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Abstract

The calculated ore-bearing coefficient in the Bunardzik ore body was 0.82%, meaning that
within the ore body boundaries only 18% of the mass is not mineralized somehow, which is highly
compatible with the remaining three ore bodies within the Buchim porphyry copper mine. The
calculated value of the variation coefficient (V) has shown a value of 54% that is in the range of 43-
100%, which displays that this ore body belongs to the third group of ore bodies with uneven
mineralization. Average copper, gold and silver concentrations were determined as 0.30% Cu, 0.35 g/t
Au and 1.0 g/t Ag, respectively. Minimal economic content (MEC) within the Bunardzik ore body, as
arepresentation of this kind of mineralization, was determined as 0.2099% Cu. In a similar manner was
calculated the lowest copper boundary (cutoff grade), which has shown a value of 0.1399% Cu thus
allowing a certain decrease in the contents of the exploited ore. Also, the so called copper monometal
values were calculated, which included the influence of the present gold and silver in the ore. The
calculated copper monometal was set at relatively fair 0.399% Cu that represents solid mainstay for
exploitation of copper in these low percentage ores. Thee calculated ore reserves in this particular ore
body were 24 042 751 t of ore with 0.257% Cu, 0.35 g/t Au and 0.91 g/t Ag and increased mine life for
additional 4.4 years.

Key words: Bunardzik ore body, copper mineralization, variation coefficient, minimal economic
concentration.

INTRODUCTION

The Buc¢im porphyry Cu deposit is located in the border area between the Serbo-Macedonian
Massif (SMM) and the Vardar Zone (VZ) and in terms of metallogeny it belongs to the Lece-Chalkidiki
metallogenic zone [1]. The deposit itself is located in eastern central Macedonia, 10 km west of the
town of Radovis. Here we would like to stress some facts about the Bunardzik ore body, which is one
of the four bodies within the Buchim copper mine that is in active exploitation. The Cu-Au
mineralization within this ore body is mainly of primary type, formed during hydrothermal processes
at several subsequent stages within the temperature range 300-400°C [2,3]. The latest findings defined
ores with copper concentrations in the range 0.257% Cu, while gold concentrations are high as well,
reaching up to 0.35 g/t Au followed by silver concentrations up to 0.91 g/t Ag. The above mentioned
features of this ore mineralization gave us an initiative to calculate several important techno-economical
parameters, which can define the economic type of this mineralization. Namely, the degree of ore
bearing in these types of ore mineralization is variable, but calculations at particular levels and different
drill holes gave the more realistic ratio of mixed types of mineralization within this ore body. Some
techno-economic parameters related to the Bunardzik ore body can be found in some previous works
[2,3].
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GEOLOGICAL FEATURES

The geological setting of the Buchim deposit consists of the Precambrian metamorphic (gneiss,
micaschist and amphibolite) and Tertiary rocks. Gneisses are the most common lithology members and
are the most favorable lithology setting for deposition of ore mineralization. Several alternating varieties
of gneisses are determined according to their mineral composition: biotitic, amphibole-biotitic, micas,
metasomatic etc. Tertiary magmatic rocks are present as several latitic subvolcanic-volcanic crosscuts
and andesite-latites around which three ore bodies are lineated, which points to a direct relationship of
the magmatism and mineralization in the deposit. Spatially and paragenetically, the porphyry copper
mineralization is related to latites and latite-andesites. They occur as small subvolcanic intrusions (dikes
and necks) distributed NNW-SSE and NE-SW along fault structures and exhibit pronounced holo to
hipo-crystalline porphyritic structure and massive texture. The age of the rocks ranges from 27.5 to 24.5

m.y. [3].

ORE MINERALIZATIONS

The Buchim deposit is composed of a magmatic complex consisting of three proven finger-like
porphyry stocks (Central Part, Vrsnik and Bunardzik) while the Cukar ore body, a supergene
mineralization developed in gneiss, has already been mined out (Figure 1) [2]. More than three decades
of study of this deposit have shown that it is characterized by a complex mineral assemblage and mineral
paragenesis [1,4-9]. The Central, Bunardzik and Vrsnik ore bodies are related to andesitic porphyry
intrusions, whereas the Cukar ore body consists of a supergene copper mineralization [9]. The primary
sulfide mineralization plays the major role in the production of copper. Within the text that will follow,
we are going to present the major features of the Bunardzik ore body, which is the subject of analysis
in this paper.

Q-
G
&
Q
Q
Q
\

/:)v' ';'iD—D.—.;".._[‘;f"_f;f‘. Ky
B wh s
: 74

TS TSI IS
P T A e i

o
b
8

e
.

S I LS I IS
o s TN IS S T

o e

N o ool o ol o Gl e ol i N i )
7%

. . & . LS o o 4 /
N Wl ////
TL S TS AL T ST »'

¥

Nt St e 7
S S it i g

NS

TR i o i v o e S S A A S S v s

R R SR SR R i SR R i R R e R TR A

e A s 3o v A S A A s A A A A S T s A A

A s wn wg  W E WR S  R m e e
=

LN w.m..m..v\..rA..w.w.w.m..v\..v\&.. A A A A A A A A M A s A A A A
PO SOOI A e

SN A A A A A s M s A s M A A M M M s 3

I S R L 7

s s
s o
-~ ..\r'u:v‘ W S w ..v\'.v\ -

e

X
“”\

o at Ra ata bsote] P R

o Al A h i v A o A A M S A A A A
A A A ) O R S S A N S S ] R S S S S S R M S S e e
-

]

2o 3 4B S 6] 10 - i

Figure 1. Simplified geological map of the Buchim deposit [4].
1. Andesite and latite; 2. Amphibolite; 3. Muscovite schist; 4. Gneiss; 5. Ore body;
6. Fault; 7. Ore body contour.
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The Bunardzik ore body is situated southwestern of the Central part orebody at a distance of
some 300 m. Similar to the Central part ore body, the Bunardzik ore body is emplaced into gneiss,
which is quite in contrast to the Vrsnik orebody with its mineralization chiefly hosted by the intrusions
(andesite) and partly by gneiss. The mineralization is not uniform throughout the ore body (veinlets,
stockworks and impregnations), although it belongs to the primary type of copper mineralization, which
have a major role in the copper production from the Buchim Mine. The Bunardzik ore body’s longer
axis (N-S direction) is 300 m long, while the width of the ore body ranges around 100-150 m, which
indicates its small size and composite half-moon shape that mimics an andesite intrusion form. In regard
to mineralization the following minerals have been confirmed there: pyrite, chalcopyrite, pyrrhotite,
magnetite, hematite, rutile, Fe-hydroxide, native gold, covellite, chalcocite, ilmenite, sphalerite, galena,
molybdenite, enargite, anglesite, malachite, cassiterite, bornite, bismuthinite, freidrichite, krupkaite,
emplectite, cosalite etc.

TECHNO-ECONOMIC PARAMETERS

In this part of the paper, we are going to display the major parameters of the techno-economic
evaluation of the Bunardzik ore body situated in the Buchim copper mine, which are directly pointing
to a possibility of productive exploitation of copper ore from this particular ore body and the possibility
to create profit. Here the results from the calculations of ore-bearing coefficient, variation coefficient,
average concentrations of major ore metals (Cu, Au), minimal economic concentration, cutoff grade,
calculation of mine life as a function of calculated ore reserves are given in more details.

Ore-bearing coefficient. The ore-bearing coefficient defines the ratio between the total
mineralized area within the ore body and certain poor (waste) zones (content below the limit of 0.15%
Cu), within that same ore body. In the Bunardzik ore body from the 7 exploration cross sections with
18 drill holes and 2994 m of mineralized area, 2442 m were mineralized above 0.15% Cu, while the
552 m displayed mineralization below the limit of 0.15% Cu, but however significantly over the Clark
values. Using the formula given below [10,11], we have managed to calculate the aforementioned
coefficient.

_m1_2442_082 )
" m, 2994 M

T
where: K, - Ore-bearing coefficient,
m;- Productive interval (mineralized area >0.15% Cu), and
m; - Total mineralized interval.

This gave us an opportunity to calculate the ore-bearing coefficient of 0.82, which points out
that within the defined ore body there are 18% of mass below the accepted minimal economic
concentration of 0.15% Cu. Additionally, we would like to stress that the ore-bearing coefficients
throughout all drill holes ranged from 0.12 up to 0.99, while along the exploration cross sections those
ranges were slightly narrower, 0.12-0.85.

Variation coefficient. This coefficient defines the spatial distribution of useful mineral
components in the deposit or, more precisely, how evenly mineralization is represented in the deposit
(ore body). In the Bunardzik body’s case 41 exploration drill holes were drilled there of which 33 drill
holes defined the ore body. In those 33 drill holes 515 samples were taken, which have defined an
average contents of Cu, Au, Ag and Fe;O4. The basic parameters for calculation of the variation
coefficient in the Bunardzik ore body were selected from 7 of the most representative drill holes totaling
515 m (Table 1).
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Table 1. Basic parameters for the calculation of the variation coefficient in the Bunardzik ore body,
Buchim Mine.

Drillhole | N | (%) Z X2 o) V(%)
NM-4 57 0.196 | 0.629 | 0.105 54
N-5 96 0.237 | 1.568 | 0.126 53
NM-5 69 0.249 | 0.680 | 0.100 40
M-5 96 0.363 | 4.590 | 0.219 60
ML-5 76 0.217 | 0.875 ] 0.109 50
L-5 52 0.322 | 1.446 | 0.167 52
N-6 69 0.202 | 0.538 | 0.089 44
Z 515 0.259 | 10.326 | 0.142 54

First of all, we have calculated an average copper content, as it is given below:

_YC 133161

=7 515

= 0.259 % (2)

where: N-total number of samples
C-Average copper concentration (Cu%)

Then we have proceeded with the calculation of the median square deviation and the variation
coefficient as given below:

2 X? 10.326

0= INn=1~ 512

=+/0.020089 = 0.412 A3)

¥ X2 -Sum of square deviations from average values, and
6 -medium square deviation

V= 6x100  0.142-100 14.2

= = 540
Cc- 0.259 0.259 >4% S

where: V-Variation coefficient.

The value of 54% for the variation coefficient is within the range of 32-92%, which points to
an irregular mineralization representative for most of the hydrothermal copper and polymetallic
mineralizations.

An average concentration of useful component(s). An average concentration of a useful
component represents the average presence of one or more components within an ore body. By the basic
method of calculation of ore reserves within the Bunardzik ore body (level blocks), it was determined
that for the calculated B and C1 category of reserves the average values of useful components are
0.257% Cu, 0.35 g/t Auand 0.91g/t Ag.

Calculating the Minimal Economic Concentration (MEC). This calculation should provide
a clear answer to the question if the explored deposit or ore body (represented by the calculated reserves
within) can fulfill the economic requirements for viable exploitation of that ore body. Aforementioned
calculation should display if the exploitation will cover all the production costs and at the same time
achieve adequate profit, equivalent to the required cost effective coefficient. Bearing in mind that here
we were working only with one small part of the Buchim deposits, we used the Gudalin’s formula
[10,11] where the following parameters have been considered: exploitation costs, utilization of the
mineral resource, price of the final product or more precisely the final ore product (copper, gold, and
silver). As we already mentioned, this calculation was performed by the formula:

7
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MEC = 100-5 (5)
- 100-S
fevlo - (€= Sn =" ")

where: S-costs of exploitation and processing of 1t ore (Te i To) 12.0 US$/t,
r-dilution during the exploitation 3%,
Ie- dillution coefficient during the exploitation (1- (1/100)),
lo-coefficient of extraction during enrichment, 88%,
Im-efficiency coefficient during the metallurgical processing, 95%,
Co-market price of copper (at the moment of calculation), 8200 US$/t,
Sm-costs of metallurgical processing of the final product unit, 1000 US$/t,
St-cost for transport per ton ore concentrate, 30 US$/t, and
g-concentration of metal in ore concentrate, 21%.

MEC — 100-S
- 100 - St
levlo - (€= S0 =23o7)
_ 100 -12.0
- 100 - 30
0.97-0.88-0.95 (8200 — 1000 — W)
1200 1200

- = =02 0% C
0.811- (7200 — 150375)  5716.68  J-2099%Cu

MEC = 0.2099% Cu

The calculated minimal economic concentration displays that for a cost effective production
the MEC value should not be lower than 0.2099% Cu.

Calculation of monometal. — The ore reserves calculation of the Bunardzik ore body has
shown that it is a natural product that contains an average of 0.305% Cu and associated elements 0.18g/t
Au and 0.91 g/t Ag. Comparing those values of useful components with the necessary MEC (0.160%
Cu), we may conclude that the ore body has contents higher than the minimal one. In those cases, we
try to calculate all present useful components to one monometal (in this case copper). That calculation
was performed using transformation factor (f) for associated components (Au, Ag) on the basis of Cu
expressed as monometal. The transformation factor is calculated as follows [10,11]:

_ Cay Togy " Imyy, - Cogy

fau (6)

B Cey Togy  Imgy, - Cogy

where: Au-average content of Au in ore (g/t)
lo4,~usage efficiency of Au in flotation process (%)
Imy,~-metallurgical usage of Au (%)
Co~gold in concentrate (g/t)
Ccy-average content of Cu in ore (%)
loc,-usage efficiency of Cu in the flotation process (%)
Imc, -metallurgical usage of Cu (%)
Co u~copper in concentrate (%)

In that manner, we have calculated for the Bunardzik ore body:
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0.35-0.5-0.92-45 7.245

e =357 088-095 82 1761786 ~ 241123
_091-031:05-09 0126945 _ 0007205
fag = 2.57-0.88-095-8.2 17.61786
Cu = Cugy + (Cey " fau) + (CCu : ng) = )

Cu = 0.257 + (0.257 4+ 0.41123) + (0.257 + 0.007205) = 0.364538%

Cmonometar = 0.364538%

The calculation above has shown that the useful component calculated to the Cu monometal is
0.364538% Cu, which is higher than the needed one calculated with MEC (0.2099% Cu) and in that
direction the ore reserves can be considered as economically viable.

Cutoff grade. This grade defined as the level of mineral in an ore below which is not
economically feasible to mine (CG) was calculated after an intensive analysis of several parameters
such as: dilution coefficient of ore during excavation (Le=3%), efficiency of usability during
enrichment (Lo=88%), efficiency of usability during metallurgical processing (Lm=95.0%), cost for
enrichment of 1t ore (S0=2.90 US$/t), transport costs for 1 t of ore concentrate (St=30 US$/t), costs for
metallurgical processing per unit of a final product (Sm=1000 US$/t), market price of copper at the
moment of calculation (Co=8200 US$/t), costs for excavation of 1t of ore and copper metal content in
ore concentrate (g=21%). In that manner we have calculated the cutoff grade as follows:

o 100 -5, 8
_L T -(C _g _1005t> ©
e o m o m ng
) 100 - 8.0 _
= 10030y
0.97-0.88 - 0.95 - (8200 — 1000 — 57 75%)
~ 800 = 0,1399%
= 10030y o007
0,97 - 0,88 - 0,95 - (8200 — 1000 — 575

CG=0.1399% Cu

The calculated cutoff grade takes only copper into consideration although we have gold and
silver as valuable components in the Bunardzik’s ore. Bearing in mind all the above calculated
parameters, we have calculated the ore reserves within the Bunardzik ore body and the corresponding
concentrations of certain metals in them (Table 2).
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Table 2. Calculation of ore reserves in the Bunardzik ore body.

Category
Parameters B Ci B+ C,
Commodity unit 13 811 980 10230 771 24 042 751
Cu % 0.282 0.222 0.257
Au g/t 0.38 0.30 0.35
Ag g/t 0.86 0.97 0.91
Cu t 39 000.6 22 690.5 61691.1
Au kg 5284.11 30414 8 325.67
Ag kg | 11907.84 9 900.89 21 808.73

The total of calculated ore reserves in the Bunardzik ore body are in the amount of 24 042 751

t (B+Cl1 category) with an average content of 0.257% Cu, 0.35 g/t Au and 0.91 g/t Ag.

CONCLUSION

The Bunardzik ore body is one of the most important ore bodies for the production of copper

ore in the Buchim Mine with calculated ore reserves of 24 042 751 t of ore with an average grade of
0.257% Cu, 0.35 g/t Au and 091 g/t Ag and specific style of primary porphyry copper ore
mineralization, followed by gold and silver contents. The ore bearing coefficient was calculated at 0.82,
variation coefficient 54%, minimal economic concentration 0.2099% Cu and cutoff grade of 0.1399%
Cu. All these techno-economic parameters have positive effects on the exploitation of this ore body,
which, with existing capacity of the Buchim mine, provides additional 4.4 years of production.
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TEXHO-EKOHOMCKHU TAPAMETPHU IOBP3AHU CO PYJHOTO TEJIO HA Cu-Au
PYJIA BYHAPIIUK, PYJHUK 3A BAKAP BYYUM, HCTOYHA MAKEJOHUJA

Jlazap I'oprues!”, Jlannoop Cepadpumoncku?®, Topan Taces'
' Daxynmem 3a npupoonu u mexnuuxu nayxu, Ynusepsumem ,,I'oye Jenuee“, IlImun, Cesepna Maxedonuja
’Enexmpomexnuuxu paxynmem, Yuusepsumem ,, Toye Jenues , IlImun, Ceeepna Maxedonuja

*Konmaxm asmop: lazar.gorgiev@ugd.edu.mk

Pe3ume

[IpecmerannoT KOe(UIMEHT Ha PYJOHOCHOCT BO pyaHOTO Teno Bynapyumk usHecysa 0,82%,
IITO 3HAYH JIeKa BO TPAHUIKTE Ha PyIHOTO Teno camo 18% o macara He € MHHEPaTU3UpPaHo, MITO €
MHOTY KOMIIATHOWITHO CO TIPEOCTAaHATUTE TPU PYIHH Teja BO PYJAHUKOT 3a nmopdupcku 6akap byunm.
[IpecMeranara BpenHoCT Ha KoeduiueHTOT Ha Bapujanuja (V) mokaxa BpeaHocT o 54% 1miTo € Bo
omcer ox 43-100%, mTo nokaxxyBa J€Ka OBa pyIHO TEJIO cllafa BO TpeTaTa Ipyla Ha pyIJHH Teja co
HepaMHOMepHa MuHepanm3anuja. [I[poceynnre KOHIIEHTpaIMy Ha Oakap, 371aTo ¥ cpedpo Oea oapeneHn
kako 0,30% Cu, 0,35 g/t Aun 1,0 g/t Ag, coonBeTHO. MuHNManHaTa ekoHOMCcKa coapxuaa (MEC) Bo
pyaHOTO Teno byHapuuk, kako MPEeTCTaBHUK 3a OBOj BUJ MUHEpalH3anuja, € yTBpacHa kako 0,2099%
Cu. Ha cinuen naumH Oelre mpecMeTaHa W HajHHCKaTa TpaHUIla 3a 0akapoT (rpaHMYHA COAPIKUHA),
koja e co BpeaHoct ox 0,1399% Cu u co Toa 1ojIe A0 OAPEACHO HaMallyBame Ha COAPIKHUHATA BO
eKcruioatupanara pyaa. Mcro taka, Oea mpecMeTaHW W BPEIHOCTHUTE Ha Oakap MOHOMETal, KOU
BKJIy4yBaaT BJIMjaHHWE Ha CEramIHOTO 371aTo U cpebpo Bo pyaata. [IpecmeraHnoT Oakap MOHOMeETaN
Oeme mocraBeH Ha penatuBHO KopekTHuTe 0,399% Cu mro mpercraByBa IBpPCTa OCHOBa 3a
eKCIIIoaTalyja Ha oBaa pyJAa cO HU30K MPOLEHT Ha Oakap. [lpecmeranuTe pe3epBu Ha pyla BO OBa
KOHKPETHO pyaHo Teto 6ea 24 042 751 t pyma co 0,257% Cu, 0,35 g/t Aun 0,91 g/t Ag u 3roemMeH BeK
Ha TPacHkE Ha PYAHUKOT 3a JIOTIOJHUTEIHU 4,4 TOIUHM.

Kiyunu 360poBu: pyorno mero Bynapuux, munepanusayuja Ha 6axap, xoepuyuenm na sapujayuja,
MUHUMATHA eKOHOMCKA KOHYeHmpayuja.
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