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SUMMARY 

Structural-morphometric works were carried out within the Middle Dnipro Region using 
remote sensing methods and geographic information systems. A wide complex of structural-
morphometric analyses was applied and geological interpretation was carried out to 
determine the presence and nature of the identified morphometric indicators and how the 
latter are related to terrace levels, as well as the direction and intensity of recent and modern 
tectonic movements, deep erosion, denudation and accumulation of the studied region. The 
neotectonic conditions of development and formation of the Right Bank were reconstructed, 
taking into account the advantage of some factors over others at each stage. Peculiarities of 
the development of terrace levels in the Neogene and Quaternary times have been 
established. Attention was paid to development of dangerous processes caused by many 
factors of development of the region. The obtained data may serve as a basis to analyze the 
impact of tectonic movements on the intensification of dangerous geological processes within 
the Middle Dnipro Region and to forecast their development in the future. 
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Introduction 
 
The tectonic evolution of the Middle Dnipro Region in the modern times is particularly complex and, 
to a certain extent, is reflected in the relief. The intensity of recent tectonic movements during the 
Neogene-Quaternary period was not only rhythmical, but also differentiated. The latter consisted in 
unequal intensity of uplift and lowering of individual block geostructures of the Ukrainian Shield 
(Menshov et al., 2020). Considering the geological and geomorphological processes and 
anthropogenic factor interference into the relief peculiarities, some factors are weakening and new 
morphogenetic factors appearing at the same time. Of great practical importance are geological-
geomorphological investigations of the occurrences of gully erosion, landslide hazards, karstic 
phenomena, landslips and so on. The application of the structural-morphometric method makes it 
possible to reveal the latest movements of the earth's crust, the tectonic structures, their gradual 
development and the evolution of modern and paleo-relief. The previously constructed maps of basis, 
vertex surfaces and maps of residual relief allowed conducting a detailed analysis of the 
geomorphological structure of the area during the latest stage of its development and the geological 
zoning of the Right Bank of the Middle Dnipro Region (Ivanik et al., 2020). At the same time, the 
determination of the difference between the surfaces makes it possible to considerably expand the 
analysis possibilities, in particular, to obtain the amplitudes of relief elevation fluctuations, determine 
the value of uncompensated crustal movements, as well as stepwise study of crustal movements and 
erosion and denudation processes at certain stages of the latest tectogenesis. It is for this purpose that 
the difference maps of the adjacent basis surfaces have been constructed and analyzed. 
 
Geoinformation system technologies and remote sensing methods have been used to analyze the relief 
and its morphogenetic features. 
 
Analysis of basis surface differences. Continuing the structural-morphometric studies of the Middle 
Dnipro Region using the methodology described in (Ivanik and Tustanovska, 2011) for identifying 
new and modern crustal movements, maps of differences between adjacent basis surfaces were plotted 
graphically. Such difference maps are considered dynamic maps, with the help of which one can study 
the relief during its development, as well as establish the relationship between the relief and the 
factors of its formation. 
 
Difference maps can be used to reveal the latest crustal movements and are used for mapping the 
neotectonics of both platform and folded regions. The differences between basis surfaces correspond 
to differences in the heights of river terraces (Philosophov, 1975). Eight maps of differences between 
basis surfaces of contiguous orders (hereinafter referred to as difference maps) were obtained by 
graphic subtraction. The differences between surfaces can be either positive or negative. Positive 
differences are indicative of an uplift of the Earth's surface, while negative differences are indicative 
of its lowering. The same effect is caused by the lowering of the erosion base and its uplift, as well as 
the influence of other landforming factors (Ivanik et al., 2019). 
 
At the beginning of the Neogene period, as is known, the amplitude of the north-eastern part of the 
Ukrainian Shield was greater than that of the south-western part. As a consequence, marine basins 
disappeared from some areas and were retained in others. Maps of stream order differences of the 8th, 
7th, 6th, and 5th orders describe characteristic changes of tectonic activity and erosion-denudation 
events that took place in the Neogene age. 
The analysis of higher order difference maps recorded the amplitudes of indicators in the Neogene 
period from -70 to +70 m, which had a differentiated character. 
 
In the early Neogene, the Right Bank of the Middle Dnipro Region was under the conditions of 
continental formation, the map of differences of the 8th order shows the Kyiv block with maximum 
positive values of 40 - 60 m and minimum -2 - +2 m, namely the negative values delimit the block 
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structures of the region. It has been noted that the maps of differences reflect the height of terrace 
levels, the gradual uplift that occurred in the first half of the Neogene with values from -2 to +70 m 
recorded by difference maps of the 8th and 7th orders has changed in the second half of the period 
with stability of the tectonic plan, expressed in unchanged heights of -70 to +70 m (Fig. 1). Erosion 
activity has developed, breaking up large morphostructures into smaller ones with a differentiated 
arrangement; such conditions are shown on the 6th and 5th order difference maps. The explanation for 
this is that the slopes of the Ukrainian Shield were subjected to long denudation and accumulation in 
Pre-Quaternary times. Negative indicators are associated with river valley zones and the Dnipro 
valley coastline where gradual or differentiated erosional incisions are recorded. It is the negative 
indicators that highlight the block structure of the shield, non-uniform oscillatory movements in these 
blocks could have led to non-uniformity in the degree of denudation of their surface. It is likely that 
terraces formed in the early Neogene period were buried or destroyed by exogenic processes of 
Quaternary times. 

 

 
 

Figure 1 Maps of differences of base surfaces of the 8th and 5th orders (beginning and end of the 
Neogene period). 
 
The stream order is related to geological age, it should also be noted that there is a direct correlation 
between the stream order and the number of terraces, as well as a regular relationship of lower orders 
with the rate of erosion (Philosophov, 1975). In the Dnipro River basin, four difference maps have 
been constructed, which are compared to the four Quaternary terrace levels. According to field 
studies, the first fluvial terrace has the absolute surface elevation values of 110-115 m. The right bank 
slopes of the Dnipro River valley are high and steep, with slope angles of 50°-60° and 65-105 m 
above the river bed. The second fluvial terrace has absolute elevations of 115-120 m and the third 
(periglacial) terrace has absolute surface elevations of 120-126 m (Report on engineering-geological 
and geophysical study, 2007). 
 
The map of differences of the 4th order in morphometric analysis corresponds to the fourth fluvial 
terrace of the Dnieper River valley, the height of which is 130 m and belongs to the early Quaternary 
period (Fig. 2). At that time intensive changes occurred within the Kyiv block, the Pechersk horst was 
distinguished and the Lybid valley with deep erosion down to -70 m, the latter has a differentiated 
nature within the valleys of modern rivers. The Bobryk Fault deepens to -20 m and the Trakhtemirov 
block stands out, with the same negative indices, separated by depth erosion from the rest of the 
territory. As a result, the area is represented by separate areas in the form of remnants, separated by an 
erosion network. 
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According to (Development of draft Regulations …, 2013) the territory of the Kyiv block in the 
structure and relief of the surface stands out a large uplift, controlling the Dnipro-Lybid interfluves, 
which spatially corresponds to the Pechersk horst, oriented in the north-west direction. To the south-
west and north-west, the horst is bounded by narrow tectonic depressions; to the north-east, this 
structure is bounded by the Kyiv Fault. According to drilling data, the relative excess of the horst in 
the surface topography of the crystalline basement and its weathering crust is 30-60 m. The Lybid 
Depression, which relative dip reaches 60 m, which spatially coincides with the valley of the Lybid 
River, is clearly visible in the structure of the basement (Menshov et al., 2018). This is confirmed by 
the 4th order morphometric difference map, data of which correlates with the field surveys. 

The 3rd order difference map data was interpreted, which corresponds to the third fluvial terrace, 
characterised by an elevation of 120 m, which coincides with the field studies. At that time, the 
Dnipro glacier dissected the existing erosion system, along which the modern river and gully network 
developed. The right high bank of the Ros River was affected in the same way, the only difference 
being that it stretched across the movement of the glacier. As a result, the topography of the Dnipro 
Plain and the fourth terrace was deformed. Overall, the watershed areas had a smoothened 
topography. 

According to the analysis of morphometric studies, the map of differences of the 2nd order, which 
corresponds to the second fluvial terrace recorded elevation values of 71 m. These heights have a 
shallow differentiated distribution along the high slope of the Dnipro River valley from the city of 
Kyiv to Kaniv, which are cut by the valleys of the right tributaries of the Dnipro River: Rosava, Irpen, 
Stugna, Bobrytsia etc. and by deep gullies with many branches. The Lybid River within the Kyiv 
block separates the Pechersk horst from the southern part. The Bobrytsa River inherits a weakened 
fault zone with an incision of up to -13 m. Compared to the previous stage, the negative values 
decrease by 39 m and the positive values by 10 m, characterising the advantage of accumulative 
processes. 

 

 
 

Figure 2 Maps of differences of base surfaces of the 4th and 1st orders (Quaternary period). 

According to the analysis of 1st order difference maps (1st fluvial terrace) the elevation is 72 m. The 
negative values are gradually increasing, which characterizes the development of deep erosion of the 
riverbeds reaching -36 m, confined to the dense gully system and the valleys of modern rivers. Such 
conditions and geological structure of the region lead to the occurrence of erosion-denudation and 
slope processes. A large number of landslides complicate the morphology of the Dnipro River slopes, 
lying on the sides of modern gullies and on the slopes of river valleys. 
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The conducted analysis shows the interrelation of neotectonic movements, terrace levels, geological 
structure and slope processes of the region. During the study period, 35 differently-aged, differently-
ordered and differently-directed structural-morphometric maps were constructed using 
geoinformation systems, each of which has its own database. The data obtained are aimed at a 
detailed analysis of the geological-geomorphological structure, monitoring of block structures, 
assessment of the impact of current processes on society and forecasting of hazardous processes in the 
area. 
 
Conclusions 
 
Analysis of structural-morphometric maps of differences of bases surfaces of adjacent orders has been 
carried out, which allowed to study in details the new tectonic evolution of the Middle Dnipro Region, 
to trace the formation of terrace levels of the Dnipro and Ros River valleys and change of local 
erosion base under the influence not only of tectonic upward movements but also with regard to the 
glacial factor. Based on the obtained data, the peculiarities of the neotectonic evolution of block 
structures and morphostructures of various types were determined. The conducted research indicates 
the advantage of one factor over another, in particular, denudation-erosion factors over tectonics at 
certain stages of their development. The relations between the terraces and tectonic movements have 
been traced. The upward movements during the first half of the Neogene period have been recorded, 
where the elevations varied from -2m to +70m. The second half of the Neogene epoch was dominated 
by denudation-erosion processes, which had constant values ranging from -70m to +70m. The 
Quaternary period is characterised by variable indices at all stages of its development. 
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