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SUMMARY

The Carpathian thrust-fold system was formed as a result of closure of paleobasin and the
approach of thrust system to the northeast resulting in formation of large system of slices and
scales. During the rock massifs approach, it underwent folding and breaking deformations of
different orders. Areas of rupture, destruction and fragmentation of rocks always have a
higher rate of weathering and erosion, which is reflected in the modern relief of the
Carpathians in forms of river valleys and streams. Regularity and systematization of linear
erosional forms of the Carpathians are observed on topographic maps and space photographs,
that suggests that their formation is associated with fault zones of different orders, which
were formed due to the formation of the Carpathian megenapnoria.

The study of patterns™ orientation and location of erosive landforms will allow to establish
fault paragenesis and kinematic types of faults. These structural features and expressions of
fault tectonics in the modern relief of the Carpathians are insufficiently studied, especially at
the level of large-scale mapping, which determines relevance and scientific novelty of the
work.
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Introduction

The Carpathian thrust-fold system was formed as a result of closure of paleobasin and the approach of
thrust system to the northeast resulting in formation of large system of slices and scales. During the
rock massifs approach, it underwent folding and breaking deformations of different orders. Areas of
rupture, destruction and fragmentation of rocks always have a higher rate of weathering and erosion,
which is reflected in the modern relief of the Carpathians in forms of river valleys and streams.
Regularity and systematization of linear erosional forms of the Carpathians are observed on
topographic maps and space photographs, that suggests that their formation is associated with fault
zones of different orders, which were formed due to the formation of the Carpathian megenapnoria.
The study of patterns’ orientation and location of erosive landforms will allow to establish fault
paragenesis and kinematic types of faults. These structural features and expressions of fault tectonics
in the modern relief of the Carpathians are insufficiently studied, especially at the level of large-scale
mapping, which determines relevance and scientific novelty of the work.

Method and Theory
The research area is located near village Krasnyk of the Ivano-Frankivsk region, which in spring of
2020 was affected by powerful landslides and mudslides, as well as the territory adjacent to the
village of Kosmach, where the results were verified. The purpose of research is to establish local fault
zones and their influence on the development of modern gravity processes, as well as to establish at
the local level the paleogedynamic features of the thrusting of the Chornogorska, Krosnenska, and
Skibova structural-formation zones of the Eastern Carpathians, which can be used to solve various
geodynamic problems in future, including the forecast of modern exogenous processes.

The subject of research was the erosional landforms, their spatial location and the directions of
valleys. Research in this area was carried out on the basis of statistical analysis of Gzovsky gaps,
taking into account the coaxial and non-coaxial models of Anderson and Riedel.
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Figure 1 Digital elévation model of studied areas, Ukrainian Cérpathians. The villages of Kosmach

and Krasnyk, lvano-Frankivsk region

About 2,000 valley thalwegs were also digitized, which were eventually ranked by length, namely 0-
500m, 500-1000m, 1000-1500, and 1500-2000m. For each thalweg was established a strike azimuth,
which was then used to construct rose diagrams.

For the statistical analysis of directions of the erosive forms of the relief, rose diagrams were
constructed using the Stereonet 10 program, which also calculated the average statistical direction of
orientation for each sample of erosional valley stretches. Rose-diagrams were also analyzed based on
Andersen's co-axial deformation schemes and Riedel's non-coaxial deformation schemes (Fig. 2). The
Riedel model, or incoherent deformations model, is a simple shear mechanism that determines the
orientation of cracks, breaks, and fold axes in the shear zone (shearing). If the chipping zone is
considered a first-order structure, then all cracks and folds within its boundaries are determined by
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second-order structures. It is that divide the chipping zone into blocks, which are most often
manifested in nature.
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Since the angular ratios of discontinuous paragenesis are a function of the angle of internal friction
(o), we took its average value of 30° for a similar lithological section. On rose diagrams, green lines
are marked as R and R" cracks, blue lines are the maximum compressive stresses o1 of the chipping
zone under nonuniform deformations, L are cracks parallel to the shear zone, F are structures
perpendicular to detachment, which correspond to the fold axes.

Thus, the hypothetical directions of the main maximum compressive stresses determined by us, which
acted during the formation of the thrust structure of the Carpathians, capture the presence of a left-slip
component in each area, which indicates a general character for the entire area of research.

Also, in order to confirm the obtained results regarding left-shear displacements along the thrusts,
field studies were conducted in the Ivano-Frankivsk region (Fig. 3), the task of which was to establish
orientation of the hinges of small folded forms, which were subsequently statistically processed using
the Stereonet program 10.
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Figure 3 Research territory (Kosmach village, lvano-Frankivsk region). A fragment of the Google
Earth Pro map

As it can be seen from the distribution of hinge orientations on the stereo projection (Fig. 4) and the
rose diagram (Fig. 5), they have an unequivocal predominance in the southeast direction. The axes of
folds F obtained by us as a result of the interpretation of rose diagrams according to Riedel's scheme
(Fig. 2) have the same directions. Therefore, the field results confirm the presence of a left-slip
component in the thrusts.

Conclusions

The regularity of the linear erosion forms of the relief (river valleys and small watercourses of various
orders) of the Eastern Carpathians indicates that most of them were potentially formed by
discontinuous structures that were formed as a result of the Carpathian meganapnorium formation.
And they are also fixed by analyzing the rose diagrams of the directions of the thalwegs of valleys.
The orientation of the hypothetical axes of the main normal compressive stresses selected by analysis
of the rose-diagrams indicate that, in addition to the thrust component, there is a left-shear component
in the thrusts of the research area. The presence of a left-shear component of thrusts was confirmed by
the results of studies of directions of extension of the hinges of small folds in the upper reaches of the
Pistinka River in the area of the village of Kosmach.

The formation of thrusts with a left-lateral component is associated with the emergence of right-shear
pull-apart structures (basins) transverse to the Carpathian system.
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The sides of fixed pull-apart structures (basins) are, first of all, landslide-hazardous areas and areas of
potential development of gravitational processes in general.

Figure 4 Stereo projection with the orientation Figure 5 Rose-diagram of the orientation of

of fold hinges, based on the results of field folds hinges of the valley of Pistinka river in
measurements the village of Kosmach, Ivano-Frankivsk
region
References

Ivanik O., Shevchuk V., Kravchenko D., Tustanovska L., Hadiatska K. and Maslun N. (2021).
Natural Hazards and Landslide Risk Management in Ukraine. Conference Proceedings, Third EAGE
Workshop on Assessment of Landslide Hazards and Impact on Communities, Sep 2021, Volume
2021,p.1-5

Ivanik, O., Menshov, O., Bondar, K. et al. (2022). Integrated approach to modelling and
assessing the landslide hazards at the regional and local scale in Kyiv urbanized area, Ukraine. Model.
Earth Syst. Environ.

Ivanik O., Fonseca J., Shabatura O. et al. (2022). An integrated approach for landslide hazard
assessment: A case study of the Middle Dnieper Basin, Ukraine. Journal of Water and Land
Development, 52 (I-111), 81-86.

Kravchenko D., Spyrko S., Mazko A. (2017). Geological interpretation of lineament analysis
and paleotectonic  reconstruction: Carpathian nappe zone. 11th International Scientific Conference
on Monitoring of Geological Processes and Ecological Condition of the Environment, 2017,
Extended Abstracts, Code 115077.

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

15-18 November 2022, Kyiv, Ukraine




