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B MoHorpaduu npHBeldeHH JdHHbBIE 10 BHAOBOMY COCTaBy M
pacnpocTPAHEHHOCTH PYAHBIX MHHEPAJOB B  MarMaTHYECKHX MOPOax
pasHoro cocTaBa M reHesMca, B TOM UHCIC B YJbTPAOCHOBHBIX
BKJIKOUEHHAX H3 KHMOEPJHTOB H JaB COBPEMEHHBIX H JIPEBHHX BYJIKAHOB
MHOTHX pafioHoB 3eMHoro wapa. Ha KOHKpeTHHIX npHMepax packpsi-
BAETCH 3HauyeHHe PYAHBIX MHHEPaJoB NPH BLIACHEHHH (HIHKO-XHMHYe-
CKHX YCJOBHH (DOPMHPOBAHHA WHTPY3HBOB, HX (hopMauHOHHON npHHA-
JIEFKHOCTH H  pelleHHsl JAPYrHX nerposoruiecknx npobnem. Muorue
NOJIOMKEHHA, pa3BHBaeMble aBTOPOM, TaKHe, KaK LIHPOKoe pacnpocTpa-
HEHHE MepBHYHO-MArMaTHYECKHX CyJb(HARBIX MHHEPAJoB B NOpojax
MAaHTHHHOTO H KOPOBOTO [NPOHMCXOMKACHHA, NpoOABIEHHE CYJAb(HIHO-
CHJIHKATHOH H OKHCHO-CH/IHMKATHON JHKBAUMH B MarMax H nociaemarva-
THUeCKoe npeobpa3zoBanie pPYAHLIX MHHEPAJOB, HMEKOT NpAMOe OTHO-
HleHHe K BHISCHEHHIO MCTOUHHKA PYAHOro BeulecTsa W pacliHgposke
MHOFHX JIPYTHX CHOPHHIX BONPOCOB TEHE3HCA IH/IOTeHHBIX PYIHBIX
MECTOPOK IeHH .

KuHra paccudraHa Ha IIHPOKHH KPYr TreojoroB, HayiHbIX paboTHH-
KOB, @ TaKie nperojapateseii d CTYACHTOB TreoJOrHYECKHX BY30B,
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MPEAMCINOBUE

Pyansle MHHEpaJBl — COCTaBHAA 4acTh nojasjasiouiero 6ob-
HIHHCTBA H3BEpXKeHHbIX mnopoA. MayueHue BHAOBOIO cOCTaBa
PYAHLIX MHHEPaJoB, paclpoCTPaHEHHOCTH, B3aHMOOTHOIIEHHA
JApyr ¢ Apyrom, ocobeHHOCTeH pacmpejlefieHHss B HHX 3JeMeH-
TOB-TIPHMECEH H T. 1. MOXKET OKasaTb nerporpadam H TeoxH-
MHKaM HeOUeHHMYIO MOMOLLb TPH BBIICHEHHH YCJIOBHH (BOpMHu-
pPOBaHHSi MarMaTHUeCKHX NOPOJ, YCTAHOBJEHHH HX MOTEHLHA/b-
HOH PYAOHOCHOCTH M  pelIeHHH MHOIHX JPYrHX BONPOCOB
neTporeHesnca H pynoobpasoBaHus.

OpHako pyaHBIM MHHepaJaMm Bce elle yjensieTcss HeaocTa-
TOYHO BHHMAHHSA, YTO B KaKOH-TO Mepe 0O6YC/JAOBJIEHO HENOOIEeH-
KOW MHHeparpadHuyecKHX METOJOB NpPH METPOJOTHYECKHX Hcc/e-
nosanuax. He cayuafino no HelaBHero BpeMeHH He ObLIO
OonyGJHKOBaHO HH OJHOH KHHIH, ClelHaJ]bHO MOCBSLIEHHOH
PYAHBIM MHHepaJaM MarmMaTHUeCKHX nopox. dTo o6CcToATeNLCT-
BO MOOYAHJIO aBTOpa K CHCTEMATHYECKOMY H3YYEHMIO PYAHBIX
MHHEDPAJIOB B PA3JHYHBIX THNAX HHTPY3HBHBIX U 3hdy3HBHBIX
nopoa. IlepBbie pe3yabTaThl HCCAeJ0BaHHA OBIIH OMYGJIHKOBaHBI
B 1973 r. B knHuHre «PyaHple MHHepaJgbl H3BEPXKEHHBIX MNOPOL
H HX 3HaueHHWe NPH MNETPOJOTHUECKHX HccaefoBaHHAX»», [locae
ee BHIXOJa aBTOP NpPOAOJKAET H3YUeHHE PYAHEIX MHHEpPaJoB
MarMaTHYeCKHX MOpOoJ pa3HOTO cOcTaBa, B TOM 4YHcJe MOpoj
BepxHeil MaHTHH 3eMaH u Tay6okoBoaHBIX JgaB Tuxoro u Hr-
auiickoro okeanoB. Muoro JnaHHBIX 1O pacnpoCTPaHEHHOCTH
H oco6eHHO MO XMMHYECKOMY COCTAaBY PYAHBIX MHHEPAJOB MNOA-
BHJIOCh KaK B 3apyGeiHOl, TaKk W B OTeYeCTBEHHOH JHTepaType,
yeMy B HeMaJo# cremeHH crnoco6CTBOBANO NPHMEHEHHE HOBLIX
METOAOB HCCJeJOBaHHS, B YacTHOCTH 3JIEKTPOHHOrO MHKpPO-
30HJa.

TnaBHOH 3ajgaueil  ObIJI0O — HA KOHKPETHHIX TNpHMepax Kak
MOKHO [MOJiHee pacKpbiTb 3HAYeHHE PYJAHBIX MHHepaJjoB MNpH
PelenHy TexX HJIH HHBIX NETPOJOrHYECKHX Mpobiem.

Mmuorve mnoJoXKeHHsA, pasBHBaeMhle B pafoTe, TakHe, Kak
IIHPOKOe PacrnpocTpaHeHHe MepBHYHO-MArMaTHYeCKHX CyJabdu-
JHBIX MHHEPaJoB B IMOpPOAaX BepXHeH MaHTHH, NPOSBJEeHHE
Cynb(HIHO-CHIHKATHONH JHKBAallUH B Marmax, npeobpasoBanue



PYAHBIX MHHEPajoB NpH NoCIEMarMaTHYeCKHX POl
H ApyrHe, HMEIOT NpAMOe OTHOUIEHHe K BBIICHeHHIO Hc:l'ﬁ
PYAHOTO BELLECTBA H PELIEHHIO PAla APYIHX HpoGaem reHe
HJOTEHHBIX PYAHBIX MECTOPOMK/ICHHIA,

Pyanble MHHEpabl KPHCTANIM3YIOTCA HA NpOTAKeHUH Bcel"é
npoitecca hOpMHPOBAHHA H3BEPHEHHBIX nopox — 0T HaHGOACE
panHeli MarMaTHYecKOil cTaiMH OO camoil No3gmelt nocjeMar-
MaTHUYECKOH, TpHYeM MHOTHEe H3 HHX CnocoOGHbl BhIZeaASTHCH B
pasJHuHble CTagHd MuHHepasoobGpasoBanusa. [lpu nerajnpHOM
MHHeparpaHuecKoM H3yueHHH O6bYHO Ge3 Goabmworo Tpyaa
yAAaeTcsl OTJAHYHTH, HaNpuMep, MarHeTHT MEPBHUHOrO marmMaTH-
YeCcKOro NPOHCXOMK/AeHHA OT Marueruta, obpasoBaBuierocs s pe-
3yabTaTe PpasoNKeHHS CHAHKATHBIX MHHEpPaaoB (IHPOKCeHOB,
am@ubonoB H T. M.) NOA BO3AEHCTBHEM THAPOTEPMANbHLIX MPO-
neccoB. TOUHO Takxe H AAA CyAbOHAHBIX MHHEPAJOB BHLISIBACH
psii KDHTEPHEB, TIO3BOJSIOWHX OAHO3HAUHO CYAHTL 06 HX reHe-
THYECKOH npHpojae. ITH OTIHYHTEAbHble NPH3HAKH a5 Kele-
30-THTAHOBBIX OKHCHBIX H cy.:lbcbmmh:x MHHEPaJOB B COOTBETCT-
BYIOULHX pa3sjenax KHHIH ONHCAHDLL AeTajbHO.

PynaHble MHHepadbl BO MHOFHX CIYUdaax HABASIOTCH qeTKAMI
HHANKATOpaMH (H3HKO-XHMHYECKHX YeaoBHii MHHepaJaooGpaso-
BaHHA  (TeMnepaTypbl, AdBJEHHS, OKHCJIHTEJbHO-BOCCTAHOBH-
TeJIbHOH 06CTaHOBKH), YTO TaKXe Halllo oTpaxeHHe B pabore.

Pyauble MuHepasbl 06pa3yioTcs B Npejienax KOpbl BBIBETPH-
BaHHA M3BEPIKEHHBIX TNOPOA. IDTH HeoOBIUHbIe MMOBEPXHOCTHLIC
o6pasoBannsi (NpeHMylUeCTBEHHO OKHCJbl H THIPOOKHC/L KeJe-
3a, MapraHia W JApPYrHX MeTaJJloB) HaMH He paccMaTpHBAlOTCA.

MarepuanoM aas MHHeparpaHueckoro H3yueHHs H3Bep-
AEHHBIX TOPOA, KaK H B MNpexHue TOAbL, NOCJAYKHIH 0Opasiibl
NHYHBIX cOOPOB W KOMJeKUHH MHOTHX NEeTporpafoB H reoXHMH-
ko — H. B. Baaawkuna, M. U. Kyaomuna, B. A. Kyroauna,
H. T. Ilpokonuesa, M. A. PomanoBa, A. JI. Xapbkusa
n E. M. lllepemera. ABTOp NPHHOCHT BCEM 3THM TOBAapHILaM
rayGokyio 6aarogapHocTh 3a noMoulb B pabore. Moworpadus
suiitosnena B Mucruryre reoxumuu CO AH CCP u I'omeabckom
rocylapcTBeHHOM YHHBEPCHTETE.




Fnasa |

CYJNb®HUAHBLIE MUHEPATbI

B MOPOAAX BEPXHEM MAHTUM

M HEKOTOPBIE MPOBNEMb] 2HOOMEHHOI O
PYOOOBPA3OBAHMA

[Topoapl BepxXHeil MaHTHH ToKa elle He BCKPBITHI CKBaXKHHA-
MH cBepXray6okoro OypeHusl, H elHHCTBEHHLIA NyTb AJIS NpPAMO-
ro Cy:KIeHHs O HX COCTaBe — 3TO H3y4YeHHe 0OJOMKOB, BbIHECEH-
HBIX M3 HeAp 3eMJH JaBOBHIMH NOTOKaMH BYJAKaHOB WJAH MNpH
oGpa3oBaHuH Tpy6oK B3phiBa. Ma3sectHo, uTo pajeko He Bce
06JIOMKH OTHOCATCA K NopojaaM BepxHell MaHTHH. HacTe H3 HHX
SIBJISIETCA OTTOPIKEHIIaMH BellecTBa 6a3albTOBOTO CJI0A H NMOPOJ
6oJiee BepXHHX TOPU30OHTOB 3eMHOIl Kopbl. Te o6JOMKH, A18 KO-
TOPBIX TAYOHHHOE (MAHTHIHOE) NPOMCXOMKACHHE MPHHHMAETCs Mo-
gaBasiolliM  GOJILIIMHCTBOM  HCCJeoBaTesel, [peacras/eHbl
NePUAOTHTAMH, JEPLUOJHTAMH, BeGCTEPHTAMH, BEpJHTaMH, rapii-
Gyprutamu, 3KJOTHTAMH H HEKOTOPBIMH APYTHMH PAas3HOCTAMH
VALTPAOCHOBHLIX mopod. Ilo 3TUM BKJIOYEHHAM YJIbTPAOCHOB-
HBIX TOPOA B CBA3W ¢ npob/eMoill CTpoeHHA 3eMHOH KOPHl H
BepxHell MaHTHH NpOBeJeHO 3HAYHTEIbHOE KOJHYECTBO MNeTpo-
nornueckux uccaeposanuin (White, 1966; Jackson, 1968; dewnu-
cos, 1968; Bonoxos, 1972; Cobouses, 1974; u ap.).

OnHako NPH H3YUEHHH 3THX MOPOA TaKiKe He VAEASI0Ch 10-
CTATOYHOrO BHHMauHsi pyauofi u, ocoGeHHO, Cyab(pHAHOH MHHe-
paJiM3alHH, XOTS H3yYeHHe PYJHBIX, B 4YacTHOCTH H cyabdui-
HBIX, MHHEPaJOB HECOMHEHHO AacT JONOJHHTE/bHBIE CBejeHHs,
noJie3Hble [IPH pellleHHH MHOTHX BONPOCOB NeTporeHe3Hca, B TOM
upcJe TIPH YCTAHOBJEHHH TEeHETHUECKOHl TNPHPOABl BKJIOMEHHI
YJIBTPAOCHOBHBIX [OPOJA B JAaBOBHIX MOTOKax H TpyOkax B3pbiBa
H BLISICHEHHH HCTOUHHKa METaJIJIOB H Cepbl MPH MarMaToreHHOM
pvaoobpasosanin. YtoGbl B KakKOH-TO Mepe BOCHOJHHTbD 3TOT
npobes, aBTOp H3ydal B OTPa’KEHHOM CBeTe PYAHbLIE, TJIABHBIM
ofpa3om Cyab(uaHble, MHHEpPajbl B YyKa3aHHBIX TOpOAAX H3
PasauuHbIX TOYEK 3eMHOTO Wapa. "

K Hnacrosiulemy BpeMeHn MHHeparpaduueckd usyuexo 170 o06-
pAa310B YJABTPAOCHOBHBIX MOpPOJ H3 aHge3nTo-6azanbtoB Kawm-
yatku, 6asaibtos [ aBafickux octpoBoB W 0. Tautu, [JaabHero
Boctoka, a Takmke wu3 Tpy6oxk B3peiBa Hkytuu, CeBepo-Muny-
cHHCKOl Bnaamusl 0 Kaparterunckoro xpe6ra B lOxHom Tsanb-
Hlane. PesyabTaThl Hec/lelOBAaHHH MO OTAEJNbHHIM paHOHAM 4a-
CcTHuHO Owlan onucansl panee (Baxpywes, Ilpokonues, [969;
Baxpywes, Kyronun, 1970, 1976; Baxpywes, Co6oaes, 1971).



CYINb®HAHBLIE BbIOENEHUSA
BO BKNKOYEHMAX YNBTPAOCHOBHbLIX NMOPOA
BA3ANBTOBLIX NTAB JANIBHETO BOCTOKA M KAMYATKHK

Jast MuHeparpauueckoro H3yueHHs YJAbTPAOCHOBHbIE BKJIO-
ueHHst B3ATHl H3 OGasanbToBbIX JaB CsuaruHckoro, Mmanckoro
i Bopucosckoro naneosyakanoB na [anabhuem Bocrtoke u aH-
Jesuto-6a3anbroB ABaunHcKoro Byskana Ha Kamuartke.

B anpesurto-6azanprax ABauyMHCKOH cONKM npeobaajgaior
rapubyprutoBble Bkaiouenus ([euncos, 1968). Mayuennnie 06-
pasibl rapubypraToB HMEHT NPHMEPHO TAKOH COCTAB: OJHBHH
(70—75%), opronmupokcen (20—25%) u xpomur (1—3%).

[TepBHuHo-MarmMaTHyeckHe cyJabQuinble BblejleHds (cocTosi-
IIHe B OCHOBHOM H3 MHPPOTHHA W XaJbKOMHPHTA) B 3THX BKJIO-
yeHHAX B (opMe Kaneab HJIH IIAPHKOB Ha6JI0AalOTCA TOJbLKO
BHYTPH 3€peH OJHBHHa H NHpOoKceHa. Hu oRHOTO MHPPOTHHOBOIO
HJIH XaJbKOMHPHT-NHPPOTHHOBOTO BbIJeJCHUS He OLLIO BCTpeue-
HO BJOJL TPELIMHOK CHajfiHOCTH WJH TI0 TpaHHILaM 3epeH, XoTsd
BHYTPH OJHBHHA M NHPOKCEHA WHOTJAA HACUHTBLIBAETCS 10 O H
6oaee cyaphHanbix kanenb (puc. 1, cm. Ilpuaomxenue). [IByx-
(hazHoe CTpPOeHHME OTMeuaeTcsi OYeHb PEAKO H TOJbKO B Kamifx
nanboapwux pasmepoB (0,02—0,03 mM). B 3tom cayyae xajb-
KONHPHT OT OCHOBHOW NHPPOTHHOBOH Macch obocobasercs mo
KpafM B BHJe noaycdep, TOHKHX o6oJo4eK H T. II.

O6ulee coiep:KaHHe CYyJAbQHUIHBIX Kamejb, XOTH H OUeHb Ma-
Jlo, HO BCe ¥Ke BO Bcex LWIH(pax 3ameTHo OoJibllle, YeM B aHje-
3uT0-6a3a1bTOBBIX JaBax KakK ABauMHCKOH CONKH, TaK W B Ja-
Bax Apyrux ByaxkaHoe Kamuatkuy u KypHJIBCKHX OCTPOBOB.

N3 ppyrux cyabpHIHBIX MHHEpPAaJOB B OAHOM wWiHpe rapiu-
OypruTa BCTpeueH NHPHT B BHAE MEIKHX 3epeH BIOJbL ACHO BbI-
paxKeHHOH TPeULHHBl B MOPOJIE.

B 6asanpbrax Causirnnckoro, HMmauckoro u bBopucosckoro
najeoBYJKaHOB H3yueHHble ryOHHHBIE BKJIOYEHHS NpeacTasJe-
Hbl JepuoJiuTaMi. B HHX mepBHYHO-MarMaTHYeCcKHe CyJb(HIHBIE
MHHepaJbl B (OopMe KameJdb TaKiKe BCTPeyaloTCs BHYTPH OJIMBH-
Ha WJH NHpOKceHa. B cpe3ax oT/Ae/bHBIX 3epeH BHAHLI Kak e/H-
HHUHble BBbIeJEeHHS, TaK W CKOIJIEHHS MHOTHX AECATKOB H AakKe
COTEH MeabuaHlIHX CyJAb(HAHBIX NIAPHKOB, pa3Mepbl KOTOPBIX
YacTo HAaXOAATCA B TNpejesax paspemraiouiefl cnocoGHOCTH MHK-
pockona,

OnuMH ¥M3 NPHMEpPOB KYYHOTO pacipeeeHdst CyJabguaHbx
BHIZIe/IEHHH B JepuoauTtax HMMaHCKOro ByJKaHa TpHBEJEH Ha
puc. 2. 31ech B TNpemesax ydyacTKa, H3MepseMoro MHKPOHAMH,
CKOHIEHTPHPOBaHO cBhile 80 BHAHMBIX TIpPH  YBEJHYEHHH
B 800—900 pa3 cyastdunublx wapukos. ITokasatennno, 4yTo pac-
MoJI0KeHbl OHH He Oecrnopsfo4yHo, a 10 ABYM HampaBJ/leHHAM
c obpasoBaHHeM B cpe3e mJockoii ceTkd. Cyabduabl Takxke 06-
PasyIoT CJa0XKHO H3rubGaoou(Hecsd MOJOCH (pHC. 3) M OAHHApPHBIE



nenouxu. Bo MHOTHX C/lYuafx BbISIBJAAIOTCHA JIBE€ CHCTEMBI MOJIO-
COBHJHOIO pacrnpejeleHis cy/ab(HA0B B KPHCTAMJAaX OJHBHHA
H NHPOKCEHA.

Kak noxasajo mnapaiJejbloe H3yueHHE NPO3pauHbIX ILJH-
(OB, NOJOCOBHIHOCTE H JpyrHe ocoOGeHHOCTH pacnpegesieHns
cydb(uaHblX 060co6jeHHii B Y/JAbTPAOCHOBHBIX BKJIOYEHHAX BO
MHOroM o0O6fA3aHbl NJIaCTHYECKHM JAedopManHsaM CHJIHKAaTHBIX
MHHEPaJoB B BepxHeH MaHTHH. JTOT Bonpoc noapobHo Oyier
paccMOTpeH HHIKE.

CYJIbdHUOHAS MHUHEPANU3ALIMA
BO BKNKOYEHMAX YINIbTPAOCHOBHLIX MOPOL
B BA3AJIbTAX TABAWCKMX OCTPOBOB U O. TAUTHU

Bce o6pasiibl XapakTepH3yIOTCH KPYNHO3EPHHCTHIM CJA0MKE-
HHEM H [0 MHHEePAaJbHOMY COCTaBY MNPHHAAJIeXKAT K JeplLoJH-
TaMm, BepJHTaM, rapubyprutaMm M rpaHaTcoOAep:KallHM OJHBHHO-
BEIM NHpPOKceHHTaM. BMeugarmouue nopoabl —3To 6a3ajbThl MO-
BLILIEHHOH  II[EJOYHOCTH  (UIeJouHBIe TOJEHTOBble Tpaxuba-
3aJILTHI).

Cyab(puansle MHHEPAJbl B 3THX W APYTHX THOAX BKJAKOYEHHH
B Oasaabrax I'aBalickux ocTpoBOB oTMeualoTcss B paGorax psiia
apTopoB. B uyactHoctH, B oGo6uwalouei cratee P. VYaiita
(White, 1966) roBopuTcs, uTo GOJBLIIHHCTBO YyabTpamaduue-
CKHX BKJWOUYeHHH B Oa3zanprax ['aBafiCKHX OCTPOBOB COAEPIKHT
NHPPOTHH, Xa/AbKONHPHT H MNEHTJAHIHT; PeiKO — MHPHT, MHJ-
JaepuT (?) H xaapkosuu. [locleanHe ABa MHHepasna SBJIAIOTCH
MPOAYKTAMH BTOPHUHBIX H3MeHeHHil. OTMeueHB H HEKOTOpbIE
Mopdonorqueckie ocobeHiiocTH Ccyab@UAHBIX BbiaejaeHuit (cde-
pHYecKast H yAJHHeHHasl ¢opma) H IpeHMYILIeCTBEHHOE HAXO0XK-
JIeHHe HX B NHPOKCEHaX, XOTs BCTPEYalOTCH OHH H B OJHBHHE.
Oanako NpoOHCXOXKIEHHe CyJbGHIAHBIX BbIAEJIEHHH 0CTAJ0Ch He-
BhisicHeHHbIM. CJjlefoBaTelbHo, 0coOeHHOCTH HX COCTaBa, CTpoe-
HHSE M pacnupejejeHds, Tak xe Kak W cam (akT MOCTOAHHOTO
HX TNPHCYTCTBHS, COBEPLIEHHO He HCNOJAB3YIOTCs Kak P. Yaiitom,
TaK W JAPYTHMH HeTporpagaMH, HACKOJbKO HAM H3BECTHO, J/IA
BLIICHEHHS TIeHeTHYeCKOH NPHPOALI BKJAKYEHHH YJIbTPAaOCHOBHBIX
nopopx B OaszanbTaXx W INPH pelleHHH JPYrHX MeTPOJOTHYECKHX
BOINIPOCOB.

Pacemotrpum  ocobennoctd  cyiabduAHBIX  o6pa3oBaHHil BO
BKJIIOYEHHAX VAbTPAOCHOBHBIX MOPOL.

Has BRJAOYEHHIT yaAbTpaocHOBHBIX nopoj ['aBalickux ocTpo-
BOB M 0. TauTu TaxkmKe XapakTepHO NPHCYTCTBHE CyIbQUAHBIX
BhIJleJIeHHH B (hopMe Kaneab HJAH COBepIUEHHO MPaBHJIbHBIX IIa-
PHKOB MHPPOTHHOBOrO, XaJ/JibKONHPHUT-MHPPOTHHOBOrO, XaJbKoO-
NHPHT-NEHTIaHAHT-THPPOTHHOBOTO cocTaBa. Takue oGocobienus
pacrnosaralTca 4acTo BHYTPH NOPOA0COOPA3YIONIHX CHAHKATHLIX
MuHepanoB, 6e3 BHAMMONH cBs3n ¢ Tpeumunamu B Hux. IlepBnu-



HO-MarMaTHYeCKHe CYAb()HABI MPHCYTCTBYIOT H BO BMEINAIOUIHX
6azanbTOBLIX MopoAax (0 HHX peyb MOHAET B ciedyiolled raa-
Be). OnHako cyabpuaHble MHHepaaH3alHu BO BK/IOYEHHAX M B
Ga3zanbTax 3aMeTHO OTJIHYAKTCA APYr OT Apyra B OCHOBHOM
TEM, UTO:

1) BuHyTpH 10poa006pPasyOHX CHJIHKATHBLIX MHHEpPaJoB
BKJAKYEHHUH yJbTPAaOCHOBHBIX nopoa HabulogaeTcss MNOJA0COBHIL-
noe 1 OoJjee cJ0kKHOE pacrnpenenerde CyJib(GHAHLIX BBIACTCHHI,
UTO COBEPLIEHHO He CBOHCTBEHHO CyJAbQHAHON MHHepaJHzalHu
6azasbroB ¢ ['aBafickux ocTpoBoB H 0.Tantu;

2) cyabpuaHble BbijejeHHsi, ocoOeHHO Haubojee KpynHbie
H3 HHX, BCTPeYaloTCA He TOJNLKO BHYTPH OJHBHHOBBEIX HJIH HHPO-
KCEHOBbIX 3€peH, HO H B/0Jb TPaHHYHLIX TOBEPXHOCTEH MEKAY
HHMH;

3) pacnpocTpaHeHHOCTL CYJAb(HAOB HeoaHHAKOBA. Bo Bcex
manpax H3 BKAOUEHHH CyabhHAHAA MHHepaJaH3aUHA yCTAHOB-
JieHa B 3aMeTHO 6OJbIUIMX KOJHUecTBax, ueM B 0asa/bTax, B TOM
yHc/ae H B TeX M3 HHX, KOTOpble HEMOCPeACTBEHHO cojaepmxaT 00-
JIOMKH YJBTPAOCHOBHBIX nopoi. B kakoii-to Mepe 06 3TOM MOK-
HO 3aKJIOYHTH M3 NPHBEAEHHBIX 3Aech MHKpodoTorpadui.

IMToxr MHKpOCKONOM B IpedesiaX OYeHb MaJeHbKHX YYacTKOB
cpesa  [0poAbl HabMOAAIOTCA MHOTHE JeCATKH H jJare COTHH
cyab(HAHBIX BeiAejgeHHi. [HeoOwluen, cBoeobpasen xapakrep HX
pacnpeaejseHus BO BKJAYeHHsix. Ha 3ToM gBjaeHHH ciaeayer
OCTaHOBHThCA 0cob6o. [losocoBHAHOE pacnpene’neHHe yaile Bee-
ro XapakTepHO AJNS MEJKHX CyJab(HAHBIX BEKJAOYeHuil (kameJb).
Onnako B HEKOTODLIX CJy4YyasiXx OHO V/aBJHBAeTCs H B Ipo3pau-
HBIX, KaK 3TO BHIHO Ha npHuBedeHHbIXx Mukpodotorpadusx. Ha
ofHOH H3 HHX (puc. 4) MBI BHAMM 3€pHO OJHBHHA, B KOTOPOM
MOJOCKH € MHOFOYHC/AEHHBIMH BKJIYEHHAMH Cy/lb(HAOB OpHEH-
THPOBAaHbI NPEUMYLIECTBEHHO B OZHOM Hanpas/ieHHH, HpHUYEM
NPOXOJAT OHH Hepe3 TPellHHbl B 3epHe Ge3 H3MeHEHHS Hanpas-
JIEHHS, 4YTO YKasbiBaeT Ha HX CYLIECTBOBaHHe A0 TMOsIBJEHHS
TPELlHH B OJHBHHOBOM 3epHe. ITO 0OCOOEHHO HATJAAJHO BHIHO
Ha Muxpodotorpadun nojiuposaHsoro uwiuda (puc. 5). Touno
TAKHE e B3aHMHO [epeceKalollHecs CHCTeMbl M0JOCOBHIAHOTO
pacnpeaeseHuss CyJab(pHAOB, pAacnoJoOMKeHHble He3aBHCHMO OT
TPeUlHH CNaiHOCTH, HaOJI0AAIOTCH H B 3€pHAX.

ITpoMeRKYTKH MexKAY OTHAeJbHBIMH CYJAbGHAHBIMH BKJAOUE-
HHAMH HeoiHHaKOBBl (puc. 6). Ouu Tem OoJblle, YeM KpymHee
HX pasMmepbl, HO 0co60 KpynHble cyab(UIHbIe BBIAEJEHHS 0OBIU-
HO OAHHOYHBI, TAK Kak OJuxaiiee OKpYXKeHHe HX cBOBOIHO OT
JAPYTHX CyAb)HAHBIX BKJAKOUeHHA. ITO 06CTOATENLCTBO HABOAHT
Ha MBICJIb O BO3MOMKHOM YKDPYIHEHHH (CAMSIHHH) OTAEJbHbIX
CYJb(MHAHLIX Kamedb I10CJe KPUCTANJH3aUHH NOPOABI, 4TO, Be-
poOSATHO, [POHCXOAHT BAOJb O0cAabJeHHBIX 30H B KpHCTa/lax
WKW TPEUIMHOK, KOTOpble OoJbllefl 4acTbio MojJ MHKPOCKONOM
HEBHAUMBL, B 3TOM OTHOWIEHHH II0KazaTeJbHbl (DOPMBI Bbiaene-
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HHSA CcyabHaoB, H3oOpameHubie Ha pHc. 7. Jleno B TOM, uTO,
paccMaTpHBas B 1leJOM OTAe/IbHbie HENOMKH HAH PAALL CyabdHI-
HBIX BblJeJeHHH, BHYTPH CHAHKATHBIX MHHEPAJIOB IOUTH NOCTOMH-
HO HabJawoaalTesa nepexoibl OT MmeJbyailinx Kanejgek K Gosee
KPYNHLIM, BIJIOTbL 0 00pa3oBaHusi CepHH KOPOTKHX KHJIOK C
yToJlleHHsIMH Ha o60oux KoHlax. PopMma yToqlLeHHH HANOMHHAET
npuaMniIde Kaneabku. Ha pue. 7 n3obpakeH 0AWH H3 OTPE3KOB
TAKOH 1eNOYKH B MecTe [epexoja pasoblleHHLIX APYr OT Apyra,
HO YiKe YaCTHYHO YKPYNHEeHHBIX, CYJb(HAHBIX Kaneab B KOPOTKHE
HKHIKH.

Pacnpenenenne cynb(HAHBIX BKJAIOYEHHI B MHHepa/ie-Xxo3siHue
GbiBaeT H 6GoJsiee CAOKHBIM — CKOMJIEHHA ¢ H3BHJIHCTBIMH KOHTY-
pamH, cTpyH M T. 1. OJAHH H3 NPHMEPOB TAKOro pacnpene/eHHs
CyJbGMUANLIX 1aPHKOB B CHIHKATHBIX MHHEpaJax JepUoJHTOBOIO
BKJlovyenuss B Gasaabte (0. TaBaiin) npusesen Ha pHc. 8, rae
XOpOIIO BHAHA CTeNMeHb «HACHILIEHHOCTH» OTAEJbHBIX YYaCTKOB
nopoo06pasyOHX CHAMKATHEIX MHHEPAJOB MEepHAOTHTOBLIX
BKJIIOUEHHH cyJbgHiamu.

B rpanarcofepxauiix OJNMBHHOBBIX NHPOKCEHHTAX cyabdHi-
Hbl€ KalJH OXOTHO KOHLEHTPHPYIOTCA Ha [OBEPXHOCTH KpHCTal-
JIOB THpOINa, KOTOPLIe caMM 110 cebe 4acTo HAXOAATCH BHYTPH
OMUBHHA HJM NHPOKceHa (puc. 9). B 3Tom ke Tune nopona BeTpe-
UalTCs HAealibHble WapHKH Cyab(pHA0B B BHIAE BKJIIOUEHHIl B CH-
JHKATHBIX MHHEpaJax (MmMpoKceHe, ONHBHHE), peXke B MPOMENKYT-
Kax MexK/ay HHMH, BBIMOJHEHHLIX HHOTAd OYPBIMH NMPOAYKTAMH HX
npeobpasoBauusa (Tuna Govaunnrura). Takoro poga cyiabhuAHBE
IIAPHKH B TpaHaTcolep:;KalleM OJHBHHOBOM ITHPOKCEHHTE H30-
Gpaxennt Ha puc. 10 u 11. Tlpu OoabliHx YyBeJAHYEHHAX OT-
YeTJHBO BHJACH HX MEHTAAHAMT-NHPPOTHHOBKIN COCTAB.

Heo6xonumo OTMeTHTL, 4YTO OTHOCHTEJbHO KpynHble (10
0,05 MM) u opHOBpeMeHHO Gojee CJAOKHBIE O CBOEMY BHYTpPEH-
HEMY CTPOEHHIO Cy./b(HAHbIEe 06pAa30BAHHSA BO BCeX CaAyuasx MpH-

‘ ypoueHbl K TPOMEKYTKaM 3epeH Mnopoaoobpasyiollsx CHIHKAaT-

HBIX MHHEpAJoOB. DTO OAMH H3 OTJAHUYHTE/LHBLIX [IPH3HAKOB pac-
NpefeaeHHsT CyJab(HI0B B pacCcMaTpHBAEMbIX BKIUYEHHAX YJAbTpa-
OCHOBHBIX TIOPOJL MO cpaBHeHHIO ¢ Ha3anbTaMH, B TOM UYHCIE H C
TEMH H3 HHX, KOTOpPbIE HENOCPeACTBEHHO COAEpPKaT BKJIOUEHHSA
JIEPLOJHTOB, BEPJUTOB, MHPOKCEHHTOB H T. . OAKH U3 NpHMEpPOB
TAKHX BbloeJeHHH Nokazan Ha puc. 12, ®opma X wvauie Bcero
ainesuanas. OrpauuueHns uerkue, 6e3 NPH3HAKOB 3aMellleHHs
ONMBHHA WaM nupokcena. OKkpyxawuiie HX YYACTKH CHAHKATHBIX

. MHHepaJIOB ONATL-TAKH JHIICHbBI MEeJNKHX KalJeBHIAHBIX BKJOHE-

HHIl CyJbHAOB, XOTS NOCJAEAHHE HA HEKOTOPOM y/ajeHHH B TOM
HJIH HHOM KOJHYECTBE BCTPeyaloTcs NouTH noctosHuo. Boabuas
YacTh TAKHX BBIAEJEHHH CJOJKEHA MUPPOTHHOM, COLEpKAalluM
3aKOHOMEPHO OPHEHTHPOBAHHbIE NAACTHHUATHIE HJH I1J1aMEBH/-
Hble BKJIIOUCHHS NMEHTJaHAHTa, KOTOPbIEe paccMaTpUBalOTCs B Kaue-
CTBe NPOAYKTOB pacmaja TBepAblX pacTBopos. K KpaeshiM ua-
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CTAM TaKHX BbIAedeHnfi o6bIYHO Npuypouen xaabkomuput. He-
00XOAHMO OTMETHTL, YTO CYJb(HAHBIE Kan/H, 3aKynopeHHbie B
3epHax OJHBHHA HJIH NMHPOKCEHA, TOXKE HE BCErga HMEKT TOJbKO
NMHPPOTHHOBHIT cocTaB. OAHAKO H3-3a OYeHb MaJjbiX Pa3sMepoB
MHOTO(a3HOe CTPOEHHE HX YCTAHABIHBAETCH 3HAYMTEJNLHO PeXKe
H npu GoAbIWIHX yBeanuenusX. EcTecTBeHHO, UTO B 3THX ciyyasx
VBEPeHHO OMPEIeNHTh M0 MHKPOCKONOM OTAeNbHbe CY/IbhHHbIE
(ha3bl BecbMa TPYIHO.

W3 npyrux cyapduaHbX MHHEpPaJoB BO BKJIIOYEHHAX yJbTPa-
OCHOBHBIX MOPOX B 6a3anbTax BCTPeYeH MHPHT H TO TOJABKO B Of-
HoM uwiHge 3 nepuoauta (o. [aBadu), rie HeCKoJbKO ero KpH-
craianos pasmepom 0,03—0,05 MM pacnonoxeHO BROAL TpellH-
HBEl B nopoge. OTcyTCTBHe HJIH HHYTOXKHOE NPOABIACHHE MHPUTO-
BOH MHHepaJu3alUH BO BKJIOYEHHAX MOHATHO, TAK KaK AOCTYII
MHHEepaJH30BaHHBIX PAaCTBOPOB MJH BO3TOHOB, CBS3AHHBIX C BYJI-
KaHHYeCKOH /eATeJIbHOCTbIO, B 3TH BKJW4YeHHs eule Oosee 3a-
TPYJHEH, YeM BO BMellaloniHe ux 6asajabThl.

Cynb®@Ubl BO BKNHOYEHHMAX YNbTPAOCHOBHBLIX NMOPOA
M3 TPYBOK B3PbIBA CEBEPO-MMHYCWHCKOW BMAZAWHbI
M KOMHOMO TAHb-LUAHSA

B tpy6kax B3peia CeBepo-Munycunckoii Bnaauus ObijH Bbi-
ABJEHB H KPaTKO OXapaKTepH30BaHLI BKJIOYEHHS YJIbTPAaOCHOB-
HbIX H ocHOBHBIX nopoi (Kpiokos, 1968), npencrasinenubie Jep-
IIOJIMTAMH W MAPOKCEHHTAMH C XpoMmcoJepialled IMHHebIO,
KJMHOMHUPOKCEHHTAMH, C FepIHHHUTOBOH IUMHHENbIO, NMJAarHoKJaas-
KJIHHOMHPOKCEHOBLIMH NMOPOAAMH, & Takxe 06JOMKaMH KpYNHLIX
kpucraanos aprurta. [To muenuio B. A. Kyroauna u B. M. ®@po-
noeo#i (1971), JepuoHTHL H THPOKCEHHTHI C XPOMCOAEpIKaLILei
HMIMHHEAbI0 MPeACTaBJAAIT co060/0 KCeHONHTLI BellecTBd BepXHel
MaHTHH; OOJOMKH KPYIHBIX KPHCTAJJIOB aBruTa AIBJASIOTCA deno-
KpHCTa/J1aMH BblCOKOro nasjenusi, B nonumanuu I, X. T'puna u
A. 3. Puursyna (1968); KJAHHONHPOKCEHHTLI OTHOCATCH K aKKy-
MVJISTHBHBIM 0Opa3oBaHHsAM, a MIaTHOK/IA3-KJAHHOMHPOKCEHOBEIE
IIOPOJIBI, TO-BHANMOMY, TIPeACTaBJA0T cO00H KCEHOJHTHl BEIlecT-
Ba «6a3aJBTOBOTO» CJIOS 3€MHOH KOPHI.

Muneparpaguyeckoe uayueHHe ULIH(OB n0Kazajgo, YTO BCe
THIBI YJALTPAOCHOBHLIX MOPOJ COMEPKAaT PYAHLIE, B UYaCTHOCTH
cyabunnbie, obpasoanus. [locneanne no dopme BblaeleHH,
COCTABY M pALY APYTHX NPH3HAKOB OKa3a/JHCh OYeHb MOXOMKHMH
Mexay coboii, He3aBHCHMO OT NeTporpapHyeckoro cocTaBa BKIIO-
yeHHil (3a HCKJIIOUYeHHEM MJarHoKJaa3-MHPOKCEHOBBIX 1OPOL),
M03TOMY HX XaPaKTEepPHCTHKA NPHBOAKTCH COBMECTHO.

Copepxanune cynbHA0B 34ech 3aMeTHO BO3pPacTaeT 1O CPas-
HEHHIO ¢ BKJIOUCHHAMH YyJbTPAOCHOBHHIX nopoa 6Hasaawtor Ia-
BaiicKHX OCTpPOBOB, a ocobenno ABauunckoii conku. Cynbhuab
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npeACTABMCHB MHPPOTHHOM, XaJbKOMHPHTOM, MEHTJIAHIHTOM, KO-
Topble 0OLIYHO HaOJ0AAI0TCA B cpacraHHu apyr ¢ apyrom. Pac-
npefeseHbl OHH HepaBHOMEPHO, B TOM YHCJe M BO BKJIIOYEHHSX
OJIHOTO H TOTO ke nerporpaduueckoro cocrapa. Hauboabiime ux
KoHuentpauuu (1o 0,5 o6bem. %) uame HaGMOAAIOTCS B WIMH-
HEeJeBBIX JepLOJIHTAX H KPYNHLIX objloMkax asriuta. B rauHotH-
POKCEHHTAX KOJHUYECTBO CYJbQHAO0B, cyis N0 H3y4yeHHbIM obpas-
1aM, HecKoJbKo Menbie, CoaepxaHue CyabpHAOB TaKkKe 3aBH-
CHT H OT BeJHYHHLl BKIIOYEHHH: B MedkHX obaomkax (I cm u
MeHbllle) OHH BCTpPeyalnTcs B He3HAUYHTEJAbHOM KOJHYECTBe HJIN
NOJIHOCTBIO OTCYTCTBYIOT, B OoJiee KpPYNHBIX TOTO Xe cocTaba
(B ToM ke mrTyde mopoAn) colepxanne HX, KaK NPaBHIO, PE3KO
BO3pacTaer.

Bhijesenussi ~ NHPPOTHHOBOrO,  MEHTJIAHAHT-NHPPOTHHOBOTO,
XaJbKOMHPHT-MEHTJIAHANT-NHPPOTHHOBOTO COCTABOB  pacnoJara-
1oTes Jaub0 BHYTPH Mopoaoo0pasyiomnX CHIHKATHBIX MHHepa-
JoB, 1160 B npoMemxyTkax mMexay Humu. Cynbduanbie Bbizee-
HHSI, BKJIOYEHHBIE B CHJIHKATHble MHHEpaJbl (MHPOKCEH, OJIH-
BHH), OOBIYHO HMEIOT KallJIeBHAHYIO HJH lapoBHAHYIO dopmy
(puc. 13, 14). Berpeuaiotes u rantesnenoqobHble BbLIeJeH S,
KaK pesyabTaT CJAHAHHS (KOAJeCcHEHUMH) CcyabdHIHBIX Kamelh.
Koanecuenuusa cyanhuiaHblX BKJIIOYEHHH, COMPOBOXKAAIOMIAACA KX
VKpYNHeHHeM, OTYeTJHBO BHAHA Ha pHc. 13. B mpeaenax opnoro
H TOTO0 K€ 3epHa NHPOKCeHa WJIH ONHBHHA pa3Mephl CYJb(HL-
HBIX Kame/Jb M YacTOTa HX BCTPEYaeMOCTH B psAAdaX HEOAMHAKO-
Ba. [Ipu 3TOM ONSITh-TAKH, KAK NPABHJI0, HHTEPBAJbl MeXAYy OT-
JleJbHBIMH  CYyAbGHAHBIMH KalJiAMH TeM AJHHHee, ueM OoJblie
ux auamerp. OO6biuHO pa3mepbl BKJIOUYeHHH cyab(uI0B MeHbilie
0,01 mm B guamerpe. Pexe oHu gocturaior 0,1 MM, H Torma moj
MHKpOCKOMOM oOHapyKuBaetcas HX aAByXdasHoe (NHPPOTHH-+
HeHTAAHANT) HAH TpexdasHoe (XaabKOMHPHUT-NHPPOTHH~MEHT-
Jaanaut) crpoerne. OAHH H3 NPHMEpOB ABYX(A3HBLIX BKIOYEHHIl
B 0GJOMKE KpYMHOro KpHcTajJa aBruta npuBefeH Ha puc. 14,
3iech MEHTJAaHAHT o0pa3yer TOHYaMlIHe MapaJjjie/ibHO PAaCHoJIO-
JKeHHble MJIACTHHKH B IEHTpaJdbHON 4acTH Cyab(GHIHOrO mapu-
Ka M HeckoJbKo OGosee KpynHbie NMJaMeBHAHBIE BLIJEJEHHS MO
KpasM, BHIHMO, 3a CUYET YAaCTHYHOIO mepepacrnpeiesneHdst meHT-
dauauta. O6 3TOM CBHAETENbCTBYET OTCYTCTBHE MEHTJaHIHTa B
HHPPOTHHE KPaeBOH 30HHL.

HauGosiee Kpynuble cyabpuianbie sujedenns (1o 0,56 mm)
HpUYpPOUEHbl K NPOMEXRYTKAM MeXJAy 3epHAMH CHJIHKATHBIX MH-
HepajoB (puc. 15) M y¥Ke nouTH MNOCTOSAAHHO COCTOAT H3 JABYX
nau Ttpex a3. IlenTnaHauT B NHPPOTHHE TakKkKe Habawoaaercs
B BH/AE 3aKOHOMEPHO ODHEHTHPOBAHMLIX MJACTHHOK, NPEACTaB-
Jsounx coboi MPOJAYKT pacnaja TBepAOro pacTBopa; Xa/bKo-
nuput obocobasercst Mo KpasMm cyabguasbix arperatos. [Ipu
35ToM 4eM Gousbllle B HuIHde HAKH B OTAENbHBEX YYacTKax CyJb-
GHAOB B MeXK3epPHOBOM NPOCTPAHCTBE (HJAH BJOJL TPeUIHH),
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Tem OOBIUHO MeHbUIE HX B BHAC MeJbUaHIINX Kaneab BHYTPH
CHIHKATHBIX MHHEPAJIOB.

Bo swmemiaiommux 6aszanbtax cyabguin o6pa3yioT oYeHb
MeJNKHe HAeaJbHble LWAapHKH, oOHApYXKHBaeMble MOJ MHKPOCKO-
noM JHib HpH 60JIbWHX VBeaHueHnsX. Takue mwapHkH, BHAHMO,
B OCHOBHOM IHPPOTHHOBOTO COCTaBa, PAacrnoJaraioTcsi MpsiMO B
cTekjae WJH Ha 1oBepXHOoCTH MHKpoauToB, Obliee copepianne
HX Kpafile He3HaYHTeIbHO H HH B KO€H Mepe He cOoMocTaBHMO
C TAKOBBIM BO BKJIOYEHHAX VJIbTPAOCHOBHBIX MOPOL.

Heckonbko HUIH(OB H3TOTOBJIEHO TNPAMO H3 KOoHTakta Oa-
3a/4bTa € BKJIOYEHHAMH NHPOKCEHHTOB H KJIHHOMNHPOKCEHHTOR.
[Tpn nx wu3yyeHHH He OOHAPYIKEHO 3aMETHEIX M3MEHEHWH B CO-
JepKaHud  cyNb@HAHBIX  KaneJb B [PHKOHTAKTOBLIX 30HAaxX
6a3asbTa MO CPABHEHHID ¢ TAKOBBIMH Ha YIAaJEeHHH OT BKJKUE-
Huli. MckaloueHne cocTaBjAT y3KHe 3aJHBBI H TPOXHJIKOBHII-
Hble BHeApeHHs 6a3ajbTa BO BKJIIOYEeHHsX. 3aech HabjiopanTed
CKOIUIeHHST CyqabGH/I0B APOBHAHON, KapaBaeBHAHON WM HHOMH
(hopMbl, «3axareie» B CcTeKJe 0asajbra HJAH PacroJioKeHHbIE Ha
BHelllHeil MOBEPXHOCTH BKJIOYeHHH. ITH cyabdHAHBIE BbIA/IE-
Hus gocruraior 0,1 MM B aHaMeTpe M COCTOAT H3 MHUPPOTHHA U
MeHTJAaHJAHTa WJIH H3 NHPPOTHHA, MEHTJAHAHTAa M XaJbKOMHPHTA.

B Hexorophix o6pa3uax BEKJIOYEHHH yJAbTPaOCHOBHBIX MOPOX
BCTPEYEH NHPHT, KOTOPBIH Y€ OTHOCHTCH K NPOAYKTaAM TMO03Ji-
HHX THApOTepMaJibHbiX npoieccoB. On obpasyer MeTakpucra-
Jbl, a TaKkKe pejllkHe JKHJIKH BHEe CBSI3H C OCTaJbHBIMH CyJab(HI-
HHIMH MHHepaJaMH HJH XK€ Pa3BHBAETCA [0 IepBHUYHO-MATMATH-
YECKHM CyJab@HAHBIM arperatam, 0COGE€HHO MO MHPPOTHHY.

Heckoabko 3ameuanuii B OTHOIIEHHH BKJIIOUEHHH TJaaruo-
KJ/a3-NHpoKceHoBoro cocrasa. [locaennne, kKak yixke oTMeuasoch
BBHIILIE, CKOpee BCEro MMEIOT HHOE TNPOMCXOXKIeHHe, uUeM Bee
0CTaJbHble BKJIOYEHHS YJbTPAOCHOBHBIX NMOPOA, 4TO MNOATBEPHK-
Aaetcsi ocoOeHHOCTAMH pPyAHOH MHHepasusauun B Hux. Tak, B
OTJIHYHE OT BCeX JAPYIHX THNOB BKJIOYEHUH OHH XapaKTepH3y-
IOTCsl MPHCYTCTBHEM HJAbMEHHTa H MarHetutra (mo 5% or mio-
ajiH cpesa), pacrnoJjaraioUiHMHCS B NMPOMEXKYTKax Mexay 3ep-
HaMH CHJHKaTHEIX MuHepasoB. Cyab(pHuAb (NHPPOTHH H XaJb-
KOMHPHT) MNPHCYTCTBYIOT He Bcerja, a TaM, rje OHH eCTh, MBI
yiKe He BHAHM KaKHX-1HOO NPH3HAKOB HX MHIPAILHH,

3acnyxHBalOT 0cO6Oro PacCMOTPEHHA Pe3yJabTaThl H3YUEHHA
CyAbGHAHOH MHHepaaH3aUHH JIePUOJHTOB H NHPOKCCHHTOB B
paHHeMe3030HCKHX llesounbix OasadbToHgax TpyOKH B3phiBa
«TyBuur» B MOxuoMm Tane-lllane. Maurtuiinas npupona ray6uw-
HbIX BKJIWOYeHHH B 1esounbix 6asanbronnax [Omuoro Tsub-
lTans noarBepikjiaercs pe3ynbTaTaMH H30TOIHH yrjepoga rpa-
¢ura. HMsoronuwiii cocrta yraepoja rpaduta H3 NHPOKCEHHTO-
BLIX BKJIIOYEHHI, B TOM uHcjle M3 BKJOueHuii TpyOKH B3pbiBa
«TyBHWmI», OKa3ancs  aHANOTHUHBIM - TAKOBOMY  METEOPHTOB
(Mywkun, Spocaansckuii, 1976).
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Bee ofpaatisl 13 3Tl TPYOKH OTJAHYAIOTCSA MOBHILEHHBIM KO-
JIHUECTBOM CYJIb(DHAHBIX MHHEPAaJOB — MHPPOTHHA, XaJbKONHPH-
T4, MEHTJAHIHTA H MHpHTA, MNpH O06IEM HX CcOAep:KaHHH B
utidax oxkoso 5% ot miowanu cpesa. 3aech cyiabhUAHbIE Bbl-
JeJeHH XaJbKOMHPUT-NeHTAAHAHT-IIHPPOTHHOBOTO COCTABA TaK-
e HeOAHHAKOBBI [0 CBOHM pasmepam, Gopme H B3aHMOOTHOIIE-
HUIO C BMELLAWUHMH CHAHKATHBIMH MuHepanamu. Oauu H3 HHX
B BHAE CYyAb(MHAHBIX Kanelb BEJHYHHOH B THICAUHBIC H JECATHThI-
CAYHBIE J0JH MHJAJIHMETPa 3aKYMOpeHbl BHYTPH CHAHKATHBIX MH-
HepaJioB M TaM 4acTo 00pasyloT CTPYH HAH OAHHADHBIE LENOYKH,
NpoOXoAsilIHe Yepe3 TpellHHBbl B 3epHax 06e3 H3IMEHEHHA Hanpas-
aenus (puc. 16, 17). [dpyrue otanyatores GoJiee KpymHbIMH pas-
mepamu (0,2—2 MM) H pacnosoeHbl NPEUMYILECTBEHHO B MeX-
3epHOBOM mpocrpaHcrse. Popma HX IJJHICOBHAHAS HAH sile-
BHAHAs, pexe HenpaBuabHas. OcHoBHAas Macca NEepPBHYHO-MAr-
MATHYECKHX CYJb(HI0B MNpe]ACTABJEHA 3THM THIOM BbIAEJICHUH
(puc. 18).

Kpynuble cyabhunubie oGocobiennsi, KAk 3T0 XOpOLIo BHAHO
Ha npuBeaeHHoit mukpodororpaduu (puc. 18), Goabuieit yacTbio
3aMelleHbl CcepHeHTHHOM (M, BO3MOKHO, APYTHMH HepyAHLIMH
MHHepaJaMil THIPOTEPMAJIbHOrO TPOHCXOMK/AEHHS) H MNHPHTOM.
Berpeuatores noanbie ncesioMopdosbl nHpHTa, CepHeHTHHA HJH
COBMeCTHO nceBAOMOpP(}03bl 060HX MHHEPAJOB 0 XaJbKOMHPHT-
NEeHTJIAHAHT-IHPPOTHHOBbIM 06Gocobaenuam  (puc. 19). [Tupur
ofpasyer Takke TOHKHE BETBALIHECH NPOMKHAKH BJOJbL TpPEUIHH
B MOPOJEe HJH B OT/Je/bHBIX MHHEpaJax.

Bonee nosgHee mo cpaBHEHHIO € XalbKOMHPHT-NEHTJAHAHT-
NHPPOTHHOBOH accounalued obpasoBalue NHPHTA He BBI3BIBAET
comueHuid. [IHPHT u COBMECTHO HAXOAAUMHCH C HHM CepHEeHTHH
SIBJISIIOTCS NPOAYKTaMi npeobpasoBanis Y/IbTPAOCHOBHBIX BKJIIO-
YeHHH rHAPOTEpMa/bHEIMH [IPOLEcCaMu.

[TpuBenennbie AanHble YKa3bBaloT HE TOJABKO Ha BO3MOMKHBIH
rAYOGHHHBIH  HCTOYHHK PY/AHOTO BEHLeCTBA TpH (POPMHPOBAHHH
9HAOTeHHBIX MECTOPOMKACHHI, HO B Kakoi-TO Mepe NPHOTKPLIBA-
0T HCTOPHIO ero nepenoca. I'my6GHHHBlE, B TOM 4HCJIe HHTpaTeJ-
JypHuecKHe, pacTBOpbl MoryT oboramarbes mertadaaamu (Cu, Ni,
Co u 1p.) He TOJIbKO B BepXHeil MaHTHH, TaM TJAe 3apoxjaercs
6azaabTOBasi MarmMa, HO H B BEePXHHX TFOPH30HTAX JHTOCheEphl 3a
cuer cyab(HI0B MEPBHYHOTO MAHTHIHOTO NPOHCXOKAeHHs. Pakr
HHTEHCHBHOTO pacTBOpeHHs (npeobpasoBaHusd) NOCAeAHHX FHAPO-
TePMaJbHBIMH [OpOIEccaMH, MPOHCXOAHBINHMH, Hanpumep, B
Tpy6ke «TyvBHLI», NOATBEPXKAACT ITO NOJOKEHHE.

Cy/ibbr bl BO BKNHOYEHUAX YJIbTPAOCHOBHBIX NOPOLA
M3 KMMBEPJIMTOBbIX TPYBOK AKYTHMK

Cynpthunanas MuHepaiusauus B objgomMkax rjy6HHHBIX MOPOK
H3yuyajgach HAa MaTepuaie Tpex KMMOepaHTOBBLIX TpyOOK, OTHOCH-
IHXCA K PasHuIM paioHaMm pasBUTHA KuMGepsinToB — K Huxue-
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Ounenexckomy (Tpy6ra «Obnaxennas») u lanasino-AnakutTckomy
(Tpy6Kkn «¥Ypaunasi» u «3aragouHnas»). Heo6xogumo orMeTuts,
YTO BKJIOYEHHS1 YJbLTPAOCHOBHBIX [OPOJA MHOTHX KHMOepJHTO-
BbIX TPY6oK SIKYTHH CcHAbHO npeoGpasoBaHbl BTOPHYHBIMH IIpO-
teccaMi. JIHlb B HEKOTOPHIX H3 HHUX, B TOM uucie B TpyOke «06-
HaKeHHOH», B 00JOMKAX [PaKTHUECKH [OJHOCTBIO OTCYTCTBYIOT
NpPH3HAKH BTOPHYRLIX H3MEHEHHH, YTO ¥ MO3BOJHJIO HCCJEA0BATH
NepBHYHYIO 4CCOLHALNI0 PYAHBIX, B YACTHOCTH CYJAb(MHIHBIX, MH-
nepaaos (Baxpyuwes, Coboneg, 1970).

C ueabio HanboOsee MOJNHOrO OXBaTa BCTpeualollHxca B TpyDke
Pa3HOBHAHOCTEll BKJKYEHHH YJbTPAOCHOBHHIX NMOPOX H 3KJOIH-
TOB A5 u3ayuenus cyabdugos H. B. Coboneuim Gbliin 0TOGpaHbl
oGpasiibl, OTJAHYAIONIHECS CBOEH CTPYKTYPOH H MHHEPaJbHBIM CO-
craBoM. CorJlacHO ero JAaHHbIM, OHH OTHOCATCH K NHPOINCOAEp-
KallHM JepuoJiuTam, CBeKHM, a Takxke (JIoromHTH3HPOBAHHLIM
1 6e30/IMBHHOBLIM TNOpoJaM — BebCcTepHTaM W B OTAEJBHBIX CJly-
yaax K skaoruram. [locaennue B KuMOepaHTax HE BCeMH Heeje-
JOBaTeJAMH NPHHHMAIOTCS 3a KCEHOJIHTHl MOPOJ, BEPXHEH MaHTHH
B NOJMHOM cMmblicaie 3toro ciaopa. A. A. Mapakymep (1976), na-
npuMep, HX NMPOHCXOM/IeHHe CBSA3BIBACT ¢ 3apoxJeHHeM KumOep-
autoBofi MarMmbl. QueHb BHICOKOE AaBjieHHe B TJIyOHHHBIX 30HAX
MaHTHH cnocoGeTByeT B 3THX mpolleccax 0060cobJeHHIO B TYro-
N1aBKHE pEeCTHThl IJIOTHHIX MHHEDPAJNOB, CJaraiollHX IKJIOTHTH
(rpanarta, KeJeHTOBOrO NMHPOKCEHA H ApP.), a TakKxKe, MO HaUIEMY
MHEHHIO, cyJabOHAHBIX Kaneab. ColepxKanHe nepBHYHO-MarMaTu-
YecKHX CYJb(HAHBX 000cOG/IeHHH B YJNbTPAOCHOBHLIX BKJIOUE-
HHSIX, B TOM YHCJEe H B 3KJOrHTaX, MOCTOAHHO BO MHOrO pas
GoJiblle, YeM BO BMellalomux KHmMOepauTax.

OCHOBHBIMH CYJIb(HAHBIMH MHHEpaJaMH B INIyOHHHBIX BKJIO-
ueHHsAX TPyOkH «OGHa)KeHHOM» ABASIOTCA NEHTIAHANT, XaJabKo-
nuput H nuppotHH. OHu o6pasyior arperaTthl pasmepom ot 0,01
Jo 1—2 MM B nomepeyHHKe, NpHYpPOYEHHbIE B OCHOBHOM K IIpO-
MeKYTKaM MeXAY nopogoobpasyiolldMH  MHHEpajaMH HIH
K TpeuiHHkam B Hux. HauGonee pacnpoctpaHeHbl XaJbKOMHPHT-
IeHTJIaHAHTOBble 00pa3oBanus. LleHTpasbHas 4acTb TaKHX arpe-
ratoB 00bIUHO BBLINOJHEHA MNEHTJ4HAHTOM, KpaeBas — XaJbKOIIH-
purom (puc. 20). ITenrnanwputoBoe SAPO HEOAHOPOAHOE — OHO
COCTOHT M3 MeJbYailMX BepeTeHOOOpasHBIX HJIH TJIaCTHHYATHIX
TeJlell, 3aMEeTHO OTJAHYaIUNXCs APYr OT Apyra HHTEHCHBHOCTBHIO
OKpacKH JHIIb NPH OYEHb CHJAbHBIX YBEJHYCHHAX; MPH Majbix
VBEJHUEHHSX BCSl MEHTIAHAWUTOBAs Macca KaxkeTcs OAHOPOIHOM,
XapakTepH3yeTc THOHYHON AJS NEHTIaHAHTA CBeTJIO-KPEMOBOI
OKpackoi H H30TponHOCThiO. [IpHHAANEKHOCTE ONHCHIBAEGMbIX
00pa3oBaHUil K MNEHTJaHAHTY NOATBEpPMIeHa JaHHBIMH MHKpO-
CHEKTPAJbHOTO H PEHTTeHOCTPYKTYPHOro aHasiu3o0B. MHKpocnek-
TPaJNbHLIA aHA/N3 BO BCEX CaVYAAX B KAYECTBe OCHOBHBIX KOMIIO-
HEHTOB NOKa3a/ NPHCYTCTBHe JKesle3d, HHKENs H Cephbl, a TaKxe
kobanbra (1o 1—29;).
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Kpaesas xannxonupurosasi 060/10uKa HMeeT pasaHuHyI0 MOLL-
Hocth, OOGBUHO oHa TeMm OGogblie, YeM KpylHee MNEHTJaHAHTOBOE
AApo. ISl MHOTHX arperaTtoB XapaKkTepHO aCHMMETPHUYHOE CTPO-
eHHe XaJbKOMHPHTOBOH O0O0OMOYKH, BHIPAXKAIONIEECS B HEOJAHHA-
KOBOii ee MOIIHOCTH HAa PA3JHYHBIX CTOPOHAX arperatoB. AcHM-
MeTpHsi He Bcerja crnviomHas, B noaupoBannbiX mangax B OT-
JIeNIbHBIX  Y44CTKaX OTMeUaercst ILeNouKOBHJHOE PAacHooKeHHe
OKPYIJIO-HeNMPaBH/bHEIX (KAMJIEBHAHBIX) 3€peH XaJLKONMHPHTA.
OOblunbl BEACAEHHS XajbKonupura B Buge noaycdep. Hepeako
XaJbKONAPUT Habjlogaercss W BHYTPH HEHTIAHAUTOBOrO siApa
B BHJe BepeteHOOOpa3HLIX BHIJAEJNEHHH, 00pasylUHX CJOKHbI
CTPYKTYPHBI Y30p, 0cCOOEHHO ueTKHi npH H30HpaTeJbHOM 3aMe-
IEHHH MeHTJIaHAHTa MakkuuoBuToM (puc. 21). Copepxanue
XaJbKOHPHTOBLIX Tesell He npeBbimaer 10—12% ot obueit nio-
1aay NeHTIaHAMTOBHIX BhiAeseHHi, (OOpa3oRanue TakHX cpac-
TaHWii, BeposiTHel Bcero, CBA3aHO € pacnajoM BbICOKOTeMIepa-
TYPHOrO TBEPAOrO pacTBOpa XaJbKOIMpPHTA B MEHTJAHIHTE.

XaJbKONHPHT O/IMH HJH COBMECTHO C HEHTJaHAHTOM Koe-rie
nabgaiofaercs M cpely BMeNlalollel NHPOKCEH-rpaHaToBoil Mac-
chl, 06pasys KOPOTKHE JKHJKH, KOTOpHE, KaKk NpaBH/lo, OAHUM
KOHIIOM COeJHHEeHBl ¢ 000J0YKaMH H3 XaJbKOIHPHTA.

Pexe Berpewaloress arperaTthl XaJbKONHPHT-MEHTIAHAHT-IHP-
porunosoro cocrasa (puc. 22, 23). Ilo dopme oHM aHaIOrHYHLE
ONHCAHHBIM BBIILE XAJbKONHPUT-NCHTJIAHAHTOBEIM 00OpasoBaHusM,
Tam, rjie IpUCYTCTBYET XaJIbKONHPHT, OH ONMATh-TAKH pacrnoJjara-
ercsi no kpasim arperatos. llenrpasibnas 4acTh BLINOJNHEHA IHP-
poruHoM, oGJaZalolHM XapakTepHOH KpPeMOBOI OKPackoi, ABY-
OoTpaxKeHHeM H OTYeTJHBOIl anusorTpomnueil. [IpaBuibHOCTL AMAar-
HOCTHKH MHHepaJa [OATBepk/eHa JAAHHBIMH PEHTreHOCTPYKTYP-
HOrO aHaJH3a cyJbpuaoe H3 oOpa3ua 3kjaorura (Baxpyues,
1973). Cpean mHPPOTHHA NOCTOSTHHO NPHCYTCTBYIOT 3aKOHOMEPHO
OPHEHTHPOBAHHBIE INIACTHHUATHIE BKJOUCHHUS [eHTAauauta. Mx
coaepxanue gocturaer 209% u Gosee or maouUiaaM cpe3a MCHT-
JaHAuT-nHPpOoTHHOBOTO siApa. [Ipu 3TOM NEeHTIAHAMT pa3MellaeT-
¢ KaK B IeHTpe NMHPPOTHHA, TaK H 1O €ro mepudepun BHOJL
rpaHuIbl ¢ XaJbKOMHPHTOM € 00pa3oBaHHEM XapaKTePHBIX rpe-
GeHuaThlX arperaToB, HHOTA TOYTH HAILEJIO COCTOSIIHX H3 OJHOTO
nexrymangura (puc. 22, 23).

B eaunuuneix cnyuvasix AByxdasHble NEHTJaHAUT-THPPOTHHO-
Bble 06pa30BaHUsA BCTPEUAIOTCS BHYTPH 3€peH CHJIHKATOB, B 4acT-
HOCTH rpaHaTa, BHE NPOCTPAHCTBEHHOH CBA3H C TPeUIHMKAMH,
ITo cpaBHenuio ¢ cyab®HAHBIMH arperataMi, pacloJOXKEHHBIMH
B MCK3€¢DPHOBOM MNPOCTPAHCTBE KCEHOJHTOB, OHH XapakTepuay-
I0TCSL 3HAYHTEJbHO MEHbLUHMH pasMepaMH H KalJeBHAHOH HJIH
HjeanbHo laposBujnOi ¢(opmoil. B oaHomM maude BerpeueHs
Mesibyaiiiiie KanaeBHAKbe BbEACHHS cyMbOHA0B, 3aKOHOMEPHO
pacnogaraiolniyecs psaaM HJIH LEeNOUYKAMH BHYTPH CHJIHKATOB
6e3 npHypOYEHHOCTH K BHAMMBIM TpeluHKam. [lo-BHANMOMY,

2 B. A, Baxpyues e 7



3lieCh Mbl HMeeM JIeJIo ¢ nepepacnpefesienueM cyabdpuanbX obpa-
30BaHHH BHYTPH 3CPeH H MOCJACAYIOLIHM HX 060cO6JEHHEM B MEXK-
3ePHOBOM NpOCTpPaHCTBe, NOAOOGHO TOMY, Kak 310 Hab/1101a10Ch
BO BKJIOUEHHAX YJAbTPAOCHOBHBIX 1opoj B Oaszanbrax [aBafickux
octposoB. [lpu 3toM He orpHuAercs W BhAeNeHHE CYJIbDHAOB
(nepBoHayaJbHO B BHJE Kanejb) HENOCPEACTBEHHO B NPOMERKYT-
KaxX MexAy 3¢pHAMH CHJHMKATHBIX MHHEPAJOB Ha MOCAEAHHX CTa-
JIHAX KPHCTAJJIH3a1HH MOPOABL.

OcHoBHOI HaG0p CYALGUAOR B NMUPONOBLIX NMEPHAOTHTAX M K-
Jorurtax TpyOKH «YMa4YHOH» TOT Ke caMblii: MHPPOTHH, MEHTJIAH-
AT B Xajibkomuput. llosuMuHepasbHble arperathl 3THX CyJab(H-
JOB pasmepoMm 10 2—3 MM B nonepeyHdke GoJblleil yacTbio
pacnojoxenl B MeX3epHOBOM InpocTpaHcTBe. OHH CJIOXKEHBI
NHPPOTHHOM, K KPaeBblM YacTAM KOTOPOTO HPHYPOUCHBI Bbijelie-
HHSl NEHTJAHAHNTA H XaJabKomHpHTA. BMecTe ¢ TeM NeHTIaHAHT
obpasyer MHOrounc/eHHble 3aKOHOMEPHO OPHEHTHPOBaHHBIE MJia-
CTHHKH B NMHPPOTHHE M BCTPEYAETCSl B BHAC MOHOMHHEPAJBHbIX
KanJaeBHAHbIX 00Goco06/JeHHH BHYTPH 3epeH rpaHaTa H OJHBHHA.
ITocneanee 06CTOATENBCTBO YKasblBaer Ha TO, 4TO B NOpojax
BeDXHEeH MaHTHH MNEHTJAHIUT SABJASETCHd HE TOJbKO MPOAYKTOM
pacniajla TBEpAOro pacTBopa, HO H MOMKET KPHCTaJJIH30BaThCH
HeNnocpe/ACTBEHHO M3 Marmatuyeckoro pacmiasa. OOblYHBI B CH-
JHKATHBIX MHHEpaJax H MOHOMHHEpaJbHble BKJIIOUEHHS MHPPOTH-
na. M, HakoHel, ouenb WHPOKO PacnpocTpaHeHbl BKIYECHHS
ABYX- M Tpex¢asHOro cocTaBa — XaJbKOMHPHT-IIHPPOTHHOBOTO
H  XaJbKOMHPHT-NeHTIaHAuT-nuppoTHHOBOro. ®opma HX mapo-
BHAHAdA, 3JJHICOHAANbHASE HIH TaHTeseobpasHas.

B ornocnTenbno KPYNHBIX BLIJAENEHHAX MHEHTJAaHANTA H NMHP-
pOTHHA, HE3aBHCHMO OT TOro, HAXOAATCS JIH OHH B MEK3epHOBOM
NPOCTPAHCTBE WJM 3aKyNOPeHBl BHYTPH TpaHaTa HJH OJHBHHA,
O0TMeyaloTCsl MPH3HAKH JedopMmanuii, Buipaxalouinecs B OJIOKH-
poBaHHH 3€peH cyJb(QHAHHIX MHHEpPaloB H HacTHYHOM HX Jnipe-
00pa3oBaHHH B TOHKO3EPHHCTYIO Maccy.

Camu cHIHKAaTHblC MHHepaJbl, B YacTHOCTH IpaHar, MoA-
BEPrajiuchb, 0co6eHHO B KpaeBblX 4acTsAX, APOGJEHHIO H TepeKpH-
cTanyusalui. B Takux yyactkax orMevaercs MOBHILEHHAs KOH-
LEeHTPAlHs CyJAb(hH/I0B, BHICTYNAKUMX B KAUeCcTBE HEeMEeHTa MeJ-
KHX 3epeH CHJHKATHBIX MHHepaJsos. JIiobonelTHO, 4TO JHHEHHO
pacnoJioXKeHHble B rpaHaTe WJIH OJHBHHE CYJb(QHAHBIE KaIlaH MO
Mepe HX NPHOJAHMKEeHHA K KOHTAKTY ¢ KPaeBhIMH 30HaMH ApobJe-
HHSl H MEePeKPHCTaN/IH3AlHH NOCTENEHHO YKPYNHSAIOTCA B pPe3yJib-
TaTe WX CAUSHHA APYr ¢ ApyroM. B uenom BHIsIBJIEHHLIE AeTaJH
no mopgoJoray H O0COOEHHOCTAM pacnpeiefeHns CYJAbOHARBIX
BKJIIOUeHHH B KaKoi-TO Mepe PacKpbiBalOT MEXaHH3M JABHIKeHHS
H nepepacnpefieieHist HX npx AeopMaliy H nepekpHCTasan3a-
LMH NOpOJ BepXHeil MaHTHH.

B onHoM M3 wH(GOB rpaHATOBEIX NEPHAOTHTOB BCTPEUEHEL
OKpyryible BblJesenns camopoanoii meiau. IlpucyrcrtBue ee, rag
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e Kak M JKejesa, B accOmuanuu ¢ cyabGHAAMH B YIbTPAOCHOB-
HBIX BKJIOUEHHAX H3 KHMﬁep.}THTOBHX TpyOOK SIKYTHH OTMedasnoch
u panee ([lo6poBonbckas u ap., 1975).

OTAXYHTENbHON 0COOEHHOCTBIO THPPOTHHOB [VIyOHHHBIX 00-
JIOMKOB H3 KHMOEpJHTOBHIX TPYOOK ABAACTCA MOCTOSIHHOE M, YTO
0coGeHHO BaXKHO, B p#je cAy4YaeB HCKJIUHTEJIbHO GobIoe CO-
JepKanne MJIaMeBHAHLIX BKJIOYeHHI neHTaanaura (1o 25% or
MJOWaAK Cpe3a 3epeH NMHPPOTHHA) B BHJE MPOAYKTOB paciaja
TBepjaoro pacteopa. Hanuune OOHAbHBIX BKJIOYEHHI NMEHTIaHaH-
Ta B NHPPOTHHE OOBIYHO OOBACHAETCH OYEHb BHICOKOH Temmepa-
TYpoit 06pasoBalHs MOCJELHEro, MPH KOTOPOH NHPPOTHH Pacrso-
psieT Bechk cofepialuiics nukeab. OfHAKO B OTAEJALHBIX CIyuasx
(Tpy6ka «YpmauHas») NeHTAAHAUT OJHOBpeMeHHno oOpasyerH ca-
MOCTOSITEIbHEIE THIHYHBIE KAIMJMEBHAHLIE 000CO6JCHHA B CHJIH-
KaTHeIX MHHepagax. [Tocnennee 06CTOATENBCTBO CBH/IETENIBCTBYET

| 0 BO3MOXHOM 000CO6GJ/IEHHH 4acTH TEHTJaHAHTa HEMOCPEACTBEH-
. HO 13 cyMbGHAHON KuAkocTH, [IpH 9TOM He BhI3bIBACT COMHEHUH
- tor ¢akr, 40 HexoAHas cyabpuiHas KHAKOCTh OTAHYAJAChH
| MCKJIOMHTEJbHO BLICOKOH KOHIEHTPalHeld HHKeJs.

E BuiTh MOXKeET, B CBSI3H ¢ 9THM YMECTHO HANOMHHTDL, YTO HEKO-
- TophiMH HecaegopatenamMu (MurtenkoB u ap., 1974) Ha npumepe
. u3yuenns pya Taanaxckoro n OKTAGPHCKOTO MeCTOPOXKACHHI
| (Hopuawbckuii paiioH) A0KaspiBaeTcsi, 4TO B HHX BeCb MEHTJaH-
~ AuT oGpasoBajics 3a cueT pacnaja HHKeJIbCOAep:Kallero muppo-
. THHA M BBIEJICHHE ABYX IeHepaluil NeHTJaHJAHTa OeccMbIC/eHHO.
- B ceere npuBejeHHBIX GakTHUECKHX AAHHBIX 9TO yTBEpPXKIEHHE He
MOXeT GbITh 6€30roBOpPOUHO NPHHATO 1O KpaliHei mepe AJA8 neH-
" TMaHAMTA TAYOMHHBIX YJbTPAOCHOBHBIX BKJIOYEHHIT. 3a NPOAYKTH
. pacmajia BHICOKOTEMINEpPATYPHOrO TBEpAOrC pacTBopa MpPHHHMA-
 I0TCA1 H 3AKOHOMEpPHBIE CpacTaHHs XaJbKOMNHPHTA ¢ MEHTJIaHIH-
. ToM. Takoro poja BLICOKOTEMMEPATYPHbBIE «XaJbKONEHTIAHIUTHI»
¢ copepxanuem CuFeS; B npegenax 10—15Y% Gwian panee onu-
canbl B auteparype (Pauly, 1958; Pampmop, 1962). Oun o6pasy-
| lotes mpu 850°C, pacnan Hacrynaer npu 600°C.

~ Kannesuanas c¢opma cyab®HAHBIX MHHEPAJIOB, HaXOMKAEHHE
BHYTPH TOPOA000OPA3yOIHX CHIHKATHHX MHHEpalNoB, a Takke
acCconManHsl HX C CAMOPOJAHBIMH MeAbI0 H 2KeJe30M CBHIeTeNb-
. CTBYIOT O TOM, 4TO Cy/ibQHIb BOHHKIH H3 pacimjiaBa MpH BhICO-
-;;;.xmx TeMnepaTypax H JaBJCHHH,

O6ocHOBaHHe MEPBHYHO-MArMaTHUECKOH NPHPOABI XaJbKOMH-
pn'r NeHTNaHAHT-THPPOTHHOBOH MUHepanau3anuu B o6AOMKax no-
FI.U. BepxHeHl MaHTHH HaMmH GblIO cienano panee (Baxpyues,

pokonues, 1969; Baxpywes, 1973), u 310 MHeHHe B HacTosLIee

- Bpemsi pasjedisiercst GOJILIIMHCTBOM Hecaef0BaTeeil.
% O6 3TOM Ke CBHACTEALCTBYIOT H AaHHLIE O HEKOTOPHIX CYJib-
{ﬁmnax B ryOuHHEX obnomrax n3 KuMmOGepautos IOxHO#H Adpu-
§KH B UAaCTHOCTH O MHPPOTHHE, OMHCAHHOM KAaK NEPBHYHBIT MHHe-
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Haiijled B BHJE OKPVIVIbIX 3€PCH-BKJIIOUEHHIT B pyTHJe, a TaKkKe
B BHJE JOBOJLHO KPYNHBIX KPHCTAMI0B OKPYIJIOH (opMbl, pac-
NpPOCTPAHEHHBIX BO BCEH Macce MOPOAbl, H B BHJAE BK/IIOUEHHH
B nupokceHe. He HckialoueHo, uto B 9ToM o0pasie, no aHaaoruu
C ONHCAHHBIMH IyOHHHBIMH oOJOMKaMH SIKyTHH, MoOMKeT cojep-
JKAThCA TAKKE MeHTIAHIUT.

Cyabuasl, npeacrapieHHble NHPPOTHHOM H ropasjfo yarie
CPOCTKaAMH IMHPPOTHHA M NEHTJaHAuTa, YCTAHOBJICHBI B KaUCCTBE
OOBbIYHBIX IIHPOKO PACHPOCTPAHEHHBIX BKIKYEHHH B adpHKAHCKHX
aamasax (Sharp, 1966). Xora sta accounauus H OTHeCeHa K 3MH-
reHeTHYECKHM BKJIIOYEHHAM B ajMase, OAHAKO IpeAnojaraercs,
YTO NHPPOTHH-NEHTJIAHAUTOBLHIE CPOCTKH 006pPA30BaJHCh B pe3yJib-
TaTe pacrnaja nepBoHA4YaJLHOH BbICOKOTEMIEpaTypuoi dassl,
CHHreHeTHuHOH aamasy. Kpome meHT/IaHIHTa, B TaKHX CPOCTKax
B €JIHHHYHBIX CJaYy4asdX OTMeYaeTCHd KOIeHHT H IIHPHT.

HenaBno B 3K/J0rHTOBOM HOAYJE H3 KHMMOEpPJIHTOBO{ TpyOKH
«Pobeprc Bukrop» ycraHoB/eHbl NOJHMHHEpaJbHBIE CYJb(HA-
Hble arperarbl cepHueckoil (OpMbl, B cOCTaB KOTOPHIX B Kaue-
crBe npeobrapaiomiux ¢as sxoauT HOBHI MuHHepasa (Fe, Ni)oS;
i cTexHoMeTpHueckHil xaabkonuput (Desborugh, 1973). Onu 06-
PAa30BaJIHCh B pe3yJbTaTe OXJIaXKAECHHA H3HAUAJbHO FOMOTEHHOM
CYJbQHAHOH KHIKOCTH.

ABTOpPOM B JIHCTEHOBOM 2KJIOTHTE H3 3TOH TPYOKH TakmKe OblIH
YCTAHOBJIEHbl CYJAbQHAHBIe 060cO6/EHHS, KOTOPHE 110 COCTaBY
u (opMe oueHb NOXOXKH Ha TakoBble H3 Tpy6ox Hkyrun. OgHo H3
HUX NOKasato Ha puc. 24, 31ech XaJbKONHPHT TAKKe NPHYpPOUYEH
K Kpasm BbIB.CJIEHHi‘:l. a4 MHPPOTHH — K LEHTPAJIBHBIM YaCTAM.

BuyTpH nuppoTHHa oTMeuaioTCs TOHYAHIIHE NJIACTHHKH MeH-
TiauAuTa. Kak nokasanm MHKDPOCKONHYeCKHe HAaOJ0[eHHS, B JIH-
CTEHOBOM 3KJOTHTE H3 TpyOkH «PobGeprc Bukrop» mpeobiaagaior
OKpyraible Ge3 annenfinkcoB cyabpuanue o6ocobinenus.

B y/1bTpaocHOBHbBIX BKJIIOUEHHAX H3 KHMOepJHTOBHIX TpybokK
B NepeMEeHHBIX KOJIHYECTBAX BCTpeualoTcs JAKep(HIIePHT, MAKKH-
HABHUT, BaJVIEPHHT, NMHPHT U HEKOTOpHIe ApYyrHe CyjabGHIHBIC MH-
HepaJbl, GoJsiee IO3/Hee BbIJENEHHE KOTOPBHIX O OTHOMIEHHIO
K MHHepaJiaMm BbICOKOTeMIepaTypHOHl XaJbKOMHPHUT-TEHTIaH/ 1T
NHPPOTHHOBOI accolHalid oObIYHO HE BHI3BIBACT COMHEHHIL

M3 nux ocobuiii HHTepec y MHHEPAJOroB, METPOJOroB H Ieo-
XUMHKOB BBI3BIBAET JUKEP(HIIEPUT — KaJHHCOACDPKALLHHA CYIlb-
(UL MelH H Keae3a — Kak oflHa H3 opM NposBJIeHHS KaJHd B Mo~
pojax BepxHed MaHTHH., JIKep@HIUEPUT OTHOCHTCA K PEAKHM
muHepanam. B xumGepsutoBnix Tpy6Kax AKYTHH OH AETasIbHO
onucan M. I'. JoGpososbckoit u ap. (1975). 3necs oH B cocrase
KPYIHHIX KeJBaKOB HabMennta (tpybka «¥paunas — Bocrou-
Hasg») HJAH B KCEHOJHTaX 3KJIOrHTOB 00pa3yeT peakIHOHHBIC Kaii-
Mbl 110 MHPPOTHHY M IEeHTJAHAHTY. 3HAUYHTEJbHO pEKe B Macce
nopopooGpasylouiux CHIHKATHLIX MHUHepaJsos HaGalojalorest ca-
MOCTOsAITe/IbHEIE TOHKO3epHHcThle o6ocobienus axepduuepnTa,
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MeTacoMaTH4YeCKH pa3BHBaloUiHecsa no IMHPOKCEeHY. ITo muenuto
STHX aBTOPOB, BO BCeX cydasx (GOpMBEI BHAENCHHS JKepHIue-
pHTa H COOTHOLIEHHS €ro ¢ nopoaoo6pasyiollHMH MHHepaJaMH
W cynbhuaamy (NEHTIaHAHTOM H NHPPOTHHOM) CBHAETEJLCTBYIOT
0 HauGoJsee mosAHeM ero o6paszoBaHuH. Pe3ysbTaThl HAIIHX HC-
CJIel0BaHMI IayOHHHBIX BKJAIOYEHHH TPYOKH «Yiauuoii» u nmoir-
BEPKAAI0T 3TOT BBIBOJI.

ITo nanasim M. I'. lo6poBoasckoit u ap. (1975), mxepduue-
pur u3 KuMOGepauToB SIKyTHH pesko oboraiuieH HukejseM (ot 10
10 21 Bec.%), mpuyeM HAHMEHLIUHE €ro COAEPXKAHHS CBONCTBEH-
HBl JKepdHLIEPHTY, HAXOASNIEMYCH COBMECTHO C HJIbBMEHHTOM.

MaKKHHABHT — TeTPArOHAJbHBIH CYAb(H] ¥KeJe3a — aBTOPOM
muHeparpadnyeckn OblJ1 H3YUeH B YJIbTPAOCHOBHBIX BKJIOUEHHSX
TpyOkn «OGnaxennofi». 31ech ol HabnoAaeTcsi B BHAE TOHKHX
VIAJMHEHHBIX TJIACTHHOK (MJAH MX arperatoB), OIHOBPEMEHHO
yracaiomux B CKpPelleHHBX HHKoJAsX. IIpH BpalleHHH CTOJHKA
MHKPOCKONA 1IBET H3MEHAeTCH OT KPEeMOBO-MKeaToro (moutH He
OTJIHYHMOTO OT ACCOLHHUPYIOLLEro ¢ HHM MEeHTJIAHAMTA) A0 CBETJIO-
ceporo. AHH3OTPONHS OUEHb CHJbHAsA, ¢ UBeTHHIM 3¢dekrom ot
CHHEBATO-Ceporo 7o spko-6eoro.

MaKKHHABHT BO BceX ciaydasx obpasyercs MyTeM 3aMelleHHs
JApyrux cynbGUAHBEIX MHHEpajsoB, npHYeM HauHbOJee 4acTo OH
pasBHBaeTcH MO NEHTJaHAHTY, pacrojaraiolleMycs B UEHTpalb-
HBEIX 1acTsX paccMaTpHBaeMblX cyab(pHuaoB. O6pasoBaHHe MaKKH-
HaBHTa HAYHHAETCS OT BHYTPEHHeH MOBEPXHOCTH XaJbKONHPHTO-
| BhIXx o0oJo4ek ¢ MOCJAeAYIOUIHM TNPOHHKHOBEHHEM BHYTDb TNEH-

TJAHAMTOBOI'O arperara BIJIOThL A0 NOJHOTO 3aMelleHHS mocjen-
| mero. XapakrepHo, 4TO NPH HAJHUYHH B NEHTJIAHIHTE BDOCTKOB
| XaJabkomHpHTa TOCHefHHE Hepeako coxpansiores (puc. 21). Bu-
JHMO, MAKKHHABHT YAaCTHYHO 3aMelllaeT H XaJbKONMHPHT, O uem
| CBUAETENBCTBYET TOT (AKT, 4YTO B NPHCYTCTBHH MAaKKHHABHTA
B siApax BHYTPEHHAS TPaHMIA XaJbKONHPHTOBOH OOOJOYKH, Kak
NpaBHIo, TNPHOGPETAaeT H3BHJAMCTHIH 3a3y6peHHbIE XaparTep.
MakKHHABHT NPH NOJHPOBKE HEpeIKO OTCJAAHBAETCS H Pa3Masbl-
paerca. [TosToMy B cpesax MH 4acTO BHAHM KOJbLeoOGpasHbie
BLIJeIEHHST XaJbKOMHPHTA € PEJKUMH OCTATKAMH MAaKKHHaBHTa
B sinpax. Ha puc.25 wu3o0paKeH XaJbKOMHPHT-MAKKHHABHTOBBII
- arperart ¢ XaJbKONHPHUTOBOI KafiMoll, 3a3yOpeHHOH ¢ BHYTpeHHE!
cropoHbl. [IpOXKHIIKH, CeKyllHe XaJlbKONHPHT H MaKKHHABHT, OT-
HOCSTCS K CepPHeHTHHY.

ITupur BcTpeyaercst B He3HAUHTEJNBHBIX KOJHYECTBAX 060Jb-
Hiei YacTei0 B BHJE HENPaBHILHBIX VIJIOBATHIX 3EpeH, pexe B
BHjJe HIHOMOP(HBIX MeTakpHcTaanoB. PasMepsl 3epeH NHpHTA
- 06b1yHO He mpesbimaioT 0,01 mm. Bee 3epHa mHpHTA B KCEHOJHTAX
NIPUYPOUEHH K TPEILIMHAM, BBINOJHEHHHIM BTOPHUHHIMH MHHEpa-
dami. CoBMECTHO € XaJbKONMHPHT-TICHTJIAHAHTOBHIMH  BhLIJEJe-
HHSIMH TMHPHUT HY B OJIHOM Cjly4yae He ycTaHOBJeH. Takue xke yc-
JOBHs HAXOXKIEHHs MHPHTA OTMeualoTcs B TPyOKe «YIauHO», rae
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OH TPHYpOuen K IHYPOBHAHLIM BBIACJICHHSM CepreHTHHA B OJIH-
BMHE HJIH K CKOINVICHHSIM JpPYTrHX MHHEpPaJoB THAPOTEPMAJLHOTO
npeobpasoBaHis yJALTPAOCHOBHBIX BKAOYenuil. Bmecre ¢ Tem
3jlech HabGaiofaercs M ncesAoMopdo3Hoe pasBHTHE NHPHTA [IO
NHPPOTHHY, NPH 3TOM XaAbKONHPHTOBBIE KalMbl MOJHMHHEPaJb-
HBIX XaJbKONHPHT-NEHTAAHAHT-MHPPOTHHOBLIX arperaTtos Coxpa-
HAIOTCA OT 3aMelleHHs NHpHTOM. IIpHBeJeHHble HaHHbIE YKasbl-
BAIOT HAa HH3KOTEMIIEPATYPHBIE YCJAOBHA OTJIOXKEHHS MHPHTA H HA
OTCYTCTBHE TIPSIMOH TEHeTHUYECKOH CBA3H € NHPPOTHH-XaJAbKO-
MHPHT-NEHTIaHHTOBOR MUHepadH3allHeH,

UYro Kacaercsi MaKKHHABHTA, TO OH TaKKE HECOMHEHHO OTHO-
CHTCA K NO3AHHM MHHEpPanaMm, BO3HMKIIHM, KaK TOBOPHJIOCH BHI-
e, yTeM 3aMelleHHsl APYrax cyJbGHA0B, B YACTHOCTH MEHTJaH-
aura. Ero oGpasoBanHe CBA3aHO C BO3AeHCTBHeM Ha TayOHHHBIE
06/JIOMKH THAPOTEPMAJLHLEIX PacTBOPOB, 0 YEM CBHAETEJILCTBYIOT
npouecchs CepneHTHHH3aUHH B 06J0MKax. AHAJOrHUHBIE YCJIOBHS
06pa3oBaHHA B JHTepaType OTMEYeHbl A MaKKHHABHTa H3 PV
Hopunbseka (Tenkun, Baascos, 1967). Hukenbconepxamuii Max-
KHHaBHT oOHapy:eH B mepumoTHTax Jlusapue, Kopuysan (Hor-
rell, 1967), rae on takke o6Gpa3oBaJjcsi B NO3AHION CTafHIO cep-
NEHTHHH3AUHH NepHAoTHTOB. [TockonbKy BepXHHi mpejpen yCTOMl-
YHBOCTH MaKKHHaBHTA NPSAMO 3aBHCHT OT CTeNeHH 3aMellleHH B
KPHCTa/IJIHYECKOf pellleTKe JKeJe3a APYrHMH KITHOHaMW, raas-
HBIM 00pasoM HHKeJs, TO MO COAepXKaHHI0 H30MOP(HLIX npaMe-
ceil OBLIIO YCTAHOBJEHO, UTO MAKKHHABHT W3 JIM3apabl KpHCTaJ-
AH30BaJjica NpH tTeMnepartypax Huxke 250°C.

Jas cpapuenus Obio H3yueno 10 moJHpoBaHHBIX 1UJIH(OB
H3 cepun O0OJOMKOB TpOCCYJsAP-NIHPOKCEH-AHCTEHOBHIX TOPOJ
(rpocnuautoB). HH B OAHOM H3 HHX XaJbKOMHPHT-NEHTJAaHAH-
TOBHE HJH XaNbKONHPHT-NEHTJaHAHT-NHPPOTHHOBEE o0OpasoBa-
HHA, aHaJOTHIHBIE PACCMOTPEHHBIM Buille, He OLIJIH BCTPEUYEHB,
M3 cyab@HAHBIX MHHEPAJOB B HHYTOXHOM KOJHYECTBE NPHCYTCT-
BYeT NMUPHT B BHJE MEJKHX YrJIOBaTHIX 3€PeH HJH TPaBHIBLHBLIX
KYOHKOB, pacnosaralolidxcs 1Mo OTHOMICHHIO K nopopoobpasy-
ICUIHM MHHEpaJlaM aHaJOHYHO ONHCAHHOMY Bbille MHPHTY. B of-
HOM waHde cpead NPOAYKTOB THAPOTEPMAJBLHOTO H3IMEHEHHH
NOpOAL OTMEYeHbl TaKKe eJAHHHUHBIE MeJbyaHlIHe BbiAeJeHHSA
XaJbKonupuTa (ThHCAYHBIE JOJH MHJJIHMETpA).

Takum o6pazoM, 06JIOMKH TPOCTIHAHTOR TPYOKH «3arafouHoii»
OTJIHYAIOTCH OT PaCcCMOTPCHHBIX Bhilie TYGHHHBIX MOPOA TPYGOK
«O6uaxennas» H «YAauhasg» He TOAbKO cocTaBoM (maparene-
3HCOM) MOpOA0O6PA3YIONIUX CHAHKATHLEIX MHHEpPaJoB, HO H 0CO-
OeHHOCTAMU CYJNb(pHAHON MHHEpaJH3alHH, UTO OTpaXKaer HX pas-
JHUHYI0 TeHeTHuecKyio npupony. IlepBoHAayaabHO KCEHOJHTH
TPaHaT-KJAHHOMHPOKCEH-THCTEHOBHX TOPOJ ONMHCAHB TOJBKO B
Tpy6ke «3aramounoii» (Bob6puesnu u ap., 1960; CoGoaes, Bax-
pywes, 1967). B nacrosiiee BpeMs eHHHYHEIe HAXOAKH HX yCTa-
HOBJIEHH B psje APYrHX KAMmGepautoBuix Tpy6ok Jlanawino-Ana-
KHTCKOro paiioHa — «¥Yjaunasi», «Aiixan» (CoGoxaes, 1974).
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