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Abstract—This study considers the hardware and methodological possibilities for increasing the information
content of seismological observations in the epicentral zone of a platform earthquake without obvious surface
manifestations. It is shown that the microseismic background analysis conducted during the installation of
several seismic stations is efficient for both identifying the source location and refining the geodynamic fea-
tures of the environment in the epicentral zone. The results of the coherent-time analysis of recordings at the
three-component registration made to identify endogenous microcracks hidden by microseismic noise are
presented. Their power, number, and azimuths are calculated. The possibility of using an autostructural func-
tion for the time series of a stream of micropulses at long-term recording of microseisms is shown to identify
the self-organization of crustal blocks by similarities in their geodynamics. The requirements for the seismic
equipment necessary for the observations are discussed.
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INTRODUCTION
One of the main tasks of epicentral observations is

to refine the processes in the earthquake source zone,
including the role of discontinuous faults. The seismic
activity assessment of these faults is an important fac-
tor in choosing sites for building critical facilities, for
example, high-altitude hydro dams or nuclear power
plants. In seismically active regions, this task is solved
using a network of seismological stations by analyzing
local seismological activities. In platform territories,
however, this task is more difficult to solve because
their relatively low seismicity and rare seismic net-
works do not allow making a similar assessment for
rarely registered events. In this case, the analysis of
microscale earthquakes and microseisms registered by
special temporary groups of stations arranged accord-
ing to the respective regulations is used (Bugaev et al.,
2012; RB-142-18, 2022).

One of the aspects of the seismic activity assess-
ment of territories is low seismicity analysis (Kayal,
2008; Dyagilev and Shulakov, 2017; Kayal, 2017; Adi-
nolfi et al., 2019; Ma et al., 2021). The significant dif-
ference between our approach and the methods of
identifying noisy abnormal zones with a network of
stationary stations, as for ore mines (Dyagilev and
Shulakov, 2017), is as follows: we propose to use
records from a small number of sensors, which can be
used in epicentral observations for detecting the loca-

tion of a noisy area; in this case, the group can move
around the area until it finds the object of interest. The
results obtained by this technique are undoubtedly less
accurate than the results produced using stationary
stations. However, these observations are impossible
to conduct in locations without stationary networks.

For example, several works (Rykunov and
Smirnov, 1992; Blanter et al., 1997; Narteau et al.,
2000) showed that the seismicity hierarchy extends up
to endogenous microseisms. Their occurrence is asso-
ciated with the deformation of a complex block-like
geological environment, including displacement of
dislocation fault sides (Provost et al., 2018), con-
strained rotation (Spivak, 1994; Kocharian and Spi-
vak, 2003), and other changes up to deformations
caused by lunar-solar tides (Rykunov et al., 1980). It is
also essential that the hierarchy of the seismic process
extends to the characteristic time of response to strain-
ing effects (Kapustian and Yudakhin, 2007), which is
important in epicentral zone observations. It should
be noted that the leading position in studying this issue
is held by researchers from Russia. Thus, the analysis
of microseisms registered together with seismic events
in the epicentral zone is an additional contribution to
understanding the geodynamics involving an earth-
quake source.

Seismic recordings are processed mainly by isolat-
ing events that exceed the background of microseisms.
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It takes quite a long time (several months) to obtain
statistically reliable estimates. The extraction of
microevents hidden by interferences is rare and is done
mostly for research purposes (Kocharyan and Spivak,
2003; Kapustian and Yudakhin, 2007; Yudakhin et al.,
2008). Nevertheless, it is this method that provides the
ability to reduce the observation time and obtain more
reliable results based not only on visible weak events
but also on microearthquakes and microcracks. When
observing weak events and microseisms in an epicen-
tral region, which is sometimes fairly large in area, it is
very important to cover it with a network of seismic
stations and provide densification of registration
points. In the conditions of Russia, these studies are
usually very difficult to conduct with one type of
equipment. Generally, seismic equipment of various
manufacturers is available and can be used for tempo-
rary spacings. Difficulties arise during data processing
because of the need to consider the frequency
response of each sensor, convert the readings to a sin-
gle format, etc.

This work considers a methodical approach to
assessing the seismicity of the investigated area. In this
technique, the type and sensitivity of seismic equip-
ment are not critical because statistical parameters and
dimensionless characteristics of microseisms are eval-
uated. The goal of the study was to justify the require-
ments on the recording equipment and develop a data
processing technique for more efficient seismometric
surveys.

The basis of this approach was formed during the
survey of faults in the Arkhangelsk oblast’ (Yudakhin
et al., 2005), as well as on the Solovetsky Islands while
studying the nature of microfractures at an external
environment, that is, the deforming impact on a full-
scale model of a boulder dike (Yudakhin et al., 2008).
It is significant that the work was carried out using dif-
ferent recorders (with 16- to 32-bit processors). How-
ever, this had practically no effect on the quality of the
results. It was shown that the dislocation faults were
strain-sensitive structures and responded to small
changes in external load (by less than 0.1 bar) by
changing the power of microevent streams. In addi-
tion, an algorithm for processing three-component (X,
Y, Z) seismic records by calculating coherence func-
tions in pairs for recording components X–Y, X–Z,
and Y–Z was developed. A more detailed description
of the algorithm is given below. It was also proven that
the sensitivity region of the technique extended to 20
km in size (Yudakhin et al., 2008).

Despite the fact that the technique was developed
more than 15 years ago, it has not been widely used,
apparently due to its absence in the survey regulations.
Now, this technique is used in Laverov Federal Center
for Integrated Arctic Research, Ural Branch of the
Russian Academy of Sciences (FECIAR UrB RAS)
for studying various objects (tectonic knots, kimberlite
pipes, etc.). The technique was called the method of
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microseism activity (MMA). This method will be used
hereafter and is part of the set of passive seismic obser-
vation methods. It should be noted that unlike other
similar methods designed to investigate the structure
of the crust this technique is so far the only passive
method that allows characterizing the geodynamics of
objects.

This paper discusses the requirements for observa-
tional equipment and shows the capabilities of the
MMA based on the example of studying the epicentral
zone of the Kholmogory earthquake that occurred on
March 28, 2013 in the north of the East European
Platform (EEP).

MATERIALS AND METHODS

Summary for Geological and Geophysical Data
on the Epicentral Site

According to the tectonic scheme (Baluev et al.,
2012), the zone, in which the Baltic Shield joins with
the northwestern margin of the Russian Plate, is rep-
resented by the movable White Sea belt. This possibil-
ity is confirmed by seismological studies of the influ-
ence of spreading on the seismicity of the northern
EEP (Antonovskaya et al., 2021). In addition to such
factors as the discharge of partial stresses generated by
lithospheric plates, postglacial glaciation unloading,
and induced seismicity, the seismicity of the EEP is
influenced by the joint activities of mid-oceanic
ridges. In particular, the time and place of the earth-
quake that occurred on March 28, 2013 can stem from
disturbances due to the spreading from Mohns and
Gakkel Arctic ridges, which are a type of trigger for
stress removal. The epicenter of the earthquake was
approximately 1800–2500 km from the rifts. Accord-
ing to the simulation results (Antonovskaya et al.,
2021), the maximum disturbance at distances of about
2000–2500 km is 6–10% of the disturbance applied to
the rift. The earthquake occured at the time when the
Mohns and Gakkel ridges exhibited high coefficients
of the correlation of the annual seismic energy curves
for these ridges and the platform; thus, the maximum
disturbances from the ridges during their mutual
influence may reach 12–20%. It is quite possible that
the combination of disturbances was the trigger for the
prepared earthquake.

According to an analysis of the refined epicenters
of the earthquakes that occurred in the north of Euro-
pean Russia from 1542 to 2019 (Nikonov, 2013; Moro-
zov et al., 2020), the northwest of the region was
shaken by violent earthquakes with a magnitude up to
6 at depths of 20–25 km, whereas the earthquakes that
occurred in the rest of the territory had a magnitude no
higher than 4. The Kholmogory earthquake of
March 28, 2013 (t0 = 07:02:16.5, 63.97° N, 41.5° E,
h = 21 km, ML = 3.4) was confined to the same seis-
mogenic zone as the event of October 22, 2005 (t0 =
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17:46:44.8, 64.49° N, 40.95° E, h = 13 km, ML = 2.9)
(Morozov et al., 2016; Morozov et al., 2020).

When investigating the possibility of new seismic
events, it is necessary to analyze the seismotectonic
situation that already exists in the northwestern
region. The Arkhangelsk ledge is a kind of “wedge”
embedded into the fracture in the modern Kandalak-
sha graben (Zykov et al., 2008). The main mechanism
of the movements is discharge.

Figure 1 shows a diagram of the seismic studies of
the epicentral zone located in the contour of the so-
called Kholmogory tectonic junction (Kutinov et al.,
2020). We used the data of the regional seismic surveys
(see Fig. 1): the GSS profile (“Agat-5”) (Egorkin,
1996) and DOM (I-I) (Ermolaeva, 2002); together
with the results of studies by microseism sounding
method  (MSM), the seismic survey data allow defini-
tion of the structural-geological situation near the epi-
center of the 2013 earthquake. Structural studies show
that the epicenter zone of the Kholmogory earthquake
shows in seismic fields as crustal lamination distur-
bances and manifestations of vertical structures in the
crustal tops.

Equipment and Observation Plan

The observations by MAM were conducted using a
stationary cross-like arrangement of four broadband
seismic sensors that encompassed a potential earth-
quake source; three stations were located at the epi-
central zone boundary. According to the calculations
by FECIAR UrB RAS, the boundary was situated
about 15 km away from the epicenter (Morozov et al.,
2020), whereas the northern point was situated about
20 km away from the epicenter. We note that this spac-
ing of points is characteristic of works aimed at choos-
ing an NPP site.

Three-component Canadian-made Nanometrics
TC-120s seismometers with Centaur recorders were
used as the recording equipment. The horizontal com-
ponents were oriented along the cardinal directions
(N–S, E–W). A significant feature of the sensors is
that they were broadband: if the chosen survey fre-
quency was 100 Hz, it was possible to make recordings
in the sub-50 Hz band. According to our experience, it
is this band that is characterized by the main streams
of informative microcracks. It was planned to conduct
the observations for about 3 weeks, which was more
than enough to accumulate the necessary statistical
material (Yudakhin et al., 2005, 2008; Kapustian and
Yudakhin, 2007). Unfortunately, all of the stations
worked simultaneously only the first 7 days and the
last 3 days. This was due to the fact that the stations
were powered from regular car batteries, which were
periodically replaced. It was impossible to calculate
their operating time for each station for timely replace-
ment. An alternative used for similar works by
FECIAR UrB RAS is batteries of higher capacitance
or solar batteries. However, the latter are effective only
in protected places, for example, near railroads.

Sensors should be arranged considering the “nois-
iness” of the point, including technogenically induced
noisiness. In our case, the influence of the M8 high-
way had an impact. As a result, records made at night
and morning hours were accepted for processing:
00:00 to 06:00 according to local time. To make the
processing more convenient, the continuous records
were divided into two 3-hour intervals, that is, files of
00:00 to 03:00 and 03:00 to 06:00.

Method of Microseism Activity 
Unlike structural passive methods using surface

waves (Shapiro et al., 2005; Draganov et al., 2009;
Gorbatikov et al., 2013; Afonin et al., 2017), the
microseismic activity method is based on the bulk
waves emitted by the source in the medium thickness.
Surface sources are rejected by comparing the results
for different sections, namely in horizontal plane X–Y
and in vertical planes X–Z and Y–Z.

Considering that there is no single interpretation of
the microevent concept in the literature, let us explain
the object of this study by summarizing the experience
in observations (Spungin et al., 1997; Kapustian, 2001;
Yudakhin et al., 2005; Dyagilev and Shulakov, 2017).
In this study, the terms “microevent,” “microrattle,”
or “micropulse,” are understood as natural endoge-
nous (not technogenic) waveforms present on a seis-
mic record as short wavetrains or wavetrains extended
in time. As a rule, a microevent exceeds the back-
ground, while microcracks and micropulses are dis-
turbances at or below the background level. All these
oscillations are represented mainly by bulk waves.
Examples of the first and the second case (microev-
ents exceeding or comparable to the background) are
shown in Fig. 2.

Type one microevents are characterized by higher
intensity and lower frequency than type two events.
The spectra can be judged by spectral-time charts at
frequencies above 10 Hz (Fig. 3). Lower frequencies
that manifest high power are represented by near-sur-
face noises.

The MMA is based on calculating coherence func-
tion kij for components (i, j) in pairs (Yudakhin et al.,
2005, 2008) as

(1)

where  are the power spectra of each of
the microseismic components; Sij(f) is the averaged
mutual spectrum of component pairs. If the medium
has no separate radiation sources and microseisms are
represented by white noise evenly collected from all of
the directions, then kij = 0. If there is a source of vibra-
tions in a certain direction, 0 < kij ≤ 1 is the frequency
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Fig. 1. The layout of the seismic tests and tectonic violations in the region of the Kholmogory earthquake in 2013: 1 is the epicen-
ters of the earthquakes taken place on October 22, 2005 and March 28, 2013; 2 is the temporary network of seismic observations;
3 is the microseism measurement profiles; 4 is the Agat DSS profile (Egorkin, 1996); 5 is the profile of CMP CDP I-I (Ermo-
laeva, 2002); 6 is the foundation contour lines; 7 is discontinuous faults of different grades.
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band of this source. The greater the signal/interfer-
ence ratio is, the higher the value of the coherence
kij(f) is (equality to one corresponds to the
complete absence of interferences). The analysis
of the coherence function values for component pairs
X–Z and Y–Z allows estimating the vertical sections of
the medium (latitudinal or longitudinal) to which the
signal source is closer. In this sense, MMA can be lik-
ened to a “seismic radar.”
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Usually, especially while estimating the seismic
activity of dislocation faults, we deal with a set of
sources from some radiating zone in a sufficiently
broad range of frequencies and not with a single
source. In this case, experience shows that it is neces-
sary to consider the entire frequency band of endoge-
nous radiation (Yudakhin et al., 2008). The processing
procedure is confined to calculating component
power spectra (spectral-time analysis abbreviated as
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Fig. 2. The waveforms of microevents for vertical channel Z: (а) are microevents exceeding the background by capacity; (b) and
(c) are microevents comparable with the background by capacity.
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STAN) and coherence functions (coherence-time
analysis known abbreviated as CTAN).

Examples of STAN and CTAN for our case are
shown in Fig. 3. The comparison of STAN and CTAN
diagrams emphasizes the advantage of using the
coherence function for detecting weak seismic radia-
tion from a local area against the background of the
record noisy with a number of natural and anthropo-
genic interferences. As well, this comparison allows an
understanding of which frequency range should be
chosen; in our case, the chosen frequency range is the
20−40 Hz band, where the strongest radiation is
observed.

It is known that the noise signal for volumetric
waves consists from a mixture of P- and S-waves. In
terms of intensity, their ratio depends on the type of
noisy inhomogeneity. Depending on the type of waves
that are prevalent in terms of power, the respective
direction to the source will be determinative. To assess
the reality of the identified direction to the source,
geological and geophysical interpretation is con-
ducted, first of all, with reference to geological struc-
tural features, such as dislocation faults. In addition,
data on different points of simultaneous micropulse
measurements are compared. It is essential that the
MMA is designed for tests at a radial distance of up to
20 km from the sensor (Yudakhin et al., 2008); remote
sources are not identified, which is conditioned by the
high-frequency range.

SURVEY RESULTS

In the first processing phase, events exceeding the
microseismic background were identified by looking
through the records. Those events were single but their
number per hour knl was different for different obser-
vation points (Table 1). The highest and the lowest
number of microevents was recorded, respectively, at
observations points IV and II.

In the next processing phase, CTAN diagrams were
plotted for all of the recordings round-the-clock. The
total distributions of kij values for each CTAN diagram
SEISMIC INSTRUMENTS  Vol. 58  No. 6  2022
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Fig. 3. Examples of (a) STAN diagrams and (b) CTAN diagrams for observation point IV (see Fig. 1).

1500
t, s (a)

(b)

NS-Z

N E Z

EW-Z

1000

500

1500

1000

500

0 10 20 30 40 0 10 20 30 40

0

0

0.5

1.0
k( f )

10 20 30 40 0 10 20 30 40 f, Hz

0 10 20 30 40

2.4
logS( f )

1.6
0.8
0
–0.8
–1.6
in longitudinal section (NS−Z) and latitudinal section
EW−Z were calculated in the 20−40 Hz frequency
band. An example of the distribution for all of the days
for point IV is given in Fig. 4а. The obtained distribu-
tions are similar to those for the Zipf law for the prop-
erties of complex structured environments or its spe-
cial case, the Gutenberg–Richter relation in seismol-
ogy (Gutenberg and Richter, 1944; Zipf, 1949;
Merriam et al., 2004). Previously, we showed the pos-
sibility of considering the kij quantity, defined as the
ratio of signal/interference intensities, as an energy
characteristic of the stream of microfrequencies
(Yudakhin et al., 2008).

Viewing the distributions for different points shows
their similarity in shape; however, the mutual location
of the curves is different: the curve for NS–Z can be
higher than the curve for EW–Z and vice versa. Fur-
thermore, to be able to compare the data, we will con-
sider the N0.6 quantity defined as the number of events
SEISMIC INSTRUMENTS  Vol. 58  No. 6  2022

Table 1. The parameters of seismic radiation in the NS–Z and E

Point
NS–Z EW

kN0.6l σN0.6, % kN0.6l

I 610 13 148
II 101 21 253
III 125 41 82
IV 275 13 118
at kij = 0.6, i.e., when the signal is aleady more power-
ful than the interference and the number of events is
sufficient for further statistical analysis. The diagram
of the values of parameter N0.6 for different points in
sections NS–Z and EW–Z is shown in Fig. 4b. There
is a significant difference in the directivity of seismic
radiation in the following points: at pt. I, the sources
are located mainly in the longitudinal section; at pt. II,
they are located mainly in the latitudinal section. This
agrees with the main direction of development of the
modern geodynamic situation of the region (Zykov
et al., 2008).

Distributions of kij, for which arrays {N0.6} were
determined, followed by the calculation of the param-
eters of descriptive statistics, were constructed for each
interval, for all of the days and points. The statistical
estimates for sections NS–Z and EW–Z, calculated
for the dataset for night hours only on each of the first
7 days of the observations, are shown in Table 1. The
W–Z cross-sections. See clarification in the main text

–Z
Azimuth, deg R2 knl

σN0.6, %

13 16 0.77 2–3
26 87 0.04 1–2
19 22 0.62 4
24 45 0.62 7
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Fig. 4. The parameters of microseismic radiations along directions EW–Z (1) and NS–Z (2) for the entire period of observations:
(а) is the distribution of the coherent function for point IV; (b) is the diagram of the number of events at k = 0.6.

(a) (b)

1

10

102

103

104

105

N

0 0.2 0.4 0.6 0.8 1.0

1

2

k

2

1

I

IIIV

III

7000
estimates are the median value kN0.6l, standard
deviation, azimuth defined as the linear trend of the
NS–Z...EW–Z scatter diagram, the value of reliable
approximation of this linear trend R2, and knl, which is
the number of visually distinguished microevents.

DISCUSSION

In addition to the above-mentioned difference in
the overall directivity of seismic radiation at different
points, let us note the values of R2 at these points. The
largest value of this quantity corresponds to the prox-
imity of the azimuths of the sources on different days
to the average azimuth, while the small values indicate
a large scatter of points relative to the selected direc-
tion, i.e., a rather chaotic arrangement of the sources.
The first case is seen at pt. I; the second case is
seen at pt. II. This agrees with the idea that the micro-
event sources at pt. I are confined to the fault structure
identified by structural studies (the DSS profile
(“Agat-5”) (Egorkin, 1996), CDP (I-I) (Ermolaeva,
2002) and MSM). For the situation at pt. II, the con-
cept of the properties of microseismic radiation in a
fractured block medium is suitable. In this medium,
events occur at the boundaries of blocks and every-
thing depends on their position relative to each other
and on the external stress field. For example, a case of
this kind is described by the model of constrained
rotation (Kocharyan and Spivak, 2003). Strong frag-
mentation is also evidenced by a small number of rel-
atively strong (visually distinguishable) events in this
point (see Table 1).
Let us demonstrate another possibility for inter-
preting the materials during long-range three-compo-
nent broadband observations. We refer to the compar-
ison of the time course of estimates at different points.
This comparison allows, e.g., combining points into
cluster regions with identical properties in the case of
similarities in time change curves or establishing a
sequence of processes in different zones. Unfortu-
nately, the issue with the power supply of the stations
does not allow one to conduct this study in a full man-
ner due to omissions and nonuniformity of the data in
time.

Nevertheless, in this case, the autostructural func-
tion (ASF) С(T) defined as the mathematical expecta-
tion

(2)

can be used for time series N(t) represented by a ran-
dom function with stationary increment.

As shown in (Kanamori et al., 1979), the ASF
shape reflects differences in the dynamics of pro-
cesses: the position of the first local maximum of C(T)
on axis T corresponds to the period of quasi-sinusoidal
pulses (wavetrains), contained in time series N(t),
whereas the position of the first absolute maximum
corresponds to the relative duration of these pulses.

If N(t) contains random nondeterministic compo-
nents, the ASF is approximated by function C(T) =
Tα, and there is a linear trend at α ≥ 2. If the curve
asymptotically tends to “saturation” and is character-
ized by saturation time Tst, then the C(Tst)/Tst ratio

[ ]= − + 2( ) ( ) ( )C T M N t N t T
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Fig. 5. The autostructural functions of time variations N0.6(t) along directions NS–Z (a) and EW–Z (b) for observation points I–IV.
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Figure 5 shows the ASF values of N0.6(t) in the lon-
gitudinal and latitudinal sections for all of the observa-
tion points. The first points of the curves correspond
to T = 3 h; the dotted line shows the course of the
curves in time intervals with insufficient statistics. The
position of the first maximum and the absence of
curve trends (α < 1) are reliably determined for all of
the plots.

The time interval that corresponds to the first max-
imum and characterizes the periodicity in seismic
emission is different for different observation points
(Table 2): for pt. I for longitudinal wavetrains (NS–Z)
the period is 1 day, and for latitudinal wavetrains
(EW–Z) along the regional fault (see Fig. 1) this
period is 3 days. The periods for pt. II and IV are 2 days
for both, the points and directions. However, no wave-
trains are distinguished for pt. III.

According to the MSM profiles (see Fig. 1), the
presence of vertical disturbances in the south of the
epicenter zone was confirmed (Danilov, 2017). The
earthquake source is located in the middle crust and
SEISMIC INSTRUMENTS  Vol. 58  No. 6  2022

Table 2. The parameters of autostructural functions

Point
NS–Z EW–Z

T1, ds α T1, ds α

I 1 0.4 3 0.1
II 2 0.2 2 0
III – 0.1 – 0.3
IV 2 0.1 2 0
the displacement plane is subvertical, extending
approximately in the longutudinal direction.

One of the possible explanations of these results is
described below. Outside the epicentral zone (point I),
the microseismic radiation generated by the regional
fault is oriented predominantly transversely to it,
which can stem not from displacements along the fault
but from subvertical displacements.

This is also indicated by the periodicity of single-
day radiation wavetrains, which may be related to
lunar–solar tides (Rykunov et al., 1980). Points II, III,
and IV at the edges of the epicentral ellipse have simi-
lar radiation characteristics that differ, however, from
those at point I. Points II and IV follow the same
rhythm, which indicates the commonality of their
geodynamics, but are opposite in radiation direction
(see Fig. 4). Point III is quite passive. All of this, as
well as the rotation of the radiation azimuth between
points II and III, suggests the possibility of constricted
rotation mechanisms for the epicentral zone. We note
that the epicentral ellipse was derived only by process-
ing the data on the 2013 earthquake. Thus, not only
was the position of the earthquake epicenter con-
firmed but also the reliability of the seismological data
with their processing by the FECIAR UrB RAS.

Let us discuss the requirements for the seismic
recording equipment. According to our experience,
the level of endogenous microseisms recorded on the
diurnal surface in the 10–50 Hz frequency band
exhibits significant variations in different regions, but
lies in the 1 × 10–3–1 (μm/s)2/Hz power range
(Kapustian and Yudakhin, 2007). Considering that
the processing analyzes the statistics of the microseis-
mic recording power rather than the features of each
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microcracking waveform, any modern seismological
sensor, including popular domestic seismometers
SM3-KV, will work for such studies. The main charac-
teristics of SM3-KV are a frequency range of 0.5–
50 Hz, sensitivity of 120–170 V/(m/s), and dynamic
range of 96 dB. The work (Chebrov et al., 2013) pro-
vided the characteristic frequency and amplitude
ranges of signals read by seismometers of different
types, which can be successfully used for analyzing
microseismic activities.

Similarly, any modern device with a 24-bit ADC
capacity can be used as a recorder; however, recorders
with low-bit processors will also work (the sufficient
condition for suitability is an ADC capacity of 16-bit).

CONCLUSIONS
This work has shown that the endogenous micro-

seismic background can be used in analyzing the epi-
central zone of platform earthquakes. The utilization
of these data provides new opportunities for geological
environment surveys. The most essential of these
opportunities are:

— division of the epicentral zone in regions with
different seismic activities and different deformation
evolution periods;

— refinement of the position of the epicenter,
which is especially important for platform earth-
quakes, where the source is usually covered with a
thick sedimentary layer (for example, in our case, its
thickness is 1–2 km).

It is essential that the analysis of microseisms made
proceeding from the hierarchy of the seismic process
and considering estimates of the parameters of the
recurrence schedule allows a significant reduction in
the observation time (for example, to a period from 2
weeks to 1 month). The actual observation interval is
determined on the basis of the specific local condi-
tions of a surveyed territory (the noisiness of the obser-
vation point, logistics of the works, etc.). This is espe-
cially important for platform territories, where violent
earthquakes are rare.

The requirements for making observations and
selecting recording equipment with sufficient inter-
preting capabilities are:

(1) When selecting seismic sensors, it is necessary
to pay attention to their sensitivity, which should not
be lower than 120 V/(m/s), and dynamic range, which
should not be lower than 96 dB. An example of
the equipment suitable for such studies is Russian
SM3-KV seismometers.

(2) Seismometers should have at least three com-
ponents (a vertical and two horizontal channels), ori-
ented either along the cardinal sections or along and
across geological structures. If it is necessary to specify
the azimuth of the radiating zone, for example, along
the rhumbs or the fault zone, several single-compo-
nent sensors can be used, for example, one vertical and
more than two horizontal CM-3KV gages. The obser-
vations can be supplemented with the recording of tor-
sional vibrations.

(3) Data should be recorded into built-in memory.
Recorders with low-bit processors (at least 16 bits) are
acceptable.

(4) When arranging autonomous stations, it is
important to ensure their uninterrupted power supply,
which will allow analysis of long-term series of obser-
vations. In this case, either solar batteries or suffi-
ciently high-capacity batteries can be installed on the
condition of their periodic replacement. For example,
when TS-120s sensors with Centaur recorders (made
by Nanometrics) are used, which consume approxi-
mately 1.5 W in total, a 24 V 70 Ah LiFePO4 lithium-
iron-phosphate battery will ensure 2 months of unin-
terrupted power supply for one temporary seismic sta-
tion, which is generally a sufficient time window for
the seismic activity assessment of a fault zone by the
microseismic activity method.

We hope that the foregoing considerations will
make it possible to substantially enrich seismic epicen-
tral observations and use the entire spectrum of avail-
able equipment.
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