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History of formation of the hercynan structures 
of the northern Nuratau ridge on the regional 
background
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Abstract: The geological structure of the Nurata Mountains contains 
formational rock complexes from the Upper Proterozoic to the Upper 
Paleozoic, which experienced the Caledonian and Hercynian eras of 
folding and nappe formation. The history of the development and 
formation of tectonic structures of the Nurata Mountains is closely 
connected with the general development of the grandiose region of Central 
Asia - the Tien Shan folded mountain region. Key words: structures, 
sublatitudinal, segment, mountains, southern, troughs, visible, tectonic, 
ophiolite bodies, transformed, melanged, masses, established. 

1 Introduction

The Northern Nuratau ridge is located in the south-eastern part of the Kyzylkum-Nurata 
region of Western Uzbekistan, it represents small mountain elevations (the highest point is 
2165 m Mount Khayatbashi), connecting into a single ridge, elongated in a west-northwest 
direction at a distance of 170 km. The tectonic structures of the Northern Nuratau ridge, 
composed of Paleozoic rock complexes, are a link in a single chain of the Hercynian cover 
system of the Southern Tien Shan. The latter form linear structures of sublatitudinal extent 
from the Aral Sea hills of Sultan-Uvays in the west, to the territory of the People's Republic 
of China in the east, at a distance of more than 2000 km. The highest point of the South 
Tien Shan mountain systems reaches 7439 m (Pobeda Peak), located on the border of the 
Kyrgyz Republic and the People's Republic of China. 

In the west, in the Kyzylkum segment, the Hercynian structures of the Southern Tien 
Shan form the foundation of the Turan Plate, exposed only in isolated protrusions of the 
low Kyzylkum mountains (Fig. 1). 

To the east - in Turkestan-Alai, Eastern Fergana and Zerafshan-Gissar, the Hercynides 
of the Southern Tien Shan represent ridges with deep valleys highly raised by the latest 
movements, and even further east behind the Talas-Fergana right shift, the Atbashi-
Kokshaal high-mountain structures. 

In the Southern Tien Shan, two branches of Hercynian structures are distinguished: 
northern (Kyzylkum - Alai - Kokshaal) and southern (Zerafshan - Eastern Alai - Kun-Lun). 
To the northwest of the mouth of the Amu Darya and to the east of the Suluterek protrusion 
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of the Tarim middle massif, the Hercynides diverge, covering on both sides, respectively, 
the Tarim and Ustyurt ancient massifs. The contact zone of the two branches of the 
Hercynides, as a zone of counter thrusts, is located near the watershed of the Alai Range 
(Kulgedzhelinsky anticlinorium), and in the west along the southern foot of the South 
Nuratau and Auminzatau mountains (Fig. 2). In the areas of direct contact between the 
northern and southern branches of the Hercynides (synvergence zone), the remains of 
advanced flyschoid-molasse troughs are visible. To the east of the Talas-Fergana dextral 
strike-slip fault in the Southern Tien Shan, only its northern branch is present [1, 2, 11, 12]. 

 

 
Fig.1 Position of the Northern Nurata Mountains on the overview map of Western Uzbekistan. 

 

Fig. 2 Scheme of the location of structures of the second stage of Hercynian dislocations in the 
Kyzylkum-Alai segment of the Southern Tien Shan (Porshnyakov, 1983). 

2 Research methodology

Within the Northern Nuratau ridge, four large Hercynian cover units are quite reliably 
established, characterized by the formational composition of rock complexes consistent 
along the strike, extending far beyond its boundaries [ 1, 2, 4, 6, 12, 13, 17]. 

Tectonic nappes are arranged from top to bottom in the following order: 
1. Majerum cover unit , composed of metamorphic green schists (PR 3 -O?) and 

ophiolites, which are in close structural association with them. The latter usually form lens-
shaped bodies that often mark the contacts of the Majerum and underlying Shavaz tectonic 
units. 

2. The Shavaz cover unit, composed of volcanic-sedimentary formations S 2 -C 2 , 
almost everywhere underlies the Majerum unit, and together with it, form the upper 
formation complex of rocks. 

3. The Yatak cover unit, composed mainly of carbonate deposits of the Middle 
Paleozoic, tectonically underlies the Shavaz unit, and also forms a number of exotic massifs 
in troughs of synform structures (Daristan, Merishkor, Shokhtau) on top of the underlying 
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Koytash tectonic unit. overlying them with angular unconformity . The internal structure of 
the Koytash tectonic unit is complex, characterized by a very highly dislocated lower (R 3 -
S) – Caledonian structural stage, with a relatively simple structure of the upper (DC 2 ) 
stage. The conditional autochthon for the above-mentioned cover units is the carbonate 
marbled rocks DC2 , exposed in the cores of the antiform structures of the Malguzar and 
South Nuratau mountains [ 1, 2, 13]. The tectonic nappes underlying the marbles in the 
Western segment of the Southern Tien Shan are unknown. 

The structural position of tectonic units has both similarities with other units and some 
distinctive features. Among the most important similarities are the following: 

1. The cover units of Northern Nuratau, when tracing to the west - Kyzylkum, and to the 
east - Turkestan - Alai, Eastern Fergana and beyond, are dissected quite well based on the 
predominant formational composition of Middle Paleozoic sediments (Table 1). 

Table 1. The cover units of Northern Nuratau. 

Fa
ci

es
 z

on
es

 

V
ei

ls
  

The leading 
formational feature 

of the complex 

Cover names 

Northern 
Ridge 

Nuratau 

Kyzylkum 
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Karakorum 
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3 Limestone Yataksky Basragatsky Aktursky, 
Baubashatinsky 

4 Terrigenous - 
limestone dolomite Koitashsky Bukansky Alaisky, 

Augulsky 

5 Marbled 
limestones Malguzarsky 

Debaland 
window 
marbles 

Kulgedzhelinsky 

 
*In the Turkestan-Alai and Fergana Mountains, the number of identified cover units is 

12 [1, 2 11, 12]. 
 

2. The structural position of the cover units of the Southern Tien Shan is characterized 
by the fact that the covers, composed of island-arc, pelagic and bathyal formation 
complexes of rocks, occupy the upper positions, located along the Bukantau - North Nurata 
- South Fergana ophiolite suture (subduction paleozone); cover units composed of shelf 
rock complexes occupy lower structural positions and are located, as a rule, to the south, 
indicating the southern direction of movement of surface masses, or the subduction of cover 
plates of the Southern Tien Shan under the Kyrgyz-Kazakh continental massif [1, 2, 3, 4, 5, 
11, 12, 17, 18]. 

3. The similarity in the structure of large structural (anti- and synform) zones allows us 
to make a correlation between the western and eastern parts of the Southern Tien Shan (Fig. 
2, 3). 
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Fig. 3 Tectonic diagram of the Northern Nuratau ridge (Biske, Porshnyakov, 1978; with additions by 
the author) 

4. Spatial tectonic position of the Hercynides of the Northern Nuratau ridge, 
clearly fits into the general tectonic picture of the Southern Tien Shan. 
At the same time, in comparison with other regions of the Southern Tien Shan, the 

Hercynides of the Northern Nuratau ridge differ in a number of features: 
1) on significant areas of the ridge, Caledonian structures are developed, involved in the 

processes of formation of Hercynian structures, thus having a two-tier structure; 
2) an exceptionally strong manifestation of reverse movements of surface masses that 

occurred in Late Paleozoic time (collisional stage of development), which led to the 
formation of recumbent and overturned folds to the north with reverse ratios of the cover 
plates, such as: Yatak - Arvtyn antiform, developed against the background of the 
overturned southern wing of the synform structures, or Mikhin - Yatak recumbent fold, 
additionally folded into a “secondary” synform (Fig. 6); 

3) relatively small thicknesses of the Middle Paleozoic carbonate deposits of the ridge 
compared to their analogues in Turkestan-Alai, up to the loss of part of the Devonian 
deposits from the sections in the Koitash type of sections; 

4) absence (probably tectonic pinchout) of the Middle Paleozoic reduced (calc-silicite) 
sections characteristic of the Turkestan-Alai and Kyzylkum sections, formed in pelagic and 
bathyal sedimentation conditions. 

Based on analyzes of formation complexes of rocks (types of sections) and the 
structural positions of tectonic cover units, one can judge the origin of the South Tien Shan 
paleooceanic structure, the beginning of the formation of which dates back to the late 
Riphean-Vendan (carbonate-siliceous formations - Suyaltash, Bogambir formations in 
Northern Nuratau, Taskazgan and their other analogues, in the Kyzylkum desert), occurred 
as a result of rifting processes (Fig. 4), which grew in the Cambrian into a real oceanic 
space with different facies zones of sedimentation [1, 2, 3, 5, 10, 12, 23, 24]. 
  

4

E3S Web of Conferences 538, 03022 (2024)	 https://doi.org/10.1051/e3sconf/202453803022
IPFA 2024

RETRACTED



 
Fig. 4 Caledonian stage of development of the region (for symbols, see Fig. 5) 

In the Ordovician, at the boundaries of the paleooceanic structure, subduction zones 
were formed, inclined in the north under the Kyrgyz-Kazakhstan and in the south under the 
Karakum-Tajik and Tarim continental massifs. As a result of the accretion of the oceanic 
crust of the Southern Tien Shan, first on the southern border (in modern coordinates), and 
then, within the southern margin of the Kyrgyz-Kazakh continent ( O 3 - S 1 ), compression 
areas arose with the subduction of the oceanic crust under the continental massifs . These 
events determined the Caledonian cycle of development of the Southern Tien Shan, the 
completion of which occurred in S - D 1 , which is reflected in the natural change in the age 
of the base of the Caledonian neo-autochthonous carbonate cover from south to north. The 
Alai-Kyzylkum “continental bridge” arose between the Tarim and Ustyurt middle massifs. 

The oceanic origin of the formation complexes of the Southern Tien Shan has been 
substantiated by many researchers [1, 2, 3, 5, 6, 9, 11, 15, 16, 21, 22, 23]. In particular, in 
the Hercynides of the Northern Nuratau ridge, indicators of the oceanic origin of formation 
complexes are: 

a) ophiolitic rock complexes, which are relics of the third layer of oceanic crust, found 
at the base of tectonic plates of metamorphic green shales and volcanic-sedimentary 
formations (Majerum, Shavaz tectonic nappes); ophiolite bodies, transformed into 
melanged masses, are also found; 

b) siliceous-volcanogenic spilite-diabase and terrigenous-siliceous-limestone complexes 
of rocks that make up the Shavazian cover correspond to relict remains of the second and 
first layers of the oceanic crust; 

c) volcanogenic-sedimentary metamorphosed green schists of the Majerum Formation, 
consisting of bathyal deep-sea formations, subjected to metamorphism (greenschist and 
amphibolite subfacies), in the subduction zone and accretionary prism. The oceanic origin 
of the above formations was proven based on petrochemical studies [5, 8, 10, 21, 22, 23]. 

The Hercynian paleooceanic structure of the Southern Tien Shan in the Middle 
Paleozoic can be represented as a sublatitudinal (in this case without taking into account 
paleomagnetic adjustments) oceanic paleobasin, the transverse width of which, according to 
paleomagnetic data [1, 9], reached 1800 km in the Devonian. Structurally, the paleoocean 
was an asymmetric extensional structure, where differentiated sedimentation occurred in D 
- C 1 . From the north, the paleoocean was limited by the Kyrgyz-Kazakh continental massif, 
and from the south, Alai, by the Kyzylkum microcontinent with wide shelf zones, slopes 
and foothills (Fig. 5). 

The facies zones from north to south were located in the following order: 
a ) the most depressed, with a zone of initial spilite-diabase magmatism (or 

corresponding to modern mid-ocean ridges - MOR, turning into bathyal depressions) - 
along the southern frame of the Kyrgyz-Kazakh continent; 

b) a zone of accumulation of deep-sea thin siliceous-clayey or carbonate-silicite 
formations, not compensated by sediments, developed to the south (it is possible also to the 
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north of the MOR (absorbed in the subduction zone), adjacent to the zone of origin of the 
deep-sea trench along the active continental margin); 

c) a zone of predominantly shelf sedimentation, including the slopes and foothills of the 
Alai-Kyzylkum newly formed microcontinent. 

At the end of the Lower or beginning of the Middle Carboniferous, as a result of the 
convergence of continental massifs limiting the paleoocean, intense submeridional 
contraction of the region's crust began (accretionary stage). 

At this stage, tectonic nappes began to form, dated by the age of the flysch, formed in 
front of the front of the overhangs. The process of nappe formation begins at the end of the 
Serpukhovian or in the Bashkir century in the zone of the Bukantau-North Urata-South 
Fergana ophiolite suture and develops in a southerly direction, reaching the outskirts of the 
Tarim platform or the zone of counter thrusts (we are talking about north-vergent thrusts of 
the Hercynids of the Kuljuktau - Gissar zone) only in the Permian [1 , 2, 3, 11, 12]. 

At the end of the Lower and beginning of the Middle Carboniferous, the Bukantau-
Northernurata-South Fergana ophiolite zone becomes similar to modern subduction zones, 
where nappe plates successively move under one another, increasing the accretionary prism 
(similar to modern non-volcanic arcs). The latter contributed to the formation of the rear 
flyschoid-molasse trough, in which manifestations of subsequential volcanism are noted 
(quartz albitophyres and their tuffs of C 3 - P 1 age - Fergana Karatau, Guzan, Karachatyr 
mountains). 

 
Fig.5 Hercynian stage of development of the region 

To the north, above the subduction zone, on the edge of the Kyrgyz-Kazakh continental 
massif, an active volcano-plutonic arc (Beltau-Kuraminskaya) formed, similar to the 
modern Andean type of the margin of the Pacific Ocean. Petrochemical characteristics of 
basalts (increase in the northern direction of the content of K, Rb , Cs , F , Al ) according to 
T.N. Dalimov [8] is clearly comparable to modern areas of continental margin volcanism 
and even allows one to determine the relative steepness of the slope of the subduction 
paleozone. 

The result of the reduction of the earth's crust, in this case, the Turkestan paleoocean, 
was the formation of an accretionary prism, consisting of a package of covers thrust one 
upon another, and inclined under the Kyrgyz-Kazakh continent. 

In the modern erosional section of the Hercynides of the Southern Tien Shan, the 
reliably established number of cover units reaches twelve in Turkestan-Alai, East Fergana 
Mountains and the Kokshaal mountain system [1, 3, 11, 12], and up to eight units in the 
Kyzylkum [22, 23] . There are up to five units in the Nurata Mountains (including marbles 
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from the Malguzar and Southern Nuratau mountains). It should be noted that the 
highlighted S.S. Schultz [22, 23] in the Kyzylkum desert, we combined the tectonic units 
Taskazgan and Murun in the Northern Nuratau ridge into one cover unit (Koitash), since 
here the above units have stratigraphic relationships. In addition, due to the ubiquitous 
occurrence of ophiolite complexes at the base of the Majerum nappe (tectonic lenses and 
scales), we also combined these formations into one nappe unit. 

Stages of deformation of Hercynian structures. The resulting package of covers in the 
Middle Carboniferous is characterized by the formational features of its individual units, 
represented by certain types of sections, maintained over long distances. They are quite 
well recognized in the longitudinal and transverse profiles of the Hercynides of the 
Southern Tien Shan [1, 2, 3, 5, 11, 12, 23]. 

It appears that the formation of the nappe package was the first stage of regional 
Hercynian compression deformation, followed by a second stage, forming a continuous 
process with the first. The result of the second stage of deformation was the collapse of the 
package of covers into large linear folds of the first order (anti- and synforms), as 
evidenced by the participation of balling surfaces in these folds. In the Northern Nuratau 
ridge and adjacent areas, the structures of the second stage of deformation are presented 
south of the Northern Nuratau suture in the following order (Fig. 3): 

1. Yangikishlak antiform zone, closed in large areas by Mesozoic - Cenozoic and 
Quaternary deposits; 

2. Madzherum - Arvatyn synform zone, with the complication of its southern wing, it 
seems to us, is associated with the formation of Yatak - Arvatyn antiform - an inverted 
package of covers; 

3. Dzhambulak - Jizzakh antiform zone. In the central part of the ridge it takes on the 
character of a recumbent overturned (Mikhin-Yatak) fold (Fig. 6); 

4. Shokhtau - Koitash synform zone, with a complex structure of the lower (pre-
Devonian) part of the sections, and a relatively simple form of folds in the upper (Middle 
Paleozoic) parts; 

5. Aktau – Malguzar antiform zone, in the areas of hinge culminations, autochthonous 
marbles are exposed from under the Koitash cover; 

6. Sharlak synform zone, presented in fragments (southwest of Southern Nuratau). On 
its southern wing, a zone of counter thrusts is assumed, the south-vergent Bukantau-Alai 
and north-vergent Gissaro-Kuldzhuktau Hercynides (Fig. 2). 

The process of deformation of the integument into anti- and synform folds, judging by 
the degree of their deformation, did not occur equally in area. The most severe deformation 
was experienced by the plates of the covers that make up the accretionary prism or located 
near it, which is observed in the structures of the Northern Nuratau ridge. Thus, the 
Majerum - Arvatyn zone in the Ukhum - Sentyabsae region has an asymmetrical structure, 
with a steep and even tilted southern wing falling to the north and a more gentle northern 
wing. In the pool r.r. Kelvasay-Tangisai, the southern wing of the synform zone is covered 
by the Dzhambulak-Jizzakh recumbent fold, complicated by longitudinal faults, and in the 
southeast of the ridge, as shown above, the southern wing becomes tilted to the north with 
the formation of the Yatak-Arvatyn secondary antiform fold (Fig. 6). 
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Fig. 6 Secondary folds: “antiform” Yatak-Arvatyn and recumbent fold - “sinforma” Mikhin-Yatak 
(upper reaches of the Tangisai river basin) [13]. 1- normal (a) and inverted (b) bedding; 2 – late 
retrothrusts. 

Dzhambulak – Jizzakh antiform zone is also unevenly deformed. This structure in the 
northwestern regions of the ridge has normal wings. In the central regions it forms a 
recumbent fold, and in the eastern regions it forms a structural zone thrown back to the 
north. The Shokhtau - Koitash synform zone, located mainly on the southern slopes of the 
ridge, in contrast to the Madzherum - Arvatyn and Dzhambulak - Jizzakh structural zones, 
has a simpler structure, i.e. includes less deformed folds, although relatively small folds 
thrown back to the north are also observed among them. The latter are probably associated 
with subsequent stages of deformation - retromotion, as evidenced by the protrusion of 
more than 6 km of the Daristan section of the synform zone by diagonal faults in the central 
part of the ridge (Fig. 7). 

 

 
Fig. 7 Deformations of the third stage of Hercynides. Z – shaped bend of the structures of the Central 
regions of the ridge. Northern Nuratau (basin river Kelvasay - Tangisay). 

The above-mentioned diversity in the degree of deformation (in different areas of the 
same structural zone or between different structural zones) clearly indicates that the anti- 
and synform folds in a number of areas simultaneously turned out to be recumbent. The 
reason for such relationships may be the degree of consolidation (or rigidity) of the 
Caledonian folded basement underlying the Middle Paleozoic rock complexes within the 
shelf zone. 
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In general, the second stage deformation on the scale of the entire Southern Tien Shan 
occurred in time with displacement in the direction from the ophiolite suture to the 
counterthrust zone or the margin of the Tarim platform, starting from the Bashkir age to the 
early Permian. This process, reflected in the orogenic complexes of Upper Paleozoic rocks 
(especially in the eastern part of the Alai Range), made it possible to biostratigraphically 
record the time of passage of compression “waves” [1, 11, 12]. 

The Late Carboniferous-Permian time in the history of the Southern Tien Shan is 
marked by its entry into the collision stage of development. The beginning of the collision 
of continental masses is expressed by the pre-Upper Moscow phase of back trough 
deformations [1, 12]. At this time, the oceanic sedimentation space was closing before the 
accretion front. As a result of the collision of continents, the tectonic plates of the 
accretionary prism moved over the advancing masses into the subduction zone, covering 
the shelf zones of the Alai-Kyzylkum microcontinent. 

Sedimentation continued only in isolated residual basins of the back-arc, inter-arc and 
front troughs, where the accumulation of flysch-olistrostrome and upper molasse deposits 
continued. On the Upper Carboniferous sediments of the foredeeps (Kurganak - Surmetash 
- Gulchinsky, Kugart - Kokshaalsky) increasingly “belated” covers were advancing, and in 
the Lower Permian (end of the Asselian), waves of collapse covered the flysch deposits of 
the Yassy-Maydantag margin of the Tarim platform [1, 2, 11, 12]. 

Subsequent deformations of Hercynian structures into the collision stage ( C 3 - P 1 ) are 
characterized by the development of structures, for the most part, under conditions of 
reverse movements of surface masses directed from south to north. These deformations 
superimposed and complicated the folds of the second stage (anti- and synforms). On a 
regional scale, the deformations of the subsequent – third stage are expressed in the 
formation of large horizontal bends of longitudinal structural zones (anti- and synform). 
Among them, the largest are: the East Fergana sigmoid structure, horizontal bends of the 
structures of the Sarysakt, Sarytash mountains and the Baul-Chemendyka region in 
Turkestan-Alai, a less clearly expressed large horizontal bend of the Kyzylkum structures 
[1, 6, 12]. 

In the Northern Nuratau ridge, we associate the deformation of the third stage with the 
formation of “secondary” folds - the Mikhin - Yatak synform and the Yatak - Arvatyn 
antiform (Fig. 6), and the accompanying retrothrusts with the formation of the Kelvasai Z - 
shaped bend of the structures (Fig. 7). These processes occurred under conditions of 
prevailing meridial stress and movement of surface masses from south to north. 

The latter were also reflected in the deformation of flyschoid-molasse deposits of the 
back trough of the Farish Formation ( C 3 - P 1 fr ) foothills of the ridge; in some places, 
greenschist complexes of the Ukhum-Sentyab synform are overthrust on them. Small, 
sharply asymmetrical, often recumbent folds, with axial surfaces inclined to the north, are 
also known. 

It seems that the retromovement to the north and the associated deformations of the 
rocks at the beginning occurred under conditions of plastic deformation with the formation 
of folds, which in many areas developed into small thrust scales. At the end of the process, 
a number of diagonal and longitudinal faults of a reverse-slip-slip nature were formed (the 
fourth stage of deformation). These faults are superimposed on folds and retrothrusts (the 
third stage of deformation). 

The formation of diagonal and longitudinal faults can be represented as a reflection of 
tangential stresses relative to the strike of the main structural zones at the collision stage. 
Diagonal faults have northeastern (left shifts - Merishkor-Ukhumsky) and northwestern 
(right shifts - Koitash-Saurbelsky) orientations. Longitudinal (North Nurata and other 
faults) extend sublatitudinally - along the strikes of the structures of the Hercynides ridge. 
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Thus, as the fourth stage of the Hercynide deformations, we can distinguish the 
components of the meridional stress discharge dynamo couple - diagonal and longitudinal 
faults superimposed on the structures of the third stage. 

The last stages (3-4) of deformation of the Hercynides of the Northern Nuratau ridge, 
which covered the Late Carboniferous-Early Permian time, can be associated with the 
massive intrusion of granitoid bodies. Their appearance G.S. Porshnyakov [12] explains 
some local and surface deformations of the third and fourth stages. On a regional scale, 
diagonal and longitudinal faults, which we attribute to the fourth stage of deformation, are 
also well expressed in the Hercynides of the Southern Tien Shan; they were described [1, 3, 
6, 11, 12, 7, etc.]. The largest of them are the following: 

1. Talaso - Fergana right shift with a displacement amplitude of up to 200 km, 
rejuvenated by neotectonic movements; 

2. Ural - Tien Shan left shift, with an estimated amplitude of up to 100 km; 
3. Karakul – Uchbash fault, north-eastern direction, separating the Central Kyzylkum 

and Nurata subzones. This fault is believed to be associated with a sharp, almost 
rectangular bend in the contour of the North Bukantau subzone. Faults of the same nature 
were established to the east of the Nurata Mountains (Guzar-Jizzakh, Shirabad-Leninabad 
and others) [7]. 

Among the longitudinal faults with strike-slip components, one can note the North 
Nurata, North Turkestan, Aktash, Madygen, Karavshinsky, Osh shifts in Eastern Fergana . 
The direction of displacement along these strike-slip faults is left-sided for almost all faults, 
which means that the collision of continental massifs occurred along oblique diagonal (left-
sided) angles [1, 2, 4]. 

3 Conclusion

The history of the development of the Tien Shan region began in the Late Proterozoic era 
(850-700 million years ago) as a result of the split of the supercontinent Rodinia [20], 
which determined the entire diversity of Paleozoic geological events in the region. Rift 
structures formed in the Riphean by the beginning of the Paleozoic era grew into oceanic 
spaces, corresponding to geodynamic regimes. 

Thus, in the history of the formation of the Hercynian structures of the Northern - 
Nuratau ridge, as an integral part of the Southern Tien Shan, one can trace the geological 
development of the region, reflected in the formation complexes of rocks, as well as in the 
structure of tectonic structures. It looks like this: 

1. R 3 - O 2 rift-spreading stage of development, characterized by the formation and 
isolation of the South Tien Shan paleooceanic structure (Fig . 4). According to 
paleomagnetic data from Mukhin et al. [10], the width reached more than 2000 km. Within 
the paleooceanic structure, differentiated sedimentation occurred in various facies zones of 
the paleoocean; the corresponding events are reflected in the formation complexes of rocks 
of the Caledonian basement. 

2. O 3 - D 1 accretion-subduction stage, characterized by a reduction in the region's 
crust and, accordingly, the oceanic sedimentation space. Along the edges of the 
paleooceanic structure, the formation of subduction zones and the formation of the 
Caledonian nappe series of the Southern Tien Shan took place. Recent events led to the 
formation of the Alai-Kyzylkum Caledonian “bridge” between the Tarim Ustyurt 
(protrusion of the Russian platform) massifs. This “bridge”, starting from the Early 
Devonian, played the role of a microcontinent, on which shelf and slope carbonate 
formations ( D 1 - C 2 ) subsequently developed , lying with stratigraphic and azimuthal 
unconformity, sealing the complexly dislocated scaly structures of the Caledonian era. 
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These events are clearly reflected in the composition of the Koytash tectonic unit with a 
two-tier structure; 

3. D 1 – C 2 Hercynian spreading stage of development of the Southern Tien Shan 
(Fig. 5). This stage is characterized by the resumption of extension processes with the 
formation of suboceanic space, judging by paleomagnetic data Klishevich V.L., Khramov 
A.N. [9] up to 1800 km wide. The newly formed paleooceanic structure of the Southern 
Tien Shan was an asymmetrical structure, with an active northern or northeastern margin 
(Kyrgyz-Kazakh), and passive, with wide shelf zones of the southern - Alai-Kyzylkum, and 
in the east Tarim margins, which are reflected in formational composition of rocks.  

Differential sedimentation occurred: 
a) with a zone of initial magmatism in areas of crustal growth (COX), mainly along the 

southern margin of the Kyrgyz-Kazakh continent; 
b) with a zone of predominant accumulation of siliceous and calc-silicite pelagic 

formations in the area of the MOR and the surrounding bathyal depressions; 
c) with a zone of predominantly shelf (including slopes and foothills) sedimentation 

and, for the most part, on the wide southern - Alai - Kyzylkum shelf. 
4. C 1 3 - C 2 accretionary stage of development, characterized by intense 

submeridional (in modern coordinates) reduction of the oceanic sedimentation space, as a 
result of which the following were formed: 

a) an Andean-type subduction zone inclined under the Kyrgyz-Kazakh continent, with 
the separation of the Beltau - Kuraminskaya volcano-plutonic zone at the edge of the 
continent, a non-volcanic island arc formed from an accretionary prism above the 
subduction zone, and a flyschoid-molasse back-arc basin between them (Bukantau-Farish -
Karachatyr); 

b) formation of a package of covers with significant overlaps of various formational 
types of sections (the first stage of Hercynian compression deformations); 

c) the formation of large linear anti- and synform zones, in places with recumbent folds 
(central and eastern regions of the Northern Nuratau ridge), which determined the complex 
alternation of different formational types of sections (the second stage of Hercynian 
compression deformations); 

5. C 3 3 - P 1 collision stage of development , characterized by the convergence and 
collision of continental massifs that bound the paleoocean, with a strong manifestation of 
reverse movements of surface masses - from south to north. At this stage the following 
were formed: 

a) horizontal folds that complicated the linearity of the axial zones of anti- and synforms 
and associated retrothrusts (reverse thrusts). In Northern Nuratau, collapse into “secondary” 
folds occurred (the Mikhin-Yatak synform and the Yatak-Arvatyn antiform) – the third 
stage of Hercynian deformations (Fig. 6, 7); 

b) the formation of diagonal and dynamo pair components with them, longitudinal 
steeply dipping faults of a reverse-slip fault nature (the fourth stage of Hercynian 
deformations); 

c) the last stages (3, 4) are associated with the massive intrusion of granitoid bodies of C 
3 

3 – P 1 age. 
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