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ABSTRACT 
 
The Tien Shan is the neotectonic mountain system 2000×200-300 km in size that belongs to 5 
states – Uzbekistan, Tajikistan, Kyrgyzstan, Kazakhstan and China. All of them suffer from 
large-scale slope failures and their consequences such as river damming and outburst floods. To 
elaborate reliable rockslide disaster mitigation strategy either for some particular region or for 
the entire mountain system the uniform rockslide inventory should be compiled at first. Besides 
the remote sensing data analysis, field reconnaissance is needed, especially for identification of 
older – Pleistocene features, which geomorphic expression could be masked significantly. It is 
important to use the uniform classification system based on the criteria that reflect such 
peculiarities of the phenomena in question that determine their most disastrous effects, i.e. rock 
avalanche runout, dam height, etc. First attempt to compile the inventory of bedrock landslides 
exceeding 1×106 m3 was based on the Google Earth imagery. More than 600 features are 
identified. Their spatial distribution is quite uneven, with several zones characterised by 
extreme concentration of rockslides, while vast areas are almost free of such phenomena.  
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INTRODUCTION 
 
The Tien Shan is the neotectonic mountain system that stretches for about 2000 km from east to 
west and up to 200-300 km from north to south, being composed of numerous ranges up to 7 km 
high that raise for 1-2 km above main river valleys and intermountain depressions. The 
prevailing ranges' height is about 3-5 km above sea level. Mountain system is bounded by the 
stable Kazakh shield from the north and by the Pamirs mountains and the Tarim basin from the 
south (Fig. 1). Almost each Tien Shan range is a symmetric or asymmetric neotectonic anticline 
separated from the adjacent syncline depressions by an active reverse or thrust fault (Chedia, 
1984, Makarov, 1977). Numerous strong earthquakes with magnitudes up to 8.3 have been 
recorded in this region during last two Centuries. Besides, traces of strong prehistoric events 
have been discovered by paleoseismological studies (Korjenkov, 2006). It should be pointed 
out that while most of historical and instrumentally recorded earthquakes occurred along the 
northern and southern boundary zones of this mountainous system, evidence of past strong 
earthquakes have been revealed throughout the entire Tien Shan. Nature of such sharp 
difference in seismic regime is questionable and study of bedrock landslides, which are often 
associated with strong earthquakes, could shed light on this problem. 
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Combination of rugged topography, active tectonics and seismicity is favourable for large-scale 
slope failures. Though majority of known historical landslides occurs in loose Quaternary soils 
and poorly lithified Neogene deposits at the foothill areas like the Fergana depression rim 
(Niyazov, 1974), numerous bedrock landslides have been recorded in different parts of the Tien 
Shan. Some of them, such as the 1949 Khait rock avalanche triggered by M 7.5 earthquake 
(Leonov, 1960, Evans, et al., 2009), were extremely disastrous. Many of prehistoric events 
exceed 1 km3 in volume (Strom and Korup, 2006). Some of them dammed river valleys, 
causing inundation of valleys upstream and powerful outburst floods (Korup et al., 2006).  
 
The Tien Shan belongs to 5 states – Uzbekistan, Tajikistan, Kyrgyzstan, Kazakhstan and China 
(see Fig. 1). All of them suffer from large-scale slope failures and their consequences such as 
river damming and outburst floods caused by dams' breach. It should be pointed out that slope 
failure that occurs in the upper reaches of a river basin in one country may cause catastrophic 
consequences downstream affecting another country. That is why it is important to elaborate 
international rockslide disaster mitigation strategy for the entire mountain system indeperndent 
of the political boundaries. One of the important steps is the rockslides' succeptibility 
assessment that  requires compilation of the uniform rockslides inventory of the entire Tien 
Shan similar to those that have been compiled for the Alps (Heim, 1932, Abele, 1974).  First 
results of such compilation based on the analysis of the Google Earth imagery and 3" SRTM 
DEM are described hereafter. 
 

 
Fig. 1 Tectonic and political position of the Tien Shan mountain system (Google Earth image) 
 
 
BEDROCK LANDSLIDES' IDENTIFICATION AND CLASSIFICATION 
 
First attempt to compile uniform inventory of rockslides, which volume exceeds the threshold 
value of ~106 m3 was carried out by use of the Google Earth imagery. Strictly speaking, this 
inventory is not uniform, since most of the study area is covered by 15-m resolution Landsat 
images, while some parts – by 0.6-m resolution QuickBird images. However, as far as recent 
(Holocene) bedrock landslide deposits with such volume that occupy areas of about 200×200 m 
or more are, usually, quite contrast relative to the surrounding undisturbed areas, they can be 
recognised without omission even on Landsat space images. Total number of landslides 
identified is more than 600 (Fig. 2).  
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Fig. 2 Large rockslides distribution throughout the Tien Shan mountain system. Outlined areas are shown on Figs. 
4 (left) and 5 (right) 
 
More problems arise with identification of older (Pleistocene) features. Some of them, being 
significantly reworked by erosion, can be hardly identified on high-resolution space and even 
on stereoscopic aerial images (Fig. 3). In such cases field reconnaissance is necessary.  
 

 
Fig. 3 Pleistocene rockslide at the right bank of Kokomeren River valley that can be hardly identified even on the 
aerial photographs. Left – the original image; right – aerial photograph with outlined headscarp and rockslide 
deposits mapped in the field  
 
Quantitative parameters of the identified features – headscarp and deposit area, runout, 
thickness, etc., were measured by stacking of the features' boundaries outlined in Google Earth 
and saved as *.kmz files on the 3" SRTM DEM (Figs. 4 and 5). 
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The proposed classification of the revealed features is based on two main groups of criteria. The 
first one is the age of the phenomena, based on the its visual (on the images) and topographic 
expressiveness. Experience gained in the course of bedrock landslides mapping in some parts of 
the Kyrgyz Tien Shan (Abdrakhmatov and Strom, 2006) shows that in most of cases their 
morphological expressiveness correlates quite well with age allowing selection of Holocene 
(sometimes Early and Late Holocene) and Pleistocene events. Of course, detailed field study 
and dating provides more accurate age assessment but for the entire inventory such rough 
estimates seems to be acceptable at the initial stage of its compilation. In case of landslide river 
damming the following additional criteria are used – presence of the dammed lake (existing 
water body), of the lake that was infilled by sediments and evidence of the past lake upstream 
from the breached dam. 
 
The second group of classification criteria reflects such peculiarities of bedrock landslides that 
determine their runout and shape of the deposits. Primary, secondary and jumping rock 
avalanches (Strom, 2006, 2008) can be identified. They are characterised by significantly 
different along-path debris distribution that affects such parameters as rock avalanche runout 
and rockslide dam effective height. These parameters seems to be most critical for landslide 
hazard and risk assessment and should be considered during elaboration of the prevention or 
mitigation measures. 
 

 
Fig. 4 Spatial distribution of bedrock landslides exceeding 1×106 m3 in the central part of the Naryn River basin, 
Kyrgyz Tien Shan. TR – the Toktogul reservoir, SL – the Sonkul Lake, N – the Naryn River, K – the Kokomeren 
River, SUU – the Suusamyr intermontain depression, red arrows – the Talas-Fergana fault   
 
Besides identification of bedrock landslides (rockslides and rock avalanches) that had occurred 
already and are represented by more or less expressive headscarp and deposits, evidence of 
ongoing slope deformations like, toppling, sackung or "double ridges" that may result in future 
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large scale failures were found out at some areas. Of course they do not exhaust sites where 
such collapses may occur, moreover in seismically prone region; however such sites should be 
considered as potentially most hazardous.  
 

 
Fig. 5 Spatial distribution of bedrock landslides exceeding 1×106 m3 in the Kaidu (Karaxahar) He River basin, 
Chinese Tien Shan.  
 
 
HETEROGENEITY OF BEDROCK LANDSLIDES SPATIAL DISTRIBUTION 
 
As mentioned above, more than 600 large landslides have been identified throughout the Tien 
Shan. About 20 of them exceed 1×109 m3 in volume. The most important conclusion that can be 
made on the basis of the preliminary analysis of these data is that spatial distribution of such 
features is quite uneven, with several zones characterised by extreme concentration of 
multi-aged rockslides, while vast areas surrounding these zones are almost free of such 
phenomena.  
 
Such heterogeneity can be seen both on the general level (see Fig. 3) and on the local level 
(see Figs. 4 and 5). It should be pointed out that areas lacking any large-scale bedrock 
landslides are characterised by similar geology and relief as areas strongly affected by such 
slope failures. Moreover, sometimes such heterogeneity is expressed along large fault zones 
where rockslides concentrate within local 'knots' divided by 10-20 km long gaps (Strom and 
Abdrakhmatov, 2004).   
 
Fig. 4 embraces part of the Central Tien Shan between the Toktogul Reservoir and the Sonkul 
Lake where several zones of high concentration of large rockslides and rock avalanches can be 
delineated. The most expressive one stretch for more than 100 km from west to east along the 
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Naryn, lower Kokomeren and Minkush river valleys. It coincides with the 
Minkush-Kokomeren ramp valley (Sadybakasov, 1972). Besides numerous rockslides, rock 
avalanches, sackungs and recent (Late Pleistocene and Holocene) surface ruptures there are two 
unique caldera-like cavities (Strom and Groshev, 2009), outlined by red margins on Fig. 4. 
While this rockslide prone zone have an obvious structural background – the above 
Minkush-Kokomeren ramp valley, the adjacent area with extremely high concentration of 
large-scale slope failures located northward, at the upper part of the Kokomeren River valley, 
does not coincide with any particular neotectonic structure so evidently. No pronounced 
concentration of large-scale slope failures can be found out along one of the most prominent 
tectonic feature of the Central Tien Shan region – the Talas-Fergana fault.  Just few rockslides 
are located in the western part of the Suusamyr intermountain depression and its surroundings 
where the M 7.3 Suusamyr earthquake occurred in 1992 – the only one strong seismic event 
ever recorded within the area shown on Fig. 4. It demonstrates quite complex relationships 
between spatial distribution of bedrock landslides and geological, tectonic and seismological 
characteristics of the area.     
 
One more example of bedrock landslides non-uniform spatial distribution is from the Eastern – 
Chinese Tien Shan. Territory, shown on Fig. 5, is located about 200 km south-west from the 
Urumchi city. More than 10 rockslides several dozens million cubic meters each with very 
similar morphological and radiometric characteristics occurred within a small area about 40×20 
km only. Most of them caved from South and Southwest-facing slopes. Such similarity allows 
assumption that all these failures occurred simultaneously, being triggered by a strong 
earthquake. Evidence of several older events found out in the same area indicate recurrent 
character of slope failure episodes and, likely, of triggering earthquakes.  
 
 
CONCLUSIONS 
 
Compilation of uniform inventory of large-scale bedrock landslides of the Tien Shan mountain 
system provides valuable input data for landslide susceptibility assessment. More than 600 
large-scale rockslides and rock avalanches exceeding one million cubic meters in volume were 
identified throughout the entire mountain system. Recurrent occurrence of such slope failures 
within local zones surrounded by "landslide-free" areas indicates higher level of bedrock 
landslide hazard in such zones, in comparison with that in their vicinity, which should be 
considered for elaboration of rockslide disaster mitigation strategy in all Tien Shan countries. 
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