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ObCyxaatoTcs MPUYMHBI CyLLIECTBYIOLMX MPOTUBOPEYUI B OLIEHKE MPOUCXOXAEHNS aHOMATIbHbIX KOHLEHTPALMI 30/10Ta B OKOJIOPYAHOM
MPOCTPaHCTBE 30710TOPYAHbIX MONEM, TOKAIM30BAHHbIX B YINIEPOANCTbIX CTaHLEBLIX TOLLAX, Y NPEeanaraloTcs Nyt ux ycrpaHeHus. O6-
PaLLaeTcs BHAMaHMe Ha HeOOXOAMMOCTb (POPMUPOBAHNS FEOXMMMYECKMX BLIOOPOK C yHETOM COCTaBa M MPOUCXOXAEHNS UCXOAHBIX M0~
POA, METAMOPGHUHECKOMN M METACOMATUHECKOU 30HaIbHOCTU. ITO 06eCnenBaeT BOIMOXHOCTb PEKOHCTPYKLMM reOXUMMHECKOM MUCTO-
PV METAsIOB B OKOSIOPYAHOM MPOCTPAHCTBE, CO3AAHNS YHUDULMPOBAHHON CUCTEMbI hopMUpoBaHUs baHkoB 6a30B0V reoxummye-
CKOVI MHGOPMALIW PETVOHANTbHOTO W [106a/IbHOMO YPOBHEV W PELLIEHMS APYIvX 3aAa4. Ha npumepe CiaHLeBov YacTv pyaoBMeLLalo-
wero broka KapanoHckoro pyaHoro nons CesepHoro 3abavikasbs nokazaHa 3QeKTvBHOCTb MPEATOXEHHbIX MPUHLMMOB POPMUPOBa-
HUS FeOXUMIUHECKMX BbIOOPOK. B 4aCTHOCTY, 0OOCHOBaHO 06Pa30BaHMe OKOMOPYAHOO reOXMMUYECKOro Opeosia Kak CoCTaBHOM Yactu
OKOJIOPYAHOro METacoMaTn4eckoro npu HU3kux (OKOMOKIaPKOBbIX) COLEPXaHUSX 30/10Ta M PAAa COMPOBOXAAIOLMX €r0 METaIoB B
VCXOAHOWM 0CafioYHOM MOPOAE MecyaHO-aneBpUTOBON PasMepHOCTH, MOABEPTLLIENCS PEMVIOHATbHOMY METaMOPGU3MY 3eeHOCaHLE-

Bov aumm. CrienaH BbIBOL O BHELIHUX UCTOYHMKAX PYAHOIO M OPeosibHOro 301107a U APYrvX MeTasios.

BBepgeHue

[unpotepManbHbIe 3070TbIe MECTOPOXIECHUS ClIaH-
LIEBOTO TUIA B OTIMYME OT CKApHOBBIX, IPEH3EHOBBIX,
ATLOMTUTOBBIX X MHBIX MECTOPOXICHUI PEIKUX U IPY-
TUX METAJIOB, 00pa30BaHHBIX B CXOMHBIX C 30J0THIMU
T€0JIOTUYECKUX CUTYALIUSX, B TEUCHUE HECKOJIbKUX JIE-
CATUJIETUIA CITyXKAaT apeHOW OXMBJIEHHON TUCKYCCUM T10
rpobJieMe TIPOUCXOXIECHUS (MCTOUHMKOB) COCPENOTO-
YEHHOTO B pyfax 30JI0Ta. DTO OJHA U3 KIIIOYEBBIX IIPO-
01eM B TeOpuM THAPOTEPMAIBLHOTO PyI000pa30BaHMUS,
MTOCKOJIbKY OHA aKKYMYJIMPYET BaXXHEHIIME Te0JI0ro-Te-
HETUYECKUE ACTIEKThI ITPOLIECCOB, CO3MAIOLIMX MECTO-
poxaeHust. IlpemyiokeHHbIe BapuUaHThl €€ peLIeHUs
OOBEIVHSIOTCS B IBE COBOKYITHOCTU THIIOTE3, MPEAIIO-
JIararoIIyX TOJbKO WX B OCHOBHOM MECTHBIE IIOPOIHBIE
MCTOYHUKY METaJlIa, TM0O0 TeHepaLIIo METAUIOHOCHBIX
PacTBOPOB B MAHTUIHBIX WJIM KOPOBBIX MATMAaTUYECKUX
oyarax. [Ipu 3ToM, OOJIBIIMHCTBO I'MIIOTE3 IEPBOIi COBO-
KYITHOCTH OOXOAUT CTOPOHOM HE CTOSIIIMIA BO BTOPOM
clIyyae BOIPOC 00 MCTOYHMKAX MHOTMX COIpPOBOX-
JAIOIIIX 30JI0TO METAJLIOB — cepedpa, PTYTH, MBILIbSIKA,
CBMHIIA, IIMHKA, MeIM, BOJIb(pama, MOIMONEHA U IpY-
I'MX, Macca KOTOPBIX B pyJax 00bIYHO 3HAYMTEILHO Ipe-
BBIIIAaeT Maccy 0J1aropoaHbIX METAJITIOB U KOTOPBIE B pe-
HIEHUU TPOOJIeMbl TIPEICTAR/SIOT HE MEHBLIMIA WHTe-
pec. DTOT BOIPOC CHUMAETCSI JIMIIb B TOM CJIydae, eciiu
o0cyxaaeTcst 00pa3oBaHKe THAPOTEPMAIbHBIX PYI B pe-
3yJbTaTe IepepabOTKM PacTBOPAMU CHHIEHETHMIHOMN
BMEILAIOIIUM TTOPOIaM TUAPOTEPMAIbHO- WM BYJKA-
HOTEHHO-0CA0YHOM €1a00 30JI0TOHOCHOM MUHEpau-
3allMM, B COCTaBe KOTOPOI YYacTBYIOT WJIM MOTYT yya-
CTBOBAaTb YIIOMSIHYTHIE U IPYTUC IEMEHTHI.

[(1aBHOE TIpEMATCTBME B PEIICHUM TIPOOIEMBI 3a-
KITI0YaeTcs B AeUIUTE TOCTOBEPHOTO 3HAHUS O TOM,
MOBBIIICHHBIE (BBICOKUE) MM OOBIYHBIE KJIAPKOBBIE
(cyOKITapKOBBIE), CBOMCTBEHHBIE U APYTUM, CKaXeM,
KpUCTAJUTMYECKUM, TIOpOJaM KOJMYeCTBa METaJIOB
HAXOIWINCh B PYTOBMEIIAIONIHX 3eJIEHBIX MU YIJIEPO-
IMCTBIX CJIAaHIIAX B KAXIOM KOHKPETHOM CITyJae J0 Ha-

Yajia TIPOTEPMAIbHOTO Ipoliecca. [TaBHbIM 3TO Ipe-
ISITCTBUE CJIEAYeT CUMTAaTh IIOTOMY, YTO M JIMTOpPAsb-
CeKpeLIMOHHAs THIIoTe3a Havajta XX Beka, M yHace-
JIOBaBIasl e¢ uyepe3 NECATHIICTHS, BO3POXICHHAs B
MIECTUNIECATHIX TOAaX METaMOp(OTeHHO-TUAPOTED-
MaJlbHasl THIIOTE3a B Pa3HBIX BAPUAHTAX BOSHUKIM U
pa3pabaThiBaIMCh HA OCHOBE MPEACTABIEHMS O BBICO-
KUX TOPYIHBIX COAEPKAHMSX 30J10Ta B IMOpoax, OyaTo
OBl U3BJICYEHHOTO U3 HUX ¥ aKKYMYJIMPOBAHHOTO B PY-
Jiax B Xofie pynoobpazoBanust. Hamo mpusHath, 4T0 9T0
TIpe/ICTaBIeHHe OBLTO W OCTAaeTCsS CHIBHBIM apTyMeH-
TOM, OOBSCHSIOIINM TOT (DaKT, YTO TUIIOTE3a ITOPOI-
HOTO IPOMCXOXIEHMSI 30JI0Ta B pylax Iprobpesa
MHOXECTBO CTOPOHHUKOB.

BosHuKaeT Bompoc: moyeMy B T€UeHHE MOYTH T10-
JIYBEKOBHIX IOMCKOB pelIeHUil TpobieMa MCTOYHM-
KOB, a, CJIEIOBATENBHO, ¥ TEOJIOr0-TEHETHYECKAS CYILI-
HOCTb Py1000pa30BaHMS B CIAHLEBBIX TOJIIAX OCTA-
I0TCS MO-TIPEXHEMY TUCKYCCMOHHBIMU. Llenb naHHoi
CTaTbM — OOCYIMTh BEpPOSITHbIC MPUYMHBI 3TOTO U Ha
KOHKPETHOM IIpUMepe MOKa3aTh palliOHAIbHbIE, KaK
MIPEJCTABISACTCS, METOIUUECKIE TIPUEMBI KOPPEKTHO-
ro pellleHMsl CTOSIIMX 3agady. B kauecTBe mpumepa
NpUBEIEHB MaTEPUAbl 3YUEHHST OKOJTOPYIHOTO Me-
TaCOMATU3Ma Y TEOXMMUM 30J10Ta U HEKOTOPBIX METaJI-
JIOB B yIJIEPOAMCTBIX CIAHLIAX BOIOPA3eIbHOM CBUTHI,
ygacTByloneil B cTpoeHur KapaJoHCKOTO pYIHOTO
nojis (CeBepHoe 3a0aiikanbe).

1. MpUYnHbLI MHOrOBapUaHTHbIX Pe3ynbTaToB
B MCCIe0BaHWUN NPOBAEMbl U NYTW WX YCTPaHeHNs

[IpexBapuTenbHO 3aMETHM, YTO IPUPONA MHOTIO-
oOpasHa B CBOMX IIPOSIBICHMSX ¥ HeJIb3s1 MCKIIIOYATh,
YTO 30JI0ThIE MECTOPOXAEHMS B pPa3HBbIX paiioHax
CJIaHIIEBOTO THIIa 00pPa30BaHbI B pe3ynbrare (yHKIIMO-
HUPOBAHMS PYI000pa3yIOIIKX MMPOLECCOB TI0 Pa3HbIM
CLIEHApUSIM, — C TIOJIHOM 1OCTaBKOW METAJJIOHOCHBIMU
pacTBOpaMi M3 MarMaTMYeCKMX OYaroB pPYIOT€HHBIX
3JIEMEHTOB B PyAbI 00pa3yIOIIUXCS MECTOPOXKIEHHI, C
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YaCTUYHBIM, CYLIECTBEHHBIM WM MOJHBIM 3aUMCTBO-
BaHKEM MOPOJIHBIX, B TOM YMCJIE CO CJIab0 30I0TOHOC-
HOI CUHTEHETUYHOW MCXOIHBIM MOPOIAM MUHEPaIu-
3a11eii, pecypcoB METa/LIOB (1eMeHTOB). Peub uet o
TOM, 4TOObI IU(GhepeHIMpoBaTh 3T UCTOYHUKU B
KaXXIOM KOHKPETHOM CIIyyae ¢ TeM, YTOOBI CO31aTh 00-
IIYI0 PETMOHATBHYIO, a B MEPCHEKTHBE TIOOATBHYIO
KapTUHY pyroo0pa30BaHus BO BCEM €TI0 pa3HO00paszuu
(um omHOOOpa3uM), KOJIb CKOPO TO U/WIU Apyroe Oy-
JIeT T0Ka3aHO. HBIMU clOBaMM, CJI€LYeT UCXOAUTD 13
TOTO, YTO MEXPErnoHaJbHas WM MPUMEHUTETbHO K
PasHBIM MECTOPOXKICHMSIM MHOTOBAPUAHTHOCTD BHI-
BOJIOB O CYIITHOCTH pyI000pa3oBaHMsI HE BCETma Hemo-
CTaToK, HO eCTECTBEHHA, €C/TM OHA OTPaXKaeT 3aKOHBI,
KOTOPBIM CJIElyeT MpUposa.

HetpynHo npensumets 10, 4TO 0€3 ComepKaTeIb-
HOTO He(hOpMAaJIbHOTO aHAIM3a MIPUMEHSIEMBIX ITOIX0-
JIOB ¥ METOAMK B MCCJIEA0BaHUU MPOOJEeMbI, IIOTPEO-
HOCTb B KOTOPOM Tiepe3penia, 0e3 ycTpaHeHHs 0YeBH/I-
HBIX HEJOCTaTKOB U JOCTVXEHUSI YUCTOTHI SKCIIEPHU-
MEHTA Ha BCEX 3Talax UCCIEA0BaHUS TUCKYCCHS OyaeT
MPOIOJIKATHCSI OECKOHEYHO J0JIT0. beckoHeuHo J01ro
Oy/IeT TOPMO3UTBCS HE TOJIBKO Pa3BUTHE TEOPUU, HO 1
pa3paboTKa MPUKIAAHbIX CIEACTBUN U3 HEe — HAyYHO
000CHOBaHHBIX KPUTEPUEB MPOTHO3MPOBAHUS U TIOU-
CKOB MECTOPOXIEHMI, B TOM YUCIIE CBOWCTBEHHbBIX
paiioHaM CJIaHLIEBOTO TUIA YHUKAJIbHBIX.

[TpuuMHBI CYLIECTBYIONIMX TPYAHOCTEH JieXaT Ha
MTOBEPXHOCTH.

Bo-TiepBhIX, OMHOCTOPOHHMI CTPYKTYPHO-TEOXU-
MIYECKUIA ITOAXOM, CIEAYIOINI 13 TOHMMAHUS BaX-
HOCTH UISl TOKA3aTeNbCTBA METaMOP(OTEHHO-THIPO-
TePMaJTbHOM TMITOTE3bl KOHCTaTalluM HAKOIUICHWS B
MOpoJIax aHOMANIbHBIX KOJMYECTB 30JI0Ta A0 PYH000-
pa3oBaHMs, HampuMmep, TPH CEIUMEHTAllUU WU B
Tpoliecce TMPEeIIIeCTBOBABIIETO €My PETHOHAIBHOTO
30HAITBHOTO MeTamMopdu3Ma. CoracHO 3TOMY TOIX0-
Iy, TUAPOTepMaNbHbIe IEPBOHAYABLHO HE METaJlIo-
HOCHBIE PACTBOPHI PAa3HOIO MPOMCXOXICHUS, (HUIb-
TPYACh CKBO3b TOJIIIY 00OTaIleHHBIX 30JI0TOM IOPOJI,
PacTBOPSIOT €ro W IMepeMeINaloT B JIpeHUPYIOIINe
CTPYKTYPHI — Pa3IOMBI ¢ 00pa30BaHUEM ITPOMBIIILIEH-
HBIX pya. OmHAKO COXpaHSIOIIASICS MPOTHBOPEYH-
BOCTb CYXKIEHUII 0 COlepXKaHUSX 30JI0Ta B OMHUX U TeX
Ke TI0pofaxX OJHOrO pailoHa U O MPOMCXOXICHUU B
OKOJIODYZTHOM TIPOCTPAaHCTBE CBEPXKJIAPKOBBIX Macc
MeTaJlla CBHIETEJIbCTBYET O HEKOPPEKTHOCTH TIPUMe-
HSIEMBIX METOIIOB MCCIIEIOBAHMS ¥ O HEMOCTATOYHOCTH
OITHOTO 3TOTO MOKA3aTeJIs TSI PeIIeHHsT TIPOOIEMBI.

[TpennpuHsThie B Hayajle BOCBMUAECATHIX TOIOB
MOMNBITKY OPUEHTALIMM HAyYHOW OOILECTBEHHOCTH, B
TOM YMCJIE TTOCPENCTBOM opraHu3auuu BcecorosHoro
copemanus [1], Ha MOMCKW pa3TUUMil MEXTY Marma-
TOreHHBIMU U MeTaMOP(OTeHHBIMU MECTOPOXKIECHUSI -
MU Ha 6oJjiee IMPOKOI OCHOBE, TO €CTh C BOBJIEYEHU-
€M B aHaJIM3 MHOTHX (PaKTOpOB pya000Opa3oBaHusl, HE
MOJIYYMJIM MACCOBOTO MPOJOJKeHUs. Mexny TeM, co-
MOCTABUTEbHOE HMCCIENOBAHNE PaHEe M3BECTHBIX U
MPEIUIOKEHHBIX HOBBIX (haKTOPOB, BHIMOJHEHHOE aB-
TOpPOM Ul HecKolbkuX paiioHoB FOxHoit Cubupu,
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MOKAa3aJl0 OTCYTCTBME T€O0JOr0-TeHETUUECKOTO CBOE-
00pa3us MECTOPOXIEHUI, TOKATM30BaHHBIX B TOJIILAX
YIJIEPOAUCTBIX CJIAHLEB, CPABHUTEJIBHO C MECTOPOX-
JIEHUSIMM, 00pa30BaHHBIMU B HECJIaHLIEBOM CyOCTpare
— IpaHUTAaX, YIBTpaMeTaMopdUTaX 1 IPYTHX TOPOIAX
[2]. Pynpl TeX 1 Apyrux MeCTOPOXKICHMIA COIIPOBOXA-
I0TCSI TIPMOOPETEHHBIMM B XOl€ PyH000pa30BaHMs
opeoJiaMu  CBepXKJIAPKOBBIX Macc 30J10Ta U COMYT-
CTBYIOLIMX METAJJIOB U TPUHALIEXAT K OAHOMY Mar-
MaTOreHHO-TUApOTepMabHOMY THITY. EaMHCTBeHHOE
pasMuKe 3aKIH0YaeTCsd B TOM, UTO PYIbI B CIAHLIEBHIX
ToJmax Oojiee OOOralieHHl YIJNIEPOIOM B BOCCTaHO-
BJICHHBIX (hOpMax, OTYACTU yHACJIENOBaB €ro OT BMe-
MIAIOLINX YIJIEPOAUCTHIX ClaHIeB [3].

[Mpennaraemblit MOAX0N K PELICHUIO MPOOJEMBbI,
TIPETIONATAIONINI YIET B TOM YHUCIIE ¥ TeOXUMIIECKOM
MHQOPMAIIMH, TPEICTABISIETCS MPESATIOYTUTEIBHBIM.

Bo-BTOpBIX, MPaKTUKYeMble B UCCJIEA0BAaHUM TeO-
XUMUM 30J10Ta U APYTMX METAUIOB B OKOJOPYIHOM
MIPOCTPAHCTBE MpUeMbl (HOPMUPOBAHUST BLIOOPOK LISt
CTaTHCTUYECKMX 1 OATaHCOBHIX pacyeToB. Criemmanb-
Has JIUTepaTypa IepernojiHeHa TaKUMU TepMUHAMU
KaK YIJIMCTbIE, YIIePOOUCThIE, YIIMCTO-KPEMHUCTHIS,
KBaplIeBO-CJIONUCTbIE, Clab0 M3MEHEHHbIE, WHTEH-
CUBHO U3MEHEHHbIE, YIIEPOJUCThIE CIIOIUCTBIE, Oe3-
PYAHBIE, CYNTb(GUIM3UPOBAHHBIE U MTPOUYME CAAaHLbI [4,
5 u mp.]. BEIOOpKH TaKOTro ypoOBHS IPEICTaBISIOT BCe-
IO JIIIb 0000IEHHBIE 00pa3bl TOPHBIX MOPOM, HO HE
PACKpHIBAIOT JTUTENbHYI0 MHOTOSTAITHYIO HCTOPUIO
uX (GOPMUPOBAHMUS, PABHO KaK U TEOXUMUYECKYIO HC-
TOPHUIO METAJIJIOB B HUX.

Mexny TeM, BMeLIaIoI1e 3010TOPYIHbIE OIS T10-
POIBI MPEACTABISIOT CO00M KOHEUHBIE MTPOAYKTHI pea-
JIN3alMK, KaK TPaBUIIO, HECKOJbKUX T€0JOTMYECKUX
MPOLIECCOB, CMEHSIBIIUXCS BO BPEMEHM Yepe3 MpoMe-
XKYTKM, MCKJIIOYalOUIMe MPUYMHHO-CIeICTBEHHbIC
CBsI31 Mexx a1y HUMU. CliaH1IeBbIe TOIILM CI0XEHBI OC-
aJOYHBIMM MOPOJAMU 3TAIOB CENUMEHTAIIMHU, quare-
He3a, KaTareHe3a, KOTOpble B OOJBIIMHCTBE PYIHbIX
PaiiOHOB UCIIBITANIM BIOCIEACTBUU MeTaMop(uieckue
npeo0pa3oBaHKsl 3Tala PerMOHaJIbHOTO 30HALHOTO
MeTaMop(u3Ma pa3HbIX (paluii, a 3T yxe MeTaMop-
(buzoBaHHBIE MM MeTaMop(duuecKre Mopojbl Mof-
BEpIJIMCh OoJiee JIOKaJbHBIM METacOMAaTUYECKUM W3-
MEHEHMsIM Ha [T03HEeM 3Tarle pyaooopasoBaHusi. Oue-
BUJIHO, YTO KAX/blii HAJIOXXEHHbIN HA UCXOJHBIE TOPO-
Jbl TIPOLECC COMPOBOXIAJNCS MepepachpeneieHueM
METPOreHHBIX KOMIIOHEHTOB, M HET OCHOBaHWii HC-
KJII0YaTh BEPOSTHOCTb MUIPALIMU TIPU STOM METAJLIOB.
Panee Ha psae mpuMepoB OBLIO IIOKAa3aHO, YTO TO U
JIpyroe MpeiacraBieHue, BO BCAKOM Cliydyae ISl 3aBep-
IIAIOIIEro PYIHOTo 3Tama, crpaBemtnBo [6]. Orciona
CIIelyeT BBIBOJ O TOM, YTO PEKOHCTPYHPOBATh I€OXU-
MUYECKYI0 MCTOPUIO METAIIOB B OKOJOPYIHOM IpPO-
CTpaHCTBe, MOHSTH ABMXYIIME CUJIbl X MUTPALIMU Ha
KaXJIOM 3Tare BO3MOXHO JIMILb MIPU YCIOBUU H3yye-
HU KOHLEHTPALM U IPYTUX apaMeTpoB paclpee-
JICHUS! 3JIEMEHTOB B CBSI3U C CHHXPOHHBIMU TIOPOJIHBI-
MU accouuauusamu. [locienHee obecrieunBaeTcsl BO3-
MOXHOCTbIO (DOPMUPOBAHMS METPOXUMUYECKUX BbI-
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0OpOK KaK OCHOBBI '€OXMMHUUYECKUX, TIOCKOJIbKY Kax-
JIbIA TIpoliecc MpeoOpa3oBaHMii MOPOJ OCTaBUJI CBOU
BELIECTBEHHBIC CJIeAbl B BUAEC MUHEPAIbHBIX, B TOM
YUCJIe MapareHHbIX aCCOLMALINM, MPOUCXOXAECHUE KO-
TOPBIX TIOAJAETCS pacIIn@poBKe NP CHCTeMaTHIe-
CKOM JeTaJbHOM MMHEpaJIoro-mnerporpahuieckom
KapTUPOBAHMHU PYIHBIX MOJNEH 1 UX TIepuepun.

[TpakTiyeckas peanu3anusi 3TOM, Kak IpencTa-
BJISIETCSI, OYEBUIHOW METOAMYECKON YCTAaHOBKM 3a-
KJTI0YaeTCcsl B CO3MAHMUU PALlMOHAIbHOM CUCTEMBI BbI-
0OpPOK HECKOJIBKUX YPOBHEIA.

HuxHs1s cucteMa mpeacTaBiseT BBIOOPKY HeMeTa-
MOpP(hU30BaHHBIX, CKaXXeM, OCAJOUYHBIX TOPHBIX IO-
pon. Kaxmas u3 HUX 00beIUHSIET TOPOIbI OMpENeIeH-
HOTO CTpaTUrpa(prUecKOro MOJOXEHMS, JTUTOJIOTNIe-
CKOTO COCTaBa, CTPOEHUS C YUYETOM APYTUX, B TOM M-
cie panmaabHbBIX ocobeHHocTel. Cuctema Oosee BbI-
COKOT'0 YPOBHSI BKJIIOYaeT BHIOOPKM, 00pa30BaHHbIE 110
MEepPeYMCIeHHBIM MTPU3HAKaM, HO JOMOJHUTEIbHO Xa-
PaKTepU3YIOIINE KaXXIyl0 MUHEPAbHYIO 30HY apeaioB
PErMOHATIBHOTO MeTaMopdu3Ma, €CIM CTEeIEHb COX-
PAHHOCTU MCXOAHBIX TIOPOJ IO3BOJISIET 3TO CAENATh,
HampuMep, B TEPMOAMHAMUYECKUX YCIOBUSIX (pauuu
3€JIEHBIX CJIAHIIEB, XapaKTEPHOM JIJ1s1 MHOTHX 30JI0TO-
PYIHBIX paiioHOB ciaHleBoro Tuma. B metamopduue-
CKMX TOJIILAX BHICOKMX (hallMii, B KOTOPBIX HE COXpa-
HWIUCh DPEIMKTHI KMCXOXHOIO cyOCTpaTa, IOPOIBI
00BEINHSIOTCSI B BHIOOPKU IO TETPOXUMUYECKUM
MpU3HAKaM, OTPaKaoIMM JIUTOJIOTMYECKYI0O HEOIHO-
POIHOCTh UCXOAHBIX TTOPOJ ¥ MPUHAIICKHOCTD K MU-
HepaJibHBIM 30HaM apeaioB MeTamopdusma. Beidopku
BBICILIETO YPOBHS (hOPMUPYIOTCS B 00beME OKOJIOPY/I-
HBIX METaCOMAaTUYECKMX OPEOJIOB IO IPUBEAECHHBIM
MpU3HAKaM, MpUYeM Kaxkaas BbIOOpKa IPEACTaBiIsSIeT
BBIOOPKM CPETHETO M HU3LIETO YPOBHEN B KOHKPETHOM
MUHEpaJbHOM 30HE BCErla 30HAJbHBIX OPEOJIOB OT
BHeEIIHe# 10 ThIIoBOM. OOBIYHO MOTYT OBITh 3 deK-
TUBHO WCIOJb30BaHbl Pa3lIMYHbIE CHOCOOBI PEKOH-
CTPYKIMK BUIOBOM IPUHAIIEKHOCTA MCXOMHBIX ITO-
PO 1aXe B THLIOBBIX 30HAX OKOJOPYIHBIX METacOMa-
THUYECKUX OPEOJIOB.

st TIeTpoXMMUUECKUX TIepecyeToB M pacyera B
COMNOCTaBUMbIX 00beMax OajaHca METPOTeHHBIX KOM-
TIOHEHTOB TIpHEMIJIeM 00beMHO-aTOMHBIN MeTon. Co-
TTOCTaBUTEBHBIN aHANN3 pacrpeneieHnus] 1 ToBee-
HUs (MMIpalMK) PYAOT€HHBIX 3JIEMEHTOB Ha KaXKIOM
aTarne mpeoOpa3oBaHUii MOPOJ OCYILECTBISIETCS Ha OC-
HOBE pacyeToB CTATUCTMYECKUX MapaMeTpoB pacrpe-
JIeJIeHUs] METaJlIOB B 00beMe KaXI0i BHIOOPKM: Cpeji-
HEero apuMeTHu4eckoro (TeoMeTpuyYeckoro), CTaH-
JApTHOTO OTKJIOHEHMs (MHOXHUTENs), KoadduimeH-
TOB MapHOH (MHOXECTBEHHOM) KOpPpPEsLIMHY, oKa3a-
TeJiell 3HAYMMOCTH pa3InuKii MapaMeTpoB MEXIY Bbl-
OopKaMHM U IPYTUX CTATUCTUYECKUX MAapaMeTpOB.

OmnucaHHbIe MPOLEAYPH MPU3BAaHBI 00ECIIEUUTh
pacinidpoBKY CTPYKTYPhl OPEOJIbHOIO IPOCTPAHCTBA,
Pa3paboTKy TOCTOBEPHbIX NPEICTABICHUIA O pacTipee-
JICHWM METaJIOB B 3aHATHIX PYIHBIMU TIOJSIMU WU
PYIHBIMU TeJTaM1 OJTOKaX 3eMHOIA KOPHI, O HarlpaBJIeH-
HOCTH, MacIuTabax 1 IMpUUMHAX MUTPALIMK METAJLIOB B

paMKax aHaJIM3UPYEMBIX 3TAIlOB Mpeobdpa3oBaHuil TI0-
pol, co3laTh PalMOHANBHYIO YHU(DUIIMPOBAHHYIO CH-
cTeMy (hopMHUPOBaHUS PETMOHANBHBIX M TJI00ATBHBIX
0aHKOB 0a30BOIi TeOXMMUIECKOM MH(GOpPMAIUK, 130a-
BUTBCS, HAKOHEI], OT MPOTUBOPEUNIl B CYXIECHUIX O
METAJIIOHOCHOCTY OJHHUX U TeX e rmopof. OmHaKo 310
B noTeHuuane. Tpedyetcs nocTrxeHre He0OOXOAUMOTro
KauecTBa MpoOOIOATrOTOBKY ¥ aHATUTUYECKUX PaboT.

B TpeTbux, BO MHOTHX MyOJMKALIUSIX HEBO3MOXHO
OLICHUThH CTeIeHb JOCTOBEPHOCTU MPUBEACHHBIX T'eO-
XUMUYECKMX JAHHBIX U, CIIeI0BaTeNIbHO, 3(P(PEKTUBHO
UCIIOJIb30BaTh MX B MOMCKAX PEICHUI TPOOIeMBbl IO
MPUYMHE OTCYTCTBUSI COBEPIIEHHO HEOOXOAMMOM UH-
dopmaiu. OcobeHHO 3TO KacaeTcsl JaHHBIX O COfep-
JKaHUSIX 0JJarOPOIHBIX METAJIIOB, B TOM YKCIIe, U TIPEX-
JIe BCEro, Ha KJIApKOBBIX (OKOJIOKJIAPKOBBIX) YPOBHSIX.
MznuiiHe 4acTo OTCYTCTBYIOT CBEIEHUS O CXOOMMOCTHU
PE3YJBTaTOB PSIOBBIX M KOHTPOJBHBIX aHAIM30B, pe-
3YJIBTAaTOB, MOJyYeHHBIX PA3HBIMU METOIAMU UJTH C HC-
MOJIb30BaHUEM CTaHAAPTHBIX TEOXMMHUUYECKUX TMpoo.
Cutyauus ycyryonseTcst TeM, 4To 4acTO MOXKHO ITpel-
TOJIATaTh BHIMOJIHEHNE aHAIM30B B HEJMLEH3UPOBaH-
HBIX JJabopaTopusix 0e3 COOTBETCTBYIOLIMX COIIOCTABH-
TeJbHBIX onepaiuii. Cepbe3Hble MCKAXEHUS pe3yibTa-
TOB HEU30eXHBI B CIydyasX MCIOJb30BAHUS IS W3-
MeJIbueHHSI MPo0 ammaparyphl O0LIEro MoJb30BaHuUs, B
KOTOpOIi 00pa0aTHIBAIOTCS M PYIHBIE ITPOOBI.

VcrpaHeHue 0TMeYeHHBIX HEOCTaTKOB €CTh HEO0XO0-
JIIMOE YCJIOBKE KOPPEKTHOTO PEILEHHUST ITPOOJIEMBI.

2. OCHOBHble YepTbl reoNorn4yeckoro CTpoeHns
KapanoHckoro pyaHoro nons

KapasoHckoe pyaHoe 1osie pacionaoXeHo Ha JIeBO-
Oepexbe p. Butum B GacceitHax pek Kapanon u Hu-
Huit OpJioB, BrajawoNIKX ¢ 3anaaa B p. Butum B Hec-
KOJNIbKMX JiecaTKax KM Huke I[lapamckux moporos
[7. Puc. 1]. Ero reonormyeckas mo3uiusi onpeaesser-
Csl TIPUYPOYEHHOCTBIO K CEBEPO-3amagHoOMy (QJIaHTy
Crop0aHCKOH 30HBI TIyOMHHBIX pa3jiOMOB, OTpaHU-
YMBAWILEH Ha BOCTOKE MpoTepo3oiickuit baiikano-
Myiickuii 0(hMoIUTOBBII TOSIC.

Pynosmernatoniuii 6J0K ClI0XeH MeTaByJKaHUTA-
MU KUAJTSTHCKOW U TEPPUTEHHBIMU CIAHLIAMY BOIOPA3-
JIeJIbHOM CBUT mpoTepo3ost. Ha ceBepo-BocToke 3TH
OTJIOKEHMSI CMEHSIIOTCSI MOIIHOM TOMIIENH M3BECTHS-
KOB TaKKe IIPOTEPO30MCKOM YPAXCKOW CBUTBI, Ha 1OT0-
3arajie OHU MPOPBaHbl OOIIMPHBIM MaCCHBOM I'PaHU-
TOB TAJIE030MCKOTO KOHKYIEPO-MaMaKaHCKOTO KOM-
miekca. B pynmoBMeNIaonmx OTI0XEHUSAX W3BECTHBI
MEJIKAE TeJla TPAHUTOB M MHOTOUUCIEHHBIE [AWKU
TIarMorpaHuT-nopdupa, KBapleBoro mnopdupa, ao-
neputa. OTMEUYEHO CIYIEHUE NaekK TMOCIeHEro Ha
PYAHBIX YUacTKax, [ie OHU CPeI OTHOCUTEbHO ¢1a00
M3MEHEHHBIX MOpofa aM(puOOIM3UPOBAaHbI, OMOTUTH-
3UPOBAHBL, 00OTALIEHBI ATATUTOM.

Ha ceBepHOM ¢hyiaHre pyaHOTO MOJST OCAAOYHO-
BYJIKAHOTCHHBIC TOJIIMA OTAECSAIOTCS OfHA OT APYrou
cybnapajuieIbHBIMU TTYOMHHBIMU pa3ioMaMu, BXOMISI-
My B cucteMy Cronb0aHCKoi 30HbL: BepxHe- Ypsx-

25



13BecTms Tomckoro nonuTexHn4eckoro yHneepcuteta. 2005. T. 308. N2 2

CKUIl pa3ioM pa3rpaHMYMBAET YPSIXCKYI0 U BOJOpa3-
JeJIbHYI0 CBUTHI, I1aBHbIN CroJib0aHCKUA — BOLOpa3-
JeIbHYI0 U KWIsHCKY1o. Ilpeobnamarolnee maaeHue
ToJII Ioro-3ananHoe mop yrnamu 40...80°. Onu gedop-
MUPOBaHbI B Y3KUE JIMHEWHBIE CKIAAKN HECKOJIbKUX
MOPSIIKOB, UMEIOIINE TeHepaIbHOE CeBepO-3anagHoe
npocTupanne. OTMEYaOTCS MUKPOCKIIAAKY, CKIAIKN
BOJIOUEHUSI BILIOTh 10 TODPUPOBKU.

MHOTrOUMCAeHHBl BHYTPUIUIACTOBBIE W MEXILIa-
CTOBBIE 30HBI PacClaHIEBaHMS, IPOOICHNUS, OPEKIN-
pOBaHMs, KOTOPBIE Ha sl YIaCTKOB COMEPKaT Mpo-
JOYKTUBHYIO Cylb(MUIHO-KapOOHATHO-KBAPLIEBYIO MU-
Hepan3aluio. DTH 30HbI MPOXUIKOBO-BKpaTIeHHOM
MUHEpAU3aLUU COYETAIOTCSA C XUIbHO-TIPOXUIKO-
BbIMU, TPOXUJIKOBO-IITOKBEPKOBBIMU TeJaMu, OT-
JETBbHBIMU XMJIAMU W XJIBHBEIMA 30HAMH, B TOM YH-
cJie B IITOKaX TPAaHUTOUIOB, KOHTPOJIUPYEMBIMH TT0-
JIOTMMU HaJIBUTAMH U CUCTeMaMK HaIBUTOB, OTIePsIIO-
UMW KPYIHbIE pasioMbl. PymiHas MuHepamuzaius
BKJIIOYAET MMSATh MUHEPAJIbHBIX KOMIUIEKCOB U 00pa3o-
BaHa B TemrneparypHoM uHTepBaie 450...50 °C. Bos-
pacT opyneHeHUs cocTapisieT 27517 MiH neT [§, mpo-
oObl ¢ uHgekcoM 0-24, 0-35, 0-36], T.e. 630K K BO3pa-
CTY JAPYTMX MHOTOUYMCIEHHBIX 30JOTBIX MECTOPOXKIE-
Huit CeBepHoro 3abaiikaibsi, 00pa30BaHHBIX B IM03-
JIHEMANe030/CKYI0 METATIOTEHUYECKYIO DIIOXY.

3. MuHepanoro-neTpoXMmMmuyeckas 30HanbHOCTb
0KOJIOpYAHbIX MeTacoMaTU4YeCKUX OPEeonoB,
006pa3oBaHHbIX B CIAHLIEBON TONLLE

OObeKTaMM MCCIEAOBAHMS CIyXaT BMEIAIOIIUE
MUHEpAJM30BaHHbIE 30HBI METACOMATUYECKUE OPEO-
JIbl, JIOKQJIM30BaHHBIE B CJaHILAX BOJOpa3le/ibHOM
CBUTHI B IpaBoM 0opTy yiuenbs p. Hikuauii Opiios.

OcalouHbIe TOPOIBI UMEIOT TeMHO-CEPBII 10 YEPHO-
TO 1IBET, KPYIMHO-aJICBPUTOBYIO J0 MENKOIECYaHUCTON
pa3MepHOCTh 00JIOMKOB, CLIEMEHTMPOBaHHBIX 00J1ee TOH-
KO3ePHUCTOM KBaplL-TOJIeBOIITIaTOBOM Maccoid. LlemMeHT
0a3aIbHBINA, WHOTIA CONPUKOCHOBeHMS. CBOMCTBEHHAsI
MOpOJIaM CJIAHLIEBATOCTh € TOJIIIMHON IUIMTOK OT JOJei
JI0 TIEPBBIX CM COIVIACHA MOJIOCUATOCTH, OOYCIIOBICHHOI
yepeJOBaHMUEM TTOJIOCOK CYHIECTBEHHO KBapLI-TIOJIEBOIII-
MIaTOBOTO M CJIIOAMCTOTO (OMOTHT, XJIOPUT, CEPULIUT) CO-
craBa. K uucny MuHepanoB, o0pa3oBaHHBIX 0 Havaja
MEeTacoMaTHYeCKOoro Ipolecca, OTHOCATCS KBapll (10
20 %), onuroknaz-anaesnH (1o Ne 36, 1o 50...60 %) ue-
MEHTAa 1 00JIOMKOB, peIKUii OPTOKIIa3, TPsI3HO-3eJICHbIIA
ouotut (10 50...60 %), 00pa3yoIIMii CKOIUICHHS MEJIKIX
(TIepBbIe IECSITHIE MM) YeIllyeK, TPYIIIMPYIOLIMXCS B IISIT-
HOOOpa3Hble, JMH30BUAHBIE M TIOJ0CYaThle 000co0JIe-
Hust. C OMOTUTOM TeCHO acCOLIMMPYET MarHeTUT B BUJIE
arperaTtoB KCeHOMOpP(MHBIX BbimeneHMWiA. B mopomax
BCTpeYaeTCsl TaKKe pelKasi paccesiHHAsl BKPATIeHHOCTh
arartuTa, IUPKOHA, C(eHa, TyCTO-3eNeHOr0 TypMallHa.
IIpucyTcTByeT TOHKOUELITYYaThIit IpaduT MpU coaepxKa-
HUM HekapOoHatHoro yriepona 0,02...0,03 % [3].

OnucaHHblE TOPOJbI MPECTABISAIOT OUOTUTOBYIO
30HY PeTMOHATEHOTO MeTaMopdu3Ma (hany 3eJeHbBIX
cnanieB. HemeTaMop(hr30BaHHBIX OCaIOYHBIX ITOPO,
B COCTaBe BOIOPA3NENbHOM CBUTHI HE 0OHAPYXKEHO.
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MuHepanbHBIi COCTaB TIOPOJ YCIOXKHEH HalOXeH-
HBIMU acCOLMALIMSAMMU dTara MeTacoMaTi3Ma, 00pasylo-
IUMKU B OOpaMJICHUU DPAa3IOMOB KPYMHOOOBEMHbIE
OpeoJibl, CxeMa MUHEpaJIbHOM 30HAIBLHOCTU KOTOPbIX
VKJIaIBIBAETCS B CBOMHYIO CXeMY METACOMATHIECKOM 30-
HAIBHOCTH 30JI0TOPYAHBIX TI0JIei paifioHa [2, 6 v ap.] u
UMEeT CIIeIyIoIuiA BUA (TIOMYePKHYTHl MUHEPAJIbl, UC-
ye3atoliue B 0oiee ThUIOBOM 30HE).

BHerHsis1 30Ha; CEPULIUT + KBapIl T KaJbLIUT T J0-
JIOMUT + [JOJOMUT— AHKEPUT +
JeHIKOKCeH + pyrwi1 t mupuT =+
abOUT + pUMUIONUT, OpYHCBM-
TUT— JIeJIECCHT; MCXOMHBIIA OMOTHT,

CepULIUT + KBapll T KaJbLUT *
JIOJIOMUT — aHKepuT + JeiKoK-
CeH + pyTuia + MarHeTtur + rpa-
(ut + muput + anpouT + punu-
JIOJIUT, OpYHCBUTUT-AENECCUT +
KJIMHOIIOW3WT, SMUIOT.

XJopurtoBasi 30Ha (YMEpEHHOE M3MEHEHME): CEPUIIIT
+ KBapll T KaubILUT T JOJIOMUT-
AHKEpUT +IIeHKOKCeH + pyTui +
MarHeTuT + rpaduT + IDUpUT +
ILOUT + DUNMLONUT, OPYHCBU-
TUT-JIEJIECCUT,
X7opuToBas 30Ha (MHTEHCUBHOE M3MEHEHHUE): CEpU-
LIMT + KBapll + JOJIOMUT T J0JI0-
MUT-aHKEpPUT T cujeputT + Jeii-
KOKCEH t pyTWji + MarHetur +
rpauT + nUpUT + XaJTbKOMUPUT
+ ampOuT + pUOUIOIWT, OpYH-
CBUIUT — JETECCUT.
CcepuLMT + KBapl t JOJOMUT *
NOJIOMUT — aHKEPUT t CHUAEPUT
+ neiikokceH + pyrun + MarHe-
TUT + rpadut + TUpuT + ANLOUT.

CEepULIUT + KBapll  KaJbLUT *
JOJIOMUT — aHKepUT + JeHKOK-
CEH + DYTWJI + Mar”HeTur + rpa-
(ur + nupur.

XJopuToBasl 30Ha IpeobafaeT B U3yYEHHBIX pa3-
pe3ax, MOIIHOCTb €€ JOCTUIaeT COTeH M. BHelHss 30-
Ha coxpaHuiach parMeHTapHo. MOLIHOCTb 3MUI0TO-
BOW 1 aIbOMTOBOI 30H HE TPEBbIIIAET MEPBBIX CM, ThI-
JIOBOM — HECKOJIbKUX M. Bce 30HbI HEOTHOKPATHO Ye-
pemyloTcs B pa3pesax, MpUYeM THUIOBBIE 30HBI 0Opa-
MJISTIIOT TEKTOHMYECKME HApYIICHUS pa3HbIX TMOpsI-
KOB, B TOM YHCJIe MEXILTACTOBBIC X BHYTPUILIACTOBBIE.
PynHble accolmanuy MUHEpalIoB He 00pasyloT oce-
BY10, TOJI00HYIO KBapLIeBbIM XUJIaM, 30HY, HO y4acTBY-
10T B COCTaBE METACOMATUTOB ThIJIOBBIX 30H.

ITo Mepe ycusieHUsS MHTEHCUBHOCTM M3MEHEHWUH,
BO3PACTaHUSA YIEIBHOW MACCHI MEPEMEILIEHHOTO Bellle-
CTBa (puC.) TMOPOIBI MOCIEAOBATEIbHO YTPAYUBAIOT
NepBOHAYaIbHBI MUHEPAJbHBI COCTaB U 00JOMOY-
HYIO CTPYKTYPY, CMEHSIEMYIO B ThUIOBBIX 30HAX JIETIA/IO-
rpaHo0/1aCTOBOM, HO COXPAHSIOT MOJO0CYATYIO TEKCTY-
py. CocTaB cloIHbIX MMOJOCOK U3MEHSIETCS OT CYIIe-
CTBEHHO OMOTWUTOBOTO C HE3HAYUTEJBbHOW MPUMECHIO

DNUI0TOBAad 30Ha:

AnbpOUTOBAs 30HA:

TbutoBast 30Ha:



EctecTBeHHbIe Hayku

XJIOPUTOB, JIEKOKCEHA, PYTUJIa, MATHETUTA B TTOA30HE
cJ1aboro u3MeHeHus BHelHel 30HbI (10 10 % HOBOOG-
Pa30BaHHBIX MUHEPAJIOB) 10 XJIOPUTOBOTO C PENUKTA-
MM OMOTHTA C HApacTaloIMM KOJMYECTBOM XeJe30-
TUTAHOBBIX MUHEPAJIOB B TIOA30HE MHTEHCHBHOTO U3-
MEHEeHMs, Jajee 0 XJIOPUTOBOTO C TIPUMECHIO CEepHLIN-
Ta, XeJe30-TUTAHOBBIX MMHEPAJIOB, IIMPUTA B TIpOME-
JKYTOUHBIX 30HaX, a B UTOTe — JI0 CEPULIUTOBOTO C TPH-
MECHIO JICHKOKCEHa, pyTUIa, MarHETUTa, CYJIb(pHUIOB B
ThUIOBOH 30He. KimnHononsut u amuaot (1o 30 %) 06-
PAa3yIOT «OCTIEHHBIE» BBIIEJIEHUS B aHIE3UHE B aCCOLIU-

ALK C CEPUIIMTOM, KaJIbLIUTOM, TOJJOMUTOM, & SIMIIOT,
KpOMe TOTO, B BUJIE KPHCTAJIIOB M arperatoB 3epeH cpa-
CTaeTcsl ¢ IpyrMMU MUHepajdaMu. B ThIIoBoOi 30HE
BCJIEAICTBUE MOYTH MOJHOIO BBIHOCA HATPHUS (PUCYHOK)
ucye3aeT aabOMT, 3aMEINasiCh KATUEBBIM CEPULIUTOM,
o0OpaszoBaHmio 3HaynTenbHOro (10 50...60 %) xommue-
CTBa KOTOPOTO CIIOCOOCTBYET JTOMOIHUTEIbHBIIA MPKB-
Hoc ctofia Kaus. [locTymieHue B CUCTeMY YIIIEKUCIO-
ThI, KQJIBLIMS, MarHysl, Xene3a, Mapratia obyciIoBHIO
KapOOHATH3AIMIO TTOPOJ, TIPUYEM XEIe3UCTOCTh Kap-
OOHATOB BO3PACTAET B ThUIOBBIX 30HAX BILTOTH 0 00pa-

TB6J1ML‘B 1. Ouenka rapameTpOoB pacrpeneneHns PyAOreHHbIX 3/1eMeHTOB 1 KOPpPesaUnOoHHbIX cBA3€eM 307107a C PyAOreHHbIMU 3J1eMeH-
Tamn B MUHepaslbHbIX 30HaxX OKOJIOPYAHbIX MeTacoMaTtn4yeckmnx opeosios, O6pa3OBaHHb/X B yrnepoancrblXx nec4aHo-ase-

BPOCaHLax BOBOPA3AEIbHON CBUTbI

MuHepanbHble 30HbI, B CkobKax Yncrio npob
SneMeHTb Hcanp;%z;peb:iﬁj BrewHss
Cnaboro vamene- | MintercuaHoro us- | Xnoputosas (34) | AnbbuTosas (17) Thinosas (16)
Hus (15) mererws (11)
xg(x) 1,0(1,1) 1,6(2,0) 2,0(2,8) 2,0(3,5) 24,7(73,5)
A 1(s) 1,6(0,4) 1,9(1,8) 2,4(2,6) 2,8(5,1) 5,6(100,9)
xg(x) 25,1(35,1) 34,9(64,7) 45,6(65,1) 29,4(44,5) 53,3(60,2)
Ag 1(s) 2,2(34,8) 2,9(99,3) 2.4(75,0) 2,9(39,9) 1,8(29,6)
sr) 0,56(0,18) 0,73(0,14) 0,52(0,12) 0,80(0,13) 0,70(0,21)
Au/Ag 0,040 0,046 0,044 0,070 0,463
xg(x) 32,4(37,3) 47,0(49,0) 58,0(68,6) 42,2(61,6) 44,6(48,5)
Hg 1(s) 1,8(19,2) 1,4(14,8) 1,7(61,4) 2,5(63,5) 1,4(16,3)
sr) 0,12(0,25) -0,007(0,30) -0,22(0,16) 0,55(0,26) -0,30(0,37)
xg(x) 20(40) 50(80) 60(80) 30(30) 50(60)
Ni 1(s) 2,8(50) 2,9(100) 2,0(80) 2,1(20) 2,4(40)
H(sr) -0,55(0,18) -0,007(0,30) -0,35(0,15) -0,28(0,35) 0,25(0,38)
xg(x) 10(20) 30(40) 50(60) 20(20) 10(20)
Co 1(s) 2,3(10) 2,3(30) 2,0(40) 2,1(10) 2,3(10)
Hsr) -0,59(0,17) 0,10(0,30) -0,36(0,15) 0,10(0,37) -0,18(0,39)
xg(x) 20(40) 40(60) 90(100) 40(60) 60(70)
Cu i(s) 2,7(100) 2,6(70) 2,8(200) 2,9(50) 1,9(50)
H(sr) =0,02(0,26) 0,37(0,26) 0,31(0,15) 0,25(0,35) -0,32(0,37)
xg(x) 20(20) 20(30) 30(30) 20(20) 20(20)
Pb 1(s) 1,7(10) 1,5(8) 1,7(20) 1,7(10) 1,8(10)
Hsr) -0,22(0,25) 0,22(0,29) 0,53(0,12) -0,09(0,37) 0,44(0,33)
xg(x) 70(100) 100(100) 200(200) 60(90) 100(100)
Zn 1(s) 2,1(80) 1,6(60) 1,6(70) 2,3(100) 2,6(100)
H(sr) -0,17(0,25) 0,02(0,30) -0,08(0,17) 0,09(0,37) -0,26(0,38)

TMpumedatme. 1) x g(X) — cpeaHee COOTBETCTBEHHO rEOMETPUHECKOE 1 apudMeTIdeckoe coaepxanme, mr/T (Au, Ag, Hg), r/T (octass-
Hble 371EMEHTbI), t = CTaHAAPTHBIN MHOXMTENb, S — CTaHAAPTHOE OTKIIOHEHe cofepxanus, Mr/T (Au, Ag, Hg), r/T (octanbHble anemeH-
Tbl); I' = KOIGOUUMEHT NapHON INHEHONM KOPPEALIMA S7IEMEHTOB C 30/10TOM, BbILLIE YPOBHS 3HAYMMOCTY 0B03HAYEH MOMYXNPHBIM
LIPUGTOM, Sr = CTaHAaPTHOE OTKIOHEHME KOIQULIMEHTa Koppensumm. 2) 3aeck 1 ganee CoaepXaHme 30107a 1 cepebpa onpenens-
J10Cb: METOAOM aTOMHOV abcopbuym (4yBCTBUTENILHOCTL 1107 %, nabopaTopus SAePHO-U3MYECKMX MEeTonoB aHamsa OUIMTM
CO PAH, r. HoBocubupck, aHamnutuk B.T. LiuM6anucT; 45 KOHTPOSS — METOAAaMM HEMTPOHHOU akTvBaLum (HyBCTBUTENbHOCTb 5107 %,
niabopatopus AAEPHO-(PUINHECKUX METOLOB aHamm3a npy AAepHoM peaktope TI1Y) v XuMUKO-CreKTpasbHbIM (4yBCTBUTENbHOCTD
3107 %, LT @TYIl “Yurareonceemka”). 3) ConepxaHme pTyTv OMPenensnocs MeToAoM aToMHo abcopbumm (4yBCTBUTENLHOCTb
1107 %), Bpyrix pyAoreHHbIX 31EMEHTOB — MPUBINXEHHO -KOMYECTBEHHBIM CNEKTPasTbHbIM MeTogoM B LIJT IO “bepesosreonorvs”,
r. Hosocnbupck, noa pykosoactsom H.A. Yapukosa. 4) Pacyets! BbirnonHeHs! H.1. Opexosbim
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PucyHok. KoagppuumerTsl pacrnpenenerns (KP) netporeHHsix
3/1EMEHTOB B MUHEPAIbHbBIX 30HaX OKOIOPYAHbIX Me-
TacoMaTu4eckux opeosioB, 0b6Pa3oBaHHbIX B NeCYaHo-
aneBpoCiaHLax BOAoPa3AeNbHON ToaLM (CeBEPHbI
¢naHr KapanoHckoro pyaHoro noss).
VcxoaHas noposa — buoTUT-KBapLI-MOEBOLINATOBbI
necyaHo-aneBpociaHeL B nof3oHe cnaboro M3meHe-
HUS BHELLIHEV 30HbI (2 npobwl, 6=2,71); BHEW,1 1%,
BHY — cooTBeTCTBEHHO 1030Ha MHTEHCUBHOIO M3Me-
HEHWS BHELLIHEW 30Hbl, X1I0pUTOBas YMEPEHHOIO, WH-
TEHCUBHOIO M3MEHEHWS C MPOXMIKOBO-BKPANIeHHOM
MUPUT-XanbKONMPUT-KBAPLEBON MUHepann3aumes,
ThI/I0Bas 30Hbl (B ckobkax — uncio npob); A = yaenb-
Has Macca rnepemMeLLeHHoro (MpMBHECEHHOTO 1 BbiHe-
CEHHOro) BELLEeETBa B CTaHAAPTHOM reoMeTpU4ecKoM
obbeme 10000 A*; 8 — cpeaHss nAoTHOCTb MOpPos; rpa-
(1K CoCTaBeH Ha OCHOBE METPOXUMMUYECKMX nepec-
YETOB 110 0OLEMHO-ATOMHOMY METOAY MOJHbIX XUMM-
YECKMX CUIMKATHBIX aHa/IM30B FOPHbIX MOPOA, BbIMOS-
HeHHbIx B LJ1 T1TO «3ancubreonorus», r. HoBOKY3-
HeLK, 1nog pykoBoAcTBoM U.A. [JybpoBckor

30BaHMS CHMIEPUTA, a pa3Mepbl METaKpHCTAIOB —
poM003apoB ux yBeaumumBaworcs go 1,0..1,5 mm,
BCJIEZICTBME YET0 METACOMATUTHI TPUOOPETaIOT MOopdu-
PO-TIOMKMIO0IACTOBYIO CTPYKTYpY. XapakTepHa Kop-
PO3MsI METAKPUCTAIIOB I0JIOMUTA aHKEPUTOM U Tepe-
CeueHMe TMOC/ENHEr0 MPOXMIKAMU TO3HET0 Kasblu-
ta. CHIDKEHHE CONepXaHWS KPEMHUS OTHOCHUTEIHHO
HeBeqMKo. CyIIeCTBEHHO YMEHBIIAeTCs KOMMYECTBO
docdopa, HO BozpacTaeT comepxaHue rpadura B cpe-
HeM 10 0,81 % B IpOMEXYTOYHBIX 30HaX (6 po0) U 10
0,60 % B TBITOBOI (3 TIPOOHI) [3].
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4. MeTannbl B 0KONIOPYAHOM NPOCTPaHCTBE

B BBIMOMTHEHHOM HCCIEIOBAaHUM UCKITIOYEHBI He-
TOCTAaTKHM, TTpUBENeHHBIE BhIIIe. OIeHKa CXOMUMOCTU
PE3YIBTaTOB aHATM30B, BRITIOMHEHHBIX B TIOPSIIKE BHY-
TPEHHEr0 KOHTPOJISI M Pa3HBIMUA METONAMH B Pa3HBIX
J1abopaTopUsIX 1aHa paHee, a KauecTBO aHAIM30B KBa-
TOUIMPOBAHO KaK YIOBICTBOPUTEIBLHOE [6].

Tabmuua 2. OLeHKa 3HaYYMOCTV Pasfinyenil NapameTpoB JIOrHOP-
ManbHoro pacripeneneris Au (a), Ag (6), Hg (8) (cpen-
Hero apy(pMeTNHecKoro 1 CTaHOaPTHOMO OTKIIOHEHMS
JIOraPUPMOB COLEDXAaHMI) B MUHEDAIbHBIX 30HAX OKO-
JI0PYAHbIX METACOMATHHECKVX OPEOsToB, 06Pa30BaHHbIX
B YITIEPOAUCTBIX MeCHAHO-ANIeBPOCNaHLAX BOAOpPa3-
[IE/bHOVI CBUTHI (A7191'5 % YpOBHS 3Ha4MMOCTV)

t-Kpumepuii

a)

MuiHepanbHble Bhewrss

30HbI, NOA30- |Cnaboro Mhten- | Xnopu- [ Anbbut- ThinoBas
CMBHOro| TOBaf TOBafd

Hbl, Y1Cno  |vameHe- (16)
npob s (15) | 73vere- (34) (17)

Hua (1)

Mg&zgg}:‘;ﬂ 2,3503 | 3,0063 | 2,2453 | 6,8574
=|E 206 | 200 | 2,09 | 2,09
S|z (15)
el ey
S Ho“rge:g:'fe 1,6376 0.7060 | 0,5049 | 4,8039
¥ 3,14 202 | 212 2,13
b Herws (1)

Xnopwutosas | 3,0383 | 1,8554 0,0112 | 5.6439

(34) 271 | 330 2,02 | 2,02

Anbbutosas | 4,2520 | 2.5965 | 1,3995 3,2987

(7) 350 | 4,07 | 2.8 2,20

Tonosan (16) [12:3448] 7.5386 [ 4,0631] 2,9033
366 | 424 | 3,02 | 598
0)
M;’;:gsgaﬂ 0,9096 | 2,2752 | 0,3880 | 2.0976
= 2,06 | 2,01 | 209 | 209
5 (15)
(5] -
I Y Bl v 0.8445| 0,3364 | 0,9075
s ety | 314 202 | 212 | 213
g
3| Xnopwtosas | 1,1894 | 1,4759 11766 | 0,4256
o (34) 2,70 | 2.5 2,02 | 2,02
Anoburosast | 17951 | 1,0226 | 1.5092 1.2219
(17) 350 | 4,07 | 2,84 2.20
Tonosan (16) | 15846 | 3.3084 [ 2.2417 [ 3.3831
6,44 | 6,62 | 6,20 | 6,97
B)
Mg&:gg;‘;ﬂ 1,9237 | 3,5227 | 0.8197 | 1.2603
= 2,06 | 2,00 | 209 | 2,09
g (15)
3
<& H(;f:gase 3,6163 12700 | 0,3620 | 0,3411
g (1) | 354 202 | 212 | 213
g
é XnoputoBas | 1,3406 | 2,6974 1,2806 | 1,2082
o (34) 2,30 | 3,30 202 | 2.02
Anbbutosas | 2.5256 | 9.1332 | 3,3859 0.1385
(17) 350 | 4,07 | 2,88 2,20
Tonosan (16) | 36620 | 1.0146 | 27367 | 9.2662
6,44 | 6,61 | 620 | 6,97

lMpumeyaHne. Yncna Hap 4epTor — 3HaYeHWs PacyeTHble, noA
yepTos — TabMYHbIE Ha KDPUTUHECKOM YPOBHE, MOMYXMUPHBIM
LUPUHTOM — Pasnyams 3Ha41Mbl



EctecTBeHHbIe Hayku

PesynbraTel CTaTUCTUYECKOM 00paOOTKY aHAIUTH -
YeCKUX JaHHBIX NMpUBeaeHbI B Ta0. 1. PacnipeneneHue
CONepP>XaHU MeTalIoB B TOpOAaxX He MPOTUBOPEUMT
JIOTHOPMaJIbHOMY 3aKOHY, TO3TOMY 32 OCHOBY MPHHSI-
ThI OTBEUAIOIINE €My TapaMeTphl, HO B CPaBHEHUU C
napaMeTpaMy HOPMaJIbHOTO PaCIpeaeeHM.

OTMeTHM, YTO cofepkaHue 30J10Ta, cepedpa, pTYyTH
W JPYruX MeTAlIoB Ha JajibHeil mepudepuy OKOoJo-
PYIHBIX METACOMATUYECKMX OPEOJIOB (B MOA30HE Cla-
00ro M3MeHeHUs BHEILIHEW 30HbI) OJIM3KU K KJIapKO-
BBIM 3HAUEHHUSIM TSI TAHHOTO BUIA OCaIOYHBIX TIOPOI.
ConepxaHus NepBoii TpUaabl B 00beMe METacOMaTH-
YeCKMX OPEOJIOB TOCJIEN0BATeIbHO HAPACTAIOT B Ha-
MpaBJeHUY ThIJIOBOI 30HBI M TOCTUTAIOT B HEll MAKCH-
MaJIbHbIX 3HAYE€HUU, XOTS M HEBBICOKHUX (HECATKH
Mr/T). Pe3ko yBennumBaeTcsl B THUIOBOI 30HE HEpaB-
HOMEPHOCTb pacIpeneaeHus 30j10Ta. B o0beme Bcero
opeoJia CTabWIbHO COXPAHSIOTCS 3HAUYMMBIE TTOJIOXKM-
TeJbHbIE CBS3M 30J10Ta C CEpeOPOM MpHU SMU30AUYE-
CKMX CBSI3SIX C 30JI0TOM [PYIUX METAJLIOB.

3HAYMMOCTD pa3NUyYUil ComepXaHW 30710Ta B
OpeoJiax OTHOCHUTENTBHO MOA30HBI CTA00T0 N3MEHEHUS
BHEIIIHEH 30HbI HACTYMAET C MOA30Hbl MHTEHCUBHOTO
M3MEHEHMs BHEITHEH 30HbI, pa3TMYuil TUCTIepCUM pa-
CTIpeieNIeHUs] — ¢ XJIOPUTOBOM 30HBI; B TOM U JAPYyroM
cllyyae OHa pPE3KO YCWIMBAeTCs B ThUIOBOW 30HE
(Tab. 2). B oLieHKe 3HAYMMOCTH pa3IMIMii STUX ITapa-
METPOB pacmpeneaeHus cepedpa u pTyTd He 00Hapy-
>KMBAETCs B TIOJTHOM 00beMe I0A00H0I 3aKOHOMEPHO-
CTH, XOTSI COAIEPXaHUS cepedpa B XJIOPUTOBOM U ThUIO-
BOM 30HAaX OTHOCUTEJIbHO TaKOBBIX BO BHELIHEN 30HE
KBaIM(UIMPYIOTCS KaK 3HAUMMO OoTInMuHble. [Tocie-
JOBaTeJIFHO YBEMIMBACTCS OT 30HBI K 30HE 1 B Oepe-
3UTE, a TAKKE B METACOMATHIECKOM MTUPHUTE MPUOIIH-
KaeTcsl K CBOMCTBEHHOMY PYIHBIM TeJlaM 30J10TO-Ce-
peOpsIHOE OTHOIIEHHUE.

Tabnuya 3. OueHka NapameTpoB PacripeseneHns Py[oreHHbIX
3/1EMEHTOB B MeTacomatndeckom rpute (8 npob)
TbIIOBBIX 30H OKOJIOPYAHbIX OPEosoB, 06pPa30BaH-
HbIX B YIIEPOAUCTLIX MECHaHO-aneBpocnaHyax Bo-
L0Pa3[ENbHOV CBUTI

Mapa-

MeTpbI XuMudeckmne anemeHTbl

pacnpe-

nenerns| Au Ag Ti I Ni|Co|Cu|Pb|2Zn|As
X 0,483 | 1,144 13500 570 1400320 180 | 200 | 650
s 0,876 10,843] 530 | 270 | 130 | 420 150 | 120 | 320
v 182 74 15 146 |33 |131] 8 | 59 |49

Au/Ag 0,42

MpumeyaHme. X, s = cpeaHee aprupMeTyeckoe conepxaque -
eMEHTOB U CTaHAAPTHOE OTKIIOHEHWE, /T, v ~ KOIGHPULMEHT Ba-
puraumm conepxaqui, %

B pacnpeneneHuu psima OOBIYHBIX B IeOXMMUYE-
CKUX Opeojiax 30JI0TbIX MECTOPOXKIEHUI! LIBETHBIX Me-
TaJUIOB He (DUKCUPYETCS 3aMETHBIX TeHAeHLUH. OKo-
JIOKJTApKOBBIE MX CONEPKaHMUSI Ha Tieprdepuu OpeoioB
COXPAHSIIOTCS U B THUIOBBIX 30HAX, MCKJTIOYAst HUKEJTb 1
Me/Ib, KOHIIEHTPAllM KOTOPHIX BO3PAcTal0T COOTBET-
CTBEHHO BIBOE 1 BTPOE B ThIIOBOM 30He. OIHAKO B Jie-

CSITKM pa3 BBILIE COMepKaHUEe BCEX METAIOB B MeTa-
COMAaTMYECKOM TUPUTE aJbOMTOBOM M THUIOBOM 30H
(tabi. 3), a 30J10TO-cepeOpsIHOE OTHOLIEHUE OJIM3KO K
TaKOBOMY B MeTacOMAaTUTax ThLJIOBOM 30HbI. OOpalia-
€T Ha ceOsT BHIMAaHMe BEICOKOE COMEPXaHUE B ITUPHUTE
TUTaHa, KOTOPOM 00OTalleHbl OKOJIOXUJIbHBIE allorpa-
HUTHBIE OEPE3UThI PYAHOTO Mo [7].

5. 06CyXXAeHNe pe3ynbTaToB U BbIBOADI

Kax BugHO M3 NpKBeAeHHBIX MaTepuaIoB, 0caaoy-
HBIE TTIOPOIEI BOMOPA3NETBHOIN CBUTHI TIPETEPIIEITN S1TH-
TeHeTUYeCKHe TPeobpa3oBaHMsd ABAXIBI — Ha 3Tarax
PErMOHATLHOTO MeTaMOp(u3Ma 1 OKOJIOPYTHOTO MeTa-
coMatuaMa. Tem He MeHee, OHU COXPAHUIN PETUKTOBBIC
4epThl CBOETO COCTaBa, CTPOCHUSI U Y3HABAEMbI JaXe B
TBLTOBBIX 30HAaX METACOMATUYECKUX OPEOJIOB IO COXpa-
HUBIIMCST 00JTOMKaM KBapIla, He 3aTPOHYTOTO PacTBO-
pEHUEM, TI0 KOHTYpaM ObLIbIX 00JIOMKOB MOJIEBBIX IIITa-
TOB, 3aIOJIHEHHBIX arperaTaMu TOHKO3EPHUCTBIX MUHE-
paioB 3amenieHust. O0nomMouHast Gpakius UMeeT pas-
MEPHOCTb OT MEJIKO3EPHHMCTOrO TIeCYaHKMKa 10 KPYIMTHO-
3EPHUCTOrO ANEBPOIUTA C IEPEMEHHBIM COOTHOLICHUEM
TOI M Apyroit (ppakumu, mostomy anddepeHIanus
TIOPOIT Ha TIECYAHMK 1 aJIeBPOJIUT 3aTPyIHEHA.

TunomopdHble MUHepaabl MeTaMoOphUYEeCcKOro
aTana — TypMaJuH ¥ OMOTUT, COXpaHMBILIKECS B MEXKO-
PEONIbHOM MPOCTPAHCTBE, HO MOJHOCTbIO 3aMELICH-
Hbl€ Ha TPaHUILIE BHELITHEN 1 XJIOPUTOBOM 30H U B XJIO-
PUTOBOM 30HE OKOJOPYIHBIX METaCOMATUYECKUX
OpEOJIOB, OTBEYAIOT HanbojIee BEICOKOTEMITEPATyPHO-
My pexumMy (aluu 3eeHbIX CJaHIIEB.

[To MuHepaabHOMY COCTaBy, MOPSIIKY MUHEPATbHON
30HATBHOCTY, HAMIPABRICHHOCTH M3MEHEHNI XUMUYECKO-
T0 cocTaBa IOPOJ, U MepepacnpeneneHus (IpUBHOCA-BhI-
HOCa) TIETPOreHHbIX KOMIIOHEHTOB B pa3pe3e OKOJIOpYI-
HBIX METACOMATUYECKUX OPEOJIOB TIOCIeqHUE MpUHAILIe-
ar Oepe3uToBoii (hopMaii. OHM ayTeHTUYHBI OKOJIO-
PYIHBIM M3MEHEHHMSIM KPUCTAUTMYECKHX TIOPOJ 3TOr0 U
Jpyrux 3o05oTopynHbiX moneir CeBepHoro 3abaiiKaiibs
[2, 3, 6, 7], yrepoomcThIx MecyaHo-aneBpociaHieB Ke-
JIpOBCKOro pyaHoro mon [6], Jlenckoro [9], Exnncelicko-
ro [10] u mpyrux paitoHoB. BeposiTHO, He3HAUYMTETbHBIM
BBIHOCOM M3 yMEPEHHO KPEMHUCThIX TOPOI KpeMHe3eMa B
TUAPOTEPMAIbHOM TIpoliecce obpasoBaHusi KapanoHcko-
TO PYAHOTO ITOJIST MOXKHO OOBSICHATD OTCYTCTBUE KPYITHBIX
KBapLIEBBIX KT CPEM CIaHIIEB, HO (hOPMHUPOBAHKE B Thi-
JIOBOI 30HE OPEOJIOB MPOXUIKOBO-BKPAILIEHHOM MUHE-
PpaM3aLMK JIUIIb ¢ METKMMHU MPOXKMIKAMK KBapIIa.

OrMmevaeMoe CHIDKeHME KOHIeHTpauuu gocdopa B
TBITOBBIX 30HAX HE COITIACYETCS ¢ HAKOIUIEHHWEM €ro B
Oepe3uTax B 00paMiIeHUH TTyOMHHBIX pa3ioMoB [7], HO
CBUJIETEJILCTBYET O €r0 MUIPALIMOHHOM CIOCOOHOCTH Ha
aTane MeTacoMarv3Ma. 3HauuTeNbHOe HAKOIUICHUE B
MPOMEXYTOUHBIX M THIJIOBBIX 30HAX HE TOJIbKO OKU-
CJIEHHOTO, HO M HeKapOOHATHOTO yrjepoaa B (opme
rpadUTOMIOB OOBIYHO TS 30JI0TOPYIHBIX TTOJIEH ClIaH-
uesoro tuma [3]. Ha artame okoJopyoHOro KaiueBo-
YIJIEKUCIOTHO-CEPHHUCTOTO METACOMATH3MA B YCIIOBUSIX
MOCTYIUICHHUSI B CUCTEMY C TUAPOTEPMaIbHBIMU PacTBO-
paMu BOCCTaHOBJIEHHOH cepbl 00pa3oBaHa OCHOBHAsS

29



13BecTms Tomckoro nonuTexHn4eckoro yHneepcuteta. 2005. T. 308. N2 2

Macca MMPUTa, BO3PACTAIOLLas B ThIJIOBBIX 30HAX CUH-
XPOHHO C yBeJIMUEHUEM coiepxaHust cepbl. IIpu obu-
JIMM TIMPUTA B TIOPOJAX THIIOBBIX 30H OPEOJIOB M B CO-
CTaBe IPOXMIKOBO-BKPAIUICHHOM MWHEpaNu3alud, B
HCXOTHBIX TTOPOJAX BHE OPEOJIOB OH BCTPEUAETCS JIMIIIb
SMM30IUYECKU B (POpMe MeThUalIIINX KPUCTAJLIOB.

Teoxumuyeckne BBHIOOPKM, CHOPMUPOBAHHBIC B
COOTBETCTBUU C MPUHATHIMU TIPUHLIUIIAMU, B PACCMO-
TPEHHOM CJTy4ae MPEACTABISIOT OMUH JTUTOTHUIT UCXOMI-
HOI4, HO OTHOCHUTEJIbHO €j1ab0 MeTaMOp(U30BaHHOM,
10 MPUYMHE OTCYTCTBUSL HE UBMEHEHHOM, 0CaTOYHOI
MOPOJIbl B KaXI0¥ MUHEPATbHOM 30HE OKOJIOPYIHBIX
METacoOMaTUYECKUX OPEOJIOB. AHAIU3 CTATUCTUYECKUX
MapaMeTpoB pacrpeeIeHUsT METa/UIOB B 00beMe Kaxk-
JI0}1 BbIOOPKM Y B CPaBHUTENLHOM acleKTe MO3BOJIsIET
KOHCTaTMPOBATh CIEAYIOIIIEE.

Conep:xaHus 30/10Ta 1 cepedpa B Iopoax, KOTopble
BHE METACOMaTUYECKUX OPEOJIOB M Ha MX JAAJIbHEl Mepu-
(hepyu (B 1mMoa30He C1a0Or0 M3MEHEHHsT), KaK OTMeda-
JIOCh, OJTM3KM K KJIAPKOBBIM 3HAUEHUSIM JUIST 3TOTO TUIIA
0CaIOYHBIX TIOPOJI, BO3PAcTasl [0 Mepe YCWIEHHUS MeTa-
COMATUYECKMX U3MEHEHUI TIOC/IEIHUX, B THIOBOM 30HE
JOCTUTalOT OMHAKO OTHOCUTEJBHO HEBBICOKMX 3Haye-
HUIA, YTO TIPSIMO KOPPEIUPYET ¢ HU3KOIA (TIepBbIe I'/T) 30-
JIOTOHOCHOCTBIO 00Pa30BaHHOM B 30HE CYJIb(PUIHO-Kap-
OOHATHO-KBapIIEBOI1 POXMIKOBO-BKPAIJIEHHOIN MIHE-
pamu3anuy. DTO MOTIEPKMBAET U3BECTHYIO 3aKOHOMEP-
HOCTb O TPSIMOM 3aBMCMMOCTU MEXIY 30JI0TOHOCHO-
CTbIO, B O0IIIEM CITy4ae METaLIOHOCHOCTBIO PYIHBIX TEJI
1 00paMITSIIOIIMX KX MeTacoMaTnToB [6]. CToMb Xe 3aK0-
HOMEPHO BO3pacTaHue B HalpaBIeHUM K THIJIOBOI 30HE
Au/Ag oTHOlIIEHUST B METACOMATHTaX U CUHXPOHHO — B
METaCOMATUYECKOM IIMPHTE, PABHO KaK 1 IIPHOMIDKEHIE
€ro 3HAUEHWI B ThIJIOBOW 30HE K TAKOBLIM, CBOMCTBEH-
HBIM pyIaM Me30TepPMaJIbHBIX MECTOPOXICHUIA.

Huzkue OKOJIOKJIapKOBLIE COACPXKAHUA LIBETHBIX
METAJULIOB B pa3pe€3axX METACOMATHMYECKHX OPE€OJIOB,
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BKJII0Yasl ThLIOBYIO 30HY (MOpOAbI 03 HaJOXKEHHBIX
MPOXWIIKOB), CIyXaT YKa3aHWEM Ha OTCYTCTBME Ka-
KO#-11M00 MUHepanu3aluy B MOpoAax A0 Hayaja Tu-
JPOTEPMAIBHOTO Py000PA3yIOLIETo MPOLIECCa, TO ECTh
Ha OTCYTCTBHME TIPU3HAKOB HAC/NEI0BAHUS MO3IHEH TU-
JIPOTEPMAIbHOM MMHEpaau3alueil paHHeH, CKaXeM,
BYJIKAHOT€HHO-0CAJI0YHOI, 00pa30BaHHOI Ha 3Tare
ceiMMmeHTalMu. BMecte ¢ TeM, 3TO cornacyercs ¢ u3-
BECTHBIM (DaKTOM CJIab0ii KOHTPACTHOCTH OKOJIOPY/-
HBIX TEOXMMMYECKMX OPEO0JIOB ME30TePMAaJbHBIX Me-
CTopoxeHui 30m0ta. Ho moBbillleHHOE Ha MOpPSIIOK
colep>kaHue METaJIOB B METaCOMAaTUYECKOM THMPUTE
TBUIOBBIX 30H CPABHUTEILHO C CONEPKAHUEM UX B Me-
TACOMATUTAX B 11€JIOM CBUIETEBLCTBYET O MOCTYIJIEHUU
B TIOPOAHO-(IIOUIHYIO CUCTEMY MOMOJHUTENbHBIX,
XOTSI U HE3HAUMUTEJbHBIX MX KOJMYECTB M3BHE. B Me-
TaJIJIOHOCHBIX PACTBOPAX, OUEBUIHO, NOJIS 30J10Ta OblTa
3HAYMTEILHOM B CpaBHEHHUM C Hojieii cepedpa. OOpa-
HIAIOT Ha ce0sl BHUMAaHUE BbICOKKE COAEPXAHUS B Me-
TaCOMAaTUYECKOM MUPUTE TUTaHa, KOTOPbI 0Opasyer
KOHTPACTHbIE OKOJOPa3IOMHbIe (BIOJb TTyOMHHBIX
Pa3IoMOB) TOJOXUTEIbHbIE AHOMAIMK B 30JI0TOHOC-
HbIX Oepe3uTax v MUpuUTe OEPEe3UTOB B Psifie 3010TOPYI-
HBIX TOJIEH, B TOM YHMCJIe B allOTPaHUTHBIX Oepe3uTax
3amagHoro yyactka KapanoHckoro pymHoro mojs [7].
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6. Kyueperko M.B. 301010, cepebpo, pTyTh B 30JOTOHOCHBIX Aro-
THEHCOBBIX ¥ AaNOCHAHIIEBBIX OKOJOPYIHBIX METACOMATHYECKHX
opeorax Oepesutosoii hopmartii // V3Bectust ToMcKoro momurex-
Higeckoro yuusepcuteta. — 2000. — T. 303. — Ne 1. — C. 161-169.

7. Kyueperko U.B. Teopernueckue u npuKIagHble acTeKThl U3yde-
HUS TCOXMMUH THTaHa, (hocopa, MarHus B ME30TePMATbHBIX 30-
n0ThIX MecTopoxaeHusx. Y. 1 // M3sectust TomcKoro nonutexHu-
yeckoro yHuepcuteta. — 2004, — T. 307. — Ne 2. — C. 49-55.

8. Kyuepenko M.B. ITo3nHenaneo3oiickast 3moxa 30J10TOr0 OpyAeHe-
HUs B ToKemOpuiickom oOpamnenun Cubupckoii miatdopmsl //
Wssectust AH CCCP. Cep. reonoruueckast. — 1989. — Ne 6. —
C. 90-102.

9. Mep C.A. OxonopynHbie U3MEHEHHUS, COMYTCTBYIOLIKE 30710TO-
KBApLEBBIM X11aM B JIEHCKOM 307I0TOHOCHOM paifoHe // Metaco-
MaTiyecKie U3MeHeH st GOKOBBIX MOPOI M UX POIb B Py1006pazo-
Baumu. — M.: Henpa, 1966. — C. 282-291.

10. Pycunosa O.B., Pycunos B.JI., Abpamos C.C. u ap. Okonopy/tbie
V3MEHEHHS TOpol 1 QU3MKO-XUMIYECKUE YCTOBHS HOpMUPOBa-
HUS 30J10TO-KBapueBoro Mecropoxaenus Coserckoro (Enmceii-
cKuii Kpsix) // Teonorust pyaHbIx MectopoxaeHuit. — 1999. — T, 41.
—Ne 4, - C. 308-328.





