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Abstract

New samples of jaskélskiite were recently collected at the Aurélia |l siderite-type hydrothermal vein with sulphides
near Roznava, SpiSsko-gemerské rudohorie Mts., Rozfhava Co., KoSice Region, Slovakia. It forms lead-gray, irregular
aggregates up to 1.5 x 1 cm in size, which are enclosed in quartz-siderite gangue. Aggregates of jaskolskiite are con-
sisting of individual, subhedral acicular crystals to 2 mm long, strongly replaced by younger bournonite and associated
with Bi-rich jamesonite, tetrahedrite-(Fe), tintinaite, native bismuth and ullmannite. Significant variation of Cu (from
0.04 to 0.23 apfu) and Bi contents (from 0.32 to 0.77 apfu) was observed in studied sample. The average (n = 69
analyses) empirical formula of jaskdlskiite from Rozriava-Aurélia vein based on Pb+Bi+Sb = 4 apfu is corresponding
to Pb, ,,Cu, ,,(Sb, ,,Bi; ;;); 5655 1,- Bi-rich jamesonite is the most common sulphosalt at the studied locality and it forms
prismatic crystals up to 2 cm or irregular aggregates to 3 cm in size. The Bi content in jamesonite is ranging between
0.49 to 1.69 apfu. Bournonite is also common and two compositional types were distinguished. The first, dominant type
is represented by Bi-rich bournonite (containing up to 0.14 apfu Bi). The second type of bournonite, represented by
thin ribbons shows significant enrichment in As (reaching up to 0.49 apfu), but has only minor content of Bi (up to 0.08
apfu). Tintinaite is rare and its average (n = 9) empirical formula based on sum of all atoms = 63 apfu is corresponding

to (Pb9.67Ago.06)9.73(Cu2.55FeO.4ozn0.07)3.02(Sb

10.1QB|5.37)1 5.56834.59

CIO.10'
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Introduction

The SpiSsko-gemerské rudohorie Mts. represent one
of the most important accumulations of ore deposits in the
whole Carpathian mountain range. There are more than
1200 hydrothermal ore veins known within this relatively
small area, with two major types of mineralization: siderite
-type carbonate-quartz veins with sulphides (extensively
exploited in Dobsina, Stitnik, Rako$, RoZfava, Drnava,
Rudnany, Novoveska Huta, Hnil¢ik, Henclova, Prakovce,
Gelnica, Slovinky, Medzev etc.) and quartz-stibnite veins
(Betliar, Cuéma, Stofova dolina, Helcmanovce, Popro& or
Zlata ldka). Furthermore, Sn-Mo-W bearing greisens or
granite-related hydrothermal quartz veins, hydrothermal
veins with U-REE mineralization as well as strata-bound
VMS pyrite-Cu-Pb-Zn ore mineralization and hydrother-
mal-metasomatic bodies of siderite and magnesitettalc
are present (VarCek 1962; Chovan et al. 1994; Grecula et
al. 1995; Rojkovi¢ 1997).

All of the above mentioned types of ore mineralization
contain various sulphosalts mostly as accessory ore mi-
nerals. Abundant presence of minerals of tetrahedrite-ten-

nantite series (especially Fe, Zn and locally also Hg domi-
nant members) is very typical feature of the siderite-type
veins (e.g. Bernard 1958, 1961; Var¢ek 1957, 1959, 1960;
Novak 1959, 1967; Trdlicka 1967; Haber 1980; Cambel et
al. 1985; Peterec 1990; MiSkovic 1991; Haber et al. 1993;
Grecula et al. 1995; Antal 2002a, b; PrSek 2008; Prsek, Bi-
rofi 2007; Préek, Lauko 2009; Stevko et al. 2015; Mikus et
al. 2018; Peterec 2019; Stevko, Sejkora 2020). Bi sulpho-
salts are also quite common, especially minerals of the
bismuthinite-aikinite series (e.g. Padéra et al. 1955; Kup-
gik et al. 1969; Hurny, Kristin 1978; Mumme, Zak 1983;
Antal 1991; Berfika, Siman 1994; Préek 2008; Stevko et
al. 2015; Mikus et al. 2018, 2019; Stevko et al. 2021) and
kobellite homologous series (e.g. Trdlicka, Kupka 1957;
Hak, Kupka 1958; Novak 1961; Trdlicka et al. 1962; Vaclav
1964; Zabransky, Radzo 1966; Haber, StreSko 1969; Ha-
ber 1980; Jelen 1991; PrSek 2008; Prek, Peterec 2008;
Miku$ et al. 2018, 2019). Other Bi sulphosalts like cosa-
lite (Bernard 1964; Haber 1980), galenobismutite (Antal
1991; Pr3ek 2008), jaskolskiite (Prsek, Biron 2007), nuf-
fieldite (Prek et al. 2006; Stevko et al. 2021) or wittiche-
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nite (Haber 1978; Kozub et al. 2011)
are rare. Chalcostibite is infrequent
too (Sejkora et al. 2011; Miku$ et al.
2018). Unusual assemblage of Ag-Bi
sulphosalts (matildite, gustavite and
benjaminite) was recently described
from the Kobaltova vein near Medzev
by Mikus et al. (2019). The most com-
mon Pb sulphosalts at the siderite-ty-
pe veins are bournonite, jamesonite
(often Bi-rich) and boulangerite (e.g.
Zimanyi 1914; Novak 1962; Trdlicka
1967; KupcCik et al. 1969; Haber 1980;
Miskovic 1990; Prsek, Birori 2007;
Prsek, Peterec 2008; Sejkora et al.
2011; Mikus et al. 2018, 2019), whe-
reas berthierite and garavellite (Miku$
et al. 2018), meneghinite (Benka, Si-
man 1994) or zinkenite and scainiite
(Sejkora et al. 2011) are scarce. Rare
Hg sulphosalts, marrucciite (Sejkora
et al. 2011) and grumiplucite (Stevko
et al. 2015) were also recently identi-
fied. As-rich sulphosalts, seligmannite
and jordanite were described from the
Zenderling deposit near Gelnica by
Sejkora et al. (2011).

The occurrence of jaskolskiite at
the Aurélia Il vein, associated with
Bi-rich jamesonite, bournonite and
boulangerite was first described by
Prsek, Biroi (2007). This paper is
presenting new compositional data
on jaskolskiite as well as associat-
ed sulphosalts from newly collected
samples.

Geological setting

The Aurélia Il vein is located on
NE slopes of the Tri vrchy hill (581
m a.s.l.), around 2.5 km NNE of the
Rozfava town in the SpiSsko-gemer-
ské rudohorie Mts., Roznava Co.,
KoSice Region, Slovakia. Samples
of ore mineralization with jaskolski-
ite were collected at the dump of old
exploration pit (Fig. 1) located in the
NE part of the Aurélia Il vein. GPS co-
ordinates (WGS84) of this dump are:

Fig. 1 View of old exploration pit whe-
re samples with jaskolskiite were
collected. Photo by M. Stevko,
March 2021.

Fig. 2 Aggregate of jaskolskiite en-
closed in quartz. Field of view is
9 mm. Photo by L. Hrdlovic.

Fig. 3 Aggregates of jaskdlskiite
crystals (light grey) replaced by
bournonite (dark grey). Tiny whi-
te inclusions are native bismuth.
BSE image by M. Stevko.
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The Aurélia 1l vein is one of the
less important siderite-type hydro-
thermal veins belonging to the RozZna-
va-Maria-Tri vrchy vein system. This
NE - SW trending, 1.2 km long and
up to 1.5 m thick hydrothermal vein
is hosted in Early Paleozoic rocks of
the Gelnica group (the Gemeric Unit),
represented by metasandstones and
metarhyolites of the Drnava Forma-
tion (Furiel 1958; Bajanik et al. 1984;
Grecula et al. 1995). The dominant
gangue minerals are quartz and sid-
erite accompanied by minor amounts
of albite, ankerite, apatite, chlorite,
muscovite, tourmaline and rutile.
Minerals of the tetrahedrite subgroup
are the most frequent ore minerals
associated with less abundant ar-
senopyrite, chalcopyrite, pyrite and
pyrrhotite as well as minor boulan-
gerite, bournonite, cobaltite, galena,
gersdorffite, hematite, izoklakeite,
jamesonite, jaskolskiite, kobellite,
magnetite, marcasite, native bis-
muth, native antimony, sphalerite
and ullmannite (Novak 1960; Kupcik
et al. 1961; Bironn 1989; Grecula et
al. 1995; PrSek 2004; PrSek, Biron
2007). Kupcik et al. (1961) described
also phase related to lillianite, which
later turned to be Bi-rich jamesonite
(Kupcik et al. 1969; Prsek 2004).

Analytical methods

Paragenetic and textural relation-
ships as well as chemical zoning of ore
minerals were studied in BSE mode
using a JEOL JXA-8530FE electron
microprobe (Earth Science Institute,
Slovak Academy of Sciences, Banska
Bystrica, Slovak Republic).

The quantitative chemical anal-
yses of sulphosalts were performed
using a Cameca SX100 electron mi-
croprobe (National Museum, Prague,
Czech Republic) operating in the

Fig. 4 Aggregates of jaskolskiite
crystals (light grey) replaced by
bournonite (dark grey). Tiny whi-
te inclusions are native bismuth.
BSE image by M. Stevko.

Fig. 5 Variation of Pb vs. Cu contents
(apfu) in jaskolskiite from the Au-
rélia Il vein and other woldwide
occurrences.

Fig. 6 Variation of Bi vs. Cu contents
(apfu) in jaskolskiite from the Au-
rélia Il vein and other woldwide
occurrences.
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wave-dispersive (WDS) mode (25
kV, 20 nA and 0.7 ym wide beam).
The following standards and X-ray
lines were used to minimize line
overlaps: Ag (AgLa), Bi,Se, (BiMB),
CdTe (CdLa), Co (CoKa), CuFeS,
(CuKa, SKa), FeS, (FeKa), GaAs
(GaLa), Ge (GelLa), HgTe (HgLa),
InAs (InLa), Mn (MnKa), NaCl (CIKa),
NiAs (AsLB), Ni (NiKa), PbS (PbMa),
PbSe (SeLB), PbTe (TeLa), Sb,S,
(SbLa), Sn (SnLa), TI(Br,I) (TILa),
and ZnS (ZnKa). Contents of the
above-listed elements, which are not
included in the tables, were analysed
quantitatively, but their contents
were consistently below the detec-
tion limit (ca. 0.03 - 0.05 wt. % for
individual elements). Raw intensities
were converted to the concentrations
of elements using automatic “PAP”
matrix-correction procedure (Pou-
chou, Pichoir 1985). The order num-
ber of meneghinite homologue N for
jaskolskiite was calculated according
to the procedure proposed by Ma-
kovicky (1989) and the order number
of kobellite homologue N for tintinaite
was calculated according to the pro-
cedure proposed by Zakrzewski, Ma-
kovicky (1986).

Results and discussion

Jaskolskiite is rare mineral at the
studied locality. It forms lead-grey, ir-
regular aggregates up to 1.5 x 1 cm
in size with metallic lustre (Fig. 2),
enclosed in quartz-siderite gangue.
Aggregates of jaskolskiite are con-
sisting of individual, subhedral acic-
ular crystals to 2 mm long (Fig. 3,
4), strongly replaced by younger
bournonite. Other associated miner-
als are jamesonite, tetrahedrite-(Fe)
and microscopic inclusions of native
bismuth.

Representative chemical analy-
ses of jaskolskiite from the Aurélia Il
vein and the corresponding empirical
formulae are shown in Table 1 (all 69

Fig. 7 Variation of Sb vs. Bi contents
(apfu) in jaskolskiite from the Au-
rélia Il vein and other woldwide
occurrences.

Fig. 8 Homogenous aggregate of
Bi-rich jamesonite (grey) with
minor anglesite (dark grey) from
the Aurélia vein. BSE image by
M. Stevko.

Fig. 9 Variation of Sb vs. Bi contents
(apfu) in jamesonite from the
Aurélia Il vein.
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analyses are available in supplementary file). The cal-
culated value of N (order number of meneghinite homo-
logue, see Makovicky 1989 for details) for jaskolskiite
from the Aurélia Il vein ranges from 3.75 to 4.02 (with
average of 3.94), which is close to the theoretical value
N = 4 (e.g. Makovicky, Ngrrestam 1985; Berlepsch et al.
2001; Moélo et al. 2008). Zakrzewski (1984) and Mak-
ovicky, Ngrrestam (1985) defined ideal empirical formula

of jaskdlskiite as Cu Pb,, (Sb,Bi), S,, where Sb exceeds
Bi and value of x is about 0.2 apfu. Later, Moélo et al.
(1995) slightly redefined it to Cu,Pb,, (Sb, Bi ), S,, with
value of x ranging between 0.10 to 0.22 and y vary from
0.19 to 0.41. Significant variation of Cu content (from 0.04
to 0.23 apfu, Fig. 5) was observed in studied jaskolskiite
from the Aurélia Il vein, with obvious positive correlation

between Pb and Cu contents (Fig. 5) and negative trend

Table 1 Representative WDS analyses of jaskdlskiite from RoZriava-Aurélia Il vein (wt.%)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Pb 49.63 48.75 47.53 46.95 47.90 48.76 49.71 48.15 47.33 50.94 50.89 50.52 52.77 50.95 51.77
Cu 135 1.01 062 030 041 060 094 042 073 164 150 122 160 0.89 134
Sb 19.07 19.14 19.09 17.87 20.44 21.03 20.72 21.55 15.72 20.26 19.88 20.57 20.51 21.25 20.56
Bi 11.03 12.48 14.27 15.85 11.48 1044 9.58 1041 1779 813 813 874 762 9.00 8.26
S 18.84 18.90 19.01 19.18 19.13 19.18 19.39 19.42 1844 18.95 19.02 18.93 17.81 18.08 17.91
total  99.91 100.28 100.52 100.14 99.35 100.01 100.33 99.95100.02 99.93 99.43 99.98 100.32 100.18 99.86
Pb 2.134 2.081 2.019 2.018 2.037 2.055 2.105 2.024 2.064 2.180 2.194 2.145 2.216 2.122 2.181
Cu 0.189 0.141 0.086 0.042 0.057 0.082 0.129 0.058 0.104 0.229 0.211 0.169 0.220 0.121 0.185
Sb 1.395 1.390 1.380 1.307 1.479 1.508 1.493 1.542 1.167 1.475 1.458 1.487 1.466 1.506 1.474
Bi 0.470 0.528 0.601 0.675 0.484 0.436 0.402 0.434 0.769 0.345 0.347 0.368 0.317 0.372 0.345
S 5.235 5.214 5.219 5.326 5.256 5.223 5.304 5.274 5.197 5.240 5.300 5.194 4.835 4.867 4.876
N 3.893 3.885 3.872 3.952 3.960 3.947 3.952 3.934 3.922 3.904 3.966 3.952 3.993 4.002 3.993
calculated empirical formulae are based on (Cu+Pb)/2+(Sb+Bi) = 8 apfu
Table 2 Representative WDS analyses of jamesonite from RozZriava-Aurélia Il vein (wt.%)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Pb 36.54 36.87 36.71 37.83 38.22 38.78 38.80 38.50 38.31 38.90 38.22 38.02 38.52 38.37 38.61
Fe 230 242 243 236 250 252 248 243 243 248 240 245 247 240 244
Sb 2441 24.82 24.08 29.33 29.66 32.45 32.28 32.09 31.95 32.12 30.51 30.27 30.19 30.39 30.00
Bi 15.76 1493 16.11 926 831 483 508 496 525 514 745 761 802 763 7.77
S 20.89 20.88 20.71 21.32 21.47 21.38 21.47 21.15 21.32 21.31 21.31 2145 21.11 21.18 21.14
total 99.90 99.92 100.03 100.09 100.16 99.96 100.10 99.13 99.26 99.95 99.89 99.81 100.31 99.97 99.96
Pb 3.851 3.876 3.881 3.885 3.901 3.936 3.932 3.949 3.915 3.961 3.914 3.884 3.956 3.941 3.972
Fe 0.900 0.944 0.952 0.900 0.947 0.950 0.933 0.925 0.921 0.936 0.912 0.930 0.941 0.915 0.931
Sb  4.377 4440 4.333 5.125 5.151 5.605 5568 5.602 5556 5.564 5.317 5.262 5.276 5.311 5.252
Bi 1.647 1.556 1.688 0.942 0.841 0.486 0.510 0.504 0.532 0.519 0.757 0.771 0.817 0.777 0.793
S 14.226 14.184 14.146 14.148 14.160 14.023 14.057 14.019 14.077 14.021 14.101 14.154 14.010 14.056 14.052

calculated empirical formulae are based on sum of all atoms = 25 apfu

Table 3 Representative WDS analyses of bournonite (Bnn) and As-rich bournonite (As-Bnn) from Rozriava-Aurélia Il
vein (wt.%)
1 2 3 4 5 6 7 8 9

10 11 12 13 14 15

Bnn Bnn Bnn Bnn Bnn Bnn BnnAs-BnnAs-Bnn As-Bnn As-Bnn As-Bnn As-Bnn As-Bnn As-Bnn
Pb 38.94 41.15 40.31 41.21 40.77 40.86 41.34 41.02 40.71 41.18 41.28 40.32 42.48 41.41 42.44
Cu 12.77 13.19 13.00 13.24 13.06 12.95 13.06 13.05 13.72 13.40 13.17 13.56 13.28 13.01 12.59
Fe 0.00 0.00 0.00 0.00 0.00 0.00 o0.00 0.00 015 011 0.00 0.10 0.00 0.00 0.00
Sb 22.41 24.96 22.80 24.87 23.45 24.38 24.89 19.44 1515 13.68 19.38 14.32 1293 21.13 16.19
Bi 590 0.00 369 036 255 156 003 170 255 3.03 145 353 208 127 1.96
As 0.00 0.01 0.00 0.00 0.00 0.00 0.00 424 672 729 384 694 7.93 249 6.00
S 19.92 20.39 20.14 20.24 20.09 20.25 20.69 20.51 21.03 21.27 20.68 21.14 21.27 20.81 20.75
total 99.96 99.71 99.95 99.92 99.93 100.01 100.01 99.96 100.03 99.97 99.80 99.91 99.97 100.11 99.92
Pb 0.922 0.955 0.947 0.959 0.957 0.954 0.954 0.937 0.909 0.918 0.942 0.901 0.947 0.947 0.966
Cu 0.986 0.999 0.996 1.005 0.999 0.986 0.983 0.972 0.999 0.974 0.980 0.988 0.965 0.970 0.934
Fe 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.013 0.009 0.000 0.009 0.000 0.000 0.000
Sb 0.903 0.986 0.912 0.985 0.937 0.969 0.977 0.756 0.575 0.519 0.753 0.545 0.490 0.822 0.627
Bi 0.139 0.000 0.086 0.008 0.059 0.036 0.001 0.038 0.056 0.067 0.033 0.078 0.046 0.029 0.044
As 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.268 0.415 0.449 0.243 0.429 0.489 0.157 0.378
S 3.049 3.059 3.059 3.044 3.047 3.056 3.085 3.028 3.034 3.064 3.050 3.051 3.063 3.075 3.051

calculated empirical formulae are based on sum of all atoms = 6 apfu
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between Bi and Cu contents (Fig. 6).
On the contrary, in sample studied by
Prsek, Biron (2007), variation of Cu
content was rather limited (only 0.18
to 0.23 apfu). So far the lowest con-
tent of Cu in jaskolskiite (0.09 apfu)
was reported from Izok Lake in Cana-
da by Harris et al. (1984). Similar low
Cu concentrations (0.10 apfu) were
also observed in jaskolskiite from
Vetternspitzen, Austria (Schachinger,
Paar 2017). The highest concentra-
tions of Cu (up to 0.35 apfu) were
detected in samples from the Apollo
mine, Siegerland, Germany (Wag-
ner, Cook 1996). Moélo et al. (1995)
noted that Cu stabilizes structure of
jaskolskiite towards lower tempera-
tures. Based on published data and
our new analyses from the Aurélia
Il vein the range for the coefficient x
proposed by Moélo et al. (1995) for
natural jaskdlskiite could be redefined
as 0.04 < x < 0.35. The Bi contents in
studied jaskolskiite (Fig. 7) are also
highly variable (from 0.32 to 0.77
apfu), with value of Bi/(Bi+Sb) atomic
ratio ranging between 0.18 to 0.40.
Prsek, Biron (2007) reported so far
the lowest concentrations of Bi in nat-
ural jaskdlskiite (0.29 apfu), whereas
most Bi-enriched jaskdlskiite with up
to 1.15 apfu of Bi was reported by
Wagner, Cook (1996) from the Apol-
lo mine. The average (n = 69 analy-
ses) empirical formula of jaskoélskiite
from Roznava-Aurélia vein based on
Pb+Bi+Sb = 4 apfu is corresponding
to Pb2.11Cu0.13(Sb1.4ZBi0.47)1.8985.14'
Jamesonite is the most common
sulphosalt at the studied locality. It oc-
curs as metallic, acicular to prismatic
crystals up to 2 cm long, or irregular
aggregates to 3 cm enclosed (Fig. 8)
in quartz-siderite matrix. Jamesonite
is often associated with minerals of
the tetrahedrite subgroup, bournoni-
te, jaskolskiite or minor tintinaite, na-
tive bismuth and ullmannite.
Representative WDS analyses of
jamesonite from the Aurélia Il vein are

Fig. 10 Thin ribbons of As-rich
bournonite (dark grey) in Bi-rich
bournonite (grey). Light grey
Ssubhedral grains are jaskolskiite.
BSE image by M. Stevko.

Fig. 11 Variation of Sb vs. Bi contents
(apfu) in bournonite from the Au-
rélia Il vein.

Fig. 12 Variation of Sb vs. As con-
tents (apfu) in bournonite from the
Aurélia Il vein.
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shown in Table 2 (all 41 analyses are available in supple-
mentary file). The presence of significant contents of Bi
(ranging from 0.49 to 1.69 apfu) substituting for Sb (Fig.
9) is the characteristic feature of the studied jamesonite.
Bournonite forms microscopic, anhedral aggregates
(Fig. 3, 4), which are replacing jaskolskiite. It is mostly
homogenous in BSE, but thin lamellae and ribbons of As
-rich bournonite (Fig. 10) were locally observed.
Representative WDS analyses and corresponding cal-
culated empirical formulae of bournonite from the Aurélia
Il vein are shown in Table 3 (all 51 analyses are available
in supplementary file). The two distinct compositional ty-

100um RVA-7

20.0kV COMPO NOR

pes of bournonite were distinguished. The first, dominant
type is represented by bournonite containing variable con-
centrations of Bi (reaching up to 0.14 apfu, Fig. 11) and
with average (n = 28) empirical formula corresponding to
Py 6sCUg 66(S0g 03By 47)1 00S506- ThE SECON type, represen-
ted by thin ribbons, shows significant enrichment in As
(reaching up to 0.49 apfu, Fig. 12), but has only minor
contents of Bi (up to 0.08 apfu, Fig. 11). The average (n =
23) empirical formula of As-rich bournonite based on sum
of all atoms = 6 apfu is Pb,,,Cu, ,.(Sb, (AS 1oBij 0s);1 0353 06
Tintinaite was rarely found as aggregates of thin, aci-

cular crystals up to 300 uym long (Fig. 13) enclosed in te-

trahedrite-(Fe). Other associated ore
minerals are jamesonite, bournonite
and native bismuth.

Representative chemical analy-
ses of tintinaite are shown in Table
4. The calculated value of N (order
number of kobellite homologue, see
Zakrzewski, Makovicky 1986 for de-
tails) is ranging from 1.83 to 2.01.
The Sb/(Sb+Bi) atomic ratio in sam-
ple from the Aurélia Il vein varies only
slightly between 0.63 and 0.68. The
overall Cu+Fe content ranges from
2.65 to 3.34 apfu, which is exceeding
the ideal value of 2 apfu (Zakrzewski
and Makovicky 1986; Moélo et al.
1995). Furthermore, the presence of
Ag (reaching up to 0.14 apfu) sub-

Fig. 13 Aggregate of thin acicular
crystals of tintinaite (white) en-
closed in tetrahedrite-(Fe). BSE
image by M. Stevko.

5/6/2021
WD 10.7mm 15:32:45

Table 4 WDS analyses of tintinaite from RozZniava-Aurélia Il vein (wt. %)

1 2 3 4 5 6 7 8 9
Pb 33.25 35.90 35.30 35.65 35.97 35.95 35.60 34.79 35.72
Ag 0.26 0.09 0.12 0.11 0.13 0.11 0.00 0.06 0.12
Cu 2.75 2.57 2.87 2.58 2.55 2.67 3.26 3.29 3.21
Fe 0.41 0.40 0.37 0.33 0.37 0.36 0.42 0.42 0.48
Zn 0.08 0.09 0.09 0.00 0.00 0.00 0.15 0.15 0.19
Sb 2217 21.56 21.51 22.26 21.74 21.69 20.96 22.71 22.24
Bi 22.22 19.58 19.82 19.49 19.65 19.70 20.35 19.02 18.27
S 18.89 19.78 19.83 19.48 19.66 19.51 19.72 19.43 19.69
Cl 0.07 0.07 0.00 0.07 0.08 0.08 0.00 0.10 0.07
total 100.09 100.05 99.92 99.98 100.15 100.08 100.46 99.97 99.99
Pb 9.240 9.807 9.628 9.807 9.857 9.880 9.687 9.474 9.683
Ag 0.136 0.047 0.064 0.058 0.068 0.058 0.000 0.031 0.062
> 9.376 9.855 9.692 9.865 9.926 9.938 9.687 9.506 9.746
Cu 2.488 2.292 2.550 2.312 2.279 2.393 2.892 2.919 2.837
Fe 0.421 0.408 0.373 0.338 0.376 0.369 0.424 0.425 0.483
Zn 0.072 0.078 0.080 0.000 0.000 0.000 0.129 0.130 0.163
> 2.980 2.778 3.003 2.649 2.655 2.761 3.446 3.474 3.483
Sb 10.483 10.025 9.986 10.421 10.138 10.146 9.705 10.525 10.259
Bi 6.122 5.304 5.361 5.317 5.339 5.370 5.490 5.137 4.911
> 16.605 15.329 15.347 15.738 15.477 15.515 15.195 15.662 15.170
S 33.922 34.925 34.958 34.634 34.814 34.656 34.672 34.199 34.490
Cl 0.116 0.112 0.000 0.113 0.128 0.129 0.000 0.160 0.111
N 1.832 1.993 1.982 1.957 1.987 1.986 1.987 1.924 2.012

calculated empirical formulae are based on sum of all atoms = 63 apfu
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stituting for Pb as well as minor amounts of Zn and Cl
(both up to 0.16 apfu) were detected in studied sample.
The average (n = 9) empirical formula of tintinaite based
on sum of all atoms = 63 apfu is (Pby,,Ag, ;s)s5(CU, s
Fe, 02N, 67)502(SD S, 5Cl

0.07) 10.1QB|5.37)15.56 34.59 770.10"

Conclusions

New samples of rare Pb, Cu sulphosalt, jaskdlIskiite,
from the siderite-type hydrothermal carbonate-quartz Au-
rélia 1l vein near Roznava, SpiSsko-gemerské rudohorie
Mts. were studied in detail. It is associated with bournoni-
te, Bi-rich jamesonite, tetrahedrite-(Fe), tintinaite and na-
tive bismuth. Jaskoélskiite from the Aurélia Il vein has so
far the lowest concentrations of Cu (0.04 apfu) detected
in natural samples.

Acknowledgements

The authors wish to thank to Lubo$§ Hrdlovi¢ for the
microphotography of jaskdlskiite. This study was finan-
cially supported by the Ministry of Culture of the Czech
Republic (long-term project DKRVO 2019-2023/1.1l.c;
National Museum, 00023272) and by VEGA project
(2/0028/20).

References

AnTaL B (1991) Bi-sulfosoli loziska Slovinky. Miner Slov
23(4): 368

AnTAL B (2002a) Tennantite from the vein Mayer, bana
Maria deposit in Rozrava, SpiSsko-gemerské rudo-
horie Mts. Slovak Geol Mag 8(3-4): 195-204

AnTAL B (2002b) Trends in chemical composition of tet-
rahedrite from the deposit Jedlovec (Fichtenhibel),
SpiSsko-gemerské rudohorie Mts. Slovak Geol Mag
8(3-4): 205-217

BaaNik S, Ivanicka J, MeLLo J, Pristas J, REICHWALDER
P, Snopko L, VozAr J, VozArRovA A (1984) Geolog-
ickd mapa Slovenského rudohoria, vychodna cCast
1:50000. SGUDS, Bratislava

Befka J, Sivan P (1994) Identifikacia novych mineralov
Cu, Pb, Bi, Sb v zilach Brdarky. Geol Prace Spr 99:
23-37

BerLEPSCH P, Makovicky E, BaLic-Zuni T (2001) Crystal
chemistry of meneghinite homologues and related
sulfosalts. N Jb Miner Mh 3: 115-135

BernArRD JH (1958) Chemismus a velikost mfizkovych
konstant spigsko-gemerskych tetraedrit(. Rozpr Cs
Akad Vé&d R mat pfir V&d 68: 1-74

BernaArRD JH (1961) Mineralogie und Geochemie der Si-
derit-Schwerspatgange mit Sulfiden im Gebiet von
Rudnany (Tschechoslowakei). Geol Prace ZoS 58:
1-222

BernarD JH (1964) Cosalit (Pb,Bi,S,) ze sideritové Zily
v Prakovcich ve SpiSsko-gemerském rudohofi. Geol
Prace Zpr 33: 43-52

Biron A (1989) Mineralogicko-paragenetické pomery na
sideritovych zilach severovychodne od Rozhavy. MS,
Diplomovéa praca, archiv KLG PriF UK, Bratislava,
1-91

CamBeEL B, Jarkovsky J, FatH L, ForcA¢ J, Hovorka D,
HRNCAROVA M, HURNY J, IvaN P, KaroLI A, KRAL J, LITAVEC
J, MatuLa |, MiHALov J, PoPrReNAK J, RENYI K, Roukovic
I, RozLoznik L, SasvARI T, SAVGENKOVA L, Spisiak J, SMme-
JKAL V, TURAN J, TURANOVA L, VARCEK C, ZaBKA M, Zukov
F (1985) Rudnianské rudné pole. Veda, Bratislava,
1-363

CHovan M, HABer M, JELEN S, Rodskovic | (1994) Ore tex-
tures in the Western Carpathians. Slovak Academic
Press, Bratislava, 1-219

Furier T (1958) ZavereCna sprava a vypocCet zasob
Roznava-okolie Fe, lozisko Sadlovska, lozisko
Aurélia, lozisko Sz6lomal, stav k 1.7.1958. MS, un-
published report, SGUDS-Geofond, 1-80 (8688)

GRecuLA P, Asonyl A, ABoNnyiovA M, ANTAS J, BARTALSKY B,
BARTALSKY J, Dianiska |, Duba R, GARGULAK M, GAZDAGKO
L', HubAcek J, KoBuLskY J, LoRrRINCZ L, MAcko J, NAVESNAK
D, NemeTtH Z, NovoTtny L, Rabvanec M, Roukovi¢ |, Ro-
zLozNiK L, VARCEK C, ZLocHA Z (1995) Loziska nerast-
nych surovin Slovenského rudohoria. Zvazok 1. Geo-
complex, Bratislava, 1-834

HAser M (1980) Mineralogische-geochemische und pa-
ragenetische Erforschung hydrotermaler Gange im
Gebiet zwischen Prakovce und KojSov (SGR). Zap
Karpaty, Sér Miner Petrogr Geoch Metalog 7: 7-131

HABer M (1978) Mineralogicko-paragenetické pomery na
lozisku Novoveska Huta Cu v Spi§sko-gemerskom ru-
dohori. In: Hornicka Pfibram ve védé a technice, sek
geologie: 411-423

HABerR M, Stresko V (1969) Ein neues Kobellit-Vorkom-
men in dem Zips-Gémorer Erzgebirge. Geol Zbor
Geol Carpath 20(1): 133-151

HABer M, KRrisTIN J, Rodkovic | (1993) The tennantite-tet-
rahedrite series in Permian formations of the Western
Carpathians. Geol Carpath 45(1) 11-28

Hak J, Kupka F (1958) Identifikace kobellitu z Hummelu
ve Spissko-gemerském Rudohoti. Cas Mineral Geol
3(1): 16-20

Harris DC, RogerTs AC, CrippLe AJ (1984) Jaskalskiite
from Izok Lake, Northwest Territories. Can Mineral 22:
487-491

Hurny J, KrisTin J (1978) Aikinite and xenotime from
Slovinky (SpiSsko-gemerské rudohorie). Geol Zbor
Geol Carpath 29(1): 167-171

JELEN M (1991) Chemické zlozZenie sulfosoli zo zily Strie-
borna v Roznave. Miner Slov 23(4): 369

Kozus G, Bupzyn B, Pr$exk J (2011) Hydrothermal cop-
per-bismuth mineralization from the Joremeny adit,
Dobsina, Slovak Republic-preliminary report. Mineral-
ogia, Spec Pap 38: 123-124

Kupcik V, MaTHERNY M, VarRCGEk C (1961) Prispevok k
problému Struktury mineralu “lillianit”. Geol Sbor
12(1): 103-113

Kuprcik V, ScHNEIDER A, VARCEK C (1969) Chemismus von
einigen Bi-Sulfosalzen aus dem Zips-Gémorer Erzge-
birge. N Jb Miner Mh 10: 445-454

Makovicky E (1989) Modular classification of sulpho-
salts-current status. Definition and application of ho-
mologous series. N Jb Miner Abh 160: 269-297

Makovicky E, NerresTam R (1985) The crystal structure of
jaskolskiite, Cu Pb,, (Sb,Bi), S, (x~0.2), a member of
the meneghinite homologous series. Z Kristallogr 171:
179-194

Marcoux E, MokLo Y, LeisTeL JM (1996) Bismuth and co-
balt minerals as indicators of stringer zones to mas-
sive sulphide deposits, Iberian Pyrite Belt. Miner De-
posita 31: 1-26

Mikus T, KonpEeLA J, Jacko S, MiLovska S (2018) Garavellite
and associated sulphosalts from the Strieborna vein
in the Roznava ore field (Western Carpathians). Geol
Carpath 69(3): 221-236

Mikus T, Bakos F, Honig S (2019) Bismuth sulphosalts
from the siderite-sulphidic and As-Co mineralization in
Medzev area, Slovakia. Ageos 11(2): 91-102



212

Bull Mineral Petrolog 29, 2, 2021. ISSN 2570-7337 (print); 2570-7345 (online)

Miskovic J (1990) Mineralogicko-paragenetické pomery
na ortutovom lozisku Rakos. Miner Slov 22(1): 68
Miskovic J (1991) Tetraedrity z dobSinského rudného
pola. Miner Slov 23(4): 367-368

MoeLo Y, Roger G, MauREL-PALAciN D, Marcoux E, LARoUS-
sI A (1995) Chemistry of some Pb-(Cu,Fe)-(Sb,Bi) sul-
fosalts from France and Portugal. Implications for the
crystal chemistry of lead sulfosalts in the Cu-poor part
of the Pb,S,-Cu,S-8b,S,-Bi,S, system. Miner Petrol
53: 229-250

MoktLo Y, Makovicky E, Mozcova NN, Jamsor JL, Cook N,
PrinG A, PAAR W, NickeL EH, GRAESER S, KARUPMG@LLER
S, BaLic-Zunic T, Mumme WG, Vurro F, Tora D, BinDI
L, Bente K, SHimizu M (2008) Sulfosalt systematics: a
review. Report of the sulfosalt subcommittee of the
IMA Commission on Ore Mineralogy. Eur J Mineral
20: 7-46

Mumme W, Zak L (1983) Second occurrence of krupkaite in
Czechoslovakia. Cas Mineral Geol 28(1): 61-63

Novak F (1959) Tetraedrit z loziska Maria u Roznavy. Geol
Prace Zo$ 56: 217-246

Novak F (1960) Zavérecna zprava o geochemicko-min-
eralogickém vyzkumu loZiska Maria bafia a okoli za
rok 1958-1959. MS, unpublished report, SGUDS-
Geofond, 1-120 (7026)

Novak F (1961) Kobellit ze zily Maria u Roznavy. Vést
Ustr Ust geol 36(2): 97-107

Novak F (1962) Vyskyt jamesonitu a bournonitu na sid-
eritovych Zilach u Roziavy. Cas Mineral Geol 7(3):
373-281

Novak F (1967) Chemismus tetraedritu ze VII. a X. patra
zily Maria u Rozhavy. Cas Mineral Geol 12(1): 49-57

Pabera K, Bouska V, PeLikAN J (1955) Rezbanyit aus
Dobsina in der Ostslowakei, CSR. Chem Erde 17(4):
329-340

Peterec D (1990) Vyskyt rumelky a Hg-tennantitu pri Vy-
Snom Klatove. Miner Slov 22(2): 189-190

Peterec D (2019) Zilné $truktary v  krasnohor-
skopodhradskom a drnavskom rudnom poli, chemické
zloZenie tetraedritov a sukcesné postavenie cinabari-
tu v sledovanej oblasti. Esemestnik 8(1): 12-21

PoucHou JL, PicHor F (1985) “PAP” (ppZ) procedure for
improved quantitative microanalysis. In: Microbeam
Analysis (J. T. Armstrong, ed.). San Francisco Press,
San Francisco: 104-106

Prsek J (2004) Struktira a kry$talochémia sulfosoli zo
sulfidickych mineralizacii Zapadnych Karpat. MS,
Kandidatska dizertatna praca, archiv KMP PriF UK,
Bratislava, 1-135

Pr3ek J (2008) Chemické zlozenie a kryStalochémia Bi
sulfosoli z hydrotermalnych mineralizacii krystalinika
Zapadnych Karpat. Univerzita Komenského, Bratisla-
va, 1-108

Pr3ek J, BIRON A (2007) Jaskdlskiit a sprievodné sulfosoli
zo zily Aurélia-Roznava, SpiSsko-gemerské rudoho-
rie. Miner Slov 39(2): 141-146

PRr3Ek J, Lauko L (2009) Hydrotermalna zilna mineraliza-
cia v Zlatej Idke. Miner Slov 41(2): 133-150

Pr3ek J, Peterec D (2008) Bi-Se-Te mineralization from
Uhorna (SpiSsko Gemerské Rudohorie Mts., Slova-
kia): A preliminary report. Mineralogia 39(3-4): 87-103

Pr3ek J, Makovicky M, CHovan M, Smirnov A (2006) A note
on chemical composition of nuffieldite solid-solution
from sulphide mineralizations (Western Carpathians,
Slovakia) Mineral Polon 37(1): 51-60

Roukovic | (1997) Uranium Mineralization in Slovakia.
Acta geol Univ Comen, Monogr Ser, 1-117

SeJkora J, OzpiN D, Laurek F, PLASIL J, LitocHLes J (2011)
Marrucciite, a rare Hg-sulfosalt from the Gelnica ore
deposit (Slovak Republic), and its comparison with
the type occurrence at Buca della Vena mine (ltaly). J
Geosci 56(4): 399-408

ScHACHINGER T, PAAR WH (2017): Antimon- und bismuthal-
tige Sulfosalze aus dem Vetternbergbau bei Schlad-
ming, Steiermark. Carinthia Il, 207/127: 691-698

Stevko M, SeJkora J (2020) Sb-enriched association of Ni
arsenides and sulfarsenides from the Zemberg-Teré-
zia vein system near DobS$ina (Western Carpathians,
Slovak Republic). Bull Mineral Petrolog 28(1): 105-
115

SteEVKo M, SEJKORA J, PETEREC D (2015) Grumiplucite from
the Rudnany deposit, Slovakia: a second world-occur-
rence and new data. J Geosci 60(4): 269-281

SteEvko M, SeJkora J, DoJcANskY L (2021) New data on
sulphosalts from hydrothermal siderite-type veins in
the SpiSsko-gemerské rudohorie Mts. (eastern Slova-
kia): 1. Nuffieldite and aikinite from Slovinky-Dostavna
vein. Bull Mineral Petrolog 29(1): 108-114

TroLICKA Z (1967) Mineralogické studium tetraedritu z
loziska Fichtenhlbel (SpiSsko-gemerské rudohofi).
Cas Mineral Geol 12(2): 115-121

TroLICKA Z, Kurka F (1959) Kobellit a ryzi vizmut z lokality
Fichtenhiibel na Slovensku. Sbor Ustf Ust geol (Pra-
ha): 453-464

TroLICKA Z, Kvacek M, Kupka F (1962) Mineralogicko-che-
micky vyzkum kobellitu ze sideritovych Zil rudni ob-
lasti Fichtenhiibel (Spi§sko-gemerské rudohofi). Cas
Mineral Geol 7(4): 432-433

VacLav J (1964) Identifikacia kobellitu zo zily David pri
Henclovej. Geol Prace Zpr 31: 91-94

VakH AS, KHomicH VG, BoriskiNa NG, SantosH M (2016)
The Berezitovoe gold-polymetallic deposit (Upper
Amur region, Russia): Structure, mineralogy and ge-
netic aspects. Geosci Front 7: 483-494

VarCek C (1957) Prehlad paragenetickych pomerov rud-
nych lozisk Gemera. Geol Prace Zos$ 46: 107-131

Varcek C (1959) Paragenetické pomery zily Maria v
Roznave. Geol Prace Zos 55: 181-213

VarCEk C (1960) Paragenetické pomery zily Bernardi pri
Roznave. Acta Geol Geogr Univ Comen, Geol 4: 107-
155

Var¢ek C (1962) Vyvoj hydrotermalnej mineralizacie
Spissko-gemerského rudohoria v Case a priestore.
Geol Prace Zos 61: 101-112

WacNeEr T, Cook NJ (1996) Bismuth-antimony sulfosalts
from siderite-hosted vein mineralization, Apollo mine,
Siegerland, FRG. N Jb Miner Abh 171: 135-153

ZABRANSKY F, Rapzo V (1966) Vyskyt kobellitu a paragene-
tické pomery na zile OrieSkova, severne od Nizného
Medzeva. Sbor Vychodoslov Muz (KoSice) Sér A, 7:
25-37

Zakrzewskl MA (1984) Jaskolskiite, a new Pb-Cu-Sb-Bi
sulfosalt from the Vena Deposit, Sweden. Can Miner-
al 22: 481-485

Zakrzewskl MA, Makovicky E (1986) lIzoklakeite from
Vena, Sweden, and the kobellite homologous series.
Can Mineral 24: 7-18

ZimANYI K (1914) Arsenopyrit und Bournonit von Rozsnyé.
Z Kristallogr Mineral 54(4): 578-583



