 CTAaHJAPTHOJ METOMIMKE, A 3aTeM MCC/Ie[JOBaHHbIe 00pa3Iibl IIPOKATNBAINCD
B IUTATMHOBOM THUITIe B My(denbHoiT meun pu Temieparype 900 °C B TeyeHue 8 4, mocie
Yero CHOBA OIIPefe/s/IOCh UX CTPYKTYpHOe cocTosiHue [19, 22]. Pesynbrarel uccienosa-
HUIT IPVMBEJIeHbI B TAaOI. 2.

Tabnuya 2. CTpyKTypHOe COCTOSHME Ka/INeBbIX O/IEBBIX LITIATOB TPAHNUTOB PAaNlaKMBI
Y POACTBEHHBIX rHOpUAHBIX Topox (T — cTeneHb YHOPAJ0YEHHOCTH)

Ucxopneni KITIIT KIIII mocne mpoKanmBaHusA
fopons | 1, | O0ghenean | ambns, [ 7, [ Omnoecan | Aty

CanMMHCKUIT MacCUB

Pamakusu 0.71 Or100 12 0.73 Or100 10

MOHIIOHUT 0.73 Or100 14 0.73 Or100 10

Jlnabas 0.73 Ab38 Or62 0 0.73 Ab10 Or90 26

0.72 Ab35 Or65 0 0.70 Ab10 Or90 22

Porosuk 0.71 Ab28 Or72 3 0.72 Ab28 Or72 4
Beppsyuickuit Maccus

Pamakusu 0.66 Ab15 Or85 15 0.66 Ab15 Or85 12

Krcsggg? 0.61 | Abl50r85 15 0.62| AblI50r85 15

AaHICKIIT MacCuB
Pamakusu 0.78 Ab15 Or85 4 0.78 Or100 26
Dﬁi%:;‘;f 0.79 | Ab300r70 5 0.79 |  Ab100r90 26
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Bce nsydenHble monepble MIMATHl TPAHUTOB pallaKMBI M POJCTBEHHBIX ITOPOJ, IPefi-
CTaBJIeHbl OPTOK/IAa30M, B KOTOPOM HAO/IIOfAI0TCS ICHTOYHBIE NMepTUThI anbbuta (10—
15%). Kpome Toro, Kanmit-HaTpueBblil OPTOK/IA3 OBOUIOB TPAaHUTOB PAIlaKMBY, @ TAKXKe
MeTacoOMaTHYeCKUX OBOM/OMOAOOHBIX KpucTamioB n3 CanmmmuHckoro u beppsyluckoro
MaCcCUBOB COJIEPXKUT B CBOEW CTPyKType oT 12 mo 15% anbburoBoro mmHanma. Ilocne
IIPOKa/IMBaHNsA 00pasiioB OBOV/OB 113 TPAHUTOB panakuBy B My(e/IbHOIT Ie4n CTeleHb
ynopsapodernnoctyt KITII (T') mpakTudeckn He U3MEHNIIACH, A COlep>KaHe aTbOMTOBOTO
KOMIIOHEHTA B CTPYKTYpe OpTOK/Iasa fiayke HEMHOT'O CHU3MIOCH [19, 22].

B oBonponopo6ubix Meracomarndecknx KITII n3 poroBnkos v rpaHUTU3NpPOBAH-
HBIX KCEHO/IUTOB rab0pOM/IOB CTeleHb YIOPSALOYeHHOCTH U COfiep>KaHe ab0MTOBOTO
KOMIIOHEHTA B CTPYKType OPTOK/Ia3a He M3MEeHMIUCh [TOC/Ie IPOKaTNBaHNA 00pasIioB.
Cnenyet oTMeTuTb, uto 1 Ansa KIIII meTakpucTanioB U3 POroBMKOB I OBON/IOB TpaH-
TOB PaIlaKVBJ IIPAKTUIECKI COBIA/AIOT, YTO MOXKET OBITb Pe3y/IbTaTOM OM3KIX TeMIIe-
paryp obpasosanus KITIII.

B cocraBe oprokmasa KIIII oBonmoB-KCEHOKPUCTAIOB U3 TMOPUIHBIX MarMaTy-
yecknx ua6azoB CaJMMHCKOTO MacCuBa albOMTOBDII KOMIIOHEHT IPAKTUYECKM OT-
cyrcrByer. Ilocme mpokanmuBaHuA 06pasIoB cofep)KaHUe aabOMTOBOIO KOMIIOHEHTA
B CTPYKType OpTOKJIasa yBeIMIMIOCh Ao 22-26%. ITogo6HOe sBIeHMEe YCTaHOBIEHO
u i KITII u3 rpaHUTOB 1 KCEHOKPUCTOB MaMueCKIX BKITIOUEHNTT AJTaHICKOTO MacCh-
Ba: Coflep)KaHye abOMTOBOrO KOMIIOHEHTA B CTPYKTYpPe OPTOK/Ia3a YBEINIMIOCh [OCTIe
IIpOKanMBaHUA € 4-5 110 26 %.

Ob6Hapy>keHHOe siBleHMe 0ObsCHseTCS TeM, 4To KceHoKpucTsl KITII, momasuive
U3 MarMbl TPAHUTOB PaNlaKVBY B BHICOKOTEMIIEPATYPHBIl OCHOBHOI pacIlIaB, ObIIM Ha-
rpetsl o Temmeparyp 6onee 900 °C. I[Tpu mmocenyomiem, fOCTaTOYHO OBICTPOM OCTHIBA-
Hym KIIIII mperepneny BTOpMYHBII pacHaj TBepHoro pacrsopa B PT-o6macTy BbICOKO-
TeMIrepaTypHoro conbByca (oxosno 800 °C). ITpu atom crpykrypa KIIIII ocBoboxgaeTcs
OT COJieprKalllerocs B Hell a/IbOMTOBOTO KOMIIOHEHTA 1 MOSAB/IAIOTCA HOBOOOpa3OBaHHbIE
PEHTTEHOBCKME KPUIITONEPTUTHI, KOTOpble (10 CPaBHEHMIO C PAaHHUMM JIEHTOYHBIMMU
HepTUTaMU OBOMIOB) He MMEIOT YeTKMX (pa30BBIX I'PAHNI] U IIPU HarpeBaHUY MOTYT Obl-
CTPO «PacTBOPATBHCA». TakuM 06pa3om, Ipy HarpeBaHUM JIO0 BHICOKUX TEMIIEPATYP U IO-
CIIefyIoNeM 6picTpom oxnaxzaennn K-Na monmeBoro mmara BUPTYa/JIbHbIN a/IbOUTOBBIN
KOMIIOHEHT IIePeXOANUT B peasibHbIil anbOUT PEHTTeHOBCKMX KPUIITONEPTUTOB, a NpK
IpoKaaMBaHuy 06pasioB Na CHOBa BXOUT B CTPYKTYpy OpTokiasa. ClieyeT OTMeTUTb,
YTO a/IbONT U3 IEHTOYHBIX IIEPTUTOB U IIPY HaTPEBAHMM Vi TPV MIPOKAIVBAHUY IPAKTH-
4ecKI He pearupyer ¢ OPTOK/IA30M, 13-3a Ha/M4MsA YeTKUX (Pa30BBIX IPAHMIL.

IIpucyrcreue kpunronepruros B KIIII rpannToB panakuBu ANaHICKOIO MacCh-
Ba CBSI3aHO C TeM, YTO 0OpasIbl JJIs UCCIIETOBAHNUA OTOMPA/IICh B HEIOCPECTBEHHOII
6/1M30CTN OT MarMaTOTeHHBIX MaUIeCKNX BKIIOYEHMIT. BepoATHO, MICXOMHBIN /I 3THX
BK/IIOUEHNII BBICOKOTEMIIEPATYPHBIII 6Aa3MTOBBII PacIIaB HAarpeBa/l BMELIAIONIYIO Ipa-
HuTHy10 Mmarmy u Kpuctanael KIIII go Temneparyp soiuie 800 °C.

Takum o6pasom, cTpykTypHOe cocrosiuve KIIII rubpupHbBIX HOPOJ KOMIUIEKCa
pamaxkyBy (Haju4ye WIM OTCYTCTBYE B HMX PEHTT€HOBCKMX KPUIITOIEPTUTOB anbOm-
Ta) MOXKET OJTHO3HAYHO YKa3bIBaTh HA VX MarMaTM4ecKoe WV MeTacOMaTIIecKoe Ipo-
ncxoxjenue. I[lockonpky KIIII 13 Mmonnonnto CaJMMHCKOTO MaccuBa He COfiepKaT
PEHTTeHOBCKMX KPUIITOIIEPTUTOB, TO Hanbojee BepOATHO, YTO 9TY MOHLIOHUTHI IIpef-
CTaB/IAIOT CO00II KOMIIO3UTHBIE TMOPUHbIE ITOPOAbI, 00pa3oBaBlINecs B pe3y/IbTare
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TPAaHUTU3ALNY — MEeTAaCOMATUYecKoro IpeoOpasoBaHusA 6oree paHHUX rabbpo-aHOpP-
TO3UTOB KpPeMHe-Ka/I/eBbIM (IIOUIOM, BOSMOXKHO, OTAEIMBIIMMCS OT MarMbl palakuBIL.

CrpyKTypHBIe 0COOEHHOCTI TOP(GUPOBUIHOTO KBaplia IPAaHUTOB pallaKuBU
Ul PA3/IMYHBIX I10 TeHEe3UCY TMOPUIHBIX TOPOL

MbI IpoBeyIY CpaBHUTENbHOE U3ydeHMe (IIONHBIX BKTIOUEHNUI B TOPUPOBU-
HOM KBaplie OBOM/IHBIX TPAHNTOB PAINIAKVBY 1 B KCEHOT€HHOM KBapIie 13 MarMaTIYeCcKIX
rubpugHbix nopop CanmmuHuckoro maccusa [6]. CoctaB dmongubix Brmodennit (H,O,
CO; 1 Mx cyMMapHas Macca) B KBaplie OIIpefie/is/l MeTOJOM MacC-CIIeKTPalTbHOTO Tep-
MUYECKOTO aHajIM3a 10 Mepe JIeKPUMUTALNY C HarPeBOM; MTOJI0KeHNe TUKOB JeKpUIIN-
Talyy ObIIO COIIOCTABUMO C TeMIlepaTypaMyl TOMOTeHM3aL My BKIIoYeHnit. [ nopgu-
POBUIHOTO KBapIla palaKyMBy XapaKTePHO Ha/luyye [IByX IMMKOB MacCOBOTO BCKPBITHA
ra30BO-XXUAKNX BKIIoYeHMit. [Ink mpu temmneparype T; = 525°C cOOTBETCTBYET HEeKpu-
NUTAIVM IePBUYHBIX BK/IIOYEeHNIT ¢ TeMIieparypamu romoreHusaunu (Troy) oxomo 490—
540 °C; BCKpBITVIE BTOPUYHBIX LIETIOYETHBIX BKIIOUEHNUI ITponcxonyto mpu 1r = 420°C,
3HaueHns Tyoy 7TEXKatT B uHTEpBase 210-380°C (puc. 8, a).

a 6
.e.
y 40
40 c
30 ymma
Cymma — H,O
CO,
20
10
225 325 425 525 625 225 325 425 525 625
t°C t°C

Puc.8. Tpaduku 3aBUCHMOCTM COCTaBa ¥ BBIXOJA MaccoBOI momy rasoBo-xupkon ¢dassr (H,O,
CO;, ¥ UX CyMMapHOI Macchl, B yCTIOBHBIX €IVIHUIIAX — Y.€.) OT TeMIepPaTypbl AeKPUINTALUY (IO THDIX
BK/IIOUEHWIT B TOPGUPOBUAHOM KBaplie 13 mopon CaIMIHCKOTO MacCHBa: @ — KBapl| 13 TPAHUTOB paIla-
KB, 0 — KCEHOTE€HHBII KBapIj U3 rmOpuiHOIt 6a3aabToBOI Jailku

JI71s1 BK/TIOUeHMIT B KCEHOTEHHOM KBaplie 13 6a31TOBOM Jaiikyl puKcupyeTcs 06mactb
fexpunuranuy B uHTepsae 570-750 °C ¢ makcumymoM nipu T3 = 650 °C (puc. 8, 6).

I[Tony4eHHble JaHHbIE O3BOMAIOT CENIATb BHIBOJ, YTO IIPK OBICTPOM IIpOrpeBe Kce-
HOKPUCTA/I/IOB KBaplja, ONABIINX B OCHOBHOII PacIUIaB, IPOMCXOAWIA JEeKPUIINTALINSA
(bIIOMIHBIX BK/IIOYEHNUIT B MIHepajie ¥ 06pa3oBaHe BTOPUYHBIX — BBICOKOTEMIIEpPATYp-
HBIX. VIX cOCTaB oTpa)kaeT notepu 6ojee 1eTy4unx ra3os. Iloss/eHme IOFOOHBIX MUKPO-
BKJ/IIOYEHMII AB/IACTCS MHAMKATOPOM IIPOLIECCOB MarMaTHYeCKOTO CMEIIeHNUS U MOXKET
OBITh UCIIONBb30BAHO IIPY paclINPOBKe IeTPOreHe3Nca r’MOpUHbIX IOPO,.
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Puc. 9. Ileppuunble BKIIOYEHUA B BIJle OTPUIIATEIbHBIX KPUCTAN/IOB: 4 —
[OJIOCTb BK/IIOYEHNS] TeKCArOHA/IbHOI CHMMeTpuy B [-KBaplie M3 BKpaIlIeH-
HUKOB B KBaplleBbIX mopdupax 3axaBkasbs (Kadan, CammBsuipgo); 6 — mo-
JIOCTD BK/IIOUEHN A TPUTOHA/IBHON CUMMETPUY B A-KBaplie XPyCTa/IeHOCHDIX KT
IIpunonsproro Ypama (n306pakeHyss BO BTOPMYHBIX 97eKTpoHax POM) [24];
6 — TIOJIOCTD BKJIIOYEHMA TPUTOHAJIBHOI CUMMETPUN B A-KBaplie 113 POTOBMKOB
30HBI 9K30KOHTaKTa Ca/IMMHCKOTO MacCHBa; 2 — IOJIOCTh BK/IIOUEHVS TPUTO-
HAa/IbHOI CMMETpPUM B 0-KBaplie 13 ITPAHUTU3MPOBAHHBIX KCEHOIUTOB rab6po-
upoB B bepasAyickoM MaccuBe (1300paXkeHNsA B IIPOXOAAILEM CBeTe B LNdax).
MacmrabHas mHeiika — 10 MKM

[a30BO-XU/KMe BKIIOYEHNA B TOPPUPOBULIHOM KBaplie U3 OUOTUT-POroBOOOMaH-
KOBBIX I'PaHNUTOB pallakyBy Beppsaynickoro Maccusa ¥ U3 IPaHUTU3MPOBAHHBIX KCEHO-
JINTOB Tab0POMI0B MAEHTUYIHBI 10 MOP(OIOINY, COOTHOIIEHNAM II€PBUYHBIX U BTOPUY-
HBIX, COIepKalUX YIVIEKVMC/IOTY, I BOJHO-CONIEBBIM BK/IIOUEHUAM, CTEIICHM UX 3aII0fI-
HEHHOCTH Tra3oBoli (a3oil. MakcuMaibHble TeMIIepaTypbl TOMOTeHU3AVN TIePBUYHBIX
BKJ/IIOUEHMII B KBaplie METACOMATITOB Y TPAHUTOB OiTHAKOBLI M cOCTaBAIT 490-520 °C.
Takum 06paszoMm, ¢ y4eTOM MaKCUMaJIbHOI ITONIPaBKM Ha jgasjeHue (P = 2 x6ap, 1o jaH-
HbIM Amph-PI-Qtz-tepmobapomeTpun), remueparypa GpopMupoBans HopGUpOBUIHO-
ro KBapIia B mopopax He nmpesbiiana 600-640°C [23].

JI71s1 OLieHKM TeMIIepaTyp KpUCTAIM3aly TOPHBIX IOPOJ MOXKHO TaK>Ke VICIIONb-
30BaTh TEMIIEPATYPbI IOIMMOPHBIX IePEXOL0B MOAV(UKALINIT HI3KOTEMIIePaTypHOTO
TPUTOHAJIBHOTO (-KBaplia B BBICOKOTEMIIEPATYPHBIII IeKCaroHaabHbI P-kBapy. Tem-
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neparypa a—[-mepexofa Kapla COOTBEeTCTBYeT 573+2° mpu pasneHun 1 atm. Humxe
3TOIl TEMIIePaTyphbl BCEra YCTONYMBA HMU3KOTEMIIepaTypHasi TPUTOHA/IbHAs MOUPM-
Kanus o-KBapla. Temmeparypa a—[-mepexofa KBaplia IIpy MMOBBIILIEHNUN JaBAeHNUs Ha
KaX/yI0 ThICAYY aTMocdep yBenumumBaeTcsa Ha 20-22° [24]. VIsBecTHO, 4TO cMMMeTpus
[IO7IOCTeV! TIEPBUYHBIX BKIIOYEHNUI B BIJe OTPULIATENbHBIX KPUCTA/IOB COOTBETCTBYET
CUMMETPUY BKTIOYAOIIETO X MIHEPAIa-X035MHa I MOXKeT MCIIOIb30BATHCS KaK OIVH
U3 IPU3HAKOB OT/INYM MIEPBUYHOIO HU3KOTEMIIEPATYPHOTO A-KBaplja OT BBICOKOTEM-
neparypHoro P-xksapua. [l o-KBapia MOpQOIOrus MONOCTell IePBUYHBIX BK/IIOYe-
HUJ B BUJje OTPMULIATEbHBIX KPUCTA/UIOB COOTBETCTBYET TPUTOHAIBHON CUMMETPUH,
a P-mopudukanuy — rekcaroHanpHoit (puc.9, a, 6) [24]. Takue BK/IIOYEHMSI MOXKHO Ha-
6mopatp B 1mndax, NepreHANKY/SIPHBIX OCY CMMMETPUY [IABHOTO MOPsiiKa, — Lj pas-
pe3oB 1yt a-kBapua u Lg i ero B-moanukanmm.

VI3y4yeHne KkBaplia 13 pOrOBUKOB 30HbI 9K30KOHTaKTa CaIMIHCKOIO MacCMBa U I71as-
KOBOTO KBapIja 13 TPAHUTOB ¥ TPAHUTU3MPOBAHHBIX KCEHONMMTOB raboponos B bepsi-
YILICKOM MacCUBe II0Ka3aJjIo, YTO B HUX IPUCYTCTBYIOT IIepBUYHbIE BKIIOUeHMs (OTpuLia-
Te/IbHbIe KPYICTAJUIBI) TPUTOHAIBHOI CMMETPUH, XapaKTepHbIe [/Is1 HUSKOTeMIIepaTyp-
Horo a-kBapiia. CrefoBaTebHO, ITa3KOBBIN KBapll 13 TPAaHUTU3NPOBAHHBIX KCEHOMNTOB
rabOpoy0B U TPAaHUTOB palaKuBy BepsyIICKOro MaccuBa KpUCTA/UIM30BAJICS U3 Me-
TacoMaTndeckux ¢onnos (puc.9, 6, 2).

BoiBogbl

1. Crpykrypuble ocobennocTu KITII 1 nopdupoBuaHOro KBapiia I03BOJIAIT Of-
HO3Ha4HO iu¢pdepeHIpoBaTh KOMIIO3UTHBIE TMOPYIHBIE IIOPOAbI PA3/IMYHOTIO TeHe3)-
ca U OIpefie/INThb MX OTHOLIEHME K TPaHUTaM PalaKMUBIU.

2. Osouppt KIIII u mmarmokma3oBbie 000MOYKM HA HMX B TPAHUTAX PalaKuBU
6bUI cOPMMPOBAHBI JO HaYaIa KPUCTA/UIM3ALNY OCTATOYHOTO KOTEKTUYECKOTrO pac-
wiaBa. [Ipy aToM, LieHTpaMy KpUCTA/UIM3ALVY )11 OBOUIOB U TOP(UPOBUIHOTO KBapIia
MOTJIM CITY>KUTDb MHTpATe/TypyuecKyie BKpaIlIeHHUKI.

3. B npouecce popMupoBaHysa MarMaTOreHHBIX KOMIIO3UTHBIX TMOPYHBIX IIOPOT,
KceHoKpucTasibl-opouabl KIIII mpy mononHuUTeTbHOM HarpeBaHMM B OCHOBHOM pac-
IUTaBe IIpeTepIen pachaf TBephoro pactsopa B PT-061acTyt BEICOKOTEMIIEPATyPHOTO
conbByca ¢ 0O0pa3oBaHMeM BTOPUYHBIX PEHTT€HOBCKMX KPUITOIIEPTUTOB anpbuta. [Ipn
3TOM B KCEHOKPUCTA//IaX KBaplja IPOMCXOANIA TeKPUIIMTALVS IEPBUYHBIX 1 06pa3oBa-
HJIe HOBBIX BTOPMYHBIX BBICOKOTEMIIEPATyPHBIX (JIFON/JHBIX BKTIOUEHUIL.

4. B ruOpupHbBIX KOMIIOSUTHBIX METACOMATUTaX, CPOPMMPOBABLINXCA 110 MeTa-
MOp}UIeCKMM ¥ OCHOBHBIM MarMaTU4ecKuM IIOpojaM, OBOU0I0A00HbIe Tophupobia-
ctol KITII (B ToM 4ucrte, ¢ m1arnokaa3oBbIMy 0007I0UKaMI), a Tak>Ke MOpUpPOBULHBII
KBapI| (B TOM 4MCIe, IJIa3KOBBIN) KPYCTA/IM30BAIICh U3 PacTBOpOB. IIpyu aToM B Kpu-
CTaJ/UIaX KBaplia HPUCYTCTBYIOT IIepBUYHBIE BKIIOUeHMs (OTpULIATe/IbHble KPUCTAIIIbI)
TPUTOHAJIBHOI CUMMETPIH, XapaKTePHbIe /1 HU3KOTEeMIIEPaTyPHOIL a-MOANDIKALINIL.

bnarogapnoctn

ABTOp BbIpaKaeT 0J1arOJAPHOCTb KOJUIETaM, B COLPYXKeCTBe C KOTOPBIMY BBINON-
HSAINCDH OTAieIbHBIe YacTu faHHoi paborsr: H.T. Epmomr, A. C. Kupunosy, A. M. Jlapuny,
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B. M. CaBarenkoBy, O.I.Cmerannukosoit, A.[l. Ille6anoBy, a Taxxe OnaBy IKIyHAY 3a
IpeoCTaB/IeHHbIe I MICCIeOBaHMA 00pa3Ibl HOPOJ KOMIUIEKca XaMMapya.
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