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Abstract
The Issyk-Kul depression, slightly resembling an inverted triangle, extends from 

west to east for more than 220 km, and the maximum width reaches 75 km in its central 
part. Tilted river and lake terraces in deformed structures in the eastern part of the Issyk-
Kul basin are the result of active tectonic movements in the Quaternary time. In this 
research, we focused on the evolution of topography with the goal of defining the 
features of active tectonics, through the analysis of the digital elevation model (DEM). 
The belt of modern deformations in the eastern part of the basin extends in the 
latitudinal direction for more than 80 km. In this area from west to east, there are several 
separate anticlinal structures composed of Paleogene-Neogene and Quaternary 
deposits. Geological-geomorphological mapping and profiling of terraces show that 
the deformation of the terraces is caused mainly by gently dipping thrust faults. Active 
faults are represented in relatively small segments of 10-20 km, with the exception of 
the Tasma fault. This fault, extending to the west for more than 60 km, deforming a 
broad lake terrace at an elevation of 1650 m. Analysis of the terraces shows that the 
older (Q2) terraces occupying the foothill zones have relatively steep slopes and in 
some places their surface is also ruptured with modern active faults. Late Pleistocene 
and Holocene terraces completely occupy the entire flat part of the basin, and in some 
places, these terraces also underwent deformation. The degree of influence of tectonic 
and climatic processes on the evolution of the Quaternary topography is preserved in 
the morphometric characteristics of river and lake terraces. The development of 
deformation processes inside the basin in this region with a width of 40–45 km is the 
result of active shortening of the earth’s crust, which is caused by the counter movements 
of the Teskey and Kungey ranges.

Keywords: Tectonics; active faults; terraces; anticline; yssyk-kul; morines, quaternary 
time; aspect; climate.

Introduction
The uplifted mountain ranges and plateaus are the result of long-term geodynamic 

processes that raised rocks to the surface of the Earth, submerged at a depth of tens and 
hundreds of kilometers. Against internal processes, exogenous processes for a long time 
in parallel participated in the demolition of higher hypsometric areas, thereby; 
transporting materials filled the underlying territories. Thus, the relief is the result of the 
interaction of tectonic and erosional processes caused by the climate on geological time 
scales. (Molnar et al., 1994, 2010; Kirby et al., 2000; Hancock and Anderson, 2002; Clark 
et al., 2005; Bookhagen, B, and D. Burbank 2006; Liu-Zeng et al., 2008; Pan et al., 2009; 
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Ouimet et al., 2010; Perrineau et al., 2011; Burbank, Douglas 
W. and Anderson, Robert S. 2011; Champagnac, J.-D., 2011; 
Finnegan et al., 2014; Y. Yang et al. 2019).

The age of the Tien-Shan according to thermochronological 
and paleomagnetic data is from 10 up to 25 Ma (Bullen et al., 
2001, 2003; Sobel et al., 2006 a, 2006 b). Modern active 
structures located within the intermountain basins indicate 
crustal shortening in the Tien-Shan over Pleistocene and 
Holocene times (Ghose et al., 1998; Mellors et al., 1997; 
Reigber et al., 2001; Abdrakhmatov et al., 1996; Zubovich et 
al., 2010; Thompson et al., 2002; Selander et al., 2012; Goode 
et al 2014).

The interrelation of tectonic and climatic processes in the 
Quaternary time in the eastern part of the Issyk-Kul depression 
is well reflected in the modern relief of this region. Quaternary 
terraces and young tectonic structures are the main landforms 
and, in general, indicate the intensive development of 
topography during the indicated time. Primary paleogeographic 
studies for this area were actively carried out in the period 
1950-1990. These works, in particular, considered a complex of 
issues of geomorphology, stratigraphy and tectonics, and also 
on the absolute dating of lake terraces (Popov., 1960; 
Grigorenko.,1970; Aleshinskaya et al., 1971; Zabirov et al., 1973; 
Trofimov., 1990). The relationship of lake and river terraces, as 
well as periods of transgression and regression of the lake. 
Issyk-Kul is considered in detail in the later works of the authors 
who give exhaustive answers about the Late Quaternary and 
Holocene palegeography of the region. (Dan Bowman et el., 
2004; R.J. Burgette et al 2017; M. D. Batist et al., 2013).
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Figure 1. (a) Topographic map of eastern Tien-Shan adjacent 
territories based on 30-m-resolution ASTER GDEM digital elevation 
model. (b) Hillshade model of Eastern Yssyk-Kul basin. Lines with 

black arrows show active faults and deformed anticlines.

Methods
Field work

Field work was carried out in the eastern part of the Issyk-
Kul depression, in particular in the river valleys, Turgen and Boz-
Uchuk. This allowed us to study the relationship between glacial 
and terraced deposits in the Turgen valley and trace the 
relationship with lake terraces. Moraines, fan cones, terraces 
were surveyed and mapped using standard techniques and 
remote sensing. Geological and geomorphological mapping 
allowed us a spatial analysis of the distribution of Quaternary 
forms and sediments with special attention to fluvial terraces, 
which allows us to obtain a chronology of successive landscape 
changes in river flows in the eastern part of the Issyk-Kul region.

Remote sensing
The ASTER GDEM 30m Digital Terrain Model was analyzed 

in detail using remote sensing. On the basis of the DEM, a 
geological map of the study area was created. For the purpose 
of geomorphological analysis using DEM and GIS technology, 
we modeled the stronity of slopes and their exposure. To 
analyze the erosion of streams in the mountainous area and in 
the depression, we also used remote profiling (longitudinal 
profile) along the main river beds.



International Journal of Earth Science and Geology

95Int J Earth Sci Geol.
ISSN: 2642-1569

Volume 3 • Issue 1 • 1000112

Figure 2. (a) Slope analysis based on ASTER DEM 30. The steeper 
slopes are drawn in yellow and red between 37-81°. (b) Aspect of 
relief. The relief is predominantly painted with red, yellow and blue 
colors that indicate the north, west and east exposure of the slopes. 

(c) Hillshade of topography. (d) Contour of topography. 
Hypsometrically sharp elevations of the relief are observed in the 
southern and northern slopes of the Kungei and Teskey ranges.

Study area

Geological setting 3.1.: The sides of the depression are 
composed of pre-Riphean, Proterozoic and Paleozoic deep 
metamorphic, sedimentary and igneous rocks, which quickly 
sink to a considerable depth - up to - 4.5 km (Chedia et al., 
1978) and give way to younger formations. Metamorphic 
ancient sedimentary strata are represented by rocks of the 
Proterozoic, Lower Silurisy, Lower and Middle Carboniferous 
age. These are mainly crystalline schists, quartzites, limestones 
and sandstones. Large areas (within the mountain frame) are 
also occupied by granite intrusions.

Among the Mesozoic-Cenozoic formations, two complexes 
are distinguished: the terrigenous continental, corresponding 
to the platform stage of the development of the studied territory 
in the Mesozoic and Paleogene, and the molasse, formed in the 
recent orogenic stage during the Late Paleogene, Neogene and 
Pleistocene. Young Paleogene-Neogene and Quaternary 
sediments filled the synclinal part of the depression (fig.3).

Figure 3. Both dense crystalline rocks and soft sedimentary strata 
are widespread within the Issyk-Kul basin and its surrounding 

mountain. The first of them belong to the Paleozoic and 
Precambrian age and make up the mountain slopes bordering the 

basin, and the soft sedimentary strata of Meso-Cenozoic age fill the 
Issyk-Kul basin.

Younger Quaternary sediments periodically filled the 
depression with varying intensity. Judging by the thickness of 
the deposits, the depression with boulder-pebbles was 
actively filled from the Middle Quaternary to the beginning of 
the Holocene after each glaciation.

Active faults 3.2.: Active faults of the Issyk-Kul depression 
deform young Quaternary surfaces with intense folding, which 
are expressed here both as separate isolated anticlinal structures, 
and as a forerun zone of the Teskey range. The average absolute 
hypsometric position of active structures is 1800-2200 m. The 
base of these structures consists of Paleogene-Neogene 
sediments, which conformally overlapped bedrock deposits 
before the onset of deformation. Active faults here, as in the rest 
of the Tien Shan regions, are of thrust type and extend parallel 
to the main anticlinal structures. (Makarov 1977; Abdrakhmatov 
et al., 2001; Thompson et al., 2002; Selander et al., 2012; Goode 
et al., 2014). 

The rate of reduction in the eastern part of the Issyk-Kul 
depression is one of the highest in the territory of the Kyrgyz 
Tien Shan. According to GPS measurements, the rate of 
decline in the last two decades has varied from 2 to 3 mm / 
year in the western part of the basin to 4-5 mm in the eastern 
part of the basin. (Zubovich et el., 2010).

If the active faults along the Teskey Range are south 
vergent, then the Tasma anticline and other structures located 
inside the depression have the opposite vergence. The zone 
of active deformations mainly covers the Middle Quaternary 
and Late Pleistocene terraces. In the foothills of the Teskey 
Range, the surface of deformed terraces is inclined to the 
north at an angle of 7-9 °. The inner part, in particular, the 
edge of the lake terraces of the Tasma ridge is inclined in the 
form of narrow surfaces in the opposite direction. Thus, the 
role of the tectonic activity of the region along with climatic 
factors in the formation and development of topography in 
the Quaternary was great.
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Figure 4. Active faults are indicated by black jagged lines. The 
surface of the deformed terraces is shown in yellow.

Terraces 3.3.: The river network of the region is represented 
by such rivers as Karakol, Ak-Suu, Altyn-Arashan, Zherges, 
Boz-Uchuk, Turgen, Jergalan, and also the Tyup river and its 
tributaries flowing down the southern slopes of the Kungei 
ridge. These rivers played a colossal role in shaping the relief 
of the study area. The valleys of the above rivers mainly consist 
of deeply cut V-shaped valleys (figure 5).

Figure 5. Location of the main rivers in the eastern part of the 
Issyk-Kul depression. Fig. 4. The river network shows the role of 

streams in the Quaternary time, which finally formed the modern 
features of the relief in the Eastern Issyk-kul.

The role of climate in the formation of the relief in the 
Issyk-Kul depression is very great and the forms of relief 
created by the influence of the climate in the Quaternary time 
occupy the foundations of modern landscapes. Extensive 
terrace complexes in the eastern part of the Issyk-Kul 
depression formed in the Middle and Late Quaternary 
(Trofimov 1990; Aleshinsckaya et al., 1971). Series or steps of 

terraces correspond to large erosional-accumulative stages in 
the Issyk-Kul depression. In each valley and even in specific 
parts of the valley, the number of terraces may be different. 
This is due to the complexity of the structural-tectonic plan, 
the differentiated nature of the Quaternary movements. Due 
to the subsequent tectonic deformations, the comparison of 
terraces in different valleys and in different parts of the valleys 
is extremely difficult. This circumstance is aggravated by the 
inconstancy of the basis of the level of erosion of the lake. 
Issyk-Kul. When studying terrace complexes, we relied on the 
scheme of Grigorenko, who developed a paleogeographic 
structure for the development of terraces for the Tien Shan. 
(figure 6).

Figure 6. Schematic section showing the Soviet 
morphostratigraphic naming system for late Quaternary river 

terraces in the Kyrgyz Tien Shan. As can be seen from the scheme, 
the Late Pleistocene complex of QIII terraces occupy more extensive 
areas than the Middle Quaternary QII and Holocene QIV. The socle 

of the terraces is predominantly Neogene sediments, which, in 
some places, are overlain by a criminal disagreement with 

Quaternary boulder-pebbles. (Burgette et al.2017).

In the Quaternary period, the rivers were deeply cut into 
the underlying rocks, and at present they are preserved in the 
relef in two morphotype forms, alluvial and basement. If the 
alluvial terraces are closer to the channel with thick deposits, 
then the basement ones occupy more hanging positions and 
were separated from the channel with subsequent erosion. If, 
in the first case, active tectonic events influenced the modern 
morphrometric position, then the Holocene development of 
the terraces was influenced by the beginning climatic changes 
at the beginning of the Holocene and subsequent times.

Terraces of an accumulative nature, when leaving the 
Teskey and Kungey ridges, form alluvial cones. The thickness 
of boulder-gelled deposits reaches from 5 to 50 meters and in 
some places they overlap the Tertiary deposits with angular 
unconformity (fig. 5). Erosion of the rivers along the northern 
and southern slopes of the Teskey and Kungey ranges, as seen 
from the profile, have a rather steep slope, which is cut into 
bedrock and looser (fluvioglacial deposits) deposits (fig. 6). 
The steepness of the river channels gradually decreases 
towards the depression.
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Figure 7. Features of the formation of terraces in the southeastern 
part of the Issyk-Kul depression. (a) Erosional terraces with angular 

disagreement overlap Tertiary deposits. 
(b) Accumulative terraces with thick boulder-pebble layers.

Oscillation of the lake also played an important role in the 
development of river valleys. Issyk-Kul, since its transgression 
and regression regimes completely controlled the rate of 
erosion of the channels of outflowing rivers.

Figure 8. Longitudinal profile of the Boz-Uchuk river. At the mouth 
of the river, the river has several threshold points where the river 

bed is cut for several tens of meters into bedrock sediments. In the 
middle part, the river is also cut into moraine sediments. 

Deformation of terraces QII and QIII is observed in the foothill zone. 
The slope of the surface of the ancient terraces deviates sharply 
relative to the modern edge of the river in comparison with the 

younger terrace.

3.4. Moraines: Moraine deposits in the valley of the Turgen 
River are located above 2600 m. The features of the ancient 
glacial relief are perfectly expressed here.

A

B

Figure 9. Trough valley and moraine deposits in the Turgen river 
valley.

The troughs of the main valleys have wide bottoms and 
gently sloping sides. The well-developed trough valley of the 
river is especially characteristic. Turgen, the bottom of which 
is 1 km wide. On the surface of the bottom of the valley, the 
ancient moraine relief has been preserved in the form of 
randomly scattered hills stretching for 2.5-3 km along its 
entire width.

The valleys of most of the tributaries do not have high 
estuarine steps. The troughs of the tributaries are extensive, 
their sides are flat, the slopes are densely sodded. Fresh talus 
appears only in the upper reaches of the river. Turgen and its 
tributaries. The well-developed trough valley of this river, the 
consistency of the troughs of the tributaries and the main 
valley, the good preservation of the forms of glacial erosion, 
the presence of extensive cirques and walls - all this indicates 
the absence of intense erosion processes in the interglacial 
and the superposition of the glacial forms of the second phase 
of glaciation on the glacial forms of the first phase (Rantsman, 
1957).

In other river valleys, moraine deposits have smaller areas 
of distribution. This was apparently due to the morphometric 
characteristics of individual valleys, where moraine deposits 
could not spread in less wide valleys.
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Thus, in the relief of the mountains of the eastern part of 
the northern slope of the ridge. Teskey-Alatau, the effect of 
post-glacial erosion is pronounced and there are no traces of 
the action of interglacial erosion processes. The main 
deepening of the valleys apparently took place in the pre-
glacial time. In the middle, the moraines of the last glaciation 
descended on average to 2200 m. 

Discussion
An analysis of the topography shows that, in the 

Quaternary, the features of the formation of the landscape of 
the Issyk-Kul depression were closely related to tectonic and 
climatic factors. However, it is difficult to single out the 
dominant role of any factor in the formation of the entire 
landscape. For more than 1.8 Ma, tectonic and climatic events 
in the spatio-temporal relation obviously did not spread 
evenly. This is evidenced by the morphometric features of the 
modern relief of the region.

It should be noted about the role of fluctuations in the 
lake. Issyk-Kul, which significantly influenced the development 
of the depression relief. Intensive tectonic movements in the 
Early Quaternary and Middle Quaternary may have intensified 
the erosional activity of the rivers, which was also facilitated 
by the low level position of Lake Issyk-Kul. The thickness of 
the sediments also differs and is not so great, for example, 
from the same Late Pleistocene time.

Thus, glaciation and interglacial time as a whole formed 
moraine and terraced complexes in the hypsometric higher 
and lower regions, respectively. If we take in more detail what 
types of climate regimes, arid-cold or warm-humid, how they 
influenced the development of the relief in a specific section 
of the study area, in general, requires more detailed research.

Conclusion
Geological and geomorphological mapping based on the 

DEM and additional modeling by extracting some parameters 
of the DEM allowed us to obtain the main important 
geomorphological characteristics of the study area.

The slopes and their exposures show that the deformed 
tectonic structures have an asymmetric structure. Tectonic 
structures in the piedmont part of the Teskey Range are 
composed of longer northern and short southern wings. The 
large anticlinal structure Tasma is developing in the opposite 
direction, i.e. it has a meek northern and long back wings. 
Thus, the modern reduction of the earth’s crust in the eastern 
part of the Issyk-Kul depression occurs in the southern and 
northern directions, involving the flat surfaces.

The longitudinal profile of rivers in the river valleys of the 
Teskey Range shows an uneven dissection of valleys with 
erosion processes. The rivers located in the eastern part 
stretch on average 30-35 km. Erosion processes in some rivers 
developed more intensively than some, as evidenced by the 
slopes of river channels with steeper profiles. Relatively gentle 
slopes have been preserved mainly where moraine deposits 
are more concentrated in the middle reaches of rivers. Thus, 

the scale of moraines, in spite of their loose state, significantly 
influenced the development of erosion processes after the 
Late Quaternary glaciation.

The terraces of this area are mainly represented by QIII 
accumulative terraces that filled large areas with a thickness of 
several tens of meters. These terraces also correlate well with 
the lake terraces at 1640 m.

Holocene accumulative terraces are located at 1620 m. 
Late Pleistocene terraces are located at 1630 m, 1640 m, and 
1660 m. This suggests that after the Late Pleistocene period, 
due to the abundant melting of glaciers, the fluctuations in 
the level of Lake Issyk-Kul increased to the maximum.

Deep incisions of Late Pleistocene terraces can be 
practically seen in all river valleys around the lake. Issyk-Kul 
indicates that in the Holocene, with a decrease in the flow, the 
level of Lake Issyk-Kul which simultaneously caused deep 
erosion of rivers.
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