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SUMMARY 

This work is devoted to electromagnetic (EM) studies of the electrical conductivity of Earth 
crust by the methods of magnetic variation profiling (MVP) and magnetotelluric sounding 
(MTS). The MVP data reveal the intense Donbas electrical Conductivity Anomaly (DCA) 
which runs along the main anticline of the folded Donbas. Profile curves of anomalous fields 
give an estimation of maximum possible depth of the anomalous currents center h=18±2 km. 
Frequency response maximum of the anomalous field Т0≈3600 s yields the total longitudinal 
conductance G = (8±2)×108 S×m. 70 MTS at periods 0. 1-3000 s yield two conductive 
stripes, which upper edge varies from 0. 3 to 5 km. The stripes are parallel to the DCA axis 
and considered as part of DCA. A very large value of G leads to assumption that the 
anomalous body extends to considerable depth. DCA axis spatially coincides with intense (up 
to 90 mW/m2) deep heat flow anomaly. This fact suggests that the nature of the DCA lower 
part can be a partial melting of fluid-enriched heated local rocks or intrusion of mantle 
magma. In both cases ecology-friendly geothermal energy would be very useful for the 
restoration and development of the region.  
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Introduction 
 
The object of study is the electrical conductivity structure of the Folded Donbas (FD), located inside 
the Precambrian East European Craton. The FD is part of an elongated chain of sedimentary basins: 
the Pripyat trough, the Dnieper-Donetsk depression (DDD) in the west-northwest, the Karpinsky 
Swell (KS), the Caspian basin, and, possibly, the Mangyshlak on the Turan plate, in the east-
southeast. The DDD and FD were formed as a result of the Middle-Late Devonian rifting 
accompanied by intense magmatism. During the Carboniferous, the basin subsidence and 
sedimentation continued in Donbas where 15 km thick strata of Carboniferous coal bearing deposits 
were accumulated. The total sedimentary thickness here reaches 20 km. The next important event in 
the Donbas geological history was folding which occurred in compressional regime during late 
Triassic – early Jurassic time and late Cretaceous – early Tertiary time. Inversion raised the upper part 
of the folded Donbas and followed erosion exposed at the Earth’s surface the Carboniferous coal-
bearing strata. Many outcrops, hundreds mines and boreholes give us great material for study 
geological history and structure of upper strata in the Donbas region.  
 
Field measurements.  
 
In June-July 1986, on the initiative of A.A. Zhamaletdinov, the all-Union experiment «Volga-86» was 
carried out with the wide participation of Ukrainian geophysicists. The Institute of Geophysics of the 
Ukrainian Academy of Sciences performed  magnetovariational profiling (MVP) with analog 
magnetovariational stations (MVS) of Bobrov system in the diapason of periods 2 min – 1 day at 13 
sites. The Central Geophysical Expedition (CGE) of the Ministry of Geology performed 
magnetotelluric soundings (MTS) with five-component digital stations TSES-2 in the range of periods 
0.1 - 3000 s at ≈70 sites. In the data of all MVP sites, large anomaly at once became visible. In MTS 
data the anomaly was visible in half of sites and only local parameters (distance to nearby conductor 
and its longitudinal conductance) can be determined. In the records of impulses from Volgograd-
Donbas long (487 km) line, the anomaly cannot be clearly distinguished even when anomaly was 
localized by MVP.  
The MVP and MTS points were distributed in a wide quasi-meridional strip called the Novoazovsk 
(between Mariupol and Taganrog) - Novopskov profile (Figure 1). In the southern part, this profile 
approximately coincides with deep seismic sounding (DSS) profile XI; in the northern part, it 
occupies a wide strip from DSS profile XI to DOBRE line and west of it to profile X (Rokityansky et 
al., 1988, 1989, 1994; Rokityansky, Tereshyn, 2022). 
 
MVP results 
 
The MVP method clearly identified an intense anomaly of geomagnetic variations with a maximum at 
a period of 3600 s, which gave an estimate (in a two-dimensional approximation) of the total 
longitudinal conductance of the anomalous body G≈109 S×m. Using the induction vectors, the 
position of the axis of the Donbas conductivity anomaly (DCA) was determined: On the meridian 39° 
E, the axis runs approximately 3 km south from parallel 48° N between the settlements of Nizhniy 
Nagolchik and Dyakovo, where MVS stations NNG and DYAK operated (Figure 1). To the north of 
the NNG site in the vicinity of Antratsyt city, observations could not be made due to strong noise 
from mines, enterprises and transport. In the next site PYAT induction vector reached an unusually 
large value 1.6 and anomalous field bz amounted value 2. The anomalous field in the horizontal 
component by also equal 2. According to the Hilbert transform, which relates the vertical and 
horizontal components of the anomalous field, the horizontal component must be larger and it was 
supposed (Rokityansky et al., 1988) that the maximum of the horizontal component is located 
between points NNG and PYAT in the zone of strong noise. Observations of 2012-2013 years 
(Logvinov, Tarasov, 2015) confirmed this assumption: near Antratsyt city by one and half times more 
than in the zone of bz sign change. 
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Figure 1 MVP and MTS sites in the Donbas tectonic scheme. MTS sites are given by small black dots, 
part of them are marked by three numbers. 1 — MVP sites marked by three (four) letters code with 
real induction vectors for the periods interval 1800—5400 s, 2 — deep faults, 3 — depth to the 
crystalline basement, 4 — conductive layer in the sediments at a depth of several hundred meters, 5 — 
axis of the Donbass electrical conductivity anomaly (DAE). Straight lines are DSS profiles 
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MTS results 
 
Most of the MTS curves ρa in the Donbas begin at periods of 0.1-1 s from approximately the same 
level of 15 Ohm∙m±half an order of magnitude. This means that in the Donbas, the rocks of the upper 
approximately half-kilometer layer have, on average, as a rule, a specific electrical resistivity (SER) in 
the range of 5-50 Ohm∙m. Deeper, the resistivity can increase to hundreds and thousands of Ohm∙m or 
decrease to units or fractions of Ohm∙m. At periods of the order of 100-200 s, the MTS curves already 
contain sufficient information about the crustal conductors. 
The available MTS curves at 70 points were divided into 10 groups, each of which was located in a 
strip parallel to the DCA axis. In each strip, the curves had some common behavior, however, 
differences were also observed due to the deviation of the structure from two-dimensional and the 
presence of distortions, including geological ones. In two strips, the MTS data reliably established the 
presence of shallow-lying conductors with the upper edge depth from few hundred meters to 2-5 km. 
The MTS data yield longitudinal conductance of the strips be equal to thousands – tens of thousand 
Simenses which is in agreement with MVP estimation G = 109 S×m. Distribution of conductivity with 
depth not obtained. 
 
Geothermal results and the idea of modern tectonic activation of Donbas. 
 

 
Figire 2 Map of the deep heat flow (HF) in Donbas given in mW/m2. Black dots are the HF 
measurement points, the white areas are the sites without measurements. 1 – boundary of the folded 
Donbas, 2 - profiles of the deep seismic sounding (DSS). D - DOBRE profile. The dotted line on the 
right is the border between Ukraine and Russia,. The linear HF anomaly in the lower right corner 
coincides with the Main anticline of Donbas (Gordienko et al., 2015) 
 
Donbas is one of the most geothermally studied regions in the world. On its territory, about 6,000 
individual measurements of deep heat flow (HF) were made in individual wells, grouped into 2,700 
points. The measurements were carried out carefully, with the introduction of all necessary 
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corrections, and are described in detail in the literature (Gordienko et al., 2015 and references therein 
to previous works). The error in determining the deep HF has been decreased up to 1.5 mW/m2. The 
latest version of the HF map is shown in Figure 2. Considering Figure 2, we see an intense linear 
anomaly in the lower right corner, which spatially coincides with the DCA along its strike and 
location. This fact attracts our special attention. 
V.V. Gordienko, on the basis of a thorough study of the geological history and geophysical 
information, developed the advection-polymorphic hypothesis, one of the conclusions of which is the 
formation and rise of partial melting zones in the Earth’s mantle. With the accumulation of sufficient 
energy, the «quantum of action», the heated volume of the mantle substance rises successively to the 
shallower mantle levels and then to the crustal levels. In the upper zones of the formed magma 
chambers, volatiles, in particular water, are released, and convective cells are formed, through which 
the heat flow relatively quickly reaches the surface. Magma, zones of partial melting, characteristic of 
the low-temperature (≈600 °C) amphibolite facies of regional metamorphism, and convective cells are 
characterized by low specific resistivity of the order 1 Ohm∙m or less. They can be components of the 
described Donbas electrical conductivity anomaly. Figure 3 presents ancient crystallized magma 
chamber located on the same Donbas main anticline on which the DCA and the heat flow anomaly 
were found and given in Figures 1 and 2. A similar but partially molten chamber may exist today. 

 
Figure 3 Intrusion inherited from magma emplacement during tectonic activation in the Lower 
Carboniferous 
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