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SUMMARY

According to geoelectrical criteria (maximum power of the sedimentary stratum; subvertical
rise of electrical conductivity anomalies from crust-mantle depths or columns on the full
thickness of the earth's crust; subvertical boundaries of inhomogeneities (contacts of different
resistance) in the consolidated earth's crust and upper mantle; the presence of a highly
conductive asthenospheric layer) a significant number of local areas were identified , which
can be considered promising for the manifestation of hydrocarbons. Most of them spatially
coincided with the already well-known oil and gas fields of East Saratsky and Zhovtoyarsk,
as well as explored oil and gas prospective areas: Izmailska, Kislytska, Primorska,
Shirokivska and those corresponding to areas of special permits for industrial and exploration
works. However, new areas have been identified that meet most of the geoelectrical criteria,
but for which there is no publicly available information about their oil and gas prospects, they
clearly require additional detailed geological and geophysical research. It is shown that the
zones of high electrical conductivity, which could have arisen due to the presence of deep
fluids, should be considered as deep fluids of hydrocarbon generation and the paths of their
migration to the upper parts of the earth's crust.
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Introduction

Numerous studies (Shestopalov et al., 2018, Sheremet et al., 2016, Stupka, 2018, Lukin, 2014) have
clearly shown that the formation of hydrocarbon accumulations, as well as ore minerals, is spatially
and genetically linked to geodynamic processes and the action of deep fluids and their systems in the
Earth's interior. It is the influence of fluids that is considered to be one of the main factors in the
formation of conductive layers in the Earth's crust and upper mantle.

Method

For the first time, a geological and geoelectric interpretation of the three-dimensional model
of the Earth's crust and upper mantle, which was built on the basis of experimental observations of the
Earth's low-frequency electromagnetic field conducted in 2009-2012, was carried out for the
Predobrudzha Trough (PDT) and adjacent territories (Sheremet et al., 2016, Starostenko et al., 2013,
Burakhovych et al., 2015).

The main result of the analysis of the obtained resistivity distribution model (p) is the identification of
areas of high electrical conductivity both in the Earth's crust and in the upper mantle, which are
characterized by different conductivity and depth of occurrence, configuration, and differently
characterize geological structures (Figs. 1, 2).

Sub-vertical conductive zones or contacts of different resistivity mainly in the near-surface layers
usually coincide with deep faults of different ranks and their intersections: Frunzensky, Saratsky,
Bolgradsky, Kagulsko-Izmailivsky, Chadyr-Lungsky and others (Sheremet et al., 2016). Deeper in the
Earth's crust (10-40 km) and at crust and mantle depths (10-60 km), local geoelectric anomalies have
a complex volumetric shape in space, some of which coincide with the location of the above deep
fault zones. In the Paleozoic age PDT and the studied part of the northwestern Black Sea shelf, the
upper mantle at depths (110-160 km) is defined by a regional conductivity anomaly, namely, an
asthenosphere with p = 70 Ohm'm, which is typical for the normal distribution of p of the non-
activated Cimmerian SP. Heterogeneities at crustal and mantle depths may indicate high permeability
to deep fluids and determine the ways of their migration as one of the factors of manifestation of
geodynamic  processes related to the search for hydrocarbon-promising structures
(Starostenko et al., 2013).

Research results

Undoubtedly, there is a relationship between oil and gas occurrences and geoelectric anomalies. In
this paper we considered confidently indicates that hydrocarbon occurrences are confined to high
electrical conductivity anomalies identified by three-dimensional modeling, which are characterized
by subvertical channels (from the surface to 10 km), that are galvanically connected with sediments,
or subvertical contact zones of different resistivity, which are observed not only in the Earth's crust
(10-40 km), but also at crust and mantle depths (40-60 km) and in the upper mantle (110-160 km),
and can cause the flow of ultra-deep fluids (Figs. 1, 2).

For example, the forecasted areas of the «Kilia» profile in the vicinity of pickets 5 (oil and gas field
according to Sheremet et al., 2016, p. 182) and 20 km spatially correspond to the Izmail area, between
pickets 30-35 km and 38-43 km - to the Kyslytska structure (Fig. 2). The prospecting interest here is
represented by three pre-Cretaceous complexes characterized by a favorable combination of reservoirs
and tires: Silurian-Lower Carboniferous, Permian-Triassic, and Jurassic. In the Upper Jurassic rocks,
the reservoirs are limestone, sandstone and siltstone, which are confined to different stratigraphic
levels. One of the most extensive reservoir formations can be traced in the lower part of the Callovian
stage (oil-rich sandstones were recovered in the core from well 137-Baymakliyska). Drilling of an
exploration well with a depth of 3100 m 900 m in the vaults of these structures is preliminarily
recommended to assess the oil and gas prospects of Jurassic deposits and partially the filtration and
reservoir properties of Triassic formations.
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Figure 1 Scheme of interpretation profiles and prospective hydrocarbon areas (a) and vertical
section of the 3D resistivity distribution model along the Reni-Bilyayivka profile (b). 1 - locations of
MTZ, AMTZ and MVP observations according to (Sheremet et al., 2016), 2 - interpretive profiles:
I-I - Reni-Bilyaivka, II-1I - Kilia, III-IIl - Reni-Zmiynyi, IV-1V - DOBRE, V-V - crosses the area of the
East Saratsk oil field;, 3 - prospective hydrocarbon areas according to the 3D geoelectric model
(Burakhovych et al, 2015); 4 - oil and gas fields;, 5 - faults of different ranks: 1 - Frunzensky,
2 - Chadyr-Lungsky, 3 - Saratsky, 4 - Bolhradsky, 5 - Alibeysky, 6 - Chornomorsky, 7 - Sulynsky,
8 - Odessky, 9 - Kahulsko-Izmailivsky, 6 - resistivity values, 7 - change in spatial orientation of the
profile, 8 - prospective oil and gas areas according to publicly available information:
LI, 2016 - (Sheremet et al., 2016, p. 132), SD, 2013 - special permit areas of "Maps of oil and gas
bearing regions of Ukraine with elements of subsoil use" (Yevdoshchuk et al, 2013), areas
(differently named) - according to the State Service of Geology and Mineral Resources of Ukraine
(https://www.geo.gov.ua), 9 - depth intervals of oil and gas bearing horizons of fields and prospective
areas. Abbreviations: KVZP - Kiliysko-Vilkovsko-Zmiina Island Uplifi, MD - Moldavian Depression,
LDD - Lower Dniester Depression, PT - Prut Trough, ND - North Dobrudzha, PDT - Predobrudzha
Trough, EEP - East European Platform, SP - Scythian Plate

Between the pickets of 50-75 km, the possibility of hydrocarbon occurrence is assumed by the
anomaly of high electrical conductivity, which is represented by a sub-vertical channel in sediments
with an axis in the Bolhradsky deep fault zone and a sub-vertical contact of different resistivity
observed in the upper mantle (110-160 km). The geological section (Prychornomor DRGP,
Mokriak, 2010) clearly shows the block structure and dip of the Bolhrad Fault up to 16 km. It is the
southwestern part of the Lower Dunai and Bashtan blocks that is of the greatest interest due to its
thick Jurassic, Triassic and Devonian sediments, which occur as monoclinic and weakly syncline-like
strata. When searching for structural oil and gas traps, Jurassic deposits with a thickness of 1700 to
5100 meters are considered promising.
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Figure 2 Vertical section of the 3D model of resistivity distribution in the subsurface of the
Predobrudzha Trough along the Kiliya (a) and Reni-Zmiynyi (b) profiles. Abbreviations for tectonic
faults are from (Mokriak, 2014): VM - Viadichen-Muravlivskyi, BS - Bolhradsko-Suvorivskyi,
DM - Dmitrievskyi, Nr - Nerushaiskyi, Sp - Spasskyi, Gl - Hlybochytskyi, NI - Novooleksiivskyi,
Lb - Lebedovskyi, Dn - Dniesterskyi. For other symbols, see Fig. 1

Between the areas with pickets of 90-120 km and 130-140 km in the crust, there is an almost
isometric heterogeneity of high electrical conductivity against the background of a homogeneous-
layered normal section of the EEP. The southern area (pickets of 90-120 km) in the sedimentary
stratum is distinguished by a complex structure, which is inherent in the area of intersection of the
Saratsky, Chadyr-Lungsky deep and lower-ranked faults. According to the geological and geophysical
section along the Limanske - Petrivka village profile in the south of Odesa region, the location of oil
fields is confined to the deep Chadyr-Lunga fault, which is the border between the PDT and the LDD
(Sheremet et al., 2016, p. 130). Oil deposits in the Upper and Middle Devonian sediments at a depth
of 2600-3300m. are associated with localized uplifts of the PDT. Carbonate sediments of the Middle
and Upper Devonian are cavernous, fractured, and porous, which allows them to be considered as
potential reservoirs, the oil content of which was confirmed by the discovery of two fields -
Zhovtoyarske and Vostochno-Saratske. In the northern section (130-140 km pickets), the Shyrokivska
structure is considered to be promising and is included in the fund of newly discovered oil and gas
prospects in the Odesa region (State Service of Geology and Mineral Resources of Ukraine, 2012).
The subject of special attention is the Lower Devonian terrigenous complex, which is considered
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favorable for the formation of hydrocarbon deposits in traps of lithologic-stratigraphic and
tectonically shielded type within the LDD. As a rule, tectonically shielded deposits are formed along
fault faults, which complicate the geological structure of local structures. In this case, the northern
part of the Kilia profile is saturated not only with deep faults (Saratsky, Chadyr-Lungsky,
Lebedovsky, Dniester, etc.), but also with dikes and dike-like intrusion bodies (Prychernomor DRGP,
Mokriak, 2010). In addition, the Kilia profile between the 100-130 km pickets crosses the area of
special permits for experimental and industrial development (Yevdoshchuk et al., 2013), which are
reserve areas for increasing oil and gas production in Ukraine.

According to geoelectric criteria, a significant number of local areas were identified that can be
considered promising for hydrocarbon exploration. The geoelectric criteria include: 1) the maximum
thickness of the sedimentary stratum; 2) subvertical rise of electrical conductivity anomalies from the
crust and mantle depths or column to the entire thickness of the Earth's crust; 3) subvertical
boundaries of heterogeneities (p contacts) in the consolidated Earth's crust and upper mantle; 4) the
presence of a highly conductive asthenospheric layer.

Conclusions

Most of the local areas that are promising according to geoelectric criteria (Figs. 1, 2) spatially
coincide with the already well-known oil and gas fields of Vostochno-Saratske and Zhovtoyarske,
Odesske and Bezymenne, as well as explored oil and gas prospective areas: Izmailska, Kyslytska,
Prymorska, Shyrokivska (https://www.geo.gov.ua) and those that correspond to the areas of special
permits for industrial exploration (Yevdoshchuk et al., 2013). However, there are still those that meet
most of the geoelectric criteria, but for which there is no publicly available information on their oil
and gas prospects based on geological and geophysical data. These include sections (pickets,
km/criteria numbers) of the profiles: "Reni-Bilyayivka (45-65/1,3,4) and (113-126/1, 2), Kilia (50-
75/1-4), DOBRE (75-85/1, 2). Definitely outlined areas require additional detailed geological and
geophysical studies (Myrontsov et al, 2021). We emphasize that the zones of high electrical
conductivity that could arise due to the presence of deep fluids should be considered as deep sources
of hydrocarbon generation and ways of their migration to the upper parts of the Earth's crust.
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