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PREFACE 

Ukraine is characterized by active natural hazards processes 
within different structural, tectonic and landscape-climatic zones 
(Fig. 1, 2)  

 

 

Figure 1. Distribution of landslides in Ukraine 

 
Landslides are the major natural hazard in Ukraine. Increasing 

resilience against landslide hazard is a top priority for the Ukrainian 
government and national environmental agencies due to the high 
damages to people and infrastructure caused by these processes. 
Over 23000 landslides were recorded by 2020 in Ukraine. It is 
important for the community to be informed of potential geohazards 
that may affect their wellbeing. A better understanding of the spatial 
distribution of natural hazards will help guide environmental 
protection policies in Ukraine. Current emergency information can 
be used by the local authorities for the management based on the 
principles of sustainable development, promote their ability to make 
fast managerial decisions as to protection of the general public from 
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geohazards, and help to generally minimize harmful effects on the 
environment and public health. 

For the protection of ecological environment, we should be able 
to control or minimize catastrophic impact of natural hazards 
processes. Detecting landslides, as well as monitoring their activity 
using integrated techniques is needed in order to provide maps, risk 
assessment and forecasting of geohazardous events in Ukraine. 
Authorities of the country need scientifically based recommendations 
that would be incorporated into the regions’ infrastructure risk 
management.  

 
Figure 2. Tectonic zoning of Ukraine 
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GEOLOGICAL BACKGROUND 

Landslides are one of the most widespread exogenous 
geological processes in the Northern Black Sea region (Odessa, 
Nikolaev and Kherson regions), where about 7.2 thousand landslides 
have been recorded (Fig. 3, a). The frequency of landslide 
occurrences in the Northern Black Sea region is one of the highest in 
Ukraine (about ¼ of all recorded landslides). An electronic database 
has been created on landslides, which is regularly updated and 
currently includes 3630 landslides with an inventory number, a 
description of landslide parameters and about 4000 landslides with 
geographical reference and time of its formation. 

 
 

Figure 3: a - geological map of the study area with landslides 
distribution in Miocene, Pliocene and Pleistocene sediments; b - 
distribution of landslides by major deformable horizons. 

 
Landslides in the Northern Black Sea Region develop in the 

context of a very complex geologically and temporally mobile 
natural system. Landslide processes in the region are multifactorial, 
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have regional and local peculiarities of development, and are 
interconnected with other natural processes. According to the 
prevalence of factors and their influence on landslide development, 
the following groups of factors can be distinguished as the main 
ones. 

1. Structural-geological and lithological-stratigraphic 
characteristics of the structure of slope rock massifs 
(bedrock, lithogenic weakening zones in the main 
deformable horizon, tectonically weakened block-forming 
zones). 

2. Geomorphological conditions, relief and 
morphometric characteristics of slopes are the most 
important natural elements determining the characteristics 
and direction of landslide and other geological processes. 

3. Hydrogeological conditions, characterized by the 
presence of numerous water-bearing sediments in thick 
sedimentary Neogene-Quaternary strata, which are located 
stepwise and separated by water-bearing Neogene clays. The 
influence of groundwater on landslide slope stability 
disturbance is associated with changes in stress state and 
rock strength. 

4. Erosion and abrasion processes resulting in 
permanent increase of slope steepness and related 
redistribution of stresses in rock massif. 

5. Underground waters (presence of three aquifers in 
rock strata). 

6. Human construction and economic activities. 
 
In the territory of the Northern Black Sea region the main 

deformable horizons of almost 90 % of landslides are Baltic (N1bl), 
Meotian (N1m), Upper Sarmatian (N1s3) and Pontic (N1p) sediments. 
Only 10% of the landslides are formed in the Quaternary sediments 
(Figure 3,b). 
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EXCURSION POINTS 

Areas of the northwestern coast of the Black Sea and Kuyalnik 
estuary were selected as the excursion objects, as the most unstable 
part of the relief of the coastal areas, with the most active influence 
of natural and anthropogenic factors on the formation and 
development of landslides. 

Due to the intensification of anthropogenic impact on the 
geological environment in the coastal zone landslides and 
deformation processes, which lead to loss of coastal territory and 
endanger safe operation of urban development and resort complexes, 
port hydraulic engineering, landslide prevention and protection 
facilities, are intensifying.  

Ukraine's largest infrastructure facilities - the ports of Odessa, 
Pivdenniy and Chornomorsk - are located on the coast. Operation 
and construction of new housing and communal, port, transport and 
resort objects has been intensified there.  

The coastal areas selected for excursion (Fig. 4, a) differ in 
natural conditions of formation, landslide types and activity, 
combination and intensity of landslide factors, level of anthropogenic 
load and protective measures. 

The shores of the north-west coast of the Black Sea are 
composed of sedimentary rocks of low strength, which contribute to 
intensive landslide formation (Figure 4. b). The most significant 
heterogeneity in the properties of soils is contributed by two layers: 
Pontic limestone which differs by one or two orders of magnitude in 
strength and deformation characteristics from the host clay rocks 
(strong layer); lignified clays and fine-grained sands with artesian 
waters (weak layer) whose strength characteristics are an order of 
magnitude below those of the host rock - Meotian sediments of the 
main deformed horizon of the most widely spread detrusion 
landslides. The sandy-clayey strata of the Meotian serves as the main 
deformable horizon for 32% (about 2300) of the Northern Black Sea 
landslides, more than 70 of which are detrusion landslides of the 
northwestern Black Sea coast (Fig. 4, a). 
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Figure 4: a - scheme of landslides distribution at the north-

western Black Sea coast and b -  corresponding alongshore 
geological & lithological section. 

POINT 1 – Hryhorivskyi Monitoring Station 

The Hrihorivska reference site was established in the 1970s. It is 
located on the Black Sea coast 1 km north-east of the mouth of the 
Small Ajalyk estuary (Figure 4, a; 5).  
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Figure 5. Landslides of Hryhorivskyi Monitoring Station 

 
The length of the site along the coastline is about 1,250 m 

(Figure 6, a). The site is bounded by ravines to the west and east. The 
geological structure of the site is typical to the Odessa coastline. The 
main deformable horizon is the sediments of the Meotian layer, the 
landslide displacement surface is located at 12 - 15 m below sea level 
(Fig. 6, b). The landslide slope is scalloped and stepped. It is 
separated from the plateau by a steep bluff composed of loess-like 
loams. The above-water part of the landslide slope is bounded on the 
seaside by a coastal bluff with an active cliff. The underwater part of 
the slope is a surface (bench) that has arisen as a result of abrasion 
shearing of the landslide slope. 

To study the dynamics of landslide displacement within the 
Hryhorivskyi landslide stationary a geodetic network has been 
created comprising 121 observation points - 13 gauges crossing the 
landslide slope. The distance between the stations is on average 60-
70 m, and the distance between the references within a station is 7-15 
m (Fig. 6, b). 

 
 

 



 

10 
 

 
Figure 6: a - location of geodetic profiles and benchmarks and b - 
cross-section of the slope Hryhorivskyi Monitoring Station  

 
Geodetic observations at the station began in July 1973 and 

were completed in December 1987. Observations were carried out 
once every two months and the values of the reference points were 
determined in relation to the reference points on the plateau.  

Analysis of the instrumental observation data shows that the 
development and formation of the detrusion landslide (1987) took 
place in several stages (Fig. 7). The first one, before 1986, was a 
relatively uniform increase in the values of vertical and horizontal 
displacements of rocks of the landslide blocks in the upper and 
middle parts of the slope, corresponding to the stage of preparation 
of the main displacement of the landslide of the first order. The 
second one, since 1986, has been a time-differentiated increase of 
displacement rates of landslide blocks within the whole slope, 
corresponding to the first order stage of landslide main displacement. 
The detrusion landslide formed in 1987 has cadastral number 910. 
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Figure 7: Values a - vertical and b - horizontal displacements of 
Hryhorivskyi Monitoring Station benchmarks; 1, 2, 3 – benchmarks 
located within the top, middle and bottom parts of slope  

 
Data from instrumental observations show that the development 

and formation of the detrusion landslide (1987) within the 
Hrihorivskyi landslide stationary occurred as the displacement and 
loss of stability of landslide blocks in the lower and middle parts of 
the slope increased due to the abrasion. In subsequent years, 
landslide activity at the site occurred in the form of secondary 
deformations of previously displaced rocks in the upper, middle and 
lower parts of the landslide slope, collapses and spikes in the near-
plateau part. 

POINT 2 – Kuyalnik Estuary 

The Kuyalnik estuary is a water body of national importance, 
categorized as therapeutic due to its unique combination of 
therapeutic, balneological, recreational, tourist and natural resources. 
Balneomud health resort Kuyalnik is one of the oldest resorts in 
southern Ukraine. Its hydro-mineral base is curative mud (peloids) 
and brine of Kuyalnik estuary and mineral chloride sodium waters of 
Kuyalnik deposit. 

One of the urgent problems of the current crisis state of 
Kuyalnik estuary is a decrease in its water volume and the increasing 
salinity, which leads to negative consequences in the functioning of 
biocoenosis and the processes of formation of unique therapeutic 



 

12 
 

mud. The main reason for the deterioration of the estuary is a 
decrease in the volume of water in the estuary due to violations of 
the water balance in connection with the climate change and a 
technogenic reduction of freshwater runoff from the Bolshoy 
Kuyalnik River. 

Landslides are widespread along the right and left banks of the 
Kuyalnik estuary and form a stepped character of slope relief (Figure 
8). The landslide processes cover Quaternary, Pliocene-upper 
Miocene sediments. 
 

 
 

Figure 8. Landslides of the right bank of the Kuyalnik estuary 
 

In many parts of the estuary, landslides are widespread and 
show no signs of modern displacement, forming 2-3 stepped 
landslide terraces extending up to 2.5 km with scarp heights of 10-25 
m. A total of 33 landslides have been recorded within the landslide 
areas, 9 of which were formed during the last decades. For example, 
one of the largest detrusion landslides with shallow deformation of 
Meotian clays occurred on 9 May 2004 (Figure 9). The detached 
section of the plateau, more than 300 m long and 5 - 10 m wide, has 
sunk 6 - 8 m. As a result of landslide displacement, 2 - 3 longshore 
squeeze shafts 1 - 3 m high and 450 - 500 m long were formed in the 
near-river part of the estuary. The location and morphometric 
characteristics of the extrusion shaft remain largely unchanged to the 
present day, with the depressions between them in the areas isolated 
from the estuary most often filled with desalinated water in 
comparison to the estuary brine. These data indicate that there is no 
abrasion impact from the estuary and groundwater discharge is 
present. 
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Figure 9. Detrusion landslide on the right bank of the Kuyalnik 
estuary 

POINT 3 –  Chornomorsk Landslide area 

One of the main problems for Chernomorsk is the development 
of the landslide process and the steady deterioration of the landslide 
situation over several decades. The coastal part of the city area of 
more than 20 hectares is located in the zone of negative landslide 
impact. The most active landslide processes have started to occur 
since the beginning of 2011, when the block with the width of 25-30 
m and a length of 260 m broke away from the plateau around 
Morskaya str. because of landslide activity. As a result of another 
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landslide, about 700 m wide, in 2016 buildings and the road along 
Morskaya Street that was located along the edge of the loess plateau 
shifted below the plateau surface by 14,0 m and towards the sea by 
8,0 m (Fig. 10). 

 

 
Figure 10. Landslides in Chornomorsk city (left – 2011, right – 

2016) 
 
The geological structure of the near-shore part of the plateau 

and the coastal slope is represented by a sequence of Quaternary 
aeolian-deluvial loess loams and sandy loams, underlain by Upper 
Pliocene red-brown clays (Fig. 11). The Pontic limestone and clay 
strata with a total thickness of 7 - 8 m, lithological feature of which 
is the presence of 2 - upper and lower layers of 1.5 - 2.2 m thick 
limestone, separated from each other by clays, is located below. This 
peculiarity of the geological structure determines the depth of 
landslide deformation spreading and location of the displacement 
surface on the top of the lower limestone bed. At the base of the 
section are Neogene Meotian sandy-clay sediments. 
 

 
 

Figure 11. Cross-section of the Chornomorsk Landslide Area 
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The hydrogeological conditions are characterized by the 
presence of two aquifers that have a direct influence on the 
development, formation and activity of landslides in this coastal area. 
The first from the surface is confined to loess sediments. The 
intensity of landslide shifts in loess rocks increases progressively 
with the development of territories, mainly due to the rise of the 
Quaternary aquifer, caused by man-made watering of the near-shore 
part of the plateau, which quickly responds to changes in the 
environment. The second aquifer is confined to two layers of Pontic 
limestone, with the impermeable layer for the upper one being Pontic 
clays and for the lower one - Meotian clays. Filtration calculations 
show that the inflow of groundwater of two Pontic sub-horizons into 
the landslide accumulation is 1.5 - 2.0 m3/day*1pm of the coast. The 
presence of such volumes of discharge of two aquifers into landslide 
accumulation leads to two undesirable consequences: 1) constant 
advance of landslide accumulations into the sea, reduction of their 
strength characteristics and, as a result, active erosion of the coastal 
ledge as a result of abrasion; 2) increase of slope steepness in the 
area of the cliff edge and development of new landslide shackle 
cracks. An example of a landslide situation within the coastal zone of 
the Chernomorsk city shows that the intensive development of 
economic activity without considering environmental protection 
measures leads to the dominant influence of the anthropogenic factor 
in the formation and development of landslide processes.  

POINT 4 – Sanzhiika Landslide Area 

Landslides are widespread on the north-west coast of the Black 
Sea in areas where Neogene clays lie at the base of the coastal 
escarpment. There are no landslide processes when they are located 
in the loess-like plateau escarpment, in areas where Neogene rocks 
are submerged below sea level, although the height of the 
escarpment often reaches 25 m. To the south-west, the top layer 
values of the Neogene sediments decrease, and in the area of the 
village of Sanzhiika, the top layer of the Pontic limestone is below 
sea level (Fig. 4). In the same direction from Chernomorsk towards 
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Sanzhiika village the coastal abrasion-landslip type (Figure 12) 
changes to an abrasion-landfall type (Figure 13). 

Figure 12. Sanzhiika landslide site 
 
The Sanzhiika landslide site is represented by three landslide 

cirques with a total length of 1.4 km. Lower and upper Quaternary 
loess rocks, Pliocene red-brown clays up to 6.6 m thick and alluvial 
Pliocene sediments mainly composed of sands are affected by 
landslide processes. The displacement surface extends 2.5 - 4.0 m 
below sea level and lies along the contact of Pliocene alluvial 
sediments and Novorossiisk limestones. The first aquifer from the 
surface is confined to alluvial sands at levels close to sea level. The 
main landslide-forming factor here is abrasion, with additional ones 
being the groundwater and wetting of slopes by atmospheric 
precipitation. 
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Figure 13. Coastal slope near the village of Sanzhiika 

 
Coastal scarp abrasion rates are within the range of 0.1 - 5.8 

m/year with long-term averages of 0.31 m/year and depend on the 
beach width (Figure 14, a). Landslide activity is characterized by the 
dynamics of the landslide-affected areas of the near-shore part of the 
plateau as a result of landslide displacements (Figure 14, b). 

 

 
Figure 14. Sanzhiika Landslide Area: a - coastal escarpment retreat 
rate (V, m/year) as a function of beach width (B, m); b - dynamics of 
plateau catchment areas as a result of landslide displacement. 
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As the shores of the north-western part of the Black Sea are 
composed mainly of loose rock, which erodes easily, beaches are the 
only natural protection against coastal erosion. Depending on its 
width, the beach completely or partially absorbs the energy of the 
waves. Analysis of the materials shows that in the Sanzhiika 
landslide zone of the coast, the width of beaches generally does not 
exceed 10 - 15 m and is insufficient to eliminate the negative impact 
of abrasion processes. 
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