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Annomayus. V3ydyeHa BUCMYTOBas MUHEpaIU3alns KBapl-Cylb(UAHBIX MPOKUIKOB HazapoBckoro
30JI0TO-TTOTMMETAITNYECKOT0 MeCTOpoXxaeHus (3amagHoe 3abaiikaibe), TOKAIN30BaHHOTO B mpeaenax Epas-
HUHCKOH BYJIKaHO-TEKTOHHUYECKOH CTPYKTYpPBI U IPHYPOUEHHOTO0 K 30He Ha3zapoBcKoro pasioma 1 3K30KOHTaK-
Ty MaccHBa I'paHOJHOPUTOB, KOTOPBIC MPOPBIBAIOT BYJIKAaHOI€HHO-0CAJOUHBIC MOPOasl. MuHepansl Bi mpen-
cTaBiieHBI cyabdoconmsimu coctaBa Ag-Bi, Cu-Bi, Pb-Bi u Ag-Pb-Bi, cynmsdoremnmypunamu Bi, ailkuantom u
CaMOPOJHBIM BUCMYTOM B aCCOLMALIUK C XaJIbKOMMPUTOM M TAJICHUTOM. 3HAYNTEIbHAS 4acTh MUHEpasoB Bi
BIIEPBBIE OTMCaHa He TONBKO it HazapoBckoro MecTopoxieHus:, HO Bcero O3epHHHCKOTO PYAHOTO y3Ia.

Knrwouegvie cnosa: BucmyToBBIe MUHEpanbl, HazapoBckoe MecTopoxnenne, 3amaanoe 3abaiikanse, Pec-
my6mmka Bypstus, camopomusrii BucMyT, Ag-Bi, Cu-Bi, Pb-Bi u Ag-Pb-Bi cynedocomm, cynbhoremmypust Bi.
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Abstract. The Bi mineralization is described in quartz-sulfide veins of the Nazarovskoe gold polymetallic
deposit (Western Transbaikalia), which is localized within the Eravnino volcano-tectonic structure and is
confined to the Nazarovskoe fault zone and the contact with a granodiorite pluton intruding volcanosedimentary
rocks. The Bi minerals include Ag-Bi, Cu-Bi, Pb-Bi, and Ag-Pb-Bi sulfosalts, Bi sulfotellurides, aikinite, and
native bismuth in assemblage with chalcopyrite and galena. Most Bi minerals are described for the first time
both for the Nazarovskoe deposit and the entire Ozerninsky ore cluster.

Keywords: Bi minerals, Nazarovskoe deposit, Western Transbaikalia, Republic of Buryatia, native
bismuth, Ag-Bi, Cu-Bi, Pb-Bi, and Ag-Pb-Bi sulfosalts, Bi sulfotellurides.
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BBEJIEHUE

BucmyT sBisieTcs 3IE€MEHTOM, MHHEPaJIOTHs
KOTOPOTO, Hapsdy C TEJUTypOM, OTJIMYACTCSA MCKIIOUH-
TenbHBIM pazHooOpasueM (Christy, 2015). B npupome
OH IIPUCYTCTBYET B CaMOpOAHOW (hopme, a Takxke B
BUuAE Cyabpoconel, cyabpuaoB, TEUTyPHIOB, OKCH-
JOB U THIpOKcHIoB. M3oMopdHas nmpuMecs BUCMyTa
HPUCYTCTBYET B HEKOTOPBIX Cyab(puaax, Mpexkae Bce-
ro, B rajieHuTe. Takke pasHOOOpa3HbI Fe0IOTHUECKUE
00CTaHOBKH, B KOTOPBIX NPHUCYTCTBYIOT BHCMYTOBBIE
MuHepasnbl. [lOBBIIIEHHBIE KOHLEHTPAlMH BUCMYTa
M3BECTHBI B NErMaTuTax, KOHTAKTOBO-METacOMaTHye-
CKUX, THAPOTEPMAIBHBIX MECTOPOXKICHUSX, CBSI3aH-
HBIX C HMHTpY3UBaMH Kucjioro cocrasa (Bombdcow,
Hpyxwuaun, 1975). CoOCTBEHHBIX MECTOPOXKICHHIA
BUCMYT, KaK MPaBWIO, HE 00pa3yeT U JOObIBaeTCs Kak
MOITyTHBI KOMIIOHEHT M3 CBHHLIOBBIX, MEIHbIX, ME-
HO-30JI0TBIX, OJIOBO-BOJIB(PAMOBBIX Py U JIp.

MuHepansl BUCMyTa 4acTO pacCMaTpHUBAIOTCS
KaK BaXHBIA meTporeHeTnueckuii naaukarop (Cook,
Ciobanu, 2004; Voudouris et al., 2007; Ciobanu et al.,
2010; Zhou et al., 2016; Fitros et al., 2017; SItumoB
u np., 2019; Kacarkun u np., 2023). Cneunduyeckne
0COOEHHOCTH METAJNTNYECKOI0 BUCMYTA, @ UMEHHO €T0
JIETKOTIIABKOCTb, JIerTi B ocHOBY LBC-monenu (liguid
bismuth collector model) obpa3oBaHUs 30JI0TBIX PYI
(Douglas et al., 2000; Ciobanu et al., 2006; Tooth,
2013).

B HacTosiieit pabore paccMoTpeHa MHHEpPaso-
rust BUCMyTa B pyaax HaszapoBckoro 3omoro-noimnme-
TAJUTMYECKOT0 MECTOPOXKACHUS, MPHUHAMJICKAIIETO K
O3zepHHHCKOMY pYyIHOMY Y31y B 3amagHoMm 3abaiika-
JIb€, KOTOPBIA BMEILIAET MHOXKECTBO MECTOPOXKIACHUN 1
PYIOIPOSIBIICHUH [IBETHBIX M OJaropoJHbIX METAJLIOB,
JKele3a, Maprania, oopa, anarura, 6bapura. Hanbomnee
3HaYUMBIM O0OBEKTOM B HEM sIBJIsIeTCSs! KpynHoe O3ep-
HOE KOJYEIaHHO-IIONUMETAIUINYECKOE MECTOPOXKIe-
HHe, 0aJaHCOBbBIE 3amachl KOTOPOro mo kareropuu B
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+ C;+ C, Ha 01.01.2015 cocraBusinu 135 MiH T pyasl
npu cpenHeM coaepkanuu Zn 6.16 %, Pb 1.17 % u Ag
35 1/t (caiit https://nedradv.ru/nedradv/invetsp?obj=9
ca8e2d2ab6e71575d82c482dcff2688 nara obpameHus
06.06.2024)).

HasapoBckoe MecTOpoXIeHUE PACIIOIOKEHO B 4
kM 0T O3epHoro. OHO OTIMYACTCS OT MOCIEAHETO Ieo-
JIOTUYECKOM IO3MLMEH, COCTaBOM Py, a TaKXKe Cyle-
CTBEHHO MEHbIIMM Macmrtabom opyaeHenus. Ero 3a-
nacel Ha 31.05.1982 r. cocrapmsuin 5.9 MiIH T pyabl 1o
kareropusim C, n C, ipu cpeaHnx copepxkanuax 7.84 %
Znu 0.8 r/T Au. Taxxe B pynax npucytctBytor Cu, Ag,
Cd, Bi (caiT https://nedradv.ru/nedradv/invetsp?obj=d
63bd630c3a0d64877dd8alea4013ce0 (mara obOparie-
Hust 06.06.2024)). 3anacel BUCMyTa COCTaBISIOT 689
ThIC. T IIpU cpeaneM coxepxanuu 0.016 % (Joporuke-
Bud, 2002¢).

Hazaposckoe MECTOPOKIICHUE H3HaYaIIb-
HO OBUIO H3BECTHO KaK >KEJE30pyIHOE HPOSIBICHUE
yuactka lemaruroBoro, u ObUIO Jom3ydeHo B 1967 T
B Xoze reojoro-reopusnueckux pador. B pasubie
rogasl MecTopoxaeHue uszydanoce B.I. benunuenko,
JLII. Xpsuunoii, E.W. Tkauenko, B.A. BapiamoBbiMm,
C.B. TopOynoBeiM, P.C. Tapacosoii, JI.1. LlapeBbim,
O.I. HucranoeiM, ['I. PycunsiM, A.W. Bycnenko,
N.B. Topmuenko, K.P. KoBaneBsiM u ap. B omy0min-
KOBAaHHBIX HCTOYHHMKAX TOBOPHUTCS O IOBBIIICHHBIX
KoHIeHTpanusax Bucmyta (50-100 r/T) B pymax. 3nech
ObUIN IMAarHOCTUPOBAHBI CAMOPOIHON BUCMYT, BUCMY-
THH, oypawurt, mamnbaxut (Kosanes u ap., 2003; Poik-
koBa, 2020; MyHnkoHOB, JlamanHoBa, 2023). B nanuo#
CTaThbe MUHEPAJIOrUsl BUCMYTA B CYJIb(UAHBIX Pyaax Ha
MECTOPOXKICHUH PACCMOTpeHa Oosiee moapoOHo.

I'EOJIOTMYECKAS XAPAKTEPUCTUKA

O3epHUHCKUI pYAHBIA y3€JI HAXOIUTCA B Ipe-
nenax EpaBHMHCKOH BYJIKaHO-TEKTOHHYECKOH CTPYyK-
TYpBI, KOTOpas SIBIAETCS (PparMeHTOM Maneo30HCKOi
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VnuHO-BUTHMCKO# 0CTpOBOIYKHO# crcTeMbl. OCHOB-
Hasl 9acTh PYIHOTO y3JIa CIIOKeHa CTPaTH(HUIMPOBAH-
HBIMH TE€PPUTEHHO-KapOOHATHO-BYIKAHOTEHHBIMU 00-
Pa30BaHMUSAMU MAJIE030HCKOTO BO3PACTa, MPOPBaHHBIMH
MHOTOYHCIICHHBIMA MHTPY3UBHBIMU U CYOBYJIKaHUYE-
ckumu nopogamu (Ilmaro u ap., 2013¢; T'opauenxko,
Hedenpen, 2015; JlamauaoB u ap., 2023). IIpeobma-
Jaroree 3HaYeHHEe MMEIOT HIDKHEKeMOpHicKe oopa-
30BaHU OJIBIHAWHCKON CBUTHI, OpPMHUpOBAaHUE KOTO-
PBIX POUCXOAUIIO B YCIOBUSIX 3PEJION SHCHATNYECKON
octposHoit myrH (I'opauenko, Hedenper, 2015). Mormr-
HOCTh cBUTHI npeBbimaetr 2000 M, oHa mpeacTaBieHa
BYJIKAHUTaMH aH/I€3UT-AAIUT-PUOITUTOBOTO Psijia, BYII-
KaHOTE€HHO-00JIOMOYHBIMU TIOPOAAMHA ¥ OMOTEPMHBIMU
m3BecTHsAKamMu (puc. 1). OcTpoBomykHas cTaius 3a-
BEPIIMIACH B CPEHEM OPJOBHKE — CHIType, KOTna Ha-
PSAAY C BYJIKAaHH3MOM IPOHCXOIMIIO HAKOTUICHUE ITPH-
OpeKHO-MOPCKHUX OcanmkoB. B cpemnem maneosoe (D-
C)) B 3a1yroBoii 00OCTaHOBKE Ha aKTHUBHOW KOHTHHCH-
TabHON OKpamHe OBUTH CPOPMHUPOBAHEI HAJIOKCHHBIC
0Ca/IOuHBIe TTIPOTHOBI U pUPTOTCHHBIE BYJIKAHO-TEKTO-
HUYECKHe CTPYKTyphl. Ha 3axmrountensHOM 3Tare 00-
pa3oBaHHA CTPYKTYPHI B TIO3HEM I1aJIe030€-Me3030€
paiioH OBIT 3aTPOHYT Ha3eMHBIM BYJIIKAHW3MOM M BHY-
TPUILTUTHBIM UHTPY3UBHBIM Marmaru3moM (lopauen-
ko, Hedenpes, 2015).

TpanunmonHo EpaBHUHCKYIO CTPYKTYypy WH-
TEPIPETHPOBAIN KaK OCTaHeIl — IPOBUC KPOBIH BEPX-
HEIaJIC030MCKOT0 TPaHUTHOTO MaccuBa (JlmcTaHos,
1977; bycnenko, KoBaines, 1975). b.b. /lamanHOBBIM ¢
COaBTOpaMH OHA PacCMaTPUBAETCA KaK CaMOCTOSTENb-
HBI TEKTOHWYECKUH OJOK, WHBEIMPOBAHHEIN Oojee
MosionpIMU TpanuTounamu (damawaoB m mp., 2023).
O3epHUHCKHI PYIHBIN y3e€1 BMEMIAeT CTpaTH(OpPM-
HBIE TIOJTMMETAJUINYECKHE, CKAPHOBEIE JKEJIe30pyIHbIE
Y TIOJIMMETAJUTMIECKUE MECTOPOXKICHHS U PYIOTIPOSB-
JIEHWsI, KOTOPBIE JIOKAJTM30BAHBI CPEAH TTOPOJ OJIIBIH-
nmuHckor cBUTHI (Iopmuenko u mp., 2013; Topauenko,
Hedenpes, 2015).

HazapoBckoe mecTopoxaeHue CBA3aHO C TEKTO-
HO-KYTIOJIbHBIM TIOAHATHEM CYOIIMPOTHOTO MPOCTHPA-
HUS, OOYCIIOBIIEHHBIM BHEAPEHHEM TO3JHEaIe030M-
CKHX TPAaHWTOB B HIKHEKeMOpHIiCKHE 00pa3oBaHUS
(Hedenpes, 2009). OcanouHo-BYIKAaHOTEHHBIEC OTIIOXKE-
Hus Cm; B HIOKHEH YacTH pa3pesa MpeACTaBIeHB Mpa-
MOPH30BaHHBIMH W3BECTHIKaMHU. BrIe kapOOHATHOMH
Maykyd HaOIlfomaeTcsl TepeciaiBaHre BYJIKaHOTEHHO-
00JIOMOYHBIX TIOPOJT CPETHETO COCTaBa W M3BECTHSIKOB.
B BepxHeii yacTu pa3pesa 3ajerarT BYJKAHUTHI CPEJI-
Hero cocTtasa. [IpocTupanue mopos ceBepo-BOCTOUHOE,
najgeHue oro-soctoanoe 60—80° (Hedenpen, 2009).

BynkanoreHHO-0caq09HBIE TIOPOABI B BOCTOU-
HOHM YacTH MPOpPBaHBI HIKHEKEMOPUUCKUMH KBapIie-
BBEIMH JTMOPUTOBBIMH TTOP(OUPHTAMU CYPXEOTHHCKOTO
KOMIUIEKCA W TIO3IHENAIIC030MCKUMH KBapIIEBBIMU
crenntaMu. CHEHUTHI CIararoT TPpeOHEBUIHBIA KyIIOJ
CEBEPO-BOCTOYHOIO MPOCTUPAHUS pa3sMepoM 5—6 X
1.5-2.0 xM, anukaibHas 4acCTh KOTOPOTO 3ajeraeT Ha
rryouse 100-200 m.

Bwmemaromue mopoasl M3MEHEHBI B YCIOBHSX
3eJIeHOCTIaHIIeBON (palu pEernoHaTFHOTO METaMop-
¢uzma. Taxke Ha MECTOPOKACHNUH IITUPOKO MPOSBICHO
CKapHHPOBaHWE W OPOTOBHKOBaHHWE MOpoA. PoroBukun
obpasyror mamomontHeli (10—40 M) opeosr BIOIb KOH-
TakTOB MaccuBa. [lo cocTaBy BBIIENSIFOTCS OMOTHT-
KBapI[-TI0JIEBOIITIATOBBIC, peke OMOTHT-TIOIEBOIIIITATO-
BBIC W KBapIl-nojieBomaTosslie (ammu. CKapHBI TIPO-
SIBIIEHBI B TOJIIIE MPaMOPH30BAHHBIX M XEMOTEHHBIX
W3BECTHAKOB, Ha KOHTAaKTe HM3BECTHSIKOB C Ty(amm,
JMaiikaM#u JTOJIEPUTOB W JOJEPUTOBBIX HOPPHUPHUTOB.
MomtHocTs Ten BapbupyeT oT 0.7 10 37.6 m. Illupoxo
pactipocTpaHeHbl CKapHBI TPaHaT-3MUA0TOBOTO, Kajlb-
IIAT-3THI0TOBOTO, KaJBITUT-TPaHATOBOTO, amMduboII-
SMHUIOTOBOTO COCTaBa. |paHaTtoBble, amM(pUOOIOBEIE,
SMHUIOTOBBIC, TPEMOJIHUT-BOJUIACTOHUTOBBIE CKapHBI
penku (puc. 2). ComepxaHusi KapOOHATOB M CITIONBI B
aM(puOOI->TUAOTOBEIX CKapHAX BaphbUPYIOT B IMTHPO-
kux npexaenax (5—40 06. %).

[NomumeTtanmaeckoe OpyAeHEHHE MPUYPOUCHO
K CIIO)KHO TIOCTPOEHHON MHHEpaIM30BaHHOW 30HE B
9K30KOHTAKTEe AMOPUTOBBIX MOPQHUPUTOB, B Mpeaerax
KOTOPOM Pa3BUTHI THAPOTEPMAIIbHO H3MEHEHHBIE TIOPO-
el pasnuaHoro coctasa (ILatwmmos, XKmanos, 2014d).
B paspese nabmromaercst CloOXKHOE YepeIoBaHHE BYII-
KaHHUTOB M BYJIKaHOT€HHO-OOJIOMOYHBIX TIOPOA OCHOB-
HOTO COCTaBa C M3BECTHIKAMH, Ha KOTOPBIE HAIOKEHBI
ckapHbl (puc. 3). Bemymryio pois B pa3sMelieHUN Py
UIPAIOT Pa3phIBHBIC HAPYIICHUS CYyOMEPHINOHAILHO-
TO IPOCTUPAHUS, OTIPEACIISIFOIIUE MOP(OIIOTHIO U TPO-
TSOKEHHOCTh PYIHBIX Ted. Ha MecTopoxaeHuu BbIjie-
JIEHO TISITH 30JI0TO-CYITb()UTHO-ITTHKOBBIX PYOHBIX TE,
B TPEX M3 KOTOPBIX 3aKITIOYCHBI OCHOBHEIE 3amachl (80—
90 %). Pyanble Tena MEIOT JIMH30- U MIaCTO00Pa3HY IO
¢dopmy ¢ kpyTeM magerneM (47-78°) (bazapos, Kuc-
moB, 2011). CynsdugHbie MOIUMETAIUTHYCCKHAE PYIBI
MEPEMEKAIOTCS € TUIACTOBBIMH 3aJIeKaMH OKCHIIHO-
xene3ucteix pyn (Kosames u ap., 2003). MomrHOCTh
Cynb(PHUIHBIX MMOJUMETAIIMUECKUX PYAHBIX TEI Ba-
prupyet ot 0.56 o 26.73 m (bazapos, Kucnos, 2011).
B 30He okuCICHMS, pa3BUTOH HAMT 30JI0TO-CYTb(MUIHBI-
MU pyOHBIMH Te€JIaMH U CYTbQUIN3NPOBAaHHBIMU METa-
coMaTUTaMH, 3arachkl 30j0Ta focturarot 0.53 T u cepe-
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Puc. 2. Kanprut-rpanaroseie (a), amduodomnossle (0), rpaHar-aMm(uO0IoBbIe (B), TPEMOJIUT-BOJIACTOHUTOBBIE (T) 1 aM(pHUO0II-
STUIOTOBBIE (JT) CKapHBI CeBEpHOM YacTn Ha3zapoBCKOro MECTOPOXKACHHSI.

MaciurabHas muHelKa 2 cM.

Fig. 2. Calcite-garnet (a), amphibole (6), garnet-amphibole (B), tremolite-wollastonite (r), amphibole-epidote (1) skarns of
the northern part of the Nazarovskoe deposit.

Scale bar is 2 cm.
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Puc. 3. Teonornueckutii pa3pe3 HazapoBckoro MecTopok/ICHUs, TI0 TTOJICBBIM MaTepUaliaM.

1 — MOKPOBHBIC OTIIOXKCHUS; 2 — TEMATUTOBBIC PY/IbI, 3 — U3BECTHSKHU; 4 — JIaBbl OCHOBHOT'O COCTaBa; 5 — BYJIKAHOTCHHO-00-
JIOMOYHBIE TTOPOJIbl OCHOBHOTO COCTaBa; 6 — CKapHbI; 7 — CyIb(GHIHBIC PYAbL; 8 — 30HBI IPOOICHUS.

Fig. 3. Geological cross-section of the Nazarovskoe deposit, based on field materials.

1 — Cover deposits; 2 — hematite ores; 3 — limestones; 4 — lavas of mafic composition; 5 — volcaniclastic rocks of mafic

composition; 6 — skarns; 7 — sulfide ores; 8 — brecciation zones.

Opa 1o 5.3 T (caiir https://nedradv.ru/nedradv/invetsp?
0obj=d63bd630c3a0d64877dd8alea4013ce0; bazapos,
Kucnos, 2011).

Pynel MecTOpOXICHUS TOAPA3ICISIOTCS Ha
MarHeTHTOBBIC, TEMAaTUTOBBIC, 30JI0TO-IIOJIUMETA-
IuyecKkue W Mmapranuesble (puc. 4a, 0). CynshunHas

MUHEpaIu3ays MposiBIeHa I'YCTOW BKPAIJIEHHOCTHIO
nUpuTa B KapOOHATH3MPOBAHHBIX aM(UOONI-3MUA0-
TOBBIX cKapHax. Tekctypsl pyn Haszaposckoro wme-
CTOPOXKACHUS MPEUMYLIECTBEHHO TIpyOormonocyarsie,
THE37I0Bble, BKpAIIEHHbIE, THE370BO-BKPAILICHHBIE,
MPO’KUIIKOBO-BKpAIJICHHbIC, MAaCCUBHBIE (pUC. 4B—K).

MUMHEPAJIOTVIA/MINERALOGY 11(1) 2025
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Puc. 4. Pynet Ha3apoBCKOTo MECTOPOXKIICHHUS: @ — TeMAaTUTOBAsT; O — CyIb(UIIHAS; TEKCTYPBI PY/: B — THE3[I0BO-BKpAIICHHAS,

T, 1 — IPOKMUJIKOBO-BKPAIUIEHHAS; €, )K — MACCUBHAS.
MaciurabHast TMHEHKa Ha pHC. B-XK — 2 CM.

Fig. 4. Ores of the Nazarovskoe deposit: a — hematite; 6 — sulfide; ore textures: B — pocket-disseminated; 1, i1 — stringer-

disseminated; e, 5k — massive.
Scale bar for Figs. B-x is 2 cm.

Cpenu pyaooOpa3yromux MUHEpPajJoB IMpeodiasaroT
MUPUT, calepuT, apCeHONMUPHUT. B pazaMyHBIX COOT-
HOUICHUSX BCTPEUYAIOTCS XAJIBbKOIUPUT, TAJICHUT, TTHP-
poTHuH, Mapkas3ut, ryctaBuT (AgPbBisSe), marnerur,
remarut, pytui (bycnenko, Kosanes, 1975; JlucraHos,
1977; Hedenbes, 2009; Peokkoa, 2020). CamopoaHoe
30moTo obOpasyet ToHkue (mo 0.001 mm, penxo 0.1—
0.2 MM) BKJTIIOUEHUS B MUPUTE, KBapLE, XaIbKOMUPUTE
u chanepute. [IpoOHOCTS 30710Ta BapbupyeT oT 710—
740 %o (Hedennen, 2009) no 820-880%o (Kopanes u
ap., 2003).

MATEPUAJIbI U METO/IbI UCCJIEJJOBAHUIA

st n3ydenust Obl 0TOOpaHBI MPOOBI U3 Kep-
Ha OLICHOYHBIX CKBaXXHMH ceBepHOro (manra Hazapos-
CKOro MecTopokaeHus. VccnenoBaHusi NMpoBeneHb B
Wucturyre Munepanornu I0Y ®HI[ Mul' ¥pO PAH
(r. Muacc). MuHepaibHBIH cOCTaB pyA M BMELIAIOMINX

MUMHEPAJIOTVIAI/MINERALOGY 11(1) 2025

MOPOJ U3y4dajcsd C MOMOLIbIO MOJSIPU3ALMOHHOIO MH-
kpockora AxioScope A.l. s onpeneneHus XuMude-
CKOI'0 COCTaBa PY/IHbIX MUHEPAJIOB UCIIOJIB30BAJICS pac-
TPOBBIN AMEKTPOHHBIH MuKpockon Tescan Vega3 SBU
¢ D/IC Oxford Instruments X-act mpu yckopsromem
HanpsbkeHnn 20 kB, Bpemenn Habopa 120 cek, aua-
MeTpe 30HAa | MkM. KonndecTBeHHBIN aHaIu3 mpoBe-
JeH C MCHOJIb30BaHHEM 3TalloHOB MINM-25-53 ¢dupm
«ASTIMEX ScientificLimited» (cranmapt Ne 01-044) u
«Microanalysis Consultants Ltd.» (cranmapr Ne 1362).

PE3VJIBTATBI UICCJIEJOBAHMIA

Musnepainbsl BUCMyTa AWAarHOCTUPOBAHBI B cda-
JIEPUT-XaIbKOIUPUT-IUPUT-KBAPIIEBBIX  MPOXKUIIKAX
MOII[HOCTBIO 2 CM, DPACCEKAIOIUX KBapL-MYCKOBHT-
XJIOpUT-KapOOHATHBIA MeTacoMatuT (puc. 5a). OCHOB-
HBIMH PYIHBIMH MHUHEPAJIAMH B MPOXKUIIKAX SBISIOTCS
MUPUT, XaIbKOIUPUT, CHANCPUT, TAICHUT, MATHETUT U
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Puc. 5. Mopdonorust BACMYTOBBIX MUHEPAJIOB: a — 00pasel] ¢ BUCMYTOBOM MHHEpanu3aIuen; 0 — CpoCTKU XaTbKOHUPUTA
(Ccp) ¢ ranmenut (Gn)-BUCMYTOBBIMU (CTPEIIKK) MUHEpaIaMu U cdanepurom (Sph); B — CPOCTKH TajCHUTa C BUCMYTOBBIMH
MHUHEpaJaMu (YepHast CTpesIKa) 1Mo KOHTypy KpucTaiia nuputa (Py) u Ha KoHTakTe Xanskoruputa (Ccp) ¢ )KUITbHBIMA MHHEpa-
namu. B xanekornmpure u aiikunure (Oenast crpenka) BkiaroueHust Marnetura (Mgt) u cdanepura (Sph).

Puc. a — monupoBaHHbIH 00paserr; 6, B — OTpaXEHHBIH CBET.

Fig. 5. Morphology of Bi minerals: a — sample with Bi minerals; 0 — intergrowths of chalcopyrite (Ccp) with galena (Gn)-
bismuth (arrows) minerals and sphalerite (Sph); B — intergrowths of galena and Bi minerals (black arrow) along the contour of
pyrite crystals (Py) and at the contact of chalcopyrite (Ccp) with vein minerals. Chalcopyrite and aikinite (white arrow) contain

inclusions of magnetite (Mgt) and sphalerite (Sph).
Puc. a — polished sample; 6, B — reflected light.

reMaTuT. BropocTenenHslie U peKue MUHEPabl peji-
CTaBJICHBI aPCEHOMUPUTOM, IMUPPOTHHOM, TCHHAHTH-
TOM, MUHEpajlaMH BHUCMYTa, aKaHTHUTOM M CaMOpPOJ-
HBIM 30JI0TOM.

Paznuyarorcst Tpu MOp(HOIOTHYECKUX THIIA TTH-
puta: 1) kpymHble (10 5—6 MM) 3Bre/ipaibHble U CyO0-
reJpajgbHble TPEIIMHOBAThIE, TOPUCTHIE KPUCTAIUIBI C
HEPOBHBIMU KPasiMd U MHOTOYHMCIICHHBIMH BKJIIOYCHU-
SMH; 2) TOYKOBHUIHBIE 3epHa pazmepom 10-50 MKM B
XaIBKOMIMpPUTE, 3) 3BrefipalibHble KPUCTAJUIbI B Xallb-
KOTIMPHUTE W KUIbHON Marpuue (1o 20 Mxm). Xaib-
KOITUPUT BBIMOIHIECT TPEIIUHBI B TUPUTE M MEXK3Ep-
HOBOE MPOCTPAHCTBO B HEPYIHOW MaTpuile, oopasyer
SMYJIbCHOHHYIO BKpPAIUIEHHOCTh, HanOojee pa3BUTYIO
10 TIepUMETPY M TpetnHam chaneputa. ChanepuT Ha-
XOJIUTCSl B CPACTAHUH M BKJIIOYCHUSX B XAJILKOIMTUPUTE
(mo 30 mxm), mupure-1 (70 50 MxM), 00pasyeT mpoceu-
KM U PEJIKO PAa3BUBAETCS IO TPAHUIIE 3€PEH XaJIbKOTIH-
puta. B xumuaeckom cocrase canepura nprcyTCTBY-
et npumeck Fe (1.89-4.9 mac. %), Cu (0.41 mac. %),
Mn (0.22-0.34 mac. %) (Tabm. 1).

TOHKO3EpHUCTBII MAPTUTU3UPOBAHHBIA Mar-
HETUT DPa3BUBAETCS BOKPYT 3€pPEeH XaJIbKONMHpPUTA Ha
KOHTaKTe€ C HEPYJIHOW MaTpUIleil, BBINOIHSIET TPEIIU-
HBl B MMUPHUTE M XAIBKOITUPUTE, 00pa3yeT BKIIOUCHHS
B ctanepure, nupure-1, XaNbKOIUpPUTE, TaJCHHUTE,
BUCMYTOBBIX MHHEpajax. [emMarur oOpasyeT TOHKHE
BKJIIOUEHHUS B MHPHUTE, canepuTe U XaJbKOMUPUTE U
cpacTaHus ¢ XaJbKOMHPUTOM, TAJIEGHUTOM U HEPYIHBI-
MU MHHEpaIaMu.

BucmyToBas MuHepaiu3anys npejacTaBieHa ca-
MOPOJIHBIM BUCMYTOM, cyibdoconsimu Ag-Bi, Ag-Pb-
Bi, Pb-Bi, Cu-Bi, Cu-Pb-Bi, cynsporemnypunamu Bi.
Munepansl BUCMyTa 00pa3yloT CIOXKHBIE CpacTaHUs
MeX1y co00i, a Tak¥Ke C XaJIbKOIIMPUTOM U TaJICHUTOM
(puc. 50, B; puc. 6a—n).

Camoponusiit BucMyT (Bi 97.88-99.7 mac. %)
MIPUYPOUEH K KpasiM 3€PEH rajeHnTa, KOHTAaKTaM MUpPH-
Ta C TAJIEHUTOM U 00pa3yeT BKJIIOUEHHS B MMUPUTE, T/Ie
OH MOXeET cpacTarbcs ¢ raneHuToM. CaMOopoHbIH BHC-
MYT BCTpEUAETCs PEAKO, 00pa3yeT 3epHa ¢ OTU3KUMU K
M30METPUYHBIM ceueHUsIMU. PasMep 3epeH He MpeBbI-

MUMHEPAJIOTVA/MINERALOGY 11(1) 2025
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Tabnuya 1
XHUMH4YeCKHI COCTAB OCHOBHBIX PYAHBIX MUHepa1oB (Mac. %)
Table 1
Chemical composition of major ore minerals (wt. %)
Ne n/m | Ne ananmza | S | Mn | Fe | Cu | Zn | Cymma | Kpucramioxumuuaeckas popmyiia
IIupur
24370f | 5298 | - | 47.02 — - 100.00 Fe1.02S2.00
2 24370b 53.15 | — | 46.85 - - 100.00 Fe101S2.00
24437r 52.69 | — | 47.09 - - 99.79 Fe.03S2.00
XanbKOMUPUT
4 24437h 3404 | — | 30.87 | 35.09 - 100.00 CuysFer.04S2.00
24433d 3490 | — |30.24 | 34.71 - 99.85 Cuy.00F€0.99S2.00
Ccdanepur
6 20087c 33.10 | 0.34 | 49 - 60.79 | 99.12 (Zno.90Fe0.0sMn0.01)0.99S1.00
7 20087d 3341 | 0.22 | 4.27 — 62.09 | 99.98 Z1o.91Fe0.07M10.004)0.99S1.00
8 20087a 3299 | - 271 | 041 | 63.34 | 99.46 (Zno.94F€0.05Cu0.01)1.00S1.00
9 24437j 33.56 | — 1.89 - 64.50 | 99.95 (Zno.94Fe0.03)0.97S1.00

Ipumeuanue. Kpucramnoxumuueckue hopmyiibl paccuntansl Ha S = 1 (cdaneput) u S = 2 (MUPHUT, XaTBKOIHPHT).

3neck u B Ta0II. 2, MpoUYepK — HEe OOHAPYKEHO.

Note. The crystal chemical formulas are calculated for S = 1 (sphalerite) and S = 2 (pyrite, chalcopyrite). Here and in

Table 2, dash — not detected.

maet 10 mxM. B ero cocraBe uHorma npucyTCTBYeT He-
oomnpmas npumeck Fe (1.58 mac. %), Bo3MOXHO, U3-3a
€ro HaxOXKJCHHS B TUPHUTE.

Hawnbomee pacmpocTpaHeHHOH sIBISIETCS Cep-
BEJUIEUT + BUTTUXEHUT-TaJCHUT—-MaTHIbINT—alKN-
HUTOBAsl acCOIMAINSA, PACIpPOCTPAHEHHAs B XallbKO-
MUPUTE WIX HAa KOHTAKTE XaJbKOMUPUTA C TMHPUTOM
u kBapueMm (puc. 6a—nu). Cepemnent (?) AgsTeS 00-
pasyeT U30METPUYHbIC BbIIEJIeHUS pazMepoM 10 MKM
Ha KOHTAKTC aKWHWUTA C MATHIBIUTOM (pHc. 6T, n).
B cocraBe cepBementa ycraHosieHa npumech Cu
(5.44-5.6 mac. %), 9TO OTIMYAET MUHEPAJ OT CEPBEII-
nmeuta U3 Mecta nepoi Haxoaku (Criddle et al., 1989)
1 OJIN3KO K CEPBEJUIEUTY M3 HEKOTOPHIX KOTUETaHHBIX
Mecropokaennii (Novoselov et al., 20006).

Marunsautr AgBiS, — onun u3 Hamboree pac-
MPOCTPAHEHHBIX BHCMYTOBBIX MHHEPAJIOB, OH 00pa-
3yeT pemieTdarsie, N30METPUYHBIC, CIOKHBIC, HHTEP-
CTHUIIMOHHBIE BBIIEJICHUS B aCCOIMAIMU C TaJICHUTOM
1 alKHHATOM B XaJbKOTIUPHUTE (pHC. 6a—11), Ha KOHTaK-
T€ XaJIbKONHPUTA C MUPUTOM H c(ajepuTa ¢ HEpya-
HOM MaTrpuliel, pexe pa3BUT MO TPEIIUHAM U B BUJIE
BKJIIOYEHUH B mupute. s MaTuibauTa XapakTepHa
CTPYKTypa pacrmajia C TAJICHUTOM U BKJIFOUEHUS BUTTH-
xeHuTa. Pazmep 3epeH MaTwibauTa J0cTUuraet 20 Mxm.
B xumuueckoM coctaBe npucyTCTByeT mpumech Fe
(0.54-1.78 mac. %) u Cu (0.37—1.54 mac. %) (Tabm. 2).

MUMHEPAJIOTVIAI/MINERALOGY 11(1) 2025

Aiikuaut PbCuBiS; mmpoko pacmpocTpaHeH,
ACCOLMUPYET C XaJIbKOMUPUTOM, TalleHUT-MaTHIIbIN-
TOBBIM TBEPIBIM PACTBOPOM, CEPBEIUICUTOM W BUTTH-
XCHUTOM (pucC. 6a—m). 3epHa alKHHHUTA XapaKTepPH3y-
IOTCSl MHTEPCTULIMOHHOW, W30METPUYHOMW, CJIOKHOM
dbopmoii. MuHepan oOpa3yeT CPOCTKH C XaJTbKOITHPH-
TOM, BBITIONTHSET TPEIIUHBI B MIUPUTE U HEPYTHOU Ma-
TpHIIE Ha KOHTaKTe co canepuroM. Pazmep 3epeH co-
cTaBisieT 0kojo 50 MKM, Ha KOHTaKT€ XaJbKOIHUPUTA
C KBapleM OTMEUAaIOTCsl OT/AEIbHBIE 3€pHA pa3MepoOM
120 mxM. B cocTaBe allkuHUTa IMarHOCTUPOBAHA MPHU-
Mmech Ag (3.79 mac. %), Te (0.94 mac. %) u Fe (0.28-
0.54 mac. %) (tabm. 2).

Burtuxenut Cu;BiS; muarnoctupoBaH B BHIE
BKITIOYEHHS B CIIOKHOM CPOCTKE TaJIeHUTa, MATHJIIb/IN-
Ta W aikuHUTa (pUC. 6a—B). Takke BUTTUXECHUT pas-
BHBAETCS IO TPEUIMHAM WU IEMEHTHPYET UX B Xallb-
KOIIMPHUTE C JIPYyTMMH MHHEpalaMHd BUCMYyTa. 3epHa
UMEIOT BBITSHYTYIO, CIOXHYI0 (opMy U pasmep 0
20 mxM. B xumMuueckoM cocTtaBe MOXKET MPUCYTCTBO-
BaTh Pb (3.9 mac. %), Fe (0.69-1.94 mac. %), Ag (1.04—
1.58 mac. %) (tadm. 2).

CepeOpo-CBHHEII-BUCMYTOBBIC cynbhocoau
MIPEJICTaBICHBI TYCTABUTOM, ITUPMEPUTOM U AICKUMOH-
toM (?). I'ycraBut PbAgBi;Ss numarnoctupoBan B BUjie
aHrepalibHOro0 BKItOYeHUs: pazmepoMm 10—-15 MxMm B
cthanepure (puc. 6e). [upmepur AgPb,BisS; (?) u
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Puc. 6. B3anmMooTHOIIEHHE MUHEPAJIOB BUCMYTa MEXly cO00H U ¢ cynbhuaamu HazapoBCKOro MECTOPOXKICHUS: a — CPOC-
Tok aiikunHuTa (Aik), ragenura (Gn), marnnpauta (Mtd) u BurTnxenura (Witt) Ha xoHTakre nuputa (Py) ¢ xampkonupuTom
(Ccp); 6 — CPOCTOK BUTTHXEHUTA C MATUJIBIUTOM U I'JICHUTOM Ha KOHTAKTE IIUPUTA C XaJIbKOMPHUTOM M BbIJIENICHUE alKMHUTA
Ha KOHTAKTe XaJIbKOITUPHTA C HEPYIHOM MaTpHIel; B — CPOCTOK T'aJIeHUTa, BATTUXCHNUTA, alKMHUTA U MaTWIIBANTA HA KOHTAKTE
XanpKonupura ¢ kBapueM (Q) n okcunamu xenesa (Fe-O); r — cpoctok cepsesutenta (Crv), MaTHIIbUTA, AHKMHHUTA ¥ TAJICHUTA,;
Jl — CPOCTOK aiiKuHUTA, canepura (Sph), rajneHnTa, cepBeiuienTa U MaTHIbUTa B XaJIbKOIIUPUTE; € — BKIIFOYEHHE TYyCTaBUTa
(Gus) B canepure.

CBM doro.

Fig. 6. Relationship of bismuth minerals with each other and with sulfides of the Nazarovsky deposit: a — aggregate of
aikinite (Aik), galena (Gn), matildite (Mtd), and wittichenite (Witt) at the contact of pyrite (Py) with chalcopyrite (Ccp); 6 —
aggregate of wittichenite with matildite and galena at contact of pyrite with chalcopyrite and inclusions of aikinite at the contact
of chalcopyrite with gangue matrix, B — intergrowth of galena, wittihenite, aikinite, and matildite at the contact of chalcopyrite
with quartz (Q) and iron oxides (Fe-O); r — intergrowth of cervellite (Crv), matildite, aikinite, and galena; n — aggregate of

aikinite, sphalerite (Sph), galena, cervellite, and matildite in chalcopyrite; e — inclusion of gustavite (Gus) in sphalerite.

SEM images.

ackuMouT Ag;PboBiisS;6 (?) BeTpeuatorest peako, 00-
pasyIoT U30METPHUYHEIC BKITFOUEHUS pazMepoM 20 MKM
B XaIbKOMHUpUTE (MIHUPMEPUT) B pazmepoM 10 MKM B
MApUTE (3CKUMOWNT). B 3CKMMONTE MMPUCYTCTBYET TPH-
mech Fe (2.21 mac. %), BOBMOXKHO, M3-32 €r0 HaXOX-
JICHUs B IUPUTE ¥ MAJCHBLKOTO pa3Mepa camoro 3epHa
(Tabm. 2).

Kozamut Pb,Bi,Ss oOHapykeH B BHIE OIHO-
TO 3epHAa KarieBUIHOW (opMbI pazmepoMm 150 MkM B
KBapieBoM mpoxuike. Comepikanme cepedpa B cocra-
Be MuHepana gocruraet 4.35 mac. % (tadm. 2).

Cynb(oTenmypuibl BECMYyTa MPeICTaBIeHbl HH-
rogutoM (Bi,TeS), KoTophIii mUarHOCTHPOBAaH B TOH-
KOM CpPOCTKE C TaJICHUTOM U dJIeKTpyMoM (Au 66.13—
68.34 mac. %, Ag 31.48-33.54 mac. %) B BuIe BKITIO-
yeHus B nupute. Pazmep 3epHa okono 5 MkMm. B xumu-
YECKOM COCTaBe MUHEpasa MPUCYTCTByeT nmpumech Fe
3.35 mac. % (Tadm. 2).

Kpome coOCTBEeHHBIX MHHEPAIIOB BUCMYTa, IPH-
Mech Bi mpuCyTCTByeT B TajleHUTe W TeHHAHTHUTE. [ a-
JIEHUT 00pa3yeT CpacTaHMs C XaIbKOTTUPUTOM, BBITION-
HSIET TPEIIHBI ¥ BKITIOUSHHS B upute- 1, cpanepure n

MUMHEPAJIOTVA/MINERALOGY 11(1) 2025
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Tabnuya 2

XHUMHYeCKHIi cOCTaB BUCMYTCOAEP KAIIMX MHHePaI0B M MiuHepaioB Bi (mac. %)

Table 2

Chemical composition of Bi-bearing and Bi minerals (wt. %)

. /?'1 aHifH?,a S Fe | Cu | Ag | Pb | Bi |Zn| As | Te |Cymma Kpucramioxumuueckas popmyiia
Maruinsaur
1 20154a|17.08|1.45| 0.40 |27.99 — 52.98| — — — 9991 (Ag0_97cuO_02)0_99(Bio_gsFeo_10)1_0582_00
2 |20154b|16.98|1.03| 0.82 |28.48| — |53.27| — | - — 1100.59 (Ag1.00CU0.05)1.05(B10.96F €0.07)1.03S2.00
3 20154g 16.98 — 1.54 [28.96 — 53.05| — — — 100.52 (Agl_01CHO_09)1_1Bi0_9682_00
4 |20154d|16.53| — — |28.27| — |55.03| — - - 199.84 Ag.02Bi1.02S2.00
5 24437b(16.93|1.78 — 29.48 — 51.69| — — — 99.88 Agl,04(Bi0,94Feo,12)1‘0682,00
6 244370°(17.2010.80 | 1.21 |29.05 — 51.54| — — — 99.81 (AglAooCll()‘(n)1‘07(Bi0,92F60‘05)0A97Sz00
7 | 244371|17.05| — | 0.37 [3045| — [52.04] — | — - 199.92 (Ag1.06CU0.02)1.08B10.94S2.00
8 24437g 16.91/0.54| 1.27 |29.00| — |51.70| — - — 99.42 (AgLozCllo‘og)],]0(Bio,94FCo,o4)o,9gSz,oo
9 |244331|16.15| — | 1.16 |30.01| — |52.68| — | — — 1100.01 (Ag1.10CU0.07)1.17B11.00S2.00
10 |24433e|17.16| — — [29.79] — [52.84| — — - 199.79 Agi.03Bi0.0sS2.00
AWKHHUT
11 20154e | 16.53 — 11.27| 3.79 133.05|34.84| — — 0.94 (10041 CU1,03(Pb0,93Ag0,20)1‘13(Bi0,97Teo,04)1,01S},oo
12 |20154h|16.85| — |11.66| — [34.54/36.58| — - - 199.65 Cu 05Pbo.osBi1.00S3.00
13 | 24433f|16.18| — |11.74| - 41.37|130.46| — | — - 199.76 Cuy.10Pby.19Bi0.87S3.00
14 |24433k|16.06| — |11.88] — [41.37/130.88| — | — — 1100.20 Cu,.12Pb) 20Bi0.89S3.00
15 |24437d(15.86|0.54 |11.92| — [41.40[30.15| — | — - 199.86 Cu,.14Pb1 21 Feo 06Bio.ssS3.00
16 |24437k|16.24]0.28 |11.62| — [41.07]30.69| — - - 19991 Cu, 0sPby.17F€0.03Bi087S3.00
17 [24437p 1598 — |11.85| — 141.42[3042| — | — - 199.66 Cu,.12Pb1.20Bio.ssS5.00
Burtuxenur
18 201541119.48|0.69 |38.99| 1.58 — |38.96| — — — 99.70 (CU3,03Ag0407)3,|()(Bio,ngCo,o@)o,ggS},oo
19 24437q 19.15]1.94 140.15 — — |38.58| — — — 99.82 CU3_17(Bi0_93F60_17)1_1083_00
20 244371 118.93|1.40 (40.18| 1.40 - |38.20| — — — 100.10 (Culz]Ag0407)3,23(Bi0,93Feo,13)],0683,00
21 |24433m|18.31[0.91 [40.71| 1.04 — |38.87| — — — 99.85 (CU3,37Ag0‘05)3,42(Bi0,98Feo,09)1.0683,00
22 244331 | 18.81 — 38.11| 1.18 | 3.9 |37.95| — — — 99.94 (CU3,07Ag0406)3_13(Bio,93Pbo,|0)1,03S3,00
I'ycraBut
23 [20087b]17.19] — | — [10.18]19.00[53.62] — | — | — [100.00] Ag106Pb1.03Biz87S6.00
MMupmepur
24 [20154c|16.70] — | — [5.61[32.73[44.77] — | — | — [99.80 | Ago70Pb2.12Bi255S7.00
DCKUMOUT
25 [24370a]15.53[2.21] — [9.98 p4.74/47.42] — | — | — [99.88 | Ag5s(Pbs ssFe204)11.5Bi16.57S36.00
Kozamur
26 |24433j 11758 — | — [4.35[36.77]38.16] — | — | — [96.86 | (Pb1.6xAL037)1.09Bi1.67S5.00
Wuronut
27 [24433p] 5.18 [335] — | — [ = [70.65] — | — [20.86]/100.04] BisoFeosTero1S1.00
Tanenur
28 |24437¢(12.99]0.40| 1.06 | 1.84 |82.16| 2.46 | — - — [100.91 (Pbo.9sCu.04AZ0.04Bi0.03F€0.02)1.11S1.00
29 |24437m|12.77| — — | 1.49 83.51] 192 | — | - — 199.68 (Pb1.01AZ0.03B10.02)1.0651.00
30 |24433n|13.27 — — 1.24 185.19] - — — — 99.69 (Pbo_ggAgo_m)l_ozS]_oo
31 24433g 13.53 — — 2.21 [83.94| - — — — 99.68 (Pb0‘96Ag0A05)1,olsLoo
TenHaHTUT
32 [244370(27.93|3.4841.00| 0.85 — — 6.23120.07| — 99.56 (CUQ_(,3Ago_12)9_75(Z1’11,42FC()_93)2_35AS4_0813
33 |24433b(26.08[3.49|41.42| — [1.26] 1.21 |5.62]20.46] — | 99.54 |Cuio42(Zn;37F€10Pbo.1)2.47(AS436B10.09)4.45513
34 24433¢ [25.55|3.41|41.80 — 1.67| 2.86 [6.08(18.42 — 99.79 CU,10A73(ZI'11,52Fe1‘()Pb(),13)2,65(AS4‘01Bio‘22)4‘23s13

Ipumeuanue. Kpucrammoxumuueckue GpopMyIibl paccuutansl Ha S = 1 (rajgeHuT, uHroaur), S = 2 (MatuisauT), S =3
(BUTTHXEHUT, aKUHUT), S = 5 (Ko3anuT), S = 6 (rycraBut), S = 7 (mmpmepur), S=13 (TeHHaHTHT) U S = 36 (3CKUMOMUT).
Note. The crystal chemical formulas are calculated for S = 1 (galena, ingodite), S = 2 (matildite), S = 3 (wittihenite,
aikinite), S = 5 (kozalite), S = 6 (gustavite), S = 7 (schirmerite), S=13 (tennantite), and S = 36 (eskimoite).
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HepyaHOU MaTpulle. B Bu/e BKIIOUEHUH B TUPUTE rajie-
HUT 00pa3yeT Kak OJTHOPOJHBIE 3epHA, TAK U CPACTAHUS
C CaMOPOJIHBIM 30JIOTOM W WHTOJUTOM. ['aleHuT Taxke
dhopmupyeT cyorpadudeckne cpacTaHUS ¢ MaTHIIBIN-
TOM B acCOIMAIMM C AMKMHUTOM W XaJbKOIMHPHUTOM.
B ranenute mpuCyTCTBYIOT TOHKHE BKITIOYEHHUS chae-
puTa, XaIbKOIMPUTA, TUPUTA-3, MAaTHETHTA, TeMaTHTa.
Pasmep 3epeH raneHHnTa CHIIBHO BapbUpYET, JOCTHUTAs
100 mMmxM. B XmMmdeckoM cocTaBe TajieHHWTa, acco-
MUUPYIOMEM C MHUHEpaJlaMd BHCMYTa, OIPEIeNeHBI
npumecu Bi 1.92-2.46 mac. %, Ag 1.24-2.21 mac. %,
Cu 1.06 mac. % u Fe 0.4 mac. % (Ta0mn. 2).

TennanTuT 0Opa3yeT peakIMOHHYIO KaiiMy MOIII-
HOCTBIO0 /10 10 MKM MEX]Ty apCEHOIMUPUTOM U XaJIbKOTIH-
puToM. XUMHUYECKUN COCTaB OTBEYACT TCHHAHTUTY-(Zn)
(Biagioni et al., 2020), B KOTOpOM aTOMHBIEC OTHOIIICHHS
Zn / (Zn + Fe) Bappupyrot B muamazone 0.58—0.60. [Tpu-
Mech Bi mocturaer 2.86 mac. %, Pb —1.67 mac. %, Ag
—0.85 mac. % (tabm. 2).

OBCYXXIAEHUE U 3AKJIFOYEHUE

BucmyToBas MuHepanmuzanus SBISETCS THIIO-
MOP(HONH IJIT MECTOPOXKICHHUHA, aCCOIUUPYIONMNX C
WHTpY3UBaMHU KHcJIoro coctaBa (/yHwH-bapkoBckas,
1978; Mladenova et al., 2001; Cook, Ciobanu, 2004;
Dimitrova, Kerestedjian, 2006; Ciobanu et al., 2010;
Bbemory6 u np., 2010; Kotodziejezyk et al., 2015; Ilmen
et al., 2016; Ilpubaskuu u np., 2018; SAtumoB u mp.,
2019; Kacarkwa u 1ip., 2023), B TOM YUCIIE A CKapHO-
BBIX 00BheKTOB. Hamu BriepBhie aiis HazapoBckoro me-
CTOPOXKJIEHHUS U B TesioM Tt O3epHHHCKOTO PYTHOTO
y3J1a OXapaKTepU30BaH MIUPOKHUH CIIEKTP CYIb(ocoIe
BHCMYTA.

TemriepaTypHbIM penepoM HM3yUYEHHOU pPyaHOU
ACCOIIMAITIH SIBIISIETCS] CAMOPOIHBIN BICMYT, TEMIIepa-
Typa TuTaBIeHus Kotoporo coctasisieT 271 °C. Taxxke
B Ka4eCTBE WHAMKATOpa TEMITepaTyphl MOKHO paccMa-
TPUBATh TaJCHUT-MaTUIBIANTOBBIN TBEPHABI pPacTBOD,
KOTOPBIX SIBIISIETCSI HEOTPAHWYCHHBIM TP TEMITEpaTy-
pax Bermre 216 °C (Usunesa u np., 1988; Foord, Shawe,
1989). B m3ydeHHBIX pymax TJICHHUT COACPKUT TIPH-
Mech Ag 1o 2.21 mac. % u oOpasyeTt cybrpaduueckne
CpacTaHus C MaTHIIBIUTOM, YTO CBHJIETEILCTBYET O CY-
IIECTBOBAaHUH TBEPJIOTO PACcTBOPA, T. €. O TeMIIeparype
(hopMHUpOBAHUS dTOW MUHEPATTN3AINH, TIPEBHITIAIOIICH
216 °C u ero nocneayromeM pacranae. Huskas akTus-
HOCTh TeJUTypa B pylax MOATBEPIKIAETCS PEIKUMHU
HaxoIKaMH CYJIb(OTEIUTYPHIOB BUCMyTa (HHTOINUT) U
cepebpa (cepBeIENT) W OTCYTCTBHEM COOCTBEHHO
TEJUTypUIOB.

O6pazoBanue cyrpGUIHBIX pyn HazapoBckoro
MECTOPOXKJICHUS] C BUCMYTOBOM MUHEpau3aiuen, co-
TJIACHO pe3yabTaTaM H3Y4eHHUs (IIFOUTHBIX BKITFOUE-
HUAW TIPOUCXOIWIIO TIpU Temmeparypax 360-245 °C u
coneroctu (arouma 9.9-7.5 mac. % NaCl-3kB. u xJ10-
PUIHO-MarHHEBO-KaJINEBOM ¥ XIJIOPHIHO-KEIE3UCTOM
comeBoM coctaBe (MynkoHoB, JlammuaoBa, 2023).
B otoM psmy, yuuThIBas OCOOEHHOCTH CTPYKTYPHI
PyaA, BUCMYTOBBIC CyIb(oconmn popMUpOBaIIUCEH Ha 3a-
BepIaroel Hanbojee HU3KOTEMIIEPATypHOH CTaTuu
(hopMHUpOBAHUS KL

Cynsbuanasie pyasl HazapoBckoro MmecTopoxie-
HUS SBISIFOTCS TPOAYKTOM CKapHHUPOBAHHS THAPOTEP-
MaJIbHO-0CaI0YHBIX Py BOIU3M TPAaHUTOUTHON HHTPY-
3un (bycnenko, Koanes, 1975). KontakToBbie n3MeHe-
HUS IPUBETH K IEPEKPUCTAILTU3AINH Py U UX 9aCTHY-
HOHM pereHeparuu. [logoOHBIE TEepPEKPHCTAIITH30BaH-
HBIE CYNb(OUIHBIE PYIBI N3BECTHBI HA PSJIE PYIOIPOSB-
JIeHU# pailoHa, B TOM YHCJIE UMEIKTCS UX JIOKAJbHbIC
MPOSIBIIEHUS Ha TUTAaHTCKOM O3€pHOM MECTOPOXKICHUN
(JdammunaoB m mp., 2023; HammuaoBa u ap., 2023), Ha
KOTOPOM TI0 TAHHBIM HCCIIEOBAHNH (DITFOMTHBIX BKITIO-
YeHWH W3 KBapla MePeKprUCTAINIH3AINS Py POHCXO-
nva B mpeaenax temmeparyp 535-200 °C (JlammuHoBa
u np., 2023). BucMmyTtoBas MuHepamu3aius B pynax Ha-
3apOBCKOTO MECTOPOXKICHUS SIBISETCS, BEPOSTHO, TIPO-
JTyKTOM HAJIOKEHHOTO CKapHOBOTO dTarra.
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