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SUMMARY

Landslides are mass movement consisting of different material and extremely challenging to
predict the formation, dynamic and impact on infrastructure which will facilitate mitigation
as well as evaluation of risks. Landslides are some of the main geological hazards in the
Middle Dnieper area of Ukraine. One of the most important factors is the presence of the
weak zones, joints, fracturing in the rocks of a landslide-prone areas. An indication of this
factor in the study area has been obtained by real field observation and remote sensing data.
Based on the results of the research of fracture zones in the Paleogene (Kyiv suite) marls and
their further analysis, two types of tectonic fracture zones have been distinguished. They are
suborthogonal and lenticular ones. Origin of suborthogonal fracturing could be associated
with neotectonic movements and fault system; the formation of lenticular fracturing is
associated with the slow subsidence of the marls. The reconstruction of paleostresses and
developed models could be applied for better understanding of main causes of mass
movement, its prediction and vulnerability of a landslide-prone area.
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Introduction

Landslides are mass movements consisting of different materials and extremely challenging to predict
the formation, dynamic, and impact on infrastructure which will facilitate mitigation as well as
evaluation of risks. Landslides are some of the main geological hazards in the Middle Dnieper area of
Ukraine. Field and analytic research proved that the landslides occur very often and their activity has
increased (Trofymchuk et al., 2022). In recent years, the economic losses from landslides have
exceeded dozens of millions of hryvnas. Many facilities periodically damaged by landslides.
Prediction of future landslide hazards at the local level requires an analysis of conditions and
processes controlling landslides in the Middle Dnieper area. These conditions are mainly
hydrogeological regime of the underground waters, precipitation, slope steepness, lithology of the
deposits and tectonic movements. Specific combinations of these factors are associated with differing
degrees of landslide hazards. One of the most important factors is the presence of the weak zones,
joints, fracturing, etc. An indication of this factor is usually obtained by real field observation and
remote sensing data.

Structural control of landslide hazards within the Middle Dnieper area

To determine the impact of fracturing on the landslides in the marls of the Kyiv suite (([1.kv)), the
landslide-prone area, located about 2.5 km from Rzhyshchiv city, to the east of the Geriatric Boarding
Center, was studied. In the stratigraphy there are deposits of the Paleogene, Neogene and Quaternary
systems. The Quaternary system in the study area is represented by modern alluvial, biogenic,
lacustrine and technogenic formations. Also common are alluvial deposits of overflow terraces,
moraine formations of glaciers, etc. The Neogene system is represented by strata of red-brown and
variegated clays, as well as sandstones of the Novopetrivska suite. The Paleogene system is based on
guartz-glauconite sands of the Buchatska series and the Kaniv suite, marls and sands of the Kyiv
suite, which are overlain by the sands of the Obukhiv, Mezhigirska and Berekska formations. Kyiv
suite is a local stratigraphic unit, which is lithologically consists of greenish-gray sands, glauconite-
quartz, light greenish-gray marls, dense with layers of dark green siltstones. The thickness of the
sands is 10 meters, and the thickness of the marl is 38 meters (Kovalev and others, 2001).

The observation site is 25 x 60 m in size, it is located directly within the coastal zone of Kaniv reserve
where large landslide occurred. The coastal part is composed only of marls of the Kyiv suite with a
thickness up to 12 m, which are covered by soil-vegetation layer (0,5 m).

The study of indicators diagenetic and tectonic joints in the marls of the Kyiv suite is a difficult task,
because, as a rule, the top and bottom of this layer could not be observed. The top could be destroyed
by erosion, and the bottom is not uncovered. The indication is also complicated due to the
superimposed intense fracturing, the formation of which can be genetically related both to fault zones
and to the brittle destruction of the stratum due to the slow subsidence of marls in the coastal part.
Another difficulty is the absence of any tectonoglyphs on the fracture surfaces, which makes it
extremely difficult to establish conjugate cleavage systems. Besides the shell-shaped fracture
characteristics of marls are the problematic for the identification of detachment cracks.

After a detailed study of the outcrop, it was concluded that tectonic (secondary) fractures are
represented by two types: suborthogonal, which is created by two main systems of sub-vertical and
two systems of subhorizontal fractures, and lenticular, where blocks have form of hysteresis loops.

Method and Theory

The method of field structural and tectonic studies of fracturing, processing and systematization of
measurements, interpretation of the results are based on the standart approach to the study of tectonic
fracturing, described by Gzovsky M.V. (Gzovsky, 1975), Gintov O.B. (Gintov., 2005), Schevchuk
V.V. (Schevchuk, Lavrenuk and Kravchenko, 2013), Ramsay J.G. (Ramsay and Lisle, 2000).
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Examples

To study the suborthogonal system of fracturing, 290 measurements were made and nS-diagram
(Fig.1) was constructed.

nS-diagram shows only two maximums of the concentration of poles, which we previously attributed
to hypothetically coupled chipping fractures. Based on this assumption, the averaged fracturing planes
are planes a and b, the o; axis was defined as the bisector of the acute angle between the planes
(72.5°), o3 as the obtuse angle (107.5°).

Axe Trend Plunge
o1 336° 8°
G2 132° 81°
o3 246° 4°

Figure 1 zS-diagram of 290 measurements. o1, 6, a3— directions of main normal stresses; A, B -
maximum of the concentration of poles; a,b — fracturing planes

Using values of the main normal stresses (o3 trend = 336°, plunge = 8°; 6, trend = 132°, plunge = 81°;
o3 = trend = 246°, plunge = 4°), Mohr's circles stress tensor diagrams were calculated and
constructed.
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Figure 2 Stress tensor. Figure 3 Mohr’s circle diagram.
o1, 0y, 03— directions of main normal stresses 7, o — shear and normal stresses

Horizontal projections of the main normal stresses were plotted on a photo plan of the study area
(Fig.4), on which two ravines were also identified. One of the is parallel to the coast (according to all
indications, this ravine has developed along the surface of the plane of detachment of the shear body),
the other one is orientated at the angle of 60° to the coast. The erosive landforms form an almost
isosceles triangle in plan. It was undercutting on three sides by erosional forms that determined the
increased landslide hazard of the research area.

The projected horizontal projections of the main normal stresses, which were obtained after
processing the results of measurements of "orthogonal™ fracturing, cannot be related to the subsidence
process in terms of their directions, since ol is oriented almost parallel to the coast. A similar
orientation of the main normal stresses is possible if a sublatitude ravine develops over a fault zone
with a right-shear component, the southern block of which is rising.
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observation point

Geriatric Center

~

Figure 4 Google Earth image with erosion landforms and horizontal projections of the main normal
stresses, Rzhyshchiv village, Ukraine (a,b — ravines, o1, 0,, 03— directions of main normal stresses)

Lenticular fracturing is widespread only in some places of the southern wall of the landslide. It has
asymmetric lenses formed under conditions of slow subsidence of marls almost perpendicular to the
coast, which is fixed by the destructive zones between the lenses (Fig. 5, Fig.6). Destroyed products
reflect the partial brittle-plastic deformation of the marl layer.

The principle location of the hypothetical directions of the main normal stresses 6; and o3 is shown in
Fig. 6, the formation of lenticular fracturing is associated with the process of slow subsidence of the
marl body. The subvertical or steeply dipping position o, fixes the main slip vector of the marls, and
the orientation o3 is the direction of dilatational expansion along the body of tf(])(_% landslide.

Figure 5 Area of lenticular fracturing Figure 6 Lenticular block and hypothetical directions of
development, Rzhyshchiv village, Kyiv projections onto the plane of exposure of the main
region normal stresses, Rzhyshchiv village, Kyiv region (o1, 03—
hypothetical directions of projections onto the plane of
exposure of the main normal stresses)

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

15-18 November 2022, Kyiv, Ukraine




Monitoring’2022 EAGE

Conclusions

Peculiarities of the geological structure of the landslide-prone area, its geomorphological
characteristics, as well as neotectonic and hydrogeological regimes dictate the need to develop
approaches to the landslide hazard prediction and determine the parameters of landslides that are
specific to a certain region. The factors of formation of landslide processes within the Middle-Dnieper
area have been identified. Based on in-depth geological analysis, field measurements and satellite
images, the role of the structural factors in the formation of landslide processes have been studied.
The increased landslide activity near the Geriatric Center, Rzhyshchiv village (Kyiv region) is
controlled by structural causes, fracturing, lithology, slope steepness and localization among three
erosive landforms. The formation of suborthogonal fractures is associated with possible movements
along the fault. The formation of lenticular fracturing is associated with the slow subsidence of the
marl body.
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