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Abstract—The data of long-term electromagnetic monitoring are used for studying the dynamics of electric
conductivity of the medium and the electric field of the terrestrial sources. The electric conductivity of the
medium is estimated from the magnetotelluric transfer functions (impedance tensor and telluric tensor). The
electric field of terrestrial sources is identified by filtering the variations of the observed electric field of the
Earth. The magnetotelluric parameters and the electric field of terrestrial sources feature anomalous changes
of supposedly earthquake-related origin. The anomalies associated with the same earthquake are not simul-
taneous. It is shown that these anomalies are generated by processes occurring at different depths. The strong
earthquake is preceded by the appearance of surface anomalies several months before the event and accom-
panied by a deep coseismic anomaly. The probable nature of the recognized anomalies is discussed.
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INTRODUCTION

The electric field of the Earth contains information
about the electric conductivity of the geological
medium and the terrestrial electric sources, which are
associated with the electrochemical, piezoelectric,
and many other processes. In order to retrieve this
information, the variations generated in the electric
field by the external (ionospheric and magneto-
spheric) should be separated from those caused by the
terrestrial sources. The variations in the electrotelluric
and geomagnetic fields induced by the external
sources are used as the input data for determining the
electric conductivity of the Earth’s crust and the upper
mantle. If we eliminate the variations of the electrotel-
luric field from the electric field of the Earth, we will
obtain the electric field generated by the terrestrial
sources alone.

By applying this approach to the data measured at
the Karymshina observatory and at the Tundrovyi
observation point in Southern Kamchatka, we
revealed anomalous changes in the behavior of the
electric conductivity of the lithosphere and the electric
field of terrestrial sources. These preseismic and
coseismic anomalous changes are associated with the
surface and deep processes that take place in the
Earth’s crust. The anomalies corresponding to the
same seismic event are not synchronous; this question
is studied in the present paper.

A BRIEF GEOELECTRIC OUTLINE
OF THE REGION

The electromagnetic observations were carried out
on the shore of the Avacha Bay (Fig. 1). This region is
dominated by transverse northwest trending struc-
tures, which were named the Malko—Petropavlovsk
dislocation zone (Geologiya..., 1964).

The observation point at Tundrovyi is located in the
region of the Ganal horst anticlynorium where the
ancient metamorphic rocks of the Cretaceous and
Proterozoic age outcrop. These rocks are associated
with the consolidated basement that underlies the
Cenozoic sedimentary-volcanic strata which have a
thickness of 300 m at the observation point. The elec-
tric resistivity of these rocks is 60 Q m. The Upper
Cretaceous formations with a resistivity of a few hun-
dred €2 m rest on a poorly conductive metamorphic
basement characterized by the electric resistivity of
several thousands of Q2 m.

The Karymshina observatory pertains to the
Nachika folded zone. Along the large, deep transverse
fault, this zone contacts the Southern Kuril anticlyno-
rium with the superimposed East Kamchatka volcanic
belt. The increase in the intensity of the magnetic and
gravity fields characteristic of this zone reflects the
presence of denser rocks with higher magnetization.
These are the older metamorphozed rocks of the Pre-
Cretaceous age approaching the surface and outcrop-
ping at places in this region. The Karymshina observa-
tory is located close to the neotectonic graben of the
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Fig. 1. The layout of the sites of electric and geomagnetic observations and the epicenters of the earthquakes. (/) the points of the
electric field measurements; (2) the measurement points of geomagnetic variations; (3) the epicenters of the earthquakes with
dates and magnitudes. The dates, the hypocentral depths, and the magnitudes of the earthquakes are indicated in the table.

Paratunka River. Here, the Cenozoic sedimentary- According to the generalized electromagnetic evi-
volcanic cover has a thickness of one kilometer and a dence, the lithosphere of Southern Kamchatka
resistivity of 30 2 m. The crystalline basement with a  includes a highly conductive layer in a depth interval
resistivity amounting to several thousands of Q m is from 20 to 40 km; the electric resistivity in this layer is
recognized at a depth of 5 km. a few tens of QQ m. The asthenospheric layer having an
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increased electric conductivity is identified at a depth
of 100—200 km (Moroz, Laguta, and Moroz, 2008).

THE OBSERVATION SETUP
AND PROCESSING TECHNIQUE

The Tundrovy observation point and the Karym-
shino observatory recorded the electric field with 10-s
and 1-s sampling, respectively. The layout of the mea-
surement lines MN is shown in Fig. 2. Measurements
at the Tundrovyi observation point were carried out
with lines 1 and 2 parallel and perpendicular to the
meridian and the lines 3 and 4 oriented in the azi-
muths 40° and 310°, respectively. The lengths of
lines 1, 2, 3, and 4 are 97, 105, 65, and 90 m, respec-
tively. At the Karymshina observatory, the I'-shaped
setup with a central (zero) electrode is used. The
receiving lines are arranged along the meridian and
along the latitude. Lines 01 and 04 are 80 m long;
lines 02 and 05 have a length of 240 m; and lines 03 and
06 have a length of 480 m. The lead electrodes placed
to a depth of 2—3 m were used for grounding at both
sites. The electric potential is measured by automated
digital instruments. The data are transferred via radio
channels to the data processing center in Petropav-
lovsk—Kamchatskii. The automated electric measure-
ments and data preprocessing are operated by the
Kamchatka division of the Geophysical Survey of the
Russian Academy of Sciences.

The preprocessing of the time series of electric
potential includes editing the data, identifying the fail-
ures in records, interpolating, averaging, scaling, and
other procedures. The output results are compiled into
a database that comprises yearly, monthly, and daily
time series. For elaborate data processing, a special-
ized computer program was designed which calculates
the magnetotelluric transfer functions (magnetotellu-
ric impedance and telluric tensor) and variations of the
electric field of terrestrial sources. This program out-
puts synchronous time series of the electric potential
of the desired length. These time series were used for
studying the dynamics of the electric conductivity of
the lithosphere and identifying the electric field
induced by terrestrial sources.

THE ANALYSIS OF THE MAGNETOTELLURIC
TENSOR IMPEDANCE

Magnetotelluric variations in the middle and low
latitudes are rather closely approximated by a plane
wave model. This model implies a linear relation
between the horizontal vectors of the electric and geo-
magnetic field at a point on the Earth’s surface (Ber-
dichevsky and Zhdanov, 1981):
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or, in expanded form,
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Fig. 2. The schematic setup of electric field measurements
at (a) p. Tundovyi and (b) obs. Karymshina. The numerals
indicate the numbers of the electrodes. The scale is shown
for the measurement lines.

E.=Z,H,+Z,H,
E,=Z,H,+Z,H,,

where Z is the tensor impedance with the complex
components Z,,, Z,,, Z,., and Z,, which depend on the
frequency, the distribution of electric resistivity in the
Earth, and the orientation of coordinate axes.

The impedance tensor characterizes the complex
resistance of the medium (capacitative, inductive, and
resistive). The complex components of the impedance
tensor can be cast in the following form:

_ Py, _ Py
ny - |ny|e ’ Zyx - |ZyX|e ’

where |ny|, |Z yx| and ¢,,, ¢,, are the moduli and the
phases of the impedance.

The moduli of impedance can be recalculated into
the values of apparent resistivity of the medium in
the following way: p)” = 0.2T|Z,,|’p)* = 0.2T|Z,.|’,
where T'is the period of variations.

Thus, using the variations of the magnetotelluric
field, one may calculate the apparent resistivity and
impedance phase in different directions as functions of
the period of variations. It is worth noting that the
impedance phase data largely improve and expand the
information inferred from the apparent resistivity
data. Below, we present some examples.

As is well known, compared to the magnetic field,
the electric field is more sensitive to the geoelectric
heterogeneity of the medium. Its increased sensitivity
is associated with the galvanic effects which affect the
amplitude curves leaving the phase curves undistorted.
The example in Fig. 3 adopted from (Moroz, Laguta,
and Moroz, 2008) shows the amplitude curves of
apparent resistivity and the impedance phase curves
for one region in Kamchatka. We see that the scatter in
the resistivity level of the amplitude p, curves attains
about three orders of magnitude, whereas the phase
curves are confined to approximately the same level.
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Fig. 3. The ensembles of the individual transverse MTS
curves.

This phenomenon is called p effect. Another example
in Fig. 4 shows the amplitude curves p, and the imped-
ance phase curves measured at the same observation
point of the Karymshina observatory with the MN line
having different lengths. It is clearly seen from these
graphs that the effects of local geoelectrical heteroge-
neities commensurable in size with the length of the
receiving line cause the amplitude curves of the appar-
ent resistivity to diverge from each other while the cor-
responding impedance phase curves coincide, merg-
ing into one graph.

Thus, we arrive at an important conclusion which
should be taken into account when analyzing the data
of monitoring the magnetotelluric impedance. If the
time series of the apparent electric resistivity (imped-

IZVESTIYA, PHYSICS OF THE SOLID EARTH Vol. 48

P 2 m
100000 ¢ NS
10000 |
o290 g
L P4
*
1000 L 1 R A | 1 1 R |
10 100 1000
¢, degrees
O —
—201
.y,
E%
—60
—-80r
1 [ | 1 1 R |
10 100 1000
ﬁ S1/2

o] [ [v]3

Fig. 4. The MTS curves at Karymshina for lines with vari-
ous lengths. 7, 2, and 3 are the MTS curves for lines 03—06,
02—05, and 04—01, respectively (see Fig. 2b).

ance) contain variations but these variations are not
shown in the impedance phase, the studied cross sec-
tion is dominated by the p effect associated with local
geoelectric heterogeneities. If the time series of the
impedance phase exhibit anomalous variations, they
testify to the changes in the deep electric conductivity
of the geological environment.

In order to illustrate this point by the example, we
consider the results of monitoring the electric conduc-
tivity of the lithosphere at the Karymshina observatory
in 2005—2008. The magnetotelluric impedance and its
phase were measured at periods of 477, 700, 1050,
1570, 2340, 3460, and 5080 s. The time series are cal-
culated from the electric field measurements at the
Paratunka observatory with lines 0—3 and 0—6. In our
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Fig. 5. The phase curve of the transverse impedance at a period of 700 s. The occurrence time and the magnitudes (M) of the earth-

quakes are shown by the arrows on the time axis.

present work, we only show the transverse impedance
phase curve at a period of 700 s (Fig. 5). An important
feature of this curve is the presence of bay-like varia-
tions whose magnitude attains 5—7 degrees, which is
two to threefold above the accuracy of phase determi-
nation. The arrows on the time axis of the graph mark
the moments of the strongest recent Kuril earthquakes
in the Kamchatka-Koryak region, which had magni-
tudes M = 8.3 and M = 8.2 and occurred at the epicen-
tral distances of 810 km and 820 km. Also indicated
are the moments of the nearest (to the observatory)
earthquakes with M = 5.7 and M = 5.5 that had epi-
central distances of 75 and 80 km. These seismic
events are supposed to be the sources of the anomalies
apparent in the graph of the impedance phase. What is
the probable origin of the anomaly in the impedance
phase at a period of 700 s? The MT curve measured at
the Karymshina observatory has a minimum at 700 s,
which reflects the deep conductive zone in the lithos-
phere. The earthquakes might have changed the
degree of mineral fluid saturation of this deep conduc-
tive zone, and the phase of transversal impedance has
probably felt this change at a period of 700 s.

THE ANALYSIS OF THE TELLURIC TENSOR

The horizontal vectors of the electrotelluric field in
two points on the Earth’s surface are linked through
the following relation (Berdichevsky and Zhdanoyv,
1981):

A A e Tl . .
E, =tE,,wheret =™ 7| is telluric tensor whose
tyx tyy
complex components, %, %, f,, and #,, depend on

the frequency, the distribution of electric conduc-
tivivty, and the orientation of the coordinate axes.
These components can be represented in the following

i(Pxx — iq)xy i(l)yx
txy - |t xy| e

form: 1, =], Ly =t]e,
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9y,
t,y, = |tyy|e », where [f], |txy|, |tyx|, |tyy| and @,,, ¢,

®,x,®,, are the moduli and phases of the tensor com-
ponents.

Here, again, as in the case with the impedance ten-
sor, the moduli and the phases of the telluric tensor
components contain information on the deep changes
in the electric conductivity of a medium. This is
clearly seen in the data of electrotelluric monitoring
at p. Tundrovyi (Moroz and Moroz, 2009). In this
experiment, the electrotelluric field was synchro-
nously measured by two pairs of orthogonal lines ori-
ented in different directions. The analysis showed that
the components of the electrotelluric field recalcu-
lated to other directions by rotation of the coordinate
system does not coincide with the values of the elec-
trotelluric components measured in situ in these
directions. This discrepancy is produced by the effects
of local geoelectric irregularities commensurable in
size with the length of the receiving lines.

We consider the results of monitoring the compo-
nent 7, at a period 4500 s (in a time interval of 10 days)
for the period from January 1, 2001 to October 31,
2007. Figure 6 presents the time series of the modulus
and phase of this tensor component. The moments of
the strongest Kuril earthquakes with M = 8.3 and M =
8.2 are indicated by the arrows on the time axis. The
modulus of 7,, features an anomaly attaining 40—50%
of the average level. In contrast, the phase graph does
not show an anomaly. This indicates that the anoma-
lous variation in the modulus of #,, is associated with
the occurrence or the change in the local geoelectric
heterogeneity in the region of the measurement lines,
which is probably associated with the change in min-
eralization of the groundwater or other factors related

to the geodynamical processes.
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THE ANALYSIS OF THE ELECTRIC FIELD
OF TERRESTRIAL SOURCES

It is believed that the electric field of terrestrial
sources is generated by the electrochemical, electroki-
netic, piezoelectric, and other processes occurring in
the lithosphere of seismically active regions. How can
we separate the variations in the electric field of terres-
trial origin from the total electric field of the Earth?
The low-frequency electric field of the Earth seems
to be a suitable object for this purpose, as the inten-
sity of the external contribution (ionospheric and
magnetospheric) to the electric field in this fre-
quency band is low.

For a rough estimation of the intensity of the low-

frequency electrotelluric field, we use the relationship
E,.. = ZH,,, which is valid for a horizontally uniform
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medium. Here, F and H are the intensities of the hor-
izontal electric and magnetic fields, respectively, and
Zis the impedance (the input complex resistance of
the medium). We consider the electrotelluric field at
periods longer than one day. This field contains varia-
tions with a period of 27 days and their harmonics with
the periods of 13.5 and 9 days, as well as annual and
semiannual periodic components (Moroz, Nazarets,
and Moroz, 2005; Serson, 1973). The typical ampli-
tudes of these variations in the horizontal component
of the geomagnetic field in the middle latitudes do not
exceed 10 nT (Serson, 1973), whereas during geomag-
netic storms they may attain hundreds of nT. In the
considered time interval from January 1, 2005 to
March 31, 2009, the maximum amplitude of varia-
tions in the horizontal geomagnetic component dur-
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ing the strong storms was at most 450 nT. The imped-
ance at periods longer than 9 days is less than
0.05 mV/km nT (Rokityanskii, 1975). Therefore, the
intensity of the electrotelluric field during geomag-
netic storms will not exceed 22.5 mV/km. According
to (Moroz et al., 1999; Moroz, Moroz, and Mogi,
2007), the intensity of low-frequency variations (7" =
1.5—2 months) caused by terrestrial sources is several
hundreds of mV/km; further, we will discuss such
anomalies in the electric field, which have a duration
of 1—2 months and an intensity of a few hundred nT.
Therefore, when considering the low-frequency elec-
tric field of the Earth at periods longer than 9 days, we
may ignore the variations caused by extraterrestrial
sources.

Let us now analyze the low-frequency electric field
monitored at the Karymshino observatory where the
measurements are less contaminated by noise. Here,
we have the time series of the electric field intensity for
the period from January 1, 2005 to March 31, 2009. In
our analysis, we used hourly average values of the elec-
tric field intensity. The high- and low-frequency vari-
ations were eliminated from the data by filtering the
time series in the time windows with a width of 50 h
and 1000 h, respectively. The resulting time series of
the electric field intensity for lines 01, 02, 03, and 04,
05, 06 are presented in Fig. 7. For clarity, the time
series are shown on the same vertical scale in mV/km.
All the time series feature synchronous anomalous
bay-like disturbances that last 1—2 months. The strong
variations in the electric field occurred in a geomag-
netically quiet period. The intensity of perturbations
in the electric field is about a few hundreds of mV/km.
The exception is the line 0—6, where the disturbances
are weak or almost not pronounced. It is remarkable
that higher-intensity disturbances in the electric field
are observed with the shorter lines. This indicates that
these disturbances are associated with the local sub-
surface effects in the area of the measurement lines. It
is quite possible that these effects are confined to the
vicinity of the electrodes and are due to the variations
in the mineralization and the level of the groundwater
near the electrodes.

We have correlated the time series of the electric
field intensity with the occurrences of the strong
remote earthquakes (M = 8.2 and M = 8.3) and those
with M > 5.3 that occurred within a 100-km epicentral
distance (Figs. 1 and 7). There were seven such earth-
quakes overall during the considered time interval. It
can be seen from Fig. 8 that most of the earthquakes
are preceded by anomalous perturbations in the elec-
tric field approximately 1.5—2 months before the
event. Similar effects were also observed at Lake Baikal
(Moroz, Moroz, and Mogi, 2007), where bay-like
variations attaining several hundreds mV/km were
revealed in the electric field of terrestrial origin mea-
sured at the Tyrgan locality on the western shore of the
lake. These variations were related to earthquakes with
K > 12. The results obtained in the United States,
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former Soviet Union, and China, which testify to the
changes in the electric potential of the Earth before
earthquakes, are also worth noting (Sobolev, 1993;
Corwin and Morrison, 1997; Mizutani, 1976; Myach-
kin, 1972; Noritomi, 1978; Zhu, 1976).

What is the origin of the anomalous variations in
the electric field of the Earth? The analysis shows that
the electric anomalies revealed in the Karymshina data
are unrelated to the meteorological conditions. It is
supposed that the changes in the tectonic stresses
before earthquake can change the level and the miner-
alization of the ground water. This will cause an
enhancement in the electrochemical, electrokinetic,
and other effects in the upper crust, which will mani-
fest itself in the anomalous changes in the electric
potential. Based on the data on the diffusion of the
ground water and the electrokinetic effect, Mizutani
(1976) estimated the probable variations in the electric
potential before earthquakes at hundreds of mV.

THE COMPLEX ANALYSIS
OF THE ANOMALIES

Our interpretation of the data of electromagnetic
monitoring revealed anomalous variations in the
impedance phase, in the components of the telluric
tensor, and in the electric field of terrestrial sources. As
described above, we made an attempt to estimate the
depth of the sources of these anomalies. It turned out
that the anomaly in the impedance phase is due to the
deep changes on the electric conductivity, whereas the
anomalies in the telluric tensor and in the electric field
of terrestrial sources are generated by the subsurface
crustal processes. The surface and the deep anomalies
related to the same earthquakes are not synchronous.
Let us consider this situation in greater detail. Figure 8
presents the graphs of the impedance phases (¢), the
telluric tensor components (#,,), and the intensity of
the electric field of terrestrial sources (£) at the
Karymshina observatory. The anomaly in the imped-
ance phase, which is associated with the deep varia-
tions in the electric conductivity of the rocks, gener-
ally, develops after strong earthquake with M = 8.3 and
attains a maximum during the earthquake with M =
8.2. The anomaly in the telluric tensor component
appeared about 8 months before the earthquake with
M = 8.3. The anomaly in the electric field of terrestrial
sources emerged approximately 2 months prior to this
event. Thus, the processes of preparation of strong
earthquakes with M = 8.3 and M = 8.2 manifested
themselves in the subsurface crustal layers and culmi-
nated in the anomalous increase in the electric con-
ductivity of the lithosphere.

It should be mentioned that the Karymshina and
Tundrovyi observation sites are located about 900 km
off the epicenters of the Kuril earthquakes with M =
8.3 and M = 8.2. According to (Reznitchenko, 1976),
the processes of preparation of the strongest earth-
quakes involve crustal blocks as large as several hun-
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dreds of kilometers. It is important that the observa-
tion sites and the hypocenters of the earthquakes per-
tain to the same subduction zone. Due to this, it seems
quite reasonable that the processes related to the Kuril

chatka.
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earthquakes manifest themselves in Southern Kam-

It is worth noting that not all earthquakes analyzed
in the previous sections are associated with the pre-
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seismic surface anomalies and coseismic deep anoma-
lies. For example, the M = 5.7 and M = 5.3 earth-
quakes located in the near zone of the electromagnetic
measurements are reflected in the impedance phase
anomaly which is related to the increase in the deep
electric conductivity (Fig. 5). However, these earth-
quakes were not preceded by any anomalies in the
impedance tensor components and the intensity of the
electric field of terrestrial sources, which might be
induced shallow processes. This also relates to the
earthquakes of 2007—2008 with magnitudes M = 6.4
and M = 5.5, which are preceded by electric anoma-
lies, although they do not manifest themselves in the
behavior of the impedance phase. The presented data
show that only the strongest remote earthquakes and
the events that occurred not far from the observation
points led to the formation of the zone of increased
electric conductivity in the lithosphere. It is remark-
able that such zones can exist for about half a year after
which the electric conductivity of the lithosphere
recovers to its previous level. The development of pos-
itive anomalies in the electric conductivity can be
accounted for by the formation of fractured crustal
zones saturated with highly mineralized fluids which
markedly reduce the electric resistivity of the rocks.
Rough estimates show that for a variation by 5 degrees
in the impedance phase to appear, the electric resistiv-
ity in an extended layer with a thickness of at least
10 km should be increased by several orders of magni-
tude. This procedure does not affect the modulus of
the impedance, though.

We note that the behavior of the telluric tensor
component only reflects the anomaly preceding the
strong Kuril anomalies with M = 8.3 and M = 8.2. This
anomaly is generated by the galvanic effects of the
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electrotelluric currents, which is due to the develop-
ment of a strong geoelectric heterogeneity in the sur-
face layers of the crust. This anomaly appeared about a
year prior to the earthquakes with M = 8.3 and van-
ished after this event. This raises the question on why
other earthquakes have no effect on the behavior of the
telluric tensor. One probable reason is that before
weaker seismic events, the geoelectric heterogeneities
do not develop (or are less contrasting), therefore they
do not affect the electrotelluric field. Other factors
which are not known to us are also possible.

Thus, our results reveal a complex distribution of
anomalies associated with earthquakes. In some cases,
the surface anomalies appear, and in other cases, deep
anomalies develop. There is also an example of the
strongest Kuril earthquakes when both shallow and
deep anomalies were present. Thus, in order to infer
thorough information about the earthquakes, we
should employ a set of methods intended for studying
the surface and the deep anomalies from the electro-
magnetic and other geophysical data. This approach
would much help developing the methods for predict-
ing strong earthquakes.

CONCLUSIONS

The dynamics of the electric conductivity of the
lithosphere and the electric field generated by the ter-
restrial sources is studied using the data measured at
the Karymshina observatory and the observation point
at Tundrovyi in Southern Kamchatka. The dynamics
of the lithosphere are estimated from the magnetotel-
luric transfer functions. The anomalies supposedly
related to the earthquakes are revealed in the time
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series of the magnetotelluric impedance, the telluric
tensor, and the electric field of the terrestrial sources.

In the Karymshina data, the anomaly in the behav-
ior of the impedance tensor components is most prom-
inent in the impedance phase at a period of 700 s, indi-
cating the changes in the deep electric conductivity
related to the conductive zone in the lithosphere. This
anomaly in conductivity is probably generated by the
change in saturation of the conductive lithospheric
zone by mineralized fluids.

The data measured at Tundrovyi exhibit the anom-
aly in the telluric tensor component, which has an
intensity of 40—50% above the average level and is cor-
related to the strongest Kuril earthquakes with M/ = 8.3
and M = 8.2. However, the phase of this component
does not show any anomaly. This indicates that the
anomaly in the modulus of the telluric tensor compo-
nent is associated with the occurrence or change of
local geoelectric heterogeneity in the vicinity of the
measurement lines. This anomaly is probably induced
by the changes in the fluid mineralization and varia-
tions in the water level, although other mechanisms
related to the geodynamical processes are possible as
well.

In the Karymshina data series, we revealed anoma-
lies in the behavior of the electric field generated by
the terrestrial sources, which have a duration of 1 to
2 months. The intensity of these perturbations is a few
hundred mV/km. They appeared 1.5 to 2 months
before earthquakes with the magnitudes M = 5.4—8.3.
A remarkable fact is that the perturbations in the elec-
tric field are stronger in case of shorter lines, which
indicates that they are associated with the local surface
effects close to the measurement lines. These effects
are likely near-electrode and probably induced by the
physicochemical processes occurring during the prep-
aration of the earthquakes.

The complex analysis of the identified anomalies
shows that the surface and the deep anomalies corre-
lated to the same earthquake do not appear simulta-
neously. We revealed the following features in the
behavior of the anomalies associated with the stron-
gest events with M = 8.2—8.3. The anomaly in the tel-
luric tensor component emerges approximately
8 months before the earthquake; the anomaly in the
electric field of the terrestrial sources appears
2 months before the event, and the anomaly in the
impedance phase develops after the earthquake with
M = 8.3 and attains a maximum during the earthquake
with M = 8.2. This indicates that the anomalies pre-
ceding strong earthquakes with M = 8.2 and M = 8.3
are associated with the top layers of the Earth’s crust.
The coseismic anomalies have deep sources. Our
results suggest that the data on the electromagnetic
field of the Earth provide information about the shal-
low and deep variations in the electric properties of the
geological environment related to strong earthquakes.
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