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ABSTRACT: In the present paper we first present a review of the recent research on the behavior of the self potential field in a
transversely anisotropic ground. In a transversely anisotropic medium the resistivity parallel to schistosity is different from that at
perpendicular direction. It is pointed out that anisotropy may deform the characteristics of the self potential anomaly measured at
ground surface. Such deformation may result important errors, if a quantitative interpretation is attempted without taking into ac-
count the ground anisotropy effect. It is possible, however, to make a reliable quantitative interpretation if the anisotropy parame-
ters are known. 

Then, we study the behavior of the self-potential field in the wave number domain. It is shown that transverse anisotropy
functions as a filter which modulates the amplitude and phase of each component of the self-potential anomaly. The filter re-
sponse is defined by the anisotropy parameters, mainly the schistosity angle (the angle between the plane of schistocity and the
ground surface).

The results and conclusions of this paper may be useful in mineral exploration, as well as in detecting subsurface water flow
and targets of geothermal activity.
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¶∂ƒπ§∏æ∏: ™ÙËÓ ·ÚÔ‡Û· ÂÚÁ·Û›· Á›ÓÂÙ·È ÚÒÙ· ÌÈ· ÂÈÛÎfiËÛË ÙË˜ ÚfiÛÊ·ÙË˜ ÂÚÂ˘ÓËÙÈÎ‹˜ ÚÔÛ¿ıÂÈ·˜ Ô˘ ¤¯ÂÈ
Ú·ÁÌ·ÙÔÔÈËıÂ› ˆ˜ ÚÔ˜ ÙË Û˘ÌÂÚÈÊÔÚ¿ ÙÔ˘ Â‰›Ô˘ Ê˘ÛÈÎÔ‡ ‰˘Ó·ÌÈÎÔ‡ ÛÂ ÂÁÎ¿ÚÛÈ· ·ÓÈÛfiÙÚÔÔ ¤‰·ÊÔ˜. ∂ÈÛËÌ·›ÓÂÙ·È fiÙÈ Ë
·ÓÈÛÔÙÚÔ›· ÚÔÍÂÓÂ› ÛÙÚÂ‚ÏÒÛÂÈ˜ ÛÙË ÚÔ‹ ÙÔ˘ ËÏÂÎÙÚÈÎÔ‡ ÚÂ‡Ì·ÙÔ˜ Î·È ·Ú·ÌÔÚÊÒÛÂÈ˜ ÛÙ· ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÙË˜ ÌÂÙÚÔ‡ÌÂÓË˜
·ÓˆÌ·Ï›·˜ Ê˘ÛÈÎÔ‡ ‰˘Ó·ÌÈÎÔ‡, ÌÂ ·ÔÙ¤ÏÂÛÌ· Ó· ˘ÂÈÛ¤Ú¯ÔÓÙ·È ÛËÌ·ÓÙÈÎ¿ ÛÊ¿ÏÌ·Ù· Î·Ù¿ ÙËÓ ÔÛÔÙÈÎ‹ ÂÚÌËÓÂ›·, ·Ó ıÂˆÚËıÂ›
fiÙÈ ÙÔ ˘¤‰·ÊÔ˜ Â›Ó·È ÈÛfiÙÚÔÔ. ∂›Ó·È ˆÛÙfiÛÔ ‰˘Ó·ÙfiÓ Ó· Á›ÓÂÈ ÌÈ· ·ÍÈfiÈÛÙË ÔÛÔÙÈÎ‹ ÂÚÌËÓÂ›· ÙË˜ ·ÓˆÌ·Ï›·˜ Ê˘ÛÈÎÔ‡
‰˘Ó·ÌÈÎÔ‡ ·Ó Â›Ó·È ÁÓˆÛÙ¤˜ ÔÈ ·Ú¿ÌÂÙÚÔÈ ÙË˜ ·ÓÈÛÔÙÚÔ›·˜.

™ÙË Û˘Ó¤¯ÂÈ· ÌÂÏÂÙ¿Ù·È Ë Û˘ÌÂÚÈÊÔÚ¿ ÙÔ˘ Â‰›Ô˘ Ê˘ÛÈÎÔ‡ ‰˘Ó·ÌÈÎÔ‡ ÛÙÔ ¯ÒÚÔ ÙˆÓ Î˘Ì·Ù¿ÚÈıÌˆÓ Î·È ‰È·ÈÛÙÒÓÂÙ·È fiÙÈ Ë
ÂÁÎ¿ÚÛÈ· ·ÓÈÛÔÙÚÔ›· ÏÂÈÙÔ˘ÚÁÂ› ˆ˜ Ê›ÏÙÚÔ Ô˘ ‰È·ÌÔÚÊÒÓÂÈ Ù· Ï¿ÙË Î·È ÙÈ˜ Ê¿ÛÂÈ˜ ÙˆÓ Û˘ÓÈÛÙˆÛÒÓ ÙË˜ ·ÓˆÌ·Ï›·˜ Ê˘ÛÈÎÔ‡
‰˘Ó·ÌÈÎÔ‡. ∏ ·fiÎÚÈÛË ÙÔ˘ Ê›ÏÙÚÔ˘ Î·ıÔÚ›˙ÂÙ·È ·fi ÙÈ˜ ·Ú·Ì¤ÙÚÔ˘˜ ÙË˜ ·ÓÈÛÔÙÚÔ›·˜ Î·È Î˘Ú›ˆ˜ ·fi ÙË ÁˆÓ›· Û¯ÈÛÙfiÙËÙ·˜.

∆· ÔÚ›ÛÌ·Ù· ÙË˜ ·ÚÔ‡Û·˜ ÂÚÁ·Û›·˜ ÌÔÚÔ‡Ó Ó· ·ÍÈÔÔÈËıÔ‡Ó ÛÙË ÁÂˆÊ˘ÛÈÎ‹ ¤ÚÂ˘Ó· ÁÈ· ÂÓÙÔÈÛÌfi ÌÂÙ·ÏÏÔÊfiÚˆÓ
ÛˆÌ¿ÙˆÓ, ıÂÚÌÔËÁÒÓ Î·È ˘fiÁÂÈˆÓ ÚÔÒÓ, fiÙ·Ó ÙÔ ˘¤‰·ÊÔ˜ ·ÔÙÂÏÂ›Ù·È ·fi Û¯ÈÛÙÔÏÈıÈÎ¿ ÂÙÚÒÌ·Ù·, Ù· ÔÔ›· ·ÚÔ˘ÛÈ¿˙Ô˘Ó
ÌÈ· ËÏÂÎÙÚÈÎ‹ ·ÓÈÛÔÙÚÔ›·.
§¤ÍÂÈ˜-ÎÏÂÈ‰È¿: ·ÓÈÛÔÙÚÔ›·, Û¯ÈÛÙfiÙËÙ·, Û˘ÓÙÂÏÂÛÙ‹˜ ·ÓÈÛÔÙÚÔ›·˜, ÌÂÙ·Û¯ËÌ·ÙÈÛÌfi˜ Fourier.

INTRODUCTION

A rock or a geological formation exhibits transverse
electrical anisotropy when the resistivity parallel to
schistocity (or bedding) differs from that at perpendicular
direction. Ground conductivity variations deform the
electric current flow and consequently the measured at
surface self potential (SP) anomaly. This deformation
may produce errors when a quantitative interpretation of
the SP anomaly is attempted.

Until middle of ’90s there was a limited number of
references on the behavior of the electric field which is
produced by a point pole in an anisotropic ground. These
papers studied problems which appear when the mise-à-
la-masse method is used in geophysical research (ASTEN,
1974; ELORANTA, 1988), or focused on the mathematical

problem of a point pole in an anisotropic medium
without making any comment about how anisotropy may
influence the self potential field (LINDELL et. al., 1993;
DAS, 1995; DAS & LI, 1996).

Recently, we have started researching on the behavior
and the quantitative interpretation of the SP anomaly in
a transversely anisotropic ground, which is produced by
polarized bodies of various shapes (SKIANIS &
HERNANDEZ, 1995, 1999; SKIANIS et al., 2000, 2001). This
paper makes a review of the research on this subject and
studies the behavior of the SP field in spatial frequency
domain.

The results and conclusions of the present paper may
be useful in mineral exploration and in detecting targets
of geothermal activity and subsurface water flow.

* O ÚfiÏÔ˜ ÙË˜ ·ÓÈÛÔÙÚÔ›·˜ ÙÔ˘ ̆ Â‰¿ÊÔ˘˜ ÛÙËÓ ·Ú·ÁˆÁ‹ ·ÓˆÌ·ÏÈÒÓ Ê˘ÛÈÎÔ‡ ‰˘Ó·ÌÈÎÔ‡.



THE MODEL OF THE POINT POLE

The model of the point pole with current intensity I at
depth h, which is embedded in a transversely anisotropic
ground with anisotropy coefficient A and schistosity angle
ı, is the simplest one for studying the problem of
anisotropy. This model may also help in elaborating other
models with a more complex polarization geometry. The
geometry of the problem is presented in (Fig. 1).

Using the image technique for an anisotropic half-
space (LINDELL et al., 1993), it can be proved (SKIANIS &
HERNÀNDEZ, 1999) that self potential V(x, y) at ground
surface is given by:

Úm is the effective resistivity of the anisotropic ground
and it is determined by the square root of the product of
ground resistivity at schistosity level times the resistivity
at the perpendicular direction.

The quantities x0 and h are defined by:

respectively.
The physical meaning of relation (1) is that in a

homogeneous and transversely anisotropic ground, the SP
anomaly which is produced by a point pole at depth h and
horizontal location 0, behaves as if it were produced by a
point pole embedded in a homogeneous and isotropic
ground, at depth h’ and horizontal location x0.

Ground anisotropy may seriously deform the self

potential anomaly and produce important errors in the
calculation of the parameters of the point pole, if
anisotropy is not taken into account.

Using relations (2) and (3), the displacement of the SP
anomaly x0 and the error ¢h in depth calculation were
defined (SKIANIS & HERNÀNDEZ, 1999). In (Fig. 2) and
(Fig. 3) it is shown how the anisotropy parameters
influence x0 and ¢h. The displacement x0 is in the
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Fig. 2. Displacement x0/h against ı and A (SKIANIS & HERNÀNDEZ

1999).

Fig. 1. The model of the point pole.

Fig. 3. Relative error ¢h/h against ı and ∞ (SKIANIS & HERNANDEZ, 1999).
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opposite direction of the horizontal side of the schistosity
angle. The displacement is especially big when the
schistosity angle is about 20o. The error in depth calcu-
lation is negative (apparent depth less than real depth)
when the schistosity angle is more than 30o- 40o. When the
schistosity angle is less than 30o- 40o, the error is positive
(apparent depth less than real depth).

It is important to mention that at the surface of a
homogeneous and isotropic ground, the equipotential
contours of the self potential field of a point pole are
homocentric circles. On the other hand, at a homoge-
neous and transversely anisotropic ground the equipoten-
tial contours are ellipses. The ellipticity gets stronger
when the anisotropy coefficient A is increased. When the
level of schistosity is horizontal (schistosity angle equal to
zero), the equipotential contours are circular, for any
value of A. When the schistosity angle is increased, the
ellipticity gets stronger.

THE MODEL OF THE VERTICAL DIPOLE

The model of the vertical dipole is presented in (Fig. 4).
The expression for the sp anomaly which is produced by a
vertical electric dipole with current intensity –I at the
upper pole and +I at the lower pole, length L, upper pole
depth h and lower pole depth H, may be easily deduced by
relation (1). The self potential anomaly V(x) is given by:

respectively.
The quantities x01, h’, x02 and H’ show that the SP

anomaly at a homogeneous and transversely anisotropic
ground, behaves as if it were produced by an inclined
dipole in a homogeneous and isotropic ground with a
negative pole at location (x01, h’) and a positive pole at
(x02, H’) (see Fig. 4). Although the dipole is vertical, the
SP anomaly at ground surface has a negative and a
positive centre, because of anisotropy.

The study of the self potential field of a point pole and
a vertical dipole at a homogeneous and transversely aniso-
tropic ground shows that anisotropy deforms the SP ano-
maly. These deformations may produce significant errors in
the quantitative interpretation of the parameters of the
polarized body. New quantitative interpretation techniques
of self potential anomalies have to be developed in such a
way that ground anisotropy is taken into account.

QUANTITATIVE INTERPRETATION OF SELF
POTENTIAL ANOMALIES IN A TRANSVERSELY
ANISOTROPIC GROUND   

Two models which are frequently used in quantitative
interpretation of SP anomalies are the polarized sphere
and the inclined sheet. 

The model of the polarized sphere of depth h,
polarization angle · and radius l (l << h) is presented in
Fig. 5. The sphere is embedded in a homogeneous and
transversely anisotropic ground.

The expression for the SP anomaly V(x) is (SKIANIS et
al., 2000):

K is a constant which depends on the polarization of
the sphere and the anisotropy parameters. The exact
mathematical expression for K may be found in SKIANIS

et. al. (2000).
h' is the apparent depth and it is defined by relation (7).
The quantities U, S and ˆ are defined by:

respectively

Fig. 4. The model of the vertical dipole with a finite length at a homo-
geneous and transversely anisotropic ground. The vertical dipole is
represented with the solid line –I +I. The “equivalent” inclined di-
pole at an assumed isotropic medium is represented with the dashed
line –I’ +I’.
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Taking into account the relations (10), (11), (12) and
(13), the following quantitative interpretation method is
proposed (SKIANIS et al., 2000):

1. Calculation of the apparent depth h’ and the
apparent polarization angle ˆ, assuming a homogeneous
and isotropic ground and using any method of quantita-
tive interpretation which has been referred in the biblio-
graphy.

2. Calculation of the real depth h and polarization
angle ·, according to the relations:

This quantitative interpretation method may work if
the anisotropy parameters are a priori known. This is
possible if dc current geophysical prospecting and geolo-
gical observations are carried out.

It is also possible to make a quantitative interpretation
of an SP anomaly which is produced by an inclined sheet in
a homogeneous and transversely anisotropic ground with
similar methodology (first assume an isotropic ground and
then calculate the real parameters of the inclined sheet).
The method is extensively presented in SKIANIS et al. (2001).

THE TRANSVERSE ANISOTROPIC GROUND ACTS
LIKE A FILTER WHICH MODULATES THE SELF-
POTENTIAL ANOMALY                         

So far we have studied the behavioor of the SP anomaly
in the space domain. Using the Fourier transform, it is
possible to describe the self potential anomaly at spatial
frequency (wave number) domain.

The Fourier transform U(u) of the potential anomaly
V(x) is:

u is the spatial frequency.

The self potential anomaly Viso(x), which is produced
by a point pole in a homogeneous and isotropic ground
with resistivity Úm, is given by:

The expression for the SP anomaly Van(x), which is
produced by the same point pole in a homogeneous and
transversely anisotropic ground, is given by relation (1),
for y=0. x is the horizontal axis which is perpendicular to
the strike of schistosity. Van(x) is given by:

The effective resistivity Úm of the anisotropic ground
is supposed to be equal to the (true) resistivity of the
isotropic ground.
Taking into account the relations (16), (17) and (18), and
using known Fourier integrals and properties of the
Fourier transform (GRADSHTEYN & RYZHIK, 1980), it can
be proved that the Fourier transforms Uiso(u) and Uan(u)
of Viso(x) and Van(x), respectively, are given by:

K0 is the modified Bessel function of the second kind and
zero order.
Combining (19) and (20) gives:

This means that the transversely anisotropic ground
operates as a filter which modulates the SP anomaly of
the point pole. In spatial frequency domain, the response
F(u) of this filter is given by:

The coefficient (cos2ı + A2sin2ı)-1/2 is independent
of u, therefore it does not influence the shape of the
spectrum of the SP anomaly.

The exponential factor exp(-ix0u) produces the shift
(displacement) of the SP anomaly in the space domain.
x0u is the phase of the spectral component with spatial
frequency u. 

The behavior of the ratio K0(h’u)/K0(hu) is of specific
importance, because it depends on u and determines the
amplitude spectrum of the self potential field,.

In Fig. 6 we present the variation of  K0(h’u)/K0(hu)

Fig. 5. The model of the polarized sphere in a homogeneous and
transversely anisotropic ground.
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against u. It can be seen that for h’<h, high spatial
frequencies are amplified. On the contrary, when h’>h
high spatial frequencies are attenuated. According to
relation (3) and Fig. 3, the apparent depth h’ is less than
the real depth h when the schistosity angle ı is more than
30o- 40o. On the other hand, when ı is less than 30o- 40o,
h’ is more than h. In fact, the schistosity angle controls the
spectral content of the SP anomaly. For a small schistosity
angle, the amplitudes of the high spatial frequencies
attenuate and the measured SP anomaly at space domain
is wide and smooth. On the contrary, for a large schisto-
sity angle the measured SP anomaly at space domain is
relatively narrow and presents rapid changes.

Spatial frequency analysis has been extensively used in
the quantitative interpretation of SP anomalies, consi-
dering an isotropic medium. Relation (21) may be useful
in the quantitative interpretation of SP anomalies at
spatial frequency domain, taking into account the
anisotropy of the ground. The development and appli-
cation of quantitative interpretation techniques based on
this relation, in order to detect ore bodies or subsurface
flows of water or heat, may be the subject of future
papers.

CONCLUSIONS

The study of the self potential field in a transversely
anisotropic ground showed that anisotropy may seriously
deform the SP anomaly measured on the ground surface.
In the spatial frequency domain, transverse anisotropy
acts like a filter which modulates the amplitude and phase
of each spectral component. The filter response is mainly
determined by the schistosity angle of the ground.

Significant errors may be introduced, if one attempts
to calculate the parameters of the polarized body without
taking into account the ground anisotropy effect.
However, it is possible to make a reliable quantitative
interpretation if the anisotropy coefficient and the
schistosity angle are known a priori, by conducting dc
geoelectrical measurements combined with geological
observations. 

SP data are usually interpreted assuming certain
polarization geometries for the self potential sources.
PATELLA (1997) has developed the promising metho-
dology of self potential tomography, which does not
assume any a priori knowledge of the shape of the SP
source. Self potential tomography works with the assump-
tion of an electrically isotropic ground, which may be
homogeneous or non homogeneous. It is interesting to
expand this methodology in cases of ground anisotropy,
where the SP field of the point pole is described by
relations (1) and (21).

The results and conclusions of this paper can be useful
in mineral exploration, as well as in hydrogeology, geo-
technical applications and geothermal research in order to
detect subsurface water flow and leakages or heat flow
sources respectively.

REFERENCES 

ASTEN, M. W. (1974). The influence of electrical anisotropy on mise-à-la-
masse surveys. Geophysical Prospecting, 22, 238-245.

DAS, U. C. (1995). Direct current electric potential computation in a homo-
geneous and arbitrarily anisotropic layered earth. Geophysical
Prospecting, 43, 417-432.

DAS, U. C. & P. LI, (1996). Analytical solution for direct current electrical
potentials in an arbitrarily anisotropic half-space. Journal of Applied
Geophysics, 35, 63-67.

ELORANTA, E. H. (1988). The modeling of mise-à-la-masse anomalies in
an anisotropic half-space by the integral equation method. Geoexplo-
ration, 25, 93-101.

GRADSHTEYN, I. S. & I. M. RYZHIK, (1980). Table of Integrals, Series
and Products. Alan Jeffrey, Editor. Academic Press. San Diego. 1204.

LINDELL, I. V., ERMUTLU, M. E., NIKOSKINEN, K. I. & E. H. ELO-
RANTA, (1993). Static image principle for anisotropic half-space
problems: PEC and PMC boundaries. Geophysics, 58, 1861-1864.

PATELLA, D. (1997). Introduction to ground surface self-potential tomog-
raphy. Geophysical Prospecting, 45, 653-681

SKIANIS, G. AIM. &  M.C. HERNANDEZ, (1995). Deformaciones del
campo de potencial espontàneo a causa de la anisotropía del subsuelo.
∞Ó·ÎÔ›ÓˆÛË ÛÙÔ 8Ô ™˘Ó¤‰ÚÈÔ °Âˆ‰·ÈÛ›·˜ Î·È °ÂˆÊ˘ÛÈÎ‹˜, ÙË˜
πÛ·ÓÈÎ‹˜ ∂ÈÙÚÔ‹˜ °Âˆ‰·ÈÛ›·˜ Î·È °ÂˆÊ˘ÛÈÎ‹˜, ª·‰Ú›ÙË, ª¿ÈÔ˜
1995.

SKIANIS, G. AIM. & M.C. HERNANDEZ, (1999). Effects of transverse
electric anisotropy on self-potential anomalies. Journal of Applied
Geophysics, 41, 93-104.

SKIANIS, G. AIM., PAPADOPOULOS, T. D. & D. A. VAIOPOULOS,
(2000): A study of the SP field produced by a polarized sphere in an
electrically homogeneous and transversely anisotropic ground. In:
Development and application Ôf computer Techniques to
Environmental Studies VIII. G. IBARRA-BERASTAGI, C. A.
BREBBIA & P. ZANNETTI (Eds). WIT PRESS. Southampton,
Boston. 185-194.

SKIANIS, G. AIM., PAPADOPOULOS, T. D. & D. A. VAIOPOULOS,
(2001). A study of the SP field produced by a polarized inclined sheet
in an electrically homogeneous and transversely anisotropic ground.
Proceedings of the 9th International Congress of the Greek Geological
Society, Athens 26-28/9/2001, 1343-1350.

Fig. 6. Variation of the ratio K0(h’u)/K0(hu) against u. 
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