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K npobneme cdhopmupoBaHusa KonyeaaHHO-NOSIMMETaNSIM4YeCKUX
MecTopoxaeHun PyaHoro Antas

BONbLIMHCTBO KPYMHbIX U CPEAHUX KOoNYeLaHHO-NOMMETANIMYECKMX MECTOPOXKAEHNI BocTouHOro KasaxctaHa
MHOTMMM aBTOpPaMM OTHeceHbl K VMS-Tuny. Ux popmmpoBaHue npoxoamnno B AeBOHCKOe Bpems, B 06cTaHOB-
Ke pudToreHesa M aKTMBHOIO NPOsABAEHMA Ba3aNbT-aHAE3UT-PUOUTOBOTO By/IKaHM3Ma. OTmedaeTca YETKas npu-
YPOYEHHOCTb PYAHbIX TEN MECTOPOXKAEHUN K OT/IOKEHMAM HECKONbKUX FEOXPOHOIOFMYECKUX YPOBHEN (Dle—Dgfm).
BblgenatoTca rmapoTepmManbHO-0CaZ0uHble CUHTEHETUYECKME U TMAPOTEPMAIbHO-MEeTacoOMaTMYeCKMe pyabl. Bobl-
COKMeEe KOHLEHTPaLUMM LUBETHbIX MeTaI0B B pyaax (cebiwe 10 % no cymme mMeTannos) U 4OBOIbHO NMPOCTOM KOMMO-
HEHTHbIN COCTaB PYAHbIX MMHEPAOB (XaNbKOMUPUT, MUPUT, raneHunT, chanepuT) — XxapaKkTepHble 0COBEHHOCTU BCEX
KoNnyeaaHHO-NOMNMETAN/IMYECKMX MECTOPOXKAEHWNI PyaHoro Antas. TakKe OTMEeYaeTcs, YTo Pydbl ABNAKOTCA KOM-
NAEKCHbIMU C NOBbILWEHHbIM COAEPXKaHNEM Npumecel braropoaHbix meTannos n peakux anemenTos (Cd, Se, Bi, Te,
Ta, W 1 ap.). MuUHepanornyeckme nccneaoBaHma pyd nokasaam CNOXKHOE COOTHOLIEHME OCHOBHbIX PYAHbIX MUHe-
panoBs (XaNbKONUPUT, MUPUT, CHANepuT, raIeHUT), UMEIOLLMX HECKO/IbKO FreHepaLmnin 1 pasIMUyHYI0 reOXMMUYECKYHO
cneyymanusaumto. MuHepanol Au, Ag, Te, Bi u ap. BcTpeyatotcs B BUAe cBO6OAHbIX 3EPEH AN MUKPOCKOMUYECKUX
BK/IIOYEHUI U Npocedek B MuHepanax Cu, Pb, Zn. 3HaunTeNbHbIl BEPTUKANbHbIM MacwTab opyaeHeHMa (CBbllle
100 m), CNOXKHOCTb U ANIUTENBHOCTb NPOLLECCOB PyA006pa3oBaHNSA, HaMUYMe YETKO BblipaXKEHHON NPUYPOUYEHHOCTH
OpYAEHEHUA K OnpeaenEHHbIM reOXpPOHOIOTUYECKMM YPOBHAM NO3BONAIOT NPeAnoA0KUTb BO3MOMXKHOCTb OTKpPbI-
TUA HOBbIX PYAHbIX 3aN1€XKeN NN CaMOCTOATENbHbIX MECTOPOXKAEHWN B Npeaenax yKe U3BECTHbIX PyAHbIX nonemn
Ka3axCTaHCKOM YacTtu PyaHoro AnTas.

Knrouesvble c108a: KonueaaHHO-NONMMETANIMYECKME MECTOPOXKAEHUSA, PyaHbI ANTall, CUHIreHeTMYecKme pyabl,
KoNn4yefaHHO-MeTacCoOMaTUYeCKMe pyabl, LBETHble MeTa/bl, FTEOXPOHOIOTMYECKME YPOBHWU, MOAENb OPYLEHEHUSA,
MMUHEpanbHbI COCTaB.
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On genesis of massive sulfide polymetallic ore deposits of Rudny Altai
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Many geologists assign most of large- and medium-sized massive sulfide polymetallic ore deposits of Eastern Ka-
zakhstan to the VMS type. These ore deposits formed in the Devonian, under conditions of rifting and active ba-
salt-andesite-rhyolite volcanism. Ore bodies of these deposits are noted to be clearly confined to formations of several
geochronologic levels (D,e to D,fm). Hydrothermal-sedimentary syngenetic and hydrothermal-metasomatic ores are
distinguished. High concentrations of base metals in the ores (above 10 % sum metals) and their rather simple min-
eral composition (chalcopyrite, pyrite, galena, and sphalerite) are a characteristic feature of all the massive sulfide
polymetallic ore deposits of Rudny Altai. The ores are noted to be multicomponental, with elevated contents of the
admixtures of precious metals and rare elements (Cd, Se, Bi, Te, Ta, W, etc.). Mineralogical investigations of the ores
have demonstrated an intricate relationships of the major ore minerals (chalcopyrite, pyrite, sphalerite, galena) that
exhibit several generations and different geochemical specialization. Minerals of Au, Ag, Te, Bi, and other elements
are encountered as individual grains or microscopic inclusions and stringers in minerals of Cu, Pb, and Zn. A significant
vertical range of the ore mineralization (more than 100 m), the complexity and long duration of the ore-forming pro-
cesses, the clearly defined confinement of the ore mineralization to certain geochronologic levels, — all these allow us
to suppose a possibility of discovery of new ore lodes or individual ore deposits within the already known ore fields of
the Kazakhstan segment of Rudny Altai.

Key words: Massive sulfide polymetallic ore deposits, Rudny Altai, syngenetic ores, massive sulfide metasomatic

ores, base metals, geochronologic levels, ore mineralization model, mineral composition.

B npenenax Pyanoro Asras cocpenoTo4eHbl MHOTHE
MIPOMBIIIICHHBIE MECTOPOKICHHS MEIH, CBUHIIA, [INHKA,
30710Ta, cepedpa 1 APYTUX METAJIOB, KOTOPBIE 00pa3yIoT
KpynHblil PynHo-AnTalickuif MenHO-IONIMMETalsIn4ec-
KU 1mosic, o0benuHsronuii JIeHnHoropckui, 3pIpsHOB-
ckuif, [Ipuupreimickuii, 3MenHoropekuii n PyOroBckuit
pyassle paiionsl [1, 10].

B m3yuenwne reonorun u meraniaoreann Pygaoro An-
Tast OONBIION BKJIAJ BHECIN MHOTHE MCCIICIOBATEIIH
(IL.TI. Bypos, H.II. Kypex, A.K. Katonos, H.JI. By6mu-
yeHko, [1. @. pankus, I H. Illep6a, B. B. [Toros, b. A. Yern-
pacos, JI.W. TopxxeBckuii, I ®. Skosnes, B.B. ABnonus,
B. 1. Crapoctun, M.T. Xucamytanuos, B. M. Uekanun,
X.A. becnaes, 0. W. lemun, H. U. CryueBckwit, . ] I'an-
JKEHKO U ap.). Ha npotsixeHnn Bcero nepuona uccieno-
BaHUI OIHUM M3 HanboJee CIOPHBIX OBIIT BOIIPOC O Te-
HE3UCe KPYIHOU PyAOHOCHOH CTpyKTypbl PynHoro A-
Tasi [4, 5].

B cBsi3u ¢ yCKOpeHHON OTpabOTKON M3BECTHBIX Me-
cTopokJeHuil B npenenax Bocrounoro Kazaxcrana Bo3-
HHKJIAa OCTpasi MpodieMa yKPEIUICHHI MUHEPaIbHO-
CBIPBEBOM 0a3bl IIBETHBIX METAIJIOB IS ICUCTBYIONIIX
ropHO-MeTajypruueckux npennpustuil. K Hacrosimemy
MOMEHTY (POHJ JETKOOTKPHIBAEMBIX MECTOPOXACHHUH
yoKe UCYEPIIaH, OCTAaBIINXCS 3al1aCOB METAJJIOB B HEJ-
pax XBaTHUT Ha MEPBBIC ACCATKH JICT, IIOITOMY 00CTa-

HOBKA JUKTYET HEOOXOJUMOCTh OTKPBITUS HOBBIX Me-
CTOPOXKACHUM ME/IH, CBUHIIA, [IMHKA 1 COMYTCTBYIOIIUX
MeTasuioB (Au, Ag, Pt, Cd, Se u np.). Baxxneiimas 3anaua
(GyHIaMEHTAIBHOTO MJaHa — 3TO pa3pabdoTKa HOBBIX
MIpEe/ICTABICHUH B I'€OJIOTUH U MeTajloreHuu PyaHoro
AuTast B IeNsIX COBEPILIEHCTBOBAHUSI TEXHOJIOT MU MIPO-
THO3HO-TIOMCKOBBIX Pa0OT U CO3AaHUsI HAYUYHOH OCHOBBI
BOCIIOJIHEHU I MUHEpaJIbHO-ChIpheBoOi 0a3bl [12, 13].
Lenp uccnenoBanus HacTOSIIEH CTaThH — HA OCHOBE
HOBBIX IaHHBIX YTOUYHUTD U YTJIyOUTh U3BECTHBIC paHee
o0urre 3aKOHOMEPHOCTH (HOPMUPOBAHUS KOTUEIAHHBIX
pYyA B mpezenax Ka3axcTaHCKOM yactu PynHoro AnTas.
I'eoTexTOHNM4YecKkoe paiioHupoBaHue. [lo reoTekTo-
HHUYECKOMY palloHMpoBaHuI0 PyHbIN AnTail BXOIUT B
reoctpyktypy bonbemoro Anras (BA), oTHOCsIIErOCs
K cucteme LleHTpanbHO-A3MaTCKOro MOABMKHOIO Tosica
[10]. B cooTBeTCTBUU ¢ 001Iel re0JUHAMUYECKOH MOoie-
JIBIO HBOJIIOLIMH TAJIe0a3uaTCKOro okeaHa bA kak enuHas
LEJIOCTHAs CTPYKTYpa cOPMUPOBAJICS B TEPIIUHCKHMA
LUKJI B IPOLEcCe KOMTU3UU U cpaiuuBanns CuObupckoro
n KazaxcTtaHckoro MUKpOKOHTHUHEHTOB. Pa3meniaercs
OH Ha ceBepo-3amagHoM (uaHre Anrtae-AJamaHbCKON
MOOUITBHOM 30HBI 1yTr000pa3Hoi (OpMBbI, Orudarome
toro-3anaga Cubupckyto miaardopmy. Tepputopus bomb-
Ioro AJjtasi orpaHUYeHa CeBepo-3ana HbIMU INTyOHHHbI-
MU pasznomamu: Kapa-UpTeimckuM (Ha ceBepo-BOCTOKE)



n YUnarnz-Cayptckum (Ha 10ro-3amnaje), OTACISIONIH-
MM €Tr0 COOTBETCTBEHHO OT ['opHOro Antas u YuHrus3-
TapOararas [12].

B npenenax kazaxcranckod yactu BA oOBeIUHSIOT-
sl TEOJIOTHUYECKUE CTPYKTYphl PynHoro Anras, Kanba-
Hapsima, 3anannoit Kanoer u XKapma-Caypa, orpanu-
YEeHHbIE CEBEPO-3alafHbIMU TITyOMHHBIMHU Pa3IOMaMH
W pa3IMyvarolinecs 1mo crenuduke reoqnHaMUYeCcKOro
Pa3BUTHSA, T€OJOTMYECKOI0 CTPOEHUSI U METAJJIOT€HUH
[10]. AHanu3 SBOIOLUH T€OJIOTHUECKUX U PYJIHBIX (Op-
Ml paccMaTpUBAaEMOTo pernoHa (0T JOKeMOpHS 110
KUMMEPUMCKOI0 U ajlbIIMHCKOro IIUKIIOB) IOKAa3bIBAET,
YTO MPOLECCH pynoodpazoBaHus ¢ popMHUpPOBaHUEM
MIPOMBILUIEHHBIX MECTOPOXKIECHUH LIBETHBIX, Olaropos-
HBIX, PEAKHX METAJJIOB U JAPYTUX TMOJE3HBIX HCKOTIae-
MBIX B Ka)XJOM PYIHOM TOSICE U METAJIOT€HUYECKUX
30HaX MPOUCXOIMIIN C Pa3HOM HHTEHCUBHOCTBIO, B OMpe-
JeNEHHBIX TCOTMHAMHYCCKUX 00CTAHOBKAX M PEKHUMax,
paccMaTpHBaeMbIX B BHJIE OJarompUsTHBIX PETHOHATb-
HBIX TIOUCKOBBIX KPUTEPHUEB.

[To MeTanaoreHn4ecKoMy pailOHUPOBAHUIO B PEru-
oHe BA BbIJIEIAI0TCS YeThIpe PyAHbIX Hosica: PynHo-
Anratickuii menHo-nonimmetaiunueckuii (Fe, Mn, Cu, Pb,
Zn, Au u np.), Kanba-Hapeimckuii peqkoMeTamibHbIH
(Ta, Nb, Be, Li, Cs, Sn, W), 3anagno-Kanounckuii 30-
noropyaHsiid (Au, Ag, As, Sb u np.), Kapma-Caypckuii
muoromertainbHbli (Cr, Ni, Co, Cu, Au, Hg u np.).

Pynno-Anratickuii mosic orpannueH Kapa-HpTtim-
CKUM H VPTHIIICKUM TIIyOMHHBIMH Pa3JIOMaMH CEBEpO-
3amajiHoro HanpasieHus (puc. 1). B miane on nmeer Ko-
HYCOBUIHYIO (hOpPMY C paclIMpeHHEM Ha CeBEpO-3ariajie
B CTOPOHY poccuiickoro Pyanoro Anras u ¢ pe3kuM cy-
skerrieM Ha KOxHOM Auitae BONM3M rpaHullsl ¢ Kuraem.
PaccmarpuBaemblil nosic 00beAMHSIET TPU MeTajliore-
HHUYeCKHue 30HBI: PymHOanTalickyto (eHTpaibayro), Up-
THINICKY10 U benoyOnHcko-CappIMCakTHHCKYIO (Kpae-
Bble). PyaHoanTtaiickas 30Ha — rjiaBHas pyAOKOHIECH-
TpUpyoIas CTPYKTypa, B KOTOPOH COCPENOTOUECHBI
MHOTHE KPYTHBIE KOJTYETAaHHO-TTOIMMETAILITHIECKAE 1
MeJHOKoueanubie Mectopoxaenus (Cu, Pb, Zn, Au
U Jp.) BYJKaHOTE€HHO-0CAJI0YHOIr0 reHesuca. Beayuue
THIIBI MECTOPOXKJCHUH c(HOPMHUPOBAIHCH B TEPIIMHCKHUI
LUK B pU(PTOTCeHHOI reoqunHAMUYECKONH 00CTaHOBKE
(D,e—D,fr)) B reneTnueckoii cessu ¢ auddepenunpo-
BaHHOW TPYIIOHA MOpoy 6a3aibT-aHIe3UT-PHOIHTOBOTO
coCTaBa U KOHTPACTHOTO psijaa (Tadm. 1).

B cBsi3u co cMeHOI reogMHaMHYECKOT0 peKuma B
OCTPOBOAYKHOU 00CTaHOBKE 00pa3zoBaIch Oosee Me-
KHe TI0 MacirrabaM OpyJIeHEHUS METHO-TIOTMMETaIITH-
YECKHE MECTOPOXKJICHU S, ACCOLIMUPYIOLINUE C aIUT-
anze3uToBoi opmanuei (D,fm).

OCHOBHBIE MECTOPOXKICHUS pa3MelnaroTcs B JIeHuHo-
TOPCKOM, 3BIPSTHOBCKOM M IIpHUPTHIIICKOM pPyIHBIX

paiionax. B poccuiickoii yactu PynHoro Anras pacnoso-
JKeHbl PyOIOBCKUI 1 3MEHMHOTOPCKHIA pyIHBIE paHOHBI
(cMm. puc. 1). Ha roro-3amagnom ¢uanre B Kurae us-
BECTHBI MEITHOKOJYeJaHHbIE MECTOPOXKIEHUS AlILaJIbl,
Koxran, Tumyptsl u znp. [10].

B nenom Pynno-AnTalickuil mosic — 3To KpymnHas py-
JIOHOCHAsl CTPYKTypa PEeruoHaJIbHOM paHTrOBOCTH, Xa-
paKkTepU3yoInasics BBICOKMM SHEPTeTHYECKUM TTOTCH-
[[MAJIOM, MIEPCIIEKTUBBI KOTOPOH eIl He HcYepraHbl.

Oco0eHHOCTH TeoHHAMHYECKOTo pa3Butus Pyn-
Horo Aaras. Ilo coBpeMEeHHBIM IIPEACTABIECHUSIM B Cpell-
HeM masnieo3oe Pymubril Anraii npeactaBisia co0oi ak-
THBHYIO KOHTHHEHTalIbHY10 OKpauHy Autae-CasHCKOM
CKJIag4aToi obnacTu. B Havase nasieo3os no roro-3amnaj-
HOMY Kparo ANTaicKoro MUKPOKOHTHHEHTA CPOPMUpPOBa-
Jach cUCTeMa CONMKEHHBIX CyOnapasiie bHbIX U KOCOo-
CEKYIIMX TITyOMHHBIX Pa3JIOMOB CEBEpO-3arlaJHOro Hall-
paBiIeHUs, IPOHUKAIOIUX B AKTUBU3UPOBAHHYIO BEPX-
HIOI0 MaHTHIO, MAJAIONUX HA CEBEPO-BOCTOK IOJ YT-
namu 60-70°. OHu cnocoO6CcTBOBAIM (POPMUPOBAHUIO
crenu(uYecKoro, IMHEHHO-BBITAHYTOTO B C€BepO-3ara/l-
HOM HAIpaBJICHUH TEKTOHO-MAarMaTHIECKOTo JTUTOChEp-
Horo O1oka Pyxanoro AnTas, 3aknrou€anoro mexay Up-
Thickoi u CeBepo-Boctounoit 3oHamu cmsitust. Pudro-
TeHHBIE 30HBI, B IIpeenax KOTOPhIX GopMUpOBAIHCH
BYyJIKaHO-TEKTOHMYECKUe mofausATHs (PyOroBckoe, Asei-
ckoe, CuHIOMIMHCKOE, PEBHIOIIMHCKOE U Ap.), SIBISIUCH
00J1aCTAMU HHTEHCUBHOT'O HPOSIBICHUS IPEeUMyIlec-
TBCHHO CPCIHE-BEPXHEICBOHCKOTO KUCIOTO (PHOIH-
TOBOT'O) BYJIKAaHU3Ma. DTH NOAHATHS OT PAHUYUBAJINCH
30HaMU INTyOMHHBIX Pa3JIOMOB, B CBSI3H ¢ KOTOPBIMH pas3-
BUBAJIHCH BYJIKAaHO-TEKTOHHYICCKHE JICTIPECCHH, 3aII0l-
HEHHBIE TIPEHMYIIECTBEHHO M3BECTKOBO-TEPPUTECHHBIMH
TOJIIIAMU C TEJENUPOKJIACTUYECKUMH OCATIKaMH U BYJI-
KaHMYCCKUMH 00pa30BaHUSAMH 0a3abT-aHIC3UT-PHONH-
ToBOM popmannu (D,gv-D,fm).

Bo3nukinne pyaoHOCHBIE BYJIKaHO-TEKTOHUYECKHE
CTPYKTYpBI ITpH O0Jiee O3JHUX IeOJUHAMUYECKHUX pe-
KUMaX (KOJJIM3HOHHBIE CKAaTHsI, CyOBEPTHKAIBHBIC pac-
TSDKCHU S, TOPU30HTAJIbHBIE COPOCO-CABUTOBLIE TIepeMe-
LIEHUS 110 TEKTOHUYECKUM 30HaM) ObUIM 3HAYUTEJIBHO
IIpeo0pa30BaHbl U YCIOKHEHbl BMECTE C PYAHBIMU Te-
namu. Haxonnenne ¢ironioB M KOHIEHTPUPOBAHHAS
MUTpAs PyJOHACHIILIEHHBIX MTOTOKOB — IJIaBHbIEC (hak-
TOpPBI JUIsL TOTEHLMAJIHON NPOAYKTUBHOCTH BCell pyo-
oOpasyromiel cucteMbl PymHoro Anras, a OmaromnpusT-
HBIC CTPYKTYPHBIC 3IEMEHTHI CIOCOOCTBYIOT (hopMuUpo-
BaHUIO (DIIIOUIHO-MArMaTOT€HHBIX KOMIIJIEKCOB C 30-
HaJBHBIM pa3MeIIeHHEeM pyIOoreHHBIX 31emeHToB (Fe,
Mn, Cu, Zn, PB, Au np.).

Mopeanb pynoodpa3oBanusi. [IpoOineMsbl rene3uca
KOJTUeJaHHO-ITOJMMETAJIIMYECKUX MECTOPOXKAeHUH Pyn-
HOTO AJITasi pacCMaTpUBAJINCh BO MHOTHX padortax [3-5,
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Puc. 1. CtpykTypHO-popmaumoHHas cxema PyaHoro Antas. CocmassneHa no mamepuanam PyoHo-Anmalickol skcneduyuu:

1 — cpefHe-BepxHeAeBOHCKME OCTPOBOAYKHbIE BY/NKAaHOrEHHO-0Caf04Hble 06pasoBaHua PygHoro Antas; 2 — otnoxeHua benoybuH-
cKo-MaiimblpcKoro 3aayrosoro nporuba; 3 — gosndenbckuii Komnnekc (D,): AMOPUTDI, KBapLEBble AMOPUTDI, FPAHOAMOPUTLI, NAArKOrpa-
HWUTbI; 4 — CpeAHe-BepXHeKameHHoyrobHble (C, ,): rpaHoANOPUTDI, AMOPHTLI, NNArMOrPaHMTLI M aAeMENUTbI (3MEMHOTOPCKMIN KOMMNEKC);
5 — BepxHenepmcKkme—HxKHeTpuacosble (P,—T ) nopduposnaHbie BUOTUTOBbIE M BMOTUT-POrOBOOBMAHKOBbIE FPaHWTbI (KanBUHCKMIA
KOMMJIEKC); 6 — OCHOBHbIE Pa3/IoMbl, pasgenstolme cknagdatble cuctemsl (M — MpTbiwckan, CB — CeBepo-BocToyHas 30HbI cmATUs); 7 —
nonepeyHble PassioMbl; 8 — MECTOPOXKAEHUA: a, 6 — KONYefaHHO-NONMMETANIMYECKME U MeSHOKONYeAaHHbIe:  — KpYynHble, 6 — cpefHue
n 8 — baput-noanmeTanandeckue; |-VI — pyaHble parioHbl: | — 3bIPAHOBCKUIA, MECTOPOXKAEHNA (YMcna B KBagpaTukax): 1 — MpexoBckoe,
2 — CHernpeBckoe, 3 — 3bIpAHOBCKOe, 4 — boraTtbipeBckoe, 5 — OcoumxmHcKoe, 6 — Malicko-3bipsHoBCKoe, 7 — MNyTuHueBcKoe, 8 — MNapbi-
rMHCKoe, 9 — Maneesckoe, 10 — 3aBoauHcKoe, 11 — ByxTapmuHCcKoe, Il — JleHMHoropckuii, mectopoxkaenusa: 12 — Pugaep-CokonbHoe, 13 —
TuwmHcKoe, 14 — Ly6uHckoe, 15 — CtapkoBcKoe, 16 — CTpuKKoBcKoe; 17 — [ycnakoBckoe, 18 —Yekmapsb, 19 — HoBo-/leHMHoropckoe, 20 —
YcneHcKoe, 21 — AHUCMMOB KAtod, 22 — CHerMpuxmHckoe, |l — MpumpTbiWcKMi, mecTopoxkaeHus: 23 —benoycosckoe, 24 — MpTbiwcKoe, 25—
BepesoBckoe, 26 — HoBobepesoBcKoe, 27 — Hukonaesckoe, 28 — MokpoBckoe, 29 — LlemoHanxmHckoe, 30 — KamblwmHckoe, 31 — ApTe-
MbeBCKOE, IV — 30/10TYLLUMHCKMIA, MecTopoxkaeHus: 32 — l0buneiHoe, 33 — KptoukoBckoe, 34 — 3010TyXMHCKoe, 35 — HOBO30/10TyXMHCKOE,
36 — OpnoBckoe, 37 — lepuxoBckoe, 53 — JlokTeBcKoe, V — 3MeMHOropcKuii, mecTopoxaeHus: 38 — Boposckoe, 39 — CemeHoBcKoe, 40 —
MacnsHckoe, 41 — /lasypckoe, 42 — 3menHoropckoe, 43 — KopbanunxmHckoe, 44 — CpeaHee, 45 — 3apeyeHckoe, 46 — CTpuKKoBCKoe, 47 —
Marvickoe, 48 — TyluKaHUXMHCKoe, VI — PybLoBcKuiA, mecTopoxkaeHus: 49 — CtenHoe, 50 — Tanosckoe, 51 — 3axapoBcKoe, 52 — PybuoBckoe

8, 9]. B HacTos1iee BpeMsl U3BECTHBI TPY OCHOBHBIE I'M-
moTe3bl (POPMHUPOBAHUS PYTHO-ANTAHCKUX MECTOPOK-
JCHUI: MHTpPY3UBHAA, d(y3nBHAS U NMPHHITAS B Ha-
CTOSILEH CTaThe BYJIKaHOICHHO-OCAal04Has. B cooTBeT-
CTBUU C 3TOW TMIOTE301 KOJIYEIaHHO-TTOTUMETAIINYEC-
KHe pyIbl 00pa30BaIiCh B TEPIMHCKUI UK B pr(TO-

TeHHOH reofmHamudeckoi oocranoske (D,~D,) 1o mpo-
sABJeHHs rIaBHOM caypckoi (C)) dasel ckiam4arocTy,
WHTCHCUBHOTO MHOI'OAKTHOI'O pacCC/IaHICBAHUA U CMsI-
THUSA TIOPOJ, CTAHOBJICHUSA TPAHUTOUIHBIX HHprSI/If/i
3MenHOropckoro, KajsOMHCKOro KOMIUIEKCOB U UX JISpH-
BaTOB. [ TaBHBIM NCTOYHUKOM PYAOHOCHBIX PaCTBOPOB



OCHOBHble reoguHammuyeckme 06CTaHOBKM U pyaHble popmauum PygHoro Antas

WCKAI

JoxemOpu

Tepunnckuit

OKeaHn4EeCKOro
pudrorenesa

Pudrorennas

OcTtpoBony KHast

Komnmm3nonnas

TTocTromMM3HOHHAS

MenHoKomae1aHHas —

Cu (Zn, Au);
PYZOBMeIIaroIast
amM(pHuO0IUTO-

rHelcoBast hopMarys
(PR,?); XxanbKkomupuT-
MTUPPOTUHOBBIH THIT;
MectopoxaeHue Kapunra

30J10TO-TUCTBEHUTOBAS
(Au, Ag, As);
PYIOBMeEIIaomIas
aM(pHOOTUTO-THEHCOBasT
MeramopduzoBaHHas
(PR,?); 30HbI
MUHEPaTH3aIiH, )KUITBI;
Cpe/THHE MECTOPOXKACHHS
(Mapamnuxa)

3050TO-KBapL-
6epesutoBast (Au);
TPaHOAHOPUT-
miarnorpanutosas (C,),
305 MIH neT; cpenHue
MectopoxaeHus (MaHka)

CkapHOBO-KapOOHATHO-
rpeiizeHoBas (Sn, W),
KBapIIEBO-KUIIbHAS

(W, Moy);

rpanutoBas (P);
MeJIKHEe 00BEKTHI,
PYAOIPOsIBIEHUS
(Yerp-Kamenoropckoe,
Kapotickoe u ap.)

Konuenanno-
noiuMetatnueckas (Cu, Pb,
Zn, u 1ap.);
0a3albT-aH/Ie3UT-PUOITHTOBAS
(DD, fr);

KPYIHbBIE MECTOPOXKIACHHSI
VMS-tuna (Punnep-
CoxonbHOE U JIp.)

MenHo-nonumeTamIndecKas
(Cu, Zn, Pb); manur-
annesurosas (D,fm);
Cpe/lHHEe U MEIIKUE
MECTOPOXKACHHS
(3aBoguHCKOE U TIp.)

30710TO-CBUHEIT-
cepeOpOHOCHAsT; aHIC3UTO-
6azanprosas, C ;

MEJIKHE 00BEKTHI
(Myp3uHIIEBCKOE 1 JP.)

3onoro-TemtypunHas (Au,
As, Bi, Ag); rabopo-auopur-
riaruorpanurosas (C, ,);
Cpe/lHHE MECTOPOXKACHHS
(Cexucosckoe)

3omoro-kBapreBas (Au);
JKUJIBHBIE TeJa, POCCHIIH;
MEJIKUE OOBEKTHI
(MaiimbIpckast rpyma)

CkapHOBO-KapOOHATHO-
rpeiizeHoBas (W, Sn, Mo);
rpanuToBas (P,);
KapOOHATHO-IIICEeTTUT-
BOJIb()PAMUTOBBIH THIT;
PYZOIPOSIBICHUSI
(MBaHOBCKOC 1 JIp.)

CrparudopmMHas jxeine3o-
mapranuesast, Fe, Mn (P),
D e-D,gv; XonsyHckoe
MECTOPOXKICHHUE, THIT
Kupyna

CBHHIIOBO-IIUHKOBAs
BYJIKAHOTCHHO-0Ca0uHAs
(D, ,); cpennue n

MEIIKHE MECTOPOKACHUS
(Yexmaps, Hukutunckoe)

OnuMarMaTuyecKkas
PeIKOMETaITHHO-
penkozemenbHas (Ta, Nb,
TR);

menoynorpanutosas (P,?);
30HBI BKPAIJICHHUKOB,
SKHJIONOI00HbIE TEIA;
Mernkue 00beKTHI (A3yTay,
Yenenckoe)



100+

200

3007

YpoBeHb Mopsi JL

YpoBeHb Mopsi

200+

300 1

400

A\ §
4’ :
250
235 B
25
N

o
oA
25

oy

X5

>
—_aRRR

——— N
e

400 KanenoHckoe
OCHOBaHue 500
500
600
6007 0 100m |700
M — M
[ B adde B s il [&]7

Puc. 2. Mogenb cTpaTuGOPMHOro By/IKaHOFeHHO-0cagouHoro (A) U rugpoTepmanbHO-MmeTacoMmaTMueckoro pyaoobpasosa-

HuAa (B) mecTopokaeHuit PygHoro Antas:

1 — KanepoHckoe ocHOBaHMWe, 3eneHocnaHueBas dopmaumsa, O—-S?; 2—3 — BY/IKAHOrEHHO-0CaA0UHbIE OT/IOMKEHMUS, DH: 2 — U3BECTKOBU-
CTO-KPEMHUCTO-TEPPUTEHHbIE, 3 — BYJIKAHWUT-PUONUT-H633a1TOBOTO COCTaBa; 4 — BY/IKAHOTEHHO-0Cal04HbIE OT/IOKEHUS, Dl—D3fr; 5—cybByn-
KaHUYeckue nopdupoBble Tena; 6 — cybBynKaHMYeckue nopdupuTbl; 7 — cybByNKaHUYECKNE NOPPUPOBbIE TENA C THE340BO-BKPANIEHHbIM
opyZeHeHWeMm; 8 — CTPaTUPOPMHbIE 3a1EXKM CMOLIHbIX KONYEAAHHO-MOAMMETAIMYECKUX P4, (Zn, Pb, Au 1 ap.); 9 — NpoXKMAKOBO-BKpa-
NAEeHHbIE MeHOKONYeAaHHbIE U KONYeAaHHO-MOAMMETAIIMYECKNE PYAbl MPEUMYLLECTBEHHO NMUPUT-XabKoNMpUToBoro coctasa (Fe, Cu,
Zn); 10 — pyaHble 6pekunn; 11 — cniowHble MegHoKon4edaHHble pyabl (Cu, Zn); 12—13 — marmo- v pyaonoABOAALLMIA KaHabl

SIBJISLITACH CIOXHOAU(BDEpeHIIUPOBAHHBIC TITyOUHHBIC
oyaru 0azalbTOMHOrO MarmMarusma. Pynbr copmupo-
BaJICh CHHXPOHHO C 00pa30BaHUEM JEBOHCKHUX BYJIKaHO-
TeHHO-0CaJI0YHBIX OTIIOKEHUH U (DITFOM THO-TTOP(QUPOBBIX
KOMILIIEKCOB (pHC. 2). PyaHbIe Tena 3HAYMTETHHON YacTH
MECTOPOXKJICHHH MpeTepriey BTOPUYHbBIC HATOKCHHBIC
TEKTOHHYECKHE, MArMaTHYECKHe, THIPOTepMalIbHbIC IIpe-
00pa3oBaHMs, YTO CYIIECTBEHHO YCIOKHHUIO UX MUHE-
panbHBIi cocTas [10].

[To ¢pu3NKO-XUMHYECKUM, T€OJIOTO-CTPYKTYPHBIM H
MHUHEPAJIOT0-TEOXUMUYECKUM OCOOCHHOCTSM pynoo0pa-
30BaHMS M MPAKTUYCCKONW 3HAYMMOCTH BBIJCIICHBI OC-
HOBHBIC T€HETUYECKUE THIThI KOTYEJAHHO-TIOJIMMETaJIIN-
YeCKOT'0 OPYJICHEHHSI: BYJIKAHOT€HHO-0CaJOUHBIH (THIPO-
TEPMaJIbHO-0CAIOYHBIN) U THIPOTEPMATHHO-METACOMA-
tuyeckuid. K nepBoMy cTpaTuopMHOMY BYITKAHOTEHHO-
0CaJIOYHOMY THITY OTHOCSITCSI MECTOPOXKACHUS, Py/IHBIC
TeJla KOTOPBIX JIOKATU3YIOTCS CPeT HEM3MEHEHHBIX UITH
CIa0OM3MEHEHHBIX 0CA0YHO-TTUPOKIACTUYECKIX U Mar-
MaTHYeCKUX MOopoxa (cM. puc. 2, A), HECYIIUX CBHHIIO-
BOE, CBHHIIOBO-IIMHKOBOE, 30JI0TO-KOJTYEIaHHOE U KOJI-
YeTaHHO-TIOJIMMETAJIITNYecKoe opyaeHeHue (2-s1 Pun-
nepckas 3aiexsb Pugnep-CoKoIbHOTO MECTOPOKICHU S,
Kanennapckoe, Bepx-Younckoe, Ocennee, bannoe, Hu-

KUTHHCKOE, Hukanaposckoe, [THeBckoe MecTOpoKIeHN s
u OxHO-AnTalickas TpyIna pyAonposBICHUI).

'maporepmanbHO-METaCOMAaTHUYECKUIM THI KoJue-
JTAHHO-TIOJTMMETAILITHYSCKOTO M METHO-ITHHKOBOT'O OpY-
JICHEHU S ABJIsIE€TCS OCHOBHBIM Ha Pynnom Anrae. OH
TECHBIM 00pa30M CBS3aH C pUPTOreHHBIMH TEKTOHO-Mar-
MaTHYECKUMHU TPOIECCAaMU TePIIMHCKOTO ITUKJIA CPel-
HETO—BEPXHEro JICBOHA M CTAHOBIICHUEM CYOBYJIKaHU-
YECKUX MOPPHUPOBBIX TEJ, KOTOPHIC COMPOBOKIAIOTCS
MOIIHBIMH apealiaMH THAPOTEPMaTbHO-METaCOMATHYEC-
KHUX MOPOJ (10 THIAPOTEPMATHTOB U METACOMATUTOB) H
KOJTYESJTAHHBIM OPYJCHEHHEM B BH/IE OTIICJIbHBIX PYAHBIX
TeJ U 3asekeit (cM. puc. 2, b). K atomy Tumy otHOCATCS
KpyTHBIC M YHUKAJbHBIE MECTOPOXKACHUS PynHOTO AJI-
Tast, MPOCTPAHCTBEHHO U CTPYKTYPHO CBSI3aHHBIE C CY0-
ByJKaHnueckuMu nopdupamu (OproBckoe, 30I0TyINH-
ckoe, ApTeMbeBckoe, HukomaeBckoe, Tummnackoe, 3b1-
psHOBCKOE, ManeeBckoe, MpTritiickoe u ap.). [locnennue
3aHuMaroT J10 40-80 % o0bEMa chopMUPOBaHHOH PYyITHO-
MarmMatuueckoil cuctemsl (PMC), umeroT mpeumyiie-
CTBEHHO JIOTIOJINTOO0PA3HYI0 U CyOIIacToByr (GopMel,
YXOZIsl CBOMMH KOPHSIMH B 30HBI MAarMOTIOIBOASIIIUX TITY-
OMHHBIX Pa3JIOMOB, KOTOPBIE PACIOI0KEHBI IO TIepUde-
PUM KPYIHBIX BYJIKAHO-TEKTOHUYECKHUX TTOIHSTHIH.



MmuHepaTbHEIH COCTaB OONBITIHCTBA MECTOPOXK ICHU
JIOBOJTBHO OTHOOOpAa3eH: TaJeHNT, XaIbKOMHUPHT, cae-
PUT, IUPUT, 30J10TO U Ap. OTMeuaroTcs Takke ONEKIIbIE py-
ITb1, METTbHUKOBHUT-TIUPHT, THPPOTHH, MAaTHETHT, MHOTO-
YHCIEHHBIC MIHEPAIBI cepedpa, TeIUTypa H JPyTHX dIIe-
MEHTOB. Takoe MOCTOSHCTBO BELIECTBEHHOI'O COCTaBa
PYA TO3BOJISIET PEATIONOKUTE OJHOTHITHBIN HCTOYHHK
PYAHOTO BEIIECTBA, OJIM30CTh TCHETHIECKUX THIIOB Me-
CTOPOXIECHUHN, COCTaBa pyJ000pa3yIOIINX pacTBOPOB U
(ITIONTHBIX TTOTOKOB. PymoHOCHBIE (pITIOMIBI comepsKatn
ITUPOKHIN CIIEKTP PYAHBIX 35ieMeHToB (Cu, Pb, Zn, Fe, S,
As, Au, Bi, Te u np.), nutorennsix (Si, Mg, Ca, K u ap.)
u pacteopénnbix rasos (CO,, N,, H,S, SO, S, HCI, F,
CL H, H,0).

CrpaTudopMHBINA THT pyx cHOPMUPOBAIICST U3 XO-
JOTHOBOIHBIX YTJICKUCIIBIX, CEPHUCTHIX M JKEJIE3UCTHIX
pPacTBOPOB, OOOTAIIEHHBIX PYIHBIMH JIEMCHTaMH, B pe-
3yIBTaTe CMEIIMBAHIS X C MOPCKAMH BOJAMH TIPH TEM-
nieparype meHee 100 °C u qaBnenuu 10-60 MIla. B pymo-
00pa3yIonInx pacTBOpax IO JaHHBIM BOJHBIX BBITSKEK
BoIsiBIEHBI MOHBI Na', Ca™, K, HCO,, raswl — CO,, H,,
S u np. Mopckas Boma urpana BaXHYIO POIb (HH3MKO-
XUMHUYECKOT0 Oapbepa Al pyJTOHOCHBIX PAaCTBOPOB.
3nech ke HOpMUPOBAIIUCH KPEMHUCTBIC, KAPOOHATHBIC
1 OpTaHOTEHHBIE OCA/IKH C PACCESTHHBIM THIIOM OpYICHE-
Hus. O eANHOM TITyOMHHOM HCTOYHUKE CEPHI BCEX THIIOB
MECTOPOXKJCHHUI W TeHETUICCKOH ONM30CTH Py CBH-
JEeTEeIbCTBYIOT I10Ka3aTEIN U30TONHOIO COCTaBa Cephl
cynbhunos (6*S ot —4,5 10 +10 %o).

I'mapoTepMaIbHO-METaCOMAaTHIECKHE PYABI 00pa3o-
BaHBI TEMH K€ IEPBUYHBIMHU PacTBOPAMH, HO TIPH MECHB-
IIeM BIIUSTHUU MOPCKOM BOJBI M YCHIICHUH M3MCHEHHH
peKUMa KHCIOpoaa U cepbl U NpH Oolee BRICOKUX PT-
ycroBusx. OCHOBHasI Macca Cyab(pHI0B CHOPMUPOBaHA
npu temneparype 200350 °C u gaBnenun 30-150 MIla.
W3oTonHbIi cocTaB cepbl CyJIbGOUIO0B HE OTIIMYACTCS OT
cocTaBa Cepbl OOJNBIIMHCTBA KOTUETAHHO-TIOIMMETAI-
JTUYECKUX MECTOPOXKJICHUH 1 OJIM30K K MAHTHIHOM, Ba-
PBHPYETCS B Y3KOM HHTepBasie 3HaueHuit (84S or —4,2
10 +5,2 %o, OCHOBHAs 9acTh P00 — oT —2,2 10 +2,0 %o).

B menom ruapoTepmManbHO-MEeTaCOMAaTHICCKHE PYABI
HMEIOT 00JjIee CII0KHBIH MUHEPAJIbHBII COCTaB ¢ MOBbI-
IICHHBIMH KOHIICHTPAIMSIMH 3JIEMEHTOB-TIpUMeceil (BHc-
MYyTa, TeILTypa, 30JI0Ta, cepedpa, CypbMbI U Ip.), GUKCH-
PYeMBIX B BHJIE CyOMHKPOCKOIMYECKUX BKIIIOYCHUI B
ONEKIBIX pyaax, TaJICHUTE, XaJIbKOIIUPHUTE, ChaepuTe
C BO3pAacTaHHWEM COJCPKaHHUH OT paHHHUX MaparcHe3u-
COB K IO3IHMUM. [ TyOmHa (OpMUPOBAHUS TTEPBUUHBIX
pyzn ot 0,2 no 3 km.

IIpuBenEHHbIE JaHHbBIE BOCCO3AIOT OOIIYI0 KapTHHY
pyznooOpa3oBaHus ¢ BOCXOJAILEH MyIbCUPYIOIIEH Ba-
JO3HO-TUAPOTEPMAIIBHOW CHCTEMOU pacTBOPOB C FOBE-
HUIbHBIME TIpoaykTamu (Cu, Pb, Zn, Fe, S, Ag, Au, Bi,
Se, Te, Pt u np.) n snementamu BermenaunBanus (Ca,

Mg, Si, K u 1p.) B HEyCTOWYIHBBIX TEPMOINHAMHYCCKIX
" pr3uKO-XnMuUYecKuX yciaoBusax. C 3Toil ToukH 3pe-
HUS OCHOBHBIE MECTOPOXKIeHUs PyHOro Anras Helb3s
CUNTATh MOJIUTCHHBIMH, TaK KaK OpyIeHEHHE CPOPMHU-
POBAHO €AMHBIM UCTOUHUKOM PYAHOIO BELIECTBA, T€He-
PUPOBAHHOTO O0IIEH PyTOHOCHO-(DIFOUTHON CHCTEMOM
[2,7, 11].

OcHoOBHBIE PYIOHOCHBIE YPOBHH. OCHOBHBIE PYI0-
HOCHBIE YPOBHHU SABJIAIOTCA BEAYIIMMHU KPUTEPUSIMHU
IIPOTHO3UPOBAHUS U MIOUCKA KOJYeJaHHO-IIOINMMETa-
JIu4ecKkux MectopoxaeHuil Pynnoro Asnras [6]. Ha psane
MecTopokaeHui B JleHnHoropckom, 3bIpsiHoBCKOM 1 IIpu-
HPTHIIICKOM PYIHBIX paiioHaX B cTpaTUTpaduaeckont
KOJIOHKE BBIJIENIAIOTCS TaK Ha3bIBAEMbIE «KPUTHUECKHE)
YPOBHH, Ha KOTOPBIX Pa3MEILIal0TCsl OCHOBHBIE PYyIHbIE
3anexu (puc. 3). B cBsi3u ¢ Bo3pacTHOW MUTpanueit ByJ-
KaHMUYECKUX LIEHTPOB U U3MEHEHUEM COCTaBa pyl000-
Pas3yIoNnINX reoJIOTHIeCKUX (OpMAITHil B 3aMaHOM Ha-
npasieHun (0T JIeHHHOrOpCKO-3bIPSIHOBCKON IOA30HBI
K IIpuuprelnickoil) mpoucxoauia BepTUKalbHas CMEHA
PYIOHOCHBIX YPOBHEH B 30HAJIIBHON pPyIHOHN KOJIOHHE.

B JlermHoropcko-3bIpsTHOBCKON TO/A30HE B TCHETH-
4eCcKOH CBSI3U ¢ Oa3ajbT-aHIe3UT-PUOIUTOBOM KPEMHU-
CTO-H3BECTKOBO-TeppurenHoi popmanueit (D,e-D,gv)
c(hOopMHUPOBATICH OCHOBHBIC KOTYEIaHHO-TIOINMETAI-
JINYECKHE MECTOPOXKJIEHUS. 3[eCh BBIIEISAIOTCS TaKue
PYAOHOCHBIE YPOBHH:

 smcknii (Punnep-CoxonsHoe, HoBo-JlennHoropckoe
MECTOPOXKACHUA);

* oitpennckmii (TummHcKOE, 3EIPSIHOBCKOE, [ pexoBckoe
MECTOPOXKACHUA);

* siidens-panHexuBeTCKHN (MaeeBckoe 1 1p.)

B IIpuunptsliickoM pyIHOM paiioHe pa3BuTa Oa3ajbr-
PHOIMTOBAsA KOHTPACTHAs H3BECTKOBO-KPEMHHUCTO-TEP-
purennas popmanus (D,e~D,fm,). OcHoBHBIE MeCTOPO-
KICHUS COCPEIOTOUYCHBI Ha CIEAYIOMINX PyAOHOCHBIX
ypoBHsX: dHdensckuii (OproBCcKoe KOmdeTaHHO-MeTHO-
LIUHKOBOE OpyZeHeHue, benoycoBckoe KoueIaHHO-11011-
METaJLTMYeCKoe); mo3aHe-knuBeTckuil (Hukomaesckoe,
AptembeBckoe, UpThlinickoe Kol4yelaHHO-MEIHO-1I1H-
KOBBIC MECTOPOXKICHUsT). B pyOIIOBCKOM pyIHOM paiioHe
oTMeuaeTcs: (hpaHCKHid (PyOIOBCKO-TAJIOBCKHUIT) YPOBEHb
(KopbanuxuHckoe, JIazypckoe u Jpyrue moJimMeTaim-
YecKue MecTopoxkaenus) [7, 16].

B ByXTapMHUHCKOM pyJHOM pailoHe PyTOHOCHOU SIBIIS-
eTCs TAlNT-aHAC3UTOBAsI TEPPUTEHHAS OCTPOBHAS (Hop-
Manus (MMXTOBCKas CBUTA D3fm2). Ha Bre1menssemom 3aech
OyXTapMHHCKOM ypPOBHE U3BECTHBI I10KA MEJIKHE MEIHO-
MOJIMMETaNINYECKUE MECTOPOXKICHUS U PYHONpOsBIIe-
HUS KWIBHOI'O U IITOKBEPKOBOI'O TUIIOB (3aBOAMHCKOE,
Byxrapmunckoe, OpMaHCKOE).

AHaJHN3 MaTeprasioB TeoIOropa3BeJOUHBIX padoT yKa-
3bIBAa€T HA HEJJOCTATOUYHYIO U3Y4YEHHOCTb BBIJIEIISEMBIX PY-
JOHOCHBIX YPOBHEH Ha ITyOMHY. ITO OCOOCHHO KacaeTest
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Puc. 3. OcHoBHble cTpaTurpadpuyeckme ypoBHU KoNnyeaHHO-NONMMETANNIMYECKOro opyaeHeHua PygHoro Antas. 1o mamepua-

nam U. B. lacekosa, 2015, c dopabomekoli asmopos:

1 —aprunnuTbl, aNEBPONUTBI U aNIEBPOANTLI; 2 — NECHAHMKMN U Pa3HO3epHUCTbIe TyonecyaHNKn; 3 — U3BECTHAKMU U U3BECTHAKOBbIE
nopoasbl; 4 — 6a3anbHble KOHIIOMEPATbI M NecYaHUKK; 5 — Tydbl U 1aBbl PUOSUTOBBIX U PUOIUT-AAUUTOBLIX NOPHUPOB; 6 — Tydbl U
NnaBbl 6a3aNbTOBbIX M aHAE3MTO-6a3aNbTOBbLIX NOPPUPOB; 7 — CyOBYNKAHUYECKME TeNa PUOSUTOBBIX U PUOIUT-AALMTOBLIX NOPOU-
poB; 8 — meTamopduyecKne cnaHubl; 9 — KonuedaHHO-MOAMMETaNANYECKoe opyaeHeHue; 10 — 3010To-cepebpaHo-6apuT-noavme-

Tannnyeckoe opyaeHeHue

[Ipuupreiickoro u bByXTapMHUHCKOr0 pyIHBIX palOHOB,
YTO PACKPhIBAE€T MOTEHIMAJIbHBIE BOSMOXHOCTHU JJIs
MIPOrHO3UPOBAHUS U MOUCKA CKPBITBIX MECTOPOXKICHUH
Ha Oonee riry0okux ropusoHTax (710 S00—1500 m).
OcHoBHbIE THIIBI MecTOPOxAeHuil. [Ipeasinymumu
HCCIIEI0BAHUAMHU YCTAHOBIICHO, YTO PYI0JIOKAIU3YIOIIUE
TOPU30HTHI HauOoJiee KPYMHBIX MECTOPOKIeHUH Pyn-
HOro AJTasi UMEIOT MHOTOSPYCHOE PacloiIoKeHue. ITo
MOXET CBUIETEIILCTBOBATH O ITYJIbCALIMOHHOM XapaKTepe
TUJIPOTepMaNIbHBIX pacTBOpoB [10, 15]. Hanbonee momr-
HBI€ 3aJIEKU CILIOLIHBIX MTOJIUMETANINYECKUX Py Gop-
MUPOBAJINCH HaJl BBIXOAAMU ra30ruIpoTepMalIbHBIX pac-

tBopoB (Punnep-CoxonsHoe, ManeeBckoe, ApTeMbeB-
CKOE MECTOpOXJeHus1). MecTa BBIXOI0B I'HAPOTEPM Ha
MOPCKOM JHEe (QUKCUPYIOTCS B BUJE KYIHOJIO-THH30BU/I-
HBbIX 00pa30BaHUM ¢ MUHEPAJIOro-reoXMMH4ecKoil 30-
HaJIBHOCTBIO OTJIOXKEHUH, IPOSIBIEHHBIX CMEHOH 110 BEp-
THKaJI1 TEKCTYPHBIX OCOOEHHOCTEH, MUHEPAIBHOTO U
XMMHYECKOro cocTaBa pya. Huxke nmpuBeaeHa kparkas
XapaKTepUCTHKA OCHOBHBIX THUIIOB Py MECTOPOXKICHHUM
Pynnoro Anras.

Puooep-CokonvHoe mecmopodicoeHue pactoiokeHO
B JIeHHHOrOpckoM pyJaHOM paiioHe. OpyneHeHue Mnpu-
YpOUEHO K 0a3ajbT-aHe3UT-pPHOTUTOBOH, KPEMHHUCTO-
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Puc. 4. Teonornueckuii paspes Pugaep-CokonbHOro mecropoxaeHus (loro-sanagHas sanexo) [1]:

1 —yeTBepTUYHbIE OT/IOXKEHUA, Q; 2—5 — cBUTbI: 2 — COKONbHa#A, Dzsk, 3 — WnbuHckasn, Dlil, 4 — KptoKoBcKas, ler, 5 — NNeHnHoropckas,
Dlln; 6 — cpefHeeBOHCKME rpaHuTOnAbl; 7 — meTamopduyeckne nopossbl, S-D,; 8 — cepuuuTM3NpOBaHHbIE MUKPOKBaPLMTLI; 9 —
MWKpPOKBapLMTbl; 10 — 3010TO-CyNbGUAHO-KBapLEeBble PyAHbIe NPOXUAKKN; 11 — NMPUTHAA MUHepanm3auma; 12 — sKCNI03MBHble

6peKkumnm; 13 — cepuuUTUINPOBAHHbIE ITIMHUCTbIE CAHLbI

U3BECTKOBUCTO-TeppUurenton gopmanuu (D e-D, gv),
9MCKOMY PYAOHOCHOMY yPOBHIO. THII MECTOPOXKAECHUS
30JI0TO-KOJIYeJaHHO-IOJTMMETAJIINYECK .

Ha mecTopoxeHNH MHTEHCUBHO U HEPAaBHOMEPHO
MPOSIBJIICHBI IIPOLIECCH METaMOP(MUUECKUX HU3MCHEHHH
BYJIKAHOT'€HHO-0CaJ0UHbIX opos. HasloxxeHue pasHbIx
TUIIOB MeTamMop(du3Ma 3aTpyIHsET BbIICICHUE OTAEIb-
HBIX €ro (Gauuii U BbIABIEHUE 30HATBHOCTH.

B npenenax MecTOpOXIEHHS YCTAHOBJIEHO IPOSIBIIE-
HHUE PEerHOHAJIBHOT0, KOHTAKTOBOI0, AMHAMOMETaMOP(H-
YEeCKOro, ruApOTEPMaIbHO-METACOMATHYECKOIO U aBTO-
METacOMAaTHYECKOro Impeodpa3zoBaHus mopox. MHoro-
YPOBHEBBIN Xapakrep opyneHeHus Punnep-CokoabHOro
MECTOPOXKAECHU S IPOUJUIIOCTPUPOBAH Ha pUC. 4.

K nepsomy yposmio opyoenenus, npuypouyeHHOMY K
CpelHell nayke KPIOKOBCKOM CBUTBI, OTHOCATCS BKpall-
JIEHHOE, T'HE3I0BO€ U CIUJIOLIHOE MOJIMMETaNINYeCcKoe,
oborameEHHOE 30JI0TOM U cepedpoM OpyleHEHHEe, KOH-
LEeHTpUpYIoLIeecs B MPUBEPIIUHHBIX YaCTAX KYIIOJOB
1 Ha X nepudepuy HeNOCPEeICTBEHHO I10]] «CIaHIIaMU
BUcsdero Onokay. Hike, B MUKpOKBapLUTax, OHO CMe-
HSETCS CeTYaTO-IITOKBEPKOBBIM HOIMMETAIIINYECKIM,
TaK>K€ 4acTO 30JI0TOCOAEPIKALIUM opyieHeHueM. Jlanee
[0 pa3pe3y BBIACNAIOTCS KpyToHajaroliue cyomnapal-
JIeJIbHBIE KUJIbHBIE PYJHBIE Tela IMOJIMMETaNInNYECKOro
COCTaBa B BEPXHEH 4acTH, MEIHO-LIUHKOBOI'O U MEIHOI0
B KOpHEBOI. Mopdomnorus pyaHbIX 3ajeKel B KyTOIb-
HBIX CTPYKTypax 0oObIYHO Meny3000pa3Hasi. B unrepsaie
pacnpoCcTpaHeHus KUJIbHOTO OPYAECHEHHS JAOCTaTOYHO

IIHPOKO Pa3BUTHI CYNb()UITHO-KBAPIIEBEIE YKHIIBI C BBI-
COKHUM COZIep’)KaHUEM 30J10Ta.

Bmopoii yposenv opyoenenus TAroTeeT K KOHTAKTY
CpelHell aJeBpOIMTOBON M HUXKHEH I'paBeauT-ariome-
paToBOIi Mauke KPrOKOBCKOH cBUTHL. K pynam 3toro ro-
PU30HTA OTHOCSTCSI KOPHEBBIE YACTH KHUIJIbHBIX TEJ, CJI0-
JKEHHbIE [IMHKOBO-MEIHBIMU U MEAHBIMU pyaamu. ['pa-
HULIA MEX 1y OpyI€HEHHEM [IEPBOI0 U BTOPOI'0 yPOBHEH
BeCcbMa HEe4ETKasi U MPOBOJUTCS YCIOBHO.

Pyzabl nonumeranandyeckue CIJIOMIHbIE U THE3J0BO-
BKpaIlJIeHHble, 00orauéHHble 30J0TOM U cepedpom. Ha
BEpXHEM YPOBHE TPOSIBIICHBI CYIb(UIHO-KBAPIIEBHIC K-
JIbl C BBICOKMM COZEp)KaHHEeM 30Ji0Ta. B HMKHEl Kop-
HEBOW 4aCTU MECTOPOXKICHUS Pa3BUTHI KUJIbHBIE PY/-
HBbIE TeJla C MEJHO-LIUHKOBBIM U MEJIHBIM OPYJCHEHUEM.
['maBHbBIE pyJJHbIE MUHEPAJIbl — IUPUT, FAJIEHUT, caJe-
PUT, 30JI0TO.

MecToposkJieHue KPYITHOE 110 3aracaM HOJIMMETAJIOB
M 30JI0Ta. 3a MePUOJ IKCILTyaTallnH JOOBITO Ooiee yeM
500 T 30:710TA.

Apmemvesckoe mecmopodicoenue HaXOAUTCS Ha Tep-
putopuu Hlemonauxuuckoro paiiona Bocrouno-Kasax-
cTaHCKOH oOmactu B 8 KM loro-zanagdee lllemonauxu
u B 10 kM ceBepo-3anagHee HukomaeBckoro Mecropo-
KIACHUSA. APTEMbEBCKOE MECTOPOXKEHUE OTHOCUTCS K
KOJIYeJJaHHO-MEJIHO-LIUHKOBOMY T'€0JIOrO-IPOMBIIIIEH-
HOMY THILY.

B reosiornueckomM CTpOEHUH MECTOPOXKJIEHUS MpU-
HUMAIOT Y4acTHE BYJIKAHOI'€HHO-0CaI0YHbIE OTIOKEHUS
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Puc. 5. MpoaonbHbIA reonorMyeckuii paspes ApTembeBCKOro MecTopokaeHus (Cesepo-BocTouHas 3anexb):

CTPYKTYpPHO-NpUPOAHble napareHesbl (CMM): 1 — aneBpoAnTo-necyaHblit, 2 — KPEMHUCTO-NOPPUPOBLIN, 3 — aneBpoUTO-6a3ansToBbIN,
4 — [alikoBbIi; 5 — KoNYegaHHO-NONMMETANINYECKME PYabl; 6 — BYpOBble CKBAXKUHbI; 7 — Pa3/IoMbl

0a3anbT-PUOIUTOBON KOHTPACTHOM H3BECTKOBUCTO-
KPEMHUCTO-TeppUrenHoi Gpopmanuu (D,e~D,fm ), nox-
paszelsieMble Ha JIOCUIIEHCKYT0, TAJIOBCKYIO, T€pHUXOB-
CKYI0 CBUTBI. ByJIKaHOT€HHO-0CaJOuHbIE OTIOKEHUS TIPO-
PBaHBI KPYITHBIMHU CYOBYJKaHUYECKUMU TeJIaMH KHUC-
JIOTO ¥ OCHOBHOI'O COCTaBa, a TaK)ke JalKaMu I1aruo-
rPaHUT-MIOPPUPOB, TMabA30BBIX U aHIE3UTO-TAIIUTOBBIX
nopduputos (puc. 5).

OpylieHeHNe TPEACTaBICHO KPYTHOI TUH3000pa3Hoi
3asexbio AnuHoi 1000 u mmpunoit 150-300 M, cpennsist
MOIITHOCTB cocTaBisieT 12 m. Habmromaercst oTuéTinuBast
BEepTUKaJbHAS 30HAJIBHOCTH Py[ (CBEpXy BHM3): OapuT-
MOJIMMETAIUIMYECKHH, KOT4YeJaHHO-TTOJIMMEeTaJJInYec-
KM, MCAHO-IIUHKOBBIM, METHOKOTYCIAHHBIN THIILI.

Ha mecToposkieHnH BBIAEISIFOTCS ABE OIS PHBIE MU-
HEepaJIbHbIE aCCOIMAIMH: CBHHIIOBO-LIMHKOBAs (IIpUMe-
cu — Oapurt, Au, Ag, Cd, Hf, Sb, As, Te u 1p.) B BUCSTUeM
OOKYy 3alle)kH, METHO-BUCMYTOBas (C MUPUTOM) B JIeXkKa-
yeMm 0oky. Ilo 3amacaM OTHOCHTCSI K KPYIHBIM MECTO-
poxaenusm (Cu, Zn).

Maneesckoe mecmopodicoenue PacHONOXKEHO B Mpe-
Jiesax 3bIpsIHOBCKOTO PYIHOTO paifioHa. 3a JJIMTENbHBIN
TIEPUOJ] OCBOEHUS U T'€OJIOTUYECKOTO U3YUEHHUsI B palioHe
BBIsIBIIEHO Oosee 150 pyIHBIX TPOSIBIICHUH IIBETHBIX Me-
TaJUJIOB, KOTOPBIE M0 CTPYKTYPHO-(POPMALIMOHHON MpH-
YPOUEHHOCTH I'PYNIUPYIOTCS B PYIHBIE Y3JIbl, U3 HUX
OCHOBHYIO NMPOMBIIIJIEHHYIO IEHHOCTh MPEACTABIISET
PeBHrommHCckui pyaHbIil y3ein. B ero npegenax mecro-
POXKACHUS, PYJONPOSBICHUS U TOYKH MUHEPAIU3ALNH
pasMemnarTcs Ha YeThIPEX PYAHBIX MOJAX: 3bIPSTHOB-
ckoMm, ['pexoBckom, ManeeBcko-IlyTuniieBckom u bora-
ThIPEBCKO-OCOYNXUHCKOM.

MecTtopoxkaeHns PeBHIOIIMHCKOTO PYIHOTO y3Ja JIo-
KaJIU3yIOTCsS B CIOMCTOM, BYJIKAHOT'€HHO-0CAJOYHOM
paspese peBHIOMNUHCKON CBUTHI (3bIpsHOBCKOE, [ pexoB-
ckoe, Maiickoe) ¥ B 9K30KOHTaKTe MOpPUPOB cpenu oca-
JIOYHBIX TIOPOJT MACIISTHCKOM CBUTHI (MasieeBCcKoe MecTo-
pOXACHUE, OTACIIbHBIE PYHbIE 3aJI€KU 3bIPSIHOBCKOTO
MECTOPOXIACHUSI, TTIaBHBIH ydacTok [lyTHHIIEBCKOTrO Me-
cropoxaeHus) (puc. 6).

Ha ManeeBckoM MeCTOpPOXICHUM OpYJEHEHHE JIOKa-
JIM30BAHO B TMOJIOTO JIEXKAIIEH CKJIa4aTON TOMIIH B Ipe-
Jleslax CPaBHUTENBHO Y3KOT0 MHTEpBasa BYJIKaHOI€HHO-
0CaJI0vHOr0 pa3pe3a MaclsTHCKOW CBUTHL. MecTopoxae-
HUe (OPMUPOBAIOCH HA CKJIOHE KOHCETMMEHTALMOHHOTO
SKCTPY3UBHOT'O KYIIOJIa PUOJIUTOB B JIOKAJIBHBIX MPOTSI-
JKEHHBIX JeTpeccusiX Hu3lero nopsaka. CloxxHsle rpa-
HHUIIBI PYJHBIX TEJI U YACThIE CEKYIIINE KOHTAKTHI C BME-
LIAIOIUMHU TOPOJAMH TOBOPST O IIMPOKOM Pa3BUTUHU
MEPEOTIONKEHNS] U 3aMEIEHUs PYJIHOTO BELIECTBA B
CTaJIUI0 Py1I000pa30BaHUS.

Ha nanHoM MecTOpOXJIE€HUN YCTAHOBJIEHO HECKOJIb-
KO YpOBHEH JIOKQJIM3AIMK OPYIEHEHUs], OXBATHIBAOLINX
600—700 M pa3pe3a PeBHIOMIMHCKON U MACISTHCKOW CBUT.
Haunbonee momHbie 1 OoraThie MPOMBILIJICHHBIE PY/IbI
CKOHIIEHTPHUPOBAHBI Ha MAJIEEBCKOM yPOBHE, pacroJio-
JKEHHOM BHYTPH OTJIOKEHH I MACIISTHCKON CBUTHI HAa KOH-
TaKTE KBapIIUTOB C BEPXHUM TEJIOM MOp(UPOB. DTOT
YPOBEHb MPOCTPAHCTBEHHO HanOoJjee BhIACPKAH, XOTS
U pacuJIeHSeTCS Ha PsiJi CeAJIOBUIHBIX, JINH3000pa3HbBIX
WIIW TUTUTOBUAHBIX 3aliexkel. Pynbl Kojue1aHHO-TIOH-
Meraiuinueckue (Cu: Zn: Pb=2:6:1). OcHOBHBIE PY]-
HBIE MUHEPAJIBL: TUPUT, MUPPOTUH, XAIBKOITUPUT, cha-
JIEPUT, TAJICHHUT.
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Puc. 6. leonoro-munHepanoruyeckuii paspes no npodpunto Xll PogHukosoi 30Hbl ManeeBcKoro mectopoxaeHus [2]:

1 - omnabasbl; 2 — nopdupsbl; 3 — aneBponnTbl; 4 — KBApLUUTbI; 5 — poroBukK; 6 — bpekumm nopdupos 1 KeapuumTos; 7—11 — pyabl: 7 —
CepHO-KoNYeaaHHble, 8 — MefHOKoNYeAaHHble, 9 — KoNYefaHHO-MeHO-LUMHKOBbIE, 10 — 6apuT-NoAMMeTanIMyeckne U LMHKOBbIE,
11 — CBMHLOBO-LMHKOBbIE U MeAHO-CBUHL0BbIE; 12 — CKBaXKMHa U eé rybuHa

Pynubie Tena metamMmopdu30BaHbI 110]] BO3JICHCTBUEM
IPAHUTOUJI0B 3MenHOropckoro komiekea (C, ). Mera-
COMAaTHUYECKHUE TIPOIIECChI, COMYTCTBYIOIIUE PYAOTCHE3Y,
OKa3bIBAIOT 3HAYUTEIHHOE BIMSHUE HA 3aKOHOMEPHOCTH
Jokanu3anuu pya. Pazmepsl u (hOpMBI OpPEOIIOB TUIPO-
TEpMaJLHOTO MU3MEHEHHS TIOPOJ] 3aBUCAT OT psija (ak-
TOPOB: COCTaBa BMEIIAIOLIUX MOPOJI, UX (PU3HKO-Mexa-
HHUYECKUX CBOHCTB, 0COOEHHOCTEH CTPOCHUSI Pa3PhIBHBIX
HapyIIEHUH, MPOJIOJDKUTEIBHOCTH THAPOTEPMATIBLHOTO
rpoiiecca, TeMIIepaTypbl U JaBJICHUS PACTBOPOB.

MuHepanornyeckuii 1 XMMHUYeCKHIl COCTAB pPyA.
MuHepasorun4ecKkiue UCCIe0BaHus Pyl KOJT4eIaHHO-
MOJIMMETAJUTMYECKUX MECTOPOXKJIeHU PynHoro Anrast
npoBoamirck MHorumu reosioramu (b. . Beiin, 1. B. To-
kpoBckas, I II. bonros, X. A. becnaes, I. JI. 'anxxeHko
u 1p.). MHOro(haszHbIe BKIIFOYEHUsS] B MHHEPAJIaX, U30TOIbI
Cepbl, CBUHIIA, KUCIOPOJa U JIp., 0COOEHHOCTH KOJI4e-
JIAHHO-TIOJIMMETAITNYECKOT0 Opy/IeHeHus1 PyOIioBcKoro,
3mennoropckoro, [IpuupTeiiickoro, JISEHHHOTOPCKOTO U
3BIPSTHOBCKOT'O0 PaiiOHOB pacCcMaTpPUBAIIUChL B paboTax
B. B. ABnonnna, B. M. Uekanuna, I @. SIkosiesa, A. C. Jla-

nyxosa, K. P. Koanesa, U. B. 'acbkoBa, B. B. Ilomnosa,
H. U. Cryuesckoro, FO. 1. lemuna, O. A. KoBpuro u MmHo-
TUX ApYyTUX ucclenoBaresneid. I'eonornyeckue ycnoBus
(bopMUPOBaHUS U BOBMOXKHBIE HCTOYHUKH PYJHOTO Be-
IeCTBa MECTOPOXKICHHI IIBETHBIX MeTaslioB Kazaxcrana
Ha OCHOBE M3y4eHUs (IIIOMIHBIX BKIIOYEHUH paccMo-
Tpensl B padbotax HO. C. [Tapunosa [4].

PabGoTaMu IpoIIIBIX JIET YCTAaHOBJIEH JOBOJBHO €111~
HOOOpa3HbIil MUHEpaJIbHBIA COCTAaB PyA OOJBIIMHCTBA
MecTopoxAeHNuH. K OCHOBHBIM pyIHBIM MUHEpaJaM OT-
HOCST TaJICHUT, XaJIbKOIIUPUT, c(haJepuT, MUPUT, Oaput
1 30710T0. VI3 COMyTCTBYIOIINX U3YUEHBI ONEKIIbIE PY/IbI,
MENbHUKOBUT-IIUPUT, TUPPOTUH, MATHETUT, MHOT OUHCIICH-
Hble MHHEpaJIbl cepedpa, TeNIypa U IpyTruX JIEMEHTOB.

CoBpeMEeHHBIMU MUHEPAJIOTHYECKUMH HUCCIIeA0Ba-
HUSAMH (B TOM YHUCIIE TPOBEIEHHBIMHU ABTOPAMHU IaHHOU
CTaTbH) BBISIBJICHBI CIIOKHBIE MUHEPAIbHbIE ACCOLUAIIH
PYIOHBIX U COMYTCTBYIOIIUX MHUHepajioB. Pynel mpen-
CTaBIIAIOT COOOM pa3nuyHble KOMILJIEKCHI CyIb(UI0B He-
CKOJIBKMX T'eHepaluil (0T paHHUX CUHI'€HETUYECKUX 10
MO3THUX), CYIIECTBEHHO OTJINYAIOLINECS COIEPKAHUSIMHU



Puc. 7. COOTHOLIEHMA MUHEPANOB B KONYEAaHHO-NONMMETANIMYECKUX PYAAX MECTOPOXKAEHMI PyaHoro AnTtas:

A —3MyNbCMOHHAA BKPANAEHHOCTb raneHuTa (Gn) B chanepute (Sp); B —amynbcMoHHan BKpanaeHHOCTb rafieHnTa B chanepuTe, B accouma-
LMK C raNeHUTOM Pa3BuUTbl 3épHa 6aEkNol pyabl (Fh); B — cpocTok xanbkonuputa (Chp) ¢ raneHuTom; I — MMKPOBKAKOYEHMSA BUCMYTUHA
(Bst) B raneHuTe (raneHuT umeet npumeck Ta, W); [l — menkue BrAoYeHUn alikuHuTa (Aik) B xanbkonupute; E — yrnoBatble, 3a3ybpeHHble

3épHa rasneHuTa B nupute (Py)

OCHOBHBIX KOMIIOHEHTOB, COCTaBOM IIpUMeECEH U TUIIO-
MOpP(GHBIMA XapaKTepuCTHKaMH. B maparenesuce ¢ cyib-
(duIaMu 0OTMEYAIOTCSI MHOTHE ITOITy THBIE MUHEPAJIBL: BU-
CMYTHUT, allKHHUT, 30JI0TO, cepeOpo, KaaIMui 1 1p.

Ha puc. 7 B anmummgax BUIHBI CIOKHBIC COOTHOIIIE-
HUs XaJIBKONUPHTA, chanepuTa, TaJIcHUTa, BUCMYTHHA
u aiikunuta (CuFeBiS,). Pasmep MUKpOBK/IIOYEHHI MH-
HEpaJoB BapbUpyeT OT NepBbIX eauHuIl 10 100 MUKpOH.
laneHuT, BCTpeyarouuiicss B BUJIe IMYJIbCUOHHBIX MU-
KPOBKJIIOUCHUU B 3épHAX XaJIBKONHUPHUTA, ChalepuTa
(cm. puc. 7, A, b), mupura u 1pyrux MUHEpaax (cM. puc. 7,
E), oTHOCHTCS K caMoii O3 1HEH TeHepaium.

B ranenuTe oOHapy>kKeHBI TOHYAWIINE BKIIIOUCHUS
BucMyTHHHUTA (Bi,S,), a Takke npumecu (B Mac.%): Ta —
3,10, W — 2,17, Se — 6,78, Ba — 1,95 u ToHKOAMCTIEpCHAS
BKPAIUICHHOCTH cepedpa. AWKUHUT 00pa3yeT mpoXKuIl-
KOBYIO BKPAIlJIECHHOCTh B XaJbKonupuTte (cM. puc. 7, J1).
OMyYJIbCUOHHBIE KaIJIEBUHbIE BKJIIOUEHUS T'aJeHUTa
OTMEUAIOTCS B CTBIKAaX 3EPEH IPYruX Cylnb(HIOB, 1O
TpeIHHAM W Ne(peKTaM KPUCTAJIIOB, YTO yKa3bIBAaeT
Ha ero 0oJjee NO3IHIOI0 F'eHepaluIo.

JlaGopaTopHBIe HCCIETOBAHHUS COBPEMEHHBIMU METO-
nmamu ICP-MS nokazanu MHOTooOpaszne XHMHUYECKOTO
COCTaBa Py U3y4aeMbIX MECTOPOXKAeHUI. MOXKHO cre-
JIaTh BBIBOJ, YTO PY/bl KOJIUEAAHHO-IOJIUMETAJIINYeC-

KUX 00beKTOB PymaHOrOo AnTas B 1EIOM UMEIOT CXOJ-
HBIN 110 KOJIMYECTBEHHOMY W Kaue€CTBEHHOMY COCTaBY
Ha0Op OCHOBHBIX M COIMYTCTBYIOIIMX KOMITIOHEHTOB. O
HAaKO JJII MECTOPOXKAeHHUH [[pUUPTHIICKOTO PyIHOTO
paiiona oTMevaeTcs npeodaafanre poiau MEeTHO-ITMHKO-
BOT'O OpPY/ICHEHUS OTHOCHTEIIBHO TTOTMMETATIITUIECKOTO
B JIGHMHOTOPCKOM paifoHe, TPOPUIHPYIOIIUMHU dIIeMEH-
TaMH¥ SIBJISTFOTCS] ME/Tb, ITUHK, Cepa.

Pynpie Tesra 3HAUMTENBHO OOOTAIICHBI 3JICMEHTaMU-
npumecsimu (Ag, Au, Bi, Cd, As, Sb, Tl, Se, Te, Ga, Ge,
Mo, In, Hg, Co). Pyasr mecToposkiernii JleHnHOrOpcKoro
1 3BIPSHOBCKOTO PYIHBIX PAaHOHOB OTHOCSTCS K COO-
CTBEHHO KOJIYETaHHO-TIOINMETAINTNYECKOMY THITY, OC-
HOBHBIMH ITPOMBIIIIJICHHBIMA KOMITOHEHTAMH SIBISFOTCS
Pb, Zn, Cu, Ba, nonytaeimu — Cd, Au, Ag, Se, Te, Mo,
Bi, As, Sb, Hg, Ga, Ge, In, Co, Ni.

s Bcex mecTopokennii Pynnoro Anrast ormeda-
IOTCSI XapaKkTepHbIe TEOXUMUUYECKHE TTPU3HAKU. B Ko-
Ye/TaHHO-METHO-ITUHKOBBIX MECTOPOXKICHHUSIX YCTAHOB-
JIeHBI MOoBBIIIeHHbBIE conepxkanus Ce, Te, Tl, Bi. J{us
KOJTYETAHHO-TIOJTMMETAINTNYECKUX MECTOPOXKJCHUH OT-
MedaeTcs HakorieHue Ba, Au, Ag, As, Cd, In, Hg. OT-
HolleHue cpeanero copepkanns Ce / Te B KomdeanHO-
MEIHO-IIMHKOBBIX PyJaX B HECKOJBKO pa3 BBIIIE, YEM
B monumMmetayummueckux [6, 14]. Cpennue copepxaHus



OCHOBHBIX W TIOMYTHBIX KOMIIOHEHTOB MPEBBIMIAIOT KJIap-
koBbie B Thicsiuu (Bi, Te, Cd, Au), cotuu (Pb, Zn, Cu,
Au, S, Se, Sb, As), necsitku pa3s (Ba, Mo) wiin Haxonstes
B mpenenax kiaapkoBeix 3HaueHui (T, In, Ge). IlomyT-
HBIC DJIEMEHTHI B pyaX (UKCHUPYIOTCS B BUJIE CAMOCTOS-
TETBHBIX MUHEPAJIOB, MUKPOCKOITMYECKUX JUCTIEPCHBIX
WITM 3MYJIbCHOHHBIX BKparieHuit (As, Sb, Bi, Co, Ni,
Ag, Au, Te). Hepenko npu a51eKTpOHHO-MUKPOCKONNYEC-
KHUX MCCIEZ0BAHUAX (CM. pHC. 7) HAOII0MaI0TCS H30MOp-
¢dubIe TpUMecH B cynbhuaax (Co, Tl, In, Ge, Ag).

3akirouenue. PynHo-AnTaiickuil Korde1aHHO-I0TH-
METaJUTMYECKHUH MOSIC — 3TO KPYIHAS PYI0HOCHAS CTPYK-
Typa pEermoHaIFHON PAaHTOBOCTH, B KOTOPOI COCPENOTO-
YeHBI KPYITHBIC ¥ yHUKaIbHbIe MecTopokaeHus Cu, Pb,
Zn, Au, Ag, MHOTHIE peITKHE dJIEeMEHTHI. MeCTOPOXKACHUSI
C(OPMUPOBAIHCEH B TEPIUHCKUH ITUKJI B PU(TOTCHHON
TEOAMHAMHMYECKOW 00CTaHOBKE, T€HETHYECKH CBSI3aHBI C
JICBOHCKHAM 0a3aJIbT-aHIC3UT-PUOIMTOBBIM BYJTKAHU3MOM
I depeHINPOBAHHOTO W KOHTPACTHOTO psiia. bomb-
ITUHCTBO MECTOPOXKICHIH OTHOCATCS K MEpOBOMY VMS-
TUTY (BYyJIKAHOT€HHBIC MACCUBHBIC CYJIb(HIHBIC MECTO-
poxaeHust). Py1okoHTposupyoLel sBiseTcs cucrema
SIIETIOHUPOBAHHBIX TITYOHHHBIX Pa3JIOMOB CEBEpO-3ariai-
HOTO HalpaBJIeHHS, CPOPMHUPOBAHHBIX HA aKTHBU3U-
POBaHHON KOHTHMHEHTaJbHOW OokpanHe l'opHOro Asnras.
Jnst ocakAeHUSI ¥ KOHIICHTPAIIUN OPYICHEHUS BEIy-
mast poJib MPUHAJICKUT PYAOBMEIIAIOIIEH cpesie Kpem-
HUCTO-N3BECTKOBUCTO-TEPPUTEHHOTO COCTaBa U CyOBYJI-
KaHUYECKUM MOpGHUPOBBIM HHTPY3UsM. [lo mpoucxo-
JKJICHUIO BBIJICTIACTCS ABA THIA PyA: |) ByJIKaHOTE€HHO-
0CaZ0YHBIN (THAPOTEPMATIBHO-0CAA0YHBIH), 2) THAPO-
TepPMaJIbHO-METACOMaTHUYECKU. MecTOpoKAeHUS pac-
1OJIaraloTcsl Ha ONMPEAeIEHHBIX T€OXPOHOIOTHIECKIX
ypoBHsx ot D e no D, fm.

Monens pynoodpa3oBaHus OTPakaeT BOCXOISIIIY IO
PUTMHYHO-TTYJIBCAIIMOHHYIO BOJHO-THIPOTEPMAIBHYIO
CHCTEMY PacTBOPOB C IOBEHWJIBHBIM MCTOYHUKOM DPY/-
HOTO BEIIeCTBa U 00pa3oBaHUEM Py B HEYCTOMYHMBBIX
TEPMAJIBHO-THHAMHYECKUAX U (PU3UKO-XMMHUYECKHX YC-
noBusix. C 3T0H TOYKH 3peHHs] MECTOpOXKAeHUs PyaHOTO
AnTast HeJb3sl CYUTATh TOJUTEHHBIMH, TaK KaK Opyze-
HeHHe chOpMUPOBAHO SAMHBIM HCTOUHHKOM PYJTHOTO
BeleCTBa, TEHEPUPOBAHHOTO O0IIeH PyIOHOCHO-(ITIO-
MIHOM CHCTEMOM.

['maBHBIE pyJHBIE MUHEPAIBI — TUPHT, XAJIBKOITUPUT,
cdaneput, raneHuT. OTIIMYUTEbHAS 0COOCHHOCTD Me-
CTOPOXKJICHUH — KOMILIEKCHBIH COCTaB pyI, Comepka-
X IpAUMeECH 0aropoaHbIX MeTanioB (Au, Ag, Pt) u
penkux snementoB (Cd, Se, Bi, Te, Ta, W u ap.). Xa-
pakTepHOil 0COOEHHOCTHIO KOTYESJaHHBIX MECTOPOXKIe-
HUM PynHoro Anrast sBISIFOTCSI BBICOKHE KOHIICHTPAITIH
B pyZIax I[BETHBIX METaJIOB, cyMMa KoTopsixX (Cu + Pb +
+ Zn) nocturaet 10—12 %. Ilo pe3dynsratam MuHEpao-
TUYECKHUX MCCIIEOBAHNH C MCIIOJIb30BAHNEM DIIEKTPOH-

HOI MHKPOCKOIIHH ompesernieHa hopMa HaXoxXIeHNS Au,
Ag, Te, Bi u ip. >IeMEHTOB B KOJTYETaHHO-TIOITNMETAI-
JUYECKUX pyJax. DTH MUHEPAJIbl BCTPEUAIOTCS B BUJE
MHUKPOCKOIIMYECKUX BKJIIOYEHHH B OCHOBHBIX PYIHBIX
MuHepanax. Broxae BeposTHO, 9acTh 6J1aropogHbIX Me-
TaJIJIOB B py/Jax MMeeT HEBUAMMOE paclpelesieHHe 110
AQHAJIOI'MU C MOJUMETANIMUECKUMU MECTOPOXKACHUAMU
Ipyrux peruoHoB. Ha coBpeMeHHOM 3Tame B CBA3U C
HCTOLIEHHEM 3aI1aCOB U3BECTHBIX MECTOPOXKIACHUH BO3-
HHKJIa OCcTpasi MpodieMa yKPeIUIeHHsI MUHEpaIbHO-
CBIpheBOM 0a3bl PyHoro AnTas.

Hcxons m3 pazHooOpas3ust MeXaHU3MOB (hOPMHPOBa-
HUS KOJTYEaHHO-TIOJIMMETAJUIMYECKUX MECTOPOXKICHUI,
JUTUTEIHHOCTH TIPOSIBICHUS TPOIECCOB Pyn00o0pa3oBa-
HUS, IPOCTPAHCTBEHHOM NPUYPOUYEHHOCTH OpPYAECHEHHUS
K OIpeJeNI€HHBIM [€0XPOHOJIOIMUECKUM YPOBHAM U 3Ha-
YUTENBHOTO BEPTUKAIBFHOTO MacIITaba pacipoCTpaHEeHH
pyx (o 1000—15 000 M), mocieay oIero npeodpa3oBaHMsI
U TpaHC(HOPMAINH PYIHBIX 00BEKTOB, IIeJIeco00pa3HO
CHCTEMaTU3NPOBATH OONTHPHEII T'€0NOTHYECKUiT MaTe-
puai nocnenaux 10—15 mer. Heobxomumo Takke mpo-
JOJKUTH JE€TAJIbHOE U3yUeHUEe MUHEPAJIbHOIO COCTaBa
PYAHBIX accoLUali ¢ LIMPOKUM HCIIOJIb30BAHUEM BbI-
COKOTOYHBIX METOJOB MCCIIEJOBAHUMN M HAa DTOW OCHOBE
IIPOTHO3UPOBATH IIOMCKU U OLIEHKY INTyOOKO3aJIeraroIux
00BeKTOB. PexoMeHyeTCsl yBeTnUeHHUE TITyOMHHOCTH
r€0JIOTHYECKOr0 U3yUEeHUs TEPPUTOPUU B BayKHEHIINX
TOPHOPYIHBIX paiioHax PyxaHoro Antas (3pIpsSiHOBCKHI,
Jlenunoropckuil, [Ipunprsinickuii, ByxTapMuHckuii u ap.)
C BHEJPEHHUEM COBPEMEHHBIX HAyYHO-METOANYECKUX TEX-
HOJIOTHH JUIs cOCTaBJIEHUsI TPOrHO3HO-METaJ IO €HHYeC-
KHMX KapT HOBOT'O IIOKOJIEHHUSL.
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