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NPEAMCIIOBME

IMonckoBoe 3HaueHWe MHIHKATOPHHIX MHHEPaJoB KHMGepJHTOB — anMa3a, NHpona,
MJIbMEHHTa, XPOMIINHHEAHIa H HEKOTOPbIX APYFHX — HCKJAIOUHTeAbHO Beanko. Buaaro-
Aaps MPHMEHEHHIO LLTHXO-MHHEPAJOTHYeCKOr0 MeTOa C HCMOJIb30BaHHeM MepeuHcien-
HBIX MHHEpaJaoB OblIH OTKPHITH GOJLIIHHCTBO KHMOGEDIHTOBHIX Tes, pocchinell asnMasa
H KPYTIHbIe aJIMa30HoCHbe NpoBHHLHH. IPdeKTHBHOCTE MeTosa 06yC/O0BIHBAETCH NpesK /e
BCEr0 TeM, YTO OH OCHOBHLIBAETCA Ha MPAMBIX NPH3HAKaX aJMa3’0HOCHOCTH — MHHepajax
KiMGep/auTOB, OGAaAIomKX THIOMOP(HBIMH CBOMCTBAMH.

Hauano crcremaTHueCKHX MOHCKOB asiMasa oTHocHTcs K 1866 r., korza ua Gepery
p- Opanxesas B IOxuoit Abpuke neganexo ot r. Xonrays 6w Haitgen aaMas B 21,74 xa-
para, B [870 r. no saXoskaM KPHCTA//IOB aiMa3a B 3JI0BHH HEH3BECTHBIX [0 3TOTO
nopon OBUIMH OTKPHITH €ro NEepBble KOpeHHbie MecTopoxiueHus — flrepconreiin u
Hioroiitcnen, a B 1871 r.— BiontdonTeiin, [e-Bupe n Kumbepan, Ha3panubie nosisee
KHMOeP/IMTOBLIMH  TPYOKaMH,

[osxe Gblin oTkpuiThi TpyGkn «llpembeps, eMBanyu» @ Ap., a Takike POCCHIHbE
mectopoxaenns B lOro-3anaguofi Adpuke, Konro, Aurone u B apyrux actax Adpu-
KaHCKOro KOHTHHEHTa.

Insi paspaGOTKH METOLMKH M MHTEHCHHKALMH MOHCKOB aJIMasHBIX MECTOPOIKIEHHH
B Coserckom Coioze Goabiuyio poib chirpatn nportozst B. C. Co6onesa, yKkazabiuero
Ha BePOATHOCTb HAXOXK/EHHS aIMa3HEIX MecTopoxXAeHHH B Mexiypeube Eunmnceii — Jlena
u B Gaccefine p. Bamofi. B cBoeit kuure [95] oH oTMeyan noMcKoByIO pojib MHpOMa Kak
THOHYHOTO CNYTHHKA ajMa3a B TPyOKaXx H poccuinax. TeM He MeHee COBeTCKHe reo/iorH
Ha NepBOM STane OPHEHTHPOBAJHCE BCE e HAa HaXOIKH KpHCTa/wIoB aaMa3a. Tak, B 1949 r.
reojioruueckas naprus noxy pykosoacteom . X. ®daiinwrefina oOHapyXuia mepshie
KPHCTa/I/IH aMasa B SIKyTHH B pocchinsx Ha p. Bumoil. Heckoabko nosanee KpucTandibi
anmMasa GblIH HailZeHbl B pocchinsiX Ha p. Mapxa W npyrax pekax, 3anaiuoii S1KyTHu,
Ilo mopdostornn Kpucraiaos w3 pocchinelt Ha p. Bumioft u ero npurokax H. A. Bofxos
u M. A, TneBywes cena/n BHBOAL 0 KHMOepPJHTOBOH NpHpoge aamasa. Ouu laav npo-
THO3bl O KOPEHHBIX HCTOYHHKAX 3TOro MuHepasna (B pafionax p, Manas bBoryoGus, sepx-
Hero H cpenHero TeueHis p. Mapxa).

Bricokast aipexTHBHCCTD METOZHKH NOHCKOB ajaMasa IO MHHepaiaM-CITy THHKaM
6uiia fokasana B 1950-e rr. B 1953 r. H. H. Capcanckux u JI. A. lNlonyraesa B Bepxo-
BbAX p. Mapxa B umIHXaX oOGHAPYXKWJIH TIpaHart, KOTOPuIA OBl1 JHATHOCTHPOBAH
A. A. Kyxapenko Kak IHpon — THIHYHBII CIYTHHK ajiMasa B KHMGEPIHTOBBIX NOpoAax
Adpuku [89]. B 1954 r., Boopy®iIBIIHCh HOBOH nouckoBoill Metonukoi, JI. A, Ilonyraesa
orkpsuia nepewtii na CuGrpekoit naardiopme n B Coserckom Coloze KOpeHHOH HCTOUHHK
anMaza — KumGepanToByo TpyGKy «3apunuar [89]. 310 a0 HaYaAo NOMCKaM MecTo-
pomcHHil anMasza no MuHepajaMm-cuytHHkam. IlpiMederne WWIHXO-MHNEPATOTHUCCKOIO
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MeToJla 0Ka3aJoCh HCK/IIOYATENBHO MAOLOTBOPHBIM: GBLIO OTKPBITO MHOMXECTBO KHMGepau-
TOBBIX TeJ, B TOM YHCJE MeCTopoxkjJeHHs anma3za. [IpHMeHABIUMICA B TO BpeMs ULTHXO-
BOH MeTof GbI1 OTHOCHTEJLHO MPOCT, H MHOTHE [eOJIOTH-NOHCKOBHKH 6e3 ocofuix TpynoB
34 KOPOTKHH CPOK OCBOH/H OCHOBHble HaBbIKH LULIHXO-MHHEPaJOrHYeCKOro MeToja H
YCIEIHO €ro HEMoAb30BalH,

[Nouckn MecTopoxkIeHHH ajMa3a NTHXO-MHHEPAJOTHUYECKHM METOLOM CTHMYJHpO-
BalH [eTaJlbHOe H BCECTOPOHHee H3VueHHe HHIHKATODHBIX MHHEpPAJI0B KuMGEPIHTOB.
Buiii H3yveHbl HEKOTOpbie (HaHueCKHe CBOACTBA H XHMHYECKHIl COCTAB MHpONa, NHKPO-
HJIBMEHHTa, XpOMUINHHeIHAd, OJHBHHA H JP., YCTOHYHBOCTH HX NPH TPaHCIOPTHPOBKE
B COBpeMeHHBIX DYCJOBLEIX MOTOKAX.

B 1954 r. reonoramy HHUMI'A xpucranjnl aniMasa H ero MHHepPasbl-CIYTHHKH GbUIH
ofHapyXKeHsl B IEPMCKHX OTJ0MKeHHAX oKoao 03. Hanexn B [lanasimo-AnakuTckoM paii-
OHEe, 4TO MOCJYKHJIO OCHOBAHHEM A TPeNNo/MOXKEHHS O CYIIECTBOBAHHH 3JeCh MO3JHE-
Naneo30fCKHX KHMGepJIUTOBHIX TPYGOK, NMepeKpuITHIX TeppPHTeHHBIMH NMOpOJaMH M Tpam-
nami. Tleonoropassenounsie paboThl Ha Tpy6Ke «ChiThiKaHCKasi» [OATBEPAHIH ITO
NpeAnosioKeHHe M MNOKasaJdH HeoOXOAHMOCTh MPOBEAEHHS MOHCKOB morpeGeHHbIX KO-
PEHHBIX MecTOpo:KaeHH# aamasa [121].

OnHaKko npHMeHeHHWe NIpPH MOHCKax mnorpeGeHHEIX TPyGOK H3BECTHBIX B TO BpeMs
METOAHYECKHX [PHEMOB OKasaloch ManospdeKTHBHEIM H noTpeGoBajo yCOBEpIIEHCTBO-
BaHHA LIJTHXO-MHHEPaJOrH4eCKOro MeToja: 1eTaJbHOro H3yueHHs HHJHKATOPHBIX MHHEpa-
JIOB, BOCCTAHOBJIEHHS NMOBEPXHOCTH APEBHEro (JOKAMEHHOYTOIBHOr0) penbeda W BhINOAHE-
HHUA HEKOTOPHIX maieoreorpaduyecknx pexonctpykumi [121]. TIpumenenue Takoro KoMm-
JIEKCHOTO MOAX0Aa NMPHBEIo K OTKPEITHIO B 1962 I, nepBoil noiHocThio norpeGeHHoll MOX
TPHALLATHMETPOBOI TOJMIeHl BepXHeNajieo30HCKHX OT/IoxeHHit W TpanmoB Tpy6ku «Boc-
TOK», a uepe3 roa Ha rayGuue 76 M eme opuo# TpyGxu, HasBanHoit «[ToGepa» [121].

IllnnxoBoli MeToA NOHCKOB ajMasHbIX MeCTOpoXKaeHuil GbicTpo pasBuBAeTCA Ha
OCHOBe JOCTH:KEHHH MHHEPAJOTHH, NEeTPOJOTHH, TEKTOHHKH, COBpeMeHHLIX crocoGoB
H3Y4eHHs BelleCTBa H, KOHEYHO, HAKOIJIEHHS NpakTHYecKoro omuta. OnHAKO TPH MOHC-
KaX ajJMasHLIX MecTOpoXKJeHHH B paffoHax, rjae KHMOEpIHTOBhIE Teda M CBA3aHHBE C
HHMH [UIHXOBBIE OPeo/ibl NMEepPeKphiThl KAACTHYECKHMH OT/IOMKEHHSMH BepXHEro Mmaaeo3os
H Me30301, 4 TaKxKe TpanmaMH HHXKHEro TPHaca 3HaYHTeIbHON MOILHOCTH, MPAMOM BHIXOX
Ha KHMGEP/JHTOBOE Tesl0 HyTeM NPOC/AeKHBAHHA HHAHKATOPHBIX MHHEPajJoB 3aTpyaHH-
Teqe. IlpakTnka nonckos nokasana 4To B ApeBHHX NorpeGeHHEIX KOJIEKTOpaX HHIH-
KaTopHble MHHEpaJbl MOJBepraorcs TpaHcdopMallHAM, BCIeICTBHE KOTOPLIX HAMeHseTcs
paj UX THOOMOP(HHIX MPH3IHAKOB, NPHOGPeTeHHLIX B KOPEHHRIX HCTOUYHHKAX. 3710 3aTpya-
HAGT COMOCTaBJeHHE MHHEpPaJOB KHMGEpDJHTOB H3 KOHKPEeTHBIX KOPEHHHIX HCTOUHHKOB
W poccuinedt, HX YBA3KY H COOTBETCTBEHHO MPOTHO3HPOBAHHE HOBBLIX KOPEHHBIX HCTOUHM-
KOB 3THX MHHEPaJO0B. B HeKOTOPLIX CayyasX [POHCXOAH/IO HEOJHOKPATHOE NepeMbiBaHHe
H NepeoT/ioxeHHe MHHEPaloB KHMGEPIHTOB H3 APeBHHX KOJUIEKTOPOB B MoJoabie. Kpome
TOTO, B SMOXH XHMHYECKOTO BLIBETPHBAHHSA (T4K)Ke HEOZHOKPATHBIE) 33a4aCTYl0 YHUUYTO-
HACTCH YHaCThb MHHEpPaJIOB-CIYTHHKOB, 4 Ha MOBEPXHOCTH OCTABLIHXCH HHBEJNHPYIOTCH
Clejbl NpPOLeccoB, MNPOTEKABIIHX B npejbUIyIHe 3Tanbl 3K30reHHON IBOJIOUHH MHHEpa-
JIOB  KHMGepJIHTOB,

Inst noswimenus 3(hdeKTHBHOCTH 1IHXO-MHHEPANOrHUECKOTO MeTofa HeoGXOoaHMuL
AeTa/IbHOE H3yueHHe THNOMOP(HHIX OCOGEHHOCTE HHAMKATOPHBIX MHHEPAloB KumGep-
JIHTOB C MPHMEHEHHEM COBPEMEHHLIX METOJOB H HoBefimelt anmapartypsl, H3yueHHE CTpoe-
HHS H HCTOPHH (hopMHpOBaHHA ULIHXOBEIX 0peo/ioB (KOJHYECTBeHHOE pacnpeieieHue
MHHEPAJI0B-CNIYTHHKOB a/iMa3a B IJiaHe H pa3spese opeoJia, H3MEHYHBOCTH I'paHyJOMeT-
PHH 3THX MHHEpAJOB 1O IJIOWAgH Opeosia, CTeNeHb HX FHNEPreHHLIX H3MeHennil, ssoio-
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Ousl TIPH TPAaHCMOPTHPOBKE), pellieHHe BOMPOCOB O MajeoreorpadHuecKHX, ManeocTpyk-
TYPHBIX H JPYrHX YCJIOBHAX (GOPMHPOBAHHA ILTHXOBHIX OPEOJOB.

OcHOBHBIMH (haKTOpaMH, onpejesiomHMH, 5dxpeK THBHOCTb NOHCKOB aJIMa3HLIX MeCTo-
POMAEHHH LLTHXO-MHHEPAJOTHYECKHM METOJOM € HCMOJbL30BaHHeM HHAHKATOPHBIX MHHe-
pajaoB KHMGEPJHTOB, SIBJISIOTCH:

cozepKaHHe B KOPeHHBX HCTOYHHKAX aJMasa — KHMOepJIHTaX — MHHepaJsoB,
06pa30BaBIUIHXCH B YCJOBHAX CBEDXBHICOKHX JaBJAeHHH H BSCOKHX TeMIepaTyp H Xapak-
TePH3YIOMHXCH SPKO BHPAXKEHHBIMH THIOMOP(HLIMH NMPH3HAKAMH;

NpeBocXojisilliee BO MHOTO pa3 MO CPaBHEHHIO C aJIMa3oM KOJHYeCTBO CONMYTCTBYIO-
IWHX eMy B KHMGEPJIHTOBLIX MOPOJaX MHHEPAJOB (MOITOMY BEPOATHOCTb OOGHAPYKEHI!A
HX B POCCHINAX 3HAUNTEJIBHO BHIIE, YeM ajaMasa);

CTeIH(pHYHOCTE KOMIJIeKCa THNOMOPOHBIX NPH3HAKOB, KOTOPHIM 00/13JalOT HHIHK:-
TOpPHBIE MHHEPAJH, A8 KaXO0r0 KOPeHHOTO HCTOYHHKA (3TO OnpepenseT THNOMOPdH:M
KHMGEPJHTOBLIX Tesl H ABJAETCH IVIAaBHBIM (PAKTOPOM NPH HX THNH3ALHH H NPOTHO3HPO-
BaHHH HOBHIX MECTOPOXKJEHHIl Mo aaMasy M ero MHHepalaM-cnyTHHKam [124]);

Haldnyie pheKTHBHLIX MHHEpaJOTHUECKHX KPHTepHeB aiMa30HOCHOCTH (Y4TO TNO3BO-
NeT HAJEKHO YCTAHABJIHBATH MOTEHUHANABLHYIO AJIMA30HOCHOCTH HCKOMOTO KOPEHHOro
HCTOYHHKA, OPeoJIoB H B HTOre BHIGHpaTh HaHGoJjee MEePCNEKTHBHbIE YYAaCTKH JAf NpOBe-
JieHHA fetanbuuix nonckos [103]).

3a pyGexoM 3a nocaejiane 15—20 Jer OTKPLITH TaKHe KPYIHEE KOPEHHEe H POCChin-
Hble MecTopoxJeHHsi, Kak TpyGku «Opana», «J/letxanes, «IlxBanenr» (pecny6anka Bor-
cBauna), «dunmy (IOAP), «/letcenr-1s-Tepace» (Jlecoto), MHOrounciennsle TpyGKH B AH-
rone, Bpaswianu, otnenvhbie Tpy6kn B Magnu. KpynueiM jocTHmenHeM cuntaercss obHa-
pyKeHHe KHMOEPIMTOBLIX H JaMIPOHTOBBIX TPyGok B 3anaauoit ABCTpanun, ogHa W3
HHX IUIomajLio 44 ra B cpeaHeM coaep:xuT 6,8 Kap/T, ¢ 310l TpyOKOil compsizxKeHa poc-
cHiDb C colepxanHueM aimasa 3,4 kap/T.

OCHOBHLIM METOZOM NPH MOHCKAX KHMOGEPAHTOBHX TPYGOK H pocchinefl aamasa B
3apyGexHBIX CTpaHaX SABIAETCA MIAHXO-MHHEPAJOTHYECKHH C HCIONb30BaHWeM aaMasa
H €ro MHHepaloB-COYTHHKOB. [lpHMeuarteqbHO, 4T0 POJb HHIHKATOPHBIX MHHEPaJI0B
KHMGEPAHTOB NMPH NOHCKaX B 3THX CTPaHax pPe3Ko BO3poc/ia Mocle OTKPHITHS TaKHX Mo-
poa B SIkyTHH, pa3paGOTKH H TNOCJeAYIOIero CyIeCTBEHHOTO COBEpIIEHCTBOBaHUT B
CCCP wauxoBoro Metona. B cBoake mo kumGepautam mupa M. Bapas [146] noggepk-
HYJI, uTO 3a pyGeKoM CTaIH YUHTHIBATLCA MOpdo/orHuecKHe ocoGeHHOCTH 3epeH NHpona
H NHKPOH/JLMEHHTa, CTeNeHb HX H3HOCA NPH TPAHCNOPTHPOBKE H OCOGEHHOCTH THMEpreH-
Horo pacteopenns. B psize cayuaeB mipon B adpHKaHCKHX KHMGepJHTaX MOJHOCTHIO
YHHYTOXKEH HAJOKEHHLIMH MeTaMophHUYeCKHMH mpolleccaMH, no3toMy Goabmias pojhb
oTBoAuTCHA MHKpoHabMennTy. I[locnensnit B xumGepautax Adpuku BecTpeuaercs B Goslee
BEICOKHX KOHIEHTPAUHAX, 4eM B aHAJOTHYHBIX MopoAax SIKyTHH.

B copepmencTBoBaHHE M pa3BHTHE ILJIHXOBOTO MeTOJa MOHCKOB aJAMa3sHBIX MeCTo-
POMIeHHH 3HAUMTEALHLI BKJaJ] BHeCIH TaKHe HalM uccaenosatenn, kak B. T1. Aga-
nacees, 0. I1. Beank, JI. A. 3umun, M. H. Hsanus, U. T1. Uaynun, B. KU, Kpuso-
noc, B. E. Muuopun, M. H. Ilrorankosa, H. H. [Moxunenko, B. H. I[lpoxonuyk,
H. B. Co6oaes, E. Jl. Uepuwii, 3. B. Baprowmuckuii u ap.

3a nomolllk B TMOATOTOBKE K MedaTH JaHHOH MoHoTpatbHu aBTOpLI BHIPaxKaloT ravo-
Kyio 6raroiapHocts B. C. Kucaoeoii, H. M. INpokonenxo, I'. C. 3apy6uuoii, M. ®. Cep-
reepoii, A. A. Boukunoit, B. ®. Onanaciok.

Aptopnl HazeloTcs TaxwKe, uTo MoHorpabus 6yreT cnocoGCTBOBATH AanbHedmeMy
COBEPUICHCTBOBAHHIO LITHXO-MHHEPAJ0THYECKOr0 MeToAd MOHCKOB aJMB3HBIX MecTo-
poxaennii,

(41}



FTMABA |

OBLUME CBEAEHMUA
O AKYTCKOM
KMMBEPJIMTOBOW
NMPOBMUHLLMM

flxyTckas KumOGepsHTOBasi NPOBHHUHSA PACNOJI0OXKEHA B CeBepO-BOCTOYHOMA
yactd Cubupckoii naardopmbel. IlposBaenns kKumGepaHTOBOro marma-
TH3Ma H OTZeNbHbIE HAXOAKH ajMasa H3BECTHBI TaKXe W 3a ee mpejena-
MH (puc. 1) — Ha Annanckom mute, B npearopbax Casin, Ha Enncei’ckem
Kpsxe H ceBepe KpacHosipckoro kpas. OQHaKo BCTpeueHHBIE B STHX paHo-
HaX Nopojbl 3aMETHO OTJIHUAIOTCH COCTABOM OT alMa30HOCHBIX KHMOepJiu-
ToB, o6pasyomux HKYTCKYI0 NMPOBHHIIHIO, YTO HApsijy ¢ HX HHBIMH BO3-
pPacToM H TeoJIOTHYECKHM MOJIOXKEHHEeM, M0 MHEHHIO MHOTHX HecJenoBaTe-
Jell, He Nno3BoJiseT OOLEAHHATL HX C MOCAEIHHMH.

KumGepuToBLIll ByJIKAHU3M CBf3aH C NOJOKUTETLHBIMH CTPYKTYpaMH
NepBoOro nopsika (aHTeKJH3aMH H MOAZHATHAMH), (yHAAMEHT KOTOpBIX
c/loxeH J00aHKalbcKHM CKJafyaThiM KoMmmiekcoM. KumGepauTsl npuypo-
YeHEl K PerHOHaJbHLIM 30HaM TJYGHHHBIX DA3/JOMOB, OrpaHHUHBAIOMIHX
¢ 3anaza u BocToka AHabGapcKHil MAacCHB, a TaKiKe OTIENSIOWNX KOMIIEKC
apxeficKMX nopoj MaccHBa oT GaHKanui H Me3030HCKHX o00pasoBaHuH,
obpamasiomux ero. KnmGepantossle Tena B npejenax SKyTckoii NpoBHH-
IHH pacnpenensioTcss KpakHe HepaBHomepHo. Oum rpynnupyiorca B 18
uan 20 KumOepJHTOBLIX MoJell, KoTopble 06bIMHO OGBEIHHSIIOT B BOCEMb
Gosee unu MeHee obocolMeHHEIX pafioHoB. Ha ceBepe H BocToKe rpanuua-
MH npoBHHUMH, Kak H Cubupckoil nuardopMebl, cay:kat Jleno-AnaGap-
ckuil u [lpenBepxosiHcKHN nporuGel, a Ha Oro-BocToKe — Bumofickas
cuHeknn3a u Aurapo-Bumoiicknii nporud. Ha 3amaze rpanuny c meHb-
LIl onpeieNeHHOCTbio MPOBOAAT NO BocTouHOMY cKIoHY TyHrycckoil cH-
HEKJIU3EL.

OcoGeHHOCTH TeKTOHHYECKOrO NOJIOXKEeHHs OTIAeMbHBIX TPYMN KOpeH-
HEIX H POCCHIMHLIX MECTOPOMKIEHHI, IHTOJIOrO-(panyaabHble PasJanyHa KHM-
GepJanToB, MX BO3PAcT, MHHEpAJIOTHYECKHE XapaKTePHCTHKH, XHMHuec-
KHH cocTaB, MOp(OJIOrHYeCKHe THIB KPHCTA/JIOB aiMasa H CTeneHb al-
MasoHOCHOCTH MO03BOJAT Pa3eNHTh NPOBUHIHIO Ha TPH KUMOEpPaHTOBbIE
oGnacti (cy6nposununm): Bumoiickyio, Anabap-Onenekckyio H Aajan-
CKyio. B kumGepanTosbie o6/1acTH BXoAaT KumOepJuToBbie paiionbl. I'pa-
HHUUBI PAHOHOB ONpeje/siOTC MO IeoJOrHUeCKHM NPH3HAKAM, I HeKo-
TOPBIX PaflOHOB OHH YCJOBHBI, CJOKHJIHCH B XOJ€ T€0JIOro-NOHCKOBBIX pa-
6or. B EHMGepaHTOBEIX pafioHax BbUIENATCA KHMOEpJHTOBHE — MOJS,
o0pasoBaiible CKONIEHHAMH KHMGEPIHTOBBIX TPYGOK H JaeK.
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Puc. 1. Cxema pacnpocTpaseHHs KHMOGEPAHTOBBIX M KHMGepIHTOMOJOGHEIX MOPOA:

I — rpanuus  CubGupcxkoft nuaartdopmbi; 2 — pailodbl pasBuTHi KHMGEpJHTOB # NoJoOHBIX HM
nopop (I — ManoGoryoGunckuil; [l — Jlanawiuo-Anakurtckuil; [/] — Bepxuemyuckuil; IV —
Cpeaneonenerckuit; V — Humueonenexkckuft; VI — Kyouanckuit; VII — Ilpunenckuit; VIIT —
Mefimeua- Koryiickuit; /X — Beaosumurckuit: X — YapgoGenknit; X/ — Cenepo-Enncefickuifi;
XIIl — Anpanckuil); 3 — CTPYKTYPHBIE KOMNJEKCh HHIKHEro NpoTepo3of; 4 — MHOMeOCHHKJH-
HaJbHbe 30HL Galikanaug (/—4, no E. B. ®panueccon, B. H. [Mpokonayky); 6§ — JHHHH TpeH=
Zla aJIMA30HOCHOCTH, B Yca. efl. (@ — Ana Bceil NpoBHHUHH; 6 — AAA ceBepHofl 9acTH NPOBHH-
unn Ges paiionos VIII—XI[); 6 — rpanuna mexny Bumoilckoii u AnaGap-Onenekckoil oGaac-
THAMH

Buawiickas kumdepaumosas 06.4acmb 0XBATbIBAET TEDPUTOPHIO, H0XH-
HOfl rpaHullell KOTOpOH sBAsOTCA KOHTYpbl MasoGoTyoOHHCKoro paii-
oHa. Ha cesepe rpaHuna ob6sacTH COBNajiaeT C CEBEPHBIM OrpaHHYEeHHEM
BepxuemyHckoro paHoHa, NpHHATHIM YCJOBHO MO [LHPOTE H3IYYHHbI
p. Onenex. Busofickaa o6sacTe BRITAHYTA B BHJE NOJIOCHL C IoTa Ha CeBep
Ha 800 kM. B neil BbigeseHo TpH KHUMOEpP/HTOBLIX paHOHA € H3BECTHBIMH
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KHMOep/IHTOBBIMH Teaamu: ManoGotyo6unckuil, anapiHo-AnakuTcKHi n
BepxHemyHcKHIi, B KOTOphX 06ocobisiercss NsATh KHMOGEPJIHTOBLIX noJeil,
B ToM uyHcae TpH ([anabinckoe, Aaakut-Mapxuuckoe n Amakut-Mopko-
KHHCKoe) B JlanabiHo-AJlakHTCKOM pakoHe.

Kumbepanrosbie nopoast Buumoiickoii o6aacti no uenomy psiay fpH-
3HAKOB OT/MYAIOTCH OT KHMOepaHTOB cocenneli Anabap-Onenexckoii 06-
nacth. [lpusesneM HanGosee BakHble H3 HHX.

1. Pe3koe npeofsasanne TpyGuateix GOPM TeJ HaJ XKHJIBLHBIMH H Jaey-
HuiMH, [lnomans nonepeunbix ceueHnii KMMGEPJHTOBHIX TPYGOK Ha 3eM-
HOH NOBepXHOCTH yMmeHbilaeTcss oT ManoGoTyo6HHCKOro paiioHa Ha cesep.
Cpenn TpyGoK GoJbilie H3OMETPHYHBIX, GJH3KHX K OKPYIJIBIM, H OBalb-
HBIX; pPe3KO yAMHHEeHHbie TPYOKH HMEIOT NOoAYHHEHHOe PasBHTHE. ¥ MHOTHX
KHMOEepIHTOBbIX TPYGOK B BepXHeil 4acTH COXPAHHJCA XOPOIIO BhIpaXKeH-
Hblii pacTpy06, nepexoisiiuii Ha pasHBIX TAyOGHHAX B KaHan HHJIWHAPH-
YeCKOH HJIH KoHHuecKod (opmbl. B LeHTpanbHBIX paiioHaX NJAOTHOCTb
KHMOEDJIHTOB Ha eHHHIY MJIOLLaH 3HAaYHTebHO GOJIblle, YeM B CeBePHBIX.

2. [peoGnanatouium THIIOM KHMOEPIHTOB SIBASIOTC GPEKYHH ¢ HH3KHM
cofiepKaHueM carofbl. JloBONBHO YacTo BCTpeyalwTes KHMOepPJIHTOBBIE TY-
¢bl, NpHypoYeHHble K BEPXHHM ropHaoHTaM pactpy6os. C ray6uHoi o0biu-
HO TY(OBEIH THN KHMGEPJHTOBBIX NOPOA COKPALLAETCS JI0 NOJHOTO BhIK/IH-
HHBAHHA B NOABOASILIMX KaHanaX. B peakux cayuasix BepXHHE rOpH30HTHE
TpyOOK npeacTaBJeHLl 0Caf0YHO-BYJKAHOTEHHBIMH 00pasoBaHHsAMH, B ca-
MOl BepxHeH 4acTH pacTpy0OB — 4eTKO CTpaTHGHUMPOBAHHBIMH, ¢ GOJIb-
IIHM KOJIHYeCTBOM 0OJIOMOYHOTrO MatepHaja BMellalomux nopod (TpyOKH
Ne3, «Aiixan, «Teopusuueckas» i 1p.). CBssyiomas Macca KUMGEPIHTOBbIX
Opekunii WMeeT cepneHTHH-KapGOHATHEIA cocTaB. B Hee BKJ/IOYEHBI MCeB-
JIOMOP(O3bl CepreHTHHA, pexe KalblHTa MO OJNHBHHY BTOPOH reHepauuu,
MHKDOJIHTH Ka/JbIIMTa, pelkHe 3epHa NepoBCKUTA, MarHeTuTa, (uIOronuTa.
MouTHyenIHT M NOBHIEHHBIE COAEPIKAHHA (WIOrONHTa XapakTepHbl s
KHMOEDJIHTOB HEKOTOpHIX Tpyb6ok BepxuemyHckoro paiiona. [lo psay
CBOWCTB TH NOPOJbl MOXKHO OTHECTH K MEPeX0oAHbIM Mexly KUMOepaHTaMu
Gonee 10XHBIX paiionoB Bumoiickoli o6nactn n kumGepautamn  Aunabap-
Onenexckoli o6aact. CmoaucTbie KUMOEPIHTH B I0KHBIX paHoHaX BCTpe-
yaioTces penko. OHH csaraioT xuiabHble Teqa (A-21) uan oTaenbHBIE YYacTKH
(610KH) cpesH MaNOCTIOAHCTBIX KHMOEpJHTOBLIX Gpekuwnit. Jlamnpodupo-
Bble KHMOEPJIHTH HHOTAE 06pa3yioT KCeHOMHTh B 6a3aNbTHYECKHX KuMOep-
JIMTOBHIX OpeKkunsX. B peakux cayuasx cJioAHCTbie pa3HOBHIHOCTH KHM-
6epJaHTOB NONHOCTHIO CAaralT HeGoJbLIHe TPYOKH («3aragounasy, cManasny).

3. XapakTepHO MNOBHILEHHOE COJEPIKaHHE MHHepaJOB-CIYTHHKOB aJ-
Maza: nupona, NHKPOHJAbMeHHTa, Xpomura. [Ipeobnanaior nopoant II u
III rpynn (no kaaccupukaunn A. 1. XapbkuBa), XoTa JOBOJbLHO 4acTo
BeTpevaiotcsi KuMmGepauthl [V u V rpynn. TunuuHo noBsilueHHOE cOLep-
J¥aHHe MHpona Mo OTHOIIEHHIO K APYIHM HHJAMKATOPHBIM MHHEpalaM.
Bonabie BeicokoXpoMHeTHIX pasHocTeli nHpona W XPOMIUNHHENMAA, 0co-
GeHHO B anma3oHOCHBIX TpyOkax. B srtom ke Tune TpyGok oTMesaercs
KHOPPHHTHTCOAEpXKAIIHI MHPON, KOJHYECTBO KOTOPOro KOPpelaHpyercs
€ anMasoHOCHOCTbIO KuMGepsinToB [104]). Berpewaiores rpanatel, Xapak-
TepHLIE A5 BepJAHTOB (3eaeHoro useta). Cpeau nHKpoUIbMEHHTOB npeob.ia-
JIAl0T PAsHOCTH ¢ yMepeHHbIM cojepxanuem MgO (6—9 %) u orHocu-



TeNbHO HH3KHM KOJHYECTBOM TPeXBajJeHTHOTO Kese3a. B HeKOTOphIX TpyG™
Kax OTMedaercs MNOBLIUEHHOE CONepXKaHHe XPOMIHONCHIA.

4. KumGepsnThl B OCHOBHOM NpPEACTaBJSAIOT cOOOH BhICOKOMarHeanaJb-
HBle NOPOJIbl ¢ OTHOCHTEJIbHO HH3KHMH COlePXKAHHAMH LIEJOYHBIX 3JeMeH-
TOB (ocoGeHHO Kanaus), THTaHa, dochopa, UHPKOHHS, CTPOHLIHA H Ap.

5. JIoBOMILHO 4acTO BCTPEYAKOTCH KCEHOJHTH NOpoj HauGojee rayGHH-
HBIX dauui ¥ cybdaunii, aaMas-nuponoBoi, KO3CHTOBOH, I'POCHHIAHTOBO.
Tonbko B KMMGEpIHTAX I0XHBIX PAHOHOB OTMEYAKOTCH KCEHOJHMTHl KaTak-
J1a3HPOBaHHLIX JIEPIOJNHTOB, pPeIKO MONajaloTcs KCeHOJHTH BepJHTOB
(c 3eneHBIM TpaHaTOM), pacnpOCTPaHEHEl MarHesHaJbHO-3KeJe3HCThIe IK-
JIOTHTH. B HEKOTOPHIX Pa3HOBHIHOCTAX MepedyHCJIEHHBIX NMOPOJ BCTpeueH
anMas.

6. Cpennssi anMasoHocHOCTb KHMGepaHTOB B Buaolickoit o6aacTh Bbl-
we, yem B AnabGap-Onenekckoii. B nopoaax mectopoxienuit Bumoiickok
ob/acTH npeo6lafaloT MJIOCKOTPaHHble KPHCTaMIbl  OKTA3ApHYECKOro
H poMOGOONEKA3APHYECKOr0 raGHTyCcOB, OTMEUaeTcs MNOBLILIEHHOe KO-
YeCTBO MHIHBHIOB ¢ cHHe-roy6oii  (oTomoMHHecUeHIHeH H BbICOKOI
yAeJbHOH HHTEHCHBHOCTBIO PEHTreHOJIOMHHecleHUHH. CpenH BKIIOYeHHH
B anMase pe3Kko npeo6JajaioT MHHepaJhbl yJIbTPAoCHOBHLIX mopox [106].

7. llnupokoe pacnpocTpaneHHe MPOXKHIKOB, MKHJ, XKeOL H 30H BTOPHU-
HOH THIPOTEPMaJbHOH MHHEpalM3alHUM, MpPEeJACTAaBIeHHOH LIHPOKHM
Ha0opOM MHHEpPaJoB — KBapll, KaJblUT, CEPNEHTHH, THPHT, LeJecTHH, Ga-
PHT, cTpOHIHMAHHT, GpycHT [71]. 31ech B noBbIEHHOM KOJIHYECTBe BCTpe-
YalTcA pefKHe BTOPHYHLIE MHHEpajhl — aMaKHHHT, NHPOAypHT, TayMa-
CHT, XaHTHT, €KaTepHHHT, (peppocaitbesuuT, LWIHPOKO PasBHThl OHTYMBI.

8. KumGepaute cnabo nuddepeHunpoBansl, He CONpoBOMXKAAIOTC POACT-
BeHHBIMH mopojamu. s HHX XapaKTepeH Bechb THIOMOP(HLIH KOMIIEKC
NPH3HAKOB KHMOEPJIHTOB.

9. Ilo TekToHO-cTpaTHrpaduyecKUM AaHHBLIM, KHMGepJaHTHl o6pasoBa-
JIMCh B cpeliHeM naseosoe. OnpeliesieHHs! H30TONHOIO BO3PAacTa 10 CBHHILY
H ypaHy B IHPKOHe CBHIETeJIbCTBYIOT, YTO KHMOEPIHTOBLIE TPYOKH COpMH-
Fgﬁannc&. B [03]JHEM OpJOBHKe, NO3JHEM CHJIYpe H paHHeM KapOoHe

6].

Anadap-Oaenercran kumbepiunmoeas oé.aacmsy OXBATHIBAET OTPOM-
HYIO TeppHTOpHIO Ha ceBepe HKyTCKOH aliMa3oHOCHOI NpoBHHLHH B Gac-
ceiiHax pek Auabap u Ouenek. BocToyHO#l ee rpaHHLel YC/IOBHO MOMKHO
cyntath p. Jlena, sananHoii — AHaGapckuil MaccHB, Ha ceBepe 00J2CTh
nporarusaerca 10 JlenoButoro okeana. B ofnacTu BbizensiloTcs uYeThipe
KuMGep/inTOBEIX pakioHa: Cpeaneosienekckuii, Hukuneonenexckuit, I[lpu-
JeHckuil, Anabapcknii., Kaxaulii U3 nepeuscleHHBIX paiiQHOB BKJ/IIOYaeT B
ceOs OTAeJbHbLIE MOJA ¢ MHOTOYHCJIEHHBIMH TPYyOKaMH, JafKaMH H XHJIa-
mu. JIns KumGepanToBBIX NOpPOA paccMaTpHBaemoil obaiacT Hanbonee xa-
paxkTepHbl cJjejyioliie 0coGeHHOCTH,

1. Tlpeobnajanne XHUAbHBIX H AaHKOBHIX Tesl Haf TpyOuaTeiMu. TpyGku
B GOJbLIMHCTBE C/1yyaeB HMEIOT YIJHHeHHYI0 QOpMYy € OPHEHTHpOBKOI
JJHHHBIX oceli Ha ceBepo-BocTOK. Mopdosorusi TpyGoK Ha rayGuny He
H3yueHa, TaK KaK HH OJIHA H3 HHX He pa3bypuBanacb. TeM He MeHee ecTh
OCHOBaHH$l CYUMTATh, YTO OCHOBHAA YacTb Y/JMHEHHBIX TPyOok Ha HeGosb-
Woi rayGHHe MNepexoAHT B MOABOASILHE KaHajbl TPEHHHOrO THNA.
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Dpo3HOHHBI cpe3 KHMGepJaHTOBBIX TeJ 3HauHTenbHO GoJblue, yeM B Bu-
Jtoiickoi ob/acTH.

2. INpeo6naganne KHMOEPAUTOBLIX OpeKuHii cpeis APYTHX THNOB NMOPO,
BLINOMHAIONHX TPYOKH CeBepHBIX PAHOHOB (XOTA HEPEIKO B BHJE OTIeNb-
HbIX OJ0KOB BCTpevaloTcsi H MopgHpoBble KHMOEPJHTE HHTPY3HBHOH ¢a-
1nH). BobIIHHCTBO XK UIbHBIX H JAEYHBIX TeJl CJ0KEHO MOPPH0BBIMH KHM-
Gep/iTaMH MHTPY3HBHOrO THMA, KOTOpPhle, KAK MPaBHJO, HMEKT XOPOILIO
PACKPHCTA/IH3HPOBAHHYIO OCHOBHYIO Maccy. B KuMBepaHTOBRIX mopoxax
HEKOTOPbIX TPYOGOK H MHOTHX KHJ OTMEYAeTcsi MOBBILLIEHHOE KOJHYEeCTBO
MOHTHYeJIHTA, 06HapyxkeHbl MeaHauT H HeennH. [upoko pacnpocrpae-
Hbl CAIOJHMCTHIE PA3HOBHAHOCTH KHMOEpPJHTOBBIX OpeKuyHil H MOpPGHPOBBIX
KHMOepanToB. BeIABIEHO HECKONBKO reHepanuii (uoronuTa: OT KpyIHBIX
BKPaNJeHHHKOB, JOCTHTAIOWHUX 5—7 c¢M B NONepeyHHKe, 10 MEeJKHX Ye-
WyHYaThiX H MJIACTHHYATBHIX KPHCTAJNJIHKOB.

3. B ocHOBHOM HM3KOE cojep#aHHe MHHepaoB-CIyTHHKOB a/imasa, Xo-
TA €cTh TPYOKH ¢ MOBBIIEHHBIM HX KoJHYecTBoM («O6HaxkeHHas», «Pycio-
Basy). B Go/blIHHCTBE ClyyaeB NHKPOHIBMEHHT NpeobaajaeT Hal NUPONOM.
BBICOKOXPOMHMCTBIX pasHOBHAHOCTEH NHpONa W XPOMHTA 3HAYHTENBHO
MeHblle, yeM B KuMmGepaurax Bumoiickoll o6aacti, H OHH HCKJIOYHTENbHO
penkH. He BcTpeuenbl rpaHarbl, XapakTepHble 1Jisi BepJHTOB. B ofuiem
MeHBIlee pasHooGpaske cocTaa rpanara [104]. Knunonupokcen, Kak npa-
BHJIO, NPEJCTaB/eH HH3KOXPOMHCTOH Pa3HOBHIHOCTbIO C MOBLILIEHHBIM CO-
Jep:kanueM ranHozema. OpronupoKceH Toxe IVIMHo3eMHCThiH. B nopoaax
MHOTO BKpalJieHHHKOB (hioromnuTa, o6oraieHHoro THTaHOM.

4. KumOepauThl colleprKaT MOBLINEHHOE KOJHYECTBO THTAHA, XKeseaa,
Kalug M HeKOTOPBIX ManblX saemMeHToB. OcoGeHHO BBICOKH HX KOHIEHTpa-
IHH B XKHAbHON 1 pafikoBoii aunax. Kumbepnutosbie GpeKYHH KepJIoBOit
tauun GejHee STHMH 3JeMEHTaMH, HO H OHM Gorade, 4eM KHMOEPJHTOBbIE
nopojasl Bumoiickofi o6nacty.

5. Hanuuue neGOMBIIOr0 KOJHYECTBA KCEHOMHTOB [VIYGMHHBIX NOPOJ
(ncKaoYeHHe cocraBasieT Tpyoka «OOHa)keHHAs» — oJHA H3 Haubonee
GoraTelX KceHoNHMTaMH TPyGok B SIkytuu, a takke «Cmopsanke»). Ouedb
PeIKO BCTpeUuarTCcs KCEHOJMHTBbl HaHGosee T/yGHHHBIX (alHaibHbIX IPYNN:
anMas-mHponoBOH H Ko3cHToBoiH. He ofHapy:keHBl aaMa3oHOCHBIE pasHo-
BHHOCTH KCEHOJNHTOB. B To e BpeMs HaJIHIO NMOBHILEHHOE KOJHYECTBO
KCEHOJIHTOB, OTHOCAIIMXCA K IINHHENb-NHPONOBOH H IUMHHENb-NHPOKCe-
HoBo# daunsm. OHH npejcTaB/IeHbl NINHHENEBLIMH NePHAOTHTAMH, C/IOLHC-
THIMH Pa3HOBHAHOCTSIMH IHPOKCEHHTOB M NEpPHOTHTOB, HJbMEHHT-rpaHa-
TOBBIMH M HJbMEHHTOBBIMH YJbTpaGasutamu. 'paHaroBbie J1€PIONHTH
0OBIMHO COJIepPKAT HH3KOXPOMMCTHIH IpaHar.

6. Cpennsa anMa3oHOCHOCTh KMMGEpPIHTOB MeHblle, yeM B Bumoiickoi
obsacTH. B GonbumncTBe KHMGEPIHTOBBIX Tesl anmas He ofHapy:xeH. Cpe-
AH KpHcTaaioB anvasza AxaGap-Ouenekckoi ofaacTh npeofiajaior cKpbi-
TOCJOHCTBIE  OKpyTabie. OrMedaercsi MOBBILIEHHOE KOJHYECTBO TAKHX
PeAKHX THIOB KPHCTALIOB, KaK KyObl, TETparekcasApouibl, HHAHBHbI ICEB-
JoreMHMOpPGHBEIE W ¢ MPH3HAKAMH OPHPOAHOro TpaBieHHs. 31ech MOBLI-
LIaeTcs COAepiKanue MPHMECHOrO a30Ta B ajiMase, CHHIKAeTCs KOJHYeCTBO
WHAHBHIOB ¢ cHHe-roJyGoil (ocoGeHHO spKO#H) (oToMOMHHECHeHIHe
H MHOFOTPAHHHKOB C BBICOKOIl YA@MbHOH MHTEHCHBHOCTLIO PEHTI€HOJIIOM H-
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wecnennuu [10]. B pocchinsaX BospacTaeT KOJAHYECTBO KPHCTAJIOB a/1Mas3a
€ BKJIIOYEHHSIMH MHHEpaJoB 3KJOTHTOB,

7. B kumbepnurax paccmaTpHBaeMoH 00JAacTH OTHOCHTENbHO pPenxo
BCTPEYAIOTCA NPOXKHJKH, MKHJbBl H THe3/d, BHINOJHEHHBIE TMIPOTEPMAalb-
HBLIMH MHHepallaMH.

8. KumGepnuToBeie 06pasoBaHHs CONPOBOMKIAIOTCH KOMAarMaTHYHBIMH
MopofamMy YJibTPAOCHOBHOIO H IIEJOYHOrO COCTaBa (LUEeJOYHBIMH MepHIC-
THTaMH, MUK PHUTOBEIMH NOPQUPHTAMH, aNnbHeHTaMH, KapOoHaTHTamH). Heko-
TOpHIE M3 3THX MOPOA MO XHMHYECKHM OCOOGeHHOCTAM OJNH3KH K KHMOep-
JIUTaM, OJIHaKO B GOJbLIHHCTBE CBOEM OHH HEe COAEpPKaT THIIOMOP(HBIX MH-
HepaNoB KHMGEPJHTOB — NHPONa H NHKpoHJbMeHuTa. HMaBecTHbl cayuaH,
KOTZla B ONHOH H TOH Ke Tpy6uaToit CTPYKTYpe COCEACTBYIOT THIHYHbIE KHM-
GepJHTHl H MOPOJIbl, OTHOCAMIHECH K MHKPHTOBBIM NOPMHPHTAM HJH APYTHM
Pa3HOBMAHOCTSAM YJILTPAOCHOBHBIX IIENOYHLIX 0Opa3oBaHHi.

9. BosbminHCTBO KHMOEPJHTOBLIX MOPOA 00JacTH Me3030HCKHe, XOTH
B HEKOTOPHIX IOKHBIX padoHaxX H MOJsIX OHH HMEIOT paHie- HJH cpejHena-
Jieosoiickuii Bospact [36].

Aadancran rumbepaumoean obiacms PACNOVIOKEHA HA 3anajHOM
ckjone AnaGapckoro Maccusa. B Heil Bbliensiiorcs JBa KHMOEpPJIMTOBBIX
nons: Yomnoanuckoe u To6yk- X ateicthipckoe. B HomnosuuckoM noJe pac-
noJiaraloTcs Tpybuartbie H AdeuHble Tesa, CJI0XKeHHbe OpeKUnaAMH W nopdu-
poseiMu noponamu. [lo cocraBy orH cooTBeTcTBYIOT KMMGepantam (Anaan-
cKas pmafika, Tpy6ka «OceHnsisi») u nuKputam (Tpy6ku «[opuas», «[lepe-
BaJbHas» W 1p.). B xumGepsHTax cojepikuTcs MOBHILIEHHOE KOJHYECTBO
HH3KO- U CPEIHEeXPOMHCTOrO MHPONa, XPOMHCTOTO KJIHHONMHPOKCEHA, OpPTO-
NHpOKceHa, XPOMIUNHHENN]A H OYeHb PelKo MUKpousabMmenuta. KumGep-
JIHTOBBElE nopojbl YoMnosnHCKOro moJst usyueHbl cado, MoITOMy HX TH-
noMOp(HBIE NPHU3HAKH BBHIAEAHTL noka TpyaHo. [To mMelommMes JaHHBIM,
OHH GJH3KH K KHMOepaHTOBHIM mnopojaM AnaGap-OneHeKkcKoi ofnacTH,
ocoleHHO K opoiaM HeKoTopeix TpyOok Hizkneonenekckoro paiiona («O6-
HaxeHHan», <PycnoBas»).

KomnsiekcHoe H3yuenue mopoj, BHIIOJMHAIOMHX TPyOKH B3pbiBa To-
6yK-XaTBLICTBIPCKOTO 10JIs1, M0KA3aJl0, YTO OHH He HMeloT HHKAKOro OTHO-
IueHHss K KumOepsutaMm. OTH 00pasoBaHMsl NpeACTABJeHbl HHIEHCHBHO
KapOoHATH3HPOBAHHBIMH MHKPHTAMH, COAEPIKAlHMH OYeHb PejKHe Kce-
HOKPHCTAIIBI HH3KOXPOMHCTOTO MUpona.

Pazauuna Mexny KUMGepJHTOBBIMH nopojami Bumoiickofi v Auabap-
Onenekckoii o6nactefi onpenensioTes ABYMs rpynnamu (pakTopoB: SHI0TeH-
HLIMH W 3K30TeHHBIMH. JuuoreHHsie (GakTopbl: a) 0COGEHHOCTH COCTaBa
nopoj BepxHell MaHTHM B ofjacTH reHepanuH KHMOEPJHTOBBIX pacmJa-
BOB; 0) (pH3NKO-XHMHUECKHe ycaoBHsi hopMupoBanns pacnnasos. K skso-
reHHbIM (PAKTOpPAaM OTHOCHTCH: @) COCTaB M MeXaHHYecKHe CBOHCTBA NOPOL,
BMelaolHX KHMOepauTel; 6) BosjeiicTBHe Ha KHMOePJAHTH MHHEpalH30-
BaHHBIX BOJl, 3aXOPOHEHHLIX B OKpY:Kaiouell cpeje; B) aBTroMeTamopdii-
YeckHe M THIEPreHHble 3aMelleHHsi KMMGEepJIHTOB; T) MacluTadbl 3pO3HH
KHMOEPJIUTOBbLIX TeJI.

SujoreHnble (AKTOPBl ONpeessioT KOJHYECTBO B NOPOAAX HHEepPTHHIX
komnonentos — Fe, Ti, Cr, Al, ux reoXuMuueckyio crneluaaHsaumio, co-
IeprKaHHe M COCTaB HHAMKATOPHBIX MHHEpAaoB M KCEHOJNHTOB INyOHHHLIX
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Mopo/Jl, aAMa3oHOCHOCTb M cBoicTBA anMasoB. OT 3K30TeHHBIX (aKTOpoOB
3aBHCAT CTeneHb BTOPHYHON nepepaboTKH KHMOEpPJIHTOB, cojepiKanue Kap-
GOHATHOIN CcOCTaBAsIOWIEH M HEKOTOPHIX JAPYTHX KOMIOHEHTOB, CTeleHb
pa:B ITHA H cOCTaB rnnpmepma.nbnoﬁ MHHEpaJIH3alliH, pasmep u 4yacTHY~
HO ¢opma Tesr KuMOGepauToB. M3yuenne orpoMHOM KOJJIEKIHH KCEHOJH-
TOB AYOHHHBIX NOPOJ M03BOJSET PEKOHCTPYHPOBAaTh cocTaB oGpas3oBa-
HHi BepXHell MaHTHH B oGJAacTH TreHepallMd KHMGEpJHTOBOro pacr/iaea.
[1pu 3TcM ycraHoBJeHO, uTo JHTOoCcepHas 4YacThb BepXHeld MaHTHH B mpe-
Jenax SkyTcKoli KHMGepJHTOBOH MPOBHHIMH CHJIbHO au(depenuupoBana
KaK 1[0 BepTHKaNH, TaK M 1o Jarepand. TepMoAHHAMHYECKHH aHA/Iu3 MH-
HepaJbHBIX NapareHe3HCOB KCEHOJIHTOB MOKasal, YyTo Haunbosee rayGokHe
yactu Jutocdepsl (Hue 150 KM), 3axBaueHHBIE Marmoii, NMpeACTaBJeHLl
BBICOKOMArHe3HaJbHBIMH YJIbTPAOCHOBHEIMH TNOPOAaMH (MHPONOBblE Y-
HHUTBI, rapuGyPrUTHl H IEPLOJHTE ¢ HeGOMBIIHM KOJHYECTBOM THPOKCEHOB),
OTVIHYAIOMHMHCA HH3KHMH COJIepXKaHHAMH BceX 6asalbTHYECKHX 3JeMeH-
ToB — Al, Ti, Fe, Ca, Na, K. 9k/I0ruthl, XoTs H OTHOCSITCA K MarHe3ualbHo-
JKeJIe3HCTOMY THOY TIOPOJ C TOBHILIEHHHIM CcofepXaHHeM OOJBLIHHCTBA
nepeyHceHHbIX 6a3a/bTHUECKHX KOMIOHEHTOB, HMEIOT 3/1eCh He3HAUHTE b=
HOE€ pacnpocTpaHeHHe H BpAJ JIH CYLIECTBEHHO BJHAJH Ha COCTAaB NepBhLIX
BHINIJIABOK KHMOEPJHTOBOrO pacnJiaBa, HMEeBIIHX HCKJOYHTENbHO BEICOKYIO
MarHesvaabHocTh, PacrmosiodkeHHas BhIE 30HA KO3CHTOBOH cyGdalnu
(150—120 km) xapakTepuayercs npeoGJajaHHeM TDaHATOBbIX JIEPLOJIH-
TOB MPH pe3KOo MNOAYHHEHHOM pacnpoCTpaHEHHH KeJe3HCTO-MarHesHaldb-
HBIX 3KJIOTHTOB H BepJHTOB. PaBHOMepHOZepHHCTHlE JIEPLOJHTLl STOM
30HBI GIH3KH 110 COCTABY K XPOMIHPONOBBIM IyHHTAaM H rapubypruram HHxK-
Heil 30Hbl, XOTS Cpejy HHX BCTPEYAIOTCSl PAa3HOCTH C HECKOJIBKO TIOBBLIIEH-
HbIM conepxkanueM CaO u Al,O;. XapakTepuble A/ 3TOH 30HBI KarakJa-
3HPOBAHHBIE TPAHATOBBIE JIEPLUOJHTH aHAJOTHYHBI IO COCTABY paBHOMEp-
HO3EPHHCTHIM PasHOBUJAHOCTSAM H OTJHYAIOTCS OT HHX HECKOJBbKO NOBHI-
LIEHHBIM cojlepKanneM ThTaHa. OCHOBHEIM NOpPOAOOGPA3’yIOWUM MHHepa-
JIOM 3TOH 30HBI MaHTHH siBasercss oauBuH (f = 7—9 %); marnesuaib-
HBIH rpaHar — c nepevMeHHEIM cojepxanueM Cr,0; (ot 1,6 no 8 %).
Kanunonupokcen npexacraenen xpomuuoncuzom (Cr,O; = 1,6—2,5 %),
COJEPKHTCA B MepeMeHHOM KoJiudecTBe (OT €NMHHYHBIX 3HAKOB 0 5H—
10 %), opronupokcen (f = 4—9 %) yMepeHHO IVIMHO3E€MHCTBIH, DKJIOIH-
Thl MarHe3HaJbHO-JKeJe3HCThle H MarHesuajbHble pacnpocTpaHeHbl orpa-
HHYE€HHO.

B sone rpocnuanToBoit cy6paunn (120—80 kM) pacnpocTpaHeHsl nopoibt
C IIHPOKHM JHanasoHOM COCTaBa — OT YJbTPAOCHOBHOTO, JI0 OCHOBHOTO, He-
PEAKO BLICOKOIVIHHO3EMHCTOIO. K HHM OTHOCATCSH rpaHaToBbI€ JIEPLUOJIHTHI C
PaBHOMEPHO3ePHHCTOH CTPYKTYPOH, HEKOTOPEIE Pa3HOBHAHOCTH MHPOIIOBBIX
[IHPOKCEHHTOB, IPOCNHMTEI, MarHe3HaJbHbe SKJOTHTHL. [l 3TOH 30HBI
XapakTepHO MNOsIBJIeHHe TPaHATOBHIX JIEPLOJIHTOB H MHPOKCEHHTOB, COLEp-
*amkx uapmenur. [nasublii nopoooOpasylomuil MuHepasn 3jech, Kak
H B Gosiee rayGOKHX 30HAX, — MarHe3Ha/IbHBIA OJNHBHH, YacTh €ro, 0CO-
GeHHO B dCCOLHAIHH C MJILMEHHTOM, HMeeT GoJiee BHICOKYIO JKEJIE3HCTOCTb
(f = 9—14 %). Cpean rpaHaToB NOMHHHPYET CPeiHeXPOMHCTas pPasHo-
BHAHOCTE (CryO; = 1,5—5 %), orMeuaercsi NOBLILEHHOE KOJHYECTBO
KJIHHOTIHPOKCeHa (XPOMIHOICH/A), COJAEPIKATCA MarHe3HaJIbHLIH OpTONH-
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pPOKCeH H MJIbMEHHT (MarHe3uasibHbli, HH3KOXPOMHCTHI, penko ¢ 0,50—
4,0 % Cr,0Oy).

s 30HB mnuHeaAb-nuponoBoil cyGpanun (80—50 Km) H WINHHENb-
nupokceHoroit aunu (50—30 kM) XapakTepHO pasBHTHe rpaHar-lLNHHe-
JIeBBIX, TPAHATH3HPOBAHHBIX LUIMHHEJEBBIX, ILUNHHEIEBbIX NEPHIOTHTOB
H [THDOKCEHHTOB, a TAK)Ke MarHesHaJIbHbIX 3KJorutos. [IpuMeuarenbHas
©0COBeHHOCTh HauMeHee TVIYGHHHBIX MOPOJA BepXHeH MaHTHH — CHJbHAas
ofGeJHEHHOCTh (A3a/IbTHYECKHMH COCTABJAIIMMH. [1aBHBIM MHHepanoMm,
Mo-MpeKHeMy, fBJAAETCA BbICOKOMAarHe3ualbHbIH OJNHMBHH, TpaHaT npej-
CTaBJIeH HH3KOXPOMHCTOH BbICOKOMAarHe3uaabHOH pa3HOBHIHOCTHIO, B KJH-
HONHpPOKceHe, TaK ke, KaK H B OPTONHPOKCeHe, HepeKo MOBLILEeHO cojlep-
wanne AlO;.

B uesnom nauGonee rayOGHHHBIE MOPOJAL BepXHeH MaHTHH, 3aXBadyeHHbIe
MArMoi, H BEpXHfA €e 30HA MMEIOT BLICOKOMAarHe3HaNlbHBIH ne6a3zajibTH-
3HPOBAHHKI COCTAB, B TO Bpems KakK CPeJHsAs 4acTb BepXHel MaHTHH co-
XpaHHJIA 3HAYHTEIbHOE KONHYeCTBO (a3abTOBOH COCTABJSIOUEH.

Jlarepanbhasi HeOAHOPOAHOCTbL BepXHeli MaHTHH B SIKYTCKOH KuMGep-
JINTOBOIT MPOBHHLHK MPOABAAETCA B PA3JHYHU METPOXHMHYECKHX H MHHe-
panoruuecKux ocodeHHOCTeH rIyOHHHDIX KCEHOJHTOB IOXHBIX H C€BEepPHBIX
paiioHoB. B 1enoM KceHOMMTHI ceBepHBIX paioHOB copep:kar GoJblue Al,
Fe, Ca, Na, K u menbiie Mg, yeM KCeHONTHThI IOXKHBIX pafioHoB. HauGonee
MarHe3HalbHBI COCTAB KCEHONIMTOB ycTaHoBJeH B KHMOepsnTax Bepxhe-
MYHCKOTO paiioHa. 3/iech GOJBIIWHCTBO 3THX MOPOA MPEACTABJEHO CYILE=
CTBEHHO OJIHBHHOBBIMH 00GDa30BaHHAMH C He3HAUHTEJBHON NMPHMECHIO Ipas
HaTa, XPOMUIMHHENN]A, KJHHO- H OpTOnHpoKceHoB. Jlepuosutsl TpyGKH
«O6Ha)KeHHasI» OTJHYAOTCS OT JIEPLOJHTOB I0XKHBIX PaiiOHOB NOBBILIEHHBIM
cojlepyKaHKHeM rpaHara, MHPOKCEHOB H COOTBETCTBEHHO 6oJiee HH3KHM OJH=
BuHa. [llupoxo pacnpocrpaHenbl Ha ceBepe MPOBHHIMH PA3HOCTH YJ/bTpa-
6a3HTOB, B TOH WM HHOH cTeneHH oboraileHHble HJIbMEHHTOM H (UIOrOnH-
TOM, MpHYeM MocJejHuli Hepeiko o0pasyer MOHOMHHepa/bHLIE CKOMJle-
HHSl — IJIHMMEPHTHL. B (UIOronuT-HIbMEHHTOBLIX YJbTpaba3uTax MOBLI-
wensl cogepxaunus Al, Fe, Ca, Ti, K, F opn orHocuTesibHO HH3KOM cojiep-
wauun Mg. Boablue Al, Fe, Ca Ttakxe B 4acTH fopoj, He COLeprKallHX
HJIBMEHHUT H JIOronHT, B HEKOTOPHIX PA3HOCTAX JIEPUOJHTOB H ABYMHPOK-
CEHOBHLIX 3KJIOTHTOB CEBEpPHLIX pPaifiOHOB.

ITostyueHHbIE aHHBIE O COCTABE KCEHOJNHTOB IMIyOHHHEIX MOPOJK B KHM-
GepnHTax ceBepHLIX PaiOHOB CBHATEJNbLCTBYIOT O TOM, YTO B BepXHel MaH-
THH CeBePHOH 4acTH KUMOEPJHTOBOH MPOBHHIIHHK ObLIO GoJblie JerKonjas-
KHX 0asaNbTHYEeCKHX KOMIIOHEHTOB, 4YeM B BepXHell MaHTHM H0KHBIX
pafionoB. [lockonbKy B KuMGepaHTax ceBepHBIX paiioOHOB coZepiKaHHe
KCEHOJIHTOB MeHee MIVOHHHLIX (alkii Pe3Ko NOBLILEHO MO CPaBHEHHIO ¢
Kcerosiramu Gonee ray6uuHbiX dauuii, npejnojaraercs, 4To Ha cesepe
npoBuhnun (Anabap-OneHekckas 061acTb) KHMOEPJHTOBLII pACIJaB BbI-
MJIABASANCA Ha MeHee 3HAuHTeJbHOH IayGliHe, ueM Ha lore, H NPH STOM H3
cyGerpara, Gosee Goratoro GasanbrHyeckuMm BeulectBoM. B saBucHMocTH
OT TJIYGHHBL 3aJI0}KEHHS KopHell KHMGePAHTOBBIX 04aroB H MHHEpaJbHOro
cOCTaBa Nopoj| BepXHeid MaHTHH (GOPMHPYIOTCA KHMOGEpPJIHTOBLIE 03pa3oBa-
HHsl PASHOro METPOXHMHYECKOro H MHHEpPaabHOrO COCTaBA H Pa3tol Mpo-
aykrusrocTH. [lopozabl Bepxueit MaHTHH ryyGOKHX FOPH30HTOB, NpeACTaB-
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JIeHHbIe CYIIECTBEHHO MarHe3naJbHBIMH PA3HOBHIHOCTAMH, JlAlOT MarHe-
3Ha/IbHble KHMOEPJHTBI, cojepxkalllie [e3HHTerpHPOBAHHBLIH MartepHal
ryOHHHBLIX 30H MaHTHH,— a/Mas, rpaHar (Hepejiko BbICOKOXPOMHCTLHIH
KHOPPHHTHTCO/IePIKalLlHit), OJHBHH, Xpomauoncui. Habmenrt, quoronur,
HeKOTOphIe Jpyrie MHHepaJbl KOHTAMHHHPOBAaHLI KHMOEPIHTOBLIM paciijia-
BOM M3 GoJiee BBICOKHX TOPH30HTOB. 3a CUET MeTACOMATH3MPOBAHHBIX MaH-
THHHBIX MMOPOJl C BLICOKHMH KOHIEHTPalHAMH (Ioronuta v HJabMeHHTa 00-
pasyiorcsi 60Jiee THTaHHCTHIE M 1IeJOYHbIe KHMOEP/IHTOBbIE PACNaaBkl, KaK
B Anabap-Onenexckoil oG1acTi. MarMatHyeckue ouard KHMGEpJIHTOB B ce-
BEPHBIX paHOHaX pacmojiarajHch B OoJiee BHICOKHX TOPH30HTax BepxHeH
MaHTHH, 03TOMY OHH COJEPXKaT MaJo MarepHa/a anMas-lMHpPoNoBo (aunu
M KO3CHTOBOH cyGdauuu. ITO Mpejonpefe/HIo HX HH3KYIO HNPOLYKTHB-
HOCTb H OCOOEHHOCTH MOAHATOTO B 3eMHYIO KOpy ryIyGHHHOrO MatepHana.

[lo-BunumMomMy, clioH BepXHe#l MaHTHH, NpeicTaB/JeHHble CYIlecTBEeHHO
OJIHBHHOBLIMH Pa3sHOBHIHOCTAMH MOPOA, NpelonpefessioT nosejaesne 6o-
Jiee yJAbTPAOCHOBHEIX KHUMOEpJHTOB, Kak Hanpumep, Ha Bocrouno-Espo-
neiickoii (Cpenunit Tuman) namardopme. M HaoGopor, HHTEHCHBHO MeTa-
COMAaTH3HPOBAHHbIE NOPO/ABl MaHTHH, CJOMKEHHbIE (hIOrONHTOM H IAPYTHMH
muHepanamn-konuentpatopamMu K, Ti H HEKOTOPBIX HeCOBMECTHMEIX 3J/ie-
MEHTOB, CNOCOGHBI MPOAYHHPOBATH BRICOKOUIENOMHbIE M BhICOKOTHTAHHC-
Thle pPacniaBbl, KOTOPblE BHEAPSA/IHCh HA ABCTPAJAHHCKOM KOHTHHEHTe B BU-
Jie TaMrnpoHTOBLIX Tes. [locKo/bKy KHMGEPJAHTOBBIH H JAMIIPOHTOBLIH THIIbI
pacnjaBoB CJyXKAT TPaHCMOPTEPOM ryGHHHOTO MaTepHana, B TOM YHC-
Jie § anMasa, To alMasoHOCHOCTb MOPOJ, PaBHO KaK M CBOHCTBA 3TOrO MH-
HepaJsa, 3aBHCHT OT TOro, B KaKoH cTeneHH KMMOepJIHTOBbIE 04aru J0CTHIa=
an obaacTH cTabHJABHOH KpPHCTANIM3alMK aaMasa, T. €. OT- TIyGHHEI
3aJI03KeHHA OYaros.

DK3oreHHble HAKTOPLI HIPAIOT OYeHb GOJIBIIYIO POJb B IOCTMarMarHyec-
Kol mepepaGoTKe TJIaBHOro nopojooGpasyiolero MHHepada KHMGepJH-
TOB — OJIMBMHA W B 06pasoBaHHM 3a CUET HEro CepneHTHHOBLIX W Kapoo-
HaTHEIX nceBaoMoptos. HauGosee cunbHO H3MeHeH OMHBHH B KUMGepJH-
Tax flkyTckoil npoBuHuHH M Ha Bocrouno-Esponefickoii niardopme, B TO
BpeMsi KaK OJIHBHH H3 KHMOEpJHTOB GOJbIIMHCTBA paiioHOB AdpHKaHCKO-
ro KOHTHHEHTa W3MeHeH B MeHblueil creneHH. OcHOBHas NpHYHHA Hepas-
HOMepHOH H3MeHeHHOCTH OJIMBHHA B KHMOEpJIHTaX — pasHblil cocTas cpe-
Ibl, BMelnatoieii KumGepantossle Tesa. s SKYTCKHX KHMOepJUTOB 3TOf
cpejoii SIBASAIOTCS TeppHreHHO-KapGoHaTHLIE OT/IOXKEHHS! HHIKHero naseo-
30§, B KOTOPbIX HAXONATCA 3HAYHTENbHbIE CKOMIEHHA B PasHOH CTeneHH
MHHEpaIH30BaHHLIX BoA. B nenrtpanbHoil wacth npoBunuun (Bumoiickas
o6nacth) ray6GHHHBIE BOAbI BLICOKO MHHEPAJH30BaHB, OHH MpeACTaBeHbl
pacconaMu, B KOTOpbLIX cojep:KaHHe coJieH MpeBblliaeT COTHH FpamMMOB Ha
autp. OcofeHHO BHICOKO MHHEpa/H30BaHbl KapOGOHATHO-X/JIOPHIHbIE BO/bI
ManoGoTyoGuHcKoro paiiona.

Heckonbko HHOro cocTaBa paccoJibl, 3afieraimue B KeMOpHHACKHX mo-
ponax ManapiHo-AniakuTcKoro paiiona. B ceBepHmix paiionax oGBoaHeH-
HOCTb MOPOJ HHXKHEro Najeo30s MeHblle, @ KOJHYecTBO PACTBOPEHHHIX
coJiell 3Jecb HaMHOTO ycTynaeT BojaM B IeHTpanbHuX paiionax [71]. TTo-
BHIHMOMY , STHM H 00bsICHAETCS Pa3/HYHe B MPOABJEHHH PHAPOTEPMaNBHOM
MHHepanu3auuu B KuMmGepaurax Bumoiickoit u Anabap-Onenekckoi oG-
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nacteil. YCTaHOBJNEHO, YTO B BEPXHHX TOPH30HTAX NPAKTHYeCKH BCex
SKCITY aTHPYIOUHXCsl TPYGOK SIKYTHH [OBBLILIEHO | OJUYECTBO [POXKHJI=
KOB H THe3jl, BHINOJHEHHbIX APYy3aMH H CIJIONIHBIMH MaccaMH KBapla, He-
peiKo no oKpacke npubauxaowerocs K ametuery [115]. Tlo mepe yray6-
JIEHHs] KapbepoB 1iX co/leprKaliie NOCTeNeHHO yMeHbllaeTcsi, a Ha raybHHe
6osee 100 M o npakTHueckH HcuesaloT. B KumGepauTax cepepHBIX pa-
fIOHOB Jpy3bl KBaplla B BepXHHX ropH3oHTax TpyGok He scTpeyedsbl. [lo-
BHIHMOMY, 3TO CBA3aHO € TeM, 4TO B HHX Ha 3eMHYIO NOBEPXHOCTb 3pO3Heil
BhIBeLekbl Gostee rayfoine yactd TpyOoK, rie He ObLIO THAPOTEpMaNbHOI
MHHEpaAH3aunH, B pesyJbTaTe KOTOpoii ofpasoBancs kBapu. Jleranb-
HBEIMH HCCJIEIOBAHHSIMH YCTAHOBJIEHO, YTO KBApll H3 KUMOEDJIHTOB OTHOCHT-
¢Sl K BBICOKOTEMINEpAaTypPHOA Pa3HOBHANOCTH, B OTVIHYHE OT FHAPOTEPMallb-
HOro KBaplla, CBA3AHHOrO ¢ APYrHMH NOPOJAMH, HanpHmep TparmnamH.
Kpome Toro, oH xapakTepHayeTcs OYeHb HH3KHMH 3HAYEHHSIMH MPHPOILHOMH
W HapejieHHOH nioMuHecueHn [115]. B cBA3u ¢ 3THM KBapl, a Takixe Apy-
rHe THApPOTEpMaJbHbBIE MHHepaabl, ofJazaioluiie MOBLILLIEHHOH YCTOHYH-
BOCTBIO K MEXaHHYECKOMY HCTHPAHHIO W ONpeleeHHBIMH THIOMODP(pHBIMH
NPH3HAKAMH, MOTYT HCIOJb30BaTbCA NPH [LIHXO-MHHEPANOrHYECKOM Me-
TOJE MOHCKOB KHMOEPJHTOBLIX Tel.

Bwmemaromumu nopoiamu kumepantos Bocrouno-Esponeiickoit (Cpen-
Hu# Tuman) naatdopmbl SBAAIOTCA KBaplLeBbie NecYaHHKH HA TJIHHHCTOM
LieMeHTe patienaneo3oiickoro Bo3pacta. B HuX 3azeralor orpomibe
maccbl cnafo MHHepaaM30BaHHBIX BoA. KumGepsauTbl, Haxolsiuuecs B
OKPYKEHHH HHTEHCHBHO OOBOJIHEHHBIX ¢/1a00 JHTOQHLHPOBAHHLIX KBAapIl-
coepIKallyX NOPO, HMEIOT COBEpPIIEHHO HHYIO — BTOPHUHYI0 — MHHEp aJIH-
3anmio. 3ech BMECTO ceprieHTHHa H KapGoHaTa, LIHPOKO pa3BHThIX B KUMGep-
JHTax FIKyTCKOH MPOBHHIIHHM, OTMEYAloTCsl CanoHHT M Takabk. KapbGonatu-
3alMH NOJBEPzKeHbl BCero JHIUbL BepXHHe yacTH TpyOoK, rle nposBHJIOCH
BO3/I€HCTBHE BOJl, NPOHHKAOUIHX M3 KapOOHATHBLIX NecYaHHKOB KaMeHHO-
YroJILHOTO BO3PAacTad, MepeKphLBalominX TPYOKH. PeqHKThl HeH3MEeHeHHOTo
OJIHBHHA NOABJATCA Ha rayCuHax nopsaka 0,5—0,7 km.

B kuMbepauToBbiX nopojax AGpHKaHCKOTO KOHTHHEHTA HeT THApoTep-
MaJbHBIX MHHEpaJoB, HHPOKO PACHPOCTPAHEHHLIX B KHMOepauTax HKky-
tuu. Hcenenosarenn xkumGepiutoB AGDpPHKH He YNOMHHAWOT O Pa3sBHTHU
3flech KapOoHaTHOH, cy/bhHAHOI, cy/abdaTHON U APYTHX THNOB FHAPOTEP-
Ma/lbHOH MHHepaJH3aluH. 3aro 3/lech BCTpPeueHbl CaMNOHHT, TallbK,
LIEOJTHTHL.

Y coBeTcKHX HCC/eloBaTesiell CJAOMHJIOCh MHEHHE, uTo appHKaHCKHE
KUMOePJIHTEL B CBA3H C BJAaXKHLIM H TENJILIM KJIHMATOM [10/1BEPKeHBl HHTEH-
CHBHBIM BTOPHYHBIM H3MEHEHHSM, 4 KOpPa BEIBETPHUBAHHS pacnpocTpaHeHa
Ha 9THX MOPOJAX /10 3HauMTesbHBIX rAy6uH. Ha camoMm zene 3to He Tak.
Kopb! BHIBETPHBAHUS PAa3BHTHI 31€Ch [0 I1yOHHBI MEPBLIX JecATKOB METPOB,
ray6aKe 3a71€raloT OTHOCHTENLHO ¢1a60 M3MeHEeHHble KHMOEepJIHThI ¢ BHICO-
KHM COJlep:KAHHEM OJIMBHHA U APYTUX JETKO pas3pyllaeMbiX B YCJAOBHSAX TH]I-
porepManibioil nepepaGoTKH M THIepreHesa MHHepasoB (KJIHHONHpPOKCe-
Ha, (pJIOrONHTa, MOHTHUYENJIHTA U pP.). D10 00bACHAETCS TEM, UTO BMellaio-
IIHMH TOpojaMH appPHKAHCKHX KHMOEPJHTOB C/YKAT MJOTHLIE, CLEMEHTH-
poBaHHbIE NecuyaHHKH, JAojeputbl Kappy, denb3uThl, IpaHHTbI, HOPHTHI.



rnasa I

OBLUME BOMPOCHI
TUNMOMOP®U3IMA MMHEPANIOB
M3 KMUMBEPJIUTOB

[MpoGaema tHnoMopdH3Ma MHHEpAnTOB, HAayyHOe M TPAKTHYECKOe 3Haue-
HHe Kotoporo noguepkusan A. E. ®epcman [118], uekaountenbHo Bamua
JUIA pellieHHsl MHOTHX 3ajay Kak ofIereo/orHyeckoro, Tak M NpHKJAaLHO-
ro xapakrepa. B nocsegnne rojsl oHa npusaekaer Bce Gosiblie BHHMaHHSA
ncenenoparesefi. 3rol npobGaeMe GbLIH NMOCBALIEHB! KOH(pEpPeHUHH H CHM-
nosuyMel (Mocksa, 1970, 1982; Boaonapck-Bonbinekuii Y)KuToMupckoit 06-
aactd, 1973; Opecca, 1985).

TunomopdHbIMH NPHHATO CYUHTATH «MHHEpanbl, o0pa3oBaBlinecs B J0-
BOJIBHO ONpeJe/IeHHBIX YCJAOBHAX H MO3BOJAIOUIHE CYAHTh 06 3THX ycJ0-
usx» [137, c. 6]. [pynna THNOMOPGHBLIX MHHEPAJOB, KPHCTA/IJIH30BaB-
IIHXCA B CXOAHBIX (DH3HKO-XHMHYECKHX YC/JOBHAX, [PeICTaBJSET THIIO-
mopdHylo accounanuio. Kaxawii THnoMopdHLI MuHepan ofaafaer
ornpesie/TeHHEIMH TPH3HAKAMH, OTPaKalOUIHMH COCTaB CPe/Ibl, TePMOIHHAMH-
YecKHe Napamerpbl KPHCTAIH3ALUH, MUTPALHOHHYIO CNOCOGHOCTD SJIEMEH-
TOB H Jpyrue (H3HKO-XHMHYECKHE XapaKTepHCTHKH MHHepasoobpasyio-
wieit cucreMsl. TunomopbhHble npu3HAKH OGYCJ/OBJEHBI BIOJHE ONpeneseH-
HEIM MPOLIECCOM MHHEpPaI000pa3oBaHKs HIH JKe KaKoH-To ero craaueit [59].

Hazyuenne THnoMopdHBIX 0cOGEHHOCTEH MHHEPANOB HMeeT NepBoCcTelNeH-
HOe 3HayeHHe 115 paciiipOBKH CJ0OMHHBIX YCI0BHI MHHepanoobpa3oBaHua,
COBEpIIeHCTBOBAHHA TeHeTHYeCKOol KaaccHpUKAIHH MHHepPaJbHHIX BHJIOB.
ITo THnOMOPGHBIM MPH3HAKAM MHHEPAJIOB MOXKHO ONpefensiTh haluuanibHyo
MPHHALIEHKHOCTh MAacCHBOB H3BepPKEHHBIX MOPOJ H MPOM3BOAMTL HX BO3-
pactHoe pacu/ieHeHHe.

OcobenHo Gosblloe 3HAYeHHe HMeeT THNOMOPMH3M MHHEpPaIoB MNpH
1IOHCKAaX M OlIEHKe MECTOPOMKIEHUH [O/Ee3HbIX MCKOnaeMmblX. YikKe IaBHO
Obl10 ofpalieHo BHHMaHHe Ha TO, 4TO BCAKAad [oJe3Hass MHHepaaH3alus
COMPOBOKAAETCA MHHEepa/JaMH-HHANKATOPAMH, HCNOJb30BAHHE KOTOPHIX
M03BOJISIeT NPaBHILHO OPHEHTHPOBAThL NOHCKOBhIe paboTel. Benuka poab
THNOMOP(HBIX MPH3HAKOB HHIAHKATODHBIX MHHEPAJOB NPH MOHCKaX KHM-
OepJiuTOB.

KumGepsintoBsle MOpobl HApANY ¢ HEKOTOPLIMH APYTHMH (Hanpumep,
NEerMaTHTaMH) MOMKHO CUMTATh KJIACCHUGCKHMH IO SIPKO BHIPAXKEHHOMY TH-
noMoppH3My HX MHHEpaJoB M MHHepaJbHBIX accoumnaiuii. BoabumucTBO
Hecse/loBaTesei cCYHTaeT, 4To KHMOep/IUTOBEI pacnjae sapoluicsa Ha 60Jib-
KX TAYOHHAX TIPH YACTHYHOM HJIH MOJHOM [JIABJEHHH MOPOJ BepXHel
MaHTHH. Pesy/braTel coBpeMeHHBIX HCC/IeI0BAHH T NO3BOSIOT YTBEPKAATh,
YTO KHMOEPJIHTBI NPeACTaBAAIOT COG0H C0XKHbLe 06pa30BaHHA, B KOTOPbIX
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HapALy ¢ MHHepaJiaMH, o6pa3oBaBLIHMHCS HENoCPeJACTBEHHO NpH KpHeTam-
JIM3AlHH, COIEPKHTCH OrPOMHOE KOJHMYECTBO KCEHOMeHHOro MaTtepHasna,
3aXBaYEeHHOr0 KHMOEPJHTOBHIM PaclaBoOM Ha Pas3HBIX YPOBHAX BepxHeil
MaHTHH U KOpbl. Bosbline ryy6HHbI, Tle FOCNoACTBYIOT CBepXBLICOKHE 11aB-
JeHus, crneuuduHyeckas reoXHMHyecKkasi oOCTAHOBKAa He MOrJIH He OTpa-
3UTbCA Ha OCOOGEHHOCTAX MHHepatooGpasoBaHHA. [leficTBHTENbHO, W
KHMOEpJIHTOB XapaKTepHbl MHHepaJbl, MOYTH He BCTpeyalonuecs B ApYrux
THNax nopoi. K HUM oTHOCATCH a/nMa3s, MarHe3HaJbHbll rpaHat (nupon),
MarHe3HaJbHbll HJIbMEHHT (NHKPOH/LMEHHT), BBICOKOXPOMHCTHIY XPOMHT,
xpoMauoncua. Hekoropele HHAHKATOpHBIE MHHEpatbl H3 KHMOEpIHTOB,
B OT/IHYKE OT HM MOAOGHLIX M3 APYTHX MarMaTHuecKHX nopoj, obnaaaior
creunpuueckuMH cBofictBaMi. K HHM OTHOCATCS Marhesua/ibHbIH OJNHBHH,
OPTONMHPOKCEH, UHPKOH, anaTHT, THTAHOKJAHHOTYMHT, dnoronut. Bee st
MHHEpaJbl BMeCTe ¢ ajMa3oM HaXOAATCA B KHMOepJHTax H HCNOJNb3YHOTCA
NPH MOHCKAX aJMa3HBIX MECTOPOXKJEHHH WWAHXOBbIM Metoaom. Mx npu-
HAATO HasBIBATb MHHEpaJaMH-COYTHHKaMH anMasa. OnHaKko TEPpMHH MuHe-
PArbI-CNYMRUKY @AMA3@ B CTPOTOM NOHUMAHWH 3TOrO CJ0BA OTHOCHTCSH
JIaJIeKO He KO BCeM H3 [epeyHC/IeHHbIX BbILLE MHHEpaJIOB, NOCKOJIbKY MHOTHE
U3 HUX He HMEIOT TeHeTHYECKOro PoACTBA € ajiMasoM Jaxke B TOM Cay-
yae, Korja B KMMOEPJHTE OHW HaxoisTcsi BMecTe. M3yuenue BKJIOUEHHH
TBepbIX (ha3 B a/iMa3e N0Ka3alo, YTo OJJHOBPEMEHHO C HHM 00pa30BBIBAHCH
onpeje/ieHHble PA3HOBHHOCTH I'paHara, OJHBUHA, XPOMHTA, KJIHHOMHKPO-
CeHa, HEKOTOPLIX JIPYTHX MHHepasoB. Bce oHH XapakTepH3YIOTCH YETKO BbI-
paxKeHHbIMH HHJHKATOPHBIMH NPH3HAKaMH, COJEp:KaTCs TOJAbKO B aiMaso-
HOCHBIX KHMOEpJIHTaX, I'JIe COCTABJASIIOT HEGOMBIIYIO 1010 OT BCErO KOJIHYe-
¢TBa rJyCHHHBIX MHHepasoB. CTporo roBopsi, TOJbLKO T€ HX Pa3HOBHJHOC-
TH, PaBHOBeCHE KPHCTAJVIH3AaUMH KOTOPHIX B YCJAOBHAX CTaOHJABHOrO
a1Ma3000pa3oBaHHsl He BHI3BIBAET COMHEHH:, C/eloBano Obl Ha3LIBATD MH-
HepasaMH-CIyTHHKaMH aamasa. Bce ocrasbuble, oGpasoBaBiuvecs B Gosee
BLICOKHX TOPH30HTaX BepXHeill MaHTHH 3a TpelesaMH [oJs cTabHJIbHOCTH
anMasa, npaBuJibHee 6bl10 Obl HA3LIBATDH MUHE PAAGMU-UHOUKEATMO PAMUL
xumbepaumos. OIHAKO B CHAY CYLLECTBYIOULEHl TPaJAHIIHH BCE MHHEpaJbl
KUMOEpJIHTOB, HCTOJb3yeMble MPH [OHCKax aJIMas3HblX ME{:TopO)KIIEHHﬁ
LIJINXOBBIM MeTOJ0M, OGLIYHO HA3BIBAIOT MHHepaaMH-CNYTHHKAMH aiMmasa.

SpeKTHBHOCTL HITHXO-MHHEPAJIOTHUECKOr0 MeTO/la MOHCKOB onpese-
Jsercs cIefyIOMUMA GaKTOpaMH: THNOMOPHHIMOM HHAHKATOPHBIX MHHepa-
JIOB KHMOEpJIHTOB, CONepKAHHE KOTOPHIX BO MHOTO pa3 MpeBbIllaeT colep-
JKAHHE CaMOTO a/1Mas’a; HX CPaBHHTEJbHO MPOCTOH JMArHOCTHKON Jaxe
B NOJIEBBIX YCJIOBHSX; CTPOTOH HHAMBHAYAIbHOCTBIO /s KaXA0ro KHMOep-
JIHTOBOTO TeJ1a; CYLIECTBOBAHHEM B HACTOAIHII MOMEHT HaJeKHbIX MHHepa-
JIOTHYECKHX KPHTEPHEB a/IMa30HOCHOCTH, YTO (O3BOJISIET [POTHO3HPOBATH
NOTEHUHANBHYIO aJIMa30HOCHOCTD KOPEHHOTO WCTOYHHKA M0 MHHepalaM-
CNYTHHKaM M3 pocchineii H COOTBETCTBEHHO BhLIOHpaTh HaHGOJee Mepcrek-
THBHEIE YYAaCTKH ISl OTKPHITHA MECTOPOXKAEHHIL.

HaunGonee 1mHPOKO MpH MNOMCKAaX KHMOEPJHTOBLIX TeJ HCIOJb3YIOTCA
MUPON H MHKPOHJIBMEHHT, MeHee — XPOMHT u Xpomauoncui. OcrajbHbie
MHHepa/bl (MarHe3HajbHBIA OMIMBHH, 3HCTATHT, LUHPKOH, anaTut, THTaH-
KJMHOTYMHT, (PJOTONHT) HMEIOT OrpaHHuYeHHoe 3HAYeHNE H3-3a pelkoi
BCTPEYAaeMOCTH B KHUMOEpJIMTAX MM MO JApPYrHM NPHYHHAM, XOTA B paje
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CJyuaeB OKa3hBAKOT CYILECTBEHHYIO MOMOMb NpH nouckax. Hexoropsimu
U3 ITHX MHHEpaJoB (LHPKOH, anaTHT, THTAHKJAHHOTYMHT) o0oramenbl Kum-
GepaMTH OTAENbHBIX TPYOOK HJH XKuJ. [ToBhilleHHOe KOJMHUYeCTBO XOTS Obl
B IVIMXaX OJAHOTO H3 HHX B COYETAHHH C MHPONOM HJH MHKPOHJbMEHHTOM
MOXEeT HAMHOTO KOHKDPETH3HPOBAaThb NpPOTHO3.

['paHaThl MHPONOBOro psAfa HMEIOT HanboJbllee 3HaYEHHE NPH NPOTHO-
3HPOBAHHH KOPEHHOro HCTOYHHKA MHHEpaJoB-CIYTHHKOB ajiMa3a W3 poc-
ebinefi. OTHOCHTe/IbHAs NPOCTOTa M HajexuocTh onpenenenns Cr, Fe,
Ca no nokasareJso npeJjoMJeHHs W NapaMeTpy s/JeMeHTapHOH fYeliKH nos-
BOASIOT GBICTPO M JIOCTATOUHO TOYHO OXapaKTEPH30BATh 3TOT MHHepal
B KaXXJIOM KOHKPETHOM cJyuae.

Hcnonb3osanie NHKPOH/JIbMEHHTA 15 NOMCKOB CBSI3aHO ¢ GOJbLINME
TPYAHOCTAMH H3-3a CJOMXHOCTH ONpeleJieHHs ero XHMHYecKoro €ocrasa 1o
KOCBeHHBIM NpH3HakaMm. OIHAKO NOSIBJEHHE TOTO HJIH HHOro cnelHduuec-
KOro CBOHCTBA, HanpUMEp arperaTHoro CTPOEHHH, IIHMOBHJHOH NOBEPX-
HOCTH HA 3€epHaX, CJIeIOB 3aMelleHH A CYJ/bhOHIHEIMH MHHEpalaMH, HaTHuHe
PEaKUHOHHBIX 06O/IOUEK, MOMKET CJAYXKHTb LOKa3aTesqbCTBOM KUMOEPIHTO-
BOH NMPHPOAL JIaHHOTO MHHepaJa. .

[To ocobeHHOCTAM anaMasa, KOTOpPhle MOTYT ObITb MPHHATH 33 THHO-
mopdusie, 3. B. Baprownnckufi (7, 8] nenur Bce KopeHHBIE W POCCHINHBIE
mecTopok/ennsl SIkyTuu Ha ase rpynnul. [lepBas rpynna, cpaBHHTEIbHO
MaJIOYHCJ/IeHHasi, XapaKTepH3yercsi olpefieJieHHbIM COlepXKaHHeM aiMasa
C OflHOH pe3Ko Bhljeasiomedcsa 0coGeHHOCTbIO, KOTOpas He CBOHCTBEHHA
HJAH OdYeHb MaJo XapaKTepHa ANS aJMasa M3 JAPYTHX MeCTOPOMIeHH#.
Bo Bropo#i rpynne, K KOTOpo#i OH OTHOCHT GOJIBIIMHCTBO MECTOPOMIeHIHil,
KPHCTa/I/bl a71Ma3a HMelOT pasHble 0cOGEHHOCTH, HO KaKMX-1HOO KpHcTan-
JA0B cO crnenddHUeCKHMH 3hech CBOHCTBaMH HeT. Mectopomienus BTOpPOii
TPYNMbl OTAHYAIOTCA APYT OT APYra COBOKYNHOCTSIMH THNOMOP(®HBIX NpH3-
HaKOB ajiMasa.

AHaNOrHYHO pasjie/leHH HAMH MEeCTOPOXKJIeHHsl a7Masa No MHHepajamM-
cnytHukam. K nepBoii rpynne, Take MaJIOYHCJI€HHOH, OTHOCHTCS Tena,
MHHEpaJbI-CIYTHHKH KOTOPhIX XapaKTepH3yioTcs OCOGEHHOCTAMM, OHO-
3HaYHO COOTBETCTBYIOIHMH KOHKPETHOMY NepBOHCTOUHHKY. [IpHMepoM mo-
KeT CAYKHTb TpyOKa «Afixa/n», rjie 1pH OTHOCHTENbHO HH3KOM COJEpXKa-
HHH MHpPONAa NHKPOWJIBMEHHT BCTpeuaercss KpaiiHe peako. K tomy ke nu-
pon obJafaer XapakTepHbLIMH MpH3HaKaMH: OOJIBIIHHCTBO ero 3eped
(hH ONeTOBO-KpacHLI€, C OBLILIEHHEM NOKa3aTe/eM NPeJioMJIeH A, 0TPaxKao-
IHM BHICOKYIO XpOMHCTOCTb MHHepana. Cpeau xkuMmGepautoB Manofory-
o6HHCKOro paifioHa K NepBOil Mpynne MOKHO OTHECTH TPYOKY «AMakuHc-
Kasi» ¥ xkuay A-21. B 3THX Tenax pe3Ko NOBHILIEHO COJEPKAHHE MEJKHX
3epeH MMKPOHJBMEHHTA CO cneuHpHyeckoil 6yropuyaTocTbio Ha MOBEPXHOC-
TH, HE XapaKTepHOH M5 Hero B IpYrHX Tenax paitoHa. B Hekoropuix TpyO-
Kax B GOJIbIIOM KOJIHYECTBe BCTPeualoTCsl MaJlo pacmpocTpaHeHHbie (B oc-
HOBHOH 4acTH KHMOEpPJHTOBHIX T€J) MHHEpaJBI-COYTHHKM anamasa. Tax,
B TpyOGke cKonnektupHasi» JlanabiHO-ANaKHTCKOro paiioHa YCTaHOBJEH
THTAHKJHHOTYMHT, H3BeCTHHIH elle B IBYX Tpybkax — «PycnoBas» Hmxk-
HeoJleHeKcKoro H «YHuBepcuTerckana» Kyonanckoro paiionos. EcrecTses-
HO, YTO HOBBIE HAXO/IKH 3TOTO MHHEpaJa B POCCHNAX, He CBA3aHHHIX C HA3-
BaHHBIMH TpyOKamH, OyAyT OIHO3HAaYHO CBHJETENbCTBOBATH O CYIECTBO-

18



BaHHM ellle He OTKPLITOro KHMOGep,HTOBOro Tesa. B enuuHHuHEIX TpyGKax
M3BECTHBl KpYNHHIE 3epHA anatHTa. OGHapy:KeHHe 3epeH anaTHTa B poc-
CHIMAX, HE CBSI3aHHBIX C YK€ H3BECTHBIMH TPYOKaMH, CONepiKaluluMH KpVil-
HBle 3epHa anaTHTa, fIBJfeTcs AOKA3aTeJbCTBOM HaJHYHA He BHISIBJEHHOTO
KOpPeHHOro HcTouHHKa. To ke caMoe MOMKHO CKasaTb H B OTHOLIEHHH LIHp-
HOHA, JIOBOJILHO KPYINHbIE 3epHA KOTOPOro YCTAHOBJEHb B HeGONbIIOM uHC-
J)e TpyGok. CrenoBaTtenbHO, Te KHMGEPJIHTOBLIE Teja, MHHEPAJIBI-CIIYTHHK I
KOTOPbIX KaKHMH-TO 0COOEHHOCTAMH 3aMETHO OTJIHYAIOTCA OT HM MOA0GHBIX
u3 GonbuminHCcTBA TPYGOK WJIH COepKaT HeTHMHYHHE (HeTpaiHIHOHHbIE)
MHHEpa/kl, OTHOCHTEJIbHO JIETKO Pacno3HaloTcs MO NPOAYKTaM HX paspy-
HIeHHs!, 4TO obJeruaer HX NoMckH. MuHepa/ibHble accollMallid KumbGepJn-
TOB, B KOTOpbie BXOIAT OfHH HJIH HECKOFbKO HETPAJHIHOHHBIX HHIHKATOP-
HBIX WIEHOB HJIH B KOTOPHIX TPaJAHIHOHHBIE HHAHKATOPHEIE MHHEpaJIbl
HMEIOT APKO BEIpaMeHHHe HHAHBHAYalbHEE OCOGEHHOCTH, CJelyeT OTHO-
CUTb K JIOKAJbHEIM.

Munepanbl-eNYTHHKH H3 MECTOPOXKJAEHHH aamasa BTOpPOH Tpynnel,
BKJO4aolell B ce6st 60AbLIHHCTBO TPYOOK H XHJ, HE HMEIOT YeTKO Bbipa-
MEeHHHX HHINBHAYaJbHBIX ocobenHocTell. M Bee ke mo KoMIiekcy npH3Ha-
HOB OT/IHYHS MEXIY HHIAHKATOPHLIMH MHHepaJaMH MOXHO Ha#TH. HawnGo-
Jlee BayKHBIMH NPH3HAKAMH, Ha KOTOpHIE cenyeT ofpauarh BHUMaHHe MpH
NoHCKaX KHMOEpJHTOBBIX TPYGOK BTOPOH rpyNmbl, siBAfioTcs obuiHe co-
AEpXKaHHA MHHEpaJoB-CNIYTHHKOB ajMasa (nHpoma, NHKPOHJBMEHHTa,
XPOMAHONCHAA, XPOMMTA), HX COOTHOIUEHHS, pa3mep, (jopMa H BHYTpeH-
Hee CTpPOEHHEe 3epeH, COJepXKaHHA TBepIhX BK/IOUeHHH, pacnpeneneHus
MHHepasoB NO 1BETaM, NMoKa3aTeNsiM NpeOoMJeHHs, NnapaMeTpaM 3JeMeH-
TapHOH fuefikn, Tepmosac (mMHKpoHabMeHHT). HaunGonee BakHEIE OTAHYH-
TeJIbHBIE MPH3HAKH MHHEPaJoB — OCOGEHHOCTH MX XHMHYECKOTO COCTaBa.
HanexxubiMH KpHTEpHAMH, MO3BOJNSIOUMMH YBf3BIBaTh CIYTHHKH aiMasa
€ KOHKPETHBLIMH MEeCTOPOXKIEHHSIMH, SIBJISIIOTCA COJEpMKaHHsA: a) Iis NHpo-
na — Cr, Ca, Fe, Ti; 6) ana xpomura — Cr, Al, Ti, Fe, Mg; B) ana nnkpo-
uabmennta — Ti, Mg, Cr, Fe’+, Fe?t; r) aas kanunonupokcena — Cr, Al,
Mg; k) ans opromupokcena — Al, Fe, Cr, Na. [Ipyrue (ne nepeuncnen-
Hble 371eCb) MHHEPa/Ibl H3 KHMOEpPJITHTOB Tak:Ke 06,13 1ai0T YeTKHMH THIIOMOP(-
HBIMH [PH3HAKaMH COCTaBa, KOTOpHIE HHOMJAd MOTYT YCMELIHO HCNOJb30-
BaThCsl NPH NOHCKAX. ACCOLHALHMH HHIMKATOPHBLIX MHHEPAJIOB H3 KuMbep-
JIHTOB, He oﬁ.na)latomux YETKO HHJIHBHAYaJH3HPOBaHHBLIMH THHOMOP@HbI'
MH [PH3HAKaMH OT TPYOKH K TPYyOKe, BcTpeyaioTcs B GONbIIMHCTBE KUMbep-
JIITOBBIX TeJ BCEX NMPOBHHUHMH MHpa, B CBSI3H C YEM MBI HX Opej1araem
Ha3blB: To perHoHaJIbHbIMH.

B ta6n. | npuBeieHa KJaacCH(pHKAUHSA HHAHKATOPHEIX MHHEPAJOB H3
KHMOEpPJHTOB MO YC/A0BHAM HX ofpasoBanusi. BeileneHHbie THNOMOP(HLIE
accolHallii MHHepaJloB MOXKHO YC/IOBHO Pas/ie/IiTh Ha TPH TPYNNbi: 6OJb-
HIHX, CPEHHX H OTHOCHTENbHO Ma/ibiX ray6un. K nepsofi rpynne oTHOCAT-
€ aJMa3-XpPOMHT-XPOMIHPONOBas H XPOMIAHONCHA-XPOMHT-XPOMIHPOINO-
Bas accoluMaldH, KO BTOPOH — HJIbMEHHT-XDPOMIINHHEIH]-NHPONoBas M
XPOMIIMHHENHA-MHPON-HAbMEHHTOBAA, K TPETbeil — MHPOKCEH-MHPON-HJlb-
MEHHTOBasi H (JIOrONHT-MHPOKCEH-HIbMEHHTOBAA.

MoxHO roBOpHTB O TaKHX XapaKTepHbIX OCOOEHHOCTAX H3MeHeHHA
COCTaBa MHHEPAJOB B HamnpaBJieHHH OT HauboJjee TIyGHHHBIX aJMa3co-
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Tabmuna 1. KaaccHdHKanHOHHas cXeMa HHIMKATOPHBHIX MHHEPAJOB W3 KHMOEpJIHTOB

Accomua s Aamas | Tpamar an:::u- H::::e‘ K:::g:: " | ®@aoromuT | Amdubon
DIOTONHT-MHPOK- Buicoko- Beicoko- Huako- Tura-  Tura-
CeH-HJIbMEHHTOBas [JIHHO3e- MarHe-  XPOMHC- HMCTBil, HHCTBII,
MHCTBIil, 3Hajb-  ThiH (AH- ¢ NOBLI- ¢ MOBBI-
OTHOCH-  HBli, ONCHI)  WEeHHLIM [IeHHLIM
TeJbHO  HH3KO- collep-  cojep-
HH3KO-  XPOMHC- HMAHHEM  KaHHEM
XPOMHC- Thlil Ee Fe
TBIfl
[TupokceH-nuporn- INupon, Tauso- Marnwe- Husko- = Tura- Twura-
HIbMEHHTOBAA opas- 3eMHC-  3MaJb- M Cpel- HHCTHIA, HHCTHI,
JeBhli, ThIH, HBIH, HeXpo-  HH3KO- C yMe-

HH3KO-  CpelHE- HH3KO-  MHCTBIl XPOMHC- pEHHBIM
XPOMHC- XPOMHC- XpOMHC- (AWom-  Teiit, ¢ cojep-

THH ThlH Thi it CHIL H  TIOBhI- KaHHeM
XpoM- wenHsM  Fe
JHOINCH]) cojep-
HaHHEM
Fe
X poMunuHeaua- Mupon, Cpenme- Marne- VYwmepen- Ywmepen- Husko-
NHPOM-HIbMEeHH- OpamKe- XPOMHC- 3HajJb-  HOXPO-  HOTHTa- THTa-
TOBas BO-Kpac- Thiif Hbli, MHCTBI ~ HHCTHIA, HHCTHIH,
HBIH H yMepeH- (XpOM-  HHM3KO-  YMEpeH-
Kpac- HOXpO-  JHOI- XPOMHC-  HOXpO-
HBIH, C MHCTHHA  cHJ) T, € MHCTHI
yMepeH- nepe-
HBIM CO- MeHHOH
Jepaxa- xeje-
Huem Cr 3HCTOCTBIO
HapmeHHT-xpoM- Iupon, Cpeane- Marse- Xpom-  Ymepen- Xpo-
IIIHHeHJL-[TH- ¢HONe- H OTHO- 3HaNb-  JHOINCHA HOTH- MHCTBIf,
ponosas TOBO- CHTeJIb-  HHli, TaHHC-  HH3KO-
Kpac- HO BBHICO- YMepeH- ToIit H  THTa-
HblH, ¢ KOXpO-  HOXpO- yMepeH- HHCTHIA
NoBLI- MHCTBIfi  MHCTHI HOXpO-
LIeHHbIM H Xpo- MHCThLIH
conep- MHCTBIH ¢ nepe-
KaHHEM MeHHOMH
: HKeqae3uc-
TOCTBIO ;
XpomauoncHa-xpo- Xpomnu- Beicoko- Marne- Xpomau- Husko- Beico-
MHT-XPOMITHPO- pom, Ma- XpPOMHC- 3Hadk-  ONCHL,  THTa- KOXpo-
noBas JAHHO- ThiH HBIH, C  C MOBbl- HHCTBIH, MHCTHI,
BBIH, TIOHH- IUEHHBIM YMepeH- HH3KO-
BBICOKO- JKeHHBIM COJlepxa- HOXeje- JKeJje-
XPOMHC- cofepxka- HHem Cr  3HCTBUA, 3HCTBIH
TbIH, HHEM BBICOKO-
KHOp- Mg, XPOMHC-
PHHTHT- yMepeH- Thill
cofiep- HOXpO-
Kalgui; MHCTHIH
nHpor-
yBapo-
BHT, )
3eJIeHbIR
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Okonuanue maia, 1

Accounauus Anmas| [pamnar x‘::)e':l,l'm"-’ “ﬂlﬂe- K;';,:‘s:::" @®aoronit | AmguGon
Anmaz-xpomuT- Kpuec- Knop-  To e  Buicoko- Bwmicoko- Husko-
XPOMIHPONOBas  TajJ- PHHTHT- THTa- xpo- THTa-
Jbl H cojepiKa- HHCTHIA, MHCTHIH  HHCTHIH,
HX LM C HH3-  (IOPHHT- HH3KO-
Cpo-  XPOMITH- KHM CO- XPOMJH- JKeJesHc-
CTKH por, JepXKa- ONCH1)  Thoilf,
MaJnHo- HHEM yMepeH-
BEI Fedt HO- 1
BbICOKO=
XPOMHC-

ThIH

JlepAamuX accolHauHii K OTHOCHTENbHO MaJorayGHHHBEIM, TJe He TOJbKO
anMas, HO M NHpon fABJfeTcs MeracTaOW/bHOH (pa3oii: a) yMeHbIlaercs
conepxkanue Cr um Mg; 6) yeennuumaercas — Ti u Fe, ocoGenno Fe’t,
B) B OTHOCHTEJbHO MaJOrJyGHHHBIX acCOLHAlHAX MOABAAITCH MHHEPAJLI,
conepxamue K,0, H,0, P,O;, ZrO.

Y eTaHoB/IEHHBIH TPEH]L H3MeHEHUs COCTAaBaA HHJMKATOPHBIX MHHEPAJIOB U3
KHMOEPJIHTOB OTpakaer TeHIeHIHIo JuddepeniiHanyi coctaBa nopoj Bepx-
HeHl MaHTHH B BEPTHKANbHOM paspese oT Haubosiee ryGHHHLIX ee yacrei,
JWOCTYMHLIX JJ15 HM3YYEHHS [0 KCEHOJHUTAM, BBIHECEHHBIM KHMOEpJIHTO-
BbIM pacljiaBoM, [0 TpaHHLEl paszena Moxo. ,

Munepasbl pasHOrYGHHHBIX THIOMOPGHBIX accOIMHANHH pasiHyaTCs
HE TOJBKO XHMHYECKHMH, HO H (DH3HYECKHMH CBOHCTBAMH, SABJAIOMHMHCS
B GO/MbIIHHCTBE CIy4yaeB (YHKILHelH HX XHMHUECKOH crenuannsauuu. 3o
ente Go.bliie NojAuepKUBAET THIOMOPHH3M HHIMKATOPHBIX MHHEDAJIOB KHM-
GepauTOB M obecneunBaeT HX (QdeKTHBHOE HCNOMb30BAHHE NPH TOHCKAX.

Ha npumepe kuMGepsinToB AKYTHH ¢ NpHB/JeueHHeM JaHHBIX O TaKHX
JKe Mopojiax APYTHX PerHOHOB, pPaclofaraiomHxcst Ha pacCTOAHHN MHOTHX
COTEH H ThICAY KHJIOMETPOB APYT OT Apyra, yCTaHOBJeHa Cjelylollas 3a-
KOHOMEPHOCTb: GOJIBIIHHCTBO H3 BBHIIENEHHEIX acCOUHalHil HHIHKATOPHBIX
MHHEpal0B KHMOEpJHTOB OTMeYaeTcst NMpaKTHYECKH BO BceX KHMOepJHTO-
BHIX TesaxX. Pasnnunst MeXAy NOCIeTHHMH 3aKJII0YaloTCsl B COOTHOLIEHHAX
(OTHOCHTE/TBHEIX KOHIIEHTPAlLHsX) MHHEPAJOB JAHHBIX accolHaumii. 3TH
COOTHOLIEHHS, KaK IPaBH/I0, HHAHBHAYAJIbHE B KaKI0i TpyOKe WM Aaii-
K€, 4YTO JaeT BO3MOMXHOCTb [0 HHIMKAaTODHHLIM MHHEpajaM H3 OPeoJIoB
onpesenaTbh HX KOPeHHOH HCTOUHHK.

3aBHCHMOCTL COCTaBa M (PH3HUECKHX CBOACTB MHHepaJoB W3 KuMmOep-
JINTOB OT IVIYOHHBI HX (JOPMHPOBaHHS B BepXHeH MaHTHH, HEOJHHAKOBOE
UX pacrnpocTpanenne B KHMOGepJHTAX Pa3HBIX TPYOGOK MO3BONAIOT MO HAMH-
YHI0O B KOHKPETHBIX TpyOKaX onpe/iesieHHBIX MHHEepPaJbHBIX aCCOLHALHIT
CYIHTb O TJyOHHE 3aJ0KeHHsl KOpHelt MarMaTHYeCKHX 04aroB KHMOepJin-
TOB. AHanuM3Mpys KapTHHY pacnpelesieHHss acCoLHalMil HWHAHKATOPHBLIX
MIIHEpaJoB M0 a/AMa30HOCHBIM pailoHaM H nojsM SIKyTcKoH KuMGep.HTO-
BOIl NPOBHHUKH, MOMKHO YTBEPHXKIaThb, UTO IVIyOHHA 3aJI0KEHHS] MarMatii-
YECKHX 0YaroB KHMOEp/JHTOB OT LEHTPa/bHBIX PaioHOB K nepHdpepHiHbM
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yMeHbInaercs. Tak Kak B 3TOM HanpaB/JCHHH CHHXKAETCHA MPOAYKTHBHOCTh
KUMOEpJIHTOB, eCTb BCE OCHOBAHHS CYHTATH MPHYHHON CHHMKEHHA AIMa30-
HOCHOCTH yMeHbllleHHe TAyGHHHOCTH @opold. Oanako rayGuHHOCTH (TEp-
MOJAHHAMHYeCKHe YCJOBHS KPHCTaJJIH3allHH) HE OCTaBa/lach NOCTOSHHON
V18 KHMOEPJIHTOB KOHKPETHBIX alMa30HOCHHIX PAHOHOB, O 4eM CBHJETe/b-
CTBYIOT CYIIECTBEHHEIE pa3/IHYHA B COCTaBe HHJHMKATOPHBIX MHHEpanoB,
raHTyce ajiMasa H aJMa30HOCHOCTH KHMOEDJMTOB Jlaxe psjioM pacnoJo-
JKeHHbIX TPYOoK. [TokasaresibHbl B 3TOM OTHOILEHHH KuMGepauTsl Mano-
60TyOGHHCKOro pafioHa, CpellH KOTOPHIX MOMHO HaliTH aHaJIorH KHMOepJ/iH-
TOB NPAKTHYECKH BCEX aJMa30HOCHBIX pafoHOB $KyTCKOH KMMOEpIHTOBOH
nposuHuUHH. Tak, kumGepautsl Tpy6ok Ne 1, um. XXIII cvesna KIICC,
«Mup» Xapakrepusyiorcss npusHakami Haubosee IyOHHHBIX [OPOA, KHM-
Gepautel TpyOku «TaexuHas» no psaay CBOHCTB comocTaBasoTcs co c1abo-
a/IMa30HOCHEIMH KHMOGepJanTaMu JlanasiHo-AJIaKHTCKOrO pafioHa, Nopojsl
TpyOKH «AMakuHCKas» — ¢ kumbepautamu CpefHeoneHeKCKoro pafioua,
a xuna A-2] umeer MHoro ofero ¢ npeanosaraeMbIMH HCTOUHHKaMH aJ-
Masa Ha ceBepe NPOBHHLHH, /1 KOTOPbIX NPOrHO3HPYETCS MKHUJbHBIH THIL
kumbepauros [1].

B npouecce paspyiieHus KOpPeHHBIX HCTOYHHKOB M 00pa3oBaHHS Me-
XaHHYECKHX OpeoJIOB HHAHBH/yalbHble OCOGEHHOCTH HHAHKATODHBIX MH-
HepasioB M3 KuMGepJaHTOB, npuobpereHHble B IMYGHHHBIX YC/JIOBHSAX, CO-
XPaHAOTCH, B CBA3H C YeM KawJoe KWMOepJHTOBOE Teslo 00pasyer TOJNbKO
JJISt Hero XapaKTepHbIN Opeosl paccesiHHA 3THX MHHEpaJoB.

OzHakKo Ha 3eMHOH MOBEPXHOCTH HHAHKATODHbIE MHHEpaJbl NONANaloT
B yclnoBHs Haubosee JlajiekHe OT PaBHOBECHLIX YCJAOBHI MX CYIIECTBOBa-
Hua. OnH nojBepraioTcs BO3AEHCTBHIO HOBBIX MOLIHBIX (DaKTOPOB, H3Me-
HAIIMHKX KaK OGJHK OTHeJbHBIX MHHEPAJIOB, TAK H HX ACCOLMHANMIO B Ile-
aom. B nporecce GOpMHPOBaHHA LIJHXOBLIX OPEOJIOB NPOMCXOAUT H3MeHe-
HHE MepBHYHLIX (IHAOreHHBIX) NMPHU3HAKOB MHHEPAJOB H3 KHMOEpJHTOB
H BO3HHKHOBEHHE BTOPHUHBIX (3K30U€HHHIX).

HauGonee cyuiecTBeHHOe BIHAHHE Ha H3MEHEHHE HHIHKATOPHBIX MH-
HEpanoB B OCANIOYHBIX KOJJIEKTOPAaX OKa3bIBAIOT: XHMHYECKOE BBIBETPH-
BaHHe; MexaHHdecKas JHdxpepennnanHsa (Mo NJOTHOCTH H TPaHYJIOMETPHH);
MEeXaHHUeCKOe HCTHPAHHE MHHEepaJOB NPH TPAHCIOPTHPOBKE,

B ocazousbix KOJJIEKTOpaX MHOrooGOpasHble H OYeHb CJIOXKHEIE H3MEeHe-
HHS MOpPhOJOrHH 3epeH MHHEpaJoB-CNYTHHKOB ajiMasa, XapaKrepa HX I0-
BEpPXHOCTH OCYIIeCTBJAIOTCA NOJ BO3JeficTBHEM THIepreHesa, JuareHesa,
THAPOTEPMAJIBHLIX PACTBOPOB.

YcraHoBJIeH caAeAYOMHA PAL YCTOHYHBOCTH HHAHKATOPHBIX MHHEPAJIOB
B YCJAOBHSIX OpEOJIOB: CEpHNeHTHH — (NIOTONMHUT — aNaTHT — THTaHKJIH-
MOTYMHT —OJHBHH — MHPOKCEH — MHPON — HJIbMEHHT — XPOMHT — LHp-
KOH — a/IMas3.

[NpuBenennbie HUXKe JaHHbIE YOCAUTENBHO CBH/IETE/LCTBYIOT O TOM, YTO
3(heKTHBHOE HCNOAB30BAHNE LITHXOBOTO METOJA MOHCKOB aIMA3HEIX Mec-
TOPOMAEHH M0 MIHEpaIaM-COYTHHKAM a/iMasa HeMBICIHMO 6e3 JeTaslbHO-
ro ¥ BCECTOPOHHEro H3yueHHs MHHEpPaJoB H3 KUMOepP/IHTOB TPaaHIHOHHI-
MH H HOBefilunMH meronami. M3yuenue THNOMOP(HLIX OCOGEHHOCTEH M-
Hepa/IoB- CMYTHHKOB a/Ma3a fIBJIAeTCS OCHOBOH JUIfl COBEpILEHCTBOBAHHS
M TOAMKH TOHCKOB a/JMA3HBIX MECTOPOACIEHHH MO UNIHXOBBLIM OpeoaM.



FrMABA Hi

TUMOMOP®MHBIE MPU3HAKM
MMWHEPANOB
U3 KMMBEPJIMTOB

ANIMA3

Anma3 — munepasn, xapakrepHolit 1A kumGepauros. OH Takxke BCTpeya-
eTcs KaK aKIecCopHH, B PeIKHX C/TyYasiX Kak NnoporooGpa3youHi MaHepan
B HEKOTOPHIX THMAaX KCEHOJHTOB Y/bTPaba3HTOB H 3K/JIOTHTOB, OGHAPYXKEH-
HBIX B pAlle aIMa30HOCHBIX KHMGEpPJHTOBHX TPYGOK.

Kpncramisi anmMa3a M3 KCeHOJHTOB. Pe3y/ibTaThl HCC/AENOBAHHS aiMa-
3a M3 3KJOTHTOB TPYOKH «Y1auHasi» n onyOJAHKOBaHHBIE aHHBIE 06 aaMase
H3 KCEHOJNHTOB TMIYOHHHBIX MOPOA ApYTrHX TPY6ok nossoauau 0. J1. Opao-
By [69, 70] crenath 3akaioueHHe O MOJUTEHHOCTH 3TOr0 MuHepaaa. Bropo#
He MeHee BaKHbIH, BEIBOJl — BHEAPSAIONAACH MarMa fiB/JsieTcsl TPaHCIopTe-
poMm anmasa, o6pa3oBaBLIerocsi B NOPONAX BepXHeH MaHTHH YJbTPAOCHOB-
HOTO H OCHOBHOTO cocTaBoB. K HacTosemy BpeMeHH HauGosee JeTaslbHO
HCCIeloBaHE MOP(ONOrHYIeCKHe OCOOEHHOCTH M HEKOTOphle (DH3HUecKHe
CBOICTBA KPHCTAJJIOB ajiMasa M3 KceHosuToB nepuiotutos [110, 167, 176
H 1p.] u sxnoruros [5, 6, 102, 174 u mp.).

Haxoaxu KCeHOJNHTOB YJbTPAOCHOBHBIX MOPOA C KPHCTaA/naMH asnMasa
HeMHorouncaennsl (42, 74, 81, 98, 104, 106, 110, 167, 176 u ap.]. Ouu npexn-
cTaBjieHbl  rapufypruT-AyHHTaMH, COJAEPIKAUIHMH OJMBHH (CEpIeHTHH)
-+ rpaHaT - XPOMHT == 3HCTATHT (CepneHTHH) == rpadur -4 cyabduasl,
JIepUOJNUTAMU — OJNHBHH (CEpPNEeHTHH) - OPTONMHPOKCEH - KJIHHONHPOK-
CeH - rpaHar -= XpOMHT == HJbMeHHT 4+ rpadur = duoronur u ap. O6-
HapyXKeHbl B KHMOepaHTOBHIX TpyOGKax Skyrun («Afixan» — oGpasiibl
A-la, A-2a, A-3a, A-4a, A-5a, A-90a, A-200; «¥Ynaunas» — YB-364, ¥YB-
402, ¥Yc-221/420, VB-404, ¥YB-406, ¥YB-418, ¥YB-47/76, ¥YB-69/76, ¥B-70/76,
¥B-727, ¥B-823, ¥B-198/76, TYB-150, ¥B-225/75; «Mup» — A-414), 10x-
Hoit Adpurit («Punm» — XM-46, XM-48; «Morae» — BJ1-2125) u CIIIA
(«[adxpep-3» — 1117). Pasmepel KCEHOJMTOB pEIKO MpEBHIIAIOT D CM
B Juamerpe, MakcuMaabHele — of6p. XM-46 — (26,0 x 17,0) cm u ofp.
XM-48 — (19,5 x 17,0) cm. INpeanonaraemsie PT-napamerpbl KpHcTas-
JIU3alHH  MOPOA:

P2, MNa T, °C
>4.10° ~ 1150 — 1200
~ (4—8)-10° =~ 1300 — 1400
~ (4—5)-10° 2~ 1050 — 1150
~ 4-10° a 1150 — 1200
~ (4—5,5)- 10° ~ 990 — 1390
~ 4.10° ~ 1400

B stHx kceHonuTax obuapyxeHo 145 KpuCTaa10B anaMasa, B OJHOM
KceHoaute obbiuHo | — 3 WHAMBHAA, peako 7, 9, 46 u 53. Paamepn! Kpuc-
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taanos anmasa 0,2 — 3,0 mm. JomMuuupyomAi rabuTyc oKTasapHueckuii,
pesxe nepexoiHblil OT OKTa3pHYeCKOro K poMOBOLOACKAa3APHUECKOMY, HHOT-
na ponekasapuyeckui. OcHOBHEIE MOPHOJIOTHYECKHE THIMBI KPHCTAMIOR:
octpopebepHbie MJIOCKOTPaHHBIE OKTadApbl (PeakHe), OKTasipwl ¢ napa-
JebHOH (TPHTOHAJbHOI) WTPHXOBKOH Ha Mecte pebep (uacTeie), OKTasl-
pBl C NOJIHIEHTPHYECKH PACTYLLHMH rpaHsaMH (PelKHe), OKTa3/Ipbl CO CHOMO-
BHAHOH (IMTPHTOHAJbHOM) W 3aHO3HCTON LWITPHXOBKOH Ha mecre pefep
(ouenb penkHe), NoleKa3ApoHIsl (oueHb peikHe). BerpedeHm 3akonomep-
Hble (IBOHHMKHM KPHCTaJJIOB MO IINHHENEBOMY 3aKOHY W NapaiesbHble
CPOCTKH) H He3aKOHOMepHEIE cpacTanns KpucraaioB. Habmonanuch kpuc-
TajaB ¢ nojsocamu gepopMannH. BosbIIHHCTBO KpHCTAMIOB OeclUBETHHIE
H Mpo3pautble, CpPeH OKpalleHHLIX mpeo6JajaloT KOpHYHeBble LBeTa pas-
HOH HHTEHCHBHOCTH, pexe — Keatole. B oxnoM Kpucraane (o6p. Ve-
221/420) ycTaHOBJeHBI BKJIOYEHHS OJHBHHA M XpoMHTa, Habawonanuchk
MHOTOUHCJIEHHBIEe BKJloYeHHsl rpadura (?) M JApyrue HelHarHOCTHPOBAH-
HBIe MHHepasbl. B HekoTopbiXx KceHonuTax (o6p. XM-46, XM-48) ormeue-
Ha MOBepXHoCTHas rpajuTHsauxs anmasa. [IpeoGranaior KpHcTansl, OT-
Hocamuecs, no kaaccudukaunn 0. JI. OpaoBa, K pasHosuasoctd I.

B tpy6Ke «Ynaunas» [79] HaiifieHb! KCEHOMHTH alMa3cofiepkKailei no-
POIE! MEpPexoiHOro THNA MeXAY YJAbTPAOCHOBHBIMH H OCHOBHBIMH 006pa3so-
BaHHSMH, NpejcTaBiesHoi nupokcennToM * (o6p. ¥Y-759, ¥-756; munepann-
HbIH C€OCTaB — KJAHWHONHPOKCEH (CepneHTHH) -- FpaHar -~ OPTONHPOKCeH |-
+ pytHa = cyabduas + ¢aoronut). [lpeanonaraembie PT-napamerpsbi
KpHucraaausaunn: P = (8—9) - 10°Tla; T =~ 1190 — 1400 °C.

B KceHonuTax oGHapyseHsl MHorouncjeHHsie Meakue (0,01—0,7 mm)
NJIOCKOTPAHHEIE OKTAa3JpHl a/Ma3a H HX CPOCTKH, B TOM YHC/]€ OKTasjpl,
C/IBOHHHKOBAHHBIE N0 IINHHENEBOMY 32KOHY, @ TaK¥Ke KPHCTalJbl KPHBO-
rpaHHO# GopMbl. ¥ aJMasa, pacnosIOKEeHHOTO MeK1y 3epHaMH CHJIHKAaTOB,
pebpa craa)keHbl H YaCcTHYHO rpapuTH3HpoBaHbl. Kpucraasnb Gecupethbie,
6ae1HO-pO30BHIe, pexe cephle, AbMuathie. [lo knaccudukamnu 10. JI. Op-
JIoBa, OHH OTHOCSTCA K PasHOBHAHOCTH .

l-iauﬁo.nee MHOTOUHCJIEHHEl HAXOAKH KCEHOJIHTOB a/Ma3COAepKalllHX
nopol ocHoBHOTO cocraBa. OueHb NpeNCTABHTEbHbl MarHe3HaJbHO-XKe.le-
3HCTHIE SKJOTHMTHI, COLEepiKallie I'paHar - KJIHHOMHPOKceH == rpadur 4+
=+ ¢aoronut u 1p. 5, 6, 13, 48, 57, 65, 100 — 102, 104, 106, 109, 174
u ap.l. Oun ycraHoB/eHE B KMMOepPJHTOBHIX TpyOkax HAxyrtuu («Mup» —
obpasubi M-180, M-33, M-45-52, M-5, M-53, 54, 63, 69, 811, A-45/2 u ap.;
«¥ naunasn» — Y-759, ¥-952, ¥-203/80; «Curhikanckas» — C-15, C-16,
C-17) n HOxnuoit Adpukn («Hpionsup»; «Opana» — AK-1/9, AK-1/10,
AK-1/25, XM-4, XM-5, XM-6, XM-7, XM-9, XM-26, XM-28, XM-3l,
XM-32, Y¥G-892, Y¥G-895 u np.; «Pobeprc Bukrtop» — HRV247,
XRV22, PJL18; «fArepchonreiin» — JJG531, DB5) u ap. Cpennnit pas-
Mep KceHoautoB 1,5 — 2,5 cM. [Npennonaraemble PT-napamerpsl Kpuctas-
Jau3auuu nopox: P = (4,6—5,0) - 10° [la; T =~ 1150—1500 °C.

B 3tHx kcenonuTax oOHapyxeno Goabme 340 KpHcTaaoOB anmasa,
B OJIHOM KCEHOJIHTE B OCHOBHOM oT | 1o 3 WHIMBHIOB, Hepeako 6 — 7

* A. HU. lonomapenko n A. WU. Uennn B 1987 r. obuapyxuan B TpyGke «Mup»
KCeHOJIHT (JIOrOMHTOBOrO NHPOKCEHHTA, COAEpKAINHI CPOCTOK PasHOBEJNHKHX OKTA3APOB
LJMa3d.

a
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H Gonbwe (119 kpucrannos). Pasmepsr kpucraaaos ot 0,1 no 3,2 mm. Jlo-
MHHHPYIOILHI raGHTYC OKTa3/pPHYECKHH H MepeXoIHBIH OT OKTasApHUeCKOo-
ro K pomOoN0NeKa3/IpHUECKOMY, PeIKO JO0AeKadpHUYecKHil H KyOHuecKHil.
OcHoBHble MOP(OJOrHYECKHE THIIL: ocTpopefepHble MMIOCKOrpaHHbLIe OKTa-
3]pbl (peiKHe), OKTa’/phl ¢ TPHIOHANBHOH LITPUXOBKOH (YacThie), OKTasl-
pBl C NOJHLUEHTPHYECKH PACTYLLMMH IpaHsAMH (YacThIE), OKTA3APHl CO CHO-
NOBHAHON WITPHXOBKOH Ha Mecre pebep (peakHe), PeAKO KPHCTAMJILL
KoMOnHauHouHoii (opMel {111} — {110} u KyGel. [lo ronnoMerpHueCcKuM
JIAHHEIM HA HEKOTOPBIX KPHCTA//1aX YCTAHOBJIEHBI NMJIOCKHE TPaHH MPOCTHIX
dopm {110}, {100}, {241}, {341} u np. Kpucranast ¢ rpansimMu Ky6a HaG-
JIIOJIaIHCh cpelid npeob/aaouX OKTas|poB H nepexoausix qgopm {111} —
{110} B KceHoauTax sxaorutos ¢ rpaputom (HRV 247, XRV 22). Berpe-
yeHLl 3aKOHOMepHBle (CABOHHHKOBaHHBIE N0 IIMHHEJIEBOMY 3aKOHY H nap-
panjeNbHBIE CPOCTKH KPHCTANJOB) H HE 3aKOHOMEpPHbIE CPACTAHHA KPHC-
TaanoB. Ha rpaHsfix yacto BHAHBI MOJIOCH MJACTHYECKOIl IepopMaluH H
TpelnyHel, ofpaTHoNnapaJJieJbHble TPeyroJbHele BhnaiuHbel. [l MHOTHX
KPHCTAaJJIOB XapaktepHo rpyfosaminapHoe crpoenue. B GonblinHCTBE ai1-
Ma3 GecliBeTeH H MpO3payeH, MHOTO KOPHUYHEBBLIX H JbIMMATHLIX HHJHBHIOB
C OKpPacKoH pa3HOH HHTEHCHBHOCTH, PeXe BCTPEYAKTCH KPHCTAJNIBI HKeJl-
TOrO LBETa.

Bo MHOTHX KpHCTalJlax H3 KCEHOJNHTOB YCTAHOBJIEHB XapaKTepHhle
JU1s anMa3a M3 KHMOEpJHTOB NMpHMECHbIe ONTHYECKH aKTHBHBIE NeheKThl —
peHtpbl Ny, Ns a1y, Ns qooy # N. Haume nauGosee ueTko nposisisercs
uentp N,. Colep:kanue azora n orHomenne N napamaruutioro k N obue-
MY TaKOe XK€, KaK H y anrMasa H3 KHMOepaHTOB, [I1 KOPHYHEBLIX KpHCTA-
JIOB XapaKTepPHO HaJHYHE MO0JIOCH NOIVIOUMIEHHs1 BO BCell BHAMMOH o6aacTi
CMEKTpa C IUHPOKHM MaKCHMYyMoM 537 — 560 HM, 415l HHX JKe CBOHCTBeH-
HEl acTepusM Jaysnsarted W curHaasl SIIP oT nedeKkToB CTPYKTYPHI THNA
PasopBaHHBIX yrJepoiHeX cBsseii. 8 C 1A HEKOTOPHIX Pa3sHOBHAHOCTEH
anmasa —0,88 u —0,85%,,, y rpadura usz storo xe skiorura 62 C =
= —0,87 %y. Kpucrannpl anmasa cojep:kar BkJouenus rpabura, cyJb-
¢dunoB (?), nHpoKceHa (?) H ApYTrHX MHHepaJoB, pexe rpanarta, omdanira.
Hepeko nposiB/ieHa NOBepXHOCTHAs rpadHTH3alUMA J0JIeKa3IpHUeCKHX 10-
BepxHocTell KpuctannoB. [lpeobaajailorT KpHCTaslbl, OTHOCALLHECH, MO
kaaccudukanun FO. JI. Opaosa, K pasHoBujpuoctd I.

MeHee npeAcTaBHTENbHBl TAKHE AJMa3CoflepiKalllie NOpPoJbl OCHOBHOTO
cocTaBa, KaK JHCTEHOBLIH SKJOTHT, TPOCTHIHMT, KOPYHIOBBIH SKIOTHT
(MHHEpaNbHBIH COCTAB: TPAHAT ~ KJAHHONHPOKCEH - JHCTEH -+ pPyTHJ ==
=+ HJAbMEHHT =t (JIOTONHT == rpadHuT == KOpPYHI H Ap.), HaHleHHbIE B KHM-
GepautoBuIX TpyOKax FKyTHu («¥ naunas» — oOpasusl YA-388, ¥-22,
¥-213, ¥-259, ¥-260, ¥-815, Y-816, ¥-820, B/H-2, V¥VB-210, ¥B-52,
YB-47, YB-2046, ¥YB-59, ¥V-38, ¥-656, ¥YB-604; «Crithikanckas» — C-14,
TC-145, TC-146; «Mup» — M-75 u ap.) I5, 53, 76, 77, 78, 80, 104, 106,
109, 174 u ap.l. Ilpeanonaraempie PT-napamerpbl KpHCTANIH3aALHK
HOpOoJ:

P, ITa T, °C
~ 5-10° 1150 — 1200
~ (4,3—5,3).10° > 1200
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B aTHX KceHO/MHTaxX oOHApyXKeHH MHOTOYHCJ/IEHHBIE KyOHuecKHe, KyO®-
OKTa9/pHYECKHE H OKTAa3ApHYECKHe KDHCTa/lJbl asMasa pasmepom 0,1 —
3,5 mm. Oxrasapsl H poMGoA0OAEeKasApEl HA0MIOAAIHCh B 3K/JIOTHTaX € HJb-
menHTOM (06p. TC-145, TC-146) u kopynaom (06p. M-75), pexe B AHcTe-
HOBBIX 3KJorHTax. OCHOBHBIE raGHTYCHbIE THIbI: OKTa’JpHYecKHH, nepe-
XOIHBIH MeXIy OKTasJpHYeCKHM H poMGoIoJeKasApHUecKHM, pomO0Lo-
Jekasapaueckui. Mopdosornueckne THIBl KPHCTA//I0B NPEACTABJIEHBl OCT-
popeGepHbLIMH OKTasjipaMH (peiKHe), OKTasJpaMH C TPHIOHAJbHON (dac-
Thie) W CHOMOBHJIHOH (pelKHe) IUTPHXOBKOH, NceBopoMO0J0jeKasipaMu
(peakue). Berpeuensl KpHCTaMIBl, CABOHHHKOBAHHbBIE 110 LINHHEIEBOMY 3a-
KOHY, W He3aKOHOMepHble cpocTKH. Ha rpansix nposiBasiioTcsi mosiock nJia-
cruyeckoll AedopMaiui. AsMa3 GecuBeTHbI H JBIMYAaTO-KOPHUHEBHIH, CO-
JepHT BKAouenus rpanara. Ilo 0. JI. OpaoBy,— ato pasHoBHAHOCTS .
B mucrenoBbiX 3KJorHTax H rpocnuiurte (¥YB-210) mpeoGaanair KybOhl,
KYGOOKTa3/Ipbl ¥ HX CPOCTKH. BepLinHBI MHOTHX KYGOB NMPHTYIJIEHBI Ipa-
HAMH OKTadipa, pebpa yacTo ¢ nomepeuHoi crynenuatoctbio. Ha orHoCcH-
TeJbHO MIOCKHX rpaHsax {100} pasBuThl yeTbipexyrosbHble Bnaguus. [pa-
HH MHOIMX KyOOB BOTHYThle — CKeJleTHble KPHCTaJJIbl ¢ XapaKTepHbIMH
B3aHMHO MepHeHIHKYJApHEIMH Gopo3nkamu. B o6p. ¥-656 BcTpeueHsl Ky-
Obl JBYX THMTOB (CKe/eTHbIe M KyGOOKTA/ApPH! C MOCTENeHHBIMH MepexoiaMu
MexAy HHMH); B 06p. ¥YB-604 (c rpapuroMm) ycraHoBJeHB Ky6 H OKTasap
aamaza. KyOwl KenTele, 3e/€HOBATO-KeaThle, cephle, G6/elHO-PO30BHE,
pexe OGecuBerHele. KpucTanabl HepelKo 30Ha/bHBI — GeclBeTHOE SAPO
# kenTas obosouka. [To knaccuduxauuu IO. J1. Opaosa, orHocATes K pas-
uvoBuaHocram I1, IT1, pexe 1. Ananns o6o0uUeHHBIX JaHHBIX 06 ocoeH-
HOCTSIX a/iMasa M3 IVIyOMHHBIX KCEHOJHMTOB MOATBEP:KIAeT BBIBOA O TOMXK-
JIECTBE 3TOr0 MHHepajia W3 KHMOEepJHTOB H KCEHOJIHTOB MaHTHHHLIX [OPOJ
B HHX. M3yueHHble KpHCTa/l/bl aiMa3a H3 KCEHOJHTOB YJbTPaOCHOBHBIX
MOpoj MpelcTaB/ieHbl NPeHMYIIeCTBeHHO MJIOCKOrPaHHBIMH OKTasApaMy (ya-
1le C TPHFOHANBHOH INTPHXOBKOH Ha MecTe pebep) — KpHCTaJJaMH pas-
uoBuaHoctH I, pexxe V u VII, no knaccudukanuu (0. JI. Opaosa. Ochos-
HOH TaGHTYCHBIN THI KPHCTalJIOB ajMas’a H3 YJIbTPAOCHOBHBIX MOPOA —
OKTasfipHuecKHii. B skjorirax o6HApy:KeHbl MPaKTHYECKH BCE OCHOBHHIE
Pa3HOBHIHOCTH M rabUTycHble THNBI aaMasa (KyObl, OKTa3ApHl, Nepexol-
Hele (popMbl OT OKTaszpa 0 pomGolojeKasjipa, JaMHHapHble poMGoi0ie-
Kasphl), BCTpeyalouecs B KUMOepanTax. 10 NPeHMYLLECTBEHHO a/1Ma3bl
pasnosuanocreii 1 — 111, pexke V u VII, no 10. JI. OpaoBy. Cpenu o6pas-
10B a/Masa H3 KCEHOIHTOB 3K/I0THTOB BCTPeUeHa TaKKe pa3HoBHAHOCTb IV
(?), a passoBuaHoctb 1X (Gopr) HafileHa B 3KJOrHTax M NEPHAOTHTAX.
M3BecTHBl HAXONKH (hparMeHTOB MAHTHIHHLIX aJIMa30HOCHEIX TIOPOJ — JKeJ-
BAKOB IpaHaTa PasHOro cocTaBa (MepHIOTHTHI H SKJOTHTHI) C KPHCTANIAMH
anmasa, B ToM uHciae u ¢ 6oprom [47, 68, 112 u ap.]. Opurunanbroii creqy-
€T CUHTATh HAXOJKY aiMa3a uepHoro uBera (6opT) Maccoit okoso 2,5 Kr,
NPOPOCIIIEro arperataMyi rpaHaTta W KiuHonupokceHa. CpocToK 3THX MH-
HepaloB B mpoiecce oforauenHa Obl1 pasapob/ieH Ha MHOrOYHCJIEHHBIE
(dparmenTsl, Koropsle, no AaHubiM A. M. BorkynoBa, npeacrasasum co-
60i1 KYCKH OT MPaKTHYECKH YHCTOro ajiMa3a (C MOBBILIEHHBIM KOJHUECTBOM
MHKpONpHMeceH) 10 noyt Ge3aaMasHON MOPOALI TFpaHAT-MHPOKCEHOBOrO
coctaBa. Memay HHMH CYUIECTBYIOT NocTeneHHble nepexoibl.. Cyas no
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oKpacke MiHepasioB (6neHO-pHONEeTOBO-KPACHOI /18 rpaHaTa H CBeT/Io-3e-
J1IeHOM LIl KIHHOMHPOKCeHa), STH MHHEepa/Ibl XapaKTePH3YIOTCH YMepeHHOH
XPOMHCTOCTBIO H NPHHAMIEKHOCTBIO K Jepuoautam *. Jlas anmasa us
3KJOTHTOB XapaKTepHa Mop{oJiorHuecKkas reTeporeHHOCTb KPHCTaJl10B,
3jech JKe [0 NapaMerpaM KpHCTa/JJH3alHH BLIAETAIOTCA JBe KpalHHe
rpynnbl KPHCTA/L/IOB — OKTa3JpPhl U KYyObl.

Kak u3sectHo, $GOpMHpOBaHHE OJHOTO H TOrO e raGHTYCHOro THNa
KPHCTa/JIOB ONpefie/IfeTcd B PasHOH TeoJorHYecKod oOCTaHOBKE MHOTH-
mu dakropamu: PT-napamerpamy, nepechlilieHHeM pacTBOpPoOB (paci/aBos),
COCTABOM MpHMeceH, KHCJIOTHOCTbIO — ILIEJOYHOCTbIO cpeabl H T. A. Mop-
dhoaoruyeckHe 0COGEHHOCTH KPHCTANJIOB a/Ma3a M3 KCEHOJHTOB MNpexne
BCEro MOKAa3bIBAIOT, 4T0 GOJBUIMHCTBO HX B Marmax rapubyprar-LyHHTo-
BOTO H 3K/JOTHTOBOTO COCTABA BHIAGNSIOTCS OJHUMH H3 TepBbIX H pacTyT
cBeGoaiHo. O6 3TOM CBHJETE]bCTBYeT COBEpPIIEeHCTBO OTPaHKH; BJIHAHHE
Cpelibl B OCHOBHOM CKa3sblBaeTcst Ha OOJHKe KPHCTANJIOB ajiMmasa (uacroe
ymaoutenne no [111]) w npuoGperennd HMH JIOKHOIH BHEIIHeH CHMMETPHH,
OTpaxalolledl KOMNPOMHCC MEeXYy BHYTPEHHeH CHMMeTpHeH KpHCTaloB
H CHMMeTpHeH MuHepasnooGpasyiomeil cpeasl. Poct KpHcTanaoB ajmasa
B cpelie yJIbTPaOCHOBHOI'O COCTaBa MPOUCXOJAMT NPH BEICOKHX PT-napamer-
pax M He3HAYHTebHLIX NepecHeHHAX pacmiaBoB. Tak kak ux dopma
CTPEMHTCS NPHCNOCOOHTBCH K H3MEHSIOUIHMCA TEPMOAHHAMHYECKHM Xa-
PAaKTEePHCTHKAM, TO JIOMHHHPOBAaHHE OKTA3[pOB anMasa (MJIOCKOrpaHHbIE;
¢ napajJieJIbHOH IITPHXOBKOIT; € NMOJHIEHTPHYECKH PACTYUIHMH rPaHAMH)
B KCEHOJIHTAX YJBTPAOCHOBHLIX MOPOJ YKa3blBaeT Ha MOCTENEeHHOE H Mel-
JIEHHOE H3MEHeHHe YCJIOBHIl KpHcTaaausauuu, Hexoropoe BospacraHHue
NepechlllenHst (HanpHMep, M3-3a MajeHHs JaBJeHHS) BbI3bBaeT (GoOpMHpO-
BaHKME OKTa3JpPOB C MOJHIEHTPHYECKH PACTYIMMH IpaHsaMu H rpy6oi na-
payIeIbHOl IITPHXOBKOH, a Takke pocT ABoHHKOB. K coxalenHio, or-
CYTCTBHE JAHHBIX [0 aHATOMHH KPHCTAJJIOB aiMa3a H3 KCEHOJHTOB He IOo-
3BOJIIET NOBOPHTb O TOM, KAKHMH KOHKPETHO OBLTH YC/JOBHSl PaBHOBECHS
LU laHHO# KpHcTajnudeckoli dopMel. TolbKo NOCTOsIHHOE paBHOBecHe
MOIJIO 0o0ecrneynBaTh HeNpephiBHLIH POCT KPHUCTA//IOB, MOAOGHBIX CaMHM
cebe. Crenenb nepechlllleHHsl PaciiaBa NoJe3HbIM KOMMOHEHTOM Oblaa om-
THMaJbHOM, a rpagueHThl PT — MHHHMA/JIbHEIMH H TI4BHBIMH, UTO BhHIIEp-
JKaHO VISl KPHCTAJJIOB a/1Ma3a KaK M3 MepHOTHTOB, TAK H H3 SKJOTHTOB.
B GosnbwiuHCTBE cyuaeB JUIsl KasKAOTO KOHKDPETHOTO KCEHONIHTA Xapak-
TepeH OAWH rabuTycHHIl (HepeAKo H MOP(HOJOrHYECKHH) THN KPHCTAJIOB
anMasa. TOJbKO JJIsi HeKOTOPLIX KCEHOJHTOB 3KJIOTHTOB C rpaduTOM Ha-
GatofaloTcs KOHTpacTHee GopMbl KpHCTaLIOB anMasa. Boaee uerko omnpe-
JIeJIeHHbIE 3BOJIIOUHOHHBIE TaGHTyCHBbIE PAfibl GHKCHPYIOTCA AJIA KPHCTaJ-
JIOB a/1Ma3a M3 KCEHOJIHTOB SKJIOTHTOB (HanpuMmep, nepexoiHblil psAJl KpH-
CTaJIJIOB “ OKTasAp — Ky6ookrasap — Ky6). BeipoxaeHne oktasipos, 06-
pasoBaHHe GOJILLIOrO KOJIHYECTBA JBOHHHKOB H KYGHUECKMX KPHCTaJJIO0B
CBHIETeJIbCTBYIOT O JOCTaTOUHO OBICTPOH KpHCTa//H3alMH IPH Bo3pacra-
HHH MepechlleHHs, T. €, TePMOAHHAMHYECKHI PEXHM BHI3LIBAJ CYI€CTBEH-
HBlE H3MeHeHHsl MHHepajoobpasyiomeii cpeapl. Kak yxke ynomHHanoch,

* O6pasen 10 CHX NOP JleTaabHo He HeeaegoBad. [lo cBoeit xapakTepHcTHKe OH GaH-
30Kk K Gopry, onucannomy P. B. Kamuuckum ¢ coasropamu [47], u3 TpyGKku <Mups.
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Puc. 2. Kpucranasl aaMasa H3 KCEHOJIMTA 9KJorHTa (06p. Y-203/80, TpyGka
«Y 1auHany):

a — GecuserTnnifi octpopeGepHbiil okTasap, ynaowenumfi no [111]; 6 — mesakono-
MepHBil cpocToK po30BO-GHONETOBLIX PaJHOBEJHKHX, OKTasfpoB C 3JeMeHTaMR

NOJHUEHTPHYECKOr0 pocTa rpaneil. Pasmepnl KpucrajasoB okono | MM B mnonepeu-
HHKe

B 3KJOTHTaX ¢ rpaduTOoM HMeeM KpaiiHHil ciydail Mopdonoruueckoii re-
TEPOTEHHOCTH KPHCTAJJIOB ajMasa — o0pasoBaHHe OKTasjlpa M Kyo6a.
MokHO Tak:Ke BLIIEJIHTD JiBa NOATHNA NOPOJ 3KJOTHTOBOTO COCTABA: € Bbl-
cokuMu PT-napamerpamMH 00pa3oBaHHf — MarHe3Ha/JbHO-MKe/le3HCThe
3KJOrHTHl (OKTasjpel anMasa) (pHc. 2), u ¢ 6osee HH3KHMH — JHCTEHOBHIE
SKJIOTHTBI, TPOCTHANTHL H Ap. (Ky6hl anmasa). Ha oTHocHTenbHYIO HepaBHO-
BECHOCTb (DH3NMKO-XHMHYECKHX YCJIOBHH KPHCTAMJIM3alHH anMmasa B 3KJo-
THTAX YKa3bIBAlOT 0COGEHHOCTH H30TOIHOrO cocraBa yriepoia. Ecan mns
KPHCTa/JIOB a/Masa C BKJIOYEHHAMH MHHEPasoB YJAbTPAOCHOBHLIX MOPOJ
XapakTepHbl Y3Kuii auanason 6'* C n HeanaunTtesbHEE KoJeGaHHA OTHOIIe-
Hua 12C/¥C ang pasHeIX uacTedl OTHENBHOTO KPHCTaJsia, TO AJs aimasa
¢ BKJIIOUEHHSIMH MHHEpAJOB H3 3KJOTHTOB oTKJIoHeHus 8'*C u orHOuIeHHS
12C/'3C (B cTOpOHY KaK YTSKEJEHHs, TaK H o0/ieryentsi) B npeienax KpHc-
Tanna sHauntenvhsl (28 u ap.]. TloHHXKeHHe OAHOPOAHOCTH KPHCTa/l/IOB
CONMpPOBOXJAeTcs H3MEHEHHeM H ycnoxkHeHHeM HX (opMbl. Yem Goaee ox-
HOPOJIHBI MOHOKPHCTA/ILI, TeM Gosee npocTas y HHX OorpaHka (OKTasaphbi
B HamreM cayyae). HeonHopoaHocTs, 3aXBaT npHMeceHd KPHCTAJJIOM, pPoCcT
NepeckleHHs NPHBOIAT He TONbKO K YCJI0XKHEHHIO o OTPaHKH, HO H K H3-
MEHEHHI0 MeXaHH3Ma pocta (HanpHMep, BOJOKHHCTHIH pocT KyGOB).
Hrak, cpein KCeHOMHTOB MAaHTHHHBIX MOPOJA B KHMOepJaHTax NpH HaH-
Gonee Bhicoknx PT-mapamerpaXx o0pasyloTcsi KPHCTaJIbl aiMmasa W3 Te-
punotHTOB. Bee Mopthosornueckoe pasnoobpasHe anMasa H3 KCEHOJHTOB
onpejiensercst (GopMaMH pocTa, IaBHas W3 KOTOPHIX OKTasap. Kpucran-
JioMopdonoryyeckas 3BOJIONHOHHAST 30HAJbHOCTh BO BPEMEHH Jyuylle Bhl-
pax»eHa B KpHCTa/l1ax ajMasa W3 SKJIOTHTOB, 3BOJJIOIHOHHYIO 30HATbHOCTh
B IPOCTPAHCTBE MOMKHO BOCCTAHOBHTBH TOJBKO JUIA PasHLIX M0 MHHEPa/b-
HOMY COCTaBY 3KJ0ruToB. sl Kamuof KOHKperHoil TpyOKH ¢ aimasco-
JepKalHMH KCEHOJNHTAMH XapaKTepHO COOTBETCTBHE a/iMasa H3 KCEHOJH-
TOB H KHMOEpPJIMTOB, T. €. Pa3HOBHAHOCTH aiMasa (1o Mop(oJoruH, oco-
GeHHOCTAM CTpPOeHHs rpaHeil, OKpacke, HaJHUHIO TOJIOC IIACTHYECKOI
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nedopMaluH, CoIepKaHMIO PHMECHOrO a30Ta M JIp.) H3 KCeHOJHTOB BCTpe-
yaioTcsl H B KuMmOepauntax. Bmecrte ¢ TeM B noc/ie1HiX BO3MOKHO HHOE 1PO-
LEHTHOR® COAEpPKAHHE KaKUX-THOO pasHOBHAHOCTEH aimasa HJIH Ha/lHuyHe
Ipyrux ero KpucraniaoB. CpelHsifi KOHUEHTPAlMSl aiMas3a B KCEHOJIHTaxX
MoxKer ObiTh 3HauuTeNbHOH. Hanpumep, B OIHOM KCEGHOJIHTE SKJIOTHTAa H3
Tpy6KH «Opana» ona gocruraer 0,1 % [174], Bo mHoro pa3s Gosblue, yeM B
KuMOepante, UrtoGbl MONYUYHTb COEpKaHHe a/IMa3a B KHMOEp/IHTe, Xapak=
TepHoe JJisi 3TOH TPYOKH, JOCTATOYHO OIHOI YacTH a/MascoieprKallero
skaoruta Ha 5 000 wacteit kumBepJura.

[lpy BOSHHKHOBEHHMHM YCJOBHIi HeCTaGMJILHOCTH 11 KPHCTalI0B aJ-
Masa M3 MepHIOTHTOB H KJOTHTOB OHH PacTBOPAIOTCS ¢ o6pa3soBaHHEM
OKpYIJ/IBIX ()OPM H MepexoloM OT OKTasApoB, KombGuuauui {111} — {110}
M Ky60B K [AOJEKa’JpoujaM, TeTparekcasjapouiaM u KyGounam. Oue-
BHJIHO, 3TO OJHA U3 TVIABHLIX MPHYHH BO3MOXKHOTO HapylueHHs Mopdo-
JIOTHUECKOH KOppe/silMH MeX1y KPHCTaJlJaMH afiMasa H3 KCeHOJIHTOB
H KuMGepautoB. OTCYTCTBHE THIHYHBIX OKPYTJIBIX KPHCTAMJIOB ajiMasa
B KCeHOJIMTaX, MO HalleMy MHEeHHIO, NojyepKHBaeT JBa MoMeHTa: 1) Mare-
PHHCKOH TMOPOJOH ANS a/nMasa SIBJASIOTCA MarMbl rapubyprut-1yHHTOBOro
H 3KJOTHTOBOTO COCTaBa, B KUMOEDJHT ajMa3 nonajaer NpH jJesHHTerpa-
LUK 3TOro ajMascojiepxauiero cyberpara BepxHell MaHTHH; 2) OKpyr/as
(hopMa BO MHOPHX c/1yyasix o6yc/lOB/eHa pe3KHM HaMeHeHHeM (DPH3HKO-XH-
MHYECKHX yc/I0BHH M PT-napamerpoB, KOTOpOEe NPOHCXOJMT yaile BCEro
NpH Mepexojie MarMaTHYeCKHX KaMep ¢ OZHOTO ypOBHS Ha Apyroii. Bosaefi-
CTBHE Ha aJIMa3 aKTHBHOTO peareHTa yallle BCero peajHsyercd NpH nona-
JaHHH ero B KuUMOGepJIHTOBBIH (J1aMIpOMTOBLIH) pacnaaB. MHTeHcHBHOCTDH
pacTBopenHs, BepOSiITHO, 3aBHCHT oT cojepxkanus B marme CO, u H,0,
a TaKXKe OT BPeMeHH JeHCTBHs oKHcasiomux daonaos [60 u ap.l. M3onn-
POBaHHBIE OT TAKOrO BO3JEHCTBHA KPHCTAMJIBLL H JOCTATOYHO GbICTPHIH Bbi-
BOJ, Marmbl [03BOJISIIOT COXPAHHTBE HM MNepBoOHayanbHylo (opMmy. Bmecrte
C TeM NPH3HAKH AEeHCTBHA OKHCJAIOUIEro (JIIoH/1a HeCYT MHOTHE KPHCTaJIkI
a/Masza H3 KCEHOJIHTOB, T. €. HapyIleHHe PABHOBECHS KPHCTAJJIH3ALHH
MOKeT MPHBOJAMTH K OKHCJIEHHIO a/Masa ellle B ajJMascojepxalieMm cy6-
crpare. 34ecb, OYEBH/IHO, MPOHCXOJHT H IJIACTHYECKAn JepopMallis KpHC-
Ta/l10B. PacrBopeHne B BA3KMX CHJIMKATHBIX paclaBax CKopee BCero
KOHTpoOJIHpYeTcs Audpdy3Hell aKTHBHEIX peareHToB, Grarofapsi uemMy BO3-
HHKAIOT Pa3juyHble N0 KPHBH3HE MOBEPXHOCTH KpHCTaM10B anMasa. OH-
TOreHeTHYeCKHe HecaenoBaHua anmasa [30, 34, 69 u np.] nokasanm, uto
YCHAOBHS MX KpDHCTAJMIH3alMH uacto MeHsauch. B. B. BeckpoBanoB
YCTAHOBHJI B HEOAHOPOJHBIX KPHCTa/lJIaX ajiMasa SIKyTHH TpH oGheMHble
obnacTd (ueHTp, NpPOMEXKYTouHas M nepubepuitHasg) H COOTBETCTBEHHO
BBIIJIHJI TPH 3Tala B HCTOPHH MX POCTA, OTVIHYAOMIHXCS (PH3HKO-XHMH-
YeCKHMH YCJOBHAMH OOpa30BaHHA H, B NEpPBYIO Ouepelb, CTENEHbIO mepe-
chlilleHHsl B cpene Kpucranusauuu. OnHako HanGosee CylULECTBEHHbIE H3-
MEHEeHHSl 3THX YCJOBHH BHJHBI 10 Pe3KOi CMeHe MeXaHH3Ma pocTta KpH-
CTaNNOB a/Ma3a — MOCJOHHOr0 Ha HOpMasibHblil. CTerneHb NepeckHIleHH
pacniaBoB MOJE3HBIM KOMIOHEHTOM, MO-BHAHMOMY, OIHA H3 IVIABHEIX NPH-
YHH, ONpejesoUHX MeXaHH3M pOcTa KPHCTA/JIOB aJaMasa.

Kpucranabl ajsmaza w3 kumOepauTOB, JAMNPOMTOB M pocchinei. Pe-
3Yy/bTAaThl HCC/eJOBAHHA MHHEpaJOTHH KPHCTANJIOB anrMasa H3 Kumbep-
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auros [7, 8, 10, 33, 69, 72 u ap.] No3BOASIOT YTBEPKAATD, UTO CYULECTBYIOT
HHAHKATOPHLIE NPH3HAKH ITOr0 MHHEpa/Ja NPaKTHYECKH Ha BCEX YPOBHAX
ero HaxoxjeHusi: KMMOepJIMTOBOH NPOBHHIMH, KHMOEpPJHTOBOrO paitoHa,
KHMOEPJIHTOBOTO M0JA, KHMOEPJIHTOBOPO Tesa H POCCHINH, PYAHOIO CTOM-
6a (pyxHoTo Tena, pasiHUHLIX (a3 BHeApeHHs] KHMGep/HTOB). 3HaHHe ITHX
HPHU3HAKOB JIaeT BO3MOMKHOCTD YCIELHO HCNOAb30BaTh a/Ma3 NpH peleHuH
HEKOTOPLIX TeOJIOTHYeCKHX 3ajlad, B YaCTHOCTH MPH PelIeHHH BONPOCOB
0 KOPeHHBIX HCTOUHHKAX MHHEpaJoB B pafiOHaX POCCHIMHOMN a1Ma30HOCHO-
CTH C HEYCTAHOBJIEHHEIMH KHMOepJsHTOBRIMH Tenamu. Hanpumep, npu wm-
POKOM pacrnpocTpaHeHHH KPUCTA/IJIOB a/1Ma3a B Pa3HOBO3PACTHBIX TeppH-
FeHHBIX OTVIOKEeHUSAX H HeGOJBIIOM KOJHYecTBe KMMOEpPJHTOBBIX TpyGOK
C MOMOIUBI0O MHAMKATOPHHIX MPH3HAKOB MOMKHO YBEPEHHO NMPOBOAHTL TH-
HH3aLHI0 OPEOJIOB €ro PacceHBaHWsA M, CJIEJ0BaTeNbHO, MPOTHO3HPOBATH
HOBLIE KMMOEpJIHTOBEIE Tena U T. .

Ilpn pacemorpenun THnoMopduaMa anmasa H3 KHMGEPJIHTOB MbI HCXO-
JAMM W3 H3JIOXKEHHOH BbIllle FMIOTE3bl O €ro MOJHIeHe3e H KCeHOreHHOCTH
B 3THX TeoJoriyecKHX o6pa3oBaHHAX; T. €. CYHTAEM, YTO BCS COBOKYI-
HOCTb pasHOBHIHOCTeH aiMasa B KnmOepjuTax ofpasyer He naparenerH-
YecKHe, a NnapacTepHYeCKHe acCOLHALIHH, CBA3aHHHIE TOJbKO OGLIHOCTHIO
COHaxoxAeHHn B KuMGepautax. [laparenerHueckue accounaunu anamasa
CBOHCTBEHHbI BKJIIOYEHHAM MaHTHHHLIX NOPOA B KHMGepJIuTax, oM o6pasy-
10TCcA B rMYOHHHBIX NOPOJAX NPH HaJHUYHH COOTBETCTBYIOIHX NapaMeTpoB
anamasoobpasoBanus. MX poicTBeHHble CBS3H MOAYEPKHBAIOTCH TEM, UTO
PasHOBHAHOCTH a/iMa3a H3 K&KJOT0 OTAeJbHOTO KCeHONHTa B GOJIbIIMHCTEE
CAy4YaeB HJAEHTHYHBI TO raGHTycy H MOpdOJOrHYeCKOMY THNY KPHCT&J]-
JOB, HX rpaHHOH MopdoJoruu, (pusHueckuMm cpolictBaM H T. A. C apyroii
CTOPOHBI, OCOGEHHOCTH aJMa3a M3 KEEHOJIHTOB I10Ka3blBAIOT, YTO YEJOBHA
€ro KpHCTaJ/IM3aLliH OTHOCHTENbHO cTabuJ/bHb! BO BpemenH. [1o 3. B. Bap-
TomwHHCKoMy [8, c¢. 5], «ror mam uWHOA THN asMa3HON NapacTepHuecKoil
accolHalMd BO3HHKAET B 3aBHCHMOCTH OT MeCTa 3a/I0XKEHHs B MarmaTtH-
YecKOM oyare KopHeil BeIHOCa KHMOEpPJMTOBOTO pacijiaBa, COIEpPAllero
onpelesIeHHYI0 PasHOBHAHOCTH aiMa3a, a TaKikKe OT Xapaktepa MHAHBH-
AOB, aCCHMHJIMPOBAHHBLIX €r0 BOCXOASIIHM MOTOKOM U3 JAPYTHX. YYaCTKOB
ovarcesiX Mace». Ha tepputopuu SIKyTCKOH NPOBHHINH HM BHLIEJEHO 3Ha-
YHTEIbHOE KOJHYECTBO TAKHX MOP(OJOrHYECKHX aCCONHaLMi KPHCTANIoB
anMasa, o0befHHEHHBIX B HECKOJbKO ceMeficTB. [lo Hauemy mMHeHMIO, pas-
HooOpasHe a/Ma3HbIX MOP(OJOrHYeCKHX AacCOLMAIHii onpelesnerca He
TOJIbKO YC/JOBHIMH KPHCTAa/VIH3aLMH -alMa3a B MaTepHHCKHX Nopojax,
He TOJBKO MeCTaMH 3a/lOeHHsl KOpHed BbiHoca KHMOEpJMTOBOTO pacnia-
Ba H acCHMHJIALMH aJMasa H3 BhllleJNeKalliX Mopoll, HO H 0COGEHHOCTAMHK
NPOTEKAHHS H3BEPIKEHHS KHMOEpPMHTOBHIX PACIIABOB, CYLLECTBEHHBIM 00-
pasoM BJAHSIOUIHMH Ha PaCcTBOPEHHe KPHCTAIJIOB a/Masa W npeoGpasoBaHue
HX NepBoHaYaabHOH (GOpPMbI, BIVIOTb 10 NOJHOTO YHHUTOMKEHHS.

Kak Mbl yxe ormeuann, mo psay oco0eHHOCTeHl KpHCTa/lJI0B aaMasa
3. B. Bapromuucknii [8] nogpasnenser SKyTCKylo KHMOep/HTOBYIO nNpo-
BHHIHIO Ha JBa KpynHbiX pernoHa — IOxubili (ManoboryoGuuckui,
Cpennemapxunckuit, Jlanmeino-Anakurckni, Tronrckmii 1 MyHckuit pa-
FIOHBI KOPEHHOIl H pocchiMHOi anMasoHocHOcTH) H Cepepubiit (TTpunenckuii,
Cpeaneonenexckuii, Beenunms-Yprunckuii 1 AnaGapckuil paiionn). Ha
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MmecTopoxAeHHsX KOmHOTO pernona JOMHHHPYIOT NOJYOKPYI/bie KpHCTan-
/bl a1Masa, B HuX npeobnajaloT TBep/ble BK/IOUEHHS MHHEpajoB yJbTpa-
OCHOBHBLIX NOPOJ, XapaKTepHO NOBLIIEHHOE KOJHYECTBO HHAHBHIOB C CH-
He-roay6oi GoToMoMHHECLeHIIHell H BLICOKOH YJAeJbHOH HHTEHCHBHOCTHIO
peHTreHoanoMuHectieniltid. MectopoxacHus CeBepHOro perHoHa npoBHH-
LHH XapaKTepH3YITCs npeobialaHHeM CKPHITOCJIOHCTHIX OKPYTJILIX KPHC-
TaJNI0B a/Ma3a W HeyCcTaHOBJeHHbIX B HOKHOM perHoHe MHOrOrpaHHHKOB
V-pa3HoBHAHOCTH. 3/echb K€ BCTpedaeTcsi MHOTMO TaKHX PEeIKHX THIOB
KPHCTA//I0B, KaK KyObl, TETparekcasiApoHbl, NceBAoreMuMopdHbie obpa-
30BaHHA H KPHCTaJJIbI C IBHBIMH NIPH3HAKaMH KOppO3HH. B TBepAbIX BKJIO-
YeHHAX B ajMase 3TOr0 PerHoHa BO3PacTaeT PoJb MHHEPaJOB OCHOBHBIX
nopox (3KJIOTHTOB), OTMeYaeTcs MOBLILLEHHOE COAepXKaHHe IPHMEeCHOro a30-
Ta B KPHCTalJax, MeHblle HHAMBHIOB C CHHe-ro/1yOoH (0COGeHHO HHTEH-
cUBHO#M) GOTONMOMHHECIEHIIHEH H C BBICOKOH YHeJbHOH HHTEHCHBHOCTBIO
peHTreHoMoMHHeclleHHH. Ecin B kuMbepanrtax IOxHoro periona usme-
MeHHs OcOGeHHOCTeH KPHCTANJIOB ajiMa3a 3aMeTHHl jaxe B 6JH3KO pacro-
JIO}KEHHBIX KHMOEpPJHTOBEIX TelaX, To Ha MecTopoxaenusx CesepHoro pe-
I'HOHA OHH CIJ1aKeHbl, B TOM YHC/€ H HA OTAa/leHHbIX HAa COTHH KHJOMETPOB
ApyT ot Apyra. OTMeTHM TaKxke, 4To HabJlofaeTcsi H3MEHeHHe H30TONHOre
€OCTaBa yrJiepojla B KpHCTaJlJlaX a/iMa3a C lora Ha ceBep SIKyTCKoii NpOBHH-
uuH, B CeBepHOM perdoHe MHOTO KPHCTa/JIOB ¢ OGJIer4eHHBLIM H30TOMNHBIM
coctasoM yraepoaa [28].

[NonoGuuii ananua ocobenHocTell anMa3sa u3 HOxxHoappHkaHcKo# anMa-
30HOCHOH MPOBHHLHH (B APYTHX NPOBHHUHAX OH H3yuyeH elie ciabee) Ha
Cerofinsl He NpeiCTaB/afAeTcd BO3MOMKHBIM H3-33 HEJOCTATOYHOH H3YyYEHHO-
ctu [148, 161, 162]. Bmecre ¢ TeM appHKaHCKHE MHHEPAJOTH OTMEYAIOT A1S
anMa3a H3 GoraThix MecTopoxiendi noasi KumGepan 3Tofi NpOBHHUMH HX
oflIHi HCTOYHHK B BepXHeH MaHTHM, a pas/iHuHA B XapaKTePHCTHKAX aJ-
Masa M3 pasHblX MeCTOPOXIeHHH OObACHAIT TaKxKe 0cOOEHHOCTAMH Mpo-
TeKaHHs H3BEPKEHHS KHMOGepauTOBLIX pacniaasos |162]. Cyas no kpueran-
Jomopdonordi anmasa (6eclBeTHsle H 1200 OKpalUeHHBE KPHCTAAIbl KOM-
GMHALMOHHOrO THNA OKTa’Ap — POMOONOAEKA3Ap) H3 MECTOPOMKIeHHH
IOxHoappHKaHCKOH TNPOBHHLMH, npeobJajaiomue napaMerpsl aJjmaso-
o6pa3oBaHusA B MAHTHHHEIX YCJOBHAX 3ech ObLIM TaKHe e, Kak H B A KyT-
CKOH NPOBHHIHH.

B autepatype npHBOAATCSA JaHHbIE O Pa3JHYHAX B H30TOMHOM COCTABE:
yriepoja, KOHIleHTpauMAaX npHuMeceil a3oTa, COCTaBe H CONEPXKAHHM TBep-
JbIX BKJIOUEHHH B KpHcrannax anmasa fkyrtckoit u IOxnoadprkaHckok
npoBunuui. Tak, Hanpumep, cuuraior, uto B lOxHoit Adpuke npeobnana-
10T KPHCTa//IBl C HEBBICOKHM COZlep:KaFHeM NpHMeceH asoTa, a H30TONHBIH
€OCTaB yrjepoja MHOTHX H3 HHX obserded. CleflyeT 3aMeTHTb, YTO CPABHH-
BaeMsle JlaHHbIE He PaBHOLEHHB, TAK Kak (hakTHUeCKHH MarepHas no-
H3OTOMHH YIJIePoja M CoflepaHuio npuMeceil asora B anmase IOxuoii Ad-
puku GenHee. Ha ceroans comocrtaBjeHHe 3THX XapaKTepPHCTHK a/jMa3a
0GeHX MPOBHHLHA KOPPEKTHO JIHIIbL HA YPOBHE OTJE/bHEIX KHMOEPJIHTOBLMK.
Tesl, JUISl KOTOpPbIX CTaTHCTHYECKHE JlaHHble BNOJHe JocTaTodHHl. Tak kak
CYIECTBYET KOHLENIHSA 0 cnelHdiKe a1mMasa u3 I0KeMOp HHCKHX HCTOUHHKOB
[63], paccMOTpHM OCOGEHHOCTM €ro KpHCTaJJIOB H3 pasHEIX N0 BO3pacry
KUMGepanToBbIX Tes1 FKyTHH H IOxHo# Adpuku. [Ipeacrasuresem camof
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JipeBHel Bo3pacTHOI rpynnsl asasercs Tpyoka «[Ipembep». Ee 1okeMGpHii-
CKHIl BO3pacT yCTAHOBJIEH Fe0JOrHYeCKiM H PajHOJOTHYECKHM METOAAMH.
Cpennee coiep:xanne anmasa B Tpy6ke 0,31 kap/t nopoust. JloMHHHPYIO-
wril raGuTyc €ero KpHCTaMJIOB 3jech — KoMOuHauust dopm (111} —
{110} — 56 %, pomGoaoaekasipsl coctaasior 17, okTasapel — 6, npodne
manet 21 %, ky6os mer [93, 161]. JlocTaTouHO MHOrO He3aKOHOMEPHbIX
CPOCTKOB M ABOHHHKOB. CreneHb COXPaHHOCTH KDPHCTA/JIOB cJeyrouas:
nesnsie — 20 %, packonoreie — 80 %; pacnpeneneHHe Mo oKpacke: KO-
puuHesbie — 46 %, xenteie — 8, Apyrue nBera — 5, BCTpeYaloTCs ro-
ny6eie, GecuserHbie — 41 % . KpHcrasasl anMasa 4acTo HMeIOT Mac/sHH-
cthiii Gaeck. HOBenupubie Kpuetanisl coctaBasior 20 %, TeXHHuecKHe —
80 % . OrmeueHo Gosbilioe KOJHYECTBO KPHCTAN/I0B anMmasa ¢ TBEPIbIMH
BKJIIOUEHHAMH, CPeIH KOTOpBIX, N0 AaHHLIM appHKAaHCKHX TeoJoroB, mnpe-
obnafaloT MHHepasbl 3kaA0rHToB (60 % Bcex H3yueHHBIX KPHCTAJNJIOB al-
Masa ¢ BKJIoueHusimu); no aaxueiM 3. C. Edumosoit u H. B. CoGonesa, —
okono 26 %. Ins anmasa TpyGkH «[IpeMbep» XapaKkTepHO NOBBILIEHHOE
KOJTHYeCTBO Ge3a30THBIX KPHCTAJIOB, K HHM OTHeceH Takxke «KynnnHan»
i JpyrHe KpPyNHbIe KPHCTAJJbl 3TOr0 MecTopoxcieHus. Cpean HoBeJHPHBIX
KpucraanoB stoii TpyGku THn Ila cocrasasier 10—20 %, a cpean mesKux
Kpucranios — 40—50 %. B apyrux TpyGKax perHona nonsi Ge3asoTHBIX
KPHCTAJNI0B Ha nopsifok menbine. Tosbko B TpyOke «[Ipembep» nabnexa-
10T TONy6Ble MOJMYTPOBOJHHKOBLEIE 6e3a30THbIE PA3HOBHAHOCTH ajaMasa TH-
na 116. Coornomenue *C/13C anMasa BapbHpYeT B LIMPOKHX Npeaenax: Ais
a30THBIX KpHcTaanoB (tun 1) cocraB yraepoaa usmensercs or — 1,9 1o
—12,3 %, (u3 176 aHanu30B TOMBKO OAMH mokasaa 6%C = —18,6 Y/,) ¢
‘MakcUMyMoM B 06aactu (—5) — (—6) % Anst GObIIKHCTBA Ge3a30THBIX
(run I11a) — ot —15 10 —32 "/ ¢; A5 NONYNPOBOAHHKOBEIX — oT —14,5 10
—21 9%/,,. Hns KOpHUHEBBIX H HEKOTOPBIX GECLBETHBLIX KPHCTAJ/IOB XapaK-
TepHbl BHHMBIE CJI€bl IJIaCTHUECKOH JedopMalliH, NpOsiBJASIONHEcH TaK-
JKe Ha JlaysrpaMMmax B BHJe actepuama nateH. CTPyKTypa TakHX KpHCTan-
JIOB OTJIHYAeTCS MOBHIIIEHHOH G/I0YHOCTBIO (C pa30pHEHTHPOBKOH G/I0OKOB
1—5 °, B cpenueM okoso 2°), 4TO PUKCHPYETCS TAKMKE ONTHUECKHMH METO-
namu [93].

[1puBenem nmpenBapHTeNbHEIE CBEJeHHA 0 MOP(OJOrHH, OKpacKe W MH-
HepaJbHBIX BKJIOYEHHAX B KDHCTa/l/aX alMasa M3 elle OIHOro JOCTOBep-
HOTO JOKeMOPHHCKOrO HCTOMHHKA — OJIHBHHOBBIX /AMIIPOMTOB H HX TY-
«poB TpyOKH «Apraitn» (Bocrounoe KumGepan, ABerpanus). 1o BaXkHO No-
TOMY, YTO HaJHYHe ajJMasa B JaMNpoHTax ABCTpajiHH, CTOJNb PalHuKaJbHO
‘OTIMYAIOIIHXCA OT KJIACCHYECKHX KHMOEpJIMTOB, JaeT HaM JIONOJHHTENb-
Hblit MaTepHaJ K 0GbsICHEHHIO FeHe3uca JaHHOro MHHepasia KUMOGepJaHTOBOro
thna. K Tomy e B KPHCTa/JIaX a/Masa H3 JaMNpoHToB TPYOKH «Apraiy,
KaK H B aJMa3e H3 KHMOepJHTOB TPyOKH «[IpemMbep», 3HauHTENbHA POMb
BKJIIOYEHHH MUHEpaJoB H3 3KJOrHTOB, BO3PACT KOTOPHIX MO H30XPOHE
'Sm — Nd cocrasasier 1580 u 1150 Main et cooTBeTcTBEHHO. BospacT BKJI0-
ueHHH B anmase TpyGKkH «Apraiin» Ha 450 MaH Jer Gosbile BO3pacTa JaM-
npoutoB (1130 maH Jer). Anmas o6GHapy:KeH Kak B JaMIpOHTaX TPYGKH
«Apraiisiy, Tak W B pacno/iOKeHHBIX Henojaneky naiikax Jluccanen Poya.
Pa3sHOBHIHOCTH M3 3THX JBYX HCTOYHHKOB OYeHb CXOXKH MEKAY COOOM.
‘CpejiHee cojlep:kaHHe ajMa3a B MOBEPXHOCTHHIX TFOPH30HTaX TPYGKH No
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BceH mJowaad ee Beixoda (50 ra) okoso 5 Kap/t. CornacHo pesyJibratam
skcnayaTtauuu Tpyoxku B 1986 r., 31ece okasanoch Gosee 8 Kap/T anmasa,
SKOHOMHYECKH Ba<Hble COLEpKaHHA ITOr0 MHHepaJa NPHYPOUCHBl K 10MK-
HOl 4actH TpyOKH. ABropsi paGor [158, 160], onucaBuine aima3z TpyGKH
«Apraiis», OTMETH/IH TOXK/IECTBO KPHCTA/IJIOB H3 JIAMIPOUTOB H KMMOEpJIH-
T0B. OcofeHHOCTH anMasa B 3TOH TpyOKe:

— npeobnajanne o6pa3oBaHuil HeNpaBHIbHOI (OPMBI, B MEHBIIEM KO-
JiHuecTBe HalJ/i04aloTcs JABOHHHKOBbIE H arperaTHble CPOCTKH; CPelH Cpo-
CTKOB MHOTO JBOHHHKOB THNAa «Maknecy,

— GOJIBLUMHCTBO MHOTOIPAHHHKOB SBJSIETCA HHTEHCHBHO pe30pGHpo-
BAHHBIMH JIOAE€KA3APOHJAaMH H KPHCTa/JlaMH [1epeXONHOH (OPMHI OKTa-
3]1p — poMGOLOAEKAIAP; CHJIBHO MATHPOBAHHBIE NJOCKOrPaHHBIE OKTasl-
Pbl BCTpeyeHbl B MEJKHX KJaccaX KpPYMHOCTH;

— OTCYTCTBHE KPHCTa/I0B KyOHUYECKOro rabHTyca;

— CHJIbHas MAaTHPOBKA IMOBEpPXHOCTeHd OOJBbILHHCTBA KPUCTAJJIOB, LIH-
pOKOe pasBHTHE Ha HHX reKCaroHaJbHLIX H TPHIOHAJbHBIX BNajJHH, Tpe-
IHH H KaHaloB TPaBJeHHS;

— HauboJiee pacnpocrTpaHeHa KOpHYHeBasi OKpackKa, MejTas — MeHee
20 %, seneHast W pPo30Basi BCTPEUAIOTCS PEAKO;

— BK/IOUEHHA B a/JMa3e MpeACTaBJeHbl rpadHToM, aJbMaHIHH-THPO-
UOBLIM TpaHaToM, OM(ALHTOM, pexe KHAHWUTOM, PYTHJIOM, KO3CHTOM.

B rydax tpybku «Apraiii» GbliM HaiieHbl aJ]Ma30HOCHBIE MEPHIOTHTHI
€ cojepKaHHeM ajiMa3a HeCKOoJIbKO KapaTt Ha TOHHY. M3BjeueHo u Hayue-
Ho 173 Kpucranna pasmepom MeHee 0,4 MM NpeHMYILECTBEHHO HeNpaBWJb-
HO# (opmbl (OKTasapos ~ 8 %, nomekasnpos ~ 1 %) Ges creno Kop-
posuH. Ilo OKpacke OHM MOJIHOCTbIO COOTBETCTBYIOT a/1Ma3y H3 JIAMIPOH-
ToB: KopHuHeBble — 60 %, xeatwie — 23, OecuserHsie — okoao 16,
cepuie — 2 %.

ConocraBuM 0COGEHHOCTH aMasa H3 JJaMIIPOHTOB A0KeMOpHIHCKO#H Tpy6-
KN «Apraiisi» 4 MOJIOJBIX HeoreHoBblX Tea ABcTpaiuu. B namnpourax 3a-
naasoro KumGepau anmas naiinen g 45 tenax, B Tom uucae u B 30 namnpo-
HTOBBIX mosa Aanenneisn. Coaepxanue ajimMasa B 3THX TelaX HEBLICOKOE,
TONbKO B Tyax H3 Tpy6ok nmoasa anenjeiin Ne 4 u 9 oHO jocTHraer 3Ko-
HOMHYeCKH 3HauuTenbHoro ypoBHs (0,14 u 0,05 Kap/T COOTBETCTBEHHO).
HaunGonee BBICOKOA/IMAa30HOCHBIE JIAMIIPOHTHl OGOTAIIEHBl OJHBHHOM H
oOe/IHeHbl JIEHUHTOM, OHH e NPHYpo4eHbl K Hanbosee KPYNHLIM TPYOKaM.
B kaxo#i TpyOKe paHHMe NHPOK/IacTHYECKHe MOpoJkl GoJiee aIMa3OHOCHEL,
YeM MPOAYKTHl MO3JAHHX MarMaTHuecKuX (pa3. Pa3sHOBMIHOCTH anMasa H3
pasHblX TeJs 6JH3KH Mexy coboi. KpucTaansl KpynHBIX KJIAccoB pasmep-
HOCTH OOBIYHO Mpe/CTaBJ/1eHbl XKeJITHIMH Pe30p6HPOBAHHBIMH JI0/leKa3Apor/ia-
MH H TJ1aiKorpaHHBIMH HHIHBHIAMH C CHIBHLIM OJeckoM. Cpeln KpHCTa/l/10B
Kjiacca MeHee | mm npeobnasator GeclBeTHhle HJaH OJelHO-KOPHYHEBbIE
IJIOCKOTpaHHble Tpy6oc/oHCTbIE OKTAIAphl € MaTHPOBKOI Ha TpaHsx.
M3 Beex kpucrasJioB ajMasa B J1aMIpoHTax Ha OKTasapel npuxoaates 1 %.
B naMnpouToBbIX Tenax IaneHAeisa He BCTPEYEHO aJMasHbIX KyGoB
¥ KpHCTanJ10B KOMOHHAUHOHHOrO THNA ¢ rpanamu {100}, 50 — 70 % kpuc-
TaJJIOB HMeeT XKenTylo okpacky, 10—16 % — GecuseTHble Han Gesbie.
Anmas u3 pocceineii 3anaanoro KumGep/iu takofl ke, Kak H M3 JaMnpoH-
TOB 3TOro paitona. ToJIbKO B OJHOIl poCChINH, 3HAYHTEIBHO YAaT€HHOH OT

3 8-2269 33



KOpPEeHHBIX TeJl JaMNPOHTOB, VCTaHOBJEHB KyOnueckHe KpHeTaansl. Brio-
YyeHHsl B ajaMase NpejcTaBieHbl PHOJIH3UTENBHO B PABHBIX KOJIHUECTBAX
MHHEepaJaMH YJbTPAOCHOBHBIX (OJHBHH, AHOINCHJ, SHCTATHT, BEICOKOXPO-
MHCTHIH HH3KOKAaJbLHEBBIH TPaHaT) H SKJOTHTOBBIX (aJbMaHAMH-NHPOI,
oMbaLHUT, PyTHJ, KO3CHT) NOPOL.

B ceBepo-BocTOuHOIT M LleHTpasibHOH YacTax niato KumGepan anmas
oGHapyXKeH B TepPHreHHBIX OTJA0KeHHsX. OH HecKONbKO OTJIHYaeTcsi OT
anMasa 3anaanoro KumGepai. Kpueranisl npedMyLlecTBEHHO HeNpaBH/ib-
HO#ll copMmel. Cpean MHOrOrpaHHHKOB OKTasAphi H NOIEKa31pOHJIbl HaXo-
IATCH NPHOIU3HTENLHO B PABHOM KOJHYECTBe, MHOTO JBOHHHKOB; OKTas/-
pbl rpybociokcTele, ¢jiafo HIH BOBCe He 3aTPOHYTHl MaTHpoBKoii. [lone-
Kasfpouapl HMeloT rpyObiil aMuarthiil pesbed. Kpucrannsl, XapakrepHbie
118 TpyO6KH «Apraiii» (KopHUHEeBHIe NOJAEKa3APOHILI C INECTHYTOJbHBIMH
BNajHHaMH H MaTHPOBKOH), BCTpeualoTcs B HeGOJBILIOM KOJIHYECTBE; €CTh
HaXoAKH Ky6os. Kpucranael 31oit wactu nnaro Kumbepan npeumyliecTBeH-
HO GeclBeTHbIe HJIH CBETJIO-KOPHYHEBbIe, HACTO C 3eJeHbIMH HJH OYpbIMH
nATHaMH nurMeHTanuu. ColepiKar MeHbllle KPHCTANHUECKHX BKIIOUEHH
H Jyullle MO KauecTBY, ueM anma3 TpyGkH «Aprain». PasnooGpasue
KpHCTaNJI0B anMasa H3 pocchineil nnato Kumbepan, BozsMoxKHo, o6Vei0B-
JEHO HX MPOHCXOMIEHHEM, CBA3aHHLIM C HECKOJIbKHMH PasjiMuHbIMH HC-
TOYHHKaMH.

Crnenyer oTMETHTb, HCXO/S H3 TEOJOTHUYECKHX TMPEANOCLIIOK, elule OJHH
BO3MOXKHBIH MPOTEPO30icKHil HCTOUHHK anMasa B ABctpanuu, paiion Hyu-
Jaraii, rie B aJJIIOBHAJbHBIX OTJIOKEHHAX oOHapyKeHbl KPHUCTalJIbl al-
masza. OHH npelcTaB/eHbl OKTa3ApaMH, I0AeKa3ApoHJaMH, HX JBOHHHKA-
MH W arperatamH, oKpacka 6/elHO-KODHUYHeBas, MHOTHE KPHCTaJJbl HMe-
10T 3eJeHble HaH Oypble NATHA NHTMEHTAllHH.

Hrak, MOXKHO clesiaTh BHIBOJA — a/iMa3 H3 JIAMIIPOHTOB WJEHTHYEH aJ-
Ma3y u3 kuMGepautoB. OH npeicTaB/eH TeMH XKe MOPHONOrHUECKHMH pas-
HOBHIHOCTSIMH KPHCTa/IIOB, C TEeMH Ke JBYMSI TpynrnaMi MHHEpasoB-
BKJ/IIOYeHHH — H3 MepHAOTHTOB M 3KJOTHTOB, B TOM uucJse GIH3KHX No
XHMHYECKOMY COCTaBY K TAKOBHIM B asiMa3e H3 kumGepautos [113]. M3oron-
HBIl COCTAB YrJepoja 3anajHOaBCTPATHHCKOrO an1Ma3a U3 JIaMIIPOHTOB OT-
BeUaeT TAaKOBOMY /sl alMasa u3 kuMmOepiauToB. [1aBHOe orimune anmasa
H3 JaMIPOHTOB OT aiMasa W3 KHMOEP/JIHTOB 3aK/0Yaercsl B HHTEHCHBHOM
OKHCJIEHHH MEePBOro, YTO CKAasajoch Ha 0COGEHHOCTAX ero raGuTycHOR H
rpanHoii Mopdosorud. OnHaKo pasHOBHAHOCTH a/7Ma3a C aHaJOTHYHBIMH
MOpP(ONOrHYECKHMH NpPH3HAKAMH H3BECTHBI BO MHOTHX KHMOED/IHTOBLIX
tenax (Tpybku Jlecoro, uant JlecHoit TI'Bunen u  FKyrtHH, pocchiiin
CEeBEepO-BOCTOKA FKYTHH M Ap.).

PaccmatpuBasi 0coGEHHOCTH anMasa H3 Najeo30iCKO-Me30HCKHX KHM-
6epauroBbix Tea HOxuoil Adpukn u JKYTHH, OTMETHM, YTO B KaxIOM M3
MECTOPOXKAEHHI 3TOT MHHEpasJ XapaKTepH3yeTcs onpejeNeHHbIMH BapHa-
LHAMH MOpPGhOJOrHH KPHCTAJJIOB, HX OKDACKH, JIOMHHECHEHUHH H T. [.
Hanpumep, B rpynme Gorathix anMasoHOCHBIX NOCJAEIOPCKHX KHMOEpJH-
ToB Kanckoii nposunin (tpyoxku «KumGepau», «Broatdonteiin», «/le-
Bupe», «Beccenton», «DuHI») NpeBaqupPYIOLHM TaBHTYCOM KPHCTA/JIOB
anMasa siBasercst komGuuatus dopm (111} — {110} (or 35 no 90 %) 148,
161, 162]. Tonpko B Tpy6Ke «IlI0TORTCNEH» TOMHHHPYIOT MOAEKa3/pHye-
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ckne Kpucranasl (62 %), WHAMBHABI 37eCh JIOBOJBLHO KPYITHBEIE, MEJNTLIE
(38 %) u kopuunesnie (55 %), uacto maGmopaloTcs Kaliajbl TPaBJeHHd.
Bonbuie Bcero okrasapos B Tpy6kax «Bronrdonreiiny (32,0 %) u «Beccen-
Ton» (20,7 %). 3nech e Godblie BCero H GecliBETHBIX HJH ¢J1al0 OKpalleH-
HBIX KPHCTAJJIOB, HO €c/H B MepBoi TPyOKe OOBIYHBI KPYNHBIE HHIHBHILI
C JKEITOBATHIM HAIBETOM, TO BO BTOPOH Mpeo6aajaioT caerka JAbMyarhble,
npospaulble ¢ HeGOIbLIHM KOJHUECTBOM BK/IIOUEHHH H KaHA/IOB TPABJIEHHSA.
Mroro (10 63 %) xeatbix Kpuctanaos B TpyOke «Ile-Bupes.

KomGunauuonnsiii no dgopme tun xpucraanos {111} — {110} npeot-
Jajaer B KuMGepauTOBHIX Tenax OpanxeBoil mpoBHHUHH (Tpy6GKH «Kod-
tudonTeiiny, «fArepconteiiny). 31ech e 00bIUHBE GECUBETHBLIC KPHCTAIbI
C TOJHUEHTPHYECKHM CTpoeHHeM rpaseil. MHauBuawl nepexoinoii ¢opMbl
H JI0JleKa3/pOH/ibl JOMHHHPYIOT B KHMOEpIHTOBLIX Tesax Jlecoro, rie, Kak
H B GoJbIIMHCTBe KHMOepPAHTOBBIX Tea IOxHol AdpukH, cpean okpalien-
HBIX pasHOBHJHOCTel npeoGnanaioT KopuuHesble., Jlas GONBIIMHCTBA KHM-
Gepaurtopblx Tes1 HOkHOappHKAHCKONH NMPOBHHUMH KyGHUECKHE KPHCTAJLIbl
HEe XapaKTepHbl.

Bauakue BapHalnn OCHOBHBIX FaGHTYCHBIX (DOPM CBOHCTBEHHBI IMasy
13 Naneo3oiicKo-Me3030HCKHX KuMGepaHToBbIX Tea SIkytun. Kaxnoe kum-
€epJHTOBOE TENO HHAMBHAYAABHO MO OCOGEHHOCTAM KPHCTA/IOB aaMasd.
Taxk, cpeau raGHTyCHBIX THIOB ajiMa3a H3 KHMOGepaHTOB TPYOKH «Mup»
npeobiajaloT OKTasApbl, 3aTeM cJaelyloT nepexoiseie dopmbr {111} —
{110}, pomGononexkasapsi W KyObl. COOTHOILIEHHE raGHTYCOB KPHCTalJI0B
B Tpy0Ke «Ynaunas» HHoe, yeM B TpyOke «Mup»: noJoBHHA HX TpelcTaB-
JieHa poMOOJIo/leKas/lpaMH, KOTOPEIM HEeCKOJIbKO YCTYTAKT OKTaslpHl, J0-
BOJIBHO MHOrO Ky6oB. Ecaiu B Tpy6re «Mup» 1OMHHHDYIOT KPHCTAJLIBI C 110~
JINIEHTPHYECKH PAacTYIHMH TPaHfAMH, TO B TpyOKe «Ynaunas» Gomee mo-
JIOBHHBI COCTaBJSIOT KPHCTANJLI C 3aHO3HCTOH IUTPHXOBKOH. B pocchinax
CeBepo-BOCTOKA SIKYTCKOIl NPOBHHIMH, KaK MBI YIKe OTMeuaji, pe3Ko npe-
o6n1aaloT OKpyrJyible MHAMBHIBL anMasa. 3zech Goabuie (1o 14,2 %) xpu-
CTaJJIOB a/Ma3a ¢ BKJIIOYEHHSIMH MHHEPAJOB H3 3KJOTHTOB.

OTMeTHM TakKKe, YTO HECKOJIbKO 0GOCOO/AIOTCS Pa3HOBHAHOCTH ajiMa-
34 BO MHOIHX MKHJbHBEIX KHMOepJaHTOBBIX Tenax (SIkyrus, I'Bumes) [1].
BonpmunerBo Kpucranios umeer pomGojoseKasApHuecKHil rabutyc, Ha
UX [OBEPXHOCTH XOPOLUO MPOSBJAEHBI CJAeIbl KOPPO3HH, MOJOCHI MJACTI-
YecKoil JedopMalui U TPEHIHHOBATOCTD, OKpAcKa JbIMuaTasi M KopHuHeBas,
cojlepzaT BKJIIOYeHHs rpaHara.

AHau3Hpys H3J0XKEHHOe, MOMKHO CZeIaTh BEIBOJX O TOM, YTO He Cylile-
CTBYET KaKHX-JTHOO cnel(pHyHbIX ocofeHHOCTell aMa3a U3 pasHbeIX 10 BO3-
pacty KuMGepJiMTOBLIX Tesl. B Go/bLIMHCTBE HX pacrnpocTpaHeHbl OeclBer-
Hele HJIH GJelHO OKpalleHHble KOMGHHALHOHHBIE MHOTOTPAHHHKH THIIA
OKTa3lp — pomboaoaekasip. [lo muennio 3. B. Bapromunckoro (8, c. 4],
«OHH CHMBOJIMBHPYIOT HeKHH HanGosee 4acTo MPOABJSIOUIHICH B MaHTHIi-
HBIX YCJIOBHAX «anMa3oobpasylouinii ¢hon», xapaxkrepusyioluica onpese-
JEHHBIMH TePMOJIHHAMMUYECKHMH H FEOXHMHUECKHMH NapaMeTpamH KpHc-
TAJJIH3alHH, TOT/A KaK APYTHe THLEI MHOTOTPaHHUKOB SABJSIOTCA pe3yJib-
TATOM OTKJOHEHHS OT 3THX YycloBHH». Murepecno, 4TO npoBeneHHOe
3. B. BapTomnHCKHM ¢ COaBTOpaMi COMOCTABJEHHE COCTABA JETYUHX NpH-
Mecei, BbIIEJHBLIHXCS MPH BBICOKOTEMIEPATYPHOM Nporpese H3 o6pa3loB
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anmasa fIKyTHH, ¢ COOTBETCTBYIOUHMH JJAHHBIMH /LAl a71Ma3a U3 3apyOerkHbIX
mectropoxaennii (lOxuaa Adpuka, Bpasnang n ap.) nokasano yAHBHTEb-
HOE MOCTOSIHCTBO KAUeCTBEHHOrO COCTABA COJEPMKALIMXCA B HHX Ta3os.
3710, 1O Bcell BEPOSTHOCTH, CBHETEbCTBYET OT OGIHOCTH HpOLECccoB ai-
Ma3000pa30BaHHA B PA3HBLIX YAcTAX BepXHeH MaHTHH 3eMJIH H MOATBEP K-
JaeT BLICOKOTEMNEepaTypHbIl peKHM KpHCTalJH3alHH ajaMasa. B aiama-
3e H3 Pa3HbIX MecTopoxjeHHH Mupa Gomee 95 % JeTyuHX KOMMOHEHTOB
COCTABJISIIOT BOAOPOJ, A30T, BOAA, MOHOKCHJI H JHOKCHI yIJiepoia, MeTaH
[155, 169]. Ananu3 cmoze HPOBAHHBIX C MOMOLLBI0 ATOMHBIX OTHOLIEHHI
H:0O:C: N duionos nokassiBaer, 4To H3yueHHble AKYTCKHe 00pasiibl ajiMa-
3a KPHCTAJJH3HPOBAJHCh B 0oJee BOCCTAHOBHTENBHOI Cpelle, YeM I0XKHO-
appukanckue. Pasnuuna Habmi0lal0TCA TAKXKe B COAepPMaHHH HEKOTOPbIX
JETYYHX KOMIIOHEHTOB He3HAUMTE/JbHBIX KOHLEHTpPAalHi; cBOGOJHOrO a3o-
Ta B fIKYTCKOM ajMase Ha NOpsjoK Gosblie, yeM B ajmase 3apyOexKHbIX
mecropoxennii, a CO B nepBoM 3HaunTenbHo npeBaiaupyer Han CO,,
B 3apy0erKHEIX MECTOPOKAEHHAX KapTHHa obpartas. [To A. A. Mapaky-
wesy [62], B caiyuae yabTpaocHOBHLIX MarM aaMasoobpasyiouias cpeja Obl-
na Goslee BOCCTAHOBHTENbHOM, YeM B C/1yyae OCHOBHBIX.

ITo coBpeMeHHEIM NpelcTaBJeHHsM, B GOJNBLIHHCTBE CBOEM MepeMere-
HHe KUMOepJIHTOBOro pacnJjaBsa BBepX Obl10 JA0CTaTOUHO OLICTPBLIM, YTO HC-
K/IIOYa/I0 BO3MOXKHOCTb CYILECTBEHHOTO PacTBOPEHHS TJYGHHHOTO Mare-
puaza, B TOM uyHcJe H anMasa. Tem He MeHee MHOTAA CJellbl TepMaJbHOro
BO3/IeHCTBHA KHMOEPJIHTOBOIO pacnjaBa Ha NepeHOCHMBIi I/1yOHHHBIH Ma-
TepHaJ, BILIOTb JIO €ro MJaB/eHHsl, BEpaXkeHsl 10BOJbHO uerko [127]. 3ro
NPOMCXOJMT, MO-BHAMMOMY, NPH OTHOCHTEJTbHO MEIJEHHOM IOJbeMe pac-
IJ1aBa HJIH B cJlyYae Kakux-iubo 3ajiep:kek BO BpeMms MojbeMa, a Takmke
H3-32 NPHYHH, O6YC/IOBIEHHBIX CTPYKTYPHO-TEKTOHHYECKOIl MO3HLHeH Te-
Jla, COCTABOM H KOJHYECTBOM (ha3 BHeJpeHHs, HAaJTHUYHEM B HHX aAKTHBHBIX
pearentoB (H,0, CO,, K u ap.) H T. 4. B 3THX yC/I0BHSiX CTAHOBHTCS pe-
a7bHOH BO3MOXKHOCTb YHHUYTOMEHHA HJIH CYIIECTBEHHOrO OKHCIHTEIbHO-
r0 pacTBOPeHHA YacTH KPHCTANJI0B anmaza. KMeiores MHorouuc/ieHHble
NpHMEPLl TaKOro 3KCMEepHMEeHTaJbHOrO KaTaJHTHYECKOrO OKHC/eHHs al-
Ma3a BOJSIHBIM NapoM H JAHOKCHAOM yriepoja npH Temmepatype 800 —
900 °C ¢ yuacTHeM KaTaju3aToOpOB HOHOB PA3jIHUHBIX 3JIEMEHTOB, BXOJf-
ux B cocras kumGepauros [39, 88]. [Tonyuens pasHooGpasusie Mopdoso-
THYECKHE THIBI MOJYOKPYTJIBIX H OKPYIJIBIX KPHCTAJ/I0B H CKYJIbIITY phjpac-
TBOP@HHS IpaHel, B TOM YHcJIe NOJNYOKPYIJble ¢ rpanubiM meoM Ha {110}
[135]. Anasnornunble HeGraronpHsTHEE IS COXPAHEHHS aiMas’a YCJAOBHA
MOrJIH GbITh U B KHMOEpJUTOBBIX (MaMnpouToBeix) Tenax. Ilpu 3tom yacrs
KPHCTaJIJIOB MOIJIa ObITh YHHUTOXKEHA, a Ha OCTABLIMXCA JOJIKHBI OblIH 32-
(MKCHpOBATbCS caefbl pacTBopeHud. JleficTBHTENbHO, B KHMOEpIHTAX,
rie o6HapyxKeHbl MOPOjbl ¢ NMPH3HAKAMH TepPMa/JbHbLIX H3MEHeHWiH, aaMas
HEeceT Ha ce(e XOpOLIO pa3BHThIE CBOEOGPA3HEIE CKY/IBNTYPHI PACTBOPEHHS.
Takue unauBHAB BCTpEUEHb! BO MHOTHX KHMOEPJIHTOBLIX (H 0COGEHHO JIamli-
POHTOBBIX) Tes1aX, OHH XapaKTepHul 418 TPYOoK Bepxuemynckoro kumbep-
JIUTOBOTO pafiona, A1s1 HEKOTOPBIX TPYOOK H KnMGepauToBbiX i1 daniwl-
Ho-Anakutckoro paiiona IKyTuH, a TaKkxke AdpukH 1 ap. POPMBI OKHCIIe-
HHSl MOT'YT ObiTh MpPOABAEHbl HAa a/lMa3e NO-Pa3HOMY: B BHJIE OKPYTVIbiX
N0/J€Ka3/PHYECKHX HJH TeTparekcasipHuecKux, rpybopenbedHblx TPHIOH-
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TPHOKTa3ApHUYECKHX MOBEPXHOCTeHl H Pa3JHYHBIX KOPPO3HOHHBIX CKYJbII-
Typ. OueBHIHO, YTO OKHCJIHTEIBHOE PAacTBOPEHHE ajMasa NpH TPaHCIOp-
THPOBKE H3 FYOHHHBIX oGsacTeil BBepX, a TAK:Ke PaCTBOPEHHE B YCJIOBHAX
IHATPEM MOJI BO3JEHCTBHEM BHICOKOTEMNEpPATYPHOH KHMGEPIHTOBOIH Cpebl,
BOJAHBIX TAPOB M JIMOKCHJA YIJIepoia € YYacTHEM KaTaJHTHUECKH aK-
THBHBIX 3s1emMeHToB (Cr, Ni, Co u ap.) MOryr cyuiecTBeHHO MeHATb Mopdo-
JIOTHUECKHH CIEKTP KPHCTAJJIOB H, BO3MOXKHO, HEKOTOPHIE APYTHE HX CBOIi-
crBa. KaxJoe u3 mecTopoxkieHHi GyJer XapaKTepH30BaThCsl HHIAHBHIY-
aJIbHBIM HaGopoM MOP(hOJIOrHYeCKH H3MEHeHHBIX KPHCTaJa0B *.

Eme ogun sran npeo6pa3oBaHHil HCNBITHIBAET aJIMa3 HA NYTH OT KOPeH-
HOTO MCTOYHHKA K MECTy AaKKYMYJALHH B TEPPHTeHHBIX OTJOMKEHHX.
Ha npumepe pocchinHbiX nposiBiennit Skytun ycranosaeno [83], uro
B 3aBHCHMOCTH OT yJiaJIEHHOCTH KOPEHHOTO HCTOYHHKA H ycaoBHi dopmu-
POBaHHS POCCHINEH H3MEHSIOTCS COOTHOLIEHHS raGHTYCHBIX OpM KpHCTas-
JIOB, XapaKTep NCBEPXHOCTH IpaHeil, CTeNeHb COXPAHHOCTH, TPaHYJIOMET-
pHsl H P ONTHUECKHX CBOHCTB asMasa. [lo cremeHH H3MEHEHHS 3THX
NPH3HAKOB BhIJIEJIEHBl POCCHIMH GJHMKHEro, CpelHero H JaJbHEero cHoca.
M tem He MeHee, 3Has 0COGEHHOCTH a/Ma3a H3 KOPEHHLIX TeJ H Te H3MeHe-
HM#, KOTOphIE OH TpeTepnes TMPH TepeHoce, MOMHO MPOBOAHTH CBOEOD-
pasHOe MHHEpPANOTHUECKOe KapTHPOBAHHE MO OTAEJbHBIM THNOMOPGhHBIM
NpH3HAKaM HW/H HX KOMIIEKCY Ha pas/IHUHOM YpOBHe: MPOBHHLUMH, NOJeii,
CONPSKEHHBIX H HECONMPSIKEHHBIX KOPEHYBIX H POCCHIIHBIX HCTOYHHKOB,
KHMOEpJINTOBBIX Tell ¢ MHOXKecTBOM (a3 BuenpenHs H T. 4. [1pn sToM ouu
MOTYT NpHOGpeTaTh NOHCKOBO-OLEHOUHOoe 3HayexHe. [TopoGHBIe MpHMeEpE
KapTHPOBaHHA Xopomo u3BectHsl. Tak, 3. B. Baproumuckunii u ap. (7,
8,10] npoBenu paiionupoBanue SIKYTCKOH aAMasOHOCHOH MPOBHHIMH [0
pALY TpH3HaKOB anMmasa (Mopdosornd, GOTONIOMHHECHEHIIHH, PeHTreHo-
JIOMHHECUEeHIMH H Ap.), 3. M. T'aiHMOB — MO H30TOMHOMY COCTaBY yT-
aepona (28], H. B. Co6oneB u 3. C. EdumoBa — no copepxanuio
COCTaBY KPHCTAJJIMUECKHX BKjoueHui B anmase [106, 108], B. T1. )Kuxa-
pesa, 3. B. Baprowmuckuii [12] — no oco6eHHOCTSM NPOTPABIEHHBIX
KPHCTaJJM0B anMaza M3 poccuimeid, 0. M. Buiedko — no coctaBy H
cofiepxkanuio npumeceit asora [17, 18], T. K. BamnoBa u ap. [20],
I'. B. Bokuit u ap. [23] — no pacnpejenenuio a30THLIX LEHTPOB B aJMase
U3 CONpSIKEHHbLIX KHMGEpPJIHTOBBIX Tel H T. I.

FPAHAT

Mopdosorus 3eped. I'panar B kumGepsuTe W KCEHOJNHTAX TYGHHHBIX NO-
POl HMeeT NpPeHMYLIECTBeHHO OBa/lbHYI0 GOpMY; YIJIOBaThle 3epHa 3TOrO
MHHepasa fBIAIOTCS, KaK NpaBHJIO, ()parMeHTaMH OBaJbHHIX. B 3K/0rH-
Tax M HEKOTOPHIX Pa3HOBHIHOCTAX THNepbasuToB GopMa ero 3epeH H3o-
MeTpHYeCKH HENpaBHJbHAf, B PeIKHX CJydYasX MJacTHHYaTas, JEHTOBHI-
Hasl WJH B BHJE KaliMBl, pasBHTOH BOKPYT XxpoMunuHenuaa. OTHOCHTebHO
PEIKO cpeay BhIAENEHHH rpaHaTa H3 KHMOepJHTOBOTO KOHIEHTpATa H Kce-

* B kumGepantaX (POCCHINAX) BCTpedaloTcsl KPHCTaMIBl anaMasa ¢ OKpyrammu op-
Mamu pocta. M TonbKo HCCJel0BaHe HX aHATOMHH TO3BOJSAET YETKO YCTAHOBHTH IeHesie
dopmbL.
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Puc. 3. HpeannsHpoBaHHble MHOTOFPaHHHKH TrpaHaTa H3 KuMGepJHTOB
AKyTHH:
a — ucKakeHHBt pomGOmoAeKasAp; 6 — HCKamenHudt  poMOOLKOAEKAIAD B KOM-

Gunanuu ¢ Terparo-rpuokrasgpom {112}; @ — rerparon-rpuokrasgp {112} B
KOMOHHAUHHA C ggtuﬁoaonexaan oM; & — pomGofofekasgp B KomOusapuu ¢ {112},
{

{hkk}, {hkl}, n {hk0}; — KPHCTAJJ THNA «ABVJHKHI SIHYC» ¢ yyacTHeM
B orpanke dopm {110}, {112} ({(hkk}, {hki}, {hhi} u hko;. £ — CHOMHEIT KOM-
OGHHAUMOHHBIA MO OrpaHKe KpucTana ¢ ywacruem qopm {110}, {112}, {hkk}. {hki},
{hhi} w {hkO}

HOJMUTOB NEepHAOTHT-NIHPOKCEHHTOBOTO H 3KJOTHTOBOTMO COCTAaBa BCTpeya-
I0TCA MHOTOTPAHHHKH, MpHYeM HapsAy C THIHUYHBIMH NPOCTBIMH 06paso-
BaHuAMH (pomGozoieKas’apoM, poMGOL0AeKa3AP-TeTPATOH-TPHOKTASLPOM
{112} ¢ pasaH4HBIM COOTHOLIEHHEM STHX (POPM) HEpelIKH CJIONKHBbIE KpH-
cra/yisl ¢ ypesBblaitHO Goratofi orpankod (puc. 3). MuomecTBOo pas-
JIMYHO OPHEHTHPOBAHHBIX ILIOCKHX, 3epKajbHO-OJecTAuMX M, Kak NpaBH-
70, HeOOMbIIHX IpaHeld IMpHIAAeT 3THM KpHCTaAAaM OKpPYIVIYIO, YacTo
snaunconjanpuyo dopmy. Ins oGosHaueHHs TakKoro MopdosorHyecKoro
deromena A. M. I'nasoB [32] npeanaraer HCnonb3oBaTh TEPMHH Mupio-
s0pus (HecueTHO® MHOXKECTBO TpaHefl) KpPHCTAMJOB.

Mgl nonbiTaauch AaTh KpHCTangorpadHuecKyio XapaKTepHCTHKY orpa-
HEHHOro rpaHaTta H3 KHMOEepJHMTOB, TeHEeTHUeCKYl0 HHTephnpeTalHio Bo3-
HUKHOBEHH CJOMHOH OTPAHKH, a TaKikKe BBIICHHTb €ro MeTpojorHYeckoe
MecTo W 3HaueHue. Takue Hcc/neJOBaHHA HEOOXOIHMBI €le H MOTOMY, UTO
MHDHO3JpHA XapaKTepHa [/ HEKOTOPbIX MHHEPaJoB H3 KHMGepJHTOB:
aJaMa3za, xpomwnuHennja u ap. [lpasna, B CHIY pas/HUHBIX CTPYKTYPHBIX
H KPHCTaAJOXHMHYECKHX ocofeHHocTell 3THX MHHEPaJlOB MHPHO3]pPHA Ha
HX KpHCTa/lJaxX NMPOsBJASETCA MO-PA3HOMY.

Kpucranas rpanara uccnenosanuch Ha ronnomerpe I'JI-1, dororonno-
METpe C IHJIHHAPHYECKOH KacceToi, pacTpoBOM MHKPOCKONe, MHKPOCKOIe-
crnekrpobhoromerpe MCP-10 u penTreHocneKTpalbHOM MHKpOaHaJlH3aTope
Camebax. Paamepnl xpucrannoe 0,5 — 1,5 mm.

M3-3a penkoii BcTpeuaeMOCTH MHOFOTPAHHHKOB npoctble GopMel Kpu-
CTaJlJIOB IPaHaTa H3 KMMOEpPJHTOB H3YyueHbl HEJOCTATOYHO, HCKJ/IOUAaA HH-
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Tabauna 2. TMpoctele (opMel KPHCTANNOB rpanaTa M3 KumOepauTos SKYTHH MO faHHbIM
TOHHOMETPHYECKOT0 H3mepeHHA 17 KpHcTaaios

2 § E E Konuuecr- Koaugecr-
e e Koaunyectso ] _{| Bamxad- 3
B"m"‘m’",,“'"“ ;“.Eg é H3MEDeHHBIX | 5 “m,‘,’i"fi',’:_" sl cHM- “u:i“‘r‘g;f‘
E g % Z % rpaneft & g Hefl B Hedt
222 48 @3
Pombododexasdp 134 16 178 1 177 5
011 122 249 16 |4:!, ; lgl_; g
479 16 12 4
Tempazexcasdpet 959 15 129 7 233 5
089 13 237 14 569 7 455 55
023 10 457 14 679 T 299 4
049 6 289 13 379 6 388 4
058 6 278 13 126 6 377 4
056 6 267 13 368 6 499 +
019 5 257 13 678 6 599 4
059 5 348 13 169 5 588 4
078 5 157 12 469 5 799 4
012 4 389 12 589 5 188 3
gg? g 359 l% 1534_? g 133 3
345 1 6
079 3 138 11 139 4 Ll
067 3 256 I 238 4 P , -
124 1l 239 4 1
Texcaormasdpe 158 10 456 4 559 12
247 27 148 10 168 3 338 10
189 24 136 10 269 3 334 10
179 24 258 10 125 3 225 9 -
145 24 358 10 236 3 337 8
159 22 234 10 449 8
459 22 579 10 T pueox-mpuoxma- 223 8
135 21 568 10 80poi 445 7
347 21 146 9 227 6
156 20 149 9 199 22 113 6
167 19 137 9 155 11 779 b
235 19 478 9 122 11 667 5
123 18 489 9 255 9 558 4
279 18 578 9 344 9 778 4
357 18 349 8 144 7 114 3
378 17 789 8 577 7 557 3
458 17 566 6 556 3

JlYKTHPOBaHHbIE ()OPMBI HA TpaHaTe, SBJAIOUIEMCS BKJIOYEHHEM B anMase
[11). CHayana Ha KpHcTaasax MHpONa OTMEYATHCh TOMbKO dopmul {110},
{112} u {100}. Ky6 — manosepostaas ¢opma pocra. OueBHIHO, 3Zech
cKopee rpaHH KyGoHJa — OKpyIJibie MoBepxHocTH pacrBopenns. Ilepeas
NONBITKA FOHHOMETPHYECKH H3YYHTh KPHCTA/IOrpaduio NHpona mpeanpH-
HeAta B pabore [1255] Ha NpHMepe TpaHaTa U3 KHMOEPJIHTOB HEKOTOPLIX TPY-
6ok Sikyruu. Kpome ocHoBHuix dopm {110} u {112}, Ha KpHcTannax nu-
pona ObUIH YCTAHOBJEHBI rekcaoktasapel (146}, (459}, ({178}, {347},
{279), (257}, {235), {156}, {145}, {134}, {179}, TerparoH-TPHOKTA3ApbI
{449, {113} u Tpuron-rpuokrasap {188}. I'aburyc MHOrHX KpHCTa/l1/10B
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TaKkKe OCTOMHeH GONBIIHM KOJIHYECTBOM I'paHeil ¢ HppalHoHa/IbHBIMH HH-
JeKCaMH CHMBOJIOB, HMEIOUIHMH HH3KYIO PETHKYJISIPHYIO MJIOTHOCTb. MHO-
XKecTBO (opM BCTpeuaeTcs JHIIb OIWH-JBA pasa, uYTO CBHAETEJNLCTBYET
06 uX Manoi Mopdosnornueckoit snaunmoct. Or 26,9 1o 100 % mnpocrbix
¢hopM Hecnel0BaHHOTO IpaHaTa JexHT B 30Hax [111]. Kpueranast yacro ne-
KaeHbl BJOAb 3THX HanpapieHHH. UMcso rpaHeii Ha HHX pasJHYHO: OT
NepBLIX JECATKOB J0 NMepBLIX COTeH, NpHYeM mpocras MOphoaorus xapak-
TepHa JUIl KPACHOTO WJH OpaHMKeBO-KPacHOro rpaHaTa, CJ0XKHas — Aas
(HhHOIeTOBO-KPACHOTO.

OnHH M3 TaKHX CJ0MHBIX 110 OrPaHKe KPHCTAJIOB HpONa H3 KHMOep-
JUTOB SIKYTHH Gbl1 u3yueH ororonnomerpuuecku [32]. Hacte nauGomee
APKHX ped/ieKcoB MAEHTH(PULHPOBAHA C MOMOULbIO METOJA PA3BHTHS 30H.
Tpocreie opMbl Ha KpHcraage npencraeqenst {110), {112}, {114}, {122},
{123}, {135}, {125}, {013} wu np. I'naBHble dopmul pocra rpanara {110},
{112} no crenenH nOMAAHOTO Pa3BHTHA HE BBIIEASIOTCH H3 CEPHH IPVIHX
TIpOCTHIX hopM.

[IpoBeseHHBIMH TOHHOMETPHYECKHMH HCCJIEIOBAaHHAMH NOATBEPHK IEHbI
MHOTHE paHee H3/IOXKEHHLIE MOJOXKEHHA O KpHcTasjorpaduu rpaHara w3
KuMOepanToB. Bmecre ¢ Tem 6oablloH CTaTHETHUECK!H MaTepHasa NO3BO-
JIFieT CfleN1aTh HOBbie BBIBOJbL.

1. Haubonee yacrthie npoctiie (pOpMbl H3MEpPEHHBIX KPHCTAJNI0B TpaHa-
Ta — pom00o10JieKasp, CpeiH TeTparoH-TpuokTtasapos — (112}, {559},
{338}, {334}, {225} m np., cpean rekcaokTasupos — {247}, (189},
{179}, (145), {159}, {459}, {135}, ({347}, {156} w np., cpemu Tpu-
rou-tpuokTasapos — (199}, {155}, {122} wm np., cpeau Terparekca-
agpos — {089}, {023}).

Ha nomo rekcaokrasgpos npuxoaurca 59,2 % Bcex dopwm, Terparos-
TpHOKTa’apoB — 16,8, tpuron-rpuoxrasgpos — 10,4, TeTparekcasipos —
5,5, pombonorexkasnpa — 8,1 %. B Tabn. 2 ormeueHwl JiHIIb Te (hOpMLI,
J1S1 KOTOPBIX Ha TOHHOMETpe TMOJYYeHbl KauecTBeHHBIe peduieKCh OT rpa-
Heil, onucbiBaoLlHecHd HeGOMBILIMMH HHAeKcaMH (He GoJiee 1eBfATH) H BCTpe-
yeHHble Gojee IBYX pas.

2. BoabLIHHCTBO 3aperHcTpHPOBaHHLIX (JOPM TPYNNHPYETCs Mo 3Hade-
HHAM ChepHYecKHX KOOPAMHAT BOKPYr OCHOBHBIX (opM rpanara (110}
u {112}, mHorne H3 hopM paciiH(PPOBHIBAIOTCA KAK THIHYHBIE KOMIIHKA-
IIHOHHbIE M TAK Ha3biBaeMble cepenHHbIe rpanu [139].

3. XapakrepHa HeNOJHOrPaHHOCTL GOMBIIMHCTBA YCTaHOBJ’IEHHblx npo-
cThiX opm (cM. Ta6a1. 2). HauGonee noanorpanusl {110}, {112} u apyrue
(opMBI ¢ HHIEKCAMH, YAOBJETBOPSIOWHMH YCIOBHIO 1 = k + [, a Takxe
thopMbl, GIH3KHE K HMM MO TEOMETPHUYECKOMY MOM0XKEHHIO. I'Iocnenﬂne
BeTpeualotTcsl HauGosee uacro. Kak npaBu/o, MeHee BCEro NoJHOrpaHHLL
(hopmel, u3mepenHble cdepHuecKHe KOOPAHHATBI KOTOPHIX MaKCHMAalbHO
OTJIHYAIOTCH OT TEOPETHUECKHX 3HAaueHHH.

4. Ha kax10M H3MepeHHOM KpHCTa/jle MHOro rpaneil mManoil Mopdbo-
JIOTHYECKOH 3HAYMMOCTH, [POSBJSIONIHXCA B OTPaHKe TOJbKO JaHHOTO
KpHCTalsia. 3aKOHOMEpHOIi NMOBTOPAEMOCTH BceX HJH GoablIHHCTEA hopM
Ha KpHcTantax wer. He nosropsiomuecs dopmel hHKCHPYIOT Kak Obl pas-
HBIE CTAJHH pocTa WM npeoGpasoBaHHil KpucTaanos rpaHara. Yawe see-
ro NOBTOPSOTCA HanGosee NOJHOTpaHHbEE (POPMEL.
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5. ¥ rpaneit ofiHO# npocroii GOpMBI Jaxe B npeaenax 0JHOTO KpHCTad-
Jla NJIolAaAH pasBHTEl B pa3Hoi crenedd. Haubonee passuTel rpann pombo-
JofeKasipa, 3aTeM TeTparoH-TpHoktasjapa {112}

6. Ilo naHHLIM rOHHOMETPHUYECKHX HccaefoBaHuit (u3Mepsiiock 50 %
rpaHeii KpHCTa/Ja), KONHYECTBO rpaHed BapbHPYeT OT HECKOJbKHX jie-
CATKOB 710 6osiee ThHICAUH.

7. OcHoBHble MOpdOIOrHUECKHE THIBL 'paHaTa M3 KuMOepaHToB fKy-
THH — poMGOLONeKa’ APl (OTHOCHTENbHO HACTBIE), TETPAarOH-TPHOKTAILPLI
{112} ¢ pomGonosexasapom (peaxue), pomGomoaekasapul ¢ {112}, {hkl},
{hkk), (hhl} w (hkO} (penkue), KPHCTANJILl THNA «IBYJHKHX SIHYCOB»
(npHMepHO NMOJOBHHA KpHCTalaa HMmeer opMy pombojoneKasapa, a noJo-
BHHa orpaHeHa KomGuHauueir dopm (110}, {112}, {hkl}, [hkk}, {hhl}
u {hkO} (pemkue), KpucTanJel KOMOHHALHOHHOTO THNA C Y4YacTHeM
dopm (110}, {112}, {hkl}, {hkk), {hhl} u {(hkO} (mauGoree uacTbie)
(cm. puc. 3).

[To cocraBy, ONTHKO-CMEKTPOCKOMHYECKHM H KOJOPHMETPHUYECKHM Ma-
pamerpaM YCTAaHABJIHBAaeTCs MPHHAMIEKHOCTh NPOAHATH3HPOBAHHBIX 06-
pasuoB rpanara (116 xpucrannos) x rapufyprutaM (B TOM 4yHcae MOTEH-
IlHaJbHO aJMa30HOCHBLIM), BepJiHTaM, LUNHHeNeBbM YyJiabTpabasuTaMm, pas-
HOMEPHO3EPHHCTBIM M KaTaK/J1a3HPOBAHHBIM JI€PLOIUTAM, MarHe3HalbHLIM
H MarHe3Ha/bHO-}KeJe3HCTHIM THPOKCEHHTaM, MarHe3HaJbHO-2Kele3HCThIM
3KJIOTHTaM H MeTaMop(HYecKHM nopojaM (pyHJIaMeHTa.

I'panar u3 rapu6ypruTos (ecTb KPHCTAJLI0B) HalleH B KHMOEPJIHTOBRIX
Tpy6kax «Mup» u Ne 1. OH okpauien B GHOJETOBLIH H NYpPNypHLIH IBeTa
(A, = 510,4 — 538,8 um, p, = 0,288 — 0,284 orH. en.). Ero onruueckue
CMEKTPbl HMEIOT JiBe IUHPOKHe HHTEHCHBHBIE MOJIOCH! MOIVIOWEHHS ¢ IHep-
ruefi nepexoga 17 5560—17 600 (T'a) n 24 100—24 400 cm—! (Tf) n caa-

6yto nosocy B o6nacti 14 300—14 400 cm—!, o6yc/0B/IeHHEIE TIOBLILIEHHOH

KOHIEHTpauHeli XpoMohopHBX mentpoB Cri'. PenTrenocnexkTpanbHEIM
MHKDO3OHJOBEIM aHAJH30M B HeM yctaHoBJeHo (B %): TiO, — He Gouee
0,07; Cr,O; — 4,82—8,70; FeO — 6,80—7,82; MgO — 21,18—23,57;
Ca0O — 1,77—3,65. On xapakTepH3yeTcs NOBHIIIEHHOH NPHMECbI0 KHOp-
punrurosoro Munana (9—19 %). Ero ¢gurypartiuBuble TOUKH Ha jJuarpam-
max A, — p. 1 CaO — Cr,O; nonagaior B noJie cocTaBa rpaHara H3 asiMa-
30HOCHHEIX AYHHT-rapulyprutoB. M3 skcmepHMeHTaNbHBIX JAaHHbIX [177]
MOXKHO 3aKJI0YHTb, YTO NAHHBIH IPAaHAT KPHCTANIH30BaJCs B MOJE YCTOH-
uyHBOCTH anMmasa npu Ttemneparype 1200—1400 °C u pasnenuu 3—5 I'Tla.
I'panar u3 rapGypruToB XHMHYECKH OLHOPOJIEH, a CPeJld OrpaHeHHBIX Ipa-
HATOB M3 JPYyTHX MOPOJ OTMEYAloTC H HEroMoreHHbIe.

Ipanat u3 BepsnuTOB (1Ba KpHcTanna) o6HapyeH B TpyGke Ne 1. On
HMeeT rpsi3Ho-3eNeHyl0 okpacky (A, = 502,6 — 516,2 um, p, = 0,143 —
— 0,249 otH. en.). B onTHuecKHX crieKTpax Takxe Hab/iojaeTcs ABe LHPOKue
M HHTEHCHBHBI® NOJIOCk! norJomenns (Er, = 17000 — 17200 cv—'u E7, =

= 23 500 — 23 800 cm—!), HO B OT/IHYHE OT MOJIOC MOTJIOLIEHHS IpaHata
H3 rapuGypruaToB, OHH 3aMETHO CIBHHYTHI B JJIHHHOBOJHOBYIO o6iactb
cnektpa 6aaronapa 6Gosee BeicokoMy cojiepxkanuio CaO (10,66 — 3,27 %)
H Gonee Hu3koMy MgO (13,65 — 4,04 %). INosokeHHe NOIOC NONIOILEHHSA

3 -
HOHOB CI'5+ YKasplBd€T Ha YBApPOBHT-IMHPOIIOBBLIH COCTAB H3YUYEHHOro rpa-
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HATa, YTO MOJATBEPHKAAETCHA pe3y/bTaTaMH 3/1eKTPOHHO-30HI0BOTO aHa/IH3a.,
OnunceiBaeMble rpaHaThl OTHOCATCA K BRICOKOXpOMHCTBIM (CryOy = 7,11 —
— 8,67 %), BBICOKOKAJIblIHEBLIM YBApPOBHT-MHPONaM C COAEPIKAHHEM MH-
pONOBOrO H  YBapOBHTOBOrO MHHAJOB COOTBeTcTBeHHO 50,4 — 54,7
u 20,8 — 25,4 %. O6a 3epxa cna6o 30HAMBHBEL: K NEPHPEPHH HECKOMBKO
YMEHBINAeTcA CoJAepKaHHe MHPON-yBAPOBHTOBOTO H BoO3pacraer JoJs
aHJpamuT-rpoccyasapororo komnoHenta. O6pasoBanue STHX 3epeH rpaxa-
T4 NMPOHCXOAHJO NpH 6ojee HU3KHX TCMIEpaType H JaBJEeHHH, 4eM KHOp-
PHHTHTCO/IEPIKAIILErO MHpona H3 rapubypruTos, HO, MO-BHAHMOMY, B YCJIO-
BHAIX, GIH3KHX K YCJIOBHSAIM KDHCTA/JH3aLHH ajiMasa.

[panar M3 LINHHeJEBLIX NMEPHAOTHTOB (MAThH KPHCTA/JI0B) OGHApYyKeH
B Tpy6Kax «Mup» u Ne 1. I'lo opme onTHYeCKHX CNEKTPOB MNOIJIOWEHHS OH
10/106eH OMHCAHHOMY TpaHaTy H3 rapubyprutoB, HO OT/IHYAETCH OT HEro
Gojiee 3aMeTHBIM TpPOSIBJEHHEM [0Jlockl nepeHoca 3apsajaa O~ — Fedt,
JJTHHHOBOJIHOBBII KpaH KOTOpOH 3aXBaTblBaeT BHIAHMYKO 006J14acThb CNEKT-
pa [49].

ManuHoBast HJIH JIHJI0BAas OKpacKa rpaHarta H3 LINHHeJEeBLIX NepHI0TH-
TOB HAaXOJHT UHCJEHHOE BhIPakKeHHe B KOJOPHMETPHUECKHX Mapamerpax:
hyp = 493,0 — 502,4 M u p, = 0,257 — 0,340 orn. exn. [lo cocraBy oH
otHocuTes K cpeanexpomucromy (CryO; = 5,72 %) ymepenHoKanblHeBo-
my (CaO = 4,79 %) nupony.

I'panat U3 paBHOMEPHO3ePHHCTHIX JEPLOJHTOB BeTpeyaercs HauGosee
yacto (98 u3 116 kpucrannoB). 1o OOBACHAETCA TeM, YTO JEpPLOJH-
Tl — HauboJiee pacnpocTpaHeHHbIe KCEHOJNHThI B KuMmGepautax. Hanpu-
Mep, B KuMGepsutoBoil TpyOke «Mup» ofliee HX KOJHYECTBO JOCTHIAET
55—60 % (123, 132]. 'panar u3 3THX NOPOX OKpAIlleH B MYPHYpHbIE, Nyp-
NypHO-KpacHble, KPacHble H OpaHKeBO-KpacHble lBeTa. TaKOH IHPOKHIl
JHanasod userHoctH or 527,5 — 566,5 um (p, = 0,033 — 0,194 orH. en.)
J0 594,9 — 599,8 um (p, = 0,253 — 0,387 orH. ex.) o6yc/OBNEH OTHOCH-

TeJIbHON KOHLeHTpalHel xpomopopHbix nentpos Cre; Fei™ u Fe*™. 1lent-

PbL Cl"gTBbISblBaIOT JABE IIHPOKHE MNOJOCH! MOrJIOUIEHHSA C oc1abeBatolneit
HHTEHCHBHOCTBIO 110 MEpe CMelleHHA KOJOPHMETPHUYECKHX NapamMeTpoB

B OpPaHKeBO-KpPacHYIo 00/1acTb, LeHTPEI Feit nator ciiaGee nosock B o6iac-
i 19 800 em—!, uenrtpsl Fe*+ 3ameTHo nposiBasior ce6s B nonoce, o6yca0s-
JieHHoft nepenocoM 3apsaa O°— — Fe'+. [lo xumuyeckomy cocraBy ONH-
CbiBaeMBIfl TpaHaT OTHOCHTCS K cpeiHexpomucromy (2,68 — 3,36 %
Cr,0,) ymepennoxanbuuesomy (3,51 — 4,74 % CaO) nupony. Cia6o BuI-
PaMMEeHHYIO I HEKOTOPbIX KPHCTa/JIOB 30HAJBHOCTb MOXKHO OOBSCHHTD,
Ha Hall B3rJsd, HEKOTOPBIMH H3MEHEeHHUSIMH (PU3HKO-XHMHYECKHX YCJIOBHH
TIPH HX KpHCTa/JH3aLHH.

I'panat u3 Marue3naJbHLIX MTHPOKCEHHTOB (BeGCTEPHTOB) HalifeH B TPyG-
Ke «AMakuuckasi» (oguH Kpucraau). OH HMeeT po30BYIO OKpacKy (A, =
= 595,0 uM, p, = 0,281 oTH. e1.). B ero onTHYeCKOM crnekTpe Hapany

¢ TIONIOCaMH TIOTIOWeHHS!, Bh3biBaeMbiMH HoHami Cra™ u Fei ™, dbHKCHpY-
ercA moJjoca B obnactu 21 750 cM—!, 3a KOTOpPYIO OTBETCTBEHHBI HOHEI

3 3
Feﬁ'. Hurencusnocts noJ1oc, 06}!'CJ'IOBJT€HHa$I HeHTpaMH Cl‘u'+, B HEM ca-
Maq caabas Mo cpaBHEHHIO C TAKOBOI sl rpaHara u3 nepuaotuTos. [lo
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cocTaBy OH oTHocHTea K HH3Koxpomucromy (Cr,O; = 1,57—1,66 %)
ymepenHokanbunesomy (CaO = 3,52—3,89 %) nupony.

['paHathl H3 MarHe3WaJbHO-KENe3HCTHIX NMHPOKCEHHTOB M KAaTaK/1as3H-
POBAHHBIX JIEDLOJHTOB (ABa KpHCTa/sa) BerTpeueHsl B TpyGkax «Mup»
H «3anonsipuas». OHH XapaKTepH3YIOTCS CBETJO-OPaHMKEBBIM H OpaHKe-
BoIM HBeroM (A, = 594,5 — 603,8 um, p, = 0,681 — 0,803 orH. en.).
B onrtHueckux cnekrtpax HOTAIEHHA STHX rpaHATOB HaémonaroTCﬂ no-

Jlocbl, OOYC/IOBNEHHBIE LIEHTPaMH Crit (Er, = 17 700 — 17 800 em—! u

Erp= 24 000 — 24 100 cMm7), Fei™ (19800 cm—!) u Fej (21750 cMY);
3aMeTHO nposBasercs nojsoca neperoca O~ — Fe¥t. Ilo cocraBy nx
cienyer orHecTH K Hu3koxpomuctomy (2,09 % Cr,O;) ymepeHHOKa/b-
uxesomy (4,00 % CaO) nupony c nosbiueHHbiM copepxannem TiO,
(0,38 %).

[paHaT W3 MarHe3HaJbHO-KEIE3HCTHIX 3SKJAOTHTOB (OHH KpPHCTAJLT)
BcTpeueH B TpyOke «3arazounasi». OH MMeeT CBET/IO-OPAHKEBYID OKPACKy
(A = 593,8 um, p, = 0,787 orH. e].), BHI3BIBAEMYID MOJOCOH IepeHoca
sapaga O~ — Fe’t, a Takke, B MeHblueil CTENeHH, HOHAMH Feit (moso-
ca noriomenusa B obsactn 23 250 cm), Fei"*‘ (21750 cm~') wu Fes®
(19 800, 17 500 u 14 300 cm—!). [To XHMHYECKOMY COCTABY 3TOT TpaHaT OT-
HOCHTCHl K KaJIbLIHEBOMY MHpoON-aibMaHAuny [35], BeTpeuaromeMycs B KceHo-
JIHTAaX 3KJOrHTOB B KuMOGepsuTax. [lo cpaBHenHio ¢ rpaHataMu nepHio-
THT-MHPOKCEHHTOBBIX MOPOL B HHUX Bo3pacraer KoauyectBo FeO (8,12—
19,3 %) n ymenbwmaerca koauuectBo MgO (13,61—14,17 %).

[panar u3 meramoppuueckux nopoxa dysaamenta (1Ba KpHcTasJa)
HaileH B TpyOKe «3aranounas». OH OKpalleH B I'yCTO-KpacHOBATO-OpaH-
wepbid user (A, = 607,1 — 609,8 um, p. = 0,993 — 0,994 oru. en.),
oGycaoBaensbii nentpamu Feg™ (23 250 em—1), Fe§+ (21 750 em—) u Feg™
(21 500, 21 050 cm—1'), Mn2+ (20 300, 17 550 u 14 300 cm—!). 3amerno
npossJena nojoca nepenoca sapana O~ — Fedt. [lo naHHbIM MHKpO-
30H/I0BOTO aHa/lH3a, B HHX (PUKCHPYIOTCA HaunboJiee BBICOKOE KOJIHYeCTBO
FeO (23,63—24,36 %), munumanbHoe Cr,0, (0,04—0,17 %) u MgO
(7,94—8,36 %). Ilo cocraBy Takoil rpaHaT OTHOCHTCS K MarHe3Ha/bHO-
My anbManauHy. [paHaThl M3 3KJIOTHTOB H MeTaMOpP(HUYECKHX MOPOJ —
HauMmeHee ray6uHHHBIe ob6pazoBanusa (T = 800—1000 °C, P = 1—2 I'Tla)
H3 BCEX PACCMOTPEHHBIX HAMH.

M3 npuBeneHHBIX pe3y/bTaTOB KpHCTA/LIOrpahHUECKHX HCC/IeI0BaHHII
rpaHaToB H3 KHMOepaHTOB SIKYTHH BHIHO, YTO HeKOTOpble H3 HHX obJaja-
I0T J0CTaTOUHO cneuudrueckoil orpankoil, He XapakTepHoH A1si TpaHATOB
ApYTHX THmoB. M3yueHne XUMHUECKOrO COCTaBa, ONTHKO-CIEKTPOCKOIMH-
YeCKHX M KOJOPHMETPHUECKHX XapaKTePUCTHK 3TOH Pyl MHHEPAIOB
NO3BOJHIO YCTAHOBUTb MX MATEPHHCKHE HCTOMHHKH, KOTOPLIMH fBJISIOT-
csl NepHAOTHT-TIHPOKCEHHTH H SKJIOTHTHL BepXHeil MaHTHHM TpaHaT-aamas-
NHPOMNOBOi (pallHH TrAYyGHHHOCTH, a TaKKe SKJIOTHTONOAO0HBIE MOpo-
Ibl KOPbI.

Kak u3BeCTHO, Ha KpHCTa//1aX rpaHata OOLIYHO Pa3BHTHI CJAEAYHOLLHE
dopmer: (110}, {112}, {012}, {233}, {123} u ap. Cuurtaior, 4TO B NOpsIKe
yobiBalom e pacnpochaHermocm OHH pacnoJlaratorcs cJaeiyloumuM obpa-
som: (110}, (112}, {123} — no HU. M. Ilappanosckomy [139], (112},
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{110}, {123} — no M. JL. Honneio n k. Xapkepy [64]. [To H. B. Be-
aoBy [16], orpanka rpaHara COOTBETCTBYET ero TJIaBHOMY KOHCTPYKTHE-
HOMY MOTHBY — UEThIPEM 30HaM HYeThipeX TPOHHLIX He TepeceKalomHXCs
oceil CTPYKTYpHI (BaxKHeliluHe HanpasJeHus, onpeneasiomue CTpyKTypHbIil
KapKac) napaJjJiebHbl Bce rpaHH H peGpa pomOojaonexkasnapa u ApPYIHX
BaxKHbIX (hopM rpanara {112} u {123}. BoabmuncrBo o6HapyKeHHBIX HOPM
Ha M3Yue HHBIX KPHCTAJJIaX IPaHaTa H3 KHMGEPJIHTOB TAKIKe JEKHT B TOJO0-
cax TpoiiHbIX oceil ¢ cumBoioM i = k - . K. Kocros [55] o6pamaer suu-
MaHue Ha 3aBHCHMOCTE (JOpPMBLI rpaHara OT pa3MepoB JeMeHTapHOH Aueii-
KH CTPYKTYPEI, B CBfI3H C YeM CaMble He3HauHTeJbHbie H3MeHEeHHs pelieTKH
TIPUBOAAT K 3BOJIOLHH TabHTyca KPHCTAMJIOB. JTH H3MEHEHHS TECHO CBsi-
3aHbl C COOTHOWIEHHSMH KOHLEHTpaluii B MHHepaJoobpasylomeii cpeje
JBYX- H TPEXBAJEHTHEIX KATHOHOB, KOTODHIE, MO-BHAMMOMY, MOTYT GbITb
OTBETCTBEHHBIMH 3a npeobiajanue pomGoaojeKasipuueckoro raburyca
LI KalbllHeBOTro pfAfa TpaHaToB, a TeTParOH-TPHOKTA3APHYECKOro —
AnS amoMHHHeBoro. Tak, Ha KpHCTa/JaX YBapOBHTa, aHJpajAHTa H Ipoc-
cy/asdpa uaule pasBHTBl IpaHH _PIO]. a Ha KpHcTallax allbMaHIHHA,
cneccaptiia — rpanu {112}, Takue npupoausie HaGmojeHHs GOPMbI
KPHCTa/1JIOB IpaHata B HEKOTOPOi Mepe NMOATBEPKAaI0TCs IKCIePUMEHTa b=
HBIMH JAaHHbIMH. [IpH cHHTe3e rpaHara IHpPON-rpoCCYJsSPOBOrO COCTaBa
YCTaHOBJIEHO, YTO (hOpMa ero KpHCTa/J0B 3aBHCHT OT XHMHYECKOI0 COCTaBa
cpensl: mpH npeobnasanuu Ca’t Hag Mg?+ KpHCTaNIH3YIOTCSI COBEpLEH-
Hble pomGojioziekasipel [54]. B uayueHHBIX KpHCTajJlaXx rpaHarta Takas 3a-
BHCHMOCTb (hOpPMEL OT HX XMMHUECKOTO cocTaBa He HaGmonaercs. Haobopor,
JJsl TpaHata MHPON-a/JbMaHAHHOBOrO cocraBa (TpyOka «3arajouHasi») xa-
pakTepeH poMGOAOJEeKasApHYeCKHH rabHTyc, KPHCTA/lJBl NHPONOBOrO CO-
cTaBa HMeloT pasHmii raburyc: {110}, {110} c {112} u {110} + {112} 4+
+ {hkl) + (hhk} + (hhl).

Eme cinoxuee o6LSCHUTD SIBIeHHEe MHPHOSAPHH Ha Kpucrananax rpa-
HaTa M3 KHMOEepJHTOB (MeCTo, BpeMsl M YC/JI0BHS BOSHHKHOBEHHS TaKOH
orpaHkH). B kceHonnTax rayOHHHBIX Nopoji (MarHe3HaJbHO-EeNe3HCTHIX
MHPOKCEHHTAX, IPAHATOBLIX CEpPIEHTHHHTAX) 3aQHKCHPOBAaHLI KaK Mpo-
CTBIE, TAK H CJIOXKHBIE 110 OrpaHKe KpHcTaaabl. MoXHO npeanoyoxnTh, 4To
orpaHKka rpaHaTa BO3HHKaeT NpPH KpPHUCTaJJH3alHH IMYOHHHBIX TIOPOA.
[osiBsienne MHOXkecTBa (opM MoxeT GbiTh 0OBSCHEHO POCTOM KPHCTa/lA0B
NpH HEJOCTATOYHOM NHTAHHH B CTECHEHHBIX YC/JOBHAX, O UYeM CBHIETE/b-
CTBYeT HCKaXKeHHocTb obauka uuameuaoB [125]. ITo A. M. Cnazosy [29,
c. 97], «caoxkHOe CTPOEHHE MOBEPXHOCTH KPHCTAJJIOB rpaHara 00a3aHo npo-
Heccy MHHHMM3aLHH SHEpPTHH T'PaHH KPHCTaMIa ¢ COCEIHHMH MHHepanaMH
KHMOEpJIuTa B pe3yJbTaTe JIHTEAbHON 3BOJIOLHH 9TOll NepBHYHON BechMa
TEPMOAHHAMHYECKH HepaBHOBECHOH ropHoit moposi». [To muenmio A. T.
JKabuna [38], B mpouecce nepekpucTa/iJM3alHH 3epHa CJ0KHOH (GopMbl
NOCTENEHHO COKPAIaloT KONHYECTBO «IpaHeii», a 3epHa npoctoil (GopMbl,
HAIPOTHB, YBEJHYHBAIOT €ro, NPHOIHKAfACh B OOOMX cayuyasX K PaBHO-
BecHOH (opme — uzeanbHol Auefike Kokcerepa. «['paHu» 3epeH M TpaHu
KPHCTA/NIOB pPasJyiHyaloTcs CBOHM IMOJIOXKEHHEM 110 OTHOIIEHHIO K CTPYK-
Type MHHepaJsa, A5 NepBbIX XapaKTepHa NpoH3BoJbHAA opHeHTauus. [lo
JlAHHBIM PEHTTeHOBCKHX HCC/IET0BAHHI HECKONbKHX MHOTOTDAaHHHKOB Ipa-
Hata, HX MOP(OJIOrHYecKas ¥ CTPYKTYpHas YCTAHOBKH coBnajaior. I'onuo-



MeTpHYECKHEe H3MepeHHsl TpaHaTta €O CJAO0XKHOH OrpaHKOil MOKa3LIBAIOT,
yT0 GOJIBIIHHCTBO MEJKHX I'paHeli MPHYPOUEHO K ONpeeneHHbIM MosicaM,
T. €. ABJAITCA HCTHHHLIMHU, K TOMY K€ KOMIUIHKAUHOHHBIMH H CepeHHHbBI-
mu. Ux Hanuune Ha KpHcTasie MoXeT GbITh 10KA3aTe/bCTBOM €ro 4acTHy-
HOrO PacTBOPEHHS! W MOC/AEAYIOUeH pereHepaliH, OJHAKO B HallieM cJay-
yae 3TH NPOUECcCh BPSA JH OBIIH BO3MOKHBIL.

Kpucrannel rpaHata THOa «IBYJHKHX AHYCOB» (Kak H aimasa, XpoM-
mnuHeuAa) ¢ Gosbluei 1oJefl BepoATHOCTH YKa3bIBAlOT Ha TO, UTO NpHOO-
peTeHHe KPHCTANJIAMH CJAOKHONR OrpaHKH, B TOM YHCJIe OKPYIJIBIX NOBepX-
HocTell, — sBjeHHe BTropuuHoe. Ecau Takoe npejnosoxenne BepHO, orpa-
HeHHBIif rpanar ¢ NpOCTLIMH H OOBIUHBIMH 7151 Hero opMaMi oGpa3oBafcs
NpH KPHCTANIH3AUMH MEepHIOTHTOBBIX H HEKOTOPHIX 0a3a/bTOBBIX MarM,
a sIBJleHHe MHPHO3APHH — pe3yabTar npeo6pa30BaHHA MHOTOIPAHHHKOB
rpaHara B YC/JOBHAIX BepXHel MaHTHH.

Bwmecre ¢ TeM HameyaeTcsl ellle OlHA HMHTEPECHAs TEHIEHLHS pPa3BHTHA
()opM KpHCTaNJI0B rpaHarta BepxHeii MauTHH. ['paHaTel H3 MeHee riyGHH-
HbIX KCEHOJIHTOB XapaKTepPH3YIOTCS MPOCTOH OTPaHKOil, CJI0XKHO OrpaHeH-
Hble TPaHaThLl LIKpPe pa3BHUTH B Gostee raiy6HHHBIX nopogax. OTciola MOXKHO
NpeinoNoKuTh, 4To (opMa KPHCTANIOB TpaHaTa M3 KHMOEPJIHTOB BO MHO-
TOM 3aBHCHT OT JlaBieHus. Hanpumep, B rpaHare U3 JeplUoOJHTa C YMeHb-
wennem coepxanua CryO; (bynkuusa or aaBnenus [104]) u ysennuennem
KOJTHYECTBA JKeJle3a H KaJbllHs OrpaHKa KPHCTANJIOB B 00IIeM YNpoIaeTcs.

M3 usnomenHoro cjeayer, uTo OrpaHeHHBIl TpaHAT H3 KHMGEPJIHTOB
NPEUMYILECTBEHHO KCEHOMeHHOro NpoHcXoxieHusi. B kuMGep/HTOBbIX
TpyOKax OH BCTpeudeTcsl HCK/IOYHTE/BHO PeAKO (ThICSUHbIE JOJH MPOLEeH-
TOB OT O0llero KoJHYeCTBa MHpona B Mopofe). MHOrorpaHHHKH rpaHara
COXPaHAIOTCS JIHLb B KCEHOJHTAX HJIH MPOLYKTaX HX MO3JHEro paspyiie-
Hus. Byayun usonupoBaHHBIMH (CKOpee Bcero, B BHJIe BKJIIOYeHHIT B KPyn-
HBIX HETPEIHHOBATBHIX 3epHaX OJHBHHA WJH IHPOKCEHAa) OT arpeccHBHOTO
BO3/JefCTBUA KUMOEPJMTOBLIM paciiasoM (GorathiM (pJIIOMAOM), ITH KpHC-
TaJ/Ibl FPaHaTa COXPAHHJH CBOIO NMEPBOHAYANLHYIO GOPMY, B TO BpeMs Kak
GOJIBIIMHCTBO 3epeH NHpona M3 KHUMGEPJHMTOB MOJBEprajoch Mpoueccam
OBa/IH3alHH H KeJH(DHTH3ALMHH.

OnucanHoe siBJIeHHEe MHDPHO3/IPHH Ha KPHCTAAJaX rpaHata XapaKTepHO
JUIS YCJOBHH ryyOHHHOrO MHHEpareHe3a M OTMEUEHO TOJIbKO Ha KPHCTal-
Jlax MHHEpPaJ0B H3 KHMOepJIHTOB M HEKOTOPLIX KapGOHATHTOB.

Osasbuyio ¢opMy rpaHar npHoGperaer B pesyJbraTe ONJaBIeHHs
B MarMaTHueckom ouare. Ha moBepxHOCTH 3epeH BO3HHKAlOT mojorue 6y-
FOPKH, LIHITOBH/IHBIE BBICTYIIBI, H3BHIHCTHIE OJIOrHe rpe6HH. [ToBepXHOCTD
CTAHOBUTCA BOJIHHCTOH. [lepemelneHne rpaHata B YCJIOBHS MOHHKEHHBIX
JlaBJIeHHH H NOBBIIIEHHOH aKTHBHOCTH JIETYYHX KOMIOHEHTOB (BoJla, KaJiHi)
NPHBOJMT K ero keaupurusauuu. [lon keaudurtopoil kafimoil obpasyercs
TOHKO KOPPOAHPOBAaHHAS MOBEPXHOCTb (MATOBOCTD, [1I€POXOBATOCTh, MHKPO-
KaBepHO3HOCTb). Ha 3toM srtane mpoHcXoauT, 1M0-BHIHMOMY, 3aMelleHHe
rpanara guioronstom. CoXpaHHBIIHECS PEJNHKTBHI 3TOrO MHHEpajla HMeloT
OKpyriayw ¢opmy.

[Ipu uHTEHCHBHOI rHApoTepMasibHON mpopaboTKe rpaHaT NoABepraer-
Csl pacTpecKHBaHHIO: NPOHCXOAMT KakK Obl wenyumende seped. [loeepx-
HOCTHBIH cJI0i 3epeH MoJi BO3AeHCTEHEM TH/IPOTEPM YaCTHYHO PACTBOPAETCH,
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Gnarogaps uemy o6pa3yercd MIEJKOBHCTOCTb, XOTS 3jeCb NpeBajupyeT
npouecc o6pasoBaHus KaBepHO3HOro penbeda, He 061a1aI0UET0 FeOMeTpi-
yecKoi uetkocTsio. Ha stom 3axkanumsaercst GopMupoBanue peabeda, Ko-
TOPLIH NPHHATO HA3HIBATh [EPBHUYHBIM.

Teepnoctb. baarogaps GLICTPO COBEPLICHCTBYIOLEHCS TEXHHKE H3Mepe-
HHSI MeXaHHYEeCKHX CBOHCTB IPHPOAHBIX H HCKYCCTBEHHLIX MaTepHalOB 3Ha-
UHTETbHO BO3PACTAET HHTEPEC K 3KCIEPHMEHTA/IbHBIM HCCJIEN0BAHHAM
TBEPIOCTH MHHEPAJOB KaK OJHOMY M3 HCTOYHHKOB HHpopmauun of HX
KOHCTHTYLHOHHBIX OCODEHHOCTAX H Kak HanOoJee 0ObEKTHBHOMY KpHTe-
pHIO MX COXPAHHOCTH B TIOCTMarMaTHYeCKHX M 3K30T€HHBIX YCJIOBUAX.
Oco6oe 3HaueHHe NpHOGPETAIOT HCC/1eJ0BAHHS MEXaHHYECKHX CBOHCTB HHIH-
KaropHBIX MHHEPa/i0B KHMGEPJHTOB (HapsALy C JeTaJbHBIMH KPHCTa/JI0-
MOP(pOJOTHUECKHMH H HEKOTOPBIMH JIDYTHMH CHELHaJbHBIMH HCCJE10Ba-
HHAMH) H3 OpeosioB paccesiis., OHH MOTYT CTaTh BAXKHBIM HCTOUHHKOM
HHpOpMalHH 0 JAJbHOCTH H YCJIOBHAX MepeHoca KJAacTOreHHOro Matepha-
Jla, CofepiKallero KHMGepJHTOBbe MHHEpaJbl, CTeNeHH XHMHYecKoR kop-
PO3HH MOCJAEHHX, UTO HMEeT MPHHIHIHAIbHOE 3HAUCHHE TIPH MOHCKAX a/-
MasHLIX MECTOPOMKAEHHH.

Kak mnokasana mpaKTHKa MOHCKOB KHMGEpJIHTOBBIX Tel B 3anaiscii
SIKyTHH, cTeneHb COXPAHHOCTH Pas3HBIX MO COCTABY TPAHATOB JaXe B 01-
HHUX M TeX K€ YCJOBHAX TPAHCINOPTHPOBKH H «3aXOPOHEHHS» MOMKET OhiTh
pasauunoii [124]. HauGonee ycroiiuuB B YCJOBHSIX THIEPreHesa XpoMm-
cojlepzKalluil nypnypHo-KpacHblil nupon. [To Mepe cHHKeHHS collepKaHus
XpoMa B [HpOIe, CONPOBOMKAAIOUIErocs, KaK NPaBH/I0, CMEHOH OKpacku
(nypnypHo-KpacHas — KpacHas — OpaHiKeBO-KpacHas),  YCTOHUHBOCTb
MHHEepaJa Najaer, HapacTAeT CTeleHb pa3pylleHus H XHMHUYeCKOl Kop-
po3uH.

BMmecre ¢ TeM, HeCMOTPA Ha OUEBHAHYIO ONPEEIAONIYIO POJb NapaMer-
POB TBepAOCTH (YNPYTOCTb, KECTKOCTb, MJIACTHUHOCTb, XPYNKOCTb W Ap.),
HENOoCPeICTBEHHO 00YCJ0BIHBAIOIHX CTeNeHb COXPAHHOCTH rpaHaTa u apy-
THX MHHEpaJOoB-CMYTHHKOB aiMas3a B OpeoJaX, 3TH CBOHCTBA Moka cuafo
H3YUeHbl, NOITOMY CYXKAEHHA O JaJbHOCTH H YCJOBHAX TPAHCNMOPTHPOBKIL
3THX MHHEPAJOB HMEIOT, 32 PEJKHM HCK/IIOYEHHEM, TOJbKO KauecTBEeHHhIl
xapakrep.

Jlnsi uecaenoBaHus MHKPOTBEPAOCTH TpaHata H3 KHMOEPJHTOBOrO KOH-
HeHTpaTta ObLIH NOZOOPaHbl 3epHa (HOJTETOBOrO, MYPNYPHOrO, KPACHOTO
H 3e]€HOro lBeTa KHOPPHHTHT-YBAaPOBHT-MHPONOBOrO, TPOCCYIAP-YBapO-
BHT-IHPONOBOTO M YBapOBHT-a/bMaHIHH-NMHpONnoBoro cocraBa. MuKpo-
TBepJocTh rpanata usywanack A. [O. 'epacHMOBBIM Mo MeTOIHKe, H3J0-
xeHHoil B pabore [31]. Ha ocHOBAHHM MOJNYUYEHHLIX PE3y/bTATOB CAENAHEL
C/IeAYIOHE BBIBOJHI.

1. Mapamerpsr TBepmoctu (Hy u H.) X0polo OTpaKaloT ocoGeHHOCTH
MaKpPOKOMINOHEHTHOTO COCTaBa XPOMCOAEPKALIHX MarHesHalbHO-KaJjblye-
BbIX rpaHaToB. MMKpOTBEepAOCTHBIE XapaKTEPHCTHKH 3aKOHOMEPHO YBen-
YHBAIOTCA B HANPABRJEHHH YBAPOBHT — IPOCCYJSIP — MHPOI; BXOK/EHHE
YBaPOBHTOBOrO MHHA/(@ BBI3LIBAET yMeHblIeHHEe 'MHKPOTBEPIOCTH rpaHa-
TOB BO BceX H3oMopdubix paaax. C yBeqHueHHEM COJepKaHHR THPONOBO-
ro U KHOPPHHTHTOBOTO MHHAJOB HAG/IONACTCA TEHAEHLMs K NOBbILIEHHIO
sHaueHud Hy u H ..
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2. Xapakrep H3MEeHEHHS NapaMeTpPoB TBEPAOCTH IpaHaToB 0GYycJ/IOBJIEH,
npexjie BCero, IHPOKHM NposiBjeHHeM H3oMopdHbIX 3amemenuii Mg?+ —
— Ca?* u AP+ — Cr3+, Veeanyenne conepxanusi Ca n ymenbiienne Mg
B XpPOMCOJePKAUIHX TpaHaTaX MPHBOAAT K YMEHbIUIEHHIO HX TBEPAOCTH OT
1172 - 10" no 302 - 107 x/M®, npuueM cTeneHb H3MEHEHHS MHKPOTBEp-
JIOCTH B PasHbIX H30MOPQHLIX psAjax IpaHATOB pasHafd. ITO MOBHILAET
posb MHKPOTBEPAOCTH KaK AHATHOCTHUECKOTO MpH3HAKA.

Onpenenstonee BAHAHHE HA MHKPOTBEPAOCTb MarHe3HaJbHBIX XPOM-
conepxaumux rpanatoB umelor Ca u Cr. Tlosbimennoe cosnepxkanne Cr
B MaHTHHAHBIX TpaHaTax CBHJeTeNbcTBYeT 00 06pa3oBaHHH HX NpH ocobo
BLICOKOM JlaBJIeHHH, crnocofcTBylomeM (GOpMHPOBAHHIO MJAOTHOH KpHCTAaJ-
JIMUECKON pelleTkH H BLICOKOH MexaHHUecKOH npouHocTH. Bxomaenue
B coctaB rpanara Ca, umelomero Gobuioi HOHHBIH pajHyc, pa3phixJser
CTPYKTYPY H CHHKAeT ero MexaHH4YecKHe CBOHCTBA. YBesHuYeHHe XpOMHC-
TOCTH B PSAY [HPON — YBAPOBHT — KHOPPHHTHT (npu Haauuuu Ca’t)
o6yc/IOBNHBAET yBeJIHUeHHEe MHUKDOTBEpPAOCTH TpaHaTa, B TO BpeMs Kak
B pfilax MNHPON — FPOCCYJApP — YBAPOBHT H MHPON — YBApOBHT (npH
yseanuennd Ca’t u ymenbwennn Mg®™) nosbllienne colepaaHHs XpoMma
BbI3bIBAET YMeHbIleHHe MHKpoTBepaocTH ot 546 - 107 1o 302 - 107 Jxk/m®.

3. MHKpOTBEpIOCTb T'PAHATOB YacTO OTPAXKAET BJHSHHE KPHCTALIO-
XHMHYECKHX NapaMeTpoB, B YACTHOCTH 3HAUEHHIH MEXATOMHBIX PaccTosi-
it R¥+ — O u R** — O, B cTPYKTYpE rpaHaTa: yBeJHUEHHE MeKaTOMHbIX
PAcCTOSIHHH CTOCOGCTBYET YMEHBIIEHHIO MHKpOTBepiocTH. Tak, MHKpo-
TBEPAOCTb TpaHarta 3aKOHOMEPHO YBeJHUHBAaercsi B psAAy YBapoBHT —
TPoOCCYJIip — MHPOI, MEKAaTOMHbe paccrosiina (dep) R*T — Og B AP+
u Cr*t-oktasgpax KOTOpBIX YMeHbInaoTcs cootBerctBeHHO oT 0,205 HM
B yBapoBHTe H rpoccyasipe 10 0,182 um B nupone [31]. Ananornynoe Baus-
HHE HAa MHKPOTBEPIOCTb IPAHATOB OKA3LIBAIOT MEXKATOMHbIE PACCTOAHHA
R*+ — Og. Inpon (Mg — O, = 0,220—0,235 1M) no cpaBHEHHIO C IPoOC-
cyasapom (Ca — O, = 0,233—0,249 um) uMeeT NOBHIIIEHHbIE 3HAYeHHs [,

4. Paznnuns B MHKPOTBEPAOCTH XPOMCOEpKALIHX MarHe3HaJbHO-KaJlb-
LHEeBbIX TPaHATOB B OlpelesieHHON cTeleHd OOBLACHSIOT PasHYIO CTelleHb
HX COXPAHHOCTH B KHMOEpJHTAaX H opeoaax paccesnus. Tak, mo peayJb-
TaTaM 3KCHEePHMEHTAJLHOIO HCCAENOBAHHA MOMHO MpPEINoJOKHTb, HTO
HanGosee YCTORYMBEI B MOCTMArMATHYECKHX H 9K30MEHHBIX YCIOBHSAX XPOM-
cofepiKallie MarHesHa/jbHele IpaHaThl (GHOJETOBOTO W IYPNYPHOFO TOHA,
B TO BpPeMfl KaK KpacHble, KPACHO-3eJeHBIe (C «a/eKCcaH/IPHTOBEIMY 3ixpex-
TOM) M 3efeHble Pa3sHOBHIHOCTH H3-32 HH3KOH TBEpAOCTH (POYHOCTH)
CPaBHUTENbHO GBICTPO paspyuialoTcs npu Tpancnoptuposke. [loxrsepikie-
HHEM 3TOMY CJYKaT HEKOTOpble JaHHble LIJIHXO-MHHEepaJOorHYecKHX He-
CJIEIOBAHHE H MOJIEBBIX HAOMIONEHHI O CTeNeHH COXPAHHOCTH Pa3sHOOKpa-
IICHHBIX TPAHATOB B Pa3HbIX 3K30TeHHHIX ycaoBusax [124]. B cssasn ¢ Ho-
BbIMH CBEJEHHAMH O MEXaHHYeCKOIl POYHOCTH IPaHATOB PasHOro COCTABRaA,
NO-BHANMOMY, CJI€yeT NepecMOTPeTh Pe3y/ibTaThl XHMHUECKOTO pacTBope-
HHSI Pa3HOOKPAIeHHBIX rpaHatoB, noayuedHsie B. 1. Adanacbesbim [3].
Ilo ero nauHbIM, 3e/eHble rpaHaThl H3 KUMOEPIHTOB HanbGosee yeToHUYHBLE
B YCAOBHAX XHMHUECKOil Koppoaun. CoraacHo KCnepHMEHTAalbHBIM —HC-
cJIe/loBaHHAM MHKPOTBEPIOCTH 374 LBETOBAsi TPYNNa TPAHATOB VCTyNaer
(HosleTOBO-KpacHBIM H Jlaxke KpacHbiM. O NOHIKEHHOH YCTORUHMBOCTH
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3eJIeHBIX I'PaHATOB B YCJIOBHAX FHIIEPTrene3a CBH/IETe/IbCTBYeT OueHb peaKas
BCTpeyaeMocTb MX B opeosax. Haauune kpacHo-3enenbix M 3eieHblX rpa-
HATOB B POCCHIMAX CJEIVET paccMaTpHBATh B KauecTBe OCHOBHOTO MPH3HA-
Ka, YKa3blBaiOIero Ha HENOCPeACTBEeHHYK OJH30CTb HX KOPEHHOTO Hc-
TOYHHKA.

Xumuueckuii coctas. HM3yueH OTHOCHTENBHO XOpOLLUO, pe3y/JbTaThl HC-
caefloBanuil onyG/IHKOBaHBl B MHOTOUHC/JEHHEIX paborax [35, 49, 51, 90,
91, 104, 124]. Mmeowmuecsa B HalleM pacHopsiKeHHH HOBHIE aHATHTHUECKHE
JlaHHbIE TIO3BOJAIOT PacCMOTPeTh H3MEHYHBOCTb XHMHYECKOro cocTaBa
rpaHaToB H3 KHMGEpJIMTOBOTO LieMeHTa B BEPTHKaJbHOM paspese TPYyGKH
Jo ray6usel okoso 1,0 kM, mpoc/ieiuTh €ro BapHalHMH B CTATHCTHUYECKH
NpeJCcTaBHTeNbHBIX 1po6ax Mo Jarepaid MNPOBHHLUHH (OT IOKHBIX KHMGep-
JIUTOBHEIX MOJIelt 10 ceBepHbIX), a TAKMKE OCTAHOBHTLCHA HAa HEKOTOPLIX ApY-
I'HX acreKkTax, KacalollHXcs XHMMHUYECKOro cocTaBa rpaHata H3 KumOep-
JIMTOBOTO IIEMEHTA H KCeHOJHTOB IN1YOHHHEIX MOPOL,.

3HAYHTeNbHBIH HHTEpeC MpPeACTaB/sieT BOIPOC: CYILECTBYIOT HJIH HET
3aKOHOMEpHbIe H3MEHEeHHA cOCTaBa I'PaHaTOB H3 KUMOEpPJMTOBOrO LeMeHTa
H KCEHOJIMTOB I'MTyGHHHBIX MOPOJ B BEPTHKA/IbHOM paspese TPYGKH? UTobsl
€r0 pelHTb, MBI CONOCTABUJ/IH COCTAB IPAHATA H3 KOHLEHTpAaTa KuMOepJiH-
-70oB Bepxuux (0,02—0,05 xM) u ray6okux (0,7—1,0 kM) ropuzoHTOB
Tpy6KH «Mup» (1aba. 3, puc. 4). Kak cnenyer W3 npHBelleHHbIX AaHHBIX,
€OCTaB rpaHaTa H3 KHMOEpJHTOB TPYOKH «MHp» 10 M3yueHHOH TTYGHHBI
(oxosi0 | KM) CymecTBEHHO He MEHFAETCH HH MO OJHOMY M3 CPaBHHBAEMbIX
napamerpoB: Cr,0;, CaO, FeO, MgO, Al,O; conep:kauuio rpasara,
XapakrepHoro Jis rapubyprur-1yHuToB H BepautoB. Hekortopoe ysesu-
yenue cpeanero conepxanus CryO3 B nupone u caMoro nupona, xapakrep-
HOrO JI/ISi BepJIHTOB H rapu0ypruT-1yHHTOB, OTMe4aeTcs B CaMOH IJIyOHH-
Ho# mpoGe ‘(1,02 km). '

HHTepecho GbI0 CONOCTABHTL COCTAB TPAHATOB M3 CHCTEMBbI TeJl, J1OKA-
JIA3MPOBaHHBIX HA YYacTKe pacrnosioxeHus TpyokH «Mup». Kak ussectHo,
okoso Tpy6ku «Mup» (rnaBHas TpyGka) H cocenHell Tpy6kH «CHyTHHK»
(TpyOKa-caTeJuIHT) 3ajeraiorT TPH KHMOEpJIHTOBBIE NaHKH, COUIEHSIOMHE-
sl C Ha3BaHHBIMH TpyOkamu. HauGosnee anunHas lafika pacnosioxeHa
B I0KHOH OKOHEUHOCTH TPYOKH «MHpP» M OpPHEHTHpPOBaHA Ha KOTO-BOCTOK.
Ona npociexeHa B Kapbepe Ha paccrosHHe okoso 200 M OT KOHTaKkTa
¢ Tpy6koki. JIpyras kumGepsiuToBas Aaiika BCKpHITA B MOPOJax HHKHErO
naneosos Mexay Tpybokamu «Mup» u «CnyTHHK», COEIMHAS MNOC/ELHHE,
Tperbs nafika couneHsieTcs ¢ ceBepO-3anafHbiM KOHILOM TPYOKH «CITyTHHK»
H ODHEHTHPOBaHA Ha ceBepo-3anal. B jainbHefmeMm i0ro-BOCTOUHYIO Jai-
Ky Gyznem HasbiBath IOxkHO#H, laiiky, coenunsomyo Tpy6ku,— LlenTpans-
HOH, ceBepo-3anajinyio — CesepHoii. Bce TpH fafikn oGpbiBaloTCA Ha KOH-
Takte ¢ TpyOKaMH, HX MpoJo/uKeHHe B TPpyOKax He HabaoAanoch, uTO
No3BOJIsIeT cuHTaTh Aaiiku Gosee apepHuMH. [lo Munepamoro-nerporpadgu-
YECKHM 0cOGEHHOCTAM KUMOGEP/IHThL 1aeUHbIX TeJ OT/IHYAIOTCA OT NOPOJL TPY-
60K, 4TO FBHJIOCH OCHOBAHHEM JUIsi OTHECEHHA MX K CaMOCTOSITENBHON da-
3e BHeJpenusi KumGepautos [122].

Kpome toro, B TpyGke «Mup» na ray6une 870 M ckpamxuHamu Gblia
BCKpPBITa BHYTPHTPYOOUHAsl JaHKa MOILIHOCTbIO B HECKOJIBKO JIECATKOB
canTumMeTpoB. Ona uMeeT pe3KHe KOHTAKTHI ¢ BMellaloUMH KHMOepJIHTa-
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Ta6anua 3. Pacnpenesnenne rpaHata mo THNAM W3 CHCTeMbl KHMOepAMTOBMIX Ten, 0

Q
Mecto orGopa | FnyGuna, M §§ n, ng fy n, ns ng * S make
Z2
Kumbepaumo
Tpy6ka «Mup» 30 350 26,0 240 7,20 0,6 4,6 3,8 3,80 2,1 11,8
740 89 14,61 21,35 4,49 1,12 34 3,4 3,90 2,1 10,75
860 86 25,29 12,64 4,60 1,15 3,3 3,3 3,44 2,2 10,97
960 92 10,87 8,70 8,70 2,17 1,1 2,3 3,84 2,1 10,86
1020 95 15,79 26,32 947 — 6,3 6,3 4,36 4,5 9,33
Tpyora «CnyT-
HHEK» 30 310 21,0 22,5 3,50 0,6 9,1 46 3,80 1,95 12,
Jlotpy6ounas
JlafiKa:
KOsk nan 20 519 43,8 11,2 291 0,87 10,7 1,16 2,62 1,95 10,4
Lentpanb-
Has 80 485 30,7 22,1 6,60 1,20 11,9 0,82 3,42 2,26 11,7
Cesepnas 50 493 24,8 28,8 8,70 1,60 18,8 2,64 3,81 2,30 10,6
Buyrputpy-
GouHan jaika 870 47 17,02 27,66 8,51 2,13 — 0,9 4,26 1,74 10,08

Kcenoaumet eaybunnsx nopod
Tpy6ka «Mup»:

BepXHHE
ropusontel  20—60 61 279 197 49 — 1616 3,23 1,75 8,20
ray0okue
ropuzonTs 500—1200 80 26,3 756 — — 24 24 279 1,37 6,74

Hﬂu.ﬂe-’!ﬂﬂﬂﬂ-‘ X — CcpejHee 3Ha4yeHHe; Xyake — MdKCHMalbHOR 3Ha4yeHHe; S — CTAHA#PTHOE OT=

KNOHeHHe; n, — KONMYEeCTBO IpaHara, cojepxautero meuee 2 9 Cry0,; n, — 10 Ke, Gomee 5 93
ny — 10 xe, Gonee 7 %;: n, — 10 Ke, Gonee 10 %; ny — KOJMHUECTBO FPaHATa W3 BEPJHTOB; Mg — TO
#e, U3 rapubyprur-LyHHTOB.

MH, cJoxkeHa nopdHpoBbIM KHMOepIHTOM ¢ cy6napaJeabHbIM pacnosoxe-
HHEM BbiJIeJIeHHH OJIMBHHA.

PesysibTaThl H3yueHHS TpaHata H3 [epedyHCJeHHbIX KHMOepJHTOBBIX
Ten npuBelleHsl B TabAa. 3, 4 ¥ Ha pHc. 5. JlnarpaMmsl 3/lech H Jajiee nocTpo-
enbl no H. B. CoGoney [103]. AHanu3 nonyueHHbIX JaHHBIX I0KA3bIBAET,
YTO N0 BCEM OCHOBHBIM Mapamerpam rpaHatbl TpyOOK «Mup» u «CrnyTHHK»
Onusku. Pacnpenenesdyde Toyek cocTaBoB rpanara Ha nuarpamme Cr,Og3 —
CaO srtux Tpy6OK NOYTH HAEHTHUHO. B TO JKe BpeMs rpaHaThl H3 JaeK 3a-
METHO OT/IHYAl0TCH APYT OT APYTa, a TAK¥Ke OT TpaHaToB TpyGoK. ITH pas-
JIMYUA 3aKAI0YAI0TCH [peXkJle BCEro B COJepXKAHHWH TpaHara H3 JYHHT-
rapubypruToB M ero cpejiueit xpomuctoctH. MuHHManbHOE collepkanue
rpaHaToOB H3 AYHHT-rapuGyprHTOB XapaKkTepHO sl BHYTPHTPYOOUHOIT,
[OxHoii u LlenTpanbHoii naex, B CeBepHoil OHO HECKOJIBKO MOBbILEHO. Tak
KaK colep:KaHWe I'paHara 3Toil pa3sHOBHIHOCTH KOPPEJIHPYEeTCH C aJMas’o-
HocHOcTbi0 KuMOepauToB [103], To B CeBepHoii Haiike cleayeT OxulaTh
6osee BHICOKOH KOHILEHTpalWK aaMasa, uyem B llenrpanbuoit n MOxHOil.
K comxanenuio, onpo6oBanHio Ha anMas nojsepraack Juwe KOxnan paiika.

4 8§-2269 49



S.- N B o

L) L] L] T
2 4 g_ 8 szaj, %

Puc. 4. OcoGeHHOCTH COCTaBa TPaHATa H3 KOHIEHTpaTa KHMOepJaHTOB

TpyOKH «Mups:

a — BepXHMe ropH30oHTH; 6 — rayGokwe

CpenHsis  XpOMHMCTOCTb TpaHaTOB CONOCTaBJAseMbIX Tea OJH3Ka, 3a

nckniouenneM Oxuoi v LlenTpanbHol laek, rie 3ra BeJHYHHA CYIECTBEH-
HO HHKe, ueM B ApYTrHX Tesax. Kak B Tpy6Kax, Tak H B Jlailkax OTMeYaioT-
CAl TPAHaTBl H3 JIEPUOJIHTOB, AYHHT-rapuGypruToB u BepauToB. ['panarsi
H3 3KJOTHTOB B JaiiKaX peikH, B TpPyOKax HX KOJHYECTBO HECKOJLKO BbI-

Tabauua 4. OcofenHOCTH COCTABA TPAHATA H3 CHCTEMbl KHMOEPAHTOBRX Ted, %

=]
o 1B
ﬂ?{,’;’, - g g ALLO, FeO MgO Ca0
a
%% | 38
Kumbepaumot
Tpy6 49 (1,62
%,‘,‘3, 30 350 Herpanmwix Her panmux  Her jammmx =55 5_(_10;
740 89 20,07 (1,1) 8,45(1,2) 19,05 (1,5) 4,86 (1,3)
15,43—22,69 6,52—13,37 15,99—23,56 1,40—7,72
860 86 20,65 (1,6) 8,61 (1,3) 19,49 (1,0) 4,74 (1,2)
. 15,27—23,05 6,00—12,61 16,79—21,83 2,96—9,18
960 92 20,58 (1,5) 8,54 (1,1) 19,56 (1,3) 4,42 (1,5)
15,81—22,68 6,38—11,89 16,11—22,60 2,40—9,63
1020 95 20,00 (1,7) 8,44 (1,9) 19,54 (2,7) 4,87 (1,3)
16,26—22,94 4,73—13,97 16,31—23,13 0,48—8,83
Tpybxa 5,3 (2,1)
«CryTHHE> 30 310 Her nannmx Her nanneix  Her nannuix 0.43—12.0
HorpyGounas
Jlafka:
I0xnas 20 310 19,70 (1,51) 9,26 (1,64) 19,56 (1,46) 5,30 (1,61)
15,67—23,06 6,73—14,60 14,9—22,11 2,68—I10,64
H:;r; 80 485 Her mamnmx 9,12 (1,85) Her panumx 5,84 (2,23)
PRTRIIAR 6,26—14,0 3,14—14,0
Cepepnas 50 493 » » 9,12 (1,49) » » 5,09 (1,47)
6,05—14,3 1,06—11,2
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Oxonuanue mata. 4

Q
« = E
oﬂ;l;oc‘;: Z g E g Al;0, FeO MgO CaO
k< B
BuyTtpn-
Tpybounas
Jafika B
TpyGKe 19,54 (1,17) 8,64 (1,30) 20,22 (1,47) 5,11 (0,98)
«Mup» 870 47 15,95—21,73 6,54—12,99 16,95—24,23 1,17—6,00
Kcenoaume: 2aybunnsix  nopod
Tpybra «Mup»:
BEPXHHE 8,75 (1,40) 5,28 (2,93)
ropusonTel 20—60 61 Her paunbix 6,48—12,97 Her paunmx 2,67—16,29
rayGokue 20,96 (2,20) 8,41 (2,51) 19,33 (2,53) 4,87 (1,94)

ropH- 500— 80 12,45—23,03 3,95—16,13 11,48—23,63 1,35—10,66
30HTHI 1200

Mpumesanue: B gucautene — cpefnee copeplkanue, B CKOOKax — CTaHZapTHOE OTKJIOHeHHWe,
B 2HEMEHATEJIe — MHHHMAJbHBE H MAKCHMAJhHbIE 3HAYeHHS.

Ta6anua 5. PacnpocTpaHeHHOCTb rPaHaTa C PAa3HLIMH COAEDKAHHAMH XpPOMA H KajibUHs
B KumGepanToBmx mnopopax [51], %

Ca0 Cr,0,

KumbGe pautosoe none Ny N, Z l > 3 l s ny ng ny ny n
ManoGotyob HHcKoe 7 2946 5,00 1,25 4,48 2,31 16,5 38,8 14,8 1,5 6,5
To xe, cy6HHTPY3HB-

Has nopoja — 100 5,11 0,78 4,17 2,05 16,0 28,6 10,8 1,8 1,0
JannsiHcKoe 8 2189 4,65 1,29 4,05 2,43 26,9 31,9 148 0,3 7,6
Anakutckoe 7 2276 4,88 1,30 4,61 2,60 22,2 41,4 224 4,3 120
MyHckoe 7 1661 4,51 1,04 3,98 2,13 26,8 29,0 14,1 2,1 10,4
Yomy plraxcKoe 2 172 5,14 0,63 3,12 1,20 48,3 25,6 9,6 0,6 1,7
3anajano-YKyKHTCKOe 9 444 5,22 0,51 2,68 1,41 426 14,2 25 0,5 —
Oronep-l0psaxckoe 1 43 4,17 0,50 0,96 0,30 97,7 — — — —
Mepunmaenckoe 2 127 4,37 0,31 1,44 0,71 740 — — — —
Toayonckoe 5 139 5,02 0,49 2,76 0,92 446 166 50 — 22
Kyoiikckoe 12 1823 5,25 0,82 3,19 1,20 26,2 10,3 1,2 — 02

{1 pumenanun: E—cpezuiee 3HaueHHe; S — CTaAfapTHOE OTKJOHeHHe; N, — UNCJO0 H3YHEHHhX
Teq; N, — YHLO !Ipﬂﬂl(ﬂa‘lH?}l‘lpDBaRHNx ﬂ6p83l.l03 rpasarta; ny — KOJIHY€CTBO rpanara, copepxaulero

menee ? % Cr,O, ny, — 10 XKe, Gonee b %; ny, — 70 #He, 6onee 7 %; n, — 10 xe, Gonee 10 %; ny—
KOJIMGEeCTRO rpaHaTda H3 TapulypruT-7yHHTOB

we. [lns norpyGoUHBIX JlaeKk XapakTePHO NOBLILIEHHOE CONepKanue rpana-
Ta M3 BEPJHTOB, MPHYEM B accouMalnH Kak ¢ xpoMiunuueauaoM (Cr,Op <<
<< 5 %), rak n ¢ uabmenutoM (CroO3 > 5 %), BO BHYTPHTPYOOQUHOII Aali-
Ke TaKulo rpaHaTa HeT.
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Puc. 5. OcoGenHocTH cocTaBa rpaHara H3 KOHUEHTpaTa KHMOepJTHTOB.

Hompybounsie daiku: a — Kxknaa, 6 — Llentpanbnana, e — CeeepHasi; 2 — TpyGKa
«CnyTHEK»; d — nocaerpyGounan pafika

ITo naunbiM 0GOGIIEHHS XHMHUECKHX aHAJH30B PAHATOB H3 KHMOEpJn-
TOBOTQ 1(EMEHTA H KCEHOJHTOB YJbTPada3uToB FIKYTCKOIl KHMOepP/JIHTOBOM
NPOBHHIIMH, GbII0 CHOPMYJIHPOBAHO I0JOKEHHE O €€ JaTepaabHOH 30HaMb-
nocru [123], koropas nposiBasieTcs B yMEHbLIEHHH XPOMHCTOCTH IpaHa-
TOB M3 YbTPaba3nTOB OT LEHTPAJIbHLIX PAHOHOB K ceBepHbLIM. DTO MOJ0Ke-
HHe OasHpoBajoch Ha OFPaHHYEHHOM KOJHYECTBE aHAJIM30B TpaHarta
1 BIOCJAEACTBHH GbI0 MOCTaBJEHO Noj comHerue [108].

H3yuenne coctaBa HECKONbKHX THICAY 3€peH rpaHaTta M3 KOHLEHTpa-
10B 60 KHMOepJaHTOBBIX Tea NOKa3ajo, 4TO JlaTepaibHad 30HAJIBHOCTD,
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'ycraHoBaeHnas A. JI. XapbKHBHIM H
H. C. Makosckoii, cymectyer [123].
D10 ueTKO BHIHO 10O HCC/€10BAHUAM
conepxanus Cr,Oy u CaO B rpanarax
n3 KumOepsntoB 10 moneii, OXBaTHB-
WHX TNPaKTHYECKH BCIO TEPPHTOPHIO
SAKyTcKO# KMMGEpJHTOBOH IPOBHHIIHH
(tabn. 5). Tpanatel H3 KHMOEpPIHTOB
pasHLIX paiioHOB H MoJieli XapakTepH-
3YIOTCA 1IHPOKHMH KoJeOaHHAMH KO-
auuecta Cr,O;. B 1O e Bpema uer-
KO BEIDAJKEHO CHHIKEHHE CpeJlHero co-
JiepaKaHHsa ITOr0 KOMIIOHEHTa B rpa-
Hatax c lora Ha cesep. OcoGeHHO
KOHTPACTHO Pa3jiHyaloTCs rpaHatsl Bu-
gmofickol 1 Anabap-Onenexkckoii 06-
nacreii. Cpenu rpaHaTtoB H3 KOHIEH-
TpaTta KuMGepautoB Buimofickoi obaac-

cao,% n=101
10

2 4 é 8‘ Cf‘zaJ,./a

Puc. 6. OcofenHocTm cocTaBa rpaHa-
Ta H3 KOHIUEHTPaTa KHMGEPIHTOB
Tpy6KkH «CHexHany

TH BCTPEYAlOTCSl PA3HOBHIHOCTH, XapaKTepHble s Trapulyprur-ay-
HHTOBBIX TIOPOJA M CXOJHHE MO COCTaBy C [PaHATOM — BKJIOYEHHeM B
anmase. Oco6eHHO BHICOKHE COIEPXKAHHUS TPAHATOB AJMA3HOH  accolM-
anue B KumGepantax Anakut-Mapxuuckoro noas n BepxuemyHcKoro paii-
ona (12,0 u 10,4 %). I'panatsr Ana6Gap-OneHeKkckoil o6nacTH Xapakre-

cao, % n=125 cao, % n=127
104 70 -
8 -
5_.
4-1
- |
ob— "
2 4 6.6 Cra03, %
cao,% n=112
70-1
8-
6..
4
2_.
Puc. 7. OcobernocTd coCTaBa rpasa-
0 T4 M3 KOHUEHTpaTa KHMGepJHTOB.

Tpybxu: a — sMailckans; 6 — «Heaar

OypmKxas; & — «Mavuana»



PH3YIOTCS MEHBIUHM pa3Ho0Opa3HeM COCTaBa. 3/ech [0Ka He BCTPeueHsl
3epHa yBAapOBHT-NHPONOBOrO COCTaBa, OKPAIUEHHLIC B 3€/JEHBIH LBET, M3
BepautoB. Cozepxanue CryOy NOHHIKEHO, HAXOAKH KCEHOJHTOB rapii-
Oyprut-AyHHTOB peikH. B Hekoropeix TpyOkax ceBepHeix noseil («He-
3abyaka», «Mauana», «Maiickas») cpeiHssi XPOMHCTOCTb TpaHaTa HCKJIO-

uHTeJbHO BhICOKA (x = 6,12—6,95 %); oHa 3HAuYHTENbHO BHIle, YeM
B GosibiuHHCTBE TPYOOK BHAIOHCKOH 06/1aCTH, B TOM YHCJIe BHICOKOAAMAa30-
HocHEIX (pHc. 6). B TO e BpeMs cpeis HHX He HalJeHHl 3epHa aaMasHOM
accouuauns; onpo6osanne KHMOEDJHTOB NMoKasano, 4TO TPYGKH (aKTH-
YeCKH He a/IMa30HOCHbL JTO ellle pa3 NOATBepHAaer ToT GaKT, uTo ¢ ajiMa-
30HOCHOCTBIO KOppeJHpYeTc colepxkaHHe He BEICOKOXPOMHCTLIX IPaHaToB
BOOOILE, & BHICOKOXPOMHCTBIX KHOPPHHIHTCOAEPIKAUINX DPA3HOBHAHOCTE.
XapakTepHoii OCOGEHHOCTbIO COCTABa TIPaHATOB OMHCHIBAEMBIX TPYGOK
fIBISIeTC OTHOCHTEJbHO Y3KHil HHTepBan KosieGanus cofepxanua CryO,
(or 5109 %) 1 orcyTcTBHE HH3KOXPOMHCTOH H YMEPEHHOXPOMHCTOH pas-
HOBHJHOCTeH 3TOr0 MHHepana (puc. 7).

HuTtepecHo cpaBHeHHe XHMHYECKOTO COCTaBd HHAHKATOPHLIX MHHepa-
JIOB H3 KCEHOJHTOB TJIyOHHHBIX MOPOA H KHMGEPJHTOBOTO LEMEHTa A
OLlEHKH HCTOYHHKA 3THX MHHEpAJ0B. AHaJTH3HPOBAJHCh MHHEPAJH! Mpef-
CTaBHTE/IbHLIX BLIGOPOK KCEHONMTOB H KHMGEPJHTOBOIO UEMEHTa MHOTHX
Tpy6ok SKytuu u Hekoropuix Oxnoit Adpukn. Haubonee nonnas BeiGop-
Ka COCTABOB HMEETCH JUIfl 'PaHaTa H3-3a ero IIHPOKOTo PacnpoCTPaHeHHs
B KCEHOJHTaX M KHMOEpJHTOBOM LIEMEHTEe H YCTOHUHBOCTH B NMOCTMATMATH-
yecKHX ycnoBHAX. B Taba. 6 npuBeneHsl pe3yabTaThl 0006LIEHHS NaHHBIX
N0 COCTaBY IpaHara.

ManoGoTyoGunckui paitod. B kumbepautax Tpy6ok «Mup» u Ne 1 pes-
KO rpeo6JajaloT KCEHOJHTHl JIEPUOJHTOB MaHTHHHOTO MPOHCXOMKIEHHS.
BonbIIMHCTBO MX NpENcTaBJeHO PaBHOMEPHO3EPHHCTLIMH TI'PAHATOBBLIMH
PasHOBHAHOCTAMH, CO/IEPXKALIHMH TMOBHILIEHHOE KOJHYECTBO IpaHara W
KJIHHONMHpOKceHa. Pexe BeTpeyaloTcs KaTak/aa3HPOBaHHbBIE JEPLOTHTHI,
LminHHesneBble W GecLiHHe eBble JIePUOAHTb, HAbMEHHTOBBIE Y/bTpabasu-
Thl, IHPOKCEHHTEI H 3KJOTHTHI, B TOM YHCJIe aaMasoHocHbie [123, 132]. ITo-
POZIBI CHJILHO H3MEHEHB BTOPHYHBIMH MpPOLECcCaMH.

C noMowpbI0 PEHTTeHOBCKOr0 MHKPOAHA/JTH34TOPA BHIMOJHEHO 3HAuH-
TeJbHOE KOJNMYECTBO AHA/NH3OB IpaHATAa NMPaKTHYECKH U3 BCEX IPYNN Kce-
HOMHTOB Kak BepxHHX (20—60 M), Tak u rayGokux (500—1200 m) ropu-
30HTOB. PesysbTarhl 3THX aHa/NH30B NpHBeleHsl B Tala. 4, 6 U Ha AHarpam-
Me Cr,0O3 — CaO (puc. 8).

Cpenn HauGoJiee LIHPOKO PACHPOCTPAHEHHBIX I'PAHATOB H3 YJbTpaoc-
HOBHBIX NOPOJ NOBBIIIEHHBIM COJEPXKAHHEM XpOMa H HH3KHM KaJbLH§ Bbl-
AeJAI0TCA rpaHaThi M3 ONHBUHHTOB, AYHHTOB H rapuGyprutoB. Touku co-
CTaBa rpaHaTa Tpex NpoaHaJH3HPOBaHHLIX KCEHOJHTOB 3TOrO THNA molaja-
IOT B [0Je MOTeHLUHAJbHO aJMa30HOCHBIX NOPOJ; XOTS HAaXOMOK aaMasa
B KCEHOHTaX H3 y/bTpaGa3utoB B TpyOKe «MHp» NMOKa He yCTaHOBJIEHO.
I'panatel U3 nepUOJHTOB B pABHOMEPHO3EPHHCTHIX NOPOAAX pasjieeHbl Ha
JiBe BLIGOPKH: B OJIHY BXOAHMT TPaHAaT ¢ NOBbILEHHbIM conepKaHHeM CryOy
(4—8 %), B apyrywo, HauGojee WHPOKO PACHpOCTPAHEHHYIO, C HH3KHM
(1—4,0 %). Bosee BHICOKOXPOMHCTBI IPaHAaT XapaKTepeH VIS JIepLoJiu-
TOB C HH3KHM COAepXKaHHeM KJAHHOMHPOKCEHA W rpaHara, B JIepLOJHTaX
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Puc. 8. Oco6ennocTH cocTapa rpaHa-
T4 W3 TYGHHHBIX KCEHOJNHTOB TpPYG-
Kd «Mups:

!/ — rapulGypruT-AyHUTH; 2 — Jepuodin-
Tl ¢ HHIKHM  COAEPMAHHEM KJHHOMH-
pOKCeHa; J — TO Xe, C MNOBLIEHHBIM;
4 — NepuUOJIHTH (KaraknasnpoBaHHblE
viabTpaGasuTm); 5 — BeGeTepuTnl; 6 —
BeGCTEPHTH € MOBBIUEHHBIM COREPIHKAHH-
em Cry04 7 — MardesnajJbHoO-JKeJe3Hc-
Thle [HPOKCEHHTh: & — MAarfeaHanbHo-
Jeqe3ucThle IKNOTHTH, 9 — HJIAbBMEHH-
ToBbe  yaAbTpaGasuTn; 0 — rpasatr c
BENYEHWAMH BBICOKOXPOMHCTOrO KJIH-
HOMHPOKCEHA W XPOMHTa; [/ — BepJiu-
Tol (30HaAbHble oGpasum M-41, M-49 u
Ap.); 12 — cpocTKH ¢ asaMa3doM; [3 —
BKJIIOYEHHA B aJamase

C NOBBLILIEHHBIM HX KOJHYECT-
BOM TpaHaT OTHOCHTCH K HH3-
KOXPOMHCTOR Pa3HOBHJAHOCTH. . . . : . —
Karak/sasupoBaHHble pa3HOBH]- 2 4 § 8 Crp05, %
HOCTH JICPHOJIHTOBU colep:kar of o7 @3 a4 +5 05 47 A8 59 AW
TpaHaT ¢ YMepeHHOIT XPOMHCTO- X1 w2 ars

ctbi0 (Cry0 = 3—5 %), uem
OT/IHYAIOTCS OT LIHPOKO PACTIPOCTPAHEHHBIX KATaKJ/a3HPOBAHHBIX JI€pPLO/IH-~
TOB € BICOKOXPOMHCTBIM I'PaHaTOM TPYOKH «Y faunasi». B 3amTpHXoBaHHO e
noJie ONafarT COCTAaBbl MPAHATOB H3 MarHe3HaJ bHBIX (C NOBBLILIEHHLIM CO-
JlepIKaHHeM rpaHara) BeGCTEPHTOB H MarHe3HaJbHbIX 3KJAOrHTOB. OHH Xa-
PaKTepH3YIOTCS NOHHMKeHHbIM cogepxkanneM CaO (3—5 %) ¥ HECKOJIbKO
GosblMM (MO CpaBHEHMIO € rpaHaTaMH H3 3K/JIOTHTOB MarHe3HasbHO-XKe-
qesucroit rpynnsl) CryO; (0,2—1,8 %). Ha nuarpamme Cr,O3 — CaO ca-
MOCTOATE/IbHBIH TPeHA 06pa3yioT rpaHaThl H3 MarHe3HaJbHO-MKeJe3HCTHIX
BeGcTepuTOB. TOUKH COCTABOB 3THX I'DAHATOB pacloJaraiorcs B BHAE Y3-
KOH 110J10ChI, Hanbosiee BLICOKOX POMUCTAA 4acTh KOTOPOH HAXOAHTCA B NO-
Jie BEPJIMTOB, a YMepeHHOXpoMHcTas — B noJe jgepuoautos. [lo cymecty
3Ta noJoca pacnosiaraercsi NapaijieNbHO 10JI0Ce TPaHATOB M3 JepLOJH-
toB. Kpome nosmimensoro comepxkanus Cr,0O; (2—6 %), rpaHartel jaH-
HOH T'PYNIOBI UMEIOT TaKKe INOBLILIEHHBIE JKEeJNEe3UCTOCTh (CYMMapHOe ¥Ke-
neso — ot 11 o 15 %, a xkenesucrocrb — ot 28 1o 36 %) u KanbuHeBHC-
tocth  (5,5—7,5 % Ca0). HsyueHHe ONTHKO-COEKTPOCKONHYECKHX H
KOJIODHMETPHYECKHX XapaKTePHCTHK I'PaHATOB H3 MarHe3Ha/bHO-XKeJe3HC-
THIX BeOGCTEPHTOB M0KA3a/10, YTO HA HX OKPACKY CYUIECTBEHHO BJHAIOT Bbl-

cokue Konuenrpaunn xpomopopos Cr'™ u Feit. 3naunrennnas posnb Fejt
CBHIETEIbCTBYET 00 00pa3s0BaHHH 3THX IPaHaTOB B YCJOBHAX MOBLILIEHHO-
ro IOTeHUHana KHCI0poja. ['paHaTH M3 MarHe3HaJbHO-KEeJe3HCTBIX 9IK-
JIOTHTOB MMEIOT MCKJIIOUHTEIbHO HH3KOE COJepKaHHe XpoMa, BbICOKOE JKe-
Jesa (OHH NPHHALJIEXKAT K MHPON-aJbMAaHJHHOBOMY psily) H NepeMeHHoe
CaO (or 3 10 14 % u Beuue). HauGosee BHICOKOMNE/E3HCTHIE H BHICOKO-
Ka/bIHEBble IPAHATHl OTHOCATCH K a/JMa30HOCHBIM 3KJIOTHTaM (cojepika-
une FeO jpocruraer 22,7 %, CaO — 14 %). Boabiuuncrso (45 %) rpa-
HATOB-BK/IIOUEHHH B ajMase H3 YJbTPAOCHOBHBIX MOPOJ MONajaer B noie
rapubyprut-nyuutos, 12,5 % — B noae aepuosautos u 12,5 % — B npo-
MexyToyHoe noJe. UTo Kacaercsi CpPOCTKOB rpaHara C aaMas’oM, TO COOT-
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% Ta6auua 6. Copepxamns Cr,0,, Ca0 u FeO B rpaHate W3 KCEHONHTOB yabTPaGa3uToB H KHMOEPIMTOBOTO LEMEHTA B TpyOkax
SAkyTckoit kumGepauToBoil nposuHunH, U

Cr,04 CaO FeO

n,In,]n,ln.[;lS n.l?IS

Tpy6ka XapakTepHCTHKa MaTepHana n

|
%]

ManoGomyobunckud  pailion

«Mup» Kcenonute:
BEPXHHE TOPH3OHTHI 6l 279 197 - 49 — 323 176 22 528 293 875 1,40
rayGoKHe TOpPH30HTHL 8 263 75 — — 2,75 1,38 1,8 478 226 841 2,51
KumGepautosuil neMeHT:
BEPXHHE TOPHU3OHTHI 420 38,8 33,6 183 4,0 381 221 38 499 238 8,40 1,56
ryGoKHe FOpH30HTHI 114 28,1 237 79 1,8 3,64 2,04 35 48 165 8,18 1,24
Ne | Kcenonutst 49, 8,2 5714245 20 518 193 10 540 1,53 -874 2.1l6
KumGepnnTopslit nement 314 12,2 452 20,7 2,2 49 — 82 540 1,40 Her —
naH-
HBIX
Hanrdero-Arakumerkud paiion
‘Aﬁxam Kcenonutst 72 — 83,3 653 19,4 .7,93 2,50 39,8 4,58 1,72 6,90 0,52
KnMGepIHTOBHA MeMeHT 916 7.5 71,8 63,1 161 67 — 199" Her — Her
naH- naH-
HBIX HBIX
«KomcoMonbckan» KceHomuTh 102 88 559 935 10 524 1,98 7,0 509 1,33 8,13 1,26
KnmGepanToBnlil nement 273 385 242 11,9 1,1 3,44 2,16 2,7 476 1,30 840 1,63
Ne 3 Kcenoanth 63 4,76 73,0 38,1 12,7 6,47 2,58 164 542 1,55 7,78 0,40
KumGepaurtosuiit nement 154 20,1 299 149 3,2 3,74 2,07 11,1 439 1,63 7,39 1,59
«ChiITBIKaHCKaf» KeenoanTn 20 30,0 50,0 10,0 5,0 4,42 2,69 10,0 4,99 1,44 8,1 1,05
KumGepauTosbifi LemeHT 137 37,0 355 16,4 2,1 4,03 — 8,0 Her — Her —
aan- nau-
HBIX HBIX
Bepxnemynckuid  paton
«3anoaspHas» KceHoauThl 32 63 2,0 _31 — 408 1,368 — 3,81 1,09 6,87 0,58
KumGepautosbiil 1eMeHT 504 16,8 40,63 17,00 3,6 4,66 2,14 10,3 4,66 1,31 7,67 1,16
3 UMHSSI» KceHonuTil 33 6,1 57,7 333 — 545 2,07 14,3 49 246 6,80 0,82
KumGepauToBbiit neMeHT 164 385 21,3 12,7 3,6 3,64 — 10,4 4,05 1,01 Her -~
AaH-
HBIX
«HopuHKa» KceHoauTs 41 7,31 342 195 — 4,69 2,10 18,7 3,84 1,58 7,27 1,55
KumGepaHTOBLIA 11€MEHT 79 13,9 354 17,7 1,3 4,49 2,42 10,0 4,72 1,27 7,61 1,60
«KomcoMoabckany KceHomuTi 21 — 66,7 38,1 48 6,49 2,39 158 4,42 1,00 6,83 0,52
Kum6epanToBbIl 11eMeHT 116 75 68 34 — 206 191 26 437 088 836 1,30
«O6HaxKeHHaN» Kcenosuthl 28 50 - — — 168098 — 571 192 857 1,88
Kum6epautosblii neMenT 22 270 24 — — 245 — — Her — Her —
JaH- naH-
HBIX HBIX

Npusewanus: X — cpegnee spavyeHie; S — CTAHAAPTHOC OTKJIOHEHHE: i — KOMHUCCTRO AAMEPOB: §
g 1 g aa ny — copepxanne Cr,0y A0 5 %; ng — Gonee 5 9%; ry —
Gonee 7 %;: ng— Gonee 10 %; ng — KOJAHYECTBO 06pasiloB rPAHATOBASMA3IHON accomMalHy, A F £ A %i LR
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Puc. 9. OcoGeHHOCTH COCTaBA rPaHaTa M3 KCEHOAHTOB MayGHitibIX nopod TpyGKu
«Mups:

@ — BepXHHe TOPH3OHTH; O — rayGokue; J — rapubypruT-AyHUTH; 2 — JIEPUOJNUTH G
HH3KHM COflepXaHHeM KJIHHOMNHPOKCeHa; 3 = TO e, C MOBBINEHHBIM; 4 — MarHeadajlbHble
aeﬁc‘repu'ru: 5 — MATHE3IHANbHO-)KEeJe3HCThle MHPOKCEHHTh € XPOMHMCTHIM TrpaHaToM; 6 —
MartHe3HajibHO-KeNelHCThie neﬁc‘repum: 7 — MartessajJbHO-KeJe3HCThe IKJAOTHTR: § — Hib-
MEHHTOBBIE NEePHAOTHTH

HOILEHHE B HHX HHOE: K rapu6Gyprut-iyHutam otHocutes 36 %, K Jepuo-
JuTaM — 27, K NPOMEXKYTOUHOMY INOJIO — 35, T. €. MOXKHO NpelnoJo-
JKHTb, YTO 3HAYHTeNbHO GOJblIE TPaHaTa B CPOCTKaX 00pPa30BEIBAJIOCH NMPU
Gonee HM3KHX PT-napamerpax, 4eM rpaHaTOB-BKJIOUEHHH B asiMase.
Ha puc. 9 cpaBuuBaloTcs cocTaBbl rpaHata H3 KCEHOJHTOB IVyOHH-
HEIX NOPOJ BepXHUX H ryGoKHX ropusontos. Kak BHAHO M3 pacnosoxe-
HHA TOYeK, MeX/]y IPaHaTaMH H3 KCEHOJHTOB BEPXHHX H IJTyOOKHX TOpH-
30HTOB HeT MNPHHIHUNHAJIbHBIX Ppa3/JHuMil, €CqH He YYHTBIBATb, UYTO B
TNepBoM Cjaydae npoaHaJu3HpoOBaHO HECPABHHMO Goabline rpaHata H3 3KJ0-
THTOB, a TaKxKe HeCKoJbKO Goablie H3 BeGCTEPHTOB, YeM BO BTOPOM.
Hekotopoe noesliiienne cpefiHell XpOMHCTOCTH H KaJlbIHEBHCTOCTH rpa-
HaTa M3 KCEHOJHTOB BEPXHUX FOPH3OHTOB (cM. Taba. 4) MOXKHO OOBACHUTD
Le/leHanpaBJeHHbIM [10560POM Ha aHaJH3 BBICOKOXPOMHCTHIX Pa3HOBHII-
HOCTeil 3TOro MuHepa/na JIfl BHIABJEHHS CpeAH KCEeHOJHTOB MOTeHLHa/b-
HO a/IMa30HOCHLIX MOPOL.
BbIBOIlbl H3 COMNOCTaBJ/IEHHA COCTABA rpaHaTta H3 KCEHO/IHTOB H KHMGEP-
JIHTOBOI'O LIEMEHTa B paccMaTpHBaeMoOM paﬁone CBOJAATCA K CJeAYIOULEMY.
1. Cnektp cocraBa rpaHata B KHMOEpPJHTOBOM leMEHTE CYIIECTBEHHO
HIKpe, YeM B KCEHOJHTaX TYGHHHEIX nopol. B kumbGepautax npakTHUeCKH
Bcex TPYOOK paioHa oGHapy:KeHbl OpaHKeBble JKeJNBAaUKH C MHOTOUHCJIEH-
HbBIMH BK/IOYEHHSIMH HJBMEHHTa H ¢HOJ’IET030-K])3CHHC C BRJIIOYEHHAMH
xpoMuinuHenuia. Kak te, tak H J[pyrie OTHOCATCA K BePJIHTaM, KOTOpbie
B KCEHOJIHTaX pafioHa He oOHADPYMKEHBI.
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Puc. 10. OcoGennocts cocTaBa rpaHaTa H3 KCEHOJHTOB FMYGHHHBIX MOPOA
(a) u kumGepanToBOro KoHUeHTpaTa (6) TpyGkH «Alixam»:

1 — CepucHTHHETH; 2 — aiaMasoHocHue cepnentunuts [98]; 3 — 1o e, Aanuue
aBTOpoB; 4 — BKJWYenun B aamase [104); 5 — xpommecrnit skaorur

2. B xkumGepiuTOBOM IleMeHTe COJIep:KaHHe rpaHara, XapaKkTepHOro
AN MOTEHUHAJbHO aJMa30HOCHOH rapu0ypruT-I1yHHTOBON IMOPOJL, C Bbl-
COKOH KOHLEHTpalHeii KHOPPHHTHTOBOTO MHHAJIA CYUIECTBEHHO BblILE, UeM
B KCEHOJIHTAX.

3. B kceHosutax TpyGKn «MHp» 3epHa rpaHara He JIOCTHTalOT pa3Me-
POB OpaHXEBBIX JKeJBAKOB 3TOr0 MHHepasa, OTHOCHTeJbHO 4acTo BCTpe-
Yaomuxca B KHMOepauTax (MakcHMajbHBIE pasMepbl MociaeiHuX 12 cM B
NoNnepeyHHKe).

4. I'panar 3 KceHONUTOB H KUMGepIHTOB TPYOKH Ne | 1o cpaBHeHHIO
¢ TpyOKoit «Mup» HMeeT GoJTee BBICOKYIO XPOMHCTOCTb CTATHCTHYECKH Cpell-
Heill npoGul (cM. Ta6a. 6). B kumGepauTtax Bhlle cojgep:kaHHe TrpaHaTa
YBapOBHUT-MUPONOBOrO COCTABa (3€/IeHOr0 H T'PA3HO-3€/1€HOro LBera), Xa-
PaKTEpPHOTO JUisl BEPJIMTOB, M IpaHata, XapaKTepHOro VIS JyHUT-rapil-
GyprutoB (MOTEHIMANBHO AJMA30HOCHEIX).

Jannbino-AnakuTckui  paiion. 3jech M3yueH MAHTHHHBLIH MartepHal
KHMOEp/IUTOB pasHoH NpoAyKTHBHOCTH. B Tpy6Gkax npeobsajaior KceHo-
JIHTEI TPAaHATOBBIX YJAbTPaGasHTOB, MpeACTaBJieHHble B OCHOBHOM Jepuo-
JINTAMH CYIIECTBEHHO OJHBHHOBOTO COCTABA C OTHOCHTENBLHO HH3KHM CO-
JlepzKaHueM rpaHata H KJIHHONMHpOKceHa. B GosbIUMHCTBE MPOLYKTHB-
HBIX TPYOOK paiioHa BLICOKA JOJISi KaTAKJa3HPOBAHHLIX Pa3HOBHAHOCTEH
9THX nopol (Tpy6ku «¥ paunasy, «daibHsasa», Ne 3, «CoiTbikaHckasny). He-
KJIOUeHHe cocTaBiser TpyGka «Ailixan», Tle KaTaKkia3HpoBaHHbIE YJbTpa-
GasuThl He o0HapyxeHbl. B Tpy6kax «Afixana» u «Y qaunas» (BOCTOUHOE Te-
710) HaiileHbl aJIMa30HOCHbIE FpaHaTOBble y/ibTpabGasuthl [98]. DxaoruTsr
H MHPOKCEHHTHI OTHOCHTEJBLHO PEIKH, 3@ HCKJIOUYeHHeM TPYOKH «¥ 1auHasn»,
rje ux Gosbme. [To coflepkanuio rpanata H HIbMEHHTa B KHMOEPJIHTOBOM
LeMeHTe Bbiessiercs JABe Ipynnsl TpyOoK: ¢ npeoGiajaHHeM HJIbMEHHTA
Ha/ rpaHartom («Y 1aunas», «<Komcomosbckasn» H «CpiTbIKaHCKas») H 06paTHLIM
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cooTHolWeHHeM 3THX MunepanoB (Ne 3 m «Aiixan»). B TpyGke «Aiixan»
KOJIHYECTBO WJIbMEHHTA ONpelessieTcss PeAKHMH 3HAKaMH, NPH NOBBILEH-
HOM COJIeP:KaHHH XPOMIUNHHE H/A.

I'panatel u3 KceHoauToB TPYOKH «Afixan» (cM. Taba. 6, puc. 10) xa-
PaKTepH3yIOTCs HCKIOUHTENLHO BHICOKHM cpelHHM colepxkanneM Cr,Og
(8,01 %). Cpenn npoananu3npoOBaHHBIX TPAHATOB H3 KCEHOJIHTOB yAbTpa-
6a3uTOB TOBKO ABa o6pasua (uan oxono 3 %) coxepmar menee 4 %
Cry03. Touku cocraBoB rpaHata Tpex o6pasioB H3 aJMa30HOCHBIX CEpIieH-
THHHTOB PacloJIOXHJHCh B MOJe aJMa3sHOH acColHalliH, a YeTBepToro —
B NPOMEXYTOUHOH YaCTH AHATPAMMBI MeXAY NOJNFMH aJMa3HOil accouHa-
IHH H JIepuoaHTOB. B moje asnmasHoli accolMainuu mnomaj rpanat M3
28 KCceHONHTOB rJIyGHHHBIX OO/, a B MPOMEKYTOUHOE moJe — H3 15 Kce-
HOJTHTOB, uToO coctaBasier 60 % npoananusHpoBaHHBIX 06pa3uos. Bee 3T
rpaHaThl HMeIoT BhicoKoe coflepranne Cr,Oy n nonuxkennoe CaO, 1. e. co-
JepKaT BLICOKHII MPOLEHT KHOPPHHTHTOBOIO Komnouenta. Bropas rpyn-
la TOYEK pacno/ioXKuiaach B moge JepuoantoB. OnHako, B OTJIHYHE OT Ta-
Koro rpaHara tpyGok «Mup» u Ne I, rpanar tpyGku «Afixan» umeer Hc-
KJIIOUHTENBHO BhicoKoe cojlep:kanne Cr,Oy npuH ymepeHHO!H KOHIEHTpaunH
CaO (4—7 %). Eue onHa 0coGEHHOCTb COCTABA IPaHAaTa M3 HOAYJEH VJbT-
paba3uToB Tpy6kH ¢Afixan» — HH3Koe coiepkanne FeO (x = 6,83 %, S =
=0,40) n TiO, (x = 0,02—0,28, § = 0,06). MmenHO HH3KOIT XKeJe3uCTO-
cTbio, o JaHHbIM H. B. CoGosea [104], xapakrepusyerca rpanat aimaso-
HOCHOH accolHanuH.

Pe3y/bTaTEl CONOCTABNEHUS COCTABA I'PaHATa M3 KCEHOJHTOB TyGHH-
HBIX Nopoj M KuMGepautoBoro lemeHrta J[lanabiHo-Anaxkutckoro paiiona
CBOAAITCA K CJelyioleMy.

1. I'panar H3 KCeHOJHTOB yJabTpabasHTOB B cpeineM Oosee BbICOKO-
XPOMHCTHIH, a ero JAoJs, NMPHXOAAMAACA HA rapuGypruT-1yHHTOBHE MO-
POJibl, CYIIECTBEHHO BHILIE, YEM Y TpaHaTa M3 KHMGEpPJAHTOBOTO LEMEHTa.
XapakTepHO TMOBBILEHHOE COJEPHEHHE KCEHOJNHTOB TrapubypruT-AyHu-
TOB (MOTEHLHAJbHO AJMAa30HOCHBIX) B [IPOAYKTHBHBIX TpyOKax. 1o Kosu-
YecTBY KCEHOJHTOB 3TOrO THNA TpyGKa «Aiixaj» He MMeeT aHaJoroB HH B
SIkyThu, Hu 3a pyGexom. B neii 6onee 60 % KceHOJIHTOB MO COCTAaBY rpa-
HaTa M XPOMILIHHENH1a OTHOCHTCA K rapudypruT-IyHHTOBBIM NOpOJaM
[113]. B 3r0ii Tpy6GKe Bnepsbie GbiiH HallJl€Hbl KCEHONHTbLI aJIMa30HOCHBIX
yapTpa6asutoB [98], BhicOKHe HX cofepxanns OTMeueHb B TPyOKe «Y aau-
Hasi». H. I1. [loxnnenko cofpan B Hell KOMJIEKIHIO aJMa3OHOCHBIX YJbT-
pa6a3utoB, HacuuThiBalomylo Goiee aByX AecsitkoB nopyaei [110]. das
cpaBHeHHsl YKaxeM, uto 1o 1985 r. Bo Becex Tpy6Gkax IOxuoii Adpuku 6bi-
JIO HaliieHo Bcero Juilb 16 HoayJeit rapubypruT-AyHHTOB H3 OFPOMHOIO
KOJIMYyecTBa (HECKONBLKO THICAU) J€TaJbHO H3YUYEHHBIX HOAYyJeH MHOTHX
Tpy6oK u naek. B caaGoanmasonocHuix KHMOepautax Tpyoku «Komco-
MOJBCKas» KOJHYECTBO KCEHOJNHTOB rapilypruT-1yHuToB cocranser 7 %,
UTO, K4K OKAa3a]0Ch, CYLIECTBEHHO BHIIIE, YeM JlaXKe B NPOMBILJIEHHO an-
Ma30HOCHBIX Tpy6Kax «Mup» 1 Ne 1 (2u 1 % coorBercTBenHO).

2. Kak u B kumbepaurax Mano6oTyo6HHCKOrO paiioHa, B KHMGepJn-
TOBOM IeMeHTe TpyGok JlanisiHo-ANakuTCKOro pafioHa CIEKTp cocTaBa
rpanara Gosnee mupokuil. Hanpumep, B Tpy6ke «Aiixan» NpakTHYecKH He
BCTPeYEeHB! KCEHOJHTB IM1YGHHHBIX NOPOJ ¢ HH3KOXPOMHCTHIM OpaHMKeBbIM
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rpaHaToM, TOrJla Kak B leMeHTe KHMGEepPIHTOB €ro KOJHMYeCTBO JOCTHra-
er 7,0 %.

Bepxnemyuckuit paiton. Pe3ko npeoGnajatoliue THIOBLI H pa3HOBHAHOC-
TH KCEHOJHTOB — BLICOKOMAarHe3Ha/JIbHbl€  CYUIECTBEHHO OJHBHHOBBIE
NOPOALI, COAEpPKALIHe PeJKHe 3epHa TPaHaTa H XPOMHTA; ellle pexe BCTpe-
HAOTCA KAHHO- U OPTONHPOKCEH, B €IMHHYHBIX HOAY/SIX OTMEUAeTCs HJlb-
mMeHHT. HesnauuresbHbiii 00beM BRIGOPOK COCTABJASAIOT KaTaKJa3zMpOBaH-
uele Jepuoautsl [123]. KceHomuTsl 3KI0MHTOB, MHPOKCEHHTOB H CJIOANTOB
peakH. B KuMOEpJHTOBOM leMeHTe coleprkaHHe HHAHKATOPHBIX MHHepa-
JIOB MOHIMKEHO, 32 HCKJIOUeHHeM TPyOKH «3HMHSAS», I1e YCTaHOBJEHbl Bbi-
COKHEe KoHueHTpauuu wuibMmenuta. B tpy6kax «HoBuuka», «/lerkasy,
«Komcomonbckasis, «3anonspHasi» HIbMEHHTA HCKJIOYHTENbHO MaJo. He-
60/1blI0e KOJIMUECTBO MHKPO30H/JO0BHIX AHA/JHM30B IPaHATA H3 KCEHOJIHTOB
¢ TpHBJIEYEHHEM MACCOBLIX 3aMEPOB 71 H @, N03BOJHJIO BCE JKe RbIAEJIHTb B
pailioHe 1Be rpyninsl TPyGOK, OT/IHYAIOIWHXCA OCOGEHHOCTAMH rpaHara:
1) Tpy6ku «3anonsipuast» u «llonckoBasty — cpeHsis XPOMHCTOCTb Tpa-
HATA WU COJEpPIKAHHE ero pPasHOBHIHOCTH, XapaKTepHOH Wis rapubyprur-
IYHUTOB, B KHMOEPJHTOBOM LieMeHTe BEILIE, YeM B KCEHOJNUTaX; 2) TpYyOKH
«HoBuuka», «KoMmcomosbckasin, «3HMHAS» — MOBBIILIEHHOE KOJHYECTBO
KCEHOJIHTOB TapubypruT-1yHHTOBOTO COCTARa; TPaHaT H3 KCEHOJHTOB IO
cpeiHeil XPOMHCTOCTH M JoJe, [puXxojsiledcs Ha rapubypruT-AyHHTHI,
NPEBOCXOJMT ACCOIMAIHIO 3TOrO MHHEpasna B KHMOEDJHTOBOM LEeMeHTe.

[To conepmxanuio TiO, B rpanarax BbljessieTcsl ABe TPYIIEl KCEHOJIH-
TOB y/abTpabasuToB: ¢ HH3KHUM (oT HysxeBblX 70 0,20 %) W NOBBILLIEHHEIM
(0,2—1,5 %). Bce rpanaTel 3 KCEHOJIMTOB rapiulypruT-1yHHTOBOrO CO-
CTaBa OTHOCATCS K HH3KOTHTAHHCTHIM. ['paHaThl ¢ MOBBIIEHHBIM COMIEPIKAHH -
em TiO, xapaxrepusylorcsi MHPOKHM AHanas’oHom cofiepkaHua CryOy
(0,95—9,51 %).

B kuMOep/iHTOBOM KOHILEHTPATE YCTAHOBJIEHBI JIBE TPYMINEI MerakpHc-
TOB: HH3KOXpomucrasi — opamxeBblit rpanar (Cr,05 = 0,60—1,7 %),
OPTONHPOKCEH, HJbLMEHHT, OJIHBHH; BBICOKOXPOMHCTAst — (DHOJIETOBO-
KpacHBIH rpaHaT co crajbHbiM orTeHKoM (Cr,0,; = 5,80—8,68 %; TiO, =
= 1,08—1,50 %), onmueun. B TpyGke «J/lerkasi» BrepBeie 0O0HApYKeH
METraKkpHCT 3€JIeHOr0 rpaHaTta YBAPOBHT-NHPOMNOBOIO COCTABA Pa3MepoM
IC MM B momepeuHHKe,

Orsnuurenbnas ocobEHHOCTb TPaHaTa Kak M3 KCEHOJIHTOB, TAK H H3
KUMOEpJIHTOBOrO  IieMeHTa — Hu3Kad  kesesncroctb  (6,80—8,36 %
FeO). ITo sromy npusHaky MHOrHe U3 HHX He OTHYAIOTCS OT BKJIOUEHHI
rpaHara B aqMase, HH3Kas JKeJIe3HCTOCTh KOTOPBIX — OJMH H3 Xapakrep-
HEHIIHX THIOMOP(HLEIX MpH3HAaKoB. Bo Bcex TpyOKax rpaHar U3 KOHLEHT-
pata OoJiee XKeJe3UCThIH, YeM M3 KCEeHOJHTOB.

Cesepuele kumbepJauToBble paionbl H noas. [lo conepikannio H cocTaBy
rayGuHHOro (MaHTHHHOrO) MarepHaja KHMOEpPJIHTH, pacroJioKeHHLIe ce-
Bepuee Bepxuemynckoro pafiona (Anadap-Osenexckass obaacth), cyle-
CTBEHHO OTJAHYAIOTC OT KHMGEpPJIUTOBLIX NOPOA LEHTPasbHbIX PailoOHOB.

Conepxanne KCEHOMIMTOB 1YGHHHBIX Nopoj 3jech uuskoe. Mexmoye-
Hue cocrasaswoT TpyOku «Caojsinkar 0 «O6Haxennasy». [locmennsas, oue-
BHJIHO, HanGosee Goratas kceHonntamu B dxyrin. Ouenb peskH HIH BOOD-
e He BCTpPeueHbl KCEHONHTHl Haubosee ryyOMHHBIX (palHi: aJaMas-NHpO-
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Puc. 11. Oco6ennocTd COCTaBa rpaHaTa M3 KCEHOJWTOB TIyGHHHEIX ~mopoa (a)
H KHMGepaHTOBOrO KoHUeHTpata (0) B TpyOke «OGnamenunas», no - H. B. Cobo-
JeBy: .

I’ — nepuosuThl; 2 — rpaHaTHSHPOBAHHLIE WNHHEJEBHE JePULOJNHTH; 3 = WibMeHHTOBLIE
yaAbTpaGasuTh; 4 — MHPOKCEHHTH H SKAOTHTH

NnoBoil W KoacuToBOH. B TO ke BpeMsi HAJWILO MOBBILIEHHOE KOJHUECTBO
KCEHOJIHTOB, OTHOCAIIMXCA K INNHHENb-NHPONOBOH H IINMHHENb-NHpPOKCe-
HOBO# daunaM. OHH NpeLcTaBJIeHs IINMHHEeBLIMH H GeclIMHHeNeBbMH J1ep-
LOJIHTAMH, NHPOKCEHHTAMH HEpEeLKO CJIOLHCTHIMH, HJIbMEHHT-IPaHaTOBbI-
MH M HJIbMEHHTOBBIMM yabTpabGasntamu (puc. 11).

ConepxkaHHe HHIHKATOPHEIX MHHEPaJOB KHMOEpPJHTOB MOHHMKEHO, 3a
HckJoueHueM Tpy6ok «OGHaxkennas», «Cmoasanka» U «Pyciosas». B 6oab-
LIHHCTBE CJyuYaeB HJAbMEHHT npeobaajaer Haj rpaHatoM. Bnicokoxpuomuc-
TBIX PA3HOBHIHOCTEH rpaHara MaJjo, OTHOCSIHeCs K ajMa3HOH accolHa-
LMK MHHEpAJOB H3 rapu6ypruT-I1yHHTOB PelKH Win HX Her BooOme. Cpex-
HASl XPOMHCTOCTb TpaHara HHzKe, 4eM B KHMOepJIHTax  ILeHTpaJ/bHBIX
paiioxos [124]. ,

B kcenonuTtax rnyGMHHBIX NOpPOA H3 H3yuyeHHHIX TpyOok Kypanaxcko-
ro u JlyuakaHckoro nosieii cpenHsis XpOMHCTOCTb TpaHaTa CYHIECTBEHHO
BBilLIe, YeM B KuMOepautoBoM LemeHnTte. B Tpy6kax «OGHamennas», «Cio-
AsiHafA» H HeKOTOphIX Apyrux Hikneosenekckoro paiona cpeasas Xpo-
MMCTOCTb FpaHaTa M OCOOEHHOCTH pacnpefie/ieHHs 3epeH no rpynnam (c
onpezneneHunM conep:kanueM CryO;) npHMEpPHO OLHHAKOBHIE.

B kumGepsntoBbix Tenax MOmuoit AQpuKH rpaHaTbl U3 KCEHOJIHTOB i
KHMOepJIHTOBOTO LleMEHTa B CpPeJHeM HH3KoXpomucTble. I'panathl M3 Kce-
HOMIUTOB TapufypruT-1yHATOBOTO COCTaBa peIKH; B KHMOepJIHTOBOM
LEMEHTE SKCIIYATHPYIOUNXCA TPYOOK HX KOJHUECTBO KoJjebaercsa ot Jecsi-
TBIX A0JI€i1 10 1epBLIX TPOLeHTOB, B GO/IBIIMHCTBE APYTHX TE1 OHH €JIMHHY-
Hbl MM He BerpedeHbl. FOxHoadpukanckue KHMOepauTH obelHeHbl rpa-
HataMi H3 BepauToB. Mckmiouenne — Tpy6ka «Hblonsna», rae X kosau-
gecTBO Belquko. OuHi TakKe oGHapy:eHnl B TpyOke «Kao». Kak yxe
YKasblBaloch, KOJHYECTBO HAXOLOK KCEHOJHTOB rapubypruT-LyHHTOBOTO
cocTaBa B appukaHCKHX TpyOKax He NpPEBBICHIO JIBYX JECATKOB.

M3 npuBesennoro conocraBieHHs rpaHaTa U3 KCEHOJIHTOB TJ1yGHHHBIX
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nopoj H KAMOEpJIHTOBOrO LileMeHTa BRITEKaer, Mo KpaiiHeil Mepe, 1Ba cJel-
CTBUS PETHOHAJNBHOTO [1aHa.

1. B HanpaBieHuH OT LEHTPAJbHBIX KHMOEPJHTOBBIX paioHOB SIKyT-
CKOfl MPOBHHLHH K CEBEpPHBLIM CHHIKAeTCS COJepiKaHHe MaHTHHHOro mare-
pHasa ¢ NMpH3HAKamM# ero o0pa3oBaHHs B BBICOKOOAPHYECKHX YC/JIOBHAX:

a) B CeBepHLIX pafOHAX Pe3KO CHHIKAIOTCA COJEepIKAaHHA IpaHaTa M3
a/JIMa3’OHOCHBIX JAYHHT-rapulyprurtos; 6) cHuxaercs ero ofllas XpOMHC-
TOCTh.

Ecan yuecTsb, uto KHMGEPJIHTH CeBepPHLIX PaifOHOB OT/IHYAIOTCA OT aHa-
JIOTHYHBIX TOPOA OXHBIX PaHOHOB H MHOTHMH APYTHMH 0COOEHHOCTAMH
(cM. ra. 1), To ycranoB/aeHHblE pa3/iHuHs B cocTaBe ITyGHHHOTO MarepHa-
na eme Gosee penbedHO MOAYEPKHBAIOT reTePOreHHOCTh KHMOEpJIHTOB H
SIBJASIOTCA JIONMOJHHTENLHEIM JI0Ka3aTeqbcTBOM 000CHOBAHHOCTH pasjiele-
HusA SAKyTCKOil NMpOBHHUMHM Ha aBe obiactd: Bumoiickyio u AnaGap-Oue-
Hekckyiwo [124]. Stu pasnuuus, no Bcell BepOATHOCTH, BHI3BAHLI HEOAHHaA-
KOBBIMH TE€PMOAHHAMHYECKHMH YCJAOBHAMH (OPMHPOBaHHA KHMOGepJHTO-
BHIX PacnJaBoB B JIAHHLIX oBaacTsix. IDKCNepHMEHTaJbHOE H3yuyeHHe
TEPMOJHHAMHUECKOH YCTOHUHBOCTH TPAHATA C NOBHILIEHHBIM COAEPXKAHHEM
KHOPDHHTHTOBOTO KOMMOHEHTa (rpaHaT M3 aJMasOHOCHBIX Tapuéyprut-
JYHHTOB) NOKa3aJo0, YTO MocjaejHHe MOryT 06pasoBaThCsl JIHIb B YCJOBH-
X 0co60 BeicOKHX AaBiaenuil. 1o nanueiv M. 0. ManunoBckoro ¢ coas-
topamu [61], nmpu P =5,0-10°TTa u T = 1200 °C B nupon MoxeT
BXOAHTb 10 25 % KHOpPPHHTHTOBOrO KOMNOHeHTa. PaBHoBecHe BbiCOK0Ga-
pH‘lECKOﬁ accouMalHH MHHEpasOB B ajJMascoAepikallHX Mnopoaax NOCTH-
raerca npu T = 1200 “Cu P = 7,5 - 10° [1a. MHorue aBropel cunraior,
YTO JaBJeHHEe ONpejesieTcst JUTOCTATHYEeCKOH Harpysko#, T. e. B ycJo-
BHAX 36MHOH KOpH OHO OTOMIecTBjasercsi ¢ ray6uHoil. CHHXKeHHe conep-
JKaHHA BBICOKOOapHUECKOr0 MaHTHHHOIO MaTepHaia OT LeHTPaJbHLIX pai-
OHOB K CEBEPHBIM — HECOMHEHHOe JI0Ka3aTeNbCTBO YMEHbILEHHs JaBjeHHst
npu obpa3oBaHHH TyOHHHOTO MarepHana B KHMOGEpaHTaX CeBEpHBIX TPY-
60K, UTO SBJAETCH CJIEJCTBHEM YMEHBLIUEHHs B 3TOM HANPABJEHHH riyGH-
Hbl reHepalHi KuMGepauToBOro pacniapa. [lonyueHHEIE pe3y/bTaTsl CBH-
JAeTeJIbCTBYIOT O HU3KOH NepCneKTHBHOCTH CEBEPHLIX aJIMA30HOCHbBIX paﬁ-
OHOB, H OTKPBITHAl NPOMBIIJIEHHBIX KOHLEHTpaUuii anMasza B KHMOepaHTax
3/lech BPSil JIH BO3MOMKHBL

I[lo CpaBHEHHIO C aJAMasOoHOCHLIMH KHMﬁEpJIHTEIMH LHEHTPANTBHEIX p?ﬁ-
oHOB SIkyTHH, B KHMOepauTax Okno# ADpPHKH CONEPKHTCA MEHbILe HAH-
6osee rayGHHHOrO BEIECTBA MAaHTHH, C(POPMHPOBAHHOTO B YCJOBHAX paB-
HOBECHA C a/iMasoM, T. €. 3TH OPOAHl c/1elyeT OTHCCHTL K MeHee I‘leﬁl'IH-
HbIM 00pa3oBaHHsIM MAHTHH.

2. Cocrashl HHAHKATOPHBIX MWUHEpPaJoB H3 KHMﬁepJ‘IHTOBOl"O LLIeMeHTa,
Kak npaBuio, Gonee pa3nooOpasHhl, 4eM U3 KCeHoJHTOB. Eciu npHiepxKu-
BATbCs KCEHOTeHHOH THIIOTe3kbl [MPOHCXOXKJAEHHA HHIHKATOPHBIX MHHeEpa-
JIOB, KOTOpas, Kak HaMm npejcrasasercs, Haubosee ofocHOBaHA (pakTHue-
CKHM MaTepHaJ/oM, TO TaKylo Hec(allaHCHPOBaHHOCTb COCTABA H COJlep:Ka-
HHA MOXKHO 00BACHHTD TéM, 4YTO Marma H36Hp3'f&nbﬂ0 3axBaTelBajsia H
BBIHOCH/1A HA NOBEPXHOCTh B BHJE KCEHOJHTOB NpPOPBAHHBIE MOPOJK! E€pPX-
Heil MaHTHH. HEKOTOphIe HX THIbI H PAsHOBHAHOCTH MNOJABEPrajauch CHJb=
HOil JIe3HHTErpaLlHH NMPH B3JaMbIBaHHH W TPaHCNOPTHPOBKE BBepX. OT HHX
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COXpaHHIHCh Haubosee yCTOHYHBEIE (PparMeHTEI, NpeicTaBaeHHbie THG0 HH-
JIMBHAYaNbHBIMH 3€DHAMH OTAE/]bHLIX MHHEpaJoB, JHOO MHKPOKCEHOTH-
TaMH B BH/Ie CPOCTKOB /IBYX-TpeX MHHepaJioB (0GbIMHO rpaHaTa, XpOMLLIH-
Helnja, HIbMEHHTa H KJIHHONHPOKCeHa).

Y CTaHOBJEHHBIE 3aKOHOMEPHOCTH [03BOJAIOT 6oaee HaJIe2KHO [1POBO-
INTb THIM3ALHIO KHMGEPJHTOBLIX TeJ, OPHEHTHPOBATh NOWCKOBHIE pado-
Tl Ha HauboJee NEpCHeKTHBHBbIE AJIMa30HOCHblE PaiOHbI, OCYLLIECTBJAATDH
MHHEpAaJOrHUecKoe KapTHPOBaHHE aJlMa30HOCHBIX TEPPHTOPH.

HUNBMEHMT

HMnpmeHHT (MHKPOHAbMEHHT) — XapaKTepHbld M caMblil pacnpocTpaHeH-
Hbli TIyOHHHBIA MuHepas KUMGepJHTOB 10C/€e OJHBHHA, a4 B HEKOTOPbIX
TpyOKax H JAaiikax — mnocae (uioronurta. 310 ONpeAenH/o NOBbILEHHbIH
HHTEepeC K HJbMEHHTY C TOUKH 3DEHHA [eTPOreHeTHYeCKHX MOCTPOeHHH W
TIIOHCKOB KHMOEPJIHTOBLIX Tesl. MIbMEHHT TaKKe CONepIKHUTCS B KCEHOMHTAX
rAyOHHHBIX TIOPOA, BCTPEYEHHBIX B HEKOTOPBIX TpyOKax HAKyTHH H Apy-
IHX perdoHoB. B kumOep/uTax oH HaXoAuTcs B GOpMe OKPYIJIbIX, OBa/b-
HBIX, JIENENTKOBHHBIX, HEMPABH/IbHBIX BblJle/IeHHi pa3MepoM OT COTHIX 10-
neit munanmerpa 1o 15 ecM. B ocHoBHoli Macce kuMGepsiuTa BCTpeuarores
uanomopdHble 3epHa HabMenuTa pasmepom 0,04—0,15 mm [19]. [1pu apo6-
JIEHHH KPYNHBIX KeIBaKoB oOpasyloTcsi MesKHe yrjoBaTble 3epHa. Csoe-
ofpasHble HAHOMOP(hHLIE 3epHAa MHKPOH.JIbMEeHHTa OGHapyiKeHbl B allo-
BHH HEKOTOPLIX peK ceBepa SIKyTCKoH KHMOEpIHTOBOH IPOBHHIHH, HHOrLA
ero cojiepxanne jJocturaer 50 % Bcero HabMeHHTa B uuIHXe. B KuM-
Gepaurtax TpyOku «3uMHss» (BepxHeMyHCKHI palioH) B GO/bIIOM KOMH-
YyecTBE BCTPeYAloTCs XKeJBaKH HJbMeHHTa pasmepoM orT 2—4 MM Jo 3—
4 cM ¢ MpeKpacHOl OTAETbHOCTBIO MO MHHAKOMAY, OOBIYHO COOTBETCTBYIO-
uieil CTPYKTypaM pacnaja TBepAOro pacTBopa (/iaMessiH XpOMLUMHHeIHAa
B HabMeHHTe). MHOrZa HaMeuaercs TeHJEHIHA K pacKajblBaHMIO HapaJ-
JIesIbHO TpoHHO#H ocH. KpynHble xeneaku (Gonee 1 cM) 0ObIYHO MOJHKpPHC-
TaJJIHYeCKHe H HepaBHOMEpPHO3epPHUCThIe, ONHH-ABA KPYIHHIX MOHOKpHC-
TaJbHBIX GJIOKa MOT'YT ObITh OKpYMKEHbl MEJKO3epHHCTOH Maccod, HHoria
3TO CPOCTKH HECKOJBKHX KPYNHbIX G/10KOB. Kpome Toro, cpenm xejiBakos
MeHblle | cM BCTpeualoTcsi paBHOMEPHO3ePHHCTHIE, B 3TOM CJyyae pasMep
3epeH, Kak npasujo, medee 0,5 mm. PaBHOMepHO3epHHCTBIE XOpOLIO pa3-
BHTBI€ arperathl JOCTATOUHO pelKHe. B 9TOM OTHOLIEHHH BbIAEISETCA
TpyOKa «¥Y panbcKasi», B KOTOPOH arperatHuiil MHKPOHJLMEHHT AOCTHTaeT
40 %, OH MpeMMYIECTBEHHO PaBHOMEPHO3EPHHCTHI C COBEPLIEHHEIM pH-
CYHKOM.

XapaktepHas 0COGEHHOCTb H/bMEHHTa H3 KHMOEpPJHTOB — upe3Bhl-
YaiHO BbicOKaa JeeKTHOCTh CTPYKTYpHL. [loil MHKpOCcKOnoMm OHa nposB-
JISIeTCS B BOJHHCTOM [OTacaHHH B MOJSAPH30OBAHHOM CBETe; Ha Jlaysrpam-
Max — B CHJLHOM acrepusMe peduekcoB. Acrepusm ped/ieKCOB NPHCYIL,
HE TOJIbKO OBaJbHBIM JKe/BaKaM, HO H HAHOMOP(HLIM 3epHaM MHKPOHJb-
meHuTa. C nedopMalHsMH CBA3aHO NOJHCHHTETHYECKOe JBOHHHKOBaHHE.
Jlaysrpammbl 06pasioB MOHOKPHCTAaJbHOTO MHKPOH/JBMEHHTA [0OKAa3bi-
BAIOT BBICOKYIO JMCJIOLHPOBAHHOCTb KPHCTAJIHYECKOH pELIeTKH, B TO Xe
BpeMs OTA€/]bHble 3epHa H3 arperatoB BHIAB/AIOT BLICOKOE KauecTBO
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CTPYKTYpHl. B HexoTopelx ofpa3uax pasHble yuacTKH 00JafaiorT pasHoit
CTENEHbIO COBEPIUEHCTBA PELIeTKH: OT CHJIBHO JHCJIOLHPOBAHHON MOHO-
KpHCTabHOM J10 GoJiee coBepIUeHHOM, Y OTAe/NbHBIX 3epeH arperaTHoil [4].

Jlo HelaBHEro BpeMeHH CUHTAJNOCh, YTO MHKPOHJBMEHHT H3 KHMGEpJIH-
TOB romoreneH. Tak, B pa6orte [44] 3epHa co cTpyKTypamu pacnana co-
craBnsiiorT Menee | % . Manoe KoaMuecTBO TaKHX 3epeH CBA3LIBANOCH C 3a-
KaJsKoil NpH noabeMe W 3aCThiBAHHH KHMOEPJIHTOBOrO pacnaaBa. Mexuy
TeM N0 JaHHBIM HCC/EI0BAHHI TOYHBIMH MeTOlaMH (MHKpOaHa/aH3aTop, cKa-
HHPYIOWAA M MPOCBEYHBAIOLASA 3JEKTPOHHAA MHKPOCKONHA, IH(paKTo-
METpHA B WHPOKOM AHaNa3oHEe JUIHH BOJH) 3Ta UH(ppa 3HAYHTENBHO BHILIE,
B paGore [14] ykaspiBaercsi, uto u3 50 H3yueHHHIX 06pa3LOB MHKDPOHJb-
MeHHTa u3 pasusix kKumOepauToBelx Tea 30 (t. e. 60 %) okasanuch rerepo-
reHHbiMi. B KauecTBe MHKPOBK/IOYEHHH OTMeYeHBl TeMaTHT, THTaHO-
marnetHt. A. M. llennHeM B KelBaKaX MHKPOHJIbMEHHTa H3 TPYGOKH
«3UMHAA» 0GHAD Y2KeHbl BK/IIOYEHHsI XPOMOBO#l Y/bBOUINHHENH, 06pa3oBas-
LiMecs, MO-BHIAMMOMY, B pe3yJbTaTe pacnaja TBepioro pacrsopa [136].

H3yueHHe oTZe/bHBIX 3epeH, CJaraloUMX arperatHble MKeaBaKH, Mo-
KasaJjio, 4T0 OHH OhOPMJIEHB BOJHHCTHIMH, pexe MJOCKHMH, BOIHYTHIMH
HJIH BBITYKJIBIMH NOBEPXHOCTSAIMH C OCTPHIMH peGpamMH H BeplHHAMH. [lo-
BEPXHOCTb 3epeH MaroBafi. KosaHuecTBo «rpaHeii» Ha OILHOM 3epHe Koael-
Jetcest ot 7 no 18, B cpeanem 13,3 (no 60 3epuam). Hukakoit cBs3u «rpa-
Heli» ¢ KpHcrassiorpadHyecKHMH HanpasBieHHsaMH He oOHapymeno. Bxo-
JAWKX YrJI0B HeT. BKiloueHHs APYrHX MHHepaJoB He 3aHKCHPOBAHBL.
B npenenax onsoro xenBaka pa3Mepsl 3epeH KoJeGJMIOTCH HE3HAUUTEbHO!
OTMEYeHa HeKOTOpas TeHIEeHLUHA K yMeHblUeHHIO X K nepudepun. Kpyn-
Hbl€ JKe/BaKH arperaTHOro MHKPOHJbMeHHTa H3 TpyOku «Homyp» uMmeior
HHoe cTpoeHHe. Ha doHe MOHOKpHCTANBbHON MATPHILI BHIAEJAAIOTCA OT-
JleJIbHbIE YYaCTKH, 30HBl TOHKOArperaTHOTO CTPOEHHH, B Mpelenax KoTo-
PBIX 3epHa MMeIOT NPHYYLJIHBBIE KOHTYpLI, pasHblii pa3mep, TPeLlHHOBA-
Thl. B HekoTOpeIX o0fpa3nax oTMeyaercsi HeOOMbIIOE YHCAO KPYIHBIX
CYUIECTBEHHO PA30PHEHTHPOBAHHBIX OTHOCHTENBHO MATpPHILI GJOKOB NpH-
4y TUBOH (OPMBI.

HanGo/see coBepiieHHOe CTPOEHHE KPHCTAJNJIHYECKOH PelleTKH Xapak-
TEpHO VIS 3ePeH H3 PaBHOMEPHO3ePHHCTHIX arperaTtoB ¢ NPOCTOH reoMer-
pHeil Mex3epHOBLIX rpanHil. CreneHb COBEpILEHCTBA PEIIETKH MOHHMKAeT-
Csl Y Pa3HO3EPHHCTBIX arperaToB €O CJAOXKHLIMH KOHTYPaMH MeX3epHOBBIX
TPAHUIL, a Y MOHOKDHCTAaJbHBIX JKeJNBAKOB JIeheKTHOCTb CTPYKTYpPhl BHAHA
Makpockonuueckd. [lns 3epeH paBHOMEPHO3EDHHUCTBIX arperaTtoB Xapak-
TEpHa BBICOKAA [OMOI€HHOCTD.

AHanus NaHHbIX, NONYYEHHBIX MO JHTEPATYPHLIM HCTOUHHKAaM, MO3BO-
JfeT CBA3LIBATb MPOHCXOXKJEHHE arperatoB MUKPOHJILMEHHTA C MpoLec-
CaMH peKpHCTa/JIH3alHH 1epOPMHPOBAHHBIX KeJIBAKOB NHKPOHJIbMEHHTA.

XuMHUeCKH# COCTaB MOHOKDHCTA/MLHBIX H arperaTHbiX oOpasloB MHK-
pounbmennTa Hayuen cnaGo. Ha npumepe sTHX IBYX MOp(hOJOrHUECKHX
THIOB 3epeH HJIbMEHHTa H3 TPYOKH Ne 1 ycTaHOBIEHO CHHKeHHe Kouiue-
CTBa XpOMa H TPEXBajJeHTHOTO eje3a H MOBBILIeHHe JBYXBaJeHTHOro
JKenesa U Mariusi B arpPeraTHeIX NHKPOHJIBMEHHTaX MO CPABHEHHIO ¢ MO-
HokpucTanbubiMu. [IInpoxoe passuTHe NH(XpY3HOHHBIX [POLECCOB MNpH
PEKpHCTANNN3aUHH NPHBOAHT K TOMY, YTO HECTEXHOMETPHYECKHe NpHMe-
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Ta6auua 7. Xumuueckuil COCTaB WibMEHHTA H3 KuMGepanToBBIX Ten, %

TiO,
KonnuecTBo
TpyGka aHAJIH30B s s e o
Bumoticran
«Mup» 155 45,03 4,32 33,0 54,tri
lientpanbhas Aaika &b 47,2 2,76 3?,; gg,g
CepepHas Jaiika 83 46,1 3,54 31, ;
Ne 1 86 46,8 4,1 30,5 51,8
Ne 3 152 48,6 2,23 o i %
«O3epHan» 175 50,5 1,43 - —
Anabap-0aeHeKkckan
85 45,38 2.32 39,7 51,07
:}ﬂﬂgziggfb» 51 46,29 Z:2l 40,4 52,64

IMpusesanun: x — cpefHee snauense; S — CTAHAAPTHOE OTKJOHEHIE.

CH M MEXaHWYeCKHe BKJIOUEHHS! MOTYT «cOpachiBaThes» HA TpaHHlax, TeM
CaMBIM OUMIA$ 3epHA M OCBOOOXKJAs HX OT H3OBITOUHOH SHEPTHH.
W/IbMEHHT B KCEHOJHTAX IJIYGHHHBIX MOPOJ] 0GbIUHO 00pa3yer KCeHo-
MopdHbIe 3epHa pasMepoM OT nosell MHIHMETpa 1o 3—5 ¢M B nonepeu-
HHKe. PacnpocTpaHeHbl H30MeTpHUHLIE, PEIKO OBAJbHbIE 3€pHA, a TAKKE
CKOTJ/IeHHs MenKHX 3epeH. OpHruHanbiHa MOPQOJIOTHS 3€peH HIbMEHHTA
B CHMIJIEKTHTOBBIX CPOCTKAaX C KJIHHOINHPOKCEHOM, PeAKO OpTOMHpOKCE-
HoM uau rpasatoM. On ofpasyer yAJHHEHHBIE Jlamesinenofo6Hble BeILee-
HUSI, KOTOPble C TOPLOB HMEIT TPEYTolbHYIO (hopMy. IloBHiIIEHHBIE KO-
JIHYECTBA CHMILIEKTHTOBBIX CPOCTKOB HJIbMEHHMTA C KJIHHONMHMPOKCEHOM OT-
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Puc. 12. Oco6enHOCTH cOCTaBa HALMEHHTa H3 Koulentpata KumGepantos Lles-
TpanbHOl 0TpyGounOl RailKit
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"T Cry0y | MgO
‘ x § O l o ’ x ’ S Or To
obaacme
0,67 0,86 0,00 4,3 7,04 1,98 3,0 12,9
1,32 1,75 0,03 5,21 8,48 1,34 4,69 11,0
1,81 2,07 0,04 8,09 8,36 1,66 2,04 12,0
0,36 1,0 0,1 4.9 8,50 1,70 3,10 11,56
2.32 2,96 — —- 10,2 2,87 — —
1,54 1,30 — — 10,1 237 — —
obaacn &
0,30 0,32 0,04 1,63 6,51 1,29 4,29 10,62
0,54 0,22 0,12 2,79 5,89 2.21 3,20 . 10,36

meuatorcst B Tpyb6kax «Mup» n «CoiThiKaHcKas». B KartakjgasupoBaHHBIX
yabTpabasuTax M3 TPYOKH «¥YauHasi» 3epHa MJIbMEHHTA HMEIOT OKPYTJIYIO
topmy, 06pas3yioT BKJIOYEHHS B KCEHOMOP(HLIX BBIJEJIEHHSIX TpaHara.

Xumugecknii coctaB. CocTaB WIbMEHHTAa H3 KHMOEPJHTOB M KCEHO-
JIMTOB TJTYOHHHBLIX NOpPOJ H3Yualicsi MHOTMMM Hccaenosatensamu [29, 35,
44, 87]. ¥craHoBJeHO, 4TO B KHMOEDJHTOBOM LEMEHTe OH Upe3BhIYaiHO
pasHoobpa3seH, ocoOEHHO IIHPOKH KoaebaHHs CONEpKaHHSA TeHKHIHTOBO-
TO M TEMATHTOBOTO KOMIOHEHTOB. X HMHUECKHH COCTaB MpPEACTABHTEIbHBIX
npo6 HIbMEHHTAa M3 KHMOEPJHTOBBHIX TPYOOK H pOCCHINEH HCoJb3yercs
J1S1 THOM3ALHKH OPEoJOB U NMDOTHO3HPOBAHHS KOPEHHBIX HCTOUHHKOB 3TO-
ro MMHepana. Hamu npoaHaqH3HpDOBaHBI CTATHCTHUECKH MpeICTABHTE/b-
Hble Tpo0bl HAbMEHHTa M3 TPYyOKH «Mup» W CONpOBOXKIAOIIHX ee [aek,
HeKoTOpBIX TpYGOK JanabiHo-AnakHTcKoro pajiona H elMHHYHLIX Tes Ana-
6ap-OsreHekcKoll KUMOepIHTOBOH o6aacTH (taba. 7). M3yuascs taxxe Hilb-
MEHHT H3 KCEHOJIHTOB N1yOHHHBIX MOPO HEKOTOPHIX KHMOEPJIHTOBLIX TPY-
6ok SIxkytun u Adpukn. BeGopkn storo MuHepana u3 aaex, LlentpanbHoii
n CesepHOH, 3ajeramomux OKono TPyOkH «MHp», OTHOCHTEIBHO HeHOJ/b-
uige, MO3TOMY MOJVYeHHBIE NaHHBIE 00 OCOOEHHOCTSIX ero cocraBa 37ech
MOXHO CUMTATh NpeIBapHTebHBIMH. TPYAHOCTH ¢ HAGOpOM HEOOXOAHMOTO
KOJIMYECTBA 3epeH HJIbMEHHTa H3 JaeK CBA3aHEl C €ro HHTEHCHBHOMH Cy/b-
¢uansauned. PesyabraThl aHANH30B HaHeceHHl Ha pHc. 12—14. Kpome co-
CTABA UJILMEHHTA YCPEIHEHHOI Mpolbl H3 KUMGEepIHTOBOIO lLieMeHTa Tpyo-
Ki «Mup», Ha AMarpaMMbl HaHECEHBl TOUKH COCTaBOB 3TOTO MHHepaja H3
KCEHOJHTOB TJIYGHHHBIX MOPOJ H 3epeH, o6pasyIolHX BKJIKYEHHS B ODaH-
JKEBOM TpaHare.

Kax BujHo u3 puc. 14, uabMeHuT U3 KUMOEPJIUTOB TPYOKH «Mup» xa-
pakTepusyercs IWHPOKHMH BapuauusMu cofep:kanus MgO, Fe,O,, TiO,
u Cr,0,. 3uHauuTeNbHAdA 4acTh 3epeH H/bMeHHTA coiepxuT Gonee 20 %
reMaTHTOBOTO KOMIIOHEHTa H OTHOCHTCS K (peppHMAarHUTHOH Pa3HOBHIHO-
cri. Ofpamaer Ha cebs BHUMaHMe Hajuuue Ha jauarpamme MgO — TiO,
HECKOIbKHX 000COG/EHHLIX PPYNN TOYeK HJbMeHHTa H3 KHMOEpJHTOBOro
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Puc. 14. OcoGenHOCTH COCTaBa HJIbMeH:TA H3 KOHIEHTPaTa KHMGep/aHToB TpyG-
KH «Mup».

KOHUeHTpata. HauGoabmee WX KonnuyecTso nonajaer B HHTepBan 47—
51 % TiO, u 8—11 % MgO. ®eppUMarHUTHLIH HJIBMEHHT OTHOCHTCA K
rpynnam: 41—44 % TiO, u 5,5—6,7 % Mg0O; 37—41 % TiO, u 4—
5 % MgO; 31—35 % TiO, u 3,2—4,0 % MgO.

Marunthbiii ((peppUMAarHUTHBI) MABMEHHT Obll OOHAPYMKEH eule Ha
nepBoM 3rane u3yuenns kuMmGepautoB TpyGKH «Mup» [21], a zeranbHo ne-
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cnenosan B cepennne 1980-x rr. [29]. Kpome IHCKpeTHEIX 3epeH W3 KHM-
6epJHTOBOTO lleMeHTa, ()eppHMATHHTHEIH HJIbMEHMT HaflleH HaMH B BHJe
BKJIIOUGHHH B JK€/BauKaX OpaHxkKeBoro rpaHara TpyokH «Mup» u HeKoTo-
pbiX Apyrux Tpy6ok MamnoGoryobHHckore paiiona. Cienyer noauepKHyTb,
YTO JKEJIBAUYKH IpaHaTa ¢ BKJIOYEHHSMH ()epPHMarHHTHOTO HJIBMEHHTA 06-
HapyKeHel TONbKO B KuMOepanTax ManoGoryobuuckoro pationa («Mup»,
Ne 1, um. XXIII cvespa KIICC, «[launas», «Taexuas»). B penkux cay-
yasx BMeCTe ¢ MJbMEHHTOM B I'DaHaTe BCTPEualoTCs 3epHa KJIHHONHPOK-
cena [124]. I'panar, B KoTOpOM 0GHapYy»KeHbl BKAIOYEHHA HIbMEHHTA, Xa-
pakTepusyercsi NOBBIUEHHEIM cofepxkanuem Cr,0; (0,96—4,15 %),
CaO (5,63—9,58) u FeO (10,14—14,74 %) u, no KaaccupHKAUHH
H. B. Co6onesa [104], otHocuTess ¥ Bepautam. Ha muarpamme MgO —
TiO, ToukH cocTaBa BKJIOUEHHH (eppHMAarHHTHOTO HJAbMEHHTa 06pa3syioT
CaMOCTOATE/bHOE 110J1€, HeCKOJBLKO CABHHYTOE B CTOPOHY MOBBIILEHHS CO-
nepxannsg MgO no cpaBHEHHIO ¢ TPEHJOM TO4eK (heppHMATHHTHOTO HJlb-
MEHHTa H3 KOHIeHTpata KHMGepauTOB. PeppHMAarHHTHBIH HJIBMEHHT 00-
HApYXeH [MpaKTHUeCKH ToOJAbKO B KuMmbepautax Mano6oryo6uHcKoro
paHoHa, B ApYrHX pafioHax oH JHOO He BCTpeueH BOBCe, JIHGO ero cojep-
JKaHue GoJlee yeM Ha MOPSALOK HHxKe. ITa PA3HOBHIHOCTH HJIBMEHHTA MOKa
He H3BeCTHA B KCEHOJHTAX IMYOHHHBIX MOpoj HH TPYOKH «Mup», Hu 1py-
THX KHMOEpPJHTOBHIX Tes. BoO/JbIIMHCTBO 3epeH W3 KOHIEHTpata TpyOKH
«Mup» npuHaAIERHT K HU3KOXPOMHCTO# pasHoBuaHocTH (Cry0; << 0,4 %),
4TO OT/IHYAeT HJIbMEHHT JaHHOH TPYOKM OT usibMenuta Tpybok JlanasiHo-
Anakutckoro pafiona [87]. Takum oGpasom, Bompoc 06 HCTOUHHKE (ep-
PHMaTHHTHOTO HJIbMEHHTA H3 KHMOGEpJHTOB TPYOKH «MHp» H ADYTHX TPY-
60k Mano6GoTyoGHHCKOTO paiioHa MOKa OCTaeTcs OTKPBITHIM. BK/IOUeHHA
9TOr0 MHHepaJja B rpaHaTte MOr'yT GbiTh HCTOYHHKOM TOJBKO YacTH ero se-
peH (uMMelolHX HeGOJblLIHE pa3Mephl) B KHMGepJHTOBbIX nopoaax. Haxe
NpH MajloM KOJHYeCTBE NpPOAaHaJH3HPOBAaHHHIX 3epeH HJbMEHHTAa M3 Jaii-
KOBHIX TeJl pPas/Huisl Mex1y Pa3sHOBHIHOCTAMH 3TOTO MHHepaJja B JaiKax
H Tpy6Kax BecbMa 3aMeTHbI. Tak, B JIAHKOBBHIX TeJaX MOBBLIIEHO COLepra-
HHe BBICOKOXPOMHCTOH pa3HOBHJHOCTH HJIBMEHHMT4, KOTopas, B OTJHUHE
OT XPOMHCTOl, XapaKkTepHOH AnA TPYOOK, HMeeT BhICOKHE KOHLEHTpaLHH
TiO, 1 MgO, T. e. He oTHOCHTCA K (heppumMarHuTHOMY THny. Ha auarpam-
Me MgO — Cr,0; TOuKH XpOMHCTOrO HJbMEHHTa M3 KOHLeHTpara TpyOKH
«Mup» pacnosoKHJIHCh ¢ JIeBOH CTOPOHBI NapaGo/HyecKol KpHBOH LIS
WIbMeHHTa M3 appuKaHCKHX TpyGok, npuBomumoit C. Xarreptn [157],
TOrjJa KaKk MHOTHE TOUKH 3TOr0 MHHepajna M3 JaeKk OKasajHch Cnpasa
OT Hee.

JlaHHBIX O cocTaBe HJbMEHHTa M3 KHMOEpJHTOBOTO LieMeHTa H KCeHO-
JIHTOB ITYGHHHBLIX NOPOJ Pa3HbIX MoJel MPOBHHIMH B HAllleM pacnopsixKe-
HHH HEI0CTaTO4YHO, 4TOObl MOMXKHO OBIIO MNpOCHeIHTh OCOGEHHOCTH €ro
H3MeHuHBOCTH. M3 Tabn. 7 BUHO, UTO HJIBMEHHT H3 KUMOEpPJIUTOBOTO LieMeH-
Ta TPyOOK pasHbIX NoJel XapaKTepH3yercsi HHAMBHAya/bHBIMH 0COOeH-
HOCTSIMH coctaBa. Tak, uibMeHHT TpyG6ok Ne 3 u «Ozepuas» Anaxkut-Map-
XHHCKOTO MoJfi OTHYAETCSl OT HJIBMEHHTA KXKHBEIX M CEBEPHBIX paioHOB
NOBhLIIeHHLIM cojlepkanneM Ti0,, MgO, Cr,O; n nonuxenHsim — FeO.
Hipmennut tpy6ok «TymanHocTb» M «Malickasi», pacro/oKeHHBIX Ha ce-
Bepe persoHa, HMeeT HH3KOe cojlepXaHHe THTaHa, XpoMa H Mariusd.
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Tatanua 8. Xumnueckuil cocTas HAbMEHHTA H3 KumOepantoB TpyOku <llpembep», %

Homep obpasua

Komnouent !

Mp-52 | Mp-53 | Tp-54 | Mp-55 |  Tp-56
TiO, 52,62 49,82 50,87 48,92 48,86
AL,O, 0,06 0,22 0,96 0,06 0,30
Cry0; 0,61 0,5 1,83 0,67 0,52
Fe, Oy 8,50 4,00 0,00 4,94 4,08
FeO 26,13 37,85 37,52 38,16 39,42
MnO 0,40 3,76 6,87 6,08 4,53
MgO 11,82 1,98 0,12 0,02 0,22
CaO 0,01 0,00 0,04 0,01 0,03
Cymma 100,18 98,13 98,21 98,85 97,96
Ta 1,834 1,901 1,948 1,884 1,894
Al 0,003 0,013 0,058 0,004 0,018
Gr 0,022 0,020 0,074 0,027 0,021
Fe?t 0,297 0,153 0,000 0,191 0,158
Fe?t 1,013 1,606 1,598 1,634 1,699
Mn 0,016 0,162 0,296 - 0,264 0,198
Mg 0,819 0,150 0,009 0,001 0,017
Ca 0,000 0,000 0,002 0,000 0,002
Cymma 4,004 4,006 3,985 4,005 4,367

HecMmoTps Ha yCTAaHOBJIEHHbIE PA3J/IHUHA B COCTABE HIbMEHHTA CpaBHHBae-
MBIX [OJIefl, FOBOPHTb O KAKHX-TO OOUIHX 32KOHOMEPHOCTAX NpeKJieBpeMeH-
HO M3-332 MaJoro KOJHYecTBa IaHHLIX.

Hamu takxe npoaHaiH3HpOBaHbL OTAENbHbIC 3epHA HIbMEHHTA H3 KOH-
uentpara Tpy6Krn «llpembep» HOxuoit Abpuku (taba. 8). Hapany ¢ o6biu-
HOH MarHe3uajJbHOH PAa3HOBHIHOCTBIO, IIHPOKO PACNpPOCTPAHEHHOH B KHM-
GepinTOBBIX MOPO/AAX BCEX PErHOHOB, BLISIBJEH BHICOKOMApPTaHLOBHCTHIH
WJbMeHHT, conepxkamuii 1o 20 % nupodaruTOBOro KommoHeHTa. I[upo-
tannTCOEpKALLMA HIBMEHHT BCTPEYaeTCsl B OCHOBHOH Macce AKYTCKHX
KHMOEpPJUTOB B BHJe MeJbY4aHIIHX JHCKPETHHIX 3epeH WJH MeJKHX HHIH-
BHJIOB, Hapacrawoomux Ha Go/nee KpynHele. MapraHuoBHCThill HIAbMEHHT K3
Tpy6kH «[Ipembep» obpasyer oBajbHbE CO CKOPJYNOBATOH MOBEPXHOCTHIO
3epHa pasMepoM 3—5 MM,

Hast conocraBienna Ha auarpammel MgO — TiO, u MgO — Cr,04
6bl/1H HaHeceHbl TOYKH, COOTBETCTBYIOLUIHE HJBMEHHTY H3 KCEHOJIHTOB IY-
GUHHBEIX NOPOJ B KHMOepauTax FJKyTHH M ApYTHX PErHOHOB MHpA.

TouKH WJIBMEHHTa H3 KCEHOJHTOB TPYOKH «MHP» pacnojioxHIHCh B
BHJE I0/JIOCH, KOHTYpbI KOTOpOH onpezleasiorcs coiepxanHeM 7—I12 %
MgO, 45—51 % TiO,. Cr,O; B 3TOM MHHEpaJe MaJo — OT COTHIX JloJed
npouenra a0 1,26 % (puc. 15). OrgeabHo aHaJAM3HPOBAJCH HJIbLMEHHT H3
CHMIJIEKTHTOBLIX CPOCTKOB C KJIHHOMHPOKCEHOM JaHHoi TpyOku. Ha
pHc. 15 oH BMecTe ¢ pa3HOBHAHOCTSIMH H3 JADPYTHX KCeHOMHTOB o0pasyer
OTHOCHTE/IbHO KoMnakTHoe mnone. Ha muarpamme MgO — TiO, 6Gausko
pacnojaraioTcsi TOYKH HJIBMEHHWTA M3 KCEHOJHTOB IJyGHHHBIX MOPOL TPY-
6ok «CruiThikanckaa», «OOHaxeHHasny», «¥Ynaunasy u «[lanbHasy. Yro ka-
CaeTcs HJbMEHHTAa M3 KCEHOJNHTOB appHKaHCKHX TpPyOOK, TO €ro cocras
3aMeTHO OTJHYaeTcsi OT TaKoBOro M3 KcenomutoB SIKyTHu. [Ipexkae Bcero
9T0 OTHOCHTCA K TpyOKkam «[Ipembep» u «Kao». Ecan TouKH HibMeHHTa K3
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Puc. 15. Oco6eHHOCTH COCTaBa HILMEHHTa H3 KCEHOJNHTOB TIVIyOHHHGIX MOPOA:

1 — rpanatoBne ynbTpaGasnTe, TpyOGka «Mup»; 2 — KJAHHONHPOKCEH-HJAbMEHHTOBBIE
CDOCTKH, TO #e; J — SKJOTHTH, To #e; 4 — yabrpaGasuTtn, TpyGKa <ChTHIKaHckasn»;
5 — KJIWHONMHPOKCEeH-HJbMEHHTOBLIE CPOCTKH, TO e; 6§ — KaTakjlasgpoBaHHLlE Jepuo-
anTH, TPYOKa «Yaaukans; 7 — yabTpabasutel, TpyOKa «OOHaeHHadA»; § — MEPHAOTHTHI,
TpyOKa «JlanbHAA»; § — NPOMHIOK NHPOKCEHHTA B TPaHATOBOM NepPHAOTHTE, TpyOka
«Ypaunads, /0 — nepuAoTHTH, TpyGKa <llpembep»; /] — To xe, TpyOKa «Kao» (Jlecoro);
12 — ynbrpaGasuTel H3 ApYrux adpHKaHcKux TPpyOoK; [3 — BKJAWYEHHN B NMUpone M3
KuMGepmron ManoGoryoGuucKoro paftoHa; J/4 — HAbMEHHT C BKJAKOYEHHSIMH Nupona;
15 — BKJAWYCHHA B anmase; /6 — anMas’oHOCHbIe NepHAOTHTH; J[7 — KCeHOJIHT NepuHpo-
THTOB Y KYKHTCKOTO MNOJSA

KCeHOJHTOB nporeposoiickol Tpy6ku «[Ipembep» o6pasyior TpeHzx B obaac-
TH nosblilerHoro cofepxanus TiOy 1 MgO, To TOUKH HIbMEHHTA H3 Me3o-
soiickofi TpyOku «Kao» pacmosaraiorcsi B 0GJIaCTH HH3KOTO COAEpKaHHA
TiO,. Ilo konnuectey MgO B HAbLMEHHTE CpeJH KCEHOJIHMTOB TPYOKH «Kao»
BLIZEJISIOTCS JB€ TPYNIMEl — ¢ BBLICOKHM H HH3KHM COJlepXaHHeM 3TOro
komnonenta. CosepiieHHO 0GOCOOJEHHOE MOJe 3aHHMAeT HJBMEHHT H3
JKeJBaukoB rpasarta kumbepautoB ManoGoryobuuckoro paiosa. Ero tou-
KM pacnojaralorcs B o6nactH HH3KHX KoHueHrpauuit TiO, m MgO mnpu
pe3ko nosbilleHHOM KoanuectBe Fe,O, (oTHOCHTCA K (DeppUMarHHTHOMY
nnbmenuty). [lose 310l pPa3HOBMAHOCTH MIbMEHHTA He MepeKpbiBaerc C
NOJIEM H/IBMEHHTA H3 HJbMEHHTOBBIX yJabTpabasutoB. ObGocobieHHO pac-
NOJIOXEHbl TOYKH HJIBMEHHTa M3 aJMa30HOCHBIX JIEPIOJHTOB H BKJIOUEHHH
B aimase. MibMeHHT H3 3THX 00pa3oBaHHil XapaKTepH3yeTcs BLICOKHM CO-
Jepxannem TiO,, ymepenasiM MgO H, uTo camoe BaXKHOe, HE CONEPIKHT
Fe,0;. Kak Buano u3 puc. 15, cpenu pasHOBHIHOCTel HJIbMEHHTa H3 Kce-
HOJIHTOB HET HJIbMEHHTa, NMOXOGHOTO BKJKYEHHAM B aiamase. YTo ke Ka-
caeTcs aJMa30HOCHBIX JIEPILOJIHTOB, TO OJHH H3 JBYX HMEIOLUIHXCS aHa/IH-
30B MJIbMEHHTa IONajaer B I0Je, COOTBETCTBYIOMIee YabTpadasuTam TpYGKH
«[Ipembep». B To e none nonaau TOUKH HJAbMEHHTA H3 HJIbMEHHT-IH-
POKCEHOBBIX MPOXHJIKOB B KCEHOJHTE TPYOKH «¥ lauHas». Jlis uiabMenura
U3 a/Ma30HOCHLIX MOPOJ MOBTOPSAETCA Ta e KapTHHA, YTO M Jyisi IpaHa-
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TOB, 4CCOILHHPVIOLIUX C a7Ma30M, T. €. BKJIOUEHHS 3THX MHHEpaoB B aj-
Maze 1o coctaBy GoJiee CylecTBeHHO OTJIHYAIOTCH OT HX Pa3HOBHIHOCTENl
H3 KNMOEPJAHTOBOTO KOHLEHTpAaTa, YeM HX NPeACTaBHTeNH H3 aaMa3oHoC-
HBIX JIePLOJHTOB.

Habmennt u3 KceHonMHTOB TPYGKH «MHP» HMeeT HH3Koe cojepkKaHue
CryO4, ueM oTJHUAETCH OT HJABMEHHTA H3 GOJBLIMHCTBA KCEHOJHTOB TJIV-
61HHBIX NOPOA ApYrux TpyGok (cM. pHc. 15). [loBelueHHOH XpPOMHCTOCTLIO
XapaKTePH3YeTCA HJAbMEHHT H3 YJAbTpabasuTtoB TpyGOK «ChiThIKAHCKAS»,
«ObnaxenHas», «¥Ynaunas». Ocobenno Beicoko cofepmanue CrO; B wib-
MEHHTe M3 KEeIBauKoB OpaHxeBoro rpanara tpyoku «Mup». Bo Bkioye-
HHAX HabMeHHTa B aamase mano CryOj;, B TO BpeMs KaK HJLMEHHT H3
aJIMa30HOCHbIX JIEPLIONHTOB XapaKTepH3yeTcs MOBLILIEHHLIM €r0 CoxepKa-
HHeM, oco6eHHO Gorat 3THM OKCHIOM obpasell i3 TpyOKH «Y taunas» [110],

[IpuBenerHble Bbillle XapaKTEePHCTHKH HJIbMEHHTA H3 KCEHOJNHTOB Iy-
OHHHBIX MOPOA H KHMOEpPJHTOBOrO LEMEeHTa XOTSl H CBHIETEJbCTBYIOT O
LIHPOKHX BapHalHAX €ro cOCTaBa, TeM He MeHee He M03BOJAI0T YETKO Ofl-
PEleJINTh PasH4YHA MeXKAY Pa3sHOBHIHOCTAMH H3 KUMOEpPJHTOB H KCEHO-
JIUTOB PA3HBIX KHMGEPJHTOBLIX nosell u Mectopoxienuii. [To-sumumonmy,
rJlaBHaf TNPHYHHA TOMO — OTCYTCTBHE YeTKHX pas/Hunii cocraBa HibMe-
HHTA B 3aBHCHMOCTH OT MECTOPOMKJEHHS, YTO HECKOIbKO OTpaHHdHEAET
MOHCKOBY10 HH(OPMATHBHOCTb JaHHOTO MHHepaJsa. K ToMy ke OH HelocTa-
TOYHO H3yueH. TeM He MeHee HMelOLIHECH JaHHBIE MO3BOJAIOT BBEIAEIHTD
HEeKOTOpble THNOMOpP(hHbIE MPH3HAKH HJAbMEHHTA M3 OT/IeNbHBIX KuMGep-
JIMTOBBIX NoJeHd U obaacreil.

1. B xumbepauToBoM nemente Mano6oTyo6GHHCKOro paiioHa NOBLIIICHO
KOJIHYeCTBO (nepBble NeCATKH MPOLEHTa) HiIbMeHHTa ¢ (eppHMarHUTHBIMH
cBoiictBamu (Gontee 20 % rematuroBoro xKoMmmoneHrta). ®eppHUMarHHTHbLIT
HJLMEHHT XapaKTepH3yercsl NOBbILIEHHBIMH KoHueHTpauusamu Cr,Oz, no-
nmkeHHsIMH — MgO n TiO,. Tonbko B kumGepautax ManoGoryobuHcKo-
ro pafiona o6HapyKeHbl BK/IOYEHHS (heppPHMArHHTHOIO HIBMEHHTA B HKeJ-
BauKaX OpaHKeBOTO rpaHara.

2. UnbMeHUT H3 KHMOEpJHTOBOTO IleMeHTa HeKoTophix TpyGok Jlan-
JBIHO-AJIAKHTCKOTO PafioHa XapaKTepH3YeTcsi MOBHIIEHHBIM COAepiKaHHeM
Cry0y, a uHorza u mosbleHHbIMH KoruenTpauuamMu TiO, u MgO.

3. B unbMenute M3 KMMGepJHTOBBIX MOPOA TPYOOK ceBepHOHl wacTH
NPOBHHUHMH NOHHXKeHO cofepxkanue MgO, TiO,, Cr,O; u noewimeno — FeO.

4. OpuruHanbHBI MapraHUOBHCTHIA HIBMEHHUT O0Hapy:KeH B Kumoep-
JIMTOBOM KOHIIEHTpaTe npoTepo3oickoil TpyGku «[Ipembep». Ero pasHo-
BHAHOCTb W3 KCEHOJHTOB YJbTpalGasUTOB OTHOCHTCA K OOLIMHOMY MHKPO-
HJIBMEHHTY ¢ HH3KHUM COJlep:KaHHeM MapraHia.

Takum oGpasom, npH THOH3AUKHH IITHXO0BLIX OPEOJOB POJb HIbMEHHTA
MeHee 3HauHTeJqbHA, ueM rpanara ¥ xpommnunenuna. Ilo-suaumomy, cie-
nyer cornacutbest ¢ H. B. CoGoneseim [105], uro 3Hauenne cocrapa libMe-
HHTa OTpaHHUYHBAETCA THIH3alHell KHMOEpPJHTOB HA YPOBHE paioHOB H
noneli. Yro kacaercsa THNH3aUHH OTAENBHHIX TPYOOK, TO, KpOME cocTaBa
ITOTO MHHepaJa, CJIelyeT HCIONb30BATh APYTHe TPH3HAKH (pasMep u Mop-
(hoJIOTHIO 3epeH, BHYTpPEHHee CTpPOeHHe H Ap.).



XPOMLUNMMHENMA

Mopdonorus 3seped. OmHHM H3 BaxHEHIIMX MHHEpPaNOB-CNYTHHKOB aj-
Ma3a H3 KHMOEPJHTOB SIBJSIETCS! XPOMLUITIHHEH, YaCTb KOTOPOro KpHCTal-
Ju3yercs B Noje TepMoJHHaMHuecKoil cTabujbHocTH anmasa. OH, Kak H
anma3s, o6sajaer Xopoulo BHIpa)eHHOH Kpucrasnomopdoaorneii. Ocoben-
HOCTH MOP(OJIOTHH XPOMIUNHHEIH1a H3 KHMOEDJHTOB JOCTATOYHO XOPOLIO
ocBellleHbl B iuTepatype. B paGote [85] Bhizeneno uetsipe ocHOBHbIE MOp-
(hosorHUeCKHe TPYNNbl KPHCTANJIOB: OKTad/Apbl, OKTA3[Pbl ¢ CHIBHO 3a-
KPYT/IEHHLIMH [IEPOXOBATHIMH BEpILIMHAMH H peOpaMH, CJIO0XKHO OrpaHeHHbIe
KpHcTaansl U KceHoMopodHule Beigenennsi. Io E. E. Jlassko [60], caenyer
pas/iHuath TaKHe MOPQOJOTHUECKHE TPYNNBl XPOMIINHHENHZA H3 KHM-
GepaurtoB: 1) BueneHuns pasHoii (GOpPMbI, KOTOpPbLIE BbLINONHSIOT Tpe-
HMYIIECTBEHHO HHTEPCTHLHH, BCTPEUAlOTCH B KCEHONHTAX IUMHHENEeBhIX
H IINHHEIb-TPAHATOBHIX MEPHAOTHTOB, THPOKCEHHTOB H B XPOMHT-THPO-
KCeH-TPaHaTOBLIX CPOCTKAX; 2) XOpollo 00pa3oBaHHEIE KPHCTAJJIE OKTA91-
pHuecKoro rafHryca H CJI0MKHOOIDAaHEHHBIE KPHCTAMIB — B KCEHOMHTAX
JIYHHTOB, pEKe JIEPLOJHTOB C XPOMHCTBIM TPaHAaTOM H Kak BKJioye-
HHSl B anMase, OJIHBHHE H IPYTHX MHHepagax; 3) uroabuarele H TabiuTya-
Thle BKJIOUEHHS! XPOMIUMHHENHJA B rpaHarax H nupokceHax. B xumbep-
JIATAX OTMEYaloTCA BCe BEIAEJEHHBIE THNBI XpoMiunuHenuza. Boaee ne-
TanbHble MOpP(OJOTHUECKHe HCCIeN0BAHHA I03BOJSIOT NPOBOJANTb €ro
pa3GpakoBKy corJacHo cneuudHKe 4158 pasHbIX KHMOGepJauToBbiX Ted. Ta-
KHM ofpasoM, Mopdosiornyeckie O0COGEHHOCTH XPOMIIMHHEINAa npuoﬁ-
peraioT NoHCKOBOoe 3HaueHHe [124].

Bmecte ¢ TeM KpHcramiorpapHs CHAOKHOOTPAHEHHBIX KPHCTAJII0B
XPOMIINHHEIHIA H3 KHMOEDPJIMTOB H KCEHOTHTOB IJ1yOGHHHBIX NMOPOJL B HHX
ellle HENOCTATOUHO M3yueHa. Kak W aia KpHcTa/nioB mupona M3 KumGep-
JIHTOB, HE COBCEeM fICHAa NPHYHHA MHPHOIAPHH KPHCTAIJIOB XDPOMIINHHE-
auja. TakHe KpHCTaJ/bl BCTpPeueHbl B KOHLEHTpaTaX OGOTallleHHs KHM-
6epJIHTOB Pa3HLIX TeJ, B KCEHOMHTAX YJbTPAOCHOBHBIX NOPOJ, B TOM YHC-
Jle ¥ Kak BKJ/IOUEHHS B OJHMBHHE, TPaHAaTe H IPYIHX MHHepaJax.

Hamyn nayueHsl orpaHeHHble KPHCTAJNJbl XPOMIUMHHENHZAA, NMpPeACTaB-
JSAIOIIHe HX TMOJNHBIA MopdonorHyecKuii paj B KHMOepJauTax 0 KCeHOJHTax
yJAbTPaocHOBHBEIX nopoj B HHX (puc. 16). Ha ronnomerpe I'Il-1 namepeno
20 c710XKHOOIPAHEHHBIX KPHCTA/JIOB XPOMIINMHHENHIA; NATb — H3 KCEeHO-
JINTA, NepHAOTHTa TPYGKH «MHD»;, OIHH — H3 IpaHaT-XpOMHTOBOTO Ccep-
neHTHHHTAa TPYGKH No |; yeTHIpHAAUATh — H3 KOHLEHTpaTa OGOraileHHs
KHMOEpIHTOB pasHeIX TPYG6oK (TpH — «Mup», wects — Ne 1, TpH—
Ne 3, no omnomy — «3anoasiprasi» u «Jlpyx6a»). KOcrupoBka Hceaeno-
BaHHBIX KPHCTa/JNIOB NPOBOAHJACH 1O IPaHAM OKTasjapa. Bece rpanH ume-
JIM 3epKaJbHO-IVIaJIKYI0 NOBepXHOoCTh. Pacuersl CHMBOJIOB NPOBEEHBI C
YUeTOM OTKJIOHeHHil H3MepeHHHX cepHuecknX KoopiHHat 1o 2° or Teo-
peTHUecKHX 3HAUeHHH ¢ H P rpaHeil, MO3TOMY TaKHe CHMBOJIBI JIHLIb B Mep-
BOM MOpHOIHKEHHH XapaKTepH3YIOT KpHCTalnorpabuueckoe MoNoxKeHHe
rpaHeii. B Go/bUIMHCTBE c/yuaeB pasHHIA MEX]Y H3MEPEeHHBIMH H Teope-
THYECKMMH 3HAUeHHAMH ¢ H p Oblia HesHauuteabHoll (10 0°30" — 0°45").
HcenenoBanue XHMHUECKOTO COCTaBa JAHHBIX KPHCTAN/I0B He NpPOBOAH-
JIoCh, TaK KakK KPHCTAaNJIOMOPGHOJOTHA XPOMILINHENHAd H3 PA3HLIX KHM-
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Puc. 16. OcnoBusle MopgosiorHyecKHe THIHI KPHCTAIIOB (HAeaH3HPOBAHHbBIE MHO-

rorpammxu) XpOMUIIMHHEAW/la H3 KHMGEPIIHTOB:

a — ynaoumerunit no L, octpopeGepHuift OKTasjpp; 6 — OKTasAp ¢ MENKHMH TPaHAMH

pasHbiX npocTmX dopm Ha peGpax u BepwMHAX; @ — OKTasAp n KomOusaouu c {110}

H MENKHMH TFPaHsiMH APYruX npocToix GopM; & — KPHCTAMI NepexoAHoro THMA OT OKTa-

5APA K MHPHOSADPY: @ — MupHOApuHYecKHIl Kpuerana; o — {111}; d — {110}; n {112}

p — {122}; e — {012}
GepauTOBLIX Tea 6JH3Ka, B TO BPEMsA KaK COCTaB pas/iHuyeH. ¥ HeKOTOPHIX
H3YUEeHHBIX KPHCTAJJIOB CHHMAaJHCh JIAy3rPaMMbl JJIsi H3YUEHHSl CTeleHH
COBeplIeHCTBA HX BHYTpeHHero crpoenns. Pasmep HanoMopdHEIX KpHeTal-
JIOB XPOMILUNHHEIHAA KosueGiaercss oT coThiX nodeit no 2—3 mm. Tabutyc,
KaK [paBHJI0, OKTa3pHUECKHit, HO YACTO 1O TAKOH CTENeHH OCA0KHEeH
MeJIKHMH BHUHHAJILHLIMH [MOBEPXHOCTAMHM Ha peGpaxX M BepUIHHAX, YTO
rpaHb OKTasjpa YMEHbLIAETCA HJIH JlaXke OTCYTCTBYET, B 3TOM cCjyuyae KpH-
CTa/I1 HMEeT 3JITHIICOHAANbHYIO, UeUeBHLIEBHAHYIO, 1apoobpasuyto gopmy.

Ha HeckoMbKHX C/OMKHOOrpAHEHHLIX KPHCTAM/IaX XPOMIUIHHeAHJa U3
KHMOepPJIHTOB pasHbIX Tea SKyTHH paHee ObVIO YCTAHOBJIEHO OKOJO TPHA-
HATH HOBHIX J1S1 3TOMO MHHepaJa NpPocTelX (JOPM H OIIHOOYHO OTHECEHO K
HHAYKIHOHHEIM (hOPpMaM Ha OCHOBAHHH BCTPEYAEMOCTH NOJOOHBIX Bblje-
JleHHii XPOMILINHHENHAA B BH/E BKJAIOUEHHH B anMase u nupone. Ham ne
H3BECTHBl FOHHOMETPHYECKHEe HCC/Ie/0BAHHS BKJIOUEHHH XPOMIIIHHEJINH/A
B ajiMa3e, B CBfI3H C UYeM BO3MOXHBI OLHOKH B ONpEIeJeHHH MPOCTHIX
dopm Kpucraanos. OfHAKO HHCTPYMEHTaIbHOE H3Y4YeHHe BKIOUeHHH Ipa-
HaTa B ajMase NoKasajo, 4To OrpaHKa Y HHX «aJMasHas» (MHAYKTHpOBaHa
a/MasoMm), npuueMm MopdosiorHueckue H CTPYKTYPHBIE YCTAHOBKH TAKHX
OTpaHeHHBIX BKJIOUEHHH, KaK MpaBHJo, He coBNajaior. MHOrouHc/IeHHble
HaOmo/eHus (MpaBaa, yacTo BH3YaJbHbLIE) CBHAETENLCTBYIOT, YTO MHHEpa-
JBI-Y3HHKH anMasa o6iafaloT Kak uauoMopdHofi, Tak M HHIYKTHPOBaH-
HOH (OpMOii, OYeBHIHO, CYLIECTBYIOT H KOMOHHAIMOHHBIE 00pa3oBaHHA,
a TaKiKe BK/IOYEHHS C MNOBEPXHOCTAMH coBMecTHOro pocrta. ['onnomerpu-
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ueckH ObTM M3YdeHbl UETBIPE BK/IOUEHHS XPOMIIMHHEIHJA B OJHBHHE H3
KuMOepaHTOB TPYOKH «Y aauHasi», HA KOTOPBIX YycraHoBaeHo 16 npocTbix
(op™, rabuTyc KpHCTaNJIOB-BKAKOUEHHI oKTasapuyeckuil [60]. Ormeuero
HaJHYHE HA H3YUYCHHBIX KPHCTALIAX XPOMIUMHHEIHJA MHOXECTBA rpaHel
¢ ouenb GOMBIIHMH 3HAUEHHAMH HHJIEKCOB, T. €. rpaHeii Masoii Mopdoao-
THYECKOH 3HAYHMOCTH H C YPEe3BBIYAHHO HH3KHMH PETHKYJSPHBIMH MJOT-
HOCTAMH ceToK. OnucaHHble BKJTIOYEHHS XPOMINMHHEIHAa B OJMBHHE OT-
HECEHbl K MpPOTOreHeTHYECKHM H HMEIOMHM CBOK COOCTBEHHVIO OTpPaHKY.

[lpoBenenubiMu HccaenoBanusmMn Ha 20 KpHCTanaaX XpoOMILNHHEIHIA
YCTaHOBJ/IEHB! TIOUTH BCE BO3MOMKHbBIE /IS JAHHOTO Kjacca CHMMETPHH Npo-
croie hopmet (tadar. 9). KosnnvectBo rpaneil Ha KpHCTalIax OT HECKONBKHX
ZECATKOB 110 Thicsiun. Kak Ha KpHCTaNlax oKTasApHuecKkoro raGuTyca, Tak
M Ha MHPHO3/pHUeCKHX Haubojee pacnpocTpaHeHhl TeKCAOKTasApH (10
64,0 % Bcex ¢opm), 3areM CIAeAYIOT TPHTOH-TpHOKTasapel (1o 12,0 %),
Terparod-tpuoktasapsl (a0 10,3 %), terparekcasapst (8,0 %), okrasa-
pst (10 3 %), pomGonponekasap (1o 2,5 %) u ky6 (20 0,2 %). HanGonee
yacTule (OpMbI H3MEPEHHBIX KPHCTAJJIOB XPOMIIMHHEIHAA: OKTA3/p, pPOM-
Gonosekasp, cpeln rekcaokrasapos — (123}, {235}, (157), (357},
{789), {234}, {459}, ({347}, (378} u np., cpeaH TPHTOH-TPHOKTA3APOB —
{122}, {344}, (144}, {133}, {199}, {899} m np., cpeau TeTparoH-TPHOK-
Taa,upos—{lIQ}, {889}, {445}, (334}, (335}, [223), {449} u np., cpe-
Ju Terparekcasipos — {057}, {049}, {012}, {023}, {013}, {035}, {056}
u 1p. Ky6 — penuaiiaa ¢opma na KpHucra/jax XpOMIIIHHEIHAA U3 KHM-
6epautos. KonuuecTBo nmpocthiXx (JOPM Ha KPHCTANIaX TaKXkKe PasjIHYHO:
OT JecATKOB 10 coTHH. ['panu ¢ cumBosiamMu h, k, [, MEHSIIOIIMMY 3HAYEHHS
Kaxapiit ot 0 po 9, cocrasasior 90—92 %. IToutn Ha KamaoMm Kpucraiie
no 8—10 % rpaHeit He MOryT GbITh OXapaKTepPH30BaHBI PAlHOHAILHBIMH
HH/EKcaMH. 3a HMCKJ/IIOYEHHeM OKTa’Jpa, Bce nmpocTeie GopMbl, KaK NpaBH-
Ji0, HEMoJHOrpaHHbie (10 ABYX-TpeX, PeAKO NSATH-IIeCTH IpaHed MpocToi
(hopmbl Ha ofHoM Kpucranie). M3 wux HanGosee pasBuThl (B MJOLLALHOM
OTHOLIEHHH H MO KOJHYeCTBY rpaHei) gacto Bcrpevatoninecs opumul. Kak
M Ha MHPHO3JPHUECKHX KpHcTaanax mupona [49], na kaxkiom uamepenHoM
KpHCTaJlIe XPOMIUNHHETHIa MHOXKECTBO IpaHeil Manoi MopdoJornuecKoi
3HAUHMOCTH, MpPOSBASIONIMXCA B OFPaHKe TOJABKO JAaHHOTO KPHCTaJIa,
uMeiolie GOMbIIME CHMBOJIBI H HE3HAUMTENBHYIO TMJOLWAJb Pa3BUTHSA.
Bo/blIMHCTBO YCTAHOBJIEHHBIX (OPM MOMKHO OTHECTH K KOMIJIMKALHOH-
HBEIM.

ITpoBeseHHBIR KOMHYECTBEKHEIH aHaJH3 BCTPEYAeMOCTH NPOCTHIX dopM
pasHBIX CHMBOJIOB Ha NPHPOJHBIX KPHCTA/NIaX MOKas3as, YTO HX pacnpefe-
JieHHe nojuHHseTcs 0Go6IeHHOMY 3aKOHY MaJbiX uHcesa. Bmecte ¢ TeM Ha
NPHPOLHEIX KPHCTaMJIaX AOBOJBHO YACTO peanusyiorcs (opmbl ¢ GOMBLIH-
mi cumBosiavu (h, k, | > 4), pacnpejenenbl OHH HepaBHOMEPHO H MOTYT
00pa3oBbIBATh rOMOJIOTHYecKHe cepHH. Ha H3yueHHBIX KpHCTalJaX XpoM-
LINHHEAHA TAKXKe Pa3BHTO AOBOJILHO MHOTO ¢OpM ¢ GOJIbUIHMH CHMBOJia-
MH, 0COGEHHO Ha KpHCTaaJax oKTasgpuueckoro raGuryca. ITH (QOpMEL
({998}, {991}, {889}, {897}, {890} u ap.) ycaoxusAw0T peGpa H BeplUIHHLI
OKTa’JpoB H._Oﬁp&SY!OT nefosbiue yraet ¢ {111} u [110f. TlogoGHoe sB-
JIeHHe OTMEeueHo Ha OKTasjpax XPOMIUIMHHENHAA M3 TePPHIeHHBIX OT/I0Ke-
Huii MesoBoro Bospacta Boawinu [15]. Ha muprosapuyecknx kpucranaax
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TaGauna 9. Tpoctsie opMEI KPHCTANNOB XPOMIINHHEAHAA H3 KHMOEDAHTOB .

Bamzkafinmit Komuaectno Banxatmmi Kosmuectro Bamatiuny | Komrsectso
CHMBOJI HAMODEIHEX CHMBOJ HaMe PRI chMBoa ' | HSMEpeHHLIX
rpaHef rpanefi rpanef
Oxmasdp, pombododexasdp, 278 18
Ky 135 17 T puzon-mpuoxma3sdpoi
138 17 122 20
111 72 178 16 344 20
110 65 249 16 144 17
100 7 256 16 133 16
Texcaoxmasdpot ?gg ig é& }g
123 42 236 15 255 13
235 36 359 15 166 12
157 35 456 15 277 12
357 33 568 15 299 12
789 33 368 14 388 12
234 32 139 13 155 1l
459 3l 269 13 177 10
347 30 356 13 377 ) 10
378 30 489 12 599 10
259 29 679 12 233 9
189 28 125 11 566 9
349 28 126 11 577 9
134 27 467 11 455 8
147 27 469 11 499 8
149 27 367 10 788 8
159 27 689 10 799 8
257 27 678 8 477 6
258 27 346 7 588 5
589 27 128 4 677 5
145 26 168 4 188 3
158 26 238 4 355 3
%;g gg Tempazexcasdpoi Tempazon-mpuokmasopet
247 25 057 15 112 24
578 25
137 24 049 14 889 19
167 24 012 13 445 18
345 24 023 13 334 17
156 23 013 12 335 16
457 23 035 12 223 14
127 22 056 12 449 14
379 22 045 11 113 12
458 22 067 11 114 12
478 22 014 10 225 10
136 21 037 10 338 10
348 21 059 10 667 10
389 21 058 9 559 9
245 20 089 9 227 8
289 20 015 7 557 8
358 20 016 6 116 7
479 20 027 5 447 7
129 19 034 5 556 74
148 19 078 4 558 7
169 19 079 4 337 6
239 19 025 3 115 5
267 19 029 3 117 5
567 19 038 3 119 5
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Oxonvarnue mata, 9

B scaftumit Konnuecrpo Banxkafumi Konuectno Booka it Kosuyecrso
CEMBOA H3MEPEHHBIX CHMBON HIMEPEHHHIX CHMBOJT HIMEPeHHKIX
rpaueit rpanedi rpaneft
569 19 017 2 229 ]
146 18 018 2 778 4
237 18 047 2 779 4
118 3

XPOMILINHHENNAA POPMbI ¢ GONBIIHMH HHAEKCAMH Takxe HepeakH. Hanpu-
Mep, Ha CHOXKHOOIPAHEHHOM KPHCTa/Je XPOMLIMHHEJHJA H3 KCeHOJHTa
rpaHaT-XpoMHTOBOro cepneHTuHuTa TpYOKH Ne | HamGosee wacTo peasiH-
3yeMmble rpaHu npeicrasJenst: {471} u {352} — no wectb rpaneit; (231},
{291}, (491}, (691} u {573} — mo mnsaTh; {341}, {361}, (561}, {571},
{592}, {120} — no wetwipe; {370} — no Tpu; {998}, {991}, {232}, {343},
{252}, {150}, {790} — no nBe.

Taxum oGpa3om, cpeiH OrpaHeHHBIX KPHCTAJIOB XPOMIIMHHENHIA H3
KHMOEDJIHTOB MOMHO BBUIEJIHTH CJAGAYIOMIHE MOPHOJOrHYecKHe THIILL:
1) octpopebepHbie OKTa9APLI; 2) OKTA3APLI C Y3KHMH MOJIOCAMH I'PAaHEH pOM-
Gononexkasapa; 3) okrasapel (B ToM uuciae u ¢ {110}), ocnoxkueHHble Ha
pebpax M BepiivHAX MeJKHMH rpaHsiMu ¢ GOJbLIIHMH cHMBOJIaMH; 4) oKTa-
3apel (B Tom uucae H ¢ {110}), co sHauHTeNIbHBIM pa3BHUTHEM MEJKHX rpa-
HeH pasjMYHBIX CHMBOJIOB; 5) CJIOXHOOI'pPaHEHHBIE — MHPHO3APHYECKHE
KpHCTaMbL. - [abHTyChl KPHCTAMJIOB XDOMILNHHEJNHA: OKTa3ApHUYECKHI,
«MHDHO3IPHYECKHI» H MepeXOoAHbIH Mex1y HHMH. BKioueHHs XpoMIlUmHHe-
JIHIA B OJIHBHHE, TPaHaTe H APYTHX MHHEpaJaX H3 KHMOEDJHTOB Npe/cTaB-
nexsl npeumyinectsedtHo [—IV mopdonornveckumu tunavu, [ u 111 Tunml
npeoGnagator. BeposiTHo, MHOrHE M3 3THX BKJIOYEHHIl SBJSIOTCA
npororenernueckumu (I tum). Kpucraaner xpomumnuneanaa [ u 111 Tvnos
3aHKCHPOBAHBI KaK BKJloyeHHs B uupkore [9]. Takas ke npumepHo Berpe-
yaeMoCTh MOP(OJIOrHYECKHX THIIOB XPOMIIMHHENRA B KCEHOMHTAX YJbTpa-
OCHOBHBIX MOPOJ B KUMOEpPJMTax (B TOM YHCJ/E H CpefH BKJIOUCHHH XpoM-
IUNHHENHIA B MHHEPaIaX M3 KCEHOJHTOB), 3/leCh e HabaioAaloTes H M-
pHuo3ipHYecKHe KpHucTaanasl. OueBHAHO, He TOJBKO «aJMa3HYIO» OrpaHKy
UMEIOT BKJIIOUEHHS XPOMILUMHHENIHAA B anMase, a H CBOH COOCTBEHHYIO,
CHHTEHEeTHUYECKHE BKJIIOYEHHS] MOTYT WMEeTh HHAYKIIHOHHBLIE MOBEPXHOCTH,
B kuMOep/iMTax BCTpeyaloTcs BCe BblieJeHHble MOP(OJOrHYECKHe THIIbI
KPHCTAJI/IOB XPOMIUMHHENNJA, HX COOTHOIUEHHe BADbHPYET B PAa3HBIX KHM-
GepIHTOBBIX Tesax.

Cyzsn no uaHoMOp(hH3My BLIAEIEeHHIl, MHOTHE KPHCTAJJILI XpOMIUNHHe-
JIHJa H3 KHMOepJIMTOB npencrasasiior cofoii (Kak anmas, rpaHar u Jpyrue
MHHepaJ/bl) paHHHe JHKBHAycHble (asbl KPHCTAMIH3AUHH YJBTPAOCHOB-
Horo pacniasd. s GOJBILMHCTBA M3 HUX HE XapaKTepHbI OTYETIHBO Bhi-
paxeHHBIe CKYJIBITYPbI pocTa (rpy6as C/IOHCTOCTbL M AP.), JeMeHThI MoJH-
HEeHTPHYECKOr0 POCTa, ABOMHHKOBaHHE, T. €.0co6eHHOCTH GLICTPOro pocra
NPH 3HAYUTEJNLHLIX [EPechIeHHsX, CTOJb CBOHCTBEHHBIE MHOIHM KpH-
cranmaaM anmasa M3 KumOepsutoB. Orpanka GOJIBIIHHCTBA KpPHCTAJJIOB
XPOMILIIHHEJIHAA H3 KUMOEpJIHTOB onpejeseHa HX CTPYKTYpoii, Ha HHX
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npeo06aanaT CTPYKTYPHO BaxkHelluMe rpaHd oKTasjapa. [lo aanHbIM
B. I1. AdjanacbeBa, JnaysrpaMmbl psjia KpHCTANJIOB MOKA3biBAWOT, YTO CTe-
NeHb COBEpILEHCTBA KPHCTA/NIHUECKOH pelleTKH XpOMIUNHHeAujAa MOHH-
JKaeTcsl 0T OcTpopeOGepHOro OKTasipa K MHPHO3APHYECKOMY KpHcTalay (B
H3MepeHHEIX HaMH KpHCTajlylaXx Takoe siBleHHe He HaOmionaercsa). Bee stu
JaHHble CBHIETENbCTBYIOT O TOM, YTO B OOJIBIIMHCTBE CJYyYaeB YCJAOBHA
KPHCTA//IH3ALHMN XPOMIINHHEAHAa OBLIM CaMBIMH 6/1aronpHATHEIMH.

Tpymso o0bSCHHTE BO3HHKHOBEHHE MHPHO3APHYECKHX KpPHCTANLIOB
xpoMuinuuennaa. Pacnpenesende peasnsyeMblX Ha HHX MHOTOYHCJIEHHBIX
Me/KHX rpaHeil BCKpBIBaeT Kak Obl IPOMeXYTOYHBIE 3Talbl ero KpHeTalIH-
3amuu. Ha Kaaom naMepeHHOM KPHCTaJ1e MHOTO IpaHeil, NpoABJIsIOIIHXCA
B OrpaHKe TOJMLKO JaHHOTO HHAMBH/A. 3aKOHOMEPHOI NOBTOPSeMOCTH 00/b-
wHHCTBa (hOpM Ha KpHCTaAnax He HabmoAaeTcs, HemoBTopstouecs Gopmbl
(PUKCHPYIOT KaK Okl pasHble CTafiHH pocTa HJH npeobpasoBat il KpHCTaIOB.
OnHaKo nosiBJIEHHe MIOTOYHCIEHHBIX MaJIONJIOTHBIX TpaHell yKaswiBaeT Ha
H3MeHeHHe pocTa XPOMIUMAHEAHd Ha 3aKJIOUHTEIbHOM 3Tane KPHCTaIIH-
3alMH. MUpHO3APHYECKHe KPHCTAMJIBI MOTYT GBbITh «He3pesbIMH», Helopoc-
HIMMH JI0 OKTa3ApOB HJIH BHIPOXK/JIEHHBIMH OKTasapaMmH. [Ipuunnoi cayxur
«roJI0JJAHHe» KPHCTAJJIOB, CBsA3aHHOe ¢ 00IeHd 3BOMIOIHEeH MarMaTHYeCKHX
paciyaBoB (yBeqHYeHHe BA3KOCTH, najeHHe KOHUEHTPALHH NHTaTeJlbHBIX
BelIeCTB M ero 3aTpyJHUTeJbHOe MOCTYNJIeHHe K PAcTyLleMy KPHCTaLIy).
I'panu oKTasjapa B TAKOM cjy4yae CTAHOBATCA MOP(OSOrHYECKH HeycToM-
 UMBBIMH, IIDOHCXOJHT MX 3aMeHa Ha NJIoCKHe BHLHHAAbHBEIE IPaHH ¢ 6oJlb-
nmMy cumBosiaMi. KoncepBauus panee o6pa3oBaHHBIX KPHCTAJLIOB XpPOM-
LIMHHEJH/a OJIABHHOM, IPaHaTOM H APYTHMH MHHepajlaMH crnocofcTBoBala
COXPAHEHHIO HX OKTasApHYecKoi orpaHku. BoamoKHOH MpHYMHOH MHpPHO-
3IpHYECKOH OrpaHKH XPOMIIMHHENIHAA MOXKeT ObiTh TaKXKe ero pacTsope-
HHE W NOCJAeLYIOlas pereHepauysi BCJEACTBHE 110MaJaHus B HepaBHOBeC-
Hble ycaoBHA (HanpuMep, B UYXKIBIH pacnjaB) H npucrnocoblneHHe K HHM,
cTpeMJieHHe K BOCCTAHOBJIEHMIO paBHoBecHs. [In1a uaHoMopdHBIX BK/IIOYE-
HUH XPOMIUMHHeNHA B psAle MUHEepPa/oB He/lb3sl TaKKe HCKJYaTh Mpo-
IeCC nepeKpHCTaNIn3aun. MUpHO3ApHYecKHe KPHCTAIbl XPOMIINHHEENH A
(Kak rpaHara M ApyruX MHHEpaJ0B) H3 KHMOEpIHTOB MOTYT ObITh HHIHKa-
TOPHEIMH 00pa30BaHUAMH KHMOEPJHTOB H APYFHX TIyOWHHBIX MOPOI.

X pOMIIMHHENIHL OTHOCHTCH K 4pe3BblYaiHO YCTOHYHBEIM MHHepaJjaM,
TeM He MeHee B KHMOEpJHTOBOM pachJjase OH MOJBepraercs KOppoO3HH,
KOTOpasi 0XBaThIBaeT B IepPBYI0 ouepe/lb peGpa H BeplLUHHLI 0KTa3/1pa H 1ocTe-
MeHHO pacnpocTpaHseTcss Ha Bech okrtasap. B. Il Adanacwes Bhienser
TAKHEe THMBl KOPPO3HH XPOMILIHHEJHA:

1) KpucTa/Jibl MOKPBITHL TOHKOH, HepaBHOMEepPHOH MaTHPOBKOM, He-
3aBHCHMOMH OT KpHCTa/aorpadHyeckux HanpasieHHi. OHH HMEIOT CHIbHO
3aKpyIJeHHbE BepIIMHbI H pefpa, BIJIOTh J0 TOro, 4TO MpHoGpeTaloT lia-
pooGpasuyio ¢opMy. B mpolecce pacTBopeHHs TepSilOT 3HAYMTENbHYIO
YacTb CBOeH Macchl;

2) Koppoansi HauHHaeTcsl Ha peGpax M BeplLIMHAX OKTasJpa H 3aXBaTbl-
BaeT BCe BHIHHAJBHBIE MOBEPXHOCTH, 3aTeM NPOHHKAET B nepupepHyueckne
yacTH rpasefi okTasiupa. MHTeHCHBHOCTE KOPPO3HH JIAHHOTO THNA b BasT
pasHoii: oT ToHyaiimei, To/MbKO ocnabuasioulel Gaeck rpadei, ao rpyooit,
OCMEeHHOH, NpPH KOTOpOi MOBEPXHOCTh CTaHOBHTCS Hamjpaunoi, Octpo-
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pebepHLle OKTa3Apbl KOPPOAHPYIOTCA MO Beeli NOBepXHOCTH, pefipa y HHX
0CTAITCA OCTPLIMH;

3) Ha rpaHsAX KPHCTANJIOB 00pa3yloTcsi TeOMETPHYECKH NP aBHIbHEE (H-
Typhl, HAMOMHHAIOUHE CO CTOPOHLI FPaHH yepenHTuaTwlii penbed. IToTeps
Macchl KpPHCTalja NpH 9TOM He3HAuHTesbHA.

[To xapakTepy pacTBOpeHHS KPHCTaJIOB XPOMIUNHHeNHAa TPyGKH
Mano6GotyofuHcKoro pafioHa OTYETIMBO JeJIiTCH Ha JBe TPYNMBL: B TPYyG-
kax «Mup», um. XXIII cvesga KIICC, Ne | pacTBOpeHHBEIX KpPHCTaJJIOB
OTHOCHTE/ILHO Mallo H pacTBOPEHHE OCYLIECTBJISAETCH MPEHMYLLeCTBEHHO
no BTOpoMy THNY; B TpyOKax «AmaxkuHckas», «Taexnasy», B wume A-21
HePacTBOPHMBIX KPHCTA/JIOB XPOMIUNHHEIHAA HeT, pacTBOpeHHe NpeHMy-
EeCTBEHHO MO MEepBOMY THIY.

BrJoueHHs XPOMIIMHHETHAZ B anMase BeTpevatotes yacto. [IpH oueHb
He3HAUHTEJbHBIX KOJeOaHHAX XHMHYECKOTro cOCTaBa OHH HMEIOT H3MeHUll-
BYIO MOP(OJIOTHIO: OT OCTPOpefepHbIX MIOCKOTPaHHBIX OKTA3IpOB 10 4e-
4eBHLEBHAHBIX, [Aapoo6pasHbBIX KPHCTAMIOB, OrpaHHYeHHBIX MHOKECTBOM
velIKHX BHUHHaNel. B KpucTannax anmasa HH pa3y He oTMeyaauch pac-
rBOpeHHLIe 3epHa XPOMIINMHHeaHAa. To JKe MOKHO CKa3aTh H 0 BKJIIOYEHHs X
XPOMIINHHENHAA B OJHBHHE U rpaHare. UeTKoH 3aBHCHMOCTH MOp(OIOTHH
XPOMILIHHENHA OT cocTaBa He OOHApYIKeHO, XOTA Kcenomopduble 3epHa
3TOro MHHepaja B ceBepHOH yacTH HKYTCKOH [POBHHUMH npeacTaB/eHb
B OCHOBHOM HHM3KOXPOMHCTOH pasHOBHAHOCTbIO. Posb Mopdoaorun KpH-
CTaJJIOB XPOMIIMHHEJHAA B KauecTBe THNOMOPGHHOTO NMPH3HAKA NOKa He-
sicia. [lo npenBapuTenbHbIM HAGMIOAEHHAM MOMKHO KOHCTaTHPOBATh, 4TO
KHMOepJHTOBbLIE TeJla OTJHYATCs APYT OoT Apyra MopdoJsorHed XpoMIInu-
Henuaa. Tak, yCTaHOBJEHO, UTO B GOJILIIMHCTBE aJIMa30HOCHBIX TPYOGOK pes-
KO npeo6/1aJaloT HAHOMOP(HLEIE KPHCTAMIB XpoMmiunuHenuaa. B tpylOke
«Mup», nanpumep, onu cocrasisiior 85—90 % [119]. B neanmasonocHbix
TpyOKax ceBepHOH uacTH nposuHunn («O6HamenHas», «Pycsaosasy»), rie
GoJibllle KCEHOJMTOB IpaHaTH3HPOBAHHBIX IUNHHENEBLIX JEPUOJHTOB, 0-
MHHHpYIOIWeH MOp(QONOrHYecKoll pasHOBHAHOCThIO XPOMIUINHHEAH1A  §B-
JAI0TCA KCEHOMOD(HBIE 3epHa, HepeiKo yANHHeHHOH (opMbl. [loameueHo
TaK:ke pasHoe COOTHOLIeHHe MOP(OJOrHYeCKHX THIOB KPHCTAJ/IOB XPOM-
IINHHENHIa B aJMa3soHOCHbIX TpyOKax.

Xumudeckuit cocras. OcofeHHO MHOrO XHMHYECKHX aHATH30B XPOM-
IIMHHeAN1a ObIIO BEINOJHEHO B [OCJIEIHee 1eCs THIETHE C MOMOLILIO peHTre-
HOBCKOro MHKpoaHaausaropa (90, 104, 111]. My pacnosiaraem GoJsibIUHM
KOJIHYeCTBOM XHMHYECKHX aHaJIH30B 3TOT0 MUHEpPA/a 3 KHMOePIHTOBbIX Tl
B paiioHe TpyOKH «MHp», U3 KOHIEHTPATa HEKOTOPHLIX TPYOOK M LIJHXOBBIX
npod, a TakxkKe H3 KCEHONHTOB IyOHHHBIX MOPOJ Pa3HBIX KHMOEpPJIHTOBLIX
noneii. M3ayuenbl mpeacraBuTesbHble BHIGOPKH XPOMIIMHHEIHAA H3 KOH-
nentpata TpyGok «Mup», «CnytHuk», Lentpanbnoit norpy6ounoii nafiku
H BHYTpHTpYGO4HOH naiiku. M3-3a HejocTaTka Marepuana KOJHYECTBO Mpo-
aHalH3HPOBAHHBLIX 3€peH 3TOr0 MHHepanaa H3 JIBYX APYTHX JOTPYOOUHBIX
jaek mano (12 — us lOxuoit u 33 — wu3 Ceseproit). M3 taba. 10 u puc. 17
BHIHO, YTO XPOMILMHHENH]bI CPaBHHBAaEMbIX O0BEKTOB MO OCHOBHBIM napa-
MeTPaM H CpeiHEeMY COJIepXKaHHIO IJIaBHLIX OKCHJOB OTIMYAIOTCA Hecylle-
CTBEHHO, Kpome BHYTPHTpyGounoii nafixu. Mckmiouenne cocTaBasiioT Co-
Jepxanua xpomwnunennaa (Cr,0; << 62 %) w3 anmasubeliX nopoa. Ero
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Ta6auua 10, XuMHYeckuii cocTas XpOMIINHHEAHIA H3 KHMOEpAHTOBEIX Tea W opeonoB SlkyTckoil kumGepiuToBOi mposmHumm, %

Al,O, Cr,0, TiO, ,
Koanue- Apowne
Mecto orGopa CTBO aHa- - - 2 ':{3); 1“323:
NH30B X Or — no x Of — jo x Ot — po uHALHH
Buarodickas oGaacms
Tpy6ka «Mup» 18 19,7 (13,2) 3,83—51,3 45,6 (50,8) 18,5—64,6 0,44 (0,90) 0,00—4,24 9.9
Tpy6ka «CnyTHHK» 54 12,4 3,09—37,9 ; 24,7—60,2 0,79 0,00—5,15 —
JHotpyGounan naiika:
HOxnasn 12 20,6 6,15—41,5 Her pannpix 0,22 0,00—0,83 6,06
LlenTpansnas 217 13,6 2,07—41,0 51,6 29,1—64,9 0,72 0,00—6,21 0,46
CepepHasn 33 17,2 3,74—52,1 49,6 20,8—63,0 0,44 0,00—2,27 8,33
INocnetpyGounas naiika 98 Her panuwix 30,5 28,8—33,5 Her maunpix -
Tpy6ra Ne 1 100 16,8 (9,3) 3,73—52,6 48,1 (54,0) 13,5—65,4 0,68 (0,93) 0,00—3,10 6,0
TpyGka «Afixam» 528 14,6 1,03—47,8 51,4 20,4—66,8 0,31 0,00—4,83 14,3
Tpy6ka Ne 3 373 12,8 2,71—45,0 47,9 23,9—66,1 1,15 0,00—5,49 6,7
TpyGra ¢Komcomonbckasn» 60 13,9 4,71—39,3 49,5 19,4—65,0 0,65 0,00—4,88 20,0
Tpy6ka «CuiThiKaHCKan» 116 8,3 1,45—36,8 48,8 27,7—64,8 0,97 0,00—4,92 2,6
Anabap-Oanenekckasn obaracne
3aobnaunas naiika 192 14,32 4,86—45,36 48,17  21,88—53,65 1,02 0,00—4,10 -
Tpy6ka «CrapoocKoJbCKag» 121 24,85 1,36—50,3 39,48 17,7—55,4 0,68 0,00—9,46 —
TpyGra <YHra» 21 7,94 1,16—34,94 4571  28,19—54,90 2,82 0,20—4,16 —
Tpy6ra «Yamaita» 95 34,24 8,69—58,64 27,87 7,18—52,23 0,06 0,02—0,39 -
Pycao p. Buubike 62 40,67  24,74—51,75 23,54  11,44—37,62 0,09 0,01—0,26 —
p. ComoxyT 192 9,34 4,23—48,69 42,89  24,2]1—54,06 3,71 0,02—7,74 —-
p, 0eanx 216 10,54 4,86—47,54 42,90  20,85—62,5 3,45 0,03—6,25 0,9
p. Buanax 80 7,35 50,56—33,72 39,71  25,73—47 41 4,03 0,03—8,48 - -
ps Manan Kyonanka 162 8,48 1,18—23,87 57,17  24,03—68,4 0,49 0,10—-5,29 5,6
97 9,34 4,49—48,37 42,8 12,76—49,97 4,40 0,28—9,18 —

P Ynxa

[pusesanue. B cxoOkax npuseaenn fanunie . B. CoGonesa v ap f11).
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Pue. 17. OcoGennocTn cocTaBa XPOMUIMHHEAHAd W3 KCEHOIHWTOB IIYGHHHBIX MO-

poa Llentpanshoit gorpyGounoit makke (/) 1 TpyOKH «Mup» ([1):

1 — AyHuTu, rapubyprutel; 2 — NUPOKCEHHTH (BeGeTepuTh) MarHesasbHO-MeedHcTbie;
3 — BKJIIOMEHHS B rpaHaTe, B TOM YHCJe 30HaJbHOM, 06p, M-49 (coemuHeHH WTPHXOBOMH
AnHuell); 4 — BKAWYEHHA B 30HAJBHOM rpaHare, of6p, M-41; 5§ — BKJOYeHHA B aJMase;
6 — CPOCTKH ¢ anMa3oMm: 7 — KHMOepJHTOBLIl KOHUEeHTpaT

KoJIM4ecTBO B Tpy6Ke «Mup» HauGosee seicokoe — 9,9 %, B TpyOke «CnyT-
HWUK» H BHYTPUTPYOOYHO! AailKe 3Ta pasHOBHIAHOCTb XPOMIUIHHEJNHAd He
BeTpeueHa, a B LlenTpanbHoil naiike ona cocrasasier Beero 0,46 % . Jlanuble
0 COfep:KAHHH XPOMLUMHHENHJA TAKOH pa3sHOBHAHOCTH B JBYX JPYTHX
notpy6ounnix paiikax (8,33 % — B CeeepHoii 1 6,06 % — B 10xHoi1) He
MOTYT CUHTATHCA HAJeKHBIMH H3-32 MaJIOro KOJIHYECTBA NPoaHalH3upPOBaH-
HBIX 3epeH.

Ha puc. 18 npuBegeHsl rucrorpamMMsl pacrnpeieeHHs NpoaHaau3H-.
POBAHHBIX KPHCTAMJIOB XpoMiunmHHeauaa no cofepxanuio CryO;.  Xpom-
LINHHeIH] H3 A0TpyOouHOH JaiikH HMeeT GoJjiee BBICOKOe CpeliHee cojep-
wanue Cr,O; (51,6 %), uem u3 Gpexunit Tpy6kn (45,6 %). Xpommnuue-
JIH M3 BHYTPHTPYGOYHOro KHMOepJHTa XapaKkTepHayeTcs YAHBUTEJIbHBIM
W15l TAKHX MOPOJ NocTosiHCTBOM coctaBa — 28,8—33,5 % Cry0;. Kpome
TOro, XPOMIUMHHENH)l H3 BHYTPHTPYOOUHOro KHMGEpJIHTa NpaKTHUECKH He
conepxut TiO, (cotsie moau npouenta). B xpomwunuuenuze u3 OpeKYHH
or 0,00 no 4,24 % TiO, (s cpennem 0,44 %), a u3 goTpyBouHOH AdiiKH
or 0,00 1o 6,21 % (B cpeanem 0,72 %). B Gpexkunn u porpyGounoil naike
BCErjla OTMeyaeTcss XPOMHT a/JMa3HOH accolHalHH, TOrJa Kak BO BHYTpH-
TpyOouHOM KHMOEpPJIHTE OH He oGHapyKeH.

Kpowme Ttoro, npoanannzupoBano 1792 zepHa XpomiunuHesHja u3 Je-
CITH KIMOEPJIHTOBRIX Tes nATH noseit 0 809 3epeH U3 wwecTH LLJIHXOBAIX 11po0d,
B35TEIX B BOJOTOKAX ceBepHOi yacTH SIKyTcKoit KHMOEPIHTOBOH NPOBHHIIHH.
6 8-2269 8l
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Puc. 18. I'ucrorpammbl conep:anuii OKcHaa XpoMa B XPOMIUNIHHeJHAE H3 KHMGepIHTO-
BBIX [opox TPyGkH «Mupy (a), noTpyGounoit (6) u nocaetpyGouHoil (6) Aaek

Puc. 19. I'nctorpaMmi cofep:kaniil OKCHZa XpoMa B XpOMIUINHHeJHIE W3 KHMGEpJIH-
TOBBIX TpyGok Buuofickoit oGnacti:

a— «Mups; 6 — N |; & — «Afixans; 2 —«CuThIKaHcKan»; d — Ne 3

JaHHBIX O cOCTaBe XPOMIINHHENHAA H3 KHMOEPJHTOBBIX MOpPOA pas-
JIHYHLIX TPYOOK B HalleM pPacnopsikeHWH ropasjio MeHbllie, 4eM O cocTaBe
rpasara. [ocratoydo WHbOpPMaLHK JHIIb [0 OTAEAbHBIM TpyGkamM Buatoii-
ckoil obaacta [111].

Jlna u3yueHHOro XpOMIUMHHEJAHAA ycTaHaBJAMBaloTcs B ofileM Takue
JKe 0COOEHHOCTH B pacnpee/eHHH 0 TePPHTOPHH NPOBHHIMH, KakK M A4
rpaHara. XpoMIUNHHeNHA H3 Tpy6ok MamoGoryoGuHckoro H AsaKHTCKO-
ro noJsiefi xapakTepHsyercs WIHPOKHM pasHooOpasHeM B COAEPHKAHHH Kaxk-
JI0T0 H3 KOMNOHeHTOB (cM. Taba. 10, puc. 19). XapakrepHo#i 0co6eHHOCTbIO
H3yueHHBIX 00pasloB sBAsAeTcAs obOf3aTeslbHOE HANHYHE B MepeMeHHOM
KOJIMYecTBe XPOMHTA ajiMa3Hoii accoluauuH, copepxamero Gonee 62 %
Cr,0, [103]. Xpomiununenaus u3 Tpy6KH «¥YnauHas-3anajHas» CXOLeH Mo
COCTaBY ¢ XPOMLUMHHEJNHAOM H3 TpyGok ManoGoTyobunckoro H Ajakurc-
Koro noJieii. Xpomunusenana u3 Tpy6ok «Akanemuueckan» H «/lenunrpa-
ckas» ([lanapiHcKoe noJsie) OTJAHYAeTCs OT NPEAbLYIIEro NOHHKEHHbIM Cpel-
HuM conepxanueM Cr,Oy v nosbiineHHbIMH — TiO,, a Takake peakoCTbiO
XpoMmHTa anaMmasHoll accoumaunn [111].

HM3ayueHHblli HAMH XPOMILNIHHENH] H3 KHMOEDJIHTOBLIX TeJ W MPOMEXKY-
TOYHBIX KoJiiekTopoB AnaGap-OseHeKcKoH 06J1aCTH HMeeT AOBOJIBHO LLH-
POKHH CHeKTp cocTaBa, OJHAKO HX o6uieii 0cOGEHHOCTbIO ABJAAETCH Kpaii-
HAS PeJKOCTb XPOMHTa anMasHoii accoudaunu (puc. 20). B HebGoabuiom
KOJIHYECTBe TOT XPOMHT BCTpeyaeTcs JIHIIb B IBY X LIJTHXOBbLIX npoGax (pe-
ki Manas Kyonanka u 36enax, cM. Ta6n. 10). YkasaHHble BHIGOpPKH 110
HEKOTOPEIM NMpH3HaKaM MOXKHO pasGHTb Ha rpynmnbl. X POMIUNHHEHA H3
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Puc. 20, TucrorpaMyel cofepaHnii OKCHAA XpoMa B XPOMIUTIHHEIHe U3
KHMOEDIHTOB H ULIHXOBhIX OpeosoB AuaGap-OneHeKkcKoit ofi1actH.

Tpybrku: a — «CrapoocKosibcKasn», 6 — «3aobsaunass, & — «Yamafias; om-
AodiceHun: e — p. Conoxyr, d — p. Manan Kyonanka, ¢ — p, ¥Yaxa, a0 — p,
36ennx, 8 — p. DBuuuKH, 4 — p. Buaasax

Tpy6KH «Hamafiay n mnxa p. BelubIKE BhiZeAeTes NOBLILIEHHLIM CPeIHHM
cojepxauvem Al,O; (34,24 u 40,67 % cOOTBETCTBEHHO) H MOHHMKEHHBIM
TiO, (0,06 u 0,09 %). Xpomwnuuenus w3 3aoGaauHoll naiku, TpyOKH
«CrapoockoJibcKas» W mIHXa p. Manas KyoHanka no cpeiHum cojiepika-
HHAM TpeX OCHOBHEIX OKCHIOB NpHOJHKaeTcd K XDOMIUNHHENHLY H3
¢/1a00aIMa30HOCHBIX KHMOEpPJAHTOBBIX TPYGOK HOMKHONH YacTH MpPOBHHIHH
(cm. taba. 10). Cpenune comepkanusa Cr,O; B XpOMILIHHENHAE H3 3THX
npo6 NOBOJMBHO BEJHKH, a B XPOMIUNHHE e U3 wanxa p. Manass Kyonan-
Ka OHO BbILLE BCEX M3BECTHBIX AJA OXHBIX noJeii (57,15 %). He uckaioye-
HO, YTO B JaHHOH BBHIGOPKE MOBLIIEHO KOJHUECTBO XPOMHTA TaK HasblBae-
MOro KYPYHICKOTO THNa, XapaKTepH3YIOLLerocs BBICOKOH XPOMHCTOCTbIO.
XpoMinunesu M3 OCTalbHbLIX NATH NPOO BhlAENSeTcs BLICOKHMH CPelHH-
MH cosepxkanuami TiO,. B BbIGOpKH H3 LITHXOBLIX OPEOJIOB, NO-BHAHMOMY,
MONano HEKOTOp 0: KOJIHYECTBO XPOMILNHHENHAA HeKHMOepJHTOBOro re-
HesHca.
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Tabanua 11. KaaccuHkauns XpoMIIMHHE bCONEPKALHX KCEHONHTOB

YJbLTPaOCHOBHLIE [OPOJbI OcHoBHBIE MOPOAB!

Qanusn u cyGbauun
rayGuntoctu, no B. C. Co-

Gosesy u ap. [97] C rpasatoM Ge3 rpauara ¢ rpaHaToOM Ges rpasara
[nuuenn-nEpoKceHoBas JlepuosuTst Jnoncuan-
0,7 - 109 Thl, SHCTATH-

THTHI, BebC-
TEPHTh
llnnuesnn-nHponosas JlepLoaHTEL Huoncuan- To xe
(1,7 - 109 rpaHaTHIHPOBaH- Thl, JHCTA-
Hble THTHTHI,
BeGCTepHTH
I'pocnuaunrosas Jlepuonntei, » To xe »
2,2 - 109 aMBKPEMHTE
Koscutosan Jlyuuts Katakaa- JyHHTHI,
(3,4 - 109 3HpOBAHHbBIE, rapudypru-
JYHHTBEl paBHoO- Thl PaBHO-
MepHO3epHHCThIE,  MepHo3ep-
BEDJIHTHI HHCTHE
AﬂMas-ngManulluuax JlynuTs, rapu- Iy HuTHI,
4,0 - 10%) Gyprurs rapubyprret

BBHAay TOro 4Tto MCTOYHHKOM XDOMILUNHHENHAA B KHMOGEPJAHTOBOM Le-
MEHTe SBJISIOTCH Je3HHTerPHPOBAHHbIE NOPO/bl BepXHeli MaHTHH, HHTepec-
HO paccMOTPETh COCTAB 3TOT0 MHHepaJa H3 KCEeHOJHTOB IJyOHHHBIX MO-
pol, BCTPeYeHHBIX B KHMOepJ/HTax.

XpoMinuHebcoAepiKalllHe KCeHONMThl JeNATCH Ha JBe TPYMNbl, KaxK-
las U3 KOTOPBIX BKJ/OYaeT B cebs HECKOJIbKO THIIOB.

Ynbrpabasutel: 1) XpoMmiinuHe/b-rpaHaToBHE; 2) KaTaK/JIa3HPOBAaHHLIE
XPOMILNHHENb-IPAHATOBbIe AYHHTH; 3) albKpeMHTel; 4) rpaHaTH3HpO-
BaHHBIE XPOMILNHHENEeBbIe; D) 6e3rpaHaToOBble XPOMILTHHE/EBbIE.

bBasur-yabrpabasutel: 1) winHHENb-rpaHaTOBLIE MHPOKCEHHTH  (AHOM-
CHJHTBI, SHCTATHTHTBI, BeOCTepUTHI); 2) nop(HpOBHHBIE WINHHEIb-ITPaHa-
TOBbIE NHPOKCEHHTbI; 3) rPaHATH3HPOBAHHLIE LINHHEJNEBbIe MHPOKCeHHTDI;
4) GesrpaHaToBbie [UNHHENEBble [HPOKCEHHTHI.

Ananua sKcnepHMEHTaNbHBIX JAHHBIX H OUeHKH PT-napameTpoB 06-
Pa30BaHHA XPOMIINHHEJEBbIX NePUAOTHTOB H 6a3HTOB MO CYLIECTBYICLIHM
reotepMomMeTpam M reob6apomMerpaM NOKasblBaeT, YTO PaBHOBECHE HX MH-
HepaslbHBIX MapareHesHcoB COOTBETCTBYET IIHPOKOMY HHTEpBanly Teme-
paTyp H JaBJeHMA: OT 06J1acTH CcTaGU/IBHOrO CYLIECTBOBAHHA anMmasa Jo
NOHHKeHHLIX P u T B BepXHHUX FOpPH30HTaX MaHTHH M B 30HE Nepexoid K
3EMHO# Kope.

[Ipeasaputenbnas KaaccHUKalusa XpPOMIIMHHEILCOAEPIKAIINX Kce-
HOJIMTOB TAYOHHHBIX NOPOA M3 KHMOEpJHTOBHIX TpyOOK MpHBEleHa
8 Tabm. 11 (uudpsl B ckobkax — pasnaenne B [la).

HauGonee wupokuit pasmax PT-napamerpoB o6pasoBaHHs XapakTe-
peH sl rpaHaT-XPOMIUNHHEJNEeBbIX H XPOMUINHHeNeBbIX Ge3rpaHaToBbIX
y/AbTpabasuToB, TOrja Kak rpaHaTH3HPOBaHHblE WIMHHe/eBble yJabTpada-
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3HTHI, KaTaKJa3HPOBAHHBE TIpaHAT-IUNHHENEeBHle XYHHTHI W KCEHOJNHTH
NHPOKCEHHTOB 06pasoBajuch B 6oJiee Y3KOM HHTepBaje TemuepaTyp M
JlaBJeHHI.

KceHoamTbl yanTpadasuTos. CpeH XpOMIIMHHE b-TPaHATOBLIX YJbTpa-
6a3HTOB BLIJEJSIOTCH: a) AJTMa30HOCHBIE H MOTEHLHANLHO aJMa3OHOCHBIE;
6) HeanMasoHoCHble. [TepBbie CJ0KeHBl B OCHOBHOM MarHe3HasbHbIM OJIH-
BuHoM (f = 6,6—8,9 %); xpoMHuTa M rpaHata B HHX HeMHOro. XpOMHT
conepxkHut Gonee 62 % Cr,05, 3,60—7,50 % AlLO; u 0,02—0,50 % TiO,.
I'panar otnnuaetcs BhicoKoit Konuentpauweir Cr,O; (5,50—14,1 %),
HU3KOM, uiorga ymeperHoi — CaO (0,88—6,45 %) u Hu3Koil Xene3u-
crocteio (f = 13,3—17,2 %). B nocnennee Bpemsi B KHMGEpPJIHTOBBIX TPY6-
kax Ne 1 u «Ailixan» o6HapyxeHb XpOMIUINHHENb-TPAHATOBbIE IYHHTHI,
B KOTODHIX BHICOKOXPOMHCTHIH XpOMHT, 0612110l HI BCeMH 0cOGeHHOCTAMU
3TOr0 MHHepaJsa H3 aJIMa30HOCHBIX NOPOJ, COCYIECTBYeT ¢ Y MepeHHOXPOMHC-
THIM TPaHATOM, OTBEYAIOIIHM Pa3HOBHIHOCTH, HaHOOJee pacmpocTpaHeH-
Ho#i B Jepuoantax (Cr,0O; — 3,77—4,46 %, CaO — 5,79—6,68 %, [ =
= 17,9—18,7 %) [131]. Hx, no-sBuaumMoMy, c/eayeT OTHOCHTb K MOTeH-
1IHATBHO aIMa30HOCHBIM.

B kumGepauToBeIX TPyOKaX HepeIKO BCTPEYAIOTCA TPaHaT- H XPOMIIMH-
HEJIbCOAEPKAlIHE KCEHOJNHTH! YJbLTPaba3HTOB, TPaHAT H XPOMIIMHHEIH )
B KOTOPHIX OTJIHYAIOTCA MO COCTABY OT aHAJOTHYHBIX MHHEPAJIOB H3 aJMas-
COJIepKAMKX MOPOA. DTH OTJHYHA 3aKJIOYAIOTCH B NOBBILEHHOH Kalb-
nuneoctd (3,8—4,7 % Ca0) u mepeMeHHOH XPOMHCTOCTH rpaHaTa, XOTd
B OTAeNbHBIX oOpasmax cogepxanue Cr,O; ocraercss BhicoKHM (12 %).
XPpOMHT B 3THX NMOpoJax MeHee XPOMHCTHIH M Gonee TIVIHHO3EMHCTHINA MO
CPaBHEHHIO C XpOMHTOM anMasHoi accouuauuu. Ha nuarpamme Cr,Op —
Al,05 TOYKHM 3TOr0 XpOMHTA JIOXKATCA HENAJeKO OT MoJsi XPOMHTa aimas-
Ho# accouuanuu, eiesenHoro H. B. CoGoneswim [103]. 2T KceHONHTE
¢ HEKOTOPO# JloMell YCJIOBHOCTH MBI OTHOCHM K KO3CHTOBOH cyGdauuu ray-
6GUHHOCTH. 3Jech CJelyeT MOAYEPKHYTb, YTO MOKAa HET HaJEeXHBIX KpHTe-
pHeB LS pasjieleHHsi KCeHOJHTOB rpaHaT-XpOMIUMKHHeeBbIX yabTpabasu-
TOB (TaK e, KaK 1 6e3rpanaroBbIX pasHocTell 3THX Nopojl) Ha o6pa3oBaHHs
KO3CHTOBOHl H MeHee TIIyOGHHHOH TpPOCTHAHTOBOH cyOganuii, He Bceria
BO3MOXKHO MPOBECTH TPAaHHLY MeXKIy KCeHOJHTaMH XPOMIUNHHebconep-
JKawux 6asnuT-yabTpabasHTOB LIMHHENb-TIHPOMOBOH H TIPOCHHIAHTOBOMH
cy6aunii. IlosTomy npusenenHas B Taba. 11 cxema pasjeneHHs KCeHO.H-
TOB no daunaM H cy6dauusM J0MKHA paccMaTPHBAThCA Kak IpejiBapH-
TeJbHast.

X poMmiInuHeb-rpaHaToBbie  yabTpabasHThl TPOCHHAHTOBOH cyGdauuu
npeJcTaB/eHbl B OCHOBHOM JIep LOJTHTAMH C TOBBILEHHBIM COJAepKaHHeM
KJIHHO- H OPTONMHPOKCEHOB H NIepeMEHHBIM KOJIHUECTBOM YMepeHHOXPOMHCTO-
ro rpanara (3—5 % Cr,0,). HauGosee mIMpoKO KCEHOMMTH STHX NOPOJ
npejctasjenbl B Tpy6ke «Mup». O6pemMHOe colep:KaHHe B HHX XPOMILIMH-
Heanjga He npesbiuaer | %. DToT MHHepaa OTHOCHTCA K YMePeHHOXpoO-
MHCTOH PasHOBUIHOCTH.

KaraknaznpoBaHHbIe XpOMIUNHHEb-TPAHATOBbIE YAbTPA0Aa3UTHl PEelKH.
Onu BCTpeueHbl TOJMBKO B TpyOKe «YglayHas» (1Ba oOpasua ONHCcaHel
H. B. Co6onesuim u H. Il. INoxunenxo [111], xsa — namu [132]). Tloxo-
JKHe KCeHOJINTH oOHapyKeHbl Takke B KHMOepautax TPyO6kH Ne 3. 3to
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CYIECTEEHHO MarHe3HalbHEIe TOPOAL, CJI0XKEHHBIE OJIMBHHOM, FPaHaToOM if
xpoMmiinuHeansoM. OHH XapaKkTepH3yIOTCH YeTKO BhIpAYKeHHBIM KaTaK1a30M,
KOTOPOMY MOIBEpPresl IVIaBHLIM 00pa3oM ONHBHH W B MEHBUIEH CTeneHH
xpoMiunuHeans. OnHBHH 06pasyeT MO3aHKY MEJIKHX 3epeH (I0JIH MHJIIL-
MeTpoB), OH HecKOJbKO Gonee xenesuctoll (f = 9,3—9,6 %), uem B
COMBIIIHCTEE PAaBHOMEPHO3EPHHCTLIX yJbTpabasutoB. [paHaT BHICOKO-
xpomucteiit (CryO; 6,62—9,61 %), ¢ ymepeunbiM cozepxannem CaO
(5,0—6,4 %) u nosbimenubiM — TiO, (0,82—0,99 %), noewnenHoil xe-
nesuctocthio (f = 18,0—20,4 %). HMuTepeceH cocTaB XpOMHTa: BEICOKHE
kouuentpaunu TiO, (2,56—6,44 %), y/ bBOWINHHENEBHIT KOMIOHEHT CO-
crasaser 6—15 %. B HeMm TakKe MOBLILEHO COJEPIKAHHE MATHETHTOBOTO
kommonenta. Ha muarpamme Cr,O3—Al,O, (puc. 21) xpominnuuenui us
KATaKNa3UPOBAHHBIX yabTpabazuTos obpasyeT caMOCTOSITeNbHbLIH TpeH.l.
Toukn sTOro MHHepaja pacnoJararorcs B 06acTH MOHHMKEHHOH 'KOHIeH-
tpauun AlOj;, npHuem nepBHYHbBIE 3€pHA XPOMIUMHHENHAA OTHOCATCS K
Gosiee BLICOKOXPOMHCTOH Ppa3HOBHAHOCTH, YeM BTOpPHYHEIE, 00pa3oBaH-
Hble B npouecce Keaudputuzauuu neppuunsix. Ha guarpamme Cr,Oy —
TiO, ToukH XpoMWIOHHEJNHJa H3 Karak/JasHpPOBaHHBIX YJAbTpaGasHTOB
Takxe 06pasyioT 06ocoONeHHOe 110J1e, PE3KO OTHYAACh OT XPOMIIMHHEH-
la JPYTHX THTOB H pasHoBHAaHocTell no comepxkanuio TiO,. Haxonku B
KHMOEpJIHTOBEIX TPYOKaX KaTaKJasWPOBAHHBLIX FPaHaT- H XPOMLIMHHE b-
cozepxKaliX yabTpaba3uToB, XPOMIUMTHHENIH] KOTOPLIX OTJHYaeTcst cra-
GunbHbIM conepxanuem TiO,, cHHMaOT Bonpoc 06 HCTOYHHKE THTaHHCTO-
ro XpOMIUTHHENHAA H3 KHMOEPJHTOBLIX KOHIEHTPAaToB TPYOOK «AKaneMmu-
ueckas», «/leHHHrpanckas», «Ypnauxas» W 1p.

AnbkpemuThl [73] — ouenb peaxkHe nopojbl, CJIOKEHHBIE BBICOKOMArHe-
3Ha/IbHLIM HH3KOXPOMHMCTHIM XPOMIINMHHEJUAOM H FpaHaTtoM. XpOMUIIHHe-
au conepxkut ot 1 10 8 % CryO4; 60—66 % Al,O3; 6—10 % FeO. Penxue
HONYJIH albKpeMHTOB o0Hapy:KeHbl B TpyOKax «Ynauxas», «<Mup», «O6Ha-
JHKEeHHanAD. _

['panaruanpoBaHHEIe XPOMILINHHEEBbE YIBTPAGa3nTEl XapaKTepH3YICGT-
sl peaKIOHHLIM pa3sBHTHeM rpaHara o xpomunuseauay. 'panar obpasyer
BOKPYT DeJHKTOBbIX 3€pEH XPOMILUNHHENHAA KAaltMbl NepeMeHHOH LIHPHHbL:
OT foJefl 10 nepBeX MHJIAWMeTpoB. Cpejln rpaHaTH3HPOBAHHAIX LINHHE/e-
BbIX y/bTpaGa3nToB npeolG/ajaioT JeploinThl, KOTopee B TpyOke «OGHa-
YKEeHHasi» HMEIOT BEICOKOE COJIepKaie KJAHHO- H opronnpokcena. O6nemioe
cojeprKaHHe XPOMILMTHHENHAA, KaK NpaBuJo, He npessiaet 5 % . OH npea-
CTaBJIEH Kak CpefHe-, TaK H HU3KOXPOMHCTOH PasHOBHIHOCTBIO, H3-3d YEro
B rpanare takxe metbine CryO; (2—3,5 %).

CoGeTBeHHO XpOMIUNHMHeNeBble Ge3rpaHaToBble YJbTpabasHTH — HaH-
Goslee MMPOKO PACMPOCTPAHEHHBIE THITBI KCEHOMHTOB CPEIH OMHCHIBAEMbIX.
Jlo HegaBHero BpeMeHH MpaKTHYeCKH BCe KCeHOMIHTH! (e3rpaHaToBLIX XPOM-
LIMHHENeBbIX YIbTPaGa3HTOB OTHOCHIHCD K LUNTHHE/b-THPOKCEHOBOH (alnH,
01HOH M3 HauMeHee rayGHHHLIX. Onnako ofuapyKenune B TpyOKe «Alixam»
a/IMa30HOCHBEIX XPOMILMHHEJEBLIX CePHeHTHHHTOB (AYHHMTOB), 8 TakKike
MOABHUBIIHECH B MOCTELHEE BPEMsl aHANN3blL XPOMIUMHHENH/A H3 HeanMas-
HBIX pasHOCTel 3THX NOPOJ CBHAETEJLCTBYIOT O TOM, 4TO HAPSLY ¢ AefCTBH-
TeJAbHO MaJIOrJyGHHHBIMH pa3HOCTAMH B a/Ma30HOCHBIX TPYGKax BeTpe-
4aioTcA TMYGHHHBIE XpOMIUNHHE/eBble VibTpabasHThl alIMas-XpoMIHpoIo-
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Puc. 21. OcobeHHoCTH cOCTaBa XPOMIUINUHEIH]A B 3aBHCHMOCTH OT MIyGHHHOCTH NMOPOJ.

Payuu u cybgayuu: | — anmas-xpomnuponosasi, [/ — woscurosasn, [/[— rpocnufuronas,
1V — KaraknasupoBaHHBIX AyHuTOB, V — wnuHenb-nuponosasn, V/ — wWnHHeAb-THPOKCEHOBAN ]
nopodel: | —anMa3’oHOCHBIE AYHMTH M rapuOypruTsl, 2 — NOTEHUHANBHO AIMA30HOCHLIE rpaHa-
TOBbie AYHHTH H rapubypruTel, 3 — TO e, Ge3rpaHaToBue, 4 — KaTaKJ83HPOBAHHbIE JAYHHTHI,
§ — rpaHaT-XxpoMuiNHHeNeBble YAbTpaGa3uTel, 6 — rPAHATH3HPOBaHHWe YJAbTpabasute; 7 —
WwnHHeaeBble YAbTPabasuTol; § — BKJOYCHHS B BLICOKOXPOMHCTOM Ipanare



poit aunn [150]. Xpomwnnnennn W3 anmascojepaulux Ge3arpaHaToBbIX
nopojl XapakTeph3yeTcs BceMH o0co0eHHOCTAMH XHMHYeCKOro COCTaBa,
NpUCYULHMH XPOMIUTIHHEIHIAaM H3 BKJIIOUEHHH B aiMmasax H H3 alMa3oHoc-
HBIX I'PaHaT-XpoMIUNHHENEeBEX AYHHTOB. KceHo/MHTaMH NaHHOTO THNA M30-
Gunyer Tpy6Ka «Aiixamy. M3 puc. 21  BHAHO, YTO TOMKH XPOMLUNHHENHAE H3
GearpaHatoBLIX KCEHOJINTOB PACNoJiOXeHbl B IIHPOKOM HHTEpBaje couep-
wanuil CryOy 1 Al,Og: cOOTBETCTBEHHO OT BRICOKOXPOMHCTHIX H HH3KOTJIHHO-
3eMHCTBIX (a/1IM3a30HOCHBIX M NOTEHLHANbHO aJMa30HOCHBIX) 10 HH3KOXPO-
MHCTRIX M BBICOKOIJIHHO3eMHCTHIX nopoxi. Cpeau 3THX NMOPOA BhIAEJsHOTCA
Pa3HOCTH MPaKTHYECKH BeeX (aunii v cybbhauuii, no B. C. Cobosesy u ap.
[97], xoTa HX TouHOe OTHeceHHe, OCOGEHHO K MPOMEXKYTOUHBIM 0 TIJ1yOHH-
HOCTH (paumsaMm H cyOpauuaM (KO3CHTOBOH, IPOCMHAHTOBOH, IINHHENb-MH-
pomnoso#) sarpyanuTenbHo. OnHAKO JOMHHHDYIOT CpPeiH  NOPOX OMHCHI-
BaeMOro THna HaHMeHee IyOGHHHBIE — LIMHHeJeBble yJbTPabasuThbl ILMI-
HeJIb-NIHPOKCeHOBOH (aluH, AIs KOTOPLIX XapakTepeH HH3KOXPOMHCTbII
¥ BbICOKOIVIHHO3eMHCThIi XpoMmiunuueaun. [locsennuit, kpome coctasa,
OTJIHYAeTCH TaK:Ke 0COGEHHOCT MY MOP(OJIOrHH 3epeH, 06pasys CHMIJIEKTH-
TOBbIE CPOCTKH € KJIHHO- HIH OPTONHPOKceHoM. LIBeT xpoMwinuueasaa, Kaxk
npasuJo, Oyphlil. YKasaHHble NOPO/ALI, BHAHMO, ABJAAIOTCA aHANOraMH Kce-
HOJIHTOB LUNHHENEBLIX [epHI0THTOB, LIHPOKO PacnpocTpaHeHHbIX B Lea04-
HbIX GasanbTonzax. XpoMmuwnuHeaHy OGoJee riayOGoKHX (auHalbHbIX pas-
HOCTeH KCEHOJIMTOB MpEeACTaB/leH OKTasJpHYeCKHMH, HEPelKO YCJOM HeH-
HBIMH MHOTHMH BMIMHANfMH, KPHCTA/NIaMH, a TakKe MHOTOTPaHHHKaMmH
HJIH KPHCTAJJIaMH HenpaBHJIbHOH (HOPMBL.

Kcenoautol 6Gasut-yabrpabasutoB. KceHonuThl 6GasuT-yabTpabasuto-
BBIX MOpOJ B KUMOGEpPJIMTAX BCTPEYAIOTCS 3HAYHTEJIBHO peKe, YeM YJbTpa-
6asuToBbIX. Cpeil HHX ajMascojepiKalliie pasHOBHIHOCTH NOKa He ycTa-
HoBJeHE, COCTaB COCYLIECTBYIOIIMX MHHEP /OB (KJHHO- H OPTONHPOKCEHOB)
CBHJeTENLCTBYET 06 06pa3oBaHHH 3TOrO THNA NMOPOA B YCJIOBHAX yMepe:-
HBIX H moHWxeHHbIX PT-napamerpos. [lo npenBapHTeNbHBIM IaHHBIM
K HanGoJsee ryiyOHHHEIM IOPOJaM JJaHHOK CepHH MOXHO OTHECTH NOP(pHPOBLIE
rpaHaTtoBbie BeGCTepHThl, MOBLIIEHHOE KOJHYECTBO KOTOPBIX YCTaHOBJIEHO
B Tpy6Ke «Mup». OHH c/10KeHbl OPTO- H KAMHOMHPOKCceHoM, rpanartom [132].
X pOMILNHHEHL CONEPIKNTCA B HHX B BHJIe aKlleccopHoro MHHepana. Komu-
YecTBO I'paHaTa HeBeJIHKO. Meabyaiiluve oBanbHbIe 3epHa ero o6pasyioT le-
NOYKY Ha KOHTAKTe OTHOCHTENLHO KPYITHBIX nopq:ugoﬁ.nacroa OpPTONHPOKCe-
Ha. ['panar uwmeeT opuruHambHbli coctaB — 10 6 % Cry0,, 10 7,5 % CaO
u 10 15 % FeO. Io cnekTpocKonHYecKHM H KOJOPHMETPHYECKHM JaHHBIM,
B I'DaHare M3 3THX NOPOJ NoBeILeHO cofepanue Fe,O0y, uto npubauxkaer
€ro K rpaHaTy H3 KaTak/Ja3HpOBaHHEIX JEePLOJAHTOB. X POMILMTHHENH] H3 3THX
NOPOJ H3yueH MoKa cjaabo, elHHHYHbIE aHANH3b] N0KA3bIBAIOT yMEPEHHOE CO-
nep:xkanue CryO,, nosbiuennyio gouio Fe,05 v TiO,, 4T0O BHO CBHETENBCT-
ByeT 06 06pa3oBaHKH HX B YCJOBHSIX BBICOKOTO MNOTeHIHajla KHCJOpOAa.

I'panaTH3HpOBaHHBIE XPOMIUMHHENLCOJEPIKALLHE [THPOKCEHHTH, Kak
NPAaBUJO, NpeicTaBleHbl BeGCTepHTAMH, B KOTOPBIX MJIAacTHHYATHIE H Ja-
MeJIIeBHHbIE BbIIENeHHs XPOMIUMHHEeNHA 3amelnalores rpaHnatom. Coctas
XPOMILNHHENHA B 3THX NOPOJax H3ydeH cabo.

BesrpanaToBble nHHeseBble NMHPOKCEHHTHl — MaJOrJAyGHHHEIE NOPO-
Ib BepXHe# ManTHH, B KuMGepanTax pacrmpocTpaHeHsl orpaHHYeHHo.
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AHann3 NaHHBIX W3y4YeHHs XPOMIUNHHENEBHIX YAbTpaGa3uToB H 6a3uT-
yAbTPabasHTOB MOKAa3aJ, YTo B KHMOepaIHTaX 3TH NOPOJLI PacnpoCTpaHeHs!
IOBOJIbHO LUIHPOKO, XOTA HX J0JS CPEIH APYTHX THIOB H Pa3HOBHJHOCTEl
KCEHOJIHTOB B Pa3HbIX TPyOKax OTHOCHTEJbHO HeBenHKa. TepMoanHamuye-
CKHe YCJIOBHA 06pa3oBaHHs XPOMILMHHEJEBBIX Nopoj (oJiee IIHPOKH, Yem
rpaHaToBbIX yJabTpaba3uToB. Kak u3apecTHo, nocienue He 06pasyloT MHke-
pPanbHOrO PaBHOBECHS B YCJOBHAX IUMHHENb-NMHPOKCEHOBOH ¢auuu, B TO
BpeMsi KaK napareHe3Hchbl, XapaKTepHble /15 LUNHEE/eBbIX YJIbTpabasHToE,
3/iech IOMHHHPYIOT. B apyrux 6osee rayGHHHBIX (palHaNbHBIX 06CTaHOBKAX,
KOTOphIe BbiZeJieHbl B OCHOBHOM N0 yJbTpaGasuTaM u GasutaM ¢ rpaHaTom,
XPOMLUMHHEAbCOAePHKAIIHEe MOPOALl YCTOHYHBLI, HO KOJHYECTBO TaM HX He-
BeJIHKO.

HauGonee mupokHil cnekTp cocTaBa XPOMIUNHHENbCOLEPKAUIHX Kce-
HOJIMTOB YCTaHOBJIEH B aJIMAa30HOCHBIX H BbICOKOAJMa30HOCHLIX TpyOKax.
311ecb KCEHOMHTH XPOMIUNHHeNEeBLIX YAbTpabasHToB npejcTasleHbl HauGo-
Jee ITyGHHHEIMH, MPOMEXKYTOUHBIMH H MaJorJyOHHHBIME (hauHsMu H cy0-
(paunsamu, TToBHIIIEHHOE KOJMHYECTBO NMOTEHUHAJBHO AIMAa30OHOCHBIX XPOM-
IINHHENeBbIX KCeHOJHTOB (Hanbosee rayOHHHBIX) o6HapyxeHo B Tpy6Kkax
«Ajixans, Ne 1, «¥paunas» u HekotophiX apyrux. IlInunesnbcopepxaiine
KCEHOJIUTB B KHMOEpJIHTaX ¢ NOBBILIEHHON aJMa3soHOCHOCTBIO B CyMMe CO-
craasioT oT 10 10 20 % Bcex pasHCBHAHOCTEH KCEHOJHTOB, a HauMeliee
rnyGHHHBle IUNHHeJeBEe NMOPOJbl MNHHeNb-NTHPOKCEHOBOH (halluH B anma-
30HOCHBIX TpyGKax He npepbiawT 5—8 %.

B cpenne- u cnaoanmasoHOCHBIX KHMOepauTax HaunGosee rayGHHHLIE
anMascojlepikallie W OJIH3KMe K HHM M0 YCJI0BHAM 06pa3oBaHusA 10POJBL
(koscuToBas cyOdanuns) ¢ XpoMIINHHEAHAOM peakH. B nux Gonee mnpoko
pacnpocTpaHeHbl XPOMILNHHENbCOJAEPKALIHE KCEHOMNTLI (aunii cpefHHX
H MaJblX Tay6HH.

MuTepecHb! TEKCTYPHO-CTPYKTYPHBIE O0COGEHHOCTH M YCJIOBHS 06paso-
BAaHHSl TPAHATH3HPOBAHHBIX IUNHHEEBBIX yJbTpabasntoB. Bnepsbie oHu
6ulH OOHapyxeHbl B TpyOKe «OGHameHHas» [22], cunranocs, 4TO TONBKO
3/1ecb pacnpocTpaHeH 3ToT THN nopoasl. OfHaKo, Kak noKasaJju Halll Hecae-
LOBaHMs, TPaHATH3HPOBAHHbIE IUMKHENEeBble YJAbTpabasHThl BCTPEYAOTCH H
B JPYrux TpyGKax, XOTS HX KOJHUECTBO TaM, KaK NpPaBHJIO, HEBEJHKO
(«Mup» — 2 %, «¥Ynaunas», «3anonspnas» u «Hosuuka» — 0,7 %).

B nHeanmasoHOCHEIX TpyOKax HanboJsee riyOHHHLIE KCEHOJHTE ¢ XPOM-
LIMHHEHI0M He BeTpeuerbl. Cpefd HHX 3HAYMTeNbHO GOJiblie LMHHeNeBLIX
yabTpabasuToB IINHHeNb-NHPoKceHoBoH daunu. Ilo nammm gauHbiM, 3TH
KceHOJHTH B KuMGepantax Kypanaxckoro noas (Kyonanckuii paiion) co-
craBaawot 57,7 % Bcex pasHoBHAHocTel, JlywakaHckoro — 45,5 %, B
TpyGKe «O6HaxenHas» — 13 %. Bennko conepxanue KCEHOJNHTOB LINHHe-
JIEBBIX Y/JbTPa6asuToB B KuMGepautax psaga TpyGok Jlecoto n IOAP. Tak,
B HeKOTOphIX TpyGkax Jlecoto ux cogepxanue pocruraer 50 %, B TpyGke
«Jlercenr-ns-Tepae» — 25,4 %, B TpyGke «Ilpembep» — 14,0 %.

Takum 06pasoM, MOXKHO 3aKJIOYHTh YTO B alIMa30HOCHBIX TPyGKax mo-
BhIlIEHO KOJHYECTBO KCEHOJHTOB C BBHICOKOXPOMHCTHIM XPOMLUINHHEIHIOM..
[TosToMy naHHBI NTPH3HAK MOMHO HCNOJB30BATh B Ka4yecTBE KPHTepHS aJi-
Ma30HOCHOCTH. B kumGepantax SKyTcKO# NPOBHHIHMH OT LEHTPAJbHLIX ee
palioHOB K CeBepHLIM CYIIECTBeHHO BO3pacTaeT COAEepiKaHHe KCEHOJHTO3
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Tad suua 12
. Kpucramnomopdionoruueckue ocobennocty KPUCTAJLIOB WHPKOHA M3 KHMOEDIHTOR
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CosepikaHue 3TOr0 MHHEpajga B KHMOepIuTax o6bIun0 HeBemnKo. Kak
NpaBHJIo, 3TO PelKHe 3epHa, KOTopble GIaroiapsi CBEUEHHIO B PEHTIEHOB-
CKHX JIyuaX W3BJIEKAlOTCsl H3 KOHILEHTpaTa KUMOEpJ/IMTOB BMeCTe ¢ ajiMa-
som. ClleIoBaTebHO, CBEJEHHS O COAEpKaHHH IHPKOHA B ONPOGOBAHHBIX
Ha anvaskl KHMGEPJIHTOBBIX TPYOKax MOMKHO CUMTaTh BIOJHE AOCTOBEP-
e, HanGolee BBICOKOE KOJIHUECTBO MMPKOHA 3aHKCHPOBaHO B TPyGke
«Koanextusnasi» (0,005 %).

[npxon u3 KHMOEpJINTOB 00/1a/1aeT LE/IbIM pAA0M MHHEpAJI0r0-Te0XHMH-
YecKUX OCOGeHHOCTeH, MO3BOJSAIOMHX HAJeKHO OTJIHYaTh €ro OT LHPKOHA
u3 Apyrux nopox. IlpeoGaajaioT OKpyr/bie H KOpPOAMPOBAHHEIE S€pHa,
HIHOMOP(HEIE KPHCTAIbl — PEIKOCTh, VISl HHAHBHIOB IHPKOHA Xapak-
TepHBI OTHOCHTE/IbHO GOJIbIIHE Pa3Mephl, HalHYHe crnafiHOCTH 10 HECKOJIbKEM
[1I0CKOCTSIM, NpH3HAKK JeopMAalHHi KPHCTA/IIOB, MIOTHOCTE CTPYKTYPHL,
0GHJIHe KHAKHX BTOPHYHBIX BKJIOYCHHH B 3a/leYeHHBIX TPEUHHAX H Jp.

[lupkoH H3 KHMOGEpJHTOB, B TOM UHCJE H3 KCEeHOJHUTOB TIYOHHHBIX
nopozi B KumGepJauTax ¥ GasanbTax, NPEeICTaBJeH B OCHOBHOM OBaJbHBIMH
KOpPPOAHPOBAHHbLIMA 3epHaMH. Hemuoroync/ienibie AaHHble €ro KpHCTaml-
J0MOP(OJIOTHH, HMEIOIIHeCs B CelHalbHO IMTepaType, OCHOBAIIb! Ha BH-
3yaJIbHBIX HAG/IOJeHHsAX, YTO JOIYCKaeT BO3MOKHBIE OIHOKH B onpeene-

HHH NPOCTHIX (POPM.
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4 @\ BoabmnHeTBO HecnenoBatened nis
A KPHCTaJJIOB LUHPKOHA H3 KHMOEpPJIHTOB
. OTMEYaeT KOPOTKONPH3MaTHYeCKHH ra-
et 0| 6uryc ¢ passutHeM dopm (110) u {111},
Orpaska ruauuntoBoro tHna {100} —
a 7 ' {111} 3adukcHpoBaHa y BKJIOYEHHS
Puc. 22. Tabutychse anm xkpu- KPHCTalla UHPKOHA H3 KMMGepJHTOBOI
CTainoB LHpKoHAa M3 KumGepamtos TPYOKH «325 jer SIkyTuu». B nurepary-
TpyGok «Mup», «Manokyonanckas», pe OTMeYaeTcsl TAK:Ke Pa3BHTHE Ha KpH-
«Kodudonteltnr: CTa/aX NHPKOHA H3 KHMGepJIHTOB
Romnse ¢ kpueranan: 6 — wanGonee [PH3M NIEPBOTO H BTOPOrO poOJa, AHIH-
e 0% gy “?’g,l’f'_’s”';;“:bﬂ‘ pamu] M nuHaKouaa. Bkiouenns wmea-
pegKue Kpuctaaaw Tuna {110} + {101} KHX KPHCTAJJIOB C THAIIHHTOBLIM H LHp-
KOHOBLIM THIIOM OTPaHKH B NHponax
u3 pocchineli Yemckoro Cpeaneropbs omucannl §1. bayspom [147]. Ha
roHHOMeTpe GBI HCCJENOBAH OJHH Pe30pOHPOBAHHBIA KPHCTAM LHPKOHA
u3 Tpy6kH «Mup». Kpome ocoBubix popm pocra {110} u {111}, na sTom
KpHCTaJlle YCTAHOBJAEHO MHOMXKecTBO ()OPM PacTBOPEHHS, COOTBETCTBYIONIH X
pasIHYHBIM TETPAroHaJbHBIM H JHTETPAroHANbHLIM JHITHPaMHaM.

Ha rounomerpe I'/I-1 ncenepoBanachk KpHceraanorpadus nHMpKoHa u3
KHMOEpJIHTOB, KCEHOJIHTOB B HHX H KHMGepJ/IMTONoA06HbIX Mopo (Taba. 12).
KpynHble KpHcTawbl H3 KnMOepuToB (Tpy6kH «Mup», «<Manoxkyonanckas»,
«Koddudonreiiny), rabuTyc KOTOPLIX BOCCTAHOBJIEH MO PEJTHKTAM NEpBOHa-
Ya/JbHOH OTpPaHKH, MpPeACTaBJIeHbl KOPOTKONPH3MATHUeCKHMH HHAHBHIaMH
C yyacTHeM OCHOBHHIX (popM — npuamul {110} u nunupamuns (111} (prc.
22). TabutycHele aunupamuanbieie {111} gopMbl Takoro mHpKoHa 3aduk-
CHDOBAHHl B BHJE BKJIOYeHHHl OTPHLATEJbHBLIX KPHCTA/IOB B OKPYIJIBIX
sepHax. Peaxo nabmonaercsi kom6unauua cdopm {101} — (110). Yaau-
HeHHe KPYMHLIX KPHCTAJIOB IHPKOHA H3 KHMOGEPJIHTOB, OYeBHIHO, He Ipe-
Buimaer 1 : 3. B 3THX e KpHCTa/lJ1aX XOpOINO NposiBJeHa cnaiHOCTh M0
{110} u {111}, ormeuaBmasca U B Gosiee paHHUX paGoTax. BeposaTHO, B
JIaHHOM c/lyyae Ha KPHCTaJJlaX PasBHTHI caMmble INepBhie raGHTYCHEIe Gop-
MBI, He oforaiiaBlIHecs TPaHAMH Ha MO3AHHX CTAaAMsX KPHCTAMIH3AlMH.

Prc. 23. TaGutycHble THNB KPHCTall0B UHPKOHA W3 KHMGepantos TpyOkH «Afixan (a)
n rtena «Cekamenrs ()

Puc. 24, Tabutycnbie THIH MeJKHX KPHCTANJIOB UHPKOHA M3 KCEHOJMTA ANATHT-BJb-
MEHHT-UHPKOHOBOH nopoanl B KuMGepauTe TpyOKH eAfixam»
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Bonee cnoxnan Mopdosoruss y Menkux
KPHCTAJJIOB LIMPKOHA H3 KUMOepJHTOB TPY6-
KH «Afixam u tena «Cekamenr». Mx orpanka
(puc. 23) ocaoxuena aunupamupoii (311}, a
Takke npusmoii {100} y wuHpKoHa H3 Tena
«Cekamenrs, Ecin no BK/IIOYEHHAM pasHbIX
MHHEpPAJOB B KPYNHBIX OBAJbHLIX KOPPOH-
POBAHHALIX 3epHAX IMPKOHA H3 KHMOEPIHTOB
GONMBUIMHCTBO HX OTHOCHTCA K YJIBTPAOCHOB-
HBIM [0pOJaM, TO FeHeTHYeCKas NpHHaIex-
HOCTb MHOTOTPAHHHKOB LHMPKOHA H3 KOHLEH-
TpaTa oboramenus TPYOKH «Ailxam» W Tena Ppyc, 925. TaGutychme THOM
«CekameHr» He scHa. Tem GoJiee, 4TO M0 CMEK-  KPHCTAAJA0B MHPKOHA H3 MHK-
TPY TOTJIOUIEHHS] B BHAHMOIH OGMACTH JHJO0- PHTOBHX moppuputos Tpyc-
Bbifl LMPKOH M3 Teaa «CeKameHr» He mmeer K" “/Iroaka
aHAJOrOB HE TOJNIBKO CPeiH PasHOBHIHOCTeH
LHPKOHA H3 KHMOEpPJIHTOB, HO H CPelH MPHPOAHBIX H CHHTETHYECKHX €ro
npeacrasutenedi Boobite. [To nannem B. M. Byiiko, B cnektpe noroue-
HHUA B BHAMMOH 06J1aCTH 3TOr0 UHPKOHA HAGMIOAAIOTCA LIHPOKHE M0JI0-
cbl ¢ MakcHmyMamu npu 415 u 555 HM.

CpoeobGpazHa MOp(OJIOrHs KPHCTANIOB LHMPKOHA H3 KCEHO/NHTA ana-
THT-HIBMEHHT-IIHDKOHOBOH NOPOALI B KHMOepanTe TPYOKH «Afixany.
Ha ronoBkax 3THX MpH3MaTHYECKHX KPHCTa/JJIOB pPasBHTA KOMOMHALMA
dopwm {101} u {311}, wHOrna TakmxKe APYrHX BTOPOCTENEHHBIX AHNHPaMHI
(puc. 24). Berpeyatores napandienbHble CPOCTKH JABYX H GOMBIUE HHAHBH-
JoB. KpHcTaniel LHPKOHA H3 3TOrO BKJIOYEHHS OTJIHYAIOTCA OT KPYMHbIX
KPHCTAJJIOB LHPKOHA H3 KHMGEDJHTOB HEKOTOPBHIMH (DH3HYECKHMH Xapak-
repuctukamu [128], a Takxe coxepkaHHeM 3/eMEHTOB-TPHMeCeH.

Borarsel npocthiMH (opMaMH npu3MaTHYECKHe KDHCTAaJIBl LMD KOHa
H3 MHKPHTOBHIX nopdupHuToB TpyGKH «froakas (puc. 25). [To ux HaGopy
OHH GJHKe BCero K LIHPKOHY H3 KCEHOJIHTA anaTHT-HIbMEHHT-IHPKOHOBOH
NOPO/Jibl, OAHAKO TEPMOJIOMHHECIIEHIIHS HX OTJIHYaeTcs, B TOM YHCJe H Mo
CPABHEHHIO C KPYMHBLIMH KpHCTAJJIaMH [HPKOHA H3 KHMOEpJIHTOB
[128].

[upkoHy H3 KHMGEPJHTOB CBOHCTBEHHa camasi MpOCTas OrpaHka —
{110} — {111}. Kak wu3BectHO, TeopeTndeckni psajg GOpM LHDPKOHA HMe-
er caenyiownit Bug: {111}, {110}, {121}, {102}, {100}, {331}. OwueBua-
HO, Bce napameTpbl MHHepagoo6Gpasyiolei cpeaul ObLIH GaaronpHsATHLHIMH
715t HauboJiee NOJHOTO MPOABJIEHUSl CTPYKTYPbI LHPKOHA H3 KHUMOEpJIH-
TOB B MOP(OJIOTHH €ro KPHCTA/JIOB. DTOT BBIBOL MOAKPErisieTca HaaudyueM
4eTKOM CNafiHOCTH MO CaMbiM BaXKHBIM [NIOCKOCTSIM B LHPKOHe H3 KHMGep-
JINTOR, JOBOJIBHO OJHODPOAHLIM €ro CTPOeHHeM, OTCYTCTBHEM 30HAJIBHOCTH,
Pasnnure B MOP(OJIOrHH APYTHX H3YYeHHBIX PpA3HOBHAHOCTEH IHPKOLa
H3 KHMOeDJIHTOB H KCEHOJMTOB B HHX MOMKHO OOBSICHHTb JAMHAMHKOH [0-
BelleHHs KPHCTaJJIOB B pasHoi MuHepasoofpasytolieil cpese.

Ha cBexux cKonax umMpKOH NOYTH npospaved ¢ GJeckoM, GIM3KHM K
anmasnomy. Pasmep sepen kKoaeGiercsa ot jpodefi muaaumerpa 1o 2,5 oM,
npeobaanaior' sepua 1—3 mm. LlBer B GoabluMHCTBE cayuaeB GJenHO-po-
30BBI, HHOrAa GJeJHO-JKeNThlH, BeTpeuaioTcsi GeclBETHLIE 3epHa.
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MHuorne sepna uMpKona no-
KpuiThl TOHKOH (0,1—0,4 mwm)
cepod HaH cepoBaro-0esoi Ko-
POYKOH, TNpPOYHO CBA3AHHOH C
BellecTBOM LMpKoHa. [lo nan-
uoim [1. Kpecrena [165, 166], &
+ COCTaB KOPOYKH BXOAAT pas-
® JuyHele MoauduKaunu ZrQ,.
0600 o A. A. KpacuoGaes [56] uc-
cnefoBan ocoOGeHHOCTH cTpoe-
HHAl MEepBHYHLIX NOBEPXHOCTEN
3epeH LHPKOHA NpH yBeJuue-
uusax B 100—600 pas. On ob-
HapyXHJ MHOMXecTBO (HIVp
TpaBJ/IeHHs1 Pa3IHYHOA KOH(H-
Iypaiuu: MAKpPOTPeyrolbHHKH,
KaHaJjbl TpaBJieHHs, o6pasyio-
IHe  MHKPOYepenuTyaryio M
3aHO3HCTYIO MOBEpXHOCTb. [lo
€ro MHEHHIO, IHPKOH M3 KHM-
OepJIMTOB HMCMBITANl HHTEHCHB-
Hble XpYNKHe H IJacTHYecKHe
Jeopmannu. Xpynkue nedop-
MallHH MPOABHJIHCH B BHIE CH-
cTeM cybGnapanienbHbIX — HJIH

=
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0607-

0599
0,598
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Fa¥

596 T T T
0658 0659 0660 0661 0662 a,
A7 vZvimios =607 e8 +9B10
Puc. 26. ITapamerput @y ¥ ¢y (B HM) 37eMeHTap-

HOH fyeliKH LIHPKOHA:

!/ — H3 KUMGEpJHTOB, MO JIHTEPATYPHBIM NaHHLIM;
2 — TO #e, NAHHBIC apTOpOB; § — H3 KCeHoJauTa
ANaTHT-HJABMEHKT-UHPKOHOBOMl NOPOABI, TO XKe; 4 —
H3 TNHKPHTOBLIX NOPOHPHTOB, TO Xe; 5§ — H3 Kap-
GOHATHTOB, TO e; 6 — W3 NErMaTHToB, MO JHTe-
PaTYPHLIM JaHHBLIM; 7 — H3 JAPYTHX NOPOA, TO Ke;
& — CHHTeTHYecKMil UMPKOH, TO Xe; 9 — H3 rpa-
HHTOB, JaHHme aBTopoB; [0 — W3 APYrHX NOopoa,
TO XKe

KPHBOJMHEHHBIX TpPEUHH, naa-
CTHYECKHe — B BUJe JIHHHIl
CKoJIbKeHHs Ha rpausax {110/,
HHOIJIa MepeXofAIIHX Ha Tpani
{111}. I1pu conpsixkeHun Xpyn-
KHX H MJacTHYecKHX Jedopma-

LUHA KpPHCTaNabl CIOCOOHBI ApO-
GUTbCA Ha YacTH, OrpaHuyeH-
Hble MJIOCKHMH MOBEPXHOCTAMH C Pa3HOH CKYJbNTYPOM.

Y Bcex KpHCTa/I/IOB ILMPKOHA M3 KHMGEPJIHTOB MapaMeTphl 3JeMeHTap-
HOH siuelKH GJIM3KH W YaCTO MeHbllle, YeM Yy KPHCTa/JIoB APYrOro mnpomc-
xoxmaenus (puc 26). IT. Kpecrer ¢ coasropamu [166] ycranosuu, 4to Mo-
JIsIpHBIH 00beM LHPKOHA M3 KHMOEDJHTOB H3-3a YMJIOTHEHHs PEeLIeTKH Ha
1 % Menbille, yeM y UHPKOHA M3 APYrHX mopoiA. B ynnotnennu pewerku
NepBOCTENEHHYIO POJb HrpaloT JaB/JeHHe W OTHOCHTeNbHas 4YHCToTa (OT
3/IeMEeHTOB-NpHMecei) KPHCTALIOB LHPKOHA W3 KHMOEpDJHTOB, B HelO/Ib-
LIOM KOJIHYeCTBe OH COAEPKHT TONMbKO raduuii. MMenHo c¢ Bospactanuem
Hi/(Hi + Zr) B cuutesnpoBanubix coexusenuax ZrSiO,—HISiO, sa-
(HKCHpOBaHO MOCTENeHHOe yMeHbLIeHHe apaMeTpoB g, H C,. ¥ CTaHOBJe-
HO TaKxke, 4To paciuupende ofbeMa sJieMeHTapHOH AYefiKH UHPKOHA MOXeT
ObiTh Pe3yJbTATOM CTPYKTYPHOTO PpaspylleHHs, BBI3BAHHOTO pajHoaK-
THBHOCTbIO. Kak W3BecTHO, UHMPKOH W3 KHMOEPJHTOB COAEPMKHT MHHH-
MaJ/lbHOE KOJIHYecTBO PajHOAKTHBHBIX 3JieMenToB. Bospacranue copepika-
Hus U # Th B nem naGmonaercs ¢ nossaenuem okpacku. Boaee nnoras
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CTPYKTYpa UHPKOHA H3 KHMOEPJHTOB MOKeT oTparxarh BhICOKoGapHuecKne
ycaoBHs ero Kpucraaauzanuu. [lojoGHele npAMepbl YNJAOTHEHHA CTPYK-
TYp XapakTepHH 15 MHHEpPajJOB BepXHeH MaHTHH MO CPABHEHHIO ¢ TeMH
JKe MHHEpa/laMH 3eMHOH KOpbl. Y MeHblUeHHe NapaMeTpOB 3JeMeHTapHOM
AYeHKH MHHEPAJOB NPOHCXOIHUT TaKxkKe C MOBbILEHHeM CTeneHH MeTamop-
¢H3Ma mopoi, HanpuMep, y rpaHara ¥ WHPKOHA.

Jlns uecnenoBanusi OKpackH lMpKoHa Oblna nonoGpana cepus ofipas-
II0OB C [OBOJIbHO HHTEHCHBHLIM GypOBaTO-)KeAThIM UBeTOM, OJH3KHM N0
TOHAJNbHOCTH K JIBIMUATO-UHTPHHOBBLIM pa3HOCTAM KBapua. Takas okpacka
KPHCTa/IJIOB OTHOCHTCA K pajHalHOHHOA: npH HarpeBauun no T = 300—
400 °C KpucTaaabl MOJHOCTBIO O0ECLBEYHBAIOTC H BHOBb OKpallHBalOTCA
NOJ BO3JEHCTBHEM KECTKOTO raMMa-H3JydYeHHs WJIH PeHTreHOBCKHX Jy-
yen.

OcHoBHasi 0cOGEHHOCTb CNEKTPOB ONTHYECKOro TOIVIOUEHHS] IHPKOHA
SKyTHH — HHTEHCHBHOE KOPOTKOBOJIHOBOE MOIJIOUIEHHE, 3aXBaThiBalollee
yacTb BHAMMOrO JAHanasoHa cnekTpa ((pHoneroBylo, CHHIOW, 3eleHylo 00-
JlacTH) u 00yCJIOB/IMBaiOIee NoABJAeHHe cOooTBeTcTByIolleH okpacku. [lo-
CKOJBKY CYLIECTBYIOT GeclBeTHble 3epHa LHPKOHA, €CTEeCTBEHHO CUMTATh,
YTO JKeITas OKpacka He cBA3aHa ¢ (yHLaMEHTaJdbHBIM (COGCTBEHHBIM)
nornomenuem ZrSiO,, a ofycnoBieHa HaJHYHeM IONOJHHTENbHBIX M0JOC
norjomensus B Y ®-o6sacTH, AJIHHHOBOJHOBBIA Kpail KOTOPBIX (PHKCHpY-
ercs B BHAHMOH 4yacTH cnektpa. JIn1s npoBepKH 3TOr0 NpeanoJoeHus Obl1
nonyuen cnektp norJowenus Tonko#t (0,3 mMM) nomHpoBaHHOH [10CKoma-
pansesbHOH NJACTHHKH KeaToro uMpkoHa B obaactH 200—400 M. Mc-
XOIf H3 HMEMUIMXCSl NaHHBIX MOXKHO 3aKJIOUHTb, 4TO OKpacKa HCclelo-
BaHHOrO LHpKOHA oOycloBJeHa HaMOXeHHOH Ha Kpas coO6CTBEHHOTO
[OTJIOUIEHUS IHPOKOH HHTeHCHBHOH nosocoit A == 38 000 cM—!, aauHHOBOJ-
HOBHI Kpa# KOTOpoH onpejenseT NONOJHHTeNLHOE MOTJOIEHHe Ha KO-
POTKOBOJIHOBOM YYacTKe BHIAMMOTO AuanaszoHa cnekrtpa. OyeBuiHO, 4TO
rycTOTa OKPAackKH KDPHCTaNJIOB 3dBHCHT OT WHTEHCHBHOCTH STOH MOJIOCHI.
TTockonbKy GypoBaTo-xKenThlH LBET LUHPKOHA TEPMHYECKH HEYCTOAYHB U
KpHCTaanbsl npH nporpeBe o6pasuoB no T = 300 °C oGecuBeynBaiorcs,
MOKHO CUMTaTh, 4To noJjoca nornomenus 38 000 cM—' cBA3ana ¢ 3JAeKTPOH-
HO-/ILIDOYHBIMH LEHTpPaMH.

CorsiacHO MHOrOYHCJeHHBIM AaHHBIM IITP-HccneaoBannil npHpoAHOro
UHPKOHA, HauGoJiee pacnpocTpaHeH B HeM JIOKAJH30BaHHLIA Ha KpeMHe-
KHCJIOPOLHOM TeTpasipe AblpouHblii nentp O— (SiO77), Koropwiit (puKcH-
pyeTcsi BO MHOTHX CH/IHKATaX, o6yCJIOBAHBAs MOSABJIEHHE B MX ONTHIECKHX
CrMeKTpax HHTeHCHBHOH MoJockl morJoineHds B Y @-o6aacti, 6aH3K0H no
sHeprun K nosoce 38 000 cM—! B xearoM uupkone. [To-BuaAHMOMY, BXOX-
Jieliie Pa3NIHYHBIX MPHMECHBIX HOHOB B CTPYKTYpPY LHPKOHA, OCOGEHHO B
cayyae retepoBasieHTHOro usomopdusma, Zrit < M+, cnocoGerByer Bos-

HHKHOBEHMIO UEHTPOB OKpacku SiO}~, KoTopsie i OGYCIOBIMBAIOT Kel-
ThIH 11BeT UHpKOHA HKyTHH.

HcenenoBanuch Takke JIIOMHHECHEHTHEIE H TepMOJIIOMHHECHIEHTHEIE
CBOMCTBA IIMPKOHA MO MeTOAMKe, H3jaoxeHHOil B paGote [128]. Cnextput
JIIOMHHECLIEHIIHH Y BCeX H3YYeHHLIX 06pa3loB LHPKOHA OJHOTHNHEI, OTJH-
yaeTcs JIHLIL WHTEHCHBHOCTBIO NOJOCA ¢ MakcHMyMom npH 675 uM. B Hem
BhiJle/IA€TCA TPH TPYNNB MakCHMYMOB noJjoc cbBeyenusi: npu 550, 610 u
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675 M. MIHTeHCHBHOCTB 3THX MOJIOC PE3KO BO3pacTaeT 0T KOPOTKOBOJHOBOM
K JJTHHHOBOJIHOBOH 4acTH cnekTpa. OcoGeHHOCTLIO H3YUEHHBIX 0OpaslioB
LHPKOHA ABAAIOTCA CIEIYIOIWMX ABa OOCTOSITENIbCTBA: CYLIECTBEHHO ypa-
HOBBIH THN JIIOMHHECHEHIMH H HAJHYHe MOLIHOH MOJOCH CBeyeHHA B 06-
Jactu 675 HM, YTO OTJIMYaeT JaHHLIH HHPKOH OT BCeX OMHCAHHEIX B JHTe-
patype. Bo3moxHo, 4TO 3T0 THHOMOP(hHAasA 0COGEHHOCTh LHPKOHA H3 KHM-
GEpJIHTOB M CBfI3aHHBIX C HHMH IOPOL.

CrefyeT OTMETHTD, UTO BH3YaJbHO JIOMHHECLEHIHA MOPOIIKOB H KpH-
CTAJJIOB B y/IbTPAa(HOJETOBEIX JyyaX HMeeT MeNToe CBeuyeHHe BO BCeX
yacTax o0pa3noB. 34ech MOXKHO MOJYEPKHYTh HeCOBEpPINEHCTBO BH3Y-
aJlbHOro HaOMIONEHHs JIOMHHECHEHIHH: KpacHLe W 3e/eHLIe TOHAa cBede-
HHsl HCCJeIOBAaHHLIX 00pa3loB Ha (OHE CYLIECTBEHHO XKeJTOro CBeTa He-
3aMeTHBI.

TepmoJilOMHHECLEHIIHS H3Y4YEHHBIX 00pa3uoB UHPKOHA OTJHYaeTcs
IByMsi MaKCHMyMamH sipKOCTH — mpH Temmneparype 220 u 355 °C. TIlo
CBOMCTBAM TePMOJIOMHHECIEHIIHH HCCJe/0BaHHble 00pasiibl LHPKOHA Mo-
TyT GLITh pasfe/neHbl Ha TPH TPYMOBI, KOTOPHIM COOTBETCTBYIOT TPH reHe-
THUecKHX THna: 1) y Bcex o0pasuoB H3 KUMOEPIHTOB U Y PO30BOro LHPKO-
Ha M3 MHKPUTOB TPYOKH «Slronka» Annanckoro pafioHa HauOoJee HHTEH-
cHBHHIH MaKkcumyMm (ukcupyerca npu T = 350 °C; 2) y 6aeaHo-po3oBoro
UMPKOHA H3 MHKPHTOB TPYOKH «froaka» oTveuaeTcs pe3KHil MaKCHMYM
npu T = 220°C; nns 3TOTO THNA XapaKTepHO 3HAYHTEJIbHOE yBesHue-
Hie ofuel cBeTHMOCTH o6pasna; 3) CyUecTBEHHO OTJIHYAeTcs TEePMOJIo-
MHHeclleHIHs ofpasiia UHPKOHA H3 KCEeHOJHTa amaTHT-HJIbMeHHT-IHPKO-
HOBO# MOpPOABl TPYOKH «AfiXaq»: OTHOCHTENBHO MOJIOras KpHBas TepMo-
JIIOMHHECIEHIIHH €O caabo BblpakeHHBIM Makcumymom nmpu T = 270 °C.

Taxum o6pasoM, no /moMHHecHeHIMH 06pa3iibl UHPKOHA W3 KuMOGepJ/iuTa
€OCTaBAAIOT ocobyl0 rpynny c nosocoil A = 675 HM B cnekTpe, a no Tep-
MOJIIOMHHECLIEHIINH CPeOH HHX MOXKHO BLIIEIHTb TPH TPYINbl, COOTBETCT-
BYIOUIHE PA3HbIM TeHETHYECKHM THOAM.

XapakTepHO MOCTOSHCTBO COCTaBa LIMPKOHA HE3aBHCHMO OT MECTOPOK-
nenus (taba. 13). Comepxcanne npumMecell peiKHX H PaJHOAKTHBHEIX 3Je-
MEHTOB HCKJ/IIOUHTENBHO HH3KOe, UTO ABJAETCA THHNOMOP(HHIM MpH3HA-
KOM 3TOT0 MHHepaJsa u3 KHMGEepJIHTOB. JTHM OH OTJIHYAETCH OT HHPKOHA H3
KopoBbiX nopod. B nupkoHe ycranosneno nosbimenHoe conepxanne HfO,
[21], orHomerue Zr/Hf B o6pasnax u3s tpy6ku «<Mup» pasio 50 (KosneGanne
32—59; 10 onpenenenuii). I1. Kpecren B patore [165] npusoant caexnyro-
mue ortHowenua Zr/Hf: ans tpyGok «/lerceur-ns-Tepae» — 48; «Hsera»
(Tansanusa) — 46; «Motae», «<Kao» u paitka Ne 170 (Jlecoro) — 35, 21
1 39 COOTBETCTBEHHO.

[pu onpeneseHHH H30TOMHOTO BO3pACcTa KHMOEPJIHTOBR [0 COOTHOLICHHIO
H30TONOB ypaHa U CBHHLA B IIHDKOHE C BHICOKOH TOYHOCTLIO 6bLIO npoaHa-
JIH3HPOBAHO COJAEPXKaHHE ypaHa B 3TOM MHHepaJe H3 KumOepauTos Adpu-
KH, SIKyTHH M Apyrux pertoHoB [36]. B kuMmbepaurax AGpHKH OHO Bapbi-
pyer ot 5,6 10 39,9 r/1, cpenuee u3 18 onpeneneunii paeuo 17,2 r/t. B Gpa-
SHIbCKHX KumGepautax — 21,9 r/t (npenenst koaebanus 13,5—47,5 r/t;
6 onpenenenuit). ConepKaHHe ypaHa B LHPKOHe U3 KUMOePJHTOB SKyTHH
koaedaetcss ot 4,3 no 38,7 r/T, cpensee u3 27 onpenesieHHE COCTABHIO
12,2 r/t. lloBbllleHHOe cofjiepkanue ypaHa yCTaHOB/JAEHO B LHDKOHE H3
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TaGnuua 13. Xumuueckuil cocTas uMpKoHa W3 KHMOEPAHTOB M KCeHONMTOB,

2 3 1
Komnonenr 1 ) - %

x (1) S x (5) S @& S
Si0, 3l;1 32,70 0,57 34,0 0,21 28,43 1,99
ZrO, 69,7 65,21 0,24 65,51 0,20 70,5 2,62
TiOs 0,03 0,02 0, He onp. - 0,03 0,04
CryOy He onp. He onp. — » » - 0,04 0,02
Y04 » » » —_ 0,004 0,004 He onp. —
HIO, » » 1,74 0,43 0,11 0,08 »» —
AlLOq » » 0,08 0,14 0,23 0,03 0,05 0,07
Fe, 0, 0,01 0,09 0,20 0,15 0,03  He onp. -
FeO He onp. -- -~ He omp. —_ 0,04 0,07
NiO » 9 0,02 0,01 » » —_ He onp. —
BeO » » 0,05 0,10 » » - » » =
MnO » » He onp. — »» — 0,04 0,04
MgO » » 0,07 0,12 0,002 —_ 0,007 0,01
CaO »» 0,13 0,18 0,19 0,17 0,003 0,06
H,O » » 0,23 0,18 He onp. e He onp. -
Il. n. o » » 0,14 0,14 0,41 0,15 »» —
Cysma 100,84 100,48 100,61 99,14

Mpusesanun: T cpeHee SHaueHHe; S — CTaHAAPTHOE OTKJOHeHie; | — BKJKuenHe a Opa-
SUILCKOM aJiMase; 2 — UHPKOH M3 KumGepiawroB SKyThHH; 3 — u3 KumGepauios, TpyOka <Mup»;
4 — CPOCTKH C HIbMEHHTOM M PYTHJIOM. B cKOOKaxX ykasaHO KOJHYECTBO aHAJIHIOB,

Monombix TpyGok Hukneonenekckoro u [lpunenckoro paiionoB. Takum
obpasoMm, conepxanve U B unpKoHe u3 KumGepsinToB AQpHKH OKaszanoch
Bblllle, YeM B LUPKOHe SIKyTHH.

l'eoxumuueckoe cBoeoGpa3He UHMPKOHA H3 KHMOEPJIHTOB OTYETJIHBO
BHJIHO NpH aHanuse KosudyecTBa B HeM P33. Ilo nanueiv P. A. Hekpaco-
soil u B. B. Tamsiuunoit [67], conepxanue P33 B uMpKoHe U3 KuMGepJH-
TOB KoJebJercea ot 2 fo 60 r/T u B cpentem cocrasasier 15 r/T. 1o 3HaYH-
TeJIbHO HHXe, yeM B caMHX Kumbepautax. Cpean P32 pesko npeo6nanaer
HTTpHEBasi rpynna.

Kpome onucanHoro Bbilie, B KHMOEDJHTaX BCTpedaeTcs UHPKOH H B
BHJE MEJKHUX OKaTaHHHEIX, pexe HIHOMOP(HLIX 3epeH pasMepoM B COThIe
H JecATHEe JOJH MHAIHMeTpa. TakHe 3epHa 00pasyloT XapakTepHYIO MHHe-
paJbHYIO aCCOLHMAIHIO COBMECTHO C TYPMAaJHHOM, PYTHJIOM, HIbMEHHTOM
H HEeKOTOPBIMH APYTHMH MHHepasamu. OHH npeicTaBasioT coboi TeppH-
TeHHYIO MPHMECh B OCAJIOYHLIX Maje030fACKHX H Me3030iCKHX nopojax, a
TaKxKe aKIecCOPHH B MOpoJax (YyHIaMeHTa, 3aXBauyeHHble MarmMod NpH
BHeipeHHH, «TeppHreHHL» UHPKOH OTHOCHTEJNBHO JIETKO OTJIHYaeTcs OT
«KHMOEDJIMTOBOrO» pPa3MepaMH 3epeH, CTeNeHBIO HX OKAaTaHHOCTH H KpH-
cramnorpapuuecKuMH (opMaMH.

[Toka maJo cBeleHHH O HaXOAKaX LHPKOHA B KCEHOMHTaX TyGHHHBIX
NOPOJ MAHTHIHOTO NpOHCXoXaeHUs . B patore A. ®. Buabsivea [179] yno-
MHHAeTCA O LHPKOHCOAEpXAallHX NHPOKCceHHTaX H3 TpyOkn «biontdon-
teiii». A, B. KpiokoB [568] onucan kceHonHTH HHPKOHCOAEPKAUHX Ipa-
HATOBBIX MEPHAOTHTOB H3 TPYOGKH B3pbIBA [IeM0YHbIX Ga3anbToH10B MHHY-
CHHCKO# KOT/IOBHHBL. B kumGepantoBoii TpyGke «Paccser» M. I1. Mnynu-
HBIM HafiJleH CPOCTOK LHDPKOHA ¢ HJABMEHHTOM, MOCJeJHHIl, KpoMe Toro,
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HaXOJNTCA B CPACTAaHHH C CEPNEHTHHH3HPOBAHHEIM ojinBHHOM. ITo Beefi
EEPOSATHOCTH, 3TO 00JIOMOK LHPKOHCOLEPIKalllero HIbMEHHTOBOTO YJbTpi-
Gasuta. B mocsiennne rogpl HecnenoBaTeiMH agpHKAHCKHX KHMOEPIHTOB
CPOCTKH IMpPKOHA ¢ IDPYTHMH MHHepaNaMH, npejcrasiasiomue coboii,
110-BHAMMOMY, I€3HHTEIPHPOBAHHLIE IIMPKOHCOAEPKAIIHE ITyOHHHEIE NOPO-
JEl, BeTpeyeHbl B paje TpyGok Adpuku. Ilo yerHoMmy coobmenuio b. Xo-
TyopHa, Gonee 50 HoAyjaeld LHPKOHOBBIX MHPOKCEHHTOB OOHapyKeHO B
KoHuenTpaTaX TpyOku «[liotofitcnens. OnucaHHe cpocTKa HHMPKOHA cC
pyTusoM H3 TpyOKH «Morae» npuseneso C. Xarreprtu u ap. [157]. Hamu B
TpyOke «Opana» oﬁﬂapymen KCEHOJIHT CYIIEeCTBEHHO PYTHJIOBOIl MOPOAbI
(96 %), conepmaieil uupkoH (2—3 %), xapakTepHbIi s KHMOepJi-
TOB, a Takxke iJ iHonnpokced (0,5 %) u ¢uoronur (1—2 %). Lupkon
oGpasyer 3epHa paamepoM 1—3,0 MM OBasbHOI H YAIHHEHHOH GopM Kesr-
toBaToro upera. OH OTHOCHTEJIBHO paBHOMEDHO pacnpejensiercs Ccpeiu
3epeH pyTHJIA H IPYTHX MHHEPAOB.

B cBA3u ¢ oueHb pejKoil BCTPEYaeMOCTbIO KCEHOJHMTOB IMIYGHHHBIX
MOpoJ, COIEPIKAUHX LHPKOH, AJA YCTAHOBJEHHs IapareHeTHYeCKHX CBsi-
3ed 5TOro MHHepasaa ObLIH clenalbl MOMBITKH TOHCKOB BKJIOYEHHH IHP-
KOHa B IPYTHX MHHEpaJax H BKJIOYeHHH TBepibiX (has B sepHax LMHPKOHA.
BxJoyeHHs1 1HMPKOHA B APYrHX MHHepajax KHMOEPJHTOB, MO-BHIHMOMY,
HACTOJIBKO PEeKH, 4TO A0 CHX mop He oGHapyKeHbl. Bruouenusi TBepabix
(a3 B HHPKOHE TaKKe HMEIOT OrpaHH4YeHHOe pacnpocTpaHeHHe, HO TeM
He MeHee Le/eHanpaB/eHHble NOHCKH yBeHYaJlHCh HAXOJKAMH B HEM He-
KOTOpPHX MHHepasoB. B IHpPKOHe oOnHcaHbl BKJIOYEHHs XPOMIHONCHIA,
OJIHBHHA, XPOMIUMHHEIHAOB, (IOTOMHTA, HJILMEHHTA, CYIbMHAHLIX MHHE-
panos [24, 75, 133].

Bxmmiouenus KAHHOTIHpOKceHa oOHapyKeHbl B LHpPKoHe H3 TpyOoK
Ne 1, «Taexuasy u «Mups. Onu npencTaB/1eHb H30METPHUECKHMH 3ePHAMH
pasmepom 0,04—0,5 MM, oKpalleHHbIMH B fipKo-3e/eHb uBeT. Bee onu
XapakTepHu3yloTca OJH3KHM cocTaBoM (taba. 14) u oTiHualoTes OT KJAHHO-
IHPOKCEHOB M3 KHMOGEpJIMTOB M KCEHOJHTOB FyGHHHBLIX NOPOJ ripeod-
nananueM Cr,O; nan ALO;, T. e. B HHX IOPHHTOBBIH KOMIIOHEHT MpeBa-
JIHpYyeT Haj KajaeHToBhiM. [1of0GHOro cocTaBa KIHHOMHPOKCEHL BCTpete-
Hbl HAMH paHee B BHJAE BKJIOUeHWH B JeJBauKaX XPOMHCTHIX TpaHaroB
Tpy6kn «Mup» [124, 125]. Braiouenuss XpoMwnuHeNHA2 B UHPKOHe (o-
Jlee 4acThl, YeM KJHHOMHpOKceHa. XpomiunuHeanJ obpasyeT OJHHOYHBIE
WJIH TPYNMOBHE BblIeNeHHs OKTa3jpHyecKoro raburyca pasmepom 0,2—
2,5 mv. OH xapakTepHayeTcs CTaGU/IbHO MOBBIIEHHBIM cojepikaniem TiO,
(2,74—3,45 %), cymmapHoro esesa (33,32—39,5 %), Huskum ALO,
(1,83—4,17 %). bauskke no cocTaBy XpOMIUNHHENNIL BCTpeYalOTCAd B
BHJe BKJMIOYEHHH B HEKOTOPLIX Pa3HOBHAHOCTAX rpaHara KHMGepmnos
Mano6oryo6unckoro paiiona [125].

Brmouennsi onnBuHAa oOHapyskenbl B ABYX o0pasnax IHPKOHA 113
TpyGKu «Mup»: OfHO BKJIOYEHHEe HMeeT KamneBuiuyio ¢opMmy, Ipyroe
NOKPEITO MHOKecTBOM rpasefl., [To cocTaBy onuBHH aHanoridYeH marue-
3HaJbHOH PAa3HOBHAHOCTH 3TOrO MHHepaJja, HauGoJiee PacnpoCTPaHeHHO
B KuMmGepauTtax. Yaie, yeMm Apyrue MHuHepaJbl, B IHPKOHE BCTpeualoTcs
BKJIIOUEHHs1 Cyab(HLOB, HMEIOLHX Hepelko rereporeHuslil coctaB. Mak-
CHMaJILHBIH pasMep cyJb(HIHBIX BKaoueHHH 2 mu. Muoraa mabmonaercs
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TaGmuua 14. Xnmuuecknii cocTas BKIOYEeHWiT Munepasos B unpkowe SIkyTum, 9

Kaunommpokces Xpommmnaxesan: Oausun
Komnonent
T 4 | 6
SiO, 54,7 54,7 52,7  He onp. He omp. 38,78
TiO, 0,03 0,10 0,08 2,74 3,19 0,05
ALOg 0,65 1,02 1,49 3,09 3,12 0,36
Cras 1,96 1,68 2,64 46,65 49,15 0,06
FeO 2,00 1,78 2,09 21,00 21,85 8,17
Fe, 04 — — — 15,92 14,36 —
MnO 0,09 0,05 0,10 0,28 0,56 He onp.
MgO 15,60 15,40 16,30 8,28 8,77 54,14
CaO 21,80 22,50 20,60 He onp. He omnp. 0,00
Na,O 1,45 1,33 2,24 » > » 3 —_
Cymma 98,28 98,53 98,24 97,96 101,00 101,56
i 2,017 2,011 1,955 - — 1,401
Ti 0,001 0,003 0,002 0,073 0,102 0,002
Al 0,028 0,044 0,067 0,129 0,123 0,017
Cr 0,057 0,049 0,076 1,312 1,320 0,004
Fe?t 0,062 0,054 0,065 0,600 0,621 0,247
Fe*t = I s 0,429 0,368 =
Mn 0,003 0,002 0,002 0,008 0,016 —
Mg 0,858 0,843 0,903 0,442 0,443 2913
Ca 0,862 0,887 0,820 - — —
Na 0,104 0,094 0,161 — —_ —
f 6,7 6,0 6,7 — — =
Mpusevanue. Tpyoxu: 1, 2 — «Taewuasns; 3 — N 1; 4-6 — «Mups.

nauomopdHan Qopma BKJIOUeHHH Cyb(HI0B: reKcaroHaJbHas MUpaMHza,
yceueHHas nuHaxkouJoMm. Bratwouerns cnabo auddepeHuupoBatbl M mpei-
CTaBAAIOT coBoil NMPOLYKTH pacnaja TBEpJOr0 MOHOCYJL(MIHOTO pacT-
BOpa HMKeNs W jkejesa c mpuMmecbio MeaH. lHorza BKaAoueHHs IBYX-
HJIH TpeXxdasHble: BHELIHAs KaifiMa HMeeT XaJbKOMHPHTOBLII cocTas,
ciefyiomas K UeHTPY OTOpOYKa fpejcTaBlieHa MeHTAanlHToM, a f1po —
IABYX(ha3HBIM NHPPOTHHOM C Pa3HEIM COOTHOLIEHHEM HHKeNs H JKenesa,
BxsoueHHs Ha3BaHHBIX MHHEpaJoB 06pa3yiOT B LHPKOHE CJAelyioline
COUSTAHHSI ! XPOMIUTTHHENHA - Cyab(HI; XPOMILINHHEIHA -+ OJHBHH - CYJIb-
¢ma; xpomiunuHenua -+ kausHonupokceH. A. M. Borkywos u np. [24] or-
MeyaloT B IHPKOHE BK/IOYeHHe KalblHTa, OHAKO He HCKJIOYeHO, YTO OH
BTOPHYEH.

3apy6exHble HCCAENOBATEIH TaKiKe YKasbBalOT HA OYeHb PEIKYIO
BCTPEUaeMOCTb BKJIIOYEHHH Apyrux MunepanoB B uupkone. Taxk, [T. Kpec-
ten [165] cpean 150 m3yueHHBIX 3epeH UHPKOHA M3 KHMGep.ntoB IQ:HOI
AdpukH JHMIIB B ueThIpex HawWeJa BKJIIOYeHHs (JOronura H B Of-
HOM — HJIbMeHHTa. Bce mpoananusnpoBanHble BK/IIOYEHHs (uioromura xa-
PaKTepH3YIOTCA HU3KHM colepiKaHHeM Xpoma, Koaundectso TiO, Bo duoro-
nHTe H3 HHPKOHAa KHMOepaHTOB TpyOKH «MonacTepu» nosbliueHo (0,94—
2,62 %), a u3 Tpyoku «Kao» nuzxoe (0,032 %). Conep:xanne xenesa Bo
BCeX NPOaHaJH3MPOBAHHLIX BKJIOYEHHSIX (Wloronuta §oJiee BBICOKOE.
BkmioueHnst uabMeHHTA 1O cocTaBy GIM3KH K 3TOMY MHHEpany H3 Kumbep-
mutos (8,77 % MgO), o1HaKo 115 HEro X¥apaKTepHO NOBLILLIEHHOE CO/lep #a-
Hue rantosema (1,58 %).

s 99



Takum o6pa3oM, NaHHBIE HCCNENOBAHHS YKa3bIBAIOT HA ryGHHHOE mpo-
HCXOXKJeHHe LHPKOHA H3 KHMOepanToB. HMcTouHHKOM 3Toro MHHepania sB-
JSIOTCA NOPO/ibl BepXHEeH MaHTHH, pe/lkie KCeHOJHTRI, BCTPeYeHHEIe B TPy G-
Kax lOxuoit AppHKH H SJKyTHH.

Hayuenne cocraBa BK/IOUEHHH TBepAbIX (a3 B LIHPDKOHe M cOCTaBa MH-
Hepa/IoB, CJAAralolHX BK/IOYEHHA ryOHHHBIX NOpoj, nossogsier Gosee
TOYHO ONpejeNHTh MapareHe3uc 3TOr0 MHHepa/la H OPHeHTHPOBOYHO Cy-
JHTb 00 YyCJIOBHAX ero o0pa3oBaHHA B BePXHeH MaHTHH.

Haxonkn BKIIOUeHHs1 HHPKOHA B JABYX KpHCTasax GpasHibCcKOro ajl-
Ma3a MOTYT CBHETEJIbCTBOBATH O TOM, YTO LUHPKOH YCTOHYHB B YC/IOBHSX
paBHoBecHs ¢ anmazoM. OJHAKO B CBfI3H C TeM YTO CpelH BKJIOYeHHH B
GpasuiibCKHX o6pasuax anMasa npeobyajaoT MHHepalbl, XapakTepHble s
3KJIOFHTOB, €CTb OCHOBaHHE MpPEeANOJOMKHTb, YTO H LHUPKOH 3JeChb HMeeT
«IKJIOTHTOBYIO» npHpoay. [lpasna, aBTOphl 3T0fl HAXOAKH HHYEro He IMH-
LIYT O MOJIOXKEeHHH BKJIIOUeHHH 1HPKOHA B anMase. He HekioueHo, 4To 1Hp-
KOH MOT HaXOJHThCA B TPELHHE HJH B KaBepHe ajMa3a H IBJAATHCA, TAKHM
0o0pa3oM, TeppHreHHBIM MHHEpaloM H3 BMEINAIOMHX OCaJ0YHBIX TOPOL 1O-
N06HO KBapily, OMHCAHHOMY B GpasH/IbCKHX ofpasiax aiMmasa 3THMH Xe
astopamu [172]. B pa6ote E’lﬁﬁl YNOMHHAETCA O TOM, YTO B IlHPKOHe ofHa-
pYIKeHO BKJ/IOYeHHe a/nMa3a, OfHAKO JOCTOBEPHOCTb 3TOH HAXOJKH BbI3bi-
BaeT COMHEHHe.

[{HpKOH Mano XapaKkTepeH AJA IPaHATOBBIX MepHAOTHTOB. C rpaHaroM
NHPONOBOrO COCTABA OH aCCOLHMUPYET TOJMbKO B ABYX ciayyasaX: obpasyer
BKJIFOUEHHe B rpaHare H3 nepujaoTHToB (Boremus) w BXoaHuT B cocTaB Kce-
HOJIUTA TPAHATOBOrO MNEPHAOTHTA H3 WLIEJOYHBIX Ga3anbTouI0s (TpyOKa
«Tepreuickas») [58].

Briie oT™Meuannch CPOCTKH LHPKOHA € MHKPOHIBMEHHTOM H BKJ/IIOYEHHs
noc/eHero B LHpKoHe. Kpome TOro, LHPKOH BXOJHT B COCTAB CYLIECTBEH-
HO PYTHJIOBBIX MOPOJ, COAEpP:KAlHX XPOMHCTHIH KJIHHOMHPOKCEH H (Ioro-
nut. CrenoBate/bHO, B JaHHOM CJy4ae IHPKOH 0o0pasyeT napareHesHc ¢
THTAHHCTOH IpyNNoil MHHEPasoB H3 KHMOEpPJHTOB H IJ1yOHHHBIX MOPOA.
B 70 e BpeMsi OH COJIePIKHT BK/IIOUYEHHs! BHICOKOMarHesHa/IbHOro OJIHBHHA,
XPOMILUNHHE HIa H XPOMIHONCHAA, T. €. MHHEPAJOB H3 YJbTPAaOCHOBHBIX
nopoz. [IpaBaa, cieayer nogYepKHyTh, YTO XPOMILUNHHEH], B IapareHe3Hce
C UHDKOHOM XapaKTepH3yeTcs OPHUTHHAJBHBIM COCTAaBOM (IOBBILIEHHBIMH
konueHtpaunsamu TiO,, Fe,04), oTnHualomum ero oT 3TOoro e MHHepasaa
M3 yJAbTPaba3HTOB TAYGHHHOrO MPOHCXOMK/EHHS. YUHTHIBAas H3J0KeHHOe
BhIlLE, MOKHO yTBEPK/IaTh, YTO LHPKOH BXOIHT B cOCTaB ocofOro THMA M0-
poj BepXHeH MAaHTHH, 3aHHMAIOLUIHX MOJIOXKEeHHe MeXIY OObIYHBIMH YJb-
Tpaba3HTaMH H HX THTAHHCTBIMH pPa3HOBHAHOCTAMH — HJIbMEHHTOBBIMH
yabrpabasuramu *. [Ipu 3axBare 1HpKOHCOAEpKAlEro MaTepHaa MarMom
H BLIHOCE €r0 B IMOPOAbI 3eMHOH KOpbl MPOH30LLIA CHbHAA Je3HHTerpalus
nopoj. [TostoMy UHPKOH B CPOCTKax M B COCTaBe KCEHOJMTOB BCTPEYaeTcs
OYeHb pelKo.

* OrmMeueHa HAXO/IKAa LHPKOHCOAEPKAUIHX HJIbMEHHT-PYTHJOBLIX 3KJIOTHTOB B KHM-
GepanToBeX TpyGKax loro-3amagHoro o6pamaenus AHabapckoro MaccHBa, YKasbiBaiomas
Ha MapareHeTHYECKYI0 CBA3b LHKPOHA C 3KJIOTHTOBON cepueil ManTHiHBIX nopox ([apa-
uun B. K., Kyapssuesa I'. I1., Yepenkos B. I'., Yepenkosa B. ®. Llupkouconepxa-
lHe SKJIOTHTHl — H3 KCEHOJHTOB B KuMOGepauTax // 3an. Bcecoos. MuHepald. o-Ba.
1987.— 4. 116, Bwin, 6,— C, 721—732.
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ATIATHT

Anatut — XapakTepHbIil MHHepan MHOTHX KHMGepHTOB SIKYTHH M ApYrHX
personHoB. MoKHO BBIIETHTb TPH MeHepalHH 3TOro MiHepaJa, o0pasoBas-
LIHecsi B PasiHYHBIX (PH3HKO-XHMHYECKHX YCJIOBHAX.

Ileppan reHepauusi npejicraBjieHa A0BOJbHO KPYNIHBIMH (0T 1—2 MM 10
2 cM) OKpPYII0-0BaJbHBIMH 3€pHAMH, a Takxke HX o6romkamu. OKpacka
3eJIeHOBATO-KeTas 10 fGeclBeTHOH, 6/eCK B CBEXKEM H3JI0Me CTeKJ0BAaThIi,
a C INOBepXHOCTH H3-3a KOPPO3HH — MaToBbld; n, = 1,641 — 1,654,
n, = 1,635—1,650. AnaTuT nepBoii reHepalHi BCTpeyaeTcs B KHMOEPJIH-
Tax TpyGok «Ceernas» u «Koanextusuas» JlaanpiHo-AnakuTcKoro paiioua,
B naike «CHexxuHKa» CpelHeosneHeKcKoro paiioHa, B TpyOke «PycsoBas»
HiuxxHeoseHekcKoro paiiona, B TpyOke «X pH3oanToBas» H AnaTHTOBO#H xuje
Tlpunenckoro paiioHa. MakcumanbHble cozepxanus ero (0,33 %) ormeue-
HHI B JlaiiKe «CHeXXHHKa» H I0BOJIbHO BhicOKHE B TpyOKe «Cpetuias» (0,06 %)
[22]. TMoBbIeHHble KOHIEHTPAIHH aaTHTa NePBOH reHepaliH OGHAPYKeHkl
B HEKOTOPLIX KHMOEPJHTOBBIX Xuaax 1 Tpy6kax Adpuku. OcobenHo wacto
OHH BCTpeualoTcsi B KHMOepJsiHTax AaevyHoH ¢auuu B Jlecoto.

Anarut, 61H3KHIl K ONMCAHHOMY, BCTPEUeH B IHATPEMOBBIX OpeKkuHsX
NHKPHTOBHEIX NOphUPHTOB TPYOKH «Hroaka» Tobykckoro noas Annanckoro
paiiona. Oun oGpasyer GeJible H CBETJIO-Cephie IPH3MaTHYECKHe KPHCTaNJIL,
BCTpeyaercsi B BHJe OGJIOMKOB MJIM 3epeH HemnpaBHJIbHOH (opmbl. Pasmep
1,0—3,5 mm. HekoTopble kxpHcTamael anaTita H3 TpyOKH «flroaka» conep-
AT Mo CnaiHOCTH MHOTOYMCJ/IEHHBIE MJIACTHHYATHIE BKJ/IOYEHHA MHHepaJa
ceporo LBeTa, YTO NPH/JAET anaTHTY Cepbiil OTTEHOK.

AnartuT Bropoli reHepainui B BHJle OJHHOYHBIX MEJKHX 3epeH, paccesH-
HBIX B OCHOBHOH Macce KHMGepJauTa, BeTpeuaercss BO MHOTHX Tpy6Kax. Ilo-
BBHILIEHHbIE €r0 KOHUEHTPAILMH yCTaHOB/eHbl B TpyOKe «AMakunckas» (Ma-
1060TyOOHHCKHIT paiion), B ceBepo-BOCTOYHOM yacTH TpyOKH «Ajixam (lan-
JBIHO-AnakHTcKHi), B Tpyokax «HosuuKa», «KoMcomonbekan», «3uMHAA»
(BepxuemyHckuit), «<bopToBasy, «lOxnan» (CpenHeonerekckuii). B nocaen-
HHX JBYX Tpy0Kax stoT MuHepas coctasiaser 0,5—1,0, uxorza 1o 2,0 %
obwema nopoxsl. Bo MHorHx caydasx sepHa amaTHTa BTOPOW TeHepalHH
HMEIOT NPaBHJIbHYI0 (hOpMY: JJIHHHO- HJIH KOPOTKONPH3MaTHYECKHe KpH-
CTaJI/Il HePeKO C AMNHPaMHAAIbHEIMH FOIOBKaMH, pasmepom 0,05 X 0,5—
0,015 X 0,3 mm.

[ansi anatuta TpeTbei reHepalHH XapaKTepHbl paiHa/IbHO-JIY4HCTHIE
BeepooGpasHele arperatbl, CKOHUEHTPHPOBAHHbIE yallle BCEro B MYCTOTaX
W npoxHaKax KumbepautoB. OH TakKe BXOAHT B COCTaB MeTaMop(H30BaH-
HBEIX KCEHOJIMTOB KapOOHATHHIX Nopoj B TpyOkax «HoBuHKa», «KoMcoMoiIb-
cKas», «3uMHssA» [124]. Ananoruunsie BeJEJEHHS anaTHTa OOHApYKeHI
BO BMEIAIOWIMX MOPOAaX Ha KOHTaKTe ¢ KHMOEepJHTOBOH KHI0H «JTH-
entai» [120].

HauGonee JeTanbHO H3yuyeH amaTHT NepBON reHepalHH H3 KUMGep/iu-
TOB H KHMOepJaHTONoNoGHEIX nopoz [22, 25]. Tlon MHKpOCKONOM B HeM He-
penKko HaGmiofaloTcsl MeNKHe BKJIOUEHHA Kanbluta. 3. B. Bacuabesoii
[25] onucansl Mesbuaiiliine KanyeBHaHbIE cepon/iaibHbIe YaCTHIKH pasM »
POM OT JECSTHIX J0JIeH MHJUIHMETpPa A0 HeCKOJIBKHX MHKPOMeTpoB. Llia~s
BKJIIOUYEHHIT CBETJIO-KeJIThIH, JKeqThlil, opanmxesslil, uepHbll. Oun npejxcrta’;
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JIeHBl CMeChbi0 KapOOHATHBLIX MHHEPAJIOB H APYTHMH HeIHArHOCTHPYEMLIMH
tasamu. [lo muennio 3. B. BacuibeBod, 3TH BKJIOYEHHS SBJSIOTCSH 4a-
CTHUAMH 3aTBep/eBllero pacnjasa. ['a30Bo-HAKHE BKJIOYEeHHs: B ana-
THTE He BCTpEYeHbI.

JItoMHHECIEHIIHA W TePMOJIIOMHHECLIEHIIHA anaTHTa H3 MUKPHTOBHIX MOp-
¢upuToB AnpaHckoro pafioHa (TpyOka «flroaka») H3y4anuch pasfenbHO
s Genoil W cepoil useroBuiXx pasHoBuaHocteil (B. B. Bacuaenko, Ul'ul’
CO AH CCCP). CpaBuuBas cneKkTpbl JIOMHHECUEHIHH HCCAENOBAaHHLIX 00-
pasuoB anaTHTa ¢ onyGJHKOBAaHHBIMH, MOJKHO 3aKJIOYHTh, YTO anaTHT H3
TpyOKH «flroaka» 6au3oK K nepBomy tumy, no A. M. IToptaosy u B. C. T'o-
poGery (mo [128]). Ciona ke OTHOCHTCS anaTHT H3 KapGOHATUTOB, yHH-
TOB, ra66po-amMmdpuGoNHTOB H ra66pouaoB. ¥ amatuta H3 TpyOKH «Hrox-
Ka» 4eTKO BhIpax{eH y3KHH MakcuMyM npH 350 HM ¢ nocTeneHHbIM YObiBa-
HHEM HHTEHCHBHOCTH CBEYEHHS BIJIOTH 10 520 HM H HaJIHYHEM LUHPOKOro no-
JIOroro MakcumMywma B Hutepsae 580—640 M. HHTeHCHBHOCTD cBeYeHHs B 06-
JIaCTH 3TOTO MaKCHMYyMa B BOCeMb-/IeBATh pa3 MeHbllle nepsBoro. BusyanbHoe
HeesleloBaHHe o0pasloB anaTHTa Moj YJAbTPadHOJeTOBEIM MHKDPOCKONOM
NoKasaso, 4To Ha (hoHe npeobaanaiiero cHHe-HONIETOBOTO CBeteHHs 60Jlb-
IIHHCTBA KPHCTAJIJIOB OTHEJbHbBIE 3€PHA CBETATCH MKEJATBIM H KPACHBIM IiBe-
TOM. JT0 XapakTepHO AJf BceX HCceloBaHHHIX 06pasuoB. OOBACHHTH
JIaHHOE SIBJIEHHEe MOXHO TeM, YTO B MpoObl MONAaH 3epHa anaTHTa pasHoro
reHe3nca. BosbIIMECTBO 3epeH MO XapakTepy JIOMHHECUEHLUHH OTHOCHTCA
K MaHTHIHOMY anaTHTy H (GOpPMHpPOBalOCh B BOCCTAHOBHTENbHOH cpene.
Yactb sepeH, BEpPOATHO, CBSi3aHa ¢ KOPOBBIMH NMOPOJAMH H KPHCTaNJH30-
Bajach B OKHCJIHTeJNbHOH oOcTaHOBKe JIHGO nojsepriack nocse oGpasosa-
HHs BeicoKoTemneparypHomy (1000 °C) BoazeiicTBHIO.

KpuBble TepMOJIOMHHECUEHIIMH HCC/IeL0BAHHBIX 06Pa3LOB OLHOTHIIHMI
KaK MO YHCJIy MakCHMYMOB H HX MOJIOXEHHIO, TaK H M0 HHTEHCHBHOCTH
KaxJoro u3 HMX. Ha HuUX BHZeNsloTcs HU3KOTEMIepaTypHbI MaKCHMyM
npu T = 210 °C n npeBbllIAIOMKHA €ro N0 HHTEHCHBHOCTH B 2—2,5 pasa
BBICOKOTEMMEpaTypHblii MakcumMyM. [TnoXoe paspeluen e STHX MAKCHMYMOB,
BO3MOMHO, MACKHPYeT HaJIHYHe TPEThero cpeJHeTeMneparypHoro MakcHmy-
ma. CrnefoBaTenbHO, MO JIIOMHHECHEHIHH MOXKHO HalTH GJH3KOe CXOJICTBO
MeKIY anaTHTOM H3 MHKPHTOBBLIX MOPGHPHTOB H H3 KAPOOHATHTOB H Y/ib-
TPAOCHOBHBIX MOPOJ; GoJlee KOHKpPeTHOH HH(pOPMALHH O MPOUCXOMHIACHUH
3TOrO MHHEpPaJa, H3y4as JIOMHHECIUEHLHIO, Mbl HEe MOJIYYHJIH. '

AnatHt H3 pa3sHEIX KHMOEPJIHTOBHIX TPYOOK H JaeKk HMeeT OJIH3KHH co-
craB (tab6a. 15). OcoGeHHo cXoAnbl 06pa3ubl H3 TPYOOK, PACMOJOMKEHHbIX
HefllaJeKo APYr OT jApyra, Kak, Hanpumep, «KoamektusHas» H «CpeTias»
Anakutckoro moJisi, « XpH3osnToBasi» H «Mapuuka» [Ipusenckoro paiioHa.
[Mo nauueiM 3. B. Bacuabeoit [25], B coctaBe P33 npeo6aanator La, Ce,
Nd, cocrasnsitomue ot 76 1o 89 % Bceii HX cyMMbl, MpHYEM MaKCHMAaIbHOe
cozepxkatnne npuxoautcs Ha Ce.

[NocrosHHOM cocTaB/AOLLEH 1151 BeeX AKYTCKHX 00pa3ioB anaTuTa sB/is-
eTca BOJAa, YacTb KOTOPOii, KaK OKasanoch, Bbijenserca npH 6ojee HH3KOI
TeMneparype, 4eM BOJAa, BXOJfLlas B CTPYKTYPY 3TOro MHHepasa, HO OpH
GoJsiee BEICOKOI, ueM rurpockonuueckasi Boaa. Orunomenne Ca/P, koropoe
B anartHTe ¢ HaeanbHol dopMynoit cocrasaser 1,667, s AKYTCKHX obpas-
OB, KaK npasuJio, Bbliue (1,69—1,74). YuuTeiBasa oTKJIOHeHHe (POPMYJib-
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TaGmua 15. XuMmAuecKnit coctas anatura u3 kumbepamra [22, 25], %

Ilepsas reHepauns Bropasi reHepauus

1|2|3|4|54617 s_[glmlu

KomnoneHt

Si0, He onp. He onp. He onp. He onp. He onp. He onp. He onp. He onp. 0,10 0,34  He onp.
AlOq 0,08 0,04 0,01 0,01 0,02 0,02 0,02 He o6H. 0,50 0,14 He o61.
Fe,04 0,06 0,04 0,06 0,03 0,15 0,01 0,16 0,11 0,17 0,21 0,09
Cr,04 0,40 0,40 0,25 0,54 0,35 1,26 0,45 0,28 He omp. 0,55 0,41
MnO 0,05 0,07 0,05 0,06 0,04 0,05 0,08 Heonp. He o6n. 0,23  He omp,
MgO 0,16 He o6H. 0,36 0,11 0,05 0,40 0,25 0,39 1,60 0,09 0,41
Ca0 55,36 55,23 54,83 55,18 55,04 54,01 55,32 55,05 53,29 55,51 54,82
SrO 0,36 0,35 0,29 0,35 0,35 0,62 0,36 0,44 He onp. 0,26 0,37
Na,O 0,16 0,13 0,19 0,17 0,16 0,32 0,29 0,17 0,32 0,15  He onp,
K0 0,03 0,01 0,02 0,03 0,01 0,01 0,01 0,03 0,10 0,11 »»
CO4 0,24 0,53 0,50 0,26 0,42 0,48 0,60 2,64 1,54 He o6H. He oGH.
P,0O4 41,42 41,35 41,44 41,48 41,48 40,51 40,66 36,03 41,33 41,46 39,96
S0, 0,01 0,02 0,05 0,05 Heonp. Heonp. He onp. Heonp. Heonp. Heonp. He onp.
*H,O 0,93 0,95 0,92 0,89 0,90 0,93 0,82 1,10 0,89 0,34 » »
F 1,58 1,86 1,99 1,98 1,89 282 2.35 1,51 0,49 0,85 1,25
Cl 0,07 0,08 0,12 He o6x. He oGn. 0,07 He o6H. 0,14 He onp. He o6u. He onp,
HepacTBopHMBIH
CCTATOK He o6H. 0,05 0,09 3O 0,05 HeoGu. » » 213 Heobu. » » 0,88
O-(F, Cl)
Cymma 100,91 101,11 101,17 =101,14 100,91 101,01 101,37 100,02 100,12 99,95 97,19
H.O™ 0,93 0,56 0,66 0,66 0,64 0,50 0,52 0,66 - 0,08 —

o Mpumenauue. Tpybru: 1 — «Koanextupnass, 2 — «Cpernan», 3 — «Cuenmuka» (Aaitka), 4 — «Xpuaoantosasis, 5 — «Mapnuka», 6 — «Pycnopasi»; 7 —

<5 aamoenil p. Hava-Banaransax Ha ceBepe Kyonanckoro pafioda. Tpyiku: 8 — sAMaKHHCKas» (10uiHas), 9, 10 — «Afixan»; 11 — BoproBas pafika.



HBIX KO3(hHIHEeHTOB OT H1eaJbHOr0 BapHAHTa MpPH NepecyeTe XHMHUECKHX
aHaJM30B amaTHTa Ha KpHcTaamoXumuyeckue opmynsl, 3. B. Bacunbesa
[25] cunraer, yTo B cOCTaBe anaTHTa H3 SKYTCKHX KUMOEPJIHTOB conepmu*rcn
npHMech TeTpakaiblHeBoro docdara.

OpnHa u3 XapakTepHLIX oco0eHHOCTel anaTiTa SIKyTHH — HH3Kas NJIoT-
HOCTb 0 CPaBHEHHIO C MJIOTHOCTBIO anaTHTa oObIYHOrO COCTaBa, PABHOMH B
cpenHeM 3,20 r/cM, 4TO TaKKe MOMKET CBHIETeJbCTBOBATh O HAJHUHH MpPH-
MecH TeTpakajbuueBoro ocdara. [To XHMHYECKOMY COCTaBy amaTHT H3
KHMOepHToB SIKyTHH GJH30K K anaTHTY H3 YJIbTPAOCHOBHBIX — II€JI0YHbIX
nopof.

HauGosee noctoBepHyio HHPOPMAIHIO O NTPOHCXOXKAECHHH TOH HIM ApY-
roil pasHOBHIHOCTH MHHepa/a JaeT H3yuyeHHe MPHPOIHEIX MapareHe3HCoB.
HecmoTpsa Ha TmartesbHLEIE MOHCKH, IOKA HET HAXOJOK BKJIIOUEHHH anaTHTa
B anmase. [Ipaezna, I'. M. Cmupuos [92], ccunasich va paGory B. 3nnaepa
[153], ynomunaer o Bkmiouenun anatuta (n, = 1,6585) B anmase. Omnaxo,
TaK KaK HHKTO M3 HccaenoBatetefi GOJblIe He saKCHpPOBaJ NOJA06HOTO
SIBIEHHA, HeCMOTPA HA IIHPOKHH pasMax H (oJee COBepIIEHHBIE METOMIHI
H3y4YeHHA BKJIOUeHHil B ajmMa3e, uyeM Te, KOTOphle npuMeHsa B. 3Snnaep,
€CTh OCHOBAHHWE YCOMHHMTBCS B IIPaBHJIbHOCTH IHAHOCTHKM MHHepaJa,
KOTOpblii Obivl NPHHAT 32 anaTuT. [lo-BHAHMOMY, 3TO Gbl1 KOICHT, GJIH3KHI
110 HEKOTOPLIM ONTHYECKHM CBOHCTBAM K anaTtHTy. BK/OYeHHA KO3CHTa B al-
maze obHapyxens M. B. Xappucowm [159], H. B. CoGonesbim 1 ap. [108].

B npyrom GapocuabHoM MHHepase KHMGEPJHTOB — MHUPONE — BKJIIO-
YEHHS anaTHTa BCTPeYaloTCsl HCKJIOYHTENbHO pPeiko, NpHueM Bce HAXOIKH
CBSI3aHBI C KeJABaKaMH NMHPONa OPaHIKeBOro 1BeTa, KOTOPEE, 110 MHEHHIO
GoJILIIMHCTBA HCCefoBaTesel, KpUCTaNIH30BalHch npH  GoJjee HH3KHX
PT-napameTpax, yeM ajMa3s H XPOMHCTBIH MUPON, OKpaileHHbIH B MaJIuHO-
BEIf, (DMOJIETOBO-KpaCHHI HIH 3eeHblil user [104].

Kpucrann anarura pasmepom 0,35 0,5 MM B BHJIe NPH3MH ¢ AHIIHpa-
MHIAJbHBIMH TOJIOBKAaMH OOHAPY2KeH B JKeJIBaKe OpaHIKeBOro NMHpomna pas-
MepoM 2 cM B TpyGKe «Mup» (pHc. 27). BMecTe ¢ amatuToM B TOM JKe 3epHe
nupona HaGJIONaNMCh BKJIIOYEHHS TNHKPOHJBMEHHUTA, AHONCHAA, MCEBI0-
MOp$o3 1o ONHBHHY H aMpH6oaa. 3epHa NHPOKCEHA HMEIOT HenpaBHJbHYIO
tdopmy, pasmep 0,06—0,2 mM. AMpHGON CBETNIO-KOPHYHEBOrO LBETa, pas-
BHT B BHJIe NpH3MaTHYecKHX KpHcTanaos (0,2—0,8 mM), HMeeT ueTKoO BbIpa-
JKeHHBIH MJIeOXPOH3M. Y4YacTKaMH nHpoKceH W amdubosa 3amelaioTcs
(IOromHTOM H MEJKHMH KPHCTA/VIHKAaMH 3eJeHOoH wnuHenu. AHajoruy-
Has accolMalus MHHepaJoB obHapyxkeHa b. M. Hukutuueim B KejBake
(4 X 5m) opaHxkeBoro nupona B Tpy6GKe «Y HHBEPCHTETCKasy.

Menkne (0,1 X 0,2 — 0,3 X 0,6 MM) KpHCTa//Ibl anaTHTa BCTPeYEHEl
HaMH TaKze B XKesBaKe (IOTONHTH3HPOBAHHOTO MHPOINA OPAHIKEBOTO IiBeTa
B TpyOKe «Y naunas». Pasmep kenBaka B nonepeunuke 6 cm. On cIozKeH
duoronHTOM H MHponoM (colep:kaHue nHponosoro Komnoxenta 69,8 %).
I'panar coxpaHu/ics B BHJE PENUKTOB HENDaBHJIBHON (GOpMEl pasMepoM
2—5 MM. KOHTYpHl peIHKTOB HepOBHEBIE, NOYTH BCerja OKalMJ/IeHbl 30HOM
(2—3 ™M), c/oKeHHOll cepneHTHHOM, MeJKHMH uellyfKaMH (aoronura,
NbIJIEBHIHEIM MarHeTHTOM H OKTa3[PHYECKHMH KDHCTaJMHKAMH I'Ps3HO-
aenenoll mmuHenn. OcHOBHOH 0GBeM KeJIBAKa COCTABMAAIOT VIJIHHEHHbIE
NJIaCTHHYATBIE KPHCTAMIB! (JIOrONHTA, pacnosaralomiecs KCHUEHTPHYeCKH
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Puc. 27. Bxmouenne anaTHTa B opaHiKeBoM rpanate, TpyGka «Mup»

.
BOKPYI PeJHKTOB rpaHarta. BHYTpH moc/iefHHX H cpeaH BbuieseHHH duoro-
NHTa JOBOJBLHO YacTO BCTpeuaercs amaTHT, HMelolHil Hepeixo cybnapai-
JIEIbHYI0 OPHEHTHPOBKY.

B kumGepnntononoGHbIX nopofax TpyokH «frojika» oGHapyKeHEl cpoCT-
KH anatuTa ¢ nupkoHoM. COBMeCTHOe HaXoxK/eHHe 3THX MHHEpaJoB B BHIE
pasoblleHHbIX 3epeH B KHMOEPJIHTOBOM LleMeHTe HeKOTOPhIX TPyGOK — BO3-
NO:<HOe CBHIETeNbCTBO HX TeHEeTHUeCKOTO POACTBA.

M3 M3noxkeHHOro MOMHO clenaTh BBIBOJ, UTO MepBasi reHepauus ana-
THTA 10 MOP(OJIOrHH BBIieIeHHH H FeHeTHYECKHM CBSI3SIM ¢ PYTHMH MHHe-
panamH 61H3Ka K Merakpucram, KOTophle B KHMOepanTax OTHOCATCH K OCO-
60ii rpynne, ofpasoBasiueiica B crenuduueckux ycaopusax. Tem ne menee
JIAaHHBIX O MPHHALJIEKHOCTH aNaTHTa K MerakpHcram 10Kda HeloCTaTouHO.
JlocToBepHBIX HaXONOK anaTHTa B KCEHOJHTAX, YBEPEHHO OTHOCHMEBIX K 110-
ponaMm MaHTHH, HeT. Haxonxa B kumGepautax Tpyoxu «Aiixam» KcenoanTa
anaTHT-HIBMEHHT-IIHPKOHOBOH MOPOJbI He MOMKEeT CYHTATBLCS JIOCTOBEPHO
MaHTHHHBLIM oOpasoBanueM. Pazmep storo kceHonmura 1,0 X 2,5 oM.
Ilopona cioxkena uupkorom (16—20 %), uabmenutom (10—15), anatutom
(5—8) u cepneHTHHOM, COJIEPKHT JIOBOJIBHO KpynHbie (1,5 cm) 3epHa BTO-
pPHYHOro MHHepaJsa, HanoMuHalomKe 6acTHTOBYIO NceBaoMopdo3y no opro-
NHPOKCeHY. ANaTHT B 3TOM KCeHOJIHTe 00pasyeT 3epHa H30MEeTPHYECKH He-
npasnaLHOH GopMul pasmepoM 1,5—3 mum. [ToBeIIeHHOe colepKanye ypara
B unpxone nossoaumo I'. leBucy (ycTtHoe cooflieHHe) OTHECTH €ro K KOpo-
BbIM 0OpasoBaHusM. [103TOMy omHchIBaeMblii KCEHOJHT, CKOPEe BCEro, Bhl-
HeceH KHMOEpJMTOBEIM DacnJjaBoM H3 KOPOBOTO CJ0si 3eMJH,

JlocToBepHbIM  OKa3aTesIbCTBOM TIYOHHHOH (MaHTHIHOM) NpHpPOAL!
KHMOep/IH1080r0 anaThTa IepBoil TeHepalHi SBJAIOTCA ero BKJIOYEHHS B
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MerakpHCcTe OpaHXKeBOro nupoma H3 TPYOKH «MHP» H MHOrOYHCJEHHbLIE
MeJIKHE 3epHA anaTHTa B YaCTHYHO (JIOrOMHTH3HPOBAHHOM MerakpHcre rpa-
nara H3 TPyOKH «¥Ypaunas» [124]. Tak Kak KOJNHYeCTBO TaKHX HAaXOIOK
HCKJIIOYHTENBHO MaJ0 (HaM M3BECTHO JIHIUbL TPH), PHYEM BO BceX CJyuasx
anaTHT HaXOAMTCA B OPaHMKEBOM rpaHarte, 00pa3oBaBLIeMCH, NO-BH AHMOMY,
npHu Gosiee HH3KUX PT-napamerpax (Ha MeHbIIMX ray6HHAX), yeM XpOMHC-
THIH TPAHAT, MOKHO 3aKJ/IIOYHTD, YTO anaTHT 06pasyercss B OTHOCHTE JIbHO He-
riyGOKHX clI0sX MaHTHH. Bee XKe, Ha Hall B3IJIAJ, eCTb ONpe/e/e HHEIE OC-
HOBaHHS OTHECTH €ro K MerakpHCTOBOMY KOMILJIEKCY MHHEpaJoB, XOTA He
HCKJIIOYeHO, YTO B KHMOepJaHTax OyAyT oOHApYKeHbl amaTHTCOJe prKallHe
KCEHOJHTHl TOPOJ MaHTHH.

KcenomuThl riyOHHHBIX MOPOX, COJEprKaliie amaTHT, B KUMOepJIHTax
ApPYTHX KOHTHHeHTOB He oOHapyxenbl. k. oycou [35], nmoxyepkusas
0ObLIYHOCTh amaTHTa B KHMOepJHTaxX MHOTHX TPyGoK H naek AQpHuKH, a
TaKze JPYTHX PerHOHOB, TEM He MeHee He YNOMHHAeT 0 HaJIHYHH 3TOrO MH-
Hepana B rMIyOGHHHEIX KCEHOJIMTaX. AnartHTcojJepIKaiine KCeHOMHTH H3 6a-
sanbToB 3anagHofi Aecrpanuu onucans B. C. Becc u ap. [178]. Anarur
13 KCEHOJIHTOB aCCOIHHPYET CO IINHHENbI0, KIHHONHPOKCEHOM, aMpHO0JI0M,
HIBMEHHTOM H GHOTHTOM. ABTOPBI OTHOCSAT HX K METacOMaTH3HDPOBAHHBIM
00pa3oBaHHAM BepXHell MaHTHH H CYUHTAIOT, YTO YacTHYHOE HX IJIaBJieHHe
NPHBOAMT K (DOPMHPOBAHHIO pacmiaBoB, oforameHHbX gochopom u apy-
THMH HecoBMecTuMbIMH 3jeMeHTamu. [lo mamubmim JI. H. Korapko wu
H. J1. Pat6uukosa [52], nsyuaBmux xapakTep pacnpenesenns docopa mex-
Jly MHHepaJaMH MaHTHIHOIO JIepllONHTa H OCHOBHBIMH CH/IHKATHBIMH pac-
TJIaBaMH, MPH YaCTHYHOM MJIABJIEHHH OOLIYHLIX MOPOJ BepXHeH MaHTHH MO-
ryT o6pas3oBaThCs NMEPBHYHBIE MArMbl C BECbMa HH3KHMH KOHUEHTPAlHIMH
docopa (HecKo/IbKo JecATHIX JoJeil npouenTa). opMHpOBaHHe pacn/IaBoB,
oboraieHnsx ocdopom (kak, Hanpumep, kumbepJaurtosoro — 0,5—2 %),
MOZeT OCYIECTBJATLCA NMPH IJIABJIEHHH MOPOJ C aHOMANBHO BEICOKHM €ro
cojgepxahueM. TakHMH nopojaMH MOryT ObITb OMHCAHHBIE BHIlE, PeiKo
BCTpeyalolHecs B KUMGepIuTax y/abTpabasHThl, re anaTHT aCCOUHHPYET ¢
thoronuToM, aMpHO0JI0M, HEKOTOPEIMH JAPYTHMH MHHepa/laMH, MeTacoMa-
THYeCKOe NPOHCXOXJEeHHe KOTOPHIX He BhI3bIBaeT coMHeHHsi. OTpHB 06-
JIOMKOB 3THX MOPOJ, HX NE3HHTErpaius MOTyT NPHBECTH K 00pasoBaHHIO
pasHbIX [0 pasMepy 3epeH anaTHTa, paccpelOTOYeHHBIX B KHMOEPJIHTOBOM
uemente, YacTb anaTHTCOJEpHKallero MaHTHHHOTO BEIECTBA aCCHMHJIH-
pyeTcss MarMartHYeCKMM pacmnJjaBoM, pPacKpHCTAJAJH3alMsl KOTOPOro B yc-
JIOBHSIX 3eMHOH KOpbl NPHBOAM/A K (JOPMHPOBAHHIO anaTHTa BTOPOH reHe-
pauxH, rie oH acCOUHHPYeT ¢ MOHTHYEJJIHTOM, NMEPOBCKHTOM, (uioromu-
TOM BTOPOI reHepanHH H HEKOTOPHIMH APYTHMH MHHEpaJaMH.

Tperbs reHepanusi anatuta ofpasoBajach B XKe0AaX H NYCTOTAX KHM-
GepJaHTa Ha NOCTMarMaTHYeCKO#i CTaguH M3 PacTBOPOB HJIH (WIIOHIOB,
oboratleHHbIX (ocdopoM, a Tak:ke MOJ BO3JEHCTBHEM 3THX PACTBOPOB Ha
KCeHONMUThl KapOGoHatHbIX nopof. llocsiennne, Kpome amaTtuTa, CJIOMKeHDI
KJIHHONHPOKCEHOM, MOHTHYEJJIHTOM, (DJIOTOMHTOM, TAYMACHTOM, CEpNeHTH-
HOM, KaJIbLHTOM H HEeKOTOPbIMH JIpyruMH MuHepanamu [124].



@NOronMT

Hayuenne THNOMOPHHBIX NpH3HAKOB duioronura KUMOGEPJHTOB H KceHo-
U108 ryOHHHBEIX MOpOA mpuHoOpeTaeT B HacTodllee BpeMs 0cobylo akTy-
aNBHOCTb MO HeCKOJMIbKHM mpHuHHaMm. Kak H3BecTHO, B moc/ieJiHHe TObl B
Asctpanuu o6HapyKeHbl KPHCTAJLIB! 2/1Ma33 B BLICOKOKAJTHEBBIX MOPOjax —
JaMnpouTax, oboramenusix gaoronutom [175]. Conocrasnenme GusHIeCKHX
CBOHCTB M XMMHUECKOTO COCTaBa (WIOronHTa H3 KHMGEDJIUTOB H JaMmrmpo-
HTOB, BO3MOXKHO, MMO3BOJHT YCTAHOBHTb CTeNeHb POACTBA MeXJAYy 3THMH
nopoAamMu H GyjeT crocoGCTBOBATh OTKPBITHIO a/IMa30HOCHBIX JIaMIIPOHTOB
B Hatlled cTpaHe.

CioHCTOE CTpOeHHE CTPYKTYPhI (VIOronuTa o6ecneynBaeT BO3MOXKHOCTDb
HCIOJMB30BAHKA 3TOTO MHMHEpasa, Kak M JPYruX CJAOHCTHIX CHJIHKATOB, B
KauecTBe YyTKOro HHIMKaTOpa npHpoaHbix npoueccos [114]. Buisichenne
ycioBHi 00pa3oBaHHsA (JIOronHTa B BepXHell MaHTHH (MErakpHCTOB 3TOTO
MHHEpaJa B KHMOepJIHTaxX, MarMaToreHHbIX H MeTacOMaTHYeCKHX o6pa3oBa-
HHAX B KHMOEPJIHTaX U r/yOMHHBIX KCEHOJHTAX) MOMEeT 0Ka3aTh IOMOIb
NpH pelieHHH HEKOTOPBIX TEOPETHYECKHX BONPOCOB, B YacTHOCTH, 00 Hc-
TOUHHKE KajqHa B KMMOep/JIMTOBOM paciliaBe, MOCKOJBKY (DJOronuT siBjs-
eTCs I/IaBHBIM HOCHTEJIeM 3TOTO 3JeMeHTa Cpe/lH MHHepaJoB, KPHCTa/LIH3Y-
HOUIHXCH NPpH BLICOKHX NABJEHHAX.

@JIOronuT H NPOLYKTHl €ro 3aMellleHHs! B YCJAOBHAX aBTOMeTaMophuama
H runeprenesa (XJOpHT H BEPMHKYJIHT) HCMONB3YIOTCA B KaYecTBe HHAHKa-
TOPHBIX MHHEPAJOB KHMGEPJHTOB NPH HITHXO-MHHEPAaJOTHUYeCKOM METOJe
INOHCKOB KOpPEHHBIX MECTOPO}KACHHI:I ajnmMasa. OHH, KakK [IpaBHJIO, KOHIEH-
TPUPYIOTCA B OpeoJaX HelalleKo OT HCTOYHHKOB CHoca, NOITOMY HX Ha-
XOX/JEHHe B NLIHXaX —MNpsMOe yKaszaHHe Ha OJH30CTh KMMOEpJHTOBOro
teaa [124].

DJoronuT — IKPOKO paclpocTPaHEHHBIH MHHepasl KHMGepJHTOBBIX
nopoji, Hepeixko nopojooGpasyiomui. Beilensierca Tpu ero reHepauuu.
[lepBasi reHepauns npejicTaB/ieHa BKpalJeHHHKaMH TaOJaHTYaTOH, OBafb-
HOH H GOYOHKOBHAHOH GOPMBI Pa3MepoM OT HECKOJBbKHX MHJJIHMETPOB J0
5 cM, B TpyGKe «Monactepu» gocturaer 15 cm [35]. HauGosee yacro duioro-
TNIHT NepBOii reHepaLiK BCTpeyaercs B KHMGep/IHTaX ceBepHOil yacTH JKyT-
cKoH KumOepaHTOBOH MpOBHHIMH, B TpyOGkax «[lpyxkGa», «Homyp», «Ky-
GaHnckas», «Asporeosioruueckas», «Ypa/ibckas», B BojopasienbHoi aaii-
ke CpenneosieHekckoro paiiona. B Hmkneosnenekckom paiione ocobento
GoraThbl KPYIHBIMH BBIJCJIEHHAMH CIIOABI KUMOEpJIHTHE TPYOGOK «CrtofsaHKa»
u dlsarunuar (5—7 %).

®aoronutT BTOpPo# reHepaunuu o6pasyerT B OCHOBHOM Macce KHMGepJH-
toB Mesikue (0,5—2,0 MM) nslacTHHYATHIE H YellyHYaThie KPHCTANIBI, YacTo
¢ XapakTepHbiM (DIIoHIaJbHBIM pacrnosoxenyeM. Boigensiores ase mopdo-
JIOTHUECKHEe IPYNNbl MHHepaa: HAHOMOP(dHEIe NceBAoreKcaroHaabHble Tab-
JINYKH U YAJTHHEHHble MJIaCTHHKH.

Conepxaunune (uioronura BTOpoil reHepanuH, Kak u nepBoii, Bo3pacraer
C [ora Ha cesep NpoBHHUMH — oT ManobGoryobuHckoro pafiona K CpenHe-
OJIEHEKCKOMY, HO CHOBAa I[OHH}KaeTcHd B KHMﬁepJIHTaX Huxuneonenekckoro
pafoHa.

Tperbsi renepauus npejacraBieHa dYelnyHuaTeiM (NIOFOMHTOM C pa3me-
poM Helryek oT josieil 10 nepebix MH/IHMeTpoB. OrpaHHYeHHA welnyek
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HepoBHBIe, KOHIB! HepelKo Kak Ou peanbie. HanGonee Goratel uioronHtoM
Tperbeii reHepanud KumGepauthl TpyGok «3umuasn», «Komcomonbckasny,
«HoBuuka» Bepxnemynckoro paitoHa.

ilepBble aBe reHepalnu okpalueHbl B KOpPHYHEBHIH, GypblH, 3eJeHOBa-
To-OyphIH LIBET, TPeTbA HMeeT Oypylo, KeatoBaTo-0ypylo, 30/0THCTYIO 4
Genecylo OKpacky.

[loBrimieHHOe KOMHUECTBO (JIOrONHTAa COAEPHKAT KUMOEPJIHTEL HEKOTO-
pbix Tea Adpukanckoro koutunenta. Oco60 BHICOKHe KOHIEHTPALHH 3TO-
ro MHHepaJa yCTaHOB/ieHbl HaMH B JafiKaXx KHMOep/HTOBEIX nopoj Jlecoto.
QJIOTONHT 3/1eCh NPEICTaBIeH MENKHMH IJIaCTHHYATBIMH H YellyH4aThiMH
KPHCTA/LJIaMH C HEPOBHHIMH KpafMH, B OOJLLIMHCTBE C/Iy4aeB IOYTH He
TN0/IBEPKEHHBIMH THIIEPreHHbIM H3MEHEeHHAM (XJIODHTH3AIHH H BEPMUKYJIH-
TH3aluH). B ¢uioronute laexk HepeaKo cojepikarcsi BKAIOYEHHA NePOBCKHTA,
anaTHTa ¥ MOHTHYENIHTA.

B orsnune oT oCHOBHOH MacChl MerakpHCTHI (h1oronuTa B KuMbepaurax
Jlecoto BeTpeualoTcsi OTHOCHTENBHO PEAKO H, KaK NMpPaBHJO, NPHYPOUEHbI
K nopojiam AuarpeMm. Mx pasmep Bapeupyer ot 4 MM JIo 4 cM, OKpacKa Tem-
HO-Oypasi, BblIeJeHHS] OKPYIJIoil (OpMBbl € KOPPOAHPOBAHHBIMH KpasMH,
YacTo HCKPHBJEHH 1Mo maockocTsM {001), BraoueHHs: APYrHX MHHEpAJOB
BCTPEYaloTca KpaHHe pelxo.

OrHocute/1bHO KpyNHBIE MerakpHCThl (hjioronura, AOCTHrawoiue 3 oM
B NoNepeuHiKe, BCTpeYeHbl B KuMbepantax Tpyoku «Mamxraban» (Mamus).
Onu okpameHs B IycTo-Gyphlil ¢ OpaH:KeBbLIM OTTEHKOM LIBET H CONepiKar
MeXJly NakeTaMH MHOTOUHCJIEHHble NJACTHHYATLIe BKJIOYEHHSI aHartasa.

DoronuT TakKe BXOJMT B COCTAB HEKOTOPHIX KCEHOJIHTOB IMyGHHHBEIX
nopoj. HauGosee yacto on siBjsiercss NopofoodpasyionuM MHHEpaIoM Hilb-
MEHHT-TPaHATOBLIX Y/bTPaba3HTOB H ITMPOKCEHHTOB, pexe Oe3blIbMeHH-
TOBEIX NEPHAOTHTOB; HHOr1a 06pa3yeT NouTH MOHOMHHEPaJIbHbIe IOPOJLl —
TVIHMMED HTHI.

Ilo ocobennocTsaM Moposorun U XapakTepy B3aHMOOTHOLIEHHS C ApY-
THMH MHHEpaJaMH B KCEHOJIHTAX MOXKHO BBIAETHTb (JIOTONHT CJIELYIOUIHX
THIIOB: a) IVIACTHHYATBIA H B BHJE NAKETOB C PEJHKTaMH OTPaHKH, pacrno-
Jaraetcss Mexjy yIpyrumu nopojooGpasyromuMi ¢pasamu; 6) njacTHHYE-
ThIA M YEINyHYaThIH, c/1araloHi rue3jia HenpaBHAbHOH GOPMBI H NPOXKHII-
KOBHJIHBIE BbIJe/€HHs; B) uellyHuaTblii M IIACTHHYATHIH, pacnojaraercs
KOHLUEHTPHUYECKH BOKPYT DPeTHKTOB TpaHaTa, HHOrJa APYrHX MHHEPAJoB;
r) caoxHele 1o (opme obpazoBaHis, 3aMelldiolHe TPaHAT, KJIHHO- M OPTO-
nupokcess. B rummmeputax ¢uioronut ofpasyer INceBAOreKcaroHaibHble
KPHCTA/LJIEL H yAJHHEHHEIE TNJIACTHHKH, PacnoJioKeHHble Gecnopsio4Ho,
HHOrjJla cyGopueHTHpoBaHubie. OH BXOAHT B COCTAaB KeTH(PHTOBBIX KaHM,
PasBHTHIX BOKPYT rpaHata u3 KMMGep/JIHTOBOrO LEMEHTa H KCeHOJIHTOB Tiy-
OuHHBIX TOpod. B kauvecTBe 3akasnouHOH (paskl BMecTe ¢ KJAHHO-, OPTOMH-
POKCEHAMH H XPOMIINHHEIHAOM CJaraeT pacKpHCTaMIH3HPOBAUHbE YYacT-
KH BHYTPH MErakpHCTOB I'DaHATa H HEKOTOPHIX HOAYJNEeH NHPOKCEHHTOB H3
KHUMOepJIHTOB TPYOKH «Y launas» u psija Tpybok BepxuemyHckoro pajiona.

Jnsa neranbHBIX HccJef0oBaHMil Oblia nojoGpaHa KoJJeKuns o6pasios
(J10TONKTA, OXBATHBLIAS NPAKTHYECKH BCEe IEPeuHc/eHHbIe Bbille THIIBI,
3a HCKJIIOYeHHeM (JioronuTa BTopoil renepaiuy u3 kumbepautos. Haunbo.is-
liee KoJHuecTBo 00pasiuoB oTo0paHo H3 OPHIHHAIbHBIX KCEHOJIHTOB TIy-
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OHHHBIX MOPOJ — (MVIOrOMHT-WIBMEHHTOBEIX yJabTpaba3ntoB Tpybku «O6-
HaxeHHasA». DJOronHT B 3THX NOpojax HAXOAHTCA B aCCOLMAIHH C TpaHa-
ToM nHpornoBoro psna (o6pasus On-56/74, On-14/74, On-47/74) u Ge3 rpa-
nara (On-142/74, On-162/74, On-170/74). OcHOBHBIMH NOPOACOOPA3YIOMIHMH
MHHepalaMHM KCeHONHTOB, Kpome (WIOronura, ABJSIOTCS MPAHAT, OJNHBHH,
OpTO-, KIHHOMHPOKCEH, MHKPOHIbMEHHT. PJIOrONHT OTHOCHTCA K HanbGosee
nozaHuM (asam, B pa3Hoii CTeleHH 3aMelas [paKTHYeCKH BCe NepeyuncJieH-
Hble MHHepanbl. [lo-BHIHMOMY, aHAJOTHYHBIH TeHe3HC HMeeT (NIOTonHT
o6p. ¥-C, rje ero miacTHHKH H YEIIYHKH Pacno/oKeHH KOHHEHTPHUYeCKH
BOKPYT pe/IMKTOB rpaHara — NHpona opanxesoro usera. B o6p. ¥3-206
(OTONHT c/1araeT 30HY BOKPYT arperara BTOPHYHBIX MHHEpaJsoB, o6pazo-
BaBIUMXCsl, BHAHMO, 3a CueT rpaHata. DJH3kuil reHe3uc HMeeT Takike
dnoronut xeasakoB (oGpasusl 1217-A, ¥-1 u ¥Yx-18). Bo3moxHo, OHH
obpasoBa/iuch OJarofaps MNOJHOMY 3aMelleHHI0 (NIOTOMHTOM KeJBaKOB
OpAaHXeBOro MHpOINA, KaK 3TO YCTAHOBJIEHO HAMH JI5 HEKOTOPHIX JKe/Ba-
KOB rpaHara M3 KHMOEpJHTOB M KCEHOJHTOB.

Ipyroit renernueckuit Tun ¢uioronurta npejacrasied B o6p. 221/437 u
¥-72. TlepBbiif BXOZUT B COCTaB [HPOKCEHHTA, CJIOXKEHHOrO TI'PaHATOM
(f = 50 %), kauHO- U OPTONHPOKCEHAMH, COMEPIKAILMMH TOBBILIEHHOE KO-
JIHUECTBO TyInHO3eMa. (DJoronut pacnojaraetcs B TPOMEXKYTKaX MeXIy
3epHaMH [IHPOKCEHOB H rpaHara, HHorjaa obpasyeT HAHOMOPQHbIE [IJ1aCTHHYa-
Thle KpHctadiabl. O6p. ¥-72 npexncrasisier co00H CIIOAUCTBIN MHPOKCEHUT
Marfe3uaJbHOr0 COCTABA, CJAOMKEHHBIH B OCHOBHOM 3HCTaTHTOM. KJ/IHHONM-
poKceH, UIOrONHT H CYJb(HIHEIE MHHEpaAIhl (JuKephHIIEPHT H BHOJAPHT)
cojepxatca B HeboJblIOM KosauuecTBe. DJIOTONHT H3 NOCJAEIHHX ABYX
o0pasioB, M0-BHAHMOMY, SIBJSeTCS nepBHYHOH (a3oil, obpasoBaBieHCs
O/IHOBPEMEHHO C MHPOKCeHaMH WJIH HeMHOro nosxe. MccienoBancs raxkxe
(hioronuT H3 KeMHOUTOBLIX KaiiM, pasBHUTBIX BOKpYr rpaHara, H ¢uioro-
NUT PACKPHCTANIH3UPOBAHHLIX YUACTKOB YaCTHYHO MJIaBJEHHBIX 3epeH
rpanara. M3y4ajuce MeiKiHe KPHCTaJIbl H MerakpHcThl uioronurta u3 Tpy6-
K1 «Mapkrasan» (Muans) v nuacTuHuarthie BhilesieHHs (JIOTONUTa H Npo-
JAYKTOB €ro 3aMellleHHsi (BepMHKY./MTa, XJOPHTA) H3 HEKOTOPHIX TPYOOK H
Jaek Kumbepautos Jlecotro. O6pasiibl XJI0pHTA H BEDMHKYJIHTa OTOOpPaHbI
M3 M3MeHeHHbIX KuMGepuautoB TpyGok «Taewnas», «Mup» ManoGoryobGuH-
CKOTO paHoHa M Jp.

Kpome BH3ya/lbHBIX H MHKPOCKOMHYECKHX HCCJAEJOBAHHMH, HEKOTOpbie
oGpasubl (JIOronHTa, XJ0PUTA H BEPMHKY/IHTA H3y4YaJHCh METOJaMH PEeHT-
reHoBCKOH JiupakToMeTpHH, WH(PaKpacHOH CIeKTPOCKONHM, JepHBATO-
rpaduu, snektpoHorpapuu, sigepHoro ramma-pesonanca (SII'P), nenanuce
XHMHYECKHE aHaJH3bL.

Kak yxe ynoMHHaJOCh, CpelH H3yueHHBIX 06pa3ioB GJOronHTa Belje-
JsieTcs JBa TeHeTHYeCKMX THIA: METacoMaTHUeCKHH H MarMaToreHHbIH.
Onnako, HECMOTpS HA pa3HLIH reHesuc, o6a THila 00pa30BaIHCh B YCJIOBHAX
BepXHeH MAHTHH NPH BLICOKHX TeMIeparypax H JaB/JeHHAX.

CrpykrypHasa JauarsHocruka ¢uoronuta nposeiena C. B. CoGonesoit
(MTEM) ¢ ucrno/ib3oBaHHeM 3J1€KTPOHOrPaMM OT KOCBIX TEKCTYpP, HTO MO-
3BoJIseT BBICTPO M HAJIEXKHO OLLEHHBATE TAKHE Bar<Hble CTPYKTYPHbIE XapakK-
TEPHCTHKH, KAaK [PHHALIEKHOCTE K ONpeAe/]eHHOH NOJUTHITHOH MOJAH(pH-
KalHH, CTeleHb YIOPsJ0YeHHOCTH CTPYKTYpBl, creundHKa HapyuieHHH
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TpexmepHoro nopsaxa. Pe3yabTaThl CTPYKTYPHEIX HCCJAENOBAHHI CBOAST-
csl K CJIeNyIomeMy.

BoabinHeTBo H3yuenHbiX obpasuos (uioronura ua Tpy6kn «Mamkra-
BaH» NPe/ICTaBaeHO OOLIYHOI A5 TPHOKTAIAPHUECKHX CJII0A MOAH(HKaLHed
IM ¢ Hu3KHM coBepieHCTBOM CTPYKTYpHl (@ = 0,513 um, b = 0,920 uwm,
¢ = 1,031 mm, B = 100°). [lna oaHoro U3 HUX, NPHHALNEKAIIETO K MOJH-
¢duKaun 1M ¢ HEBBICOKHM CTPYKTYpPHLIM coBepmeHcTBoM (a = 0,513 i,

= 0,920 um, ¢ = 1,029 nm, p = 99° 30’), Ha nepBOM 3JJIHIICE 3AEKTPO-
HOTpaMM OTYeTIHBO BHICTYNAIOT NOMOTHHTENBHHIE OTPAXKEHHS OT PefKoi
LS TPHOKTadApHuecKHX caof Moaupukaunn 2M;. Onun w3 ofpasuos
XapakTepH3yercs HeoObIMHBIM JU1Sl TPHOKTAaIAPHYECKHX CJI0Jl HEeCOBEpIIeH-
CTBOM CTPYKTYPHI CO CMellleHHeM c/oeB Ha -+ b/3. HaumeHbluas creneub
YNOPSAMOUEHHOCTH Y MarMaToOreHHOro (JIOronura.

Meracomarnueckuil (uIOronHT uMeerT ropasfo GoJiee BHICOKYIO CTENEeHb
COBepLIEHCTBA, MpejcTaBaeH Gojee KPYMHBIMH KPHCTAAJMaMH H OTHOCHTCS
K noautHnHoil Mopupukaunun 1M. B 3aBucumocTH oT aucnepcHOCTH M cTe-
neHH COBEPIIEHCTBA CTPYKTYPHI TakHe 06paslibl MOTYT GbITh PACHONOMKEHBl
B PAJl OT MakcHvia/bHO# ymopsjouenHocty (¥Y-3-206, On-56/74, On-142/74,
On-14/72) po cpenneit (On-47/74, On-162/74, On-170/74) u naxe HU3KOM
(Yx-18, ¥-C). Ho B ota11une OT MarMaToreHHoro Jioronura MeTacoMarHye-
CKHIl ¢ HU3KOH CTEMEHbIO COBEPIIEHCTBA CTPYKTYPhl XapaKTePH3YETCs 0TUeT-
JIMBO MPOSIBJASTIONIHMHCS A1€MEHTAMH TPeXMEePHOTO MOPsAIKa, UTO Ha EKTpPo-
HOTpamMMax BHIpaykaeTcsd B HaJHYMH Ha oblieM pa3MbiToM (hoHe NepBoro si1-
JIUNCA SBHBIX MAaKCHMYMOB, OTBEUAIONIHX [MOJIOKEHHSIM CHJbHBIX OTpare-
Huit ot Momudukawuit IM — 022 n 112,

Hutepecto GbIIO NPOCTIENHTE CTPYKTYPHBIE 0coGeHHOCTH (IOTONHTa Ha
pasHbIX rayOWHaX B KumGepautax ojHoi u3 TpyGok anawino-Anaxit-
ckoro paitona. KumGepanTsl 31oit TpYGKH MOABEPIINCH METACOMATHYECKOMY
BO3JIEACTBHIO HHTPYIMPOBABIEr0 MX TPANMNOBOTO CHJIA, YTO NOBJAEKIC K
Oflpele/IeHHEIM H3MEeHeHHsIM (XJOPHTH3AIHH) MJIACTHHUYATHIX M TabnuTua-
TBIX HHAMBHIOB (yioronuTta. B COOTBeTCTBHM C 3/1€KTPOHOrpaduuecKHMH
JaHHbIMH, A5 HCCIeNOBAHHBIX 06pa3loB (MIOrONHTa OTYETIHBO [1POCAEIKH-
BaeTcsl TEHAEHIHS YJAyUllIeHHsl NOpsijika B HAJTOXKEHHH CI0EB B CTPYKTYpe
MHHepaJ/a ¢ ray6HHOH 3ajeraHusi cojep:amux ux KumbGepautos. Hanbo-
Jee ynopsjoueHHbie pasHOBHAHOCTH 3ahHKCHPOBaHEI B HHTepBase 337—
344 m (06p. K-67). @aoronur u3 Tydobpekunii BepXHUX TFOPH3OHTOB TpyG-
ki (06p. K-45, ra1. 155 M) cymecTBeHHO pa3ynopsiioueH, HO BCe JKe Ha nep=
BOM 3JLIHIICE €ro 3JeKTPOHOrpaMMel HabuiofalTes cjabble OTpaXKeHus,
coOTBeTCTBYIOIHE cMecH Moudukanuit IM -+ 2M,. V duioronura u3 asro-
KumOepIHTOROH OpeKunH Ha ray6une 267 m (o6p. K-66) u 324 M (06p. K-67)
CTeneHb YNopsiJ0UeHHOCTH PE3KO NOHHIKAETCH, BIVIOTh 0 [OJHOTNO HCues-
HOBEHHA OTpPameHHil Ha NepBOM 3/1HNce HX aeKkTpororpamm. OnHako sa-
TeM ¢ yBeJHueHHeM IIYOHHBI yNOpANOYEHHOCTh CTPYKTYpPhl MHHEpala B
LeJIOM 3aKOHOMepHO noshiaercd. Ha ray6une 327 m (o6p. K-67) haoronur
HMEeT BLICOKYH) CTeleHb YNOPS/JOYEeHHOCTH CTPYKTYPHl H COOTBETCTBYET
noauTHIHOH MoanduKauud 1M ¢ ouenb ciaboit npumeckio noautHna 2M,,
KOTOpas CTAHOBHTCS CYIIECTBeHHON Ha Goablued raybune. Tak, Ha riybune
324 m (o6p. K-67) yxe oTyeTInBEO q)chnpyKJTCﬁ obe Mo,umpuxauuu ¢wioro-
mura IM + 2M,.
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MaxrcumManbHoro copepruencTBa (WIOrONHT JocTHraer Ha raybune 337 m
(oGp. K-67), 3ateMm yIOp5I0UEHHOCTb €r0 [OCTENEHHO MOHIKAETCHA, d Ha
ray6une 344 m (o6p. K-67) B HeM oTMeuaeTcsi HalHuHe HEKOTOPBIX Hapyule-
HHH B HaJoxeHuH caoeB. Eme Huxe, Ha raybune 360,5 m (cks. K-67) B
CIPYKType MHHepaia ucuesaerT TpexmepHas ynepsajodenHoctbh. Ha 3sroil
ray6uHe (QHKCHpyeTcsi nonybecnopsafoYHbIi (JIOrONMT €O CMEMIZHHAMH
cloeB Ha = b/3 B cTpyKType, Xotsi pepexchl ¢ K = 3n Ha BTOopoM 3/1u1-
ce ero 3/eKTPOHOTPAMMbl OCTAIOTCA YETKHMH.

Hexotopuie o6pasiinl (U10ronuTa Hece10BaHbl METOIOM sIIEPHOrO ram-
Ma-pesonanca. Kak u3BecTHO, 3THM MeTOJ0M Onpejensercs cTeneHb OKHC-
JIEHHOCTH KeJjle3a B MHHepasjax, uTo SIBJsIeTCs NoKasaTeJeM OKHCJIHTE b
HBIX YCJIOBHH HX oOpasoBanus. Bo Bcex n3yueHHLIX obpasuax saduxcupo-
BaHo no Aga ayGaera Fe’*, kotopbie MoryT GbiTbh CBfA3aHbI C NOIVIOMEHHEM

2
ramMMa-KBanTOB f1ADaMH HOHOB KeJe3a B uuc-nosuunsx (Fei') u Tpamc-

nosuumsix (Fest). YMenbuienne 3HaueHnst A B 06eHX MO3HLUAX IS olp.
Y-72b wmoxeT ObITh CBSI3AHO C YBeJHYEHHEM HCKAMKEHHS KOOPAHHALHOH-
HEIX TOJH3IPOB HOHOB jKeJe3a 3a CUeT BXOM(ICHHT B CTPYKTYPY XpoMma K
(bTopa, OTVIHUAIOMIHXCH [0 pasMepy M 3IHEpPreTHUeCKHM lapaMerpaM oT
APYTHX HOHOB W3 OKPYMeHHA pe3oHaHCHBIX sjep. O6p. On-170/74, nau-
GoJiee CTPYKTYPHO YNOPSAAOYEHHBIH 0 PEHTIeHOBCKHUM JaHHBIM, HMEET Mo-

BeIenHble 3Hauenus A Fei T u Fe§+, YTO yKa3blBaeT Ha HaJHuHe MHHHMa/b-
HBIX CpeiM paccMaTpHBaeMblX 06pasuoB HcKaxenuit Fe’t-colepxkamyx
oxrasapoB. [lo stum napamerpam o6p. Oa-170/74 npuGnuxaercs K o6p.
Y-72p, orHoCHMOMY TIO CTPYKTYpe K cpeaneynopstouerns [114]. TTo aua-
uennsam A Felt u Fes© obpasusl (aoronura TpyoKkn «O0HaXKeHHAA» OTIH-
YAIOTCS OT TaKOBLIX U3 TpyGok «Ynaunasy, «Hanexwnas» u «HoBunkay.
10, BEpPOATHO, CBA3AHO C COCTABOM OKTadPHUYECKHX CETOK, B YACTHOCTH C

kouuentpanueit Fe*+. Ornowenne FeiT/Fe;™ ¢ yuetom skcnepumenTabHbIx
norpemHdocTeil 6/IH3KO K ABYM. ¥ BeJHUEHHe 3TOr0 OTHOLIEHHS I1d o0p.
H-1, BO3MOXHO, CBA3aHO C HAJOXEHHOH XJOpHTH3alHeH HJIH BepMHKYJIH-
TH3allHeH, YTO COMPOBOM/IAETCS BBIHOCOM JKE/Ne3a MPEHMYIIECTBEHHO H3
OKTa3IPUYECKHX TpaHc-nosuuuil. OJIOronuT U3 rpaHaTtoBoOro NepHIOTHTA
Tpy6ku «O6RaxerHas» (06p. On-170/74) umeer Gosee HH3Koe 3HAYeHHE
Fe*+/Fe+ (0,43) u o61a1aet GoJiee BLICOKOI CTeNeHbIo COBEp IeHCTBA CTPYK-
TYPbl [0 CPaBHEHHIO C (WIOrOMHTOM H3 G6e3rpaHaToBEIX KCEHOTUTOB 3TOI ke
Tpy6Ku. [TockonbKy 06pa3oBaHHA NapareHe3HcoB ¢ TPAHATOM CBA3LIBAIOT-
csl ¢ Goslee BRHICOKHMH JIaBJEHHSAMH W OHH SIBJISIIOTCA, MO-BHIMMOMY, GoJiee
riyGHHHLIMH, TO BO3pacTaHHe OKHCIHTENbHBIX YCAOBHII Ha MeHee ri1yGoKHX
YPOBHAX MaHTHM BloJjHe 3aKkoHoMmepHo. [lo okncnennoctd Fe (ororonur 13
Tpy6oK «¥ naunas», «¢Hosunka» u «Hanexnas» npubamkaercs K Qioronuty
H3 IpaHaT-WIbMeHHTOBOrO yJbTpabasuta TpyOkH «OGHamenHasts.

Jas eBcex obpasuos ¢uioronura (kpome o6p. Oa-14/74) Boijenenst ay6-
Jethl HoHoB Fe*+ B uerBepHoii KoopauHaumd. Kak H3BeCTHO, CJIOAL C
JeNesoM B UETBEPHOH KOOpAMHAIUNH KPHCTAIH3YIOTCH B YCJIOBHSIX
HH3KOTO COJEPHAaHHA HJIH OTCYTCTBHSI AJIOMHHHA H TOBLILIEHHOrO CO/lep-

JKaHUs TPEeXBaJEHTHOrO Jeae3a, uto onpejedaser usomoppuam Fely —
3

— Al}Y. ToBbiwenHoe cojiepxanne Felt npu neduunre THAPOKCHILIILIX

rpynn, ocoGeHHOCTH pacnpeleleHHsi HOHOB iKejde3a B CTPYKType W HX
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CNEKTPOCKOMHYECKHE XaPaKTePHCTHKH CBHAETE/NBCTBYIOT O KPHCTANIH3AIUHH
¢hloronuTa B HEpPAaBHOBECHLIX YCJOBHSIX MPH 3HAYHTEIbHBIX rpafHeHTax
TeMnepaTyphbl H AaBieHusi. 3TH NpH3HAKH (JIOronHTa MaHTHHHOrO MpPOHC-
X0MJeHHsI, BepOSaTHO, MOTYT OBITh BO3BeJeHbl B paHr TUNOMOPGHBIX,
OJIHAKO A5l OKOHUATENbHOrO BbIBOJA MOKA Majo AAHHbLIX.

[lepecuer XHMHUECKHX aHaJH30B HanbO/ee XOpOLIO H3Yy4eHHBIX 00-
pasuoB ¢uioronura (¥V-72p, On-14/74, On-162/74) Ha KpHCTANJIOXHMH-
yecKHe (opMYJIbI BRISBUI, KPOME YCTAHOBJEHHLIX CTPYKTYPHBIX OTJIHYHH,
TAKXKe H SIBHble XHMHUeCKHe OTJHUHA (DIOronuTa ABYX TpyIIl: Marmaro-
renHoil u Meracomatnueckoii [114]. 3to Bhipakaercs, B 4aCTHOCTH, B TOM,
uTo creneHb 3amelienns Si na Al B Terpasipax B MarmMatoreHHoM (uioro-
nuTe ropasnao GoJibiie, yeM B METacoMaTHuecKoM, W 0oJiblle HIeaJbHOro
otHowenns Si/Al = 3/1.

[lapamerpel pelneToK H3yYeHHBIX 06pa31oB (hI0ron1Ta Xopoio Koppesn-
pYIOTCS C HX COCTABOM H I'e€HE3HCOM. B COOTBETCTBHH ¢ H3BeCTHHIMH KpHC-
TAIJIOXHMHYECKHMH JAHHBIMH [apaMeTp b CJOHCTBIX CHJIHKATOB ompefe-
JIsieTcsl T/1aBHbIM 06pa3oM COCTaBOM OKTasdApHuecKoil ceTku. M3 xuMuuecku
oxapaKkTepH30BaHHBIX 00paslloB HAUMEHbIINMH Ga3MCHBIMH NapaMerpamu
orauyaercs obp. Y-72 (b = 0,918 um), okrasgpHyeckas ceTKa KOTOpO-
IO CONEPKHT MHHHMAJbHOE KOJHUECTBO JIBYXBAJEHTHBIX  KATHOHOB
(M**+ = 2,55), u MaKcHMa/JbHOE — 3aMelllalolHX HX TpeXBa/JeHTHLIX
karuonoB u Ti*+. Tpu oGpasua ¢uioronura, B OKTAIAPHYECKHX CETKAX
KOTODHIX 3aMellleHHe [BYXBA/JE€HTHEIX KATHOHOB HA TPeXBaJeHTHHE pa3-
BHTO B MeHblueil crenenn (M2t = 2,756—2,89), xapakrepusyiorcs 6osb-
MIHMH W OpHMepHO paBHBIMH napamerpamu b (0,921 uwm). as ueTbipex
00pasloB (WIOromHra ¢ H3BECTHBIM COCTABOM HaMH [POBEIEHO BbIYHCJeE-
HHe TeOpeTHYecKoro 3HaueHusl b Mo HM3BECTHHIM PerpecCHOHHLIM ypaBHe-
auaM [114]. TToayuentsie npu 31oM LAQPBI XOPOUO COBNATH C KCHEPH-
MeHTaJbHbIMU, npHueM B o6p. Ou-162/74 310 cooTBercTBHE OBLIO JIYUIIHM
[pH JIOKaJH3alHH 4YacTH KaTHOHOB Fe’t B tTerpasipax.

HauGosiee uyBcTBHTENEH K [aB/JeHHIO B TPHOKTA3JPHYECKHX CJIOJaX
napamerp c¢. [IpH H3yyeHHH XapakrTepa H3MEHEHHS .pellleTKH ¢NVIOronura
IM B ycaoBusix Boicokoro nasienusi (no 4,7 - 10° [la) BuisBieno [114],
YTO MaKCHMAJbHOE CXKaTHe pelleTKH NPOHCXOAMT B Hanpasaeuwun [001]
{nepneHHKY/AAPHO K TPEX3TAXKHLIM CJIOSM) H YTO ¢ B [POUEHTHOM OT-
HOILEHHH CIKHMaercs B OfTh pa3 OoJjblile, 4yem Oa3uCHBIE [apaMeTpsl.
3tuM OOBACHAETCA MeHbIllee 3HaueHHe ¢ Y MeTacoMaTHuYecKoro duoro-
nuTa M3 accouuauu# c rpamnarom (¢ = 1,020 uM) no cpaBHeHHIO ¢ ¢uioro-
nutoM H3 GesrpaHatoBelX accouuaunii (¢ = 1,025 um).

Takum o6pasoM, KOMIJIEKC [pPOBEIEHHBIX HCCJe10BaHHH MO3BOJIHI
BLIIBUTE fIBHLIE CTPYKTYDHBIE M XHMHYECKHE Pa3JH4YHA MarmMaToreHHOro
(HH3KaA CcTeneHb COBEPUIEHCTBA CTPYKTYpbl, [OBbILIEHHOE COJEpKaHHE
AP+ B Terpasmpax) u meracomarHueckoro (Gosiee BEICOKOE COBEpLIEHCTBO
CTPYKTYpbl, HajuuHe B TeTpasipax Fe’t) Quioronura. 2tH pasiuuus,
‘©CT€CTBEHHO, BHI3BAHbl PAa3HbIMH YCJOBHSAMH 00pa3oBaHHA JABYX Bbille-
JIEHHBIX TpyII.

B nocneanne roasl onyGJHKOBAHO MHOrO MHKPO3OHIOBBIX — aHaslH-
308 duioronura M3 KUMOGEPJHMTOB H KCEHOJNHTOB FIMYOGHHHBIX [Opoj, 0CO-
OeHHO 10 3apyGexubiM Mectopoxkaennsiv [143, 145, 150, 152]. C nomourpio
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MHKPO30HJa NpOaHAIH3HPOBAHBl  Mera-
KPHCThI (JIOrOMHTA, MEeJIKHE BhIAEJIeHHR 3TO-
IO MHHepa/na H3 OCHOBHOII Macchl KHMOep-
JINTOB, (WIOTOMHT H3 KCEHOJHTOB Jeplo-
JIHTOB, [HPOKCEHHTOB W NOPOJ, CJOXKeH-
HBIX (oronuToM, ampub0/I0M, PYTHIOM,
WIBMEHHTOM M  JMOIICHIOM,  HA3BAHHBIX
«mapuab» [35]. OnyGanKoBaHbl aHaTH3bI
BTOPHYHOro (JIOronHta H3 3KJIOTHTOB,
BKJIOUeHHH  (uioronuta B unpkone [166].
Buepsrie H. B. Co6oies npoaHaiu3upo-
BaJl JOCTOBepHOEe BKJ/YeHHe (JIoronura
B anmase u3 TpyOKu «Aifixaa». Ono Haxo-
JIUTCA B CPacTAaHUM C XPOMHTOM, MO3TOMY
OTHeceHHe (Jioronura K YJbTPAOCHOBHOMH
accoLHAIlHH MHHEepPaJoB He BbI3bIBAaeT CO-
MieHus. CHHreHeTHYHOCTb BKIIOYEHHST Ha-
JIeXHO JIOKA3BIBAETCS M0 MOPGOJIOrHH: OHO,
KaK W MHOTHE Jpyrue BKJIOUYEHHs B aama-
3e, HMeeT OrpaHKy OKTasjpa, He XapaKTep-
HY10 /151 UIoronuTa, KpuCTa/lJIn30BaBILIero-
¢l B APYTHX YCJIOBHSIX.

JlaHHBle XMMHYECKHX AHAMH30B ¢Jo-
ronuta (tabna. 16) nokasbiBawoT, UYTO CO-
CTaB 3TOr0 MHHepa/ja CyleCTBeHHO BAPbH-
pyer ¥ HaXomuTCHA B MPAMOH 3aBHCHMOCTH
OT COCTaBa MaTePHHCKOH MOPOJB H YCJ0-
Bilii o6pasoBanusi. Haubonee mnpokue Ko-
Jebanus ormeuedsl s Ti0,, Cr,Oy, ALO;,
FeO. Hamu Buijiesieno nsatb rpynn ¢oro-
nura: 1) c Huakum conep:kanunem TiO, n
noBeimeHHbIM — Cr,Oy; 2) ¢ HH3KHM —
TiO, n Cry05 3) ¢ Hu3kuM — Cr,O; o
nobimeHHsM — Ti0,;  4) ¢ DOBBILEH-
HbeiM — Ti0, u Cry0y; 5) nuakum — CryOy 1
oco6o BuicokuMm — FeO u TiO,. ®acronur
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Puc. 28. CoorHouuenne
TiO, B daoronure:

I — u3 KumGepaHTOB,
o6nacte; 2 — TO me. AwnaGap-One-
HeKcKafi; ¢ — 1o ke, lOmuan Ad-
pHKa; 4 — H3 JIEPUOJAHTOB rpanaro-
BBIX; § — TO ke, OGesrpaHaToBBIX]
6 — H3 IKAOTHTOB; 7 — M3 HJBbMe-
HHTOBLIX YyJAbTpabasutoB: & — H3
FAHMMEPUTOB; 9 — H3 PHXTEPHTO-
BhiX YabTpatasuToB; /0 — H3 «HHTH-
nuToBs; Il — W3 BKMoueHHft B mup-
KOHe: [2 — H3 KeJHDHTOBHX KafMm
Ha rpasare H3 KumGepaurTos: [3 —
TO e, HA rpaHaTe seJIEHOTO uBeTa,
Tpy6Kka «Hbiosnsugs, IOxuan Adpu-
Ka; /4 — T0 e, Ha rpasaTe H3 Kce-
HONMHTOR TAYOHHHBIX nopoA: [5 —
3aKkaounnle (asw M3 HACTHYHO
niasNeHHALX TpaHaToB; /6 — W3 ana-
Ma30HOCHBIX MOpoA; /7 — u3 KapGo-
HaTHTOBHX TydoB., synxas Jlaweitn,
BocTounas Adpuka

ALO, 1

Bumofickan

H3 KHMOEpJHTOB XapaKTepu3yeTcs IIHPOKHMH BapHAaUHSMH COJepXKaHHil
Cry0,, TiO,, Al,O; H HEKOTOPHIX APYrHX OKCHIOB, TEM HE MeHee Pe3Ko
npeobaajaer ¢uoronut Bropoit rpynnbl. [loBeimeHo kosauuectBo TiO,
y Guioronnta W3 CeBepHBIX paiOHOB SIKyTHH, UTO OTpaXKaeT COCTaB BMe-
AKX HX KuMOepJuToB. BEICOKasi THTAHHCTOCTh LpHCYINA TaKike He-
KOTOPEIM MerakpHcTaMm (uioronuta H3 KumbepantoB SkyThuu u Oxnoi
Appugu. [To-BHAHMOMY, 3Ta Pa3HOBHAHOCTb BhIAeJeHHH duioronura obpa-
30Bajlach METACOMAaTHYECKHM IyTeM 3a CYeT THTAHCOLEpPIKAlIHUX XKeJIBaKOB
rpanara W rpaHaTa H3 HJIBMEHHTOBBLIX yabTpabasutoB [124]. Penxo Berpe-

YaloUUiics BBICOKOXKEJE3HCTHIH (JIoTONUT nATOMH

rpynibl  o0HapyxKeH

B OCHOBHO#1 Macce KuMGepiutoB lOxuoit Appuku u Kanams [175]. O6-
HiuM  JUJIs c}moronma H3 Kl!Mﬁep.ﬂHTOB SAABJIAETCHA [OHHXKEHHOE CojepiKa-
uue Al,Oy (puc. 28). Jlaa kumbep/uToB XapakTepeH 30Ha/IbHBIH (UIOTOMUT.

§ 8-2269
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Ta6awua 16. Xumuueckmii cocras duioronura, %

KomnonenT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Si0, 41,9 43,0 41,7 34,04 36,6 40,6 40,27 36,65 39,17 41,72 42,76 42,85 42,67 38,01 37,95 39,48 36,69 42,08
TiO, 0,00 2,38 0,14 3,63 10,8 0,56 2,96 4,82 3,76 2,79 2,05 221 3,38 025 060 359 216 0,29
AlOq 12,3 11,9 129 16,70 11,8 15,6 14,14 13,68 14,88 13,40 13,62 13,77 13,55 15,59 14,15 13,21 16,20 8,95
Cr,04 1,42 254 0,8 663 035 206 1,50 002 045 028 059 0,18 0,14 1,29 449 0,32 0,07 0,05
FeO 2,28 3,10 2,45 20,99 12,1 4,7 4,13 10,91 5,08 3,66 6,17 838 6,49 3,10 4,22 5,13 12,60 5,04
MnO 0,01 0,00 0,01 He 0,04 0,16 0,02 0,01 0,06 0,09 0,01 001 0,0 0,04 0,12 0,01 0,05 0,05
onp.
MgO 25,4 24,20 26,08 7,69 12,6 23,3 23,42 17,67 21,55 23,05 24,49 22,65 23,99 23,92 23,37 21,12 15,92 28,27
CaC 0,01 He 0,00 He 0,09 0,06 0,003 0,02 0,003 0,003 He He He 0,056 0,05 He 0,02 0,00
00H. onp. o6H. 0o6H. 0o6H. oGH.
Na,O gﬁe 0,17 0,06 Toxe 0,10 0,46 0,19 039061 026 029 0,10 006 044 0,14 020 0,16 0,l4
H,
K,0 104 790 10,3 9,33 860 860 10,14 10,06 9,89 9,76 7,61 861 854 849 949 999 996 11,04
H,0 45 He He He He 450 He He He He He He He He He He He 4,20
onp. onp. onp. onp. omp. ONp. oOmp. Omp., ONp. OINp. ONp. OHNp. Onp. onp. onp.
Cynma 98,23 95,19 94,5 99,01 94,08 100,40 96,77 94,23 95,45 95,01 97,59 98,76 98,83 91,18 94,57 93,05 93,83 100,11
f 8,24 11,36 8,59 73,19 48,99 16,79 14,99 38,15 19,08 13,7 19,78 27,01 21,29 11,47 15,29 19,54 44,18 9,06

Mpuseuanue: | — ofp. MP-681, BKawuenne daoronuTa B anMase, TpyOka eAfixan» (nanume H. B. CoGonepa); 2 — of6p. MP-9, cpocrok duoronara o
arperaTom aimasa, TpyOka «Mups [104]; 3 — duoronuT H3 KenuduToBOf KafiMbl BOKPYT rpaHaTa B aiMa3oHOCHOM Jepuoaure [152]; 4 — GuoTHT B Macce pas-
ApoGJEHHLIX KPHCTAJNOB anMasa, Ad)l:mna [154]; 5 — BKJrouenne GHOTHTa B anMase, OuHas Adpuxa [154]; 6 — o6p. Hr-209 ¢, BMoucHHe (aoromHTa B BHI-
COKOXPOMHCTOM rpanate, TpyGka Ne 13 7 — o6p. ¥YB-18/76, dhaoronut us XpoOMKCTOro rpaHATOBOrO MHPOKCEeHHTa, TpyGKa «Y navnane; 8 — o6p. K-267, daoronut na
MaHe3ana bHO-3KeJedHCTLIX 3KJ0rHTOB, TPpyOKa «KomcomonbcKasis, Bepxuemyuckuit pafon; 9 — o6p. Te-227/79, duioromur ua MarsesnajbHbiX SKJOMHTOB,
-rFy(u(a «¥paunasi»; 10 — oGp. 217/167, 1o e; 11 — obp. On-195/74, Gaor MuT 13 GAOrONHTHIHPOBAHHLIX WILMEHHTOBLIX NMepHAOTHTOB, TpyGKa «OGHAMKeHHaN»;
12 — ofp. Oa-22/75, 10 Xe; 13 — o6p. On-2a/75, To me; 14 — obp. On-211/74, To xke; 15 — ofp. Hio-30, daoromut vz Kenuduronoil KafiMu BOKPYT yBapoBHT-
nuponoeore rpanaTa., TpyC€ka <Huwoasua», IOxnan Adpuxa; 16 — o6p. V-1, duoronuTu3npoBaHHsil JkeanaK rpamarta, TpyOxa «Vnpauuass; 17 —oBp. V-¢, 710
#e; 18 — ofp. He-325, nnacTunuaTeill KPHCTAAA H3 METACOMATH3MPOBAHHOrO KCCHOAMTA ocapouHofi nopoau, tpyOka «Hosunkar», Bepxuemyuckufl paiion.
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B. B. KoBansckum u ap. [51) onucan 30HanbHBIT (UIOrONHT H3 OCHOB-
HO# Macchl KHMGepainToB Tpy6ok «Ceetsasi» u «Homyp». 3onaabHbli ¢uio-
ronut usyued JLk. Cmutom u ap. [175] B kumGepauToBbix nopojax IOxuoi
Appukn u Kanamu. Llentpanbhbie yacth kpucraatoB 1 tuna (mo JDx.
Cmuty [175]) copepxkar Goavme TiO, (3,1—3,3 %), FeO (17,7—17,8),
Al,O4 (15—16,5 %), uyem KpaeBmie. B onHOM cayyae B KpaeBoii 4aCTH Kpu-
ctaana I THna yeranoBJaeHo Boicokoe conepxanue CryOg (1,46 %). Kpucraa-
Jbl paoronuta 11 THna uau cnabo 30HaNbHBI, HJIH I0YTH He30HAAbHEL. $u10-
TONHT H3 KCEHOJHTOB MarHe3HaJbHEIX YJbLTPaOa3HTOB OTHOCHTCH, B OC-
HOBHOM, K nepsoil rpynne. [lo mepe noBbileHHSI OCHOBHOCTH MOPOJibI B
¢uoronute ypennunuBaercs cogepxanue FeO, TiO, u cumxaerca CryO,
1 MgO (puc. 29). OcobeHHO APKO 3TO NPOsIBJAsETC y (VIOTONHTA M3 Hlbs
MEHHTOBBIX yJbTPa0a3HTOB M MNHPOKCEHHTOB TPYOKH «OGHaMKeHHas»,
B KOTOPOi#t (WIOrONMT OTHOCHTCH B OCHOBHOM K TpeTbeil rpynie. B 1o xe
BpeMs B 3Toli TpyOKe BCTpeYalOTCsl MeTacoMaTH3HpoBaHHble (amduGosan-
3HPOBAHHbIE) KCEHOJHTHI 'PAHATOBEIX JIEPLOJHTOB H NHPOKCEHHTOB Oe3
HWJIbMEHHTA, (VIOTONHT KOTOPHIX MMEeT HH3KOTHTAHHCTBIH M OTHOCHTEJIbHO
BBICOKOXPOMHCTHIE cocTaB (cM. Tabu. 16, an. 14). ®uoronur u3 3KJIOTH-
TOB, KaK NPAaBHJIO, BTOPHYHBIA, 00pa3oBaHHbIi Ha rayOHHE MpH 3amerle-
HHH NepBHYHBIX MHHepajoB. Ero cocTaB TecHO CBSI3aH € COCTABOM MOPOJbL:
B MarHe3na/lbHO-XKeJIe3HUCTHIX 3KJOTHTaX (VIOroMHT HMEeT NOBbILIEHHOe
conepxanne TiO,, FeO, Toraa Kak B MarHe3HaibHbIX HApPSAY C MNOBBILLEH-
HbIMH KoHueHTpauuaMu TiO,, on coaepxut Goabuwe CryOy (cM. Taba. 16,
an. 9, 10). OpuruHanbHEIfi cocTaB y (WIOrONHTA H3 KeJH(MHTOBhIX KaHM
H PAaCKpPHCTAJJIH3HDOBAHHBIX Y4YacTKOB MO/IJIABJIEHHBIX JKeJIBaKOB rpa-
Hara B KMMOEpJ/IHTaXx W 3epeH 3TOro MHHepaJa H3 KCEHOJIHTOB MHPOKCe-
nutoB (puc. 30). [lockoabKy HCXOAHLIM MHHepanoM Aas GoJee O3AHEro
¢uioronuta B 3THX 00pa30oBaHHAX CJAYXXHT IpaHaT C WHPOKHMH BapHa-
nuamu cotepxanuii CryOz 1 TiO,, To (10oronur, yHacaenoBaB cocTas rpa-
HaTa, TaKye XapaKTepH3YeTcs CYHIeCTBEHHBIMH KoJeGaHHAMH 3THX OK-
cugoB. Cpenn pasHOBUAHOCTEH (UIOrOIIHTA H3 KeJH(HTOBLIX KailM M pac-
KPHCTa//1H30BaHHbLIX YYacTKOB eCThb [IPeACTaBHTeNH BCeX MATH FPYNI: Mo
BHICOKOXPOMHCTOMY TpaHaTry ofpasyeTcA (MIOrONMT, COAEpXKallHi 1o
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Puc. 31. OcoGenHocTr cocTaBa (wioromuTa W3 JaMOpoOHTOB ABCTPAaIHH

[164]:

I — oausuHOBule JamMnponTel; /I — dwupoutH; I/] — RoaAXuAuTH, [ —
dhenoKkpucTanan; 2 — 3epEA H3 MeJKO3epDHHCTOH ocuoBHOH Maccn; J§ — H3
cpeAne3epHucTofl OCHOBHOH Maccel. CTpeaKaMH coepHHEHL COCTaBbl Pasany-
HBIX 30H OJHOTO 3epHa

5,5 % Cr,0;, 10 HH3KOXPOMHCTHIM H BBICOKOTHTAHHCTbIM — (JIOTOMHT ¢
HH3KHM COJEpXKaHHEM XpPOMa M MOBbILEHHbIM THTaHa. Cpell yKa3aHHbIX
pasHoBuJHOCTeH (oronuTa BHYTPH rpaHara hpeoGiafaerT (GJOTOMHT
TpeThell rpynnsl (¢ BeicokuM cofepxkanneM CryO; u TiO,). Oun oGpasyerca
10 BBICOKOXPOMHCTOMY H BBICOKOTHTAHHCTOMY TpaHaTy, oOHapyXKeHHOMY
B KuMGepautax BepxnemyHckoro pa#fiona. HeofwiueH cocraB y BKJioue-
HHH (uoronuTa B unpKoHe. OH OTHOCHTCS K HH3KOIJIHHO3€MHCTOH H HH3-
KOXPOMHCTOH PasHOBHIHOCTH H HMeeT Je(HIHT KaTHOHOB B TeTpasjpH-
yeckoil KoopawHauuu. [y6nHHOe (MaHTHIHOE) npoHCXOXIeHHe duioro-
TIHTa, ACCOLMHPYIOLEro ¢ LHPKOHOM, HecoMHeHHO. PJIOronHT W3 HHMH-
JIHTOB, HMesl coCTaB, OJM3KHH K (DJIOTOMHTY M3 IHPKOHA, OTJIHYAaeTcs OT
Hero orcytcrBueM Al B OKTasipHYecKoil KOODAHHALMM, YTO MOMET CBH-
JeTEeNbCTBOBAT O NOHHMKEHHOM JaBJEHHH [IPH ero o0pasoBaHMH.

HecmoTpsi Ha IIHpOKHE BapHallHH cocTaBa (UIOronHTa M3 KHMOepJH-
TOB H 4CCOLHHPYIOUIHMX C HHMH TOPOJ, BHIIETHTh CPEIH HHX DA3HOBHI-
HOCTH, CONOCTABHMBbIE C (DIOFONHTOM M3 JaMNpPOHTOB, TpyAHO. DIOronur
B NOCJEIHHX, KaK NpaBWjao, GoJiee THTAHHCTBIH H HH3KOTJIHHO3EMMCThIH
(puc. 31). Ilo-BHauMomy, JaMIpOHTOBblE paciviaBbl (GOPMHPOBAJIHCL B
JpYyrux (H3HKO-XHMHYECKHX YCJIOBHAX 3a CYeT CHJLHO MeTacoMmaTH3i-
POBaHHBIX MOPOJ BEepXHEH MAaHTHH MPH HaJHYHH B HHUX WIbMEHHTa H
thnoronura.

IlpuBeneHHble NaHHBIE HE NO3BOASIOT corsiacuThest ¢ M. Apumoit H
A. 3nrapom [145], oTpHUAOmHMH BJIHSAHHE BAJOBOrO COCTAaBA CHCTEMBI
Ha MeXaHH3M 3aMellleHHWs W pacTBopuUMOCTb B thioronure Ttnrtana. Kak
[0Ka3aJH HaUlM HCCJIeJ0BaHHA, TaKasi 3aBUCHMOCTb CYIIECTBYET, MpHUYeM
BRIDAX¥KeHa HCK/IOUHTENBHO YeTKOo, cjeloBaTenqbHO, 3T0 OyleT Hakaaibi-
B4Thb OrPaHHYEHHs HA BO3MOXKHOCTH HCHOJIBL30OBAaHHA cocTaBa (uioronura
B KauecTBe MOTEHUHaJbHOIo reoTepmMoMerpa H reobapoverpa. bosee nep-
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CNEKTHBHLIM B 3TOM NJaHe, [0 HAlleMy MHEHHIO, SBJISETCA CTPYKTYpHas
TIO3HIIHA HEKOTOPLIX KaTHOHOB B KPHCTANJIHYECKOH pelleTke (ioromura.
AHanua nokasbiBaeT, yto (WIOronHT, 06pPa30BAHHLI NPH OYeHb BHICOKOM
JlaBjieHHH B NapareHe3Hce ¢ aJMas3oM H BBICOKOXPOMMCTHIM T'PaHaTOM,
NpPaKTHUECKH JIMIIEH a/lIOMHHHA B TeTPas/ipHYeCKOH NO3WLHH, TOTAa Kak
B 3TOM MHHepaJe, o6pasyioueM MapareHe3HC ¢ HH3KOXPOMHCTBIM rpa-
HATOM, M M3 0e3rpaHaTOBBIX MOPOJ 3HAYHTEJNbHAs YACTb AJIOMHHHS Ha-
XOIHTCH B TeTpasipHyecKod KOOPAHHALHH.

®JoronuTcosepKalie NOPOAL C MapareHe3ucaMu TVyGHHHBIX MHHe-
paloB MNO3BOJSIIOT H3YYHTb BO3MOMKHOCTH 00pasoBaHHs (NIOTONHTAa B
Pa3sHBIX YCJOBHAX: OT HaHGoJee IIyOHHHBIX, NMPH KOTOpHIX obpasyercs
anMas, J0 XapaKTepH3YIOUIHXCHA IOHHIKEeHHBIM JaBieHueM. [lo sKcnepu-
MEHTa/NbHBEIM JlaHHBIM, 00/1aCTh TEPMOAHHAMHUECKOH YCTOHUHBOCTH (J0-
ronuta orpannunBaercs 6,6 - 10° ITa [64]. Ha ocuoBanuu 3TOro MoMHO
6b1JI0 Obl 3aKJIOUHTh, YTO (WIOTOMHT YCTOHYHB B PABHOBECHH C AJMAa30M.
Tem He MeHee TiIaTeJbHbIEe NOHCKH BK/IIOUEHHH (loronuTa B aamase JJIH-
TeJlbHOE BpeMsi He NPHBOIMJH K IOJOXKHTEIbHOMY pe3yabraty. Heaa-
MEeYeHHBIM OCTaBaJIOCh W ONHCAHHE BKJIOYEHHH (oronuTa B apHKaHCKOM
anMase, puBeJeHHoe B (yHaamenTantbHom Tpyjie A. ®. Buabsamca [179].
Okrasspnueckasi orpaHka, HeCBOHCTBEHHasi Jisi (MIOTOTHTA, KPHCTAIH-
30BaBILerocss B APYTHX YCJIOBHAX, OXHO3HAYHO CBHIETEJNBCTBYET O Nep-
BHYHOM XapakTepe JaHHOTO BKJIOUEHHs. YTOMHHAIOTCS BKIIOUEHHs ¢uio-
ronuTa B aiMase u B paGorte [151], xoTs mepBuuHLIA XapaKTep 3THX Ha-
XOJIOK HejocTaTouHo oGocHOBaH. BTopuuHBIE Xapakrep HMeeT (DIOrOnuT
H3 KCEHOJHTA a/IMa30HOCHOTO [HPOMOBOTO JIEPIOJHTA, OMHCAHHOTO
Jlx. loyconom u JIxk. Cvutom [152]. On BxozuTt B cocTaB KeJaH(pHTOBOH
KallMBl, OKpYKalolleii XpPOMHCTHIH rpanar, uto onpejeisier ero GoJee
nosjxee obpasoBaHue.

B nacrosiee BpeMs AOCTOBEPHO YCTAHOBJEHO HECKOJIBKO HaXOJOK
BKJIOYeHHIT ¢wioronuTa B aiMase H3 KuMOGepautoB SIKyTHH (aaHHble
H. B. CoGoneBa). 310 naer npaBo yTBepxKIaTb, uTO (JIOFOMNHT, XOTH H
pejxo, HO Bce e 06pa3yeT NapareHeTHYECKYH accollHallHio ¢ ajJMasoM.
B xpomcoznepixamem nupone, cTaGHIBHOM Ha GOJBIINX ryOHHAX Bepx-
Heil MaHTHHM, B o61acTH yCTOHYHBOTO alMa3000pa3oBaHHsA HJH HelaleKO
oT 3ToH ofJsiacTi BKJIoueHus: (uioronura Berpevatorcs pefko. B ra6a. 16
(an. 6) npuBeleH COCTAB XPOMCOJAEPIKAMIEro (WIOTOMMTA W3 BBICOKOXPO-
MucTOoro rpasara. s sToro (aoronHTa, Kpome OTMeUEHHBIX BHIIIE OCO-
GenHocTef, XapakTtepHo Bhicokoe conepxkanue Aljy (66%), uro oGbIYHO
oTMeuaercs y BbicokoOapHuecKHX MuHepasioB. [opasmo waue ¢uioronut
ACCOIMHPYET ¢ HH3KOXPOMHCTHIM PAHATOM — ITHPONOM OpPaHIKeBOro liBe-
ta. Kak nokasano Bbllle, OH 3aMellaeT OTAeIbHBIE JKENBAaKH IpaHaTta H
Jpyrue MHHepa/lbl H3 TpaHarcojepiauiux JeplLoJHTOB MW [NHPOKCEHH-
TOB. B Takux KceHonutax ryOMHHBIX NOPOJ NOK4 AOCTOBEPHHIX HAXOIOK
anMasa He ycTaHoBJeHo. PJIOronHT, aCCOMMUPYIOUHE ¢ HH3KOXPOMHCTHIM
OpaHXKeBbIM TI'DAaHATOM, B OTJIHYHE OT AaCCOLHHPYIOMIETO C BBICOKOXPO-
MHCTHIM (PHOJIETOBO-KPACHHIM TpaHaToM He coaepaxuT Alvy, uTo Mmomer
yKasbiBaTh Ha 06pa3oBaHHe €ro NpPH NOHHMKEHHHIX NaBIEHHAX.

Ha6monennsiMu ycTaHoBaeHo, 4To HanGosee BHICOKHE KOHUEHTpalHH
(hvioronkTa BeTpeyaloTCs B KCEHOTHTAX I/TYGHHHBIX HOPOA, HE COoJepKaliux
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rpanata. Takne KCEHOJHTHI, N0 MHEHHIO MHOTHX HCcaefoBaTenefi, oTHO-
cATcA K mMenee rayOHHHBIM O0pasoBaHHSIM BepXHEH MaHTHHM, YeM TIpaHart
cofiepKalliHe KCeHOJIHTHI.

HsyuenHbie HaMH (IOTONHTH3HPOBaHHLIE KCEHOJNHTH [EepPHIOTHTOB,
MHPOKCEHUTOB H JKeJIBAKH I'paHaTa MO3BOJSIOT YTBEP:KAaTh, UTO B 6OJb-
LIMHCTBE CBOEM (WIOTOMHT U3 KCEHOJHTOB H, MO-BHIHMOMY, 3HAUHTEJbHAas
YacTh MEraKpHCTOB 3TOr0 MHHepaja o06pa3oBaJHCh MeTACOMATHYECKH NpPH
3aMellleHHH APYTHX TJayOHHHBIX (a3 — nHpona, K/IHHOMHPOKCEHA W Ap.
BrisiBII€HHBIE HACTOSIIIHMH HCCJEJOBAHHSAMH DPas/M4yHf MeMIy Marma-
THUECKHM M MEeTacoMaTHYeCKHM (WIOTOIIMTOM NO3BOJISIIOT CYIMTb O pas-
nHuHAX HX oGpasoBaHua. Marmatorenssiii duioronut oGpaszoBajics B yc-
JIOBHAX BepXHell MaHTHH TPH OTHOCHTeJLHO GhicTpoii cMeHe PT-napamerpos,
yTO MPEenATCTBOBAJO TpoLeccaM YNOpsAoYeHHs W NPHBENIO K obpasopa-
HHIO HecOoBepIIeHHbIX KpHCTanoB. Meracomarnueckuii duioronur, mno-
ABHBIUHCSA Moc/Ne KOHCOMHIAILMK MOPO/bl, KpHCTa/lIu30Bajcs B Gosee
CMOKOHHOH oOCTaHOBKe MPH MeLJeHHOM OCThLIBAHHH, CNOCOGCTBOBABLIEM
00pasoBaHHI0 KPYNHBIX KPHCTaJJIOB C COBEpPLIEHHOH CTPYKTYpO#i.

@aoronuTH3auHMA MOpoJ BepxHeH MAHTHH — [polecc TJyGHHHBII,
OCYILeCTBJSABIINICA BHe mnpefesnoB KumbOepautoshix Tpybok. [lo Beeft
BEpOATHOCTH, OH MpOTeKal Mo cxeme, Koropyio oGockoBan B. C. Coboses
[96]. CorsacHo ero npeicTaBieHHsIM, B BepXHHX TOPH30HTAX MAaHTHH,
Ha TPaHHLE Y/JbTPAOCHOBHBIX H OCHOBHBIX [OPOJ (DOPMHPOBANHCH (uIO-
rOMATCO/epIKalye [MOpo/bl, TAK HA3blBaeMble TVIHMMEDHTbI H CKOIJIEHHS
thnoronuta. McTounnkom BOJB M KalHfl, a TakxKe APYrHX KOMIOHEHTOB
ABHTHCH NOTOKH ()IIOHI0B, 06pa30BaBUIMECs MPH Jerasanud IyOHHHBIX
venee udxpepeHIHpOBAHHBIX yuacTKoB MaHTHH. [Ipouecc oGpasoBanus
OCHOBHO#I Macchl (IOTOMKHTAa MOT OCYILECTBJAATHCH JIHWb NPH JOCTHXEHHH
pacTBOpaMH COOTBETCTBYIOIIHX YPOBHell MaHTHH ¢ GoJiee HH3KHMH Temme-
parypamu (<< 1100 °C) u nopox, cozepxamux raunnosem [96].

Jlas maccosoii duioronuTH3aiku HanboJsee GaaronpHATHOH oKasalach
30Ha BepXHeH MaHTHH, CJOMKeHHas Ge3rpaHaToBBIMH MHPOKCEHUTAMH M
NepHIOTHTAMH C TNOBHINIEHHBIM COJAEPXKAHHEM KJHHOMHPOKCEHA. 210
[IPOLECC YACTHYHO 3aXBaTHJ H GoJjiee T/iyOHHHBIE 30HBI MAHTHIHOTO CyO0-
cTpata — NHPONCOJEpIKAIIHe JePUOJUTb, NHPOKCEHHTbl, OJHAKO BO3-
HHKIIIHEe 3/1eCh CKOMJIeHHS (WIOrONHTa KOJIHYECTBEHHO 3HAYHTEJNbHO YCTY-
MaroT KOHILIEHTPALMAM 3TOTO MHHepa/la B 0Ge3rpaHaTOBBIX Pa3HOBHIHOC-
TAX TyOHHHBIX NOPOL.

®aoronur BTOPOH reHepauHH — XapaKTepHbIH MHHEpaJl OCHOBHOM
maccel KuMGepantoB. OH, Hapsily ¢ OJIHBHHOM BTOPOi reHepaluH, NepoB-
CKHTOM, A4NaTHTOM, MOHTHUEJJIHTOM, MAarHeTHTOM, HJIBMEHHTOM BTOpO#
rerepauli M HEKOTOPbIMH IAPYTHMH MHHepaJaMH, OTHOCHTCA K 3aK/I04uH-
TeJbHOH CTaZHH MarMaTHYecKoro 3Tana KuMOGepJIHTOBOro MuHepanool-
pasoBaHusa. Hauwano storo srana, no-BHAHMOMY, COBNajalo C Hada/ioMm
nepemerieHHs TyGHHHOTO MarMaTHUeCKOro pacijiaBa BBepX, a 3aBeplue-
HHE — C [POLEeCCOM 3acThiBaHHs KHMOEpJIHTOBBIX [OPOJA B TpeLlHHAX H
auarpemax. CocraB KMMOEPJHTOBOrO paciyiaBa Ha 3aKJIIOUHTELHOM 3Tane
MHHEpa/006pa30BaHHA XapaKTePH30BA/ICA TOBBILIEHHBIM COJEpIKaHHeM
JIETYYHX KOMIIOHEHTOB, B TOM WYMCJe BO[bI, ILIEJOYHbLIX 3JemeHToB (oco-
fenHo Kaaus), docdopa, AHOKCHAA yr/iepoja, a TaKike HEKOTOpHIX 3Je-
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MEeHTOB, THMHYHBIX sl (OpMAUMH NOpPoA LIeJouHLIX (a3ajbTouaoB (TH-
TaH, pyOHMAMH, UHPKOHMH H Ap.). B 3aBucumocTH ot crenenu auddepen-
LHALHH COCTAB OCTATOYHOrO pacnyaBa (pacmiaBa-(uilOHAa) MeHsaJcA OT
YMEDEHHOro ColiepxKaHHs 3JIEMEHTOB, XapakKTepHLIX AJA [0poJ IeJoY-
Ho6a3aJbTOMIHOTO psifia, A0 NOBbIIEHHOro HX cojep:kanus. [lo-BuaHMOMY,
B 3aBHCHMOCTH OT 3TOT0 MEHSJICA COCTAB (WIOrOMHTA 3aK/IIOUYHTeTbHOH CTa-
JHH KPHCTANIH3ALMH — OT MarHe3HajJbHOrO (UIOromura [0 KeJe3HcTo-
TO H THTAHHCTOI'O 6HDTHTH, 0 YeM CBHIETEe/NbCTBYHT MHOTOYHCJIEHHLIE
XHMHUECKHEe aHaJM3bl (UIOTONHTa BTOPOH reHepalHH, BbilloJHEHHBIE 3a-
pyOexubiMu, HeesnefoBatensimu [175].

Tperbst renepauus ¢uoronura H3 KHMOEP/IHTOB — foCTMarmarHye-
CKasl, MeracoMaTHyecKas — CBfi3aHa C BO3JIGACTBHEM Ha YaCTHYHO HJIH
NOJIHOCTBIO KOHCOJIHAHPOBAHHBIE MOPOJbl MOCTMArMaTHYECKHX PAacTBO-
poB, oboraineHHbIX KajHeM, (ochopom, JHOKCHIOM YyIJViepoia H JpYTH-
MH KOMMOHeHTaMH. PJOTrONHT TpeThed reHepallMH pasBHBA/ACA MO OC-
HOBHOM Macce KMMOEPJHTOB, a TaKKe peaKIHOHHO 3amema’s JpyrHe
MHHepaIbl H3 KCeHOJTHTOB OCA/IOYHBIX MTOPOL H B PelKHX CJyyasiX KCEHOJIH-
Thl KPHCTaJ/IHYeCKHX caaHleB ¢yslamenta naathopmsl. Bmecre ¢ duio-
ronaToM ofpasyercss KOMIIEKC BbICOKOTEMIIepaTypHbIX MHHepasoB —
MOHTHUEJJIHT, aHAPAIHT, MOHOKJHHHBIH MHPOKCEH, YTO MO3BOJISIET Olle-
HHTb TeMmnepaTypy pacteopoB He Hmxke 900 °C [124]. B pesyabrare
1aJI03KeHHOTO MeTacoMaTo3a o6pasyloTcsi KUMOEpJ/IUThl C [OBHILEHHLIM CO-
Jep:KaHHeM BTOPHYHOH CJIOJbI, a KCEHO/NHTHl BMEUAlOmIKX [Opoa [mpe-
Bpamalorcs B cBoeo0pasHele CJAIOIHTH, CJAOXKeHHble OeJIeChIMH uelryiKkamu
H IJIaCTHHKaMH ()JIOrONMHTa, MOHTHYE//IHTA H HEKOTOPHIX NPYTHX MHHe-
panos.

A. B. ¥xauoB u ap. [117] usyyanu usoronnsii cocras H u O B cmo-
nax u3 KuMOepsiutoB SIKyTHH. [losyuennsie 3sHauennss 6D koseGmiorcs
or,—64 g0 —151 %/, u 60 — ot 48,6 10 -+4,4 °/, (SMOW). IloBbimen-
Hble 3HaveHus 6D ycraHOBJIeHBI B C/IOJE H3 TPAHATOBOrO [EPHIOTHTA H
KHMOepJ/InTa, He MoJBepriueHcsi NOCTMarMardyecKuM H3MEHeHHSIM, a MH-
HUMaJbHble — B XJIODHTH3HPOBAHHOH H BEPMHKY/HTH3HPOBAHHOH CII0IE
M3 CepNeHTHHH3UPOBAHHOTO KHMOepsuTa. [lonyueHHble JaHHBIE CBHIE-
Te/IbCTBYIOT O TOM, YTO BOJA HEH3MEHeHHBIX CJII0J, HMEeeT MaHTHIHOe Mpo-
HCXOXK/IeHHe, TOrla KaK H3MeHeHHBIe CJIIO/IbI COJIepIKaT CYIIeCTBeHHYO NpH-
Mechb BOJIbl METEOPHOro MPOHCXOXK/IEHHs, BO3JIeHCTBOBaBIIeH Ha Kwmbep-
aut BO6AH3M moBepxHocTH. YUTO KacaeTcs H30TOMHOIO COCTaBa KHCJOpPOJa
H3Y4YeHHBIX CAW[A, TO OH, B NEepPBYIO ouepeldb, 3aBHCHT OT MHHEPaJabHO-
ro napareHesdca; y CHOJ H3 OJHBHHOBBIX mnopog manTHH 80 okoao
~+ 5 %g, TOrA2 KakK y CJI0AbI H3 KHMOEDJHTOBHIX BKpAlIEHHHKOB, €OCY-
IIECTBOBABILEH ¢ KaJbluTOM, GoJiee BhicoKoe 3Hauedne 61%0, okosno +8 /y,.

TMonBoast HTOr KOMIJIEKCHOMY H3YyYeHHIO (NIOronHTa W3 KHMOEPJHTOB
H CBfI3aHHBIX C HUMH NOPOJA, HeOOXOJHMO BHIJEIHTb NPH3HAKH, MO KOTO-
pPBIM (uIOrofiMT H3 rJyOHHHBIX [OPOJ, OTJHYaeTcs OT 3STOro MHHepa.ia,
0o0pasoBalHOro B JPYTHX (PH3HKO-XHMHYECKHX ycJoBusaX. Hekorophie H3
9THX NPH3HAKOB, M0-BHAMMOMY, MOTYT GbITh TUIIOMOP(HLIMH.

Hayuenne cTpyKTypHBIX ocoGenHocTell dwioronura [0Kasano, 4To
GO/bIIHHCTBO Pa3sHOBHUIHOCTEH 3TOMO MHHEpa/ja OTHOCHTCA K MoAu(HKa-
uue IM H xapakrepusyerca HH3KOH CTeNeHbIO yNOPsAOYEHHOCTH. OT/IH-
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9HTebHOE CBOACTBO MHOTHX 00pasioB (WIOronWTa MaHTHIHOTO NPOHC-
XOMKIEHHA — HAJHUME JKejle3a B UeTBEPHOH KOOpAHWHALHH, T. €. UIMPOKoe

nposiznenne musomoppuama Alf — Fely B Terpasapuuecknx criosix.
Bricokoe cojepxanne Fe3t+ Bo ¢uioronute npu AedHUHTE THAPOKCHALHBIX
rpynn, ocofeHHOCTH ero pacnpefelieHHsl CBHJIETeNLCTBYIOT O HepaBHO-
BeCHHIX YCJIOBHAX 06pa30BaHHA 3TOrO MHHepala MpH BBICOKHX TpajHeH-
Tax JaBjeHHs H TemnepaTypbl. @joronur, o0pa3oBaHHbIH B YCAOBHSX
paBHOBeCHs C alMa3oM, XapaKTepH3yercsi HM3KHM cojiepxanuem Fedt,
4TO sBJSIETCS ellle ONHHM [IOATBEpPXKIEHHEM BOCCTAHOBHTE/bLHBIX YCJO-
BHH anmasooGpasoBanusi. OrtHomenne Fe*+/Fe’+ B ¢uoronmTte pasubix
NapareHesHcoB yKa3blBaeT Ha BO3pacTaHHe OKHC/IHTE/NbHHX YCAOBHH B
MeHee TVIyOOKHX YpOBHSX BepXHeid MaHTHH. [lo COOTHOLIEHHIO aNIOMHHHSA
B TeTPasJIPHYECKHX H OKTA3JPHUYECKHX CJI0AX KPHCTAJIHYECKOH peleTku
MaHTHHHBIE PasHOBHAHOCTH (MIOronHuTa OTJIHYAIOTCA OT KOPOBHX. PJoro-
NHT H3 KHMOEpPJHTOB H KCEHOJHTOB TJyOMHHBIX NOPOX B GOJBIIHHCTBE
CJIyyaeB COJEPIKHT NoBeILeHHOe KouanuectBo Cr,Oy m HH3koe — FeO, B
OTJIHYHE OT C/II0f, APYTHX MapareHeTHYeCKHX TI'pynn, Hanpumep obGpaso-
BaHHBIX BO BMelalOUIHX NOpoJax Ha KOHTaKTeC TPAlMOBBIMH HHTPY3HA-
mi. B mocnennnx nosblmeno Kosuuectso FeO npH npakTHYECKH NOJTHOM
orcytetBHH CryOg. Coenyer noauepkHyTb, YTO NpPH 3aMmelleHHH ¢oro-
NUTa XJIODHTOM H BEDPMHKYJHTOM B 3K30T€HHBIX YC/JAOBHSX JKeJaeso H
ocobeHHO XpoM BelyT ce0si Kak HHepTHble KOMIIOHEHTH, MO3TOMY 3TH
3JIEMEHTH MOTYT OBITh HaleKHBIMH HHAHKaTOpaMH TNpH pasbpakoBKe
CJIIOJHCTHIX MHHEPANOB H3 LINTHXOBHIX OPEOJIOB HA KHMOEPJHTOBLIE H He-
KHMOEpJIHTOBHIE.

CEPMEHTHH

CepneHTHH — TJIaBHEI NOpoJo06pasyioliuid MuEHepaa KuMOep/auToB GoJb-
mwHHCTBa TpyGok W naek. Ero cozepxkanue B nopofe Bapbupyer ot 20
g0 95 %. CepnentHH OOBIYHO pa3BHBaeTCA MO OJNHBHHY NEepPBOH H BTO-
pofi reHepaiiiii, KJIHHO- H OPTONHPOKCEHAM H OCHOBHOH Mmacce KHMGepJ/iu-
TOB, 3HAYHTe/NbHbIH 00beM KOTOpOH NepBOHAYa/JbHO, MO-BHAHMOMY, ObLI
CJIOXKEeH YJAbTPAOCHOBHBEIM CTeKJoM. B Go/bIIHHCTBE KUMOGEPJHTOBBIX TeJ
$SIKyTHH CepNeHTHHOM 3aMellleH OJHBHH H3 KCEHOJHTOB MaHTHHHBIX Yib-
TpabasutoB. B KumGepsHTax J0BOMBLHO YacTO BCTPEYAIOTCH MPOXKHIKH
H THe3/la, BLIIOJHEHHBIE TeJIeBHIHLIM H30TPOMHLIM CEpPNEeHTHHOM, OObIUHO
IJIOTHBIM, (hapdOpPOBHIHBIM, € [JIOCKOPAKOBHCTHIM H3jgoMoM. CeplneHTH-
HOM 8aMemialTcs TaKiKe KCEHOJHTH OCAJ0YHBIX [0poi, KpHCTalJlHye-
CKHX CJIaHIeB (yHJAMEeHTa, B MeHbIIeH Mepe — OTTOPKEHLbl TPanNoBBIX
uuTpysuii [40].

CeplieHTHH ¥ NPOAYKTHl €ro H3MeHeHHs! (MOHTMOPHJIIOHHT H Jp.) B
PHIIEPreHHBIX YCIOBHSAX YCTAHOBJEHH B JpeBHHX MorpefeHHLIX H CO-
BpPeMEHHEIX Ope0JiaX Hela/leKo OT KOPEHHBIX HCTOUHHKOB. (JOJIOMKH nceB-
Jomopo3 cepneHTHHA 110 OJHBHHY M NPHMa3KH ero Ha MHHepaJjax-cnyr-
HHKaxX a/jMa3a BCTPEYaloTCsi B JeJI0BHAJbHO-a/VIIOBHANBHBIX OTJI0XEe-
HHAX BOMH3H TPYOKH «Mup» u B pyciaoBwix obGpasoBanusx p. HMpensx
Helaneko or stod TpyGku [124]. O6soMKH KUMGEpPaIHTOB, CJOMKEHHbE B
OCHOBHOM CEpIEHTHHOM H Ka/lbLHTOM, [pocjexenbl B pycie p. Mopkoka
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Ha paccrosnue Gosee 10 KM BHH3 OT oAHOHMEHHOH TPy6xH. CepneHTHHHU-
3upoBaHHblii KHMGEPJIHT BCTPEUaeTcsi B PYCJA0BLIX OTVIONKEHHAX p. Yasiaax-
Myuna. IlceBnomopdosnl ceprentiina 1no oJHBHHY, OOJOMKH CepleHTHHH-
3HpOBaHHOTO KHMOepJiuTa Haiilensl B norpeGeHHLIX I0PCKHX OpeosiaX 0Ko-
Jo Tpy6ku «Mup» [124]. TIpn TpaHCNIOPTHPOBKE H B YCJOBHAX JMareHesa
B norpefeHHbIX opeosiaXx cepneHTHH OBICTPO paspyliaercs, MO3ITOMY Ha-
XOXKJIEeHHE €ro B UNIHXaX NO3BOJSET JOKaJH30BaTh MOHCKOBYIO TeppH-
TOPHIO M O0bIYHO yKa3biBaeT Ha GJIH3Kiie KOpPeHHble HCTOYHHKH. Ycnexu
NpHMEHeHUs! reo(U3HYECKHX METOJOB [OHCKOB KHMOepJHTOB, Gasupyio-
LIHXCHA HAa OCOOGEHHOCTAX HX (DH3HUECKHX CBOMCTB, TaKiKe ONPEIesioTCH
CTENeHbI0 CepleHTHHH3AUWH 10pofibl. OT BTOPHYHBIX M3MeHeHHH MHHepa-
JIOB 3aBHCHT 000TaTHMOCTH KMMGEDJMTOB H MOJHOTA H3BJeUYeHHs ajJMasa.

CnenoBatenbHO, W3YyueHHEe ceplieHTHHA H3 KHMOEPJHTOB HMeeT He
TOJBKO FeHeTHYeCKoe 3HaueHHe, HO M CNOCOGCTBYeT COBEpILIEHCTBOBAHHIC
METOJIOB MOHCKOB H JIOKA/JBHOTO IPOrHO3HPOBAHHA AJAMA3HBIX MECTOPOMK-
JIeHHH, a TakKe MOBHILEHHI0 KayecTBa oforauleHus KUMOEp/IHTOB M H3-
BJE€YEeHHsI H3 HHX KPHCTAJIJIOB alMasa.

Jna uccnenoBanusi Gblia nofjobpana KosleKnusa o0pasloB ceplreH-
THHA, OXBATHIBAIOMIAsl NPaKTHYeCKH Bce Ha3BaHHBIE Bbillle THIBl 3TOrC
mMiuHepana. KoMmnieKcHOe H3yueHHe CepIeHTHHA C IPHMEHEHHEeM peHTre-
HOBCKOH AH(paKTOMETPHH, 3JI€KTPOHHOH MHKPOCKOIHH, HHDpaKpacHoi
CIIEKTPOCKOIMH [OKa3a/lo, YTo B KHMOep/JHTax OH INpejcTaB/jeH XpH3o-
Jutom u Jusapautom [40]. Bee uayuenHble 06pasipl cepneHTHHA XapakTe-
PH3YIOTCS HH3KOH CTeNeHbI0 COBepIIeHCTBAa CTPYKTYPHI, 4TO He I03BO-
JIWIO YCTaHOBHTb HX INOJHTHNHbIe Moxubpukaiuu. [lo mopdoaornueckoit
XapaKTepHCTHKE CepleHTHH JeJMTCSl Ha jBa THNa oOpa3oBaHHii: BOJIOKHA
H ICeBJOH30METPHYHEIE [IJTACTHHKH.

ComnocTaB/ieHHe 3THX CTPYKTYPHO-MOP(OIOrHUeCKHX pPasHOBHJHOCTEH
NI0OKa3blBA€T, YTO HX KPHCTAAJOXHMHYECKHe OCOOEHHOCTH CBSI3aHHI C yC-
JIOBHAMH 00pasoBaHMsi ceprieHTHHAa B KMMOepJMTOBBIX mopojax. B uact-
HOCTH, Haubo/Nlee XHMHUYECKH YMCTBle, T. €. MarHe3Ha/jbHble Pa3HOBH]-
HOCTH, OTHOCSIIMECH K XPH30THIY, NPHYpPOUeHBl K NPOXKHJAKaM. B srux
YCJIOBHAX CEPNEHTHH KPHCTANJH30BaJCs H3 pPacTBOPOB, B CBH3H C ueMm
(hopMHpOBaHHE €ro NPOHCXOLHJIO NYTeM COelHHEHHsI HCXOJHBIX CTPYKTYp-
HEIX 3JIEMEHTOB B HauboJiee CTPOTO CTeXHOMETPHUYECKOM COOTHOLIEHHH.
CepneHTHH H3 KapOGOHATHBIX TOPOJ OTJIHYAeTCH MeHbleid YHCTOTOH, B
yactHoctH Hasimunem MnO (0,11 %) u CaO (2,14 %), n mopdosoruyecku
XapakTepu3yeTcs KakK BOJIOKHHCTBIM, TaK H MeJKOuellyH4aThiM CTpoe-
HHem. HanMeHee uMCTEHIE H CTPYKTYPHO-HEOJHOPOJHBIE PasHOBHAHOCTH
CepNeHTHHAa CBA3aHHl C YJbTPAOCHOBHBIMH KCEHOJHTAMH.

XHMHYECKHH COCTaB CeplieHTHHa H3 KHMOGepJHTOB 10 cHX nop caabo
H3yueH. BbINoJHeHbl BasloBhle XHMHUYECKHE aHa/lu3bl THAPOTEPMasbHOTO
CeprneHTHHA M3 NPOXMJIKOB H THe3/, CepreHTHHAa M3 KCeHOJIHMTOB IVyOHH-
HBIX TOpOJl, a4 TaKMKe arperaToB 3TOr0 MHHepaJ/a, 3aMellaloliero ocauoy-
Hble nopoasl (21, 22, 40]. Crenyer nonuepkHyTb, 4TO BaJIOBblE aHaJH3bl
CepneHTHHa, BHINOJHAEMbIE, KaK NMPABHJO, W3 HaBecOK 1—2 I, JaloT KOH-
KPETHYI0 XapaKTepHCTHKY COCTaBa MHHepana JMUIb B TOM CJyvae, ecH
oToOpaHHbBIH Ha aHaJH3 MaTepHa/ OJHOPOHBIH, He COAEPHHT MHKpPONpH-
meced Ipyrux (a3, ITHM Yt J0BHAM 4acTHYHO OTBeYaeT CEpPHeHTHH H3
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Tatauua 17. Banosofi xWMHYECKHA cocTaB cepnedTuHa, %

KCeHoAHTH rpaHaTCofepXKanHX Mepuo/auTon Bu,qe.ﬁ!m: a;ﬁe TREIn B
Kommosent
| s | 1 | a7 | 38 0-71-386 |  10-77-87
Si0, 40,04 41,17 41,36 42,18 36,60 37,70
Ti0, 0,05 0,04 0,04 0,06 He omp. He onp,
Al,O,4 0,26 0,27 0,60 0,52 0,92 0,77
Cr,0, 0,03 0,04 0,07 0,07 He onp. He onp.
Fe,0y 7.00 5,2 421 5,01 1,86 2,23
FeO 2,01 2,78 3,74 2,10 0,35 He o6H.
MnO 0,05 0,07 0,12 0,07 He onp. He onp,
NiO 0,02 0,49 0,43 0,45 » o» » »
Mz0 31,13 31,31 31,03 32,50 42,83 41,33
Ca0 0,50 0,52 0,50 0,33 0,76 1,20
Na,O 0,05 0,11 0,08 0,21 He o6u. He o6H.
K.,0 0,12 0,05 0,05 0,13 > » » »
P,0; 0,12 0,10 0,14 0,11 He omp, He onp.
CE)2 He onp. He onmp. 0,83 He onp. » » » »
H,0T >3 »» 14,02 »» » > > >
H,0™ 1,45 2,41 2,36 1,55 0,86 1,40
IL'n. o 17,44 15,32 He omp. 15,39 16,63 15,50
Cymma 100,17 99,97 99,48 100,68 100,81 100,13

MpOXKHUIKOB M THe3Jl. PuKcHpyemMoe B THIPOTEPMa/bHOM CEpHEHTHHE
nepemennoe konuyecrBo Ca0, CO,;, FeO m Fe,Oy ofbuHO HCK/IIOUaeTcs
1IpH pacyeTe aHATH30B Ha KPHCTANIOXHMHUYECKHe (GOPMYJbI KaK MeXaHH-
yecKasi NpuMech Kaabluuta H Marsetuta [22]. OnHako MHKDPOCKOMHYECKOe
H3yueHHe ULTH(OB CEPNeHTHHH3HPOBAHHBIX yJbTPaba3HTOB H ICEBJO-

Tabauna 18. XHMHYECKHHA COCTAB MHHEPAJOB rPyNnbl CEPreHTHHA (MHKPO30HAOBKIE

Mop(03 MO OJNHBHHY NepBOfi reHepaldH MOKas3biBaeT, YTO OHH CJIOMKEeHbI
MHOTHMH Pa3HOBHJHOCTSIMH CepleHTHHa, OTIHYalluMHca MopdoJo-
rHeH BblAeJIEHHH, ONTHYECKHMH CBOWCTBAMH, OKpackoil. BamnoBsie ana-
JIH3bl TaKHX O6Gpa3oBaHHil JalOT npeicTaB/ieHne 06 yCpeAHEHHOM 'cocTaBe
CMECH pPasHOBHMJHOCTeH CepreHTHHa. 3THM, [0-BHIMMOMY, OOBsCHSETCH
6IH3KHI COCTaB HECKONIBKHX Npo0 CeprneHTHHA M3 IPaHaTOBBIX CeprieH-
THHHTOB TPYGKH «Mup» (taba. 17). Yrobbl onpeneauTs coctaB pasHOBHA-
HOCTeH CepneHTHHAa, CJaraloUiuX KCEeHOJHTH Y/bTpaba3HTOB, a TakKke
YCTAHOBHTb Ha/JM4YHe B CMECH C CEepNeHTHHOM JPYruX MHHepajbHbIX (a3,
HaMH BlepBble aHaJH3HPOBAJIHCH JIOKA/IbHLIE YUaCTKH CJIOMKHBIX CeplieH-
THHOBBIX NCEBAOMOpP(O3 MO OJHBHHY B KCEHOJHTaX yJAbTpaba3nToB TPYGOK
«Mup» © «3uMHASY C [OMOMIBIO PEHTreHOBCKOr0 MHKpoaHaaH3aTopa
(taGn. 18). B pesynbrare nojydeHbl HCK/HYHTENbHO LIHPOKHE BapHALHH
B cogepxanuu SiO, (ot 22,05 mo 53,90 %), FeO (or 1,52 po 11,18 %),
MgO (ot 16,60 mo 45,51 %) B MuHepaJe, KOTOPHIH B NPO3pauHbIX IuTHDAX
OObIYHO OTHOCHTCH K ceplieHTHHy. CpejiH TaK Ha3biBaeMbIX CepHeHTHHOB
OKasaJlHCh pPa3sHOBH/JHOCTH C HCKJIOUHTE/NbHO BBICOKHM COJeprKaHueM
Al O; (11,22—14,86 %). D1u AaHHBIE MOKA3LIBAKT, YTO B COCTABE IICEB-
Jlomopdos N0 ONUBHHY, KpPOMe CepleHTHHAa, NPHCYTCTBYIOT ApyrHe MHHe-
panbhele (ha3bl, KOTOpbIE B CMECH C 11peod/iaalomuM CepneHTHHOM TPYIHO
uientHduuuposath. [IpuH nepecuere HEKOTOPbIX MHKPO3OHIOBbHIX aHa-
JIH30B Ha KpPHCTA/JIOXHMHUYeCKHe (OpMYJbl NoJaydyaercss H3OBITOK IBYX-
BaJICHTHBIX KaTHOHOB M BOJbl, 4TO, NO-BHAHMOMY, 00YC/IOBJIEHO MPHCYT-
CTBHEeM [IepeMeHHOro KoJinuectBa nmpumecu 6pycura. B apyrux cayuasx
ycraHaBauBaercss JHOO FABHBIA M3OBLITOK, JIHOO 3HAYHTENbHBIH JEPHUIHT
KpPEeMHHUsl, Maruusi W FHAPOKCHJA. DTH JaHHBIE MOKAa3bBAlOT, YTO TpyMnna
«CepNeHTHHOBBIX» MHHEpAJOB CJIOXKHA, TpeOyeT pa3paboTKH Crnocobos

AHAJH3B) K3 KCEHONHTOB y/bTpaGasuToB kumbepauToBbX TpyGok SkyTun, %

«Mup»
Komno-
HeHT

» 62/1194 62/1194 53/1170 50/723 52/1170 62/1194 B3/1171 57/627
Si0, 22,05 26,54 28,89 38,46 39,96 40,88 41,95 45,73
TiO, He onp. He onp. He onp. Heonp. Heonp. Heonp. Heonp. He onp.
Al;O, 0,57 0,47 0,20 0,08 » 0,04 0,15 0,67
Cr,04 He onp. He onp. He onp. He omp. » He onp. He onp. He onp.
FeO 1111 9,78 7,37 3,90 2,90 4,20 5,12 5,63
MnO He onp. He onp. Heonp. Heonp. Heonp. Heonp. Heonp. He onp.
MgO 37,35 42,20 33,64 34,49 40,60 45,51 41,27 35,69
CaO He onp. He onp. He onp. He onp. He onp. He onp. He onp. He onp.
Na,O » » » » » » » »
K.0 » » » » » » » >
Cymna 71,15 78,99 70,1 81,93 83.46 90,63 88,49 87,72

14,42 11,49 10,97 5,22 3,84 4,88 6,49 8,09

§,.
«3HMHARA» A
56/864 s3/1i70/1 | sasurore | s3/uml | e2/use | 8 = e 5 2
BAERERERR
53,90 35,91 36,23 30,82 32,00 30,11 34,45 34,53 36,89 37,16
He onp. He onp. He onp. Heonp. Heonp. He 0,05 0,05 0,07 He
onp. onp.
2,91 11,22 14,86 0,04 0,25 0.%9 0,02 0,24 0,15 0,03
He onp. He onp. Heonp. Heonp. Heonp. 0,01 0,04 0,01 0,01 0,01
1,52 3,83 4,20 9,98 6,76 745 7,09 582 5,41 5,89
He onp. - Heonp. Heonp. Heonp. Heonp. 0,13 0,16 0,18 0,16 0,07
16,60 27,06 25,66 37,564 39,97 34,09 27,80 35,97 36,84 38,41
He onp. He onp. Heonp. Heonp. He omp. 0,23 0,10 0,11 0,09 0,05
» » » » » 002 — 0,01 0,03 0,04
3 » » » » 0,00 — He 0,02 He
' O6H. onp.
74,93 78,02 80,95 78,38 78,98 72,15 69,72 76,07 79,67 81,66
4,79 7.29 8,33 13,01 8,66 10,95 12,33 832 8,58 7,93
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HIeHTHOHKALHH M CHCTEMaTHKH HX pPAasHOBHAHOCTEH M3 KHMGepiHTOB.

Ha pmarpaumy MgO—FeO (puc. 32) HaHeceHhl TOUKH cOCTaBa cep-
NeHTHHA M3 SKYTCKHX H appHKaHCKHX KumGepantoB (22, 40, 175]. fleno
BbpaxKeHHasi oOpaTHas 3aBHCHMOCTb MeXKAY STHMH JIBYMSl OKCHIaMM VKa-
3blBaeT Ha H3omophHoe 3amemenne Mg—Fe B KpHcraniHueckoi pelnerke
MHHepana. KoanuectBo xenesa (puc. 33), Boulelmlee B KpHCTas/Hue-
CKYIO CTPYKTYPY CEpNeHTHHA, ONpejessieTcs KOHLEHTpallHell 3Toro 3Je-
MeHTa B CHCTeMe, 3aBHCAILEH OT KeJe3HCTOCTH 3aMelleHHOTO MHHepala.

ObpasoBanne ceprieHTHHA B KHMOEpPJHTAX Mbl CB5I3bIBAEM C [OCTMAr-
MaTHYeCKHMH (MeTacoMaTHYeCKHM M THIDPOTEPMAJbHHEIM) TNPOIECCAMH.
ITo naHHBEIM H3yueHHs H30TOMHOTO coctaBa H, o6pasubl cepneHTHHa K3
AKYTCKHX W appHKaHCKHX KHMOEDJMTOB He pasjiHyaloTcsi HCTOUHHKOM
H,O: B Tex u Jpyrux Bofa MMeeT MPEHMYIIECTBEHHO METeOpHOe MpPOHC-
XOXKJleHHe, HO B COOTBETCTBHH C KJIHMAaTOM H reorpadiuyeckoii mHpoToif
B CeplieHTHHe $IKYTHHM CBsI3aHHBIH BOJOpOJ XapaKTtepuayercsi o6nerueH-
HBIM H30TONHBIM coctaBoM — 10 200 %/, [117]. Macwrabel cepnenTHHu-
3alMH KMMOEPJHTOB BO MHOrOM ONpe/lensiiotess OOBOJHEHHOCTBIO BMe-
IAOIHX HX OCAJOYHBIX H H3BEpXKEeHHLIX NMOPOJA, a TaKke cocTaBom. Kum-
Gep/uTHl GOJBIIMHCTBA pakioHoB AdpHKH pacnonaraiorcss B NOJAX
pazsuTHsA c1a6o 0OBOAHEHHBIX KBAPIEBbIX [eCYaHHKOB, CJAHIEB, A0JepH-
ToB Kappy, ¢eab3utoB u rpanutonfoB. [lis HHX XapaKTepHO OTHOCH-
TeJbHO clafoe pasBHTHE CepleHTHHA H JAPYrHX BOJOCOJEPKallHX [ocT-
marmatHueckux ¢as. B To ke Bpemsa kumGepauthl HKyTCKOH NpoLHHLHH,
3ajeras B OKDPYXKEHMH KapOOHATHHIX W TEpPHIeHHO-KapOOHATHHIX 110DPOJ
¢ 6OMbIIHMH  KOHLEHTpAUHMsAiMH norpeGeHHbIX MHHepPaJH30BAHHBIX BOJ,
M3MeHeHbl 3HauHTelbHO GoJiee MHTEHCHBHO. B cayuae BosjeHcTBHS Heii-
TPaNbHEIX BOJl NOBEPXHOCTHOTO MPOHCXOXKJAEHHA Ha KMMOepaHTOBYIo Gpek-
YHIO, HACBLINEHEHYI0 0GJOMKaMH KapOoHATHBIX TMOPOJ, Pa3BHBAIOTCS Cep-
NeHTHH H Kaabuut. [Ipw Bo3jeiicTBHH TrMApOTEPM Ha KHMOEpJHT, cojep-
Wauuii KCeHOJNMTH ¢ TNOBbIIEHHBIM KoJaudecTBom SiO, n Al,O4, EmecTO
ceprienTHHa obpa3yercsi canoHuT, a nopoja oborawmaertcs SiO, [40].



FTNABA IV

HHOAUKATOPHBIE MMHEPATNDI
KUMBEPJIMTOB B OPEOJIAX

OcofGeHHOCTH WHIHKATOPHBIX MHHEPAJIOB KHMOEPJIHTOB B IIIHXOBHIX Ope-
0/1aX OfIpefe/ifioTCs ABYMA rpynnamMi (JakTopoB: MEepBHUYHLIMH, OTpaa-
IOLHMH XapaKTep KOPeHHOM0 MCTOYHHKA, H BTOPHYHBIMH, 00YCJ/IOBJIEHHbI-
MH crneuudukoil nocTkumMOGepanToBOH HX HcTopuH. Kak noauepkuBaiock
BhILIE, KaxJaoe KHMOEpJHTOBOE TeJIO MpeiacTaBJser cofOoi HHAHBHIYyaJb-
HbIf reoslorHuecKHil oOBEKT, HHAHKATODHbIE MHHEpa/bl KOTOPOTO Xapak-
TEPH3YIOTCA UEJbIM PAAOM THNOMOP(HLIX NPH3HAKOB, MPHCYUIHX TOJbKO
Janxomy KumGepsantoBomy Teny. [lo COBOKYNHOCTH 3STHX (IPH3HAKOB
NPOH3BOAUTCS HACHTHOHKALHSA MHHEPAJIOB KHMOEPJIHTOB H3 POCCHINEH U HX
OTHeceHHe K KOHKPeTHOMY KODeHHOMY HCTOYHHKY. MHaue roeops, WHIH-
KaTODHbIE MHUHEpAJIbl ABJSIOTCH CBOeOGPa3HbIM NACNOPTOM KHMOEpJIHTO-
BOTO TeJla WJH €ro opeo/a H YCIEUIHO NPHMEHSIOTCS NPH MHHEPalOrH-
YeCKOM paliOHHPOBAHHH 4/IMAa30HOCHBIX TEPPHTOPHH H OLEHKEe HX mep-
CNEeKTHBHOCTH.

JHIOreHHbIe H 3K30TeHHbIE MPOIECCh, CBA3aHHLIE C KAMORDIHTOBBIMH
NOpOJaMH, ONpPEJENHJM COJAEPIKAHHE WHIHKATOPHBIX MHHEpAalToB B KO-
PEeHHOM HMCTOYHHKE, COOTHOIIeHHE MMPOoNa, HJIbMEHHTa, XPOMLUINHHEIH/A
M Jp., FPaHyJIOMETPHYECKOE HX pacnpeje/eHHe, COOTHOIIEHHE LBETOBBIX
pasHOBHIHOCTEH MHPONa, XPOMJMOINCHAA, HHPKOHA, MOP(OJIOTHIO 3epeH,
KOJIHYECTBO BbleJIeHHH € BK/IOYeHHAMH APYruX (a3, HaJuuHe 3epeH co
CTPYKTypamH pacnaja, CTeneHb pPasBHTHA KeAH(HTOBBIX KallM Ha ©IH-
polle H peakIHOHHBIX 000/IOMeK Ha APYruX MHHepajaax, 30HajJbHOe CTpO-
€Hue rpafara, KOJHYEeCTBO S€PeH arperaTHoro HJIbMEHHTA H €ro 3epeH C
onpeJieleHHBIMH TEPMOMATHHTHBIMH H TEPMO3JEKTPHUECKHMH CBOHCTBA-
MH, XHMHYECKHH COCTaB HHIHKATODHBIX MHHEPA/JOB H HEKOTOpble ApYTHE.

B npouecce (popMHPOBAHHA ULIMXOBLIX OPE0JOB HHAHKATODHBIE MH-
HepaJbl MOJABEPrajHCh BOSJEHCTBHIO 5K30T€HHBIX (DAKTOPOB, BCAEACTBHE
Yyero 4aCTHYHO OHH MOTEPFAJH CBOW MepBHYHLIEC [IPH3HAKH, BO3HHKIUIHE B
KOPEHHOM HCTOYHHKE, W NpHOOpean HOBbie, Bropuunbie. OcoGeHHO Tay-
GOKHe H3MEHEHHA XapaKTepHBl 4715 KUMOepJMTOBLIX MHHEPAIOB H3 JpeB-
HHX OpEOJIOB CO CJIOXKHOH HcTopuell (opMHPOBaHHA.

HaunGosee cymiecTBeHHBlE [IOCTMarMaTHyecKHe W3MEHEHHS HHIAHKATOp-
HBIX MHHEpaJoB KHMOEDJHTOB OCYIIECTBASIOTCS MNPH HUX [epeHoce Ha
OOJIbIIIHE PACCTOSIHMA OT I[EPBOMCTOUYHHKA, HEOJHOKPATHOM [EepPeoTJIo-
3KeHHH H3 GoJiee IPEBHEro KOJJIEKTOpa B MOJIOOH , VIHTe/ILHOM NpeGLIBAHHH
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B BOJHONpuGONHON 30HEe, BO3AEHCTBHH XHMHUECKOH KOppO3uH B yc-
JIOBHAIX THNEPreHHOro BLIBETPHBAHHA, BHYTPHCJIOHHOTO pacTBOpeHHs
(anarenesa), NpOHHKHOBEHMS THIPOTEPMa/lbHbIX PacTBOPOB, CBSI3aHHBIX
C BHeIpeHHeM B oOcajlo¥Hble Nopoibl GoJee NO3AHHX HHTPY3Hi (0ObluHO
Tpannos). Yem fanblue 0T KOPEHHOTO HCTOUHHKA NEPeHOCHIHCh MHHEpaIbl
KHMOepJIHTOB, 4eM JloJibllle OHH HAXOAMWJIHCh B BOJIHONPUOOHHOH 30He
H YeM HHTEHCHBHEEe DacTBOPAJIHCb, TeM CHJbHEE MEHSIOTCA HX ¢opma H
pasmephl 3epeH, MOphoJOTrHA [OBepXHOCTH MOCJAENHHX, KOJHYECTBEHHhIE
COOTHOLIEHHS! MHHEpaJIoB M JlaKe HX XHUMHuecKn# cocras. Pacmmdgporpka
9K30TeHHOH 3BOJIIOLHH HHAMKATOPHHIX MHMHEpaJoB KHMOEpJHTOB H HX
accoLHaluuii — OCHOBA /1Sl NOBbILIEHHS PPEeKTHBHOCTH [IIMXO-MHHepa-
JIOTHYECKOTO MeTOoZa [MOHCKOB ajiMa3HbiX MeCTOPOXKAEHHH.

3BONKOUMA OCOBEHHOCTEA
MHAMKATOPHBIX MMHEPANOB
B NMPOLLECCE TPAHCNOPTUPOBKH

B mpouecce TpaHCHOPTHPOBKH KHMOEDJIHTOBBIX MHHEPAJIOB BOAHBIMH TO-
TOKaMH [MPOHCXOJAMT HX Mnepepacnpefie/ieHde MO MJOTHOCTH, TpaHyJo-
METPHH, HCTHpPaHHe MepPBHYHHIX (MarMaTOreHHBIX) MOBepXHOCTEH H TMOo-
BEDPXHOCTEH CKOJIa; Ha 3epHAaX MHHepPaJoB (OPMHPYIOTCH MeXaHOTeHHHIE
MNOBEPXHOCTH, 3€pHA H3MEJbYalOTCH, MPOHCXONHT CHHXKEHHe WOHLEHTpa-
IHH MHHepanoB kumOGepsanToB. Jlna onpelesieHHs HCTOUHHKOB BHIHOCA
HHINKaTOPHLIX MHHEpa/oB, YlaJeHHOCTH STHX HCTOYHHKOB OT HX OpeoJoB
Heo6X0AHMO 3HATh 3aKOHOMEPHOCTH H3MEHEHHS] 3THX MHHEpaJoOB B 3K-
30reHHbIX YCJOBHAX.

Huddepenunanns mHHepasos mno rpaHydomerpud. Yem panswe or
KOPEHHOT0 HCTOYHHKA pacriosiaraeTcsi IIJIHXOBOH OpeoJs, TeM CH/bHee
BLID@XKEHO YMeHbILIeHHe pa3mepa (CpelHero Beca) 3epeH NHpONA H [HK-
ponsibMeHHTa. Tak, B IVIOHNIAJHOM opeoJie paccesiHHsl TpyOKH «BocTok»
Ha paccroauuu 0,3 KM OT Hee 3epHa nupona pasmepoM Gonee 0,5 MM co-
crasastior 75 %, a Ha yaaneHdn 1,5 KM KOJHYECTBO TaKHX 3€peH He npe-
sblaer 30 %. B more XaGapawna na paccrosuuu 0,3 kM oT Tpy6Ku «Mups
_ H B p. Mpeasix oKoJIo ycTbsl Jiora nonaiaercsi 60Jbiloe KOJHYECTBO 3epeH
nHpona KpynHee 2 MM, B aJJIOBHM CpefHero TeueHus p. Mpenax na pac-
crosiHun 12—15 KM oT Tpy6Ku yKe pesko npeob/aialoT sepHA pasMepoM
meree | mm. B 310if e pocchinu Ha yuactke sor XaGapauHa — ycTbe
p. Hpensax B knacce — 4 + 2 mm nupon npeob/ajaer Hal OHKPOHIbMe-
HHTOM MOCJIe HX fepeHoca Ha paccroanue 15—20 km, 8 kamacce —I1--
-+ 0,5 MM 3TO COOTHOLIEHHE H3MEHSEeTCs B MoJb3y MHPONa TOABKO Moc/e
60-kusomerpoBoro nepeHoca. B nuHe#iHKIX opeoJiax cpeaHss macca 3e-
peH HMHIMKATOPHBIX MHHEDaJOB IIPH HaJH4YHH OJHOr0' KOPEHHOrO HCTOY-
HHKa MoyeT Bo3pactaTh oT 1—I1,5 Mr B xBocTe notoka (mepBhie AeCATKH
KHJIOMETPOB OT KOpeHHOro Hcrounuka) no 10—15 mr BGiu3n Kumbepin-
TOBOTO Tesla. B 3aBHCHMOCTH OT CTpPOeHHs. (MOHOJINTHOE, arperaTHoe) H
TPEIHHOBATOCTH Cpe/HAS Macca 3epeH MOXKeT CHHiKaTbes ObicTpee WIH
Mmelienuee. OHAKO NpH aHaJH3e NJOLAAHBIX pacnpejeleHHid MHHepaJloB-
CIYyTHHKOB aJiMasa [0 TpaHyJOMeTPHH 3epeH H MPH IPOrHO3HPOBAHHH
YAaJE€HHOCTH KOPEHHOIO HCTOYHHKA CJelyeT YYHThIBaTh, 4YTO pasMep
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3epeH 3THX MHHEpaJioB B KOPEHHBbIX HCTOYHHKAX He OJMHAKOB: Hapsay o
KHMOEpPJIMTOBLIMH TeJlaMH, I'lle CPelHHWi pasMep 3epeH MHpONa W NHKpO-
uabmeHnTa 2,0—4,0 MM, Z0BOJBLHO UaCTO BCTPEUAIOTCS TeJa CO CpPeAHHMH
pasmepaMH 3epeH JaHHEIX MuHepanoB << | mm. Ecrectsenno, uto B ope-
oJlax OT KHMOEpJHTOBEIX Tel, colep:KalluX Hebo/blunHe 3epHA mHpona H
HWJIbMEHHTa, pe3Koe npeolsiaflaHHe HHU3KHX TPaHy/JOMETPHUECKHX KJac-
COB HEe MOMET SIBJIATHCS CBMIETEJLCTBOM JaJI€KOr0 pachosIOKeHHs KOopeH-
HOro HCTOUHHKA.

PasmepHocTs 3epeH KHMOEPJMTOBHLIX MHHEpaJoB B opeoJax TecHo
CBfi3aHa CO CTENEHbi0 MX BTOPHYHOIO 3aMellleHHs W TPellHHOBATOCTH B
KOpeHHOM HcToyHuKe. Kpome Toro, KpynmHOCTb 3epeH MHHepaJoB-CIyT-
HHKOB a/Ma3a B a/l/IIOBHH, a TAK)Ke B NpHOpPeKHO-MOPCKHX OcajKax CBf3a-
Ha C THAPOJHHAMHKOHA MOTOKAa M IJINTE/bLHOCTbIO NpPeOhIBAHHS B BOJIHO-
npuboiiHoi 30He. YuuTbiBam 3TO, HEKOTOphHle HCC/eloBaTe]n Boobie
OTPHIIAIOT 3aKOHOMEPHOe H3MEeHeHHe KDPYMHOCTH 3epeH HHIHKATOpHBIX
MHHEpaJIOB C yJa/JeHHeM OT KOPEHHBIX MCTOUHHKOB. AHAJH3HDYs HMeio-
HiHecs JaHHBE O TPaHyJOMETPHUECKOM paclpeleleHHH HHIHKATOpHbIX
MHHEpaJOB 1O IJIOWAAH OpEeoJIOB, CJeAyeT MPH3HATb, YTO TEHAEHILHIO
K YMeHbLUEHHIO 3ePeH C ylajieHreM OT KHMOepJIHTOBOro Tesia BCe e MO-
HO [1POCJEMHTb.

Indpeperunauns MuHepanoe KumGepJuToB no mJjoTHoctH. B npo-
liecce TPAHCIOPTHPOBKH MHHEPAIoOB HX MeXxaHhuecKas AH{xpepeHLHanus
NPOSBJISAETCS B H3MEHEHHM COOTHOLIGHHS [HpPONa H MNHKPOH/IbMEHHTE,
HMEIOIHX KOHTPACTHbIe Pa3juuHs No MmioTHoctH. Boviee Tseabll nHK-
POHJIbMEHHT KOHLEHTpHpyerca OJHie K KOpPeHHOMY HCTOYHHKY, Toraa
KaK OTHOCHTENbHO JIeTKHH MNHPON OTHOCHTCA Ha GOJIbLIHE PaCCTOAHHS.
Tax, cooTHoweHHe NHPON — NHKPOHJLMEHHT B KumOepaurax TpyOKH
«Boctok» (JanabiHo-AnakutcKuit paiion) coctaBasier 1:1, B opeone
paccessHusi, oOpa3oBaBlueMcsi B BepXHenaJeo30HCKHX OTJIOXKEHHAX, 3TO
cooTHoieHHe Ha paccrossHnu 300 M or Tpy6xH paBHo | : 19, Ha paccros-
Huu 1,2 kM — 1 : 15, aB 2 kM — | : 4. [lonoGuas kaptuHa HabJiOlaeTcs
B paidlone TpyGKkH «Mup», rie COOTHOLIEHHE MHPOI — NHKPOHJIBMEHHT
B OpeoJie o Mepe yjaneHus oT Tpy6km uamensiercss or 1: 18 mo 1:9.
B yerBepTHUHBIX pocchinsx Jor XaGapauna — p. Mpensix — p. Manas
BoryoGusi cooTHomleHHe NHPON — MHKPOHJAbBMEHHT YMEHbILAeTCs oT
1:7—1:8 (nor Xa6appuua) no 1,4—1 : 5 B cpennem teuenun p. Mpe-
aax (B 10—15 km or Tpy6ku) u ao 1 : 1 B amwnoBun p. Manas Boryobus
Ha paccrosuud 35 KM or TpyOkH «Mup». B annoBHH HHIKHEro TeueHH:
p. Manaa BoryoGus na paccrosiuuu 80 KM OT TPyGKH MHpON yiKe Cyile-
CTBEHHO npeobsiafiaeT Haj NUKPOWIbMEHHTOM. KpafiHeil creneHbio ILVIOT-
HOCTHOH JH(pepeHUHaLHU AB/SETCsS COOTHOLUEHHE [THPONa H MHKDPOHJIbME-
HHTa B OpeoJax JajeKkoro nepeHoca, a Takxe B opeoJax ¢ NpH3HAKaMH
npHOpeKHO-MOPCKHX ycln0BHH (opmMHpOBaHHA. B HHX NHKPOHJIBMEHHTa
HET WJIH OH BCTpPeuaeTcs KpalHe pelko, B TO BpeMs Kak MHPOIl JIOCTHraeT
3HAUMTE/NbHBIX KOHUeHTpauuii. llpumepamu 10J06HBIX OPEOJOB MOTyT
CJNYKHTh CKOIJIEHHSI NHpona Ha yyacTKax JlbloKyHax, YepHblEeBCKHI1
H ap. Ouanako Kak 1O rpaHyJ/lOMETPHYECKOMY pacnpelesieHHI0 HHIHK: e
TOPHBIX MHHEpAJOB, TaK H HX COJePKaAHHI0 KHMOEpPJ/iHWTOBBIE Tesa CyLle-
CTBeHHO oTaHyYatoTcs. [losTomy, HecMoTpsi Ha OCLLYI0 TeHHAEHLHIO K
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KOHIEHTpalHH GoJiee TAMNKENIOro NMHKPOHIbMEHHTA HelaJeKo OT KOPeHHOro
HCTOUHHMKa, MHOrZA ero HH3Koe cojepikanue B opeose He OylerT cBHIe-
TeJBCTBOBATh O JAJ€KOM PAacCTOSIHHH /10 MCTOYHHKA BbiHOca. Hanpumep,
B LIJTHXOBOM OpeoJie 0Ko10 TpyOKH «AfiXam» H3 HHAHKAaTOPHBIX MHHEpaJ/oB
OBLIM YCTAHOBJEHBl [HPON H XPOMHT MPH OTCYTCTBHH HJAbMeHHTa. Kak
0Kas3aloch, KHMOEP/IHTh OTKPHITOI M0 3TOMY Opeosy TpyOKH CHJbHO obel-
HeHbl [HKPOHJIBMEHHTOM, YTO H OIPeleNHI0 0CoOeHHOCTH JaHHOro
opeoJa.

Jpomouus mopdosorun  3eped. Tlpu MOHCKAaX alMasHBIX MECTOPOKIe-
HHH HCKJIOYHTEIBHO BAXKHBIM 3TAN0OM UCC/Ie/I0BAHUI AB/IAETCS NMPaBHIBHOE
NPOrHO3HPOBAHKHE [0 COXPAHHHOCTH H JPYTHM [pH3HAaKaM MHHepaJoB
KHMOEP/THTOB MECTONONOMXKEHHA KOPEHHOTO HCTOYHHKA. ITOMY BOIMpocy
HOCBALEH psij, paoT, B KOTOPBIX peKOMEeHAyeTcs YAaJeHHOCTb opeoJa
OT KODEHHOTO HCTOYHMKA OleHMBAaThb N0 MopdoJioruyeckomy obJdHKY 3e-
peH MHHepaNoB-CIYTHHKOB ajMasa M MO 4acTore BCTPEYAaEMOCTH B 30HAX
nepeHoca MW CeJHMeHTAlHH MHHepamoB, 00JajarliX pas3JHYHOH TpaHc-
noprabenbHoii crnocoGHocTbO [82, 83, 124].

M3 MuHepanoB-HHAMKATOPOB HauGOJbIIEH TpaHCcnopTabe/nbHOCTBIO
061a1al0T NHPOMN, MHKPOHIBMEHHT, XPOMHT, UHPKOH. MeHee TpaHcnopra-
GeJIbHbI XPOM/IMOMCH/, OJHBHH, anaTHT, THTAHOKJIHHOTYMHT, MPaKTHYECKH
He TNepeHocATCA (JIOTOMHT H CepHeHTHH.

3HaueHHe 3THX MHHEPAJOB [pPH [OHCKaX HEPABHOUEHHO. XpPOMHT
B TNOBBHIUEHHOM KOJIHYECTBe BCTpeyaercsl BOJIH3H KOPEHHOT0 HCTOYHHKA
COBMECTHO € THPONOM H THKponJabMeHHTOM. OJHAKO eIMHHYHBIE 3epHa
XpoMHTa OOHApyKHBAWOTCA B OpeonJlaX Ha PAcCTOAHHMH JeCATKOB H Jaxe
COTeH KHJIOMETPOB OT KHMOGEpJHTOBOro Tesia. XpomaHoncuz, obnanas
COBEpIIEHHOH CMaiHOCTbIO, MNPH TPAHCNOPTHPOBKE OBICTPO pacKalbl-
BaeTcsl, H3MebyaeTcs M HCYesaeT B OpeojiaX yie Ha pacCTOAHWH MepBbIX
JecATKOB KusoMeTpoB. OJNHBHH, TaK Ke KaK anaTHT H THTAHOKJHHOTY-
MHT, NpOCIEKHBAETCH Ha paccTosHue He Gosee 10—I15 kM or KopeHHoOro
HcrouHHka. OGHapyxKeHHe B opeosiax XPOMIHOINCHAA, OJHBHHA, anaTHTa
H THTAHOKJHHOTYMHTa COBMECTHO C MHPOINOM M MHKPOHJIBMEHHTOM YKa-
3biBaeT Ha 6JH30CTb NMEpBOHCTOYHHKOB 3THX MHHEpAaJIOB.

C ynanenueM OT KOpeHHBIX HCTOYHHKOB MeHsioTca (opma, mopdomo-
r'Hf NOBEPXHOCTH 3epeH M JApyrHe OcoGeHHOCTH MHHEPaJOB-CIYTHHKOB
asmMasa. C yBe/lHUEHHEM PACCTOSHHSA TNepPeHoca ¢ Pa3HOH CTeNeHbi) HHTeH-
CHBHOCTH MPOMCXOJAHT VHHYTOXKeHHEe T[EepBHYHOH (MarMatoreHHOH) mo-
BEPXHOCTH M CKYJAbITYp (MHKpoluepoxoBatocTH, OapxaTHcTocTH, 6Gopo-
JlaBYaTOCTH, MHKpPOOYropyaTOCTH, IIMNOBHAHBIX BHICTYNOB H Jp.) Ha
3epHax nupona, Keau@HTOBBEIX obosiodek. TpelMHOBaThIE 3epHA, a TaKKe
cojiepikalive BKIIOYEHHA XPOMAHONCHJA, XPOMHTA, HJIbMEHHTa, ICEBJO-
Mopto3sl 10 ONMBHHY, pacTpeckuBaiooTcs. [lo mepe yBesnueHus naibHoc-
TH TPAaHCIOPTHPOBKH Y IHPONa NOCTeNEeHHO CIVIAXKUBAIOTCA YIVIbl H pebpa
epBHYHLIX CKOJIOB (pHc. 34), Bce ualle NonajaloTcs 3epHa ¢ IHPKOBHIHBI-
MH, KpaTepHLIMH H CepHOBHJHBIMH (hopMaMH BEIOOHH, KOTOpHIE NIPH Jalb-
HeillleM TepeHoce BCJIEACTBHE HCTHPAHHS CTAHOBATCS HEYETKHMH; pas-
PYILIAIOTCst 3epHA HEOJHOPOAHOro (30HANbHOrO M GJIOKOBOrO) CTPOEHHS.

Y NHKpOMJIBMEHHTA Tpe}/ie BCero YHHUTOXKAIOTCA JEeHKOKCEHOBbIE H
IIepOBCKHTOBbIE OOOJIOUKH, 3aTeM CIVIaxHBalOTCA yribl U pebpa Ha nep-
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Puc. 34. OcoGenHocTH MHKPOMOPGONIOrHR MOBEPXHOCTH  «CHJBHO H3HOLIEH-
HbIX» 3epeH rpaHata M3 WJHXOBOrO oOpeoaa

BHUHBIX CKOJIaX, paspyllaloTca arperaTHble sepHa H, HaKOHell, MoOcTe-
[IEHHO 3TOT MHHepa/] MOJHOCTbIO HCTHpaercs.

He meHbluee BiHfIHHE HAa COXPaHHOCTb MHHEPAJOB-CIYTHHKOB aJMa-
3a OKasblBalOT Maciutabbl H XapakTep BTOPHYHOIO HX 3aMElIEHHS B KO-
pPEeHHOM HCTOYHHKe. BTOpHYHBIE NPOAYKTHL, obpasyolinecs KakK no nme-
pudepun (KeaudHTOBLIE) KAalMbI, TAK U BHYTPH 3€peH, Pe3KO CHHMKAIOT HX
MeXaHH4YecKyio npouHoctb. [lostomy MHHepanwl, Aa)ke cJjerka 3aTpomy-
Thle BbIBETPHBaHHEM, YXKe HelaJeKo OT KOpPeHHOro HCTOYHHKA TNpeBpa-
1IAI0TCA B MEeJKHe OCKOJKH H MblJIeBHAHBIE YACTHLEI, TPYAHO ONpenesH-
Mble B 1IAHXax. HaxoxkaeHHe B pocchinax 3epeH nupona ¢ ¢pparMeHTaMH
KeJH(pHTOBOH 000/0YKH, TPELIHHOBATBIX 3€pPEH, Y4YacTKH KOTOpPLIX 3aMec-
THJAHCH CEPNeHTHHOM, KapGoHAaTOM,— HaleXKHbIH npH3nak GAH30CTH (nep-
BLIE COTHH METPOB HJIH NepBble KHJOMeTpbl) KHMOEpJIHTOBOro TeJja.

JlelikoKCceHOBLIE, aHATA30Bble H NEPOBCKHTOBLIE OGOJIOUKH Ha 3epHAx
NHKpOHJIbMeHHTa Gosiee yCTOHUMBBLI, YeM KeauduToBbie Ha nupone. Oco-
GeHHO BHICOKOH CTOHKOCTbIO 00./1a/1a10T /e KOKCeHOBble MJeHKH, [OKphI-
Baiol{e CIJIOUIHBIM MJH MPepPbIBUCTHIM CJ0EM 3epHa MNHKPOHJbMEHHTA.
Ilpu TpancnopTHpoBKe B MepBYK ouepelb HCTHpawTes GopoaaByYaThble
HEPOBHOCTH, CJOXKEHHble aHaTas3oM W nepoBckHToM. Donee nnutenbHas
TPAHCNOPTHPOBKA [PHBOAHT K MOJHOMY YHHYTOKEHHIO TAKHX NEPBHYHHIX
060JI0ueK, XOTH HX PEIHKTHL Ha MOBEPXHOCTH MNHKPOHJIBMEHHTAa CO-
XPaHAIOTCA Ha y/laJeHHH HECKONIbKHX KHJIOMETPOB OT TPYGKH H N03TOMY
He ABNAIOTCS JI0KA3aTeJbCTBOM OueHb OG/IHM3KOrO pPacnojokKeHHs KOopeH-
HOFO HCTOYHHKA.
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B rex cnyuafix, Korjia mMpon H ApPYrHe MHHepa/bl MOABEprJch XH-
MHUECKOMY BBIBETPHBAHHIO, CJA€/bl HX MEXaHHYEeCKOro H3HOca M(TYT ObiTh
YaCTHYHO WJH NOJHOCTBIO YHHYTOMEHbl Kopposued. Ecin apesHue opeo-
Jbl ¢ KOPPOAHPOBAHHBIM MHPONOM Pa3MbIBAIOTCA COBPEMEHHBIMH peKaMi,
TO B HX a/VIIOBHH MOTYT BCTPEYATbCsl B MOBHILIEHHOM KOJHYECTBE 3€pHa
MUpona co cJielaMH TilIepreHHOro pacTBopeHHsa. B 31oM cayuae ja9 peite-
HHA Bonpoca 00 yla/lleHHOCTH KOPEHHOTO HCTOYHHKA CJelyeT YuHThIBATh
NOBEPXHOCTHYIO MOP(hOJIOTHIO 3epeH NHKPOWIbMEHHTa, TaK Kak mociel-
HHH B YCJOBHAX BbIBETpHBaHMA Oonee YCTOHYHMB, YeM NHPOII.

Xopoluasg OKaTaHHOCTb MHHEPAJoB-CMYTHHKOB a/JMasa, paBHO Kak
H JpYrHX MHHEpaJ/oB, He BCerja OTpaKaeT AaJbHOCTb JIHHEHHOro nepe-
HOCa; WHOrld OHA SIRJASIeTCA CJeJCTBHEM HX MepeMbiBa M NepeoiJ KeHHs
H3 ApPEeBHHX nopoaA B Gojee Moaoiauie. B 3TOM ciayuae HEONHO.| arHble
NepemMbiB W [€PeoTJ0KEeHHe MHHepaJoB-CNYTHHKOB aiMa3a B BepTHKa/b-
HOM paspese CO3/4loT BleyaTleHHe JIHTeJbHOH TPAHCNIOPTHPOBKH Ha
Goabiine paccroanus. OOBYHO JeTasbHbIe NajeoreorpabHyeckHe peKkoH-
CTPYKILHH MO3BOJIAIOT BOCCTAHOBHTb CJOMHYIO KapTHHY MHOTFOKpaTHOroO
nepeMbiBa H H36exkaTb OWMOOK B MPOrHO3MPOBAHHH YIANEHHOCTH Opeo-
JIOB OT KOpPEHHOro HcToyHHKa. [IpHMEpoM MHOrOKpaTHOro Mepeotsoxe-
HHSL M NPOXOMJeHHS! KHMOEPJHMTOBBIX MHHEpasoB uYepes CTajui0 MpH-
6pexHO-MOPCKOr0 OCaKOHAKOIVIEHHS CJYHAT JOKaJdbHbIE OPeoJbl € Bbi-
COKMMH KOHLEHTPaLUAMH XOPOWIO OKATAHHBIX H OTCOPTHPOBAHHBLIX 3epeH
nHpona, a HHOrla W asaMasa, obHapy:eHHble Ha tore CuGHpckoll naar-
dopmbl H B fkyruu. Ha tore Cudupckoii naatdopMel J0OKaaH3alHA OKa-
TAaHHBIX 3epeH MHpona NPHYPOYEeHA K KAaMEHHOYTOIbHBIM OTJIOMKEHHAM
Mypckoit Bnagusel (B 120 kv Ha cesepo-Boctok ot . Bparck) [116]. Ilep-
Bble HAXO/JKH CHJIBHO M3HOIIEHHOTO nupona B ManoboryoOGHHCKOM paii-
OHE YCTAHOBJIEHbl B KAMEHHOYTOMbHBIX AJ/TIOBHAJBHBIX OTJAOMEHHAX, CO-
JepAxaInX MPoAYKTh HEpeoTIoKe s 3peoil Kopbl BeiBeTpuBanus [124].
Heckonbko nosanee nojodHble opeosbl mupona ObLIH O6HAPYMKEHL! B paH-
HEKaMeHHOYTO/IbHBIX MPHOPEKHO-MOPCKUX rpaBeautax KyTIOHMAHHCKOrO
nporu6a [84], B 6a3anbHOM TOpH3OHTE KapHHiCcKoro apyca Ha xp. Tyopa-
Cue u kpsizke YexkanoBckoro [66], a Takxke HOBbIH opeosl B ceBepo-3anal-
Hol uyactn ManoGoryoGuHekoro paiiona. OOHapyMKeHHe OPHIHHANbHBIX
no Mop(OJOTHH W TPaHYJIOMETPHH 3epeH NHpona B JAPeBHHX KOMJIEKTO-
pax H NpuHOPEeXKHO-MOPCKOI reHe3uc HeKOoTOpbiXx W3 HuX (KyTioHrauH-
ckuit rpaben, xp. Tyopa-Cic) nossoanau BbIIETHTb OCOOLIT THIT ACCOLHA-
LUHH MHHEpaJoB KHMOEP.IMTOB B POCCHIIfX, XapaKTepu3yolUUXea onpe-
JeNeHHBIM Ha0OpOM THNOMOP(HBIX NpH3HAKOB. $opMHpOBAHHE 3THX
NPH3HAKOB MOAYHHEHO OOUIHM 34KOHOMEPHOCTSM, THIHUHBIM IS OpH-
6pe:kHO-MOpCKOro ocajikoHakonaenus. Haubosee xapakTepHble W3 HHX:
1) cuabHaf oKaTaHHOCTb 3epeH BILIOTh 10 (OPMHPOBAHHA HJealbHBIX
[IAPHKOB HJIH OBaJbHBLIX SIfilleBHAHBIX (OPM ¢ raaikoii, Hepelako 6sects-
UleH MOBEPXHOCThIO; 2) TpaHYJOMeTpHUecKas COpPTHPOBKA 3€pPeH, npH-
BOASLIAS K BecbMa BhIAepzKaHHON pasmepHocTH (pasmep 0,5—2 mm) acco-
LUHAUHH MHHEpasoB; 3) mioTHocTHasi AH(xpepenunauns, 6aaroaaps KoTo-
poii (JOPMHPYIOTCS MOHOMHHEpa/ibHbIE OPEoJibl, CJAOMEHHbIE OIHHM MHPO-
NoM, HJH MNOJHMHHEpaJbHBIE, NPEACTABJIEHHbIE MHHEPAJaMH, ONAU3KHMH
N0 MJIOTHOCTH (HANpuMep, NHPONOM M anMaszoM); 4) obeiHeHHe [OHPOINO-
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BOH accolUMaliH pPa3HOBHIHOCTAMH STOTO MHHepaja, MeHee YCTOHYHBLI-
MH B YCJOBHSIX THNEepreHesa W TPAHCMOPTHPOBKH (HH3KOXPOMMCTBIH rpa-
HAaT OpaHMKEBOro lBeTa).

Bo Bcex HayueHHbIX opeonax MpHOPEKHO-MOPCKOrO reHe3nca pe3ko
JIOMHHHPYET NHpON, B HEKOTOPHIX OpeoJiaX K HEMY NPHCOEAHHSIETCS MOBbI-
IIeHHOe KOJHYyecTBO aaMasa (ManoGoryobuuckuii paiion, xp. Tyopa-Cuc).
Habmenur, umetownii Gosiee BBICOKYIO MIOTHOCTb, A5 H3YYEHHBIX Opeo-
JIOB € NPH3HAKAMH MPHOPEAKHO-MOPCKHX YCIOBHH OCaJKOHAKOIVIEHHA HE
xapakrepen. OH, no-BHANMOMY, aKKYMYJHpOBajlcs B ApPYyrHX MecTax,
XOTH NPHXOAHTCSA YIAHBJASATLCA, [I0YEMY JI0 CHX [OP HE YCTAHOBJEHBI CYLLe-
CTBEHHO H/IbMEHHTOBLIE OPEOJbl ¢ MPH3HAKAMH NPOXOMIEHHA TPHOpeK-
HO-MOPCKOT0 wUHMKJAa nepeHoca. [lpuuus stoMy Moxer Guith ABe: JHGO
WIbMeHHT, GyayuH MeHee CTOHKHM K HCTHPAHHIO B YCJOBHSX MOPCKOMH
abpasuH, yHHUTOXeH, JJHO0 HIbMEHHTOBbIE OpeoJbl MPOINYyCcKaoTes H3-3a
HeboabwnX pasmepoB (0,5—1,5 MM) ero 3epeH, KoTophle 6e3 cnenualb-
HbIX HCC/NEI0BaHHH (C HCNONb30BAHHEM PEHTIeHOBCKOrO MHUKpOaHa/H3a-
TOpa) HeJNerko OT/JIMYHTh OT HJIbMEHHTa HEKHMGEepJHTOBOIO TreHesHca
(nanpumep, TpannoBoro).

XMMMHYECKOE BJIMAHME CPEAbLI HA AJIMA3
M EF'O MMHEPATBI-CMYTHHUKHA
B APEBHMX LLNMXOBbLIX OPEOJIAX

¥Yike B HayaJle H3YueHHS MHHepaJoB-CIYTHHKOB anMasa OLLI0 OTMEeYeHO
Ha/llHyHe Ha HX MOBEPXHOCTAX cBoeoOpasHbIX cKyabntyp. OGpasoBaHue
NOC/eIHHX TOrAa CBSA3BIBANOCh C OMNJIaBJeHHEM H pPacTBOPeHHeM 3epeH
nupona W APYrux MHHEpPaJoB HENOCPEACTBEHHO B KHMOEpJHTOBOM ouare.
O6Hapy:KeHHe KOpPOAHPOBAHHBIX 3epeH MHHepasioB KMMGEpJNHTOB B poc-
CHINAX CYHTANOChL HEONPOBEPHKHMBIM MPH3HAKOM OJH30CTH HX KOPEHHOro
ucrounnka. OLHAKO nocsie eTasbHOrO HCC/e0BAHHS CKYJbNTHPOBAHHLIX
3epeH MHPONA H3 BEePXHENaJe030HCKHX OTJIOXKEeHHi B paiioHe noc. YepHbi-
weeckuit [129], kopul BoiBerpuBaHMA KuMGepanToB TpyOkH um. XXIII
cvesfa KIICC w ammoBuanbHbIX OTNOMKeHHil Oacceiina p. D6easix [124]
610 YCTAHOBNEHO, YTO KOPPO3HA MNOBEPXHOCTHOTO CJOS 3€peH MHpona
OCYULeCTBAANACE MO0 B THNEPTEHHBIX YCJOBHAX, JHOO MOA BO3LEHCTBHEM
FHAPOTEPMaIbHBIX PACTBOPOB, CBA3aHHBIX ¢ TpamnoBoi marmoii. [locae
3TOr0 XMMHUYECKOH KOppo3nH Ohlla OTBelleHa Beaylias poJb B npeobpa-
30BaHHH 0OJHKA MHHEpaJoB H3 KHMOEpPJHTOB, [Mpexie BCEro MHpona.
Pazpa6oraHel KpuTepHH, NO3BOJISIOUME OTIHYATh SHIOTNEHHBIH penbed Ha
3epHaX HHJHKATOPHEIX MHHepaloB OT 3K3oreHHoro. B Hacrosmiee Bpems
CKYJIbITHPOBAHHbIE 3epHA MHpona OOHApYXKeHhl MPaKTHYeCKH BO BCEX
JPEBHHX KOJJIEKTOPAX, COJAEpXallMX MHHepaibl H3 KHMOEpJHTOB, H B
COBpEMEHHBIX OTJOMKEHHAX, CHOPMHPOBABIIMXCHA 33 CHET JPEBHHX poOC-
coineit [124].

MuorooGpasHble M BecbMa CJIOXKHBIE H3MeHEHHS MOBEPXHOCTH 3epeH
HHAHKATOPHBIX MHHEpaJoB KHMOEPJHTOB COBepIlaJHCh MOX BO3JeiicT-
BHEM: a) FHNepreHHOro BHIBETPHBAaHHA; 6) FHAPOTEPMAJbHLIX PacTBOPOB;
B) JAHareHesa (BHyTpHC/OHHOe pacTBopeHHe). B Hekoropbix cayuasx
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BMEIAIIIHE NOPOJbl NOABEPIIHCE PErHOHAJIBHOMY MeTaMopdH3My, HTO
npHEBeso K 0co6o raybokoMy npeofpa3oBaHH0 MHHepaloB KHMOepJ/HTOB.

AnMa3 OTHOCHTCS K BecbMa CTOHKHM MHHEpaiaM W B pocchinaX oObiy-
HO He MojlBepraercs OKHc/eHvio. TeMm He MeHee B nocseiHee BPeMs HEKO-
Topule HcenenoBateas (B. I1. JKuxapesa) cranm Beuiensth aamas ¢ MpH-
3HAKaAMH OKHCJHTEJIbHOr'0 PACTBOPEHHA. JTO KPHCTANIbL C MAaTHPOBAHHOH
NOBEPXHOCTbIO, ¢ PA3BHTBIMH HA [OBEPXHOCTAX J€ISHUOBLIMH CKYJIbOTY-
paMH, pOMOHYECKMMH M ApPyrHMH ysopamu. [lpeanonaraercs, uTo OKHC-
JIeHHe aJMas3a B pOCCHINAX NPOH30LILIO NOJA BO3AEHCTBHEM BTOPHUHOrO
Harpesa, BbI3BaHHOTO PErHOHAJbHLIM METaMOP(hH3MOM HJ/M e NpH BHe-
PEHHH B KOJIJEKTOpPBI a/JMasa HWHTPYSHI.

B 30He runepreHesa, B [POMEXYTOYHBIX KOJIJIEKTOPAaX H3MEHEHHS MH-
HEpaJIOB-CIIYTHHKOB a/Ma3a OCYILECTBJIAIOTCA MPH: a) peakuHsx pacTBo-
DEHHA C [epexo]oM BellecTBa MHHepaja B OKpyxKawoulyio cpeny (no-
BEPXHOCTb KOppoaupyercs); 06) peakUMsiX 3aMelleHHs, KOrja MHHepas
samemaerca Apyroii asoil Ju6G0 HeCKOJbKHMH (asaMH; B) KOPPO3HOH-
HOM pAacTPeCKHBAHHH, BCIEICTBHE KOTOPOrO OT MOBEPXHOCTH €ro cJos
OTCJaHBAIOTCA YellyHKH. KM HTeHCHBHOCTh THIEPreHHOTO BbIBETPHBAHHSA
MHHEpaJIOB ONpefieNsieTc B OCHOBHOM HX CTPYKTYPHBIMH OCOOEHHOCTAMH
H XHMHYECKHM COCTABOM, a TaKXKe QH3UKO-XUMHUECKHMH YCIOBHSIMH BMe-
watomeit cpeast [2].

HMuaukaropHble MUHepaJbl KHMOGEPJHTOB, NOJABEpPriIHecs CHIbHOH Kop-
po3uH (ocoGeHHO nupon), BnepBele GBUTH BCTPEUEHBl M H3YUYCHLI B Kope
BhiBeTpHBaHHA KuMmGepantoB TpyOkn uMm. XXIII cwvespa KIICC [124).
IToBepxHocTh GouablinHeTBA (OKOs0 92 %) 3epeH nHpona M3 KOPHl Bbl-
BETPHBAHHA MOKPHITA OTYET/IHBHIMH, HHOIJlA FreOMeTPHYECKH NPaBH/IbHLIMU
ckyapntypamu. Cpenn HHX npeoGiafaioT NoJioKHTEJAbHbIE (OPMbI B BHJE
6yropkoB, Kanejb, YCEUEHHBIX M OCTPOBEPIIHHHBIX MHPAMHJ H KOHYCOB
(puc. 35). O6bIYHO CpaBHHUTENBHO KPYIIHbIE CKYJIBNTYPHI EPBOTO NOPAAKA
OCJIOKHEHB! aHAJIOTHYHEIMH Mo ¢opMe, HO Gollee MEIKHMH CKYJIbOTYpPaMu
BTOPOrO H CJEIYIOMHX NopsaakoB. PopMupoBaHHE MOMOKHTENbHOTO PeJib-
efpa B mpouecce KOPpo3HH oObACHSETCH NPEHMYLIECTBEHHBIM BHIHOCOM Be-
[ECTBA N0 MeKOJIOKOBBIM OTHOCHTENbHO Je(peKTHBIM IpaHHllaM, B TO Bpe-
MA Kak MaJjofedexTHele O0JIOKH OKasbBalOTCH Gosiee YCTOHUMBBIMH H 00-
pasymoT NoJOXKHTeJAbHbIe HopMbl penbeda.

B BepxHeill 30He KOpbl BbIBETPHBAHHA KHMGEPJIHTOB IOBOJLHO YacTo
(2—4 %) BcTpedaioTcsi 3epHa NHpona B BHJAE BbIIYKJIOTPaHHBIX KyGoH-
JI0B, HAa rpaHsXx KOTOphIX Habmojaercs 6yropyaTocTb, NOXOMAas HA CKYJ/b-
nTypy y nojoGHBIX 3epeH [Hpola H3 pocebinei Gacceitna p. dbeaax. Ha rpa-
HAX CHJIbHO HCKaMKeHHBIX KyGOHIOB NOMHMO GYrOpKOB OTMeUYeHHl KOHH-
ueckue QUrypsl ¢ rJ1ajKoil MOBEPXHOCTLIO, OCH KOTOPHIX PacnoJoxeHbl N0J
OCTPBIM YI/IOM K MOBEPXHOCTH 3epeH. Ha oTJenbHBIX yuacTKax 3epeH 3TH
(hUrypsl 06pa3yloT NOKPOB, HanoMuHalOUMH Yewnyio poidbl. [1pn npeobaa-
JIAHHH B KOpe BLIBETPHBAHHA 3epeH NHpona (HOMIeTOBO-KPACHOrO IIBETa
(70 %) kyGouasl uaie Bcero okpaiueHsl B opaHxeBwid uper. OpaikeBas
PasHOBHIHOCTb MHpONa B KumGepaure cocrasisier Bcero 9 % . Bonbumin-
CTBO KyOOH/10B MHpoNa H HanGoJsiee CKYIbNTHPOBAHHBIE 3ePHA CKOHIEHTPH-
pOBaHbl B BEpXHEH 30He KOpHl BRIBETPHBAHHA. B HHXKHEH 30He HX 3aMeTHO
MEHbLlIe H H3beJIeHHOCTh HX MeHee HHTeHCHBHas. B 3oHe nepexoaa K mior-
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Pue. 35. Tunw pesibeda renepreHHoro pacTBOpeHHs Ha TOBEPXHOCTH

~ "4 ~ P 4 .
nupona u3 kophl BuiBeTpuBaHHs TpyGkH MM, XXIII cwesza KIICC:
@ — KoHycoaGpasnedl; 6 — KanjeBupaHbil

aepen



HbIM KHMOEpJHTaM KOJHYECTBO CKYJbITHPOBAHHBLIX 3€PeH CYIECTBEHHO
CHHIKAeTCsl, a B MJIOTHbIX KHUMOEPJHTaX OHH eIHHHYHbI.

O6pa3zoBanne KyGOMIOB MHpONa CBA3aHO € THNEPreHHBIM pacTBope-
HHEM MOBEPXHOCTHOI'O CJIOS €ro OKPYIJIBIX W OBaJbHBIX 3€peH, KOTOpLIii,
Kak, npasuJyo, 6onee JeexTHbIH, yeM sipO; NPH 3TOM 06pa3yoTcs (opMbl
C HH3KOH peTHKYJAfApHOH naoTHocThio. Jlna rpanarta takoit dopmoi fBAA-
ercss Ky6 (HanHuHe B CTPYKType BHHTOBOIH OCH uerBeproro nopsjaka [3]).
BoamoxHocTh 06pa3oBaHis KyGOHIOB M3 OKPYIVIBIX 3€peH MHpona A0Ka-
sana takxke B. K. CoGonesuim [94].

Ipyroii Xapaktep KOPpPO3HH MHpONa YCTAHOBJEH B OCANO4HBLIX MOPO-
Jax, NpPHYEM B Pa3HOBO3PACTHHIX OTJIOXKEHHAX OH 3aMeTHO pasnnuaercd,
YTO CBA34HO, NO-BHAMMOMY, C PA3HBIMH (H3HKO-XHMHUECKHMH YCIOBHAMH
pactBopenusi. B me3osofickux omnoxenusix ManoGoryoGuHcKoro paiiona
Moposornueckuii 06K MHOTHX 3€peH MUpona onpelesieTcss TPUXHTH-
YeCKHMH KaHalaM{ — TOHYAHILHMH BOJOCOBHJHBIMH NYCTOTAMH TpaB-
JNeHHA Mo JedekTaM KpHcTaaauyeckoH pemerkH (puc. 36). ¥ rpanata
pPasHOro LBeTa TPUXHTHUECKHE MYCTOTHl PA3JIMYHEL: Y (DHONETOBOTO HZH-
Gonee TOHKHE H TyCThle, HepasJHUYHMBIE AayKe NpH GOJbIIHX YBedyue-
HUAX, ¥ KPACHOTO H OPaHKEBOrO OHH 3HAYHTE/BHO KpyIlHee, pacnosara-
10TCA pexe H B rybHHe 3epHa BeTBATCA. Ha KpacHBIX M OpaHMKEBEIX 3ep-
HaX PasBHBAIOTCS MHKPOAHaNOrH TPHXHTHYECKHX KaHAJOB — KJIHHOBHJ-
Hble BNAJHHBI ¢ NMOJHIOHAAbHBIM ycrbeM. [Tocsennue o6bIYHO NPHYPOYEHBL
K nepudepuiiHoii uactH 3epeH. Y (HONETOBOrO rpaHara TPHXHTHYe-
CKHE MYCTOTbl KOHUEHTPHPYIOTCH B NPHIOBEPXHOCTHOM cjoe H Giaroaaps
cBOelH TOHKOCTH B TycToTe obpasyior «Besecyio» pybaiiky, Hepelko YeTKoi
rpaHulledl OTAeNEeHHYIO OT aapa. Y KpacHOTO rpaHaTa Takas TpaHHIa He
Ha0/10aeTcs, Y OPaHKEBOTO pacrnpeieneHHe TPHXHTHYECKHX KaHAJOB elle
MeHee YeTKOe, HHOT/la PAaBHOMEPHOE 10 00beMy.

Ilnst nupona M3 BepXHENase030HCKHX OTJIoXKeHHH Mano6GoryoGHHCKO-
ro W JpYyrux pafioHOB TPHXHMTHYECKHE KaHa/bl MeHee XapaKTepHbl. Ha
HHX Yalle pa3BHTHl KIHHOBHJHLIE BMNaiHHBI, HEeNpaBHJIbLHOH (oOpMBI Ka-
BepHbl, 60J1ee 4eTKO BBIPAXKEH MNOJOKHTeNbHBIH penabed ¢ MoJOrHMH riai-
KHMH MHKPOOYropKam#, NPHAAIOWMMH 3epHY KHPHOBATHIH O/eCK, pexe C
KPYMHBLIMH KOHYyc00GpasHeIMH GYropkamH, €lie pee BCTpeuarTtcs Ky6o-
uabl. Cpeld 9THX PasHOBHAHOCTE! rpaHaTa MOXKHO BBIIETHTbL 3€pHA C Ipe-
obnananueM JHOO MOJOKHTENbHOrO, JHG0 OTPHUATENILHOrO peabeda.
[lepBbie HMEIOT BEICOKYIO NPO3PaYHOCTh, BTOPHIE, KaK MPaBHI0, Malolpo-
3payHele MYTHBIE H3-33 CKOMJEHHA BTOPHYHBIX MPOAYKTOB, COXpaHHB-
[IHXCA B OTpHUATENbHbIX dopmax pesabeda. [as nocieinHx xapakrepHo
TaKiKe [Ie/NylIeHHe MOBepXHOCTHOTO CJ0f, BbIKaJbIBAHHE OT/IeJbHBIX
yennyek, MeaKHX 6/10KOB, BO3HHKHOBEHHE Ha I0OBEPXHOCTH JIHH30-, KOJblle-
H CepNOBHIHLIX OTpHUATeNbHEIX dopM penbeda. [losiBneHne 3THX CKyJab-
nTyp, MO-BHAMMOMY, CBA3aHO € BHYTPEHHHMH Hanpsi:KeHHMH, 3aJ0XKeH-
HEIMH B 3€pHaX NHpONA elle HA 3SHAOTeHHOH craguH. OnHcaHHBIE pasHoO-
BHJIHOCTH MHpONa C KOPPO3HOHHLIM TpaBjeHHeM (hOPMHPOBAIHCL B ycC-
JIOBHAAIX BBLIBETPHBAHHS KHMOEpPJHMTOB WM OCAJOYHBIX [OPOJ, a Takxe
NpH AHareHese OCAAKOB 0] BO3JEACTBHEM UHPKYJIHPYIOUHX PacTBOPOB.

CymecTBeHHble npeoGpa3oBaHHa MOPQOJOrHH MHHEpPaI0B-CYyTHHKOB
aaMasa H COMyTCTBYIOUMX HM MHHEPA/IOB B OCAJ0MHBIX TOJILLAX [POHCXOAAT
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Puc. 36. BosocoBuanble (TPHXHTHYECKHE) KaHalbl TPABIESHHA M0 AHCIOKALHAM
nupona, opeon Bogopa3sgeibHbie rajedHHKH:

4 — fepennetanilascis CeTb KaHaJos TpasJieHns; 6 — YCThst  BOJIOCOBHAHLIX KaHanos
Tpasieluns Ha MOBCPXHOCTH 3Cped Hupona



Puc. 37. Yepenuruathiii peibedp Ha 3epHe nupona, amosuii TpyGKku «Slroaka»
Annauckoro pattona

TaKKe M0/ BO3JEHCTBHEM T[HAPOTEPM, HCTOUHHKOM KOTOPBHIX SBJAIOTCH
pacnosoMkeHHble NOGJH30CTH OT OpeoJoB HHTPY3HH, B JAHHOM cJayuae,
noneputoB. KoppoaupoBauHble 3epHa NMHpoNa H3 KAaCTHYECKHX BepxHe-
Najeo30HCKHX NMOpoJ, HaXoAsdwHxcA B cdepe BJAHSHHA MJACTOBBIX M ce-
KYIIHX Tea JOJEepPHTOB MNMEPMCKO-TPHACOBOTO BO3pacTa, OOHAPYMEHHI B
paiione noc. YepHbllueBCKHH. 3TH 3epHA HMEIOT HENPaBHJIbHYIO GopMy ¢
SIPKO  BLIPAXKEHHBIM, KpPHCTaAa0rpapHuecky HHIWBHIYaJH3HPOBAHHBIM
NOJIOMKHTEIbHBIM peJibe)OM B BHJE «TeTpParoHaJibHEIX» MHpPaMill, KOTOpLIE,
Hajarascb ApPYr Ha JApyra, ofpasyior uepenutuathiii peabed (puc. 37).
[TonoGHele CKY/JBNTHPOBAHHBIE 3€pHA MHpoNa IWIHPOKO pa3BHTH B Ka-
MEHHOYTO/JIbHBIX OTJIOMKeHHAX YUexHH W B BepXHHX TOPH30HTAX CHJIBHO
BLIBETPEJIBIX KHMOEPIHTONOLOGHEIX NOPOJ HEKOTOPHIX TPYGOK AalaHCKOTO
paiioHa.

[TMKpOH/NIBMEHHT B THNEPreHHLIX YCJIOBHAX H3MEHAETCH HEeIHAYHTeNb-
Ho. HauGonee Tnnuyno ofpa3oBaHHe Ha MOBEPXHOCTH €ro 3epeH Jefiko-
KceHoBHIX obosouek. Mayuenne B. Tl. AdanackeBbiM noj00HBIX 3epeH
NHKpouabMeHHTa W3 yuactka Twimraiinax (ManoGoryoSuHCKHH paiioH)
103BOJIMJIO BHIAEIHTL TPH THNA obosouek. OGOJOUKH NepBoro THIA HMET
napa//elbHO-IIeCTOBATOE CTPOEHHEe, PLIXJIYIO, OXPHCTYIO NOBEPXHOCTb.
1[BeT MX ¢ NOBEPXHOCTH KOPHUHEBBI, BHYTPH CBeT/io-KopuuHeBbiH. OGo-
JIOUKH BTOPOTO THMA — KEITOBAThle HJAH TPA3HO-cepble TOHKHE MJIOoT-
Hble KOPOYKH, ¢ TpyLoM Uapanaiomuecs urioi. Tperuii tHn — TOHKHE
PBIX/IBIE, JIETKO OTCJAaHBaIOUHecsl OT 3€pHa KOPOUKH »KeJTOBaTO-Ceporo,
KOPHYHEBATO-2KE/ITOrO LBeTa. Y CTaHOB/IEHA 3aBHCHMOCTh MEXKAY THIAMH
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KOpOYeK H MOBepXHOCTbIO 3epeH MHKPOWJbMEHHTa NoJ KopoukamH. B
nepBoM CJ1y4ae KOppO3HOHHEIA penbed TOHKHIA, 3epHO PLIXJIOE, TpellHHO-
BaToe, BO BTOPOM — 3€pHO MOYTH HE H3MEHEHO, a B TPETbEM — KOppo-
3HOHHBIH peabed KpynHbiil, sMyathii. B JefikokceHH3HPOBaHHOI 30He
NHKPOHJIbMEHHTa yMeHbiuaercs cofepxxanue Mg u Fe, pacrer Ti, o6pa-
3YIOTCA aHaTa3 M, BO3MOXKHO, APYTHE BTOPHUHBIE NpOAYKTHL. JlefikokceHu-
3aUHsl Pa3BHBAeTCs IMPEHMYIIECTBEHHO M0 MOHOJHMTHBIM 3€DHAM [HKDO-
HJIbMEHHTA W HEe 3aXBaThiBAeT YYACTKH € NepoBcKMTOM. ['paHHLla Mexay
JIEfIKOKCEHOM H HeH3MeHeHHBIM MHKPOWJBMEHHTOM OOBIYHO YeTKas, B pel-
KHX CJy4asX JIeHKOKCeH B BHJe fA3LIKOB MPOHHKAET B MHKPOHJbMEHHT.
Berpeuaioress Takxke 3epHa MHKPOHJbMEHHTa € KOPPOAMPOBAHHOH 10-
BepxHocTbio. Penbed) Ha TakHX 3epHAaX TOHKOLIEPOXOBATBI, B PEIKHX
cayuanX KapepHosHbifi. MHoraa 3sepHa storo MuHepana npuoGperaror
CaXHCTEIl OOJHK, CYUIECTBEHHO PAa3pHIXJAIOTCHA, CTAHOBATCH JIETKHMH,
NnaykalT PYKH, JIerko pasiaBiuBatorcd. [Tono6GHele 3epHa NHKpPOHJIbMe-
HHTa 4acTo BCTpevailoTcs B pocchind Bonopasaenpubie raneynnkd. He-
CKOJIbKO [10-IpYrOMY BLIBETPHBAIOTCH arperaTtHble 3epHa MNHKPOHJLMe-
HHTA, MOTOMY KOPPO3HOHHBIE (MTYPHl HAa HHX peaku. [leiictBHe Koppo-
3HOHHBIX areHTOB NPOAB/fAETCS B OCHOBHOM MO MEX3ePHOBLIM TpaHHIIaM,
YTO NPHUBOAHT K Pa3pylIeHHIO arperaTHoro 3epHa Ha MeJKHe MOHO3epHa,
BH3Ya/lbHO TPYAHO OTJHYHMLIE OT MeJKHX 3epeH TpalloBOro HJbMEHHTA.
B ueiom arperaThble 3epHa B Mpollecce BbIBETPHBAHHS OKa3bIBAIOTCHA Me-
Hee YCTOHYHBEIMH, YeM MOHOJIHTHBIE.

XpommnuHenua — Haubosee ycToliuuBelii MHHepaa (nocje aimasa H,
no-BHAMMOMY, UHPKOHA) B KuMGepanTax. MaMeHenHble 3epHa XpoMILITHHE-
JIHJla BCTPEYAIOTCS B KOpe BHIBETPHBAHHA KHMOepauToB Tpy6ku M. X XIII
cbe3a KIICC 1 B HekoTOpBIX JpeBHHX opeonax. BuiBeTpHBaHHE OXBAThl-
BaeT 3epHO 5TOr0 MHHEpaja PaBHOMEPHO HE3aBHCHMO OT KPHCTAJLIOrpa-
(uueckoit opMbl noBepXxHocTH. Ha ckosax BO3HHKAOT MHOTOUHC/IEHHEIE
KpacHoBaTble BHYTPeHHHe pe(uieKchbl, 00YyCJOB/IeHHbIE MHKPOTpEIHHAMH.
Ha noBepXHOCTH MNOABJASIIOTCS OCMHHKH, MeJbuaiimne saMkd. B ciayuae
yrayGyieHHs] TMpoLecca MOBEPXHOCTh 3€pHA CBET/IeeT, CHUIKAeTCs Mpou-
HOCTb, YBeJHUHBaeTcd 4Hcao wepOuHoK. [lpH packa/ibiBaHHH 3epHA Bhl-
AB/SIeTCA 30HaJbHOe CTpoeHHe: nepudepHiiHasg 30Ha TOHKOArperaTHas HJH
3epHHCTasA, AAPO MOHOMHTHOe. BbiBerpenuie 3epHa phiX/uie, JIErKo pas-
JIaBJHBAIOTCS, NpeBpallasch B KOPHUHEBbI Nopoluok. B Kope BhBeTpH-
BaHHsl oGHapyxeHo okoso 20 % 3epeH XpoMIUTNHHEH/A ¢ ABHO BbIPaKeH-
HBIMH CJelaMH BLIBETPHBAHHMSA, TOTJa Kak B IJIOTHOM KHMOepJHTE HX
npaktiuecku Her. Ilo-BHAMMOMY, NpH BLIBETPHBAHHH IPOMCXOAHT H3Me-
HeHHe XHMHYECKOro COCTaBa XPOMILNHHEeNH/1a, aHaJ0rHYHOe YCTaHOBJIEH-
HOMY JL151 9TOTO MHHepaJia B Kope BbiBeTpHBaHus ra66po Kemnupcaickoro
maccuBa [50].

Ilpu BrICOKOTEMNEPATYPHOM MeTaMOphH3Me MOPOALI, COAEpXKAllHe MH-
Hepanbl-CNyTHHKH aJiMasa, H3MeHAITCHA [0 Hey3HaBaeMOCTH. B ﬂK)"THH
TaKHe MOpoibl N0Ka He obHapy:eHbl. 3a pyGemxoM OHH ONHCaHbl Kak Me-
takumGepautel [146]. Tlupon M NHKPOHJIBMEHHT B HHMX, Kak NpasuJo,
YHHUTOXEHbI [pH METBMO]’JC[JHBME. a Xpomcojep:kaulas MIMHHeb coxpa-
HHJ1ACb, HO ee CcOoCTaB 3BOJIIOLHOHHPOBAJ B CTOPOHY IOBBLILIEHHA Marse-
3nasbHocTH. OGHapymxeHHe 3a pyOeKoM a/Ma3OHOCHBIX Mopoj, He
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cojiepKalliX TPAJHIHOHHEIX MHHePaJOB-CIIyTHHKOB a/Ma3a, J0JKHO yuH-
THIBATbCS NPH BHIGOPE METOAHKH MOHCKOB a/Ma3sHbIX MECTOPOXKIEHHH B
HEKOTOPBIX perHoHax HaueH CTpaHbI.

Takum o6pasoM, Kak CJAelyeT W3 NPHUBEAEHHBIX JAHHLIX, HHAHKaTOP-
Hble MHHepaibl KHMOepJaHTOB W3 pocchineii HecyT uHpopmaumio o6 yaa-
JIEHHOCTH Ope€0JIa OT KOPeHHOrO HCTOYHHKA, YCJIOBHAX TPaHCIOPTHPOBKH,
3aXOpPOHEHHs1, epPeoToKeHHs H3 Gosee PeBHEr0 KOMJIEKTOpa B MOJOAOH,
O NepeHeceHHH HMH MPOLECCOB XHMHYECKOro BBIBETPHBAHHS.

U3MEHEHME XMMMYECKOTO COCTABA MHPOMA
B NMPOLLECCE ®OPMHPOBAHUSA OPECJIOB

BamubiMu  (akTopaMH  3BOMIOUMH  XHMHYECKOTO COC7aBa NHpona B
opeosiax paccesiHHl KHMOEDJHTOBLIX TeJ SABJAIOTCA XHMHYECKOe Bbl-
BeTpHBaHHe, MeXaHHyecKas JuddepeHUHALHA O TPAHYJOMETPHH H Me-
XaHHYeCKoe HCTHpaHHe.

M3yuenHe pacrpefieleHHs 3epeH rpaHaTta B KHMOepPJIHTAaX 10 HX pas-
MepaM MoKasajo, YTO 5Ta XapaKTepHCTHKA MeHseTcd oT TPYOKH K Tpybke
1 MOZKET OBITh HCTIONb30BaHA NIPH THIH3AIHH ITHXO0BLIX opeoJios [124]. Pa3-
M2p BBIAENEHHI 3TOro MHHepasa JOBOJBHO YETKO KOpPpelHpyercsl ¢ ero
XHMHUECKHM cocTaBoM. HauGosee KpynHble 3epHa, OTHEeCEHHHIE K Mera-
KpHCTaM, OKpallleHH, Kak NMPaBH/I0, B OPaHXKeBO-KPACHEHIH IBeT H Xapak-
tepusytoresi Hu3KHM comepxxkannem Cr,0O, (0,5—2,0 %) u moBbIIEHHBIM
FeO (9—I11 %). 3epua cpeanexpomucroro rpaHara HeGospue (1,5—
3 mM), KpacHoro uau Guaenno-uoseroBo-kpacHoro usera. Cpean 3sepen
BBICOKOXPOMHCTOrO rpaHara pe3ko npeobiagaior nHeboabmne — or 0,5
10 2 MM (taba. 19). B cBsiau ¢ TeM yto npH (OPMHPOBAHHH IIJTHXOBBIX
opeosioB G/HKe K KOPeHHHM HCTOUHHKAM ocenaioT Gojee KpyNHEE 3epHa
rpanata (MeJKHe 3epHa NEpPeHOCATCS IMHPOKO W Ha GoJbllHe paccTos-
HHf), €CTECTBEHHO, YTO COCTAB LINIHXOBOH ACCOLMALMH 3TOr0 MHHepaJa
MeHfeTcs 1o Mepe yAaleHH: OT KOPeHHOI'o HCTOYHHKA B CTOPOHY YBeJH-
UeHHA KOJHYeCTBA 3€PeH ¢ MOBHIIEHHbIM cojepxanueM Cry,0j.

Hceneposanuamu [3,83] yeranosneno, uro B opeonax mo mepe yaane-
HHA OT KOPEHHOTO HCTOYHHKA NPOHCXOJMT CHIDKEHHE COJAepIKaHHS OpaH-
JKeBO-KpacHOTO rpaHara. B KOpeHHbIX HCTOYHHKAX MKEIBAauKH OpaHxe-
BOTO TpaHaTa H300HJAYIOT BHYTPEHHHMH JIedeKtamH (AHC/IOKALHAMH),
COJIepKaT MOBBLIIIEHHOe KOJHYeCTBO BKJIOUEHHIl JPYrHX MHHEpaJoB,
GoJee TPELIMHOBATHI M TNOJABEPXKEHB 0ojee HHTEHCHBHBIM BTOPHUHBLIM

Tabauua 19. XapakTepHCTHKA MHpona no KJaccam KPYMHOCTH

toytien | N | m ns n | n, I %%
«Mup» —2+1,6 146 28,1 24 6 7,5 2,74 3,38
—14-0,4 144 21,5 32,6 i)l | 3,47 3,96
Ne 2 —2+1 88 13,6 43,2 239 75 5,10
—1+40,5 78 10,3 46,1 29,5 14,1 5,08

Mpumevanue. Koiuxecrnso gepen: n — obuee; n, — ¢ CryOs <2 %: ng—c Cr,05 > 5 %; ny —

¢ Cry0y > 7 %; ng— B anmasHoR accouuanuu; X — cpeanee cogepmanue CryO,
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Ta6anua 20. Conepxanue UBETOBHX PA3HOBHIAHOCTEH NHPONA KOPPOAHPOBAHHBIX
H HEeKOPPOIHPOBAHHLIX accounauui, %

K nacc kpynsoctn

TpyGka —4 2 —24-1 —1 40,5
fual 2 | 3 1 ] 2 | 3 1 [ 2 | 3
«Mup» 31,30 3,10 65,60 27,90 1,70 70,70 17,00 9,00 74,00
To ke, opeoa 13,54 14,28 72,18 6,44 12,50 81,06 8,00 12,14 79,86

Ne 2, nioruwmit kumGepanr 10,30 8,84 80,86 1,68 1,01 97,30 3,06 3,05 93,90
To xe, Kopa BhiBETpH-
BaHHA 7,48 10,88 81,64 9,59 8,22 82,19 8,88 3,12 88,00

Mpumevanue: | — opanncensfl; 2 — kpacanil; 3 — duonerorsiit.

H3MEHEeHHSM, YeM JApyrue LBeTOBbIe Pa3sHOBHAHOCTH ero, ocoGeHHO dHoMe-
TOBO-KpacHble. B rporecce TpaHCHOPTHPOBKH TAKOH MHPON paspyliaeTcs
M HCTHpaeTcsl B MEepBYIO ouepellb, UTO TakKiKe CNocoGCTBYET HAKOMNJIEHHIO
XPOMHCTHIX €ro pasHoBHAHOCTeli. B 30HaNbLHBIX 3epHAaX rpaHaTta W Apy-
'HX MHHEpaJax C HOpMaJIbHOI'"l CMEHOH 30HAJbHOCTH MeHee XPpOMHCTBIE
30HBl KOHLEHTPHpYIOTcs no nepubepun 3epHa. [Ipu TpaHcmopTHpOBKe
OHH YHUYTOKAIOTCA B NEPBYIO OUEPElb, COXpaHsas Gojee XpOMHUCTOE f11po.
Jro elle OAHA BO3MOXKHOCTb O0OTalleHHsl LIHXOBBIX acCOUHAUHi MHHe-
panoB HX XpPOMHCTBIMH PasHOBHIAHOCTAMH, O,IlHaKO OLIEHUTb BKJA4J Mexa-
HHYECKHX (HaKTOPOB B MOBBLIMIEHHE XPOMHCTOCTH MHPOMOBOI aCCOLHALHU
B [Ipolecce TPaHCNOPTHPOBKH TPYJAHO, BEPOATHO, OH HEBE/IHK.
BusyanbHble HaOJAIONEHHS W 3SKCHEPHMEHTAJbHBIE JaHHbBIE I10Ka3bl-
BAalOT, YTO NEpPBOCTENEHHHIM (DAKTOPOM 3BOJIIOUHH XHMHUECKOrO COCTABa
Mnipona B oOpeoJax pacCeAHHA HABJIACTCA XHMHYECKOE BbIBETDHBAHHE.
Brie nopyepkHBasioch, YTO MNHPOIN OTHOCHTEJNBHO Majo YCTOHYHB B KO-
pax BBIBETPHBAHHA H B YCJIOBHAX JIHareHe3a OCAJOYHBIX KOJJIEKTOPOB.
Panee otMeuasoch, UTO B IPEBHHX OpeOJiaX PACCESHHSA, COLEPHKAIIHX BhI-
BeTpesble MHHepaabl KHMOepJHTOB, [A0Js (HONETOBO-KPACHOrO NHpoNa
YBeJIHYHBAETCS 110 CPAaBHEHHIO ¢ KOPeHHBIM HcTouHHKoM (Tabu. 20). Ilpen-
riojaraercsl, 4ro Haubo/jee BepOATHOH NMPHUUMHON HECOOTBETCTBHA IBETO-
BbIX Pa3sHOBHJHOCTefi rpaHaTa B KOPEHHBIX HCTOUHHKAX H OpeoJax sBJjsi-

Ta6auua 21. OcoSeHHOCTH XHMHYECKOIO COCTABA BHIBETPENbIX PA3HOBMAHOCTEH NHpoma
H3 KHMOEDAMTOB H HMX OpPEOJIOB

TpyGka n ny g ny ne, | x %
«Mup» 290 24,8 28,6 9,31 3.1 3,6
To e, opeos 307 68 404 108 46 48
Ne 1 314 12,2 452 20,7 86 49
To xe, opeod 190 11,6 45,3 21,1 96 5,0
Hu. XXIII cvesga KIICC, naotHbiii Kum-
GepanT 152 15,8 447 224 72 50
To e, Kopa BHIBETPHBAHHA 234 6,5 580 29,8 98 57

MMpumevanue. Koauuecngo sepew: n — obuiee; ny —c¢ CreO03 <2 %; Ne—c CrsO5 > 5 %: Ay —
¢ CryO5 > 7 9%; n, — anmasHoil accouuauuy; x — cpeguee cogep#xanne CrgO,,
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eTcsi HeoJMHaKoBas YCTONUYMBOCTD PasHOOKPALIEHHBIX 3epeH 3TOro Muue-
pana B YCJOBHAX THNepreHesa. Jlns NpPOBEPKH 3TOrO MPEeANONOMKeHH
B. Il. AdanachbeBbIM NMPOBOAMJHCH ONBITHI N0 TPABJIEHHIO 3TOTO MHHEpaJ/a
B KOHLEHTPHPOBAHHOH IJIaBHKOBOH H CONAIHOM Kucaorax [3,124]. Has
3TOro BBIGHpAJHCh lleJible HeTPEelHHOBAThle 3€pHa pPasHbIX LBETOBbLIX
rpynn (opanaeBble, KpacHble, (DHJIETOBBHIe, 3€JIeHble) H pasHoil  dopMbl
(oBanbHBIE, pacKosOTHe, YIJOBaThie). TpaBjeHHe NpPOH3BOAHJOCH TpPH
KOMHATHOH TeMmnepatype. Pe3yabTaTel sKcnepuMeHTa NOKasald, 4TO Y-
TOHYHBOCTb K BBIBETPHBAHHIO I'DaHaTa NOBLILAETCH B PsAlLY OpaHKEBO-
KpacHble — (HOJNeTOBLIe — 3e/ieHble  PasHOBHAHOCTH. JTO COBNajaeT ¢
BO3pacTaHHeM cojlepxaHHsi XpoMa B rpaHare. M3 naHHEIX 3KcnepiMmeHTa
QUEBHJHO, YTO KOJHMYECTBO XPOMHCTOTO I'paHaTa B NPOLECCE BEIBETpPHBA-
HHS JIONIKHO [OBBILATLCSA, @ LBETOBAas raMMa 3TOrO MHHepana JoJKHa
06eIHATECA OpPaHIKEBOH pPasHOBHIHOCTbIO. 3HAUWTENbHOE BJHSHHE Ha
HHTEHCHBHOCTb PAacTBOPEHHS OKa3kIBAIOT CTEMEHb H XapaKTtep JedeKTHOCTH
aepen nupona. Kpome Toro, npn npounx paBHLIX YCJOBHSAX GEICTpee pac-
TBOPAIOTCH MeJKHE 3epHa nupona B CBHA3H ¢ HX Gosbllell yIenbHOH mno-
BepXHOCcTbI0. CyMMHPYSl H3/I0)KEHHOe, MOMKHO 3aKJIOYHTb, YTO YCTORYH-
BOCTb MHPOMa B YCJOBHAX THNEpreHesa onpejenaercs XHMHYECKHM cocTa-
BOM, XapaKTepoM H CTeneHblo JedeKTHOCTH CTPYKTYphI, pa3MepamM 3epeH
[3]. ConocraBienne MHKDO30OHIOBHIX aHAJH30B MHpONA H3 KHMGEPJIHTOB
TpyO6KH «Mup» MU CHNIBHO KOPPOAHPOBAHHBIX 3€peH 3FOro MHHepaja H3
IOPCKOTO 0peosa, KOPEeHHBIM MCTOYHHKOM NHpONa KOTOPOTo SIBJSETCS B
OCHOBHOM Ha3BaHHaa Tpy6Ka, NOKa3ajo, YTO B OpeoJe CTaJo MeHbLie
HH3KOXPOMHCTO# pasHOBHAHOCTH opanxkeBoro usera (Cr,Os<< 2 %), Gosib-
lle 3TOro MHHepaja W3 aimasHol accoumauun (Ha 1,5 %) W noBelicHJIOCH
cpennee conepxanue CryO, (Ha 1,2 %). Aranorny:ian KapTHRa nony4ena npu
CPaBHEHHH MHKPO3OHJOBHIX aHA/NH30B MHPONA H3 KOPH BLIBETPHBAHHS,
cojepxaileii CHJILHO KOPPOAHPOBAHHBIE €ro 3€pHAa, H IJIOTHOrO KuMGep-
auta Tpy6ku uMm. X XIIT cvespa KIICC (ta6n. 21). Muble pesyabratsl no-
JydeHbl NPH COMOCTaBJEHHH nupona n3 kuMmOGepantoBoil Tpyokn Ne 1 u
CBfI3aHHOrO ¢ 3T0H TpyOKO# K0pPCKOro opeosa, rie nupon caabo 3aTpoHyT
THIepreHHbIM BhiBeTpHBaHHeM. B 3toM ciydae coctaBbl nHponoBoil acco-
LHaLUHH H3 KUMOEPJIUTOB H Opeosa MpakTHYeCKH HAeHTHUHb (cM. Taba. 21),
Takum o6pasoM, ofias 3aKOHOMepHOCTb (JOpMHPOBaHHSA OpeoJOB pacce-
SIHHSL KHMOEPJIHTOBBIX TeJ — MOBLIIIEHHe B HHX KOJHUECTBA XPOMHCTOrO
NHpona 3a CYeT pa3pyLIeHHA MaJOXPOMHCTOTO NHpONa MO CPaBHEHHIO
C HX KOPeHHBIM HCTOYHHKOM. 3JTa 3aKOHOMEPHOCTb OueHb RaXKHA, TO-
CKO/bKY YUeT ee MO03BOJIAET HAJIeXKHO CBA3LIBATh OPEOJIHl pac € "HHf ¢ H3-
BECTHEIMH KODEHHEIMH HCTOYHHKAaMM WJH NPOrHO3HPOBATh HEH3BECTHHE,
T. €. pelIaTh 3ajayy THNH3aLHH OPEOJIOB paccessHHsl MHHepaJaoB KumbGep-
JINTOB,



rnmasa v

MMUHEPANOIMYECKHME NMPEANOCHIIKKU
TUNMU3ALUMM KOPEHHLIX MCTOYHUKOB
M LLIMXOBLIX OPEOJIOB

Ioseiennio 3hbeKTHBHOCTH reosoropasBefodyHbIX paboT crnocolGeTBYeT
pafioHHpOBaHHe TeppHTOpPHA ¢ BHJeNeHHeM Hau(oJee MepcrneKTHBHBIX
nJaoulased s MOHCKOB. B ocHOBe miolanHoro paioHUPOBaHHSI OOBIYHO
JIEXKAT TeoJIOro-reHeTHYeCKHe WJIH  reoJioro-reorpauyeckue npH3HaKH.
[IpukaanHoe sHauenwe paHOHMPOBAHHs CYIIECTBEHHO BO3pacTeT, ecJiH
NpH 3TOM HCNOJb30BAaTh KadecTBEHHble H KOJHYeCTBeHHBIe 0COOeHHOCTH
pacnpejesieHHs MHHEPaJOB-COYTHHKOB B opeoJjaX, HX (H3HUecKHe CBOH-
TBa H XHMHYECKHH COCTaB.

PETMOHAJIbHBIE 3AKOHOMEPHOCTH
PACMPEAENEHUA MMHEPASIbHBIX ACCOLMALMA
KMMBEPJIMTOB B OPEONAX

s yTouHeHHs BBIABJIEHHBLIX paHee H BHOBb YCTAHOBJEHHLIX 3aKOHOMep-
HocTeH nposeieHo o6oOLIEHHE W COCTABJEHA CXeMa MpPOCTPaHCTBEHHOro
pacnpejesieHHs MHHepaJOB-CIYTHHKOB ajiMaza B SIKyTckoii  KumGepJiu-
TOBOH NpoBHHUHKH (puc. 38). [Ipn ee cocTaBJeHHH HCINOJb30BAHE  pe-
3YJIbTAThl H3YYeHHS HHJHKATOPHBIX MHHEPAJOB KHMOEPJIHTOB, MOJyYeH-
upie Gonee yem 3a 20-netHHii nepuoia GOJBIIHM KOJJEKTHBOM TIe0JIOTOB
HayyHBIX H MPOHM3BOACTBEHHBIX OpPraHH3alMil, B TOM HHCJe AeTaJbHOe
H3yueHHe MHHePaJOB KHMOEPJIHTOB C MOMOUIbI) PEHTIeHOBCKOrO MHKPO-
aHa/au3aTopa, pacTpOBOro MHKPOCKOMNA, ONTHKO-CNEKTPOCKOMHYECKHM Me-
TOJIOM.

OnbiT reojioropa3zeeflouHbIX paboT y Hac M 3a pyGexoM MOKasanl, 4To
coziep:KaHHe anMa3a B KHMOEDJHTOBLIX TeJaX BapbHPYeT OT BHICOKHX
JI0 HH3KHX H NPAaKTHYeCKH [0 MOJHOrO ero OTCYTCTBHS, NPHYEM nocnen-
Hee oTMeyaeTcs B GOJBLIHHCTBE CJydaes.

B kumOepauTOBBIX TpyOGKaXx ¢ MOBbLILEHHOH anMa3zoHOocHocTbio (Mano-
GoTyoOMHCKHH paiioH) npeobsajaT OKTasApHYeCKHe KPHCTANIBl anMa-
3a. Jlaliky ¥ TPyOKH C HH3KOH aJIMa30HOCHOCTLIO COJAEpIKAT MOBBILIEHHOE
KOJIHYeCTBO animaza pombonoieKasipHyeckoro rabHTyca, B HHX BLICOKas
J0JI OKPYIJ/IBIX KPHCTANIOB.

B poccuinax ManoGoryoGuHCKOro paiioHa KapTHHa HECKOJbKO HHasi.
Ha yuacrkax, npHJeraiouHX K H3BECTHBIM KOPEHHBIM HCTOUHHMKAM, al-
Ma3 110 MOp(oJIOrHH B LeqoM GIH30K K aIMasy KOPeHHbIX MECTOpOXKAeHHiL.
Kpucramabl anmasa u3 pocceineil p. Bumoil Bbiue yerba p. Manas
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Puc. 38. Cxema pacnpocTpaHeHHss MHHEpalbHBIX AaCCOLNHAUHA B UNIHXOBBIX OpeoJax
Slkyrckoil KUMGEPAHTOBOR NPOBHHUKH:

1 — cymjecTseHHO NHKPOHJABMEHHTOBAS; 2 — CMEWAHHAS MNHKPOHJIbMEHHT-TIHPONOBAN W NHPON-
NHKPOHJbMEHHTOBAN; & — CYUeCTBEHHO nuponomas; a — AocToBepHas; 6 — npeAnoJaraemas,
Lugpor na cxeme: 1 — ManoGoryoGuuckuit pailon, ManoGoryoGuHckoe noae; 2 — Jlanjgbino-
Anaxutckuil paiton, AnakuT-Mopkokunckoe nose; 3 — To ke, AnakHT-Mapxunckoe; 4 — T0
e, Jlanfuuckoe; 5 — BepxuemyHcKu# paiton, Bepxuemynckoe noJe; 6 — CpefHeoneneKcKuit
paiion, Yomypaaxckoe nose; 7 — To ke, BepxHemoTOpuyHcKoe; & — To ke, Owmonoc-Kyry-
ryickoe; 9 — 1o e, HumneykyknTckoe none; 10 — Kyowanckuit pafion, Kypanaxckoe noJae;
11 — 10 xe, Jlywakanckoe; /2 — 1o we, [lbiokenckoe; /3 — To me, Cpelnekyonanckoe; /4 —
To xe, Huxrekyonancxkoe: /5 — 1o ke, Opro-blpuranckoe; /6 — HumneoneHeKckuit paiton,
Mepaumenckoe nose; /7 — 1o ke, Beenunme-Kyofikckoe; /8 — [lpuienckuil pafion, Bepxue-
MOJOJHHCKOE noJe



Boryo6us, naxonsiinecss Ha 3HAUHTENLHOM YIaJeHUH OT H3BECTHHIX KHM-
GepJIHTOBBIX TeJ, Pe3K0 OTJHYAIOTCH MOBBILIEHHLIM KOJHYECTBOM HHIHBH-
JI0B poMOO/I0/IeKaspHIecKoro rabHTyca H MOHHKEHHBIM — OKTa3/ApPOB MPH
paBHOM KOJIHYeCTBe MepexolHBIX (opM.

Or Mano6otyoGuHCKOro pafioHa Ha ceBep MPOBHHIHH OTYETJIHEO
NPOCJIeKHBACTCS TeHAEHLHs YMEHbUIEHHs NOJH OKTa3ApoB H BO3pacTaHHs
pombojlofeKasapuueckXx Kpucramaos. B poceelnsx BepxuemyHckoro u
CpeaHeosieHeKCKOro paioHOB OTMeYaeTcsi CYIIeCTBEHHO MOBHIIEHHOE KO-
JHUECTBO POMOOIOJEKAIAPHUECKHX KPHCTANIOB H MOHHMKEHHOE OKTasjl-
PHUECKHX [10 CPABHEHHIO C M3BECTHBIMH B PailOHdX KOPEHHBIMH HCTOYHH-
KaMH,

Mo ocoGernoctsiM MOpGhOJOrHH rpaneii BHAHA TEHAEHIHs pPaCIIHPeHHs
C 10Ta Ha CeBep MPOBHHIHH OKPYTIJILIX POMOOJOAEKAZIPOR H KPHCTAMIOB C
6110KOBOI CKYJBNTYPO# rpaHei, a TakKe YMeHbIeHHs KOJHYECTBA MJI0CKO-
rPaHHBIX KPHCTA/NIOB H KPHCTAAN0B C MOMHLEHTPHYECKHMH TpaHsMH.
[Mo nanusiv M. A. TreBylueBa [33], okpyrasie HHAHBHALI anMasa o6HApY-
JeHbl B aJ/JIIOBHH JIeBbIX NPHTOKOB pek AHrapbl, Kartaurn w Huxueii
Tyuryckn, B [Ipunenckom u Kyonanckov KumepanToBbix pafionax. [TyHk-
THl HAXOMOK OKPYIVIOro ajmMasa Kak Obl OMOSICBIBAIOT KOJBLIOM  pailoHbI
Pacrno/IoKeHHss MHOrOYMCICHHBIX KHMOEpPJHTOBEIX TPYGOK H pocchine,
cojiepXaliX TJIOCKOrpaHHblE CJAOHCThIE €ro KPHCTaJlJbl.

AnMas co crielaMH M3HOCA BCTPEYaeTcsi B POCCHINAX BCel MPOBHHIMH,
OIIHAKO MaKcHMasbHOe ero conepxkanue (10 35,8 %) oTMeyeHO B poCCHINSsA X
6acceiioB pek Kyowanka n Anabap. 3HauHTeJLHO MEHbUIHH MPOLEHT H3e
HOLLUEHHBIX KpHcTannos anmasa B [Ipusenckom paiione u B GaccefiHax
pek DBeenunme u Kyoiika. OGpamaer Ha ceGsl BHUMAaHHE HAJHYHE H3HOIIEH-
HOTO a7Ma3a B HEKOTOPHIX BHJIIOHCKHX POCCHINAX, HelaleKo OT TpyOKH
«Mup». EcTb OCHOBaHHE CUHTATD, YTO H3HOC 3THX KPHCTAJIIOB OCYIECTBJIA -
csl B OpPHOPEMHO-MOPCKHX YCIOBHIX ocaigkonakonjeHnusi. JlanHele o
cpeflHell Macce ajMasa MOKasbIBAlOT ee POCT B POCCHINAX MO CPaBHEHHIO
C COOTBETCTBYIOUIHMH KOPEHHBIMH HCTOYHHKAMH, a TaKKe yBelHyeHHe
MOKAasaTe/as C tora Ha cesep MPOBHHIHH.

[lo coxpaHHOCTH KPHCTAAIOB aiMasa Takike HameuaeTcs OMNpejeseH-
Haf 30HANbHOCTh: KOJHYECTBO UEJLIX KPHCTAJJIOB pacTeT ¢ lora Ha ce-
BEp, B TOM )K€ HAMPABJEHHH YMEHbIIAETCS KOJHUYECTBO OCKOJKOB.

[To peayabraTam aHanau3a ocoGeHHOCTeH pacnpOCTPaHEHHs HWHIMKa-
TOPHBIX MHHEpaJOB KHMGEpJ/IHTOB B OpeoJiax BbiAENeHO TPH acCOLHAalHH:
a) CYLIECTBEHHO MNHKPOHJIbMEHHTOBas (NUKpoHabMeHHT — 76—100 %),
nHpon -+  XpomunuHeana + xpomanoncua — or 0 g0 25 %); 6) cwme-
HaHHaA — NMHKPOHJIbLMEHHT-NMHPONOBAs W MUPON-NMHKPOHIbMEHHTOBAA (MH-
porn -+ MUKpoHabMeHHT — 25—75 %, XpoMmiunuHean - XpoOMAHONCHL —
0—25 %); B) cywecrBenHo nuponosas (nupon — 75—100 %, nUKpouIb-
MeHHT -+ Xpominnuuenua + xpomauoncua — 0—25 %).

Ananus (IIHXO-MHHEPANOTHYECKOH OOGCTAHOBKH MOATBEPIKIAAET Mpa-
BOMepHOCTb pasnenenns HKyTckoil kKumGepsaHTOBOH NpoBHHLHM Ha BH-
moiickyio W Anafap-Onenekckyo 06JacTH.

XapakrepHasn 0COOEHHOCTb LIVIMXOBHIX OpeosioB Bumofickoit kumbep-
JIHTOBOH o6nacTH — pe3koe npeob/ajaHHe NJolafeil pacrnpocTpaHeHHs
nHponoBoii acconnanui. CMellaHHas accolMants — MEPON-MHKPONILMe-
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HHTOBasi — TATOTEET K paioHaM pacnofioKeHHd KHMOepMHTOBLIX TeJl.
B HeKoTOpbIX cayuasX pasBHTHe 3Toil accoudauuu Hab/IOLAeTCs TaM,
rjle KUMOepJIMTORbIe Tesla oka He o0HapykeHbl. CyLIeCTBEHHO MHKPOHJIb-
MEHHTOBAsi accollHalys pa3BHTAa HAa HeOOMBLIHX Y4yacTKaX, COBNAJAMOUIHX
«© pafoHaMH pacnpocTpaHeHHsi KHMOEpPJIMTOBBIX TeJl, HJIH Ha yuacTkax,
rie OHH MNPeANoJaraloTcs.

[lo HachlEHHOCTH NPOAYKTAaMH pa3pyLIeHHs KHMGepJJAHTOB cpelu Apes-
HHX OCAJOYHBIX TOJIL OBGJACTH BBIIENSIOTCA BepXHEeNaJeo30HcKHe Tep-
pureHHele (opmaiun BocTouHoro Gopra TyHrycckoi cuHeknH3wnl B Ana-
KuT-MapxunckoM u ManoGoTyoOHHCKOM NOJAX H Me3030HCKHe TeppHreH-
Hble dopmaunu Aurapo-Buaofickoro nporu6a B ManoGotyobGuHckoM no-
Je " Ha Mexaypeube pek Mapxa u Tionr. Haubomee GraronpHaTHEE 115
-00pa3oBaHHA poCcchinefl TOPH30HTHL CBfA3aHbl ¢ 0a3aJbHBIMH (POPMAIIHAMH.
B paccMmartpuBaeMbiX MOJsSIX K HHM OTHOCSITCS CpeiHeKaMeHHOYTroJbHas
KBaplL-KaoJHHHTOBAsA M pP3T-NJHHCOaXcKas KaoJHHUT-KBapueBas dopma-
1MH. ITH dopmauni B BepXHeNaJeo30HCKOM H Me3030HCKOM paszpesax
‘CMEeHAITC BO BpeMeHH TI'pPayBaKKO-apKO30BbHIMH (opMalHAMH, NpPH Ha-
KOIJIEHHH KOTOPHIX He CyINecTBOBaJ0 OJaronpHATHRIX  YCJIOBHH A
‘AKKYMYJALUHH B HHX aJIMasHBIX POCCHIMHBIX MECTOPOMKIAEHHH.

Hayuenne MHHEPaJOB-COYTHHKOB ajiMasa M THMH3AlUHA OPEOJOB HX
paccesiiis B BepXHenajeo30HCKHX alMa30HOCHBIX TeppHreHHbIX (opma-
1HUAX BocToYHOro GopTa TYHrycCKOH CHHEKJIH3BI MO3BOJIMJH YCTAHOBHMTh
pasJIHYHBIA XapakTep pa3MellleHHA KHMOEPJHTOBOrO MaTepHana B paspe-
3aX BepxHero mnaseo3os ManoGoryobuHckoro W Asaknt-Mapxuzckoro
noneil. Ha ocHose 3T0ro ynanock BHAEJIHTbH MOJEJNH OPEOJNOB paccesiHHs
napareHeTHYeCKHX CNyTHHKOB ajiMasa ] KaxJI0ro reHeTHY4eCKOro THOA
€ro KOJIIEKTOPOB, Pa3sBHTHIX B STHX JBYX MOJAX.

[Taneoreorpauyeckre W MNajeoTeKTOHHYECKHE DEKOHCTPYKIIHH, MpO-
BejeHHble A8 MasoGoryobuHckoro M Anakur-MapXHHCKOro — noJed,
TIOKa3a/Jii, YTO B HX e0JIOTHYECKOM pa3BHTHH HMeeTcfi KaK CXOICTBO,
Tak H padnnuyve. CXOACTBO 3aKJIIOYAeTCH B MPOABJEHHH B 0O0HX NOJAX
cpe/iHenaneo3oickoro KHMGepJHTOBOrO  BYJKaHU3Ma, MpeAllecTBOBAB-
1Uero HakomJeHHI0 BepXHenaneosolickux obpasoBaHuil. Tepputopus obo-
HX [MoJied Ha MpPOTAXEHHH BCEro [M03/Hero najeo3os [peicTaB/isiia
coBoit OKpanHy celHMeHTaUHOHHOro Gacceiina, pacnoJsiaraBluerocst Ha Boc-
TOYHOM CcKJOHe TyHrycckoli CHHeK/HM3bl, Tle Lo o6pa3oBaHHe ajIOBH-
aJbHBIX H 03epHBIX ocajakoB. ['1aBHoe pasin4He 3aK/IOYeHO B NaJjieoreo-
rpauyecKux ofCTAHOBKAX, COKHBIIHXCA HA TEPPHTOPHAX CPABHHBAEMBIX
noJied OT MOMEHTa BHeApeHHA KHUMOEpPJHTOBBIX pacnaaBoB (MO3AHHH Je-
BOH — paHHHi KapOoH) Jo Hava/ja No3/JHenaeo30HCKOro ocajkoHakom-
JIeHHsl, T. €. B CPe/HeM MnaJjieo3oe.

Teppuropust AnakuT-MapXHHCKOro nosis Ha NPOTAXKEHHH 3TOro Bpe-
MEHHOI0 HHTepBaja He MoABeprajiach 3HAUHTEIbHOMY 3PO3HOHHOMY cpe-
3y, O 4eM CBHIETeJbCTBYET OTKPbITHE 3]leChb KpaTepHbIX OCAIKOB B HEKO-
TOPHIX KHMGepaHTOBHIX Tpy6Kax (40, 124]. Ilpn HaKonseHHH BepXHena-
Jeo30fcKHX (opMalHi aJMasOHOCHBIH MaTepHasJ MocTynajd Henocpen-
CTBEHHO 3a CcueT pasMbiBa GJHM3KO pacnojioKeHHHX KHMOEepPJHTOB, dYTO
.00YyCNOBHJIO pacnpocTpaHeHHe B AJlakuT-MapXHHCKOM noJie nepBHYHbIX
KOJIJIEKTOPOB a/iMa3a G/uxHero cHoca. [leHynaunonHblii cpe3 KumbepJin-
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ToBbIX TeJ mons, OAHOBPEMEHHbI ¢ HaKOMJIeHHeM BepXHenaneo3oii-
CkuX OTNI0XKeHUHT, 6L He3HAYHTENbHEIM H OCYUIeCTBJAJCS JHIIb HA Ha-
YaJibHOM 3Tane [03/HenaJeo30HCKOro OCAJKOHAKONJIEHHA. ITO HALLIO
€BOE OTpa)ieHHe B He(OJMBIIMX MacluTabaX POCCHIMHON aJMa30HOCTHOCTH.
OcobennocTd naneoreorpaduyeckoii o6CTaHOBKH MpeonpeleNuay — Xa-
paKTep pasMelleHHs OPEOJIOB paccesiHHA MHHEpPaJIOB-CyTHHKOB B BepXHe-
naneo3oHcKHX QopMaunsix. DTH Opeosbl YeTKO JOKaJH30BaHLI, HMEWT
cTpyiuaryio (opMy H N0 HHAHBHIYaldbHBIM MPH3HAaKaM MOTYT ObiTb CBH-
3aHbl ¢ H3BECTHHIMH B palioHe KHMOEPJHTOBBIMH TEJaMH HJIH YKasblBaTh
Ha €lle HeyCTAHOBJEHHbIH KHMOEPJIMTOBBIH HCTOMHHK. B 6GoJBIIHHCTBE
OpPeoJIOB MHHEpaabl-CIyTHHKH ajMa3a XapakTepH3yloTcs XopouleH co-
xpanHoerbio (I u II xnaccer u3noca). IlnnxoBble opeodnl OTIHYANOTCS
COOTHOLIEHHEM NHpONAa H MHKPOM/IbMEHHTa, KPYMHOCTLIO M MOpQoJori-
YeCKHMH OCOOEHHOCTAAMH 3epeH, cTeneHblo HX JApob/eHHsd, MeXaHHYe-
CKOrO H3HOCA H THMNEPreHHOro PacTBOPEHHs, UBETOBBIMH Pa3HOBHAHOC-
TAMH, CTATHCTHYECKHM pacnpefie/ieHHeM oKasartess NpeoMIeHHs nupona,
0co0eHHOCTAIMH XHMHYeckKoro coctaBa. CpeiH pasHOBHAHOCTEH mupola
npeo61afalOT yMepeHHOXPOMHCThIe CPeIHHX TJIyOHH MaHTHH, OGBIYHO
CBfi3aHHLIE C HH3KONPOAYKTHBHBIMH TpyGKamu. OKoJO0 NPOAYKTHBHEIX
TeJl KHMOEDJIHTOB JIOKAJH3YIOTCSI OPEeoJibl BBICOKOXPOMHCTOTO mHpona,
3HAYHTe/JbHOE KOJHYECTBO KOTOPOro OTHOCHTCA K THNY NHpona, Xapak-
TepHOMY ANl AyHHT-rapubyprutoB. Cpeau pasHOBHAHOCTEH HJbMEHHTa
npeeanupyer xpomucras (0,5—3,0 % Cr,Os). XpoMmumnuuenua #HMeeT
wHpokHe Bapuauuu cozepxkanuii CryO, Al,Os; 3TOT MHHEpan «Kypyur-
CKOro» THNa oOHapy:KeH TONBKO B CaMoOil 10:KHON YacTH paiiona (ywac-
ToK Taac-IOpsx). Tak Kak npolyKThl paspylleHHs KHMOEpJHMTOB Haxo-
AATCA B NEPBHYHOM 3ajleraHHH, TO HCMOJb30OBaHHE B STOM IOJEe MHHEpa-
JIOTHYECKHX METOJOB MOHCKOB NYyTeM MPOCJEKHBAHHA NapareHeTHYecKHX
CNyTHHKOB B BepXHenaneo3oHCKHX KoJJeKTopaX BecbMa 3(deKkTHBHO.
OnHo no3BoJsieT noJyyarb NpaMylo HHQOPMAIHIO O CBA3H OPE0JIOB ¢ KOpeH-
HBIMH HCTOYHHKAMH.

JletanbHble HCcslelOBaHHA HHAHKAaTOPHLIX MHHEDAJOB OPeoJIOB B Bep-
XHenaaeo30lcKHX oTaoXKeHHsX ManoGoTyoGHHCKOro noJisi nokKasaau cne-
1IHHYHOCTb XapaKTepa X pasMelleHHs. B 3Tom mose pasBAT nJomanHoi
0,)€0J1, Ha ofleM (POHOBOM COAEPXKAHHH MHHEPaJOB-CIIyTHHKOB KOTODOro
OTMEYaIOTCA JIHUIb OTHeJbHblEe YYACTKH C MOBHILUEHHBIMH HX KOHLEHTpa-
uHaMH. OTIHYHTENBHEIM NPH3HAKOM NapareHeTHYeCKHX CIYTHHKOB aJ-
Ma3a cJyXKHT npeo6jajiaHHe 3epeH cpelHeli H BLICOKOH CTeneHH OKaTaH-
noctu (III u IV knaccw usHoca). g GoJbLUMHCTBA OPeOJOB XapaKTep-
Hbl OTHOCHTeJIbHO KpYyNHEIE 3€pHA nHpona H NHKPOHJLMEHHTa, IIpH
9TOM MHKPOH/BbMEHHTA 3HAYHTeJNbHO GOJblUe, YeM MHpoOna, XOTA BapHa-
LHH COACPaHHH 3THX ABYX MHHEpPaJOB CYLIECTEeHHH Naxe B npejenax
onsoro opeoaa. Ilo mopgonornyeckuM ocoG6eHHOCTAM MHPON H MHKPOHJIb-
MEHHMT KaK B cJyuae (JOHOBOTO COJAEp KaHHs, TdK H B Clyyae yBeJHYeHHS
KOHLEHTpalliii NPHMEPHO OJMHAKOBbl. OTHOCHTELHO LIHPOKO Pacmpoct-
paHeHEl KOpPpPOAHpOBaHHbie sepHa nupona. [IpH JerasbHOM Hecnenosa-
HHH MOBEpXHOCTH HAa MHOTHX 3epHaX NHpONa yCTaHOBJEH JIOKOPPO3HOH-
HEIH M nocnieKoppO3HOHHLIE MexaHuueckuii usHoc. Ha stom ochoBanun
MOXKHO CYMTATbh, YTO NOC/IE paspylleHHsi KHMOEPJIHTOB HHAHKATOPHbIE
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MHHEpanbl ObLIH NepeHeceHEl H OTJIOXKEHbl B IPOMEKYTOUHOM KOJIJ.eK-
TOpe, TAe OHH [OjABeprinch XHMHYecKoil KopposuH. [locie storo npome-
AKYTOUHBI KOJIEKTOpP ObUI PasMBIT, KHM(epJINTOBble MHHepalsl MepeHo-
CHJIHCh BTOPHYHO, cJlelbl Y4ero MpOosABJAJNHCL B YACTHYHOM YHHUTOKEHHH
KOPPO3HOHHBIX CKyJbnTyp. Ha HekoTopoil uacTH KOppoAHpOBaHHBIX 3e-
peH nupona HeT cJel0B HCTHPAHWA, KOTOpble MOrVIH Obl yKasbiBaTh Ha
NOCTKOPPO3HOHHBIH NepeHoc KHMOEPJIHTOBOrO MarepHasa, 103ToMy MOAKHO
CUHTATh, YTO KOPPO3H# MPOH3OLLIA HA MecTe WX 3aXOPOHEHHA, T. €.

B BepXHenaneo3olickHx mopoaax. Buaumo, B BepXHenaneo3oficKHX ope-
oJlaX HM3HOILUEHHOro rpaHaTta 3HauHTeJbHO 0oJiblue, 4YeM 3adHKCHPOBaHO
Mo coOXpaHuBIIHMCs cefaM. XPOMIUIHHEIH]L B OpeoJie BepXHeraseo30H-
CKHX MOpPOA MNpejcTaBJeH KpHCTANIaMH JBYyX THnoB. [lepsmifi THm —
KPH(Ta/NIbl COBEPIUEHHOr0 OKTavJipHYecKoro rabHTyca pasMepoM MeHee
1 mm. Llenbie KpHcTamabl cocTasasiioT okono 5 %, ocranbhble — B TO#H
HJIH MHOH CTeneHH NOBpPexJIeHbl, pe3ko npeobaajalor ockoakH. Csoe-
ofpasHa v Kopposusi MuHepana. Purypsl Tpas/elHs OPeACTaB/sIOT —CO-
Goii IMKHM Ha IpaHsX OKTasJpa ¢ NOJOrHMH GJecTsILMMH cTeHKaMH. MeJ-
KHe OCKOJKH XPOMUIMHHEIHAA 10J] OHHOKYJSPOM TPYAHO OTJIHYHTL OT
NHKPOHJIbMEHHTA.

Btopoit Mopdosoriyeckiii THI XpOMLIITHHENHLA XapaKTepH3yeTces, Kak
npasuio, 6osee kpynubiMu (0,5—2,0 MM) KpHCTa/IaMH OKTasgpHyYecKOro
rabnTyca, HepeiKo OCJOKHEHHOIO MHOKECTBOM BHIHHANLHLIX TpaHeii.
Pa npocTpaHeHbl HeNpaBH/JIbHbIE MHOTOTPAHHHKH, OBaJIbHbIE 3€pHA H HX
00, OMKH,

[Tepewit THN XpoMiunuHennpaa, HasBanuuid B, Tl. AdaHackeBniM
KypyHeckud, He OOHapy»KeH B KHMOEPJHTAaX H3BECTHLIX TPYOOK H JKHJI
paiioHa, TOTJa Kak BTODOH THNHYEH NMPaKTHYECKH JIA Bcex Tea KHmbep-
JIHTOB He ToJbKO ManoGoTyoGHHCKOro, HO H APYrHX KHMOEPJIHTOBBIX
paloHOB.

Cpenuee copep:xkanue Cr,O; B nupone oTaenbHbIX npol BepxHenase-
0301CKHX oTioxeRrHd Koaebaetca or 3,6 mo 4,7 %. HauGoaee Boicoxas
cpenuss xpomucroth nupona (4,6—4,7 % Cr,0,) ycraHoBiaeHa B opeo-
Jnax u3 ceBepHOH uvactH Mamoboryobunckoro moas. ITo cpennemy  co-
nepxanuio CryO3 1 CaO pasHOBHAHOCTH IMHPONA PasHbIX YYacTKOB LIIH-
XOBOTO OpeoJia B GOJIBUIMHCTBE OTJIMYAIOTCA HECYLIeCTBEHHO, XOTS B He-
KOTOpHIX Npo0ax OTKJOHEHHe B COJEpKaHHH 3THX OKCHIOB OLLYTHMO.
KonuyecTBo rpanaTta H3 BepJIHTOB B OpeoJie HHie, YeM B KHMOEPJIHTOBBIX
TpyOkax Ne |, «/launasn», um. XXIII cresga KIICC. To ke oTHOCHTCH K
rpaHary a/jMasHoil accouHauuu. B TpyGkax «Mup» u «CoyTHHE» 3TH
foKa3aTesii MpHMEPHO OJHHAKOBHL ¢ HX OpeoJiaMH, a B TpyOKe ¢AMaKuH-
CKad» OHH 3HauHTenbHO HHxke. CojeprkaHMe rpaHaTra ajMasHoil accoill-
auku B npo6ax M3 pasHbIX yuacTKoB BapbHpyeT oT 2,1 1o 6,8 %.

[To cpentinm copepaxkanusam Cr,Oy, Al,O4, MgO, TiO,, a Takxke no xa-
pPaKTepy HX pacnpejiesieHHs PasHOBHAHOCTH XDOMILUNHHENHIA B OpeoJie
6nu3ku. He ycTanoBieHO TakiKe CYILECTBEHHBIX OTJIMYHH B COflepxa-
HHAX NepeyHC/NeHHbIX OKCHIOB B XPOMLUNHHENHAE U3 pPa3sHOBO3PACTHBIX
OTIIOXEHHH opeosa. XPOMIUNMHENH] KYPYHICKOTO THNA OTJIHYaeTcs OT
XPOMILNHHENa H3 KHMOEPJIUTOB BLICOKOH cpejHell XpoMHCTOCThIO (56,5—
59,9 % Cr,O,) 1 GO/IbLIHM KOJHYECTBOM 3€PEH STOr0 MHHEpajaa H3 aaMas-
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Hoit acconnanun (26—29 % nporus 12 % u nmxke). Kpome toro, ans xpo-
MHTa KYPYHICKOro THHa XapakTepHo HH3Koe conepxanue TiO, (0,03—
0,22 %).

B nocneanne roasl opeos pacnpocTpaHeHHs KYPYHICKOTNO XPOMIIMH-
HEJNHId CHJAbHO paclUHpHACA: 3TOT MHHepasn oOHapyxeH B OacceifHax
pex Youwl, TyHryccku, B BepxoBbsx p. Bumoi. Ecan Ha nepBeiX nopax
JlaHHasl PasHOBHAHOCTb XPOMINNHHEIH1a OTMEYalach B OCHOBHOM B Mpe-
Jienax opeoJioB, 00pa3oBaHHBIX MHPONOM, MHKPOHJIbMEHHTOM, OOBIUHBIM
XPOMHTOM, TO Terepb BO MHOTHX MYHKTaX BMeCTe C HHM APYTHX MHHEpa-
JIOB KHMOepauTOB He o6Hapyxeno. Takum oGpasoM, oGIIMpHas LIHXO-
Basi aHOMaHAd PpacnpocTpaHeHHs XPOMIUMHHENAHAa KYPYHICKOTrO THINa
ocTaercs 1M0Ka 3arajkod.

CocTaB NHKPOHJIBMEHHTZ A3 BEepXHeNaseo30HCKHX OpPeosioB BapbHPY-
eT cymectBenHo: 42,7—47,1 % TiO,; 0,2—1,2 % Cr,04; 6,2—8,3 %
MgO. ¥YuukanbHOH 0COGEHHOCTbIO MHOTHX 3€peH MHKDOHJILMEHHTa W3
opeosia siBJAsioTcs (eppHMarHHTHBIe cBoHcTBa MuHepaaa. KoanuecTso
(eppHMaruuTHOrO HJbMEHMTa B opeoJiax BapbupyeT oT 20,4 mo 32,6 %
Bced BbiOOpKH. OH XapakTepuayeTcsi BRICOKOH cpelHell  XPOMHCTOCTbIO
(1,44—3,0 % Cr,0,), nuskum copepxanuem TiO, (32,5—39,8 %) u MgO
(3,2—6,4 %). PeppuMarHUTHLIA HAbBMEHHT B OpeoJaX APYrHX KuMOGep-
JHUTOBHIX PalOHOB H noJiel Moka He oGHapyeH.

B ManoGotyofuHCKOM noJie H3BECTHHI OpPeQJibl MHHepanoe KuMbep-
JIATOB B BePXHENa/eo30iCKHX MOpoJax C IIHPOKHM pacnpocTpaHeHHeM
NHpONa MPH NOJHOM OTCYTCTBHH MJIH O4YeHb PeIKHX HAXOJKaX MHKDPOHJb-
MeHHTa. BMecTe ¢ nuponom Berpeuaercs anmas. MuHepanbl KHMOEpaHTOB
HJleaNbHO OKATaHHbI, [HPON — B BHJE ILIAPHKOB HJH 3JJIHICOMIOB, :€p-
Ha TpanyJoMeTpHYecKH oTcopTHpoBanbl, pasmepnl (0,5—I1,5 mm). Cpe-
JH PpasHOBHAHOCTeHl mnupona pe3ko mnpeobaanaer (HONETOBO-KpacHasl.
B JIploKyHaxcKOM opeoJie MOBHILIEHO KOJHYECTBO 3epeH MHpona B BHIE
KyOOHAOB H C APYTHMH CKYJBbNTYPHBIMH (hopMaMH KOpPpPO3HH Ha moBep-
XHOCTH. XapaKTep KOPPO3HOHHBIX CKYJBNTYD CBHIETENbCTBYET O TOM,
4YTO KOPPO3HA MHMHepaia I[pejlliecTBOBaNa MeXaHHYeCcKOMY H3HOCYy 3e-
pet. ITocne nepeHoca nupon cHOBa MOABeprcs KOPPO3HH, HA YTO yKa-
3LIBAET OTHOCHTEJLHO TOHKHH OpHAMEHT BTODHYHBIX CKYJBNTYpP Ha M3-
MeHeHHO#H MoBepXHOCTH GOJIBIIHHCTBA 3epeH 3Toro muHepana. [ns ope-
oJla XapaKTepHO [OBHILIEHHOE COJAEPIKAaHHE TpaHaTa aaMasHOH AaccOllH-
awnn (7,2 %). Anmas, conpoBOXKIAIOUWIKA MHPON B IaHHOM OpeoJe, TaKiKe
N0/IBepKeH CHJABHOMY MeXaHW4YecKOMY H3Hocy. XoTs MHHepasbl KHMGep-
JIATOB 1aHHOTO OpeoJia HaXOAATCS B CPeAHEKaMEHHOYTOJbHEIX OTJI0XKEeHHsIX
KOHTHHEHTAJBHOIO [POHMCXOXK/EHHA, HECOMHEHHO, 4YTO 10 STOr0 OHH
NPOINIH UHKJ NPHOPERHO-MOPCKON CeIHMEHTALHH.

[lnomanHoii XxapakTep pacnpocTpaHeHHA MPOAYKTOB pa3pylleHHs KHM-
GepJIMTOB B BepXHENaieo30HCKHX oTyoxenusaXx ManoGoryobuHCKOro paii-
OHa npejonpejeNieH ToH poJiblo, KOTOPYIO ChIrpaj] HHKHEKaMEHHOYTOJb-
HBIH NPOMEXYTOYHHIH MCTOYHHK a/nMasa, HMMEBIIHH Takike MJOmagHoe
pasBuTHe. Cne/ibl 3HAYHTEJLHONO MEXaHHYeCKOro H3Hoca Ha GoJblueil
YacTH MHHEpaJOB-CNYTHHKOB B OpE€OJe paccesiHHs OTPaXKaioT, rJIaBHBIM
0o0pa3oM, Bo3JeiicTBHE Ha HUX cpejlbl (OPMHPOBAHWS TPH HAKONJEHHH
HHXKHEKaMeHHOYTOJIbHOTO NPOMEKYTOYHOrO KOJIJIEKTOpa,
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PackpbiTiie mpuHpPOAB OpPEOJIOB paccesiHHA a/Ma3oHOCHOro MarepHana
NNo3BOJIAET clesaTh BLIBOJ O TOM, 4YTO B Bepxuenaneo;mﬁcrmx OTJIOXKEHHAX
ManoGoryo6uHcKkoro paioHa NPOAYKTHE paspylleHHs KHMmOGep/JHTOB Ha-
XONATCA MNPeHMYyIecTBeHHO BO BTOPHUHOM 3aleraHuH, 4TO 3HAYHTEJbHO
OUI0XKHAET NOHCKH IIOI‘peﬁEHHbIX aJIMasHbIX MECTOpO)KI[EHHﬁ no MHHEpa-
JOrHYeCKHM KPHTEPHAM.

Heo6Xo1uM0O OTMETHTB, YTO POJb MPOMEXKYTOYHOTO HCTOYHHKA anMa-
3a OTpasuJiack He TOJbKO HA aJMa3s0HOCHOCTH BepXHenaseo30HcKHX OT/0-
}KEHHﬁ, HO M Ha Maciutabax pOCCbIﬂHOﬁ aJMa30HOCHOCTH p:-)T-ﬂJ]HHCﬁElKC-
KHX OTNOXeHHH HpEJIHXCKOﬁ CBHTHI. I'la.neoreor‘paclml{ecxue 0COBEHHOCTH
pasBHTHA TepPPHTOPHH LEeHTpasdbHOH dacTH Mano6oTyoGHHCKOrO pakoHa
TaKCsbl, 4YTO Ha 3TOH nJjowazd Ha MNOpoOTAXKEeHHH CpeAHero H NO3IOHEro
naneo3os, a Takxe p3Ta W naxHcGaxa, Korja o0pasoBEIBAJHCh POCCHINH,
MPOHCXOAHJIO cOBMellleHHe B MPOCTPAHCTBE KPaeBbIX 30H TpeX pasHOBO3-
pPAacTHbIX aKKYMyJATHBHBIX OGaccedHOB, pacnojaraslliHXCs HelalneKo OT
ManoGoryobuHckoro nonsi. B par-ninHcGaxckoe BpemMs B OCauKkH Hpe-
JIIXCKO# CBHTHI MepPeoTJIOKHJCSH aNMa3oHOCHHIH matepHan 6asalbHbIX
CJI0eB HHXKHEKaMeHHOYTOJbHOTO KOMJIEeKTOpa, COXPAHHBLIMXCA OT JoMe-
3030fickoro pasmeiBa. OnHako, HeCMOTPS Ha MEPEOTIOKEHHBIH  Xapak-
Tep 2aMeTHOro KoOJHYecTBa MHHepaJ/ioB KHMﬁepJIHTOB pBT-l‘[J‘IHHCﬁaXCKHX
OpeoJIoB, cTeneHb WX MeXanuyecKod 06paboTkH B GOJNBUIMHCTBE CJy4aes
HeaHauyuTenbHass. Cpeid H3y4YeHHBIX OpPEOJIOB JaHHOTO BO3pacTa Bhlje-
JIEHO JIBa THNa: B OJHOM CHJbHO KODPPOAHMPOBaH MHpon H c¢aabo Kop-
pPOAHPOBAH MHKPOHJBMEHHT, B IpyroM ciabo KOppPOAMpPOBAaHEI 00a MH-
HepaJaa.

Oxosio Tpy6KH «Mup» pasBHT opeon nepeoro Tuna. Pacnpenenenue
MHHepa/JoB KHMOepJHMTOB B OpeoJie HepaBHOMepHoe, mpeobJanaeT MHKpo-
uabMeHHT. MopdoJsorus ero 3epeH npejonpejeneHa B OCHOBHOM KpaTKo-
BpeMeHHBIM HX nepeHocoM Ha Gau3Koe paccrosiHue. CylllecTBeHHOE BJIH-
siHMe Ha (OpMy 3epeH NHPOMNA OKas3aJ0 HHTEHCHBHOE HMX pacTBOpeHHe B
runepreHHbIX ycaoBusXx. HauGonee wmpoko (okomo 50 % sepen) pac-
NpocTpaHeHbl MOBEPXHOCTH ¢ TPHXHTHYECKHMH MYCTOTaMH, 4acTo Habuiio-
JlaloTes KaBepHBI (ryGuaTthléi THN moBepXHocTH). [Io AaHHBIM  MHKpPO30OH-
JIOBOr0 aHanu3a, B IOPCKHX opeojax OJHMKaHIlero nepesoca, CBA3aHHBIX
¢ pasMbiBoM TpyGok «Mup» u «CnyTHHK», YBeJIHUHBAETCsl KOJHYECTBO
BLICOKOXPOMHCTOrO rpaHara Mo CpaBHEHHIO C KHMﬁepJIHTaMH prﬁOK.
XHMHYecKas KOPPO3HA 3aTpPOHyJa M NHKpouabmeHHT. [loBepXHOCTb ero
3epeH Kak OBl CaxHCTasi, CKOJIbI NOTYCKHEBIIHE, BCTPEUAKTCHA PhIXJble
3epHa ¢ MOHHMEHHbIMH MHKPOTBEPAOCTBIO H IJIOTHOCTBIO.

Oxono Tpy6ku Ne | M B IOPCKHX OT/IONKEHHAX JOKAJH30BaH Opeos
MHHepaJioB KuMGepsiuToB BToporo THna., Conocrap/eHHe MHEepasos-
CIIYTHHKOB aJiMasa H3 prﬁKH H OpeoJia rosBOJIHJIO BbISIBUTH HX CXOACTBO
H pasanuns [124].

1.vB prﬁKe H OpeoJie OAHH MOPAAOK COOTHOLUEHHs! MHPON — MHKpO-
HUabMeHHT — XpoMHT. OIHako B opeojie J0Jist MHKPOHJIbMEHHTA 3HAYH-
TeJIbHO BbIlle, 4YeM B KOpPEHHOM HCTOYHHKE.

2. Bce uBeToBble pa3sHOBHAHOCTH MHPONA, YCTAHOBJEHHLIE B KOPEHHOM
HCTOUHHKE, MOBTOPAIOTCS H B OpeoJie; oOHapyiKeH Jake 3eJIeHblH rpaHar
NUPOIN-YBaPOBHTOBOIO COCTABA, He HalijeHublil B ApyruX opeoax paioHa.
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3. B opeosie yBeHYHBAETCH KOJHYECTBO PasapoOJeHHBIX 3€peH TH-
pona W NHKPOHJbMEHHTa; CJEJOB HCTHPAHHA Ha MOBEPXHOCTH 3€peH
He 00GHapyeHO; OYeHb PellKH 3epHa MHPOINa C KOPpPOAHPOBAHHOI NoBepX-
HOCTBIO.

4. B opeose BcTpeyaloTes ¢1a60 YCTOHYHBBIE MHHEpAJbl KMMOEPJIHTOB:
XPOMIHOICH, AHOMCHA H (JIOrOmuT.

5. HHTepeceH (aKT HaXoXKjaeHHsi B JaHHOM opeose okoso 6 % npo-
TPaBJIEHHHIX KDPHCTAMJIOB anMasa. B TpyGke moioGHBI aima3 upesBhl-
4alHHO DeNOK M NPHYpOuYeH K caMoii ee BepXHeH 4acTH, MPAaKTHYECKH K
IpeBHeMy, norpeGeHHOMY O] OTVIOXKEHHAMH MIHHCOAXCKOro spyca 3Jio-
BHIO KHMOepauToB. [lo JaHHBIM JeTajbHBEIX HCCJeNOBaHuii, TpaBJieHHe
NPOHCXOJAHJMIO H36GHpATeNbHO H MpelJe BCero 3aTparHeano HaHMmeHee
coBepIleHHble WHAHBHAL. TpaBjeHHe ajiMa3a CBF3BIBAIOT C BO3AEHCTBHEM
Ha HHX THAPOTEPM TPaNMIOBOH MArMel, MOPOAbl KOTOPOH B NPOLUJIOM CIJIOLL-
HBIM YeXJIoM nepekpbiBann Tpy6ky [12].

[To craTHcTHYecKHM napameTpaM M XapakTepy pacnpeieseHHsi co-
JepxaHHi OKCHIOB MHPON H XPOMILUMHHEAH] opeosia BecbMa OJH3KH K
3THM MHHepanam TPy6kH Ne 1. D10 He ocTaBjsieT COMHEHHS B TOM, YTO
IaBHBIM (€CJAH He eNUHCTBEHHBIM) HCTOYHHKOM KHMOEpJHTOBOTO Mare-
pHana sBjsieTcs HasBanHas TpyOKa. IlpaBaa, B opeose Habmonactcs
HE3HAYHTE/IPHOE MOBBIIEHHE COAEPKAHHA MNHpONA AJAMasHOH accOUHZLHH
1o cpaBHeHHIO ¢ TPyOKo# (8,6 % B Tpy6ke u 10,5 % B poccrinu), 06yciioB-
JIeHHOe, MO Bceil BepOATHOCTH, YHHUTOXKeHHeM (pPacTBOpeHHeM) HeKOTOpoH
YacTH MaJOXPOMHCTOTO MHpOMa B THOEPreHHbIX YCIOBHAX.

YuuteiBasi cnabyio MeXxaHHYeCcKyio o0paGoTKy GOJbLIMHCTBA MHHepa-
JIOB KHMOEpPJIHTOB H3 OPeoJIOB PIT-MJAHHCOAXCKOro BO3pacTa, BhHICOKHE
HX KOHLEHTPalHH HeJaJeKO OT KOPEeHHBIX HCTOYHHKOB, MOXHO YTBep-
JKI4Th, 4TO MHHEpa/bl KMMOEDJHTOB He MpEeTepIeNH 1ajeKoro nepeHoca.
JlonosHHTENIbHBIM MOATBEPHKAEHHEM 3TOMY CJAYKHT YCTaHOBJAEHHE Ccpe-
JH NepeoTJIOKeHHOro KHMOepJHTOBOrO MarepHaja NepBHYHBIX MOTOKOB
paccesiHUA HHAMKATOPHLIX MHHepa/oB KHMOEPJHTOB, a Takike 0GJIOMKOB
NocJIeIHHX B IOPCKOM opeoJie oKoJio TpyOoKu «Mup» [124]. FOpckue opeodst
nosis oObl4HO AH(depeHIHPOBAHbl, HHIAHKATOPHBIE MHHEpPAJbl MNpPaKTH-
YeCKH KaxKJOro Opeosia OT/IHYAloTCA XHMHUYECKHM COCTaBOM H (H3Hue-
CKHMH CBOHCTBAMH H MOJHOCTbIO KOMHPYIOT HJH OYeHb HAMOMHHAIOT 3TH
MHHEpanbl H3 KOHKDETHBIX KOPEeHHLIX HCTOYHHKOB. Pasnuuua Mexay
HHAMKATOPHBIMH MHHepaJiaMH KOPEeHHOro HCTOYHHKAa M opeoJia IOPCKOTro
BO3pacTa CYLUIeCTBEHHB TOJMbKO TOTJa, KOTAa OpeoJ pacrnojaraercs — ja-
JIEKO OT KOPEHHOI'0 MCTOYHHKA (MPOHCXOAMT AH(xpepeHIHAUHS MHHEpPAJIOB
N0 rpaHyJIOMeTPHH H MJOTHOCTH) HJIH ecJIH NHPON B OpeoJie MOJABeprca
3HAYMTENbHOH XHMHYECKOH KODPO3HH, B pe3yJbTaTe Yero npoH3OLLI0
VHUYTOKEHHE YAaCTHYHO MJIH [OJHOCTBIO HHU3KOXPOMHCTBIX pasHOCTeH
3TOro MHHepaJa.

Ananus ycaoBHH (OpPMHPOBaHHA BepXHENANeO030HCKHX  KOJJEKTo-
pOB anMasa M XapakTepa pasMelleHHsi B HHX NPOAYKTOB paspyuieHHs
KHMGepauToB nokasaJ, 4to B ManoGoTyoGuHCKOM nosie HanGosee cloxHast
MOMCKOBAas CHTYallHsi. DTO BbI3BAHO INHPOKHM pacrnpocTpaHeHHeM aaMaso-
HOCHOTO MaTepHasa, HaXo[AlEerocs B MPOAYKTHBHBIX TOPH30HTAX 3TOro
noJisi BO BTOPHYHOM 3ajeranud. Kpome Toro, BbISbIBAeT 3aTpPyAHEHHS H
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TO, UTO MOMCKH norpeGenHbIX KOPeHHBIX HCTOYHHKOB alMa3oB Be1yTcs Ha
TeX IJOlaAAX, Ha KOTOPbIX B [03JIHEM IraJle030e I'OClOUCTBOBAN PeKHM
akkymyJasiuud, OcoGoe 3HaueHHe B NOAOOGHBIX YCAOBHSX npHOOpeTaioT
KpynHomacmraGHEle nasneoreorpaduueckie PeKOHCTPYKIHH A/ BblAB/Ie-
HHA JIOKAJBHLIX YYaCcTKOB JeHYyJallM¥ H BOCCTaHOBJIEHHS HamnpapbJeHH:A
nepeHoca ajJMasoHOCHOTO MaTepHala, a TakXe THIH3alMs OpPeoJoB pac-
cesiHHs MHHEPAJOB-CIYTHHKOB alMasa H BhJeNeHHe CPejH HHX MHHepa-
JIOB XOpolleil COXPaHHOCTH, OTJIHYAKLIHXCA THINOMOP(PHIMOM OT MHHepa-
JIOB M3 M3BECTHLIX B pakHoHe KHMOEpJHTOBBIX Tel.

B AmnaGap-Ousenexckoll o6sacTH B LNIHXaX npeo6a1ajaloT MHPOIN-
MHKPOWJIBMEHHTOBasi H NUKPOHJbMEHHTOBas accouHanui. CyluecTBeHHO
NUKPOHJBMEHHTOBAS accoliiallisi MHHEpPaJioB-CIYTHHKOB ajliMasa NpHypo-
yeHa K MOJAM pasBHTHA KHMOGEpJIHTOB, TOTJa KaK CMelIAaHHAas pasBHTa
Ha HEKOTOPOM yJlasieHHH oT HHX. [lMponoBas accounauus BcTpedaetcs Ha
OTpaHHYeHHOIl TEPPHTOPHH H 3HAYHTENBHO YlajeHa OT H3BECTHBIX KHM-
Oep/IHTOBLIX Tesl. B 3Tol obacTi MHPOKO pacnpocTpaneHsl POMeRYTou-
Hble KOJIJIEKTOPE MHHEpPasJoB KHMOEPJHTOB, NPHYPOYEHHBIE K PasHo-
BO3pacTHbIM oTJokeHHAM. HauGonee ApeBHHMH Ocalo4HBLIMH NOPOAAMH,
COepIKAILHMH MHHEpaJbl-CIIYTHHKH anMasa, ABJAIOTC HHKHeKeMOpHil-
CKHe KOHrJioMepaThl HH3oBbeB pek Jlena H Beenunme [138]. Munepaini
KHMOEepJIHTOB OOHapYIKeHHl TaKKe B TYPHeHCKHX OT/oxeHHAX KioTioHr-
auHCKoro rpaGena (84, 1071, B nepmckuX, pa3BuTHX no nmepupepun Ome-
HeKcKoro H Jbessixckoro noxusitiii [138], B TpHacoBbiX, pacnpocTpaHen-
HbIX Ha CeBepo-BOCTOYHOH nepHpepHH njaThopMbl B npenenax y3KoH no-
JIOCHl CMSATHIX B CKJIaAXH NMOPOJ OT HH30BbeR p. JleHa no Bocrounoro Taii-
meipa [2, 66]. lllupokoe pacnpocTpaHeHHe HMEIOT OpeoJbl MHHepasoB
KHMOEDJIHTOB B IOPCKHX OT/IoeHHsiX B llpuienbe, riae oHH cocpenoto-
yeHbl B KOHIJIOMepaTax MJIMHCOAXCKOrO, KeJVIOBEHCKOTO M PaHHEBOJIM-
ckoro Boapacta [82, 138]. EnuHnuHbIe HaxXoAKH MHHepaNoB KHMGepJii-
TOB M3BeCTHEI B MeJIOBbIX H HEOTe€HOBHIX OT/IoxeHHAX. UYeTBepTHuHBbIE
OT/IOKEHHsI Ha ceBepe NPOBHHUHH I10BCEMECTHO COLEpPHKAT MHHepaJbl
Kumbepantos [138].

[Tupon u3 HHKHeKeMOPHHCKHX OTJIOKEHHH XapaKTepHayeTcst HIHPOKH-
M Bapuaunamu cogepxanusa CryO; (0,20—11 %), CaO (4—7,5 %) u
FeO (5,7—12,3 %). KonuyecTBo 3epeH sToro MHHepaja ajMmasHOH acco-
IIHAIHH MaJo, BCTPEYEHO BCEro JHIIbL TPH 3epHA, NpPHYEM JBa H3 HHX,
[0-BHJIMMOMY, NPEACTaBASIOT cOO0H OCKOJKH OIHOTO 3epHA. X pPOMIIMH-
HeJHJa OTHOCHTE/IBHO Maso, HO BapHaluu ero cocraBa Beanku. Conepixa-
HHE BBLICOKOXPOMHCTBIX Pa3sHOBHAHOCTEH aJMa3HOH accolHalHH cocTas-
JisieT JiecAThe JONH npoleHTa. KonnuecTBO MAbBMEHHTa H3 KHMOepJiHTa
Take HH3Koe. TakuMm o6Gpas3oMm, XapakTepHOH OCOOEHHOCTBHIO HIIHXOBOI
4ccOLMAllMH  MHHEpaJoB KHMOepJauTOB KeMODHHCKHX KOJJIEeKTOPOB siB-
JseTcs: a) HH3KOoe cojlepr<anne XpOMHTAa M HJIbMeHHTa; ) HH3KOe conep-
JKaHHe MHHepasioB aJMasHoii accolMamHH.

WMuaukaTopHble MHHepaJjbl KHMGEPJIHTOB B paHHEKaMeHHOYTOJbHBIX
opeosiaXx HMEIOT crnelH(HyeckHe 0cOOEHHOCTH, KOTOPBIMH OTJIHYAIOTCA OT
3THX MHHEpAJOB H3 JAPYTHX OPeoJioB H KOPEHHHX HCTOYHHKOB AHabap-
OuneHexkcko# obnacTu: 1) cpeau KpHCTannoB anMasa npeob/ajaioT niaocko-
rpaHHble OKTa3/phbl, CXOLHbIe ¢ TakoBbIMH MasmoGoTyoGHHCKOro paiiona;
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2) cpeau MHHEPaJIOB-CNIYTHHKOB ajiMmasa cyIlecTBeHHO OoJsblie nupona,
JUIst KOTOPOro XapakTepHO MOBLILIEHHOE KoJHuecTso (=~ 4 %) 3eped an-
MasHO# accolHalHH (LYHHT-rapubyprHThl), BbiCOKOe cojepanue Oora-
ThiX XpOMOM pasHoBHaHocredt (37,6 % 3epen nupona cogepkuT Gojee
5 % Cr,0;), BbicoKas cpeaHss xpomucrocts (4,28 % Cr,O,) [107). D1u
XapaKTepHCTHKH CBHAETEJLCTBYIOT O CXOACTBE MHHEPasoB KHMOEPJHTOB
H3 HHKHEKAMEHHOYro/ibHLIX oTnoxenuil KioTionranHckoro rpaGeHa c
nonoGHBIMH MHHepalaMu KumGepauros Bumwofickoit obaacti. Hanuuue
HOYTH HCKJIOUHTENbHO NUPONOBOH accolHalMi MHHEpPaIoB KUMOEPJIHTOB,
CBHIETeNIbCTBYIOMEH 0 IyOOKOH HX COPTHPOBKE [0 [JIOTHOCTH, BhlAEp-
#aHHOCTh TPAHyJIOMeTpHUCCKOll XapaKTepHCTHKH, XOpoliash OKaTaHHOCThb
MaTepHana YKasblBalOT Ha NpPHOPEKHO-MOPCKHE YCJAOBHA  3aXOPOHEHHS.
[Ipu3snakoB rumepreHHOro pacTBOPEHHs Yy MHPONa He ycraHosieHo [2].

Haxonox MuHepanoB KHMOEPJHTOB B NEPMCKHX OTJIOKEHHAX ceBepHO
yacTH SIKyTCKO# MPOBHHUMH HeMHOro. B rpaHaTax M3 nmepMCKHX OT/IOMKe-
HHI MOJIOAHHCKOrO NoJisA IIHPOKO BapbHpYIOT cojepxanusa Cr,0, (0,6—
7,0 %) u FeO (6—12 %), cpeau HMX HET PasHOBHIAHOCTH H3 aJMAa3HOH
accouuaunu. HMabvenur copepxur 7—I12 % MgO; 44—52 % TiO,; 0—
4,5 % (cpenuee 0,94 %) Cr,O,. B nepmcKHX OT/IONKEHHSIX Ha Bojopasiese
pek 3bensix — Yka 0OHApy’KeHO MNOBBILIEHHOE KOJHYECTBO BLICOKO-
XpoMHcToro Xxpomuunuuenuga, B 25 % kortoporo comepxanue Cr,O, BbI-
we 62 %; B cocrase Takux sepen npaktuyecku Her TiO,. Crnenosatesnbro,
HX MOXHO OTHOCHTb K ajIMasHoH accouHaunH. BosmoxHO, OHH aHanoruuy-
HBl XPOMIINHHEJIHIY «KYPYHICKOro» THMA, LIHPOKO pPacnpoCTpaHEHHOMY
B xKHOH uactH Bumofickoit oGnactu. Kak u3BecTHO, XpOMIINMHHETHI
«KYPYHICKOrO» THIA HMeeT clelH(HYecKyio Mop}oJoriio, OAHAKO 3TOT
MHHEpaJ H3 [epMCKHX OTJOMeHHH 30essXcKo-Y [XKHHCKOro BOJOpas-
Jlesla MOJ TAKHM YIJIOM 3peHusi He uayuancs. TakuMm ofpasoM, HHAHKA-
TOpHbIE MHHEpa/Ll KHMOED/IHTOB H3 MepMCKHX OT/IOXKeHHH ceBepa SIKy1-
CKO#l MPOBHHLIHH XapaKTepPH3YIOTCSA OTHOCHTEIbHO PeAKOkH BCTPEuaeMOCTbhIO,
OTCYTCTBHEM I'paHaTa aJIMa3HOH accolMalHH M BbICOKOXPOMHCTHIM COCTa-
BOM XPOMILUNHHEIH/A.

OpHrHHANbHL HHAHKATOPHLIE MHHEpPAJIbl KHMGEDPJIHTOB B TPHACOBBIX
OTJIOEHHAX CEBepO-BOCTOYHOH OKPAHHBI NMPOBHHIHH, NPHYpOYeHHblE K
0asa/bHOMY I'OpPHM3OHTY KapHHIickoro sipyca. [IpoayKTHBHBI nJjiacT Mou-
Hocteio 0,1—0,6 M ¢ MHHepanaMH KHMOEpPJIHTOB NMPOTATHBAETCA BJOJb
Jlencko-Anabapckoro u uyactHuHO [IpHBEpXOAHCKOTO KpaeBbiX NPOrubos
Ha paccrosnue Gosee 1000 kM. st npoayKTHBHBIX KOHIJIOMEPATOB Kap-
HHHCKOro fipyca NpHCyllia NUpon-XpOMHTOBAA accounauus. XapakrepHasn
0CcOOEHHOCTb MHpONA H3 TPHACOBOTO KOJJIEKTOpA — NOBCEMECTHOE pas-
BHTHE NMHPAMHIANbHO-YEPENHTYaTOr0 KOPPO3HOHHOTO penbeda, cGopMHpo-
BaHHOTO MO TPE/BapUTEJbHO MeXaHHYeCKH H3HOLIeHHbIM 3epHaM. CkyJib-
HTYpBl HA 3epHaX NMHPONA HMEIT HIEAlbHYIO COXPAHHOCTb. JTO M03BOJS-
€T CUHTaTh, YTO OHH CcOPMHPOBANHCHL HA MecTe B TPHACOBOM KOJJIEKTOpe
nociae ornoxenus nupona. [lpouecc obpasoBanHsi CKYJbOTYP MOXKHO
0XapaKTepu30BaTh KaK BHYTPHCJOHHOE PacTBOPeHHE B YCIOBHSIX Haua/b-
HOTO SMHreHesa.

Mayuenne cocTaBa MHOTHX COTeH 3epeH MHPOMNa H3 KapHHHCKOro KoJ-
JIEKTOpA M0Ka3a/l0, YTO 3TH OTJIOKEHHS MOBCEMECTHO COJEepKAT XPOMHCThIe
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Puc. 39. OcofenHocTH cocTaBa NHpoNa H3 TPHACOBHIX OTJIOMEHHE ceBepo-
BOCTOYHON OKpanuhl Ana6ap-Osenekckoit oGracth:
a — xp. INponunmespa; 6 — yctee p, Onerexk; & — p. KeHpeilker '

PAa3HOBHIHOCTH 3TOTO MHHEpaaa C IMHPOKO BAPBHPYIOUIHM COIEpPKaHHEM
Cr,O4 (ot 0,2 1o 10 %). KoauvecTBo nupona M3 aaMasHoil accouHailiin
B 0OfLIeM HeBeJHKO, XOTH Ha OTJeJbHbIX ydHacTKaX M BO3pacTaer 10 nep-
BblX npouentos (puc. 39). XapakTepHO, YTO XPOMHCTHIH MUPON B He-
CKOJIBKHX TOYKax onpoGosaHusi (BoctoyHoe Kpbwio xp. Tyopa-Cuc) con-
DOBOXJAETCsl 3aMeTHLIMH KOHLEHTPALHAMH XDPOMIHONCHAA, B KOTOPOM
conepxurtcs ot 0,50 no 3,97 % Cr,0;. Pasnuune coctaBa accomualmi
MHHEpaNoB KHMGEPJHTOB B PasHBIX NYHKTaX onpoGoBaHHs TPHACOBLIX
OT/IOXKEHHH CBHJAETeJbCTBYEeT O MHOMECTBEHHOCTH HX KOpPEHHBIX HCTOY-
HHIKOB.

MuHepasbl-cCnyTHHKH a/Masa H3 IOPCKHX OTJIOXKEeHHH H3yyeHHl OT-
HOCHTeNbHO Xopowo. OHH NpeicTaBJeHbl MHPONOM, HILMEHHTOM, XPOMH-
ToM; Tpeo6najaer, Kak NpaBHJO, NMHKPOHJILMEHHT, XOTS KOHLEHTpalii
nupona Hepeako 3HauHTeNbHbl. PacnpocTpanena ymepenHoXpoMucTas pas-
HOBHAHOCTb MHpona, cpeaHee copepxanue Cr,Op komeGnerca or 2,07
10 3,84 %. IMupon M3 AYHHUT-rapu6ypruToB OTMEYaeTCs He BO Beex npofax,
ero cosmepxanue He npesbiiaer 1—2 %. B mukpounbmenure TiO, coctas-
asier 48—54 %, Cr,0, — 0,01—3,86 % (cpennee 0,28—0,74 %). Ilna
XPOMLUIMHHEANAA XapaKTepHbl NOHHKeHHBIe XpoMUcToCcTb (32—47 % Cr,0,)
H rauHozemucrocts (6—16 % ALO,): pasHoBuaHoCTh M3 anmasHoi acco-
IHAlUMKY CPEeAM NPOaHANH3HPOBAHHBIX 3epeH He BCTpeyeHa.

CrekTp cocTaBa HHIHKATOPHBIX MHHepasloB KHMOEpJHTOB B 4YeTBep-
THYHBIX OT/JIOKEHHSX Ha ceBepe SIKYTCKOH NPOBHHUMH OTHOCHTEIbLHO
mipokui. Pesko npeo6iajaer rpaHaT H3 JIEPUOJHTOB ¢ YMEpeHHOH Xpo-
MHCTOCTBIO, OTHOCAIIUXCA K CpeJHHM IryOHHaM BepxHel MaHTHH. HMckmio-
yeHHe COCTABJSET MOBLILIEHHOE COJepraHHe BEICOKOXPOMHCTOTO XpPOMIL-
nuHeanga (no 10 %) wu3 anmasnol accoumauun B BepxoBbsix p. Ilaa-
JIbIH; 3/lech ¥e BCTpeyeH KHOPPHHTHTCOZEepallHi MHPON H3 a/MasHoi
acconuanuy. B oblieM cnekTp cocraBa MHHepaJoB KHMOEpJHTOB H3 yer-
BEPTHUHLIX PYCJIOBLIX OTJIOMKEHHH ceBepa NPOBHHIMH HAac/JelyeT CcoCTaB
STHX MHHEPaJOB H3 HM3BECTHBIX 3Jechb KUMOEDJHTOBBIX Tel, KoTophle,
NO-BHAHMOMY, CJIYXKH/JIH OCHOBHBIMH [OCTaBIMKaMH HHIWKATOPHHIX MH-
HepaJoB B OTJIOXKEHHAX BOA0TOKOB. Bosee pasnooOpasHblii coctas rpa-
HaTa M JAPYruX MHHepasoB KumGepauToB B Gacceiine pek Onenek u Jlena,
B TO BpeMsl KaK LILIHXOBbe Npo0bl H3 a/JlIOBHAJbHLIX OoTJIoMeHHH p. Kyo-
HallKa M ee NMPHTOKOB COJIEPXKAT MeHee XPOMHCTHIH NMHPON MpH OTCYTCT-
BHH HJIH peAKHX 3epHaX 3TOro MHHepasla H3 a/lMa3HOoH acCOLMalHH.
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Haxe B Gaccefine p. J6ensix, rie ycTaHOB/JeHA NOBHIIIEHHAs POCCHINHAA
a/Ma30HOCHOCTb, pe3ko rpeobsajaeT HH3KO- H CPeLHEXPOMMCTBIH rpaHar.
3epen rpaHaTa anMa3HOH acCOLMALHK 3J1eChb NpaKTHYecKH Her. B Oacceii-
HaX npasbIX NpHTOKOB p. AHabap (pexku d6ensx, buansax, Mafiar) wupo-
KO paclpocTpaHeHbl 3epHa nupona Kybouauo# dopms (okomo 20 % Beex
3epen pasmepoM Gosiee 1 mm) [124]. Tlo paay npusHakoB MHHepa/bi-ClyT-
HHKH a/JMa3a GaccefiHOB MpaBLIX NPHTOKOB p. AHaGap OTIHYAKOTCH OT
no06HBIX MHHEpaJoB ApPYrux pafionoB. [li1s mupona xapakTepHO HH3KOe
colep)KaHHe XpoMa H peskoe lpeofiajlaHue KyOGOHIHOTO THNA [OBEPX-
HOCTH, KpacHasi IiBeTOBasi ramMma, JUIf MHKPOWJBMEHHTA — HaJHYHe HIHO-
MOP(HLIX 3epeH B BHJe TeKcaroHaJbHbIX Tab/JHYeK, YIJIOMEHHBIX M0
TPOHHOH OCH H, KaK NPaBHJO, YAJHHEHHbIX N0 OJHOW M3 JABOMHBIX OCEH.
PeGpa u BepumHb TabGJHueK 3aKpyrieHbl, [NOBEPXHOCTb TOHKOMIEPOXO-
Baras. MiabMeHHT pesko MpeBajHpyeT Hal APYTHMH MHHEpalaMH KHM-
Gep/iHTOB. XPOMHT CH/JIbHO KOPPOAHPOBaH, PaclpoCTpaHeHbl 30HANbHBIE
3epHa. =

Onna W3 XapakTepHHIX ocofeHHocTed rpaHaTta H3 KHMGepJIHTOB aif-
JIIOBHANbHLIX OTMOXeHHH Anabap-OneHekckoii 00s1aCcTH — NOBbILLEHHBIE
KOHIIEHTPALHH OTHOCHTE/NbHO BLICOKOXPOMHCTOH pPasHOBHAHOCTH H rpa-
HdTa a/Md3HOH aCCOLMALMH N0 CPABHEHHIO C JPeHUPYHOMHMHCH Kumbep-
auToBbiMu Tenamu. [locsienHee moxeT ObiTh OOBSCHEHO OTHOCHTEIbHBIM
oboraileHHeM ajloBHA 0oJee YCTOHUYHBBIM K MeXaHHYeCKOMY HCTHpa-
HHI0 H XUMHYECKOH KOPPO3HH BBICOKOXPOMMCTBIM MHPOILIOM.

OcofeHHOCTH pacnpoCTpaHEHHS H COOTHOIIEHHS MHHEepaJoB-CIyTHH-
KOB a/imasza B Buuiofickod u AHab6ap-OneHekcKoii o6nacTsiX, BO-NEpBhIX,
OTpaXalT CONEepPKAHHE 3THX MHHEPaJOB B KODEHHBIX HCTOYHHKAX H,
BO-BTOPBIX, ABJAIOTCA CJEICTBHEM TpaHchopMmalliid, KOTOpHIM [OABEpr-
JHCh MHHEpaJIBl-CIYTHHKH B [polecce TPAHCNOPTHPOBKH H THIepre-
Hesa.

O6uiee MOBHINEHHOE COJEPKaHHE MHHEPa/lOB-CIYTHHKOB aJjMasa BO
MHOTHX KHMOepJaHTOBbIX TpyOKax BuutoHckoii obsacTH, a Takxe napona
110 CPaBHEHWIO C JPYTHMH MHHepaliaMH MpelonpefeHIo o0pa3oBaHHe
0peo/IoB ¢ BLHICOKMMH KOHLUEHTPALHAMH MHHEPaJoB KHMOEDJHTOB H ILH-
poKoe pa3BHTHe nHponoBoi accouuaunu. M HaoGopoT, OTHOCHTENBHO
HH3KOe COj/lepXKaHHe MHHEpa/oB-CNYTHHKOB a/Ma3a BO MHOTHX KuHMOep-
auToBeiX Tenax AnxaGap-Ozenexkckoli obnacT, ocoGeHHO nHpona, obyc-
JIOBHIO B GOJIBUIMHCTBE CAy4aeB HH3KHE KOHUEHTPAlHH HHIHKATOPHBIX
MMHEPAJOB B POCCHINAX H Pa3BHTHE 3/1eCh CMeIaHHOH NHKPOHJIBMEHHT-
NHPONOBOH H NHKPOH/JIbMEHHTOBOH acCOLHAIHM.

Xapakrep pacrnpeie/eHusi MHHePaJbHBIX accolHauuii BHYTPH ob/ac-
Teii onpejensercsa, [0 HameMy MHEHHIO, B OCHOBHOM TIpaBHTallHOHHOH
nuddepeHnHannei # B MeHbLUEH cTeneHH runeprenesoM. [THKpoHAbMe-
HHTOBasi accounauus Gopmupyercss BOJH3H KHMOEPJHTOBBIX Tesl. 3To
o0yCJ/IOBJIEHO KPYINHBIMH pasMepamMH 3epeH [HKPOHJIbMEHHTa B KHMGep-
JIMTaX, €ro MOBbIIEHHOH (IOTHOCTBIO 10 CPaBHEHHIO C ADYTHMH MHHepaJia-
MU-CyTHHKamMH a/imasa. OcoGeHHOCTH AHArHOCTHKH €ro B ILIMXaxX Ta-
KOBBl, 4TO JIOCTOBEPHO AMarHOCTHPYIOTCA, JaKe ¢ MOMOIMIbI0 MHKpOCKONa
u OHHOKyaspa, ToJAbKO 3epHa kpynHee 1 mM. [lostomy couepxanue
(IHKDPOHJbMEHHTA MOMKET OhiThb SaHHXKEHO, OCOGEHHO B Opeojax Jajeko-
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TO [lepeHoca, 3a CUeT MPONyCcKa €ro 3epeH MeIKHX KJAacCoB KPYIHOCTH
(<< 1,0 mm). Yto kacaerca nupona, To oH Gaarojapsi XapakTepHo# oK-
packe W orpeje/eHHOMY CBeTONPEeJOM/IEHHIO TOYHO JAHATHOCTHPYeTCs B
[IHXax Aaxe npn HeGoabmux 3epHax. CMmemlaHHas MHKPOMUJIbMEHHT-
[IHPOIIOBAsi ACCOLMALHS OTMEYAeTCs KaK Ha yyacTKax pasBuTHA KuMOep-
JIHITOBBIX TeJl, TaK H B yaaneHnu or Hux. [Tpoctpancrsentas pasobuieHHOCTD
nupona u NHKPOHJAbMEHHTa 0ObIYHO HabJI0aeTesi B OpeoJiaX HCKJIOUHTeb-
HO JaleKkoro nepeHoca MJIH CO CJ0XKHOH HcTopHel (opMHpOBaHHMA, Xa-
pakTepHO#l A npHOPEKHO-MOPCKHX YycaoBuil. PassutHe B palionax
TOJLKO NHPONOBOH acconuandu B GOJbIIHACTBE CJyyaeB CBHIAETEIbCTBY-
€T 0 TOM, YTO MHHepaJbl KHMOEpJHTOB MPOLLIH JUIHHHBIA H CJAOMKHLIA
nyTh ocafouHoil AudxpepeHnHAllHH H NOJBEPrIHCh HEOJHOKPATHOMY I[e-
pemuiBY. O anuTenbHOH M CIOKHOH MHrpallHH MHHEpPaJoB-COYTHHKOB
ajMasa CyUIeCTBeHHO MHPOMNOBOH ACCOLMALHH CBHIETENLCTBYET XOpOLIast
OKaTaHHOCTb [1HPONa, MEJKHH pasMmMep 3epeH W BLICOKAas CTeleHb rpaHy-
JIOMETPHYECKOH COPTHPOBKH.

OCHOBHBIE NMPAMHLMMbI THNM3ALLMHA
LWTMXOBBIX OPEOQJIOB

Mopdgonoruueckas Kaaccudukallisi pasHOBHIHOCTEH anamasa, YCTaHOB-
JIeHHe HX pazfuuuid no MophoJOTHH H JAPYTHM [IpH3HAKAM B pasHbIX
aJMa30HOCHHIX paiOHax, NoasxX, TPyOKaxX H OTJeNbHLIX POCCHINAX, BhI-
nonnesnsle H. A. Bo6koBeiM, M. A. I'neBywessiM, 3. B. baprommHckim
B 1960—1970-e rr., SBHJIHCb NEepBOH MONBITKOH THNH3ALHH KOPEHHHIX
H POCCHINHBLIX MECTOPOXJAEHHH W NpoABJIeHuil aiMa3a. JtH paboThl He 10-
TepAaHd 3HaueHHA N5 pelleHHs NPOTHO3HBIX 3ajay JI0 HACTOSILEro Bpe-
MEHH.

ABTOpaMu pa3paboTaHbl OCHOBHBIE NPHHUMILL THIH3ALHH [ITHXOBbIX
OpeoJ/ioB, TJlaBHas Ielb KOTOPOH — BhIJeTeHHe cpead HHX HauboJee
IIePCIEKTHBHEIX B OTHOLIEHHH 00HapyieHus kumbepsautoBeix Tenm [126].
B Ta6a. 22 nana cxema TMIIH3alMH OPEOJIOB B OCHOBHOM MO MaTepHa/iaM
H3yueHHs: uXx B ManoGoryobunckom u JanasiHo-AnakuTcKoM pafioHax.

Kpome THNOB opeosioB, NpHBeAeHHHX B TaGa. 22, MOKHO BBIIEJHTh
opeosibl N0 JpyruM npu3Hakam. [lo ycioBusM 3aneranusi, A0CTYNHOCTH
ofHapyXeHus Opeo/ibl MOAPAa3AenfAloTCs Ha OTKPhiThie, T. €. BBIXOAsLLHE
Ha 3eMHYIO [IOBEPXHOCTb, M 3aKpHIThie, T. €. norpeGeHHble 10J 0CaloUHbl-
MH # (HJIH) U3BepieHHbIMH nopojaMu. Kpome Toro, cyuecTByloT opeoJisi
I0JYOTKPBITHIE HJIH KOMOMHHPOBAaHHBIE, KOPZA OJIHA YaCTb HMEeT BhIXOJ
Ha 3eMHYI0 [IOBEDXHOCTb, a [pyras CKphiTa NOJA MepPeKPhIBAIOLMIUMH 110~
polaMH. 3TOT THN Opeosia OOLIYHO Pa3BHT Ha CK/AOHAX DPEYHBIX JOJIHH,
BOJOpasJe/bHble [OBEPXHOCTH KOTOPBIX CJOMEHb OCA/I0OYHBIMH H  H3-
BepKEeHHBIMH nopojamn Oosee MOJIOABIMH, 4eM KHMOepJIHTOBHIE Teqa.

[lo ocoGenHocTsiM cTpoeHHs] H MOPGOJOTHH, KOTOPLIE 3aBHCAT OT yC-
JIOBHH nepeHoca MaTepuala H HEKOTOPHIX JAPYTHX (PaKTOPOB, Opeohl
Jle/iATes Ha MJIOIajHble | JHHeHHble WM cTpyiuarble. [locaeqHHe Hepel-
KO [PHHATO Ha3biBaTb MOTOKaMH paccesHHsa. OHH XapakKTepH3yioTCs
OTYET/IHBO BbIpaKEHHOH BLITAHYTOCTbIO [10 HANPABJEHHIO CKJIOHOBOro
CTOKa MPOAYKTOB [e3HHTerpalnH KHMOepJauTOBHX Nopod. PasBupatorcs
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Tabauua 22, THNH3auMs WIMXOBEIX OPEOJOB MO OCOGEHHOCTAM HHIHKATOPHBIX

MHHEPANoB

Kaaccuduxannonnbif

npHsHaK Tun cpeona TunoMopduuie npEsHaKH

Ilo cozepxannio MoromuHepabHbI [pucyTeTBYeT OJMH HHIHKATOPHBIN MH-

MHHEpAaJOoB H HX HepaJ

COOTHOLIEHHIO BumuHepanbHbIi To xe, nBa Muuepana

[NonuMHHepaibHbBIE: To e, Tpr W Gosee MHHepaJOB

nepsbiil [THKpPOHABLMEHHT > nupon > XPOMHT
BTOpPOIi [Mupon > NHKPOMILMEHHT > XPOMHT
TpeTHi I1Hpon > XPOMHT > NHKPOHJBMEHHT

ITo cesian ¢ Kopen-
HEIM HCTOUHHKOM

IMo crenenn anma-
30HOCHOCTH KOpEH-
HOTO HCTOYHHKA

[lo ynanennoctd or
KODEHHOTO HCTOUHH-
Ka

18 ks

C onHuM YCTAHOBJIEHHBIM
KOpPE€HHBIM HCTOYMHHKOM

To ke, ¢ HECKOJbKHMH

C HeYCTAHOBJEHHLIMH
KOpeHHBIMH HCTOYHHKaMH

CmemaHHOTO THNA: H3
OJIHOTO HJIH HEeCKOJNbKHX
KOpPeHHBIX HCTOUHHKOB

H OoJjiee ZpeBHEro opeoJa

Bonee npesHHe Opeosikl

[NpeanoaoxHTEALHO C©
BLICOKOH aJMas0Hoc-
HCCTBIO

To xe, co cpennei

To ke, ¢ HH3KOM

Bauxaiimero nepesoca

Bauskoro mepenoca
Cpenneii AaJbHOCTH ne-
peHoca

OTHOCHTENBHO JIaJIeKOTO
nepexoca

Ovuenb janekoro mnepexoca
HeonsokparHoro nepeot-
NoxeHHs (npHOpexHO-
MOpPCKOH THI CelHMeH-
TaLHH)

Munepaas KHMGEPJIHTOR B Opeone
XOpOLO COMOCTABAAIOTCH € AHAJOTHY-
HEIMH MHHEpaJaMH H3 OHOTO H3BECT-
HOTO KOpE}IHOI‘O HCTOYHHKA

To #e, ¢ MHHEpaJaMH H3 HECKOJNbKHX
H3BECTHLIX KOPEHHbIX HCTOUHHKOB
Munepansl KMMGEPJIHTOB B OpeoJe CBH-
JIeTeJbCTRYIOT 06 WX TNOCTYNJIEHHH Ha
HECKOJbKHX  HEYCTAHOBJEHHBIX KO-
PEHHBIX HCTOUHHKOB

Yacte  MHHEpaJOB  FHMGEPJIHTOB B
opeoJie COMNOCTABAAETCS C MHHEpaJaMH
OIHOTO HJIH HECKOJIbKHX KOPEHHBIX He-
TOYHHKOB, YacTb WMeeT MPH3IHAKH, Xa-
PaKTepHble A BTOPHYHOTO  KOJJIEK-
TOpa

Munepass KHMGEPIHTOB ¢ IPH3HAKAMH,
CBHIIETEILCTBYIOLIHMHE 06 HX NepeoTao-
JKeHHH H3 GoJee JPEBHHX OpeEOJIOB
INornexHoe conep:Kanne HHAMKATOP-
HEIX MHHEpPaJOB ajlMa3Hoil acCcOUHalHH
(KHODPHHTHTOBOTO TpanaTa, [BHICOKO-
XPOMHCTOTO XPOMHTa)

Cpennue cojJep:KaHHA HHIHKaTOPHBIX
MHHEpaJIOB aJMa3HOl acconHalnH
Huskoe conepianne HAH OTCYTCTEHE
HHIHK4TOPHBIX MHHEpaJoB aJiMasHoM
aCCOLMalHH

CoxpaHHOCT MHHEPAJOB OY€Hb XOpO-
Wasi, NPHCYTCTBYIOT peaKIHOHHbIE 000-
JI0YKH, (VIOTONKT, CepheHTHH, 0GJOMKH
KHMOepJiuTa

CoxpaHHOCTE MHHEpaJoB xopowas
To xe, cpennss

To ke, nyoxas

To xe, njoxasi W OvYeHb NJ0Xaf
CoxpaHHOCTE WHIHKATOPHEIX  MHHepa-
JIOB QUYeHb MJIOXas; OHH XOPOWO OT-
COPTHPOBAHBl FPaHYJOMETPHYECKH, M0
pasmepy 3epeH, OTMEYaerTcs YHHYTOMNe-
HHEe HH3KOXPUMHCTONO NHpona, medexT-
HEIX 3€peH ajMasa, XapaKTepHbl Mo-
HOMHHepa/bHble W  GHMHHepaJbHLe
0peoJnl
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Oxonuanue maba. 22

KMCC:?;‘;:::DHHM“ Tun opeoJa Tunomopdunie npusHaku
[To crenenn xumu- [lepsoiid Munepansl KHMGep/IHTOB He  noJBep-
YeCKOH KOpPpO3HH XeHbl HAM TNojBepKeHs OYeHb caaboi
KOPPO3HH
Bropoit [Tupon KoppoAHpOBAH, NHKPOHJIBME-
HHT He KOPPOAHPOBAH
Tperuit [Mupon cHALHO KOPpPOJHpOBAH, NHKPO-
HJILMEHHT c1a60 KOppOAHpOBaH
YerpepThiit [Mupon cHibHO KOPPOAHpOBaH, MHK-
POHJIBMEHHT H XPOMHT yMepeHHO Kop-
PO/IHpOBaHL
[strorit [Tupon nouTH NOMHOCTBID — pacTBOpeH,

NMHKPOHJABMEHHT H XPOMHT KOpPpPOAH=
POBAHBL H 3aMeELLEeHbI BTOPHYHBIMH
MHHepajJaMH

MOTOKH paccesiHusl B IPOJIOBHAIBHbIX H aJIIOBHAJBHBLIX OT/JOMKEHHSX
BpEMEHHbIX W [OCTOSIHHBIX BOJOTOKOB.

[To cBsAI3H ¢ KOpEHHBIM HCTOUHHKOM OPeo/ibl OBIBAIOT HENpephiBHbIE
H oTOpBaHHHIe. HenpepoiBHbE Opeo/b! COMPOBOXKAAIOT KHMOEPJHTOBbIE
Teala, KOTOpble APEHHPYIOTCA B HACTOsLIee BpeMs HJH APeHHPOBAIHChH
B [IPOLLIOM, HO BblHECEHHBIl MaTepHa] COXPAHHJCH HENOCPeICTBEeHHO
OKOJIO MCTOYHHKA cHoca. OTOpBAHHbIE OPEOJIbl BCTPEUAlOTCsl Ha ollpene-
JIEHHOM PAacCTUsiHHH OT KOHKPETHOro HcToyHHKa. OObIYHO 3TO norpeteH-
Hble 0peoJTbl, COXPAHHBIIINECS OT pa3MbIBa APEBHHX HellpephiBHbLIX J0ILal-
HBIX MWJH JHHeHAHbIX opeosioB. [lo yc/a0BHAM 3ajieraHus BbiAEJASIOTCH
JOJIHHHBIE, TeppacoBble, paBHHHHbIE, CKJIOHOBbIE, BOJAOPA3JeNbHbIE, Kape-
TOBBIE OpEeOJhl; [0 COCTAaBy MaTepHaJja, BMeUAoero MHHepaibl KHM-
GepsintoB, — rpy6o-, cpelHe-, MeJKOOOJOMOUYHBIE H DJIHHHCTHIE.

KoMiiiekcHoe H3yueHHe HHIAHKATOPHBIX MHHEPaloB KHMOEPJAHTOB C
BOCCTAHOBJIEHHEM CJIOMKHOH HCTOPHH (HOPMHPOBAHHSI OpeoJad, BblsfiBJIEHHE
OT[E/bHBIX 3TAlOB ero [epecTpoiiki MO3BOJAKT M0JyYaTh AOCTOBEPHYIO
HHPOPMALIHIO O KOPEHHOM HCTOUYHHKE 3THX MHHEpasoB, YCIHEIUHO pellaTh
[IPOrHO3HO-MOHCKOBblE  3aJauH.

TUNU3ALUMA KMMBEPJIMTOBBIX TEN
No rECNIOrM4YECKHUM

YCNOBHSAM JNIOKANIM3ALLMK

M BELLLECTBEHHBIM MPU3HAKAM

B ocHoBy THIH3auHH KHMOEPJIHTOB I[0JOMKEHHl OOMIereoJOrHYeCKHe, MH-
HepaJorHyecKHe H [ApyruHe NpPH3HAKH, N0 KOTOPLIM KHMOEp/IHTOBBIE Tea
pasjiefienbi Ha TPYNNBl C XapaKTepHbIMH HHAWBHAYaJAbHbIMH 4YepPTaMH HH-
NHKATOPHLIX MHHEPAJoB B Opeosiax.

OcHoBHast 1eib NpejlaraeMoil THMH3AlHH — [0 XapakKTepy THIIO-
MOP(HBIX [PH3HAKOB MHHEPAJOB-CIYTHHKOB aJMa3a H ero caMoro M3
OpeoJIOB [1POrHO3HPOBATh He KHMOepJHToBOe Teslo BooOlle, a KOHKPETHbIH
KOPEHHOH HCTOUHHK C ONpejesJeHHbIMH CBOHCTBAMH 3THX MHHEpaJoB.
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PasnoBo3pacTubie KumOepanToBble Teda. Bpewms oGpasoBanusi KHM-
GepJaHMTOBBIX MMOPOJ HA 3€MHOM Iape OXBaThkiBaeT oKoJdo 1,5 mapa Jer.
K nauGonee npeBHuM KuMOGepIHTaM, JaTHPOBKA KOTOPHIX Gosee HIM Me-
Hee ojlH03HauHa, otHocaTca TpyOku «[Ipembep» (IOAP) [35, 63], «Mamxk-
rasan» (Muaus) [35], merakumbepautst Bepera Caonosoit Koctn [63).
IMo-BunuMoMy, H3MeHEHHHIMH KHMOEPJHTAMH CleJyer CuMTaTh TakK Ha-
3elBaeMble (uaINTH Bpasusanu, BO3pacT KOTOPHIX onpefenserca GoJee
600 man ser [63]. Caeayer HanmoMHHTb, YTO aJMa3s BeTpeueH B emle Gosee
JIpeBHHX NOpoJax, ueM nepeuncieHHble. K HUM OTHOCATCS KOHIJIOMEpATEHI
paiiona Butsarepcpany B IOxHoii Adpuke [63]. Onnako kopennbie c-
TOUHHKH 3TOTO a/Masa N0 CHX IOp He YCTaHOBJIEHEHL.

B SIkyTckoil NpOBMHUMH INpPOABHJOCH NATH 3TANOB aKTHBH3ALUiH
KHMOEep/IHTOBOr0 MarMaTHiaMa: NO3JHEeOPJOBHKCKHIl, N03IHeCHIYPHHCKHIT,
N03/HeIeBOHCKHI, TPHACOBBIH M nosaHelopckuit [63].

Ipynnoit uccaenoareneit [THUTPU (M. T1. Merenkuna, b. M. Tlpo-
Konuyk, E. B. ®panineccon) Ha npoTaxeHuH nocaelHHX 15 Jjer paspa-
6aThiBaJHCh MHHEPAJOrHUEeCKHe KPHTEPHH MOHCKOB JOKeMOPHACKHX Mec-
TopoXK/eHu# anmasa. [Ipu 3ToM OHM BbleqH/IH ocobble XapaKTepHCTHKH
JNoKeMOpHHCKOro anMasa, KOTOpble HasBaJH IpH3HAKAMH JIPEBHOCTH.
3ti MccaeoBaTeNH BHIIBUJIH TaKKe MHHepalbl, CONPOBOMAIOUIHE 1O-
KeMOpHACKHH anMa3 B POCCHLINAX, OHH MpeAJaaraloT CYHTaTh HX aJllioBH-
albHBIMH CIYTHHKaMH aiMa3a. THNOMOD(HLEIMH NPH3HAKaMH JOKeMOpHIi-
CKOro ajamasa (NpH3HaKaMH JIPeBHOCTH) SABJSIOTCS: a) npeoGJalaHue
OKPYTJIBIX KPHCTANI0B PoMGO/I0JeKa3pHUECKOT0 U OKTA9I[PHUECKOro ra-
Guryca; 6) 3eneHas OKpacka MNOBEPXHOCTHOrO CJOSi KPHCTalJ0B, HajM-
uHe 3eeHbiX M GyphiX NATeH NHTMEHTallHH; B) 3HAYHTENbHBIH MeXaHH-
uecKH#i H3Hoc. Cpef a/JIIOBHANBHBIX CHYTHHKOB ajiMasa BHIAENSIOTCS
JMCTeH, aHAAJIy3HT, IPaHaT, CTABPOJHT, KOPYHA, WHPKOH, pyrua [63].
Ilepeunciienneie 0co6eHHOCTH JeHCTBHTENBLHO XapaKTepHH 1A OOJbILHH-
CTBA HaXOJOK ajMa3a H3 OCANOYHBIX KOJIJIEKTOPOB JoKeMOpHHCKOro BO3-
pacra. OllHaKO 3THMH [PH3HAKaMM, Kak npaBuwao, He of/lafaerT anmas H3
TeX KHMOepPJIHTOBHIX TPYGOK, AOKeMOPHHCKHH BO3pacT KOTOPBIX JOKa3aH
ojHosHauHo («[Ipembep», «Mamxrasan» u 1p.). M3yuenne anmasa u3 Jo-
KeMOpHiACKHX TPYGOK MoKasaso, 4To ANs HEero, Kak MpaBujo, NpH3HaKH
«1peBHOCTH» He XapakrtepHel. [lo Mopdosiorun u Qusuueckum CBOHCTBaM
PasHOBHJHOCTH aimasa M3 JokemGpuiickoH Tpyb6ku «[Ipembep» u Mmeso-
sofickoit TpyGku «SrepcgonTeiin» ouenb noxoxu [162]. Tem ne menee,
KaK CBHJETEIbCTBYIOT HallM MCC/eJ0oBaHMA M onyOG/iuKoBaHHble JNaHHbIE,
AokemOpuiicKne KHMOepJaHThl BCe JKe XapaKTepH3yloTcsi HEKOTOPbIMH cre-
UHDHYECKHMH 0COGEHHOCTSIMH, KOTOpbi€, [0-BHAMMOMY, MOXKHO CUHTaTh
THNOMOp(HbIMK. Tak, Hanpumep, I HHX XapaKTepHO OYeHb HH3KOe
cojepxanne nupona (Tpybku «[Ipembep» u «Mamxrasam»). [lupon B
Tpyb6ke «MamKraBaH» HHTEHCHBHO KeJM()HTH3HPOBAH, YTO HHOTAA
NPUBOAHT K MOUTH MOJHOMY €ro 3aMellleHHI0 KeJH(pUTOBLIM BelleCTBOM.
Yro kacaeTcsi NHKPOHJIbLMEHHTA, TO 3/lech KapTiha uHas: B TpyOke «[Ipemb-
ep» 3TOro MHHepaJa MHoro, a B TpyOke «MakraBan» oH He OGHapYyIKeH.
OpurnHazien cOCTaB 3HAYHTEIbHON yacTH HabMeHHTa TPyOKH «[lpembep»:
BhicoKoe cojepxanne MnO (3,76—6,08 %). Mutepecnylo rpynny anmaso-
HOCHBIX M0pojl J10KeMOpPHHCKOro BO3pacTa COCTABJAIT «MeTakumbepJii-
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THI» — TEPMHH, NpeLIo¥KeHH b (paHILy3cKnm HeeaenoBatenem Bapas [146].
B 3Ty rpynny oTHeceHbl aaMa3oHOCHbIE iopoibl Aaek H xua bepera Cio-
noBoi Kocru u [aGona, uureHcHBHO nepepaGoTaHHble MeTaMoppHYECKHMHU
npoueccamn. Asma3 3THX oOpasoBaHHI XapaKTepH3yercsi NOYTH BCEMH
NpH3HAKAMH JipeBHOCTH. [THpon H NHKPOWJIBLMEHHT B MeTakHMOepJiHTax
NPAKTHUECKH MOJHOCTHI) YHHUTOXKEHLl HAJIOMKEHHBIMH [POLECCAMH HJIH
COXpaHH/JIHCh B HHUTOMKHO MajoM kosuyectBe. M3 nepBHuHBIX MuHEpaTOB
KHMOEPJIMTOB 3/1eCh [IPUCYTCTBYET XPOMIUMHHENH]], COCTAB KOTOPOTO MOJ
BO3JIEHCTBHEM [POLECCOB MeTaMOP(@H3Ma H3MEHHJICH [0 CPaBHEHHIO C
KPHCTA/JIaMH 3TOr0 MHHepana H3 KHMOepJHTOB.

Hrak, ans nouckoB MoKeMGPHHCKHX KHMOEpPJHTOBLIX TPYGOK GOJib-
IIHHCTBO MHHEDAJOTHUECKHUX KDUTEpHEB, NPEeLJOMEeHHBIX COTPYIHHKAMH
LIHHUI'PH, Bpsia u umeior 3nauenne. COrIacHO HalIMM JAHHBIM H JIHTe-
paTypHBIM HCTOUHHKAM, NPH3HAKAMH JA0KeMOPHICKHX KHMOEpJIHTOB fBJA-
eTcsi HH3KOe COJep:KaHWe MHHepaJjioB-CNYTHHKOB aJjMasa, B NepBYl0
ouepellb nupona. [lostomy A15 HHX NOHCKOBAA POJIb HHAHKATOPHBIX MHHe-
paJioB He CTOJIb BEJIHKa, KakK [pH NOHCKax GoJee MOJIOABIX KHMOEpPJIHTOB.
INo-Buaumomy, ryaBeHCTBYIOWIAs POJb [PH [OMCKAX JPEBHHX KOPEeHHBIX
MECTOPOXKJIEHHH almaza Jo/pKHa ObITh OTBefeHa caMoMy anamasy, 4To
BbI3BIBAET HE0OXOAHMOCTE oTOOpa H oforameHHsi npo6 Goabmiux obbe-
MOB JJif (pHKcalHH aamMasa.

[Tasieosoiickne KuMOepJ/IHTOBEIE TeNa H3BECTHbI M XOPOLIO H3YYeHbl
B SIkyrckoil npoBunuuu. B Adpuke W Ha APyruX KOHTHHEHTaX 3Ta BO3-
pactHasi rpynna KHMOEpJHTOB pacnpocTpaHeHa OrpaHUYeHHO, MO3TOMY
paspaboTKa MHHEPAJOrHYECKHX KDHTEPHEB HX TNOHCKOB OCYLIECTBJEHA
Ha OCHOBe JIeTa/lbHOr0 M BCECTOPOHHEro M3yuyeHHs MHHepanoB-CIyTHHKOB
H3 KHUMOEpPJHTOB SIKYTHH, B NepByi0 ouYepellb ee KHbIX paHoHOB —
ManoGoryoGunckoro u [lanasiro-AnakuTeKoro.

XapakrepHasi 0cOGEHHOCTL CpeIHeNnane030iCKHX KHUMOepJHTOB — Mo-
BhIlLIEHHOE CONEep:KaHHe MHHepaloB-CIyTHHKOB anmasa. [lupon u nukpo-
HJIbMEHHT HTPaloT IVaBHYIO poJib MpPH TMOHCKAX Naleo30HCKHX KumbOep-
AuTOoB. B HekoTophX TpyOKax cpelHenasie030iCKOro BO3PACTA MOBLILIEHO
cojep:kanue aimasa. [lostomy nanauume anmasa JIsi 3THX MeCTOpOKJe-
HHI — BaXKHBIfl [OMCKOBHIH NpH3HAK.

Mesosoiickne KkumOepaHTOBbie TPYOKH W NalKH [IMPOKO pacrpoc-
TpaHeHbl Ha AQPHKAHCKOM KOHTHHEHTe, a TaKie B ceBepHOH uacTH SIKyT-
CKOH KHMOep/MTOBOH npoBuHLHH. XapakTepHast MX 0COOEHHOCTb — [10-
HHMKEHHOE CojepsKaHue MHHEpPAJOB-CIYTHHKOB a/iMasa, oco6eHHO rpaHara,
M BO3pacTaHMe B CBA3W C ITHM POJTM NHKPOMJbMEHHTA KaK MOHCKOBOTO
muHepaia. OcoGeHHO MOBLIIAETCS pPOIb MHKPOHJBMEHHTa BO MHOTHX
appukaHcKux tpyOkax u kuaax. [ nupona xapaktepHa NOHHKeHHAs
XPOMHCTOCTh, [OHHZKEHO TaK:Ke colep:KaHHe XPOMHCTHIX KJIHHONHPOK-
CEeHOB; B 3THX MOpOJax BO3pPACTaeT POb THTAHHCTOH acCOIMAalHH MHHe-
pasios. _ .

Kaiinosofickue KnMGepJHTH H3ReCTHbl TONILKO B ABCTPaNHH, OHH
OTKPBITBl B MOC/E[Hee JeCATHJIEeTHe, HX MHHepajbl-CIyTHHKH I0Ka H3y-
yeHHl caabo.

KumbepanTosble Tena pasauuHbIX MopdoreHeTHYecKHX THmoB. Kuwm-
GepauToBble TPYOKH — I/laBHbIE THIBl [POMBILLIEHHBIX KOPEHHBIX Mec-
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TOpOA(IeHHH aiMa3a. B OCHOBHOM OHH C/yKar 06BEKTOM IKCILTyaTaliH
B Coserctkom Coioze, Adppuke, Kurae, Huun, Ascrpanun. Kumbepsau-
Thl TpyOuaroil cauun oueHb pasHooOpPasHbl MO 0COGEHHOCTAM anMasa H
€ro MHHepPasNOB-CIYTHHKOB, TeM He MeHee OOMIHM HX NPH3HAKOM sBaseET-
csi Ha/iuuHe B GOJIBILIHHCTBE CJIYYaeB BCero Habopa KJacCHUECKMX HHJHKa-
TOPHBLIX MHHEpAJIOB, XapAaKTEPHBIX TOJNbKO /A KHMOGEPJIHTOBHIX TOPOT
(nupon, NHKPOWJLMEHHT, XPOMAHONCH], BBICOKOXPOMHCTHIH XPOMINIH-
HeMua). AsnMas uMeeT OKTa3JpHYecKuii W poMOONOAeKa3ApHYECKHA ra-
ouTyc, MIOCKHE M CKYJbNTHPOBaHHbe TPaHH. THnoMmopdHbie NPH3HAKH
anMas3a H ero MHHEpaJOB-CMYTHHKOB H3 KHMOEpPJHTOB TpyOuaToH (hanuu
H3Y4eHBl XOpOIUO, NpHEMBl HX IOHCKOB LLIHXO-MHHEPA/IOrHYECKHM Me-
TojoM u3BectHbl [124].

MuTepecHbIM THIOM KOPEHHBIX HCTOYHHKOB ajMa3da SIBJASIOTCH MKHJIb-
Hble WIH JaeyHble TeJa KumGepanToB. Cami no ceGe OHH peiko GbiBaioT
00BEKTAMH NPOMBIIIEHHON pa3paboTKH, XOTs B AdpHKe ecTb XHJBI,
orpaGorannble o ray6uHsl Gosee 130—140 M, B HEKOTOPHIX M3 HHX af-
Ma3 JIOBOJIbHO BbICOKOKauecTBeHHbI. A/Ma3 H ero MHHEepa/bl-CNyTHHKH B
KHABHBIX KHMOep/auTax 06/1a/1aioT HeKOTOPbIMH 0COOBIMH THIIOMOPMHBIMH
npu3HakaMH, KOTOphle BhepBEe BHIAB/JIEHH Ha oGbektax Manoboryo-
GuHCKOro H Apyrux pationoe Jxyrtuu [1, 122]. Oun Hawim noawoe noa-
TEEpXKJieHHe Ha npuMepe aQpHKAHCKHX MKHJABHLIX THIOB KHMOEPJIHTOBBIX
ten [162]. ¥ mHOrHX KpHCTaaJ0B aiMasa M3 KHMOEPJIHTOB MKHJBHON
(auun okpyrias (Qopma, OOJBIIHHCTBO H3 HHX HMelOT pomOojo/eKa-
snpuueckuii raburyc. Kpome Toro, oHH XapaxkTepH3ylOTCSl 3HAUHMTEIbHOH
JlepeKTHOCTRIO, COjlep#<aT GoJblIoe KOJNIHYECTBO 3MHTeHeTHYeCKHX BpOCT-
KOB rpacura, HMElOT MHOro4yHc/aeHHble juciokanud. Cpeid MuHEpaloB-
CIIYTHHKOB [MOBEBIIIAETCSl POJb THTAHUCTOH accolHanuy, B GOJbHIHHCTBE
cJyyaeB IHKPOM/JIBMEHHT Pe3Ko npeoGiafaeT Haj MHPONOM. 3epHa NH-
poila W NHKPOU/JIbMEHHTa Gojiee Kpynuble. CpeiH KHUIBHBIX MHKPOHJbMe-
HHTOB BCTPEYAIOTCH 3epHA € PEJHKTAMH OIDaHKH, 4YTO IVISl STOrO MHHEpa-
Ja H3 KuMOepPJHTOB — HCKJIOUHTENbHAs pPELKOCTh. ¥ CTaHOBJEHHBIE
THIOMOP(DHBIE MPHU3HAKH a/iMa3a H er0 MHHepaJsoB-CNYyTHHKOB M3 Kumbep-
JIMTOB JKHJIBHOTO THNA MO3BOJAIOT NPEANONONKHTL HAXOXKJeHHEe STOro
THMIA KOPEHHOIO MCTOUHHKA Ha ceBepe $SIKyTCKOH KuMGep/uTOBOH npo-
BHHUHH. [IpH paccMoTpeHHH JaeyHOro THIA MCTOYHMKOB a/iMasa M3 poc-
chinefi Bcerja BO3HMKAOT TPYAHOCTH B OOBACHEHHH CYILECTBYIOIEH
HecOaTaHCHPOBAHHOCTH MEXIY 3aMacaMH ajiMa3a B POCCHINAX W €ero KOJH-
YeCTBOM, KOTOpOE JI0/IKHO GblJIo Gbl IOCTY NHTb B POCCHIND B C/ydYae pa3MbiBa
JlaeuHbiX Tes KuMmOepsinToB. OfHAKO HaM MpeJCTaBJseTcs, YTO ITH NPOTH-
BOpeYHs He CTOJIb CyllecTBeHHbl. [IpuMepom, Korja HCTOYHHKOM [AOBOJIbHO
GOJIBILMX 3aMacoB ajMasa B POCCHIMAX SABJSIOTCA AJIMA30HOCHbIE KHJIBI,
MOTYT CJIyXHTb paitousl 3anaannoii Adpuku (Coeppa-/leone, Tana,
I'sunes).

Kax MoMHO 3aMeTUTh, NEPeuHC/IeHHbIe Bbillle THNOMOPGHbIE NPH3HAKH
JKHIBLHONO a/JMa3a BO MHOTOM COBNAJalT ¢ MPH3HAKaMH APEBHOCTH, KO-
TOpHIMH O6/1afaeT aiMas H3 JOKeMOPHICKHX HCTOYHHKOB, KaK NpaBHJO,
poccuinioro Tuna [63]. Caenyer Takke o6paTHTb BHHMAHHE Ha TO, YTO
psiJl KOPEHHBIX HCTOUHHKOB JOKeMOPHHCKOroO BO3pacra, aiMas B KOTOPBIX
HMEET NpPH3HAKH JAPEBHOCTH, NPEACTABJAIOT COOOH KHibHblE Teaa. 310
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npexjie Beero ¢uannuthl Bpasunun, xuiawl Cerysna, Bepera Ciaowosoii
Kocth n Hekotopbie apyrue. [lostomy Ham npeacrap/asiercsi, uTo 6oJib-
IIHHCTBO [PU3HAKOB J0KeMOpHICKOTO a/ma3a — He UTO HHoe, Kak
THIOMOp(]HEE OCOOEHHOCTH ajiMasa KHJAbHOH (auHH, YTO MO3BOJSIET pe-
KOMEH/10BaTb BHIIEJIEHHE CAMOCTOSITEJIbHOTO JKHJABHOTO WJH 1aeYHOIo
THNA MECTOPOXKIEHHS 3TOr0 MUHEpaJa.

Knm6GepIHTOBblE CHANL H3BeCTHH Ha A(PHKAHCKOM KOHTHHEHTE H B
Apxaurensckoil o6nacth Coserckoro Coiwsa. B SIKyTHH CHAIBI NOKa
He oOHapy»eHbl, €C/JH He CUHTaTb CH/JI0N0A0GHOTO Tesa OKoJIo TPyOKH
Ne 1 (cunn «Ameba»). B cBsi3u co c1aGoii H3YUEHHOCTBIO TPYAHO TOBOPHTh
O THNOMOP(HBIX NPH3HAKAX HHIAHKATOPHBIX MHHEPAJOB KHMOEDJHTOB
CHJJIOB. MOXHO JIHIIb KOHCTaTHPOBAaTh, YTO XapaKTepHas OCOGEHHOCTD
KHMOEP/IHTOBLIX CHJ/IJIOB — HH3KOe cojJiepXKaHHe MHHepa/loB-CNyTHHKOB ajl-
Masa ¥ HeGOMBIION pasMep HX 3epeH.

KumbepauTosble Tena, norpefenHble NOA 0CAN04HBIMH H H3BEPKE HHBIMH
nopopamu. KumbepautoBbie Tena, NepeKphIThie BepXHenaseo30HCKHMH
OTJIOXKEHHSIMH M Tpannami, WHPOKO pacnpoctpanenbl B [laaasino-Ana-
KHTCKOM pafione [124]. B ManoGoryoGuHcKOM pafioHe HEKOTOphle KHM-
GepanToBele TpyOKH H NAHKH norpebeHE! 1107 Me3030HCKHMH OCAA0YHLIMH
noponamu [124).

OcofGeHHO C/IOXKHBI B3aHMOOTHOLUEHHS KHMOEPJIHTOB € Tpannamu H
BepXHENanteo30HCKHMH OTIoXeHHsaME B Jlanauino-Anakurckom paiione.
Ilo oTHOLIEHHIO K NepPeKPHIBAIOMIKM NOPOJAaM KHMOEPIHTOBHE Te/la AaHHOro
pailoHa NeNATCH HA: a) YAaCTHYHO NepeKkphbIThie BepXHenaneo30HCKHMH
OT/IOKEHHAMH H Tpannamu; 6) NOJHOCTLIO NePeKphiThie HMH; B) NPOTPY-
3UH KHMOEPJIHTOB B BePXHeNaJeo30HCKHX OT/NOMEHHAX M Tpannax;
r) Tpy6KH, HHTPYAHPOBAHHEIE TPANNOBLIMH cHANaMH. OcobeHHO CJl0XKEoe
B3aHMOOTHOILIEHHE MeXIy KHMOepJHTaMH H TpalNaMH OTMevaeTcs B 10-
cnefiem ciayyae. Hepejnko 6J0KH HJH nJ1acTHHB KUMOEDJIHTOB OTUJIEHEHb!
H CHBHHYThI Ha pacctosinue oT nepBriXx 1o 800 M OT OCHOBHOrO TeJla BHel-
PHBIIHMHCS B KHMOEPJIHThLI TPANNOBLIMH CH/VIaMH. B Go/bINHHCTBe cyuaes
nepemellledHble YacTH KMMOEP/IHTOBHIX TeJ HAXOJATCA HA rpaHHLE NOpoj
HHXKHEro W BepXHero najieoson. Hekotopble M3 HHX, KaK, Hanpumep,
oTTOp:KeHell oKoJo TpyOkH Ne 3, nmepemellieHbl TpannoBol HHTpy3He#d B
BepxHena/neo3ofickHe oTJoKeHHA. YacTe Tesa OTTOpXKeHLA BhIBeleHa
5po3Hell Ha COBpPEeMEHHYI0 MoBepXHocTh. H3yueHne oTTOp:KeHIeB CBHJE-
TENBCTBYET, UTO KHMOEPJAHTH NOCAEAHHX MNOABEPIVIHCH CHJILHOMY H3-
MEHEHHIO, HapylleHa ero CTpYKTypa, Ha OTAeJbHbIX yYacTKaX OH pacc/iaH-
LIOBaH, XOTH MHHEpa/hl-CIYTHHKH a/Ma3a (OTTOPXKEHLEB» Ma/lo H3MeHH-
JIHCb 110 CPAaBHEHHIO C OCHOBHLIM TEJIOM.

Ecau npu GypeHun noa nopoiamH BepXHETro ra/1eo30s oGHapy KHBalOT
610K nepemelleHHOro KumOepsinTa, Bo3HMKaeT npobiema MOHCKOB oc-
HOBHOTO ero Tena — TPyGKH nau Aafikn. B ciyuae pacnosidkenus we-
JaleKko OT OTTOpPrHyToro 6/10Ka ONHOH HJIH HeCKONBKHX TpYyOOK KumOep-
JIMTOB BCerja BO3HHKaeT BOIPOC, OT KaKOro Teja OTTOPTHYT KHMOepJaHT
(oT u3BecTHOro HJM eule He o6HapyxeHHoro). PelwuTh STOT BOMpoOC MOXK-
HO NyTEM CONOCTaBJEHHA WHIAHKATOPHHIX MHHEpPaloOB OTTOPXKEHLA M
NpeinosaraeMoro OCHOBHOTO TeJa, MCNOoJb30BaR copMYyJHPOBaHHOE Ha-
MH [OJIOXKEHHE, YTO KaxJoe KHMOEpJHTOBOE TeN0 WHIAHBHAYaJbHO IO

160



ocobeHHOCTSIM TYGHHHEIX MHHepanoB [124]. 3tum cnocobom Gblio AoKa-
3aHo, yTo GecKOpHeBOe JIHH30BHHOE TeN0 KHMGEP/JHTOB, pacnooXKeHHOoe
no6ansocTH ot Tpy6kH Ne 3, OTTOPrHYTO HMEHHO OT 3TOH TPYGKH.

PaampiB  KHMOEpAHTOBBIX Tel B 3MOXY AEHYNAIHH, NPEIIeCTBOBAB-
e 3aXOpoHeHHI0, croco6eTBOBA (POPMHPOBAHHIO OPeoJIoB B Ga3asbHbIX
CJI0AX BEepXHeNnaneo30iCKHX H Me3030HCKHX OTJIOMKeHHH. XapakrepHas
0cO6eHHOCTb 3THX OPEOJIOB — HaJHuHe MePEMEeHHLIX KOHUeHTpauuii Mu-
HEpaJIOB-CIIyTHHKOB aliMa3a KakK BOJIH3H KOPEHHBIX HCTOYHHKOB, TaK H
Ha YylaJeHHH OT HMX. B 3aBHCHMOCTH OT yAaJleHHOCTH OpeoJid, CTeleHH
NpOSIBJEHHA THMNEPreHHBIX NPOIECcCOB, IPAHY/JIOMETPHUECKOH H IJIOTHOCT-
HOfi nuthdepeHHallHl MEHSIOTCA THIOMOP(HbLIE NPH3HAKH HHAHKATOPHBIX
MHHepaJoB. Bonpochl THnoMopdH3Ma MHHEpaJoB KHMOEPJHTOB H3 [O-
rpe6eHHBIX HITHXOBBIX OPe0JOB paccMoTpedsl B pabGotax [83, 124]. Orme-
THM YIHIIb, YTO TOHCKH MNOrpedeHHbIX KHMOEpPJHTOBBIX Tea CBA3aHbl C
TpyAHocTsiMu. [lais noBbiLeHHs HX 3(xpeKTHBHOCTH OOBIYHO npuOeraiT K
H3YYeHHIO 8HAUHTEJLHOTO KOJHUYECTBA MHHEPA/]OB-CIYTHHKOB C IpHMeHe-
HHEM TOYHLIX METOJOB H COBPEMEeHHON annapaTypel. B To ke Bpems oG-
HapyKeHHe OKOJIO JBYX JecsITKOB KHMOepauTOBbIX TPyGOK H Kua B Ma-
Jo6oTyoOHHCKOM H  JlanasiHO-AJIaKHTCKOM paiioHax, norpeGeHHLIX [OR
BepXHena/jeo30HCKHMH H Me3030HCKHMH ocallkaMH, CBHJETeJIbCTBYET o
BO3MOXKHOCTH HMX IOHCKOB COBPEMeHHBIM [LIHXO-MHHEPaJOTHUeCKHM Me-
TOAOM B COYETAHHH C APYTHMH (HampuMmep, MarHHTHOH pa3BelKoi), XOTa
TIOHCKH CBf3aHbl ¢ OOJIBIIMMH 3aTpaTaMH.

KumbepiuToBele TPYOKH H KHJBl NMpPaKTHYECKH BCErJa IepeKphITh
KaHHO30HCKHMH OTJIOXEeHHSIMH MOILHOCTBIO OT HECKOJbKHX JAECATKOB CaH-
THMETPOB 710 NepBhIX NecATKOB MeTpoB. OOLIYHO MOKHCKH TaKHX KHMOepJiu-
TOBBHIX T/l C NPHMEHEHHEM MHHEpaJOrHYeCKHX KPHTEPHEB He IpelcTas-
Js10T GOJIBIIOrO TPyJa, OCOOEHHO B TeX ciyuasX, KOrja NepeKpbiBalolui
yeX0J/1 MaJOMOIIHBIHA. Ecayu nepekphiBaiomiye OTJIOXKEeHHS JOCTHraioT Hec-
KOJILKHX JeCATKOB MeTPOB H NpeiCTaBJieHbl JeJIHHKOBbIMH HJIH JDYTHMH
TOHKO3EPHHCTBIMH (PpaKLHAMH OCAJKOB, a MHHepa/lOB-CIYTHHKOB B pas-
pese nNepekpHBAOUIHX [OPOJ HET, TO MOMCKH TaKHX TPyOOK NLIHXO-
MHHEpaJOTHYECKHM METOJIOM CONpsiKeHbl ¢ GosibiiuMH TpyAHOCTAMH. On-
HaKo NoJ06HLIe KHMOepTHTOBLIE TeJla OTHOCHTEJNbHO YAOOHBI ISl IOHCKOB:
IPYTHMH METOJAaMH, HalpHMep MAaTHHTHOH pa3BeiKoH.

Kumbepautosbie Tena, HHTPYAHPOBAHHbIE JPYTHMH THIAMH Marma-
THYeCKHX nopoa. B Mupe H3BecTHO HeMHOro cayuyaeB, Koraa KumbGepii-
TOBble TPYOKH npophiBalotcsi HHTpy3usimMH. B IOxkuoii Adpuke kumGep-
JauroBasi TpyOka «[Ipembep» mpopBaHa HHTpy3ueHl HODHTOB MOLIHOCTLIO
okono 100 m [35]. B $Ikyrckoit npoBuHumn B Jlanasino-AJakHTCKOM
paifoHe Bnepeeble (akT BHeApPeHHs TpannoBoi JAaHKH B KHMOEPJIHTHI
sabukcHpoBaH B TpyGke «Jlemunrpaackas» [140l. B panbheiimem
B CBSI3H C OTKpLITHEM HOBHIX TPYGOK B paHoHe pa3BuTHA (oJiee NO3AHHX
MHTPY3HH LOJIEDHTOB BHEJApEHHe TpannoB B KHMOEpPJHTH OTMEYaJoch
yaue.

Ho HenaBHEro BpeMEHH NPH HM3YueHHH XapaKTepa BJIHAHHA TPannoe,
Ha KuMOepJHTOBBIE MOPOAbI OTMEYAJOCh JHUb NPOSIBJEHHE AHHAMHuYeC-
KOTro Bo3neficTBH#A NepBLIX Ha BTopoie. Bo Bcex cayyasx JHHHA KOHTaKTa
MeKay KHMGepJMTaMH H Tpannamu Obiia uyetkoid. KumGepanthi npn stom
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He MOoJIReprajiich CYIIECTBEHHBIM TepMaibHeIM [peoGpasoBanuam. Ha
KOHTaKTe NPOHCXOIAHJIO YIIOTHEHHe KHMOEpJIMTA, TepPSJHCb OuepTaHud
nicesomopo3, uHoraa (hOpMHPOBAIHCE THAPOTEPMHHA/LHbIE 30HKH KaJb-
I[HTa, OTMEYa/J0Ch OCBEeTJ]eHHe WIH [oTeMHeHHe KHMOepsaHToB. JlHinbs B
nocsaeHue rojsl Obl1 ycTaHOBJIeH (GakT rayboKoro (GpuaHKo-XHMHYECKOro
npeppamleHiss KHMOEPJAMTOB MoJ BosjeiicTBiem AuddepeHHpoBaHHON
HHTPY3HH Tpannos (MomHocTbto okoso 100 M), npopeiBatouteii kumGep-
JuToByl0 TpyOKy. KumOepauToBhle NOPOAbI €O CTOPOHBI BHCSAYEro H
JIerKayero KOHTAKTOB HHTPY3HH [OJBEPIVIHCh MeTacoMaTHY4ecKHM Hime-
HEHHSIM MOIIHOCTBIO OT 1nepBbix MeTpoB 10 100—120 M. Onn npeBpatiinch
B H3BECTKOBbIe CKAapDHOBble MOPOJbl C pPa3HbM KOJHUYECTBEHHBIM COOT-
HOLLEHHEM Tpoccyasap-aHipaluTa, MNepexoisllero B rpoccyJisip-mopJio-
MHT, KJHHOMHPOKCEHA H MarHetura. B Buje akxileccopueB cojep:karcs
ceH W MeJKHe KPHCTAJIMKH anaruta. [lanee OT KOHTakTa HHTPY3HH
pacrnosaraerca Oojiee MOIIHAs 30H4 METAacOMATH3HPOBAHHBIX KHMOep-
JIHTOB, CJOXEeHHasf XJOPHTOM, CEepPHNEeHTHHOM H KJHHOMHPOKCEHOM H CYy-
LecTBEHHO Jlekap6oHAaTH3HPOBAHHAS.

M3menenue BellleCTBEHHOTO COCTaBa KMMOEPJAHTOBBIX MOpPOJ NOJ BJH-
SIHHEM TPamnmnoBoit MarMbl OTPa3nIoch Ha MOpQoIOrHuecKHX 0coBeHHOCTAX
anMasa W JpyrHX HHAMKATOPHHIX MHHepaJoB KuMGepautoB. Tak, 3epHa
nppona noj Bo3AefiCTBHEM TPANIOBLIX THAPOTEPM 3aMeIlaloTCs XJOPHTOM;
Ha WX MOBEPXHOCTH (JOpMHpYETCH OTUYeT/NHBasf MUpPaMHa/bHO-YePelnT-
yarasi CKyJbNTYpa pasanuHoii crenenn penvedroctd [86]. [lpu srtom
OTMEYaeTCsl 3aBHCHMOCTh CTENeHH PacTBOPeHHS 3epeH rpaHara oT HX Co-
craba: HauGoJiee CHILHO PacTBOPEHLl MaJOXPOMHCTLIE OpaHXKeBRle H Kpac-
HblE PA3HOBH/IHOCTH TpaHata. Penbed pacTBopeHHs HA HHX YETKO BBIPAKEH,
kpynublid. Ha 3epiax xpoMmucroro rpaHara penbed pactBopenus Gosiee
TOHKHI, YacTo Noj OHHOKY/SPOM OH (PHKCHPYETCA TOABbKO M0 CyMMapHOMY
OTONECKY OT NOBePXHOCTeH pacTBOPEHH:.

Ha sepnax nuxpouwibMeHnuta obpasyloTcs arperarthl aHaTasa B BHIE
CILIOLWHBIX 060/104eK HJIH IETOK, COCTOALINX H3 OTIEIbHbIX KPHCTALIHKOB.
Muorna reesfa anatasa pacloJiaraiorcsi BHYTpH 3eped uibmenuta. Yac-
TO Ha MOBEPXHOCTH 3epeH HJbMEHHTa 0Dpa3ylTcs KaBepHbl pacTBOPeHHs.
Crenenb 3amellleHHsl [1HPONA H HIbBMEHHTA K KOHTAKTY KUMOEpJaHTOB
C Tpannamu BO3PACTaeT BIJIOTh [0 NOJHOTO MX paspyuieHus. HauGosaee
YCTOHUMBBIE MHHepadl — XPOMIUNUHENN], OJHAKO M OH pacTBopsercs C
o0pazoBaHyeM KOHTPACTHONO MEJKOKABEPHO3HOrO peibeda Mo Bced Mo-
BepXHOCTH 3epHa.

Kak w3BecTHO, KOppOAHPOBAHHBEI MHPON € AHAJNOTHUHBIMH (hOpMaMH
Ha NOBEPXHOCTH 3epeH paHee GbLI YCTAHOBJEH B NPOMEKYTOYHOM KOJJIEK-
TOpe KavMeHHOYroJbHOTO Bo3pacta B pakioHe noc. Uephbimerckuii [129].
Yike Toria Obl1o CleJIaHO 3akJioueHHe, 4To NoAo6HBE CKYJAbNTYphl Ha
nupone obpa3yloTca N0/ Bo3AeHCTBHEM M'H/pOTepM TPannoBoH Marmsl, 4TO
NOJTHOCTBIO MNOATBEPAHJIOCH Pe3YJ/IbTaTaMH H3YUYEeHHS [IPHKOHTAKTOBBIX 30H
KuMOepanToB ¢ TpannoBofl MuTpysneit. B JlananiHo-AnakuTcKoM pafioHe B
MPOMEXKYTOUHLIX KOJ/JIEKTOPaX HEPEJKO BCTPEUaloTCA 3epHa  HJbMeHHTa
H3 KUMOEpJHTOB, MOKpHLITHIE Kak Obl JaKOBOH KOpKO# Oyporo usera,
aHaJOrMyHoH or:caHHoll. M3menenue NOBepXHOCTHOTO CJIOSA HJIbMEHHTa
H3 0pE0JIOB MOIJIO MPOH30HTH MOA BO3JeHcTBHEM TpaNNoBbIX Tea JHOO
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B KumOepJanTe, au6o yxe B opeose. AHANOTHYHBIA XapakTep H3MEHEHHSH
MHHepanoB KHMOED/JIHTOB He M03BOJAET OAHO3HAYHO pellaTh BOIPOC O
TOM, € NPOH30ULIO H3MEeHeHHe MHHEPAJOB-CIYTHHKOB, B CBSI3H C UYeM
[IOMCKOBOE 3HayeHWe JAHHOTO [IPH3HAKA CYUIECTBEHHO CHHXKAETCH.

[lon BausHHeM TemnepaTypbl TPANNOBOH MarMbl [IPOHCXOMHT OKI CJIe-
nue anvasa. [lo namnev B. [1. JKuxapesoii, nepsbie npu3Haki ero oKuc-
JIeHHs BLIAB/JEHbl B KAMOepJIHTaX Ha paccTosHHH 45—70 M OT KOHTakTa
TeJla C JOJIePHTOBbIM cuisioM. OHH BRIpAXKAIOTCA B MOSIBJGHHH Ha [1OBepX-
HOCTH KPHCTA/JIOB a/iMa3a TOHKOH MmaTHpoBKH. [To Mepe npuGimxenus K
HHTPY3HH CJIeltl KOPPO3HH YCH/IHBAIOTCA, MOSIBJAAETCA XapakTepHas uye-
penuTyaTo-ecToBaras CKyJbNTypa, YCJIOKHAKMAACST OONBIIHMH KaBep-
HaMH, YXOIAUHMH B T1yGb KPHCTAJMIOB NapajienbHO MJIOCKOCTAM OKTa-
3apa. HenocpejcTBeHHO y KOHTAaKTa ¢ JOJEPHTOBBIM CHJIOM KPHCTAJJIbI
ajiMasa HCHLITHIBAIOT HanGofnee akTHBHOe Bo3jeiicTBHe ruiporepm. Mop-
(osiornyecku 310 BHIpaXKaeTCs B YKPYNHeHHH uepenuryatoro ysopa. Ouu
06pasyloT NauyKH, HHOIJA TPeXrpaHHble MUPAMHAKH MIH KJHHOBH/HbIE
xoaMuKH. Ha HeKOTOpRIX KpHCTalzax MoXHO HaGJaioarh npeoGpasoBa-
HHE [HPAMMIOK B YCEUEHHbIE KalJIeBHIHBEIE XOJIMHKH.

Kakne-1u6o caeinl n3veHeHHs: KumOepautoB TpyOKH «[Ipembep» Ha
KOHTaKTe C HHTPy3ueii HODHTOB B JIHTeparype He onucansl. ITo ycTHomy
coofmennio B. Xoryopna, ux tam Her. He WCK/IOUEHO, YTO B CBSI3H CO
ciaboil M3yYeHHOCTbIO KHMOepJauToB TpyOKH «[IpemMbep» OHH OCTAJHCh
He BbIABJeHHbIMH. [IpH XapakTtepucTHKe anMasa JaHHOH TPYOKH yKashl-
BAeTCsl, YTO MX [OBEPXHOCTL MAaToBaf, Kak Obl MacasgHHcTas. BosmoxHo,
B 3TOM H MPOABJISETCH OKHC/JHTE/]bHOE pacTBOpeHHe anMasa TpyOKu
«[Tpembep» nox BosjeiicTBHeM ruApoTepM HopuTOB. He HCK/IIOueHO, 4TO
Ha KpHCTaJJaX afimasa ecTh ellle W JApyrde GoJiee 4eTKO BhIpaxeHHbIE
cJIe/lbl OKHCJIEHHS, HO M3-33 HENOCTATOMHOH M3YYeHHOCTH OHH He OIH-
CaHHl.

Taxum obpasom, JocToBepHOE pacTBOpeHHe HHAMKATOPHBIX MHHEpasoB
KHMOepJHTOB (B TOM uMc/e anMasa) [0j BAHSHHEM THJPOTEPM TpPalloBOH
Marmel — (GakT yHuKadbHbi. OH 1N03BoJsieT N0-HOBOMY OOBSCHATH re-
HETHUECKYIO CYIIHOCTh OTMeUaBLIHXCA B HEKOTOPHIX POCCHINAX KOPPOIAH-
poBannLIX KpucTanioB anmasa [12] u ero muuepanos-cnytHuxos [129].

[Moaponst WTOr H3/I0KEHHOMY, MOXHO 3aK/MIOYHTh, YTO HAXOAKH B
opeoJax CKyJbNTHPOBalHbIX 3epeH rpaHarta (popma CKyJabOTyp uepe-
nuTyaraf, TOHKoGyropuaTas) M anMasa, 3€peH HJIbMEHHTa, MOKPHITHIX
4HAaTa30BLIMH «py6GamkaMmu», SIBASIOTCH YETKHM [PH3HAKOM BO3JEHCTBHA
Ha HHIMKATOpPHblE MHHEpaJbl TPannoBbiX rHApoTepM. B cBA3m c Tem urto
MoJi BO3JeHCTBHEM TPAINOBOH Marmbl CHJIBHO MEHSIIOTCH CTPYKTYpPHO-
BEILECTBEHHbIE XapaKTePHCTHKH KHUMGEPJIHTOB, B palioHax, rie NposiBHJ-
Csl TPANMOBLIH MarMaTH3M, clelyeT ocofoe BHHMaHHE YIelsiTh H3MEeHeH-
HbIM TIOPOJaM, uTOGHl He MPONYCTHTh CKapHUPOBaHHble KHMOEDJIHTHI.

poauposannbie KHMOepauTosbie Teda. Kak mnoxasanu pesyibrath
M3YUeHHs TeoJIOrHYeCKOro CTPOeHHS a/JMasOHOCHHIX TEPPHTOPHI, cTenekn
3p03UH KHMOEPJHTOBEIX TPYGOK B pa3HBIX alMa30HOCHBIX paloHax pas-
Hasf: OT MHHHMaJbHOH, Korja TpyOKH NPaKTHYECKH He 3DOJAHPOBAaHLI H
BOKDYT HHX COXPAaHHJCHA KOJbleBOH BbIGPOC, 0 CHJILHO 3POJAHPOBAHHBIX,
Korja yHuuroxen croab kumGepautoB o 1000 M u Gosee.
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M3yueHue B pasJHuHON CTeneHH 3SPOAHPOBAHHBIX KHMOEPJIHTOBEIX
Te/l MOKasajo, YTO BO MHOTHMX ClydasX Hameyaercsl BepTHKaJbHasi 30-
HaJbHOCTh KHMOEPJHTOB, B TOM UHCJE H NO MHHEpPAJOTHYeCKHM NpH3Ha-
KaM: Mo COJIepKaHHi0 MHHEPAJOB, HEKOTOPLIM (DH3HYECKWM CBOHCTBAM I
JIPYrHM TpH3HAKaM nupona, NHKPOH/JbMeHHTa, XpomHuTta. EcrectBeHro,
YTO OPeoJbl paccesiHHsl HHAHKAaTOPHbBIX MHHePaloB KHMOepJHTOB B KaKoii-
TO Mepe OTpaKaloT CTeNeHb 3POJHPOBAHHOCTH KHUMOEDJHTOB, T. €. 3TH
MHHEepaJbl J0/KHbI 06/1a1aTh THIOMOP(HLIMH MPH3HAKaMH, XapaKTepHBIMH
ANl 3pOAHPOBAHHOrO OTpe3Ka KHMOGep/JIHTOBOrO Tesa.

Kaxk nokasanu Hamy HccaeloBaHHsA c1a6o 3pOAMPOBAaHHBIX KHMGep-
auToBeIX TpyOok SIKyTHH, a Takme AdpuKanckoro KoHTHHeHTa («Opa-
na», «Mpajyn»), BepXxHHe TOPH3OHTHI B HHX CJIOMEHH! ClelHbHYeCKHMH
cTaTH)HIMPOBAHHBIMH NOPOJAMH OCaI0YHO-BYJIKAaHOT@HHOTO TeHesnca. 31o,
KaK NPaBHJO, OCAJKH KpaTepHHIX 03ep, NpeAcTaBJeHHble udepeloBaHHEM
CJI0EB  MEJTHTOMOP(HHOIO, MecYaHHKOBOTO H TPABENHTONOAOOGHOTO Marte-
pHana. 3TH OCajiKH COCTOST M3 Ae3HHTETPHPOBAHHBIX BMELLAIOMIHX NOPOJ,
a Taxxke 00/IOMKOB KHMOEpPJIHTOB H HX MHHepaaoB. B cBsizu ¢ Tem yto npx
Je3HHTEerpalHi NPoHCXoJuT Apob/ieHHe 1OPOL H MHHEPa/oB, B TOM UHCIe
H CIYTHHKOB ajMasa, [oCJelHHe B IepeoT/oMxeHHbX 00pa3oBaHHAX CY-
IleCTBEHHO OT/IHYAIOTCA OT aHAJOTMYHBIX MHHEpa/loB B Mopojlax NepBHu-
HOro 3sajeranusa. B cBf3u ¢ 5THM opeosbl HHIMKATOPHBIX MHHEPAJOB
H3 BepXHHX yacted TPyGOK NOMMHBI OTVIHYATBLCS OT OpeoJoB, oOpa3oBaH-
HbIX [pH Je3uHTerpaunn KumGepiuToB GoJiee TJayOOKHX TOPH3OHTOB.
Jnsi MHHEpaJoB-CIIYTHHKOB ajiMasa M3 MNepeoT/IOMEeHHbIX KHMOepJIHToB
XapaKkTepHbl MeJKHEe pasMephl, 3epHa MHpOMNa OTJHYAITCA OTCYTCTBHEM
KeJH(PHTOBBIX KaliM Jaxe B opeoJax Oamkaiilero nepexoca, HIbMEHHT
TaKMe YacTo JIHIIeH peakUHOHHbBIX 060JI0YeK; Cpelld MHHepaloB-CIIYyTHH-
KOB a/lMasa Nnpeo6aajaloT OCKONKH H 06JOMKH. X POMAHONCHA, OJHBHH H
HeKOTOopHe Jpyrue MHHepa/sl, Kak NpaBHJO, MOYTH BCerja CyIIeCTBEHHO
HJIH TOJHOCTBIO Pa3pylleHbl H B OpeojaX BCTPeualoTcsi HCKIIOUHTENbHO
peako. OOUHM A5 TAKHX OPEOJIOB ABIAETCS HH3KOe ColeprKaHHe MHHe-
pa/ioB-CyTHHKOB a/imMasa.

YMepeHHO 3poJHpoBaHHEIe KHMOEDJIHTOBLIE TPYOKH, KOraa MOJHOCTLIO
pasMbiTa M YHMYTOXKEHA Kparepnas (pauus nopoi, HauboJee pacnpoc-
TpaHeHsl B SIKyTHH; MHHepa/Jbl-CNIyTHHKH HX OPEO0JIOB H3y4YeHBl XOpOLIO,
HM [OCBSAIIEHO MHOro nyGJHKaluil, B TOM uHc/ae W Hacrosmas paborta,
No3TOMY HeT HeoOXOAHMOCTH 3JeCb Ha HHMX JeTajlbHO OCTaHABJIHMBATHCS.

MuHepaJbl-CIyTHHKH ajMasa CHJIbHO 3POJHPOBAHHBIX TPYyOOK, Kor-
Jd COXPaHMWJHCh KOPHH — TNOJABOASIIHE KaHajbl, 00]1a/aioT HEKOTOPHMH
cnenuduyecKHMH  ocobenHocTamMH. Bo-nepsbiX,  yCcTaHOBJEHO, 4YTO B
NOABOASIIHX KaHalaX CINYTHHKOB ajiMa3a MeHblle, ueM B pacTpyoe,
BO-BTOPHIX, TpaHar 3jech KeqH(HTH3HpoBaH BoJiee HHTEHCHBHO, a NHKPO-
HILMEHHUT ¢ nepudepHH 3aMellleH BTOPHUHBIMH MHHEpajaMu. 3TO COOT-
BETCTBYIOIIHM 00pa3oM OTpaKaeTcsl Takyke Ha OCOOEHHOCTAX 3THX MHHe-
paloB B poOCCHINAX.

KumGepauTtosbie Tesa ¢ pasiu4yHOH CTENeHbK BTOPHYHOTO HM3MEHEHHMS.
KumGepautosrie nopoasl 60bliHHCTBA TPYGOK M JKHJ SIKYTHH HHTEHCHB-
HO nepepaGoTaHbl BTOPHYHBIMH npoieccami. Kpome toro, Bo MHOMHX CJ1y-
yagX Ha INOCTMarMaTHYeCKH H3MeHeHHble TNOpojbl, NpeoOpasoBaHHe Ko-
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TOPLIX CBfI3aHO C MOCTYIJIEHHEM PACTBOPOB H3 VIYGHHBI, HAK/I4IBIBACTCSH
runepreHHoe H3MeHeHWe, NPHBOJsALIEE K 0OPA30BAHHIO KOPbI BHIBETPUBA-
HHS MOIHOCTBIO OT HECKOIbKHX CAHTHMETPOB [0 NEpPBHIX NECATKOB MeET-
pos [40].

Kak ycranos/eHO HallMMH HCCAEIOBaHHSIMH, B YCJIOBHSX THNEpreH-
HOTO BBIBETPHBaHHs MHHEpaJbl-CIYTHHKH a/1Mas3a, fpexjie BCEro MHPOIl,
NOJBEPraioTcsi XHMHYECKOH KOPPO3HH ¢ 00pasoBaHHeM chenubHuecKHX
TIOBEPXHOCTHBIX CKY/bITYp, HauboJee XapakTepHble H3 KOTOPHIX Gyrop-
uarasi, rpo3/leBH/AHA A, YepenHTyaTas, KasepHo3Has , TpHXuTHYecKas. Kpaii-
Hell (OpMO# pacTBOpeHHs (IHpONa B KOpe BLIBETPHBAHHH HABJAETCH Bbi-
nykaorpanusiii ky6oua [124]. 3pecs uHoraa npoucxomut wacTHuHoOe,
4 B HEKOTOPHIX C/Iy4afX M[OJHOE DAacTBOPeHHe YacTH 3epel, B MEPBYIO
ouepels MajgoxpomucToro nupona. B pasnoii crenemn KoppoaupyloTcs
3epHa MHUKPOHJIbMEHHTa M Jla)Ke XPOMHTA, KOTOPHIH SIBJSETCS ONHHM H3
HauboJiee YCTOHYHBBIX MHHEPaJOB KHMOEPJIHTOB B YCJOBHSIX THIEpre-
nesa. [lostomy opeosbl paccesiHHs MHHEpANOB-CMYTHHKOB ajiMasa, 00-
pasoBaHHBIE 3a CHET pa3MblBA KOphl BbIBETPHBAHHA KHMOEPJHTOB, Xa-
paKTepHu3yloTcs CheuHpHYeCKHME MOPHONOrHYECKHMH 0COGEHHOCTAMH 3e-
peH JaHHBIX MHHepasos. Kpome Toro, BeseiacTBhe Goslee WHTE@HCHBHOTO
pacTBOpeHHS [HpOINa, M0 CPaBHEHHIO C APYTHMH MHHepaJaMH-CIyTHHKaMH
ajiMasa, UNIHXOBas acCOLHALHA OPeoJOB obefHAeTcs MHPONOM, a BCJeA-
cTBHe Gosiee MHTEHCHBHOrO PAacTBOPEeHHA MaJOXPOMHCTHIX Pa3sHOBHIHOC-
TeH CABHI' accOUMALMM TMPOM3OHIET B CTOPOHY HAKOIJIEHHS BHICOKOXPO-
MHCTOTO rpaHaTta. Y€TaHOBJIEHO TaKike, 4TO B YCJIOBHUAX KOpPHl BBLIBETPH-
BaHHA KHMOep/iuTOB aaMa3 npHobperaer G/eaHo-roay60BaTo-CHHEBATHIM
Hauper (UBET MOPCKOM BOJbI).

[Toposbl KOpbl BbIBETPHBAHHSA CJIOMKEHB! POAYKTAMH H3MEHEHHs cep-
IIeHTHHA, XJOPHTAa H HEKOTOPbIX JAPYrHX MHHEpaJoB H IIpe/cTaB/eHbl
MOHTMOPHJ/IIOHHTOM C NpHMechio ruapocaoasl. Kak nokasanu uecnieloBa-
HHsl MOCJAEJHHX JIeT, NPOAYKTHl MNEPeOTJOKEHHSA KOpbl BHIBETPHBAHHSA
(HKCHpYIOTCA B opeoJiax G/MKailuero nepesoca no oco6bM THIOMOP(HHBIM
npuznakam (40, 124]. Tak kak MuHepasinl Jierkoil QpakUHH Ma/lOyCTOMH-
YHBbl B 30He THIEPreHesa W JaqeKo ePEeHOCHTLCA He MOTYT, TO HX O6Ha-
pyXeHHe B OCaJKax OJHO3HAYHO CBHJETENbCTBYET O HeldaJeKoM pacroJio-
JEeHHH KOPEHHOro HCTOYHHKA.

Bo/buIHHCTBO KHMOGEPJIHTOBHIX Tel MOJBEPMKEHO CHJIBHOH CeprneHTH-
Hu3auuu. [Ipu sToM riaBHBII MOpPOJOOGPasyloMKii MHHEpan KHMOepJiu-
TOB — O/IHBHH — HEPEeJKO [OJHOCTBIO 3aMellleH ceprneHTHHOM. YacTHy-
HOM, a B peAKHX CJydyasX [OJTHOH CepNeHTHHH3ALHMH [OJBepraercs
rpaxar, ocobenso nox keaudurosoil Kafimoit. KemuduroBan kaima B cep-
NeHTHHH3HPOBAHHLIX KHMOEpJHTaX HMeeT, KakK I[PABHJIO, PagHalbHO-Jy-
YHCTOE CTPOEHME H CJIOXKEHa B OCHOBHOM BTODHYHBIMH MHHEpalaMH —
XJIOPHTOM, CEpHNEeHTHHOM. B namMeHeHHBIX KHMOEDJ/IHTAX H3 MEPBHYHBIX MH-
HepaJoB KeJH(HTOBOrO MaTepHaja COXpaHseTcsl TOJIbKO XPOMILIIHHETH.
CepreHTHHH3HPOBaHHBIE KHMOEPJHTH, MO CpaBHEHHIO co caabo cepnen-
THHH3HPOBaHHBIMH, Gosiee pLIXJhbie, C/1€J0BATENbHO, MHHEDAJBI-CIYTHHKH
anMasa npH 3pO3HH KHMOEPJUTOB OTHOCHTENBHO CBOOGOAHO BHICBOGOXK-
HaloTcH K3 KuvOepauta B oOpasyror oOmHpHbBie opeodbl. OfHako Tak
KaK nupor o) KeaH(uToBOH 000/IOYKOH HEPEAKO TPElIHHOBAT, TO [pH
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OT/le/IeHHH OT KuMGepJiuTa oH pacnajaeTcs Ha o0JOMKH yra0BaToil Gopmbi.
[lepBuunas noBepXHOCTh COXP@HSETCH TOJNBKO HAa OTJAEMbHBIX YYacTKax
seped. CnomHble KeJH(QHTOBbIE KaifiMbl MIH HX (parMeHTbl, MNOKPLIBao-
mHe 3epHa rpaHara B KumbepJauTe, JHOO [OJHOCTBIO OTAEJEHbl OT HHX,
Jin60 BCTpeualoTcs oueHb PedKo Ha eJHHHUYHBIX 3epHaX 3TOro MuHepalja B
opeosiax OGanKaiiiero nepeHoca.

[lpu cuabHOl KapGonarnsaluy KUMGEpJHTOB NPOUCXOAHT 3aMelleHwHe
KaJlbIIUTOM WJIH JOJOMHTOM, WHOrJA TeM H ADYTHM CepreHTHHA, XJIOpHTa
H HeKOTOPhIX ApPYrHX MuHepasoB. PasBuBasicb 0o TpeliMHaM Oupoia,
NHKPOHJbMEHHTA, a TaKKe Ha KOHTAaKTe Mex1y 3epHaMH arperatHblx Bbi-
JleneHuil  nocjaelHero, KapboHAT pas3phiX/ifeT 3epHa 3THX MHHEpasnos,
NPOHCXOJHT HX packajbiBande Ha oTAeabHble ¢parmenTtol. [lpu Bbic-
BOOOKIeHHH U3 KumOep/auTa pparMenTbl NepeyncaeHHblX MHHEpaioB NpH-
0o0peTaioT yrJaoBaTo-HeNpaBHAbHYIO GopMy, OOBIYHO OHM JHIIEHh Ke-
JUGHTOBBIX M APYTHX PpeakUHOHHBIX KaiM.

Cnabo nsMeHeHHble KHMOEPJAHTEL, T. €. NOABEPTriIHecs He3HAUHTEIBHOM
ceplieHTHHU3AalluH, KapOoHaTH3auuy H BO3JEHCTBHIO APYTHX BTOPHYHBIX
MpOLECCOB, XapaKTepPH3YIOTCH 3HAYHTE/]bHbIM BbIXOJOM MUHEPAJOB TH-
HKeJoH (pakuuu, ocoGeHHO OJHBHHA, HHOTJA MNOBBIIIEHO KOJHYECTBO
nHpoKceHoB (B GosbliMHCTBE apuKaHCKHX Tpybok H Aaek). [lnpon u
NHKPOUJIBMEHHT OObIYHO MeHee TpPEelUIHHOBAThl, OHH MEHbIlE [0ABEPrAHCh
KOPPO3HH U 3aMelleHHI0 CEePNeHTHHOM, XJOpHTOM, duoronutoM (nupoim),
JeiikokceHoM (OMKPOHJIBMEHHT), 4YeM B BhIBeTpeablx nopojax. Kemndu-
TOBas Kailma B ciabo M3MeHEeHHBIX KMMOepauTax oOBWMHO MJIOTHO obJeKaer
3epHa rpadara, npHueM Hepeldko ObiBaeT TPYAHO OTAEJHTb NHPON OT Ke-
JuduTa, NO3TOMY 3epHa rpaHara ¢ KeaupuToBoii KaiiMoi B opeosiax GamxKaii-
mero # GJH3KOro nepeHoca COXpaHAIOTCA yalle, ueM B JPYTHX caydasx.
Opeosst nogo6HBIX KUMOEPJHTOBLIX Tesl OGLIYHO pPa3BHTHI XOPOLUO, HpH-
yeM B opeo/ax GIM3KOrO NepeHoca Beerja MOoBbIIIEHO KOJIHYECTBO OJIHBH-
Ha, MHOrla KJHHOMHPOKCeHa (XpoMAHoNcHa H Auorncuaa). Cpeau MuHepa-
JIOB-CIIYTHHKOB a/Ma3a MHOrO LEJKX 3epeH.

KumGepiTosble mopoabl pa3auuHoi  aamasoHocHocTH. OCHOBHOH 3a-
Jlaueit [OHCKOB SIBJSETCS OTKPbITHE KOPEHHbIX H POCCHIMHBIX MECTOPOKIe-
HUi  aamasoB. B SIKyTHHM noka eJMHCTBEHHbIH [POMBIIVIEHHBIH THI
KODEHHBIX MecTOpOX/JeHHH aamasa — KumbGepauTtoBhle Tes1a. (OnHako
CTeNneHb aiMa30HOCHOCTH KHMOep/HTOB pasHaf: OT NpPaKTHYECKH HeaJ/iMa-
30HOCHBIX JI0 NPOMbILLIIEHHO anmasoHocHBIX. Ocobo BaxkHOH npobJsieMoli siB-
JAI0TCA IOHCKH He KHMOepJuToB BooOlle, a POMBIULIEHHO aJMa30HOCHHIX.
PazpaboTka HajeMHLIX MHHepaJOrMYeCKHX KpHTepueB ajMa30HOCHOCTH
kumGepantoB H. B. CoGosesbim [103] nosposisier pewate 3ty 3ajauy.

Cor/lacHO MHHEpa/OrH4eCKUM KPHTEPHSIM ¢ aJIMa3’0HOCHOCTbIO KHMOep-
JIMTOB (10JI0XKHTEJIbHO KOppenupyeTcs cojep:KaHue B [0Opoje TrpaHara
a/IMa3HOH accolMallMH, T. €. XapaKTepH3YIOUerocs NOBbllLIeHHbIMH KOH-
uentpauusmi CryOy (Boime 5 %) n auskumu CaO (o6biuHo Huxke 2,5 %),
a Tak:Ke (IOHHMKEHHOH xenesncrocToo. Kpome Ttoro, MHAMKaropamu an-
MAa30HOCHOCTH KUMOEPJIHTOB fBJAAETCA BHICOKOE COAep)KaHHe BbICOKOXpO-
MHCTOrO rpaHaTta, XpOMWCTOrNO rpaHaTa 30HaJbHOTO CTPOEHHA W 3epeH
N1polla ¢ BKJIOYEHHSAMH BBICOKOXPOMHCTHIX XPOMHTAa M XPOMHOINCHIA.
XPOMHT TakKxKe HCNOJb3yeTcA B KauyecTBe MHHepa/orHyecKoro HHJIAMKa-
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Topa ajiMa3oHocHocTH. C collepiKaHneM anmasa MoJoKHTebHO KOppesu-
pyercsi colepranne B KUMOepJuTe BbhicoKoxpomucethix (> 62 % Cr,0s),
MaJIOKe/Ie3UCTHIX W HU3KOTJIHHO3EMHCTHIX — PasHOBHAHOCTEl  XpOMHTA.
B Bricokoa/imMasoHocHEIX KHMOGEpPJIHTAX [OBHLINIEHO KOJHYECTBO OJHBHHA
C He3HAUHTEJNbHOH NPHMECLIO XpoMma (CoThie, pexe JAecsiThie A0 NPOleH-
Ta). Kpome Ttoro, B aimMa3oHOCHBIX TpyOKax B GOJbUIMHCTBE CJyyaes
NHKPOH/JIbMEHHTA MEHbILE, YeM MHPOMNa, B HHX OTMEYAloTCs [OBLIIICHHbIE
KOHLIEHTDALlHH XPOMHTA, 0COOEHHO BLICOKOXPOMHCTOTO.

Crnenyer OoTMETHTB, YTO CTeneHb aJMAa30HOCHOCTH KHMOGEpJIMTOB YBfi-
3BIBAETCS TOJbKO C MAaccoBbIM CONEP:KaHHEM MHHEPaioB-HHAHKATOPOB
aJMa30HOCHOCTH, TOTJAa Kak M0 KOJHYECTBY ITHX MHHEpAJOB B Opeosax
CYAHTH 00 X COAEPIKAHHH B KOPEHHOM HCTOUHHKE MOXKHO TOJABKO BEChbMa
NpHOJH3HTENBHO. DTO HEOOXOJHMO YUMTHIBATH [PH [POrHO3HPOBAHHH
1OTeHIHAIbHOH a/JMa30HOCHOCTH KOPEHHOIO HMCTOYHMKA KHMOGEpPJIHTOBOrO
MartepHana H3 pocChlllei.

Briiwe ofpaiianock BHHMaHHe Ha TO, YTO B YCJOBHAX THIepreHesa
OLICTpEE PacTBOPSIOTCS HH3KOXPOMHCTbIE PAa3HOBMJHOCTH MHpoNa, 4To
NPHBOAMT K CABHMTY (IIHXOBOH accoudallid B CTOPOHY HAKOIJIEHHS €ro
BBICOKOXPOMHCTBIX Pa3HOBUIHOCTEH, B TOM YHCJE KHOPPUHIHTCOAEpHKa-
IIHX, KOTOpBE fBJAIOTCS HHAMKATOPaMH aJMasOHOCHOCTH KHMOEpJHTOB.
310 Takxke HeoOXOJMMO YUHTHIBATb, KOrAa MpellipHHHMAETCH IOILITKA
IIPOTHO3HPOBATL [IOTEHIHANBHYIO A/JIMA30HOCHOCTh KOPEHHOr0 HCTOYHHKA
HHIAHKATOPHBIX MHHepasioB 3 pocchined. Kpome Toro, ycrahoB/eHo, 4TO
Gosiee MeJKHe KJacChl rpaHaTa XapaKTepH3yIOTCs MOBLINIEHHOH XPOMHC-
TOCTbIO, MO3TOMY NPH ONpefeieHHH a/JMAa30HOCHOCTH [ePBOHCTOYHHKOB
HY}KHO NPHHHMAaTb BO BHHMAaHHE pa3Mep HCC/eJOBaHHBIX 3epeH rpaHara.
Ojnako, HECMOTpS Ha ollpejefeHHble OrpaHHuyeHus, NpakTHKa NpHMeHe-
HHSl MHHEpPAJOTHYECKHX KDPHTEPHEB MPH [OMCKAX a/IMa3HBIX MECTODOK-
JIeHH# 10Kasaja, YTO a/JMa30HOCHOCTL KOPEHHBIX HCTOUHHKOB BCE Ke
OTpaKaeTcsi B COCTABE IVIHXOBBIX MHHEpaJorHYecKHX accouuanui. Ios-
TOMY YK€ Ha (OHCKOBOM 3Talle MOXHO [pelBapHTesbHO CYIHTh 00 anma-
30HOCHOCTH KOPEHHOrO WCTOYHHMKA (BhICOKas, CpefHfAf, HH3Kad HJH HC-
TOUHHK He aJMa30HOCHBIH).

KumGepanTosbie Tesa ¢ MepeMeHHbIM COJEPKAHHEM MHHEPaloB-CIyT-
HHKOB agamasa. Kak H3BECTHO, B pasHbIX KMMOEpJAHTOBRIX Teqax Habop
MHHEpaJIOB-CIIYTHHKOB a/iMa3a H HX COOTHOILEHHS HeojHHaKosbl. Berpe-
YalTCA, XOTA W PeAKO, KHMOep/HTOBbie Tena, TJe CONeprKaHHe NPaKTH-
YeCKH BCEX OCHOBHBIX H HHAMKAaTOPHBIX MHHEpa/JoB — MHPOMNa, MHKPO-
H/IbMEHHTA, XPOMHTa, XPOMIMONCHAA — Bhicokoe. JloBO/IbHO IIHPOKO pac-
NPOCTpPaHEeHbl TPYOKH H KHJBI, B KOTOPHIX OJHH HJH HECKOJbKO H3 nepe-
yHCJEHHBIX MHHEPANOoB BCTPeYaloTes peako Wi otcyrterByior. Her HeoG-
XOJIMMOCTH NOKa3kiBaTh, YTO OCOGEHHOCTH UNVIMXOBLIX aCCONHALHH MHHe-
Hepa/ioB B Opeo/iaX, KOHUEHTPalHsi TOr0 WM HHOTO MHHepa/ia-CHyTHHKa
3aBHCAT, (pPEXKIe BCEro, OT €ro coJep:KaHWsi B KODEHHOM HCTOYHHKE.
[Tostomy 1o 0COGEHHOCTSIM MITHXOBBIX OPE0JI0B KMMOEPJHTOBBIX MHHepa-
JIOB MOXKHO CYAHTb O COlePKaHHH 3THX MHHEPAJIOB B KODEHHOM HCTOUHHKE.
Tak Gb1o pu OTKpbITHH TPyGkH Ne 1. Korza B Gasa/ibHoM caoe wpe-
JSXCKHX OTJIOJKeHHH I0DCKOTO Bo3pacta oOHapyKHJ/H BhICOKHE KOHLEHTpa-
LMK [HpONa M HHM3KHE NHKPOHIBMEHHTA, ObIO CHENaHO 3aKaloueHHe,
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9TO KOPeHHBIM HCTOUHHKOM HX fIBJIsieTcs KMMOEPJIHTOBOE TeI0 ¢ MOJ0OHBIM
COOTHOIIEHHEM 3THX MHHepanoB. OOHapyweHHe KUMOep/uTOBOH TPYOKH
fIOJTHOCTBIO MOATBEPAHJIO STH NpeAno/o:KeHHda. AHaJorHyHas KapTHHa
Habmofanach MpH OTKPBHITHH TPYOKH «Afixam. 3Jeck nepBOHAYANBHO
B UUIHXaX H MeJKooOBbeMHBIX Mpobax ObliH OOHApyKeHBl YyMepeHHBIe
KOHILEHTpALlMH [HpoMNa, HapsAly C MHOTOYHC/IEHHbIMH HaXO/[KaMH KPHCTas-
JIOB a/Ma3a [pH OTCYTCTBHH NHKpoW/bMeHHTa. Hanpawusancs BeiBog,
YTO KOPeHHOH HCTOUHHMK HHAMKATOPHBIX MHHEpalioB BecbMa clelHduyen:
OH JO/KEH CO/epKaTb OTHOCHTENbHO Ma/lo (IHpoMa MpH OTCYTCTBHH HIIH
OuYeHb HH3KOM CO/lep)KaHHH [HKPOHJIbMEHHTA, ero aJMa3oHOCHOCTb HAOJK-
Ha GbITh BLICOKOM. JTO MOJHOCTBIO MOATBEPAMIOCH BrocaelcTBHH. [Tono6-
HBIX NPHMEDPOB MOMKHO ObLIO Obl MPHBECTH MHOIO.

KumbepinTosbie Teja ¢ pas/iHYHbIMM NeTporpaMyecKkHMH H TeTpo-
XHMHYeCKHMH THnamH nopoasl. KumOepJsHTOBEIE MOPOALI  Pas/IHYHbIX
PErHoHOB, foJei, TpyOoK H CaMOCTOATeNbHEIX (ha3 BHYTpH TPYOOK pasiik-
yalores MexJy coGoii nerporpauuecKHMH H NETPOXHMHYECKHMH [IpH3HA-
KaMH.

[lerporpadHueckas H3MEHYHBOCTH KHMOEDJIHTOB olipele/]sercsa nepe-
MEHHBIM cOJlepXKaHueM (WIOronHTa, MOHTHYE/JHTa, anaTHTad, (IePOBCKHTA,
CeplleHTHHA, Ka/lblHTa H HEKOTOPBIX APYIHX KOMIOHEHTOB, YTO HAXOIHT
OTpaKeHHe B OCOGEHHOCTAX COJEPIKaHHA [ETPOre€HHBIX H Ma/biX 3JeMeH-
ToB. HaunGonee gactro obocobasiercd ABa nerporpaduyeckux ¥ NeTpoXHMH-
UeCKHX THNa KHMOepJIHTOB: a) YJbTPAOCHOBHBIH C HH3KHM COJEDIKaHHEM
Kajausa, HaTpuA, ocdopa, THTaHa, pAja PeIKHX H MajblX 3JEMEHTOB;
©) OCHOBHBIH (IIEJIOYHOH) C MOBHILIEHHBIM COJEPIKAHHEM KaJus, HaTpHA,
a takxe dochopa, THTaHa H HeKOTOpHIX Apyrux 3snementoB. Ham npex-
craBiasercs, 4ro o0pasoBaHHe KaxIOro HX 3THX THMOB KHMOEpJIHMTOB
XapakTepHayercs creuu(HUecKHMH OCOOEHHOCTAMH YCJAOBHH TEepPMOAH-
HAMHKH W OTpa)Kaer ryOHHY 3a/lo:eHHs MarMaTHYeCKHX OYaroB B Nopo-
Jlax BepXHel MaHTHH. ¥J/bTPAaOCHOBHbIE KHMOEPJHTH, KaK IpaBHJO, 6O-
Jlee MIyOHHHBIE [10POJbI, YeM OCHOBHGIE (Ieso4HbIe). B cBfA3H ¢ 5THM MH-
Hepa/ibl-CIIYTHHKH a/IMa3a B yJbTPAOCHOBHBIX KHMOEP/IHTAX OTHOCATCH K
GoJiee rIyOHHHBIM (DaLlHATbHEIM IPYIaM MOPOL MAHTHH, YEM B OCHOBHBIX.

B y/ibTpaocHOBHEIX KHMGepJHTaX MOYTH BCEerja [OBBIIEHO KOJIHYeCT-
BO MHHEpAJIOB BLICOKOXPOMHCTOTO €OCTaBa (KHOPPHHTHTCO/JEpPrKALHA [H-
pOM, BBICOKOXPOMHCTHIA XPOMIINHHEAH, XPOMIAHOMNCHI), MEeHbIle MHHe-
pajoB THTaHUCTOH TPyNnbl (IHKPOH/IbMEHHT, OpDaHKeBbIi NHpoM, ana-
THT). B ynabTpaocHOBHBIX KHMOep/HTax Beeria manao (WVIOronuTa, TOrza
KdK B OCHOBHLIX COJlepXaHHe 3TOro MHHepa/ja [OBHIIeHo. ¥/bTpaoc-
HOBHBIE KHMOEpJ/IHThI ropasjo uvaile HMeloT GoJiee BBICOKYIO a/JiMa30oHOC-
HOCTb, UYeM OCHOBHHIE (IIEJIOUHHIE).

Cnespyer OTMETHTb, YTO HMEIOTCA HCKJIOYEHHS H (IPaKTHYECKH Heal-
Ma30HOCHBIE H MaJsorJyOHHHbIE KHMOEDJIHTEl OTJIHYAIOTCSl BBICOKOMArHe-
3Ha/NbHBIM cocTaBoM. [lof06HBIME MOpOJAMH, KOTOpbhie He BIHCHIBAIOTCA
B JaHHYI0 cXeMy, #BJsoTcH KumOepauTtl HivkHeoseHekckoro paiioua,
Tpybok «ObHaxeHHan», «PycnoBasi» 0 Ap., KoTopbie, Oydy4d Manor/ayGHH-
HBIMH, BCe K€ OTJIHYAlOTCs BLICOKOH MarHe3HaqbHOCThIO. B coOTBeTCTBHH
¢ mofoGHOH chelHasu3alueii MUHEPANbHOro cocraBa KUMOEpPJHTOB HX
MHHEpa/bl B opeoJax OyAyT HMHAHBHAya/ibHbl. Cpeid MHHEpasOB-CHYTHH=
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KOB a/Ma3a yJbTPaOCHOBHBIX KHMOEpJIHTOB npeoOsiafaioT MuHepansl 6o-
Aee rAyOHHHBIX alMi NOPOA MAHTHH, B TO BpeMa Kak B opeosax KHMOep-
JITOBOTO Marepuana, o6pasoBaHHBIX OCHOBHBIMH (ILE/NOYHbIMH) KHMOEp-
JIHTaMH, 8HAYHTE/NbHas POJb NPHHAMJIEKHT MHHEpanaM TWTaHHCTOH ac-
CoUMaliH. 3Jech HepelKO CONEPIKHUTCH THTAHHCTHI (WIOFONHT HJH 1PO-
LAYKTbl €ro H3MeHeHHA.

[ lpuBeieHHan Bbiie THNH3AUHA KHMOEPJHTOBEIX NOPOA N0 FeoJiorHyec-
KHM YCJIOBHSIM JIOKQJH3allHH H BEIECTBEHHBIM NpH3HAaKaM [PeACTaBIsieT
co00i [1EPBYIO NONKITKY PasfeNuTh CJAOMXKHOe COOOMIECTBO KHMOEPIHTOB Ha
onpejle/ieHHble TPYNIBl, KOTOPhle MOXHO Obiio Gl NPOFPHO3HPOBAThH MO
IpOJyKTaM paspylueHHs STHX MOpON, BCTpeuaemblXx B opeosax. Ecrecr-
BEHHO, 4TQ OHa OyJeT YTOUHATHCH, KOHKPETH3HPOBATBCA H yraybG/sAThCA.
Tem He menee ee npakryueckoe sHaYeHHe, HA HaW B3IVIAL, OYEBHIHO.



3AKNKOYEHME

[IpuBenennniii Bhle aHanu3 THNOMOPDH3MAa M HHIHKATOPHBIX CBOHCTB
Haubo/lee RaKHbIX MHHepaloB KHMOGePJIHTOB pPAacKphIBAeT 3aKOHOMEPHOCTH
HX 3BOJIIOLHH, HAYHHAA OT KPHCTA/NIH3alHH B BepXHell MAHTHH H KOHYas
THNEPreHe3soM B COBPEMEHHLIX M JIPEBHHX OpeoJax, a TakKe 3aKOHOMep-
HOCTH [JIOLIaJIHOTO H3MEHEeHHs cocTaBa W (H3HYECKHX CBOHCTB GOJIBIIMH-
CTBa IJYOMHHBLIX MHHepa/joB KHMOepJauTOB B mpefenax $IKyrcko# npo-
BHHIHH. O6pallleHo BHHMaHHE Ha OTJIHYHTE/NbHBIE MPH3HAKH HHAMKATOP-
HBIX MHHepaJoB KHMGepJHTOBBIX nopoi HAkytuu u Adpuku.

ITo ocobenHOCTAM cocTaBa HHAMKATOPHBIX MHHEpPaloB KUMOEPJIHTOB it
IPyrHM MpH3HakaMm S$IKyTcKas KHMOGepJHTOBasi [POBHHIMS pasjeneHa
Ha ABe obnacth: Buniofickyio n Ana6ap-Onenexkckyio. Paznuuns kumGep-
JIMTOB BhIIeJIeHHBIX ofaacted obyc/oBjeHbl, IJaBHbiM o0pa3oM, pasHoii
ray6GHHHOCTbIO KHMOEPJHTOBHIX BHINJIABOK: KHMOEPJIHTOBBIE DACIIaBhl B
Buioiickoi# 06i1acTH reHepHpOBaNHCh 3HAUHTENBHO TIyOike, ueM B AHa-
Gap-Onenekckoii. 3THM onpejensieTcss HH3Kas NPOJAYKTHBHOCTb KumbGep-
JIHTOB [OCJIe/IHeH.

Kum6epJiToBhle 00PO/Bl COAEPMKAT KOMIJIEKC HEPaBHOBECHOTO [MO/H-
TeHHOr0 MaHTHHHOrO MarepHaja, NpEACTaBJIEHHOro IMYOHHHEIMH KCeHO-
JIHTaMH W KCEHOKDHCTAMH MHHepaJoB, 00pa30BaBLIHMHCS B ITHPOKOM
HHTepBase PT-napamerpoB: oT o6aacTH CTabHJABHOIO aaMa3000pa30BaH sl
no obsactd, rie HeT faxe nHpona. Mexay co6oii KHMGepJIMTOBHIE Te/la
Pas/HyaloTCA COOTHOLUIEHHEM pAa3HONYOHHHBIX acCOLHALHH MHHEpaJsoB,
4TO N03BOJISIET paccMaTpHBaTh KaxKIylo TPYOKY Kak OJbeKT, XapaKTepH-
SYIOIHACA CTPOro MHAMBHAYaNbHBIMH OCOGEHHOCTSMH HHIMKATOPHBIX MH-
HepasnoB. TOT NPH3HAK ONpeleNsieT THNOMOP(H3M KHMOEepJHTOBHIX Te
H fBJSETCA [JIaBHBIM MPH HAEHTHOHKALMH MECTOPOXKIEHHH MO anMasy u
€ro MHHepa/JaM-CnyTHHKaM.

AHanH3 NaHHEIX 0 MOP(OJOTHH M HEKOTOPHIX (H3HUYECKHX CBOHCTBAX
ajMasa H3 KCEHOJIMTOB NIYOGHHHBIX MOPOA H KHMOEPJIHTOBOTO UEMEHT:#
MoKasaJs MX NoJHYI0 HIeHTHYHOCTb. 3JTO ellle pa3 yOeAUTebHO CBHETEb-
CTBYeT O KCEHOreHHOH fpHpole aimasa. KuMGep/HTOBHIA pacnias Bui-
NOJHAJ PoJib TpaHCNopTepa, KOTOPhIH BBIHOCHJ a/jMa3 H ApYro# rayGui-
HBIH MaTepHa/ M3 COOTBETCTBYIOIMX o6JacTell BepXHeil MAHTHH B 3eMHYI>
kopy. OGobienne JuTepaTypHbIX AaHHBIX 00 anMase M3 J0KeMOPHACKON
Tpy6kH «lIpembep» H OTHOCHTEJNBHO MOJOABX TPYOOK H naek SIKyTCKOit
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KuMOepauToBoii npoBHHUHH W KOKHONA AdpHKH nOKaskiBaeT, 4TO pasiu-
YHs M1y PA3HOBHAHOCTSMH a/Masa H3 pasHOBO3pacTHEIX TPYOOK MeHee
OLLYTHMEI, YeM U3 pasHLIX MOP(OJOrHYECKHX Tel KHMOEepJaHTOB (B JAaHHOM
ciayuae TpyOOK H Jaek).

M3 uHAMKATOpHBIX MHHEpaJoB KHMOGEPJMTOB NPH MOHCKaX MIIHXO-
MHHEPaJOTHYECKHM MEeTOIOM HauboJiblllee 3HAUeHHe UMEIOT [HPOMN, MHKpPO-
WIBMEHHT H XpoMHT. B paboTe 3THM Tpem MHHepanam ylesaeHo GoJbuie
BHHMaHus. BnepBhie npHBoAMTCA JeTalbHAas XapakTepHCTHKa Mopdolios
FMH KPHCTA/VIOB rpaHaTa, XpPOMUINMHHENHJa M LUHPKOHA, H3MEpeHHe KO-
TOPHIX MPOBOAWJOCH WHCTpYMeHTa/JbHLIM MmeTonoM. Hecmorpsi Ha To uTO
OrpaHeHHbI rpaHar B KHMOepJIHTaX BCTpeYaeTcs OTHOCHTeNbHO pelKo,
H3yuYeHHe KPHCTaAJIOMOD(OJIOrHH €ro HHIAHBHIOB Ba)KHO B TeHETHUYECKOM
nJlaHe, OHO MO3BOJISET BOCCTAHOBHTbL ONHH H3 HauboJiee paHHHX 3TaliOB
mopdoreHesa 3Toro MuHepasna. OnucaHe SAIBJeHHA MHPHOSIAPHH Ha KpHC-
Tall/laX rpaHata ¥ XpOMIINHHE/NH[a, YCTAHOB/JEHHbIE TONLKO B 3THX MH-
HepalaX W3 KHMOepJMTOB H HEKOTOPLIX KapGoHAaTHTOB.

B paGore ncnonb3oBaHO OrpoMHOE KOJIHYECTBO MHKDO3OHAOBBIX aHa-
JIH30B, MNPHBEJEHH CONOCTABJEHHS COCTABa CTATHCTHYECKH IpeiCTaBH-
TeNbHBIX Po6 NHpona, NHKPOHJIBMEHHTa H XPOMHTA H3 MHOTHX KOpeH-
HbIX HCTOYHHKOB $IKyTCKOH KHMGep/HTOBOH npoBHHUMH. Ha Gosbiuom
(hpakTHUECKOM MaTepHalsie 0Ka3aHO CHHMXKEHHE XPOMHCTOCTH TI'PaHarToB H
XPOMIIMHHENHAOB H yMEHbIIEHHE COAepPKAHHA YKA3aHHbIX MHHEPAJOB H3
aJMa3HOH accouMauuu KHMOEpPJNTOB H [LITHXOBBIX OpeoJoB CeBepHOM
YaCTH NPOBHHIMK. JTH JaHHHE CBHIETENBCTBYIOT O HH3KOH MepCrneKkTHB-
HOCTH B OTHOWIEHMH a/JMas0HOCHOCTH KuMGepautoB Anabap-OseHeKkckol
o6aactH. B moHorpadun Bnepebie yleseHO SHauHTeJbHOe BHHMaHHe H3y-
YEHHID THINOMOP(HHLIX NPH3HAKOB TAKHX HETPAJHIHOHHBIX B MOHCKOBOM
OTHOUWEHHH MHIAHKATOPHBIX MHHEPAJOB KHMOEpJAHTOB, KaK LHPKOH, ana-
THT ¥ (VIOrONHUT. ITH MHHEpa/bl BO MHOTHX CJY4YasiXx MOTYT ChIlpaTh Bax-
HYIO pOJib MPH OTKPBITHH KumbGepsntoBuiX TpyGoK. [IpuBesena kpaTkas
XapaKTepHCTHKA BTOPHYHBIX (IPOAYKTOB MnepepaboTKH KHMOEPJIHTOBhIX
MuHepa/ioB (Ha npuMepe cepnenTHHa). Ha BropuuHble MHHepabl CJelyer
o6paTHTb NPH NOHCKaX Camoe Cepbe3Hoe BHUMaHHe, TaK KaK MX HCIOJb30-
BaHHe — BaXHbIH (JAKTOD NOBHILEHHR Pe3yJbTaTHBHOCTH MOMCKOBBIX pa-
6or. M3yueHne npeicTaBHTe/bHHIX BHOODOK rpaHata, B MeHblLeH Mepe
HJIbMEHHTA H XPOMHTa, H3 KCEHOJHTOB H CpaBHeHHe HX C XHMHUYECKHMH
OCODEHHOCTSIMH STHX MHHEpaNoB W3 KHMOED/JIHTOBOro KOHIIEHTpaTta yKa-
3LIBaOT Ha OJM30CTb HX cOCTaBa. TeM He MeHee MpPaKTHYeCKH BO BCeX
H3YUeHHbIX TPyOKaX CHEKTP COCTaBa rpaHarta H3 KMMOEDP/HTOBOTO LEMEeHTa
INHpEe, 4YeM H3 KCEHOJHTOB. PeaysibTaThl conocTaB/leHHs, Kak OTMeua-
JIOCh BbIILIe, HHTEPAPETHPYIOTCS C MO3HUHA KCeHOTeHHOH FHIOTe3bl IPoHC-
XOM/EHHS HHIAMKATOPHHIX MHHEpajoB KuMOepJHTOB, a OTCyTCTBHe Ga-
JlaHCa MeXK]ly TpaHaTOM H3 KCEHOJAHTOB M KHMOEDJIHTOBOrO LemeHTa
CKopee BCero yKaskiBaeT Ha u3GuparenbHoe onpoboBaHHEe H BBIHOC Ha no-
BEPXHOCTb KHMOEPJHTOBbIM paciiaBoM HOPOA BepXHell MaHTHH.

Munukarophbie MuHepashl KnMGepJHTOB, foNajas B OPeosbl, HecyT
HWHPOPMAIHI0 O KOHKPETHhIX KHMOGEDJHTOBHIX Te/NaX, H3 KOTOPhIX OHH
BhICBOGOAnNCh., MHAHBHAyanbHble NPH3HAKH MHHEPAJIOB  KHMOepHTOB
KaMJI0ro KOPEHHOr0 HCTOUHHKA — OCHOBA MJS THIH3aUWH WWIHXOBBIX
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OpeOoJIOB H OTHECEHHA HX K KOHKPETHOMY KOpeHHOMY HCTOUHHKY. OnHako
B Opeo/iaX THIOMOpP(HbIE NPH3HAKH HHAHKATOPHbIX MHHEPaJOB KHMOepJH-
TOB, ChOpMHpOBAHHBIE B 3SHIOreHHHIX YCJOBHAX, TpaHchopMmHpylOTCA B
peay/abTaTe BO3/eficTBIA HAa MHHEpa/bl MHOIHX ()aKTOPOB, Y4TO NPHBOJIHMT K
YaCTHYHOH NoTepe NEepPBHYHBIX NPH3HAKOB, BO3HHKIUHX B KOPEHHOM HMC-
TOYHHKE, H [PHOOPETeHHH HOBBLIX, BTOpHuHbiX. HaubGosee cymecTBeHHbie
OCTMArMaTHYeckHe H3MeHeHHA HHAHKATOPHBIX MHHepaloB KuMOepJHTOB
OCYILeCTBJASIOTCS [IPU MX nepeHoce Ha GoJibLUHE PACCTOSHHA OT (1€PBOHUC-
TOYHHKA, HEOJHOKPATHOM NepeoT/IoKeHHH H3 Goslee IPeBHEro KoJJeKkTopa
B MOJIOIOH, AJIHTEJILHOM NpeOhiBaHHH B BOJIHONPHOOHHOH 30HEe, XHMHUECKO#H
KOpPpO3HH B YC/JIOBHAX THNEPreHHOro BLIBETPHBAHHA, BHYTPHCJIOHHOIO
pacTBopeHHsl (AuareHesa) W BO3JeHCTBHSl THAPOTEPMAJIbHBIX PacTBOPOB,
CBA3aHHBIX C BHEJpeHHeM B OCAJOYHbIe NOpoAbl GoJiee MO3AHHX HHTPY3Hil
(06BIYHO TPAIMNoB).

[Ipn TpancnopTHpoBKe NPOHCXOJNT AudxpepeHlHalua HHIAHKATOPHBIX
MHHEPaJoB KHMOEpJHTOB MO TpaHy/JOMeTpHH, I[JIOTHOCTH, BblObIBAOT
(yHnuroxatores)) M3 ciepbl nepeHoca MexaHHYeCKH HeyCTOHYMBBIE MHHe-
panbl W JedekTHble 3epHA; MOBEPXHOCTHBLIH CJOH 3epeH HCTHPAErcH,
oxkpyrasercsi. B ycnopusix runepreHesa U noj Bo3jeHCTBHEM THApOTEp-
Ma/lbHLIX PAcTBOPOB [POHCXOAHT KOPpO3HA nupona ¢ o0pasoBaHHEM Ha
NOBePXHOCTH 3€pPeH uepenHTyaToro, MUpamujaibHOro, Gyropyaroro, Ka-
BEPHO3HOrO, TPHXHTHYECKOIO H HEKOTOPHIX APYrHX THIOB pedbeda. Kpaii-
Heil (hopMOH rulIEPreHHOro pacTBOpeHHs sAB/AAeTcs (POPMHPOBaHHE KY-
GounoB. Kak npH TpaHcnopTHpOBKe, TaK M B YCJOBHAX THOEpreHesa K
HanMeHee YCTOHYMBLIM OTHOCATCH 3€pHA rpaHara OpaHMeBOro LBera, Ha
BTOPOM MeCTe HaXOIMTCH KpacHbIH rpaHar W Haubosiee yCTOHUMBBHI (PHO-
JIETOBO-KpacHble ero pasHOBHAHOCTH. B Takoil e nocJjie/oBaTreibHOCTH B
rpaHare Boapactaer cofepxanne CryOg, 4TO NPUBOAHT K CABHTY [HPO-
[OBOH accoLMallMH B Opeojiax B CTOPOHY HAKOIVIEHHA B HHX XPOMHC-
ThIX Pa3HOBHAHOCTEH 3TOr0 MHHepaia. AHaJH3 NJIOUIaJHOTO paclpocTpa-
HeHHA accolHallii KHMOEepPJHTOBBHIX MHHEPAJIOB B OpeoJiax [0Kasald, 4To
BAIH3H HCTOYHHKOB CHOCA HaKam/auBaercd OGoJjiee TAXKE/bIH HJIbMEHHT,
TOrJd Kak [MpOll [peHMYLIeCTBEHHO BBIHOCHTCH JaJjleko, obpasys o0+
IUMPHBIE MOJIS, KOTOPble HEPeAKO TePPHTOPHAAbHO HE CBA3aHbl C JIOKa-
JU3ALHAMH KHMGEpJIHTOBBIX MOPOL.

H3yuenne GoablLIOro KOJHYECTBA HHAHKATOPHBIX MHHEPaJOB KHMOep-
JIHTOB H3 KOPEHHBIX HCTOMHHMKOB M ULIHXOBBIX OPEOJIOB KOMIJIEKCOM Me-
TOJIOB MO3BOJIH/IO BBISIBHTb MX IVIaBHble THIOMOP(HBIE NPH3HAKH H3 KHM-
6ep/IHTOB Pa3HON NPOAYKTHBHOCTH, Pa3HblX PAHOHOB, NOJ/IEH H KOHKPETHbIX
TpyOOK, Ppa3HOBO3pacTHBIX KHMOEpPJHTOB, TeJl pasiH4HBIX MOp(OJOrH-
yecKHX THNOB (TpyOOK, JaeK, OTYACTH CHJJIOB). DTH JaHHBIE [10JI0XKEHbL B
OCHOBY THIH3alHK KHMOEPJIHTOBBIX TeJl H LVIHXOBBIX OPEOJIOB IO YCJIOBH-
AM JIOKAJIH3allHk M BeleCTBeHHbIM NpH3HaKaM, Lle/bio 1aHHOH THIIH3ALHM
IBJIAETCA COBEPIIEHCTBOBAHHE LIJIHXO-MHHEPAJOrHYeCKOro MeToJa HOr
HCKOB a/IMa3HblX MECTOPOMKIAEHHH.

K HanGosee aKkTya/ibHbIM 3ajauaM JajbHeMIIHX HCCIEI0BaHHiL, peme-
HHE KOTOPLIX MOXKET [OBBICHTb 3XpeKTHBHOCTh NOHCKOBLIX pabor Ha adr
MdS OTHOCATCH CJe/lyIOLHe. o

. [lponomxenune H3yueHHA HHAUKATOPHbIX MliﬂepaJIOB xumﬁepﬂm‘.oa
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H3 KOPEHHbIX HCTOUHHKOB M ILIJIHXOBbIX opeosoB. Ocofoe BHHMaHHe cCle-
AyeT o6paTHTb Ha HEKOTOpble HeTPaJHIHOHHLIE MHHEpa/bl-HHAHKATOpHI
KHMOEpJHTOB, YCTOHYHBEIE B OpeojaX BTOPHYHBIE H THAPOTEpPMasbHbIE
MHHepanbl (XJOPHT, BEPMHKYJIHT, KBapll, cyabdunsi, 6aput u ap.). He-
NOJIb30BaHNe A5l HX H3YUeHHS! HOBBIX METOAMK M annapartypsl NO3BOJHT
YTOUHHTb H KOHKDETH3HPOBATb H3BECTHblE H BHISIBHTh HOBhE THNOMOPG)-
Hble NPH3HAKH /I HX TPHMEHEHHS B MOHCKOBBIX [IeJIfX.

2. MozennpoBanue B J1aGOpaTOPHLEIX YCJIOBHAX psAla MPHPOAHBIX Mpo-
IIECCOB, B NEPBYIO Ouepelb Npolecca XHMHYECKOH KOPPO3HH HHAHKATOP Hb!X
MHHEpAaJoB, HX MeXaHHUYeCKOro H3HOCa NpH TPaHCNOPTHPOBKE B pas/Hu-
HbIX (PH3MKO-MEXaHHYeCKHX cpeflaxX (alIi0BHANbHBI MepeHoc, YCJAOBHS
ce/lUMeHTallii B NPHOpeRHO-MOPCKOH 30He M JAp.). PesyabTathl 3THX
HeeneoBaHnil GyAyT cnoco6cTBOBaTh OOBLEKTHBHOH paciundpoBKe CJAOXK-
HOii MOCTKHMOEpPJ/IHTOBOH HCTOPHH MHIAMKaTOPHBIX MHHepaJoB.
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