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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

In the geological section, the conditions for the

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.

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
CuSO; solution (the latter is necessary for better
contact of the electrode with the environment).
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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, 65.000-110.000 20.000-25.000 30.000-60.000 150-200
uss

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 AU
(U1 — Uy), 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: U; + e;
(U is the first "geological" signal, and e is the noise
of accumulated in the first electrode). For second
electrode we have correspondingly U, + e, (U is the
second "geological" signal, and e, is the noise of
accumulated in the second electrode). We measure
the value (Semenov, 1980)

AU, =(U1+e1)_(uz+ez)' (1)

If we will change electrodes by their places, we
will receive

AU, :(U1+ez)_(uz+e1)' (2)
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If we will calculate difference between AU; and
AU,, we will receive

U =AU, -AU, =
:[U1+el _Uz _ez]_[U1+ez _Uz _el]zz(el _ez) (3)

or

6-e)== (4)

If the value (e, —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

J > (auz= - auzry
&=

i=1
N

where N is the total number of SP observations,
‘conven' means conventional measurements, and
‘cont’ means control measurements. If the value of
£>5mV, 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

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

el can occur as single effects and their combinations. In
pOl‘OUS pal‘t 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-

Fig. 2. Scheme of SP non-polarized electrode
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sence of the correlation method is following. The
method utilizes for removing the terrain effect from
the observed field AUqnser a linear least-squares rela-
tion (application of more complex equations of is
also possible):

AU, _=c+bh,

appr

where h is the height of relief, b is the angle coeffi-
cient, and c is the free member.

AU, mV
304

104
.

-104

-304
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Fig. 3. SP observations at inclined relief (after Ernstson and
Schrerer, 1986)

AUqppr 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:

AU_, =AU

corr obser

AU

appr*

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).
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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:

U(x)=2Lmk (5)

2z T,

where j is the current per unit length, p is the host
medium resistivity, r, and r, 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-
nigues 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 AT — when magnetic
susceptibility is below 0.1 Sl unit) is a potential field
(e.g., Khesin et al., 1996) and is expressed as:

Ua=-grad V, (6)

where U, 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 | caused by natu-
ral polarization are defined as the gradient of a scalar
potential IT;:

ESP = _grad II;. (7

The potential II; satisfies Laplace’s equation

everywhere outside the layer (Zhdanov and Keller,
1994).

Formulas describing potential character of
magnetic (eg. (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) Point source (rod) 9)
z mz
Z,=2J2b 7 =———
v XZ+22 v (X2+Zz)%
Self-potential Horizontal circular cylinder  (10) Sphere (11)
2 z
AU =2 P UOI'0 3 z 3 AU = £ UOR2 2 2\3/2
o+ P, X*+z 2p,+p (x2 +22)

Here Z, 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; ,, is the host medium resistivity; p, is the anomalous object

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

terface; I, 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)

Parameter Parameters used for anoma- | Formulae to calculate parameters in terms of the anomalies
toabi dz—e S | lies resulting resulting from models
termined from models
Thinbed | Cylinder Thin bed Cylinder
Generalized d, d2 dir tan(0)=d,/d, t(9/3)— NG (d1| + dlr)
angle 6 . /3 co = 4. —d
dg, ds dir, ds sin(6/3)=d,/3d, ( u - 1r)
dl = Xmin _Xmax & _ ‘\/ECOS(H/Z)_].
dz = (Xo.sAuA )r - (XO.SAUA )| dlr \/§COS(600 + 0/3)
d5 = Xr - XI
AU A = AU max _AUmin
Depth ho, h di, do, 6 dir, 6
pth ho, he 1, d2 I h - ,/dld% | =% (. wherek,
ds, 0 | <(60°
’ where k, , = ZﬁM
' cosé
-z h=— Yt
Jsin@cos @ d, —d, (ah)
h=d,/k,, where
K :2\/§sin(9/3) k=243 cos(6/2)—1
° sin@ ® cos @
Horizontal h, 6, Xmax, Xmin,r X, = 0.5(X,p + X, ) — X, = 0.5(X,p, + Xos )~
displacement ' .
h 0
Yo, X (X ) cot @ h, S|n(60 + 0/3) +h tang
054U p /! cosé
X enu X, = htan(gj X, =0.5(x, +x )+, tan 6 -
PAYA ) i
J2h, sin(6/2)
cosé
Normal AUnin, AU, 0 K
background AU, .. =AU . + AUAﬁ, where
0
AU backgr
) _1-coso K- cos*(60° +6/3)
° 1+cos@’ ° cos’(0/3)
Indices “0” and “c” designate the thin seam and horizontal circular cylinder (HCC) models, respectively. Values hg
and hcare the depths to upper edge of thin seam and center of the HCC, respectively. Parameter Ah designates
measurements of magnetic field at different levels over the earth’s surface

When anomalies are observed on an inclined where h is the depth of the body upper edge occur-
profile, the obtained parameters characterize a ficti- rence (or HCC center), X, is the shifting of the
tious body. The transition from fictitious body pa- anomaly maximum from the projection of the center
rameters to those of the real body is done by apply- of the disturbing body to the earth’s surface (caused
ing the following expressions (the subscript “r” by oblique magnetization), and ax is the angle of the

stands for a parameter of the real body): terrain relief inclination.
h, =h+Xx tanw,
X, =—htanaw, + X, |’ (12)
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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
2] 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
Xo Horizontal displacement of projection of the middle of the upper edge of thin bed to the earth's
surface due to oblique polarization
Xc Horizontal displacement of projection of the center of the HCC to the earth's surface due to
oblique polarization
ho Depth to the upper edge of thin bed
he Depth to the center of HCC
AU max Maximum value of SP anomaly
AUnmnin Minimum value of SP anomaly
AUa Total amplitude of SP anomaly
di Difference of extremum abscissae for thin bed
dir Difference of extremum abscissae for HCC
d, Difference of semiamplitude point abscissae
ds Difference of inflection point abscissae
Xr Right inflection abscissae point
Xi Left inflection abscissae point
AUbackr Normal background level of SP anomaly

1937

ECP

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 ¢ is calculated from the expression

¢, =90"-6, (13)
on an inclined relief
¢,5=90"-0+a, (14)

where ax is the inclination angle of the observation
profile (m > 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:

1
MAU :EAUaho’

(14)
where AU, is the amplitude of SP anomaly (in mV),
ho 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:

Mau,r = Maua COSan , (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 Goktiirkler and Balkaya (2012). After this, these
methods were applied on SP data observed in real
ore targets.

3.1. Some examples of SP guantitative analysis in
ore deposits

3.1.1. Quantitative interpretation of SP anomaly
over pyrite-sulphide body in the Sariyer area (near
Istanbul, Turkey)

Yingiil (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
guantitative 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 ds and d, relate to the im-
proved tangent method (this method is described in
detail, for instance, in Eppelbaum et al. (2001)).

d, .
F_d‘.__.: —% 5y |
L~ =
- +20 o
- o R
0 . _ 25m
- -20 d N -
]@ Devonian Schist
[ d, |I] Senonian Andesite
- -60 [:] Sulphide with Cu% -
P-| Pyrite
I--80 N-W
+--100
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£ [}
)
W NTTem
e 0
— /u\ P JOFThL
] édaﬂaa“l‘_.("» -1
I~ a a a-
a a a a a m
A A

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 Yiingiil (1954) (interpretation
after Eppelbaum and Khesin, 2002)
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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

M, :%GOmV~6.5m =195mV-m.

Distance, m
160 180 200 220 240 260 280
0 — | | I | I | | | 1 |
20 —| d, d, » :{/'
= P — Ty -
40 &, d, +
-~ .,/
-60 — )j fé
80 —_ D q
AU, mV Ve

A

= N @43 7' \4 — N5 [Fe

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
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consists M, 2%440 mV-90m=19800 mV-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.
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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-

lylis M,, :%180mV»20m:3600 mV-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).

=1 E= [
!

13 [ZZ14 [TTs
vvie (= vl7 008 (a9 [ o
N1 =12 [0 h3[ 0 N4

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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94, 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 ¥; — geo-
physical field — may ambiguously represent the stud-
ied targets. Therefore, domain ¥ may be divided
into several subdomains %4, 9, ..., 9%, 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 971, 92, ..., Jin.

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

AU, mV

804

~

several response functions T, 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 Ag (Fig. 10a); position
of the upper edge by the plot of AZ (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 I'1, I'; and I's from the subdomains
94, 9% and 945), yields a combined model of the
anomalous body (Figure 10d), which is in a good
agreement with the initial (prescribed) model.

0

-80
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-240-
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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 Ag, AZ and AUsp 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/cm?), (6) magnetization (MA/m); (7) mass center (of a circular horizontal cylinder) by Ag plot; (8) mid-point of the upper edge of
an inclined thin bed by AZ plot; (9) position of the center of HCC inscribed into the upper portion of the anomalous body at the

ground water level by AUsp
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

plot; (10) contour of the anomalous body obtained from the results of integrated quantitative

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
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Peztome. Meton ectecTBeHHOT0 3nekTpuueckoro noist (EDII) — onuH u3 caMbIx HEAOPOTHX M TEXHUYECKU HECIOKHBIX reodu-
3MUECKUX MeToJ0B. OZHAKO €ro NPUMEHEHHE OrPAHMYMBACT OTCYTCTBHE HAJIKHOIH METOJO0JIOTMH MHTEPIIPETALUM, B IEPBYIO OUe-
pelb VIS CIOXKHBIX Ieooro-reopusnueckux ycnoBuid. OOCyxIeHbl THIMYHbIE TIOMEXH, Bo3HHKatomue B Metone EDII u myrn ux
ycrpanenus. KpaTkuii 0030p MMEIOIMXCSl METOI0B MHTEPIIPETALH CBUJICTEILCTBYET 00 X HEZOCTATOUYHOH d((EKTHBHOCTH, OCO-
OCHHO JUISl CIOXKHBIX (PU3UKO-TEONOTHYECKHX yciaoBHH. CrienuaibHble KOJMYECTBEHHBIE IPOIEyphl ObUIH pa3paboTaHbl ISl Mar-
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HHUTHOTO MeTo/a reou3ndeckoil pa3BeIki B CIOKHBIX yCIOBHAX (HAKIOHHOE HaMarHWYeHWe, HEPOBHBIN penbed MECTHOCTH U He-
W3BECTHBI YPOBEHb HOPMAIBHOTO 10JIs). [IpoBeIeHHbIH aHaN3 [TO3BOJIMI BEISIBUTH CYIIECTBEHHBIC OOIINEe OCOOEHHOCTH MarHHUT-
Horo noist u EDII. Dt obuue actieKTsl MO3BOJSAIOT NpuMeHITh K EDII nmepenoBsie MeToapI HHTEPIIPETALUH, pa3pab0oTaHHbIC B Mar-
HUTOpa3Bezke. [TOMIMO HalEKHOTO ONPEAENICHHs TITyONHbI QaHOMAJIbHOTO NCTOYHHKA, STH METO/IBI TI03BOJISIIOT BHECTH MONPABKY 32
HAKJIOHHBIH MOJIAPU3aLUOHHBIN 3()()eKT 1 HEeropu30oHTAIBHOCTh JUHUM Habmonenuit. [ kinaccuduxanmu aHomanuii EQIT npen-
JIOKEHO PACCUUTHIBATH HOBBIM IapaMeTp — '€CTECTBEHHBIN 3IEKTPUYECKUI MOMEHT'. DTU Mpoleayps! (YIydlIeHHble MOIH(DUKAIIIH
METOJIOB OCOOBIX TOUEK M KacaTeJbHBIX) OBUIM YCIICIIHO IPOTECTHPOBAHBI kak Ha Mozemsx EOII, Tak u B pealbHBIX CUTYyaIlUsIX Ha
pyzaHBIX MecTopokaeHusx Typrmn u Poccnn. Hakonern, pa3paboTaHHEIE HHTEpIPETaMOHHBIE IPOIEAYPH! ObUTH 3()(EKTHBHO NIPH-
MEHEHBI K HECKOJIBKUM pyaHbIM 00bekTaM FOxxHOTro KaBkasza (Pumusuail u Kamar B AzepOaiimkane u Yuam6o B ['py3un). Db dek-
TUBHOCTh MHOTOMOJIETIHHOTO ITT0/1X0/a (C MCIIOJIb30BaHUEM TI'PaBUTAIIOHHOTO, MAarHUTHOTO M €CTECTBEHHOTO AJIEKTPUYECKOTO IT0-
JIeit) IpoIeMOHCTPHUPOBaHa Ha 000OLICHHON (PU3UKO-Te0NOrHYecKoil Moienu pyAHOro o0bekTa (punu3vaiickoro tumna. [lomyyeHHbie
pEe3yJIbTaThl YKa3bIBAIOT Ha OOJIBIIYI0 NPAKTHYECKYIO 3HAUMMOCTh Pa3pabOTaHHON METOIOJIOTHH.

Knroueswie cnosa: memoo EJII, nomexu, KOuuecmeeH bl AHANU3, CLOXHCHbIE PUIUKO-2€0102UYeCKUe YCI08US, eCINeCBeHHbll
2NEeKMPUYECKUll MOMeEHM, pyOHble 0ObeKmbl
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Xiilasa. Tabii elektrik sahosi (TES) tisulu — on ucuz v texniki cahatdon geyri-miirokkob geofiziki tisullardan biridir. Lakin onun
totbigini etibarli interpretasiya metodologiyasinin, ilk névbodo miirokksb geoloji-geofiziki sorait iigiin, olmamasi mohdudlasdirir.
TES iisulunda yaranan tipik angallor vo onlarin aradan galdirilma yollart miizakirs edilmisdir. Mévecud interpretasiya tisullarinin qisa
xiilasasi onlarin, xtisusilo miirokkab fiziki-geoloji sorait tigiin, kafi olmayan effektivliyini gostorir. Catin soraitdo (maili magnitlos-
mo, arazinin geyri-diizgiin relyefi vo normal sahonin geyri-malum soviyyasi) geofiziki kogfiyyatin magnit tisulu tigiin xtisusi migdari
gayda islonilmigdir. Aparilan tohlil magqnit sahesi vo TES-in miihiim iimumi xiisusiyystlorini agkar etmoys imkan vermisdir. Bu
imumi aspektlor magnit kasfiyyatinda iglonib hazirlanmig qabaqgcil interpretasiya tisullarini TES-» totbigq etmoys imkan verir. Ano-
mal manbonin darinliyinin etibarl: toyinindan slavs, bu tisullar polyarizasiya effektino vo miisahida xatlorinin geyri-horizontalligina
diizaliglor vermayo inkan verir. TES-in anomaliyalarinin tosnifati tigiin yeni parametrin — tobii elektrik momenti — hesablanmas: toklif
edilmisdir. Bu qaydalar (xiisusi noqtalar vo toxunanlar tisullarinin yaxsilagdirilmis modifikasiyalari) hom TES modellorinds, hom do
Tiirkiys va Rusiyanin filiz yataglarinda real situasiyalarda miivaffaqiyystlo sinagdan kegirilmisdir. Nohayyat, islonib hazirlanmig in-
terpretasiya gaydalari Canubi Qafgazin bir negs filiz obyektlorinds (Azarbaycanda Filiz¢ay vo Kasdag vo Giirciistanda Ugambo) ef-
fektiv totbig olunmusdur. Coxmodelli yanasmanin effektivliyi (qravitasiya, magnit vo tobii elektrik sahslorindon istifads etmoakls) Fi-
lizgay tipli filiz obyektinin imumilogdirilmis fiziki-geoloji modelinds niimayis etdirilmisdir. Alinan naticslor iglonib hazirlanmis me-
todologiyanin boyiik praktiki shomiyystini gostorir.

Agar sézlar: TES iisulu, manealar, miqdari analiz, miirakkab fiziki-geoloji sorait, tobii elektrik momenti, filiz obyektlori
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