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SUMMARY

The Boryslav-Pokutsk zone of the Pre-Carpathian Foredeep is one of the oldest oil and gas
regions in Ukraine, the hydrocarbon potential of which is far from being exhausted.
Therefore, a detailed study of its geological structure and, in particular, structural forms, as
possible oil and gas traps, is a very urgent task. The complex block structure of structures of
the Boryslav-Pokutsk zone also determine the specifics of the methodology for conducting
prospecting and exploration works. Therefore, special attention should be paid to the nature
of the distribution of folded structures and changes in their morphological features throughout
the region.

The purpose of the research was to identify the morphological varieties of folded structures
depending on the mechanism of their formation and to establish the nature of the distribution
of deformations and stresses for the morphological varieties of the structures of the Boryslav-
Pokutsk zone of the Pre-Carpathian Foredeep.
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Introduction

The Boryslav-Pokutsk zone of the Pre-Carpathian Foredeep is one of the oldest oil and gas regions in
Ukraine, the hydrocarbon potential of which is far from being exhausted. Therefore, a detailed study
of its geological structure and, in particular, structural forms, as possible oil and gas traps, is a very
urgent task. The complex block structure of structures of the Boryslav-Pokutsk zone also determine
the specifics of the methodology for conducting prospecting and exploration works. Therefore, special
attention should be paid to the nature of the distribution of folded structures and changes in their
morphological features throughout the region.

The purpose of the research was to identify the morphological varieties of folded structures depending
on the mechanism of their formation and to establish the nature of the distribution of deformations
and stresses for the morphological varieties of the structures of the Boryslav-Pokutsk zone of the Pre-
Carpathian Foredeep.

Method and Theory

The structural forms of the Boryslav-Pokutsk zone by their genesis are folds of the longitudinal
direction, which were formed during the bending of a series of layers under the action of external
forces. To proceed with the process of folding the formations, to a certain extent, they must be able to
transmit the stresses caused by the application of external forces, that is, they must have a certain
stiffness. Folding of this type develops by plastic deformation, that is, deformation that remains after
the cessation of the action of forces and occurs without significant destruction of the material. Such a
deformation is proportional not only to the forces that cause it but also to the duration of the
application of these forces (Lukienko, 2008; Pavlova, 1975; Fedoryshyn et al., 2018).

Folding OF the geosynclinal type is formed under the action of horizontally directed compressive
tectonic forces when the acting forces and the main axes of deformations have a certain orientation
(Lukienko, 2008). The small axis of deformation C, along which there is a significant reduction in the
deformed area, is located approximately horizontally, perpendicular to the extension of the folded
complex (crosswise axial lines of the main folds).

The second main axis of deformation B, along which there is also a reduction in the size of the area,
but less than along axis C, is located horizontally and oriented parallel to the extension of the folded
complex, that is, parallel to the axial lines of the main folds. The folding of rocks occurs in the
direction of the axial lines of the folds. With this orientation of the main deformation axes, the third
large axis A has a vertical position. This indicates that during folding there will be an increase in the
size of the deformed area in the vertical direction. Unfortunately, this scheme OF the location of the
current forces and the main axes of deformation gives an idea only of the general situation of the
deformation of the whole folded belt, but cannot explain the features of the folding process within the
folded complex.

As noted above, the folds of the longitudinal fold are formed due to tangential compression, and the
orientation of the main deformation axes on the fold limbs in each case depends on the magnitude of
their inclination. The local orientation of the main deformation axes can vary significantly from place
to place in different areas of the fold and in general, do not coincide with the general position of the
main deformation axes characteristic of the entire folded complex.

Since it is practically impossible to determine the kinematics of the folding process, which is
determined by the position of the main axes of deformation, in this case, we proceed from the fact that
the dynamic situation of the formation of local fold structures of the Boryslav-Pokutsky zone of the
Pre-Carpathian Foredeep was determined by the active participation of tectonic movements of vertical
and horizontal directions.

Results

The process of folding begins with the fact that the horizontally lying layer under the influence of
tectonic movements undergoes deformation (Fig. 1) with the formation of anticlinal and synclinal
folds (1), which are separated by zones of chipping stresses. On the slopes of these folds, the action of
a pair of forces is most intensively manifested, which is associated with longitudinal folding caused
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by horizontal compression. Vertical forces and their unevenness over the area determine the
distribution of the axes of anticlinal and synclinal folds. The further action of tectonic movements,
characterized by the dominance of horizontal movements, leads to the fact that the folds acquire signs
of asymmetry (2), and in the future, to the destruction of the integrity of rocks in places of maximum
stress concentrations. This destruction process can occur in two ways, either in the core of the
anticlinal or in the core of the synclinal fold, which in turn is decisive in the formation of various
morphological groups of folds.

Figure 1 A model of the mechanism of complex formation in the Borysla\;—Pokutsk zone of the Pre-
Carpathian foredeep

When the integrity of rocks is destroyed in the core of the synclinal fold (3), "preserved" and
"partially destroyed" folds are formed. It is worth noting that the preserved structures are linearly
elongated anticlines of considerable size, which are characterized by the following structural features:
a well-preserved crest part, limbs, and periclines, that is, the shape of the fold is traced. Such
structures can be complicated by transverse and longitudinal tectonic faults and have one of the
periclines missing and the northeastern limbs destroyed (including partially). In contrast to the
preserved structures, partially destroyed structures can be described as highly compressed structures
characterized by the presence of crests and limbs and the complete absence of periclinal parts. At the
same time, the crest may be preserved and may be complicated by local tectonic faults. The same
applies to the limbs, which are traceable. Thus, the determining factor in the formation of preserved
folds is the dominance of horizontal movements, the prolonged action of which leads to the division
of the folds into blocks with the subsequent twisting of the steep (northeastern) limb (I;) or with its
cutting (I). In some cases, the preserved turned-over limb curves in the reverse direction and takes the
form of a separate anticlinal fold.

The determining factor in the formation of folds of group I, in addition to the long-term action of
horizontal movements, should be also distinguished as lateral friction caused by these movements.
These two forces lead to greater compression of the fold (tangential movements) and destruction of its
periclinal parts (lateral friction). This process is also accompanied by “alignment” of the axial
surfaces since the folds have almost vertical axial surfaces. In general, partially preserved folds were
formed at a total greater value of tectonic forces than preserved ones.

With the further destruction of the rock continuity in the core of the anticlinal fold (3>), the formation
of "destroyed" and "severely destroyed" folds occurs. The destroyed structures are characterized by a
strong degree of destruction and only a single element can be traced in their structure, namely the
crest, limb, or pericline. To some extent, these elements can also be complicated by local faulting.
Heavily destroyed structures - only certain fragments of structural elements (limbs, periclines, etc.)
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can be traced in their structure. The elements of these folds are strongly compressed, broken, and
sandwiched between tectonic faults. In the formation of folds of the above-mentioned groups, in
addition to tangential movements that cause the pulling-over of some folds on others, lateral friction
plays a significant role. Prolonged and significant action of horizontal movements and unilateral
lateral friction leads to the formation of "folds-periclines" (III;). The second type of folds of this
group, the so-called "crested folds" (IIl,), were formed in contrast to the previous ones under the
action of bilateral lateral friction (this is in addition to tangential forces), which led to the destruction
of periclinal parts. The folds that have one preserved limb (III3) have formed similarly to the previous
ones. It should be noted that in the formation of such types of folds of the III group, a significant role
was played by the process of pulling over some folds on others. In the “collapsed” section, the folds
have the form of slung plates on top of each other. During the formation of such folds, stresses were
unloaded in the process of destruction of the initial anticline crest.

And, finally, the "severely destroyed" folds of the IV group, under the influence of three factors
(tectonic movements of the horizontal direction, the imposition of some folds on others, and strong
lateral friction) acquired their modern appearance (Orlov et al., 2001). They are strongly sandwiched
between tectonic faults, which are stress concentrators that are transmitted to the fold body.

The current stress state of various morphological forms isolated among the folds of the Boryslav-
Pokutsk zone is explained by the course of the folding process and is shown in the deformation
distribution diagram (Fig. 2).
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Figure 2 The scheme of the distribution of deformations in the folds of the Boryslav-Pokutsk zone of
the Pre-Carpathian Foredeep at the end of their formation. Compiled by.: Mykhailiv, 2002

The nature of the distribution of deformation in the curved layer of rocks depends on the mechanical
properties of the substance. However, in the ideal case, stretching occurs on the outer arch of the
layer, compression occurs on the inner arch, and somewhere between them, there is a "neutral
surface" on which stretching-compression deformation is not observed. Measurement of the length of
the neutral surface along the section containing a series of folds of the longitudinal folding gives the
approximate length of the layer before the formation of folds. In nature, longitudinal bending
develops until the compressive component of the stress coincides in the direction with the occurrence
of the layer (Lukienko, 2008; Kuper, 2018; Kotyakhov, 1977).

At the same time, at the time of rock discontinuity, a section of maximum compression is formed in
the fracture zone, which leads to the compaction of rocks (Fig. 3). In this case, these sealing efforts
have led to the formation of an “impermeable zone” along the plane and thus, these tectonic
disturbances always act as screens of possible oil and gas deposits.

This indicates that against the background of the action of regional tectonic forces in the direction
from the southwest to the northeast, certain structures of the Boryslav-Pokutsk zone were formed
under the action of tectonic movements, which had different strengths and directions of application.
This is confirmed by the certain parameters determined for the folds, the established genetic
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connections between them, and the orientation of the fracture planes in space, as described in the
works of O.0. Orlov and O.M. Trubenko (Orlov, Trubenko & Omelchenko, 1996).
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Figure 3 The diagram of the distribution of deformations in the near-fault zone at the moment of
rupture integrity of rocks. Compiled by: Mykhailiv, 2002

Conclusions

Thus, the selected morphological varieties of the structural forms of the Boryslav-Pokutsk zone were
formed in the process of folding and are determined by the place of destruction of the rock continuity:
in the core of the anticlinal or the core of the synclinal fold. The formation of "preserved" and
"partially destroyed" structures occurred during the destruction of rocks in the core of the synclinal
fold. However, the determining factor in the formation of "preserved" folds was horizontal
movements, and as for "partially destroyed" the main factor is horizontal movements and lateral
friction. The formation of "destroyed" and "severely destroyed" folds occurred when the integrity of
rocks in the core of the anticlinal fold was destroyed. The determining factor in their formation, in
addition to tangential movements that cause the pulling-over of some folds on others, is also played
by lateral friction (one-sided or two-sided).
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