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TABLE 1

List of grade parameters in individual deposit blocks

Block,
area
[m2]

Lithology
Number of 
geological 
samples

Thickness
[m]

Copper 
content
Cu [%]

Silver and 
lead content
Ag [g/Mg]/

Pb [%]

Copper 
yield 

[kg/m2]

Equivalent 
copper yield 

[kg/m2]

Drill hole
S-102

1,079,573

average 1 1.96 1.68 25/- 85.48 98.0
carbonates 1.77 1.74 25/-

shale 0.19 1.17 25/-

Block X1
1,079,573

average 1,711 1.40 3.10 35.51/0.08 112.0 124.8
carbonates 1.09 2.47 31.47/0.095

shale 0.31 5.41 50.32/0.021
Without 

stone 
samples

average 1,554 1.54 3.1 36.38/0.08 123.2 137.6
carbonates 1.20 2.46 32.38/0.095

shale 0.34 5.41 51.1/0.021
Without sub-

economic 
samples

average 1,511 1.56 3.10 36.81/0.07 124.8 139.6
carbonates 1.22 2.47 33.41/0.08

shale 0.34 5.45 49.45/0.02

Block X2
745,889

average 1,090 1.44 3.07 39.3/0.09 114.1 128.7
carbonates 1.14 2.51 34.69/0.111

shale 0.31 5.24 57.46/0.019
Without 

stone 
samples

average 980 1.61 3.07 40.79/0.09 127.5 144.5
carbonates 1.27 2.51 36.22/-

shale 0.34 5.24 58.65/0.019
Without sub-

economic 
samples

average 953 1.64 3.07 42.14/0.07 129.9 147.7
carbonates 1.30 2.52 38.52/0.087

shale 0.34 5.26 56.49/0.015

Block X3
54,575

average 166 1.79 3.05 21.97/0.01 140.9 151.0
carbonates 1.48 2.65 20.13/0.006

shale 0.31 4.99 31.04/0.011

A geologist supervising the progress of mining work, based on his or her own knowledge 
and experience, adjusts the sampling grid (in accordance with the provisions of the Geological 
Works Project, licences and applicable normative acts) and the method of controlling the height 
of the exploitation gate, with the objective of optimal recognition of the ore deposit series. In 
the case of deposits with low or average variation coefficients, which are usually not possible 
to quantify at this stage due to the small number of observations, a square grid in the range of 
20 to 30 m between samples is assumed. Geological samples are taken directly from the mine 
face or side walls of excavations galleries using the point method in a linear system. Usually, the 
sampling grid is adapted to the technical works project of the deposit mine workings. Deposit is 
excavated with the chamber and pillar systems, and geological samples are taken in every sec-
ond chamber, and their spatial grid is determined by the dimensions of the technological pillars 
adopted in the technical project. Such a system allows to obtain a regular sampling grid, which 
can be concentrated in case of sudden ore declining, barren zone appearing or high variability 
of the ore deposit. The average waiting time for the results of the sampling assays is three days; 
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Fig. 5. Significance of the terms; a) low, medium, and high copper content, b) low, medium, 
and high deposit thickness

Fig. 6. Membership functions for the fuzzy set ‘low AND medium copper content’
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Using the membership function defining high deposit thickness and high copper content 
(Fig. 7), appropriate grades of membership have been defined (Table 5).

TABLE 5

Grade of membership for deposit parameters in exploitation blocks

Block Copper content, [%] Thickness, [m]
 A 0.03 1.00
B 0.40 0.40
C 1.00 0.00
D 0.18 0.07
E 0.70 0.80
F 0.83 0.20

Qualification of the exploitation blocks for extraction is based on two t-norm fuzzy opera-
tors, MIN and Einstein product. Ranking of the blocks is summarised in Table 6.

Fig. 8. Fragment of an exploitation block with a scheme of sampling grid; 1 – technological pillars 
in an exploitation block, 2 – technological pillars in technical project of mine workings, 3 – mine faces, 

4 – samples location (exemplary sample number), 5 – technological zones, 5 – chambers










