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Abstract. The results of analysis of near-surface sedimentary rock electric and
acoustic responses on seismic waves from five Kamchatka earthquakes with the
magnitudes of 4.9 – 7.3 at the distances of 79 – 498 km from epicenters are pre-
sented. Manifestation features of these responses, depending upon earthquake
magnitude, epicentral distance, source depth and direction to an epicenter, are
considered.

1 Introduction

Propagation of seismic waves from earthquakes is accompanied by deformation of near-
surface rocks among which sedimentary rocks are widely distributed. About 80% of con-
tinent surfaces are covered by them [1]. Sedimentary rocks are a complexly-constructed
polydisperse water- and gas-saturated porous medium of low strength and, thus, are easily
deformed. Under the seismic wave effect, stress-strain state change is accompanied by wave
mechanic energy into the energies of other physical fields. Among these transformations,
seismoelectric effect of the second kind is well known. It was discovered on sedimentary
complex rocks by Ivanov A.G. [2]. The effect consists in generation of electric field dur-
ing fluid phase sift relatively rock solid fragments and distortion of equilibrium state in the
double electric layer which exits at the boundary of the fragment and the fluid. During the
deformations by seismic waves, relative micro-shifts of rock fragments also take place as well
as surface interactions which are accompanied by acoustic signal generation in the frequency
range from seismic waves to the first tens of kHz. Seismoacoustic effect at the frequencies
from the first hundreds of Hz to the first tens of kHz was discovered in Kamchatka [3].

In the paper [4] joint electric and acoustic responses of the near-surface sedimentary rocks
on the passage of seismic waves from earthquakes was detected for the first time. It indicates
simultaneous transformation of wave energy into the energy of electric and acoustic fields.
This response is the earthquake co-seismic effect, and rocks may be considered as simul-
taneously operating electric and acoustic seismographs. It occurs in the result of collective
reaction of closely-packed sedimentary rock fragments, having a wide range of sizes, on
elastic deformation.
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Joint investigation of seismoelectric and seismoacoustic effects, different in genesis but
having common deformation nature, characterizes sedimentary rock deformations better. The
obtained results may be applied to investigate electrophysical and mechanical properties as
well as joint disturbances of high-frequency geoacoustic emission and atmospheric electric
field occurring during tectonoseismic deformation [5]. Seismic waves affect sedimentary
rocks which are under mechanical stress. Thus, the intensity of wave mechanical energy
transformation into electric and acoustic field energy is much determined not only by rock
structure and texture but their stress-deformed state as well [6, 7]. Taking this into account,
seismoelectric and seismoacoustic signal monitoring may be of current interest to trace the
near-surface sedimentary rock stress state at an observation site.

2 Observation method and data analysis

Observations of seismoelectric and seismoacoustic effect were carried out at “Karymshina”
site (52.83◦ N, 158.13◦ E) of the Institute of Cosmophysical Research and Radio Wave Prop-
agation FEB RAS. This site is located in the region of Verchne-Paratunskaya hydrothermal
system of southern Kamchatka (figure 1). Electric field horizontal components were recorded
by two orthogonal slotted lines of the length of 10 m oriented along the magnetic merid-
ian (N – S) and perpendicularly to it (E – W). Buried into the ground at a depth of 1.0 m, lead
plates with the dimensions of 0.25 × 1.0 m2 were used as electrodes. N – S line interelectrode
resistance was 10.5 kΩ, and that of E – W line was 8.7 kΩ. Potential difference between the
electrodes was applied to a pre-amplifier with input resistance of 1 MΩ. The device was
located near the slotted lines.

Figure 1. Location of “Karymshina” site (N) and earthquake epicenters (•) for which seismoelectric
and seismoacoustic signals were analyzed. Earthquake parameters are in the Table. Arrows indicate the
directions to epicenters, magnetic azimuths are the arrow azimuth
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A broad-band piezoceramic hydrophone, having the sensitivity of about 1 V/Pa together
with the pre-amplifier, was used as an acoustic signal receiver. It was suspended in an artifi-
cial water pool of the size of 1 × 1 × 1 m3 at the depth of 0.5 m. The hydrophone directional
diagram was 60◦, it was oriented vertically downwards and was placed at the point of inter-
section of slotted lines for the electric field.

The electric and acoustic signals were digitized by a general 8-channel 16-bit professional
sound card M-Audio Fast Track Ultra 8R with the sampling frequency of 48 kHz that pro-
vided synchronous recording of electric and acoustic data. The recorded frequency range of
all the signals was 0.1 Hz – 11 kHz.

According to the results of drilling, the near-surface rocks at “Karymshina” site are sedi-
mentary with the layer thickness of about 50 m [8]. There is a well No. 99-8 with the depth
of 19 m located 170 m away from the hydrophone. Its lithologic log is presented by boulder-
pebble deposits with sand and clay filler (0 – 5 m), block and gravel deposits with clay filler
(5 – 14 m) and boulder-pebble deposits with sand filler (14 – 19 m). Based on the estimates
made in the paper [3], the sources of acoustic signals, occurring at the frequencies from the
first hundreds of Hz to the first tens of kHz, are located at a distance up to the first tens of
meters from the hydrophone. Taking all this into account and the distance between the elec-
trodes and their depth in the ground, we can assume that seismoelectric and seismoacoustic
signals were generated in the near-surface sedimentary rocks.

Formation of the seismoelectric and seismoacoustic response of sedimentary rocks will
occur as follows. Electric field disturbances will appear at seismic wave mechanic effect fre-
quencies. When applying such a hydrophone setup, P-wave pattern will be recorded without
significant distortions since the refraction may be neglected if the water pool is so small. Wa-
ter does not have form elasticity and S -wave pattern will not propagate in a pool, however,
causing horizontal and vertical ground shifts, it will affect the hydrophone via a string and ap-
pear in the obtained data [3]. Thus, we considered only acoustic signals occurring only during
P-wave passage. These signal frequencies will be determined by the sizes of rock fractions
interacting at a given moment that is determined by the dynamics of their deformation by
seismic waves.

Table 1. Parameters of the earthquakes for which seismoelectric and seismoacoustic signals were
analyzed, distance to an earthquake epicenter R and magnetic azimuth to an epicenter A

No.
Earthquake

Epicenter

Ks A◦
coordinates Depth, Magni- R,

Date, Time,
Lat.◦ N Long.◦ E

km tude km
UTC UTC

1 08-02-2019 17:08:35 52.42 159.05 59 12.0 5.3 Ml 76 131.9
2 14-02-2019 18:24:27 52.39 159.13 58 11.2 4.9 Ml 82 131.6
3 03-01-2019 17:57:43 53.14 160.05 58 12.2 5.4 Ml 133 80
4 30-01-2016 03:25:12 53.978 158.546 177.0 7.2 mww 131 18
5 20-12-2018 17:01:55 55.100 164.699 16.6 7.3 mww 498 66

The table 1 presents earthquake parameters during which seismoelectric and seis-
moacoustic signals were analyzed. The parameters of weaker earthquakes No. 1 –
3 were taken from the Catalogue of Kamchatka Branch of FIC ECS RAS
(http://sdis.emsd.ru/info/earthquakes/catalogue.php). Their energy classes Ks and local mag-
nitudes Ml are shown. The parameters of stronger seismic events No. 4, 5 were taken from
NEIC Catalogue (https://earthquake.usgs.gov/earthquakes/search/). In all the cases the dis-
tance from “Karymshina” site to an earthquake epicenter R and magnetic azimuth to an epi-
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center A were presented. The epicenter locations with the numbers, illustrated in the table 1,
are shown in figure 1.

The electric and acoustic signals, recorded during seismic wave passage, were considered
in different frequency ranges and their spectrograms were calculated. The analysis results
are illustrated in figures 2 – 5. They contain the earthquake occurrences times and P- and
S -waves onsets from it at “Karymshina” site of Kamchatka Branch of FIC ECS RAS which
is located 250 m from our observation site.

3 Results and discussion

Figure 2. Analysis results for acoustic and electric signals recorded during seismic wave passage from
earthquake No. 1 (figure 1, table 1) — A and No. 2 (figure 1, table 1) — B. Arrows indicate earthquake
occurrence times T0 and P- and S -wave onsets. AS — acoustic signal, ES — electric signal; a, c, e —
signal records; b, d, f — their spectrograms, respectively

Earthquakes No. 1, 2 (figure 1, table 1). Figure 2 illustrates the analysis results for acous-
tic and electric signals recorded during the passage of seismic waves from two close earth-
quakes. Earthquake No. 2 occurred 6 days after earthquake No. 1 and was caused by rock
seismogenic volume which was located near the source region of earthquake No. 1. These
paired earthquakes are of interest since as sources of seismoacoustic and seismoelectric sig-
nals, they have common spatial location of sources but are differ in energy. Considering
them, we can definitely speak on the dependence of acoustic and electric responses of sedi-
mentary rocks on earthquake energy. Moreover, mechanic and electrophysical properties of
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these rocks as well as seismoacoustic and seismoelectric transformation characteristics could
not change significantly within such a small time interval at the observation site.

Earthquake No. 1 was 6 times as much in energy as earthquake No. 2, and as it is
clear from figure 2, the both responses of sedimentary rocks during earthquake No. 1 were
stronger. During both earthquakes, the acoustic response on P-wave was less than 60 Hz and
the electric response was much weaker than on S -wave. Electric response intensities at N – S
and E – W channels were almost similar but during earthquake No. 2 they were significantly
weaker. It may be explained by similar magnetic azimuths, that means similar directions to
earthquake epicenters (figure 1, table 1). Electric signal highest intensity during the S -wave
passage was 35 Hz.

Figure 3. Analysis results for acoustic and electric signals recorded during seismic wave passage from
earthquake No. 3 (figure 1, table 1). AS — acoustic signal, ES — electric signal; a,c,e — signal
records; b,d,f — their spectrograms, respectively. Arrow symbols are the same as in figure 2

Earthquake No. 3 (figure 1, table 1). The analysis results for seismoacoustic and seis-
moelectric signals recorded during the earthquake are illustrated in figure 3. Just like for
earthquakes No. 1 and 2, the sedimentary rock response on P-wave was less than 60 Hz. The
electric response had strong anisotropy that meas the presence of intensive signal in N – S
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channel and almost its total absence in E – W channel (figure 3c-f). In N – S channel, a signal
close in intensity was observed during the passages of both types of seismic waves and its
highest intensity reached 50 Hz.

Figure 4. Analysis results for acoustic and electric signals recorded during seismic wave passage from
earthquake No. 4 (figure 1, table 1). AS — acoustic signal, ES — electric signal; a, b, d, f — signal
records; c, e, g — their spectrograms, respectively. Arrow symbols are the same as in figure 2

Earthquakes No. 4, 5 (figure 1, table 1). Earthquakes No. 1 – 3 are moderate-energy
local earthquakes with similar depths of sources. To investigate seismoacoustic and seismo-
electric responses of sedimentary rocks, it is important to know these responses during strong
earthquakes. As such we considered seismic events No. 4 and 5 which have almost similar
magnitudes but different depths of sources and distances to epicenters.

Figure 4 shows the analysis results for seismoacoustic and seismoelectric signals recorded
during earthquake No. 4. It is clear on the spectrogram of the acoustic signal (figure 4c) that
acoustic energy was released in three frequency clusters during the P-wave passage. Be-
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sides the low-frequency cluster of about 100 Hz, there were two clusters at the frequencies of
about 0.1 – 1 and 1 – 11 kHz. They indicate transformation of seismic wave low-frequency
energy into significantly higher-frequency energy of acoustic signals. Such transformation
evidently occurs during the interaction of sedimentary rock smallest fractions. As it is clear
on the electric signal spectrograms (figure 4e,g), the electric energy was released at the fre-
quencies up to 15 – 20 Hz and the release intensity was higher in E – W channel. We should
note that during the P- and S -wave passages from this earthquake, the electric signals were
also recorded 250 m from our site at the depth of 1.3 m in the ground [9].

Figure 5. Analysis results for acoustic and electric signals recorded during seismic wave passage from
earthquake No. 5 (figure 1, table 1). AS — acoustic signal, ES — electric signal; a, b, d, f — signal
records; c, e, g — their spectrograms, respectively. Arrow symbols are the same as in figure 2

Figure 5 illustrates the analysis results for acoustic and electric signals recorded during
seismic wave passage from earthquake No. 5. In contrast to earthquake No. 4, there are
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no kilohertz acoustic clusters during the P-wave passage (figure 5c). The energy released
during these earthquakes in the form of seismic waves is almost similar and the absence of
such clusters may be explained by earthquake No. 5 small depth and large distance to the
epicenter. The electric response has the same anisotropy as for earthquake No. 3. It consists
in the presence of a significant signal in N – S channel and almost its total absence in E – W
channel (figure 5d–g). It is likely to be associated with close directions to the epicenters of
earthquakes No. 5, 3 relatively the slotted lines for the electric field. The electric response
during earthquake No. 5 was up to 20 – 22 Hz. Strong electric signal at the time instant
of ≈ 94 s (figure 5d-g) was caused by a group of strong atmospherics according to the data
of electromagnetic observations at “Karymshina” site.

4 Conclusions

We have found the following manifestation features of near-surface sedimentary rock electric
and acoustic responses on seismic waves from the earthquakes under considerations:

1. During two moderate close earthquakes No. 1, 2 with spatial location of sources but
different energy, the dependence of response manifestation intensity on earthquake energy
was discovered.

2. During strong remote earthquake No. 5 and moderate local earthquake No. 3 with
close directions to epicenters, there is a similar anisotropy of the electric response. It consists
in the presence of a significant signal in N – S channel and almost its total absence in E –
W channel. During earthquakes No. 1, 2 with similar directions to epicenters, the electric
response intensity in N – S and E – W channels is similar in spite of the different energy of
earthquakes.

3. During strong seismic events No. 4 and 5, having close energy of the emitted seismic
waves, there is a significant difference of sedimentary rock acoustic response on P – wave. It
consists in the presence of kilohertz clusters during relatively close and deep earthquake No.
4 and their absence during the remote shallow earthquake No. 5.
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