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SUMMARY 

As a result of the comparative characteristics of the Dalnegorsky (Far East) and Uspensky 
(Central Kazakh-stan) ore districts, the factors and criteria, the patterns of distribution, 
formation and localization of polymetal-lic deposits have been clarified. It has been established 
that the main factors of polymetallic mineralization are structural, lithological-stratigraphic, 
igneous and metasomatic ones manifested at different levels of the ore substance organization 
at different times, in different geological and structural conditions. The studies carried out 
allow recommending the findings regarding the factors of polymetallic mineralization as 
scientific and methodological foundations for forecasting and prospecting for lead-zinc deposits 
in other regions of the world, including Ukraine. The new data obtained on the Atasu type of 
deposits in Kazakhstan make it possible to resolve successfully a lot of issues of such 
polymetallic deposits genesis, to show their relationship and pat-terns of formation in 
connection with submarine volcanic activity. 
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Introduction. Lead and zinc are of great importance in the economy of the developed countries of 
the world. The leading countries of the world in terms of reserves and production of lead and zinc in-
clude Russia and Kazakhstan, where large ore districts with polymetallic mineralization are known, 
including the Dalnegorsky ore region (DOD) in Primorye and the Uspensky ore district (UOD) in Cen-
tral Kazakhstan. Their comparative characteristics are of great importance not only for solving the prob-
lems of the formation patterns, the factors and criteria for lead-zinc mineralization but also for an objec-
tive assessment of the ore potential of these and similar polymetallic districts and the area of further 
exploration.    

Analysis of previous studies. Geological studies of the DOD have been carried out for more than 
120 years. Within this period an extensive complex of geological surveys, prospecting and exploration 
and thematic work was carried out, as a result of which the main features of the geological structure of 
the ore district, the patterns of mineral deposits distribution, the main factors and criteria of endogenous 
mineralization  were clarified (Geodynamics, magmatism…, 2006; Mikhailov, Kostin, 2006; Mikhailov, 
Feoktistov, 1987; Nikolaevskoye deposit…, 2021; Ratkin et al., 2016; Rogulina, Sveshnikov, 2008, 
etc.). The systematic study of the Uspensky ore district began in the late 1920s, as a result of which the 
Uspensky ore belt was identified, the main features of its geological structure and metallogeny were 
described (Shcherba et al., 1968). 

Formulation of the problem. The main purpose of the paper is to conduct a comparative descrip-
tion of two important ore districts with different geological structures, age and structural and tectonic 
conditions for the formation of polymetallic mineralization and based on it, to elucidate the factors and 
criteria for lead-zinc mineralization, the patterns of location, the features of formation and localization 
of polymetallic deposits.  

Dalnegorsky ore district. In terms of quantity, diversity and industrial value of deposits, the DOD is 
one of the most important ore districts of Russia. Here there are 15 deposits of polymetallic ores, a sig-
nificant part of which is being developed. The deposits of the skarn formation (Nikolaevskoye, Verkh-
nee, Svetly Otvod, 1st Sovetskoye, Sentyabrsky Otvod, 2nd Sovetskoye, Vostochny Partizan, Zapadny 
Partizan, Sadovoye) are of the utmost importance, the subordinate vein deposits (Malyshevskoye, Li-
dovskoye, Novo-Monastyrskoe, Krasnogorsk, Zhilnoye, Kirillovskoe). The DOD is located in the 
Coastal metallogenic zone of the Early Cretaceous Sikhote-Alin orogenic belt of East Asia (Primorye), 
within the Taukha terrane, on which structures of the post-accretionary East Sikhote-Alin volcanic belt 
(ESAVB) are superimposed (Figure 1). 

 

Figure 1 Structural scheme of the Dalne-
gorsky ore district 
1 – Upper Cretaceous ESAVB volcanics; 2 – 
Lower Cretaceous basement; 3 – intrusions of 
the Dalnegorsky complex; 4 - polymetallic 
deposits; 5 – borosilicate deposit; 6 – faults 
Deposits are marked with the numbers: 1–9 – 
skarn polymetallic formation: 1 – Niko-
laevskoe, 2 – Verkhnee,  
3 – Svetly Otvod, 4 – 1st Sovetskoe, 5 – 
Sentyabrsky Otvod, 6 – 2nd Sovetskoe, 7 – 
Vostochny Partizan,  
8 – Zapadny Partizan, 9 – Sadovoye; 10–15 – 
vein polymetallic formation: 10 – 
Malyshevskoe, 11 – Lidovskoe, 12 – Novo-
Monastyrskoe, 13 – Krasnogorskoe, 14 – 
Zhilnoe, 15 – Kirillovskoe; 16 – Dalnegorsky 
borosilicate    
 

The intensive ore load of the DOD is conditioned by the favorable combination of a multilevel sys-
tem of metallogenic factors controlling mineralization: structural, igneous, metasomatic, lithological and 
stratigraphic. 

General metallogenic factors include the position of the ore district in the general tectonic structure 
of the region, geodynamic, paleotectonic and paleovolcanological settings for the formation of metallo-
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genic igneous associations, volcanic and deformational tectonic structures. The DOD is located in the 
Coastal (Taukha) metallogenic zone that coincides with the terrane of the same name, which includes 
large limestone olistoliths and olistoplacs, favorable for widespread skarning processes. The basement 
structures are overlain by the ESAVB structures, which consist of complexly built volcanic and intru-
sive complexes, among which the Dalnegorsky multiphase intrusive complex has the most important 
metallogenic significance. An important role is also played by the presence of a surface of structural 
unconformity at the base of the ESAVB, which often determines localization and structural and mor-
phological types of ore bodies. The DOD location within the East Asian shear zone determined the lead-
ing role of the shear formation dynamics in both the general structure of the region and specific ones, 
including ore-controlling, deformation structures of all the ranks. 

As to the magmatic factors, the most important one is the ore-bearing Dalnegorsky complex, with 
which a genetic relationship has been established for both skarn-polymetallic and veined mineralization. 
The role of metasomatic factors is manifested in the confinement of endogenous mineralization to fields of 
metasomatically altered rocks: skarns, propylites, quartzites, quartz-sericite-hydromicaceous facies, grei-
sens. Lithological and stratigraphic factors are of the key importance for controlling polymetallic minerali-
zation of the skarn type. The close connection of skarn deposits with limestone bodies is caused by the 
favorable chemical properties of the latter, namely, the high reactivity to the separation of ore-bearing 
solutions and precipitation of useful components. 

Uspensky ore district is located within the Altai and Transbaikal-Mongolian accretionary orogenic 
collage that has developed from the end of the Mesoproterozoic to the Mesozoic by accretion of mag-
matic arcs, ophiolite sheets, microcontinents, and accretionary wedges (Figure 2). 

The district structurally belongs to the 
system of the Central Kazakhstan Hercynian 
folded belt. Here the main regional struc-
tures are large anticlines (Tekturmas and 
Zhaman-Sarysu) composed mainly of Siluri-
an deposits. Between them there is the 
Uspensky Synclinorium, which contains 
mainly Devonian and Lower Carboniferous 
deposits. They are intruded by numerous 
granitoid intrusions, among which post-
Middle Carboniferous-Permian intrusions 
predominate. They form the so-called 
Kaldyrma-Karkaraly intrusive belt. In the 
south, parallel to the granite belt within the 
Uspensky synclinorium, a regional zone of 
dislocations and metamorphism, known as 
the Uspensky fault zone, runs to the east-
northeast. 

In terms of quantity, diversity, and indus-
trial value of deposits, UOD is among the 
most important ore regions of Kazakhstan 
(Parilov, 2012). 179 copper ore objects and 
215 lead-zinc objects are known in the UOD. 
The main value in the UOD are stratiform 
complex deposits of ferromanganese, lead-
zinc and barite ores of multi-stage formation. 
Polymetallic deposits of two geological and 
genetic types are known in the UOD: 1) vol-
canic-sedimentary with superimposed hydro-
thermal mineralization Atasu type), 2) hydro-
thermal (Alaigyr type). 

The first (Atasu) type is characterized by stratification of ores; their confinement to the carbona-
ceous-argillaceous-siliceous-carbonate rocks of the Upper Devonian; overlay on banded stratified strati-

 
Figure 2 Tectonic map of the Altai and Trans-Baikal-
Mongolian orogenic collage. The Alaigyr field is marked 
with a red asterisk 
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fied iron-manganese and poor zinc ores of zinc-lead-barite hydrothermal mineralization, their spatial 
combination (Shcherba et al., 1964). It is represented by such deposits as Ushkatyn (Figure 3), Zhairem, 
Bestyube, Atabay-Dugulu, etc. 

 

Figure 3 Geological section of the Ushkatyn-III 
deposit (according to Zhairem MPC JSC, 
2011): 
1 – loose sediments, sands, clays, loams (KZ), 2 
– gray wavy-layered and nodular-layered lime-
stones (C1t), 3 – gray and red limestones or-
ganogenic-detrital, thin-layered (D3fm2), 4 – 
sedimentary limestone breccias cherry- gray 
and gray-green with silty-pelitic cement (D3fm2), 
5 –  reef organogenic-algal brown-red lime-
stones with vein-disseminated barite-lead min-
eralization, 6 –  iron ores, 7 –  manganese ores, 
8 –  limestones with thin layers manganese ores, 
9 –  cherry siltstones and sandstones (D3fr), 10 
–  faults, 11 –  lower boundary of the oxidation 
zone, 12 –  quarry profile, 13 –  projections of 
boreholes 
 

 
The second (Alaigyr) type is represented by deposits of the lead volcanogenic-hydrothermal for-

mation, which includes 11 deposits and ore occurrences, including the Alaigyr deposit. They are mainly 
localized in rhyolites, felsites and their tuffs of the Givet-Frankian stage, controlled by steeply dipping 
crushing zones in the crests of brachianticlinal or volcano-dome folds of II and III orders. The presence 
of zones of silicified and sericitized rocks is characteristic. The shape of ore bodies is steeply dipping, 
less often gently sloping lenses in crushing zones. A widespread ore mineral is galena associated with 
quartz. Other sulfides (sphalerite, chalcopyrite, pyrite) occur in sharply subordinate amounts. 

As for the Dalnegorsky ore district, the main factors controlling mineralization in the UOD are struc-
tural, igneous, metasomatic, and lithological-stratigraphic ones. 

The global structural factor is the confinement of the UOD to the ensimatic and ensialic island-arc 
paleosystems of Kazakhstan, which reflects a global pattern in the distribution of mineral deposits 
(Metallogeny of Kazakhstan ..., 1983). The regional structural factor is the presence of the Uspenskaya 
weakened zone that was formed along those deep faults, the origin and development of which predeter-
mined the appearance of sections of the earth's crust, which later underwent very complex transfor-
mations. 

Ore-bearing formations are composed of dolomites, limestones with horizons of carbonaceous-
argillaceous, carbonaceous-siliceous rocks, jaspers, siltstones and tuffites. In the sections of productive 
strata, the lead-zinc horizons are located below the iron and manganese ones. The total content of lead 
and zinc is about 4 %, dressing up to 7–8 % is noted in the zones of metasomatic processing (Zhairem), 
tectono-metamorphism (Tekeli) and in supra-intrusive areas filled with thermokarsts rich in ores 
(Akzhal). The largest accumulations of manganese ores in the Atasu region (Ushkatyn III, West Kara-
zhal) on the Eurasian continent are confined to continental rifts (Ruzayev, 2005). 

Hydrothermal ore deposition was accompanied by changes in enclosing rocks. These are zones of 
clarified and recrystallized limestones, albitized limestones, albite-dolomite rocks, and siliceous meta-
somatites (Zhairem deposit). There took place simultaneous formation of zones, accompanied by growth 



Monitoring’2022   

 

 

XVI International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
15–18 November 2022, Kyiv, Ukraine 

 

and their partial overlap. Quartz, pyrite-quartz and barite metasomatites were formed in subsequent 
stages of the process, separated by tectonic movements. Baritization manifested itself most intensively, 
leading to the formation of barite metasomatites over relatively large areas. Slightly inferior to it silicifi-
cation. while albitization and dolomitization are localized. At the Ushkatyn III deposit, near-ore changes 
are weakly manifested. Baritization is developed only in the areas of disjunctive disorders. The wall-
rock alterations of the enclosing rocks at the deposits of the quartz-barite hydrothermal-metasomatic 
subformation are also close to those described. Thus, for these deposits, the most typical near-ore 
changes are silicification and baritization. At the deposit of lead volcanogenic-hydrothermal pharmacy 
Alaigyr, near-ore changes are mainly carried out by ore-bearing volcanic rocks (rhyolites, felsite and 
their tuffs). 

Conclusion. Comparative characteristics of the Dalnegorsky (Far East) and Uspensky (Central Ka-
zakhstan) ore districts show that despite significant differences in the geological structure, age, compo-
sition of ore bodies, there are common patterns of formation, similar factors and criteria for lead-zinc 
mineralization. At the same time, the main factors of polymetallic mineralization are structural, litholog-
ical-stratigraphic, magmatic and metasomatic ones manifested at different levels of organization of the 
ore substance. The conducted studies allow recommending the findings regarding the factors and criteria 
of polymetallic mineralization as scientific and methodological foundations for forecasting and pro-
specting for lead-zinc deposits in other regions of the world, including Ukraine. The obtained new data 
of the Atasu type of deposits in Kazakhstan make it possible to solve successfully a lot of issues of such 
polymetallic deposits the genesis, to show their relationship and patterns of formation in connection 
with submarine volcanic activity. 
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