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MINERALOGICAL ANALYSIS OF SAMPLES FROM THE OLD BOR MINE
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Abstract. The mineralogical analysis of the samples from the Bor’s mine tailings, which were taken
from boreholes, was realized in two stages. As a qualitative ore microscopic and quantitative X-ray structural
analysis. About a dozen ore minerals, of higher intensity, were detected by ore microscopic analysis, such as
chalcopyrite, magnetite, pyrite, bornite, molybdenite, native gold, etc. Quantitatively, with the help of the
scanning-electron microscope, the compositions of all significant ore minerals were determined, from which it
should be emphasized that in most of them there are no major deviations from the reference values. For
chalcopyrite as the most intense mineral, the copper concentration ranged from 33.24 to 36.33% Cu, iron from
29.78 to 32.13% Fe and sulfur from 32.40 to 35.73% S, while in bornite those concentrations ranged from 61.99
to 64.01% Cu, from 11.40 to 13.01% Fe and from 23.69 to 25.43% S. The quantification of XRD confirmed the
presence of pyrite, quartz, nacrite, alunite, anorthite, hornblende and others.

Key words: ore minerals, tailings, Bor mine, quantification and mineralogical analysis.

MMHEPAJIOIIIKA AHAJIN3U HA IIPUMEPOIIA O/ CTAPOTO
XUJAPOJAJIOBUILITE HA PYJHUKOT BOP, PEIIYBJ/IUKA CPBUJA
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todor.serafimovski@ugd.edu.mk
2Pynapcko-reonowku Gakynrer, Y ausepsuret Bo benrpan, Cpouja
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Pemry6nnka CeBepHa MakenoHuja
4®axynTer 3a NPUPOIHU HAYKH M HHXKEHEPCTBO, Y HUBEp3HUTET Bo JbyOibana, CloBeHwHja

AmncrpakT. MuHepajionikara aHajau3a Ha npuMeponu o bopckure xuipojanoBuiira, Kou 6ea 3eMEHH 0]
IyITIOTHHU, Oellle peanu3upana Bo JBe eTanu. Kako KBAIUTUTATHBHA PYIHO-MHUKPOCKOIICKA U KBAaHTUTATHBHA
PEHATreHO-CTPYKTypHa aHanu3a. OKoOJly JeceTMHa pyJHM MHHepain Oea AMjarHOCTULHMPAHU CO PYIHO-
MHUKpPOCKOIICKaTa aHajih3a, a CO I[OHAIJIACEH HWHTE3UTET C€ XaJKOMHUPUT, MAarHeTHT, MUPHUT, OOPHHT,
MOJIMOJICHUT, CAMOPOJIHO 371aTO0 M Apyru. KBaHntutarnBHO co nomoin Ha CKEHHUHI-EJIEKTPOHCKHOT MHUKPOCKOI
Oca OJpelicHH COCTAaBUTE HA CHUTE IO3HAYAJHH PYIHM MHUHEpaId OJ KoM Tpeba Ja ce MOTCHIHpa JAcKa BO
HajrojeM el OJ HUB HeMa HEKOM IOTOJIEMU OTCTallyBama O CTaHIapIHHUTE BPEOHOCTH. 3a XaJIKOMMPUTOT
KaKo HajUHTCH3UBEH MHHEpaJI KOHIICHTpanujaTa Ha Oakapot ce nBmxku of 33.24 no 36.33 % Cu, Ha xene30To
ox 29.78 mo 32.13 % Fe u cyndypot ox 32.40 mo 35.73 % S, nonexa xaj OOpPHUTOT THE KOHLEHTPAIUHU Ce
nBmkaT Bo orcer on 61.99 no 64.01 % Cu, og 11.40 mo 13.01 % Fe m om 23.69 mo 2543 % S.
KBanTtudukaiujata Ha XRD ro moTBpay NpUCyCTBOTO HA MUPUT, KBAapIl, HAKPUT, ATYHUT, AaHOPTHUT, XOPHOJICHIA
u JIp.

Kuryunu 300poBM: pyJHI MUHEPAJIH, XUIPOjaJOBUIITE, PYAHUK bop, KBaHTH(DUKAIIM]ja 1 MUHEPAJIOIIKA
aHau3a.
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1. Introduction

Tailing dams as storage sites for tailings from active mines, mainly of polymetallic mineral raw
materials are usually located near the mines with open pit or underground exploitation and they have
long been treated as potential environmental contaminants, but lately as economically potential raw
materials, also. The latter is gaining importance in the last few years when the circular economy is
looking for added value in many directions, but also in the mineral resources in-situ or in the
immediate vicinity of the active mines or those with already completed regular exploitation. Large
quantities of processed material are actually stored in those tailings and their quantities are expressed
in millions of tons. The duration of the exploitation of the mines directly proportionally affects the
size of the tailings or tailings material. The variable degree of utilization of the ore components from
the primary ores during the processing, mostly the flotation concentration, contributed to the part of
the unused quantities of polymetals and associated components to be deposited in the existing tailings.
Most often in the World and in our country the tailings are continuously extended and upgraded, so in
today's conditions there is usually a group of old tailings and newer tailings that have their own
economic value. That the concentrations of certain metals such as copper, gold, silver, rhenium,
palladium, osmium, selenium and especially the group of rare earth elements, can be interesting in the
copper tailings as it was shown by the latest studies, where these types of tailings are also called
technogenous deposits [1], [2]. Research and studies of the Buchim tailing dam [3] have shown a
number of positive results, especially in terms of gold content distributed in 3 horizons within a
tailing dam characterized with a 140 million tons of tailings material. The positive influences of the
technogenous deposits are noted in the work of [2], as well as in the works of [4], [S] and others.
According to the above, in this paper are presented data from the mineralogical study of samples from
boreholes drilled in the old tailings of the Bor mining complex. The main motive for this is to
contribute to a closer understanding of the positive impacts of the tailings, specifically the old tailings
in the mining complex in Bor. The identified mineral species, their intensity and manner of
occurrence and preservation open the possibility for further detailed analysis and utilization of these
potential raw materials supported by European projects that are active in the last few years.

2. Materials and methods

Within the current ore minerals study of the old Bor old tailing were analyzed samples taken
from cores of 6 exploration drill holes preformed at the Field 1 and Field 2. Of the total obtained and
shortened specimens, a total of 12 samples from 4 drill holes were evenly selected for the needs of the
mineralogical study so that different levels could be enclosed and studied within the drilled area.
From those 12 samples, 12 polished sections were made and further treated under study optical
microscopes and scanning electron microscope. For the purpose of more complex mineralogical study
and quantification of materials from the 12 samples for mineralogical testing we have selected 6
samples for further analysis (two from B-1 and B-2 and one from B-3 and B-4 borehole), but from
different levels. Those 6 samples were analyzed at the XRD laboratory of the Faculty of Natural
Sciences and Engineering, University of Ljubljana, Slovenia. Prepared 12 polished sections were
previewed on the polarizing optical microscope Zeiss Axiolab Pol in reflected light mode. The
chemical compositions of the major mineral phases were determined 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 Del¢ev” University in Stip, for
quantitative analyses of the samples. 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 analyzed in high vacuum mode with more than
0.018 Pa. For SEM, the VegaTC software 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, FKa and CKa peaks. The working
distance for X-ray was 15 mm. 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-Ko 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° (20). The
diffraction pattern were identified and quantified using X'Pert HighScore Plus 4.8 software and the
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data from the PAN-ICSD database. Interpretation of all results with adequate software support was
performed at University "Goce Delcev" in Stip.

3. General features of the old Bor tailing dam
“Old” Bor flotation tailing have been disposed in the Bor River valley from 1933 to 1987.
During the exploitation period tailing was divided into two fields separated by the dumps of sand
cyclones. The “Old” Bor Tailing pond consist of Field 1 (smallest) and Field 2 (largest), see Figure 1.

Figure 1. Schematic positions of Bor (Serbia) of tailing dams with an accent to old Bor
tailing dam and its drillhole sampling ([6], modified)

The fields together contain 27 million tonnes of tailing [4], [5], [7], [6]. In the past, a dam
breakthrough has occurred, indicating instability of the tailing surface and dams. Chemical analyzes
of individual and composite well tests were performed by IRM Bor - Laboratory for Chemical and
Technical Control, and SGS Bor. Under laboratory conditions, chemical analyzes were performed on
Cu and Au. During this period, the total number of samples taken from 13 wells was 470 (Table 1).

Table 1. Mean gold and copper contents per well from the old Bor tailing dam

Medium content
Well Au Cu
mark (g/t) (%)

B-13/2 0,410 | 0,180

B-15/2 0,470 | 0,260

B-26/2 0,360 | 0,220

B-31/2 0,270 | 0,200

B-35/2 0,350 | 0,210

Wells drilled in the SATREPS project were analyzed in Canada using a mass spectrometer on
36 elements. Mean contents of Cu, Au, and Ag, by wells, are shown in Table 2.

Table 2. Mean drill hole contents of gold, silver and copper based on individual sample analyses

Medium content
Au Ag Cu
(g/t) (g/t) (%)
OT/1-01 0,454 1,844 | 0,279
OT/1-02 | 0,481 2,153 0,266

Well
mark
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OT/1-03 | 0,446 1,771 | 0,285
OT/1-04 | 0,213 0,961 | 0,174
OT/1-05 | 0,333 1,232 | 0,266
OT/1-06 | 0,421 5,073 | 0,360
OT/2-01 | 0,302 1,676 | 0,201
OT/2-02 | 0,244 1,021 | 0,186

In the technogenic reservoir ,,0ld* Bor's tailing, useful components are gold, silver, and copper.
The calculated geological reserves are shown in Table 3.

Table 3. Total reserves by the vertical profile method

QM |Au(g/t)| Au(kg) |Ag(gt) | Ag(kg) |Cu(%)| Cu(t)
22322350 | 0,530 | 11.822,88 | 2,826 | 63.089,84 | 0,230 | 51.302,73

The data from the table for the quantities of copper, gold and silver in the old tailings of the Bor
mining complex show that according to the current stock exchange prices of the aforementioned 3
metals the value of these tailings is around one billion and three hundred million dollars, normally
these are resource values that need further to be calculated with the possibilities for their extraction
and degree of utilization, of course with adequate technological solutions. The conclusion remains
that the tailings are technogenous deposits of modern interest.

4. Scanning electron microscope (SEM) analyses

After the microscopic study of the polished sections, a total of 6 samples with details of ore
grains were analyzed on the Scanning Electron Microscope in the laboratories of the Faculty of
Natural and Technical Sciences at University “Goce Delcev” 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, molybdenite, bornite and individual grains of native gold as well.
Analyzes have shown that the analyzed ore minerals confirm the positive identification under the
optical microscope and gave the mineral compositions with some influence on the associated trace
minerals standard for minerals of this type.

The associated trace elements found in pyrite, chalcopyrite, magnetite, molybdenite, bornite
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
percentage representation of some trace elements, however, 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 material (microphotographs and tables with compositions of the studied minerals)
separately for each studied mineral. At the same time, from the attached material can see 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 analyses of several pyrite, several chalcopyrite, magnetite, molybdenite, bornite and native
gold have been performed on this principle, and the study results are given for each analyzed mineral
separately. This mineral composition strongly reflects findings of numerous former researchers, just
to name few of them [8], [9], [10], [11], [12], [7] etc.

Chalcopyrite determined during our SEM study showed the following composition ranges:
32.54-35.73 % S, 29.78-32.13 % Fe, 33.24-36.33 % Cu as well as with some admixtures of antimony
and tin (0.1 % Sb and 0.1 % Sn) and silver 0.3-0.5 % Ag (Table 4, 5, 6, 7 and 8; Figure 2, 3, 4, 5 and
6).
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SEM HV: 20 kV SEM MA(I:I1..X 1 -

WD: 15.00 mm Det: BSE 50 pm
View field: 308 ym Date{m/dly): 11/25/20

SEM HV: 20 kV SEM MAG: 382 x 11l |

WD: 15.00 mm Det: BSE 100 ym
View field: 497 ym  Date{midly): 11/25/20

b)
Figure 2. a) Single coarse rod-like chalcopyrite aggregate, cataclized and intensively corroded. Magnif. x400,
crossed nichols (polarized optical microscope); b) SEM analyses points ; ¢) Large, cataclized and
corroded ellipsoid chalcopyrite aggregate, but pure and mostly compact. The corossions are by quartz.
Magnif. x200, crossed nichols (Polarized optical microscope); d) SEM analyses points

These values of the major elements in chalcopyrite are slightly different (in average just in parts
of percent) than the reference values of 34.94 % S, 30.43 % Fe and 34.63 % Cu [13].

Table 4. SEM analysis results of chalcopyrite mineral grains from the Bor tailing (%owt)

S Fe Cu Sb | Sn Ag | Au Total
) | B | (D) | (H)]| ()] (Y%) | (%)
Spectr.1 | 34.78 | 30.21 | 35.01 - - - - 100
Spectr.2 | 35.73 | 31.03 | 33.24 - - - - 100
Spectr.3 | 35.04 | 30.56 | 34.40 - - - - 100
Spectr.4 | 34.13 | 30.04 | 35.78 - - 0.05 - 100
Spectr.5 | 34.89 | 30.47 | 34.61 - - 0.03 - 100

Bornite compositions determined during our SEM study showed the following elemental
concentration ranges: 23.69-25.43 % S, 11.40-13.01 % Fe, 61.99-64.01 % Cu as well as with some
admixtures of antimony and tin (0.2-0.4 % Sb and 0.2-0.3 % Sn), lead 0.11-0.12 % Pb and zinc 0.05-
0.15 % Zn (Table 5 and 8; Figure 3 and 6).
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SEM HV: 20 kV SEM MAG: 941 x |
WD: 15.00 mm Det: BSE 50 ym
View field: 202 ym  Date(m/dly): 11/25/20

. ¥
o
SEM HV: 20 kV SEM MAG: 1.96 kx 1

WD: 15.00 mm Det: BSE 20 pm
View field: 97.0 ym |Date(m/dly): 11/25/20

b)
Figure 3. a) Illustration of small (30 pm) chalcopyrite-bornite aggregate, which is compact but cataclized and
corroded at the periphery of the grain associated with hypidiomorph magnetite aggregate that is box-like
corroded and relic. Magnif. x630, crossed nichols (polarized optical microscope); b) SEM analyses points; ¢)
Single, large and lamellar magnetite, mostly massive, but cataclized and corroded. Magnif. x200, crossed
nichols (polarized optical microscope); d) SEM analyses points

Comparison of obtained data with reference data [14], in average, has shown only part of
percent discrepancies between the values.

Table 5. SEM analysis results of bornite and chalcopyrite from the Bor tailing (%owt)

S Fe Cu Sb Sn Pb Au Total
(%) (%) (%) | (%) | (%) | (%) | (%)

Spectr. 6 | 25.43 11.4 62.99 | 0.04 | 0.03 | 0.11 - 100
Spectr. 7 | 24.32 12.3 63.22 | 0.02 | 0.02 | 0.12 - 100
Spectr. 8 | 35.04 | 30.56 | 34.40 - - - - 100
Spectr.9 | 3524 | 31.01 | 33.74 | 0.01 | 0.01 - - 100
Spectr.

10 33.34 | 30.33 | 36.33 - - - - 100
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Spectr.
11 33.58 | 31.21 | 35.21 - - - - 100
Spectr. - - - -
12 2411 | 11.88 | 64.01 100

Chalcopyrite is the most common and the most important ore mineral in regards to copper
mineralization of this particular deposit. Within the analyzed mineral aggregates (Figure 3) we
have determined that we are dealing with chalcopyrite-bornite intergrowths, which formed as typical
textures of decomposition of bornite solid solution and replacement of bornite by chalcopyrite [15].
The most probably, their precipitation simultaneously started and the deposition of chalcopyrite
continued after the deposition of bornite. Such distinctive chalcopyrite-bornite association very likely
suggests decomposition and replacement processes that could indicate the vicinity of a porphyry-
copper system [16], [15].

Numerous magnetite mineral grains determined during our SEM study showed the following
composition ranges: iron 70.78-71.81 % Fe and oxygen 28.12-29.15 % O, as well as some admixtures
of chromium 0.02-0.07 % Cr (Table 6; Figure 4). These values of the major elements in magnetite, in
average, are slightly different (less than a percent) than the reference values [17].
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SEM HV: 20 kV SEM MAG: 649 x

WD: 15.00 mm Det: BSE
View field: 292 ym  Date(midly): 11/25/20

SEM HV: 20 kV SEM MAG: 508 x
WD: 15.00 mm Det: BSE
View field: 373 ym  Date(midly): 11/25/20

)
Figure 4. a) Illustration of circular concentric magnetite and chalcopyrite nail-like aggregates followed by
smaller chalcopyrite aggregates. Magnif. x200, crossed nichols (polarized optical microscope); b)
SEM analyses points; c¢) Illustration of coarse pyrite grain (around 100 pm), compact, but on the side
cataclized and corroded. Magnif. x200, crossed nichols (Polarized optical microscope); d) SEM
analyses points

_43 -



Tonop Cepadumorcku, Mpuna Puctosuk, biaxo boes, ['opan Taces,
Usan boes, Jamnbop Cepadumoncku, Marej [lonenen

Pyrite mineral compositions determined during our SEM study showed the following
elemental concentration ranges: 53.09-54.03 % S, 45.48-46.66 % Fe as well as with some admixtures
of copper and zinc (0.07-0.13 % Cu and 0.03-0.05 % Zn), see Table 6 and Figure 4. Comparison of
obtained data with reference data [18], in average, has shown only part of percent discrepancies
between the values.

Table 6. SEM analysis results of chalcopyrite and magnetite as well as pyrite and magnetite
from the Bor tailing (%owt)

S Fe Cu Cr Mn (0} Zn
%) | (0 | () | (W) | (%) | (%) | (%) | Total
Spectr.
13 34.66 | 30.33 | 35.01 - - - - 100
Spectr.
14 34.59 | 30.49 | 34.92 - - - - 100
Spectr.
15 34.77 | 31.22 | 34.01 - - - - 100
Spectr.
16 - 71.09 - 0.02 - 28.89 - 100
Spectr.
17 - 70.78 - 0.07 - 29.15 - 100
Spectr.
18 54.03 | 45.58 | 0.13 - 0.23 - 0.03 100
Spectr.
19 53.09 | 46.66 | 0.07 - 0.13 - 0.05 100
Spectr.
20 - 71.81 - 0.07 - 28.12 - 100

Several molybdenite mineral grains determined during our SEM study showed the following
composition ranges: 37.28-38.46 % S, 58.11-62.41 % Mo as well as with some admixtures of copper
and zinc (0.21-2.11 % Cu and 0.04-0.21 % Zn) and iron 0.03-1.12 % Fe (Table 7; Figure 5).
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SEM HV: 20 kV SEM MAG: 637 x 1 1 VEGA3 TESCAN
WD: 15.00 mm Det: BSE 50 pm
View field: 298 ym | Date(m/dly): 11/25/20
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SEM HV: 20 kV SEM MAG: 526 x 1 | : | VEGA3 TESCAN

WD: 15.00 mm Det: BSE 100 pm
View field: 361 ym  Date(m/dly): 11/25/20

d)

Figure 5. a) Relatively large multi-phase chalcopyrite-molybdeniteggregate interstitially affected by corrosion.
In addition to the molybdenite-chalcopyrite contact, molybdenite rods are clearly visible in the com-
pact chalcopyrite aggregate. Magnif. x400, crossed nichols (polarazing optical microscope); b) SEM
analyses points; ¢) Serie of irregular grain- and rod-like molybdenite aggregates strongly cataclized
and corroded. Magnif. x200, crossed nichols (Polarized optical microscope); d) SEM analyses points

The major elements in molybdenite, in average, for the molybdenum less than a percent
compatibility with the reference values [19] was confirmed, although for the sulfur there is a
discrepancy of approximately 2.5% due to admixtures such are copper, zinc and iron, which
consumed the “missing” sulfur.

Table 7. SEM analysis results of chalcopyrite and molybdenite from the Bor tailing (%wt)

S Fe Cu Mo Sn Zn | rotal
(%) | (%) | (%) | (%) | (%) | (%)

opectr 13433 | 2978 | 3589 | - - - | 100
opectrs | 3346 | 3121 | 3521 | - - | 002 | 100
SpeCtt13gas | 112 | 201 | 5801 | - | 021 | 100
Spectr: 137.81 | 005 | 103 | 6096 | - | 0.15 | 100
gge“r' 3846 | 021 | 1.09 | 60.13 | - | 0.1 | 100
SPeCt 13708 | 003 | 023 | 6241 | 001 | 004 | 100
gg’ec““ 3838 | 033 | 021 | 60.95 - 0.13 | 100

Rare native gold grains, freestanding or associated with chalcopyrite, determined during our
SEM study showed the following composition ranges: 95.03-99.46 % Au, as well as with some
admixtures of copper 0.09-3.32 % Cu, sulfur 0.11-1.13 % S, iron 0.06-0.52 % Cu and zinc up to 0.31
% Zn (Table 8; Figure 6).
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SEM HV: 20 kV SEM MAG: 1.07 kx | VEGA3 TESCAN|

WD: 15.00 mm Det: BSE 50 ym
View field: 178 ym  Date(midly): 11/25/20

- - - ~ -~
SEMHV:20kV  SEM MAG: 2.02 kx il L VEGA3 TESCAN
WD: 15.00 mm Det: BSE 20 ym

View field: 93.9 ym Date(m/dly): 11/25/20

a) b)

Figure 6. Illustration of two individual two-phase chalcopyrite aggregates, the coarser one is relic
chalcopyrite with grape-like deposition of bornite while the finer one encloses native gold (both
aggregates are <30pm). Magnif. x400, crossed nichols (Polarized optical microscope); b) SEM
analyses points; ¢) Double plate-like aggregates (flakes) of native gold?. Magnif. x400, crossed

nichols (Polarized optical microscope); d) SEM analyses points

These elemental concentrations within the native gold are compatible with the similar deposits in
the region [20].
Table 8. SEM anal ysis results of chalcopyrite, bornite and native gold flake from the Bor tailing (%owt

S [Fe®) | o) |Sb@) [Sn) | G | Au(%) | Total
SP;;"‘ 3254 | 3213 | 3481 - 0.52 - - 100
Sp;;tr' 113 | 052 | 332 - - - 95.03 | 100
SP;;‘“ 23.69 | 13.01 | 63.25 ; - 0.05 - 100
SP;:“’ 2498 | 12.88 | 61.99 - - 0.15 - 100
Sp;;“ 051 | 006 | 0.09 - - - 99.34 | 100
SP;;“ 0.11 | 0.09 0.12 - - 031 | 99.46 | 100
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Analytically determined mineral composition where the main components are magnetite, pyrite,
chalcopyrite, bornite, molybdenite etc., with the most extensive being pyrite and chalcopyrite strongly
reflects the mineral composition of porphyry copper mineralization complex within the Bor Mine [21]

5. Quantitative analysis of samples from
the Bor mine’s tailing dam

According to the project proposal activities within the mineralogical analysis of the material
from the Bor tailing 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 Bor tailing dam we decided to
take one trial from each drill hole (4 in total), but from different levels in all 4 drill holes, with a
certain equilibrium representation at all depths, and however, to meet the optimum quantification
minimum. For these needs, a total of 6 samples from the following levels were taken:

-T1 from B-1 (depth 8.0mto 9.0 m)
- T2 from B-1 (depth 20.0 m to 21.0 m)
- T3 from B-2 (depth 4.0 mto 5.0 m)
- T4 from B-2 (depth 18.5 m to 19.5 m)
- T5 from B-3 (depth 26.0 m to 27.0 m)
- T6 from B-4 (depth 20.0 m to 21.0 m)

From selected materials were prepared polished sections where an optical microscope determined
the presence of ore minerals from the Bor ore paragenesis, where had been determined presence 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,
Slovenia. Even before 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, ie, the
determination of those mineral phases whose total participation in the analyzed material is below 1%
will be aggravated (Table 9).

Table 9. Quantitative XRD mineralogical analysis of samples from the Bor tailing dam (in %wt)
without amorphous phase

Quartz Nacrite Microcline
Dataset Scan low Pyrite | Alunite 2M2 Hornbl. | Anorthite ordered Greigite
Name Number [%] [%] [%] [%] Mg [%] [%] [%] [%] Total
T1 (B-1
8-9 m) 1 82.4 17 0 0.5 0 0 0 0.1 100
T2 (B-1
20-21m) 2 69.2 29.9 0 0.3 0.5 0 0 0.2 100.1
T3 (B-2
4-5 m) 3 84.7 8.8 3.6 2.1 0.1 0.3 0 0.4 100
T4 (B-2
18.5-
19.5m) 4 41.2 9.9 0.9 0 12 24.6 10.6 0.6 99.8
T5 (B-3
26-27m) 5 73.6 23.5 2.6 0 0 0 0 0.3 100
T6 (B-4
20-21 m) 6 74.3 8.3 8.5 7.7 0.7 0 0 0.5 100

From the results, enclosed within this review, 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 quantification cannot reliably confirm their intensity.
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Figure 7. Frequency graph of major minerals in samples from the Bor tailing dam (XRD analysis)

However, the quantification of ore minerals (pyrite) is also present in the review through
tailings analysis of tailings.

Conclusion
From the available data presented in the framework of this paper we can conclude that the

treated old tailings within the Bor mine complex belong to the group of technogenous deposits with
remarkable economic value. The total amount of copper metal of 51 000 t, of gold 11 800 kg and
silver of 63 000 kg, as well as the series of rare and scattered elements confirm the economic value.
The established mineral composition, which is dominated by chalcopyrite, only confirms the
possibility of extraction first of copper, and then of other metals with the help of modern
technological solutions such as leaching. The results of the quantification of the material from the old
tailings in Bor indicate the fact that the dominant presence of silica, feldspar and amphibole has a
positive impact on increasing the economic value of the tailings in terms of using that tailings as
building materials.
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