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Abstract: We consider four strong earthquakes with My > 7.0 that occurred in 2025 near the
Kamchatka Peninsula: the foreshock on July 20, mainshock on July 29, and two aftershocks on
September 13 and 18. Their source parameters are estimated from teleseismic surface wave records
in instant point and finite-fault (elliptical dislocation with a finite duration) source approximations.
In addition, rupture planes are identified based on seismological data. The obtained rupture lengths
of the study seismic events are discussed in detail as they are characterized by good resolution. They
are compared to USGS finite-fault models, distributions of aftershocks, and some existing scaling
relations between subsurface rupture length and magnitude. The July 29, 2025 mainshock is also
compared to the November 4, 1952 earthquake with Myy = 8.8-9.0. Two scaling relations, providing
the best fitting for earthquakes with Myy > 8.0, are selected based on the obtained results and USGS
data.
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1. Introduction

A strong earthquake (My = 8.8) struck the Kamchatka Peninsula on July 29, 2025
at 23:24 UTC (Figure la), was felt over a vast area, caused material damage, and induced
a tsunami influencing the eastern shore of the peninsula (https://earthquake.usgs.gov/
earthquakes/eventpage/us6000qw60/executive). It was preceded by a foreshock series
with the strongest event recorded on July 20 at 6:49 (Myy = 7.4) and followed by thousands
of aftershocks with the strongest ones recorded on September 13 and 18 (2:37, My = 7.4
and 18:58, My = 7.8, respectively) (https://earthquake.usgs.gov). As with all the strong
seismic events, the Kamchatka earthquake raises numerous scientific questions. Its rupture
(or fault) length is of particular interest in the context of the existing scaling relations,
connecting subsurface rupture length and magnitude [e.g., Wells and Coppersmith, 1994;
Zavyalov and Zotov, 2021], as all of them are naturally constructed based on limited data
about events with My > 8.0.

The study region is characterized by a unique tectonic position as there is a junction
zone where, according to some researchers, the Pacific Plate borders the Okhotsk and North
American plates (Figure 1a) [Bird, 2003] or, according to others, the Pacific Plate borders
the Bering Sea and North American plates [Kogan et al., 2017]. The northeasternmost part
of the Pacific Plate is subducting northwestward along the Kuril-Kamchatka trench with
a rate of about 8 cm/year [DeMets et al., 1990]. This makes the Kamchatka Peninsula one of
the largest volcanic arcs in the world [e.g., Nishizawa et al., 2017] and determines its high
seismic potential. Tens of earthquakes with M > 7.0, including the strongest November 4,
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Figure 1. Study earthquakes (stars) and epicenters of seismic events with M > 4.5 which occurred
from July 20, 2025 to October 1, 2025 (https://earthquake.usgs.gov) (a). Epicenters of earthquakes
with M > 7.0 (1950-2024) (https://earthquake.usgs.gov) and the strongest early instrumental seismic
events (M > 8.0, 1900-1950) [Ruppert et al., 2007] in the study region (b). Magenta lines are
lithospheric plate boundaries according to [Bird, 2003]. Letters in circles are lithospheric plates: NA —
North American, OK — Okhotsk, PA — Pacific. The region position is mapped in the inset in panel (a).
In panel (b), dates and magnitudes are indicated only for earthquakes with M > 8.0.
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1952 earthquake with My = 8.8-9.0 [Johnson and Satake, 1999; Kanamori, 1976], occurred
in this region during the last 75 years and several early instrumental events with M > 8.0
[Ruppert et al., 2007] are known here (Figure 1b).

In this study, we determine source parameters of the mainshock, its strongest foreshock
and two strongest aftershocks from teleseismic surface wave records. The earthquakes
are modeled both in instant point and finite-fault source (as an elliptical dislocation
with a finite duration) approximations, as well as real rupture planes are selected based
only on seismological data. The obtained results on rupture lengths are compared with
currently available finite-fault models constructed in USGS (https://earthquake.usgs.gov)
and published in [Xu et al., 2025], source parameters of the November 4, 1952 Kamchatka
earthquake [Johnson and Satake, 1999; Kanamori, 1976] and analyzed in the context of some
existing scaling relations [Leonard, 2010; Thingbaijam et al., 2017; Wells and Coppersmith,
1994; Zavyalov and Zotov, 2021].

2. Data and Methods

Calculation of source parameters consists of three stages: (i) data selection and process-
ing, (ii) modeling an earthquake in an instant point source approximation, and (iii) model-
ing an earthquake source as a shear elliptical dislocation with a finite duration (finite-fault
approximation). At the first stage, we collect waveforms of the considered seismic events
recorded at broadband remote (with epicentral distances A > 20°) seismic stations of the
GSN network and select those of them which are characterized by a high signal-to-noise
ratio. Finally, records from about 20 seismic stations, located in different azimuths from the
epicenters of the study earthquakes, are chosen (Figure 2). Frequency-time analysis, which
is an analogue of a multiple narrow-band filtration, is applied to isolate the fundamental
mode of Rayleigh and Love waves and to determine their amplitude spectra [Keilis-Borok,
1989]. Information about a number of the used seismic stations, their epicentral distances,
and period ranges, in which surface wave spectra are obtained, is summarized in Table 1.

Table 1. Parameters of the initial data

Number of Epicentral distance, © Period range, s
Earthquake .
stations minimum maximum full shorten
July 20 23 33.72 82.03 60-320 60-100
July 29 21 29.40 118.89 160-340 160-240
September 13 19 33.83 111.43 70-320 70-150
September 18 20 40.57 118.93 70-320 70-150

At the second stage, the determined amplitude spectra in the full period ranges, indi-
cated in Table 1, are inverted to earthquake source parameters in an instant point source
approximation using a method proposed by B. G. Bukchin [Bukchin, 1990]. According to
the applied approach, a pure double-couple source is considered. In such an approxima-
tion, a seismic moment tensor can be described by a scalar seismic moment and angles,
characterizing two equivalent nodal planes (or angles determining principal stress axes).
In addition to these parameters, a centroid depth is estimated. A moment magnitude is
calculated from the scalar seismic moment [Hanks and Kanamori, 1979]. In the inversion
procedure, we minimize values of the normalized residual function, characterizing the de-
viation between synthetic amplitude spectra and spectra obtained with the frequency-time
analysis (referred to as observed spectra hereafter). A grid search is applied in the software
realizing the used method [Bukchin et al., 2005]. Full possible ranges of the estimated
parameters are explored.

Due to the symmetry of surface wave amplitude spectra, there are four equivalent
focal mechanism solutions varying in vertical axes and slip directions [Mendiguren, 1977].
To overcome this uncertainty, P-wave first-motion polarities can be used as additional
information to constrain a unique solution [Lasserre et al., 2001]. It is worth noting, that
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Figure 2. Epicenters of the study earthquakes and seismic stations, whose records are used in the
inversion of source parameters. LHZ is a vertical component of the record, LHT is a transversal
component computed from the LHN (northern) and LHE (eastern) components.

their number and azimuthal distribution can be not enough to determine a focal mechanism
from only this kind of data. In our study, we apply P-wave first-motion polarities recorded
at teleseismic stations and reported in the ISC-bulletin (https://isc.ac.uk).

To describe the crustal structure in the source areas of the considered earthquakes,
the 3D global crustal model 3SMAC is used [Nataf and Ricard, 1996]. It should be empha-
sized that changes in the crustal model do not significantly affect the obtained results (for
example, see [Seredkina et al., 2020]). For the upper mantle structure, the 1D spherical sym-
metric PREM model [Dziewonski and Anderson, 1981] is applied. Surface wave attenuation
is estimated for the same model.

At the final stage, we model an earthquake source as a shear elliptical dislocation
with a finite duration (finite-fault source) following [Bukchin, 1995]. As at the previous
stage, a grid search with minimizing the misfits between synthetic and observed spectra is
applied. The inversion is performed in shorten period ranges in comparison with those
used in an instant point source approximation (Table 1). The following integral parameters,
characterizing source dimensions and faulting development, are calculated: lengths of the
source ellipse major and minor axes (I and I ,in), duration (At), modulus of an average
value of an instant centroid velocity (|v|), an angle between the fault strike axis and major
axis of the source ellipse (¢;), and an angle between the fault strike axis and the instant
centroid velocity axis (¢, ). According to [Bukchin et al., 2020], real source dimensions (L —
rupture length) and duration (T') are related to the integral characteristics in the following
manner: L =3-1.,and T =2.5-At.
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An interesting aspect of the applied method is that it potentially allows us to select
a real rupture (or fault) plane from equivalent nodal planes of a focal mechanism. For
this purpose, integral source parameters are calculated for both the nodal planes and
a rupture plane is characterized by lower values of the normalized residual function
[Bukchin, 2017]. The best-pronounced difference in residuals is traced for earthquakes
with a significant strike-slip component in their sources. Nevertheless, judging from
independent geophysical and geological information, even a small difference, observed for
almost pure thrusts and normal faults, reliably indicates a real fault plane [Bukchin et al.,
2020; Filippova et al., 2025; Filippova et al., 2022, 2024]. Therefore, we perform such an
analysis in this study.

3. Results and Discussion
3.1. Instant Point Source

The results, obtained for four study earthquakes in an instant point source approxi-
mation, and normalized residual functions (¢), characterizing them, are shown in Figure 3.
We compare them with parameters reported in main seismological agencies and currently
available papers (Table 2). First, it should be noted that our moment magnitudes (and
scalar seismic moments, respectively) are generally slightly lower than other estimates.
Nevertheless, the difference is not large. For Myy, it is mostly 0.1 and in some cases can
reach 0.2. For the July 29, 2025 earthquake, our My equals to estimates by GCMT and [Xu
et al., 2025]. The observed discrepancies are predominantly resulted from difference in
frequency ranges of the initial data. From our point of view, this is the most significant
factor for the mainshock for which very long-period W-phase records (200-1000 s) are used
in USGS [Hayes et al., 2009]. The same reason can explain high scattering in source depths
which can be as high as about 20 km according to different agencies, [Xu et al., 2025], and
our study (Table 2, Figure 3). The September 13, 2025 earthquake is an exception as its
depth values, including ours, are relatively close to each other — their variations are in
a 10-km range.

Table 2. Instant point source parameters of the study earthquakes according to main seismological
agencies and currently available papers

Nodal Plane

My -1020 h
Earthquake Reference 0 ’ M ’ i ,°
qu N-m W km Strike, °© Dip, Slip, °©
GCMT 2.28 7.5 26.9 219 12 88 17
USGSW-phase 1.37 7.4 23.5 217 24 84 12
July 20 UsGseentroid mt 1.44 7.4 34.8 224 25 96 19
USGS™ 1.04 7.3 47 221 17 94 19
GEOFON 1.6 7.4 20 228 15 102 21
GCMT 145 8.7 36.9 214 19 87 5
USGSW-phase 222 8.8 21.5 198 18 51 13
July 29
GEOFON 190 8.8 20 209 13 73 7
[Xu et al., 2025] 118* 8.7% 40 212.6 19.8 81.2 6
GCMT 1.34 7.4 442 211 24 86 6
USGSW-phase 1.43 7.4 40.5 215 23 89 7
September 13 2
UGG 1.22 7.3 47.1 210 32 90 5
GEOFON 1.2 7.3 40 211 21 82 10
GCMT 7.91 7.9 24.9 211 15 82 11
USGSW-phase 6.87 7.8 19.5 212 18 84 8
September 18 .
USGseentroid mt 6.14 7.8 36 216 25 92
GEOFON 6.1 7.8 33 214 15 89 10

Notes: GCMT (https://www.globalemt.org), USGS (https://earthquake.usgs.gov), GEOFON
(https://www.gfz-potsdam.de). Superscripts in USGS indicate a type of data used and a procedure for their
inversion: W-phase marks the W-phase inversion [Hayes et al., 2009; Kanamori and Rivera, 2008] and this is the
most preferred solution by USGS, centroid mt is based on long-period body and surface waves [Dziewonski and
Woodhouse, 1983), body-wave mt is based on long-period body waves [Sipkin, 1982]. An asterisk marks parameters
obtained in a finite-fault source approximation.
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In spite of differences in frequency ranges of the initial data, discussed above, various
determinations of focal mechanisms are very close to each other. To demonstrate this
quantitatively, we calculate a Kagan-angle (®) [Kagan, 1991, 2007] between our solutions
(Figure 3) and the best double-couples reported in Table 2. This is an angle in a 3D
space to which one double-couple should be rotated to coincide with other one. For
identical double-couples, @ is 0° and its maximum value is 120° for totally different focal
mechanisms. In our case, ®-values are in the range of 1-21° (Table 2) that indicates
proximity of the compared solutions. It is worth noting that such a consistency evidences
for high percentage of double-couple component in the sources of the study seismic events.
This is in agreement with statistical analysis results [Rdsler and Stein, 2022; Zaccagnino and
Doglioni, 2022] showing that subduction thrust earthquakes are characterized by decreased
non-double-couple component relative to strike-slips and normal faults due to larger and
more uniform active tectonic settings.

Focal mechanisms
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(this study)
average
[Meln/kova 2008]
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Figure 3. Results obtained for four study earthquakes in an instant point source approximation with
normalized residual functions (¢) characterizing them. White dashed ellipses schematically contour
areas in which average focal mechanisms are estimated in [Melnikova, 2008].

The focal mechanisms, obtained for all the study earthquakes, are very similar to
each other — they are pure or almost pure thrusts formed under the influence of the near
horizontal SE-NW compression that agrees well with the direction of the Pacific Plate
subduction [DeMets et al., 1990]. They are close to an average focal mechanism, determined
for this segment of the Kuril-Kamchatka trench by [Melnikova, 2008] (Figure 3), and reflect
a regional strain field according to the latest release of the World Stress Map [Heidbach
etal., 2016].

3.2. Finite-Fault Source

As we have mentioned above, the integral finite-fault parameters of the considered
earthquakes are calculated for both the nodal planes determined in an instant point source
approximation (Figure 3). An example of the obtained results, illustrating the difference in
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the normalized residual functions (&) which allows us to discriminate the rupture plane
[Bukchin, 2017], is shown in Figure 4. All the estimated e-values are presented in Table 3
and evidence for the gently-dipping nodal planes (NP; with dip angles of 15-30°) to be
the rupture planes. This is in agreement with data on geometry of the subduction zone in
the study region [Gorbatov et al., 1997; Hayes et al., 2018].

Table 3. Normalized residual functions (¢), calculated in a finite-fault approximation, corresponding
to both the nodal planes (NP) of the determined focal mechanisms (Figure 3)

Earthquake NP, (strike®, dip®, slip®) 31 NP, (strike®, dip®, slip®) &

July 20 208, 22, 64 0.360 55,70, 100 0.375
July 29 220,15, 90 0.243 40, 75,90 0.260
September 13 215, 30, 90 0.250 35, 60, 90 0.274
September 18 215, 25, 90 0.268 35, 65, 90 0.284
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Figure 4. Partial residual functions for the integral source parameters for the September 13, 2025
earthquake. Solid and dashed lines correspond to the parameters calculated for the nodal planes
NP; and NP in Table 3 with strike angles of 215° and 35°, respectively.

Theoretically, the observed variations in e-values are related to differences in radiation
patterns of surface waves generated by a finite-fault source (Figure 5) which is modeled
in our case as an elliptical dislocation with a finite duration. It is worth noting that
such a difference is very slight for Love waves and more pronounced for Rayleigh waves
propagating perpendicularly to the nodal planes and can be traced for all the considered
seismic events due to approximately uniform distribution of the analyzed seismic stations
(Figure 2).

The integral parameters of a shear elliptical dislocation, obtained for the determined
rupture planes, are listed in Table 4. First, we emphasize that indicated |v|-estimates should
not be interpreted as rupture velocities as they do not take into account a faulting character
(unilateral or bilateral faulting). Second, the resolution of these parameters should be taken
in mind in their interpretation. The length of the major axis of the source ellipse (/;1ax) is
well-resolved for all the considered events (Table 4). This is illustrated for the September
13, 2025 earthquake as a distinct minimum of the normalized residual function is observed
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at the obtained value of this parameter (Figure 4). This allows us to discuss in detail the
rupture lengths (L = 3 - I, [Bukchin et al., 2020]) of the study earthquakes further. The
resolution of the minor axis length and source duration is also generally good except for
the aftershocks: I,;, varies in a range of 10-20 km for the first aftershock (Figure 4) and
At varies from 8 to 10 s for the second one without significant increase of e-values. On
the contrary, integral velocities and angles, characterizing the source ellipse position and,
to some extent, rupture direction, are poorly resolved except the mainshock for which
only |v|-value is not well-constrained and can vary in a wide range of 2.5-4.0 km/s. As
in the case of the rupture plane selection, the resolution of the integral parameters is
controlled by surface wave radiation patterns within the analyzed period ranges (shorten
period ranges in Table 1). It is quite obvious that the obtained estimates for the July 29,
2025 mainshock are characterized by the best resolution as the difference between instant
point and finite-fault radiation patterns are the most pronounced for this event (Figure 5).
The problems, arising in integral velocity resolution, are probably related to the complex
character of the real rupture velocity which increased from 1.5 to 2.8 km/s during the
faulting according to the back-projection analysis [Xu et al., 2025].

July 20 July 29
Rayleigh N Period=100 s N Love Rayleigh ?‘ Period=200 s N Love

A

September 13 September 18
Rayleigh N Period=100 s N Love Rayleigh N Period=100 s N Love

Q=N
v

—— instant point source —— finite-fault for NP, —— finite-fault for NP,

Figure 5. Radiation patterns of Rayleigh and Love waves for instant point and finite-fault sources
at the periods approximately corresponding to a half of the period range in which a finite-fault
source is modeled (shorten period ranges in Table 1). The radiation patterns in a finite-fault source
approximation are calculated for both the nodal planes shown in Figure 3 (notations of nodal planes

correspond to Table 3) and the integral source parameters obtained in this study (Table 4).

Table 4. Integral source parameters of the study earthquakes calculated for the determined rupture
planes (NP in Table 3)

Earthquake Ihax, km Itnin, km At,s [v], km/s @1, ° Py, °
July 20 45 30 10 4.0% 15% 180*
July 29 200 90 52 3.5% 0 0

September 13 40 15* 8 4.0* 60* 225
September 18 45 25 9* 3.0% 60* 315*

Notes: An asterisk marks parameters with poor resolution. For the July 29, 2025 mainshock, the source depth is
recalculated in a finite-fault source approximation and equals to 55 km.

Our estimates of the real rupture lengths and source durations, based on integral
source parameters, along with the corresponding source characteristics from finite-fault
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USGS models (https://earthquake.usgs.gov) are summarized in Table 5. For the July 29,
2025 mainshock, our rupture length equals to the USGS estimate and is confirmed by
a distribution of aftershock epicenters which are grouped within the area with a length
of 600 km (Figure 6b). Longer rupture is obtained for this earthquake from analysis of
teleseismic P- and SH-waves performed in [Xu et al., 2025] using the same method as those
employed in USGS [Ji et al., 2002]. Nevertheless, the USGS finite-fault model (Version 5) is
based on a larger number of data (https://earthquake.usgs.gov/earthquakes/eventpage/
us6000qw60/finite-fault). Remarkably, the same authors [Xu et al., 2025] reports shorter
rupture (~500 km) based on P-wave back-projection analysis. In contrast to the rupture
length, our value of its duration is significantly shorter than all the other estimates (Table 5).
This can be due to the fact that relative moment rate is low during the first 40-50 s according
to USGS and [Xu et al., 2025] and our model describes only the high-rate part of the rupture.

Table 5. Comparison of the obtained real rupture lengths and source durations with finite-fault
models reported in USGS (https://earthquake.usgs.gov) and currently available papers

This study USGS [Xu et al., 2025]
Earthquake
L, km T,s L, km T,s L, km T,s
July 20 135 25 70 22 - -
July 29 600 130 600 192 700 200
September 13 120 20 120 28 - —
September 18 135 22.5* 120 37 - -

Notes: An asterisk marks parameters with poor resolution. Versions of the USGS finite-fault models correspond
to October 20, 2025: Version 1 — the July 20 and September 13 earthquakes, Version 5 — the July 29 earthquake,
Version 2 - the September 18 earthquake.

For the July 20, 2025 foreshock, a large difference is seen between our rupture length
and the USGS finite-fault model while various source durations are in agreement with each
other (Table 5). Most of the aftershocks of this seismic event are concentrated within the
area with a length of about 150 km (Figure 6a) that provides evidences for the correctness
of our estimate. It is interesting to note that a change in the strike of the rupture plane —
from 208° for the major foreshock to 220° for the mainshock — is obviously observed in
their aftershock distributions (Figure 6). For the two largest aftershocks, rupture lengths,
determined in this study and in USGS, are close to each other instead of difference in their
moment magnitudes but our values of rupture duration are slightly shorter in both cases

(Table 5).
(a)
Kamchatka \ | Kamchatka
Peninsula | Peninsula X
! A
54 .‘\ ’ ‘v » | *
N | v R Septembery1 8 'y NEWE
P20
Okhotsk i A Okhotsk
sea W : ? i Solkm)
51° o /
Pacific Ocean b 35 $%/ % Ppacific Ocean
0 200 km 200 km
45 R — 448 B
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Figure 6. Epicenters of seismic events with M > 2.5 which occurred from July 20, 2025 to July 28,
2025 (a) and from July 29, 2025 to October 1, 2025 (b) (https://earthquake.usgs.gov).

Russ. J. Earth. Sci. 2026, 26, ES2012, EDN: ZDOCIT, https://doi.org/10.2205/2026es001122 90f13


https://earthquake.usgs.gov
https://earthquake.usgs.gov/earthquakes/eventpage/us6000qw60/finite-fault
https://earthquake.usgs.gov/earthquakes/eventpage/us6000qw60/finite-fault
https://earthquake.usgs.gov
https://earthquake.usgs.gov
https://elibrary.ru/ZDOCIT
https://doi.org/10.2205/2026es001122

SOURCE PARAMETERS OF STRONG KAMCHATKA EARTHQUAKES IN 2025 (Myy > 7.0) FROM SURFACE WAVE DATA FiLiprova AND FOMOCHKINA

Finally, we compare the rupture lengths, obtained for the considered seismic events,
with other large earthquakes and some existing scaling relations between subsurface rup-
ture length and magnitude [Leonard, 2010; Thingbaijam et al., 2017; Wells and Coppersmith,
1994; Zavyalov and Zotov, 2021]. For the mainshock, which is of the main interest as all
the discussed relations are based on a few number of data on earthquakes with My, > 8.0,
our estimate is between curves corresponding to relations from [Wells and Coppersmith,
1994] (obtained for thrusts) and [Leonard, 2010] or [Thingbaijam et al., 2017] which are
constructed from similar data (interplate or subduction dip-slip events) and very close
to each other (Figure 7a). Taking into account that our moment magnitude can be un-
derestimated due to a limited analyzed period range (Table 1), we can also consider for
this event a moment magnitude of 8.8, determined in a wider period range in USGS
(https://earthquake.usgs.gov/earthquakes/eventpage/us6000qw60/moment-tensor) (pale
star in Figure 7a). In this case, the rupture length is closer to the relations by [Leonard,
2010] and [Thingbaijam et al., 2017], and it is shorter and longer than lengths supposed in
[Wells and Coppersmith, 1994] and [Zavyalov and Zotov, 2021], respectively. It should be
mentioned that the July 29, 2025 mainshock is similar in its rupture length to the February
27,2010 Maule earthquake (https://earthquake.usgs.gov/earthquakes/eventpage/official2
0100227063411530_30/finite-fault) and November 4, 1952 Kamchatka event according
to its parameters reported by [Johnson and Satake, 1999] (Figure 7a). We can also see
in Figure 7a that the scaling relations, constructed for interplate or subduction dip-slip
events in [Leonard, 2010] or [Thingbaijam et al., 2017], provide the best approximation
for the results of this study, data from [Johnson and Satake, 1999], and the USGS finite-
fault models available for earthquakes with My > 8.0 (except for the December 26, 2004
Sumatra-Andaman earthquake with My = 9.1 characterized by an extremely long rupture).
Therefore, they should be preferred, for instance, for estimating moment magnitudes of
paleoearthquakes (with corrections to surface rupture length) whose seismodislocations are
as long as several hundreds of kilometers. As far as the largest foreshock and the September
13, 2025 aftershock are concerned, their rupture lengths are significantly longer than those
imposed from all the discussed scaling relations while the rupture length of the September
18, 2025 aftershock is, similar to the mainshock, located between curves from [Wells and
Coppersmith, 1994] (thrusts) and [Leonard, 2010] or [Thingbaijam et al., 2017] (Figure 7b).
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Figure 7. Rupture lengths, obtained in this study for the strong Kamchatka earthquakes in 2025,
in comparison with some existing scaling relations in moment magnitude ranges of 8.0-9.1 (a)
and 7.0-8.0 (b). Pale star in panel (a) marks our rupture length for the July 29, 2025 mainshock
corresponding to moment magnitude of 8.8 determined in USGS. All the available rupture lengths
from finite-fault USGS models for earthquakes with My > 8.0 are shown in panel (a).
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4. Conclusion

We consider four strong earthquakes (My > 7.0) that occurred in 2025 near the
Kamchatka Peninsula: the foreshock on July 20, mainshock on July 29, and two aftershocks
on September 13 and 18. Their source parameters are estimated from teleseismic surface
wave records in instant point and finite-fault (a shear elliptical dislocation with a finite
duration) source approximations. The obtained results are analyzed in a framework of
currently available USGS finite-fault models, source parameters of the November 4, 1952
Kamchatka earthquake, and some existing scaling relations between subsurface rupture
length and magnitude. The following conclusions can be drawn.

1. The focal mechanisms, obtained for all the study earthquakes, are very similar to each
other — they are pure or almost pure thrusts formed under the influence of the near
horizontal SE-NW compression. This agrees well with the direction of the Pacific Plate
subduction, an average focal mechanism for this segment of the Kuril-Kamchatka
trench, and a regional strain field.

2. Proximity of focal mechanisms, determined by different authors and based on initial
data in various period ranges, evidences for high percentage of double-couple com-
ponent in the earthquake sources. This supports a statistical pattern showing that
subduction thrust earthquakes are characterized by decreased non-double-couple
component relative to strike-slips and normal faults due to larger and more uniform
active tectonic settings.

3. Gently-dipping NE-SW nodal planes (with dip angles of 15-30°) are discriminated as
the rupture (or fault) planes from surface wave analysis.

4.  The obtained rupture lengths for the July 29, September 13 and 18, 2025 earthquakes
are in agreement with the USGS finite-fault models while significantly longer rupture
is determined in our study for the July 20, 2025 foreshock. Nevertheless, a spatial
distribution of its aftershocks confirms our estimate of the rupture length.

5. The rupture lengths of the July 20, 2025 foreshock and September 13, 2025 aftershock
are significantly longer than those imposed from all the discussed scaling relations.
The rupture lengths of the July 29, 2025 mainshock and the September 18, 2025
aftershock are located between curves corresponding to the scaling relations from
[Wells and Coppersmith, 1994] (thrusts) and [Leonard, 2010] or [Thingbaijam et al.,
2017]. Based on the additional data on the November 4, 1952 Kamchatka earthquake
and all the available USGS finite-fault models for earthquakes with My > 8.0, the last
two relations can be considered as the most preferred ones, for instance, for estimating
moment magnitudes of paleoearthquakes (with corrections to surface rupture length)
for which seismodislocations are as long as several hundreds of kilometers.
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