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IETPOJIOTS BEPXHEAJIBBCKIX TY®®UTOB B PAMOHE BAXUMCAPAS

(IOTO-3AIIAJTHBIN KPBIM)*

BriepBble mosydeHbl TaHHBIE O COCTaBe PACIUIABHBIX BKJIIOYEHWI B MJIarnokKia3e u KBap-
e u3 TyhGUTOB B paiioHe baxuucapas, neTaabHO M3yYeH MUHEPAIbHBINA COCTaB 3TUX MOPO
1 TIepBUYHO-MarMatuieckasl 30HaJIbHOCTh IIarMoKJIa3a U3 HUX. MarmMaTudecKue paciiiaBbl
MMEIOT pUOJIUTOBBIM COCTaB U MOIAIaloT B 00JIaCTh BHICOKOKAJIMEBBIX CEpUl HOPMaJIbHOM 111e-
JIoyHOCTH. M3MepeHHOe B pacIIaBHBIX BKITIOUCHUSAX COAEPXKaHWE BOMBI TocTUTaeT 4 Macc.%.
Kpucrammsaiys MuHepaaoB BKpalIEeHHUKOB ITporcxoamia rmpu Temmepatype 820—860 °C u
nmasiaenuu He mMeHee 0,1 I'Tla. Tyddure baxuncapast cdopMupoBaanucCh B pe3yabTaTe ByJIKa-
HM3Ma B YCJOBUSAX aKTUBHOW KOHTUHEHTAJIbHOW OKPaWHBI.

Karoueguie cro6a: paHHEMEIOBOI MarMatusMm, Ty(Qbl, pacIiulaBHble BKJIIOUEHMS B MJIaruo-
kna3e u kBapue, KpbiM, baxuncapaii.

We present first data on the composition of melt inclusions in plagioclase and quartz
crustal clasts and detailed study of plagioclase chemical zoning and mineral compositions from
Bakhchysarai Late Albian tuffites. All magmatic melt compositions fall into field of high-K
rhyolites. Measured water content in melt inclusions is up to 4 wt.%. Phenocrysts crystallized
at the temperature within range 820—860 °C and pressure not less than 1 kbar. Bakhchysarai

tuffites were formed in active continental margin geotectonical settings.
Key words: Lower Cretaceous magmatism, tuff, melt inclusions in plagioclase and quartz,

Crimea, Bakhchysarai.

Beenenne. B mpenenmax KpbiMa mmpoko pac-
MPOCTPpaHEHbl MeJIOBble TY(OTeHHBIE OTJIOXEHMUS,
MEeTPOJIOr0-reOXUMUUECKOE MCCAeI0BaHUE KOTOPBIX
HMeET KJII0UEBOe 3HaUCHWEe MPU ONpeAeIeHUU XapakK-
Tepa ByJKaHM3Ma — MHIMKATOpa MajeoreoqrHaMuye-
ckoii ooctaHoBKU. Hanbosee MolllHbIe U COXpaHHbIE
B OTHOLIEHUM TEePBUUYHBIX MUHEPAJIOB OTJIOXEHUS
OTHOCATCI K BepxHemy anbOy [JledbemmHckuii, Ma-
KapoB, 1962; bapa6omkun, 1997; Konaesud, XOThHI-
JeB, 2014]. OHu onucaHbl B OOHAXKEHUSIX B pailoHe
banaknaBsl (MowHOcTh 30—110 M), Ha 1. KybGanau
(30 M) u B paiioHe baxuucapas (B moauHe p. Kaua
u Ha ckioHax TI. Cenb-byxpa; MoimHocth ~1,5 Mm).
AJIBOCKHE U KOHBSIK-TYPOHCKUE JIaBbl aHAE3UTOBOIO
cocTaBa, Ty(pbl U TyPpGUTHI MOIIHOCTBIO O ~1 KM
BCKPBITHI B CKBaXXMHaX B CE€BepoO-3amagHOi 4acTu
KpbiMa (Tapxankyrtckasi cBurta) (puc. 1) [[Himen u
Ip., 2010].

Ilo manHBIM OypeHUS W MarHUTHON CheMKM Ha
tepputopun Kpbsima BbiaeneHo 13 anbOcKux najieo-
BYJIKAHUUYECKMX LIeHTPOB (puc. 1) [Tam xke], 11 u3 Hux
HaXOMASTCSl B CeBepO-3arajHoN YacTu IOJyOCTpPOBa,
UX MPOAYKTaAMU SIBJISIFOTCSI BYJIKAHUTHI TAPXaHKYTCKOM
CBUTHI. JleATeNbHOCTh 3TUX LIEHTPOB CBSI3BIBAIOT C
pacKpbITUeM 3aayroBoro (?) d6acceitHa — KapkuHUT-

cKoro rpabeHa — B paHHeMenoBoe BpeMs [ Hukuiun
u np., 2013]. Eule oguH najeoByJIKaHUYSCKUNA LIEHTP
HaxoauTcs B mpenesiax JIOMOHOCOBCKOTO MOIHSITUS,
3arnajHee OXHOW OKOHEUYHOCTH m-oBa KpbiM, 3TO
HauboJjiee BEpPOSITHBI MCTOYHMK MUPOKIACTUYECKO-
ro marepuaia Ty¢gpguToB B pailoHe banakiasbl, mis
KOTOPBIX YCTAHOBJIEHA CBSI3b C HAACYOMYKLUMOHHBIM
Mmarmatu3mMoMm |[HuxkumH un gp., 2013; ITnevos, I1o-
noB, 2014], peaIoIoKUTEIBHO B YCJIOBUSIX aKTUBHOM
KOHTHMHEHTaJbHOU oKpauHkl [[1nevos, [Tomos, 2014].
BoiaeneHue no3aHeanb0CKOTO MajeoBYJIKAHUUECKOTO
LIEHTpa I0ro-BocTouHee M-oBa KpbIM npu HaMuuu B
3TOI 00JIaCTU TOJIBKO PEAKHUX MTPOCIOEB TY(DOoaprLiv-
toB [[Higeu u ap., 2010] BBIMJISIAUT COMHUTEIbHBIM.

McTouHuK ByJIKAHOTEHHOTO MaTepuaa Ty(hGhUToB
r. Kybanay He ycTaHOBJIEH, BEPOSITHO, OH HAXOIUJICS
JOXKHEE COBpPEeMEHHOM OeperoBoil nuHuu [JledemmH-
ckuii, Makapos, 1962]. B otHomeHUM Ty(OTreHHOM
TOJIM B paiioHe baxuucapasi Takke HEeT OJHO3HAY-
HOCTMU — B KauyecTBe MCTOYHMKA BYJKAHOTEHHOTO
MaTrepuajga paccMaTpUBAIOT TajleoBYJIKaHUYECKHUE
neHTpbl banakimaBel unm KapkmHutckoro rpabeHa
[Hukuiuux u ap., 2013].

Ilenp pa®oTBl — omnpencjieHUe MCTOYHWKA U
reoJHaMU4YeCcKoil 00CTaHOBKU (hOpMUPOBAHUS MU-

! MocKoBCKHIT rocynapcTBeHHbIil yHUBepcuTeT uMeHr M.B. JlomoHocoBa, reomormueckuii dakyspreT, Kadempa METPOIOTHH,

MAarucTpanT; e-mail: d.vs.popov@gmail.com

2 MoCKOBCKHUit rOCYIapCTBEHHBIIT YHIBepcuTeT nMeHn M.B. JIoMOHOCOBa, reonorndeckuii hakymbTeT, Kadeapa MeTpoNoruu, ML

Hayd. C., aciupaHT; e-mail: nekrilov.n@gmail.com

3 MOCKOBCKHMil TOCYIapcTBEHHBI yHMBepcuTeT nMeHn M.B. JIoMOHOCOBa, reosormueckmii (aky/isrer, Kadeopa METPOIOTUH,

npodeccop; e-mail. pplechov@gmail.com

* PaGoTa BBIMOJHEHA C MCIIONb30BAHIEM 00opynoBaHusI, MIPUOOPETEHHOTO 3a cueT cpenacTB [IporpaMmmsl pa3BuTUsi MOCKOBCKOTO

YHUBEpCUTETA.
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POKJIAaCTHYECKOTO MaTepmaa QU ¢
TybdutoB B paitoHe baxuu-
capasg. B xome moneBBIX paboT
snerom 2013 r. Hamu onpoOoBa-
HBI 3TH TIOPOABI B ABYX TOYKaX
(puc. 1): B pycne p. Kaua (00-
paserr PDV|Cr-13-55/A, nanee
Kaua-55, xoopauHatel otbopa
N 44,699°, E 033,954°) u Ha
cxiione 1. Cenb-byxpa (o0Opasen
PDV|Cr-13-49/B, nmanee Ceinb-
byxpa-49, xoopmuHaTEl 0TOOpA
N 44,748°, E 033,992°). Hamn
M3y4eHBI TeTporpadus 3TUX
TOPOM, COCTaB M 30HAJTBHOCTh
IUTaTMOKJIa3a M POTOBOM 00-
MaHKU B HUX, a TaKKe TTePBUY-

Meic Tapxan
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« ¥
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100 km

HbIC pacCIlJIaBHbIC BKIIIOYCHMUWA

B KPUCTAJJTOKJIACTaX KBapla W
TJIarMoKJiasa.

MeToabl HCCAEeTOBAHMIA.
Drcnepumenmanvrvie memoodol.
C oroOpaHHBIMU M3 00pPa3lOB
3epHAMH TUTarMoKJIa3a v KBapia
C TIEPBUYHBIMUA PACIUIAaBHBIMHM BKIIIOUCHUSIMH BBI-
TTOJTHEHBI IBE CEPUU TEPMUIECKUX 3aKAJTOUHBIX IKC-
TIepUMEHTOB — C BU3yaJIbHBIM KOHTPOJIEM U €3 HeToO.
Kpurepnm mepBUYHOCTH pACIUIABHBIX BKITIOUEHUI,
METOIBI TIPOBEACHUS SKCIIEpPUMEHTa M MHTEPIIpeTa-
LIMA PE3yJIbTaTOB MOAPOOHO u3J0XeHbl B [I11euos,
2014].

OlLieHKa TeMITepaTyphl TOMOTEHU3AIINN PacTUIaB-
HBIX BKJIIFOYCHU 110 TTOCIeTHEMY KPUCTAJLTy TIPOBE-
JleHa Ha OCHOBE TEPMOMETPUIECKIX IKCIIEPUMEHTOB
C BU3YaJIbHBIM KOHTPOJIEM B MHKPOTEpMOKaMepe
«Linkam-1500». DkcriepyMeHTbl MPOBOAWJINCH B
atrMocdepe BHICOKOUYMCTOTO renus. Temrieparypa
HarpeBa KOHTPOJIMpoBaJach ¢ moMousio Pt—PtRho-
TepMOITaphl, KaTNOPOBAaHHON MO TOYKE IIaBJICHMS
cepebpa (962 °C).

3aKkajoyHbIe SKCIIEpUMEHTH 6e3 BU3yaIbHOTO
KOHTPOJIs1 BBIMOJIHEHBI Tpubau3uTesbHO ¢ 300 3epHa-
Mu. KOHCTpYKIIAST TepMOKaMephI TTOAPOOHO oIrcaHa
B [lonov et al, 2011]. B xome sKcriepuMeHTOB IIPOBO-
IAJICS X HarpeB Ha TJIAaTUHOBOM TTOMTOXKE JO TeM-
nepatypsl 930 °C, mpu KOTOPOIt OHU BbIAEPXKUBAIUCH
30—40 muH. 3aKasika MpOBOAWIACH MyTEM U3BJICUEHUS
TTOUTOKKM M3 KaMephl. B Kamepe mommepXuBajach
BOCCTaHOBJICHHAsI cpela Ha yYpOBHE KHUCIOPOTHOTO
oydepa CCO. Temmnepatypy HarpeBa KOHTPOJIMPOBAIN
¢ momouupio Pt—PtRh,-Tepmonapsl, kanndbpoBaHHON
o touke TutaBineHus 3oyota (1064 °C). Ilocne Bcex
SKCTIEPUMEHTOB OTOOpPAaHO W BEIBEACHO Ha TOBEPX-
HocTbh 30 pacmaBHBIX BKJIIOUEHUU pa3mepom oT 13
no 115 Mxm.

Anaarumuveckue memoost. 1300paxxeHuss B OT-
paxéHHbix 3nekTpoHax (BSE) u mMukpopeHTreHo-
CIIeKTpaIbHBIE XUMUYECKNE aHAIM3Bl MHHEPAJIOB U
pacCTUTaBHBIX BKJTIOUCHWM BBITIOJHEHBI C TTOMOIIIBIO

¥* | ¥

|
uTn-300 -200 -100
Y3

Puc. 1. Kapra aHomanuit marHutHoro nosst st tepputopuu Kpeima, no [[Hizeu u ap.,

[ [ [ I I [ ]
0 100 200 300 400 500 600 aTa

2010]

«Jeol JSM-6480LV» ¢ npucraskoii «Oxford Instru-
ments INCA-Energy 350» (MI'Y umenu M.B. Jlomo-
HOCcOBa, Kadeapa neTpoaoruu). AHaAJIU3bl BHITOJHSIN
npu yckopsitomieMm HanpsokeHun 20 KB u Toke 10 HA.
Inommanp aHAIM3UPYEMOI TIOBEPXHOCTH CTEKOJI U TIO-
JIeBBIX LIIIATOB COCTABsUIA He MeHee 30 MKM>.

ITpodunu cocraBa miarvoksiasa rnojay4eHbl myTeM
o0pabotkn BSE-m3o00paxkeHuii ¢ moMOIIbIO IIPO-
rpammbl ImagelJ no Meroauke [Ginibre et al., 2002;
Shcherbakov et al., 2011]. JIis kaxaoro npoduis nosu-
roToBjieHO oTAenbHOoe BSE-u3obpaxeHue, s KOTo-
pOTO 3a/1aBaJIach 3aBUCMMOCTDb OTTEHKOB CEPOTO IIBETA
oT coctaBa. Ha ocHOBe 3TOIf 3aBUCHMOCTH CTPOWIICS
npodwib NEPIEHAUKYISIPHO TPaHU KpUCTaLIa.

ConmepxaHue BOABI B CTeKJaX pPacCIJIaBHBIX
BKJIIOUEHUIA OLIEHEHO METOJAO0M KOH(OKaIbHOW pa-
MaHOBCKOM CIEeKTpocKonuu 1mo Metonuke [Le Losq
et al., 2012] ¢ momompio cnekrpomerpa «Horiba
XPIloRA» (MI'Y umenu M.B. JlomoHOocoBa, Kadeapa
neTpojiorun). B KauecTBe craHAApTOB MCIOJb30BaA-
Hbl o6pasubl Edf169 u Edf170, 6au3kue K cTekiam
pacIiaBHbIX BKJIIOUEHUM MO KPEMHEKUCIOTHOCTU U
NBO/T, ¢ comepxanneMm Bomsl 1,47 u 3,03 macc.%
COOTBETCTBEHHO.

PesyabTaTthl ucciaenoBaumii. Ilempoepagpuueckue
xapaxmepucmuru. O6pasinl Cenb-byxpa-49 nu Kaua-
55 UMEIOT CXONHBIA OOJIMK — 3TO JIUTOKPUCTAILIO-
KJjacTuyeckue TyhoGUTh ¢ KapOOHATHO-TJIMHUCTBIM,
JIMHACTO-KapOOHATHBIM IIEMEHTOM, COCTABJISIIOIINM
~20 u ~40% oObeMa mOpoIbl COOTBETCTBEHHO. O6-
JIOMOYHas 4acTh IMOPO/Ibl MIPEACTaBIeHA JTUTOKJIaCTaMU
POrOBOOOMAaHKOBBIX U TIAaTMO(MUPOBBIX Majle0aHIe3U-
TOB 1 NajieoAallMTOB, BUTPOKPUCTAILIOKIACTUUYECKUX
najeoTydoB, KpUCTaIJoKIacTaMM IJarmokJsiasa,
KBaplia, pOroBoil 0OMaHKM, TATAHOMAarHeTUTa 1 O1o-


https://www.researchgate.net/publication/225807439_High-resolution_quantitative_imaging_of_plagioclase_composition_using_accumulated_backscattered_electron_images_New_constraints_on_oscillatory_zoning?el=1_x_8&enrichId=rgreq-fdafb4e2-7015-449a-ac2d-912529f4950c&enrichSource=Y292ZXJQYWdlOzI5MzY1MzczOTtBUzozMjczMTg4MDAyMjQyNTZAMTQ1NTA1MDI5MTY0Nw==
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Oopaszen Cenndyxpa-49

PR BB

Oo6paszen Kaua-55

Puc. 2. 30HaIbHOCTH
rJjiaruokiasa B Tybdu-
Tax U3 pailoHa baxuu-
capasl U ee quarpaMma.
[MTpopuau oTMedeHBI
JUHUSAMU, Kanubpo-
BOYHBIE TOUYKU — TIPS~
MoyrojbHukamMu. Ha
¢doTo HaHeceHBI 3Ha-
YeHUST M3MEPEHHOTO
cocTaBa IJ1aruoKjia3os.
Huarpammsr 1, 2, 3, 4

An, Mot % An, mon. %
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Paccrognue ot I'PaHMIlbl KPUCTALUTA, MEM

TUTa (eIMHUYHBIE 3epHa B obopasiie Cenb-byxpa-49),
a TakXe OKaTaHHBIMM OOJJOMKaMU 3epeH KBapla,
KBaplLXTOB, MOHAILIUTCOAEPKAIIIMX OMOTUT-KBAPLIEBBIX
cjaHueB, ¢ochopuTa U TIayKOHUTA UM OCTaHKaAMM
daynnl (B obpasue Kauya-55). Ilupoxiactuuyeckuii
MaTepuajl He oKaTaH WX oKaTaH ciiabo. Pazmep 06-
JIOMKOB cocTaBisieT B cpenHeMm 0,5 MM, MHOroa J10-
cruraet 1,5—2 MM.

JIutoknacTel pOroBOOOMaHKOBBIX M ILIArMo-
(bUpOoBBIX TManeoaHIE3UTOB U IMaJCOAAIUTOB UMEIOT
nopdrpoByI0 CTPYKTYpy. BKparuieHHUKU pazMepoM
~0,3 MM IIpencTaBJieHbl IIarMOKJIa30M, TUTAHOMAT-

COOTBETCTBYIOT M300pa-
>XKEeHUsIM a, 0, B, T

HETUTOM U ONALMTU3UPOBAHHOU POrOBOIf 0OMaHKOIA,
OCHOBHasg Macca — MHUKpPOJUTAMM TMJaruokiiasa,
KCEHOMOPGhHBIMM BBIACAECHUSIMU KAJIMEBOTO MTOJIEBOTO
1IrnaTa u Ksapiia.

B smTokiiacTax HaGoAaloTCd ABa TUIA OINalu-
TU3ALMU POTOBOM OOMaHKW — OHa JIMOO OMALlMTU3U-
pOBaHa MOJIHOCTHIO, TUOO UMEET ONALIMTOBYIO KaliMy
wmpuHoi 50—100 MKM 1 YaCTUYHO ONALIMTU3UPOBAHA
o 00beMy. YUacTKU KPHUCTAJLJIOB POTOBOM OOMAaHKM,
KOTOpbIE HE 3aTPOHYThI MPOLIECCOM ONMalMTU3ALUN
BTOPOTO TUIIA B JIMTOKJIACTaX IMOJHOCTbIO XJIOPUTU-
3UPOBAHBI.
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JIUTOKITaCTEI BUTPOKPUCTAIIOKIIACTUYECKUX TTa-
J1e0Ty(hOB MPEICTABIISIIOT COO0I OOJIOMKM, CJIOXEHHBIE
OCKOJTKaM¥ KPVCTAJIJIOB TUIATMOKIIa3a M TUTAHOMAarHe-
THTa B MaTpHUIlle U3 BTOPUYHBIX MIUHEPAJIOB.

KpucramrokiacTsl Tiarmokiiasa IpeacTaBIeHbI
LeJIBIMA KPUCTAJJIAaMH W MX oboMKamu. Tlmarmo-
KJ1a3 UMeeT CJI0XKHOE CTpoeHUe (puc. 2) — ryouarbie
WJIW OJHOPOMHEIE SAApa OKPYKEHBI PUTMUIHO-
30HAJIbHOU KaiiMO#1 ¢ HECKOJIBKMMM 30HAMU Pe30p0-
uuu (10 3 u 6osee). CocraB riarnokiaza MeHsIeTCsl OT
nabpagopa, peaKo OMTOBHUTA B LICHTPAJIbHEIX 30HAX,
IO aHJIe3Ha BO BHEILIHUX 30Hax (Tabj. 1, puc. 2).

ITo 30Ham pe3opOIIMK B TJIarMoKjias3e 4acTo pas-
BUTHI KaJbLIUT U KaJWEBbIM IMOJEBOM 1IMmaT (KIII) ¢
cozmepxxanueM anpourToBoro muHaina 0,4—1,6 mon.%
(tabn. 1, puc. 2). BkpaluleHHUKM IIarMokKjiasa B
000JT0YKax W3 KITII OIMKMCAHBl B MTOPOIAX IIOMIOHM-
TOBBIX CepHif, TOe WX 00pa3oBaHWE CBS3BIBAIOT C
poctoM u3 pacmiaBa [Morrison, 1980]. Ilpu 3Ha-
YEeHUSIX TeMIlepaTypbl MarMaTHYeCKHUX TPOIECCOB B
KITIII, pPABHOBECHOM C TJIATMOKIIA30M, COIEPKUTCS He
MeHee 20 mon.% ansoutoBoro muHaia [Kroll et al.,
1993]. YuureiBast cocTaB KITII B U3y4aeMbIX ITOPOAAX
7 €T0 aCCOIMAIINIO C KAIBIIUTOM, MBI TIPEITIOIaraeM,
YTO OH MMEET METaCOMAaTHUYECKOe ITPOUCXOXICHHUE.
B o6pasue Kaua-55, B KOTOpOM O0JISI HOPMAJIbHO-
0CaJI0YHOTO MaTepuraja BhIIIIe, ITOJ00HOe 3aMeIlIeHIE
BCTpeYaeTCs Jalle.

KpucramiokiaacTsl poroBoit 0OMaHKH TIpeACTaB-
JIEHBI LIEJTBIMUA KPUCTAJJIaMM M UX 00JloMKaMu. Bce
cocTaBbl (Tab;a. 1) momamaroT B ToJjie TMapracurta u
MarHesuoracTuHrcura, mmo [Leake et al., 1997]. Ilne-
OXpOM3M B 3€JICHBIX M JKEJITOBATO-3eJICHBIX TOHAX,
THACTIEPCHUS 7>V M MaKCUMAaJIbHOE ABYJITYIeTIpeIOMIIe-

Puc. 3. TepmorpaMMbl 5KCIIEPUMEHTOB 0 HArpeBY BKJIIOYEHUIA:
a — JUIs1 BKJIIOYEHMIA B IJIarMoKJyiase, 6 — Uil BKJIIOUEHHUI B KBaplIe.
OmnucaHue cM. B TEKCTE

Tabnuma 1

Hpe,IlCTaBHTeJ]bHHe AHAJIM3bl KPUCTAJUIOKJIACTOB ILIATMOK/IAa3a U POroBoi 00MaHKM M KaJHEeBOro MoJIeBOro mmarta, 3amMenaruero

TIIarHOKIa3

Daza SiO, | TiO, | ALO, FeOt | MnO | MgO | CaO Na,O K,0 z An, mon.% | Mg#, mon.%
Plg(l) | 47,82 3334 | 0,34 16,40 | 2,24 0,10 | 100,24 80,2

Plg(4) | 50,69 30,94 | 0,33 13,96 | 3,70 0,17 99,78 67,6

Plg(9) | 52,90 29,76 | 0,33 12,27 | 4,50 0,19 99,95 60,1

Plg(3) | 54,68 28,68 0,32 10,93 5,28 0,25 100,13 53,4

Plg(3) | 55,60 28,23 0,20 10,25 5,48 0,27 100,05 50,8

Plg(5) | 56,13 27,50 0,23 9,64 5,92 0,34 99,74 47,4

Plg(11) | 56,98 2727 | 0,25 9,25 6,14 0,33 | 100,22 45,5

Plg(12) | 57,51 26,50 | 0,27 8,58 6,48 0,37 99,72 422

Plg(3) | 59,06 2564 | 0,27 7,46 7,08 0,51 | 100,03 36,8

Kfs(1) | 65,77 18,42 | 0,00 0,11 0,04 | 16,51 | 100,85

Kfs(3) | 65,32 18,42 0,09 0,07 0,09 16,18 | 100,16

Kfs(1) | 65,72 18,67 0,00 0,08 0,13 16,37 | 100,97

Kfs(2) | 64,99 18,48 0,00 0,06 0,17 16,54 | 100,23

Hbi(1) | 41,88 | 1,31 | 14,61 | 8588 | 0,11 | 1599 | 11,92 | 2,65 0,59 97,94 76,2
Hbl(1) | 40,93 | 1,56 | 1533 | 9,82 | 0,01 | 1512 | 12,09 | 2,62 0,58 98,07 73,3
Hbl2) | 42,17 | 2,13 | 13,12 | 12,77 | 0,25 | 13,55 | 11,83 | 2,28 0,62 98,69 65,4
Hbl(2) | 42,35 | 2,06 | 12,46 14,40 | 0,39 | 12,61 | 11,74 2,29 0,60 98,90 61,0

I[Mpumeuanusi. Unnekesl muHepanoB: Plg — rutarvokias, Kfs — xanuesbiit nonesoii mmnar, Hbl — porosas oomanka. B ckobkax —
YUCIIO aHAIM30B TpH ycpeaHeHur. CocTaBbl IPUBEAEHBI B Macc. %, Xelie30 — B JABYXBAJICHTHOU dhopMe.


https://www.researchgate.net/publication/226543441_Two_Feldspar_Geothermometry_a_review_and_revision_for_slowly_cooled_rocks?el=1_x_8&enrichId=rgreq-fdafb4e2-7015-449a-ac2d-912529f4950c&enrichSource=Y292ZXJQYWdlOzI5MzY1MzczOTtBUzozMjczMTg4MDAyMjQyNTZAMTQ1NTA1MDI5MTY0Nw==
https://www.researchgate.net/publication/226543441_Two_Feldspar_Geothermometry_a_review_and_revision_for_slowly_cooled_rocks?el=1_x_8&enrichId=rgreq-fdafb4e2-7015-449a-ac2d-912529f4950c&enrichSource=Y292ZXJQYWdlOzI5MzY1MzczOTtBUzozMjczMTg4MDAyMjQyNTZAMTQ1NTA1MDI5MTY0Nw==
https://www.researchgate.net/publication/222065252_Characteristics_and_tectonic_setting_of_the_shoshonite_rock_association_Lithos_13_97-108?el=1_x_8&enrichId=rgreq-fdafb4e2-7015-449a-ac2d-912529f4950c&enrichSource=Y292ZXJQYWdlOzI5MzY1MzczOTtBUzozMjczMTg4MDAyMjQyNTZAMTQ1NTA1MDI5MTY0Nw==
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Hue 6~0,020 Mo3BOJISIIOT OTHECTU POTOBYID OOMaHKY
K mapracuty. MarHe3majabHOCTh KPHMCTAIIJIOKIACTOB
POroBoii 0OOMaHKM BapbUpYeT B mpeaenax Mg# 61—76,
OHAa YacTO 3aMelIaeTcsT Mo KpasM KapOOHATOM WIIN
XJIOPUTOM.

Pacnaaenvie exarouenus. Hamu uszydeHsnl pac-
TUTaBHBIC BKITIOUEHUS B KBaplie M Tiarnokiasze. OHU
OBUTM CTEKJIOBATHIMM (IIPUPOTHO-3aKaJeHHBIMU) U
comepxanu 10 3 (penKo OOJbIle) Ta30BhIX ITy3BIPHKOB,
CYMMapHBINI 00beM KOTOPBHIX He TIpeBBIIAN 5% OT
o0beMa BKIIIOUEHMI. YCI0BUS KOHCEpBallMM BKIIIO-
YEHMI ONpeeIICHBI B XOIe CEPUU TEPMOMETPUUYECKIX
SKCIIEPUMEHTOB ¢ BU3YaJIbHBIM KOHTPOJIEM 10 OITH-
CAHHOM BEIIIE METOIMKE.

Bxomouenus B KBaplie ¥ TIaTMOKIIa3¢ OCTaBAINCh
CTeKJIOBaThIMU ITpu Harpese 1o 450 °C, mocie yero B
HUX HauYMHAJIACh PACKPUCTAJUIN3AIINS JoYepHUX (a3
(puc. 3). IlmaBnenne goyepHUX (a3 MPOUCXOAUIIO B
nuarazode 600—760 °C. K koHIly yKa3aHHOrO HMH-
TepBayia JOUYEpHUE MHUHEPATbl BHYTPH BKIIOYCHMI

MPAKTUYECKN TIOJTHOCTBIO MCYE3NIM, HO BMECTO HUX
TTOSIBIJTOCh MHOXXECTBO MEJTKHUX ITy3bIPhKOB, KOTOPHIE
MOCTENEHHO KcYe3aau rmpu Harpese g0 820—860 °C.
IIpu panbHeitem Harpese A0 962 °C BUAMMbBIE W3-
MEHEHMST BO BKITIOUCHUSIX HE TIPOMCXOmMian. Takum
obpa3oM, TeMIlepaTypy KOHCepBalldsl BKIIOUCHUI
MOXHO oLeHHUTh B 820—860 °C.

Jlnst ~300 3epeH miarnokjiaza M KBapiia u3 000-
X 00pa31IoB MPOBEACHBI 3aKAIOYHBIE SKCIIEPUMEHTHI
0e3 BU3yaIbHOTO KOHTpPOJIsI ¢ HarpeBoM 10 930 °C 1o
OITMCAHHOW BHIIIIE METOAWKE, IOCIIe YeTO IS Jallb-
HeHIero M3ydeHusT OoTOOpaHBI 3epHA C KPYITHBIMU
TMEPBUYHBIMA PACTITIABHBIMU BKITIOYCHUSIMH.

Jist olleHKU BAMSHUSA 3(P(PEeKTOB TpaHUYHOTO
cios [IlneuoB, 2014] u orGopa mMpencTaBUTETbHbIX
COCTaBOB BKJTIOUEHHWIT HAMU MOCTPOEHBI TpahUKH 3a-
BUCHMOCTH COCTAaBOB BKJTIOUCHMI OT UX Pa3MepoOB.

OtHowenust Na,O/K,O (macc.%) nns pacrias-
HBIX BKJTIOUCHMI B KBaplie He TTPOSBIISIIOT HUKAKOM
3aBMCUMOCTHU OT pa3mepa (puc. 4, a). OHO oTpaxkaer

Tabnuma 2

IIpencraBuTeibHbIe AHAJIM3BI CTEKOJ PACIUIABHBIX BKoUeHuii B wiarnoknase (Plg(N)) u kBapue (Qtz(N)) u3 nosmneannockux Tydduron
B paiione Baxuncapas u peKoHCTpyMpoBaHHbIe cocTasbl pacmiasos (M-1—-M-11)

Muse- | An Pasmep | % mutas-

pan-xo- | Mor. fgl‘; M;f{;‘;‘;‘ﬂ Si0, | TiO, | AlLO; | FeO | MnO | MgO | CaO | Na,0 | K,0|SO; | P,0s| Cl | F | =
SAMH % MKM X03d1Ha

Plg(1) |46,7] 27 67,33 | 0,23 | 14,31 0,98 | 0,06 | 0,15 | 2,65 | 4,03 |3,09 0,09 | 0,05 [ 0,15 | 0,27 |93,41
Plg(1) |46,1| 116 66,99 | 0,45 | 13,98 | 1,89 | 0,09 | 0,53 | 1,94 | 4,02 [2,98 0,11 0,29 | 0,27 | 0,08 [93,62
Plg(1) |42,4[ 30 69,77 | 0,19 | 13,87 0,97 | 0,10 | 0,15 | 2,16 | 3,54 | 3,66 0,10 | 0,12 | 0,13]0,37 [95,13
Plg3) |47,5]| 67 71,47 | 0,17 [ 13,97 | 0,96 | 0,07 | 0,21 | 2,15 | 3,73 |3,42]0,05] 0,14 | 0,10]0,30 | 96,75
Qtz(3) 76 69,03 | 0,19 | 12,80 | 1,46 | 0,03 | 0,18 | 1,67 | 3,54 |3,38]0,04 | 0,12 [0,25]0,16 92,87
Qtz(3) 105 71,18 | 0,15 | 10,18 | 1,34 | 0,02 | 0,14 | 1,30 | 3,55 [2,91]0,06 | 0,11 |0,19]0,19 |91,33
Qtz(3) 77 74,03 | 0,13 [ 11,92 | 1,42 0,03 | 0,15 | 1,50 | 3,99 [3,17 0,05 0,11 | 0,21 0,22 (96,92
Qtz(2) 47 72,45 0,18 [ 11,97 | 1,49 | 0,01 | 0,15 | 1,49 | 3,83 | 3,18 | 0,11 0,08 |0,22 ] 0,33 | 95,51
Qtz(1) 47 71,42 | 0,15 [ 11,98 | 1,41 0,00 | 0,14 | 1,63 | 3,91 [3,06 0,00 | 0,03 | 0,23 0,45 [94,42
Qtz(1) 37,0 75,55 | 0,16 | 10,80 | 1,10 | 0,00 | 0,14 | 1,32 | 3,01 [3,07 0,00 | 0,03 | 0,23 0,60 [96,02
Qtz(1) 20,0 74,19 | 0,12 [ 11,23 | 1,34 | 0,07 | 0,10 | 1,50 | 3,34 |3,140,13] 0,00 [ 0,21 | 0,04 95,41
Host Plg 56,71 27,30 | 0,24 9,34 | 6,08 | 0,33 100
M-1 13 |74,85] 0,28 | 13,63 | 1,18 | 0,07 | 0,18 | 1,88 | 4,08 |3,77|0,11] 0,07 [0,19|0,34| 100
M-2* 12 7500 0,32 [13,52] 1,15 | 0,11 | 0,66 | 1,11 | 4,13 |3,64|0,14] 0,36 [0,33|0,10] 100
M-3 6 74,90 | 0,21 | 13,87 | 1,08 | 0,11 | 0,16 | 1,83 | 3,59 [4,10]0,12| 0,13 |0,14]0,41 | 100
M-4 4 7496 0,18 [ 13,98 1,03] 0,08 | 0,23 | 1,94 | 3,78 |3,68]0,05]| 0,15 | 0,11]0,33 | 100
Host Qtz 100 100
M-5 0 74,71 | 0,21 | 13,86 | 1,58 | 0,03 | 0,19 | 1,81 | 3,83 [3,66 0,05 0,13 | 0,27 0,18 | 100
M-6 14 [74,80 0,19 [ 13,02 1,71 0,03 | 0,18 | 1,66 | 4,54 [3,72]0,08 0,14 | 0,24]0,25 | 100
M-7 8 74,74 | 0,15 | 13,43 | 1,60 | 0,03 | 0,17 | 1,69 | 4,49 |3,570,05] 0,12 [0,24]0,24 | 100
M-8 6,5 |7474] 0,21 [ 13,50 1,68 | 0,01 | 0,17 | 1,68 | 4,32 |3,59]0,13| 0,09 [0,25]0,38 | 100
M-9 5 74,94 | 0,17 | 13,45 1,59 | 0,00 | 0,16 | 1,83 | 4,39 |3,44]0,00 | 0,04 | 0,26 0,50 | 100
M-10 18 | 74,85 ] 0,21 | 13,83 | 1,41 | 0,00 | 0,19 | 1,69 | 3,85 |3,93 /0,00 0,04 [0,30 0,77 | 100
M-11 13 [74,80 0,14 [ 13,59 | 1,62 | 0,08 | 0,12 | 1,81 | 4,04 |3,80]0,15] 0,00 | 0,25]0,05| 100
Cpentee 74,84 | 0,20 | 13,61 | 1,45 | 0,05 [ 0,22 | 1,72 | 4,10 |3,72]0,08 | 0,12 [0,23]0,32| 100
1o pac-

I1aBaM

IpuMevyanus. 1—3 — 4uClI0 aHATU30B /ISl BKIIIOYEHMSI; An — KOJIMUYECTBO aHOPTUTOBOM COCTABJISIIOLIEN B IIArMOKJIa3e X03siuHe, MOJI. %.
Pa3Mep BKITIOUEHUS] U3MEPSUTH IO YIJTMHEHMIO, COCTaB — B Macc.%; Xelie30 — B JABYXBaJICHTHOM (opme. [T pacruiaBoB MpuBeAcHa
cyMMa 6e3 ydeta jietyunx. i pacijiaBa, OTMEYEHHOTO 3Be3[0YKOM, TaKxKe BBeldeHa rmornpaBka Ha raBieHue 1,2% TiMag; HostPlg u
HostQtz — ucrnosb30BaHHBIE B pacyeTax coOCTaBbl MUHEPAIOB-X03sieB. B mocienHeit crpoke — ycpeqHeHHbIl cocTaB pacrjlaBoB.
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° PacrnaBHble BKIIOYEHHA B IUTarHOKIa3e

© PacrinaBHele BKIIOYEHHS B KBaplle ©PacruiaBe! 110 BKIIOYEHHAM B KBaplie

© PoioHayaneHble paciiaBsl 114 TYQOHTOB A AHIE3HTHI TApXaHKYTCKOM CepHH, 10
Banaknape, no [[Ineuos, u ITonog, 2014] [Taizen 1 ap., 2010]

8i0,, macc. %

© PacmiaBel 10 BKIIOYEHHAM B IUIATHOKIIA3e *Cpemmﬁ COCTABR PAcIIaBOB

+ MarmarHyeckue nopofas!t Kpeima,
o [CrpugoHoB u ap., 1990a u 6;
Joprane u ap., 1991;

IIstokoB u ap., 1997; Jlareimes
u ITanos, 2008; Mopososa H 1p.,
2012; Meijers et al., 2010]

Puc. 4. CoctaBbl pacijiaBHbIX BKJIIOUYEHMI M PACIIaBOB, CKOPPEKTUPOBAHHBIX Ha TUIaBJIeHMEe MUHEpaja-Xo3siMHa, B CPABHEHHMM C pa3-
HOBO3PAaCTHBIMU MarmMatudeckumu nopoaamu Kpeima, o [Criupumonos u np., 1990a, 19906; Josrans u ap., 1991; LlHIoKkoB 1 ap., 1997;
JlareimeB u [Tanos, 2008; 'nigenr u ap., 2010; Mopo3sosa u ap., 2012; ITieuos, ITomos, 2014; Meijers et al., 2010]: a—6 — cpaBHeHHE
pacriaBHBIX BKJIIOYEHMI B TUTarMOKJIa3e M KBaplle, ¢—0 — 3aBUCUMOCTb COCTaBa BKJIIOUEHUI B KBaplie M IJIaTMOKJIa3e OT UX pa3Mmepa,
6 — 3aBUCUMOCTb coziepxanus SiO, ot Al,O; IS BKIIIOUEHNM B KBaplle W TUIarnoKiiase B CPaBHEHUM C TAKOBOI JUTSI CKOPPEKTHPOBAHHBIX
pacIiaBoB; e—e¢ — CpaBHEHHWE PACIUIaBHBIX BKJIIOYEHUI ¢ MarmMaTudeckKuMu nopomamMu Kpbima; e — 3aBUCHMOCTb COAEPXKAHUS CYMMBI
menoueit or SiO, (Macc.%) (monst Ha muarpamMMme HaHeceHBI 1o [Le Bas et al., 1986]); 0 — 3aBucumocts comepxanus K,O ot SiO,
(macc.%) (mons Ha nuarpamme HaHeceHsl o [Gill, 1981]); e — 3aBucumocts oTHOMIeHU# K,0/Na,O ot SiO, (Macc.%)
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ucxonHoe otHoweHue Na,O/K,0 B 3axBaueHHBIX
pacIuiaBaxX, TaK KaK He MOTJIO0 M3MEHUTHCA B XOIe
KpUCTAUTM3aIln MHWHEpala-Xo3sgWHa Ha CTeHKax
MPW OCTBIBAHMM B MarMaTW4eCKOM odYare Wid TIpu
TUTABIEHUY M3JIUIITHETO ero 00beMa B XO/Ie 3aKalod-
HbIX akcrepumeHToB. OtHoweHune Na,O/K,0 ms
KPYIHBIX PacIUIaBHBIX BKJIOUYEHWI B TUIATHMOKIIa3e
BapbUpPYeT B TeX Ke MpeeIax, YTo U IS BKITIOUSHMH
B kBapie. Jnsa BkmodeHunii pasmepoM <30 MKM xa-
pakTepHBI OOJIBIINE BapHaIlUK 3TOTO TTapaMeTpa, 9To
MOXHO OOBSICHUTH pa3HBIM BKJIAIOM TPeX OCHOBHBIX
TPOIIECCOB: BO-TIEPBBIX, BIUSHUEM TPAHNIHOTO CJIOST
Ha COCTaB BKIIFOUCHW — 3aXBaT BKIIOUCHUIA, pa3Mep
KOTOPBIX COITOCTABUM C IMMPUHOU TPAHUIHOTO CJIOS,
BeleT K YMEHBIIEHUIO YKa3aHHOTO COOTHOIIEHUS;
BO-BTOPBIX, KpUCTAJUTM3AlIMEel MUHEpaia-Xo3suHa
Ha CTeHKaX BKJIIOYCHMS TIPU OCTHIBAHWHU, UTO TAKKe
BelleT K YMEHBIIEHNIO 00CYKIaeMOTO COOTHOIIICHUS;
B-TPETHUX, TUIABICHUEM U3JIUIITHET0 00beMa MIHEPa-
Jla XO3MHA BO BpeMs 3aKaJOYHBIX 3KCIIEPUMEHTOB,
KOTOpO€ BeleT K YBEIWYCHHUIO YKa3aHHOTO COOTHO-
IIeHUs.

Conepxanne Na,O (Macc.%) B MEJIKMX BKITIOUE-
HUAX B KBaplle M TUIATHOKIIAa3e B IIEJIOM HIDKE, YeM
B KPYITHBIX, XOTS IS MEJIKMX BKITIOUEHUH B TIJIATHO-
KJ1a3ze HabJromaroTcsl 0oJblliMe Bapuallui 3HAaYeHUI
(puc. 4, 6). Takre 3aBUCUMOCTU TakKXXe MOTYT ObIThb
00YCJIOBJIEHBI pa3HBIM BKJIAJIOM OIMMCAHHBIX BHIIIIE
TpeX MPOIIECCOB.

J1715T OTIEHKHM COCTaBOB MarMaTUYeCKUX PacIIaBOB
HaM¥ 0TOOpaHBI BCe BKITIOYEHUS B KBapIle U Hanbosee
KpyIHBIe BKJIOUCHUSI B TIJIarMOKiIa3e, OTHOIIEHUE
Na,0/K,0 B KOTOpBIX COOTBETCTBYET TaKOBOMY BO
BKJIIOYEHUSX B KBaplie, a cogepxanne Na,O 61u3Ko
K TAKOBOMY B CaMBIX KPYITHBIX BKJTIOUeHUSIX. WX co-
CTaBbl IPUBEIEHBI B TaOJI. 2.

BxomoueHnst B KBapile 1O CpaBHEHHIO CO BKITIO-
YEeHMSIMU B TUTATHOKIJIA3€ XapaKTepPU3YIOTCS B IIEJIOM
Gosee BBICOKUM conepxaHueM SiO, U MOHMKEHHBIM
Al, O3 (puc. 4, 6), 4TO OOBSCHSETCS WX MEPETPEBOM
B XOJI¢ 3aKaJIOYHBIX 3KcniepuMeHTOB [I1inedos, 2014].
CocTraBbl MarMaTHYECKUX PACIIaBOB MOJYICHBI ITyTEM
KOPPEKTHPOBKM COCTAaBOB PACIJIaBHBIX BKITIOUCHMI
Ha IUIaBJIeHHME MUHepaia-xo3suHa (tadin. 2). Ilpo-
IEeHT TUTaBJICHUS MHWHepala-Xo3sMHa TMOoI0Mpann
MmyTeM MWHMMHU3ALNU PacXOXICHWI COCTaBOB pac-
TUTABHBIX BKITIOYEHWI B pa3HBIX MHHEpaiax 1Mo BCEM
BJIEMEHTaM.

MarmMaTudeckne paciijiaBbl UMEIOT PUOJUTO-
BBl cocTaB, no coxepxaHuio K,O n K,0+Na,O
(Macc.%) morragaioT B 00J1aCTh BEICOKOKATMEBBIX Ce-
puit HOPMaJIbHOM 1IEJTOYHOCTU (OJM3KO K TPaHUIIE C
YMEPEHHO-KAJIMEBBIMHA CEPUSIMU), XapaKTePU3YIOTCS
otHomiennem K,O/TiO,>2 (macc.%; tabm. 2, puc. 4,
2, 0). ComepxxaHue BOABLI B pacIjlaBax JocTuraer 4
Mmacc.%.

Oo0cyxnenne pe3yabtatoB. Ilempoepagusa. Ty-
(oreHHBIC OTIIOXEHUS W3 Pa3HBIX OOHAXEHWN B
paiioHe baxumcapast mMeloT OGIM3KHWEe MeTporpadm-

YeCKME YepThl, OJHAKO CTEMEeHb UX M3MEHEHHOCTHU
U KOJIMYECTBO HOPMaJbHO-0CAIOYHOTO MaTepuajia B
HUX BapbupyloT. CXOACTBO meTporpacduu JUTOKIIA-
CTOB U MUHEPAJIbHOIO COCTaBa KPUCTAJIOKIACTOB
B pa3HbIX TOUKaxX HaOJIIOJAEHUS CBUIETEIbCTBYET O
TOM, 4YTO 3Ta Ty¢oreHHas ToJiiia obpa3oBajiach B
pe3yJibTaTe JesITeEAbHOCTA OJAHOTO BYJKaHUYECKOTO
HeHtpa. Paznuums Mexmay MUHEpadbHBIM COCTaBOM
JIMTOKJIACTOB U KPUCTAJLJIOKJIACTOB (HaUUME CBEXEN
pOroBoii OOMaHKM M KBaplla B KPUCTaJJIOKJIACTax,
KOTOPBIX HET B JIMTOKJACTax) U MeTporpacpuyeckre
pa3Inuurs JUTOKJIACTOB (pa3Hblil XxapakTep OonaluTh-
3allMd pPOroBOi OOMaHKW) CBUIETEIBLCTBYIOT O TOM,
YTO JIMTOKJIACTBHl M KPUCTALIOKIACTHI — MPOAYKThI
pa3HbIX U3BEPKEHUI, TPUYEM MaTeprall JUTOKIJIACTOB
MOT c(hOpMUPOBATHCSI B PE3YJIbTaTe HECKOJbKUX U3-
Bep>KEHUI W MPHUCYTCTBYET B Ty(hGUTAaX B KadyecTBe
pe3ypreHTHOro Marepuasna.

I'maBHBII TeMHOIIBETHRIN MUHEPAJT B N3y4aeMBIX
Tyddutax — porosasi oOMaHKa, YTO POJHUT UX C
JPYTMMU MO3IHEATbOCKMMU BYJIKAHOTEHHBIMU 00pa-
30BaHMAM Ha TEPPUTOPUH TT-0Ba KPBIM, TSI KOTOPHIX
xapakTepHo obOwmwime ambubdona [JledbequHckuit, Ma-
KapoB, 1962; I'migen n ap., 2010; HukummH u 1p.,
2013; ITnevos, ITonos, 2014]. TIpu 3TOM I APYrUX
ByIKaHUTOB KpbIMa M TIpUjIeralommnx TeppUTOPHI
ampudon He xapakTepeH. Tak, B pabdore [IlIHIOKOB
u np., 1997] poroasg obmaHKa B ByJKaHUTaX JIomo-
HOCOBCKOTO MOJHATUS HE OMKcaHa, MOAYEPKHYTO ee
OrPaHUYEHHOE PACIPOCTPaHEHUE CPear KPbIMCKUX
BYJIKQHUTOB.

Cpenu anb0CKMX BYJTKAHUTOB K U3y4aeMbIM Ty(-
(putam nerporpaduuecku OJMxKe ByJTKAHUTHI TapXaH-
KyTCKO# cBUTHI U TyhduThl . Kybanau, B KOTOpbIX
B KayeCcTBe KPUCTAJUIOKJIACTOB OMMCAaHbl B OCHOBHOM
3eJieHasl poroBass oOMaHKa, KBapll W MJaruokJyas
[J[TIe6emuuckuii, Makapos, 1962; I'nigewr u ap., 2010].
CocraB 1jarnokJiasa 0J1M30K K TAKOBOMY M3 M3yvae-
MBIX TIOPOJl — OH BapbUpYyeT B Mpeaenax Ansy—Any;,
JOCTUTAas U3peKa Any,, B BYJIKAHUTAX TAPXaHKYTCKON
ceuthl [[Hizen u np., 2010] u B ipenenax Anyg—Any,
B TydorenHoi Ttoiue r. Kybamau [JlebenmHcKMii,
Makapos, 1962].

ITeTporpacdusi JUTOKIACTOB U MUHEpPAIbHBIN
COCTaB KpUCTaJUIOKJacToB Ty(hdUTOB B paiioHe bax-
yucapas OTJM4YaeT UX U OT Ty(OTreHHOU TOJIIM B
paiioHe banakiaBbl, IJie B KQUECTBE KpUCTAUIOKIACTOB
BCTpeUYeH KJIMHOIMMPOKCEH, HO HE OTMEYEH KBapil.
B tydpdurax banaknaBbl onucaHbl B 1ieJoM Oosiee
MarHesuajbHasi poroBas oomanka (Mg# 75—84) u
OCHOBHO! ITarnoxias (Ang,—Ang,) [Ilnedos, ITonos,
2014]. I'naBHble neTporpaduyeckre OTIAUYUS JTUTO-
KJIacToB B Ty(d¢murax baxumcapaiickoro paiioHa —
XapakTep OoNnaluTU3alMM U CTeleHb U3MEHEHHOCTHU
pOroBOii OOMaHKM, OTCYTCTBME KJIMHOMUPOKCEHA BO
BKparleHHMKaX W HaJM4ue KITII U KBaplia B OCHOBHOM
Macce Mopoj.

Elie onHa xapakTepHas nerporpaduyeckas yepra
TydduToB U3 palioHa baxuncapas — HaJauuude B HUX
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00JIOMKOB MOHAIIUTCOMEPXKAIINX OMOTUT-KBaPIIEBBIX
caH1eB. MOHAIIAT YacTO BCTPEYAeTCsT B TEPPUTCHHBIX
TopoIax Ha TeppuTopun YKpanHbl. OCHOBHBIMHU €TO
WCTOYHNKAMU CUMTAIOT YKPAWHCKWIA AT W HEW3-
BECTHBIM MCTOYHMK 3aliajgHee HEro [AHApeeB U Ap.,
2010]. O6a 3THUX UCTOYHMKA HAXOJSATCSl CEBEpHEE CO-
BpeMeHHOI Tepputopnu Kpsima. Hanmane moHatmra
B M3y4aeMBIX MOPOAAX CBUAETEIBCTBYET O TIPSIMOM
CHOCE 0CamOYHOrO MaTepuaia Co CTOpoHE BocTouHo-
EBponelickoit muatdopMbl. DTO 3aKJIIOUEHHUE COTrJia-
cyeTcs ¢ PeKOHCTPYKIIUSIMHM CTPOCHUSI OCaTOYHOTO
OacceiiHa B pabote [[Higen u ap., 2010].

Ilempoxumus nopod u gpusuxo-xumuueckue ycao-
eus 6 mazmamuyeckom ouaze. Kak yrioMsSHyTO BBIIIIE,
MarMaTH4ecKye pacIiaBbl IMEIOT PHOJIMTOBEII COCTaB
7 TIOTIAIAfOT B 00J1aCTh BEICOKOKAJIMEBBIX CEpUil HOP-
MaJtbHO# 1ierouHocTr. ComepkaHne BOIbI B paciuia-
Bax gocturaio 4 macc.%. O BBICOKOI KOHLEHTPALIUU
BOIBI B MATMAaTUIECKOM OYare Takke CBUIETETbCTBYET
HaJIM4¥e POTOBOM OOMAaHKM B KauyeCTBE KPHCTAIIO-
KJIAaCTOB M BKPATUIEHHUKOB B JINTOKJIACTaX — COTJIACHO
SKCTIIEPUMEHTATBEHBIM JaHHBIM 1T KPUCTATA3ALINHT
3TOTO MUHEpaJia U3 paciuiaBa HeoOXOOMMO He MeHee
4 macc.% pactBopeHHOir B HeM Boabl [Rutherford,
Hill, 1993].

Ilo pesymbpraTaM TEPMOMETPUUYCCKUX BKCIIEPU-
MEHTOB U paBHOBECHIO TIATMOKIJIa3—PAcIlIaB TeMIIe-
patypy B MarMaTUIeCKOM ouare Iepel N3BepKeHUEM
MOXHO oleHUTh B 820—860 °C. I1pu 3TOM ClOXHAs
30HAJIBHOCTh TUIATMOKIIA3a M HaJW4Me MHOTOYMC-
JIEHHBIX 30H PacTBOPEHUsS B HEM CBUAETEILCTBYIOT O
HEOTHOKPATHBIX KOJIeOaHUSIX TeMIIepaTyphl U COIep-
xaHust Boabl. CornacHo [Shcherbakov et al., 2011],
TaKWe CYIIeCTBEHHbIE KOJIeOaHWsT OOBIYHO CBSI3aHBI C
TTOATTATKON MarMaTMYeCKOTo oYara HOBBIMU TTOPITUS-
MU 0oJiee TopsTueii Marmel.

Homyckas (QriomaoHaCHIIIEHHOCTh MCXOIHBIX
MarMaTHYeCKHX pacTuIaBOB, MOXHO JaTh MUHUMAaJTh-
HYIO OIIEHKY JaBJICHUS] B MAaTMaTHYeCKOM oJare — I10
MOJIENI pacTBOpMMOCTH Boabl [Newman, Lowerstern,
2002] ono cocrasisuio He MeHee 0,1 I'Tla, uro coot-
BETCTBYET TJTyOMHE ~3 KM.

ITo cocraBy, B yacTHOCTM OTHOIIEeHUIO Na,O/
K,0, comepxannio K,O n K,0+Na,O (macc.%,) no-
JIydeHHBIE pacIiaBel Hanboee OJIM3KM K paciiyiaBaM
TyhdUTOB U3 paitoHa banakiaaBbl, OAHAKO OTJIMYAKOT-
csl OT HUX T€M, YTO 00pa3yloT KOMIAKTHYIO TPYIIITY
6osee MpoABUHYTHIX Mo SiO, cocTaBoB (puc. 4, e, e).
JlaHHBIE TeOTepMOOAPOMETPUH TTOKA3BIBAIOT CXOXHE
YCIIOBMST KPUCTAJUTM3AIINA MUHEPAJIOB BKPATUICHHM-
KOB B Ty(ppuTtax u3 paitona banaxiasel (§850—930 °C
n 0,3—0,35 I'Tla) [I1neuos, IlomoB, 2014]. bonee
BBICOKHME OIIEHKM JaBJICHMUSI B MarMaTMYeCKOM OdJare
CBS3aHBI C TEM, YTO YYMTHIBAIOCH conepxxaHne CO,
B pacIiiaBe, KOTOPBIH CYIIIECTBEHHO CHIKAEeT PacTBO-
puMocTb Boabl B HeM [Newman, Lowerstern, 2002],
TIPM 3TOM CoJep>KaHWe BOABI B paciuiaBax TyGduToB
n3 paitona bamakmaBer 6am3skoe (~4,5 macc.% Bomab)
[[Tegos, ITomos, 2014].

7151 ByTKaHUTOB TapXaHKYTCKOM CBUTHI OITYOJIH-
KOBaHO BCEro HECKOJIbKO BaJOBbIX aHAJIM30B TOpPOJ,
KOTOpEIE, KaK CieAyeT M3 onmcaHnusa u ¢otorpadmit
@ oB, TTOABEPIINCH 3HAYNTEIFHOMY BTOPUIHOMY
npeoOpa3oBaHMI0 — KapOOHATU3ALMKU U XJIOPUTU3A-
uuu [[Himew u ap., 2010]. HecMoTpst Ha TO 4TO MEeTpo-
rpadUUeCKI 3TU TTOPOIBI ONTUCAHBI KaK aHAC3UTHI, TT0
TIETPOXUMUHN OHHU OTHOCSITCS K TTOPOIaM TTOBBIIIIEHHOM
LIEJIOYHOCTU U B KoopauHatax TAS nomagamoT B
ToJie TpaxuaHIe3nba3albTOB—TpaxuaHae3nToB. OHU
XapaKTepH3yIoTcs 0oJiee BBICOKAM conepxkanuem K,O
u K,0+Na,0, Ho nMeroT 6mu3koe otHoweHue Na,O/
K,0 (macc.%; puc. 4, e, e). 1nst TydoreHHO# TOMIN
r. Kybanay aHanu3bl He OMyOJIMKOBaHBI.

ITo cocraBy pomoHavaibHbIe pacIiaBbl 151 TYd-
¢uTtoB B pailioHax banakiiaBbl 1 baxuucapasi, a Takxxe
aHIE3UTHl TAPXaHKYTCKOM CBUTHI HE MMEIOT TTOJTHBIX
W3BECTHBIX aHAJIOTOB Ha TeppUTOpHMHU T-0Ba Kpbim
(puc. 4, ¢, ¢). Hauboiee 0J113KM K HUM COCTaBBI HE-
KOTOPBIX ITPEACTABUTENICH TaK HA3bIBAEMOTO KOMILIEK-
ca MajbIX WHTPY3Wil (HAIlpUMep, COCTaB HamboJjee
KHCITBIX pasHOCTei MaccuBa KacTenb) 1 ByJIKAHUTOB
Kapa-/lara. OgHako MUHUMAaJIbHBIE OLICHKM BO3pacTa
maccuBa Kacrenb u nmopon Kapa-/lara cocTtaBisior
149%10,9 [ComnoBweB, Poros, 2010] u 152—142 muinH
net [Meijers et al., 2010] cooTBeTCTBEHHO, UTO Ha
~4() MJTH JIeT TIpEBBIIIAeT BO3PACT M3yIaeMBbIX TTOPOI
7 He TO3BOJISIET OTHOCUTH MX K OTHOM CepUM.

Ycaoeua naxonaenus u ucmounuk cnoca. B paborax
[J[Tebenmuackmiti, Makapos, 1962; Hukummu u ap.,
2013; Ilmeuos, Ilomos, 2014] orMmeuaeTcss xopolast
COXPaHHOCTb KPUCTAJJIOB TIJIarnokja3a M3 BepXHe-
anbockux TtyhoutoB. g tydduros r. Kydbanau u
u3 paitoHa baxuucapas [JlebuapuHckuit 1 Makapos,
1962; Hukuiuvn u ap., 2013] 370 UHTEPIPETUPYIOT
Kak pe3yJibTaT NepeHoca MUPOKIACTUKU MO BO3AYXY
C TOCJIEAYIOIIUM HaKOIUIEHUEM €€ B MEJIKOBOIHBIX
YCIIOBUSIX (O 4eM CBUACTENBCTBYET HAaIWYMe B HUX
HOpMaJibHO-0calouyHOoro Matepuania). s tydpduron
"3 paifoHa baiakiaBbl TIpemIOXeH APYroil MeXaHu3M
o0pa3oBaHUsSI — B pe3yJibTaTe CXO/la MYTbEBBIX IMO-
TOKOB TIOCJIe HAaIBOTHOTO M3BepxKeHMs |HukummH u
np., 2013] nnm ke Bo BpeMsI MOABOAHOTO M3BEPXKEHUS
BCIIEHEHHO JIaBbl (MIEM3bl) C MOCEAYIONIEH CeTeKTUB-
HOI cemnapaldeil JUTOKJIACTOB U KPUCTALIOKIACTOB
M3 Hee MO TUIOTHOCTA W (DOPMHUPOBAHUEM MYTHEBBIX
ITOTOKOB (TTeM3a TIPH 3TOM MOXET IMepeHOCUTLCA Ha
0oJIbIIIME PACCTOSIHUS MO MOBEPXHOCTU BoAbl) [I1ne-
yoB, ITonos, 2014]. ABTOpBI CKJIOHSIIOTCSI K BTOPOMY
MexaHu3My (hopMupoBaHus Jisl TYDPUTOB U3 paiioHa
baxuucapasi, HOCKOJIbKY OH Jiy4llie OOBbSICHSIET paBHO-
MEpHOE paclipefeieHue HOPMaJlbHO-0CaJ0YHOTO
maTepuaja cpeau 00JJOMKOB MUPOKJIACTUKU OIHOTO
W3BEPKEHMSI.

ABtopbl pabotbl [HukuimmH u ap., 2013] pac-
CMaTpUBaIOT BO3MOXXHOCTh (hopMUpOBaHUs Ty(hHUTOB
U3 paiioHa baxuucapast B pe3syjbTaTe AesTebHOCTU
MMaJIeOBYIKAHNIECKNX IIEHTPOB B paitoHe bamakiaBel
WA K& TIPUYPOIeHHBIX K KapKMHUTCKOMY TpabeHy.
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Hamu nokazaHo, 4to 3TH TydduUTH netporpaduue-
cku ommxe K Tydduram r. Kydbamay m ByakaHUTaAM
TapXaHKYTCKOI CBUTHI. Bolblast ymaaeHHOCTD TIPOSB-
nennit tydduToB (70—90 kM) He TTO3BOJISIET YBEPEHHO
YTBEpXKAaTh, YTO OHU C(HOPMUPOBATIMCH B pe3yJibTaTe
JIeATeTbHOCTA OMHUX M TeX e BYJIKAaHWISCKUX IIeH-
TpoB. Bo3MOXHO, MOMUMO MajieoBYJKAHOB B pailoHe
KapkuHuTCKOTO TpabeHa Ha TeppUTOpUH TT-0Ba Kpbim
CYLIECTBOBAJIM TOTpeOEHHbIE B HACTOSIIEE BpeMs
MOJl OCAIOYHBIM YEXJIOM aHaJIOTMYHbIE TajieoBYJIKA-
HUYECKNE IIEHTPH WM Xe¢ OHM HaXOIATCS IOXKHee
COBpeMeHHOM OeperoBoii nmuHuu. IlocnegHee BbBI-
IJISIINT COMHUTENIBHBIM, TaK KaK TOXe IpearojaraeTt
00JIbIIIOE PACCTOSIHME OT 3PYNTUMBHOIO LIEHTPa U HE
COIJIaCYeTCsl ¢ YCTAaHOBJIEHHBIM HallpaBJIE€HUEM CHO-
ca HOPMaJIbHO-OCaJ0YHOI0 MaTepuajia cO CTOPOHBI
BocrouHo-EBponeiickoit miatgopMbl.
Teodunamuueckan obcmanosxa ¢hopmupoeanus.
ABtopbl paboTsl [[T1evos, ITonos, 2014] Ha ocHOBe
W3y4eHUs TMEeTPOrpaUIecKuX M TETPOXUMMUIECKUX
0COOEHHOCTE! U cofepKaHUS JIETYyYUX KOMITOHEHTOB
3aKIIOUMIn, 4To TypPuThl M3 paitoHa banaximaBbl
o0pa3oBajiuCh B HaACYONYKIIMOHHOW 0OCTaHOBKE,
BEPOSITHO, B YCJIIOBUSIX aKTMBHOM KOHTWHEHTAIBHOM
OKpauHbI, YTO COTJIACyeTCs C OCHOBaHHBIMU Ha Teo-
XUMMYECKHUX OCOOEHHOCTSIX MOPOJ BEIBOAAMU O Haj-
CYOIYKIIMOHHOM MTPUPOJIE 3TUX BYJIKAHUTOB B paboTe
[Hukuiuux u ap., 2013]. B xauecTBe COBpeMEHHOTO
aHaJjiora reoguHamMuuyeckoi oocraHoBkr Kpbima B ajib-
OcKoe BpeMsl paccMaTpuBaeTcsl AJsicka, TIe, HECMOTPS
Ha ee JUTUTEeIbHOE HaXOXIEHUE B YCIOBUSIX aKTUBHOM
KOHTUHEHTAJIbHOW OKpPaWHBI, BYJIKAHU3M TIPOSBICH
J0BOJIbHO orpaHuueHHo [ITneuvos, ITomnos, 2014].
Jlms ommMcBIBaeMBIX TIOPOH, CITPaBEUIMBEI Te XKe
apryMeHTbl, YTO CBUETEJIbCTBYET 00 MX HaaCyOayK-
LIMOHHOM TTPUPOJIE: BO-TEPBBIX, 3TO CJOXKHAS 30HAb-
HOCTb TLJIaTMOKJa3a cO cjiedaMd HEOJHOKPATHOTO
pacTBOPEHMUST — KPUCTAJUIBI C TYOUaTHIMU SIIpaMM 1
PUTMUYHO-30HAJIBHOM KalMOM, COAEpXallIue 10 He-
CKOJIbKUX 30H pe3opOuuun. ITomoOHass 30HaJbHOCTb
njaaruokyiasa oObIYHO OOYyCJOBJEeHA CYlLIeCTBOBa-
HUEM JOJTOXMBYILIETO MarMaTM4yecKoro ouara, Ie-
PUOIMYECKN TTOAMUTHIBABIIETOCS TIOPIUAMU Oojiee
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HOTO BYyJIKAaHM3Ma.

3akmovenue. MzyueHue no3nHeanbockux Tyhhu-
TOB B pailoHe baxuucapas mokasayuo, YTO 3TU TTOPO/bI
CXOXU C JPYTMMU TMO3AHEATbOCKUMU BYJIKAHUTAMU
Ha Tepputopun KpbiMa — mopomamMu TapXaHyTCKOW
cBuTHl U T. Kybanau, B MeHbllIeil CTeNeH! U3 palioHa
banaknaBbel. OHU TIpeaCTaBISIIOT COOOM TMPOIYKTHI
WU3BEP>KEHUs pUOJMTOBOM MarMbl, COiepKaBIlieil Kpu-
CTaJUTBI TUIATMOKJIa3a, KBaplia U pOroBOi OOMaHKHU.

ITocpencTBoM u3yyeHUST pacIIaBHBIX BKJIIOUYE-
HUN B KBaplie W TJIaTMOKJa3e OlLleHeHbl (hU3MKO-
XUMUYECKHE YCIOBUSI B MAarMaTUUECKOM oyare — Kpu-
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pacriaBoB CBUIETEIbCTBYIOT O HaACYOAYKLIMOHHOM
00CTaHOBKE MX 00pa3oBaHUsl, CKOpee BCETo, B YCJIO-
BUSIX aKTUBHOW KOHTUHEHTAJIbHOW OKPaWHBI.
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