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Abstract
Relevance. Due to the depletion of near-surface deposits with rich ores, the problem of developing methods for ex-
ploration and evaluation of poor ores has become urgent for the involvement of off-balance deposits in exploitation. 
Research based on the paradigm of “discrete” as a promising scientific direction against the “continuous” type of 
mineralization used in practice. 
The objective is to identify characteristics of the block organization of mineralization based on fractality.
Research object – Jerooy stockwork gold-quartz deposit (Kyrgyz Republic).
Methodology and techniques – мeasuring fractality using the cell method; measuring the discreteness of hierarchical 
taxa; mosaic block size and distribution of core blocks, mineralization periphery and barren blocks. Methods: mea-
suring discrete subsystem blocks; measuring mosaicity using the exploration model of operational exploration of a 
stockwork fragment measuring 220 x 80–100 m x 100–180 m, exploration drillhole network 20 x 20 m; 66 boreholes 
> 6000 core samples. Geostatistical, gold distribution, graphical and analytical methods for measuring blocks.
Scientific hypothesis. Mineralization is represented by a self-similar hierarchy of discrete subsystems (by dimension 
N x 1000 m; x 100 m; x 10 m; x 0.01 m), consisting of equivalent mosaic structures in discrete subsystems, which is a 
regular block organization of mineralization.
Results, scientific novelty. Formation, distribution and placement of blocks: mineralization cores, transition zones 
and barren zones have a self-similar identical in distribution and distribution of blocks in subsystems – a regularity of 
discrete subsystems; suitable for substantiation of new approaches to the methodology of exploration and evaluation 
of gold ore deposits.
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Introduction
Relevance. The depletion of near-surface deposits with 

rich ores actualizes the need to develop methods for explo-
ration and evaluation of poor ores for their involvement in 
exploitation based on the fractal regularity of the organiza-
tion of the geo-environment and mineralization – a study of 
the paradigm of “discrete” mineralization versus “continu-
ous”. Justification of methods and approaches to new quality 
of mineralization evaluation and exploration, primarily for 
poor ores.

Literature review. The theory of open self-organizing 
systems – non-linear geodynamics and synergetics are as-
sociated with the studies of: I. Prigogine, S. P. Kurdyumov, 
G. Haken, A. A. Samara, G. G. Malinetsky, B. Mandelbrot; 
the block-hierarchical structure of ores was studied by  
M. A. Sadovsky, V. V. Piotrovsky, V. I. Ulamov, S. V. Goldin, 
G. G. Kocheryan, P. V. Makarov, V. N. Rodionov and others. 
To the fractality of mineralization are devoted the works of  
P. M. Goryainov, A. M. Pavlov, V. I. Snetkov, D. L. Turcotte,  
V. A. Filonyuk and many others.

The purpose of the work is to establish parameters of mo-
saicity of block organization of mineralization in discrete sub-
systems of the hierarchy of self-similarity.

Tasks. Mosaicity; characteristics of mosaicity, distribu-
tion; influence of mosaicity on technology, geotechnics and 
geotechnology of development of block organization of min-
eralization.

The object of study. Stockwork ore bodies of the Jerooy 
gold-quartz deposit (Kyrgyz Republic).

Methodology. “The new concepts of the structural state 
of the geological environment are based on the priority of the 
“discrete over the continuous”. Individual components of the 
geological environment (the spatial distribution of gold in the 
ore bodies of gold deposits, the distribution of the intensity of 
manifestations of fault tectonics and fracturing in rock massifs 
and the structure of shear zones, etc.) have a complex, regu-
lar, intermittent nature. The most characteristic properties of 
the geological environment also include the hierarchy of all its 
components. Hierarchical levels (hierarchical system of levels) 
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are systemic formations in which discrete elements of the next 
higher scale level act as objects considered as systems at the 
previous scale level. Th is is the main element of the structural 
organization of the feature space of the geological environment 
as a spatially ordered set of elements that impart stability and 
taxonomic certainty to it due to the geometrically formalized 
order of the spatial inclusion of discrete elements of diff erent 
scales into each other” [1]. 

Identifi cation of characteristic properties of the geological 
environment by hierarchical components, forming discrete el-
ements including self-similar subsystems and creating ordered 
taxonomic systems of geometric order. Establishment of param-
eters of structural matrices, controlling the discreteness of min-
eralization for identifi cation and accounting of the complexity of 
the internal structure of industrial ores, regularities at local scale 
levels of the structural organization of contours and concentra-
tions of mineralization – ore body, block, lens, nest [1].

Methods. Measurement of blocks and mosaicity using 
the exploration model of operational exploration of a stock-
work fragment measuring 220 × 80–100 m × 100–180 m, ex-
ploration network of drill holes 20 × 20 m; 66 holes: > 6000 
core samples. Geostatistics, gold distribution, graphical and 
analytical methods of block measurement. Identifi ed discrete 
subsystems of mineralization mosaicity by the main discrete 
subsystems N × 1000 m ... × 100 m … × 10 m × 0.01 m.

Th e object of study and structural-kinematic prerequi-
sites for ore localization

Th e main fault structure of the deposit is the Ichkeli-
tau-Susamyr regional paired fault (ISF), the northern seam of 

which is represented by the southern boundary of intensive 
gold-quartz mineralization [3]. Th e ore cluster and the deposit 
have a close spatial connection and are determined by the local 
dome structure of the Chichkan-Kolbinsky batholith [4].

In the immediate vicinity of the Severo-Ichkelitau fault 
deposit, the most important deep structure of the region with 
an ancient origin and a long history of development (before 
the Quaternary) changes direction from NW to sublatitudinal, 
making a signifi cant bend, fi g. 1 (bend of the fault to the south 
of the fi gure).

During the pre-ore stage, a tectonic environment arose 
near this bend that was favorable for the formation of sub-par-
allel fault delaminations in the form of chains of sinuous rup-
ture cracks, which, in combination with the feathering cracks of 
the north-western (NW), submeridional (SM) and north-east-
ern (NE) directions, formed a weakened zone, which subse-
quently localized mineralization and predetermined the struc-
ture of the ore zone as a whole, the morphology of individual 
ore bodies. In addition to the general deformation of the bend, 
many accompanying factors infl uenced the formation of the 
most complex in outline weakened sections of the zone, which 
later manifested themselves as ore bodies, such as local stresses 
along large meridional faults fi lled with dikes, diff erent elastic-
ity of rocks, etc., fi g. 1.

Th e occurrence of geotechnical conditions of tension is as-
sociated with the arcuate shape: “tensile structures in plan of-
ten have arcuate outlines” [5]. “In the theoretically most com-
plete version, the separation of a block from the main massif 
and its movement to the side with reduced resistance is accom-
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ies of gold deposits, the distribution of the intensity of manifestations of fault tectonics and fracturing in rock massifs and the 
structure of shear zones, etc.) have a complex, regular, intermittent nature. The most characteristic properties of the geological 
environment also include the hierarchy of all its components. Hierarchical levels (hierarchical system of levels) are systemic for-
mations in which discrete elements of the next higher scale level act as objects considered as systems at the previous scale level. 
This is the main element of the structural organization of the feature space of the geological environment as a spatially ordered 
set of elements that impart stability and taxonomic certainty to it due to the geometrically formalized order of the spatial inclu-
sion of discrete elements of different scales into each other” [1].

Identification of characteristic properties of the geological environment by hierarchical components, forming discrete ele-
ments including self-similar subsystems and creating ordered taxonomic systems of geometric order. Establishment of parame-
ters of structural matrices, controlling the discreteness of mineralization for identification and accounting of the complexity of 
the internal structure of industrial ores, regularities at local scale levels of the structural organization of contours and concentra-
tions of mineralization – ore body, block, lens, nest [1].

Methods. Measurement of blocks and mosaicity using the exploration model of operational exploration of a stockwork 
fragment measuring 220 × 80–100 m × 100–180 m, exploration network of drill holes 20 × 20 m; 66 holes: > 6000 core samples. 
Geostatistics, gold distribution, graphical and analytical methods of block measurement. Identified discrete subsystems of min-
eralization mosaicity by the main discrete subsystems N × 1000 m ... × 100 m … × 10 m × 0.01 m.

Figure 1. Geological map of the Jerooy deposit, scale 1:10000 [2]: 1 – Quaternary sediments; 2 – Andesite porphyry tuffs (O1–2); 3 – Dolo-
mites, quartz-mica schists, sandstones (Rar); Igneous complex (Ꞓ3–O1): 4 – Diabase porphyry dikes (a), spessartites (б); 5 – Quartz porphyry 
dikes (a) and plagioporphyries (б); 6 – Aplite veins; 7 – Quartz diorites; 8 – Faults; Ore bodies: 9 – with an Au content of over 1 g/t; 10 – Ore 
bodies with an Au content of over 2 g/t.
Рисунок 1. Геологическая схема месторождения Джеруй, масштаб 1 : 10 000 [2]: 1 – четвертичные отложения; 2 – туфы андезито-
вых порфиров (О1–2); 3 – доломиты, кварцево-слюдистые сланцы, песчаники (Rar); магматический комплекс (Ꞓ3 –О1): 4 – дайки диабазо-
вых порфиров (а), спессартитов (б); 5 – дайки кварцевых порфиритов (а) и плагиопорфиров (б); 6 – жилы аплитов; 7 – кварцевые дио-
риты; 8 – разломы; рудные тела: 9 – с содержанием Au свыше 1 г/т; 10 – рудные тела с содержанием Au свыше 2 г/т
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spatial connection and are determined by the local dome structure of the Chichkan-Kolbinsky batholith [4].
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порфиров (а), спессартитов (б); 5 – дайки кварцевых порфиритов (а) и плагиопорфиров (б); 6 – жилы аплитов; 7 – кварцевые диориты; 
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modated by the formation of a round-spherical or cylindrical 
surface along which stresses will be distributed in accordance 
with J. Anderson’s rule regarding the kinematics of diff erently 
oriented shears; in plan, this rounded surface will look like an 
arc, at the apex of which tension is concentrated, and on the 
fl anks, shears may also form…” [5].

According to the material composition, the ores of the Je-
rooy deposit belong to a single industrial type – quartz-gold 
ore poor sulphide. Th e number of sulphides does not exceed 
1%. According to geological data, the ore bodies are represent-
ed by quartz veins, veinlets in altered enclosing granodiorite. 
Th e main ore component – gold – is distributed in the ore 
quartz in the form of tiny disseminations. Th erefore, the metal 
content in the ores, as a rule, is directly proportional to the 
degree of silicifi cation. In the central highly silicifi ed areas of 
the ore bodies and in the quartz cores, the gold content usually 
fl uctuates from 5 to 30 ppm, very rarely reaching 50–100 ppm. 
In the weakly silicifi ed peripheral areas of the ore bodies, it 
decreases to 1–5 ppm, and the ore bodies themselves are sur-
rounded by a wide halo of weak silicifi cation with a gold con-
tent of up to 1 ppm [3].

Review of methodology and theoretical background
Th e dimension of blocks by the distance between fracture 

zones and faults is estimated using the Oparin, Kurleni for-
mula, according to the “statistical characteristic of the average 
distances between fracture zones separating structural blocks 
from each other – a stable relationship between the values of 
crack opening and the diameters of the block separated by 
them in the structural hierarchy of rock massifs [6]:

3

During the pre-ore stage, a tectonic environment arose near this bend that was favorable for the formation of sub-parallel 
fault delaminations in the form of chains of sinuous rupture cracks, which, in combination with the feathering cracks of the 
north-western (NW), submeridional (SM) and north-eastern (NE) directions, formed a weakened zone, which subsequently 
localized mineralization and predetermined the structure of the ore zone as a whole, the morphology of individual ore bodies. In 
addition to the general deformation of the bend, many accompanying factors influenced the formation of the most complex in 
outline weakened sections of the zone, which later manifested themselves as ore bodies, such as local stresses along large meridi-
onal faults filled with dikes, different elasticity of rocks, etc., fig. 1. 
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where δi – average “opening” of cracks (distance between their 
edges), ∆i – the diameter of the blocks of the i-th hierarchical 
level, and the coeffi  cient Θ most oft en falls for any i in the in-
terval 1/2–2, i. e. Θ Î (1/2 – 2) [4, 6].

Including, based on dozens of developed formulas of hi-
erarchical discrete series of blockiness, for example: G. G. Ko-
charyan and A. A. Spivak [7], with reference to the results of 
studies by M. A. Sadovsky [8, 9] and V. V. Piotrovsky [10], give 
a relationship that determines the corresponding size of the 
block Ln in the hierarchy of scales:
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Here k is an integer ranging from 1 to 9; Ln is the charac-
teristic size of a block of order n, measured in kilometers. In 
this formula, the highest order of the hierarchy is 18 for k = 9 
and leads to block sizes L18 ≈ (10 – 20) · 103 km, characteristic 
of lithospheric plates. Th e minimum block scale for n = 1 and 
k = 1 leads to L1 = 3–6 cm (the next block in the hierarchy, 
L2 = 10 – 20 cm, is obtained for k = 1 and n = 2k = 2), etc.

Fractal dimension shows the measure of self-similarity in 
the studied hierarchical set and the degree of complexity of the 
structure. Th e measure of similarity is estimated by the range 

of scales, where each subsystem fulfi lls a homogeneous power 
law, and the relative degree of complexity is determined by the 
absolute value of the fractal dimension. [1, 11, 12].

Discreteness
By fractal and block organization of mineralization sys-

tems is meant the development of ore systems at diff erent scale 
levels or regularly manifested characteristics of mineralization 
blocks.

Block-hierarchical structure of rocks, massifs of the con-
cept of M. A. Sadovsky: “Th e key role is given to the linear co-
effi  cient of nesting of geoblocks of adjacent hierarchical levels”
[6, 13]. Statistical characteristics of average distances between 
cracks separating structural blocks from each other to the 
diameters of these blocks are defi ned as a nonlinear process 
of mineralization. Mathematical development and detailing 
are determined by fractality, discreteness of block distribu-
tion and mineralization, mosaic invariance of ore and barren 
blocks [1, 14–19].

Blockiness
It is precisely the block hierarchical structure of defor-

mable solids and environments (which has already been ac-
tually substantiated by the experimental data accumulated 
to date, which will be demonstrated in the course of the pre-
sentation) that is also evidence that there is no fundamental 
diff erence between brittle and plastic materials and environ-
ments or between the plasticity exhibited by loaded metals 
and the destruction of geomaterials and geoenvironments, if 
we analyze these destruction processes from the point of view 
of the evolution of hierarchical systems and synergism (which 
does not exclude specifi cs of specifi c physical mechanisms).

Th us, loaded materials and environments are considered 
as nonlinear dynamic hierarchically organized systems, the 
evolution of which under external infl uences occurs according 
to the laws of synergy. Moreover, the evolution of loaded solids 
and environments is considered as a special case of the general 
theory of evolution [17].

Such a general evolutionary theory of open self-organizing 
systems is currently being developed as nonlinear dynamics 
of various systems [16, 18, 20–24]. Th e ideas, methods and 
approaches of nonlinear dynamics applied to deformable 
solids clearly indicate that solid media are among the most 
striking examples of systems self-organizing under external 
infl uences [16].

Invariance of blocks
Disintegration and decompaction/dilatancy of the medi-

um/rock massif are determined by the components of the sys-
tem in which diff erent loading conditions (stress and strain) 
develop in the subsystems along the inclusions of rigid or soft /
yielding blocks (stiff  and rigid inclusions). In a rock massif that 
includes compliant/soft  blocks, when they are loaded from a 
more rigid rock massif, destruction without a dynamic com-
ponent prevails at the moment they reach the strength limit, 
which is caused by the accumulation of cracks in them. Th ese 
blocks represent a fractured medium. In this case, the load on 
such blocks is distributed in such a way that they are loaded 
in the mode of specifi ed deformations. And with soft  loading, 
implemented in a rock massif that includes rigid blocks, the 
entire load is concentrated on them. And when the external 
load reaches the value of their strength, all the energy accu-
mulated in the surrounding massif is abruptly discharged into 



НАУКИ О ЗЕМЛЕ                                                                   Д. А. Несипбаев и др. / Известия УГГУ. 2025. Вып. 3(79). С. 17–32

20  D. A. Nesipbaev  et al. Mosaic blockiness of discrete subsystems of stockwork gold mineralization, Jerooy deposit (Kyrgyz Republic)//
Известия УГГУ. 2025. Вып. 3 (79). С. 17-32. DOI 10.21440/2307-2091-2025-3-17-32

the emerging cracks or into the prepared/existing center of de-
struction with the maximum concentration of cracks in it, or 
into the Griffi  ths-sized crack existing in the structure, and the 
destruction proceeds brittlely with dynamic manifestations – 
the release of energy. Th at is, in this case, loading occurs in the 
mode of specifi ed stresses [17, 25–28], fi g. 2, a.

Mosaic pattern of discrete mineralization contours
Zones of decompression with intensive fracturing are as-

sociated with the process of mobilization of ore components 
from their source, transportation and accumulation in an 
abnormally concentrated form – a system of conditions for 
the formation of a deposit. In the upper (seismogenic part of 
the earth’s crust, where mechanisms of elastic-brittle destruc-
tion of rocks are realized with the movement of fl uids along 
a system of permeable channels with optimal parameters for 
ore deposition – hydraulic gradient, temperature gradient, 
stress-strain state of rocks, intrapore pressure of fl uid pressure, 
destruction of mineral aggregates in the fracture-pore space 
[29–32], fi g. 2, б.

Concentration cores of mineralization are zones of intense 
fracturing, probably with superimposed and/or redeposited 
gold-quartz mineralization. Th e size of concentration cores of 
mineralization is determined by the sizes LnL. Probably, mor-
phological and concentration cores of mineralization have a dis-
crete nature of development, manifested by a scaled hierarchy of 
self-similarity (fractality). On this basis, it is possible to develop 
a tool for predicting the localization and size of morphological 
and concentration cores of mineralization based on scaling.

Th e studies were carried out on the basis of an ore mod-
el using a block model obtained as a result of operational ex-
ploration of the upper section of the Severo-Zapadny stock-
work by drilling exploratory wells along a 20 × 20 m network 
(10 profi les, 66 exploratory wells) from a horizon of 3600 m 
to a depth of 60–120 m with the collection of core samples of 
1 linear meter and analytical work for gold, determination of 
up to 0.05 ppm (6578 samples). A frame and block model of 
mineralization was created according to the gradation > 0.3; 
> 0.6; > 0.9; < 2.4 ppm; > 2.4 ppm; > 3 ppm; > 5 ppm [33].

To study the discreteness model and mosaic nature of 
mineralization characteristics, the presented data were allo-
cated by cutoff  grade up to 1.46 ppm [32], and by gradation 
1.46–2.99 ppm; 3.0–5.99 ppm; 6.0–11.9 ppm; 12.0–23.9 ppm; 
24.0–48.0 ppm > 48.0 ppm. Th e intervals of the presented 
grades of grades were allocated with the inclusion of substan-
dard breaks with a grade of less than 1.46 ppm up to 2–4 m. 
Substandard intervals longer than 4 m were allocated as bar-
ren breaks. Ore and barren blocks in projection onto a vertical 
plane along profi les, vertically and in the direction between 
profi les were morphologically studied for the development of 
mineralization block contours according to gold content class-
es and according to the class of substandard contents [33].

Th e dimension and identifi cation of block mosaicism was 
made using the method of M. A. Sadovsky [8], the dimension
L, m = 3

1 2 3 ·  · L L L , respectively, the length along the strike, 
thickness and dip. To average the dimension of the blocks, the 
dimension is expressed in logarithmic form. Discrete subsys-
tems N × 1000 m, etc., where N is an integer from one to nine. 
Th e exploration model as a system is comparable in dimension 
with the stockwork bodies of the N × 100 m deposit, divided 
into subsystems along ten cross-sections of the 20 m × 20 m 
operational exploration network. Coordination of ore and bar-
ren blocks along the mineralization contours along the wells. 
Th e calculations were made based on graphical constructions 
of the blocks of each section using an analytical method, 
fi g. 3 [33].

Research results
Th e fractality of deposit blocks (stockworks at a scale of 1 : 

10 000) and mineralization blocks (according to the gold con-
centration in the North-West stockwork body) were previously 
measured using the square-cell method; for both models, they 
are tg a = 20°, D = 1,36 [33, 34].

Dimensionality of discrete subsystems based on block 
measurement results, from the deposit as a system to subsys-
tems – stockworks and their constituent subsystems. Table 1 
shows interpolation of mineralization discreteness by dimen-
sionality reduction hierarchy through power function mea-

Figure 2. Model examples of sequential (1, 2, 3, 4) establishment of a hierarchically ordered cluster structure with fractal properties:
а – map of distribution of areas of anomalous gold concentrations in the production block; б – map of maxima of manifestation of fracturing inten-
sity (cell size 1 m) [1]
Рисунок 2. Модельные примеры последовательного (1, 2, 3, 4) установления иерархически упорядоченной кластерной структу-
ры, обладающей фрактальными свойствами: а – карта распределения участков аномальных концентраций золота в эксплуатацион-
ном блоке; б – карта максимумов проявления интенсивности трещиноватости (размер ячейки 1 м) [1]
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tion. Mathematical development and detailing are determined by fractality, discreteness of block distribution and mineraliza-
tion, mosaic invariance of ore and barren blocks [1, 14–19].

Blockiness
It is precisely the block hierarchical structure of deformable solids and environments (which has already been actually 

substantiated by the experimental data accumulated to date, which will be demonstrated in the course of the presentation) that is 
also evidence that there is no fundamental difference between brittle and plastic materials and environments or between the 
plasticity exhibited by loaded metals and the destruction of geomaterials and geoenvironments, if we analyze these destruction 
processes from the point of view of the evolution of hierarchical systems and synergism (which does not exclude specifics of 
specific physical mechanisms).

Thus, loaded materials and environments are considered as nonlinear dynamic hierarchically organized systems, the 
evolution of which under external influences occurs according to the laws of synergy. Moreover, the evolution of loaded solids 
and environments is considered as a special case of the general theory of evolution [17].

Such a general evolutionary theory of open self-organizing systems is currently being developed as nonlinear dynamics of 
various systems [16, 18, 20–24]. The ideas, methods and approaches of nonlinear dynamics applied to deformable solids clearly 
indicate that solid media are among the most striking examples of systems self-organizing under external influences [16].

Invariance of blocks
Disintegration and decompaction/dilatancy of the medium/rock massif are determined by the components of the system in 

which different loading conditions (stress and strain) develop in the subsystems along the inclusions of rigid or soft/yielding 
blocks (stiff and rigid inclusions). In a rock massif that includes compliant/soft blocks, when they are loaded from a more rigid 
rock massif, destruction without a dynamic component prevails at the moment they reach the strength limit, which is caused by
the accumulation of cracks in them. These blocks represent a fractured medium. In this case, the load on such blocks is distrib-
uted in such a way that they are loaded in the mode of specified deformations. And with soft loading, implemented in a rock 
massif that includes rigid blocks, the entire load is concentrated on them. And when the external load reaches the value of their 
strength, all the energy accumulated in the surrounding massif is abruptly discharged into the emerging cracks or into the pre-
pared/existing center of destruction with the maximum concentration of cracks in it, or into the Griffiths-sized crack existing in 
the structure, and the destruction proceeds brittlely with dynamic manifestations – the release of energy. That is, in this case, 
loading occurs in the mode of specified stresses [17, 25–28], fig. 2, a.

Mosaic pattern of discrete mineralization contours
Zones of decompression with intensive fracturing are associated with the process of mobilization of ore components from 

their source, transportation and accumulation in an abnormally concentrated form – a system of conditions for the formation of 
a deposit. In the upper (seismogenic part of the earth's crust, where mechanisms of elastic-brittle destruction of rocks are real-
ized with the movement of fluids along a system of permeable channels with optimal parameters for ore deposition – hydraulic 
gradient, temperature gradient, stress-strain state of rocks, intrapore pressure of fluid pressure, destruction of mineral aggregates
in the fracture-pore space [29–32], fig. 2, б.

Figure 2. Model examples of sequential (1, 2, 3, 4) establishment of a hierarchically ordered cluster structure with fractal properties: а –
map of distribution of areas of anomalous gold concentrations in the production block; б – map of maxima of manifestation of fracturing intensity 
(cell size 1 m) [1].
Рисунок 2. Модельные примеры последовательного (1, 2, 3, 4) установления иерархически упорядоченной кластерной струк-
туры, обладающей фрактальными свойствами: а – карта распределения участков аномальных концентраций золота в эксплуатаци-
онном блоке; б – карта максимумов проявления интенсивности трещиноватости (размер ячейки 1 м) [1].
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Figure 3. Sections by profi les (1, 3, 5, 7), exploration wells, distribution of gold by blocks by grades of content (average per block): 
shaded areas – ore blocks, no shading – barren and substandard blocks (underground mine resources)
Рисунок 3. Разрезы по профилям (1, 3, 5, 7), разведочные скважины, распределение золота по блокам по классам содержаний 
(среднего на блок): заштрихованные области – рудные блоки, без штриховки – безрудные и некондиционные блоки (ресурсы подзем-
ного рудника)

5

Concentration cores of mineralization are zones of intense fracturing, probably with superimposed and/or redeposited 
gold-quartz mineralization. The size of concentration cores of mineralization is determined by the sizes LnL. Probably, morpho-
logical and concentration cores of mineralization have a discrete nature of development, manifested by a scaled hierarchy of self-
similarity (fractality). On this basis, it is possible to develop a tool for predicting the localization and size of morphological and 
concentration cores of mineralization based on scaling.

The studies were carried out on the basis of an ore model using a block model obtained as a result of operational exploration 
of the upper section of the Severo-Zapadny stockwork by drilling exploratory wells along a 20 × 20 m network (10 profiles, 66 
exploratory wells) from a horizon of 3600 m to a depth of 60–120 m with the collection of core samples of 1 linear meter and 
analytical work for gold, determination of up to 0.05 ppm (6578 samples). A frame and block model of mineralization was creat-
ed according to the gradation > 0.3; > 0.6; > 0.9; < 2.4 ppm; > 2.4 ppm; > 3 ppm; > 5 ppm [33].

To study the discreteness model and mosaic nature of mineralization characteristics, the presented data were allocated by 
cutoff grade up to 1.46 ppm [32], and by gradation 1.46–2.99 ppm; 3.0–5.99 ppm; 6.0–11.9 ppm; 12.0–23.9 ppm; 24.0–48.0 ppm
> 48.0 ppm. The intervals of the presented grades of grades were allocated with the inclusion of substandard breaks with a grade 
of less than 1.46 ppm up to 2–4 m. Substandard intervals longer than 4 m were allocated as barren breaks. Ore and barren blocks 
in projection onto a vertical plane along profiles, vertically and in the direction between profiles were morphologically studied 
for the development of mineralization block contours according to gold content classes and according to the class of substandard 
contents [33].

The dimension and identification of block mosaicism was made using the method of M. A. Sadovsky [8], the dimension L, 

m = 3
1 2 3 ·  · L L L , respectively, the length along the strike, thickness and dip. To average the dimension of the blocks, the di-

mension is expressed in logarithmic form. Discrete subsystems N × 1000 m, etc., where N is an integer from one to nine. The 
exploration model as a system is comparable in dimension with the stockwork bodies of the N × 100 m deposit, divided into 
subsystems along ten cross-sections of the 20 m × 20 m operational exploration network. Coordination of ore and barren blocks 
along the mineralization contours along the wells. The calculations were made based on graphical constructions of the blocks of 
each section using an analytical method, fig. 3 [33].
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Figure 3. Sections by profiles (1, 3, 5, 7), exploration wells, distribution of gold by blocks by grades of content (average per block):
shaded areas – ore blocks, no shading – barren and substandard blocks (underground mine resources)
Рисунок 3. Разрезы по профилям (1, 3, 5, 7), разведочные скважины, распределение золота по блокам по классам содержаний 
(среднего на блок): заштрихованные области – рудные блоки, без штриховки – безрудные и некондиционные блоки (ресурсы подзем-
ного рудника)

Research results
The fractality of deposit blocks (stockworks at a scale of 1 : 10 000) and mineralization blocks (according to the gold con-

centration in the North-West stockwork body) were previously measured using the square-cell method; for both models, they 
are tg a = 20°, D = 1,36 [33, 34].

Dimensionality of discrete subsystems based on block measurement results, from the deposit as a system to subsystems –
stockworks and their constituent subsystems. Table 1 shows interpolation of mineralization discreteness by dimensionality re-
duction hierarchy through power function measured by deposit and mineralization blocks. Average value of deposit stockworks 
– 111.3 m – is taken as average system size. Smallest discrete mineralization subsystem accessible for observation is estimated at 
0.02–0.04 m. Hierarchical blocks observed and measured from stockwork to mineralization blocks, interore constrictions and 
barren intervals from 69.6 to 9.31 m and to smallest observed subsystems from 0.08 to 0.02 m identified during sensory sorting 
of ores are highlighted in bold in the table. The table shows an estimate of the ratio of the linear dimensions of blocks in the hi-
erarchy, as the average dimensions of inter-fracture zones, according to formula (1) [33, 34].

Average gold content, ppm

1,46–3,0         3,0–6,0         6,0–12,0      12,0–24,0

sured by deposit and mineralization blocks. Average value 
of deposit stockworks – 111.3 m – is taken as average system 
size. Smallest discrete mineralization subsystem accessible for 

observation is estimated at 0.02–0.04 m. Hierarchical blocks 
observed and measured from stockwork to mineralization 
blocks, interore constrictions and barren intervals from 69.6 to 
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Figure 4. Graph of the slope of the trend of the hierarchy of dimensions of mineralization blocks of the Jerooy deposit, Ln L (angle of 
the trend is 21о)
Рисунок 4. График наклона тренда иерархии размерностей блоков оруденения месторождения Джеруй, Ln L (угол тренда 21о)

Table 1. Extrapolation of fractal-hierarchical self-similar subsystems with a power function of 1.2 and a block dimension of 1.6 for fault 
and fracture zones
Таблица 1. Экстраполяция фрактально-иерархических самоподобных подсистем при степенной функции 1,2 и размерности 
блоков по разломным и трещинным зонам 1,6
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25,11 3,27 1,2 1,6 0,48 0,76 1,2 1,6

15,29 2,73 1,2 1,6 0,29 0,63 1,2 1,6

9,31 2,27 1,2 1,6 0,18 0,53 1,2 1,6

5,67 1,89 1,2 1,6 0,11 0,44 1,2 1,6

3,45 1,58 1,2 1,6 0,07 0,37 1,2 1,6

The equivalence of the measured and reduced dimensions of the hierarchy of subsystems with fractality is shown in fig. 4. 
Where the trend line of the logarithms of the dimensions of the blocks included in the discrete system of the NW stockwork, 
through the angle of inclination of the discrete dimensions of the block of 21° as practically identical to the values of the fractal 
dimension of the discrete subsystems tg a (angle Ln R to Ln N for blocks and mineralization concentrations) is 20° [33, 34].
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In general, discrete subsystems form series N; N + 1; N + 2…4, where N corresponds to the system and successive subsys-
tems, each successive subsystem is a system for the next element of the series. Systems are designated by the dimension N ×
1000, where N is any integer in the range of the product by the decimal order in meters. To smooth out the spread of dimensions 
of blocks of a discrete series, they are transformed into a logarithmic form (natural logarithm). For the purpose of identifying 
mineralization characteristics, the following are determined and measured by various methods: the core of mineralization – ore 
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9.31 m and to smallest observed subsystems from 0.08 to 0.02 
m identifi ed during sensory sorting of ores are highlighted in 
bold in the table. Th e table shows an estimate of the ratio of 
the linear dimensions of blocks in the hierarchy, as the average 
dimensions of inter-fracture zones, according to formula (1) 
[33, 34].

Th e equivalence of the measured and reduced dimensions 
of the hierarchy of subsystems with fractality is shown in fi g. 4. 
Where the trend line of the logarithms of the dimensions of the 
blocks included in the discrete system of the NW stockwork, 
through the angle of inclination of the discrete dimensions of 
the block of 21° as practically identical to the values of the frac-
tal dimension of the discrete subsystems tg a (angle Ln R to Ln 
N for blocks and mineralization concentrations) is 20° [33, 34].

In general, discrete subsystems form series N; N + 1; 
N + 2…4, where N corresponds to the system and successive 
subsystems, each successive subsystem is a system for the next 

element of the series. Systems are designated by the dimension 
N × 1000, where N is any integer in the range of the product 
by the decimal order in meters. To smooth out the spread of 
dimensions of blocks of a discrete series, they are transformed 
into a logarithmic form (natural logarithm). For the purpose 
of identifying mineralization characteristics, the following 
are determined and measured by various methods: the core 
of mineralization – ore blocks of intensive mineralization; 
peripheral mineralization – blocks with a transitional type of 
mineralization (with local barren constrictions) and barren 
blocks.

Th us, in a general schematic form, the mosaic nature of 
mineralization blocks can be expressed at a discrete level, as 
opposed to the “continuous” type of vision of mineralization 
distribution accepted in practice at the present time.

Th e main discrete subsystems of mineralization of the Je-
rooy deposit and from the dimension of the stockwork bodies 
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Table 2. Dimensions of the main morphological units of the Jerooy deposit [33, 34]
Таблица 2. Размерность основных морфологических единиц месторождения Джеруй [33, 34]

N Morphological objects – stockwork bodies L1 L2

8

blocks of intensive mineralization; peripheral mineralization – blocks with a transitional type of mineralization (with local bar-
ren constrictions) and barren blocks. 

Thus, in a general schematic form, the mosaic nature of mineralization blocks can be expressed at a discrete level, as op-
posed to the “continuous” type of vision of mineralization distribution accepted in practice at the present time. 

The main discrete subsystems of mineralization of the Jerooy deposit and from the dimension of the stockwork bodies of 
the deposit – the main blocks of mineralization of the deposit with the allocation of concentration cores of mineralization at 
contents of 1 ppm and 2 ppm, with the derivation of the degree of the relationship of the subsystem to the deposit in table 2 (N × 
1000 and N × 100). 

Table 2. Dimensions of the main morphological units of the Jerooy deposit [33, 34]
Таблица 2. Размерность основных морфологических единиц месторождения Джеруй [33, 34]

N Morphological objects – stockwork bodies L1 L2 2
1 2 ·  L L Ln L Degree 

Ln L/Ln L + 1
1 Jerooy deposit 2058,0 334,0 829,1 6,7

2 North-West Stockwork
(with 1 ppm board)

350,0 294,0 320,8 5,8 1,2

3 Core 1 with 1 ppm board 147,0 135,0 140,9 5,2 1,1

4 Core 2 with 2 ppm board 77,0 35,0 51,9 3,7 1,5

5 Southeastern 176,0 165,0 170,4 5,5 1,0

6 Core 1 with 2 ppm board 89,0 87,0 88,0 4,4 1,2

7 Eastern section 165,0 163,0 164,0 5,5 1,1

8 Central 176,0 47,0 91,0 4,5 1,2

9 Apophysis 118,0 29,0 58,5 3,9 1,0

10 Northeastern 106,0 65,0 83,0 4,4 1,3

11 Deeper 131,0 117,0 123,8 5,0 0,9

12 Western 124,0 65,0 89,8 4,5 1,2

The mosaic nature of the discrete subsystems N × 100 and N × 10 is detailed on the basis of graphic-analytical measure-
ments of the operational exploration block model. 

Mosaicism of discrete subsystems. The block organization of mineralization at the Jerooy deposit is determined by the mo-
saic distribution and location of ore and non-ore blocks, the first of which is formed from blocks of the mineralization core and 
transition zones – blocks of peripheral mineralization. 

The core of mineralization, blocks with intensive and highly productive mineralization. It is defined as a zone caused by 
structural-kinematic processes with intensive fracturing. By the nature of fracturing, a continuous zone of tectonic disturbance, 
which is an ore-localizing and ore-controlling zone with the development of an anomalous zone of ore deposition. Discreteness 
is distinguished at hierarchical levels from the deposit block system with the development of stockwork subsystems. Zones and 
blocks of intensive mineralization are distinguished in stockwork subsystems as a quartz core, a core with high-contrast and con-
tinuous mineralization. In fig. 1, the deposit block is distinguished as a series of stockwork bodies (seven), in the contour of 
which contours with a quartz core are distinguished against the background of enclosing diorites, a core according to industrial 
conditions within the cutoff content of 1 ppm and 2 ppm. In fig. 4 the exploration model of the study core is distinguished by the 
anomalous gold content of the framework modeling at contents > 5 ppm. 

For the purposes of determining the characteristics of the mineralization core within the exploration model for profiles, ex-
ploration network models and boreholes, the mineralization core is identified according to the following criteria: 1. Continuity 
of mineralization with an ore-bearing coefficient > 0.83; 2. By consistent average gold grades over an interval of over 4–5 ppm; 3. 
By an interval of intensive mineralization over a dip of over 8–10 m. 

Periphery of mineralization, blocks of transitional mineralization. Transitional mineralization is geotechnically formed 
in the zones of transition of intensive fracturing from the core to the host rocks. Characterized by a lower degree of fracturing 
and, accordingly, the level of mineralization. The main pattern of peripheral mineralization blocks is their own mosaicism in 
distribution and location – alternation of small blocks of mineralization and barren blocks. Identification criteria: 1. Ore-bearing 
coefficient less than 0.8–0.6 (individual small blocks with an ore-bearing coefficient defined as ∑nore /∑Ntotal (Krud) of 1.0; 2. Aver-
age content of the totality of ore and barren intervals < 2–3 ppm; 

Ln L Degree 
Ln L/Ln L + 1

1 Jerooy deposit 2058,0 334,0 829,1 6,7

2 North-West Stockwork
(with 1 ppm board)

  350,0 294,0 320,8 5,8 1,2

3 Core 1 with 1 ppm board   147,0 135,0 140,9 5,2 1,1

4 Core 2 with 2 ppm board    77,0   35,0   51,9 3,7 1,5

5 Southeastern  176,0 165,0 170,4 5,5 1,0

6 Core 1 with 2 ppm board    89,0   87,0   88,0 4,4 1,2

7 Eastern section  165,0 163,0 164,0 5,5 1,1

8 Central  176,0   47,0   91,0 4,5 1,2

9 Apophysis  118,0   29,0   58,5 3,9 1,0

10 Northeastern  106,0   65,0   83,0 4,4 1,3

11 Deeper  131,0 117,0 123,8 5,0 0,9

12 Western  124,0   65,0   89,8 4,5 1,2

Table 3. Dimensions and distance between stockwork zones of the deposit [33, 34]
Таблица 3. Размерность и расстояние между штокверковыми зонами месторождения [33, 34]

Dimensions 
of stockworks L, m Ln (L, m) Distance between stockworks L, m Ln (L, m)

Western 111,0 4,7 Western

Northwestern 255,0 5,5 Northwestern 111 4,7

Central   66,7 4,2 Central  89 4,5

Southeastern 111,1 4,7 Southeastern 133 4,9

Eastern 144,0 5,0 Eastern 289 5,7

Deeper 122,0 4,8 Deeper 333 5,8

of the deposit – the main blocks of mineralization of the de-
posit with the allocation of concentration cores of mineraliza-
tion at contents of 1 ppm and 2 ppm, with the derivation of the 
degree of the relationship of the subsystem to the deposit in 
table 2 (N × 1000 and N × 100).

Th e mosaic nature of the discrete subsystems N × 100 and 
N × 10 is detailed on the basis of graphic-analytical measure-
ments of the operational exploration block model.

Mosaicism of discrete subsystems. Th e block organi-
zation of mineralization at the Jerooy deposit is determined 
by the mosaic distribution and location of ore and non-ore 
blocks, the fi rst of which is formed from blocks of the miner-
alization core and transition zones – blocks of peripheral min-
eralization.

Th e core of mineralization, blocks with intensive and 
highly productive mineralization. It is defi ned as a zone caused 
by structural-kinematic processes with intensive fracturing. 
By the nature of fracturing, a continuous zone of tectonic dis-
turbance, which is an ore-localizing and ore-controlling zone 
with the development of an anomalous zone of ore deposi-
tion. Discreteness is distinguished at hierarchical levels from 
the deposit block system with the development of stockwork 
subsystems. Zones and blocks of intensive mineralization are 

distinguished in stockwork subsystems as a quartz core, a core 
with high-contrast and continuous mineralization. In fi g. 1, 
the deposit block is distinguished as a series of stockwork bod-
ies (seven), in the contour of which contours with a quartz core 
are distinguished against the background of enclosing diorites, 
a core according to industrial conditions within the cutoff  con-
tent of 1 ppm and 2 ppm. In fi g. 4 the exploration model of the 
study core is distinguished by the anomalous gold content of 
the framework modeling at contents > 5 ppm.

For the purposes of determining the characteristics of the 
mineralization core within the exploration model for profi les, 
exploration network models and boreholes, the mineralization 
core is identifi ed according to the following criteria: 1. Conti-
nuity of mineralization with an ore-bearing coeffi  cient > 0.83; 
2. By consistent average gold grades over an interval of over 
4–5 ppm; 3. By an interval of intensive mineralization over a 
dip of over 8–10 m.

Periphery of mineralization, blocks of transitional 
mineralization. Transitional mineralization is geotechnically 
formed in the zones of transition of intensive fracturing from 
the core to the host rocks. Characterized by a lower degree 
of fracturing and, accordingly, the level of mineralization. 
Th e main pattern of peripheral mineralization blocks is their 
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Table 4. Measurement of the dimensions of ore blocks according to the exploration model profi les [33]
Таблица 4. Измерение размерности рудных блоков по профилям разведочной модели [33]

Profi le no. ∑ L1 × L2 × L3 3 Σ = ,mL
Ln L Power function of the general contour of the model

1     56 147,8 38,3 3,6 1,30

2     77 467,8 42,6 3,8 1,30

3    164 673,4 54,8 4,0 1,20

4    198 237,0 58,3 4,1 1,20

5    136 776,8 51,5 3,9 1,20

6      92 516,4 45,2 3,8 1,20

7    151 548,6 53,3 4,0 1,20

8     122 824,4 49,7 3,9 1,20

9       94 109,8 45,5 3,8 1,20

10      81 339,0 43,3 3,8 1,20

Total (90) 1 175 641,0 105,5 4,7

Average    117 564,1 48,3 3,9 1,20

Table 5. Measurement of barren and substandard blocks according to the exploration model profi les [33]
Таблица 5. Измерение безрудных и некондиционных блоков по профилям разведочной модели [33]

Profi le no. ∑ L1 × L2 × L3 3 Σ = ,mL
Ln L ∑ Ln L/Ln l 1…10 Number of barren 

blocks per profi le
Unit block average

L, m Ln L

1 27508 30,2 3,4 1,3 3 20,9 3,0

2 49685 36,8 3,6 1,2 12 16,1 2,8

3 68486 40,9 3,7 1,2 10 19,0 2,9

4 72719 41,7 3,7 1,2 17 16,2 2,8

5 59135 39,0 3,7 1,2 12 17,0 2,8

6 62394 39,7 3,7 1,2 13 16,9 2,8

7 50470 37,0 3,6 1,2 13 15,7 2,8

8 28017 30,4 3,4 1,3 7 15,9 2,8

9 23500 28,6 3,4 1,3 6 15,8 2,8

10

Total 441 914 76,2 4,3 93

Average 49 102 36,6 3,6 1,2 17,1 2,8

Table 6. Distribution and dimensionality of the mosaic blocks of 
the exploration model
Таблица 6. Распределение и размерность мозаичности бло-
ков разведочной модели

Mosaic blocks V, m3 L, m Ln L V, %

∑ mineralization core    771 143,8 91,7 4,5 47,9

∑ transition blocks    396 395,2 73,5 4,3 24,6

∑ barren    441 913,8 76,2 4,3 27,5

Total 1 609 452,8 117,2 4,8 100,0

∑nore /∑Ntotal (Krud) of 1.0; 2. Average content of the totality of 
ore and barren intervals < 2–3 ppm;

Barren blocks. Geotechnically defi ned by zones, blocks of 
very low or no fracturing, respectively low degree of mineral-
ization, including silicifi ed and ore substance. Occupy the po-
sition of intercontour blocks between the core and peripheral 
mineralization blocks and within transitional mineralization. 
Distinguished based on the criteria: 1. Vertical dimension over 
5–8 m; 2. Gold content up to 0.5 ppm.

Discrete system N × 1000 m – deposit
Th e presented analysis of the blockiness of areas and mor-

phological cores of mineralization were interpolated with an 
equivalent method for determining the blockiness by the dis-
tance between faults. “Th e statistical characteristic of the av-
erage distances between the crack banks separating structural 
blocks from each other to the diameters of these blocks is a 
fairly stable relationship between the values of crack opening 

own mosaicism in distribution and location – alternation of 
small blocks of mineralization and barren blocks. Identifi ca-
tion criteria: 1. Ore-bearing coeffi  cient less than 0.8–0.6 (indi-
vidual small blocks with an ore-bearing coeffi  cient defi ned as 
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Figure 5. Distribution of gold content by classes, 2146 samples
Рисунок 5. Распределение содержаний золота по классам, 2146 проб

Figure 6. Infl uence of gold content classes, 2146 samples
Рисунок 6. Влияние классов содержаний золота, 2146 проб

11

The distribution of ore and barren blocks in the aggregate is 73 to 27%, excluding barren blocks in the contours of ore 
blocks of transitional mineralization, where ore and barren blocks have approximate equality, which is estimated in the calculat-
ed mosaic as 60.2% to 39.8%.

The assessment of the distribution and influence of gold calculated on the basis of the analysis of a sample of 2146 channel 
samples of ore intersections of two mountain horizons of the adits of the North-West stockwork – Main ore body, are presented 
in the diagrams of fig. 2, 3. From which it follows that in 55% of the samples (volume of ore contours), more than 93% of gold 
reserves are concentrated [3, 33].

Figure 5. Distribution of gold content by classes, 2146 samples
Рисунок 5. Распределение содержаний золота по классам, 2146 проб

Figure 6. Influence of gold content classes, 2146 samples
Рисунок 6. Влияние классов содержаний золота, 2146 проб

Thus, in the discrete subsystem of the N ∙ 100 m exploration model or stockwork deposit, the mosaic of ore and barren 
blocks tends to be distributed, respectively, 60 to 40%, in which more than 93% of gold reserves are concentrated in the volume 
of 55% of ore contours.

Discrete subsystem N × 10 m
This discrete subsystem is geologically distinguished within the exploration model system (× 100 m) in the form of individ-

ual ore and barren blocks within exploration profiles (by interpolation of mineralization contours along boreholes, fig. 3; and 
based on the geotechnological conditions of extraction panels measuring 5 × 5 and 10 × 10 m × 20–40 m (strike), respectively, L, 
m = 7.9; 15.9 m (Ln L = 2.1 and 2.8), for the purpose of comparability of the dimensions of ore and barren blocks and extraction 
units [Chuprin, st. 5, 6, abandoned pillars].

Table 7 shows the distribution and influence of gold in a fragment of the reserve contour, block 17-C1 – distinguished under 
the paradigm of the “continuous” type of mineralization.
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The assessment of the distribution and influence of gold calculated on the basis of the analysis of a sample of 2146 channel 
samples of ore intersections of two mountain horizons of the adits of the North-West stockwork – Main ore body, are presented 
in the diagrams of fig. 2, 3. From which it follows that in 55% of the samples (volume of ore contours), more than 93% of gold 
reserves are concentrated [3, 33].
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Thus, in the discrete subsystem of the N ∙ 100 m exploration model or stockwork deposit, the mosaic of ore and barren 
blocks tends to be distributed, respectively, 60 to 40%, in which more than 93% of gold reserves are concentrated in the volume 
of 55% of ore contours.

Discrete subsystem N × 10 m
This discrete subsystem is geologically distinguished within the exploration model system (× 100 m) in the form of individ-

ual ore and barren blocks within exploration profiles (by interpolation of mineralization contours along boreholes, fig. 3; and 
based on the geotechnological conditions of extraction panels measuring 5 × 5 and 10 × 10 m × 20–40 m (strike), respectively, L, 
m = 7.9; 15.9 m (Ln L = 2.1 and 2.8), for the purpose of comparability of the dimensions of ore and barren blocks and extraction 
units [Chuprin, st. 5, 6, abandoned pillars].

Table 7 shows the distribution and influence of gold in a fragment of the reserve contour, block 17-C1 – distinguished under 
the paradigm of the “continuous” type of mineralization.
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Table 7. Distribution of gold content classes (ppm) and the infl uence of classes (%), a fragment of the operational block 17-C1 [3]
Таблица 7. Распределение классов содержаний золота (г/т) и влияние классов (%) фрагмента эксплуатационного блока 17-С1 [3]

Ln C Average gold content, ppm Class of contents Distribution, % Infl uence, %

–0,03   1,0 0,0–1,99 0,15   1,7

  0,99   2,7 2,0–3,99 0,27   8,7

  2,12   8,3 4,0–15,99 0,44 43,4

  3,14 23,2 16,0–31,99 0,10 28,8

  3,56 35,2 > 32,0 0,04 17,5

Total 1,00

and the diameters of the blocks separated by them in the struc-
tural hierarchy of rock massifs” [9]. For further calculations 
and forecasting the position of mineralization, in addition to 
the indicators given below for scaled dimension, it is proposed 
to use the well-known formula (1) [9].

Th e diameter of the block ∆i for averaged zones of rock de-
compression with the formation of stockworks is determined 
in Ln, L = 4.7–4.8. Th e indicators for the main North-West 
stockwork and the Central section “stand out” from the series. 
In the fi rst case, it is probably possible to state the “duplication” 
of anomalous zones of fracturing and, accordingly, mineraliza-
tion. In the second case, from those listed, the “reduction” is 
also almost twofold, fi g. 1.

Th e average Ln value from 4.5 to 4.9 is noted for the dis-
tance between the anomalous fracture zones (morphological 
cores of mineralization), and the exit beyond these limits of the 
distances between the fracture zones from the South-East to the 
East area and further to the Deep Zone with Ln L more than 5.7 
can be an indicator of both undeveloped fracture zones in these 
intervals and erosional shear of the upper horizons of the indi-
cated zones, respectively, expanded mineralization zones – the 
structure of stockworks in the form of an inverted cone, table 3.

Th e dimensions of stockworks when assessed using the 
formula L, m = 3

1 2 3 ·  · L L L  (respectively, the strike, thick-
ness, by dip in m) and the logarithmized dimension indicator 
Ln (L, m) for averaging in the range from 4.2 to 5.8.
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Figure 7. Interpolation of the mosaic discrete structure of mineralization of the fragment of the exploitation block 17-C1. Colored crap-
pie – classes of gold content
Рисунок 7. Интерполяция мозаичной дискретной структуры оруденения фрагмента эксплуатационного блока 17-С1. Цветовой 
крапп – классы содержаний золота
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Table 7. Distribution of gold content classes (g/t) and the influence of classes (%), a fragment of the operational block 17-C1 [3]
Таблица 7. Распределение классов содержаний золота (г/т) и влияние классов (%) фрагмента эксплуатационного блока 17-С1 [3]

Ln C Average gold 
content, g/t Class of contents Distribution, % Influence, %

–0,03 1,0 0,0–1,99 0,15 1,7

0,99 2,7 2,0–3,99 0,27 8,7

2,12 8,3 4,0–15,99 0,44 43,4

3,14 23,2 16,0–31,99 0,10 28,8

3,56 35,2 > 32,0 0,04 17,5

Total 1,00

From which follows the concentration of more than 98% of gold in the contours of 85% of the sample volume or, accord-
ingly, in the spatial volume of mineralization. The interpretation in the form of a schematic illustration of the discrete type of 
mineralization is given in fig. 7 in which hypothetically the concentrations of gold by grades of contents are combined into el-
lipses in proportion to the calculated spatial location of reserves, table 7. To delineate discrete mosaic blocks of mineralization 
by grades, a form was used for anomalous and ordinary isolations in the horizontal plan in the form of an "ellipse (for three-
dimensional space – an ellipsoid with various combinations of longitudinal and transverse axes. An ellipse can quite closely take 
into account the degree of compactness of the distribution of heterogeneities and elements of anisotropy, areas of their accumu-
lations, the use of geological factors in delineation" [3, 33, 34]. 

Figure 7. Interpolation of the mosaic discrete structure of mineralization of the fragment of the exploitation block 17-C1. Colored crap-
pie classes of gold content
Рисунок 7. Интерполяция мозаичной дискретной структуры оруденения фрагмента эксплуатационного блока 17-С1. Цветовой
крапп классы содержаний золота

The mosaic nature of the discrete subsystem was obtained by analytical calculations for ten cross-sections of the exploration 
model; the calculations were made for block-ore (90 blocks), table 8, and barren (93 blocks), table 9. 

< 2 ppm

2–4 ppm

4–16 ppm

> 16 ppm

> 32 ppm

Extrapolated

The mosaicity of blocks of the discrete level of the 
deposit is determined by the distribution and location of 
stockwork bodies of mineralization and the distance be-
tween them, for the discrete level N × 1000, the block of 
the deposit is determined by the characteristic of practical 
equality in the discrete subsystem of ore and barren blocks, 
the mosaicity of the discrete subsystem is expressed in a 
value close to 42.1% to 57.9%, evaluating the block of the 
deposit in the general united contour of isolated stockwork 
bodies, taken as 100%.

Discrete subsystem N × 100 m
Subsystem × 100 m, measured as a set of ore and barren 

blocks along ten profiles of the exploration model, ore blocks 
table 4 and barren blocks table 5.

The quantitative ratio of ore blocks to barren blocks is 
equal in quantity to 90 to 93, the dimension of the exploration 
model is L =105.5 m (Ln L = 4.7). The total dimension and 
quantitative distribution of ore and barren blocks in the explo-
ration model contour are given in table 6.

The distribution of ore and barren blocks in the aggregate 
is 73 to 27%, excluding barren blocks in the contours of ore 
blocks of transitional mineralization, where ore and barren 
blocks have approximate equality, which is estimated in the 
calculated mosaic as 60.2% to 39.8%.

The assessment of the distribution and influence of 
gold calculated on the basis of the analysis of a sample of 
2146 channel samples of ore intersections of two mountain 
horizons of the adits of the North-West stockwork – Main 
ore body, are presented in the diagrams of fig. 2, 3. From 
which it follows that in 55% of the samples (volume of ore 
contours), more than 93% of gold reserves are concentrated 
[3, 33].

Thus, in the discrete subsystem of the N ∙ 100 m explora-
tion model or stockwork deposit, the mosaic of ore and barren 
blocks tends to be distributed, respectively, 60 to 40%, in which 
more than 93% of gold reserves are concentrated in the volume 
of 55% of ore contours.

Discrete subsystem N × 10 m
This discrete subsystem is geologically distinguished 

within the exploration model system (× 100 m) in the form 
of individual ore and barren blocks within exploration profiles  
(by interpolation of mineralization contours along boreholes, 
fig. 3; and based on the geotechnological conditions of ex-
traction panels measuring 5 × 5 and 10 × 10 m × 20–40 m 
(strike), respectively, L, m = 7.9; 15.9 m (Ln L = 2.1 and 2.8), 
for the purpose of comparability of the dimensions of ore and 
barren blocks and extraction units [Chuprin, st. 5, 6, aban-
doned pillars].

Table 7 shows the distribution and influence of gold 
in a fragment of the reserve contour, block 17-C1 – dis-
tinguished under the paradigm of the “continuous” type of 
mineralization.

From which follows the concentration of more than 98% 
of gold in the contours of 85% of the sample volume or, ac-
cordingly, in the spatial volume of mineralization. The inter-
pretation in the form of a schematic illustration of the discrete 
type of mineralization is given in fig. 7 in which hypothetically 
the concentrations of gold by grades of contents are combined 
into ellipses in proportion to the calculated spatial location of 
reserves, table 7. To delineate discrete mosaic blocks of miner-
alization by grades, a form was used for anomalous and ordi-
nary isolations in the horizontal plan in the form of an “ellipse 
(for three-dimensional space – an ellipsoid with various com-
binations of longitudinal and transverse axes. An ellipse can 
quite closely take into account the degree of compactness of 
the distribution of heterogeneities and elements of anisotropy, 
areas of their accumulations, the use of geological factors in 
delineation” [3, 33, 34].

The mosaic nature of the discrete subsystem was obtained 
by analytical calculations for ten cross-sections of the explo-
ration model; the calculations were made for block-ore (90 
blocks), table 8, and barren (93 blocks), table 9.

Thus, the distribution of ore and barren blocks by quantity 
is 90 ore blocks to 93 barren. The average dimensions of ore to 
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barren blocks by profiles are L, m (Ln L): ore 33.8 m (3.5) to 
36.6 (3.6) and by average individual blocks, respectively 11.7 m 
(2.4) to 17.1 m (2.8). Distribution of ore and barren blocks by 
dimension L, m, table 10.

Distribution of mosaicity and gold concentration in  
table 11.

The distribution close to 50% of ore and barren blocks 
with a predominance of dimensions >10 m in 96% of the 
frequency of occurrence, gold concentration of 92.4% in a 
volume of 51%, contrasting statistical and sampling allo-
cation of barren blocks is considered as a very promising 
pattern of mosaic block organization of mineralization for 
exploration, assessment of reserves and justification and 

implementation of geotechnology with a significant reduc-
tion in the costs of mining operations per volume of barren 
blocks [35].

Discrete subsystem N × 1m
The discrete subsystem was measured and studied in six 

exploration wells of profile 2, core sampling of 391 samples, 
with a conditional limit of 1.46 ppm, tables 12, 13.

The characteristic of mosaicity is the tendency of concen-
tration of more than 93% of gold in 46% of spatial volume of 
well testing contours of discrete subsystem. With development 
of more than 40% of barren intervals with dimension > 8 m. 
With mosaicity measured in the subsystem as 45% ore to 54% 
ore-free, table 14.

Table 8. Dimensions of ore blocks by profiles
Таблица 8. Размерности рудных блоков по профилям

Profiles
Dimensions of combined blocks by profile

Degree from exploration 
model

Dimensionality of single blocks

L1 × L2 × L3 l, m Ln L Number
of blocks l, m Ln L

1    23 916,8 28,8 3,4 1,3    11 12,5 2,5

2    42 163,6 34,8 3,5 1,2    11 11,9 2,4

3    43 884,0 35,3 3,6 1,2    17 13,7 2,6

4    58 021,0 38,7 3,7 1,1    29 11,9 2,5

5    49 730,0 36,8 3,6 1,2    23 10,1 2,3

6    25 194,0 29,3 3,4 1,2    22 10,5 2,3

7    60 204,0 39,2 3,7 1,1    21 12,1 2,5

8    33 378,2 32,2 3,5 1,2    13 12,6 2,5

9    10 455,0 21,9 3,1 1,4    10    9,9 2,3

10

Total: 346 947,0 70,3 4,2 157

Average   38 549,6 33,8 3,5 1,2 11,7 2,4

Table 9. Calculation of the dimensions of barren blocks of the exploration model by profiles
Таблица 9. Расчет размерности безрудных блоков разведочной модели по профилям

Profile

Dimension of barren intervals, blocks 
by profiles Power function 

of the exploration 
model

The dimensions of individual barren blocks 
of the exploration model by profiles

L1 × L2 × L3 l, m Ln L
number of 

blocks in pro-
file

V, m3 L, m Ln L

1    27 508 30,2 3,4 1,3  3 9169,3 20,9 3,0

2    49 685 36,8 3,6 1,2 12 4140,4 16,1 2,8

3    68 486 40,9 3,7 1,2 10 6848,6 19,0 2,9

4    72 719 41,7 3,7 1,2 17 4277,6 16,2 2,8

5    59 135 39,0 3,7 1,2 12 4928,0 17,0 2,8

6    62 394 39,7 3,7 1,2 13 4799,6 16,9 2,8

7    50 470 37,0 3,6 1,2 13 3882,3 15,7 2,8

8    28 017 30,4 3,4 1,3  7 4002,4 15,9 2,8

9    23 500 28,6 3,4 1,3  6 3916,7 15,8 2,8

10

Total 441 914 76,2 4,3 93

Average   49 102 36,6 3,6 1,2 17,1 2,8
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Table 10. Distribution of exploration model block dimensions by 
dimensions L, m
Таблица 10. Распределение размерностей блоков разведоч-
ной модели по размерностям L, м

Dimension, m Frequency Frequency ratio

1–10   4 0,04

10–20 53 0,59

20–30 21 0,23

30–40  8 0,09

40–50  4 0,04

∑ 90 1,00

Table 11. Distribution of ore and barren blocks of the exploration 
model; gold concentration
Таблица 11. Распределение рудных и безрудных блоков раз-
ведочной модели; концентрация золота

Parameters Ore, % Barren, %
Distribution 51,7 48,3

Infl uence 92,4 7,6

Table 12. Distribution of gold grades and infl uence, %
Таблица 12. Распределение классов золота и влияние, %

Average, ppm Distribution, % Infl uence, %

  0,54 54,2   7,2

  2,09 15,1   7,8

  4,44   9,7 10,7

  8,84 13,6 29,6

16,58   4,9 19,9

33,59   2,3 19,1

91,10   0,3   5,8

Table 14. Characteristic of mosaicity by interval lengths (testing 
in linear meters), ore and barren, substandard
Таблица 14. Характеристика мозаичности по длинам интер-
валов (опробования, пог. м), рудные и безрудные, неконди-
ционные

Total, r. m Ore, r. m Barren, r. m

443,9 203,45 240,45

Percent   45,80   54,20

Table 13. Frequency and distribution of barren and unsuitable 
intervals
Таблица 13. Частота и распределение безрудных и неконди-
ционных интервалов

Interval, m Frequency Distribution, %

2–4 8 29,6

4–8 8 29,6

8–16 7 25,9

16–32 4 14,8

Discrete subsystem N × 0,01
Th e smallest subsystem for observations, which is deter-

mined by the results of sensor sorting of ores, the studies were 
carried out fragmentarily [33] on two samples with ordinary 
and poor gold contents, the general indicators are given in 
table 14. Th e XRT (X-ray transmission sorting) method on 
an outdated installation (2012). New studies by the SBS (Sen-
sor Based Sorting) method [34] of gold-quartz ores similar in 
mineral composition have gold extraction indicators during 
studies up to 99.72%.

Th e study of samples of three ore fractions, according to 
the output, has indicators of a pattern of increasing ore blocks 
in the smallest subsystems, fi g. 8 [34].

Th e discrete subsystem by mosaicity is characterized by 
average indicators of ore and barren blocks in the proportion 
of 39.9% to 60.1% with a tendency for gold concentration 
over 99%. Th e latter is consistent with the fractal pattern by 
the ratio of the frequency of occurrence of ore blocks with a 
decrease in the scale of observations, which have an expo-
nential pattern, fi g. 9 (constructed according to the data of 
measuring the fractality of concentration ore formations) 
[33, 34].

Conclusions and discussions
1. Ore formation of ore fl uid input is controlled by frac-

ture zones with formation of stockwork cone-shaped ore 
bodies with the base turned to the surface. Ore processes are 
localized and confi ned to fracture zones with formation of mo-
saic block structure: mineralization cores by zones of intensive 
fracturing, mineralization periphery by transitional fracturing 
zones and barren blocks by zones of low fracturing or shadow 
zones. Probably, the structural-tectonic history of the deposit 
block is prerequisite formed by dome-arc kinematics of faults 
and fracture zones. Distribution of the latter have radially di-
verging position in the roof of the intrusive body – the system 
of organization of block mosaic structure of the discrete min-
eralization system.

2. Th e blockiness of mineralization of the Jerooy deposit is 
self-similar in discrete subsystems of fractality. Mosaic blocki-
ness in discrete subsystems of successive hierarchical stages are 
equivalent and identical. Which possibly indicates a universal 
natural pattern of formation and development of the block na-
ture of mineralization.

3. Th e studied discrete subsystems of mosaicism are pre-
sented in table 15. Th e dimensions of ore and barren blocks of 
mosaicism are practically equal, the distribution is symmetrical, 
the arrangement is characterized by systematic repeatability.

4. The logarithmic dimensions of the blocks in the sub-
system Ln (n)/Ln (n + 1), according to empirical measure-
ments, have a regular relationship of the power coefficient 
≈ 1.2.

 5. It is obvious that the distribution pattern of mosaic 
blocks closest to the natural one is expressed in the discrete 
subsystem N × 0.01 m. The probable pattern, expressed in 
the tendency of concentration up to 100% of ore substance 
in minimum volumes of ore blocks, is up to 13–40%. The 
given pattern can be considered when forecasting the tech-
nological assessment of the enrichment potential and ex-
traction of concentrated ore substance (from enriched ore 
blocks, the enrichment factor is ≈ from 3–6 to 15 for ore 
substance. Which obviously predetermines the high effi-
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Table 15. Separation of ore and barren blocks when studied using the XRT method
Таблица 15. Разделение рудных и безрудных блоков при исследовании методом XRT

Samples, Au content, ppm (sample weight)
Output of mosaic blocks

Ore, % Barren, %
XRT, common ores, 3,90 ppm (1165,9 kg) 39,9 60,1
XRT, poor ores, 0,92 ppm (584,7 kg) 13,8 86,2
XRT, exploitation ore, 2,4 ppm (581.2 kg) 26,8 73,2

Figure 8. Volume of output of ore blocks by fractions of sensor sorting using XRT separation method
Рисунок 8. Объем выхода рудных блоков по фракциям сенсорной сортировки, метод XRT-сепарации

15

The characteristic of mosaicity is the tendency of concentration of more than 93% of gold in 46% of spatial volume of well 
testing contours of discrete subsystem. With development of more than 40% of barren intervals with dimension > 8 m. With 
mosaicity measured in the subsystem as 45% ore to 54% ore-free, table 14.

Table 14. Characteristic of mosaicity by interval lengths (testing in linear meters), ore and barren, substandard
Таблица 14. Характеристика мозаичности по длинам интервалов (опробования, пог. м), рудные и безрудные, некондици-

онные

Total, r. m Ore, r. m Barren, r. m

443,9 203,45 240,45

Percent 45,80 54,20

Discrete subsystem N × 0,01
The smallest subsystem for observations, which is determined by the results of sensor sorting of ores, the studies were car-

ried out fragmentarily [33] on two samples with ordinary and poor gold contents, the general indicators are given in table 14. 
The XRT (X-ray transmission sorting) method on an outdated installation (2012). New studies by the SBS (Sensor Based Sort-
ing) method [34] of gold-quartz ores similar in mineral composition have gold extraction indicators during studies up to 
99.72%.

Table 14. Separation of ore and barren blocks when studied using the XRT method
Таблица 14. Разделение рудных и безрудных блоков при исследовании методом XRT

Samples, Au content, ppm (sample weight)
Output of mosaic blocks

Ore, % Barren, %
XRT, common ores, 3,90 ppm (1165,9 kg) 39,9 60,1
XRT, poor ores, 0,92 ppm (584,7 kg) 13,8 86,2
XRT, exploitation ore, 2,4 ppm (581.2 kg) 26,8 73,2

The study of samples of three ore fractions, according to the output, has indicators of a pattern of increasing ore blocks in
the smallest subsystems, fig. 8 [34].

Figure 8. Volume of output of ore blocks by fractions of sensor sorting using XRT separation method
Рисунок 8. Объем выхода рудных блоков по фракциям сенсорной сортировки, метод XRT-сепарации

The discrete subsystem by mosaicity is characterized by average indicators of ore and barren blocks in the proportion of 
39.9% to 60.1% with a tendency for gold concentration over 99%. The latter is consistent with the fractal pattern by the ratio of 
the frequency of occurrence of ore blocks with a decrease in the scale of observations, which have an exponential pattern, fig. 9
(constructed according to the data of measuring the fractality of concentration ore formations) [33, 34].
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Figure 9. Exponential trend of ore block frequency from scaling (1 – 100 m … 5 – 0.4 m)
Рисунок 9. Экспоненциальный тренд частоты рудных блоков от масштабирования (1 – 100 м … 5 – 0,4 м)

 
Conclusions and discussions 
1. Ore formation of ore fluid input is controlled by fracture zones with formation of stockwork cone-shaped ore bodies with 

the base turned to the surface. Ore processes are localized and confined to fracture zones with formation of mosaic block struc-
ture: mineralization cores by zones of intensive fracturing, mineralization periphery by transitional fracturing zones and barren 
blocks by zones of low fracturing or shadow zones. Probably, the structural-tectonic history of the deposit block is prerequisite 
formed by dome-arc kinematics of faults and fracture zones. Distribution of the latter have radially diverging position in the roof 
of the intrusive body – the system of organization of block mosaic structure of the discrete mineralization system. 

2. The blockiness of mineralization of the Jerooy deposit is self-similar in discrete subsystems of fractality. Mosaic blocki-
ness in discrete subsystems of successive hierarchical stages are equivalent and identical. Which possibly indicates a universal 
natural pattern of formation and development of the block nature of mineralization. 

3. The studied discrete subsystems of mosaicism are presented in table 15. The dimensions of ore and barren blocks of mo-
saicism are practically equal, the distribution is symmetrical, the arrangement is characterized by systematic repeatability. 

 
Table 15. Distribution of mosaic blocks among discrete subsystems
Таблица 15. Распределение мозаичных блоков по дискретным подсистемам

Discrete subsystems, m Ore blocks, % Barren blocks, % Gold concentration, %
N × 1000 42,1 57,9

N × 100 60,2 28,8 > 93

N × 10 51,7 48,3 92,4

N × 1 45,8 54,2 > 93

N × 0,01 39,9 60,1 > 99

 
4. The logarithmic dimensions of the blocks in the subsystem Ln (n)/Ln (n + 1), according to empirical measurements, have 

a regular relationship of the power coefficient ≈ 1.2. 
5. It is obvious that the distribution pattern of mosaic blocks closest to the natural one is expressed in the discrete subsystem 

N × 0.01m. The probable pattern, expressed in the tendency of concentration up to 100% of ore substance in minimum volumes 
of ore blocks, is up to 13–40%. The given pattern can be considered when forecasting the technological assessment of the en-
richment potential and extraction of concentrated ore substance (from enriched ore blocks, the enrichment factor is ≈ from 3–6 
to 15 for ore substance. Which obviously predetermines the high efficiency of using modern SBS (Sensor Based Sorting) tech-
nologies. 

6. Detailed studies of discrete subsystems and block mosaics at the levels of N × 100 m, N × 10 m, N × 1 m allow formulat-
ing new approaches and tools for assessing reserves and resources of an ore deposit by the size of the contour, parameters, and 
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Figure 9. Exponential trend of ore block frequency from scaling (1 – 100 m … 5 – 0.4 m)
Рисунок 9. Экспоненциальный тренд частоты рудных блоков от масштабирования (1 – 100 м … 5 – 0,4 м)

ciency of using modern SBS (Sensor Based Sorting) tech-
nologies.

6. Detailed studies of discrete subsystems and block mosa-
ics at the levels of N × 100 m, N × 10 m, N × 1 m allow formu-
lating new approaches and tools for assessing reserves and re-
sources of an ore deposit by the size of the contour, parameters, 
and mineralization conditions. In particular, the geological and 
economic assessment has the ability to forecast and implement 
geotechnical, geotechnological, technological, conditional, and 
economic indicators of a mining project; exploration methods 
and forecasting the cost assessment of a deposit.

Table 16. Distribution of mosaic blocks among discrete subsystems
Таблица 16. Распределение мозаичных блоков по дискрет-
ным подсистемам

 Discrete 
subsystems, m

Ore 
blocks, %

Barren 
blocks, %

Gold 
concentration, %

N × 1000 42,1 57,9

N × 100 60,2 28,8 > 93

N × 10 51,7 48,3 92,4

N × 1 45,8 54,2 > 93

N × 0,01 39,9 60,1 > 99
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Аннотация 
Актуальность. Вследствие исчерпания приповерхностных месторождений с богатыми рудами назрела 
проблема разработки методик разведки и оценки бедных руд для вовлечения в эксплуатацию забалансовых 
месторождений, исследований на основе парадигмы «дискретного» как перспективного научного направле-
ния против используемого в практике «непрерывного» типа оруденения.
Цель – выявление характеристик блочной организации оруденения на основе фрактальности.
Объект исследования – штокверковое золотокварцевое месторождение Джеруй (Кыргызская Республика). 
Методология и методика – измерение фрактальности методом ячеек; измерение дискретности иерархи-
ческих таксонов; мозаичная блочность размерности и распределения блоков ядра, периферии оруденения 
и безрудных блоков; методики: измерение блоков дискретных подсистем; измерение мозаичности по разве-
дочной модели эксплуатационной разведки фрагмента штокверка размерностью 220 х 80–100 м х 100–180 м, 
разведочная сеть буровых скважин 20 х 20 м; 66 скважин: > 6000 керновых проб; геостатистический метод, 
распределение золота, графические и аналитические методы измерения блоков.
Научная гипотеза. Оруденение представлено самоподобной иерархией дискретных подсистем (по размер-
ности N x 1000 м; х 100 м; х 10 м; х 0,01 м), состоящих из эквивалентных мозаичных структур в дискретных 
подсистемах, что является закономерной блочной организацией оруденения.
Результаты, научная новизна. Образование, распределение и размещение блоков (ядра оруденения, пе-
реходных зон и безрудных зон) имеют самоподобное тождественное по распределению и распространению 
блоков в подсистемах – закономерность дискретных подсистем, годных для обоснования новых подходов к 
методике разведки и оценки золоторудных месторождений. 

Ключевые слова: дискретность, мозаичность блоков оруденения, фрактальность, ядро, периферия и безруд-
ные блоки.
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