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Cratps NOCBSIIIIEHa H3YIEeHHIO BKITIOUSHHUI paciiaBa B MHHEpaIaX KCeHOJIUTOB HHOIMNTOB Bynkana Ol-
nouHbo JleHran. PacmiaBHbie BKITFOUCHUS Pa3HOTO (pa30BOro COCTaBa BBIABICHBI B MAKPOKPUCTAX (HOpCTEpUTa,
B KpHCTaJIax AWOICHIA, He(ennHa, (TopanaTuTa, a TakKe 3epHax aHApaauTa u Ti-marHerura. Hedennn co-
JIEpPIKHUT TepBUYHBIE BKIIOYEHHMS paciulaBa (CHIMKAaTHOE CTEKIIO + ra3okapOoHaTHas I1o0yia + CyOMUKPOHHEIE
100yIel £ cynbhuaHas no0yaa + J0YepHUe/KCCHOTCHHBIC (asbl, PEICTABICHHBIC THOIICHIOM, (TOparaTu-
ToM, Ti-aHApamuTOM M amoMoakepMaHUTOM). ['a3okapOoHaTHAs TI00yIa COCTOUT M3 Ta30BOTO ITy3BIPS, OKPY-
JKEHHOTO TOHKOPACKPHCTaJUTH30BaHHEIM arperaroM Na-Ca-kapOoHaToB (HbepepeuT, rperopunt). Bo ¢ropamna-
TUTE NIEPBUYHBIC Kap60HaTHO-COHeB]>Ie BKJIFOUCHUSA MPUYPOUYCHBI K LECHTPAJIbHBIM 30HAM MHHEpaJia-X03sg1uHa.
OHu cozepkaT HbepPEPEUT, TPETOPUUT, TEHAPINUT, BUTEPHT, (IIFOOPHUT, BUIUIMOMUT M HEKOTOPhIE IpyTue (asbl.
Ilo MuHEepamBpHOMY COCTaBYy OHH COOTBETCTBYIOT HaTpokapOoHaruTaM. [lepBHYHBIC BKIIIOYEHHS B JHOIICHIC
u Ti-anapaaute (cTekio + ra3oBblil My3bIpb + jJo4epHue (as3bl) BCTpedaroTcsl peako. B 3epHax auomncuaa u
(opcTepruTa IPUCYTCTBYIOT LETIOYKH BTOPUYHBIX CYIIECTBEHHO KapOOHATHBIX BKIIFOUeHHH. [ToMnMo BhItIeyKa-
3aHHBIX MHHEPAJIOB B HUX OBUTH BBISBICHBI FAJIUT, CHJIBBHH, Heitboput, Na-Ca-docdar, menodnsre cynbdarsr u
npyrue peakue dassl. B quoncusie taxke BCTpedaroTcs CyIbQUAHbBIE BKIIOUYEHHs (IMPPOTHH + XaJIbKOIHPHT +
+ KepUIIEPHT + raJeHuT + NeHTAAHAUT). [10 XMMHIYeCcKOMY COCTaBY CHIIMKATHBIE CTEKIIA PACTUIaBHBIX BKITIO-
YEeHUH BaphUPYIOT B IIHPOKHUX Hpenenax. OHU XapaKkTepH3yloTcs BEICOKHMHE conepkanusiMu Na, K u Fe npu
HU3KOM cofiepskaHut Al. Bee cTekia IMEIOT BBICOKME KOHIIEHTparuu mesnoueit (16—23 mac. % Na,O + K,0)
u sBistores arnantoBbiMU [(Na + K)/Al = 1.1—7.6]. CymiectBeHHO KapOOHATHBIE BKIIOYEHHUS B MHHEpaax
nifonutoB oboramens! Na, P, S n Cl. [Tony4enHble JaHHBIE CBHAETEILCTBYIOT O TOM, YTO HCXOIHBIHN pacIliaB B
IPOMEXKYTOYHOI Kamepe B IPOIiecce KPUCTAIIM3ALMU HIOTUTOB YKe ObLII TETEPOreHeH U COZIepIKall CocyIec-
TBYIOIIME CHJIMKATHYIO, HAaTPOKapOOHATHYIO0 M Cynb(uaHyio cocTaBisioniie. COracHO TePMOMETPHIECKUM
JTAHHBIM TI0 BKJIFOUYEHHSM pPacIliaBa, CHIINKATHO-KapOOHATHAS HECMECUMOCTh MposBisuiack npu 1 > 580 °C.

Bratouenus pacnnasa, cunukamuo-kapooHAmMHas HECMECUMOCIb, UHOUM, Hbepepeum, HampoKapooHa-
mum, Onoounvo Jlenzau.

LIQUID IMMISCIBILITY DURING CRYSTALLIZATION OF FORSTERITE-PHLOGOPITE 1IJOLITES

AT OLDOINYO LENGAI VOLCANO, TANZANIA: STUDY OF MELT INCLUSIONS
V.S. Sekisova, V.V. Sharygin, A.N. Zaitsev, and S. Strekopytov

The paper is concerned with study of melt inclusions in minerals of ijolite xenoliths at Oldoinyo Lengai
Volcano. Melt inclusions with different phase compositions occur in forsterite macrocrysts and in diopside, neph-
eline, fluorapatite, Ti-andradite, and Ti-magnetite crystals. Nepheline contains primary melt inclusions (silicate
glass + gas—carbonate globule + submicron globules + sulfide globule + daughter/trapped phases, represented by
diopside, fluorapatite, Ti-andradite, and alumodkermanite). The gas—carbonate globule consists of a gas bubble
surrounded by a fine-grained aggregate of Na—Ca-carbonates (nyerereite and gregoryite). Fluorapatite contains
primary carbonate-rich melt inclusions in the core, which consist of nyerereite, gregoryite, thenardite, witherite,
fluorite, villiaumite, and other phases. In mineral composition they are similar to natrocarbonatite. Primary melt
inclusions (glass + gas bubble + daughter phases) are rare in diopside and Ti-andradite. Diopside and forsterite
have trails of secondary carbonate-rich inclusions. Besides the above minerals, these inclusions contain halite,
sylvite, neighborite, Na—Ca-phosphate, alkali sulfates, and other rare phases. In addition, diopside contains sul-
fide inclusions (pyrrhotite + chalcopyrite + djerfisherite + galena + pentlandite). The chemical compositions of
silicate glasses in the melt inclusions vary widely. The glasses are characterized by high Na, K, and Fe contents
and low Al contents. They have high total alkali contents (1623 wt.% Na,O + K,0) and peralkalinity index
[molar (Na + K)/Al] ranging from 1.1 to 7.6. The carbonate-rich inclusions in the ijolite minerals are enriched
in Na, P, S, and Cl. The data obtained indicate that the parental melt in the intermediate chamber was heteroge-
neous and contained silicate, natrocarbonate, and sulfide components during the ijolite crystallization. Accord-
ing to heating experiments with melt inclusions, silicate—carbonate liquid immiscibility occurred at >580 °C.

Melt inclusions, silicate—carbonate immiscibility, ijolite, nyerereite, natrocarbonatite, Oldoinyo Lengai
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BBEJEHME

Bocrouno-Adpukanckas pudToBasi cucrema, IpoTsruBaromasics npuMepHo Ha 3700 kM oT AfEHCKOro
3anuBa uepe3 D¢uonuro, Kenuro u TaH3aHuto, moapasaensercs Ha ABe KPyIHbIE TEKTOHUYECKHE 30HBI: 3anaj-
Held pudT U Boctounsiil pudt. Bocrounas BeTBb BKiItouaeT B ceds Dduonckuii pudt u Kenuiickuit pudr
(u3BecTHBIH Takxke Kak pudt ['peropn).

B npenenax Boctouno-Adpukanckoi pu)TOBOH CHCTEMBI H3BECTHO OKOJIO 20 MaBIX, CPEIHUX U KPYII-
HBIX BYJIKAHOB U BYJKAHHYCCKUX IIOJICH, B KOTOPHIX BCTPEUYAIOTCS ByJIKaHWIeCKUe (3¢ Py3UBHBIE U IHPOKIAC-
THUYECKHE), & HHOT/Ia U TUTyTOHWYECKHe KapOOHATUTHI. KpyITHEIC BYJIKaHEI MTOAPA3NEIIOTCS Ha IBE OCHOBHEIC
rpynmsl: HehearnHUTOBYIO U Oa3zaipToByr0 [Dawson, 2008]. B roxHO# dacTu pudta ['peropu u3BepxeHHs Mpo-
JIOJDKAIOTCS 10 HACTOSIILET0 BPEMEHU, IPUMEPOM ITOrO ABJsAeTCs BiIK. OnonHbo JIeHrau, paciosoKeHHBIN B
Tan3zannu npuMepHoO B 16 KM K fory ot 03. Harposn, BOim3u Kpateproro Haropss. KapbonaTutoBsie mOopoab!
9TOTrO ByJIKaHA HEOOBIYalfHO CHIILHO OoOoramieHsl menouyHbiMu 3eMeHTaMu (Na u K) 1 mo MuHepaibHOMY |
XMMHUYECKOMY COCTaBY OTJIMYAIOTCSA OT BCEX M3BECTHBIX NPOSBICHUM KapOoHAaTUTOB B Mupe [Dawson, 1962,
2008]. g naB BBICOKOIIEIOYHBIX KapOOHATHBIX MOPO ObLT MPEJIOKEH TEPMUH «HATPOKAPOOHATHUTY, IIUPO-
KO UCIOJB3YIOLIUIcA 10 HacTosmero BpeMeHu [Dawson, 1962]. TlosBienne HAaTpOKapOOHATUTOB HE MOXKET
OBITh OOBACHEHO MPOLIECCOM OOBIYHON (PPaKIMOHHONW KPHUCTAILIM3ALMH OJUBUH-HE(EITUMHUTOBOTO WM OJU-
BUH-MEJWJINTUTOBOrO paciuiaBa. BeposTHO, BaXKHYIO poJib B 00pa30BaHUU STHX MOPOJ UIPAIOT JOMOJHUTEIb-
HBbIe IpoIlecChl (HECMECUMOCTh JIBYX PAacIlIaBOB, B3aWMOJEHCTBHE MAaHTHHHOIO paciijiaBa ¢ BMEIIAIOLIUMHU
nopogamu U np.) [Klaudius, Keller, 2006]. B cBs3u ¢ 3THM OYeHb aKTyallbHBI TEPMOOAPOTCOXUMHUYCCKUE HC-
CIIEIOBAHMS, TIOCKOJIBKY PacIIaBHBIC BKIIOYCHHUS HECYT BAKHYIO HH(POPMAIHIO 0 P7-yCIOBUIX KPHCTAILIIN3a-
IIMM MarMaTHYECKUX MOPOJ, 8 TaKXKe IIOMOTal0T YCTAaHOBUTH HCXOMHBIN COCTaB pacIuiaBa M OCOOCHHOCTH €T0
SBOJIONUH TIpU (GopMupoBaHUU TopoJl. [TpuMenuTensHO K BIK. OngonHbo JIeHran uzydeHue BKIIOYCHUN B
MHHEpaJax CIocoOCTBYeT Oosiee ICHOMY MOHMMAHHUIO TeHe3Hca CIaraox ero nopox. Tepmobaporeoxumu-
YeCKHe UCCIIECIOBaHMUS MISTOYHBIX MOpo.l BIK. Onmonnbo Jlenraun u pudra ['peropu B 11e510M ObLTH MHALIMUPO-
BaHbl B 1970-¢ rT. [Pomanues, 1972; Haymos u ap., 1972; Bazaposa u ap., 1975], a 6osee neranbHbie UCCIEAO0-
BaHUSl HavajKCh CpaBHUTENbHO HeAaBHO [3aiiues, 2009; Mitchell, 2009; Gusmics et al., 2011, 2012, 2015;
Sharygin et al., 2012; Mitchell, Dawson, 2012; Zaitsev et al., 2011, 2012; Hlapsirun, 3aiiies, 2012].

Jannas paboTa nocesileHa U3y4eHHUIO BKIIOUYEHUH paciijiaBa B MUHEpallaX KCEHOJIUTOB GopcTeput-¢io-
TOMUTOBBIX MHONAUTOB BIK. OnnonHbo Jlenran. OCHOBHOM 11€NbI0 paOOTHI ABISIIOCH BhIsIcCHEHHE PT-ycioBuii
KPUCTAJUIM3AaLMU U XapaKTepa HECMECHMOCTU HATPOKapOOHATHTOBOIO M CHJIMKATHOIO PAacIUIaBOB, a TaKXke
W3yYCHHNE XMMH3Ma PAcIUIaBHBIX BKIIOUCHHH M IOPOI000Pa3yIOMNX MHHEPATIOB WHOIHTOB BIK. ONIOMHBO
Jlenran.

AHAJIMTUYECKHUE METO/bI

BompmmHCcTBO aHamm30B ObUTO TpoBencHo B UHcTHTyTE Teonornn u munHepaioruu uM. B.C. Cobonea
CO PAH (UT'M CO PAH). BrisiBiieHue B3aMOOTHOIIICHHH MUHEPAJIOB ¥ ITOWCK PACIUIaBHBIX BKJIFOUCHHH OCY-
MIECTBIISIICSA Ha MUKPOCKOTIAX C TMIPOXOIAIIUM U oTpakeHHBIM cBeTtoM MBU-8 1 Olympus BX51. Tepmometpu-
YECKUE HCCIICJIOBAaHUSl BKIIFOUEHWH paciiiaBa MPOBOMWINCH TPU TOMOIIM BBICOKOTEMIIEPATYPHOU KaMephl
koHCTpykimu A.A.Tomunenko u ap. (no 1250 °C) ¢ BO3AyIIHOW/MHEPTHOM Cpefod W BU3yalbHBIM HaOJIOIe-
HHeM. MneHTuduxanus 1ouepHux (a3 Bo BKIIOYEHUSIX IPOBOAMIACH 1O (hoTorpadusiM B 00paTHOPACCEIHHBIX
anektpoHnax (BSE), Bo Bropuunbix (00paTHbIX) snekTpoHax (SE), sHeprogucnepcuoHubM criektpam (EDS,
Bpemst Habopa — 15—20 ¢) u kapTam pacrnpeaeseHus SIeMEHTOB Ha CKaHUPYIOIIUX 3JIEKTPOHHBIX MUKPOCKO-
nax JEOL 6380LA u TESCAN MIRA 3MLU B UTM CO PAH. Bce 3T fanHble ObUTH MOTYYEHBI C UCTIOIb-
3oBanueM nporpammel INCA Energy 450+ (Oxford Instrumental Analytical Ltd.). YcnoBus ceemkn: V = 20 kB,
| =1 HA. B kadecTBe CTaHAApPTOB I OOJIBIIMHCTBA 3JICMEHTOB OBLIH MCIIONB30BAaHBI IPOCTHIE OKCHIBI, Me-
Tamisl u cumukatel: Si0, (Si, O), ALO; (Al), nuoncun (Mg, Ca), ansbut (Na), oproxnas (K), Ca,P,0; (P),
BaF, (Ba, F), Cr,O; (Cr), nupur (S), Ti° Fe°, Mn°®, Zn° u np. i KOIM4EeCTBEHHOH ONTHMH3ALMU (HOPMHPOB-
Ka Ha TOK 30HJa ¥ KAJIMOPOBKA CIICKTPOMETpa 10 3Hepruu) npumensics Co°.

Jns konmuyecTBeHHOro aHaim3a mpuMeHsuch MHUKpo3oHIsI CAMEBAX-micro u JEOL JXA-8100
(WDS wmeron). [Tapamerpsl chemkn: V=20 kB, | = 10—18 HA, quaMeTp MUKPO30HIOBOTO Iydka 1—2 MKM,
BpeMsl aHan3a JJis Kakaoro sneMeHTa 10 ¢. Ommobka B onpeeieHUH TIaBHBIX 3JIEMEHTOB COCTABJISCT MEHEe
2 otH. %. B kadyecTBe cTaHmapToB Mcmnoib3oBanuch anbouT (Na), ropdnoromnut (F), oproknasz (K, Al), nu-
orcuf (Si, Ca, Mg), anbmannus (Fe), 6apur (S), xnopanarut (Cl, P), wnemenur (Ti), uupkon (Zr), Mn-rpaHar
(Mn), cunaTeTHUeckue cuirmkataele Ba-ctekio (Ba) u Sr-crekio (Sr).

Jng ananusza mo BO3MOXHOCTH OTOMPAIMCH BKIIOUEHHS pasMepoM Oonee 20 MxM. Tlockonbky BKiItoue-
HUS paciuiaBa B MUHepaiax uitonutoB OngouHbo JIeHrau coqepxar BoAOpacTBOpUMBIE (a3bl (ILeT0UHbIe Kap-
OOHATBI, XJIOPHUIBL, CYIb(ATH), U HX BEIBOJA HAa TIOBEPXHOCTH UCIIONB30BATICh OC3BOIHEIC MpemapaThl (al-
Ma3HbIe TACTHI Ha MACIISTHOW OCHOBE U CITUPT ISl OYUCTKH OBEPXHOCTH). Tak Kak Bce ATH (a3bl TUTPOCKOITHIY-
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HBI U Ha BO3/yX€ HaUMHAIOT MTOCTENIEHHO PACTBOPATHCS MO/ ICHCTBHEM MapOB BOJBI, TO BPEMs MEXIY BCKPHI-
THEM BKJIIOYEHHWH M MX aHaJM30M Ha CKaHUPYIOIIEM 3JEKTPOHHOM MHKPOCKONE WM MHUKPO30HAE IO
BO3MOKHOCTH ObUIO MUHUMU3UPOBAHO (0T 2—3 u g0 | gus). Cinenyer OTMETUTh, YTO MPU KOJIUYECTBEHHOM
aHaJIM3e BO3HHUKAIU MPOOJIEMBI C TOYHBIM OMpeesieHueM KOJIMYecTBa menodeid, ocooenHo Na, moTepu KOTo-
poro uHorga cocTabisioT 10 50 %. JTo cBsI3aHO ¢ TeM, 4yTO TOK Ha MUKpo3oHIe (10—18 HA) noutu Ha nops-
JIOK BEIIIIE, YeM Ha CKaHHPYIOMIEM 3JIEKTPOHHOM MHKpockore (1 HA). B omnmdme ot MEKpO30HIA HAa CKAaHHUPY-
IOIIeM MHKPOCKOIIE MOKHO M3MEHSTH IUIOMANb aHAIN3UPYEMOU TIOBEPXHOCTH, YTO CHOCOOCTBYET YMEHBIIIE-
HUIO MOTeph mestoueH nmpu aHamuse. B cirydae npumenenus: Mukpo3onaa CAMEBAX-micro nHoraa yiaBajioch
n30eraTth 3HAUYUTEIBHBIX IOTEPh MIET0YeH 32 cUeT HE3HAUMTENFHOTO CKaHMpoBaHUS. OTHAKO U ATOT CHOCO0
MIPUBOIIII K TOTEPSIM IIEN0Yeii, IOATOMY BCE CTEKJIa N3 BKIIOUCHHUH M OCHOBHOW MacChl aHATH3HPOBAIUCH KaK
Ha MUKPO30HJIE, TAK ¥ Ha CKAHUPYIOIIEM JIEKTPOHHOM MHKPOCKOIIE.

JJiss TMarHOCTHKH M OTIpeeNICHH Ka4eCTBEHHOIO COCTaBa KapOOHATHOW TI00YIbl M Ta30BbIX My3bIPEi
BO BKJIFOUEHUSX MPUMEHSIICA METOJ] CIIEKTPOCKOIMH KOMOMHAIIMOHHOTO paccessHus ceeta (KP-cniekrpockonust
WIM paMaHoBcKas crnekTpockomnusi). Mcnomnp3opancs crnekrpomerp LabRAM HR 800 mm (dupma Horiba
Scientific), coequnennsiii ¢ CCJ] merektopoM U KoH(oKanbHbIM MHUKpockonoMm Olympus BX40 (oO6bexkTuB
100x). [TapameTpbl cheMKHU: 5 HAKOIIEHH 110 5 ¢, (hokanbHas auadparma 100 mxm. CreKTpbl ObLIH 3aperucT-
pupoBansl B mHTepBase 200—4000 cM~!. MoHOXpomaTop OBUT OTKaTHOPOBAH MO PAMAHOBCKOM JTMHAU pacces-
aust it kpemuust (520.7 e 1).

Bropuuno-nonnas macc-criekrpomerpust (SIMS) Oputa mpuMeHeHa Ui OnpeneNeHus] KOHIEHTPAIUn
PEIKUX SIEMEHTOB M BOJABI BO BKJIIOUCHHSX B HedennHe. /s 3TOro MCHONb30Baiics HOHHEIA 30HA Cameca
IMS-4f B Ananutiaeckom nenTpe SApociaBckoro ¢pumana OU3UKO-TEXHOJIOTHIEeCKOTo HHCTHTyTa (1D OTU-
AH PAH). lns ananu3a oTOMpaInch BKIOYCHHS pazMepoM Ooiee 20 MKM, KOTOpBIE TIPeXkie ObUIH BBIBEICHBI
Ha MOBEPXHOCTh U MPOaHAJIM3UPOBaHbI Ha MUKPO30HAE. Y CIIOBUS CheMKH: TepBUYHbIi O -my4ok — 20 MKM,
| =2—4 HA, sueprus cmenienuss — 100 3B, sneprus menn — 50 3B. KoHneHTpanuu 31eMEeHTOB onpeaes-
JIMCH MUCXOJISl M3 OTHOIICHHUS MX U30TOMOB K 30Si 1 ¢ MCMOIB30BaHUEM KATHOPOBOYHBIX KPUBBIX JJIS CTAHIAPT-
HbIX 00pasuoB. ComepikaHus BOABI ONpeaesutich mo Macce H coBmecTHO ¢ nerkumu snementamu (Li, B, Be,
F) mocne 24-yacoBoii BblIepKKH oOpasua B Bakyyme. B KkadecTBe cTaHAapTa HCHOJB30BAJIOCh CTEKIIO
NIST610.

BanoBoit xumMuyeckuil aHaau3 nmopoa ObUT BBIIOJIHEH B J1a00paTOpUH XMMHUECKOro aHanu3a Myses ec-
TecTBeHHOH uctopnu (JIoHmOH, BenmnkoOpuTaHus) mpu IMOMOIIN aTOMHO-IMICCHOHHOH CIIEKTPOCKOIIHH C HH-
nykTHBHO cBsizaHHOM 1a3Moit (ICP-AES; iCap 6500 Duo, Thermo Fisher Scientific Inc.) u macc-ciekrpomer-
puM ¢ WHAYKTHUBHO cBs3aHHON Ttwrasmoii (ICP-MS, Agilent 7700x). [IpoObl uis ompenesieHus] TIaBHBIX
anemeHToB, Ba, Cr, Sr u Zr noarorasnusanucek mytem cruasiaenus 100 mr nmpo6st ¢ 300 mr LiBO, B 3010T0-
IaTHHOBBIX TUIIIAX (5 % Au / 95 % Pt) u pactBopennem obpasyromerocs crexkia B 10 % HNO,. Kanubposka
ICP-AES B 3TOM citydae NMpOU3BOAMIACH C HCIIOJIB30BAaHHEM CEPHH T'COJOTHUYECKUX CTaHIAApPTHBIX 00pa3IoB
PasHOTO cOCTaBa, NOATOTOBICHHBIX TEM e croco0oM. [IpaBmIbHOCT aHaIM3a KOHTPOIMPOBAIACh MO CTaH-
naptHeiM oOpasuam NIM-D (nynut) 1 STM-1 (cuenut). [IpoOsl 111 onpenesieHus 3JeMEeHTOB-IpuMeceii Me-
tonoMm ICP-MS u cepsl Mmetogom ICP-AES noarorasnuBanuce mytem pactBopenus 100 Mr mpoObl B cMecH
2 mn HNO,, 2 M HCIO, 1 4 Mt HF npu 100—150 °C Bo ¢roponnactoBsix cocyaax (Savillex™). ITocne nos-
TopHO# 06paboTku 1 Mt HC1O, mpo6s1 BeicymmBamu mpu 150 °C, cyxue ocratku pactsopsanu B 2 max HNO; +
+ 0.2 ma H,0, u paz6asiinu AenoHu3upoBanHo# Bopol (18.2 MQ cm) no 50 mi. [IpaBunbHOCTE aHAIHM3a KOH-
TPOJIUPOBAJIACE 10 CTAHAAPTHBIM oOpa3naM BCR-2 (6a3anet), JLK-1 (03epHBIE OTIIOXKEHHS), a TaKXkKe 1Mo 00-
pasity SAAR-1 (MoaupUIIMPOBaHHBIC PEUHBIC OTIOKCHHS).

I'EOJIOI'UA

OnponHbo JleHram — 3TO CHMMETPUYHBIA CTPATOBYJIKaH KoHHUYecKoi (opmelr [Dawson, 1962]. Adco-
JIOTHAsl BHICOTA €r0 Ha JIAHHBIA MOMEHT cocTaBisieT 2952 M Hax ypoBHeM Mopsi [Anderson, 2005], oTHOCH-
TEJIbHOE NPEBBILIEHUE OT MOJHOXKUS 0 BEpUIMHBI BylakaHa — okoyo 2000 M. BepxHioro yacTh ByjkaHa co-
CTaBJISIIOT J{Ba KpaTepa, pa3/iesIeHHbIC XpeOTOM BBICOTOM 0K010 110 M — I0KHBINA MOTYXIIHM KpaTep U CeBEpHBIIl
aKTHBHBIN Kpatep [Dawson, 1962].

Bpewms nHauana BynkaHnueckoit akTHBHOCTH OnnonHbo JIeHran TOYHO HEM3BECTHO. [l ByJIKaHHYECKUX
opoJ1 OBUIO BBIMIOJIHEHO TPH ompeneneHus Bo3pacta K-Ar metogom. s duoronura u3 Ty¢GoBoro napasuru-
YecKoro KoHyca (BeposiTHO, kpatep Ontarsa) K-Ar Bo3pact cocraBun 650 + 250 teic. et [benoycoB u ap.,
1974]. dnst ponomnmta, orobpanHoro Mexny BynkaHamu Onnonnbo Jlenran u Kepumacu u3 1aBoBOro mnoToka,
I'.I1. Barnacapsia ¢ coaBTopamu [1973] momyunin Bo3pact 150 + 20 Teic. siet. B my6nukanuu B.B. benoycoga ¢
coaBTopamu [1974] Bospact 3Toro obopasma cocrapiser 2.1 = 0.6 MIH JeT, HO 0TMEYaeTCs, YTO TOTYUYCHHBIH
BO3pACT, BEPOSATHO, 3aBBINICH. bonee mo3qHMe HeciieTo0BaHus MOKa3ali, 9To Ar-Ar BO3pacT KaIHEBOTO MTOJIEBO-
To mrara u3 (OHOIUTOBOTO MOTOKA cocTaBisieT 338 & 23 THIC. JIeT, a BO3pacT (uioronuTa U3 Ty(PoBOro KOJIbLIA,
PAacCIIOI0KEHHOTO Ha BOCTOYHOM CKJIOHE BYJIKaHa, paBeH 353 + 65 Thic. et [Sherrod et al., 2013].
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HaTtpokap6oHaTtuTbl OTnoxeHus Tycpos 1 nanunnewn
HaTDOKADBOHATATE! COBpPEMEHHbIE Ha NMOBEPXHOCTU KOXXHOIOo Kpatepa
(I/ISBepI'apBLLIVIF;Cﬂ 10 1917 1) (n3BepxeHust 1940-41 n 1966-67 rr.)
: Nenramn 116

Nenran IIA, 11IB
Kap6oHatutoBble ganku

HedennHutol
IlenHraun 116

HedenuHutbl
JleHraun IIA

doHONUTBI
JleHran 1

. 1 k™M |

Puc. 1. CxemaTuueckuii pa3pe3 BepxHeii yactu Biak. Ounounno Jlenran [Klaudius, Keller, 2006; 3aiines,
2010].

JetanbHoe reojoruyeckoe kaptupoBaHue pailona Onnonnbo Jlenran — Kepumacu, a Takxe reoXumu-
gecKoe, MeTporpaduieckoe U MHHEPATIOTHIECKOE M3YUEHHE TOpPOJl, CIIAaralolluX 3TH BYJIKAaHBI, HAYaJIHCh B
50-e rr. XX B. ¥ mokazaind, 9To BiIK. OnmonHso JIeHran Clio’keH MUPOKIACTHIECKUMHE U 3((y3UBHBIMH TIOPO-
JaMy (POHOJIUTOBOTO U HE(ETHHUTOBOTO COCTaBa, a TAKXKE JJaBaMU HaTpokapOoHaTtuToB [Dawson, 1962].

[To coBpeMeHHBIM MPEACTaBIEHUIM, ByJIKaHUYeCKH KoHyc On101HbO JIeHran COCTOUT U3 ABYX CTPYK-
TypHbIX eauHun (puc. 1): Jlenran I u Jlenran I1. Ilpu sTom Jlenran I popmupyer oxono 60 % ot oOvema By1-
kaHa, Jlenraun Il — oxomno 35 %, HaTpokapOOHATHTHI COCTABIAIOT Beero b 5 % [Klaudius, Keller, 2006].

Jlenrau I — 3T0 (OHONUTOBBIE TUPOKIACTHUECKUE MOPOJBI C MPOCIOAMHU JiaB (DOHOIMTOB, KOTOpHIE
0oOHa)keHbI B OCHOBHOM B I0’KHOW 4acTu ByJikaHa. [InpokiacTrdyeckue mopoisl peIcTaBlieHb! Ty(aMu u armio-
MepaTaMH JKENTOTO I[BETa, CIOKEHHBIE 00JIOMKaMU KPUCTAUIOB CaHWAWHA, HedennHa u nuorncuaa, 0JoKaMu
(hOHONHMTOB M MHTPY3UBHBIX MOPOJI. JIaBOBBIE TOTOKU ()OHOJIUTOB, TIEPECIAUBAIOIINECS C ITUPOKIACTHYSCKUMHU
MOPOAAMH, TOCTUTAIOT MOIIIHOCTH 25 M B HM)KHEH 4acTH FOr0-BOCTOYHOI'O CKJIOHA BYJIKAHA.

Jlenram II — 5T0 HeeTMHUTOBEIC TOPOBI, ABJISIONIHECs 00JIee MOJIOABIMYU IO OTHOIIEHHIO K (DOHOIH-
tam. Hedennaurossle Ty(bI, arToMepaTsl 1 JIaBBI CJIAaraloT CEBEPHYIO YaCTh ByJIKaHa, B TOM YHCIIE M CEBEPHBII
AKTUBHBIA KpaTep C JaBaMHU KapOOHATHUTOB. DTH MOPOJBI MOJPA3ACISIFOTCS Ha JBE CTPYKTYPHBIC SAMHUIIBI:
Jlenran IIA u Jlenrau IIb. Iloponsl, otHOCsIMecs K Jlenrau IIA, npencTaBieHs! XKeITHIMU He(ETMHUTOBBIMU
Tyamu u armomeparamu, cepeIMH He(DEIMHUTOBBIMH Ty(paMu U MAJIOMOIIHBIMH, 10 5 M, IIOTOKaMH Heheu-
HUTOBBIX JIaB 3e1eHoro 1sera. [lopoapl, oTHocsmmeca K Jlenram IIb, ciararoT BEpXHIOK 4acTh BYJIKAaHA U
BKITIOYAIOT JKENThle HeeIMHUTOBBIE Ty(bI M arioMepaTsl, cepble He()EITUMHUTOBBIE TY(bI, YSPHBIC U TEMHO-
3elieHble He()eTMHUTOBBIC JIaBbI M CBsI3aHHBIE C HUMHU KapOoHaTuThl [Dawson, 1962; Dawson et al., 1992; 3aii-
ues, 2010].

[TryTorM9eckue mopoas! (MHOIUTEI, YPTUTHL, MUPOKCEHUTHI U 1Ip.) BIK. OnnonHpo JIeHran BcTpedaroTcst
B BHJIE KCCHOJUTOB B MHPOKIACTHYECKUX MOPOJaX HEPEIUHUTOBOTO COCTAaBa, PEKE B JIABAX M B XKENTHIX H
4yepHbIX ariaomeparax [Dawson, 1962], a Takxke OHH BBISIBICHBI B HE(DETMHUTOBBIX M (POHOIUTOBBEIX Ty(hax
[Dawson et al., 1992, 1995; Dawson, 2008]. Kpome Toro, B mpezenax ByJIKaHAa MPHCYTCTBYIOT OJIMBUHOBBIC
MEMIUTUATEL. OHU 00pa3yIOT Mapa3suTHIeCKue KOHyChl BOKpYT Onmonnbo Jlenran [Dawson, 1962; Dawson et
al., 1995; Klaudius, Keller, 2006; Keller et al., 2006]. YnoMuHaH#iA 0 KCEHOJIMTaX UHOIUTOB, CONEPIKAIIUXCS
B HATPOKapOOHATUTAX, B INTEpAType HE BCTPEUECHO.

Hatpoxap6onatutsl 10 2007 r. 3anoiHAIM yamry ceBepHOro kpatepa OnmouHbo JleHrau, oTnenbHbIE
JIaBOBBIC TOTOKH W JIAMJLUTH KapOOHATUTOB W3BECTHHI Ha BOCTOYHOM M 3allaJHOM CKJIOHAaX BYyJKaHA, U IIBE
KapOOHATHTOBBIC JalKK OBUIN yCTAaHOBIJICHBI B BEPXHEH YacTH I0HOT0 ckiloHa BynkaHa [Keller, Krafft, 1990;
Church, Jones, 1994; Keller, Zaitsev, 2006; 3aiines, 2010].

B nepuon ¢ centsaops 2007 r. mo nexadbpp 2008 r. B pe3ysbTaTe MOLIHBIX SKCIUIO3UBHBIX HU3BEP)KEHUIM
OTJIIOKEHHSI KapOOHATUTOB B KpaTepe ByJIKaHa MPAKTUYECKH MOJTHOCTHIO OBUIM pa3pyLICHBl, U HA UX MECTE
o0Opa3oBaJcs MeruIoBkIid HACKITHOW KoyblieBo# Bain [Mitchell, 2009; 3aiinies, 2010]. B HacTosmee BpeMs npen-
MoJlaraeTcsi, YTO UAET MOCTENEHHOE 3aloJHeHUE KpaTepa HOBBIMH HM3IUSHUAMH HAaTPOKapOOHATUTOBBIX JIaB,
KOTOpBIE 00pa3yroT Hebombine kKoHychl [Keller, Zaitsev, 2012].
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MUHEPAJIOT ASI UOJINTOB

N3yuenHble 00pa3ibl OUBUH-CIIOASHBIX nitoautoB OL-006-05 u OL-264c¢ (puc. 2) npencTaBisioT co-
0011 MaccuBHBIE TOPGUPOBHUIHBIE TTOPOABI 3EJIEHOTO IIBETa C KPYITHBIMU (MHOTAA 10 2 CM) KpHcTaulaMu (opc-
TepuTa, (UIOTONHNTA, TMOICHIA U pexke HedellMHa, KOTOPhIe PacIlloiI0KeHbl B CPEHE3EPHUCTOM arperare, co-
cTOsIIIeM U3 HepenrHa U INOTICH A, a Takxke (ioronura, propamnarura, Ti-MarHeTuTa, IEpOBCKUTA, CYIb(PHIOB,
3HAYUTENFHO peKe THTaHWTa, Ti-aHapaanTa. KonnmdecTBO KOPUYHEBOI'O WHTEPCTUIMAIBHOIO CTEKJIA B 3THX
mopoJiax MUHUMaJIbHO. B ocHOBHOI Macce 06p. OL-006-05 (cM. puc. 2, @) WHOTA IPUCYTCTBYIOT 000co0IIe-
HUSI BBRITSIHYTOH (DopMBI, comepxamie Ti-MarHeTHT, THTAHUT, IEPOBCKUT M CTEKNIO. BromHe BO3MOXHO, YTO
Takue 00pa3oBaHUSI MPEICTABIIIOT cOOOW MPOAYKTHI MOJHOTO 3aMEIleHHs WiIbMEHHTa. PeaknnonHas kaiima
MO0JJOOHOTO MUHEPATBFHOTO COCTaBa OblIa BBISIBIEHA BOKPYT MAaKPOKPHUCTOB MIIBMEHUTA B HMAOJHUTAX, HE COMEp-
JKaIl[NX OJMBUH (IaHHBIC aBTOpOB). [10 MUHEPATIBPHOMY COCTABY ONUBHH-CIIOASHBIC MHOIUTHI MPEACTABISIOT
co00# yIbTPaOCHOBHBIE IIeNIOYHbIe TOpoIsl. O6paszer; OL-264¢ Obl1 HaiieH B HEETHHUTOBOM Ty(de B BepX-
Hell 4acTH ByJIKaHa, Ha CEBEPHOM KpaTepe; KOHTAKT MEXAy HHOJIMTOM M BMEIIAlONM He(eTMHUTOM PE3KHil.
K coxxanenunto, BTOpoii KCeHOJIUT He COAEPKUT (pparMeHTOB BMELIAIOIIEH TOPOIBI.

OumBHH 00pa3yeT KpymHbIe 3epHA (10 1 CM) — MaKpPOKPHCTHI (CM. pHUC. 2), IO XUMHYECKOMY COCTaBY
310 opcTepHt Fogs 4o, cormacuo EDS crekrpam, B IIEeHTPaIbHBIX YaCTAX NPUCYTCTBYIOT HE3HAYUTEIbHbIE KO-
mnuectBa NiO u CaO (Ln_, ;) (Tabmn. 1). MakpoKpHCTBI OTMBHHA OKPY’KEHBI TEMHON PEaKIMOHHON KaiMOi,
JUIIIEHHOW HeeTnHa U coCTosAIeH U3 auorcua, ¢ioronuta U Ti-MarHeTuTa, peke CyIb(QUIOB U IEPOBCKUTA.
Cynbduasl npenctaBieHbl Ni-coiepKalluM TUPPOTHHOM HITH MOHOCYIB(GUIAHBIM TBEpAbIM pacTBopoM (MSS)
(EDS, mac. %: Fe 50.5—55.1; S 36.3—37.4; Ni 5.7—9.8 u Co 0.5—0.8), m3penxa oKpy>KeHHbEIM TOHKOH Kaii-
Moii mxepdumepura K Na(Fe,Cu,Ni),,S,.Cl. B nieoM kpucTanisl o1uBHHA OZHOPOIHBI, HO B 00p. OL-006-05
B MaKpOKpPHUCTE UMEeTCs y3Kas KpaeBas 30Ha (10 400 MkM) Oosee JKele3uCToro CocTaBa.

®aoronut 00pazyeT KpUCTAILIBI pa3MepoM 10 2 cM U 0oJiee MeJIKHe 3epHa, B KOTOPBIX OTMeYaeTcs 30-
HaJIbHOCTb, IIPU 3TOM LIEHTPaJIbHBIC YaCTH KPUCTAJIOB CBETIIEe, YeM Kpas. B 1leJIoM OT 1leHTpa KPHCTaIIOB K

—yy

Srvm W

Di+ Phi £

Puc. 2. OauBHH-CJII0ASIHbIE HII0JIUTHI:

a — g o6p. OL-006-05, npoxoasumii CBeT; 6 — MaKpOKPHCT (OpCTepHTa, OKPYKEHHBIH PEeaKIIMOHHOMN KaiiMoii, 00p. OL-264c, ot1-
pa’KEeHHBIN CBET.

Di— muoncun; Mgt — Ti-marsetut; Ne — Hedenun; Fo — dopcreput; Phl — dumoronut; Po — nuppotun; Tnt-Mgt-Prv — o6ocobie-
HHE TUTAHUT + Ti-MarHeTUT + NepoBCKUT.
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Ca 60 Ca 20

Mg Fe Py

20
Mg 20 40 60 Fe

Puc. 3. Ca-Mg-Fe-quarpamma aj1s cocTaBoB KJnHonupokcena [Morimoto, 1989] u3 omBUH-CIIOASTHBIX
uifouroB OJjimonnno Jlenram:

1— (eHoKpHUCTBI; 2 — 3epHa OCHOBHO# Macchl; 3 — KIMHOMUPOKCEH U3 BKIIOUYCHHUI B hopcTepuTre; 4 — KIMHOMUPOKCEH U3 BKITIOYCHUIT
B He(bennHe; 5 — KIMHOMUPOKCEH 13 BKIto4YeHu#t B Ti-marueTure.

KpasM HaOJrojaeTcs MoBklleHne KoHleHTpauuii FeO u ymensmenue conepxkanuit TiO,, Al,O; MgO u K,O
(cm. Tabm. 1).

Bomnpoc — sBISIFOTCS M MAKPOKPHUCTHI KOMArMaTUYHBIMU (DCHOKPUCTAIIIAMH MM 3aXBAYCHHBIMH KCe-
HOKpHUCTAIIAMHU OT 00Jiee paHHUX MOPOJI — JIO CHUX IOP OCTAaeTCs OTKPBITHIM. [Ipeamnonaraercs, 9To MOTCHIIN-
QIBHBIM MX HCTOYHHKOM MOTIIH CIYKHUTB OJOKU ONUBUH-CIIOHOTO mupokcenuTa (OCII), KoTopbIid, BO3MOXK-
HO, IPEICTABIIET COOOM KCEHOJIUT METACOMATH3HPOBAHHOTO BEpXHEMaHTHIHHOTO niepunotuTa [Dawson, Smith,
1992]. OgHako ecTh psll apryMEHTOB IMPOTUB TOHN TUIOTE3bl. Bo-TiepBhIX, MAaKPOKPHUCTHI popcTepuTa, GIIoro-
IIUTA | IUOTICH/IA TI0 COCTaBy HE TIOXOKH Ha cooTBeTCTBYromue MuHepanbl 13 OCII. Bo-BTOpBIX, MaKpOKPUCTEI
HMEIOT 3aMeTHO OomnbInue pa3Mepsl. Kpome Toro, n3ydaemast mopona 0ojiee AetuIeTHpOBaHa PaIHOTeHHBIMA St
u Nd, 9To sBIsIeTCcs 0OpaTHBIM TOMY, YTO MOXHO OBLIIO OBl OKUAATh. [IpH 3TOM OTCYTCTBYIOT pa3iudus Mo Sr
u Nd Mex 1y nidomuTaMu, Coaep KalliMi MaKpOKPHUCTHI, 1 nionutaMu 6e3 Hux [Dawson, Smith, 1992; Dawson
et al., 1995]. 1, nakonern, B ¢popcTepuTe OTCYTCTBYIOT BKIIOUECHHUS XPOMIIITUHEINIOB.

Huoncuo obpazyet 3epHa pazmepom 10 0.8 cm. OH TakKe BCTpedaeTcs B BUIE KPUCTALIUTOB B (popcre-
pHTE ¥ MPUCYTCTBYET B PEAKIIMOHHBIX KaliMax BOKPYT Hero. KpuCTasuisl AMONCHIA XapaKTePU3YIOTCS HATUIH-
€M CJI0)KHOU OCIMJUIATOPHOM 30HATBHOCTH, BRIPAXKCHHOW YEPEIOBAaHUEM 30H CBETJIO-, TEMHO- U KOPHIHEBATO-
3eneHoro 1Bera. Kpas 30H 4acTo HEpOBHBIC, & MX KOJNUYECTBO W IIMPHHA 3aMETHO BapbHPYIOT. [lpu 3TOM
[CHTPAIbHBIC 30HBI JIUIICHBI KPHCTAJUIMICCKUX BKIIOUCHHH, HO COJIEpIKaT peIKKe BKIIOYCHNUS paciiaBa. Kpa-
€BBIC 30HBI, IMPAKTUYECKH IUIICHHBIC pACILIABHBIX
BKITIOUEHHI, BKITIOYAIOT OTPOMHOE KOJTHIECTBO KPHCTATI-
TUTOB HedennHa, Ti-MarHeTuTa, IepoBCKuTa, Proparna-
THUTa, TATAHUTA U (roronuTa. J{Honcu cuirbHO BapbH-
pyer 1o cozepxxanuto SiO, (49.3—54.6), FeO (4.8—
20.0), MgO (6.8—15.9), CaO (18.2—24.3 mac. %),
ALO; (0.5—3.3) u TiO, (0.3—3.0 mac. %), naxe B
npezesiax OJHOTO KpHCTalla. B memom oT neHTpa K
Kpar KpPUCTAJIOB YBEIMYHMBAIOTCS conxepxanus FeO
10 20.0 u Na,O no 3.8 mac. % (puc. 3, Tabm. 1). Kpuc-
TAJUTHT JTUOTIcHA U3 (OPCTEPUTa U PEAKIIMOHHON Kaii-
MBI BOKPYT HETO SBISIETCS Oojiee MarHe3WaIbHBIM
(MgO — 16.5 mac. %).

Puc. 4. PacniiaBHble M KpUCTANIMYECKHE BRIIOYe-
HMA JAeKOPMPYIOT 30HBI POCTA BKPAIJICHHUKA He-
¢esnnna.

O06p. OL-006-05, npoxosiiuii cBeT.
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Mgt*
Q)
9.94
0.32
83.00
1.42
0.93
95.90

ol
@
39.49
16.60
0.35
43.69
0.27

100.39

@
50.09
2.54
0.61
16.00
0.55
7.52
14.66
5.33
97.42

06p. OL-264c

Cpx
&)
52.02
0.82
0.90
10.14
0.34
12.10
21.26
1.67
99.24
EDS

@
53.28
0.63
0.50
4.89
0.21
1533
23.75
0.60
99.18

Ttn*
Q)
30.21
37.46
0.38
1.83
26.49
0.34
1.07
100.34

Cpx2
Q)
55.10
422
0.23
16.27
24.05
0.66
100.53

@
53.51
0.61
0.53
5.33
0.25
14.94
23.55
0.58

Cpx1
Q)
52.63
0.66
0.68
10.38
0.52
12.29
22.1
1.48

100.74 | 99.30

)
5291
0.57
0.63
10.33
0.36
12.29
21.7
1.61

100.40

M
24.67
0.30
18.89
0.40

1.06
30.34
0.75

Adr
; Zn u Cr B THTaHOMarHeTurax He onpenemsumcek. OI* cogepxxut 0.12 mac. % NiO, Ttn* conep-

21.75
98.16

Mgt
)
9.68
0.37
81.89
1.21
1.59

94.73
; Il — LEHTp 3epHA; C — CEepe/IMHA 3epHa; K — Kpail 3epHa

Ne
&)
42.06
33.17
1.54
16.56
6.99
100.31

O6p. OL-006-05

39.19
17.67
1.00
42.66
0.17
100.71
WDS

ol*
M
41.12
15.21
0.27
44.95
0.30
101.85

(1)
40.24
15.60

0.22
44.42

0.26
100.86

Phl2
“
37.66
3.58
0.05
11.88
16.91
0.39
16.04
0.03
0.52
9.94
0.29
0.72
98.00

Xumnveckuii coctas (Mac. %) Nopoao06pa3ywmux MUHEPAJIOB GopcTepUT-(PJIOTONUTOBBIX HI{OJUTOB

3
37.55
3.24
0.32
12.54
16.40
0.38
16.08
0.02
0.51
9.73
0.41
0.43
97.62

Phl
@
37.87
3.18
0.33
13.29
10.77
0.22
19.56
0.03
0.46
9.77
0.35
0.81
96.63

®)
37.68
4.30
0.63
14.17
7.34
0.08
21.07
0.01
0.40
9.85
0.21
0.60
96.32

IIpumeuanue. Phl — denokpucr duoronura; Phl2 — daoromur u3 ocHoBHoii mMaccsr; Ol — makpokpuct dopcerepura; Cpxl — denokpuct auoncuaa; Cpx2 — auoncua u3

OTOPOYKH OJIMBUHA, Ne — BKPaIuICHHUK HC(I)CJ'II/IHa; Mgt — TUTAHOMArHeTHT, Ttn — THTAHUT, Adr — Ti—aHz{pa}mT; B CKOOKax — KOJIMYECTBO AHAJIN30B; MMPOYCPK — HE ONPECHCIIAIOCH

WM HUDKE TIpejienia 00HapyKeHuUst

Komro-
HEHT

xut 2.00 Nb,Og 1 0.56 mac. % Ce,O,, Mgt* comepxut 0.29 mac. % V,0,.

Tabnuua 1.
Sio,
TiO,
Cr,0,
ALO,
FeO
MnO
MgO
CaO
Na,O
K,0
BaO
Cymma
Meron

Hedenun mnpencraBieH uauo-
MOP(HBIMA KPUCTAIIAMHU Pa3MepoM I0
1—5 MM. OH cofepKUT OOJIBIIOE KOJU-
YECTBO BKJIIOYEHHMH pacriaBa, KOTOphIE
COBMECTHO C KPUCTaNIMYECKUMHU BKJIIO-
geHUsIMH  ((pTOpamaTHT, MEPOBCKAT U
IIp.) JCKOPUPYIOT 30HBI POCTa MUHEpPa-
na-xo3siuHa (puc. 4).

Marnerut (0 12.7 mac. % TiO,)
BCTpeyaeTcs B BUJE MIUOMOP(HBIX 3e-
PEH U UX CPOCTKOB B OCHOBHOW Macce
HUHOJIUTOB, a TAKXKE B KAUECTBE BKIIIOYE-
HUHl B nuorcuje, HedelnHe U IPYyTux
MuHepanax. OH Takxke MPUCYTCTBYET B
OTOpPOYKE, OKpYy’Kalomeil ¢opcTepur.
Wnorxaa Ti-MarHeTUT COAEPKUT MEJIKHE
(mo 10 MKM) OKpyTJIble WIH BBITSHYTbIE
BKJIFOUEHMSI pacIljlaBa U IEPOBCKUTA.

dTopanaTUT MeHee PacIpocTpa-
HEH, 00pa3yeT HIUOMOP(QHBIE KPUCTA-
nel pazmepom 1o 200 mkm. OH conep-
KUT OKPYTJIbIe U yAJIMHEHHBIC BKIIOYE-
HUS paciUlaBa, pacloJiaraiouuecs mnpe-
HUMYILECTBEHHO B LIEHTPAJbHBIX YacTAX
KpPHCTAJUIOB. XUMUYECKuil coctas (ro-
panaruta (WDS, mac. %): CaO (52.3—
53.3), P,O; (40.4—42.1), F (2.1—3.4),
SrO (2.1—2.8), SiO, (0.8—1.0), FeO
(mo 0.1). Conmeprxanus Cl u SO, He npe-
BoimatoT 0.1 mac. %.

IepoBckuT 00paszyeT UAMOMOP-
(HBIEe KpHCTALIB pazMepoM 10 30 MKM,
OTICTBHBIC 3epHA HAOIIOJAIOTCS B BUIE
BKIIIOYEHHH B JUOIICHAE, HedeTnHe |
Ti-marnetute. Hepeako ams 3epeH re-
POBCKHMTa XapakTepHa OCLWUIATOpHas
30HAJILHOCTh, KOJTMYECTBO 30H IS KaXK-
JIOT0 KpHUCTasla MHIUBUAYabHO, HX
[IMPHUHA 3aMETHO BapbHUpyeT OT 1—2 1o
10 MkM. 30HBI pa3nIUYarOTCA MO XUMU-
YeCKOMY COCTaBY, B 1I€JIOM IS [IEPOBC-
KHTa XapaKTepHbl CJeNylolue Bapua-
nuu (EDS, mac. %): CaO (29.4—38.3),
TiO, (52.0—57.9), Na,0 (0.7—2.2),
SrO  (0.6—0.9), Nb,O; (0.9—3.2),
REE,O; (La,O; 2.9—3.6; Ce,0O; 5.2—
5.9; Nd,O,; 1.3—1.7), FeO (1.1—1.4).

Ti-angpaguT — IOPJOMHUT
(TiO, mo 21.8 mac.%) BcTpeuaercs
KpaifHe peiKo, oOpa3yeT 3epHa, 3amoi-
HCHHBIE MeNKUMH (0OBIYHO MeHee
20 MKM) BKJIFOUCHUSIMHU.

TutranuT 00pazyeT OTHOCHTEIh-
HO KpYIIHbI€ OMKOKPHUCTA/UIbI B OCHOB-
HOW Macce W COAEPXKHUT Oojiee MeJKue
3epHa IpyrUX MUHEPAJIOB, a TAKXKE BCTpe-
4yaercss B IEPOBCKUT-MarHeTUT-TUTA-
HUTOBBIX 000c00JeHUAX (CM. pHC. 2, @).
Wnorna obpasyer oTaenbHbIE KIUHO-
BUJHBIE KPUCTAIMTHI B APYTMX MHHeE-
panax uHOJIUTOB.
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CTekJ10 0CHOBHOW MAaCChI BCTPEYACTCS B MAJIBIX KOJHYSCTBAX B MHTEPCTHUIIMAX MEXKY 3€PHAMH MUHE-
painoB uiionuToB. OHO OKPAIICHO B KOPUYHEBEIH IBET, PEIKO BCTPEUYACTCS 3EICHOE CTEKIO0. XUMUYECKHUI CO-
CTaB TaKuX cTekol cuibHO BapsupyeT (EDS, B mac. %): SiO, 37.8—44.3; TiO, 2.3—7.0; AL,0, 4.4—7.0; FeO
12.5—16.9; MgO 1.4—2.0; CaO 4.0—38.9; Na,O 3.6—17.8; K,0 3.9—5.8; F 0.5—0.7; C1 0.5—0.9; SO; 1.5—
2.8; P,O;0.6—1.5 u (Na + K)/Al =2.1—7.6. IIpu 3TOM CTEKI0 OCHOBHOM MacChl JOBOJIBHO OIU3KO IOPOJE IO
cozepkanuto Si0,, onxHaKo oHO conaepxkuT 6oubuie FeO u menoueit, Ho Menbine Al,O,;, CaO u MgO.

[IpencraBurenbHBIe aHAMN3BI HEKOTOPHIX IOPON000PA3YIOMINX MHHEPAIOB HUOJHMTOB IPHUBEACHHI B
Tabm. 1.

BKJIIOUEHMS PACTIJTABA B MUHEPAJIAX UHOJIUTOB

PacrnaBHble 1 (hIroMIOHBIC BKIIIOYEHUS IPHCYTCTBYIOT B OCHOBHOM B He(ennHe u (opcTepure, pexe
OHHM BcTpeuaroTcs Bo propanarure, Ti-MarHetTure, JUOICHIE, TIEPOBCKUTE U Ti-aHIpaauTe.

B HedesiuHe OONBIIMHCTBO BKIIOUEHHH paciiiaBa SBISAIOTCS MepBHYHBIMU (pUC. 5). COBMECTHO ¢ KpHC-
TAJUTUYECKUMHU BKIIIOUEHUSMH, MPEICTaBICHHBIMU TIEPOBCKUTOM, Ti-MarHeTUTOM, (pTopanaTutoM, JUONICHIOM
U JIp., OHU AECKOPUPYIOT 30HBI POCTa MHHEpaNa-Xo3siuHa (CM. puc. 4). BropuuHble BKIIIOYECHUS U OJMHOYHBIC
A30HAJNBHBIC BKIIOUCHHS, KOTOPbIC HE MPUYPOUYCHBI K KaKHM-TUOO TpEIUHAM, BCTpedaroTcs penko. Dopma
BKJIIOUCHH pacIuiaBa OKpYTJIas, OBAIbHAs, PeKe HEMPaBUIbHAsS, OrpaHeHHas. PazMep BKIIIOUCHHI 3aMETHO
Bapeupyet oT 5 10 100 Mxm. Da30BEIi cocTaB BKIIOUYCHHUH paciliaBa: 3€JIEHOE CTEKIIO + Ta30BBIH ITy3BIPb/Ta30-
KapOoHaTHas 1Io0yya = CyOMHUKpPOHHBIC MIOOYNBI £+ Cynb(GUAHAS MI00yNa + JTOYepHHUE/KCEHOTeHHBIE (a3bl.
I'azokapbonaTHas rimodyna (cM. puc. 5, 8, 0—oic, K—Mm) TIPENCTABICHA OKPYTIBIM Ia30BBIM ITy3bIPEM, KOTOPHIH
3aauMaeT 10 60 % ee o6vema. OcranbHast 9aCTh NPUXOIUTCS HA TOHKOPACKPUCTAIUTH30BaHHEBIN KapOOHATHEIH
arperar, KOTOpBIH 0OBIYHO 00pamMIIsieT Ta30BbIA My3bIph. MIHOT/Ia IPUCYTCTBYIOT BKIIOUCHHS, B KOTOPBIX I'a30-
BBII ITy3BIph U KapOOHATHBIN arperaT 00pa3yroT WHAUBUIYaIbHBIE 000CO0ICHH, U KapOOHaTHas I100yIia mpe-
BBIIIAET 110 pa3Mepy Ta3oBbIi My3bIps B 1.5—2 paza. HekoTopsie BKIIIOUEHHUS TOMUMO KPyHmHOH (710 20 MKM)
ra3okapOOHATHOU TTIOOYIBI CoAepkKaT OONBIIOE KOJUYECTBO CYOMHKPOHHBIX TNI00YyN (KapOOHATHOTO cocTa-
Ba?), KOTOpHIE IIOUTH PABHOMEPHO pacIpe/IeNICHbI B 3€JICHOM CHIIMKATHOM CTekJIe. Bo BKIIOUEHHUSIX TaKkKe MO-
TYT HPUCYTCTBOBATh JOYEpHUE (Da3bl, NMPEACTABICHHBIC AUONCHIOM (CM. pHC. 5, #), (TOpamaTUTOM, 3HAYU-
TEJBHO PeXe aloMOaKepMaHUTOM (cM. puc. 5, 2) u Ti-rpanatoM (cMm. puc. 5, 3). B ogHOM BKITIOYEHHH OBLI
HaliJIleH IepOBCKUT (BEPOATHO, 3TO KCEHOTeHHasl (pa3a). BkimroueHus paciiasa, coaepaKaliyue JUONCH, OOBIYHO
MPUYPOUCHBI K IEHTPATBHBIM YacTsIM 3¢peH He(eluHa, a BKIIOUCHHUS ¢ aIFOMOaKepMaHuTOM | Ti-rpaHatoM —
K KpaeBbIM 30HaM MUHepalla-X03s1Ha. B 11e10M BKITIOYEeHUS ¢ Ta30KapOOHaTHOH r1o0yoi mo cBoeMy (ha3oBo-
My COCTaBy COOTBETCTBYIOT BKIItoueHHSIM B Hedenune u3 Hedemururor Jlenrau [Mitchell, 2009; Mitchell,
Dawson, 2012; Sharygin et al., 2012].

@DTopanaTUT COJCPXKUT MEPBUYHBIC KAPOOHATHO-COJIEBBIC BKIIFOUEHHS paciuiaBa (puc. 6), 0OBIYHO pac-
MOJIArafoIINecs B IEHTPAIBHBIX YaCTsIX KpUCTauioB. dopMa BKIIIOYEHUH OKpYTIIas, peske OBANbHAS WM BHITS-
HyTas, pa3zMepbl 0T 5 10 20 MkM. Da30BbIi cocTaB BKIIOYEHHUH: TOHKOPAaCKpUCTaNIM30BaHHbIH arperar + raso-
BRI My3bIph + gouepHue (aspl. [louepHue ¢assl ¥ TOHKOPACKPUCTAJUIN30BAHHBIN arperat HpeiCTaBIICHBI
HBEPEPEUTOM, PEXKE IPETOPHUUTOM, CUIBBUHOM, TAINTOM, aJa0aHIMHOM, TUPPOTUHOM, (PIFOOPUTOM, OapUTOM,
HeiibopuroM, Mg-Fe-kapOoHaToM, TeHapANTOM, BIJUIMOMUTOM, BUTEPUTOM, MHHEPAJIOM IPYIBI LIMHHEIH,
Ba-Ti-cmozoit, anmoMoakepMaHUTOM ?, MUHEPAJIOM TPYIIbI KYCIIH/IHHA, TAFOMHOM-COAAIUTOM 1 ap. [To MuHe-
paIbHOMY COCTaBY TOHKOPACKPUCTAJLTM30BAaHHBIN arperat COOTBETCTBYeT HaTpokapOoHatuty [Keller, Zaitsev,
2012]. CornacHo KapTaM paclpeesiCHHsT XUMIYSCKUX 3JIEMEHTOB, CHITUKATHBIC (ha3bl IPUCYTCTBYIOT B HE3HA-
YUTENBHBIX KONUYecTBaX. [Ipy ATOM TUIHYHEIC s He(eTUHa BKIIOUCHUS CHIMKATHOTO paciuiaBa BO (rop-
amatuTe He OBUTH BBIBICHBI. PaHee moxoskue KapOOHATHO-CONICBBIE BKIIOUCHUS OBLIA OOHAPYKEHEI B allaTUTE
n3 HedenmuanToB BIK. Omnonnno Jlenrau [Sharygin et al., 2012].

B ¢opcTepuTe kK MHOTOYHCICHHBIM 3aJICUCHHBIM TPEIIHAM IIPHYPOUCHBI IICTTOYKH BTOPHIHBIX (DITFOUI-
HBIX U PACIUIaBHBIX BKIIOUCHUH (pHC. 7), a TaKXKe HAMICHBI OANHOYHBIE KPHCTAIUINIECKUE BKIIIOYEHUS (IIoro-
nHTa, Tuoncuaa, Ti-marHetuTa u ux cpacranus. Popma, pazmeps! (10 80 MkM) U (ha30BEIi cOCTaB BKIIOYCHUH
CYIIECTBEHHO BapsUpyIoT. IlogaBmsiomee KOIMUECTBO BKIIOUCHUH paciijiaBa MOYTH HONTHOCTRIO PACKPHCTAI-
JM30BaHO, CTEKJIa B HUX KpaifHe Maino. VX ¢a30BbI cocTaB: JOYEpPHHUE/KCEHOTEHHBIE (a3bl + CyNIb(pUIHAS
r100yia £ CTEKIIO + ra30Bbli My3bIph. JlouepHue/KCEHOTeHHBIE (Da3bl MpeACTaBICHbI (hIOronuToM, (hTopanaru-
TOM, JAUOTICUIOM, Ti-MarHeTUTOM, MEPOBCKUTOM, HHEPEPEUTOM, MAaTHE3UTOM, TATUTOM, HEHOOPUTOM, KaJIbLIU-
TOM. B HE3HAYMTENBHBIX KOTMYECTBAX BO BKIIIOUEHUSIX BCTPEUAIOTCS Zr-comepikainas Gasza (KaablUpTHT/IUp-
koHonuT?) (cM. puc. 7, 8), Na-Ca-¢pocdar (nakaput/kanapur?) (cM. puc. 7, ), TEHApAWUT, APKAHUT U IPYyTUe
MHUHEpaJbl. B 0HOM M3 BKIIIOUEHHI HAOIIOAaeTCs BeCbMa HEOObIYHAs KAPTHHA: B HEM IPUCYTCTBYET KPHUCTAILT
IUOTICHA, 3aMEIICHHBIN 110 KpasM IIeNoYHbIM ampubonaoM. Taxke clieIyeT OTMETUTh, 4To B 00p. OL-264c
BBIJIEISIOTCS JIBa TUIIA CYIIECTBECHHO KapOOHATHBIX BKIIOUSHHH B OJIMBHHE: BKITI0UeHMs ¢ Na-Ca-kapOoHaTaMu
(TIpeuMyIIecCTBEHHO HBbEPEPEUT), IEIOYHBIME Cyib(paramMu u ¢ocdaramu (cM. puc. 7, 0—3) U BKIIOUCHHUS,
coneprkamue Maraesut (u). Hekotopsie BkitoueHus ¢ Na-Ca-kapOoHaTaMu Takke COoJlepKaT KaIbIIUT.
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Puc. 5. Bkialouenus pacnjiapa B Hedeaunne u3 kcenoanra OL-006-05:

a—3 — BSE-u3o06paxenus; u—mu — ¢doTorpaduu B nmpoxonsmeM csere. Ap — ¢ropanarur; Adr — Ti-arnpagut; Cc — HaTpokap-
OOHATUTOBBII arperar; g — ra3oBbiil My3bipb; Gl — cunmkatHoe crekio; Glb — cyOmMuKpoHHBIE T100yIBI (KapOOHATHOTO cocTaBa?);
Mel — anroMoakepMaHUT (MEIHIINT); OCTaJIbHBIE 0003H. CM. Ha puC. 2.




Puc. 6. IlepeuyHble cosleBble BKJIKYEHHS BO (ropanarute u3 kceHoaura OL-006-05:

BKJIFOUeHHUs /a U 16 — pa3Hble ypOBHU BCKPBITHS BKiItoYeHUs 1; BSE-u300paxenus; uimHa maciurabHol iuHeiky 5 MkM. F1 — durroo-
put; Hl — ramut; Ngh — neitdopur; Wth — Bureput; Vim — Buutnomut; Thn — tenapaut; Spl — mmunens; Carb — Mg-Fe-kap6onar;
Syl — cunbBuH; Brt — Gapur; Alb — anabanant; Ha — munepan rpynmsi ratouna-coganuta; Gre — rperopeut; BTM — Ba-Ti-cirona;
Nye — HbEepepenT; ocTanbHbIe 0003H. CM. Ha pucC. 2.

Cpenu HaliICHHBIX B AMOICH/IE BKIIOYECHUIT (pazmepoM 10 70 MKM) 110 (a30BOMY COCTaBY MOXKHO BBIZIE-
JIMTH 3 THIIA: CHJIMKATHBIE, CHIIMKATHO-COJIEBBIE U CyIb(uanble. CUIIMKATHBIA THI IPE/ICTaBIEH PACITIaBHBIMH
BKJIIOYEHHAMH (pHcC. 8, G—=2), KOTOpBIE BCTPEUaroTCs KpaliHe Pe/IKo 1, KaK IPaBUIIO, IPUYPOUESHBI K LIEHTPab-
HBIM CBETJIO-3€JIEHBIM 30HAM MUHEpaIa-X03i1uHa. JTO MepPBUYHbIE, OOBIYHO OMHOYHBIE BKIIOYECHHS, COJIeprKa-
MK CTEKJIO U Ta30BHIH ITy3bIPh, HHOTIA CYOMUKPOHHEIE IITOOYIIBI M TouepHue/KceHoreHHble ¢asnl (Ti-marHe-
TUT, Qirooput, 6aput). CHIHKaTHO-COJIEBBIE BKIIOYCHUS (CM. PHC. 8, 0—u) MONHOCTHIO PACKPHCTAIUTH30BAHEI
7 00pa3yroT IETTOYKH B CBETJIO-3EICHBIX ICHTPAIBHBIX 30HAX MHHEPANIA-X03sIMHA, TOITOMY SIBILTIOTCS IS HUX
BTOpHYHBEIMA. WX (ha30BEI cocTaB M cOoOTHOHICHUE (a3 3aMETHO BapbHUPYIOT. Takue BKIIOUEHUS COAEpKat
HBEPEPEHT, TPEroOpuuT, Gropanatut, HedenuH, GIOromUT, STUPUH-TUOTICH, Ti-MarHeTUT, NeHIuT ?7, Kaue-
BBI MTOJICBOM AT, OapHUT, BATEPHUT, CHIILBUH, apKaHUT, HelOopuT, TeHapauT U Na-Ca-¢docdatsl 1 1menovHbIe
cynbdarel. B HEKOTOPHIX CHIMKAaTHO-COJICBBIX BKIIOYCHUSAX paciuiaBa ObUT OOHApy>KeH KOTapKOWT, PEIKHUI
cynbdat Hatpus NasSO,F, KoTopslii paHee ObLI BHISBIEH B COCTABE HEAKTUBHBIX HATPOKAPOOHATUTOBBIX Irop-
Huto Onpounno Jlenrau [Mitchell, 2006]. CunukaTHO-COJIEBbIE BKJIIOYCHUS B JUOICHJIC OYEHB IOXOXH IO
(ha3oBOMY COCTaBY Ha BKJIIOYEHHS B (POPCTEPUTE, HO XapaKTEPHU3YIOTCSI MEHBIINM KOJIMYECTBOM CHIIMKATHBIX
(az. Cynbduansie BKIOUeHUs (cM. puc. 8, k—m) B OCHOBHOM cOCTOST U3 muppoTuHa (1o 0.8 mac. % Ni) u
XaIBKOITUPUTA, UHOTJA B HAX MPHUCYTCTBYIOT JUKEPQUIIEPHUT U NeHTIAHAUT. OHH, BEPOSITHO, TAKKE SBISIOTCS
BTOPHYHBIMH, TIOCKOJBKY PACHOIaraloTcsl COBMECTHO ¢ KapOOHATHO-CONEBBIMU BKJIFOUCHUSMH M WHOTIA CO-
IepKaT HbePEPEeHT, TCHAPIUT H HEKOTOphIe npyrue ¢asbl (cM. puc. 8, k, 7). JKepUIepuT B TaKMX BKIFOYE-
HUSX, BEPOSATHO, SBISETCS MPOIYKTOM PEaKIUH MHPPOTHHA C METOYHBIMUA MIHEPATaMH.

Brutouenust B Ti-marnerurte (puc. 9, @) ObITH BBISIBJICHBI B OTPAKEHHOM CBETE€ M Ha CKaHUPYIOIIEM
AIIEKTPOHHOM MHUKpOCKOTE. Ti-MarHeTUT 9acTo COAEPKHUT BKITIOUEHHS ITEPOBCKHTA (110 15 MKM), pacronaraio-
IIHecs B IIEHTPE, pPeke 10 Neprudepun KPUCTAJUIOB MIHEpaIa-X03siHa. PeKo BCTpewatoTCst OMMHOYHBIE BKITIO-
YEeHUS paciuliaBa, IPUypPOUYCHHBIC K [IEHTPATbHBIM 30HaAM KPHCTAJUIOB MHHEpajia-xo3suHa. GopMa ux okpyriasi,
oBallbHas, pa3Mepsl gocTuraroT 20 MmxMm. Da30BbIil COCTAB: CTEKIIO + Ta30BbIi My3bIph £ Cynb(huAHAS TI00Ya +
+ auorncun + cyOMHUKpPOHHBIE INIO0YIIBI (XI0pUAHO-CyIb(aTHOrO cocTaa?). Kak mpaBuiio, BKIIIOYEHUS pacIula-
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Puc. 7. CymecTBeHHO KapOOHATHbIE pacIIaBHbIe H (DJIIOH/HbIE BKJIIYEHHUS] B MAKPOKpHCTaX (hopcTe-
purta:
a, 6 — dotorpadun B npoxojsuieM csere, 0op. OL-264c; 6, ¢ — BSE-uzobpaxenus, oop. OL-006-05; 0—u — BSE-u3obpaxenus,

00p. OL-264c. Arc — apkanut; Mgs — maraesut; Prv — neposckut; Zrt — nupkoromur (?); NCP — Na-Ca-docdat; octanbable 0003H.
cM. Ha puc. 2, 5 u 6.

Ba IPUCYTCTBYIOT B Ti-MarHeTuTe U3 MEPOBCKUT-THTAHUT-MAarHETHTOBEIX 000COOICHNH M U3 OTOPOUYKH, OKPY-
karomer popcreput. B 1ienoM 3TH BKIIIOUEHHS 110 (pa30BOMY cOCTaBy MOXOXKH Ha BKJIIOYCHUS pacIjlaBa B He-
¢denune.

B nieHTpe HEKOTOPBIX KPUCTAJUIOB MEPOBCKHUTA OBLTH BCTPEUCHBI BKIIOUCHHS PACIUIABA M KPHCTAJUIATHI
HedenuHa (cM. puc. 9, 6), ux pazmep He npesbimaet 10 mxm. @opMa BKIIIOUEHH paciuiaBa OKpyTrJiasi, OBallb-
Hasi, (ha30BBII COCTAB: CTEKJIO + Ta30BbIi My3bIph + Ti-MarHeTuT + (Quoromwur.

Bximouenust B Ti-angpaanTe colnepKaT CHIIMKATHOE CTEKJIO, Ta30BBIN MY3BIPh, TJI00YIN U TOYCPHHE
(a3sl, peacTaBIeHHbIC HE(PETHHOM U AUOTICHIOM. JeTaabHO OHH MOYTH HE N3yJallUCh U3-32 PEIKOCTH MHHE-
parna u, Kak mpaBHIIo, MaJoro pasMepa (mo 10 MKkM) BKITFOUCHUH.

TEPMOMETPUSA BKJIIOYEHUM

TepmomMeTpHdecKe HCCIeJ0BaHNS IPOBOJMINCH C BKIIOUEHHAMH paciiiaBa B HedenrnHe U GropanaTure
u3 kceHonuta nitonura OL-006-05.

B HedenmHe ObLI0 MPOTpPeTO OKOJIO COTHU BKJIIOUEHMI paciiaBa, COAEPKAIIUX CTEKIIO, ra30KapOoHaT-
HYIO TJI00yly ¥ CyOMUKpOHHbIE T00ynbl. B razokap6oHaTHBIX Ti100ynax mpu Temmneparypax 540—560 °C
KapOOHATHBIN arperar IepexoIuI B KapOOHaTHBIN paciuiaB. JlanpHeliee HarpeBaHHe IPHBOIIIIO K TOMY, YTO
HAUUHAJO IJIaBUThCS cUiIMKaTHOE CTekIo (580—640 °C). IIpu 3ToM ra3oBblil Ty3bIpb, HAXOAUBIIUIICS B KaIlie
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Puc. 8. BSE-u3zo0paxenusi BKJIIOUEHH B IUONCHIE:

G—e — TIepBUYHBIC PACIUIABHbIC; 0— — BTOPUYHBIC CHIIMKATHO-CONICBBIC; K—M — cynbdumabe. Ccp — xanskomuput; Djr — mkep-
¢dumeput; Pn — nentnanaut; NCS — Na-Ca-cynbdar; octaiabHbie 0003H. CM. Ha puc. 2, 5—7.




5 MKM

Puc. 9. BSE-u3zo0paxenusi BKJIIOYEHN paciiiaBa B pyAHbIX ¢a3zax:

a — BKJIFOUEHHE (CTEKJIO + ra30Bblil My3bIph + quoncu + cyOMukpoHHbie ria00yisl) B Ti-maruerure, kcenoaut OL-006-05; 6 — pacruias-
HbIE ¥ KPUCTAJUINYECKHE BKIIIOUSHHS B IEPOBCKUTE U3 AUOINCH A, kceHOmuT OL-264¢c. O603H. cM. Ha puc. 2—S5.

KapOOHATHOTO pacIuiaBa, OKpyrisuics. /lamee OBUTO BO3MOXKHO TMOSBICHHE HOBOOOPA30BaHHBIX (a3 (ITy3BIph-
KOB, KPHUCTAIIOB) KaK B ra30KapOOHATHOM IITo0yJIe, TaK U B CHITUKAaTHOW KUIKOCTH. BO3HHKHOBEHHE U HCUE3-
HOBEHHE (32 CUeT 0OBEIUHEHH ¢ ra30KapOOHATHOW TTI00YII0H) JaHHBIX (Da3 MPOMCXOAMIO B TOBOJIBGHO IIHPO-
KoM nuarmazoHe temrneparyp (620—870 °C). B aTom nHTepBase TeMIieparyp NprUCyTCTBYIONIME BO BKIFOUCHUSAX
CyOMHKpOHHBIE TI00YIIBI IOCTEIICHHO HAYWHAIIN COCIUHSITHCS APYT C APYTOM, a 3aTeM, MPHOIIDKAsCh K ras3o-
KapOoHaTHOH T7100yne, o0senuHsuIiCh ¢ Hell. [locneayromee MOBRIMICHHE TEMIEPATyphl IPUBOIUIO K TOMY,
YTO B ra3okapOOHATHOW TIIOOyJIe MONHOCTHI0 MCYE3AIM MENKHE My3bIpbkH, a, HaunHas ¢ 8§70 °C, 10BOJIBHO
OBICTPO YMEHBIIANICSA U KPYIMHBIN ra30BbIl My3bIpb. | OMOreHn3alus B ra3okapOoHaTHOU Ti00yse Oblia 3aduk-
CHUpOBaHa B 0JIHOM BKJItoueHuu npu temnepatype 910 °C. Janbueiimee narpeBanue (10 1100 °C) e npuBou-
JI0 K KaKuM-1Tn00 (a30BBIM M3MEHEHHSIM, JTH00 MPOUCXOAMIIA pasrepMeTH3aus BrioueHnid. [lonHoi romore-
HU3allUM BKJIIOYEHMI paciuiaBa B HedenuHe (MCUE3HOBEHMs KalllM KapOOHATHOrO pacijiaBa B CHIIMKATHOM
JKHIIKOCTH) JOCTUYb He ynanock. ClielyeT OTMETUTB, YTO TOCIe cOpoca TeMIepaTypsl BKIFOUSHHS IPHOOpeTa-
JIM UICXOJIHBIH (ha30BEIi coCTaB (CTEKIIO + razokapboHaTHas riio0yna). Panee momoOHOe MoBeeHUE TIPH TEPMU-
YEeCKHX dKCIEpUMEHTax OBIJIO OMMHCAHO Ul PACIUIABHBIX BKIIOUCHUH B He(dennHe n3 HeeTnHnTOB OIIONHBO
Jlenrau [Sharygin et al., 2012].

TepmomeTpHrUecKre SKCIIEPUMEHTHI C COIEBBIMH BKITIOUEHISIMA BO (hTOpPanaTHTe ITOKa3alIH, 9YTO TOHKO-
pacKpUCTAINTU30BaHHBIN arperat npu temmeparype 560 °C momHOCThIO Tiepexoann B pacruiaB. Hepeako mpu
JaTbHEHIIeM HarpeBaHHM MOSBILUIACEH (a3el (okoio 600 °C), KOTopsle cpa3y ke HAYMHAIN OKPYTIATHCS U
BIIOCJIEJICTBUH OOBEIMHSINCE C Ta30BBIM ITy3bIpeM. Ilo-BunumMomy, 3Tu (a3sl IpeACTaBISUTH cOOOH KA pac-
IUIaBa, IPEANOIOKUTEIBHO XJIOPUIHOTO, (TOPUAHOTO W/UIM CYJIb(HATHOTO cocTaBa. MylIbTHCTaUITHbIE JTHK-
BAaI[OHHBIE SIBJICHUS IIPU MPOrPEeBe BKIIOUEHHUH pacIiaBa BCTPEUAIOTCS OUEHb PEAKO M OTMEUANUCh B €AUHUY-
HBIX ciydasx [Panina, 2005; Sharygin et al., 2012]. Ilocaeayroliee MOBBIIIEHHE TEMIIEPATyphbl IPUBOJUIO K
YMEHBILIEHHUIO Ta30BOTO My3bIpsl, KOTOPHIA rcye3an npu 850 °C B yUIMHEHHBIX BKJIIOYEHUAX. | oMoreHu3anus
MOJIABJISIOIIEH YacTH OKPYTJIbIX BKJIIOUEHUH mpoucxonmna B unrepsaie 1050—1080 °C, pexxe npu temnepa-
Typax 930—960 °C. I1pu cOpoce TemrepaTypbl BKIOUYESHHS IPUOOPETATH UCXOAHBIH (a30BbIii cocTaB. Panee
moJ00HOE TTOBEICHUE MIPH TEPMHUICCKHAX HKCIEPHMEHTaX OBLIO OMHMCAHO JUIS PACIUIABHBIX BKIIOUEHHUH BO (TO-
panarute u3 HegenuHauToB Jlenran [Sharygin et al., 2012].

PAMAHOBCKAS CIIEKTPOCKOIIHSA

HccnenoBanus MpoBOJUINCH C BKIIIOUSHHUSIMH paciiiaBa B Hedemune u3 o0p. OL-006-05 u pmronaHpMu
Y PacIUIaBHBIMH BKIIFOUEHUSAMH B opcrepute u3 oop. OL-264c.

Bo BriroueHusix pacruiaBa B HedesmHe meroqom KP-cnexTpockonuu onpezensuics (a3oBbld COCTaB
KapOOHATHOM OTOPOYKH, OKPYKAIOLIEH ra30BbIi My3bIpb, HAJMYUE JIETyUYUX B ra30BOM IIy3bIpe U CTEKIIE, a
TaKKe AMarHOCTUPOBAIUCH Npo3padHble gouepHue (as3pl. KapOoHaTHBIN arperat BO BKIIOUEHUAX B HedenuHe
THTPOCKOIIMYCH U Ha MOBEPXHOCTH OBICTpO 3aMeraercs [Zaitsev, Keller, 2006; Zaitsev et al., 2008], moatomy
JUTSL aHAJIM3a UCTIOJIb30BAJIMCh HEBCKPBIThIE BKIIOUeHU. OJHAKO TOI/1a BO3HUKAET TPYAHOCTb B TOM, UTO CIIEK-
TPBI MOTYT COZICPKATh IHKH, XapaKTepHBIE I MHHEpaIa-X03arHa. PaMaHOBCKHE CIIEKTPBI TOHKOPACKPHCTAI-
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Puc. 10. PamaHoBCKHeE CTIEKTPHI:

a — HbEpepenTa u3 BKIOUeHHs B Hedenune (cM. puc. 5, m); 6 — amromoakepmanuta (Mel) u3 Bkirouenuns B Hedenuue (CM. puc. 5, 2);
6 — HbEpEepeuTa 13 BKIIOUCHUH B hopcTepute (CM. puc. 7, Jic); e — MarHe3uTa u3 BKItoueHHu B Gopcrepute (cM. puc. 7, u).

JTM30BaHHOr0 KapOoHaTHOTO arperara (puc. 10, a) U3 KpyIHBIX Ta30KapOOHATHBIX TII00YI BO BKIFOYCHUAX pac-
TU1aBa B He(emrHe, XapaKTepU3yIOTCs HATMYMEM CIISAYIONIMX Mojioc Konebanuid (B cM1): 631, 711, 954, 1002
u B obmactu 1075—1086. J[Ba MHTEHCHBHO IPOSBJIEHHBIX IHKa B obmactu 1076—1086 cm! u koneGanus B
obmactu 711 em™! orBeuatot rpymme (CO,)?~. OtuernuBsblil muk B o6macti 1002 ey u cradblid, He Beeria Ipo-
SBICHHBIH UK B paifone 631 cM~! yKka3pIBalOT HA IPHCYTCTBHE cephl B BUAE rpynmsl (SO,)?~. Takxke Ha CIeKT-
pax MHOTIA OTMEYaeTCs HeOOJBIION MUK B paiioHe 954 cM~!, KOTOPBIH COOTBETCTBYET KOJIECOAHUSAM TPYIIIIbI
(PO,)*~ [aitues u ap., 2008; 3aiines, 2010]. OTcyTcTBHE Kakux-mubo Konebanuii B o6nactu crekrpa 3000—
4000 cm! ykaspiBaeT Ha TO, 4To MUHepansl He copepxkat H,O u (OH) -rpynmy. MnaTencusrsIi nuk 1076 cv!
SIBJIICTCS OCHOBHBIM B rperopuure, a nuk 1086 cM~! Haubosee xapakrepeH st HbepepenTa. OTUeTINBBIN UK
B oOnactu 1002 cM! MOXKET IPUCYTCTBOBATh Kak B IPEropuuTe, Tak M B Hbepepeute. [Ink okono 711 cm! xa-
paktepeH i Heepepeuta. Cnabo mposBieHHbIe Koiebanus B paiioHe 631 u 954 cM~! 0TBEUaIOT TPeropuuTy.
BeposiTHO, TOHKOPaCKpUCTAJUIM30BaHHBIN arperaT U3 OTOPOYKU MPEJCTaBICH CMECHIO PA3JIMYHBIX MUHEPAJIOB,
Cpeau KOTOPbIX NpUCYTCTBYIOT Na-Ca-kapOOHaThl, TJIaBHBIM 00pa3oM HbEPEPEUT U IPEropuuT.

Ha cmektpax cTeKoJI BCKPBITHIX BKJIIOYCHUI B HE(ETUHE MPHCYTCTBYET MHTCHCUBHBIN muK 398 cm.
Taxoke orMevarorcs uku 937 u 1065 cM~!, mHOrMa MaHHBIE IMKH MIPOSBIEHBI OYeHb ci1abo. Ha crekrpax cre-
KOJI ABYX BKioueHuil B uaTepBaie 3000—4000 cm! 6bu1 3adukcupoBan ciadblii vk B obmactu 3570 cm!,
YTO, BEPOATHO, yKaspiBaeT Ha npucyrcreue H,O wmu (OH) -rpynmer.

CreKTphl Ta30BbIX My3bIpel U3 ABY(ha3HBIX BKIOYCHHN (CHIIMKATHOE CTEKJIO + Ta30BbIi My3bIph) OYCHb
MOXO0XKH HA paMaHOBCKHE CIIEKTPHI, OTBeYaroIne HedennHy. JTo, BEpOIATHO, YKa3bIBaeT HA TO, YTO KOHIICHT-
palmu ra3oB B 3TUX YCaJIOYHBIX My3bIPIX — HIDKE Tpejienia OOHapyKeHHs mpuodopa.

PamaHOBCKHE CHEKTpBI Takke OBLIM MOJNyYeHBI JJIS MPO3pavyHOi (a3bl U3 HEBCKPBHITHIX PACILIIABHBIX
BKIIIOUEHUH B HedenuHe (cM. puc. 5, 2). Ha atux cnekrpax (cm. puc. 10, 6) mpuCyTCTBYIOT ITOJIOCH! BAJIEHTHBIX
konebanmii B obnactu 200—1200 cm~!. CriekTpsl xapakTepu3yroTcs npucyrctBueM nukoB 310, 634, 664 u
862 cm~!. OHM yKa3BIBaIOT HA TO, YTO KPHCTAIUI IPEICTABICH MUHEPAIIOM TPYIIBI MEIUIIUTA, YTO BIIOCIEIC-
TBHUH OBLIO TTOITBEPIKICHO MUKPO30HIOBEIME HaHHEIME (EDS 1 WDS metossr).

B ¢opcTepuTe MeTOmOM paMaHOBCKOW CHEKTPOCKOITUH OBLIH W3yYeHBI HEBCKPHITHIC (DIOMIHBIC H pac-
IUTaBHbIE BKJIIOUEHUs. biiarogaps aToMy ynanochk BBIIENUTE ABa THIA BKIOYEHUH, pa3IMyaloIuXCcs M0 cocTa-
By NPHUCYTCTBYIOMNX B HUX KapOoHaTOB. B (opcrepute Berpewatorcs BrmodeHUs ¢ Na-Ca-kapOoHaTaMu U
BKJIIOUEHHUS, COJIEpIKAILUE MarHe3ur.
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KP-cnexktpsr Na-Ca-kap6onaros (cM. puc. 10, 6) XapakTepu3yloTcsi HAIMYHUEM CIEAYIOIUX MHUKOB (B
cm1): 711, 958, 1047 u nBoiinoro muka B obiactu 1077—1086. [Tuku npu 711 u B o6mactu 1077—1086 cm!
YKa3bIBAIOT HAa MPHUCYTCTBHE BO BKIIOYCHUSX Hbepepeuta. [luku 958 u 1077 cM~! TUNMYHEI 1J1s1 TPErOPUUTA.
Hamuuue npyrux nukoB Ha KP-criekTpax He UCKITIOYAET MPUCYTCTBHS APYTHX MUHEPAJIOB, H, BEPOSTHO, BKITIO-
4eHus coaepxar cmech Na-Ca-kapOoHaTOB.

PamanoBckue criekTphel MarHe3uta (cM. puc. 10, 2) xapakTepu3yOTCsS HATHYUEM CIIEAYIONINX IMHKOB (B
cm1): 323, 738 u manbonee uaTeHcHBHBIM 1092, TIpy 3TOM CHEKTPHI HE UMEIOT MTUKOB B 00JIACTH KOJICOaHHI
Boxsl 1 (OH) -rpymmsr (2800—3800 cm!). Bee 3T0 oTiiM9aeT €ro oT ruapoMarHe3nTa, XapaKkTepHU3yIOImerocs
HanbosIee HHTEHCUBHBIM THKOM mpu 1118 em!.

XUMUYECKHUI COCTAB CTEKOJI BKJITIOUEHUM PACIIJIABA

B muHepanax uilonnToB OBIIM MPOAHAIU3UPOBAHBI COCTABBl OCTATOYHBIX CTEKOJ BKIJIIOYECHUH, a Takke
COCTaBbI MPOTPETHIX cTeKoN B HedenrHe u3 0op. OL-006-05. [TomyueHHbIe JaHHBIC TPUBEACHBI B TabM. 2 1 Ha
puc. 11.

XUMHUYECKHE COCTaBbl CHIIMKATHBIX CTEKOJ B HEIPETHIX BKIIOUCHUSAX B MUHEpAaIax HMHOIUTOB Bapbupy-
10T B IIMPOKHX TIpezienax. Bee crekna sBisioTes arnantoBbiMu (Mossipaoe (Na + K)/Al-otHomenue Mensercs
ot 1.1 mo 4.5) ¥ yIbTPaOCHOBHBIMH HJIM OCHOBHBIMH. CTEKJIa EPBUYHBIX BKJIIOYEHHH pacIiaBa B THOICHIE
[0 CPaBHEHUIO CO CTEKJIaMM BKIIOYEHWH paciulaBa B He(elnHe coiepkaT 0ojee BBICOKHE KOHIIEHTPAIMH
AlLO;, K,0 1 Si0O,, a conepxanus FeO n CaO B Hux Heckoipko Hike. Ilo cpaBHeHMIO ¢ HUMU cTekio B Ti-
MAarHeTUTE XapaKTepu3yeTcs MeHbIIMMH KoHIeHTpanusMu SiO,. CTeksa NporpeTsix BKIOYeHHH B Hedennne
00BIYHO XapaKTepH3ytoTcs OonpuMu Koaudectsamu CaO u jeTyunx, ocodeHHo SO,, MHOTIa MEHBIIUMH CO-
nepxanusimMu SiO, u Na,O, Ipy 3TOM OHM TaKKe UMEIOT 3HAuUTeNbHbIE Bapualuu coctapa. ClielyeT OTMETHTS,
YTO B MHTEPCTHIUAX MCEKAY 3€pHAMHU MUHCPAJIOB MUOJJMUTOB MHOI'ZA BCTPCUACTCA CTCKJIO OCHOBHOU MAacCChI.

Tabnuna 2. Xumunyeckuii coctaB (Mac. %) cTeKoJ1 BKIOYEHHIT CHIIMKATHOIO pacijiaBa
B MHHepaJiax Mi{0JUTOB U CTeKJIa 0CHOBHOM Macchl (o0pa3usl OL-006-05 u OL-264c¢)
i\/ri @azossiif cocta | n | SiO, | TiO, [Al,O;| FeO | MnO |[MgO | CaO | BaO | SrO |Na,O| K,0 [P,O;| F | CI |SO;|Cymma
1 |Gl+g+Adr+Ap+Glob| 6 |46.46| 1.46 | 6.78 [12.12] 0.53 [ 1.20 | 7.09 | 0.09 | 0.26 |14.61| 5.97 | 0.62|0.79 | 0.37 [ 1.48| 99.83
2 |Gl+g+Cpx 3(48.61(1.28|9.95|8.68|0.49|1.27|4.74]0.05(0.25|12.98| 6.59 |10.22|0.63 |0.17|0.68| 96.59
3 |Gl+g+Mel 1(52.71|0.54|10.83|7.49 | 0.38 [ 2.26 | 3.09 [ 0.21 | 0.27 |13.54| 5.90 [ 0.14| 0.49 [0.20|0.17| 98.22
4 |Gl+g 3|51.46(0.56|12.07|8.33 | 0.43 | 1.20|2.71 { 0.13 |0.2613.32| 6.71 | 0.12]0.50 {0.17]0.34| 98.31
5 |Gl+g+Cpx+Po+Glob | 14691 | 1.92 | 8.04 |11.46] 0.61 | 0.95|5.21|0.13 ({0.29|13.98| 6.29 | 0.12|0.65[0.40|1.49| 98.45
6 |GI+GC+Po+Glob 1{50.90|0.69 (10.41|7.89|0.43 | 1.71 | 5.23 | 0.15|0.07| 6.43 | 539 | — [0.40 (0.37[1.32]| 91.39
7 |Gl+g 1{49.74|1.57 {20.54{4.39 | 0.17 | 0.29 | 1.19 | 0.15 | 0.22 |11.16| 7.40 | 0.22 ] 0.42 |0.25]0.17| 97.88
8 |Gl+g+Po? 4150.27|1.48 [17.32| 5.64 | 0.29 | 0.54 | 1.08 | 0.18 [ 0.01 | 3.73 |10.61| — | 0.51|0.24[0.17| 92.07
9 |Gl+g+Mgt 1|54.62(0.70{21.03|3.02| — | — | — | — | — |5.96 (12.30{0.27| — [0.16| — | 98.06
10 » 1|50.94(2.80(16.63|9.08|0.35 131 — | — | — [423 |11.72| — | — | — | — | 97.06
11 |Gl+g+Mgt+Po+Glob | 1 |51.62| 1.00 [18.10(436 | — | — |0.57|0.55| — |8.90 [11.18{0.23| — |0.36(0.22| 97.09
12 |Gl+g+Po 1]46.30| 1.18 [15.39] 9.55| 0.47 | 1.02 | 2.87 | 0.26 | 0.20|13.41| 7.13 | 0.84|0.48 {0.41 |0.65| 100.16
13 |Gl+g+Cpx+Glob 2142.64(3.05]| 8.56 [13.20| 0.46 | 2.25|3.18 [ 0.30|0.16|15.12| 6.34 | 0.86|0.58 [ 0.60|1.81| 99.11
14 |Gl 3(44.29(3.03| 6.95 |14.95| 0.57 | 1.42 | 4.36 | 0.45(0.19|13.22| 5.76 | 0.69| 0.61 | 0.79|1.88| 99.16
15 » 2141.47(3.29| 4.69 [16.92| 0.78 | 1.61 | 8.3310.69 [0.01| 5.33 | 3.91 | — |0.62]0.76|2.37| 90.78
16 » 2137.81(2.68| 4.82 [16.36| 0.74 | 1.48 | 8.85[0.68 [0.11| 3.58 | 3.85| — |0.70]0.78|2.55| 84.99
17 » 2140.713.00 | 5.31 {16.30| 0.73 | 1.50 | 7.80 | 0.67 | 0.04| 6.08 | 4.28 | — |0.4710.73|2.68| 90.30
18 » 214434 (345 5.67 |15.71| 0.70 | 1.74 | 7.25 [ 0.75 | — | 6.01 | 4.60 | — |0.7310.80|2.37| 94.12
19 |Gl+g 2148.27]0.53|11.45|6.78 | 0.36 | 1.27 [ 7.02 | — [0.42(13.10| 5.54 {0.00 | — |0.28|0.19| 95.19
20 |GI+GC+Glob 1]42.23|1.52 | 4.35|10.96| 0.56 | 2.04 | 8.84 | 0.68 | 0.69|10.93| 4.61 [1.31|1.130.48|2.10| 92.43
21 |GI+GC+Po 2138.76(2.84| 449 |11.36| 0.78 | 2.39 | 7.57 1 0.23 | 0.82|13.30| 5.62 | 1.48|0.40 | 0.43|3.89| 94.34
22 |GI+GC 2140.71(2.06 | 5.08 {10.01| 0.45 | 1.89]9.69 | 0.00 [0.77|13.62| 5.18 | 1.96|0.00 | 0.48|2.14| 94.02

Ipumeuanue. 1—6 — crekina BriovdeHuid B Hedenune, OL-006-05, WDS; 7, 8 — crexiia BKIFOUCHHUH B KIMHOTUPOK-
cene, OL-006-05, WDS; 9—11 — crekuna BkitoueHuit B kimHonupokcene, OL-264¢, EDS; 12, 13 — cTeka BKJIIOUEHHI B THUTa-
HoMarHetute, OL-006-05, WDS; 14—18 — ctekio ocHOBHOM Maccel, OL-006-05, WDS; 19—22 — crekiia mporpeThix BKIFOYe-
Huii B Hedenune, OL-006-05, EDS; npouepk — He onpeaessuiocs UK HIDKE Mpezena 00HapyKEeHUs; 71 — KOJIMYECTBO aHAJIM30B;
g — Ta3oBblit my3bipb, Gl — cunmkatHoe crexio, GC — razokapbonarHas riodyna, Glob — cyOmMukpoHHBIE TI00YIIBI (Kap0o-
HATHOTO cocTaBa?) B CTEKIIE; OCTalbHBIE 0003H. MUHEPAJIOB CM. pHC. 2, 5.
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Puc. 11. Bapnanuu cocraBa (Mac. %) CWIIMKATHBIX CTEKOJI BKJIIOYEHHI paciiiaBa B MUHepaJax B COIOC-
TaBJIEHMH CO CTEKJIOM OCHOBHOI Macchl M HHOJTUTAMM:
1 — uitomutet [Dawson et al., 1995 u aBropckue naHubie]; 2— crekia BkiatroueHuit B Ti-maruerure, 06p. OL-006-05; 3 — crekia BKITO-

4yeHuii B guoricune, oop. OL-006-05; 4 — crekna BkiroueHui B quoncuae, oop. OL-264c¢; 5 — crekia BKIrOUeHMH paciiaBa B HedenuHe,
006p. OL-006-05; 6 — crexno ocHOBHO# Macchl, 06p. OL-006-05.

OHO OKpallleHO B KOPUYHEBBIN IBET, PEIKO BCTPEYACTCS 3eJIeHOE CTEKI0. XMMHYECKHI COCTaB €ro TaKXkKe
cuibHO BapbpupyeT, a (Na + K)/Al-otHomenune pasHo 2.1—7.6. IIpu Beicokux KoHueHTpauusax SiO, oHo 67m3-
KO CTEeKJy BKIItOUeHU B Heenune. [1o XuMu4eckoMy cOCTaBy MHTEPCTHIIMAIBHOE CTEKIIO M3 U3YYEHHBIX 00-
pas3IoB OTIUYAETCS OT CTEKJIa OCHOBHOW MaccChl U3 MPOAHATM3UPOBAHHBIX PaHee OJTMBUH-CITFOISTHBIX HIOJIUTOB
6onbiM copepaxanueM TiO,, Ho MeHpImUMHU KoaudecTBamu SiO, [Dawson et al., 1995]. Pasznuuus B coctaBe
CTEKOJI OCHOBHOM MacChl MEX1y U3yUYEHHBIMH 00pa3lamMu U APYyTUMHU TUIIAMU HHOJIMTOB 3HAYUTEIbHBI TOJIBKO
no cogepskanuto SiO, [Dawson et al., 1995]. Crexna BkiItodeHHi paciiaBa B MUHEpallaX HHOIUTOB IO CPaBHE-
HHIO CO CTEKJIIOM OCHOBHOH Macchl oboramensl SiO, u Al,O,. ITo cpaBHEHHIO ¢ BalOBBIM COCTABOM IIOPOJbI
CTeKJIa BKIIIOUCHHUH cofepxat 6oibiie SiO,, OHU ABISIOTCA MEHEe MarHe3uaabHBIMU U MEHEe KalbLUEBbIMU, 4
CyMMa IIeJiovell B HUX IPEBHIIACT 3Ty BETUUUHY IS TOPOIHI B 3 pasa.

B nenoM cTekna H3yYeHHBIX BKIIOYCHHI MMEIOT JBE TEHICHIMN: 1) yBenmuenne KonnenTpanunii Na,O ¢
4 o 18 npu ymensmennu SiO, ot 55 1o 39 mac. %; 2) ysennuenue koHuenTpanuii NaO ¢ 4 1o 10 npu ymeHs-
wennu SiO, ot 53 no 34 mac. % (cm. puc. 11). Ilpu sTom nosauue Hedenun u Ti-MarHeTuT comepKaT BKIO-
YeHMs!, CTEK/Ia KOTOPBIX SIBJAIOTCA HauOonee KEeNe3UCThIMH M arlauTOBBIMHU, HO cojepkaT MeHblie SiO, n
Al,O,, yem cTekna BKIIOYEHHUI! B 00JIee paHHEM JUOIICHUIE.

CuMKaTHOE CTEKJIO BO BKIIOUEHUSIX B (POPCTEPUTE HE aHATTM3UPOBAIIOCH, & BO (hTOpAaTHTE HE BBISBICHO.

Bapuanuu cocraBa ocTaTOYHBIX cTeKOI (M. puc. 11, Tabdia. 2) onpeaenstoTcss HCXOIHBIM COCTaBOM pac-
TUIaBa, 3aXBaYCHHOTO MUHEPAIOM B KauecTBe BKJIIOUEHUS, a TaK)Ke KOJMYECTBOM M COCTABOM JAOYEpHHX (a3,
o0pa3yroluxcs B HeM I0cjIe 3axBara.

XAMMYECKHMA COCTAB JJOYEPHUX ®A3

g ananu3a XMMUUYECKOro cocTaBa JouepHuX (a3 oToupaiucy Haubosee KpynHble BKJIIOUEHHS C pa3Me-
pPOM JOYepHUX/KCeHOTeHHBIX (a3 Oornee 5 MkM. bputo oOHapyKeHO OOINBIIOE KOTHIECTBO MUHEPATIOB: HbEpe-
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peur, Gproronut, GTOpanaTuT, KIMHONUPOKCEH, Ti-rpaHatr, MEIIIUT, TaJIUT, CHJIBBHH, BUTEPUT, OapuT, (Iroo-
PUT, BWLTHOMHT, TCHAPAUT U Ap. He00X0AUMO OTMETHTB, YTO HE BCETa YAACTCS KOPPEKTHO MPOAHATH3HPOBATD
COCTaB TOYCPHUX (a3, IIOCKOIBKY OHU UMEIOT Mallble pa3Mephl, U HeM30eKEeH 3aXBaT COCEHUX MHUHEpaJloB. B
CBSI3U C 3TUM uaeHTH(UKanus (a3 B OONBIIMHCTBE CITydaeB IpoBoamwiack mo EDS-crekrpam u kapTam pacmpe-
NeNeHHsT dIIeMeHTOB. Hanbouree HHTEpeCHBIC U IPEICTaBUTEIBHEIC JAHHBIC TIPUBEICHEI B Ta0M. 3 1 4.

Na-Ca-kap0OoHaTbl, cpelu KOTOpbIX Obuin HaiifeHsl HbepepeduT Na,Ca(CO,), U pexe IperopuuT
(Na,K,Ca), ,CO,, sBustoTCs Hanbojee YacTo BCTPEUAIOMIMMUCS BO BKIIOYEHHAX MuHepanamu. OHH clIararotT
KapOOHATHYIO YacTh ra30KapOOHATHOW TII00YJIIBI BO BKIIFOUYEHUSAX B HedenuHe (cM. puc. 5, 0—orc, k—m), a Tak-
e BCTPEUArOTCs BO BKIIIOUCHHSAX BO (ropamature (cM. puc. 6), B Gopcrepute (cM. puc. 7, 0—s3) U IHOTICUC
(cMm. puc. 8, 0—u). Xummuueckue coctaBbl Hhepepenta (EDS-MeTo) u3 BKIIOYCHNUH B MHHEpaiax WHOIUTOB
OJIM3KH K COCTaBY HbepepeuTa u3 HarpokapOoHatuToB Ongonnso Jlenrau [3aitues u ap., 2008].

Jus BKIto4YeHuit Bo ropamnaTtute, NpeacTaBIeHHBIX TOHKOPACKPUCTAJUIN30BAHHBIM arperatom, mo EDS-
CIEKTpaM YAaJoCh MOJYYUTh BalOBOM COCTaB AJSl OAHOTO BKItoYeHHs U3 o0p. OL-006-05 (ananmsupyemas
wiomaznps 10 x 10 MM, cM. puc. 6, 16, mac. %): Na,O 21.4; K,0 8.2; CaO 20.5; MgO 1.7; FeO 3.2; MnO 0.4;
BaO 1.3; SrO 1.4; Si0, 2.2; SO, 1.3; P,O; 0.4; F 3.9; C1 0.9 (cymma 66.8); 4To 04eHb OIM3KO K CpeJHEMY CO-
ctaBy HaTpokapOonatuTta [Keller, Zaitsev, 2012].

Kiaunonupoxcen B KadecTBe modepHed (a3pl BCTpedacTcsl B OONBITMHCTBE HAHICHHBIX BKIIOUCHHUH B
pasHbIX MuHepanax. OH UMeeT MHPOKUE BapHalWU COcTaBa. KIIMHOMMPOKCEH BO BKIIOYEHUSIX B HedennHe
HpeJCTaBlIeH TUONCHIOM, KOTOPBIH XapaKTepU3yeTcs MoBbleHneM KoHLeHTpaiuii MgO u SiO, n ymensie-
HueM cozepskanuit Na,O u FeO ot nenrtpa k kparo. Bo BkiroueHHAX B (GopcTeEpUTE TAKKe BCTPEYAETCS M-
OTICHJI, Y KOTOPOTO IIEHTPAIIBHBIEC 30HEI SIBJIIOTCS O0Jiee MarHe3naabHBIMH, a KpaeBbIe 30HBI COAEPKaT OobIIIe
FeO. Takas ke 3BOJNIOIHS COCTaBa XapaKTepHa U JJIS 3€peH MOopo000pa3yroiiero auorncuaa. B cunmkaTHo-
COJICBBIX BKIIFOUCHUSAX B JUOINCHUAC MHOTAA IMOABJISICTCA STUPUH.

MarneTuT BbIsABIEH Kak (aza BKIIOUEHHI BO Bcex Apyrux muHepanax. OH oOoramen TiO, (mo
10.3 mac. %) u no coctaBy 61M30K K Ti-MarHeTUTy U3 OCHOBHOM Macchl HitoauTOB (cM. Tabm. 1 u 3).

Tabnuma 3. Xumnyeckuii coctas (Mac. %) qouepHHX (a3 U3 BKJIKYECHHIT
B MMHEpaJiax 0JIMBHH-()JIOTONUTOBLIX HMil0JINTOB
Munepan- O6p. OL-006-05 O6p. OL-264c
XO34HuH Ol Ne Ap Cpx Ol
Hou. paza| Mgt | Cpx* Mel Adr* Ap | Cpx | Nye | Nye | Nye | Mgt | Ap | Phl | Nye | Cpx | Phl
0 K 0 K
Kom-
TOHEHT 1O ;OO [ OO OO OO O; OO d D
SiO, — | 5322|4536 | 4546 |33.02|131.24| 083 |49.62| — | — | — | — | — [39.75| — |53.83|41.67
TiO, 7.16 | 1.42 | 0.04 — | 703 ({1187 — [ 137 | — | — | — [997| — |324| — [052] 095
ALO, 025 | 053 | 697 | 750 | 074|071 | — 069 | — | — | — | — | — [1222) — | — | 7.50
Fe,O, 57.00 | 2.61 | 0.00 | 0.75 (22.64|18.13| — | 763 | — | — | — | — | — | — | — [202| —
FeO 3121 | 2.75 | 405 | 4.03 |3.22]4.65|0.29 |13.03| — | — [0.35(79.87| 0.55 |11.04| 0.82 | 2.04 |12.81
MnO 0.77 | 0.10 | 0.09 | 0.17 | 041|049 (002 | 092 | — | — |040|160| — [022| — | — | 0.36
MgO 3.77 | 1555 6.77 | 593 | 063|091 | — | 560 | — | — |0.180.70 | — |19.82| 0.66 |16.50|23.15
CaO — 2344 |30.27 | 28.41 |31.79|30.46 |53.67 | 18.49 | 25.0 |27.84|24.85| — [49.77| — |24.68|24.54| —
Na,O — 095 | 5.12 | 5.77 | 0.09 | 0.50 | 0.21 | 2.79 | 22.5 |15.81|16.53| — | 0.74 | 0.43 [19.36| 0.42 | 0.61
K,0 — — 1025|056 | — | — | — — | 47 |730(724| — | 054]935|538 | — |947
SrO — — 157 (172 | — | — [098| — | 06 |148|160| — | — | — 206 | — | —
BaO — — — — — | — | — — [ 05073125 — | — | — [095| — | —
P,0Oq — — — — — | — 3996 — [ 1.0 (099062 — |3863| — [229| — | —
F — — — — — | — 1303 — | — | — | — | — |352|145] — | — | 1.09
Cl — — — — — | — 1003 — [02(021({007| — |017| — [020| — | —
SO, — — — — — | — 012 — [29 (127|544 — | 060 | — [ 120 | — | —
Cymma 100.16 |100.57{100.49| 100.30|99.57 | 98.96 | 99.14 [100.14|57.40|55.63|58.53|92.14| 94.52 {97.52| 57.60 | 99.87 | 97.61
Meron WDS EDS

IIpumedyaHHue. I — LEHTP KPUCTAILIA; K — Kpai KpHCTamia, B CKOOKaX — KOJIMYECTBO aHANU30B; Mel — MeluuT;
0003HaueHNs MUHEPanoB cM. Ha puc. 2—38; Fe,O, n FeO paccunrans mo crexuomerpuu. Cpx* comepxurt 0.14 mac. % ZrO,; Adr*
cozepaxut 0.16 u 0.11 mac. % ZrO, B eHTpe U HA KPal0 COOTBETCTBEHHO.
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Tabnuna 4. Xumuueckwnii cocras (EDS, mac. %) MuHepasioB u3 cya1bpUIHBIX acconuanuii B MiioauTax

Ne n/n ®a3oBblil cocTaB daza n S Fe Ni Cu Co Cl K Tl Cymma
1 | Cpx+Glt+g+Po+Glob Po 1| 3931 | 57.88 1.69 0.25 0.35 — — — 99.48
2 | Cpx+Gl+gtPo Po 1| 3746 | 57.70 1.70 — 0.49 — — — 97.35
3 | TI-Djr+Ne Djr 2| 3235 | 3995 | 0.65 | 11.71 — 1.35 | 890 | 4.23 99.14
4 | Phl+Ap+Po+Nye Po 1| 37.80 | 57.96 | 0.49 0.62 0.43 — — — 97.30
5 | Mgt+Nye+Po+Phl+Wth+Ngh Po 1] 3792 | 59.03 | 0.35 0.34 0.40 — — — 98.04
6 | PotBrn+Djr+Gln Po 1] 3642 | 5772 | 0.70 1.41 0.51 — — — 96.76
7 : Po 1| 38.00 | 58.66 1.34 — — — — — 98.00

Po+Djr .
8 Djr 1| 3440 | 41.85 1.00 | 12.88 | 035 | 0.52 | 525 | — 96.25
10 Po 1| 38.07 | 5949 | 0.62 0.97 0.81 — — — 99.96
11 | Po+Ccp kK [ 1| 3796 | 58.71 0.72 0.77 0.42 — — — 98.58
12 Cep 1| 35.16 | 41.77 — 21.09 | 037 — — — 98.39
13 Cep 4 | 3549 | 39.67 | 035 | 2413 | 0.20 — — — 99.84
14 Po 1] 36.69 | 57.00 | 4.06 1.78 0.49 — — — 100.02
Ccp+Po+Pn
15 Pn 1| 33.94 | 3887 | 22.18 | 4.64 0.67 — — — 100.30
16 Pn 1| 3440 | 3895 | 16.88 | 7.54 0.54 — — — 98.31
17 | Po+Djr+Brt Po 1| 38.01 | 61.21 0.83 0.89 0.32 — — — 101.26
18 |Prv+Po+Mgt Po 1] 3691 | 5294 | 7.73 — 0.68 — — — 98.26
19 |(Po Po 1] 36.76 | 5046 | 9.76 0.25 0.84 — — — 98.07
20 |PotDjr Po 2| 3838 | 57.58 | 2.84 0.52 — — — — 99.32
21 |Po+Mgt Po 2| 38.07 | 5881 2.37 0.32 — — — — 99.57
22 |PotDjr Po 3| 3798 | 59.05 1.77 0.32 0.59 — — — 99.71
23 | Pot+Djr+Fe-silicate Po 1| 37.50 | 5847 | 2.14 0.33 0.58 — — — 99.02
24 |(Po Po 1] 3691 | 5059 | 8.65 — 0.65 — — — 96.80
25 | PotMgt Po 1] 3628 | 55.12 | 5.68 — 0.57 — — — 97.65
26 |[Po Po 1| 3723 | 51.37 | 9.06 — 0.55 — — — 98.21

IIpumeuanne. 1, 2 — cynpduaHsle TIOOYIEI BO BKIOUCHMSIX B Hedemune, oop. OL-006-05; 3—5 — cynedugnse
ri100yJIBl BO BKJIOUEHUSAX B KIMHOMUPOKCeHe, 00p. OL-254c; 6—17 — cynbduansie BKIIOYCHHS B KIMHOMUPOKceHe, 0op. OL-
254c¢; 18 — cynbdumHoe BKItOUYCHUE BO (uioronuTe u3 onuBuHa, 00p. OL-006-05; 19 — cynbhunHoe BKIIOYCHUE B OJHMBUHE,
06p. OL-006-05; 20—26 — cynbhuansie 060c00ICHHS B OCHOBHOM Macce; Brn — GopauTt; Gln — ranenut; 0603HaueHHs Opy-
THX MHHEPAJIOB CM. Ha pHC. 2, 6 U 7; n — KOJIMYECTBO aHAIU30B.

Bo ¢ropanmature (F — mo 3.1 mac. %) u3 BriItodeHUH B HedennHe U popcTepuTe B HEOONBIINX KOIH-
yecTBax (He Ooxnee 1 mac. %) npucyrcrBytot SrO, Cl, SiO,, SO,, FeO u Na,O.

Kpucramne! Ti-rpanaTa, o0Hapy>KEHHBIC B PACIUIaBHBIX BKIIOUCHHSX B HE(eIHHe (CM. pHC. 5, 3), ONTH-
4eCKH OJHOPOJHBI, HO IIPU 3TOM B LIEHTPAIBHBIX YacTsX 3epeH KoHueHTpauuu SiO,, FeO, CaO Bbuue, a TiO,
HUKe, 4eM Ha nepudepun kpuctaiwio. Cienyer OTMETUTh, 4yTo Ti-rpaHat (IIOpJIOMUT) U3 BKIIOUEHUH B Hede-
nmuHe oTimyarorces oT Ti-rpanara (Ti-aHapaauT), BCTpEUEHHOTO B OCHOBHOW Macce MHOJIUTOB, 00Jiee BBICOKHM
cozepxxanunem TiO,, Ho menpmumu — SiO, u FeO (cm. Tadmn. 1 u 3).

MuHepai rpynnsl MeJHJInTa (CM. puc. 5, 2), 0 XUMUYECKOMY COCTaBY OTHOCSIIMICS K alfoMOaKepMa-
Huty [Wiedenmann et al., 2009, 2010], Obu1 HaiineH BO BKIOYCHUAX B HedenuHe. CielyeT OTMETUTh, YTO
MPUCYTCTBUE MEJIMJINTA BO BKIFOUCHHUAX HECKOJBKO HEOOBIYHO, IIOCKOJIBKY 3TOT MHUHEpAJ He ObUT OOHAPYKEH
B W3YyYCHHBIX HHOJUTAX, XOTS 3TO HE IPOTHBOPEUUT COCTABY MOPOIBI. KpHCTaIIB anoMoakepMaHUTa BBITIIS-
JIIT OJTHOPOAHBIMH, OJTHAKO XapaKTEepPHU3yIOTCs MOBbIIeHHeM coaepxanus FeO n monmkeanem — CaO u MgO
OT IEHTpa K Kparo.

Apxkannt K,SO, B MalIbIX KOJIMYECTBAX BCTPEYAETCs B IEPBHYHBIX BKIIOYEHMAX BO (ropamarure u
BTOPHYHBIX BKIIOUEHHAX B (opcrepute u muorncunae. Munepan Obu1 uneHtuumupoBan mo EDS-criektpam,
SJIEMEHTHBIM KapTaM M Hauboinee BhicOkUM conepxkanuam K,O u SO, (32.1 u 22.5 mac. % COOTBETCTBEHHO),
koHnenTpauu CaO u Na,O He npessimarot 1.0 mac. %.

Korapkour NaSO,F Obl1 00HapykeH BO BTOPUYHBIX CHIIMKAaTHO-COJIEBBIX BKIIOUEHUSX B JHOICHIE.
Ero xumudeckuil coctas 6130k k uaeansHomy (EDS, B mac. %): Na,O 53.2; SO;42.6; F 11.4; CaO 0.4; K,O
0.2; P,O; 0.3.

@dJioronuT BO BKIIOUCHUAX BCTPEUAETCs INIAaBHBIM 00pa3oM B opcTepute, pexe B nuoncuse. diaoromu-
ThI U3 BKJIFOUEHHUI B (opcTepUTe U €ro OTOPOUYKH OJNM3KH MO cocTaBy. 1o cpaBHEHHUIO ¢ TOPOA000Opa3yromIei
CIII0J10H1 (h10ronuT U3 BKIIOYEHUH B IUOINCHIE XapaKTepu3yeTcsi OobpIMMU KoHLeHTpanusamu SiO, n MgO.

2190



Zr-¢a3a (puc. 7, ) O6bl1a 0OHapy>XeHa B OJJHOM BKJIIOUCHHU B ouBHHE. Ee XuMudeckuil cocTas mnoimy-
YUTh HE YJalOoCh M3-3a KpaiiHe Mayoro pasmepa. OIHAKO 3J€MeHTHbIE KapThl 1o npucytcteuro Ca, Ti, Zr u
OTCYTCTBHIO Si IO3BOJIAIOT OTHECTH 3Ty (asy k KanbuupTuty CaZr TiOy nmn nupkononuty CaZrTi,O;.

Marne3uT BCTpeyaeTcsl TOJIBKO BO (DIIOMIHBIX W/HJIM PACIUIABHBIX BKIIOYCHHSIX B (OPCTEpUTE U3
00p. OL-264c. On 0bu1 uaeHTHGUIHEPoBaH ¢ momolibio KP- n EDS-criektpoB. MarHes3ur sSBisieTcs BBICOKOXKe-
JIE3UCTBIM U XapaKTepu3yeTcs CIEAYIOUIMMU BapuauusMu coctaBa (Mac. %): MgO — 32.4—34.5; FeO —
12.4—13.7; MnO — 0.4—0.6; CaO — 10 0.4.

Na-Ca-¢docdar Obu1 HalijieH BO BTOPUYHBIX BKIIOUCHHUSAX B OJIMBUHE (CM. pHC. 7, 2) U KIIMHOITUPOKCEHE
(puc. 8, e, u). Manbie pazmeps! (as3sl He MO3BOJIIIIN TOYHO MIPOAHANIN3UPOBATE COCTAB, HO, COTIACHO KapTaM
pacripezieNieHus 3JIEMEHTOB, OH npejcTasied HakapuToM Na,Ca(PO,)F unn xanadpurom Na,CaP,O,-4H,0.

Cyab¢uasl B H3y4eHHBIX 00pas3ax BCTPEYAIOTCS B BHJC CYIb(QUIHBIX TI00YT BO BKIIOYCHUSIX CHIH-
KaTHOTO U KapOOHATHOTI'O COCTaBa, CyIb(QHUIHBIX BKIIOUCHUN B MOPOJOOOPA3YIONINX MUHEpAIaX U CyIbGhuI-
HBIX 000Cc0O0JIEHUH B OCHOBHOI Macce HHONIUTOB.

Cynbduansie T00yIbI MPUCYTCTBYIOT BO BKIIIOUEHHSIX B Hedenune, auoncuiae, Gpropanature u Ti-mar-
HETHUTE, HO POAHAJIN3UPOBATh UX COCTAaB HE BCETJa BO3MOXKHO M3-3a Majloro pa3mepa (< 1—2 MKM) 1 3axBarta
COCeTHUX MHUHEpANOB. Bo BKIIIOUEHUSIX B HeenmuHe oHH npeactaBieHsl Ni-Co-conepikaliuM MppOTHHOM (10
1.7 1 0.5 mac. % Ni u Co cooTBeTcTBEHHO). BO BKIIIOUCHHSX BO (DTOpANaTHTE MPUCYTCTBYIOT MUPPOTHH H aJia-
OannuH. BropryHble BKIIOUSHHS B JHOTICHAE COACPKAT CYIb(UIHBIE TII00YIIB, IPEICTaBICHHBIC IIUPPOTHHOM
(mo 2.8 mac. % Ni), rarenurom, Tl-cogepkamum mxepdurmepurom (o 4.5 mac. % TI) u xanepkonmupuTOM.

CynbduaHpie BKIFOYEHUS (CM. puc. 8, k—m) B (DEHOKPUCTAX JUOTICHIA XapPaKTEPU3YIOTCS HAaUOOIIBIITHM
pasHooOpasuem. OHu comepkat nmuppoTuH win MSS (o 4.1 mac. % Ni), XaIbKOUPUT, TATEHAT U MCHTIAH-
uT, pexe mrepdumeput u ero Tl-comepxkaniyro pasHoBUAHOCTH (10 4.8 Mac. % T1). Kpome Toro, B onHOM 13
CyIb(GUIHBIX BKIIOYEHHH B auorncuae u3 oop. OL-264c 6putn 00HapyKeHBI CyOMUKPOHHBIE Ag-COEpIKallue
cyneuanbie Gassl 1 60pHUT (?). CynbduaHbIe BKIIOYCHUS B OIMBUHE MPEACTABICHbI Han0OJee HUKETUCTHIM
nuppoTrHOM i MSS (o 9.8 mac. % Ni).

Cynbduaasie 060co6IeHUS B OCHOBHOM Macce, Kak IIPaBUIIO, IPUYPOUEHBI K PEaKIIMOHHON KaliMe BOK-
PYT MakpOKpHCTOB (opcTeputa U npeacrasiensl Ni-nmupporuHoM wid MSS (mo 8.7 mac. % Ni), uHOrIa B HUX
NPUCYTCTBYET mKepumeput. [IpeacraBurebHble aHANU3H CYIb(QUIHRIX MHHEPAJIOB IPUBEICHEI B Ta0I. 4.
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Puc 12. CniexTpbl pacnpe/ejieHusi HECOBMECTHMbBIX H PelK03eMeIbHbIX 3JIEMEHTOB 1JIsl OJTUBHH-CJIIO/ISI-
HBIX Hii0J1UTOB 00p. OL-006-05 1 OL-264c (1) u cTeKk0 paciuiaBHbIX BKJIIOYeHHIi B HedesinHe u3 oop. OL-
006-05 (2).

CopiepxaHusi 2JIEMEHTOB HOPMUPOBAaHbI 0 COCTaBY NpUMUTHBHOW MaHTHH [Sun, McDonough, 1989] u xonaputa CI [McDonough, Sun,
1995].
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Tabnuna 5. XuMu4uecKuii cOCTaB CTEKOJ BKJIOYEHHUI B Hede/MHe U BAJIOBOH COCTAB OJIMBUH-CJIIOASTHBIX Hii0JIUTOB,
oopa3usl OL-006-05 u OL-264c¢

Crexia BitoueHunit, oop. OL-006-05 Witonut
KommoneHT
6) 3) 3) 3) 2) 3) OL-006-05 OL-264c

SiO, 48.57 49.49 51.82 51.57 50.78 52.42 40.96 43.98
TiO, 1.83 1.55 0.41 0.47 0.78 0.30 3.47 2.58
ALO, 9.50 8.65 10.69 10.88 10.46 10.64 10.06 10.44
FeO 10.64 10.72 10.79 11.12 11.40 11.16 11.56 9.55
MnO 0.58 0.58 0.44 0.49 0.51 0.45 0.22 0.22
MgO 1.30 1.24 1.83 1.18 1.11 1.55 8.81 7.88
CaO 3.84 3.56 3.32 2.70 3.46 343 14.40 14.05
BaO 0.33 — 0.66 0.00 0.08 0.19 — —

SrO 0.06 — — — — — — —

Na,O 13.85 14.22 12.03 12.18 12.24 11.43 5.08 5.73
K,0 5.30 6.47 5.95 6.32 6.24 6.36 2.70 2.70
P,0Oq 0.46 0.53 0.18 0.07 0.15 0.13 1.05 0.40
F 0.55 0.53 0.44 0.46 0.51 0.59 — —

Cl 0.33 0.30 0.18 0.17 0.25 0.20 — —

SO, 1.18 1.11 0.36 0.37 0.61 0.69 — —

CO, — — — — — — 0.33 0.47
H,0 1.84 1.04 1.48 2.31 1.63 1.25 — —

Cymma 100.16 99.99 100.58 100.29 100.21 100.79 98.63 98.02
O-(F,Cl), 0.31 0.29 0.23 0.23 0.27 0.29 0.00 0.00
Cymma 99.85 99.70 100.36 100.06 99.94 100.49 98.63 98.01
La 254 246 18 67 105 27 125 67.3
Ce 398 394 27 112 173 42 228 132
Pr — — — — — — 25.7 15.4
Nd 117 117 6.8 31 50 12 95.2 60.6
Sm 18 17 0.94 4.0 6.4 1.6 17.3 11.3
Eu 5.4 59 3.8 29 2.9 7.4 5.31 3.45
Gd 13 11 1.0 2.1 2.1 1.3 14.6 9.19
Tb — — — — — — 2.00 1.25
Dy 9.3 8.8 0.76 1.6 2.3 1.1 10.5 6.54
Ho — — — — — — 1.71 1.08
Er 55 4.9 0.61 0.72 1.5 0.76 3.95 2.62
Tm — — — — — — 0.446 0.332
Yb 3.7 3.7 0.70 35 1.2 0.85 2.49 2.13
Lu 0.74 0.64 0.10 0.15 0.20 0.15 — 0.339
Cymma REE 824 809 59 225 335 93.8 532 314

Y 44 43 6.1 7.3 11 8.0 37.0 25.4
Zr 762 682 133 244 342 89 330 401

Hf 12 10 1.8 2.3 4.3 1.4 — —

Nb 425 406 50 215 306 49 91.3 44.8
Ta 6.9 6.5 0.99 5.6 53 1.1 — —

Cr 10 11 5.6 7.2 20 16 161 150
\% 266 270 86 56 72 95 221 233
Cu 147 156 67 68 69 103 16.0 34.9
Th 26 22 3.0 14 22 3.1 10.6 4.86
U 12 11 0.94 4.7 6.9 1.2 4.67 2.01
Pb 114 117 84 80 66 99 3.24 7.95
Ba 2242 3011 1847 2012 1483 2296 366 552
Sr 1952 2242 2087 1636 1586 2322 703 797

Rb 227 224 183 191 160 211 64.5 57.9
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OxkoHuanue Tabm. 5

Crexna BritoueHu, 0op. OL-006-05 Witonut
KommoneHt
6) 3) 3) 3) 2) 3) OL-006-05 OL-264c¢
Cs 7.6 7.5 7.4 7.7 4.9 7.9 0.409 0.379
Li 90 72 69 45 71 55 5.394 6.47
B 23 17 9.9 14 20 8.9 — —
Be 31 30 48 63 50 47 2.06 2.97
Mo — — — — — — 0.332 0.344
Ni — — — — — — 85.4 64.2
Cd — — — — — — 0.140 0.142
Tl — — — — — — 0.072 0.106
S — — — — — — 164 433
Sb — — — — — — 0.125 0.186
Sc — — — — — — 22.1 20.1
Sn — — — — — — 2.50 2.34
w — — — — — — 0.480 0.365
Zn — — — — — — 159 116
Co — — — — — — 41.8 335

IIpumeyanue. I'maBHBIE 3)1EMEHTH — Mac. %; 3eMeHThI-puMecH, Bkmodas REE — r/1. H,O 1 npuMecHbIe 31eMeHThI
B CTEKJIaX BKIFOUCHHIA onpeesieHsl MmetoaoM SIMS (Spociapib); BaoBoii coctaB mopo sl onpeaeieH metoaamu ICP-MS u ICP-
AES (JIonnoH); B ckoOKax — YMCIIO aHAJH30B.

TEOXUMHUS UHOJUTOB U CTEKOJI BKJIIOUEHUI B HE®EJIUHE

WzyueHHbIE WHOMHTHI COACPIKAT BHICOKHME KOHICHTPALMM HECOBMECTHMBIX JJIEMEHTOB W MIeJOYeh
(puc. 12), npu 3tom Na,O npeobnagaer Han K,0O. Onu conepxat Bricokue KoHueHTparmu Cr u Ni (tabm. 5),
9TO, CKOpPEE BCETO, OTPAKACT MPUCYTCTBHE B IOPOJIE MAKPOKPHICTOB OJIMBHHA. BEIcokoe comepxanne Ni Takxke
MOXET OBITh CBs3aHO ¢ HanmumuueMm Ni-copepkammx cyinbGuaoB. [ToBellieHHBIe KOHIEHTpalu St, Zr, Ba u
REE (cwm. Tabm. 5), xapakrepusie aast OIB 6a3anbToB, HIOTUTEL, BEPOSITHO, YHACIEIOBAIH OT CBOETO HCTOYHU-
ka. Kpome Toro, oborameHne MOOMIBHBIMH dJIeMeHTaMH, TakuMH Kak LILE (kpynHOWOHHBIE JUTO(MUILHEIE
anemenTsl), ¥ etydumu (H,0, CO,, SO, F, Cl u ap.) MoxeT ObITE 00YCIIOBIIEHO BAMAHUEM (DIIIOMIOB, OTAE-
fomxcs oT HaTpokapOoHaTutos. O6oramienue gerkuMu REE (La/Yb-otHomenue cocrasisier 32 u 50 B o6pas-
nax OL-264c u OL-006-05 cOOTBETCTBEHHO) U HEKOTOPHIMH BBICOKO3apsAIHBIMU dJIeMEHTaMH (CM. puc. 12)
MOXKET YKa3bIBaTh Ha HEICIUICTHPOBAHHOCTh UX MPOTONHTA. Ha XOHIPUT-HOPMHUPOBAHHBIX CHEKTpax pacmpe-
nenenust REE oTCyTCTBYIOT aHOMANNH, U B LIEJIOM TpadUKu JOCTATOYHO MOJIOTHE.

Haubonee kpymHbIe HErpeThIe BKIIOYCHUS paciuiaBa B HedennHe u3z oop. OL-006-05, coneprkamue Mu-
HUMAaJbHOE KOJMYECTBO AOUCpHUX (pa3, ObUIM mMpoaHaIM3UpOBaHbI ¢ moMmoInsio SIMS Ha Boay u penkue die-
MeHTHI (cM. TabuI. 5). CTekia pacrulaBHBIX BKIIOYeHHH oborariensl Ba (1480—3010), Sr (1590—2320), Rb
(160—230), Nb (50—425) u Zr (90—760), no obexnensl Ta u Cs (< 10 r/t). Conepxanue H,O B HUX cocTas-
nser 1.3—2.3 mac. %. Crexia Taxke oboramens terkumu REE (La/Yb = 19—89), koTopbie cocTaBIIsIIOT HO-
psiaka 102—103 xouapuToBoro yposHs. OHU XapaKTepU3YIOTCs TIOIOKHUTEIbHOM Pb aHOManmei 1 MeHee BhIpa-
KCHHBIMH MakcuMyMamu o Nb u U, a Take oTpHuATeIbHOM aHomammedr mo P (cMm. pue. 12).
XOHIIPUT-HOPMHUPOBAHHBIC PEKO3EMENbHBIE CIIEKTPBI CTEKON B HEKOTOPHIX BKIFOUEHHUSIX XapaKTEPU3YIOTCS
noJyIokuTenpbHoi Eu anoMmanuen.

Crexiia BKIIOYCHHH ¥ TIOPOJIa UMEIOT conocTaBuMble 3HaueHus: Th/U-otHomenus (2.1—3.2 u 2.3—2.4)
u paziauunbie Zr/Nb- (1.1—2.7 u 3.6—8.9) u ocobenno Ce/Pb-otHommenus (0.3—3.5 u 16.6—70.3 cootBerc-
TBEHHO), XOTSl B M3Y4CHHBIX paHee HederauHuTax BIK. OnnonHbo JIeHranm 3TH OTHOIICHUS JOBOJBHO ONHM3KH
[Sharygin et al., 2012]. ITpu aTom Ce/Pb-otHOtienue B 06p. OL-264c Hrxke, a B OL-006-05 Bbime 3Toro 3Have-
HUA Ui 6asaneroB OIB, cocraBnsromiero 25+ 5 [Sun, McDonough, 1989]. Conepkanue Li B cTekiax o
CpPaBHEHHIO C BAJOBBIM COCTABOM Topobl Beime (45—90 u 5.4—6.5 COOTBETCTBEHHO), HO 3aMETHO MEHBIIIE
STOW BEJIMYMHEI UIsl HaTpokapOoHaTuToB (211—294 1/1) [Halama et al., 2007]. CnexyeT OTMETUTb, YTO COACP-
anue Li B cTekiax BKIOYeHHH B HeenrHe U3 He(DEeJTMHUTOB BBIIIEC H COMIOCTABUMO C 3TOH BEITMYMHOHN B Ha-
TpokapOoHaruTax [Sharygin et al., 2012].
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OBCYXKJIEHHE

Onpounbo JleHran — eAMHCTBEHHBIH B MHUpE ACHCTBYIONIHMM BYJIKaH, U3 KOTOPOrO HA MPOTSDKEHUH, TI0
KpaitHelr mepe, nocieqHux 140 jet u3nuBaroTcs JaBbl HaTpokapOoHatuToB [Dawson, 1962, 2008]. ITpu sTom
JI0 CHX TIOP OCTaeTCs AMCKYCCHOHHBIM BOIIPOC O TOM, YTO SIBISICTCS POAUTEIBCKONH MarMoi JUIsi CHITMKATHBIX
IIOPOJ M HAaTPOKapOOHATHTOB ByJKaHa. [Ipeamonaraercs, 9To OHa MOXKET OBITH IIPEACTaBIICHAa «KapOOHATH3HU-
poBaHHEIMY» (carbonated) oNMBHH-HE()ETUHUTOBHIM WIIH -MEJIMIIMTUTOBBIM PaCIUIaBOM, T.€. XapaKTepPU3yeTcs
MIEeTI0YHO-YIBTPAOCHOBHBIM coctaBoM [Church, Jones, 1995; Dawson et al., 1995; Mitchell, Dawson, 2012;
Dawson, 2012]. OmHako MOsIBJICHUE TAKUX BBICOKOIIESIOYHBIX MTOPOJI, KAaK HATPOKAPOOHATHTHI, HE MOXKET OBITh
00BSICHEHO TIporieccoM (HpaKIMOHHON KPUCTALTH3ANNHI ONUBUHOBOTO Hedennauta/MemmmuTuta. [Ipeamonara-
eTcsl, 9TO 0OOoralleHHe MIeI0YaMi MOJKET OBITh CBsI3aHO ¢ AByMs (hakropamu. Bo-mepBrIX, MarMa u3Ha4aibHO
oboramiena K u Na 3a cueT yaCTUYHOT'O IUIaBJICHUA €€ MPOTOJINTA, U, BO-BTOPBIX, 0OOTralleHue 1eI04aMu CBs-
3aHO C JOMOJHUTEIBHBIMH MPOLIECCAMU, TAKMMHU KaK aCCUMIUISALNS BMEIIAIOMIAX MOPOM, CMEIICHUEe MarM u/
WM B3aUMOJICHCTBUE paHee BBIJCICHHBIX (a3 ¢ paciuiaBoM u ap. [Dawson et al., 1992, 1995; Church, Jones,
1995; Keller et al., 2006; Klaudius, Keller, 2006; Mitchell, Dawson, 2012; Dawson, 2012]. C 3Toii Touku 3pe-
HUS U3yUYeHHEe BKIIOYCHUH B MUHEpallaX CIIOCOOCTBYET MOHUMAaHUIO 3BONIONMH U auddepernnanun marm On-
JIouHBO JleHrau, a Takke criocoda o0pa3oBaHUs HATPOKAPOOHATUTOB 32 CUET JKUIAKOCTHOW HECMECHUMOCTH.

PacrutaBHbBIC BKITIOUCHHSI B MUHEPAJIaX HMHOJMTOB Y€TKO (PUKCHPYIOT CIOKHYIO KHUIKOCTHYIO HECMECH-
MOCTh (CHIIMKaT—KapOOHAT—CYIb(GHUI) IPH KPUCTAUTH3AMNN HHOIUTOB. [IpH 3TOM Majoe KOIHYeCTBO CyJIIb-
(¢uaHBIX TI00YT BO BKIIOYCHUAX YKA3bIBaeT HA TO, YTO CYIb(OUIAHBIA KOMIIOHEHT MMEJ IIOIMHEHHbIH XapakK-
tep. Otaenenue HeOOIBIIOTO KOJIMIECTBA CYIb(PHUIHOTO PACIUIaBa OT CHIIMKATHON JKUAKOCTHU BIIOJIHE OOBIYHOE
SIBJICHHE TIPU KpUCTAIUTH3auu Ienodnbix mopox [Laperun u ap., 2003]. Cnemyer OTMETHTB, UTO TEPEXO]]
cyabppuaHoro pacmiaBa cocrasa FeS B MSS (tBepnas ¢asza) mpoucxoaut npu 1190 °C, a mpucyrcrue Ni 3a-
METHO MOHIKAeT Temnepatypy conuayca [Kocsakos u np., 1996]. bosibiioe Koin4ecTBO BTOPUUHBIX CYIIECT-
BEHHO KapOOHATHBIX BKIFOUCHUH B MAKPOKPUCTAX OJIMBUHA U B IICHTPAIBHOM 30HE KIMHOMUPOKCEHA YKa3bIBa-
€T Ha TO, YTO OTJAEJICHHE HaTPOKapOOHATUTOBOIO paciuiaBa MPOUCXOAMIIO TMOCIE KPUCTAITU3AIMHA BKpaIlIeH-
HUKOB OJJUBHHA M COOTBETCTBYIOIIEH 30HBI B KIIMHOMUPOKCceHe. COrmacHO TePMOMETPUYECKUM HaOII0ICHUSIM
C BKITIOYCHUSAMH BO (TOpamatuTe u HeelanHe, CHIIMKaTHO-KapOOHaTHAs HECMECUMOCTh, TI0-BUAUMOMY, HauH-
Hasach npu Temneparypax Boime 1100 °C u oTu4eTInBO (PHIKCHPOBAIACh HA CTAANH KpUCTAIIM3aLuH (ropamna-
THUTa, B KOTOPOM NPUCYTCTBYIOT BKJIFOUCHUS HATPOKApOOHATHTOBOIO paciuiaBa. BkiroueHus paciiiaBa ¢ raszo-
KapOoHaTHO I100YII0H B He(heIMHE U OTCYTCTBUE CYIISCTBEHHO KapOOHATHBIX BKIIFOUCHUI B HEM YKa3bIBAIOT
HA TO, YTO TJIaBHAs CTaIus JIMKBAIMH MTPOMCXOAMIA ITOCTIE 3aXBaTa dTHX BKIIOUeHHH. OTHAKO pa3IHYHBIE CO-
oTHOIIEHUS (a3 B 3TUX BKIIOYCHUSIX CBHUAETEIBCTBYIOT O TOM, YTO PacIlIaB, U3 KOTOPOTO KPHCTAJIA30BAJICS
HedenrH, yke OBUT TeTepOreHHBIM. [ 'eTepOreHHOCTD, BEPOATHO, MOATBEPIKAACTCS U TeM (PaKTOM, UTO B XOJE
TEPMHUYECKHIX dKCIEPHUMEHTOB C BKIIOUCHUSMHE B He(heNnHE HE yIaBaIOCh NOCTHYD UX MOJTHOW TOMOTCHH3AUH
(Mcue3HoBeHHE KapOOHATHOTO paciliaBa B CHIIMKATHOW KUAKOCTH). Hanuuue 60nb1IOro KOJMYecTBa CyOMUK-
POHHBIX TJIIO0YJ B CHIIMKATHOM CTEKJIC MEPBUYHBIX BKIIIOUCHNUH B He(eITUHE, peKe B JUOTICHAC U Ti-MarueTute
CBUJIETEIBCTBYET O TOM, YTO JIMKBALIMS UMeJla MECTO U B TIOCT3aXBaTHBIN nepruo. CorinacHo pe3yabTaTaM Tep-
MOMETpHH IIpu Temmeparype okoio 600 °C MOrio IpoUCXoIUTh OTACICHUE XJIOPUIHBIX, (GTOPUAHBIX U CYIIb-
(baTHBIX PacIIaBOB, Ha YTO yKa3bIBacT MIPUCYTCTBUE TalNTa, CHIBBUHA, (hirooputa, Na-Ca-cynehaToB u doc-
(aToB BO BKIIOUEHMAX BO (Topamatute, GOpCTEpUTE AMOICHAE M XJIOPUIHO-CYNb(aTHBIE CyOMHKpPOHHEIE
mIo0ysbl Bo BKIIOUeHMsIX B Ti-marHeturte. [1oxoXue TUKBaIlMOHHBIC SBICHHS, paHee HAOJIOJaBIIHECS BO
BKJIIOUCHHAX pacIuiaBa B HedenrHe Uil HeenuHuToB BIK. OnmonHso JIleHran, CBUAETEIBCTBYIOT O TOM, UTO
KpUCTAJUIM3aIlMsl TIOPOJ] HAYMHANIACh B MpoMexyTouHol kamepe [Mitchell, 2009; Mitchell, Dawson, 2012;
Dawson, 2012; Sharygin et al., 2012]. KpoMe Toro, HecMeCHMOCTh XapaKTepHa | JIIi HEKOTOPBIX MTOPOJ Ipy-
rux ByJikaHoB pudra I'peropu [Gusmics et al., 2011, 2012, 2015; Zaitsev et al., 2011, 2012], a Takke BBIABIA-
€TCs IO BKJIFOYCHUSM PACILIaBa B BYJKAHHYECKUX U IUTYTOHHYCCKUX MICTOYHBIX OCHOBHBIX—YIIBTPAOCHOBHBIX
MOpoAax W KapOOHATHTaX Pa3IMYHBIX PernoHOB mupa [Stoppa et al., 1997; Panina, 2005; llapeirun u ap.,
2011; HUcaxosa u np., 2015; u ap.].

CrnenyeT OTMETHTbh, YTO OTHENSABLIMECS MOPIHMHA HATPOKApOOHATUTOBOTO paciiaBa, BEPOSATHO, yAams-
JUCh U3 CUCTEMBI, TaK KaK B TIOPOJIe OTCYTCTBYIOT MPU3HAKU 3aMelleHHs] HanOoJiee paHHUX MHUHEPAJIOB B OT-
mnuaure oT HedennHuToB JIeHran, B KOTOPBIX HHOTIa OTMEYaeTCsl MOSIBIICHUE KaeMKH KOMOerTa BOKPYT BOJLIAC-
TOHHTa WJIM 3aMeleHue/o0pactanue (ropamatuta Ooilee HATpOBBIMH cocTaBamMu [Sharygin et al., 2012;
Mitchell, Dawson, 2012]. UHoraa 10 ynaieHus U3 CHCTEMBbI OTICISABIIMECS MOPIMH HATPOKAPOOHATUTOBOTO
paciiaBa BCe-TakH YCIIEBAIN IPOPEarupoBaTh ¢ MUHEPATIAMU MHOIUTA, BCICACTBHE YE€TO BO BKIIOUCHISX B
OJIMBHHE MHOTIA (PUKCHPYETCS] MarHe3uT, BEPOATHO, SBISTIOMINICS POIYKTOM peakIuu GopcTepuTa ¢ HaTpo-
KapOOHATHTOBEIM PACILIABOM.

Jus Bik. OnpounHso JleHran xapakTepHO OoJbIoe pazHooOpasre He(heIMHUTOB, KOTOPBIE MOTYT COAEP-
xatb oT 20 1o 80 00. % BKpAIUIEHHUKOB M CTEKJIOBATYIO OCHOBHYIO MacCy. BKparurleHHHKH MOTYT OBITh IIpen-
CTaBJIeHbl He(EIUHOM, KIMHOMUPOKCEHOM, KOMOEUTOM, BOJJIACTOHUTOM M Ip., @ B CTE€KJIE OCHOBHOM MaccChl
MHOT/Ia OTMEYAIOTCS MUKPOJIUTH kapOoHaTtoB, Na-Ca-kapOonatHble ria00yisl u T.1. [Church, Jones, 1995;
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Dawson et al., 1995; Klaudius, Keller, 2006; 3aiines, 2010; Mitchell, Dawson, 2012]. Bce 310 Takxke MOXET
OBITH CBSI3aHO C peakIueil OTACIAIONIETOCs HATPOKapOOHATUTOBOTO PACIIaBa ¢ CHIIMKATHON 9acThIO.

MuHepanbpHOE pa3HOOOpas3ue XapakTepHo H s uionutoB Onmonnbo Jlenran. Cpean HUX BBIACISIIOTCS
MOATHUIIBI «HOPMAJIBHBIX», BOJIJIACTOHHUTOBBLIX W OJHUBUH-CIIIOASIHBIX WHOJINTOB. (DOpCTepI/IT—(bJ'IOFOHI/ITOBBIe
HUHONUTHI OTJIMIAIOTCS OT OCTAJIBHBIX HAOJUTOB HAINYAEM METaKPHCTOB OJMBHHA, CIIOIBI, PeXKe KIMHOIHPOK-
ceHa, a Takke 0osiee BrIcOKMMU KoHIeHTparusivMu Cr 1 Ni u o6egHeHueM paanoreHHsIMU St 1 Nd, a pasnuuue
pa3sMepoB METaKpHCTOB W 3€PCH OCHOBHOHM MAacChl MHONNTOB YKAa3bIBACT HA PAa3IHYHBIC CTAIHU OCAXKICHHS,
BO3MOXKHO, CBSI3aHHOTO C pa3HBIMH TIyOWHaMU w/mid naBieHusMH [Dawson et al., 1995]. [Ipu sToM onuBuH
OKpY)KEH PEeaKIMOHHON KallMOH, TaKk Kak B M3MEHSIOIuXcs PT-ycnoBusx oH OBLT HEPaBHOBECEH C CHIIMKAT-
HBIM PacIlJIaBOM.

30HaNBHOCTH TOPOA00OPA3YIOLINX MUHEPAJIOB B U3YUEHHBIX HHOJUTAX yKa3bIBa€T HA TO, YTO B MPOLIECCE
KPUCTAJUIN3aLUU UHOJIUTOB MOCTENEHHO BO3PACTalOT KOHIEHTpauun FeO u menoveld 1 yMeHbIIAITCs COAep-
xanus TiO,, Al,O; u MgO. bonbuioli auanasoH coCTaBoB U CIOKHAs OCLUILIATOPHAS 30HAILHOCT KJIMHOIM-
POKCEHa MOTYT OTpa)kaTh HEOJHOKPATHBIC MHBEKIIMA OTHOCUTENIBHO BHICOKOMAarHe3najabHOH HeppaKIuOHUPO-
BaHHOM Marmsbl, a HAJIMIUE METAKPUCTOB OJIMBUHA U q)HOFOHI/ITa, BEPOSATHO, YKA3bIBACT HA TO, YTO OJIMBUH-CJIIO-
JSTHBIC WHOIUTHI ABJISIOTCS FI/I6pI/I)]HBIMI/I nmopoaamMu, MnmpeacTaBJIAOIINMHU 60J'[BHIyI-O CTCIICHb MarMaTu4e€CKoro
cMmerenus [Dawson et al., 1995].

Hexkotopas o6emnennocts TskenbiMu REE otHocuTenbHO sierkux REE B nilonuTax u cTekiax BKIIOUe-
HU B He(EJMHE MOXKET CBHICTEIBLCTBOBATH O NMPHCYTCTBHM B MarMatuieckod kamepe rpanara (Ti-ammpa-
IUT — MIOPJIOMHT), B KOTOPOM M KOHIIEHTpHUpyroTcs Tshxensle REE. B mienom penkosaeMeHTHBIN coCTaB OTpa-
JkaeT oborameHne HeCOBMECTHMBIMH 3JIEMEHTaMH, BMECTE C TeM CTEKJIa XapakTepu3yloTcs Oonee nuddepen-
LMPOBAHHBIM COCTABOM IO CPaBHEHHIO C MOPooH. YBenuueHue koHueHTpauuii Na,O u K,O u Bozpactanue
(Na + K)/Al-otHomenus (1o 7.5 B cTekJIe OCHOBHON Macchl) B psily HOPOJa — CTEKJIO BKIFOUYEHUI — CTEKII0
OCHOBHOW MaccChl YKa3bIBalOT Ha TO, YTO IBOJIOLMS CHIMKATHOTO paciijiaBa Mpy KPUCTAJUIU3ALIUN UMEIIa APKO
BBIPKCHHBIN armauToBbIi xapaktep. [Ipy 3TOM cTeka BKIIOUCHHN B MUHEpaJlaX U OCOOEHHO CTEKJIO OCHOB-
HO# MaccChl HWHOrJ1a XapakKTEpU3yr0TCA HU3KUMHU aHATTUTUICCKUMHU CyMMaMH, 4TO, BEPOATHO, CBA3aHO CO 3HAYU-
TEJIEHBIMH KOJIMYECTBAMH JICTYYNX, PACTBOPEHHBIX B MCXOAHOM paciiase. Hamuune Bogoconeprkaimeit ¢assl,
MIPEACTaBICHHON (DIOTONMHUTOM, KPUCTAIUTU3YIOIIMMCS Ha paHHEH CTagun 00pa3oBaHUs MOPOJIBL, YKa3hIBAET Ha
OLIyTHMOE KOJIMYECTBO BOJIbI B MCXOJHOM paciase, a cogepxanus H,0 (1.0—2.3 mac. %) BO BKIIOUEHUAX
paciuraBa B He(elIMHE, BOBMOXKHO, OTPA’KAIOT MOCTETIEHHOE YMEHBIICHHE €€ KOJMUECTBA B OCTaTOYHOM pac-
TUIaBE.

Taxum 00pa3oM, B X0Ji¢ KOMIUIEKCHOTO TEPMOOapOreOXUMHICCKOTO MCCIEOBAHHS OJMBUH-CITIOSTHBIX
uiionuToB BiK. OnugonHabo JIeHran ObIUIO YCTaHOBICHO, YTO PACCMATPHBAEMBIE TOPOIB KPUCTATU30BAIKCH H3
LIeJI0YHO-YJIbTPAOCHOBHOTO, O0OTAIEHHOI0 JIETYYHMHU U PEIKUMHU 3JIeMEHTaMM, FeTePOreHHOr0 pacIulaBa B
0JIM3MIOBEPXHOCTHOM IPOMEKYTOUHON KaMmepe. B mpolecce X KpUCTaIUIM3AMK UMENIO MECTO pa3iesieHHe Uc-
XOJIHOTO pacIuiaBa, Mo KpaiiHel Mepe, Ha JIB€ COCTaBIISAIOIINE: CUJIMKATHYIO U HaTpokapOoHaTHTOBYH. Cocy-
IIECTBOBAHHUE ABYX HECMECHMBIX, KOHTPACTHBIX MO COCTABY >KUAKOCTEN (CHIMKATHOM M HaTpOKapOOHATUTO-
BOI) B MarMaTu4eckoi Kamepe U, BEpOSTHO, UX B3aUMOACHCTBHE MO3BOJIIIOT OOBSCHUTH MUHEPAIOTHYECKOE
pa3HooOpa3ue MHONIUTOB U IPYTHX TOPOJ, clarammx Bik. OnnonHso JleHran.

He uckimoyeHo, 4To ocaxkJeHre KyMyJIaTOB CHIMKATHBIX MOPOA (MHONUTHI U Jp.) CIIOCOOCTBOBAJIO Ha-
komieHuio menoderd 1 CO, B 0OCTaTOYHOM CHJIIMKATHOM PAacIUIaBE IPOMEXKYTOUYHOH KaMephl, BBI3BIBASA B Jajlb-
HeWeM oOIIMpHBIE TNKBAIMOHHBIE SIBIICHNS. Tarke He UCKITI0YaeTCsl M BAPHAHT CYIIIECTBOBAHHS HECKOJIBKUX
Pa3sHOTITYOMHHBIX MarMaTnieckux kamep mox BiK. Omnonnpo Jlenran. Kpucrammu3anus CHIMKATHBIX OO
Ha CTEHKaX paHHHX KaMmep, Iepexo]] MPOIBOIOIHOHUPOBABIIETO PACIIaBa B CIEAYIOMIYIO KaMepy U odepen-
Hasl 0OTCaJlka MUHEPAJIOB B HEHl B HTOT'e IPUBOIMIIM K TOMY, UTO B ITOCIEIHEH KaMepe CUIINKATHBIA pacIljiaB yiKe
Ob111 cymecTBeHHO oborameH menouamMu 1 CO, u HauMHAI Pa3[eiaThCsl Ha IBE HECMECHUMBIE XKUAKOCTH.

Bonbiioe Konmu4ecTBO AKCIEPUMEHTAIBHBIX JaHHBIX MOKA3bIBAET, YTO BAXKHYIO POJIb IPU 00pa30BaHUU
KapOOHATUTOB U CBSI3aHHBIX C HUMH CHJIMKATHBIX TOPOJI UTPAET )KUIKOCTHAS HECMECUMOCTb, IIPH 3TOM pazMep
001aCTH HECMECUMOCTH CHJIMKATHOTO U KapOOHATHOTO PACIUIaBOB 3aBHCUT OT BBIOpaHHBIX PT-mapaMmeTpos
cuctemsl [Cyk, 2001, 2003; Brooker, Kjarsgaard, 2011].

ABropel uckpenHe npusHarenbHsl JLH. Ilocnenosoit, E.H. Hurmarynunoii, H.C.KapmaHoBy u
C.3. CMupHOBY 3a ITOMOIIL NP PadOTe HA MUKPO3OHJE, SJICKTPOHHOM CKaHHPYIOUNIEM MHKPOCKOIIE M paMa-
HoBCcKOM criektpoMeTpe B UI'M CO PAH. ABtopsl 6naronapust C.I'. Cumakuny u E.B. IToranoBy (SIpocnain)
3a npoBegieare SIMS aHanM30B IUIsl CTEKOJ BKIIIOYSHH B He(heTnHe.

Pabora BemosnHeHa npu nojuepxkke PODU (rpant 14-05-00391), Cankr-IleTepOyprckoro rocynapce-
TBeHHOro yHUBepcuTera (3.38.690.2013) u My3es ecrecTBeHHO# ricTopuH, JIOHTOH.
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