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ABSTRACT. The paper treats the contents and distribution of characteristic micro and macro elements (Ni, Co, In, Ga, Tl, Au, As, Cu, Pb, Sb, Ag and Zn) in different
generations and phases of pyrite formation as well as their geochemical characteristics.

The polymetallic hydrothermal Pb - Zn deposit Kizevak is located on the northwest slopes of the Kopaonik mountain, east of the town of Raska. Geotectonically it
belongs to Serbo - Macedonian Mass (SMM), and metallogenic to the Serbo - Macedonian metallogenic Province (SMP).

The content of micro and macroelements in the monomineral pyrite was determined by a semi quantitative spectrohemical method. The pyrites are characterized with
a low content of Ni up to 0.0045% and Co up to 0.0055%. The content of Tl in pyrite ranges from 0.0001 up to 0.031%. Gold is present up to 0.0019%, in younger
generation of pyrite. Microelements (Co, Ni and Tl) are present in concentrations that are characteristic for low temperature Pb - Zn deposits, and reflect paragenetic
intergrowth of ore minerals in the deposit.

FEOXUMUA HA MUKPO U MAKPO ENEMEHTWUTE B MUPUTA B OTOBHO-LIUHKOBO
HAXOOULLE KULWEBAL| (Packa, Cbp6bus)
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PE3IOME. [loknagbT pasrnexaa CbabpXaHUETO U Pa3npoCTpaHEHUETO Ha XapakTepucTuuHu Mukpo- 1 makpo enementu (Ni, Co, In, Ga, Tl, Au, As, Cu, Pb, Sb, Ag
1 Zn) B pa3nuyHnTe reHepaumm u asn Ha obpasyBaHe Ha NUpUTa, KaKTo U TEXHUTE FeOXMMUYHN XapaKTEPUCTUKM.

lMonMMeTanHOToO XMAPOTEPMAIHO OMNOBHO-LIMHKOBO Haxoauile KulieBal e pasnonoxeHo B CeBepo3anagHUTE CKMOHOBE Ha nnaHnHata KomaoHwk, Ha M3ToK OT rpag
Packa. B reoTekTOHCKO OTHOLIEHME HaxoauweTo npuHagnexu kbM Cbpbo-Make[oHCKUS MacuB, a B METarnoreHHo OTHoleHue kbM Cbpbo-makegoHckata
MeTanoreHHa NpoBMHLMS.

ChbObpxaH1eTo Ha MUKPO M MaKpOENeMeHTU B MOHOMUHEPaNHUS NUPUT e OMpeLeneHo NOCPeACTBOM MOMYKONMYECTBEHW CNEKTPOMETPUYHM MeToau. MpUTbT ce
XapakTepusupa ¢ Hucko cbabpxanue Ha Ni — o 0.0045% u Co — po 0.0055%. Cbabpxanueto Ha Tl B nuputa Bapupa ot 0.0001 go 0.031%. 3natoto npuckcTea B
cbabpxarne Ao 0.0019%, u 1o B NO-KbCHO OTNOXEHUTE MUPUTHU reHepaun. MukpoenemerTute (Co, Ni n Tl) npucbCcTBaT B KOHLEHTPALIMM, KOUTO Ca TUMMYHM 3a
HUCKO-TEMMNEPATYPHM ONMOBHU-LIMHKOBM HaXOAMLLA W NOKa3BaT NapareHeTUyHO NpopacTBaHe Ha MUHepanuTe B HaXOAWLLETO.

Introduction Basic geology of the deposit
Monomineral assemblages of principal sulphides in the The polymetallic hydrothermal lead - zinc deposit of Kizevak is
Kizevak polymetallic lead-zinc deposit were geochemically situated on northwestern slopes of Kopaonik Mt., east of the
analyzed (Arsenijevic, 1987; Sudar 2001) during the complex town of Raska on the right bank of Ibar river (Fig.1).
geological works under long - term projects in the Sastavci - Geotectonically, the deposit belongs to the Serbian-
Kizevak area. Macedonian Massif (SMM), and metallogenetically (Jankovic,
Pyrite is the third dominant mineral, afther sphalerite and 1967, Jankovic, Petkovic, 1974) to the Serbian-Macedonian
galena, in sulphide parageneses, which also contains metallogenic province (SMP). Classifiied by genetic features
chalcopyrite, sulphosalts, subordinate pyrhotite and marcasite. (Mudrinic, 1997), it is a volcanic hydrothermal deposit. The
Paragenetically, the mineral was formed in two phases, with deposit and the surrounding area are made up of Mesozoic
three generations, but the proportion of either phase is difficult and Cenozoic rocks represented by peridotites, flysch
to estimate. Pyrite occurs in the form of crystals, often in sediments, and products of Tertiary magmatism.
coarse - grained aggregates, compact mass, and fine grains. The main ore body is found in volcanic rocks (andesite and

The earlier phase is characterized by crystals in form of quartz latite and their pyroclasts) which also build up most of
pentagonal dodecahedron (210), in frequent associations of the deposit. Products of the earlier magmatic stage underwent

dark sphalerite, quartz and calcite. Later phase is associated hydrothermal alteration, whereas quartz latite has been slightly
with dark and yellow sphalerite and galena. Frequently it hydrothermally altered.

occurs in skin over dark sphalerite, and galena. In some cases Northward from the Kozja Glava peak, three ore fields are
pyrite is pressing back dark sphalerite to the substitute. Fine located in the deposit, about 500m apart one from the other.
grains pyrite occurs in skin, vein, fine crystals mass, and Vein or lenticular ore emplacement between the first and the
impregnation. In some of pyrite the fissure is fill up with second ore fields, designated as an interfield (Mz), is the ore -
sulfosalts (bulangerite and tethaedrite). richest part of the deposit. Fractures of NE - SW or E - W
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general trend, transverse to the principal dislocations of the
Vardar Zone, were the main channels for precipitation of
hydrothermal solutions through a number of pulsation stages.
In deposits of Tertiary magmatism, such as the Kizevak, the
low - temperature hydrothermal parageneses are dominant.
Minerals were formed in several magmatic events, that
resulted in two, earlier and later, ore parageneses, each in two
or three occurrences. Sphalerite - galena parageneses are
dominant, with various proportions of pyrite and chalcopyrite, a
marked presence of sulphoantimonide. Gangue minerals are
quartz, siderite and rhodochrosite.

Fig.1. Sketch map of the position Ki'evak Pb -Zn deposit 1 : 200.000
Laboratory study methods

Different samples were collected mostly from uncaved - in and
accessible adits at depths from 650 m to 830m (ore fields | and
[) and from levels (ore field Il and interfield). Monomineral
fractions were separated chiefly manually from the ore
samples. The extracted minerals were treated by
electromagnetic separation and heavy fluids, optically
controlled, and mechanical impurities were removed.
Quantities of the contained elements were determined using
spectrochemical analysis and atomic absorption spectrometry.

For spectrochemical analysis of micro and macro - elements
a large - dispersion spectrograph HILGER - 478 was used with
optical and quartz prisms, based on international geochemical
standards (USGS, ZGlI). Quantities of Au were chemically
determined by the method of atomic absorption spectrometry
(AAS). Samples were analyzed on plasma Il emission
spectrometer Perkin Elmer 306.

Results

For the statistical data processing, STATISTIKA computer
programme packet was used to calculate minimum, maximum,
and average (arithmetical mean) quantities (Tab.1), distribution
over Xi? test (Tab.2), and correlations between pairs of
elements (Tab.3).

The distribution of the micro and macroelements it closely
connected with the paragenetic - genetic characteristics of the

minerals in deposit. Because of this it is important to determine
the contents and distributions of Cu, Zn, Pb, Sb, Ag, Ni, Co,
As, In, Ga, Tl and Au. Phases are separated on the basis of
micro and macro - paragenetic relations of pyrite, sphalerite
and other minerals, and on distribution of Co and Ni in the

pyrite.

Table1.
Statistical results of macro and microelements contents in
yrite (%, ppm)

element N min. max. m<)a(an
Ni 33 0.0001 0.0045 0.001
Co 25 0.0001 0.0055 0.0011
Cu 61 0.0012 1.0 0.0619
As 60 0.03 0.8 0.2429
Pb 61 0.0018 1.0 0.586
Sh 34 0.012 0.45 0.0748
Ag 61 0.0001 0.035 0.0049
Zn 61 0.015 1.0 0.7421

In 18 0.0004 0.002 0.001
Ga 30 0.001 0.004 0.0022

Tl 15 0.001 0.031 0.008
Au ppm,% | 27 | 0.005ppm | 0.0019% 0.0006

N - analyzed element; min.- lowest concentration; max.- highest
concentration; X - average proportion (arithmetical mean)

The content of copper in pyrite ranges from 0.0012 up to
>1%, with a mean of 0.0619% (for 61 samples). High zinc of
1% or more is a characteristic result of paragenetic intergrowth
of pyrite and sphalerite. Lead is present in contents ranging
from 0.001 to 1%, or >1%, and average content of 0.586%.
Antimony varies from 0.012 to 0.45%. Silver concentration
ranges from 0.0001 to 0.035%, or the arithmetical mean of
0.0049%. Detected in each assay (61).

Table 2.
Distribution over X’ test
Element Distribution Element Distribution
Xi Xk Xi? Xk?

Ni 0.722 5.55 Ag 8.074 7.81
Co 3.876 3.84 Zn 31.38 4.88
Cu 39.1 5.99 In - -
As 1.531 11.07 Ga 4.03 5.99
Pb 13.5 11.07 Tl - -
Sb - - Au 0.247 3.84

Xi % square calculated value; Xk?- square (critical) value

Nickel and cobalt have a normal distribution in pyrite.(Tab.
2). Nical is contained within a range from 0.001 to 0.0045% (33
samples), or its arithmetical mean 0.001%. Cobalt is contained
within a range from 0.0001 to 0.0055% (25 samples). Although
these elements had normal distribution, participation of them
are slightly. Arsenic also has a normal distribution. Arsenic is
result of the arsenopyrite growth with pyrite, and detected in 60
samples, from 0.03 to 0.8%.

Indium, gallium and thallium are detected in some of
samples. Thallium is contained within a range from 0.0001 to
0.031%, or average 0.008%. These pyrites have a relatively
high content of Tl, and accompanies content of Ni. Such a
dependence is result of association of these elements in low
temperature phase formed pyrite. We can say that this pyrites
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are thallium-bearing phase. Gold is detected in each of the
assayed samples within the range from 0.005ppm to 0.0019%,
with an average value of 0.0006%. These pyrites have a
relatively high content of Au, also. Gallium and gold have a
normal distribution in deposit.

For geochemical relationships, pairs of the detected
elements are correlated by the phases and summarily (phase |
and I1).The correlation between As, Cu, Pb, Ag, Zn and Sb is
the result of paragenetic relationships in the deposit.

The very important correlation between Co and Ni (r; 0.33; r,
0.33 - 0.38) in total pyrite is positive, and he is reflection of
pyrite later (Il) phase. Following relation between Co and Ni by
levels (Tab. 3), we can conclude that pyrites are formed on
"higher" temperature (except levels 690m). However, the main
mass of pyrites in earlier (I) phase is low temperature,
particularly in later phase. Also, this relationship is not real,
because of decreases content of Co and Ni.

Table 3.
Relationships of Co/Ni ratio by levels of pyrite
hor. (m) N ColNi rki rky

650 1 0.8
670 5 0.13-2.0 0.27 0.75
690 17 0.3-13.0 0.60 045
700 3 021-17 -0.19 0.88
750 5 0.68-25 0.62 0.75

N - analyzed elements; Co/Ni - ratioCo/Ni; rk; - calculated value; rk; -
critical value

Distribution by levels

The distribution of the content for the most important macro
and microelements of pyrites is presented with their average
content (X) in wt.%, and in the form of diagrams (Fig. 2, 3) for
all levels (650 - 830m) in the deposit. On the basis of such a
presentation it is possible to accompanies the content
oscillation for the characteristic elements and their mutual
relationship in a horizontal and vertical direction. The spatial
distribution is closely connected with the content of different
generations in different levels of the deposit.
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Fig. 2. Distribution of average As, Pb, Cu, Sb, Ag and Zn concentrations
in pyrite by deposit levels

The best investigated are level 670 and 690 m, until results
of level 650 and 830m are more informative. The content of
elements (Fig.2) are result of paragenetic relationships on
deposit. Silver, copper and antimony displays a decrease in
concentration with depth, with the deviation on the highest
levels. Lead and zink can be followed in levels of the deposit.
For geochemistry of pyrites most important are contents of Ni,
Co and TI (Fig.3). The content of Ni decreases with depth and
accompanies Co and Ga - except level 690m. The content of

Tl have deviation in level 690m, with a maximum concentration
in deposit.
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Fig. 3. Distribution of average Co, Ni, In, Ga and Tl concentrations in
pyrite by deposit levels

Discussion

The following association of macro and microelements for
pyrites is characteristic: Cu, As, Co, Ni and Au. These
microelements are absorbed in the crystal lattice of pyrites.
Other elements: Zn, Pb, Sb, etc. constitute mechanical
impurities of mineral origin.

Besides the microelement concentrations, important data for
the geochemistry of pyrite are the derivation of iron and
sulphur - the principal elements in the mineral.

Hydrothermal fluids with iron circulated through the deposit,
but the biggest amount of Fe was set apart at the same time,
or before dark sphalerite was formed, when the earlier
generation of sphalerite have crystallized. The third - younger
generation of pyrites implicates that the low temperatures in
some parts of deposit made impossible the formation of bigger
amounts of brown and dark sphalerite. The reaming Fe was
used to form younger pyrites. Arsenopyrite occurs on lowest
level on the deposit. An isotope 5S* study in pyrite on level
670 and 690m (Dangic, Sudar et al., 1998) led to the
conclusion that sulphur originated from continental crust (+6.02
+7.038%0). The variation interval (1.18%c) suggests the
prevalence of homogeneous physical and chemical conditions
with slight deviations within the tested levels.

The presence of arsenic in crystal lattice of pyrite is
influenced by coalescence of arsenopyrite and pyrite. The high
abundances of As are on the levels 670 and 710m. In earlier
phase As had lower abundances than in the later, when it
associates with Tl, In and Ga. At the later phases it is
associated with Zn, Pb and Sb. Characteristic correlations of
As with Co at some levels, suggest the higher temperature of
formation. Cobalt and nickel are the very important elements
for geochemistry of pyrite and are the best temperature
indicators. Nickel (Ni#*) and cobalt (Co*) have perfect diadochy
replacement of Fe? in pyrite, because of their similar ionic
radius and the same charge. Hydrothermal fluids were
depleted of Co and Ni, because of their deficit in serpentinites,
so the concentration of these elements was not possible.

Two phases of pyrite are distinguished by the ratio Co/Ni:
high temperature, with predominant Co, and low temperature,
in which the quantities of Ni are higher then in earlier phase. It
can be possible to conclude that pyrites on the Pb - Zn deposit
Kizevak have crystallized at "higher" temperature, except on
the level 690m. Low content or deficit of Ni and Co, present all
of them like low-temperature pyrites.

Studied pyrites are characterized by higher quantities of Au
and Tl. We can say that these pyrites are gold-bearing,
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particularly at level 690m, at characteristically low-temperature
condition. Thallium is also connected for low-temperature
pyrites, respectively to later Ni-bearing phase. It is indicated by
good Tl : Ni correlation.

Conclusions

Pyrite is the third dominant mineral after sphalerite and galena
in the Kizevak lead-zinc deposit. It occurs in the form of
crystals-pentagonal dodecahedron, coarse-grained
aggregates, compact mass and fine grains, commonly in
paragenesis with sphalerite, galena, chalcopyrite, sulphosalts
and gangue minerals.

A high abundance of Tl, Au, extremely low abundances and
proportions of Ni and Co characterize the analysed pyrites. On
the basis of the micro and macro - paragenetic relationships,
and the abundance of Co and Ni, two phases of pyrites are
distinguished:

- Earlier phase (1), in which the proportions of As, Cu, Pb, Ag,
Zn and Ga are under the average content for pyrite in general.
The content of In at an average, content of Tl, Ni and Co are
above the average.

- Later phase (Il), in which the proportions of As, Pb, Co, In
and Tl are under the average content. The highest content has
Cu, Ag, Zn, Ni and Ga. This phase is characterized by
maximum TI content (0.031%). Also, correlation between Co
and Ni is more expressed than at earlier phase.

Mpenopvyaxa 3a nybnukysaHe om
kamedpa “Munepanoaus u nempoepagpus”, [TIP

The described geochemical relation in the deposit allows
tracing the pattern of distribution between Co, Ni and TI. The
elements (Pb, Zn and Ag) had homogenous abundance, but
Sb and Cu in higher level point to a deviation. The best
accompanied Pb and Zn.
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