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STAGES OF GEODYNAMIC DEVELOPMENT
OF THE LVIV-VOLYN COAL BASIN

The purpose of this work is to analyze geodynamic processes of origination, geological development, and
Post-Carboniferous alteration of Carboniferous deposits of the Lviv-Volyn Basin. The methodology is based on
historical-geological and facies studies. It includes a comparison of the capacities and distribution of deposits of
different ages in the region as well as a dynamic analysis of the formation of coal deposits in the basin. The
conducted investigations showed that the territory of the Lviv-Volyn Basin had a special history of geostructural
Pre- Carboniferous development that sufficiently influenced its formation and caused geotectonic and morpho-
structural alterations. The formation of this region resulted from complex and prolonged, during several tectonic
stages, processes of interaction between the zones of tectonic activity and regional fractures connected with it.
Activation of these zones happened to be at definite periods of geological time and was manifested in the
development of concrete geostructural elements. Tectonic events of all periods of sedimentary cover formation
were individual and unique. They became the basis for the formation and changes in the overall structure of the
southwestern edge of the East European Platform and, in particular, the Lviv-Volyn Basin, as part of the Lviv-
Lublin Trough. With other geostructural relations, the tectonic structure of the basin would be significantly
different. In the Paleozoic era, the structural elements of the north-western and south-eastern extension played a
decisive role in the formation of this territory. Originality. Based on the analysis of the thickness of the region's
deposits of different ages it was shown that forces of horizontal compression affected the coal-bearing unit
during the geological formation of the basin. During their influence, there was a depression of the territory,
which led to the formation of primary tectonic forms and Post-Carboniferous main tectonic and morphological
structures. The coal-bearing deposits have undergone repeated wash-outs, resulting in a shortening of the section
and a significant decrease in the volume of the productive part of the coal formation.There is a graphic
representation of the change dynamics in the location of crystalline basement surface at different stages of
tectonic formation of sedimentary thickness of the basin, whose inclination was different. Practical significance.
The conducted research determined stage-by-stage geodynamic development of the territory of the Lviv-Volyn
Basin. Five distinct stages can be identified in the formation of coal-bearing deposits, from their origin to their
eventual erosion. These stages reflect the unique features of coal formation and geodynamic processes. The
geological map of the Pre-Mesozoic deposits of the carboniferous coal-bearing megaformation in the Lviv-
Lublin Basin provides insight into the geological structure of the Lviv-Volyn and Lublin Basins, highlighting
both similarities and differences. These findings contribute to our understanding of the formation processes of
Carboniferous coal-bearing formation in the Lviv-Volyn Basin. They also expand our knowledge of coal
distribution, coal seam morphology, and coal thickness structure, which can be used to compare with coal-
bearing formations in other basins.

Key words: faults; crystalline basement; Carboniferous; tectonic movements; stages of geodynamic
development, Paleozoic depression; Lviv-Volyn Coal Basin.

Introduction suitable conditions for the formation and development
of plant life were widespread on the ancient northern
continent of Laurasia in the Northern Hemisphere.
This is consistent with the modern location map of
coal basins and deposits of the world [Energetics...,
2005]. This found its mark in the emergence and
spread of the main masses of higher plants, which
reached us in the form of coal deposits, for example,
within the limits of the Lviv-Lublin coal basin (LLB).

A large accumulation of organic matter, from
which humic coal of industrial importance was
formed in the territory of Ukraine, occurred in the

The formation of coal basins is one of the regional
geological processes that occurred cyclically with a
favourable ratio of tectonic, climatic, geomorphological,
phytocenological, and other factors. The great eras of
coal formation refer to the periods of slow oscillatory
movements of the earth's crust against the background
of the general long-term submergence of large areas.
It should be noted that in the middle of the Paleozoic
era, carbon-forming plants that thrived in moist
environments were primarily limited to coastal plains
where organic matter could accumulate. However, more
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Carboniferous. The Lviv-Volyn Coal Basin (LVB) is
located in the west of Ukraine, within the Lviv Paleozoic
Trough (LPP). It is the southeastern extension of the
Lviv-Lublin pericratonic trough, a large tectonic
structure of the southwestern edge of the East
European Platform [Dolenko et al., 1980, 1984,
Krupskyi, 2001; Shulga et al., 2007; and others].

It should be noted that the first assumptions
regarding the presence of coal deposits on the
territory of the modern Lviv-Volyn basin were known
at the beginning of the last century. Later, in 1935, on
the basis of the discovery of the lower coal fauna and
wells drilled in the Lviv Region in 1938, coal deposits
with coal seams 0.5-0.9 m thick were discovered. The
coal system deposits in Poland and Ukraine are part of
a single sedimentary basin and form a large coal
megaformation. These deposits lie on top of the
eroded surface of sedimentary and volcanogenic-
sedimentary formations from the Upper Proterozoic,
Cambrian, Ordovician, Silurian, and Upper Devonian
periods. These deposits have been uncovered by wells
and partially by coal mine workings. (Fig. 1) [Dembowski
and Porzycki, 1988; State..., 2004; Shulga et al., 2007;
Zdanowski, 2007; Kostyk et al., 2016].

The Lviv-Volyn coal basin extends in the
submeridional direction for 190 km and has an
average width of 60 km [Kostyk et al., 2016]. Its
industrial development began in the fifties of the last
century [Struev et al., 1984]. Since then, various
organizations, scientific research institutions, and
many researchers have carried out reconnaissance
work, thematic and scientific research on issues of
stratigraphy and lithology, tectonics, coal-bearing,
morphology of coal seams, hydrogeology, coal
quality and their classification, physical and
mechanical properties of coal-bearing rocks, gas
capacity of the productive layer, etc. [Bobrovnyk,
1960; Bobrovnyk et al., 1962; Kushniruk, 1967, 1968;
Kushniruk and Bartoshinska, 1971; Feduschak et al.,
1974; Vyrvych et al., 1978; Bartoshinskaya et al.,
1983; Struev et al., 1984; Karavaev, 1987,
Fedushchak and Radchenko, 1988; Kostyk et al.,
2008; Shulga et al., 2008; Matrofailo, 2010; Bezruchko
and Matrofailo, 2014; Bezruchko and Matrofailo,
2015; Kostyk et al., 2016; Shulga et al., 1992, 2007;
and others].

The northern border of the basin coincides with
the state border of the Republic of Belarus (see Fig. 1).
In the northeast and south, it is bounded by a band of
Visean limestones that extends through the villages of
Zalissya, Verbivka, Zaturtsi, and the town of Horohiv,
east of the town of Busk and south of the city of Lviv.
In the southwest, the border runs along the line of the
Rava-Ruska fault, and in the west, it coincides with
the state border of Ukraine and Poland. The foot of
the Carboniferous is located at depths from 139 to
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2000 m within the boundaries of the Kariv and
Tyagliv synclines.

The formation of the Carboniferous LVB is the
area of development of coal-bearing deposits with
coal seams of the lower (Tournaisian, Visean, and
Serpukhiv layers — Viséan, Namurian A), as well as
the middle (Lower Bashkirian layer — Namur B, C,
Lower Westphalian A) division, which is located on
the extreme in the west of Ukraine in the upper
reaches of the W. Buh River (see Fig. 1, Fig. 2)
[Shulga et al., 2007; Kostyk et al., 2008; VVdovenko et
al., 2013; Bezruchko and Matrofailo, 2015; and etc.].

Carboniferous deposits form a paralic Lower-
Middle Carboniferous coal-bearing formation, which
is a complex polyfacies formation. It distinguishes
three main groups of facies: mainly continental,
transitional from continental to marine, and marine.
It is composed mainly of terrigenous sediments
(mudstones, siltstones, sandstones), limestones, coal,
carbonaceous argillites and sapropelites (see Fig. 2).
According to the structure, the degree of carbon
content, and the conditions of formation of the Lower-
Middle Carboniferous Formation of LVB, two
subformations are distinguished [Shulga et al., 1992,
2007]. The lower part is represented by a marsh-
marine regressive subformation. Its upper boundary,
according to [Shulga et al., 2007], is drawn along the
cover of the third Posidonia horizon of the PIIT Lublin
suite, and in its absence - along the cover of
limestone Ng4. It consists of deposits of the Visean,
Serpukhovian layers and the Lublin suite. The upper
part is an alluvial-swamp-lacustrine-lagoon regressive-
transgressive industrial coal-bearing sub-formation
consisting of rocks of the Bashkirian layer, except for
the lower part of the Buzhan suite. The uppermost
Carboniferous part of the LVB the Bashkirian Stage is
absent [Vdovenko et al., 2013].

The deposits of the coal-bearing stratum have a
general monoclinal occurrence and a gentle dip in the
southwest direction at an angle of 1-5°. At the
same time, the basin, in addition to the general
regional inclination of Carboniferous deposits to
the southwest, is characterized by the spread of
disjunctive tectonic disturbances. The monoclinal
dip is complicated by alternating synclinal and
anticlinal zones of northwestern extension, within
which the dip angles of rocks are 6-8°, and in the
southwestern part of the LVB in the Zhovkva zone,
the dip angles increase from 30 to 60-70° [ Struev et
al., 1984; Kostyk et al., 2016].

The Lublin Coal Basin (LB) is a continuation of
the LVB and extends from the state border between
Poland and Ukraine in the northwest direction through
the town of Skierniewice and is located in the
southeast of Poland [Dembowski and Porzycki, 1988]
(see Fig. 1).
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Fig. 1. Geological map of pre-Mesozoic sediments of the Lviv-Lublin coal basin with important

tectonic structures (according to [Dembowski and Porzycki, 1988; State...,
Zdanowski, 2007; Kostyk et al., 2016])

2004; Shulga et al., 2007;
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Fig. 2. Combined stratigraphic section of coal deposits and correlation of limestones
and posidonium horizons in the border area of the Lviv-Volyn and Lublin coal basins
(according to [Shulga et al., 2007; Kostyk et al., 2008; VVdovenko et al., 2013])
(1 — gravelite, conglomerate; 2 — sandstone; 3 — siltstone, argillite; 4 — limestone; 5 — coal seams and layers;
6 — Posidonia horizon: RI, PII, PIII. The lower boundary of the LVB coal-bearing formation is shown according to
[Kostyk et al. ., 2008, 2016])

Carboniferous deposits were first discovered in the  1984; Dembowski and Porzycki, 1988; Zdanowski and
Lublin district even before the Second World War. Inthe ~ Zakowa, 1995]. As a result of the study of geological
years 19541961, systematic prospecting and exploration  sections of the wells, it was established that coal deposits
work was carried out by geological organizations in the  of the same age, known in the LVB, as well as younger
territory of the Lublin Province, which culminated inthe  industrial coal-bearing deposits of the Middle
discovery of the large Lublin Coal Basin [Struev et al.,  Carboniferous lie in a large area of Eastern Poland.
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Fundamental geological studies conducted in 1964-1971
established a productive Westphalian and associated coal
deposits. According to its geological features, the coal-
bearing area of LB is divided into northern and southern
parts. The southern part of the basin is characterized by
lower sedimentation capacity and lower carbon content.
In the north, the thickness of the coal-bearing stratum
increases with the simultaneous expansion of the Middle
Carboniferous section by younger layers, which are
characterized by increased coal bearing. The main one is
the northern part of LB, where significant reserves of
coal were discovered [Dembowski and Porzycki, 1967;
Porzycki, 1978; Struev et al., 1984]. Numerous geological
and geophysical studies have been conducted on the
basin since its discovery. These studies have focused
on various aspects such as stratigraphy, lithology,
sedimentology, petrography, carbon content, coal quality,
hydrogeology, and gas content of the productive stratum.
Additionally, radiometric studies have been conducted
on the age of volcanic rocks present in the lower parts of
carbon deposits. Overall, these studies have contributed
significantly to our understanding of the basin's
characteristics and potential [Zelichowski, 1972, 1979;
Zelichowski and Koztowski, 1983; Porzycki, 1979,
1988; Kaczyiiski, 1984; Musiat and Tabor, 1988;
Dembowski and Porzycki, 1988; Skompski, 1996, 2011;
Narkiewicz et al. 1998; Zdanowski, 2007; Krzywiec,
2007, 2009; Panczyk and Nawrocki, 2015; Krzywiec et
al. 2017; Tomaszczyk and Jarosifiski, 2017; Jureczka et
al. 2019; Waksmundzka, 2012, 2013; Koztowska and
Waksmundzka, 2020; Waksmundzka et al. 2021; etc.].

The Lublin coal basin is located on the southwestern
edge of the East European (Precambrian) platform at its
junction with the young West European (Paleozoic). LB
is a pericratonic basin that was formed as a result of
depression in the suture zone of the platform edge
[Shulga et al., 2007]. The boundaries of the LB are
defined by pre-Mesozoic outcrops of coal deposits,
bounded from the north and southwest by fault zones
(see Fig. 1). The area of the basin is more than 11,000
km? [Zdanowski, 2007].

The thickness of the coal seam increases to the
southwest. The smallest thickness of about 100 m is
observed in the northeastern part of the basin, where the
elevated part of the East European Platform lies in the
basement. Larger thicknesses, from several hundred
metres to 2000 m, are characteristic of deposits in the
rest of the basin, within the boundaries of the Masovian-
Lublin basin [Zelichowski, 1972; Zelichowski and
Koztowski, 1983].

According to [Dembowski and Porzycki, 1988], in
the Carboniferous in the territory of LB, the
palaeogeography of the Tournaisian and Lower Visean,
Upper Visean, Namurian A, Namurian B—-C, Westphalian
A-B and Westphalian C was studied. Based on
biostratigraphic data, the age of the youngest deposits of
the Upper Carboniferous was determined as Westphalian
D (?) [Musiat and Tabor, 1988; Porzycki and
Zdanowski, 1995]. At the same time, based on the

determination of the age of the basalts of the lower part
of the coal deposits, it is shown that the oldest rocks of
the basin belong to the late Tournaisian [Panczyk and
Nawrocki, 2015]. In general, according to the international
stratigraphic scale, the Carboniferous of the Lublin Basin
is represented by sediments from the Upper Tournaisian
to the Lower Moscovian stage [Waksmundzka, 2013].

Carboniferous LB formations are composed of
argillites, siltstones, sandstones, conglomerates,
limestones, marls, stigmarium layers, carbonaceous
argillites, layers and layers of coal. The lower part of the
section sometimes contains volcanites and bauxites
[Musiat and Tabor, 1988; Skompski, 1996; Zdanowski,
2007; Waksmundzka, 2012, 2013; Panczyk and
Nawrocki, 2015; Waksmundzka et al. 2021, etc.].

Coal seams and layers in the LLB coal-bearing
megaformation, in general, lie in deposits from the
Tournai to the Moscovian stage of the Middle
Carboniferous (Westphalian C, D?) [Dembowski and
Porzycki, 1988; Shulga et al., 2007; Kostyk et al., 2016;
etc]. The thickness of coal seams ranges from 0.05 to 4
m. Industrial coal seams of the Lublin basin are common
in the Terebin, Deblin (lower and upper sub-formations
of the LVB) and Lublin, which is absent in the LVB due
to post-Carboniferous erosion. The main productive coal
seams are common in the Lublin strata, the thickness of
which increases from several tens to 900 m.
Stratigraphically, they belong to the Westphalian A-B.
In this stratum, 24 balance coal seams with a thickness of
0.30-2.40 m are established [Porzycki, 1978]. At the
same time, according to [Shulga et al., 2007], there are
from 63 to 90 seams and layers of coal in the coal-
bearing formation of the boundary part of the LLB. The
total number of LB layers in the lower coal-bearing
formation is 19, and 22 in the upper one.

In the LB, on the basis of the numerous marine,
brackish-water, and freshwater fauna found, two genetic
associations were distinguished: the lower — marine-
paralic, the upper — paralic, which correspond to the sub-
formations of the LB (see Fig. 2). At the same time, a
paralic stratum, which includes the formation of the
Upper Visean, Namurian, and Westphalian A, and a
younger limnic stratum are distinguished in the coal
deposits. The lower subdivisions of the sediments contain
mainly marine fauna, the top of the section is dominated
by sediments with brackish and freshwater fauna, and
the youngest Carboniferous sediments do not contain
fossils of macrofauna [Dembowski and Porzycki, 1988].

The Lublin coal basin lies on a stable foundation,
which caused the predominance of block-thrust and fold-
block tectonics [Porzycki, 1979, 1988]. Block-thrust
tectonics prevails in the northeastern part of the LB, and
fold-block tectonics prevails in the southwestern part.
These parts are separated by the horst-anticlinal structure
of Kock and further to the southeast by faults
[Zelichowski, 1972, 1979; Dembowski and Porzycki,
1988; etc.].

The sediments of the marginal zone of the
northeastern part are slightly inclined to the southwest
and further form a large asymmetric syncline, the axis of
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which extends from the northwest to the southeast. The
dip of the layers of its northeastern wing is 2—4°, and the
southwestern one is 12-17°, which transitions into the
Kock horst anticlinal structure. The southwestern part of
the LB is characterized by the spread of anticlinal uplifts
of northwest and southeast trends, separated by synclinal
dips. Both parts of the LB are broken by two systems of
northeast and southwest thrusts, which cross the
Carboniferous across the length of the basin, and
northwest and southeast thrusts, located along the length
of the basin. The southwestern part of the basin is
characterized by more complex tectonics [Zelichowski,
1972, 1979; Dembowski and Porzycki, 1988; etc.].

The development of subsidence in the basin was
controlled by shear movements along the Teisseyre-
Tornquist zone in the extensional regime [Zelichowski,
1987; Narkiewicz et al. 1998].

In the structure of the Lublin basin, the differentiation
of the basement of the Late Paleozoic cover was of
primary importance. It determined the zonal structure of
the coal-bearing formation, which manifested itself in the
zonal contours of the isopachites of the Carboniferous
subdivisions, the distribution of lithofacies, the nature of
the diagenesis of rocks, etc. The modern tectonic model
of the basin, the formation of which was largely
influenced by the structure of the basement, was formed
during the Asturian phase of tectogenesis, after the
deposition of Westphalian D [Porzycki, 1979;
Zelichowski, 1972, 1979; Dembowski and Porzycki,
1988; etc.].

Purpose of work

The purpose of this work is to analyse geodynamic
processes of origination, geological development, and
Post-Carboniferous alteration of Carboniferous deposits
of the Lviv-Volyn Basin.

Method

The methodology is based on complex historical-
geological and facies studies and includes the analysis of
the distribution and capacities of sediments of different
ages in the region and the dynamic analysis of the
formation of Carboniferous deposits in the basin. When
studying the Lviv-Volyn basin, the method of formation
analysis was applied It has a complex nature and, in
particular, includes palaeoreconstructions of coal-bearing
deposits. Its main provisions were developed during the
study of the coal-bearing formations of the Donetsk and
other basins and are presented in works [Vasilyev, 1950;
Lomashov, 1958; Zhemchuzhnikov et al., 1959, 1960;
Shulga, 1962; Shulga et al., 1992, 2007; and etc.].

Results
Geostructural position of the research area
on the map of paleocontinents and oceans during
the Carboniferous

The sequence of changes in the geostructural
position of the territory of the Lviv-Volyn coal basin is
determined by the geological stages of the global (Fig. 3)
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[Golonka, 2000] from the Late Devonian to the Late
Carboniferous and the regional (Fig. 4) development of
Western Ukraine, where the LVB is located [Medvedev,
1979; Pavlyuk et al., 2006].

The evolution of the region during the geological
time of the formation of the coal basin, which is shown
in a concise form in the figures, allows us to get an idea
of the sequence of the main tectonic events, their age,
formation, and location in the general structure of the
southwestern edge of the East European Platform. In
particular, during the Carboniferous period, the
convergence of the continents, which took place from
the Late Devonian, can be traced. Wide accumulation of
phytomass occurred mainly in the humid conditions of
the equatorial belt, which stretched across North
America and Europe in a powerful band. At the same
time, in the Late Carboniferous, the southern regions of
the East European Platform occupied a near-equatorial
(between 0-5° and 15-20°) latitudinal position. In
contrast to the ancient position, the modern LVB is
located in the northern hemisphere between 49° and 52°
and has a northwesterly direction [Senkovsky and
Demchenko, 1988].

Historical aspect of the development
of the LVB territory

The area where the LVB is located has a lengthy
history of geological development that began before the
Carboniferous period. This resulted in the creation of
favorable conditions for the formation and growth of the
LVB. After the Carboniferous period, the area
underwent significant geological and structural changes
that played a role in its overall development. According
to [Medvedev, 1979; Boyko et al., 2001; Pavlyuk et al.,
2006; Pavlyuk et al., 2009; and others] the existence and
development of this region is the result of a complex and
long process (several tectonic cycles) of the interaction
of zones of tectonic activation and associated regional
faults of the diagonal system - the oldest in the region.
The activation of these zones occurred during certain
periods of geological time and was expressed in the
development of specific geostructural elements, both
longitudinal and transverse (pericratonic depressions,
aulacogenes, uplifts and depressions).

Volyn-Podillia is a part of the Baltic-Black Sea
pericraton. It is characterized by a complex structure and
was formed during the Baikalian (R3), Caledonian (V-
D;) and Variscan (D,—P) tectonic stages, forming the
final pre-Alpine structure of the territory of Western
Ukraine and partly in Poland. Structures characteristic
only of this period were formed on each of them. On the
basis of the formational analysis of the sedimentary layer
and on the basis of morphogenetic features, the
following structures are distinguished here: the Volyn-
Orsha Baikalian transverse marginal depression;
Caledonian marginal system as part of the Baltic-Black
Sea pericratonic trough (V-D,") and Boyanetsky (D,*?)
foothills;  Lviv-Lublin  Variscan  post-posthumous
foreland (D,~C,) [Pavlyuk et al., 2006].
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Fig. 3. Tectonic maps of the geodynamic evolution of the continents
during the Late Devonian — Early Carboniferous (Kaskaskia I11 — 359-338 million years ago),
Early Carboniferous (Kaskaskia IV — 338-323 million years ago) and Late Carboniferous (Early
Absaroka | — 323-296 million years ago) years ago) (according to [Golonka, 2000])
(1 - oceanic spreading centres and transform faults; 2 — active subduction zones; 3 — thrusts; 4 — active or important
normal faults; 5 — faults with strike-slip displacement; 6 — mountains; 7 — land; 8 — glaciers; 9 — shelf and slope; 10 —
ocean)
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Fig. 4. The Variscan stage of forming the pre-Alpine structure
of Volyn-Podillia and adjacent territories. Orogenic stage (Late Carboniferous-Permian)
(according to [Medvedev, 1979; Pavlyuk et al., 2006])

(1 - the basement of the East European Platform; 2 — Baikalian transverse depression (Volyn- Orsha); 3-4 —
Caledonian marginal system: 3 — pericratonic depression (Volyn-Podillia section of the Baltic-Black Sea pericraton),
4 — marginal (pedestrian) depression (Boyanetsky ); 5 — pre-Variscan folded complexes (Variscan marginal platform
uplift); 6 — Variscan post-posthumous fore-thrust (Lviv-Lyublin); 7 — Epicaledonian platform (Mekhuv depression);
8 — coal basin of paralic and limnic sediment accumulation in the post-humming fore-thrust ( Lviv-Lyublin); 9 —
molasse deposits of the Variscan marginal (foothill) depression and internal depressions; 10 — Variscan mountain-fold
structure; 11-14 — contours of Alpine elements: 11 — Outer zone of the Precarpathian depression, 12 — Internal zone of
the Precarpathian depression (Stebnyk thrust), 13 — Carpathian Overthrust, 14 — Transcarpathian depression)

The Lviv-Lublin region has experienced the greatest
activation in the Paleozoic. In its formation in the
geodynamic aspect, the structural elements of the
northwestern and southeastern extension - the Baltic-
Black Sea pericraton and the Volyn-Orsha avlacogen —
play a decisive role. Within the pericraton, the surface of
the crystalline Archean-Proterozoic basement is inclined
to the west and southwest and dips east along the faults
under the sedimentary cover, composed of deposits of
the Upper Proterozoic (Riphean, Vendian), Paleozoic
(Cambrian, Ordovician, Silurian, Devonian,
Carboniferous), Mesozoic (Jurassic, Cretaceous),
Cenozoic (Paleogene, Neogaikum). Its modern structure
was formed during the Neogene under the influence of
geodynamic processes that occurred on the edge of
the East European Platform and in the adjacent
Mediterranean mobile belt, and in particular, in its
component — the Carpathians. In some parts of the
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southwestern edge of the East European Platform
(Volyn-Padillia), this formation had its own peculiarities
([Geotectonics..., 1990; Pavlyuk et al., 2004; Pavlyuk et
al., 2006], etc.).

Stages of geodynamic development
of the Lviv-Volyn basin

During the Cambrian-Silurian period, vertical
tectonic movements and a geodynamic stretching regime
prevailed on the edge of the platform, which contributed
to the development of discontinuous faults of the type of
faults. According to [Geotectonics..., 1990], the block
tectonics of the crystalline basement served as a
framework for laying down Phanerozoic regional
geostructures here. At the beginning of the Early
Devonian, this tectonic regime changed to one
dominated by compressive forces (Fig. 5, a). This
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is connected with the final phases of folding of the
Caledonian tectonic cycle and the red-colored
continental formation (D,%®) [Ryzun and Chizh, 1984].

It should be noted that at the border of the Lower and
Middle Devonian, a restructuring of the structural plan is
taking place, which is confirmed by a change in the dip
angles of the rocks, and a change in the continental
regime to the marine and lagoon regime. Downward
movements are activated and the Lviv Paleozoic
depression (LPP) is developing, which was actively
formed in the Middle-Late Devonian (terrigenous-
carbonate formation) and the Lower and Middle
Carboniferous (coal-bearing formation) [Geotektonika...,
1990; Pavlyuk et al., 2006].

In the Late Devonian, most of the territory of Ukraine
was covered by the sea. Mainly marine conditions
existed, in particular, in the Lviv Paleozoic trough. Only
from the end of the Famennian age, this territory was a
raised land and was intensively eroded. This erosion and
significant spread of marine conditions did not contribute
to the development of coal formation processes both
within the Lviv Trough and in the territory of Ukraine in
the Devonian [Shulga et al., 2007].

During the Carboniferous period, there was a pause
in sedimentation at the boundary between the Late
Devonian (Famenian stage) and the Early Carboniferous
(Tournaisian-Visean). As a result, the Lower and Middle
Carboniferous carbonaceous formation was formed in
the Lviv-Volyn basin. This formation is a part of the
megaformation of the Lviv-Lublin basin (Fig. 5, b),
which is divided into two sub-formations: the lower one
being marsh-marine regressive, and the upper one
being highly carbonaceous alluvial-swamp-lake-lagoon
regressive-transgressive (see Fig. 2). [Shulga et al., 1992].

The initial stage of forming the coal-bearing
formation (Tournaisian-Early Visean). Before the
Carboniferous period, the territory underwent a transition
to a continental mode of development. This was caused
by the Bretonian phase of the Variscan orogeny, which
resulted in repeated uplift of the territory during pre- and
post-Tournaisian and Middle Visean times. This uplift
caused regional and intraformational breaks in sediment
accumulation. However, the short-term transgression of
the sea in the Late Tournaisian caused the formation of a
terrigenous carbonate stratum of rocks of the Khoriv
suite [Bobrovnyk et al., 1962; Struev et al., 1984;
Bartoshinskaya et al., 1983; Shulga et al., 2007; Kostyk
etal., 2008; VVdovenko et al., 2013; and others].

It should be noted that at the base of the Khoriv suite
lies a low-strength layer of limestone T,, and layers of
coal ty and t; and carbonaceous argillites with a thickness
of up to 0.40 m were found in the argillites and siltstones
of the upper and lower parts of the section [Kostyk et al.,
2016]. In general, this indicates the existence of
favourable conditions for the formation of palaeopeats in
the territory of the LVB during the Tournaisian age.
However, due to the significant dismemberment of the
palaeorelief and the arid climate, the formation of small
and weak palaeopeats occurred only in some isolated
areas. The presence of layers of coal and carbonaceous

argillites in the Khoriv suite clearly indicates the birth of
a coal-bearing formation in the territory of the LVB,
which continued to form during the long Carboniferous
period. The late Tournaisian sediments correspond to the
initial period of formation of the coal-bearing formation
of LVB, and its lower boundary is argued to be along the
sole of the Khoriv suite [Kostyk et al., 2008; Shulga et
al., 2008; Kostyk et al., 2016].

In the Early Visean time, before the beginning of the
Middle Visean, there was a continental break in the LPP,
the land surface leveled off, and depressions were filled
with sand-clay material of the Kulychkiv suite of the
LVB. Compared to the Khoriv suite, it has a higher
carbon capacity. Drilling determined the presence of coal
seams and layers up to 0.50 m thick, as well as
carbonaceous argillites up to 0.70 m thick in the world.
Coal and carbonaceous argillites are located in the
middle and upper parts of the world section, which are
distinguished by a high content of kaolinite crumbly and
semi-crumbly clays (argillites). The most stable in the
section are coal seams | and Il [Kostyk et al., 2008].

At the same time, in the Lublin depression during
the period of activation of tectonic processes and
interruptions in sedimentation during the Tournaisian-
Early Visean stage, volcanic activity took place with the
formation of basalt covers. They are located in the
deposits of the lower part of the Carboniferous period, in
particular, in the north-east of the Lublin basin, the
alkaline basalts belong to the Late Tournaisian stage
(348 + 0.8 million years), with a possible extension to
the Middle Visean. During this period, physical and
chemical weathering occurred in the territory of the
LLB, which caused the leveling of the relief of the basin
and the formation of the weathering crust [Shulga et al.,
1992; Dembowski and Porzycki, 1988; Panczyk and
Nawrocki, 2015; Waksmundzka et al. 2021; and others].
The following downward movements of the basin
territory led to extensive marine transgression at the end
of the Middle Visean (the beginning of the second half
of the Visean) and the formation of shallow water,
mainly carbonate sediments in the central and southern
parts of the LVB of the Olesko suite with numerous and
diverse fauna, which indicates the spread of shallow-
marine environments with stable sedimentary conditions.
In the north of the basin, mainly terrigenous rocks
(siltstones, mudstones), occasionally limestones with a
small fauna and admixtures of terrigenous material were
deposited, which indicates the development of conditions
of an active hydrodynamic regime of the shallow sea
[Bartoshinskaya et al., 1983; Struev et al., 1984; Shulga
etal., 2007; Shulga et al., 2012; and others].

In the section of the Olesko suite, limestones have a
subordinate importance. The marking horizon V, is
highlighted in the upper part of the suite. Also, more than
seven low-capacity non-working seams and layers of
coal with a thickness of up to 0.35 m and layers of
carbonaceous argillites with a thickness of up to 0.50 m
are widespread in the world. Most often, coal seams I,
IV and V occur in the lower part of the section and V1 in
the upper part [Kostyk et al., 2016].
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Fig. 5. Stages of geodynamic development of the territory of the Lviv-Volyn coal basin on the

southwestern edge of the East European Platform

(1-11 - sedimentary formations: 1 — upper Cretaceous, 2 — Jurassic, 3 — Lower and Middle Carboniferous, 4, 5
Devonian: 4 — middle and upper, 5 — lower; 6 — Silurian; 7 — Ordovician, 8 — Cambrian , 9 — Vendian, 10 — Riphean,
11 - crystalline basement; 12 — gas deposit; 13 — erosion, angular and stratigraphic unconformities; 14 — erosion of
Carboniferous deposits; 15 — discontinuous tectonic disturbances; 16-19 — geodynamic regimes: 16 — horizontal
compression; 17 — horizontal tension; 18 — vertical and horizontal movements of basement blocks of different
intensity; 19 — predominating directions of movement of the crystalline foundation and sedimentary layer completely)
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Stage of non-industrial coal formation (Late
Visean-Late Serpukhovian). The next stage of
development of the LPP and coal-bearing formation of
Lviv-Volyn, which began in the second half of the
Middle and Late Visean, is characterized by a significant
change in the tectonic regime, palaeogeographic
conditions of sediment accumulation, composition,
cyclic structure of the section, etc. Tectonic movements
cover large areas, occur more often, and are
characterized by lower contrast. This contributed to
numerous transgressions and regressions of the sea and
the development of marine conditions. Since Volodymyr
time oscillating tectonic movements have been taking
place, which contributed to a changing regime of
sedimentation in coastal and transitional conditions.
Short-term periods of elevation of the territory
contributed to waterlogging, the accumulation of organic
material and the formation of coal beds. Among the thick
limestones Vo' — Vi (V1, Vi and V,? — marking),
calcareous argillites and sandy-clay rocks of the
Volodymyr suite, coal seams and layers v, — v;* are
widespread, of which only VoS and v in separate areas
have working capacity, in particular, power vo® in the
Zabuzka deposit is 0.10-2.20 m. At the end of the
Volodymyr time, the entire area of the basin was
dominated by marine carbonate sedimentation. A similar
regime existed in the Ustilug period, which is
characterized by the formation of V, marking limestone,
layers and two coal seams, in particular v,°, of non-
working capacity (0.0-0.3 m). This layer is spread over
individual small areas and has no industrial significance.
The Volodymyr and Ustilug formations were
accumulated during the largest transgression of the
Visean Sea, which covered a large area, and their similar
composition indicates the connection of the sedimentary
basins of Europe and Asia [Bartoshinskaya et al., 1983;
Struev et al., 1984; and others].

At the beginning of the Serpukhov period, the mode
of deflection and conditions of the open sea in the
territory of the basin were changed by upward
movements. The accumulation of sediments took place
in the conditions of a low sea coast, fluctuating tectonic
regime and aridization of the climate. Transitional and
continental conditions of sedimentation prevailed over
marine ones. As a result, cyclic, mainly terrigenous
deposits of the Porytsk and Ivanychiv suites were
formed. With the gradual compensatory subsidence of
the territory, there were periodic stable conditions of
marine sedimentation of the shallow-water coastal zone,
with the formation of limestones V' — Vs of the Porytsk
and Vs — V¢ of the lvanichiv suite, of which the Vg layer
has correlational value. Short-term uplift of the territory
led to the emergence of swampy coastal plains and the
formation of peatlands, from which thin coal seams and
layers were formed in the future, in particular, v, — vs of
Porytsk and vs' — vg of Ivanychiv suite. Only the vg layer
is of industrial importance over a larger area of the basin,
with the exception of the Volyn field [Struev et al.,
1984]. In the conditions of the manifestation of
significant oscillatory movements, which determined

short-term periods of drying, limestones were often
formed in the roofs of low-power coal seams
[Bartoshinskaya et al., 1983; Shulga et al., 1992].

The beginning of the formation of the Lishnyan suite
(middle of the Serpukhovian time) is characterized by
the deposition of marking limestone N, in the conditions
of a short-term marine regime and higher mudstones
with marine fauna. In general, the sediments of the
Lishnyansk suite are dominated by the clayey type of
sediments (argillites, siltstones), which indicates the low-
lying contours of the sea shores and the significant
leveling of the relief of the adjacent land areas, which
were the source of the supply of terrigenous material
[Bartoshinskaya et al., 1983; Struev et al., 1984;, etc.].

During the Lishnyan period, the sea basin shrinks
and becomes shallower. Upward tectonic movements in
the area of the Ukrainian Shield caused the general
regression and retreat of the sea in the southwest
direction. Continental sedimentary conditions are
gradually expanding, and marine ones are shrinking.
Therefore, favourable conditions for the formation of
peatlands arose more and more often [Shulga et al.,
2012]. In addition to the N; limestone, the N, limestone
layer and low-power coal seams and layers no — n,’ were
formed during the accumulation of the Lishnyan suite.
During the formation of the lower coal-bearing sub-
formation, the width of the coal-forming zone was more
than 200 km, and a certain decrease in coal-bearing
capacity and replacement of peat layers within the sub-
latitude belt in the central part of the basin occurred
under the influence of the inherited Gorokhovo-Rivnen
palaeohydrographic system [Shulga et al., 1992].

The stage of formation of thin coal seams of the
Carboniferous LVB formation ended at the end of the
Late Serpukhovian and the beginning of the Early
Bashkir time. Since the late Serpukhovian age, the
accumulative basin has been characterized by shallowing
and desalination. At the same time, the intrusions of the
sea caused the formation of argillaceous limestones N
and N4, which are markers, and argillites of the three
Posidonia horizons PI, PII, PIII of the Liubelia suite
[Shulga et al., 2007; Shulga et al., 2012], and short-term
elevation of the territory — low-power coal seams n,", n,%,
NS, ns in separate areas. In general, this indicates a
transition from predominantly marine and transitional to
continental and transitional palacogeographic settings,
cyclical processes of sedimentation and a rapid change in
regimes.

The stage of industrial coal formation (Early
Bashkirian). The beginning of the stage is marked by the
fact that during the Buzhanian period, the territory of the
LVB underwent significant uplift and regression of the
sea to the southwest, the spread of continental
conditions, and a sharp increase in conditions favourable
for waterlogging and peat-forming processes of
sedimentation. Significant uplift of the territory is a
consequence of the manifestation of the Sudeten phase
of the Variscan orogenesis. In general, this tectonic cycle
contributed to the accumulation of rhythmic intermediate
continental and transitional continental to marine

43



Geodynamics 2(35)/2023

sediments, which make up the Lower Bashkirian layer of
the coal-bearing formation of the basin. During periods
of uplift, the land was peneplainized and flat. In the
conditions of wide marshy coastal lowlands and a
favourable climate, a significant number of plant groups
developed, which provided organic material for the
formation of coal beds of industrial capacity
[Bartoshinskaya et al., 1983; Struev et al., 1984,
Shulga et al., 1992; Shulga, 2012; etc.].

The Buzhanian suite conformably rests on the
deposits of the Liubelia suite and is also covered by the
rocks of the Morozovichivsk suite. It belongs to the
lower part of the Bashkirian stage and is widely
developed on the LVB area. Its lower boundary is drawn
along the cover of argillites of the third Posidonia
horizon of the Liubelia suite, and in the absence of
argillites and the layer of limestone N, — along the sole
of the coal seam ns, the upper — along the sole of the
weathered limestone B, of the Morozovichivsk suite. It
is composed of sandstones, among which mica (“silver
sandstones”), layers of gravel sandstones and pebble
conglomerates, siltstones and mudstones with layers of
chemogenic limestones and layers of coal are
characteristic. It is characterized by high coal content and
the content of industrial coal seams [Shulga et al., 2007;
Vdovenko et al., 2013].

In the Buzhanian suite there are marked limestones
Ns, Ng, N, layers and layers of coal from ns to ng, of
which 8 are working (n7'(n7), n+(n;%), ", ng, ng’, Ng*, ng",
Ny). Their thickness varies from 0.08-0.40 m to 0.10-
0.82 m for non-working ones and from 0.10-1.49 m to
0.08-2.76 m (in single wells — up to 4.85 m) — for
workers. Until recently, six coal seams — n;"(n;), nz(n7%),
n;%, ng, Ng’, and ng — were mined in the basin [Struev et
al., 1984]. All of them are placed in the upper Buzhanian
suite of the Bashkirian stage of the LVVB and correspond
to the Bug beds layers of the Deblin Formation
(Namurian B) of the Lublin Basin [Dembowski and
Porzycki, 1988; Shulga et al., 2007].

The uneven subsidence of certain parts of the basin
during the Buzhanian period caused heterogeneous
sedimentation and led to lithological and facies
heterogeneity and unequal strength of rocks, the
formation of different types and genesis of cleavages,
syngenetic and epigenetic intra-formation washouts,
replacements, wedging of coal seams, etc. It should be
noted that the peculiarities of the morphology and
genesis of coal seams were determined by the interaction
and multiple changes of palaeotectonic and
palaeohydrographic factors and the significant influence
of paleohydrographic systems [Shulga et al., 2007;
Matrofailo, 2010; Bezruchko and Matrofailo, 2014, 2015].

During the Morozovichi and early Poromian times,
there were downward movements and subsidence of the
basin territory, which led to an increase in the
transgression of the sea. During the formation of the
Morozovichi and the lower part of the Poromivan suite,
sedimentation took place in marine and transitional
environments, and during the Late Poromivan - in
continental and transitional ones. As a result, sediments
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of mainly terrigenous composition were formed. A
certain distribution of dolomite layers in the Poromivan
suite indicates aridization of the climate [Bartoshinskaya
etal., 1983].

The Morozovychi suite conformably rests on the
deposits of the Buzhanian suite and is overlain by the
rocks of the Poromivan suite [Vdovenko et al., 2013]. In
its section, siltstones and sandstones predominate, and
mudstones are of subordinate importance. There are
three layers of limestones B1(N1g), B2(N11), and B3(Ny,)
in the rock layer, of which only the lower B is stable in
the section over most of the territory. Limestones B, and
B; are weak and unstable. Limestones belong to shallow
coastal marine facies. In the composition of the world,
there is a decrease in the carbon capacity and the
development of facies of swampy coastal lowlands.
Suite rocks include coal seams and layers bi(ny) —
bs?(n1,%), of which only b, b,, b, have working capacity
in individual deposits and can be of practical importance.
Coal seams and layers are often replaced by terrigenous
rocks, mainly sandstones.

The Poromivan suite is composed of sandstones,
siltstones, occasionally argillites that lie in the cover of
limestones, layers of coal and limestones B4(B;) and
Bs(B,), which are markers. Quartz sandstones, sometimes
quartzite-like, prevail in the upper part of the section.
The world contains six coal seams, the main mass of
which is of low thickness (0.09-0.50 m) and has a local
distribution. Of them, only by(b,) and bs are well
maintained in terms of area and have a working capacity
(0.10-1.99 m) in separate mine fields and sections.

The sediments of the Krekhiv suite are according to
the formations of the Poromivan suite. The processes of
its formation took place, mainly, in continental
conditions, and marine sediments were accumulated
only at certain stages. It is composed of alluvial
sandstones with numerous thin layers and layers of coal
of autochthonous origin, less common layers of argillites
and siltstones with the remains of fossil flora and
freshwater fauna fossils, which indicates their continental
origin in the conditions of lakes or desalinated lagoons.
Limestones have a limited distribution.

In the cross-section of the Krekhiv suite, there are
four low-strength limestone layers, of which only Bg (B5)
has a correlative value, and 12 coal seams and seams,
five of which are of non-working thickness (0.10-0.65
m) (b, b, b, b1o and by;) are close together and belong
to the upper part of the section. Coal seam bg lies among
siltstones and mudstones in the lower part of the section,
reaches its working capacity in some areas, and is often
replaced by sandstones [Struev et al., 1984].

The diverse marine fauna and calcareous algae found
in the marine sedimentary rocks of this stage testify to
the restoration of the short-term connection of the LVB
with the eastern and western marine basins of that time
in the Late Bashkirian period. In general, the formations
of the late Poromivan and Krekhiv periods are similar to
the sediments of the Buzhanian period of the Bashkirian
age in terms of lithologic and facies characteristics.
According to the fossil flora-faunistic remains, the age
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of the Krechiv suite is comparable to the Mospin C,4G)
and Smolyaniniv C,%(H) suites of the Donbas (Late
Bashkirian sediments), with the middle part of the
Kumov strata of the Lublin basin, as well as with most of
the Cheremshan horizon of the SEP, which corresponds
to the Westphalian A of the Western European scale
[Bartoshinskaya et al., 1983].

The final stage of accumulation of Carboniferous
coal-bearing deposits (Late Bashkirian-Moscovian). The
section of the coal formations of the Lviv-Volyn Basin
ends with deposits of the Krekhiv suite. However, these
sediments did not end the processes of formation of
carbonaceous sedimentation in the territory of the LB
and, quite possibly, the LB.

According to a number of authors, the
palaeogeographic conditions that existed in the Early
Bashkirian period on the territory of the LVB and were
favourable for the formation of peatlands continued, in
particular, in the Late Bashkirian period [Bartoshinskaya
etal., 1983; Shulga et al., 2007].

In general, the universal regression of the seas, which
began in the Serpukhovian, was especially intensively
manifested in the Middle and Late Carboniferous. At
that time, there was a favourable tectonic regime, which
had a compensatory nature of sedimentation, a humid
climate, the marine water areas were gradually reduced,
which led to the creation of favourable conditions for
coal formation, an increase in the number and area of
peatlands within the marshy coastal lowlands in the
territory of the Donetsk Basin, DDZ and LLB, i.e. coal
accumulation processes were expanding. At the same
time, the connection of the Late Bashkirian Sea of the
LVB with the eastern and western seas of that time
continued periodically.

Thus, according to [Shulga, 2012], in the Don-
Dnieper depression during the Late Bashkirian-
Moscovian stage, there was a humid tropical climate,
rich vegetation, and a favourable tectonic mode of
sedimentation. Numerous peatlands were formed within
the marshy deltaic coastal lowlands in large areas. The
most favourable conditions for peat accumulation were
widespread in Donbas. Powerful late Bashkirian and late
Moscovian stages of industrial coal formation were
established along this most coal-bearing section.

In the Lublin Basin, which is genetically united with
the LVB, sedimentation processes also continued up to
the Westphalian C and partly D (Moscovian Tier) — a
series of the youngest Carboniferous formations
(Magnuszew Formation). The main productive deposits
of the Lublin strata, which were formed later than the
Krechev sediments and lie on the Kumow strata from the
bottom of the coal seam 399(301) (Westphalian A-B).
The greatest thickness of the Lublin strata, which has
been preserved in structural subsidence, is 740-900 m.
They account for the maximum amount of coal deposits.
There are about 50 beds and interlayers of humus coal
with a thickness of 0.10-3.80 m, of which 24 are of
industrial importance with a predominant thickness of
0.80-1.60 m, in some cases reaching 2.70 m. 92 % of the
pool reserves. The youngest coal deposits with a

thickness of up to 800 m are located in the Lublin strata
and complete the section of the Carboniferous LB.
Stratigraphically, they belong to the Westphalian C and,
partly, to the Westphalian D, are common only in the
west of the basin and in the structural depressions of its
central part and are characterized by a slight distribution
of plant deposits. The upper limit of these formations is
erosional. Permian-Mesozoic sediments lie on them with
a stratigraphic break and an angular unconformity.
[Dembowski and Porzycki, 1988].

Thus, the processes of accumulation of Carboniferous
coal-bearing deposits in the territory of the Lviv-Volyn
coal basin and, importantly, coal formation continued at
least until the end of the Middle Carboniferous, and the
areas of distribution of primary Carboniferous formations
were much larger than the modern limits of the basin.

The complete cessation of coal formation processes
occurred at the end of the Carboniferous and is due to the
activation of tectonic movements associated with the
Asturian phase of the Variscan tectonic epoch. These
global phenomena caused the general uplift of the
territory and intensive regression of the sea, which
turned the territory of the western part of Ukraine and
southern Poland into dry land [Medvedev, 1979]. The
activation of tectonic movements at the border of the
Middle and Late Carboniferous (between the
Westphalian and Stephanian) led to a decrease in the rate
of deflection, a reduction in sea areas, an increase in
climate aridization processes, a decrease in wetland
areas, an increase in the growth of arid forms of
vegetation and a decrease in the accumulation of
phytomass volumes, i.e., the processes were completed
by sedimentation of the Carboniferous megaformation of
the Lviv-Lublin Basin.

Along with the influence of the palaeogeographic
conditions of formation and changes of the LVB
coal-bearing formation, processes caused by
palaeogeographic factors — various movements of the
earth's crust — took place. It should be emphasized that
the Carboniferous coal formation of the basin was
formed under the influence of consedimentary tectonic
movements of various amplitude, which affected its
structure, and significantly changed (eroded) in the post-
Carboniferous period.

Tectonic transformations of the LVB began and
continued simultaneously with the accumulation of coal
deposits. Sedimentary downward tectonic movements,
and more differentiated at the beginning of the
Carboniferous, determined the heterogeneous and zonal
structure of the LVB, the growth of the coal-bearing
strata in the southwestern direction to the edge of the
platform (non-uniform deflection), different conditions
of occurrence, a clear cyclic structure of the formation,
the characteristic distribution of industrial coal bearing in
section (the upper part of the Buzhanian suite), the
heterogeneity of the facies conditions of sedimentation
and coal formation, syngenetic and epigenetic intra-
formation erosion of coal-bearing deposits, which are
associated with the activity of palaeohydrographic
systems, splitting of coal seams, metamorphism of coal,
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which changes in the southwest direction from marks
AT, T (Volynske, Zabuzke deposits) to 2K, K (Liubelske
deposit) in the direction of an increase in the capacity of
coal-bearing deposits and the deflection of the basin, etc.

On the border of the Early and Late Carboniferous in
the territory of the modern Carpathians, processes of fold
formation and orogenesis took place with the formation of
a mountain structure [Medvedev, 1979]. It is quite certain
that in the direction of the platform and the coal basin, the
conditions of mountain formation created compressive
forces, which during the Carboniferous period, to varying
degrees, constantly influenced the formation of primary
tectonic structures and, most importantly, the sedimentary
bending of the LVB territory.

Post-sedimentary changes in the coal-bearing
formation occurred at the end of the Variscan tectonic
epoch. In the work [Medvedev, 1979], it is shown that
the final tectonic movements of the adjacent fold-
mountain region along the Rava-Ruska fault slightly
pushed the crumpled formations onto the Lviv Paleozoic
trough. The final phases of the Variscan folding
determined the formation of the main tectonic forms in
the Lviv-Volyn basin and contributed to the formation of
linear folded structures in the southwestern part of the
Lviv-Lublin depression, complicated by discontinuous
tectonic disturbances (thrusts, thrusts, thrusts). The
closure of the Lviv Paleozoic Trough occurred during
the Asturian phase of Variscan folding.

Thus, the post-Carboniferous erosion of the
coal-bearing formation was preceded by structural
rearrangements and folding processes, which, under the
influence of horizontal compression, determined the
formation of the main tectonic forms of the Lviv-Volyn
coal basin with a monoclinal and weakly folded structure.

Erosion of coal deposits of the basin (post-
Carboniferous). The activation of Variscan tectonic
movements, and the general uplift of the basin area, as a
result of the uplift of the platform, led to its
transformation into land and the establishment of
continental conditions that persisted until the beginning
of the Jurassic period. Upward tectonic movements and
widespread regression of the sea prevailed. At the same
time, the aridization of the climate intensified, which
reached the point of changing the humid climate to arid
in the Late Permian-Triassic period.

It should be emphasized that the coal-bearing
formation was eroded repeatedly in the post-
Carboniferous period. The erosion processes of coal
deposits led to a reduction of the section of the coal-
bearing strata, a significant decrease in the volume of the
coal-bearing formation and industrial coal reserves, the
movement (in the direction of reduction) of the limit of
the distribution of coal-bearing formations and industrial
coal bearing capacity, and the formation of the outline of
the exit of industrial coal seams to the pre-Mesozoic,
characteristic of LVB the surface

Thus, at the end of the Carboniferous and the
beginning of the Permian, a large area of the region
turned into an erosion-denudation area, and the coal
formation, first of all, changed significantly due to its
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pre-Late Jurassic epigenetic erosion (Fig. 5, ¢). Erosion-
denudation processes took place particularly intensively
in the territory of the LVB, where the Carboniferous
stratigraphic section of the basin lacks deposits younger
than those of the Late Bashkirian (Westphalian A), and
covered at least the eastern part of the LVB, where the
youngest coal deposits of the Westphalian C and
partially D are missing. In addition, the territory of the
Ukrainian Shield was in an elevated position throughout
the Carboniferous. Within its limits, in dryland
conditions, intense weathering of rocks continued and
denudation processes took place.

At the end of the Permian and at the beginning of the
Triassic, a continental hiatus prevailed in large areas and
the processes of destruction of the structures of the
Variscan orogeny took place, which led to the emergence
of mainly unfavourable conditions for coal accumulation
and the completion of the formation of Paleozoic and
large erosion of Carboniferous coal-bearing formations.

The correlation of Carboniferous formations with the
overlying Permian LB sediments [Pokorski, 1971],
Jurassic and Cretaceous LVB [Struev et al., 1984;
Shulga et al., 2007] proves that the modern area of the
industrial coal-bearing basin is only a part of the LLB
coal-bearing megaformation. The boundaries of the
distribution of LVB coal deposits, coal deposits and
contours of coal seams of the basin are not
sedimentogenic, but erosional and denudation, on which
Jurassic and Cretaceous deposits, which are also
separated by a stratigraphic break and angular
unconformity, lie with a large break in sedimentation
and a significant angular unconformity.

At the pre-Late Jurassic stage of erosion of coal-
bearing sediments on the territory of the LVB, the
surface of Carboniferous was a coastal accumulative
lowland with a highly fragmented palaeorelief [Struev et
al., 1984]. At that time, channel paleowatercourses were
widespread, and there were lakes in the recesses of the
palaeorelief. The surface of the pre-Jurassic palaeorelief
had a gentle slope in the southwest direction.

According to [Shulga et al., 2007], in the territory of
the Lviv-Volyn basin in the Early Oxfordian time, the
height difference of the palaeorelief was at least 120 m,
and the Chervonohrad-Novovolynsk palaeohighland
existed within the boundaries of the Volyn, Zabuzian,
and Mezhirichan deposits. A similar form of paleorelief
is highlighted within the Kariv syncline in the
southwestern part of the basin. Paleohighlands were
surrounded by valleys and valley-like lowlands, within
which there were paleowaterflows (right tributaries) of
the powerfully branched Kamianka-Buzka-Horokhiv
paleohydrographic system. It is noted that the destruction
of coal-bearing deposits and coal seams during the
Oxfordian period occurred under the influence of
tectonic (dispersion of rocks within the Nesterivska and
Butyn-Hlivchanska anticline zones) and erosion factors.
It is shown that paleovalleys were formed above
anticlinal structures, forming an inverted paleorelief.
Such processes determined epigenetic pre-Late Jurassic
erosive erosion of carbon deposits.
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Fig. 6. Correlation of the location of the surface of the crystalline foundation
at different stages of geodynamic development of the territory of the Lviv-Volyn coal basin of the
southwestern slope of the East European platform
(1 - Early Devonian; 2 — Middle Carboniferous with the greatest thickness (before erosion); 3 — eroded deposits of the
Middle Carboniferous; 4 — Late Cretaceous; 5 — main discontinuous tectonic disturbances; 6 — borehole and its

number)

Further structural changes at the border of the Middle
and Late Jurassic caused a wide surface deflection, which
covered the territories of the East European Platform and
the adjacent Carpathian geosyncline. During the
Callovian-Oxfordian time, the intensity of depression of
the depression gradually increased, the sea transgressed,
and limestones, dolomites, and anhydrites originated on
the continental formations [Struev et al., 1984]. The
limits of marine sedimentation are increasing and the
Stryi Jurassic trough is formed in the region of
subsidence (Fig. 5, d), which extends to the territory of
Poland. Its axis has a north-western extension. The
Jurassic sediments also have a gentle southwest slope,
filling the lower forms of the erosional Paleozoic relief in
the basin. At the end of the Jurassic period, there was a
significant universal regression of the sea.

During the Early Cretaceous period, significant
denudation processes took place in the territory of the
Lviv-Volyn Basin under continental conditions, which
eroded the Jurassic and Carboniferous deposits.

The coal deposits of the Belz-Myliatyn anticlinal
zone experienced the greatest erosion, where there is no
industrial coal bearing between the Tyagliv and
Mezhyrichan deposits, and the outline of the modern
eastern border of the Volyn, Zabuzian, and Mezhyrichan
deposits is due to the abrasion of the Cenomanian and
Turonian seas [Shulga et al., 2007].

In the Late Cretaceous, after a short retreat, the
transgression of the sea, which had a significant
development in the Turonian and Coniacian ages,
completely leveled the pre-Cretaceous surface. During
the Maastrichtian period, there was a significant
shortening and shallowing of the sea basin and the
replacement of deep-water facies with shallow water.
Later, the sea regresses and the Late Cretaceous surface
is eroded.

As a result of the tectonic activity of the Carpathians
in the Cretaceous period, a structural restructuring of the

region took place and a Cretaceous depression was
formed (see Fig. 5, d), where marine carbonate and
carbonate-clay sediments accumulated. The Upper
Cretaceous formations are spread over the entire
southwestern edge of the East European Platform and
cover the deposits of the Carboniferous and Jurassic
systems with a thickness, completing the erosion of the
LVB coal-bearing formation.

Post-Cretaceous discontinuous tectonic disturbances,
formed as a result of Alpine tectonic movements in the
Carpathian region, further complicated the occurrence
and morphostructure of the coal deposits of the basin
and negatively affected the industrial importance, the
conditions for the development of coal seams and the
completion of the formation of coal deposits of the LVB.

The sequence of the geostructural development of
the region and the analysis of the capacities of its
deposits of different ages allows us to form an idea about
the dynamics and fluctuations of the surface of the
crystalline basement at different geotectonic stages
(Fig. 6). In general, during the long history of the
geological development of the territory, descending
vertical movements and geodynamic regimes of
horizontally directed compression of different intensity
and scale were of primary importance. Significant upward
vertical movements took place, in particular, in the post-
Carboniferous period and led to the erosion of the LVB
coal-bearing formation (see Fig. 5, ¢). It should also be
noted that the slope of the surface of the crystalline
basement was different at different tectonic stages of the
geostructural development of the region.

Originality

Based on the analysis of the thickness of the region's
deposits of different ages it was shown that forces of
horizontal compression affected the coal-bearing unit
during the geological formation of the basin. During
their influence, there was a depression of the territory,

47



Geodynamics 2(35)/2023

which led to the formation of primary tectonic forms
and Post-Carboniferous main tectonic and morphological
structures. The coal-bearing deposits have undergone
repeated wash-outs, resulting in a shortening of the
section and a significant decrease in the volume of the
productive part of the coal formation.There is a
graphic representation of the change dynamics in the
location of crystalline basement surface at different
stages of tectonic formation of sedimentary thickness of
the basin, whose inclination was different.

Practical significance

The conducted research determined stage-by-stage
geodynamic development of the territory of the Lviv-
Volyn Basin. Five distinct stages can be identified in the
formation of coal-bearing deposits, from their origin to
their eventual erosion. These stages reflect the unique
features of coal formation and geodynamic processes.
The geological map of the Pre-Mesozoic deposits of the
carboniferous coal-bearing megaformation in the Lviv-
Lublin Basin provides insight into the geological
structure of the Lviv-Volyn and Lublin Basins,
highlighting both similarities and differences. These
findings contribute to our understanding of the formation
processes of Carboniferous coal-bearing formation in the
Lviv-Volyn Basin. They also expand our knowledge of
coal distribution, coal seam morphology, and coal
thickness structure, which can be used to compare with
coal-bearing formations in other basins.

Conclusions

On the basis of the modern stratigraphic scheme of
coal deposits of the Lviv Paleozoic Trough, we compiled
a geological map of pre-Mesozoic deposits with
important tectonic structures of the Carboniferous coal-
bearing megaformation of the genetically unified Lviv-
Lublin Basin, covering part of the southwestern slope of
the East European Platform.

During the Carboniferous period, the Lviv-Volyn
basin underwent rhythmic (pulsational) oscillatory
movements that caused the deposition of a diverse range
of sedimentary rocks. These include marine origin
limestones, marls, and mudstones, as well as continental
siltstones, sandstones, coal seams, carbonaceous
mudstones, and sapropelites. Together, they formed a
single coal-bearing formation within the basin. The
periodic change in conditions of submergence and uplift
of the LVB territory before its emergence to the day
surface led to intra-formational regional breaks in
sedimentation and syngenetic and epigenetic erosion of
coal-bearing deposits, etc.

The processes of accumulation of Carboniferous
coal-bearing deposits in the territory of the Lviv-Volyn
coal basin and, importantly, coal formation continued at
least until the end of the Middle Carboniferous, and the
areas of distribution of primary Carboniferous formations
were much larger than the modern boundaries of the
basin.
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During the entire period of the history of geological
development and the post-Carboniferous stage of erosion
of the coal formations of the Lviv-Volyn basin, the coal-
bearing strata were constantly affected to varying
degrees throughout the multi-stage history of tectonic
movements, mainly by the forces of horizontal
compression from the side of the tectonically active
adjacent fold-mountain region. Under their influence, the
compensatory sedimentation of the basin area and the
formation of primary tectonic forms and post-
Carboniferous main tectonic structures took place.

The post-Carboniferous erosion of the coal-bearing
formation was preceded by structural rearrangements
and folding processes. Under the influence of horizontal
compression, this led to the formation of the main
tectonic forms of the Lviv-Volyn coal basin with a
monoclinal and weakly folded structure, complicated by
discontinuous tectonic disturbances.

The geodynamic development of the territory of
the Lviv-Volyn coal basin took place in stages. The
formation of coal-bearing formations goes through
such stages as nucleation (Tournai-Early Visean),
non-industrial coal formation (Late Visean-Late
Serpukhovian), industrial coal formation (Early
Bashkirian), the final stage of accumulation of
Carboniferous coal-bearing deposits (Late Bashkirian-
Moscovian), and the erosion of coal deposits in the basin
(Post-Carboniferous).

The Lviv-Volyn Coal Basin occupies the southeastern,
most elevated marginal part of the large Lviv-Lublin
Basin, where the post-coal bearing erosion-abrasive
processes took place particularly intensively. This is
explained by the absence of sediments younger than Late
Bashkirian (Westphalian A) in the Carboniferous
stratigraphic section.

The LVB coal deposits were significantly destroyed
by intra-formational syngenetic (formed during the
accumulation of coal-bearing strata) and post-
Carboniferous regional epigenetic (secondary) erosions,
which destroyed a significant part of the coal-bearing
formation.

In the post-Carboniferous period, the coal seam was
eroded repeatedly. The processes of erosion of coal
deposits led to a reduction of the section, a significant
decrease in the volume of coal-bearing formations and
industrial coal reserves It also resulted in a movement (in
the direction of reduction) of the limit of the distribution
of coal-bearing formations and industrial coal capacity
towards reduction. This led to the formation of a special
wave-like outline of the limit of distribution of industrial
coal capacity and the contour characteristic of LVB
outcrop of working coal seams on the pre-Mesozoic
surface, which is the cut contour of folds on the erosion
surface.

The unique outline of the modern distribution area of
coal-bearing deposits and the industrial coal-bearing in
the LVB is due to the Asturian phase of folding in the
adjacent areas and long-term erosion processes. These
processes were influenced by pre-Upper Jurassic channel
paleoflows and erosion-denudation in the Early
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Cretaceous stage. They continued as abrasions during the
continental regime and the transgression of the sea in the
Cenomanian, Turonian and Coniacian ages of the
Cretaceous period. The basin's extremely elevated
location also played a role in the formation of this unique
outline. As a result of several stages of post-
Carboniferous genetically different erosion of the LVB
coal deposits, only the platform part of the coal-bearing
formation was preserved. Erosion processes took place
from the beginning of the Permian to the Late
Cretaceous. They overlapped with a continuous layer, in
particular, the formations of the Carboniferous and
Jurassic system with deposits of the Upper Cretaceous,
completing the erosion of the LVB coal-bearing
formation.

Alpine tectonic movements in the Carpathian region
led to the formation of post-Cretaceous discontinuous
tectonic disturbances. They complicated the occurrence
and morphostructure of the coal deposits of the basin and
negatively affected the industrial value, the conditions
for the development of coal seams and the completion of
the formation of coal deposits of the LVB.

A comparison is made and the dynamics of changes
in the location of the surface of the crystalline basement
in a cross-section at different tectonic stages of the
formation of the sedimentary stratum and the erosion of
the LVB coal-bearing formation are graphically shown.
It is shown that the slope of the surface of the crystalline
basement was different at different tectonic stages of the
geostructural development of the region.

The study of the geological structure and analysis of
the deposits of various ages in the region provides an
improved understanding of coal deposits, the unique
morphology of carbonaceous deposits, and is important
for comparing the Lviv-Volyn coal-bearing formation
with other coal-bearing basins of similar genesis.

References

Bartoshinskaya, E. S., Byk, S. I., Muromtseva, A. A., &
Syvy M. Ya. (1983). Coal formations of the
Carboniferous of the southwestern margin of the
East European Platform: monograph. Kyiv:
Naukova dumka, 172 p.

Bezruchko, K., & Matrofailo, M. (2014). Formation
dynamics of coal seams morphostructure of the
deep-seated horizons of the Lviv-Volyn Basin.
Progressive Technologies of Coal, Coalbed Methane,
and Ores Mining / Bondarenko, Kovalevs’ka &
Ganushevych (eds): monograph. London: Taylor &
Francis Group, 201-207.

Bezruchko, K. A., & Matrofailo, M. M. (2015).
Typization and areal distribution of splitting of coal
seams in the Lviv-Volyn basin. Scientific Bulletin of
NSU, 4, 5-12. http://nvngu.in.ua/index.php/en/
component/jdownloads/finish/55-04/8339-2015-04-
bezruchko/0

Bobrovnyk, D. P. (1960). Petrography of the
sedimentary and productive Carbon stratum of the
Lviv-Volyn Coal Basin: monograph. Lviv: Publishing
House of the Lviv University, 123 p.

Bobrovnyk, D. P., Boldyreva, T. O., Ishchenko, A. M.,
Struev, M. 1., Usikov, I. D., Khyzhnyakov, A. V.,
Shpakova, V. B., & Shulga, P. L. (1962). Lviv-Volyn
Coal Basin: monograph. Kyiv: Publishing House of
the Academy of Sciences of the Ukrainian SSR,
145 p.

Boyko, G. Yu., Pavlyuk, M. I., & Rizun, B. P. (2001).
Oil and gas capacity and rifts of the southwestern
edge of the East European Platform. Geology and
Geochemistry of Combustible Minerals, 2, 4-10.

Dembowski, Z., & Porzycki, J. (1967). Results of
exploratory presses carried out in the newly
discovered Lublin Coal Basin. Przeglad
Geologiczny, Rok XV, 1(166), 4-10.

Dembowski, Z., & Porzycki, J. (eds.) (1988). Carbon
of the Lublin Coal Basin. Prace Instytutu
Geologicznego, Warszawa, 122, 250 p.

Dolenko, G. N., Boychevskaya, L. T., Galabuda, N. I.,
Kopach, I. P., Lagola, P. M., Pavlyuk, M. 1.,
Rizun, B. P., Sukhorskyi, R. F., Chizh, E. 1.,
Shcherba, V. M., & Yarosh, B. I. (1984). Geological
formations of oil and gas provinces of Ukraine:
monograph. Kyiv: Naukova dumka, 232 p.

Dolenko, G. N., Rizun, B. P., Senkovsky, Yu. N.,
Chizh, E. I., Medvedev, A. P., & Boychuk, M. V.
(1980). Geology and oil and gas potential of the
Volyn-Podolian Plate: monograph. Kyiv: Naukova
dumka, 108 p.

Energy: history, present and future. (2005). T. 1: From
fire and water to electricity: in 4 volumes /
V. |. Bondarenko [and others]; scientific ed.
I. N. Karp [et. al]. Kyiv: [b. i], 304 p.
http://energetika.in.ua/books/book-1

Fedushchak, M. Yu., Kushniruk, V. O., & Bartoshinska,
E. S. (1974). Atlas of coal microstructures of the
Lviv-Volyn basin: monograph. Kyiv: Naukova
dumka, 103 p.

Fedushchak, M. Yu., & Radchenko, L. M. (1988).
Qualitative indicators of coals of productive
Carboniferous seams of the Lviv-Volyn Coal Basin:
monograph. Kyiv: Naukova dumka, 152 p.

Geotectonics of Volyn-Podollia / Chebanenko |I. 1.,
Vishnyakov I. B., Vlasov B. I. and others; Rep. ed.
I. . Chebanenko: monograph. (1990). AN Ukrainian
SSR. Geol. Institute of Sciences. Kyiv: Naukova
dumka, 244 p.

Golonka, J. (2000). Cambrian-Neogene Plate Tectonic
Maps: monograph. Krakow: Wyd-wa Un-tu
Jagielonskiego, 167 p.

Jureczka, J., Ihnatowicz, A., & Zdanowski, A. (2019).
Polish bituminous coal basins — an outline of the
history of the Polish Geological Institute research.
Przeglgd Geologiczny, 67, 578-583.
https://yadda.icm.edu.pl/baztech/element/bwmetal.el
ement.baztech-d84d14ff-4cab-4b68-8a31-
0e255e0f0ce8?q=bwmetal.element.baztech-
707d6627-8c0d-4d79-ab2e-
def1fc8f9d7b;6&qt=CHILDREN-STATELESS

49


http://nvngu.in.ua/index.php/en/
http://energetika.in.ua/books/book-1
https://yadda.icm.edu.pl/baztech/element/bwmeta1.el

Geodynamics 2(35)/2023

Kaczyiiski, J. (1984). Perspectives of search for oil and
gas in the Lublin region. Przeglad Geologiczny, 32,
330-333.

Karavaev, V. Ya. (1987). Latitudinal zonation of
tectonics of the Lviv-Volyn basin. Reports of the
Academy of Sciences of the Ukrainian SSR, Ser. B, 2,
1-12.

Kostyk, 1., Matrofailo, M., Lelyk, B., & Korol, M.
(2016). Coal formation at the initial stage of
formation of the coal forming of the Lviv-Volyn
basin. Scientific Bulletin of NSU, 1, 19-31.
http://nvngu.in.ua/index.php/en/component/jdownloa
ds/finish/59-01/8463-2016-01-kostyk/0

Kostyk, 1., Matrofailo, M., & Shulga, V. (2008). On the
lower boundary of the Carboniferous coal-bearing
formation of the Lviv-Volyn basin. Geology and
Geochemistry of Combustible Minerals, 3(144),
37-50.

Koztowska, A., & Waksmundzka, M. . (2020).
Diagenesis, sequence stratigraphy and reservoir
quality of the Carboniferous deposits of the
southeastern Lublin Basin. Geological Quarterly, 64
(2), 422-459. http://dx.doi.org/10.7306/gq.1532

Krupsky, Yu. Z. (2001). Geodynamic conditions of
formation and oil and gas bearing of the Carpathian
and Volyn-Paodillia regions of Ukraine: monograph.
Kyiv: UkrDGRI, 144 p.

Krzywiec, P. (2007). Tectonics of the Lublin area
(SE Poland) — new views based on result of
seismic data interpretation. Biuletyn Pasistwowego
Instytutu Geologicznego, 422, 1-18.
https://www.researchgate.net/publication/286951768
_Tectonics_of the lublin_area_se Poland-
_New_views_based_on_results_of seismic_data_int
erpretation

Krzywiec, P. (2009). Devonian-Cretaceous repeated
subsidence and uplift along the Teisseyre-Tornquist
zone in the SE Poland-Insight from seismic data
interpretation. Tectonophysics, 475, 142-159.
https://doi.org/10.1016/j.tecto.2008.11.020

Krzywiec, P., Mazur, S., Gagala, L., Kufrasa, M.,
Lewandowski, M., Malinowski, M., &
Buffenmyer, V. (2017). Late Carboniferous thin-
skinned compressional deformation above the SW
Edge of the East European craton as revealed by
seismic reflection and potential field data -
Correlation with the Variscides and the
Appalachians. GSA Memoir, 213, 353-372.
http://dx.doi.org/10.1130/2017.1213(14)

Kushniruk, V. A. (1967). Gas content of the coal-
bearing strata of the Lviv-Volyn Coal Basin:
monograph. Kyiv: Naukova dumka, 120 p.

Kushniruk, V. A. (1968). Geological structure and
tectonic features of the Lviv-Volyn Coal Basin:
monograph. Kyiv: Naukova dumka, 132 p.

Kushniruk, V. 0., Bartoshinska, E. S. (1971).
Sapropelites of the Lviv-Volyn basin: monograph.
Kyiv: Naukova dumka, 106 p.

Lomashov, I., P. (1958). On the relief of the limestone
basement in the Moscow basin. Proceedings

50

Academy of Sciences of the USSR. Ser. geol., 3, 93—
100.

Matrofailo, M. (2010). Genetic types of splitting of coal
seams of the Lviv-Volyn Coal Basin. Visnyk Lviv.
Univ. Series geol., 24, 183-194.

Medvedev, A. P. (1978). The nature of the pre-Alpine
structure of Volyn-Podolia and adjacent areas:
monograph. Kyiv: Naukova dumka, 80 p.

Musiat, L. & Tabor, M. (1988). Macrofaunal
stratigraphy of Carboniferous. In: Dembowski, Z. &
Porzycki, J. (eds) Carboniferous of the Lublin Coal
Basin. Prace Instytutu Geologicznego, Warszawa,
122, 88-122, 232-233.

Narkiewicz, M., Mitaczewski, L., Krzywiec, P. &
Szewczyk, J. (1998). Outline of the Devonian
depositional architecture in the Radom-Lublin area.
In: Narkiewicz, M. (ed.) Sedimentary Basin Analysis
of the Polish Lowlands. Prace Pan’stwowego
Instytutu Geologicznego, Warszawa, 165, 57-72.

Panczyk M., & Nawrocki J. (2015). Tournaisian
“ArAr age for alkaline basalts from the Lublin
Basin (SE Poland). Geological Quarterly, 59(3);
473-478. http://dx.doi.org/10.7306/gq.1218

Pavlyuk, M., Galabuda, M., Rizun, B., Medvedev, A.,
Savchak, O., & Kopach, I. (2006). Geodynamic
criteria of oil and gas potential of the Baltic-Black
Sea pericraton. Geology and Geochemistry of
Combustible Minerals, 3-4, 5-16.

Pavlyuk, M., Rizun, B., Medvedev, A., Pobigun, I., &
Hryvniak, G. (2009). Peculiarities of the geological
structure and oil and gas potential of the Lviv-
Lublin depression. Geology and Geochemistry
of Combustible Minerals, 1(146), 5-17.
http://iggcm.org.ua/wp-
content/uploads/2015/10/intern_ukr_09_1.pdf

Pavlyuk, M., Rizun, B., Savchak, O., Pobigun, 1., &
Kopach, 1. (2004). Peculiarities of the tectonic
structure of pre-Mesozoic sediments. Carpathian oil
and gas province / resp. ed. V. V. Kolodiy:
monograph. Lviv, Kyiv, 44-51.

Pokorski, J. (1971). Perm dolny obnizenia podlaskiego.
Kwartalnik Geologiczny, T. 15, Ne 3, 589-604.

Pokorski, J. (1971). Lower Permian of the Podlasie
Depression. Kwartalnik Geologiczny, T. 15, 3, 589-
604.

Porzycki, J. (1978). Obecni stan rozposnania Lubelskiego
Zagiehbia Weglowego i perspektywy dalsych
porzukiwan ztoz wegli kamiennych. Przeglad
Geologiczny, Rok XXVI, No. 9(305), 516-522.

Porzycki, J. (1979). Main features of the geological
development of the Lublin coal basin // Coal
formations: Tr. 8th Intern. Congr. on Stratigraphy
and Geology of the Carboniferous, Moscow, 8-13
Sept. 1975. Moscow: Nauka, V. 5, 165-173.

Porzycki, J. (1988). Geological and structural position of
the Lubelskie Coal Basin. In: Dembowski, Z., &
Porzycki, J. (eds) Carbon of the Lublin Coal Basin.
Prace Instytutu Geologicznego, Warszawa, 122, 26—
31


http://nvngu.in.ua/index.php/en/component/jdownloa
http://dx.doi.org/10.7306/gq.1532
https://www.researchgate.net/publication/286951768
https://doi.org/10.1016/j.tecto.2008.11.020
http://dx.doi.org/10.1130/2017.1213(14)
http://dx.doi.org/10.7306/gq.1218
http://iggcm.org.ua/wp

Geodynamics 2(35)/2023

Porzycki, J., & Zdanowski, A., (1995). Southeastern
Poland (Lublin Carboniferous Basin). Prace
Paristwowego Instytutu Geologicznego, 168, 102—
109.

Rizun, B. P., & Chizh, E. I. (1984). Volyn-Podilia
prospective oil and gas province. Geological
formations of oil and gas provinces of Ukraine:
monograph. Kyiv: Naukova dumka, 70-84.

Senkovskiy, Yu. N., & Demchenko, N. V. (1988).
Paleogeographic reconstructions of the position of
the oil and gas provinces of Ukraine in the
Phanerozoic. Geology and Geochemistry of
Combustible Minerals, 70, 13-22.

Shulga, V. F (1962). On the facial study of coal-bearing
deposits of the southern flank of the Moscow Basin.
Proceedings of the Academy of Sciences of the
USSR. Ser. geol., 6, 84-94.

Shulga, V. F., Ivanova, A. V., & Zaitseva, L. B. (2012).
Lviv-Volyn basin. Stages of establishment of coal
formations in the geological structures of Ukraine:
monograph. Kiev: LAT & K, 91-101.

Shulga, V. F., Kostik, I. E., Matrofailo, M. N., & Korol,
N. D. (2008). On the beginning of the Tournaisian-
Visean stage of coal formation in the southwest
of the East European Platform. Geology and
Geochemistry of Combustible Minerals, 4(145), 68—
7.

Shulga, V. F., Lelik, B. I., Garun, V. I., Manichev, V. I.,
Stasiv, V. P. Savenok, S. S., Sedaeva, K. M., &
Shvartsman, E. G. (1992). Atlas of lithogenetic types
and formation conditions of coal-bearing deposits of
the Lviv-Volyn Basin: monograph. Kyiv: Naukova
dumka, 178 p.

Shulga, V. F., Zdanovsky, A., Zaitseva, L. B.,
Ivanova, A. V., lvanina, A. V., Korol, N. D.,
Kotasova, A., Kotas, A., Kostik, I. E., Lelik, B 1.,
Miger, T., Manichev, V. I., Matrofailo, M. M.,
Ptak, B., Savchuk, V. S., Sedaeva, G. M., &
Stepanenko, Ya. (2007). Correlation of the
carboniferous coal-bearing formations of the Lviv-
Volyn and Lublin basins: monograph. Kyiv: Varta,.
427 p.

Skompski, S. (1996). Stratigraphic position and facies
significance of the limestone bands in the subsurface
Carboniferous succession of the Lublin Upland. Acta
Geologica Polonica, 46, 171-268.

Skompski, S. (2011). Wyksztatcenie facjalne wapieni
dolnokarbonskich w rejonie otworu Parczew 1G
10. Profile Géebokich Otworéw Wiertniczych
Panstwowego Instytutu Geologicznego, 130, 111-
116. https://mww.pgi.gov.pl/docman-tree/publikacje-
2/profile-glebokich-otworow/881-pgow130-04-
wyniki-badan/file.html

State Geological map of Ukraine, scale 1:200 000,
sheets M-34-XVIII (Rava-Ruska), M-35-XIII
(Chervonohrad), M-35-XIX (Lviv) (2004). Kyiv:
Ukraine’s Ministry of Ecology and Natural
Resources, State Geological Survey, NJSC “Nadra

Ukrainy”, State Enterprise
Lviv GRE, 118 p.

Struev, M. 1., Isakov, V. I., Shpakova, V. B., Karavaev,
V. Ya, Selinny, V. |, & Popel, B. S. (1984). Lviv-
Volyn Coal Basin. Geological and industrial essay:
monograph. Kyiv: Naukova dumka, 272 p.

Tomaszczyk, M., & Jarosifiski, M. (2017). The Kock
Fault Zone as an indicator of tectonic stress regime
changes at the margin of the East European Craton
(Poland). Geological Quarterly, 61 (4): 908-925.
http://dx.doi.org/10.7306/gq.1380

Vasiliev, P. V. (1950). Paleogeographical conditions for
the formation of coal-bearing deposits of the Lower
Carboniferous of the western slope of the Urals:
monograph. Moscow, Leningrad: Ugletekhizdat, 290
p.

Vdovenko, M. V., Poletaev, V. I, & Shulga, V. F.
(2013). Stratigraphy of the Carboniferous of the Lviv
Paleozoic deep. Stratigraphy of the Upper
Proterozoic and Phanerozoic of Ukraine in two
volumes, vol. 1: Stratigraphy of the Upper
Proterozoic, Paleozoic and Mesozoic of Ukraine:
coll. monogr. / Gol. ed. P. F. Gozhyk. Kyiv: National
Academy of Sciences of the National Academy of
Sciences of Ukraine. Logos, 316-331.

Vyrvich, G. P., Gigashvili, E. P., Dubik, Z. G.,
Ershov, V. Z., Zhukov, P. P., Lukyanenko, N. 1.,
Naumchenko, L. V., & Petrovsky, Yu. V. (1978).
Coals of the Lviv-Volyn basin: monograph. Lviv:
Vishcha school, Publishing House at Lviv. Un-te,
175 p.

Waksmundzka, M. I. (2012). Braided-river and
hyperconcentrated-flow deposits from the
Carboniferous of the Lublin Basin (SE Poland) — a
sedimentological study of core data. Geologos, 18
(3), 135-161. http://10.2478/v10118-012-0008-y

Waksmundzka, M. 1. (2013). Carboniferous coarsening-
upward and non-gradational cyclothems in the Lublin
Basin (SE Poland): palaeoclimatic implications.
Geological Society, London, Special Publications,
376; 141-175. https://doi.org/10.1144/SP376.18

Waksmundzka, M. I., Koztowska, A., & Panczyk M.
(2021). A putative Tournaisian and Visean volcanic-
sedimentary succession in the Lublin Basin, SE
Poland: depositional processes, petrological
characteristics and sequence stratigraphy. Acta
Geologica  Polonica, 71 (3), 305-344.
http://10.24425/agp.2020.134559

Zdanowski A. (2007). Hard coal and bauxite deposits
in the Lublin Carboniferous Basin. Biuletyn
Panstwowego Instytutu Geologicznego, 422, 35-50.
https://geojournals.pgi.gov.pl/bp/article/view/32266

Zdanowski, A., & Zakowa, H. (1995). Carboniferous
system in Poland. Prace Pasistwowego Instytutu
Geologicznego, 148, 215 pp.

Zelichowski, A. M. (1972). Development of the
geological structure of the area between the
Swigtokrzyskie Mountains and the Buh River.
Biuletyn Instytutu Geologicznego, 263, 75-99.

“Zakhidukrgeologia”

o1


https://www.pgi.gov.pl/docman-tree/publikacje
http://dx.doi.org/10.7306/gq.1380
http://10.2478/v10118-012-0008-y
https://doi.org/10.1144/SP376.18
http://10.24425/agp.2020.134559
https://geojournals.pgi.gov.pl/bp/article/view/32266

Geodynamics 2(35)/2023

Zelichowski, A. M. (1979). Geological structure
of the marginal Basin basement at
the boundary of its Warsaw and Lubelia
sections. Kwartalnik Geologiczny, V. 23, Ne 1,
125-139.

Zhemchuzhnikov, Yu. A., Yablokov, V. S,
Bogolyubova, L. |I., Botvinkina, L. N.,
Feofilova, A. P., Ritenberg, M. L., Timofeev, & P. P.,
Timofeeva, Z. V. (1960). Structure and conditions of
accumulations of the main coal-bearing formations

and coal seams of the Middle Carboniferous of the
Donets Basin: monograph. Moscow: Publishing

Zelichowski, A. M., & Koztowski, S. (Eds) (1983). Atlas
of geological structure and mineral deposits in the

Lublin  region.  Wydawnictwa  Geologiczne, House of the Academy of Sciences of the USSR,
Warszawa. Part 1. 332 p., Part 2. 347 p.
Muxaitno MATPODAMIIO

IHcTuTyT Teornorii i reoximii roprounx konanma HAH Ykpainu, Byn. Haykosa, 3a, M. JIbBiB, 79060, Ykpaina,
ten. +38(032)2632552, ein. momrra: mmatrofaylo@gmail.com, https://orcid.org/0000-0002-4175-6037

ETAIIN TEOJMUHAMIUHOI'O PO3BUTKY
JIbBIBCbKO-BOJIMHCHKOI'O KAM’IHOBYT'TIJIBHOI'O BACEHMHY

Meroro maHOi poOOTH € aHaNi3 TEOJUHAMIYHUX MPOIECiB 3apOJKEHHS, TEOJOTIYHOTO PO3BHUTKY i
micnsakapOOHOBUX 3MiH KaM STHOBYTIJIFHMX BifKkJIaliB JIpBiBcbKO-BonmHChKOTO Oaceiiny. Metoauka. Meronuka
TPYHTYETHCS Ha OCHOBI KOMIUIEKCHHX ICTOPHMKO-TEOJIOTTYHHMX 1 (amiaJbHUX AOCTIIHKCHHIX Ta BKIIOYAE
CIIBCTAaBICHHA MOTYXXHOCTCH 1 IOIIMPEHHS PI3HOBIKOBHX BIJKIAQMIB PETIOHY 1 MPOBEACHHS TUHAMIYHOTO
aHanizy (opMyBaHHS KaM’ SHOBYTUIBHUX BiIKJIa/iB OaceiiHy. Y pe3yibTaTi MPOBEACHUX JOCIIUKEHb OKa3aHo,
0 TEPUTOpPis cydacHOTO po3ramyBaHHsA JIpBiBCEKO-BommHCBEKOTO OaceliHy Mana OCOOJHBY iCTOpiro
TeOCTPYKTYPHOTO JTOKapOOHOBOTO PO3BHUTKY, sKa 3HAYHO BIUIMHYJa Ha Horo ¢opMyBaHHSA 1 oOymoBHIa
TEOTEKTOHIYHI 1 MOP(QOCTPYKTYPHI 3MiHH. YTBOPCHHS IIHOTO PETIOHY € Pe3yNibTaT CKIAJHOTO i TPUBAIIOTO,
MPOJOBXK JEKITBKOX TEKTOHIYHUX €TaIliB, MPOIECY B3a€MOJII1 30H TEKTOHIYHOI aKTUBI3aIlii Ta TIOB’sI3aHUX 3 HEIO
perioHaJbHUX PO3TIOMiB. AKTHBI3allisl IIUX 30H IIPHUIIANa HAa MEBHI BiUIIKKA IE€OJOTIYHOTO Yacy Ta BUpa)kajacs B
PO3BHUTKY KOHKPETHHX T'€OCTPYKTYPHHUX eJeMeHTiB. TeKToHi4Hi mofii ycix mepioniB (opMyBaHHS OCaJ0BOTO
yoxJyia OyJnH iHAMBIAyalbHi 1 HEMOBTOPHI. BOHM cTanu OCHOBOIO 1 YTBOPEHHA 1 3MiH Yy LIJIOMY CTPYKTYpH
HiBIeHHO-3aXiHOT okpainu CximHoeBpomneiicbkol mwiardopmu i, 30kpema, JIbBiBcbko-BonuHebkoro Oaceiiny, sk
yacTUHU JIbBiBChKO-JI100TiHCEKOTO MpOTHHY. [IpH iHIMIMX T€OCTPYKTYpHHUX CHIBBIIHOLICHHSAX TEKTOHIUHA
OymnoBa OaceiiHy Oyna O CyTTeBO iHIIOW. Y (OopMyBaHHI i€l TepUTOPIl, AKa 3a3HaIa HAWOIIBIIOT aKTHBI3AI] Y
najgeo3o0i, B IeOAMHAMIYHOMY acleKTi BH3HA4ajbHA pOJb HAJCKUTh CTPYKTYPHHUM €JEMEHTaM IIiBHIYHO-
3axiTHOTO 1 MiBIEHHO-CXITHOTO mpocTaranHs. HaykoBa HoBu3HA. Ha OCHOBI aHaii3y TOBIIMHH Pi3HOBIKOBHX
BIJIKJTAJIIB PErioHy MOKa3aHO, IIO0 MiJ Yac TeoNIoTivHoro (popMyBaHHs OaceiiHy Ha BYTJICHOCHY TOBIIY B Pi3HIN
Mipi TOCTIHHO MiATM TEPEeBaXHO CHIM TOPU30HTANBHOTO cTuCKy. I[lim iX BmmuBoM BigOyBanoch
KOHCEJMMECHTAIIHE MPOTHHAHHS TEPUTOPii i YTBOPECHHS MEPBHHHUX TEKTOHIYHUX (OPM, MiCIIKapOOHOBHX
OCHOBHHX TEKTOHIYHUX i MOP(OJIOTIYHUX CTPYKTYP Ta HECOJHOPAa30BUX PO3MUBIB BYTTICHOCHUX BiTKITAIIB, SKi
00yMOBHWIIM CKOPOYCHHsI PO3pi3y 1 3HaUHEe 3MEHIIEeHHsS] 00’ €MIB MPOJTYKTUBHOT YaCTHHU BYIJIEHOCHOT (hopmariii.
I'pacdiuHo MoOKa3aHO NWHAMIKy 3MIHH PO3TAlIyBaHHS IOBEPXHI KPUCTANIUYHOrO (QYHAAMEHTY Ha DI3HUX
TEeKTOHIYHMX eTamax (OpMyBaHHS OcCaloBOi TOBII OaceifHy, Haxui Akoi OyB HeomHakoBuil. IIpaxTudna
3HAUYINICTh. Y pe3yJbTaTi MPOBEACHUX JOCHTIKEHh BU3HAYEHO MOETATHUNA T€OJUHAMIYHHIA PO3BUTOK TEPUTOPIi
JIpBiBCHKO-BonuHchKoro Gaceiiny. B mepios Big modatky yTBOpEHHS (3apODKCHHS) i 10 PO3MHBY BYTJICHOCHOT
dbopmanii BumigeHO T ATH eTamiB ii (OpPMYBaHHS, SKi XapaKTEPHU3YIOTh OCOOIHMBOCTI BYTJICYTBOPEHHS i
reofiMHaMiuHX TporeciB. CkiaJeHa reoyioriyHa Kapra IOME3030MChKHX BIJKJIA/AIB KapOOHOBOI BYIJIEHOCHOT
Mmeradopmartii JIeBiBcbko-JIr0OMIHCEKOTO OaceiiHy 3 BaXKIMBHMH TCKTOHIYHHMH CTPYKTYpPaMH, BigoOpaxkae
nmoiOHI 1 BiAMiHHI puCH TeosoridHoi OynoBu JIpBiBChKO-BonmHCchKOTO 1 JIF0OmiHCEKOTO OaceiHiB. OTpuMaHi
pe3yinbTaTH CHPUSAIOTH Mi3HAHHIO 3arajbHUX MpoIleciB (opMyBaHHSI KapOOHOBOI BYrieHOCHOI (opmarrii
JIpBiBchKO-BonmHChKOTO OaceliHy, a BCTaHOBJICHA IOCTIZOBHICTh YTOYHIOE 1 PO3IIMPIOE YSIBIEHHS IIPO
BYTJICHOCHICTB, 0COOIMBOCTI OyZIOBU BYIJIEHOCHOI TOBINi, MOP(OIOTii0 BYTiIbHUX IUIACTIB 1 Ma€ 3HAUYCHHS IS
MOPiBHAHHA 3 ByTJIICHOCHUMH (POPMAIIiSIMH 1HIIMX KaM SHOBYT1JIbHUX OaceyHiB.

Kmiouosi crnosa: po3noMu; KpUCTaAMYHUA (QyHIAMEHT; KapOOH, TEKTOHIYHI PyXH; €Tald I'eOAUHAMIYHOTO
PO3BUTKY, Majeco30icbkuii IporuH; JIbBiBChKO-BoNMMHChKIIT kKaM’ THOBYT1IBHHN OaceiiH.
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