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Paccmompenvt  npusnaku mpéx smanos MuHepamuzayuu  apxeuckux 3010MONPOAGLEHUl
3eneHokamennvix noscos Cpeonezo Ilpuonenposvs (Ykpaunckuu wum). C convghamapro-
@PymMaponvbHOll OesmenbHOCMbIO 8YIKAHOEHHO20 IMANA CE5A3AHO OMILONCEHUE NEPSULHBIX PYO 8
NPONUAUMAX U 6MOPUYHBIX KEApYUmMax. JDmo 3010MO-KON4eOaHHAs U  30710MO-MeOHO-
Monuboenosas (nopguposoco muna) pyoHas munepanusayus. Bausnue memamopgozennozo
amana ¢ MoyKu 3peHusi NPOOYKMUBHOCMU 00bEKMO8 OblI0 HeCyWeCmE8eHHbIM U ONPedensiioch
UHMEHCUBHOCIBIO PecUOHANbH020 Memamop@uzma. C peyurkiuposanuem euecmsa 6 medeHue
Nn030He20 2UOPOMEPMATbHO20 IMANA C8AZAHO (POPMUPOBAHUE NPOMBIULIEHHO20 OPYOEHEHUs. 8
30HAX aMpPUOONOBLIX MemacoMamumos U JAUCBEHUMO-0epe3umos. Imo 3010Mmo-8UCMYNI-
MeNIypossie,  3010MO-HCee3ucmole,  3010MO-Cepedpo-noIuMemaliuiecKue, a  maxdice
Manocynvpuonvie 3010mo-Keapyesvie pyool.

Knrouesvie cnoea: apxeil, 3eleHOKaMeHHble NOACA, 3010Moe OpyOeHeHue, Mmeirypuobl,
cynvghoconu, uzomonuwiil cocmas, Cpeonee Ilpuonenposve, Ykpaunckuii wyum.

BBenenue

VYyactue mpoueccoB BYJIKaHM3Ma, PETHOHAIBHOIO MeTamMopdu3Ma U TUIPOTEpMaIbHOU
aKTUBM3alMK B (OPMUPOBAHMM aPXEMCKUX 30JOTOPYIHBIX MecTtopoxaeHuid Cypckoi u
UepToMIIBIKCKOUN 3elIeHOKaMEeHHBIX CTPYKTYp Cpenne-lIIpuaHenpoBckoi rpaHUT-3€J1€HOKaMEHHON
o0yacTH, TaKk WIM WHa4ye, MpHU3HaeTCsa BceMH wucchenoBatensmMu [1-5]. Pomb 3THx mporieccos,
OJIHAaKO, B CHUJy HUX CJOXHOCTH U MPOCTPAHCTBEHHOTO COBMEIIECHUS OCTaeTcs He BIOJHE
BBISICHEHHOW — paHHUE TMPOSIBIICHUS 3a4acTylO0 3aTYIIEBBIBAIOTCS WJIM JaXe IOJHOCTHIO
YHUUYTOXKAIOTCA TO3JAHUMHU. YKa3aHHOE OOCTOSITENBCTBO 3aTPYIHSET HCIOJNb30BaHHUE psizia
COBPEMEHHBIX  METOJOB  HCCIIEJIOBAaHMS  MHUHEpPaJbHOrO  BEIIeCTBa, B  YacCTHOCTH,
TepMOOapPOreOXUMHUECKUX W H30TOMHBIX, WM K€ MPHUBOJUT K MPOTHBOPEUHBBIM pE3yJIbTaTaM,
HalpuMep, IMpU  CPAaBHEHUM TMOJYYEHHBIX  YINOMSHYTBIMHM  METOJAaMHU  pe3ylbTaTOB C
TePMOJIMHAMUYECKUMH pacueTamu [3, 4], cleacTBUeM Yero MOXeT ObITh IepeoleHKa 0o
MIPEYMEHBIICHUE BIMSHUS TE€X WIM HHBIX MpoleccoB. B To ke BpeMms, COMOCTaBlIEHUWE ATHX
pe3ylnbTaTOB C TEOJIOTMYECKUM MAaTE€pUaloOM CBHJAETEIBCTBYET O KaXyIIEMCS XapakTepe

HpOTI/IBOpe‘-II/Iﬁ 1 NMO3BOJIICT YCTAHOBUTDH B3AUMOBIIMAHHUEC U YHACIICJOBAHOCTL BCCX MPOUCCCOB. I[J'ISI
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yao0CTBa pa3rpaHUuYEHHs] BEIICCTBEHHBIX OTJIOXECHUH, CBSI3aHHBIX C YKa3aHHBIMH IPOLECCAMHU,
MPEJCTaBISETCS 1eIecO00pa3HbIM BBIJICIICHUE B MpeAesax HCCIeAyeMbIX OOBEKTOB TPEX ITaroB
MUHEPAI000pa30BaHMsl, a IMEHHO: BYJIKAHOT€HHO-0CAI0YHOTO, PETHOHAIBHO-METaMOP(OTeHHOTO
U JIOKQJIbHOTO THAPOTEPMAIBHOTO C COOTBETCTBYIOLUIUMU MUHEPAIBHBIMU COOOLIECTBAMM.

[enpro HacTosmel paboTHI, SBJISETCS KOPPEKTHOE, TI0 BO3MOXKHOCTH, COOTHECEHHUE (DaKTOB,
YCTAaHOBJICHHBIX  KOMIUIEKCHBIMU  (T€0JIOTO-CTPYKTYPHBIMH,  MHHEPAJIOT0-T€0OXUMUYECKUMU,
TEPMOOAPOTCOXUMUYECKUMU M HM30TONHBIMH) HCCICAOBAHUSAMH C 3asABJICHHBIMH BbIIIE (U
MPU3HAHHBIMU OOJIBIIMHCTBOM HCCIIEZOBaTeNell) mpoleccaMu TPEX Pa3IMYHBIX 3TAIloB, a TaKKe
PEKOHCTPYKIMS HA OCHOBE 3TUX (PAKTOB YCIIOBUN (POPMHUPOBAHUS PA3NIUYHBIX MUHEPATbHBIX TPYIII
9THUX ATAIOB.

ByJkaHoreHHo-ocago4HbIN 3TAN

BynkanorenHo-ocaiouHoe pyaoo0pa3oBaHHe MPOCTPAHCTBEHHO M NEHETHMYECKHU CBSA3aHO C
dbopMupOBaHNMEM KOHKCKOW CEpUM, WMEIOIIEH CIOXHBIA monaudanuanbHbld, OMU3KUNA K
oumonanbHOMy coctaB. C TOYKM 3peHus pyJo0oOpa3yroIIMX IMPOLECCOB BaXXKHO OTMETUTh
cleyole 0COOCHHOCTH yKa3aHHOM cepuu. BmemiaoT opyaeHeHHe NPEeUMYIIECTBEHHO MOPOIbI
HIDKHUX 4YacTell pa3pe3a B ydyacTKaxX BechbMa CJIOXKHOTO MepecianBaHHs 0a3uT-THIEepOa3UTOBBIX
MeTad(h(Py3uBOB ¢ TIPOCIOSIMU METaTy(POB JAIMTOBOIO COCTaBa, a TAKXKE MapaciiaHIleB, KBAPIUTO-
CJTAHIIEB M YKEJIE3UCTHIX KBAPIIUTOB C CYIIECTBEHHOW KapOOHATHOW COCTABIISIONMICH. DTH Y4aCTKH
0OBIYHO UMEIOT PUTMUYHOE CTPOEHUE, BhIPA3UBIIEECs B MOCIEI0BATEIbHON CMEHE (CHU3Y — BBEPX)
TyGOTCHHBIX TOPU30HTOB KapOOHATHBIMH M MarHeTuT- W (WiIu) Cyabpua-coaepKamuMu ¢
(danuanbHBIMU TIEPEXOJaMH B paMKax KapOOHATHOM, OKMCHOW W cynbhuaHo daruii [5S]. Takue
PUTMBI TIEPEMEKAIOTCS MOKPOBHBIMH OOpa30BaHUSIMU HCXOJHO TOJEUTOBOTO (M MECTaMH
KOMAaTUUTOBOIr0) cocTaBa. Jlpyroil xapakTepHONW OCOOCHHOCTBIO CEpUU SBISETCS HaJIUuue
CyOBYJIKAHMUYECKUX JIaeK U IITOKOB, UMEIOUINX MeTaJaluT-IIaruorpaHuT-nopdupossiii cocras. K
HUM, B 4aCTHOCTH, OTHOcATcs UkanoBckuii MaccuB banku [lupokoit u rpynna gaex CepreeBckoro
MectopoxaeHus u banku 3on0toii [2, 4, 6].

BpeMsi cTaHOBICHHS KOHKCKOW cepud Ha ocHoBaHuM wu3oTomHoro (U-Pb) wusyuenus
LUPKOHOB M3 METATEPPUTEeHHBIX (KIACTOTEHHBIX) MOPO/I, IUIATHOTPAHUTOB YKaIOBCKOTO MacCHBa U
JAWKOBBIX TEJI METaJalUT-MopHUPOB CONEHOBCKOM CBUTHI ompenensercs uudpamu ot 3200-3160
[7] mo 3170-3050 [1] muH. ner. HekoTopoe OMOJI0KE€HHE NMMPUTOBBIX PYI BOCTOYHOTO (hi1aHra
Cepreesckoro mectopoxaenust (3042 mun. ser, Pb meroxn, yctaoe coobrienne H. 5. Senko),
BEPOSITHO, CBSI3aHO C HAJOXEHHBIMU IPOLECCAMM, XOTS M ITOT PE3YJbTaT CBUIETEIBCTBYET O
Me30apXxencKkoMm, JoMeTaMmopdrudeckom, ux GOpMUPOBAHHH.
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[Tporecchbl 3010TOHAKOIIJICHHUS HAa ATOM 3TaIle CBOAATCS K (POPMUPOBAHHIO KOJTYETAaHHOH (C
30JI0TOM) MHUHEpPAIM3aLUN KaK BIIOJIHE 3aBEpPIIEHHOTO TE€HETHYECKOro THUIA M PA3TUYHBIX
30JI0TOCOJIEPIKAIIMX CYTb(PUIHBIX MPOSBICHUHI B CBSA3H C COMPOBOXAABIICH apXEHCKUN BYJIKaAaHU3M
colib(haTapHO-THIPOTEPMATLHOM aKTUBHOCTHIO [ 1, 3, 5].

Konueoannas (cynvpuonas) munepanuzayus ndydena B npenenax Cypckoi CTpyKTyps [3,
5]. B aHanoruyHBIX 30JI0TOHOCHBIX TPOBHHIMSAX MHpa OPYACHEHHE TaKOrO THIA YCTaHOBJICHO,
HarpuMep, B npezenax nosica Aoutnou Ha Kanajackom mure — MectoposkieHne XopH [8]. SABissich
OJTHOY W3 HamboJiee paHHUX, KOJTYeAaHHAsT MUHEPATU3aIisl NpeCcTaBlIeHa Kak CHHICHETHIECKIMU,
CIIOUCTBIMU 000COOJICHUSIMU TIPEUMYIIECTBEHHO B XEMOT€HHO-OCAJIOYHBIX OTJIOXKECHUSIX 0e3
CYIIECTBEHHBIX CIIeZIOB THIPOTEPMATBHO-METACOMATHIECKUX W3MCHCHHU, TaK "
AMUTEHETUICCKUMHU, JIMH30- M MUTMPOOOPA3HBIMH BBIJICIICHUSIMHA B Ty(DOTCHHO-0CAI0YHBIX TTOPOJIaX,
rIé  OHAa COIMPOBOXKIAETCS OPEOJIaMH  OKOJIOPYAHBIX ~METaCOMAaTHTOB  KapOOHAT-XJIOPHUT-
CEpHUIIMTOBOTO COCTaBa M 30HAMHU CYJb()DHUIHON BKPATNIEHHOCTH ITEPEMEHHON MOIIHOCTH.

CUHTEHeTHYECKHE PYIBI CIIOKEHBI B OCHOBHOM 30JIOTOHOCHBIM IMHPHTOM-MapKa3suToOM, B
HEOOJBIIMX ~ KOJMYECTBAX MPUCYTCTBYIOT TMHPPOTHH, XAIBKOMHUPHUT, cdaneput. bymaydan
BYJIKAHOTE€HHO-OCA/IOYHBIMH  TPOAYKTaMH, OHHM OOHAapy)XMBAalOT CBSI3b, B TOM 4HCIE H
TreOXUMHUYECKYIO, ¢ (allMagbHBIMU YCIOBUSIMH (DOPMUPOBAHUS BMEIIAIOLIUX TOPOJ, HHAUYE TOBOPA,
OTpaXkaroT BYJIKAHUYECKHM, OSKCTalSIMOHHBIA, HCTOYHUK W OCAJOYHBIE YCIOBUS OCAKICHHS
BemecTBa. M30TOmHBIM cocTaB cephl Cyab(umoB (MUpUTa-MapKasuTa) B Py JHATO]AImii:
KapOOHATHOH — CyTb(GHUIHON — TyGOTeHHOH, MOCTe0BATEFHO CABUIaeTcs B MOJb3y H30Toma 'S,
Takasi 3aKOHOMEPHOCTh CBHJIETEJIBCTBYET O HApacTaHUHM B YKa3aHHOM (alHMajbHOM IMepexojie
BOCCTAaHOBHTEJIbHBIX YCI0BUH. [loATBepkIaeTcsi OHA 3HAYUMOM OTpHUIATEILHON KoppeJsiuei ()
5%*S ¢ Mn (-0,56) poOXpO3UTOBO¥ COCTABISAIONICH B KapOOHATAaX M TaKOH K€ MOJIOKHTENBHOM
cBsa3pio 84S ¢ Ti (0,67) u V (0,70), MUHEPATOM-KOHLIEHTPATOPOM KOTOPBIX SBISETCA MILMEHUT
XJIOPUTOBBIX Ty(docianies, a Takxke ¢ Zn (0,55), KoTopelil MOKET H30MOPGHO BXOAUTH B COCTaB
TEMHOI[BETHBIX MUHEPAJIOB. 30JI0TO HAKAIUIMBAETCS MPEUMYLIECTBEHHO B MOPOJAX XEMOTEHHOIO,
KEJIe3UCTO-KPEMHHICTOTO Psijia B YCIOBUAX CynbhuaHoil damyu: B cpeanem 0,2 r/T IO CpaBHEHHIO C
0,009-0,065r/r B mopojax Ty(OreHHO-TEPPUIEHHOIO psAga. YCTAHOBJIEHA MOJOXHUTEIbHAs
Koppessius: AU ¢ THITHYHBIMH 3JIEMEHTaMH ByJIKaHHueckux skcramsimuii — As (0,82) u Bi (0,65) u
¢ Ni (0,54), xapakTepHbIM Ul BYJIKaHOT'€HHO-0CaH0uHbIX pyd, Ni mpu sToM 0OHapyx HBaeT
cubHYIO CBsi3b ¢ Mn (0,61), a taxke mexay Ag, Cu u Sb (0,61-0,86), 0Opa3yromumMi THITHYHO

cynbhoconbHyto accormanuio. Cepedbpo taxke cszano ¢ Co (0,68).
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ONUTeHETHYECKUE PYAbl MPEACTABISIOT COO0OM MPOAYKTHI Pasrpy3KH  BOCXOJSIIHX
MUHEPAM30BAHHBIX Ta30BO-THIPOTEPMAILHBIX PACTBOPOB HA MyTAX HX Hoabema. OHH HUMEIOT
Oomee clOXKHBIA coctaB. Kpome BbIlIE HA3BAaHHBIX MUHEPAJIOB 37I€Ch MO TPEHIMHAM B IMUPHUTE
pa3BuBatoTcsi camopoaubiid Bi, Sb-Bi u Sb cynsdoconu Pb psaa koOGemuuT — KO3aauT U OJCKIIbIe
pynel (terpasaput) [9], KoTophle, 3aBepiias PyIHBIA MPOIECC, HOCAT OTYETIMBO HAIOXKEHHBIN
xapakrep. ['@OXUMHUYECKU TaKue PyIbl OMUCHIBAIOTCS KOPPEISIMOHHO YCTOWYMBOW aCCOIMAIIMCH:
Au, Cu, Zn, Pb, Ag, Bi, As, Sh, B, Co (0,48-0,87), cBs3anHO# C CyibpuI000pa3oOBaHHEM U
COCTABIISIIONIEH OCHOBY BYIKAHOTEHHBIX PyHOTpOsBIeHHi. Bapmarmm &S mupura oTpaxkaror
(paKIMOHUPOBAHUE CEPbl C HEKOTOPHIM €€ VYTSDHKEICHHEM 10 Mepe WHTCHCH(PHKAIUN
THIPOTEPMAIEHO-METACOMATHYECKOTO  Tpollecca ¥ TepepaclpesielicHUss  BelecTBa B
BOCCTaHOBHUTEJBHBIX YCIIOBUSX OTHOCHTEIHHO 3aKPBITBIX CHCTEM.

N3otonubie uccnenpoBanus [S5, 6, 10, 11, 12], moarBepxaas MposIBICHUE BYJIKAHOTEHHO-
0CaJIOYHOTO MHHEpareHesa, TeM HE MEHee, OTPaXaIoT BIMSHHE 0oJiee TO3JHUX IporeccoB. Tak,
mcynsGuael Fe XapaKTepH3yroTcsl JOBOJBGHO Y3KHM IMANa3oHOM 3HaueHHH O0°%S (%o), Kak B
cuHresernyeckux pynax (-0,2...+3,1), tak u B snureHernueckux (+1,4...+5,2), uro mnpucymie
KOJYEJAaHHBIM MECTOPOXKICHHUSIM BCEX PErMOHOB MHpa, HE3aBUCMMO OT MX BO3pacTa, BKIIOYAs
paliOHBI ~ COBPEMEHHOTO  BYJIKAHOTEHHO-OCAJOYHOTO  CyinbumoodpazoBanus. KapOoHaTb
M3ydeHHBIX MPOSBJIEHMI 3TOr0 THIA MpeacTaBieHs Fe momomurom: 3HadeHns 8°C (0...-2,2 %o),
MOATBEPKAIONIME HMX IEPBUYHO-OCAIOUHYIO TPUPOTY, BO3PACTAIOT C YMEHBIIEHHEM B HEM
KOJIMYECTBA CHIEPUTOBON Mojekynbl. Opuako, 80 sroro mumepana (+10,8...+154 %o) u
M30TOMHO-KUCIOPOJHOE CpaBHEHHE €ro ¢ KapOoHaramu ci1a00 HW3MEHEHHBIX Fe KBapuuToB H
CIIaHLIEB CBUJETEILCTBYIOT O TOM, YTO JaXXe€ B CTPAaTU(OPMHBIX pylax HeENb3s HCKIIOYUTh
IpOSABJIEHHS HAOKEHHBIX mpoleccos. Bapuamuu §°C u §'®0 ucxonneix xap6onatos (kanbLuTa,
Fe monomwura, cunmeporuiesuta) cocTaBisttoT (%o): -5,4...-0,5; +18,0...+23,9. MarHeTut ciaHIEeB,
BMEIIAIOUINX KOJMYEJaHHBbIE pyIbl, MO H30TOMHOMY cocTaBy kuciopoga (+2,4 %o) BIoyiHe
COOTHOCHTCS ¢ quana3oHoM 620 marueruta Fe KBapuuToB U cianmeB (+1,9...+8,5), HO ocoGeHHO
OH OJHM30K K MarHeTUTy B F€ mopogax pyansix ydactkos (+0,6...+4.4; cpeanee mo 5 mpodam +2,6).
[Ipu >TOM crieqyeT y4uThIBaTh HECOMHEHHO MeTaMop(huYecKyro Mpupoay Fe kBapuurToB, a Takxke
TOT (haKT, 4TO M3MEHEHHE DAYKTa CMelaeT 3HaueHus 5180 MarHeTuTa B MONIb3y JIErKOro H30TOMA.

Pernonanpublii MeTaMop(u3M HaKIaIbIBaeT M3BECTHBIC OTPAHUYEHHUS U Ha PE3yIbTaThl
oTpe/ieNieHUs] TEMIIEPATypHBIX YCIOBHM KONYENAaHHOTO pPyA000pa3oBaHUs, BMECTE C TE€M BOJa

(I)J'IIOI/I,Z[OB, BBIJACJICHHAA M3 KBapla U MNHUPUTA KOJTYCAAHHBIX PYyHd, IPHU 3HAYUTCIIBHOM pa36poce
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snavennit 880 (-7,1...-1,5 %o) u 8D (-75...+16 %o) [3] B psne 06pa3OB COXpaHMIA TIPHCYIIYIO
BYJIKAHOTEHHBIM T€PMAaJIbHBIM BOJAM METECOPHYIO TIPUPOTY.

3on0mopyonvie 30Hbl 6 NPONUIUMAX-6MOPUYHBIX Kéapyumax. Pedb uaer o BaXHEHIINX B
npoMbIuieHHOM oTHolneHun AuU-Ag-Bi-Te pynax CepreeBckoro MectopoxaeHuss u banku
3onotoir (Cypckast crpykrypa), a Ttakke AuU-Fe u AuU-Ag-Pb-Zn pynax banku [lupoxoit
(UepTOMITBIKCKAs CTPYKTYpPa), OTHOCUTEIFHO TeHE3MCa KOTOPBIX HMCIOTCSI PACXOXKICHHSI, TIPU TOM,
YTO BCEMU HCCIICIOBATESIMU IIPU3HAETCA UX BYJIKaHOTEeHHOE mpoucxoxaeHue [1, 3, 6, 11]. Crona
xe otHeceM Au-Cu-MO MuHEpaTu3aInio, MPOSIBIICHUST KOTOPOH pacpOCTpaHEHBI TOBCEMECTHO, HO
MTPOMBIIIIJICHHBIC KOHIIEHTPAIUA BCTPedYeHBI B CypCKO CTPYKType MOYTH UCKITIOYUTEIHHO B CBS3H
C CYOBYJKaHMYECKUMU TeJaMU METaJalUuT-NIOpPUPOB U MJIaruorpaHuT-noppupos. B 3apyOexHbIX
aHaJiorax, HalpuMmep, B MecTopoxaeHusx Xemio, I[lopkbronaitn (Kanaackuil muT) nmpucyrcTBue
METHO-MOJINOCHOBOM MUHEpaIU3aluu ABIsSeTCs 0ObdHBIM [1]. BooOmie e THm 30JI0TOHOCHBIX
MHHEPAIM30BAHHBIX 30H XapaKTepPeH JIJII MHOTHX 30JI0TOHOCHBIX TIPOBUHITU apxes [8].

BakHeHmMM TIPU3HAKOM BCEX BYJIKAHOTCHHBIX TIPOSBICHHA B TIpeleliaXx Ha3BaHHBIX
YYaCTKOB SIBJSICTCS IIUPOKOE PAa3BUTHE METACOMATHTOB (DOpMAIMK TMPONUIMTOB — BTOPHYHBIX
KBapLUTOB, CBS3aHHBIX C COJib(paTapHO-(HyMapoIbHOIN [EATENbHOCThIO apXeWCKUX BYyJIKaHOB. B
3aBUCHUMOCTH OT COCTaBa 3JyKTa OHHU MpEACTaBIIEHbl KBapll-KapOOHAT-aIbOUT-XIOPUT-MUI0T-
KIIMHOIIOM3UTOBBIMU C aKTMHOJIMTOM, MarHeTUTOM U UIBMEHHUTOM (B Oa3anbTouaax) JIMOO KBapil-
ANBOUT-CITIOIUCTEIMU  (CEPUIIUT, OHMOTUT) C XJIOPUTOM U KapOoHaTOM (B METQJallUTaX M
IUIarMoTpaHUT-nopdupax) napareHesucaMu. ITHUM METacoMaTUTaM MPUCYIUM HEPABHOMEPHOCTh
MPOSIBIICHUS, KpaiiHe cJI0XKHas MOp(oJIorus opeosioB 0e3 BUAMMOM CBSI3U C JIOKAIbHON pa3pbIBHOM
TEKTOHUKOHN (C XpYHKUMHU AeQopMalusiMi) U 30HAJIBHOE CTPOCHHUE, MPOSIBUBIICECS B COUCTAHUU
OKOJIO)KMJIbHBIX HM3MEHEHHH C KWIBHBIMH 000COONEHUSMH KBaplia M KapOOHaTOB (KaJbLIMTA,
nonomuta). opMalMOHHYIO MPHUHAJJIEKHOCTh METACOMATUTOB MOATBEPKIAAET CUCTEMATUUYECKUIN
M30BITOK B HHUX amtoMuHUS (23-90 B MOJIEKYJISIpHOM KOJHYECTBE), OOHApY>KMBAE€MbIN MpH
nepecueTe CUJIMKATHBIX AaHATU30B HW3MEHEHHBIX KHUCIBIX BYJIKaHUTOB Ha HOPMAaTHUBHO-
MuHepanoruyeckuit cocras [3]. Cnenyer NoI4epKHYTh, YTO TH METACOMATHUTHI, BKIIOYAs KUIbHBIE
uXx (panuu, HECYT OTUYETIIMBLIE Cliebl O0JIee MO3THETO PErHOHANBHOTO MeTamopdusma [6].

Pynnas MmuHepanmuzanus, yamie HempoMmbilnuieHHas (comepxkanue AU mo 0,3-1,0r/1), B
CUHBYJIKAaHUYECKUX METACOMATUTax IMpeACTaBlIeHa ITUPOKO M PazHOOOpa3HO. 30J0TOHOCHOCTH
MEJaHOKPAaTOBBIX METACOMATUTOB (TIPOTIIIMTOB) CBSA3aHA C BKPAIJICHHOCTHIO CYyIb(UIOB — MMUPUTA,
MUPPOTHHA, XaTbKOMUPHUTA, OOHAPYKEHO TaKXkKe CaMOPOIAHOE 30JI0TO B T'E€OXHMHYECKON
accormanmu: Au, Cu, Ag, Zn, As, Te, Bi [1]. UuTepecHO OTMETUTh HAJIMYKE B COCTABE MarHETHUTA
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U WIBMEHHTA M3 arno0a3uTOBBIX NpOmuanToB mpumecedt Bi (mo 0,43%), Pb (mo 0,19%), Co (mo
0,09%), Ni, Au, Hg, Ag, Cu, Zn (mo 0,04-0,02%) [12]. HauGosiee xapakTepHOW pyTHOU
MUHEpalM3alueld B JIEHKOKPATOBBIX, KBaPI[-AILOUT-CIIOAUCTBIX METacoOMAaTUTaX (BTOPUYHBIX
KBapUUTaxX) SBISETCS BKPAIUICHHOCTh IMHPUTA, XaIbKONMUPUTA W MOJIMOAEeHWUTA. MemnHo-
MOJIMOICHOBBIC C 30JI0TOM PY/bI MPEACTABICHBI KBAPIIEBBIMU JKAJIAMH, MPOKUITKAMU U THHESHHBIMHU
IITOKBEPKAMH, COJCPKAIIUMH THPUT, XaJbKONMHUPUT, Re-comepxkammii MOTMOICHHUT, PEIKO —
raJICHUT, CAMOPOJIHOE 30JI0TO U 00pa3yloT JOBOJIBHO CIIOKHYI0 T€OXMMHUYECKYIO accouuanuto: Au,
Mo, Re, Cu, Pb, Bi, W, Mn. Yacto oHM BBIXOJST 32 paMKH OTpaHMUYCHHI CYOBYJIKaHUYECKUMU
(danusMu WM COCTaBOM DJIYyKTa, MPOCISKHBAsACh B BHUAEC 30H YOOTOH, ci1ab0 30J0TOHOCHOM
BKPAIUICHHOCTH TOHKOTO muputa. CBS3h HMX CO  CTAaHOBJICHHEM BBINIC  yKAa3aHHBIX
CyOBYJIKQaHMYECKMX TeJI KHCIIOTO CcocTaBa NoATBepkaaercs wu3oTomHbiM (Re-0OS) BozpacTom
Mommbaenuta (3128 mun. ner) [13], uMmeroliero NpUMHUTHUBHBIN, T.€. ONU3KUN K METEOPUTHOMY
CTaHAApPTY, H30TOMHBIN cocTaB cepsl (-0,9...+2,4%o).

Crnenyer MOMYEPKHYTh, YTO 30HBI BKPAIUICHHOTO IMHUPHTA, ¢ MAPPOTHHOM WU O€3 HEro,
O0COOCHHO IIMPOKO PAaCIPOCTPAHEHBI B METACOMATHYECKH U3MEHEHHBIX, TY(DOTCHHBIX U Ty()OTeHHO-
TEPPUTCHHBIX (MHOT/IA  KEJIE3UCTO-KPEMHHUCTHIX) TMOpoAax B OOJAcTH  KOHTAaKTOB  C
METaBYJKaHUTAaMU HE3aBUCUMO OT HMX cocTaBa. YacTo OHM MHPOCTPAHCTBEHHO COMPSATAIOTCS C
KOJUYEJaHHBIMU O00pa30BaHUSAMU WJIM, TPU CMEHE COCTaBa »JAYKTa, C YydacTKaMU MeEJHO-
MOJIMOICHOBOI MHMHEpanu3aluy, MPAKTHUECKH HE OTIMYasACh OT MOCIETHUX. BakHO OTMETUTh
HaJIMYKMe 30H TaKOM BKPAIUIEHHOCTH Ha ydacTKax mposiBieHus Au-Fe, Au-Ag-Pb-Zn u Au-Ag-Bi-
Te pya. IlpeacraBnsieTcss BO3MOXKHBIM MapajuleIN30BaTh ATH 30HBI C TaK Ha3bIBAEMBIMU
«MUPUTOBBIMU (anbOaHAAMM», 110 BCEH BEPOSATHOCTH, IMAHAIIMOHHOTO MTPOUCXOXKICHUS.

B wu30oTOmMHOM OTHOLIEHWM U3y4yeHa cepa MUPUTOB. BBISIBICHO, YTO MUPUTHI
«hanpbannoB» n Cu-MO MITOKBEPKOB MOYTH HE OTIMYAIOTCA OT KOJIYEAAHHOTO MUpPUTA (a TaKkKe
Mosu6aenuTa). Hampumep, muis mupurta BKparieHHbIX 1 CU-MO mposiBienuii 3nauenus 534S (%o)
paBubl: —1,5...42,2; cpeanee mo 26 mpodam +0,5 m —0,4...+3,9; cpennee mo 14 mpodam +1.2
COOTBETCTBEHHO. TeHIeHIMs W3MEHEHUs OTHX 3HAYCHHH B Opeojax CHHBYJIKaHUYECKOTO
MeTacomaro3a, IpHu CpaBHEHUHM MHUPUTA OKOJOKUIBHBIX METaCOMATHTOB W IEHTPAJIbHBIX KBapII-
KapOOHAT-CyTb(UAHBIX JKUJIBHBIX 000COONEHUM, KaK CTaTUCTUYECKH, TaK M B KOHKPETHBIX
Mepexo/iaXx, CBUJETENbCTBYET 00 OTHOCHUTEIHHOM CHIDKEHHH B 3TOM HAMpaBICHUH KOJIUYECTBA
TKeNnoro usortona >*S. B menom 1o BHIGOpKaM  coib(arapHO-(GyMapoNbHBIX IIPOSBICHHIL
M30TOMMHOE COOTHOIIEHUE CEepbl MUPUTOB OT BMEMIAIONIUX METACOMATHUTOB K IKUJIHHBIM
oOpa3oBaHUsM BapbHpyeT B cleaytommx mpenenax: -0,6...+3,6; cpemnee mo 16 mpobam
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+1,25+0,12; u -2,9...+1,4; cpemnee mo 22 mpobam -0,2+0,11 cooTBeTCTBEHHO. YKa3aHHAS
TEHJCHIIUS COTJACYETCSI C IMPEACTABICHUSIMHU O KUCJIOTHOUW (M OKHCIUTEIIbHOW) HANPaBICHHOCTH
JAHHBIX METACOMATHYECKUX IMPOIIECCOB, BO BCAKOM cliydae, O MPUHAIIC)KHOCTH METACOMATHTOB K
craaun kucinoTHoro BeimenaduBanus (o JI.C. Kopxkunckomy). Conepkanume AU B mpoOax
BBIOOpKHU Taroke u3Mensercs: ot 0,01-0,1 r/T B okonoxwmibHbIX MeTacomatuTax a0 0,1-1,0 r/1, T.e.
Ha TIOPSJIOK BBIIIE, B )KUJIaX, 0COOCHHO B 3alIbOAH/1aX MOCIICTHUX.

N3oTomHOE CpaBHEHUE CHUHBYJIKAHUYECKUX METACOMATHTOB C JIYKTOM IO YIJIEPOAY U
KHCIIOpOJy KapOOHAaTOB, a TaKKe IO KHCJIOPOJY MArHETHTOB TIOKA3bIBACT THITHMYHBIC IS
THPOTEpPMATbHBIX TIPOIECCOB pe3ynbTaTsl. 3HaueHus 8°C m 8%0 monmomura m3 Tydos u xun
banku Illupokoit paBHbl cooTBeTCTBEHHO (%0): -5,2; +23,9 m —6,0...-4,2; +10,3...+10,5. Ilpu
CpPaBHCHHMH KaJIbI[UTa W3 TMOJOOHBIX oOpa3oBanwmii baikm 30J0TOW MONTYYEeHB aHATOTUYIHBIC
pesyabrartsl: -5,4; +20,3 u -3,0; +10,7. [Ing maraeTuTa 1 MJIbMEHUTA MPOMUINTOBOM aCCOLUALINM B
ano6asuTax Cepreenckoro ydactka 820 cocrapmser -1,3...-0,9; cpennee 1o 4 mpo6dam - 1,2 %o.

[lepBuuHO BYJIKAaHOTEHHYIO (Ta30BO-TEPMANbHYIO) TIPUPOTY HMEET U  CYJIb(PHUIHO-
cynb()OoCoTBHO-TEIUTYpUAHAS MUHEpAIU3alus, MPOosBIIEHHAs Ha Bcex ydactkax [9, 14]. s pyn
YepTOMIIBIKCKOM CTPYKTYpHI XapakTepHbl Sh-cymbdocomu Pb, Giekiabie pyabl psaa TETpasapuT —
(bpeitbeprut, pexxe — OymamkepuT, (pelieciecOCHUT B acCOIMAllUU C MUPUTOM, apCEHOMUPHUTOM,
XaJIbKOTIUPUTOM, CaTICPUTOM, TATCHUTOM, CAMOPOJIHBIM AJ, 3JIEKTPYMOM H CaMOPOAHBIM AU, Kak
HU3KO-, TaK ¥ BBICOKOTIPOOHBIM [6, 9, 11]. B pynmax Cypckoi#t CTpyKTypsl rpymma cyibhocoien
npeacTaBiacHa Oojee pasHooOpasHo: Bi-cynasdoconmn Pb psga xosamur — kanuuimapur, Sb-Bi
cynmepoconn Pb psma kobemmur — ko3anut, ONEKible pyIAbl — TEHHAHTHT M TETPAdpHT,
oboramiennbie Hg. C cynb(hocosssMU acCOLMUPYIOT CaMOPOIHBIA Bi, XalbKOMHPHUT, MUPUT,
apCEHOMUPUT, MUPPOTUH, CHAIEPUT, TAICHUT, caMOpoAHOe AU pa3TU4HON MPOOHOCTH, B TOM YUCIIE
Hu3konpoOHoe ¢ Hg, a Taxxke pazHooOpasHble Temypuabl. Cpenu MOCIEeTHUX OMPENETICHbI Kak
temutypuasl Ag, Au, Pb — reccur (uHorma ¢ HQ), cuiibBaHHT, alTauT, NETIMT, TaK U TEJUTypUIbl Bi
psida TeJUTypOBUCMYTUT — IMWJIB3CHHUT. Y CTAHOBICHHBIA KOMIUIEKC MHUHEpPAJIOB BECbMa XapaKTepeH
JUIA BYJIKAaHOTEHHBIX MECTOpPOXKJIEHUN pa3HOro Bo3pacra. [loka3zaTenbHO B 3TOM OTHOILICHUU
CpaBHEHHME MUHEpaJbHBIX TapareHe3ucoB B cucreme AU-Ag-Te pyan Kanrypnu, cBs3aHHBIX C
apXeHCKNM 3eJIeHOKAMEHHBIM T10sicoM Menraph, 3anajHas ABCTpanns (aHAJIOT HCCiIeTyeMbIX HaMH
CTPYKTYp) U BaTykoyna — MECTOpOKIEHHUE BYJIIKAHOTEHHOTO THUIIa MUOIIEHOBOTO BO3pacTa, OCTPOB
Oumxku [15]. D10 cpaBHEHUE MOKA3BIBAET UX MPAKTUYECKHU UICHTHYHBIN COCTAaB.

Cnenyer mMOAYEpPKHYTh, YTO HCCIEAOBAHUE COCTaBa M B3aUMOOTHOIICHUN MHUHEpaIoB

TOHKHX (1)213 UMeeT OOJIBIIIOE TCHETHUECKOES 3HAUCHHUE. TaK, HaJIMYUC B pyAax CPOCTKOB KO3aJIMTa C
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caMOpOJHBIM Bi, raJlecHUTOM U reccuToM, MPEICTABISIONIMX COO0# CTPYKTYpBI pacmajia TBEPIbIX
pacTBOpOB, a TAaKXKe OTKIOHEHHE COCTaBa KO3AJIUTa B CTOPOHY CYIb(OCOJIeH KaHHUIIIAPUTOBOTO
psla TO3BOJSIET MPEANOJIOKHTh, 4YTO KO3aJMT M CaMOpOAHBIH Bl BO3HMKIM Ha MecTe
KaHHULLIAPUTA, KOTOPBIM yallle BCEro oopaszyercs Kak MPOJYKT BYJIKaHMYECKUX BO3TOHOK [9]. O6
9TOM K€ CBHJETEIbCTBYET OJIN30CTh BO BPEMEHU OTIIOKEHMs Cylb(ocoseil, TemtypuaoB Au-Ag,
camopoHbIX AU, Ag u Bi, T.e. MUHEpaJIOB, KOHLIIEHTPUPYIOIIUX JIEMEHTHI dKcransiuii — Bi, Sb,
Hg, As, Te, a Takke OYCHb XapaKTEpHas, MOCTOSHHAs CBs3b ITHX MuHepaioB ¢ Ag, Bi, Te-
COJIEp’Kal[UM T'aJIeHUTOM, BMECTE C KOTOPbIM OHM OCakJanuch. Ha 3Ty cBA3b, Kak U Ha TEHJCHIINIO
3aBepUICHUS] 3TUMU MHUHEpalaMH PYAHOIO Ipolecca B 00JACTSIX MPOSBIEHUS Pa3HOBO3PACTHOTO
BYJIIKaHM3Ma, yKa3blBaJIW MHOrue wucciefonarenu [15], KoTopele MOAYEPKHUBAIH, YTO
(dbopMHpOBaHHME TEJUTYpPUIOB B aCCOLMALUU C CYIb(OCOISIMH, CAaMOPOJHBIMHU D3JIEMEHTaMH U
KapOOHaTaMU XapakTepu3yeT 3aKIIOYUTENbHbIE CTaJUM MMEHHO OJU3MOBEPXHOCTHOTO Mpoliecca,
OTJIMYAIOINECS CHWKCHUEM KOHIEHTPAIUW CEePhl M TMOBBIIIEHUEM OKHCIUTEIBHOTO MOTEHIINAIA.
OTO MOJOXKEHUE COrJiacyercss ¢ MPHUBEACHHOM BbIIIE HHTEpIpETaluell W3MEHEHHUs H30TOIHOTO
COCTaBa cepbl MUPUTA B 30HaX COJb(aTapHBIX METACOMATUTOB.

Temneparypa BYJIKaHOT€HHOTO PyA00Opa30BaHUS MOXKET OBITH ONpejiefieHa KOCBEHHO, B
OCHOBHOM C HCIOJIb30BaHueM cucTeMbl AU-Ag-Te [14, 15]. 3a BepxHuil TeMmepaTypHbIi Mpeaesn
accolMaIMy FeCCUT-CUIIBBAHUT-TIETUUT NpuHATa Temneparypa 315 + 10 °C [15], npuyem, cornacHo
AKCIIEPUMEHTAJILHBIM JJAaHHBIM, 3TOT TapareHe3nc He MOXKET ObITh paBHOBECHBIM ¢ (pazoit Au, Ag,
KOTOpasi, B CBOI oOdYepelb, YCTOMYMBA C TECCUTOM U meTuuToM. I[lepBblif W3 Ha3BaHHBIX
rapareHe31ucoB MPOSBJICH JOCTATOYHO ITMPOKO, 0cOOEHHO B pynax bamku 3omoToit [14], BTopoi xe
B YMCTOM BHJI€ HE BCTPEUEH, XOTS MPUCYTCTBYET HU3KOMPOOHOE 30JI0TO, & B F€CCUTE OTMEUAIOTCS
BpOCTKH (pENUKTHI?) CHIIbBAaHWTA. 3a HWKHHUHM Tpeaen npuHsaTa temmneparypa 145-155°C [15]],
HUKE  KOTOpOM  mpupoaHblii  reccur  HeyctoWuuB. OO0  ycioBusx — QopMHUpOBaHUs
nonuMetandeckux pya banku [Iupokoi, Tak ke KOCBEHHO, MOKHO CYJIUTh MO MPHUCYTCTBHIO B
HUX (QpeiiecneOeHuTa, €clM MPUHITh €r0 BYJIKAHOTEHHYIO mpuponay [9]. DxcnepuMeHTanbHO
ycTaHOBJIEHO [16], 4To TemmnepaTypa OTJIOKEHHS 3TOr0 MUHEpalia U3MEHSIETCA B Y3KOM JHara3oHe,
275-220 °C, npy OTHOCUTEIHHO HU3KOM JaBJIEHUU HEOOIBIINX TTyOUH.

M3oTonHBINA BO3pacT, ONpEAETICHHbIH MO CBUHILy TaJ€HUTOB W3 PYIONPOSIBIEHUH o00enx
CTpYKTYp, mnpu mupokux Bapuauusx (3000 mun. et um Mensine [1, 11], game Bcero naer
MaKCUMaJIbHbl€ 3HAYEHMS, YTO, KaK OyleT MOKa3aHO HMXKE, COOTBETCTBYET BPEMEHHU IPOSBICHHUS
pernoHaiabHOro Meramopdusma. To ecTb, Nepruo ByIKaHOT€HHOTo pyaooTioxenus (3128 —3042,
HO He no3xe 3000 MITH. JIET) XOpOILIO COTIacyeTCsl C BO3PACTOM CaMOM BYJIKAHOTE€HHOM CEpHH.
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PernonanbHo-MeTaMoOp(pHUYECKHU dTAN

[Toponel B mpenenax W3Y4YEHHBIX 3€JCHOKAMEHHBIX CTPYKTYp MeTaMop(hu30BaHbl B
YCIOBHSX 3CJICHOCTAHIIEBOW (CYIIECTBEHHO XJIOPUTOBOM) H  3mHA0T-aM(pub0nToBO# (10
H.JIL. loOpeoBy u ap.), ¢ammii, mpud 3TOM CTEIEHb HM3MCHEHHUS, OOHApYXXHBas 30HAIBHOCTD,
YCUJIMBAETCS OT LIEHTPAJIbHBIX YyacTe cTpyKTyp K ux rpanunam [1]. ITo ganueim B.C. MonaxoBa, B
ydacTKax ociabieHuss MeraMop(hu3Ma BBISABICHBI HE TOJBKO TEKCTYPHO-CTPYKTYpPHBIE 3JIEMEHTHI
BYJIKAHUYECKUX TIOPOJ PAa3HOTO COCTaBa, a TAKXKE PEJIMKTHI MCXOIHBIX OJIMBHHA, MHPOKCEHa (B
yIbTpaba3uTax) W KPHCTALUIM30BAHHOTO BYJIKAHWYECKOTO CTEKJa (B KHCIBIX ByIKaHUTax). B
MEeCTax YCHWJICHHs TIpollecca Cpeau claHieB (OMOTUT-XJIOPUTOBOTO COCTaBa) YCTaHOBJICHBI
pOroBoOOMaHKOBBIE aM(UOOTUTHI.

HavaneHbiM nipeoOpazoBaHreM MOPOJ MOTJIO CTaTh UX TaK Ha3bIBAEMOE «3€JIEHOKAMEHHOE»
MepepoXKACHNEe KaK CIEACTBAE HAUYaBIIMXCS IPOIECCOB aJBEKIMH, KOTOPHIC BBIPA3WIHCh B
MPOTUOAHUHA KOPBI TOJ TSHKECTHIO IMPEUMYIIECTBEHHO OA3WTOBBIX TOJII M <BCIUIBIBAHUH» B
NpUOOPTOBBIX 4YacTSIX (OPMHUPYIOIIUXCS CTPYKTyp OoJsiee JIErKuX CHalM4eckux macc [2].
MakcuMyM perHOHaIBbHOTO MeTaMop(H3Ma COBIAI ¢ MAKCHMAaIbHBIM MPOSBICHUEM aJBEKTHBHBIX
NBUKEHHUM, M, COOTBETCTBEHHO, HauOoJjiee CUIbHBIM pPa3orpeBOM KOpPBI, IUIACTUYECKUMHU U
XpYNKUMHU JepopMalusiMi, MOJbEMOM T'PAaHUTO-THEHCOBBIX KYIIOJIOB U BHEIPEHUEM HHTPY3UN
IUTArHOTPAaHUTOB U TOHAIUTOB oOpamieHus. B wactHocth, u3otomusiii (U-PD) Bo3pact 1iupkoHOB
rpaHUTOUIHBIX Tenl oOpamiienuss Cypckoit cTpykTypbl cocrtaBisger 3000-2950 muH. net, 4TO B
TOYHOCTH COBITaJIaeT ¢ U30TONHBIM (K-Ar) Bo3pacToM MeTaMOphUIECKONH POroBOM OOMaHKH 3TOH
xe cTpykTypsl (3000-2960 min. ner) [1, 2].

[locnencTBusi peruoHaIBbHOrO MeTaMop@u3Ma 3aMeTHbl Ha BCEX M3YYCHHBIX PYIHBIX
yuactkax. Tak, mposiBnenust banku IIupokoil mpocTpaHCTBEHHO CBS3aHBI C BeChbMa CIIOXKHO
MIOCTPOCHHON MAvyKOM TUMHUYHO MeTaMopdoreHHsix mopoa. Cpeau HUX YCTaHOBJIEHBI KPEMHUCTO-
KapOOHATHBIC (JIOJIOMHUT) M KBApI[-XJIOPUT-MYCKOBUTOBBIC (+ SMHIOT, OMOTUT, MarHETHT, aMm(puOo
KYMMHHITTOHUT-TPIOHEPUTOBOTO pPsiia, MHOTAA TaJbK) MapaciaHilbl, a TAKKE MarHETHUT-XJIOPHT-
KapOoOHaTHbIE  (CHUACPOIUIC3UT—CUACPUT) JKEJE3UCThIe  KBApPLMTHI, IEpPEClauBaoIIuecs C
MeTaba3uTamMu anbOUT-XJI0pUTOBOM cybdammu [6, 11]. Yuactku CepreeBckuii u banka 3onoras
TaKKe XapaKTepU3YyITCS MPEUMYIIECTBEHHBIM pa3BUTHEM albOUT-KapOOHAT-IMUI0T-XJIOPUT-
OMOTUTOBBIX M KapOOHAT-TAJIBKOBBIX Mapa- U OPTOCIAHIIEB, a TaKKe XJIOpUT-KapOoHaTHBIX (Fe-
JOJIOMHT) C MarHETUTOM U MHUPUTOM KBaplUMTO-chaHIeB. Cpenu CaHIeB ¢ MOCTETIEHHBIMH K HUM

NepexoaMu JOCTaTOYHO HIMPOKO MPOSIBIIEHBI anoba3uToBble aMpuOoauTsl [ 1, 4].
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YcnoBus Mmeramop(r3Ma OIEHUBAIOTCS CIIEIYIOUIMMH JaHHBIMU. Temrieparypa U JaBlieHUE
(hopMHUPOBaHHUS TIATHOKIIA3-POrOBOOOMAaHKOBEIX aM(pruOomuToB CepreeBCKOro MECTOPOKICHHUS, 110
COOTBETCTBYIOIIEMY TeoTepmomerpy [4], paBubl 530-500°C u (4-6)-10° ITa. CpaBHuTenbHBIH
aHaIM3 JUarpaMM MHHEpabHBIX naparene3ucoB cuctembl CaO — MgO — (Al2O3) — SiO; — CO2 —
H2O u peanbHBIX TaIBKCOACPXKAIIUX aCCOLMANUU ydacTka (B TOHM ke paboTe) JaeT OCHOBAHHE
1oJiaraTh, 4TO B IPUCYTCTBUU KaJbLUTA TaJbK yCTOWUMUB IpHu Temmnepatype 430-380°C u naBienuu
(1-2)-108 I1a. UupopMaTHBHEIM OKa3biBaeTCa M MUPPoTHH CepreeBCKOr0 y4acTKa, KOTODHIH IO
conepxanuto Fe (46,65 - 49,06 arom. % [10]) cooTBeTcTByeT THIy MeTaMOP(OTEHHOTO
MUPPOTHHA, COCYHIECTBOBABIIETO C NHPUTOM M XaJbKONMPUTOM | (PopMUpOBaBIIETOCS B
uHTepBase Temrepatyp 600-420°C, npu masnennn nopsaka 1-108 Tla. Temneparypa, onpenenenHas
U TeX e o0pa3IoB MUPPOTHHA 1O JUarpaMMe pPaBHOBECHS CHCTeMbl FES — S, m3meHsiercs B
npeaenax oT 520 go 400° C. B nByx oOpasmax ¢ paBHOBECHBIMU MUPUTOM U MMUPPOTUHOM 3HAUCHUS
534S (%0) coctaBmsaroT: uput +2,6+0,17 u +5,5+0,5; nmupporun +2,2+0,17 u +5,1+0,5. B o6oux
cynb(UIHBIX TepMoMeTpax Temrepatypa Omuska k 600°C. Jlns Fe kBapuuToB u ciaHieB bamku
IIIupokoii Temmeparypa, yCTaHOBIEHHAS IO HM30TOMHO-KHCIOPOIHBIM cooTHomeHHsM (580 %o)
marneruta (+0,6...+2,3) u xBapua (+10,4), Bappupyer B mpenenax 530-450°C. IIpuBeneHHbIE
pe3yNbTaThl, MOJy4YEeHHbIE HA OCHOBE Pa3HbIX METOJIOB MCCIIEI0BaHUs, YKIaJAbIBAIOTCA B JUANa3oH
temmepatypsl  (600-380°C) w  maBmenms  (6-1-108TIa),  COOTBETCTBYIOIIMX  YCIOBHSM
3€JICHOCTIAHIIEBOH U AMHI0T-aM(pubouToBOM (armsm.

CuUHBYIKaHHYECKHUE PYyIHO-METaCOMaTHYECKUE OOpa30BaHMsSI IMOBCEMECTHO HCIbITAIN
IUIACTUYECKUE U XPYIIKHUE AUCIOKAIMH, COMpoBoXxAamue meramopdusM. [lokazarenabHa B 3TOM
orHomeHnn 30Ha AU-AQ-Pb-Zn pyn Bbanku Ilupoxoit [6]. B Bucsuem O6OKy 30HBI cpeau
MPONMUIUTU3UPOBAHHBIX 0a3UTOB 3ajJerarT KBapI[-AIbOUT-CIIOJUCTBIE C XJIOPUTOM IMOPOJIbI — IO
CyTH BYJIKaHOTE€HHbIE METAaCOMAaTUTHI (alliil BTOPUYHBIX KBApLUTOB, CBA3aHHBIC C MPOMIIUTAMU
MIOCTETIEHHBIMH TIEPEX0JIaMU U COJepIKalllhe KBapIl-KapOOHATHBIE KHIIbI M MTPOKIIKH C TUPUTOM B
3anpbaHmax. OTH METacoOMaTHYecKHe TOpOJbl OTYETIMBO MeTaMOp(U30BaHBI, MECTaMu
MpEeBpalleHbl B TUIUYHO MeTamopduueckue ciaHipbl. JKuIbHbIE BBIJCICHUS pacclaHIeBaHbl U
OyIMHHPOBAHBI B HAIIPABIIEHUH, HE COBIAAIOIIEM C OPUEHTUPOBKOM JKHUIL.

OTHocsIMECs K 9TOMY K€ MPOSIBICHUIO PyIHbIE 00pa30BaHus, B TOM YUCJIE METaCOMATHUTHI,
KWIbHBIE W pyJIHbIE MUHEpANbl, TaKkKe UcCHbITanu MeramopdusM [17]: paccraHieBanue,
CTaHOBIIEHHE CEKYIIMX XWUJ, OynuHax, nedopManuu co cMmemeHneM. JKUIpHbIH KBapI] OTUYETIMBO
CTPYKTYPHUPOBAaH COYETaHHEM TOHKON TpaHYISAIMU C CUCTEMOW TpEIIMH CJIaHIIEBAaTOCTH;

HCKOTOPBIC M3 TPCIIUH MPOSABIIAOT BECbMa XapaKTCPpHYIO I MCTaMOp(bI/I‘-ICCKI/IX mponueccoB
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MUKpOTUIOYaTocTh. MHOTAA MEXK3EpPHOBBIC TPEUIUHBI BBHITIOJHEHBI IBUICBHIHBIM, Kak Ol
MEePETEPTHIM, CUIIMKATHBIM M PYAHBIM BEIIECTBOM, OKOHTYPUBAIOUIMM KBapIEBbIE T'PAHYIIHI,
BCTpedaloTcss W 0Oojiee KpYIHBIE 3€pHA PYIHBIX MHHEPAIOB, HANOMHHAIOIIUE CBOeW (opmoit
OCTpPOYrOJIbHBIE WJIM OKPYIJICHHBbIE OOJOMKH. YYacTKaMHM KBapll OYKBaJIbHO HACBHIIIEH TOHKUMHU
MHUHEPAJIbHBIMU  (CHJIMKATHBIMH) BpocTKaMu. DIIOMIHBIE BKIIOYEHHS B O3TOM (parMeHTe
onpenenensl E.E. Jlazapenko kak tunnuno meramopdorenusie. Pazmepsl Bakyoneit (1-3, peako 1o
7 MKM) HE€ MO3BOJIIOT HCCJIENOBATh UX JAETalbHO. KOHIEHTPUPYIOTCS OHHM, B OCHOBHOM, OKOJIO
BHYTPHU3EPHOBBIX TPEIINH, KaK CIEACTBUE 3aJICUMBAHMS MOCIEAHUX pacTBopamu. [lo-Buaumomy,
OHM MMEIOT IreTeporeHHblil coctaB — ra3oBblil (CO2) winn xuakuil. B oTHOCUTEN HO KpyHHBIX (5-
7 MKM) BKJTIOUEHHUSAX MOXKHO Pa3IMIUTh KUJIKYIO, Ta30BYIO U TBEPAYIO (KpUCTALI coin) (a3bl, 4TO
CBUJIETEIBCTBYET O BO3MOKHOM BCKHUIIAHWUU PACTBOpA, HAIPUMEP, TIPU PE3KOM MaJICHUU aBJICHHUS.
OTMeTuM, YTO aHAJIOTHYHBIE (OYeHb MeNKHE) (IIOUIHBIE BKIIOYECHHS BCTPEYAIOTCS Ha BCEX
30JIOTOMIPOSIBJICHUAX O00EMX WM3yYEHHBIX CTPYKTyp. TemrepaTypa Hadajla HWHTEHCHUBHOTO
ra3oBblJIEICHUS U3 MTPO0 METaMOP(PU30BAHHOTO KBaplia M BMEIIAIONIMX €r0 MOPO/, ONpe/ieieHHas
B.1. brnaxxko MeT0/10M BaKyyMHOU eKpUIUTALMH, (PUKCUPYETCS YETKO, YBEINUUBASIChH C MITyOMHON
oT 380 no 500°C, uTo B mEIOM OTBEUAET HAa3BaHHBIM BhIIIE (arusiM MeTaMophu3Ma. ITOT METOI,
KpOME TOT0, MO3BOJISIET OLEHUTH CTENIEHb AMUTEPMATIbHOM pereHepanuuu (GIroUIHON CUCTEMBI.

Usotomuslii coctas cepsl (534S, %o) mupura +1,3...42,7, cpeanee +2,0; apcenormpura —4,2
n +3,6; mupporuHa +3,0; chamepura +0,5 u ramenura +1,2 u +2,3, CBUACTEIHCTBYIOMHA O
HapyIIEHHOCTH paBHOBecUs B cucTeMe CyinbhuaoB [18], moaTBepxkaaeT TIeoJOruYecKue
HaOMOJEHUST O  J0OMETaMOpPUYECKOM  HMX  MPOUCXOXKIEHUH. B mpoTHBOMOJIOKHOCTH
BYJIKAHOTEHHBIM METacoMaTUTaM, Oepe3uThl, KOHTPOIUPYIOIIUE Ha STOM YYaCTKE MPOMBIIIICHHOE
AuU-nonMMeTauInYecKoe OpyAeHeHue, BIUsHUS MeTaMopdu3ma He 0OHaPYKUBAIOT.

I'maporepmanbHbIi dTaN

Ortan TUAPOTEPMANbHONW aKTUBMU3ALMM OTIEIEH OT PAaHHHUX 3TaloB BEChbMa UIUTEIHHBIM
MEePEePHIBOM MHUHEPATOOTIOKEHUS, KOTOPBIM MPOSBIEH TE€0JOTMYECKd BHEAPEHHEM B JKECTKYIO
KOPY OTAENbHBIX IITOKOOOPAa3HBIX MAaCCUBOB IIEIOYHBIX TPAHUTOB C M30TOMHBIM BO3pacToMm 2815-
2700 miH. et [7] 1 akTUBU3aLKEH PYAOJIOKAIU3YIOMINX Pa3pbIBHBIX CTPYKTYp. [loaTBepxmaercs
OH ¥ BO3pPAaCTOM MPOMBILIUJIEHHBIX 30JI0OTOHOCHBIX METacOMaTHYecKuX 30H. OmnpeneneHus
MOCJIEAHETO U30TOMHO-CBUHIIOBBIM METOJOM IO TaJ€HUTaM JaIM IIUPOKUN Avana3oH 3HAYEHUN —
ot 3000 mo 2550 muw. et [1, 2]. B yactHocTH, BBIACTEHHBIe HamMu U3 AU-Ag-Pb-Zn pyn Bamku
Mupoxkoit ramenutsl (3 oOpa3ma) [6] mokazamu MoAenbHBIM BodpacT 3000-2800 muH. et
(ompenenenus J[.H. lllep6axa).
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CdopmupoBaBiimecss B TEYEHUE ITOTO dTana pyAbl BecbMa pasHOOOPa3HbI B MUHEPAIOTO-
reOXMMUYECKOM M HamboJiee BaKHBI B IMPOMBIIIJICHHOM OTHOIIEHHH. OOBEANHACT UX YCTOMUUBAs
CBS3b C JMHEHHBIMU TEKTOHOI'€HHBIMHU 30HAMH U Pa3BUTHUE B IPEIENIaX 3TUX 30H FHAPOTEPMANIbHO -
METaCOMAaTUYECKUX OKOJIOPYJHO-U3MEHEHHBIX MOpPOJ — aM(uOOJIOBBIX, XJIOPUT-AIBOUTOBBIX
METaCOMAaTUTOB U JIMCTBEHUTO-0€pe3UTOB. I 1aBHBIE TUIIBI PYJ] COOTBETCTBYIOT IIEPEUUCIICHHBIM B
COCTaB€ 30JIOTOPYIHBIX 30H BYJIKAHOT€HHOW INPHUPObI, 3a CYET NEPEOTIIONKEHUS] KOTOPBIX OHH,
OUYEBUJHO, W CHOPMHPOBATHCH. MopQosoTusi pPyIHBIX TN, MUHEPATOTUYECKUH COCTaB H
30HAJIbHOCTh OKOJIOPY/AHBIX METACOMATUTOB, @ TAKXKE COCTaB pPyJ JOCTaTOYHO MOAPOOHO OMHCAH B
Hamux Oojee panHux paborax [3, 5, 6, 11]. 3mece MBI TOMYEPKHEM JUIIb TPHU3HAKH
MIOCTMETaMOP(PUUECKOH THAPOTEPMaTIbHO-METACOMAaTUYECKOM aKTUBHU3AIMH 3TUX 00pa30BaHUM.

[Ipexxne Bcero, orMeTuM OOMIyI0 chenu(pUKy OKOJOPYAHBIX M3MEHEHHH 3Toro srama.
Hcxonnble mopobl B TaKMX OpeojiaxX, BKIIOYas METaCOMATUThI BYJIKAaHOTEHHOTO 3Tara, UCIBITaIn
paHHMe Xpynkue aedopMalnuyd M MpeoOpa3oBaHbl B albOUT-KapOOHAT-3MUIOT-XJIOPUTOBBIE C
OMOTUTOM, KBApIIEM U TaJIbKOM (B cilydae yJIbTpaOa3uTOBOrO 3AYKTa), IO CYTH MeTaMop(HuuecKue
CO BCEMHU BBIIIIE€ ONMHMCAHHBIMU OCOOCHHOCTSIMH, CJIAHIbl. MeTacoMaTUThI THAPOTEPMAIILHOTO dTana
HaKJIa/IbIBAIOTCS Ha CJAHLIbI, HACJIEAYs MOJ0CYaTOCTh U CIAHIEBATOCTh UCXOIHBIX MOPOMI, U OYTH
BCET/Ia UMEIOT 30HaJIbHOE cTpoeHue. [Ipu 3ToM B 3aBUCMMOCTH OT MHTEHCHUBHOCTU HAJIOKEHHOTO
nporecca 0ObIYHO MPOUCXOAMUT pasrepMeTu3anus MeTaMop(OoreHHbIX (QIIIOUIHBIX BKIIOYEHUH U
pereHepanysi MHHEPAJILHOTO BeliecTBa ¢ (GopMHUpoBaHWEM HOBOW (mroumHoi cuctembl. CocTaB
METaCOMAaTUTOB TUAPOTEPMATILHOTO JTara Ha Pa3HbIX Y4acTKaX MOYKET ObITh Pa3IMUHBIM.

Au-Ag-Bi-Te mun pyo 6 am@ubonossix memacomamumax xapaxtepeH Ui MPOSBICHUN
3omota Cypckoil ctpykrypel. Hambonee pacmnpocTpaHeHsl 37ech KBapll-kapOoHaT-am(prOoI0BbIe
METacOMAaTHUThI, pacCMaTpUBaeMble KaK MOMCKOBBIA KPUTEPUN TaKMX KOMIUIEKCHBIX Py HE TOJIBKO
B Ha3BaHHOW CTPYKType, HO U B HEKOTOPBIX 30JOTOPYAHBIX pailoHax 3amaaHod ABCTpaiuud U
Ounnannuu [3, 4, 10]. Ilo cocraBy 3o0moTonposiBienus Cypckoil CTpyKTypbl HauOoliee OJIM3KU
MectopoxkaeHuto Xemso B Kanaze. 30HaIbHOCTH OKOJIOPYAHBIX OPEOJIOB 3/1€Ch, HANpUMEp, Ha
CepreeBcKOM MECTOPOKJICHUHU, OOBIYHO BBIPAYKEHA JIOBOJILHO OTYETIUBO CO CJIOXKHO-TIOJIOCUATHIM
MMOBTOPEHUEM 30H: BHEIIHEH — XJIOPUTOJIMTOBOM, MPOMEKYTOYHONW — aKTHHOJIUT-TPEMOJUTOBOM C
XJIOPUTOM, KapOOHATOM, KBapIeM, TAJIbKOM, CEPULIUTOM U BHYTPEHHEH — KaJIbIIUT-KBAPIIEBOIL.

JIuctBeHUTO-0Epe3UThl U aJbOUT-XJIOPUTOBBIE  METACOMATUTBl  KOJMYECTBEHHO U
Ka4eCTBEHHO YCTYIarT aM(pUO0IOBEIM MEeTacOMaTuTaM, MpHUUEM 10 MUHEPATIOTHYECKOMY COCTaBY,
CTPOCHHIO U 30HAJIBHOCTH OHM CXOJHBL. B IHCTBEHHTO-Oepe3uTax LIMPOKO pa3BUTHI KBapIl-
KapOOHAT-CEepUIIMTOBBIC MTAPAreHE3NCHI, B aJIbOUTOBBIX METACOMATUTaX — XJIOPHUT U aTbOUT; peKue
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BBIJICTICHUSI 00pazyeT aKTHHOJIHUT-TPEMOJIUTOBBIA am(ubosn. To ecTh, OTIHYHUS 3aKIIOYAOTCS, MO
CyTH, B KOJJMYECTBEHHOM COOTHOLICHHUHM IJIaBHBIX MUHEPAJIOB. Y Ka3aHHbIE IapareHE3UChl MPUCYIIH
HEKOTOPBIM MecTtopokaeHusaM Kanans! u bpazunuu.

Au-Fe u Au-Ag-Pb-Zn munet pyo ¢ naucmeenumo-oepesumax XapakTepHbI IS
YepTOMIIBIKCKON CTPYKTYpbl. 3apyOeKHBIMH aHalOraMH SIBJISIOTCS MECTOpokJeHus ByOaunkse
(FOxno0-Adpukanckuii mmt) 1 Xoymcrenk (Kanagckuii nur). Ilo3mHuii MeTacomaTo3 Ha 00bEKTax
banku [upokoit MakcMManabHO TPOSIBICH B MeTa0a3uT-KBAapLUTOBO-CIAHIIEBO Mayke, KOTOpas
XapaKkTepu3yeTcs: pe3kod (anrarbHOW HEOJHOPOJHOCTHIO M HMHTEHCHUBHOM TEKTOHHYECKOU
HapyleHHocThi0. O0a THHa pya U OKOJOPYAHBIX METaCOMAaTUTOB JIETAIbHO OINKCAaHbl HAMU paHee
[6, 11]. Kpome Toro, cpaBHEeHHE OEpe3UTOB C 30JOTO-TOJUMETALIUYCCKUM OPYIACHEHUEM
TUIPOTEPMAIIBHOTO 3Talla C aHAJOTMYHON MHUHEpalu3aluel B IpONMINTaX-BTOPUYHBIX KBapLUTaX
BYJIKAHOTEHHOU TPUPOIBI ITOAPOOHO paccMOTpeHo B padote [17].

KopoTko ocTraHOBMMCSI Ha 30HAJBHOCTH THUIPOTEpMajbHBIX Oepe3uToB. BHemiHel 30HOM
(bakTHUECKH SAYKTOM) 37IeCh CIY)KAT MPOMMINTAZUPOBAHHBIC OA3UTHI M 3QJICTAIONINE CPEIU HUX
KBapL-albOUT-CIIIOIUCTBIE C XJOPUTOM W MArHeTUTOM (+ WIBMEHHMT) METAaCOMAaTHThI, KOTOPbIE
CBSI3aHBI C MPOCIOSMH MAapanopo]l U AALUTOBBIX TY(HOB U COJEpKaT KBapI-KapOOHATHBIE KHIIbI U
MPOXWIKK C MHPUTOM B 3aibOaHAax. MeTacoMaTuThl, Kak YK€ OTMeEuanoch, NMpEeBpalleHbl B
TUMUYHO MeTaMOp(UYecKHe CIaHIbl, KHUJIbHBIE BBIACICHUS PacCiIaHleBaHbl U OyIMHUPOBAHbI B
HaMpaBJI€HUH, HE COBIIAJAIONIEM C OPHUEHTUPOBKOW KW B KBaple BHEIIHMX YacTel 30HBI CO
cienamMu Xpynkux jaedopmanuii kak pa3 u oOHapyKEHbl BKJIIOYEHHUS, pa3repMETU3UPOBAHHbBIC
CYXHMH TPELIMHAMHU, a TaK)Ke MeJKue (He OoJiee 3 MKM) BKJIIOUYEHHUS METaMOP(OreHHON MPUPOIbI.
ONuaoT U KIMHOLOMW3UT 3[ECh COXPAHSIOTCS B BUAE IOJIYPa3NIOKEHHBIX PEIMKTOB, TOT/a Kak
XJIOPUT HAUMHAET MPOSIBJIATH aKTUBHBIE T'PAHUIIbI, aTLOUT 00pa3yeT pereHepupOBaHHbIE JICICTHI, a
MarHeTuT, Hapsay C PpeIUKTaMHu, HOBOOOpa3oBaHHbIE MeTakpucTayibl. CoOCTBEHHO Oepe3uThI
(mpoMexyTouHasi 30HA) TaKXe MMEIOT YHACJEIOBAaHHBIM  KBapil-KapOOHAT-CIIOAUCTHIM ¢
cyabGUIaMH COCTaB, HO CIIOJBI 3[IECh HECYT 0o0Jiee OTYETIUBBIE CIIEbl PEreHepalluid — CEPUIIUT
npeoOpa3yeTcss B MYCKOBHUT, B Y4acTKaX IOBBIIIEHHOW »EJIEe3UCTOCTH (BOJHM3U TOPHU3OHTOB
KEJIE3UCThIX KBApIUTOB) MOSBIsieTcss OMOTUT. OOnacTh JelcToBOro anbOuTa OMpeensercs
COCTaBOM 3JyKTa, XJOPUT W MAarHeTUT OTHOCATCA K PpEJIUKTOBBIM MMHEpajaM, HIbMEHUT
3amemtaercss cdenom. Karaknaz u  gpobnenue Oepe3suToB moctmeTamopduueckoil  dasbl
JMCIOKAMK aKTMBHU3AllMOHHOTO THUIA CONPOBOXKJIAIOTCS MNEepeKpUCTaIN3alel MmaTtepuana ¢
dbopMHpoBaHHEM KUJIO00pa3HBIX 30H KBapi-kapOonatHoro (Mg — ankeputr, Fe — momomwur,
CHJIEPOIUIE3UT) COCTaBa C MEIKOYEHIyHYaThIM MYCKOBHUTOM B 3ayb0aHaX, MO3JHUM XJIOPUTOM,
© ®omun 10.A. , 3a6oposckas JLII. , Bopucosa H.H. , Kpasuyx 3.H. POJIb BYJIKAHU3MA, PETHOHAJILHOTO METAMOP®I3MA U

SIMTEPMAJIBHOM ~ AKTHMBHU3ALIMM B 30JIOTOHAKOIUIEHUM B APXEWCKHMX 3EJEHOKAMEHHBIX CTPYKTYPAX
IMPUAHEITPOBbA

130



306ipHUK HAYKOBUX Ipalb [HCTHTYTY reoximii HaBKOJIMIIHBOro cepenosuina 2017 Bumyck 27

TypMaJMHOM, INNHHEIbI0 U CynbpuuamMu (BHYTpPEHHSS 30Ha). B  NpPOTHUBOMOJIOKHOCTH
BYJIKAHOTEHHBIM METacOMaTHTaM, Oepe3UuThl, KOHTPOJIMPYIOIIKNE Ha 3TOM YYacTKe MPOMBIIUICHHOE
30JI0TO-TIOJIMMETAIUTMYECKOE OpYyACHEHHE, BIMSIHUA MeTaMop(dr3Ma He 0OHAPYKUBAIOT.

30JI0TOHOCHBI JIMHEHHBbIE W Yy3KHE, SIBHO TEKTOHOTEHHbIE, 30HBI JpoOsieHusi, Ooisee
MHTEHCUBHOTO Ha (pOHE OOIIEro TEKTOHO-METACOMATHUECKOIO W3MEHEHHUs IO0POJ], 3ajeueHHbIE
KBapI-KapOOHAT-CyTb(UIHBIM  MaTepuajioM. PynHas  MHHEpalu3alus  XapaKTepHU3yeTcs
[IOCJIEJOBATEIbHBIM U 30HAJIBHBIM OTJIOXKEHHUEM MHHEpaNoB (OT 3aib0aHJOB K LIEHTPY): HMUPUT-
MEJIBHUKOBUT, MAapKa3HT; KBapIl, apCCHONMPUT, MUPUT (METaKpHCTAILIH B (hopMe KyOOB, TEHTAroH-
JI0JICKa3IPOB, OKTA3IPOB M TETPAdAPOB); MUPPOTHH, XaILKOIUPHUT, chanepur, cyaspoconu Cu, Pb,
Sb, Ag (Ag-terpasaput, ¢peiibeprur, OyrmaHXKepuT, (QpeieciieOeHNT); TaleHUT. 30HATBHOCTh
BbIpa)KeHa c1abo, UMEIOT MECTO SIBJICHUS TeJIeCKONUpoBaHUsA. VIMEHHO K yyacTKaM COBMELEHHS
paHHell (KBapU-MUPUT-aPCEHONMUPUT) U TMO3IHUX (MUPPOTUH-XATBKOMUPUT-ChaNEepUT; KapOoHaT-
chanepuT-XaIbKOMUPUT-CYTH(OCOTH + TaJICHHUT) AacCOIMAIMK TATOTEET CaMOPOIHOE 30JI0TO
(BBICOKO- U HHU3KOIpOOHOE) u 3nekTpyM. IlocienoBarenbHOCTh BBIJEICHHUS MHMHEPAJIOB,
NpUOIN3UTENBHO OJWHAKOBas s BCEX THUMOB Pyl (M Ha BCeX 30JOTOPYIHBIX Y4YacTKax),
CBUJETEIHCTBYET O (OPMUPOBAHUU U (DYHKIIMOHUPOBAHHM B TEUEHUE THIPOTEPMAJIBHOIO 3Tamna
YCTOWYMBO PErpecCUBHBIX MUHEPATO00Pa3yIOIIUX CUCTEM.

OTU cUCTEeMbl MOKHO BIOJIHE OOBEKTHBHO 0XapaKTEPU30BaTh MOCIEI0BATEIbHBIMU PsiiaMu
MUHEpAJIbHBIX [MapareHeTUYeCKUX AacCOLMalUil KaK BEIIeCTBEHHOTO0 OTOOpaKeHHsl CTyneHei
MUHEpaJM3alud. 30JI0TO-CepeOpO-BUCMYT-TEJUTYPOBBIE pYyIbl BKIIOYAOT B ceOd Takoil psia
MHUHEpaibHbIX accouuanuii  [3, 10]: gopyaHble NUPPOTUH-XAJIBLKOMUPUTOBAS W MHPUT-
MEJIbHUKOBUT-MApKa3UTOBasl; paHHUE 30JI0TOCOJAEp)KAILlME KBapI-MUPUT-aPCECHOUPUTOBAST CO
CTPYKTYPHBIM 30JI0OTOM M MNUPPOTHH-XAIbKOMUPUT-caeputoBasi; TJaBHAsS MPOAYKTUBHAs,
BKJIIOUAIONIAs KaJbIUT, LIEEINT, TalleHUT, cyiabdoconu Bi u Pb, Tenmypunst Ag u Au, camopoHbie
Au (mpobOHOCTh 695-946) u Bi, u mo3nussa, coxepxkamias Ttemnypuasl Pb u Bi. B 3omoto-
KEJIe3UCTOM THUIE Pyl YCTAaHOBJICHBI TaKWe€ IMOCIEJA0BATEIHHO CMEHSIOLIUECS MapareHeTUYECKue
acconuanuu [11]: kBapI-MarHeTUTOBas, 30JOTOCOAEpIKaIIas KBapI-MHUPUT-APCEHOMUPUTOBAS,
MUPPOTHH-XATBKOMUPUT-C(hajepuToBasi U OCHOBHAs MPOJIYKTHBHAS C KapOOHATOM, CaMOPOIHBIM
3om0ToM (926-971), deppoTeTpa’ipuToM H TaleHUTOM. B 30J0TO-TOJUMETAUIMUECKUX pyHax
BBIZICTISIIOTCS  CIENYIONIMEe MHHEpaIbHbIE MapareHe3uchl [6]: KBapi-MelbHUKOBUT-TTUPUTOBBIN;
MUPUT-apPCCHONUPUTOBBIN; KapOOHAT-MOJMMETANIMYECKUN € XaJIbKOIMHUPUTOM, C(alepuTom,
MUPPOTUHOM, TeTpa’apuToM, ¢peibeprutoM, OynaaHxkepuToM, QpeilecieOeHUTOM; 30J0TO-
cepeOpsHBIN C TaJIeHUTOM, CaMOPOIHBIME 30J10TOM (825-931) u cepebpom, a TakKe AMEKTPYMOM.
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30JI0TOHOCHOCTh PyJ Pa3iU4Ha, HO OOBIYHO CYIIECTBEHHO BBIIIE B CPABHEHUH C TAKOBOM
BYJIKaHOTE€HHBIX OopeoJioB. Cpeau 00pa3oBaHM THAPOTEPMATIBLHOTO 3Tana Hanbosee 30J0TOHOCHBI
30HBI, CBsI3aHHBIE C aM$puOOJIOBEIMM MeTacoMaTuTamu. KoHIeHTpamwst 3050Ta  (TIpu
HEpaBHOMEPHOM €ro pacmpenesneHun) cocrapnser 3aeck ot 0,5-3 mo 100 r/t. K munepanam-
KOHIICHTpPAaTOpaM 30JI0Ta, KpOME CaMOpOJHON (OpMBI C pa3MepoM BBIACICHHHA OT MEPBBIX 0
100 mxMm, oTHOCsATCs Truib3eHHT (Au 10 4.01 Bec. %), crmubBanuT (Au 23.5-24.15 Bec. %), meTuut
(Au 23.6- 24.9 Bec. %), a TakKe MUPHT, COACPIKAIINUN TOHKOIUCIIEPCHOE 30JI0TO B KOJIMYECTBE JI0
14 r/T. B TeOXMMHYECKOM OTHOIICHUU PYIbl SBJISIOTCS KOMIUIGKCHBIMU: KpoMme Au, B HHUX B
MOBBIIICHHBIX KOHIIEHTpaIusax conepxkarcs Ag, Bi, Pb, Te, a Takxe Sb, Cu, Ni, Co, Mn, W, Mo,
As. B 30510TO-%eNe3UCTHIX pynax cojaepxkanue 3o0i0ta gocturaetr 20-40 r/t, HO yamie cocTaBiseT
nepBbie T/T. OCHOBHBIM MUHEPAJIOM-KOHIIEHTPATOPOM TOHKOUCIIEPCHOTO 30JI0Ta SIBISICTCS MTUPHT
(Au ot 4 no 2100 1/T), B MOBBIIIEHHBIX KOJUYECTBAX TaKOE 30JI0TO MOXET MPHUCYTCTBOBAaTh B
apyrux cynbduaax, cyiabpocomsix u mMarHerure. CBOOOJHOE 30JI0TO 00pazyeT BKIIOUCHUS
pasmepom 5-200 MkM B kBapre, kapOoHaTax, MUPHUTE, MHPPOTHHE, MarHeTuTe. B 3010TO-
MOJIMMETAIUTMICCKAX PYAaX KOJMYECTBO 30JI0Ta JOCTUTAET 5-8 I/T MpH BBICOKOI KOHIEHTPAIHH
Ag, no 400 — 430 r/t. ToHKOAWCTIEPCHOE 30JI0TO KOHIICHTPUPYETCS B MAarHeTWTe, CyIbpuaax u
cynb(}OCoX, HO YCTOMYMBO 30JI0TOHOCEH TOJIbKO mHUpUT (1-7 r/T). BrurodeHus snekTpyma u
CaMOPOJIHOTO 30JI0Ta Pa3MepOM OT MEPBBIX MKM 110 80 MKM OOHapy»KeHbI MPAKTHUYECKU BO BCEX
MUHEpajlaX py[, 4Yalle BCEero B rajgeHure, nupure, kBapie. KoHueHTparopamu cepedpa, Kpome
ANIEKTpyMa, SIBISIOTCSA Cyab(oconu psana TeTpadapuT — (peitbeprur. ['maBHBIMU 3JIE€MEHTAMH,
KkpoMme Au, sBistores Ag, Pb, Zn, Sb.

PynooGpa3oBanue, coriiacHO KOMILIEKCY UCCleIoBanui [3], mpoucxoauio B auanazone P-T
ycinosuit: 1.2-0.35 MIla u 530-110°C. Ilpu 3ToM Hambosee BbicokoTemneparypHbiM (530-380°C)
SBJIIETCS KBapI-MarHETUTOBBIN IapareHe3nc, BO3MOXHO, YHACleJOBaBIIMA MeTaMop(OoreHHbIe
ycnoBusi cpeibl. COOCTBEHHO PYAHBIN MPOILIECC HAYMHACTCS C KBapL-MUPUT-aPCEHOMUPUTOBOM
accouuanuu B auamasone temmepatryp ot 300-250 mo 220-200°C. [Tozguue cynbhuasl BMECTe ¢
KapOoHaTamMu, Cylb(POCOISIMH U 30JI0TOM (GOpMUPOBAIHCH Mpu TemmepaType 260-160°C. Creaenus
o Ooyiee BBICOKOW TeMIEpaType KpHCTaUIM3aluN TeJUTypuaoB U (¢peiiecnebenuTa, SBISLACH
KOCBEHHBIMH, BEPOSITHO, OTPAXKArOT MEPBUYHO BYJIKAHOTEHHYIO MPUPOAY PYAHOTO BemiecTBa [9,
14]. Bonee HHU3KKE TeMIepaTypbl OTHOCATCS K MOCTPYAHBIM acconuanusM. CyJis 1o MOTy4eHHBIM
s pya banku Hlupoxkoii 3Hauenusm pH (6-7), dyrutuaoctu kucnopoaa (log foz2 ot -39 no -38) u

aktuBHOCTH cepbl (log as2 ot -15.7 mo -13.4) [15], pyaooTioxkeHHe NPOTEKAIO B
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BOCCTAHOBHTEJIBHBIX YCIOBUSAX U3 CIA00LIETIOYHBIX PACTBOPOB, B KOTOPHIX MOCTENIEHHO BO3PACTAIO
conepxkanue HoS, CO, N2, CH4 1, BO3MOXXHO, IpyTrUX BOCCTAHOBHUTEICH.

TunuyHo  TUAPOTEPMANbHBIN,  PErPecCUBHBIA  Xapakrep  (UIIOMJHOW  CHUCTEMBI
3aKJIIOUUTENBHOIO JTala OXapaKTepU3yeM Ha IMpPUMEpE Tra30BO-KUIKUX BKIIIOUEHUN B KBaplie
IIPOMEXYTOUHOM U BHYTPEHHEH 30H OEpe3UTOB, COAEPKALIUX 30JI0TO-TOJIMMETAIUINYECKOE
opynenenne banku upoxoit [6, 17]. TloguepkHéM mpH 3TOM, YTO BKJIIOYEHHUS B COOCTBEHHO
Oepe3nTax W PYAHBIX ydacTkax paznuyarorcs. llepBrie, 6onee kpymHbie (0 20 MKM), OKpYTIIOH
(dhopmBbl, 00pa30BaATUCh B OTHOCUTEIHHO CTAOMJIBHBIX YCIOBUSAX MEpU(EPUUECKUX YacTel Opeolia;
TOMOTEHU3HUPYIOTCS B MIUPOKOM auamnazone temmeparyp (420-120°C). Bropsie menbue (He Oosee
10 mMxMm), yrioBaToit (OpMBI U ¢ IOHMKEHHOW TemmepaTypoii romoreamzanuu: 290-110°C, odeHn
peaxo 340-310°C, mpu TemmepaType MakKCUMalbHOU (ironmoHackIeHHocTH okoyio 290-210°C.
TemmepaTypa, paccuWTaHHas 10 M30TOIMHO-KUCIOPOJHBIM OTHOIIEHUSIM KBapi — BOJa B
MIPEANOJIOKEHUN pPaBHOBECHs, BapbupyeT oT 255-220° C B Gepesutax g0 230-200°C B pymHBIX
4yacTaX 30H, T.€. TOATBEpXkKIAeT (aKT OTHOCHUTEIBHOTO OXJIAXKICHHUS CUCTEMBI B IEpPHOJ
pynoo6paszoBanus. B oOuiem, B cucreme Oepe3uToB Hauboliee MHUPOKO PACIPOCTPaHEHbI BOJHO-
COJIEBbIE BKJIIOUEHHS C IPUMECHIO TBEPJIOTO OMTYMHOTO BEIIECTBA; XUMUYECKHII COCTaB pacTBOPOB
om3ok k CaCl, — NaCl — H20, konrentparus okoio 11,5 %. Cyzs mo pa3nuuusiM B TeMIiepaTrype
TOMOTE€HM3alMK M ()a30BOM HAINOJHEHUH CHUHTEHETHMYHBIX BKJIIOYEHHUN, MpPU KPUCTALIU3ALUU
KBaplia UMeJI0 MECTO BCKUIaHHE pacTBOpPOB. KpoMe BOIHO-COJEBBIX, OTMEUAIOTCS BKIIIOUEHUS C
xunkuM CO2, TIOTHOCTH ero Bo3pacTaeT oT mepudepun opeona (0,688-0,731 r/em®) k neHTpy
(0,755 r/cm®), KOMUECTBO TAKMX BKIIOUEHMH TAKKe YBEIMUMBAETCSA B 3TOM HANPABICHUH.

N3otonueie uccnenoBanust [6, 10, 11, 12], moarBepxkaas YCTOWYHMBO pPErpeCcCUBHBIN
XapakTep CHCTEMbI, CBUIETENLCTBYIOT TAKKE O CTPEMIIEHUHU ee K paBHOBecHI0. Tak, 3HaueHus 5°0
(%0) marmeruta -1,6...-1,1 B BucsueM u JyexaueM OOKax 30HBI TsKEJIEE IO CPABHEHHUIO C
MeTaMop(OoreHHBIM MarHeTuToM Fe kBapruTo-crmanues -2.6...-1,5; oueHenHas 1o pasHoctu 820
KBapll — MarHETUT TeMIepaTypa omyckaeTcs npudnusutensho 10 400-340° C.

Cynbhuasl (310if ke 30Hb1) M0 334S (%0) 006pa3yIOT psjl, BHIAEPKAHHBINA KaK /I Opeoja B
menoMm [6, 17], Tak u PparMeHTapHO. BRITTISAUT 3TOT psAl CIEAYIONIMM 00pa3oM: MUPHUT-MapKa3UT
+2,5; muppotun +1,8; xampkomuput +0,7; chanepur —0,1; apcenonuput —1,7; ramnenut —4,1.
Hcxons w3 mTpuBENEHHBIX MJAaHHBIX, Cynb(UIHAS CHUCTEMa, BO3HUKIIAS KaK CIEICTBUE
AMUTEPMaIbHONW pereHepaluu, B OTIUYHE OT CHUCTEMBbI, UCIBITaBIIeH MeTaMOpPpU3M (CM. BBILIE),
NpUOIIKAaeTCs K TMOCIEN0BAaTeNbHOCTH CyAb(UIOB B PABHOBECHOM ALy (HpakiMmOHUPOBAHUS

M30TONOB cephl [ 19], uckimoueHune coctaBiser caaepur.
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Baxnas oTnmuurenbHas 0cOOEHHOCTh OEpe3uTOB 30HBI OOHAPYKMBACTCS NPH CPAaBHEHUU
M30TOIHOTO COCTaBa cephl mupuTa (0T nepudepuu k uentpy). Camble HU3KHE 3HaUeHUS &S (%o)
YCTAaHOBJICHHl B MHPHUTE BHEIIHEH YacTH Opeojia, CIOXKEHHOH MeTaMop(hHu30BaHHBIMU
CUHBYJIKAHUYECKUMH MeTacomaTuTamu (-3,1...+1,9; cpeanee +0,1), nmpuyem nUpUT ¢ caMOM JIETKOM
CepOol OTHOCHUTCSI K Y4acTKy HauOojiee MHTEHCHUBHOTO €ro IpOsBIIEHUS C KBaplL-KapOOHATHBIMU
npoxuiakamMu. B Oepe3urax MpPOMEXKYTOUYHOWM © COOCTBEHHO pYIHOW 30H cepa TIHPUTA
nocsieaoBarenbHo yrsokensercs: +0,3...+2,3; cpennee +1,3 u +1,7...43,9; cpennee +2,8. To ecthb
9Ta TEHJEHLMS B MOCTMETAMOPPHUUECKUX Oepe3uTax MPOTUBOINOJIOXKHA TOM, KOTOpas yCTaHOBJIEHA
UIg  1I0MeTaMOp(UYECKUX BYJIKAHOTEHHBIX METAaCOMAaTHTOB, UTO CIY)KUT CBUJAETEIbCTBOM
MHBEPCHUH YCIIOBUN MUHEPAI000pa30BaHusl OT OKUCIUTENbHBIX K BOCCTAHOBUTEIbHBIM.

Cpeny MpU3HAKOB MHOTOATANMHOCTH CTAHOBJIEHUS CHUCTEMBl OTMETHM €IIE€ OJMH,
F€OXMMHYECKHI: HHIANKATOPHOCTh MarHeTHTa, KaK OJIHOTO WX CKBO3HBIX MHHEpaioB [3, 12].
CocraB ero, 1Mo cyTru, oTpa)kaeT BIMSHUE BCEM COBOKYIHOCTH IPOLIECCOB (POPMUPOBAHUS 30HBHI,
BKITI04as ToseuT-komaTuutoBbii (Ti, V, Cr, CO) u ToHaIUTOBBIH (SN) MarmMaTu3M, CeAMMEHTOTeHES
(Mn u, mMoxet ObITh, Pb), sxcransimonnsie mporeccel (AS, Bi, T€) u mHCTBEHUTO-O0EpPE3UTOBBINM
30J10TOpYAHBIH MeTacomaros (Au, Ag, As, Pb, Zn, Bi).

HccnenoBanne MuHepanoreHesa TpéX 0003HAUEHHBIX ITAlloB OOHAPY)KMBAaeT B MUHEpanax
30JI0TONPOSIBJICHUI apxes 3HAYUTENbHOE H3MEHEHHE (DIIOMIOHACHIIEHHOCTH W HM30TOIHBIX
COOTHOIIICHUH  KOMIOHEeHTOB  (mronma  [19]. Ha »Ttame  ByJKaHOT€HHO-OCAIOYHOTO
MUHEpanoo0pa3oBaHusl OCaJ04Hble IMOPOJbl (M pydbl B HUX) HECYT CYIIECTBEHHOE BIMSHUE
MOPOBBIX (MOPCKMX) BOJ M KapOOHAaTHOM COCTaBIIAIOLIECH; BYJIKAHUTBI, 4aCTO HM3MEHEHHbIE JI0
IPONWINTOB M BTOPUYHBIX KBAPIMUTOB (BKJIIOYAs pyAHble MX (anuu), B OOJbIIEH CTENEHU
OTpPaXalOT y4yacTHE B IIpOLECCaX METEOPHOM cocTapistomed. MeramoppusM crnocoOCTBOBAN
«BBICYIINBAHUIO» (DIIOMIHON CUCTEMBI ¢ 00OTaIllEHHEM OCTaTOYHOM BOJIbI JieiiTepreM, 0COOEHHO B
MeTaocaJouHbIX Mopojax. IlocTmeramopduueckass pereHepanuss MUHEPAIbHOrO (pyIHOTO)
BEleCTBAa IPOTEKala B YCIOBUAX YBEIMUYEHHUS B cOCTaBe (IIOMJIOB POJIM METEOPHBIX BOJ C
IPEUMYIIECTBEHHBIM HAKOIJICHUEM HPOTHS, XOTA OTPaHUUYMTENEM STOM TEHICHLUU SBIISETCS
UHTCHCUBHOE  MPOSIBJICHHUE  OKOJOPYIHBIX  OEpe3UTOB-IMCTBEHUTOB U aM(puOOJIOBBIX

METaCOMATHUTOB C OOMIIEM OH'CO,Z[ep)I(aH_II/IX MHHCPAJIOB.

BrIBOIbI

N3yuennbie B mnpenenax Cypckol M YepTOMIIBIKCKON 3€I€HOKaMEHHBIX CTPYKTYP
YKpanHCKOTO IIKTa 30J0TOPYAHBIE MPOSBICHUS NPUHAIICKAT K PA3HBIM F'€HETUYECKUM TUIIAM, HO
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3aHMMAIOT BIIOJIHE OIIPENETICHHOE IOJIOXKEHUE B I€0JIOTMUECKOM McTopuu craHoBieHus CpenHe-
[TpuaHenpoBCKOH TpaHUT-3€JICHOKAMEHHON o00nmacTu. 30J0TO-KONYENAaHHBIE PYAbl  SBISIOTCS
COOCTBEHHO BYJKAaHOTEHHBIMH, OTJIOXEHHE HMX OOYCIOBIIEHO AKCTAIALMOHHON JESTEIbHOCTHIO
apXCHCKUX  MaJCOBYJIKAHOB, COMPOBOXKIABIICH (opmupoBaHue OUMONAITBHONW  BYJIKAHO-
IUTYTOHUYECKOW CepuH. 30JI0TO-MEAHO-MOJIHOIEHOBBIE pyIbl (TaKk Ha3bIBAEMOIro MOPQGUPOBOTO
THIA) CBS3aHbI CO CTAHOBJEHUEM CYOBYJIKAHWYECKUX MHTPY3UH IUIarMOrPaHUT-AAllUTOBOTO
COCTaBa, T.€. IO CYIIECTBY TaKXX€ MOTYT ObITh OTHECEHbI K BYJIKAaHOT€HHOMY B IIMPOKOM CMBICIIE.
Hakonen, 30710T0O — BHUCMYT - TEJUIypOBBbIE, 30JI0TO - JKEJIE3UCTbIE, 30JI0TO — cepedpo -
MOJIMNMETANINYECKHE, MaJIOCYJIb(PUIHBIE 30JI0TO-KBapleBble U (BEPOATHO) JIpYrHe THUIIBI Py B
TEKTOHO-METAaCOMATUYECKUX 30HaX, UMEIOT 0oJiee CIIOKHYI0 IMPHUPOAY, BKIIOYAs IMPOLIECCHl BCEX
TpEX DITamoB: BO-TEPBbIX, 3TO (OPMUPOBAHUE TEPBUYHOM CHHBYJIKAHUYECKON pyIHOU
MUHEpaJIM3allui, CBS3aHHOE C cojb(aTapHO-PyMapoJbHOM JIE€ATENIbHOCTHIO MAJEOBYJIKAHOB
(BYJIKaHOT€HHO-OCAJI0YHBI 3Tall); BO-BTOPBIX, BO3MOXHOE€ METaMOP(POreHHOE BIMSIHHUE B
3aBUCHUMOCTH OT HMHTEHCHUBHOCTH MeTaMopdu3Mma (pernoHaibHO-MeTaMOphUYecKuil sTam); B-
TPETBUX, IMPOSIBJICHHOE Ha BCEX y4YacTKaxX IMOCIEAYyIIlee, TUIUYHO THIPOTEPMAIbHOE
PELMKIMPOBAaHUE PYAHOTO BELIECTBA, KOTOPOE, MO-BUIMMOMY, U NPUBEIO K (OPMHUPOBAHUIO

MIPOMBIIIIJIEHHOTO OPYAE€HEHUSI.
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BILIMB BYJIKAHI3MY, PETTOHAJIBHOTI'O METAMOP®I3MY TA ENITEPMAJIBHOI
AKTHUBI3ALII ¥V 30JJ0TOHAKOIIMYEHHI B APXEUCBKUX 3EJEHOKAM'STHUX
CTPYKTYPAX HAJJHINTPAHIIIUHMU.

®omin 10.0., 3a60oposcrka JLIL., bopucosa H.M., KpaBuyk 3.M.

®owmin }0.0., kanx. r.-m. H., cr. H. c., JY «lHcTuTyT reoximii HaBkommmHboro cepemoBuiia HAH VYkpainm», yafl941@gmail.com
3aGoposcbka JLIL., M.H.c., [IY «IHcTHTYT reoximil HaBkonuumHboro cepenosuiia HAH Vkpainny, larisa-zaborovskaja@rambler.ru

bopucosa H.M., HPOB.IHX., ay «IncruryT reoximii HaBKOJIMIIHLOrO cepesoBHILa HAH Vkpainuny,
Kpauyk 3.M., npos.inx., IV «IHcTUTYT reoximii HaBkosmiHboro cepenosuua HAH Ykpainu»

Pozensanymo o3znaxku mpwvox emanie minepanizayii apxeucbKux 3010MONPOAGIE 3eNeHOKAM SHUX
nosicie  Cepeonvoco Ilpuouninpos’ss  (Vrpaincokuui wum). 13 corvghamapo-gymaponvroro
OISUIbHICMIO  8YIKAHO2EHHO20 emany no8 s3aHull GIOKIA0 NepPeUHHUX pyo Y HNPORIimax ma
8MOpUHHUX Keapyumax. Bnaue memamopghocennoco emany 3 mouku 30py HPOOYKMUEHOCMI
00°’€Kmi6 He € CYmmesuM i BUBHAUAEMBCA THMEHCUBHICIO DeCiOHANbHO20 Memamopizmy. 3
PEYUKTIOBAHHAM DEHOBUHU CIMOCOBHO NIZHLO2O 2IOPOMEPMATLHO20 emany nos sa3ane hopmys8aHHs
NPOMUCTOB0O20 3PYOEHIHHA Y 30HAX AMEPIOOI08UX MEMACOMAMUMIB | NiCMEeHImOo-0epe3umis.

Knrwouoei cnosa: apxeii, 3enenokam’siHi noscu, 30710me 3pYOeHIHHA, Menypuou, Cyabgocoii,
izomonnuti cknao, Cepeone I[lpuoninpos’s, Yxpaincokuii wyum.

INFLUENCE OF VOLCANISM, REGION METAMORPHISM AND EPITHERMAL
ACTIVISATION IN THE GOLD DEPOSITION AT ARCHAEAN GREENSTONE BELTS
OF THE PRIDNEPROVIE AREA.
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Features of three mineralization stages in Achaean gold deposits at greenstone belts of Middle
Dnieper (Ukrainian Shield) are considered. These stages of mineral formation are volcanogenic-
sedimentary, regional-metamorphogenic and local hydrothermal ones with corresponding mineral
associations. The deposition of primary ores in propilites and secondary quartzites is connected
with solphatar-fumarol activities of volcanic stage. Gold-bearing sulphide (Surskaya greenstone
structure — Sergeevskoe deposit) and gold-bearing Cu-Mo porphyry ore mineralizations (Surskaya
greenstone structure — Sergeevskoe and Balka Zolotaya deposits) were formed. The influence of
metamorphic stage was determined by regional metamorphism intensity (facies of green shales and
epidote-amphibolite) and with the point of view of ore productivity was not substantial. The
formation of industrial ores in amphibole metasomatites, listvenite-beresites and chlorite-albitite
metasomatites is connected with substance recycling during the latest hydrothermal-metasomatic
stage. Au-Ag-Bi-Te (Au-sulfosalt-telluride) ores, Au-Fe (Au-magnetite) ores, Au-Ag-Pb-Zn (gold-
polymetallic) ores and also Au-quartz, with low- sulphidization, ores were formed (Surskaya
greenstone structure — Sergeevskoe and Balka Zolotaya deposits, Chertomlyk greenstone structure
— Balka Shyrokaya deposit). The types of mineralization of these three stages differ from each other
in the isotope composition sulfur of sulfides, oxygen and carbon of carbonates, as well as oxygen of
oxides (magnetite). The sequence of mineralization of the hydrothermal-metasomatic stage at the
deposits of the Surskaya and Chertomlyk greenstone structures is almost identical and indicates the
proximity of the physical and chemical conditions for the operation of their regressive
hydrothermal systems.

Key words: Archaea, greenstone belts, gold mineralization, tellurides, sulfosalts, isotopic
composition, Middle Dnieper Area, Ukrainian Shield.
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