Mineralog. Rev. Minepanoriganii 30ipHUK
2009. N 59.1Is. 2. P. 64-76 2009. Ne 59. Bumn. 2. C. 64-76

UDC 553

SULPHOSALTS OF CUPROBISMUTITE HOMOLOGOUS SERIES
FROM BANSKA HODRUSA AND CIERNA LEHOTA
(WESTERN CARPATHIANS, SLOVAKIA)

S. Jeleii', T. Mikus', J. Priek’

'Geological Institute of Slovak Academy of Sciences
Dumbierska 1, 974 01 Banskd Bystrica, Slovakia
Department of Mineralogy and Petrology, Faculty of Natural Sciences,
Comenius University
Milynska dolina, 84215 Bratislava, Slovakia

Relatively rare kupcikite was found together with other members of cuprobismutite
homologous series — hodrushite and cuprobismutite. They occur in hydrothermal Ni-Bi-As
mineralization in Cierna Lehota and at base and precious metal mineralization deposit Ban-
skéd Hodrusa, Rozalia Vein. Kupéikite is associated with cuprobismutite, hodrushite and
members of bismuthinite-aikinite series, emplectite, padéraite, gold of higher fineness. It
was studied chemical composition of all associated Bi-sulphosalts.
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Hodrushite — Cu-Bi sulphosalt of the cuprobismutite homologous series — is the first
latter-day described mineral from Slovakia, found at Rozalia Vein by M. Kodéra. It was
identified and detailed characterized by V. Kupéik and E. Makovicky and named after
village Banska Hodrusa. It forms needles up to 1 mm in size, rarely 5 mm of gray-black
colour. Luster is metallic. It is brittle, without distinct cleavage, monoclinic, space group
A2/m and cell dimensions: a = 27,21; b = 3,93; ¢ = 17,58; f = 92°09° [6]. Its density is
about 6,35. It forms mostly aggregates and irregular overgrowth with aikinite, wit-
tichenite, matildite, emplectite and other Bi minerals in the quartz-hematite-chalcopyrite
accumulations. Later was this mineral found in ores of polymetallic deposit Kajragac,
Kuramin Mits., Uzbekistan, in Pioche (Nevada, USA), at the locality Cierna Lehota [17]
and at the scheelite deposit Felbertal, Austria [21]. The next occurrences are known from
Romania (Paulus mine, Ocna de Fier by Baita Bihor and Valea Seaca [1]), from USA,
Nevada (Black Metal mine), Colorado (Alice mine, Campbell mine, Bisbee mine) and
also from Peru—Julcani ore field [22].

Sulphosalts of cuprobismutite homologous series include Cu-Bi sulphosalts. General
formula for minerals of cuprobismutite group was postulated by [10] as

Cué‘ﬂlez(Nil)_*-1quasi-oct::lhe:dn:ll]3i4square-pyn:unidalSZJ\H—8 (ZZZ),
which could be simplify written as CugBigy »S16+4x- Members of cuprobismutite homolo-
gous series are: N = 1 kupcikite (CugBi;¢Syy) discovered in the Felbertal D. Topa et al
[21], N = 1,5 hodrushite CugBi;;S;,, M. Kodéra et al. [6] and N = 2 cuprobismutite
CugBi 4S54 T. Ozawa and W. Nowacki [15]. Some authors assigns also padéraite
Ag; ,Cus gPb; 3Biy; 5S,; to this series [14]. However, padérait belongs to special padéraite
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homologous series derived from cuprobismutite homologous series according to latest
result [1]. Structure of cuprobismutite homologous series sulphosalts could be explained
as overgrowth of galena structure (331)pps with layer of trigonal coordinated metals [10].
All published analyses show except main elements Cu, Bi, S, also Pb, Ag and Fe, rarely
also Se, Zn, Mn, Te. Sulphosalts of cuprobismutite homologous series are relatively rare
in the nature. They occur mainly in Cu skarns in Romania [1, 2, 8, 14] and also in miscel-
laneous hydrothermal mineralisation [3, 16, 17, 20, 21]. Sulphosalts of this homologous
series was found in Slovakia only in Hodrusa and Cierna Lehota [6, 8, 17]. Comparison
of these two localities is the subject of this paper.

Banska Hodru$a, Rozdlia Vein. The largest and most famous epithermal gold-silver-
polymetalic mineralization is situated in the Stiavnica-Hodrusa ore field in the central
upwelled part of the vast polygenetic Stiavnica stratovolcano (fig. 1) extending 100 sq. km.

European ps'al‘for.:‘{l'_ e A

Neogene to
“»  Quaternary
volcanics

=
. -

_:..—""I'"' 5

Fig. 1. Position of the Western Carpathian neovolcanites (4) and scheme of the Stiavnica
stratovolcano (B), adapted from [9]:

1 — centre and cone of andesite stratovolcano; 2 — central zone of stratovolcano: a — intrusions;
b — propylitized andesites; ¢ — caldera and graben filling; 3 — prevolcanic basement; 4 — postvolcanic
sediments; 5 — faults.

More than 120 ore veins occur mainly in propylitized pyroxene andesites, diorites and
quartz diorite porphyries. The length of main ore veins is up to 8 km. Rozalia Vein be-
longs to main polymetalic veins of “Stiavnica type” [4]. The depth of ore mineralization
reaches 500 m. Ores are concentrated into 6 vertical lenses (shots). Whole Rozalia vein
belong to cooper zone (Cu prevailing over Pb and Zn; fig. 2).
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Fig. 2. Horizontal zoning of the Stiavnica-Hodrusa ore field:
1—4 — zones: 1 — CuxBi, W, 2 — Pb-Zn-Cu, 3 — Ag-Au, 4 — Au-Ag; 5 — ore veins; 6 — adits; 7
— mines.

Succession of mineralization was detailed characterized by M. Kodéra [4]. Minerali-
zation of Rozalia Vein (deeper parts) is characterized by presence of bismuth minerals.
Typomorphous mineral is hodrushite which occurs in the quartz-hematite-chalcopyrite
aggregates. Hodrushite together with aikinite and wittichenite belong to most prevalent
Bi-sulphosalt of quartz-hematite-chalcopyrite aggregates of the fourth mineralization
stage. Gold of higher purity (860) is associated together with Bi-sulphosalts: emplectite
CuBiS,, matildite AgBiS,, hodrushite CugBi 1S5, and padéraite
Cug 41A80.73Pb124B11.99S71.72. In the upper parts of the Rozalia Vein are characteristic
CuBi- and CuPbBi-sulphosalts (gladite CuPbBisS,, krupkaite CuPbBi;Ss, hammarite
Cu,Pb,Bi,Sy, lindstromite Cu;Pb;Bi;S;s, friedrichite CusPbsBi;S 3 and new mineral phase
similar to mummeite (Cu,Ag)sPbBisS;, ). Bismuthinite Bi,S; and solid-solution of PbS
with matildite myrmecites originated in the lower parts of the Rozalia Vein (9™ to 14™
deep horizon) by the higher temperature. Ag-sulphosats (polybazite, pearceite and Ag-
tetrahedrite) occur in the southern subsurface part of Rozalia Vein associated with car-
bonates and quartz.

Cierna Lehota. Ni-Bi-As assemblages described in the Cierna Lehota occur in the Ta-
tric tectonic unit of the crystalline basement of Suchy Mts (Western Carpathians). The
investigated mineralization is situated approximately 2 km SSE from the village of Cierna
Lehota (fig. 3). Mineralization is situated in a narrow zone (20 m, SSW-NNE direction)
of black shales and intensely graphitized rocks (graphitic-biotitic gneisses, graphitic
metaquartzites). This zone occurs in the quartz-biotitic paragneisses. Ni-Bi-As minerali-
zation is developed in the environment of metamorphic syngenetic pyrite—pyrrhotite (Py—
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Po) mineralization in the black shales. Mineralogy of the area was studied by S. Mikolas
et al. [12], T. Mikus et al. [13] and J. Prsek et al. [17]. These authors described following
minerals: pararammelsbergite, rammelsbergite, 161lingite, pyrhotite, pyrite, tennantite, Bi
sulphosatls, calcite, hematite, magnetite galenite, Cu and Ni secondary minerals. Miner-
alization was developed in several stages: Fe-Ni arzenides with quartz and dolomite; Bi
sulphosalts with quartz and sulphides; Pb-Zn stage with carbonates; Fe oxides with cal-
cite. Sulphosalts of the cuprobismutite homologues occurs in the third stage.
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Fig. 3. Schematic geological map of Slovakia and a part of crystalline basement of the Suchy.

A: 1 — Carpathian Foredeep; 2 — flysch zone; 3 — klippen belt; 4 — Tatric unit (core moun-
tains); 5 — Upper Palaeozoic to Palaeogene sequences; 6 — Veronic unit; 7 — Gemeric unit; § —
Tertiary to Quaternary volcanites (mostly Neogene); 9 — Neogene to Quaternary basins;

B: I — Mesosoic sedimentary cover; 2 — Krizna nappe; 3 — biotitic mica shists; 4 — graphitic
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black shales; 5 — ribbed migmatites; 6 — amphibolites; 7 — leucocratic granites; 8 — granodiorites.

Sulphosalts were analysed using wavelenght dispersion analysis (WDS) by JEOL Su-
perprobe 733 microprobe (Kobenhavn Universitet), Camebax (CNIGRI, Moscow) and
Cameca SX 100 (SGUDS, Bratislava) under following conditions: 20 kV and 1020 nA,
beam diameter 5 pm. The following natural (n) and synthetic (s) standards were used:
pure Ag (AgLa), pure Bi (BiLa), pure Sb (SbLa), PbS (PbLa), |Bi,S; (BiLa), ,CuFeS,
(CuKao, FeKa, SKa), (CdSe (SeKa) and ,CuSbS, (CuKa, SKa).

Cuprobismutite homologues. Banskd HodruSa. Kupcikite forms several irregular
grains associated with matildite and wittichenite in the chalcopyrite and hematite aggre-
gates of quartz found at 14™ deep horizon of Rozalia Vein. The other occurrence is at 6™
deep horizon where kupcikite is associated with members of bismuthinite-aikinite series
and other Bi-sulphosalts. Thin lamellas of kupcikite are overgrowth with emplectite,
hammarite and forms aggregates with krupkaite, hodrushite and padéraite (fig. 4). Analy-
ses of kupcikite are presented in the table 1.
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Fig. 4. Aggregate of sulfosalts Bi — kupcikite (kup), hodrushite (hod), emplectite (emp), padé-
raite (pad), hammarite (ham), krupkaite (krup), needle-like cuprobismutite (cpb), bizmuthinite (biz)
and gold (Au) in quartz, hematite and chalcopyrite (black), BSE. Banska Hodrusa.

Content of Fe is uniform (1,67-3,83 wt. %) and contents of Pb (up to 0,94) and Ag
(up to 1,08 wt. %) are low. Chemically determined N varies between values 0,86 to 1,24.
General formula of the kupcikite could be expressed as

(Cus g2Fe0,36Cdo,02)7,96(Bio 78AA80,315b0,03A20,02)10,14(S19,765€0,15) 1991

Hodrushite is typomorphous mineral of bismuth from the Rozalia Vein. It is dominant

Bi-sulphosalt of Cu zone. It occurs associated with wittichenite, aikinite, emplectite,
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kupc¢ikite, padéraite, matildite and with other members of bismuthinite-aikinite series and
also with gold (fineness 900-910) in the quartz-hematite-chalcopyrite aggregates. It gen-
erally forms needles grains up to 1 mm up to size, irregular grains or fine-grained aggre-
gates with other Bi-sulphosalts. Chemical composition of hodrushite is presented in the
table 1 and fig. 5.

Table 1

Electron microprobe analysis of minerals cuprobismutite homologous series
from Banska Hodrusa

Minerals and samples

CI?:;IE[)SO_ Cpb* Cpb Kup Hod

Ro-10A 5-50 a-15 a-23 1-4 1-9 1-18 LIK15
S 16,38 18,33 19,13 19,50 18,63 18,82 19,09 19,20
Fe 0,45 0,06 3,83 1,92 0,60 0,71 1,35 0,84
Bi 65,37 63,01 61,37 62,92 63,55 64,08 63,03 64,30
Pb - 0,69 0,28 0,00 0,14 0,25 0,16 0,16
Ag 3,55 3,57 1,08 0,07 1,06 0,97 1,17 1,33
Sb - 0,00 0,00 0,12 0,00 0,00 0,06 0,00
As - 1,28 0,89 0,71 0,22 0,56 1,14 1,10
Cu 10,44 11,26 12,75 13,34 13,34 13,21 13,15 12,99
Se 0,27 0,45 0,34 0,36 0,40 0,32 0,32 0,39
Cd - 0,17 0,06 0,06 0,11 0,08 0,12 0,22
Total 96,46 98,82 99,73 99,01 98,05 99,02 99,58 100,53
N 2,51 2,50 0,86 1,06 1,39 1,45 1,36 1,59

* Cpb — cuprobismutite; Kup — kupéikite; Hod — hodrushite.

Bi+Sb B

o A W N
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~

Cu+Fe Ag+Pb
Fig. 5. Chemical composition of cuprobismutite homologous, at. %:
1 — our information; 2 — theoretical data; 3 — from [2]; 4 — from [18]; 5 — from [3]; 6 — from
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[8]; 7 — from [7]; 8 — from Zak et al., 1994; 9 — from [16]; 10 — from [17].

Hodrushite composition shows uniform low content of Ag (0,97-1,45 wt. %), Fe
(0,60-1,35), Pb (0,14-0,25), As (0,22-1,14) and Se (0,15-0,61 wt. %). Chemically de-
termined N varies between values 1,36 to 1,68. General formula of the hodrushite could
be expressed as

(Cuy63Feq47Cdo,03)s,18(Bi11,33A80,28Pbo,0aAg0.33)11,98(S12,695€0,15)21,84.

Relatively rare cuprobismutite was found in aggregates Bi-sulphosalts in quartz-
hematite-chalcopyrite accumulations at 6™ horizon in the Rozalia vein. It forms needles
grains and irregular aggregates with bismuthinite, hodrushite, minerals of bismuthinite-
aikinite series (fig. 6, 7) and Ag-Cu-Pb-Bi phase (kitaibelite?, fig. 8). Chemical composi-
tion of cuprobismutite is presented in the table 1. Cuprobismutite composition shows
uniform content of Ag (2,00-3,57 wt. %), Fe (0,06-0,51), Pb (up to 1,03 wt. %). Chemi-
cally determined N varies between values 1,73 to 2,51. General formula of the cuprobis-
mutite could be expressed as

(Cuz,08Fe024Cdo,10)7.42(Bi12,47A80,55Pb0 21 A1 36)14,59(S23.705€0.29)23.99.
Bi,S,

Bi.S, Bismuthinite

CuPbBi S, PAkoite

CA.Pb.Bi,S, Hammarite

Cu,Pb,Bi,S,, Friedrichite

CuPbBiS, Aikinite

Cu,S Pb,S,

Fig. 6. Chemical composition of sulfosalts bismuthinite—aikinite series, at. %.



SULPHOSALTS OF CUPROBISMUTITE HOMOLOGOUS SERIES... 71

Cierna Lehota. Kupcikite (N = 1) occurs only in one sample as a small um-scale grain
intergrowth with hodrushite (fig. 9,a). Kupcikite was formed by reaction of hodrushite
with the solutions depositing Fe rich tennantite. Microprobe analyses are presented in the
table 2. Kupcikite contains essential but important amounts of Fe and Pb, as well as mi-
nor Ag. Content of Fe is very uniform and values ranges around 1,25 at. %. Content of
Ag reaches 0,13 at. % (typical for kupcikite) and content of Pb is relatively stable; its
average value is around 1,1 at. %. Chemically determined N varies between values 0,73
and 0,88. General formula of the kupéikite from Cierna Lehota could be expressed as

(Cuy.gsFeg.47)8.35(AZ0.03Pbo.41Sbo 02Bi9 18)9.64519.12.
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Fig. 7. Sulfosalts of the bismuthinite—aikinite series from different Slovak localities.
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Fig. 8. Aggregates of the intergrowth Bi sulfosalts cuprobizmutite (cpb), krupkaite (kru),
berryite (ber), pavonite (pa) and bismuthinite (biz), BSE. Banska Hodru$a, Rozalia mine.

Fig. 9. Intergrowth kupéikite (kup) and hodrushite (hdt) with tennantite, Cierna Lehota (a), and
prismatic grain of hodrushite (hdt) intergrowth with sphalerite (sph) and chalcopyrite (ccp) in-
cluded in tennantite (tn) and pararammelsbergite (prr), BSE, Cierna Lehota (b).

Hodrushite (N = 1; 2) is the most commonly encountered bismuth sulphosalt in the
locality. Domains (20 um to 1,5 mm in size) usually forms grains or platy laths in asso-
ciation with chalcopyrite, Bi-tennantite and other Bi sulphosalts disseminated in quartz,
carbonates and Ni diarsenides (see fig. 9,b). It is partly decomposed into a mixture of
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native bismuth, bismuthinite and bismuth oxides. Microprobe analyses are presented in the
table 2. Our analyses contain small content of Ag, Pb, and Fe. Values for Pb do not exceed
0,3 at. %. Content of iron is relatively uniform around the value of 0,9 at. % and content
of silver is up to 1,7 at. %. Chemically calculated N has values from 1,25 to 1,65. The
results of 75 spot analyses show formula
(Cuy79Fe0.38)8.17(B111.34A20.43Pb0.0aSbo.02)11.83522.13.
Table 2
Electron microprobe analysis of minerals cuprobismutite homologous series
from Cierna Lehota

Com- Minerals
po- Cuprobismutite Kupéikite Hodrushite

nents 1 2 3 4 5 6 7 8 9
S 18,75 19,22 19,50 19,02 19,09 19,51 19,43 18,87 19,40
Fe 0,18 0,63 0,58 0,86 0,85 0,56 0,69 0,56 0,53
Bi 59,61 64,21 64,63 | 61,85 | 60,60 | 6546 | 6565 | 64,64 | 65,14
Pb 6,73 0,13 0,10 2,98 2,67 0,41 0,47 0,02 0,32
Ag 2,28 3,78 3,87 1,25 0,09 1,47 1,28 1,30 1,83
Sb 0,05 0,01 0,06 0,01 0,01 0,01 0,01 0,07 0,01
Cu 11,99 11,68 11,67 15,67 15,75 13,52 13,38 13,39 13,38
Total 99,60 | 99,56 | 100,41 | 100,63 | 99,08 | 100,94 | 101,07 | 98,84 | 100,60
N 2,03 2,02 2,07 0,88 0,81 1,45 1,46 1,42 1,50

Cuprobismutite (N = 2) occurs as irregular platy mm-scale grains associated with bis-
muthinite and matildite. It was also found as asmall pm-scale grain enclosed in
hodrushite. Microprobe analyses are presented in the table 2.

Cuprobismutite (Cuy4Feq47)7.87(Bii2.s6A81.55Pb0.02)14.1352465 associated with matildite
and bismuthinite has higher content of silver up to 3,7 at.%. Content of Fe is 1 at. % —
means from 6 analyses. Lead is present only in minor amounts. Chemical calculated N is
from 2,02 to 2,19 Cuprobismutite (CU7A67FCOA14)7A81(Bi11(95Ag0AgSSb0A02Pb1A37)14‘19824‘13 ocC-
curring with hodrushite is enriched in Pb up to 3 at. % and up to 1,9 at. % of Ag in the
structure.

Consequently, sulphosalts of cuprobismutite homologous series are relatively rare in
the nature (see fig. 5). Cuprobismutite is known only from several localities and kupcikite
is known up to now from Felbertal deposit and Cierna Lehota occurrences. Recalculation
of the published analyses believed to be hodrushite using the above formula shows that
N =1 phase might have been encountered in the nature together with other members of
cuprobismutite series. It might have occurred as some analyses published by [2], which
contain Ag (up to 0,90 at. %), Fe (up to 0,87) and Pb (up to 0,21 at. %) and order N is
0,97 and 1,12; by [19] with N = 1,17 and contents of Ag — 0.96 at. % and Pb — 0,35 at. %
but without Fe and by [8] with N = 1,11 and contents of Fe— 1,79 at. %, Ag — 0,79 at. %,
and without Pb. The elevated contents of Ag make these determinations as kupcikite
uncertain because D. Topa et al. [20] found that the crystal chemistry of kupcikite re-
quires higher cation charge than the Cu'—Bi combination yields. This means that for kup-
¢ikite very low Ag contents substituting for Bi are mandatory unless (hypothetically)
balanced by unusually high contents of Fe. Our analyses from Hodrusa and Cierna Le-
hota support this hypothesis. If the Ag content is low also Fe content is low and vice
versa. Analyses from other published localities show similar chemical composition [11],
published analyses of hodrushite from type locality with N = 1,25 and 0,70 at. % of Fe,
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and with a problematic minor Pb content (not included in the calculation of N). V. Kova-
lenker [7] published analyses of hodrushite from Russia with contents of Ag up to 0,82
at. %, Fe up to 1,24 at. %, Pb up to 0,64 at. % and N from 1,45 to 1,63, which is similar
to our results. Analyses from type locality Banska Hodrusa [8] show the content of Fe up
to 1,74 at. %, Ag up to 0,82 at. %, Pb up to 0,17 at. % and the calculated N is from 1,51
to 1,69. Chemically calculated N of our analyses has values from 1,25 to 1,73 and contain
small content of Ag, Pb, and Fe.

Published analyses of cuprobismutite generally show higher content of Ag in agree-
ment with the required charge balance [20]. M. Tarkian and V. Breskovska [18] pub-
lished cuprobismutite with content of Ag up to 3,5 at. %, Pb up to 0,26 at. % and calcu-
lated NV from 1,97 to 2,16. Dobbe’s cuprobismutite has content of Ag 4,79 at. %, Fe 1,28
at. % and Pb 0,3 at. % with N 2,02 [3]. V. Kovalenker [7] has 0,45 at. % of Fe, 1,86 at. %
of Ag and 0,64 at. % of Pb and calculated N = 2,07. Also Pattrick’s cuprobismutite has
high content of Ag (3,26 at. %), Fe (2,42) and Pb (1,41 at. %), and calculated NV is 2,31.

Noteworthy conclusion is that high content of Fe without Ag is typical for kupcikite,
high content of Ag is typical for cuprobismutite but hodrushite needs both Fe and Ag.

This work was supported by grant APVV no. LPP-0362-06 and agency VEGA, grant
number 6059 and Ukrainian-Slovak joint research project “Comparative study of Bi-Te-
S mineralisations .
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CYJb®OCOJI I'OMOJIOI'TYHOTI'O PAAY KYITPOBICMYTUTY
3 PAMOHIB BAHCBHKA I'OJIPYIIIA TA YEPHA JIETOTA
(GBAXIJIHI KAPITATH, CJIOBAYYHHA)

C. €xens', T. Mikym', ¥. IMurex”

'Teonoziunuii incmumym Cnosayvroi Axademii nayx
97401 Cnosauuuna, m. bancoka Bucmpuys, eyn. /[ym6 ‘epcoka, 1
2B/Hieepcumem Kowmeniyc, paxynromem npupoOHuuux Hayx,
Kageopa minepanoeii ma nemponozii
84215 Cnosauuuna, m. bpamucnasa, Mauncora JJoruna

[TopiBHAHO PiIKICHUI MiHEpan KyMYHUKIT BUABICHO Pa3oM 3 iHIIUMHU WIEHAMH TOMO-
JIOTIYHOTO PsAY KyNpOOICMYyTHTY — TOAPYIIUTOM 1 KyIpoOicMyTHTOM. BOHU MicTsAThCS B
cxiani Ni-Bi-As rimporepmansHoi MiHepamizanii B paiioHi Yepna Jlerora, a Takox Ha
POIOBHIIII KOJNBOPOBHX 1 JOporomiHHUX MeTaniB banceka [ompymra (ckmma Posamis).
Kynuukit acomitoe 3 KympoOiCMyTHTOM, TOAPYIINTOM Ta YiICHAMH pPsay OiCMyTHHIT—
alKIHIT, EMIUICKTUTOM, MaJepaiTOM i BHCOKOMPOOHUM 30J0TOM. JIOCTIKEHO XiMiYHHN
CKJIaJ] BCiX 61CMyTOBUX CyNb(OCOJIEH, SIKi aCOLIIOIOTh.

Kiurouosi crosa: cynpdoconi OicMyTy, KyNUUKIT, XIMIYHAN CKJIaJ, TiApoTepMaibHA
MiHepaizaris, 307010, 3axiani Kapnatu, CioBadunHa.

CYJIb®OCOJIN T'OMOJIOTHYECKOTI'O PAJA KYITPOBUCMYTHUTA
U3 PAVOHOB BAHCKA TOJIPYIIIA M YEPHA JIETOTA
(BAINAIHBIE KAPIIATBI, CIOBAKHSA)

C. Exaenn', T. Mmcyml, M. Murex’

'Teonoeuueckuii uncmumym Crosayroii Akademuu nayk
97401 Cnosaxus, 2. bancka Bvicmpuya, yn. [ymovepckas, 1
*Vuusepcumem Komenuyc, axynsmem ecmecmeennvix Hayk,
Kagedpa munepanozuu u nemponocuu
84215 Cnosakus, . bpamucnaea, Mnvincrka Jonuna

CpaBHHTENBEHO pEAKHA MUHEpaNl KYIMYUKAT OOHAPYKEH BMECTE C APYTUMH WICHAMH
TOMOJIOTHYECKOTO psfa KYNPOBUCMYTHTA — TOAPYUINTOM M KYIIPOBUCMYTHUTOM. VX BBI-
siBIIeHO B cocTaBe Ni-Bi-As rumporepMalibHOM MUHepaiu3anuu B paiione YepHa Jlerora,
a TaKke Ha MECTOPOXKICHUH [IBETHBIX U OJIAaropoIHbIX MeTaiuioB bancka [onpyria (okuna
Pozanus). Kymaukur accomumpyer ¢ KyImpOBHCMYTHTOM, TOAPYIIATOM H WICHAMH Psijia
BHCMYTHHHUT—AWKHHUT, IMILICKTHTOM, TTaJepPauTOM U BBICOKONPOOHBIM 30710TOM. Mccie-
JIOBaH XMMUYECKUN COCTaB BCEX aCCOLMUPYIOIINX BUCMYTOBBIX CYJIb(HOCOIICH.

Krouegvie crosa: cyabpOCOIN BHCMYTa, KYITYUKHUT, XUMUIECKUH COCTAB, THIPOTEP-
MaJbHasi MEHEpaIH3amus, 3071010, 3amaaaeie Kapnater, CoBakus.

CratTst Haaiinuia go peakoserii 04.09.2009
[puitasra no apyky 30.10.2009



