
 

 

Non-conventional electrical prospecting. Some results 

 

1. Introduction 

Some advantages and results of a new geoelectrical prospecting method, Vertical Electric 

Current Soundings (VECS) are discussed here. The VECS method  utilizes a centrally placed 

current array with radial electrodes (eight, at 45 degree angles). A bipolar square wave is pulsed 

through the electrodes to create a toroidal electric field that then radiates into the surrounding 

host for a large distance (up to 4-6 kilometers when 500 meter radial electrodes are utilized). The 

transmitted field created (called the CED – Current Electrode Dipole) by the current in the 

electrodes has the following characteristics: 

- The CED is a purely galvanic source and not inductive 

- The field generates a transverse magnetic (TM), non-stationary field 

- The CED field is perpendicular to the loop TE-field  of conventional inductive sources and 

has azimuth symmetry 

- The CED transmitter is analogous to having a vertical current dipole source in the ground and 

radiating its transverse field outwards and away from the source. 

    A critical aspect of the operation of the system theoretically is that the current transmitted 

must be equal in all electrodes and pulsed at the same instant in time. If an imbalance exists in 

the current or timing of the pulse so the transmitted field would be ‘skewed’ and irregular 

making any interpretive approach to the measured signal erroneous. At present, real 

measurements of the magnetic components with an attached CED-array are the most promising. 

The authors consider results of the field tests. 

2. Theoretical 

The variety of transmitter systems located at the Earth's surface or at any other boundary and 

formed by wire and grounding segments, can be formally described with the use of the surface 

density of synchronously varying excitation current. In the general case the field (any 

component) is represented by two members generated by the inductive and galvanic modes (H 

and E fields, H and E modes, TE and TM fields, etc.). These members correspond to two types 

of transient processes, which contribute to the total field, depending on various properties of the 

excitation current distribution. The contribution of the TE (transverse electric) field is 

determined by the rotor of the excitation current, and that of the TM (transverse magnetic) 

field by the divergence of the excitation current. This situation is demonstrated in Fig. 1. 
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    This two-uniform physical and mathematical model of  electrical prospecting  shows: a) all 

traditional electrical prospecting (in time or frequency domain) is founded only on the 

application of a TE polarized field; b) the electrical prospecting (in time or frequency 

domain) with the use of a ТM field has never been implemented until now.   The behavior of 

an inductive source (loop) and a TE process are well known. The properties of the TM transient 

process have been poorly studied and little used (in the best case, only in problems of applying a 

little suited vertical electric line).  The most remarkable properties of the field in this process 

include the absence of the normal (quasi-static) magnetic field at the outer surface of a layered 

medium, as well as the dependence of the process on the vertical geoelectrical structure (rather 

than on the overall longitudinal conductivity only, which is typical of the processes excited by 

inductive means).     Now we supplement electrical prospecting, offering to use the ТМ process. 

For this purpose first of all it is necessary to offer transmitter, excitating a pure ТM field. We 

should use such allocation of an extraneous current, that      0),( yxjrot cz


.  It is possible to 

realize by a set of radial current lines, grounded in the centre and on a circle with a radius 

determined by the depth of investigation desired. As in Fig. 2. The circular electric dipole 

(CED) is the purely galvanic source generating a transverse magnetic non-stationary field 

(Mogilatov, 1992, 1996). 

3. Field 

      The field surveying procedure and equipment are schematically shown below (Fig.3). Once 

the current electrode is laid out and current is pulsed through the eight grounded electrodes 

simultaneously,  a small,  portable loop connected to an EM time domain receiver is used to 

make readings at any of a number of sample locations around the electrode array. Usually the 

samples are read along grid lines. For the Woodlawn (Australia) example the readings were 

made along a series of parallel north-south lines at 200m sample interval. 
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                                Fig.3                                                                       Fig.4 

     Here (Fig.4) are some field pictures (from Woodlawn) of the transmission equipment of the 

VECS system. The receiving equipment comprised of an EM receiving unit linked for position 

and timing of pulse readings through a real-time GPS link. The EM receiver uses a PDA device, 

radio-linked to initiate readings and acquire the sampled channel values from the receiver as they 

are acquired. A multi-turn loop of 1m sides was laid on the ground and connected to the receiver. 

Multiple turns of fine copper wire ensured a high turns-moment to increase sensitivity and 

signal-to-noise of the signal measured. Each decay reading was sampled over a number of 

definable windows and for the Woodlawn survey 99 gates were measured. Each readings was 

repeated to ensure repeatability and on examination of the readings provided, good repeatability 

did appear to be a characteristic of the system. The receiving equipment is shown below (Fig.5): 



Fig.5 

       Once data is read and a repeat reading is made at each sample location, the data is stored and 

then the equipment moved to the next station. Once downloaded to a field computer, the data can 

be plotted. A normalizing correction is made before plotting to account for the distance of the 

reading radially from the current electrode dipole. Each window reading is considered as a 

transient reading for ‘time-depth’ and the recorded (and corrected) voltage plotted at its 

respective location on a map. The later the time slice plotted, the deeper the recording is 

considered to be. 

4. Sample. Field results 

 

For the Woodlawn (Copper deposit, Australia, 2008) survey a total of 207 readings were 

acquired over the “Southern Area”.  In Fig.1 the results are represented as the 3D ore body. 

Analogous result is represented  in Fig.7 (peninsula Kamchatka, nickel deposit, 2008).   
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5. Sample. Krasno-Oktyabrskaya oil pool 

We have interesting results for various objects (ore bodies, kimberlite pipes). However, the 

greatest success we have is in the contouring of oil pools. Such works are conducted 

systematically in Tatarstan now. Here we exhibit result of field tests on known deposit of oil 

(Krasno-Oktyabrskaya oil pool). The contour of deposit (known from other data, Fig.8, left )  is 

selected by the boosted  signals (Fig.8, right). The image in Fig. 8 is formed by filed signal 

directly. 



 

 

 

 

 

 

 

 

 

 

Fig.8 

 

6. Projects 

 

In Fig.9 and 10 the possible modifications of the VECS method are represented. 
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7. Conclusion 

The field of the conventional sources  (i.e loop and horizontal electric dipole or line) is defined  

by  the horizontal currents. This means that we use the TE field only. It is safe to say that the 

traditional electrical prospecting mainly  investigates the longitudinal conduction. If you want to 

study IP, permitivity, multiphase or fractal structure of the medium and other subtle items, you 

must exclude the TE process and use the TM field. CED ensures it. 
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