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AHHOTAIUSA
Bsedenue: B Koxumckom paitone [pumosnsipaoro Ypana MuUHEpaibl MEAN IIHPOKO PACTIPOCTPAHEHBI B T10-
pOAax pa3IMIHOTO T'EHE3NCa, COCTaBa M BO3pacTa. Bo Bcex MpOSABICHMAX METHOM MUHEpAIN3alii BMEIIAf0-
LIME TIOPOABI XapaKTePH3YIOTCsI TOBBILIEHHBIM coziepxaHueM cepedpa. Llenbio paboThl siBIsieTCs yCTaHOBIIE-
HHE TUIOMOP(HBIX ¥ TEOXUMHUYECKHX OCOOEHHOCTEH cepedpocoiepKaIliX CyIb(GHIOB U OKCHAOB MEIH.
Memoouxa: N3yuensl Mopdosorudeckue 0COOEHHOCTH M XMMUYECKUI COCTaB MHHEPAJIOB MEJIU U Cepe-
Opa n3 HapoauHcKoro ypaH-MeqHOTO pyIOIPOSIBICHHS B 30HE KOHTAKTa MarMaTHYECKUX MOpoa GpyHaa-
MEHTa U METaTepPUTreHHBIX HIKHEOPIOBUKCKUX OTIOXKeHuil MeTogqoM EPMA (351eKTpOHHO-30HI0BOTO
MHUKpOaHaIu3a).
Pezynomamui u 06¢cysrcoenue: OCHOBHBIM MUHEPATIOM-KOHIIEHTPATOPOM cepedpa SBIISIETCS paHee HeU3BECTHBIH
Ha [Ipunonsipaom Ypane cepebpoconepskamuii KoBeuH. Taxke cepeOpo 00pa3yeT MUKPOBKIIIOUCHHS aKaH-
TUTa B MaJlaxuTe ¥ JaHruTe. MBI noslaraeM, 4To B HAIIEM CIydae MOIVIA UMETh MECTO (hH3HUKO-XUMHUYECKAs
MOyIeNb 00pa30BaHMs THIIEPIeHHBIX MUHEPAJIOB cepedpa MPH yYacTHH IIEJIOYHBIX «TPAaHOINOPUTOBBIX» HIIH
«0a3aJIbTOBBIX» BOJI, (POPMUPYIOIIMXCS IPH B3aUMOICHCTBIM aTMOC(EPHBIX BOJ] C COOTBETCTBYIOLIMMH MOPO-
namu. CTaIuitHOCTh MHHEPAJIO00Pa30BaHUS XOPOIIO MILTIOCTPUPYET MpUMep 00pasiia, B KOTOPOM HCXOTHBIH
XaJIBbKONMPHT ¢ HE3HAUUTEIBHBIM COJIepKaHIEM cepedpa, B pe3ysIbTaTe OKHCIICHHS B 30HE THIIepreHesa mpe-
o0pazoBajics B KOBEJUIMH M MajlaxuT. Ha GMM3KuX K TOBEPXHOCTH M TPEIIMHOBATHIX Y4acCTKax 3epeH Mpeod-
pa3oBaHUs IPUBENN K BBICBOOOXKACHUIO cepedpa 1 MOABICHUIO aKaHTUTa U CAaMOPOIHOTO cepebdpa.
3axntouenue: YcTaHoBIIECHBI (DOPMBI HAXOXKAECHHUS cepebpa B MuHepanax meau HaponuHckoro ypan-men-
HOTO PYAOTPOSBICHNUS B 30HE KOHTAKTa MarMaTUYECKHX MOPOJ PyHAaMEHTa U METaTePPUTECHHBIX HIDKHE-
OPAOBHUKCKHX OTIOXeHMH. BriepBrie Ha [Ipunonsipaom Ypane oOHapyeH cepedpocoiep Kalinii KoBe-
sH. ClienaHo MpeArnookeHne, 4To cepedpocoeprkaliii KOBEUIHH U CyIb(uabl cepedpa oOpa3oBaich
B pe3yJbTaTe €ro BHICBOOOKAEHHS IIPH 3aMEIICHUN CYIb()UI0B MEIH MaJlaXHUTOM U JIAHTUTOM B PE3yJIb-
TaTe TUIEPreHHOTO OKUCIICHNUSI.
KaioueBnie ci1oBa: cepeOpo, KOBEIUINH, ypaH-MEIHOE Py IoIposiBieHue, IIpumnonsapHsrii Ypai.
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Ipeli3eHOBO-THAPOTEPMATBEHOTO TEHETHIECKOTO THIIA, MO-
0ICHOBOH M METHO-YPaHOBOW T'MAPOTEPMAIBHOTO ILTY-
TOHOTEHHOT'O TEHETHYECKOT0 THITa Py IHBIX hopmaruii. [To
JITAaHHBIM I'€0JIOT'0-CheMOYHBIX paboT, C TOMOIIBIO TTOJYKO-
JIMYECTBEHHOTO CIEKTPaJIbHOTO aHalu3a YCTAaHOBIEHO,
YTO BO BCEX MPOSBICHUSAX MEIHON MUHEpaIM3alli BME-
IIAIOIINE TOPOABI XapaKTEPU3YIOTCS MOBBILIEHHBIM CO-
nepkanueMm cepeobpa [1]. OCHOBHBIMEH MHHEpaTaMu-KOH-
LeHTpaTopaMu cepedpa CUYHUTAIOTCS NHPHUT, cdanepur,
XaIBKOIIMPHT, TallCHUT, OOPHUT, XaJIbKO3WH W OJIEKIIBIC
pyast [2]. Llenbto paGoThl ABISETCS YCTAHOBICHUE THIIO-
MOpP(GHBIX UM TEOXHMHUYECKHX OCOOCHHOCTEH cepedpoco-
Jiep KaIuX CyJIb(GUI0B U OKCHOB MEIH.

I'eosiornueckoe noJioskeHue
Hapoaunckoro pyaronposiBieHust

VYpaH-MeqHOe pyAONpOsIBICHHE, PACIIONOKEHHOE Ha
BOCTOYHOM CKJIOHE Xp. ManibIHbIpa, BOMM3u 03. Mai.
BbanbaHTHl B 30HE KPYITHOTO CyOMEpUIMOHAIBHOTO pas-
JIOMa ¥ IPUYPOUYCHO K TEKTOHNYECKOMY KOHTAKTYy cliara-
IOLIMX CEeBEpHYI0 yacTh HaponmHckoro maccuBa rpaHu-
TOB CaJbHEPCKO-MaHbXaMOOBCKOro (yV>—€1sm) KoMm-
IUIeKCa, KCEHOJIUTOB MIIM MHTPYJMPOBAHHBIX O0JIee 031~
HAMH TpaHUTaMH Tel rabdbpo m radbOpomoieputos Oa-
3aJIbT-OJIEPUTOBOM (hopMaIu TapHyKCKoTo (8, vV2p)
KOMILJIEKCa, W HIDKHENAaJIC030MCKOH 00CHU3CKON Iecya-
HUKO-TPaBEIMTOBOM Touum (puc. 1).

Puc. 1. Cxema reooruaecKoro CTpoeHus I0XKHON 9acTu Xp. ManasHEIp, ¢ m3MeHeHnsMH (110: [1]): 1 — caneackast cBuTa: eCYaHUKH,
AJIEBPOJIUTHI, CJIAHLbI; 2 — obeuscKasi CBHTA: MCETAKOHIJIOMEPAThI, METAIrPaBEIINThI, METAIIECCUAHUKH, 3- ca6neropc1<aﬂ CBHUTA: pUO-
JIUTHI, TyCI)LI nu J'IaBO6peK‘lI/II/I KHCJIOrO COoCTaBa, 4 — MOPOHHCKas CBUTA: CIaHILbl, aJIEBPOCIAHIbI, METAAJIEBPOJIUTHI; 5 — xobeunHCcKast
CBHUTA: KBApUUTHI, METAIIECUAaHUKHU, METAAJICBPOJINTHI, CJIAHIIbI; 6 — HyﬁBPIHCKaﬂ CBHUTA: CJIaHLBI, JOJIOMUTLI, KBAPILUTHI; 7 - MMapHyK-
CKHIii KOMILIEKC: rab0po, rabopomonepuTsl; 8 — calbHEPCKO-MaHbXaMOOBCKHI KOMIUIEKC: JEHKOTPaHUThI, FPaHUT-TIOpGHpbI; 9 — reo-
JIOTHYECKHE TPAHUIBL: @ — COTJIACHBIE U IPaHUIIEI HHTPY3UBHEIX Tell; 6 — HecoryacHble; 10 — pasmomsr; 11 — Mecto ot6opa mpoOsL.

[Fig.1. Schematic geological map of the southern part of the Maldynyrd ridge, with changes: (according to: [1]): (1) — Saled Formation:
sandstones, siltstones, shales; (2) — Obeiz Formation: metaconglomerates, metagravelites, metapeschanics; (3) — Sablegorskaya formation:
rhyolites, tuffs and lavobreccias of acid composition; (4) — Moroinskaya formation: shales, siltstones, metaaleurolites; (5) —Hobeinskaya
formation: quartzites, metapeschanics, metaaleurolites, shales; (6) — Puivinskskaya formation: shales, dolomites, quartzite; (7) — Parnuksky
complex: gabbro, gabbrodolerites; (8) — Salner-Mankhambovsky complex: leucogranites, granite-porphyry; (9) — geological boundaries:
between units with conformable bedding, and boundaries of intrusive bodies (a), unconformity (b); (10) — faults; (11) — sampling site.]
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Cepebpo 6 munepanax meou Hapoounckoeo ypan-meonozo nposienenus (Ipunonspusiti ¥Ypan)

B nmopogax mmpoko MposIBIEHBI MPOLECCH PACCIIAH-
LIeBaHUs U KaTakia3a. MuHepaau3oBaHHas 30Ha, MOIIHO-
cThio OKoJIo 10 M, IpOTATHBAETCs BAOJIb MEK(pOpMalu-
OHHOT'0 KOHTaKTa B CyOMEepUANOHAIHHOM HalpaBJICHUH B
nopojax o0OMX CTPYKTYPHBIX 3Taxel. B paciannosan-
HBIX T'paBeJIUTaX 00EN3CKOI CBUTHI M IPAHUTAX CaJbHEP-
CKO MaHbXaMOOBCKOI'O KOMIIJIEKCA MeJHasi MUHEepaau3a-
LUl IPEACTaBICHA PACCESHHON BKPAIZICHHOCTHIO Xallb-
KOIMPHTA, XaJIbKO3UHA, OOPHHUTA, MTUPUTA K BTOPUUHBIMH
MUHEpaJlaMH: IIJICHKAMH MEIHOW 3€JCHH, MaJaxhuToM,
a3ypuTOoM, JJaHTUTOM. HaMu ObuTH 0TOOPAaHBI M H3Y4EHBI
YeThIpE MUHEPAIIOTHUECKUX MPOOBI U3 COAEPIKAINX MaK-
POCKONIMYECKH Pa3IMYUMble MHUHEPAIbl MEIH W IJICHKU
ME/IHOM 3€JIeHU pacciIaHLOBaHbIX TPAHUTOB U TPH ITPOOBI
U3 TPaBEIIUTOB 00CU3CKON CBHTHI.

MaTepuanabl 4 MeTOABI

W3zyuyenne Mopdosiorudeckux 0CoOOCHHOCTEH U XUMHU-
YEeCKOro COCTaBa MHHEpasoB Meau mpoBoauiochk B LKIT
«T'eonayka» UacrutyTa reomoruu Komu HII YpO PAH (1.
CBIKTBIBKAp) C TOMOINBIO CKAHUPYIOLIETO 3JICKTPOHHOTO
mukpockona TESCAN VEGA3 LMH c suepro-aucnepcu-
onno#t npucraBkoir X-MAX 50 mm Oxford instruments
IpHu yckopsitoleM Hampspkenun 20 kB, nuamerpe 30Haa

= T X-19-29.]
10 15 20
keV

N

[TpucyTcTBHE HECKOJIIBKUX COAEPIKALIMX cepedpo MHu-
HEpaJoB OOHAPYKEHO B CIOKHO IOCTPOCHHOM 3epHE 00D.
X-19-5-1 (puc. 2 a, 6). BHyTpeHHss yacTh 3epHa CIIOXKEHa
XaJbKOIMPHUTOM, a BHEIIHSS — MaJaXxUTOM, COAEp KalieM
eIMHUYHBIE 3epHa OapHUTa 1 MHOT'OYHCIICHHBIE TIOBTOPSIIO-
e KOHTYp BHYTPEHHEro 3epHa KOHIIEHTPHYECKHE Iie-
MIOYKH MHUKpPO3epeH cepedpocozepskamiero kopeumaa. K

180 aM 1 obnacti Bo30ykIeHus 10 5 MkM (aHamuTHK E.
M. TpOIHHUKOB), ¥ CKAHUPYIOIIETO AICKTPOHHOTO MHUKPO-
ckona JSM—-6400 c¢ »HepreTMYECKHUM CHEKTPOMETPOM
Link, ¢ yCKOPSIOIINM HANPSKCHUEM U TOKOM Ha 00pa3iax
—20 kB u 2x10-9 A cOOTBETCTBEHHO U CEPTUDHUIMPOBAH-
HBIMH CTaHmapTamu QupMmbl «Microspec» (aHAJIUTHK
B. H. ®ununmnos).

TunomopgHbie U reoxXumMuyecKne

0co0eHHOCTH cepeOpocoaepKalUX MUHEPAI0B

Cepebpo 00pa3zyeT MUKPOBKIIIOUCHHS AKAHTUTA B Ma-
JaxuTe W JaHTuTe (puUC. 2 a, 0), a TaKXKEe IPUCYTCTBYET B
BUJE U30MOPQHOI MpuMecH B KOBeJUTHMHE (puc. 2 B, T).
Haubonee wacto BcTpewaromumcs cepedpocomepxa-
IIMMH MUHEPAJIOM MEJU SBISETCS KOBEJUIMH, IPEICTaB-
JICHHBIN MJIACTUHYATHIMU 3€PHAMU U CyOnapaiieabHbIMH
arperataMmu pasMmepoM J1o 10 MKM, clIeAyIOIIero cocTaBa
(mac. %): Ag 0.38-2.65, S 30.40-32.35, Fe 0.16-0.25, Cu
63.87-66.93. B cTpyKTypy KOBEIUIMHA, 3€pHA KOTOPOTO
AMEIOT OJTHOPOJHOE CTpoeHHe (puc. 2 B), cepedpo BXO-
JWUT B KauecTBE H30MOPQHOII NpuMecH, 3aMelas IByXBa-
JTeHTHYI0 Menb. O0mas KpucTauoxumudeckas Gopmyina
cepebpoconepxamero kopemnnHa umeerT Bua: Cugor-
1.05AJ0.01-0.025.

Puc. 2. 3epHO ManaxuTa v BKIIIOYEHUS cepeOpocoaepKallux MUHEPAIOB: a — 3epHO Ma-
naxura, oop. X-19-5/1 (dpoTto mox OMHOKYISAPOM); 6 — BHYTpEHHEE CTPOCHHE 3epHa Ma-
naxura, o0p. X-19-5/1, rne 1- xanpkomupur, 2, 3 — aKaHTHT, 4 — KOBEJUTHH, 5 — OapuT;
6 — BKIIIOUEHHsI KOBeJUIMHA (CBeToe) B Mamaxute, oOp. X-19-29 (¢doro B pexmme
YHOpyro-oTpax€HHbBIX SHGKTpOHOB); 2 — CHEKTP B XapakKTEPUCTUUECCKOM PEHTICHOBCKOM
n3ny4yenuu, oop. X-19-29.

[Fig. 2. Malachite grain and inclusions of silver-containing minerals: (a) — grain of mal-
achite, mod. X-19-5/1 (photo under binocular); (b) — internal structure of grain of mal-
achite, mod. X-19-5/1, where (1) — chalcopyrite, (2, 3) — acanthite, (4) — covellin, (5) —
barite; (c) — covellin inclusions (light) in malachite, mod. X-19-29 (photo in the mode
cu of elastically reflected electrons); (d) — spectrum in characteristic X—ray radiation, mod.

BHEITHEMY KOHTYPY «KOBEIJIMHOBBIX)» IIEMIOYEK MPHYPO-
YeHbl MHUKpO3epHa akaHTHUTa (?), COCTaB KOTOPHIX BBHIY
MaJIBIX pa3MepoB ompejernsercs kak (mac. %): Ag 32.26—
47.95, S 7.54-8.24, Fe 0-0.46, Cu 19.45-28.81, O 19.74—
22.1. MUKpOTpEIUHBI B IEHTPAIbHOM, XaIbKOIMUPUTOBOH,
YacTH 3€pHa BBHINOJHEHBI cepedpocoaepkanield (azon
(mac. %): Ag 18.38, S 1.80, Fe 16.79, Cu 22.76, Al 2.75,
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Si1.24; 0 18.45. B 06p. X-19-5/9 u3 rpaBenuta 06en3cKoit
cBuThl U X-19-1/5 W3 pacciaHIlOBaHHOTO TpaHUTA yCTa-
HOBJICHBI BKJIIOUEHHS ¢ cocTaBaMu (Mac. %): Ag 71.55 u
67.67, S 4.73 n 13.03, Fe 0.00 u 2.63, Cu 8.23 u 2.53, O
14.46 u 8.40 cOOTBETCTBEHHO.

OO0cykaeHne pe3yJbTaTOB

Du3uKO-XUMHUUYECKasi MOAETb OOpa3oBaHUS THIEp-
TeHHBIX MHHEpANOB cepedpa MpH yYacTHH IIEITOYHBIX
«TPaHOJMOPHUTOBBIX» WIN «0a3albTOBBIX» BOX, (HhOpMH-
PYIOLINXCSl TPU B3aUMOJECHCTBUHM aTMOC(EPHBIX BOJX C
COOTBETCTBYIOIIMMH MTopoaaMu, paspadorana H. E. Cas-
BOii u coaBTopamu [3, 4]. MbI nonaraem, 4To aHalIOTHY-
HBI MEXaHU3M MOT IMETh MECTO U B HameM ciydae. Cra-
JUAHOCTh MHHEPANT000pa30BaHMsl XOPOLIO HIUIIOCTPH-
pyet npumep oop. X-19-5/1 (puc. 2 6), B KOTOPOM UCXO-
HBIM XaJbKONMMPUT C HE3HAYUTEIbHBIM (MEHBIIE YyB-
CTBUTEJIBHOCTH MHKPO30HZA) Co/epKaHHeM cepebpa, B
pe3ynbpTaTe OKHCICHHUS B 30HE THIIEpreHe3a mpeodpaso-
BaJcsA B KOBEJUIMH M ManaxuT. Ha OIM3KHX K MOBEPXHO-
CTH M TPEUIMHOBATHIX yYacTKax 3€peH MpeoOpa3oBaHUS
IIPUBENH K BHICBOOOXKIEHHIO Ag U TOSBICHHUIO aKaHTHTA
n camopogHoro cepebpa. OCHOBHBIM MHHEPAJIOM-KOH-
LIEHTPATOPOM cepelpa SBISIETCS paHee He U3BECTHBIN Ha
[Ipunonspaom Ypaine cepeGpocoaepKaliiii KOBEJUIHH.

3akinoueHue
YcraHoBieHbI OpPMBI HAXOKAEHHS cepedpa B MUHEpa-
nax Menu HapoauHCKOro ypaH-MeIHOTO PYIONPOSIBICHUS
B 30HE KOHTaKTa MarMaTHYeCKHX Mopox (yHAaMeHTa U
METAaTePPUTCHHBIX  HIDKHEOPIOBUKCKHX  OTIO)KEHHH.
Brepsrie Ha [IpunomsipaoM Y paie o0HapyKeH cepedpo-

UDC 549.01

conep xantuii KoBeJutnH. Hanbosee BepoaTHO, 9TO ceped-
pocoaepaIuii KOBeJUTMH U cylbGuabl cepedbpa o0pas3o-
BaJIUCh B pe3yJibTaTe BHICBOOOXKACHHS cepedpa mpH 3ame-
UICHUU CYNb(QUIOB MEIM MATAXUTOM U JIAHTHTOM B pe-
3yJbTATE THIICPTCHHOTO OKUCIICHHUS.

Paboma evinonnena 6 pamkax mem 20Cy0apcmeenno2o
sadanusa UI" QUI] Komu HI] YpO PAH «Ocadounvie ghop-
Mayuu: 6eujecmeo, CeOUMeHMAayusl, TUMo2eHes, 2e0XUMUsl,
UHOUKAMOPbL TUMO2EHEe3A, PEKOHCMPYKYUSL OCAOKOHAKON-
nenusy (122040600013-9) u «l nybunnoe cmpoenue, 2eo-
OUHAMUYECKAs 980MI0YUsL, 3aumooelicmaue zeocgep,
MASMAMU3M, MEMamopPu3m u U30MONHAsl 2e0XPOHOIO02US

Tumano-Cegepoypanbckozo aumochepnozo cezmenmay
(122040600012-2)

Kongpnuxm unmepecog: ABTOPBI NEKNAPUPYIOT OTCYT-
CTBHE SIBHBIX W ITOTEHINAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MMyOJIMKalMEei HACTOAIIEH CTaThy.
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Silver in the copper minerals of the Narodinsky
uranium-copper occurrence (Subpolar Urals)
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Abstract
Introduction: In the Kozhim region of the Subpolar Urals, copper minerals are widespread in rocks of
various genesis, composition, and age. In all manifestations of copper mineralization, the host rocks are
characterized by an increased content of silver. This study aimed to establish the typomorphic and geo-
chemical features of silver-bearing sulphides and copper oxides.
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Silver in the copper minerals of the Narodinsky uranium-copper occurrence (Subpolar Urals)

Methods: The morphological features and chemical composition of copper and silver minerals from the
Narodinsky uranium-copper ore occurrence in the zone of contact between basement igneous rocks and
metaterrigenous Lower Ordovician deposits were studied by EPMA (electron probe microanalysis).
Results and discussion: The main silver-concentrating mineral is silver-bearing covellite, previously un-
known in the Subpolar Urals. Silver also forms microinclusions of acanthite in malachite and langite. We
suggested that in this case, a physicochemical model for the formation of supergene silver minerals with
the participation of alkaline "granodiorite™ or "basalt" waters formed by the interaction of atmospheric wa-
ters with the corresponding rocks could occur. The staging of mineral formation is well illustrated by an
example of a sample in which the original chalcopyrite with an insignificant content of silver was trans-
formed into covellite and malachite as a result of oxidation in the hypergenesis zone. In close to the surface
and fractured areas of the grains, transformations led to the release of silver and the appearance of acanthite
and native silver.

Conclusions: The forms of occurrence of silver in copper minerals of the Narodinsky uranium-copper ore
occurrence in the zone of contact between magmatic rocks of the basement and metaterrigenous Lower Or-
dovician deposits have been established. Silver-bearing covelline was discovered for the first time in the Sub-
polar Urals. It has been suggested that silver-bearing covelline and silver sulphides were formed as a result of
its release when copper sulphides were replaced by malachite and langite as a result of hypergene oxidation.
Keywords: silver, covelline, uranium-copper occurrence, Subpolar Urals.
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