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Abstract: Inthis paper, we have presented the scientific results of the chemical and mineralogical composition
of sulphides mineralization at the Badovc mine. In the study, 20 samples were taken and the distribution of the metal
content (Pb, Zn, Ag, Bi, Cd, Cu, As, and Sb) in the Badovc deposit was analyzed. Microscopic description of the
smooth mineralogical section at the Badovc deposit has resulted in this mineral composition: sphalerite, pyrite, galena,
magnetite, and non-metallic minerals. Statistical and correlative analyses, factor weights, and microscopic studies were
performed. According to the correlative analysis, the results show the following geochemical relationships: Pb-Ag-Bi;
Cu-Cd, while data for geochemical associations, according to another method known as factorial analysis, resulted in
Pb-Ag-(Bi-Sb) and Cd-Cu. The Fe content of sphalerite ranges from 6 to 13%, or 0.16 Fe atoms in the crystal-chemical
formula. In galena, apart from the very high content of Pb, the absence of Ag stands out among other elements. It
contains more Sb than Bi. As a conclusion, in this study we can distinguish two generations, one with the predominance
of "pyrite-sphalerite-magnetite-galena™ and the other composed mainly of non-metallic minerals, "pyrite-marcasite"
formed at low temperatures and acidic pH.
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The Kizhnica-Hajvalia-Badovc ore field (KHB)
is located in central Kosovo, about 10 km SE of
Prishtina. Pb-Zn-Ag deposits in the Badovc area are
situated in the southern part of the Trepca Mineral
Belt (TMB). The Badovc mine is 10 km away from
Prishtina, just off the road to Gjilan. The main site
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Fig. 1. The geographical position of the Badovc deposit [10]

is located near the Badovc dam and reservoir. The
Badovc concentrator is 1 km away from the mine.
The Pb-Zn-Ag deposit of Badovc is located in the
south of the ore field, at the azimuth of strike NNW-
SSE (Figures 1, 2), in the trending Vardar zone [9,
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Fig. 2. Trepca mineral belt within the Vardar tectonic zone [9]
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GEOLOGY OF THE BADOVC MINE

The oldest and most widespread rocks in the
vicinity of the Badovc deposit belong to the Veles
series of probable Paleozoic age although the upper
part has been proven to be Triasic in age.

This so-called “metamorphic series” repre-
sents the host rocks for mineralization and consists
of phyllite and sericite schists with a central unit

containing subordinated carbonate and calc-silicate
layers. The metamorphic series is overlain by
serpentinite, gabbros and diabase-hornfels of the
Jurassic age, which together with flysch sediments
of the upper cretaceous age cover large parts of the
area [7]. Tertiary sediments occur as breccias, sand-
stone, clay, and marl. Volcanic rocks mainly ande-
site occur to the south of the mine (Figure 3) [12].
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Fig. 3. Simplified geological map of the Kizhnica—Hajvalia—Badovc ore field.
Abbreviations: | = Hajvalia—Badovc tectonic zone; Il = Kizhnica tectonic zone; I11 = Okosnica tectonic zone [2]

MATERIALS AND METHODS

From this deposit, two samples were analyzed,
performing a total of 26 chemical analyses in
different minerals. SX50 electron microprobe
analyses were performed at the BRGM laboratory
in Orleans, France. The working conditions for the
quantitative determination of chemical elements
were: the kosecande of the capture angles 1.556, the
acceleration voltage 20 kV, the current 30 nA, and
the counting time 10” [5].

Chemical composition and main geochemical
associations in the Badovc mineral deposit

Regarding the chemical composition of the
mineralizations in the deposit, we have used the
analysis of the ore minerals deposited for processing
in the Kizhnica factory/enrichment plant, as well as
the analysis of the samples taken from the ore
bodies in the Badovc deposit [1]. The distribution of
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the contents of the main chemical elements and
accompanying chemical elements in the deposit is
shown through statistical parameters in Table 1.
Stojanovi¢ et al. (2018) [16] showed that in the
Rudnik deposit (Serbia), according to microscopic
observations and paragenetic analyses of Pb-Zn/Cu,
Ag, Bi, and W, mineral associations have been iden-
tified: galena, chalcopyrite, pyrrhotite, colloform
pyrite, siderite, and native bismuth. The average
content varies widely: Pb (0.94-5.66 wt %), Zn
(0.49-4.49 wt %), Cu (0.08-2.18 wt %), Ag (50—
297 ppm), Bi (~100-150 ppm), and Cd (~100-150
ppm) [16].

Serafimovski et al. (2022) [17] found that in
the Pb-Zn Toranica deposit (North Macedonia), the
mineral associations determined by the chemical

Table 1

properties of the primary ore sulfides included
quartz-pyrrhotite-galena-sphalerite, pyrite-chalco-
pyrite-sphalerite, quartz-epidote-sphalerite-galena,
and quartz-calcite. Sphalerite was composed of Fe,
Mn, Cd, and Cu, while galena displayed varying
compositions of Bi, Ag, and Se [17].

In Table 2 we present the geochemical associa-
tions using correlative analysis, and in Table 3 we
present geochemical associations through factorial
analysis. According to the correlative analysis, the
results show these geochemical associations: Pb-
Ag-Bi; and Cu-Cd. Whereas data on geochemical
associations according to another method known as
factorial analysis [14], result in Pb-Ag- (Bi-Sb); Cd-
Cu. Graphic representation of factor weights in the
Badovc deposit is given in Figure 4.

Statistical parameters of the distribution of metal content in the Badovc deposit [6]

Elements
Parameters
Pb% Zn% Ag g/t Bi% Cd% Cu% As% Sb%
Average 551 257 8315 003 003 007 009 007
Median 500 244 6450 002 002 005 005 0.04
Standard deviation 324 173 6433 002 002 006 008 006
Minimum 145 037 2500 001 001 002 001 002
Maximum 1406 613 26500 006 009 019 026 0.8
No. of samples 20 20 20 20 20 20 20 20
Table 2
Correlation matrix, Badovc deposit. Correlation coefficients are significant
for p < 0.05, when they have a value of > 0.41. Number of samples =20 [6]
Elements Pb % Zn % Ag g/t Bi % Cd % Cu % As% Sh%
Pb % 1.000
Zn% 0.183 1.000
Ag git 0.649 0.242 1.000
Bi % 0.419 -0.093 0317 1.000
Cd % 0.228 0272 0234 0118 1.000
Cu % 0.257 -0.320  0.080 0.079 0.734 1.000
As % 0.363 0115 0225 0.091 -0.030  -0.091  1.000
Sb % 0.246 0.191 0.311 0.224 -0.161  -0.099 0275  1.000

Geologica Macedonica 38, 1, 31-38 (2024)
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Table 3

Weights of factors
(Method of principal components, normalized

Varimax)

Elements Fi FT:cztors F3

Pb % 0.870245 0.236144 0.004436
Zn % 0.317157 —0.425097 —0.685874
Ag gt 0.832436 -0.114704 -0.132544
Bi % 0.563094 0.177981 0.156768
Cd% 0.006821 0.897576 0.069218
Cu % 0.138699 0.895070 —0.010600
As % 0.391624 —0.187423 0.746405
Sh % 0.532278 -0.315838 0.213648
Expl.Var 2.323913 2.022979 1.120257

Significant values greater than 0.7 are emphasized in bold numbers [6]
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Fig. 4. Graphic representation of factor weights
in the Badovc deposit

Microscopic study and the results of chemical
analysis of the main minerals in the Badovc
deposit, Kosovo

From the microscopic description of the poli-
shed section (BD2 and BD3) that results in this
mineralogical composition:

The BD2-polished section consists of the fol-
lowing minerals: 5% sphalerite. 10% magnetite.
15% pyrite. and traces of galena as well as non-
metallic minerals (Microphoto 1).

Sphalerite is found in the form of granular
aggregates with dimensions of several millimeters,
as well as in a certain form of isolated grains with
dimensions of 0.5 mm. The aggregates may also
consist of grains with dimensions of several tenths
of a millimeter. Sphalerite is surrounded by non-
metallic minerals that also present a regular boun-
dary. In general, non-metallic minerals surround
sphalerite crystals. which results in the latter being
an earlier form than non-metallic ones.

Inclusions of magnetite are observed in the
middle of the sphalerite. However. most of the mag-
netite is associated with the non-metals that have
replaced the others [6].

It seems that initially there will be a "sphale-
rite-magnetite" association judging by the dark-
colored color (macroscopically. and from sphalerite
analyses in other Badovc samples). It seems that we
have an iron sphalerite but firstly we had a minera-
lization rich in Fe and Zn probably formed at rela-
tively high temperature.

Pyrite — consists of relatively fine crystalline
aggregates. with crystal sizes of about 0.1 mm. Py-
rite is mainly associated with magnetite. In some
places, needle aggregates of pyrite and marcasite are
also found, which is associated with non-metallic
minerals that have replaced magnetite. This indi-
cates that the second generation of minerals (mainly
non-metallic) that have replaced magnetite formed
at a low pH and T. In some places. we observe co-
growth of "pyrite-magnetite” where the latter forms
elongated shapes oriented in the middle of the pyrite

[6].

Microphoto 1. Mineral composition of BD2-polished section. Badovc deposit, Kosovo [6]

Geologica Macedonica 38, 1, 31-38 (2024)
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Galena appears from a cube with 0.8 mm
edges in a regular shape. This mineral appears to
have formed together with coarse-grained sphalerite
during the first generation [6]. Sphalerite, which is
present in the galena mineral, is accompanied by
some microcrystals of pyrite in its peripheral parts.
This fine crystalline pyrite of 0.05 mm size is also
associated with a mineral with a double pronounced
reflection which varies the same as sphalerite up to
4-5% less. with a pronounced anisotropy and inter-
nal red reflex (probably iron hydroxide). In conclus-
ion, in this polished section we can single out two
generations, one with the predominance of "pyrite-
sphalerite-magnetite-galena™ and the other mainly
composed of non-metallic minerals "pyrite-marca-
site" formed at low temperatures and acidic pH.

BD3-polished section consists of 5% galena,
15% sphalerite, and traces of pyrite (Microphoto 2).

Sphalerite has a zonal construction that is
distinguished by internal reflections and confirmed
by microprobe analysis. There are fine micro-
inclusions of galena [6]. This mineral forms crystals
of 0.1 mm in size in regular shape and is surrounded
by non-metallic minerals. Galena forms xeno-
morphic crystals it sometimes also has inclusions of
nonmetallic minerals. It seems that galena was
formed at the same paragenetic time as sphalerite.
Pyrite is found in very low concentrations in grains
with a size of a few hundredths of a millimeter and
it is mainly found with non-metallic minerals.

Table 4

Microphoto 2. Mineral composition of BD3-polished section.
Badovc deposit, Kosovo [6]

The chemistry of sphalerite is distinguished by
a fairly high Fe content ranging from 6-13%. The
lowest Fe contents are found in the peripheral parts
of the sphalerite, while the highest is in its central
parts. It seems that during sphalerite crystallization
there was a progressive reduction of Fe activity.
Significant Pb contents of approximately 0.25%
may have been dictated by the presence of very fine
micro-inclusions that are difficult to distinguish. In
general, these contents of Pb are also accompanied
by contents of As, which makes you think about the
presence of sulfo-salts.

Following are the calculations of the crystal-
lochemical formulas from the results of the electron
microprobe analyses (Table 4).

Crystallochemical formulas of major minerals according to electron
microprobe analyses. Ore bodies of the Badovc deposit, Kosovo [6]

Polished section

No.

Crystallochemical formulas Mineral
BD3 (Zn 0.836, Fe 0.163, Ph 0.001, As 0.001) 1.001S 0.999 Sphalerite
BD2 (Pb 0.985, Fe 0.003, Sb 0.001, Zn 0.001) 0.990S 1.010 Galena

BD2 (Fe 1.008, Co 0.001, Pb 0.001) 1.010 (S 1.969, As 0.021) 1.990  Pyrite

In galena, in addition to very high contents of
lead (Pb). the absence of silver (Ag) stands out
among other elements. It contains more antimony
(Sb) than bismuth (Bi). Considering the excess in
cations, the presence of metalloids should again be
attributed to the substitution 3Pb** — 2Sb*". Cha-
racteristic is the presence of tellurium (Te), although

Geologica Macedonica 38, 1, 31-38 (2024)

in low content, in isomorphism with sulfur (S).
Sphalerite is again characterized by a high content
of iron (Fe). In contrast to galenite, silver (Ag)
content is found in some cases and tellurium (Te) is
absent. The contents of arsenic (As) should be
related to the heterovalent isomorphism 2As** —
3Zn?, while those of lead (Pb), to the presence of
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galena micro-inclusions [4]. In the analyzed pyrites,
the content of arsenic (As) and mercury (Hg) stands
out. Arsenic (As) is located apparently in isomor-
phism with sulfur (5%°), while the contents, although
sporadic, of mercury (Hg) must constitute point
defects "interstitial insertion™.

In Figures 5 and 5a it is clearly observed that
the presence of As is related to the filling of
vacancies created by the absence of S. The
predominance of Co over Ni, as well as Bi over Sb,
is noted.
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Fig. 5. Diagram of sulphur (S) deficiency in pyrite,
Badovc deposit
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Fig. 5a. Diagram of sulphur (S) deficiency in pyrite,
Badovc deposit

In Figure 6, we observe some different distri-
butions of arsenic (As) contents in pyrites of sample
BD2. Its high values are above 2% and its low valu-
es are below 0.5%.

Fig. 6. Contents of As. BD2-polished section [6]

In Figure 7, the Hg content in the pyrites of
sample BD2 is characteristic. In those analyzed
points where there is less As, we find a high content
of Hg above 0.05% (Table 5). while where there is
more As, we find a low content of Hg (0.015%).

Ha. %

0 p 0015
@ 001510 003
003 to 005

@ 005 to 018

Fig 7. Contents of Hg. BD2-polished section [6]

In addition to As and Hg, the distribution of Pd
contents in the pyrites of sample BD2 is also
characteristic. In Figure 8 its contents range from
0.08% to 0.11% (Table 5).

Pd, %
0 b 0075
P 0075 to 0.1131 §

Fig 8. Contents of Pd. BD2-polished section [6]

In Figure 9 we observe different distributions
of Fe content in sphalerite of sample BD3. In the
mentioned figure we observe analyzed points with
high content of Fe above 12% and low content of
6% (Table 5). As for silver (Ag), in the sphalerite of
sample BD3 (Figure 10) we observe the same dis-
tribution, and increasingly low content (<0.0001%)
except at some point where sometimes we find
values somewhat higher than it.

Geologica Macedonica 38, 1, 31-38 (2024)
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Fig. 10. Contents of Ag. BD3-polished section [6]

The contents of As, Hg and Pd in pyrite, as well as Pd and Fe in sphalerite
in the Badovc deposit [6]

Pyrite (% wt.) Content (%) Sphalerite (% wt.) Content (%)
Analyzed points As Hg Pd Analyzed points Fe Pd
1 0.89 0.00 0.00 28 6.39 0.00
s 3 0.03 0.02 0.11 2 29 6.37 0.01
25 4 0.44 0.04 0.00 28 30 12.43 0.03
8 5 1.09 0.18 0.08 a8 31 13.44 0.00
2 6 2,57 0.01 0.00 a 32 12.22 0.00
7 2.84 0.00 0.00

CONCLUSIONS

The Badovc deposit holds an evaluated 8 Mt
ore reserves with average content: 5.20 % Pb, 3.13
% Zn, and 71 g/t Ag.

According to the correlative analysis, the res-
ults show these geochemical associations: Pb-Ag-Bi
and Cu-Cd, whereas data on geochemical associ-
ations according to another method known as fac-
torial analysis, result in: Pb-Ag-(Bi-Sh); Cd-Cu.

The microscopic description of the mineralo-
gical polished section in the Badovc deposit resulted
in this mineral composition: sphalerite, pyrite, trac-
es of galena, magnetite, and non-metallic minerals.
As a conclusion in this study, we can single out two
generations, one with the predominance of "pyrite-
sphalerite-magnetite-galena™ and the other mainly
composed of non-metallic minerals, "pyrite-marca-
site” formed at low temperatures and acid pH.

The Fe content in the sphalerite varies from 6
to 13%, or 0.16 Fe atoms in the crystallochemical

formula. In galena, in addition to very high contents
of Pb, the absence of Ag stands out among other
elements. It contains more Sb than Bi. Characteris-
tic is the presence of Te, although in low content, in
isomorphism with S. In contrast to galenite, Ag con-
tent is found in some cases and Te is absent. In the
analyzed pyrites, the contents of As and Hg stand
out. Arsenic is located; apparently in isomorphism
with S2-, while the contents, although sporadic, of
Hg must constitute point defects "interstitial inserti-
on". We observe some different distributions of
arsenic (As) contents in pyrites of sample BD2. Its
high values are above 2% and its low values are
below 0.5%.

It is characteristic that where we have less
arsenic, we find high mercury contents and vice ver-
sa. In addition to arsenic and mercury,. the distribu-
tion of palladium contents (0.08% — 0.11%) in the
pyrite of the Badovc deposit is also characteristic.
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Peszume

HEKOU BA’KHU KAPAKTEPUCTUKH HA ITIOJIMMETAJIHATA OJIOBHOIIMHKOBA PYJIA
BO PYJIHOTO HAOI'AJIMIITE BAJ1OBII, KOCOBO

Beapu Aypmumaj, Cunejman XuceHu

Yuueepsuiueiu ,, Uca boaewmunu *, @axyaitieit 3a teonayxu, Muiuposuya, Peiiyoauxa Kocoso
sylejman.hyseni@umib.net

Kiyunu 360poBH: NOMMMETaTHY CyI(UIH; OJOBHOIMHKOBA Py/Ia; TEOXEMHCKA aCOLHjallija;

MUHEpaJIHO HaoramumTe bamxoBi

Bo 0BOj TEKCT T'¥ NPE3EHTHPAaMEe HAYYHUTE PE3YJITATH 3
XEMHUCKHOT M MHUHEPAIOIIKHOT COCTAB HA MUHEpaIU3alfjara
Ha cynduaute Bo pynHukoT bagosu. Bo cryaujata Gea 3emeHu
20 mpumepond U Oellle aHaTM3UpaHa pacrpenesoara Ha cop-
xwuHara Ha metanure (Pb, Zn, Ag, Bi, Cd, Cu, As u Sb) Bo Hao-
fanumrero Bagosu. MUKpPOCKOIICKHOT OITMC HA MA3HUOT MUHE-
PAJIOLIKH JieJT Ha HaoTaMInTeTo batoBI| pe3yaTupa co 0Boj Mu-
HepaJieH COCTaB: c(halepuT, MUPHT, TaJICHa, MATHETUT U HEMe-
TaJHM MUHepain. HanpaBenn Oea CTaTUCTHYKU M CIIOpeI0eHH
AHAIIM3HM, TEXUHCKH (HAKTOPH M MUKPOCKOIICKH TPOYYYBamba.
CropeJl KOpelaTHBHATA aHAN3a, PE3YJITATUTE TM ITOKaxaa
crnefiHUTe reoxemMucku Bpcku: Pb-Ag-Bi m Cu-Cd, momeka

MO/IATOL[MTE 32 EOXEMUCKUTE COCTaBH, CIIOPEA APYr METOJ
MO3HAT KaKko (hakTOpHa aHali3a, pe3yiarupaa co Pb-Ag-(Bi-Sh)
u Cd-Cu. Conpxunara Ha Fe Bo cdanepuror ce nBmxu o1 6 10
13%, wm 0.16 atomu Ha Fe Bo kpucramHo-xemuckata Gopmy-
na. Bo raneHuToT, mokpaj MHOTY BHCOKata coAp)kuHa Ha Pb,
Merl'y ApyTHTe eIeMEeHTH Ce M3/IBOjyBa OTCYCTBOTO Ha Ag, a co-
np>xu moseke Sb otkonky Bi. Kako 3axiydoxk, Bo oBaa cTyauja
MOKEMe J1a pa3IuKyBaMe JBe I'eHepalii, efHaTa co JOMHHa-
11ja Ha ,,lIUPHUT-ChaNepuT-MarHeTUT-TAICHUT * U pyrara coc-
TaBeHa IJIaBHO OJ HEMETAJHU MUHEPAJH, ,,IUPUT-MApKa3UT™,
(opMupaHa Ha HUCKH TeMIepaTypu U kucena pH-BpeaHocT.
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