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ABJIEHUE HAKOMNEHNA ®EMOD®WJIbHBIX SIEMEHTOB B 30/TOTOHOCHbIX BEPE3UTAX
W BA3AJIbTONEHHAA KOHLENUNA ME3OTEPMAJIbHOIO PYJOOBPA30BAHUA
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060061LeHbI AaHHbIE 0 KOHTPACTHBIX aHOMANNSX XMMUYECKIX S1EMEHTOB (eMoubHOM creumammsauum (P, Ti, Mg, Fe, Ca, Mn) B be-
pe3unTax TblI0BbIX 30H OKOMOPYAHbIX METACOMaTU4ECKMX OPEOIOB TPEX MEe30TePMAlbHbIX MECTOPOXAEHMI 3010Ta: VIPOKUHAMHCKOTO,
Kenposckoro (CesepHoe 3abavikasbe), YeptoBo Kopeito ([Matomckoe Haropbe). ObCyX[aTcs 1 060CHOBLIBAIOTCS NPEACTaBIEHNS O
BbICOKOW MUIPAaLMOHHOM CMOCOBHOCTY TUTaHa 1 (hoCihopa Ha HadyasbHbIX CTaAmsX Me30TepPMarbHbIX PyA00bpa3syioLmx NpoLeccos, o
e0s10r0-reHeTU4EeCKov 0AHOPOAHOCTY MECTOPOXAEHMI 30/10Ta, 06PAa30BaHHbIX B KDUCTAIIMYECKOM U YEPHOCTAHLEBOM CybCTpare, o
reHepaLmm LeI0YHbIX BOCCTAHOBIEHHbIX METaIIOHOCHbIX PaCTBOPOB B MAarMaTu4yeckmx o4arax aHoMasibHou MaHTuu. [loaTeepxaaercs
BbIBOJ, COINIACHO KOTOPOMY ME30TEPMaribHbIe 30710TblE MECTOPOXEHS 00pa3yioTcs B pe3y/ibTate (yHKLUMOHMPOBAaHWS (IIOUAHO-Mar-
MaTu4ecKuX 30710TONPOAYLMPYIOLMX CUCTEM Ha NO3A4HEM 6a3anbTOMAHOM 3Tare CTaHOB/EHS aHTUAPOMHbIX IPaHUT-ANOPUT-A0NEpH -
TOBbIX MarmMaT4eckx KOMMIeKCoB.

Knro4eBble cnoBa:
DeMopubHbIE 3NEMEHTbI, aHOMasu, bepe3nTbl, 30/10Tbie MECTOPOXAEHWS, 6a3anbToreHHas KOHUenLus pygoobpa3oBaHus.
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BBepeHue

B pesynbrare M3ydyeHus: MpOCTPAHCTBEHHO-BpE-
MEHHbIX COOTHOLIEHUH 30J0TOPYAHBIX XuU1 bepu-
KyJbckoro Mecropoxnenus (Kysneuxwuii Anatay) c
MPOM3BOAHBIMM Marmatusma u AuddepeHnranum
3leCb MHOTOYMCIEHHBIX MO3AHUX YMEPEHHO-IIEN0Y-

HbIX 0a3MTOBBIX JA€K HA NOPYIHbIE, BHYTPUPYAHBIE U
MO3HEPYAHbIE (MOCaepyHbIe) COBOKYITHOCTH BO3HU-
KJIO TIPEATNONOXEHUE O TeHEpalMu METAIOHOCHBIX
PacTBOPOB B oyarax 0a3ajbTOBBIX PACILIABOB, MOCTY-
TUIEHKHE KOTOPBIX B 00J1aCTh PyI000pa30BaHusl uepeno-
BaJIOCh C MOCTYILIEHHEM pacTBopoB [1]. DTo mpearo-
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JIOXEHUE aKTyalu3MpoBao 11e1eco00pa3HOCTh MOu-
CKOB BEIIECTBEHHBIX CIeI0B (DYHKIIMOHUPOBAHUS
MaHTUIHBIX PacTBOPOB, OCTaBJEHHBIX, BO3MOXHO,
TpH pymooOpa3oBaHN! B pylax M COIPOBOXKIAIOIINX
METacOMaTUTaX M TIOATBEPXKIAIOIINX CBSI3M MAHTHIA-
HBIX HCTOYHMKOB PACTBOPOB M METAJIOB C BEPXHEKO-
POBBIMU OJIOKaMU — (HOPMUPYIOIIMMUCS MECTOPOXK-
JIEHUSIMM TIPY TIOCPEHUYECTBE TTyOMHHBIX Pa3JIOMOB,
KOTOpbIe, KaK M3BECTHO, KOHTPOJIMPYIOT pa3MelleH e
Me30TepMAaTbHBIX MECTOPOKICHMI 30J10Ta.

OTKpBITHE KOHTPACTHBIX AHOMATMN XUMUYECKUX
aeMeHToB (heMouibHo cienmanu3zanyu (P, Ti, Mg)
B arnoyJbTpaMeTaMop(UTOBBIX OKOJOXMUIbHBIX Oepe-
3uTax MpOoKMHAMHCKOTO 30I0TOPYIHOTO MECTOPOXK/Ie-
Hust B OmxkHeM (1o 1,5 kM) obpamnenun Mpoxkun-
JMHCKOTO pa3iioMa — BOCTOYHOTO 11Ba KensHeKoii 30-
HbI TIYOMHHBIX Pa3oMOB [2] ompaBaano OXUAaHUSI.
CHKeHMe KOHIEHTpAIMI 9TUX 2JIEMEHTOB 10 KJ1ap-
KOBBIX YPOBHEH MO Mepe yAaJleHus OT pa3ioMa B coue-
TaHWUU CO CHMXKEHMEM COIepKaHUSI TUTaHA B METaco-
MaTHIeCKOM IMPUTE OEPE3UTOB, 3aMIACOB 30JI0TA B XK1 -
JIaX TP OTCYTCTBMHM TIPU3HAKOB BBIHOCA 30J10Ta U
(beMODUIBHBIX 3JIEMEHTOB U3 OKPYXAIOIIUMX U BMe-
LIAIOWMX PYALl W OKOJODPYIHBIE METacOMaTUYEeCKUE
0peoJibl MopoJ KBanuduuupyeT KensHcKyio 30Hy Ty-
OMHHBIX Pa3JIOMOB KaK pacTBOPOMOABOASIIMI KaHa,
10 KOTOPOMY METAIOHOCHBIE PACTBOPHI TIOCTYIAIHN B
obnactb pynoodpazoBaHus [2, 3].

B nasnbHeiiemM KOHTpacTHbIE TPUPA3TIOMHBIE aHO-
Mau GeMOPMIBLHBIX 3JIEMEHTOB ¢ KOI(DPULIMEHTOM
KoHueHTpauuu 10 10...11 obHapyXeHbI B aroy/bTpa-
MeTaMOP(UTOBBIX U arnoYepHOCIAHIIEBBIX OKOJIOPYI-
HBIX 30JI0TOHOCHBIX Oepe3uTax, pygax M amQpuooJ-
OMOTUTOBBIX ¥ OMOTUTOBBIX MeTacoOMaTHUTax, 00pa3o-
BaHHBIX BO BHYTPUPYAHBIX JaiKaX YMEPEHHO ILEI0Y-
HBIX J10JIEpUTOB, B KeapOBCKOM 30710TOPYIHOM MECTO-
POXIEHNH, B aTOYEPHOCIAHIIEBBIX 30JJOTOHOCHBIX O€-
pesurax MecropoxneHuii Yeproso Kopwito [3, 4] u
Kapanonckoro [5].

Hapsiny ¢ aTuM, cymiecTByIoT Me30TepMalbHbIE 30-
JIOTOPYJIHbIE MECTOPOX/IEHUS, HANpUMEpP, B TOPHO-
ckiamyatbeix coopyxenusix FOxnoit Cubupu (bepu-
KyJIbcKoe, XOJOMHCKOEe W JpYTue), OIHOPOIHBIE C
VIOMSHYTBIMA TIO T€0JIOTO-TeHETHYEeCKUM TTOKa3aTe-
M [6, 7], B KOTOPBIX MOMCKM aHOMAIMii 00CyXia-
€MBIX 3JIEMEHTOB HE YBEHUATUCD YCTIEXOM.

OO6HapyxeHHe U OIyOJMKOBaHUE HOBBHIX (DAKTOB,
packpbiBaroIlKX KoMIiekcHblii coctas (P, Ti, Mg, Fe,
Ca, Mn) aHomanuii 31eMeHTOB (peMOpUILHOI acco-
LMALMK 1 pACHIMPSIOIIMX 3HAHUS B 00J1aCTU METPOXU-
MHHU OKOJIOPYITHOTO METacoMaTH3Ma M Me30TepMalb-
HOTO pyn000pa3oBaHus, CO BPEMEHU MepBOii MmyOJu-
Kaluu [2] He COMpOBOXAATOCHh X 00CYXKIEHUEM, KO-
TOPOTO OHU, KaK TPEACTABIISIETCS, BIIOJIHE 3aCTyK1Ba-
I0T. 3aC/TyXXKMBAIOT 00CYXAEHMs CIIEAYIOIIIE BOMPOCHI.
1) Kak MOXHO OOBSICHUTD YCTOMYMBOE HAKOILIEHUE B
OKOJIOPYIHBIX METaCOMATHYECKMX, TEOXMMHUUECKUX
opeoJiax M pylax Me30TepPMaJibHbIX MECTOPOXIEHUI
30J10Ta LEJI0i KOMIaHUU 3JEMEHTOB U3BECTHOI OpH-
eHTallMK, B TOM YMCJIe B TAKOM KJIaCCMYECKOM coueTa-
Huu xax Ti u P? 2) B kaxoii crenenn 311 (hakThl BIIK-
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CBIBAIOTCS U BIMCHIBAIOTCS JIM B CYIIECTBYIOIINE Ipa-
HUTOTE€HHYIO, METaMOP(HOreHHYI0, TMOJUTeHHY0, Oa-
3aJITOTeHHYI0 KOHIIEMIIMK 00pa30oBaHusl 30JI0ThIX Me-
CTOPOXIEHMH B KPUCTAJLTMIECKOM CyOCTpaTe U B 4ep-
HocJIaHLEeBbIX Toamax? 3) Kak ¢ mosuimii mosiyBeko-
BOT0, OOHOBJIEHHOTO HEJaBHO [8], MpOTHUBOMOCTABIe-
HUSI MECTOPOXIEHMIA 30J10Ta, 3aJIeraloliyxX B KpucTa-
JIMYECKOM CyOCTpaTe, C OJIHOM CTOPOHBI, U B MOILITHBIX
TOJIIIAX YEPHBIX CIAHLIEB, C APYTOi, OOBSICHUTD HAKO-
IUIEHUE C paBHOW 3(P(PEeKTUBHOCTbIO BCEH IIECTEPKH
2JIEMEHTOB B Ope0JIax 1 pyAax TeX M APYTHX MECTOPOXK-
JIEHWi, €CIM OHU MO MHEHWIO MHOTMX T€HETUYECKU
pasHoponHbl? 4) TTouemy aHoManuu (heMObUIbHBIX
3JIEMEHTOB, B OTJIMUME OT MOCTYMAIOLIUX C PacTBOpa-
MM Kajius, YIIeKUCIOTH, Cepbl OOHApyXeHH He BO
BCEX ME30TEPMAIIbHBIX 30JI0TBIX MECTOPOXICHUSIX?

B cTatbe 000011eHBI TPUBEIEHHBIC B ITYOIMKALUSIX
Pa3HBIX JIET JaHHbIE 00 aHOMAJIMSIX BJIEMEHTOB (heM-
o(uIbHOM accouualuu B ME30TePMabHBIX 30J0ThIX
MmecTopoxaeHusx CesepHoro 3abaiikanbs u Ilatom-
ckoro Haropbsl — MpoxumHmmHcKOM, KempoBckoM,
YeproBo KopreiTo, 1 00cyxmaoTcs: chopMyIMpoBaH-
HBIE BBIILIE BOMPOCHI, OTBETHl Ha KOTOPbIE TPU3BaHbI
KOHKPETU3UPOBaTh CYLIECTBYIOIIME MPEACTaBICHUS O
Te0JIOr0-TeHETUYECKON CYIIHOCTH ME30TepPMabHOTO
Pymoo0pa30BaHuUs B TIPUIIOKEHNUH K 30JI0TY.

1. KpaTkuin oyepk reonorm4eckoro CTpoeHus
MeCTOpOXAEeHUN

3050TOpYIHBIE CYIb(PUIHO-KapOOHATHO-KBApIIe-
BbI€ XXUJIbl UPOKMHIMHCKOTO MECTOPOXIEHKS 3ajiera-
0T Ha 10T0-3amagHoi okpanHe MyicCKoro BbICTYIIA ap-
xelickoro ¢yHgameHTa CHOMPCKOIi MIaTPOPMBI, CJI0-
3KEHHOTO T0JI0CYaTHIMU OpTOTHelcaMu, Kanbliudupa-
MU, aM(pubOIUTaAMU, MUTMATUTAMU, TPAHUTAMU MUT-
MaTUTOBOW BbITIABKU. [macTbl, «Ciou» U «CIOMKM»
yJIbTpaMeTaMop(hUUECKUX MOPOI MOIIHOCTBIO OT MM
JI0 IECATKOB M MHOTOOOPa3HO YepeytoTCs B pa3pese U
00pa3yoT MHOTOMOPSIAKOBYIO [0 MJI0MYATOCTH CKIa-
4yaToCTh. KWJIbHBIE TPEUIMHBI-PA3IOMbl CKOJOBOTO
TUMA MPOTSKEHHOCTDHIO 0 MHOTUX COTEH M OTEPSIIOT B
nexayeM 00Ky kpyromamatormuii (70°) MpoxuHmuH-
CKMIf pa3ioM — BOCTOYHBIM 1110B KensiHCKOI 30HbI
DIyOMHHBIX pa3/ioMOB, OTAE/sONIEH Ha 3anane Myii-
CKUI BBICTYTI OT MTPOTEPO30MCKOr0 00paMiIeHHMs.

B KenpoBckoMm MecTOpoXIeHUN pyIoBMeEILaoIIast
MpoTepo30iickas KeApoBcKas ToJIIA YIJIEPOAUCTHIX
TEPPUTEHHBIX CJIAHLEB B BUCSIYEM BOCTOYHOM OOKY
TynIyHBCKON 30HBI ITYOMHHBIX Pa3JIOMOB, OTAEISIO-
et Myickuii BEICTYIT Ha BOCTOKE, 00OpasyeT cyome-
PUAMOHANBHYIO aHTUKIMHAIBHYIO CKJIaAKy C pa3ma-
XOM KPBLTBEB 5...6 KM 1 MageHUeM MX TT0 YMePEHHbI-
mu (40...50°) yrmamu. B meHTpanbHOR 4acTH MecTo-
POXIEHUsT B BOCTOYHOM KpblJ€ CKJIAJKU B MO3JIHEM
najaeo3oe 00pa3oBaHa JIOKAIbHAs, MPOTSXKEHHOCTHIO
o LIMPOTE A0 4 KM, 1Mo MepuauaHy a0 10 kM 3penast
0YaroBO-KYTOJIbHAsI MTOCTpOiiKa, CIOXEeHHasl corjac-
HOM CJIAHIIAaM «IIJTACTUHOI» IPaHOAMOPUTOB, KBaplLie-
BbIX JMOPUTOB B OOpamMJeHWM MMIMATHUTOB, Hajiee
OMOTUTOBBIX MJIATMOTHENUCOB, MOCTENIEHHO TEPeXo/si-
HIMX B YEPHbIE CIAHIIBL. 30J0TOPYAHBIE CYIb(MUIHO-



[eonorus v nonesHble nckonaemble

KapOOHATHO-KBapLEBbIE XMJIbl BBIMTOIHSIOT MEXCIIOE-
BbI¢ IIBbI KEIPOBCKOI TOIIU M 3aJeraloT B MOpoaax
04aroBO-KyToJibHO# moctpoiiku. Kpome xut, n3Bect-
HbI ¢1a00 30JI0TOHOCHBIE COTJIACHBIE CJIAHIIAaM MUHe-
paIM30BaHHbBIE 30HbI, CIOXKEHHbIE CBETIO-CEPbIMU Oe-
pe3nuTaMu ¢ MPOKUJIKOBO-BKpAIJIEHHON CylIbMUIHO-
KBapleBOI MUHEpATU3aALUEH.

Momuixast (1o 150 m), mpotsikenHast (1300 M mpu
mpuHe 1o 500 M) 3aiexb KUIbHO-TTPOXUIKOBO-
BKPAIUIEHHBIX CYIb(UIHO-KBAPLIEBIX PYI MECTOPOX-
nenns YeproBo KopbITo BBIMOJIHSIET 30HY pa3yILIOT-
HEHUS B PAHHEITPOTEPO30MCKOM TOJIIIE YIJIEPOIUCTHIX
TEPPUTEHHBIX OMOTUTOBBIX TMOJEBOILIAT-KBAPLEBHIX
CIIAHLIEB MMXaiJIOBCKOI CBUTHI. PymHast 3amexb BbITSI-
HyTa BIOJb KpyTomamatomero (60°) B3Opoca ceBepo-
ceBepo-3anagHoro (350°) mpocTupaHusi, OMePSIOIETO
AMaHIpaKcKuil IIyOMHHBIN pasioM, moioro (1o 20°)
MOTrpyXaeTcs Ha 3anaj-oro-3amnaja oT B30poca B €ro
BUCSYEM OOKY. B LieHTpaIbHOM YacTh MECTOPOXKICHUS
3a51eXb COrIacHa CTpaTU(UKALIMK TOJIIIM, Ha ceBepe 1
Iore nepecekaet e€. Pyia ciioxeHa MeTacoMaTUTaMU €
00MJIbHOM BKPAIICHHOCTBIO CYJIb(PUIOB, B KBAPLEBBIX
KWJIaX M TIPOXUIIKAX COCPeNOTOYeHa OCHOBHAS Macca
30J10Ta TIPY 3MU30IMYECKO HE3HAYMTEIbHOM BKpa-
TUIEHHOCTH CYJIb(HIOB.

B uncnie Hanbosee pacrpocTpaHeHHBIX CYJIb(MUI0B
B pynax MpoxuHauHckoro u KeapoBckoro MecTopox-
JICHU# MPUCYTCTBYIOT MUPUT, TaJeHUT, chanepur,
XaJIbKOMUPUT, OJeKJIast pyaa ¢ CYLIECTBEHHO MOMYM-
HEHHBIM YYaCTUEM MUPPOTHHA, APCEHONMPUTA U IPY-
TMX MUHEPAJIOB, B pyaax MecropoxzaeHus Yeproso
KopbiTo — nuput, NUPPOTHH, apCEHOMUPUT MPU HE3-
HAuUTeJIbHOW TIPUMECH TajleHuTa, cdajepuTa, Xajib-
Komupura u apyrux [4, 6]. OxonopynHble MeTacoma-
TUTBI X Pyl 00Pa30BaHbl B TEMIIEPATYPHOM IMAaIa30-
He 500...50 °C B mo3gHenaneo3oiickyio smoxy (Mpo-
KuHanMHCKoe, Keaposckoe MectopoxkaeHus) [6]. Bos-
pact mectopoxneHus: Yeproso KopbiTo nmoka HeusBe-
CTEH.

2. MeToauka uccneaoBaHus

Jlnst peneHus MOCTAaBIEHHOM 3a1auu 0TOMPaIuCh
cepuy Ipob rOpHBIX IMTOPox Maccoit 1,5...2,0 KT Ha pa3-
HBIX YJaCTKaX MECTOPOKIEHHIA.

Kaxnas cepust (MeTracoMaTuyeckash KOJOHKA)
BKtoyaeT g0 5—10, uHorma Gosee mpoO, mpencra-
BJISIIOILUX MCXOMHYIO TIOPOAY OJHOTO BMA BHE WU B
MO/I30HE €1aboro M3MEHEHHsT BHEILHEH 30HbI 0KOJI0-
SKMJIBHOTO METacOMaTHYeCKOTO Opeojia M B Kaxmoi
€r0 MMHEPATOr0-TIeTPOXMMHUYECKON 30HE.

[leTpoxuMuyeckue MepecyeThbl BHIMOJHEHBI IO
00BEMHO-aTOMHOMY METOJLY, pacyeThl OajaHca MeTpo-
TeHHBIX BIEMEHTOB — MOCPEICTBOM CpaBHEHUS Yuc/a
nx aToMoB B cTaHaapTHOM oobeMe 10 000 A® ucxoaHbIx
TOPOJ ¥ METacOMaTUTOB. PasHMIIa B ymciie aTOMOB B
CTaHIAPTHOM O0BEME MEXIY METaCOMAaTUTaMU, C Ofl-
HOM CTOPOHBI, M UICXOTHBIMU TTOPOJIAMHU, C IPYTOid, CO-
OTHOCMJIaCh C YMCIIOM aTOMOB B COOTBETCTBYIOLIEM
00BbeMe MCXOIHBIX TIOPOJ 1 BEIpaXkeHa B %.

YTtoObl craguTh Bapualnyu XMMUYECKHUX COCTABOB
MCXOMHBIX U METACOMATHMYECKM M3MEHEHHBIX IMOPOI

KaXxJI0ro BUjA MOCPEICTBOM UX YCPEAHEHUS U TIONy-
YUTh HaMOOJee KOPPEKTHBIE CPABHUTENIbHbBIE PE3yJib-
TaThl, c(HOPMUPOBAHBI BBHIOOPKM M3 aHAIM30B HeEC-
KOJIBKMX — MHOTHX IIp00: Kaxasi BHIOOpKa 00beaMHS -
€T IPOoObI, 0TOOpPaHHLIE B TOPOAAX OAHOTO BUIA B KaXK-
JIO MUHEPAJIOrO-IETPOXUMHUYECKOI 30HE OKOJIOPYII-
HBIX METACOMATUUYECKUX OpeosioB (Tab. 1, 2).

O 3HAYMMOCTH MOJTYYEHHBIX MEKBUIOBBIX Y MEXK-
30HAJBHBIX PA3TUUMii CPETHUX CONEPXAHUI IeTPO-
TeHHBIX 3JIEMEHTOB MOXHO CYIUTh IO CJIEAYIOLIMM
(baxtam. Bo-nepebix, BeINUMHA BbIHOCA HEKOTOPHIX
BJIEMEHTOB ¢ OTHOCHUTEJIbHO BHICOKUMMU COIEPKAHUSI-
mu (Si, Al, 6onee 10 mac. %) mocTuraer IECSITKOB ...
MHOTUX JeCcATKOB % (Tabi. 2) Mpu CTaHAAPTHOM OT-
KJIOHEHUU COJEePKaHUi1 B UCXOIHBIX TOPOJax He Ooliee
6 %. Bo-emopbix, BeTMINHBI IPUBHOCA OCTATBHBIX 3J1-
€MEHTOB JOCTUTAIOT COTEH ... MHOTHX COTeH % U Jaxe
npesbimaoT 1000 % npu cTaHIApTHOM OTKJIOHEHUU
COMIep>XaHM B UCXOAHBIX Mopoax, Hampumep, Mpo-
KMHAMHCKOTO MeCTopoxaeHus (Tad. 1), kak rnpaBu-
1o, He mpesbimatoiieM 50 %, peako 100 %, vame —
HaMHOTO MEHbILEM. B-mpembux, BO BCceX METaCOMATH-
YeCKMX KOJIOHKAX, MPEeCTaBIAIOIINX YIbTpaMeTaMop-
(brueckue mopojbl o 3HAYUTETbHBIMU BapUaLIUSIMU U
MarMaTuyeckre TMOopojbl ¢ HEeCYIIeCTBEHHBIMM KOJle-
0aHUSIMKA XMMUYECKUX COCTABOB TIOBTOPSIETCS €MMHO-
00pa3Hoe «ITOBeJEHUE» ITETPOTEHHBIX DJIEMEHTOB.

Bce 310 03HAYaeT, YTO METACOMATUTHI HE TOJBHKO
HacJIeAyIOT XUMUYECKUE COCTaBbl MCXOIHBIX MOPOJ €
MPUCYLIMMU UM OCOOEHHOCTSIMU X Bapualiyii, HO pe-
AJILHO TEPSIIOT YacTh BellleCTBA MJIM, HA000pOT, 00ora-
IIAIOTCSI M B COOTBETCTBUU C MIPUBEACHHBIMU PE3YIib-
TaTaMM pacuyeToB (Tali. 2).

3. MuHepanoro-neTpoxmmmyeckue 4epTbl
OKOJOPYAHbIX METacoMaTU4eCKMX OPeosioB

Bo Bcex mMecTopoxkaeHMsIX 00pa30BaHbl KPYITHOO-
ObeMHbIE METaCOMaTMYECKME OpPEeOoJibl C IMOBTOPSIO-
HIelcss MUHEPANOTO-TIeTPOXMMMYECKON 30HANbHO-
CThBIO.

B cTpykType 0peosioB 30710TOPYAHBIE XUJIbl 3aHU-
MAaIOT 0CEBOE IOJIOKEHNE B 00paMJIEHHUU IMOJTHOIPO-
SIBIGHHBIX MeTacoMaTUTOB. 1o Mepe ynaaeHus oT Xui
MHTEHCUBHOCTh METACOMaTMYECKMX MpeoOpa3oBaHUI
MopoJ 0cjabeBaeT BILIOTh 0 TIOJHOTO MCUE3HOBEHUS
SMUTeHETUYECKMX MUHEPAJOB 3Tara OKOJOPYIHOTO
MeTacomatu3Ma. MoIlIHOCTh Haubosiee KPyImHOOObe-
MHOM BHEIIIHEW 30HBI OKOJOPYIHBIX OPEOJOB B CO-
CTaBe MOJ30H €1a0b0ro, yMEpeHHOIo, MHTEHCUBHOIO
namenenus (1o 10, 10...20, 20...30 06. % HOBOOOpPa30-
BaHHbIX MUHEPAJIOB) JOCTUTaeT MHOTUX COTEH M, MPO-
MEXYTOUHOIN XJIOPUTOBOM (SMUIOT-XJIOPUTOBOM) 30-
Hbl — MHOTHX JIECSITKOB M, aJJbOMTOBOM — IEPBHIX M,
BHyTpeHHei — 1,0...1,5 m.

B mecropoxnenun YeptoBo KopbiTo amocnaHie-
BBl METACOMATUYECKUIA OPEO BMEILAeT PyAHYIO 3aj-
€Xb 1 CPABHUTEJILHO C Hell 3aHUMAET OOJIbIINIT 00bEeM.
Jlyb B 3amagHOM HaIpaBIeHUM CHIDKEHUE CTEIeHU
HACBILIEHHOCTU TMOPOJ KBAapUEBbIMU XWJIaMH, Tpo-
SKUJIKaMU ¥ CyIb(MUIHON BKPAIIEHHOCTHIO, a B UTOTE
BBIKJIMHUBAHUE PYITHOMW 31X COMPOBOXIAETCS OC-
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Taﬁnnua 1. Xummyeckne cocraBebl FOPHbIX Mopos MpOKMH,ﬂMHCKOI’O MeCTOPOXAeHNA

Komno- | Il Il \% \ VI
HEHTbI X S X S X S X S X X S
Sio; 61,16 4,09 52,71 5,30 34,09 6,07 73,18 1,98 46,50 69,16 0,22
ALO; 16,30 1,93 13,27 1,59 8,93 1,38 14,13 1,05 15,96 15,28 0,14
K,0 2,91 2,20 1,43 1,02 1,15 0,50 3,92 1,25 1,60 3,78 0,03
Na,O 2,78 0,64 1,88 1,02 1,59 0,82 3,32 0,76 2,70 4,37 0,08
S* 0,03 0,04 0,14 0,24 0,03 0,04 0,03 0,04 0,10 0,04 0,01
Co, 0,45 0,35 4,06 2,49 16,16 4,27 0,13 0,16 1,81 0,36 0,10
Ca0 4,28 1,83 17,58 5,77 30,76 4,74 1,85 0,50 10,10 2,02 0,23
MgO 2,69 1,21 2,04 0,85 1,63 0,75 0,45 0,14 10,80 1,06 0,22
FeO 537 2,10 3,46 1,21 3,14 0,86 1,43 0,69 7,95 1,53 0,19
Fe,03 1,65 1,12 1,79 0,80 1,31 0,58 0,57 0,28 1,77 0,52 0,21
TiO, 0,77 0,25 0,60 0,15 0,46 0,09 0,21 0,13 0,98 0,22 0,00
MnO 0,07 0,03 0,14 0,06 0n 0,05 0,03 0,04 0,19 0,08 0,01
P,0s 0,20 0,28 0,17 0,07 0n 0,04 0,02 0,02 0,09 0,08 0,01
H,0+ 1,33 0,81 0,51 0,54 0,31 0,51 0,31 0,18 0,19 0,64 0,10
z 99,98 99,78 99,82 99,57 100,74 99,14

TMpumedarvie. 1) Mpobel 0TobpaHs! 3a npeaenamu (B HyneBow 30He) 1 B MoA30He C1aboro M3MeHeHus BHELLIHEN 30HbI OKOMOXMIIbHbIX
METacoMaTnyeckux opeosios. 2) HazaHus nopos (B ckobkax umcio npob): | = anbMaHanH-ABYCIOASHON rHevC (23); Il = anbMaHamH-
avoncua-AsynonesownatoBeiv rHeic (32); 1l = kansumeup (19); IV = rpaHut murmatutoBod Buinnasku (7); V = amgubonur (1), VI =
henb3UTOBbIN MUKPOrpaHUT-ropgup (5). 3) S* = cepa cynbouaHas. 4) x = cpenHee apugMeTnyeckoe CoREPXaHue, s = CTaHaapTHoe
OTKITOHEHME CofepxXaHni. 5) [0THbIe XUMMHECKME CUIVIKATHBIE aHAIN3bl FOPHBIX TOPOL BbINOHEHDI B LieHTpansHov nabopatopum 170
«3ancubreonorusy (r. HoBoky3HeLk) nog pykoBoacrsom W.A. [lybposcko.

nabJeHneM MHTEHCUBHOCTU TUIPOTEPMATbHBIX U3Me-
HEeHUII claHIeB. 31ech Ha OKpauHe Haubosee KPyImHo-
00beMHOI (MOIIHOCTBIO 0 MHOTMX COTEH METPOB)
BMEUIAIONIEe OCHOBHYIO Maccy 30J10TO-CYJIb(pUIHO-
KBapLEBbIX XUJIbHO-MPOXMUIKOBO-BKPAIUIEHHBIX DY/
YIJIEPOAMCTON 30HbI COXPaHEHbI JIOKATbHbIE OCTaHILIbI
MeTaMop(UUecKux ciaHieB ¢ am(puooI-0noTUTOBOM
accolualueii mpeAIeCTBYIOIET0 OKOJOPYIHOMY Me-
TaCOMATU3My perMoHaibHOro Metamopdusma. CBoii-
CTBEHHAsl OKOJIOXWJIbHBIM OpeojaM Oosiee ThLIOBas
XJIOPUTOBASI 30HA 3/IeCh pasfieJieHa Ha JIBe — yIJIepoin-
CTYIO XJIOPUTOBYIO (YTJIEPOIUCTYIO) C 6ECCTPYKTYPHBIM
KEpOreHOM OTYACTH SIUTEHETUYECKOTO MPOMCXOXKIIE-
HHUSI COCTaBa OT aHTpaluTa 10 Kokca [4], 1 coOCTBEH-
HO XJIOPUTOBYIO MOILHOCTBI0 10 10 M, B KOTOPOIi Kepo-
reH OKMCJIeH W/WiaM TepemelieH B mpoxuiku. Cra-
ralomye 3Ty 30Hy MOPOJbl OCBETIEeHbI. ThuloBas ab-
OMUTOBas M BHYTPEHHSISI 30HBI MOLIHOCTBIO COOTBET-
ctBeHHO 110 3,0 1 1,0 M He comepKaT KeporeHa, cioxe-
HBI CBETJIO-CEPhIMU METACOMATUTAMU COOTBETCTBEHHO
C aJIbOUTOM 1 0€3 HEr0, U MHOTOKPAaTHO YE€PEAYIOTCS B
paspese MeTacoMaTHYeckoro opeosa ¢ IpyTMMU MUHE-
paJIbHBIMU 30HAMHU.

DIUTeHeTHUeCKUEe MUHEpaNbHbIe acCOLMALNN,
00pa3oBaHHBIC HA 3Tarle METACOMATH3Ma, TIOBTOPSIIOT-
s BO BCEX BMEIIAIONIMX PYAbl TOPHBIX TOpoaax 00-
CYXKIaeMbIX MECTOPOXIEHHUI, a CMEHa MX B 00beMe
OpEOJIOB OMPE/IENsET MOPSIIOK MUHEPATbHON 30HAb-
HocTu. [TofHbIA HAOOP MUHEPATbHBIX BUIOB U Pa3HO-
BUJHOCTEH C HE3HAYUTEJIbHBIMM WX BapHalUsSIMU
CBOMCTBEH BHEUIHEH 30HE OPEOJIOB M BKIIIOYAET
KBapll, CEPULINUT, JCHKOKCEH, PyTWI, CYIbGUabl (M-
puT), Kanbuut, Mg-Fe-xnoputhl (punumoiuT, aeia-
doccut u ap.), srm3onnuecku Mg-Fe-xapOoHarsl, 110-
W3UT, aKTMHOJIUT-TPEMOJIUT, B UEPHBIX CJIaHIAX Ya-
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CTUYHO SIUICHETUYECKUIA KEPOTreH, B KEAPOBCKOM
TOJIIIE IPENCTaBACHHBIM rpadMTOM, B MUXAIOB-
CKOIi — aHTpaLUTOM-KOKcoM [2—7, 9]. B Gonee ThL10-
BOI XJIODUTOBOM, B TOM YUCJIE B YIJIEPOAUCTOMN XIOPU-
TOBO¥ 30HE MCYE3aET AKTUHOJIWUT U TPEMOJIUT, a TIpU
OTCYTCTBUM MX OMOTHUT, MUPOKCEH, aM(PuOOI MCXO-
HBIX 1TOpo. XJI0puToBas (MUAOT-XJIOPUTOBAs) 30HA
CMEHseTCs albOUTOBOM, B KOTOPOIl OTCYTCTBYIOT XJIO-
PUTHI ¥ 3NUIO0T. BHYTpeHHSIST 30HA HE COAEPKUT alb-
OWT 1 CITOXEHA JIEMUI0TPAaHOOIaCTOBBIM MEJTKO3EPHU -
CTBIM arperaToM KBaplia, CEpUIIUTA, MarHe3MalbHO-
JKeJIe3UCThIX KapOOHATOB (aHKepUTa T mojomMuTa *t
CUJIEPUTA) C PUMECHIO JIEHKOKCEHA, PYTUIIa, araTuTa,
cynbbunos. ComepxkaHusl KaXIoro M3 MEPBHIX TPex
MUHEpAJIOB BapbUPYIOT B Mpeaeitax HeCKONbKUX Jie-
cITKOB %. B amokapImupoBBIX METACOMATUTAX alTh-
OMUTOBOI 1 BHYTPEHHEI 30H MPUCYTCTBYET HOBOOOpa-
30BaHHBIl KEpPOreH — TOHKAas 3MYJbCUOHHAS ero
BKPAIUICHHOCTD B «CKEJIETHBIX» KPUCTAJIAX YACTUYHO
COXPaHMBIIIETOCS KaJlblUTa, 00pa30BaHHAs B PE3yJib-
TaTe AMCCOIMAIMU KapOoHaTa W BOCCTAHOBJICHUS
OKHUCJIEHHOTO YTJIepo/Ia 10 aTOMapHOTO COCTOSTHUS [6].
B pesynsrate anokanblu(UpOBbIi TUCTBEHUT B OTJIH-
Yiie OT Oepe3nTa MpruoOpPETAEeT YSPHBIN 1IBET.
VYMeHblIeHre Ynciia MUHEPATbHBIX BUIOB U Pa3HO-
BUJHOCTEN COMPOBOXIAECTCS HapacTaHWeM OOMIei
MacChl MUHEPAJIbHBIX HOBOOOPA30BaHUI B HaTpaBie-
HUM K BHYTPEHHEW TpaHHULE KaXI0i MUHEPaIbHOU
30HBI U OT OJHOM MUHEPaIbHOI 30HHI K Apyroil. Ox-
HOBPEMEHHO M3MEHSIOTCS MUHEpaJbl MePeMEHHOTO
coctaBa. B amuaoT-xJ10puUTOBOI 30HE, Hampumep,
MOKHO TIPOCJIEIUTh MOCTENEHHOE 3aMEIEHUE LIOU3K-
Ta AMUI0TOM, KOJTMYECTBO KOTOPOTO BOJM3M BHYTPEH-
Heii TpaHM1Ibl 30HbI TABUHOOOPa3HO HapacTaeT v 110M-
3UT 3/IECh TOJHOCTbIO 3aMellieH. KanblMT BHeUIHel



[eonornsa v nonesHble Nckonaemble

30HBI B ThUIOBBIX 30HAX CMEHSIETCS 10JOMUTOM, aHKe- IlepeuncieHHble 0COOEHHOCTH MeTacoMmaThye-
PUTOM, MHOT/IA C TPUMEChIO CUIEPUTa, OpeifHepuTa, a  CKHX IIOPOJ PHOOPETAIOTCS MMHU B YCIIOBHSX pealti3a-
o01mast Macca KapOOHATOB B THUTOBOM 30HE TOCTUTAET — IIMU KOHIIEHTPAIIMOHHO-IU()Y3MOHHOTO MeXaHU3Ma
60...70 % oT MacchI TIOPOTIHI. MaccomepeHoca TPH OKOJOTPEIIMHHOM THAPOTEP-

Ta6nnua 2. banaHc (BbIHOC, npuBHOC, B %) MeTPOreHHbIX 3/1eMeHTOB B 30HAa/IbHbIX OKOJIOPYAHbIX MeTacoMatn4ecknx opeosiax Me3-
oTepmalibHbIX 30/10TbIX ME‘CTODO)K,E{E‘HVM OXKHOM CM6MpM

MuHepanbHas 30- XuMunyeckme anemeHTbl A
Ha, NoA30Ha si | A K [ Na| s | G [ ca|[ Mg [Fe*[F | Ti [P | Mn
1. MecTopoxpaeHwe MpoknHaa
1.1. TpaHWT MMUrMaTTOBOW Bbinnasku, AR (3)
By(5) 0 0 =10 =10 + 20 20 0 0 10 10 50 ~-60 1.2
Bu(6) 0 0 =10 0 + 220 70 30 30 70 20 110 0 31
X(9) -10 10 -40 40 0 500 70 60 0 60 -10 210 -50 6,9
A(8) 0 0 =20 =10 + 870 10 60 20 50 70 250 10 4,5
BH(7) -10 10 20 -90 + 2400 | 200 | 220 100 230 | 250 | 650 30 18,8
1.2. ®enb3nTOBLIN MUKpOrpaHWUT-Nopdup, PZ; (2)

X(4) -10 10 10 0 ~-60 140 120 180 170 60 280 190 210 12,6
A(6) -30 10 70 -50 20 300 | 240 | 330 | 330 80 500 310 330 | 27,0
BH(6) -30 20 160 -90 | 1900 | 390 | 350 | 390 210 450 | 520 | 230 | 360 | 36,8

2. KeppoBckoe MecTopox/eHue

2.1. AflbMaHAVH-ABYCIIOASHON nnarvorHenc, PZ; (1)
By(1) -2 2,8 66 =55 | 49 | -48 -14 10 44 37 -12 143 =27 7.0
X(1) -4 8,4 14 =21 160 =27 36 -48 22 35 10 68 -35 6,0
BH(1) -48 | —46 | 27 | -96 | 2140 | 1330 | 716 | 439 | 65 61 98 | 653 | 42 | 450
2.2. KBapueBbIi AvopwT, rpaHoamoput, PZ; (6)
X(16) 0 0 0 0 1010 | 940 0 0 0 =10 0 0 10 4,0
A(6) -10 -10 20 -10 | 3170 | 2070 30 50 60 -30 90 50 40 12,0
BH(1) -50 | 20 40 —-80 | 4270 | 4700 | 220 | 240 170 320 170 160 240 | 41,0
YrneponuncTble NoneBoLNaT-KBapLEeBble CaHLbl KeApoOBCKOM CBUTHI, PR,

2.3. MetaanesponecyaHiik (1)
A1) =17 4,9 248 -34 + 1905 33 1053 | 282 | 340 82 300 | 374 | 18,0
BH(1) -39 8.8 445 -93 + 6913 | 880 | 1781 | 447 125 73 672 347 | 43,0

3. MectopoxaeHve YeptoBo KopbiTo
YrnepoamncTbie NoneBoLUNaT-kBapLEeBble ClaHLbl MUXaUIOBCKON CBUTHI, PR,
3.1. KpynHo3epHUCTbIN MeTaanesponit (5)
Y(2) 0 0 0 =10 =30 =10 50 20 0 30 10 0 0 2,9
X(8) -20 | -30 | 30 =70 120 | 1400 | 1180 | 100 70 10 540 | 840 | 560 | 29,7
BH(1) =40 | -30 =10 -90 0 2800 | 1920 | 170 30 -90 | 570 | 900 | 2110 | 43,4
3.2. MenKko3epHUCTbIN MeTanecyaHuk (5)
y(1) 0 0 -30 80 180 40 30 10 0 -20 30 -30 100 35
Y(3) 0 10 -20 10 130 100 80 120 30 70 20 0 150 6,5
X(6) -40 0 -20 =70 | 430 | 1910 | 1400 | 330 160 30 820 | 890 | 1750 | 34,9
BH(1) -30 -10 =10 -90 10 1980 | 1260 | 260 110 180 790 870 | 3620 | 32,5
3.3. Pa3HO3epHUCTBIN MeTanecyaHk (1)

y(1) 0 0 70 =70 | N30 10 -40 110 60 90 30 -50 0 7,94
X(4) -30 -10 0 -85 | 1640 | 1370 | 510 420 | 240 80 840 | 450 | 600 | 31,4
BH(1) =50 | -30 -10 -90 | 6570 | 3180 | 1300 | 690 | 250 | 490 | 490 | 640 | 4600 | 55,6

Mpumedarue. 1) MyHepasbHble 30Hbl 1 MOA30HbI OKOIOPYAHBIX METAaCOMATUHECKMX OPEOsoB: By, Bul = N0A30HbI YMEPEHHOO Y MHTEH-
CMBHOIO M3MeHeHWs BHELUHeV 30Hbl, ¥, X, A, BH = COOTBETCTBEHHO yrNiepoAMCTas, XiopHUTOBaS, abOUTOBAs, BHYTPEHHSIA 30Hb!. 2) S' =
cepa cynbpuaHas, C, = yrnepos OKMCIeHHbIN (KapboHaTHbIN), + =~ MPUBHOC S Mpu COAEPXaHMM ee B MCXO[HOM Mopoje Huxe npeaena
YyBCTBUTENLHOCTY aHamm3a. 3) B ckobkax = 41cio npob, y4acTBylOLMX B pacyeTe cpeaHux. 4) A = yaenbHas macca nepeMelLeHHoro
(MPYBHECEHHOTO W BbIHECEHHOrO) BELLECTBa B % K Macce BELIECTBA MCXOAHbIX MOPOA B CTaHAAPTHOM reOMETPUYECKoM obbeme
10000 A°. 5) [oniHbie XUMUYECKME CUMMKATHBIE aHamm3bl FOPHBIX MOPOL BbIMOMHEHb! B LleHTpabHOW 1abopaTopui Mpou3BOACTBEHHO-
[0 reosorn4eckoro obveauHeHIs «3ancubreonornsi» v 8 3ananHo- CUbmpckoM UCTbITaTeNbHOM LieHTpe (r. HOBOKY3HELK) nog pykoBoa-
crom U.A. [lybposckovi v . H. KOMuHOBOM.
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MaJbHOM METacoMaTU3Me, J0KAa3aTelbCcTBa KOTOPOTO
MIPUBEAEHHI B [9].

N3MeHeHus1 MUHEpaIbHOTO COCTaBa MOPOJ COOT-
HOCSTCS ¢ M3MEHCHUSAMM MX XHMHYECKOTO COCTaBa
(tTadm. 2).

KonnuecTBeHHBIN TOKa3aTedb WHTEHCHMBHOCTH
MeTacoMaTH4YecKuX Mpeodpa3oBaHuil mopon — yaesb-
Hasl Macca MepeMelIeHHOTo BelllecTBa HapacTaeT OT
NepBBIX % BO BHEITHEH 30HE 10 JECITKOB % BO BHY-
TpeHHel. O4eBMIHO, YTO BO BHEIIHEH 30HE OTHOCH-
TEJNbHO CTa0bIX M3MEHEHUII Ha eT0 BeJTUYMHY OKa3bl-
BAET CYIECTBEHHOE BIMSHUE CTETIEHb HEPABHOMEPHO-
CTU pacmpeleeHus] COlepXKaHUsl XMMUYECKUX dJ-
€MEHTOB: B allOTPAHUTHOM OpPEOJIe OHA 3HAUYUTENbHO
MEHBIIIe, YeM B arorHelicoBhIX. HampoTtuB, Bo BHY-
TpeHHel 30He XUMIYECKHIA COCTaB MCXOMHBIX TOPOJL B
pe3ysibTaTe MeTacoMaTh3Ma CyleCTBEHHO OOHOBIISIET-
Csl BCJIGACTBME BBIHOCA KPEMHHUS IO TOJOBUHBI €0
MAacchl ¥ TIOYTH TIOJTHOTO BBIHOCA HATPUSI, B HEKOTO-
PBIX OpeoJiax YaCTUYHOTO BBIHOCA aTIOMUHMS, U TO-
CTYIUICHHMSI B OPEOJTBI ¢ PACTBOPAMU BOCCTAaHOBIECHHOM
CepBI, YIIEKMCIOTHI, OTYACTH Kajus, puKcupyemas B
CepUIIMTe Macca KOTOPOTO 3aBUCUT OT COMEp:KaHWS
9JIEMEHTA B UCXOAHBIX MOPOJIAX: OHA TeM OOJIblIe, YeM
HuXe ero coxepxanue [9]. BoccraHoBneHHas cepa
obecrieunBaeT o0pa3oBaHue CyIb(hUIO0B.

[lpuBeneHBl THITOBBIE METPOXUMUYECKHE UEPTHI
METacOMaTHUYECKOro Ipoliecca 0epe3uToBOro mpodu-
a5, C yueToM MUHEpaJIbHOTO COCTaBa MeTacoMaTuye-
CKMX [IOPOJ OKOJIOPYJHBIE METACOMATUYECKUE OPEOJIBI
MpUHajJIexaT K 0epe3uToBoi (popMallii B ThLIOBBIX
30HaX B COYETAHMU C TIPOMUIMTOBOW (hopMmarueit B
nepudepruiHbIX.

OcTanbHBIe TIETPOTEHHBIE XUMUIECKHE 2JIEMEHTHI
(Ca, Mg, Fe, Ti, P, Mn) ycToituBO HaKaIlIMBAIOTCS
MPEUMYILECTBEHHO B ThIJIOBBIX 30HAX, MPUYEM X Mac-
ca BO3pacTaeT Mo Mepe YCUJIEeHUS] MeTacOMaTUYeCKUX
npeoOpazoBaHUii — OT albOMTOBOM K ThIIOBOI Oepe-
3utoBoii 3oHam. Ca, Mg, Fe, Mn dukcupyioTcs B Kap-
OoHaTax, KOTOpPBIE B CYLIECTBEHHO KBAPLIEBLIX YIIEPO-
JIMCTBIX TEPPUTEHHBIX CAHIIAX KEAPOBCKOM U MUXaii-
JIOBCKOM cBUT, Hampumep, Ha 60...70 % 3aMeHSIOT
kBapll. JononHuteabHble Macchl Mg, Fe yuactBytor B
coctaBe xnoputoB, Fe — B anmpore, Ti — B eiikokce-
He u pyruwie, P — B amature. Ciyyau cyIiecTBEHHOTO
CHIXEHUS cofiepsKaHUii HEKOTOPBIX TETPOTEHHBIX 3J1-
€MEHTOB B TIPOMEXYTOYHOM XJIOPUTOBOM, YIJIEPOaU-
CTOI 30HAX OPEOJIOB SMU30AMYHBI U BCIEACTBUE MX
PEIKOCTH HE XapaKTePHBI.

4. 06cyxaeHe pe3ynbTaToB U BbIBOADI

CoracHo MoJIyYeHHBIM pesyiabrataM [9], murpa-
s TIOCTYMUBIIAX C METAJNIOHOCHBIMU PacTBOPAMHU
COCIMHEHMIA TIPOMCXOIUT W3 TPEITMHHBIX PACTBOPOB B
MOPOBBIE C TIOCIEN0BATEIbHBIM CHIKEHUEM MX KOH-
LEeHTpaluid B (HOpMUPYIOIIMXCS METaCOMATUTaX II0
Mepe yaaleHus OT pa3noMoB-TpelirH. CyliecTBeHHOE
oboraieHne BHYTPEHHNX 30H OKOJOPYIHBIX METacO-
MaTHIeCKUX OpeojioB (peMOPUILHBIMU 3JIEMEHTaMM, B
TOM 4YHCJIe TATAHOM U (hocHOpPOM, COIIACYETCS C ITUM
BBIBOJIOM M TIPU OTCYTCTBUM B OKOJIOPYIHOM IIPO-
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CTPAHCTBE YCTOMUYMBBIX 00JAcTeil MX BhIHOCA CBUIE-
TEJBCTBYET O MOCTYIUICHUM 3HAYMTENbHBIX Macc 3J-
€MEHTOB M3BHE U O BBICOKOI MX MUTPALIMOHHOM CIIO-
COOHOCTH, MOJAEPKUBAEMOI MIEJTOUHBIM PEXKUMOM
METaJUIOHOCHBIX pacTBopoB. IllenouHoii pexum paH-
HUX PacTBOPOB JOKA3bIBAETCSI MACCOBBIM PACTBOPEHMU -
€M B TTOpojiaX KBapllia ¥ MOArOTOBKOM MPOCTPAHCTBA B
CYLIECTBEHHO KBAPLIEBBIX TEPPUTEHHBIX CIaHIAX IS
omtoxeHns KapboHaToB. I[lociemylomiee oTioxXeHMe
M3BJIEYEHHOTO 13 TIOPOJ KpeMHe3eMa B Xuiax B ¢op-
Me KBapla BO3MOXHO B CJIy4ae MHBEPCUHU IIEIOUYHOIO
pexkrMa pacTBOPOB B KMCJIOTHBIM, KOTOpasi, CliefoBa-
TeJIbHO, B COTJIACUU C MPUBEAECHHBIM (haKTOM MPOMC-
XOJIMJIA YK€ B X0Ie TMAPOTEpMabHOTO pyn1o00pasyto-
1IETo Tpolecca, HO He Beeraa. B apyrux ciyyasx cox-
PAHHOCTb B Oepe3uTax XapaKTepUCTUYECKUX IO KpPY-
ITHBIM pa3MepaM, (opMe, paclpeieNeHuI0 U APYTuM
MpU3HaKaM 3epeH KBapla MCXOIHBIX MOPOI Cpeau
MEJIKO3EPHUCTBIX arperaToB 3MUIeHeTUYECKUX MUHE-
pajioB 3Tama MeTacomMaTH3Ma CIYXUT yKa3aHUeM Ha
KMCJIOTHBIM PeXUM pacTBOPOB C Hayaja TMAPOTEp-
MaJIbHOTO Pya000pa3yIoliero mpoiecca.

Bmecte ¢ TeM, gakThl BOCCTAHOBJIEHMSI OKUCICH-
HOTO YIJepoaa TUCCOLMUPOBABLIMX KapOOHATOB HC-
XOJHBIX MOPOJ 10 aTOMApHOTO COCTOSIHUS (Tpacdhuta),
HO OKHCJIEHMS TIOCTYIABILETO ¥ OTIOKEHHOTO B MeTa-
COMaTUTax TUTaHa B hopMe pyTIJa U JIEHKOKCeHa Xa-
PaKTEePU3YIOT CMEHY OKUCIUTEIbHO-BOCCTAHOBUTEb-
HBIX PeXKMMOB PacTBOPOB B 00beMe, BO3ZMOXHO, OTHOMI
UX TOPLMHU, MYJIbCALIMOHHBIA PEXUM TOCTYIICHUS
KOTOPBIX B OJIOKM pyro00pa3oBaHMS MOKa3bIBAaeTCH
(baxTamu, MpUBEICHHBIMU B [6].

Oco0blii MHTEpeC B acCoLMALMU 00CYXIaeMbIX 1
€MEHTOB TpeICTaBIsgeT Mapa TuTaH-pocdop, B reoxXu-
MUYECKOM U METAJIOTCHMYECKOM acIleKTax 2JeMEH-
TBI-CITYTHUKKM B SHIOTEHHBIX IIpolieccax, HO He 00-
Hapy:XMBaloII1e XMMMYECKOr0 CPOJACTBA U He obpa-
3yIOIINE COBMECTHBIX aHOMAJIbHBIX KOHIIEHTpAlWii B
9K30r€HHBIX YCIOBMSX. M3BECTHO, UTO OHM XapakKTe-
PU3YIOT TIETPOXUMUYECKOE CBOEOOpa31e TONbKO YJIbT-
PAOCHOBHBIX, OCHOBHBIX M MPOM3BOJHBIX U3 HUX IIIe-
JIOUHBIX pacruiaBoB, o0pasys npu ux auddepeHim-
Al WIX B TEHETHMYECKOM CBS3M C HUMM IIPOMEI-
IIJICHHBIE MECTOPOXICHMS amaTUT-TUTaHOMAarHeTH-
ToBbIX (BosnkoBckoe, KoBnopckoe) u HedenmH-anaTu-
TOBBIX C CYLIECTBEHHOM MpuMechio cdeHa (XuOMH-
ckoe) pya. IIpeacTaBiasitoTcs MO3TOMY MaOBEPOSITHEI-
MU UCTOUHMKAMM 3TON Hepa3TyyHOU B 30JJ0TOHOCHBIX
Oepe3uTax mapel U APYrUX 3JEMEHTOB (eMOoPUIbHOI
crienuaau3aluy MOPOAbl 0CaZOYHOM 000J0YKM M
yJlbTpaMeTaMop(uUyecKoro (CMaaM4ecKoro) cyocrpara
3€MHOI1 KOpBI, PaBHO KaK ¥ KOPOBbIE pacrulaBbl Cpef-
HEro ¥ KUCJIOro COCTaBOB.

B pexoHcTpyKIIMu Teonorndeckoii 00ycaoBIeHHO-
CTU SIBJIEHUSI 00OTalleHUs KOMILIEKCOM (peMOo(uIb-
HBIX 2JIEMEHTOB OKOJIOPYIHBIX 30JI0TOHOCHBIX Oepe3u-
TOB ¥ PY/I ¥ B OLIEHKE BEPOSITHBIX X UCTOUHUKOB YUU-
THIBAIOTCSI HAOIIOIaeMble B ME30TEPMAaJIbHBIX 30JI0ThIX
MECTOPOXKIEHUIX C 00JIbIIEI MIM MEHBIIIEH MOJTHOTOM
MIPOCTPAaHCTBEHHO-BPEMEHHBIE CTPYKTYPHBIE COOTHO-
HIEHUS PyI M MarMaTMyecKux Mopol ¢ MpU3HAKaMu
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TEPMUYECKOTO BO3ACHCTBUS MO3MHUX TPOM3BOIHBIX
Ha paHHue [6].

B apeanax oOpasoBaHusi HamboJjiee MOJHO MPO-
SIBJIEHHBIX KOMIIJIEKCOB PaHHME TPAHUTOMIbI C OTBE-
YAIOIIUMK MAHTUIHBIM MeTKaM *’St/*Sr-oTHOILIeHUSs -
MM CMEHSIOTCS HaliKaMu TMOPUTOB, a MOCIEAHUE —
JlafikaMy YMEPEHHO ILETOYHbIX 6a3aIbTOUI0B (10Je-
pUTOB) MHOTMX reHepauuii. Cpean MOCAEAHUX aMar-
HOCTMPOBaHbI I0PYJHbIE, BHYTPUPYAHBIE, TO3AHEPYI-
Hble (mocnepynHbie). Oco0yio IEHHOCTh I PeKOH-
CTPYKIIMU TIPEACTABJISAIOT TIEPBBIE IBE COBOKYITHOCTH
TIOJIEPUTOB.

[TocnerpaHuTHBIE TOPYAHbBIE JaliKKM YacTO COIMpO-
BOXIAIOTCSI 30JI0TOPYAHBIMU XUlaMU, 6epe3uTU3NpO-
BaHbl, IPOMUIUTU3UPOBAHDI, HO B «OCTAHIIAX» CBEXKMX
WK ¢1a00 M3MEHEHHBIX TTOPOJI TTOCNIeTHUM CBOMCTBEH
CTaOMJIbHBIN OTBEYAIOLIMI 0a3uTaM MUHEPaIoro-xu-
MMYECKMI COCTaB, B TOM YMCIIe B TeX CAyyasx, Korma
JIaliKK U pYAbI 3aJI€TaloT B TeJlaX pAHHUX TPAaHUTOUIOB.
DT0 03HAYyaeT, YTO K MOMEHTY BHEIPEHMs pPaHHMX
MOpLUMiA 0a3aJbTOBBIX PACIIABOB, HO 0 BHEIPEHUS
PaHHMX MOPIIMIA METATIOHOCHBIX PACTBOPOB TPAHUTO-
MIHBIX PACIUIABOB YX€ HE CYLIECTBOBAIO, B IPOTUB-
HOM cJTyyae Hen30eKHOe CMEIlIeHUe TeX U IPYTHX pac-
T1aBOB o0ecreunio Obl 00pa3oBaHUE AacK TMECTPOro
COCTaBa, Yero He HaOJII0aeTCsl.

BHyTpupymHble MacCHBHBIE OafiKU MOJNEPUTOB
MMEIOT CTIasTHHBIE KOHTAKTHI ¢ BMEIIAIOIIMMU TTOPO/Ia-
MU U 00BIYHO MTPeoOpa30BaHbl B METACOMATUTHI, CJIO-
xeHHble Ha 70...90 % HOBOOOpa30BaHHBIMU MUHEPA-
JIAMU TIPU TOM, YTO JaXke B BK30KOHTAKTaX MX BMe-
IIAIOLIKE MOPOIbl OCTAIOTCS CBEXUMU WM €1a00 U3-
MeHeHbl. MHOTHe Taiiki MEeTacOMaTUTOB 00OTAIIEHEI
(beMoDUIBHBIMU 2JIEMEHTAMM M MeTajulaMM, B TOM
YucyIe 30J0TOM — 10 IecSITKOB Mr/T. OTciona Cleyer,
YTO BO BpeMsl pylA0o00pa3oBaHUsl NallKy J0JEPUTOB B
COOTBETCTBUU C M3BECTHBIM (DU3UUECKUM 3PHEeKTOM
[10] cayxunu TermnoBbIMU (PIHOMAOTTPOBOIHUKAMU, B
TOpSTIEM COCTOSTHUM, B OTJIMYME OT XOJOTHBIX Jaek,
aKKyMYJIMPOBABIIMMHU TIOTOKM (CTpYH) MOXHWUMAB-
HIMXCSI METaTIOHOCHBIX pacTBopoB. IIpuobpeTast no-
MOJIHUTENIbHOE TETLIO ellie TOPSUMX JaeK, MeTalJIOHOC-
Hbl€ PACTBOPBI CO3aBAJIM B AaliKaX OTHOCUTEIbHO BbI-
COKOTEeMIIepaTypHble MUHEPaIbl — POTOBYIO OOMaHKY
1 OMOTHT, HE BCTpEeYaloNecs B cpeaHe-HU3KOTeMIIe-
paTypHBIX OKOJIOPYAHBIX Oepe3uTax W IMPOTNMIMTAX.
ConepkaHue STUX MUHEPAIOB, OCOOEHHO OMOTHTA,
JOCTHTAeT HECKONBKHX IECATKOB %.

W3 nmpuBeaeHHBIX (PAKTOB BBIBOASATCS TPU Clief-
CTBUA. Bo-nepewix, TUIPOTEPMATbHEIE PYTO00Pa3yio-
IMe TPOIecchl (YHKIMOHUPYIOT OTHOBPEMEHHO ¢
(byHKIIMOHMpPOBaHKEM 0a3aJbTOBBIX MarMaTUYeCKUX
0YaroB; pacrjiaBbl XU pacTBOPbI U3 OYAroB TeHEpalun
MOCTYMAOT B BEPXHUE TOPU3OHTHI 3eMHOI KOPHI U B
OJIHU U Te K€ JIOKaJbHbIE €€ 00BEMbI, B KOTOPBIX MTPO-
CTPAHCTBEHHO COBMEIIEHBI AAKU U PY/Ibl, IO OMHUM
1 T€M Xe KaHajJaM — [JIyOMHHBIM pa3noMaM. Bo-emo-
PbiX, UHBEKIMU 0a3aJIbTOBBIX PACIIABOB M METAJIO-
HOCHBIX PAaCTBOPOB UepeayroTcs Bo BpeMeHu. Benen 3a
OYepeqHON MOopLMel pacriaBoB TMOCTYMaeT MOpLuUs
PacTBOPOB Uepe3 TPOMEKYTOK BPEMEHU, B TeUCHME

KOTOPOTO 3aCTBIBILIME PACILIABbI HE YCIIEBAIOT MOJHO-
CTBIO OCTHITb M CBEXEoOpa30BaHHBIE €llle TopsIYMe
Jaiku  CcrMoCcCOOHBI  OBITh  (hIIOUAONPOBOAHUKAMMU.
B-mpemvux, porosasgs obMaHKa M OWUOTHUT, MPUCYT-
CTBYIOLIME B alIOJaKOBBIX METACOMATUTAX COBMECTHO
WM TIOPO3Hb, CIIYXaT TUITOMOP(MHBIMU MpPU3HAKAMU
BHYTPUPYIHOTO BO3pacTa M0JePUTOBBIX JaeK.

Bce cocraBinsitonye rpaHUT-1M0PUT-10JEPUTOBOTO
MarMaTU4ecKOro KOMIDIEKCa ¢ MMPOCTPAaHCTBEHHO COB-
MEILICHHBIMHU U COTPSKEHHBIMU BO BPEMEHU C HUM DY-
JaMu BbIsIBIIEHBI B KenpoBckoM MecTopoxneHuu. Ipa-
HUTOUJIBI 3I€Ch, KAK OTMEYAJIOCh, CJIATaloT SAPO oYaro-
BO-KYIOJIbHOI MOCTPOIKY B 00paMIeHUN MUTMATUTOB
W THEICOB, a cpemy MO3MHUX JIOJepUTOB Haubosee
MHOTOUUCIEHHBI OMOTUTU3MPOBAHHBIE BHYTPUPYIHbIC
renepauun |3, 6]. B mecropoxaennn Yeproso KopeiTo
CpelM YIIEePOAMCTHIX CJIAaHIEB 3aJIeraloT BHYTPUPYI-
Hble JaliKu OMOTUTM3MPOBAHHBIX U aMdUOOIU3UPO-
BaHHBIX J10J1epUTOB, B UPOKMHAMHCKOM MECTOpOX/ie-
HUM paHHUE COCTABJSIONIME KOMILUIeKca MpeacTaBe-
Hbl MOIIHBIMU JOPYAHBIMU JaiiKaMu (DelTb3UTOBHIX
MUKPOTPaHUT-TIOPMOUPOB, CMEHSIEMBIMUA JOPYIHBIMU
JaiiKaMy JMOPUTOBBIX Map(UPUTOB, a Cpeau JOJIePU-
TOB IMOKa 0OHAPYKEHbI MTO3IHEPYAHbIEC TaHKHU.

OrnicaHHblIe SIBJACHUS B TIOJTHOM Mepe MPUCYLIU YHU-
KaJIbHOMY 30J10TOpyTHOMY MecToposkaeHuto Cyxoii Jlor,
arlouepHOCIaHIEBbIE OKOJOPYIHbIE T€OXMMUUECKIE
OpeoJbl KOTOPOTO COIEPXAT B TTOBBIILIEHHBIX KOHIEH-
TpaLKUsSIX TIOMUMO IPOYMX MarHWid, TUTaH, a ToIyool 1
PO30BBIi aMaTUT yYacTBYeT JAaXe B COCTaBE 30J0TOHOC-
HBIX KBapueBbIx un [11]. MectopoxaeHue 3a1eraet B
PETMOHATIEHOM IT0SICE PAHHMX JaeK KMCJIOTO COCTaBa ar-
JIAH-SIHCKOTO ¥ TIO3IHMX OA3MTOBBIX JacK Kajaau-0y-
TYMHCKOTO KOMILIEKCOB. Jl0epUTOBbIE JAKK TIOCIe-
HETo HaChIILAIT PYAOKOHTposupytolmii Kagaiu-Cyxo-
JIOKCKUiA pa3fioM, B 00paMJIeHU KOTOPOTo 00pa3oBaHa
IJIaBHasl pyJHasl 3a/iexb MecTopoxiaeHus. PaHee 3nech
BBIJIEJIEHBI JAMKY JOJIEPUTOB TOKUIBHBIE U TTOCTEKMIb-
Hele [12]. Te u mpyrue mpeBpallieHbl B METaCOMATHUThI
nporunToBoro npodund. IMocnexuapHble Jaliku co-
Jiepskar snureHeTnyeckue ouotut (1o 40 00. %), poro-
BYIO 0OMaHKY, anaTuT, JISWKOKCEH, PYTUJI U APYTHE MU-
HepaJibl. AT0/101€pUTOBbIE BHYTPUIANKOBbBIE METaCOMA-
TUTBI oboramieHsl (ocdopom (1o 0,74 mac. % P,0;),
MarHueM (1o 16,65 mac. % MgO), 3omotom (1o 11 mMr/T).
Sm-Nd panuonornyeckuii Bo3pacT Aaek COCTaBISIET
312459 man 1 [13] 1 61m30K K Rb-Sr paguonoruyecko-
My Bospacty pya — 315 i 1 [14].

OOoraiieHue py1oBMeLIAIOIIMX allouYepHOCIaHIIe-
BBIX METACOMATUTOB TUTAHOM OTMeUeHO B COBETCKOM
mectopoxaeHun (Exuceiickuit xpsk) [15]. M3Bect-
HBIE 37eCh 0A3UTOBBIE JaliK1 MpeoOpa3oBaHbl B MeTa-
COMATHTHI, COAepXallhe SMUTCHeTUYECKHe MUHE-
pajibHBIE acCcOLMALIMU TUAPOTEPMATIBHOTO 3Tara B CO-
CTaBe XJIOPUTOB, MUI0TA, TaJbKa, aHTUTOPUTA, aKTH-
HOJIUT-TPEMOIIUTA, KApOOHATOB, CYIbMUIOB, OUOTUTA
1, KaK ¥ OKOJIOPYIHbIE METACOMATUTHI — TIPOIIUTHI
1 6epe3uThl (0e3 01oTUTa), 0OOrallleHbl TUTAHOM, Mar-
HueM, GpocdopoM, 30m0toM [16].

OO0oralleHbl TATAHOM OKOJIOPYJHbIE METacCOMAaTH-
ThI ¥ pYJIbl, 00pa30BaHHbIE B PA3HOOOPA3HBIX TOPOJIAX,
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B 30J10TbIX MecTopoxaeHusix Konap [17], Manranypy
[18] B Mumun, Konnemappa n Koataun B 3anmagHoi
Agctpanuu [19], O6yacu B Tane [20], BaHanuiiconep-
XaiM MyckoBuToM — Kanrypnu B 3amagHoit AB-
cTpaauu [21], B accolmManuy ¢ pyTWIOM — Xemslo B
Kanane [22], pockoanutom — Dabaopano B Kanudop-
Huu [23], pockoaauroM 1 pytuinoM — Kpuminp Kpuk B
Konopano [24]. Dt (parmeHTapHbIe CBEAEHUS, pa-
CKpBIBAIOIIME HAKOTIIEHHE TIPY PYI000pa30BaHUM Ofl-
HOTo-JIBYX (heMO(MIbHBIX 2JIEMEHTOB U3 OoJee mpej-
CTaBUTEJbHON MX COBOKYIHOCTHU, TEM He MeHee o -
YepKMBAIOT PaCIpOCTpaHEHUE SIBICHMUSI.

B nomonHeHWe K TpWBEICHHBIM BBIIIE JAHHBIM
MOMYEePKHEM, YTO U3YyIeHME Te0IOTUUECKON NCTOPUM
METAJUIOB B Pa3IMYHBIX TOPOAAX, B TOM YHUCIE B TOM-
11aX YIJIEPOAUCTBIX TEPPUTEHHBIX CIAaHLEB, TI0KA3al0
OTCYTCTBHUE 00J1aCTeii BHIHOCA UX B OKOJIOPYAHOM IPO-
CTpaHCTBEe U B OOpaMIICHUU MECTOPOXAEHWI, B TOM
qHUCIIe KPYITHBIX, HAIPOTHB — 00OTalIeHIe MeTa/TaMK
OKOJIOPYIHBIX METACOMATUUYECKUX OPEOJIOB Ha dTanax
pynoobpazoBaHusi |3, 7].

B cBoto ovepeab, HaKOMIEHHbBIE B 30I0THIX MECTO-
POXIEHMSIX (PaKThl B3AUMHO TOTOJHSIOT APYT Apyra u
o0ecreunBaloT, Kak MpeacTaBiseTcs, Oe3aibTepHa-
TUBHYIO PEKOHCTPYKIIMIO T€O0JOTO-TEeHETUIECKOM
CYLIHOCTH Py1000pa3ylolix NpoLeccoB B KpUCTAILIHU-
YecKoM cyOcTpate M B TOJIIAX YIIEPOAUCTBIX TePPU-
TeHHBIX C/IaHIIEB B paMKaxX M Ha OCHOBE 0a3ajibToreH-
Ho¥t KoHuUenuuu. Hu B 0HY U3 Tpex OCTalbHbIX U3-
BECTHBIX KOHIICTIIINH TIPUBEICHHbIE (DaKThI HE BITCHI-
BAIOTCSI, @ IOTOMY ISl UX 000CHOBAaHUS He TIPUBIIeKa-
10TCsl U He oOcyxnatorcs. IpaHuToreHHas, MeTaMop-
(boreHHast, mosMreHHasi KOHIEMUUHU Oojiee AeKIapu-
PYIOTCSI, YeM J0Ka3bIBAIOTCSI.

CoracHO peKOHCTPYKILIMK, 00CyXIaeMble MEeCTO-
POXIEHWS TIPUHAIUIEKAT K COBOKYITHOCTH ME30Tep-
MaJIbHBIX M TIPEICTABIIIOT COCTaBHBIE YaCTH 30J10TO-
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MPOAYLUPYIOLINX IPaHUT-AUOPUT-I0JIEPUTOBBIX
(mrornHO-MarMaTYeCKMX KoMIUieKcoB. Ha mosnHem
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YHCNIE ME30TePMalIbHBIX MECTOPOXICHMIA 30J10Ta U, B
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KOCMOCTPYKTYPHbIE MOZEN 30/T0TOPYAHbIX OFbEKTOB 3ANAHOW KAJIBbI
t0.C. AHaHbes, A.A. lMouenyes, B.I. XuTkos

TOMCKUIA NOANTEXHAYECKUA YHUBEPCHTET
E-mail: AnanyevYS@ignd.tpu.ru

V3y4eHbl KOCMOCTPYKTY bl 3anasnHo-KanbuHCKo MeTasnioreH4eckor 30Hb! 1o Matepuanam PasHoMacLUTabHbIX MylbTUCTIEKTPANbHBIX
Kocmumdeckux cuctem Modis, Landsat u paguosnokaumorHow cbemki SRTM. [Toka3aHa CBSi3b M3BECTHBIX 3010TOPYAHBIX MOV C 04aro-
BbIMU CTPYKTYPamu. YCTaHOBNEHO, YTO B npenenax PyaHbIX rMosev, MeCTOPOXAEHWUS 1 PyAonposBIeHNs 3aKOHOMEPHO Pa3MeLLaloTcs
OTHOCUTENbHO JIMHEVHBIX U KOJbLEBLIX CTPYKTYP, YTO M03BOJAET PaccMaTpuBaTb MX B Ka4eCTBe MPOrHO3HO-MOMCKOBbIX KpUTepUes

y4acCTKOB NepcriekTMBHbIX Ha BbIAB/IEHNE 30J/10TOI0 OPYLAEHEHWA PaHra PyaHOE roJjie — MeCTOPOXAEHME.

Knro4eBble cnoBa:

3anagHas Kanba, 3010Topy/Hble 00beKTbl, KOCMOMATEPAbI, IHEVHbIE CTPYKTYPbI, KObLIEBbIE CTPYKTYPbI, O4aroBble CTPYKTYPbI.

Key words:

Western Kalba, gold ore objects, cosmic materials, linear structures, ring structures, focal structures.

BBepeHue

B mocnenHee BpeMsi B MpakTHUKE T€0JI0T0-ChEMOY-
HBIX U TTOMCKOBBIX Pa0OT BCE IUPE CTaTM MPUMEHSITh-
csl MaTepuasibl MYJBTUCTIEKTPaJIbHBIX KOCMUUYECKHX
cheMOK. beccrmopHo, 4To0 OHM 00JTaNa0T PSAIOM TIPEH-
MYILECTB, TaKUX KaK 0030pPHOCTb, OOBEKTUBHOCTD 1
METPUYHOCTh, €CTECTBEHHAs! TeHEepaIu3alus, MOBbI-
IIEHHas1 TTyOMHHOCTb, BbICOKAss MH(OPMATUBHOCTD,
3KCMPECCHOCTh M HU3Kasi CTOMMOCTD pador [1, 2]. Ux
MPUMEHEeHKE BeChMa aKTyaJlbHO KaK Ha HOBbIX MaJlou-
3Y4EHHBIX TUIOIIAMSAX, TAK M B M3BECTHBIX TOPHOPYII-
HBIX paifoHax, AeTaTbHO M3YYEHHBIX HA3eMHBIMU Me-
TOLAMM.

3amagHo-KanOuHckas MeTamioreHuueckas 30Ha
3aiicaHCKOI CKJIamyaToil cucTeMbl BMelaeT 18 3oi0-
TopyAHbIX mojeir (Muanunckoe, Koctobe-DcnuH-
ckoe, Ku3butoBckoe, Amaiireipckoe, AKXKalbCKoe,
Kapa-Yoxo, boko-Bacunbesckoe, bamamxkanbckoe,
Ixymbunckoe, Jlainunackoe, Kymymkynckoe, Cy3-
JIaJIbCKOE U JIP.), PACIIOJIOXEHHBIX B MOMEPEYHO-I1A-
TOHAJIbHBIX CTPYKTypax Il mopsiika OIHOMMEHHOTO
ckiamuaro-pudroreHHoro nosica (puc. 1). MU3BecTHbIe
PYIHbIE TIOJIS 00BEAUHSIOTCS B TPU CTPYKTYPHO-MOP-
(omornyeckue rpymmsl; 1) pymHble MOJS C XKUJIBHO-
KBapLEBBIM U IITOKBEPKOBLIMU TUTIAMU Y[ B TeppU-
T€HHBIX, BYJKAHOTEHHBIX M KapOOHATHHIX TOJIIAX
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