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Abstract: The tailing dam in the Bud¢im mine is an important segment in the exploitation of porphyry ores
from the Bu¢im mine and in the period of 40 years there has been deposited over 135 Mt of tailings which contains
interesting contents of gold, copper, silver and other rare and dispersed elements, which at the makes the tailing dam
technogenic deposit. In the framework of this paper, the mineralogical aspect of the tailings was treated on the basis of
samples taken from 6 boreholes and studied 30 ore-microscopic polished sections. The detailed microscopic study
confirmed the expected mineral association represented by Fe-oxides, mainly magnetite and maghemite, then chalco-
pyrite, natural gold, pyrite, sulfosols and others. Scanning electron microscope study confirmed the established mineral
association and gave the compositions of the major ore minerals. During the analysis and comparison with the standards
for these types of mineral species, it was concluded that these are the leading minerals primarily chalcopyrite and
natural gold that show a high degree of purity, where the variations of copper range from 32.43 to 34.53% Cu in
chalcopyrite and from 98.73 to 98.79% Au in native gold, where small variations especially in native gold are due to
the presence of Ag, Cu and Te. Similar relationships have been found in other mineral species examined under the

scanning electron microscope, which can be seen from the data presented in the paper.
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INTRODUCTION

In the future, the tailing dam Topolnica should
be an interesting technogene deposit, primarily due
to the increased presence of Cu and Au in it. There-
fore, in the forthcoming period, great attention will
be paid to the study of these types of sites and the
modern methods of their exploitation. The general
characteristic of the tailing dams as technogene
deposits is that the material after flotation of the pro-
cessed ore treated as slag is transported and depo-
sited on a predetermined space. Flotation slag is
taken as an aqueous solution (pulp) with finely
ground particles of ore and waste minerals
(Lottermoser, 2007).

The size of the tailing depends primarily on the
amount of material coming from the flotation
(which should be known), and the shape of the same
depends on the configuration of the selected depo-
sition area for it. The tailing slag flow, in the form

of a pulp, has a different concentration of useful
components (depending on the input ore and their
utilization during the flotation), and therefore the
useful components often form layers (Pavicevic et
al., 1982; Tudjarov et al., 1996; Cifliganec et al,
1997).

As with other mineral resource deposits, the
ultimate goal of the study is to determine the reser-
ves, the average content of the useful component,
the nature of the occurrence and their distribution
(Tudjarov et al., 1996). The basic method of explo-
ring these deposits is exploration drilling in order to
pass through the tailing and reach the bedrock, or its
base. From the above it follows that the drill-holes
are relatively shallow. The greatest variability of
concentrations of the components should be expec-
ted in the direction of the tailing flow, which is
above all the shorter axis of the tailing dam
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(isometric forms of the tailing dams are rare because
the shape of valleys on which the dams were pre-
viously built). The density of the exploration drill-
holes network depends on the size of the deposit and
the nature of the variability of the useful compo-
nents in the deposit. The distance between the ex-
ploration cross-sections is usually 50-100 m, while
between the exploration drill-holes along the cross-
section is 20-40 m, and less frequently 10 m. Such
networks can be placed in old dried tailing dam
parts. In the wetlands that are in formation, or are
recently formed and there is still water in them, the
exploration drill-holes will be placed in the places
where the drilling rig is possible to work because of
the unbound material it sinks into the tailing.
Therefore, exploration drill-holes are installed only
in the accessible parts of the tailing dam, which
reduces the representativeness of the collected data.
The layout and the distance of the individual
exploration drill-holes is determined separately for
each tailing dam (Tudjarov et al., 1996). An integral
part of the exploration is the study of the material

from the drill-holes taken at 1 m in length from the
drill-hole. Geochemical mapping methods should
investigate the material composition of the tailing,
to estimate the reserves of the metal in general and
the individual layers or parts. By computer proces-
sing, a map of the allocation of reserves in the indi-
vidual parts should be prepared. The state of ecolo-
gical pollution of the environment should also be
assessed and the most effective measures for the
preservation of the environment should be proposed
(Tudjarov et al., 1996; Lottermoser, 2007).

It is known that during the exploitation and
processing of the ore in the flotation, no complete
extraction of the useful components is carried out,
while some of them are completely disposed of in
the tailing. Complete extraction is not done due to
several reasons: at the moment of processing there
was no appropriate technological procedure, low
content that at the time of exploitation does not
allow for cost-effective use, partial use of the com-
ponent, etc.

MATERIALS AND METHODS

Within the current ore minerals study of the
Buc¢im mine tailing waste dam material, were ana-
lyzed 30 samples (that have proven as the most
promising) taken from cores of 6 exploration drill
holes (B1, B2, B3, B4, B5 and B6). From the samp-
les were prepared 30 polished sections that were
previewed in the microscopic laboratories of the
Faculty of Natural and Technical Sciences in Stip,
Department of Mineral Deposits on Polarizing
Microscope type ZEISS Axiolab DX (with Integra-
ed camera Datasim MC 80 D4) and the LEICA
DMP 4500 microscope equipped with a digital
camera and the appropriate LEICA LAS software.
In-depth microscopy combinations of lenses with
magnifications of 10x, 20x, 40%, 50x and 63x were
used, in combination with eyepieces of 10x magni-
fication. This practically means that we had a wide
observation range of 100x to 630x magnification,
which allowed us to directly observe details below
50 pm.

The most interesting mineral assemblages we-
re subjected to further study. Namely, the chemical
compositions of the major mineral phases were de-
termined by scanning electron microscope (SEM).
The SEM analyses were recorded on the scanning
electron microscopy VEGA3 LMU and INCA
Energy 250 Microanalysis System, located at the
“Goce Deléev” University in Stip, for quantitative

analyses of the samples. The SEM analyses were
performed with the SE (Scattered Electrons) detec-
tor on 20 kV voltage. First, the samples were
cleaned and then a small piece was put on the
sample holder with carbon double adhesive tape on
it. The sample’s surface was coated with gold on
Modular Coater, Quorum Q150R ES and then ana-
lyzed in high vacuum mode with more than 0.018
Pa. The sample surface was motorized on 5 axes (x-
y-z, rotation and tilt). For SEM, the Vega TC soft-
ware was used. The energy dispersive X-ray (EDX)
system for SEM is a fully quantitative SDD with
excellent performance at low and high count rates,
which is capable of achieving a resolution better
than 125 eV on the MnKa, FKo and CKo peaks. The
working distance for X-ray was 15 mm. The detec-
tor control and data acquisition were done with
INCA software. The SEM-EDS analyses were done
on the unpolished surfaces.

The quantitive mineralogy of the samples was
determined by X-ray diffractometry XRD. A Philips
PW3710 X-ray diffractometer was used with Cu-Ka
1.54060 A radiation generated at 40 kV and 30 mA.
The sample was scanned at a rate of 1.2° per minute,
over the range of 2—70° (260). The diffraction pattern
were identified and quantified using X'Pert High
Score Plus 4.8 software and the data from the PAN-
ICSD database, version 2.3.
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GENERAL FEATURES OF THE BUCIM TAILING DAM

The produced copper ore from the Bucim
mine, with an average annual production of
4,000,000 tons, has been processed in the flotation
facility, where during the processing of copper mi-
nerals was produced tailing of about 3,950,000 t,
which is safely discharged and deposited within the
tailing dam (Figure 1).

The location of the tailing reservoir is east of
the flotation plant, about 2.2 km (up to the tailing
dam). The tailing dam of the Bu¢im mine is built in
the river flow of the Topolnica river, with the di-
rection east-west, and connects the hills of Tashli
Bair (629 m.) on the west and Kartal (800 m.) on the
east.

The accumulation profile is located about 500
m upstream from the village of Topolnica. The

accumulation extends upstream to the mouth of the
stream that drains from the village of Pocivalo at a
length of about 1000 m. The accumulation space on
both sides is limited by the mountain ranges of
Plac¢kovica Mountain. The place where the dam core
is built is located in the amphibolite schist and
gneiss that on the surface have decomposed and
stripped off. The width of the cross section at the
height of the slope level is 265 m. Overall, the cross
section is symmetrical. The left side has a slope of
about 30° and is steeper with respect to the right
whose slope is about 20°. Before the construction of
the dam core, detailed study of the geophysical, geo-
mechanical, geochemical, seismic and hydrogeo-
logical characteristics of the wider terrain were
carried out.

A
N

|
1 km l

Fig. 1. The location of the Bu¢im mine tailing dam, Republic of North Macedonia
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118

T. Serafimovski, B. Boev, G. Tasev, I. Boev, D. Serafimovski

From the data related to the tailing dam of the
Buc¢im mine, it can be concluded that it represents a
significant infrastructure object within the Buc¢im
mine and one of the basic capital facilities for the
normal exploitation of porphyry Cu-ores from the
Bucim mine. Bearing in mind that most of the mined
ore (> 97%) which in the last years exceeds the
figure of 4 200 000 t annually, ends up in the form
of a fluid floating pulp (tailing) on the tailing dam,
then it is very important to understand the meaning
of this capital mine facility, which, as we have said,
has multiple meanings. In addition, it is our duty to
emphasize the constant concern of the company in
terms of oscillation and the overall safety and
security of the tailing dam, parallel care is also taken
to meet the environmental standards in and around
the tailing dam and its immediate surroundings.

According to all up to date carried out projects
for the overhang of the existing tailing dam Topol-
nica, as well as the annual elaborates for the oscula-
tion of the crown of the Buc¢im tailing dam, the
current level of the dam is 654 m, and as of 2018, in
the tailing dam Bucim is deposited tailing material
in amount of 135,414,895 t (Figure 2).

From Figure 2, can be seen that the Buc¢im
mine is active for 40 years, starting in 1979. It

constantly produced mined waste that went to the
waste dump and tailing material that was deposited
at the tailing dam. Discontinuity only occurred in
2004 when the mine was in a halt due to a change in
the ownership structure. From 2005 to the present,
the continuity has been maintained with increased
quantities of ore production, which is slightly over
4 million tons, and continuous production of tailing,
which was deposited in the tailing dam Buc¢im, with
quantities that are also slightly more than 4 million
tons annually. Bu¢im is in operation in 2019. The
plot below shows the classical exponential trend in
the quantities of tailing material which was depo-
sited at the tailing dam in the period from 1979 to
2018. Abstinence is clearly visible at the level of
nearly 80 million tons of tailing, which detected the
period from the end of 2003 and 2004. After that,
we have a continuous growth until 2018, where the
total mass of deposited tailing, as we already
mentioned, is 135 414 895 tons.

The crown of the dam is stable and under con-
stant observation by the technical services. Since the
beginning of the 2021 within the Bu¢im tailing dam
is deposited material, which is result of the Borov
Dol ore flotation process.
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Fig. 2. Annual ore production and cumulative tailing mass within the Bu¢im mine tailing dam
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ORE MICROSCOPY AND SCANNING ELECTRON MICROSCOPY RESULTS

After the microscopic study of the polished
sections, a total of 6 samples with details of ore gra-
ins were analyzed on the Scanning Electron Micro-
scope in the laboratories of the Faculty of Natural
and Technical Sciences at University “Goce Del¢-
ev” in Stip. The selection of the individual details
that were dealt with for SEM analysis was based on
the variety of ore minerals, their compactness, their
representative morphological forms and, of course,
their position which enables reliable diagnostics
under SEM. Based on the above criteria, we selected
globular pyrite and magnetite, relict chalcopyrite,
standard magnetite, standard pyrite and chalcopy-
rite and individual grains of native gold. Analyses
have shown that the analyzed ore minerals confirm
the positive identification under the optical micro-
scope and give the minerals compositions with so-
me influence on the associated trace minerals stan-
dard for minerals of this type. The associated trace
elements found in pyrite, chalcopyrite, magnetite
and native gold are in direct correlation with the
standard values offered by the SEM in the process
of analysis. Depending on the detection limit of the
applied SEM we allow for some error in the percen-
tage representation of some trace elements, how-
ever, given the overall analysis and composition of
the major elements in the studied minerals, one can
rightly conclude that these errors are small and in no
way affect the correct provision of the minerals
tested. Such ratios can be seen in the attached mate-
rial (microphotographs and tables with compositi-
ons of the studied minerals) separately for each
studied mineral. At the same time, from the attached
material can be sean the locations of the analysis
carried out through the designated points/spectrums
documented by a separate SEM microphotograph,
while the obtained composition from the analysis
are given in separate tables. Complete analysis of
several pyrite, several chalcopyrite, magnetite and
native gold have been performed on this principle,
and the study results are given for each analyzed
mineral separately.

Numerous magnetite mineral grains determi-
ned during our SEM study showed the following
composition ranges: iron 66.71-70.52% Fe, and
oxygen 25.17-29.94% O, as well as some admix-
tures of manganese 0.98-2.10% Mn, titanium 0.37—
1.10% Ti, vanadium 0.90-1.50% V, chromium
0.80-1.1% Cr, and sporadically nickel 0.33-0.85%
Ni (Tables 1, 3 and 4; Figures 3, 5 and 6). These

Geologica Macedonica, 35, 2, 115-129 (2021)

values of the major elements in magnetite, in avera-
ge, are slightly different (around a percent) than the
reference values (Deer et al., 1962) and similar to
findings to similar types of deposits and industrial
facilities (Serafimovski et al., 2021a; 2021b).

Pyrite mineral compositions determined dur-
ing our SEM study showed the following elemental
concentration ranges: 51.94-54.28% S, 43.60-
45.01% Fe, as well as with some admixtures of
copper 0.45-1.1% Cu, silver 0.1-0.32% Ag, vana-
dium 0.11-0.5% V, manganese 0.89-1.20% Mn,
and nickel 0.12-0.27% Ni (see Table 2 and Table 6
as well as Figure 4 and Figure 8). Comparison of
obtained data with reference data (Palache et al.,
1944; Okrusch and Matthes, 2005), in average has
shown only part of percent discrepancies between
the values. Admixtures present within the pyrite
composition strongly reflect the adjacent rock and
mineralization setting of the Bu¢im deposit (Serafi-
movski 1992; Serafimovski et al., 2020; 2021c).

Chalcopyrite is the most common and the most
important ore mineral in regards to copper minera-
lization of this particular deposit. Within the ana-
lyzed mineral aggregates (Figures 3, 5. 6 and 9;
Tables 3, 4 and 7) we have determined that we are
dealing with monomineral chalcopyrite in the form
of grains and grainy aggregates, mostly pure and
compact, but its general feature is that the most
often it is trapped in quartz grains, captured by sub-
sequent silicification or captured in silicified amphi-
bolites. In places, this captivity goes along with the
magnetite grains, and in places the chalcopyrite is
corrosively inserted into the magnetite, all of which
are captured/enclosed by subsequent silicification.
The most probably, their precipitation simultane-
ously started and the deposition of chalcopyrite con-
tinued after the deposition of magnetite. Such distin-
ctive chalcopyrite-magnetite association very likely
could indicate the vicinity of a porphyry-copper sys-
tem (Robb, 2005; Ristovi¢, 2020).

Chalcopyrite mineral compositions determin-
ed during our SEM study showed the following ele-
mental concentration ranges: 33.44-36.12% S,
28.71-30.91% Fe and 32.43-34.53% Cu, as well as
with some admixtures of manganese 0.45-0.9%
Mn, zinc 0.85-1.15% Zn, nickel 0.25-0.8% Ni,
silver 0.15-0.25% Ag, and cobalt 0.18-0.50% Co
(see Tables 3, 4 and 7 as well as Figures 3. 5, 6 and
9). Comparison of obtained data with reference data
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(Palache et al., 1944; Okrusch and Matthes, 2005),
in average, has shown only part of percent discre-
pancies between the values. Also, we would like to
stress that the aforementioned elemental composi-

100um Electron Image 1

©)

100um

tion of chalcopyrite minerals from the Buc¢im tailing
strongly reflects the mineralization and adjacent
rocks setting as well as certain industrial processes
in regard of enrichment of ore.

100pm Electron Image 1

100pm Electron Image 1

d)

Electron Image 1

Fig. 3. a) Single rounded magnetite grain partly corroded and with small chalcopyrite enclosures
[magnif. x200, crossed nichols (polarized optical microscope)]; b-c-d-e) SEM analyses points
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Table 1

SEM analysis results of magnetite from the Bucim tailing dam (%wt)

Elements

D Fe 0 Mn Ti v Cr Ni Ve
1 69.92 25.77 1.76 0.37 0.90 0.95 0.33 100
2 70.23 26.14 1.20 0.75 1.20 - 0.48 100
3 69.89 25.17 1.10 0.50 1.50 0.99 0.85 100
4 70.4 25.6 0.98 0.47 1.10 1.10 0.35 100
Table 2
SEM analysis results of pyrite from the Bucim tailing dam (%owt)
Spectrum . = ECuI ¢ mAe; nt SV o . Total
1 54.28 43.60 0.90 0.10 0.11 0.89 0.12 100
2 53.92 43.67 0.73 0.19 0.23 1.13 0.13 100
3 54.12 43.70 0.45 0.32 0.19 0.99 0.23 100

Electron Image 1

2 | b)

N T T
100um Electron Image 1 100um Electron Image 1

c) d)
Fig. 4. Single idiomorphic to hipidiomorphic massive pyrite grain (magnif. x200),
a) crossed nichols (polarized optical microscope); b-c-d) SEM analyses points

Geologica Macedonica, 35, 2, 115-129 (2021)
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100um Electron Image 1
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100um Electron Image 1 100um Electron Image 1
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100m Electron Image 1 100um Electron Image 1

e) f)

ectrum 6

100pm Electron Image 1

9)
Fig. 5. a) Single massive to partly cataclized aggregate of chalcopyrite [(magnif. X200, crossed nichols
(polarizied optical microscope)]; b-c-d-e-f-g) SEM analyses points
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100pm Electron Image 1
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T00um Electron Image 1
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T00um Electron Image 1

T00um Electron Image 1 700um Electron Image 1

100pm Electron Image 1

9 h) i)
Fig. 6. a) Illustration of several cataclized and intensively corroded chalcopyrite grains in vicinity of magnetite and maghemite
magnetite grains [magnif. x200, crossed nichols (polarized optical microscope)]; b-c-d-e-f-g-h-i) SEM analyses points

Table 3
SEM analysis results of chalcopyrite and magnetite from the Bucim tailing dam (Yowt)

Elements

Spectrum Total
S Fe Cu 0] Mn Zn Ni Ag Co Ti \% Cr
1 - 68.90 - 27.00 180 - - - - 0.50 0.90 0.90 100.00
2 - 70.52 - 2528 150 - - - - 0.60 1.10 1.00 100.00
3 35.22 29.11 33.30 - 0.50 1.05 0.30 0.22 0.30 - - - 100.00
4 36.12 29.20 3243 - 0.45 0.85 0.50 0.25 0.20 - - - 100.00
5 - 68.90 - 2655 210 - - - - 0.45 1.20 0.80  100.00
6 - 69.19 - 2656  2.00 - - - - 0.50 0.90 0.85  100.00

Geologica Macedonica, 35, 2, 115-129 (2021)
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Table 4

SEM analysis results of chalcopyrite and magnetite from the Bucim tailing dam (%owt)

Elements

SpeCtium e ST T e ze N Ag TG T v g T
4 3460 2065 3295 - 090 105 050 015 020 - - - 100
5 3461 2072 3295 - 065 115 045 022 025 - - — 100
6 3344 3091 3302 - 08 08 05 020 018 - -  — 100
7 3462 2974 3354 - 060 08 025 025 020 - - - 100
8 3434 2912 3374 - 090 105 045 015 025 - - - 100
9 3490 2871 3381 - 075 0980 050 021 022 - - - 100
10 6975 - 2740 - - - _—  _ 08 120 08 100
1 6671 - 2994 - - - _  _ 110 125 100 100

Rare native gold grains, freestanding or occa-
sionally associated with chalcopyrite, determined
during our SEM study showed the following com-

Fig. 7. a) Single twinned gold grain, very massive [magnif. x400, crossed nichols (polarized optical microsope)];
b-c) SEM analyses points

10um

position ranges: 98.73-98.79% Au, as well as with
some admixtures of copper 0.65-0.80% Cu and

tellurium up to 0.22% Te (Table 5; Figure 7).

Electron Image 1

c)
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Table 5

SEM analysis results of native gold from
the Bucim tailing dam (%wt)

Elements

Native gold composition determined within this stu-
dy complies well with some other similar facilities
around the World (Fu et al., 2018), as well as fin-
dings for the primary Buéim ore deposit (Cifliganec,

Spectium = e cu e Tow 1986, 1993; Serafimovski et al.).
1 9873 025 080 022 100.00
2 9879 038 065 018  100.00
Table 6

SEM analysis results of pyrite from the Bucim tailing dam (%wt)

Elements

Spectrum S = & Ag v M e Total
1 51.94 45.01 11 0.15 0.5 1.15 0.15 100
2 53.66 44.04 0.8 0.22 - 1.01 0.27 100
3 52.59 44.57 0.92 0.17 0.35 1.2 0.2 100

| e —— |
100pm Electron Image 1

b)

f 100pm 1 Electron Image 1 100pm Electron Image 1

0) d)
Fig. 8. a) Large, massive and idioimorphic pyrite crystal, partly cataclized and corroded [(magnif. x100,
crossed nichols (polarazing optical microscope)]; b-c-d) SEM analyses points

Geologica Macedonica, 35, 2, 115-129 (2021)
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Table 7
SEM analysis results of chalcopyrite from the Bucim tailing dam (%wt)
Spectrum Elements - Total
S Fe Cu Mn Zn Ni Ag Co
1 34.89 29.4 32,51 0.8 1.15 0.75 0.15 0.35 100
2 33.71 30.21 34.53 - 0.85 0.5 0.2 - 100
3 34.93 29.94 32.95 0.5 1 - 0.18 0.5 100
4 33.94 29.6 33.59 0.65 0.9 0.8 0.22 0.3 100

S0pm Electron Image 1 Jopm Electron Image 1

b) c)

90pm Electron Image 1

d) €)

90pm Electron Image 1

Fig. 9. a) Large, massive and idiomorphic chalcopyrite crystal, partly cataclized and corroded
[magnif. x200, crossed nichols (polarized optical microscope)]; b-c-d-e) SEM analyses points

Geologica Macedonica, 35, 2, 115-129 (2021)
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QUANTITATIVE ANALYSIS RESULTS

According to the project proposal activities
within the mineralogical analysis of the material
from the Buc¢im hydrotailing dam a quantification
was foreseen, which we realized on a number of
selected samples. In order to cover evenly all parts
of the research area of the Bu¢im hydrotailing dam
we decided to take one trial from each drill hole (6
in total), but from different levels in all 6 drill holes,
with a certain equilibrium representation at all
depths, and however, to meet the optimum quanti-
fication minimum. For these needs, a total of 6
samples from the following levels were taken:

—Blfrom24 mto26 m
— B2 from 58 m to 60 m
— B3 from 26 mto 28 m
— B4 from30 mto32m
—B5from 52 mto 54 m
- B6from30 mto32m

From selected materials were prepared pol-
ished sections where an optical microscope determi-
ned the presence of ore minerals from the Bu¢im ore
paragenesis, where had been determined presence

Table 8

of pyrite, chalcopyrite, magnetite and some less
abundant mineral phases.

Then the samples with the required amount of
material were sent for quantitative analysis to the
laboratories of the Faculty of Natural Sciences and
Engineering at the University of Ljubljana. Even be-
fore the samples have been analyzed, we have been
told by the XRD operators' that the quantification of
the material will be done within the sensitivity of the
method, i.e., the determination of those mineral pha-
ses whose total participation in the analyzed mate-
rial is below 1% will be aggravated (Table 8)

From the enclosed results (Table 8), it could be
seen that the reliability of the provision was in favor
of the petrogenic minerals (unprocessed minerals),
which was a great opportunity for us as we had no
other treatment for them, while the ore minerals
were found in contents below 1% and their quanti-
fication cannot reliably confirm their intensity
(Figure 10).

However, the quantification of ore minerals is
also present in the paper through the mineralogical
(ore microscopy and scanning electron microscopy)
analysis of tailings.

Quantitative XRD mineralogical analysis of samples from the Bucim hydrotailing dam (in %wt)

Dataset name Quartz Orthoclase Andesine Actinolite Biotite Kaolinite Clinochlore Magnetite Pyrite Chalcopyrite Total

3b12426 36.00 26.70 30.80 1.10 1.70
11b25860  37.10 24.20 26.30 0.20 2.00
15b32628  36.30 22.00 36.30 1.20 1.50
20b43032  33.00 27.60 32.60 1.40 2.10
26055254  34.40 27.60 30.90 1.40 2.10
29b63032  38.20 27.50 29.90 0.00 1.70

0.00 2.60 0.70 0.00 0.20 99.80
1.00 7.60 1.00 0.30 0.30 100.00
0.20 2.00 0.00 0.40 0.20 100.10
0.60 2.30 0.00 0.40 0.10 100.10
0.90 2.45 0.50 0.20 0.00 100.45
0.20 2.10 0.20 0.10 0.00 99.90
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Fig. 10. Frequency graph of major minerals in samples from the Bu¢im hydrotailing dam (XRD analysis)
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CONCLUSION

The tailing dam in the Bu¢im mine is a signifi-
cant technogenic potential of useful raw materials,
primarily copper, gold, silver and associated rare
and dispersed elements that are deposited in the pe-
riod from 1979 to 2020 as a result of active exploi-
tation of porphyry copper ores from the Buéim
mine. Over 135 Mt of deposited flotation tailings is
a challenge not only for mineralogical examinations
but also for detailed examinations aimed at valori-
zing the useful components. The performed drilling
of the tailings and the conducted mineralogical ana-
lysis confirmed that within the tailings, in addition
to the disseminated mineralization, there are elonga-
ted-lens forms of concentration of mineral compo-

nents at certain levels in the vertical pillar of the
deposited material. The most common ore mineral
is chalcopyrite which shows a constant composition
with small variations, which do not deviate much
from its theoretical composition, while native gold
shows a high degree of purity with its characteristic
impurities, silver, copper and tellurium. Pyrites and
magnetites are quantitatively quite present, which
coincides with their presence in the primary ores of
the Bu¢im mine. The conducted mineralogical ana-
lysis opens an initiative for further detailed geoche-
mical examination of the tailings material with the
possibility of valorization of the useful components
of this technogenic deposit.
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Peszuwme

MMUHEPAJIOIIKA AHAJIM3A HA IPUMEPOLIX Ol AYTYETUHU
BO XUJAPOJAJIOBUIITETO HA BYUUM
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Konyunn 360poBu: pynHuk 3a 6akap Byunwm; xuzapojanoBruHa; pyqHa MUKPOCKOIIH]ja; MUHEpaTHa acoLlH]jalyja,

IpUMEpPOLH

XuApojalmoBUIITETO Ha PYAHUKOT Bydnmm mpercraByBa
Ba)KEH CETMEHT BO €KCIUIOATaNXjaTa Ha MOPPHUPCKUTE PYIH O
PYAHHUKOT U BO IepHOAOT of 40 rOANHM BO HETO € JETIOHUPAHO
mpeky 135 Mt janoBuHa, BO K0ja ©UMa HHTEPECHU COAPKUHH Ha
371ato, 6akap, cpedpo U APYTU PETKH U paceaHH eJIEMEHTH, IITO
BOEIHO jaJIOBUIITETO I'0 IPaBU TEXHOI'CHO HaoraiumTe. Bo
paMKuTe Ha OBOj TPYJ € TPETHPaH MUHEPAJIONMIKHOT acleKT Ha
janoBuHaTa Bp3 0a3a Ha mpoOu 3eMeHu on 6 mymuetnHd u 30
n3pabOTeHN PyJHO-MUKPOCKOICKH Tpenapatu. Co AeTamTHHOT
MHKPOCKOIICKH Mperyiesl € MOTBPAEHAa OUeKyBaHa MHHEpaTHA
acolyjanyja mpeTcTaBeHa co Fe-okcuau, r1aBHO MAarHETUT H
MarxeMHT, II0T0a XaJIKOMUPHUT, CAMOPOHO 371aTO, ITHUPHT, CYJI-
(ocomn u ap. VcriutyBamara co CKEHUPA4KH1 EIEKTPOHCKU MH-
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KPOCKOII ja IIOTBP/IKja KOHCTaTUpaHaTa MHHEPAIHA aCOIIHjaIlH-
ja ¥ TH afoa COCTaBUTE Ha TTIaBHHUTE PyaHH MuHepamu. Ilpu
aHanM3aTa W cropegdara co CTaHAAPIWTE 32 BAKBU THUIIOBH
MHHEpAJTHA BUJOBH € KOHCTaTHPaHO JeKa CTaHyBa 300p 3a BO-
JEYKH MUHEPAIH, BO IIPB PeJl XIKOIMUPHUT U CAMOPOIHO 3J1aTo,
KOHM ITOKa)XyBaaT BUCOK CTETICH Ha YUCTOTA, Kaj KOW BapHjaliu-
Te Ha Gakaport ce aBkar ox 32.43 o 34.53 % Cu kaj xankomnu-
purot u ox 98.73 10 98.79 % Au kaj camopomHOTO 31aT0. Ma-
JIUTE BapHjallid 0COOCHO Kaj CaMOPOIHOTO 3J1aTO Ce JOJDKAT Ha
npucyctBoto Ha Ag, Cu u Te. BakBu ciim4Hu 0qHOCH ce KOH-
CTaTHPAaHUU W Kaj APYTUTE HCIUTYBAaHU MHHEPAIHU BUAOBU
T10J] CKeHUPAYKHOT EJIEKTPOHCKH MUKPOCKOII, IITO MOXKE Ja ce
BUJIU OJ1 TPE3EHTUPAHUTE MTOJATOLM BO paMKUTE HA TPYIOT






