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SUMMARY 

The object of this study is the electrical conductivity structure of the Donbas Foldbelt (DF) 
and Karpinsky Swell (KS) located at the junction of the Precambrian East European Craton 
and Scythian Plate. This paper describes the results obtained by the methods of magnetic 
variation profiling (MVP) and magnetotelluric sounding (MTS). MVP at long periods carries 
reliable information on the large scale conductivity anomalies and provides its location and 
some integral parameters. MTS’ task is to determine the depth and details of the conductors 
that is difficult because of many distortions. Donbas data presented by many MVP and MTS 
sites distributed by a strip, KS data presented by two quasi-linear profiles with dense spacing. 
Collected data convincingly show that in the middle crust of the Donbas Foldbelt and 
Karpinsky Swell one unified/single electrical conductivity anomaly is located. It has very 
high longitudinal conductance G of the order 109 S×m. The anomaly is traced at a distance of 
≈500 km from 39OE to 44OE and seemingly attains Caspian Sea and may be the Mangyshlak 
Karatau at Turanian Plate. Geological and geophysical data support this conclusion. 
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Introduction 
The object of this study is the electrical conductivity structure of the Donbas Foldbelt (DF) and 
Karpinsky Swell (KS) located at the junction of the Precambrian East European Craton and Scythian 
Plate (Figure 1). DF and KS are contiguous parts of the elongated sedimentary basins chain: Pripyat 
Trough, Dnieper-Donets Basin (DDB) – in the West-North-West, Peri-Caspian Basin and Mangyshlak 
at Turanian Plate – in the East-South-East. DDB and DF were formed by the middle-late Devonian 
rifting accompanied by intensive 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 thickness of sediments reaches more than 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.  In contrast to Donbas, the 
Palaeozoic rocks in KS are covered by 1-3 km thick sediments of Mesozoic-Cainozoic age. So, folds 
and other compressional structures cannot be confidently revealed in KS by geological study. Thus the 
study and comparison of geophysical fields in both regions is the promising approach for KS deep 
structure research. 

 
Figure 1 Depth to the bottom of the lower sedimentary layer consisting of compacted folded 
Palaeozoic strata above crystalline basement. Solid right lines indicate DSS profiles, dashed ones 
outline tectonic units (Yegorova et al., 2004). 
 
Method 
Intensive geoelectric studies in Donbas were carried out in 1986 within the «Volgograd Donbas» 
Project. This paper describes the results obtained by the methods magnetic variation profiling (MVP) 
and magnetotelluric sounding (MTS). MVP uses only magnetic components of the natural 
electromagnetic field which less sensitive to noise both industrial and geological (distortions from 
small inhomogeneities) than MTS method. So, MVP results are more reliable. Over the elongated 
electrical conductivity anomaly, horizontal component of the magnetic field increases, vertical 
component at different sides of the conductor acquires opposite signs and induction vector 
(constructed from ratio of vertical to horizontal component) directed from anomaly normally to it. 
Results 
Figure 2 shows the points of the MVP and MTS observations in Donbas. A detailed analysis showed, 
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and this can be seen in Figure 3, that the maximum anomalous field both in the northern horizontal 
component bУ, in the vertical component bZ and in the northern component of the induction vector CУ 
is observed at the period TO = 60 min. Using the technique developed in (Rokityansky, 1982), from the 
maximum frequency characteristic of the anomalous field, it is possible to estimate the total 
longitudinal conductance of the anomalous body G = ϭS, where ϭ is the average electrical conductivity 
and S is the cross-sectional area of the anomalous body.  
 

 
Figure 2 Location of MVP and MTS sites in Donbas. 1 - 
MVP observation sites with real induction vectors at the 
period 1800 c (3 letters code in Cyrillic used in Figure 3 
to mark site); 2 – deep faults, 3 – depth to crystalline 
basement, 4 – conducting layer in sediments at the depth 
800 m, 5 – axis of Donbas anomaly. Dark points with 
three-digit numbers are MTS sites presented in Figure 4 
and in bottom of  Figure 3 (Rokityansky et al., 1989). 

Figure 3 Changes in the normalized 
amplitudes of geomagnetic variation 
components and real induction vector 
Cy along the profile Novopskov - 
Taganrog  for 6 period intervals: 1 – 2-
4 min, 2 – 4-8, 3 – 8-15, 4 – 15-30, 5 – 
30-60, 6 – 60-120 min. 
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According to figure 106 from (Rokityansky, 1982, page 296), the value TO = 60 min corresponds to 
G = 109 S×m. This is a very high value, comparable to the conductance of the largest anomalies in the 
world - the North German one and the anomaly under the Andes. The depth of the upper edge of the 
conductive formations in the Donbass varies from 0.5 to 3 km, as shown by the MTS curves 
(Figure 4). These are electronic conductors: coal and sulphide-graphitic rocks, studied in mines and 
wells and in some places exposed in the surface. The profile curves of the MVP (Figure 3) allow the 
location of the anomalous conductor up to a depth of 30 km. Geothermal measurements revealed an 
increased heat flow, which V.V. Gordienko interpreted as a result of modern tectonic activation with 
possible intrusions of magma into the middle crust at the depths of 10-20 km (Usenko, 2002). In this 
case, there should be a decompaction of rocks, a decrease in the speed of seismic waves and negative 
magnetic anomalies. All this is observed by gravitational, seismic and magnetic methods in the area of 
the electrical conductivity anomaly. Thus, for the deep part of the Donbass anomaly, an ion-
conducting nature can be assumed in the zones of partial melting of intrusive bodies. 
Theoretical estimates show (Rokityansky, 1982) that intense anomalies of geomagnetic variations 
occur on long elongated conductors. Then the continuation of the Donbas anomaly in both directions 
should be expected. Indeed, at 200 km northwest of our profile MVP observations showed the 
presence of an anomaly (Bondarenko et al., 1973), but the amplitude of induction vectors was only 
half of that in the Donbas.  
A detailed MVP-MTS profile MK (Morozovsk-Kamyshov) was made 280 km east of our Donbas 
profile and sounding curves from 0.01 to 1000 s were obtained. At the northernmost point (left column 
in Figure 5), the value of Cuy approaches to -1 and will reach the TO extremum over a longer period of 
the order 1 hour. In the same period, the imaginary component Cvy will pass through 0. Thus, the TO 
and, consequently, the total conductance G of the Donbass and MK anomaly coincide and it can be 
assumed that these are the parts of a single anomaly. MTS in MK profile were made by modern 
Phoenix instruments and interpretation has reliably proven that upper edge of the main conductor is 
located at a depth of ≈12 km, conductor extends to a depth ≈24 km, has a width >60 km and 
conductivity 1-10 S/m. From this data the longitudinal conductance of the MK-anomaly G = ϭS can be 
calculated. It exceeds 109 S×m that is in good agreement with MVP estimation.  
One more MTS profile-4 (900 km long with 74 MTS sites) at the longitude ≈44OE crossed the KS and 
a conductor was found at the depth from 5 to 30 km with a resistivity ≈1 Ohmm (private 
communication by I.S. Feldman).  
Conclusion 
Collected data convincingly show that in the middle crust of the Donbas Foldbelt and Karpinsky Swell 
one unified/single electrical conductivity anomaly is located. It has very high longitudinal conductance 
G of the order 109 S×m. The anomaly is traced at a distance of ≈500 km from 39OE to 44OE and 
seemingly attains Caspian Sea and may be the Mangyshlak Karatau at Turanian Plate. 
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Figure 4 MTS-MVP curves along the quasi-meridional (39O E) strip over Donbas between monocline 
slopes of the Voronezh and Azov Massifs. Dashed lines present longitudinal polarisation (W-E), solid 
lines – transverse one. 
 

 
 
Figure 5 Typical MVP-MTS curves along the quasi-meridional (41O E) profile Morozovsk-Kamyshov 
190 km long with 71 observation points. Order of the column: from North to South. Blue curves 
present longitudinal polarisation (W-E), red ones – transverse one (Bersin et al., 2005). 


