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EXPERIENCE IN GEOLOGICAL AND MATHEMATICAL MODELLING AND RESERVES 

CALCULATION OF GOLD-NESTED DEPOSITS ON EXAMPLE OF THE KLINTSI DEPOSIT 

 

The article presents general methodology of geological-mathematical modeling of the gold-

nested deposits on the base of applying the geostatistical analysis. Both statistical domains of gold 

grade and their structural control are determined with the help of variograms. Importance of 

morphological features of coupled faults in the concentration of gold is demonstrated. 

Comprehensive exploration strategy developed on the basis of qualitative geological-mathematical 

model of the Klintsi deposit is directed to search for and to mine the «ore nests» as the target of 

primary economic importance. 

 

Introduction 

A qualitative geological and mathematical modeling of any deposit presents a certain process 

of technical operations for digital coding of the main elements of the geological structure, statistical 

regularities, distribution of contents, structural features of ore bodies localization, technological 

properties of ores and methods of their development. In this sense, a qualitative geological and 

mathematical model is a dynamic environment that is able to adapt to any change in the given 

initial parameters of geological and economic evaluation and reserves calculation (whether it is a 

change in the price of metal or an improvement in our knowledge of a mineral deposit). 

On the other hand, geological and mathematical modelling, where all types of exploration 

from the reconnaissance stage to reserve estimation are critically analyzed, locally reveals certain 

regularities that may have been omitted or not sufficiently addressed in the study of classical 

geological analysis methods. This is particularly true of complex deposits of heterogeneous 

geological nature, typical representatives of which are nesting and impregnated implements. 

In the present article the approach to geological and mathematical modeling of deposits of 

the specified type is offered as a methodical basis for their further geological and economic 

assessment. The well-known Klintsi gold deposit has been chosen as a testing object for 

researches. A considerable amount of geological exploration data has been collected on this 

deposit, with the use of which one can, if necessary, critically consider the conclusions made in the 

article. 

 

 

Brief History of Klyntsi Deposit Study 

 

The territory of the Klyntsi deposit has been the object of regional and detailed geological 

exploration works since 1982. During this time several subsoil users have changed: KP 

"Kirovgeologiya", SE "Tsentrukgeologiya" NJSC "Subsoil of Ukraine", SJSC "Ukrzoloto", SJSC 

"Ukrainian Polymetals". Since 2004 the owner of the license rights for geological study, including 

the pilot mining of Klyntsi deposit, is JSC "Ukrzakordongeology" (UkrZG). 

The ore bodies of the deposit were prospected and explored to a depth of 560 m, and in the 

upper part of the deposit (+70 m horizon) they were traced by the mining system [22, 23]. 

Resources and reserves of the deposit according to categories P1, P2 and C2 were evaluated in 

1993, 2001 and 2004 according to time conditions approved by the State Geological Service (SGS) 

of Ukraine. The audit of resources and preliminary estimated reserves was performed in 2000 by 

Institute of Geological Sciences, NAS of Ukraine. In 2005, the consulting company Pincock, Al-Len 



 

 
 

& Holt Ltd (PAH, USA) performed a geostatistical resource revaluation within the same calculation 

blocks approved earlier by the State Geological Service of Ukraine. 

As it can be seen from Table 1, the difference between the values of total resources of 1993, 

2004 and 2005 estimates is less than 1%. This shows that the choice of the method of estimation 

and reserves calculation is not the main one when a rather dense exploration network of sampling 

is observed. The main differences are in the method of estimating the average gold grade. Thus, 

the average gold grade of ore bodies №1 and №2 according to DP "Tsentrukgeologiya" is 4.93 g/t, 

according to RAS - 3.0 g/t. The observed significant difference can be explained by various 

methods of accounting for hurricane values, representativeness of samples and ways of ore bodies 

contouring by geological and geostatistical parameters. 

 

Table 1. Historical analysis of resource assessment of the Klyntsi deposit 

Assessment`s 
areas 

Ore 
resources, 
thousand t 

Average 
horizontal 
thickness 

Au grade g/t 
Au resources, 

million oz 
Evaluators 

Ore bodies 1 
and 2 

2695.14 1.14 4.93 0.43 
State 

Geological 
Service 

2668.46 1.01 3.00 0.26 
Pincock, Al-
Len & Holt 

Ltd 

 

As a result of research work at the deposit, two genetic types of rocks were identified, which 

contain gold mineralization. The first type is represented by biotite, garnet and amphibole gneiss. 

These rocks contain finely stained dusty squalid gold mineralization. The second type includes 

products of iron-magnesia metasomatosis, in association with which economically significant 

contents of native gold and sulfide minerals are noted. These rocks are represented by scarnoids, 

amphibole and kummingtonite gneisses, and crystalline slates with tourmaline [4, 5, 14, 15, 18, 21, 

23]. 

However, despite a considerable amount of research, the main task of exploration is to clarify 

the geological and structural conditions of gold mineralization localization, unfortunately, remains 

unfulfilled. The factors responsible for structural control of gold mineralization at the local level are 

not scientifically and are not fully understood. That is why the reserves of the deposit by industrial 

categories were not calculated and approved in the State Reserves Commission (SRC) under the 

Cabinet of Ministers of Ukraine during a relatively dense exploration network. 

 

Structure of the ore field and geological structure of the deposit 

 

According to the adopted scheme of Ukrainian shield`s tectonic zoning, the Klyntsi gold 

deposit is confined to the eastern side of the Klyntsi system of deep-seated faults. It forms a 

structural node called the Klyntsi ore field together with the Gubivske and West- Klyntsi ore 

occurence [6]. In the northwest of the Klyntsi ore field, the Yuriyvske ore field is located, which 

contains deposits and ore occurences of uranium and gold. In turn, the Klyntsi and Yuriyvske ore 

fields are constituent parts of the Klyntsi-Konevska ore zone, which is an eastern branch of the 

Kirovograd deep fault of the second order of submeridional eruption playing the role of a regional 

ore control structure [23]. The Kirovograd Deep Fault encircles from the east the Novoukrainian 

massif of potassium granites of the Kirovograd block of the Ukrainian Shield. 

 



 

 
 

The Klyntsi ore field is located within the Klintsovo-Ingulsk tectonometasomatic zone of 

submeridional extension [3]. The northern and southern boundaries of the ore field are 

Maslyanikovsky and Sasovsky sublatitudinal faults. The size of the ore field is about 15 km in the 

meridional direction and up to 2 km in width. There are at least three rock-bearing zones within the 

ore field: West- Klyntsi, Klyntsi and Gubivka. Within the West Klyntsi ore-bearing zone, gold 

mineralization has been established by exploratory drilling to a depth of 200 m, in Klyntsi - to a 

depth of 530 m and in Gubivka - to a depth of 350 m. Nevertheless, there are certain prerequisites 

for the spread of mineralization to a greater depth [4, 14]. 

According to the results of earlier geological exploration work, the Klyntsi deposit is a section 

of a depth fault more than 3 km long and 50 to 120 m wide, within which several mineralized zones 

have been defined. The most promising and studied is the Northern mineralized zone or zone No. 

1 (Fig. 1). The replacement rocks are quartzed, amphibolized, and sulfidized gneisses of the 

Chechelevska Formation of the Ingulo-Inguletska Series of the Lower Proterozoic with veins of 

pegmatoid granites. In connection with the latter, there is a spatial connection between 

metasomatic changes and increased gold content. 

Mineralized zone № 1 contains six ore bodies, which differ from each other in length, power 

and intensity of manifestation of iron-magnesia metasomatism and, accordingly, the gold 

concentrations. The most mature and longest lasting ore bodies are ore bodies № 1 and 2, which 

occupy the central, most tectonically and metasomatically processed part of the mineralized zone. 

The elements of the host rocks and ore bodies are subordinated to the general tectonic plan of the 

Kirovograd deep fault, which indicates the formation of the deposit under compression of the 

northeastern direction with the manifestation of chipping structures of the right shift [14]. 

In terms of their main economic indicators, thickness and gold content, the ore bodies are 

sharply unable to withstand. 

The boundaries of ore bodies are not visually recognizable and are set according to the test 

data. Some researchers in this case expressed an opinion on their conditional geometry (Yu. O. 

Averin - Scientific support works on study and development gold ore and non-ferrous metal 

deposits of Ukraine, 2003), which the author of this article fully shares. The level of 1 g/t is 

traditionally chosen as an onboard content for contouring. 

Visually, the zone of metasomatic alterations differs from the mineralized host rocks in terms 

of increased intensity of tectonic deformations, increasing role of quartz and the appearance of 

diopside, amphiboles, sulfides, as well as oligoclase instead of albit. By its structural features, gold 

sulfide mineralization is referred to the vein- embedded type of mineralization of the fault zones 

[22, 23]. Gold ores are considered as part of the gold quartz formation of the low sulfide type [14, 

16]. 

 



 

 
 

  
Fig. 1 Schematic geological map of the Klyntsi deposit (based on work [23]) 



 

 
 

 

The internal structure of the ore bodies is complex. The shape of the ore body № 1 is vein-

like, but complicated by swells with a steep fall and subhorizontal vein-shaped formations 

alternating with non-metallic areas. Inflatable and vein-shaped formations are more like 

mineralized «nests» than veins in the classical sense of the word. The ore body thickness varies 

from 0.4 to 13.2 m, averaging 1.63 m. The gold content of the ore intersections varies from the first 

tenth to hundreds of grams per ton. The average content of ore body №1 is 4.7 g/t. 

The ore body №2 is also of a vein-like shape, complicated by blowing. The ore body thickness 

varies from 0.2 to 9.7 m and its average value is 1.97 m. The gold content varies sharply from the 

first tenth to 150 g/t and above. The average gold content of ore body No. 2 is 7.4 g/t. 

The most widespread ore minerals other than gold in ore bodies are magnetite and hematite 

(0.5-3.2 %), arsenopyrite and lellingite (0.06-1.9 %), pyrite (0.1-1.0 %), pyrrhotite (up to 0.4 %), 

chalcopyrite (up to 0.01 %) and galena (first signs). The total amount of sulfide minerals in ore 

intersections does not exceed 3 %. Nevertheless, it has been statistically established that the 

sulfide content in the Au>7 g/t sections of ore bodies rich in gold content is almost an order of 

magnitude lower than in the poor sections. 

The considerable weight of gold at the deposit is represented by free gold (up to 60 %). Large 

gold (+0.1 mm) prevails in rich areas of ore bodies. Gold forms nesting clusters of up to 3-20 cm 

in size. Gold is concentrated in the selvage of quartz veins and budins and distributed through 

microcracks in quartz. The free gold content of the ore is directly dependent on its total grade. Rich 

ores, for example, have a free gold content of up to 80 %. 

According to technological research, sulfide minerals contain up to 20 % of all gold in the 

area. The basic mass of gold is concentrated in arsenopyrite and loellingite. Another significant 

portion of gold (also about 20%) is scattered in quartz, feldspar, and gneiss biotite as finely 

dispersed and submicroscopic inclusions. It follows from the conclusion that this part of gold (about 

20 %) will be lost if the standard gravitational and flotation enrichment scheme is applied. 

The native blade gold is highly-proven and belongs to two generations. The first generation 

of gold (early) has a probability of 831-930, the second (late) - 960-987. The main impurity element 

is silver, which retention in gold reaches 8 %. Among other elements - impurities are copper (up to 

0,23 %), bismuth (up to 0,01 %) and molybdenum (up to 0,02 %). In addition to ash, bismuth, lead 

and arsenic are also found in the ores of the deposit in their native form. Insignificant amount of 

graphite was also noted [11]. 

On the basis of the given data it is necessary to formulate three basic problems which should 

be solved at geological and thematic modeling, calculation of reserves and statement of the further 

works of mining and drilling exploration at Klyntsi deposit. 

The first problem is the principles of contouring mineralized zones and ore bodies. With the 

simplicity of steep-falling linear mineralized zones at the Klyntsi deposit, blocks are marked 

indicating the possible presence of ore «nests» bearing rich mineralization. Such ore «nests» are 

priority targets for exploration and geological and economic evaluation. On the one hand, the 

presence of ore «nests» is indicated by the dependence of increased concentrations on the density 

of the exploration grid, which may indicate an increase in reserves in steep-falling ore areas. On 

the other hand, the increase in concentrations is associated with perennial and longitudinal flexural 

and discontinuous complications of linear mineralized zones. These two factors are the basis for 

the possibility of detecting undiscovered mineralized zones and ore bodies with elevated gold 

concentrations. Accordingly, the reserves of the deposit are growing simultaneously with the 

increase in average grade. 

The second problem is the sharp variability of gold content. The distribution of gold in both 

protrusion and decline is very uneven. Areas with rich and medium ores alternate with poor or non-



 

 
 

metallic areas. The regularity of the rich mineralization sites (20% of all crossings) is well developed 

at intervals, in the middle, every 100-150 m, which, of course, is not accidental and requires 

explanation. In addition, there is a clear elongation of areas of elevated gold concentrations in the 

north and south and to depth. For example, at the horizon of -10 m for ore body No. 1 and at the 

horizon of -50 m for ore body №2 maximum productivity values of mineralized zones are noted. 

However, the maximum vertical development of the mineralization is not determined, as well as 

the main ore control factors are not clarified. 

In this connection, it should be noted that the adopted contouring method of ore bodies by 

extension and depth is a usual extrapolation of the contour by half the distance from the ore 

crossing to the nearest non-metallic interval. However, frequent geological conditions and the 

density of the exploration network are not taken into account. Golden-enriched areas, which are 

widely observed in the volume of the deposit during exploration, can only be called ore nests if 

their spatial position is structured. 

The general gold infestation of the host metasomatic rocks does not provide sufficient 

scientific and practical grounds to identify and interpret the areas of rich ores as linear "core" zones 

and ore bodies. The geological structure of the deposit and the mineralogical features of gold allow 

to distinguish at least two stages of ore deposition [23]. The observed phenomenon, when in the 

areas of increasing ore body thickness "vein-like" quartz formations break up into a series of small 

lenses and separate quartz separations, serves as a direct indication of the formation of ore bodies 

in the local opening expansion cracks in conditions of general regional compression [17]. 

Finally, the third problem finds its expression in substantiation of different technological 

grades of the deposit ores. Taking into account that quite a significant part of gold is present in the 

scattered form in rock-forming and sulfide minerals, the results of general assay analysis should 

not mislead about the economic significance of individual ore crossings. If the problem of 

delineation of geologically grounded and structured ore «nests» is successfully solved, 

technological investigations should be focused on samples taken within the structurally grounded 

boundaries of geologically grounded and statistically single blocks of the deposit (domains) with 

the use of specific methods of determining the content of extractable gold, for example, cyanidation 

of group samples [10]. 

The analysis of the histogram of gold distribution indicates the presence of many separate 

populations, which cannot be linked structurally and geologically by the traditional cut geological 

interpretation (Fig. 2). Meanwhile, previous studies have established that the main resource 

potential of the deposit is located in the area of the histogram of high values - above 1 g / t, which 

is described by the low frequency of occurrence of gold content. Such features of geological 

conditions of ore bodies localization and regularities of distribution of the nested gold content 

require the application of unconventional approach to the calculation of reserves based on the 

combined use of classical geological analysis and geostatistical techniques [25]. The principles of 

this analysis are discussed below, using the example of the Klyntsi deposit. 



 

 
 

 
Figure: 2. Lognormal histogram of gold distribution 

 

Initial conditions of geological and mathematical modeling 

Based on the considered features of the geological structure, it is necessary to formulate the 

main geological preconditions for the geological and mathematical modeling of the Klyntsi deposit: 

1. The deposit belongs to the group of gold deposits formed in long cracked systems 

in macro homogeneous geological environment. 

Judging by the data available in the literature, the share of this group of deposits among the 

global gold reserves is relatively small - no more than 7 %. However, among its typical 

representatives are such gold giants as Muruntau (Uzbekistan), the Kalgurli ores region (Australia), 

and the Natalka deposit (Russia) [16, 24]. One of the distinguishing features of the listed deposits, 

as applied to the Klyntsi deposit, is the ore controlling and ore concentrating role of close paired 

local sub-parallel crack systems (faults). Thus pairwise faults in the tectonic plan act as a unitary 

whole, and one of faults turns out to be oversaturated to a greater degree, another - in a smaller 

degree [2, 13]. It follows by analogy that sub-parallel fracture systems of ore bodies № 1 and 2 of 

the Klyntsi site should be considered as paired faults, where the ore body № 2 is richer than the 

ore body № 1. 

2. The scale, shape and, consequently, resource potential of individual ore bodies of 

the deposit are determined by their position in the transverse section. 



 

 
 

On closer examination, it turns out that the ore bodies that are developed in the hanging side 

of the deep fault, in its western part, are small and quickly wriggling, while those localized in its 

lying side (in the eastern part) are well traced and strongly elongated. For example, the ore body 

No. 3 localized in its hanging side is a chain of lenticular quartz bodies enriched with sulfide 

mineralization with gold. With depth, the lenticular bodies are split into a series of thin veins of 

oreless quartz. 

On the contrary, the ore bodies of the lying side (№ 1, 2) are strongly elongated. Ore bodies 

Nos. 4 and 6 appear to be southern extensions of ore bodies №1 and 2, but are shifted eastward 

along a system of transverse faults of a lower order in the region of profiles 54-56. On this basis, 

the ore body No. 5 can be considered either as an interlayered (interfracture) deposit or as a branch 

(splitting) of one of the ore bodies No. 4 or 6. In other words, as can be seen from Table 2 and 

Figure 2. 3, the intensity of gold accumulation in ore bodies decreases within the deposit from east 

to west. 

It should be noted that in the western direction increases the degree of saturation of the ore 

bodies of pegmatoid granites containing metasomatic rocks from 20 to 30 %. Since pegmatoid 

granites played a mainly shielding role for ore solutions, in the observed trend of their spatial 

distribution should be seen as a gradual closure of the system from east to west. 

 

Table 2. Parameters of ore bodies of the Klyntsi deposit 

Parameters 
Ore bodies 

№1 №2 №3 №4 №5 №6 

Minimum Au grade, 
ppm 

1 1 1 1 1.1 1 

Maximum Au grade, 
ppm 

118,0  172,60 9,3 54,30 8,60 6,40 

Average Au grade, 
ppm 

4,74  7,44 2,74 5,32 2,83 4,19 

Length, m 2250 2260 50–200 640 330 670 

Depth, m 500 550 100–300 450 340 400 

Average thickness, 
m 

1,63  1,97 0,76 1,64 0,52 0,61 

Grade variation,% 119,76  260,33 3,94 119,15 6,07 4,99 
1 outstanding samples were suppressed by a statistical method. 

 

 



 

 
 

 
Figure 3. Projection of the planes of ore bodies on the surface 

Legend: 

- profile lines 

- ore bodies 

- tectonic faults 



 

 
 

 

3. The internal structure of the Klyntsi deposit ore bodies has its own unique features 

and is determined by a certain structured «nested» and disseminated mineralization. 

As it was noted, increased gold concentrations in ore bodies at the local level reveal a clear 

attachment to the areas of sharp changes in the composition and properties of the host rocks [1]. 

Such changes are expressed in the lenticular (quartz nest) structure, which is a characteristic 

feature of metamorphic complexes and is traditionally regarded as a sign of superimposed 

deformations [12]. The peculiarity of quartz lenses of different levels in the deposit is that in some 

cases they are practically free of ore and in other cases they are sharply enriched by fine infiltration 

of ore minerals. The physical size of quartz lenticular bodies is in no way related to the level of gold 

accumulation. In other words, the task of the present study is to find out the fundamental principles 

influencing the spatial position of "chaotic" ore accumulations. 

In the course of previous studies, three main structural and tectonic conditions of gold 

accumulation were identified. The first structural and tectonic setting is the linear zones of 

increased fracturing and fine silification, which agree with the general extension of the mineralized 

deep fault zone; in our terminology, they are paired faults. The second situation is the appearance 

of small quartz veins due to transverse faults of the discharge-shift type [3, 4]. Finally, the third 

structural and tectonic setting is the morphological features of longitudinal and transverse fractures 

planes, which we consider for the first time. 

Conditions of local elongation against the background of the general regional compression 

are noted everywhere in the flexural bends of the planes of paired faults, which are the cause in 

some cases of their spatial convergence, in others abnormalities. The most typical examples of 

convergence of paired faults are observed in the areas of influence of exploration profiles 14, 15, 

16, 18, 22, 36, and 38. 

It is noteworthy that in the same areas gold concentrations increase as the thickness of ore 

bodies №1 and №2 increases. It should be noted that this is not a simple physical distance between 

paired faults, but the general direction of bending of their planes towards each other. 

Thus, the ratio of intensities of manifestation of the above structural and tectonic settings in 

a particular place is, in our opinion, determining in the natural spatial distribution of nested-

disseminated mineralization Klyntsi type. In this sense, it would be more correct to delineate not 

individual ore crossings as such, but to conduct geological interpretation of the main ore control 

elements, which morphology determines the pre-mining deformations, which play the main role in 

gold concentration [19, 20]. 

 

Methodology of building a geological and mathematical model 

 

We have considered the methodological basis of modeling in [7, 10]. The peculiarity of this 

case is the modeling of the structural features of «nest» and impregnated ore grade mineralization 

as economically significant. 

In Fig. 4 shows the longitudinal projection of the ore body № 2 to the vertical plane 

constructed by the GT isolines. The configurations of the isolines are made by the standard 

extrapolation method taking into account the geological structure for each individual ore crossing. 

Binding of the isolines to the coordinate grid allows to reveal approximately the morphology and 

internal structure of the «nested» and disseminated mineralization deposits. However, this method 

has two significant drawbacks. Firstly, for the case of gold content distribution with many individual 

populations (see Fig. 2), there is a multi-variant contouring. Secondly, this method of construction 

takes into account only one type of structural and tectonic conditions of gold accumulation, which 

coincides with the general stretch of the mineralized zone of the deposit. The effect on gold 



 

 
 

concentration of the zones of fine cracking associated with chipped cracks of the right shear, and 

even more morphological features of the planes of paired faults, is obscured. That is, the wrong 

conclusion is made that the gold distribution laws are related only to the peculiarities of the internal 

structure of ore bodies, while other local ore control conditions are ignored. 

The task is solved by mapping geologically, statistically and technologically homogeneous 

blocks, called domains [9]. For «nesting» and captive mineralization of the Klyntsi type, the 

methodical basis for finding domains in ore clusters is the determination of geostatistical levels of 

onboard contents by analyzing a series of minimum 25 such values, noted by a sharp change in 

the configuration of the graph line (Fig. 5). Thus the considerable part of values (30 %) is located 

in low area of the histogram (less than 0,3 %) and does not belong to the purposes of the present 

research. Based on the sample binding data, these values belong to the geochemical background, 

which, apparently, was formed during iron-magnesia metasomatic changes. 

Theoretical basis for the geostatistical grade determination is the change in the qualitative 

characteristics of indicator variograms and nugget effect. Indicator variograms are constructed for 

the boundary (lower) values of a random function of log-normal distribution of a spatial variable, 

which is the gold content of ordinary samples [8]. 

Without considering in detail the methods of the indicator variograms, which are described in 

special and cited works [8, 26], it should be noted that the boundary values of the random function 

for the gold content of ore body № 2 are numerous. On the graph, the probability of the 

accumulated frequency is distinguished as miniature, namely, sill and nugget effect. When we look 

sequentially at the indicator variograms from low to high values of a random function, we find that 

the sill variogram gradually increases, and then drops sharply and increases again. The same 

happens with the nugget effect. It is believed that such a sharp change in the qualitative 

characteristics of the indicator variograms with a certain value of the random function reflects the 

energy level of ore concentration, which is chosen as the geostatistical onboard content [8]. 

In our case, according to indicator variograms, whose general view most closely matches the 

theoretical, three levels of ore concentration are established: 0.3 g/t, 1.02 g/t, and 4.06 g/t (Fig. 6).  

The graph of the cumulative frequency probability clearly shows that when the threshold of 0.3 g/t 

is reached, the graph line acquires smooth outlines, and when values of 1.02 and 4.06 g / t are 

reached, the slope of the graph changes.  That is, values of 0.3 g/t, 1 and 4 g/t should be taken as 

initial values for delineating. Higher geostatistical thresholds are not considered as values above 

20.45 g/t are already in the hurricane range (see the high area of the histogram in Fig. 2). The 

constructed log-normal histograms of gold distribution for the intervals of 0.3–1.0 g/t, 1–4 and 4–

20 g/t confirm that such areas are relatively statistically coherent. 

Taking into account the revealed cut-off grades, the longitudinal projection of ore body №2 

is realized using the nearest neighbor search method, as shown in Fig. 7. Note that in this case, 

visualization is carried out not in the form of TG isolines, but in the form of blocks of grades 

populations, since the purpose of the method is to establish structural directions and determine the 

angle of inclination of ore accumulations of different levels within a geologically homogeneous ore 

deposit. The areas of the blocks are not determined in this case, and the resources (reserves) of 

ore in them are not calculated. 

 

 

 



 

 
 

 
Figure: 4. Projection onto the vertical plane of the ore body № 2 in the contours of isolines GT (grade×thickness) 

Legend: isolines GT (grade×thickness)         - more than 3,        more than 25,        more than 5,      more than 50,        more than 10,  

        more than 100 

• number of holes 

2.6-2.86 – GT values 

 

 



 

 
 

 

 
Figure: 5. Graph of the probability of the accumulated frequency of gold grades  

 

As can be seen, with this approach, it is possible to distinguish three main structural 

directions responsible for the structural control of gold mineralization: subhorizontal, subvertical 

and transverse (oblique).  The transverse direction is inclined to the longitudinal projection axis at 

an angle of approximately 20 °.  The nodes of intersection of these directions are just isolated 

isometric statistically homogeneous blocks (domains), presumably of a stockwork nature with a 

high gold content, such as ore «nests». It should be noted that the subhorizontal (or, more correctly, 

longitudinal) direction controls the gold concentration above the background, the subvertical and 

transverse directions control the internal structure of the ore deposit in connection with shear 

deformations and, probably, associated changes in the morphology of the paired fault planes. 

So, the ore bodies were completely reinterpreted taking into account the revealed spatial 

structural position of the revealed statistical domains of gold contents. The resulting volumetric 

geological and mathematical model of the field is shown in Fig.  8. For clarity, all ore bodies of 

deposit № 1–6 are shown together. High quality of the realized geological and mathematical model 

was proved by revision drilling in the southern part of the Klyntsi deposit: the area of profiles 31–

36 and 49–51. 



 

 
 

 
Figure: 6. Indicator variograms for the identified geostatistical cut-off gold grades 



 

 
 

 

 

 
 

Figure: 7. Longitudinal projection on the vertical plane of ore body №2 in blocks of interpretation by the method of the nearest neighbor and given cut-off gold grades  

  

Ore intersection projection 
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Directions of declination of rich ore accumulations ˃4g/t 
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exploring shaft 1 
exploring shaft 2 



 

 
 

 
Figure: 8. Volumetric geological and mathematical model of the Klyntsi deposit  
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The discussion of the results 

 

The results of geological and mathematical modeling show that in the deposits of 

disseminated «nests», the use of the geostatistical method makes it possible to distinguish 

statistical domains of gold contents. In turn, the statistical domains of grades help to determine the 

structural conditions for ore control of rich ore accumulations, which are difficult to decipher by 

conventional methods of geological analysis.  In this sense, the Klyntsi deposit, characterized by a 

dense grid of geological exploration data collection, is a kind of testing ground for developing a 

methodology for a geological and mathematical modeling and further economic assessment of 

deposits of disseminated mineralization «nests». 

Another result of the work is defining of the important role of morphological features of the 

paired faults planes in the concentration of ore accumulations. In view of the spatial proximity of 

the planes of the paired faults, it is proposed to consider them as a whole as a part of one block, 

subdivided into five main morphological types, as shown in Fig. 9. In the section, the listed types 

of faults (A – D) are classified depending on their “predisposition” (“plus” and “minus”) to the 

accumulation of gold mineralization in them. Thus, at the Klyntsi deposit, it has been established 

that type A, where the fault planes deviate from each other, is the most unfavorable environment 

for ore concentration, in contrast to type D, where the planes of paired faults show a tendency 

towards mutual convergence. In places of such convergence, gold concentrations reach their 

maximum values. In type B, where the fault planes are subparallel to each other, the influence of 

the negative and positive factors is balanced. 

Directly from fig. 9 it follows that in one section it is possible to observe both the convergence 

and deviation of the planes of paired faults, and, accordingly, both the presence and absence of 

rich ore accumulations.  In longitudinal section, as shown in fig.  7, the convergence of the fault 

planes, noted at the places of formation of rich ore accumulations, occurs with a certain step (100–

150 m) in the vertical and in the longitudinal section.  The observed general declination of ore nests 

of 20 ° cannot be explained by direct statements about the general slope of the deformation 

ellipsoid.  The described phenomenon requires further explanation. 

 
Figure: 9. Morphological types of paired faults 



 

 
 

 

Conclusions 

The studies make it possible to formulate a modern understanding of the distribution of gold 

mineralization in the ore bodies of the Klyntsi deposit. This idea consists in distinguishing two types 

of ore accumulations: ordinary finely disseminated ones with a content of 5.4 g/t and ore pockets 

with a content of 9.97 g/t.  Moreover, more than half of the gold resources estimated by the 

geological and mathematical model are contained in the ore «nests». 

Based on the foregoing, the strategy of exploration and production works at the Klyntsi 

deposit using a high-quality geological and mathematical model is aimed at finding and opening 

ore nests bearing rich mineralization as the most economically significant. The initial opening 

scheme, providing for the construction of three vertical shafts and a series of staircase mountain 

floors, does not take into account the identified geological, structural and statistical patterns of the 

distribution of gold mineralization and is economically unprofitable. In the described case, it seems 

optimal to carry out mining operations by a chamber method from an inclined ramp, which goes 

directly to the ore «nest». 

In the process of mining and drilling exploration, it is envisaged to carry out a set of 

technological studies on representative samples.  The identified two types of ores differ in the 

amount and ratio of various sulfide minerals, including those containing arsenic.  It is expected that 

both the washing parameters and the technological schemes for obtaining gold-bearing 

concentrates from various types of ores should be different. 

In general, the results of the revaluation of the Klyntsi deposit allow us to increase the rating 

of the project's investment attractiveness.  It is not excluded that in the process of mining and 

drilling exploration new rich ore accumulations of heterogeneous nature will be uncovered.  This 

conclusion is confirmed by the fact that in the southern part of the deposit, there are at least two 

large-scale ore «nests» resembling the stockwork type, which have not been previously evaluated. 
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