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HasBHicTe MiHepaabHHX cepyA (MiKpo- i HAHOUYACTUHOK Cc(hepuyHOI Ta chepoipHoi hopm)
YCTaHOBA€HA B IIIMPOKOMY NTeTPOreOAMHAMIYHOMY Alanla3oHi: Bia MeTeOpHUTiB, KIMOepAITiB, irHiM0-
PHUTIB AO Pi3HUX Ha(PTOTa30HOCHUX 0CaAOBHX NOPiA. ChepyAn XapaKTepu3yIOThCs Pi3HOMaHITHICTIO
XIMIYHOTO CKAQAY | aHOMAABHUX OCOOAMBOCTEN PEYOBUHHY, IPUUOMY OCOOAMBHIY iHTEPEC CTAHOBASITh
MiKpocdhepyAr TyTOIIAABKUX PEUOBHH (aAIOMOCHAIKATHE, KBapIloBe CKAO, CAaMOPOAHE 3aAi30, 30A0TO,
BOAb(PaM Ta iH., pi3Hi CyAb(hiAU i OKCHAN) 3 ABHUMU O3HAKAMU YTBOPEHHS 1X i3 KpalleAb PO3IIAABiB
B yMOBaxX HaA3BUYaWHO HIBUAKOTO PeSKUMY BUCOKOIIBUAKICHOTO 3arapTyBaHHs. [TapapoKcaabHI X
napareHeTUYHi 3B'I3KHU: 3 OAHOTO OOKY, 3 YaCTUHKaMU CAMOPOAHHMX MeTaAiB (IPUPOAHUX CIIAABIB,
iHTepMeTaniAiB), KapOiaiB, CUAIIUAIB Ta iHIITUX TAUOMHHUX MiHepaAbHUX (pa3, 3 iHIIIOro — 3 HU3b-
KOTeMIlepaTypHUMU arperaTaMy TAMHUCTHAX MiHepaAiB, IIeOAITIB Ta iH. 3a XapaKTepoM AOKaAi3arlii
cdhepyr y IPUPOAHUX CEPEAOBUINAX AOIIABHO PO3Pi3HATH IX PO3CISHUMU PO3IOAIA, 3yMOBAEHUN
TAOOAABHUMU (PAaKTOPaMHU (KOCMIUHUM IINA, IMIIAKTOTeHe3, eKCIIAO3UBHIN BYAKAHI3M), | KyMyASITUBHI
CKyITUYeHHd y cllelu(ivHNX reOAOTIYHUX yMOBaxX (TPyOKH BUOYXY, eKCIIAO3UBHI OpeKdii, MarMarTo-
TreHHI PyAHI POAOBUINA, APOTEpPMaAbHI KMAM, HaTOra30HOCHI KoAekTopn). HalickaapHIIIMMET
M po3MIM(PYyBaHHS I'eHe3UCYy i BOAHOYAC HAWBAa’KAUBIIIMMU B TEOPETUYHOMY i IIPUKAAAHOMY
aCIIeKTax € CKyIlYeHHs c(hepyA B aAMa30HOCHUX KiMOepAiTax, riaApoTepMarbHUX pyaAax i Hadrora-
30HOCHUX KOAEKTOpax. [ToxopkeHHS chepyA CAip PO3TAIAQTU Pa30M 3 TeHe3UCOM iX MOCTIMHUX
CYNIYTHUKIB — YaCTUHOK CAMOPOAHUX MeTaAiB Ta iHIINX MiHepaAbHUX IHAMKATOPIB (CyIlep)rAu-
OuHHUX (PAIOIAIB. BoHU po3cigHi (3 yTBOPEHHSAM AOKAABHUX CKYIIUeHb) V IIOPOAaX Kpidbdopma-
MiMHUX (PAIOIAOTIPOBIAHUX CUCTEM AlTOChepH, «KOpeHi» IKUX IOoB's13aHi i3 matomMaMu. ['eHepartiis
i TPAHCHOPTYBAHHY 3a3HaUE€HUX iHAUKATOPIB 3yMOBAEHI TUMU CaMUMU MeXaHi3MaMH i ITOB'g3aHi:
a) 3 eKCIINO3WBHUMU IBUIIIAMU Ha MeJKi SIAPO — MaHTIid Ta IIpollecaMM IIAa3MOBOI chepOoIAM3aliii;
0) AiKBallifiHOO A(pepeHIiallieo pyAHO-CUAIKATHUX PO3IIA@BIB y ITpoIleci IX IMAHIMaHHA i Aera3aliii;
B) KaBiTalli€ro Mmia yac cKullaHHA (PAIOIAY; T) CyOAiMaliielo 3 ra3y 0e3I0CepeAHbO B PYAOHOCHOMY i
(ab0) HahTOTa30HOCHOMY KOAeKTOpi. HasgBHICTE chepya (Y HapareHesi 3 MiKpo- i HAHOUYaCTUHKaMU
CaMOPOAHUX MeTaAiB, KapOiAiB, CUAIITUAIB i T. A.) MOJKHQ, TAKUM YMHOM, PO3TASIAATH SIK TOKa3HUK
crenuivHOTO (BAIOIAHOTO PEKUMY He AUIle aAMa3o- i pyAOYTBOPEHHS, a ¥ HadTuporeHesy (3i
CTPYMiHHO-IH)KeKI[IMHUM MeXaHi3zMoM (hOpMyBaHHS IIOKAAAIB HaTH i rasy).

Presence of mineral spherules (micro- and nano-particles of spherical and spheroidal forms) is
established over a wide petrogeodynamic range: from meteorites, kimberlites, ignimbrites to differ-
ent petroliferous sedimentary rocks. They are characterized by the variety of chemical composition
and anomalous peculiarities of mineral matter. The spherules of refractory matter (alumosilicate
and quarts glasses, native Fe, Au, W, etc., diverse sulphides and oxides) with clear evidence of
their formation of melts drops under conditions of their extremely rapid quenchig (high-speed
hardening). Their paragenetic ties are paradoxal: on the one hand — with particles of native metals
(natural alloys, intermetallides), carbides, silicides and other hypogenetic-abyssal mineral phases
and on the other hand — with low-temperature aggregates of clay minerals, zeolites and so on. A
distinction needs to be drawn between their dissipated distribution connected with global factors
(cosmic dust, impactogenesis, explosive volcanism) and cumulative accumulations in specific geo-
logical conditions (diamond explosion pipes, eruption breccias, magmatic ores, hydrothermal veins,
petroliferous reservoirs, etc.). The accumulations of spherules in diamond kimberlites, hydrothermal
ores and petroliferous reservoirs are the most complicated for their genesis deciphering and, at the
same time, the most interesting theoretically and important as a practical matter. This deciphering
should be considered together with the nature of their permanent satellites — particles of native
metals (and other above-mentioned abyssal phases — indicators of deep fluids). They dissipated
(with local accumulations in different deconsolidated rocks of through-formation fluid-conducting
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systems with their «roots» connected with the plumes. Their generation and transfer are caused
by common mechanisms connected with: a) explosive phenomena at the core-mantle boundary; b)
liquation differentiation of metalsulphide-silicate melts during their ascending movement and out-
gasing; c) cavitation during boiling up of fluids; d) sublimation from gaseous phases immediately
within ore- and petroliferous reservoirs. So there is reason to believe that the presence of spherules
(in paragenesis with micro- and nanoparticles of native metals and other abyssal mineral phases)
are the indicators of specific fluid regimes of not only diamonds and ores formation, but also of
naphtidogenesis (with jet-injection mechanism of hydrocarbons pools formation).

Beepenue. [IpupopHbIE Me30-, MUKPO- U Ha-
HOCc(epHyecKre MUHepaAbHbIe 00OpPa30BaHUS
Pa3AMYHOTO COCTaBa AABHO IMPUBAEKAIOT BHUMa-
HIe UCCAeAOBaTeAel CBOel HeOOBIYHOU (hOPMOU
U CTPOEHUEM, CIIeITN(PUIECKUMU OCOOEHHOCTIMU
MUWHEPaAOTUH U TeOXUMUY, TTapareHeTUIYeCKUMU
CBSI3SIMU (CaMOPOAHBIE METAANBI, KAPOUABI, CUAH-
IIUABL U AP.). B OTeuecTBEeHHOMN U aHTAOSI3BLIYHOU
AUTEpaType TEePMUHBI «C(PEpPYAB», «TAOGYAU»,
«IITapPUKU» HUCIOAB3YIOTCS KaK CUHOHUMEL [Ipnm
9TOM CAEAyeT Y4YeCTb, YTO TEPMUH «TAOOYAM»
(globule) mmpoko ymoTrpebasieTcss B MHKpOIIa-
AEOHTOAOTHH, B YACTHOCTHU, AASI ODO3HAUEHUS
PENPOAYKTUBHOU CTPYKTYPHI XapOBBIX BOAO-
pocaelt [TOAKOBBIH..., 1977], a TepMUH «IlIapu-
KW», YIOTpeOAseMBbINi M B HACTOSIIEN CTaThbe,
HOCHUT HECKOABKO CAEHTOBEIM XapakTep. Caepy-
€T YYUTHIBaTh UX Mopdoaoruueckoe (adaHUTO-
Basi, KOHIIEHTPUYECKH-30HAaAbHAsI, PaAUaAbHO-
AYYUCTasI CTPYKTYPHI ¥ UX Pa3AWYHBIE COUETaHUS)
U TeoMeTpuIecKoe (OT IMOUYTH HAEAAbHBIX cdep
AO KAlIAEBUAHBIX, DIAAUTICOUAHBIX U Ae(POPMHUPO-
BaHHBIX (POPM, & TAKIKEe TPO3AEBUAHBIX CDOCTKOB)
pasHooOpa3sue. [ToCKOABKY TA@BHast 0COOEHHOCTh
3TUX 00pa3oBaHuM — cepudeckas uAu cepo-
vpanbHast (DOPMHBI, @ pa3Mep, COCTaB, CTPOEHME,
WCTOYHUK BeIeCTBa M KOHKPETHLIE MeXaHM3MbI
dopMUPOBaHMS BeCbMa pa3zHOOOpa3Hbl, Hanbo-
Aee TTOAXOASIIAM AAS UX 0003HAUEHUS SIBASIETCS
TepMuH «chepyasn (C).

CdepyAabl IBAGIOTCS TPAAUIIMOHHBIM OOBEK-
TOM eCTeCTBEHHOHAy4YHBIX MCCAEAOBAHMU (ellle
B. V. BepHapcKuli oTMedan HUX 3HAYeHUE ANSA
reHeTU4eCKOU MUHEPAAOTHU U reoxuMun). [1pu
9TOM OAHM UCCAEAOBATEAN OTAABAAM ITPEATIOUTE-
HHEe UX KOCMUYECKOMY, APyTHE — 3eMHOMY IIPO-
HUCXOKACHUMIO. BBICKa3hIBAAOCH TaK>Ke MHEHUEe
00 UX TexXHOTeHHOM Ipupoae. B cBere cospe-
MEHHBIX ITPEACTaBACHUN HAayK O 3eMAe BIOAHE
O0YEBUAHO IPEUMYIeCTBEHHO eCTEeCTBEHHOE, HO
BecbMa MHOTOOOpa3Hoe npoucxoxaenue C. Bme-
CTe C TeEM HECOMHEHHO OIIPEAEAEHHOE eAMHCTBO
IIPEATIOCHINOK ¥ MEXaHM3MOB UX (DOPMUPOBAHMS,
HECMOTpPSI Ha HEOOLIYaWHyIO IITUPOTY AMAIa3o-
Ha npucyTtcTBus C: OT METEOPUTOB, KUMOEPAH-
TOB U UTHUMOPUTOB AO PA3AMYHBIX OCAAOUYHBIX
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dopMmanui. He3aBUCHMO OT IPUHAAAEIKHOCTUA
C K KOHKPeTHOMY 'eHeTU4eCKOMY THUIy, OHU Xa-
PaKTepU3yIOT MeTacTabMAbHBIE HEepaBHOBECHO-
TEepMOANHAMUYECKUEe YCAOBUS U BBICOKME CKOPO-
ctu oOpa3oBaHud. [IpucyrcrBrue C TyTOIAaBKUX
BelecTB B KuMOepAauTax [[LladppaHoBcKui, 3uH-
yeHKO, 2010], rupApoTepMarbHBIX KBaPIEeBBIX KH-
AaX 30A0TOPYAHBIX MeCTOpPOXXAeHUM [HoBropopo-
Ba U Ap., 2003], a Tak’)Ke B pa3HOOOPA3HBIX BTO-
PUYHBIX KOAMEKTOpaxX He(DTH U Ta3a B IlapareHese
C Pa3HOOOPA3HBIMHU CAMOPOAHO-METAANNIECKUMU
vactunamu [AykuH, 2006, 2009] mo3BoaseT pac-
CMAaTPUBATH UX KaK OAVH M3 BaJKHEHIITNX MHANKA-
TOPOB YCAOBHUH aAMa30-, PyAO- ¥ HAPTUAOTEHEe3a.

CdepyAbl XapakKTepHU3yIOTCS pa3HooOpa3ueM
XUMUYIECKOT'O COCTaBa ¥ aHOMAAbLHBIMU OCOOEHHO-
CTSIMM MUHEPaAbHOTO BellecTBa. [Tpeskae Bcero,
3TO pa3HOOOpPa3HbIe (AAIOMO)CUANKATHBIE, OKCHUA-
HBIE ¥ MeTaAAndecKue cTekAa. OHU BCTPeYaloTCst
B Pa3AMYHBIX IIPUPOAHBIX CpeAax (ocapku Mupo-
BOTO OKeaHa, «IepPHbIE KYPHUABIIUKNY, PYMapOAHI,
KaAbAepHBIE 03€Pa, AeAHUKM, CHETOBOU ITOKPOB
U T. A.) U TEOAOTUYECKUX 0OCTaHOBKAX (Pa3HOBO-
3pacTHBIE OCaAOYHBIE, BYAKAHOTE€HHO-OCAAOUHEIE,
BYAKaQHOTE€HHBIE M MarMaTudeckue opmanuy,
Pa3AMYHBIE YTAEPOAUCTBIE 0OPA30BaHUS, TUAPO-
TepMaAbHBIE JKUABL U T. A.). [lapapoKcarbHBI UX
rmapareHeTUYecKue CBSI3U: C OAHOW CTOPOHHI, C
YaCTUIIAMU CAMOPOAHBIX METAAAOB (ITPUPOAHBIX
CIIA@BOB, MHTEPMETAAAUAOB), KAPOMAOB, CUAUITU-
AOB ¥ ADYTHX TAYOMHHBIX MHUHEPAABHBIX a3, a
C APYTOH, C HU3KOTEeMIIepaTypPHBIMY arperaTaMu
TAMHHUCTBIX MUHEPAAOB, [IEOAUTOB U AD.

[To xapakTepy rokaamsanuu C B IPUPOAHBIX
CcpeAax IeAecoo0pas3HO pa3AWdaTh PacCesHHOe
pacupepereHre C, 0OyCAOBA€HHOE TAODAABHEI-
MU (paKTOopamu (KOCMUYeCKas IIbIAb, UMIIaKTOTe-
He3 M 9KCIIAO3UBHBIN ByAKaHU3M B ITAAHETaPHBIX
MacimTabax), ¥ UX KYMyASITUBHBIE CKOTIA€HUS B
crnenuUIeCKUX FeOAOTUUYECKUX YCAOBUAX (TPYO-
KM B3PBIBQ, 3KCIIAO3UBHBIE OpeK4YNH, UTHUMOPHU-
TBI, MarMaTOTeHHbLIE PYAHBIE MECTOPOKAEHUS,
TUAPOTEPMaAbHbBIE JKUABI, He(DTEra30HOCHBIE KOA-
AEKTOPHI).

CepumenTtorenHsie C. OOIIen3BeCTHBIM IIPHU-
MEepOM TPUPOAHBIX MHUHEPAABHBIX C SBASIOTCS
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00AUMbBL. DTOT KAACCUUYECKUHM OO BEKT NCCAEAOBA-
HUY CIEIIMaAUCTOB IT0 CEANMEHTOAOTHUH, 0CaA0U-
HOMY PyA000OPa30BaHMIO ¥ FTeHEeTHIeCKON MUHepa-
AOTHHU IIPEACTaBASIET COO0OU chepruuecKue MUHe-
PanbHBIE arperaThl KOHIIEHTPHUIECKU-30HAABHOTO
¥ PaAVAABHO-AYYHUCTOTO CTPOEHUST OOBIYHO C MHO-
POAHBIM SIADOM MAU CPEPUUECKOMN IOAOCTHIO B
neHTpe. Pazamepsl ooanToB BapsupyroT oT 0,01 oo
1 MM (6oaee KPyIIHBIE OOAUTHI (ITM30AUTHI) — AO
5 MM u 6oaee). OOPaA3yIOTCSI OOAUTEL B pe3yAbTaTe
AVMCKPETHO-IIPEPBIBUCTOTO IIPOIlecca KPUCTAANN-
3ary PACTBOPEHHOT'O BEIleCTBa Ha TIOBEPXHOCTH
TBEPABIX YaCTHI] UAH ITy3LIPHKOB Ta3a. [locaepnme
OOBIYHO (DAOTUPYIOT PAa3HOOOPA3HbIE MUHEPAAD-
HbIE 3epHa — IeHTPHI 06Pa30BaHMsI KOHIIEHTPH-
YeCKHUX UAU PAAVANBHO-AYYHCTBIX arperaToB (B
AQHHOM CAydYae POAb ra30BBIX ITY3BIPHKOB 3TUM
1 OTPAHUYUBAETCHA, B OTAUYKE OT C, IPOIIEATNX
CTAAMIO TIA@BAEHUS, KOTOPBIE U SIBASIIOTCS TIPEA-
MeTOM PAacCMOTPEHUd B AQHHOU padore). BopHas
cpepa OOAMTOOOPA30BaHUSI XapaKTepU3yeTCs
aKTUBHOU rmppopuHaMuKkor. Hanboaee pacmpo-
CTPpaHEHHBbIE CEAMMEHTOT€HHBIC Kap60HaTHI:Ie n
CcyAb(paTHO-KapOOHATHBIE OOAUTHL OOPAa3yIOTCA B
NPpUOPEKHBIX 30HAX MOPCKUX AAryH U COAEHBIX
o3ep. CrenuruecKor Pa3ZHOBUAHOCTBIO OOAU-
TOB (ITM30AUTOB) SIBASIETCS «ITEIePHBIN JKEMUYT»,
CBSI3@HHBIM C KAlleAbIO THAPOKapOOHATHBIX BOA B
TOA3€MHBIE BOAOEMBI KapCTOBBIX MycTOT. O0pa-
30BaHNE OOAUTOB YaCTO COITYTCTBYET COBPEMeH-
HOMY WAV APEBHEMY TPaBepPTMHOOOPA30BAHMUIO.
VIMeHHO B yCAOBHSIX TPaBEPTUHOOOPA30BaHMS Ha
Teppacax (TpaBepTUHO-TEPPACOBLIN TUII OOAWTOB)
HanboAee SIPKO IIPOSIBASIIOTCS 3aKOHOMEPHOCTH
M MeXaHU3Mbl OOAMTOOOpa3oBaHus. AeTarbHOe
UCCAEAOBAaHNE 3ITOTO THUIA OOAUTOB [FOmIKuH,
2009] MO3BOAWIAO YCTQHOBUTH CBSI3b OOAHUTO-
00pa30oBaHus C BeCbMa WHTEHCUBHBIMU CE30H-
HBIMHU, CYTOYHBIMU, IIOYAaCOBBIMU KOAeOaHUSIMU
XMMHYECKOI'O COCTaBa, TeMmneparypsl, pH, Pco,
U APYT'EX IapaMeTpPOB TPAaBEPTUHOOOPA3YyIOIUX
pacTtBOopoB. PazymeeTrcs, 0oOAUTHI (a TeM Ooaee
MMM30AUTHI) KAPAMHAABHO OTAMYAIOTCS MeXaHM3-
MOM (DOPMUPOBAHUA OT MUKPOCKHEPYA U AUIIIH B
IepBOM IIPUOAMIKEHUN MOTYT PacCMaTPUBATLCS
KaK MOAEAb FAOOYASIPHOTO MUHEpParooOpa3oBa-
HUS, KOTOpasi A€MOHCTPHUPYeT TAaBHOe oOlee
YCAOBHE: METACTAOUABHBINA TUAPDOAVMHAMUYECKUU
1 PU3UKO-XUMUUECKUU PEKUM, OOABIIIHE (Hereo-
AOTHMYECKUe) CKOPOCTH MHHEParooOpa3oBaHUS.
CaMu >ke KOHKpeTHBle MeXaHW3MBbl M Xapak-
TepHble BpeMeHa opmupoBaHus C pa3aaAndHoOro
TUIIa BapbUPYIOT B OYeHb HMIMPOKUX IIPEAEAax.
A MUKPOHHBIX C, CAOKEHHBIX METAaAMUYECKU-
MM, CUAUKATHO- 1 KPEMHE3EeMHO-CTEeKAIHHBIMH,
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CTEKAO-YTAEPOAUCTEIMU (Da3aMy, OHU COBEPIIIEH-
HO MHBIE, YeM IIPU 0OOANTOOOpa3oBaHuu. OAHAKO
MeXaHU3Mbl OOAUTOOOPA30BaHUS CBOMCTBEHHBI
¥ HEKOTOPBIM JHAOTEHHBIM MHUKpPOcdepyAaM.
OTO OTHOCUTCA K CyABMUAHBIM C TUAPOTEPMAAB-
HBIX UCTOYHUKOB U KAaABAEPHBIX 03ep oOAacTem
AKTUBHOTO BYAKAHW3Ma U «YE€PHBIM KYPHUABIIN-
KaM» OKeaHHu4YeCKUX pu@TOB. ApKUM IPpUMEePOM
B 9TOM OTHOUIEHUU SIBASIIOTCS (AW)CYAB(DUAHBIE
C ABYXIOPTOYHOU TUAPOTEPMAABHOM CHUCTEMBI
(LlernTparbHasi KamdyaTka), BKAIOUYAIOIIEH PSIA
TEePMaAbHBIX UCTOYHUKOB, IIPU B3aUMOAEUCTBUHA
KOTOPBIX C BYAKAQHMYECKVMMH IIOpoAaMu 00pa-
3YIOTCS Pa3HOOOpa3Hble MUHEPAABl U IIOAUMHU-
HepaAbHBIE arperaTbl C @aHOMAaAbHO BBICOKMMHU
KOHITEHTPAUIMSAMU PTYTH, MBIIIBIKA U CypPbMBI
[AuapeeBa u ap., 2008]. B rpudoHax, KOTAaX u
TepPMaABHBIX PYyYbiIX HaOAIOAQETCS 0Opa3oBaHUe
PasHOOOpPa3HBIX MAPKA3UT-IIUPUTOBEIX TAOOYAEH
KOHIIEHTPUYECKN-30HAABHOTO CTpPOeHus, 00y-
CAOBAEHHOTO YepeAOBaHMEM MUKPO30H, B pas-
AMYHOU Mepe oborameHabx Hg—As—Sb (puc. 1).

Puc. 1. MukpoMopdoAOrus 1 0COOEHHOCTH CTPOEHUS CYAb-
(BUAHBIX TAOOYAEH ABYXIOPTOUHOU THAPOTEPMAAbHOM CUCTe-
bl (LenTparsnas KamMuaTka): @ — KOTea; 6 — r'HAPOTEepManb-
HBIM pydel; B, I — KOHIIEHTPUUECKU 30HAABHOE CTPOEHUE,
00yCAOBAEHHOE YepeAOBaHUEM MUKPO30H Pa3ANYHBIX OTTEH-
KOB (OT TEMHOTO AO SIPKOT0) 3a cueT oboraienus Hg—As—Sb.
CKaHUPYIOMUN 9AeKTPOHHBIN MUKPOCKOI KBUKCKaH C peHT-
reHOCIIeKTPaAbHBIM aHaru3aTopoM Kamebakc [AHApeeBa u
Ap., 2008].
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Crnenmnpuyecko pa3zHOBUAHOCTBIO (TOUuHee
reHeTU4eCKUM THUIIOM) MUKPOCHEPYA IBAIIOTCSI
¢pambougbl — cdepudecKue arperaTbl IAOT-
HOYTIaKOBAHHBIX MUKPOKPHUCTAAAOB pPa3MepoM
1—10 MM (mHOTAA AO 50 MKM) [AYKHH U Ap., 2007].
CocraB WX IIPEUMYIEeCTBEHHO AVCYAB(MUAHO-
>KeAe3UCTHIN (OOBIYHO NUPUT, & TaK)Ke TPOUAUT,
MEABHUKOBUT U ApP.), MTHOTAQ MarHeTUTOBBIH, Te-
MaTUTOBBIU AV AUMOHUTOBBIN (ICEBAOMOP(O3HI
o nuputy). Isapeapka BcTpedaroTcss PpaMOOUABI,
CAOJKeHHBIe CyAb(UAAMHU APYTUX MeTaAroB (Cu,
Pb, Zn), a Tak)ke CaMOPOAHBIM >XEAe30M. OTO
OCHOBHas (popMa MUPUTHU3AIUY YEPHBIX CAQHIIEB
(black shales) B miupokom (AOKeMOpul — KaHO-
3011) BO3PacTHOM AMaTia30He, aHAaAOTaMU KOTOPHIX
SIBASIIOTCS. 9BKCUHUTBL C MUKPOOMOTeHHBIM H,S-
3apaykeHueM. B To ke BpeMst OHU OTMEUYeHbl B 9H-
AOTEHHBIX CYAB(PHUAHO-PYAHBIX MECTOPOIKAEHUSIX
C METaKOANOMAHBIMU CTPYKTypaMH, B (DyMapoAax,
KuMOepAnTax, IIyHruTtax. OpaMOOMAANBHBIN
TUPUT (B BUAE PACCETHHBIX MUKPOCHEPYA U UX
MOPQOAOTHYECKH BECbMa Pa3HOOOpPa3HBIX arpe-
raToB) — HeIIpeMeHHBIN aTpUOyT UHBEKITMOHHBIX
BBIAEAEHUY TEMHOIIBETHOTO IIEARTOMOP(HOTO IT0-
AuMuHepaAabHOro BemjectBa (TTITIB) u mryHruToB
[Aykug, 2000, 2005; AykuH u Ap., 2007].
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Puc. 2. ®pamboupb! u Apyrue ¢popMbl Fe-(Ar)CyAbpUAHOMN
MHUHEpaAU3auy (TPOUAUT U IIUPHUT C BBICOKUM COAEpKa-
HueM Re, Mo, La, Pt) B TTII1B 110 CTUAOAUTU3UPOBAHHOM
TPpeIUHEe eCTeCTBEHHOTO (PAIOMAOPA3PEIBa BO BTOPUYHOM
KOAAEKTOpe-MeTacoMaTuTe (Ha KBapIieBO-Tlec4yaHOM CyO-
crpate). AAB, CBUPHUAOBCKOE ra30KOHAEHCATHOE MeCTO-
poxxAeHUe, CKB. 5, 5830—5842 . [To AQHHBIM 3A€KTPOHHOU

Mukpockonu# (POM-106 ¢ peHTreHOCIIeKTPaAbHBIM 30H-
AOM) [AykuH u Ap., 2007].

Takum ob6pa3oM, HapsiAy € IBHO MUKPOOHUO-
TreHHBIMU (hpaMOOMAAMU YEePHBIX CAQHIIEB M UX
COBPEMEHHBIX aHAAOTOB (BKAIOUAS JKCTAASIIN-
OHHBIE IIPOIleCCHl, B YACTHOCTHU «YepHBbIe K-
PUABIIUKN») MOSKHO TOBOPUTH U O HECOMHEHHO
abuoreHHblx pambompax. Tak, B TIIIB mpu-
CYTCTBHE OPYAEHEABIX OAKTEpUU MCKAIOYEHO,
XOTS 3AeCh PaCIpOCTpaHeHBl OUOIOAOOHBIE
HaHO- U MUKpPOGOopMBI. OAHAKO I MUKPOOUOTEeH-
Hble, M abuoreHHble (hPaMOOUALI OOPA3yIOTCS B
YCAOBUSIX PE3KO BBIP@KEHHOI'O HepaBHOBECHO-
TEPMOAMHAMUYECKOTO PEKUMa, HMIYABCHOTO
noctynaenus H,S (Ipu 00MAMYT AByXBAA€HTHOTO
>Keaes3a B MUHeparooOpasyrollel cpeae) 1 BBICO-
KHX TEeMIIOB MUHeparooOpa3oBaHus. OcoOOeHHO
SIPKO 3TO IIPOSIBASIETCS B HEOAHOKPATHO YIIOMU-
HaBmuxcsa uHbekuax TIITTB, KoTopble xapak-
Tepu3yloTcsa obumaneM (pambonparbHOoro FeS,
(puc. 2), u rae 66100 OOHaAPYRKEHO (hpaMOOMAAND-
HOEe CaMOpOAHOe JKeaes30 (puc. 3)1. Mopdonroru-
JeCcKoe U MUHEepaAbHOe pasHooOpasue (hpaMbon-

! OAekTpoHHas Mukpockonus (POM-106 ¢ peHTreHo-
CIIEKTPAABHBIM 30HAOM) BEIIIOAHSAACE B AaOOpaTOpUM
YO YkpITPU N.MN. Camotirenko u .M. PaiickuM mop,
PYKOBOACTBOM aBTOpA.
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Puc. 3. Cdepyanl, o6pasoBaHHbIe (hpaMOOUAAABHBIM (C BBICO-
KOM CTEIIeHbIO arpernpoOBaHHOCTH KPUCTAAAOB) CAMOPOAHBIM
>KEeAe30M B IIOPe BTOPUYHOTO KOAAEKTOPa-MeTacoMaTuTa (Ha
KBaplleBo-lecyaHoM cyoOcTpare). AAB, KoMBIIIHIHCKOE Tra-
30KOHAEHCATHOE MeCTOpOXKAeHue, cKB. 12, 5531—541 . Tlo
AAQHHBIM 3A€KTPOHHON MUKpockonuu (POM-106 ¢ peHTreHo-
CIIEKTPAABHBIM 30HAOM) [AyKUH U Ap., 2007].

20B B TTITB, mapareHes ux ¢ pa3AUdYHLIMU TEPMO-
AMHaAMUUEeCKH HeCOBMECTUMBIMU ITOAUMOPdaMu
yrAaepoAa (rpaduT, IIYHIUT, aMOPMHBINA YTAEPOA,
(yArEpUT, AOHCAEUAUT, (PyAAEPEHBl, BO3MOKHO
HAHOAAMa3bl) U AUCYABMDUAOB >Keae3a (HapsAy C
MMUPUTOM, MEABHUKOBUT — TEABIIUPUT — T'peu-
TUT, MapKa3WT), a TaKKe YaCTUIIaMU CaMOPOA-
HBIX METaAAOB, KAPOUAOB M CHAUIIUAOB [AYKUH,
2000, 2006, 2009] m03BOASIET IPEATIOAOKUTE CBI3b
dpambonpoobpazosanusd B TII1B (1 nryHruTax) c
Ppa3zHOOOpa3HbIMU IBACHHUSIMHY, COITYTCTBYIOMIUME
BOCXOAAIIEN MUTI'PAIUU TAYOUHHBIX (DAIOUAOB U
UX 9KCIAO3UBHOMY BHEAPEHHUIO (C (DAIOKMAOPA3-
PBHIBOM M APOOAEHWEM BMEIAIoIINX TTOPOA) B
Pa3AUYHBIE IOPOABL. BO3MOJKHO, OCHOBHYIO POAD
B pamMO0omA000pa30BaHuM 3A€Ch UTPAAO HETIO-
CpPeACTBEHHOE B3aMMOAEUCTBYE JKeaesa C Cepo-
BOAOPOAOM IIPU BCKUTNIaHUM (€ o6pa3oBanmeM FeS
u FeS,) mopA00HO TOMY, KaK 3TO UMeeT MeCTO B aA-
Ma30HOCHBIX TUPOKAAcTUTax CeBepHOTO Ypaaa,
00pa30BaBIINXCS TPU IKCIIAO3UBHLIX BHEAPEHU-
SIX TIPEeAEABHO O0OTallleHHOTO JKeAe30M U Cepor
pacmaaBa-cyocTparTa, IIpu OBICTPOM OXAKAEHUHN
KOTOPOT'O KPUCTAAMU3UPOBAAUCEH YPAABCKUE aA-
Ma3bel [Maxaaes, 'onyOesa, 2007].

Cdepyarbl KOCMHYECKOTO ITPOMCXO’KAEHHSI.
KoamyecTBO KOCMHUYECKOM ITBIAY, €5KETOAHO BHI-
MaparoIel Ha IMTOBEPXHOCTh 3€MAH, IO Pa3HBIM
OIleHKaM COCTaBASIET OT 2 A0 6 MUAAMOHOB TOHH.
OcHOBHasl 9YaCTh ee TIpeACTaBAeHa C(pepruiecKu-
MU U C(DepOMAAABHBIMHA YaCTUIIAMU CTEKOA pa3-
AWYHOTO COCTaBQ, @ Tak>Ke MarHUTHBIMU CaMOPOA-
HO- ¥ OKCUAOKEAE3HBIMU (MOITUT, MAaTHETHT) IT1a-
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Puc. 4. CamopoaHo-keAe3HEIe C B AyHHOM PErOAMTE U PEHT-
TeHOBCKHI CIIEKTP OAHOU M3 HHX. «/\yHa-16» [MoxoB u Ap.,
2007].

pHKaMu (AeCSTKYU — COTHU MKM). [Tpu oO1rHOCTH
MeXaHU3MOB 00pa3oBaHus (CyLIepCKOPOCTHAsS
3aKaAKa KalleAb PaCIAaBAEHHOTO BeIeCTBa) OHU
XapaKTepu3yloTcsl pa3zHooOpa3ueM UCTOYHUKOB
(MeTeopuTHl, 3eMHbIe U KOCMUYECKUEe MMIIaKTH-
TBI, 3eMHBIE 1 KOCMUYeCKHe UTHUMOPUTHI U T. 11.).

[Mapuku (MUKpO- M HaAHOCKEPYABI) CaMo-
POAHOTO >Keae3a U CUAMKATHOTO CTEeKAAa IIUPO-
KO paclpocTpaHeHEbl Ha AyHe U, Ipe’KAe BCero,
B PEroAuTe, KOTOPHIN AaeT Hauboaee ITOAHOe
IpeACTaBAEHWE O MUHEPAAbHOM pa3HooOpas3muu
AYHHBIX I'pyHTOB [MoxoB u aAp., 2007]. Cpepn
caMopopHO-MeTaarndeckux C, TATOTEoUINX K
HauboAee TOHKUM (PPakIUsSIM PErOAUTa, HapsSaAy
C IIPeBaAUPYIOIIUM >KeAe30M (C pa3HoOOpa3HbI-
MM IpuMecsMm) (puc. 4). yCTaHOBAEHO IIPUCYT-
CTBHE (HO B @KIIeCCOPHBIX KOAMYECTBaX) APYIUX
METaAAOB: aAIOMUHMS, IIMHKA, PEHUsI, OAOBA, 30-
AOTQ, cepebpa, CBUHIIA, MOAMOAEHA, BOAb(pama,
cypbMEL, Iepus (puc. 5). llupoko pacmpocrpa-
HEHBI pa3HOOOpa3HbIe CIIAABBHI, B TOM UYHUCAE U
IIOKa He yCTaHOBAEHHEIEe Ha 3eMAe (HalpuMmep,
CIIAGB JKenesa u 0AoBa Fe;Sn). OpAHAKO AT CTIAG-
BOB U UHTEPMETAAAUAOB, B OTAMYHE OT CaMOPOA-
HBIX METaAAOB (BKAIOYAs MMOKa He W3BECTHHIE B
3eMHBIX 00beKTax MOAUOAEH U 1epuii), C MmeHee
XapakTepHbl. KOHIIEHTpAIuM 4aCTHIl CaMOPOA-
HBIX METAAAOB (M, B YaCTHOCTH, MUKPOCHEPYA)
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Puc. 5. Chepyabl pa3sARIHOTO COCTaBa: @ — CAaMOPOAHBIN MOAUOAEH, 6 — CaMOPOAHBIM BOAB(MPAM, B — CaMOPOAHLIN IIepHH,
I — IMHKUCTast MeAb (C IPUMECKIO 30A0Ta U cepebpa). «AyHa-16» [Moxos u ap., 2007].

B AYHHOM DPETOAUTE CYIIECTBEHHO BEINIE, YEM B
OOABIIMHCTBE N3BECTHBIX 3€MHBIX OOBEKTOB. JTO
CBSI3aHO CO CHeNU(PUIECKUMU YCAOBUSIMH U Me-
XaHM3MaMU MHUHeparooOpa3oBaHMUg. MHOrooo-
pasue MUHEPaAbHOTO COCTaBa AYHHBIX I'DYHTOB

TI'eoppusuueckuti xypnar Ne 6, T. 35, 2013

", IPEKAE BCETO, TOAMMUKTOBBIHN XapaKTep pero-
AWTa — AMCIIEPCHO-KAACTUYECKOTO (C pa3MepHO-
CTBIO IIIUPOKOTO AMAIIa30Ha: OT TPE0OAAAAIOIIIIX
AAEBPUTOBBIX U MTECYaHBIX AO TOHKOIIEAUTOBBIX
YACTUIL) CAOS TTEPEMEHHON TOAIUHBI, «ITOKPHI-
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BAIOIero BCIO MOBEPXHOCTh AyHBI» [MoxoB u
Ap., 2007, c. 3], cBUAETEABCTBYET 00 YIIPOIIEeH-
HOCTH TPAAMIIMOHHBIX IIPEACTABAEHUN O TOM,
YTO IIOBEPXHOCTBH AYHBI, B OTAMYHE OT 3E€MAH,
(OpMUPOBAAACE MCKAIOUHUTEABHO 3a CUYET 3K-
30TeHHBIX (PAKTOPOB, CBSI3@HHLIX C IIAAEHUEM
KPYIHBIX MeTeopUTOB. CAepyeT IIOAUEPKHYTh
OTCYTCTBHE€ IPUHIJUIINAABHBIX PAa3AUYNU 3€MAU
1 AyHBI IT0 HAOOPY CaMOPOAHBIX METAANOB, IIPU-
POAHBIX CIIAA@BOB W WHTEPMETAAAMAOB. VX 3eM-
HOU IIepedeHb Ha IPOTSKeHN N TocAaepHnx 30 AeT
(TIOCA€e OTKPBITUSA B PA3AUYHBIX 3€MHBIX OObEKTax
CaMOPOAHOTO aAIOMMHUS, IPUPOAHOM AQTYHU U
AP.) HEYKAOHHO PACIIUPSIACS, BKAIOYasd OTKPBITHIE
yke B XXI B. caMOpOAHBIE PeHM, BOAB(paM u
AP. AYHHBIU DETOAUT OT U3YYEHHBIX B YKa3aHHOM
OTHOIIEHUM 3€MHBIX OOBEKTOB OTAUYAETCS IIpe-
KM€ BCEro MOP(POAOTHYECKUM pasHooOpasueM
CaMOPOAHO-METAaANYECKUX YaCTUIl U UX BBICO-
KOU KOHIIeHTpalMel, 4TO B IEPBYIO O4epeAb OT-
HOCHUTCS K JKEeAEe3HBIM U CUANMKATHO-CTEKATHHBIM
Mukpochepyram. CaMOpoApHOe KeAe30 Ha AyHe,
KaK 4 Ha 3eMAe, MMeeT DPa3AWu4YHBINA TeHe3UuC.
3AeCh YCTAHOBAEHO KaK YUCTO METEOPUTHOE, TaK
U IIePBUYHOE AYHHOE (T.e. 0Opa3oBasBlleecs NpHU
HOPMAAbHOU KPUCTAAAU3ALUN AYHHBIX IIOPOA)
Kene3o0. Hapsay ¢ 9TUM 3p€Ch HIMPOKO PacIpo-
CTpPaHEeHBI eT0 YaCTUIILI ¥ aTPeraThl, CBSI3aHHEIE C
UMIIaKTHBIMU IPOLeCCaMU: KOHACHCAllueln U3 UM-
ITIaKTHBIX Ta30B, BEIAeAeHNeM Fe mpu nMnakTHOM
paspylleHUn AYHHBIX MUHEPAAOB U T.II. [MoxoB
u Ap., 2007].

KamacuT — HH3KOTeMIlepaTypHas pas3HOCTb
camopopHoro skeaesda (o-Fe mam o-Fe, Ni) Ha
/AyHe — BCTpedYaeTcs IPEUMYIIEeCTBEHHO B BUAE
«IIAPUKOB U KalleAb AUOO B TECHOM y4aCTHUU C
TpouAuToM 1 KoreuutoM (Fe, Ni);C, aubo B cre-
KAe B BUAE MUKPOC(HEPYA, KYOUKOB M IAACTUHOK»
[MoxoB u ap., 2007, c. 13]. Hacras accomuanms
KaMacCuTa C TPOUAUTOM CBUAETEABCTBYET O €ro 00-
Pa30BaHUU U3 HACHIIIEHHOTI'O JKeAe30M CyAB(DUA-
HOTO paclAaBa — IPOAYKTA IPOLLECCOB AMKBAIIUU
JKeAe30-CyAb(PUAHO-CUAUKATHBIX MarMaTU4eCKUX
pacraaBoB. VIHTEHCMBHOCTb AUKBAITMOHHBIX IIPO-
IIeCCOB, acCoIUanus MapuKoOB KaMacCHUTa C APY-
UMM (POPMaMHM ero YaCTHIl, BKAIOYAs ACHAPUTHI,
OOYCAOBAEHBI HENOCPEACTBEHHBIM KOHTAKTOM
PacIAaBOB KaK 9HAOI€HHO-MarMaTU4eCcKOu, Tak 1
UMIIaKTHOM IPHUPOABI C KOCMHUYECKNM BaKyyMOM
(BakyyMHas Aerasarius).

T3HUT — BBEICOKOTEMIIEPATYPHAsA MOAU(DUKA-
1M caMOpoAHoOTro keaesa (y-Fe uau y-Fe, Ni) Ha-
psaay c¢ aBapyutoM (NiFe — NiyFe) mmpoko pac-
IIPOCTPAHEH B AYHHBIX 0a3aAbTaX OOBIYHO B BUAE
BKAIOYEHUU B OAMBUHE U B llepueprUdeCcKUX 4a-
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CTSIX CTEKASTHHBIX cpepornToB [DOpoHaer, 1978].
[MTpucyrcrBrue, HapsAay ¢ OAHO(A3HBIMHU, ABYX-
das3HbIx (ot+y) Keares3ubrx yactutl] [DpoHaen, 1978;
MoxoB 1 Ap., 2007] cBUAETEABCTBYET O OBICTPBIX
cOpocax A@BAEHUM U TeMIlepaTyp. BripoueMm, aToT
dakTOp Ha IOBEPXHOCTHU /\YHBI YHUBepcaaeH. C
HUM CBsI3@aHO camMoO (POPMHPOBAHNE HEIPEPHIB-
HOT'O PETrOAUTOBOTO CAO4. C 3TOU TOYKU 3PEHUA
AYHHBIM PETOAUT IBASIETCS OOIIEN MOAEABIO (DOp-
MmupoBaHusa C. BpbeI3ru pacnaaBoB, yMapoAbHBIE
OKCTaAdTBI U APyTHMe MEeTAAAOHOCHBIE I'a30BbIe
IIOTOKU OAQropaps OrpOMHOMY TepMOOapU4eCcKo-
MY I'PQAMEHTY IIPU BBIXOAE B OTKPBITBIN KOCMOC
00yCAOBAMBAIOT @aHOMAAbHO BBICOKYIO HACHIITEeH-
HOCTb AYHHOM IIBIAM» METAAMMIECKUMU (IIPEFKAE
BCETO JKeAe3HBIMU) ¥ CHANKATHO-CTEKASTHHBIME C.

K cnemugunueckoMy KOCMO3eMHOMY TreHe-
THyeckoMy TUny C, B YaCTHOCTH, OTHOCSITCS
MHUKPOC(EPYABI IIEPEXOAHBIX CAOEB MEXAY He-
KOTOPBIMMX CHUCTEMaMH, I'PDAHUIBI KOTOPBIX OT-
MeUeHbI UMIIAKTHBIMU COOBITUSIMU I'AOOAALHOTO
3gaueHuqa [['ypos, I'oxxkuk, 2006]. B nepyto oge-
PEeAB, 9TO KaCaeTCsI TPAaHUIILI MeAd U ITaAeoTeHa,
KOTOpas, Oaaropapsi OTKpPLITHIO A. AAbBaperomMm
UPUAUEBOU @aHOMAAUH, CBSI3@aHHOM C U3BECTHBIM
UMIIaKTHBIM COOBITUEM (0OOpa3oBaHHEe KpaTepa
YukKCcyayO BCAEACTBHE CTOAKHOBEHUS 3€MAM C
aCTepOHMAOM HMAUW KOMETOM), CTara CBOErO poAa
9TAaAOHOM CBSI3M XPOHOCTPATUTPAPUIECKOTO PY-
Oexa ¢ kocMuueckuMu akropamu. OTKpBITHE
Ha CeBepo-BOCTOKe MEeKCHKH YeTBIPEX CAOEB CO
Cs BEPXHEMAACTPUXTCKUX IIEeAATNMYECKUX Mep-
reasx (caMbBIM APEBHUU U3 HUX 3anreraeT Ha 10 M
HI)Ke UPUAMEBOY aHOMaAWH Ha rpanuiie K — P)
CBUAETEABCTBYET O DOAee CAOKHOM «CII€HaPpUU»
COOBITHUM Ha 3TOM XPOHOCTPATUrpaduiIeCKOM py-
oexe [Keller et al., 2002, p. 145]. Crerasinabie C
Ha rpaHune K — P B LlenTparbHOU AMepuke u
KapubckoM peruoHe B [[eAOM paCCMaTPUBAIOTCA
KaK 3aCTBIBIINE KAlIAY — OPBI3TH PACIIA@BAEHHBIX
IIOPOA MUIIIEHM YKa3aHHOI'O MMIIAKTHOTO KpaTe-
pa, 4TO MOATBEPIKAAETCSI ITIOAODOMEM MX XUMUYe-
CKOT'O COCTaBa BCKPBITHIM 6ypeHHeM IINGBA€HBIM
nopopaM UYukcyayba € M30TOIIHOM AQTHPOBKOU
OAr/SAr [Izett et al., 1990 u aAp.]. [To-BUATMOMY,
Hapsipy € OCHOBHBIM HWMIIAKTHBIM COOBITHEM
65 MAH AeT Hazap (BO3pacT CTeKAIHHBIX C He-
CKOABKO cTapiie — 65,3 MAH AeT) IIPOU3OIIEeA
U APYTOM BTOPOCTEINEHHBIN UMIIAKTHBIN 3IIU30A,
(camblii ppeBHuU cror C Ha 10 M HUKe UpUAMe-
BOM @HOMAaAWH, BHIIIEAeXKAllUe TPU C(PepyAOBBIX
crost, coraacHo [Keller et al., 2002] — mpoaAyk-
TBHI TIEPEOTAOKEHUS), UTO IIOATBEPIKAQETCS CY-
meCTBEeHHbIMHM N3MEHEHUIMU B COCTaBe q)ay}lbl
IIAQHKTOHHEBEIX (popaMUHU@EP B MO3AHEM Ma-
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Puc. 6. BeIcOKOTUTaHUCTBIE U O€3TUTAaHOBBIE JKeAe3Hble C 13 TOrPpaHNYHbIX IIePMO-TPHUACOBBIX OTAOKeHUH MOCKOBCKOM CUHe-
rAn3bl. OO6Ha)keHUe B Oaccelite pek CeBepHas ABrUHa 1 BeTayra (110 AQHHBIM 9A€KTPOHHOM MUKPOCKOIINY, AAMHA MaCIITaOHOM

anHerku 20 MkM) [Apednbes, Lkypckuii, 2012].

actpuxre (65,3 MAH AeT). BipoueM, MaccoBoOe BEHI-
MMpaHHe IAAHKTOHHBIX (hopaMUHU(ED Ha4aAOCh
pansiie (65,5—65,4 MAH A€T) 1, CKOpee BCero, 00-
YCAOBAEHO A\eKaHCKUM TPAIIIOBLIM BYAKAHU3MOM
[Abramovich et al., 1998]. Au ke mpuxXoAUTCH,
Bcaep 3a [Keller et al., 2002], poonmycKaTb BO3MOXK-
HOCTB APYTOTO KPYITHOT'O UMIITaKTHOTO COOBITHS 38
300 TBIC. AeT A0 HuKCyAyDOa (COOTBETCTBYIOIIUN
eMy KpaTep Au0O IToKa He HaAEeH, AMOO COBIIAA C
OCHOBHBIM KPaTepOM, YTO MAAOBEPOSITHO).
Cdepyasl cylecTBEHHO HHOTO COCTaBa O0OHaA-
PYy>XeHbI HEAQBHO B IIOT'PAHUYHBIX IIEPMOTPHUACO-
BBIX OTAOJKEHUAX MOCKOBCKOU CUHEKAU3EL. OTH
AAQHHBIE YCTAHOBAEHBI B PA3ANYHEBIX PAMOHAX 3TOMN
OOLIMPHOU CUHEKAU3HI (OOHa)KeHUsA B OaccelHax
pp. CeBepHas ABuHa u Betayra). [Tpu npocMmoTpe
TSKEAOU (PPAKIIMU KPACHOIBETHBIX IIEPMOTpHUA-

TI'eogusuueckuti xyprnaa Ne 6, T. 35, 2013

COBBIX TEPPUTEHHEBIX TOPOA OBIAM OOHAPY KEeHEI
[Apedses, lIkypckui, 2012, c. 3] «cepyasl npe-
AABHOM (DOPMEI AMAaMETPOM IOPSIAKA HECKOABKO
AECSITKOB MKM» (puc. 6). Pazamep m3yuenanrx C
KonaeOaeTca B npepenrax 50—130 mkm. [MToBepx-
HOCTb MX OOBLIYHO I'AapKasl, MHOTAa Oyropuaras,
HO3ApEeBaTast AU ITOAUTOHAABHO-YepennuTIaTas.
Ha nexkoropnix C oTMeueHBl KPYIIHBIE BEIEMKH-
SIMKY, 9TO, II0 MHEHHIO aBTOPa HaCTOSIIIEeH CTaThH,
BO3MOJKHO, CB3@HO C OTAeAeHueM pouepHux C
(cm. HuKe). OHM CAOSKEHBI Pa3AUYHBIMU OpMa-
MM OKCHAQ JKeae3a, 00BIYHO C IPUMECHIO TUTaHa
(MHUHEpaABHBIM COCTaB: MABMEHUT, YABBOIIIIN-
HeAb, TATAHOMATrHETUT, TEMOUABMEHHUT, a TaKyKe
KEAE3UCTBI PYTUA U Ap.). «VaeanpHad mapo-
obpasHaa (opMa U NPEUMYIIEeCTBEHHO >Kenes-
HBIM cocTaB C 3aCTaBASIOT IIPEAIIOAATATh UX KOC-
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MHYEeCKOe IIPOMCXOKAEHYE ¥ UTHTEPIIPETUPOBATh
KaK Pe3yAbTaT 3aCTHIBAHUS PACIIAABAEHHOTO B aT-
Mocdepe 3eMAU BellleCTBa METEOPUTOB, OAHAKO
npucyrctsre Ti ¥ ApDyTUX IPUMecel IIPU IIOAHOM
OTCYTCTBUY HUKEAS He AQeT TaKOU YBEPEHHOCTH»
[Apedres, llIkypckuii, 2012, c. 3]. Aaree aBTOPHI
OTMEYaloT, YTO HECKOABKO M3y4eHHBIX C, COCTaB
KOTOPBIX OAM30K K MarHeTUTy, COAePIKaT MHOTO
Ca, Si, Na, K 1, Bo-BUAUMOMY, TPEACTABASIOT CO-
OO «CTEKAO UAM YTO-HUOYAB FTOMOT€He3UPOBaH-
HOe, TIPOIIIEeAIIIee Yepes IIAaBAeHNE». ABTOPHI He
AAIOT BHATHOTO OTBeTa Ha Bompoc o nmpupoae C,
HO, aHAAUBUPYI UX AAHHBIE, MOJXHO HpI/IfITI/I K BBI-
BOAY, UTO U3y4YE€HHBIC UMW C cBsI3aHbI C IIPOIITEA-
MM Yepe3 IIAaBAEHHE BeI[eCTBOM KaK MeTeOpH-
TOB, TAK 1 ITIOPOA MUIIIEHW UMIIAKTHBIX KPATEPOB.
BropodeM, BOAHE MOJKHO TaK>Ke IIPEATIOAATaTh UX
CBSI3b C IAPOKCHU3MaMH TPAIIIOBOTO MarMaTru3ma
Cubupckoi nAaT@OpPMBL, TAOOAABHBEIM PA3HOCOM
BYAKaHquCKOﬁ TIBIAY 11 3aCTBIBABIIIUX B BO3AYXeE
OPBI3T BYAKAaHUYECKUX PAClIA@BOB OCHOBHOTO CO-
CTaBa U CUHXPOHHBIX UM 3KCIIAO3WBHBIX UTHUM-
OPUTOBBIX U3BEP)KEHUU B PA3AUYHBIX PETrMOHAX
(cM. HUKE).

Cdepuueckue (TA0OyASIPHBEIE) 0OpPa30BaHUS,
KaK M3BECTHO, IBASIIOTCSI XapaKTePHBIM aTpuoy-
TOM Memeopumos, B IIEPBYIO OUePEAb XOHgPUMOB.
Mx xapakTepHas uepTa — UepapXudHocTsb. [1pe-
>KA€ BCEro, 3TO CaMU XOHAPHI («3epHa») — OKPYT-
ABle (cpepUuecKue, SAAUIICOUAHEIE) 0Opa3oBa-
aus C pazmepom 0,1—3,5 MM (IpemMyIIIeCTBEHHO
0,5—1,0), KoTOpBIE CAY>KAT TAABHBIM CTPYKTYyP-
HBIM 9AeMeHTOM 90 % MeTeoOpUTOB — XOHAPHUTOB
[XonrpapsL, 1978]. CoraacHO OOLIENIPUHATOM TOUKE
3pEHUs, 3TO AOCTATOYHO OBLICTPO (AT 0Opa3oBa-
HUS CcepudecKor HAU CHEpPOUAHOU (DOPMEI)
3aTBEPAEBIINE KallAW PYAHO-CHAWKATHOTO pac-
mraBa. CoCTOST XOHAPHI M3 OPOH3UTA, OAMBHMHA,
a Tak>kKe aHOPTHUTA U CTEKAA B PA3AMYHBIX COOT-
HOIIIEeHUAX (OT CyIIeCTBEHHO OAMBHUHOBBIX AO
IIOAMKOMIIOHEHTHBIX CI/IMHAEKTI/ITOB)‘ PYAHI)Ie
KOMITOHEHTHBI XOHAD ITPEACTAaBA€HBI MAarHETUTOM,
UABMEHHUTOM, CAMOPOAHBIM JKEeAe30M, TPOUAUTOM.
B XOHAPOBOU MaTpHIle PA3ANYHOI'O COCTaBa IIPHU-
CYTCTBYIOT MHUKPOCHEPYABI (IIapUKN) HUKEAS,
HUKEAHCTOTO JKeae3a, TOHUTa (puc. 7). Ha mosepx-
HOCTHU XOHAP YaCTO IIPUCYTCTBYIOT CUAUKATHBIC
mapuku (puc. 8). MeTaaanmdeckue ¥ CUAMKATHBIE
ITapUKU B METeOPUTAX UMEIOT AMKBAIITMOHHYIO U
9KCIIAO3UBHYIO («OpBI3TH pacnraBa» [CeMeHeH-
KO U Ap., 1987, c. 121]) npupopy. Kak u B ApyTux
IIPUPOAHBIX CPEAAX, OTO MHAUKATOPHLI TEPMOAM-
HaMU4YeCKH HepaBHOBECHBIX (AMKBAIIWs, ObICTPOE
OXAA’KAEHME KalleAb paclinaBa, KaBUTAIWS U T.A.)
npoirieccoB. HabaropaeTcss B3auMOCBA3b MHUHE-
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Puc. 7. lllapuk KamMacuTa C KaeMKOM TPOUAUTA B XOHAPE (XOH-
ApUT KpBIMKa; TOA 3A€KTPOHHBIM MUKPOCKOIIOM) [CeMeHeHKO
u Ap., 1987].

Puc. 8. lllapuKu IPEATIOAOKUTEABHO CUAUKATHOTO COCTaBa,
HAAWIIIIE Ha TOBEPXHOCTH XOHADHI (MeTeOPHUT AAEKCAaHAPOB-
cKui XyTOp, I0A S3AEKTPOHHBIM MUKPOCKOIIOM) [CeMeHeHKO
u Ap., 1987].

ParbHOTI'O COCTaBa XOHAP, UX (POPMBI U MOPQO-
roruu [CeMeHeHKO U Ap., 1987]. Tak, cyIecTBeH-
HO CTEKASTHHBIE XOHAPBI OOBIYHO IIPEACTABASIOT
Cco0Ol IapUKU, OAUBUHOBLIE XOHAPHI Yallle OT-
HOCSITCSL K KOAOCHHUKOBOMY THUIIY, IINPOKCEH Xa-
PaKTepeH AAS 9KCLLeHTPUIECKU-AYUYUCTOTO THIIa
u T. II. Bce 3TO CBUAETEABCTBYET O CBSI3M XOHAD C
MIPOIleCCaMU AMKBAIINY [IOAMKOMITOHEHTHOTO Pac-
[IA@Ba U €Tr0 AUCIIeprupoBaHus (IyAbBEePU3aluY,
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pas3Opbi3ruBanus). B cBsi3u ¢ 9TUM OCOOBIN NHTE-
pec IPEeACTaBASIIOT TEKTUTEI, COCTOSIINE U3 CUAW-
KaQTHOTO CTEKAA C CAaMOPOAHO-METaAANYEeCKUMU
(Fe) xomppamu. CoraacHo pabortam [M30x, Ae
Apix An, 1983; CemeneHnko u Ap., 1987], creknao
TEKTUTOB XapaKTepu3yeTcs TOHKOU (Ooaee 1 MKM)
TOPHUCTOCTBHIO C OUEeHb HU3KUM (MeHee 1073 aTM.)
BHYTPHUIIOPOBBIM A@BAEHMEM (COAEpPIKaHME BOAO-
poaa B ra3oBoi paze 35—41 06. %). D10, HapAAY
C 0COOEHHOCTSIMU IIETPOXUMUH TEKTUTOB (BBICO-
Koe copeprkanue SiO, (72—79 %) B TEKTUTOBOM
CTEKA€, eT0 HEAOHACHIIIIEHHOCTB IIleA0YaMu, 000-
ramenue Ti, Cr, Ni, Mg, Fe, Cau pApyrue npusHa-
KI CXOACTBa KOCMUYECKUX TEKTUTOB C 3€MHBIMU
UTHUMOPHUTAMU), MOCAY’KUAO OCHOBAHUEM AN
pas3paboTku Hauboaee OOOCHOBAHHOW KOHIIEII-
MY TTPOUCXOKAEHUS 3TUX 3araAOuHBIX 06pa3zo-
BaHuu. CoraacHo [M30x, Ae Apix AH, 1983], npu-
CYTCTBHE TEKTUTOB Ha 3eMA€e CBA3aHO C KOMETHOU
TPAHCIIOPTUPOBKOM IIPOAYKTOB 3KCIIAO3MBHOTO
BYAKAHM3Ma B KOCMUYECKUH BaKyyM Ha OAHOM U3
CIIYTHUKOB TIAQHET-TUraHTOB COAHEYHOU CUCTe-
MBI (PEaAbHOCTD TAKOTO BHE3EMHOT'O ByAKaHU3Ma
IIOATBEPIKAEHA, B YaCTHOCTH, Ha OAHOM M3 CIyT-
HUKOB FOmuTepa).

CdepyAasl 3KCIIAO3UBHO-BYAKAaHNYECKOTO re-
He3muca. [Tpexxae Bcero nopuepkHeEM CXOACTBO C
TEKTUTaM¥ 3€MHBIX UTHUMOPHUTOB, AT KOTOPBIX
XapaKTepPHBI CHAUKATHO-MeTaandeckue C, Ipea-
CTaBASIIONIVE TUITMYHBIE ANKBAITMOHHBIE XOHADEL.
ViMeHHO OHU SIBASIIOTCSI HamOoOAee Ba’KHBIM WH-
AMKATOPOM BeChbMa CHelnPUIecKoro AIOUAHO-
ro pe’XruMa UTHUOPUTOOOPA3yIOIIUX PACIIAABOB.
Kaxk m3BecTHO, NTHUMOPUTHI (CIIEKIINECS B pas-
AMYHOU CTeNleHU TYy(Bl — OTAOKEHUS IAAFAIINX
TYy4 ¥ MIENAOBBIX IIOTOKOB) CBSI3aHBI C KAaTaCTPO-
(pUIEeCKUMIY 5KCIAO3WBHBIMU U3BEPIKEHUSIMU,
B pe3yAbTaTe KOTOPBLIX TAYOMHHBIE BOCCTAHOB-
A€HHBIE PACIAABBI AUCIIEPTUPYIOTCS, BBITIAAAs B
BUAE «OTHEHHOTO AOKAS» (OyKBaAbHOE 3HaUeHNe
TepMHHA KUTHUMOPUT», BBeAeHHOTro [1. Mapian-
AoMm B 1935 r.). 1o AGHHBIM AETAABHOTO HU3y4de-
HUS MarMaTU4eCcKUX oOpa3oBaHUU SIKYTUHCKOU
IIAMOIeH-YeTBEPTUYHOMN BYAKaHO-TEKTOHNYECKOYU
cTpyKTypHl (ITprMOpbe) yCTaHOBAEH PSIA HOBBIX
3aKOHOMEPHOCTEU UTHUMOPUTOOOPAa30BaHUT —
IIPOLLeCCa, 3Ha4ueHue KOTOPOro, KaK OTMEYanocCh,
He OTPaHMYMBAETCS 3eMHBIMU ycAoBUsAMU [[pe-
OEeHHUKOB H Ap., 2012].

AaHHAsA CTPYKTypa IPEACTaBAIeT COOOHU
KpPyIHYIO (0KoAO 30 KM B IIOIlepeYHUKe, TAyOrHa
norpy>keHus yHpaMeHTa A0 2,5 KM) BYAKaHO-
TEKTOHUYECKYIO AENPEeCcCUio, OrpaHUYeHHYIO
CHUCTEMOU NPSIMOAMHEMHBIX U AYTOBBIX KPYTO-
[TaAQIOIIUX Pa3AOMOB, K KOTOPBIM IIPUYPOUEHEI
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AAVKU PUOAUT-TIOP(UPOB [['peOEHHUKOB U Ap.,
2012]. B ee pa3pese BHIACASIETCS TISITH TAUYeK UT-
HUMOPUTOB U B PA3AUYHOU CTENEHU CIEKIINXCI
PHOAUTOBBIX TYy(DOB, @ TAK)Ke CYOBYAKaHUUYECKUE
danuu. ITocrepHMEe TpeACTaBAEHBI, B 4aCTHO-
CTH, 30HAABHBIMU 3KCTPY3UBHBIMU KYIIOAAMH CO
CchEepOATTOBO-PHOAUTOBLIMU «SIAPaMU» U ByAKaHU-
YeCKMMU CTeKAaMU 110 epudepnuu. Ha boree HU3-
KHMX TUIICOMETPUYECKUX YPOBHIX 3TOM BYAKAHO-
TEKTOHUUYECKOU AENIPECCUU OHU IIEPEXOAAT B CyO-
ByAKaHUYeCKUe rpaHuT-nopdupsl. CocTaB BCcex
MarMaTU4eCKUX IIOPOA B IEAOM «IIPUOAUIKAETCA
K CpeAHEeMY COCTaBy puoamTa 1o P. Aoan» [I'pe-
OeHHUMKOB U Ap., 2012, c. 6]. OpHAKO 3TO «yCcpepHe-
HHUEe» IIeTPOAOTUYECKU MAaAOMH(POPMATUBHO, MO-
CKOABKY I10 AQHHBIM TeX K€ aBTOPOB BBIACATIOTCS
IMAYKU «KUCABIX» U «OCHOBHBIX» UTHUMOPUTOB. K
3TOMY CAeAyeT AOOABUTH OOIIYIO HEAOHACHIIIEH-
HOCTb UX II[eAoYaMU (ITOsIBA€HHEe HOPMATHUBHOTO
KOPYHAQ) IIPU CYIIeCTBEHHBIX KOAEOAHMSIX CO-
OTHOIIIEHUS KaAWUs M HAaTPUSA B PA3HBIX NTayKax.
Bce 3TO, IO MHEHUIO aBTOPA HACTOSAIEN CTaThH,
IIO3BOASET IPEATIOAATaTh CYyIIePIAyOUHHBIN (BO3-
MO>KHO, HU)KHE-, CDEAHEMAHTUWHBIN) UCTOYHNUK
pacnAaBOB. YCTAHOBAEHO, YTO MCXOAHBIE MarMbl
UTHUMOPUTOB IIPU UX KUCAOM U YABTPAKHCAOM
COCTaBe ABAGIOTCS IIPEAEABHO BOCCTAHOBAEHHBIMU
(HU3Kasa CTelleHb OKMCAEHHOCTU ByAKAHUYECKUX
CTEKOA, OTCYTCTBAE MarHeTUTAa IPU OOUAUY UAb-
MEHUTa, KpalHe KeAe3UCThIe COCTaBhI INPOKCe-
HOB U OAUBMHOB, @ F'A@ABHOE — YIIOMUHABIINECT
CHUAMKATHO-METAAUYEeCKHUEe TAOOYABl — AUKBAIlU-
OHHBIE XOHADHI) (puc. 9). IMeHHO UX YaCTUIHOE
WHTEHCUBHOE OKMCAEHHE IIPU SKCIINO3UBHBIX BhI-
Opocax — OAMH U3 (PaKTOPOB @HOMAABHO BEICOKOT'O
pasorpesa IIeAOBOr0 MaTepUaAa U BO3SHUKHOBE-
HUsA PEHOMEHOB «IAAfAIIUX Ty4Y» U «OTHEHHOT'O
AOXKASA». B AGHHOM CAydae 3eMHO€ SHAOTEHHOEe
IIPOMCXOKAEHHE ITUX CUAMKATHO-METAAMUYECKUX
C He BBI3BIBAET COMHEHUU. DTO MOATBEPIKAAETCSI
TaK)Ke HaXxOAKaMU MarHUTHBIX C B CyOBEPTUKAAD-
HBIX KAHAAAX JKEPA KUCABIX (AQITUTOBBIX ) AABOOPEK-
uni ImareoByAKaHOB TapoMm (CeBepo-3amnapHbIi
Wpan), B ByakanuTtax Kypua u FO>xno# KamuaTtky,
OpOreHHBIX ByAKaHUTax FO>kHOro Cuxors-AanHsa
[CanpmMmuposa u aAp., 2003] u Ap. KoandectBo C 1
nxX MOP(OAOTHYECKHE OCOOEHHOCTU B PA3AUYHBIX
BYAKaHUTAX SIKyT-TOPBI BAapbUPYIOT B IIMPOKUX
npeaerax. Hamboarblilee ux copepskaHre OTMEYeHO
B OKCTPY3UBHBIX CPEPOAUTOBBIX Ty(hax, KOTOPEIE,
CYAS IO MUHEPaAOTo-TleTporpaduieckuM, IIeTpo-
XUMUYECKUM U T€OXUMUYECKUM OCOOEHHOCTSIM,
XapaKTepH3yIOTCS MaKCUMaAbBHBIMY ITleperapaMu
TeMIIepaTyp U AABA€HUY IPU 9KCIAO3UBHBIX M3-
BEpsKEHUSIX.
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Puc. 9. Mopdoaorus u BHyTpeHHee CTpoeHre MarHUTHBIX C B UrHUMOPUTAax SIKyTHHCKOM ByAKaHO-TEKTOHUYECKON CTPYKTYPBI
[FpebGennuroB u Ap., 2012].

OxapakTepn3oBaHHble B padoTe [['pebeHHU-
KOB 1 Ap., 2012] C npeACTaBASIIOT COO0M IIapUKU
(pazmepom 0,1—0,2 MM) ¢ TASIHIIEBOY ITOBEPXHO-
CTBIO, C TOHKOWY, B TOX AW MHOU Mepe HapyllIeH-
HOM 060AOYKOM 1 HIOPUCTEIM IAPOM (puc. 10). Otu
SIAP@ CAOJKEHBI CUMIIAEKTUTOM KBaplia, CTEKAQ, a
TaK’)Ke PYAHBIX MHHEPAAOB, XapaKTepU3YIOTCS
HaAWYUeM OAHOM MAM HECKOABKMX IOP-IIyCTOT U
MEeTaAAMYECKOU «KarAu» (cM. puc. 9). TTocreprune
IPeACTaBAEHBEI CAMOPOAHBIM JKEAE30M C IIpUMe-
CBbIO HUKeAS (XapaKTepPHO AAS TOMOTEHHBIX «Ka-
IeAb») UAW MapraHija (reTeporeHHble «KallAn»).
AMKBAIIMOHHBIM  XapaKTep WTHUMOPUTOBBLIX
XOHAP BIIOAHe oueBUAeH. OpAHAKO caMy NPUYHUHY
BO3HUKHOBEHUS JKUAKOCTHOW HECMEeCHMOCTU U
TIOsIBAEHME B CYIIeCTBEHHO CUAMKATHOM pacIiAnaBe
METAaAANYECKUX «KATleAb» MOJKHO TPAKTOBATh I10-
pasHoMy. B pabote [['pebenHUKOB U Ap., 2012] 00-
pa3oBaHte ABOWHBIX CUAMKATHO-MEeTaANUYEeCKUX
XOHAD CBs3BIBaeTcs (Bcaep 3a E. Peapepom, 1951)
C IIPOIeCCOM MeTaAAM3alluM CUAUKATHOTO pac-
IAaBa IOA BAMSHHMEM BOCCTAHOBAEHHBIX I'a30B
(H,, CH,). C MmeTaHOBO-BOAOPOAHOM IIPOAYBKOM
MO>KHO CBSI3BIBATh M CAMO BO3HMKHOBEHME pac-
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IIA@BHBIX OUaroB B TBepAOM MaHTuM [AykuH, 2006,
2009].

JAaHHBIe [T0 COCTaBy ¥ 3aKOHOMEPHOCTSIM pac-
npocrtpaHeHus C, MOAy4YeHHbIe Ha NIPOTS>KEHUN
IIOCAEAHETO AECSITHUAETUS, CBHUAETEABCTBYIOT O
HEAOOIleHKEe POAM 3KCIIAO3WBHOTO BYAKaHHU3Ma
Kak (paKTopa MX reHe3nca U paclpoCTpaHeHUs.
V3yueHue AT000M MUHUIIPOOBI TUITMYHOTO CIIEK-
1rerocs Tydpa AeMOHCTPHUPYeT pa3zHooOpa3ne Mu-
HepaAbHOT0 cocTaBa 1 Mopdoaroruu C.

B pabote [CanpuMmuposa u Ap., 2003] Ha po-
CTaTOYHO IIPEACTaBUTEABHOM (PaKTUIECKOM Ma-
Tepuaie IIOKa3zaHa reHeTuyeckas cBs3b C ¢ ByA-
KaHM3MOM II0 AQHHBIM M3yYeHUsI OAUTOLeH-JeT-
BEPTUYHBIX OTAOKEHUN KYpHMABCKHX OCTPOBOB
u KamuaTku. C OBIAU BBIAEAEHBI U3 IIPOTOAOUYEK
KepHa ¥ IIAaMa IIpU W3YYeHUH MHOTOUYKCAEH-
HBEIX TeOTePMaAbHBIX CKBa’KWH, IPOOYPEHHBIX
Ha CKAOHax ByAKaHOB bapanckoro (o-B Typym),
20exko (0-B [Tapamymup), MyTtHOBCKOM 1 ITapa-
TYHCKOM reO0TepMaAbHBIX MeCcTOposkAeHuH (FOXK-
nast Kamuartka) u aAp. [Ipu uacToTe onpo6oBanus
mopop 10—50 M (cpepnutt Bec mpoOut 0,5—1 Kr)
YCTaHOBAEHO ITIOBCEMECTHOE IIPUCYTCTBHE B pas-
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Puc. 10. Ccepyasl, cocrosiiiiue M3 CUAUKATHOI'O CTEKAA U
METAaAAMYECKOTO SAPa («KaIAsi» CaMOPOAHOTO Keae3a) B Ur-
HUMOPUTAX SIKyTHHCKOU ByAKaHO-TEeKTOHUYECKOM CTPYKTYPEI
BocTtouno-CHXOTI-AAMHCKOTO ByAKaHH4ecKoro nosica (Ipu-
Mopbe) [['peGeHHUKOB U Ap., 2012].

AWYHOU CTelleHN MarHUTHBEIX C AlaMeTpoM MeHee
1 MM, dallle BCero 4epHOTr0 MAU CTaAbHO-CEpPOTo
IIBETa, COCTOSIINX U3 CAMOPOAHOIO JKeaes3a, ho-
IIUTa, MarHeTuTa, reMatuTa, Ti-Mn-ctekaa. OT-
MeueHO UX OOABIIIOE CXOACTBO C «3aKaA€HHBIMU
YaCTUIIAMU B3PBIBHBIX CTPYKTYP IIUTOB U IIAQT-
dopm» [CanpumupoBa U Ap., 2003, c. 140]. ConyT-
CTBYIOIIIE MUHEPAABI IPEACTaBAEHEI I'pauTOM,
MyaCCaHUTOM, KOPYHAOM, PYTHUAOM, KapOrpaMy,
camopopubIMEu MeTaaraMmu (Fe, Zn, Cu, Pb, Ag) u
npupoAHbiMu cnraBamu (Cu-Zn, Cu-Pb-Sn, Zn-
Cu-Pb-Sn). C opHOM CTOPOHBI, HAOAIOAAETCS TI0-
BCEMeCTHOCTE pacnpocTpaHenus C B U3y4eHHBIX
BYAKAQHOT'€HHBIX OTAOXKEHUSX, a C APYTOoU, — UX
pe3Kue KoAndeCcTBeHHBIe KoaeOaHud (0T 1—5 Ao
coTeH—I1epBhIX Thicsiu C B OAHOM Tpo0Oe) U 3aK0-
HOMepHas HTUKANYHOCTE paclipepAeAeHus (CAOH C
Pe3KO MOBBIIIEHHBIM copepskaHueM C cOOTBeT-
CTBYIOT (pa3aM BYAKAQHUUYECKON AaKTHUBHOCTH).
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Kak 3To OBIAO YCTAHOBAEHO paHee AAS OCAAKOB
Tuxoro okeana [llITepen6Gepr, Boponun, 1994],
IpY TPUOAMIKEHMH K IIeHTPaM N3BEPIKEHMS KOAW-
yecTBO C Bo3pacraeT [CaHnpuMupoBa u Ap., 2003].

OcobBeHHOCTU COCTaBa, PaCIpeAEAeHHUs U T1a-
pareHeTU4YeCKUX aCCOLUAMU ByAKaHOTeHHBIX C
CBUAETEABCTBYIOT 00 UX 0Opa30BaHMHU Ha Pa3HBIX
JTalaxX 3BOAIOIINN BYAKAHHUYECKUX (PAIOMAHO-
MarMaTmyeckux cucteM. K Hambonree paHHUM
oTtHOCATCA C CaMOPOAHOTO >Keae3a (BCAEACTBUE
AU PY3UOHHOTO OKUCAEHUSI OHO 3aTeM 3aMelra-
eTcsa I/IOI_U/ITOM2 Y MAarHeTuToM, KOTOpPHIE, 110 MHe-
HUIO YKa3aHHBIX MCCAEAOBATeAel, 0O0pa3yroTCa
ene A0 BHYTPMKaMEPHOTO IIepHOAa 3BOAIOIINU
paclaaBa B pe3yAbTaTe AMKBAIJMOHHOT'O 000C00-
AEHUS KalleAb PACIIAaBAEHHOTO JKeAe3a OT CHUAW-
KaTHOU MaTpUIEI B MAaHTUUHBIX MarMaTUUYeCKUX
oyarax). 3aTreM, II0 Mepe IOAbeMa MarmMbl, 9TH
KaTIAY 3aXBaTHIBAIOTCS PA3AUYHBIMHU CUAMKATHBI-
MM MHUHEparaMy (TUPOKCEHaMHU, IAATMOKAA3aMU
u Ap.). 2Keaesnsle C, IpupocIre K CTeHKaM IIy-
CTOT (Ta30BLIX TOAOCTEHM) OCHOBHBIX, CPEAHUX U
KHUCABIX 9 (PY3UBOB, CBA3aHBL C AAABHEUIIIEN 3BO-
Aronmer ByakanuaMa. [Ipucyrcrsue C (B acconu-
aryy ¢ pa3HOOOPA3HBIMHU 10 (hopMe JacTHIlaMU
Fe, Zn, Al u Cu) B cBe>KUX IEeNAAX aHAEC3UTOBBIX
ByakaHOB Kamuatku (IIuBeayy, KapsimMckuin) mo-
3BOASIET IIPEATIOAATaTH BO3HUKHOBeHME C B IIO-
TOKe I'a30BbIX CprfI, B TOM YHMCA€ U BCAEACTBHE
SAEKTPUUECKUX Pa3psIA0B (MOAHMMI) B TETIAOBBIX
Tyuax. Hauboabmmmi «Bbixop» C, IO-BUAUMOMY,
«CBSI3aH C pa3BUTHEM (PAIOMAHO-MarMaTUu4eCcKou
CHUCTEeMBbI Ha IIO3AHeMarMaTu4YeCKOM U IIOCTMar-
MaTmyecKoM 3Tanax» [CanauMupoBa u aAp., 2003,
c. 140].

B 2TOM ke KOHTEKCTe CAeAyeT pacCMaTpUBaTh
HepaBHUe nccaepoBanus C [bekemta ta in., 2011;
SAnenko u Ap., 2011], oOHapy’>)KeHHBIX B Pa3HO-
BO3PACTHBIX ByAKQHOI'€HHO-OCAAOYHEIX (popMa-
OUAX U 9KCIAO3UBHBIX CTPYKTypax YKpPaAWHEL, a
TaK’)Ke aAMa30HOCHBIX KMMOepAuTax SKyTuu u
Apxanreabckod obractu (puc. 11). Cepyasr (B
accoanyl CO CTEKAOBATBIMU U PYAHBIMU IIAQ-
KOIIOAOOHBIMU YacCTUIaMM) OBIAM OOHApPYy’KEHBI
«B 3KCIIAO3UBHO-KAACTUYECKUX (PAlMIX B3PBIB-
HBIX CTPYKTYP YKPAWHCKOTO HIUTa (AAMIPOUTO-
Bas Tpyoka «Mpis» B [IpuaszoBbe, PoBHeHCKas
CTpyKTypa KupoBorpapckoro 6A0Ka), 9KCIIAO3UB-
HBIX CTPyKTypax KupoBorpapcko-CMeAsTHCKOTo
noast» 1 Ap. [Bekera Ta in., 2011, c. 86]. Kpome
TOTO, YKa3aHHBIMU aBTOPaMM ObIAU M3y4deHHI C,

2 HNonut FeO, Kak u caMOpPOAHOe JKeAe30, XapaKTe-
pusyercs pentetkod tTuna NaCl u 3amerniaeT ero Ha |
3Tare OKUCAEHUS.
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Puc. 11. Murpocdepyabl (pAIOMAN3ATHO-3KCIIAO3UBHOTO IIPOUCXOKAECHU: @ — pyAHas C ¢ KalASIMU CTEKAA Ha IIOBEPXHOCTHU
(3KCIIAO3UBHBIE CTPYKTYPEI KupoBorpaacko-CMEeASTHCKOTO HOAsT); 6 — SIAPO M3 CAMOPOAHOTO JKeAe3a ¢ (PparMeHTOM CTeKASTHHON
oboroukH (SIKyTHsI, HUKHSA 1opa, p. Hwkusasa Kyananka); B— cuankaTHast C U3 BBICOKOTUTAHMCTOTO CTeKAA (Tpyoka «Mpis»,
[Npuasosbe); r — C U3 HEIIPO3pavyHOTro CcTeKAa (TpyOka uM. KapnuHckoro, ApxaHreAbcKast oOA.); 4 — ranTereo6pasHas C us
BBICOKOKAABIIMEBOTr'O CTeKAA ((PAIOUAU3ATHO-9KCIINO3UBHBIE OTAOKeHUs, M3sicanaBckuil p-H, YKpauHa) [AneHko u aAp., 2011].

OOHapy’>KeHHbIe B TY(DOUAHBIX U BYAKAHOTEHHO-
OCaAAOUHBIX OTAOKeHUsAX BoablHM, [Tpepkapiia-
Ths1, KapnaT u KpbiMa B IIMPOKOM BO3PacTHOM
AuarnazoHe. I'To AaHHBIM MUKPO30HAOBBIX UCCAE-
MOBAHUU OBIAU BBIAEAEHBI PYAHBIE (COCTOST U3
MarHeTUTa, BIOCTUTA, TPOUAUTA U CYAb(hHAa Mn,
MOTYT COAEPIKATh IAPO CAMOPOAHOTO >KeAe3a) U
cunukarubie® C. B To e Bpems Bce C, HaMACH-
Hble B YKpanHe (BKAIOUasi COBpEMEHHBIN aATOBUH
Anectpa u FO>xHoro Byra, IIAMXOBBEIEe TPOOHI U3
30H aKTUBHOT'O TeKTOTeHe3a, Pa3AUuHbIe TeXHO-
TeHHbIe MaTepUaAbl — IIIAAM I'a30BOY, TEPMUAHOU
U 9AEKTPOCBAPKH, YTOABHBIH IIIAAM), @BTOPHI ITOA-
Pa3AEAsIOT Ha ABe OOABIIIME TPYIIILL.

CdrepyAbl IepBOM IPYIIILI XapaKTePU3YIOTCS
IIPOCTHIM CTPOEHMEM, COCTOSIT U3 OAHOPOAHOI'O
BelllecTBa C YeTKUM pa3peAeHreM Ha CUAUKATHYIO
U PYAHYIO (Dassbl.

Anst C BTOpOM I'PYIIIBEL XapaKTePHO CAOKHOE
CTpPOEHNe U NepeMeHHbIM XUMUUYEeCKUN COCTaB.
OHH 4acCToO copepsKaT OIIAaBAE€HHBIE 3epHa pas-
AWYHBIX MUHEPAAOB. PyAHBIe U CUAUKATHBIE (ha3bl
YaCcTO NPUCYTCTBYIOT B BUAE TOHKOM cMecHu. AB-
TOpBI OTHOCAT C IIepBOU I'PYIIEI K IPUPOAHBIM,
a BTOPOM— K TeXHOT'eHHBIM 00pa30BaHUAM. YKa-
3aHHBbIe KPUTEPUU II03BOASIOT OAHO3HAYHO pac-
cMmarpuBatk C, oNMCaHHBIE B IPUBEAEHHBIX pa-
00Tax, Kak IPUPOAHEIE.

CunaukaTtHble cTekAaa C mepBOM Tpymlmbl, CO-
raacuHo pabote [Bekeia Ta iH., 2011], moapas-
AEASIOTCS Ha ABa TUIA: BBICOKOKAABIIMIEBBIE U
BBICOKOTUTAHUCTHIE, UTO, II0 MHEHHIO aBTOPOB,
CBUAETEABCTBYeT 00 3HAOTeHHOM reHesuce C.
CBsa3p reHesuca C ¢ TAyOMHHBIMU (PAIOHAAMU
IIOATBEP>KAQEeTCSI AQHHBIMM aHaAu3a (PAIOMAHOU

3 Astopn! [Bekerna Ta iH., 2011] mMeHHO UX Ha3BIBAIOT
CTEKASIHHBIMY, HO B CTEKAOOOPA3HOM COCTOSIHUM MO-
>KeT YaCTUIHO MAYM IIOAHOCTBIO HAXOAUTHCS He TOABKO
CUAMKATHOE, HO TaK’Ke CaMOPOAHO-METaAAMYecKoe,
OKCHAHOE U CyAb(hHuAHOe BelrecTBo C.
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cocTaBasdmolielt C mepBoro TUIA M3 B3PBIBHBIX
CTPYKTYP. YCTAaHOBAEHO, YTO CTeIleHb BOCCTaHOB-
AEHHOCTHU (PAIOMAQ OAATOAAPS BBICOKOMY COAEP-
JKaHMIO BOAOPOAA M MeTaHa I1o cpaBHenuIo ¢ CO,
BBIIIIE, UeM B aAMa3ax Hauboaee TAyOMHHOTIO Te-
Hes3uca [bekera Ta in., 2011].

K 3KCIAO3UBHO-BYAKA@HUMYECKOMY THIIY OT-
HocsATca U C B repakAumax — IIAAKOIIOAOOHBIX
BKAIOUEHUSIX B MEAKOBOAHO-MOPCKUX MHOIIEHOBBIX
U3BECTHAKAX, MEPTeAsIX U TANHAX Ha Ioro-3allaje
Kpeiva (I'epakaelickui moAyocTpoB). OHU HIpeA-
CTaBASIOT COOOM IaPOKCHU3MaAbHO-3KCIIAO3UBHEIE
BBIOPOCHI TAYOMHHOM CYIIleCTBEHHO KapOOHATH-
TOBOM, HO ellle O0oAee CTIeIM(PUUHON IT0 TeTPOXM-
MHYeCKUM OCOOEHHOCTSIM Marmbl [AYyKUH U AD.,
2000]. 'epakAUTBI MOTYT pacCMaTPUBATHCS KaK
ocobasi Pa3HOBUAHOCTH UTHUMOPUTOB (OTAOKeE-
HUY NaASIIUX Ty4), B KOTOPBIX YePThI CIeKIINX-
Cs IIINaKOOOPAa3HBIX TY(POB BEIPa’KeHbI B MaKCHU-
MaABHOM cTelleHU (0€3BOAHOCTD, IPUCYTCTBHE
KapOupa kaabiusa [Aykul, 2007], padHooOpasue
CTPYKTYP CIleKaHud U T. 11.). Kak 1 Apyrue TUnud-
Hble npuroxuHUTH (TTIIB, nryHruTcopep>kaiue
IIOPOABL, KUMOEPAUTH], BTOPUUYHBIE KOAMEKTOPHI-
MeTacoOMAaTUTHI He(PTH U ra3a B KPUCTAAANUECKUX
IIOpoAAX U T. I1.), OHU XapaKTePHU3YIOTCSI Pe3Ko
BBIPayKEHHOM TeEPMOAMHAMIUYECKU HEPaBHOBECHOMU
MUHEPAAbHOU 1 TaPaAOKCAABHOW TeOXUMUYECKOMN
acconuanusamu [AykuH u Ap., 2000]. ITpu npeo6-
Aapaamn (80—90 %) KaAbIMTa B COCTaBe TepakAU-
TOB YCTAHOBAEHO CBBIIIIe 30 MUHEPAAOB (CUAEPUT,
AOAOMUT, KBapIl, PYTUA, IIUPKOH, aHAABIIUM, II0-
A€eBBIe IINATH, IUPUT, Pa3HOOOPa3HbIe CYAB(UAR,
CaMOPOAHBIE MEeTaAABL, KapOUARL, TPaUT, LITyHTUT,
QHTPAKCOAUT U AD.), BKAIOYAsI TEPMOAUHAMIYECKU
HeCOBMeCTHUMBle (a3bl. ['eoXUMUs IepaKAUTOB
XapaKTepu3yeTcs LUIMPOKUM HabOPOM CHAEPO-,
XaAbKO-, AUTOPUABHEIX, @ TakKyKe aTMO- U OHO-
(PUABHBIX 35A€MEHTOB (B COOTBETCTBUU C KAACCHU-
dukanuer B. M. TOABAIIIMHATA), CYLIECTBEHHO

TI'eogusuueckutl xypraa Ne 6, T. 35, 2013



MHWHEPAABHBIE COEPYABI — MHAUKATOPBI CIIELIUOHUYECKOI'O OAIOUAHOIO...

s
et ! In
I F X & 8 & T B % MELLOY NI 1A 0F

4
i

Ls

!i:TI-'III-III:II.:IHIJ-

I ¥ 4

L Fr

[ I

1 I ¥ & > &% 7 & % WM I2I3NMILE
i

L g
1 T ¥ 4 3 & 7 0 # BeRDIEON N LR

Puc. 12. Cepyabl B repakauTax: a, 6 — caMopopHo->keAe3Hble C (¢ npumecsamu P33) ¢ poouepaumu C; B— Ca-aAIOMOCUAUKATHO-
crekasigHas C; r — C camopopHoro cepebpa. ITo AaHHBIM 3AeKTPOHHON MUKpockonuu (POM-106 ¢ peHTreHOCIeKTPaAbHbIM

30HAOM) (110 A.E. AyKuny).

Pa3AMYHBIX II0 @TOMHBLIM U HOHHBIM PaAUycaM,
SHEepruaM o6pa3oBaHUsI OKCUAOB, CYAB(PUAOB U
T.A. [Tpu 5TOM HaOAIOAQETCSI COUueTaHue aHOMAaAD-
HO BBICOKMX KOHIleHTparuh P33, 6opa, 30A0Ta,
MIAQTUHOUMAOB, TUTAHA, ITUPKOHA, Oapus, ITUHKA,
HHOOMS, XA0PQ, PTopa U Ap. Kak 1 B ApDyTHX IIpH-
roxuHuTax [Aykug, 2000], B repakAuTax oT™Meue-
HEBI IPU3HAKU IOAUMOPdU3Ma yraepoaa (rpadur,
ITYHTUT, CTEKAOYTAEPOA, IPU3HAKY IPHUCYTCTBUS
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HaHOAAMa30B, KapOOHaAO, AOHCAEUANTA), AUCYAD-
pUAOB JKene3a (MUPUT, MEABHUKOBUT, MapKa3uT),
KpeMHe3eMa (KBapll, KpUCTOOAAUT, KOICUT U AP.).
B cTpyKTypHOM OTHOILIEHHUU 3TH HEPABHOMEPHO
[IOPHUCTHIE IAaKOOOpa3HbIe IOPOABI XapaKTepHU3y-
IOTCSI COUeTaHUEeM IIAACTUHYATEIX, IPaHYASIPHBIX,
HUTEBUAHBIX (YCOBUAHBIX), TAOOYASIPHBIX (hOpM.
CpeAr IOCAEAHUX YCTaHOBAEHBI HAHO- ¥ MUKPO-
chepyAbl pa3HOOOPa3HOIO COCTaBa, BKAIOYAs
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Puc. 13. Buemnss mopdgoaorus cpeponpos (~100 MKM) B mopopax KUMOepAUTOBOM TpyOKu KaToka: a, r — cdeprdecKuil 1
KaIllAEBUAHBIN, C BEICOKUM COAeprKaHueM Si; 6, B — cepudeckue, CO CPEAHUM COAepKaHueM Si; 4 — KalAeBUAHBIN; e, K —
arperaTHBI€; K, M, H— C(hepOUAHBIE C (DAaCETOYHBIM M OOPO3A0BBEIM peAbepoM; 0 — KOAGO0Opa3HbBIN, C GOPO3A0BBIM peAbedoM,
C BEICOKUM copepskaHueM Fe; 3 — chepuueckuil; u — arperaTHLIN IeHOOOPa3HBIH; A — KalAEBUAHEBIY, C BHICOKUM COAEpPIKa-
aueM Pb (a—u — nudposere poTo B «KOCOM» CBEeTe, MUKPOCKOII Leica MZ-16, kamepa DC-490; x—o — rudpossie POM dorto,
9AEKTPOHHEBIN MUKpocKon JSM-35 CX) [[ladpanoBckui, 3urndenko, 2010].

aATOMOCUAMKATHEIE CTEKAQ, KpeMHe3eM, IIIapUKHu
>Keaes3a M APYTHX CAMOPOAHBIX METAANOB (puc. 12).

Cdepyasl B KuMbOepaurtax. I[Ipucyrcreue C
YCT@HOBA€HO B Pa3HOBO3PACTHBIX KHMOEpAU-
TOBBIX TPYOKax Pa3AWUYHBIX peruoHoB [Camo-
poatoe..., 1981; Anenko u Ap., 2011]. O mopdo-
AOTMYECKOM U BellleCTBEeHHOM pa3zHooOpasum C
B KUMOEpPAMTaX MOJKHO CYAUTH IIO AQHHBIM He-
paBHero uzydenus C B mopopax Tpyoku KaTtoka
(Auroaa) [IlacdpanoBckuit, 3unHueHko, 2010].
Cdrepyabl (aBTOPBI UMEHYIOT UX CepoupaMu)
0OHapy>KeHEl 3AeCh IIPaKTUYEeCKH BO BCEX AH-
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TOTUIIAX (BYAKAHOTEHHO-OCAAOUYHBIE ITOPOAHL,
aBTOAUTOBasE KUMOEpPANTOBas OPEeKYUsi, MacCUB-
Hasi KUMOEPAUTOBasT OPEKUMsI, CAIOAUCTas KUM-
OepAuTOBas OpeK4us, TyHoOpeKINU paHHero u
IIO3AHETO 3TAloB, Tydorecuanuku). [Tpepcras-
A€HBI IapOo0OPa3HOU KAaIIAEBUAHOH, peskKe KKOA-
0oob6pa3Ho» POPMON, UX CPOCTKAMU U IIEHO-
obpasubiMu KopkaMu (puc. 13). CopeprkaHue ux
B Ipo0ax BapbUpyeT OT eAUHUYHBIX C A0 MHOTO-
YHCAEHHBIX, COCTABASIIOUINX IIO COAEpP>KaHUIO
rpaMMEL Ha TOHHY. [To pa3aMepaM OHU ASASITCS Ha
Meakue (~10 MkM), cpepHme (~100 MKM) U KpyTI-
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Puc. 14. Bayrpenuasa mopdoarorus chepoup0B B IOPOAAX KUMOEPAUTOBOU TPyOKU KaToKa: a, 6 — MarHuUTHBIE C(PEePOUABI C
TOPUCTOM CTPYKTYPOU IIeHTPAABHON YacTH, (DOPMUPYEMOU ra30BBIMU ITy3bIPbKAMU; B—/4 — OAHOKAMEePHBIN 1 IOAUKaMEPHBIN
Mar"suTHele chepoupbl. KanaeBUAHBIN MarHUTHBIN ChepPOrA C XOPOIIO Pa3BUTON BHYTPEHHEN KaMepOl, CABUHYTOM B IIPOTUBO-
TIOAOJKHYIO OT «XBOCTa» KallAU CTOPOHY, YKa3bIBaOIlel, YTO KaIlAd AeTeAd BBePX (MUHEPAABHEBIN ypoBeHb 110 A. I'T. 'puropbesy)
(a—a — 1udpoBsie POTO cpe30B chepoUupoB B peskume SE, saeKTpoHHBIN MuKpockon JSM-35 CX, maciitabHble AMHENKH,

MkM) [[lacdpanosckuit, 3uauenko, 2010].

Hble (A0 3 MM). BecbMa pazHOOOpPA3HBI UX IIBET,
daKTypa MOBEPXHOCTH, (PU3UUECKHE CBOMCTBA
(MarHUTHOCTDb, TAOTHOCTBL), CTPOEHNEe U Bellle-
CTBEHHBIN cocTaB. [lo cTemeHM MarHUTHOCTU
BBIAEASIIOTCS: CUABHO-, CpepAHe-, CAAOOMarHuTHLIE
u HemarauTtHble C. CopeprkaHue JKeaesa B yKa-
3aHHOM psIAy Bapbupyet oT 98—95 po 12—2 %.
B pa3zauunoii crenenu MmaruuTHble C xapakTepu-
3YIOTCSI TOCTEIIEHHBIM U3MeHEHUEeM Pa3sAudHbIX
XapaKTEePUCTHUK. Bce OHU B TOM MAM MHOU Mepe
UMeIOT 30HaAbHOe cTpoeHue. Hemaruutunie C,
KOTOpBIE COCTaBASIIOT OKOAO 5 % OT MX OOIIero
KOAMYECTBA, PE3KO Pa3AnMyalOTCs TaK>Ke 10 OKpa-
cke (OeclBeTHBIE, TOAyOOBATHIE U 3€A€HOBATHIE,
TEMHO-KPACHBIE, JKEATbIE), IAOTHOCTH, HAAUYUIO
UAM OTCYTCTBUIO 30HAABHOCTHU U, UYTO OCOOEHHO
Ba’KHO, OOMABLHLBIX Ta30BBIX BKAIOYEHUHN.
OcHOBHas 9acTh HeMarHUTHHIX C B TTIOPOAAX
TpyOKu KaToKa COCTOUT M3 aAIOMOCUAMKATHOTO
cTekAa. KpoMe Toro, B X COCTaB B KauecTBe OT-
AEABHOU TPYIIIIBI BXOAAT MeTaaandeckue C Hemar-
HUTHOM (PpakIinu, copeprkairue Pb (69—93 %),
Sb (4,4—6,7 %), Al (2,4—3,6 %), Sn (0,2—0,3 %).

TI'eogu3suueckuti xyprnaa Ne 6, T. 35, 2013

Maruutable C, XapaKTepHu3yIoIluecss TEMHO-
CephIM [IBETOM U METAAAMYECKUM OAECKOM, CAO-
KEHBI CKEAeTHBIMH KPHUCTAAAAMU MarHeTHTa
(xapakTepHbIMT OOPO3AOBBIM UAU (paceTOYHBIN
peabed C-«kameab»). B HekoTophix C 0TMeueHOo
CaMOPOAHO-KeAe3HOoe 5{,/3,po4 (puc. 14). 210 cBU-
AETEABCTBYeT O ToM, 4To C 0Opa3oBaAUCh B pe-
3yAbTaTe AMKBAITUOHHOM A PepeHITualiyg KUM-
OepAUTOBOTO PAaClAaBg, B Ipolecce IOAbEMa KO-
TOPOT'O OHU 3aXBATHIBAAM ra30BYIO (pa3y B MOMEHT
BCKUIIAHUS PACHAaBa (BIAOTH A0 (DOPMUPOBAHUSA
neHooOpa3HbIX arperaToB C, 00oTaleHHbIX CBUH-
noM). (3gech caegyem yquumblBaAmMb MAKXe BO3-
MoXxHocmb aromayuu C, wacmuy camMOpOgHBIX
MEmaAr0B U NPOYUX UX CIYMHUKOB T'G30BBIMU
Ny3blpbKAMU, BCAEgCMBUE Yero OHU MOIAU Cyuje-
cmBeHHO 0bronsamb cam pacnaaB — A.\.) Tlpu-
cyrcTtBrue C MpakTUYeCKU BO BCEX NIETPOreHEeTH-
YeCKHUX TUIAax IOpoA TpyOKu KaTtoka mo3BOAUAO

* 1o TepPMHHOAOTHY aBTOPOB HUTUPYEMON pabOThI —
«BHYTPEHHSISI KaMepa UAU IIy3BbIPU HalleAO 3allOAHEeH-
Hble caMopoAHbIM Fe» [ILlladpanoBckuit, 3MHUYEHKO,
2010, c. 64].
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Puc. 15. PazaMepHOe 1 MUHEPaAbHOE (AAIOMOCUAUKATHOE CTEKAO, CTEKAOYTAEPOA, CAMOPOAHOE JKeAe30 U Ap.) pazHooOpasue C B
KapeAbCKUX IIyHTUTax. [To AQaHHBIM AeKTPOHHOU MUKpocKkonuu (POM-106 ¢ peHTreHOCIEeKTPaALHLIM 30HAOM) [AyKuH, 2005].

asropaM [Llladpanosckuii, 3uHueHko, 2010, c. 64]
MIPEATIOAOJKUTD, UTO OHU ITIePEeMENIaAnCh «B KUM-
OepAUTOBOM pacliraBe U B TpPaHCMarMaTUu4eCcKoM
TIOTOKE II0A BO3AENMCTBHEM ra30BOM a3bl». Aer-
KUe AepUBaThl KUMOEPAUTOBOIO PacAaBa OBIAY,
€CTeCTBEHHO, €10 HauboAee oboraIeHsl. YKa3aH-
Hble 0COOEHHOCTH TpaHCcIopTHUpoBKU C 110 Mepe
nopbeMa KUMOEPAMTOBOM MarmMbl CIIOCOOCTBO-
BaAM UX HaKOMAEHHUIO B Ty(paX U ByAKaHOTEHHO-
0CaAOUHBIX TOpoAax. Takum o6paszoM, C HapsaAy
C MUHeparaMU-CIYTHUKaMH aaMa3a MOKHO HC-
MMOAB30BaTh KaK MHAMKATOPBEl aAMa30HOCHOCTH
TPYOOK B3pHIBA.

Cdepyabl B myHruTax. [A06yAsIpHas CTPYKTY-
pa u C pa3aAUYHOIO COCTaBa CBOMCTBEHHBI IITYHTH-
TaM ¥ IIYHTUTCOAEPIKAIIMM ITopoAaM. Hamomuny,
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YTO ITYHTUT (B TOUHOM 3HAUEHUU ITOTO TEPMUHA)
— 9TO 0cobasi IPUPOAHO-IIOANMEPHas MOAUDH-
Kalys yTAepOoAa, 3aHMMAIOIas IPOMeKyTOUHOe
IIOAOKEHME MEKAY I'parUTOM, CTEKAOYTAEPOAOM
u dpyarepesamu [Aykuz, 2005]. ITo MoreKyAsIp-
HOU CTPYKType OH OAU3O0K IpaduTy, OTAMYASACH
OCOOBIM CTUAEM Pa3yHOPSAOUEHHOCTH U Aedop-
Malliy TeKCaroHaABHBIX YTAEPOAHBIX CETOK, a TaK-
>Ke 0COOBIMI HaAMOAEKYASIPHEIMU CTPYKTYPaMHU.
CpeAr IOCAEAHUX OTMeUeHbI CBOMCTBEHHEIE KaK
rpaduTaM (delryruaras, naueyHasi, OAOYHast), Tak
U CTEKAOYTAEPOAY (B YaCTHOCTH, MEKPOTAOOYASIP-
Hast) PopMbl. «[A0OYABI» (CEPYABI) B IIYHIUTE
«SIBASIFOTCSI MHOTOCAOMHBIMH 00pa30BaHUSIMU
THIa GPyarepoupoB» [KoBaresckuii, 1994, c. 39].
Boaee Toro, raobOyra B mIyHTHTEe U (DyArepeH
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«AMEIOT Psip OOIIUX OCOOEHHOCTEU: NMOPYy BHY-
TPY ¥ WCKa)KEHHYIO T'€KCAroHaAbHYIO SYEUKy
YTAEPOAHBIX 3THBIX aTOMOB» [KoBareBckuii, 1994,
c. 35]. Kak y>ke oTMe4anOoCh, BOIIPEKU TPAAUIIU-
OHHBIM IIPEACTABAEHUSIM O MeTaMOp(OTreHHO-
ocapouHOM reHesuce (black schist — pesyasrar
MeTtaMopdu3sMa black shale) mryHrur, cTtpykrypa
KOTOPOTO C(pOPMUPOBAAACE B PE3YABTATE TIOAH-
MepHu3aIuy OEH30ABHBIX SIAEP B YCAOBHSIX BEChMa
CIIEIU(PUIECKOTO TEPMOAMHAMIUYECKOTO PEJKIIMA,
XapakTepusyerca  (PAIOUAHO-YTAEBOAOPOAHOU
npupopo¥ [AykuH, 2005]. 3TO OTHOCHUTCHI Kak
K YHUKAABHBIM IO pecypcaM KapeAbCKUM IIyH-
rUTaM (HUJKHHU NPOTEPO30M 3a0HEXKbd), TaK U
K ITYHTUTOIIPOSIBAEHUSM (B BUAE KUA U AUH3) B
KaMeHHOYTOABHBIX BYAKAQHOT'€HHO-OCAaAOYHBIX
30A0TOHOCHBIX OTAOKEHUSIX 3aCAHCKOM CKAAA-
yaToM cucteMnbl B Kazaxcrane [MapueHKO U Ap.,
1979; Aykun, 2005], a Tak)ke K BKAIOUEHUIM
ITYHTUTA B IMOPUCTBIX 0a3aAbTOBLIX IITAAKAX —
IPOAYKTAX 3KCTaAdlMi OOABIIOrO TPEIUHHOTO
Toabaunkckoro usBep>xeHus [['raBaTckux, TpyoO-
kuH, 2000]. ByaAKkaHOT€HHBIN ITyHTUT (B IIapare-
He3e ¢ rpaUTOM, CaMOPOAHO-METAaAMUIECKUMU
dazamu, cyabdUAAMU, OKCUAAMU U KapOmAaMu
METAaAAOB, a TAKKe KBapIleM, CHABBUHOM U ADYTH-
MM MUHEPaAaMU) IPUCYTCTBYET B BUAE KPYITHBIX
arperaTHbIX CKOHAQHHIZ, COCTOAIINX N3 YAaCTHI]
(Mmenee 1 MKM), UMeIOIMX C(hepUIECKYIO, a Jalle
OBaABHYIO (AO TPYOUaTOM) (GOPMY MUKPOKPHUCTAA-
A0B. CTpyKTypHast NUAEHTUIHOCTH KapeAbCKOTO,
3alCaHCKOIO M TOAOQUUKCKOIO LIYHTUTOB (He-
CMOTpPSI Ha KOAOCCAABHBIE PA3AWYHNS B YCAOBUSX
3aAeraHus, MaciiTabax MUHepaAnu3anuu u op-
MAaIMOHHBIX IIapareHe3ax), a Takyke yTAepOAU-
CTOTO BellecTBa WHBbeKnui rayomnHoro TTITNB
IIO0 CTHUAOAMTU3UPOBAHHBIM TpeEIIWMHAM ecCTe-
CTBEHHOTO (pAIOMAOPa3phIBa Ha MOAEKYASIPHOM
1 HAAMOAEKYASIPHOM YPOBHSX M OAM30CTH I1apa-
reHeTUYEeCKUX MUHEPAABHBIX aCCOIUAIINM CBUAE-
TEABCTBYIOT 00 0011el ero rAyOMHHO-(PAIOUAHOU
IPUPOAE. YHUKAABHOCTE UTYHTUTOB U OAM3KOTO
K HUM yrAaepopa TTITIB [Aykus, 2000] 3akAroua-
ercs B padHoobOpasum noammopdor C. Kpome
rpaduTa 3AeCh IPUCYTCTBYIOT: CTEKAOYTAEPOA,
caka, PyArepeHbl (PYyAAEPUTHI, (PYAAEPOHABL),
OTMEYEHEI IIPU3HAKW HAAUYUA HaHOBKAIOUEHHNH
AOHCAEUAMTA, aaMasa, Oelo4YeuHblX (popM Tuna
Kapouna [Aykug, 2000, 2005]. Hapsay ¢ cocra-
BOM MMHEPAABHBIX acconuanuil (IpUCyTCTBHUE
FAYOMHHBIX TepMOOApOPUABHBIX MHHEPAAOB B
coueTaHrur C TEepMOAWMHAMHWYECKU HEeCOBMECTHU-
MBIMU (pa3aMHU) U reoxyuMuel (IapapoKCarbHEIE
COYEeTaHUs aHOMAaAbHBIX KOHIIEHTPAaIUui CUAEPO-,
AUTO- U XaAbKO(PUABHBIX SAEMEHTOB) 3TO CBUAE-
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TEABCTBYET O CTPYWHO-UH>KEKITMOHHOM MEXaHN3-
Me hopMHPOBaHUA (Ha POHE Pa3HBIX OOCTAHOBOK
MMHEParooOpa3oBaHUs — OT KOHCEAMMEHTAIN-
OHHBIX AO TPEITUHHO-’)KUABHBIX). DTUM OOBSICHS -
eTCsI HMITPOKOEe PacIIpOCTPaHeHVe Pa3ANYHBIX 110
pasmepaM u cocTaBy C (BKAIOYass OMOIIOAOOHBIE
00pa3oBaHMs TUIA TaK Ha3bIBAEMBIX « MEHHEPUI»
B KQPEeAbCKUX IIIYHTUTaX, KOTOPhIE OTAMYAIOTCS OT
aKpUTapX HU3KOU IAOTHOCTBIO, IOCKOABKY ITPEA-
CTaBAEHBI TAOOYASIPHBEIM YTAEPOAOM), UX CPOCT-
KOB M PAa3HOOOPA3HBIX TAOOYASPHO-STYEMCTHIX
cTpYKTYyp (puc. 15). COBOKYITHOCTEH YKa3aHHBIX
OCOOEHHOCTEN CBUAETEABCTBYET O HECOCTOs-
TEABHOCTH MeTaMOP(UYECKOU TEOPUU IIYHIH-
TOOOpa30BaHusl (PEeruOHAABHBIM MeTaMop(u3M
CaIIpOTIEAVTOB) M HAXOAWT IIpUEMAEMOe O0b-
SICHEHUE AWIIb BO (PAIOMAOAMHAMHUYECKOM Tre-
He3Huce. Sl4encThle CTPYKTYPBI U pa3HooOpasue
MHHepaAbHOTO cocTaBa C (yraepoa, CaMOpOAHBIE
METaAABL M KpeMHUM, TUpUT, SiO,, CUAMKATEL U
AP.) CBHAETEABCTBYIOT O IIPOIlecCax BCKUTIAHUS
B [IOTOKE BOCXOASAIIUX TAYOUHHBIX (DAIOMAOB IPU
pe3koM cOpoce paBaeHus [AykuH, 2005]. Ilo-
CTOSIHHOE IIPUCYTCTBHE B IITyHTUTaX BCEX TUIIOB
OIIPEAEAUMEBIX COAEPIKaHUU XAOPO(POPMEHHBIX
OUTYyMOMAOB (C Pa3HOOOPA3HBIMU YTAEBOAOPO-
AAMU, TIPEACTAaBAECHHBIMH IIPEMMYIIeCTBEHHO
HOPMAaABHBIME U M30-aAKaHaMU C IPUMECHIO ITH-
KAQHOB), @ TaKyKe AQHHBIE 110 COCTaBY CTaOMABHBIX
M30TOIIOB YIAEPOAQ, BOAOPOAA U CEPHI II03BOASI-
IOT IIPEAIIOAATraTh, YTO HIYHTUTO(OPMUPYIONITe
u TTITIB-cdopmupyromme PAIOUABL UMEAN yTAEe-
BOAOPOAHYIO IpUpoAy [Aykur, 2000, 2005]. Ecan
IIPY 3TOM Y4YeCTh 3HAUHUTEABHYIO POAb cpean C
mryHruToB u TIIIB mapukoB MarHeTura M Cca-
MOPOAHOTO JKeAe3a, TO HeCOMHEHHBIN HMHTepec
IPEACTABASIOT yCTaHOBAEHHBIE B HeTSIX Mar-
HUTHBIe HaHOC(EepyABl [AecuH u ap., 2010]. I'lo
AAQHHBIM 3A€KTPOHOTPaMU COCTaB UX MAarHeTH-
ToBEIH (Fe;O,4) mau marreMuToBEIH (Y-Fe,05). Oa-
HAaKoO IIPUBEAEHHEIE B pabore [Aecun u Ap., 2010]
9AEKTPOHHBIE AU(PPAKTOIPaMMbI XapaKTepPHBI U
AASL CAMOPOAHOTO keae3da. Ocoboro BHUMAaHUS
3aCAY’KMBAIOT arperatbl HeOpraHWYecKuxX Ha-
nouactur, Fe;O, (1, Bo3MoxHO, Fe) ¢ Koaroua-
HBIMU 9aCTHUIIaMU He(TH — MUIIEANAMH, SAPO B
KOTOPBIX 00pPa30BaHO arperanuei acharbTeHOB
U CMOA, IPOMESKYTOUHBIA CAOM — apOMaTUYECKHU-
MM, & BHEIITHUU CAOU — AMHEUHBIMU MOAEKYAAMA
OoAee AeTKUX YTAEBOAOPOAOB [AecuH 1 Ap., 2010].
[Tpu 5TOM UMEHHO MarHUTHBIE YaCTHUIIBL IBASTIOTCSI
IIeHTPaM¥ POCTa arperaToB KOAOUAHBIX YaCTHII,
UMeEIOIINX Pa3BETBACHHYIO IIeIIOUYeUHYIO CTPYK-
TYPY, XapaKTEePHYIO AT arperaToB (opakTarbHOTO
crpoenud (puc. 16). Tako# xapakTep CTPOEHUS
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UMEIOT U UIyHTUTHl (M YTAEPOAUCTOE BEIEeCTBO
TTII'IB), KOTOpBIe OTAUYAIOTCA OT HedTel Ooree
BBICOKOU CTENEeHbIO KOHAEHCHUPOBAHHOCTH (arpe-
TMPOBAHHOCTH).

190 s

Puc. 16. Marautasle HaHOC(hepyAbl B HedTu. DpakTanrormno-
AOOHBIe arperaTel, COCTOSIIVE U3 TEMHBIX HAHOYaCTHUI] OKCHUAQ
xenesa FeO (Bo3aMoskHO 1 a-Fe) 1 IoAyIpo3paduHbIX KOAAO-
UAHBIX yacTull HedTu [AecuH u Ap., 2010].

CdepyAabl aAIOMOCUAMKATHBIX CTEKOA B 30A0-
TOPYAHBIX KBapleBbIX )KuAax. [ [puHInnmassHoe
SHAYEeHUE AN U3YUeHUs IIPUPOABI TYT'OIIAABKUX
MUHepaAbHBIX C IMEAO OTKPBITAE AAIOMOCUANKAT-
HBIX CTEKOA U TYTOIIAGBKUX METAAANOB B Me30Tep-
MAABHBIX 30A0OTOPYAHBIX MECTOPOKACHUAX, TIPU-
yeM B YCAOBUAX UX AOKAAU3alUM U 0TOOpa IIpood
(20 700 M OT TOBEPXHOCTH), KIIOAHOCTBIO MCKAO-
YaIOIIMX 3arpsi3HeHNe NCCAEAYEMOTO MaTeprasa
KOCMOI'€HHBIM HWAM TE€XHOT€HHBbIM BeIeCTBOM»
[Hosropoaosa u ap., 2003, c. 83]. O6BbeKTOM HUC-
CAeAOBAHUM ABASIAUCE C U3 30A0TO-KBAPIEBBIX U
30A0TO-KBapPIeBO-CYAB(PUAHBIX MECTOPOKAECHUN
SKUABHOTO U ITPOKUAKOBO-BKPAIIAEHHOTO THIIOB
B AOKEeMOPHUHCKUX MeTaMOP(MHU30BaHHLIX (CTAAMS
3€AEHBIX CAQHIIEB) YTAEPOAWUCTO-TEPPUTEHHBIX
(AxyTus, mecroposrkaenus Hesxkpannrackoe n Kea-
ASIM) U BYAKQHOT€HHO-0CaAOYHBIX (Y30eKUCTaH,
MecTopokAaeHne KoknaTac) popManmsax, Oepesu-
TU3UPOBAHHBIX U I'PEU3EHU3UPOBAHHBIX I'PAHO-
amopuTax (AAICKa, MeCTOpPOKAeHre AeMOKpar).

Onu (popMHUPOBAAUCH «B AMANA30HE TeMIle-
paryp 175—360 °C u paBaenunt 1,2—1,7 xbap
«IIpA y4acTUU (PAIOMAOB CPEAHEU COAEHOCTH
¢ H,0>CO,>CH,=N,>H,S, rereporenesu-
POBaHHBLIX Ha ABe (a3bl — JKUAKYIO BOAHO-
yraekucAoTHyio ¢ N, CHy u pacTBOpeHHBIMU
XAOPHAAMHU U Ta3000Pa3HyI0 C IPeoOAaAQIOIIN-
mu CO, u CHy» [HoBropoaosa u ap., 2003, c. 84].
M3oTonHbIe A@HHBIE CBUAETEABCTBYIOT O IIPE06-
AAAAQHHWH MAaIrMaTOT'€HHBIX q)AIOI/IAOB, K KOTOPBIM
IIPUMENINBAAVCh AMTOT€HHBIE 1 METEOPHBIE BOABIL.
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Mukpocdhepyabl CTEKOA, IIOMHUMO TOHKHUX
paknu TPOTOAOUEK, OBIAM OOHAPY KEHBI BHY-
TPU MEAKUX ITYCTOT B KBaplle paHHeU reHepaliy,
«HEPEAKO 3alIOAHEHHBIX TOHKOUEITyIT4aToOu CMe-
CBhIO TUAPOCAIOMABI U AMKKUTa» [HoBropoaoBa u
Ap., 2003, c. 84]. CTeHKM IyCTOT U IIOBEPXHOCTHU
BBEITIOAHAOIINX UX MUHEPAABHBIX arperaToB I10-
KPBITEL TOHKOIIBIA€BATBIMU HAAETAMU YTA€POAU-
CTOTO BEIEeCTBa M CAIOAUCTBIX MUHEParoB. Kpome
TOT'O, CTEHKHU IIYCTOT MHKPYCTUPOBAHEBI APY3aMU
pereHepupoOBaHHOTO AAWHHOIPU3MATUIECKOTO
KBapia, KapOoHaTaMM, IeTKaMH HTOABYATOTO
TYPMaAUHAQ, UTOAKAMU CYAB(OCOAEU, HUTEBUA-
HBIM KBapliieM U Ap. I/II‘OAI:‘-I&TBIQ, HUTEeBUAHBIE
u cdepudeckrue MUHepPaAbHBIE (POpMEI OOpa-
30BaAUCh B CBOOOAHOM HPOCTPAHCTBE ITYCTOT
PaHEbIIEe, YeM 3allOAHUBIINE MX BIIOCAEACTBUU
TUAPOCAIOAUCTO-AUKKUTOBBIE arperaTsl.

B cocraBe C npeobAaparoT peHTreHoaMopd-
HBIEe CTeKASTHHEIC IIIaPUKY, Pa3MepPbl KOTOPHIX He
IPeBBIAIOT 150 MKM, IPEUMYIeCTBEHHO MeHee
100 MM (puc. 17). OHU XapaKTepu3yIOTCs pas-
HOOOpa3meM (popMBI 1 (PaKTypPhI IOBEPXHOCTHU (OT
UACANBHBIX C(hep C TAGAKOM OAECTSIIeN TOBEPXHO-
cTbio A0 C € marpeHeBOU UAM HEPOBHO-OYIPUCTON
MOBEPXHOCTDBIO, IPUPOCIINMU MUKPO- ¥ HAHOC-
depyraMu, CTAAAKTUTOBUAHBIMM HApOCTaMU U
T.I.), OKpacku (OecCI[BETHBIE, ABIMYATO-CEpHIe,
SIDKO-3€AE€HBIE U T.A.) ¥ IPO3PAYHOCTH (IIpo3pad-
HBIE, IOAYIIPO3pauHble). HacTo Berpevarorcsa C ¢
ra30BBIMHM KaMepaMU M HaAeTaMU COAeH (XAOpH-
ABL, CYAB(DATHI, (hOCHATHI KAAUS, KAABLINS, JKEAe3q,
IMHKA, Mepn). B mpospaunsix C npu 100-kpaTHOM
YBEAUUYEHUH YCTAHOBAEHBI ra30BhIe ITy3bIPbKU. B
crekae C oOHapy>KeHbl MUKPOBKAIOYEHMS KBAapIla,
rareHuTa (BO3MOKHO NPUCymMCmBUe HAHOBKAIOYE -
HUl U KAQCMepOB PA3AUYHOIO COCIMABA, BKAIOUAS
CaMOpPOgHBlE MEMAAABL, YTAEPOg U KpeMHull — A.
A.). B C TemHO-Ccepot OKpacku (MeCTOPOKAEHIIE
AemoKkpaT Ha AAsICKe) 0OHApPY’KeHBI OKPYTABIE
BKAtOueHud nouuta FeO c npumecsto Cr u MeTan-
AMYECKOTO JKeAaesa (nocaegHee No3BoAsiem npeg-
noAarams nepBoHA4aAbHOe HaAuyue B maxkux C
sgep camopoghoro Fe — A. /\.).

XUMUUECKUM COCTAaB AAIOMOCUAUKATHBIX CTe-
KOA XapaKTepU3yeTcsl MUPOKNUMHU BapHalisIMU B
copepxkanuu SiO,, Al,O5, CaO, MgO, Fe u «apuc-
KPETHOCTBIO» COCTaBa, YTO YETKO IIPOSIBASIETCS Ha
BapHUallMOHHBIX AuarpaMmax [HoBropoaosa u Ap.,
2003, c. 86]. Hapsiay ¢ aAIOMOCUAMKATHBIMU OT-
MeYeHBI IIOYTH YUCTO KBaplieBble CTeKAa. B To ke
BpeMsa OTMEeUYeHbI C, CTEe€KAAQ KOTOPBIX I10O XMMUYe-
CKOMY COCTaBy COOTBETCTBYIOT INPOKCEHY TUIla
9HCTATUT-OpPOH3MTa. Pa3zanyus B cocTaBe IleH-
TPaAbHOM U KpaeBoU yacTell C He3HAaUUTEABHEL,
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Puc. 17. MukpocdepyAbl aAIOMOCUAUKATHOTO CTEKAA B TUAPOTEPMAABHBIX 30A0TOPYAHBIX MECTOPOKAEHUIX HesxxpaHuHCKOe
(Axyrnsg) u Aemokpat (Aasicka). COM: @, 6 — €O crAaKeHHO-YBAAMCTON MMOBEPXHOCTRIO M BDOCTKAMU THAPOCAIOART (Heskaa-
HHUHCKOe); B, I' — C Ta30BEIMH KaMepaMH U HareTaMu corel (Heskpanmmuckoe); 4 — ¢ OAeCTsInel TOBEePXHOCTLIO (AeMOKpaT);
e — C Ta30BBIMH KaMepaMU U COASIMU Ha UX cTeHKax (AemokpaT) [Hosropoaosa u Ap., 2003].

B TO BpeMs Kak C 13 OAHOM U TOU JKe ITPOOBI 4aCTO
CyIIeCTBEHHO OTAMYAIOTCS IO COAePIRaHuIo SiO,
U APYTUX KOMIIOHEeHTOB. CyII1eCTBEHHO Pa3AUYHbBI
xuMmr4Yeckre coctaBbl C 1 X BapuallMOHHBIE AUa-
TPaMMBI AASL Pa3HBIX MECTOPORAEHMM. B 1meaomMm,
110 CPaBHEHUIO C BMEIIAIOINMU ITIOPOAAMU, OHU
00eApAHEHBI KPEeMHEKHUCAOTOH, IIfeAouaMi U 000-
rallleHbl JKeAe30M U MarHueM. Takum 00pa3oM, ux
oOpa3oBaHue He MOKET ObITh CBA3aHO C IIPOCTHIM
IIA@BAEHHEM cybcTpara.

[ITrpoko pacupoCTpaHEeHbI MUKPOBKAIOUEHUST
THIIa «CTEKAO B CTE€KAe». [Ipu 3TOM 110 XuMHuve-
CKOMY COCTaBYy CTEKAA BKAIOUEHUM OTAWYAIOTCS
MOBBIIIEHHEIM copepskanneM Al,O5 u FeO.

PaznooOpasue 1 M3MeHUYUBOCTb XUMUUECKOTO

TI'eoppusuueckuti xypnar Ne 6, T. 35, 2013

cocraBa cTekhaa C coueTaeTcst C IPaKTUIeCKU UAEH-
TUYHBIMM Ha BCeX N3yueHHbIX [HoBropoposa u Ap.,
2003] MeCTOPOKAEHUSX YCAOBUSIMU AOKAAU3AINN
C. Haamyure MHOTOUMCAEHHBIX F'a30BbIX BaKyOAel
BHYTPU cTeKkAa C, cXopAHOe ¢ (peHOMEHOM BCIIeHeH-
HBIX A@B, CBUAETEALCTBYET O OOABIION POAM I'a30-
BOU (pa3bl B ’EAPOTEPMAABHBIX (DAIOMAAX, UTO MO-
3BOASIET PaCCMaTPUBATh IIOCAEAHNE KaK Pe3yAbTaT
OKUCAEHUS ¥ KOHAEHCAIIU IePBUUYHO-0e3BOAHBIX
CBEPXCKaTO-Ta30BbIX TAYOUHHBIX (DAIOUAOB [Ay-
kuH, 2009]. TToATBEp>KAEHHEM 3TOTO SIBASIETCS
IIPUCYTCTBUE, HAPSIAY C aAIOMOCHUAMKATHBIMU U
KBapIieBbIMU cTekramMy, C rpaduTa, CaMOPOAHOTO
sxenesa u norurta (FeO), 30n0Ta, rarneHUTa, aHTH-
MOHUTA U APYTUX CYAB(HUAOB.
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Cdepyasl B yABTPAOCHOBHBIX lerMaTUTax. B
CXOAHBIX TIETPOTEOAMHAMUIECKUX YCAOBHUSIX, HO
B COBEPIIIEHHO MHOU IETPOXUMUYECKOU CUCTEME
Cc(hOpMUPOBAAUCE MUKPOCHEPYABL B MUAPOAOBBIX
IIyCcTOTax TarmAbCKOro AYHUT-KAMHOIIUPOKCEHUT-
rab0bpPOBOTO MAaCCHUBa — OAHOTO U3 YETBIPHAAIIATUA
KPYHIHBIX MaccuBOB [InaTMHOHOCHOTO n0sACa Ypa-
AQ, 3aAerarolux CpeAr OPAOBUK-CUAYPUUCKUX
BYAKAQHOT€HHO-OCAAOUHBIX TOAI [[lymikapes
u Ap., 2007]. XpOM-IAGTHHOBOE OpYAEHEeHUe
COCPEAOTOUYEHO B MHAPOAMTOBBIX AYHHUTAX U
AYHUT-TIETMATUTaX 3TUX OTPOMHBIX T€TepOTeH-
HBIX MAaCCHUBOB (TIAOIIaAbL TarmAbLCKOTO MaccuBa
okoao 800 KMZ). MuapoAbl IPEACTABASIIOT COOO0M
IIyCTOTHEI (pasMepoM 2x15 cMm) B chabOCepHeHTH-
HU3UPOBAHHBIX AyHUTaX. OHM 3aIIOAHEHBI KPHUTI-
TO3E€PHUCTHIM TPAKTUYECKH ONITUYECKY U30TPOII-
HBIM arperaToM XAOPHTA, aHAPAAUTa M CepIIeH-
TuHUTA [[lymkapes u Ap., 2007]. MI3oTponHOCTH
U HaAWuMe KOHTPAKIMOHHO-CUHEPU3UCHOU (110
MHEHUIO aBTOpPA HACTOSIIEN CTaThbH) TPEIUHO-
BaTOCTU CBUAETEABCTBYIOT O METAKOAAOUAHOM
XapaKTepe 3TOTO BeIlleCTBa, YTO CBA3aHO C Upes-

BbIYaHO OBICTPBIM BO3HUKHOBEHUEM U 3alIOAHE-
HUEeM MHUapOA MUHEPAAOOOpa3yroIUMU (PAIOU-
pamu. [TocaepHme, CyAst IO U30TOTTHOMY COCTaBY
KHCAOPOAA THAPOKCHUACOAEPIKAIINX MUHEPAAOB,
SIBASTIOTCSI MAHTUMHBIMU 0€3 3aMeTHOU A0OaBKU
KOPOBOI'O AW METEOPHOI'0 KOMIIOHEHTOB [ITy1-
Kapes u Ap., 2007]. IToaToMy GOABIION MHTEPEC
IPEACTABASIOT CaMOPOAHO-METAaAAMYeCKue U
CHUAUKATHO-OKCHUAHBIE MUKpPOCdepyAs! (puc. 18,
19), npuypoYeHHBEIE K KPUNTOKPUCTAAANYIECKHU-
arperaTHOMy  ITOAMMWHEPaAbHO-CUAWKATHOMY
BBEIIIOAHEHUIO MHUAPOA «B OKPY’KEHUU PYAHOTO
(Cr—Pt) aapa» [Ilymkapes u Ap., 2007, c. 55].
Pasmepsr ux coctaBAgioT 10—50 MKM (MHOTAQ@ AO
0,1—0,2 mm). Hapsgay ¢ mapukaMu OTMEYaroTCa
HAIIOAOBUHY CPOCIIHECS «KalAm», CHEPOUABI
CO BCEBO3MOJKHBIMU HAaPOCTaMU M CAOJKHBIE I10-
AUTAOOYAdIpHEBIE cpacTaHud. Metaaauueckue C
(MarHuTHas (Qpaknusi) CAOKEHBI CaMOPOAHBIM
Xeae3oM ¢ mpumechio mapraniia (0,14—0,21 %),
tutana (0,03—0,12 %) u xpoma (a0 0,1 %).
CuaukaTHO-OKCcuAHBIEe C pe3Ko o0orallleHbl TU-
TAaHOM, MapraHiieM U II[eA0YaM¥ IIPU HU3KOM CO-

Puc. 18. CepyAabl CUAUKATHOTO, CUAMKATHO-OKCUAHOIO U OKCHAHOTO COCTaBa M3 MUHEPaAU30BaHHOM MHAPOABI B AYHUTAX

Huxkneraruabckoro Mmaccusa (Ypaa) [[Iymkapes u Ap., 2007].
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Aepxannu SiO,. XapakKTepHOW OCOOEHHOCTHIO
C gaBAsieTCd IIPUCYTCTBUE Ta30BBIX IIY3BIPBKOB,
pacnpepeAeHHBIX acuMMeTpudHo [[lymkapes u
Ap., 2007]. B HEKOTOPBIX CAydYadx >KeAe3HbIE U
CHAMKATHO-OKCHUAHBIE TAOOYAY 3aKAIOUEHHI B Te-
TEPOTeHHYIO MaTPHUITy TOTO JKe COCTaBa (JKene3o C
IIpUMeCIMU, CUAMKATHOE BeIlleCTBO) CO CAOJKHOU
(DAIOUAO-ICHOIIOAOCYATON MAU MHUKPOOAOKOBOU
CTPYKTYPOH.

Cdepyabl U3 YABTPAOCHOBHBIX II€rMAaTUTOB
Tarmabckoro maccuba c(pOpMUPOBAAUCH IIPU OT-

HOCUTeABHO HeBBICOKMX (<800 °C) TeMneparypax,
uTo, no MHeHMIO E. I'T. [TymikapeBa 1 Ap., B AQHHOM
CAy4ae HCKAIOYAEeT MX PACIAABHO-3aKAAOUYHYIO
npupoay. [Ipeanoaaraercs, 4To 310 AMOO «dpar-
MEHTBI Ta30BBIX CYOAMMATOB, AUOO IIPOAYKTHI
KOAryAdIlUM IEepecHIIeHHOTO CUAMKATHBIMU U
PYAHBIMM KOMIIOHEHTAMH KOAAOUAHOI'O PACcTBO-
pa (ra3+>XKUAKOCTH+TOHKOAUCIIEPCHEBIE TBEPABIE
dassl), BTIHYTOIO B MUAPOAOBBIE IIOAOCTH IIOA
BAUSHHUEM A€KOMIIPECCUOHHOTO 3(hdekTa» [[Tyt-
Kapes u Ap., 2007, c. 57]. Pe3koe napeHMEe paBAE-

Puc. 19. BuyrpeHnHee cTpoeHHe CUAMKATHO-OKCUAHBIX MUKpOCGEpPYA (@), CTEKAOIOAOOHBIX YacTull, (6, B) 1 MarueTut (Mgt)-
neaTAaHAUT (Pn)-mepnnix (Cu) arperaTos () U3 MUHEPaAM30BaHHOM MaTPUIILI B AyHUTax HuskHeTarnabckoro Maccusa [[Tym-

Kapes u Ap., 2007].
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HUS (A€KOMIIPECCHUSs) HeEPa3pbIBHO CBSI3aHO C BO3-
HUKHOBEHHEM MUAPOAOBBIX ITYCTOT IIPU ITEPEeXOoAe
AYHUTOB K (1)6138 TBEPAOIIANACTUYHOTO TEUYEHUI,
KOT'AQ B IIPOIlecce IOAbeMa YABTPAOCHOBHBIX TEA
BO3HUKAAU IBAE€HUS (PAIOMAOPA3pbiBa. OTMEUYEHO,
YTO CKOPOCTH BCACHLIBAHUS (DAIOMAOB OBIAY «BECH-
Ma 3HAYUTEABHBI», a CaM IIPOIleCcC HOCUA «XapakK-
Tep B3PBIBA, HAIPABACHHOI'O BHYTPL IIOAOCTH»,
KOTOPBIM MHOTOKPATHO YCHAMBAACS OAaropapst
AEKOMIIDECCMOHHOMY BCKHUIIAHUIO (Aera3allui)
ocTaTo4yHOro pacnaasa [[Tymkapes u Ap., 2007,
c. 59]. TToaTBep>RAEHUEM 9KCIIAO3UBHBIX IBACHUU
TP BOBHUKHOBEHNU MHUAPOAOBBIX IIOAOCTEM U UX
3aTIOAHEHUH SIBASIETCS IITPOKOe pa3BUTHE OpeK-
YUEBBIX CTPYKTYP, OCOOEHHO XapaKTEePHBIX AAS
XPOMUTOB. AaHHbIEe AADOPATOPHBIX YKCIIEPUMEH-
TOB (C. Matsees, Y. Baaxayc) ¢ BOAOHACHIIIIEHHBI-
MU CUAUMKATHBIMU PACIIA@BAMU CBUAECTEABCTBYIOT
O TIIPEUMYIeCTBEHHOU KOHIIEHTPAUN PYAHBIX
KPHUCTAAAOB M TIAQTUHOUAHO-’KEAE3HBIX KAacCTe-
POB IIPEUMYIILECTBEHHO B ra30BoU dase [[Ty1ka-
peB u Ap., 2007]. DTO TO3BOASIET pacCMaTPUBATD
AEKOMIIPDECCUOHHYIO Aera3alliio Kak OAaroIpu-
SATHBIU AT PYAOOOPA30BaHUS (B AQHHOM CAydYae
IIAQTUHA U XPOMUTHI) (bakTOop. TakuM obpasom,
C 4BAFIOTCS ee Ba)KHBIM IIOKa3aTeAeM. B cBA3u
C 3TUM 0COOOTO BHUMAHMS 3aCAY’KMBAET 9aCTO
BCTPEYAIoIasacs MUKPOTAOOYAIpPHAsA CTPYKTypa
IIAQTHHOBLIX CAMOPOAKOB. 3AECh CAEAYET OTMe-
TUTB, YTO KOHKPETHLIE MEXaHMW3MBbI IIPOIECCOB Ce-
rperanmuu B MarMaTU4eCKuX PyAHO-CUAMKATHBIX
cucremMax IIpU AEKOMIIDECCHOHHBIX ABACHUAX
MHOTooOpa3Hbl ((POpMUPOBaHUE AMUCIIEPCHBIX
CTPYKTYP B PaclAaBax U UX KOATyASIIHs, CyOAn-
Mallrsi Ta30B, KaBUTAIIMOHHBIE 3(p(PEKTHI U T. II.).

CdepyAbl BO BTOPUYHBIX KOAAEKTOpax Hed Tt
nrasa. Kak y>xe ormeuanrocs [Aykus, 2006, 2009],
[IPU3HAKY IPUTOKUHUTOB (6OABIIIOE KOANYECTBO
MHWHEPAAOB W MUHEPAAOUMAOB, HAAWYME TEpMO-
AMHAMHW4YEeCKN HeCOBMEeCTHMBbIX q)as, AHOMAAb-
HO BBICOKHE KOHIIEHTpAIlUM CHUAEPO-, XaAbKO-,
AHToq)HABHLIX, HEKOTePEeHTHLIX U AeTYy4YUX IAe-
MEHTOB; OCOOEHHOCTH COCTaBa CTaOMABHBIX U30-
TOIIOB YTAEPOAQ, KHCAOPOAQ, CePhl BTOPHUUYHBIX
MHHEPAAOB) IPUOOPETAIOT U MOPOABI IIPU AOCTA-
TOYHO MHTEHCHUBHOM T'HMIIOT€HHOM AAAOI'eHe3e, B
Pe3yAbTaTe 4ero rpaHUuThl, KBapOUTOIIeCYaHUKH,
NU3BECTHSIKU U APYyTHe IIOPOABI IIPpEBPAIllalOTCI B
TPEIINHHO-KaBEepPHO-IIOPOBbIE IIOAMMUHEPAAB-
HBIE€ arperaTbl — MeTaCOMATUTHI. Bo BTOPUYHOM
IIYyCTOTHOM IIPOCTPAHCTBE BCEro YyKa3aHHOI'o
nerporpauyeckoro pasHooOpasus pa3HOBO3-
PaCTHBIX IOPOAHBIX CyOCTPATOB KOAAEKTOPOB-
MEeTaCOMATUTOB PA3AUYHBIX He(bTeI'a3OHOCHLIX
PErnoHOB YCTAHOBAEH B IIeAOM E€AWHBIM HabOp
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CHUHTEeHETUYHBIX METaCOMaTHIeCKHUM IIPOoIleccaM
MHHEPAAOB (CYAB(PUABI U AUCYAB(MUABI JKeAesq,
O6aput, Ca-anatut, pocdartsl P33, TPUKAMHHBIN
KAOAWHUT U AMKKUT, TUAPOCAIOABI U CMENIaHHO-
CAOMHBIE (pa3bl; MarHUN->KEAE3UCThIe XAOPUTHI,
KaAveBBIe TTIOAEBHIE MITATEl M aABOUT, HaTPUEBLIE
U KaAbIIMIEBBIE IIEOAUTHI, aHTUAPHUT, TAAUT, CUAD-
BUH U AD.). VIX IPOCTpPaHCTBEHHO-BPEMEHHEIE CO-
OTHOIIIEHUSI CBUAETEABCTBYIOT O COYETaHUU TH-
APOTEPMAABHOTO (C KUCAOTHOM U IIIEAOYHOU CTa-
AMSIMH, KPATHOCTb ¥ MTHTEHCUBHOCTD ITPOSIBACHUS
KOTOPBIX BapbUpyeT B IIUPOKOM AMAIla30HE) U
0e3BOAHO-TAa30BOr0 MeTacoMaTo3a. [ Ipu mopreme
TIATOMA BOCXOASIIINHI IIOTOK BEICOKOOHTAABITUMHO-
r'O CyIIeprAyOMHHOTO O€3BOAHO-Ta30BOr0 (DAOU-
AQ, «ITPOMBIBas» IMMOPOABI PA3AUYHON IIAOTHOCTH
U BBITECHSISI U3 HUX ITIOPOBBIE BOAHBIE PACTBOPHI,
IIOPOKAQEeT OIEePEeKAIIYI0 TMAPOTEPMAABHYIO
BoAHY [AykuH, 2002, 2009]. ITosTomy npeobpa-
30BaHKe ITOPOA KPUCTAANUIECKOTO (pyHAaMeHTa
¥ OCaAOYHOIO YeXAa HaUMHAETCSI C THAPOTEPManb-
HOT'O MeTacoMaTo3a (C ero KUCAOTHOU M IeA0Y-
HOU cTapusaMu). [To Mmepe parbHENIIero noabeMa
IIATOMa TUAPOTEPMaAbHBIM METaCOMAaTO3 CMEHSIeT-
cs1 6€3BOAHO-Ta30BBIM, MHAUKATOPAMH KOTOPOTO
SABASIOTCS Pa3HOOOPA3HHBIE 10 COCTaBY, pa3Mepam
1 MOP(POAOTHUY YaCTHUIEI CAMOPOAHBIX METAANOB,
WHTEPMETAAUAOB U IPUPOAHBIX CIIAABOB, @ TaK-
>Ke KapOUAOB U cUAUIIUAOB [AykuH, 2006, 2009]. B
3aBUCHMOCTH OT XapaKTepa dBOAIOIIUYM KOHKPET-
HOTO IIATOM@, BO3PAaCcTa II0POA, UCTOPUU PA3BUTHS
KOHKPETHOT'O He(PTEra30HOCHOTO DacCeHa KOAU-
YeCTBO TAaKUX IIUKAOB (TUAPOTEPMAAbHBIU MeTa-
COMAaTO3 KUCAOU U IIIEAOYHOM CTaAUM — ra30BbIN
MeTacoMaT03) MOJKEeT BapbHUPOBAThH OT OAHOTO AO
HECKOABKUX.

YuureiBasg IOAOOME 3HAOTEHHOI'O PyAOreHe-
3a 1 HapTUAOTEeHEe3a, OBIAO BEIABUHYTO IIPEATIO-
AoxkeHHe o npucyrctsuu C U B HehTera3oHOC-
HBIX KOAAEKTOPAX, YTO OBIAO ITOATBEPIKAEHO UX
IleAeHallpaBAEHHBIMM ITOMCKaMU Ha Pa3AWYHBIX
MeCTOPOsKAEHMIX. Huske mpuBeaeHb AaHHBIE 10
HEKOTOPBIM U3 HUX.

1. Hedrsinoe mecropoxpenue beasii Turp
(FO>xHO-BheTHAMCKUI meabd). OCHOBHAS Mac-
CHUBHAasl 3aA€Kb 3TOTO YHHKAABHOT'O MECTOPOK-
AE€HUSI NIpUypoYeHa K HMHTEHCUBHO PA3YIIAOT-
HEHHOMY 'PAHUTHOMY MacCUBY. B He(hTeHOCHBIX
BTOPUYHBIX KOAMEKTOPaX 3AeCh YCTaHOBAEHEI BCE
yKa3aHHble MUHEepaAbHble MHAWKATOPHI THAPO-
TEepPMaAbHOTO U O€3BOAHO-Ta30BOT'O METaCOMAaTO-
3a. B mycroTrax (TpelnuHax-KaBepHaxX CAOKHOIO
CTPOEHUSI C HAANYUEM CY’KEHBIX U PACIINPEHHBIX
KAHANOB (DUABTPAIMU) YCTAHOBAEHO IIPUCYT-
CTBUE MUKPO- ¥ HaHOC(EPYA CAOSKHOTO COCTaBa
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Puc. 20. CchepyAbl CAOSKHOTO cOCTaBa (OCHOBHOE II0 00BEMY SIAPO COCTOUT U3 aAIOMOCUAUKATHOTO CTeKAA B YTAepOAa C Tepude-
pudeckuM obpacranueM Fe, FeS,, KClu NaCl) u ux arperatsl BO BTOPUYHO-TPEIIMHHO-KaBePHO3HOM KOAEKTOPe-MeTaCOMAaTHUTe
(11a rpaHUTHOM cyOcTpare) HedTsiHOro MecToposkaeHusa beantit Turp (FOskuo-BheTHamMcku meabd). [To AQHHBIM 9A€KTPOHHOM
Mukpockonuu (POM-106 ¢ peHTreHOCIIeKTPaAbHBIM 30HAOM) (1o A.E. Aykumny).

(puc. 20). Mix ocHOBHas IO OObEMY «sIAEpPHAsI»
4acTh IIpeACTaBA€Ha ITapuKaMU YTAEPOAUCTO-
KaABITUH-aAIOMOCUANKATHOTO CTEKAA C AOUEPHU-
MU HaHocdepyramu (MeHee 1—2 mxm). Ha mo-
BEPXHOCTU 3HAYUTEABHOM 4aCTU MUKPOCHEPYyA
OTMeYeHa NPEePBLIBUCTAs MAM CIAOIIHAS IIAEHKa
camopopHoro >xeaesa (o-Fe). B psiae cayuaes yka-
3aHHble C 0OOPOCAM UTOABYATBIMU KPHCTAAAAMU
KCl u FeS, [Aykun, 2009]. 3HaMeHAaTEABHO, YTO
XUMH3M CTEKAA COOTBETCTBYET BeChbMa XapaKTep-
HOU AN IOPOA-KOAAEKTOPOB MeCTOPOsKAeHUs be-
Apit Turp Ca-1leoAUTH3aITuN.

2. I'pynmna ra30KOHAEHCATHBIX U He(TSIHBIX
MeCTOPOKAEHHN C 3aAe’KaMH B pa3yNAOTHEH-
HBIX KPHUCTaAAMYECKHX MOPoAax AOKeMOpHii-

TI'eoppusuueckuti xypnar Ne 6, T. 35, 2013

CKoro (pyHAaMeHTa (BOCTOYHBIN CerMeHT 30HbI
COYAeHEeHUs AHeIpPOBCKO-AOHEIKOT0 aBAaKo-
resa u BopoHes)KCKOH aHTeKAHU3Bbl). B mmycrorax
KOAAEKTOPOB-METaCOMaTUTOB, C(HOPMUPOBAHHBIX
Ha pa3zHOOOpa3HOM II0 IleTporpadum cybcrpare
(rpaHuUTHI, THENCHI, aM(pPUOOAUTHI, KPUCTAAANYe-
CKHe CAQHIIBI), HapsSAy C pPa3HOOOpa3HBIMU IIO
MOP(OAOTHH M COCTABY YaCTUI[AMU CaMOPOA-
HOTO ’KeAe3a U APYTUX METAaAAOB yCTaHOBAEHO
NIPUCYTCTBHE PAa3AUYHBLIX IO COCTaBy U Mopdo-
aoruu C. IX OCHOBHAs 4aCTh IIPEACTABAECHA AAO-
MOCHAWUKATHBIM CTEKAOM KAAUIIIATOBOTO UAU
Ca-naarnokaaszoBoro cocrara (puc. 21). Boab-
muHCTBO C XapaKTepus3yeTcss HaAWudueM caMo-
POAHO->KeAe3HOM (IPeuMYyIeCTBEHHO YUCTOeE,
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Puc. 21. K-aAtoMocHUAMKaTHEBIE CTeKASTHHBIE C € TOHKOM OOOAOUKOM CaMOPOAHOTIO JKeAe3a B IIyCTOTHOM IIPOCTPAHCTBE Pa3yIAOT-
HEHHOM KPUCTAAAMYECKON IIOPOABI (BTOPUUYHBIM KOAMEKTOP-MeTacOMaTUT) AOKeMOpulickoro yHpamenTa. AAB, HapspkHsAHCKas
ckB. 18. 1o AaHHBIM 3A€KTPOHHOU MUKpockonuu (POM-106 ¢ peHTreHOCIIeKTPAaABHBIM 30HAOM) (110 A. E. AyKuHYy).

pexxe ¢ npumecsto Ti, Ni HU3KOTeMIIepaTypHOe
a-Fe) obonrouku (puc. 22, 23). [To pesyabraTam
PEeHTreHO-CIIeKTPAAbHOTO  30HAMPOBAHUS  ee
TOAIIIMHA M CTeleHb CIIAOUIHOCTU BapbUPYIOT B
HIMPOKUX ITpeperax. Hapsgay co criaomHbIME 000-
AOYKAMU TOAIITMHOMN 2—3 MKM 1 O0OAee OTMeUYeHEI
cuamkatHbie C, «apMUpPOBaHHbBIE» TIAQCTUHYATHI-
MU BBEIAEACHUSIMU JKeAesa (puc. 24).
HabatopaeTcs OOABIION AMala30H AaMeTpOB
C: ot 10—12 p0 1—0,5 MKM U MeHee, IpHUUYeM
OHM Pa3AEeAsIOTCS Ha ABE TPYIIILI — IIEPBUYHEIE
(«MaTepHUHCKHE» UAU «Oa30BbIe») M BTOPUYHLIE
(«pouepnue») C (puc. 25). PazaMepnl nepBHIX B
U3y4eHHOU BBIOOpPKe — OT 2,5 A0 12 MKM, BTO-
peix — ot 0,5 po 1 MrM. CTenleHb UX IIPOCTPaH-
CTBEHHOU CBSI3U BapbUPYeT B IITUPOKUX IIPeAeAax
— BIIAOTH AO IIOAHOTO OTAeAeHUst AouepHUX C OT
MaTepuHCKUX. CepyAabl IPUCYTCTBYIOT KaK B
COBEPIIEHHO «ITyCTHIX», AUIIEHHBIX IIPU3HAKOB
BTOPUYHOU MUHepaAU3alluy 1opax, Tak U B CO-
CTaBe Pa3zHOOOPAa3HBIX BOAOKHUCTO-UTOABYATO-
TIAQCTUHYATHIX TOAMMUHEPAAbHBIX (THAPOCAIOABI,
XAOPHT, II€OAUTHI, MAHepaAkl SiO,, KapOOHATH,
CcyAb(ATHl, XAOPUABL) arperaTos (puc. 20). Ilpu
3TOM CaMOPOAHO-KeAe3Hast 000A0UKa (CIIAOIITHASA
TIIA€HKa MAU AUCKPETHOe MAACTUHYATOEe IOKPHI-
THEe) MO>KeT PacCMaTPUBAThCS KaK TepMHUHAABHAS
daza MUHepaAn3allny, YTO IIOATBEPIKAAETCS Ha-
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AWYMEM MAACTUHOK CAMOPOAHOTO o-Fe Ha mhIAbIle
MMOITEHOBBIX COCEH, KOTOPOM AOCTaTOYHO UHTEH-
CHUBHO «3aCOPEHBI» Pa3yIAOTHEHHEIE KPUCTAANN-
JecKue 30HHI (puc. 27).

3. KyroM0uHCKoe MecTopokaeHne (KamoBcKuii
CBOA balKUTCKOM aHTEKAHN3bI B 30HE COYACHEHUST
Bocrouno-Cuoupckoti naargopmbl 1 EHMceNiCKoro
KpspKa). [MranTckue HepTsIHbIe — ra30KOHAEHCaT-
HBIe — ra30BEle 3aAesKU IPUYPOYEHE] 3AeCh K BTO-
PUYHBIM KOAAEKTOPAM-AOAOMUTAM B pUPENCKUX
CTPOMAaTOAMTO-KapOOHATHBIX OTAOKeHUsX. [Tomu-
MO paHHel (Ha pyOeske pudest U BeHAQ) CIIAOIITHOU
AOAOMUTH3AIINY, KOTOPAst He COITPOBOXKAAAACEH 00-
paszoBaHVeM BTOPUYHOM IIYCTOTHOCTH (IIAOTHEIE
CAVBHBIE AOAOMUTEI, B Pa3AMYHOM Mepe OKpallleH-
HBbIE B PO30BBIe TOHA AMCIIEPCHBIM TeMaTUTOM —
IIPOAYKTOM OKUCAEHUS 4acTHl], B ToM uncae u C
CaMOPOAHOTO >Keae3a), OTMedeHa pa3HOBO3PacCT-
Hasl MeTacoMaThYecKasi MUHepaAU3aIiust, BKATOYast
AOAOMUTH3AITNIO, KAABITUTU3AINIO, OKPEMHEHME,
NUPUTU3ALNIO, (DOCdaTU3AINIO, CYAb(DATU3AIIUIO
u T. 1. [Tpr 3TOM, B COOTBETCTBUU C OOIIENpu-
HATOM CXeMOM MeTacoMaTU4eCKOU 30HAaABHOCTU
A. C. Kop>xxunckoro [Kop>xuncku#i, 1969], ycra-
HOBAEHBI TPU3HAKU KUCAOU U IIeAOUHOMN CTaAUM
MeTacoMaTo3a [AykuH, 1997, 2009]. K ocHOBHEIM
akTOpaM pa3ynAOTHeHMS KapOOHATHBIX hopMa-
M 1 (OPMUPOBAHUS BTOPUIHBIX KOAAEKTOPOB
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Puc. 22. CdepyAbl caMOPOAHOIO JKeAe3a (BO3MOJKHO, B BUAE OOOAOUKU CTEKASIHHOTIO SIAPa) B IIyCTOTHOM IIPOCTPAHCTBE pasy-
TIAOTHEHHOU KPUCTAAAMUECKOU IIOPOABL A0OKeMOpurickoro pyHpamenTta. AAB, CkBop1oBcKas cKB. 3, 3324—3326 M. [To AaHHBIM
5AeKTPOHHOU MUKpockonuu (POM-106 ¢ peHTreHOCIEKTPaAbHBIM 30HAOM) (110 A.E. AyKuny).
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Puc. 23. Cpocrok C KaAaMN-KaAblleBO-aAFOMOCHUAMKATHOIO
CTeKAa C 000AOUKOM CAMOPOAHOT'O JKeAe3a B ITyCTOTHOM IIPO-
CTPAHCTBE Pa3yNAOTHEHHOM KPUCTAAAMYECKOM IMOPOABI AO-
xeMOputickoro pynpamenta. AAB, CeBepo-KopoOGouKuHCKast
CKB. 5, 2949—2959 M. [To AQHHBIM 3AE€KTPOHHOM MUKPO-
ckonuu (POM-106 ¢ peHTreHOCHEeKTPaAbHBIM 30HAOM) (II0
A.E. Aykuny).
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Puc. 24. Cdepyarl arArOMO-CUAMKATHOTO TUTAHUCTOTI'O CTEK-
Ad C IOBEPXHOCTBIO, APMUPOBAHHOM IAACTUHYATHIMU KPU-
CTaAAAMH CaMOPOAHOTO JKeAe3a B ITyCTOTHOM ITPOCTPaHCTBE
Pa3yIAOTHEHHOM KPUCTAAMUUECKOM IIOPOALI AOKEMOPHUICKOTO
dynpamenTa. AAB, HapekHgHCKas ckB. 18, 4258—4260 M. 1o
AAQHHBIM 9AeKTPOHHOU Mukpockonuu (POM-106 ¢ peHTreHo-
CIIEKTPAABHBEIM 30HAOM) (10 A.E. Aykuny).
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Puc. 25. «bazoBble» u «pouepHUe» C B IIyCTOTHOM IIPOCTPAHCTBE PA3yIIAOTHEHHOM KPUCTAAANIECKOU IIOPOABI AOKEMOPUIICKOTO
dynpamenTta AAB. HapbokHsIHCKasE CKB. 18, 4258—4260 M. [To A@aHHBIM 9A€KTPOHHOM MuKpockonuu (POM-106 ¢ penTreno-

CIIEKTPaABHBIM 30HAOM) (110 A.E. AyKuny).
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Puc. 26. Cepyabl BBICOKOKAABIIMEBO-KAANEBO-AaAFOMOCUAU-
KaTHOTO CTeKAA B MOAMMHHEPAABHOM (IIEOAUT, THAPOCAIOA,
THUIIC) arperare B IIyCTOTHOM IIPOCTPAHCTBE Pa3yIAOTHEHHOMN
KPUCTAAMYECKOU IIOPOABI AOKEeMOPHUMCKOro (pyHAaMeHTa.
AAB, HapoorasHCKas CKB. 18, 4258—4260 M (110 A. E. Ayrugy).
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HapsgAy € TEeKTOHWYEeCKOM TpelIMHOBATOCTHIO
(ApeBHUE CUHPUQTOBBIE TPEITUHBI PACTSIKEHUS
1 OpeKumnu ApoOAeHMsT, D0Aee TTIO3AHME TPEITUHBI
CKaABIBaHUS Y AMAQTaHTHAS TPEIMHOBATOCTD ITPY
MMOCAEAYIOIUX HoCcTpUdelckux dasax c>KaTug,
CTUAOAUTU3UPOBAHHBIE TPEIIVHBI (PAIOMAOPA3-
PBIBa) OTHOCUTCS «KUCAOTHOE BBITITeAQUUBAHUEN
[Kopsxuncknii, 1969, c. 45]. OTMeueHbl TPU3HAKU
Oonee TIO3AHEN MeTacoMaTUYeCKOU AOAOMUTU-
3aIiu¥, KOTOpas COMPOBOJKAAAACH TOSIBAEHUEM
BTOPUYHOU MOPUCTOCTU U KaBEePHO3HOCTU. CyAs
10 HAAMYHIO Pa3HOBO3PACTHBIX reHepariui MUuHe-
ParbHBIX MTHAMKATOPOB METacoMaTo3a (AOAOMMT,
KaABITUT, MUHEPAAbl TPYIIBl KAOAMHUTA, MUHE-
pannl SiO,, docdartel, CyAbMUALL, CAMOPOAHBIEC
METAAABL M AP.), @ TAKJKE U30TOITHBIM AQTUPOBKAM
IO YPaHOHOCHBIM OuTyMaM u K-caropaM, B reo-
AOTMYECKOM MCTOPUU pUPENCKOM KapOOHaTHOU
dopmaIrmu ObIAO HECKOABKO «BOAH» METacoMaTO-
3a. A@HHBIE CTAAMAABHOTO aHAAV3a MUHEPAABHBIX
rmapareHe30B B COYETaHUU C I[TaA€OTEeKTOHHWYE-
CKMMH U AUTOTEOAMHaMUYECKUMU PEKOHCTPYK-
OUSIMHA CBUAETEABCTBYIOT O TOM, YTO ITOMHUMO
paHHel CcepAuMEeHTallMOHHO-AuareHeTUYeCKOu 1
TOCTAUTUPUKAITMOHHON METacOMaTUIeCKOM AO-
AOMUTH3AITUU B pUdee BEIACASTIOTCS 10 KpatiHen
Mepe TpH (ha3bl MeTacoMaTo3a: Ha pyOeke pu-
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Puc. 27. TThacTUHKa CaMOPOAHOTO KeAe3a Ha IOBEPXHOCTH IBIABIIBLI CPEAHEMUOIIeHOBOM cocHEI Pinus Strobioformis B mycroTHOM IIpO-
CTPAHCTBE PA3yIIAOTHEHHOM KPUCTAAANYECKON TOPOABI AOKeMOpurickoro yHaaMenTa. AAB, HapbeUkHAHCKadA ckB. 18, 4258—4260 M.
Mo AaHHBIM SAeKTPOHHOM MUKpocKonuu (POM-106 ¢ peHTreHOCIeKTPaABHBIM 30HAOM) (110 A. E. Aykuny).

dess — BeHAQ, B TpHUace U MNAMOLLeHe — KBapTe-
pe [Aykuu u Ap., 2009]. Ka>xpass 13 HUX, HapsAy
CO CTapAUAMHU «KHCAOTHOI'O BBIIIIEAAUYHWBAHUA» U
1IIEAOYHOT'O MeTacoMaTo3a, BKAIOYAeT B cebsl 3a-
BeplIarole CTAAUU CyAb(ATHOTO U XAOPUAHO-
roO METaCOMAaTO3a U TEPMUHAABHOU «BOAOPOAHOU
IIPOAYBKU», C KOTOPOY CBsI3aHBI pa3HOOOPa3Hble
TIPOSIBAEHUST CAMOPOAHBIX METAANOB (IPUPOAHBIX
CIIA@BOB, TBEPABIX PACTBOPOB, UHTEPMETAAUAOB).
B oTAnume OT ADyTUX MUHEPAABHBIX MTHAUKATOPOB
HAAO>KEHHBIX BTOPUYHLBIX IIPOITEeCCOB, OCHOBHAsA
YaCTh CAMOPOAHO-METAAMIECKHUX BKAIOUEHHNM 60-
Aee ApeBHUX (Pa3 MeTacoMaTo3a He COXPaHIaeTCs
BCAEACTBUE UX METaCTaOUABHOCTU B TEPMOAMHA-
MHYECKUX YCAOBUAX OCAAOYHOIO UexAa. B mepsyto

TI'eoppusuueckuti xypnar Ne 6, T. 35, 2013

oYepeAb 9TO OTHOCUTCS K TaKUM OKCU(PUABHBIM
MeTaaAaM, KaK aAfOMMHUM, [UHK, XPOM, OAOBO
u Ap. IToaToMy Ux npucyTcTBre B KapOOHATHBIX
KOAAeKTOpax KyloMOMHCKOTO MEeCTOPOIKACHUS
[Ayxus, 2009] MOKHO paccMaTPUBAThL Kak MHAM-
KaTop HepaBHETrO BO3AEUCTBUS Ha IIOPOABI TAyOUH-
HBIX (PAIOMAOB, YTO 3aKOHOMEPHO COTAACYeTCs C
IIPUCYTCTBHEM CYOBEPTUKAABHBIX COBPEMEHHBIX
reopornHAMUYECKH HAIIPSI>KEHHBIX HWHTEHCHUBHO-
TPEIMHOBATHIX 30H [ XapaxuHos, [lIrenkun, 2011].

B acconmanmy ¢ AMCIEPCHBIMU CaMOPOAHO-
MEeTAANYEeCKUMU YaCTUIlaMU B ITyCTOTaX (HOan,
KaBepHaX, TpelnHax-KaBepHax) IPUCYTCTBYIOT
pazHoobpasntbie C (puc. 28), KOTOpbIe OTAUYAIOTCSI
OT pudenCcKUX aKpUTapX pa3MepamMu, MUHEepPaAb-
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Puc. 28. K-aAroMOCUAMKaTHBIE CTeKASHHBIE C BO BTOPUYHO-
KaBepHO3HO-TIOPHUCTOM IIO3AHE3MUTeHETHIECKOM AOAOMHUTO-
BOM KPHCTAaAAIECKOM arperaTe — AOAOMUTOBOM KOAAEKTOPe-
MeTacoMaTuTe KyroMOMHCKOTro He(MTAHOI'O MEeCTOPOKAEHUSA
(Boctrounas Cubups), cpopMUpOBaHHEIE Ha CyOCTpaTe pu-
delickux KapOOHATHBEIX IOPOA. ITo AQHHBIM 3A€KTPOHHOM
Mukpockonuu (POM-106 ¢ peHTreHOCIIeKTPaABHEIM 30HAOM)
(o A. E. Aykuny).

HBIM COCTaBOM U OCOOEHHOCTSIMU MOP(OAOTUU
(puc. 29). I'Tpesxxae Bcero, 3To chepOUABI (OT TTOUTU
UAECAABHBIX A0 Ae(DOPMUPOBAHHBIX B PA3AMIHON
crerieHu cgep) aAuamerpoMm 25—50 MKM TBep-
AOTO PAAMOAKTHUBHOIO OUTyMa (S-copeprKalero
QHTPAKCOAUTA-KUCKENUTa) C METaKOAAOMAHOU
TpeimHoBaToCThIO (prc. 30). [Iupoko pacrpo-
cTpaHeHbl K-aATOMOCUAMKATHBIE U CYILECTBEHHO
KBapIleBble CTeKAsTHHBIE mapuku (20—130 Mrm)
C MHOTOYMCAEHHBLIMYA HaHOIIOPOBBIMY KaHaAaMU
Aerasaruu u «pouepHuMm» C pasAnyHOM CTeIeH!
ACCOIIMUPOBAHHOCTHU ¢ MaTepuHcko C (puc. 31,
32). 3HaunTeAbHas 4aCTh AAFOMOCUAMKATHBIX UAU
KpEeMHEe3eMHBIX CTEKATHHBIX C IMeeT CaMOPOAHO-
SKeAe3HYI0 OO0AOUKY Pa3ANYHOU TOAITUHEL. DTO
TTO3BOASIET ITPEATIOAATATh, UYTO reHeparnus C mpo-
HNCXOAHMAQ TIPU CMEHEe TMAPOTEPMAABHBIX PACTBO-
POB 6€3BOAHBIM TTOAMKOMIIOHEHTHO-BOAOPOAHO-
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MeTaHOBBIM CBEPXCIKAThIM ra3oM [AykuH, 2009].
[To-BupuMoOMy, HanOOAee MHTEHCUBHAS reHepa-
nust CTeKATHHBIX C CBs3aHa C TEKTOHOTEPMaAnb-
HOUM aKTMBU3aluen pudernckoi KapOOHATHOMU
q)OpMaHI/II/I B CBsA3U C TPAIIIOBBIM MAarMaTu3MOM
Boctrouno-Cubupckoit mnaaTgopmbl. OpaHAKO
OCHOBHAs 4aCTh AMATHOCTUPYEMBIX B HACTOAIIee
BpeMs: C, yYUTBIBas METAaCTaOUABHOCTD UX MUHE-
PaAABHOT'O COCTaBa M TOHKUX MOP(OAOTHUECKUX
0CcOoOeHHOCTel (HaHOIIOPOBBIEe KaHAABI, «A0Uep-
HUe» IIIapUKH, CaMOPOAHO-’KeAe3HBIe 000A0Y-
KH), CKOopee Bcero, chopMmpoBarach HEAaBHO,
CHUHXPOHHO C TAa30KOHAEHCATHBIMU W I'a30BBIMU
3ane’KaMmu.

4. TaanHCKOe He()TSIHOe MeCTOpo KAeHue (3a-
napHass Cuoups, CpepHemupotrHoe IIpuoOsbe,
KpacHoaeHUHCKUI CBOA). AHAAOTUUHBIE TIO CO-
craBy, pazmepaM 1 Mmopdoarornu C yCTaHOBAEHEI
B HDKHECIOPCKUX BTOPUYHBIX TEPPUTEHHBIX KOA-
AekTopax TaAWHCKOTO THTaHTCKOTO He(TsIHOTO
Mectoposkaenms [AykmH, 2009]. 3apech Takke
MIPOSTBUAUCEH KUCABIE U IIJEAOYHBIE CTAAUY TUADPO-
TEPMaAbHOTO METacoMaTo3a, YTO 0OYCAOBUAO, C
OAHOU CTOPOHBI, OOUAME TPUKAMHHOTO KAOAWHHU-
Ta ¥ AUKKWTa BO BTOPUYHBIX ITOpax (KaBepHax),
a C ApyTo¥ — MHTEHCHUBHOE IlepepacipepereHre
SiO, B mopoae (OKpeMHEeHHe, KBAapLIUTH3ALN,
IIEOAWTH3ANHS U T. 11.). 3AeCh TaKKe OTMedaeTCst
"Haamune Ca-anaTuTa, pepAKo3eMeAbHBIX docda-
TOB (MOHAIIUT, KCEHOTUM H Ap.), 6apuTa M APYTUX
BTOPUYHBIX MUHEPAAOB — MHAMKATOPOB BO3pac-
TAIOIETO BAUSHUS POAU BEICOKOTEMIIEPATYPHBIX
(PAIOMAOB C IIOCAEAYIONIENM CMEHOU T'HMApPOTep-
MaABHOT'O MeTacoMaTo3a 6€3BOAHO-Ta30BbIM, NH-
AUKATOPOM KOTOPOTO SIBASIFOTCSI Pa3HOOOpa3HbIe
CaMOpPOAHO-MEeTaANNYeCKHe YacTUIbl (JKeAaeso,
HUKEAb, XPOM, MeAb, OAOBO, IIMHK, aAIOMUHUIM,
AQTYHB U Ap.) [AykmH, 2009]. Hapsiay ¢ uncro
CTEeKNAHHBIMU Ha6AIOAaIOTCH OIapuKH, ITOKPHI-
ThI€ B TOX UAU MHOU Mepe CaMOPOAHBIM JKEAE30M
(puc. 33).

5. MecTopoXpeHusT I€HTPAaABHOM YacTH
AHenpoBCKO-AOHEI KO BIIAAUHBI. 3A€Ch Ha TAY-
OuHe CBEIIIE 5 KM OTKPEBITO O0Aee 150 mpeumyiie-
CTBEHHO ra30KOHAEHCATHBIX 3arexxer. DopMupo-
BaHMe UX KOAEKTOPOB CBSI3aHO C METaCOMaTO30M
KaTareHeTUu4eCKU YIIAOTHEHHBIX KBAPIIeBhIX ITeC-
YaHUKOB — KBapIUTOIIECYaHNKOB C PEAYIIHPO-
BaHHOU NePBUYHOU MOPUCTOCTHIO [AyKuH, 1997,
2009]. Hapsiay ¢ pudOreHHBIMU U3BECTHSIKaMU
3TO HanuboAee NMPOCTOU II0 MUHEPAABHOMY U XU-
MHUYECKOMY COCTaBy THII CyOCTpaTa, OAaaropaps
4yeMy nHeTpopu3ndecKue 1 PU3NKO-XUMUUECKIEe
OCOOEHHOCTU METacOMaTu4ecKoro (popMuposBa-
HUSI BTOPUYHBIX KOAEKTOPOB IIPOSIBASIIOTCS 3A€Ch
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Puc. 29. CpaBHenmne 1o pazmepaM, MOphOAOTHH U MUHepaAbHoMY cocTaBy C (arameTrp 20—130 MKM, aAIOMOCHUANKATHOE CTEKAO)
¥ akpuTapx (AnameTp ~20 MKM, AOAOMHUT) B TIOpaxX-KaBepHaX BTOPUYHLIX KaPOOHATHEIX KOAAEKTOPOB-MeTacoMaTUTOB Kyrom-
OuHCKOTrO He(TsIHOTO MecTOpokAeHMs (BocTounas Cubups). [To AaHHBIM 3A€KTPOHHOM MUKpocKonmu (POM-106 ¢ peHTreHo-

CIIEKTPAABHBIM 30HAOM) (110 A. E. Ayrumny).

0COOEHHO YeTKO. OTO OTHOCHUTCS K BBIAEAEHUIO
a3 KUCAOTHOM U IEAOYHOU CTAAUM THAPOTEp-
MaAbHOT'O METacoOMaTO3a U TEPMUHAABHOU (Da3bl
0e3BOAHO-Ta30BOT'0 METacoMaTo3a, C KOTOPOM
CBsI3aHA CaMOPOAHO-MeTaAAUdecKasi MUHEepPaAn-

TI'eoppusuueckuti xypnar Ne 6, T. 35, 2013

3anma u C. [TocarepHMne XapaKTepU3yrOTCS OOAb-
UM pa3HooOpa3rueM MUHEPAABHOTO COCTaBa M
crpoenus (puc. 34). [Ipexxae BCero 3To IMapuKu
(3—6 MkrM) K-aAIOMOCHMAMKATHOTO CTEKAA C WX
XapaKTEepPHBIMU anI/IGYTaMI/I — HAHOIIOPOBEI-
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Puc. 30. Cdepyanl TBEepAOTO PAAUMOAKTUBHOIO OMTyMa — S-COAEPIKalllero aHTPAKCOAUTA (KUCKENUTAa) B KaBePHAX BTOPUYHOTO
KapOoHaTHOTO KOAAeKTOpa KytoMGuHCKOro HepTssHOTO MecToposkaeHnd. [TlepBryHas cchepudeckas popMa, METaKOANOUAHAS
TPEIINHOBATOCTh, AedbopMaruu. [1To AGHHBIM 9A€KTPOHHOM MUKpocKonuu (POM-106 ¢ peHTTeHOCIeKTPaAbHEIM 30HAOM) (IO

A. E. Aykuny).

Puc. 31. Cdhepyabl ¢ MHOTOUYUCAEHHLIME OTBEPCTUSMU AeTasalun U «AouepHUMU» C B KaBepHax BTOPUYHOTIO KapOOHATHOTO
KoAareKkTopa KyloMOMHCKOTO He(TSHOTO MeCTOPOKAEHHS.. [To AaHHBIM 9AeKTPOHHOU MuKpockonuu (POM-106 ¢ penTreno-

CIIEKTPAABHBIM 30HAOM) (110 A. E. Aykumny).

MM KaHaraMM Aerasaliuy ¥ AOYEepPHUMU HaHO- U
mukpocdepyramu (0,05—1 MKM) TOro ke co-
CcTaBa. 3HAUUTEAbHas 4aCTh aAIOMOCHUAUKATHBIX
U CYILIeCTBEHHO KPEMHEe3eMHBIX CTEeKASHHBIX
[IaPUKOB IIOKPBITa CaMOPOAHO-’KEAe3HOU 000-
AOUKOM Pa3zAWYHOU TOALIWHBI U CIAOIIHOCTH.
Berpeuatorcs Takke C ropaspo 60aee CAOKHOTO
cocTaBa U cTpoeHus. OcoObIl MHTepecC IPeACTaB-
ASTIOT IIAPUKU C OOABLINM COAEPIKaHUEM TUTaHa

40

(Hamboaee TyronaaBkue U3 onucaHHbIx C), arto-
MOCUAMKATHBIMU U CAMOPOAHO->KEeAe3HBIMHU 000-
AOYKAMHU U BHEIITHUM UTOABYATHIM YTAEPOAUCTHIM
obpacTtanueM (puc. 39).

Hapsiay co C ykazaHHOM pa3MepHOCTH (IIpen-
MYILLeCTBEHHO 3—6 MKM B AMaMeTpe) OTMedYeHbl
ropasao 6oaee kpymnHsble (100—150 MKM) 3aCTHIB-
e KanAu nmoamkommnonenTHoro (Ti — Cr — Fe
— Si, npuMeck Rh 1 ApyTux nDAaTHHOMAOB) pac-
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Puc. 32. Cdhepyart pazamaaoro cocrasa (K, Ca-arAloMOCHAMKATHOE CTEKAO, CAMOPOAHOE JKeAe30 U COUeTaHHe ITUX KOMIIOHEHTOB
B Pa3AWYHBEIX COOTHOIIIEHNAX) B KaBePHAX BTOPUYHOTO KAPOOHATHOTO KOAeKTOpa KyroMOHMHCKOT0 He(hTIHOTO MECTOPOKACHHUS.
TTo pA@HHBIM 9A€KTPOHHOU MEKpocKonuu (POM-106 ¢ peHTreHOCIIeKTPaAbHEIM 30HAOM) (110 A. E. Aykugy).
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Puc. 33. CamopopHoe keae30 (B (hopMe: a — cpepruueckoir 060A04YKY, 6 — IAACTUHOK B ITIOpaX BTOPUYHOI'O KOAAEKTOPA Ha
cyOCTpaTe HU)KHEIOPCKUX TePPUTeHHO-OOAOMOYHBIX IOPOA) TaAMHCKOTO He(TIHOrO MecTOpo>kKAeHUs (3amapHas Cudupsb,
CpepnemupoTHoe [Iprnoobe, KpacHOAeHUHCKUM CBOA). [10 AaHHBIM 3AeKTPOHHOM MUKpockonuu (POM-106 ¢ peHTreHOCIIEK-
TPaABHBIM 30HAOM) (110 A.E. AyKuny).
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Puc. 34. Cdepyabl pa3HOro cocTaBa (CaMOpOAHOe >KeAe30, K-arlOMOCHAMKATHLIE CTEeKAQ, NUPHUT) B IOpPax BTOPUYHBLIX
KOAAEKTOPOB-METaCOMaTUTOB (CyOCTpaT — KBAPIUTOIECYaHUKN HUKHEro KapOoHa Ha GOABIINX FAyOHWHAX B IIeHTPaAbHOMN
gactu AAB): a — JKuTHUKOBCKas CKB. 434, 4241—4258 v; 6, B— Kucosckas cks. 491, 5153—5177 M; r — IlepeBo30BCKast CKB.
1, 6245—6256 M. [To A@HHBIM 9AeKTPOHHOM MUKpocKonuu (POM-106 ¢ peHTreHOCIeKTPaAbLHBIM 30HAOM) (110 A. E. Aykumy).

IIA@BQ, KOTOPHIE B PEe3YAbTaTE IIIOKOBOI'O OXA&XK-  (POAOTHU M 3aKOHOMEPHOCTSIM AoKaausanuu C B
AEHUS IPUOOPEAU CAOJKHOE CTpOeHHe (pUC. 36).  MPUPOAHBIX CpeApaX (BKAIOUAsl YCAOBHUS, IIOAHO-

ITpupopa cdepya. Celiuac, KOTAa HAKOTIAEHO  CTHIO MCKAIOYAIOIMe UX TeXHOTE€HHYIO TIPUPOAY),
MHOTO AQHHBIX T10 BEIIECTBEHHOMY COCTaBy, MOP-  UX IIOAUTE€HETUYeCKUH XapaKTep He BhI3LIBAET CO-
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Puc. 35. Cdhepyabl caMOPOAHOTO TUTaHa ¢ 0OOAOUYKOM CAOIK-
HOT'O COCTaBa ¥ epruepruiecKuM 00pacTaHueM UTOABYATHIMU
KPUCTAAAAMU YTAEPOAA (IIOAMMOP(EI KapOUHOBOTO TUIIA ¢) B
ope BTOPUYHOTO KoareKTopa (AAB, KoMbIlTHSIHCKOE MecTo-
poskaeHue, cKB. 3, 4567—4584 M). [To A@HHBIM 9AEKTPOHHOM
Mukpockonuu (POM-106 ¢ peHTreHOCIIEKTPAaAbHBIM 30HAOM)
(mo A. E. Aykuny).

MHEHUM. BIOAHe MOHATHA U CYITHOCTE IIpoIiecca
ux oOpa3oBaHus. Bce yKa3aHHBIE TEeHETUYECKHUE
Tunbl C (38 UCKAIOUEHUEM OCAAOUYHBIX OOAUTOB 1
THU30AUTOB) IIPU BCEM MHOTOO0OPAa3UX NCTOYHUKOB
BeIleCTBA U MEXAHU3MOB ChepyA00Opa30BaHUI
TTPEeACTABASIEIOT 3aCTRIBIITME KAlIAW PACIIAABOB pa3-
AWYHOTO COCTaBa (CUAMKATHI, METAAABI, @ TAKKe
CYAB(PHUABI, OKCHABLI U T.A.) B O4eHb IIMPOKOM
AValla30He TeMIIePaTyp IAABACHHUS (OT IIIaprUKOB
CBUHIIA ¥ AeTKOTIAGBKUX CTIAABOB AO aATOMOCHUAU-
KATHBIX CTEKOA, JKEAe3d, YTAEPOAQ, 30A0Ta, BOAB-
¢ppama, TutaHa). [ Ipy 3TOM CKOPOCTh OCTHLIBAHUS
AOAKHA OBITH AOCTA@TOUYHO OBICTPOM AAS 00pPas3o-
BaHUSI B TPABUTAIIMOHHOM IMOAe C(PepruuecKux
dopM, T.e. IpHU Bepayllel (GopmMooOpa3syrollen
POAM CHA TOBEPXHOCTHOTO HATSKeHUs. [ 1pu aToM
KaIIASI PACIIAGBa, He YCIIeB PACKPUCTAAN30BaThb-
CsI, CTAHOBUTCSI CTEKAOOOpa3zHon. OAHAKO, eCAU
IPHUPOAA YKa3aHHBIX IIPOIeCCOB (TeHepalus Ka-
IIeAb PACIAABOB PA3AWMYHOIO COCTaBa M UX «CKO-
pOCTHasi 3aKarkKa») B peroanuTe AYHBI, XOHAPUTAX,
UMIIAKTUTaX, ITHUMOPUTAX, a TaK)XXKe B TPyOKax
B3PHBIBA (BKAIOUASI aAMa30HOCHBIE KUMOEPAUTHL 1
AQMIIPOUTHI) B IIEAOM IIOHSITHA (XOTs, pa3zyMeeT-
csl, TpeOyeT AAAbHEHIIero U3y4eHus), TO IPUCyT-

TI'eoppusuueckuti xypnar Ne 6, T. 35, 2013

ctBue C TyronaaBKUX BeIIeCTB B THAPOTEPMAAb-
HBIX PYAHBIX MECTOPOSKAEHUIX U He(DTera3zoHoC-
HBIX KOAEKTOPAX C TOUKY 3PEHMS TPAAUITMOHHBIX
IPEACTaBAEHUN O 3aKOHOMEPHOCTSIX PYAO- U Ha-
dTHAOTEHE3a OCTAETCS HESICHBIM.

Cdepuueckre 4aCTUIBI U3 TYTONAABKUX Ma-
TEPUAAOB MCKYCCTBEHHO IIOAYYAIOT Pa3HLIMU
METOAAMM, KOTOpbIe II0 TPUHIUIY 0O6pa3oBa-
HUS cpepbl MOJKHO ITOAPa3AEAUTh Ha TPU I'PYI-
nel [Pyaenckag u Ap., 2009]: 1) mop AelicTBUEeM
MeXaHUYEeCKHUX CUA (ApOOAeHVe, pa3MbIBaHUE U
00paboTKa B BUXPEBBIX MEABHUIaX, OKATLIBAHNE
BBICOKOCKOPOCTHBIM IIOTOKOM BOABI); 2) B PE3YAL-
TaTe XUMUYECKUX PeaKlui; 3) UCIIOAL3Ys (peHo-
MeH MMOBEPXHOCTHOTO HATSKEHUS (PaCIbIACHUS
PAacCIIA@BOB, OTIAABAEHUE YaCTUI] B IAEKTPUIECKOM
IIOA€ UAU IA@3MEHHOM NOTOKe). K 3ToMy MO>KHO
AOOaBUTH UCIIOAB30BaHUE (PU3UKO-XUMHUIECKUX
IIPOIIECCOB KOAAOHUAO- U TeAne000pa30oBaHus, He-
KOTOPBIX (PM3UYECKUX IIPOIECCOB B Ta30’KUA-
KOCTHBIX CHUCTeMaX.

B npunnune obpazoBanue C B IpUPOAE IIPO-
HUCXOAUT TAKUMU JKe ITyTAMU. XoTsa IIPUMEHUTEND-
HO K (DOPMUPOBAHUIO IPUPOAHBIX ChepPUIECKUX
YaCTUI], TyTOIIAABKHUX BeI[eCTB OCHOBHYIO POAb
UTPAIOT ABACHUA ITIOBEPXHOCTHOTO HATSAKEHUS B
Ype3BBIYalHO OBICTPO OCTHIBAIOIIUX (CKOPOCTHAS
3aKanKa), TeHEPUPYEMBIX Pa3AMYHBIMU CIIOCO0a-
MU (AUKBAIUS, 9KCIIAO3UBHOE pa30phI3TMBaHEe
IIPUPOAHBIX PACIIAABOB, B3aUMOAENUCTBUE CXAO-
IIBIBAIOIET0Cs KaBUTAIIMOHHOI'O ITy3bIPbKa C TY-
TrOIIAABKOM MUHEPAABHOU MUKPOYACTUIIEN — CM.
HIKe) KallASX PacCIIA@BAEHHOTO BellleCTBa.

Kpowme Toro, MO>KHO IpeanioAaraTb o0pa3oBa-
HUe MeTaandeckux C 13 ra3oBoM (a3bl (TapoB
COOTBETCTBYIOIIUX METAAAOB). DTO IIOATBEPIKAA-
eTcs U HaTypPHBIMU HaOAIOAeHUSIMU. PazHooOpas-
Hble chepryecKre JaCTUIILI 30A0Ta (MaCCUBHEIE
30A0THhI€ IMapUKY, ChePOUABL C YJACTUIIaMU OKHUC-
AE€HHOTO apCEHONUPUTA U APYTUX CYAB(MHUAOB B
KauecTBe «sApa» U T.II.) B IapareHese ¢ HUTEBUA-
HBIMHU KPUCTAAAAMU («yCaMU» UAU «BUCKEepaMU»)
OOHApy’KeHbl B HUJKHUX YaCTAX AMHEMHBIX KOP
BBIBETPUBAHUWA, MNPUYPOUYEHHLIX K PA3AOMHBIM
30HAM B HWHTEHCHUBHO AWCAOIMPOBAHHBLIX Mar-
MaTUYEeCKUX, MeTaMOp(UUeCKuX N OCAAOUYHO-
BYAKAQHOT'€HHBIX (DOpManusax pudes — HUKHETO
naneosos [loasipHoro Ypana [MatiopoBa u Ap.,
2009]. Kak n3BeCTHO, HUTEBUAHBIE KPUCTAAAHI (B
YaCTHOCTHU, cepebpa U 30A0Ta) (hOpMUPYIOTCS B
IIOPUCTHIX chepax U3 razoBou hassl, a CPEPOUABL
30A0Ta COIIPOBOJKAQIOT 3TOT IIporiecc [Manees,
1971].

Anst uzydenust npupoab! C 60AbIIIOe 3HaUeHNe
HMeAO YIIOMUHABIIeeCs OTKPBITHE MHKpocde-
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Puc. 36. C B mope BTOpUIHOTO KOAreKTOopa (AAB, KOMEIIITHIHCKOE ra30KOHAEHCATHOE MECTOPOJKACHHE, CKB. 2, 5400—5415 m).
Kamas BEICOKOTeMIIepaTypHOTO PaciAaBa (TUTAH C CyIeCTBEHHBIMH IIPUMeCSIMU JKeae3a, YTAePOAQ, a TAKKe XpoMa, MapraHiia,
poaus), KOTOopas B pe3yAbTaTe IIOKOBOTO OXAAKAEHHUS (C MOCAEAYIOUTUM TBEPAO(A3HBIM PACIapOM U PACKPUCTAAAU3AIIAEH)
npuobpeaa CAOSKHOE CTPOeHHe (3aKarouHast KOPKa, OTAeAeHHas: C(hepUIeCKOY TPEIIMHON YCAAKH OT ITIOAMKPHUCTAANIECKOTO
TIopHCTOTO s1Apa). [To A@HHBIM 9A€KTPOHHOU MUKpocKonuH (POM-106 ¢ peHTreHOCIIeKTPaAbHEIM 30HAOM) (110 A. E. Aykumy).

PYA B IIyCTOTax M TpelluHaX >KUABHOTO KBaplia
TUAPOTEPMAABHBIX 30A0TOPYAHBIX MECTOPOIKAE-
HUi SIKyTnu, Y3oekucrana u Aaacku. Cpead HUX
OCOOBIN UHTEPEC IPEACTABASIIOT MUKPOC(EPYABL
TYTOIIAGBKUX BeIeCTB (aAIOMOCUAUKATHBIX U
KBapIIeBBIX CTEKOA, CAMOPOAHOTO 30A0Ta, FaAEHH-
Ta, aHTUMOHUTA U APYTUX CYAB(HUAOB), YIUTHIBAST
OrPOMHOE HEeCOOTBETCTBHE TeMIIepaTyp IAaBAe-
HUST U OOpa30oBaHUS BMeEIAOIIEero >XUABHO-
TUAPOTEPMAABHOTO KBaplla. YKa3aHHBIE MeCTO-
POKAEHUSI OTHOCSTCS K CpepHeTeMIlepaTypHO-
ruppoTepMarbHOMy THIY. Tak, aaa HesxxpaHun-
CKOTO 30A0TOPYAHOTO MECTOPOKAeHUS (SIKyTH)
TeMIlepaTypa 'MAPOTepPMaAbHEIX PACTBOPOB OKO-
Ao 250 °C, paBaenue ~1,5 K6ap, TAOTHOCTB pac-
TBOpa ~1 r/cM®, A@BAEHME HACHIEHHOTO mapa
KUAKOCTHU TIpU 250 °C AOAJKHO COCTaBASITH OKOAO
40 6apos [Hosropoposa, Auapees, 2003, c. 669].

Kak y>ke oTMedaroch, BOZHUKHOBEHUE pac-
[IAGBAEHHBIX KalleAb B CpepHeTeMIlepaTypHBIX
TUAPOTEPMAABHBIX PACTBOPaxX BO3MOYKHO AWIIH
MIPU PE3KUX AOKAABHBIX («TOUEUHBIX») TeMIIepa-
TYPHBIX (PAYKTYaIHAX, YTO IIOCAY’KUAO OCHOBAHHU-

44

€M AASI TUIIOTE3EI O CBSA3U TaKUX TeMIlepaTypPHBIX
CKAYKOB C «KaBUTAITMOHHBIMU IBAEHUSIMU B ITOTO-
Ke BCKUIAIOIIUX THAPOTEPMarbHBIX PACTBOPOBY
[Hosropoposa, Auapees, 2003, c. 669].
HamomuwuM, 4TO BriepBhIe SIBAEHUE KaBUTAIU
B KaueCTBe BO3MOJKHOM NPUYUHBI «TOYEYHOTO»
BBICOKOTEPMODOAPUIECKOTO MUHEPAar006pa3oBa-
HUS pacCMaTpPUBAAOCh B CBSI3W C CUHTE30M aA-
Ma30B. B padoTte [['aaumoB, 1973] TeopeTudecku
ObIAa ITOKa3aHa BO3MOKHOCTD 3TOTO CUHTE3a IIpU
BO3HMKHOBEHWHU apAMabaTHYeCcKON KaBUTAllMU B
OBICTPOABUIKYIIIEMCSI KHMOEPAUTOBOM paclraBe
II0 KaHaAy IiepeMeHHoOro cedeHusi. Hocurearem
yraepoapa (ra3oM, 3allOAHSIONIMM KaBHUTAI[UOH-
HBIY ITy3BIPb) IIPEAIIOAOKUTEABHO SIBASIETCS Me-
TaH [['aamMoB, 1981, c. 27] (panee [[arumos, 1973]
IIPEAIIOAAraAOCk, uTO 3T0 CO,). KaBUTalMOHHbBIN
MeXaHU3M CHHTe3a aamasos u3 CH, xoporo co-
TAACyeTCs C AQHHBIMY 110 U30TOIIUY, HAAMYHNEM B
aaMas3axX HEepaBHOBECHBIX Ta30BBIX BKAIOUEHUH,
IapareHe3UCOM UX C MyacCaHUTOM u Ap. [[aan-
MOB, 1981], 9TO B 11eAOM XapaKTePHO AN CTEKASTH-
HBIX C ¥ AUCTIEPCHBIX CAMOPOAHO-METAaAMIECKIX
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vacTtuy [Aykug, 2006, 2009]. ITo3>xe ObIAM TOCTAB-
AE€HBI MOAEABHEBIE OKCIIEPUMEHTHI, B XOAE KOTOPBIX
IIpY BO30Y>KAEHUU KaBUTAIIMU B YTAEBOAOPOAHOU
cpepe (B OeH30A€e) OBIAY TOAYUYEHBI TYTOIIA@BKUE
TBEPABIE BEICOKOYTAEPOAUCTEIE YaCTHUIIBI, COAEP-
>Kaijue HaHoaaMmassl [KyauH, Pyaenko, 2007]. Bce
OHU MMeAU IpaKTHu4YecKHu chepudeckyro Gopmy,
T. €. IPOIIAY PaclAaBAeHHOe cocTossHue. Pa3zme-
PBI UX B Y3KOM HHTepBaAe oT 10 po 17 MKM, 4TO
OoIIpependaeT MUHUMAaABHBIT AVAMETP IIOAOCTH
ITy3BIPHKOB IIOCAE 3aBepIlIeHusI UX apuadaTrye-
CKOT'O C’KaTU4gd (CXAOIBIBaHMA), KOTOPEIE OBIAU
obecrieyeHBl BO3AEUCTBUEM HA ITy3BIPHKU CKad-
Ka AaBAeHUS Ha (DPOHTEe YAAPHOW BOAHBI, TeHe-
pupyeMou B 30He ux Koararnca [Kyaus, PyaeHko,
2007]. ®opma yacTul] XapaKTepu3yeT IIPoIiecc
CXAONBIBAHUSA (KOAAAQICA) IIY3BIPHKOB KaK CHM-
METPUYHBINA (MTHOBEHHOE BCECTOPOHHEE CKaThe
ITy3bIpbKa A0 KOHEYHOTO pa3Mepa 0e3 N3MeHEeHUs
ero chepuueckon popmbl). Harmaune B gacTuiiax
HAHOAAMa30B CBUAETEALCTBYET O TOM, UTO IIpU
9TOM Pa3BUBAIOTCS AABAEHUS B AECSITKU KOap.
CoraacHO pacueTraM, HOBBIIIEHUIO A@BACHUS AO
OTUX BEAWYNH COOTBETCTBYET CoKaTue IIy3bIPbKa
B 10°—10° pa3 (Ha4aabHEIM pa3dMep My3BIPHKOB,
KOTOpBIE B ITPOIecCe YKa3aHHOT0 dKCIIepUMeHTa
reHepUPOBAAUCE IIPU TPOMUANPOBAHUU COTIAOM,
BapbupoBaau oT 1 Ao 10 mMm). Bpems npoxoxae-
HUSI yKa3aHHOU BOAHBI (IIpU pa3Mepe MIy3bIpbKa
~1 MM) OKOAO 10 ¢, uro Ha TPU IOPSIAKA MEHbIIIEe
BpeMeHN AaCUMMETPUYHOTO CXAOIIBIBAHUSA, IIPU
KOTOPOM MaKCHMaAbHOE AABAEHUE COCTaBASIET
EeAMHHUIILI KOap [pu TemiepaType okoao 1000°C.
Ba>KHBIM CAEACTBHEM 3THX IIPOIECCOB SIBASETCS
TUAPOTEHM3anus (B AQHHOM CAydae OeH30Ad) 3a
CueT OCBOOOJKAEHWS BOAOPOAA IIPH MacCCOBOM
(bOPMUPOBAHUU BBICOKOYTAEPOAUCTBEIX MHKPO-
chepya [Kyaun, Pyaerko, 2007].

OpHAKO, HeCMOTpPsI Ha HECOMHEHHYIO BaiK-
HOCTB 3TUX PE3YABTATOB, YCAOBUS KABUTAIIUU B
YKa3aHHOM 3JKCIIEPUMEHTE AAAEKU OT IIPHUPOA-
HBIX, @ C F'eHe3uCOM MUKpPOocdEPYA B THAPOTED-
MAaABHBIX MECTOPOJKAEHUSX BOOOIe He UMEIOT
Hudero odOmero. Kakmx-Anbo sKCIepuMeHTaAb-
HBIX HOATBep}KAeHI/Iﬁ BO3MO>XHOCTHU KAaBHUTAIITU B
BOCXOAMAIIEM IOTOKE OBICTPO ABUIKYIIIUXCS BCKU-
MAOLINX TMAPOTEPMAABHBIX (DAIOMAOB IIOKA HET,
IIOCKOABKY OCYIIIECTBUTH MX TOPa3A0 CAOKHEe,
yeM B 0e3BOAHOM HEIIOAIPHOU KUAKOCTHU. B pa-
6ote [Hosropoposa, Auapees, 2003] oeHOYHEBIE
pacyeTsl MOATBEPAUAM IIPUHIIUIINAABHYIO BO3-
MOJ>XHOCTb BOSHHUKHOBEHMA aAI/IaGEiTI/I‘{eCKI/IX Ka-
BUTAIIMMOHHBIX SIBA@HUM Ha AOKAAbHBIX Y4acCTKax
Cy>XeHUsd TMAPOTEPMAABHOT'O IIOTOKA U pacCIlIu-
penus tpemuH. COraacHO 3TUM pacdeTaM, Kpu-
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THUYECKHe CKOPOCTHU IIOTOKa COCTABASIFOT 5 M/C.
OuabTpausi TUAPOTEPMAABHBIX PACTBOPOB C
TAKOM CKOPOCTBIO BO3MOJKHA MMEHHO IIPU Tpe-
IIMHHOU IIPOHUIIAEMOCTH, KOTOPAas IIPU IPOCBETE
TpelyuH He MeHee 1 MM MOXKeT pAocTturath 1 A u
Oonee (Ha PoHe MOPOA C TAOTHOU MaAOIIPOHMIIae-
MOM MaTPUYHON NPOHMUILaeMOCThIO MeHee 0,1 MA).
ITepexop OT peskuMa MEAAEHHOTO IIPOCAYMBAHUA
TUAPOTEPMAABHBIX (PAIOMAOB Yepe3 IIAOTHHIE
IIOPOABL K OBICTPOU (PUABTPALIUM IO OTKPBITHIM
TpeluHaM IIPUBOAUT K PE3KOMY CHUJKEHUIO
AOKAABHOT'O AAQBAEHUS, BCKUIIAHUIO >KUAKOCTH,
a IIpU BOCCTAHOBAEHUU AABAEHUS B pPe3yAbTaTe
3alIOAHEHUSI TPELIMHHBIX KaHAaAOB — K KaBU-
TAIlUOHHOMY C>KQTHIO ITy3BIPBKOB IMapa. 3AeCh
CAEAyeT YUMTHEIBATH PAa3pabOTaHHYIO aBTOPOM
patHee [AykuH, AapuH, 2003] KraccupUKALUIO
AMAKAQ30B C BhIAEACHUEM apuabaTUYeCKOU Tpe-
mmHOBaTOCTU. MIMeHHO apnabaThuiYeCcKue Tpelu-
HBI, GOPMUPOBAHUE KOTOPHBIX CONPOBOXKAAETCA
oOpa3oBaHUEeM IPUMA30K U IIPOKUAKOB CIIEIU-
(prUecKUX ITOAMKOMIIOHEHTHBIX MHHEPAABHBIX
acconmanu — OpuroxuHuToB [Aykul, 2000],
a He y)Ke «TOTOBBIe», T.e. 00Pa30BaBIINECS AO
BOCXOASIIEN MUTPAlUy BBICOKODHTAABIUWHBIX
(PAIOMAOB AMAKAA3Bl AOAJKHBI UIPATh OCOOYIO
POAB B PE3KOM YCKOPEHMHU (PUABTPALIUU (PAIOU-
pOB. K coskaneHUIo, 3TOT OIpepeAsTiomuil ak-
TOp (pa3HuIla MeXKAy 06pa3yIoIIeNcs B IIporecce
BOCXOAAIIIE MUTPAIlUU BBICOKOHAIIOPHBIX BHI-
COKOJYHTAABIIUMHBIX (DAIOUAOB apAuabaTUIeCKOU
TPELMHOBATOCTBIO U paHee COOPMUPOBAHHBIMUA
TpelMHaMU CKAaAbIBAHUS UAU Pa3pbIBa TEKTOHU-
YeCKOU W MHOM IIPUPOABI) HE YUUTHIBAETCS IIPU
pa3paboTKe TeOPUH, ONIUCHIBAIOIIEN KaBUTAI[UOH-
HBIM MeXaHU3M (POPMHUPOBAHUSA HAHO- U MUKPO-
cepyA B rHAPOTEPMAABHBIX (pAtonpax. Hanbonee
IIOAHBIY BapUAHT 3TOM TEOPUH, «YUUTHIBAIOIIENU
KaK XapaKTepHbIe Pa3Mephl KABUTAITUOHHBIX ITy-
3BIPBKOB M UX 3BOAIOLVIO, TAK U AMHAMUKY Ha-
rpeBa YacTUI] B KaBUTAIMOHHBLIX ITy3BIPHKAX»,
IIpeACTaBAEH B pabore [ApymkuH u Ap., 2000].
Ha ee ocHoOBe ObIna AaHA OIleHKa MaKCHUMAaABHBIX
pasMepoB KaBUTAIIMOHHBIX NMy3BEIPBKOB U C, 00-
pasyroImuxcad B pe3yAbTaTe KaBUTAILMOHHOIO
IIAaBA€HUA 4dacTul,. Ilpu 3TOM OoTMedanrach BO3-
MO>KHOCTb (DOPMUPOBAHUA HAHOCHEPYA TAKIKE 3a
cueT abAAIUY IePEerpeToro BellecTBa C I0BepX-
HOoCTHU yacTut,. [Tpu 3ToM ocoboe BHUMaHMe OBIAO
YAEAEHO 3aBUCUMOCTH IIapaMeTPOB MEXaHU3MOB
U IPOAYKTOB 3TOT'O KABUTAIJMOHHOTO IIPOIlecca B
TUAPOTEPMAABHBIX IIpOIleccax OT TAYOUHBI 3a-
AeraHusl BMeIamomux mnopoa, (puc. 37). INoay-
YeHHBIe 3aBUCUMOCTH IIPEACTABASIIOT UHTEPEC C
TOYKU 3PEHUS 3aKOHOMEPHOCTeM 00pa3oBaHUA
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cepruecKuxX 4aCTUI], BO BTOPUYHBIX KOAAEKTO-
pax HedpTH 1 raza. CAepAyeT OTMETHUTh, YTO HaTyp-
HBIe HAaOAIOAEHUS ITIOATBEPIKAQIOT BO3MOKHOCTD
KaBUTAIITMOHHO-aOASIIMOHHOTO MeXaHu3Ma 00-
pa3oBaHud C(pepruyecKrX YacTUI] TYTOIIAABKOI'O
BelleCTBa KaK B YKa3aHHBIX KOAAEKTOPaX, TakK U
B IIPUTOKUHUTAX, B 9acTHOCTH B TTII1B n mryn-
TUTCOAEpKaIuX mopoaax (puc. 38, 39).

AEeUCTBUTEABHO, TUAPOTEPMAABHBIE CUCTEMBI
XapaKTepU3yIOTCs, KaK U3BECTHO, HeCTalluoHap-
HBIM XapakTepoM. Ha TypOyAeHTHBIN XapakTep
WX BOCXOASIIETO CTPYMHOTO TEUEHUST YKa3bIBan
I'. A. TTocnenaor [ITocmenos, 1973]. TlossBaeHUE
Ta30BBIX ITy3BIPEl» IT0 Mepe ha30BOTO paccaoe-
HUA (PAIOUAQ, TPOLECCOB MUHEPAAOOOPA30BaHN,
a TA@BHOE — HMITYABCHOM TOATIUTKY THAPOTEP-
MaABHBIX CUCTEM TAYOUMHHBIMU (PAIOMAAMY MHU-
UUPYyeT B3PLIBHBIE SIBAEHUS, O YeM CBUAETEAD-
CTBYIOT CBOMCTBEHHBIE 30HAM I'MAPOTEPMAABLHOTO
OpPYAEHEHUS dKCIAO3UBHBEIE OpeKunu U aprada-
TUYEeCKad TpeluHoBaTOCTh [AykuH, 1997]. Apy-
ruM (paKTOpOM HEeCTAIlMOHAPHOTO XapakTepa U
PEe3KNX KOAeDAHUU CKOPOCTEN ABUYKEHUSI TUAPO-
TEePMAABHBIX PACTBOPOB ABASIETCSA CMEHa pe>kruMa
MEAAEHHOTO ITPOCAYMBAHUS 110 KAIUAAIPHBIM U
CyOKaNMAAIPHBIM IOPOBBIM KaHAAAM K CTPYHUHOU
MUT'PAaIiy IO OTKPBITHIM TpemjuHaMm. 1o pacue-
TaM [AAYIIKUH U Ap., 2000] 3a1OAHEHME OTKPHI-
TBIX (MOuHee pacKprlBarowuxcs — A.\.) TpeuH
IIPOUCXOAUT NPAKTUYECKU MIHOBEHHO, a CKO-
POCTBb ABMJKEHUSA BO3pACTAeT Ha IAITh IOPSIAKOB
U IIpU I'papueHTe paBaeHud 1250 6ap ¥ pacKphI-
TocTtu TpemuH 10 cM MoxkeT pocturaTth 80 KM/C.
[MTpuHIMIHAABHAS BO3MOJKHOCTH CTOAB PE3KUX
(AYKTyanuii cKopocTen (puabTpanum (PAIOUAOB
CO3Aa€eT IPEAIIOCBINKY, C OAHOU CTOPOHBI, AN M-
IIyABCHOT'O BHEAPEHUS (C THAPABANYECKUMHU YAQ-
pamMu U ApoOAEHHMEM TIOPOA) ITPOAYKTOB AMKBAITUN
KUMOEPAUTOBBIX U ADYTHX TAYOMHHBIX PACIIA@BOB,
a C APyrod — AAS IBA€HUU KaBUTALUM. OTO MO-
3BOASIET B KAKOM-TO Mepe OOBACHUTH YKa3aHHBIE
napapokchl peHomMeHa C TYromAaBKUX (QAIOMO)
CUAMKATHBIX, KBaPIIEBLIX 1 METAAWUYECKUX CTe-
KOA B aCCOIIMALMU C HU3KO- U CPepHeTeMIIepaTyp-
HOU MUHEepaAu3anuei B pyAOHOCHBIX U HedpTera-
30HOCHBIX IOPOAAX-KOAAEKTOPAX.

AN MIOHMMaHUS MEXaHU3MOB 00Pa30BaHUA TY-
roInaBKUX MUHepaArbHBIX C BecbMa BasKeH (DeHO-
MeH IIPUPOAHBIX TBEPABIX ITeH. [ToKa3aTeAbHBIM
NIPHUPOAHBIM 5KCIIEPUMEHTOM II0 0OPa30BaHUIO
C 4BASAIOTCS NeTPOMYABI'YPUTHL. ODTa PA3HOBUA-
HOCTb (PYABI'YPUTOB OOpasyeTcs IPU paspspax
MOAHUM Ha OOHA’)KEHHYIO CKaABHYIO IIOBEPXHOCTh
TBEPABIX TOPHBIX IIOPOA, AOKAAM3YSIChH Ha Hel B
BHAE CheprUIeCKUX CTEKOABHBIX KalleAb U KOPOK
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[AbIictok, 2009]. [TocrepHUE YaCTUYHO TIPEACTaB-
ASIOT COOOM BCIIEHEHHBIN PACIIAGB, B KOTOPOM Ha-
PSIAY C ST9ESIMU IPUCYTCTBYIOT 1 U30OAMPOBAHHEBIE
C pazauuHoro pmametpa (puc. 40).

Hauboaee apko B3auMOCBsA3b (DOCCUAUBUPO-
BaHHBIX IIeH U C TPOSIBASIETCS B IITYHTUTaX U 9KC-
IIAO3UBHBIX ByAKaHUTax. Kak m3BecTHO, (hopma
siyeeK B IeHaxX (aHaroTraX KOHIEHTPUPOBAHHBIX
SMYABCHH, AUCIIEPCHOM (pa30# B KOTOPHIX SABAS-
eTCsI He JKUAKOCTD, a Ta3) 3aBUCHUT OT KPAaTHOCTHU
neHsl (OTHOIIEeHNWEe O0beMa IIeHBl K 06beMy Iie-
HOOOPAa3yIoIero pacTBopa) U ee yCTOMYMBOCTHA
[Kpyrasgkos, EkcepoBa, 1990]. HuskokpaTHBIE
KPaTKOBPEMEHHO CYIIeCTBYIONIMe IIeHbl Xapak-
TEPU3YIOTCA chepruuecKomn (POPMOU T9e€eK, TOTAQ
KaK AASI BBICOKOKPATHBIX OTHOCHUTEABHO YCTOM-
YUBBEIX TI€H XapaKTepHa SYercTasl IAeHOYHO-
KaHaAOBadA CTPYKTYPQ, T9€UKU KOTOPOU XapaKTe-
pu3yroTcsa (OpMOM MHOTOTPAHHUKOB (IIEHTaroH-
DOAEKA’ApoOB). [lpupoaHble TBepAble IIEHHI,
OOIIeN3BECTHBIM TPUMEPOM KOTOPBIX SIBASIETCSI
1IeM3a, XapaKTepHu3yIoTcs AepOpMUPOBAaHHBIMU
BBITAHYTBIMU 4elKaMu. Takue g4emr XapakTep-
HBI AT TBEPABIX II€H, YCTAHOBAEHHBIX aBTOPOM
B IIYHIUTCOAEP KAaIIuX mopopax (puc. 41). Io-
BHAMMOMY, IIepBOHAYAAbHBIE JKUAKYE IIE€HBI 00-
Pa30BBIBAAUICEH 3AECH OAArOAApPsST MMIIYABCHOMY
peskuMy (POPMHUPOBAHUS U BEICOKOMY COAEpIKa-
HUIO BO (PAIOMAAX ITIOBEPXHOCTHO-aKTHUBHEBIX Be-
11eCTB (BBICOKOMOAEKYASIPHBIX COEAVHEHUY THIIa
acdanbTeHoB). [TpupoaHbIE TIEHBI TPEACTABASIOT
co0OoM BecbMa d(pemepHble 0Opa3oBaHus u Oec-
CAEAHO MCUe3aloT (MCKAIOUEHHEM SIBASIIOTCS 9KC-
TIAO3UBHBIE BYAKQHUTHI, @ TakyKe IIYHIUTCOAEP-
>Kalyue TMOPOABI ¥ HEKOTOPble Pa3HOBUAHOCTU
TBEPABIX OUTYyMOB). OAHAKO POADL IIPOIECCOB TIe-
HOOOPa30BaHMsI B TMAPOTEPMAAbHBIX CICTEMAX, a
TaK>ke IIPU CTPYHUHO-UHXKEKIIMOHHOM (DOPMUPO-
BaHUU YTAEBOAOPOAHBIX 3aAesKel, IO-BUAUMOMY,
ObIA@ BEAMKA.

3AeCh BO3HUKAET CAOJKHAs IPOOAeMa OIeHKU
KAaBUTALIMOHHBIX SIBAEHUM B IleHaxXx. Kak mpore-
KaIOT IPOI[eCChl KaBUTAITUM B aHCaMOAe Ta30BhIX
Iy3bIPHKOB ¢ BO3MOIKHO A OAHOBPEMEHHOE CXAO-
NIbIBaHUE MHOJKECTBA ITy3bLIPHKOB-sYeeK, pa3pe-
AEHHBIX TOHKUMU TAEHKaMU AUCIEPCUOHHOTO
darrompa? Ha 5Ty BOIpOCH IOKa HET OTBETOB.
Aa’ke TIpU pearbHOCTH KaBUTAIMU B WU30AUPO-
BAHHBIX Ny3bIPbKaX AQHHBIM MeXaHU3M II0Ka He
IIO3BOASIET OOBSICHUTE MacCOBYIO reHepanuio C.
AOKazaTeAbCTBa BOBMOKHOCTH MaCcCOBOTO CXAO-
NIBIBAHUSI Fa30BBIX MY3BIPHKOB BO BCIEHEHHBIX
(TIpy pe3KUX U3MEHEeHUSIX THAPOAMHAMUYECKOTO
U TEPMOAWHAMUYECKOTO PEXMMOB B IIpOIlecce
BOCXOASAIIEN MUTPAIIUM) TAYOMHHBIX BOCCTaHOB-
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Puc. 37. 3aBucumocTthb T}, B KaBUTAIMOHHOM ITy3LIDbKE B
MOMEHT ero HauOOABIIETO CKATUA (KpuBBIe [ U 2), @ TaKKe
BpeMeHH #, cymiecTBoBanus 1>1350 K (kpuBas 3) OT TAyOUHBI

[ApymkuH 1 Ap., 2006].
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Puc. 38. O6uaue «pouepaux» C Ha «6a30Boi» C (arroMocH-
AMKATHOE CTEKAO, CAMOPOAHOE JKeAe30, CTEKAOYTAEPOA) B Ka-
PeAbCKOM IIyHruTe. [1o AdHHBIM 3A€KTPOHHON MUKPOCKOIINN
(POM-106 c peHTreHOCIIeKTPAAbHEIM 30HAOM) [AykruH, 2005].

AEHHBIX IIOAMKOMIIOHEHTHBIX (PAIOMAAX, PYAHO-
CHUAMKATHBIX PacIiraBax ¥ ITHAPOTEPMaAbHEIX pac-
TBOpax OyAyT 03Ha4YaThb CyIeCTBEHHBIN IIPOTPecc
B pellleHn Y IPOOAEMEI TeHe31Ca TYyTOIAABKUX MU-
HeparbHBIX C. IToKa ke, OCHOBBIBasICh Ha AQHHBIX
o Aokaauzanuu C B KUMOEpAUTax U UTHUMOPHTaX
(cM. BBINIE) W pE3YyABTaTaX YKa3aHHBIX OPUEHTH-
poBouHBLIX pacueToB [HoBropoposa, AHApees,
2003; ApyIIKUH 1 AP., 2006], MO>KHO BIIOAHE OIlpe-
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Puc. 39. Cronrenus C pa3AR4YHOrO COCTaBa (CUAUKATHOE CTEK-
O, CAMOPOAHBIE METAAABI, CTEKAOYTAEPOA U T. A.) B UHBEKITUAX
TIIIB o TpeninHaM (OAIOUAOPa3pLIBa. I10 AQHHBIM SA€KTPOH-
HoY MuKpockonuu (POM-106 ¢ peHTreHOCIIeKTPAAbLHBIM 30H-
poMm) (mo A. E. Aykuny).

limem R (L
LY ]

Puc. 40. CTpyKTypa neTpoyAbI'yPUTOBOIO CTEKAA U BKAOUE-
HUS B HEM TI0 AQHHBIM CKaHUPYIOIel 3AeKTPOHHOU MHUKPO-
cronud [ABICIOK, 2009].

AEAEHHO paccMaTpUBaTh IIPUCYTCTBHE UX CKOIIAE-
HUY KaK WHAMKATOP BeCbMa HepaBHOMEPHBIX (B
OIpeAeAeHHBIe MOMEHTHBI Ype3BbLIYaliHO BHICOKHX)
CKOPOCTEeN UMIIYABCHONM MUTPAIIUN (PAIOUAOB I10
CKBO3b(POPMAITUOHHEIM  (PAIOMAOITPOBOASIITAM
cucreMaM [Aykug, 2004a].

B cBsiI3m C IIMPOKMM pacmpoCcTpaHeHVEeM B
HeTera3oHOCHBIX BTOPUYHBIX KOAAEKTOpax-
MeTacoMaTUTax  AMCIEPCHBIX CaMOPOAHO-
METaAAMYeCKUX YaCTUI] U CTEKASTHHBIX C pasany-
HOT'O COCTaBa, a Tak>Ke yUYUThIBas He3aBUCUMELE
A@HHBIE 00 X MOAOAOM (ITOCTMUOIIEHOBOM) BO3-
pacTe, 3aCAY’KMBAIOT BHUMAaHUS IIPEACTaBACHUS
E. . TTeckoBa O CBSI3U «CTEKOA» C TAYOMHHBLIMU
yraeBopopopamu [ITeckos, 2000]. Peur mper o
pPacpoCTPaHEHHBIX Ha OIPOMHBLIX TEPPUTOPH-
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ax EBpasum u CeBepHOU AMepUKHU (IIpEeUMY-
LIIeCTBEHHO Ha TEPPUTOPUAX He(PTerasoHOCHBIX
PErroOHOB) B IAUOIeH-YeTBEPTUYHBIX OTAOKEHU-
sIX CBO€OOPA3HBIX IOPOA, KOTOPEIE HA3BIBAIOTCI
«BYAKQHUYECKUMM IIEIAAMU» UAM «CTEKAAMUY.
CoraacHo pabote [Ileckos, 2000, c. 110], ato
HU3KOTEeMIIepaTypHble MeTacoMaTU4ecKue o0-
pasoBaHus, CBA3aHHBIE C IPOIleCCaMU Aera3aliiu
3eMAU — «TAYOMHHBIMUA (PAIOMAHBIMH IIOTOKAMU,
HeCYyILIUMHU HapSAY C YTAEBOAOPOAAMU TaKIKe IIfe-
AOUM, AAIOMUHHUM M KpeMmHui». Ha ocHoBaHuu
AETAABHOTO U3Y4YE€HMs YHUKAABHOIO MECTOPOIXK-
AEHUS INAEUCTOIIEHOBBIX CTEKOA-XAaCBIHUTOB (B
70 KM K ceBepy OT MarajpaHa, Ha A€BOM IIPUTOKE
p. XacChIH) 3TOT UCCAEAOBATEAD IIPHUIIIEA K BBIBO-
AY, 9TO «XaChIHUTHI» (OeAble CHITyYre TOHKO3€ep-
HUCTBIE TIOPOABI, COCTOSIINE U3 PA3HOOOPA3HBIX
1o popMe, B TOM UMCAE U ChepUUIECKUX, YaCTHUI],
U30TPOIIHOTO CTEeKAA AaAIOMOCHUAUKATHOTO CO-
CTaBa) MeTACOMATUYECKU 3aMeCTUAU IIAUOIEH-
MIAEUCTOIIEHOBBIE BaAyYHHO-TAAEUHBIE OTAOJKE-
"us [[Teckos, 2000]. TakoBa ke, IO €ro0 MHEHUIO,
NIPUPOAQ IAUOIIEH-UEeTBEPTUYHBIX «BYAKaHUUE-
CKUX IENAOB» PA3AWYHBIX He(Tera3oHOCHBIX
pernoHoB EBpasun. Ha cBA3b UX C TAYyOMHHBIMUA
pasaoMaMmu, rpsi3eBBIM ByAKAHU3MOM U HedpTera-
30HOCHOCTBIO OOpalllaAl BHUMaHUe ellje B Iep-
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Puc. 41. ®occuansmpoBaHHas IeHa (TAOOYASIPHO-STYenCTast
CTPYKTypa) Pa3AMYHOIO COCTaBa (CTEKAOYTAEPOA, aAIOMOCH-
AMKATHOE CTEKAO, CYAb(UABLI M AP.) B KADEABCKOM LITYHTUTE
TTo AaHHBIM 3AeKTpPOHHOM MUKpockonuu (POM-106 ¢ peHT-
reHOCIIeKTPaAbHBIM 30HAOM) [AykuH, 2005].
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BOY NMOAOBHHe IIpoInaoro Beka A. I'l. 'epacumos,
B. B.Tlopcupses, A. I'. Tkauyk, C. B. AABOOB U AD.
E.T.TleckoB, mopuepKUBas CBSA3b ITOTO IBACHUSA
Cc He(DTEra3oHOCHBIMU PETUOHAMU, OTMEYaeT, UTO
«B TE€X PEAKUX CAyYasIX, KOTAA pacCMaTpUBaeMble
«TIETIABI» («CTEKAA») He OOHaPY’>KUBAIOT BUAUMOM
CBSI3U C HEPTBIO. .., IPUXOAUTCSA AyMaTh, 94TO AETY-
Yre YTA€BOAOPOABI VIIIAYL B aTMOC(EPY («IIETIABI»
Boponexxckoit ooaactu)» [[Teckos, 2000, c. 208].
Ecan yuecTs He(pTerasoHOCHOCTE Pa3yNAOTHEH-
HBIX AOKEMOPHUMCKUX KPUCTAAAUUYECKUX ITOPOA
B 30HE COUAeHeHMs BopoHeXCKOM aHTEeKAU3HI U
AHepPOBCKO-AOHEIIKOTO aBAAKOT€Ha U HaAudne
CTEKASTHHBIX HO3APEBATHIX (BBICOKAasl Ta30HOC-
HOCTB PaCIIA@BOB) IIIAPUKOB B 3TUX KOAAEKTOPax
(cM. BBIIIE), dTAa OTOBOPKa IIpUoOpeTaeT OoAee
TAyOOKHM CMBICA.

YuuThIBas AQHHBIE 3KCIIEPUMEHTOB IIO ITAA3-
MeHHOU c(hepOUAU3AIINU TYyTOIIAABKUX MaTepua-
AOB [Pyaenckag u ap., 2009], HapgAy ¢ AUKBaluen
PacAaBOB, KaBUTAIMEN Ta30BBIX ITy3bIPHKOB U T. 1.,
BO3MOJXHEBLI 1 APDyTHY€ MEeXaHU3MbI OGpaBOBaHHH
npupoAHBIX C. OcOOBIM HHTEPEC B 3TOM OTHOIIIe-
HUU MOT'YT IPEACTaBASITh IA@3MEHHEIE SIBACHWUS.
HeopHOKpPATHO YIIOMMHABUIAMCS B HACTOSIEN
cTaTbe U O0Aee TOAPOOHO OXapaKTePU30BaHHBIN
paHee [Aykun, 2000, 2006, 2009] cBepxcrkaTo-
ra30BbIM HACHIIIEHHBIM CaMOPOAHOMETAAAMYe-
CKUMH MHKPO-, HQHOYACTUIIAMHW W KAACTepaMu
CYHEepPrAyOMHHBIN (DAIOMA, COMPOBOXKAQIOIIUN
3apOKAEHME U IBOAIOIWIO IIAIOMOB, II0 CBOWM
TEPMOAVMHAMUYECKUM (l)I/IBI/IKO-I‘eOXI/IMI/I‘{eCKI/IM
ImoKasaTeAsaIM AOAKEH OBITb OAM30K K TaK Ha3bIBa-
eMoi HempeanrbHOU Thasme [DopToB u Ap., 2004].
[Tpu 3TOM HapSIAY € TA@3MEHHBIMI OOABIITYIO POAD
B I'AYyOMHHOU (PAIOMAOAMHAMUYECKOM IETPOAOTUHN
U reOXUuMHU AONJKHBI UTPATH TAKJKE KBA3UIIAA3-
MEHHBIE SABAEHUA. BAECL YMeCTHO BCIIOMHUTE O
TaKOM SIBA€HNY, KaK IIIapoBasi MOAHUS — BCe ellle
3arapA04YHOM 0Opa30BaHUU CheprUdIeCKOU POPMBI
C @aHOMAABHO BBICOKMM SAEKTPUYECKUM 3apsSAOM
U OTPOMHOU KOHIIeHTpale SJHEPIuU B OIPaHU-
yeHHOM o0beMe (map pAuamerpoMm 28+4 cm). He
paccMaTpHBasi pa3AndHbIe ITAa3MEHHBIE MOAEAN
9TOTO (peHOMeHa (OOABIIIMHCTBO HCCAeAOBaTe-
A€l CUMTAIOT, YTO IIIapoBast MOAHUS 0Opa3oBaHa
HeMAeaAbHOU MTAa3MOT), OTMETUM, UTO, COTAACHO
COBpeMeHHBIM AAHHBEIM [CMUPHOB, 1987], ee ak-
THUBHOE BeIecTBO 00pa3oBaHO CI'yCTKOM HUTe-
BUAHBIX a3p030Ael. Takol CryCTOK He paspylla-
€TCs1 KOHBEKTUBHBIMU BO3AYIIHBIMU IIOTOKAMMU.
Ero saekrpuueckuil 3apsp OOYCAOBAUBAET IIO-
BEPXHOCTHOE HaTsKeHNe, KOTOpoe IIPUAAeT eMy
cepuruecKkyto popMy 1 He MO3BOASIET CXAOIIHYTh-
cs1. B ocrHoBe pAaHHOM MOAEAN AeKAT HaOATOASHUST
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Ha), CTPYKTypoOOpa3oBaHUEM IIPU OCTHIBAHUU
IIapOB METAAAOB, B PE3YAbTaTe Yero BO3HUKAET
He CTPYKTypa KAyOKa HUTEH, a 0cOOast BETBUCTAs
CTPYKTypa ((bPaKTaABHBINM KAACTEP) — PBIXAAA
CcHUCTeMa CBSI3aHHBIX MeXKAY cob0 yactull. Opak-
TaAbHBIE KAACTEePhI BO3HUKAIOT IIPY aCCOIMAIIIN
YaCTHI] adPO30AEH B rase, reneoOpa3oBaHUU UAU
KOAaTryASITUY KOAMOUAHBIX PACTBOPOB, IIOAUMEPH-
3alUH1, Pa3AUYHBIX TUAPOANHAMUUYECKUX U OUO-
dusnyeckux aBreHuax [CmupHOB, 1987]. MIx oco-
OEHHOCTBIO SIBASIETCSI COYeTaHNe OTHOCUTEABHON
YCTOWYUBOCTH (ITPOYHOCTH) C IIPOHUIIAEMOCTHIO,
4yTO OOYCAOBAWMBAET TreTepOreHHO-(pa3oBoe Co-
cTosiHUE (Ta3 — TBEPAOE TEAO), HEOOXOAUMOE AAST
XUMHWYECKUX PEaKIIU (AAT IIAPOBOU MOAHUH 3TO
B3aNMOAEUCTBHE MOAEKYA O30HA C ITOBEPXHOCTHIO
TBEPABIX 4acTull). Bo3aMO>XHO, 4TO 0OpaszoBaHue
(bpaKTaABHBIX KAQCTEPOB B IIOTOKE (CYIIEP)TAY-
OMHHOTO (PAIOMAQ, PYAHO-CUAMKATHBIX PACIIAGBAX,
(PUABTPYIOIINXCSA THAPOTEPMAABHBIX PACTBOPAX
(Ipu pe3KuX N3MEeHEeHUsIX pe’kuMa UX TeUeHHsI),
a TaK>Ke IIPU CTPYUHO-WHKEKIIMOHHOU MUTPALUNA
SKUAKHUX U Ta3000Pa3HBIX YTAEBOAOPOAOB — 3TO
IITMPOKO PACIIPOCTPaHEHHOE SIBAEHYIE ¥ OHU UT'Pa-
IOT POAB IIPOMEKYTOUYHBIX CTPYKTYP PA3AMYHBIX
oOpazoBaHui, BKAto4Yas C, MarHUTHHIE IIIAPUKU B
HedTAX U T. A. [Ipy 3TOM CA€AyeT yIUTBIBATE, 9YTO
(ppaKTarbHBIE KAACTEPHI OAATOAAPS XMMUUYECKUM
IpeoOpPa30BaHUSM B TFeTepOreHHO-(Pa30BOU Cpepe
IIpeBpPaliaroTCsa B INOTHbBIE MUHEPAAN30BAHHEIE,
METAAUN3UPOBAHHLBIE U T. II. CI'YCTKH, B Y4aCTHOCTH,
obpasyromue gapa C.

BosBpaTuMcsa K aHaAOTUM MEKAY CYIepIAy-
OUHHBEIM (DAIOMAOM (CBEPXCIKATHIM ra3, HacChl-
H_{eHHLII\/'I KAaacTepaMu WM METAAUYEeCKUMU MU-
KpO-, HAHOYACTUIIaM1) U HEUAEAABHOM! IIAa3MOI.
Ecam paccMaTprBaTh CAMOPOAHO-METAAUIECKIIE
MUKPO- U HAHOBKAIOYEHM, IIapareHeTu4YHbIe C
KaK TpacCepsl CyIeprayOuHHBIX (DAIOMAOB, OYa-
'l TeHepalyy KOTOPLIX IIPUYPOYECHEBI K I'DAHUIIE
IApO — MaHTuda (caon D») [Aykun, 2009, 2010],
TO MOJKHO IIPEAIloAaraTh ydyacTue B UX (popMu-
POBAHUM IBACHUU TAA3MEHHOU CDePOUAN3ALIUNA
[Pyaenckas u Ap., 2009]. [TocaepHSAS HIMPOKO IIPU-
MeHsEeTCA B COBPEMEHHBIX TEXHOAOTUAX (HOpOH_[-
KOBast METAAAYPTHsA, IINA3MEeHHOe AUCIIEPIUpOBa-
HUe KepaMUuKH, BBICOKOTeMIIePATyPHLIX CIIAABOB
uT. A.). Cheponausanyst 4aCTUI] TYTOIIAABKHUX Ma-
TepUar0B (KapOUABI TUTAHA U BOAb(pama, 6opu-
ABL ITUPKOHA U T. 1I.) B TOTOKE HEMALAABHOM TIAA3-
MBI TaKJKe IIPOUCXOAUT IIyTeM UX OIIAABACHUA U
MIpaKTU4YeCKU MI'HOBEHHOI'O OCTBIBAHUA, T. €.
TOJKe IIPU BeAylel poar (PakToOpa MOBEPXHOCT-
HOTO HaTsKeHus. [To paHHBIM [PyaeHCcKas u Ap.,
2009, c. 78], cchepomamzaliyist 4aCTUI KEPaMUKU (U
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PAa3AUYHBIX TYT'OIIAABKUX CHAaBOB) IIPONCXOAUT
3a107°¢’, II03TOMY «BCe PACIAABUBIINECS YACTHU-
LIB], TeHEPUPYIOIINE AOUEePHHUE CPEPOUABL, UMEIOT
chepuueckyro GopMy, B TO BpeMs Kak Oa30BEIe
YaCTHUIIBI IIPOIlecCa PaCHIBIAEHUST XapaKTepu3y-
IOTCS KaK C(peprueCcKOoM, TaK U IAAUIICOUAANBHOMU
dopmoi». B pe3yabTaTe 3TUX 3KCIIEPUMEHTAAb-
HBIX ICCAEAOBAHUM YCTAHOBAEHO HOBOE SIBAEHHE
— CMMITYABCHOE AeAeHUe TIAa3MEeHHBIX chepon-
A0B» [PyaeHckag u ap., 2009, c. 76]. CymHOCTE ero
3aKAIOYAeTCs B BHIAGACHUHU M3 YaCTHUIIEI, IIPOIIIEA-
e CTapAuIo CHEePOUANZAIINY B TIAA3MEHHOM T10-
TOKe, O0oAee AerkuX yacTul (MeHee 80—100 MkM)
3a CYeT KOHBEKTHUBHOT'O ABVJKEHMS B KaIlAe pac-
mAaBa (puc. 42). 9To UMeeT Ba)KHOe 3HaUeHMe Kak
AT PHU3UYECKOTO MaTEPUAAOBEAEHUS U TIOPOIII-
KOBOM METaAMyprum (BapbHpOBaHUE AMCIIEPC-
HOCTH YaCTUIL TYTOIIAABKUX BQH.IGCTB), TaK U ANA
TTOHMMAaHUS IIPOITeCCOB 00Pa30BaHUS IPUPOAHBIX
cepruecKruX MUKPO- W HaHOYaCTHI]. Brepsbie
OIMCAHHBIN B HACTOAIEN cTaTbe (DEHOMEH BBhITAA-
KMBAHUS «AOYEPHUX» MUKPO- U HAHOC(EPYA U3
«0a30BOM» yacTULwl (cM puc. 12, 15, 21, 32) noszso-
ASIET IIPEAITOAOKUTE IMPOKOE YUaCTHe FTeHEepUPY-
€MBIX OKCIINO3UBHBIMHU ABACHUAMU IIAA3MEHHBIX
IIOTOKOB (I/IMHYA];CHBIX IINA3MEHHBIX HH’BGKHHIZ) B
9HAOTEHHBIX IIPoIleccax. DTO, IPEKAE BCEro, caMm
CYIIeprAyOMHHBIN (DAIOUA, IPEACTABASIONIINN CO-
OO¥ TOAMKOMIIOHEHTHHIN (0 Habope dAeMeHTOB
B HEM MOJXHO CYAUTH II0 XUMUYECKOMY COCTaBy
uabekul TTIIB u pazHooOpa3nio CaMOPOAHO-
MEeTaAUYEeCKUX YacTull B (popmanmuax HedTera-
30HOCHBIX 0acCcerHOB) cBepxcrkaThii raz3 C — N
— S — H wu ero pepuBaThl (B YaCTHOCTH, IIaphl
METaAAOB, B KOTOPBIX, COTAACHO TEOPETHIECKUM
" OKCIIEPUMEHTAABHBIX AAHHBIM, BOAM3U AMHHUU
HACBIIIEHNS] BOZHUKAIOT KAACTEPHI M JKUAKOMeE-
TaAAMYeCKUe KallAn).

3akawueHue. [TpoucxokpeHUEe YHAOTEHHBIX
C HeoOXO0AUMO pacCMaTpUBaTh COBMECTHO C Te-
HEe3UCOM UX IMOCTOAHHBIX CIIYTHUKOB — YaCTUI]
CaMOPOAHBIX METAANOB (MHTEPMETAANAOB, IIPU-
POAHBIX CIIA@BOB), @ TaKKe KapOWAOB, CUAUIIUA-
AOB U APYTHMX MHAUKATOPOB (Cylep)rAyOUMHHBIX
(pAoup0B. VX reHepanys cBi3aHa C pa3ANUYHLIMU
(razamMu TEKTOHUYECKOU DBOAIOIUY IIATOMOB. Kak
oTMedanroch paHee [AykuH, 2009], MA€HTUYHOCTH

5 OKCIIePUMEHTEI 0 CKOPOCTHOM 3aKaAKe KalleAb Me-
TAAWYECKHUX PACIAABOB (C IIEABIO IIOAYYEHHSI CTEK-
AOOOPA3HBIX METAANOB) CBUAETEABCTBYIOT O TOM, 4TO
CKOpOCTBb 0xAakAeHust Ha 1000°C B MUAAMCEKYHAY AO-
CTaTOYHA AASI TIOAABACHUS TIPOI[ecca KPUCTAAU3ATIUT
Y MHOTHUX METaAAOB U cIIAaBOB |Bbeaenbkuii, 1987]. Mx
AAABHEHINIasi CTPYKTYPHAas 9BOAIOINS 3aBUCHUT OT BO3-
pacTa ¥ KOHKPETHBIX T€OAOTHYECKUX YCAOBUH.
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Puc. 42. O6pazoBanue pouepHeid C B dKCIEepUMEHTaX I10
NIAQ3MEeHHOM C(hepoMAM3aIiK TYTOIAABKUX MaTEPHUaAOB II0
A@HHBIM AeKTPOHHOU MUKPOCKoIuu [PypeHcKas u ap., 2009].

CaMOpPOAHO-METAaAAUYEeCKUX acCoIUallni, Hesa-
BUCHMO OT BO3PAacTa U BEIeCTBEHHOI'O0 COCTaBa
BMeUIAIOIINX ITIOPOA, YKa3bIBaeT Ha OO OCHOB-
HOM MCTOYHUK METAAAOB, CBSI3aHHBIX C BO3HUKHO-
BeHHEeM CYIIEepPIAIOMOB Ha I'PaHUIle SIAPO—MaH-
THs1. [A@BHBIMU MeXaHW3MaMU pacCenBaHUs 3TUX
YaCTHI] B TOPOAAX BMEIIAIOIINX U BBITIIEAEKAIITIX
dopManmii SBASIIOTCS B3PBIBEI Fa30BHIX ITy3BIpeH,
BO3HUKAIOIIUX II0 Mepe ToABeMa IIAIOMa, YTO
TOATBEPIKAAETCSI AQHHBIMA O XMMHUYECKOM, pas-
MEpPHOM, CTPYKTYPHOM pa3zHOOOpa3uu yKa3aH-
HBIX YaCTUII, IPUCYTCTBUU CPEAV HUX CPOCTKOB
reOXUMHUYECKN HEeCOBMECTUMBIX B 3eMHOW KOpe
9AEMEHTOB M APYTUMU NIPHU3HAKaMM HeCTalluo-
HApHOTO M CTOXaCTUYHOTO XapaKTepa IIpoIeccoB
reHeparyy BCeX 9TUX YaCTUIT—TPaccepoB (Cymep)
TAYOMHHBIX (PAIOUAOB [AykuH, 2009].

B cBOe BpeMst GBIAO BEIAEAEHO YeThIpe OCHOB-
HBIX MeXaHM3Ma 00Pa30BaHUsI CAMOPOAHO-METaA-
AMYECKUX BKAIOUEHUH B ITIOPOAAX CKBO3b(hopMa-
IIMOHHBIX (PAIOMAOIIPOBOASIINX CUCTEM AHUTO-
cepsl, «KKOPHU» KOTOPHIX CBSI3aHBI C IIAFOMaMu
[Aykwun, 20044, 2006, 2009]:

— reHeparys Ipy B3phIBaX Ha I'PaHUIle SAPO—

MaHTHs HEIOCPEACTBEHHO B JKUAKOM SIADE
— caoe D (mpy BO3MOYKHO OOABIIION POAU
MIPOIeCCOB IMAa3MEeHHON ceporpu3aIinum)
¥ TPAHCIIOPTUPOBKA UX BO B3BEIIIEHHOM CO-
CTOSTHUY TIOTOKOM CBEPXC>KaTOTO rasa (Ja-
CTHIIBI CO CTPYKTYpaMu TBepAOda30BOTO
pacmapa, KamAaermopAO0OHbIe YaCTHUIIEL C 9BTEK-
TUYECKUMU CTPYKTypaMu);

— AMKBAIIMOHHas AudpepeHInanms pyaAHO-CH-
AVIKQTHBIX PACIIAGBOB B IIPOIIECCE UX TIOAHEMA,
Aera3anyu M BCKUTIaHUS;

— KaBUTAIIWS BO BpeMd BCKUIIaHMS (PAIOHAA (Me-
TaAAMYECKHEe YaCTUIBl XUMUUECKH YUCTOTO
JKeaesa, a TakKe APYTUX METaAAOB);

— cyOAMMAaIys M3 ra3a HEIOCPEACTBEHHO B
KOAAEKTOPE (BOAOKHUCTBIE, AYIUCTHIE, UTOAD-
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JaThle, ACHAPUTOIIOAOOHBIE arperaThl, a Tak-
>Ke TIA€HKM Ha Pa3AWYHBIX MUHEPAAaX);

— B3aWMOAEUCTBYE PACTBOPUMEBIX B ra3e COeAN-
HEHUU METAAAOB (C KPEMHHEM, YTAEPOAOM,
XAOPOM, PTOPOM, KUCAOPOAOM, CEPOM) C PAFO-
UAOIOPOAHBIMU CUCTEMaMU AMTOC(EPHI, UX
y4acTue B IIpoIleccax MUHEPAaA0OOPa30BaHMUS.

OopaszosaHue C, cypd IO UX COCTaBy, CTpoe-
HUIO M TIapareHeTHIeCKUM CBSI35IM C CAMOPOAHO-
MeTAaANUYECKUMU CUCTEMaMU, OBIAO OOYCAOBAEHO
OTHUMHU JKe MeXaHH3MaMH.

HaubGonaee panHue C mepBOHAYaABHO CaMoO-
POAHO-METAaANMUEeCKOTro cocTaBa (mapukm Fe un
IPOAYKTEI MX IOCAEAYIONIEro ANMPY3UOHHOTO
okucAenus FeO—Fe;O,—Fe,05, a Takxke Ni,
Au, Zn m Ap.) CBSI3@HBI C 9KCIAO3UBHBIMU IIPO-
IeccaMy Ha I'paHuIle SAPO—MAaHTHUS («IKCIIAO-
3UBHBIN» CTAPT MAIOMTEKTOHUKN) U TPEACTaBAS-
IOT COOOU 3aCTHIBIIME OPBI3TH PACIAABAECHHBIX
MeTaAroB. [TosiBA€HWE CHMAMKATHBIX U TeTepo-
TeHHBIX CHUAMKATHO-MeTaarndeckmx C CBsI3aHO
C BTOp>XE€HHEM IIAIOMAd B MAHTHUIO M BO3HUKHO-
BEHHEM OYaroB MarMbl. MaHTHUMHBINA PACIIAAB,
BOBAEKAEMBIM B BOCXOAAIIUU IIAIOM, KOTOPBIU
C (pU3UKO-TEOXMMUUECKOU TOUKU 3PEHUS IIPEA-
CTaBASIET COOOU TIOAMKOMIIOHEHTHBIN BOCCTAHOB-
AEHHBIM CBEPXCXXATO-Ta30BBIM (PAIOUA [/AYKUH,
2009], a ¢ pu3nUUeCKOU — TOPOUAANBHBIN BUXPb
[Kysuenos, 2008], B 3aBUCUMOCTUA OT YCAOBHU
€ro BOSHUKHOBEHNA WM KOHKPETHBIX I'eOAOTHhYe-
CKHUX YCAOBHUH MOJKET MHUIIUMUPOBATL: 1) TPyOKU
B3pHBIBE; 2) 9KCIIAO3UBHO-BYAKQHUYECKHUE OYary;
3) anddepeHnupoBanHble UHTPY3UU. Bo Bcex
YKa3aHHBIX CAyYasX AMKBAIMOHHBIE IIPOILECCHI
renepupyoT C. Hauboree MHTEHCUBHO 3TO IIPO-
HUCXOAUT B II€PBOM X BTOPOM CAyYasiX, O 4eM CBU-
AETEeABCTBYIOT 3aKOHOMEPHOCTH AOKaam3aluu C
B KUMOEpAUTaX U MITHUMOpUTax. BeicOKMe CKOpo-
CTU IIOABEMA PACIIAABOB U TyPOYAEHTHBIN XapakK-
Tep ABUJKEHUS CIIOCOOCTBYIOT UX MHTEHCUBHOU
AVKBAIIMY, MHOTOKPATHBIM (pasaM Aerasalnyu 1
Bckunanus. ['enepanusa C cBsi3aHa KakK C AMKBa-
uew, Tak 1, BO3MOJKHO, C MACCOBOM KaBUTAlIUEN
Ta30BLIX IIY3BIPHKOB. C]\e,A,yeT TAaKJXe YUUThIBATh
POAB (PAOTAITMOHHBIX IIPOIIECCOB M BCIIEHUBAIO-
X cs (BCKUMAIOIINX) PaclAaBoB B ItepeHoce C (1
CaMOPOAHO-METaANYEeCKHUX YacTUIl), OAaropaps
yeMy BO3HUKAET ollepeskarolias HIoOABEeM PacliAa-
Ba BOAHA MX Ta30BOM TPAHCIIOPTUPOBKHU U «3apa-
SKEHUS» MMOPOA YKA3aHHBIMU YaCTUIIAMU. DTO I10-
3BOASET OOBICHUTE MTosiBAeHUEe C (B accoanmu
C 9aCTUIlaMU CaMOPOAHBIX METAAAOB U APDYTUMU
MUKPO- U HAHOMHAWKATOPAMU MUT' DA I‘AYGI/IH-
HBIX (DAIOMAOB) B IIIYHIUTOBBIX U PYAHOOUTYMHBIX
3aA€e’KaX, TMAPOTEPMAAbHBIX JKUAAX, HepTe- U ra-
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30HOCHBIX KOAAEKTOpax. Ocoboro BHUMaHMS 3a-
CAY’KMBAET IIPEAIIOAOKEeHNE O BO3MOKHOM y4a-
cTum B popMupoBaHum C TYyTrOIIAABKUX BEIECTB
IIPOLLeCCOB MAA3MEHHOU C(hepOorAU3aIuu.
IMpucyrcrue C (1 caMOPOAHO-METAANIECKAX
YaCTHI) B PA3AUYHBIX BTOPUYHBIX KOAAEKTOPAX
HaPTHUAOB MOJKET PACCMATPUBATHCS KaK «yAH-
Ka» (MoAB3YysCh U3BecTHOMU MeTacopoi H.B. Bac-
coeBMYa MPUMEHUTEABHO K OMoMapKepam B Hed-
TSIX) y4aCTUI TAYyOUHHBIX (PAIOMAOB B UX (DOpPMHU-
poBaHUM. 3AeCh IPOSIBASETCS MaKCHMaAbHOE
olepe’keHre «TOAOBKU» IAIOMa BOCXOASIITAM
ra30BBIM IIOTOKOM, GAAropapsti 4eMy HeCOOTBET-
cTBUE TemiepaTryp dopmupoBanus C Tyromnnas-
KOT'O MUHEPAABHOTO BeIeCcTBa U YCAOBUN UX NO-
KaAM3aIluy ITPOSIBASIETCSI Hanboaee KOHTPACTHO.
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®enomen npucyrcrus C B IOpoAax-pe3epByapax
HedTH U rasa, a Takke B pa3HOOOPA3HBIX IIPO-
SIBA€HUAX CTprIHO-I/IH}KeKL[I/IOHHOFO MeXaHHn3-
Ma HadTuporeHesa (uHbekumu TIITB, mryHru-
TOOOpa3oBaHME U T.II.) OTHOCUTCI K Hauboaee
SIPKUM Ha(bTI/IAOCI/IHepI‘eTI/I‘{eCKI/IM SAABAECHUAM
[Aykun, 1999, 2002, 20040]. Hapgay ¢ paHee
YCTAHOBAEHHOM «3apPa’KeHHOCTBIO» MIOPOA NPHU-
POAHBIX pe3epByapoB He(PTH U ra3a CaMOPOAHO-
METAANNYECKUMU MHUKPO- 1 HAHOBKAIOYEHUAMU
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