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Annomayusn. B cratbe onvcaHbl MUHEpalbl, BIIEPBbIC 0OHApYKEHHbIE Ha BOpOHIIOBCKOM 30110TOPY/-
HOM MecTopoxkaeHuu Ha CeBepHoM Ypane 3a nepuog 2021-2026 rr., mpUBeJEHbI UX TUArHOCTUYECKHE Xa-
PaKTEpUCTUKHU, B YACTHOCTH, XMMUYECKHH COCTaB, PEHTTCHOBCKUE JaHHBIE, ONITUYECKHE CBOiicTBa. Beero 3a
YKa3aHHBIH [IEPUOJ YCTaHOBJIEHO 13 MUHEpPAIOB, BKIIIOYAsi HOBBIM MUHEPAIbHBIN B OpYCHUIBIHUT. bepHap-
JIOTTHMT, MOHIEIbBYKCUT U XUPIUINT HaliIeHbI BIIEPBbIE HA TeppuTtopun Poccuiickoit denepauu.

Knrwueswvie cnosa: Boponunosckoe Mectopoxxaenue, CeBepHblil Ypai, kaiacTp MUHEPAJIOB, IEPBbIE Ha-
xoaku B Poccun.
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Abstract. The paper describes 13 minerals found for the first time at the Vorontsovskoe gold deposit
(North Urals) in 2021-2026 and their main characteristics including chemical composition, X-ray diffraction
data and optical properties. Brusnitsynite is a new mineral species. Bernarlottiite, montpelvouxite and hyrslite
are found for the first time in Russia.
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BBEJIEHUE

BopoHIIOBCKOE 30710TOPYIHOE MECTOPOXKACHHUE
pacnonoxkeHo B KpacHorypbsuHckoM paiione Caepa-
noBckoit oomactu (CeBepublit Ypai), B 310 kM ceBep-
Hee T. ExarepunOypra, B 13 kM rokHee T. KpacHoTy-
ppuHcka U B 0.5 kM Kk 3amany oT noc. BopoHioBka.
OHno 6b110 OTKpHITO B 1985 1, a, HaunHas ¢ 1999 roxa,
pazpabareBaniock 3A0 «3onoto CeBepHoro Ypama»
xomnanuu «llonumeranm» aByms kapbepamu — Cesep-
HeIM U FOxHBIM. B 2018 1. ObU1 OTpaboTaH 1 3aToTIeH
HOxnbiii xkapeep. Ha CeBepHOM Kapbepe T0OBIYHBIE
paloThl MPOJOKAIUCH YYTh JOJbILE — 0 CEPEIUHBI
2020 r. [lockonbky pymHoe Teno ObLIO OTpaboTaHO
HE IOJHOCTBbIO, B TEUEHUE HECKOJIIBKUX JIET IPOBO-
JUITUCH UCCIICIOBAHUS TSl OIPEICICHUS IEPCIICKTHB
MOA3EMHOM 100BIYM, KOTOpasi B UTOre OblIa NpU3HAHA
HSKOHOMHUYECKH HerenecooopazHoit, 1 CeBepHBIA Ka-
prep k 2025 1. ObLT TaK)Ke YaCTHYHO 3aToruieH (puc. 1).
TakuMm o0pa3om, J00bIYAa Ha MECTOPOXKICHUHU 3aBEp-
LIeHa, OJJHAKO J0 HACTOSILIEro BpeMEeHHM Ha (adpuke
nepepabdarbiBaeTcs pyna U3 paHee cHopMHUpOBaHHBIX
CKJIaJ0B 3a0alaHcoBBIX pyad. Beero 3a Bpems skcitya-
Tanuy BopoHIIOBCKOrO MeCTOPOXKIACHNUS OBLIIO JOOBITO
(o cocrostamro Ha 01.01.2025 ) B Buge pynst 101.1 T
3omota u 120.6 T cepedpa, a U3BJIEYEHO TOTOBOTO TIPO-
nykra (appUHHPOBAHHBIX METaLIOB) — 76.9 n 41.2 T,
cooTBeTCTBeHHO (A.A. [0TTMaH, yCTHOE COOOIIIEHHE).
OcraBuirecs Ha CKJIaJax 3amachl pyabl IUIAHUPYETCS
nepepadboTaTh B TeUCHHUE ONMKANIINX JIET.

B Munepanoruueckom acriekre BopoHuoBckoe
MECTOPOXKICHHE OTYUYHIIO U3BECTHOCTh HE TOJIBKO B
Poccum, HO 1 Bo BceM Mupe Oiaroznapsi CBOeH 4pe3Bbl-
yaifHo Ooraroil u pazHooOpasznoit Tl-Hg-Mn-As-Sb-S
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MHUHEpaIU3alHuU C IUPOKUM CHEKTPOM PEAKHX CYJIb-
¢unoB U ocobeHHo cymbdoconeit. B pesymbrare mo-
JeBBIX COOPOB U J1IaOOPATOPHBIX HCCIICAOBAHUH, MIPO-
BE/ICHHBIX aBTOpPaMU 3TOW CTaTbU B COTPYIHHUYECTBE
¢ xoiuteramu u3 Poccun, Uexun, Utanun u Jlanun B
2013-2020 rr., yCTaHOBJICH psJl MUHEPAJIbHBIX acCO-
AUl ¢ YHUKAJIbHBIM HAa0OpOM MUHEPAJIOB, MPEKIEC
BCEro, cyiab(oconeld (aHTUMOH- U apCeHOCYIb(HUIO0B)
¢ Bumooopasyrommmu T1, Hg, Pb, Cu w/umu Mn. Ot
MHUHEpaJIbHbIC ACCOLMALNMU M TUIBI PyA, K KOTOPHIM
OHU NPHYPOUYCHBI, TOAPOOHO OXAPAKTEPU30BaHbI HAMH
B crathe (Kacarkun u ap., 2020), oTKpbeIBaromien ce-
puro myOiuKanuid, MOCBAIICHHBIX MUHepaioruu Bo-
POHIIOBCKOI'O MECTOPOXKICHHS. TaM e NPHUBEICHBI
UCTOPUSI M3YYEHHUS] MECTOPOXKICHHUS, €ro IeoJIornye-
CKO€ TOJIOKEHHE U CTPOEHHE, a TaKKe MaKCHMaJIbHO
MOJIHBIM HA TOT MOMEHT KaJacTp MUHEPaJIbHBIX BUJOB
Boponnosckoro mectopoxkaenusi, B 2020 r. BKIrOuaB-
it 209 munepasnoB. Bce oHM € pa3HOU CTENEHbIO
NOAPOOHOCTH ONHMCAaHBl HaMHU B IOCIEIYIOLIMX CTa-
Thsax 210 cepun (Kacarkun u np., 2021a, 0, B), a Tak-
K€ B aHIVIOSI3BIYHOM CIICLIMAJILHOM BBIITYCKE XKypHaja
«Munepanorus» (Kasatkin et al., 2022). B nocnennei
U3 IPOLIUTUPOBAHHBIX PA0OT IIepeyeHb MUHEPAJIOB Me-
CTOpOXKJIeHUs ObLT paciuper A0 210 HanMeHOBaHHMIA.
Cpeny HUX IEBSITH NPEACTABIIOT cOO0H HOBbIE MUHE-
paJibHbIC BUJIBI (KJIEPUT, BOPOHLIOBUT, ()epPOBOPOHIIO-
BUT, LBITAHKOUT, IVIaIKOBCKUUT, JTIOOOPKAKUT, [TOXOs-
IIMHAT, TYHTEPHUT, aydpOaxuT) u eme 41 MuHepan Haii-
JleH BepBble Ha Tepputopun Poccuiickoit denepanuu.

B 3axmrountensHol ctarbe cepun (Kacarkuu u
Ip., 2021B) MBI BBICKa3ali HAJISKTy Ha TOSBJICHHUE B
OyayILeM CBEKEro MUHEPAJIOTHYECKOro Marepuaia u3
HOBBIX YYaCTKOB, pa3BeJlka KOTOPbIX TOI/a INIaHUPOBa-
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Puc. 1. CeBepnblit kapbep Boponmosckoro mectopoxaerns. Anpens 2026 . @oro M.B. L{pranko.
Fig. 1. Northern open pit of the Vorontsovskoe deposit. April 2026. Photo by M.V. Tsyganko.

nace komnanueil «llonmumeramn YK», u npogomkenue
M3ydYeHUs] 0oraroil MUHepajIoruu MecTopoxaeHus. K
COXAJICHNIO, HU OTPa0OTKa ITUX HOBBIX YYACTKOB, HU
MoA3eMHas 100bIYa TAK U HE HAYAJINCh, U [I03TOMY, Ha-
yuHas ¢ 2021 1., MOCTyIIIEHHEe HOBBIX 00pa3IloB Pe3Ko
3aMeAIMIoch. TeM He MeHee, 3a UCTEKLIME IITh JIET
KaJacTp MMHEpPaJOB MECTOPOXKICHHUS YIaJoCh pac-
mupuTh Ha 13 BHIOB, a UMEHHO 6 cynbdocomei, mo
2 cynpdara ¥ CHIHMKATA, MO OJHOMY aHTHMOHCYIb-
¢uny, okcuny u monmuonary (tabm. 1). bpycHUIBIHUT
MIPEJCTABIISIET COOOW HOBBIH MWUHEpPAJIHHBIN BUJ; eIlle
TpU peakux cyinbdoconu (OepHAPIOTTHHUT, MOHIIETb-
BYKCHUT Y XMPILLUINT) HAWICHbI BIIEPBbIC HA TEPPUTOPUU
Poccuiickoit @enepanuu. Huxe npuBoguTcst omuca-
HHUE 3TUX MUHEPAJIOB.

MATEPHUAJIbI U METO/IbI UICCJIE[JOBAHUI

Bce o0pasipl, ecin He yka3zaHO HHOE, OBLITH OTO-
Opansr M.B. lpiranko Ha ckiiagax 3a0amaHncoBBIX Py B
2021-2026 rr. BuszyansHo omnpenensieMble (hu3ndeckre
CBOIiCTBAa MMHEpAJIOB OIMCAHBI 110 pe3yJbTaraM Ha-
OmroneHuil o crepeoMuKpockorioMm Zeiss Discovery
V8. Onrnyeckue CBOWCTBA PYIHBIX MHHEPAJOB B OT-
PaXEHHOM CBETE HCCIICIOBAHBI O] MOJISIPH3ALIHOHHBI-
mu mukpockonamu [TOJIAP-3 u I[TOJIAM-215. Crek-
TPBl OTPAXKEHHS M3MEPEHBI B BO3IyXE 110 CTaHAAPTY

Si Ha mMukpockorne-criekrpodoromerpe MCD-P dup-
™Mbl JIOMO (mmamerp dhoromerpuaeckoit muadparmMbl
0.3 MM, pa3mep BBIXOJHOW MIeNM MOHOXpPOMATopa
0.1 MM, cnexTpaimbHBIA WHTEpBajd 6 HM; aHAIUTHK
A.B. Kacarkun).

Muxkpomophosorusi ¥ XUMUYECKHUH COCTaB MH-
HEPaJIOB U3yUYaJINCh C TIOMOLIBIO CKAHUPYIOLETO 3JIeK-
TpoHHoro Mukpockona (COM) Hitachi FlexSEM 1000
¢ DJIC-nerexropom Xplore Contact 30 u cucremoit
anammsa Oxford AZtecLive STD mpu yckopsiromem
Hanpspxkeanu 20 kB, nnameTpe 30H12 2 MKM | TIOTJIO-
IIIEHHOM TOKE 5 HA Ha METaJUIMYeCcKOM KoOabTe (aHa-
mutuk A.B. Kacarkun). OnpenensBuiiecs: JeMeHTHI,
AQHAJIMTUYECKHE PEHTICHOBCKHUE JIMHUM M CTaHAAPTHL:
MgKa — Mg,Si0O.; AlKa — kuanuT; SiKa — Si0,; CaKa
—BosutactoHuT; SKa 1 FeKa — FeS;; MnKo — Mn,SiOy;
NiKa — Ni; CuKa — nmammeput; ZnKoa — Zn; Selfp —
TlInSe,;; MoLo — Mo; AglLa — AgsAsS;; SbLP — Sb;
PbMa — PbTe; BiMP — Bi. ConeprkaHusi OCTaIbHBIX
3JIEMEHTOB C aTOMHBIMH HOMEpaMu BblIlIE, YeM y Oe-
PHILINS, OKA3aJIMCh HUXKE MIPEAEIOB OOHAPYKEHUs Me-
tonpoM DJIC aHanmza.

Konu4yecTBeHHBIN aHAIN3 XUMHUYECKOTO COCTa-
Ba Cyib(ocosiell BBINOJHEH C IOMOILBIO BOJIHOBOTO
3NIEKTPOHHO-30H0BOTO MHKpoaHanu3atopa Cameca
SX 100 B nmaGopatopun SIEKTPOHHOW MHUKPOCKOITUH
U MUKpoaHainu3a JlenapraMeHTa reojIoTHYeCKUX HayK

MUMHEPAJIOTVIA/MINERALOGY 12(3) 2026
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Tabnuya 1. Munepansl BopoHIIoBCKOro MectopokaeHust, ycranosieHusie B 2021-2026 rr.
Table 1. Minerals identified at the Vorontsovskoe deposit in 2021-2026

M3y4yeHHOCTh
Munepan dopmyna Pacripoct- Meron
PaHEHHOCTH HcTounux
JMarHOCTHUKU
Bepuapaortunt** Pb12(As10Sbe)Sss + 23,0 Hamwm nanHbie
Beprsepur® FeSb,S. e 93,P.0 Vikentyev et al., 2019,
HAIIK JaHHbIC

BpycHunpiHuT* ** Mn;CuPbAs;Sb,S 1, + 93, P, O Kasatkin et al., 2025
Bynbdenur* PbMoO, ) 33, KP
lananarHT* Zn(S04)(H,0) ++) 33, P
HI/Ia(i)OpI/IT* Ag3szsb3Sg + 33, O
MonnensByKkeuT* * AgPbicSb7AS15Ss4 + 23,0
Oprocepmubeput™ CaCus(SO4)2(OH)6(H,0); (++) 23, P
Mymnenmnt-(A)* | Ca,Aly(Si,0-)(Si04)O(OH)(H,0) + 53, P Hamw nannzie
Cenmonur* Mg4816015(OH)2(H20)24H20 +++ 33, P
Takanenur* (Mn*,Ca)(Mn*), 40, - 0.7H,O (+++) 23, P
VapmanHuAT* NiSbS + 93,0
XI/IpH.IHI/IT** PbgASl()Sb6S32 + 93, (@]

Ilpumeuanue. PacnpocTpaHEHHOCTh MUHEpAIOB Ha BOPOHIIOBCKOM MeECTOpOXKIEHHH: +++ — BTOpPOCTENEHHBIE;
++ — peaxue; + — kpaiiHe penkue (eTMHUYHBIC HAXOAKN). B KpymIsIX ckoOKaxX MOKa3aHbl TUIEPTEHHBIE MUHEPAJIbl. MeTOobI
JIMarHOCTUKU MUHEPaIoB: D3 — 2JIEKTPOHHO-30H10BbI MUKpoaHau3; P — peHTreHorpaduueckuii Metos1 (MOHOKPHUCTAIbHBIIM
n/unu nopokoBeiid); O — ontuyeckue meroxasl; KP — KP-criektpockomnust; * — MuHepasibl, YCTaHOBJICHHbIE aBTOpaMHU
BIIEpPBBIE [UIsSi MECTOPOXKIICHHUS; ** — MUHepaJibl, yCTAaHOBIICHHBbIE aBTOpamu BrepBble 1iisi Poccuiickoit denepannm; *** —
HOBBI MUHEPAJIBbHBIN BUJI, OTKPBITHII Ha BOPOHIIOBCKOM MECTOPOXKIEHUU.

Note. Distribution of minerals: +++ — subordinate; ++ — rare; + — extremely rare (single findings). Supergene minerals
are indicated in parentheses. Identification methods: 93 — electron microprobe analysis; P — X-ray diffraction (single-crystal
or powder method); O — optical data; KP — Raman spectroscopy; * — minerals identified by the authors for the first time at
the Vorontsovskoe deposit; ** — minerals identified by the authors for the first time in Russian Federation; *** — new mineral

species discovered at the Vorontsovskoe deposit.

MacapukoBa yHuBepcuTeTa U Yelickod reojioruye-
ckoit ciyx0nI (T. bpro, Yexus, anamutuku P. 1llkona,
A.B. KacatkuH). YcrmoBusl aHajau3a: yCKOPSIOIIee Ha-
npsbkenue 25 kB, Tok 3oHAa 10 HA, nMuameTp 30HIA
1 MxM. OnpeiensBIINECs EMEHTHI, aHATUTHYECKHE
PEHTTEHOBCKHE JIMHWUH, KPUCTAIIIBI-aHATU3aTOPhl H
ucrnonb3oBapmuecs cragmaaptel: SKo (LPET) — xams-
xorupuT; CuKa (LLIF) — Cu; AsLP (TAP) — mapapam-
Menscoeprut; SelP (TAP); Agla (LPET) — Ag; SbLpB
(LPET) — Sb; PbMa (LPET) — PbSe u BiMp (LPET)
- Bi.

Cnextp xoMmOumHarmonHoro paccesamst (KP)
cBeTa Byab()EHHWTA TIONYYCH B JIA0OOpATOPHHM pama-
HOBCKOW CIIEKTPOCKONUU MacapukoBa YHUBEPCUTETA
(amamuruku P. lkoma m A.B. Kacarkun) ¢ moMomipio
criektpomerpa Horiba LabRAM HR Evolution, oc-
HAIEHHOTO ONMTHYeCKUM MHKpockorioM Olympus BX
41, romorpadudeckoir pemeTkord (600 mTpUX/MM) H
CCD-getekTopoM Ha OCHOBEe KpeMHHUs C llembrhe-
oxJaxaeHneM. VICTOUHHKOM MOHOXPOMATHYECKOTO
BO30Y’KJIAIOIIETO M3IYUYSHHSI CITY>KHIT TTOTYyTPOBOIHA-
KOBBIM J1a3ep ¢ pabouell NIUHOW BOJHBI H3ITYUCHUS

MUMHEPAJIOTVIAI/MINERALOGY 12(3) 2026

473 HM 1 BBIXOTHON MOIIHOCTRIO 1.8 MBT. DddexTnn-
HBIA AMaMEeTp Ja3epHOTO Mydka BOIHM3H MMOBEPXHOCTH
obpasma cocrarmsut 2 MkM. KP criekTp peructpupona-
ca B 180-rpajycHON reoMeTpuu paccesHus B Juaria-
30He 100-1200 cM!' co cIIeKTpaNbHBIM pa3penieHneM
~2cm .

[TopomrkoBbie PEHTTEHOBCKHE IaHHBIC ITONTyde-
el Ha nudpakromerpe PowDiX 600 (CoKo — m3my-
genue, GunsTp Fe 50 MkM, yckopsiroree HanmpsbKeHHe
40 kB, Tox 15 MA, HeNpepbIBHBIA PEXUM, CKOPOCTh
CKaHUPOBaHUS 1°/MUH, pacCcTOSTHIE 00pa3ern—IeTeKTOp
150 mm; anamutuk A.B. Kacarkun). Jludpakimonnbie
JAaHHBIE TIPOMHTETPHUPOBAHBI B TPOTPAMMHOM KOM-
nmnekce ALMAZ, sepcus 1.0.

MoHOKpHCTaIbHOE PEHTTEHOBCKOE HCCIIE0Ba-
HUE OepThepHTa BBIOJHEHO B jaboparopun WHCTH-
TyTa u3nKu AxageMun Hayk Yemickoi Pecryommkn,
(t. Ilpara, Yexus, ananutuk 5. [Tnammn) ¢ moMompio
MHOTO(YHKITHOHAIEHOTO PEHTTEHOBCKOTO  TU(paK-
tomerpa XtaLAB Synergy-DW system ¢ geTekTopoM
HyPix-Arc150 ma MoKo-M3Iy9eHUH TpU YCKOPSIO-
meM HanpsibkeHuu 50 kB, cune Toka 25 MA u auamerpe
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FlexSEM1000 20. FlexSEM1000 20.0KV 26.0mm x400 BSE-CON * " Hooum [l FlexSEM1000 2

BSE-COMP 06/15/2026 ' ' ' 50,

FlexSEM1000 20.0kV

FlexSEM1000 20.0kV 26.0mm x950 BSE-COMP 05/30/2026 50.0pm FlexSEM1000 20.0kV 26.0mm x650 BSE-COMP 05/30/2026 50.0um

Puc. 2. Cynphoconu u cynbphupl n3 BopoHIIOBCKOrO MECTOPOXKICHHS: a — KPUCTAILIBI OSPHAPIIOTTHUTA B QDMEHUTE €
MYCKOBHTOM U ITUPUTOM; O — OPYCHHLIBIHUT B aCCOLIMALINH C PeaIbrapoM M a0ypHEUTOM; B — 3¢pHO AuadopuTa B KaIbLUTE C
IPOCCYISIPOM, ITAPHTOM U C(haJIepUTOM; T — HHIMBH/ MOHIICIBBYKCHTA B KApOOHATHOI ITOpoze (KaJIBLUT, JOJIOMHT) C IUPUTOM;
1 — BKJIIOYCHHE XUPIUTHTA B OapHTe B KapOOHATHO ITOpoJe (KaJIbLHUT, JOJIOMHUT); € — CPOCTOK YJIbMaHHUTA U IIUPUTA B TPOCCY-
JSP-KaJIBIIUTOBOM MOPOJIE B ACCOLMALIMN C IUPPOTHHOM; 5K — CPOCTOK YJbMaHHHTA, OyJIaHKepuTa U casiepura B rpoccyisip-
BE3yBUAH-KaJIBLIUTOBOW MOPOJIE B ACCOLHALINH C JUKEMCOHHTOM M TeTpasnputoM-(Fe).

POM ¢oto B OTpaskeHHBIX IEKTPOHAX.

Fig. 2. Sulfosalts and sulfides from the Vorontsovskoe deposit: a — bernarlottiite crystals in armenite with muscovite
and pyrite; 6 — brusnitsynite with realgar and chabournéite; B — diaphorite grain in calcite with grossular, pyrite and sphalerite;
r — montpelvouxite grain in carbonate matrix (calcite, dolomite) with pyrite; 1 — hyrslite inclusion in baryte in carbonate matrix
(calcite, dolomite); e — ulmannite and pyrite intergrowth in grossular-calcite matrix with pyrrhotite; >k — complex aggregate of

ulmannite, boulangerite and sphalerite in grossular-vesuvianite-calcite matrix with jamesonite and tetrahedrite-(Fe).

SEM (BSE) images.

pentrenoBckoro my4dka 0.15 mm. Paccrosane obpazer—
JeTekTop 39 MM, BpeMs DKCIIO3ULUU — 5 MUHYT.

B crarpe ncnonp3oBaHbI ciemyromue abopeBna-
Typbl MUHEpaTbHBIX BUIOB (Warr, 2021): aHTUMOHUT —
Sbn, apmernt — Amn, apceHonupuT — Apy, 6aput — Brt,
oepuapiorTanT — Bl, GepTheput — Btr, Oynmamxkepur —
Bou, Be3yBuan — Ves, Bynbpernt — Wul, ranennt — Gn,
rpoccymsap — Grs, mxeMcoHHUT — Ja, muadoput — Dpr,
nmoroMuT — Dol, kanmeBbrit moneBoii mmat — Kfs, kBapir
— Qz, xkmmaOXI0p — Clc, KoBemmH — Cv, MOHITETbBYK-
cuT — Mpv, MmyckoBuT — Ms, upur — Py, nuppoTus —
Pyh, npenut — Prh, chanepur — Sp, terpasmput-(Zn)
— Ttr-Zn, Turanut — Ttn, ynemanaut — Ull, Xamskomnu-
put — Ccp, xupuut — Hyr, mepyccut — Cer.

OIIMCAHME MUHEPAJIOB

BepuapaorTuut Pbi,(As;0Sbs)S36 06T BrIepBBIC
OTMeUeH Ha BOpPOHIIOBCKOM MECTOPOXJICHHH B CO-
CTaBe 30JI0TO-TIUPHUT-PEATBIapOBOI ACCOIMAIIUN KaK
MUHEpall, CpacTaloNMics co chalepuToM U IeMEH-

TUpyIomwii HapruT (BukeHTheB U Ap., 2016), omHako
TIPUBEICHHBIN B yKa3aHHOW paboTe 3JIeKTPOHHO-30H-
JTIOBBIM aHAIHM3 TIO0 CTEXMOMETPHUH HE COOTBETCTBOBAI
9TOH cymbhoconn. Hamu OepHapIOTTHUT yCTaHOBIICH
AJIEKTPOHHO-30HIOBBIM METOZOM B 00Opasiie, 0ToOpaH-
HoM B 2021 1., B BUJIE PEAKUX U MEJIKUX MpU3MaTHye-
CKHX KpPUCTAIJIOB (TISITh KPUCTAJUIOB pa3MepaMH J0
10 x 5 MKM), 3aKJIFOYEHHBIX B ApDMEHHUTE C MYCKOBUTOM
B aCCOILMAINH C MUPHUTOM, aKTAIlIUTOM, T€TTapAUTOM,
peambrapom, Hg-comepxamum cdaneputoM, IHAOTM-
CHIIOM, TIPCHUTOM, THTAHUTOM H (pTOparmatuToM (puc.
2a). XUMHYECKUI COCTaB ATHUX KPHUCTAIJIOB XOPOIIIO
paccumnTeIBaeTcs Ha Gopmyrry OepHapiaoTTHuTa (Talm.
2, ad. 1). 3nadenne N WieHa CapTOPUTOBOUW TOMOJO-
TUYECKOH CepyH JUII BOPOHIIOBCKOU Cynbdocomu, pac-
cuntanHoe o (Makovicky, Topa, 2015), cocraBnser
3.47, 4TO MPEBOCXOAHO COIVIACYETCS C MOJIYYEHHBIM
M0 pe3yabTaTaM OIpeNeIeHNs] CTPYKTYPhl 3HAYCHUEM
N = 3.50 mis 6epHApIOTTHHATA M3 MECTa €ro IMepBOM
maxonku (Orlandi et al., 2017). OnTtuyeckue Xxapak-
TEPUCTUKH YPaTbCKOTO MUHEpalia He OTIMYAIOTCS OT

MUMHEPAJIOTVIA/MINERALOGY 12(3) 2026
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Ipumeuanue. Anammz Ne 8 taxoxe conepxut 1.97 mac. % Bi. [lormkennas cymma ananmsa Ne 1 00bsSICHAETCS HCKITIOUEHIEM BMEIIAOIeTO apMeHUTa. AHAIN3
Ne 7 B3sit u3 paborsl (Kasatkin et al., 2025). [Ipouepk — copepkaHne KOMIIOHEHTA HIDKe Tpe/esia o0HapyxkeHust. DopMyIibl pacCUUTaHbl HA CYMMY BCEX aTOMOB (pacyer).

Note. Analysis no. 8 also includes 1.97 wt. % Bi. Low analytical total of analysis no. 1 is due to subtraction of the host armenite. Analysis no. 7 is taken from

(Kasatkin et al., 2025). Dash — the content of element is below detection limit. The mineral formulas are calculated on sum of all atoms (pacuer).

OepHapIOTTUHTA U3 MECTa €ro TEepPBOM HAXOJKH.
B oTpakeHHOM CBeTE OH BBITIISITUT OEIBIM, HO CY-
IIECTBEHHO TEMHEe KOHTAKTHUPYIOIIETO C HAM TIH-
pHUTa, 9TO COOTBETCTBYET CIIPABOYHBIM 3HAYCHUSIM
X OTpaKaTeJIbHOH CITOCOOHOCTH B O€IOM CBETE:
R =30.3-37.3 % y 6eprapnorruuta (Orlandi et al.,
2017) u 54 % y nupwura (3nech u qanee KodpPuIrm-
€HTBI OTPAXSHHS U W3BECTHBIX MHHEPAIOB MPH
A =550 M B3ATHI U3 cripaBouHUKa (UBminésa u ap.,
1988). B ckpeneHHbIX HUKOJISIX MUHEPA OTYCTITH-
BO aHU30TPOTICH B CEPHIX TOHAX.

[lo wHAWKATOpPHBIM TpH3HaKaM W HabOpPy
MHHEpaJIoB OEpHAPIOTTUUT MOXKET OBITh OTHE-
ceH K OOCKapJUHHUT-IKPAaHCHUTOBOH acCOIHAINH
(Ne 1), ommcannoit B padore (Kacarkmn wm mp.,
2020). Hama Haxomka OepHApIOTTHUTA SBIISCTCS
nepBoi Ha TeppuTopun Poccutickoit deaeparuu.

BepTheput FeSb,S, na BopoHiioBckom Me-
CTOPOK/ICHUH BIIEPBBIE YIIOMSHYT B CIHCKE PYA-
HBIX MHHEPAIOB THIPOTEPMAIBHBIX aCCOIHAIHNA
(Vikentyev et al., 2019) 6e3 xakoro-i1mbo omwuca-
HUS U TUarHOCTHYECKUX JaHHBIX. Hammu aTa cymnb-
(hocob BCTpEUEeHA B 3HAYUTEIIHFHOM KOJTHMYECTBE Ha
ckiane 3abanmancoBex pya Ne 1 B ampene 2026 T
Cyzs 1Mo cpokaM | XapakTepy IepepadOTKH PYIbI,
XpaHUBIICHCS HAa DTOM CKIJIaJe, MBI ITOJIaraeM, 9To
00pasmpl ¢ OEPTHEPUTOM MOTIIH OBITH TOOBITHI B
TIePBBIE TO/IBI HKCTUTYaTAI[H MECTOPOKIeH!S. M-
Hepan obHapyxkeH B HeOompmux, 10 30 x 30 cwm,
IJIpI0aX CKapHUPOBAaHHOTO Mpamopa ¢ HaJIOKeH-
HOH Cynb(hUIHON, IPEUMYIIIECTBEHHO, THPUTOBOM
MuHepanm3anueid. OH 00pa3yeT IMHHOIPU3MAa-
TUYECKHUE W HUTONBYAThIe KPUCTAIUIBI JTHHON [0
2 CM Y TOJIIMHON J10 3 MM C NMPOAOIBHON MITPH-
XOBKOW Ha TPaHsIX, a TaKK€ MAaCCHUBHBIX BEIJIETIE-
HUM ¥ KOpOYeK Turomansio 1o 4 x 4 cm? (puc. 3a).
Bcero orobpano 6omee 20 00pa3IioB ¢ MaKpOCKO-
MMMYECKUMH BBIIETCHUIMA OepTheputa. OH UMe-
€T TEMHBIH CTaJIbHO-CEpPhI IIBET, TEMHO-CEPYIO
4epTy W CWIBHBIM MeTayuTndeckuii Oneck. Yactu
KPUCTAIIJIOB, BBIXO/IMBIINE HA TIOBEPXHOCTD TIIHIO,
TTOKPBITHI XapaKTEPHOH MJIs 3TOH cymbdoconu cu-
Hell mobexanocTeio (puc. 30). MuHepan XpynKuH,
MIPH pacKaJbIBAHUHM JAEMOHCTPUPYET PAKOBHCTHIN
u3ioM. TBepaocTh 1o 1ikajie Mooca cocTaBiseT
~3. IloMmuMo mHpuTa C OEPTHEPUTOM ACCOIHUPY-
FOT pa3TUdIHbIe CYyabGOUIBI (AHTUMOHUT, apCEHOITH-
PUT, TAJICHAT, TUPPOTHH, C(HaJEPUT, YILMAHHUT) U
cynashoconu (OCHABUIECHT, HKEMCOHHT, KIICPHT,
terparaput-(Fe), Terpasmpur-(Zn)). Cpemn He-
PYIHBIX MHHEPAJIOB MPeo0IagaroT KalbIUT, TPOC-
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Puc. 3. MOp(l)OJ'IOFI/Iﬂ 6€pTL€pI/ITa us3 BOpOHIIOBCKOFO MECTOPOKACHUA: a — TCMHO-CEpast MACCUBHAA KOPKa Ha CKapHH-

POBaHHOM MpamMope ¢ MEJIKMMH BKPAIICHUSIMH ITUPUTA, 6 X 5 ¢M; O — MOKPBIThIE CHHEH 1M00eKaI0CThIO KPUCTAILIBI Ha ITOPOJIE
C TIMPUTOM, TI0JI€ 3pEHHS 3 CM; B — MOHOMHHEPAIBLHOE 3€PHO C BKIFOYECHHUSIMH ITUPHUTA M TUPPOTHHA B KAJIBILHUTE U KaJIUEBOM
TIOJICBOM ILIIATE B ACCOLMALNH C aPCEHOITUPHUTOM; T — CPOCTOK OEPTHEPUTA U AaHTUMOHHUTA B KJIBILUT-MYCKOBUT-KIMHOXJIOPO-
BOH MOPOJIE B ACCOLMALINHN C TETPAIPUTOM-(Zn), JPKEMCOHUTOM H IIUPUTOM; JI — YACTUYHOE 3aMeIleHIe OepThepruTa arperarom
IIPHUTA ¥ TUPPOTHUHA B KAJILIIUT-MYCKOBHT-IIPEHUTOBOW ITOPOJIE C THTAHUTOM; € — ()parMeHT CPOCTKaA, N300paKEHHOTO Ha PHC.
31, B OTP@KEHHOM CBETE; K—H — TOT XK€ CPOCTOK B CKPEILIEHHBIX HUKOJISX B PA3JIMYHBIX TTOJIOKEHHUAX CTOIMKA MUKPOCKOIIA.

®oto M.JI. Musiizoti (a, 6), BSE ¢doto (B—n), orpaxeHHsbIH cBeT (e—1).

Fig. 3. Morphology of berthierite from the Vorontsovskoe deposit: a — dark gray massive crust on altered marble with
small pyrite inclusions, 6 X 5 cm; 6 — blue tarnished crystals in rock with pyrite, field of view is 3 cm; B — monomineral grain with
pyrite and pyrrhotite inclusions in calcite and K-feldspar in assemblage with arsenopyrite; r — berthierite and stibnite aggregate
in calcite-muscovite-clinochlore matrix in assemblage with tetrahedrite-(Zn), jamesonite and pyrite; 1 — partial replacement of
berthierite by aggregate of pyrite and pyrrhotite in calcite-muscovite-prehnite matrix with titanite; e — fragment of aggregate
shown in Fig. 3r in reflected light; >k—u — the same aggregate under crossed polars in different positions of microscope table.

Photo: M.D. Milshina (a, 6), BSE images (8—n), reflected light (e—n).

Cynsp, KBapl, KIMHOXJOp U MyckoBHUT. K akueccop-
HBIM MHUHEpajaM OTHOCSTCS KaJHEBbIHM MOJIEBOH 1IMaT,
NPEHUT, TUTAaHUT U (ropanaruT. [lox ckaHUpyOUM
ANIEKTPOHHBIM MHUKPOCKOIIOM OepThepuT 00pasyeT Kak
MOHOMMHEpaJIbHbIE arperarsl (puc. 3B), Tak U cpacTa-
HUs ¢ aHTUMOHUTOM (puc. 31). Hepeaku cimydau ero 3a-
MEILEHH arperaraMy MUpuTa U MUPpOTUHA (pUC. 31).

XUMHUECKUI cocTaB OepThepuTa XapaxkTepH-
3yeTCsl IOCTOSIHHONM M HEPEIKO CYIIECTBEHHOW IpHU-
Mecbto Mn. Conepxkanne Mn BapbUpyeT B pa3HBIX
oOpasnax ot 0.2 o 5.1 mac. % (tabin. 2, aH. 2—6), HO
TOJIBKO B OIHOM M3 aHIUTM(OB OBLIO HAMJIEHO 3epHO
pasmepoM 15 MKM, B KOTOpOM Mn JOMHHHpPYET HaJ

Fe, 1. e. ero cocras popmanbHOo oTBeuaeT Mn-aHanory
OepThepHTa KICPHTY.

Onruueckre CBOWCTBa OepThepHTa BEChMa Xa-
PaKTepHBI U HAJIGKHO OTIMYAIOT €ro OT aCCOLHUPYIO-
IIUX C HUM MHHEPAJIOB, B MEPBYIO OYepellb, OT CXOA-
HOTO MO OTPaXaTeJbHON CHMOCOOHOCTH AHTHMOHUTA.
B orpaxkeHHOM cBeTe y MepBOro HaOIOmaeTcs cia-
Oblif PO30BATHIl OTTEHOK, OTCYTCTBYIOLIMH Y BTOPOTO
(puc. 3e). Taxxke oba MuHepana B CpacTaHHAX XO-
pOIIO OTIMYAIOTCSA MO JBYOTPAKEHHIO: yYMEPEHHO-
My y OepTbepuTa M OYCHb CHJIBHOMY y aHTHMOHUTA.
B ckpelieHHbIX HUKOJSIX OePThEPHT, KaK U aHTUMOHHT,
OY€Hb CHJIPHO aHM30TPOICH C LBETHBIMH d(derTamu
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Tabauya 3. KoahduieHTs! oTpaxkeHus 6epTheprTa U3 pasHbIX MECTOPOKIACHHHN 1 KIICPHTA
Table 3. Reflectance values of berthierite from different deposits and clerite
Munepar MapraHioBHCThIH Beprbepur |BricokoMapraHuoBucTeiil| bepreepur Knepur
6epTeeput, 00p. Bop-5/26-2a OepThepuT
MectopoxieHue Boponuosckoe TrIpHBIAY3 Vnepeit Boponnosckoe
A (um) Rinax Runin Rivax | Ruin Rinax Rinin Riuax | Rinin | Riax | Runin
400 40.3 36.2
420 39.6 36.0 40.5 | 335 45.8 30.7 459 | 313 | 35.6 | 24.8
440 38.8 35.0 456 | 30.8 | 352 | 245
460 38.4 34.8 39.8 | 32.8 45.6 30.8 452 | 30.6 | 34.7 | 24.1
480 38.1 344 447 | 304 | 352 | 239
500 38.0 34.1 392 | 32.7 44.7 30.1 44.0 | 30.1 | 355 | 23.8
520 38.0 34.0 433 | 30.0 | 355 | 237
540 38.2 34.0 39.0 | 32.7 43.0 30.3 42.8 | 30.2 | 36.0 | 23.8
560 38.3 34.0 423 | 30.6 | 364 | 24.1
580 38.3 34.1 38.6 | 332 42.0 30.7 41.8 | 309 | 36.7 | 24.6
600 38.2 342 413 | 31.2 | 37.1 | 252
620 38.0 343 383 | 333 41.0 30.7 409 | 31.5 | 37.0 | 254
640 37.7 343 40.6 | 31.8 | 36.8 | 25.6
660 37.5 343 382 | 332 39.8 31.0 404 | 32.0 | 364 | 25.7
680 37.2 343 40.1 | 32.0 | 36.1 | 25.8
700 36.9 342 382 | 33.0 39.2 31.0 40.0 | 31.9 | 35.6 | 25.8
Hctounuk Hauu nanuble Kononos u zip., 1990 qBHHf 193;;1 P Mypsllgggl AP

B CBETJIO-CEPBIX, KOPUUHEBATO-CEPBIX U HACHIIICHHO-
NypIypHBIX TOHaX (puc. 3x—u). CHEKTPbl OTpaskeHUS
BOPOHIIOBCKOTO MapraHIIOBUCTOTO OepThEPUTA UMEIOT
MOJIOTUH MPOQUITL U, B LEJIOM, CXOAHBI CO CHEKTPaMH
OepThepuTa U3 IPYrux POCCUHCKUX OOBEKTOB, a TAKKE
CO CIIEKTPOM KiiepuTa (Tadi. 3, puc. 4).

[TopomikoBast peHTTeHOTpaMMa MapraHOBHCTO-
ro Oeprbeputa U3 BOpPOHIIOBCKOTO MECTOPOXKACHUS
npuBeneHa B tabn. 4. Ilapamerpsl pomOudeckoii aie-
MEHTapHOM SUEHKH, pacCYMTaHHBIE O JaHHBIM IO-
POILIKOrpaMMBI (3€Ch U ajee — C MOMOIIBIO Iporpam-
Mmbl UnitCell (Holland, Redfern, 1997)): a = 11.379(2),
b=14.198(2), c = 3.7580(7) A, V' =607.1(1) A’. Mo-
HOKpHCTaJbHasi ChbeMKa OJHOTO M3 KPHUCTaIOB Oep-
ThEpUTA Jajia CICAYIOMINE MapaMeTphl IIeMEHTAPHOM
sueiikn: a = 11.321(10), b = 14.152(14), ¢ = 3.775(4)
A, V=605(1) A®.

Bpycaunsiant Mn;CuPbAs;Sb,S;, — 310 necs-
TBI HOBBIM MHHEpaJ, OTKPBITBIH Ha BopoHIIOBCKOM
MECTOPOX/ICHUH, W ACBATBHIA, OTKPBHITBIA 3/1eCh Ha-
mmM aBTopckuM KomtektuBoM (Kasatkin et al., 2025).
[lockonbKy MMHEpan BIEpBbIC HaiijieH Ha Ypaie, a
OJHMM M3 €ro BHA000pa3yIOUIUX JJIEMEHTOB SIBIISCT-
Csl MapraHell, HaM I0Ka3ajJ0Ch CUMBOJIMYHBIM Ha3BaTh
ero B 4yecth npogeccopa Cankr-IlerepOyprekoro ro-
cynapctBeHHoro yHusepcuteta (T. Cankt-IletepOypr,
Poccust) Anexcest Mnbnua bpycauueina (r. p. 1967) 3a

MUMHEPAJIOTVIAI/MINERALOGY 12(3) 2026

BECOMBII HAay4HBIN BKJIaJ B MUHEPAIOTUIO MapraHia 1
MapratieBbIX MECTOPOXKICHUN Ypaa.

OO0pa3ibl ¢ OpyCHHUIIBIHUTOM OBUTA OTOOpPaHBI B
2020 1. na ckiaae 3abanancosbix pya Ne 1. Ilo unnuka-
TOPHBIM TpU3HaKaM (00OTaIIeHHOCTh PYAHOH cHucTe-
Mbl Mn, orcytctBue Tl, mmpoxuit nzomopdusm As-Sb
B Cynb(pOCONsIX U Ap.) U HAOOPY MHUHEPATIOB-CITyTHH-
KOB OPYCHHUIIBIHUT OTHECEH K JIIOOOPKAKUT-KIEPUTO-
Boit accormaruu (Ne 5), onucannoit B padore (Kacar-
KHH ¥ 71p., 2020). OH 00pa3yeT penkrue KCeHOMOP(HbBIE
3epHa 10 0.35 x 0.2 MM B KapOOHaTHBIX OpEKUHSIX,
COCTOSIIMX M3 3€peH KaJbIHUTa, JOJIOMUTA, OapuTa M
KBapla, CLIEMEHTUPOBAHHBIX MHUPUTOM, PEabrapoM H
AHTUMOHHUTOM (pHc. 20). bpycHMUBIHUT accoumupy-
eT TaKKe C aKTAaIIUTOM, ajaOaHIUHOM, MBIIIBIKOM,
apCEHOMUPUTOM, a0ypHEUTOM, KOJIOPaZOUTOM, Kile-
PHUTOM, HAJBHEIPOUTOM, KPAHCHUTOM, TETUEIUIUTOM,
30JI0TOM, JIIOOOPKAKHTOM, PYTHEPUTOM, ChalepuToM
M Baka0asIIMIUTOM. bBpyCHUIIBIHMT Hempo3padcH,
UMeeT YepHBI IBET M MeTaJUIMYecKuii Oneck. Mu-
Hepasl XpYNKud, ¢ HEpOBHBIM H3JI0MOM. CrailHOCTh
He Habmromaercsi. MukpoTBeprocTs no Bukkepey co-
craBisieT 251 kr/mm? (ompezneneHa npu Harpyske 50 1),
YTO COOTBETCTBYET ~4 mo mKkane Mooca. PacuerHas
WI0THOCTB 4.545 r/cM?. B oTpaxkeHHOM cBeTe OpycHH-
LBIHUT CBETIO-CEPBIH, IByOTpakeHHe ciadoe. B ckpe-
HICHHBIX HUKOJIIX MUHEpaJ CHIIBHO aHU30TPOINHBINA B
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Puc. 4. CiekTpsl OTpayKeHUs] OepThepUTA U3 PA3TTMIHBIX MECTOPOXKICHUH 1 KIIEpUTa U3 BOPOHIIOBCKOTO MECTOPOXKICHHS.

1 — maprannoBucteiii (2.45 mac. % Mn) 6epTeeput, BopoHIIOBCKOE MECTOPOXKACHHUE (HAIIN JaHHBIE); 2 — OEpThEpHT,
Mectopoxaenue TeipHblay3, Kabapauno-bankapus (Kononos u mp., 1990); 3 — BeicokomapranmoBucTsIi (6.24 mac. % Mn)
OepTheput, MecTopokaeare TeipHblay3 (KoHoHOB 1 Ap., 1990); 4 — GepTheput, MecTOpoKIeHUE Yiepei, KpacHosipckuii kpaid
(YUsunéna u ap., 1988); 5 — knepurt, Boponnosckoe mectopoxkaenue (Myp3us u p., 1996).

Fig. 4. Reflectance spectra of berthierite from different deposits and clerite from the Vorontsovskoe deposit.

1 — Mn-bearing (2.45 wt. % Mn) berthierite, Vorontsovskoe deposit (our data); 2 — berthierite, Tyrnyauz deposit,
Kabardino-Balkaria, Russia (Kononov et al., 1990); 3 — Mn-rich (6.24 wt. % Mn) berthierite, Tyrnyauz deposit (Kononov et
al., 1990); 4 — berthierite, Uderey deposit, Krasnoyarsk krai, Russia (Chvileva et al., 1988); 5 — clerite, Vorontsovskoe deposit

(Murzin et al., 1996).

CEephIX U TEMHO-CEPBIX TOHAaX. BHyTpeHHne pediexcr
He HaOmomarorca. Koadduimentsl oTpaxeHus s
JUIMH BOJIH, peKoMeHIoBaHHbIX Komuccueil mo pyn-
HOI MuHepasioruu MexIyHapoIHOH MUHEepaloruye-
ckoit accormatieiel (Ri/Ryar, %0): 29.8/31.0 (470 HM),
29.4/30.4 (546 um), 28.9/30.1 (589 uMm), 28.1/29.2 (650
HM). XMMHUYECKUI COCTaB rOJIOTUIA U €0 SMIHMpHYe-
ckasi (hopMyIia IpuBeeHBI B Ta0I. 2 (aH. 7).
BpyCHMLIBIHUT MOHOKJIMHHBIN, IPOCTPAHCTBEH-
Has rpymma P2,/n, mapaMeTphl 3JeMEHTapHON sS4eii-
ku: a = 11.597(2), b = 18.905(4), ¢ = 8.732(2) A, p =
98.47(3)°, V' =1893.4(7) A® u Z = 4. Haubonee cuib-
HBIE JIMHUH TOPONIKOBOM peHTrenorpammel [d, A (I, %)
(hkD)]: 6.113 (51) (111), 3.264 (52) (151), 3.195 (88)
(331),2.864 (61) (11 3), 2.837 (55) (410), 2.831 (100)
(161), 2.772 (62) (12 3). Kpucramimueckas CTPyKTy-
pa OpYCHHLBIHHTA pELIeHAa 10 MOHOKPUCTAJIbHBIM
JaHHBIM U yTouHeHa 10 R, = 0.0548 nnsa 3890 nesa-
BUCUMBIX pediekcoB ¢ [ > 3o(/). Kpucrammueckas
CTPYKTypa (pHUcC. 5) comepXUT OSCKOHEYHBIE 3UT3aro-
oOpasHble BRITAHYTHIE BOJdb [101] nenmouku u3 Pb- u
Sb-1eHTpUPOBaHHBIX MOJIMIIPOB, a TAKKE LIMPOKHE
opueHTHpOoBaHHKIE BIIOJH [ 100] rutacTuHb! U3 pedepHo-
CBSI3aHHBIX [TOJIMAIPOB Mn, OKTa3ApHUueCKU KOOPAUHU-
poBaHHBIX aToMaMu S. LleroYKy 1 MIacTHHBI CBSI3bIBA-
10TCs Apyr ¢ Apyrom aroMmamu As u Cu. bpyCHULIBIHUT

— HOBBII 4JIeH JIWIJIMaHUT—aHJOPUTOBOH I'OMOJIOIH-
YECKOM Cepuu U MEpBbIH, B KOTOPOM AS JOMUHUPYET
Haa Sb m Bi. OTMeTnMm, 4TO 3TO MEPBBIN NpeACcTaBH-
TeJb HOBOM BETBU JAHHOW I'OMOJOTMYECKOW CEpUH —
TpeTbel, As-ITOMUHAHTHOM, HApAly € JUIUIMAHUTOBOU
(Bi-momuHaHTHOM) ¥ aHIOPUTOBOH (Sb-TOMHUHAHTHOM)
BETBSIMU; 3TA BETBb Ha3BaHa OPYCHHULILIHUTOBOM.
Byasdenur PbMoQO, — Bropoii MuHepals ¢ BH-
nooOpazyromuM Mo rocie MonuOieHuTa, yCTaHOBIICH-
HbIl Ha BopoHuoBckoM mectopoxaeHud. OH nuarHo-
CTUPOBaH B aHUUIM(e, U3rOTOBJIEHHOM M3 (pparMeHTa
KBapIIEBOH YKUIIBI C HAJIOXKEHHOH CyIb(QHTHON MHHEpa-
mu3anper (oOpasel HaiieH Ha ckiaje 3a0aTaHCOBBIX
pyn Ne 1). Bynbhenur oOpazyer BBITSHYTHIE 3epHa B
LEPYCCUTE U KBapLE U TAKKE aCCOLUHUPYET C aHIIIC3H-
TOM, T'aJICHUTOM, KOBEJUIMHOM, IUPUTOM, c(arepurom
W TEeHHaHTHTOM-(Zn) (puc. 6a). Bynmsdenur He comep-
JKUT TIPUMECEH, ero XUMI4YecKuii coctas (Mac. %): PbO
60.73, Mo0Os3 39.05, cymma 99.78. OH oTBeyaeT uaealib-
HOU opmyne Pb; oMo, 0Os. uarnoctiuka MuHepaa
noareepkaeHa KP criextpom (puc. 7). Camasi cuibHas
nosoca pu 870 cM™! COOTBETCTBYET CHMMETPHUYHBIM,
a mosiochl npu 742 u 767 cM’' — acCUMMETPHUYHBIM Ba-
JICHTHBIM KoJieOanusm cBsizeit Mo®'—O. Tlonoca cpen-
Hell HHTeHCUBHOCTH TipH 318 cm™! siBisieTcst pe3yibra-
ToM niepopMmannoHHbIX Koiebanuit O—Mo—O. [Tomocer
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Tabnuya 4. TlopomkoBasi peHTTEHOTpaMMa OepThepHTa U3
BOpOHIIOBCKOTO MECTOPOXKIICHUS

Table 4. Powder X-ray diffraction data of berthierite from
Vorontsovskoe deposit

bepteeput, Boponnosckoe bepteeput
MECTOPOXKACHUEHUE (PDF #240509) hkl
d, A L% d, A L%
7.113 15 7.0700 20 020
6.015 5 6.0000 4 120
5.697 8 5.6920 4 200
5.2760 6 210
4374 24 4.3500 40 130
3.671 95 3.6630 90 310
3.635 45 3.6280 50 011,230
3.539 15 3.5310 20 040
3.462 15 3.4580 25 111
3.380 27 3.3780 40 140
3.186 55 3.1810 75 121
3.062 15 3.0590 30 211
3.004 40 2.9990 50 240
2.960 8 2.9530 10 330
2.863 50 2.8620 80 221
2.623 80 2.6210 95 311
2.604 100 2.6010 100 231
2.540 15 2.5310 30 250
2.5090 18 141
2:505 10 2.4980 25 321
2.3530 4 060
2.3450 8 241
2.330 14 2.3220 20 331
2.3050 8 160
2.2670 18 401
2.264 10 2.2610 14 350
2.2390 25 411
2:224 15 2.2140 18 151
2.1680 30 520
2166 20 2.1610 30 421
2.1290 4 341
2.105 > 2.0990 6 251
2.045 22 2.0440 35 431
2.0050 20 450
1,999 13 2.0010 25 360
1.9880 2 170
1.949 4 1.9410 6 351
Ipumeuanue. 3nmech u B TabI. 6-8, KHUPHBIM

mpudTOM BbIIEIEHBI Ha00JIee CHIIbHBIC OTPAKEHUSI.

Note. Here and in Tables 68, the strongest eflections
are typed in bold.

¢ yactoramu Hrke 200 cm! oTHOCATCS K KOJIEOaHUAM
cBsizelt Pb—O u penreTo9yHpIM MoIaM.

I'annunrur ZnSO, - H,O — mepsblil cynbdar
Zn, BCTpEUYCHHBIH Ha BOPOHIIOBCKOM MECTOPOXKICHHUH.
OH sBIsieTCA MPOIYKTOM COBPEMEHHOIO MHUHEPAIo-

MUMHEPAJIOTVIAI/MINERALOGY 12(3) 2026

Puc. 5. Kpucraminieckas cTpykTypa OpyCHHUIIBIHHTA
B MIPOCKIIAH BIOJb OCH C.

«ToHKHe» IIENOYKH MpeACTaBlICHbI aromMmamu Pbl u
Sb2. Okrasaper Mnl, Mn2 u Mn3 moka3aHbl CEPhIM I[BETOM.
Koopaunaimonsslit monuanp Sbl He nmokaszaH Jyist sSICHOCTH.
ITosumust Cul pacmonoxkeHa Ha MeCTe KpPaeBOTO OKTadapa
(3aceneHHOTO Ag B CiIy4ae IpyTruX TOMOJIOTOB JTMIITHAHUTA).
OnemeHTapHas sUeiika OKa3aHa YSPHBIMH JTUHUSIMU.

Fig. 5. Crystal structure of brusnitsyite projected along
axis c.

The thin slabs are represented by are Pbl and Sb2
atoms. Mn1, Mn2 and Mn3 octahedra are shown in gray. The
coordination polyhedron for Sbl site is omitted for better
clarity. The Cul site is located in the marginal octahedron
(occupied by Ag in case of other lillianite homologs). Black
lines show the unit cell.

o0Opa3oBaHUsl U, BEPOATHO, 00pa3oBajCs yXKe Hemo-
CPEICTBEHHO Ha ckiajie 3abamaHcoBbeix pyn Ne 1, rme
B arnpene 2026 1. ObUTH HalAeHBI 00pa3mbl ¢ HUM. Mu-
HepaJ ciiaraeT TOHKHE IOPOIITKOBATHIE KOPOUKH OeJI0T0
I[BETa JI0 5 CM Ha OKHCJICHHOM c(ajepuTe ¢ KBapuem
W accoIMUpyeT ¢ Oojiee paHHWMH TaJCHWUTOM, MUPH-
TOM, TCHHAHTHTOM-(Zn), XaJbKOIMHMPUTOM, TETHUTOM,
aHTIIE3UTOM, TEMUMOP(HUTOM H 1IEPYCCUTOM (pHcC. 60).
['aHHUHTHAT TUATHOCTHPOBAH IO XUMHUYECKOMY COCTa-
By (Tabm. 5, an. 1) u mopomrkoBoii peHTreHorpamme. K
COXKAJIEHUIO, MaJIOe KOJMYECTBO BEIIECTBA HE TO3BO-
JIUJIO TIOYYHTh MTOPOIIKOTPAMMY XOPOIIIETO KavdecTBa,
OJTHAKO OTPaKEHMS C MEKIUIOCKOCTHBIMH PAaCCTOSTHU-
savmu 4.801, 4.760, 3.800, 3.410, 3.345, 3.312, 3.050
1 2.525 A HO3BOJAIOT C yBEPEHHOCTBIO OTHECTH ATOT
IIUHKOBBIHA CyTb(aT K CTPYKTYPHOMY THITY KU3EPHTA.
Juagopurt Ag;Pb,Sb;Ss ycTaHOBIEH AIIEKTPOH-
HO-30H/IOBBIM METOJIOM B OJHOM aHMIUIH(E, N3TOTOB-
JIEHHOM W3 (PparMeHTa TOW K€ TIIBIOBI ¢ MHOTOYHC-
JIEHHBIMH oOpasmamu OepTheputa. Jmadopur ciaaraer



38 Kacamkun A.B., Ivicanxo M.B., IlIkooa P, [Tnawun A., Munrvwuna M.J].
Kasatkin A.V,, Tsyganko M.V, Skoda R., Plasil J., Milshina M.D.

"

Puc. 6. MuHepasbI-KUCIOPOTHBIC COSANHEHHUS 3 BOPOHIIOBCKOTO MECTOPOXK/ICHHUS: a — YITMHEHHOE 3ePHO By/Ib(eHNTa
B IIEPYCCHUTE B ACCOIMAIINH C TAICHUTOM, KOBEJUTMHOM H KBapiieM; O — Getast mopoIIKoBaTasi KOpka raHHUHIMTa Ha TEMHOM c(a-
JIEpUTE C KBapLEM M MUPUTOM, 6 X 5 CM; B — SIPKO-TOITy0OH MEIIKO3EPHUCTBIH OPTOCEPIBEPUT Ha KAIIBLIUTE C TUIICOM (TEMHbIE
KOPKH M MEJIKHE UTOJIKIaThIe KPUCTAILIBL), 8 X 4 CM; T' — pO30BBIN MEJIKO3EPHHUCTHIN MyMresutnuT-(Al) B acconmanuy ¢ IUpuToM,
JTUOTICHIOM, KITMHOXJIOPOM U APYTUMH MHHEpaiaMH, rmoje 3perus 3.0 X 1.5 cM; 1 — Kopka rpsi3H0-0eJI0ro BOJIOKHHUCTOTO CEIlH-
omuTa, 8 X 5 cM; € — uepHas 3eMJIMCTasi KOpKa TaKaHeIUTa Ha KajbluTe, oje 3perus | X 1 cm.

BSE ¢orto (a), horo M.J]. Musbuiusoii (6—).

Fig. 6. Oxysalts from the Vorontsovskoe deposit: a — elongated wulfenite grain in cerussite with galena, covellite and
quartz; 6 — white powdery gunningite crust on dark sphalerite with quartz and pyrite, 6 X 5 cm; B — bright blue fine-grained
orthoserpierite on calcite with gypsum (dark crusts and tiny acicular crystals), 8 X 4 cm; r — pink fine-grained pumpellyite-
(Al) in assemblage with pyrite, diopside, clinochlore and other minerals, field of view is 3.0 x 1.5 cm; n — dirty white fibrous
sepiolite crust, 8 X 5 cm; e — black earthy takanelite crust on calcite, field of view is 1 X 1 cm.

BSE image (a), photographs by M.D. Milshina (6—¢).
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Puc. 7. KP criektp BynbdenuTa u3 BopOHIIOBCKOTO MECTOPOXKICHHS.
Fig. 7. Raman spectrum of wulfenite from the Vorontsovskoe deposit.
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element is below detection limit. The formulae are calculated on the basis of 5 O apfu (gunningite), 17 O apfu (orthoserpierite), 14 O apfu [pumpellyite-(Al)], sum of all

cations equal to 10 and 23 O apfu (sepiolite).

penkue 3epHa 70 10 MKM B KaJIbIIUTE, aCCOLIMUPYS C
TPOCCYIIAPOM, BE3YBHAHOM, 30JI0TOM, CYIb(UIaAMH
(TameHuT, TUPUT, TUPPOTHH, ChaJICPUT, YILMAHHUT,
XaNTBKOTIUPHUT) W Ccylbpocomsivu (OymamKkepuT, Map-
TaHIIOBUCTBIA TKeMCOHUT, TeTparaput-(Fe), duszenm-
uT) (puc. 2B). B cocraBe muadopura 3adukcupoBana
HeOombIas npuMech Bi (tabmn. 2, an. 8). B orpaxken-
HOM CBET€ MHUHEpAJ BHIIIAUT OEIbIM, MTPUMEPHO KaK
TaJICHUT, HO TEMHEE MUPHUTA. AHU3OTPOIINS BBIpAKEHA
cimado.

MouneabBykeHuT AgPbisSby;AsisSss 11 xupi-
JuT PbsAsi0SbeS;, HIeHTHOUITUPOBAHBI 3JIEKTPOHHO-
30HIOBBIM METOZIOM B obOpasiie Bop-11/25-3, otobpan-
HOM B 2025 . Kaxxplif 13 HUX BCTPEUYEH BCETO B O]I-
HOM 3€pHEe: UHJAMBHUJ MOHIIENIbBYKCHUTa pazmepoM 20 X
12 MKM 3aKJTIOueH B KapOOHATHOW Topoje (IOJIOMHT,
KaImbIuT) (pUC. 2T), a 3€pPHO XHUPIIIATA Pa3MEPOM &8 X
4 mxMm — B 6apute (puc. 21). JIomoTHSIIOT 3Ty acconma-
IIUI0 AHTUMOHHT, KOJIOPAJOUT U peanbrap. JINeKTPOH-
HO-30H/IOBBIE€ aHAJIM3bI THX MHUHEPAJIOB HAJEKHO pac-
CUHTHIBAIOTCS Ha ()OPMYITBI MOHITEITEBYKCHUTA (TabM. 2,
ad. 9) u xuprwtuta (Tadm. 2, ad. 10), COOTBETCTBEHHO.
[Tocnenuuii SIBISETCS YWIEHOM T'OMOJIOTHYECKON cepuu
capTopuTa, 4To, KaKk M B clydae ¢ OepHapJIOTTHHTOM,
MO3BOJISIET paccuuTarh 3HadeHue N (2.97) u cpaBHUTH
C W/IeaTbHBIM 3HAUEHUEM, MOydYeHHBIM B Pe3ylbTare
oTpeneNIeHrsI CTPYKTYphI (N = 3) Xupnumira U3 MecTa
ero nepsoit Haxonku (Keutsch et al., 2018). bamzocTs
ATHX TIOKa3aTelel TakKe CBHJETENCTBYET O JOCTO-
BEPHOCTH HAIIEH TUATHOCTHKH.

B orpaxxenHOM cBeTe 00a MWHEpaja BBITIISA-
JAT OETBIMU, TPUOIM3UTENBHO PAaBHBIMH TI0 OTpaxa-
TeNbHOHN criocoOHOCTH aHTHUMOHHTY (R = 31-47 %),
HO CyIIECTBEHHO TeMmHee mupuTa (R = 54 %) u cBet-
nee peamsrapa (R = 19-21 %). DTo coOTBETCTByET
ux Koaddunmentam otpaxenns (R = 36.4-40.6 % y
MoHnenbpBykenta (Dan Topa, yctHOe cooOmmieHue) u
R =32.1-38.5 % y xupuumra (Keutsch et al., 2018)).
B ckpemnieHHBIX HUKOISIX 00¢ BOPOHIIOBCKHE CYITb(O-
COJIM OTYETIINBO aHW3O0TPOTHBI B CEPHIX TOHaX. MoOH-
TIEbBYKCHUT M XHUPIUTUT HAHICHBI BIIEPBBIE HA TEPPHU-
topuu Poccuiickoit @enepanumu.

OpTtocepnbepur  Ca(Cu,Zn)4(SO4)>(OH)s
3H,O oOHapyxeH B Buae 3h(HEKTHBIX SPKO-TOTYOBIX
kopouek 10 30 X 30 cM Ha mIBIOAX Oemoro Mpamopa
(xampIrTa) B 00pasmax, oroopaHHbIX B anpene 2026 1.
Ha ckiajne 3abamancoBsix pyx Ne 1. Kpome Hero 31ech
MIPUCYTCTBYET TOJIBKO THIIC, O0Pa3yIOMNi Tps3HO-0e-
JIBI€ ¥ TEMHBIE KOPKH Ha MTOBEPXHOCTH OPTOCEPITbEPH-
Ta, a TaKK€ MUJUTUMETPOBBIE WTOJIBYAThIe KPUCTAIIIBI
Oeroro nBera (puc. 6B). XUMUYICCKAN aHAIHA3 TTOKA3aJT,
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Tabnuya 6. TlopokoBasi peHTIeHOTpaMMa OPTOCEPIILEpUTa
13 BOpOHIIOBCKOTO MECTOPOKICHHSI

Table 6. Powder X-ray diffraction data of orthoserpierite
from Vorontsovskoe deposit

Tabnuya 7. TlopoukoBasi peHTreHOTpaMMa IyMIIeJTHHTa-
(Al) 13 BOpOHIIOBCKOTO MECTOPOIKICHHS

Table 7. Powder X-ray diffraction data of pumpellyite-(Al)
from Vorontsovskoe deposit

OBILTOOCSPE;;I::: OpToceprbeput H}ggnziﬂii;((il)’ [Tymmenmunt-(Al)
POHIL (PDF #3950346) hid POHIL (PDF #250156) hid
MECTOPOKICHHE MECTOPOKICHUCHHE
d, A 1, % d, A 1, % d A 1, % d, A 1, %
10.18 100 10.210 100 002 4.743 10 4.7400 16 004
6.180 5 6.1800 <5 010 4.659 20 4.6600 25 111
5.722 4 5.7300 <5 111 4.376 17 4.3700 30 200
5.301 5 5.3000 <5 012 3.802 15 3.7900 30 202
5.095 80 5.1000 90 004 3.512 35 3.5200 40 211
4.8700 <5 402 3.442 9 3.4400 11 204
4.740 5 4.7300 5 310 3.034 8 3.0300 10 204
4.620 5 46200 | <5 204,311 2.950 15 | 29520 | 18 020
4.493 30| 44920 | 5 113 29450 | 16 213
4290 | 12 | 42960 | 10 312,403 2.917 45 | 29150 | S5 300
3800 | a4 | 39000 | 5 313114 2.896 | 100 | 2.8960 | 100 115
’ 2.730 18 2.7340 30 206
3.6830 <5 600 =
3,540 10 3.5450 10 511 2.642 15 2.6310 20 311
3390 | 75 | 3.4000 | 9 | 006,512 2.504 23] 25060 1 30 024
32850 20 405 2.446 26 2.4460 25 117
’ 2.326 18 2.3290 13 222,313
3.179 50 3.1840 50 513 -
2.206 10 2.2060 25 208
3.0910 <5 020,315 =
59760 - 016 2191 14 2.1930 17 402
97 > : 2.1870 | 17 400
2.901 4 ;-2288 <55 4 1852)400 6 2.105 8 21130 | 9 204
: 2.0910 8 512
2.740 30 127360 | 30 831,223 2.089 8 20730 | 10 402
2.6960 5 420,515 1.852 10 1.8475 10 028
2680 20 2.6780 25 421,802 1.660 10 1.6634 8 1111
) 2.6500 <5 024 1575 18 1.5944 17 424
2.607 40 2.6100 50 117,422 ) 1.5799 11 0012
2.555 35 2.5580 50 217,803 1.544 8 1.5539 8 2210
2.510 35 2.5110 40 521,423 1.4872 10 428
2.428 5 2.4240 5 804 1.474 12 1.4765 15 040
2.3840 60 424 1.4714 10 3012
2.379 S0 2.3600 <5 018 Ilpumeuanue. TlpuBeneHbl TOJBKO OTPAXKEHUS C
2.285 23 2.2850 30 805,910 MHTEHCUBHOCTSIMHU > 8 %.
2.244 27 2.2490 30 425,318 Note. Only reflections with intensity > 8 % are
2.211 5 2.2150 5 209,720 provided.
2.1590 <5 716,1002
215005 o140 | <3 806 § }
2.108 30 2.1110 35 42 6, 127 YTO HAMJACHHBIM MUHCPAJI SABJISICTCS KAJIBIIUCBBIM 4JIC-
2.0020 15 2010,807 HOM Tpymimbl aeBwunHa (Tadm. 5, aH. 2). Iloporiko-
1.990 10 1.9800 20 427,331 Basi peHTreHorpamma (Tabmi. 6) COIEPIKUT HECKOJIBKO
1.848 22 1.8520 25 334,1006 CITA0OWHTCHCUBHBIX OTPAXKEHHH, MPHUCYIIUX TOJBKO
1.755 8 1.7600 10 1007,136 OPTOCEPIILEPUTY, HO OTCYTCTBYIONIUX Y JEBHIUIMHA U
1.740 10 1.7360 10 429,628 ceprbepura. PaccunTanHbIe 10 TOPOIIKOTpaMMe Tapa-
1700 > 16990 > 0012,1024 MEeTpbl POMOMYECKOH 3JIEMEHTApHOM s4eiiku opTocep-
1.625 10 1.6260 | 10 | 4210,4012 o . . 1
1.600 s 1.6000 <5 0386111 neeputa: a =22.033(2), b=6.1878(6), c =20.342(2) A,
? — 3
1575 | 30 | 15770 | 30 | 1400,931 V=27733(4) A° ' .
1.548 15 1.5500 | 25 2013,040 Hymnenmut-(Al)  Ca,AlAL[S1OOH][SiO4]
1.527 10 1.5290 20 241,1118 (OH),O sBisiercss TOpoI000OPa3yONIUM MUHEPATIOM
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B METAaCOMAaTHYECKUX OOpa30BaHUAX, BCTPEUECHHBIX
B ampene 2026 1. Ha ckiane 3abanaHcoBBIX pya Ne 1.
OH TecHO cpacTaeTcsi ¢ JUOTICHIOM, KIIMHOXIIOPOM,
MYCKOBHUTOM M THTaHWUTOM, HO BBIZCIISETCS CPEI HUX
CBOUM HACHITIICHHBIM PO30BBIM IIBETOM (puc. 6T). Mak-
CUMaJBHBIA pa3Mmep arperaroB mymmesumra-(Al) mo-
cruraet 10 cm. U3 pyaHbIX MUHEpaAJIOB B M3YUYEHHOMU
acCOIMAIK TIPUCYTCTBYEeT TOJNBKO MHPUT. Po3oBas
OKpacka MHUHEpajia MOXET OBITh OOBSCHECHA HAMUHU-
eM B €ro cocraBe HeOombIIONH mpumMecn Mn (Tadim. 5
an. 3). IlopomkoBasi peHTreHOrpaMMa TMpHBEICHA B
Tabn. 7. PaccumTamHbpie TIO HEW mapaMeTpbl MOHO-
KJIMHHOW 3JIEMEHTAapHOM SYeMKH yBEPEHHO OTBEYAIOT
CTPYKTYpHOMY THITY TymmiestuuTa: a = 8.8189(9), b =
5.867(1), ¢ =19.093(2) A, B=97.27(1)°, V= 979.9(2)
A3. D10 BTOpOIT MMHEpaN W3 TPYNIBI MyMIIEIHNUTA,
JINaTHOCTUPOBAHHBIM HaMM Ha BOpOHIIOBCKOM Me-
CTOPOXKJICHUH: paHee B METacCOMaTHYecKnx oOpa3oBa-
HUSX, HAJTOKCHHBIX Ha KapOOHATHBIC OpEKUHH, 31eCh
op1 omucan mymmemuuT-(Mg) (Kacatkun u mp.,
20218).

Cenuoaut Mgy(SisO;5)(OH), - 6H,O naiinen B
ampenre 2026 1. Ha ckiane 3abamaHCOBBIX pym Ne 2 B
BUJIE TPSI3HO-OETIBIX BOJIOKHUCTBIX KOPOK TUIOIIAIBIO
HECKOJIBKO JIECATKOB KBaJPaTHBIX CAaHTHMETPOB, Ha-
pacTrapmux Ha CTEHKY TEKTOHHYECKOW TPEIIWHBI B
oerom Mpamope (puc. 6;1). MuHepa THarHoCTHPOBAH
IO XUMHYECKOMY COCTaBy (TalII. 5, aH. 4) U MTOPOIITKO-
BOH peHTrenorpamme (tabmn. 8). [lapameTpsr ero pom-
Omveckol AnmeMeHTapHo# sueiiku: a = 13.448(2), b =
26.914(4), c =5.2879(7) A, V'=1913.9(3) A®.

Takaneaut (Mn,Ca)Mn,Oy, - H,O o6pasyer
MSTKHE 3EMIIMCThIE KOPOYKH 10 4 CM B TIOMIEPEYHHU-
K€ YEepHOTO IBETa C IONyMETAUIMYECKUM OJeCKOM
Ha Kampnute (puc. 6e). OOpasmpl ¢ STUM MHUHEPATIOM
ObTH OTOOpaHBI Ha CKJIamax 3a0allaHCOBBIX Py B
armpesie 2026 1., ¥ Mbl HE MCKJIIOYAEM, YTO TyjAa OHU
noctynuny u3 KOxxHOTO Kaprepa. iMeHHO Ha oTBajax
nocneaaero Hamu B 20172018 rr. ObTn HaliIeHBI BCe
OKCHJIBI M THAPOKCHABI Mn, Bkmtodas Ca-aHamor Ta-
KaHEJIUTa PaHChEUT. XUMUUECKUN COCTAaB TaKaHEIUTa
(mac. %): K;0 0.46, MgO 0.21, CaO 2.36, CuO 0.54,
BaO 0.67, MnO, 88.94, cymma 93.18. BamentHOCTH
Mn u coneprkaHue BOABI B MUHEpaJie He ONPEIeIsIINCh,
MOTOMY HAIMCAHUE €r0 AYMITUPUIECKON (HOpMyIbI 3a-
TpyIHUTENbHO. TeM He MeHee, Hu3Koe KomndyecTBo Ca
Y TJIaBHBIE OTPAYKEHHS TIOPOIIKOBON PEHTTE€HOTPAMMBI
(7.601, 3.801, 2.466, 2.351, 2.069 u 1.422 A) nospons-
IOT C YBEPEHHOCTHIO TOBOPUTH O HA/IECKHOCTH HaIIel
JTUATHOCTHKH.
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Tabnuya 8. TlopolKkoBasi pEHTTCHOTPaMMa CeIUOJIUTA U3
BopoH110BCKOro MeCTOpPOXKIEHUS
Table 8. Powder X-ray diffraction data of sepiolite from

Vorontsovskoe deposit .

Cenmonur, Cenmonur
Boponuosckoe M-Hue (PDF #261226) hkl
d, A 1, % d A 1, %
12.15 100 12.200 50 110
7.552 25 7.5300 25 130
6.738 34 6.7300 30 040
5.043 9 5.0400 13 150
4.502 35 4.5200 40 031
4.304 30 4.3200 40 131
4.010 8 4.0000 11 330
3.748 50 3.7600 55 231
3.549 10 3.5400 19 241
3.363 95 3.3600 100 080
3.197 38 3.2000 55 331
3.041 18 3.0500 20 261
2.8310 5 271
2.709 40 2.6900 50 0100
2.614 18 2.6230 30 281
2.571 30 2.5650 40 530
2.440 15 2.4490 20 212
2.397 12 2.4050 20 1110
2.261 25 2.2600 30 2101
2.130 10 2.1240 11 640
2.080 20 2.0720 30 272
1.879 5 1.8790 8 512
1.751 0.5 1.7590 1 4121
1.704 12 1.7000 16 213
1.600 30 1.5940 35 592

Yasmanuut NiSbS ycTraHOBIIEH 3IEKTPOHHO-
30H/I0BBIM METOZIOM B OJHOIM MUHEpaJIbHOW accouua-
uu ¢ O6epreepuroM. OH He 00pazyeT 000COOIEHHBIX
MHJIMBUIOB, HO OTMEYEH B cpocTkax 10 40 MKM ¢ 1Ipy-
TUMH Ccylbhuaamu (MUpUT, chajaepuT) win cymnbhoco-
nsvu (6epTbepuT, OymaHXKepuT, JKEMCOHUT) (puc. 2e,
). XUMHUYECKUI COCTaB BOPOHIIOBCKOTO YJIbMaHHUTA
oTBevaeT ueanbHoi hopmyne NiSbS (tadm. 2, an. 11);
MHOIZAa 3TOT MMHEpan COAEPKUT npumech Fe (Tabdm.
2, an. 12). OTpaxkarenpHas CHOCOOHOCTh yJIbMaHHUTA
YMEPEHHO BBICOKasl, On3Kas K nuputy. B koHTakre ¢
MOCTIETHUM OH MMEET CIa0blii CUPEHEBBI OTTEHOK.
YIIbMaHHUT U30TPOIIEH, Onarogaps 4eMy ero JIErko oT-
JIMYUTD B CPOCTKAX C CHIIBHO aHU30TPOITHBIMH OepThe-
pHUTOM, OyJIaHKEPUTOM U [DKEMCOHUTOM.
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3AKJIFOYEHUE

3a mocyeHue TSTh C MOJIOBUHOW JIET KajaacTp
MUHEpasioB BOpPOHIIOBCKOTO 30J0TOPYAHOTO MECTO-
POXKIICHUST TTOTIOHIIICS TPUHAIIATHI0 HOBBIMH Hau-
MCHOBaHUSMH:  OCPHAPIOTTUUTOM, OCPTHEPUTOM,
OpYCHUIIBIHUTOM, BYJIb()CHUTOM, TaHHUHTHUTOM, JHa-
(GOopHUTOM,  MOHIEIBBYKCUTOM,  OPTOCEPIBLEPUTOM,
myMIeIITUUTOM-(Al), cemmonmTOM, TaKaHEITUTOM, YiTb-
MaHHHATOM M XHPIUIATOM. TakuM oOpa3om, o01iee Ko-
JMYECTBO MUHEPAILHBIX BHJIOB, C BRICOKOH CTEIICHBIO
JIOCTOBEPHOCTH YCTAHOBJICHHBIX (MHCTPYMEHTAJIBHO
JIMarHOCTHUPOBAaHHBIX) HA 3TOM MECTOPOXKICHUH, JIO-
cturio 223. ITockonabKy moOBIYHBIE paOOTHI 311eCh 00-
Jiee He BEIYyTCs, MEPCIEKTHBBI JalbHEHUIIEro MOToJI-
HEHHSI MUHEPAJILHOTO KaJacTpa CBsA3aHbl HE CTOJBKO C
MOCTYIJICHUEM HOBBIX 00pa3IioB, CKOJIBKO C JIOU3yYe-
HUEM yXKE UMEIOIUXCsl. B 4acTHOCTH, aBTOpHI HE Te-
PSIIOT HAJEKTy JIOBECTH JI0 CTATyCa «IOJTHOTIPABHBIX)
MUHEPaIbHBIX BUJIOB HECKOJILKO TOTCHIMABLHO HO-
BBIX Tl- 1 Mn-comeprkamux cynbpocoseii, nceaemaona-
HUE KOTOPBIX B HACTOSIIEE BPEMs TIPOIOIKACTCSI.
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