
 Geoinformatics 2020 
11-14 May 2020, Kyiv, Ukraine 

17600  

The Experience of Modeling Magmatogenic Ore Systems on 
the Example of Zhumba Quartz-Vein Deposit, East Kazakhstan 

*V. I. Zatserkovnyi (Taras Shevchenko National University of Kyiv, Institute of Geology),
M. A. Mizernaya (D. Serikbayev East Kazakhstan state technical university), G. B. Orazbekova (D. 
Serikbayev East Kazakhstan state technical university), A. P. Miroshnikova (D. Serikbayev East 
Kazakhstan state technical university) 

SUMMARY 

The definite ore metasomatic system was reconstructed in trans-intrusive zone of hidden granitoid solid 
mass on the example of studying Zhumba ore zone by the methods of system analysis. 
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Introduction 
The relevance of increasing the raw material base of the gold mining industry is not in doubt. It is 
obvious that the solution to this problem is impossible without highly effective predictive research. 
This article focuses on the results of using systematic geological modeling for forecasting gold 
deposits in the territory of the oldest gold mining region in the Republic of Kazakhstan - West Kalba 
gold belt (East Kazakhstan). The studies are aimed at developing forecast and searches criteria for 
new ore objects in favorable geological structures (Mizernaya et. al., 2019). 
 
Methods and investigation. While doing the research the main attention is given to a systematic 
analysis of geological factors, the interaction of which provides a synergistic effect and identifies the 
patterns of gold ore objects formation. In order to solve this task, the authors made a quantitative 
assessment of the development sustainability of the system’s ore-generating elements by the method 
of S.V. Vasilieva (Letnikov, 1998). A quantitative assessment of the stability of individual factors and 
their interaction made it possible to assess the qualitative state of individual sections and determine 
the natural boundaries of the areas of the corresponding hierarchical level, which are promising in the 
search for a certain mineral deposits. 
There was carried out the work on the allocation of areas that are promising in the search for deposits 
on the basis of a quantitative assessment of the stability of individual factors. As an example, 
localization of promising areas within Zhumba ore-magmatic system (MOS) in East Kazakhstan using 
geological materials with a scale of 1:50 000, the results of geophysical work, cosmogeological data 
was made. 
 
Initial and geological data. West Kalba metallogenic zone which is considered in this article belongs 
to the northwestern sector of the Central Asian rolling belt, the tectonic structure and evolution of 
which was described in the work (Rafailovich, 2009). West-Kalba is the leader in gold potential 
among the folded belts of Kazakhstan. Its final formation as a geological structure took place in the 
Late Paleozoic in the form of a strip of the north-western strike as a result of a collision of Kazakhstan 
and Altai-Mongolian paleocontinents. The structure of this territory involves deposits of the siltstone-
aspid formation D3fm1-2, the basalt limestone-terrigenous-siliceous Famennian formation and the 
Early Visean formations are represented by the limestone-sandstone-siltstone formation. The deposits 
are overlapped by a flyschoid carbon-calcareous-terrigenous formation (С1v2-3), the thickness of 
which is 500 m and graywack siltstone-sandstone formation (C1s). Among the intrusive formations, 
the most ancient include serpentinite protrusion, confined to the zone of Charsk-Gornostaevsk deep 
fault. Basic subvolcanic bodies and dykes are associated with Devonian volcanism. In a collision 
geodynamic condition, small intrusions and dikes (gabbronorite-diabase formation, Karabiryuk 
complex С2-3) were introduced as well as plagiogranite-granodiorite formation (Kunush complex C3), 
which is associated with gold-quartz and gold-sulfide-quartz mineralization (Mizernaya M.A et. al., 
2017). Ore controlling systems are the north-western and latitudinal deep faults (Charsk-
Gornostaevsk, West Kalbinsk, Kyzylovsk and others), as well as north-eastern and meridional faults 
recorded by geological and geophysical data and decoding of satellite images. 
Predicted metallogenic researches in the region were carried out in different years, also the by the 
authors of this article, this fact is reflected in the (Rafailovich, 2009). Geotectonic, lithological-
stratigraphic, magmatic, metamorphic, structural-tectonic, mineralogical-geochemical and 
geophysical criteria were considered as the main factors for the localization of gold mineralization. 
Based on a generalization of geological and geophysical materials, the following main types of 
models have been developed. Structural and metallogenic models of the volumetric structure of 
structural and formation zones, specifying the distribution of mineralization in the context of ore belts 
and metallogenic zones. Structural-ore-bearing multifactorial models of ore nodes and ore fields, 
characterizing: their tectonic position within the structural and formation zones; features of ore 
deposits and ore bodies’ localization in connection with plicative and discontinuous tectonics; 
geophysical and geochemical characteristics; assessment of the erosion section depth. Geological and 
genetic models of typical deposits, which include: ore-bearing structures; parameters and a form of 
ore bodies; study of the ore bodies at depth and on the flanks; geophysical characteristics of ore 
bodies and near-ore rocks; mineral composition of ores; stages of ore formation (Tomson, 1988). 
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However, there was a “nonequivalence filling” of models of all these levels with information, which 
ultimately led to a decrease in the results of predictive constructions. 
 

Discussion of the results.  The concept of ore controlling structures uniformity is consistent 
with the data about principal similarity of geological factors that define location of gold ore fields 
from different regions of the world. According to (Tomson, 1988), local areas of endogenetic ore 
development are controlled by one-type superimposed tectonomagmatic structures of focal nature. 
According to (Marakushev, 1983) they include areals of minor intrusions development and juvenile 
magmatic fluids. These factors are invariable for different stages of gold ore provinces development: 
arch formation (North Kazakhstan, Vassilyevsk deposit); collision (Bakyrchik, Sekisovka); late-
orogenic (South Tien Shan), tectonomagmatic activization (Daur zone); formation of greenstone 
troughs (Canada, Zimbabwe) (Tomson, 1988). The authors of this paper used quantitative assessment 
methods of sustainable development of ore magmatic systems ore parent elements (Letnikov, 1998). 
This methodology enables to distinguish basic geological factors that result in identification of gold 
ore objects formation patterns when they interact. Zhumbinsk magmatic ore system (OMS) is the 
example of perspective areas localization in the category of ore fields and deposits. Structures of 
minor intrusions with different composition and gold ore objects location are considered as ore-parent 
factors by using geological materials of 1: 200 000 scale at the regional level of research. Deep-seated 
faults, suture zones, and shear zones are considered as ore-conducting elements identified by space 
geological data. 
The regional reconstruction of the Zhumbinsk MOS ore field enabled to identify local promising areas 
of ore node rank. Zhumbinsk ore zone is located on the east flank of West-Kalba zone (Zhumba, 
Varyag, Fedor-Ivanovsk deposits and several ore occurences). The area is built up with tuffsandstones 
of the Serpukhovian medium rock mass with bed of silt stone. There are no magmatic formations on 
the surface, but the results of geophysical fields interpretation reveal untapped intrusions of granitoid 
composition. 

Metasomatic formations are manifested within ore zone (ochre colour – zones of  sulphidized  
rocks oxidation and pyritization). Quartz-veined bodies are densely grouped in 5 nodes, and well-
known gold deposits are connected with four of them (Zhumba, Varyag, Fedor-Ivanovsk, Svistun). 
Metasomatic altered rocks and quartz-veined bodies  were structured at the first stage. It was found 
out that hydrothermal metasomatic formations and gold ore deposits are located in the ore zone due to 
the three radially oriented zones that highlights its abyssal focal nature (figure 1а). 
The most extended areal of metasomatic altered rocks fixes the area of hydrothermal ore system (ore 
node). Dissipative structures with maximal values of static stability are formed in the internal part of 
all “rays” (Marakushev, 1983), that reveal the “centers” of metasomatic processes intensive 
manifestation. The most wide spread field of quartz-veined formations is located in core part of the 
structure. The well-known deposits and perspective ore occurrences in metasomatic formations 
structure are localized within the rates 4-6, and their area is 33 km2 or 40.5% of metasomatites total 
area. Quartz-veined bodies are less significant. The area of their development is 50.5 km2. They are 
localized mainly in internal parts of metasomatites. Analysis of geological materials together with the 
results of statistic data show that all the deposits of the described OMS are localized in the areas of 
joint development of metasomatic formations and quartz-veined bodies, that is considered as a 
multiplicative indicator of their location (Figure 1а). 
The area of sustainable joint development of these formations is 43.7 km2, or 14.7% of the ore node 
area. The analysis of different sized gold ore objects distribution shows  that they are localized in the 
intervals of static stability value 20,and they are 13.5 km2 or 30.9% of the area of these formations 
and bodies joint development and consequently 4.5% of ore node area. The important elements of ore-
bearing system model are intrusive formations. To assess regularities of ore bodies and granitoids 
location, static stability of their sustainable combination was calculated (figure 1b). The largest gold 
ore objects are localized in the areas of static stability values intervals more than 20 (on the area 10.8 
km2). They were identified as perspective prognostic fields. According to the researches result, 
prognosis perspectives of Zhumba ore zone gold ore deposits are connected with the three areas, each 
of them is considered in the rank of ore field (Zhumba, Varyag, Fedor-Ivanovsk, and Novaya in ore 
occurrence No.15 (Figure 1), where the identifying of a new gold ore deposit is the most probable. 
 



  

 
 Geoinformatics 2020 

11-14 May 2020, Kiev, Ukraine 

    
A      B 

                 
 

Figure 1 The structures of joint development of metasomatites, quartz-veined bodies and 
hidden intrusions. А - the structures of joint development of quartz-veined bodies and metasomatic 
formations in Zhumba zone; 1 – intervals of static stability values; 2 – exocontact area of untapped 
granitoid intrusions influence outlined by static stability value “1”; 3 – untapped granitoid intrusions 
according to geophysical data; 4 – boundaries of hydro-thermal ore system; B – the structure of joint 
development of quartz-veined bodies and intrusive formations in Zhumba zone. 1 - intervals of static 
stability values identified by geophysical data; 2 – boundaries of magmagene-ore system. The other 
symbolic notations are in figure 1A. 
 
 

Conclusion. Thus, region scale researches resulted in identification of general regularities and 
principles of OMS formation. The definite ore metasomatic system was reconstructed in trans-
intrusive zone of hidden granitoid solid mass on the example of studying Zhumba ore zone by the 
methods of system analysis. Early stages of its development are captured by large fields of 
hornfelsing, pyritization zones and ferruginization of enclosing rocks. Intensity of metasomatic 
processes and quartz veined bodies manifestation is not uniform with formation of local nodes caused 
by ore-bearing silicate melt chambers insulation at the final stages of ore formation. Gold ore was 
localized at all stages of ore system formation, that is revealed by the presence of free gold and gold 
connected with sulphides in ores. The researches resulted in identification of perspective areas in 
ranks of ore nodes for prospecting new gold ore deposits. 
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