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Abstract 

Purpose. The study aims to investigate the formation composition and structural-formation zoning of the Late Paleozoic 

continental volcanic and volcano-sedimentary formations of the Junggar-Balkhash fold system (JBFS). It also seeks to define 

the geological-geophysical characteristics and metallogenic specialization of the volcanic-plutonic belts (VPB) in the region. 

Methods. The research utilizes data from detailed mapping and analysis of Late Paleozoic magmatites in JBFS over the 

past 10-40 years. Structural-formation zoning of the region was performed from an actualistic perspective, along with the 

formation typification of stratified and intrusive ore formations. The study of metallogenic specialization was conducted 

considering modern geophysical research methods. 

Findings. Two main volcanic-plutonic belts have been identified: the Carboniferous marginal-continental Tasty-Kusak-

Kotyryasan-Altunemel Belt and the Carboniferous-Permian intracontinental Balkhash-Ili Belt, which together cover about 80% 

of the JBFS territory. The geological-geophysical characteristics and metallogenic specialization of these belts have been de-

fined. In particular, the findings highlight significant prospects for epithermal gold-silver and copper-porphyry mineralization. 

Originality. For the first time, a structural-formation zoning of JBFS has been conducted, and the typification of volcanic-

Plutonic Belts has been substantiated. Additionally, their metallogenic specialization has been determined, revealing patterns 

of localization for epithermal gold-silver and copper-porphyry deposits. 

Practical implications. The study’s results are of great importance for exploration geology, contributing to the improved 

efficiency of searching for ore deposits in the region, particularly epithermal gold-silver and copper-porphyry targets. 

Keywords: volcanic structures, structural-formation zoning, volcanic-plutonic belts, zoning, gold, copper, Junggar-

Balkhash fold system 

 

1. Introduction 

Kazakhstan, with its vast territory rich in diverse natural 

resources, is one of the leading centers of the mining industry 

in Central Asia. The country’s abundant mineral deposits, 

including copper, gold, silver, uranium, and many other 

metals, make it a key player in the global raw materials mar-

ket [1]-[3]. The geological diversity of the region provides 

unique opportunities for the exploration and development  

of mineral deposits, which, in turn, plays a crucial role in 

Kazakhstan’s economic development [4], [5]. 

Geological research in Kazakhstan has been conducted 

for many decades, and its results have significantly impacted 

the development of the country’s industry, energy sector, and 

agriculture. The development of new mineral deposits and 

the rational use of already known ones are essential aspects 

of the state policy aimed at the sustainable development of 

the economy [6]-[8]. Moreover, these studies contribute to 

attracting foreign investment in the mining sector, which is a 

vital factor for further economic growth [9]. 
Monitoring the earth’s surface is essential for ensuring the 

safety and efficiency of mining operations, as well as minimi-
zing environmental impact. During the extraction of subsoil 
resources, displacements of the earth’s surface can occur, 
which may lead to significant structural and environmental 
challenges. Regular monitoring allows for the early detection 
of these movements, helping to prevent hazardous events such 
as land subsidence and damage to infrastructure [10]-[15]. 

Of particular importance for Kazakhstan is the study of 
paleovolcanism and the associated ore-forming processes. 
These studies not only reveal new prospects for the explo-
ration and development of deposits but also contribute  
to a better understanding of the region’s geological histo-
ry [16]. In this context, special attention is drawn to  
the Junggar-Balkhash fold system (JBFS), located in 
southeastern Kazakhstan.  
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This region, part of the Central Asian Orogenic Belt, rep-

resents a complex nappe-fold area with a rich geological 

history and significant potential for mining activities [17]. 

The study of the geology of the Junggar-Balkhash fold 

system (JBFS) holds great significance for Kazakhstan’s 

national economy [18]. The discovery and development of 

new mineral deposits, such as copper-porphyry and epither-

mal gold-silver deposits, have a direct impact on the growth 

of the mining industry, increasing production volumes and 

export deliveries [19], [20]. This, in turn, contributes to 

strengthening economic stability and improving the standard 

of living for the population. The development of the mining 

sector also plays a crucial role in job creation, infrastructure 

development, and increasing tax revenues to the state budget. 

In this context, the relevance of studying the processes of 

paleovolcanism in the JBFS becomes especially evident. The 

results of such studies can significantly expand scientific 

knowledge about the geological history of the region and 

provide new opportunities for the industrial development of 

its natural resources [21], [22]. 

Active research into the processes of paleovolcanism, 

which began in the last century, has clearly demonstrated the 

relationship between volcanism and ore formation. Conse-

quently, regions with extensive manifestations of volcano-

genic and volcano-sedimentary rocks have attracted the close 

attention of geologists from various countries [23], [24]. 

Among such regions is the extensive territory of the Jung-

gar-Balkhash fold system (JBFS), which occupies a significant 

area in the southeastern part of Kazakhstan [25]. In the Late 

Paleozoic, this region was part of the Central Asian Orogenic 

Belt, representing a complex nappe-fold area of different ages, 

where the Hercynian Junggar-Balkhash, Zaysan, and Ural fold 

systems formed. These are separated by the Caledonian Kok-

chetav-North Tien Shan and Shyngystau-Tarbagatay fold 

systems, each possessing its own tectonic zoning (Fig. 1). 

 

 

Figure 1. Position of the Junggar-Balkhash fold system (JBFS) 

among the fold systems of the Kazakhstan segment of 

the Central Asian folded megabelt [26]-[28] 

 

This Figure 1 shows the location of the Junggar-

Balkhash fold system (JBFS) in relation to the fold systems 

within the Kazakhstan segment of the Central Asian Oro-

genic Belt. The Central Asian Orogenic Belt is a major tec-

tonic structure that includes multiple fold belts formed du-

ring the Paleozoic and is known for its complex geology and 

significant mineral resources. 

More than 70% of the JBFS area is composed of Late 

Paleozoic continental volcanogenic and volcano-sedimentary 

formations. Given that JBFS is a major ore-producing region 

of Kazakhstan, its geological studies have been actively 

conducted by geologists from various scientific schools and 

generations of the former Soviet Union, and naming all the 

contributors would be impossible as it would result in an 

extensive bibliographic directory. Despite numerous studies 

on the Late Paleozoic continental volcanogenic and volcano-

sedimentary deposits of the JBFS, many geological and 

metallogenic issues remain unresolved, most of which per-

tain to the stratigraphy of these sequences. The inconsistency 

of stratigraphic research results when using different me-

thods is clearly visible in Table 1. 

The decades-long problem of subdivision, correlation, 

and dating of these practically “silent sequences”, which 

include continental volcanogenic formations, remains con-

tentious. This is primarily due to their extreme paucity of 

organic remains and the limited amount of radiological data 

available, resulting from the small volume of isotopic stu-

dies. The subdivision options for these deposits have been 

particularly controversial when some geologists used only 

the biostratigraphic method. At the same time, the main 

method for subdividing continental volcanogenic sequences 

should be the lithological-facies approach. 

Thus, the Junggar-Balkhash fold system (JBFS) repre-

sents one of the key geological structures of Kazakhstan, 

characterized by a complex geological structure and signifi-

cant potential for the discovery and development of mineral 

resources. As part of the Central Asian Orogenic Belt, the 

JBFS is distinguished by a variety of tectonic processes that 

occurred throughout the Paleozoic, leading to the formation 

of numerous volcanogenic and volcano-sedimentary com-

plexes. These complexes are essential for understanding the 

geodynamic evolution of the region and studying the patterns 

of mineral deposit localization. Despite significant progress 

in studying the JBFS, important issues related to the detailed 

stratigraphy, correlation, and dating of volcanogenic for-

mations remain unresolved. This is due to the complexity of 

stratigraphic subdivision and the limited availability of iso-

topic data, necessitating further research and the develop-

ment of new methodological approaches. 

The approval of a regional stratigraphic scheme at the 

Republican Stratigraphic Conferences in 1971 and 1986, 

which adopted the “Stratigraphic Scheme of the Carboniferous 

and Permian of the JBFS” based primarily on the biostrati-

graphic method, created a situation where geologists in the 

region, who do not recognize this scheme, have been map-

ping and compiling geological maps based on completely 

different principles. As a result, the geological maps current-

ly used by specialists in geological research are inconsistent 

with each other. Naturally, this inconsistency does not facili-

tate the successful resolution of metallogenic problems. 

This situation prompted the authors to conduct a series of 

comprehensive studies in recent decades on the continental 

Late Paleozoic volcanogenic and volcano-sedimentary for-

mations throughout the JBFS. Considering that during this 

period, no geologists in Kazakhstan, other than the authors of 

this article, have been conducting targeted studies of the 

geology and metallogeny of continental volcanogenic and 

volcano-sedimentary formations of the Late Paleozoic in the 

JBFS, it was decided to present the results of our research 

and several problematic and controversial issues regarding 

continental volcanogenic formations for discussion at the 

level of the international geological community. 
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Table 1. Correlation of the most debated schemes for the subdivision and dating of continental volcanic deposits of the Late Paleozoic JBFS* 

Names of volcanic structures, strati-

graphic units (suites, thickness num-
bers), or specific formations identified 

within these structures according  

to the formational principle 
(from top to bottom) 

State geological maps 

Geological map 

of the Central 
Kazakhstan 

series, scale 

1:500000 
(1981) 

Geological 

exploration 

work –  
50 and 200 

(1975-1990) 

Thematic  

studies of the 
1960-1990 

Results of work on 

the Balkhash segment 
by Lyapichev, G.F., 

Seitmuratova, E.Yu., 

and others  
(1971-1998) 1:50000 1:200000 

Karabasan volcanic structure (VS) 
Reshko M.Ya., 

1970 
Bedrov G.I., 

1960 
Koshkin V.Ya., 

1980 
Belyaev O.E., 

1990 
Lyalin Yu.I., 

1967 
Seitmuratova E.Yu., 

1990 

3 – Keregetas rhyodacite-dacite 
С2-3 kg  

flora 

С2-3 kg  

flora 
flora 

С2 kg  

flora 
C2-3 kg 

C2 kg  

flora 

2 – Kalmakemel andesite С2 kl С2 kl 

P1 čb 

C1-2 kl С2 kl C1-2 kl 

1 – Karkaralinsk volcano-sedimentary, 

andesibasalt-dacite-rhyolite 
С1 kr С1 kr С1 kr С1 kr С1 kr 

Tungatar volcanic structure (VS) 

M-43-103 

Malakhov V.S., 

1962 

Rybaltovskiy E.V., 

1960 

Koshkin V.Ya., 

1981 

Mazur M.A., 

1987 
– 

Seitmuratova E.Yu., 

1990 

3 – Keregetas rhyolite-rhyodacite tuff-

ignimbrite C2 kg 

Absolute age – 

318-320 Ma 

С2 kg P2 šn 

С2 kg 

flora 
– 

С2 kg 

flora 

2 – Kalmakemel andesite-andesidacite C1-2 kl 

1 – Karkaralinsk volcano-sedimentary, 
andesibasalt-dacite-rhyolite 

С1 kr С1 kr С1 kr – С1 kr 

Karasuran volcanic-tectonic structure 

(VTS) M-43-117 

Kurchavov A. M., 

1965 

Bespalov V.F., 

1958 

Koshkin V.Ya., 

1981 

Bezuglykh I.V., 

1986 

Kurchavov A.M., 

1984 

Seitmuratova E.Yu., 

1984-1992 

6 – Shangeldai trachydacite-rhyolite 
ignimbrite-tuff-ignispumite 

P1 kz P1 kz 

P1 čb 

flora 

P1 kz 
P1 kz 

flora 

P1 šn 
flora 

5 – Dostar andesidacite-dacite 

C2-3 arch C2-3 arch 

P1 ds 

4 – Koskyzyl volcano-sedimentary, 

rhyodacite-rhyolite 

C2-3 kld 

flora 
C2-3 kld 

C2-3 ks 

flora, fauna 

3 – Keregetas rhyolite-rhyodacite tuff-

ignimbrite 
C2 kg C2 kg C2 kg C2 kg C2 kg 

2 – Kalmakemel trachyandesite-

andesibasalt-andesite 
C1-2 kl C1-2 kl C1-2 kl C1-2 kl C1-2 kl 

1 – Karkaralinsk – volcano-

sedimentary, dacite-rhyodacite-rhyolite 
C1 kr C1 kr 

C1 kr 

flora 
C1 kr C1 kr 

Sarygulzhan structure 

M-43-104 

Isaev N.M., 

1968 

Bespalov V.F., 

1956 

Koshkin V.Ya., 

1981 

Kostenko A.K., 

1987 

Kurchavov A.M., 

1984 

Seitmuratova E.Yu., 

1984-1992 

3 – Keregetas rhyodacite-rhyolite  

tuff-ignimbrite 
C2-3 kg 

C2 kl 

flora 

C2-3 kg 

C2-P1 kl 
flora 

C2-3 kg C2 kg 

2 – Kalmakemel trachy-andesite-

andesibasalt-andesite 

C2 kl 

flora 

C1-2 kl 

flora 

C2 kl 

flora 

C1-2 kl 

flora 

1 – Karkaralinsk volcano-sedimentary, 

conglomerate-aleurolite-sandstone with 

ignispumite and tuff horizons of andesi-
dacite and rhyolite composition 

C1 kr 

flora 

C1 kr 

flora 
C1 kr 

C1 kr 

flora 

C1 kr 

flora 

Symbyl structure 
Popov V.S., 

1962 

Gaek O.M.,  

1964 

Koshkin V.Ya., 

1981 

Tevelev A.V., 

1983 

Glukhan I.V., 

1987 

Seitmuratova E.Yu., 

1991, 1992, 1995 

3 – volcano-sedimentary rhyolite 
D3 fm 
flora 

D3 fm 

P2 mt 

P1-2 kir 
C3-P1 kl 

flora 
C2-3 ks 
flora 

2 – trachyandesibasalt-trachyandesite-

andesite 
D2-3 D2-3 gk2 P2 mt С1-2 kl C1-2 kl 

1 – volcano-sedimentary rhyolite C1 kr D2-3 gk1 C3-P1 kld P1-2 kir C1 kr C1 kr 

*The age indices of formations (suites) are given according to the old subdivision scheme of the Carboniferous and Permian 

Note: 

1. Names and indices of Late Paleozoic suites and subsuites: 

arch – Arkharlin gn – Zhantausk kld – Koldar kz1 – Lower Kyzylkiin šn – Shangeldai 

čb – Chubaraygyr it – Itbai kr – Karkaralinsk kzd – Kyzyladyr tm – Temirzhal 

ds – Dastar kg – Keregetas ks – Kusak mt – Maitas ts – Taskorin 

dž – Dzhangeldin kir – Karayrek kz – Kyzylkiin sl – Sulushokin žn – Zhan 

gk – Zhaksykon kl – Kalmakemel kz2 + kr – Upper Kyzylkiin-Karmys   

2. kz1 (Itbai) and kz2 + kr are new stratigraphic units derived from the volumes of previously approved suites using the formational method and 

do not have new names. 

 

2. Materials and methods 

To achieve the research objectives, data collected over 

more than 40 years of geological and geophysical research 

(1980-2020) were used. The primary focus was on the study 

of Late Paleozoic continental volcanogenic and volcano-

sedimentary formations of the Junggar-Balkhash fold system 

(JBFS). These studies included both fieldwork and a com-

prehensive analysis of the collected data, providing an in-

depth understanding of the region’s geological structure. 

The research paid special attention to detailed mapping 

and analysis of magmatic rocks in the JBFS. Work  

was carried out at more than a hundred reference and strato-

type sections, enabling the creation of a complete picture  

of the region’s geological structure (Fig. 2). The volcanic  

and volcano-tectonic structures of the JBFS are grouped 

into extensive belts that differ in structure and duration  

of development.  
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Figure 2. Schematic layout of typical and reference sections of Late Paleozoic volcanic structures of the Junggar-Balkhash fold system [29], [30] 

 

Previously, these structures were united under the single 

Balkhash-Ili volcanic-plutonic belt (B-I VPB). However, these 

belts have different geological and geophysical characteristics, 

allowing them to be distinguished as separate structures. 

Areas with a wide distribution of volcanogenic for-

mations in modern geostructures are defined as volcanic-

plutonic belts of active continental margins. 

The methodological basis of the study included a com-

prehensive formational method, which allows for the analy-

sis of patterns in the distribution of ore deposits and the study 

of geological formations in the context of their association 

with specific tectonic regimes. This method was chosen due 

to its versatility and ability to integrate various types of data 

(geological, geophysical, geochemical) to create a holistic 

picture of the development of geological structures. 

Fieldwork included detailed geological mapping, during 

which the main volcanogenic and volcano-sedimentary com-

plexes were described and classified. These data helped to 

identify the structural features of the volcanic and volcano-

tectonic belts, determine their stratigraphic position, and estab-

lish their lithological composition. The analysis of the obtained 

data showed that the JBFS consists of several large volcanic-

plutonic belts, each with distinct geological characteristics. 

To study such intriguing crustal structures as the volca-

nic-plutonic belts (VPBs) of Kazakhstan and to identify 

patterns of spatial-temporal and paragenetic relationships 

between geological and ore formations, the authors em-

ployed the only objective and comprehensive formational 

method or the method of structural-material complexes [29]-

[33]. According to A.D. Shcheglov, this method is “the most 

productive method for understanding the patterns of deposit 

distribution in the Earth’s crust, analyzing geological for-

mations, and, on this basis, determining their association 

with specific tectonic regimes”. 

The relevance of the mentioned methodology is deter-

mined by the fact that during the transition from the old  

paradigm to new geodynamic concepts, geologists can accu-

rately operate with the only real constant – the composition 

of rocks and their paragenetic associations, i.e., formations. 

The universality of the concept of “formation” is defined by 

its ability to provide information about the conditions of its 

formation based on its material composition. It has been 

identified that magmatic formations often serve as more 

sensitive indicators of geodynamic processes than sedimen-

tary formations. This is natural since magmatism is a primary 

reflection of the Earth’s endogenous regimes, which deter-
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mine the manifestation of geodynamic processes, unlike the 

secondary nature of exogenous sedimentary processes. 

In this regard, areas of widespread volcanic and plutonic 

formations, which are identified as volcanic-plutonic belts, 

appear to be the most attractive megastructures for conduc-

ting formational studies. 

In addition to field studies, data from magnetometry, gra-

vimetry, seismic surveys, and magnetotelluric sounding were 

used. These methods helped refine the internal structure and 

boundaries of the Late Paleozoic volcanic complexes, identify 

deep faults controlling the localization of ore formations, and 

determine the structural features of the volcanic-plutonic belts. 

The obtained data were compared with the results of pre-

vious studies, allowing for the structural-formational zoning 

of the JBFS. The analysis established that the volcanic-

plutonic belts of the region have different geological and 

geophysical characteristics, indicating a complex geodyna-

mic history of the JBFS. 

Thus, the applied comprehensive approach, which in-

cludes detailed mapping, formational analysis, and the use of 

geophysical methods, made it possible to identify two main 

volcanic-plutonic belts in the JBFS territory: the Carbonife-

rous marginal-continental and the Carboniferous-Permian 

intraplate belts. These belts differ in their geological charac-

teristics and play a key role in understanding the geodynamic 

evolution of the region and the distribution of ore deposits. 

3. Results and discussion 

3.1. Characteristic features of continental 

Volcanic-Plutonic Belts 

The term “volcanic belt” (VB) has been widely used in 

contemporary geological literature in the post-Soviet space 

for a long time. This term was used rather freely and lacked a 

precise definition. It was only after the studies of the 1960s, 

which focused on the volcanic belts of the Central Asian 

Fold Belt, such as the Okhotsk-Chukotka, Chatkal-Kurama, 

Central Kazakhstan, and others [34], that these structures 

started attracting increasing attention. Today, all researchers 

acknowledge the widespread development of volcanic belts. 

Given the diversity of VB types associated with different 

geodynamic settings of their formation, there are numerous 

conflicting definitions and classifications of VBs in modern 

literature. Nevertheless, most definitions tend to align with 

V.E. Khain’s definition [35], which suggests that “a volcanic 

belt represents an extensive (hundreds, sometimes thousands 

of kilometers) and relatively narrow (tens, sometimes hun-

dreds of kilometers) geological structure, whose formation 

spanned one or several stages of development and was ac-

companied by intense volcanic and associated plutonic acti-

vity”. Therefore, practically all VBs are simultaneously vol-

canic-plutonic belts (VPBs). However, the quantitative pro-

portions of volcanic and plutonic products in different types 

of belts vary significantly. Generally, under acidic magma-

tism conditions, the role of intrusive formations increases. 

Continental-type volcanic belts primarily form in terres-

trial continental environments; they are superimposed for-

mations that typically develop on a consolidated rigid sub-

strate, often independent of the geological structures of the 

substrate. It is believed that the formation of continental 

VPBs occurred following significant orogenic movements on 

the continent, in zones of junction between continental 

blocks and oceanic (or transitional) types. 

The formation of continental belts of various types is 

closely linked to the activation of tectonic activity, particu-

larly intense in intracontinental VPBs, which develop on a 

more mature continental crust than marginal-continental 

belts. This leads to the rejuvenation and formation of new 

large zones of fault disturbances and intensive intrusive activi-

ty, usually represented by stock-like, linearly elongated fissure 

subvolcanic and hypabyssal intrusions of various composi-

tions, often comagmatic with volcanogenic complexes. 

The discussed types of VPBs are characterized by a clear 

superposition on substrate structures; extensive development 

of continental volcanogenic and volcano-sedimentary for-

mations of various compositions, manifesting in different 

proportions in marginal and intracontinental VPBs, especial-

ly in the early stages of their development; and the predomi-

nant development of magmatogenic volcanic-plutonic and 

volcano-tectonic ring structures in intracontinental VPBs. 

Examples of volcanic regions with similar cross-sectional 

structures include the Chatkal-Kurama region, Central Chu-

kotka, Kamchatka, the Kuril Islands, the Indonesian Archi-

pelago, and the Mongolian sector of the Central Asian Oro-

genic Megabelt [29], [30], [35], [36]. 

A synthesis of current concepts regarding various types 

of VBs allows us to justifiably typify the continental VPBs 

identified in Kazakhstan, focusing on a number of their key 

distinguishing features. 

3.2. Continental VPBs of the Late Paleozoic  

Junggar-Balkhash fold system of Kazakhstan 

The vast area of intensive late Paleozoic magmatism has 

been studied for many years by numerous geologists from 

the former Soviet Union, as mentioned earlier. Most of them 

adhered to the view that the late Paleozoic magmatic for-

mations constituted a single continental Balkhash-Ili VPB. 

At the same time, other geologists, including S.P. Samygin, 

G.R. Bekzhanov, L.I. Serikov, V.N. Lyubetsky, G.F. Lyapi-

chev, E.Yu. Seitmuratova, and others [28], [37]-[42], sug-

gested that the extreme heterogeneity of the transverse struc-

ture of the VPB allows it to be divided into several belts. 

For instance, in the explanatory note to the “Tectonic 

Map of Eastern Kazakhstan, scale 1:2500000” [30], the area 

of volcanites directly adjacent to the boundary of the Jung-

gar-Balkhash paleobasin is identified as a complexly struc-

tured VB (late Carboniferous – middle Carboniferous) 

(Fig. 3). It is clearly depicted on the aforementioned map and 

is classified by S.G. Samygin as a marginal-continental belt. 

Alongside it, the authors of the note identify a second late 

Paleozoic VPB, whose formation, during the orogenic stage, 

took place entirely on the continent (Fig. 3). This map frag-

ment illustrates the geological structure and tectonic features 

of Eastern Kazakhstan, showing the distribution of volcanic-

plutonic belts and their respective geological formations. The 

first belt is associated with the final stages of continental 

crust formation, while the second belt represents the  

intracontinental volcanic-plutonic activities during the Car-

boniferous-Permian period. 

Moreover, in the work by V.Ya. Koshkin, 1974 [43], it is 

stated that “The volcanic belt, named the Balkhash-Ili Belt”, 

unites several belts of different ages which, despite their 

differences, are connected by a specific system of deep 

faults. The VBs are as follows: Famennian; Visean-

Namurian; Middle-Late Carboniferous; Permian. 
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Figure 3. Fragment of the Tectonic Map of Eastern Kazakhstan, 

scale 1:2500000 (Chief Editor – academician A.V. Pey-

ve) [30]: 1 – marginal-continental Carboniferous Tasty-

Kusak-Kotyrasan-Altinemel Volcanic-Plutonic Belt (ar-

eas of continental crust formation, final stage, C1v-C2-3 

according to A.V. Peyve); 2 – intracontinental Carbo-

niferous-Permian Balkhash-Ili Volcanic-Plutonic Belt 

(continental stage, C2m-P1 according to A.V. Peyve) 

 

In the work of Lyubetsky and Lyubetskayas [28], based 

on the deep structure of the region, the authors identify three 

extensive VPBs in the Pribalkhash region: the Ili-Balkhash-

Saryemel Belt, the Ortasu-Tokrao-Aktogai Belt, and the 

Pribalkhash-Ili Belt. The provided examples, which could be 

further expanded, indicate that the typification of territories 

with extensive late Paleozoic magmatism manifestation in 

the JBFS can be multi-variant. 

According to the studies [29], [38]-[42], [44], two late 

Paleozoic VPBs are identified in the JBFS – the Carbonife-

rous marginal-continental and the Carboniferous-Permian 

intracontinental VPBs. 

This conclusion is based on research conducted by the au-

thors from 1981 to 2020, focusing on the formation method, 

which revealed differences in the vertical formation series of 

the two zones in the JBFS, previously combined into a single 

Balkhash-Ili volcanic-plutonic belt (VPB). These studies also 

allowed, for the first time, structural-formational zoning of 

the region from an actualistic perspective (Fig. 4). 

When zoning the JBFS, it becomes evident how the two 

identified continental volcanic-plutonic belts are separated by 

deep faults and clearly demarcated as independent structures. 

 

Figure 4. Structural-formational zoning scheme of the Junggar-Balkhash fold system [31], [44] 

 

These structures differ in various geological, structural-

tectonic, geophysical, and petrochemical characteristics of 

the Late Paleozoic volcanic and volcano-sedimentary for-

mations of these belts, which, in many respects, coincide 

with the modern VPBs. This allows for their classification as 

continental marginal-continental and intracontinental VPBs. 

Despite the fact that both the marginal-continental Tasty-

Kusak-Kotyrasan-Altynemel VPB and the Carboniferous-

Permian intracontinental Balkhash-Ili VPB exhibit a cyclic 

nature of volcanism, characterized by alternating interme-

diate-basic and acidic volcanic rocks, which is manifested in 

these VPBs at all stages of their development, they differ in a 

number of features. This is what led to their distinction from 

the previously defined single Balkhash-Ili VPB. 

The differentiation of the Carboniferous marginal-

continental Tasty-Kusak-Kotyrasan-Altynemel belt from the 

previously defined Balkhash-Ili VPB was due to new geolo-

gical data obtained by the authors in the process of conduc-

ting a series of geological and metallogenic studies in the 

JBFS over the past decades [32], [37], [38]-[42]. 

Among the most important of these works are the de-

tailed study and correlation of around a hundred stratotype 

and reference sections of Late Paleozoic deposits, which 

dominate the geological structure of the JBFS (Fig. 4). This 

zoning scheme provides a comprehensive overview of the 

structural-formational divisions within the Junggar-Balkhash 

fold system, highlighting the various geological formations, 

magmatic activities, and tectonic structures that characterize 
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the region. Each zone is numbered and described based on its 

geological characteristics and formation history. 

The new geological maps compiled during this pro-

cess [32], [40] allowed for the first-time formation-based 

typification of all stratified, intrusive, and ore formations. 

The analysis of the patterns of specific geological formations 

and their associations in the region, as well as the chronolo-

gical sequence of their formation, indicated several vertical 

series of formations characterizing certain blocks of the 

Earth’s crust – terrains of the studied region. 

Following [30], [32], [44], the authors identified these  

areas as structural-formational zones (SFZ). Thus, based on 

the outlined natural lateral-vertical series of formations, 

which are direct indicators of the paleoenvironments of their 

formation, the authors made the first attempt to conduct 

structural-formational zoning of the region from actualistic 

perspectives on a material basis (Fig. 4). 

As seen in Figure 4, the following types of paleostruc-

tures are distinguished in the region: the Junggar-Balkhash 

marginal paleobasin (Sayak SFZ); the marginal-continental 

Carbonife-rous volcanic belt with elements of island-arc 

regimes in some parts (Tasty-Kusak-Kotyrasan-Altynemel); 

the Balkhash-Ili Carboniferous-Permian intracontinental 

VPB, in which structures of continental rift types – Zhaman-

Sarysu and Akzhal-Aksoran SFZ – formed in the final sta-

ges of its development (P2-P3), which are peripheral zones 

of the Junggar-Balkhash marginal sea; and the ancient con-

tinental massif – Tasara-Kyzylespin SFZ, which is a frag-

ment of the northeastern margin of the Aktau-Zhungar  

microcontinental paleomassif. 

Thus, the geological structure of the JBFS, according to 

the identified structural-formational zones related to various 

paleostructures, is quite complex. For all the identified large 

paleostructures, there is a distinct vertical series of structural-

material complexes, which are mostly divided by various 

types of unconformities. Thus, for the identified marginal-

continental and intracontinental VPBs, the compiled vertical 

series of Late Paleozoic volcanic and volcano-sedimentary 

deposits (Fig. 5) clearly show their non-identity.  

The delineation of the studied volcanic belts based on ge-

ological data is also corroborated by geophysical materials, 

which are available in substantial volumes due to numerous 

comprehensive geophysical studies (magnetic, gravity, seis-

mic exploration, magnetotelluric sounding). 

 

 

Figure 5. Correlation scheme of Late Paleozoic deposits of the Junggar-Balkhash fold system [31]  
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These studies provide a detailed characterization of the 

subsurface structure of the Junggar-Balkhash fold system 

(Figs. 6, 7). These geophysical investigations have been 

crucial in supporting the geological data by providing addi-

tional insights into the deep structural features of the region. 

The data from these studies help in understanding the spatial 

distribution and the depth of geological formations, as well 

as identifying the presence of faults and other significant 

structural elements. 

The interpretation of magnetometric and gravimetric data 

has allowed for a refinement in the boundaries of the Late 

Paleozoic terrestrial volcanic complexes, their thicknesses, 

and internal structures. In addition to their varying structural-

tectonic settings, the described volcanic belts differ in terms 

of the areas of Late Paleozoic volcanic rock distribution, the 

thicknesses of the sections, the duration of Late Paleozoic 

volcanic activity, and, accordingly, the different associations 

of volcanic and volcano-sedimentary formations. For in-

stance, the volume of volcanic products in the Tasty-Kusak-

Kotyrasan-Altunemel marginal volcanic belt exceeds 

75.3 thousnd cubic kilometers, while in the Balkhash-Ili 

intracontinental volcanic belt, it exceeds 277.5 thousand 

cubic kilometres (Table 2). 

At the same time, an analysis of the Late Paleozoic vol-

canic activity in these belts, based on the volumes of vol-

canic products at various and identical chronostratigraphic 

levels, reveals not only differing evolutions of their volca-

noes but also some common developmental patterns. 

Among these, the multi-rhythmic alternation of mafic and 

felsic rock types should be particularly noted, indicating 

that the Late Paleozoic volcanic megacycle can be divided 

into a series of elementary cycles, represented by specific 

andesitoid and rhyolitoid volcanic formations. This polycy-

clicity in the evolution of volcanic activity in the VPBs 

reflects a well-known global pattern of volcanic processes 

on a regional scale [35], [40], [42]. 

 

 

Figure 6. Regional magnetic anomalies of the Late Paleozoic Volcanic-Plutonic Belts of the Junggar-Balkhash fold system [37] 

 

 

Figure 7. Schematic map of residual gravity anomalies of the Junggar-Balkhash fold system [28] 
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Table 2. Comparison of volcanic activity manifestations in the Late Paleozoic VPBs of the Junggar-Balkhash fold system [31] 

 
 

3.3. Carboniferous marginal-continental Tasty- 

Kusak-Kotyrosan-Altunemel Volcanic Belt 

The Tasty-Kusak-Kotyrosan-Altunemel Volcanic Belt 

(TKKAB), distinguished from the previously known Bal-

khash-Ili Volcanic Belt (B-I VB), extends over 1000 km with 

a width ranging from 15-20 km, and up to 30-50 km in pla-

ces (Figs. 4, 6, 7). It is situated at the boundary of the Jung-

gar-Balkhash marginal paleobasin and the edge of the Ka-

zakhstan microcontinent, resting on transitional-type crust. 

Its stratigraphy is characterized by the continuous buildup of 

formation complexes from the initial stage of the belt’s for-

mation with the complexes of the actual volcanic belt, i.e., 

more recent formations. The clear boundary position of the 

belt leaves little room for debate regarding its classification 

as a modern marginal-continental volcanic belt. 

Similar to the Far Eastern volcanic belts [36], a crucial 

feature of the described belt is its strict association with 

regional normal and reverse fault zones, which typically 

exhibit extensive development in the transition zone from 

continent to ocean. Although these deep fault zones are 

unlikely to be directly comparable to Benioff zones, their 

“depth” is confirmed by geophysical data. This suggests 

that they may reach mantle portions of the tectonosphere, 

thereby fostering intense volcanic and intrusive magmatic 

processes, and ultimately leading to the formation of the 

marginal-continental Tasty-Kusak-Kotyrosan-Altunemel 

Volcanic Belt. The marginal-continental setting of the de-

scribed volcanic belt is characterized by a significant 

amount of sedimentary deposits, in addition to volcanic and 

volcaniclastic deposits in the initial complex of the volcanic 

belt (Kusak Formation), indicating coastal-marine condi-

tions of their formation (Fig. 8). 

The described volcanic belt, as noted above, is clearly de-

lineated in geophysical fields (Figs. 6, 7). It corresponds to a 

regional arcuate anomaly, characterized on its inner side by 

anomalous segments with reduced intensity (Fig. 6). These 

segments consistently separate the belt and the JBFS struc-

tures with negative magnetic anomaly values. This transi-

tional structural-formational zone corresponds to the Carbo-

niferous marginal-continental Tasty-Kusak-Kotyrosan-Altu-

nemel Volcanic Belt [29], [31], [44]. 

The marginal-continental Tasty-Kusak-Kotyrosan-Altu-

nemel Volcanic Belt, previously considered part of  

the frontal zone of the Balkhash-Ili Volcanic Belt, inherits 

sedimentary, volcaniclastic, and volcanic complexes  

from the Late Devonian to Early Carboniferous (Fig. 8). 

Despite the presumed complex foundation structure of the 

marginal-continental belt, a single vertical formation  

sequence is mapped for all its segments: Tasty, Kusak, 

Kotyrosan, and Altunemel.  
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Figure 8. Structural and compositional complexes of Late Paleozoic Volcanic Belts and their formation conditions [31] 

 

In the foundation of the volcanic belt, large tectonic 

plates, covers, and olistostromes of basaltic and jasperoid 

rocks (Itmurundin – O1
2, Kazyk – O2

2, and Tyuretay – O3
2 

formations) are identified among siliceous aleurites, tuffites, 

and siliceous-clastic rocks. These are associated with tec-

tonized ultramafites from the Itmurundin intrusive complex 

(Pz1it), comprising serpentinite, peridotite, pyroxenite, gabbro, 

and plagiogranite. Ultramafites, basaltoids, and jasperoids 

belong to the ophiolitic triad, characteristic of oceanic crust 

composition. According to petrochemical data, the andesite 

and afire basalts of the ophiolitic formation are classified as 

tholeiites, subalkaline, and alkaline types of basaltoids. The 

belt foundation is further developed by a significant flysch S-D 

series, forming in the geodynamic setting of a marginal sea 

and the Famen-Early Carboniferous marine terrigenous-

carbonate deposits of the inner shelf. Of particular interest is 

the marine terrigenous-volcaniclastic association C1t-v1, whose 

volcanics, corresponding to the leuco-basalt-andesite-dacite-

plagiophyre formation with an Na-type alkalinity, allow for 

the reconstruction of an island-arc geodynamic setting for this 

stage of the volcanic belt’s development [30], [45]. 

The most recent (C1v1-2) formations at the base of the belt 

(Kemelbek, Zhabyk, Early Batpak suites) are tuffogenic-

carbonate-argillaceous-terrigeneous deposits [27], [34], [39], 

[44] formed in marine, coastal-marine, or lagoonal environ-

ments. The vertical sequence of the Tasty-Kusak-Kotyrosan-

Altyn-Emel VPB is completed by formations corresponding to 

the geodynamic setting of the edge-continental VPB. These 

include Early Carboniferous (C1v2-s1) contrasting basalt-

andesite-basalt-rhyodacite-rhyolite Na alkaline formations 

with frequent layers of terrigenous and carbonaceous-siliceous 

rocks (Kusak suite), and the progressively differentiated ande-

site-basalt-andesite-dacite-rhyolite Na, K-Na alkaline for-

mation (Batpak suite), where the volcanic rocks include bas-

alts and andesites close to tholeiitic types from island arc 

fronts in the first case, and rhyolites in the second case. 

Early Carboniferous volcanic formations are closely as-

sociated with the widely expressed Early Carboniferous 
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gabbro-diorite-tonalite-granodiorite-plagiogranite intrusive 

formation (Balkhash, Muzbel, Altyn-Emel complexes C1). At 

the final stage of the formation of the edge-continental belt, 

another significant cycle of volcanism is noted, represented 

by a basalt-andesite formation (C1) with Na, K-Na, and K 

alkalinity, including numerous transitional rocks such as 

trachyandesites, dacites, and andesitic dacites (Kalmak-Emel, 

Degerez suites C1s2-C2b1), dacite-rhyodacite-rhyolite  

(C2b2-m1) K-Na and K alkalinity (Keregetas, Lower Kugalin 

suites), and rhyodacite-rhyolite (C2
2m2-gz) with a wide range 

of alkalinity and many layers of aleurolites, carbonaceous 

rocks, sandstones, tuffaceous sandstones, and tuffs (Koskysyl, 

Koldar, Upper Kugalin suites C2m2-gz ks). The vertical series 

of the belt is further complemented by intrusive komagmatic 

complexes: a progressively differentiated gabbro-diorite-

granodiorite-granitic formation predominantly K-Na alkalinity 

(Topar complex C2
1), adamellite-granite K-Na, less frequently 

Na or K alkalinity (Kaldyrmin complex C2
2), and granite-

leucogranite formations K and K-Na alkalinity with predomi-

nance of normal, and less frequently, subalkaline granites 

(Akchatau complex P1
1). The consistently maintained soda-

type alkalinity in the volcanic rocks of the Kusak suite (C1v2-

s1ks) (Fig. 8) may also indicate the immaturity of the continen-

tal crust at the base of the belt and, likely, its transitional type. 

3.4. Carboniferous-Permian ontracontinental  

Balkhash-Ili Volcanic Belt 

Intracontinental (intra-continental) volcanic belts are en-

tirely located on continental crust along the margins of fold 

belts of various ages [31]. As independent structural settings, 

they were identified by U.R. Mitchell and Garson [46]. A 

typical example of an intracontinental volcanic belt is the 

Mongolo-Okhotsk type zones. 

The Carboniferous-Permian Balkhash-Ili Volcanic Belt, 

situated between the Carboniferous edge-continental Tasty-

Kusak-Kotyrosan-Altyn-Emel Belt and the Devonian edge-

continental Central Kazakhstan Volcanic Belt, extends over 

1600 km with a width ranging from 80-100 km to  

120-200 km (in the northern part), exhibits many features 

characteristic of intracontinental volcanic belts. It encircles 

the Carboniferous edge-continental volcanic belt internally, 

being displaced 40-100 km inward from the paleobasin 

boundary. The external or rear boundary of the Balkhash-Ili 

Belt is uneven on the modern erosional surface with sharp 

displacements along transverse deep faults of the Sokurkey-

Gulshad-Birksi-Tortkul, Saryoba-Keregetas-Akshoky-Sym-

bil, Central-Kyzylray, Central-Junggar, and other faults, 

which determined the manifestation of Late Paleozoic vol-

canism in the form of superimposed volcanic-plutonic (VPS) 

and volcanic-tectonic structures (VTS) on the structures of 

the external Caledonian framework. 

The boundary between the Carboniferous-Permian in-

tracontinental Balkhash-Ili Volcanic Belt and the Carboni-

ferous edge-continental Tasty-Kusak-Kotyrosan-Altyn-Emel 

Belt is complex and coincides with a series of deep faults 

that are often magma-controlling. Evidence for this is the 

association with intrusive bodies, primarily Early Carboni-

ferous granitoids of the Balkhash (C1) and Muzbel (C1) com-

plexes and volcanic vents of the Kusak (C1v2-s1) suites. 

Throughout the boundary, such as along the Konyrat-Borly-

Shozek deep fault, Early Carboniferous intrusive bodies like 

Tortkul, Karateke, and Kyzyljal appear to be “strung” onto 

the fault. Additionally, a “Muzbel belt” of Early Carbonife-

rous granitoids is associated with much of the bordering 

Muzbel Fault. The described boundary of the volcanic belt 

also acts as a petrochemical “barrier”, as it is associated with 

a sharp change in magma alkalinity from sodium to normal 

and even potassium types (Fig. 9). 

 

 

Figure 9. Position of various-aged volcanic rocks of Late Paleozoic 

volcanic-plutonic belts of the Junggar-Balkhash fold 

system on the classification scheme of igneous rocks. 

Coordinates SiO₂ – (Na₂O + K₂O) [29], [31]: (1) – ave-

rage chemical composition of volcanic rocks of different 

ages in Carboniferous-Permian Intracontinental VPBs; 

(2) – average chemical composition of volcanic rocks of 

different ages in Carboniferous Marginal-Continental 

Tastykusak-Kotyrrasan-Altinemel VPB of JBFS 

 

Analysis of Late Paleozoic volcanism in belts, based on 

the petrochemical composition of volcanic rocks at various 

and identical chronostratigraphic levels, reveals their indi-

vidual petrochemical characteristics and formation on in-

tracontinental, continental, and transitional crust types. 

The traditional segmentation of the Carboniferous-

Permian Balkhash-Ili Volcanic Belt (B-I VB) into the north-

western Tokrau, northern Kotanemel-Kalmakemel, north-

eastern Bakannas, and southern Junggar or Ili sectors is 

based on regional faults that divide it into several large sec-

tors [27], [43]. The deep structure of these sectors varies, as 

confirmed by geophysical data (Figs. 6, 7). 

The Balkhash-Ili Volcanic Belt is distinctly characterized 

by an extensive semicircular regional zone of high-intensity 

positive anomalies. The maximum positive values  

(50-100 nT) correspond to the Tokrau, Kotanemel-

Kalmakemel, Bakannas, and Ili volcanic depressions, which 

are constituent parts (sectors) of the intracontinental Carbon-

iferous-Permian Balkhash-Ili Volcanic Belt. 

The Balkhash-Ili Volcanic Belt represents a clearly su-

perimposed megastructure, as it covers a wide range of struc-

turally heterogeneous deposits with significant interruptions 

in sediment accumulation, varying in composition, age, and 

geodynamic setting (Fig. 8). 

In the magnetic field, the boundaries of both the intracon-

tinental Carboniferous-Permian Balkhash-Ili Volcanic Belt 

and its individual volcanic depressions are clearly delineated 

at regional and local levels, predominantly showing positive 

field values (Fig. 6). Interpretation of magnetometric data 
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also allows for clarification of the thickness of volcanic 

complexes and their internal structure. According to geo-

physical data, the thickness of volcanic rocks in the central 

parts of the Tokrau Depression is 2000-3000 meters, in the 

Bakannas Depression reaches 4000-5000 meters, and in the 

Ili Depression is 3000-4000 meters. 

According to geophysical data [28] and [37] the base of 

the Tokrau Depression is characterized by granito-gneiss 

domes (GGD) with a granitic-metamorphic layer ranging 

from 1 to 5 km in thickness. Some of these domes are ex-

posed on the surface as isolated blocks of the Aktau-Junggar 

sialic paleomassif, including the Tasaral-Kyzylespinsky, 

Aktau-Moyntinsky, and Central-Junggar domes. Gravitatio-

nal anomalies also reveal a series of granito-gneiss domes, 

such as the Saryolen, Maitas-Konyrat, which are grouped in 

a long meridional band in the northern segment of the Car-

boniferous-Permian intracontinental B-I VB. 

In the base of the Bakannas Depression, basic and metaba-

sic complexes and individual blocks of the crust with a granit-

ic-metamorphic layer are observed, notably the Aktogay GGD. 

Higher in the stratigraphy, Paleo-island-arc uplifts are recor-

ded, with the most significant being the Koldar uplift. 

In the Kalmakemel zone, gravitational anomalies of posi-

tive sign reveal island-arc uplifts, while negative anomalies 

indicate depressions. Based on combined gravimetric and 

seismic data, two island-arc volcanic uplifts are distinguished: 

the Kalmakemel frontal uplift and the Zhorginskoe rear uplift, 

separated by the Kotanemel inter-arc depression [47]. These 

areas host the Tasorin-Tuz and Muzbel-Tuz mineral deposits. 

In the Ili volcanic depression, sialic basement domes in-

clude the Zhideli-Kuygan, Ili-Bakannas, part of the south-

eastern extension of the Aktau-Junggar paleocontinent, 

marked by isometric and irregularly oval gravity anomalies 

(Fig. 6). At a higher level – in the middle Paleozoic structural 

tier – volcanic uplifts penetrated by granodiorite plutons and 

isolated trough-like depressions are noted. 

A significantly distinguishing feature of the Carbonife-

rous-Permian intracontinental Balkhash-Ili VB is the compo-

sitional makeup of the geological formations involved in its 

structure (Figs. 3, 8). 

The pre-Paleozoic formation series at the base of the B-I 

VB in the northwestern Tokrau and southern Ili segments is 

characterized by the following compositional complexes: 

Proterozoic (NP) slate-quartzite formation (Aikarlyn, 

Taskorin, Altinsyngan, Usek series). The intrusive magma-

tism of these rocks includes granito-gneiss plagiogranite 

(Uzunzhalsky, Mynshukursky) complexes. Younger (V-Є1) 

basement deposits represent terrigenous-carbonate and car-

bonate formations (Bylkyldak, Baepchin, and other suites, 

Basagin series). The formation series of the belt is further 

developed by formations of the continental slope and base of 

the Aktau-Junggar continental massif, including terrigenous 

quartz-arkosic formations of the Vendian (Kenelinsk, Kopal 

suites), and siliciclastic-carbonate-terrigenous formations 

(Aksuransk, Tekeliy, Sarykum, Zhamshin, Chazhogay, 

Kurchiliks suites) of Є2-О1 age. Higher in the formation 

series of the Tokrau and Ili segments, the belt is overlain  

by the edge-marine stage complexes of the B-I VB base 

(C1t2-v2) [27], [34], [40], [48]. 

The Carboniferous-Permian intracontinental Balkhash-

Ili Volcanic Belt is primarily represented by terrigenous 

flysch and flysch-molasse series. Its formation culminates 

in the development of a volcanogenic-sedimentary ande-

site-basalt-carbonaceous-siliciclastic formation of C1v1-2 

age (Kemelbek Suite). 

The composition and structure of the basement in the 

northern (Kotanemel-Kalmakemel) and northeastern (Ba-

kanas) segments of the intracontinental B-I VB are almost 

identical to the basement of the previously described Carbon-

iferous marginal-continent VB. Differences are noted during 

the Late Carboniferous when volcanic-terrigenous sediments 

of the Karabulak Graben appear among predominantly terri-

genous and carbonate-terrigenous flysch marginal marine 

complexes. The volcanics, predominantly andesite-basalts 

and andesites of the calcareous-alkaline series with somewhat 

increased alkalinity, correspond to the continuously differen-

tiated andesite-basalt-andesite-dacite-riolite formation. 

The formations of the Carboniferous-Permian B-I VB, 

which are polycyclic and generally synchronous throughout 

the belt, include the following vertical formation series 

(Figs. 5, 8, 9). Early Carboniferous volcanogenic-sedimen-

tary, and less frequently, volcanogenic, successively differ-

rentiated andesite-basalt-andesite-dacite-riolite formations 

(Karkaralinsk, Batpak suites – C1v2-s1 kr, bt) vary widely 

from zone to zone, primarily due to the changing ratio of 

sedimentary to volcanogenic rocks. Among the latter, rhyo-

lites (ignimbrites, ignispuemites, hyaloclastic and crystal-

clastic tuffs) dominate, belonging to the sub-alkaline  

and calcareous-alkaline series with varying alkalinity types – 

K-Na and K (Figs. 5, 8, 9). 

Subsequently, the formation series is augmented by Ear-

ly-Late Carboniferous differentiated basalt-dacite-andesite, 

dacite-andesite formations of the andesite family with K-Na 

and K alkalinity (Kalmakemel, Degerez suites – C1s2-C2b1) 

with rare sedimentary interlayers. The co-magmatism of 

these volcanics includes gabbro-diorite-diorite-granodiorite-

adamelite formation (multiphase Toparsky, Kokdalinsky, and 

Early-Koytassky complexes, C2
1). 

The Late Bashkirian-Early Moscovian stage of B-I VB 

development is characterized by intense acidic volcanism 

and localized uneven transgression of the Junggar-Balkhash 

marginal sea. This results in the formation of volcanogenic-

sedimentary associations, with the volcanics consisting of a 

successively differentiated andesite-dacite-rhyolite, dacite-

rhyolite formations (Keregetas, Lower-Kugalin suites – C2b2-

m1kg, kug1) with K-Na alkalinity. 

Alongside acidic volcanics, intrusive masses of adamellite-

granitic formation with K-Na and K alkalinity (Kaldyrmin, 

Kumzhalsky, Koytassky complexes C2
2) are widespread 

throughout the B-I VB. During the Late Carboniferous, the 

formation series in the majority of the SBZ belt is supplement-

ed by volcanogenic-sedimentary associations of rocks (Koski-

zyl, Koldar, Upper-Kugalin suites - C2m2-gz, kl, ks, kug2). 

The volcanics in this association are mainly rhyolites and 

ultra-acidic rhyolites (SiO2 up to 76-78%) with K-Na and K 

alkalinity (Fig. 9). Co-magmatism of the Late Carboniferous 

rhyolites includes normal biotite granites and leucogranites 

of the Akchatau, Besobin, Kyzyltas, Lepsinsk rare-metal 

complexes (P1
1), corresponding to granitic-leucogranitic 

formation with K-Na and K types of alkalinity. 

Subsequent magmatism in the B-I VB during Permian 

times was driven by the growth of a mantle plume, which 

induced rifting of the young, newly-formed Carboniferous 

continental crust and new stages of tectono-magmatic activa-
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tion, manifested as Early-Middle Permian (P1-2), Middle-Late 

Permian (P2-3), and Late Permian (P3) volcanic cycles. 

The Asselian-Artinskian volcanic activity begins with the 

extrusion of sub-alkaline basic to intermediate volcanic rocks – 

trachybasalts, andesite-basalts, trachyandesites, andesida-

cites, latites, and less frequently dacites, mainly K, less  

frequently K-Na alkalinity, and trachitoid varieties (Jangel-

din, Dostar, Lower-Kyzylkain, Akshokin, Besskainar suites, 

P1
1-a-ar), corresponding to andesite, basalt-andesite-basalts, 

andesite-dacite-andesite formations of the sub-alkaline  

series (Figs. 5, 9, Table 2). 

The belt also features co-magmatic volcanic monzonitoid 

intrusive complexes: Kokdombak, Umit, Ushtobin – P1
2-P2

1. 

The Early-Middle Permian cycle (P1
2-P2

1) concludes with 

intense acidic volcanism, which, due to its breadth and magni-

tude, is the principal crust-forming event for the JBFS (Fig. 5). 

For the majority of the SBZ (Structural-Facial Zone) of 

the Carboniferous-Permian intracontinental B-I VB, the 

manifestation of Late Paleozoic volcanism concludes at this 

stage. The varying volumetric ratios of volcanic rocks within 

the SBZ of the B-I VB allow for the distinction of the Trach-

ydacite-Riodacite-Rhyolite and Dacite-Rhyolite Formations 

(Shangeldy, Upper-Kyzylkain-Karmys, Itbay, and Zhal-

gyzagash suites from the Early to Late Permian (P1-P2
1). 

Intrusive formations that are comagmatic with the Early 

Permian acidic volcanic rocks include granitoids of the gra-

nite-granodiorite formation (Kyzylkainar, Late-Katutaus, and 

Torangalyk complexes from the Late Permian, P2). 

The final (Р2
2-P3) volcanic cycle, which completes the 

formation of the B-I VB, is less pronounced and is associated 

with marginal and transverse zones of deep faults (Zhantau, 

Eastern-Bakanas, Ili SBZ) formed as continental rifts in the 

cap of the mantle plume [29], [31], [44]. The deep nature of 

these rifts is confirmed by the eruptions of subalkaline 

basaltoids of K alkalinity, corresponding to the trachybasalt-

andesibasalt-trachyandesite formation (Maytas, Bakalin, 

Zheldykorin suites, P2
2-Р3

1) (Figs. 5, 9). 

The formation sequences of all segments of the B-I VPB 

(Basaltic-Intrusive Volcanic-Plutonic Province) are capped 

by volcanogenic-sedimentary and volcanogenic formations 

of the trachyrhyolite-rhyolite and trachydacite-rhyolite series, 

which are predominantly K-alkaline (Zhanskaya, Seyriktaus-

kaya, and MalaySarinskaya suites, P3
2). The sedimentary 

rocks of the volcanogenic-sedimentary associations are rep-

resented by volcanomictic red-colored molasse-like for-

mations (Figs. 5, 9). Intrusive comagmatic rocks of the last 

two volcanic formations – monzogabbro, monzodiorite-

monzogranodiorite (Kadyrsky, Taskorinsky, Early Southern 

Junggarian, P3
1), and granosyenite-potassium granite (Ky-

zyladyrsky, Kukentaysky, Late Southern Junggarian, P3
2) – 

are scarcely manifested in the belt. 

However, the final development of the B-I VPB is 

marked by the intensive emplacement of large plutons from 

the youngest leucogranite-alaskite formation of K-alkaline 

affinity (Kyzylraisky, Bakanassky or Kyzyltassky, Sandyk-

tassky or Khorgossky complexes, P3-T1). 

3.5. Metallogenic features of the late  

Paleozoic VPBs of the JBFS 

For many decades, the metallogenic specialization of the 

Late Paleozoic continental volcanogenic deposits was con-

sidered to be copper-rare metal-polymetallic, as reflected in 

all metallogenic maps of the Junggar-Balkhash region. Ac-

cordingly, the JBFS (Junggar-Balkhash Fold System) was 

considered prospective only for the exploration of these 

named minerals [27], [28], [34]. However, thematic and 

industrial studies conducted by the authors over the past  

10-30 years on the geology and metallogeny of the JBFS 

have revealed several new metallogenic aspects of the Late 

Paleozoic VPBs [38]-[42]. 

One of the most significant of these is the gold-silver-

bearing potential of the JBFS, which was mentioned by 

A.B. Diarov (1968) and B.S. Zeilik (1968) as early as the 

1960s. However, no substantial scientific or industrial efforts 

have been made to develop this direction in the JBFS up to 

the present time. This is evidenced by the almost complete 

absence of active gold mining enterprises in the region, with 

the exception of small deposits mined by prospectors at 

Taskora, Arkharly, Mystobe, Yenbekshi, and Sholkyzyl. 

At the same time, the undoubted high gold potential of 

the JBFS is evidenced by the “Gold-silver map of the JBFS” 

at a scale of 1:500000, covering an area of 55 sheets at a 

scale of 1:200000. The map shows more than 2000 objects 

of various formation affiliations, among which epithermal 

deposits undoubtedly predominate. Of the occurrences 

marked on the map, 684 mineralization points have an Au 

content ranging from 0.01 to 0.1 g/t; 773 points range from 

0.5 to 1.0 g/t; 577 points range from 1.0 to 5.0 g/t, and 

90 points exceed 5.0 g/t [41]. 

Among the numerous gold-silver occurrences in the study 

region, the predominant geological-industrial type based on a 

number of ore-bearing criteria is epithermal gold-silver  

mineralization, which is well-studied globally and has  

attracted increasing interest from resource users in recent 

decades [45], [46], [49]-[56]. 

Given the reliably established pattern of gold deposit local-

ization to volcanic-plutonic belts, the task arose to refine their 

metallogenic specialization. A statistical analysis of the quanti-

tative occurrence of traditional copper, rare metal, polymetal-

lic, and newly identified numerous gold-silver occurrences in 

the VPBs showed that copper-porphyry and epithermal gold-

silver mineralization predominate in the region [57], [58]. 

While copper-porphyry mineralization in the JBFS has been 

intensively studied since the discovery of the large copper-

porphyry deposit Medny Konurad for nearly a century, as 

already noted, epithermal gold-silver mineralization has been 

practically unexplored, despite its abundance in the JBFS. 

Nevertheless, the available extensive data on the study of 

gold ore occurrences have demonstrated their great potential 

due to the discovery of a number of analogies with known 

large epithermal gold-silver deposits worldwide, based on 

various geological criteria: Vatukoula on the island of Fiji – 

Symbil, Southern Tokraus Tectonic Fault Zone (SFTZ); 

Kalgoorlie, Western Australia – Taskora, Kotanemel-Kalma-

kemel SFTZ; Kremnica, Slovakia - Southern Kuder, Western 

Tokraus SFTZ, etc. (Fig. 10). 

In light of the above, the region is highly favorable for 

the discovery of large epithermal Au-Ag deposits, which 

are currently among the most prioritized for gold extrac-

tion. This is due to new technologies (tank and heap leach-

ing) that allow for the development of these deposits with 

an average gold content of around 1 g/t or even lower. A 

prime example of such an epithermal deposit within a VPB 

is the Round Mountain gold deposit, with approximately 

300 tons of gold (Fig. 11).  
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Figure 10. Comparison of characteristic epithermal gold-silver deposits of the world and Kazakhstan [38]: (a) geological map and cross-

section of calderas of Vatukoula and the gold ore deposits located within its bounds (according to L.S. Denholm); (b) geological 

map and cross-section of calderas of Symbil (Northern Balkhash Area) and the location of the Umit mineral occurrence within its 

bounds (according to E.Y. Seitmuratova); (c) geological plan and cross-sections of the Kargurli deposit (according to 

R.V. Woodall); (d) schematic geological map of the Taskora deposit (according to A.B. Diyarov); (e) geological scheme of the 

Kremnica deposit (according to M. Bemer); (f) geological scheme of the Southern Kuder deposit (according to B.S. Zeilik)  
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Figure 11. Schematic geological map of the Round Mountain 

deposit (USA) [52] 

 

Unfortunately, large deposits of this geological-industrial 

type have not yet been discovered in the JBFS, whereas in 

the continuation of the intracontinental Balkhash-Ili VPB on 

the territory of China, large deposits such as Akhi (56 tons) 

and Koershenkola (170 tons) have been identified (Fig. 12). 

Therefore, investigating the reasons for the absence of 

large epithermal Au-Ag deposits in the Late Paleozoic VPBs 

of the JBFS by further studying the most promising areas to 

identify objects of this ore formation appears to be highly 

relevant. One of the primary reasons for the ineffective 

search for such deposits may be the failure to consider the 

characteristic of their occurrence, where single large deposits 

coexist within the same ore district, and even within the same 

field, alongside numerous smaller-scale ore bodies. 

A typical example of such a distribution of gold-bearing ob-

jects is the ore fields of the Tavua Polo deposits (over 90 tons), 

Silverton-Telluride (about 300 tons), Kivatin province, and 

others (Fig. 13). These large deposits are located within unified 

caldera-type structures alongside numerous non-commercial 

occurrences: 21 objects in the first case, and 37 in the second. 

Consequently, when searching for epithermal gold deposits 
in the VPBs, it is necessary to evaluate the entire potentially 
ore-bearing area, of which there are hundreds in the JBFS. 
Additionally, an important consideration during area-wide 
exploration for Au-Ag occurrences is the possibility of reas-
sessing them as large-volume disseminated and stockwork 
(veinlet-disseminated) deposits with low-grade ores [42], [49], 
[50], [52]. Properly evaluated in this way, the recommended 
gold-bearing objects could significantly enhance the portfolio 
of genuinely promising areas. However, the most important 
regional exploration criterion for epithermal gold-silver depos-
its in the JBFS is the clearly established higher gold potential 
of the intracontinental Balkhash-Ili VPB. This pattern serves 
as a valuable guide during exploration activities. 

For many years, the primary issue in the metallogeny of 
the JBFS, driven by the need to provide a reliable mineral 
base for the Balkhash Mining and Metallurgical Combine, has 
been the search for copper-porphyry deposits in the region. 

Global exploration practices for copper-porphyry deposits 
show that most of these deposits are localized within major 
structural elements of the Earth, such as volcanic belts [46], 
[51], [56], [59]-[64], and the JBFS is no exception. Among the 
copper occurrences in the JBFS, the majority (68%) are cop-
per-porphyry manifestations, predominantly located within 
both Late Paleozoic VPBs of the JBFS (Fig. 12). 

The identification of patterns in the localization of cop-
per-porphyry mineralization within the Late Paleozoic VPBs 
of the JBFS has revealed a clear specialization of the Carbon-
iferous marginal-continental Tasty-Kusak-Kotyrasan-Altyne-
mel VPB for this type of mineralization, where 84% of cop-
per-porphyry occurrences are concentrated (Fig. 12). Fur-
thermore, it has been found that all major copper-porphyry 
deposits, such as Konyrat, Aktogay, and Koksay, are localized 
within the marginal-continental Tasty-Kusak-Kotyrasan-
Altynemel VPB, while smaller deposits like Altayt, Almaly, 
and Nurbay are found in the Carboniferous-Permian in-
tracontinental Balkhash-Ili VPB (Fig. 12). 

The conducted analysis of the distribution patterns of 
copper-porphyry occurrences in the JBFS reveals many simi-
larities with the distribution of known copper-porphyry de-
posits in VPBs worldwide, which supports the continued 
high potential for discovering new large copper-porphyry 
deposits in the Late Paleozoic VPBs. 

 

 

Figure 12. Schematic map of gold and copper deposits in the Devonian and Late Paleozoic continental volcanic-plutonic belts of 

Kazakhstan [38], [39] 
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Figure 13. Uneven distribution of gold occurrences in gold-bearing fields [38], [52], [53]: (a) Silverton-Telluride ore Field; (b) Vatukoula 

and the distribution of gold deposits (according to L.S. Denholm); (c) distribution of gold fields in the eastern part of the  

Kivatin province (according to A.M. Goodwin) 

 

Consequently, it is recommended to focus exploration ef-

forts on the three most favorable ore districts: Balkhash, 

Aktogay, and Ust-Ili in the Carboniferous marginal-

continental Tasty-Kusak-Kotyrasan-Altynemel VPB. 

Future exploration and prospecting for copper-porphyry 

mineralization should be conducted in two directions. Firstly, 

it is necessary to continue in-depth exploration of known sites, 

considering the concept of multi-tiered mineralization in vol-

canic epithermal deposits (e.g., Nurkazgan, Grasberg, etc.). 

Secondly, it is crucial to resume the search for commercial 

copper-porphyry deposits hidden beneath loose sediments in 

the JBFS territories. According to deep geophysical data, these 

areas exhibit a geological structure similar to the benchmark 

Konyrat district, for example, the Pribrezhnoye area [39], [51]. 

4. Conclusions 

The multi-stage studies of the Late Paleozoic continental 

volcanic and volcano-sedimentary deposits of the Junggar-

Balkhash fold system (JBFS) have established that their distri-

bution areas can confidently be classified as Volcano-Plutonic 

Belts (VPBs). The identified and studied VPBs of different 

ages, including the Carboniferous marginal-continental and 

Carboniferous-Permian intracontinental belts, demonstrate a 

long and complex geological evolution, influenced by their 

formation on a heterogeneous basement in various paleogeody-

namic settings and under different durations of volcanic activity. 

Comprehensive analysis has shown that the geological 

structures of the JBFS are characterized by complex architec-

ture, heterogeneous composition, and a diversity of petro-

chemical features. The polymetallic specialization of the 

geological formations within these belts is comparable to 

similar structures of the Pacific Megabelt. A key feature of 

the Kazakhstani VPBs is their significant duration of deve-

lopment: from approximately 327.0 to 298.9 million years 

for the marginal-continental belt and from approximately 

327.1 to 251.9 million years for the intracontinental belt. 

These time intervals reflect the prolonged volcanic activity, 

manifested in numerous volcano-plutonic and volcano-

tectonic structures, where up to four cycles of intermediate-

basic and acidic volcanism have been recorded. 



E. Seitmuratova et al. (2024). Mining of Mineral Deposits, 18(3), 63-81 

 

79 

The statistically proven priority of copper and gold mi-

neralization in the Late Paleozoic VPBs of the JBFS under-

scores the importance of further research aimed at the explo-

ration and development of these types of ore deposits. These 

mineralizations are key global sources of metals such as Cu, 

Au, Ag, Mo, Re, Bi, Hg, and others. The application of de-

veloped exploration criteria and geological search models, 

proposed by leading specialists in this field, allows for a 

significant increase in the efficiency of discovering new 

copper-porphyry and epithermal gold-silver deposits in the 

Late Paleozoic continental VPBs of the JBFS. 

The high level of study of copper-porphyry and epither-

mal gold-silver occurrences in global practice, along with the 

many years of research experience in Kazakhstan, indicates a 

significant potential for discovering new deposits of these 

types in the JBFS, making the region an important target for 

further geological exploration. 
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Особливості континентальних вулкано-плутонічних поясів Жонгаро-Балхаської складчастої системи 

Е. Сейтмуратова, Ш. Пінг, Р. Баратов, Д. Даутбеков, М. Машрапова, Н. Шадієв, Я. Аршамов 

Мета. Дослідження формаційного складу та структурно-формаційного районування пізньопалеозойських континентальних ву-

лканогенних та вулканогенно-осадових утворень Жонгаро-Балхаської складчастої системи (ЖБСС). Визначення геолого-

геофізичних характеристик і металогенічної спеціалізації вулкано-плутонічних поясів регіону. 
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Методика. Використані дані детального картування та аналізу пізньопалеозойських магматитів у ЖБСС за останні 10-40 ро-

ків. Проведено структурно-формаційне районування регіону з актуалістичних позицій, а також формаційна типізація стратифі-

кованих та інтрузивних рудних утворень. Вивчення металогенічної спеціалізації проводилося з урахуванням сучасних методів 

геофізичних досліджень. 

Результати. Виділено два основні вулкано-плутонічні пояси: кам’яновугільний окраїно-континентальний Тасти-Кусак-

Котирасан-Алтинемельський та кам’яновугільно-пермський внутрішньоконтинентальний Балхаш-Ілійський, що охоплюють близь-

ко 80% території ЖБСС. Визначено геолого-геофізичні особливості та металогенічну спеціалізацію даних поясів. Зокрема, виявле-

но великі перспективи епітермального золото-срібного й мідно-порфірового оруднення. 

Наукова новизна. Вперше проведено структурно-формаційне районування ЖБСС та обґрунтовано типізацію вулкано-

плутонічних поясів, а також визначено їхню металогенічну спеціалізацію. Виявлено закономірності локалізації епітермальних 

золото-срібних і мідно-порфірових родовищ. 

Практична значимість. Результати дослідження мають важливе значення для пошукової геології, сприяючи підвищенню ефе-

ктивності пошуку рудних родовищ у регіоні, особливо епітермальних золото-срібних та мідно-порфірових об’єктів. 

Ключові слова: вулканічні структури, структурно-формаційне районування, вулкано-плутонічні пояси, районування, золото, 

мідь, Жонгаро-Балхаська складчаста система 
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