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The study provides new kinematic data from faulted tectonic structures in the southeastern part of the
Solotvyn Sub-basin. For the first time, systems of small faults and tectonic fractures in the Neogene
deposits of the Solotvyn salt anticline, as well as the first-order Vodytsia fault, were examined. The
conditions of occurrence of the fault structures, their kinematic types, correlation with the area's main
faults, mode of formation and their tectonic activation in paleostress fields have been determined.
Traditional geological and structural mapping methods were used alongside special tectonophysical
methods to study the structures and reconstruct the paleostress fields. To identify systems of
disruptive dislocations, measurements of the occurrence of over 150 small faults and tectonic
fractures were taken. Statistical processing of field data and construction of structural extension
system diagrams and stereograms of the paleostress axes was performed using the Fabric-8 and Win
Tensor software. The paleostress field was reconstructed using the kinematic method based on data
from tectonophysical studies, slip mirrors of rupture structures and grooves on their planes. Based on
the results of geological and structural studies, fault structure systems were identified that either
correspond to or are in paragenesis with the main faults of the basin. The tectonophysical studies
revealed various types of local paleostress field within the study area. The shear deformation regime
was found to be dominant among these fields. This regime is the youngest in terms of relative age. It
was during this period that the main faults in the Solotvyn Sub-basin were activated.
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Introduction

The research area is located in the eastern part of the Transcarpathian Basin. This basin comprises the
Mukachevo and Solotvyn Sub-basins, which have different geological structures and development
histories. The main faults in the foundation of the Transcarpathian Basin and the Neogene
sedimentary cover have been well studied (Prykhodko&Ponomaryova, 2018). The main longitudinal
and transverse faults have been identified, and their morphological features, correlations and changes
in spatial extent have been established. Connections with volcanic structures have also been studied. It
has been identified that a certain inheritance of foundation faults exists in the Neogene cover of the
basin (Prykhodko&Ponomaryova, 2018). However, little attention has been given to the kinematic
features of the fault structures of the Transcarpathian Basin, or to how these change in paleostress
fields and over time. Studying small faults and tectonic cracks in rock outcrops of different ages using
tectonophysical methods makes it possible to obtain such information. Previously, such studies were
carried out in several areas of the Mukachevo Sub-basin using structural-paragenetic analysis (Gintov,
2005).

More such data was obtained in the Folded Carpathians using the kinematic method of tectophysical
research (Vikhot&Bubnyak, 2011; Murovska et al., 2021; Kril et al., 2016). Modern stress fields for
earthquake mechanisms in the Transcarpathian Basin were determined using the P-T method
(Malitskyi et al., 2017). In the Solotvyn Sub-basin, statistically significant data on fault deformation
systems and paleostress fields were only obtained in the tuffs of the Teresvyn Formation in the area
around the Lazy village. (Alokhin et al., 2022). Preliminary information on paleostress fields was also
obtained in the Vodytsia fault zone (Murovskaya et al., 2024). Analysis of previous studies shows that
brittle deformation at the meso level and the conditions of its formation in paleostress fields in the
Solotvyn Sub-basin are poorly understood. Therefore, our research aimed to determine brittle
deformation systems at this level and the conditions of their formation in the south-eastern part of the
Solotvyn Sub-basin.

Method

Traditional methods were employed for the geological and structural study of rock outcrops,
determining their composition and conditions of occurrence, and studying brittle deformations and
their morphological and genetic types. A large number of measurements of small faults and tectonic
cracks were taken and their manifestations were studied. Field data were statistically processed in the
Fabric-8 software to construct diagrams of the orientation of fault structures and identify systems of
such structures in the study areas. Special tectonophysical studies were carried out using the kinematic
method. This method is based on determining the signs of fault structure activation after formation
within a single stress field. To identify these features, the slip planes of the fracture structures were
studied, determining the frictional grooves and slicken-lines. Their spatial elements were measured,
their kinematic type (normal fault, reverse fault, shear fault, or intermediate) was determined, and the
age relationships of grooves in different directions were studied.

The Win-Tensor software was used to process the field data. This program is based on the classical
Right Dihedron method (Delvaux & Sperner, 2003). It allows the initial data to be automatically
divided into homogeneous groups that characterise a specific kinematic type of stress field. For each
group, the programme reconstructs the stress field by generating a stereogram of stress axes and
determining the stress field's deformation mode index. The relative age of the stress field is
determined based on field observations, such as the age of the rocks, whether some slip planes overlap
others, and how many slip planes there are in a homogeneous group of data. The dominance of a
group of slip planes of the same kinematic type and direction indicates a younger age, as well as
representing the final stage of activation of the rupture structure.

Results

The research was conducted in two areas of the Solotvyn Sub-basin: Solotvyn and Vodytsia (Fig. 1).
The Solotvyn area encompasses the Solotvyn anticline with salt core and the surrounding region.
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Figure 1. Geological map of the southeastern part of the Solotvyn Sub-basin (Prykhodko,
Ponomaryova, 2018) with research areas. Stratigraphic units Formation (Fm): 1 — Dorobratovo
Fm, Nidr; 2 — Baskheu Fm N;bs, 3 — Teresva Fm, N;tr; 4 — Solotvyn Fm, N;sl; 5 — Vodytsia i
Tereblya Fms, Njvd+N,tb; 6 — Sushmanets Fm, Psss; 7 — major faults (defined): 1 — Danylovo—
Tereblya, 2 — South Pieniny, 3 — Vodytsia and secondary; 8 — assumed faults; 9 — rose-diagrams of
brittle deformation systems; 10 — research areas (1 — Solotvyno, 2 — Vodytsia), 11 — rock outcrops;
12 — brittle deformation research sites.

T

Nine outcrops of Teresvyn and Solotvyn Formations were studied in this area. The outcrops in the
south-western part of the area, which form part of Site A, consist of tuffs. A total of 93 structures
were measured in terms of small faults and tectonic cracks with slip mirrors and frictional grooves
and slicken-lines at this site. Processing field data from this site in the Fabric-8 software revealed
brittle deformation systems of north-western extension (305°, 325°), submeridional extension (355°)
and north-eastern extension (30°). A north-west trending fault (300-305°) with a north-east dip at an
angle of 70° was also identified and traced. frictional grooves and slicken-lines of the shear fault,
normal-shear fault and normal fault types were identified on the sliding mirrors of tectonic fractures
and the fault at site A. Based on the results of reconstruction in the Win-Tensor soft using field data,
similar paleostress fields were established. A shear field with a compression axis in the meridian
direction dominates the area (Fig. 2a). The normal fault field paleostress is the least manifested.
According to the data obtained, the age of the paleostress shear fault field is assumed to be the
youngest, and the normal fault field is the oldest. The established fault is interpreted as a right-lateral
strike-slip fault. At the Solotvyn site, the deformation of sandy-clayey rocks belonging to the
Teresvyn Formation was studied in the form of small faults and tectonic cracks in 36 structures.
Brittle deformation systems of north-western (325°), submeridional (355°) and north-eastern (60°)
extension were identified (see Fig. 1). Two faults in the first two systems were identified which dip to
the northeast and east at angles of 75-80°. Reconstruction of the paleostress field enabled us to
determine a shear-type field with compression in the north-eastern direction (Fig. 2b). The faults
detected in this field are activated as right-lateral shears. Three outcrops of sandy-clayey rocks from
the Teresvinsky Formation were studied at Vodytsia area. At site C, brittle deformation systems
within the Vodytsia fault zone comprising 34 structures were studied. Two main systems of small
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faults and tectonic fractures extending north-west (345° and 300°) were identified (Fig. 1). The first
clearly reflects the Vodytsia fault system. ‘Suture’ fault zones have been identified (Fig. 2c). The
second system corresponds to the extension (orientation) of the longitudinal faults of the Solotvyn
Sub-basin. Brittle deformation systems with a north-eastern orientation (at 15° and 75°) are part of the
paragenesis of the main fault structures, indicating compression in a north-eastern direction. This is
confirmed by the reconstruction of paleostress fields using the kinematic method. A shear-type
paleostress field with compression in a northeastern direction has clearly been established (Fig. 2a).
Within this field, the Vodytsia fault, formed as a normal fault, exhibits right-lateral shear mode.
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Figure 2. Small faults and main shear-type stress fields in the Solotvyn and Vodytsia areas: a) site A
of the Solotvyn area — small fault of a northwest strike (305°) in tuffs, b) site B of the Solotvyn area - a
small fault in sandy-clayey rocks of the submeridional strike (350°), c) site C of the Vodytsia area — a

small fault in sandy-clayey rocks of the submeridional strike (345°) of the Vodytsa fault zone (1st
order). 1— a small fauls, 2 — compression axis, 3 — middle axis, 4 — tension axis, 5 — directions of the
paleostress field axes: 237 — strike azimuth, 22 — dip angle

Conclusions

Based on the results of studies of the Solotvyn area, brittle deformation systems of four directions
were identified at the meso level: north-west (305-325°), submeridional (355°), north-east (30°), and
north-east (60°). The first two systems correspond well to the extension of the main longitudinal faults
of the Solotvyn Sub-basin and are close to the extension of the Vodytsia fault. The northeast (30°)
extension system corresponds to the direction of the transverse faults of the basin. Reconstructions of
paleostress fields showed three stages of activation of rupture structures in fields of different
kinematic types — strike-slip, normal-shear, and normal. Strike-slip fields dominate, as they are the
youngest. The least pronounced are the normal paleostress fields, which indicates their earlier stage of
formation. The direction of the compression axis of the strike-slip type paleostress fields changes in
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the northern direction from meridional to northeast. This indicates the activation of submeridional
faults at the last stage in the right-lateral slip mode.

Studies of the Vodytsia site have shown the dominance of brittle deformation systems of north-
western extension (345°). This direction corresponds to the extension of the Vodytsia fault zone. The
established brittle deformation systems of north-eastern extension form a paragenesis with the main
fault and may indicate a shear type of paleostress field with compression in the north-eastern
direction. Reconstruction of the paleostress field showed that this field dominates the area. In this
field, the Vodytsia fault was activated in the right-lateral slip mode at the last stage. No normal-type
paleostress field with westward extension has been established. However, according to geological
data, the normal fault represents a displacement with an amplitude of more than 1,000 m in the
western direction (Murovskaya et al, 2024). In Neogene deposits, it is represented by a wide zone of
deformation up to 100 m. Similar deformations are also observed in the Paleogene deposits of the
right wing of the fault. Further tectonophysical studies of this wing may reveal a field of paleostresses
of the normal type.
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