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Abstract: Kosovo lead and zinc ore deposits are located in the Trepca Belt which extends for over
80 km. Several ore deposits occur in that belt, with the most important — Stan Terg (Trepga). Stan
Terg deposit originating at the contact between volcanic breccias and carbonate rocks. Two different
types of mineralization can be distinguished. The older one has origin related to pneumatolitic pro-
cesses, when skarns were formed. The more recent one was formed by hydrothermal processes and
has the largest economic importance. Over 70 minerals have been recognized in the Trepga deposit.
Further mineralogical investigations will allow for the identification of other rare minerals.
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INTRODUCTION

The beginnings of silver and gold mining activities in Kosovo go back to the pre-Roman
times. The former gold and silver mining is connected with a Pb + Zn ore deposit. The
modern history of mining started in 1930, when Trep¢a Mines Ltd. opened the first mine
in Stan Terg. Production was continued until 1999, when the infrastructure was almost
damaged due to a political conflict (Hyseni et al. 2010). Currently, the company operates
under the name Trepca — Enterprise under PAK Administration. There are four active
Pb+Zn mines in Kosovo: Stan Terg, Artana (Novo Brdo), Belo Brdo and Crnac. More mines
will be open or re-open in the near future: Hajvalija, Pérroi i Tharté and Badoc.

Researchers and students of the Faculty of Geology, Geophysics and Environmental
Protection at the AGH University of Science and Technology in Cracow organized three
excursions during the year of 2011 to Kosovo. As a result, cooperation with Trep¢a mana-
gement has been established and a new joint survey of the various sites began.
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Fig. 1. Geotectonic setting of Vardar Zone and Trepg¢a Mineral Belt units
(Hyseni et al. 2010, modified)
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GEOLOGICAL SETTING

Lead and zinc mineralization in the Trepga Belt is closely related to the NNW-SSE
trending Vardar Zone, which marks the fundamental junction between the Serbo-Mace-
donian Massif to the east and the Dinarides to the west (Fig. 1) (Hyseni et al. 2010).
This structure is characterized by Paleozoic crystalline schists and phyllites overlain
by Triassic clastics, phyllites and volcanoclastic rocks, Upper Triassic carbonates, Jurassic
serpentinized ultrabasic rocks, gabbros, diabases and sediments of the ophiolite association,
Cretaceous complex series of mélange and the Tertiary (Oligocene-Miocene) andesite,
trachyte and latite sub-volcanic intrusives, volcanics and pyroclastic rocks (Miletic, 1997 in
Hyseni et al. 2010).

Within the Vardar Zone, the Trepga Belt can be distinguished. The Belt is one of the
largest Pb + Zn ore areas in Europe and extends for over 80 km in northern Kosovo and
includes numerous lead and zinc deposits and occurrences. Three regional (NNW-SSE) tren-
ding zones of mineralization within the Belt are recognized (Fig. 1). Zone I includes Artana
deposits and follows the boundary marked by extensive Neogene calc-alkaline volcanics
and intrusive rocks. Zone II contains Hajvalija, Badoc, Belo Brdo and Stan Terg deposits and
follows the major fault on the eastern margin of the Miocene Prishtina basin and the intrusive
and volcanic complexes in northern Kosovo, whereas Zone III with Crnac deposit occurs on
the western border of the Vardar Zone at its contact with Dinarides (Hyseni et al. 2010).

THE TREPCA MINERAL BELT

The Trepga Mineral Belt (the Kopaonik metallogenic district) contains different types
of Pb + Zn + Ag mineralization such as skarn, hydrothermal replacement and vein type of
deposits (Jankovic 1995). Ores are of various types: sulphide, sulphosalt and carbonate
ones with quartz and tourmaline. The ores form numerous assemblages. For many minerals
more than one generation was established (Smejkal 1960).

Hydrothermal replacement type of mineralization hosted by Cretaceous carbonate
rocks and hydrothermal veins within Tertiary andesites were observed in Belo Brdo (Vese-
linovic-Williams et al. 2007). This mineralization occurs mainly as irregularly-shaped ore
bodies in limestones and siliceous rocks and is economically the most important.

Mineralization in Badoc and Crnac deposits refers to listwaenite rocks and it forms
veins (Klicic 1995) whereas in Kishnica it occurs as irregular lenses, veins and impregna-
tions at a contact between the volcanic and surrounding rocks (Dangi¢ 1985).

Besides general geological descriptions of deposits in Trepga Mineral Belt (e.g. Veseli-
novic-Williams et al. 2007, Hyseni et al. 2010) some specific mineralogical investigations
were conducted in the course of this study. An ore geochemistry and sulfur isotope study of
Crnac deposits were done by Sotari¢ et al. (2011). General Zn and Pb distribution in the Badoc
deposit was described by Hyseni et al. (2010). Geothermometres based on the distribution
of Cd and Mn between galena and sphalerite in Kishnica were obtained by Dangié¢ (1985).
Hydrothermal alterations of volcanic and ultramafic rocks around sulphide ores in Kishnica
were studied by Dangi¢ (1989). A detailed study of type of mineralization and its succes-
sion in samples from Hajvalija and Kishnica was made by Smejkal & Dimitrijevi¢ (1957).
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Chemical compositions of ore minerals from Hajvalija, Badoc and Kishnica were studied
by Durmishaj et al. (2006). Dickite associated with skarn mineralization and kaolinite in
vein mineralisation from Crnac and Trepga deposits were described by Palinkas et al. (2009).
The best known and the most economically important deposit is the Stan Terg deposit
(e.g. Brammal 1930, Forgan 1950, Lieber 1975).

THE STAN TERG DEPOSIT

The Stan Terg deposit has been exploited since medieval times. It was mentioned for
the first time in 1303 in the Dubrovnik Republic Chronicles (Bari¢ 1977). Several old adits
and shafts are still visible in the area. Launched at the beginning of the twentieth century,
the underground mine operates up to today. There are eleven levels in the mine; the mining
activities are conducted in the 9, 10" and 11™ horizons. The Trepga ore is rich and contains
6 wt. % of Pb, 4 wt. % of Zn, 75 g/t of Ag and 102 g/t of Bi as well as several other elements
including rare ones (Féraud & Deschamps 2009).

The Stan Terg deposit is located in the central part of Zone II in the Trepga Belt
(Fig. 1). The main tectonic structure is an anticline plunging at about 40° NW, with a promi-
nent volcanic breccia pipe along the hinge of the asymmetric anticline. Triassic carbonates
(mainly marbles) build the core of the anticline. They are surrounded by sericite schist.
The breccia pipe is composed of country rocks, trachyte and quartz-latitic rocks. Skarns
were formed at the interfaces between limestones or schists and the volcanic pipe (Palinkas
et al. 2007, Hyseni et al. 2010).

Most of the ore bodies have the columnar shape. They are located along the carbonate-
schist contact and dip parallel to the plunge of the anticline and structural fabric and the dip
of the flanks (Hyseni et al. 2010).

There are two main ore types in Trepga. The first one is a massive metasomatic ore.
The second one is a coarse-grained type; it filled up the cavities in limestones and occurs
along foliation lines in schists (K&épuska 1998). Part of the ore is controlled by paleokarstic
cavities (Palinkas et al. 2007).

Four main different types of mineralization were distinguished: skarns, sulphides, sul-
phides-oligonite and oligonite (Képuska & Fejza 2000). They mention Pb and Zn as main
ore elements. The minor elements are Cu, As, Ag, Bi, Se, Au accompanied in lesser quanti-
ties by In, Ga, Ge, Cd, Ta, Ti. The minor and accompanying elements have different con-
tents in the individual zones. Hyseni et al. (2011) surveyed the distribution of the minor and
accompanying elements such as Cu, As, Sb, Bi, Ni, Ca, Hg, Ti, Mn, Mo, Co and Mg. The
analyses show that there is homogeneous content in VII-X level, while silver content shows
concentration increasing depth.

MINERALIZATION AT THE STAN TERG DEPOSIT

There is extensive information on the formation of the mineralisation in the Stan Terg
deposit. Schumacher (1950) distinguished two different stages of mineralization: the con-
tact-pneumatolitic and hydrothermal stage; three stages of ore formation were described
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by Képuska (1998): contact-metasomatic, metasomatic-hydrothermal and hydrothermal.
The contact-pneumatolitic or contact-metasomatic stage is related to the skarn formations.
Mainly Ca + Mg + Fe silicates such as: ilvaite, hedenbergite, garnets (andradite) and actinoli-
te were formed together with pyrite, magnetite and first generations of sulphides. This kind
of mineralization does not have economic importance, although it is scientifically intere-
sting. Within the hydrothermal phase, three phases were described by Képuska (1998): cata-
thermal, meso-thermal and epithermal. At the two first stages basic sulphides (pyrite, pyrrhotite,
chalcopyrite, sphalerite, arsenopyrite and galena) were formed. The most interesting is the
mesothermal phase with the formation of all Pb + Sb + Ag + Cu-bearing minerals (tetrahedri-
te, bournonite, boulangerite, pyrargyrite, falkmanite) as well as Au, native Bi with Bi sulpho-
salts were formed during the catathermal phase. The epithermal phase is characterized by
low temperature minerals such as barite, aragonite, melnicovite, chalcedony and barite.

Galena has the major mineral of economic importance. It is mainly coarse grained. Ga-
lena is supposed to be the only silver and bismuth carrier. Up to Schumacher’s (1950) publi-
cation, Ag and Bi minerals were not identified there. Schumacher (1950) supposed they may
occur in the form of a isomorphic mixture of Ag,S or AgBiS,, otherwise as tiny matildite
grains. Additional investigations showed that these elements are present in other minerals as
well. Tetrahedrite was described by Bermanec et al. (1987) and it contains 4.9 wt. % of Ag.
The other Ag and Bi bearer is cosalite with 0.8 wt. % of Ag and 38 wt. % of Bi (Terzi¢
et al. 1971) as well as common boulangerite (plumosite) contains up to 0.3 wt. % of Bi
(Weiner 1956).

Sphalerite is the second main ore mineral; it is coarse grained, black in colour and
forms crystals up to 10 cm. Nikitin & Duhovnik (1937) reported the following chemical
composition of sphalerite: 54.4 wt. % of Zn, 0.5 wt. % of Pb, 11.2 wt. % of Fe, 32.4 wt. % of
S and negligible amount of As. It contains small amounts of silver. Kharbish (2007) investi-
gated Cd contents in various sphalerite by Raman spectroscopy. The Cd content in “skarn”
sphalerite reaches 2420 = 70 ppm and in “hydrothermal” one 2380 + 420 ppm. The Zn/Cd
ratio (232 in skarn sphalerite; 230 in hydrothermal sphalerite) is similar to that described
from other skarn-hydrothermal Pb + Zn deposits (Palinkas et al. 2006). Sphalerite includes
a lot of blebs of chalcopyrite and products of dissolution such as valleriite and cubanite.

Fluid inclusion studies were performed on black sphalerite by Palinkas et al. (2007),
who measured 7m,,, and T}, in the samples from levels X, IX and V. On the base of fluid
inclusion study and sulphide geothermometers, one can estimate the temperature of the
sulfide formation to 360°C (based on arsenopyrite co-existing with pyrite and sphalerite)
or between 380-405°C (based on the chemical composition of sphalerite in equilibrium
with pyrite and pyrrhotite).

Nikitin & Duhovnik (1937) supposed the following succession scheme: older genera-
tions of sulphide — pyrrhotite, galena, chalcopyrite, pyrite; older generation of gangue — quartz,
siderite, siderite-calcite and the other generation of ore minerals — pyrite, arsenopyrite and
boulangerite. The succession was closed by a younger generation of gangue: quartz, oligo-
nite, rhodochrosite and calcite.



300 J. Kotodziejczyk, J. Prsek, H. Qela & B. Asllani

In the oxidized parts of the deposits, supergene minerals can be found: covellite, cerusite,
anglesite, vivianite, ludlamite, smithsonite, goethite, psilomelane, gypsum, melanterite, chal-
cantite (Képuska 1998).

PRELIMINARY RESULTS OF THIS SURVEY

Our first investigations in the Trep¢a mineral belt reported here were performed in the
Stan Terg and Artana deposits. Some pictures from our visits to Kosovo are shown in Figu-
res 2 and 3.

A) B)

Fig. 2. Textures and position of Pb-Zn mineralization in the underground works: A) Zn-Pb ore on

the sidewall in Artana mine; B) massive Zn-Pb ore in Artana mine; C) marbles and cracks filled

with breccias grains, Stan Terg mine; D) vug filled up with huge calcite crystals in sphalerite-piryte
ore on the gallery roof in Stan Terg mine
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A)

Fig. 3. Outrops of the Pb-Zn mineralization in Kosovo: A) entrance to an old adit
and primary ore blocks on the surface in Stan Terg deposit area; B) Kizhnica open pit

Two types of ores from Stan Terg: skarn and hydrothermal ore from Artana were inve-
stigated. Microscopic investigations in reflected light were performed. The chemical com-
positions of some minerals were confirmed with an EDS microanalyser and will be followed
up by further analytical work in the near future.

The main ore minerals such as galena, sphalerite, arsenopyrite, pyrite and pyrrhotite
were identified in Stan Terg. The succession scheme for mineral precipitation in all samples
is very similar. Chalcopyrite usually forms small minute blebs in sphalerite or in its inter-
growth with galena and sphalerite. Sometimes, tetrahedrite is associated with it and forms
small grains or veinlets in chalcopyrite. This type of tetrahedrite is poor in silver, its content
of silver varying from 1 wt. % to 5 wt. %.

A microscopic investigation of the skarn ore (Fig. 4A, B) shows that it contains mainly
pyrrhotite-magnetite mineralization. Galena is also very common. In some polished sections
galena contains numerous small inclusions of native bismuth together with bismuthinite.

Hydrothermal mineralization (Fig. 4C, D) is dominated by massive sphalerite and ga-
lena. The pyrite and marcasite crystals are mostly euhedral, they were formed in the
pre-ore stage. Galena is coarse-grained and sometimes contains many minute blebs or
grains of rare minerals. Boulangerite together with Ag minerals (stephanite, pyrostilpnite
and freibergite with 28 % wt. of Ag) is the most common (Fig. 4E, F). Elongated boulange-
rite crystals are common within the massive galena as well as in younger carbonate fillings.
The youngest genetic stages of this kind of ore are represented by chalcopyrite, tetrahedrite
and silver minerals. According to the present results, galena is the most economic signifi-
cant mineral. In the skarn type of ore galena is a bearer of bismuth whereas in hydrothermal
assemblages it is a holder of silver mineralization.
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5cm

Fig 4. Macroscopic (A, C, D) and microscopic (B, D, F) photographs of studied ore from Stan

Terg deposit: A) skarn ore sample; B) typical skarn mineralization: primary magnetite and pyrrhotite

with younger galena with native bismuth inclusions; C) hydrothermal ore sample and its contact

with marble; D) typical hydrothermal mineralization: euhedral pre-ore pyrite and marcasite grains,

massive sphalerite and the youngest chalcopyrite with tetrahedrite assemblages; E) massive fine-
-grained galena sample; F) massive galena with stephanite grain

Cpy = chalcopyrite; Gn = galena; Mt = magnetite; Mc = marcasite; Bi = native bismuth;
Po = pyrrhotite; Py = pyrite; Sph = sphalerite, St = stephanite
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The observations conducted on polished sections from Artana gave results similar to
those from Trepga. The samples contain mainly galena, sphalerite, pyrite, arsenopyrite,
pyrrhotite and thiosulphides. Sphalerite is very rich in chalcopyrite exsolutions much more
than in the Stan Terg deposit. In some samples minute grains or veinlets of stannite group
minerals are seen. The gangue minerals in both deposits are quartz, various carbonates and
skarn silicates in Trepga (ilvaite, hedenbergite, garnets).

CONCLUSIONS

The ore mineralogy of the Stan Terg deposit is characterized mainly by main sulphides
as pyrite, pyrrhotite, sphalerite, galena, boulangerite as well as numerous carbonate minerals
— dolomite, calcite, kutnahorite, siderite and rhodochrosite and their intermediate members.
In less amounts quartz and skarn sillicates (hedenbergite, ilvaite) occurs. Resent research
allow us to identify numerous rare minerals — bournonite, heteromorphite members of the
stannite group, members of the tetrahedrite group as well as several silver bearing minerals —
stephanite, pyrargyrite, polybasite and freieslebenite. The mineralogy of other studied depo-
sits — Kishnica and Artana is similar, but only main sulphide minerals usually occur.

In the near future we plan to pursue research also at the Kishnica, Hajvalija and other
smaller deposits. The investigations will comprise the basic mineralogical research — iden-
tification of the ore minerals, their relationships (structures and textures), paragenesis,
mineralization stages as well as chemical composition of the main and accessory minerals.
The main attention will be paid to the main ore minerals and to the contents and bearers
of the minor or accessory (critical) elements such as Ge, In, Ga, Au, Bi, Te, Se, Sn and Ag.
We would like to identify the main bearers of those elements, which could be very impor-
tant for the methods of extraction. After basic mineralogical research, we plan to do fluid
inclusion and stable isotope study to determine the ore forming conditions. We hope that
our research will help to improve the technological processes in the Trep¢a mining compa-
ny as well as it will give significant information on the origin of the Pb + Zn hydrothermal
mineralization in Trepga Mineral Belt. We are strengthening our cooperation with Trepca
and we have established a triangular cooperation between Zaklad Gorniczy Bolestaw
in Bukowno, us and Trepga, as discussed during the Trepga management visit in Cracow in
May 2012.

The authors thank all the staff as well as the geologists of the Artana and Stan Terg
mines for hosting multiple visits in the mines related to our collecting the samples.
They explained the history and techniques of mining in each of them and expressed interest
in our suggestions on particular mineralogical ore researches. The authors wish to thank
Jean Féraud for indicating to us certain literature and for a valuable review of this
manuscript.
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