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SUMMARY 

The impact of fault tectonics and seismic activity is observed due to the shorter distances to 
landslides in the Dukliany, Chornohora, Rakhiv covers, the Pennine Rocks area, the 
Marmarosh massif, the Central, Krai and Prypannonian zones. It is proved that the 
characteristics of landslides are significantly different for the Flysch Carpathians and the 
Transcarpathian Internal Trough. 
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Introduction 
 
Landslide development in the Zakarpattia region is controlled by the interaction of many factors, the 
main ones being: geodynamic conditions (fault tectonics, seismicity), bedrock geology, 
geomorphology (mountainous relief, river erosion), climate, and human activity. The tectonic 
structure of the region plays a key role. Studying the spread of large landslides in the Northern 
Apennines, Carlini (2015) found that their spatial distribution is controlled by tectonics, which has 
defined lines of weakness and fault surfaces.  Colin (2021) notes that landslides are observed in higher 
concentrations around surface faults. This observation is attributed to a combination of stronger 
ground motions and increased rock mass damage closer to faults. Valagussa (2019) showed that 
seismogenic faults affect the number, magnitude and spatial distribution of coseismic landslides, with 
a tendency for the area of landslides to increase around fault zones. Xiangli (2021) analysed the 
relationship between topographic, seismic and geological factors of influence and landslides and 
found a significant correlation between the presence of a landslide zone (landslide, rockfall) and the 
presence of a fault zone. 
Geographic information systems (GIS) allow for spatial analysis between both internal and external 
factors (Kasiyanchuk, 2016; Nicu, 2018; Hablovska, 2022). Previous studies have examined the 
conditions for landslide development, taking into account engineering and geological zoning 
(Kuzmenko, 2016), and analysed the reflection of landslide processes in gravimagnetic fields 
(Shtohryn, 2021). This paper is devoted to the study of differences in the factors of influence in 
separate tectonic zones. 
 
Method and Theory 
 
The initial data was the landslide cadastre of the Geoinform SE for the Transcarpathian region of 
landslide activation in 1980, 1998-2001, 2008, which contained information on the coordinates of the 
landslide, absolute elevations, slope angles, location of the landslide on the slope, characteristics of 
landslides: height of the slope wall, length and width of landslides, area, depth of entrapment of 
landslide rocks. The geological map of Ukraine (State ..., 2003) and seismological bulletins were 
used. Precipitation data were obtained from https://www.worldclim.org/. Slope exposure, distances to 
rivers, faults, and earthquakes were calculated using QGIS. 
The tectonic zoning is based on the differences between individual structural and geological areas in 
terms of development, folding, activity of tectonic processes, and structural and facies characteristics 
of rocks. The main principles of tectonic zoning are: structural and geological unity - zones are 
distinguished by common features of geological structure, folding, faults and age characteristics of 
rocks; geodynamic features - tectonic structure, fault zones, seismicity of the region.  
The Zakarpattia region unites two regions with different tectonic and geological structures: the Outer 
or Fleece Carpathians and the Zakarpattia Internal Trough.  
The Fleece Carpathians are a tectonically complex region that was formed as a thrust fold belt. They 
are divided into several tectonic zones based on the internal structure and flysch deposits: Krosnenska, 
Chornohirska, Duklianska, Porkulets, Rakhivska and Magurska, which were transformed into covers 
in the Miocene, except for Krosnenska. In terms of lithological composition, these are rocks of the 
Cretaceous, Paleogene flysch represented by alternating mudstones, siltstones, clays and sandstones. 
For each tectonic zone, the composition and degree of metamorphism depends on the time and 
conditions of sedimentation. 
The Krosnenska zone is composed of thick Oligocene flysch, sandy-clayey, sometimes sandstone 
flysch with predominance of clay layers. The Chornohora cover partially covers the southeastern part 
of Transcarpathia and is composed of Upper Cretaceous mudstone-sandstone flysch interbedded with 
thick sandstone beds. The Duklyanska Suite has a folded-scaly structure in the form of alternating 
sandstones with thin layers of mudstones with marls of subordinate importance. The Porkulets Cover 
is also characterised by a folded-scaly style of tectonics, with predominantly Lower Cretaceous rocks 
represented by grey-coloured flysch deposits. The Magurska Suite is characterised by longitudinal-
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flake tectonics, the flakes are separated by steep thrusts in the north-east direction with Paleocene and 
Eocene sandy-clay flysch rocks. The Rakhiv cover stretches in the form of a band between the 
Marmarosh and Chornohora covers and is gently overlain by the more outer elements of the 
Carpathian flysch. Powerful flysch strata of dark-coloured terrigenous carbonate formations and 
individual small lenses of basaltoids and limestones, assembled in small, highly dislocated folds, are 
common (Shtohryn, 2021). 
The inner boundary of the Fleece Carpathians is described by the Marmarosh massif, the area of the 
Marmarosh and Peninsk rocks, which differ significantly from the Fleece covers in terms of lithology 
and structural features. The Marmarosh massif is one of the oldest tectonic blocks in the Carpathians, 
being a fragment of the Precambrian or Paleozoic crystalline basement. Metamorphic rocks 
predominate - gneisses, shales, quartzites, amphibolites, intrusions of granites and diorites are found, 
and the sediments have higher mechanical strength, which contributes to less landslide development 
compared to flysch rocks. The Marmarosh Rocks are a narrow tectonic zone on the border of the 
Marmarosh massif and the Fleche Carpathians. It is characterised by transverse and longitudinal faults 
that control rock dissection and the formation of steep cliffs. The Marmarosh Rocks area is dominated 
by sedimentary and metamorphic rocks: limestone, marl, dolomite, and flint shale. The Peninskii 
Rocks area is located on the border between the Internal and External Carpathians and is characterised 
by faults of different directions, along which earthquakes can occur. Weakened rocks at the contacts 
with the flysch and faults contribute to the development of landslide processes. 
The Zakarpattia Internal Trough is located between the Vygorlat-Gutynskyi volcanic range in the 
southeast and the Fleche Carpathians in the northwest, and is filled with Miocene and Quaternary 
sediments. The structural and tectonic structure of the trough includes the following zones: Kraiova, 
Central, Prypanonska. The trough is overlain by the Vygorlat-Gutynska ridge of Neogene 
volcanogenic formations. 
The Zakarpattia Trough is characterised by a dense network of faults. Deep faults are of regional 
importance and characterise the overall structure of the trough. They extend from southwest to 
northeast and are the main zones of decreasing rock stability in the Earth's crust. The main one is the 
Transcarpathian deep fault (separating the Flysch Carpathians from the Transcarpathian internal 
trough). The largest number of earthquakes of small and moderate magnitude (M=0.6-3) are recorded 
along the Transcarpathian deep fault and transverse faults to it (Maksymchuk, 2014). 
 
Results 
 
The tectonic structure of the region is reflected in the factors ‘distance to faults’, ‘distance to 
earthquakes’, ‘magnitude’. The Zakarpattia region is marked by a dense network of faults of different 
order and directions; this fault system is the focus of moderate seismic activity with magnitude (M 
0.8÷3.1) and shallow depth of earthquake hypocentres (up to 20 km) (Maksymchuk, 2014). 
The statistical distribution of the factors is described by laws other than normal, so the samples will be 
described by the range of scatter and median values of the sample elements (for example, 440-
1494/739) for individual tectonic zones (Table 1). 
The possible influence of fault zones on landslide formation is recorded in the Duklyansky Cover 
(403 m), Chornohora Cover (128 m), Peninsky Rocks (351 m), and Marmarosh Massif (354 m). The 
shortest distance to earthquakes is thousands of metres and is typical for the areas of the Pennine 
(1454 m) and Marmarosky Rocks (2251 m), as well as for the areas of the Transcarpathian Internal 
Trough (1959 - 2482 m), with earthquake magnitudes varying (1÷3.1). 
The Mann-Whitney U Test was used to assess the differences between the two samples. The test 
results show that the landslide characteristics are significantly different for the Flysch Carpathians and 
the Transcarpathian Internal Trough. 
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Table 1 Key statistics of landslide factors. 
 

Altitude, m 
Total annual 
precipitation, 

mm 

Slope, 
degrее 

Aspect, 
degrее 

River 
distance, 

m 

Fault 
distance, 

m 

Earthquake 
distance, m Мagnitude 

1 2 3 4 5 6 7 8 
Krosnensky zone 

440-1494/ 
739 

962-1454/ 
1248,5 

4-60/25 1-360/206 1-2693/ 
302 

7-5247/ 
989 

259-33838/ 
5639 

0.7-3.2/ 
1.5 

Duklansky cover 
213-1507 / 
622 

807-1454/ 
1160 

6-60/ 
25 

5-359/ 192 1-1095/ 
315 

2-3980/ 
403 

478-34084/ 
7491 

0.7-3.16/ 
1.2 

Chornohora cover 
678-1530/ 
1003 

1068-1362/ 
1164 

20-35/ 
25 

8-346/ 
256 

81-1544/ 
389 

7-885/ 
128 

20083-36549/ 
28452 

0.7-3.1/ 
1.1 

Porkullet cover 
192-1587/ 
474 

808-1425/ 
1097 

5-50/ 
25 

2-355/ 
210 

3-4538/ 
389 

6-4070/ 
556 

246-33279/ 
2886 

0.6-3.1/ 
1.3 

Magura cover 
183-318/ 
208 

811-884/ 
834 

15-35/ 
25 

41-358/ 
142 

50-1227/ 
259 

3-2300/ 
547 

3910-19317/ 
9389 

0.8-2.1/ 
1 

Rakhiv cover 
304-1201/ 
665 

1027-1225/ 
1069 

14-45/ 
30 

10-338/ 
162 

12-2498/ 
553 

24-2225/ 
873 

1139-26298 
/15625 

0.8-2/ 
1.1 

Marmaros Rocks area 
179-924/ 
442 

906-1175/ 
1064 

3-70/ 
21 

5-360/ 
228 

1-3458/ 
626 

1-3831/ 
811 

137-7713/ 
2251 

0.8-3.17/ 
1.5 

The Pennine Rocks area 
289-568/ 
411 

877-1267/ 
1076 

5-40/ 
25 

24-267/ 
207 

40-4186/ 
699 

33-2846/ 
351 

136-12630/ 
1454 

1-2.6/ 
1.4 

Marmaros massif 
383-1215/ 
693 

984-1212/ 
1048 

12-70/ 
27 

55-337/ 
213 

21-2436/ 
624 

8-1877/ 
354 

5819-22912/ 
10957 

1.1-1.4/ 
1.4 

Transcarpathian internal trough Vygorlat-Gutyn volcanic ridge 
122-845/ 
310 

749-1283/ 
1010 

6-40/ 
18 

11-354/ 
193 

20-4635/ 
742 

70-
10564/ 

2193 

109-11926/ 
2185 

0.6-3.8/ 
1.7 

Transcarpathian internal trough. The marginal zone 
125-657/ 
376 

760-1156/ 
976 

2-70/ 
24 

3-360/ 
200 

5-4451/ 
1389 

3-5914/ 
937 

143-5720/ 
1959 

0.6-4.3/ 
1.7 

Transcarpathian internal trough. Central zone 
234-729/ 
432 

696-1271/ 
1040 

6-46/ 
22 

7-359/ 
163 

42-5713/ 
1418 

18-4716/ 
1086 

141-4429/ 
2184 

1-2.6/ 
1.8 

Transcarpathian internal trough. Prypanonian zone 
214-501/ 
364 

947-1091/ 
980 

15-30/ 
18 

13-357/ 
54 

26-3065/ 
599 

7-1250/ 
572 

341-3669/ 
2482 

0.9-2.1/ 
2.1 

 
Conclusions 
 
1. The impact of fault tectonics and seismic activity is observed due to the shorter distances to 
landslides in the Dukliany, Chornohora, Rakhiv covers, the Pennine Rocks area, the Marmarosh 
massif, the Central, Krai and Prypannonian zones. 
2. It is proved that the characteristics of landslides are significantly different for the Flysch 
Carpathians and the Transcarpathian Internal Trough. 
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