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A new mechanism of generation of ULF geomagnetic pulsations near the Earth’s surface near the future
earthquake epicenter is proposed. The mechanism is connected with the migration of ﬂuid and gases
during the active phase of the earthquake preparation. The motion of ﬂuid and gases is accompanied by
the formation of cracks and fast ﬁlling of them by ﬂuid and gases. The variation of electrical
conductivity in the layer induces the impulsive electric current. The magnetic ﬁeld due to this current
can be registered on the Earth’s surface. The corresponding equations for magnetic ﬁeld perturbations
caused by non-stationary conductivity are derived. The amplitude and temporal characteristics of the
magnetic impulses are estimated.
& 2010 Elsevier Ltd. All rights reserved.
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1. Introduction
It is of common knowledge that processes arising in the
lithosphere as a result of enhancement of seismic activity prior to
the earthquakes are accompanied by the ULF magnetic ﬁeld
perturbations near the Earth’s surface. The generation of these
variations and their use for the short-term warning of the
impending earthquakes have been the subject of a great deal of
research in recent years and has been reviewed by Varotsos
(2001) and Hayakawa and Molchanov (2002). Furthermore,
Fitterman (1979) and Surkov and Pilipenko (1999) have discussed
the physical mechanisms of generation of ULF magnetic variations
in the lithosphere during earthquake preparation. The registration
and their propagation from the lithosphere to the ionosphere
have been discussed by Molchanov (1999) and Pilipenko et al.
(1999). The magnetohydrodynamic effect of the migrating ﬂuid,
which can be the cause of the electromagnetic earthquake
precursors, has been discussed by Draganov et al. (1999). We
assumed that in the course of the earthquake preparation the
source of the lithosphere perturbations is due to the migration of
gases and ﬂuids. This effect is connected with the heat ﬂux and
dynamical motion of ﬂuid. Yamashita (1997) showed that seismic
disruptions can arise due to the effect of the ﬂuid supercompression. The gas migration also plays an important role
in the earthquake preparation (e.g., Gold and Vogel, 1992).
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The observed surface atmosphere heating (Tronin et al., 2004)
arises due to the heat ﬂux and migration of the ﬂuids and gases.
Such a process has been recently considered by Molchanov et al.
(2004) as the source of the lithosphere–ionosphere interactions.
The main purpose of the present paper is to develop a theory of
ULF magnetic ﬁeld generation near the Earth’s surface arising in
the course of rapid expulsion of the background electric ﬁeld in
front of the migrated ﬂuid and gases. The electric ﬁeld is
connected with the magnetotelluric currents that arise in the
lithosphere due to the variations of geomagnetic ﬁeld of the
magnetospheric origin.
The present paper is structured as follows. The basic
equations necessary for estimation of the amplitudes of electromagnetic ﬁelds in the geophysical medium possessing
the variable electrical conductivity are derived in Section 2.
Section 3 is devoted to the calculation of the magnetic ﬁeld on the
Earth’s surface. Our discussions and conclusions are found in
Section 4.

2. Basic equations for the electromagnetic ﬁelds in the
medium with variable electrical conductivity
During the ﬁnal stage of the earthquake preparation, the ﬂuid,
migrating upwards downstream the front, transfers the ﬂuid layer
that penetrates the upper ground layers. In front of this layer
there is formation of the soil gases the upward motion of which is
accompanied by the formation of cracks and fast penetration of
the ﬂuid into the newly formed faults. The ﬂuid electrical
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Using this equality from Eq. (3) one ﬁnds the relation that
deﬁnes the magnetic ﬁeld perturbation in the course of variation
of the conductivity
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Fig. 1. The vertical distribution of electrical conductivity. The dashed line
points out on the location of the conductive layer when ﬂuid is migrated
upward.

conductivity substantially exceeds the conductivity of the dry
ground. Thus, during jump-like ﬂuid migration the fault possesses
the impulsive variation of the conductivity on its upper boundary.
Such variation results in the generation of the magnetic
ﬁeld impulses on the Earth’s surface arising from the telluric
currents.
In order to calculate the magnetic ﬁeld we introduce the
Cartezian system of coordinates with the z-axis directed upward.
The plane z ¼0 coincides with the upper boundary of the ﬂuid
whereas the Earth’s surface coincides with the plane z ¼z1. Below
this there is a layer of dry ground with conductivity sg, and the
layer z2 ozo0 of the ground with the ﬂuid, the conductivity of
which is sf, as it is depicted in Fig. 1. Therefore, the unperturbed
conductivity of these two layers is
ð1Þ

where Z(z) is the step function.
The ﬁlling of cracks by ﬂuid leads to the change in the
electrical conductivity of the thin layer above the plane z ¼0 by a
certain value denoted as s1(z,t). The magnetic and electric ﬁelds B
and E during variation of the medium conductivity can
be calculated from the quasi-stationary Ampere and Faraday
laws, i.e.
B ¼ mm0 H,

ð3Þ

where E(z,t) is the perturbation of the electric ﬁeld that arises
as a result of the variation of the electrical conductivity by the
value s1(z,t).
Let us introduce connected with this electric ﬁeld perturbation
of the magnetic ﬁeld B(z,t) ¼By(z,t) B0(z,t), where unperturbed
magnetic ﬁeld B0(z,t) is
2
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3. Magnetic ﬁeld on the earth’s surface
We assume that the change in conductivity arises in the
thin layer in the vicinity of the plane z¼0 with the width
l5z1, z2

s1 ðz,tÞ ¼ ldðzÞDsðtÞ,

ð6Þ

where d(z) is the Dirac delta function.
Substituting (1) and (6) into (4) one obtains the formula for
calculating the time dependence of the magnetic ﬁeld perturbation on the Earth’s surface


Z z1
1
dz0 s0 ðz0 ÞEðz0 ,tÞ :
ð7Þ
Bðz1 ,tÞ ¼  mm0 DsðtÞl½E0 ðtÞ þ Eð0,tÞ þ
2
z2
Substituting (1) and (6) into (5) and integrating (5) over z in
the vicinity of z ¼0 one obtains the equations that satisfy the
electric ﬁeld in the dry ground of the upper layer and wet ground
of the lower layer
@2 Eðz,tÞ
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mm0 sg
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@t
@z2
@2 Eðz,tÞ
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z2 o z o 0;
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@t
@z2

0 o z oz1 ;

ð8Þ

and the boundary condition on the plane z¼0
@Eð þ0,tÞ @Eð0,tÞ

@z
@z
@
¼ mm0 l DsðtÞ½E0 ðtÞ þ Eð0,tÞ
@t

Eð þ 0,tÞEð0,tÞ ¼ 0;

ð9Þ

ð2Þ

where m0 is the permeability of free space and m is the magnetic
permeability. We direct the external uniform electric ﬁeld E0
along the x-axis. The Ampere’s law gives
@By ðz,tÞ
¼ mm0 ½s0 ðzÞ þ s1 ðz,tÞ½E0 ðtÞ þ Eðz,tÞ,
@z

0
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From Eq. (2) one ﬁnds the equation for perturbation of the
electric ﬁeld
z2 oz o z1 ;
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In order to calculate the perturbation of the magnetic ﬁeld one
has to solve Eq. (8) with boundary conditions (9) and substitute
the result into Eq. (7). Let us search for the solution in the form of
the power series
Eðz,tÞ ¼

1
X

En ðz,tÞ:

ð10Þ

n¼1

The perturbation of the magnetic ﬁeld on the Earth’s surface is
deﬁned by
8
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ð11Þ
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Substituting (10) into (9) one ﬁnds the recurrent formulae for
the boundary conditions of the addends of this series
En ð þ0,tÞEn ð0,tÞ ¼ 0;
¼ mm0 l

@
DsðtÞEn1 ð0,tÞ,
@t

ð12Þ

where E0(0,t)¼E0(t).
Furthermore, let us take a Fourier transform of the addends in
series (10), i.e.
Z1

En ðz,tÞ ¼

do
En ðz, oÞ expðiotÞ;
2p

1
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Z1

The solutions of Eq. (14) with boundary conditions (15) take
the form
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ð16Þ
Using the integral transforms (13) and substituting (16) into
(11) one obtains
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Substituting (10) into (8) and using (13) one ﬁnds
z 4 0;
z o 0;

d2 En ðz, oÞ
þq2g ðoÞEn ðz, oÞ ¼ 0;
dz2
d2 En ðz, oÞ
þq2f ðoÞEn ðz, oÞ ¼ 0;
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ð14Þ

Eq. (14) is supplemented by the continuity conditions of the
tangential component of the ﬁeld and its normal derivative at
the planes z¼ z1, z¼  z2 and recurrent boundary conditions at the
plane z¼0

Eq. (17) allows us to calculate the amplitude of horizontal
component of the magnetic perturbation on the Earth’s surface for
the arbitrary time dependence of the external electric ﬁeld and
conductivity in the crack ﬁlled with the ﬂuid.
For making estimations we reduce Eq. (17) assuming that E0(t)
slowly varies with time and sg 5 sf. Let us use the ﬁrst iteration
retaining in (17) the ﬁrst addend in the series
8
9
1
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1

In the course of derivation we made use of inequality qfz2 51
that is satisﬁed when conductivity is slowly varying function on
the time scales t b mm0 sf z22 . Moving the integration path into
lower complex o-plane, the integrals over frequency can be

Fig. 2. The temporal variation of the magnetic ﬁeld perturbation on the Earth’s surface arising as a result of the migration of the conductive layer. The following parameters
have been selected: z2 ¼ 104 m, t0 ¼ 200 s and t1 ¼ 100 s.
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Fig. 3. The temporal variation of the magnetic ﬁeld perturbation on the Earth’s
surface arising as a result of the migration of the conductive layer. The following
parameters have been selected: (1) t1/t0 ¼ 0.3, (2) t1/t0 ¼ 1.0 and (1) t1/t0 ¼ 3.0.

reduced to residues at the point o ¼0. As a result one obtains


l DsðtÞ
:
ð18Þ
Bðz1 ,tÞ ¼ mm0 lDsðtÞE0 ðtÞ 1 þ
2z2 sf
In order to estimate the amplitude of the perturbation we
choose the functions Ds(t) and E0(t) in the form
!


t
t2
DsðtÞ ¼ sf 1exp 
ZðtÞ; E0 ðtÞ ¼ E0 ð0Þ exp  2 :
t1
t0
Substituting these functions into (18) we ﬁnd the time
dependence of the magnetic ﬁeld perturbation for t 40
!




t
t2
l
t
exp  2
;
Bðz1 ,tÞ ¼ b 1exp 
1exp 
1þ
t1
2z2
t1
t0

magnetic processes display this stage of the lithospheric
dynamics. They lead to the appearance of the ULF geomagnetic
perturbations on the Earth’s surface in the seismo-active zone. For
the development of relevant methods of monitoring the seismic
activity with the use of these phenomena one requires to study of
the mechanisms of generation of geomagnetic variations. One of
the possible scenarios of their generation has been presented
above. It was found that it is connected with the formation of
impulsive perturbations of the telluric current due to sudden
perturbation of the electric conductivity in the horizontal layer of
the lithosphere. This results in the appearance of the magnetic
ﬁeld from the perturbed electric current on the Earth’s surface.
The jump of the electric conductivity arises due to cracking of the
soil and ﬁlling the cracks by gases and ﬂuids that are pushed out
by the migrated ﬂuids. The calculations carried out in the present
paper showed that the magnetic ﬁeld perturbations may attain
the values comparable to the amplitudes of the ULF pulsations
that are observed prior to the earthquake appearance.
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