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Annomayus. V3yuenbl mrydHbeie o0pasupl W rpymmnoBbie 1poObl pya [lopoxosckoro u IOro-
Konesckoro mecropoxieHnii Boib(ppama rpeiizeHoBoil popmaiuu Ha FOxHOM Ypane. YcTaHOBIEHO, 4TO
OCHOBHBIMH MHHEpaJIbHBIMU (hopMamMu Bosb()pama MEePBUYHBIX Pyl HA 000MX MECTOPOKACHHSX SIBIISIOTCS
T'IOOHEPHT U LIeeuT. BropocTeneHHble 1 aKIIeCCOPHbIE MUHEPAJIbI — TUPUT, XAILKOIIUPUT, MOJIUOICHUT, PEIIKO
- C(baﬂepI/IT, TaJICHUT, BUCMYTHUH, aﬁKHHPIT, HE NUAarHOCTUPOBAHHBIC TOYHO XaJIbKOT'CHUABI U CyJ'IB(bOCOJ'II/I
Bi, a Takke MarHeTUT, PyTHJ, WJIbMCHUT, TUTAHWUT, KOJXyMOUT. JKWJbI MpencTaBicHbI, MPEHMYIIECCTBCHHO,
KBapu€M MU MYCKOBUTOM, BTOPOCTCIICHHBIMH KaJIBIIUTOM, HJOJIOMUTOM, (bJ'IIOOpI/ITOM, PEAKUMU XJTIOPUTOM
n an)I/IGOJ'IOM U aKNneCCOpHbBIMU HHUPKOHOM, alaTUTOM W YPaHUHUTOM. OTtuyeTnuBass 30HAJILHOCTHL B
pacrpezielieHM Bolib()paMHuTa C pasHbIM colepkaHueM Fe orHocutenbHo IOro-Konesckoro wmaccuba
I'PaHUTOB HE BbIsIBIICHA, HO BOJb(paMuthl CeBepHOro yuyactka [TopoXxoBCKOro mMectopokaeHus: 000raiieHbl
KEJIe30M IO CpPaBHEHMIO C TakoBbIMH lleHTpampHoro yuactka u IOro-KoHeBcKOro MecTopoxaeHHs.
B oxucieHHBIX pyaax, TOMHUMO CKBO3HBIX ) KUJIbHBIX BOJII)(i)paMI/ITa numeeanTa, HPUCYTCTBYIOT OKCUTUAPOKCHUIBI
Fe u Mn, manaxut, nupomopdut, Opomapruputr. Bonbppam BXoIUT B cocTaB OKCHrHIpokcuaoB Mn u Fe,
3aMellaromx BoJab(GpaMuT u pexe — cynbuasl. Conepxxanre WO; B riceB1oMOpGHBIX OKCUIHPOKCHAaX Mn
u Fe o rio6ueputy nocturaet 18 mac. %. YcTaHOBICHBI €AMHUYHBIC BRIJCICHHS IITOIBIMTA U pyccennTa. [1o
pe3yabraram (ha30BOro XMMUYECKOTo aHaJIM3a IPYIIOBBIX MPOO KOJIMUECTBO TYHICTHTA B Py1aX, OTPEIeICHHBIX
BH3YaJIbHO KaK OKHMCJICHHBIC, HE3HAYUTEIHHO. DTO MO3BOJSECT BCE PYABl OOOMX MECTOPOXKICHHUS OTHECTH K
MEPBUYHOMY ITPOMBINUICHHO-TEXHOJIOTHICCKOMY THUITY.

Kniouesvie cnosa: Oxwuuiii Ypain, [lopoxoBckoe mectopoxaenue, Oro-KoneBckoe mecropoxkaeHue,
BOJIb(hpaM, rrOOHEPUT, ILIEEITHUT, ITOJIBIHT, TPUMECH.
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Abstract. The ore hand specimens and technological ore samples from the Porokhovskoe and Yugo-Konevskoe
W greisen deposits in the South Urals are studied. The major W minerals of primary ores at both deposits include
hiibnerite and scheelite. The secondary and accessory minerals are pyrite, chalcopyrite and molybdenite, rare minerals
include sphalerite, galena, bismuthinite, aikinite, unidentified chalcogenides and sulfosalts, magnetite, rutile, ilmenite,
titanite and columbite. The veins are mainly composed of quartz and muscovite with subordinate calcite, dolomite
and fluorite, rare chlorite and amphibole and accessory zircon, apatite and uraninite. No zonation in the distribution of
wolframite with various Fe content is identified relative to the Yugo-Konevsky granite pluton, however, wolframite of the
Northern area of the Porokhovskoe deposit is enriched in Fe compared to that of the Central area and Yugo-Konevskoe
deposit. In addition to veined wolframite and scheelite, the oxidized ores also contain Fe and Mn oxyhydroxides,
malachite, pyromorphite and bromargyrite. Tungsten is part of Mn and Fe oxyhydroxides, which replace wolframite
and less often sulfides. The WO; content of pseudomorphic Mn and Fe oxyhydroxides after hiibnerite reaches
18 wt. %. Single grains of stolzite and russellite are found. According to the results of phase chemical analysis of
technological samples, the amount of tungstite in oxidized ores is minor, therefore all ores of both deposits were

ascribed to primary type.

Keywords: South Urals, Porokhovskoe deposit, Yugo-Konevskoe deposit, tungsten, hiibnerite, scheelite,

stolzite, trace elements.

BBenenne

Kopennbie mposiBieHuss Bojib()pama H3BECTHBI
Ha Ypane ¢ xoHua XVIII B., oqHako cucremaruyeckas
pa3BefKa M JKCIUTyaTallMsl JaHHBIX OOBEKTOB HE MPO-
Boiiack. Tombko B 1915 1 mociie oneHoYHbIX padoT
OBUTO BBEACHO B JKCILTyaTauuio boeBckoe mMecTopoxk-
JIEHHE, K TOMY BPEMEHH YK€ ITOCTPaIaBIlIee OT XUILHU-
yeckoii 100buu. Ha 20-e u 30-e ropl mpomuioro Beka
MIPUIIENICS MUK Te0JIOTOPa3BEAOUHBIX AKCIIEANIHNM, 110
pe3ysbTaTaM KOTOPBIX ObLIO OTKpbITO Oojee 60 mecTo-
pOKACHUI 1 posiBIeHNH Bob(pama (Punaros, 2005).
Tem He MeHee, OTpaOOTKa 3TUX MECTOPOXKICHUH He
cTajla CUCTEMAaTHYeCKON M CONpPOBOXK/ANIACh UX MEpH-
OJIMUECKON KOHCepBalnell, TEXHOTEHHBIMU aBapUsIMH,
MOBTOPHOM pa3BelKOW M BOCCTAHOBJIECHHEM PYJHHKOB.
BonbmmHcTBO MecTopoxaenuit FOxxHoro Ypana, obna-
Jasi CPABHUTENIBHO HEOOJNBIIMMH 3allacaMU M CIIOKHOM
KOH(QHTypalMell pyAHBIX Tell, HAXOAWJIMCh Ha TPaHH
pPEeHTa0EIbHOCTH, M3-3a 4ero padOTbl HA HUX HOCHIIU
snuzoanueckuii xapakrep (Iloxposckuii, 1950; PyHk-
BUCT U Ap., 1964; JleBun u np., 1993¢). B nocnenanee
JeCATUIICTUE, BBULy MCTOLICHHS W3BECTHBIX BOJIb(pa-
MOBBIX OOBEKTOB U HEOOXOIMMOCTH BOCIIPOM3BOJCTBA
MHUHEPAILHO-CHIPbEBOH 0a3bl Bonb(ppama B PD, unre-
pec K MEJIKUM MECTOPOKAECHUSIM BbIpOC. AKTYalbHOCTb
W3y4YeHHs TaKMX OOBEKTOB Ha Ypaje MOATBEPKIACTCS
nosiBieHueM psiga myonukamuid (3omoeB u np., 2004;

Mopo3oga, 2006; Enoxun, 2009; Kacarkun u ap., 2022;
Hogocenos u ap., 2022), a Takxke BO30OHOBJICHUEM T'€0-
JIOTOpa3BeIoUHbIX pa0oT ¢ Hadana 2000-x IT.

Lenbto qaHHOI PabOTHI SABJISETCS XapaKTEPHCTH-
Ka MHHEpaJIbHBIX (hopM Bosb(pama Ha [TopoxoBckom u
Oro-Konesckom Mectopokienusx Ha FOxxunom Ypaie,
BBITIOJIHEHHAS! B PaMKaX Ie0J0ropa3BellouHbIX PadorT,
npoBeneHHbIX 3aech B 2021-2022 . OO0 «YID»,
HMHULAATOPOM KOTOpPHBIX siBisieTcst KupoBorpanckuii 3a-
BOJI TBEPBIX CILIABOB.

I'eonormyeckoe crpoenne paiioHa

[Topoxosckoe n OxxHO0-KoHEBCcKOE MecTopoxk/ie-
HU pacionaraioTcs B Yemsi0MHCKO# 001acTH U JIOKAU-
3ytores B npezenax Konescko-KapackeBckoro pynHoro
y3Jla, KOTOpPbIM SBIIAETCS 4acTbio boeBcko-bUKTMMU-
POBCKOH peKOMETAIIIIbHOM 30HBI M BMELIAET HECKOJIBKO
MECTOPOKACHUN M TPOSIBICHUH BoJibppama. PymHbrii
y3€ell IPOTSHKEHHOCTHIO OKouTo 40 KM UMeeT cyOMepuau-
oHasbHOE TipocTrpanue (puc. 1) u nokanuzosan B Taru-
no-Maruauroropckoit Merazone (Puchkov, 2017).

CrpatudunupoBanisie 00pa3oBaHusi B paioHE
MPEACTaBICHBl MEKEBCKOH (Sim), KOTIOTKMHCKOH (S;.
,k), kapoonarnoii (D,c), 6a3anbT-1alUTOBOM TOJIIIAMU
(D,bd), GenexnumieBckoit (Cibk) m ucerckoit (C,is)
ceutamu (Koposko u np., 2015).

Jlna wyumuposanusa: PoroB JI.A., benory6 E.B., HoBocenor K.A., Paccomaxun M.A., MpmakoB PP,
Uyraes A.E.. Munepanbhbie Gopmbl Bosbhpama Ha ITopoxoBckom 1 FOro-Konesckom mectopoxaenusix (FOxxHbIi
VYpai). Munepaiorus, 9(2), 41-59. DOI: 10.35597/2313-545X-2023-9-2-4
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Mineral forms of tungsten at the Porokhovskoe and Yugo-Konevskoe deposits
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Puc. 1. Tlonoxenue mectopoxaenuii KoneBcko-KapackeBeckoro pyaHoro ysia Ha reorpaduieckoii cxeme (a), CXeme TeKTo-
HO-MarMmaruueckoro paiionuposanus Ypana (Puchkov, 2017) (6) u cxeme pyauoro y3na (Koposko u jip., 2015) (B).

Puc. 16: 1 — Ipenypanbckuii kpaeBoii nporud; 2 — 3anaaHo- Ypaibekas 30Ha; 3 — [{eHrpanbHo-Ypaibekas 30Ha; 4 — Tarusio-
Marnuroropckas 30Ha; 5 — Boctouno-Ypanbckas 30Ha; 6 — 3aypanbckast 30Ha; 7 — [aBHBIN ypanbckuit pasnom; 8 — KoneBcko-
KapacreBckuii pyaHbIi y3eim.

Puc. 18: 1, 2 — FOro-KoHeBckoii rpaHUT-JIEHKOrpaHUTOBBIH KoMIUIeKe: | — JieHKorpaHuThl BTOpoi (asbl; 2 — TpaHUTHI U
TPaHOAMOPUTHI 1IEPBOit (pa3bl; 3 — TPaHUTHI KAPACHEBCKOTO KOMILIEKCA; 4 — U3BECTHSIKH MCETCKOW CBUTHI, 5, 6 — OCIEeKHUIIIEB-
CKasi CBUTA: 5 — BYJIKAHOI'€HHO-0Ca/I0UHbIE TOPOJIbI, 6 — aiiku rab0pomoaepuToB; 7 — rabopo, THOPUTHI M KBAPLIEBIC THOPHUTHI
HEKPaCOBCKOrO KOMILIEKCa; 8 — 0a3aibT-AaluToBas Toja; 9 — naiiku AMOpuTOBbIX nopduputos; 10 — maiiku JOJIEPHUTOB;
11 — M3BECTHAKH M MpaMOpPBI KapOOHATHOW TONMIIH; |2 — CITFONSHO-KBAPIIEBBIE CIIAHIIBI KOJTIOTKUHCKON Tommy; 13 — BymkaHo-
TEHHO-0Ca/I0YHbIE MTOPOIBI MekeBckor Tomw; 14 — Koguackuit Hagsur; 15 — Mo-W-Be mectopoxnenus: 1 — ITopoxockoe,
2 — lOro-Konesckoe, 3 — HoBo-boesckoe, 4 — IIpsrKoBCKOE, 5 — KapacseBckoe, 6 — boesckoe, 7 — Mrumickoe.

Fig. 1. Position of deposits of the Konevsko-Karas’evsky ore cluster on geographical map (a), scheme of tectonic-magmatic
zoning (Puchkov, 2017) (6) and scheme of the ore cluster (Korovko et al., 2015) (B).

Fig. 16: 1 — Preuralian Foredeep; 2 — West Uralian Zone; 3 — Central Uralian Zone; 4 — Tagil-Magnitogorsk Zone; 5 — East
Uralian Zone; 6 — Transuralian Zone; 7 — Main Uralian Fault; 8 — Konevsko-Karas’evsky ore cluster.

Puc. 18: 1,2 —Yugo-Konevsky granite-leucogranite complex: 1 —leucogranite of the second phase; 2 — granite and granodiorite
of the first phase; 3 — granite of the Karas’evsky complex; 4 — limestone of the Iset Formation; 5, 6 — Beleknishchevo Formation:
5 — volcanosedimentary rocks; 6 — dikes of gabbrodolerite; 7 — gabbro, diorite and quartz diorite of the Nekrasovsky complex;
8 — basalt-dacite sequence; 9 — dikes of diorite porphyrite; 10 — dikes of dolerite; 11 — limestone and marble of the Karbonatnaya
Sequence; 12 — mica-quartz shale of the Kolyutkin Sequence; 13 — volcanosedimentary rocks of the Mezhevskaya Sequence;
14 —Kodinsky Thrust; 15— Mo-W-Be deposits: 1 — Porokhovskoe, 2 — Yugo-Konevskoe, 3 — Novo-Boevskoe, 4 — P’yankovskoe,
5 — Karas’evskoe, 6 — Boevskoe, 7 — Igish.

Pa3pe3 MexxeBCKOM TOJIIM TpeNCcTaBieH ByJiKa-
HOTCHHBIMHU M BYJIKAHOTCHHO-0CAJIOYHBIMHU TIOPOJIAMH
OT OCHOBHOTO JIO KHCJIOTO COCTaBOB C TOPU3OHTaMH
AJIEBPOJINTOB, TMEUTOB, U3BECTHAKOB. HMkHss yacTh
paspesa ClIoKeHa PUTMUYHO-CIIOMUCTBIMU Ty(hamH, T1e-
PEXOSIIMMU B BEpXax pUTMOB B Ty DHUTHI, ajieBpoIIie-
JUTHI U TIIMHUCTO-KPEMHUCTBIE 1Opoabl. [Topossl co-
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JieprkaTr IIPHMeCch KapOOHATHOTO MaTepHala BILIOTH 10
00pa30BaHUS N3BECTHSKOB, IIEPECIANBAIOIINXCS C BYII-
KaHOTE€HHO-0CaJI0YHBIMU TIopofamMu. [lopoxs! Tommm
MeTaMop(U30BaHbI B YCIOBHAX SMUI0T-aM(HO0IHTO-
Boi1 (harmu. B o6pamnenun Oro-Konesckoro maccra
TIOPOJIBI MEKEBCKOW TOJIIIH OPOTOBUKOBAHBI.
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TTopo/ibl KOMFOTKUHCKOM TOJIIM COIIACHO 3aJIeTaroT
Ha BYJIKAHATAX MEKEBCKOH TOJIIIH ¥ TIPEICTABIICHBI KBAp-
IIUTAMA ¥ CITIOMUCTO-KBAPIIEBBIMH CIIAHIIAMH, MpaMopa-
M. [1oposIp! TOMIIN TOBCEMECTHO JTICIIOMPOBAHBL.

KapbOonarnast Tojima MOYTH IIEITHMKOM CIIOKEHA
MpaMOpPHU30BaHHBIMU W3BECTHSIKAMH W MpaMOpaMH.
B ee ocHOBaHMU 3aj€TaroT yIIIepOANCTO-KapOOHATHO-
TJIMHHUCTHIE TTOPOJIBI C TPAIITOTUTAMH.

BynkanorenHo-ocagoyHas TOJIIA TpEACTaBIeHA
3¢ (y3UBHBIMU, THUPOKIACTHICCKUMH, OCATOIHO-TTH-
POKJIACTHUCCKUMHU 00pa30BaHUSIMU HEIIPEPHIBHON Oa-
3aIbT-aH/Ie3UT-JAIUTOBON (DOpMAIK M 0CaIOYHBIMU
nmopofamu. Tolma mpopBaHa CHJUTAMA U MTOKaMHU KO-
MarMaTHYHBIX JOJIEPUTOB U JHOPHUTOBBIX TIOPPUPHUTOB.

BekiienuineBckasi CBUTa XxapakTepu3yeTcs pe3Koi
(harmanrbHOM N3MEHYHBOCTHIO 1 HHTEHCUBHO TEKTOHH-
JecKW HapymieHa. Toima mpencTaBiseT co0oi mepe-
ClTaBaHWE TIECYAHWKOB, AJEBPOJIUTOB W apTHIIINTOB
C ByJIKaHUTaMH W TydaMd OT 0azalbTOBOTO JO PHO-
JTAIIITOBOTO COCTaBa. BcTpewaroTcst OTAEIbHBIE TPO-
cion TyhGHUTOB W M3BECTHAKOB. BynkaHOTeHHBIC TIO-
POIBI CBUTHI M KOMarMaTUYHBIA UM OEKIICHUIIIEBCKHHA
rabopOo-T0IePUT-PHOTUTOBBIN CyOBYITKaHUIE CKAN
KOMIUIEKC 00pa3ylOT OIHOWMEHHYIO BYJIKaHHUYECKYIO
acconuaruro. [Topoasr MeTaMOp(pU30BaHbI B yCIOBHSIX
(haru 3eJIeHBIX CITAHIICB.

Hcerckas cBuTa ¢ pa3MBbIBOM 3ajieraeT Ha HIDKe-
JIeKAITIX TTOPOAAX ¥ CJIOKEHA M3BECTHIKAMH.

Bce moponbl cTparnunupoBaHHONW TOJIITH TIPO-
pBaHBI TPAaHUTAMH KapacheBCKOTO M FOTO-KOHEBCKOTO
KOMIUIEKCOB, YCJIOBHO OTHECEHHBIX K HIDKHETPHACO-
Bomy Bo3pacTy (KopoBko u np., 2015). KapacbeBckuit
KOMIUTIEKC ()OPMHPYET OTHOMMEHHBI MaCCHB MEJIKO- U
CPETHE3EePHUCTHIX OMOTHUTOBBIX U MYCKOBUT-OMOTHTO-
BBIX TPAHHUTOB. B mpeenax MacciuBa BCTPEUEHBI JKUITBI
KBapI[-TIOJIEBOIITIATOBBIX TIETMATUTOB C HEOOIBIINM
KOJTMYECTBOM OHMOTHTAa, MYCKOBHUTa W EIMHHUYHBIMU
3epHamMu rpaHara. tOro-KoHneBckuit rpaHuT-JIeHKOTpa-
HUTOBBIM KOMIUIEKC BKJIIOYAET B ceOs TPH HEOONBIIIX
rpaHuTHBIX MaccuBa: IIbsgHKOBCKUM, WrumaHckuili u
IOro-KoneBckmii, a Takke JBa «CICIBIX» Tela, pac-
TTOJIOKEHHBIX Ha HEOOJBIIOM yHaleHHH K CEeBepy OT
[IpsiHKOBCKOTO MaccuBa: MBUIBHUKOBCKOE U boes-
ckoe. Kommekc mpencraBien nByms dazaMu BHEIpe-
uus. [lepBas ¢asa mpezacrariena moOphHUPOBUIHBIMU
TpaHUTaMH, KO BTOPOMl OTHOCSITCS JIEMKOKPATOBbIE U
AJSICKUTOBBIE TPAaHUTHI, O0pa3yrolne MHOTOYHCIICH-
HBIC XWIBI U anmodusbl. KOHTaKThI MeXTy mopomaMu
pasHbBIX (Da3 COMPOBOXKAAIOTCS METACOMAaTHIECKIMH
W3MEHEHHSIMH, 3aTyIIeBBIBAIONUMI TPAHUIIEI MEXKIY
neTporpapuIecKIMH Pa3HOBHTHOCTSIMHU.

TexToHMYECKasi CTPYKTypa paloHa ornpeesieTcs
cyOmmpoTHhIM KOAMHCKAM HA/JIBUTOM ¥ JIOKAJTBHBIMU
TEKTOHWYECKUMHU HapyIIEHUSIMH COPOCO-CIIBUTOBOTO
xapaktepa CC3 u CCB mpocTupanmii, CBI3aHHBIMH C
BHEJPEHUEM HHTPY3UH FOT0-KOHEBCKOTO KOMITJIEKCA.

BonsdpamoBoe opynenenne Konercko-Kapa-
CBEBCKOTO PYIHOTO y3Ja JIOKAJIN30BaHO B 30HE pas-
BUTHUS MAJIBIX MHTPY3UH U JTAeK TPaHUTOUIOB FOTO-KO-
HEBCKOTO KOMIIJIEKCA B TIOPO/IaX MEXKEBCKOM M Oexie-
HUIIEBCKOW CBUT, W B MPOPBIBAIOIINX WX HHTPY3HSIX
TPAHUTOUIOB FOTO-KOHEBCKoro kKomrmiekca (P»-Tjk).
Pynnple Tera KOHTPOJHMPYIOTCS CHUCTEMaMH pa3phiB-
HbIX HapyuieHuid KoguHckoro paszioma.

[lo nurepaTrypHBIM MaHHBIM M aBTOPCKHM IIO-
NeBbIM HaOmtoneHusIM IlopoxoBckoe MecTOpoXKIeHHe
TIPEJCTABISIET COOOI CEpPHI0 YKWII CEBEpO-3aragHoro
MpocTUpaHus. BMemnaromuMu mopogaMu  SBISIOTCS
MeTaMOp(hUIECKH W3MEHEHHBIC IUIaTHOKIA30BBIE W
MTUPOKCEH-TIJIATHOKIIa30BbIe  aHJIE3UTOBBIE TOPHUPH-
THl U UX Ty(psl MexeBckoi Tommu (puc. 2). OpueH-
THPOBKA JKWJIBHBIX TeN TUCKopAaHTHa KomwHckomy
HaJBHUTY. BMermaroniue aHAe3uTHl MPeoOpa3oBaHbl B
MEJIKO3EPHUCTBIA  CePUIUT-aKTHHOIHT-ITH/IOT-XJI0-
PHUTOBBII arperar ¢ COXpaHEeHHEM MEePBUYHBIX TOPQH-
POBBIX CTPYKTYp. B ceBepHOI 4acTu MeCTOpOXKIACHUS
CKBOXMHAMH BCKPBITHI MEJKO3EPHUCTBIE Mpamopa,
Ha KOHTaKT€ C KOTOPBIMH Pa3BHBAIOTCS CKapHOW/IBI,
MIPECTaBIEHHBIE SUIOT-MTUPOKCEHOBBIMHU U ATIHJIOT-
XJIOPUTOBBIMHU CKapHAaMHU M JMHJO03UTaMU. | TUHHUCTAS
KOpa BBIBETPHBAHUS Pa3BUBACTCSA HA TIIyOWHY 2—4 M,
uHorga 1o 10 M. Ha MecTopokieHUn BbIIEIsSETCS ABa
TEHETUYECKUX TUTIA BOIb(PPAMOBBIX PYI: TPEH3CHOBBIN
KBapIeBO-)KMIBHBIA B METaBYJKAaHUTAX M CKAPHOBBIH.

KBapreBbie kuipl cyOBepTHKAIBHBIE, TI0 HAIIPaB-
JICHUIO TIPOCTHPAHUS UX MOXKHO Pa3/IeNTh Ha 2 CHCTe-
MBI 240-260° u 225-240°. TIpoTSKEHHOCTD KW TIep-
BOM CHUCTEMBI JIOCTUTAeT 1.5 KM, BTOpas MpeacTaBIIseT
co00# CKoTuTeHHE KM JnHON He Oomee 200 M. Morm-
HOCTB BCEX JKIJI KOJIEONIETCS OT TIEPBBIX CAHTUMETPOB 10
0.5 M. Ha ro1yOuHY KPUTBI TIPOCITCKIUBAIOTCS HA HECKOJTb-
KO COTE€H METpPOB 0e3 CYIIECTBEHHBIX N3MEHEHUH B Xa-
paktepe munepanusanuu (Iloxkposckuit, 1950). YKumsr
MMEIOT KBapIl-MYCKOBHUTOBBIH COCTaB C BTOPOCTEIEH-
HBIMH KapOoHaTaMmH, (ITFOOPUTOM, PEKE — aTLOWTOM.
Pynnas MuHepanmu3aius npeacTaBieHa BOIb(OPaMUTOM,
MIEETUTOM, TTUPUTOM, XaJbKOTIMPUTOM H Oojiee peiKH-
MH MOJIMOIEHUTOM U XaibKoreHumamu Bi. JXXumsl nHO-
TJ1a OKPY’KEeHBI KallMaMH OCBETIICHUS U CEPUIINTH3AIINH.
CKapHOBBIE Py/Ibl Pa3BUTHI JIOKAJTHHO B CBSI3H C MPaMo-
pamu. PynHas MuHepanu3aius IpecTaBiIeHa, IPenMy-
MIECTBEHHO, TUPUTOM, IIEEITUTOM, MOTUOAECHUTOM.
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Puc. 2. TInan TTopoxoBCKOTO MECTOPOKAECHUS ITO MaTePH-
anam ITopoxosckoit maptun YI'CO (3010eB u ap., 2004).

1 — Ty¢ds TOpUPHUTOB; 2 — MUPOKCEH-TUIATHOKIIA30BbIE
nopuputer; 3 — Mpamopsl; 4 — SNHUIO3UTHI, SMHIOT-XJIO-
PHUTOBBIC M SNMIOT-AaKTHHOJIUTOBBIE MOPOABL; 5 — CKAapHBI;
6 — BOJIB()PAMOHOCHBIE KBapIEBBIE U KBAPI-MYCKOBHTOBBIC
JKHJIBL; 7 — 30HBI ATTUIOTH3AIMN U aKTHHOJINTH3AINH; 8 — TeK-
TOHUYECKHE HapymeHus; 9 — kapcrosble nonocty; 10 — rpa-
HUIBI Y9aCTKOB.

Fig. 2. Plan of the Porokhovskoe deposit after materials of
the Porokhovskaya Party of UGSE (Zoloev et al., 2004).

1 — porphyrite tuff; 2 — pyroxene-plagioclase porphyrite;
3 — marble; 4 — epidosite, epidote-chlorite and epidote-
actinolite rocks; 5 — skarn; 6 — W-bearing quartz and quartz-
muscovite veins; 7—zones of epidotization and actinolitization;
8 — faults; 9 — karst cavities; 10 — boundaries of areas.

IOro-KoHeBckoe MecTOpokaeHHE TPUYPOYCHO K
BOCTOYHOU Mepu(eprn OHOMMEHHOTO MAacCHBa TPaHU-
TOB (30710€B 1 1p., 2004). B oTnmume ot [TlopoxoBckoro
MECTOPOXKJICHUS, OHO LIEJIMKOM HaXOJUTCS B TIpEJieNax
pyIOTeHEpHUPYIOIIeH HHTPY3UH (puc. 3). PyaHbIe )KUIBI
nmeroT a3. np. 300-310°, CCB nanenmne nox yriamu
65-80°. MomHOCTh KU JOCTHTaeT 1.5 M, cpemmss
MOIIHOCTH — 15-20 cm. Ha rryOuHy >XnIitel mpocCiiex-
Barotcst 10 200 M, o mpoctupanuio — 10 400 M. Oxoiro
PYIHBIX KHIT OOBIYHO Pa3BUTHI KAMBI MeTacoMaruye-
CKH M3MEHEHHBIX ITOPOI MOITHOCTBIO OT 5 1m0 60 cM.
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Puc. 3. Cxema reonormueckoro crpoerust FOro-Konescko-
ro MecTopoxieHus (3omoes u ap., 2004).

1 — amdubooBbIe ClaHIB; 2 — OUOTUTOBBIC TPAHUTBI;
3 — JIeMKOKPATOBBIC IPAHUTHI; 4 — KBAPLIEBBIC PYIHbIC JKHJIBL;
5 — BIIeMEHTBI 3aJIeTaHus

Fig. 3. Schematic geological structure of the Yugo-
Konevskoe deposit (Zoloev et al., 2004).

1 — amphibole schist; 2 — biotite granite; 3 — leucocrate
granite; 4 — quartz ore veins; 5 — bedding elements.

B pynax m mMeracoMaTHuecKd U3MEHEHHBIX TPaHUTAX
HAOJIFOIAIOTCS MOTMOICHUT, IICCIINT, BOJIbGPaMHUT, Oe-
PHILIL.

MeToambl uccaea0BaHMsI

MarepuanoM JUIS HCCIICJOBAHUS TOCTYKUIH
mTyQHBIE W TPYMIIOBBIE TPOOBI KEPHOBOTO W OOPO3-
JIOBOTO OIPOOOBaHUS, MPEOCTABICHHbBIC CICIUAIU-
cramu OO0 «YI'D» u oToOpanHbIe aBTOpamMu. PaboThl
BKIIFOYQJIM MaKPOCKOITMYECKOE OIMCAaHUE, OITHYe-
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CKYI0 MHKPOCKOTHIO B TipoxomsiieM (37 nmumdoB) u
orpaxkeHHOM (30 aHMITHGOB) CBETE W ANEKTPOHHYIO
MHUKPOCKOTHIO. 71T AMarHOCTHUKHY TIEETNTa UCTIONH30-
BaHa ynmeTpaduoseToBas mammna SpectroLine. Bee ma-
OopaTopHBIe WCCIeIOBaHUs OBUTH TpoBeneHB B FOX-
HO-YpanbcKkoM (eiepalbHOM HayYHOM IIEHTpPE MEHE-
pajoruu u reodkonorun YpO PAH (Muacc).

I'pymmoBeie mpo6s1 (10 mT.) OoTOOpaHBl Ha pas-
JUYHBIX yYacTKaX MECTOPOXKISCHUH W TOIpa3/esIeHbI
[0 CTENEHU OKHUCIICHHs BH3yalbHO. VX BanoBbli CO-
CTaB aHAJIM3HUPOBAJICS PEHTTEHOCTPYKTYPHBIM METO-
oM (pentreHoBckuit mudpakromerp Shimadzu XRD-
6000, CuK-o usmydeHne ¢ MOHOXPOMAaTOpPOM), KOJIH-
YECTBEHHBIE COOTHOIICHHS PACCIUTAHBI METO/IOM PuT-
Belba (TpOrpaMMHBIN TTakeT Siroquant V.4, aHaTUTHK
I1.B. XBOpoB).

Xumudeckuit Gpa3oBbIid aHATN3 TPYIIIIOBEIX TTPOO
OCYIIECTBIISICS 1O cTaHgapTHOW Meromuke (ComH-
neB, Jleonteena, 1958; ®dumunmosa, 1975). Conepixa-
Hue WO;, CBS3aHHOE C TYHTCTHUTOM, OTIPEIENSIIOCh U3
oTnmenpHOM HaBeckn maccoit 5 . Comepikanme WOs;,
CBSI3aHHOE C IIEEeNTNTOM, OMPENeNsIOCh U3 IOCIEN0-
BaTENIbHOW SKCTPaKIMKU IIABEJIEBOM KHUCIIOTOM, Ipo-
1e/Typa MOBTOPEHa ABAYKABI ISl JOCTHIKEHHUS MOITHOTO
m3BiedeHus meenura. Coxepxanue WOs;, cBsI3aHHOE
C BOJNB(QPAMHUTOM, OIPENENSIIOCH MOCIeA0BaTeIHbHON
skcrpaknuer npu kursiaennn HCl 2.4 1. [Iponemnypa
TTOBTOPSIIACH ABAXKIBI TSl TOCTHIKEHUS TIOJTHOTO TIepe-
BOJZIa Bosib(hpamuTa B pacTtBop. [lomHOTY sKCTpakunn
OTIpE/IeTISUTA TIPU TIOMOIIM CKaHWUPYIOMIETO SJIEKTPOH-
Horo mukpockorma (COM) VEGA3 TESCAN c arep-
TOAUCTICpCHOHHBIM aHanm3aropoM (D/]A). Beumy 00-
Hapy>KeHUS 3epeH HepasJIOKEHHOTO CTEXHMOMETpHYe-
CKH YHCTOTO TIOOHEpUTa B OCTATKE TOCTe IBYKPAaTHON
OKCTPAKIIUH, OCTATOK IOCJIE SKCTPAKIMA O30JSITH U
crmaBmsua ¢ NaOH. Iomyuerroe kommdaectBo W oT-
HOCWJIM Ha cueT Tro0HepuTa. Conepsxkanus W B pacTBO-
pe ompeneneHsl (HPOTOMETPUIECKIM METOZOM B BHUJIE
pomanugHOTO KoMIuIekca (Doromerprudeckoe. .., 1968)
(amammtuxu I.®. Jlonmakosa, [1.A. Kaprnonosa).

M3BecTHO, UTO (ha30BBIM aHAN3 BOILHPAMOBBIX
PYIL CTaKWBAETCS C TPYAHOCTSIMH, CBSI3aHHBIMHU C Ha-
XOXKJICHHEM BOJbGpamMa B T. H. «yMOpHOW» dopme,
YCTOWYNBON K KHCIIOTHOMY pa3nokeHnto (ColrHIieBa,
Jleontnes, 1958). PaznoxeHue HEpacCTBOPHUMOTO OCTAT-
Ka TI0CTIe KHCIIOTHOTO Pa3NIOKEHUS TIyTEM CIIEKaHHUs CO
MIEJTOYI0 MPHUBENIO K MOTHOMY PAa3IOKEHHIO OCaJIKa,
OJTHAKO TIPH TIEPEBO/IE B a30THOKUCIBIH PacTBOpP IS
HETMIOCPEICTBEHHBIX M3MEPEHNI B HECKOIBKHUX MPpodax
BBITIAJT IPKO-)KENITHIN 0CaT0K BOJIb(PPaMOBOIT KUCIIOTHI,
cocTaB KOTOporo ObLT moaTBepkAeH Ha COM. Takum

00pa3oM, KIIACCUYECKIE METO/IbI TPOBEICHUS XUMHUYe-
ckoro (a30BOTO aHaANHM3a HE JAIOT MOJHON WH(pOpMa-
[IMU 0 MHHEPAIBHBIX opMax W 1 HyKTalOTCS B yTOU-
HEHUH MPSIMBIMH MHHEPAIOTUIECKUMH METOJAMH.

Jst mymeTianementHoro UCII-MC ananmza wnc-
TOJIB30BaJIC Macc-criekTpomeTp Agilent 7700x (aHa-
mutuk K.A. Ounumnmosa).

W3 rpynmmoBsIx mpo0 OBLT MOTyYeH TSHKEITBIA KOH-
[IEHTPAT ITyTeM OTMBIBKH B JIOTKE C TIOCIEAYIOIIEH /10-
BozIKOi B 6pomodopme (p = 2.9 r/cm’). MunepansHbIi
COCTaB KOHIICHTPATOB PA3IMYHBIX KIACCOB KPYIMHOCTH
(+1.00, —1.00 +0.50, —0.50 +0.25, —0.25 mm) ObLT H3yUCH
mox OMHOKYISIpHBIM MHKpockoroM (Stemi  2000-C,
Lleticc) 1 B MOTMPOBAHHBIX MIpemaparTax.

ONTHKO-MHUKPOCKOTINYECKOE HM3YYEHHE BBITOJ-
HEHO C TIOMOMIBIO TOJSIPU3AIMOHHOTO MHKPOCKOTIA
Axioscope Al CZ. CocraB MHHEpaJIOB OIpecicH Ha
CBM VEGA3 TESCAN SBU ¢ /1A Oxford Instruments
X-act (yckopsiromee Hampspkerne 20 kB, Tok 30Hma
0.3 HA, 1J1 KOJIMYECTBEHHOIO aHaJI13a UCIIOJb30BaHbI
stanonsl MINM-25-53 dupm «ASTIMEX Scientific
Limited», (ctammapt Ne 01-044) m «Microanalysis
Consultants Ltd.» (crammapt Ne 1362), aHamuTHK
M.A. PaccomaxuH).

MukponprmMecr B BOIb(paMHTe U3ydeHBI B MOHO-
(dpaksx. MoHO(pakIMy BOIb(ppaMHUTa OTOOpPAHBI U3
TSDKETIBIX KOHIIEHTPATOB TPYIIIOBBIX MPOO IO CTEPEOMH-
KpPOCKOIIOM M MCTEPThI B aratoBou crymke. Yucrora Mo-
HO(pakIuii TPOBEPSITACh PEHTTEHO(MA30BBIM METOIOM.
BBuy HanmmuMs MUHEPaIbHBIX BKIIOYEHUH W BU3YaJIbHO
HEepa3IMINMBIX CPOCTKOB BOJb(pamMHTa C JPYTUMU MH-
HepaJlaM#, 0TOOPaTh YUCTYI0 MOHO(PAKITHIO HE YIAIOCh.
[Ipn pacmmdpoBke peHTTeHOrpaMM MOHO(MPAKITHA B
nmpobax TOBCEMECTHO HaOMomanach MPUMECh ITIeeNNTa,
B HEKOTOPBIX MP00aX — MyCKOBHTA U MTHPHTA.

PESyJIbTaTbl HCCJICA0OBAHUSA

Munepanvhvie opmel 8onedpama 8 nepsuUHbIx
pyoax. Tlo pesynpraram (a30BOTO XMMHUYECKOTO aHa-
JM3a TPENCTAaBUTEILHBIX TPYMIIOBBIX MPOO Ha 000MX
yaacTkax [1opoxoBckoro MecToposkaeHus peodaiaeT
meennut, Ha FOro-KoHeBCKOM MeCTOpOXKAEHUH BOJb-
(paMUT U TIEENUT HAXOAATCS B MIPIMEPHO PABHBIX CO-
otHomreHusX (puc. 4). Comepkanue W B OKHCIICHHOMH
(hopMe HUYTOXKHO Masio. B OKHCIIeHHBIX pyax, o cpaB-
HEHHWIO C TEPBUYHBIMH, OTHOCHUTEIHFHOE KOJIMYECTBO
Bonb(pamuTa yBenuanBaeTcs Ha FOro-KoneBckom Mec-
Topoxknenun u llenTpanbHom yuactke [TopoxoBckoro
Mectopoxaenus. Jlns Ceseproro ydactka [lopoxos-
CKOTO MECTOPOYK/ICHHSI 3Ta TeHICHIINS HE XapaKTepHa.
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[MopoxoBckoe LieHTpanbHbIn yy-K
nepBUYHbIE NONyOKNCNEHHbIE OKUCINEHHbIE

0,5% 0,5% 0,5%
36%
72% 88%

MopoxoBckoe CeBepHbIN yy-K

nepBuYyHbIE nepBuUYHbLIE NOJTyOKUCIEHHbIe
0,5% 0,5% 0,5%
78% 69%
MNOJTyOKUCIEHHbIe OKUCIEHHbIEe

0,5% 0,5%
70%
85%

HOro-KoHeBckoe

nepBUYHbIE OKUCIEHHbIE
0,5% B TyHretir
38%
[ ] weenut
[ sonbdpamut

Puc. 4. CoorHomenne ocHOBHBIX (popm W 110 pe3ymbTa-
TaM (pa30BOro XUMHUYECKOTO aHAITH3A.

Fig. 4. Amount of W minerals according to the results of
phase chemical analysis.

[lepBuuHble pyasl Ha OOOUMX MECTOPOXKICHUSIX
UMEIOT CXOJHBIM MUHEpaIbHbIN cocTaB. OTINYMS Ha-
OJIOAI0TCS TONBKO B KOJINYECTBE U COOTHOLICHUH BTO-
POCTENEHHBIX MHUHEPATIOB B TSDKENBIX KOHIIEHTpPATax
(tabm. 1). B BU3yabHO OKHCIICHHBIX Py/IaX OTMEUACTCS
yBEJIUUYEHHUE JIOJH BOJNb(paMuTa B TSHKEIOM KOHIICH-
Tpare 3a CYET YMEHBLICHHUS KOJIUYECTBa CYyIb()UIOB.
B OKHCIEHHBIX M MOJYOKHCIICHHBIX pyAax BoJbdpa-
MUT ¥ LICEIUT XOPOIIO COXpaHstoTcs. Takxke B OKuC-
JICHHBIX pyJdax 3HAYUTENBHYIO POJIb WIPAIOT OKCH-
ruapokenasl Fe m Mn. [aBHBIMH 3KOHOMHYECKHMH
MHUHEpaJaMH Ha O0OHMX MECTOPOXKACHUSX SIBIISIOTCS
BOJIb(paMHUT U meenuT. Takske W MOXKET BXOAMUTH B CO-
CTaB THIIEPTeHHBIX MUHEPAJIOB (IITOJBINT, PyCCEIUIHUT,
npuMech B OKcurupokcuaax Mn u Fe).

Bonbsgppamur obpasyer yaIMHEHHO-YIUIOICHHBIE
KPHCTAJJIBl Pa3MEPOM JI0 NEPBBIX CAaHTUMETPOB U UX
CKOIUICHHMSI, Pa3BUTHIC KaK B MPU3aIb0aHI0BOM, TaK U B
LEHTPaJbHOH YacTsX ui (puc. 5a). Bonsppamur vac-
TO 3aMerniaercs ImeenuToM (puc. 50) (B OKHCICHHBIX
pynax — okcuruapokcuaamu Fe u Mn) u Moxer cozep-
JKaTh TOHKME BKJIIOYCHUS mupuTa (puc. 5B) U Quroo-
pura.

Puc. 5. ®opmsbl BbIeneHNH BOIb(ppaMuTa: a — cpocTok Boibhpamuta (Wt) B 3as1s0aH/1e KBapIIEBOH JKIIIBI C MyCKOBHTOM
(Ms); 6 — kpucTaIuIBI BoIb(pamMuTa ¢ KaiiMamu mmieenuta (Sch); B — Bkimrouenus nuputa (Py) B Bonsgpamure.
Puc. a — doro ob6pasia; 6 — aHnuN], OTPAKESHHBII CBET; B — MOJINPOBAHHBIN OPHKET TSHKEIIOTO KOHILICHTpaTa, OTPayKEHHBIN

CBCT.

Fig. 5. Morphology of wolframite aggregates: a — aggregate of wolframite (Wt) and muscovite (Ms) in selvage of quartz
vein; 0 — wolframite crystals with scheelite (Sch) rims; B — pyrite (Py) inclusions in wolframite.
Fig. a— macrophoto of the sample; 6 — polished section, reflected light; B — polished briquette of heavy concentrate, reflected

light.
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Tabnuya 1
Munepansnsiii coctaB pya [Tlopoxosckoro u FOro-KoneBckoro MmectoposkieHns
Table 1
Mineral composition of ores of the Porokhovskoe and Yugo-Konevskoe deposits
v y Kunpabie (o nanasiM KPOA Pynuble (110 TaHHBIM M3y4eHHs KOHIIEHTPATOB B ONITHYECKOM 1
qaCTOK*THH IPYIIOBBIX P00, Mac. %) 3JIEKTPOHHOM MHUKpOCKOIE, 00. % B KOHIIEHTpaTe)
B
by I'maBHbIEe | BTOpocTeneHHbIe I'maBHBIE Bropocrenennsie Penxue
XJIOPHUT 5 MOJIMOIEHHUT, ChajiepuT
. KBapii 406, pHT >, MUpHUT 35, coanepur 4, A > chanepur,
LenTpanbHblit/ IUpUT 4, XaJIbKOIHUPHT, UIBMEHHUT,
MYCKOBUT Bonb(ppamut 31, IIUPKOH 3,
MIEpBUYHEIE (roopur 3, PYTHII, TUPPOTHH,
41 ICETUT 9 ¢droopur 1 N
kapOoHar 3 AKUHUT, XaIbKO3UH
XJIOpHUT 0,
. MYCKOBHT JIFOOPUT 5 uput 34 canepur, XaaIbKOIHPHUT
LlenTpanbHbiii / Y (umoopur 3, P ’ ¢uoopur 3, (panepur, PHT,
56, kBapIy amoubdon 4, Bosb(pamut 33, MUPPOTHH, PYTHII,
MIOJTYOKHCIICHHBIE LUPKOH 1
24 MUPHUT 3, meennt 11 KOITyMOUT
kapbOoHar 2
. KBapIr 85, Bois(pamur 64
HentpansHblii / Pl bp ’ upkoH 10,
MYCKOBUT - weenur 10, XaJIbKOMUPUT, OKCUABI Mn
OKHUCJIEHHbIE retut 10
15 TIUPUT 2
¢mroopwr 5,
CepepHbil/ MYCKOBUT MUPUT 2, nuput 43, LIUPKOH 3, YPAHUHUT, TUTAHUT,
P 61, xBap amdubdon 2, Bonb(pamut 20, canepur 1, MOJIO/ICHHT, CYIb(UIBI
TIepBUYHbBIC .
28 xJ1oput 1, nreenur 12 ¢moopur 1 Bi, ranenur, retut
kapOoHar 1,
am¢uodon 5,
Cepenmbiii / MYCKOBUT (roopur 4, nuput 27, cdanepur 3,
p 47, xBapu XJIOpUT 4, BoJb(ppamut 12, LIUPKOH 1, BUCMYTUH, TETUT
MOy OKUCIICHHBIE
38 TUIPUT 3, LIEENUT 5 amatut 1
kapOoHar 1
. kBapy 77 BOJIb(PpaMuUT 63 BUCMYTHH, OpOMapTUTHUT
CesepHblii / pu /7 XJIOpUT 2, $p ’ LIUPKOH 4, YTHH, bpoMap ’
MYCKOBUT mreenur 19, MTUPOMOPQHT, TaJCHUT,
OKHUCJICHHBIE nupuT 1 anatut 1 .
18 TAPUT 3 okcunbl Bi
muput 35
IOro-Konesckoe/ HET p ’ ¢roopur 2, TeTUT,TUAPOKCHIB Mn,
HET JaHHBIX Bosb(pamur 9,
TIEpBUYHBIC JTAHHBIX LUPKOH 1 MAarHeTUT, MaJaxyuT
LIeeNuT §
Bosb(ppamur 34 TeTUT 5 TUAPOKCUABI Mn, OKCHIIBI
IOro-Konesckoe/ MYCKOBHUT 1, bp ’ ’ . . ’ A
KBapu 98 weenur 12, ¢roopwur 1, Bi, pyccemnurt, 6ypcawur,
OKHCJICHHBIE KanbIur 1
MUPUT 2 LUPKOH 1 IITOJIBLIUT

Ilpumeuanue. * — TUI Pyl COTTIACHO BU3YAJIbHOH OILICHKE.

Note. * — ore type according to visual estimation.

XUMUYECKUI COCTaB MPAKTUYCCKU BCEX M3yYCH-
HBIX HEU3MEHEHHBIX BOJIb(PpaMuToB Kak [lopoxoBcko-
ro, Tak 1 KOro-KoneBckoro MecToposxieHui COOTBET-
cTByeT Tto0Heputy ¢ coaepkanusimu FeO ot 0.57 mo
11.61 mac. % no (tabm. 2). dns CeBepHOro ydacTka
XapaKTepHbl OoJiee JKEIe3UCThle Pa3HOBUAHOCTU C
0OJIBIIMM JMANIA30HOM KoyieOaHuii cocTaBa (puc. 6),
a B TpeX aHajaM3aX COOTHOIICHHE TIOOHEepUTa K dep-
Oeputy 6mm3ko Kk 1:1 (06p. 2021/152.5 M, an. 20-22 B
Tabm. 2). HameuaeTcss TEHIEHITNS YBETUUCHUS JKEIe-
3MCTOCTH BONb()paMHTa C yBETUYCHHUEM TIIyOWHBI OT-

0opa o0pasioB Ha CeBepHOM yyacTke (Tadi. 2). Touku
cocraBa Boib(pamuTa LleHTpanapHOro yuactka, He3a-
BUCHMO OT CTETEHH OKHUCICHHS Pya, 00pa3yloT y3Koe
noJje, B KOTOpoe MOMaJaloT U BOJbPPAMUTHI U3 OKHC-
JICHHBIX U 4aCTh aHAJM30B M3 NepBUUHBIX pya Cesep-
HOT'O y4acTka, a Takke Bojbppamut FOro-Konesckoro
MECTOPOXKIECHUSI.

Conep:kanusi mpumeceid B Bolb(paMuTe, Orpe-
JIeJIeHHbIE B MOHO(PaKIHAX, 3HAUUTEIBHO BAPHUPYIOT
(puc. 7, snexrpoHHoe npuioxenue 1). dopma rpa-
(UKOB KOHLIEHTpAMK B BOJMB(GPAMHUTE U3 MEPBUYHBIX

MUHEPAJIOTVISI/MINERALOGY 9(2) 2023



MunepaisHble hopMbl Boib(pama Ha [TopoxosckoM 1 FOro-KoneBckoM MeCTOpoXIeHHsIX
Mineral forms of tungsten at the Porokhovskoe and Yugo-Konevskoe deposits

49

Tabnuya 2

Xumunueckuii cocras BoJbppamura [lopoxosckoro n IOro-Konesckoro mecroposxaennii (mac. %)

Chemical composition of wolframite of the Porokhovskoe and Yugo-Konevskoe deposits (wt. %)

Ne 06p. | MnO | FeO | WO, | Cymma | dopmyna
CeBepHblil y4acTOK, IIEPBUYHBIC PY/IbI
22.07 0.89 77.04 100.00 (Mng.9sF€0.04)0.08W1.0104
21.92 0.92 77.16 100.00 (Mng.9sF€0.04)0.08W1.0104
2041a/93 21.73 1.04 77.12 99.89 (Mng.93F€0.04)0.97W 10104
21.94 0.70 77.36 100.00 (Mng 0sFe0.03)0.07W 10104
21.96 1.09 76.95 100.00 (Mng 0sF€0,05)0.00W 10104
21.87 1.06 77.08 100.01 (Mng.e3F€0.04)0.97W1.0104
22.14 0.94 76.92 100.00 (MngesFe0.04)0.90 WO,
20418/126.5 21.43 1.64 76.93 100.00 (Mng9:F€0.07)0.90W 10104
21.83 1.08 77.09 100.00 (Mnge3F€0.05)0.0sW1.0104
21.65 1.57 76.78 100.00 (Mny 92Fe0.07)0.99 WO,
22.14 0.89 76.97 100.00 (Mng.esFe0.04)0.90W1.0104
2022/135.6 16.08 6.62 77.30 100.00 (Mng goFe0.28)0.07W 10104
2022/139.6 20.48 2.38 77.86 100.72 (Mngs7Fe01)0.97W10104
21.74 1.43 76.83 100.00 (Mny.93F€0.06)0.99 WO,
19.99 2.69 77.32 100.00 (MngssFeo11)0906W1.0104
2021/145.9 16.16 6.72 77.13 100.01 (Mng gFe0.28)0.97W1.0104
18.55 3.95 77.51 100.01 (Mng 79F€0.17)0.06W1.0104
18.09 4.90 77.01 100.00 (Mng 77F€021)0.0sW1.0104
17.12 5.94 76.94 100.00 (Mng73F€0.25)0.08W1.0104
10.68 | 12.10 | 77.21 99.99 (Mngs1Fe0.46)0.97W1.0104
2021/152.5 11.97 | 11.11 | 76.93 100.01 (Mngsi1Fe.47)0.0sW1.0104
11.54 | 11.61 | 76.85 100.00 (Mng 49F€0.49)0.0sW 10104
12.79 | 10.29 | 76.92 100.00 (Mny ssFe0.43)0.0sW1.0104
15.00 8.19 76.81 100.00 (Mng gsFe35)0.00WO,
21.66 1.72 77.32 100.70 (Mng9:Fe0.07)0.90 WO,
2021/156.8 14.43 8.79 77.49 100.71 (Mng 61Fe037)0.0sW 10104
20.91 1.89 77.42 100.22 (Mng soFe0.08)0.07W 10104
17.13 5.79 77.20 100.12 (Mno73F€024)0.97W1.0104
2021/160.6 15.58 7.45 76.97 100.00 (Mng¢7Fe031)0.08W1.0104
17.68 5.32 77.00 100.00 (Mnyg77Feo23)1 WO,
ITpoba 8
21.35 0.86 77.11 99.32 (Mng 0sFe0.04)0.0sW 10104
Ipoba 10 21.42 0.80 77.67 99.89 (Mny.93F€0.03)0.06 W1.0104
[Ipoba 13 21.71 0.80 77.49 100.00 (Mng.9sFe0.03)0.97W1.0104
CeBepHBIil y4aCTOK, OITYOKHCICHHBIE PYAbI
21.52 0.89 77.59 100.00 (Mng.0sFe0.04)0.0sW 10104
[Ipoba 7
21.15 1.35 77.50 100.00 (Mng9:F€0.06)0.0sW 10104
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Oxonuanue mabauyvl 2

Ne 00p. | MnO | FeO | WO, | CymmMma | dopmyna
CeBepHBIil y4aCTOK, OKHCIICHHBIC PY/IBI
2135 | 0.70 | 77.95 100.00 (Mng03F€0.03)0.06 W 10104
21.53 0.95 77.52 100.00 (Mng.94F€0.04)0.0sW1.0104
IIpoba 6
21.83 | 0.65 | 77.52 100.00 (MngosF€0.03)00sW 10104
21.37 1.09 | 77.55 100.01 (Mng 03F€0.05)09sW1.0104
LleHTpabHBIA YIaCTOK, IIEPBUYHBIC PYIBI
2228 | 043 | 77.29 100.00 (Mng 05F€0.02)097W 10104
2235 | 090 | 76.75 100.00 (MngosFe0.04)000WO4
1023/124 22.27 0.71 77.03 100.01 (Mng.esFe0.03)0.08W1.0104
2228 | 0.69 | 77.03 100.00 (Mng 9sF€0.03)00sW 10104
21.83 1.14 | 77.04 100.01 (Mng.03F€0.05)09sW 10104
22.11 1.01 76.88 100.00 (Mng04F€0.04)00sWO4
22.03 | 0.87 | 77.10 100.00 (Mng04Fe€0.04)00sW1.0104
2222 0.83 76.95 100.00 (Mny.9sFe0.03)0.0sW1.0104
1002/84 22.09 | 0.81 77.11 100.01 (Mng 04F€0.03)097W 10104
2244 | 0.81 76.75 100.00 (Mng.96F€0.03)090WO4
22.15 | 0.67 | 77.18 100.00 (Mngo5F€0.03)00sW1.0104
22.83 1.04 76.14 100.00 (Mng.90F€0.04)1.03Wo.9904
[Ipoba 2 22.56 1.08 76.36 99.65 (Mng.9sF€0.05)1.03W0.0904
2226 | 0.82 | 76.91 100.00 (Mno.o7F€0.04)1.1WOy4
LleHTpaibHBIA y4aCTOK, TOITYOKHCICHHBIE PY/IbI
2198 | 090 | 77.12 100.00 (MnoosFeo04)i WO,
IIpoba 3
2224 | 0.85 | 7691 100.01 (Mng97Fe€0.04)1.00WO4
LleHTpanbHBIA Y4aCTOK, OKHCICHHBIE PYIbI
2240 | 0.81 76.79 100.00 (Mngo6F€0.03)000WO4
22.67 0.74 76.60 100.01 (Mngo7Feq03) WO4
2246 | 0.76 | 76.78 100.00 (Mno.96F€0.03)090WO4
22.54 | 0.84 | 76.62 100.00 (MnoosFeo.04)1 WO,
P1 22.51 0.78 | 76.70 99.99 (Mng.osF€0.03)0.90 WO4
22.31 0.76 | 76.92 99.99 (MngosFe.03)00sW1.0104
2238 | 0.69 | 76.93 100.00 (Mng96F€0.03)090W 10104
2262 | 0.72 | 76.66 100.00 (Mnoo7Fe0.03)i WO,
22.63 | 0.57 | 76.80 100.00 (Mng97F€0.02)000WO4
22.50 | 0.82 | 76.68 100.00 (Mngo6F€0.03)000WO4
21.71 0.70 | 77.59 99.99 (Mng04F€0.03)097W 10104
[Ipoba 1
21.88 0.64 77.48 100.00 (Mng.9sFe0.03)0.0sW1.0104
I0ro-KoHeBckoe MeCTOpOXKIACHUE, IEPBUYHEIC PYIbI
MpoGa4 | 2200 | 1.05 | 7694 | 10000 |  (MnyeFeon)ossWi00s
IOro-KoneBckoe MecTOpOXK/IeHHIE, OKUCICHHBIE PYAbI
20.50 1.83 | 77.67 99.99 (Mng ssFe€0.08)0.06 W1.0204
ITpo6a 5 2098 | 0.96 | 78.06 100.00 (MnosFe.04)09sW 10204
2040 | 1.39 | 77.86 100.00 (Mng ssF€0.06)0.94W 10204

Ipumeuanue. 3nech u B Ta0I. 3, GOPMYITBI paCCUUTHIBATICH Ha YeThIpe atoma O.
Note. Here and in Table 3, the formulas were recalculated to four O atoms.
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Puc. 6. ®parMeHT TpeyroibHOH AnarpaMMbl COCTaBOB BOJIb(GpaMuTa, mac. %.

1-3 — CeBepHblit yuacTok II0poX0OBCKOro MECTOPOXKAEHUS: | — NEpBUUHBIE PYbL, 2 — OYOKHUCIIEHHBIE PY/Ibl, 3 — OKUCIICH-
Hble pynbl; 4-6 — LlenTpanbHblil yuacTok ITopoxOBCKOro MeCTOpoXKIeHUS: 4 — IEPBUYHBIE PYABL, 5 — MOIYOKHUCIEHHBIE PY/bI,
6 — oxucnenssle pynsl; 7, 8 — FOro-KoneBckoe MecTtopokaeHue: 7 — IepBUYHBIE PY/Ibl, § — OKUCIEHHBIE PYAbI.

Fig. 6. Fragment of a triangular diagram of wolframite composition, wt. %.

1-3 — Northern area of the Porokhovskoe deposit: 1 — primary ores, 2 — semioxidized ores, 3 — oxidized ores; 4-6 — Central
area of the Porokhovskoe deposit: 4 — primary ores, 5 — semioxidized ores, 6 — oxidized ores; 7, 8 — Yugo-Konevskoe deposit:

7 — primary ores, 8 — oxidized ores.
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Puc. 7. Cnaiinep-ararpaMMBI 171 BOTb(DpaMuTa ¢ Pa3IMIHBIX YIaCTKOB UCCIECAOBAHHBIX MECTOPOXKIACHHI.
3nech 1 Ha puC. 8, comep KaHus SJIEMEHTOB HOPMHUPOBaHBI Ha XOHAPHUT 1o (McDonough, Sun, 1995).

Fig. 7. Spider diagrams for wolframite from various areas of the studied deposits.

Here and in Fig. 8, the contents of elements are normalized to chondrite after (McDonough, Sun, 1995).

W OKHCIICHHBIX PY[, B IIeJoM, cxomHa. [lis Bcex mpo-
aHAJM3UPOBAHHBIX MPOO BOJIBPPAMUTA, OTOOPAHHBIX
KakK W3 MEPBUYHBIX, TAK U U3 BH3YAJIBHO OKHCIICHHBIX
PYIl, XapaKTepHBI MMOBBIIICHHBIC KOHIEHTPAIIUH XaJlh-
ko(puIbHBIX eMeHToB (Zn, Pb, Cu, Bi, Sb), npu s3Tom
conepxanus Ni, As, Se HEBEJIMKH, TaK e, KaKk U CO-
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nepxanust Ta, Nb, Sn, Be, xapakTepHbIX a1 MeCTO-
pOXXIeHu# rpeizenoBoi popmarnun. [lockonbKy MOHO-
(pakunyu ObLIM 3arps3HEHBI BKIIOUEHUSAMU 1 TOHKUMH
CPOCTKaMHU € APYTUMHU MUHEPAJIOB, MOBBIIIEHHbIE KOH-
LEHTPaLUHU XaIbKO(UIOB, BEPOSTHO, CBA3aHBI C MeXa-
HUYECKUMHU ITPUMECSIMH.



52 Porog JI.A., benory6 E.B., HoBocenos K.A u np.
Rogov D.A., Belogub E.V., Novoselov K.A. et al.

100 ~

1000

e

J

- K;——f

b/

La Ce Pr Nd Sm Eu Gd T Dy Ho Er Tm Yb Lu

LleHTpanbHbIn y4acTok NMopoXOBCKOrO MECTOPOXAEHMUS
HOro-KoHeBckoe mecTtopoxaeHue

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

CeBepHbI y4acTok MOpoOXOBCKOro MECTOPOXAEHUSA

Puc. 8. Pactipenenenue P35 B Bonb(hpamuTe MepBUYHBIX () U OKUCICHHEI (0) pyI.
Fig. 8. REE pattern of wolframite from primary (a) and oxidized (6) ores.

Bonsppamur w3 mepBuuHBIX pyn CeBepHOTO
y4acTKa COIEPKUT MEHBIIIE IPUMeCceH, 3a UCKITIOUSHH-
eM Bi, Cu, Pb u Te, yem Bomspamut LleHTpansaoro
ydactka u FOro-KoneBckoro MectopokaeHus (puc. 7).
Konnenrpanun mpumMecel B BOIbPPAMHUTE OKHCIICH-
HBIX Py Pa3HBIX YYaCTKOB OJTM3KH.

CrexTpsl P33 B Bonmb(pamMuTax MEPBUIHBIX Py
BCEX M3YYECHHBIX YYaCTKOB XapaKTEPU3YIOTCS 3HAYH-
TEJTHHBIM HAKOTUIEHHEM TsoKenbix P33, o cpaBHEHHIO
¢ merkumu (puc. 8a). EBpormeBast u mepreBas aHoMa-
JUN HE TPOSBICHBI. Bomb(hpaMHUTBI W3 OKHCIECHHBIX
pya oboramensl P35, B 0cOOEHHOCTH JIETKUMH, TIO
CpaBHEHHUIO ¢ HEW3MEHEHHBIMHU (puc. 80). Oboramre-
HUe TsDKenmsMu P30 mpossieno Ha FOro-KoneBckom
MECTOPOXKIEHUH, B TO BpeMs Kak Ha [lopoxoBckom 3Ta
TEHJCHIINS 3aMeTHO ciiadee.

[lleenur Ha IIOpOXOBCKOM MECTOPOXKIECHUU
BCTpEYaeTCcs B BHJE OKTAdIPHUECKUX KPHUCTAJUIOB
pasmepom 10 1 cm (puc. 9a), HO yarIe BCEro — B BHIIE
TUTTAAUOMOP(HBIX 3€peH, 00PACTAIOMHNX KPHUCTAIIIBI
Bob(ppamuTa (puc. 90), TOHKO3EPHUCTHIX arperaTtoB
KCEHOMOP(MHBIX 3epeH, 3aMemalonuX BOJb(OpPaMUT
(puc. 9B), ¥ TOHKHX IIPOCEUEK B KUJIaX, HHOTZIA — B ac-
cormariu ¢ maputoM (puc. 9r). llleenut BcTpedaeTcs
KaK B KBapIEBBIX, KapOOHAT-KBAPIIEBBIX KHUIAX C MY-
CKOBHTOM H (DITFOOPUTOM, TaK M B CKapHOUAAX, T7I€ OH
MOYKET aCCOIMHUPOBATh C XJIOPUTOM, DIHAIOTOM, (ITFO-
oputoMm, MonuOmenuToM. B meennte IlopoxoBckoro
MECTOPOXKIEHUSI BCTPEUYCHBI BKIIOUYEHHUS (DITFOOpHTA,
KaIIbIINTa, KOTyMONTa. XUMUICCKAN COCTaB IIEETNTA
COOTBETCTBYET CTeXHoMeTpuueckoil dopmyie. Ilpu-
MeCH, COJepKaHWe KOTOPHIX BHIIIE Tpeaena o0Hapy-
xerust COM ¢ DJ1A, He BeIIBICHBI (Tabmd. 3).

Munepanvhsie popmul 8onbhpama 6 oKUCIEHHbIX
pyoax. Bropudanbie Bob(ppaMcoaepKamne MHHEPaTbI
B OKHCIJICHHBIX U TIOJIYOKHCICHHBIX pPyAax MpeIcTaBie-
HbI, MPEUMYIIIECTBEHHO OKCUTHApOKcuaamMu Mn u Fe,
Kak TPaBWIIO, 3aMEMAIONIMMA BONB(MPAMHT U, Pexe,
CyIb(GUIBI, a TaKke 00pa3yIoNIMMH CBOOOTHBIC 3epHA
B TSDKEJIOM KOHIICHTpare.

Oxcurnapokcuasl Mn u Fe pasBuBarorcs 1o re-
pudeprn U TpemyHaM CHMAHOCTH KPHUCTAIJIOB BOJb-
¢dpamura (puc. 10). ITo cocTaBy BTOpHUHBIE MIHEPAITHI
TTOIPA3ICIIAIOTCS Ha OKCHTHAPOKCHABRI Mn (puc. 10a—8),
Fe u Mn (puc. 10r). Comepxanune WO; B HUX Bapbu-
pyet ot 0.60 mo 18.75 mac. % (tabn. 4), mocruras
43.68 mac. % B Fe-W okcuruapokcnaax (Tadm. 4, aH. 16).

B TsDKemoM KOHIIEHTpAaTe 9acTo MPUCYTCTBYIOT KO-
moMopdHBIe arperarsl (puc. 11a), yacTHYHBIC ¥ TTOJTHBIC
mceBIOMOP(O3BI  OKCHTHAPOKCHIOB IO CyIb(umam
(puc. 116) u rro6HEepuTY (pHc. 118). Jlnsa mceBgoMop-
¢$0o3 o cymbhumaM XapakTepeH MKEIIe3UCTHIN («ITIMO-
HUTOBBI) COCTaB, IO TIOOHEPUTY — MAPTAHIIOBUCTHIH
(«Bamy). Comepsxkanus Boib(pamMa B KOJITOMOP(HBIX
arperatax jguMmoHuTa nocturaror 0.94 mac. % WO;,
B miceBmoMop(}o3ax JTUMOHHTA 1O CyIb(pUIaM MaKCH-
MajbHOE HM3MepeHHoe conepxkanune WO; cocTaBuiio
3.11 mac. % (Tabm. 4).

[ToMPMO OCHOBHBIX PJIEMEHTOB B COCTaBE OKCH-
TUAPOKCUIOB Bcerma HaOmomaeTcst mpumech Ca. Jls
arperaroB, OOOTAIIEHHBIX JKEJIe30M, XapaKTepHOH
npumeckio sBisttotes Al, Si, P. IloBwimenssie comep-
aHug Ba xapakTepHBI JIJIsl arperaTroB ¢ MpeoOagann-
eM Mn (tabm. 4). Oxcuruapoxcuas! FOro-KoneBckoro
MECTOPOXKICHUS OTIIMYAIOTCSI BEICOKUMHU COZICPIKAHU-
smu PbO, nocruraromumu 22.09 mac. %. Bce momy-
YeHHBIE aHATHM3BI XapaKTePHU3YIOTCS Ne(PUITNTHON CyM-
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Puc. 9. ©opwme! BeiieneHui meennta IIopoxoBCKOro MECTOPOXKACHHS: a — TUITUPAMHUIAIBHBIN KPUCTAILT IIISCIUTA B KBApPIIE;
0 — oOpacranue BoJb(hPAMHUTA IIEETUTOM; B, I — IPOKUIIKOBBIE BBIICJICHUSI IIEEINTA B arperare MUpUTa U3 KBapLEeBOU JKHJIbL.

Puc. a—t — ¢poto 00pasios; T — GoTo B yIsTpaduoIETOBOM CBETE.

Fig. 9. Morphology of scheelite aggregates of the Porokhovskoe deposit: a — dipyramidal scheelite crystal in quartz; 6 —
wolframite with a scheelite rim; B, r — veined scheelite in pyrite aggregate of quartz vein.

Figs. a— — macrophotos of samples, r — photos in ultraviolet light.

Tabnuya 3
Xumunueckuii cocras meesnta [lopoxoBckoro Mmecroposkaenus (Mmac. %)
Table 3
Chemical composition of scheelite of the Porokhovsky deposit (wt. %)
Ne /it Ne o6p. Ne j1a0. CaO WO, Cymma dopmya
1 2021/156.8 21325b 18.72 81.60 100.32 CagosW 10104
2 2022/139.6 22766a 18.64 81.36 100.00 CaposW1.0104
3 2022/135.6 22764j 19.02 80.98 100.00 Cag0sW 10104
4 2021/160.6 22763b 18.86 81.14 100.00 Cag97W 10104
5 2021/149.6 22767a 19.22 80.78 100.00 CapgyWO,
6 2021/141.3 22765¢ 18.82 81.18 100.00 Cag97W 10104
7 mpoba 1 22804¢g 19.21 81.35 100.56 CaposW 10104
8 npoda 2 22816h 19.01 80.99 100.00 CaposW10104
9 mpoba 3 22815a 19.45 80.55 100.00 Cay00W1,0004
10 mpoba 5 22815b 18.72 80.95 99.67 Cay97W10104
11 mpoba 7 22817b 19.13 80.87 100.00 CagosW1.0104
12 mpo6a 9 22841a 19.28 81.52 100.80 CagosW10104
13 npoba 10 22844f 19.09 81.12 100.21 CaposW10104

MWHEPAJIOTVISI/MINERALOGY 9(2) 2023
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Puc. 10. 3amemienne rrobHepuTa (CBETIIOE) BTOPUYHBIMU OKCUTHApokcuaamu Mn (a—B) u Fe-Mn (1).
XUMHUYECKUI COCTAB OKCUTHIPOKCHUIOB MPUBEICH B Ta0. 4, Touka (Ne ar.): a— g (10), h (11),6—-b (12),8—f(13),r—b (5).

3nech u Ha puc. 11 u 12 — BSE ¢orto.

Fig. 10. Replacement of hiibnerite (light) by secondary oxyhydroxides Mn (a—8) and Fe-Mn (1).
Chemical composition oxyhydroxides is given in Table 4, point (no. an.): a— g (10), h (11), 6 —b (12), B—f(13), r— b (5).

Here and in Figs. 11 and 12 — BSE image.

MO, CBUJIETENBCTBYIOLIEN O MPUCYTCTBUU B arperarax
MOJICKYJISIPHOW /WM TUAPOKCUIIEHON BOJIBI. AHAIIU3BI
HE PaCCYUTHIBAIOTCS Ha CTEXHOMETpUYecKre (hopMyIsl
M3BECTHBIX MHUHEPAJIOB U, 110 BCEH BUAUMOCTH, OTpa-
KAIOT MUHEPAJIbHBIE CMECH.

Taxum o0Opa3oM, MakcUManbHbIe KojndecTBa W
KOHLIEHTPUPYIOT OKCUTHAPOKCHIBI, HETIOCPEICTBEHHO
3aMelnaronye Boirb(HpaMur.

B okucneHHBIX pymax TakKe YCTaHOBJIEHBI
mrodbliuT PObWO, M eIMHUYHBIC BBIJICICHHUS BOJb-
¢bpamara Bi (pyccenuta?). Llltompuut HaOmIOmaeTcs
B TSDKENBIX KoHIeHTpaTtax pya HOro-Koneckoro me-
CTOPOXKJIEHUSI, TJIe 00pa3yeT CPOCTKH KCEHOMOP(MHBIX
3epeH CO CIOKHBIMH U3BHIIMCTHIMU TPAHULIAMH C TIIee-
JIUTOM U OKWCJICHHBIM TT0OHEepuToM (puc. 12, tadm. 5).
B sTux cpocTkax Takke MPUCYTCTBYIOT €IMHUYHBIE
3epHa ypaH- W CBHUHENCOJEpKAIIUX MHHEpasoB W
(puc. 120). Enuanunoe kceHoMop(dHOE 3epHO pycce-
nuta (?7) o0HapyKeHO B OKCUTHUApOKcHaax Fe, 3amera-
FOIIAX TOYHO HE OTNPENeTICHHBIA XaIbKOTeHU T Bi.

O0cy:x1eHue pe3ybTaToB

ComacHo nUTEpaTypHBIM TaHHBIM (30JI0€B U 1Ip.,
1995; 2004) dopmupoBaHue BCEX MECTOPOKICHUH
Konescko-KapackeBckoro pyqHoro ysia CB3aHO €O
CTaHOBJICHHEM T'PAaHUTHBIX MacCHBOB FOTO-KOHEBCKOTO
KOMIUIEKCa, B YaCTHOCTH, C MIOCTMAarMaTH4eCKUMHU TH-
JpoTepMalbHBIMHA TIporieccaMu. [Ipeanomnaraercs, 9To
MUHEpPAJOTHUECKHe OCOOEHHOCTH MECTOPOKIACHUN
00yCJIOBJICHBI PA3INYHON yAaTEHHOCTHIO OT MaTepHH-
CKOTO MacCHBa, a TaKXKe JIOKAJIbHBIMU CTPYKTYPHBIMU
YCIIOBUSIMH W BMEMIAIOIUMH  Toponamu. Harmmvu
WCCIIEZIOBAaHUSIMU YCTAHOBJIEHO, YTO OTJIMYWS B MH-
HEpaIbHOM COCTaBe KWIBHBIX pyn [lopoxoBckoro u
HOro-KoHeBckoro MecTopoKIeHHS HE3HAUNTENbHBI U
MIPOSIBIICHBI, IPEUMYIIIECTBEHHO, B BAPHAIIAAX KOJTUYe-
CTBEHHBIX COOTHOIICHUN MEXy MUHEPaJIaMH.

Bonbsdpamut obpazyer nanomopdHbIe YITHHEH-
HO-YTUTONIEHHbIE KPHUCTAUIBI Pa3MepoM J0 TEePBBIX
caHTUMeTpoB. KpucTamibl B IIEHTPaNbHBIX YacTsIX
JKUJT pacItoyiaraloTcss 000COOIGHHO, B MPHU3aTb0aHI0-
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Tabnuya 4
Xumnyeckuii coctaB okcuruapoxcuios Fe u Mn
IMopoxoBckoro (1-12) u FOro-Konesckoro (13—-16) mecTopoxaeHuii

Table 4
Chemical composition of Fe and Mn oxyhydroxides of the
Porokhovskoe (1-12) and Yugo-Konevskoe (13—-16) deposits

Ne w/mt | Ne puc/ touku | FeO | MnO | WO; | CaO | BaO | MgO | PbO | K,O | ALO; | SiO; | P,Os | Cymma
1 116/f 63.03 - 3.11 | 020 | — - - - 531 | 2.01 | 0.82 74.48
2 o/p 58.36 - 0.71 | 0.66 | — - - - 420 | 2.88 | 4.08 70.89
3 1la/a 44.39 - 094 | 0.73 | — - - - 3.60 | 2.26 | 3.01 55.29
4 11a/b 52.53 - 1.03 | 0.77 | — 0.37 - - 504 | 492|393 68.94
5 10r/b 4773 | 5.20 | 19.50 | 1.31 | 0.54 - - - 1.10 | 3.00 - 78.38
6 o/p 36.24 | 1532 | 18.75 | 1.83 | 1.57 - - - 1.21 - 74.74
7 o/p 34.54 | 17.17 | 15.68 | 2.56 | 1.68 - - - 0.85 | 1.31 | 0.70 74.49
8 118/d - 51.07 | 2.72 | 2.33 | 4.38 - 3.07 | 025 | 3.50 - - 68.02
9 11B/e 512 3991 | 15.18 | 3.56 | 3.82 | 0.28 | 1.34 | 0.21 | 1.57 | 0.30 - 71.29
10 10a/g 1.85 | 4246 | 1297 | 2.73 | 7.29 - - 0.21 | 3.77 | 2.67 - 73.95
11 10a/h 1.73 | 46.41 | 12.36 | 4.39 | 4.42 - - - - - 69.31
12 106/b 559 | 4196 | 13.02 | 471 | 3.34 | 1.10 | 0.34 | 043 - - - 70.50
13 108/f 1.02 | 40.08 | 11.17 | 1.23 | 1.72 - 19.89 | - - - - 75.11
14 12a/d 6.13 | 29.18 | 18.21 | 1.53 | 1.42 - 16.61 | - - - - 73.08
15 o/p 1.47 | 38.88 | 9.35 | 0.39 | 1.09 - 2209 | - - - 73.27
16 o/p 37.47 43.68 | 0.41 - 0.70 - - 1.41 83.67

Ipumeuanue. Oxcurunpoxcunpl Fe (1-5), Fe u Mn (6, 7), Mn (8—15) u Fe u W (16); 6/p — 6e3 pucynka. 31ech u B Ta0II.
5, mpouepk — HIKe npejena oOHapyKeHUsI, JOMOJIHUTEIBHO aHaNn3bl cojepxar (mac. %): an. 3 u 4 — 0.36 u 0.35 Cr,0s,
cootBeTcTBEeHHO; aH. 8 —0.70 NiO u 0.64 Cu,0; an. 10 — 0.32 SO, u 0.66 C03;0y; an. 14 — 0.80 Cu,O.

Note. Oxyhydroxides of Fe (1-5), Fe and Mn (6, 7), Mn (8-15) and Fe and W (16); 6/p — without figure. Here and in
Table 5, dash — below detection limit, the analyses also contain (wt. %): an. 3 and 4 — 0.36 and 0.35 Cr,O;, respectively;
an. 8 — 0.70 NiO and 0.64 Cu,O; an. 10 — 0.32 SO, and 0.66 C0;04; an. 14 — 0.8 Cu,O.

Puc. 11. CBOOOIHBIC YaCTHIIHI OKCUTHIPOKCHIOB B TSDKEJIOM KOHIICHTpATE: a — KOJIOMOP(HBIE arperaTsl OKCHTHIPOKCHIOB
Fe (tabm. 4, an. 3 — a, an. 4 — b); 6 — monmHas ceBroMopdo3za umonuTa (Tadm. 4, an. 1 — f) mo mupury; B — «Bamgy (Tadm. 4,
an. 8 —d, an. 9 — e) ¢ penuKTaMu rIOOHEPUTA.

Fig. 11. Free particles of oxyhydroxides in heavy concentrate: a — colloform aggregates of Fe oxyhydroxides (Table 4,
an. 3 —a, an. 4 — b); b — complete pseudomorphosis of «limonite» (Table 4, an. f— 1) by pyrite; ¢ — «vad» (Table 4, an. 8 —d, an.
9 — e) with relics of hiibnerite.
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Puc. 12. Bropuaasle MUHEpaIBl BOIb(pamMa: a — CPOCTOK IITONBITNTA (TOYKA C, aHAN. 2 B TaOJ. 5) M OKCUTHAPOKCHIOB Mn
(d), 3amemarormux Tro0HEpUT (Wt); 6 — cpoCcTOK ypaHcomepkammx (a3 (Touka g, aH. 4, Touka h, an. 5 B Tabmn. 5) ¢ rrodHEpUTOM

(Wt) 1 aronbiroM (Sz).

Fig. 12. Secondary W minerals: a — intergrowth of stolzite (Sz) (Table 5, an. 2 — ¢) and Mn oxyhydroxides (d) after hiibnerite;
0 — aggregate of U-bearing phases (Tables 5, an. 4 — g, an. 5 — h) with hiibnerite and stolzite.

Tabnuya 5
Xumuyeckuii cocraB wroasuura (1, 2), pyccesnra (3) u U-Pb cogep:kammx Boabppamartos (4, 5)
Table 5
Chemical composition of stolzite (1, 2), russellite (3) and U-Pb-bearing tungstates (4, 5)
Nean. | WO; | PbO | CaO | FeO | Bi,O; | UO, dopmyia
1 52.52 | 47.48 - — - - Pbo.osW1.0204
2 52.09 | 4791 - — — — Pbo.o7W 10104
3 3545 - — 1.63 | 62.92 - (Biooi1Feo15)1.06W1.030s
4 47.20 | 23.30 | 0.49 | 6.89 - 3.54
CcMeCh MUHEPAJIOB

5 38.68 | 17.39 | 0.61 | 7.21 - 5.07

Ipumeuanue. ®opmymsr 1 1 2 paccunThIBaIHCh Ha YeThipe atoma O. @opmyna 3 paccunThIBaiach Ha MeCTh aToMOB O.
Note. Formulas 1 and 2 were calculated to four O atoms. Formula 3 was calculated to six O atoms.

BOW 4acTH HEPEIKO cpacTasich MeXIy co0oi U ¢ My-
ckoBuToM. Ilo mepudepun u mo TpemmHaM HEpeaKo
MPOMCXOJUT 3aMellleHHe BOJIb(PpaMUTa LICCTUTOM, a
B OKHMCJIEHHBIX pyaax — okcuruapokcugamu Fe u Mn.
B kadecTBe BKJINOYEHHH IPHUCYTCTBYIOT BKIIIOUEHUS
cynb(huI0B (Yale Bcero nupura) u gmoopura. Hamu-
Yye BKJIIOYEHUIN OTpakaeTcs B XMMHUYECKOM COCTaBe
MoHO(pakIuii Bosib(hpamura. OTCIOa MOXKHO ClIEIaTh
BBIBOJI, YTO KPYIHbIE KPUCTAIUIBI BOIb(paMuTa OymyT
XOpomio o0oramarbess TPaBUMETPUUECKUMH METO/a-
MU. ToJIbKO B OKHCIIEHHBIX pynax OyayT HaOIIOAaThCS
MOTEPH BOJIb(paMUTA U3-3a IUIEHOK BTOPUYHBIX MUHE-
paJioB ¥ CKJIIOHHOCTH 3€pEH K Iepenu3MeNbueHHIO.
Panee nns mecropoxnenuit Konescko-Kapa-
CBEBCKOTO PYAHOTO Yy37a, ObUIO MOKa3aHO yBeJIHue-
HUE KeJIE3UCTOCTH BONb(PPaMHUTa MO HATPABICHHUIO C
tora Ha ceBep (Iloxporckuii, 1950). Ilo nHamum nan-

HBIM BoJIb()paMuT Hamboiee ceBepHoro FOro-Kones-
CKOTO MECTOPOXJIEHHS, MPAKTUYECKH HE COACPIKHUT
Fe. Xenesucrocts Bonbppamura CeBEepHOTO ydacTKa
yBEJIMYMBaeTCs ¢ IyOHHOM, 0JJHAKO, KOTMYECTBO MPO-
AHAJIM3UPOBAHHBIX 3€PCH JId pa3HbIX YYaCTKOB HEOO-
CTaTO4YHO AJId TOro, 4TOOBI JCJ1aTh BBIBO/bI, U BOIIPOC O
30HAJILHOCTH COCTaBa BOJIb()paMuTa TpeOyeT HanbHei-
IeTo U3y4YCHM.

Cognep:kaHue >JIeMEHTOB-TIPEMEced B BOIb(dpa-
MUTEC KaK M3 NEPBHUYHLIX, TaK U U3 OKUCJICHHBLIX PYI
HentpansHoro u CeBepHoro yudactkoB [lopoxoBcko-
ro u KOro-Konesckoro mecropoxkaenuit cxomgno. Ilo-
CKOJIBKY OBUTH TIpOaHAIM3UPOBAHb MOHO(PAKINH,
3arpsA3HCHHBIC BKIIIOUCHUAMHU W BPOCTKAMU JAPYIUX
MHUHEPAJIOB, COCTaB MUKPOIIPUMECEN B KAKOH-TO Mepe
OTpakaeT MPHCYTCTBUE ITHX MHUHepasoB. CXOACTBO
Habopa M colep KaHUH AIIEMEHTOB-IIPUMECE B BOJIb-
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¢bpaMuTe pa3HBIX YIaCTKOB U MECTOPOXKIACHUN MOXKET
CITY’)KUTh TIOATBEP)KICHUEM EIWHCTBA yCIOBHHA PYIO-
OTIIOKEHUSI.

®dopma cnaiijiep-quarpaMm, XapakTepU3YIOIIHNX
COCTaB DJIEMEHTOB-TIPUMECei BOIb(GpaMuTa U3 OKHC-
JICHHBIX Py, B IIEJIOM, CXOJHA C TAKOBOW IS TIEPBUY-
HBIX pyad, 3a UCKITIodeHHEeM ToBenenns P33. B Bomb-
(dpaMuTax W3 OKHCIEHHBIX Py CIEKTP BBITOIAKHUBA-
eTCsI, TIPH ATOM CoJieprKaHue JIeTkux P32 3HauuTeIbHO
noBeImaeTcsa. OCOOCHHO SPKO 3Ta TCHACHIIHUS TIPOSB-
nena s CeBepHoro ydactka [lopoxoBckoro mecto-
poxaeHus. BeposTHO, 3TH 0COOEHHOCTH MOXKHO O0B-
SICHUTH OoJiee BBICOKOH MOOWIBHOCTBIO Jierkux P33
B runeprenese (Berger et al., 2014) u ux copOrueit
13 TUIEPTEHHBIX PacTBOPOB OKCHUTHAPOKCHIamu Fe’*
(Ling, Liu, 2002), pa3BuBaronmMucs Mo BoJIb(ppaMu-
Ty. llosiBNIeHnEe 1epreBOoro MakCMMyMa Ha CIIEKTpax
BONB()PAMHUTOB OKHCIIEHHBIX DY/ MOATBEPXKAAeT yda-
CTHE OKMCIIUTENBHBIX THIIEPTEHHBIX BOJ B TIPOIIECcCcax
UX peodpa3oBaHusl.

Hecmotps Ha TO, 4TO pe3ynsrarsl (pa3oBOro Xu-
MHYECKOTO aHajM3a II0Ka3bIBAIOT HE3HAYUTEIhHOE
comepkanust W B OKHCICHHOW («TYHTCTHTOBOW)
dbopMe, TpU TUTAHUPOBAHHUH DKCILIyaTaIllid HEOOXO-
JTUMO YYHUTHIBaTh MPUCYTCTBUE OOOTAMEHHBIX W OK-
curugpokcusioB Fe u Mn. VX xonuyecTBO B BepxHeE
OKHUCIIEHHOW YacTH MECTOPOXKIEHUS MOXKET JOCTUTATh
20 %. Hapsimy ¢ penwKTamMu MEepBUYHBIX MHUHEPAJIOB,
OHHU MOTYT cojiepkarb W. Pa3zBuTue 3TUX MUHEpaoB
MO TPEIMHAM CHAHOCTH BONb(paMUTa MPHUBOANAT K
YMEHBIIIEHIIO MEXaHNIECKOW TIPOYHOCTH BOJIb(pamu-
Ta Mpu APoOIEHUH, KPOME TOTO, BTOPHYHBIE MUHEPAITBI
00pa3yloT TOHKHE arperarsl, TakKe UMEIOIHe CKIIOH-
HOCTh K TIEPEU3MENBUEHUI0. DTH MHHEPAIOTHYeCKre
OCOOCHHOCTH SIBJISIFOTCSI KITFOUEBBIMH JIJISI TTOCIIEAYIO-
el pa3paboTKH MECTOPOXKICHHSI, TaK KaK TIOTPEOYIOT
Pa3TUIHON CUCTEMBI IIPOOOITOTOTOBKH M 000TaIEeHHUS
(ITeTpos, 1998).

3akaouenue

N3ydens! mrydHBIE 00pa3ibl B TPYIIIOBBIC TIPO-
on1 pyn [Topoxosckoro u FOro-KoHneBckoro MmecTopox-
nennit W rpetizenoBoit popmanmm Ha KOxaOM Ypae.
Ha o0onx MecTOpOXXAEHHAX PyHIbl TPEACTABICHBI B
OCHOBHOM KBapIIeBBIMH JKHJIAMHU C KapOOHATAMU U MYy~
ckoButoM. Ha ITopoxoBCkOM MECTOPOXKIEHUU BbIJIEIIS-
eTCsl TaK)Ke He MMEIOIINH IIIMPOKOTO PaCIpOCTPAHEHUS
cKapHOBBI TUTI. OCHOBHBIMH MUHEPATBHBIMH (opMa-
MU W MepBUYHBIX Py Ha 000MX MECTOPOKICHUX SB-
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JISIOTCS TIOOHEPUT W IIeeNuT. BropocTeneHHsie 1 ak-
[IECCOpPHBIE PYAHBIE MUHEPAIBI — IUPHT, XaJIbKOITUPHT,
MOJINOICHHT, penkue — c(haepuT, TaJICHUT, BACMYTHH,
alKWHUT, MarHeTHUT, PyTWJ, WIBMEHHUT, THTAHUT, KO-
JTYMOWT TOYHO HE MUArHOCTHPOBAHHBIE XaIbKOTCHH-
el 1 cynbdocomn Bi. JKuibHast Macca mpeacTaBieHa,
MPENMYIIECTBEHHO, KBapIIeM ¥ MyCKOBHTOM CO BTOPO-
CTETICHHBIMH KaJbIIUTOM, JOJIOMHUTOM U (DIFOOPHUTOM,
PEAKUMHU — XJIOPUTOM, aM(uOOIIOM, STTHIOTOM H aK-
IIECCOPHBIMU — ITUPKOHOM, araTUTOM M yPaHHHHUTOM.
30HaBEHOCTE B coflepykannu (epOepUTOBOTO MIHAIIA B
BOJIb(ppaMuTe OTHOCUTENBHO FOT0-KOHEeBCKOTO Maccu-
Ba TPAHWUTOB HE BBIABIICHA. Bombdpamut n3 FOro-Ko-
HEBCKOTO MECTOPOXK/IEHUS, TaK K& Kak ¥ BOIb(PAMUT
IlenTpansHoro yuactka IIOpOXOBCKOrO MeECTOpPOX-
JISHHSI, COJEPKUT HE3HAUYNTENbHOE KOMn4ecTBo Fe n
030K K 9uCcTOMY TIOOHepuTy. B pymax CeepHoro
ydacTka [lOopOXOBCKOTO MECTOpPOXIEHHS OTMEYeHa
TEHJICHITUS YBEIIMUCHUS cofepkanns Fe ¢ TyOnHOM.

B oxucneHHBIX pygax, TOMHUMO CKBO3HBIX JKHIIb-
HBIX MUHEPAJIOB, IPUCYTCTBYIOT OKCUTHAPOKCHIB Fe n
Mn, Manaxut, mupoMopduT, OpomMapruput. Bomsdpam
BXOAMT B COCTaB OKcUruapokcuoB Mn u Fe, 3amema-
FOIITNX BOJBb()PAMUT, M B MEHBIIICH CTETIEHHU — B TICEBII0-
MOpP(O3BI TUMOHHTA T10 CYIb(PHUIAM U CaAMOCTOSTEIhb-
HbIE arperarbl okcuruapokcuaoB Fe u Mn. Ycranosiie-
HBI €IMHUYHBIC BBIJICIICHUS ITONBINTA W PyCCEIUTNTA
(7). ITo pesympTaram (Ga3zo0BOr0 XUMHUICCKOTO aHAIH3a
TPYMIOBBIX TIPOO YCTaHOBIEHO, YTO KOMH4YecTBO W B
(hopMme TyHTCTHTA B pyHax, ONPENEICHHBIX BH3YyaIbHO
KaK OKHCJIeHHBIe, He mpeBbimaet 0.5 %, 9To mo3BosI-
€T OTHECTH BCE PYIbl MECTOPOXKIECHHUS K TIEPBUIHOMY
TEXHOIIOTUIECKOMY THITy. Pa3BuTHe BTOpUYHBIX MUHE-
paJioB TIO TPEUTMHAM CMAfHOCTH BOJIB(PPaMUTa TIPHUBO-
JUT K YMEHBIIIEHUIO €T0 MPOYHOCTH TP JPOOICHHUH.
B cBs31 ¢ 3THM pyIOTIOATOTOBKY OKHCIICHHBIX H ITOITY-
OKHUCIIEHHBIX Py, BBIICTICHHBIX O JaHHBIM BH3yallb-
HOM OTIEHKH, CJIEyeT MPOBOANUTH B PAa3HBIX PEKUMAX.

Asmopwr  brazodapuvr OO0  «HUngo Mapkem
Pecypcy 3a npedocmasnennvie mamepuanvt. Yacmo
ananumuieckux pabom u 00600weHue pe3yabmamos
BbINONIHEHO 8 PAMKAX 20Cydapcmeentozo 3a0anus FOY
@HI] Mul” ¥pO PAH, mema Ne 22031600292-6.
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