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SUMMARY 

According to the research, the geoelectric heterogeneities in the earth's crust and upper mantle of 
Ukraine were revealed, they are characterized by the anomalously low and anomalously high electrical 
resistivity values. The conductivity zones that reach the surface are characterized by the subvertical 
heterogeneity and assemble the galvanically linked system. It spatially coincides with the deep faults of 
the different rank that are distinguished according to the geological data. The earth's crust independently 
of the geological and tectonic region is characterized by anomalous conductivity layers, the upper edge 
of which is observed at the different depths from 2 to 20 km with an apparent resistivity up to 100 
Ohm∙m. The geoelectrical heterogeneity of the upper mantle was revealed in the Pre-Dobrudja and 
Crimean-Black Sea regions, and only fragmentarily under the Ukrainian shield, the Pripyat depression, 
and the Dnipro-Donets basin. The paper is with the explaining of the high-electrical conductivity 
anomaly nature based on the results of the geological and geoelectrical data complex analysis and their 
study as one of the factors of the geodynamic processes for the ore mineralization and hydrocarbon 
search. 
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Introduction. The paper is aimed at detecting of the geoelectrical heterogeneities of the earth's crust 
and upper mantle of various geological structures of Ukraine on the basis of the construction of three-
dimensional models for the resistivity distribution according to the experimental data of 
magnetotelluric sounding and magnetic fluctuation profiling. The high electrical conductivity 
anomaly nature explanation based on the results of complex analysis of geological and geoelectric 
data and its study as one of the factors of the geodynamic process manifestation for the mineral 
search. 
The new experimental observations of the Earth’s external alternating low-frequency electromagnetic 
field were obtained with the modern equipments using the current technologies within the different 
geological regions of Ukraine. The processing of the experimental data by several commonly 
accepted in the geoelectric science environment software services were carried out and the 
transmission operators of MT and MV fields in a wide range of periods were analyzed on a qualitative 
and quantitative level. 
Various three-dimensional models with the use of the modern field data were built regional (the 
eastern part of the USh and the Donbas, the western part of the USh, the central part of the USh, 
which is mainly related to the Kirovograd conductivity anomaly, the Pre-Dobrudja and the North 
Dobrudja, the Black Sea-Crimean region), detailed (the Kirovograd ore field, Golovanivsk suture 
zone) and local ones – the unique metabasite formations (Tarasovka and Troyanka structures of the 
Yatran’ Block of GSZ). 
 
Geoelectrical heterogeneities of the crust and upper mantle of the territory of Ukraine. The 
geoelectric heterogeneities in the earth's crust and upper mantle of Ukraine were revealed for the first 
time, they are characterized by the anomalously low and anomalously high electrical resistivity 
values. The conductivity zones that reach the surface are characterized by the subvertical 
heterogeneity and assemble the galvanically linked system. It spatially coincides with the deep faults 
of the different rank that are distinguished according to the geological data. The earth's crust 
independently of the geological and tectonic region is characterized by anomalous conductivity layers, 
the upper edge of which is observed at the different depths from 2 to 20 km with an apparent 
resistivity up to 100 Ohm∙m. The geoelectrical heterogeneity of the upper mantle was revealed in the 
Pre-Dobrudja and Crimean-Black Sea regions, and only fragmentarily under the Ukrainian shield, the 
Pripyat depression, and the Dnipro-Donets basin. 
In the studies, 1D inversion was performed using the Niblatt transformation and Parker and OCCAM 
inversions of the experimental deep MTS carried out in various geological regions. Under the 
northwestern part of the USh, the deep geoelectrical section of the mantle corresponds to the "normal" 
ρ distribution, while almost all the Pridniprovsky and the eastern part of the Ingulsky (in the area of 
the Novoukrainsky and Korsun-Novomirgorod massives) of megablocks are characterized by the 
values of 2–5 times higher. On the northern side of the Belgorod-Sumy megablok of the DDB, the 
northern slope of the Buzsko-Rosinsky megablock, the southwestern part of the Kirovograd 
megablock, the north-western part of the Black Sea shelf the deep section is characterized by the 
series of conductive layers both in the earth's crust and in the mantle. 
In the Ingul megablock, the conductivity anomalies in the earth's crust which spatially coincide with 
the deep fault zones (FZ) were identified. They are up to 2,5 km the sub-vertical structures, and 
deeper (3–30 km) – mostly the sub-horizontal layers (Shirkov et. al., 2017; Burakhovych et. al., 
2018b). It is shown that within the megablock there is observed an inhomogeneous earth's crust as 
well as an upper mantle in the form of the regional conductivity anomalies from the west of the 
Chernivtsi-Korosten’ anomaly and from the east of the Kirovograd anomaly. 
According to the geoelectrical study results, we can talk about the unlikely existence of the high 
conductivity in the narrow northern part of the GSZ – Yadliv-Traktemiriv zone (YTZ), which can 
confirm the B.I. Shcherbakov’s (Shirkov et. al., 2017) hypothesis that the YTZ is the plate placed in 
the limited interblock space under compression conditions. In such geodynamic conditions, the 
conductivity anomaly formation is unlikely. 
The results of the three-dimensional modeling of the Tarasivskiy and Troyankivskiy Metabasite 
Massives of the Yatran’ block of the Golovanivsk Suture Zone (GSZ) showed that these structures in 
the geological boundaries do not manifested in the anomalous conductivity (Kushnir et. al., 2019). 
But the fault zones, that outlines and crosses them, are complex anomalous objects both in ground 
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plan and depth. In geoelectrical terms, the current structures of two massives are significantly 
different. So Tarasivskiy massive is sublatitudinally crossed by high conductivity zones with different 
resistivity (ρ), allocated at three depth levels: 0–100 m (ρ = 10–250 Ohm·m); 2–7 and 7–10 km 
(ρ = 10–250 Ohm·m). While anomalous objects of the Troyankivskiy massive extend from north-west 
to south-east with a change of direction to sublatitudinal in the eastern part of the area. The 
conductivity structures of the Troyankivskiy massive are allocated at four depth levels: 0–100 and 
150–200 m (ρ = 5–100 Ohm·m); 2–4 and 4–10 km (ρ = 50–250 Ohm·m). The unifying feature of the 
two structures is the manifestation of low values of ρ from 5 to 100 Ohm·m precisely in their 
geological boundaries. The high electrical conductivity can be explained by the special composition 
of the earth's crust (graphitization, sulfidization, etc.) or fluidization of various origins. Increasingly, 
according to the latest data, the nature of the anomalies is considered as the result of the joint 
influence of the electron and ion types of electrical conductivity (Burakhovych et. al., 2018 a, b; 
Kushnir et. al., 2019). 
 

 
 
Figure 1 Spatial location of the high electrical conductivity anomaly of the Crimea-Black Sea region 
on the scheme of tectonic structure of Ukraine (Burakhovich et. al., 2016a): 1 – the border of the 
centuries-old East European and Scythian plates; 2 – fractures of structure I order (letters in a circle: a 
– a fault separating Mountain Crimea and Scythian plate; b – Pravdinskaya); 3 – fault structures of the 
second order (numbers in circles: 1 – Evpatoria-Skadovsky; 2 – Salgir-Oktyabrsky; 3 – Chongarsky;  
4 – Melitopol-Novotsaritsynsky; 5 – Corsair-Feodosia; 6 – Gornostayevsky; 7 – Kerch-Chkalovsky;  
8 – Donuzlavsky; 9 – Novotitarsky 10 – Nikolaevsky); 4 – local uplifts; 5 – Isolines of the total 
longitudinal conductivity of sediment (Soc); 6 – points MTZ and MVP on the line of profiles: 
Chornomorsky, Krasnopolyansky, Kerch-1, 2, 3, Yevpatoriysky, Saksky, Dzhankoysky, Feodosiysky, 
7 – points MTZ and MVP according to the literature; 8 – parameters of high electrical conductivity 
anomalies according to the results of 3D modeling (numerator – depth of occurrence of top and friend 
in km; denominator – specific resistance in Ohm·m); 9 – direction of possible continuation of 
electrical conductivity anomalies; 10 – oil, gas, gas condensate fields. 
Tectonic structures 1st order: I – folded structures of Mountain Crimea, II – Scythian plate; 
Regional tectonic structures: Abs – Almina basin; Tsh – Tarkhankut shaft; Bls – Balashovsky salient; 
NKa – North Kerch area; SKa – South Kerch area. 
Deflections: KTdf – Kerch-Taman; IKdf – Indo-Kuban; KnCdf – Karkinitsky-North Crimean. 
Raising: Nr – Novoselivske; Sr – Simferopol; NVr – Novocaritsynske; 
Graben: Dg – Donuzlavsky; Kg – Kalinovsky; Sg – Sivassky. 
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The experimental MT/MV data qualitative interpretation 
allowed to clarify the perspective area for hydrocarbons in 
the southern slope region, which outlines the central part of 
the DDB between the settlements of Khorol and 
Reshetilivka. The new experimental data allowed to confirm 
and detail the previously selected prospective oil and gas 
areas – Glydintsevskaya, Pidhorodskaya, Talalayivska and 
Ninovska, which are in the DDB basement and are 
accompanied by the conductivity anomalies at the different 
depth levels. Their subsoil is characterized by the section of 
the different orientation activated faults, as well as an 
abnormal power of the crust/mantle mixture and dispersed 
areas in the basement at the depths (3–8 km), earth's crust 
(20–30 km) and upper mantle (Kushnir and Burakhovych, 
2016; Burakhovich et. al., 2018с). 
According to the MT/MV experimental investigation results, 
the 3D depth model that shows the heterogeneous 
distribution of the resistivity of the Pre-Dobrudja depression, 
Northern Dobrudja and the northwestern part of the Black 
Sea shelf was built. The anomalies of high conductivity from 
the crust surface to the upper mantle are revealed. The 
elongated for dozens of kilometers conductors are confined 
to the deep faults of various ranks and their intersections: 
Frunze, Saratsk, Bolgrad, Cahul-Izmail, Chadyrlung and 
others. The high conductivity layer are in the lower crust and 
at the upper mantle top from 110 to 160 km on the southern 
slope of the depression. The north slope is characterized by 
the conductivity distribution in the upper mantle the same as 
the EEP (Burakhovych et. al., 2015). The Zmiyinyi island, as 
well as the Zmiyine and Vylkove uplifts at depths of 20–
100 km manifested themselves as a sub-latitudinal 
conductivity structure occupying an intermediate position 
between the faults Pechenga-Kamen in the south and Kilia in 
the north (Burakhovych et. al., 2013). 

 
Figure 2 One-dimensional OCCAM 
inversion of the GMTZ curve: KRW 
(Kryve village) – the central 
Carpathians. 

 
According to the 3D geoelectrical modeling (Figure 1) of the Crimean-Black Sea region in the earth's 
crust and upper mantle, a number of the conductivity structures at various depths from 2,5 to 100 km 
were identified. In the depths of the Crimean peninsula, the anomaly was found at the depths of 5–
10 km (ρ = 5 Ohm·m) extending from the northern part of the Tarkhankut peninsula through the 
central Crimea to the north-western part of the Kerch peninsula and from the north-west bounded by 
the margin of the East European platform, and from the south – the deep fault separating the 
Mountain Crimea and the Scythian plate. In the west, the conductor corresponds to the eastern part of 
the Novoselovske uplift and the Alminskaya depression. From the north it is limited by the Sivash 
graben and Balashovskyi ledge, from the west – by the Corsarsko-Feodosian fault. To the east, the 
resistivity decreasing to 1 Ohm·m along the southern part of the Indolo-Kuban depression can be 
observed, where the conductor at the depths of 2,5–12 km manifested itself, which may continue on 
the Taman Peninsula. The isometric anomaly at the depths of 30–60 km was found on the south-east 
of the Kerch Peninsula, and (ρ = 10 Ohm·m). The Tarkhankut anomaly (western part of the 
Karkinitsky-North Crimean depression and Tarkhankut shaft) is manifested at the depths of 60–
100 km (100 Ohm·m). The main seismicity (activity up to 5–6 points) of the Crimean-Black Sea 
region is associated with the seismogenic zone elongated throught the continental slope of the Black 
Sea as the 50-kilometer stretch and partly on the shelf and the southern coast of the Crimea. The zone 
is expressed by the 3,5–kilometer relief drop from the mountain peaks to the Black Sea abyssal and 
the nearly 15-kilometer tectonic relief drop on the Cretaceous-Cenozoic sediments (Burakhovich et. 
al., 2016a; Burahovich and Kushnir, 2016b). 
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The new observations of the Earth's electromagnetic field in the wide period range in the central part 
of the Carpathians (Figure 2), based on the one-dimensional interpretation of Parker and OCCAM, 
have allowed to confirm the presence of the Carpathian anomaly and specify the geoelectrical section 
parameters: in the crust (h ≈ 10 km, ρ ≈ 50 Ohm·m); and the mantle (h ≈ 100 km, ρ ≈ 30 Ohm·m). 
 
Conclusions. Further development of the idea of the conductivity anomaly complex nature has been 
acquired, it may be due to the graphitization and sulfidization of the metasomatosis zones along 
extended FZ within the USh and to the regions of the graphitized gneisses and shales. The 
conductivity anomaly nature, on the one hand, may be due to the increased permeability of the rocks 
in which the fluid systems develop and fluid migration occurs, which causes the formation of 
hydrocarbon deposits, on the other hand, is explained by the result of the "hydrocarbon breathing of 
the Earth". In the geoelectrical heterogeneity projections to the surface, most of the iron ore deposits 
are predominantly the carbonate-iron-siliceous-metabasite and iron-siliceous formations containing 
the ore mineralization and hydrocarbons. 
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