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Summary. Self-potential (SP) method is one of the most non-expensive and unsophisticated ge-

ophysical methods. However, its application limits absence of reliable interpreting methodology, 

first for the complex geological-environmental conditions. The typical disturbances appearing in 

the SP method and ways for their removing (elimination) are discussed. Some brief review of the 

available interpretation methods indicates their insufficient effectivity, especially for complex en-

vironments. For the magnetic method of geophysical prospecting have been recently developed 

special quantitative procedures applicable under complicated environments (oblique polarization, 

rugged relief and unknown level of the normal field). Performed analysis allowed to revealing 

some essential common peculiarities of magnetic and SP fields. These common aspects make it 

possible to apply the procedures developed in magnetic prospecting to SP method. Besides the re-

liable determination of the depth of anomalous target, these methodologies enable to introduce cor-

rections for the polarization effect and non-horizontal SP observations. For classification of SP-

anomalies is supposed to employ a new parameter – 'self-potential moment'. These procedures 

(improved modifications of characteristic point and tangent techniques) have been successfully 

tested both on SP models and in real situations in ore deposits in Turkey and Russia. Finally, inter-

pretation procedures have been effectively applied at several ore deposits in the South Caucasus 

(Filizchai and Katsdag in Azerbaijan and Uchambo in Georgia). An effectiveness of multimodel 

approach with application of gravity, magnetic and SP methods is demonstrated on the generalized 

physico-geological model of ore body of Filizchai type. The obtained results indicate the high 

practical importance of the developed methodology. 

 
© 2019 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
1. Introduction 

The Self-Potential (SP) method is based on the 

study of natural electric field (with a period of up to 

1 Hz). The term “natural” here means that the field 

does not create by an external controlled source. 

Permanent fields arise in the course of redox, filtra-

tion, and diffusion-adsorption processes in a geolog-

ical section. The registration of these fields is the 

goal of the SP method, and the geological interpreta-

tion of the parameters generating this field is the 

purpose of SP data interpreting. An oxidizing object 

(e.g., ore body) is a galvanic cell, the occurrence of 

which requires: (1) the contact of conductors with 

different types of conductivity (electronic and ionic), 

and (2) the difference in the redox conditions at dif-

ferent contact points of these conductors. An ap-

pearance of these conditions is usually impossible 

without underground water contact.  

In the geological section, the conditions for the 

formation of a galvanic cell arise on bodies of miner-

als with electronic conductivity (sulfides, graphite, 

and coal-anthracite), if these bodies are in water-

saturated rocks with ionic conductivity. The change in 

the redox conditions at the contact of the electronic 

conductor and the surrounding medium is associated 

with a decrease in the oxygen content with depth. 

Application of SP observations (and all electric 

methods in geophysics as a whole) began with Fox’s 

(1830) investigations at copper vein deposits in 

Cornwall (England). SP is prompt and comparative-

ly simple geophysical method. Equipment for the SP 

method is one of the most non-expensive in the field 

geophysics (Table 1). Conventional equipment em-

ployed in the SP method consists of pair of non-

polarized electrodes, microVoltmeter, cable and 

CuSO4 solution (the latter is necessary for better 

contact of the electrode with the environment). 

http://www.journalesgia.com/
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Table 1  
Averaged prices of equipment for the most applied geophysical potential fields 

 

Method Gravity Magnetic Resistivity Self-Potential 

Price of 

equipment,  

US $ 

65.000-110.000 20.000-25.000 30.000-60.000 150-200 

 

SP measurements are often applied for 

searching and localization of ore targets (e.g., Logn 

and Bolviken, 1974; Cowan et al., 1975; Semenov, 

1980; Nayak, 1981; Corry, 1985; Babu and Rao, 

1988; Lile, 1996; Bhattacharya et al., 2007; 

Mendonca, 2008; Eppelbaum and Khesin, 2002; 

Dmitriev, 2012; Alizadeh et al., 2017; Eppelbaum, 

2019). The maximal depth of SP investigations un-

der some favorable situations may reach the depth of 

150-200 m. 

 

2. Self-potential data analysis: available disturb-

ances and quantitative interpretation 

 

2.1. Different kinds of noise in SP observations 

Different disturbances appearing in the SP 

method are presented in block-scheme in Fig. 1. 

Some of these disturbances are considered in detail 

below. 

 

2.1.1. Electrode noise in SP method 

A conventional scheme of SP electrode is pre-

sented in Fig. 2. Despite the fact that electrode is 

called as "non-polarized", after some time it receives 

some polarization effect from the surrounding me-

dia. Taking into account that we measure value U 

(U1 – U2), it is important to keep equivalent polariza-

tion on both electrodes. For checking this equivalent, 

the following procedure can be applied (of course, 

measurements in physical laboratory are more pre-

cise). Let us for the first electrode we have: U1 + e1 

(U1 is the first "geological" signal, and e1 is the noise 

of accumulated in the first electrode). For second 

electrode we have correspondingly U2 + e2 (U2 is the 

second "geological" signal, and e2 is the noise of 

accumulated in the second electrode). We measure 

the value (Semenov, 1980) 

 

   .
22111

eUeUU               (1) 

 

If we will change electrodes by their places, we 

will receive 

 

   .
12212

eUeUU               (2) 

 

If we will calculate difference between U1 and 

U2, we will receive 

 

   
21
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     
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2 eeeUeUeUeU     (3) 

 

or 

  .
2

21

U
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
                          (4) 

 

If the value  1 2e e  is significant (> 3 mV), 

new ones must replace the noised electrodes. 

 

2.1.2. Temporal variations in SP method 

Parasnis (1986) has been carried out SP meas-

urements in Akulla region (Sweden) seven times in 

the period of 1960-1967 years. These measurements 

show a good repeatability despite of the fact that 

they were conducted under different climatic condi-

tions. 

Accuracy  of SP measurements may be calcu-

lated by use of the following simple formula often 

employed in applied geophysics 

 

 

N

UU
N

i

cont

SP

conven

SP




 1

2

 , 

 

where N is the total number of SP observations, 

'conven' means conventional measurements, and 

'cont' means control measurements. If the value of 

  5 mV, these results are usually rejected. 

SP studies were carried out over the Chyragdere 

sulfur deposit (central Azerbaijan) for several years: 

1930, 1937 and 1938 (Fig. 3). This figure shows that 

the mining works in the underground shaft strongly 

distort the observed SP field at the earth’s surface 

(distance from the observation points to ore target 

consisted several tens of meters). This testifies to the 

tight correlation between mining processes and SP 

anomalies. It would be interesting to compare the 

volumes and contours of the mined ore with the SP 

isolines, separately for the abovementioned years, but 

over the past years, these documents have been lost. 
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Fig. 1. General scheme of disturbances in SP method 

 

 
 

Fig. 2. Scheme of SP non-polarized electrode 

2.1.3. Terrain relief correction 

In the SP method, relief influence is two-fold. 

On the one hand, the rugged terrain relief caused by 

electromotive force can create negative SP anoma-

lies over the positive landforms. Comparison of the 

SP graphs with topographic data usually makes it 

possible to identify anomalies of this type by the 

characteristic mirror image of the terrain in them. 

From other side, as follows from the very de-

tailed SP measurements of Ernstson and Schrerer 

(1986), at the inclined surface the SP field directly 

increases with relief form heightening (Fig. 3). So, it 

should take into account that in the field SP practice 

can occur as single effects and their combinations. In 

the last case for elimination of terrain relief influ-

ence, a correlation method developed in magnetic 

prospecting (Khesin et al., 1996) and VLF studies 

(Eppelbaum and Mishne, 2011) can be applied. Es-
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sence of the correlation method is following. The 

method utilizes for removing the terrain effect from 

the observed field Uobser a linear least-squares rela-

tion (application of more complex equations of is 

also possible): 

,bhcU
appr

  

 

where h is the height of relief, b is the angle coeffi-

cient, and c is the free member.  

 

 
Fig. 3. SP observations at inclined relief (after Ernstson and 

Schrerer, 1986) 
 

Uappr approximates the observed field as a 

function of elevation h (correlation field usually do 

not include the anomalous points) and then we re-

ceive plot (or calculations only) of the corrected (re-

sidual) field: 

.
approbsercorr

UUU   

 

2.1.4. Net justification in areal observations 

Net justification of SP data is usually performed 

by the use of procedure identical to calculation of 

'shift zero' in gravity prospecting (e.g., Telford et al., 

1990). 

 
2.2. Some short overview of available methods of 

SP anomaly quantitative analysis 

 

 The calculation of theoretical anomalies due 

to SP has long been based primarily on Petrovsky’s 

(1928) well-known solution derived for a vertically 

polarized sphere (Zaborovsky, 1963). Later on, solu-

tions for sheet-like bodies and inclined plates were 

obtained (Semenov, 1980; Tarkhov, 1980). The po-

larization vector was generally considered to be di-

rected along the ore-body dip (along the longer axis 

of the conductive body). 

To make quantitative interpretation of anoma-

lies due to SP, a body with a simple geometrical 

shape approximates the anomaly source. Its parame-

ters (i.e. the occurrence depth, the angle between the 

horizon and the direction of the polarization vector) 

are usually determined either graphically, using 

characteristic points of the anomaly plot (Semenov, 

1980), or by trial-and-error, by visually comparing 

the anomaly to the set of master curves (graticules) 

(Tarkhov, 1980). 

In the works of Zaborovsky (1963), Semenov 

(1980), and Murty and Haricharan (1984) the SP 

anomaly generated by a plate and recorded along the 

profile across its strike is calculated by the following 

formula: 

  ,ln
2 2

2

2

1

r

rj
xU




                        (5) 

 

where j is the current per unit length,  is the host 

medium resistivity, 
1r  and 

2r  are the distances from 

the plate ends to the measurement points. 

However, the techniques suggested in the above 

works require the normal field level to be known. 

They are also unacceptable for rugged terrain relief. 

Fitterman (1984) presented a method to calcu-

late SP anomalies for field sources of an arbitrary 

shape. The method is based on numerical integration 

using Green’s function. This approach is highly 

computer intensive and not sufficient accuracy. 

There is a number of recent interpretation tech-

niques based on minimizing the difference between 

an observed anomaly and a theoretical one. The min-

imization is achieved by sequential optimization of 

the interpretation parameters through computer-

aided iterations. These techniques are also compli-

cated and time consuming. 

A series of publications (Abdelrahman and Sha-

rafeldin, 1997; Abdelrahman et al., 1997; El-Araby, 

2004; Essa et al., 2008) provided a large number of 

methodological approaches. However, these ap-

proaches have not caused a quantitative jump in this 

field. Gobashy et al. (2019) proposed a method 

based on utilizing whale optimization algorithm as 

an effective heuristic solution to the inverse problem 

of SP field due to a 2D inclined bed. Realization of 

this algorithm in complex physical-geological condi-

tions is under question. 

Kilty (1984) published a paper which acknowl-

edged the analogy between the current density of SP 

and magnetic induction. This author suggested inter-

preting SP anomalies based on conventional meth-

ods developed for magnetic prospecting. However, 

trivial methodologies are not acceptable for complex 

physical-geological conditions. A similar approach, 

but with improved interpretation methodology was 
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proposed later by Khesin et al. (1996). New elabora-

tion of the interpretation process was proposed in 

Eppelbaum and Khesin (2012). The present work is 

a final development of this approach. 

 

2.3. Some common aspects of magnetic and  

       SP fields 

 

 The magnetic field (for T – when magnetic 

susceptibility is below 0.1 SI unit) is a potential field 

(e.g., Khesin et al., 1996) and is expressed as:  

 

Ua = - grad V,                        (6) 

 

where Ua is the anomalous magnetic field, and V 

represents the magnetic potential. This field satisfies 

Poisson’s equation. 

SP polarization is brought about by the sponta-

neous manifestation of electric double layers on var-

ious geological formation contacts. The electric 

fields E of the electric double layer l caused by natu-

ral polarization are defined as the gradient of a scalar 

potential i: 

.  grad
SP i

E                       (7) 

 

 The potential i
  satisfies Laplace’s equation 

everywhere outside the layer (Zhdanov and Keller, 

1994). 

 Formulas describing potential character of 

magnetic (eq. (6)) and SP (eq. (7)) fields are identi-

cal ones. Let us consider analytical expressions for 

some interpreting models in magnetic and SP fields 

(Table 2). The proportionality of analytical expres-

sions (8) and (10), (9) and (11) for magnetic and SP 

fields in the table is obvious. It allows employing in 

SP data analysis advanced interpretation methods 

developed in magnetic prospecting (SP polarization 

vector is analogue of the vector of magnetization). It 

is supposed that the majority of interpretation meth-

odologies developed for gravity and magnetic fields 

is applicable for the SP method. However, applica-

tion of such procedures as upward and downward 

continuation for SP method is under question. 

 

2.4. Developed methodologies of advanced quan-

titative analysis of SP anomalies 

 

The improved methods for SP anomaly analysis 

include characteristic point, tangent and areal meth-

ods (these methods are described in detail in the 

publications suggested to magnetic anomaly inter-

pretation (e.g., Khesin et al., 1996; Eppelbaum et al., 

2000, 2001; Eppelbaum and Mishne, 2011; Ep-

pelbaum and Khesin, 2012; Eppelbaum, 2015). 

Formulas for interpretation SP anomalies by the use 

of characteristic point method are presented in Table 

3. Fig. 5-7, 9 and 10 display some peculiarities of 

characteristic point and tangent methods application. 

 
Table 2 

Comparison of analytical expressions for magnetic and SP fields 

 

Field Analytical expression 

Magnetic                 Thin bed                    (8)        

22
22

zx

z
bJZ

v


  

             Point source (rod)                (9) 

  2
3

22 zx

mz
Z

v


  

Self-potential Horizontal circular cylinder     (10) 

2200

21

12
zx

z
rUU







 

                        Sphere                      (11) 

  2/322

2

0

12

1

2

2

zx

z
RUU







 

 

Here Zv is the vertical magnetic field component at vertical magnetization; J is the magnetization; b is the horizontal 

semi-thickness of TB (thin bed); m is the magnetic mass; 1
  is the host medium resistivity; 2 is the anomalous object 

(HCC (horizontal circular cylinder) or sphere) resistivity; 0
U  is the potential jump at the source body/host medium in-

terface; 0
r  is the polarized cylinder radius; R is the sphere radius; x is the current coordinate; z is the depth of the upper 

DTB edge (HCC or sphere center) occurrence. 
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Table 3 

 

Formulae for quantitative interpretation of magnetic anomalies over anomalous bodies approximated by thin bed and a 

horizontal circular cylinder using the improved characteristic point method (after Eppelbaum and Mishne (2011), with 

modifications) 

 

Parameters 

to be de-

termined 

Parameters used for anoma-

lies resulting  

from models 

Formulae to calculate parameters in terms of the anomalies 

resulting from models 

Thin bed    Cylinder         Thin bed                   Cylinder 

Generalized 

angle  

d1, d2                          d1r 

 

d1, d5                        d1r, d5 

   

minmax

5

5.05.02

maxmin1

UUU

xxd

xxd

xxd

A

lr

lUrU AA











 

 
12

/tan dd  

 
15

3/3/sin dd  
 

 
 rl

rl

dd

dd

11

1133/cot



  

 
 3/60cos3

12/cos2
0

1

5










r
d

d
 

Depth h0, hc  d1, d2,           d1r,  

 

d5,  

 

 

 

 
h

hdd

d
h

k

k
k

d
h

k
dd

h

rr

r

c

r
r

r
c











11

1

0

2,1

1
1

1

2,1

21

0

                           
cossin

2

cos

3/60cos
32                                  where

   where,                        ,





  

 where,/
55

kdh   

   








cos

12cos
22                      

sin

3/sin
32

55


 kk  

Horizontal 

displacement 

x0, xc 

h, , xmax, xmin,r 

 

 
 

lAU

rAU

x

x





5.0

5.0
,

 

 

cot

)(5.0
,minmax0

h

xxx
r


 

 











2
tan

0


hx  

 

 
 





tan

cos

3/60sin

5.0

0

min,max

cc

rc

hh

xxx






 

 
 






cos

2sin
2

tan5.0

c

clrc

h

hxxx 

 

 

 Normal 

background 

backgr
U  

Umin, UA,  
  where,

1
0

0

minbackr
k

k
UUU

A


  

 

 
 3/cos

3/60cos
                                         , 

cos1

cos1
3

03

00






 





 kk  

Indices “o” and “c” designate the thin seam and horizontal circular cylinder (HCC) models, respectively. Values h0 

and hc are the depths to upper edge of thin seam and center of the HCC, respectively. Parameter h designates 

measurements of magnetic field at different levels over the earth’s surface 

 
When anomalies are observed on an inclined 

profile, the obtained parameters characterize a ficti-

tious body. The transition from fictitious body pa-

rameters to those of the real body is done by apply-

ing the following expressions (the subscript “r” 

stands for a parameter of the real body):       
          

,
tan

tan

oo

oo













xhx

xhh

r

r




           (12) 

where h is the depth of the body upper edge occur-

rence (or HCC center), xo is the shifting of the 

anomaly maximum from the projection of the center 

of the disturbing body to the earth’s surface (caused 

by oblique magnetization), and o is the angle of the 

terrain relief inclination. 
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Table 4 

 

Nomenclature of variables applied for quantitative analysis of SP anomalies due to model  

of thin bed and horizontal circular cylinder (see Table 3) 

 

Variable Description 

 Generalized angle reflecting the degree of SP anomaly asymmetry as a function relation of an 

anomalous body depth of occurrence, geometric form, value of polarization 

0x Horizontal displacement of projection of the middle of the upper edge of thin bed to the earth's 

surface due to oblique polarization  

cx Horizontal displacement of projection of the center of the HCC to the earth's surface due to 

oblique polarization  

0h Depth to the upper edge of thin bed 

hc Depth to the center of HCC 

Umax Maximum value of SP anomaly 

Umin Minimum value of SP anomaly 

UA Total amplitude of SP anomaly 

d1 Difference of extremum abscissae for thin bed 

d1r Difference of extremum abscissae for HCC 

d2 Difference of semiamplitude point abscissae 

d5 Difference of inflection point abscissae 

xr Right inflection abscissae point 

xl Left inflection abscissae point 

Ubackr Normal background level of SP anomaly 

 

 
 

Fig. 4. Displacement of self-potential isolines during exploita-

tion of the new shaft of Chiragdere sulfur deposit (Lesser Cau-

casus) (after Eppelbaum and Khesin, 2012, wirh modifications). 

(1) stock contour, (2) isolines of self-potential field (in milli-

Volts) 

 

The inclination angle of the natural polarization vec-

tor p is calculated from the expression  

 

,90 0  
p                               (13) 

 

on an inclined relief 

 

,90,
0

0  s
p                         (14) 

 

where 0 is the inclination angle of the observation 

profile (0 > 0 when the inclination is toward the 

positive direction of the x-axis). 

 Besides the geometric parameters of an object, 

for example, the self-potential moment for thin bed 

model can be also determined: 

 

0
2

1
hUM

aU



,                         (14) 

 

where Ua is the amplitude of SP anomaly (in mV), 

h0 is the occurrence depth of the anomalous target 

(in meters). The self-potential moment, by analogy 

with the magnetic field analysis, can be used to clas-

sify SP anomalies.  

 For observation in inclined profile it is possible 

to switch to the real source parameters as follows: 

 

MΔU,r = MΔUa cos0 ,                    (15) 

 

where “r” means “real” and “f” – “fictitious” parameter. 
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3. Quantitative analysis of SP anomalies in ore 

deposits 

 

Thus, the developed interpretation system in the SP 

method is applicable for the complex physical-

geological conditions: oblique polarization, inclined 

relief and unknown level of the SP normal field. 

First of all these methods were successfully tested 

on the SP anomaly models from Semenov (1980) 

and Göktürkler and Balkaya (2012). After this, these 

methods were applied on SP data observed in real 

ore targets. 

 

3.1. Some examples of SP quantitative analysis in 

ore deposits 

 

3.1.1. Quantitative interpretation of SP anomaly 

over pyrite-sulphide body in the Sariyer area (near 

Istanbul, Turkey) 

Yüngül (1954) published the results of the 

survey in the Sariyer area (Istanbul). Since this time 

many authors reproduced this example in the various 

reviews and books, however without any 

quantitative interpretation (e.g., Parasnis, 1986). The 

performed interpretation indicates that the obtained 

position of HCC center is in the line with 

geometrical and physical parameters of the sulphide-

pyrite ore body (Fig. 5). Here and in some other fig-

ures displayed parameters d3 and d4 relate to the im-

proved tangent method (this method is described in 

detail, for instance, in Eppelbaum et al. (2001)). 
 

 
 

Fig. 5. Quantitative interpretation of SP anomaly by the 

characteristic point and tangent methods in the Sariyer area, 

Turkey. The “” symbol marks the obtained position of the ore 

body center (approximated by a HCC). Observed SP curve and 

geological section are taken from Yüngül (1954) (interpretation 

after Eppelbaum and Khesin, 2002) 

3.1.2. Quantitative interpretation of SP anomaly 

over polymetallic body (Russia) 

Figure 6 displays results of SP anomaly quanti-

tative interpretation using characteristic points and 

tangent methods. The interpretation results, as can 

easily see from Fig. 6, have a good agreement with 

location of ore body. Self-potential moment here is  

.mmV195m5.6mV60
2

1


U
M  

 

 
 

Fig. 6. Quantitative interpretation of SP anomaly over 

polymetallic body. Observed SP curve and geological section 

are taken from Zaborovsky (1963) 

 
3.2. Ore deposits of the southern slope of the 

Greater Caucasus 

 

Copper-polymetallic deposits of the southern 

slope of the Greater Caucasus usually are favorable 

targets for SP method application (Eppelbaum and 

Khesin, 2002). However, in the Katekh polymetallic 

deposit (which is situated nearly the Filizchai and 

Katsdag deposits) SP observations oscillate about 

zero and could not provide useful information about 

the buried targets. This can be explained by the pe-

culiarities of mineralogical composition of ores: a 

fairly large lead content impedes the normal course 

of oxidation-reduction reaction necessary for trigger-

ing intense SP anomalies (Eppelbaum and Khesin, 

2004). 

 

3.2.1. Area of Filizchai polymetallic deposit 

A very intensive SP anomaly (almost 500 mV) 

was observed in the Filizchai copper-polymetallic 

field (southern slope of the Greater Caucasus, Azer-

baijan) under conditions of very complex terrain re-

lief (Fig. 7). Results of interpretation show signifi-

cant difference of position of the upper edge of 

anomalous body calculated without influence of 

rugged terrain relief (blue circle) and after this influ-

ence calculation (red circle). Calculated SP moment 



L.V.Eppelbaum / ANAS Transactions, Earth Sciences  2 / 2019, 21-35; DOI: 10.33677/ggianas20190200029 

 29 

consists .mmV19800m90mV440
2

1


U
M

 
Inter-

estingly to note that this SP moment exceeds SP 

moment calculated for the polymetallic body from 

the previous example by more than 100 times. This 

fact indicates a large capacity of studied ore target in 

the Filizchai deposit. 

 

 
 

Fig. 7. Results of quantitative interpretation of SP anomalies in 

the area of Filizchay copper-polymetallic deposit on the south-

ern slope of the Greater Caucasus (Azerbaijan) (modified after 

Eppelbaum and Khesin (2012)). See captions in Figure 8. 
 

3.2.2. Area of Katsdag polymetallic deposit 

 Three SP anomalies were successfully inter-

preted in the Katsdag copper-polymetallic deposit 

(southern slope of the Greater Caucasus, Azerbaijan) 

under conditions of rugged terrain relief (Fig. 8). 

Anomaly 1 and 2 are intensive, but anomaly 3 is 

comparatively small. Here also is essential difference 

between the quantitative results of SP anomalies analy-

sis calculated without and with calculation for rugged 

relief influence. The SP moment calculated for anoma-

ly 1 is .mmV3600m20mV180
2

1


U
M  

 

3.3. Ore deposits of the Lesser Caucasus 

 

Unfortunately, many SP observations in ore de-

posits of the Lesser Caucasus were lost or undocu-

mented. Earlier temporal variations of SP data over 

the Chyragdere sulfur deposit (Lesser Caucasus, 

Azerbaijan), as function of the deposit exploitation 

were considered (see Fig. 4). Below is presented an 

example of quantitative analysis of SP measure-

ments over polymetallic body in the Lesser Cauca-

sus (southern Georgia).  

 
 

Fig. 8. Results of quantitative interpretation of SP anomalies in 

the area of Katsdagh copper-polymetallic deposits on the south-

ern slope of the Greater Caucasus (Azerbaijan).  

(1) interbedding of sands and clay schists, (2) clay schists with 

the flysh packages, (3) clay sandstone; (4) sand-clay schists; (5) 

diabases, gabbro-diabases and diabasic porphyrites; (6) ande-

sites and andesite-porphyrites; (7) dacitic porphyrites; (8) faults; 

(9) massive ore of pyrite-polymetallic composition; (10) oxi-

dized ore; (11) zones of brecciation, crush and boudinage with 

lean pyrite-polymetallic ore;  (12) SP curves; location of anoma-

lous source: (13) without calculation of inclined relief influence, 

(14) after introducing correction for relief 

 

3.3.1. Uchambo ore field (Georgia) 

Fig. 9 depicts the position of the HCC center 

(characteristic point method was applied), which 

evidently fixes the undrilled edge of a flat-lying ore-

body in the Uchambo polymetallic deposit (southern 

Georgia). 

 

3.4. SP as a component of multimodel approach 

 

Multimodel approach to geophysical data analy-

sis may be illustrated on example of quantitative 

analysis of different geophysical data. Quantitative 

interpretation is traditionally oriented to a single 

model for buried objects identification. In the case of 

the existence of several hypotheses relating to the 

parameters of the body causing the disturbance (i.e., 

the buried object) usually only one model was se-

lected roughly presenting the object in the domain 
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x of k-dimensional space of the physical-geological 

factors. At the same time, many geological features 

are strongly disturbed by various geological pro-

cesses (erosion, tectonic-geodynamic activity, met-

amorphism, etc.). 

Additional noise affecting interpretation in-

cludes rugged terrain relief, anisotropy (polarization) 

of geological objects and heterogeneous host medi-

um. As a consequence, response function i – geo-

physical field – may ambiguously represent the stud-

ied targets. Therefore, domain x may be divided 

into several subdomains 1, 2, ..., m and in each 

of them a single model will dominate (Eppelbaum, 

1987). In such way we could develop m physical-

geological models of the same target, each corrected 

for separate subdomains 1, 2, ..., m. 

The multimodel approach can also be applied at 

varying levels of geophysical field observations. 

Hence, different explanatory models may be used in 

the process of quantitative interpretation. Integrating 

several response functions i, yields a more accurate 

and reliable physical-geological model of the buried 

target. 

Rapid methods of quantitative interpretation 

make it possible to determine the following parame-

ters: position of the mass center of the anomaly-

forming body by the plot of g (Fig. 10a); position 

of the upper edge by the plot of Z (Fig. 10b); posi-

tion of the horizontal circular cylinder's center in the 

upper portion of the ore-body at the ground water 

level by the plot of self-potential (Fig. 10c). The 

specific models thus obtained reflect the contrasting 

character of the physical properties of the target and 

the host medium. They allow a fairly exhaustive de-

scription of the geometric parameters of the target. 

Combining these three models (we have two re-

sponse functions 1, 2 and 3 from the subdomains 

1, 2 and 3), yields a combined model of the 

anomalous body (Figure 10d), which is in a good 

agreement with the initial (prescribed) model.  

 

 

 
 

Fig. 9. Interpretation of SP anomaly by the method of characteristic points in the area of the Uchambo ore field of the Adjar group of 

copper-polymetallic deposits (Georgia, Lesser Caucasus) 

(1) SP observed values; (2) heteroclastic tuff breccia and their tuffs; (3) cover trachyandesite-basalts with pyroclastic interbeds; (4) 

disjunctive dislocations; (5) zones of increased mineralization; (6) drilled wells; (7) location of HCC center according to the interpre-

tation results ((1-6) from from Bukhnikashvili et al. (1974), (7) after Eppelbaum and Khesin (2002), with modifications 
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Fig. 10. Combined interpretation of the model fields g, Z and USP due to deposits of the Filizchai type under different 

approximation of the anomalous body: (a, b, c) results of the model fields rapid interpretation, (d) anomalous object according to the 

integrated interpretation results. 

(1) anomalous body; (2) host medium; (3) topography; (4) position of the ground water level;  physical properties: (5) density 

(g/cm3), (6) magnetization (mA/m); (7) mass center (of a circular horizontal cylinder) by  g  plot; (8) mid-point of the upper edge of 

an inclined thin bed by  Z  plot; (9) position of the center of HCC inscribed into the upper portion of the anomalous body at the 

ground water level by USP  plot; (10) contour of the anomalous body obtained from the results of integrated quantitative 

interpretation 

 
4. Other possible applications of SP method in 

Azerbaijan and Caucasus 

 

SP method can be effectively applied for 

searching and localization of numerous archaeologi-

cal targets (some examples of such SP investigations 

are given in Eppelbaum et al., 2001, 2003; Drahor, 

2004; Shevnin et al., 2014; Eppelbaum, 2019). Other 

SP application is revealing some dangerous envi-

ronmental phenomena (karst cavities, faults, rock-

slides) (e.g., Quarto and Schiavone, 1996; Ep-

pelbaum, 2007; Jardani et al., 2007; Oliveti and Car-

darelli, 2019) and localization of corrosion in buried 

oil, gas and water pipes (e.g., Castermant el., 2008; 

Rittgers et al., 2013; Oliveti and Kardarelli, 2019). 

Finally, SP studies often successfully employed for 

revealing underground water infiltration (e.g., Se-

menov, 1980; Birch, 1998; Shevnin, 2018).    

 

Conclusions 

 

The disturbances complicated SP observations 

in ore targets are analyzed in detail. The proved 

common aspects between the magnetic and self-

potential fields enable to apply for interpretation of 

SP anomalies the modern interpreting procedures 
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developed for complicated environments in mag-

netic prospecting (oblique magnetization (polariza-

tion), inclined topography and an unknown level of 

the normal field). The improved characteristic point 

method of quantitative interpretation is described in 

detail. Testing these procedures on the well-studied 

ore objects (Turkey and Russia) and in ore deposits 

in the South Caucasus confirms an effectiveness of 

this technology. This interpretation methodology 

can also be employed for searching archaeological 

targets, localization of hidden karst cavities, detect-

ing corrosion in buried metallic pipes and solving 

other problems of near-surface geophysics.  
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УЛУЧШЕННЫЙ АНАЛИЗ АНОМАЛИЙ ЕСТЕСТВЕННОГО ЭЛЕКТРИЧЕСКОГО ПОЛЯ 

НА РУДНЫХ МЕСТОРОЖДЕНИЯХ ЮЖНОГО КАВКАЗА 

 

Эппельбаум Л.В. 

Кафедра геофизики, Отделение наук о Земле, Факультет точных наук,  

Тель-Авивский Университет, 

6997801, Рамат Авив, Тель-авив, Израиль: levap@post.tau.ac.il 

 

Резюме. Метод естественного электрического поля (ЕЭП) – один из самых недорогих и технически несложных геофи-

зических методов. Однако его применение ограничивает отсутствие надежной методологии интерпретации, в первую оче-

редь для сложных геолого-геофизических условий. Обсуждены типичные помехи, возникающие в методе ЕЭП и пути их 

устранения. Краткий обзор имеющихся методов интерпретации свидетельствует об их недостаточной эффективности, осо-

бенно для сложных физико-геологических условий. Специальные количественные процедуры были разработаны для маг-
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нитного метода геофизической разведки в сложных условиях (наклонное намагничение, неровный рельеф местности и не-

известный уровень нормального поля). Проведенный анализ позволил выявить существенные общие особенности магнит-

ного поля и ЕЭП. Эти общие аспекты позволяют применять к ЕЭП передовые методы интерпретации, разработанные в маг-

ниторазведке. Помимо надежного определения глубины аномального источника, эти методы позволяют внести поправки за 

наклонный поляризационный эффект и негоризонтальность линии наблюдений. Для классификации аномалий ЕЭП пред-

ложено рассчитывать новый параметр – 'естественный электрический момент'. Эти процедуры (улучшенные модификации 

методов особых точек и касательных) были успешно протестированы как на моделях ЕЭП, так и в реальных ситуациях на 

рудных месторождениях Турции и России. Наконец, разработанные интерпретационные процедуры были эффективно при-

менены к нескольким рудным объектам Южного Кавказа (Филизчай и Кацдаг в Азербайджане и Учамбо в Грузии). Эффек-

тивность многомодельного подхода (с использованием гравитационного, магнитного и естественного электрического по-

лей) продемонстрирована на обобщенной физико-геологической модели рудного объекта филизчайского типа. Полученные 

результаты указывают на большую практическую значимость разработанной методологии. 

Ключевые слова: метод ЕЭП, помехи, количественный анализ, сложные физико-геологические условия, естественный 

электрический момент, рудные объекты 

 

 

CƏNUBİ QAFQAZIN FİLİZ YATAQLARININ QUYU POTENSİALI ÜZRƏ  

MƏLUMATLARIN TƏKMİLLƏŞDİRİLMİŞ ANALİZİ 

 

Eppelbaum L.V. 

Geofizika kafedrası,Yer elmləri bölməsi, Dəqiq Elmlər fakültəsi, Tel Aviv Universiteti 

6997801, Ramat Aviv, Tel Aviv, Israel: levap@post.tau.ac.il 

 

Xülasə. Təbii elektrik sahəsi (TES) üsulu – ən ucuz və texniki cəhətdən qeyri-mürəkkəb geofiziki üsullardan biridir. Lakin onun 

tətbiqini etibarlı interpretasiya metodologiyasının, ilk növbədə mürəkkəb geoloji-geofiziki şərait üçün, olmaması məhdudlaşdırır. 

TES üsulunda yaranan tipik əngəllər və onların aradan qaldırılma yolları müzakirə edilmişdir. Mövcud interpretasiya üsullarının qısa 

xülasəsi onların, xüsusilə mürəkkəb fiziki-geoloji şərait üçün, kafi olmayan  effektivliyini göstərir. Çətin  şəraitdə (maili maqnitləş-

mə, ərazinin qeyri-düzgün relyefi və normal sahənin qeyri-məlum səviyyəsi) geofiziki kəşfiyyatın maqnit üsulu üçün xüsusi miqdari 

qayda işlənilmişdir. Aparılan təhlil  maqnit sahəsi və TES-in  mühüm ümumi xüsusiyyətlərini aşkar etməyə imkan vermişdir. Bu 

ümumi aspektlər  maqnit kəşfiyyatında  işlənib hazırlanmış qabaqcıl interpretasiya üsullarını TES-ə tətbiq etməyə imkan verir. Ano-

mal mənbənin dərinliyinin etibarlı təyinindən əlavə, bu üsullar polyarizasiya effektinə və müşahidə xətlərinin qeyri-horizontallığına 

düzəlişlər verməyə inkan verir. TES-in anomaliyalarının təsnifatı üçün yeni parametrin – təbii elektrik momenti – hesablanması təklif 

edilmişdir. Bu qaydalar (xüsusi nöqtələr və toxunanlar üsullarının yaxşılaşdırılmış modifikasiyaları) həm TES modellərində, həm də 

Türkiyə və Rusiyanın filiz yataqlarında real situasiyalarda müvəffəqiyyətlə sınaqdan keçirilmişdir. Nəhayyət, işlənib hazırlanmış in-

terpretasiya qaydaları Cənubi Qafqazın bir neçə filiz obyektlərində (Azərbaycanda Filizçay və Kaşdağ və Gürcüstanda Uçambo) ef-

fektiv tətbiq olunmuşdur. Çoxmodelli yanaşmanın effektivliyi (qravitasiya, maqnit və təbii elektrik sahələrindən istifadə etməklə) Fi-

lizçay tipli filiz obyektinin ümumiləşdirilmiş fiziki-geoloji modelində nümayiş etdirilmişdir. Alınan nəticələr işlənib hazırlanmış me-

todologiyanın böyük praktiki əhəmiyyətini göstərir. 

Açar sözlər: TES üsulu, maneələr, miqdari analiz, mürəkkəb fiziki-geoloji şərait, təbii elektrik momenti, filiz obyektləri 

 

 

 

 


