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Introduction

Sakhalin is located outside the southern border of the cryolith zone, so there are usually no specific cryogenic landforms and landscapes on the island, and cryogenic processes 

have a local distribution associated with the characteristics of a particular territory (climatic, geological, hydrogeological, etc.) .

For Middle and Southern Sakhalin, the climate is characterized by a moderate marine monsoon, multi-snow winters, with a significant thickness of snow cover, which has a great 

warming effect on the surface and the temperature regime of soils. Despite this, it is on the territory of the coast of Middle and Southern Sakhalin that small (up to 1 thousand m3) 

icings deposits of surface and ground water are widespread. It is worth noting that cases of natural icings formation in this area are most often observed in small watercourses that 

are valley debris flow basins, as well as within slope debris flow basins, which indicates a close relationship between the cryogenesis of natural icings and debris flow processes.

Despite the fact that the mechanisms of the negative impact of icings on objects, structures and territories have been well studied, and many measures have been developed to 

combat these phenomena, the relationship of debris flow and cryogenic processes in various related disciplines (permafrost, cryology, glaciology, engineering geology, debris flow 

studies, geoecology, etc.) has not been studied, which causes a heuristic interest in studying the process of icings formation within debris flow  basins.

Conclusions

On the territory of Middle and Southern Sakhalin, natural icings is most often formed within small valley and slope debris flow basins with active seleforming and the 

development of other slope exogenous processes that cause a violation of the temperature, hydrological or hydrogeological regime of the catchment basin.

In addition to the effect of mudflow processes on icings formation within debris flow basins, there is a reverse effect of the effect of cryogenesis of icing formation on 

seleforming. Within the valley debris flow of icings lead to minor local deformations of the channel in the spring floods. In sloping debris flow basins, the cryogenesis of icings 

formation makes a huge contribution to the formation of potential debris flow massifs and determines the mechanism of seleforming cycles. A more detailed study of natural icings 

in debris flow basin can supplement the information on the mode, frequency and cyclicity of seleforming.

Fig. 1. a)  Valley debris flow basin littered with proluvial deposits and karches (July 2018). b) Surface water 

icings partially intercepted in a ditch (January 2019). Photo Verhovov K.V.

Natural icings in the debris flow basins of the Middle and Southern Sakhalin 

On the territory of Sakhalin, exogenous processes (scree, debris flows, landslides, erosion, etc.) are usually paragenetic (joint) within the majority of debris flow basins. This is due 

to the features of the geomorphological structure of debris flow basins, physical and mechanical characteristics of rocks of various genetic deposits within the debris flow basin, as well 

as the host rocks.

Cryogenic processes, including icings formation within debris flow basins, also have a paragenetic flow pattern, since they take an active part in the formation of potential debris 

flow massifs and can have a significant impact on the debris flow regime of the debris flow basin.

Depending on the classification of debris flow basins, it is necessary to distinguish between surface water icings in valley debris flow basins, as well as ground and mixed water 

icings in slope basins. Regardless of the classification, the mechanism of icing formation is associated with a violation of the thermal, hydrological or hydrogeological regime of the 

catchment area.

Icings in valley debris flow  basins

On the coast of Middle and Southern Sakhalin, valley 

debris flow are mainly represented by splits, small V-shaped 

and trough-shaped valleys with steep sides.

Filling up and leveling of channels, clogging the holes of 

culverts with proluvial deposits and karches, as well as the 

formation of sediments, affects the hydrological regime of the 

watercourse, which can lead to an increase in the width and 

spreading of the channel with a decrease in the depth of the 

stream, the formation of multi-arms, the formation of dams, 

the formation of gaps, congestion and ice jams from intra-

water ice (sections of the watercourse with a completely 

frozen bed to the bottom). Reducing the depth of the stream, 

making it difficult to move, including springing, during the low-

water period leads to significant supercooling of water and the 

formation of surface water ice.

Thus, for small Sakhalin watercourses that are valley 

debris flow  basins, debris flow  processes play a crucial role 

in changing the hydrological regime, since in comparison with 

small volumes of entrained bottom sediments due to the low 

transport capacity of first-order watercourses, the volumes of 

proluvial deposits can reach several thousand cubic meters 

(Fig. 1).

In addition to the influence of riverbed processes on 

icings formation processes in the debris flows of the Middle 

and Southern Sakhalin, it is worth noting the reverse effect of 

the influence of natural icings on riverbed deformations. 

Two types of riverbed deformations are associated with 

the development of icing on small watercourses: in winter, as 

a result of the pressure flow under the ice, and during high 

water ( washouts of the banks when flowing around ice 

masses).

Icings of ground and mixed waters of slope debris flow 

basins

On the Sakhalin coast, slope debris flow basins are 

represented by elementary forms of erosion and denudation 

microrelief-washouts, cut-outs, young fast-growing ravines, 

denudation funnels, etc..

In contrast to natural icings of valley debris flow basins, the 

icings of slope basins (slope glaciers), including intra-soil ones, 

are formed from ground and mixed waters. The main reason for 

the formation of these icing is the violation of the temperature 

and hydrogeological regime of the catchment basin for natural 

(natural) or anthropogenic reasons.

Violation of the temperature regime of the surface and soil 

of the slope debris flow basin occurs due to damage, 

degradation or complete absence of natural thermal insulation 

covers: snow and soil-vegetation.

Violation of the hydrogeological regime of slope debris flow 

basins is associated with the opening of aquifers, overlapping 

or redirecting the movement of groundwater, changing the 

places of discharge of groundwater. Violation of the 

hydrogeological regime can occur both under anthropogenic 

influence and due to natural causes: activation of slope 

exogenous processes with sufficient depth of rock capture or 

eroding capacity (Fig. 2).
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Fig. 2. a) Slope icings on a technogenic slope (violation of the temperature regime). b) Slope icings on a landslide 

slope (violation of the hydrological regime). Photo Rybalchenko S. V.

Fig. 3 a) The segregation of ice crystals in argillaceous rocks. b) Sublimation ice in loose rocks of a potential debris 

flow massif. Photo Rybalchenko S. V.

The reverse effect of the influence of cryogenic 

processes, including icings formation, on seleforming in 

slope debris flow basins (in contrast to valley basins) plays 

a huge role.

On the territory of Middle and Southern Sakhalin, it was 

noted that the critical thickness of the potential debris flow 

massif required for seleforming corresponds to the depth 

of seasonal freezing, which indicates the crucial role of 

cryogenic processes and frosty weathering in the formation 

of potential debris flow massifs in slope basins. Cryogenic 

processes also determine the features of the mudflow 

regime of slope mudflow basins, including the cyclicity of 

seleforming and the presence of active seleforming 

periods: spring and autumn. The duration of the spring 

seleforming cycle is usually 1-2 years, and the autumn one 

is 3-5 years or more.

Cryogenic processes, including the formation of slope 

and ground ice, and underground ice , lead to the 

loosening of the upper part of potential debris flow massifs 

and their transition to an extremely loose state. The 

seleforming cycle can be represented as a sequence: 

frosty weathering and sedimentation → formation of a 

critical mass of a potential debris flow massif in a debris 

flow origination site → heavy rainfall (trigger) → debris flow 
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