
 

 

  
Abstract—A large part of Russia is located in permafrost areas. 

These areas are widely used because there are concentrated valuable 
natural resources. Therefore to explore of cryosols it is important due 
to the significant increase of anthropogenic stress as well as the 
problem of global climate change. In the north of Western Siberia 
permafrost phenomena is widespread. Permafrost as a factor of soil 
formation and cryogenesis as a process have a great impact on the 
soil formation of these areas. Based on the research results of 
permafrost-affected soils tundra landscapes formed in the central part 
of the Tazovskiy Peninsula in cryogenic conditions, data were 
obtained which characterize the morphological features of soils. The 
specificity of soil cover distribution and manifestation of soil-forming 
processes within the study area are noted. Permafrost features such as 
frost cracking, cryoturbation, thixotropy, movement of humus are 
formed. The formation of these features is increased with the 
development of the territory. As a consequence, there is a change in 
the components of the environment and the destruction of the soil 
cover. 
 

Keywords—Gleyed and nongleyed soils, permafrost, soil 
cryogenesis (pedocryogenesis), soil-forming macroprocesses. 

I. INTRODUCTION 
REA of soils formed in permafrost in Russia is 63.5% 
and it determines the need for consistent and detailed 

investigation [1]. The processes of exchange, transformation, 
movement of substances and energy are influenced by 
permafrost in the soil. In this case the specific combination of 
elementary (processes which common for different types of 
soil formation) and typical (macroprocesses) soil-forming 
processes are implemented.  

"Freezing and frozen soil conditions have a significant 
impact on soil formation, greatly slowing down or 
significantly altering the chemical and biochemical conversion 
processes, migration of substances and dramatically reducing 
the active period of soil formation" [2]. Influence of 
permafrost and prolonged seasonal frost on soil properties and 
soil moisture regimes so great that cryogenesis is regarded as 
soil formation sub-factor (hierarchical unit within the soil-
forming factors), which combines climate (sub-zero 
temperature of the soil profile) and rocks (ice cementation) 
features.  

It is expected that global climate change and its impact on 
landscape processes will be greatest in the Arctic (subarctic) 
areas confined to areas of shallow permafrost [3]. This 
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scenario is compounded forecast largest amplitude changes of 
climatic parameters on the territory of Western Siberia, which 
has already confirmed the temperature trend of recent times. 
Under slow evolutionary development of cryogenic processes 
impact of permafrost leads to the formation of specific 
permafrost soils and degradation causes a change in soil cover. 
Knowledge of the basic laws of soil formation on permafrost 
rocks as well as perception of the global biosphere functions 
of soil will provide an opportunity to solve a number of 
theoretical and practical problems [4]. 

II. PERMAFROST AND SOIL FORMATION 
The first information of soil scientists and botanists about 

specificity of soil formation in permafrost areas and seasonal 
freezing of soil was in the papers of soil-botanical expeditions 
in Russia in the period 1908-1915 years, which was led by 
Russian soil scientist and geologist K. Glinka. In recent years 
the interest in the permafrost soil areas of the planet has 
increased significantly, due to the awareness of global 
biospheric functions of soil cover. Along with the traditional 
problems of pollution and destruction of soils and soil cover of 
northern territories of Western Siberia, also the great attention 
is paid to the carbon balance of tundra ecosystems due to the 
threat of the greenhouse effect, and the possible degradation of 
permafrost.  

Permafrost is located close to the surface and influence on 
the overlying soil layer. In this regard, one could argue that it 
affects not only the formation of microrelief and development 
areas, but it also determines the nature of soil processes [5]. 
Freezing and frozen soil conditions have a significant impact 
on soil formation of Tazovskiy Peninsula study area. In this 
way slowing or significantly modifying chemical, biochemical 
processes conversion and migration of substances and 
dramatically reducing the active period of soil formation. 

The effect processes of freezing and thawing and the 
presence frozen horizons in the soil profile have different 
consequences for soil formation. In one case, soils develop in 
a free draining loose depth (there are physical fragmentation 
of the solid phase, coagulation and denaturation of colloidal 
dissolved and amorphous compounds). In another case, soils 
develop in difficult draining, overmoistening depth and 
cryogenic mass transfer and moisture exchange leads to the 
development of various processes. Thus most typical of the 
tundra soil forming such macroprocesses as cryogenesis, 
gleying, accumulation of undecomposed and semidecomposed 
remains of plants and animals (detritogenesis). 
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III. SURVEY AREA 
Research area is located in the north of Western Siberia in 

the range permafrost zone in the central part of the Tazovskiy 
Peninsula. According to the geographical zoning study area is 
located on the territory of Nadymskiy District (Tyumen 
Region, Yamalo-Nenets Autonomous Area), in the west 
central part of the Tazovskiy Peninsula, within of spread of 
southern (shrub) tundra. By soil-geographical zoning [8], this 
area belongs to the North-Siberian (Tazovskiy) province, 
facies of cold permafrost Gleysol and tundra illuvial-humus 
Podzols of tundra, polar zone of the Eurasian region (Fig. 4). 

 

 
Fig. 4 Geographic location 

 
Feature of the study area is mainly in the extreme 

combination of heat and moisture, the predominance of 
oligotrophic plants on watersheds with small capacity of the 
biological cycle. Climatic conditions are quite severe and are 
caused by the uneven solar radiation throughout the year, the 
atmospheric circulation of air masses of marine origin. The 
cyclonic circulation creates a large daily variability in air 
temperature, a significant frequency of strong winds and not 
intensive precipitation [9]. However, the climate of the north 
of Western Siberia more temperate compared to tundra 
climate in Eastern and Central Siberia.  

In accordance with the zonal division of the studied part of 
the Tazovskiy Peninsula is located in the zone of the subarctic 
tundra, in the southern tundra subzone [10], [11] and 
cryogenic conditions here create a special habitat plants. All of 
tundra landscapes are characterized by specific vegetation 
composition and originality of its spatial distribution, so the 
shrub-lichen tundra is the predominant type. Major factors 
correlating with tundra plants are landforms, temperature, ice 
content soils, seasonally thawed layer. High degree of 
heterogeneity of macro- and nanorelief are determined by 
cryogenic conditions, processes of freezing - thawing, 
differentiation permafrost landforms this in turn effect on 
heterogeneity of the soil cover. It is observed that in the study 
area, thermokarst (Fig. 5) has wide development, which is 
determined by the presence of icy soil subsidence. Occurrence 
of thermokarst actively manifested under the influence 
technogenesis as a result disturbance and destruction of plant 
cover. All components of the biocenosis and above all the 
vegetation are very sensitive to these phenomena. As a result, 

the influence of cryogenic and permafrost on vegetation, 
conditions are created for waterlogging [5]. 

 

 
Fig. 5 Thermokarst manifestation 

 
It is noted, that frost crack as the most evident cryogenesis 

manifestation is widespread in the Western Siberia area [5]. 
Thanks to this process complexly organized pedocryogenic 
structures are formed. On the surface of cryogenic structures 
are manifested in a specific microrelief depressions and 
cracking soil blocks as shown in Fig. 6. 

Crack and subsequent filling of cavity soil fractions are 
cryogenic processes. So there is a moving of humus in the 
lower horizons, which means the exclusion part of the humus 
out of biological cycle. Crack humus material is a kind the 
new «body», which is subjected to zonal factors of weathering 
and soil formation [12]. 

 

 
Fig. 6 The soil spot 

 
Thus, in Western Siberian tundra due to frost cracking 

formed specific permafrost soil of cracks and their 
development is aimed at acquiring zonal image. Cryogenic 
crack processes greatly complicate morphological 
organization of the soil profile this is clearly manifested in the 
soil profile (Fig. 7).  
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