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Cocras cdepys1 1 HIZKHEMAHTHHHBIX MUHEPAJIOB,
HU30TONMHO-TEOXNMHUYECKAA XapaKTePUCTHKA HUPKOHA
U3 BYJIKAHOT¢HHO-00,10MOYHBIX (pauuii JJaMnpouToBoi TpyOkn Mpus

N.I'SLUEHKO!, C.I.CKYBJIOB’=, E.B.JIEBALLIOBA?, O.JLTAJJAHKMHA?, C.H.BEKEILA®

' Unemumym 2eonozuu u 2eoxumuu copiouux uckonaemvix Hayuonanonoti axademuu nayxk Ypaunot, JTo606, Ykpauna
2 Hucmumym 2eonozuu u 2eoxpononoeui dokembpus Poccuiickoii akademuu nayk, Cankm-Ilemep6ype, Poccus

3 JTvsoscKuil nayuonanbiblii ynueepcumem umenu Heana ®Ppanxo, Jlveos, Yrpauna

B pabore mpezacTaBieHbl pe3ynbTaThl H3Y4EHUsI IOPOJ BYIKAHOKIACTHYECKHX (haluil JTaMIIPOUTOBOIM TPYOKH
Mpuwust, [TprazoBckuii 6110k YKpauHCKOro muTa. B HuX 0611 00HApY)KeH KOMIUIEKC AK30THYECKHX MUHEPAIBbHBIX Yac-
THUII, COPMHUPOBAHHBIX B IKCTPEMAIBHO-BOCCTAHOBHTEIIBHBIX MAHTUIHBIX YCIIOBUSIX: CHIIMKATHBIE CEpyIbl, 9acTH-
LBl CAMOPOJHBIX METAJUIOB M MHTEPMETAIUINYECKUX CILIABOB, OECKHCIOPOIHbIE MUHEPAIIBI, TAKHE KaK ajMa3, KyCOH-
rut (WC), ocbopuut (TiN). Llens ucciaenoBaHuii — yCTaHOBUTH T'€HE3HC BYJIKAHOKIACTHYECKHX IOPOJ M pa3BHUTh
MIPE/ICTaBJICHNsI O BHICOKOBOCCTAHOBJIEHHOW MaHTHHHOW MHHepanbHOH acconnanun (BBMMA), a taxke mnpoBecTH
H30TOIHO-TEOXUMHUIECKOe HCCIIeZIOBaHNe IIMPKOHA. B pe3ynmbprare B cocTaBe TsDKENOHW (Gpakuuyl BBIAEICHBI TPYIIIBI
MHHEPAJIOB, IIPOUCXOJISIIHE M3 pa3HbIX UCTOUHUKOB: BBMMA MoskeT ObITh OTHECEHA K IOBEHWIBHON MarMaToreHHON
COCTaBJISIIOIIEH BYJIKaHOKIACTHYECKUX ITOPOL; TPYIIIa MUHEPAJIOB U KCEHOIUTOB, KOTOPBIE MOTYT OBITh HHTEPIIPETHPO-
BaHbI KaK KCEHOT€HHBIH CITydallHBIN MaTepual, CBSI3aHHBIH C pa3pylIeHHeM MaHTHUHHBIX HOMYIeH (TOpHOICHINTOBBIE,
OJIMBUHHUTOBBIE U JTyHUTOBBIE KCEHOIMTHI), HHTPY3HBHBIX JIaMIIPOUTOB (aM(UOOI psiga TpeMONIuT-porosast oOMaHKa) 1
KPHUCTAUTMYECKUX Nopoxa (pyHmameHTa (LUPKOH, poroBasi OOMaHKa, IUIarMOKIIa3, SMUIOT M KCEHOIUTHI TPAHHUTOB).
W3y4eHHbIE BYJIKaHOKIACTHYECKHE MOPOIBI MOT'YT OBITH ONpENeNIeHbl KaK MHTPY3UBHO-IIMPOKIACTHIECKHE (arm
(Tyd¢usuTsl), 00pa3oBaHHBIE NOCIIE BHEAPEHHSI MHTPY3UBHBIX JIaMIIponToB. O4eBHaHO, 4TO KOMIIOHEeHTHI BBMMA
00pa30BBIBAINCH B PE3KO BOCCTAHOBHUTEIBHBIX YCIOBHSAX IPH BBICOKHX TEMIIEpaTypax, KOTOpPBIE XapaKTEepHBI VIS
TIEPEXOTHOM 30HBI MEXKTY SIIPOM B MaHTHel. TakiuM 00pa3oM, MBI rojraraeM, 4To o0pa3oBaHKe NEPBUYHBIX METAJLIO-
CHJIMKaTHBIX paciuiaBoB BBMMA cBsizaHo ¢ nepexonHoit 30H0i D".

Kniouegvie cnosa: chepynsl; caMopoiHble METAIIbl; MAHTUHHBIN KOPYH; KYCOHIMT; OCOOPHUT; LIMPKOH; JKC-
IUIO3MBHBIE CTPYKTYPbI; HHTPY3UBHO-ITMPOKIACTUIECKHE TTOPOJIBI

Bnrazooapnocmu. Pabora Beimonnena B pamkax temsl HUP UT'T /] PAH (Ne 0153-2019-0002). ABTOpHI BBHI-
paxaror 6maromaprocts C.I'.Cumakuny u E.B.IloranoBy (J1® ®THUAH), A.H.Jlapuonoy (BCEI'EN) 3a npose-
nenue ananutudeckux pador u H.T.bunsik (JIHY) 3a moMolup B MHTEpIPETALIMN PE3YJIbTATOB aHAIUTHYECKUX HC-
ClIeIOBaHU M.

Kak yumuposamu 3my cmamwio: CoctaB cepyn 1 HHKHEMAHTUHHBIX MUHEPAJIOB, H30TOIHO-T€OXUMHUYECKAs
XapaKTepUCTHKAa IIMPKOHA M3 BYIKAHOTCHHO-0010MOuYHBbIX (armii samnpourtoBoit Tpyoku Mpus / W.I'.fuenko,
C.I'.Cxy6nos, E.B.JIepamosa, O.J.I'anankuna, C.H.bexema // 3anucku I'oproro nucruryra. 2020. T. 242. C. 150-159.
DOI: 10.31897/PM1.2020.2.150

BBenenne. l3HauanbHO 5K30THUYECKasl acCOIMAllis MUHEpPAIbHBIX 00pa3oBaHMi, GopmupoBaHue
KOTOPBIX IPOHCXOJHUIO B BHICOKOBOCCTAaHOBUTENIBHBIX YCJIOBHSX, ObUIa BBISIBIIEHA aBTOpAaMH B BYJIKa-
HOKJIaCTUYECKUX (alusix JamMrnpouToBoil Tpyoku Mpus, [IpnasoBckuit 610k Ykpausnckoro muTta. B co-
CTaB acCOIMAIMKM BXOMSAT CIEAYIONINEe KOMIIOHEHTBI: TUTaH-MapraHel-xene3o-cuinkaTasie (TMXKC)
cdepyibl, chepyaonogo0HbIe YaCTUIIBI CAMOPOIHBIX METANIOB M MHTEPMETAUNTMYECKUX CIUIaBOB, Oec-
KHCJIOPOJIHbIE MUHEpabl (aJIMa3, MyacCaHUT, KyCOHTUT), MAHTUMHBIM KOPYHJ C BKJIIOUCHUSIMHU 0cOOp-
Huta (TiN) u mHTEpMeTaUIMYecKuX CIuTaBoB cucteMbl Ti-Fe-Si. bputo ycraHoBieHo, 4To 3TH MUHe-
paspHbBle 00pa30BaHUS B PA3JIMYHBIX HPOMOPLUAX HPUCYTCTBYIOT M B MOPOJAAX APYTUX KUMOEpIHT-
JAMIIPOUTOBBIX CTPYKTYp YKpPaWHCKOIO IIUTA, a TaKkKe B KUMOepiuTax ApXaHTelIbCKoW u SKyTCKOM
anMa30HOCHBIX npoBuHLMM [8, 9, 10]. Ha ocHOBe aHanu3a reojJOrnYecKUX M FEOXMMUYECKHUX JaHHBIX
MpeIoKeHa TeOopeTHIecKass MOoJAeTb (GOPMUPOBAHUS ATOH MHHEPATHHON acCOIMAIMHA B IEPEXOTHON
30HE MEXKIY sapoM 3emian U ManTuei (cioit D) [9], cornacyromascs ¢ KOHIEnIuei o coctase cios D"
[15]. MslI npennaraeM Bce MHAMBHyalbHbIE MUHEpaIbHbIE 00pa30BaHuUs, KOTOPbIE (POPMUPOBAINCH B
CXOJIHBIX P€3KO BOCCTAHOBUTEIBHBIX YCIOBHUSX M BCTPEUAIOTCS BCETJa COBMECTHO, OOBEANHUTH B OJUH
FEeHETUYECKUI KJIacc I10J] Ha3BAHWEM BBICOKOBOCCTAHOBJICHHAs] MAHTHUIHAs MUHEpAJIbHAs aCcCOLMALINA
(BBMMA). Kak npoxykT 6eccriopHO 9HAOT€HHOTO IPOUCXOKICHHSI ChepyIibl BIiepBble ObLIIM OIMUCAHBI
B.K.MapmuHIieBsIM Ha OCHOBE HaXOJOK B IPOMBIIUIEHHO-AIMA30HOCHBIX KUMOepiuTax Sxytun [3].
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lupokuit criektp camopoaabix metamioB (Cu, Zn, Al, Pb, Sn, Sb, Ni, Cr), uXx uHTepMETaATHIECKIX
cmaBoB (Sn-Sb, Cu-Sb, Cu-Sn) nzyden O.b.OneitnukoBeiM [4] B KUMOEpPIUTOBBIX MOpojax SAKyTuu.
ManTuitHeiii KopyH[ ¢ BKItoueHusiMA ocOopuuta (TiN), cunununa xene3a u coenunenus Ti-Al-Zr
Obu1 BoepBble omucaH B.M.TarapuHieBelM ¢ KouleraMH B KMMOEPIUTOBBIX OpeKuyHsaxX 3amajHoro
[Ipuazosss [5].

ITocTanoBka npo0JieMbl. B TeueHue nocneqHux ABYX AECSITHIETHI aKTUBHO Pa3BUBAIOTCS IPEN-
CTaBJeHUSA O (IIIOMIN3ATHO-IKCIUIO3UBHON aKTHUBHOCTH 3emiu. OCHOBBI ydeHMs OBLIM 3aJI0KEHBI B
1941 r. memenkum reosoroM I'.Kiocom [10] Ha ocHOBE M3y4eHUsT HHTPY3UBHO-ITMPOKIACTUIECKUAX 00pa-
30BaHui B u3BecTHsAKax 11IBaOuu, BriepBbie ObLI UCTIONIB30BaH TepMUH Ty(hdu3nTel. Ha naHHBI MOMEHT
HET 4eTKOW HOMEHKJIATYpPbI JUIsl MOA00HBIX 00pa30BaHUil, UCIIOIb3YIOTCS PA3IMYHbIE TEPMUHBL: TYPPu-
3UTHI, HHTPY3UBHO-IIMPOKIACTUYECKUE TIOPO/IbI, TIECUaHbIE TY(bI, (IFOMI0IUTHI, (IIIOUIHO-TPSI3EBbIE 00-
pa3oBaHMs, UHBEKIHMOHHbIE TUPOKIACTUTEL. B OCHOBE JICXKUT Mesd UMITYJIbCHOIO (IKCIUIO3UBHOIO) MPO-
HUKHOBEHHUS (IIIOMIHO-MUHEPAIBHBIX CMECe MaHTUIHOrO poucxoxkaeHus. KumOepuT-1aMnponToBeie
CTPYKTYPBl SIBJIIIIOTCS 4YaCTHBIM IIPOsIBJIEHHEM Oojiee MAacIITaOHOTrO sIBJIEHUS (IIIOUIU3aTHO-
9KCIUIO3UBHOM nesTenbHOCTH 3emiin. OOBIYHO MOpOoAbl (IIFOMIM3aTHO-IKCIUIO3UBHBIX 00pa3oBaHMil
IPEJCTAaBIAIOT COOON KIIACTOr€HHYIO CMECh, C(OOPMHUPOBAHHYIO U3 Pa3HBIX MCTOYHMKOB — MAaHTHIHBIX,
[IOPOJ] OCHOBAHUS, BMEIIAOUINX 1Mopos. ITopoasl U CTPYKTyphl 4acTO HE MMEIOT YETKHUX IMPH3HAKOB,
YKa3bIBAIOLINX HA UX TTTyOMHHOE IMPOMCXOXIEHHE, U TaKUM 00pa3oM MHTEPIPETHPYIOTCS KaK KapCTo-
Bble, JICHUKOBBIE, UMIIAKTHbIE OOpa30BaHUS, TEKTOHWYECKUN MENAaH)X WU HENTYHHUYECKHE JaiKH.
BBMMA sBnsiercss pacipoCTpaHEHHBIM KOMIIOHEHTOM (IIIOMAN3aTHO-9KCIUIO3UBHBIX O0pa30BaHUN U
MOXET CIIY’)KUTh O€CCITIOPHBIM MPU3HAKOM IS UX MJICHTU(DUKAIIUH.

3azaya TaHHOr'O MCCIIEI0BaHUS — Pa3BUTh HalIM NpenacTaBieHus o BBMMA Ha npumepe usyde-
HUS XMMHUYECKOT0 ¥ MHHEPAJbHOI0 COCTaBa BYJIKAaHOKJIACTUYECKUX Mopoi TpyOku Mpus. MmenHo B
Tpyoke Mpuss BBMMA mnpezacraBiena B HanOosee MOIHOM 00beMe ¢ BBICOKHM COJICPKAHUEM KOMIIO-
HEHTOB B CPABHEHUH C APYTMMH U3BECTHBIMU OOBEKTaMH.

I'eosiornueckoe crpoenue. JlamnpouroBast Tpyoka Mpus pacrionoxeHa B npezaenax bepasHckoro
cy66moka, [IpuazoBckuii 610k Ykpamackoro muta (puc.l, a, 6). 31ech Takke YCTaHOBIEHBI SKCILIO-
3uBHbIE CTPYKTYphl KoHka 1 Kambliu, ciioxkeHHbIe JaMIPOUTONOA00HBIMU TTOpoaamu [8].

TpyOxa Mpust umeeT B Tutane oBajibHYI0 (hopMy ¢ pazmepom 350%500 M, B pa3pese «OOKaIoBH/I-
HYIO», TIpociiexeHa 10 Tiyouns! cBoire 100 m (puc.1, 6). DKCIUIO3WBHAS CTPYKTYpa CEUeT MIaruorHei-
cbl U ampubonuThl aparyHckoi toimu (AR;) 3amagHo-npra3oBckoil cepun. B mepeoriokeHHON Tak
Ha3bIBAEMOM KOpE BBIBETPUBAHUS JIAMIIPOUTOB TPYOKH MpHs U B MEPEKPHIBAIOIINX €€ aJUTIOBUAIBHBIX
OTJIOXEeHUAX Obl1o oOHapyxeHo Oomee 100 kpuctaniaoB anmMazoB. OCHOBHOE TeNO HKCIUIO3MBHOM
CTPYKTYpBI CIO)KEHO MHTPY3UBHBIMH JIaMIpouTaMu. OCHOBHBIMU ITOPOJ000Pa3yIOIIMMU MHUHEpaIaMH
mopox ABJISAIOTCS GopcTepuT, aMPpuOOI M GIIOrONUT, B HEKOTOPBIX PAa3HOBUIAHOCTSIX COIEPIKUTCS KITH-
HomnupokceH. [Topoasl xapakTepu3yroTcs INPOKUMH BapUalMsIMUA B COOTHOILIEHHH TJIaBHBIX IIOPO1000-
pas3yIoIIMX MUHEPAJIOB.

OObexToM HalIMX MCCIeJO0BAaHMM OBLTM MHMHEpalbl M3 KJIACTOI'C€HHBIX HOPOJA BEpPXHEH YacTH
TpyOKH (MOIHOCTHIO 0KOJI0 20-30 M). DTO CHIIFHO W3MEHEHHBIE MOPOJIbI, OCHOBHASA Macca MpeacTaB-
JIeHa TJIMHUCTO-KapOOHATHBIM MaTEpUAIOM C KCEHOJIMTAaMH 3JIMIICOBUAHON (popmbl. KceHonuTsl cio-
KEHBI TPAHUTOM, CIIIOJUCTHIM T'OPHOJIEHAUTOM, OJNMBHHUTOM, TYHUTOM, pa3Mep KCEHOJIUTOB 5-7 CM.
V3Ha4yanpHO 3TH OTJIOKEHHUsI OBUIM MHTEPIPETHPOBAHBI KaK KOPa BBIBETPHUBAHHUS MHTPY3UBHBIX JIaM-
IIPOUTOB.

Metoauka uccienoBaHus. [ u3ydeHus: reoJIOrTny BYJKAHOKIACTUYECKUX OTIOXKEHUH TpyOKH
Mpusi B IEHTPAJIBHON YacTU CTPYKTYpHI ObLIN MpoOypeHs! Be ckBakuHBI auamerpom 1300 mm Oypo-
Boii ycranoBkori KIIIK-30A. M3naganbublil 00beM 1po6 coctaisut S00 kr. O0paboTka mpon3BOIUIACh
Ha ycra"oBke skcneaunnu KII «tOxykpreonorus» U BKIOYalla CIEAYOUIME CTaJAUN: I€3UHTErPaLlUIo;
obecuamauBanue; pasaenenne Ha ¢ppakmuu —4+2 MM, —2+0,5 mm u —0,5+0,25 MM (BuOparioHHBIN
rpoxot); 06paboTky Ha orcagodnbix MamuHax MO/I-02 u cnupansHOM Kinaccudukarope KP-1; cymky.
OxonuatenbHas 00paboTKa mpousBoauIack Ha Onoke noBonku B IlpmasoBckoit ['PII. PaznoBuanoCTH
MHUHEpaJIbHBIX YaCTHI] OTOUPATIMCh BPYUHYIO C UCIOJIb30BaHUEM OMHOKYJIIPHOro Mukpockomna. CocTas
MuHepaios onpenened MmerogoM SEM-EDS B UI'T/] PAH nHa ckanupyromiem 3JeKTPOHHOM MHUKPOCKO-
e JEOL JSM-6510LA c sneproaucnepcuonHoi npucraskord JED-2200.
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JlamnpouToBsie TPyOKHU:
1 — Mpus; 2 — Kambinm;
3 — Konka

Puc.1. PacnionoxeHue naMnpouTOBBIX SKCIUIO3UBHBIX CTPYKTYp 3anaHoil yacty [Ipua3oBckoro Onoka YKpanHCKOro muta (@)
cxeMa 0110koBoro crpoeHust Ykpaunckoro muta (6) (I — I[Ipuasosckuii 6ok, 11— Cpenne-Ilpunnenposckuii,
I — Kuposorpaackuit 610k, IV — Pocuncko-Tuxnuckuit 610k, V — Iononsckuii 610k, VI — BonbiHckuii 0110k)

U CXeMa reoJIorMdecKoro cTpoeHust Tpyoku Mpus (6) [8]

HarupoBanue nupkona U-Pb meronom nposoauinocs B IIMM BCET'EN Ha noHHOM MHKpO30HE
SHRIMP-II o crangaptasiM MeTomukam [20, 22]. O6paboTka pe3ynbTaToB U3MEPEHHI MPOBOIIIIACH C
nomotpto nporpamm [17, 18]. Copepxanue REE u peaxux 31eMeHTOB B LIMPKOHE OIMPEIENSIOCh Ha
noHHoM MHKpo3oHae Cameca IMS-4f B IO ®TUAH [6, 12]. Llupkon 661 NpoaHanu3upOBaH B TOUKAX,
KOTOphle paHee Obutu mponatupoBansl U-Pb meronom. TemmepaTtypa KpucTamum3anuy HUPKOHA Oblia

paccuuTana ¢ nomoibio «Ti-B nupkone» repmomerpa [21]. [Ipu mocTpoeHUU CIEKTPOB pacIpeeIeHUs
REE cocras nupkona HopmupoBaiicst Ha coctas xoHapura CI [19]

Pe3ysbTaThl Hccae10BaHusA U MX 00cyxkaeHue. IIpencraBieHbl pe3ynbTaTel U3y4EHUS TSHKEIOU
MHUHEpaJIbHON (paKIUH BYJIKaHOKIACTHUECKUX Topo Tpyoku Mpus merogom SEM-EDS. Conepxanue
TsoKenol ¢pakiuu okoso 2 %. Bech n3ydeHHbII MUHEpaTbHBIA KOMIUIEKC MOXKHO pa3ZefuTh Ha JBa
Kjacca: 1) MuHepanbHbI HaO0Op MaHTHIHOTO IpoucxoxaeHus (puc.2), Bkmovaromuit TMXKC chepy-
JIbl, YaCTHUIIBl CAMOPOJHBIX METANIOB M MHTEPMETAUINYECKUX CIUIABOB, MAaHTUHHBIA KOPYHA, OecKu-
CIIOpO/IHbIE MUHEpaJbl (KYCOHTHUT, alIMa3); 2) «0ObIYHbIE» MHHEpaJbl, KOTOPbIE MOT'YT OBITH TIOPOJIO-
00pa3yoUMMH WIM AaKLECCOPHBIMU MHHEpAJIaMU IIHPOKO PACIPOCTPAHEHHBIX MarMaTHYeCKUX HIIN
MeTamopduueckux mopos (amdubdon, miarnokias, MUPKOH, MyMITEIIEUT, STHUIOT, TPaHaT, CTaBPOJIUT

THTAHUT).

Buvicokosoccmanosnennas manmuiinaa munepanvnasn accoyuayus (BBMMA). ConepxaHue KOM-
noHeHToB BBMMA B Tspkenoii ¢ppakuun COCTaBIsAEeT B CpeJHEM OKOJIO 2 %o
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Puc.2. Muxpogororpapun yactur BBMMA n3 nammponToBoii Tpyoku Mpust: a-2 — TMXKC chepyisr;
0 — 4acTHIIa HelpaBIILHOH (Gopmbl, ciokeHHass TMIKC cTexioM; e-m — 4aCTHIIBI, COCTOSIINE U3 CAMOPOJHBIX

Crn

DOI: 10.31897/PMI.2020.2.150

METAJUIOB U HHTEPMETAJUIMYECKHUX CIUIaBOB (e-M, p — chepynonono0Hble YaCTULIbI, H-1 — YAaCTHIbI HENPABUIbHON
(hopmbl, ¢, m — CTEP>)KHEBUAHBIC YaCTUIIBI CAMOPOJIHON MEJIH); Y-y — IBreJpanbHble kpuctaiuibsl Kyconrura (WC);

TI/ITaH-MapFaHeI_I-)KeJ'ICSO-CI/IJ'II/IKaTHBIe

CoctaB TMXC crexia mpuBesieH B Tab. 1.

chepyst
BBMMA 1py06ku Mpus. B ciydae, korna pasmep TMXXC uwactun menee 1,5 MM, oHE UMeErOT chepuye-
ckyro popmy (puc.2, a-e), ecnu pazMep OOJbIle, OHU NMPUOOPETAIOT HEMPaBUIbHYIO GhopMy (puc.2, 0).
Hekotopple gacTuipl comepkaT 3HAYUTEILHOE KOJMYECTBO Ta30BBIX MY3BIPbKOB (puc.2, 9). TMIKC
cdepyinbl MOTYT COAepXkaTh MeJKHe chepuyecKre BKIIOUEHHs] CaMOpPOJHOro keje3a. B HekoTopbIx
cllyyasiX IMpPHUCYTCTBYET KpHCTaliMueckas (aza, MpeAcTaBIeHHas WJIBMEHUTOM WM MHPO(AHUTOM.

Y-y — 3epHa MAHTUHHOTO KOPYHJIa

SABJIAIOTCA JOMHUHHUPYHOIIMM  KOMIIOHCHTOM

Tabnuya 1
Conep:xanne ocHOBHBIX 371eMeHTOB B TMIKC crexiie Tpyoxkn Mpust (mac. %)

Howmep o6pa3ua Si0, TiO, ALO; FeO MnO MgO CaO Na,O K,0 Cymma
SH2-2-1 18,71 39,12 2,76 12,30 13,09 2,27 8,84 0,86 2,06 100,01
SH2-2-2 19,27 39,87 2,95 10,25 12,98 2,44 9,18 1,07 1,99 100,00
SH2-2-3 18,56 41,06 2,83 9,46 13,57 2,29 9,34 0,84 2,05 100,00
SH2-2-4 18,49 39,18 2,84 12,82 12,86 2,27 8,97 0,82 1,75 100,00
SH2-2-5 18,44 39,04 2,86 12,63 13,12 2,30 8,91 0,80 1,90 100,00
SH2-2-6 18,40 41,91 3,06 8,77 13,39 2,37 9,51 0,80 1,80 100,01
SH2-2-7 17,64 38,47 2,67 14,39 13,02 2,13 8,96 0,79 1,93 100,00
VG-2012-10M 17,87 39,05 3,69 16,97 8,98 1,85 10,93 - 0,66 100,00

15,16 42,72 3,26 16,48 8,22 2,14 11,37 - 0,66 100,00
VG-2012-17"M 17,77 37,99 2,56 18,68 11,33 2,80 8,20 - 1,41 100,74
17,76 36,56 2,83 19,98 12,12 2,46 6,91 - 1,39 100,01
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YacTuupl caMOpPOAHOrO MeTaula M HHTEPMETAUIMYECKHX CILJIaBOB IPOSBISAIOT pa3sHooOpasue
¢dbopm. Hexoropeie yacTHIipl UMEIOT chepruaecKyro nin OIu3Kyro K chepudeckoid hopmy (puc.2, e-m, p),
Jpyrue UMEIOT MOJTHOCThIO HEMPaBMIIbHYIO (OPMY, 4acTO C OIUIABICHHON MOBEPXHOCTHIO (pHC.2, 0, n).
Yactuiel caMoOpoHO Meau B OOJIBIIMHCTBE CIIy9aeB MMEIOT HUIHMHIAPHYECKYI0 dopmy (puc.2, ¢, m).
ITo coctaBy MOXKHO BBIZIETIMTD JIBA OCHOBHBIX KJIacca YacTHIL: 1) YacTUIbl, B KOTOPBIX CBUHEI] SBJISIETCS
JOMHHHMPYIOIIUM KOMIIOHEHTOM, CPEH HUX MOXHO BBIICJIIUTh COOCTBEHHO CBUHIIOBBIE YACTHIIBI U Yac-
TULBI ¢ pa3nuuHbIM cooTHomenueMm Pb, Sn, As, Sb, Ar, Cd (puc.2, sc-n); 2) 4aCTHIIBI, COCTOSIINE U3
camoponHoi Mmenu (puc.2, p-m). Taxxe Obu1 oOHapykeH enuHM4YHBINA ¢(parmeHT chepynsl Fe-Cr-Ni
cocTana (puc.2, e).

Kyconrut (CW) Bcrpeyaercsi MCKIIOUUTENBHO B BHJE WHIAMBHUIYAJIBHBIX HEMPO3PAuHBIX 3€pEH
pasmepoM ot 0,2 10 2 MM CTaJIBHO-CEPOTro LIBETA C rOJyOOBaTHIM OTTEHKOM M METAITIMUECKUM OJIeCKOM
(puc.2, y-y). O6bI4HO MHHEpAT 00pa3yeT yrioBaThle 3epHa HENPaBUIBHON (POPMBI, BCTPEUAIOTCS TaKXKe
Cy03Bre/ipabHbIC U ABrepaIbHbIE KPUCTAILIBI.

MaHTHITHBII KOPYHJ BCTpPEUYaeTCsl B BHUJE YIJIOBATHIX OOJIOMKOB HEMPaBMIBHON (OPMBI, pazmep
3epen ot 0,1 no 1,5 MM (puc.2, y-uy). Okpacka MUHEpaJia BapbUpPyeT OT KPAaCHOIO M MypPIYpPHOTO 10
Ceporo M KOPHMYHEBOTO. XapaKTEpPHOH 4epToi MUHepasa SBJISETCS MPUCYTCTBHE BKIIOUYEHUN OecKu-
CIIOpOAHBIX (ha3, a Takke aMOP(HBIX OKCHUAHBIX U KPUCTALIMYECKUX OKCHAHBIX (a3. [Ipyroit ocoben-
HOCTBIO MaHTHMHOTO KOpPYHJA SIBJII€TCS IOCTOSHHOE MPUCYTCTBHE NPHUMECH THTaHa, 10 2 Mac. %.
Brurouenus 6eckucnoponusix ¢a3 npeacrabiensl ocoopautom (TiN), Ti-Fe cunmummnamu (tadi.2).

Tabruya 2
CocTaB BKJII0YeHHIT 0eCKHCI0POAHBIX (pa3 B MAaHTHITHOM KopyHAe (Mac. %)

Homep | Kowmonentt | Ti Al | e | Fe | Mn| Mg | calcal| x| P | s | Cyuma

obpasia CIuiaBa
Cr3-1-2-1 Bacconur 2,50 51,48 | 3,05 - - 1,77 1 0,26 | 2,18 | - - - 38,76 | 100,00
Cr3-1-2-1 (TiS) 2,30 53,14 | 1,83 - - 1,38 | - 1,49 | 0,58 | 0,24 | — [39,04| 100,00
Cr3-1-2-2 Fe-Ti-Si 21,21 25,79 | 0,62 | 2,63 | 47,72 | 2,03 | - - - - - - 100,00
Cr3-1-3 Fe-Si 15,37 4,33 - 1,75 | 78,50 | 0,05 | - - - - - - 100,00
Cr3-1-3 Fe-Si 15,99 5,03 - 1,81 | 77,17 | - - - - - - - 100,00
Cr3-1-3 Fe-Ti-Si 20,31 29,41 - 1,87 | 48,03 | 0,39 | - - - - - - 100,01
Cr3-1-3 Fe-Ti-Si 20,01 28,38 - 2,09 | 49,17 |1 0,35 | - - - - - - 100,00
Cr3-1-3 Fe-Si 23,02 6,90 - 2,24 | 67,56 | 0,29 | - - - - - - 100,01
Cr3-1-3 Fe-Si 22,49 6,52 - 2,31 | 68,42 | 0,26 | - - - - - - 100,00
Cr3-1-4 Fe-Si 16,28 4,00 - 1,53 | 78,19 | — - - - - - - 100,00
Cr3-1-4 Fe-Ti-Si 19,25 29,41 - 1,12 | 48,96 | — - - - - 1,27 | - 100,01

Cpeny OKCHIHBIX BKIIOYEHHH B MAaHTHIHOM KOPYHJ/IE€ MOXXHO BBIACIUTH ISATh OCHOBHBIX THIIOB:
Ti-Zr-Al u Ti-Al amopdublie (azbl ¢ T0BOJIBHO U3MEHUNBBIM COCTaBOM; KpHCTaInueckas asa, npenu-
CTaBJIeHHas TMOOHUTOM; (pa3za PYTHIIOBOIO cocTaBa M (ha3a IOJEBOLINATOBOIO COCTaBA, B YaCTHOCTU
aHJIE3UHOBOT 0.

AnmMa3z mpescTaBieH KyOOoKTasaApudeckuMu Kpuctamiamu pazmepom 0,1-0,3 MM. AsmMasbl X0poIo
coxpaHeHbl (KOd(hGUIIUEHT COXPaHHOCTH 2,5), TIOTYNPO3paYHbl, UMEIOT KEITYI0, JKEITO-3EICHYI0 U Ce-
PO-3€JIEHYIO0 OKPACKY.

Ilopoooobpasyowue u axyeccopmvie MuHepavl pacnpoCmMpaHenHvix munog nopoo. OUYeBUIHO,
gyto ecii BBMMA MoxeT ObITh MPUYHCICHA K IOBEHWJIBHBIM MarMaTOI€HHBIM KOMIIOHEHTaM BYIIKa-
HOKJIaCTU4eCKUX (auuii TpyOku Mpusi, To opo1oo0pa3yroniye u ak[ecCOpHble MUHEPabl MOTYT ObITH
MHTEPIPETUPOBAHBI KaK CITyYaliHBIA MaTepHal, CBI3aHHBIN C pa3pylieHHeM MaHTUHHBIX HOYJIeH, HHTPY-
3MBHBIX JIAMIIPOMTOB U KpUCTAUIMYECKHX mopon (yHmamenTa. OCHOBHBIMH KOMITOHEHTAMH TSDKEIIOH
MuHepanbHOU (pakmmu (okosio 80 %) SBISFOTCS aMPUOOIIBI, IIMPKOH M OKPYTIIBIC 3€PHA, COCTOSIIUE U3
CKPBITOKPUCTAIUIMYECKOIO arperara, BKIIOYAIOIEero 0apuT, akTHHOIUT U JOJOMHUT. OCTaBIIAsCS 4acThb B
Pa3HBIX MPONOPIHSIX COACPKUT UIHBMEHUT, TUIArHOKIIa3, MMyMIIEJIeUT, SMTUAOT, TpaHaT, CTABPOJIUT, TUTA-
HHT ¥ KoMIToHEeHTEl BBMMA.

AmduOomBI pescTaBIeHb! AByMs pasHOBUAHOCTAMU. [lepBas — 310 KanbiueBble am(puOonbl psia
TPEMOJIUT-POroBasi 0OMaHKa, MUHEPaJI MPO3PAYHbI U OKpAIlIeH B 3€JIEHBIN IBET, YMIUpHUUIecKas ¢hop-
myna (Nag 05Ko.04)0.00(Ca1 50Nao 19)2.00Mgs.13Fe* 0 57Mng 08 Al 06)s.14 [(Si778A10.22)8.00022](OH),. Bropas

154
3anucku MNopHozo uHemumyma. 2020. T. 242. C. 150-159 e [eonozus



W.I Suenko, C.I".Ckybnos, E.B.Jlegawoea, O.J1.ManaHkuHa, C.H.Bexewa DOI: 10.31897/PMI.2020.2.150
Cocmag chepyin U HUKXHEMaHMULHbIX MUHEPaos, U30MoNHO-2e0XUMUYECKas Xapakmepucmuka...

pa3sHOBUIHOCTH — OTO 4epHas poroBas oOmanka, smnupudeckas Qopmyna (Nag36Ko25)o61
(Cay.90N2g 01)2.00(Mg230Fe* "2 19Alo 45 Tio 0sMng 04)5.09[(Sis 60Al1 40)8.80022](OH),. Tlo cocTaBy mepsas pas-
HOBHUJHOCTb aM(puOOI0B COOTBETCTBYET am(puboIaM MHTPY3UBHBIX JIAMIIPOUTOB TPyOku Mpwus u, Ta-
KUM 00pa3oM, BEpPOSTHO, CBSI3aHa C pa3pylIeHneM Oosiee paHHUX MHTPY3UMBHBIX (pa3. PoroBas oOmanka
BTOPOI Pa3HOBHIHOCTH HE COOTBETCTBYET M3BECTHHIM Pa3sHOBUIHOCTAM aM(pHUOOJIOB M3 MHTPY3UBHBIX
JAMIIPOUTOB M, MPEANOJIOKUTENIBHO, CBA3aHA C pa3pylIeHueM MeTaMOp(hUUYEeCKUX IOpOJ KPHUCTAIIU-
YEeCKOI'0 OCHOBAHHMSI.

I'panar npezcTaBiieH 1ByMsl Pa3HOBUAHOCTSIMH: PO30OBBIN I'paHaT aJlbMaHIMH-ITHPOIIOBOI'O COCTaBa,
OMITUpHUYCCKaA (bopMyna (Fez+2.34Mg0.48CaO.17Mn0.05)3.05(A11.87Fe3+0.12)1.99[Si2.97012]; KpaCHOBaT0—6ypI>II71
IpaHAT aHIPaIUT-IpoccyiIspoBoro cocrana (Caz.ooMgo 0g)3(Alr0oFe® o.87)1.0s[Si3.02012].

OO6JsIOMKH NIarvoOKJIa3-3MUJ0TOBOM MOPOBI, CKOpPEe BCEro, SBISAIOTCS KCEHOTEHHBIMM, CBS3aH-
HBIMH C pa3pylIeHHEeM MeTaMOpP(QUYECKUX IOpOJ OCHOBAHHS, dMIHpUUYEcKas (HopMmyna 3MUI0TA
Caz.03(Fe3+0.89Mg0.09Mn0.01)0.99A11.90[Si3.0801 1JO(OH). [Tnaruokiia3 “MeeT aHIC3MHOBBIN COCTaB.

[Tymnenent BcTpeyaercsi B BUAE OKaTaHHBIX IPO3PAYHBIX 3€PEH OJUBKOBOIO IIBETA, SMIIMPUYECKas
(1)opMyna Ca1.90 (F62+0.62A10.37)A12.00[Siz.%o]1](OH)2'H20.

CTaBponuT MpesCTaBiIeH OKaTaHHBIMU IPO3PAaYHBIMM 3epHAMU KPAacHO-Oyporo mBeTa, SMIUpUYe-
ckast popmymna (Fe* | 1sMgo s0)1 92(Als saFe® 0 42)8.06[Si3.39020] (0, OH)s.

Tutanut o0pasyer 3BreapanbHbIe 3epHa OypOBaThIX OTTEHKOB, pa3Mep 3epeH 10 1 MM.

MUKpOKpUCTAIUINYECKUN OapUT-aKTUHOIUT-A0JIOMUTOBBIN arperar MpeaCcTaBlIeH OKPYTJIBIMH 3ep-
Hamu Oenoro 1Beta. Pasmep 3epen 1o 2 MMm. O6pa3zoBaHue 3THX YacTUI] MOXKHO CBS3aTh C IIPOIECCaMH
BTOPHYHOTO MPEOOpPa3OBaAHMSL.

upkoH. Pa3mep m3yuyennoro nupkona gocruraer 400-500 MKM, 3T0 YMEPEHHO OKaTaHHBIE KPH-
crajuiel, 1100 UX 06moMku (puc.3, a). bonpiias yacTh HUPKOHA MMEET TEMHBIH, BIUIOTh 10 YEPHOTO,
OTTeHOK B KaTomomtoMmuHecteHuu (CL) co cmegamMu moiaoc4aroil pocToBOM OCHMIUISIIMOHHON 30HAb-
HocTH. VIHOT/1a IpOosiBIIeHa MO3anyHasi 30HAIBHOCTh, COUETAIOIIAsCS C OCHMIUIALMOHHON 30HATBHOCTHIO
(3epna 10.1, 12.1, 13.1). HekoTopsie 3epHa IIMpKOHAa UMEIOT KalMbl, BbiAestonecss B CL TemHO-
CepbIM WM, YTO peke, OelbIM OTTEHKOM. YacTh 3epeH IIMPKOHA XapaKTepU3yeTcss TOHKOIMOJIOCYATON
POCTOBOM 30HAILHOCTHIO B cephix ToHax CL (mampumep, 3epna 6.1, 7.1, 15.1).

s wepHoro B CL mupkoHa U3 OKpyriaoro JoMeHa 6e3 Kakon-JInO0 30HaJIbHOCTH, PACIOI0KEHHO-
ro BHYTPHU 3€pHa C TOHKOIOJIOCYATON OCIMUIALIMOHHON 30HAJIBHOCTBIO (Touka 13.1, puc.3, a), momyue-
HO camoe JpeBHee CyOKOHKOpAaHTHOe 3Hauenue - Pb?**Pb-Bospacta 3728 + 12 muiH jet. DTOT AOMeH
OTJIMYAETCSI CAMBbIM BBICOKMM, CPEIU UCCIEAOBAaHHOIO LHUPKOHA conepkanuem U, paBHbIM 325 ppm, u
Th/U ornomenuem 0,79. OctanbHble MpOaHATM3UPOBAHHBIE TOYKH HHUPKOHA 00pa3yroT CyOKOHKOp-
JAHTHBIA KJIacTep Ha Auarpamme ¢ KoHkopauei (puc.3, 6). Tpu Touku mupkona (6.1, 11.1 u 7.1, puc.3, a)
OTJIMYAIOTCS OT APYTHX TOYeK KiacTepa Gojee ApeBHHM 3HaueHmeM  Pb/*’°Pb-Bospacra, momanaro-
M B uHTepBa 3022-3060 MiH JieT. T TOYKKM UMEIOT TeMHO-cephiil oTTeHoK B CL 1 xapakrtepusy-
FOTCSI TOHKOITOJIOCYATOM OCHMIUIALMOHHON 30HaIBHOCTBIO. Cozmepkanre U B HMX 3HAUUTENBHO HUXKE,
gyeM B Touke 13.1, u cocraBmusier 38-87 ppm npu Th/U orHomenuu 0,24-0,47. Yepes 9 Touek BO3MOXKHO
IIPOBECTH JAMCKOPIHMIO CO 3HAUeHUEM BepxHero nepeceuenus 2909 + 13 muH et (puc.3, 6), KoTopoe
BO3MOKHO PacCMaTpHUBATh KaK BO3PACT KPUCTAUIM3ALMHU 3TOTO LUPKOHA. 3HAYEHHUE HIDKHETO Iepece-
YeHus AUCKopauu 595 + 680 MITH JIET COOTBETCTBYET Ha4aly KOHKOPIUU U MOXKET OBITh MPOUHTEPIIpe-
THPOBAHO Kak moteps paauoreHHoro Pb B coBpemennoe Bpems. Coneprkanue Th u U Bapbupyer B pac-
CMaTpHUBAaEMOM LIUPKOHE OT mnepBbIX aecsaTkoB 10 300 ppm, Th/U orHomenue Bapbupyer ot 0,62 1o
3,10, cocraBnusisi B cpeaneM 1,18, yTo xapakTepHo sl IUPKOHA MarMaTtuyeckoro reHesuca [13]. Bech
HCCIIEIOBaHHBIN IUPKOH IEMOHCTPUPYET CXOIHBIN Xapakrep pacnpenenenus REE (puc.3, ) ¢ BbIcOKoi
CTENeHbI0 (pakuoHUpOoBaHUA OT Jerkux K TsokenbiM REE (Lun/Lay oTHOIIEHHE B CpeiHeM paBHSETCS
6068), yeTko TposBICHHOI monoxkuTebHoit Ce-anomanueit (Ce/Ce’ B cpeiHeM cocTaBiseT 63) u or-
punarensHoit Eu-anomamueii (Eu/Eu” B cpensem cocrapister 0,38). Cymmaproe conepxkanne REE
Bappupyet oT 213 no 1241 ppm, xoppenupys ¢ cogepxkanreMm Y u P. MunumansHoe conepxxanue Y, P
1 REE ycraHOBIIEHO B IIMPKOHE ¢ HauGoIbIINM 3HaueHneM - Pb/**°Pb-po3pacta (Touku 13.1, 6.1, 11.1
u 7.1). lns oTHX K€ TOYEK XapaKTepHOo MoHrmkeHHoe conepkanne Hf. Ckopee Bcero, IUPKOH C IpeB-
HUM 3HAQ4E€HHEM BO3pacTa MPOMCXOAUT U3 MOPOJ OCHOBHOrO cocrasa [14]. B npyrux todkax nupkoHa
coziepskanre Y MOKeT ObITh B IISATh pa3 BhIIIE, Takke nosbimaercs coaepskanue Hf u P. Takue reoxu-
MHYECKHE XapaKTEePUCTUKH MPUCYIIN IUPKOHY U3 TPAHUTOUIOB U OPOJ CPETHETO COCTaBA.
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Puc.3. M3o6paxenus (CL) mupkoHa u3 Tpyoku Mpusi, pazmep Kpatepa HOHHOTO MHKpPO30Ha 0Koito 20 MKM (a); quarpamma
¢ KOHKOp/MeH Ut IUpKoHa u3 Tpyoku Mpust (6); ciextpsl pacnpenenenus REE B iupkone u3 Tpyoxu Mpus ()

Coneprxanue HehopMyIbHBIX eMeHToB Ca, Sr 1 Ba HeBennKo, 4To TOBOPUT 00 OTCYTCTBUH IPO-
[IECCOB M3MEHEHHUsI LIMPKOHA B pe3ynbTaTe Bo3AeHcTBUs ¢uironoB. 3HadeHue Temreparypsl mo «Ti-B
uupkoHe» tepmometpy [11] monagaer B unrepran 640-870 °C npu cpennem 3HaueHuu 715 °C. Otu
3HA4YEHUs TEMIEepaTypbl MOKHO paccMaTpHBaTh Kak YCIOBUS KPUCTAJUIM3ALUU LIUPKOHA Marmarude-
CKOr0 I'eHe3Hca, JIMOO Kak ImapaMeTphbl TPaHyJIUTOBOrO MeramMopdu3Ma, HAJIOKEHHOIO Ha Marmarude-
CKUM LIMPKOH.

Panee o nupkoHy u GIIOTONUTY U3 CIHIOASHBIX YIbTPAOa3UTOB TPYOKH Mpus ObLI OIpeieseH BO3-
pact 2000-1720 miH neT, MpUHATHIN 32 Bpemsi o0pa3oBaHus nopoa Tpyoku [1]. XKuimsHoe Teno amruiu-
TOBHUIHBIX TPAHUTOB, CEKYIINX CIIOSHBIC YIbTpada3uTel Tpyokun Mpusi, umeer Bozpact 1720 + 20 muH
net [7]. JloruaHO IPEanoI0KUTh, YTO U3YYCHHBIN IIMPKOH SBJISCTCS KCEHOTCHHBIM JIJISl TOPOJI TPYOKH U
ObLT 3aXBavyeH B Ipoliecce ee BHeIpeHus U3 nopoa ¢pyHaamenta. I1o reosornyeckuM AaHHBIM MOPOJIBI
TpYOKH MPOPHIBAIOT MUTMAaTU3UPOBAHHBIE TUIATMOTHEWCH U aM(UOOIUTHI JparyHCKOM TONIIM Majeoap-
xed. ['eoxpoHoiOruyeckue AaHHbIE Ui MOPOJ APAaryHCKOW TOJIIM BecbMa OrpaHHWYeHbl. M3BecTHO
eqmuIaHOe onpesenenne 20 Pb/2%Pb-sospacta, monydeHHOE TPaIUIHOHHBIM METOIOM 110 MOHO(pPAK-
MU IIUPKOHA U3 TPAaHAT-OMOTUTOBOTO THElCa, cocTaBistomee okono 3054 miH net [2].
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JlokansHOE HaTHpoBaHKE LUPKOHA U3 pa3IMUHbIX Oopoa CanThluaHCKOW MarMaTH4eCcKOM MpOBUH-
IIUH, B Tpesesiax KOTOpPOW pacrosiokeHa TpyOka Mpwusi, onpenenuio CpaBHUTENbHO Y3KUN MHTEpBai
BpPEMEHH CTAHOBJICHUS MHTPY3Hil rab0po 1 rpaHuToON10B, paBHbIi 2940-2910 mun net [16]. IlpuBenen-
HBbIE B HACTosAIIeH paboTe maHHBIe 10 Bo3pacty mupkoHa (2909 + 13 muH ner, puc.3, 6) coBnanawT B
npezenax MOrpelHOCTH € 3TUMH OINpeeNIeHHsIMUA. 3aMEeTHbIe OTJIMYHS B COCTAaBE IIMPKOHA IO PEIKHM
anemenTtam (copepkanue P, Y, Hf) mo3BonstoT mpeanonoxuTs ero 3axsar U3 NPpUMEPHO OJHOBO3PACT-
HBIX, HO Pa3HbIX IO COCTaBYy MOpoJ — rab0po u rpaHuTon0B. EnMuHNYHAs Haxo/iKa HUpKoHa ¢ Oojee
npesruM ~*’Pb/*"°Pb-Bo3pacTom 3728 + 12 MJIH JIET CBHIETEIBCTBYET O MPUCYTCTBHM B COCTABE HHIK-
Hell gactu QyHIameHTa mopoj naneoapxeiickoro Bospacra. Ilpenmonaraercsi, 4To BCTpedaromuecs B
cocTase NopoJ TpyOku Mpust 1yHUTHI (POPMUPOBATUCH B MIPOMEKYTOUHBIX Odarax Ha OOJIBIIMX TITyOH-
Hax [8] u mpu mepemenieHUH Ha Oojee BHICOKME YPOBHHM 3aXBaThIBAJIM LIUPKOH M3 IOPOJ HIKHETO
ypOoBHsI (pyHIaMEHTA.

[Tpenpiaymumy nccneoBaHusIMU TpyOku Mpusi n3ydeHHbIE HOPOJbI BYJIKAHOKJIACTHUECKUX (a-
Ul MHTEPIIPETUPOBAIUCH KaK KOpa BBIBETPUBAHUS MHTPY3UMBHBIX JIaMnpouToB. Hamm uccnenoBanus
MIOKa3aJIM, YTO MUHEepaIbHas (PpaKIysl MOPOJ SIBJISETCSI KCEHOTCHHOW MO OTHOLICHUIO K MHTPY3UBHBIM
JaMITpOUTaM. 3a UCKIIFoUeHHeM aMm(puOoIIOB psijia TPEMOIUT-POroBasi 0OMaHKa BCe APYrue KOMIOHEHTHI
MOT'YT OBITH OTHECEHBI K CIyJyailHOMY Marepuaiy, 3aXBaueHHOMY B IPOLIECCE HKCILIO3UBHOIO BHEIpE-
HUS ¥ TIPOUCXOJSIETO U3 Pa3IMYHBIX UCTOYHMKOB. Mcxoms U3 mpeamnongaraeMpIX HCTOYHUKOB IPOUC-
XOKJICHUSI MHUHEPAJIbHBIX YacTHI], 37€Ch MOXXHO BBIACIHUTH CJIEIYIOILHEe MHUHEPaJIbHbIE aCCOLMAIUU:
1) r1oBeHHIIbHBIE MUHEPATbHBIC YaCTHUIIBI MAaHTHIHOTO TPOHCXOKAeHUs, BKitodaromme TMXXC chepy-
JIbl, YaCTHUIBl CAMOPOJHBIX METAIOB U MHTEPMETAIMUECKUX CIIJIAaBOB, MAHTHHHBIA KOpYyHH, Oecku-
CIIOpOJIHBIE MUHEpaJbl (KYCOHTHT, ajJiMa3); 2) TOPHOJICHIUTOBEIC, OJIMBUHUTOBBIC M TyHUTOBBIE KCEHO-
JIUTHI, CBSI3aHHBIE C Pa3pyIICHUEM MAaHTUHHBIX HOMYyJe; 3) 3epHa ampubona psga TPEMOIUT-POroBast
oOMaHKa, BEpOATHO, 3aXBaYCHHbIE M3 MHTPY3UBHBIX JIAMIPOUTOB; 4) CiydaliHBI MaTepuasl, OTHOCS-
IMHACSA K MarMaTH4eckKUM U MeTaMOpQHUECKUM MOPOiaM KPHCTALIMYECKOrO0 OCHOBAHHUS U BKJIIOYAIO-
IIUH CIIEAYIOIME KOMIIOHEHTHI: IINPKOH, YEPHYIO POTOBYIO OOMaHKY, IUIarMOKiIa3, SIHUI0T U TPAaHUTHbIE
KCEHOJIUTHI; 5) BTOpUYHbIE U3MEHEHHBIC MHHEPAJbl, IPEICTABICHHBIC INIMHUCTHIMUA U KapOOHATHBIMU
MHHEpajlaMl B OCHOBHOM Macce TMOpOJAbl, a TaKKe MHOTOYUCICHHBIMH OapUT-aKTHHOJIUT-
JIOJIOMUTOBBIMH arperaramui; 6) MUHEpajbl HEONpEAEICHHOrO0 MPOUCXOXKICHUS, TaKUe KaK I'paHaThl,
CTaBpPOJIUT, TUTAHUT (C OAHOM CTOPOHBI, OHM MOT'YT OBITH MHTEPIIPETUPOBAHBI KaK (hparMeHThl KpH-
CTAJUIMYECKUX IIOPOJl OCHOBAHMS, C APYrOM CTOPOHBI, HAONIOJEHUS IOKa3ajld, YTO OHU HEH3MEHHO
BCTpevaroTcsi coBMecTHO ¢ BBMMA B pa3nn4HbIX NPOSBICHUAX, T.€. MOT'YT ObITh MaHTHIHOTO IpOHUC-
XOXKICHUSA).

OCHOBBIBasICh Ha PE3YJIbTaTaX HCCIEIOBAHUN MUHEPAIBbHOIO COCTaBa MOPO, aBTOPHI MOJIATAIOT,
YTO M3y4YEHHBIE MTOPOJbl HE SBJISIFOTCS KOPOHM BBIBETPUBAHUS MHTPY3UBHBIX JIAMIIPOUTOB, a MpE/ICTaB-
JSIOT COOOM MHAMBUIYAIbHYIO MHTPY3MBHO-ITMPOKIACTHUECKYI0 MU TyhduzuroByto daruio Tpyoku
Mpuisi, BHEAPEHHYIO TI0CiIe 00pa30BaHUs TeJl UHTPY3UBHBIX JIJAMIIPOUTOB. DTO yTBEPXKAECHUE IPEACTaB-
JSIeTCSL BAKHBIM C TOYKH 3PEHUS IMOHMMAHHS NEPCHEeKTUB alMa30HOCHOCTH TpyOku Mpus. CoriacHoO
OOLIEPUHATON MoJeNH CTpoeHust TpyOku Mpust gpauuu, paccMarpuBaeMble HaMH KaK BYJIKaHOKIACTH-
YeCKHe, CIIaraloT BEPXHIOK YacTh CTPYKTYPhl MOIIHOCTBIO B IEPBBIE JIECSITKU METPOB M MEPEKPHIBAIOT
uHTpY3uBHbIE (anuu (cM. puc.l, 6). [Io HeonydaukoBanHbsiM ganHbIM C.H.CTpeko3oBa pacnpenenenue
(amuii B pazpese TpyOKH UMeeT Kya 0osee CIOKHBIN XapakTep M0 CPAaBHEHHUIO C U3BECTHOW MOJIEIBIO.
JlanHble OypeHHs MOKa3bIBalOT HEBBIIEP)KAaHHOE YepeNOBAHWE MHTPY3UBHBIX JIAMIIPOUTOB, BMEIIAIO-
IIUX TOPOA U 30H Apobienus. Takum o0pa3oM, He MCKIIOYEHO YTO OCHOBHOE TeJIO TpyOKU nmeer O1o-
KOBOE€ CTPOEHHE I10 TUILY TJIBIOOBBIX OpEKUYUil ¢ MPOHU3BIBAIOIINMHU HUHTPY3UBHBIMH MHPOKIACTUTAMH,
00pa3yroIUMH ITOKBEPKOBYIO CTPYKTYPY.

OmneiT u3ydennss BBMMA B 3KCIUIO3UBHBIX CTPYKTYPax Pa3iMYHBIX aJIMa30HOCHBIX NPOBUHIIMN
[IOKa3bIBAET, YTO BCE KOMIIOHEHTHI ACCOLHUAIMU BCTPEUYAOTCS MCKIIOYMTENBHO KaK MHIUBUAYaJIbHbIC
00pazoBaHusl, HE MPOSBIISIONIME HUKAKOTO CPOJCTBA HU C BMEMIAIOUIMMHU SKCIUIO3UBHBIMH ITOPOJAMH,
HU C KCEHOJMTaMH TIIyOWHHOTO IapareHe3uca (JIEpLOIUTHI, SKJIOTUTHI). Jpyrumu cioBamu, Kaxkaas
YJacTHIAa — 3TO MHAWBUIYAJIbHAS «MarMaTudeckas» cucreMa, chopMHpoBaHHAs BO (pIOMAHON cpexe
IIPU PE3KOM MOHMKEHHUU TEMIIEPATYyphl, T.€. IPU YCIOBUSAX, HE COIIACYIOIIMMUCS C OOIEIPUHSATHIMU
U1l 00pa30BaHUsl MarMaTHUECKUX 1Mopoa. Bo3HukaeT Bompoc, U3 KaKMX UCTOYHUKOB C(HOPMUPOBATTUCEH
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CHJIMKaTHO-MeTaimnaeckue chepynsl? OueBuaHO, 4TO UCXOoAHbIe paciiiaBbl BBMMA ob6pa3oBanuchk B
PE3KO BOCCTAaHOBUTENBHBIX YCIOBUSAX IPU 3KCTPEMAIBHO BBICOKMX TemmepaTypax [9]. CrabumbHoe
MaciTabHOe CYIIECTBOBAHNE MOAOOHBIX YCIOBUI C PaBHOBECHBIM IPHCYTCTBUEM TYTOIJIABKUX CHIIU-
KaTHBIX, OKCH/IHBIX U METAIIMYECKuX (a3 MOXKHO OKUAATh TOJIBKO B IEPEXOJHON 30HE MEXKIY SIAPOM
3emiM ¥ MaHTHEH. MOXXHO IPEAIONOKUTh, YTO 00pa30BaHHE NMEPBHUYHBIX METAJTIO-CUIIMKATHBIX pac-
mmaBoB BBMMA cBsizano ¢ nepexoaHoit 3oH0i D" [9, 11]. DTu BBIBOJBI COTTACYIOTCSI C KOHIIEHIUEH,
npeiokeHHon @.B.KaMUHCKMM O CTpOGHHMM HM)KHEH MaHTUU U MEPEXOAHOH 30HBI MEXIY SAPOM U
MaHTHEH [15].

BriBoabI

1. YcTaHoBIIE€HO, UTO N3Yy4EHHBIE BYJIKAHOKIACTHUECKUE OTIOKEHHS TPYOKH MpHst He MOTYT OBITh
KOpO¥ BBIBETPUBAHUS JAMIIPOMTOB. ABTOPBI HHTEPIPETUPYIOT UX KaK MHTPY3UBHO-ITUPOKIACTUYECKHE
¢bamuu (TyddusuTsi), 06pazoBaHHBIC TIOCIIE BHEIPEHHSI HHTPY3UBHBIX JIAMITPOUTOB.

2. HTpy3UBHO-NIMPOKIACTUUECKUE TIOPOJBI COCTOAT U3 FOBEHWIBHBIX KOMIIOHEHTOB MaHTUIHOIO
npoucxoxaeHuss (BBMMA), MaHTUHHBIX KCEHOJHMTOB YJIBTPAOCHOBHBIX IOPOA, KCEHOI'€HHOI'O Mare-
puasia, CBA3aHHOIO C BMEINAIOIMMU I[OPOJAMU M BTOPUYHBIX MHHEpanoB. CieqyeT OTMETHUTbH, UTO
HMMEHHO B 3THX Mopojax TpyOku Mpusi Obliii 0OHapy>KeHbI alIMas3bl.

3. YcroifuuBas TeHneHIMs koMnoHeHToB BBMMA k oOpasoBanuto chepudeckux (HopMm CBHUIE-
TEJICTBYET, YTO MX (OPMHUPOBAHUE IMPOMCXOIMIIO HEMOCPEICTBEHHO M3 PacCIUlaBa B pe3yJbTaTe €ro
pacrblIeHus BO (DIFOMIHBIX TOTOKAX.

4. KiroueBoe HabIOZECHUE 3aKIIIOYAETCS B TOM, 4TO KOMIIoHEHTs BBMMA BcTpeuarorcst coBme-
CTHO, HO HE JAEMOHCTPUPYIOT B3aUMOOTHOILIEHHUI IPYT C APYroM, KaKk U HE MPOSABISAIOT CPOJICTBA C U3-
BECTHBIMM MaHTHHHBIMU 1opojamMu. Briosnine BeposTHO, uTo ncrouHnkoM BBMMA 6butn u3onupoBas-
Hble 00BEMBI COOTBETCTBYIOIIMX PAcIlJIaBOB, PACIIOIOKEHHBIE B MEPEXOAHOM sAApo-MaHTHUs 30HE. He
CllelyeT pacCMaTpUBATh CYLIECTBOBAaHME IMOJOOHBIX PAacIlJIaBOB KaK SK30THUECKOE SIBIIEHHUE, CBSI3aHHOE
C KMMOEpJINTOBBIM WJIM JIAMIIPOUTOBBIM MarMaTH3MOM, CKOpee 3TO II00aabHOe OOlIenIaHeTapHOe SIB-
JeHue. AHanu3s nokaszai, yto Haxoaku BBMMA uacTuil He cBsi3aHbl C OIpeAeEHHBIM THIIOM 1Opos |3,
4, 9], a mpuypoueHbl UMEHHO K SKCIIJIO3UBHBIM CTPYKTYpaM 3€MJIM U BYJIKAaHOKJIACTUYECKUM (arusm
9TUX CTPYKTYpP B YaCTHOCTH.
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