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SUMMARY

Seismotectonics of the zone of junction of the Oash and Transcarpathian faults in Ukrainian
Transcarpathians was analyzed. For the clarification of coordinates and depths of local
earthquake foci methods of their hypocenters specification using a calculated seismological
hodograph and kinematic corrections were applied. Geological and geophysical data, in
particular on regional profiles were used to link seismic events to specific geological
structures. It was established that simultaneously with traditional deep localization of seismic
sources in the crust of the Transcarpathian depression (0-27 km deep) a number of seismic
events were fixed at depths of 40-52 km in the studied zone. Since these earthquakes are
spatially localized to the northeast of the zone where the Transcarpathian deep fault is traced
by geological and geomorphological data on the surface, they indicate the subduction of the
crustal structures of the Transcarpathian trough in this direction under the thrusts of the
Folded Carpathians. This is also evidenced by the corresponding slope of the seismofocal
zone at the intersection of the Transcarpathian Deep Fault at greater (15-30 km) depths.
These and other features of local seismotectonics (in particular, the reverse, south-west slope
of the seismofocal zone at shallower (0-12 km) depths), as well as the features of the relief of
the Carpathians in the studied seismogenic zone, reflect, in particular, the so-called
"crocodile” tectonics in the Ukrainian Carpathians and are fully corresponding with the
characteristic features of the "alpine” and "terrain" geodynamics of the region — compression
and displacement in the northeastern and eastern directions, respectively.
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Introduction

Among the actual problems of study the deep structure and geodynamics of the Ukrainian Carpathians
the problems of studying the features of the structure, geodynamics and seismotectonics of the
Transcarpathian deep fault zone — a structure that separates two large tectonic units — the
Transcarpathian depression and the Folded Carpathians (Fig. 1, 2) are important. Data of various,
including the newest studies (Lyashkevich and Yatsozhinsky, 2005; Lozynyak et al., 2011; Kiss J.,
2014; Kovacikova et al., 2016, Nazarevych et al., 2016; Nazarevych and Nazarevych, 2003, 2019;
Shlapinskyy et al., 2017; Kravchuk, 2008; and others) indicate that the fault zone is a complex
tectonic structure, formed mainly at the stage of pre-Alpine and Alpine tectonics as a result of a
specific interaction of global (plate-tectonic) and regional (asthenolitic and terrain) geodynamic
processes and the active participation in this the tectonic structures present in the region (terrains and
microplates, folded belts). The data of our studies (Nazarevych and Nazarevych, 2003, 2019;
Nazarevych et al., 2016; Kovacikova et al., 2016) also indicate some features of the structure,
geodynamics, and seismotectonics of the fault zone along its stretching. Within the study of such
features we paid attention to the central segment of the fault zone, where the features of the structure
and geodynamics of the associated Neogene Transcarpathian volcanism and formed by it the
Vyhorlat-Guta volcanic mountain range are superimposed on everything (Lyashkevich and
Yatsozhinsky, 2005). In particular, the influence of the structures of meridional Oash fault zone, with
which the central meridional segment of this mountain range is connected, is specifically appeared
here (Kovdcikova et al., 2016). The main results of these studies are presented below.

Methods and data

Zone of junction of the Oash and Transcarpathian faults in Ukrainian Transcarpathians (see Figs. la
and 2) is characterized by specific seismotectonics. This appear even in the process of our study of
seismotectonics of the Transcarpathian Trough (Nazarevych and Nazarevych, 2003; Kovdcikova et
al., 2016) (see Figs. 1b and 1c). We can see that the Oash fault has a complex deep structure (Fig. 1b).
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Figure 1 Research area (marked by a red dot) on the map of Europe (Google maps) (a);
seismotectonics of the Oash Meridional Fault zone (see Fig. 2) on the RP-17 profile (fragment)
(Nazarevych and Nazarevych, 2003; Kovacikova et al., 2016) (b); seismotectonics of the
Transcarpathian deep fault zone (see Fig. 2) (Nazarevych et al., 2016) in the area of the Tereblya and
Rika rivers (to the east of the area of our research) (c) (red dots in Fig. 1b and 1c mark foci of
earthquakes)
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It consists of vertical and slanted subfaults. On vertical one in the Neogene (about 7 million years
ago) the volcanites of the Vyhorlat-Huta volcanic ridge were poured out (Lyashkevich and
Yatsozhinsky, 2005). Movements (thrusts/underthrusts) associated with the "terrain™ component of the
local geodynamic process take place along the slanted (Nazarevych and Nazarevych, 2019). Both
subfaults are seismotectonically active, the foci of local earthquakes registered in the last decades are
associated with them (Nazarevych et al., 2016; Kovacikovd et al, 2016) (Fig. 1b). The
Transcarpathian deep fault is also seismotectonically active, the focus of the strongest known local
earthquake, the 1908 Svalyava earthquake with a magnitude of M=4.7 and a shaking force in the
epicenter of up to 7.5 points, is associated with them. On the provisional profile across the fault to the
east of the research area (Nazarevych et al., 2016) (Fig. 1c) the features of characteristic for the fault
"crocodile” tectonics are clearly visible (thrust of the upper horizons of rocks to the northeast to the
edge of the structures of the East European Platform and subduction in the same direction of the lower
horizons of the crust), associated with the "alpine™ component of local geodynamics and
seismotectonic process (Nazarevych and Nazarevych, 2019).

Presented above and below features of local seismotectonics were studied by us using specially
developed methods for specifying the hypocenters of local earthquakes (Nazarevych and Nazarevych,
2003; Kovdcikovad et al., 2016; and others). These methods are based on the use of calculated
seismological hodographs, built by us on the basis of averaged velocity models of the lithosphere of
the region according to the data of studies using the DSZ-RWCM methods on regional profiles. We
also additionally developed and applied methods for specifying the hypocenter of local earthquakes
using averaged residuals of seismic wave and kinematic corrections out of the deviation of the
velocity structure of the earth's crust in specific zones from the averaged velocity model of the
region’s lithosphere. The accuracy of determining the coordinates and depths of local earthquake foci
(the resulting residuals did not exceed 0.7-1.2 km on average), achieved as a result of application of
named methods, made it possible to reliably link registered local earthquakes to fault tectonic
structures known from geological and geophysical data, to compare their mechanisms with the
geomechanics of the corresponding structures (traced from these data) and to draw reasonable
conclusions about the peculiarities of their seismotectonics (Nazarevych and Nazarevych, 2003, 2019;
Nazarevych et al., 2016, Kovacikova et al., 2016).

Results

The results of our studies of the seismotectonics of the zone of junction of the Oash and
Transcarpathian faults in Ukrainian Transcarpathians using the specified methods and approaches are
shown in fig. 2 and 3. It should be noted that in the terrain, stretch of the Transcarpathian deep fault
zone (its near-surface structures) is marked by a chain of valleys of the Carpathian (northwest —
southeast) direction between the northeastern slopes of the Vygorlat-Huta volcanic ridge and the
southwestern slopes of the Folded Carpathians — a narrow strip of Marmarosh and Pieninic rocks (Fig.
2). The Oash Meridional Fault is marked in the relief by the volcanic ridge of the north-trending Great
Sholles.

Seismicity in the southwestern segment of studied zone (see Figs. 2 and 3), south of the
Transcarpathian Fault, within the crust of the Chop-Mukachiv Depression of the Transcarpathian
Trough, is shallow, the foci of earthquakes lie mainly at depths of 3-10 km, in top and the thickness of
the basement and “granites” layers, that is, within the main here seismogenic layer (Nazarevych and
Nazarevych, 2003; Kovdcikova et al., 2016). A similar depth distribution of seismicity is also
observed in the tectonic structures of the Transcarpathian depression located to the southwest and
west of the studied area. Several fairly deep (at depths of 20-27 km, in the "basalt" layer, above the
Moho border) earthquake foci are localized on subvertical faults of the Carpathian direction, on them
effusives of the Vygorlat-Guta volcanic ridge, in particular, of the Borliiv Dil mountain massif,
poured out in the Neogene, they point the modern seismotectonic activity of these faults and adjacent
blocks of the earth's crust. One of these foci is located within the studied area, specifically under the
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peak of Mount Buzhora (see Fig. 2), the other 2 are located further north-west, under the massif of
Mount Dehmaniv.

The depth distribution of seismicity in the northeastern segment of the studied area (in the structures
of the Folded Carpathians) is significantly different. Here we see several earthquakes at depths of 10-
15 km, that is, within the sole of the lower layer of thrusts and folds (the top of the tectonic bed of the
Carpathian thrusts). The upper layer of thrusts and folds (see Fig. 2 and 3) does not show
seismotectonic activity here.

But the most remarkable here is the presence of a number of fairly deep (40-52 km deep) earthquakes
to the north, northeast, and east of the junction of the Transcarpathian and Oash faults at near-surface
depths. According to our conclusions, these earthquakes correspond to the dipping of the seismofocal
zone of the Transcarpathian and Oash faults to the northeast and east, respectively. This conclusion
corresponds to the appropriate dipping of these faults and seismofocal structures traced by us
(Nazarevych et al., 2016; Kovacikova et al., 2016) in the areas adjacent to the studied area (see Figs.
1b and 1c). In the structure of the Carpathian massifs, this is the zone of morphostructures of the
Vodytsi-Yastremble and Kuku-Paleny Grun® mountain ridges, while the near-surface zone of the
Transcarpathian Fault corresponds in relief to the Berezne-Lipchansk (Turyansk) intermountain valley
[Kravchuk, Khomyn, 2011] (see Fig. 2). This dipping of the seismofocal zone of the Transcarpathian
fault under the Carpathians is fully consistent with the deep structure of the crust in this area
according to geotraverse 2 research data (see Fig. 2), it traces the dipping of the Moho surface under
the Carpathians at these depths (40-52 km).

Another notable feature of the studied area is the absence of instrumentally recorded (since 1961)
seismic activity in the area of the Polonyna Borzhava mountain massif (to the northwest of the
considered zone of junction of the Transcarpathian and Oash faults). One of the possible explanations
- this is a "lull zone" in the area of the mentioned strong 1908 Svalyava earthquake (taking into
account the 125 years period of recurrence of such events here established by historical data). But
more reasonable conclusions can be made here after detailed comprehensive studies of modern
seismotectonic activity in this zone and in the areas surrounding it from the north and west.
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Figure 2 Selsm|C|ty of the mtersectlon zone of the Oash and Transcarpathlan faults (outlined by a
blue circle) on the Google Maps (small circles are epicenters of earthquakes of various depths
(depths of foci are marked by color); black lines are nominal profiles for depth-spatial analysis of
seismicity and seismotectonics, A-A" is a fragment of nominal profile, detailed shown in Fig. 3)
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-
Figure 3 Geological structure and seismicity of upper (0-3 km) horizons of the earth's crust along the

A-A' profile in the junction zone of the Oash and Transcarpathian faults (see Fig. 2) (geology is
according to (Shlapinsky et al., 2017), red dots — foci of earthquakes)

Conclusions

The presented studies established that along with the deep localization of seismic sources in the crust
of the Transcarpathian depression (0-27 km deep), which is traditional for Ukrainian
Transcarpathians, a number of seismic events were recorded at depths of 40-52 km in the studied zone
of junction of the Oash and Transcarpathian faults. These earthquakes, by their localization, indicate
the subduction of crustal structures of the Transcarpathian depression in the northeast direction under
the thrusts of the Folded Carpathians. They reflect, in particular, the so-called “crocodile™ tectonics in
the Ukrainian Carpathians and are fully consistent with the characteristic features of the "alpine" and
"terrain” geodynamics of the region, namely compression and displacement in the northeast and east
directions, respectively.
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