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Abstract: The Au-Ag-Pb-Zn-Cu epithermal deposit Banska Hodrusa of intermediate-sulphidation type is located in the
middle Miocene Stiavnica Stratovolcano on the inner side of the Carpathian arc in Slovakia. There are two different styles
of epithermal mineralization within the deposit. The earliest represents a subhorizontal multi-stage vein system (low-angle
normal shear zone), while the much younger mineralization represents the extensive system of steep-dipping veins related to
different tectono-geological events. Within the mineralization related to the shear zone the mineral Au-Ag-Te-S assemblage
was determined, represented by zonal gold/electrum, hessite, petzite, Cu-cervelleite, and Te-polybasite, all associate with
galena. The altaite and unnamed AgPbTeS phase were found in hessite. Very rare zonal gold/electrum crystallized to quartz
vugs, with Ag content ranging from 17.8 to 45.3 wt. %. Similar assemblage was determined in flotation concentrates from
dressing plant, represented by Au-Ag tellurides calaverite-krennerite-sylvanite in association with hessite, Au-hessite, petzite,
unnamed AgAuTeS phase, uytenbogaardtite, and petrovskaite. These minerals typically occur in form of aggregates or as
thin rims around gold/electrum. The younger horst-related veins host Ag-(Bi, Cu, Sb, As)-S assemblage. The main mineral
in this assemblage is polybasite-pearceite, the other minerals jalpaite, matildite, acanthite, schapbachite, cervelleite, and
arcubisite are rare and typically associate with galena. Zonal aggregates of tetrahedrite-tennantite were found in associa-
tion with base metal sulphides.
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1.INTRODUCTION
Tellurides and sulphosalts of Au, Ag, Pb and other base metals
commonly occur as trace minerals in magmatic-hydrothermal
mineral deposits, especially in epithermal gold deposits of low-
to intermediate-sulphidation type associated with alkaline to
calc-alkaline magmatism (Sillitoe, 2002; Ciobanu et al., 2006).
Electrum, acanthite, Ag-sulphosalts, Ag-selenides, and Au-Ag
tellurides are the main Au- and Ag-bearing minerals (Simmons
etal,, 2005). A various minerals of Au-Ag-Te system (e.g., hes-
site, petzite, sylvanite, krennerite) were found in some famous
deposits of the Carpathian arc, such as Rosia Montani, Baia
Mare, and Siciramb in Romania (cf. Alderton & Fallick, 2000;
Grancea et al., 2002; Wallier et al., 2006; Cook et al., 2004) and
Banska Stiavnica (Jeleri & Haber, 2000; Jelen et al., 2004; Maj-
zlan et al., 2016). These deposits display similarities with other
deposits worldwide e.g., Golden Mile, Australia (Shackleton et
al,,2003); Cripple Creek and Golden Sunlight, USA (Spryetal.,
1997); Emperor, Fiji (Pals & Spry, 2003); Acupan and Baguio,
Philippines (Cooke & McPhail, 2001). Au-Ag minerals are devel-
oped mostly on steeply-dipping veins where they are associated
with gold/electrum and base metal sulphides, typically pyrite,
chalcopyrite, galena, and sphalerite (Simmons et al., 2005).
The intermediate-sulphidation precious and base metal de-
posit Banskd Hodrusa (Kodéra etal., 2005) occurs within the
Stiavnica-Hodrusga ore district in the central zone of the large
middle Miocene Stiavnica Stratovolcano. The district is one of
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the largest ore districts in the Carpathian arc, famous for Au-Ag
mining of epithermal veins of intermediate- to low-sulphidation
type since the Middle Ages (e.g., Kodéra & Lexa, 2010; Ba-
kos et al., 2017; Majzlan et al., 2018). There are two styles of
epithermal mineralization at the deposit, each with different
structural controls, mineralogy, genetical aspects, and ages. The
earlier mineralization (actually mined) represents a complex
multi-stage system with unusual subhorizontal orientation,
developed on a low-angle normal fault shear zone (LANF;
Vojtko et al., 2018). This shear zone is related to processes of
exhumation of a subvolcanic granodiorite pluton during the
time span of 13.1 — 12.7 Ma (Chernyshev et al., 2013), probably
accompanied by a sector collapse of the hosting stratovolcano
(Kubag etal., 2018). Much younger hydrothermal activity as-
sociated with rhyolite volcanism is related to the resurgent horst
upliftin the centre of the caldera (12.2 - 11.4 Ma), resulted in
extensive steeply-dipping system of base metal veins, cutting
and displacing the earlier veins (Lexa et al., 1999; Chernyshev
etal., 2013).

In some active mining sections within the eastern part of the
deposit the significant enrichment of silver content in ore was
determined by the mining company. This increase is probably
caused by presence of telluride minerals — hessite Ag, Te and
petzite Ag,AuTe,, which were described in earlier works from
the western part of the deposit as relatively rare mineral phases
(Mato et al., 1996; Jeletr & Haber 2000; Sély etal., 2003; Jeleii
etal., 2004). During a few last years it was found out that the
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presence of Te-bearing minerals in some sections of ore-bearing
veins of LANF zone in the eastern part of the deposit is higher
than previously reported. The association of Au-Ag tellurides
and sulphides is also extended by more mineral species. Fur-
thermore, sulphide-rich horst-related veins have higher content
of Ag-Bi minerals and no gold. This contribution is focused on
relatively rare Ag-Au-Te-S mineral assemblages found in LANF
veins and in flotation concentrates, and on Ag-(Cu, Sb, As, Bi)-S
assemblage found in horst related veins. Their position within
the studied deposit and in the evolution of mineralization is
discussed.

2. GEOLOGY AND MINERALOGY OF THE

DEPOSIT
The deposit is hosted by the central zone of a large middle Mio-
cene Stiavnica stratovolcano, located in the Central Slovakia
Volcanic Field on the inner side of the Carpathian arc (Fig. 1a,b).
The characteristic features of the andesite stratovolcano include
an extensive caldera (some 20 km in diameter), a late stage re-
surgent horst in the caldera centre and an extensive subvolcanic
intrusive complex emplaced by underground subsidence mecha-
nism (Kone¢ny et al., 1995).

The Rozélia mine in Hodruga-Héamre village was opened in
1951 to mine Cu-Pb-Zn ore from the late Rozélia epithermal base
metal vein related to resurgent horst uplift. The older, epithermal
Au-Ag-Pb-Zn-Cu mineralization was discovered at the end of
1980s (Gavora, 1988) during exploration for continuation of the
Cu-rich base metal veins. The LANF mineralization has been
mined since 1992 in the western part of the deposit (Fig. 1c) and
after depletion of the ores, mining activity was almost terminated
in2002 - 2004. However, after founding of continuation to the
east (Saly et al., 2008), the eastern part of the Banska Hodrusa
deposit is mined with annual production of 30 — 45 kt of ore
containing 450 — 500 kg of Au. Typical ore grades are 13 g/t
Au, 15 g/t Ag, total base metal content (Pb, Zn, Cu) in the ore
is 1-2 wt. % (Bakos et al., 2017).

The older, epithermal mineralization developed in the low-
angle normal fault shear zone (LANF) occurs between the 10"
and 18" levels of the Rozalia mine (Fig. Ic), hosted by pre-caldera
andesite, near to the flat roof of a pre-mineralization subvolcanic
granodiorite pluton (Mato etal.,, 1996; Kodéra etal., 2005; Kuba¢
etal, 2018%). The Karolina, Kristof, and Agnesa vein systems are
the main ore-bearing systems, generally with the E-W and ESE—
WNW orientation, and shallow to moderate dip (10 - 60°) to the
south (Vojtko et al., 2018). The veins are usually 0.1 - 2 m thick
and dismembered by a younger set of quartz-diorite porphyry
sills and segmented by steeply-dipping mineralized strike-slip to
normal faults of the resurgent horst base metal veins (described
below). According the recent study of LANF mineralization
(Kuba¢ et al., 2018%), three types of gold/electrum were deter-
mined in the eastern part of the deposit: 1) coarse-grained gold
in association with base metal sulphides (galena, sphalerite, chal-
copyrite, pyrite), Au-Ag tellurides (hessite and petzite) and rare
Au-Ag sulphosalts (Te-polybasite, Cu-cervelleite) crystallized in
quartz or carbonates; 2) fine-grained gold in associations with
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galena, hessite, and petzite crystallized to carbonate pores; 3)
gold in association with hessite and petzite crystallized to quartz
vugs. The fineness of gold varies from 73 wt. % to 92 wt. % Au.
The coarse-grained gold in association with base metals is the
dominant form of gold on the deposit (Mato etal., 1996; Kuba¢
etal,, 2018%). According to quantitative analyse of ground ore
sample performed by QEMSCAN (Quantitative Evaluation of
Minerals by Scaning electron microscopy) native gold (averages
Au85%,Ag 15 %) and electrum (25 % < Ag < S0 %) are the main
gold minerals in the sample and account for ~ 92 % of the total
mass of the gold minerals. Au-Ag tellurides, including hessite
and petzite account for about 8 %. A few aggregates (0.3 %) were
identified as an AgAuS mineral (Chovan et al., 2016%).

The younger system of base metal veins was controlled by
faults of the resurgent horst uplifted in the central part of the
caldera. Within the studied deposit this system includes Rozalia,
Bakali, Amalia, Martin, and Ochsenkopfveins (Fig. 1c), generally
NNE-SSW inclined with the average dip of S0 - 70° (Vojtko et
al., 2018). Typically, these mainly contain coarse-grained base
metal sulphides and Ag minerals with no visible gold. The veins
are usually up to 8 km long with vertical extent up to 1000 m, and
show a general zonal arrangement, related to spatial distribution
of individual mineralization stages and paragenetic associa-
tions (e.g,, Kodéra, 1963; Kovalenker et al., 1991; Jeles & Héber,
2000). Authors distinguished four vertical zones with variable
thickness: upper Au-Ag zone (150 — 200 m), upper Pb-Zn zone
(150 — 300 m), lower Pb-Zn zone (300 — 400 m) and Cu zone
(up to SO0 m). Lower vertical zones of these veins (300 — 500 m)
occur at the levels of the LANF mineralization, typically with
base metal sulphides, and Ag minerals like Ag-tetrahedrite,
acanthite, and polybasite. Other various Cu-Pb-Bi sulphosalts
of cuprobismutite, pavonite, and aikinite homologous series and
galena-matildite solid solutions were found in the Rozalia mine
deposit (Jelen et al., 2012).

3. METHODOLOGY

Representative samples of both styles of mineralization were
taken from the eastern part of the deposit during the years 2012—
2018, from active mining works between 13" and 17" level of
the Rozalia mine and associated exploration drill holes. Samples
of flotation concentrates from the ore-dressing plant were also
studied. In total, 12 flotation concetrates and 1 technological
sample (55 kg of grinded sample before the flotation treatment)
were collected between the years 2014 — 2017. Au-Ag minerals
were found in concentrates produced in April 2014 and February
2015, and in technological sample produced in October 2015.
During this period, the mineralization related to shear zone
(LANF) was mined on the studied deposit.

Standard polished thin sections were made and documented in
reflected (RPL) and transmitted (TPL) polarized light with Leica
DM2500 optical microscope. Back-scattered electron imaging
and wavelength-dispersive (WDS) X-ray spectroscopy were
performed with JEOL JXA-8530F and Cameca SX-100 electron
probe micro-analysers (Earth Science Institute of Slovak Acad-
emy of Sciences and State Geological Institute of Dionyz Stur,
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Fig. 1. Structural position and geology of the Banska Hodrusa precious and base metal deposit at the Rozalia Mine (Lexa et al., 1999; Kubac et al., 2018). (a)

Position of the Central Slovakia Volcanic Field (CSVF) within the Neogene to Quarternary volcanics of the Carpathian arc and Pannonian basin. (b) Simplified

structural scheme of the Stiavnica Stratovolcano. (c) A general section of the deposit showing position of mineralized rocks with ore veins at the base of the

pre-caldera andesite complex.

Slovakia). For the WDS analyses, these analytical conditions
were used: native gold, tellurides, and sulphosalts-accelerating
voltage 25 kV, current 15 nA, beam diameter 1 — 3 ym, ZAF
correction, Ag(La) PETL - hAg, S (Ka) PETL - pyrite, Cu (Ka)

LIFL - chalcopyrite, As (La) TAP — GaAs, Se (La) TAP - Bi,Se,,
Au (Ma)PETH - Ay, Te (La) PETH - CdTe, Sb (La) PETH -
stibnite, Hg (Ma) PET] —cinnabar, Bi (Ma) PET] - bismuthine,
Fe (Ka)LIFL - hematite, Pb (Ma) PETH - galena.
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4. RESULTS

The following chapters described mineral phases, which forming
Au-Ag-Te-S assemblage in samples of epithermal mineralization
related to the low-angle normal fault shear zone (LANF), and
in samples of flotation concentrates from the dressing plant.
Minerals of Ag-(Bi, Cu, Sb, As)-S assemblage, which were found
in samples of younger epithermal mineralization related to re-
surgent horst uplift (including exploration drill-core sample)
are also described.

4.1. Au-Ag-Te-S assemblage in the LANF veins
Gold/electrum, hessite, petzite, Cu-cervelleite, Te-polybasite,
altaite, and unnamed AgPbTeS mineral were found in Ag-rich
samples from subhorizontal veins related to LANF zone. Hes-
site, petzite, gold/electrum, and altaite predominantly occur
in association with base metal sulphides (mainly in galena),
or crystalized to the free space of quartz and carbonates. Cu-
cervelleite, Te-polybasite, and AgPbTeS phase are rare and were
found in sulphide-rich vein in association with galena, sphalerite,
chalcopyrite, hessite, and gold. Studies of mineral assemblages
with gold, hessite, petzite, Te-polybasite, and Cu-cervelleite in
the eastern part of the deposit have been published in summary
article by Kuba¢ et al. (2018°). In the following text the results
of extended mineralogical study of these minerals is presented.
Hessite together with gold/electrum is the main Ag-bearing
mineral on the studied deposit. It predominantly occurs in the
form of anhedral grains in galena associated with petzite, gold/
electrum, typically crystallized together in cavities and pores in
quartz or carbonates (Fig. 2a). The intimate intergrowths of these
minerals are very common. Sphalerite, chalcopyrite, and pyrite
are often also present. However, intergrowths of these minerals
with hessite are uncommon. In sulphide-rich Agnesa vein the Au-
bearing hessite was identified in association with hessite and gold
(Fig. 2b). Rarely, cervelleite, Ag-bearing galena, and unnamed
AgPbTeS can occur in hessite crystals (Fig. 2c,d). In reflected
polarized light hessite has grey colour (darker than galena) with
greenish grey shade, reflectivity is medium and lower than ga-
lena. Anisotropy is sometimes well visible with brownish yellow
and blue grey colour effects. Bireflectance is weak; however,
zones with brownish and greyish shades are distinguishable.
Representative EPM A analyses of hessite from LANF vein are
shown in Table 1. On the basis of 3 atoms, the average of 29
analyses gives the empirical formula (Ag, 0oAt 1), Teo o5 Which
complies well with the theoretical formula Ag,Te. Au-hessite is
very rare and its chemical composition was determined only
by two analyses (0.13 apfu Au av.; Tab.1), which gives average
empirical formula (Ag, ,,Au, ), 5o Te, ;- Projections of all EPMA
analyses are shown on Ag-Te-Au plot diagram (Fig. 3a).
Petzite is the second most common telluride mineral on the
studied deposit. It typically occurs in the form of irregular grains
or aggregates in association with hessite, gold/electrum and
galena (Fig. 2a). Intimate intergrowths of petzite and hessite are
very common. In reflected polarized light it is distinguishable by
light grey colour (darker than galena), medium reflectivity and by
isotropy. Representative EPM A analyses of petzite are shown in
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Table 1. On the basis of 6 atoms, the average of 31 analyses gives
the empirical formula Ag; oAt o5(Te, 9:5€0.05S0.01)197 (theoretical
formula Ag;AuTe,). Projections of all EPM A analyses are shown
on Ag-Te-Au plot diagram (Fig. 3a).

Gold/electrum with zonal texture was found in one sample
(Krigtof vein) where it typically occurs as large grains visible
by naked eye crystallized to quartz vugs. Galena, sphalerite,
hessite, and cervelleite occur as associated minerals (Fig. 2a,
b). Studied grains show considerable zonality in back-scattered
electron imaging (Fig. 4). The distribution maps of elements show
significant Ag enrichment mostly within the marginal zones of
grains, while the middle zones are characteristic by higher Au
content. The zonality is diffusive and transition between diffe-
rent zones is fluent. Representative EPMA analyses of gold/
electrum are shown in Table 2. According to 60 analyses the
Ag content in zonal gold/electrum is very variable (17.8 - 45.3
wt. %; 0.3 - 0.6 apfu).

Te-polybasite was found in galena where typically forms an-
hedral grains of < 30 pm size (Fig. 2¢). Rarely, intergrowths with
Cu-cervelleite, hessite, and gold can be also found. In reflected
polarized light it has grey colour, lower reflectivity as galena,
and it is anisotropic with green blue and brownish yellow colour
effects. Representative EPMA analyses are shown in Table 1.
According to 10 analyses polybasite has Te content ranging from
0.5 to 1.4 apfu (0.9 apfuav.). Cu (2.1 apfu av.) and As (0.16 apfu
av.) contents are decreased in comparison to theoretical composi-
tion, while Sb content is increased (1.8 apfu av.). Projections of
all EPMA analyses are shown on triangular Ag-Te-Au and XY
Asvs. Sb plot diagrams (Fig. 3a,c).

Cu-cervelleite is rare mineral and was found in samples from
the Agnesa vein with increased Ag content. It typically occurs in
galena in the form of intergrowths with hessite, gold/electrum,
rarely with Te-polybasite (Fig. 2c). Rarely, it can by also be found
in hessite (Fig. 5). The size of grains does not exceed 10 pm.
Cu-cervelleite was identified according to WDS analyses. Rep-
resentative EPMA analyses of Cu-cervelleite are shown in Table
1. On the basis of 6 atoms, the calculated empirical formula of
Cu-cervelleite (12 analyses) varies from (Ag, ,Cuy,5) 50 T€0.05S0.50
to (Ag;60CUo31)501T€12:1S1 15 The average empirical formula of
Cu-cervelleite is (Ag, ;,CUy.,)3 56 T€1.05S,.05- Ideal cervelleite with
empirical formula close to theoretical Ag,TeS was not found in
this mineral association. Cervelleite is significantly enriched in
Cu, which ranges from 0.15 to 0.3 apfu. Projections of all EPMA
analyses are shown on Ag-Te-Au plot diagram (Fig. 3a). The
average Te/S ratio corresponds to 1.0. Occupation on cationic
position (Cu+Ag) varies between 3.63 and 4.0.

Altaite is very rare mineral and was found in one sample from
the Kristof vein. It occurs in form of tiny inclusions (< 6 um)
in hessite (Fig. 2f). Gold and petzite are associated minerals.
Due to higher reflectivity compared to hessite it can be easily
recognized in reflected polarized light. Representative EPMA
analyses are shown in Table 1. On the basis of 2 atoms, the aver-
age of 3 analyses gives the empirical formula (Pb, 5,Ag, ,), , Te, oo-

AgPbTeS phase was found in a sample from the Agnesa vein
system, where it occurs in the form of myrmekites in hessite
(Figs. 2d, S). Representative EPMA analyses are shown in Ta-
ble 1. On the basis of 4 atoms, the average of 4 analyses gives



AU-AG TELLURIDES AND SULPHOSALTS FROM EPITHERMAL AU-AG-PB-ZN-CU DEPOSIT BANSKA HODRUSA AT THE ROZALIA MINE... 47

Tab. 1. Representative EPMA analyses and calculated formulae of hessite, Au-hessite, petzite, Te-polybasite, Cu-cervelleite, klausthalite, altaite,
and AgPbTeS phasefrom epithermal mineralization related to shear zone (LANF).

Mineral Au Ag Hg Cu As Pb Sb Bi Te Se S 3
EPMA results (wt.%)

hs 0.11 63.43 0.00 0.00 0.01 n.a. 0.00 0.00 35.96 0.00 0.03 99.53
hs 0.53 63.16 0.00 0.04 0.00 n.a. 0.00 0.00 36.06 0.00 0.05 99.84
hs 0.73 63.23 0.01 n.a. 0.00 n.a. n.a. 0.03 36.08 0.04 0.03 100.14
hs 0.05 63.05 0.02 0.01 0.00 0.00 0.29 0.00 37.00 0.00 0.09 100.54
hs(Au) 4.89 57.34 0.10 0.00 0.00 0.10 0.29 0.06 36.52 0.00 0.16 99.49
hs(Au) 9.01 53.48 0.18 0.00 0.00 0.00 0.31 0.11 35.13 0.03 0.10 98.38
pz 24.76 42.51 0.08 0.00 0.01 n.a. n.a. 0.00 3222 0.00 0.02 99.58
pz 25.92 42.99 0.04 n.a. 0.00 n.a. n.a. 0.00 3041 0.64 0.07 100.06
pz 23.85 43.57 0.02 n.a. 0.00 n.a. n.a. 0.01 3236 0.60 0.00 100.42
pz 24.20 4415 0.10 n.a. 0.00 n.a. n.a. 0.00 31.77 0.59 0.03 100.84
pz 24.94 43.41 0.00 n.a. 0.00 n.a. n.a. 0.00 31.97 0.67 0.03 101.02
plb 0.00 65.75 0.01 5.50 0.44 n.a. 9.29 0.00 5.13 0.00 12.68 98.81
plb 0.00 65.75 0.13 4.83 0.66 n.a. 8.44 0.04 7.18 0.00 13.16 100.20
plb 0.00 64.16 0.04 6.39 0.44 0.33 10.30 0.00 2.77 0.05 13.42 97.89
cav 0.01 68.04 0.01 1.93 0.06 0.06 0.00 0.09 23.30 0.00 4.69 98.20
cav 0.00 68.01 0.00 342 0.00 n.a. 0.11 0.00 2232 0.00 6.09 99.95
crv 0.04 66.06 0.02 3.16 0.00 n.a. 0.15 0.00 22.76 0.00 6.19 98.38
crv 0.00 67.45 0.00 246 0.00 0.01 0.19 0.00 23.79 0.00 6.00 99.96
clh n.a. 0.17 0.00 n.a. 0.00 76.81 0.00 0.00 n.a. 19.23 4.12 100.34
clh n.a. 0.14 0.00 n.a. 0.00 77.31 0.00 0.00 n.a. 17.51 5.13 100.09
alt n.a. 0.26 n.a. 0.00 n.a. 60.49 n.a. n.a. 37.31 n.a. n.a. 98.06
alt n.a. 0.37 n.a. 0.00 n.a. 60.85 n.a. n.a. 37.27 n.a. n.a. 98.49
AgPbTeS 0.00 37.67 0.00 0.01 0.00 33.57 0.21 0.00 23.57 0.00 5.35 100.38
AgPbTeS 0.00 35.77 0.00 0.00 0.00 37.53 0.21 0.00 20.92 0.13 5.72 100.28

Calculated formulae based on 3 (hs), 4 (AgPbTeS), 6 (pz, crv), 29 (plb) and 2 (clh, alt) apfu

hs 0.00 2.02 0.00 0.00 0.00 - 0.00 0.00 0.97 0.00 0.00 3.00
hs 0.01 2.01 0.00 0.00 0.00 - 0.00 0.00 0.97 0.00 0.01 3.00
hs 0.01 2.01 0.00 - 0.00 - - 0.00 0.97 0.00 0.00 3.00
hs 0.00 1.99 0.00 0.00 0.00 0.00 0.01 0.00 0.99 0.00 0.01 3.00
hs(Au) 0.09 1.87 0.00 0.00 0.00 0.00 0.01 0.00 1.01 0.00 0.02 3.00
hs(Au) 0.17 1.80 0.00 0.00 0.00 0.00 0.01 0.00 1.00 0.00 0.01 3.00
pz 0.98 3.06 0.00 0.00 0.00 - - 0.00 1.96 0.00 0.00 6.00
pz 1.01 3.07 0.00 - 0.00 - - 0.00 1.84 0.06 0.02 6.00
pz 0.92 3.08 0.00 - 0.00 - - 0.00 1.93 0.06 0.00 6.00
pz 0.93 3.1 0.00 - 0.00 - - 0.00 1.89 0.06 0.01 6.00
pz 0.96 3.06 0.00 - 0.00 - - 0.00 1.91 0.06 0.01 6.00
plb 0.00 14.56 0.00 2.07 0.14 0.00 1.82 0.00 0.96 0.00 9.45 29.00
plb 0.00 14.35 0.02 1.79 0.21 0.00 1.63 0.00 132 0.00 9.67 29.00
plb 0.00 14.04 0.01 237 0.14 0.04 2.00 0.00 0.51 0.01 9.88 29.00
crv 0.00 3.82 0.00 0.18 0.00 0.00 0.00 0.00 1.10 0.00 0.89 6.00
crv 0.00 3.60 0.00 0.31 0.00 - 0.00 0.00 1.00 0.00 1.08 6.00
v 0.00 3.55 0.00 0.29 0.00 - 0.01 0.00 1.03 0.00 1.12 6.00
crv 0.00 3.61 0.00 0.22 0.00 0.00 0.01 0.00 1.08 0.00 1.08 6.00
clh - 0.00 0.00 - 0.00 1.00 0.00 0.00 - 0.65 0.35 2.00
clh - 0.00 0.00 - 0.00 0.99 0.00 0.00 - 0.59 0.42 2.00
alt - 0.01 - 0.00 - 1.00 - - 1.00 - - 2.00
alt - 0.01 - 0.00 - 1.00 - - 0.99 - - 2.00
AgPbTeS 0.00 1.61 0.00 0.00 0.00 0.75 0.01 0.00 0.85 0.00 0.77 4.00
AgPbTeS 0.00 1.54 0.00 0.00 0.00 0.84 0.01 0.00 0.76 0.01 0.83 4.00

hs — hessite; hs(Au) — Au-hessite; pz — petzite; plb — Te-polybasite; crv — Cu-cervelleite; clh — clausthalite; alt - altaite; n.a. - not analyzed

the empirical formula Ag, ;,Pb, o Te 405 ,. The Pb content in Clausthalite is very rare mineral on the studied deposit and
AgPbTeS phase is significantly higher than in Cu-cervelleite, ~ wasfound only in one sample of the LANF vein enriched by Se
while the Ag content is decreased. and Te (Chovan etal., 2016"). Itis the miscibility phase between
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Tab. 2. Representative EPMA analyses and calculated formulae of gold/electrum from epithermal mineralization related to shear zone (LANF).
Au Ag Hg Cu Fe Bi Ni Te S z
EPMA results (wt. %)
55.07 45.29 0.00 0.00 0.03 0.11 0.00 0.51 0.02 101.02
57.09 4431 0.00 0.00 0.00 0.12 0.00 0.11 0.12 101.76
58.48 42.31 0.00 0.00 0.00 0.09 0.02 0.57 0.05 101.50
59.84 40.09 0.00 0.00 0.02 0.00 0.02 0.14 0.07 100.18
62.05 38.68 0.00 0.00 0.00 0.07 0.01 0.10 0.02 100.92
64.99 3537 0.00 0.00 0.01 0.19 0.01 0.34 0.03 100.93
68.20 3242 0.00 0.00 0.00 0.24 0.00 0.04 0.04 100.95
73.82 28.03 0.00 0.00 0.01 0.07 0.00 0.08 0.01 102.02
79.82 20.33 0.00 0.00 0.00 0.21 0.01 0.05 0.04 100.46
81.24 19.68 0.00 0.00 0.00 0.21 0.00 0.02 0.10 101.25
83.58 17.77 0.00 0.00 0.00 0.02 0.00 0.00 0.01 101.38
Calculated formulae based on 1 apfu
0.40 0.60 0.00 0.00 0.00 0.00 0.00 0.01 0.00 1.00
0.41 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.01 1.00
043 0.56 0.00 0.00 0.00 0.00 0.00 0.01 0.00 1.00
045 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.47 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.50 0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.53 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.59 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.68 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.69 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.72 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

clausthalite and galena and typically forms tiny rims (<15 pm) in
galena. Due to similar optical parameters as galena its identifica-
tion was based on WDS analyses. Representative EPMA analyses
of clausthalite are shown in Table 1. On the basis of 2 atoms, the
average of 8 analyses gives the empirical formula Pb, 4(Se, 6S,.4)1 0-
The Se content in clausthalite ranges between 0.44 and 0.66 apfu,
while the S content between 0.34 and 0.42 apfu.

4.2. Au-Ag-Te-S assemblage in flotation concentrates
Calaverite, krennerite, sylvanite, unnamed AgAuTeS phase,
hessite, Au-hessite, petzite, uytenbogaardtite, and petrovskaite
were found in samples of flotation concentrates. They occur
together and typically replace the primary gold grains. Uyten-
bogaardtite and petrovskaite typically form thin rims around
gold or other Au-Ag minerals.

Calaverite, krennerite, and sylvanite were found rarely in the
form of intergrowns with gold, hessite, petzite, uytenbogaardtite,
petrovskaite, and unnamed AgAuTeS$ phase (Figs. 6, 7,8a). The
size of grains does not exceed 15 pm. Optical recognition of
these minerals in ore microscope is impossible due to similar
optical parameters. They had white colour, high reflectivity and
weak bireflectance. Anisotropy is barely visible due to greyish
colour shades. However, aggregates of these Au-Ag tellurides
can be easily recognized from other associated minerals (hes-
site, petzite, uytenbogaardtite, and petrovskaite) due to their
reflectivity and colour (Figs. 6, 7a,c). Accurate identification
of minerals is based on their chemical composition by WDS
analyses and back-scattered electron imaging. Representative
EPMA analyses of calaverite (AuTe,), krennerite (Au;AgTe,),

and sylvanite (AgAuTe,) are shown in Table 3. The average
calculated empirical formula for individual minerals are: for
calaverite (Augg3A8009)1.02(Te 05000105 (18 analyses); forkren-
nerite Au, ;,Ag, 0o(Te,3,S0.15)7.40 (7 analyses); and for sylvanite
Au, ,Ag, o1 (Tes 4S007) 405 (S analyses). Chemical composition of
calaverite is close to theoretical, only with a slight increase in
Ag (0.1 apfu av.). Krennerite shows increase in Au (3.4 apfu av.)
and decrease in Te (7.3 apfu av.), as well as sylvanite (1.4 apfu
Auav. and 3.6 apfu Te av.). Projections of all EPM A analyses are
shown on Ag-Te-Au plot diagram (Fig. 3b).

Hessite from flotation concentrates was found in association
with gold, petzite, calaverite, krennerite, and sylvanite. Hessite or
Au-bearing hessite forms tiny rims around petzite or sylvanite,
or marginal zones around calaverite, krennerite, sylvanite, and
petzite (Figs. 6, 8a,b). Representative EPM A analyses of hessite
from flotation concentrates are shown in Table 3. On the basis of
3 atoms, the average of 15 analyses gives the empirical formula
(Agl.92Au0.05)1.97(Teo49zso,1)1,03 (theoretical formula Agzs)- Sig-
nificant enrichment was determined in Au content (from 0.01
t0 0.12 apfu) and S content (up to 0.26 apfu). Projections of all
EPMA analyses are shown on Ag-Te-Au plot diagram (Fig. 3b).

Petzite is relatively rare in the assemblage, typically occurs in
form of intergrowth aggregates with gold, hessite, galena, rarely
with sylvanite, krennerite, and calaverite (Figs. 6, 8b). Repre-
sentative EPMA analyses of petzite from flotation concetrates
are shown in Table 3. On the basis of 6 atoms, the average of 5
analyses gives the empirical formula Ag, At o5(Te5.0:S0.05)2.04
which agrees well with the theoretical formula Ag,AuTe,. The
heterogenity of petzite (Fig. 6) is caused by variability of Au
content in the individual phases (from 0.9 to 1.0 apfu Au).
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Fig. 2. Back-scattered electron images of Au-Ag-Te-S assemblage in LANF veins. (a) Intergrowth of gold, galena, petzite, and hessite in quartz. Hessite shows

brownish blue colour effects of anisotrophy; (b) Intergrowth of hessite and Au-hessite around gold grain, together in galena; (c) Intergrowth of hessite

and Cu-cervelleite in galena; (d) Detail of myrmekite intergrowth of AgPbTeS phase and hessite; (e) Grains of Te-polybasite in galena; (f) Inclusion of altaite

crystallized in hessite. Abbreviations: alt - altaite; au — gold; crv - Cu-cervelleite; gn - galena; hs - hessite; plb - Te-polybasite; pz - petzite; gz - quartz.

Projections of all EPMA analyses are shown on Ag-Te-Au plot
diagram (Fig. 3b).

AgAuTeS phase was identified as intergrowths with krenner-
ite and hessite, or as irregular grains rimmed by uytenbogaardtite
and petrovskaite. It also replaces gold together with calaverite/
krennerite and uytenbogaardtite (Fig. 7a,b). Identification in

ore microscope is difficult due to similar colour and reflectiv-
ity as hessite and uytenbogaardtite. Optical distinction from
krennerite/sylvanite is easier due to their white colour and high
reflectivity. Representative EPMA analyses of AgAuTeS min-
eral are shown in Table 3. On the basis of 4 atoms, the average
of 6 analyses gives the empirical formula Ag, 4, Au, 1, Te; 6,S, 36-
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Tab. 3. Representative EPMA analyses and calculated formulae of calaverite, krennerite, sylvanite, hessite, Au-hessite, petzite, uytenbogaardtite,

petrovskaite, and AgAuTeS phase from flotation concentrates.

Mineral Au Ag Hg Cu As Fe Pb Sb Bi Te Se S p2
EPMA results (wt.%)
clv 45.65 1.78 n.a. n.a. 0.00 n.a. n.a. n.a. n.a. 51.61 na. 0.21 99.25
cv 37.87 3.37 0.46 n.a. 0.00 n.a. n.a. n.a. 0.45 56.29 0.00 0.02 98.45
clv 41.53 1.48 0.00 0.05 0.00 0.04 0.19 0.37 0.02 55.97 0.00 0.02 99.68
krn 35.36 541 0.58 n.a. 0.00 n.a. n.a. n.a. 0.21 56.56 0.26 0.06 98.43
krn 33.03 7.80 n.a. na. 0.00 na. na. na. na. 57.56 n.a. 0.06 98.45
krn 38.69 6.30 0.01 0.10 0.00 0.02 0.24 0.31 0.00 53.81 0.00 0.21 99.67
slv 30.10 14.54 0.52 n.a. 0.00 n.a. n.a. n.a. 0.24 52.16 0.09 0.55 98.21
slv 30.27 11.30 0.00 0.06 0.00 0.04 0.16 037 0.06 57.10 0.00 0.06 99.41
hs(Au) 5.60 58.63 n.a. n.a. 0.00 n.a. n.a. n.a. n.a. 34.78 n.a. 1.03 100.04
hs(Au) 6.84 59.91 n.a. n.a. 0.00 n.a. n.a. n.a. n.a. 31.52 n.a. 2.03 100.30
hs 1.16 63.63 0.00 n.a. 0.00 n.a. n.a. n.a. 0.13 31.40 0.00 2.19 98.51
hs 0.75 63.10 n.a. n.a. 0.08 n.a. n.a. 0.00 0.00 35.59 n.a. 0.15 99.67
pz 25.23 40.50 0.58 n.a. 0.00 n.a. n.a. n.a. 0.17 32.62 0.01 0.05 99.17
pz 23.34 41.22 0.57 n.a. 0.00 n.a. n.a. n.a. 0.32 33.82 0.14 0.04 99.45
uyt 33.87 50.81 0.89 0.29 0.00 n.a. n.a. 0.00 0.04 2.52 0.19 12.36 100.97
uyt 24.49 56.04 0.59 0.25 0.00 n.a. n.a. 0.00 0.15 4.85 0.07 13.21 99.64
ptr 55.90 31.98 n.a. n.a. n.a. n.a. 0.31 n.a. n.a. 2.24 0.04 7.61 98.08
ptr 59.76 30.32 n.a. n.a. n.a. n.a. 0.57 n.a. n.a. 1.79 0.00 5.68 98.11
AgAuTeS 41.64 43.15 0.75 n.a. 0.00 n.a. n.a. n.a. 0.30 12.99 0.11 272 101.67
AgAuTeS 35.56 45.12 0.91 n.a. 0.00 n.a. n.a. n.a. 0.25 17.96 0.00 1.55 101.35
AgAuTeS 38.21 41.20 0.75 n.a. 0.00 n.a. n.a. n.a. 0.31 15.18 0.00 4.57 100.21
Calculated formulae based on 3 (hs, clv, ptr), 4 (AgAuTeS), 6 (pz, uyt, slv) and 12 (krn) apfu
clv 1.05 0.07 - - 0.00 - - - - 1.84 - 0.03 3.00
clv 0.86 0.14 0.01 - 0.00 - - - 0.01 1.98 0.00 0.00 3.00
clv 0.94 0.06 0.00 0.00 0.00 0.00 0.00 0.01 0.00 1.97 0.00 0.00 3.00
krn 3.16 0.88 0.05 - 0.00 - - - 0.02 7.80 0.06 0.03 12.00
krn 2.90 1.25 - - 0.00 - - - - 7.81 - 0.03 12.00
krn 3.42 1.02 0.00 0.03 0.00 0.01 0.02 0.04 0.00 7.35 0.00 0.12 12.00
slv 1.28 1.13 0.02 - 0.00 - - - 0.01 341 0.01 0.14 6.00
slv 1.29 0.88 0.00 0.01 0.00 0.01 0.01 0.03 0.00 3.76 0.00 0.02 6.00
hs(Au) 0.10 1.86 - - 0.00 - - - - 0.93 - 0.11 3.00
hs(Au) 0.12 1.85 - - 0.00 - - - - 0.82 - 0.21 3.00
hs 0.02 1.94 0.00 - 0.00 - N N 0.00 0.81 0.00 0.23 3.00
hs 0.01 2.01 - - 0.00 - - 0.00 0.00 0.96 - 0.02 3.00
pz 1.01 295 0.02 - 0.00 - - - 0.01 2.01 0.00 0.01 6.00
pz 0.92 297 0.02 - 0.00 - - - 0.01 2.06 0.01 0.01 6.00
uyt 0.97 2.67 0.03 0.03 0.00 - - 0.00 0.00 0.11 0.01 2.18 6.00
uyt 0.68 2.83 0.02 0.02 0.00 - - 0.00 0.00 0.21 0.00 224 6.00
ptr 1.02 1.06 - - - - 0.01 - - 0.06 0.00 0.85 3.00
ptr 1.17 1.08 - - - - 0.01 - - 0.05 0.00 0.68 3.00
AgAuTeS 1.05 1.99 0.02 - 0.00 - - - 0.01 0.51 0.01 0.42 4.00
AgAuTeS 0.91 2.1 0.02 - 0.00 - - - 0.01 0.71 0.00 0.24 4.00
AgAuTeS 0.92 1.81 0.02 - 0.00 - - - 0.01 0.56 0.00 0.68 4.00

clv — calaverite; krn — krennerite; slv — sylvanite; hs(Au) — Au-hessite; hs - hessite; pz — petzite; uyt — uytenbogaardtite; ptr — petrovskaite; n.a. - not analyzed

Projections of all EPMA analyses are shown on Ag-Te-Au plot
diagram (Fig. 3b).

Uytenbogaardtite typically form very thin rims (< 3 pm)
around gold/electrum and around aggregates of Au-Ag tellu-
rides (hessite, petzite, krennerite, and sylvanite), which partially
replace gold (Figs. 6, 7b). In reflected polarized light it has grey
colour with brownish shade, lower reflectivity than associated
minerals and it is anisotropic. Representative EPMA analy-
ses of uytenbogaardtite are shown in Table 3. On the basis of
6 atoms, the average of 4 analyses gives the empirical formula

Ag, ;AU (S, ,6Teq15),.41 (theoretical formula Ag,AuS,). Uyten-
bogaardtite has a significant enrichment in S (2.3 apfu av.) and
Te (0.15 apfu av.) and depletion in Ag (2.7 apfu av.) and Au (0.85
apfu av.). Projections of all EPM A analyses are shown on Ag-Te-
Au plot diagram (Fig. 3b).

Petrovskaite occurrence is very similar to uytenbogaardtite,
forming thin rims around gold/electrum or around aggre-
gates of Au-Ag tellurides (Figs. 7c,d). Representative EPMA
analyses of petrovskaite are shown in Table 3. On the basis of
3 atoms, the average of 5 analyses gives the empirical formula
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Ag, o5AU, 15(So73Teq05)0 75 Petrovskaite has a significant enrich-
ment in Te (0.0S apfu av.) in comparison with theoretical formula
(AgAuS). Values of the main elements are slightly decreased (S
0.7 apfu av.; Ag 1.0S apfu av.) except for Au which is increased
(1.15 apfu av.). Projections of all EPM A analyses are shown on
Ag-Te-Au plot diagram (Fig. 3b).

4.3. Ag-(Bi, Cu, Sb, As)-S assemblage in horst-related veins

Polybasite-pearceite, acanthite, matildite, schapbachite, ar-
cubisite, and cervelleite were found in one sample from late
horst-related Amalia vein, where these minerals form inclu-
sions in base metal sulphides, predominantly in galena and form
characteristic myrmekite texture. In the drill-hole sample BHS-
247/8 the polybasite-pearceite and jalpaite were found. Rare
tetrahedrite-tennantite was found in horst-related Rozélia vein.

Polybasite-Pearceite was found in drill-core sample BHS-
247/8 and also in sample taken from the mine stopes from the
Amalia vein. It typically occurs as grains (~ 60 pm) in galenain
assemblage with matildite, cervelleite, schapbachite, and jalpaite

(Figs. 9, 10a-c), together form characteristic myrmekite texture.
Sphalerite, chalcopyrite, pyrite, hematite, and carbonate are
associated minerals. It has grey colour and lower reflectivity
than galena in reflected polarized light. Anisotropy is strong
with dark blue and brownish green colour effects. Representa-
tive EPMA analyses of polybasite and pearceite are shown in
Table 4. Projections of all analyses are shown on As vs. Sb plot
diagram (Fig. 3c). According to 8 EPM A analyses the Sb content
in polybasite varies between 1.3 and 1.8 apfu (1.5 apfu av.), and
the As content between 0.03 and 0.55 apfu (0.3 apfu av.). The Cu
content is generally lower in comparison to theoretical, varying
between 1.0 and 3.55 apfu (2.46 apfu av.). The Bi content was
increased only in three analyses (up to 0.25 apfu). In comparison
(14 analyses), the values of As and Sb contents in pearceite rang-
ingbetween 0.8 — 1.95 apfu As (1.37 apfu As av.) and 0 - 0.98 apfu
Sb (0.5 apfu Sb av.). The Cu content is very close to theoretical
composition in most of analyses, ranging between 1.85 and 3.9
apfu (3.0 apfu av.). The values of Ag content are higher, varying

Fig. 3. A triangular Ag-Te-Au (a, b) andAs vs. Sb (c) plotdiagrams illustrating composition of Au-Ag minerals in samples of LANF veins, flotation concentrates

(dressing plant) and horst-related veins from Banska Hodrusa deposit. For comparison, the interval of gold analyses collected from LANF veins in eastern

part of the deposit by Kubac et al. (2018a) is also shown. All data from EPMA analyses.
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between 11.9 and 14.7 apfu (13.0 apfu av.). The various contents
of As and Sb of polybasite and pearceite are also manifested in
back-scattered electron imaging by presence of dark (As-rich)
and light (Sb-rich) zones (Fig. 10b).

Acanthite typically forms tiny inclusions or irregular-shaped
grains (< 40 um) as a part of myrmekite aggregates with galena,
where occurs in association with matildite, polybasite-pearceite,
arcubisite, cervelleite, and other undefined AgPbBiS mineral
phases (Figs. 9, 10d, e). In reflected polarized light it has grey
colour and lower reflectivity than galena. Bireflectance and ani-
sotropy was not observed. On the basis of 3 atoms, the average of
4 analyses gives the empirical formula Ag, (S, ¢;S€4.03T€0.00)1.05

Fig. 4. Distribution of the elements (Au, Ag) in zonal gold/electrum. Note
that Au content is dominant in the marginal zones, while the middle zones
are Ag-rich. LANF vein. Abbreviations: au - gold; gn - galena; qz - quartz.
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which agrees well with the theoretical formula Ag,S. Chemical
composition of acanthite (Tab. 4) in comparison with theoreti-
cal composition shows decreased content of Ag (1.9 apfu av.)
and slight increase in Se (0.03 apfu av.) and Te (0.01 apfu av.).

Matildite was identified in one sample as the main Ag-Bi
bearing mineral within myrmekite aggregates with galena
(Figs. 9, 10a). It predominantly occurs in form of thin tabular-
shaped crystals (< 10 pm) in galena. Identification of matildite
in ore microscope is difficult due to small size of grains and
similar optical properties as galena. Anisotropy was observed
only within the larger grains.Representative EPMA analyses
of matildite are shown in Table 4. Projections of all EPMA

Fig. 5. Distribution map of the elements (Ag, Te) of hessite crystal with
Cu-cervelleite and unnamed AgPbTeS phase. LANF vein. Abbreviations: crv -
Cu-cervelleite; hs - hessite; gz - quartz.
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Fig. 6. Photomicrograph (reflected light) and back-scattered image showing intergrowth of hessite, petzite, calaverite/krennerite and sylvanite, together

replace gold grain. Tellurides are rimmed by thin zone of uytenbogaardtite. Chemical composition of minerals is documented by distribution maps of the

elements (Au, Ag, Te, S). Abbreviations: au - gold; clv - calaverite; hs — hessite; krn - krennerite; pz - petzite; slv - sylvanite; uyt - uytenbogaardtite.

analyses are shown on Bi-Ag-Pb plot diagram (Fig. 11a). On the
basis of 4 atoms, the average of 3 analyses gives the empirical
formula Ag0.94(Bio499Pbo4o7)1406(51.97se0.02)1<991 which agrees well
with the theoretical formula AgBiS,. Matildite has significantly
increased Pb content (0.07 apfu av.), probably caused by asso-
ciation with galena. A slight increase in Se was also detected
(0.02apfu av.). Mineral composition of myrmekite textures
is shown on distribution maps of elements (Fig. 9). Grey col-
oured crystals are characteristic by increased Ag and Bi content,
which corresponds well to matildite. Very tiny needle-like
inclusions could be unknown phases enriched by Bi and Ag.
Needle-shaped crystals of pearceite/polybasite (or arcubiste)

are characteristic by the enrichment in Ag and Cu content
(without Bi). The strong Ag-enrichment is documented by the
presence of acanthite.

Schapbachite was found within myrmekite aggregates of
galena and Ag-Bi-Cu sulphosalts. Schapbachite grains (< 10 ym)
are common in association with polybasite-pearceite and cervel-
leite, occurring together at the edge of galena (Fig. 10b). Optical
identification in ore microscope was not possible due to its similar
colour and reflectivity of galena. On the basis of 2 atoms, the
one analyse gives the empirical formula Ag, ,;Pb, Bij 3050,
which agrees well with the theoretical formula Ag, ,Pb, ,Bi, ,S.
As shown in Table 4, only a slight increase was detected in Se
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Tab. 4. Representative EPMA analyses and calculated formulae of polybasite, pearceite, cervelleite, acanthite, matildite, arcubisite, schapbachite, and
jalpaitefrom epithermal mineralization related to horst uplift.

Mineral Ag Hg Cu As Fe Pb Sb Bi Te Se S 3
EPMA results (wt.%)
plb 64.31 0.00 9.28 1.78 0.29 0.08 8.05 0.00 0.00 0.00 15.95 99.72
plb 67.69 0.00 2.80 0.45 0.03 0.12 9.00 2.26 0.43 0.24 15.18 98.19
plb 63.81 0.02 10.02 1.76 0.21 0.05 7.50 0.02 0.05 0.02 16.05 99.50
prc 63.55 0.00 10.49 441 0.32 0.12 3.04 0.09 n.a. n.a. 16.51 98.53
prc 63.22 0.00 10.33 3.52 0.15 0.15 5.41 0.00 n.a. n.a. 16.61 99.39
prc 62.09 0.07 11.49 4.28 0.50 0.07 437 0.05 0.04 0.00 16.75 99.71
crv 72.58 0.06 0.18 0.09 n.a. 0.41 0.05 0.03 18.66 1.37 573 99.16
ac 86.09 0.00 0.09 0.00 0.01 0.25 0.00 0.00 0.36 0.85 13.02 100.67
ac 84.24 0.00 0.83 0.01 0.52 0.42 0.00 0.00 1.05 1.49 12.96 101.52
mtd 27.04 0.00 0.00 0.00 0.09 0.17 0.00 56.28 0.24 0.27 16.69 100.78
mtd 26.01 0.00 0.00 0.03 0.00 5.50 0.00 52.97 0.00 0.40 16.24 101.15
arc 66.14 0.00 418 0.70 0.01 0.06 4.62 6.87 1.59 0.74 1331 98.22
arc 63.47 0.00 1.01 0.04 0.00 0.15 0.04 15.87 8.48 0.42 10.86 100.32
arc 60.91 0.00 3.50 0.00 0.00 0.26 0.00 16.84 541 1.40 11.79 100.11
scb 23.55 0.00 0.31 0.00 0.00 18.72 0.05 42.27 0.19 0.47 16.13 101.68
jlp 71.94 0.01 14.27 0.00 0.45 0.14 0.00 0.00 n.a. n.a. 14.26 101.08
jlp 70.89 0.00 14.60 0.05 0.33 0.07 0.00 0.00 0.85 0.00 14.87 101.66
jlp 68.92 0.01 14.82 0.01 0.73 0.03 0.00 0.00 0.81 0.00 14.68 100.01
Calculated formulae based on 29 (plb, prc), 6 (crv, jlp), 3 (ac), 4 (mtd), 12 (arc) and 2 (scb) apfu

plb 12.95 0.00 3.17 0.52 0.11 0.01 1.44 0.00 0.00 0.00 10.80 29.00
plb 14.64 0.00 1.03 0.14 0.01 0.01 1.72 0.25 0.08 0.07 11.04 29.00
plb 12.80 0.00 341 0.51 0.08 0.01 133 0.00 0.01 0.00 10.84 29.00
prc 12.57 0.00 3.52 1.26 0.12 0.01 0.53 0.00 - - 10.98 29.00
prc 12.48 0.00 3.46 1.00 0.06 0.02 0.95 0.00 - - 11.03 29.00
prc 12.08 0.01 3.79 1.20 0.19 0.01 0.75 0.00 0.01 0.00 10.96 29.00
crv 3.95 0.00 0.02 0.01 - 0.01 0.00 0.00 0.86 0.10 1.05 6.00
ac 1.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 1.00 3.00
ac 1.89 0.00 0.03 0.00 0.02 0.00 0.00 0.00 0.02 0.05 0.98 3.00
mtd 0.96 0.00 0.00 0.00 0.01 0.00 0.00 1.03 0.01 0.01 1.99 4.00
mtd 0.93 0.00 0.00 0.00 0.00 0.10 0.00 0.98 0.00 0.02 1.96 4.00
arc 6.15 0.00 0.66 0.09 0.00 0.00 0.38 0.33 0.12 0.09 4.16 12.00
arc 6.47 0.00 0.17 0.01 0.00 0.01 0.00 0.83 0.73 0.06 3.72 12.00
arc 6.00 0.00 0.59 0.00 0.00 0.01 0.00 0.86 0.45 0.19 391 12.00
scb 0.43 0.00 0.01 0.00 0.00 0.18 0.00 0.39 0.00 0.01 0.98 2.00
jlp 297 0.00 1.00 0.00 0.04 0.00 0.00 0.00 - - 1.98 6.00
jlp 2.89 0.00 1.01 0.00 0.03 0.00 0.00 0.00 0.03 0.00 2.04 6.00
jlp 2.84 0.00 1.04 0.00 0.06 0.00 0.00 0.00 0.03 0.00 2.03 6.00

plb - polybasite; prc - pearceite; crv — cervelleite; ac — acanthite; mtd — matildite; arc — arcubisite; scb — schapbachite; jlp - jalpaite; n.a. - not analyzed

(0.01 apfu) and Cu (0.01 apfu). Projections of one EPMA analyse Cervelleite was found in horst-related Amalia vein, where
is shown on Bi-Ag-Pb plot diagram (Fig. 11a). is a part of myrmekite aggregates of galena and Ag-Bi-Cu sul-

Arcubisite was found in one sample of horst-related Amélia ~ phides and sulphosalts. Primary it occurs in galena together with
vein and its identification is questionable. As a part of myrmekite acanthite, arcubisite, polybasite-pearceite, and schapbachite
aggregates of galena and Ag-Bi-Cu sulphides and sulphosalts, (Fig. 10b,d,e). Cervelleite is the major Te-bearing mineral in
arcubisite typically forms needle-shaped crystals intergrown  this mineral paragenesis, although arcubisite and acanthite also
with acanthite and cervelleite (Fig. 10d). Size of crystals do not contain tellurium. The grain size of cervelleite does not exceed
exceed 60 pm. Inreflected polarizedlight it has grey colour with S pm. In reflected polarized light it has light grey colour, re-
greenish shade, reflectivity lower as galena, and weak anisotropy. flectivity similar to galena, respectively higher than arcubisite
On the basis of 12 atoms, the average of 9 analyses gives the em- and acanthite. On the basis of 6 atoms, the one analysis gives
pirical formula Ag, ,,Cu, 4, (Bio 635b0.19)0.52(S3.98 Te0.425€0.11) .51 the empirical formula (Ag3495Cu0.02)3497Te0.86(Sl.OSSe0410)1.15 (Tab.
comparison to theoretical formula Ag,CuBiS,, average chemical 4). Silver content in cervelleite agrees well with the theoretical

composition of arcubisite is quite variable (Tab. 4; Fig. 11a), with ~ formula Ag,TeS, Cu content is slightly higher (0.02 apfu). Signifi-
increased Ag (6.2 apfu av.), Te (0.4 apfu av.) and Sb (0.2 apfu  cantenrichmentin Se (0.1 apfu) corresponds to 0.1 apfu, while
av.). Bi content is slightly higher as theoretical (0.6 apfu av.),as  Te content has lower values than theoretical formula (Fig. 3a).
well as Cu (0.4 apfu av.). (Te+Se)/S ratio corresponds to 0.92.
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Fig. 7. Photomicrographs (reflected light) and back-scattered electron images of Au-Ag-Te-S assemblage in flotation concentrates. (a) Gold grain is replaced

by Au-Ag tellurides; (b) BSE image of Fig. 7a showing aggregate of calaverite/krennerite and AgAuTeS phase, rimmed by uytenbogaardtite. AgAuTeS phase

was reactable during measurement (white spots); (c) Gold grain rimmed by petrovskaite and krennerite; (d) BSE image of Fig. 7c showing tiny rim of AgAuTeS

phase between krennerite and petrovskaite. Abbreviations: au - gold; clv - calaverite; gn - galena; krn - krennerite; ptr - petrovskaite; uyt - uytenbo-

gaardtite.

Jalpaite was found in drill-core sample BHS-247/8 and is
typically very rare mineral in the studied deposit. It typically
forms irregular aggregates (< 60 ym) in association with poly-
basite-pearceite, hematite, and carbonate, together occupying
interstitial areas between galena, sphalerite, and chalcopyrite
(Fig. 10c). In reflected polarized light it has grey colour, low
reflectivity and is very similar to polybasite-pearceite. On the
basis of 6 atoms, the average of 4 analyses gives the empirical
formula Ag, ,,(Cu, 4, Feq04)1.05(S2.0:T€0.03) 2.0 Which agrees well
with the theoretical formula Ag,CuS,. Only slight increase in
Te (0.03 apfu av.) and Fe (0.04 apfu av.) was detected (Tab.

4). Projections of all EPM A analyses are shown Bi-Ag-Pb plot
diagram (Fig. 11a).

Tetrahedrite-Tennantite is rare and was found in horst-
related Rozélia vein sampled on 14" level in the area between
the western and eastern part of the deposit (Fig. 1c). It typi-
cally occurs in form of zonal aggregates in association with
base metal sulphides (sphalerite, chalcopyrite, galena, pyrite),
hematite or Mn-Ca carbonates (Fig. 10f). Representative
EPMA analyses of tetrahedrite and tennantite are shown in
Table 5. Projections of all analyses are shown on Sb vs. As plot
diagram (Fig. 11b). The average calculated empirical formula
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Fig. 8. Back-scattered electron images of Au-Ag-Te-S assemblage in flotation concentrates. (a) Intergrowth of gold, galena, hessite, Au-hessite, and petzite,

together in sphalerite. Hessite and Au-hessite occur as tiny rims around petzite; (b) Intergrowth of gold, hessite and sylvanite. Abbreviations: au - gold; gn -

galena; hs - hessite; pz - petzite; sp - sphalerite.

for individual minerals are: for tetrahedrite(Cu; ;,Ag, )60 [Cu
4A05(ZanlFeoAzscdoAlngo.o‘t)zAzs] (Sb;,A8077)59781272 (3 analyseS);
and for tennantite (Cu5A93AgoA07) 600 [Cuy33(Zn, oFe 1 Pby g3), 4]
(A$3.5Sbg.57) 40551277 (2 analyses). The oscilating zonality of
tetrahedrite/tennantite aggregates represents transition from
the darker tennantite (3.2 apfu As av.) to the lighter tetrahedrite

(3.2 apfu Sb av.). EPM A analyses of tetrahedrite show increasing
in Ag content (0.2 apfu av.). The Fe content is generally lower
(0.23 apfu av.), while the Zn values are higher (1.8 apfu av.)
in comparison to theoretical composition. Tennantite shows
decreasing in Cu content (10.3 apfu av.) and increasing in Zn

(1.1 apfu av.).

Fig. 9. Distribution map of the elements (Bi, Ag, Cu) of myrmekite texture of acanthite, matildite and polybasite/pearceite in galena. Horst-related vein.

Abbreviations: ac - acanthite; gn — galena; mtd - matildite; plb/prc - polybasite/pearceite.
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Tab. 5. Representative EPMA analyses and calculated formulae of tetrahedrite and tennantite + from epithermal mineralization related to horst uplift.

Mineral Ag Hg Cu Ccd As Fe Mn Pb Sbh Zn S T
EPMA results (wt. %)
ttd 1.14 0.08 38.03 0.41 2.82 0.95 0.04 0.04 24.65 8.04 25.01 101.20
ttd 211 1.01 36.90 2.06 434 0.89 0.05 0.06 22.25 5.75 24.24 99.66
tnt 0.31 0.10 42.55 0.00 15.49 2.14 0.02 043 7.48 4.87 26.52 99.90
tnt 0.67 0.01 4241 0.01 15.60 3.06 0.02 0.50 6.30 442 26.87 99.86
Calculated formulae based on 29 apfu
ttd 0.17 0.01 9.78 0.06 0.61 0.28 0.01 0.00 3.31 2.01 12.75 29.00
ttd 0.33 0.08 9.76 0.31 0.97 0.27 0.01 0.01 3.07 1.48 12.71 29.00
tnt 0.04 0.01 10.31 0.00 3.18 0.59 0.01 0.03 0.95 1.15 12.73 29.00
tnt 0.09 0.00 10.20 0.00 3.18 0.84 0.01 0.04 0.79 1.03 12.81 29.00
ttd - tetrahedrite; tnt - tennantite
5. DISCUSSION fTe, decreases compared to the values for hessite crystallization

The mineralization related to low-angle normal fault shear zone
(LANF) that is actually mined in the Banska Hodrusa epith-
ermal deposit has a high Au content in tens to thousands of
ppm. The Ag/Au ratio in the ore is close to 1/1 (sometimes up
to 10/1), the Te content is high (also sometimes Se). Described
coexisting phases, which form mineral paragenetic associations
(assemblages) are shown in ternary Au-Ag-Te diagram (Fig. 3a).
The Au-Ag-Te-S assemblage including gold/electrum, hessite,
and petzite was found in most of the samples from LANF zone
in the studied part of the deposit. The presence of rare assem-
blage with hessite, petzite, altaite, Te-polybasite, Cu-cervelleite,
gold, Ag-bearing galena, and unnamed AgPbTeS phase was also
found in this type of veins. In samples of flotation concentrates
the mineral assemblage with calaverite-krennerite-sylvanite,
unnamed AgAuTeS phase, petzite, Au-hessite uytenbogaardtite,
and petrovskaite was found (Fig. 3b). These minerals typically
replace primary gold grains.

The most significant Ag-bearing mineral is telluride hessite
and its occurrence together with petzite in precious-base metal
veins is common. Both this minerals typically intergrow with
gold and galena, and according to their growth margins they
crystallize together with these minerals (Fig. 2a). The hessite-
petzite intergrowth formed at temperatures below 250°C (Afifi
etal., 1988"% Xu etal,, 2012). According to Xu et al. (2012) the
high-temperature cubic hessite transforms to monoclinic at
temperature about 145°C, and low-temperature modification
of petzite is stable at temperatures below 210°C. Cabri (1965)
suggested that low hessite and low petzite were formed by
breakdown of high-temperature x-phase (Ag,, Au,  Te, with
0.1 < x < 0.55) at temperatures below 120°C. The variations of
cubic and monoclinic hessite were identified by ore microscopy
and their presence suggests changes in temperature and fugacity
fTe,.In some quartz veins, the presence of hessite, Au-hessite,
Te-polybasite, Ag-sulphotelluride Cu-cervelleite, gold, unnamed
AgPbTeS phase, and Ag-galena was found together with ga-
lena and other common sulphides (Figs. 2,5). Minerals of the
Ag-Cu-Te-S system including Ag-galena, Te-polybasite, and
Cu-cervelleite may be formed from the breakdown of a higher
temperature galena phase (stable under 300°C) during cooling
below 200°C. The indicator of crystallization may be cervel-
leite, formed if temperature decreases below 200°C and fugacity

(Voudouris et al., 2011). The increasing of Cu and decreasing of
Ag content in cervelleite was determined on various deposits in
Romania (e.g., Bdita Bihor, Larga, Ocna de Fier) and is caused
by Cu-for-Ag substitution (Cook & Ciobanu, 2003).

The epithermal mineralization related to LANF zone crys-
tallized from fluids of low salinity (0-4 wt. % NaCl eq.) and
moderate temperatures (250-330°C) that have experienced
an extensive boiling (Kodéra et al., 2005; Kuba¢ et al., 2018").
However, Kodéra et al. (2005) interpreted rare lower homogeni-
zation temperatures (~180°C), that may represent an overprint
of some late stage. Thus, this stage may correspond to mineral
Au-Ag-Te-S assemblages identified in this study, which were
earlier described in the western part of the deposit by Mato et
al. (1996).

Pietruszka (2016) reported the presence of cervelleite-like
mineral in association with pearceite, tetrahedrite, galena, and
enargite-like mineral phase in the eastern part of the deposit.
The presence of Te-polybasite, tetrahedrite, and altaite was
determined previously by Mato et al. (1996) in the western
part. The zonal gold/electrum (Fig. 4) is very rare within the
veins of the shear zone (LANF) and was determined within
the Kri$tof vein in association with hessite and cervelleite.
Zonality and high increasing in Ag content (45.3 wt. %; 0.6
apfu) within the gold grains has not been determined yet in
the Banska Hodrusa deposit by previous studies of Mato et al.
(1996), Jeletr & Héber (2000), Stevko et al. (2015) and Kuba¢
etal. (2018*). However, according to Kuba¢ et al. (2018%) the
presence of electrum is typical for Kri$tof vein system, which
represents the late stage of studied mineralization in the eastern
part of the deposit. The systematic variation in Au/Ag content
is probably related to fluid temperature changes during boil-
ing (Hough et al., 2009). Relatively high activity of silver and
decreased values of fTe, in the final phase of precipitation of
ore minerals is demonstrated by lower Ag content in gold in
association with low hessite (Afifi et al., 1988 Xu et al., 2012).
Selenide mineral clausthalite in association with galena is very
rare in the studied deposit (Chovan et al., 2016") and its pres-
ence has not been repeteadly confirmed. Se content in studied
phases (~ 0.6 apfu) corresponds to mixed phase between galena
and clausthalite, probably related to low fSe, in hydrother-
mal system. Similar transitional phases were determined at
the Kremnica epithermal Au-Ag deposit (Stevko et al., 2018).
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Fig. 10. Back-scattered electron images of Ag-(Bi, Cu, Sb, As)-S assemblage in horst-related veins. (a) Grains of polybasite, pearceite, and matildite in galena.
Associated minerals are sphalerite and pyrite; (b) Intergrowth of polybasite, pearceite, cervelleite, and schapbachite in galena; (c) Polybasite, pearceite and
jalpaite in galena. Associated minerals are sphalerite, chalcopyrite, hematite, quartz, and carbonate; (d) Intergrowth of needle-like arcubisite, cervelleite
and acanthite, together in galena; (e) Intergrowth of acanthite and cervelleite in galena; (f) Intergrowth of tetrahedrite and tennantite in association with
pyrite and chalcopyrite. Abbreviations: ac - acanthite; arc - arcubisite; cp - chalcopyrite; crb - carbonate; crv - cervelleite; gn - galena; hem - hematite; ja -

jalpaite; mtd — matildite; plb - polybasite; prc - pearceite; py - pyrite; scb - schapbachite; sp - sphalerite; tnt - tennantite; ttd - tetrahedrite; gz - quartz.

The existence of a complete isomorphous series PbS-PbSein  low concentrations of Se (up to 0.06 apfu) were determined
natural samples was recently confirmed in the historic Kru$né in petzite from LANF veins. The Se content in galena was not
hory and Kutna Hora ore districts (Sejkora & Skacha, 2015; determined during previous study in the eastern part of the
Sejkoraetal,, 2017; Pazout etal,, 2019). During our studyonly ~ deposit (Kuba¢ etal., 2018%).



AU-AG TELLURIDES AND SULPHOSALTS FROM EPITHERMAL AU-AG-PB-ZN-CU DEPOSIT BANSKA HODRUSA AT THE ROZALIA MINE... 59

Calaverite, krennerite, sylvanite, unnamed AgAuTeS phase,
uytenbogaardtite, and petrovskaite are very rare minerals and
were found in samples of flotation concentrates. They typically
form separate isometric and irregular grains intergrowing with
gold in sulphides and tellurides, and also reaction rims on the
boundary of the gold grains. This mineral assemblage has not
been determined yet in hand specimens on studied deposit.
The presence of unidentified AgAuS mineral phases was also
determined in sample of grinded ore (before ore-dressing pro-
cess) using QEMSCAN Particle Mineral Analysis measurement
(Chovan et al., 2016%). Presence of Au-Ag sulphides similar to
uytenbogaardtite and petrovskaite was determined by Jeler
et al. (2018) in Natélia vein in the western part of the deposit
in previously collected samples. Au-Ag tellurides calaverite,
krennerite, and sylvanite represent three end-members in Au-
Ag-Te system, and are distinguished by Au <> Ag substitution in
crystal structure (Dye & Smyth, 2012). These minerals typically
replace gold grains according to reaction boundaries between
them and gold. The replacement is manifested by formation of
calaverite/sylvanite/krennerite, unnamed AgAuTeS phase, petz-
ite with higher Ag content and hessite with higher Au content.

Fig. 11. A triangular Bi-Ag-Pb (a) and Sb vs. As (b)plot diagrams illustrat-
ing composition of minerals of Ag-(Bi, Cu, Sb, As)-Sassemblage in samples
of horst-related veins from Banska Hodrusa deposit. All data from EPMA

analyses.

Uytenbogaardtite and petrovskaite typically form thin rims
around aggregates of gold and tellurides. Crystallization of these
high-temperature phases similar to (Ag;, Au) Te, was probably
caused due to replacement of gold by Te- and Ag-rich fluids. Ac-
cording to Cvileva et al. (1988) the high-temperature (Ag;,Au)
Te, phase may breakdown at temperatures below 50°C and min-
eral assemblage sylvanite-petzite-hessite or hessite-petzite could
be formed. The reaction of Ag-, Te-, and S-rich fluids with gold
probably generated the mineral association krennerite-sylvanite
plus y- and x-phase (Zhai & Liu, 2014), which was breakdown
to calaverite-krennerite-sylvanite-petzite or hessite-altaite
assemblage after cooling. Cook et al. (2009) mentioned that
gold-calaverite assemblage may represents eutectic assemblage
at400°C. However, at the temperatures below 200°C the gold-
calaverite-petzite mineral assemblage is stable. Order of precipita-
tion of minerals (calaverite-hessite-petzite and Ag-sulphides at
the final stages) in this assemblage also supports the decreasing
the fugacity f Te, (Afifietal,, 1988"). In recent work of Pal’yanova
etal. (2014) the phenomenon of sulphidation of gold-electrum is
often mentioned, where acanthite, uytenbogaardtite, and petro-
vskaite can be developed on the surface (often as intergrownths).
According to thermodynamic calculations of Pal’yanova et al.
(2016) the uytenbogaardtite and petrovskaite are formed at
decreasing temperature (180 - 100°C) and fugacity fS,, and at
reduction>oxidation condition change in the environment. In
the vicinity of Hodru$a-Hdmre village uytenbogaardtite was
found as rims around electrum or as aggregates with acanthite
at the locality of Rabenstein (Majzlan, 2009). Berkh et al. (2014)
described the Se- and Te-rich uytenbogaardtite at Banska Beld
and Kopanice settlements. Majzlan et al. (2018) found the uyten-
bogaardtite and petrovskaite at Nova Baia town in association
with acanthite in the form of corrosion haloes around electrum,
formed at the final stage of mineralization. At the Rozélia mine
the occurence of these minerals is very rare and probably related
toincreasing the fS,/f Te, ratio and decreasing the temperature
in the final stage of mineralizing process. Due to very rare oc-
currence of this mineral assemblage within the both parts of the
deposit the crystallization could be related to processes of ore-
dressing plant. However, the process of such formation within
the dressing plant environment is unknown. The formation of
hypergenic Au-Ag sulphides and native gold in the presence of
acanthite, pyrite, and other sulphides is possible in the reaction
of gold-electrum with O,- and CO,-saturated surface waters
at 25°C and 1 bar (Savva & Pal’yanova, 2007). However, the
formation of Au-Ag tellurides is not described in this process.
Dominant form of tellurium transfer in fluid is HTe'(,,), the
transport of Te is supposed mostly as the gaseous phase. Tel-
luride minerals (especially hessite) are formed by condensation
of Te-bearing magmatic volatiles. During intensive boiling,
tellurium is released to vapor, while precipitation of Au-Ag tel-
lurides occurs during subsequent condensation of the vapor in
ore-bearing fluids that transport gold (Cooke & McPhail, 2001).
Therefore, during continuous boiling of fluids, precipitation of
tellurides occurs simultaneously or after crystallization of gold.
Temperatures of hessite precipitation are usually below 250°C,
and if f Te, is rising the altaite and calaverite may be formed.
Assemblage gold-acanthite will be dominant at low fTe,/fS,
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ratio in fluid as it is mentioned in various works discussing about
horst-related veins in the vicinity of Hodru$a-Hamre and Nova
Bana sites (Berkh et al., 2014; Majzlan et al., 2016, 2018 and
references therein).

In horst-related veins sampled in the eastern part of the Ban-
skd Hodrus$a deposit the increasing in Ag and sometimes Bi
content was determined, while the Au, Te, and Se content is
low or none. These elements are contained in sulphosalts, which
intergrowth with base metal sulphides or create characteristic
myrmekite textures with galena. The most of silver occurs in
acanthite and polybasite/pearceite. Cervelleite is significant
Ag-bearing mineral and also has relatively small amounts of
Te in the studied samples. Low Te content occurs in acanthite,
arcubisite, and pearceite. Jalpaite is very rare. The most signifi-
cant Bi-bearing minerals in studied samples are matildite and
schapbachite. Arcubisite has lower values of Bi content. The
Se contents are usually low, only slight increase was found in
cervelleite, acanthite, and some other sulphosalts. Selenium
minerals have not been identified in this type of veins. The
presence of described Ag-sulphides was previously determined
in the Rozélia horst-related vein in the western part of the de-
posit at the depth levels of LANF veins occurence (Kodéra
et al., 2005 and references therein). Bismuth mineralization
is usually formed at higher temperatures in deeper levels as it
is described in the Rozalia mine by previous authors (Kodéra
etal., 1970; Jelen et al., 2012; Sejkora et al., 2015). According
to fluid inclusion data of Kovalenker et el. (1991) the bismuth
mineralization is deposited at temperatures between 345 and
300°C and due to late gradual cooling and breakdown of pri-
mary high-temperature phases.

The most common mineral, which typically forms the larg-
est grains, is polybasite-pearceite. This mineral was previously
described in the horst-related veins by various authors and is
considered to be a common Ag-bearing mineral (Kodéra ed.,
1986; Kodéra et al., 2005). Tetrahedrite-tennantite is rare in
veins of this type (Kodéra ed., 1986). Polybasite/pearceite,
acanthite, cervelleite, arcubisite, schapbachite, and matildite
(most common) typically occur within the myrmekite aggre-
gates with galena. Acanthite is formed by transition from high-
temperature argentite at temperatures below 173°C (http://
rruff.info/ima). Solid solution between matildite and galena is
stable at temperatures above 215°C and below this temperature
the characteristic exsolution textures are formed. Synthetic,
low-temperature AgBiS, is stable at temperatures below 195°C
(https://www.mindat.org/min-2592.html). Arcubisite with
Ag,TeS mineral phase was described for the first time in matil-
dite- and aikinite-bearing galena within the cryolite deposit at
Ivigtut, South Greenland (Karup-Meller, 1976). The minerals
are considered to have crystallized contemporaneously with the
galena host at temperatures below 230°C and at a pressure of
around 2000 bars. According to fluid inclusion data of Kodéra
et al. (2005) from the horst-related Rozalia vein, the two ob-
tained maximal homogenization temperatures (at around 285°C
and 187°C) probably corresponds to earlier and late stage of
mineralization. Homogenization temperatures below 200°C
suggest the possibility of cooling of the system and formation
of exsolution textures.
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6. CONCLUSIONS

Ag-Au tellurides and sulphosalts from epithermal Au-Ag-Pb-Zn-
Cu deposit Banskd Hodrusa at the Rozalia mine were found in
two mineral assemblages.

The first Au-Ag-Te-S assemblage occurs in earlier veins related
to low-angle normal fault shear zone (LANF) and it is repre-
sented by hessite, petzite, and gold/electrum as main minerals.
Te-polybasite, Cu-cervelleite, altaite, and unnamed AgPbTeS
mineral are rare. The same assemblage was determined in sam-
ples of flotation concentrates. However, in this assemblage the
Au-Agtellurides calaverite-krennerite-sylvanite are dominant in
association with Au-hessite, petzite, unnamed AgAuTeS phase,
uytenbogaardtite, and petrovskaite. Frequently occurring Au-
Ag tellurides together with gold was probably deposited after
boiling of fluids at temperatures of about 250°C, and at the high
fugacity f Te,. The multiphase assemblage described in the text
was formed by the breakdown of high-temperature phase during
cooling and change of the fTe,/fS,ratio.

The second Ag-(Bi, Cu, Sb, As)-S assemblage was found in
samples of younger horst-related veins. The main mineral in
this assemblage is polybasite-pearceite, tetrahedrite-tennantite,
the other minerals matildite, acanthite, schapbachite, cervel-
leite, and arcubisite are rare and typically form myrmekite
texture with galena. Jalpaite may also occur in this assemblage.
Silver and some other elements were divided to Ag-sulphosalts
(polybasite-pearceite) or to high-temperature sulphides, mainly
to Ag(Bi)-bearing galena. The high-temperature phases were
breakdown to galena, matildite and other phases at tempera-
tures below 200°C, typically with characteristic exsolution
textures.
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