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Abstract

Arare mineral, stibioclaudetite, ideally AsSbO, was discovered at the dump of the Najvyssi Stefan adit at the Zlata
Idka Ag-Au-Sb deposit near Zlata Idka, SpiSsko-gemerské rudohorie Mts., KoSice-okolie Co., KoSice Region, Slovakia.
It occurs as colourless prismatic crystals up 5 mm with perfect cleavage, developed on fractures of quartz gangue with
abundant stibnite, arsenopyrite and minor pyrite. The unit-cell parameters of stibioclaudetite from the Zlata Idka (for
the monoclinic space group P2,/n) refined from the PXRD data are: a 4.5715(17) A, b 13.112(2) A, ¢ 5.4182(15) A,
B 94.97(3) and V 323.55(14) A3. Its chemical composition corresponds to the average empirical formulaAs, Sb__ O

1.09 0.9173.00"
Raman spectrum of stibioclaudetite is also given. Stibioclaudetite was formed by the in-situ weathering of primary ore

minerals at the base of the supergene zone under the relatively reducing conditions.
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Introduction

Stibioclaudetite, AsSbO, is a rare supergene mine-
ral, which was first described from the famous Tsumeb
mine in Namibia by Origlieri et al. (2009). Later it was
also discovered at the Borgofranco Ag-Sb-Pb-As mine
in Piedmont (Campostrini et al. 2012) and Fenugu Sibiri
Pb mine in Sardinia (Caboni et al. 2018), both in ltaly.
Another occurrence of stibioclaudetite was reported from
the Wet Swine Gill in the Caldbeck Fells, Cumbria, UK
(Green et al. 2014), originally described by Leppington,
Green (1998) as antimonian claudetite. Finally, stibioclau-
dedite was identified as daughter phase in polyphase fluid
inclusions in spodumene from Greenbushes pegmatite in
Western Australia (Anderson, McCarron 2011).

The sixth occurrence of stibiocludetite in the world
was recently discovered at the Zlata Idka Ag-Au-Sb de-
posit in Slovakia and its description is presented in this
short paper.

Geological setting

The Zlata Idka Ag-Au-Sb deposit is situated around 3
km NW of the Zlata Idka village, 19 km NW of the KoSice
town in the SpiSsko-gemerské rudohorie Mts., KoSice-
-okolie Co., KoSice Region, Slovakia. Samples with sti-
bioclaudetite were collected at the dump of the NajvysSi
Stefan adit, which exploited the subsurface parts of the
Stefan vein. GPS coordinates (WGS84) of this dump are:
48.769129° N and 20.973672° E, 942 m a.s.l.

The Zlata Idka Ag-Au-Sb deposit is consisting of sys-
tem of hydrothermal quartztcarbonate veins with Ag-Au-
-Sb ore mineralization hosted predominantly in Early Pa-
leozoic metarhyolites and metasandstones of the Bystry

potok Formation, belonging to the Gelnica Group and
Gemeric tectonic unit (Bajanik et al. 1984; Grecula et al.
1995). The hydrothermal veins are dominantly NE - SW
trending and are parallel arranged, forming around 6 km
long and 1 km wide ore belt. The most important ore veins
(from west to east) are Matej, Stefan, Franti$ek, Bertalan
(Bartolomej), Troji¢na, Jozef, FrantiSek-Jozef, VSechsva-
tych and Katalin (Katarina) (Rozlozsnik 1912; Grecula et
al. 1995).

Hydrothermal ore mineralization at the Zlata Idka
deposit is representing a specific type of unusual Ag-
-Sb-Au-Pb-Zn ore assemblage, which is different from
the typical siderite-sulfide or quartz-stibnite type veins
widespread in the Gemeric unit and has no equivalent
in the Western Carpathians (PrSek, Lauko 2009; Mikus,
Stevko unpublished data). The dominant gangue mineral
is quartz accompanied by minor amounts of minerals of
the dolomite-ankerite series and at some veins siderite
is also abundant (e.g. Jozef or Anton vein). Jamesonite,
berthierite, stibnite, arsenopyrite, sphalerite, pyrite and
Ag-rich members of the tetrahedrite group are the most
common ore minerals accompanied by wide spectrum of
other minerals including acanthite, antimony, aurostibite,
boulangerite, bournonite, chalcopyrite, galena, gold, nis-
bite, pyrargyrite (?), pyrrhotite, senandorite, stephanite
(?) and ullmannite (VarCek 1979; Grecula et al. 1995; Pr-
Sek, Lauko 2009). Only a little attention has been paid to
the supergene minerals at this locality so far. Anglesite,
cerussite, cervantite, goethite, oxyplumboroméite and va-
lentinite were briefly described (Zepharovich 1873; Prsek,
Lauko 2009).

Detailed sampling at the dump of the Najvy$si Stefan
adit is indicating that ore exploitation locally reached the
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base of the supergene zone of the Stefan vein. Large
blocks of quartz gangue with abundant slightly to stron-
gly altered stibnite, berthierite, arsenopyrite and pyrite
were discovered here. Thin fractures in such ore blocks
are occasionally filled by crystals and aggregates of su-
pergene minerals, especially valentinite, oxyplumboro-
méite, scorodite, anglesite, sulphur and rarely also sti-
bioclaudetite.

Analytical methods

was excited by an unpolarised red 633 nm He-Ne gas
laser and detected by a CCD detector. The experimental
parameters were: 100x objective, 10 s exposure time,
300 exposures, 25 ym pinhole spectrograph aperture
and 8 mW laser power level. The spectra were repea-
tedly acquired from different grains in order to obtain a
representative spectrum with the best signal-to-noise
ratio. The eventual thermal damage of the measured
point was excluded by visual inspection of the excited

surface after measurement, by observation of possi-
ble decay of spectral features at the start of excitation
and by checking for thermal downshift of Raman lines.
The instrument was set up by a software-controlled ca-
libration procedure using multiple neon emission lines
(wavelength calibration), multiple polystyrene Raman
bands (laser-frequency calibration) and standardized
white-light sources (intensity calibration). Spectral ma-
nipulations were performed using the Omnic 9 software
(Thermo Scientific).

Powder X-ray diffraction data of stibioclaudetite were
collected on a Bruker D8 Advance diffractometer (Na-
tional Museum, Prague) with a solid-state 1D LynxEye
detector using CuKa radiation and operating at 40 kV
and 40 mA. The powder pattern was obtained using a
Bragg-Brentano geometry in the range 23 - 75° 26, in
0.01° steps with a counting time of 20 s per step. Po-
sitions and intensities of reflections were found and re-
fined using the PearsonVIl profile-shape function with
the ZDS program package (Ondrus
1993) and the unit-cell parameters
were refined by the least-squares
algorithm implemented by Burnham
(1962). The experimental powder
pattern was indexed in line with the
calculated intensities values ob-
tained from the crystal structures of
stibioclaudetite (Origlieri et al. 2006)
based on the Lazy Pulverix program
(Yvon et al. 1977).

The quantitative (WDS) chemi-
cal analyses of stibioclaudetite were
performed using a Cameca SX100
electron microprobe (Department of
Mineralogy and Petrology, National
Museum, Prague, Czech Repub-
lic). The following conditions, stand-
ards and X-ray lines were used: 15
kV, 5 nA, 10 ym wide beam, albite
(NaKa), apatite (CaKa, PKa), baryte
(BaLa), Bi (BiMa), celestine (SrLp,
SKa), clinoclase (AsLa), Co (CoKa),
CuFeS, (CuKa), diopside (MgKa),
halite (ClKa), hematite (FeKa), LIF
(FKa), Ni (NiKa), rhodonite (MnKa),
sanidine (AlKa, KKa, SiKa), Sb,S,

L

Fig. 1 Prismatic crystals of stibioclaudetite from the Zlata Idka Ag-Au-Sb depo-
sit. Field of view is 4 mm. Photo by L. Hrdlovic.

Table 1 X-ray powder diffraction data of stibioclaudetite from the Zlata Idka
Ag-Au-Sb deposit.

(SbLa), vanadinite (PbMa, VKa)
and ZnO (ZnKa). Contents of the fors.  Tops. G oS Do 1 K1
above-listed elements, which are 42 6564 6556 0 2 0 03 21144 21141 -1 3 2
not included in the table, were analy- 09 499 4991 0 1 1 05 20834 20836 0 4 2
sed quantitative|y, but their Contents 16 3629 3640 -1 0 1 07 20624 20629 1 5 1
were consistently below the detec- 21 3508 3507 -1 1 1 0.4 20251 20256 0 6 1
tion limit (ca. 0.03 - 0.05 wt. % for 18 3398 3397 0 3 1 05 1.8794 18808 0 5 2
individual elements). Raw intensities 3.7 3.346 3.341 1 0 1 0.5 1.8706 18702 2 4 O
were converted to the concentra- 100.0 3.279 3.278 0 4 O 0.5 18187 18198 -2 0 2
tions of elements using automatic 27 3.237 3.238 17 1 1 1.0 1.7693 17696 0 7 1
“PAP” matrix-correction algorithm 13 3155 3153 1 3 0 28 17321 17324 1 7 0
(Pouchou, Pichoir 1985). 2802 0 4 1 0.3 16640 16638 0 3 3
The Raman spectra of stibioc- 61 2802 .29, & 5 4 41 16387 16390 0 8 0
laudetite were collected in the range 03 2699 2699 0 0 2 40 15680 15683 0 8 1
4000 - 40 cm™ using a DXR disper- g7 2654 2654 1 3 1 01 14811 14802 -1 7 2
sive Raman Spectrometer (Thermo o7 o642 2643 0 1 2 05 13871 13876 1 9 0
Scientific) mounted on a confocal 14 595765 22772 2 0 0 03 13547 13541 -1 6 3
?;ﬁ”,;p“.ir;“.l33°s$ﬁﬁeé’:,?f;?,”a;ﬁ‘;'. 08 21281 21277 -1 5 1 03 13076 13071 -2 8 1
: : 02 21181 21183 1 2 2
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Table 2 Unit-cell parameters of stibioclaudetite from the Zlata Idka Ag-Au-Sb deposit (for monoclinic space group P2./n)
compared with published data for stibioclaudetite and claudetite.

stibioclaudetite alAl b [A] c[A] B V[AY
Zlata Idka this paper 45715(17) 13.112(2)  5.4182(15) 94.97(3)  323.55(14)
Tsumeb Origlieri et al. (2006) 4.5757(4) 13.1288(13) 5.4216(5)  95.039(4) 324.44
synth. Bodenstein et al. (1983)  4.58(1)  13.16(2) 5.44(1) 95.0(1)  326.6
claudetite

Jachymov Origlieri et al. (2009) 45460(4) 13.0012(14 5.3420(5)  94.329(2) 314.83(2)

Table 3 Quantitative WDS analyses of stibioclaudetite from the Zlata Idka Ag-Au-Sb deposit (wt.%).

1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

As,O, 44.20 4598 4546 4540 46.74 44.04 46.27 45.77 46.67 44.23 45.32 44.07 44.58 43.97 44.22
Sb,0, 5585 55.16 56.25 56.07 55.07 55.71 55.43 55.35 54.21 56.70 56.04 56.88 57.05 56.70 57.30
total  100.05101.13101.71 101.47 101.81 99.76 101.70 101.12 100.88 100.93 101.37 100.95 101.63 100.67 101.52
As®* 1.077 1.102 1.087 1.088 1.1111.076 1.103 1.098 1.118 1.069 1.087 1.066 1.070 1.067 1.064
Sb3* 0.923 0.898 0.913 0.912 0.889 0.924 0.897 0.902 0.882 0.931 0.913 0.934 0.930 0.933 0.936
o* 3.000 3.000 3.000 3.000 3.0003.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
uwy
E
2
‘B
=
o
£ s
= -
1]
£
(0]
o o
mg @
2 8 b
Zlata Idka ° .
~ Fig. 2 Raman spectrum
of  stibioclaudetite
from Zlata Idka in
Tsumeb - @ comparison of spec-
(RO80031) o trum of sample from
- - - - - . 4 . . Tsumeb  (RRUFF
1000 900 800 700 600 500 400 300 200 100 R080031; Lafuente
Raman shift (cm™) etal. 2015.)
Results

Stibioclaudetite is rare mineral at the studied locality.
It forms colourless, translucent to transparent prismatic
crystals up 5 mm long with perfect cleavage and resinous
lustre (Fig. 1), resembling gypsum. Crystals of stibioclau-
detite are developed on fractures of quartz gangue with
abundant altered aggregates of stibnite, arsenopyrite and
minor pyrite, typically in proximity or on the contact of sli-
ghtly altered stibnite and arsenopyrite and rim of brownish
porous supergene mass of cervanite and amorphous Fe-
-Sb-As gels. No other supergene minerals were observed
in direct association with stibioclaudetite.

The peak positions in X-ray powder pattern of stibioc-
laudetite from the Zlata Idka (Table 1) agree well with data
calculated from the crystal structure of this mineral (Orig-
lieri et al. 2006), experimental PXRD data of stibioclaude-

tite have not been published yet. Significant differences
observed in intensities of individual diffraction maxima are
due to the preferred orientation effects, especially perfect
cleavage on {010}. The refined unit-cell parameters of
studied stibioclaudetite, compared with published data for
stibioclaudetite and claudetite from other localities, are
given in Table 2.

Quantitative WDS chemical analyses of stibioclau-
detite from the Zlata Idka deposit and the corresponding
empirical formulae are shown in Table 3. Studied stibioc-
laudetite is chemically homogenous and compositionally
close to the ideal end member composition with average
(n = 15) empirical formula (based on O = 3 apfu) expre-
Ssed as AS1.OQSb0.91O3.00'

The experimental Raman spectrum of stibioclaudetite
from the Zlata Idka deposit (Fig. 2) corresponds very well
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with spectrum of stibioclaudetite from the Tsumeb mine
published by Origlieri et al. (2009) (identical spectrum is
given in RRUFF database (Lafuente et al. 2015) under
number R080031). The region 4000 - 1000 cm of spec-
trum shows no active Raman modes of greater signifi-
cance than background, demonstrating that stibioclaude-
tite is nominally anhydrous. Mercier, Sourisseau (1978)
and Bahfenne (2011) studied closely related claudetite
and observed antisymmetric stretching modes of AsO,
in the area 600 - 900 cm!, symmetric stretching modes
in 500 - 600 cm™ and symmetric deformation modes in
300 - 500 cm'. Due to the presence of antimony in the
crystal structure of stibioclaudetite, a shift of the band wa-
venumbers to lower values can be predicted according to
Hooke’s Law (Nakamoto 2009).

Conclusions

A new occurrence of rare supergene mineral, stibioc-
laudetite was discovered at the Stefan vein, Zlata Idka
Ag-Au-Sb deposit, SpiSsko-gemerské rudohorie Mts.,
Slovakia. Studied stibioclaudetite was formed by the in-si-
tu weathering of primary ore minerals such as arsenopy-
rite and stibnite at the base of the supergene zone under
the relatively reducing conditions, probably very similar to
those observed by Green et al. (2014) at the Wet Swine
Gill in UK.

Acknowledgements

This study was financially supported by the Slovak
Research and Development Agency (project APVV-22-
0041) and the Ministry of Culture of the Czech Repub-
lic (long-term project DKRVO 2024-2028/1.1l.a; National
Museum, 00023272). The authors also wish to thank to
Lubo$ Hrdlovi¢ for the microphotography of stibioclau-
detite.

References

ANDERSON AJ, MCCARRON T (2011) Three-dimensional
textural and chemical characterization of polyphase
inclusions in spodumene using a dual focused ion
beam-scanning electron microscope (FIB-SEM). Can
Mineral 49: 541-553

BAHFENNE S (2011) Single crystal Raman spectroscopy
of selected arsenite, antimonite and hydroxyantimon-
ate minerals. MS Doctoral dissertation, Queensland
University of Technology, 166 pp

BAJANIK S, IVANIGKA J, MELLO J, PRISTAS J, REICH-
WALDER P, SNOPKO L, VOZAR J, VOZAROVA A (1984)
Geologicka mapa Slovenského rudohoria, vychodna
gast 1:50 000. SGUDS, Bratislava

BODENSTEIN D, BREHM A, JONES PG, SCHWARZMANN
E, SHELDRICK GM (1983) Darstellung und Kristall-
struktur von monoklinem Arsen(lll)antimon(lll) oxid,
AsSbO,. Zeit Naturforsch B 38(8): 901-904

BURNHAM CH W (1962) Lattice constant refinement. Car-
negie Inst Washington Year Book 61: 132-135

CABONI F, MAMBERTI M, TANCA GA, VINCI A, BITTARELLO
E, MARENGO A, BRrizio P, BRAcCcO R, BARALIS L, DE-
SOR J, CIRIOTTI ME (2018) Arseniati, arseniuri e altre
novita di Pira Inferida - Fenugu Sibiri, Gonnosfanadi-
ga, Sud Sardegna. Micro 16: 110-156

CAMPOSTRINI |, MARTINI B, SALVETTI A, DALLA FONTANA
G, BoscARDIN M, AMBRINO P, CIRIOTTI ME (2012) Sti-
bioclaudetite dalle gallerie inferiori di Bio, Borgofranco
d’lvrea (Torino). Micro 10: 142-144

GRECULA P, ABONYI A, ABONYIOVA M, ANTAS J, BARTAL-
SKY B, BARTALSKY J, DIANISKA |, DUBA R, GARGULAK
M, GAzpACKO L', HUDAGEK J, KOBULSKY J, LORINCZ
L, Macko J, NAVESNAK D, NEMETH Z, NOVOTNY L,
RADvVANEC M, RoJkovIC |, RozLoZNiK L, VARCEK C,
ZLOCHA Z (1995) Loziska nerastnych surovin Sloven-
ského rudohoria. Zvazok 1. Geocomplex, Bratislava,
1-834

GREEN DI, TINDLE AG, NEALL T, LEPPINGTON CK (2014)
Stibioclaudetite, a first British occurrence, from Wet
Swine Gill, Caldbeck Fells, Cumbria. J Russell Soc
17: 57-61

LAFUENTE B, DowNs RT, YANG H, STONE N (2015) The
power of databases: the RRUFF project. In: Armbrus-
ter T, Danisi RM, eds, Highlights in Mineralogical Cry-
stallography, Berlin, Germany, W. De Gruyter: 1-30

LEPPINGTON CM., GREEN DI (1998) Antimonian claudeti-
te from Wet Swine Gill, Caldbeck Fells, Cumbria, En-
gland. J Russell Soc 7 (1): 36-37

MERCIER R, SouURISSEAU C (1978) Spectres de vibration
calcul du champ de force de la Claudétite I, (As,0,).
Spectrochim Acta A: Mol Spectrosc 34(3): 337-342

NAkAaMOTO K (2009) Infrared and Raman spectra of inor-
ganic and coordination compounds Part A Theory and
applications in inorganic chemistry. John Wiley and
Sons Inc. Hoboken, New Jersey

ONDRUS P (1993) ZDS - A computer program for analy-
sis of X-ray powder diffraction patterns. Materials Sci-
ence Forum, 133-136, 297-300, EPDIC-2. Enchede

ORIGLIERI MJ, Downs RT, CArRDuccl MD, Rosso KM,
GiBBS GV (2006) Crystal structure and bonding in
the new mineral AsSbO,. International Mineralogical
Association 19th General Meeting, Kobe, Japan, July
23-28, 2006; Conference Abstract Volume: 142

ORIGLIERI M, DowNs RT, PiINcH WW, ZiTo GL (2009) Sti-
bioclaudetite, a new mineral from Tsumeb, Namibia.
Mineral Record 40(3): 209-213

PoucHou JL, PicHOIR F (1985) “PAP” (¢pZ) procedure
for improved quantitative microanalysis. In: Microbe-
am Analysis (J. T. Armstrong, ed.). San Francisco
Press, San Francisco: 104-106

PRSEK J, LAUKO L (2009) Hydrotermalna Zilna mineraliza-
cia v Zlatej Idke. Miner Slov 41(2): 133-150

RozLozsNIK P (1912) Aranyida banyageologiai viszonyai.
A Magyar Kir. Féldtani intézet évkdnyve 19: 235-354

VARCEK C (1979) Metodicky pristup k mineralogickému
vyskumu opustenych lozisk a rudnych rajonov (s ap-
likaciou na oblast’ Zlatej Idky). In: Banicko-geologické
symposium Zlata ldka: 125-134

YvoN K, JEITscHkO W, PARTHE E (1977) Lazy Pulverix,
a computer program for calculation X-ray and neutron
diffraction powder patterns. J Appl Cryst 10: 73-74

ZEPHAROVICH V (1873) Mineralogisches Lexicon flr das
Kaiserthum Osterreich. Band Il. 1-436, Wilhelm Brau-
muller, Wien



