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SUMMARY

A case study of the Novostepanivsko-Yevetska area of the Dnieper-Donets Depression, the
effectiveness of the application of a complex of structural-thermo-atmogeochemical studies
as for the operational assessment of the oil and gas potential of local structures has been
characterized. This complex includes the interpretation of satellite imaging data and
topographic terrain maps, the field work with emanation and thermometric surveys,
laboratory chromatographic analysis of gas samples taken from the subsoil layer, complex
interpreting materials obtained in the process of research and collected a priori data of from
geological and geophysical work conducted previously. The research identified the complex
structural and tectonic formation of the Novostepanivsko-Yevetska area with the prediction
of previously undetectable objects of the disjunctive genesis. Within the area eight local sites
promising for further exploration of hydrocarbon accumulations have been determined,
which have a complex morphology in plan.
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Formulation of the problem and objective of research. Prediction of the hydrocarbon (HC)
accumulations even in a trap-structure of a relatively simple arrangement is a rather complicated
complex problem, the successful solution of which involves the performance of a number of tasks.
As experience shows, oil and gas prospective areas can be complicated the discontinuous
disturbances, which were previously undetected under the seismic exploration works due to their
weak expression in the wave field, low amplitude that are caused the sensitivity of seismic methods
and the specifics of conducting relevant field studies. Also, the objects of disjunctive genesis can
potentially destroy or seal a hydrocarbon accumulation (Yonghe et al., 2012; Azimov, 2017, et al.).

In order to effectively solve the task of predicting, it is necessary to have a priori materials from the
geological structure and knowledge about the features of the tectonic development of the considering
area, obtained as a result of previous geological-geophysical, research-methodical and scientific-
thematic studies and works, to comprehensively process, analyse and interpret them on the basis of
application of modern computerized technologies taking into account the latest data of various
prospecting methods (Pihulevskyi et al., 2021, 2022; et al.). Acquisition of necessary information can
be achieved by introducing express, non-traditional, low-cost research methods, as well as their
complexes, into the prospecting process. These include the complex of structural-thermo-
atmogeochemical researches (STAGR) (Geostructural..., 2016, Azimov et al., 2022, et al.) in a smart
combination with the methods of remote sensing of the Earth (RSE) and technologies of geographic
information systems (GIS) (4zimov, 2017; Azimov et al., 2021, 2022).

Relying on RSE and STAGR technologies, the target of our research was to clarify the structural-
geological formation and predict the fluid permeability of prospective areas within the
Novostepanivsko-Yevetska area (NYA) confined to the Southern near-marginal zone of Dnieper-
Donets Depression (DDD) (Gavrish et al., 1989, Dvorianyn, 1996, Atlas..., Vol. III, 1998) with the
same name uplifts of the sedimentary cover present here (Vergunenko, 2019) on the basis of the
detection of modern geodynamical active disjunctive zones of increased permeability, which
determine the migration pathways of fluids of different composition (in particular, HC indicators) to
the earth's surface. On the basis of the considering results, ultimately the goal includes the assessment
and differentiation of the area according to the degree of oil and gas potential of its individual local
plots, that is, the prediction of probable HC accumulations. The total area of the NYA is 19.2 km?.
Materials and methods. Taking into account the current state of scientific and methodological
developments aimed at solving the specified task, as well as the geostructural features of the NYA
structure, comprehensive work was carried out using RSE and STAGR technologies
(Geostructural..., 2016, Azimov et al., 2022), which included the following methods and types of
processing a set of materials: geostructural analysis of available data of geological and geophysical
works; morphostructural analysis and structural identification of satellite imaging data and
topographic maps; field work (surveys: emanation — radon and thoron — Rn, Tn; atmogeochemical —
hydrogen, helium, carbon dioxide — H,, He, CO», free hydrocarbons; and thermometric — at a depth of
1 m of the subsoil layer); laboratory chromatographic analysis of gas samples taken from the subsoil
layer; processing and interpretation of expedition research results; complex interpretation of the
received data of atmogeochemical and remote research methods; predicting the oil and gas occurrence
of the exploration area, which may be associated with structural and non-structural traps, based on the
detection of modern geodynamical active zones of discontinuous faults of higher fluid permeability.
During the field research, 200 observation points (OPs) were worked out with their referencing to the
coordinate grid using the global positioning system (GPS). 202 samples (+5 controls) were collected.
Presentation of the main research material and discussion of the obtained scientific results.
Based on the results of RSE data interpretation and topographical materials, the generalized
electronic (in vector format) map schemes of elementary lineaments and arc types were compiled.
Linear objects are grouped into lineaments and their zones. They form the regularly arranged systems
of certain directions, the main of which are diagonal. Lineament zones are interpreted as the structures
of disjunctive origin activated at the recent stage of tectogenesis (Azimov, 2017; Azimov et al., 2022;
et al.). Their framework was the basis for the further comprehensive analysis of the array of disparate
data obtained in the course of research. Arc types within the NY A represent the fragments of higher-
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rank morphostructures (mega- and mesomorphostructures, according to Solovyov, 1978) or form the
contours of local ring objects (minimorphostructures). Geological interpretation of the fragment of the
megamorphostructure allows associating it with subcrustal magmatism and as for the part of the
mesomorphostructure discovered in the north of the NYA it reflects the features of the structure of the
basement surface and the sedimentary cover of the study area.

The presence of 8 intersection knots of lineament zones of different directions and arc types on the
territory of the NYA attracts attention. The surroundings of these knots can be considered as
favourable for the search for potential HC traps on the basis that they are the localities with an
intensive development of geofluid dynamic processes in the earth's crust.

The results of work using the STAGR technology established the following: according to the data of
thermometric studies (on account of the distribution of the temperature factor), the NYA is divided
into two parts. The first one has a complex shape, is characterized by the higher values of the factor
(over 19°C) and covers the northwestern part of the study area (the central part of the
Novostepanivska structure). It is noted that the expansion of the temperature anomaly to the south-
west and south is limited by the southern edge fault and the eastern part — by the dislocations of
submeridional striking that restrict the Novostepanivska fold at the east. Background and below-
background values of the indicator are recorded within the second part of the NYA (the northern part
of the Novostepanivska structure).

Emanation studies (determination of volumetric concentration of Rn, Tn and their ratios in subsoil
air). The ratio (Rn/Tn) enables to differentiate the NYA into three parts: western, central and eastern.
The presence within their limits of the higher and abnormal values of the corresponding indicators,
which form the elongated anomalies of various extents, indicates the distinction in geodynamic
stresses of the earth's crust (compression or tension) in different parts of the area, and the anomalies
above the local structures of the sedimentary cover suggest the existence of rock-fracture zones,
which arose under the influence of these tensions.

Atmogeochemical studies of carbon dioxide concentrations in the subsoil air at the NYA recorded
three zones: south-western, central and eastern. The first one coincides with the radon anomaly in the
southwestern part of the area, but for CO,, two north-eastern chain anomalies are registered here
within the Southern edge of the DDD (with maxima of 0.52 and 2.05 vol.%). The northern boundary
of the propagation of CO, anomalies towards the graben is the southern marginal disturbance. The
central zone has background values of the indicator (maximum 0.44 vol.%) and passes through the
Novostepanivska structure and the eastern part of the Edge of the Depression within the NYA.
Finally, the eastern zone is characterized by higher and abnormal values of the indicator (maximum
1.14 vol.%). The western limit of this zone is a group of discontinuous faults, which margin the
Novostepaniv uplift to the east, and also the Southern marginal disturbance. Within this zone,
spatially above the disjunctives complicating the Yevetska fold from the south and the north, it was
generally recorded background values of the indicator (maximum 0.28 vol.%). Therefore, it is noted
that the disturbances detected by seismic surveying (Vergunenko, 2019) are the screens on the paths
of striking of CO, gas anomalies. As a rule, the latter in plan are traced to the faults and only
occasionally cross them.

Hydrogen and helium were not recorded at the NYA in the subsoil air samples.

Atmospheric and geochemical studies were performed within the working area to determine methane
(CH4), ethane (C:Hg), propane (CsHsg), isobutane (iC4Hio), butane (nCsHio), isopentane (iCsHi»),
pentane (CsHi2), hexane (CsHi4) and unsaturated of HC — ethylene (C,H4) and propylene (CsHg) — in
the underground air, as well as from the determination of the content of the sum of homologues of
methane C2—C6, corresponding schematic maps were compiled (Figure 1). Especially, the distribution
of methane over the area is rather complicated. The presence of higher values is recorded both along
the disturbances (the Yevetska structure) and beyond them. The absence of a methane anomaly along
the Southern edge fault is noted.

The distribution of ethane over the area (as well as ethylene, propane, propylene, with which they
generally coincide) is uneven. Hurricane values of ethane are recorded on discontinuous faults
bounding the Novostepanivska structure to the north. There are also the point anomalies of hurricane
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values on the Yevetska structure and to the south of it. The higher values are registered along the
western part of the Novostepanivska structure, continuing within the Southern edge of the DDD. The
absence of higher values of the indicator above the disjunctive structures that limit the Novostepaniv
uplift from the east and to the east of them has been observed.
Figure 1 Novostepanivsko-Yevetska area of the

<= DDD. Schematic map of the allocation of the total

2 Fjjj:j HC amount for C2-C6*10° vol.% (ethane,
~“= | propane, isobutane, butane, isopentane, pentane,
« | hexane, ethylene, propylene) in the subsoil air with

= | the designation of the OPs numbers (black bold
| dots) and the concentration of total HC (black
numbers to the right of OPs), as well as with the
values of the content of HC — isopentane
(iCsH2*10° vol. %, green circle and green caption
at the upper left), pentane (nCsH >*10° vol. %,

g e K i yellow circle and yellow caption in the black
U \ N border at the left), hexane (CsH;4*107 vol. %, red
circle and red caption on the bottom left). The
"Structural map along the reflection horizon of
Vvi! in the lower boundary of the Serpukhovian
(Cis1)" was used as a mount (Vergunenko, 2019):
» « isohypses of the horizon (brown lines);

S Al 2 discontinuous faults: within the graben (red lines),
Southern marginal fault (crimson lines); contours
of prospective targets (blue lines)

Hurricane isobutane values are recorded along the discontinuous fault that restricts the
Novostepanivska structure from the north, along the southern edge fault, and above the disjunctive
structure constraining the Yevetska fold from the south. There is a significant anomaly in the southern
part of the study area within the Southern edge of the Depression. The higher values are recorded on
the western part of the Novostepanivska structure and to the west of it. The distribution of butane is
close to the distribution of isobutane, but the anomalies within the Novostepaniv uplift and above the
disturbances are less contrasting. A ring-shaped anomaly of higher values of the indicator stands out
around the actual Novostepanivska structure.

The number of OPs, where the heavy hydrocarbon homologues of methane, i.e., isopentane, pentane,
and hexane are determined, is less than half of the total number of OPs in the study area (see
Figure 1). On the whole, unlike light hydrocarbons, their abnormal concentrations are spatially
uneven. A similar distribution of methane homologues indicates the different sources of gases as well
as the different their compositions and different ways of their supply to the earth's surface.

The spatial distribution of the content of the sum of C2—C6 methane homologues (see Figure 1) enable
to distinguish the weakly permeable places for hydrocarbon gases on the area. It is noted that the field
of higher values has a spotted structure in plan. Four OPs with hurricane values were detected, three
of which tend towards the discontinuous disturbances. The first (northern) anomaly tends to the
intersection of the sublatitudinal and submeridional disjunctive structures mapped by seismic survey
(Vergunenko, 2019), which restrict the Novostepanivska fold from the north and east. The second one
is located to the east of the Yevetska structure near the disturbance that confines it from the south. The
third and fourth anomalies are registered near the southern submeridional segment of the edge fault.
We are considering the absence of anomalous fields distinguished by the analysis of emanation,
thermometric and atmogeochemical data to be the criteria for identification of oil and gas prospective
areas within the NYA. Based on the distribution of considering indicators, using original computer
programs (Geostructural..., 2016), regionalization of the work area was carried out and a schematic
map of the location of plots promising for further exploration of HC accumulations was constructed
within the boundaries of this area. Eight local plots, which are complicated as far as a configuration,
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have been distinguished, where hydrocarbons can potentially be stored and accumulated. The area of

the smallest of them is 0.17 km?, the largest — 2.7 km?.

Conclusions. Therefore, the applied scientifically based complex of remote sensing and near-surface

research methods proved its efficiency and informativeness in studying the features of geofluid

dynamics of known and predicted discontinuous faults within the NYA of the DDD, differentiating
them into fluid-permeable and impermeable ones. The obtained materials will form the basis for
further improving the effectiveness of exploration and prospecting for HC accumulations in the area

(such as 8 promising local areas, which have been scientifically substantiated).
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