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Abstract—The frequency dependence of the function of the seismic wave attenuation was determined for the
first time for southern Sakhalin on the basis of seismic coda of local earthquakes using the model of single
scattering. The algorithm of the automated definition of the scalar seismic moments was realized for small
earthquake foci. Mass estimates of the scalar seismic moments were obtained as exemplified by the after-
shocks of the August 17, 2006, Gornozavodsk earthquake (My, 5.6) and the May—June 2004 Kostromskoe
earthquake swarm events, which occurred in South Sakhalin. The dynamic parameters of the earthquake foci
were determined from the SH-wave spectra adjusted for absorption and geometrical spreading. The loglinear
relationship determined between the seismic moment and the local magnitude is in good agreement with the
estimates obtained for other regions and, in a certain sense, does not contradict the average world depen-

dence.
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INTRODUCTION

In recent decades, the southern part of Sakhalin
Island experienced strong earthquakes with high after-
shock activity, which confirms the link of the modern
seismicity with zones of active tectonic dislocations.
In particular, the 2001 Takoe earthquake (My, 5.2) was
confined to the active Aprelovskii Fault Zone [6],
while the 2004 Kostromskoe Earthquake (M 4.8), the
2006 Gornozavodsk earthquake (My, 5.6) [9], and the
destructive 2007 Nevel’sk earthquake (My, 6.2) [2]
were localized in the Western Sakhalin fault zone. The
two latter seismic events were accompanied by strong
macroseismic effects corresponding to intensities of
6—7 and 8 points on the MSK-64 scale in the epicenter
and coastal zone of South Sakhalin, respectively.

Since 2001, the intensification of the seismic
swarm activity has successfully coincided with the
mounting of a new local network of modern digital
seismic stations and the launching of uninterrupted
seismic observations in South Sakhalin. At present,
the local network (Fig. 1) is sufficiently dense to iden-
tify and allocate with confidence earthquakes with
M; > 2.0 over the entire South Sakhalin territory.
However, the calculation of the dynamic parameters of
the earthquake sources for the coastal regions, includ-
ing the focal mechanisms determined from the tradi-
tional approaches [3] based on data on the polarities of
the first displacements in body waves, provides unsta-
ble estimates and invalid solutions. This is related both

to the deficit of starting data and to the large “gaps” in
the azimuthal coverage of the recording network, as
well as to the low signal—noise ratios in the oscillation
records.

A number of foreign works published in recent
years are dedicated to estimating the dynamic param-
eters of the sources and focal mechanisms of earth-
quakes in nonoptimal observation systems [for
instance, 25]. Note that the calculation techniques
based on the quantitative parameters of the seismic
wave form such as the magnitude of the amplitude, the
amplitude ratios, and the body wave spectra are
steadily being improved. A combination of different
methods is often used to increase the reliability of the
determinations. For instance, the signs of the first
arrival times and the P- to S-wave amplitude ratios
provide more reliable estimates of the focal mecha-
nism of earthquakes, including weak earthquakes [22].
These methods are less sensitive to the quality of the
records, but they require comprehensive data on the
regional and local attenuation model, the Earth’s crust
structure, and others.

In many seismostatistical tasks, the magnitude of
the earthquake energy is estimated in units of the seis-
mic moment, which is calculated either directly from
records or via the “magnitude—moment” correlation.
In order to obtain reliable estimates of dynamic earth-
quake parameters (in particular, scalar seismic
moments) from digital records, it is first necessary to
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Fig. 1. Location of the seismic stations.

The stations names on the map are shown by abbrevia-
tions: (YSS) “Yuzhno-Sakhalinsk,” (OJD) “Ozhidaevo,”
(ZGS) “Zagorskoe,” (OSM) “Cape Ostryi,” (LSN) “Les-
noe,” (MLK) “Mal’kovo,” (KRS) “Korsakov,” (USP)
“Uspenskoe,” (BSK) “Belye Skaly,” (KHL) “Kholmsk,”
(KLN) “Kalinino,” (KKH) “Kolkhoznoe.

determine the quality factor of the medium character-
izing the seismic wave attenuation.

In this work, we report the results of the determina-
tion of a local model of the seismic wave attenuation
for South Sakhalin. The obtained frequency-depen-
dent absorption function of the medium was used to
accomplish an automated algorithm of the mass esti-
mates of the scalar seismic moment from the records
of several stations by the example of small earthquakes
that occurred in South Sakhalin. The application of
the loglinear dependence linking the seismic moment
and the local magnitude was justified for small and
moderate earthquakes of South Sakhalin.

THE ANALYZED DATA

The work was based on instrumental data obtained
during short-period observations in the aftershock
zones of the 2004 Kostromskoe (M; 4.8) and 2006
Gornozavodsk (My, 5.6) earthquakes (Fig. 1).

Both events occurred in the territory adjoining the
southern segment of the West Sakhalin fault. The
dynamic seismic regime of the latter is presumably
explained by the intense sublatitudinal compression of
the Earth’s crust, which caused the formation of a
dextral strike-slip fault. The style of the deformation is
mainly confirmed by the structural geology of South
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Sakhalin [12] and the satellite monitoring data on the
Earth’s crust motion [13].

The Kostromskoe earthquake occurred on May 30,
2004, at 2:52 UT in the vicinity of Kostromskoe Set-
tlement in the Kholmsk district near the western coast.
The magnitude of the main shock accounted for M
4.8. The event was accompanied by earthquake
swarms with the magnitude of the strongest aftershock
being M; 3.9. The total amount of recorded earth-
quakes accounted for more than 100 events.

The Gornozavodsk earthquake took place on
August 18, 2006, at 2:20 UT. The epicenter of the main
event was located inland near the western coast of the
island in the vicinity of the Gornozavodsk Settlement
of the Nevel’sk district at a depth of about # = 13 km.
The strongest aftershock had a magnitude of M, 4.5.
The aftershock activity was in progress as weak events
with amplitudes of M = 2.0—3.0 up to the end of
August 2006 and then rapidly stopped, which is not
typical of such strong earthquakes. In the course of
this activity, the earthquake epicenters were shifted to
the northwest toward the Tatar Strait, while the depth
of the aftershock epicenters reached 20 km. The after-
shock sequence included about 500 earthquakes.

In this work, we analyzed the record fragments of
small earthquakes provided by the local network of
“Dat” and “Datamark” digital seismic stations
(Hakusan Corp., Japan) established in South Sakhalin
(Fig. 1). Each station was equipped with a three-com-
ponent short-period seismic LE-3DLite seismometer
(Lennartz Electronics, Germany) with a natural fre-
quency of about 1 Hz and a frequency band up to
80 Hz. The stations operated in a continuous record-
ing regime with sampling at 100 sps.

The initial preparation of the instrumental data (in
particular, the selection of the earthquake records with
satisfactory signal—noise ratios and epicenter calcula-
tions) was conducted by Ch.U. Kim, the leading
researcher of the Institute of Marine Geology and
Geophysics of the Far East Branch of the Russian
Academy of Sciences, who kindly gave us the initial
data and the results of their treatment. The additional
treatment of the data involved the selection of earth-
quake records obtained by several stations, the split-
ting and saving of the data files with fragments of wave
forms, and their exporting into the ASCII format suit-
able for further processing. The main criteria for the
selection of the seismic events were a reliable record of
the earthquakes by several stations and a good sig-
nal/noise ratio (more than 3) in the records of the seis-
mic oscillations. The data of the initial treatment and
files prepared from the seismic record fragments were
used as the input data for the development of a com-
puter algorithm.

The input data were processed using algorithms
coded in FORTRAN, as well as the XDatSegy and
Datamark Assist packages applied for the seismologi-
cal instruments.
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The seismic wave attenuation was estimated using
selected records of the aftershocks of the 2006 Gor-
nozavodsk earthquake (My, 5.6).

The scalar seismic moments of the epicenters of the
small earthquakes were determined on the basis of the
digital records of the aftershocks of the Gornozavodsk
earthquake (August 17, 2006, My, 5.6) and the Kos-
tromskoe earthquake swarm (May 30, 2004, M; 4.8),
which occurred in South Sakhalin and were confi-
dently recorded by no less than three stations. In total,
we selected 87 events with magnitudes M; from 1.4 to
4.0.

THE CALCULATION TECHNIQUE
OF THE LOCAL MODEL
OF THE ATTENTUATION

The estimation of the seismic wave attenuation is
usually applied if the structure and composition of the
Earth’s crust in the studied region are poorly known.
In the general case, the attenuation is characterized by
two components: the scattering of the oscillations
from the geological inhomogeneties and their absorp-
tion in the medium, which leads to the transformation
from wave to thermal energies:

0" =0'+0, (1)
where Q! is the integral quality factor of the medium,

—1 . . . —1
Q, are the scattering characteristics, and Q, are the
absorption characteristics of the seismic waves.

There are methods to estimate the quality factor of
the medium on the basis of the coda wave, the tail por-
tion of the wave form of seismic event. The coda wave
is formed mainly from single backscattering S-waves
with the significant input of scattered P-waves. The
coda wave is also formed in the course of the wave
transformations at the lithospheric discontinuities.
The coda shape is determined by the wave reverbera-
tion in the horizontal layers on the seismic trace, as
well as by the lateral inhomogeneities.

According to the simplified model of single scatter-
ing proposed in fundamental work [17], the effect of
the source process can be neglected for large times
(approximately 1.6—2 times more than the travel time
ofthe S-wave), and the coda wave is formed due to sin-
gle backscattering (refracted) S-waves and its level is
independent of the distance to the station [28]. More
perfect approaches were developed later on the basis of
the numerical modeling of the scattering in a two- and
three-dimensional isotropic and anisotropic medium
[7, 10, etc.], as well as models with the use of the
numerical solution of the nonstationary equation of
the spatial transfer of the wave energy [21, 24]. These
methods take into account the more realistic model of
multiple scattering of seismic waves.

We considered the available approaches and
selected a model of single scattering as being compar-
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atively simply implemented and allowing the estima-
tion of the quality factor with sufficiently high accu-
racy. The model of single scattering was previously
successfully applied for estimating the medium
absorption in different regions of the earth [26, 29,
33]. Therefore, the obtained results could be com-
pared with similar estimates for the Earth’s regions
with similar geological settings.

According to the model of single scattering [17],
the displacement in the frequency range with the cen-
tral transmission frequency f'is given by the relation

A1) = QN exp (-1ft/Oc(f), ()

where a is a constant depending on the geometrical
spreading (for the body waves o = 1), ¢ is the time
counted from the time in focus, Q(f) is the temporal
function in the source, and Q.(f) is the quality factor
(from the coda wave).

Taking logarithm (2) yields the required expres-
sion:

In[A(f, 1] = InQ(f) — nft/Oc(f). A3)

The slope of equation (3) plotted on the time scale
defines the quality factor Q.(f) for the considered fre-
quency f.

The values Q are sensitive to the choice of such
parameters as the time window of the treatment, the
initial time of the treatment, the minimal correlation
coefficient, and the band width of the filter. The con-
trol parameters of the algorithm are required to be
known or be similar to compare the results of the
determination of the quality factor for different obser-
vations. With allowance for works [18, 20, 21, 28, etc.],
the data were treated using parameters similar to those
in the indicated works.

METHOD OF THE DETERMIANTION
OF THE SCALAR SEISMIC MOMENT UNDER
CONDITIONS OF LOCAL SHORT-PERIOD
OBSERVATIONS

As a rule, the dynamic parameters of the source
during teleseismic or regional observations are esti-
mated for strong earthquakes with long wavelengths,
whereas records of surface waves, for which the
medium in a certain sense is “transparent,” serve as
the initial data The effect of the medium’s quality fac-
tor on the recorded spectrum is negligibly low, and the
function of the medium’s absorption Q(f) is tradition-
ally regarded as frequency-independent. The sig-
nal/noise ratio in the surface wave spectrum for small
earthquakes often seems to be inadequate, while the
accuracy of the estimation of the source dynamic
parameters mainly depends on the position and type of
the recording apparatus. Therefore, under conditions
of local short-period observations, the determination
of the scalar seismic moment M, [8, 14, 16] from the
record of the surface waves is inefficient. The seismic
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moment of the local earthquakes is determined using
the record of the body waves on the basis of the short-
period observations: the seismic moment M, is deter-
mined from the displacement spectra of the P, SV, and
SH waves.

At the same time, as was noted in numerous
recently published works [10, 33, etc.], O(f) is propor-
tional to the frequency f(or the degree of frequency) in
the frequency range of more than 1 Hz. This must be
taken into account for weak earthquakes, when the
working frequencies of the seismic signals fall in the
range from a few to tens of Hz and the medium quality
factor significantly affects the spectral composition of
the seismic signals. The spectral model of Brune [19]
used in this case represents the source of the tectonic
earthquake as the simplified case of a infinite vertical
fault with a horizontal trend of the displacement, a
constant value of the released shear stress, and without
allowance for the finite velocity of the rupture propa-
gation. In addition, this model does not take into
account the complex shear geometry, which leads to
the enrichment of the spectrum of the transmitted
waves in the high-frequency range. The Brune model
is schematic, but it provides the fairly accurate estima-
tion of such source parameters as the scalar seismic
moment, the released stress, the rupture area, etc.,
with allowance for the medium absorption of seismic
waves.

Let us consider the general case of the amplitude
spectrum of the displacements of the seismic body
wave UY(f) at the ith station:

() = GHH (DR (NSK), (4)
where G(f) is the amplitude—frequency response
(AFR) of the seismograph, H”(f) is the response of the
medium beneath the station, R(¥) is the response of
the seismic trace propagation, S(f) is the spectral
equivalent of the time function in the source, and fis
the frequency.

Taking into account the local ground conditions
beneath the observation sites, the function can be writ-
ten as follows:

HO() - exp(-nx")), (5)
where k is the absorption coefficient beneath the i-th
station.

The seismic trace response can be expressed as

RO = laexp{_ﬁ}, (6)
r;

where £ is the travel time of the seismic wave from the
source to the i-th seismic station, Q(f) is the quality
factor, r; is the hypocentral distance between the
source and the observation point, and o is the coeffi-
cient that determines the geometrical spreading (for
local observations, oo = 1 at » < 100—150 km).
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According to the Brune model [19], the spectral
equivalent of the source time function has the follow-
ing form:

— MORSSD 1
4npv 1+ (f/f,)

where M, is the seismic moment, Ry, is the source
radiation pattern, p is the medium density, v is the
shear wave propagation velocity in the source, and f; is
the corner frequency of the spectral curve cutoff.

Combining all the effects considered above, we
have the following formula for the spectral function of
the displacement:

MoRs;p exp{_nfﬁk}exp(—nKm{)_ )
4npvr, 0N 1+ /)

Atf— 0 (f<<f,), expression (8) can be transformed
into the following equation:

M, = 4———————npvsriU(i)[exp i j
0 Ry 0 o0

x exp {~mx"f} |f%°(1 * (j;)?

where Uff) = U(f)|;_, , is the low-frequency region of
the displacement spectrum.

If the quality factor of the medium can be ignored,
the seismic moment M, can be determined from the
following relation:

S )

v =

f—0 )

bl

f—0

3
M, = @R‘il’(]o’
2Ry,

where the coefficient S is caused by the reflection
effects from the free surface at the receiver point.

Taking the frequency dependence of the quality
factor Q(f) = Qy(f), we have

exp{nﬁ*} = exp{n—t*},
o) O,
f—>o0

which indicates that the formulas used for M;’s deter-
mination omitted the dependence on * and Q,,
which, in some cases, may lead to the systematic
underestimation of the seismic moment by several
times.

Assuming the travel time of the S-wave from the
source to the station r* = 20 s and the quality factor
Q,= 60, the correction factor ¢ for the medium
absorption (11) is approximately 3. For the parameter
Kk = 0.05, the correction for the attenuation beneath
station (5) at a frequency of f~ 1 Hz is 1.16. Thus,
within the range of the estimated parameters, the

(10)

(11)
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attenuation is mainly determined by Q(f). Therefore,
the spectra used in this work were corrected only for
O(f), whereas the correction for the local ground con-
ditions was ignored.

M, was estimated from the average low-frequency
component of the displacement spectrum UY cor-
rected for absorption within the frequency range of
0.5-2.0 Hz

3 *
bty If”mexp{“’l} ,

12
So Q(f) ( )

MY =
O =
£ [0.5,2.0]

where { ) is the mean operator, and Mf)” is the seismic

moment estimated for the ith station (with allowance
for the coefficient of 1/2 in this formula).

Since the frequency of the LE-3DLite seismic
receiver is 1, the AFR of the apparatus was taken into
account in the calculations over the entire working
interval of the frequencies from 0.5 Hz, including the
AFR drop at frequencies below 1 Hz.

THE DETERMINATION RESULTS
AND THEIR DISCUSSION

1. The attenuation was calculated using the vertical
components of the seismic record. For the analysis of
the coda wave and the other calculations, we applied a
time window AT, = 12—15 with its origin correspond-
ing to the doubled travel time of the S-wave. The
selected value of the time range of the coda treatment
corresponds to the scattering area (or more exactly, the
scattering ellipsoid) of the seismic waves with a radius
of about 50 km at the average distance from the source
to the station of =50 km. Within the intervals of AT,
significantly exceeding 15s, the signal/noise ratio is
less than 2, which decreases the significance of the
results obtained by the coda processing under large
times. The records were filtered by a four-pole two-
sided Butterworth filter with central transmission fre-
quencies of 1.5, 3.0, 6.0, and 9.0 Hz and widths of 1.0,
2.0, 4.0, and 6.0 Hz, respectively. Examples of the
starting record of the earthquake with the magnitude
M; 3.1, the filtered seismograms with central trans-
mission frequencies of 1.5 and 6.0 Hz, and the frag-
ments of the record and the corresponding codas cor-
rected for the geometrical spreading are shown in
Fig. 2.

Then, the quality factor was determined for each of
the central frequencies f (Fig. 3) and the form of the
frequency-dependent function Q. (f) was evaluated
according to (3).

Due to the low signal/noise ratio in the records of
weak earthquakes, the obtained results have low signif-
icance and do not allow us to estimate objectively the
attenuation function for frequencies of more than
10 Hz. The fragments of the records of strong events
with a sufficiently high signal/noise ratio were cut by
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the amplitude owing to the proximity of the recording
stations to the event sources and the low dynamic
range of the apparatus, and were not used in the com-
putations.

The quality factor Q(f) ~ 60 fwas found by averag-
ing over all the events. The obtained estimate Q.(f) in
the source zone of the aftershocks of the 2006 Gor-
nozavodsk earthquakes is close to the estimates
obtained for the absorption function in Central Japan
[33]. Further, this functional dependence was used to
estimate the scalar seismic moments of weak earth-
quakes according to expression (12).

Since the lower boundary of the frequency range
used to estimate Qc(f), is 1.5 Hz, the function of the
quality factor was extrapolated to a frequency of
0.5 Hz in order to estimate the average level of the low-
frequency part of the displacement spectrums. Such
an extrapolation can be substantiated by the fact that
the modern studies of the seismic wave attenuation
reveal the existence of three frequency ranges: < 0.01,
0.01—10.0, and /> 10.0, within which the parameter b
for the frequency dependence of the quality factor
determined for definite regions of the earth preserves
its unchanged value. Since the working frequency
range of 0.5—10 Hz is remote from the transition
boundaries accounting for, respectively, 0.01 and
10 Hz, the used function of the quality control in the
indicated interval quantitatively characterizes the
same seismic wave attenuation mechanism. Note also
that Q.(f) was estimated for the frequency range with
the lowerboundary at 1.5 £ 0.5 Hz. Thus, we may con-
fidently suggest that the view of the frequency depen-
dence of the quality factor remains practically
unchanged within the range of 0.5—1.0 Hz.

The applicability of the O.(f) estimates is under dis-
cussion, because the difference between the quality
factors determined from the coda wave and from the
spectrum of the body waves remains unclear [21]. The
comparison of the quality control values obtained by
different methods and for different regions of the earth
[23, 36, 27, etc.] shows that, in most cases, these val-
ues are of the same order. However, for each certain
case with different rheology, source depth, etc., the
traditional choice of the time window for the coda
analysis with the origin corresponding approximately
to the doubled travel time of the S-wave may lead to a
systematic error in the Q, estimates.

2. Before the quantitative estimation of the spectral
parameters, each of the three-component records was
adjusted to the senses of the body waves (P, SV, and
SH), which approach the receiver point. The calcula-
tions were based on the analysis of fragments of the
SH-wave record. A time window for each wave form
was selected to extract several wave trains, including
the “parasitic” effects of converted reflections through
the medium interfaces beneath the station. The time
window interval was controlled by a parameter of more
than 3.0 determinable by the signal/noise ratio. On
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Fig. 2. Initial record of the earthquake with a magnitude of M 3.1 (a) and filtered fragments of the record and the corresponding
coda waves (with correction for the geometrical spreading) with central transmission frequencies of 1.5 Hz (b, ¢) and 6.0 Hz (d, ).

average, the time window width for the SH-waves
from the moment of the first event was no less than 2 s.

Figure 4 demonstrates the amplitude spectrum of
the displacements in the S-wave with correction for
the instrumental bias and the medium absorption for
an event with a magnitude of M; 1.8 and the distance
to the station of 15 km, as well as the spectrum simu-
lated for the given earthquake according to the Brune
model. As is seen from Fig. 4, the observed and simu-
lated (4) spectra practically coincide within the fre-
quency region from 1 to 10 Hz.

Using expression (12) in the computations and tak-
ing into account the aforementioned corrections, we
subsequently estimated the seismic moment M, from
the spectral parameters of the earthquake records, and
the summary value of the scalar seismic moment was

RUSSIAN JOURNAL OF PACIFIC GEOLOGY Vol.5 No.3

computed by averaging over all the records of the given
event:

, 1 i
M, = antzlogNZIOgMg), (13)

where N is the number of observations.

The calculations were done on the basis of the pre-
liminarily performed data base and wave forms using
an automated algorithm coded in FORTRAN for the
computation of the spectral parameters. The mean
value of the SH-wave radiation pattern in the source
Ry, was taken to be 0.41 for [1], the medium density
p = 2400 kg/m?, and the S-wave velocity was vy =
3.0 km/s according to the DSS data [11].

In addition to the seismic moment M, the digital
records were used to estimate the source radius R. In
order to avoid difficulties related to the visual determi-
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Fig. 3. Values of O for the significant shocks in the after-
shock sequence of the 2006 Gornozavodsk earthquake cal-
culated from the digital records of the seismic stations.

nation of the corner frequency of the cutoff f, the
source size was determined using a Snoke algorithm
[31]. The latter is based on the values of the low-fre-
quency part of the displacement spectrum and on the
integral of the squared velocity spectrum, which
decreases the dependence of the obtained source sizes
on the local ground conditions beneath the considered
seismic stations:

20 1/3

R =234 (—0) , 14
Vg a7 (14)

where J = I{A'(f)exp[—ntf/Q(f)] }zdf is the released

seismic energy, vg is the S-wave propagation velocity,
and A'(f) is the spectrum of the displacement velocity.

Figure 5 demonstrates the distribution of the seis-
mic moment M, of the sources of the 2004 Kostrom-
skoe earthquake swarm depending on the size (radius)
of the source R. The lines in Fig. 5 show the isolines of
the released stress Ac calculated from the formula
for the model of the source in the form of a circular
crack [8]:

M,
16R°

Ac = (15)

As is seen from Fig. 5, the source size (radius) does
not depend on the seismic moment, since the calcula-
tions were not corrected for the effect of the local
ground conditions beneath the stations, which pro-
vides a constant value of the corner frequency of the
cutoff f; and, as a result, the source size R.

Let us estimate the average value k and the correc-
tion factor for the absorption beneath the station. The
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(1) amplitude displacement spectrum of the observed SH-
wave seismograms for the event with My 1.8 corrected for
the absorption and the amplitude—frequency characteris-
tics of the apparatus, and (2) the amplitude displacement
spectrum according to the Brune model [18].

relations between the size (radius) R and the corner-
frequency f; according to Brune [19] can be written as

_0.37v;
S

As follows from relation (16) and Fig. 5, f, for R =
100—200 m is approximately 7 Hz. According to the
determination of the corner frequency as the fre-
quency at which the level of the displacement spec-
trum U(f) accounts for half of the level of the flat area
U, of the spectral curve, i.e., exp(—nKf,) = 0.5, we
obtain x = 0.03.
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Fig. 5. Distribution of the seismic moment M, versus the
source size R for the 2004 Kostromskoe earthquake swarm.
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Fig. 6. Dependence of the seismic moment M, on the local
magnitude M .

(/) the values M and My_for the significant earthquakes in
Southern Sakhalin during 2001—2010 taken from the
NEIC catalogues [34] and the SF GS RAS, respectively;
(2) the world average dependence from work [4]; and (3)
the values of M, and M obtained in this work.

3. The calculated scalar seismic moments were
used to construct the correlation dependence M, on
the local magnitude M;. The obtained dependence is
defined by a loglinear function:

logM,+0.08 = 0.95M, + 10.18, (17)

with a 91% correlation radius, where M, is given in
Nm.

It is seen from Fig. 6 that the average relations
between the parameters in the working magnitude
range (1.4 < M| <4) in a definite sense are consistent
with the average dependence plotted according to the
world data [4] for the magnitude range of M| > 4.5.
The value of the seismic moment for significant earth-
quakes that occurred in South Sakhalin within 2001—
2010 was taken from the NEIC catalogue [34]. The
correlation dependences of M|, on the local magnitude
M, that were obtained in the works of foreign seismol-
ogists for other regions of the earth using this method-
ology have similar slopes and are approximated by
similar values of the approximating straight line and
free term: 1.12 and 10.46 for Central Italy [18], 0.99
and 11.10 for Northwestern Greece [29], and others.

The local magnitude of the seismic events M; was
estimated using empirical nomograms that link the
energy class according to Rautian (K,) with the mag-
nitude (M): K, =4.0 + 1.8 M. A nomogram was devel-
oped by the Laboratory of Seismology at the Institute
of Marine Geology and Geophysics of the Far East
Branch of the Russian Academy of Sciences using the
results of instrumental observations in the source zone
of the 1996 Neftegrosk earthquake (My, 7.2) and is
recommended for the analysis of earthquakes only on
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Sakhalin Island. The applied characteristics of the
magnitude M is an analogue of the local magnitude
M; [15]. Therefore, the obtained dependence (17)
roughly describes the relations between M, and M; .

CONCLUSIONS

The frequency dependence of the quality control
O(f) = 60f obtained for South Sakhalin is comparable
with similar estimates of the absorption for central
Japan [33]. Thus, the estimated attenuation function
can be applied for the determination of not only the
local absorption in the source zone of the 2006 Gor-
nozavodsk earthquake but also for the entire territory
of South Sakhalin.

Algorithms described in works [17, 20, 28] can also
be used for the identification of the anisotropy effect in
the course of the seismic wave attenuation in response
to the formation of scattered waves from inhomogene-
ities of different scales. This is of special importance
for the geological medium of Sakhalin Island cut by a
system of large submeridionally oriented faults.

An automated algorithm was developed for the first
time for the determination of the scalar seismic
moment of the source M, under Sakhalin Island con-
ditions, and mass estimates of the seismic moment
were obtained for weak earthquakes in the south of the
island using the frequency function of the quality con-
trol calculated on the basis of digital records from sev-
eral stations. The obtained loglinear correlation
between the seismic moments of the source M, and the
local magnitude M; within the magnitude range of
M; = 1.4 = 4.0 is consistent in a certain sense with the
mean dependence according to the world data [4] and
close to the analogous correlation dependences for
other regions [18, 29].

The presented methods and results of the determi-
nation of the scalar seismic moment of the source
according to the digital records from several seismic
stations allow the principle solution of the problem of
the moment tensor determination. The knowledge of
the seismic moment tensor provides insight into the
dynamics of the seismic activity in the light of the
deterministic models of the fault interaction, which
use, for example, the term of the flowing rock masses
or the transfer of the Coulomb interaction [32].
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