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The effect of neotectonic movements on the structure of 

permafrost and periglacial processes has been relatively little 

explored. However, the tectonic framework and neotectonic 

activity largely influence both the permafrost extent and the 

surface processes in frozen ground (e.g., formation of 

thermokarst, according to Velikotsky [1972]).  

In this study, the relationship of cryogenic processes with 

tectonic framework and neotectonic uplift is investigated with 

the example of two key sites in the Russian Arctic (Buor-Khai 

Bay near Tiksi and Preobrazhenie Island in the Khatanga Gulf), 

using morphostructural analysis.   

The island of Preobrazhenie (Russian for Transfiguration) 

is a tilted block within the Khatanga graben. The block is 

highly uplifted and is strongly asymmetrical, with a gentler 

western slope descending smoothly offshore and a steeper 

eastern slope delineated by a scarp, possibly of a tectonic 

origin. The scarp is locally counter-sloping and is composed of 

Cretaceous and Jurassic sandstone, siltstone, and mudstone 

[Romanenko 1996]. Note that the island rises quite high 

(altitudes above 80 m asl the highest), even above the elevated 

land of Taimyr Peninsula and Bolshoi Begichev Island located 

in the same area. On the other hand, it is surrounded by a 

relatively gently sloping seafloor rise where water depths are 

increasing slowly.  

The steep eastern edge of the island most likely follows a 

young active fault, judging by its map-view configuration and 

up to 80 m high bedrock cliff walls. The fault zone has a 

pinnate structure with smaller cross faults and fractured zones. 

The western border likewise may correspond to a fault but of 

less prominent geomorphic expression. It is noteworthy that the 

N—S trending fault borders of the island show neither 

northward nor southward extensions, possibly, because they are 

buried under sediments (Fig. 1).   

The island may be a crust block with, at its base, one of salt 

diapirs which are widespread in the Khatanga Bay, and the 

diapir may be responsible for the uplift. Another possible cause 

may be associated with neotectonic activity driven by mantle or 

asthenospheric processes. The two agents may have acted 

jointly and strengthened one another. The asymmetry of the 

block may have been due to the eccentric position of the diapir  

whereby the western and eastern parts of the island, though 

both being involved in general motion, uplifted at different 

rates.  

The island has been subject to thermal erosion and slope 

processes at extremely high rates as a result of fast uplift along 

with high anthropogenic loads (from a polar station). Gullies 

reach a density of 1.6 km/km
2
 and are growing rapidly, e.g., 

one gully became 20-30 cm deeper after a two-hour heavy 

rainfall [Romanenko 1996]. The surface area of the island 

decreases along its eastern cliff at the account of intense 

gravity processes (slumping and landsliding) and thermal 

erosion with formation of cirques.  

Thus, rapid tectonic uplift accelerates strongly the 

cryogenic processes in the island.  

The setting of Muostakh Island located within the Buor- 

Khaya Bay in the Laptev Sea is different. The coast of the 

island is likewise being eroded. However, rapid thermal 

erosion eating up ice-rich rocks of its ice complex is rather 

associated with general subsidence of the island. The surface 

area decreases progressively every year as a result of coast 

retreat at a rate from 13 to 6 m annually. The subsidence 

tendency is further confirmed by the fact that the ice complex 

constitutes the entire visible section of soft sediments and 

continues below the sealevel [Grigoriev 1993]. 

 

 

 
 

Fig. 1. Morphostructure of the Khatanga Bay around  

reobrazheanie Island 

 

The western side of the Buor-Khaya Bay at Tiksi, though 

being proximal to Muostakh Island, is undergoing considerable 

uplift. However, unlike the previously described sites, it mainly 

consists of bedrock while unconsolidated sediments (mostly 

peat) are restricted to plainland and closed subsided areas. 

Formation of permafrost polygonal ground and ice wedges in 

these rocks is controlled by tectonic fractures: frost cracking 

follows weak zones corresponding to fractures in the 

underlying bedrock. The orientation of polygons evidently 

correlates with dominant lineament directions in rose diagrams 

of fractures. Linear chains of lakes likewise align with weak 

zones, because fractured rocks maintain active groundwater 

circulation thus providing warming of frozen ground.  
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Thus, cryogenic processes and the surface topography are 

in most cases closely linked with neotectonic movements and 

the existing tectonic framework.  
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