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Introduction

The Spišsko-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 Dobšiná, Štítnik, Rákoš, Rožňava, Drnava, 
Rudňany, Novoveská Huta, Hnilčík, Henclová, Prakovce, 
Gelnica, Slovinky, Medzev etc.) and quartz-stibnite veins 
(Betliar, Čučma, Štofova dolina, Helcmanovce, Poproč or 
Zlatá Idka). 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 magnesite±talc 
are present (Varček 1962; Chovan et al. 1994; Grecula et 
al. 1995; Rojkovič 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; Varček 1957, 1959, 1960; 
Novák 1959, 1967; Trdlička 1967; Háber 1980; Cambel et 
al. 1985; Peterec 1990; Miškovic 1991; Háber et al. 1993; 
Grecula et al. 1995; Antal 2002a, b; Pršek 2008; Pršek, Bi-
roň 2007; Pršek, Lauko 2009; Števko et al. 2015; Mikuš et 
al. 2018; Peterec 2019; Števko, Sejkora 2020). Bi sulpho-
salts are also quite common, especially minerals of the 
bismuthinite-aikinite series (e.g. Paděra et al. 1955; Kup-
čík et al. 1969; Hurný, Krištín 1978; Mumme, Žák 1983; 
Antal 1991; Beňka, Siman 1994; Pršek 2008; Števko et 
al. 2015; Mikuš et al. 2018, 2019; Števko et al. 2021) and 
kobellite homologous series (e.g. Trdlička, Kupka 1957; 
Hak, Kupka 1958; Novák 1961; Trdlička et al. 1962; Václav 
1964; Zábranský, Radzo 1966; Háber, Streško 1969; Há-
ber 1980; Jeleň 1991; Pršek 2008; Pršek, Peterec 2008; 
Mikuš et al. 2018, 2019). Other Bi sulphosalts like cosa-
lite (Bernard 1964; Háber 1980), galenobismutite (Antal 
1991; Pršek 2008), jaskólskiite (Pršek, Biroň 2007), nuf-
fieldite (Pršek et al. 2006; Števko et al. 2021) or wittiche-
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Abstract

New samples of jaskólskiite were recently collected at the Aurélia II siderite-type hydrothermal vein with sulphides 
near Rožňava, Spišsko-gemerské rudohorie Mts., Rožňava Co., Košice Region, Slovakia. It forms lead-gray, irregular 
aggregates up to 1.5 × 1 cm in size, which are enclosed in quartz-siderite gangue. Aggregates of jaskólskiite 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 jaskólskiite from Rožňava-Aurélia vein based on Pb+Bi+Sb = 4 apfu is corresponding 
to Pb2.11Cu0.13(Sb1.42Bi0.47)1.89S5.14. 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 (Pb9.67Ag0.06)9.73(Cu2.55Fe0.40Zn0.07)3.02(Sb10.19Bi5.37)15.56S34.59Cl0.10.  
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Fig. 1 View of old exploration pit whe-
re samples with jaskólskiite were 
collected. Photo by M. Števko, 
March 2021.

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

Fig. 3 Aggregates of jaskólskiite 
crystals (light grey) replaced by 
bournonite (dark grey). Tiny whi-
te inclusions are native bismuth. 
BSE image by M. Števko.

nite (Háber 1978; Kozub et al. 2011) 
are rare. Chalcostibite is infrequent 
too (Sejkora et al. 2011; Mikuš et al. 
2018). Unusual assemblage of Ag-Bi 
sulphosalts (matildite, gustavite and 
benjaminite) was recently described 
from the Kobaltová vein near Medzev 
by Mikuš 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. 
Zimányi 1914; Novák 1962; Trdlička 
1967; Kupčík et al. 1969; Háber 1980; 
Miškovic 1990; Pršek, Biroň 2007; 
Pršek, Peterec 2008; Sejkora et al. 
2011; Mikuš et al. 2018, 2019), whe-
reas berthierite and garavellite (Mikuš 
et al. 2018), meneghinite (Beňka, Si-
man 1994) or zinkenite and scainiite 
(Sejkora et al. 2011) are scarce. Rare 
Hg sulphosalts, marrucciite (Sejkora 
et al. 2011) and grumiplucite (Števko 
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 jaskólskiite at 
the Aurélia II vein, associated with 
Bi-rich jamesonite, bournonite and 
boulangerite was first described by 
Pršek, Biroň (2007). This paper is 
presenting new compositional data 
on jaskólskiite as well as associat-
ed sulphosalts from newly collected 
samples.

Geological setting

The Aurélia II vein is located on 
NE slopes of the Tri vrchy hill (581 
m a.s.l.), around 2.5 km NNE of the 
Rožňava town in the Spišsko-gemer-
ské rudohorie Mts., Rožňava Co., 
Košice Region, Slovakia. Samples 
of ore mineralization with jaskólski-
ite were collected at the dump of old 
exploration pit (Fig. 1) located in the 
NE part of the Aurélia II vein. GPS co-
ordinates (WGS84) of this dump are: 
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48.682610° N and 20.539870° E, 387 
m a.s.l. 

The Aurélia II vein is one of the 
less important siderite-type hydro-
thermal veins belonging to the Rožňa-
va-Mária-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; Bajaník 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, jaskólskiite, kobellite, 
magnetite, marcasite, native bis-
muth, native antimony, sphalerite 
and ullmannite (Novák 1960; Kupčík 
et al. 1961; Biroň 1989; Grecula et 
al. 1995; Pršek 2004; Pršek, Biroň 
2007). Kupčík et al. (1961) described 
also phase related to lillianite, which 
later turned to be Bi-rich jamesonite 
(Kupčík et al. 1969; Pršek 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, Banská 
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 jaskólskiite 
crystals (light grey) replaced by 
bournonite (dark grey). Tiny whi-
te inclusions are native bismuth. 
BSE image by M. Števko.

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

Fig. 6 Variation of Bi vs. Cu contents 
(apfu) in jaskólskiite from the Au-
rélia II vein and other woldwide 
occurrences.
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Fig. 7 Variation of Sb vs. Bi contents 
(apfu) in jaskólskiite from the Au-
rélia II 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. Števko.  

Fig. 9 Variation of Sb vs. Bi contents 
(apfu) in jamesonite from the 
Aurélia II vein.

wave-dispersive (WDS) mode (25 
kV, 20 nA and 0.7 μm wide beam). 
The following standards and X-ray 
lines were used to minimize line 
overlaps: Ag (AgLα), Bi2Se3 (BiMβ), 
CdTe (CdLα), Co (CoKα), CuFeS2 
(CuKα, SKα), FeS2 (FeKα), GaAs 
(GaLα), Ge (GeLα), HgTe (HgLα), 
InAs (InLα), Mn (MnKα), NaCl (ClKα), 
NiAs (AsLβ), Ni (NiKα), PbS (PbMα), 
PbSe (SeLβ), PbTe (TeLα), Sb2S3 
(SbLα), Sn (SnLα), Tl(Br,I) (TlLα), 
and ZnS (ZnKα). 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 
jaskólskiite 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

Jaskólskiite is rare mineral at the 
studied locality. It forms lead-grey, ir-
regular aggregates up to 1.5 × 1 cm 
in size with metallic lustre (Fig. 2), 
enclosed in quartz-siderite gangue. 
Aggregates of jaskólskiite 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 jaskólskiite from the Aurélia II 
vein and the corresponding empirical 
formulae are shown in Table 1 (all 69 
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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 jaskólskiite 
from the Aurélia II 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, Nørrestam 1985; Berlepsch et al. 
2001; Moëlo et al. 2008). Zakrzewski (1984) and Mak-
ovicky, Nørrestam (1985) defined ideal empirical formula 

of jaskólskiite as CuxPb2+x(Sb,Bi)2-xS5, where Sb exceeds 
Bi and value of x is about 0.2 apfu. Later, Moëlo et al. 
(1995) slightly redefined it to CuxPb2+x(Sb1-yBiy)2-xS5, 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 jaskólskiite 
from the Aurélia II vein, with obvious positive correlation 
between Pb and Cu contents (Fig. 5) and negative trend 

Table 1 Representative WDS analyses of jaskólskiite from Rožňava-Aurélia II 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 1.35 1.01 0.62 0.30 0.41 0.60 0.94 0.42 0.73 1.64 1.50 1.22 1.60 0.89 1.34
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 10.44 9.58 10.41 17.79 8.13 8.13 8.74 7.62 9.00 8.26
S 18.84 18.90 19.01 19.18 19.13 19.18 19.39 19.42 18.44 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 99.95 100.02 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 Rožňava-Aurélia II 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 2.30 2.42 2.43 2.36 2.50 2.52 2.48 2.43 2.43 2.48 2.40 2.45 2.47 2.40 2.44
Sb 24.41 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 14.93 16.11 9.26 8.31 4.83 5.08 4.96 5.25 5.14 7.45 7.61 8.02 7.63 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 21.45 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 4.440 4.333 5.125 5.151 5.605 5.568 5.602 5.556 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 Rožňava-Aurélia II 
vein (wt.%)

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Bnn Bnn Bnn Bnn Bnn Bnn Bnn As-Bnn As-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 0.00 0.00 0.15 0.11 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 15.15 13.68 19.38 14.32 12.93 21.13 16.19
Bi 5.90 0.00 3.69 0.36 2.55 1.56 0.03 1.70 2.55 3.03 1.45 3.53 2.08 1.27 1.96
As 0.00 0.01 0.00 0.00 0.00 0.00 0.00 4.24 6.72 7.29 3.84 6.94 7.93 2.49 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 
Pršek, Biroň (2007), variation of Cu 
content was rather limited (only 0.18 
to 0.23 apfu). So far the lowest con-
tent of Cu in jaskólskiite (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 jaskólskiite 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). Moëlo et al. (1995) 
noted that Cu stabilizes structure of 
jaskólskiite towards lower tempera-
tures. Based on published data and 
our new analyses from the Aurélia 
II vein the range for the coefficient x 
proposed by Moëlo et al. (1995) for 
natural jaskólskiite could be redefined 
as 0.04 ≤ x ≤ 0.35. The Bi contents in 
studied jaskólskiite (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. 
Pršek, Biroň (2007) reported so far 
the lowest concentrations of Bi in nat-
ural jaskólskiite (0.29 apfu), whereas 
most Bi-enriched jaskólskiite 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 jaskólskiite 
from Rožňava-Aurélia vein based on 
Pb+Bi+Sb = 4 apfu is corresponding 
to Pb2.11Cu0.13(Sb1.42Bi0.47)1.89S5.14.        

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, jaskólskiite or minor tintinaite, na-
tive bismuth and ullmannite.  

Representative WDS analyses of 
jamesonite from the Aurélia II vein are 

Fig. 10 Thin ribbons of As-rich 
bournonite (dark grey) in Bi-rich 
bournonite (grey). Light grey 
subhedral grains are jaskólskiite. 
BSE image by M. Števko.

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

Fig. 12 Variation of Sb vs. As con-
tents (apfu) in bournonite from the 
Aurélia II 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 jaskólskiite. 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 
II vein are shown in Table 3 (all 51 analyses are available 
in supplementary file). The two distinct compositional ty-

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

Table 4 WDS analyses of tintinaite from Rožňava-Aurélia II 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 22.17 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
Σ 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
Σ 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
Σ 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

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 
Pb0.95Cu0.99(Sb0.93Bi0.07)1.00S3.06. The second 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 Pb0.94Cu0.97(Sb0.59As0.39Bi0.05)1.03S3.06.

Tintinaite was rarely found as aggregates of thin, aci-
cular crystals up to 300 µm 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 II 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; Moëlo et al. 
1995). Furthermore, the presence of 
Ag (reaching up to 0.14 apfu) sub-
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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 (Pb9.67Ag0.06)9.73(Cu2.55 
Fe0.40Zn0.07)3.02(Sb10.19 Bi5.37)15.56S34.59Cl0.10.

Conclusions 

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