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SUMMARY 

To study the electrical conductivity of the Earth, it is necessary to ensure the penetration of 
the electric field to required depth and to register on the Earth's surface the response to this 
field from the object under study. The depth of penetration of artificial source is determined 
by the product of current launched into the ground by the distance between the grounds. In 
1986, unique all-Union experiment "Volgograd-Donbass" was carried out, when a voltage of 
800 kV was applied to a line 473 km long and current pulses of ± 700 A with duration 102.4 
s were passed through the electrodes. The complexity of the source, containing the electric 
and magnetic modes, and the complexity of the Donbas geoelectric structure did not allow at 
that time to interpret the observations obtained in Donbas. In this work, the first step in 
solving the problem is made: the source field is studied on the model of a homogeneous half-
space. The theoretical and computational part of the work is devoted to this. The values of 
electric and magnetic fields are calculated. A short review of the lithosphere soundings 
carried out with super-powerful sources in the last 50 years is given in Introduction. 
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Introduction 
 
The Volgograd-Donbass experiment of the electromagnetic sounding with power lines was one of a 
series of experiments initiated and organized by A.A. Zhamaletdinov from the Geological Institute of 
the Kola Scientific Center of the Academy of Sciences. The first two projects arose from the use of 
technical devices designed for other purposes. 
 
Experiment «Khibiny». For the soundings the MHD-generator was used which could create a 
current pulse with a duration of 6-10 s and an intensity of dozens of thousands Amperes, if the load 
resistance was reduced to fractions of Ohm. On the Kola Peninsula, the electrodes were «grounded» 
into sea water on a narrow isthmus of the Sredny and Rybachy peninsulas. The 7 km long line from 
the generator to the electrodes was made of 160 tons of aluminum cable. The resistance of the entire 
circuit (cable, electrodes and sea water around the two peninsulas) was only 0.095 Ohm, which made 
it possible to launch a current of about 20 kA and record a signal at a distance up to 750 km. The 
resulting source turned out to be very complex: a short grounded line (mainly an electric mode) and 
an almost horizontal time-varying contour of currents in the sea around the peninsulas with inflow 
(about 20%) into the lithosphere (mainly an induction mode). The interpretation theory for each mode 
is different, there is not enough data for mode separation, therefore, reliable results have not been 
obtained for great depths and distant separations. For shallow depths, the comparison of pulses at 
closely spaced points (in essence, profiling) made it possible to obtain new interesting results on the 
conductivity in the earth's crust (Zhamaletdinov, 1990). Soundings with an MHD generator at the 
Khibiny facility were carried out from 1973 to 1990. 
 
ELF installation «Zeus». In the late 1960s, the superpowers needed long-distance communications 
with nuclear submarines located under water anywhere in the world ocean. The carrier frequency 
should be low enough so that the EM-field does not decay at the depth of the submarine (about 
100m). In the USSR, a frequency of 82 Hz was chosen and a 5MW unit with a 60 km long horizontal 
feed line, code-named Zeus, was built on the Murmansk block of the Kola Peninsula, 100 km 
southeast of the Khibiny installation. A similar American setup operated in the Great Lakes region at 
76 Hz. Our geophysicists began using the Zeus radiation in the 1980s. They carried out profile 
observations to the south of Karelia and Finland (1000 km), sounding on oil structures of Western 
Siberia at a distance of 2100 km, recorded Zeus signals in China at a distance of 5000-7000 km. 
 
The Phoenix Experiments. Sounding in the Zeus field has limited capabilities: a very small set of 
frequencies, and one line creates only one polarization at the measurement point and the information 
received is not sufficient to distinguish between deep electrical conductivity from its lateral surface 
inhomogeneities. A.A.Zhamaletdinov organizes the use of two mutually perpendicular grounded 
power transmission lines (on the Murmansk Archean block) with a length of about 100 km, into 
which signals, sinusoidal or rectangular (meander) with fixed frequencies and with a given linear 
polarization. Such a source, when both lines are connected in series, allows obtaining impedance 
values in two directions and studying the parameters of anisotropy and inhomogeneity. Phoenix 
sessions with international participation of many organizations were held in 2007, 2009, 2014, 2019. 
The emitted signals were received in Nizhny Novgorod and Magadan, in the Sayan and Kamchatka 
(at a distance of 5600 km), in Finland, Sweden, Estonia, Poland, Ukraine (in Kharkov), on 
Spitsbergen. The methodology and the results obtained are described in the works (Zhamaletdinov et 
al., 2015), as well as on the website. 
 
The Volgograd-Donbass experiment was conceived by A.A. Zhamaletdinov in the early 1970s to 
compare the deep geoelectrical structure of the Baltic shield with the Ukrainian shield and the 
Voronezh massif..  
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The experiment with the Volgograd-Donbass power transmission line with a length of 473 km was 
carried out by feeding into the ground current rectangular pulses of ± 700 A with a duration of 102.4 s 
with power from the Volgograd HPP with a voltage of 800 kV. The first experiment with two 
receiving stations was carried out in 1979 when the technique was tested out and the transverse 
resistance of the lithosphere was estimated. By 1986, it was organized the All-Union project «Volga-
86» with the participation of more than 20 teams of various organizations, which provided 
observations at more than 100 points with a distance from the source up to 700 km (Velikhov et al., 
1989). Five-component stations continuously recorded pulses of power lines during half-hour night 
sessions, and during the rest of the day they wrote MTS. On the Voronezh massif, 2 anomalies of 
electrical conductivity were found. Dozens of points worked in the Priazovsky massif and Donbass. 
For long periods, the MVP recorded an intense anomaly of electrical conductivity – Donbass 
anomaly, however, this anomaly was reflected in the recordings of power transmission line pulses in a 
rather complex way and these records were not analyzed. 
The goal of this work is to begin the interpretation of the received pulses. 
 

 
 
Figure 1 Electromagnetic observations on the scheme of tectonic structures. Points with arrows are 
real induction vectors for periods 1000-2000 s. Rhombuses with three-digit numbers - points with 
records of MTS and pulses of power lines Volglgrad-Donbas (straight line with stars (groundings) at 
the ends). The dotted line is the axis of the Donbass anomaly. 
 
Method and Theory 
 
To study the electrical conductivity of the Earth at great depths, it is necessary to ensure the 
penetration of the electric field to the required depth and to register on the Earth's surface the response 
to this field from the object under study. The depth of penetration of artificial sources of the field is 
determined by the moment of the source, that is, the product of the current launched into the ground 
by the distance between the groundings. Such a source at large distances behaves like an electric 
dipole, its field decreases inverse proportional to the degree 3 of the distance. If the generator is 
connected to a closed loop on the Earth's surface, then we get a vertical magnetic dipole with 
decreasing field inversely proportional to the fourth power of the distance. Such a source of a purely 
magnetic type has rarely been used for deep research. It should be noted that in the «long line» source, 
the currents in the supply wires and their continuation - the spreading currents in the ground form a 
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closed loop with an approximately horizontal magnetic moment. As a result, the "long line" field 
contains both electric and magnetic modes, and the ratio of modes on different parts of the earth's 
surface is different. This means that before investigating (looking for and isolating) anomalies of 
electrical conductivity in the Earth’s interior, it is necessary to study the source field on the simplest 
model of a homogeneous half-space. The theoretical and computational part of the work is devoted to 
this. 
 
Formulas of transient processes in the electromagnetic field of a line of finite length 2l grounded on 
the surface of a uniform conducting half-space are: 
 
a) Vertical component of the magnetic field Bz. It measured by the induction sensor which produce a 
derivative:  
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b) longitudinal component of the electric field strength Ex(t) when the current is switched on 
(superscript «+»): 
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Steady (asymptotic) field:    
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The shutdown mode is obtained according to simple algorithm: ��
�(�) = ��

�(∞) − ��
�(�): 

 

2 2λ
2

ρ
( )

λ λ λ λ2π

yl l
x

l l

I x l r x l r x l x l
E t e

r ry

  

 

             
               

         
. 

 
Designations used in formulas: 
І – current strength;  – half-space resistivity;  х, у – coordinates of the measurement point in the 
coordinate system with the origin in the center of the grounded line; the x-axis is directed along the 

line to East, the y-axis –  to South;  
2 2( )lr x l y    ;  

2 2( )lr x l y      – distances from the 

line groundings to the measuring point (l  – half length of the line) ; λ 2 ρ μt  – analog of 

wavelength for a nonstationary field (t – transient time from the moment of switching the current); 
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Some results of calculations are presented in Figure 2. Analysis of the performed calculations yields 
the following conclusions: 
1. The transient process in the electrical component Ex is longer than in the dBz/dt. At large distances 
from the exciting line, the amplitude of signal is diminishes but its duration grows up to 60-100 s. 
2. A wave stage is clearly recorded on the transient characteristics, the duration of which depends on 
the distance to the exciting line and ranges from 1 s to 10 s. The wave stage is expressed in the 
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relative constancy of the measured field during a certain time interval after switching and it is 
associated with the induction of eddy currents in the conducting half-space by a pulsed magnetic field 
created by the current in the exciting line. The wave stage of the transient process is quite promising 
for deep electromagnetic soundings. Depth of research is determined by the thickness of the skin 
layer hS=2(tρ/μ)1/2. Calculations show that for the duration of the wave stage 1 s hS = 18 km, and for 
duration 10 s hS = 56 km when ρ = 100 Ohmm. 
 

 
Figure 2 Pulses of dBz/dt (a), Ex switching on (b) and Ex switching off (c) over uniform half-space ρ = 
100 Ohmm in 11 observation sites (location see in Figure 1). 
 
3. The calculations were performed for the ideal-shaped exciting pulse - the Heaviside pulse (unit step 
function). In practice, when using long excitation lines, it is practically unrealistic to have an ideal 
excitation pulse due to the presence of reactive characteristics in such lines - inductance and 
capacitance, which create transients in the excitation circuit itself. Therefore, for the successful 
implementation of the deep sounding possibilities with long power lines, it is also necessary to 
register the excitation signal itself in order to normalize the informative signal to the form 
characteristic to the Heaviside excitation. 
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