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INTEGRATED STUDY OF ELECTRODYNAMIC  

PARAMETERS OF A MEDIUM IN THE COURSE  

OF OIL DEPOSIT EXPLORATION 

 

In conventional electrical exploration methods, such an electrodynamic parameter as electrical resis-

tivity is examined, that, as a rule, brings little information on hydrocarbon targets. Electrical explora-

tion proposes studying induced polarization (IP) of rocks as an effective supplementary method. In this 

case, it is considered to be proved that polarization increases above hydrocarbon pools. Investigations 

of a medium by methods of electrical resistivity and IP are supplemented by the vertical electric current 

soundings (VECS) method, which determines one more parameter that is manifested over hydrocarbon 

pools and is very informative today. And what is more, there are hydrocarbon pools that can be charac-

terized by the VECS method. We propose to use a system of works for electrical prospecting intended 

to studying electrical resistivity, IP, and a parameter being manifested in works by VECS. The integra-

tive approach permits validity of reservoir delineation to be enhanced, especially if the VECS method 

is involved into the system. The VECS method has been widely tested for hydrocarbon targets. This 

permits us to assert that this method as very effective.   

When works are carried out over oil fields, the areal signal owes mainly its existence to halo varia-

tions over oil pools. The VECS signal is highly associated with the medium material composition and 

its using can be considered as a direct method for hydrocarbon prospecting. Surveying by the VECS 

has proved or disproved the prospectivity for oil of many targets (uplifts) suggested by seismic explora-

tion. The presence of a halo is indicative of oil evidence in uplift even though the accumulation itself 

was not achieved. It can be stated that now electrical exploration in the name of VECS significantly 

supplements seismic exploration giving information on the material composition of a medium and, in 

part, on the availability and distribution of even minor hydrocarbon traces.  

It is conformed in practice that applying VECS allows one to enhance the efficiency of exploratory 

drilling. It is known fact that a third part, at least, of exploratory wells is drilled to no purpose. There-

fore, involvement of the VECS into a system for prospecting and exploration works prior drilling is 
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well substantiated. It should be understood that applying VECS makes it possible to locate sites of 

wells with greater confidence rather than it may be done using only the results of a seismic exploration. 

With an allowance for a high cost of seismic works, applying VECS may be performed at the first stage 

of prospecting works, for example in a conjunction with geochemistry. 

Applying VECS for monitoring of the long-exploited deposits is of significant interest. During mon-

itoring of the Krasno-Oktybrsky (Tatarstan) oil field in 2001, three supplementary anomalies, which 

were overlooked by a seismic exploration, were revealed. In the course of development of these targets, 

the additional amount of oil had been produced.  

Using the system for electromagnetic prospecting works proposed by us, the VECS being a key me-

thod involved into the system gives the following advantages: 

- VECS permits one to outline an oil accumulation, as well as to evaluate prospectivity for revealed 

new oil accumulations within the limits of positive structures identified by seismic exploration. Works 

by the VECS-М method provide the outline of oil showings. We pay attention to the fact that VECS-M, 

as opposed to other electrical prospecting methods, mainly gives information on a medium beneath the 

measurement point. Increase in the density of VECS-M survey grid is worthwhile since a signal is near-

ly free from information on an average medium between the measurement point and circular electric 

dipole (CED). 

- Areal VECS signal is free from the background of a host medium and it is caused only by local 

geoelectric heterogeneities, which are underground resources. 

- Due to the vertically focused electric current, increase in the depth of investigations and spatial 

resolution are attained as compared with conventional sources of an electromagnetic field (loop and 

grounded electric line).  

- Near surface methods oriented to study of a halo, geochemistry for example, greatly depend on 

near surface contaminations and these methods give only the image of a halo outcrop even under favor-

able conditions. In the VECS method, the halo is traced down to a deposit. The VECS shows the depo-

sit outline at times corresponding to depths of oil strata.  

- The rE  component possesses the high sensitivity to layers with a high resistivity and to variation 

in medium polarizability. Both qualities are extremely important in studying hydrocarbon fields. Oil 

pools are usually associated with layers of increased resistivity. Rocks with the increased polarization 

parameter also overlain oil beds.  

- Involvement of conventional IP parameters increases the interpretation adequacy of data acquired 

during electrical prospecting for hydrocarbons. Therefore, we propose a method of sounding by counter 

lines (SCL) as addition to VECS. The Cole-Cole model of frequency dispersion of a medium resistivity 

is applied for interpretation of SCL data. We use the SCL method due to its higher sensitivity to polari-

zation parameters as compared with conventional IP methods of electrical prospecting.  

- For studying resistivity, we use data of conventional method of transient processes TDEM (time-

domain electromagnetic sounding) acquired earlier, or involve TDEM into the current surveys.  

- The very important point is that inferences drawn regarding arrangement of hydrocarbon deposits 

are made based on two different electrical prospecting methods such as VECS and SCL. VECS and 

SCL study the distribution of different electrical parameters of a medium.  

- The proposed system of methods permits one just as to carry out preliminary profiling surveys us-

ing the SCL method and to carry out surveys by the VECS in zones of increased polarizability in order 

to obtain a map of deposits, so conversely, to approve the results acquired by the VECS method with 

studying polarizability. 

-Our integrated works (using VECS, SCL and TDEM) are intrinsically combined in the survey sys-

tem. All the facilities needed for VECS, SCL and TDEM are parts and components of the VECS in-

strumentation.  
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Description of VECS method 

By the method of vertical electric 

current soundings (VECS) we mean 

such geoelectric investigations, 

which are performed making use of 

a circular electric dipole (CED) as a 

source of the electromagnetic field.  

The CED geometry is formed by 

several grounded horizontal lines 

(usually 8) into which pulse current 

of the same form and amplitude is 

supplied simultaneously. Measure-

ments are performed throughout an arbitrary grid around a field source (at the large radius and inside 

the source) with the aim to record the dense areal transient signal (of three-dimensional data cube).  

The magnetic induction rate is measured using a compact inductive pickup; measurements of the 

electric field are performed by grounded receiver lines.  

The field generated by CED has a number of interesting properties: 

1) The CED field is of the electric type (ТМ-field) and it is some antipode to field of current loop 

(ТЕ-field).  

2) There is no magnetic field on the earth’s surface over a horizontally-layered section. Conse-

quently, the signal recorded in VECS-M may be resulted from three-dimensional inclusion of any kind 

as a source.  

3) “Normal” field on the ground surface is presented by the radial component of an electric field 

and it possesses the high sensitivity to both layers with the high resistivity and variations in medium 

polarizability.  

The absence of a magnetic field on the ground surface is of considerable importance for practical 

application in electrical exploration. Since the response from a host medium is absent, the presence of a 

signal indicates that there is a three-dimensional disturbance in the host medium, and characteristics of 

this signal are governed by features of the target and host medium. This signal from the heterogeneity 

is well localized, i.e., the signal being measured is controlled mainly by features beneath the measure-

ment point of a magnetic field. And as a consequence of this, effect of other heterogeneities located be-

tween the source and receiver of a field is significantly weakened in the signal being recorded. It should 

be noted that applying the 1D approach to interpretation of measurement results of field’s magnetic 

components is meaningless; here only the 3D approach is needed. However, in virtue of the response 

character related only to heterogeneity, areal images of VECS signals posses the high visualizing abili-

ty.  

The rE component is 

the response of 1D host 

medium when works are 

carried out with CED. 

The rE  signal possesses 

the high sensitivity to 

layers with the high resis-

tivity and the medium 

polarizability. It is the 

increase in both resistivi-

ty of layers and in polari-

zability of a rock mass 

overlying the deposit that is associated with the presence of hydrocarbons.  
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We note one more important feature of the CED field as opposed to fields of conventional loop and 

horizontal lines: it is assumed that survey with CED uses the dense survey grid that is worthwhile. 

When works are performed with VECS, a signal is changed much greatly when passing from point to 

point; this is because the signal characterizes mainly a medium beneath the measurement point rather 

than an average medium between the field source and receiver. 

We called the source consisting of two horizontal lines with the same currents flowing from oppo-

site directions as a counter electric line. Consequently, we called the method as soundings by counter 

lines (SCL). The counter line is remarkable in that it is possible to carry out profiling survey works on 

retention (to some extent) of compensating field properties arising in a medium when the field is ex-

cited by CED. As compared with the classical grounded horizontal lines, the system with the counter 

line is much sensitive to polarization parameters. For interpretation of SCL field data, 1D models of a 

polarized medium can be used, for example, on the basis of the Cole-Cole formula.   

Procedure of field works 

The general schemes of survey by VECS and SCL is given in the Figures above.  

When working by the VECS method, the CED is mounted prior to measurements. The source radius 

is selected in accordance to the depth and area of investigations. When carrying out the majority of 

works, the radius is dictated by the survey area. Qualitative measurements are usually carried out at a 

distance up to five CED radii, although in our practice we met localities where we successfully per-

formed measurements at the distance 6-7 radii from the CED center. The geometry of a source is im-

plied to be valid and currents in CED lines are equalized, the currents being in the pulse regime. Auto-

matic system for maintenance of equal currents in the lines is just the specific VECS equipment. De-

pending on posed problems, each measuring group is equipped with one or more compact inductive 

pickups, one or more measuring lines, and measuring devices for a transient signal. All receiving ele-

ments such as inductive pickups, measuring lines, and measuring devices for a transient signal are stan-

dard elements applied in the method of transient processes (or in time-domain electromagnetic sound-

ing (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 the maximum distance, then the area of ~75 км
2 

may
 
be studied 

rapidly at the fixed source with the radius of 1000 km.   

Depending on the posed geological goals of research, the tBz /  component is measured making 

use of inductive pickups and (or) the Er component is measured with using a grounded receiving line.  

Surveying by the SCL method is performed in the two-dimensional version. The labor intensity by 

the SCL method is equivalent to that in the case of horizontal line. Measurements of an electric compo-

nent along a profile are performed at different distances from the source center. In order to decrease the 

equivalence at each measurement point, measurements are carried out with applying several setups. 
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Equipment  

At the present time, the third generation of equipment for VECS is used that consists of the sounding 

setup and the set of measuring devices.  

Sounding setup GTE-10S forms stabilized current pulses of specified amplitude and duration with 

alternate polarity in the 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 range from 8 to 160 А; 

- current stability  ±1%; 

- maximum input power 80 kW; 

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

minimum 100 kW; 

- 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 pow-

er supply circuits. 

Measuring device is notable for its compactness 

and the high measurement accuracy. Before each mea-

surement cycle, test calibration measurements are con-

ducted, which intended: firstly, to determine measuring 

device service capability, and secondly, to compensate 

temperature and temporal variations of measuring tract 

transient characteristic. Every measuring cycle starts 

with primary measurement during which parameters of 

an input signal are determined. By the primary meas-

ured input signal, the executive program selects optim-

al measurement parameters:  
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- 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. 

- 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 stations with measurements acquired from several current sources; 

- filtration and rejection of signals distorted by electromagnetic noises; 

- procedure of 3-dimensional approximate calculation and accurate calculation of a transient electro-

magnetic field for 3D targets; 

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

sisting of a finite number of horizontal lines; 

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

in measuring various electromagnetic field components; 

- possibility for construction of omnidirectional survey lines that is urgency for areal works with a 

dense survey grid 

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

ferent 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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Ugno-Ciganskoe Uplift (Republic of Tatarstan, Russia) 

Works were conducted by the order of “TNG-Kazan’geofizika“ on the ground of Republic of Ta-

tarstan, Russia. The aim of these works was evaluation of availability of oil in the positive structure 

recognized by seismic survey and delineation of  an oil pool in the case if hydrocarbons would be re-

vealed.  

The works were carried out not far from the known oil field. We took advantage of this fact for 

comparison of signals above the oil field with those over the seismic uplift being studied. The follow-

ing methods were applied for the survey : 

1) Time-domain electromagnetic sounding by means of assembly of the assembly of horizontal line 

– inductive pickup (measurements of the tBz /  component).  

2) The method of sounding by counter lines. Measurement points from counter lines coincided with 

measurement points by the assembly of horizontal line – inductive pickup. The measurement points 

were at different distances from the centers of counter lines. After measurements, the 1D interpretation 

of medium parameters was executed with account for polarization parameters using the Cole-Cole for-

mula. The model was constructed by resistivities based on results of the first stage of works by means 

of  the assembly of horizontal line – inductive pickup. 

3) The VECS method. Measurements were carried out with different observation grids. Maps of sig-

nals at various measurement times from 10 ms to 100 ms had been constructed.  

The areal results acquired by VECS at time 32.2 ms and the band of polarization parameter counters 

constructed along the profile of SCL signal measurements are given below. 

In the left Figure, the results of works by the VECS are given in the form of contours of a signal at 

time 55.7 ms. Green points denote the profile along which measurements by SCL and the assembly of 

horizontal line – inductive pickup were conducted. In the right Figure, the areal measurements by 

VECS at time 32.2 ms and the band of polarization parameter contours constructed along the profile are 

superposed. The coordinates of points from SCL measurements are displaced from the measurement 

point to the center of the counter line setup by one third of the distance between the measurement point 

and the center of corresponding setup. This Figure demonstrates that the pool boundary determined by 

two crucially different electrical prospecting methods such as VECS and SCL are well coincident in 

performing of these works.  

Conclusion 

Works conducted by different electrical prospecting methods allow study of various electromagnetic 

parameters of a medium rather than variation in resistivity in a medium.  

Surveys by the VECS method provide an outline of oil showings. This outline is governed not only 

and not so much directly by the outline of a pool itself but by the outline of halo variations of the geo-

logical medium over the pool. This information is very valuable, but further interpretation (distribution 

in depth) is hampered due to ambiguity of a signal nature. Pay attention to the fact that, as opposed to 
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other electrical exploration methods, the VECS provides information mostly on a medium located be-

neath the measurement point.Increase in the observation grid density in VECS makes sense since a sig-

nal is nearly free from information on an average medium between the measurement point and CED. 

Involvement of conventional IP parameters increases the validity of electrical exploration data inter-

pretation in hydrocarbon prospecting. Therefore, we propose the SCL as a method supplementary to the 

VECS. For interpretation of SCL data, the Cole-Cole model of frequency dispersion of medium resis-

tivity is applied. We choose the SCL method based on its significantly higher sensitivity to polarization 

parameters rather than conventional electrical exploration methods. The SCL provides results theoreti-

cally substantiated and understandable to the community of geophysicists. However, the SCL signal, as 

it is in the most of electrical exploration methods, averages information on a medium between the mea-

surement point and generator and it is not capable of providing detail information such detail areal in-

formation as it is possible in the VECS. It makes sense to conduct primary profiling works by SCL and 

then to perform VECS based on SCL results. 

For interpretation process with using VECS and SCL, the information on resistivity distribution in a 

medium is needed. It is necessary to use data acquired earlier by conventional TDEM or to involve the 

TDEM into a current system of works. We propose to use different versions of the assembly of hori-

zontal line – inductive pickup together with current setups CED and counter lines.  

The very important point in conducting these works is the fact that analogous geophysical results 

from the oil field had been obtained based on two different electrical exploration methods such as 

VECS and SCL. VECS and SCL study the distribution of different electrical parameters of a medium.  

The system units VECS-SCL-TDEM are naturally combined in the sense of compatibility. All the 

instrumentation necessary for SCL and TEM is as a part and elements of the VECS. All elements of 

receiver-current circuits are used in conjunction. 

 

At the left: the results of works by VECS at time 55.7 ms. Green points indicate the profile along 

which measurements by assembly of horizontal line – inductive pickup and SCL were performed. 

At the right: the results of works by VECS at time 32.2 ms and band of polarization parameter 

contours along the profile of SCL signal. 

 



 

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  

9 

Vinokurovsky site (Republic of Tatarstan, Russia)  

Survey works were conducted by the order of “TNG-Kazan’geofizika“ on the ground of Republic of 

Tatarstan, Russia.   

At the present time, the problems of delineation of small oil deposits, inspection of seismic uplifts 

for availability of hydrocarbons, and prospecting for structurally complex hydrocarbon traps of various 

kinds would be most acute in surveys for oil on the ground in Republic of Tatarstan. The main geo-

physical oil exploration method such as seismic exploration is unable to solve these challenges unam-

biguously and there is imperative that prospecting and exploration methods different from seismic ones 

should in invoked.  

Surveying by vertical electric current sounding was performed to evaluate the prospectivity of a 

group of seismic uplifts on the Vinokurovsky site. The area of the electrical prospecting works was 

13.5 km
2
. Within the bounds of the area, 137 measurements of the vertical magnetic induction velocity 

were taken when the electromagnetic field was excited by a circular electric dipole (CED) with the ra-

dius of 500 m. 

Beyond the projected area, 67 measurements were taken, which allowed delineation of the north 

boundary of the oil field. The distance of measurement points from the CED center was up to 3 км (6 

CED radii). 

As a whole, a sharp separation of the structure of the VECS electromagnetic response was observed 

on the area of electrical prospecting by vertical electric current sounding. Increased positive EMF val-

ues were specific for the south-western part of the area. We associated this fact with the influence of 

hydrocarbons on the host medium. For the north-eastern part of the area, negative EMF values were 

observed (no mass availability of hydrocarbons). Within the bounds of the area with negative EMF 

values, the well 560 was located. This well was drilled to the depth of 1857 m and it didn’t tap oil-

saturated strata. In boreholes 582, 634, 658 and 669 within the bounds of positive EMF values, com-

mercial oil inflows (from 5 to 8.5 ton per day) were obtained and the region most prospective for re-

vealing oil pool, which covered the area of positive values of signals with the intensity more than 0.1 

V , had been distinguished. According to the obtained data, the southern part of the exploration area 

was  the most prospective for revealing oil accumulation in Lower Carboniferous deposits. 

The group of seismic uplifts in the CED region for evaluation of prospectivity of which these works 

were directed using electrical exploration data by VECS turned out to be not very prospective for re-

vealing hydrocarbons in Lower Carboniferous deposits. The potentially oil-bearing area in the Lower 

Carboniferous deposits had been isolated in the south-western part of the exploration area. 

Effect of topographical relief 

When survey works by the VECS method were carried out, operators were frequently faced with 

complications of the topographical relief. If the influence of the relief was significant, then this fact was 

taken into consideration in data processing. Hydrocarbons which are usually studied are deeply buried. 

Accordingly, signals associated with influence of hydrocarbons usually correspond to late times. Most 

commonly, when a transient process in the earth proceeds at late times, the effect of relief is not signif-

 



 

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  

10 

icant and it may be neglected. However, it was just the Vinokurovsky site where the CED, in virtue of a 

number of limitations, was mounted ineffectually.  

For evaluation of the effect of topographical relief on the CED signal and introduction of correction 

for the relief, 3D modeling had been executed. Parameters of the horizontally-layered medium were 

taken in accordance with the interpretation results of TDEM soundings. The results of the 3D modeling 

showed that the anomaly induced by the topographical relief is the most intensive at the early times (3 

ms), comparable with the VECS signal at time 10 ms, and quickly decays at time more than 10 ms. A 

calculated signal induced by the topographical relief inhomogeneities of the Vinokurovsky site was 

subtracted from the observed signal. After application of the correction for the topographical relief, 

contour plots of the VECS signal at times 43.4, 111 and 181ms were constructed. 

 

 

 

Areal results of VECS surveying at time 43 s 

Plot of emf contours at time 43 s. Correction for topographical relief was applied. 

Scale 1: 25000 
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Shiisky oil deposit (Republic of Tatarstan, Russia)  

Surveying on Sueglinsky Uplift 

At the present time, the problems of delineation of small oil deposits, inspection of seismic uplifts 

for availability of hydrocarbons, and prospecting for structurally complex hydrocarbon traps of various 

kinds would be most acute in surveys for oil on the ground in Republic of Tatarstan. The main geo-

physical oil exploration method such as seismic exploration is unable to solve these challenges unam-

biguously and there is imperative that prospecting and exploration methods different from seismic ones 

should in invoked.  

Surveying by vertical electric current sounding was performed to evaluate the prospectivity of the 

Sueglinsky seismic uplift in order to reveal an oil pool. This seismic uplift is located near the Malokir-

mensky seismic uplift within the bounds of which the oil pool was revealed as a part of the Shiisky oil 

field.  

Electrical exploration studies were performed throughout the area of 51 km
2
. The circular electric 

dipole with the radius of 1250 m was used as a source of an electromagnetic field; the total current was 

144 А. 

As a consequence of the works carried out using the VECS technology, the area prospective for oil 

embracing the area of positive values of signals with the intensity more than 1.5 V  had been isolated. 

The Sueglinsky seismic uplift, for evaluation of prospectivity of which the present works were aimed, 

turned out to be low prospective for revealing hydrocarbons. According to the obtained data, the south-

eastern part of the exploration area, i.e., Nurmansky seismic uplifts, was the most prospective for re-

vealing oil in Devonian deposits. Throughout the whole survey area, geochemistry GORE SORBER 

was undertaken, which also revealed that sites with potential for oil discovering more than 90 % were 

in the eastern part of the area and these were, in the most part, overlapped with areas of the positive 

prediction made on the basis of the VECS results.  
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Plot of EMF at time 201 ms after current cut-off in circular electric dipole 
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Shiisky oil field (Republic of Tatarstan, Russia) 

Surveying in Shadkinsky uplift 

Within the bounds of the Shadkinsky structure revealed by seismic exploration, deep-hole well No 

635 drilled in 2008 yielded commercial oil inflow from terrigenous deposits of the Timansky horizon 

of the Upper Devonian with the average oil flow rate 23 m
3
 per day. The subsequent update of the 

structural geometry of the Shadkinsky uplift with allowance made for results of drilling showed that the 

well was not under optimum conditions (the highest hypsometric location of the top of the Sargaevsky 

horizon) but in the southern periclinal part of the Shadkinsky structure. This brought up the problem of 

the direction in which further well drilling would be planed.  

Electrical exploration works carried out by the method of vertical current soundings in 2009 in con-

junction with “TNG-Kazan’geofizika” were directed to delineation of the oil pool. Circular electric di-

pole with the length of grounded horizontal lines of 1 km was used as a source for field excitation. Cur-

rent in the horizontal lines was maintained at the level 112 А. To solve the posed geological problems, 

electrical prospecting works had been conducted over the widely spaced profiles in amounts of 203 sta-

tions on the area of about 40 km
2
.  

Based on the results of processing electrical exploration surveys, the prediction outline of the oil 

pool had been plotted that allowed refining the prediction made on the basis of seismic exploration 

works. The Figure below shows the display of VECS response at time 201 ms that corresponds to the 

depth of investigation of about 1600 m. Within the bounds of the positive anomaly, zones with maxi-

mum values of the vertical magnetic field component had been distinguished. These zones were found 

to be the most prospective for oil. 

Given in the Figure is the apparent section along one of the profiles. With increasing recording time 

(sounding depth), the anomaly due to the halo was displaced  horizontally and achieved the Shadkinsky 

seismic uplift of terrigenous Upper Devonian deposits, which were oil reservoirs. The interesting con-

firmation of our anomaly we got quite unexpected. Here geochemical works were undertaken and the 

geochemical anomaly out ed to be extremely close to the anomaly detected by vertical electric current 

soundings. The halo traced by us came out to the ground surface!  Thus, the VECS procedure may be 

characterized as a direct way for hydrocarbon prospecting that also allows recording responses from 

halo variations above an oil pool.  
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Areal displays of VECS signal at time 201 ms 
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Chico-Martinez oil field (California, USA) 

 Electrical exploration works were carried out on the ground of the Chico-Martinez oil field in 2009 

with the aim of outlining its boundaries. 

The Chico-Martinez oil field operates from 1960s. Oil was revealed in the Etchegoin Sands forma-

tion. Effective depths of Etchegoin Sands reservoirs amounts to 90 метров, the depth of occurrence 

within the oil field boundaries varies from 130 to 450 m. Oil-in-place revealed here is low-gravity oil. 

This fact hampers petroleum production by conventional ways. Apart from Etchegoin sands, the diato-

maceous zone of the Antelope Hills (underlying the Etchegoin Sands formation) may be a separate 

productive horizon at the Chico-Martinez oil field. This suite turns to be productive to south-east at the 

Cymric oil field and two miles east at the South Belridge oil field. 

Exploration works were directed to studying prospectivity for oil presence of the Etchegoin Sands 

oil reservoirs in the eastern part of the site belonging to the СRUDECORP Company. Geoelectric mea-

surements were carried out at 200×100 m grid within the boundaries of the site 1.8 x 2.4 km belonging 

to the СRUDECORP Company. Two series of experiments using circular electric dipoles different in 

sizes were carried out. The circular electric dipole (CED) with diameter 1.5 km was arranged to the 

north-east from the exploration area, and the CED with diameter 0.6 km was located east from the ex-

ploration area. The data acquired by two CEDs agree closely with each other. 

According to the results of exploration works within boundaries of the oil field, positive values of 

response tBz /  were recorded, a reverse polarity sign was recorded at the oil field boundary, and a 

negative polarity signal was recorded outside the oil field. The central part of the site within which the 

most productive wells were located was characterized by the high positive signal level. The performed 

works allowed delineation of the oil field, distinguished the area prospective for drilling (the southern 

part of the exploration area) and showed that here were no potentials for oil in the eastern part of the 

eastern part of the License area. 

At the present time, two wells were drilled on the site recommended as prospective (the southern 

part of the exploration area), in which, after works on hydraulic fracturing, commercial oil inflows 

were produced. 
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The results of surveying on the Chico Martinez oil field 
 

 

Plot of EMF contours at time 60 ms 

 
 


