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SUMMARY

Structural and morphometric constructions were carried out using the methods of Earth
remote sensing and analytical systems within the limits of the Middle Dnieper. A wide range
of structural and morphometric studies was applied and a geological interpretation of the data
was conducted, which made it possible to determine the presence and nature of the detected
morphometric indicators and how the latter influenced the development of the paleoglacial
relief of the territory. The obtained data are aimed at conducting a detailed analysis of the
geological and geomorphological structure, namely during the Dnieper glaciation, and how
its influence changed the morphological appearance of the region. The paleoglaciological
situation has been reconstructed, taking into account modern glaciations, the glacier's
exasperation work affected not only the further development of the river and stream system,
but also changed their relief elements, which is especially clearly shown on the cross sections
of the river valleys, the geological structure of the terraces, and the morphological appearance
of the river's coastline Dnipro. Attention is drawn to the development of ancient landslide
activity in the post-glacial period using the example of the Kaniv- Trakhtemyriv block, the
evidence can serve as a basis for the analysis of the impact assessment of modern processes
and the predictive assessment of dangerous processes in the area.

XVI International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine




Monitoring’2022 EAGE

Introduction

The continental cycle of Ukrainian relief development began at the end of the Paleogene period. By
the beginning of the Quaternary period, the relief with a system of river valleys was sufficiently
formed. The pre-Quaternary relief, compared to the pre-glacial one, was sufficiently leveled by the
glacial exasperation activity.

During the Early and Middle Pleistocene, downward movements of block structures of the Ukrainian
Shield and the Dnieper-Donets Rift were noted in some parts of the Middle Dnieper. The powerful ice
sheet that moved along the Dnipro valley advanced far to the south of Ukraine, affecting at the same
time the structures characterized by the largest syngenetic movements of the earth’s crust, which are
distinguished by strong tectonic fragmentation of weakened zones. Due to the location of large river
valleys such as the Dnipro, dependence on the general plan of the tectonic structure of the region, laid
along the meridional fault, is established (Menshov et all, 2018; Menshov, 2018).

The aim and task of the research was the reconstruction of the paleoglacial morpholithogenesis of the
right bank of the Middle Dnieper during the period of glacial glaciation.

The main methods of studying the latest development of the earth's crust is the universal
morphometric method, which is the most detailed of the methods of structural and geomorphological
analysis. To analyze the relief and its morphogenetic features, the technologies of geoinformation
systems and methods of remote sensing of the Earth were used.

By using the functional modules of modern GIS technologies, which made it possible to obtain high-
quality models of different orders, different genetics and different ages of the paleorelief.

Analysis of different-age, different-genetic and different-order structural-morphometric maps
of the 4th and 3rd orders. Continuing the structural and morphometric research of the Middle
Dnieper using the methodology described in the work (lvanik, et all, 2019), the analysis was directed
to the Quaternary period study of the territory, namely the period of glacial glaciation and postglacial
time. Many scientists and researchers studied the impact of the Dnieper glaciation on the Dnieper
valley and the surrounding areas. It was assumed that the ice sheet, divided into separate streams, was
confined to the lowered erosion areas, the tongues of which passed over them, depositing boulder
loam (moraine) there (Grubrin and Palienko 1976). On the basis of structural and morphometric
studies, spatial analysis and mathematical modeling, a number of structural and morphometric
constructions were created (maps of base and top surfaces, maps of differences between top and base
single-order surfaces, maps of differences of adjacent base surfaces and maps of residual relief)
(Philosophov, 1975; Myronenko , 2007), which made it possible to analyze the geomorphological and
tectonic evolution of the Middle Dnieper during the most recent and modern stages of development.
All maps types correspond to certain stages of paleorelief development, which characterize the
neotectogenesis of the studied region.

Analyzing the map of the base surface of the 4th order reflecting the morphology of the ice age, a
natural relationship between the neotectonic downward movements of the earth's crust (the map of the
difference between the summit and the base surface of the 4th order), and the morphoglacial features
of the relief development (the map of the base surface of the 4th order) was traced ) and residual relief
(map of residual relief of the 4th order). According to the materials of geological studies, which allow
us to state that the ice sheet in the transgressive stage leads to glacioisostatic lowering of the area
occupied by the glacier. This is evidenced by the analysis of the difference map of the 4th order,
where zero indicators record the territory with a calm tectonic regime, except for the valley-river
system, which is sufficiently branched in the southern direction. The valleys of which have an
elevated position that is recorded by the maximum indicators, the explanation of this appearance is
probably their filling by glacial accumulation (Fig. 1).
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Figure 1 Map of the difference between the top and base surfaces of the 4th order

According to the morphological appearance, a valley system stands out, which indicates the existence
of a well-developed river network of the Right Bank during the Ice Age. According to the data of the
morphometric analysis of the valleys, the rivers: Irpin, Stuhna, Krasna, Bobrytsia and Rosava record
rather wide valleys expressed in the minimum spatial indicators of 80-115 m (map of the base
surfaces of the 4th order). This type of river valleys explains their existence in pre-glacial times.
According to the analysis data and actual materials, the largest areas of moraine deposits that are
partially preserved in the studied region are recorded mainly on the Kyiv block, in contrast to the
Obukhivskyi and Kanivsko-Trakhtemyrivskyi blocks, where they are almost undulated. The map
shows how the moraine completely covered the flat watershed spaces of the Kyiv block at heights of
up to 184 m and lie on Paleogene rocks. In neotectonic terms, this territory underwent downward
movements under the transgression of the ice sheet. Analyzing the morphological structure of the
Right Bank, the watershed spaces of that time reached an average height of 200 m. Based on the
analysis of spatial modeling, it can be assumed that the ice sheet did not cover the watersheds of the
central and southern parts of the studied territory, only areas at altitudes not higher than 184 m.
Glacier tongues advanced along the river valleys, deepened and widened them, filled them with
glacial sediment accumulations, changing their morphological appearance, which was reflected on the
map in maximum values (50-60 m) (Fig. 1). Such exasperating work of the glacier led to the
destruction of the underlying Neogene rocks and Eopleistocene sediments.

Investigating the central and southern territories of the Right Bank, the preserved moraine deposits
occupy fairly small areas, have an elongated character, extending along the slopes of the above-
mentioned right tributaries of the Dnieper valleys (Fig. 2). Analyzing the map of the residual relief, it
is possible to give a thorough explanation. Areas of residual relief are mainly concentrated in the
central and southern territory of the Middle Dnieper (Fig. 2). This indicates that precisely in the future
the areas where there is the greatest strength of the residual relief will be destroyed. Comparing the
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occurrence of moraine deposits with the map of the residual relief, a certain regularity is observed,
that in those areas where the moraine is preserved, the residual relief has the smallest power, or is
completely absent. This confirms the small areas of moraine deposits or their absence in these
territories. Evidence of this is the preserved moraine on the territory of the Kyiv block, where there is
no residual relief, or it has a partial nature of deposition.

Attention is drawn to the map of the residual relief (Fig. 2), which covers all the slopes of the central
and southern areas, especially the Kanivsko-Trakhtemyrivskyi block. In the period of glaciation,
activation of ancient faults probably took place here, which significantly changed the density and
other physical and mechanical features of sedimentary rocks. Evidence of this is the presence of
plastic Jurassic clays in the sections and the close occurrence of the crystalline basement. Such
conditions were favorable for the development of injective scaly thrust structures, on which deluvial
washing processes developed very actively in the future. Studies of average annual runoff showed that
when the incline of the slopes changes from 0.01 to 0.10, runoff increases from 3 to 132 m2/ha
(Grubrin and Palienko 1976).
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Figure 2 Map of the base surfaces of the 4th order and the residual relief with the occurrence of
moraine deposits

It is on this block, according to the residual topography, that landslide activity developed well in the
post-glacial period. Their development was preceded by a number of favorable conditions, such as:
the low position of the river erosion base and beam-ditch system, the presence of several water-
resistant horizons of rocks (Jurassic clays, marls, Neogene clays), a sharp change in rock inclination
angles and climatic conditions (Lavrushyn and Chugunnyi, 1982). According to field studies, ancient
landslides that have a terraced appearance can be clearly distinguished in the modern terrain, along
which landslide-dangerous processes occur even today.
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After the degradation of the Dnieper glacier, a new stage of relief development begins, and the
buildings we received are evidence of this. Continuing to characterize the residual relief in the post-
glacial period, it should be noted that erosion-denudation processes actively developed on the bend of
the Dnieper valley of the Obukhov block, which is probably where the river has such a morphological
appearance.

Conclusions

A complex of structural and morphometric maps of the 4th and 3rd orders was obtained, according to
previous studies, glacial and postglacial stages were identified, which testify to the paleoglaciological
situation of the development of the relief of the Middle Dnieper.

The obtained data made it possible, first of all, due to the occurrence of moraine deposits obtained by
field research (https://drive.google.com/file/d/INVjnekvlaNoE_kxNf geQRfOxhuO-Dm_/view) to
record the heights at which the ice sheet was located.

Large morphological areas affected by the Dnieper glacier have been identified. The northern sections
(Kyiv Block), where the moraine is well preserved and covers the watershed, and the central-southern
sections - where the moraine deposits have been preserved partly due to the active development of
erosion and denudation activities. The explanation is that the ice flow spread along the wide valley of
the Dnieper and its tributaries, destroying the underlying rocks, deepening and widening the riverbed.
Thus, the intensity of stress that arose in the rocks layer of the glacial valleys was not the same, so
different types of faults were formed, especially scaly-thrust forms on the Kanivsko-Trakhtemyrivskyi
block. To do this all the conditions for the formation of scaly-injective structures in the south of the
Middle Dnieper and deep enough with wide well-developed valleys in the northern regions (Kyiv
Block) were present. Therefore, the described reconstruction of the formation of the paleorelief during
the glaciation allowed to follow the morphological changes of the relief and to give an assessment of
the ancient landslide-hazardous processes impact and to identify individual active erosion areas.
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