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Hpnseueﬂu JAHHBI€ O IIYHTMTOHOCHBIX MOpPOAAX y4YacTKa TeTIOI‘HHO, HMEKIIUX OCHOBHbIC NMPU3HA-
Ku ¢uironioreHHoro renesuca: ¢Gopmy mposiBiieHus, TeKCTYpPY, MUHEPAJIbHbIN, XMMHYECKUIA U U30TOMHBIN
cocTas yiepona. K Taknm nopogam oTHeceHbl OpeKYnH B HAJKYIOJBHBIX PA3JIOMaX (IUANMPOBbIi MeJTAHK)
U JIOKAJIbHbIE cyﬁmacmnble TeJIA — UHBEKIIUU METACANPOIICJIUTOB. Hoxasano, Y10 Hanbojee Be])OHTH]:lﬁ
HUCTOYHHUK (l).]'llOl/[,Zlo.]ll(lTOB — MeabHIYHbIIH KYynoJi, 2 OCHOBHasA ABMXKYIIAsA CWIa NEepeMelieHus Belecrsa —
aHOMAJIbHO BBICOKOE IUIACTOBOE JaBjieHHe, Pa3BHBaloOLIeecs MPU KaTrareHe3a OPraHUYECKOro BellecTBa
W TeHepaluu yriieBonopoaos. KpaTkue cBeieHus 1o reoJJ0ruy y4acTka u reo(pusndecKie MaTepuaibl CIyzKar
J10Ka3aTeJIbCTBOM TOIr0, YTO MeJIbHUYHBII KYyNnoJ1 — 3TO CKJIaJIKa HATHETAHUA, C(l)Ole/lpOBaH]-laH o mecTomy
HIYHTHTOHOCHOMY TOPU30HTY, AHAJOTUYHAS JEeTAIbHO HCCIeI0BAHHOMY VIaKCOBCKOMY MECTOPOXKIAEHHIO.

KiroueBnie cioBa: Op2aHO2NUHDL, duanupbz, UHBCKUUU, AHOMA/NbHO 6bICOKOE niaacmoeoe daenerue.

HoBblii reHeTHYeCKHiA THN HIYHTHTOHOCHBIX MOPOJ MAaseonpoTepo3osi OHEKCKOW CTPYKTYPbI

M. M. FILIPPOYV, YU. E. DEJNES (IG KarRC RAS), K. I. LOKHOV (SPbU),
A. V. PERVUNINA (IG KarRC RAS), O. V. LOKHOVA (Institute of History of Material Culture RAS)

A new genetic type of shungite-bearing rocks of the Palaeoproterozoic Onega structure

Data on shungite-bearing rocks from Tetyugino locality, which display the main signs of fluid genesis
such as mode of occurrence, texture, mineral and chemical composition and the isotope composition of
carbon, are reported. Examples of such rocks are breccia in superdomal faults (diapir melange) and local
subsheeted bodies (injections of metasapropelites). It is shown that Melnichny Dome is the most probable
source of fluidolites, and abnormally high formation pressure, which develops during the katagenesis of
organic matter and the generation of hydrocarbons, is a major driving force. Brief geological and geophysical
information on the locality proves that Melnichny Dome is an injection fold which was formed after the
sixth shungite-bearing horizon and is similar to the Maksovo deposit which has been studied in detail.

Keywords: organoclay, diapirs, injections, abnormally high formation pressure.

Ddopmy mposiBIIeHHSI, COCTAaB M TeOXMMHUYECKHUE
XapaKTEePUCTUKH TTOPOLL IMaJIeONpoTepo30s1 OHEKCKOMN
CTPYKTYPBI C IIIYHTHTOBBIM BEIIECTBOM ', 0COOEHHO
BBICOKOYTJIEPOAMCTBIX, HE yIaeTCs OObSICHUTD N3BECT-
HBIMUA 3aKOHOMEPHOCTSIMHM OCaJ0YHOI0 JINTOTEHE3A.
Tak, kymnosioobpazHoe MaKCOBCKOe MECTOPOXKIEHUE
BBICOKOYIJIEPOJUCTBIX TOPOA TPUYPOUYEHO K CBOIY
AHTUKJIMHAIA TPEThero mopsiaka TolBYHCKOW CHUH-
KJIMHAJIBHOM CTPYKTYPHI, Ha eTo Meprdepru BhISIBIICHA
KpaeBasi CMHKJIMHAaIb; MPU3HAKNA CJIOMCTOCTH MaKCO-
BMTOB 2 B LIEHTPE KYIO0Jia OTCYTCTBYIOT, TEKCTYpPa ITOPO.I
dmouaanbHasi, HabJMIOAAIOTCS UHTPY3UU (MMPOTPY3UN)
BellecTBa ¢ 00Jiee BHICOKMM COAEpKaHUEM YIJIepoja;
B LICHTPE KyIOJjia JOKaJIbHbIe 00aCTH CJIOXKEHBI IIyH-
TUTaMH, a nepudepust IYHTUTOHOCHBIMU aJIeBPOJIT-
tamu. CTPyKTypHBIE OCOOEHHOCTU MECTOPOXKICHUS
CBSI3aHBI C TporeccaMu (OPMUPOBAHUS THATTIPOBO-
IO Teja, a BHYTPEHHSS JINTOJIOTUYECKasT 30HAJIbBHOCTh

! IllyHruToBOE BEIIECTBO — OPraHNYECKOE BEIIECTBO, HAXOISIIIEC-
ecsl Ha aroaHTPALUTOBOM CTainu yriedukammu.

2 MaKCOBUTHI U ILIYHTUTBI — IIYHTUTOHOCHBIE MOPOJIBI (MeTacarnpo-
nemuTel) — comepxkar 10—45 u 45—80 % yrnepona (C,,,), TIIOTHBIE,
nesutoMopgHbie. MaKCOBUTBI MACCUBHBIC M OPEKYMPOBAHHbIE, LITYH-
TUTHl UMEIOT TMapauIe/IeUIeIaTbHYI0 OTISTbHOCTh, HATOMUHAIOT
AHTPALIUT.

C pa3BUTMEM IMOJUAUAIMPOBHIX CKiIamoK. 1o kmaccu-
¢ukamuu I A. benenuukoii [2], mopoasl MaKCcOBCKO-
IO MECTOPOXXJICHUSI CIIEAYET OTHECTH K (PIIIOMI0IUTaM
penaHo-ocagouHoro reHesuca. [lepekpriBaroiire Mak-
COBCKMIT KyTIOJI IIOPOABI M €T0 alMKaJIbHasI 4acTh cpe-
3aHbI 3PO3UEIA, MOITOMY JUISI U3YYSHUsS MOCTKYIOJb-
HOI CTaauM pa3BUTHS TaKUX CTPYKTYp ObLT BBIOpaH
y4. TeTroTMHO, pacTIOIOKEHHBIN Ha paCCTOSTHUM OKOJIO
2 KM ceBepo-3anagHee MakCOBCKOTO MECTOPOXKIEHMS,
Ha KOTOPOM pa3BedaHa aHaJOrM4yHasi CTPYKTypa —
MenbHUYHBIN KYIoJI, He pa3pylleHHbI apo3ueit. Ha
y4. TeTIoruHo ¢ moMolIblo reodu3ndecKux Hadmroae-
HUI U MO KePHY IBYX CKBAXXUH BBISIBJICHBI OCHOBHBIE
TIPU3HAKN CKJIaIKNA HaTHETaHUS 10 OPTaHOTJIMHUCTBIM
M OPTaHOKPEMHMCTBIM CaIpOIIeJIeBBIM OTJIOXEHUSIM.
B nmepekpriBarominx MeabHUYHBIA KYMOJ TOPU30HTaX
pa3BUTa CHCTeMa JOKAJIBHBIX Pa3IoMOB [4], B KOTO-
PBIX OOJIOMKM OpeK4Yuil CIIeMEHTMPOBAHBI ITYHTUTOM
M aHTPAKCOJUTOM, MECTaMM aHaJIOTUYHbIC OPEeKUMU
BCTpEUYCHEI B BUJIE JIOKATBHBIX CYOIIACTOBBIX TEJI. DTOT
THAN OpeKYMii OTHECEH K (PIIFOMIOTEHHBIM MWHBEKIIUSM
MeTacamnporneanToB. B cratbe prBeneHO UX AeTaTbHOE
OITCaHME.

Hcropus nsyvenus yu. TerioruHo. B 1965—1966 rr.
HMucturyrom reonorumn KapHII PAH (B. U. Topnos)
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IIPOBEICHBI TE€OJIOTUUYECKOe KapTHPOBaHME ydacTKa
C MPOXOIKO# 1IyphoB M KaHaB, a TAKXKe TEXHOJIOTH-
YeCKMe UCMBbITAaHUSI JUIUTOB B KAa4eCTBE ChIPbS IS
IMOJIyJYeHMUST KapOuma KpeMHHs, KPEeMHMHs, TeIlIo-
M30JIIIIMOHHEBIX OTHEYIIOPOB M IIPOOUPHOIO KaMHS.
B 1972—1974 rr. KapenbcKoii MOMCKOBO-ChEMOUYHOM
skcneauumeit IO «CeB3anreonorusi» Ha ydJacTKe
MMPOOYPEHBI CKBaXXWHEI, B TOM UKCJIe CKB. 19, BCKPHIB-
1asi B IIECTOM IITYHTMTOHOCHOM TOPU30HTE Ha TJIy-
oune 111,6—153,0 M MeabHUYHYIO 3aJIeXKb MaKCOBH-
TOB U IIYHTMTOB MOILHOCTbIO oKoyio 42,0 M. B 1979
n 1981—1983 rr. Konbckoii naptueit CITO «CeBepk-
BapIICAaMOILIBETbI» BBITIOJHEHBI JeTaTbHbBIE TTOMCKOBO-
pa3BeloyHble PabOTHI ¢ MPOXOAKOW HIypdoB, KaHaB
U IBYX TpaHIIei sl onmpoOOBaHUS BEPXHEro IuiacTa
JUIATOB, B 1993 I. 0TOOpaHBI TEXHOJIOTUIECKIUE TTPOOHI
JUIUTA U3 IBYX KapbepoB. B 2005—2014 rr. corpyaHu-
kamu MUI' KapHII PAH nposeneHbl reodusnyeckue
HaOmoneHnsT (MeTOoJaMHU €CTECTBEHHOTO 3JICKTpUYe-
CKOTO TIOTeHIIMaJa, CPEANHHOTO TpaaueHTa, raMMma-
ChEMKOI, MarHUTOPAa3BEAKOIi), C TTOMOIIbIO SKCKaBa-
TOpa pacUMIIeHBI YCTYIIhI peiabeda u tpanmies (T-1),
octaBwasica ¢ 1983 . B 2007 r. mo npoekty FAR-DEEP,
HalleJICHHOMY Ha HcCleloBaHME Tepexona apxei—
MIPOTEPO30ii, Ha ydyacTKe ObLIa ImpoOypeHa cKB. 12.
HMMerommuiics KepHOBBI MaTepuall, JaHHBIC IO T'eo-
JIOTUU, TEOXUMUM U Teo(ur3uKe MO3BOJSIOT paccMa-
TPUBaTh YUYAaCTOK B Ka4eCTBE MOJMUTOHA IS U3YICHUS

3aKOHOMEPHOCTEI 0CamKooOpa30BaHMsI, BYJIKaHU3MA,
Pa3BUTHS KU3HU B HIZKHEM TIPOTEpo30e U (PopMUpo-
BaHMS KYIOJbHBIX IIIYHTUTOHOCHBIX CTPYKTYD.
Oo6mue cBeaenus o reosiorun yd4. Tetioruao. Cxema-
THYECKUE TeOJOTUUECKIE KapThl yJacTKa ¢ YKa3aHUuEeM
OCHOBHBIX TOPHBIX BbIPAaOOTOK M CKBaXKWH MPUBEIECHBI
Ha puc. 1 u 2. Okojio 70 % TeppUTOpUM MOKPHITO YET-
BEPTUIHBIMM OTJIOXEHHUSIMU (MOPEHOI) MOIIHOCTHIO
0,2—3,0 M. AHTUKJIMHaIbHAs CKJIaaKa TPEThEro Mopsij-
Ka TorpyKaeTcsl B CeBepO-3aragHOM HaIlpaBJICHUH IO
YIJI0M OK0JIO 15°, OHa OC/IOXKHEHA CKIIaJKaMU MEJIKOTO
nopsinka. B 1ieHTpe yyacTka HaXomsITCSl €CTECTBEHHbIE
OOHAaXXeHUS JTUIUTOB M TOJOMUTOB (puc. 2). Memb-
HUYHBIN KYTOJ (puc. 3) MepeKphIT MOPOJaMU, BXOAS-
IMMHU B CEAbMOI M BOCBMOI ITYHTUTOHOCHBIE TOPU-
30HTBI BTOPOM ITAYKKW BEPXHEN ITOACBUTHI 3a0HEXCKOM
CBUTBI: MACCUBHBIMU CPEIHE3¢PHUCTEIMU TOJIOMUTAMU
(7—8 M), IUuaUTaMu ¢ peAKUMU OyAMHAMU JOJOMU-
TOB (5—6 M), MacCUBHBIMU AojomMuTtaMu (1,5—2 M),
cnaboOpekurMpoBaHHbIMU MakcoBuTamu (8—10 m). Ha
ceBepo-3amaje yyacTka B pa3pese MOsIBISIOTCS IITyHT U -
TOHOCHBIC aJIEBPOJIUTHI ACBITOr0 Topu3oHTa. B 1983 1.
E. A. AbanacwkeBoii ObUTM HaMEUEHBI pa3ioMbl (puc. 2),
opueHTHpoBaHHbIe Ha ceBepo-3anan 300—330° u ceBe-
po-Boctok 30—70°. OnuH U3 HUX MojcedeH cKB. 19 Ha
riyoune 11,6—22,1 M, BCKpPBIBILIE KPYITHOOOIOMOY-
HYI0 OpEeKUYMIO TOJOMUTOB, JUAUTOB U aJE€BPOJUTOB,
CIIEMEHTHUPOBAHHYIO ITYHTUTOM U aHTPAKCOJUTOM.
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Puc. 1. l'eonornyeckas kapra-cxema ceBepHoil yactu MakcoBckoro kynosa Toasyiickoii cunkmunamu (no C. B. Kynpsikosy,
1988), Ha Bpe3ke — reosiormyeckast Kapra OHEXKCKOr0 CHHKJIMHOPUsA [5]

1 — aneBpOJUTHI U TOJIOMUTHI; 2 — Ty(dbl aJeBPUTOBbIC, KapOOHATHBIE, aTbOMTO-KPEMHUCTBIE, JTUAUTHI, 3 — IIYHTMTOHOCHBIE
rnopojbl; 4 — rabopoAOIEpPUThI; 5 — CKBaXMHA U €e HoMep; 6 — Jopora; 7 — TpaHiles U ee HoMmep; §— 15 — CBUTHI (Ha Bpeske):
& — WOKIIMHCKAasI, TIeTPO3aBoOCKasi, Balllo3epcKasi, 9 — nmajgocckasi, KOHIOMOXCKasi, HUro3epcKasi, MyHo3epckasi, /0 — cyiicapckas;
11 — 3aoHexckast, 12 — tynomo3sepckasi, 13 — MenBexberopckasi, /14 — ssHrosepckasi, 15 — KyMCHHCKas, Iajeo3epckas; 16 — ap-
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Puc. 2. Teonornueckas kapra-cxema y4. Tetioruno (mo

E. I1. Adanacneoii, 1983)

| — nuauThl; 2 — AOJOMUTHI; 3 — CKBakMHa U €€ HOMeED;
4 — xaHnaBbl/TpaHiien 1983 r.; 5 — mpeamnoaraeMbie TEKTO-
HWYECKKWe HapylIeHus; 6 — pacuuctku 2014 .
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AHajornyHasl OpeKumst BCTpeueHa 1 B CKB. 12 Ha Tiy-
6une 3,5—4,5 M. A3UMYTbl IPOCTUPAHUSI U TaJCHUS
CJIOEB B Mpeaesax yyacTka pe3Ko MEHSIIOTCS, YTO paHee
OOBSACHSIIOCH pa3BUTHEM OpaxudopM M YHIYJISIUAEH
oceil ckiamok. JIpyroif BapraHT TPAKTOBKM TPUIYMH

— °
h, m cig B8

—> CB 66°

OpeKYMpOBaHMUS IMOPOJI M KOHTPACTOB B 3JIEMEHTaX
3ajieraHusl cjioeB [4] OocHOBaH Ha MpeACTaBJIEHUSIX
0 OJIOKOBOM CTpoeHMU ydyacTKa (puc. 3).

MenbHUYHBINA KynoJi, KaKk 1 MaKCOBCKUIl, UMEET
CTPYKTYPHBIE, JTUTOJIOTUUECKIE U JIUTOXUMUUECKIUE
MPU3HAKUA CKJIAAKW HarHeTaHWs: KpaeBYylO CUHKIIM-
Hajb, )parMeHTH KOTOPOI SICHO IPOCMATPUBAIOT-
cs B COBpeMEHHOM penbede ydacTka; dionnaabHbe
TEKCTYPbl MAaKCOBUTOB U IIYHIMTOB; KpaeBble OpeK-
YUM; YBEIMYCHHYIO MOIITHOCTh BHICOKOYTJICPOMIMCTHIX
TMOPO/I 1IIECTOTO TOPU3OHTA 10 HAIPABJIECHUIO K TIPEI-
rnojiaraeMoMy LEHTPY CKJIaAKu — B CKB. 12 okoiso 14,
a B ckB. 19 yxe 42 M (puc. 3) Impu pacCTOSTHUU MEXKIY
cKBaxXnMHaMu okosio 180 M; 30HaJbHOCTH B pacripe-
JeJIEHUU yrjepoaa U MUHEPaJIbHOTO BellleCcTBa, 00b-
sicHsieMyto auddepeHimaneit opraHoMMHEPaIbHOTO
BEILIECTBA IO TUIOTHOCTHU B TIPOIIECCE PA3BUTHSI CKIIAIKU
HarHeTaHMsI; KpyThie YIIbl MageHus ciaoeB (10 35°), He
XapakTepHbie 111 ToNBYICKOI CUHKIMHAIN, OONBIITYIO
MOIITHOCTh CWJIJIA JTOJIEPUTOB, PA3IEISIONIETO MIECTOM
U CeIbMOI TOPU3OHTHI B 00JACTU Pa3BUTHS KpaeBoi
CUHKJIMHAJIM; MOIITHOCTD IIIECTOTO TOPU30HTA B TAKUX
yuJacTkax, Ha000pOT, HAMHOTO MEHBIITYIO 33 CUET MpeJi-
1oJlaraeMoro BbIKMMaHUS BEleCTBa U3 3TOI 00J1acTu;
comepkaHKe YIriaepoaa B Topoaax 3aJIesK1 CYIIIECTBEHHO
BbIIIe (hOHOBOTO (CpeaHee 46, MakcuMabHOE 110 55 %).

JloxanbHble pas3aoMmbl, copMUpOBaHHbBIE Hal
KYNOJIbHOW CTPYKTYpOM B TNpOLIECCE €€ pa3BUTHUSA,
BbIIIEJIEHbI HA T€03JIEKTPUUYECKUX pa3pesax [4]. MHoro-
YMCJIEHHBIE YCTYTIBI pebeda BeICOTOM 10 1,5 M, BUAU-
MbIe Ha a3podOoToCHMMKaAX (puc. 4), TpacCUPYIOT JBa
TUTIA TAaKWUX Pa3JIOMOB: OIOSICHIBAIOIINE AMMMKAIBHYIO
YacTb CTPYKTYPbl U panMajbHbIC, PACXOISIIUECS OT
MpeaIojaracMoro IeHTpa Kymoyia. YCTYIBl penbeda,
Ile HaXOMSITCS PACUUCTKU, BEPOSITHO, TPACCUPYIOT
BHEILIHUI KOHTYP JOKaJbHBIX Pa3JIOMOB.

Marepuajbl M1 MeToIbl MccienoBanus. Mccieno-
BaHbl KepHbI CKBaxXUH 12 u 19, mtydbHbie npodsl 13
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Puc. 3. I'eonornueckuii paspe3 y4. TeTIOruHO M JINTOJIOrMYECKHE KOJOHKH CKBAXKHH

1 — 4eTBepTUYHBIE OTJIOXKEHHUS; 2 — NOJOMUTBI, U3BECTHSIKU; 3 — aJeBPOJUTHI, MEPIesiu, ClaHlbl, 4 — JTUIUTHI; 5 — MAKCOBUTHI,
IIYHTUTBI; 6 — MOJIEPUTHI; 7, & — pa3ioMbl (7 — perMoHajlbHble, & — JIOKalIbHbIE); 9 — HOMEp IIYHIMTOHOCHOTO TOpU30HTa; 10 —
CKBaXXMHa U ee HOMep
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Puc. 4. ITonoxenne yctynos peibeda na
yu. Tetioruno

I 1 — cKkBaxXuHa U ee HOMep; 2 — pacuncTka,/
I KaHaBa U ee HoMep; 3 — YCTYIbl, BbIACICH-
I HbIE 110 a39pO(OTOCHUMKAaM; 4 — BCKPBIThIE
YCTYTIbI

€CTeCTBEHHBIX M MCKYCCTBEHHBIX OOHAaXKEHMI yJacTKa.
s ompenelieHUsT MUHEPAJIbHOTO cOcTaBa 0Opa3lioB
ucrnonb3oBaH Mukpo3oHn Tescan 5130 LS SED. IMetpo-
TeHHbIC 3JIEMEHTHI OMpeneeHbl METOJaMU MOKPOM
XUMUM B aHanuTtudeckoi nadoparopun UI KapHII
PAH. CopmepxaHue peokux U PeaKO3eMeNbHBIX 3JI¢-
MeHTOB omnpenesiocb meronom ICP-MS Thermo
Scientific X Series 2 B UI' KapHILI PAH (ananutuk
A. C. TlapamoHoB). PaznoxeHue mopos ocyliecTBIsi-
JIOCh ITyTeM KMCJIOTHOTO BCKPHITHSI B OTKPBITOI CUCTEME.
[Ipenensr ooHapyxeHus wist P35 0,02—0,03 r/1. U30-
TOTHBIN COCTaB yIJiepo/a U3MEpeH B PaluoyTrIepo-
Holi Jtabopatopuu UHCTUTYTa UICTOPUU MaTepUaTbHON
kyaeTypbl PAH (CI10) Ha macc-cniekTpomeTpe Thermo
Delta V mo omfHOKaHaJIBLHOI CXeEME C DJIEMEHTHBIM aHa-
qu3zatopoM CE/NA-1102. Cuctema burst combustion
M03BOJIMJIa OKUCIIATh 00pasubl B aTMocdhepe KUCIo-
poma ipu 850 °C; myst moBemeHUsI TeMIIepaTyphl B 30HE
cxkuranust go 1200—1300 °C uccnenyeMbiit obpaselr
3aBOpAUMBAJIM B OJIOBAHHYIO (posibry. MUHUMU3AIUS
CUCTEMATUYECKUX OIIMOOK OCYIIEeCTBISIAChH MyTeM
BBIOOpA YCJIIOBUI CXXUTaHUsI IIYHTMTOHOCHBIX TOPOJ
MPY MOBTOPHBIX U3MEPEHUSIX IIYHBICKOTO aHTPAaKCO-
nuta (8"C = —37,6 £ 0,1 %o PDB). Mcnosb3oBaauch
aTTeCTOBAaHHbBIE MEXIYHAPOIHbIE CTAaHAAPTHI — rpauT
MPG (8"C = —29,78 £+ 0,03 %o PDB) u nonustuie-
Hosag menka PEF-1 (8°C = —31,49 £+ 0,03 %0 PDB).
BocnpouzBogumocts anamusoB 0,1 %eo.

@monnoauthl yu. Teriornno. B Opexkuusix uzBecT-
HSIKOB M JIWJIUTOB U3 CKB. 19 MpUCYTCTBYIOT OOJIOMKHU,
CMECTUBILMECSI CO CBOErO MEePBOHAYAIBHOIO IMOJI0Xe-
HUSI, YTO yKa3bIBaeT Ha NBWXKEeHUE dionaa Mmoj 1aB-
seHueM. Ha makpo- u MUKpOYpoOBHSX (puc. 5) mo
KpasiM 00JIOMKOB M3BECTHSIKA TTOBCEMECTHO BBISIBIICHBI
MOrpaHUYHbIE 00JACTHU, MPOMUTAHHBIE OUTYMOM, YTO
TaKXe CBUJETEJLCTBYET O CYIIECTBOBAHUU TTOBBIIIECH-
HOTO IaBjieHUs (hIroraa BO BpeMsl 3aITOJTHEHUS TPEIMH
YIJIEBOLOPOIAMMU.

TunuaHbI U1 y9acTKa pa3pe3 BCKPHIT pacuMCTKa-
mu P1 u P2 (puc. 4). B ux ocHOBaHUU YepHBIE PHIXJIbIC
JIOJIOMUTHI, 3aTeM JUIUTHL (1,1 M), JOJOMUTHI Cepbie
MaccuBHble (0,9 M), manee TUAUTHI C PEIKUMU OyIu-
HaMU JOJIOMUTA, pa3apoOJeHHbIE CHU3Y U MAaCCUBHBIC
cBepxy. Ha KoHTakTe ¢ TuanNTaMu TOJIOMUTHI pacciaH-
LIOBaHbI, a3UMYT MTPOCTUPaHMsI KOHTakTa 160°.

B paspese, BckpbiToM KaHaBoit K1 (puc. 6), mpu-
CYTCTBYIOT UHBEKIIMU METACcarporneanuToB. B HuxHel
yactu ycryna (0,0—2,0 M) — MHTEHCUBHO OpPEeKYMpPO-
BaHHbIE YepHbIC TOJOMUTHI (pbIXJasi Macca C coxpa-
HUBIIMMUCST OT BBIBETPUBAHUS OKPYIJIBIMU OCTaHIIA-
MM ), mpoctupanue 330°, mageHue 58°; OpeKIMsI YepHBIX
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DET: BSE Detector _
DATE: 10/25/07

Puc. 5. IIpumep mponmuTKH YIIEBOAOPOAAMU KPAeBOW YaCTH
o010mka u3BectHaka (Tescan 5130 LS SED)

JOJIJOMUTOB ¢ O0opo3gamMu ckoJibxeHus (2,0—2,5 m),
CIIEMEHTUPOBAaHHAs IIYHTUTOM M aHTPaKCOJIUTOM;
auauTel (2,5—3,7 M), mpoctupanue 65°; OpeKdust JIUI1-
Ta, UEMEHT — ILIYHIUT U aHTpakcoaut (3,7—6,4 Mm);
TEMHO-CepbIe TOJOMUTHI, HECIOMCThIE, CPEIHE3ePHU -
cTble, TpelnrHoBaThie (6,4—7,35 m). Kak u B ckB. 19,
OCTPOYTOJIbHbIE OOJIOMKM OpeKYnU JTUIUTOB pa3Bep-
HYTbl OTHOCUTEIBHO CBOETO MEepBOHAYAILHOIO IOJIO-
xenus. [Ipolecc meMeHTAIMU OPEeKYMK pa3BUBAJICS
B JIBa 9Tama: MepBblid MpencTaBieH OpraHOMUHEPaIb-
HBIM BEIIECTBOM, OJIM3KMM IO COCTaBY K IIYHTUTaM,
BTOpPOII — aHTPAKCOJMTOM, 3aITOJHSIOIINM TPEIIIMHEI
B 1LIeMeHTe. AHTPAKCOJIMTHl YKa3bIBaeT Ha aKTUBHYIO
TeHepaluio YIIeBOIOPOIOB, IPUYPOYCHHYIO K 3aBep-
IIarmoImei cTaguv pa3BUTHS MeJIbHUYHOTO KyIoJa.
B HuKHe!l yacTu KaHaBbl CTEHKA pas3jioMa Tpaccupy-
eTCcsl OPeKUYMPOBAHHBIMU TOJOMUTAMU C XapaKTEPHbI-
MU IJIST y9acTKa 3JIEeMEHTAMU 3ajieTaHusl, a B BepXHeit
YaCTU HECJIOUCTBIMU JOJOMUTAMMU.

Pacunctka P3 orcrout ot pacuuctku P2 Bcero Ha
4 M. BHM3y TOJIOMUT, 3aTeM WHBEKIINS KaBepPHO3HOTO
MeTacamnporneauTa mupuHoit 20 cM, Haa Hel PhIXJIbIi
yepHbIil gonoMut (50 cM), majnee JUAUT C OyaAUHOMN
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Puc. 6. 3apucoBka kKanaBsl K1 (mo
B. W. Topaosy, 1984)

1 — yepHbIe BBIBETPEIIbIC JOJIOMUTHI; 2 — 10~
JIOMUTOBBIE KOHIJIOMEPATHI, LIEMEHT IITyHT U~
TOBBIN; 3 — IMIUTOBBIE OPEKYUH, LIEMEHT,
IIYHTUT, aHTPAKCOJINUT, 4 — IIIyHTUT C pel-
KUMU OOJIOMKAMU JTUAUTOB; 5 — JTUAUTHI

CB 50— » 103 230°

B=—=Huonl

Puc. 7. Oommii Bua pacuuctkn P5 (miuna monorka 40 cM) M cxeMa oTOOpa Mpod HA aHAIM3

1 — VMHBEKIIMOHHBIE METACAMIPOIICINTLI, 2 — OpeKUMsT TUAUTA; 3 — NOJOMUTHI, 4 — OYIAMHBI JOJOMUTA; 5 — y4aCTKU
MHTEHCHMBHOI'O KJIMBaXka METacarnporeauToB; 6 — MecTa, yKa3aHHble B TEKCTe; 7 — 3a[JepHOBAHHbIC YYaCTKU

JIOJIOMUTA, aHAJIOTUIHBIN BCTPEUEHHOMY B paCUMCTKaX
P1 u P2. JIuauT TpelurHOBAaThIN, a3UMYT MPOCTUPAHUS
KpynHbBIX TpemnH 140°, azumyT nagenust 50°; mpoctu-
paHune uHbeKINHU Takxke 140°.

HauGosee kpymnHass MHbEKLIMST MeTacarporieanTa
BCKpbITa pacuuctkamu P4, 5, 5.1 u 6 (puc. 7), KOTopble
TIPUYpPOUYEHBI K OTHOMY ycTyTy (puc. 4). O6miast immHa
uHbeKIMu 21,5 M, BuIMMas MoiHocth 13 M. B cpea-
Hell 4acTW pacyMCTKM MOPOALI MAaCCHUBHBIE C TIPU3HA-
KaMU pa3BUTHUS CKJIAIOK TEUEHUST M BU3YyaJbHO BbIpa-
>KEHHBIMM TPaHULIAMK, (DUKCUPYIOIIIMMU Pa3HbIe TIOP-
LIMU BellecTBa. Ha MoBepxXHOCTU TOPOIbI OOBIYHA CETh
BBITTYKJIBIX KBapIIEBbIX TTPOXIIKOB (puc. 7, 1, puc. 8, a).
B MHBEKIIMM BCTpEYaloTCsl yrioBaThle BKIIOYECHMS

METAJIJIOTEHHUA

JIUIUTA U OKPYIJIbIE TOJOMUTA CaMbIX Pa3HBIX pa3Me-
poB. Ha moBepXHOCTH YacTO BCTpeyaloTCsl CIAENKU OT
yIaJeHHBIX TIPpYU BBIBETPUBAHUM BKIIOUYCHUI BMeIla-
OIINX MHBEKLUIO Topox (puc. 7, 2—3, puc. 8, 6, 6).
B ueHTpe pacuncTku GparMeHThl CJI0sI PBIXJIOTO Yep-
HOTO TJIMHOIIOJOOHOTO, MPOMMTAHHOTO IIYHTUTOBBIM
BeIIeCTBOM moyioMmuTa (puc. 7, 4). MeTacarporneauT Ha
KOHTAaKTe C JIOJJOMUTOM pacClaHIIOBaH, SIPKO-XKeJITOTo
1BeTa. A3UMYT IPOCTUPAHUS TUIOCKOCTEH OTAEIbHO-
ctu uabekiun 310—330°. B BepxHeit 1 HUXHEN JyacTsx
pacuyucTku PS5 ecTh y4acTKM C XOpOIO BbIpaxKeHHbBI-
MU TpeUIMHAMU KiauBaxa (puc. 7, 5), UMEIOIIUMU
a3uMyT TIpoctupanus 340° 1 yIiiel MageHus, OJIM3KMe
K BepTMKaJbHbIM. O4YeBUIHO, KJIMBaX Pa3BUT BIOJb
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CTEHOK pa3joMa. AHAJIOTUYHBIC KIWBaXUPOBAaHHBIC
MeTacarpoIeIUThI IIPUCYTCTBYIOT B LIEHTPE PACUMCTKH
P5.1, a3umMyThl TpoCcTUpaHUS TIJIOCKOCTEN OTASTBHOCTHU
310—330°, a yruibl mageHus OJM3KU K BEPTUKATbHBIM.
B roro-zamagHoil yacTu pacuyuctku P6 mosBisieTcs
MEJIKOAPOOIEHBII JTUIUT, YTO, ITO-BUAUMOMY, CBSI3aHO
C BIUSIHMEM CYOIIMPOTHOTO pasjioMa.

IToBepXHOCTh MHBEKIIMOHHBIX METacaIpoIeINTOB
TMOKPbITA XKEJITOM, Oypo-pKaBoil OXpoit, TEKCTypa OpeK-
YHeBUIHAS, ICHO TTOMYEPKHYTAs IIPOXIIKAMU KBapIia.
BpexunpoBaHue CBSI3aHO C TMPOIECCOM COKpAIIeHUS
00beMa MHBEKLIMU TIPU AeTUApaTallii MUHEPaJTbHOTO
W IeTUIPOTEHU3AINY OPTaHMIECKOTO BeIllecTBa — 3TO
TPEIIMHBI crHepe3uca. Kpas TpelmH, KakK IpaBuUiIo,
YeTKHe, B XXWJIbHOM MaTepuaje aHTPaKCOJUT OTCYT-
CTBYeT. B KpaeBbIX 4acTsIX pacUMCTKU TPEIIMHBI CyO-
THapaijieIbHbl KOHTAKTaM ¢ BMEIIAIOIIMMHY ITOPOJAMM.

B Tpanmee T-1 (puc. 2) BCKPBIT «CJION IIyH-
rutoB» (o E. A. AdanHackeBoii), IpUypOYCHHBIN
K OYOIMHUPOBAHHOMY CJIOI IUIMTYATOTO ITOJIOMUTA,

100

Puc. 8. XapakTepHblii BUI MOBEPXHOCTH MHbEKIUIA

a — BBIMYKJIbIEe MTPOXMUIKU KBaplia; 6 — CJIEMOK Iapoo0pasHOro
BKJTIOUCHWSI TOJIOMUTA; B — CJIETTKH YIJIOBATHIX O0JIOMKOB JIMANTA

PACIIOJIOKEHHOMY MEXKIY BEPXHUM CJI0EM JIMIUTOB
¥ CIIOEM MacCHBHOTO mojiomMuTa (puc. 9). @monmo-
JIUTHI CEBEPO-BOCTOYHOM CTEHKU TpaAHIIEH 3ajeraloT
HEIOCPEACTBEHHO IO JIMAUTAMM M IIPEACTABIICHBI
CaXXUCTBIM TJIMHOIIOOOHBIM BEIIECTBOM MOIITHOCTHIO
ot 0,05 10 0,6 M. OCHOBHOI1 e CJION (PIIOUIOIUTOB —
3TO KpEIKUE MOPOIbl C PE3KO MEHSIOIIECICS MOLIHO-
CThIO JaXe B TIpe/esiaX OJHOW CTEHKM TpaHIilueu (OT
0,3 mo 0,8 M). Bynunbl gonomura U auauTa Bo (hJito-
unonutax (ot 2 cM mo 0,8 M), KaK ImpaBUIIO, TTOKPHI-
TBHI CJI0OEM OYPBIX U XKEITBIX OXp TOJIINHOM 10 1,5 cm.
YacTb OyauH H0JOMUTA MpeBpallieHa B PHIXJIYIO Maccy.
ITpocTpaHCTBO MeX Iy OyIMHAMM BEPXHETO CJIOS 100~
MWTa 3aM0JTHEHO JTUAUTOM. B ceBepo-3amnamaHoii u 1oro-
3aMnajgHoil cTeHKax TpaHiuen T-1 mon OyaMHUpOBaH-
HBIM CJI0€M IOJOMHUTA 3ajieraeT BbIKJIMHUBAIOILIMIACS
cJoit muanTa MolrHocTho 0,2—1,0 M, 3aMeInarommics
MeTacarponeJuToM. [TpoMeXyTKI MeXIy KPYIHBIMHU
0JIOKaMU CJIOSI MAaCCUBHOIO [JOJOMMUTA 3aIlOJIHEHbI
pbIxJIoN TIMHOTIOMO00HOI Maccoit. Hu B Tpanmiee T-2,
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Puc. 9. 3apucoska crenok tpanmen T-1 (no E. I1. Adanacbesoii, 1983, ¢ n3menennsiMmn)

I — TOYBEHHO-PACTUTENIbHBII CIIO#; 2 — AeTIOBUi; 3 — IUANT; 4 — TOJOMUT; 5 — BBIBETPEJIBIA TOJIOMUT; 6 — LIYHTUTOBBIN ClaHELL;
7 — TUAPOOKMCIIBI XKee3a; & — TeKTOHMYEeCKUe HapylleHus; 9 — TpellluHbl; /0 — 3JeMeHThI 3ajJeraHust

200um

Puc. 10. MuKpOCTPYKTYpHbIE 0COOEHHOCTH MHBEKIMOHHBIX METACANPONEINTOB
a — TUMAYHAsI MUKPOCTPYKTYpa, B LIEHTPe 00JIOMOK JIMANTA; 6 — METaKOJUIOMIHBIE CTPYKTYPHI; 8 — 30HaIbHbIe MUHAANMMHBI (Tescan

5130 LS SED)

BCKPBIBIICH IUIACT JIMAWTA Ha BCIO MOIDHOCTH, HH
B Kapbepax, HU B IIypdax, OTCTOSIINX OT TpaHIIeH
T-1 Ha paccrosiHue He 6oJiee 80 M, IO CJIoeM JUIUTA
MeTacamporeInThl He BeTpeueHBI. [1o-BuamMmomy, BHe-
JIpeHNe MHBEKIIMM MeTacamnporieiuTa CBsI3aHo C pas-
JIoMOoM, KoTopblit 3apukcupoBaH E. A. AdaHackeBoit
B TpaHIIlee Ha CEBEpO-BOCTOUHON CTEHKE.

KOHTpacTHOCTB JINTOJIOTMUECKUX PA3pe30B B KaHa-
Be K1 u B pacumcrtkax P1—P6, a Takxke pasnnaus
B IIPOCTUPAHUM YCTYIOB, B KOTOPBIX OHM BCKPBITHI,
CBMIIETEJILCTBYIOT O TOM, UTO YCTYIThI peibea Tpaccu-
DPYIOT TPaHMIIBI Pa3IMUHBIX OJIOKOB, CMEILIEHHBIX OTHO-
CHUTEJIBHO OpyT Apyra 1o BepTukanu. CiaemoBaTeiabHO,
OCHOBHAsl MHBEKIIMSI METacarporeJuTOB (PacuuCTKU
P4—P6) npuypodyeHa K cyOMepUIANOHATBLHOMY TEKTO-
HUYECKOMY pa3jioMy W OrpaHMYeHa 30HAMM CYOIIIH-
POTHBIX Pa3IOMOB.

Ha MukpoypoBHEe HHBELIMPOBAHHBIE MeTaca-
TIPOIIEJINTHI, OTOOpaHHBIE M3 PACUMCTOK, COIEpsKaT
OTHOCHUTEJIbHO KPYITHBIC YIJIOBATHEIC WIIM OKPYIJIbIE
BKJIIOUEHUsT BMelnaromux nopoa (puc. 10, a). Bo
BKJIFOUCHUSIX Yallle, YeM B MaTpuile, OOHApYKMBAIOT-
Ccs METaKOJUIOMIHBIE CTPYKTYPBI, XapaKTEepHBIC IS
MaKCOBUTOB B KYIOJIbHBIX Tenax (puc. 10, 6), a Takke
30HAJIbHbIC MUHIAJIWHBI, 3aII0OJITHCHHBIC OpraHOMMHE-
panibHbIM BelecTBoM (puc. 10, 6), ykasblBamollue Ha
aKTUBHOE BBbIACJIICHNE Ia3000pa3HbIX YIJIEBOAOPOIOB.

METAJIJIOTEHHUA

20pm

Puc. 11. 3epHo JmauTa Bo driionaonnTe, 00JIOMOK pa30MT HA
JIBe 4acTH, Mo Kpasim obosouka wumta (Tescan 5130 LS SED)
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Puc. 12. MUKpPOCTPYKTYpa HHbEKIHOHHBIX METACANPOIEIUTOB

50um

a — OKpYIJIble BBIIEJICHUS KBapiia; 6 — MpUMep 3aMelleHUs] MUPKUTa SIPO3UTOM (B LIEHTPE); ¢ — TOpPbI, 00Opa30BaHHbIC MMPH BbI-

mwenaynBaHuu nuputa (Tescan 5130 LS SED)

Puc. 13. Moaymsnas auarpamma AM

L Y (aJIOMOKpeMHHEBbIIA MOIYJTb

Al,0,/Si0,) — cymma meJioueii
(Na,O +K,0, %) makcosuros yu. Te-
TIOTHHO

1 — 13 BepxHeli yactu pacuuctku P5.1; 2 —
u3 pacurctku P4; 3 — u3 cks. 19 (cenpmoit
IIIYHTUTOHOCHBIN TOPU30HT) U U3 BEpXHEM
yacTu pacuuctku P5; 4 — u3 meHTpa pac-
yuctku P5; — u3 ckB. 19 (1ecToii mryHruTo-

HOCHBIN TOPU30HT — MeJIbBHUYHBIN KyTTOJ)

0.25=- AM
*1 Ay
@2 A5
) A
0 @3 s
. A
A
015 A “i Ay A
'y
..-
0.1+ L ®
| ]
>
0,05 *
Na,0+K 50, %
0 | I | I I |
[ ) 3 4 5 t 7
Tabauya 1

Cpennuii cocTaB 301bHOT0 0cTaTKa (%) MAKCOBUTOB
yu. Terroruno

Ipynma (Ko1-Bo 06pasoB)
DIIeMEeHTBI

1(3) 2(2) 3(5) 4(13) 54)
Sio, 82,11 | 79,24 | 78,95 | 73,75 | 68,14
TiO, 1,18 0,89 0,55 1,19 0,79
Al O, 4,16 5,55 8,9 | 11,27 | 13,08
(Fe,03) 06m 5,78 6,75 6,32 6,27 9,70
MnO 0,01 0,02 0,01 0,01 0,04
MgO 2,86 3,8 1,28 1,26 2,59
CaO 0,67 0,56 0,29 0,22 0,61
Na,O 0,06 0,34 0,86 0,47 0,28
K,O0 1,89 2,41 2,81 5,24 4,64
P,O, 1,27 0,44 0,03 0,30 0,12
CyMmma 100 100 100 100 100
T.I1.1. 35,82 | 49,02 | 37,87 | 41,38 | 51,24

I[IpumedyaHue AHanusbl BbIIOMHEHDbI B maboparopuu VT
KapHII PAH. [JanHble aHa/IM30B IlepeCUNTAHbI Ha Oe3yIIepo-
JMCTYIO OCHOBY.
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B MuHmanumHax OTMEYEHBI MNPU3HAKU pa3ieieHUS
CJIOXHOW uirouaHOi (a3bl HA OpraHMYeCcKoe U TJIK-
HUCTOE BeleCTBO. B MHBEKIIMSIX TPUCYTCTBYIOT CIIEIbI
KaK MEXaHWUYEeCKOro, TaK ¥ XMMUYECKOTO BO3ICHCTBUS
(onHOTO BelecTBa Ha 3aXBaYeHHbIE 00JIOMKY BMeE-
nmaromux rnopox (puc. 11).

B MHBEKIIMOHHBIX MeTacampoIleJIUTaX OCHOBHBIM
MUHepaJoM sBjaseTcs KBapl. OOBIYHO 3TO OKpY-
IJIble BbIIAEJACHUS 0e3 MPU3HAKOB KpUCTAIIU3alUuu
(puc. 12, a). Bropoii 1o 3Ha4MMOCTH MUHEPAJl — CITIO-
na (uuT). JocTaTouHO 4acTo BCTPEUAIOTCS MOJIEBOM
LLITAT, afaTUT U MUPUT, KOTOPBIN B PsIIe CIyyaeB 3aMe-
maetcsa sgpo3utom (puc. 12, 6). bonee peakue MuHe-
pajbl — MOHALIUT U 30J10TO. B MaTpuile MeTacarmporie-
JIUTa UMEIOTCS MOPbl CAMOTO Pa3HOIo pa3Mepa, B TOM
quciie o0pa3oBaHHbBIC MPHU BHIIEIAYNBAHUM TTHPUTA
(puc. 12, 8).

MonynbHast nuarpaMmma AM — cymma 1iejoueit
MOCTPOEHA MO JTAHHBIM CHJIMKATHOTO aHalIn3a oopas-
1I0B M3 PACYMCTOK U cKB. 19. Ha Heit MOXXHO BBIIETUTh
MNATh TPyMHI MakcoBuTOB (puc. 13). CpeaHuii cocTaB
MOpOoJI, BXOISIIUX B TPYIIIbI, NpuBeAeH B TadJ. 1.
IlepBas rpyIima oTIMIaeTcs MAKCHMMAaIbHBIM COIepsKa-
HueMm SiO,, MgO u P,O,. B noponax 4- u 5-ii rpynn
conepxanue SiO, munumaneHoe, Al,O;, K,O u Fe,0,
MakcuMmasibHoe. CliemoBaTesibHO, JaHHBIE O COCTa-
Be IOpOJ MO3BOJSIOT paccMaTpuBaTh MeTbHUUYHBIN
KyIOJI KaK HanboJiee BepOSITHBIIT MCTOUHUK (DITIOUIO-
JIUTOB pacuuctku PS5.

NcTounuku BemecTBa (hIIOUA0JUTOB. BhIsiBICH-
HbIe O0COOCHHOCTH WMHBEKIIMOHHBIX MeTacalporie-
JIUTOB TIO3BOJISIIOT pacCMaTpUBaTh WX KakK pe3ysabraT
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Puc. 14. Pacmpenenenue C,, u §°C,, no cks. 12 [7] ¢ u3-
MeHEeHUSIMH ﬂ‘
1 — aneBponUTHI; 2 — MAKCOBUTHI; 3 — M3BECTHSIKU; 4 — JIO- f LY
JIOMUTBI; 5 — KOHIJIOMEpaThl; 6 — IpayBakKu, aJeBPOJIUTHI; %
7 — kapOOHATHbIE TpayBakKKW; § — Mepreyid, U3BECTHSIKU, 9 — | | ﬁ . ‘ |
JIOJIOMUTHI, JIMAUTHI; /(0 — rabOopomoIepUuTh il L
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Puc. 15. HopmupoBannoe k PAAS (nmoct- 0.4
apxeiicKue aBCTpaJMiicKue cJaaHubl [6]) ’
pacnpenenenne P3D B makcosuTax 02
y4. Tetioruno (/—5 cm. Ha puc. 13)
Tabauya 2
Cpennee conepxanue P39 (r/T) B MakcoBuTax yd. TeToruvo
Tpynna La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1 25,445 44,30 | 6,37 | 25,52 | 4,74 | 0,95 4,59 | 0,83 5,50 1,26 4,16 0,61 4,21 | 0,60
2 26,87 | 44,44 | 6,29 | 25,50 | 3,95 0,75 3,63 0,62 | 4,17 0,97 3,35 0,51 3,58 | 0,52
3 18,21 | 33,08 | 5,158 | 20,66 | 3,98 0,70 3,88 0,67 4,05 0,90 2,80 0,41 2,82 | 0,41
4 26,61 | 47,10 | 6,26 | 26,18 | 5,24 1,12 5,30 | 0,87 5,74 1,27 4,07 0,58 4,14 | 0,60
5 20,79 | 38,99 | 4,73 | 18,57 | 3,69 0,85 2,34 | 0,55 3,37 0,68 2,03 0,29 2,01 | 0,27
Tabauya 3
Cpennee conepxanne 0MO(QUIbHBIX 3J1eMEHTOB (I/T) B MakKcoBUTaX y4. TeTioruHo
Ipynma \% Ni As Mo Th U Th/U V/Ni
1 999,53 108,14 443,80 202,62 6,21 50,28 0,124 9,243
2 884,45 147,78 417,65 207,75 3,04 41,94 0,072 5,985
3 1100,00 295,30 409,60 213,70 2,18 31,99 0,068 3,725
4 1143,43 83,13 267,07 195,26 5,65 33,42 0,169 13,754
5 266,42 393,04 111,47 13,34 4,99 8,31 0,601 0,678
METAJIJIOTEHHUA
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BHEIpPEHMUs TMOA HaBJICHUEM OpPTaHOMUHEpPaIbHOI'O
BEIICCTBA B HOJITOXKUBYIINE TPEIIUMHBI PACTSKCHUS.
B ero coctaB mnpeanosioXUTeJIbHO BXOIUJIU KOJIIO-
HUIHBIE CMECU OPTaHMYECKOTO M MUHEPaIbHOTO (IIep-
BUYHO-TJIMHUCTOTO) BEIIECTBA, BONA, YIJIEBOIOPOIbI.
HaubGonee BeposiTHbIE UCTOYHUKU BEIIECTBA — CEIb-
MO M LIECTOM IIYHTMTOHOCHBIE TOPU30HTBI, B TOM
yuciie COOCTBEHHO MellbHUYHBINA Kymnos. PaccmoTpum
5TU JBa BO3MOXHBIX BapMaHTa, ONUPasiCh Ha TOTYYeH-
Hble JaHHBIE O comepxaHun B mopomax C,,, pemkux
3eMelib U OMO(MUIBHBIX 2JIEMEHTOB, a TaKXKe Ha CBefe-
HUA o pacrpeneieHun 6°C, . o pa3pe3y 3a0HEXCKOH
CBUTHI.

Ecim conocraButh comepxkanue C,, B MeTaca-
MponeauTax ydyacTka C MUMEIOIIMMUCS CBEACHUSIMU
0 pacIpeneleHHU yriaepoma mo paspesy (puc. 14),
TO CcJIelyeT yKazaTh Ha HamOoJjiee BEPOSITHBIN MCTOY-
HUK BellleCTBa — IIECTON IIYHTMTOHOCHBI TOPU3OHT
(MenbHUYHBIN KYyTIOJ).

Ha puc. 15 npuBeneHbl HOPMUPOBAHHbBIE TEOXUMMU-
YeCKUe CMEeKTPhl peIKOo3eMeJbHbIX 2jieMeHTOB (P3D)
71T 00pas3IoB MATH TPYII, BRIASICHHBIX HA TarpaMMe
AM-—cymma mienoueit (puc. 13). ITo xapakrepy pacrpe-
JeJIeHUus1 U abCcoIIoTHOMY conepxaHuto P339 (tabu. 2)
WHBEKIIMOHHBIC MeTacampoIleIMThl M3 IIEHTpa pac-
yucTtku (rpynna 4) Haubosee OMM3KU K MOPoJaM U3
TpaHLIeu U BepxHeii yactu pacuuctku P5.1 (rpynma 1).
ITpo6nu1 3 BepxHeil yactn pacuuctku PS5 (rpymnma 3)
U U3 ee LEHTpa OTIUYAIOTCS 10 OTHOILICHUIO CYMMBI
TSKEJIBIX 1 JIETKUX 2JIEMEHTOB, T.€. JIOKaJbHBIN pa3-
JIOM 3alOJIHSUICSI B NIBa 3Tama (BO3MOXHO, OOJIbIIE)
1 HECKOJIBKO Pa3HBIM IT0 COCTaBY (hIIOMIN3UPOBAHHBIM
BelecTBOM. [1po6bl u3 ckB. 19 (MeJbHUYHBIN KyIT0)
OTJIMYAIOTCST OT BCEX I'PYIIIT MTIOHKEHHBIM COACPKaHM -
eM Tsexenbix P39, Bapuauuu copepxanus jgerkux P39
00YCJIOBJIEHBI MPEXAe BCEro KojedbaHUsIMU MepPBUYHO-
[JIMHUCTOTO BellecTBa (CIIIOI) — OCHOBHOTO HOCHUTEIS
STHX BJIEMEHTOB — IIIYHTUTOBOTO BEIIECTBA B MEHBIIICH
CTereHu, B OoJIblleil anmaTuTa. DT 0COOEHHOCTH BITOJI-
HE BIIMCBIBAIOTCS B OOIIME 3aKOHOMEPHOCTH HaKOILIe-
Husg P39 B uepHbIX cinaHuax [3].

ITo comepxxaHuio psiga OMOMUIBHBIX 2JIEMEHTOB
MopoAbl paCYUCTKU P5 1 TpaHIlIen pe3Ko OTJIMYarTCs
oT mopoja MenbHUYHOrO KymnoJja (tabia. 3), cienoBa-
TeJbHO, €ro TnepudepuitHas yacTb HE MOIJIa CIYXXKUThb
HCTOYHUKOM BelllecTBa (hIIOUIO0TUTOB.

B 3aoHexckoil cBute HabOmwonaiorcs (puc. 14)
Bpicokue Bapuauyu 6°C,  TIpy 04eBUAHOI TEHAEHIIUN
CHIDKEHMSI OT TIOAOIIBH K KpoBje. [Toponbl cembmMoro
IIYHTUTOHOCHOTO TOPM30HTA XapaKTEepU3YIOTCS Hau-
Oojiee HU3KMMU 3HaueHUsMU 6°C,, 3Ta M30TONHAs
aHOMAaJIU SIBJISIETCS peTuoHabHOI [5, 8]. Ha BocbMoM
IIYHTUTOHOCHOM ropusoHTe §"°C,, JUAUTOB U 10JIO-
MMTOB, BMEIIAMOIIUX UHBEKIIMU METacarnporeInuToB,
—32,7u—33,6 %0 [5], a npob MeTacamnpoIrenToB, 0TO-
OpaHHBIX U3 pacuucToK P3—5, or —33,6 mo —36,0 %eo.
Bapuanuu 6"C,,, MHBEKIIMOHHBIX MeTacalpoIle/y-
TOB M3 pacuyucTok P3—6 He3HauyuTeabHBI: OT —36,5
10 —36,9 %o (cpennee mo 9 ob6pasuam —36,7 %o);
LEeMeHT OpeKuMil JTMIuTOB U3 cKB. 12 mmeer §"°C,
—36,6 %o [7], a Opekumii U3BECTHSKOB U3 CKB. 19
—34,0 %o. CnenoBaTesibHO, UICTOYHUK BEIIECTBA LIS
pPa3HbIX MOPLUUI MHBEKIMOHHBIX METACaIlpOIeJUTOB,
HECMOTpPSI Ha BapMallMM HUX XUMHYECKOTO COCTaBa
u coaepxaHus P39, Haxonuicsd B OMTHOM CTpaTUrpa-
(rueckoM MHTEpBae.

AnukajiibHas 4acTb MeJAbHMYHOIO KyIloJia, Kak
yXe ObUIO OTMEUeHO, HEedPOAMPOBAHHASI, OJHAKO
OHa JIO CHMX IIOp He BCKpbITa cKBaxXuHamu: 6V°C,
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MeTacarpoIrieJuToB n3 ckB. 12 — 25,81 %o (cpenHee
no 13 obpasuam [7, 8]), u3 ckB. 19 B uHTepBaie
128,4—151,3 m —25,4 %o (cpemHee o TpeM 00Opa3-
maMm). O4eBUOHO, YTO IO MU30TOITHOMY COCTaBYy YTIJIe-
pona nepudepuifHas 9acTh KyIOJIbHOTO TeJla He MOTJIa
OBbITh MCTOYHMKOM BeIllECTBA IJISI LIeMEHTa OpeK4Yrii
U [JIS1 UHBEKIIMOHHBIX METACAIIPOIICIMTOB U3 PACUUC-
TOK, HECMOTPSI Ha TOJIOKUTEIbHBIN BBIBOI, CHEJIaH-
HbBII Ha OCHOBaHWM aHaJIM3a cocTaBa rmopoj. Moria in
anuKajabHas 4acTb MeJIbHUYHOIO KYI0Ja ObITh TAKUM
MCTOYHUKOM?..

ITo mannbiM A. M. AxmenoBa [1], B mpenenax
MaxkcoBCcKOro MecTopoXaeHus1 HaOI0aaeTcsl IoCcTe-
neHHoe ymenblieHue 8"°C,, ot —27,3 %o Ha mepu-
dbepun 10 —36,9 %o B LieHTpaIbHOI YacTH (CpemHee
u3 6 ompenenenuii). IIpu McciegoBaHUM IOJTYyYEHBI
IOTIOJTHUTEIbHBIE JaHHBIC 110 M30TOITHOMY COCTaBY
nopoJ MakcoBCKOro MecTopoxaeHust (KepH ckB. 205,
npoOypeHHOU B LIEHTpe Kymnosa). JduddepeHnmanus
3"C,,. B npesesax KynoJbHOro Tejla MOATBEPXIAeTCs
(ot —20,3 %o B momomBe 3ajexu 10 —25,2 %o B ero
KpPOBJIe), OHAKO OHA HE TaKas pe3Kasi, Kak 3TO ClIeayeT
u3 pabotel A. M. Axmenosa. Takum 006pa3om, B pa3HbIX
ceuyeHUsIXx MakCOBCKOTO MECTOpOXkKaeHUsT nuddepeH-
nrauusa 6°C,, pasHasd. B 0CHOBHOM JaHHbIE yKa3bIBa-
FOT Ha TO, YTO B alTMKAJIbHOM YaCTH KyII0JIa M30TOITHBII
COCTaB yIJIEpOa TOJIKeH ObITh 3HAYUTEIBHO JIeT4e, YeM
Ha niepudepun.

[Mpuunnbl tuddepeHmany N30TOMTHOTO COCTaBa
yriepona B Ipelesiax KyroJja IoKa He MCCIeI0BaHbI.
Ilo kpaiiHeil mMepe 3TO He pe3yjbraT OOOralieHus
BEPXHUX YacTeil Kymoja MHUTPAllMOHHBEIMHU YIJIEBO-
J0pofaMM, MOCKOJIbKY pasHulla §°C,, Mexmy ocTa-
TOYHBIM KEPOT€HOM M aHTPAKCOJMTOM, HAIIpUMEpP Ha
MaKCOBCKOM MECTOPOXICHUM, He mpeBbilacT 1,2 %o;
TO Xe 3a(PUKCUPOBAHO I10 BCEMY pa3pe3y 3a0HEKCKOM
cBUTHI |5, 7]. Ha MaKCOBCKOM MECTOPOXKASHUM BBISIB-
JICHBI OYEeBUAHBIC MPU3HAKN TUddepeHInaln MeTa-
CaIlpONEIUTOB I10 COCTaBYy: BEPXHUE U IICHTPaJIbHbIC
YacTU KYNOJBbHOTO Tejla B OoJiblleit cTrerieHu obora-
IIEeHBI YIJIEpOAOM, MOPOABI 3[eCh 0OoJiee CIFOIMCTEHIC
[0 CPaBHEHUIO C MepUdEepUHBIMKM ydacTKaMU; OHM
HMMEIOT 00Jiee BbIpaXKeHHbIE MEITUTOMOPMOHOCTD U Ipa-
(uronaHbiit 061K, Ha 3TOM OCHOBaHMM MOXHO Tpe-
rmoJjiaraTh, YTO B KEPOT€HE alMKaJIbHOM 4acTH KyIoja
JIOJISI MOJISIPHBIX COeAMHEHUI ObLia 0ojiee BBICOKOIA,
YTO O0CCITEUMIO ITOBBIIIEHHOE COIep:KaHue M30Tora
12C. Tlo aHajorMM B alMKaJbHOW 4acTH MeJbHUYHO-
ro xynona 9"”C,, MeTacanpornejuToB I0JKHO ObITh
HaMmHoro Huxe —33,5 %o (ckB. 19, rnyouna 104,0 m),
M, BEpPOSTHO, UMeTh 3HadyeHuss —36...—37 %o, T. e.
KYIIOJI MMOTEHLMAIBHO MOT ObITh MICTOYHUKOM LIEMEH-
TUPYIOILIETO BEIIeCTBa OpPeKYMii, BCKPHITBIX CKBaXKM-
Hamu 12 u 19, a TakKe UHBEKIMI MeTacamporneJauToB
B pacuucTKax U B CyOriacToBoMm Tejie TpaHiueu T-1.

Oocyxnenne MarepuayioB. OTUCaHHbBIE TTPUMEPDI
MPOSIBJIEHNSI MHBEKIIMOHHBIX METacalponeuToB,
MO-BUIMMOMY, T€HEeTUYEeCKU CBSI3aHbI C OINpEIC/ICH-
HOI cTtammeir (popmupoBaHus MeJTbHUYHOTO AUATI-
pa. Bo-mepBbIx, BIIOJIHE OYEBMIHA MPUYPOUYEHHOCTH
(b1IOMIONIUTOB K JIOKAJbHBIM pa3ioMaM B HAAKYIOJIb-
HOM TIPOCTPAHCTBE; BO-BTOPHIX, KYIIOJ MOT CIYXXHUThb
OCHOBHBIM MCTOYHMKOM BEILIECTBA, 3aIOJIHSIONIETO
pa3ioMbl, a TakXe ISl JIOKAJIbHOIO CyOILIaCTOBOIO
Teja B OyIMHUPOBAHHOM CJI0€ TOJIOMHUTOB. [lomydeH-
Hble cBeleHMsI O duronaoauTax TpaHiied T-1 cBu-
JIETeJILCTBYIOT O TOM, YTO 3TU IOPOAbI IO COCTAaBY,
TEKCTYPHO-CTPYKTYPHBIM U TEOXUMUYICCKIM XapaKTe-
pUCTUKAM MPAKTUIECKU CXOIHBI C (DIIOMIONINTAMU U3
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PacYMCTOK, B OCHOBHOM OHHM pa3HbIe TT0 (popMe Mpo-
sapieHust. Cyas 10 M30TOITHBIM JAaHHBIM, UCTOYHUKU
BelllecTBa IJIs1 3TUX (hJIIOUIOIUTOB HECKOJbKO OTJIM-
YaloTCs, BOBMOXHA U THITOTe3a 00 OJHOM HMCTOYHUKE,
3a[IeliCTBOBAHHOM B pa3HOE BpEMSI.

DIIoNI0IUTH OTHOCITCS K TOHKOIMCIIEPCHBIM
cpemaM, KOTOpbIe Ha paHHMX CTaIUsIX Pa3BUTHUsI 00J1a-
JTAJT BBICOKOM CITOCOOHOCTBIO K TEUCHHIO 1, BEPOSITHO,
BBICOKOI (PU3NKO-XMMHNUECKO (peaKIMOHHOM ) aKTUB-
HOCTBIO. OO 3TOM CBUIETEIBCTBYIOT IIPUMEPHI BO3ICH-
CTBUS (hJIIOUIOJIMTOB Ha KpaeBble YacTU OOJIOMKOB
JIOJIOMUTOB U JIMAUTOB. BOJBIIMHCTBO OCOOEHHOCTEM
(b TIOMIONMMTOB MO CPAaBHEHUIO C TUITMIHBIMM MaKCO-
BUTaMHU KYTIOJIBHBIX CTPYKTYP, BEPOSITHO, MOXKHO 00b-
SICHUTb TEM, UTO OHU He MPOXOIUIN CTAIUU TeHepalluu
VIJIEBOIOPOIIOB, T. €. UX BHEAPEHUE IIUIO TTOCIE ME30-
KaTareHe3a OpraHM4ecKoro 1 MUHEPaJIbHOTO BEIIECTBA
OpPraHoIJIMH MUTAloLIEro cosi. BeposTHo, Mpu rnosiBiie-
HHUU YIJIEBOIOPOIOB BSI3KOCTH BEIIeCTBA 3HAUMTEIBHO
CHM3UJIACh, a IaBJIeHNE B MUTAIOIIEM CJIOE B TO XK€ Bpe-
Msl, HA00OPOT, CYILIECTBEHHO Bo3pocyo. [Ipu packpbl-
TUM HAIKYIIOJBHBIX Pa3JIOMOB B IIEPBYIO OYepenb U3
MMUTAIOIIETO CJIOS MUTPUPOBAIN (DIIFOMABI, COMEpKaB-
111e ra3000pasHble U XKUAKUE YIIEBOIOPOIbI, a 3aTeM
1 OTHOCHUTEJIFHO MEHee TTOIBUKHOE OPTaHOTIIMHUCTOE
BelecTBO Ojaroaaps agdexraM rmiacTuuLIupoBaHUs
OpraHOMMHEpPaJbHBIX COCIUHEHUI MOBEPXHOCTHO-
AKTUBHBIMM BellleCTBaMU (YIJIEBOIOPOIAMU).

DroMaoTeHHBINT TUMN IIYHTUTOHOCHBIX ITOPOI
B IaJICONPOTEPO30NCKUX OTIOKEHMSIX BbISIBJICH BIIEep-
Bble. OT TUITMYIHBIX MAKCOBUTOB KYIOJBHBIX CTPYKTYP
OHM OTJINYAIOTCSI TEKCTYPOI M CTPYKTYPOIA, COCTAaBOM,
dopmoii nposiiaeHus. Ilepemelnenue GaOUIU3UPO-
BaHHBIX OPTAaHOTJIMH MPOSBIISICTCS HA MUKPO- I MaKpO-
ypoBHSIX. Ha MakpoypoBHe — 3TO OyIMHHPOBaHME
BMENIAIIUX IOpoJ, oOpa3oBaHUE HAOJTOMUTOBBIX
rceBnoKoHTIoMepaToB (KaHaBa K1 u pacumctka P5)
U XapaKTepHBIN IS TUAITMPOBBIX CTPYKTYp MEJIaHXK
(MenKue 00JIOMKM Ha Tiepudepun UHbEKLIUI, KPYITHbIE
B IICHTpE); MOSBJICHNUE CIOMCTOCTH 3a CUYET Pa3BUTHUSI
MEJIKHX CKJIaIOK BOJIOYEHUS W TUIOMYATOCTH; JTOKAJb-
Hoe ro¢prpoBaHMe U KaTaKJIa3UupOBaHUE MHBEKIIUMA.
Ha mMuxpoypoBHE — 3TO MPUCYTCTBUE MEIKHUX YIJIO-
BaThIX KCEHOJIUTOB BMEIIAIOIIMX TOPOJ, HATUYre 30H
MPOIUTKU KOPEHHBIX IMOPOJ YIJIEBOIOPOIaMU, KOPPO-
IUPOBaHUE TTOBEPXHOCTU KCEHOJIUTOB arpeCCUBHBIMU
dmongamu. ITonoOHbIe 0OpazoBaHMsI MpeaaaraeTcs
paccMaTpuBaTh B KaueCTBE CaMOCTOSITEJIbHOIO T'eHe-
THUYECKOr0 THUIIA ITYHTUTOHOCHBIX mopom. Jis Hux
XapakTepHBI (popMa M pa3Mephbl Tell, HapylIalollne
cTpaTU(UKaAIUI0 OCAAKOB, TEKCTypa U CTPYKTypa,
MUHEPAJIbHBINA COCTaB KCEHOJIUTOB U OCHOBHOM MACCHhI,
MMPpU3HAKW WHTETPAlNN W Je3WHTErpalliy MUHEpPab-
HbIX (a3 U arperatoB, FEOXUMUUYECKHE OCOOEHHOCTH,
AQHOMAJIbHBIM IO OTHOIICHMIO K BMEIIAIOLIEH Cpene
cocraB (I A. benenuuxkas, 2011), cneasl Bo3aeicTBUS
(TIOMIHBIX TTOTOKOB Ha BMEUIAIONUIYIO Cpefdy, CBS3b
C TeKTOHWYECKUMU HapyIICHUSIMH.

IIyATMTOHOCHBIE (BTIOMIOIUTEI MOTYT TIPEACTaB-
JISITh TIPOMBIIIEHHBIA WHTEpEC, MOCKOJbKY COAEp-
JKaHME IIYHTUTOBOTO BEIIECTBA B HUX CYIIECTBEHHO
BBIIIIE, YeM B ITOPOIAxX pa3pabaThIBaeMOTO B HACTOSI-
mee BpemMsi MakcoBckoro MectropoxaeHusi. Koneuno,
MX TIOTEHIIMAJbHBIEC 3allachl MEHEe 3HAYMTEIBHBI, YeM
B KYITOJBHBIX 3aJIeKax, OJHAKO, CYAS IT0 M3BECTHBIM
naHHbIM O IIIyHBICKOM MECTOPOXIEHUM, TeHE3UC
KOTOPOTO aBTOPHI CTAThH TAK3KE CBSIZBIBAIOT C (DIIFOMIO-
TeHHBIMU TTPOIIECCAMM, OHU MOTYT TOCTUTATh 2 MJTH T
Ha OJHOM MposiBAeHUU. JIoKadbHbIE CYyOMIacCTOBBIC

METAJIJIOTEHHUA

Tejla ITYHTMTOB Ha 3TOM MECTOPOXKICHUM 3aJIeTaloT,
Kak ¥ Ha yd4. TeTIOTMHO, MEXOYy CIOSIMM JIMOUTOB
U OYAMHUPOBAHHBIX TOJOMMUTOB BOCBMOIO IIYHTHUTO-
HOCHOT'O TOPM30HTA, MOIITHOCTD IIJIACTOB IITYHTUTA HE
BbIIEpKaHa, HAOMI0NAI0TCSl HelapasuleJbHOe 3ajiera-
HUe, YTOJIIEHUS U MEePEeXUMbI, BETBICHUE U BBIKJIHU-
HUBaHWE, B HUX HEPEAKU JIMH3bI U MPOCIOUN IOJIO-
MUTOB U CIIOASHBIX ciaHleB. [ToBepXHOCTh Mi1acToB
LIYHTUTOB BOJHUCTO-To(pUPOBaHHAS 32 CUET MEIKUX
KYMOJIOBUITHBIX CKJIAMOK, alTMKaIbHbBIE YaCTU KOTOPBIX
o0orallleHbl yrjiepojoM, OYE€BUAHBI CJleAbl TeYeHUs
BeIIeCTBa, MPUCYTCTBYIOT CTPYKTYpPbI OynrHaxa, B TOM
Yyclie KPYITHbIE (pparMeHTHI TOJIOMUTAa U MAaKCOBUTA,
pacnpeneeHHble B MacTax IIYHruTa 0e3 BUAUMOI
3aKOHOMEPHOCTH.

IIpuBeneHHBIE TTPUMEPHI MPOTEPO3OUCKUX (DITIOM-
JNOJIUTOB, (DUKCUPYIOIIUX TepeMelleHre BellecTBa
U3 TEPBUYHOTO CJIOS HAa 3HAYUTEJIbHOE PACCTOSIHUE,
YKa3bIBaIOT Ha HEOOXOIMMOCTD IIepeCMOTpa MPeaCTaB-
JICHU O TCOXUMHUYECKUX MAPKUPYIOIINX TOPU30HTAX
(B TOM 4mcie M30TOMHBIX), O MPUUYMHAX MOSIBICHUS
aHOMaJIMI M XapaKTePHBIX TPEeHI0B u3MeHeHus &"C,
0 KOppeJsiliMKU pa3pe3oB CKBaXXWH, MPOMIEHHBIX MO
rnopoaaM BepXHEi MOACBUTHI 3a0HEXKCKOU CBUTHI, TIe
AKTUBHO MPOSIBJIEHBI (pionaHbIe Tpolecchl. Beé aTo
MOXET OBbITh BOCTPEOOBAHO MPU MOMCKAX U pa3BeliKe
MECTOPOXIEHUN BbICOKOYTJIEPOAUCTHIX MOPO/I.

Pabora nposeneHa no nporpamme GyHIaMeHTaIb-
HBIX HayYHBIX MCCJIEJIOBaHUI TOCYIapCTBEHHBIX aKa-
memmit Hayk Ha 2013—2020 rr., roczamanme No 0222-
2014-0006, Tema 205 «Ieosorusi, MUHEPAJIOIUs U TEX-
HOJIOTUSI ITYHTUTOBBIX TTOPo», peannsyemass PT'BYH
Wncturyrom reonorun KapHII PAH.
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