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INNOVATIVE TECHNOLOGY OF ELECTRICAL 

PROSPECTING FOR ORE DEPOSITS - VECS 
 

 

 

 
 

 

Electrical prospecting by the method of vertical electric current sounding (VECS) has a number 

of features and advantages as applied to ore targets:  

 Received ( tBz / , tB / , tBr / ) signals are controlled only by three-dimensional 

heterogeneities. The horizontally-layered medium that is a host medium for ore deposits exhibits no 

action on these signals.  

 Resistivity heterogeneity of a medium is pronounced in the CED field much clearer than with use 

of the horizontal current line or loop. This allows targets to be distinguished when the target 

resistivity is weakly-contrasting as compared to that of the host medium.  

 Received signals ( tBz / , tB / , tBr / ) are controlled by heterogeneities near the 

measurement points since the anomalous field is also a complete one. In the case when a horizontal 

line or a current loop are applied, signals are often governed by the host medium and by all 3D 

targets, which are located between the measurement point and the field source. It is difficult to 

distinguish the local information in this composite signal. Pretty complex processing procedures are 

needed. When the conventional one-dimensional approach is applied to interpretation at the first 
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stage, local interpretation will be rejected at all. Data on 3D targets in VECS signals is well 

separated not only in time, but also in space.  

 Signals measured from different electromagnetic field components complement each other well and 

allow one to reject anomalies revealed in measurements of single components, as well as essentially 

decrease the area of equivalent solutions.  

 VECS implements the long-held dream of prospectors in the field of electrical survey: to separate a 

measured signal into transient and polarization signals. Separation of the signal allows us to study 

the change in both the medium resistivity and polarization parameters of the medium. We study a 

medium resistivity not excepting local three-dimensional inclusions via measurement of magnetic 

components. Based on measurements of electrical components, we study polarization of a medium 

already visualizing the resistivity distribution in the medium. The resistivity distribution in the 

medium can be conceived when we study polarization of a medium based on measurements of 

electrical components. 

 When exploration is performed by the VECS method, it is worthwhile to condense the survey 

network to the required accuracy of determination of target boundaries. When works are carried out 

with a current loop or horizontal line, survey network condensation seems to be unsuccessful 

inasmuch as change of a signal is primarily associated with change in the response of one-

dimensional medium depending of a distance between measurement point and the field source. In 

works by the VECS method, the conventional is the technique with a dense survey network in 

locations where a signal from targets is recorded. Thus target boundaries can be determined more 

accurately. 

 The CED technique allows a dense areal survey system to be efficiently implemented. Such 

acquisition geometry is very stable to distortion of a signal at some measurement points. As a 

consequence, such heavy demands on an accuracy of recorded VECS signals and noise level as in 

the transient EM technique are not imposed in other methods. VECS responses from local targets 

exhibit strong variations up to sign change. In measurements with the help of a current loop or 

horizontal current line, geological conclusions are often drawn as a result of change in a signal by 

several percent, thereby implying that measurements of the transient response are more accurate. 

 For the VECS method, conducting screens (water layers, clay, lakes, etc.) are not complicating 

circumstances. 

 The economic viability also takes place. When works are carried out with CED, a fixed source is 

used that is once established for survey all the studied area. To produce a dense survey network in 

the transient EM method, it is required to move all the receiving-current circuit.  
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Description of VECS method 

The method of vertical electric current sounding (VECS) is taken to mean such electrical 

investigations in performance of which a circular electric dipole (CED) is used as a source of 

electromagnetic field. The CED configuration is formed by several radial grounded horizontal lines 

(usually 8) which are simultaneously energized by pulse current of the same form and amplitude. 

Measurements are carried out over an arbitrary network around the field source (for the long CED 

radius and inside a source) with the aim of recording a dense areal transient response (data cube).  

A magnetic induction velocity is usually measured by means of compact induction receiver. 

Recently, measurements of an electric field by grounded receiving lines are also of great interest.  

CED excites transient process of a field of the ТМ-type in the ground. As opposed to this, a loop 

excites pure TE process and a horizontal line excites process of the TE-type. The magnetic field being 

excited from CED on the Earth’s surface is absent above a horizontally-layered medium. This feature is 

most important for practical application in electrical prospecting. Inasmuch as a response from a host 

medium is absent, then the presence of a signal itself is indicative of the presence of 3D disruption in 

the host medium and characteristics of this signal are governed by features of the target and host 

medium. This response from an ore body is well localized, i.e. the measured signal is mainly governed 

by targets beneath the measurement point of a magnetic field. The consequence of this is obvious in the 

recorded response that shows significant suppression of the effect from other heterogeneities located 

between the source and receiver of the field. It should be noted that using the 1D approach in 

interpreting the results of magnetic components is meaningless; in this case the only 3D approach is 

needed. By the way, in view of the character of the response related only to heterogeneity, areal 

pictures of VECS signals possess a high imaging capability and sometimes they are undoubtedly 

valued by customers. The other interesting feature of the CED field is that the local target anomalies of 

conductivity in a response from vertical magnetic induction velocity (we call this as tBz /  

component) and in the tB /  component manifest themselves in different ways. In the areal 

representation of a signal, the location of the target center coincides with the boundary of sign change 

of the tBz /  component. In this case, the maximum of the tB /  component coincides with the 

center of 3D target. That is, we can determine well the center of the local target via the tBz /  signal, 

and target boundaries are well defined via the tB /  signal. The great support gets measurement of 

the electric gradient rE .The rE component is normal, i.e., it is the response from an one-dimensional 
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host medium in working with CED as a source. Nevertheless, the character of a signal is sharply 

changed when a local target is situated in a horizontally-layered medium. As a rule, sharp change in the 

character of rE coincides with the target boundary nearest to the CED.  

Next note one more important feature of the CED field as opposed to the fields of conventional 

loop and horizontal line: exploration with CED makes sense since that supposes a dense survey 

network.  When works are carried out using the VECS method, a signal varies rather faster in passing 

point-to-point; this is because the signal characterizes mainly a medium under the measurement point 

rather than an averaged medium between the field source and receiver. 

Procedure of field works 

Prior to start of measurements, the power supply setup CED is installed. The source radius 

corresponds to the depth and area of investigations. In performing the most of works, the radius was 

stipulated by the area being studied. Qualitative measurements are usually carried out at a distance up 

to five CED radii, although in our practice we met localities where we successfully performed 

measurements at the distance 6-7 radii from the CED center. It is implied that the geometry of a source 

is valid and currents in lines are equalized, the currents flowing in the pulse regime. Automatic system 

for maintenance of equal currents in lines is just the specific VECS equipment. Depending on a posed 

problem, every measuring group is equipped with one or more compact induction sensors, one or more 

measuring lines, and measuring devices for a transient signal. All receiving elements such as induction 

sensors, measuring lines, and measuring devices for a transient signal are standard elements applied in 

the method of transient processes (or in time-domain electromagnetic sounding (TDEM)). Each of 

groups with its own measuring system freely moves over the area using space-time satellite navigation 

to locate the field source. Thus, if the standard distance equal to five radii from the center of CED 

source is taken as a maximum distance, then the area of ~25 km
2 

may
 
be studied rapidly when the fixed 

source with the radius of 0.5 km
2
 is used.  

In the processing program, a measured the tBz /  and tB /  components are normalized by 

some function of the distance from a measurement point to the source center, and the time is 

transformed with respect to the depth via the formula for a skin layer. Such constructions allow one to 

detect 3D target being studied directly during field measurements practically without any processing. 

Display of a target in an areal field measurements of the tBz / and tB / components is somewhat 

displaced from a real target in the plan, but nevertheless, the display visualizes the target being studied 

very well.  

We also execute comprehensive three-dimensional interpretation of signals using three-

dimensional direct problems. If the target is complicated or weakly contrasting, then, using even direct 

problem of three-dimensional simulation, it is not always possible to fit qualitatively a local inclusion 

having data only for one component. For this reason, we perform measurements for complicated targets 

up to three components of a electromagnetic field such as tBz / , tB / , and rE . This data set 

makes it possible to accurately reveal and identify a local conductivity target via field data by 

comparison and on the strength of all the evidence.  
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Numerical three-dimensional simulation of VECS signals 

To illustrate features of VECS signals, we give calculations of fields for models of a medium with a 

conductive target in a less conductive layered half space. The CED was specified with the radius of 500 

m and the total current of 16 amperes. The level of signals measured under field conditions exceeds 

1.0 V , therefore only signals more than 1.0 V  were considered. The calculations were conducted 

for three types of signals tBz / , tB /  and rE .The parallelepiped with resistivity of 20 ohm*m has 

been chosen as an exploration target. The target dimensions in plane were 100×150 m, the depth top 

was 100 m, and the target thickness was 100 m. Fig. a shows the areal distribution of the tBz /  signal 

for the time 0.120 ms normalized by some function of the distance to the CED center. Such 

normalizing in intended to compensate signal attenuation as the distance increases. A signal of the 

tBz /  component is typically divided into two symmetric parts such as positive and negative. The 

field symmetry line passes through both the anomaly center and the CED center.  

 
Fig. b shows the areal distribution (in isolines) of the tB / signal at time 0.120 ms. In this case, 

the maximum signal value in amplitude is observed above the anomaly. The signal maxima at different 

times are displaced, the area of signals exceeding the minimum measurement level changes, but the 

maximum signal value is observed above the anomaly.  

At last, Fig. c demonstrates the areal distribution of the rE signal normalized with account for the 

distance to the CED center. The one-dimensional approach in interpreting the rE  data makes sense and 

that is possible only in the case if there are no significant conductivity anomalies. Fig. c illustrates that 

the character of the field rE  is changed above a local heterogeneity, the signal being changed up to 10 

a)  b)  

c)  

Fig.  The areal distribution of VECS signals at times 0.12 ms a - tBz / , b  - tB / , and c - rE  

rE Er 
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%. Thus, measurements of the electric component rE  may be used not only for 1D interpretation, but 

also for additional visualization of 3D target boundaries.  

Equipment  

Recently, the third generation of equipment for VECS is used that consists of the setup and the set of 

measuring devices.  

 

SOUNDING SETUP GTE-10S forms stabilized current pulses of specified amplitude and duration 

with alternate polarity in circular electric dipole. The setup characteristics are as follows:  

eight channels; 

- output voltage from 50 to 750 V (three diapasons 50-250V, 150-500V, and 300-750V); 

- output current diapason from 8 to 160 A; 

- current stability  ±1%; 

- maximum input power 80 кВт; 

- supply by three-phase variable-voltage generator (380/220 V) with insulated neutral, with power 

no less than 100 кВт; 

- synchronization from GPS; 

- weight 300 kg, overall dimensions– two racks 550 

× 500 × 940 mm; 

- protection against overload and overheat;  

- indication and filing for voltage supply, 

consumption current and power at each phase and total 

power, and exit from stabilization mode; 

- continuous control of insulation resistance in 

power supply circuits. 

Measuring device CEI-7 is characterized by 

compactness and high measurement accuracy. Before 

each measurement cycle, test calibration measurements 

are conducted, which enables one : firstly, to determine 

measuring device service capability, and secondly, to 

compensate temperature and temporal variations of a transient characteristic of measuring tract. Every 

measuring cycle starts with primary measurement during which parameters of an input signal are 
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determined. By the primary measured input signal, the executive program selects optimal measurement 

parameters:  

- amplification factor of a buffer amplifier; 

- output signal of digital-to-analog converter (DAC)  for compensation of input displacement; 

- optimal  transition factors for all integration intervals. 

Software  Zavet 5.1 allows performance of: 

- areal data processing at all measurement times with account for the distance from the measurement 

point to the source center; 

- account and processing of stakes with measurements acquired from several current sources; 

- filtration and rejection of signals distorted by electromagnetic noises; 

- procedure of 3-dimensional approximated calculation and accurate calculation of a transient 

electromagnetic field for 3D targets; 

- accountability for difference between a signal from perfect CED and a signal from real CED 

consisting of a finite number of horizontal lines; 

- data output, comparison, construction, and visualization of a signal recorded at different survey stakes 

and in measuring of various electromagnetic field components; 

- constructability for omnidirectional survey lines through  the whole target that is urgency for areal 

works with a dense survey network; 

- calculation and preparation of a data cube that subsequently allows data display with the help of 

different packages of data visualization (Oasis montaj, Surfer); 

- calculation of a signal within the framework of a horizontally-layered medium for the electromagnetic 

field component. 

The package uses the  Sql data base including all the information feed into computer in data processing 

and interpreting.  
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Investigation of targets of the pipe type near Mirny city (Sakha (Yakutia) Republic, Russia ) by 

the VECS method  
The works were conducted under the contract with NIGP AC “ALROSA”. Within the framework of 

these investigations over the dense network 50*50 m, the components tBz / , the horizontal 

component tB / , and electric component rE  were measured. As a result of these works, we were 

able to localize a pipe, which is weakly contrasting target that is not practically distinguished by other 

methods of electrical prospecting. 

Fig. 1. Areal (normalized) measurements of tB / component with account for the local 

topography. Times 0.545 ms, 0.780 ms, 1.058 мс, 1.431ms, 1.965ms, and 2.429 ms. Outlines of the 

first and second targets selected as initial approximation are shown with green color in the plan.  

 
Before fitting a geological heterogeneity configuration, we have distinguished two zones with the 

maximum signals. The first zone of maximum signals was distinguished at times 0.545 ms, 0.780 ms, 

and 1.058 ms that corresponded to the target situated nearer to the Earth’s surface. The second zone of 

maximum signals was distinguished at 1.965 ms and 2.429 ms and it corresponded to the target situated 

deeper. We also have taken into account that with increasing time, the signal maximum would not be 

above the target center, but some farther from the CED center. We supposed that a signal at times 1.431 

ms corresponded to the intermediate position between the first and second zones. In accordance with 

these zones, we preset two targets corresponding to the first and second zones. After primary 
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calculations had been conducted, we located the first and second targets at depths from 10 to 60 m and 

from 60 to 500 m, respectively. The distinguished targets are given in Fig. 1. 

Given in Fig.2 is the distribution of a signal for the fitted target model and the tB /  component 

at various times. Target planes from which the model is composed are also shown in Fig. 2. The targets 

marked with light-blue, yellow, red, and blue colors are located at the depths: from 10 m to 30 m, from 

30 m to 60 m, from 60 м to 140 m, and from 140 m to 500 m, respectively. The calculations 

demonstrate that we have data on a medium up to the depth about 300 m. As we can see, depths of 

targets in the fitted model are somewhat changed, the arrangements of the targets being also changed. 

Nevertheless, the original arrangement of the targets assigned by the field data before model fitting 

turns out to be good as an initial approximation.  

Fig 2. Areal (normalized) calculations results for the fitted model of the tB / component at 

times 0.531 ms, 0.795 ms, 1.073 ms, 1.444 ms, 1.943 ms, and 2.365 ms. The targets marked with 

light-blue, yellow, red, and blue colors are located at the depths; from 10 to 30m, from30 to 60 m, 

from 60 to 140 m, and from 140 to 500 m, respectively  
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Fig 3. Areal (normalized) measurements of the tBz /  with account for local topography. Times 

0.545 ms, 0.780 ms, 1.058 ms, 1.431 ms, 1.965 ms, and 2.429 ms. 

 
Fig 4. Areal (normalized) calculations results for the fitted model of the tBz /  at times 0.531 ms, 

0.795 ms, 1.073ms, 1.444 ms, 1.943 ms, and 2.365 ms. The targets marked with light-blue, yellow, 

red, and blue colors are located at the depths; from 10 t0 30m, from30 to 60 m, from 60 to 140 m, 

and from 240 to 500m, respectively.  

 
After a model had been fitted by the tB /  component, we checked the result by the tBz /  

component. Given in Fig. 3 are areal (normalized) tBz / components with account for corrections for 

the local topography. Fig. 4 demonstrates areal (normalized) calculation results for the fitted model of 

the tBz / component at various times. The targets marked with light-blue, yellow, red, and blue colors 

are located at the depths: from 10 m to 30 m, from 30 m to 60 m, from 60 м to 140 m, and from 140 m 

to 500 m, respectively. No disagreements in observed signals were recognized. Signals of the 



 

STC “ZaVeT-GEO”. Voskhod, 26/1 off.  56, 630102, Novosibirsk, Russian Federation, 

ph. +7-(903)-935-22-87, +7-(383)-306-66-05,  www.geozvt.ru, email : office@geozvt.ru 
11 

tBz / component completely substantiated our inference that the fitted model is consistent with field 

signals.  

Conditions complicating our work were as follows: 

1) Weak contrast between resistivity of the host medium and a pipe being investigated. According to 

the TEM (loop-loop configuration) method, the host medium resistivity was about 70 ohm*m and the 

pipe resistivity was about 40 ohm*m. Our signal was sensitive to the pipe. According to the results of 

one-dimensional inversion of rE signals, we determined the host medium resistivity to be 150 ohm*m 

that is more than twofold as compared with the host resistivity acquired with the help of transient 

electromagnetic method. The increase in the host resistivity acquired by the VECS method is explained 

by the fact that when working with vertical currents, the vertical resistivity plays significant role, 

whereas when working with a source of the loop type, only the horizontal resistivity plays a role.  

2) The presence of topography. There was an elevated locality of 40 m in height in the area. If it 

considered that the target begins from depths of 10 m, then this circumstance could essentially 

complicate the picture. We managed to take into account the effect of topography. Given in Fig.1 are 

field signals with account for the topography effect. 

Fig. 5 presents 3D visualization of the tB / signal acquired under field conditions and calculated 

for the fitted model. The field tB /  signal with account for correction for topography is represented 

with light-blue color, and the tB /  signal calculated for the fitted model is shown with yellow color, 

whereas the fitted model is represented as orange dots.  

Fig. 5. Three-dimensional 

visualization of a signal tB /  

acquired under field conditions 

and calculated for the fitted 

model. The field tB /  signal 

with account for the topography 

is represented with light-blue 

color and the tB /  signal 

calculated for the fitted model is 

shown with yellow color, 

whereas the fitted model is 

represented as a set as orange 

dots. 

 

Conclusion 

1) Making use of tBz /  and 

tB /  components, we managed to distinguish two targets, which were located in the immediate 

vicinity from one another (the distance between the target centers was about 300 m ) and even they are 

partly overlapped.  

2) We have executed comprehensive three-dimensional inversion making use of direct problems of 

three-dimensional simulation. 

3) The weak contrast between resistivities in the host medium and in the studied target makes it 

impossible to distinguish qualitatively a target when working with classical sources. When exploration 

is performed with the VECS method, the target was fully manifested also due to the stronger contrast 

between vertical resistivities in the target and host medium.  
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Investigation of lithium pegmatite by VECS method in the West Finland  

The challenge to investigate morphology of a pegmatitic vein with the average LiO2 content about 

1.0% was set to geophysical methods. The survey target of length several hundred meters and of width 

from 20 to 70 m has the sub-vertical dip. The thickness of the overlying rocks is no more than 10 m. 

The ZaVet-Geo Company has selected the relatively novel method such as Vertical Electric Current 

Soundings (VECS) for electrical prospecting.  
The main advantages of VECS method as applied to these works are as follows: 

- possibility for fast detecting all local heterogeneities of a medium resistivity. The location of a 

sought target becomes evident as early as the field the data are looked through before analysis of them 

in detail and prolonged interpretation in an office;  

- economic efficiency. It is required to maintain only one source of the electromagnetic field for 

conducting field works.;  

- resistance to electromagnetic noises at some observation points;  

- relative indiscriminateness of the VECS method to the accuracy of measured signals. This 

circumstance turns out to be useful inasmuch as a road ran through the exploration area center with a 

power transmission line along the road. The level of electromagnetic noises from the transmission line 

in survey lines near the road reached 200 V .  
 
A circular electric dipole (CED) consisting of eight grounded horizontal current lines was used as a 

source of electromagnetic current. The CED radius was 200 m, the currents in all the eight lines were 

the same and the GTE-10S generator controlled in automatic regime these currents to be equal. The 

total current in the SED was 4.48 A. Measurements were conducted by the CEI-7 using the PDI-100 

receiver (equivalent of a receiving loop 100x100 m). Electrical exploration works were performed on 

the area with dimensions 0,5x1 km within which 81 measurements of the tBz / electromagnetic field 

component were taken.   
The Figure shows the areal EMF distribution in the working area. The positive signal is shown with 

red color and the negative signal is shown with blue color. The center of the target being studied is 

wherein the signal is zero (at this point, when moving along a survey line, sign change of measured 

signal takes place).  
For determination of morphology of the pegmatitic vein boundaries, 3D simulation was executed 

that allows the boundaries, volume, and location of the target being studied to be ascertained (Figure). 

According to the data obtained, the target resistivity was about 15 ohm·m. The host medium was 

characterized by the high resistivity ( >1000 ohm·m). 
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Areal distribution of the tBz /  component at time 21 s  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The three-dimensional display of isosurfaces of the tBz /  signal value 

measured tBz /  field fitted tBz /  field 

 

Signal acquired in the field is shown in the left Figure. The right Figure displays the combined field 

signal, signal obtained via 3D simulation, and the model outlines. The yellow isosurface is the signal 

from the model based on the calculation results. The model outlines are depicted with red color. The 

CED center is at the point with coordinates 0. 0 
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Exploration in Australia  

In spring time 2008, exploration works were conducted in Australia. We investigated the occurrence 

of the ore chute in the region of the Wooldlawn gwag on request of the Tri Origin Minerals Ltd. The 

desired area of about 6 km
2
 (rectangle with sides two and three km) has been pointed out to us, but no 

geological data were present except some deplorable information (bad conditions for current line 

grounding and outcrops of basalts).  

The CED radius was 450 m. The total current was 19.2 A. Receivers with the effective area of 800 

m
2 

were used. Measurements of the tBz /  component of a transient process were taken at 223 points. 

These transient processes reflected the heterogeneity effect on a medium conductivity.   

The Figure a presents the normalized areal VECS signal at time 0.34 ms. How it may be 

interpreted? It is the electromagnetic image of a medium reflecting the real conductivity distribution, 

and therefore the real structure of the geological medium. In this case we clearly see and the medium 

heterogeneity, and a geologist, who also has other data, will get help just from the geological model.  

At every time we can image such a “picture” and that will be compatible with a certain depth. 

Shown in Fig. b is the areal signal at time 1 ms. The areal representation is also interesting in that the 

ring-type structure is seen in the western part of the area in the region of negative signals. 

Below the three-dimensional visualization of our data is present. To construct it, we created a data 

cube based on measurements of the tBz /  component. The time was transformed with respect to 

depths making use of the well-known formula for the skin-layer. This data representation is well 

displayable. In practice, we recognize a three-dimensional structure characterizing the area surveyed by 

us directly in a field. We appreciate that the apparent three-dimensional target is present in the Figures 
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whereas the real ore target is somewhat displaced and it differs from this electromagnetic image. 

Therefore, in later works we began to study additional electromagnetic field components and to apply 

3D interpretation.  

Areal (normalized) VECS signal of the tBz / component a) at time 0.34 ms; b) at time 1.0 ms 

The 3D display of isosurface of the tBz / signal value 
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Exploration in Kamchatka Peninsula. 

In November 2008, electrical exploration was performed in the Kamchatka Peninsula. Ore body 

(nickel) occurring at the shallow depth (the first tens of meter) and possessing an increased 

conductivity (the first tens of ohm*m) served as a target being explored. The host medium is 

characterized by increased resistivity (more than100 ohm*m). The CED radius was 500 m (every 

current line length). The total current in the CED was 1.6 A. We used induction receivers PDI-100 

(effective area was 10000 m
2
). The exploration area was about 0.5 km

2
 (rectangle with sides 600 m and 

900 m). It has been conducted 207 measurements of the tBz /  component. It can be seen that the 

measurements were conducted on the area that was less than the CED area itself. This cannot be 

considered as reasonable. An essentially undersized CED could be used. The difficulty was that the 

current, by conditions of grounding, was only 0.2 A in each current line and that could be compensated 

(for lesser CED) by closer, due to the lesser radius, arrangement of a source. 

The signal of interest to us starts to manifest itself from 50 s . The informative range of times can 

be determined from 50 s  to 500 s . The Figure displays areal normalized VECS signals at times 65 

s and 145 s . In the northern area part, the anomalous zone is distinguished. Such early times 

(according to standards of TEM method) are real owing to both significant resistivities of the host rocks 

and the shallow depth of the target occurrence. 

This is clearly apparent from the present time slices that the areal VECS signal free from the host 

medium background is highly visualisable. The data processing consist in viewing the data, rejection of 

data of survey stakes and doubles, smoothing, determination of informative time ranges, areal 

equalization (compensation of remote decay), generation of areal information for single times (time 

slices), and formation of three-dimensional data cube. 

We distinguish the target with increased conductivity situated at shallow depth (nearly the surface). 

As to the target outlines, this issue is somewhat more complicated. The mathematical simulation for 

bodies of simple forms, which differ from host rocks only by resistivity, denotes that the local target 

creates a bi-polar signal of the tBz / component and the line of sign change passes through the middle 

of the local target. Such situation takes place in surveying ore bodies. So that, according to the Figure, 

the target may be extended into the area of another sign signals.  

The Figure also shows three-dimensional visualization based on the data cube of the 

tBz / component. It is seen that, aside from our target, the deeper dipping conductive horizon is also 

observed.  
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Areal distribution of normalized e.m.f. ( tBz / component) a)-at time 65 s . b)-at time 145 s  

 

 

Three-dimensional display of isosurfaces of the Bz / t signal value  
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Exploration works for kimberlite pipes near Aikhal town (Sakha (Yakutia) Republic, Russia )  

The works for kimberlite pipes were conducted under the contract with NIGP AC “ALROSA” in 

Yakutia. These works included measurements of tBz / , tB / components over a dense survey 

network. In addition, we completed the work by two survey lines for measurements of the 

rE component. As a result of these works, we were able to localize pipes, which were weakly 

contrasting targets and, practically, could not be distinguished by other methods of electrical 

prospecting. Based on the measurement results of the tBz /  and tB / components, in threes 

anomalies in every pipe were detected, but only two from four anomalies were detected via both 

components, all the others detected only via one component were rejected. These two anomalies were 

also substantiated by measurements of the rE signals. Thus, the information on measurements of each 

new component rejected some anomalies and supplemented investigations with important information. 

The CED radius was 350 m. The total current was 8 A. We used induction transducers PDI-175 

(effective area was 30000 m
2
). The exploration area was about 1.3 km

2
 (rectangle with sides 1300 and  

1000 m). It has been taken 238 measurements of the tBz / components, 105 measurements of the 

tB / component, 12 measurements of the rE  component, as well as measurements at four TEM 

(loop-loop configuration) survey stakes making use of a transmitter loop 100х100 m.  

When processing the data, first we distinguished anomalies via the tBz /  components (observation 

network was 100х50 m) and tB /  components (observation network 200х50 m). Further we 

compared anomalies acquired via different components and kept only anomalies observed in both 

 

а)  б)  в)  

Fig.1 а –measurements of tBz /  at time 93 s  and three recognized anomalies; b –measurement of 

tB / signal at time 75 s and three recognized anomalies; c- areal VECS signal ( tBz / ) at time 93 

s , and two anomalies substantiated via all the three components. 
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components. And finally, we checked the outlines of anomalies against points where rE  was measured.  

Inasmuch as the line of transition from positive domain of the tBz /  signal into negative one 

passes through the center of a 3D target, we distinguished areas of sign change except the transition 

through zero in the direction from North-West to South-East (this sign change is associated with 

elevated topography). The results of measurements of the tBz /  signal at time 93 s  are given in 

Figure 1a. Three anomalies, centers of which coincide with local transitions of a signal through zero, 

are clearly distinguished. It is specific for the tB / component the coincidence of the signal 

minimum with the position of the 3D target center. That is, the local anomalies coincide in a field 

signal of the tB /  component with the absolute values of the signal. Measurement results of the 

tB / component at time 75 s  are given in Figure 1b. Based on these results, three recognized are 

present in this Figure. It should be emphasized that the measurements of the tB / component were 

performed with the 200 m spacing between survey lines. If we assume that the linear dimension of 3D 

targets is 150 m, then we should acknowledge that the spacing between survey lines is too long. 

Therefore, our anomalies detected via the tB / signals will be definitely displaced from location of 

real anomalies. The anomaly 2 detected by us is easily distinguished. Transition through zero in a 

signal of the tBz /  component coincides with the following survey line situated to the east of the 

survey line at which the second anomaly is distinguished, but measurements of the tB / component 

at the next survey line were not carried out. Therefore, we displaced the anomaly 2 to the east. 

We now turn our attention to consideration of the measurement results of the rE component. 

Interpretation of these results in the VECS method is possible in the one-dimensional version, common 

for electrical prospecting. We use the fixed CED source, and measurement points are at different 

distances and in different directions from the CED center. Under such conditions, 1D inversion may be 

successfully applied in the case if there are no 3D targets between the CED center and the measurement 

point of a signal.  

Polarization we take into account according to the Cole-Cole model. The first survey line consists of 

eight stakes. At this line, we observed the sharp change in medium parameters beginning with the 

survey stake 288-207. The polarization parameter changed threefold and the total medium conductivity 

changed twofold. When working with CED, this happens in the case when a local disturbance of 

medium bedding appears (in our case, it is more reasonable to propose the presence of a local target in 

the vicinity of survey stakes 287-208 and 288-207). This provides support for the eastern boundary of 

the first anomaly. The second survey line consists of four stakes. The signals have transition through 

zero. This fact proposes that the 1D model is unsuitable for use. Based on the nature of changes at the 

second survey line that is not specific for changes between curves above the horizontally-layered 

subsurface, we infer about intersection of the 3D target boundary nearest to the CED. Thus, anomalies 

1 and 2 are supported by measurements of three electromagnetic field components. These 

anomalies are shown in Fig. 1 c.  


