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SUMMARY

A combination of research methods was carried out within the limits of the Svistunkivsko-
Chervonolutska area of the Dnieper-Donets Depression, which included thematic
interpretation of remote sensing data, the mapping of near-surface thermal, emanation and
atmogeochemical anomalies, laboratory chromatographic analysis of collected gas samples as
well as the problem-oriented interpretation of the obtained data. The aim of the research was
to predict the oil and gas potential of the area, which may be associated with structural and
non-structural traps, basing on the detection of modern geodynamically active zones of
discontinuous faults of increased fluid permeability. The complex of works proved its
effectiveness and promptness in studying the features of geofluidodynamics of the known and
predicted disjunctive structures, differentiating them into fluid-conductive, with the
development of fractured and deconsolidate rocks, as well as impermeable ones. Within the
study area, nine oil and gas promising sections of complex shape have been scientifically
substantiated and identified. The criterion for their distinguishing was the absence of
anomalous fields proved by the results of the analyses of emanation, thermometric and
atmogeochemical data. In addition to the distribution of lineament fields over the area, which
are provided by the interpretation of remote sensing data is taken in consideration. An
appropriate schematic map of the location of promising areas has been drawn up, which can
form the basis for the further searches for oil and gas deposits.
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Problem. Predicting the deposit of hydrocarbons (HC) in the earth's interior is a difficult task. It is
necessary to determine not only the spatial location of the deposit and the depth of its occurrence, but
also to reveal its fluid saturation, preservation, etc. The study area can be complicated by the
disjunctive dislocations of various kinematics that destroy or seal the deposit, by the plicative
structures, which complicate generally the interpretation picture. The necessary information can be
received by introducing express, non-traditional, low-cost research methods into the search process.
These include the complex of structural-thermo-atmogeochemical researches (STAGR) (Bagriy et al.,
2016), which was applied on the territory of the Svistunkivsko-Chervonolutska area (SChA) of the
Dnieper-Donets Depression (DDD). Similar works have not been carried out on this area previously.

On the surface of the crystalline foundation, this area corresponds to the south-western slope of the
Lutenska depression, which is significant in the size and the depth. The depth of Precambrian
formations within the area is 89 km. In sedimentary deposits, the area is confined to the northern
slope of the large Northern-Yavoriv depression. The Chervonolutsk and Svystunkiv local uplifts were
found along the Lower Carboniferous Visean sediments within the area, which, together with the
surrounding areas, were penetrated by four deep drilling wells, two of which were parametric ones.

As a result, the Chervonolutsk and Svystunkiv gas condensate fields were located on the area
under our consideration, which in 2019, in terms of reserve, were combined into a single object — the
Svystunkivsko-Chervonolutsk gas-condensate field with the main industrial horizons V-21 and V-22.
The main stratigraphic subdivision, in which more than half of the field's resources are concentrated,
is the Serpukhov-Upper Visean gas-bearing complex, composed mainly of terrigenous sediments: a
cyclical alternation of sandstones, argillites, siltstones, clay rocks with the interlayers of limestones
and coal, etc. Since the contours of the deposits in the field according to the study (Panchenko et al.,
2019) in the oil and gas-bearing layers V-16a and V-24 are controlled by the disjunctive dislocations
found in them and the traits of their folding, the problem connected with the further exploration
process in the SChA as a whole has been appeared. So that, a certain increase in the necessary
information was obtained as a result of the STAGR-measurements and studies performed by us.

Research materials, methods and technology. The distribution of gases in the near-surface layer
of the Earth depends on a significant number of geological factors, among which are the structural-
tectonic, lithological, hydrogeological, migratory and other ones. With a focus on the current state of
scientific and methodological developments aimed at solving the problem defined above, considering
the geostructural features of the deposit within the area, the goal of this study was to apply a complex
of the following procedures:

— morphostructural analysis and structural identifying of remote sensing data (RSD) to reveal the
rupture faults, which are active at the current stage of tectogenesis, to study their morphostructural
and geoindicative traits and the features of their display on the satellite images;

— conducting the field emanation (radon — Rn, thoron — Tn), atmogeochemical (hydrogen — Ho,
helium — He, carbon dioxide — CO,, free hydrocarbons) and thermometric studies to determine the
degree of modern geodynamic activity and fluid-geopermeability of known and predicted disjunctive
dislocations : determination of the temperature of the subsoil layer of the rock at a depth of up to 1 m,
sampling and measurement of Rn and Tn concentrations in the subsoil air at a depth of up to 1 m,
sampling and estimating of content for He, H,, CO», and free hydrocarbons in the subsoil air at a
depth of up to 1 m;

— laboratory gas chromatographic analysis of gas samples taken from the subsoil layer;

— processing and interpretation of field data using modern computer technology and original
computer programs;

— prediction of oil and gas potential within the research area based on the detection of modern
geodynamically active zones of discontinuous faults with the higher permeability;

— construction of maps of the distribution for each of the indicators obtained in the field data
processing, and as well as production of an integral zonation map of the study area according to the
criterion of oil and gas bearing capacity, taking into account the results of the main research and
analytical works carried out at the deposit in the recent years, with the assignment of the relevant local
sections, promising for hydrocarbon accumulations;
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— formulation of recommendations.

Presentation of the main research material. The results of the structural interpretation of the
RSD and topographic-geodetic materials, obtained by means of our methodology developed and
tested in the DDD and other regions of Ukraine (Lyalko et al., 2015; Azimov et al., 2016; Azimov,
2017, 2018, et al.], enable to identify three main groups of elementary /ineaments on the territory of
SChA. They were identified using: 1) the elements of the hydrographic and erosion-ravine networks,
2) the characteristic features of the relief structure of the Earth's surface, 3) the differences in the types
of soil and vegetation cover. Also, the anomalies in the structure of natural-territorial complexes
(NTC), in general, provide the distinguishing the lineaments of a lower rank, which presumably
represent the disjunctive structures of the zonal (in some places local) order or the objects and
processes associated with them. Arc types without differentiation according to their hierarchy were
also identified according to the corresponding features of NTC.

Within the research area, the linear objects of north-east and north-west directions are prevailed.
As far as the orthogonal zones, one of them is distinguished by its sublatitudinal direction and the
others are submeridional linear formations less widespread over the area. The latter are traced in an
extremely fragmentary manner, interrupted at the intersections with the lineaments, which are the to
the north-east (NE) and north-west (NW) orientations, as well as at the intersection with the
mentioned sub-latitudinal zone.

When including the lineaments as objects of disjunctive origin, the main patterns of the
manifestation of discontinuous dislocations were taken into account. The latter are usually displayed
in the form of stripes of the higher density of smaller ruptures and fissures, which are feathered them,
extending along the main disjunctive structures and joining often en echelon.

This approach enables to improve the planned configuration of areas of anomalous geodynamic
influence of probable tectonic faults, which have been activated at the newest and modern stages of
the development of the earth's crust. This is especially important when clarifying the current
geodynamic situation of the research area in the process of solving the task of prospecting HC
accumulations. At the same time, it was found that most objects of the diagonal system (especially the
north-eastern extension) are mostly characterized by the density of signs that tend to one, rather
narrow zone, and the only sub-latitudinal one is distinguished by the manifestations of indicative
anomalies concentrated in a relatively wide strip. The expected zones of heterogeneity of the
geological section of high orders were outlined by only one or two geoindicators that complicated
their identification reliably. A reliable basis for the diagnosis of lineaments and their zones as
disjunctive structures is guaranteed only by a set of different criteria. The identified frame of
lineaments and their zones was the basis for further comprehensive analysis of the heterogeneous data
set obtained in the course of research.

The analysis of the data of thermometric studies highlighted that the SChA is divided into two
parts according to the temperature indicator: the colder northern and the warmer southern ones.

The results of the distribution of atmogeochemical indicators over the area revealed the
distribution specificity for the content of methane homologues (CHy) as well as the weakly permeable
places for hydrocarbon gases of methane homologues were determined. In order to considerate
separately the distribution of light (ethane — C,Hg, propane — C;3Hs, ethylene — C,Ha, propylene —
CsHe) and higher (isobutane — iC4H o, butane — nC4H 0, isopentane — iCsH,», pentane — CsH 2, hexane
— CsHi4) homologues, the distribution of the sum of these indices such as C2-C3 and C4—C6 was
separately studied.

It is noted that heavy and light homologues of methane have a different distribution over the
research area. The higher and anomalous values of light homologues (C2-C3) are generally
concentrated along the eastern part of the research area in the form of a chain of anomalies from the
Bozhkivska structure to the Svystunkivska one, fixing practically over the discontinuous dislocations
of NE-trending, which have a maximum amplitude of up to 60 m along gas condensate horizons V-
16a and V-24 and bound these folds from the north (Panchenko et al., 2019) (Figure 1). This fact may
indicate the modern geodynamic stress of these disjunctive objects and the possible development of
fissuring zones and decompaction of rocks along them. This conclusion is confirmed by the results of
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interpretation of remote sensing data, which show the axial line of one of the selected lineament zones
in the NW-direction coincides with these dislocations, represented by normal faults.

Figure 1 Schematic map of the location of
the predicted sections within the SChA of
the DDD, which are promising for further
exploration of oil and gas accumulations
according to the structural-thermo-
atmogeochemical researches data. As a
substrate, a fragment of the structural map
of the V-16a layer was used to calculate the
of hydrocarbons reserves and resources
along this horizon (see Panchenko et al.,

2019)
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As far as the distribution of higher homologs of methane (C4-C6), the picture is different. The
higher and anomalous values are recorded in the western part of the area, to the north of the
Chervonolutska structure and to the west of it, as well as in the southern part of the Svistunkivska
fold. In our opinion, the spatial mismatch of the distribution of light and heavy methane homologues
of indicates their different sources, which causes different ways of migration of these gases to the
daytime surface, where they are recorded.

Due to the fact that the total content of light homologues of methane (C2—C3) is three times higher
than the content of higher ones (C4-C6), the general map of the amount of hydrocarbons (C2-C6)
generally represents the distribution of light homologues. According to CO», two zones of northeast
extension are distinguished: the first of them — from the Bozhkivska fold in the north of the research
area to the disjunctive structure bounding the Svystunkivska and Chervonolutska ones from the north,
the second (eastern) — partially crosses the Svystunkivska fold.

Detection of the areas promising for HC exploration. A rigorous analysis of the whole set of
obtained data (a priori structural and tectonic ones, results of interpretation of RSD, the distribution of
gas-geochemical, thermometric, emanation indicators) using original computer programs enabled to
distinguish the zones in the research area promising for exploration of HC deposits within its
boundaries and to compile the corresponding schematic map (Figure 1). The main criteria for the
distinguishing of promising zones were the followings: the presence of background fields of
hydrocarbon indicators surrounded by the higher and anomalous values peripherally (the so-called
"halo effect"), their spatial distribution; the presence of abnormal indicators of thermometric data.

Geodynamic indicators (Rn, Tn, CO»; the traits of the lineament field, identified by remote sensing
data dependent on the complex of landscape components of the earth's surface) were considered with
regard of near atmogeochemical and thermometric indicators or by their areal coincidence with
hydrocarbon accumulations. Since geodynamic indicators represent the zones of predominant action
of geodynamic forces of compression or tension in one or another local area, they served as an
additional criterion for assessing their oil and gas prospects.

The results of the complex of works allowed identifying 9 local areas of complex configuration
within the research area, which are promising and recommended for the further search for HC
reserves within their boundaries (Figure 1). Site I with a total area of 2.4 km? linearly elongated, is
located in the north-eastern part of the research area within the boundaries of the Bozhkivska
structure. In the northern direction, it goes beyond the boundaries of the work area, so it has not been
studied due to the lack of observation points. Site 2 (total area 2.2km?) has a complicated
configuration; its location is on a monoclinal slope between the Bozhkivskaya and Chervonolutskaya
structures. As with the previous one, the continuation of the site in the western direction was also not
investigated. Site 3 has a total area of 1.2 km?, a complicated shape. In plan, it is located above the
monoclinal slope between the Bozhkivska and Chervonolutska folds.
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Site 4 has a total area of 1.5 km? complicated shape, located to the west of the Chervonolutska
structure. It has not been studied in the northern and western directions due to the lack of observation
points. Site 5 is characterized by a total area of 4.9 km?, a complicated shape. Its contour includes the
well Chervonolutska-1, and outside, but next to it is the well Chervonolutska-316. The continuation of
Site 5 is possible in the western and north-western directions.

Site 6 has a complicated configuration. Its total area is 4.1 km”. For the most part, it is traced along
the northern, uplifted wing of the discontinuity, which restricts the Chervonolutka fold from the north
and with amplitude of 25 meters or more. The total area of the Site 7 is 7.2 km?, it has a complex
shape. It covers a separate, most submerged block to the south of the Chervonolutska and to the west
of the Svystunkivska structures. The Site can continue in the western and southern directions.

The location of Site 8 (total area is 8.3 km?, configuration in plan is complicated) is the south-
western part of the Svistunkivska fold. It extends through geodynamically passive and fluid-
impermeable zones to the southern part of the Chervonolutsky structure. The continuation of the Site
is possible in the southern direction. Finally, Site 9 has a total area of 5.3 km?, with a complicated
shape. The Site covers the eastern part of the Svistunkivska structure. Probable continuation of the
Site is in the southern, eastern and northern directions.

Conclusions and prospects for exploration. Therefore, the complex of near-surface
measurements and remote sensing methods applied for the first time within the boundaries of the
Svystunkivsko-Chervonolutska area of the Dnieper-Donets Depression proved its effectiveness and
operativeness in studying the features of geofluid dynamics of known and projected discontinuous
faults, differentiating them into fluid-conducting, with the development of fractured, deconsolidated
rocks, and impermeable ones. The results of the research allowed the zoning of the area in relation to
its prospects for the search for hydrocarbons accumulations, 9 promising local sites were
distinguished, a schematic map of their location was compiled, which can be taken into account
during our recommended drilling operations and continuation of exploration drilling. Prospective
Sites 1, 4, 5, 7, 8, 9 may have a continuation beyond the contour of the Svystunkivsko-
Chervonolutska area, therefore, in our opinion they need to be defined more exactly using a complex
of structural-thermo-atmogeochemical studies on adjacent areas.

References

Azimov, O.T. (2017). Disjunctive criteria for the distinguishing the prospective hydrocarbon-
bearing areas using remote sensing methods. Proc. 16th EAGE Int. Conf. on Geoinformatics —
Theoretical and Applied Aspects (15-17 May 2017, Kyiv, Ukraine), 1-7. https://doi.org/10.3997/2214-
4609.201701873 (in Ukrainian with English summary).

Azimov, O.T. (2018). Geological efficiency assessment of detailed acrospace geological research:
a case study of the Northern edge of the Dnieper-Donets Depression. Proc. 17th EAGE Int. Conf. on
Geoinformatics — Theoretical and Applied Aspects (14-17 May 2018, Kiev, Ukraine), 1-7.
https://doi.org/10.3997/2214-4609.201801810 (in Ukrainian with English summary).

Azimov, O., Dorofey, Y., Lyalko, V. and Yakovlev, Y. (2016). Estimation of the areal upward
hydrogeomigration and risks of underground water polluting in the process of unconventional
hydrocarbons extraction. Proc. 15th EAGE Int. Conf. on Geoinformatics — Theoretical and Applied
Aspects (10-13 May 2016, Kiev, Ukraine), 1-6. https://doi.org/10.3997/2214-4609.201600510

Bagriy, I.D., Karpenko, O.M., Semeniuk, V.H. et al. (2016). Geostructural, thermic, and
atmogeochemical technologies of predicting and exploration of hydrocarbon deposits: Educational
guidance. 1GS of NAS of Ukraine, Kyiv. ISBN 978-966-02-8042-7 (in Ukrainian).

Lyalko, V., Azimov, O. and Yakovlev, Y. (2015). Estimation the upward migration of pollutions
during the shale gas production subject to the results of space images decoding. Proc. 14th EAGE Int.
Conf. on Geoinformatics — Theoretical and Applied Aspects (11-14 May 2015, Kiev, Ukraine), 1-4.
https://doi.org/10.3997/2214-4609.201412381 (in Ukrainian with English summary).

Panchenko, S. et al. (2019). Repeated geological and economic assessment of the Svistunkivsko-
Chervonoluk gas condensate field of the Poltava region of Ukraine (as of 01.01.2019). Contract
No. 1560-PR/19/1 of 14.02.2019 / State Enterprise "Ukrnaukageotsentr" NJSC "Nadra Ukrayiny",
Poltava (in Ukrainian).

XVI International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine



https://doi.org/10.3997/2214-4609.201701873
https://doi.org/10.3997/2214-4609.201701873
https://doi.org/10.3997/2214-4609.201801810
https://doi.org/10.3997/2214-4609.201600510
https://doi.org/10.3997/2214-4609.201412381

