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ObCyXnaloTCs NPUYMHBI COXPAHSIOLLMXCA B TeYeHMe AECATUNETUN anbTePHATUBHbIX MPEACTaBAeHM O MeTanoOHOCHOCTY CllaHLEBbIX
TONLY, PaCCMaTPMBAEMbIX B Ka4eCTBE BO3MOXHbIX MCTOYHMKOB PyAHOIO BelyecTsa. [lpeanaraloTc MEeToAnYeckme npuembl yHUGUKaLmm
NPYKNAAHBIX TEOXUMUWYECKIX NCCIEL0BaHMM, MPY3BAHHbIE PEKOHCTPYMPOBATL EOXUMUYECKYIO MCTOPUIO PYAOreHHbIX 3/1eMEHTOB 1 Ha
3TOM OCHOBE ONPEAEsATy BEPOATHLIV BKIaL PACCESHHBIX B OKPYXAIOLLMX 1 BMELLaIOLLMX 30/10TOPYAHbIE M0/1S TOPOAax MeTanos B (hop-
MUVPOBaHue pyaHbIX Tes. [IpyrBeneHsl pe3ybTaTbl U3yHeHNS METACOMAaTUHECKMX 1 FEOXUMUYECKMX OPEOSIOB B KasbLmMrpax MpokuH-
ZAMHCKoro pyaHoro nosis CeBepHoro 3abavikanbs. [10ka3aHbl B3aMMOCBS3M Tex 1 APYIvX OPEOSIOB, COOTHOLLEHUS MX C pyAamu. [10 coBO-
KYIMHOCTV MPU3HAKOB CAENAH BbIBOS O (POPMUPOBaHMM aHOManmui Au, Ag v IDYrvx METasioB B rpoLiecce MeTacomatnama v pypoobpa-
30BaHus MOCPECTBOM repemeLLieHus NX OT PacTBOPOMNOABOAALLMX Pa3/IOMOB. [10My4eHHble MaTepuabl BOMONHAIOT COBOKYNHOCTb (hak-
TOB, MOATBEPXAAIOLMX [EHETUHECKYIO OAHOPOAHOCTb MECTOPOXAEHMY, 0OPa30BaHHbIX B HECTIAHLIEBOM 1 YepHOCIaHLieBOM cybcTpare.

BBepeHue

[Tponomkaromasicsi B Te4eHWE MHOTMX IECSTHIIE-
TAA OUCKYCCUSA HA TEMY O BO3MOXHOW JOHOPCKOM
(byHKIMM B ITpolieccax pynoodpa3oBaHKs BMeLIaIole-
IO 30JI0TOPYAHBIE TI0JIs1 CYOCTpaTa, NPexXIe BCEro Yep-
HOCJIAHIIEBBIX 1 3€JIEHOCTAHIICBBIX TOII, MOAMUATHIBA-
€TCST IPOTUBOPEYMBBIMU TIPENCTABICHUSIMUA O TTPUPO-
JIc METAJUIOHOCHOCTH, B TOM YHCJIE 30JIOTOHOCHOCTH,
cJIaralolux 3TOT CyOCTpaT FOPHBIX MOPOJ HE TOJIBKO B
Pa3HBIX pailOHAX, HO U B PaMKax OIHOTO pa3pesa.

DTN TPOTUBOPEYNsT MOXHO BHIETh Ha TIpUMeEpe
M3y4aBIIEroCcs MHOTMMH CTieIaacTaMu JIeHCKoro 30-
JIOTOHOCHOTO paifoHa C er0 YHUKAJIbHBIM MECTOPOXKIIE-
HueMm Cyxoit Jlor. PanHue, miectuaecsThix-ceMumecs-
THIX TOJOB MPOIIIOTO CTOJIETUSI, JaHHbIE O TIOBBIIIEH-
HBIX (10 IE€CATKOB MT/T) U BHICOKMX (110 TIEpPBHIX I/T) CO-
Jep>XKaHMSIX 30J10Ta B YIJIEPOAMCTBIX CIIAHIIAX MPOTEPO-
30MCKOM PYJIOBMEILAIOIIECH XOMOJXUHCKON CBUTHI
[1-3] cMeHunKMCch B BOCBMUIECSATHIX TOflax YTBEepKe-
HUSIME O TOM, YTO COepKaHMsI MeTajlIa B CJIaHIIaX 30-
JIOTOHOCHBIX 1 HE30JIOTOHOCHBIX PaifOHOB, B TOM UHCIIE
Jlenckoro, oguHakoBo HM3KM (1...5 mr/1) [4, 5], uTo,
€CTECTBEHHO, 03HAYaJI0 MPU3HaHKE TOTO, YTO paHee 3a-
(buKcHpoBaHHas! TIOBBILIIEHHAs! M BHICOKAsl 30JI0TOHOC-
HOCTh BMEIIAIOIINX TIOPOM MPHOOPETeHA UMH B XOMIE U
BCJICACTBUE PYI000pa30BaHMs, CIeI0BaTeNbHO, HE MO-
XeT OBITh €ro 00s13aTeIbHOI TPEATIOCHLIKOM. DTOT BbI-
BOZI c(hOpMYJIMPOBAJT OMH U3 aBTOPOB TPENCTABICHUS
0 CJTaHIIax Kak JoHopax B.A. Bypsxk [6], monarasimii B
TO BpeMs, UTO KOJMMIECTBA 30J10Ta B CIIAHIIAX HEJOCTA-
TOYHO JIJ151 00pa30BaHuUs Py U TpeOyeTCst IOMONTHUTEb-
HBIW €r0 UCTOYHUK, U3 KOTOPOTO PYJOTEHHbIE 3JIEMEH-
Thl IOCTAaBJSUTUCH TTYOMHHBIMUA CKBO3bMarMaTuyecku-
My (onnamMu. B TocnemHue rombl IpeacTaBiIeHUe o
BHEITHUX TTyOMHHBIX HCTOYHMKAX 30J10Ta U IPYTUX Me-
TaJUIOB, cOCpenoToueHHbIX B pyaax Cyxoro Jlora, pas-
BUBAeETCs oM uccienonareseit [7—10], Ho oqHOBpe-
MEHHO TIPMBOIITCS TPOTHBOIOJIOXHBEIE MHEHHS
[11-17], cormacHO KOTOpHIM PYIOBMELIAIOIINE TOJILII
9TOrO paiioHa 00J1aJal0T MOBBIIEHHBIMU JOPYAHBIMU
cofepXaHMsIMU MeTasa BIioTh a0 0,5...1,5 v/ [14] n
00ecreyrBaloT HEOOXOUMbIE TIOCTABKY B PY/IbI.

B EHuceiickoM 30JJ0TOHOCHOM paiioHe CIaHIIEBO-
IO THUIA CoMepKaHMsI 30J10Ta B CJIaHILIaX PYAOBMeEIIA0-
IIMX CBUT CYXOMUTCKO# cepru B paboTax pa3HbIX aBTO-
pos coctagstor ot 200...300 Mr/T 10 nepBbIx T/T [18],
6,0...7,0 mr/T [19], 0,7...2,1 mr/T [20], 4,3...5,4 MT/T
(KoHTHHEHTaJIbHBIE (hatmu), 1,9...2,1 mMr/T (mpudpex-
Ho-Mopckue dauun), 1,2...1,6 Mr/T (MopcKue darmm)
[5], 1,7...3,5 MT/T BHe pymHBIX T0JIel u 16,5 Mr/T B 3a-
HSITBIX PyAHBIMU MosiMU O10Kax [21] u T.o. O6pa3oBa-
Hre COBETCKOrO MECTOPOXKICHMS 3a CYET TIOPOTHBIX
pecypcoB 30J10Ta AeKaapupyercs B [22].

W3BeCTHO CpPaBHUTEIBEHO Malio paboT, B KOTOPBIX
Ha JOOPOTHOI J0Ka3aTeIbHOM 0a3e 00OCHOBAHBI BbI-
BOIBI O IJTYOMHHBIX MCTOYHMKAX YIJepona, 30J10Ta U
COTPOBOX/IAIONIMX €TI0 PYIOTEHHBIX JIEMEHTOB [23—25
u 1p.]. HanpoTus, HenpouHbii GyHIaMeHT METaMOp-
(hOTeHHO-THAPOTEPMATBHON KOHIIETIIINM B Pa3HBIX ¢
BApUAHTaX, TPEIIToJIaraloniell MOpOIHbIe NCTOUHUKU
30J10Ta ¥ IPYTMX METALIOB, TPUMEHUTEIBHO K Pa3HBIM
paiioHaM MPOJOJDKAIOT YKPEILISITh MHOTUE CIIELMaIN-
CThl [26—38 u ap.], He Bcerma yTpyxnas cebsl 1oKasa-
TETLCTBAMM, BEPOSITHO, MCXOMS M3 TOTO, YTO MOOWIIH-
3alus TIpU Pya000pa30BaHMK METAIUIOB U3 PYTOBME-
IIAIOIIMX TOMI — 3TO He TpeOYIOUIMi 10Ka3aTeNbCTB
(bakt. MMeeTcss MHOTO CBHETENIBCTB TOTO, YTO CUUTATh
TaK TpeXIeBpeMEeHHO, — MpUpoaa 6oee MHOrooopas-
Ha [9 u ap.]. BolaBuraioTcs MpeanoioXeHus o CTyMeH-
YaTOM HaKOILUIEHUH 30J10Ta B pyAax ¢ KBaqupuKauuei
MECTOPOXICHU KaK TMOJUTEHHBIX W TOJMXPOHHBIX
[28, 29, 38 u 1p.], 1 Jaxe 0 JOCTATOUHOCTU KJIAPKOBBIX
coIepXaHWif MeTaJla B OKPYKAIOIINX ITOPOIAX ISt 00-
Pa3oBaHMs IPOMBILIEHHBIX cKoruteHuit pyx [38]. Ilo-
cJietHee BOCTIPUHUMAETCs KaK MPU3HAHUE TPU3PaYHO-
CTH ITPEICTaBJICHUH O MOBBIIIEHHOM NCXOMHOM (TOpY/I-
HOM) METaJUIOHOCHOCTH (30JI0TOHOCHOCTHU) pPYIOBMe-
HIAIOIIUX ¥ OKPYXAIoMIMX Mmopon. B OoJbIMHCTBE Ta-
KOro poja paboT He TPUBOIUTCA HEOOXOIUMBIX 1 00s1-
3aTeTbHBIX 000CHOBAaHMM, BCICACTBHE YEro ITO3MINU
aBTOPOB MPEACTaB/SIIOT co00i He 0ojiee YeM Bepcuu,
KOTOPBIM KaXIIBIi BOJIEH BEPUTh WK HE BEPUTb.

Taxum o0pa3om, U3 BceX (PakTopoB pyaooOpa3oBa-
HUS ITpeie/IbHO KOHKPETHBIN, CIOCOOHBII 00eCTIeYUTh
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MOCPECTBOM MEphI U Ylcjia MUHUMYM Pa3HOUTEHUI
WM UCKJTIOUMTDb UX TEOXUMUYECKUI (PakTop oKazaucs
HE MEeHee YA3BUMbIM, YeM npyrue. KitoueBoil Bonpoc
0 TOM, TIOBBIILIEHHBIE COAEPXKAHKS METAIOB B OKOJIO-
PYAHOM TIPOCTPAHCTBE PYIHBIX TOJIeH — 3TO MPH MPO-
YKX PaBHBIX YCIOBUSIX MPEANOChUIKA (MPUYMHA) WU
CIIeJICTBUE PYA00Opa30BaHUs, MUCKIIIOYass HEKOTOPbIE
YacTHbIE CITy4au KOPPEKTHBIX PELIEHUI, OcTaeTcs OT-
KpPHITBIM. JlUCKyccHs MO TeHEeTMYeCKOH mpobieme,
BaXXHOCTb PELIEHUS] KOTOPOI B TEOPETUUECKOM U TIPH-
KJIaJIHOM TUIaHe TPYAHO MePEOLIEHUTh, TIepeliia B Xpo-
HMYECKYIO CTaAMI0O U 00elaeT ObITh 0eCKOHEYHOM.
YToObl 3TOr0 He MPOM3OILIO, HEOOXOAMMO MCKATh
MIPUYMHBI TOTO, TIOUEMY OTHU U Te 3Ke TIOPOJIbI B TpyAax
Pa3HbIX MCCeaoBaTeNel MoMyyaloT pa3Hoe FeOXUMU-
YecKOe Coliep>KaHue, OCKOIbKY MMEHHO Clofia YXOAST
CBOMMH KOPHSIMU CYLIECTBYIOIIME TUIOTE3bI PYI000-
Pa30BaHUs B TEOXUMMYECKUX UX aCTIeKTaXx.

AHanm3 BEpOSTHBIX MPWIMH BHITIOMHSIETCS, HAYM-
Hasl ¢ BOCbMUJIECSTBIX TOJI0B MPOLLIOro Beka [39—45], a
CJIEYIOLINE U3 HETO MPETOXKEHUSI, UX LIeJM U OXK1Iae-
MbI€ Pe3yJbTaThl peainu3aliy B Haubonee MOJHOM BUIE
ccopmynupoBaHsl B [44, 45]. B unciie raBHbIX TPUYMH
OTIPEMENISIOTCS [IBE; ABTOHOMM3AIMS TeOXMMHYECKUX
UCCIENOBaHUM 1, KaK CIEACTBUE, OTPHIB KOMMYECTBEH-
HBIX OLIEHOK COofiepKaHUi METaIOB, B TOM YHCJIE 30J10-
Ta, OT TU(GepeHIMPOBAHHBIX MUHEPATbHO-TIOPOTHbIX
ACCOIIMAIINIA, TTPEACTABIIONINX TIPOLIECCHI TIPeobpaso-
BaHUIA MOPOJ HA JOPYAHBIX U PYTHOM dTamax.

[TpobGiema 3aKimo9aeTcsl B TOM, 4TO paslejieHue BO
BMEIIAIOIINX PyAbl M OKPYXAIOMIMX ITOPOIax 30J10Ta,
cepeOpa U APYruX 3J1E€MEHTOB MO TPMHAJIEKHOCTH K
PYAHOMY M IOPYIHBIM 3TalaM B CWIYy YpPE3BbIYAHO
HU3KUX UX COePKaHMIi 1 MHOT00Opa3ust hopM HaXoX-
JeHus 0e3 yueTa CHHXPOHHBIX MUHEPaIbHO-TIOPOTHBIM
accoLManysIM MMITYJIbCOB MX HAKOIUIEHUS WM pacce-
MBaHMS Ha JOCTUIHYTOM METOAWYECKOM U armaparyp-
HOM YPOBHE MCCJIEIOBAHMS BEILECTBA 3aTPYIHUTEILHO
WM HeBO3MOXHO. Hampotus, muddepeHmaims reo-
XAMIYECKMX BHIOOPOK Ha OCHOBE MUHEPATbHO-ITOPO/I-
HBIX aCCOLMALIMI KaXI0ro 3Tara 1 0COOEHHO BbIYJIEHE-
HUE TaKOBBIX, 00pPa30BaHHBIX Ha PYIHOM 3Tame, Mpu
YCJIOBUY BBIMOJTHEHUS IETAIbHOTO MUHEPAIOr0-MeTPO-
JIOTMYECKOTO KapTUPOBaHMsI PYJHBIX MOJIei U ux o0pa-
MJICHMS ¥ HajjIexallei KBaan(prKauuy UCTIOTHUTEIEH
TMPEICTABJISIET pelaeMylo 3a1auy, B TOM YKCIIE B YIJIEpO-
JMCTBIX TEPPUTEHHBIX CIAHLEBBIX ToMIax. B mocnen-
HUX OKOJIOPYJHbIE METACOMATUYECKHUE OPeOJIbl Ha (hoHe
apeajioB MPEeAIIECTBYIOMIETO PETHOHATBHOIO 30HAIBHO-
ro MeTaMopu3Ma, BOIIPEKU pacIpoCTpaHEHHOMY MHE-
HUIO [46 U 1p.], BeIpaXeHBI CTOJIb XK€ KOHTPACTHO, KaK
U B KpUCTAJUTMUECKMX moponax [39, 43, 44 u np.]. Yto-
OBI yOEUThCS B 3TOM, HAfIO B KAXKIOM KOHKPETHOM CJIy-
Yae yBUIETh OTYETIIMBO BBIPAXKEHHYIO IIPUHAILIEKHOCTD
MUHEPaJIbHBIX aCCOLUALIUI XIOPUT-OMOTUTOBOM, XJIO-
PUT-CEPUIIMTOBOM M JPYIMX TaK Ha3bIBaeMBIX CyOda-
LIMii pETMOHATBHOTO MeTaMOp(hU3Ma 3eJIeHOCTaHLIeBOI
(pariy, 0OBIMHO COIPOBOXKAAIONINX PYABI, K OKOJIOPYA-
HBIM METacOMaTMYECKUM opeojiaM Oepe3uToBoit ¢hop-
MalK BO BHELIHEH U IMPOMEXYTOYHONM MUHEPAIBHBIX
30HaX MPOMUIUTONOA0OHBIX U3MEHEHUIA.
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[TocpencTBoM aBTOHOMHBIX T€OXMMHYECKUX MHC-
CJIEOBAHUM PELIAIOTCS 3a0a4M [TOMCKOBOM TEOXUMMUM.
B pamxax Bo3MOXHOCTe METOINUECKUX IIPUEMOB T10-
ClefHel TeHeTHdecKass MHTeprpeTaluus reoxXuMude-
CKUX JAaHHBIX, TPEACTABJSIONIMX BaJOBBIE COJEpXKa-
HUS PYOOTe€HHBIX 3JIEMEHTOB B Ioponax, muddepeH-
LIMPOBAHHBIX 110 BUIAM M pa3HOBUIHOCTIM, HO 0e3 Je-
TaJIbHBIX MMHEPAJIOTO-TIETPOXUMHUYECKMX HUCCIIEI0BA-
HMIi cyOcTpaTta Kaxaoi mpoObl ¥ ONpeaeaeHus Ipu-
HaJUIEXKHOCTU TeX WM MHBIX, B TOM YKCJIe aHOMalb-
HBIX, 3HAYEHUI K KOHKDPETHBIM TMOA3TAIIHBIM MMHE-
paTbHBIM acCOLIMALIMAM B BEILECTBE KaXIOil IpOOHI,
Kak 3TO CleIyeT U3 IpPUBEIEHHBIX COOOpaKEHWIA,
BCTPEYAET IMPENSATCTBUS, KOTOPbIE TPYAHO WK HEBO3-
MOKHO IpeomoneThb. IloaToMmy, BRIBOIBI 0, CKaxkeM, 10-
PYIHBIX WM CUHPYIHBIX KOHLEHTPALMIX METALJIOB B
1opojax, NpUBOIMMbIE B MHOTOYMCIICHHBIX MTyOJIMKa-
usx [36, 47—51 u np.], He comepxaLiux HEOOXOIUMO-
IO MUHEPATIOrO-METPOXUMUIECKOTO M METPOJIOrhde-
CKOTO COIPOBOXIEHUS TE€OXMMHUYECKMX AAHHBIX, HO
MPETEHAYIOLUIMX HAa TEHETUYECKYI0 MHTEPIPETALIUIO
TeOXMMUYECKUX MOJICH U aHOMaJIiA, BOCIPUHUMAIOT-
cs1 KaK 0oJtee XemaeMble aBTOpaMu, YeM JIOCTOBEPHBIE.

Panee [39, 43—45] npuBeneHs! 1 06CyXaaTUCh Ma-
Tepuajbl, PaCKpPbIBAIOIINE BO3MOXHOCTU IpaKTHye-
CKOM peanu3alliyd TpeAJoXEHHBIX METOAMYECKUX
YCTaHOBOK B IIPOTEPO30IMCKUX YePHOCIAHIIEBHIX U OT-
YaCTU apXelCKUX YABTpaMeTaMop(pUUeCKIX pyIOBMe-
matorux tonmax CeBepHoro 3abaiikanbs. B HacTos-
1Iel CTaTbe — OUepeHOl B HAMEUEHHOM LIUKJIE, ITPo-
JIoJXaeTCs MyOIMKalvs HOBBIX TAaHHBIX, B IEPCIIEKTH-
B€ UMEIOIIas CBOEH 1IEJIbI0 PACCMOTPETh YCIOBUS (POp-
MUPOBaHUS TeOXMMHUYECKUX TOJIel M aHOManuil O/a-
TOPOIHBIX U IPYTMX METAJUIOB B OKOJIOPYOIHOM IIpO-
CTPaHCTBE, CIOXKEHHOM Pa3HBIM 110 COCTABY U MPOUC-
XOXIEHUIO CyOCTpaToOM, B TOM YMCJIe KpUCTaJUINYe-
CKMM M CJIAHIIEBBIM, B CPABHUTEIbHOM acrekre. Oxiu-
JlaeMble pPe3yJIbTaThl 3TOM padOTHI MPU3BAHBI 00eCIIe-
YUTh pellieHNe psaa 3a1ay MPUKIATHOM reoxumun [44]
W YTOUHEHUE TIONIOXKEHUI TeOpUH TUIPOTEPMATbHOTO
Pyao00pa30BaHUs B YaCTU AMATHOCTUKU MCTOYHUKOB
PYIHOTO BEILIECTBA.

HeoOxomuMble METOAMYECKME BBHIKJIAAKM JTaHbl B
[43—45]. Otmerum, uTO comepxkaHus OJaropoaHbIX Me-
TAJUIOB OMpEeNsUINCh METOIOM aTOMHOM aObCOpOLU C
yyBcTBUTEIBHOCTBIO 1-107* % B TaGopatopuu snepHO-hu-
3nyeckux MetonoB aHamza OMI'TuM CO PAH (r Ho-
BocuOupcK, aHamTuK B.IL Lumbamict), prymn — 1eM ke
MeTOoIOM ¢ uyBcTBUTENBHOCTHIO 1-1077 % B LIJT TITTO «be-
pe3osreonorust» (. HoBocuOMpck) mom pykoBOICTBOM
H.A. Yapuxosa, Ipyrux MeTaUIOB — IPUOIZKEHHO-KO-
JIMYECTBEHHBIM CIIEKTPATbHBIM METOIOM TaM Xe.

1. MuHepanoro-neTpoxmMmyeckas 30HanbHOCTb
anokanbLM(UPOBbIX OKONOXUIbHbIX
MeTacoMaT4ecKmMx opeosos

AHanmM3upyeTcs cyocTpaT 3eMHOI KOpBI, CIOXEH-
HBIA MaYKaMy KaJbLU(PUPOB MOITHOCTHIO 10 HECKOJb-
KHX JIECATKOB METPOB KaXkzas B COCTaBe apXelCKOro
yasTpaMeTaMopduueckoro (yHmamenra Myiickoro
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Tabnuya 1. Xummyeckue coctaBbl KanbLmypa MpoKMHAMHCKOro pyaHOro noss (MexopeosbHoe NpoCcTPaHCTBO M 10A30Ha claboro
V3MEHEHWS BHELLIHEV 30HbI OKOTOXMUITbHbIX METaCOMaTUYECKMX 0PeosoB)

CopepxaHue, Mac. %
PaccTosiHWe oT 3010T0- _ S cymo- _ 5
PYLHBIX XM, M Si0; | ALO; | KO | Na,0 dun, CO; | Ca0 | MgO | FeO | Fe0s | TiO; | MnO | PyOs | H,OF
98,1 3256| 7,71 | 0,39 | 0,84 | 0,00 171 | 339|104 | 264|098 | 0,45|0,05| 01 | 0,53 (98,30
97,8 2393|699 080|084 000 |243 363 132|224 166|038]|0,03]|0,10 |0,26 |99,15
23,8 29,571 8,64 1100 | 084 | 01 17,4 | 34,8 152|249 | 186 | 050|006 | 01 |0,33(99,23
12,8 39,44110,04 | 1,50 | 2,48 | 0,01 12,9 | 24,6 | 2,00 | 3,89 | 1,91 | 0,63 | 0,14 | 0,15 | 0,06 | 99,75
4,0 39,66 (10,04 | 2,10 | 1,00 | 0,01 1n1127,91)22 | 262|189 | 0,421 0,07 | 0,07 | 0,28 |99,36
0,5 32,771 9,68 | 150 | 218 | 0,02 | 15,6 | 30,2 | 2,01 | 2,48 | 1,74 | 0,38 | 0,09 | 0,08 | 0,58 | 99,31

MMpumedarme. NoHbIe XUMUYECKNE CUIIMKATHBIE aHANN3bI KaNbLIUUPOB 1 aroKasbUMGUPOBbIX METacoMaT1TOB (Tabil. 2) BbIMONHEHb
B LYJT IO «3ancubreonorus», r. HoBoky3sHeuk, nog pykosoacrsom W.A. [lybpoBckoi.

BBLICTYIIAa B 00beMe Me30TepMaibHoro MpoKMHIMHCKO-
r0 KBapleBO-KMJIBHOTO TMOJS, PAcMoJOXEHHOrO Ha
10XHOM TIpMBOOpa3neIbHOM cKioHe FOxHo-Myiicko-
ro xpe6ta B uHTepBaie BricoT 950...2300 M [52].

Kanpimdupam cBOMCTBEH MECTPHIil 1IBET, TOHKAs 1
rpybast moJI0cyaToCTh B MUKPOCKIaT4aThix (hopmax, 0o-
VCIIOBIIEHHAS YepellOBAHMEM II0JIOCOK MOIIHOCTBIO JIO
4...5 cM, CIIOXEHHBIX IpeodIafaolie rpaHaToOM, MAPOK-
CEHOM WM KBaplI-MOJIeBOILTAT-KaIbILUTOBBIM arpera-
ToM. CTpyKTypa Mopojbl rpaHo0/1acToBast, MEJIKO-KpYII-
HO-KpucTaueckas (o 1 MM). B MuHepanbHbIX arpe-
rarax npeo0nanaeT Kaibuut (10 60 %) ¢ ygactreM B Tie-
PEMEHHBIX KomuecTBax aHae3nHa (Ne 35—43), Mukpo-
KimHa (. cr. 1 021, —2V=84°, onT. 3HaK —), 3amellao-
11ero marnokias, auoncuna (+2V=58°, C:Ng=35...40°,
ont. 3HaK +, Ng=1,696...1,702, Np=1,664...1,670), anb-
ManguHa (1,827<N<1,834) u c mpumechlo KBaplia,
OOBIKHOBEHHOM poroBoii obmaHku (—2V=76...84°,
C:Ng=14...30°, ont. 3Hak —, Ng=1,678...1,690,
Np=1,658...1,674), chena. AMpubdon mpucyTcTByeT B
Pa3001IeHHBIX C AUOTICHIOM IOJIOCKAX. XMMUYECKHE CO-
CTaBBI ITOPOJ, MTPUBEAEHBI B Ta0I. 1.

30J10TOpyIHbIE KBAapLEBbIE XKUJIbl COMPOBOXAAIOT-
Cs1 KPYITHOOOBEMHBIMY 30HABHBIMM METAaCOMATITIE-
CKMMM OPE0JIAMU MOLITHOCTBIO O COTEH METPOB, KOTO-
pble B MEXIYXUJIBLHOM TPOCTPAHCTBE CBOMMMU BHEILI-
HMMH 30HaMM HEPEAKO CIMBAIOTCS APYT C IPYroM, 00-
pa3ysl eAMHBIA 0peosl pyaHOTo oy, BHyTpeHHsIs rpa-
HHIIa BHELTHEN 30HbI (QUKCHUPYETCs Ha PACCTOSIHMSIX 0
MHOTUX JECATKOB METPOB OT XXWJI, XJIODUTOBOM, — IIO
METPOB, aJIbLOUTOBOM, — JI0 TIEPBHIX JECITKOB CM. Bme-
CTE C TeM, OCTAHIIBI CJ1a00 M3MEHEHHBIX WJIM HE U3Me-
HEHHBIX KaJTbLI(DHUPOB MOKHO BCTPETUTD B HETIOCPE-
CTBEHHOH OJIM30CTU OT PYIOBMEIIAIOIINX CTPYKTYD.

CxeMa MUHEpaJbHON 30HAJILHOCTY METacoMaTH-
YeCKMX OpEOJIOB BKJIIOYAET MATh MUHEPAJIbHBIX 30H
(TTomYepKHYTH MUHEPANBl, HCYe3aolne B Ooyee Th-
JIOBBIX 30HAX).

BHemusas: cepuuut + KBapl + JIEHKOKCEH +
pyTUa + MarHeTuT t MUpUT + ajib-
OWT + LOM3UT — MUAOT T XIOPUT T
TPEMOJIMT; UCXO/1. JUOTICHUL;

CEpPUIINT + KBapIl T KaIbIWT + Jei-
KOKCEH + pyTWJI + MarHeTuT + Iu-
pUT + anbOUT + LIOM3UT — SNUIOT

XJIOPUT;

XJIOpUTOBASL:

ANLOUTOBAS: CEepULIUT + KBapl, * KaJblUT * J0-
JIOMUAT — AHKEPUT + JIEWKOKCEH +
pPYTWJI + MarHeTUT + MUPUT * ama-

TUT + rpacut + aaouT;

KBapll t KaJblMT + JOJTOMUT — aH-
KepuT t cumeput + JEeWKOKceH +
pyTWI + MarHeTuT + mupur + amna-
TUT + rpacduT + cCEpULINUT;
30JI0TOpYIHAs KBaplieBas Xuia —
KBapll + KapOoHaThl + cyibhuIb +
30J10TO.

B o0beMe Kaxkaoil MUHEpaIbHOM 30HBI KOMTUYECTBO
HOBOOOpPa30BaHHBIX MUHEPAJIOB BO3pacTaeT B Hampa-
BJICHUU K €€ BHyTpeHHeii rpaHuiie. I1o atomy mpusHa-
Ky Hambonee KpymHOOObEMHAsI BHELIHSS 30Ha Au-
(bepeH1IMpOBaHa Ha TMOA30HBI CIA00OT0, YMEPEHHOTO,
MHTeHcHBHOro m3MeHenus (mo 10, 10...20, 20...30 %
HOBOOOPa30BaHHBIX MUHEPAJIOB COOTBETCTBEHHO).

TunomopdHbIit MUHEpa BHELITHEH 30HbI TPEMOJIUT
3aMeliaeT JUONCcUa U aMbuooI, qaBas CHOIOBUIHbIE
CKOIUIEHHMSI UTOJIbYAThIX U YUIMHEHHBIX MpU3MaTHye-
CKUX OECLIBETHBIX KPHCTAJIOB, 3aMEIaeMBIX, B CBOIO
oyYepenh, arperaTaMy CepuIuTa 1 KBapua. [1narmokias
COIEPXUT BKPAIUIEHHOCTb CEPUIINTA, KATbIUTA U 110U~
3UTa B BUIE «OCIIEHHBIX» BBIIENCHUIT; MHOTIA €TO KPH-
CTaJlJIbl 00pacTaloT KaeMKaMu cBexero aiboura. «Oc-
TICHHBIE» BBIIENEHNS KBaplia M IIOM3UTa OTMEYEHHI B
MEIMTU3MPOBAHHOM MMKPOKJIMHE. XJIOPUT Kak Ipo-
JYKT 3aMelieHus1 ampuoona, pexe AMOICUIA, colep-
>KMT HOBOOOPa30BaHHBIE PYTUII, IEIKOKCEH, MATHETUT,
COXpaHSIONIECS M B 3aMEMIAIOIIEM XTOPUT CEPUIINTE.
DIUIOT 3aMelaeT LOM3UT, Pa3BUBASICH 10 Mepubepun
KPUCTLIOB MOCJIEAHETO W BA0JIb MUKPOTPELIVH B HUX.
B HanpaBjieHMH K THIJIOBBIM 30HAM BO3pacTacT HOMEH-
KJIaTypa U Macca HOBOOOPa30BAHHBIX KapOOHATOB U
yBeIMUMBalOTCS (10 1...2 MM) pa3Mepbl METaKpUCTa-
JIOB-poMO03IpoB. XapakTepHas 0COOCHHOCTb MMHE-
PaJIbHOTO COCTaBa amoKalblMGbUPOBLIX METacOMaTH-
TOB — He3HaUUTeNbHOE (0 5 %) comepkaHue KBapla 1
TIPUCYTCTBUE CKOTUIEHWI TOHKOM «ChIITU» TpaduTonaa,
coxpaHsommx (GopMy ObLIBIX 3epeH KaabuuTa. 13 uc-
XOMHBIX MUHEPAJIOB B THLIOBOW 30HE COXPAHSIOTCS
TOJIBKO KBapll, alaTUT U YACTUYHO KaJbIIUT.

[peobpa3oBaHust XMMUYECKOTO COCTABA KaJIbLIM-
(MPOB XapaKTepHU3YIOTCs BO3pPACTaHMEM B HaIpaBJie-
HUU ThUIOBOM 30HBI YIeIbHOM Macchl EPEMEIIEHHOTO

TeutoBas:

OceBas:
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Tabnuua 2. KoagpuLmeHTsl pacnpeneneHus (npusHoca > 1, BbiHoCa < 1) NeTPOreHHbIX 371eMEHTOB B MUHEPASTbHbIX 30HAX OKOIOX Wb -
HbIX METACOMAaTMYECKUX OPEOIIOB, 06PA30BaHHbIX B KaslbLiNGUpax VIPOKUHAMHCKOIO PyAHOO MOfA.

XUMUYECKe SN1eMeHTbI
MwHeparbHble 30Hbl, NOA30HbI, 3 - m A
B CkobKax 41co npob Si | Al | K | Na d;):;b Cs | Ca | Mg |Fe|Fe| Ti [Mn]| P (0" 0
% YMepeHHOro n3mMeHeHus (13) 1,01101]09] 12 1,5 ,0110(110(12(0,7]101]18]| 11 0,9 1,0 | 2,9
3
% VIHTeHCVBHOrO 13MeHeHusa (7) 1,0110]131(10 5.5 101091100906 11 (13112 3,0 1,0 14,8
Xnoputosast (6) 0710810106 3,5 14110(109(09(0,7|1101]0,8] 11 1,6 1,0 19,5
Anbburtosas (8) 10111118112 4,4 11107113 (113]105]13 (14113 2.3 1,0 | 13,7
Toinosas (18) ,01131301]03 22 1010518 (18051818119 41 1,0 119,8

Mpumeyarwe. 1) Ko uimeHTbl pacnpeaeneHuns S1eMEHTOB B METaCOMaTUTax OTHOCUTESTbHO HEM3MEHEHHBIX 1 C1ab0 M3MEHEHHBIX
KanbLUMMPOB BHE 1 Ha arbHEV Neprepepum OKONOXUIbHbIX METACOMATUYECKMX 0peosioB (6 Mpob) NostyyYeHbl C UCOob30BaHUEM pe-
3Y/IbTATOB NETPOXUMUYECKMX MEPECHETOB MO 0OBLEMHO-aTOMHOMY METOAY MOMHbIX XUMUHECKUX CUAMKATHbIX aHanm3oB npob.
2) A - ynenbHas Macca nepemetteHHoro (MPUBHECEHHOTO 1 BLIHECEHHOIO) BELECTBA B MPOLIEHTaX K MACCe BELLeCTBA MCXORHOM Mopo-
Abl B CTaHAaPTHOM reomeTpu4eckom obveme 10000 Al

2. Teoxmmmyeckue yepTbl KanbLmpupos
1 anoKanbLMdUPOBbIX METacoMaTUTOB

BemecTBa (Tadm. 2). Hambomnee cylmecTBEHHO ITOCTY-
IUIeHWE B OPeOJIbl KajiMsl, BOCCTAHOBJIEHHOMN Cephl,
MarHus, TMTaHa, (ocgopa, MapraHia, BoJIbl U yaae-
HUE HATPUSI ¥ KANIbLIMSI TP HE3HAYMTEIbHOM U3MEHe-
HUY KOHIIEHTpAIUi KpeMHWUsI, aTIOMAHMS, YIIIepoa B
OKHCJIEHHOH (hopMme.

JlaHHBIE O COMEPX)AHMIX METAIIOB B OKOJIOPYIHOM
MIPOCTPAHCTBE PYAHOTO TIOJIS, CIOKEHHOM KabIdu-
pamu, puBeeHb! B Ta01. 3. B mopsiike KoMMeHTapus
OTMETUM Cliedylollee.

Ta6m4ua 3. Ouenka napameTpoB pacripefesieHns pPyLaoreHHbIX 3/1eMeHTOB 1 KOPPEIALMNOHHbIX CBA3EM 30/10Ta C PyLOreHHbIMN 3/1eMeH-
Tamu B MUHEPAJIbHbIX 30HaxX OKOJIOXW/IbHbIX MeTacoMatn4ecknx opeosios, O6paBOBaHHbIX B KaJ'IbL{MQbleaX MpOKVIHﬂMH-
CKOro pyfHoro nons

5 | Mapameros MuHepanbHble MOA30HbI 1 30HbI, B CKOBKax 41cs1o Npob
eMeH- pacﬁpeneﬁe— BrewHAs
o s Cnaboro n3meHe- | YmepeHHoro 13- |HTeHcueHoro us-| Xnoputosas (7) | Anbbutosas (18) |  Teinosast (53)
Hua (25) MeHeHwus (23) MeHeHus (6)
Au x8(x) 0,9(1,2) 0,9(1,4) 0,9(1,0) 1,0(1,2) 1,7(5,7) 7,2(188,0)
1(s) 2,101,7) 2,3(1,9) 1,8(0,6) 1,7(0,6) 4,0012,1) 8,4(982,7)
X8(x) 42,5(53,4) 30,9(36,1) 44,4(47,6) 52,0(70,8) 175,6(399,7) 112,0(242,0)
Ag 1(s) 2,2(32,1) 1,9(20,2) 1,5(20,8) 2,8(46,8) 3,7(603,3) 3,5(408,0)
s 0,75(0,17) 0,09(0,37) 0,80(0,16) 0,03(0,50) 0,91(0,05) 0,47(0,16)
Au/Ag 0,02(0,02) 0,03(0,04) 0,02(0,02) 0,02(0,02) 0,01(0,01) 0,06(0,78)
X8(x) 23,8(29,6) 21,6(32,4) 32,5(39,6) 23,4(30,3) 27,0(48,8) 41,7(64,7)
Hg 1(s) 2,0(19,9) 2,3(35,3) 2,1(25,5) 2,2(24,2) 3,1(56,4) 2,7(63,6)
rsr) -0,36(0,33) -0,54(0,27) -0,06(0,45) 0,47(0,39) 0,0002(0,29) 0,24(0,19)
X8(x) 40(40) 40(40) 30(40) 40(40) 40(40) 50(50)
V 1(s) 1,7(30) 1,5(20) 1,8(20) 1,3(10) 1,5(20) 1,6(30)
r(sr) 0,20(0,36) -0,41(0,26) 0,60(0,29) 0,14(0,49) 0,31(0,26) -0,05(0,20)
xg(x) 20(20) 20(20) 30(30) 20(20) 20(20) 30(30)
Ni 1(s) 1,8(10) 1,7(10) 1,6(10) 1,7(10) 1,6(10) 2,0(40)
r(sr) 0,12(0,37) -0,14(0,31) 0,24(0,42) 0,71(0,25) 0,25(0,27) -0,22(0,19)
X&(X) 7(10) 6(8) 6(6) 5(7) 4(5) 6(8)
Co 1(s) 3,1(20) 2,4(6) 1,6(3) 2,5(5) 1,9(3) 2,5(7)
rsr) -0,26(0,35) -0,35(0,28) 0,62(0,28) -0,19(0,48) 0,50(0,22) 0,06(0,20)
x8(x) 30(30) 30(30) 30(30) 30(30) 30(30) 30(40)
Cu 1(s) 1,5(10) 1,6(10) 1,3(8) 1,3(7) 1,4(10) 1,7(20)
r(sr) -0,05(0,38) -0,02(0,32) 0,50(0,34) 0,37(0,43) 0,41(0,24) -0,02(0,20)
x&(X) 20(20) 20(20) 30(30) 20(20) 20(30) 20(40)
Pb 1(s) 2,2(10) 1,7(10) 2,1(20) 1,4(5) 1,9(20) 2,1(70)
r(sr) 0,49(0,29) -0,24(0,30) 0,49(0,34) 0,77(0,21) -0,13(0,28) 0,33(0,18)
X&(%) 40(60) 40(60) 40(40) 40(40) 40(40) 50(70)
n 1(s) 2,1(80) 1,9(80) 1,4(20) 1,3(10) 1,4(20) 2,1(100)
rsr) -0,06(0,38) 0,01(0,32) 0,57(0,30) 0,77(0,21) -0,39(0,25) 0,15(0,20)
x&(x) 20(20) 20(20) 20(20) 30(30) 20(20) 40(70)
As 1(s) 1,2(6) 1,3(8) H.O. 1,6(20) 1,5(20) 2,6(100)
sr) -0,40(0,32) HA. HA. 0,81(0,17) 0,58(0,19) 0,25(0,19)

Mpumeyarwe. 1) X&(X) = cpenHee COOTBETCTBEHHO reOMETPUYECKOE 1 apudMeTnYeckoe cogepxanme, mMr/T (Au, Ag, Hg), r/T (octanb-
Hble 21EMEHTbI), t = CTaHAAPTHbIF MHOXUTENb, S — CTaHAapPTHOe OTKIIOHeHe coaepxanni, Mr/T (Au, Ag, Hg), r/T (octanbHele snemeH-
Tbl); I' = KO3GPULMEHT MapHOM TIMHEHON KOPPEALIMM EMEHTOB C 30/10TOM, BbILLE YPOBHS 3HAYUMOCTV 0603HaueH 60osiee X1pHbIM
LPUGTOM, SI = CTaHAAPTHOE OTKITOHEHWE KOIGDDHUUMEHTE KOPPENSUMM, H.A. — HET AaHHbIX. 2) PacyeTsl BbinoHeHs! H.I1. OpexoBbim
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Tabnuuya 4. OLeHKa 3Ha4MOCTV Pa3INYui NapaMeTpoB SIOrHOp-
MasibHOro pacripenesnequs 3onota (a), cepebpa (6),
p1y1v (B) (CpenHero apr@MeT4eckoro 1 CraHgapTHo-
IO OTKIIOHEHWS! JIOraprU®MOB COBEPXaHW) B MyIHE-
DasbHbIX 30HaX OKOSOXW/IbHBIX METACOMATHECKMX
0peosIoB, 06pa30BaHHbIX B KarbLMMpax VIPOKMHANH-
CKOrO PyAHOro nonis (41s 5 % YPOBHS 3HAYMMOCTY)

t — Kpumepuii

a)
BHewHss
MwiHepanb- Yme- .
Hbl€e 30Hbl, Cnabo- PeHHO- WhTeh- Xnopw- éAVJI-ITZ_ Tbino-
noA30Hbl, B rous- ro u3- CMBHO- | 1653q Bas Basl
ckobKax 4u- | MEHE | ate | OV | (5) (12) (54)
cno npob 2"1”0;)' HUs MeH(eé)
(10) HUs
52;2320 0.06240,0844 | 0,4971|1,4650| 3,1105
2,10 2,14 2,96 | 2,06 | 2,00
Hus (10)
= Yme-
§. % peHHoro| 1,2441 0,0207 |0,4010(1,3972| 3,071
£ | Z [v3vene-| 4,02 204 | 2,16 | 2,06 | 2,00
S| & |nma (10)
- NHTen-
cvBHoro| 1,6811 | 2,0915 0,4639(1,1294 12,3892
n3meHe-| 6,61 | 6,68 2,26 | 2,07 | 2,00
HIa (6)
Xnopurosas| 1,8725 |2,3295| 11138 0.7934| 2,0199
(5) 8,90 | 8,90 | 9,36 2,08 | 2,00
Anbbutosas| 3,5579 |2,8598| 5,9813 | 6,6621 2,6621
(18) 3,70 | 3,70 | 6,38 | 8,60 2,00
Toinosas |8,3042(6,6748|13,9603(15,5492(2,3340
(54) 346 | 3,46 | 615 | 838 | 2,42
6)
BHellHaAs
MuHepanb- Yme-
Hble 30HbI, (6:na- peH- VikTen- XVJ]-'T%'_ Q/JITT';'_ Teino-
NOM30HbI, B Or0 | oo |V1BHOMO pBaFI 8as Bas
ckobrax - | BME | aye. | VBME (26)
HeHus Heruns | (5) | (13)
o I'IpO6 HeHus
(10) (5)
(7)
Eg;‘gg? 0.8778| 0,137 |0,4195|3,0173 |2,2392
2,13 216 | 2,96 | 2,08 | 2,03
Hug (10)
= YMmepeH-
3 % Horo n3- |1,6663 1,1345 |1,0979|3,2952|2,5823
£ |3 | vererms | 5,52 220 | 2,23 | 20 | 2,04
S|& (7)
o MHTeH-
cnmBHoro |3,955712,3740 0,3198|2,2756 | 1,5966
n3meHe- | 8,90 | 9,19 2,31 2,12 2,05
Hus (5)
XnopwtoBas |1,6383(2,7299| 6,4808 1,8626 | 1,2695
(5) 4,71 | 6,22 9,60 2,12 2,05
AnbbutoBas |2,6418 |4,4019(10,45031,6125 1,0356
(13) 3,86 | 536 | 875 | 8,75 2,02
Toinosas (26) 2,4905|4,1499( 9,8520 |1,5202 | 1,0607
3,60 | 5,09 | 850 | 850 | 2,51

B)
BHewHss
MuHepanb- Yme- |NHTeH- i
Hble 30Hpl, | 11800 peH- |cusHo- | Xnopu- 6A;TZ_ Tbino-
noasotbl, B | Y37 | Loro | ro ms- | ToBas o | B3
ckobkax umn- | MEHE 1 e | vene- | (6) (15) (49)
cno npob ("'ZV(I)H) HeHUs | HUS
(19) (5)
E’;;gggo 0.3821(0,8970|0.04800,4223 | 2,3447
2,02 | 2,07 | 2,06 | 2,03 | 2,00
Hus (20)
'E_ YMepeH-
@ § Horo 13- | 1,5297 0,9740(0,2002(0,6627| 2,5757
3 3 | MeHeHns 2,57 2,07 | 2,07 | 2,04 | 2,00
TIEl (9
VHTEH-
cvBHoro | 1,1944 (1,2807 0,7037{0,3400|0,5498
n3meHe- | 3,55 | 8,55 2,26 2,10 2,01
Hua (5)
Xnopwrosas | 1,3203 |1,15861,1054 0,2882| 1,3927
(6) 3,33 | 6,36 | 9,36 2,09 | 2,01
AnbbutoBas |2,6523 |1,7339|2,2206(2,0089 1,4505
(15) 2,63 | 2,68 | 870 | 6,48 2,00
Toinosas (49) 2.0033|1,3097(1,6773 | 1,5174 | 1,3239
2,30 | 236|840 | 6,15 | 2,22

lMpumeyanme. Yucna Hap 4epTon — 3Ha4YeHus pacyeTHble, Moa
YepTou ~ 3Ha4YeHWs TabnyHbIe Ha KPUTUHECKOM YPOBHE, MOsy-
KUPHBIM LUPUPTOM ~ Pa3INgus 3Ha41Mbl

B kanbuudupax, He 3aTPOHYTHIX U3MEHEHUSIMU B
MEXOPEOJbHOM MPOCTPAHCTBE M OCTaHIaX BOJU3N
PYIHBIX TeJl, 2 TAKXKE B OTHOCUTEIBHO C1a00 U3MEHEH-
HBIX BO BCEM 00beMe BHELITHE! 30HbI, COAePKaHUS 30-
JIoTa OMHAKOBBI U mpubmikatotes K 1 mr/T. KoHueH-
Tpaluu cepedpa, pTyTH U APYyTUX METAJLIOB BAPbUPYIOT
HE3HAYMTEIbHO MPU HE3HAUMTEbHBIX Xe (HEe3HAuu-
MbIX) BapualMsX IUCTIIEPCUN pacrpeaeneHus (Tao. 4,
puc.). B HampaBieHUM K THUIOBOM 30HE METacOMaTH-
YeCcKUX 0peoJIoB cofepXKaHusl 0JaropofHbIX METALIOB
BO3pAcTalOT, HAYMHAs C MMPOMEXYTOYHOM XJIOPUTOBOM
30HbI, HO 3HAYMMO OTJIMYHBIE OT TepUdeprn CPeIHUE
U JMCTIepCUU pacnpeaeneHus GUKCUPYIOTCs TOJIbKO B
TBUIOBOI (Au), anbOMTOBOM M THUIOBOH (Ag) 30HAX.
AGCOMIOTHBIE 3HAUEHMS CPETHMX CPaBHUTENbHO He-
BBICOKU. Au-Ag OTHOILIEHHE €1a00 YBEIUYEHO TOIHKO
B ThIJIOBOI 30HE, UTO COTIACYETCS C HE3HAYMTEIBbHBIM
yBeJIMYEHUEM 3ech cofepxaHus 3oi0Ta. [lojoxu-
TeJIbHasl CBSI3b cepebpa ¢ 30JI0TOM OTMeUaeTcs He Beer-
Jla, HO XapaKkTepHa JUIsl ThLIOBBIX 30H.

Coznep:xXaHusl PTYTU JOCTUTAIOT aHOMAJIbHBIX 3Ha-
YeHUii B ThUIOBOM 30He. M3 Apyrux MeTaiioB oOHapy-
KMBAeT TEHACHIMIO K YBEJIMYEHUIO KOHIICHTPALUU B
TBIJIOBOM 30HE MBIIIbSIK, CBI3aHHBIN C 30JI0TOM I10JIO-
JKUTENBHOM CBSI3BIO JIMILB B XJIOPUTOBOH 1 aTbOUTOBOM
3oHax. Ha mepudepun MeTacoMaTHYECKUX OpPEOJIOB
TOJIOKUTENIBHBIE CBSI3U C 30JJ0TOM HEKOTOPBIX METal-
10B (V, Co, Ni, Pb, Zn) orMe4aloTcs 31M300MYECKH.
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|
BHEC  BHEY  BHEM 2 By -
PucyHok. [loBeputenibHble MHTEPBasbl KonebaHui cpeaqHero reo-
METPUYECKOro COAEPXaHns 30510Ta, cepebpa, pTytu
(Mr/T) B MUHEPATIbHbIX 30HaX OKOMIOXMIIbHbIX METaco-
MaTU4eCKMX OPEeosioB, 0OPAa30BaHHbIX B KanbLmypax
VpokuHamHckoro pyaHoro nons (npy 5 % yposHe 3Ha-
yumocty). BHEC, BHEY, BHEW — nogsoHsl craboro,
YMEDEHHOr0, MHTEHCUBHOIO WI3MEHEHWS BHELLIHEN 30-
Hbl; 1, 2, BHY = xnioputoBas, anbbuToBas, Tbl10Bas 30Hb!
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3. 06cy)XaeHe pe3ynbTaToB U BbIBOAbI

Hcxonnpie mopomsl Myiickoro BeIcTyma (pyHma-
MeHTa Cubupckoi miardopmsl B o0beme MpokuH-
JMHCKOTI'0 PYAHOTO IOJIS IPEeTEPIIeSN MUHEPAIOT0-XU-
MUYeCKHe MpeoOpa3oBaHMsl ABAXIbl — Ha MO3AHeap-
XeCKOM 3Tare yabrpameTamopdusma 1 Mo3aHenaie-
030HCKOM 3Tare MeTacoMaTru3Ma U pyno00pa3oBaHusl.

Kak u B 1pyrux noponax pyAHoro nojs — ajabMaH-
JTVH-AMOTICUI-ABYIOJEBOLINATOBLIX — MaparHeicax
[43], ynerpameTramopduueckux rpaHutax [45] amo-
KaNbIU(HPOBBIE OKOJIOXIIBHBIE METACOMATUYECKHE
OpeoJibl 10 MMHEPANOro-MEeTPOXUMUIECKUM depTaM
OTBeYaloT O0epe3uToBOi (hopMalMy, HO 00JadatoT psi-
JI0M 0COOEHHOCTEIA.

OO011e BO BCex ciyyasix 4epThl: 1) conocTaBuMbIe
00bEMBl ¥ TOPSNAOK MUHEPaJbHOW 30HATBHOCTH
(cTpykTypa) opeosioB; 2) Bo3pacTaHKE MHTEHCUBHOCTH
MpeoOpa3oBaHMil MUHEPATBHOTO ¥ XMMHUYECKOTO CO-
CTaBa MCXOMHBIX IIOPOJ OT OMHOM MUHEPAIbHOM 30HBI
K IpYToi U B 00beMe KaxX ol MUHepaIbHO 30HbI B Ha-
MpaBJeHUY K PyIHBIM XunaMm; 3) ocnabieHue 3aBUCH-
MOCTH MMHEPaJIOro-XMMUYECKOro cocTaBa Haubolee
TIOJTHO TIPOSIBICHHBIX METACOMATUTOB THUIOBBIX 30H OT
COCTaBa UCXOJIHOTO CYOCTpaTa B YCIOBUSIX KMCIOTHOTO
CpelHe-HU3KOTeMITEpaTypHOTo MeTacoMaTu3Ma;
4) moavMUHEpaIbHbIN COCTaB THIJIOBOM U OCEBOM 30H;
5) COXpaHHOCTh KPHMCTAJUIOB KBapla MCXOAHBIX MOPO
B METACOMATUTAX THUIOBBLIX 30H KaK IPU3HAK KUCIOT-
HOTO pexXrMa pacTBOPOB; 6) oboraleHue MeTaCOMAaTh -
TOB TbLJIOBOM 30HBI TUTAHOM (JIEMKOKCEH, PYTWI) U
(ocdopom (amaTut), 0OYCIOBIEHHOE IPUBHOCOM B
OpEOJIbI JOIOJHUTENbHBIX KOTMYECTB 3TUX DIEMEHTOB
1 0OBSICHUMOE MHBEPCUEH LIETOYHBIX (CUIBHO LLEN0Y-
HBIX) PEXMMOB MOJAHUMAIOLIMXCSI TTOTOKOB METaJIo-
HOCHBIX PaCTBOPOB Ha KUCJOTHBIN Ha HUXXHUX MOACTY-
nax K (hOpMHPYIOLIEMYCS PyTHOMY IIOJIIO U APYTHE.

Oco0eHHOCTH aIMOKaIbIM(UPOBBIX OKOJOXUITb-
HBIX METaCOMATHYECKUX OPEOJIOB 3aKJII0YAIOTCS B Clie-
JYIOILEM.
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Bo-nepBbix, OTCYTCTBYIOT MPU3HAKKU yAAJNCHUS U3
0pEeOJIOB KPEMHUS 1 HAKOTUICHUSI B HUX TOTTOTHUTEITb-
HO K MMEIOIIMMCS 3HAYMTETbHBIM KOJTMYECTBAM YIJIe-
KMCJIOTBI. DTO BOOOILE CBOMCTBEHHO MPOIIECCY B3au-
MOJIECTBUSL YIJIEKMCIOTHBIX TUIPOTEPMAbHBIX pa-
CTBOPOB C MaJOKPEMHMCTBIMH, HO BBICOKOKapOOHa-
THBIMU TIOpomaMu. MMmetonecss pecypchl KpeMHe3e-
Ma, BBICBOOOKIaeMOTO TIPY Pa3OKEHUY LIBETHBIX MU~
HEpasoB U 0COOEHHO MOJIEBBIX IIMATOB, BMECTE C [JU-
HO3EMOM, JOTIOJHUTEIbHO MOCTYNAIOIIMMU KalueM 1
BOIIOM PacXOAyIOTCs Ha 00pa30BaHKe CBETIION CITIOMEI,
TaK 4TO K KBapily KUCXOOHOM MOPOIbI B 3TOM IPOLIECCE
00 He no0aBsIeTCsI HOBOOOPAa30BaHHBIN KBapII, JIU-
00 ero n00aBIsieTCss Mo U TOPOIa OCTAETCsl Malo-
KBapIieBoit. C yJeToM BCETO 3TOTO METACOMATHT ThIIO-
BOI 30HBI MACHTH(DUITMPYETCS KaK JTUCTBEHNUT.

Bo-BTOpBIX, anoKaabLU(MUPOBbIii TUCTBEHUT, B OT-
JIM4Ke OT CBETIO-CEPOro arorHeiicoBOro, arnorpaHuT-
Horo Gepe3uTa pyJHOro MoJisi U B OOLIEM-TO CBETJIOrO
HCXOAHOTO Kanblupupa, MpUoOPETaeT B METACOMATH-
YeCKOM TIpoliecce YepHBIii LIBET BCIEACTBUE MacCOBOTO
00pa3oBaHM B 3epHAX KajbLIMTa TOHYAMIIEH TyCTOM
BKpArJeHHOCTM W CKOIUIEHWH HOBOOOPa30BaHHOTO
rpadurouna. CKOIUIEHHS TOCIEAHETO CTPOTO «IIPUBS-
3aHbl» K ObUTBIM 3€pHAM KaJIbLIMTA U B CJTyyae MOJHOro
3aMelleHMs TIOBTOPSIOT UX KOHTYPBI, a MPU HEMOJTHOM
3aMelleHUM 3aHUMAIOT YacTbh X oObeMa, o0pasysl Ty-
CTYI0 «ChIIb». [paduTH3alNS TUCTBEHUTA OOBICHSIET-
csl BO3ICMCTBUEM HA KAIbIIUT BHICOKOTEMIIEPATYPHBIX
(BUIMMO, PaHHMX) BOCCTAHOBJIEHHBIX (DJIIOUAOB, €ro
JMccolMalreii ¢ 00pa30BaHUEM MPOMEXYTOYHBIX TPO-
JYKTOB — yriekucaoTHbIX razoB (CO, CO,) u mocneny-
IOILIMM BOCCTAaHOBJIEHMEM YIJIEpO/ia TIOCIEIHUX J0 aTo-
MapHOTO COCTOSIHMSI. YUWUTBIBAas MPOCTPAHCTBEHHYIO
COBMEILIEHHOCTb CKOTUIEHUH IpayUTOMIOB ¢ 3¢pHAMU
KaJIblIMTa, €CTh OCHOBaHME I0JIaraTh, YTO 3TOT MPO-
LIECC MPOUCXOAMI B JIOKAIbHBIX 00beMaX OTHEIbHBIX
3epeH. PeabHOCTb PMBENEHHOM CXEMbI MOATBEPXKAA-
€TCsl IPU3HAKaMU, CBUIETENBCTBYIOLIMMH O BOCCTAHO-
BJIEHHOM peXuMe MeTaJJIOHOCHBIX (DIIouaoB, — obu-
JIMEM YIJIEBOIOPOAOB, MPUCYTCTBUEM KaTMOHOB BOIO-
pofa, a3oTa B BakyossiX 0Opa3oBaHHOTO B Tpolecce
KBaplia PYIHbIX XU U OEPE3UTOB.

Bue cdepbl BozaeicTBUS TMAPOTEPMATbHBIX pa-
CTBOPOB 3Talia MeTacoMaTu3Ma M pyaoo0pa3oBaHus,
TO €CTb 3a MpeeIaM1 OKOJOXMIIbHBIX METACOMATHYE-
CKHX OpEOJIOB U B OCTAHI[aX BHYTPU HUX, COACPKaAHUS
METaJIJIOB, OYEBUIHO, CBOMCTBEHHBI UCXOMHBIM YIIbT-
pameTaMopprUecKUM TopojaM — KajbUudupaMm u
OJ1M3KM K TAKOBBIM B MCXOJAHBIX [UISi METacoMaTh3Ma
naparteiicax [43], ynprpamMeTaMopPuuecKux TpaHuTe
u neiikorpanute [45]. B Gonbiieit nepubepuiiHoii ya-
CTU 00BEMOB amnoKaIbLU(UPOBLIX METACOMATUYECKUX
0peoJIoB coliepxKaHus 30j10Ta, cepedpa, PTYTU, MbI-
LIbSIKa COXPAHSIOTCS Ha TOM Xe YPOBHE, PaBHO KaK 1
OCTaJIbHBIX METAJIJIOB BO BceM 00beMe opeosioB. Cra-
OOKOHTPACTHBIE aHOMAJIbHbIE KOHLIEHTPAIIMU YEThIPEX
METaJIJIOB CBOMCTBEHHBI ThIJIOBBIM 30HaM, TO €CTh He-
MOCPEACTBEHHO 00paMJISIIOT PYOHBIE XWJIbI, 00HApPY-
’KMBas 3aBUCUMOCTb WX HAKOIUIEHUs OT (hOpMUPOBa-
HUS TTOCIEMHUX. DTa acCOLUALIUS JeMOHCTPUPYET Ha-
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MOOJIBIIYIO TEOXMMUYECKYIO OJIU30CTh B METACOMATH-
YeCcKOM Ipoliecce, KaK U B pygoo0pasyioleM mpoliec-
ce B 11eJIoM. B MeTacomaTtuTax u pyaax cepedpo 1 pTyTh
00pasyloT ¢ 30J0TOM CIUIaB, MBILIbSK BXOAUT B Kaue-
CTBE MPUMECH B cocTaB nupuTa [43].

OtcyTcTBUE B anOKanblM(DUPOBBIX JUCTBEHUTAX, B
TOM YMCJIe B 0OpaMIEHUH PYIHBIX CTOJIOOB, aHOMAIIMIA
psiga LBETHBIX, OOBIYHO COMPOBOXAAIOUIMX 30JI0TO Me-
TaJIJIOB IIPEICTABISACT UCKIIIOUEHUE 13 OOIIETO MpaBUiIa,
3aKJTI0YAIONIEroCs B TOM, YTO B BBHICOKOKApOOHATHOI
cpene Me30TepMalibHbIe 30JI0ThIe KBaplLEBO->KUJIbHBIE
pyIbl 0OBIYHO obOoralieHbl cyabbuaamMu. OObsICHEHUS
3TOMY MCKIIIOUEHMIO TIOKa He HaiimeHo. MoXHO Ipej-
TMOJIOXKUTD, UTO CJ1a00e 00OoralieHe BCe Xe OYIeT BhISIB-
JIEHO C UCII0JIb30BaHNEM 00Jiee BHICOKOUYBCTBUTEIBHBIX
CPABHUTEJIBHO CO CIIEKTPaJIbHBIM METOIOB aHAJIM3a.

[TpuBeneHHass KapTMHA pacrpene/ieHns: 0J1aropos-
HBIX METAJITOB B OKOJIOPYIHOM TIPOCTPAHCTBE, CITOXKEH-
HOM KaJbIMbKUpaMu, CXOMHA C TOH, KOTOpasi paccMo-
TpeHa paHee Ha MpuMepe YepHocIaHeBbIx To Kapa-
JoHckoro [44] u Kenposckoro [43] pyaHbIX monei,
yisTpameTamophuToB MpoKMHAMHCKOTO PYAHOTO MO-
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