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1. Introduction

Recent geodynamics and seismicity of the Asian continent are governed to a sig-
nificant extent by tectonic processes (collision and subduction) that occur at the
convergent boundaries of the Eurasian, Indian, Amurian, Okhotsk, Pacific, Phi-
lippine and China plates (Figure 1).

The India-Eurasia collision zone, the deepest and most active intracontinental
subduction zone on Earth, originated due to a collision between the Indian and
Eurasian lithospheric plates at the western Himalayan margin. The zone incor-

porates the Hindu Kush, Pamir and Tian Shan orogenic systems and represents
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two converging subduction zones, which are the southward Eurasian plate sub-
duction under the Pamirs down to 300 km depth and the northward Indian plate
subduction beneath the Hindu Kush down to a depth of 500 km [1] [2] [3]. The
Hindu Kush is also affected by the subduction of the Arabian Plate under the
central Iranian Plate [4].

The Western Pacific subduction zone is known to be the most active seismic
area in eastern Asia. The most powerful earthquakes are recorded here whose foci
are determined to be located in relatively narrow active fault zones, namely, the
Japan, Kuril and Kamchatka trench different in the extent and density of the seis-
mic energy released and the power of the sources generating earthquakes [5]. The
Pacific plate subduction beneath the Eurasian plate exhibits a discrete-translational
(impulse) pattern in the Japan-Kuril-Kamchatka subduction zone [6] [7].

The horizontal compression caused by collision and progressive indentation
of the Indian subcontinent into the Eurasian plate has long been assumed to play
a major role in the geodynamics of eastern Asia, while the backarc basin forma-
tion in the Japan and Okhotsk Seas and in the Kuril Basin was explained by a
long-range impact of this collision [8]. However, in the past two decades, con-
vincing arguments have been proposed in favor of an active role for the Pacific
subduction in the overall strain field generation in mainland Asia. For example,
a comparative analysis of the long-term distribution of seismicity shows that the
Pacific plate impact produced via the Korean Peninsula and northern China may
likely be regarded as one of the probable causes of seismicity variations in main-
land Asia [9]. In addition, it follows from mathematical modeling that the deforma-
tion processes caused by the Pacific plate underthrusting in the Kuril-Kamchatka
and Japan subduction zones may serve as the sources of compression strain at
the western boundary of the Amurian plate [10]. It has also been concluded from
physical modeling that strain generation in mainland Asia can be controlled by the
Western Pacific subduction [8] [11].

Nonetheless, the Western Pacific subduction impact on the overall strain field
generation in mainland Asia has not been thus far thoroughly studied. The lack
of data on the earthquake migration from the Japan and Kuril-Kamchatka trenches
does not allow one to gain a deep insight into the geodynamic impact of the Pacific
subduction on the Asian continent. Therefore, we studied the earthquake distri-
bution in the Kuril-Kamchatka segment of the Pacific subduction zone and the
earthquake migration toward the Asian continent in the time period from 1960
to 2015. It is necessary to clarify how the India-Eurasia collision and the Western
Pacific subduction zones can produce an impact on the geodynamics of the Asian
continent, Ze. to reveal the physical mechanism (or mechanisms) responsible for
the stress transfer within the Asian lithosphere.

The concept of strain waves in the Earth, or the wave dynamics of deforma-
tion processes significantly slower than seismic ones, has been in progress in the
Earth sciences in recent years. The transfer of perturbations of the stress fields af-
fects the geological medium, geophysical fields and processes [12].

Collision, subduction and active rifting zones are the areas where the interac-
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tion between the geoblocks and lithospheric plates occurs and which are, at the
same time, the intense sources of generation of slow strain waves [13]. These waves
are detected from variations in seismicity and geophysical fields. Migration of seis-
micity is the most explicit manifestation of the geodynamic impact. Seismicity mi-
gration is suggested to be related to the propagation of slow strain waves that cause
additional loading and trigger earthquakes in the faults with high concentrations
of stresses.

The seismic migration processes and their features observed in different geo-
dynamic settings have thus far been investigated in central and eastern Asia [5]
[14]-[35]. The characteristic migration parameters (velocities, recurrence inter-
vals, and energy) have been determined on the Pacific margin, which is the most
tectonically active area, and the dependences of the migration velocities on the
energy characteristics have been established [36] [37]. Analysis of the World
Stress Map database has revealed the features and trends in the stress state dy-
namics of the geological medium which are displayed during the preparation of
large earthquakes on the Pacific and the Japanese Island Arc margins [31], and
develop our concepts on the relationship between tectonic stresses and the seis-
mic activity.

The principal goals of the paper are as follows: 1) to give an overview and ana-
lyze the data available from the world literature on the slow strain and earth-
quake migration from the India-Eurasia collision and the Western Pacific subduc-
tion zones; 2) to construct a scheme illustrating the localization and migration of
the strain fronts in central and eastern Asia; 3) to calculate the migration velocity
of earthquakes from the Japan and Kuril-Kamchatka trenches toward the Asian

continent.

2. The Impact of Collision and Subduction on the
Geodynamics of the Asian Continent

In central and eastern Asia, the distribution of seismicity is governed by the
overall strain field generation in mainland Asia and is directly linked to the in-
teraction between the Indian-Eurasian plate collision and Pacific plate subduc-
tion zones. Recent geological data and GPS observations indicate the eastward
motion of separate blocks to the western Pacific coast due to a collision between
the Indian and Eurasian lithospheric plates [38] [39] [40] [41]. This causes
strike-slip fault activation [8] [42] and, as a consequence, the directed strain and
earthquake migration, which is especially explicitly observed in northern China
[23] [43].

Numerical modeling suggests that the Indian-Eurasian plate interaction ap-
pears to be the main driving force for the horizontal strain to occur within the
lithosphere of mainland Asia [44]. Nevertheless, the data available are evidence
that in an extensive area of western China seismicity is caused not only by the
India-Eurasia collision. Analysis of the seismic activity in the North-South Seis-
mic Belt (NSB) of China indicates that the long-term seismicity variation observed

in the northern NSB was induced by the geodynamic impact of the Pacific plate
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[9]. Additionally, as inferred from physical modeling, the synchronous activity
and the interaction between the India-Eurasia collision and the Western Pacific
subduction can provide an explanation for numerous features of the strain field
generated in central and eastern Asia, and the Western Pacific subduction con-
trols strain generation in mainland Asia [8] [11].

The study of the mechanism of rifting in the Baikal Rift Zone (BRZ) contri-
buted to better understanding of the impact produced by collision and subduc-
tion on the strain generated in central and eastern Asia. Mathematical modeling
has revealed that the deformations observed near the Baikal Rift can only be ex-
plained by a joint impact of the India-Eurasia collision and the deformation
processes initiated by the Pacific plate underthrusting in the Kuril-Kamchatka
and the Japan subduction zones in proximity to the eastern boundaries of the
Anurian plate [10]. Physical modeling of the strain transfer from the India-Eurasia
collision and the Western Pacific subduction zones toward the BRZ has convin-
cingly shown the possible passive rifting in the BRZ due to slow strain waves moving
from the collision and subduction zones [11].

In summary, the seismological studies [20] [24] [32] [33] [34] [35], and the
mathematical [10] and physical [11] [45] modeling results have demonstrated the
impact of the India-Eurasia collision and the Pacific subduction on the geodynamics
of the Asian continent.

3. Earthquake Migration and Slow Strain Waves in the
India-Eurasia Collision Zone

Manifestation of slow strain waves generated due to the India-Eurasia collision were
detected at the western Himalayan margin in the Pamir-Hindu Kush (or Tian Shan)
seismic zone [46] [47] [48] [49].

The migration of the seismic wave velocity anomalies, which corresponds to
“strain waves” traveling east to west with a velocity of an order of 33 km/yr at a
period of about 3 years, was observed in the Pamir and Tian Shan junction zone
in the Garm region [46]. In this region, strain wave velocity values V = A/T = 90,
30, and 18 km/yr have been determined for the characteristic period of seismici-
ty T = 3 years and wavelengths A = 270, 90, and 54 km [47]. The velocity value of
30 km/yr is coincident with the data reported by [46] on the motion of the front
of the seismic wave velocity anomalies along the continental lithosphere.

The oscillation seismicity mode observed in the northwestern Himalayan col-
lision zone can be explained by strain wave excitation in the Pamir and Tian
Shan junction zone due to discrete pattern of the lithospheric plate collision
[48]. Strain wavefronts propagate here in the northern and northwestern orien-
tations at a velocity of ~30 km/yr within the Pamir-Hindu Kush area in the
south to the Garm region in the north. The velocity of these waves increases up
to 100 - 120 km/yr toward the center of the northern Tian Shan. Strain wave-
fronts propagating at a velocity of 40 - 50 km/yr at the northeast to southwest
orientation of the wavefront motion have recently been identified in the Garm
region [49].
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In the eastern part of the India-Eurasia collision zone, the Himalayan com-
pression zone appears to be the source of waves of plastic deformation that in-
itiate earthquakes in central and eastern Asia. Analysis of the spatiotemporal
distribution of large earthquakes (M = 7) and the field of plastic deformation has
revealed two types of strain waves here, namely, “century” (T ~93.7 years) and
“decade” (T ~10.8 years) waves traveling with velocities of 1 - 7 km/yr and 12 -
45 km/yr, respectively (Figure 1) [27] [28]. The distribution of earthquakes in
mainland China is controlled by the field of plastic deformation in the lower li-
thosphere, which provides the energy transfer within the plate for long distances
[50]. Migration of earthquakes is mostly dependent on the propagation of waves
of plastic deformation [27] [28] that periodically migrate north-east thus trigger-
ing large earthquakes in the entire area of China.

In the Baikal Rift Zone located north of China, strain waves, that cause recent
seismic fault activation in central Asia, have also been detected. The velocity values
of these waves vary from 7 to 95 km/yr, while the wavelengths range from 130 to

2000 km [21].
In works [33] [34] [51] presented a detailed analysis of the migration of large
earthquakes occurred in the 20th century in the seismic belts of central and eastern

70°
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Figure 1. Localization of slow strain wave manifestation. 1: decade and 2: century waves
of plastic deformation in central and eastern Asia [27] [28]; 3: strain wavefront motion
from the Pacific subduction zone toward mainland China [32]. Abbreviations for lithos-
pheric plates: EU: Eurasian; NA: North American; PA: Pacific; PH: Philippine; AM:
Amurian; OK: Okhotsk; IN: Indian; CH: China.
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Asia and the India-Eurasia collision zone. In mainland China, 28 earthquake mi-
gration chains have been revealed in 12 districts [33]. In eastern Asia, the highest
seismic activity and migration of large earthquakes were mostly pronounced in
the continental west, which was accounted for the movements in the Himalayan
collision zone and adjoining structures.

In the Pamir-Baikal Belt of about 5500-km length, the epicenters of earth-
quakes (M = 7.9) migrated southwest-northeast at a velocity of about 110 km/yr
from 1907 to 1957 [33]. The migration trends for the seismicity maxima (M = 5)
revealed in the same belt along the Tian Shan-Baikal Rift Zone profile during
1950-2009 have been interpreted as the strain fronts moving southwest-northeast
and in the opposite direction at a velocity of 90 km/yr [20]. The epicenter migra-
tion exhibited the discrete-translational (impulse) pattern, which was due to qu-
asiperiodic generation of the strain fronts in the India-Eurasia collision zone and
was in agreement with earlier results [48].

In the period from 1905 to 1950, the west-east migration of M > 8 earthquakes
was observed at a velocity of 55 km/yr [33]. It should be pointed out that the
Pamir-Baikal (1907-1957) and the Himalayan (1905-1950) earthquake migration
chains were synchronously manifested. The migration of the foci of large earth-
quakes (M > 7.9) at a velocity of 205 km/yr was recorded in 1935-1957 for the
greater part of about 4000-km long Sumatran-Mongolian Belt crossing mainland
China up to western Mongolia [51].

4. Slow Strain and Earthquake Migration from the Pacific
Subduction Zone Deep into the Asian Continent

Large earthquake migration along the Japan and Kuril island arc trenches [24]
[29] [36] [52] and in the Pacific Seismic Belt [17] [37] has long been known and
well studied.

Migration of the most powerful earthquakes (M ~8) from the trenches of the

Western Pacific to mainland China was discussed by [32] [35]. This event was
dramatically large-scale and lasted during 130 years (1610-1740) migrating at a
velocity of about 20 km/yr for a distance of 2600 km. The migration direction
was consistent with the Pacific plate subduction direction. The observed velocity
of the earthquake migration in the form of the wavefronts (Figure 1 and Figure
2(a)) [32] was comparable to the migration velocity of crustal deformation in
Japan (10 - 100 km/yr [53] [54], and the migration velocity of earthquakes from
the Japanese Island Arc to northeastern China via the Korean Peninsula (20 - 30
km/yr) [24].
In work [35] also provides convincing examples illustrating the geodynamic im-
pact produced on the Asian continent from the side of the Pacific Ocean, and
revealed the spatial and temporal distribution of earthquake migration in eastern
Asia from 1600 to 1930 in different time intervals: 1600-1739, 1703-1879, and
1763-1927 (Figure 2). During the I-st time interval, the migration velocity varied
between 14 - 22 km/yr, whereas in the II-nd interval, it ranged within 20.4 - 50
km/yr, and in the III-rd interval, it was equal to 25.2 - 62.1 km/yr.

DOI: 10.4236/0jer.2022.114005

78 Open Journal of Earthquake Research


https://doi.org/10.4236/ojer.2022.114005

V. G. Bykov, T. V. Merkulova

100° 120° 140°

Russjia ©

A
lake 5" N ,\t'\,Q
D~ > Baikal /
¢ = ¢ X A
z /

40°
1611
1605
Pacific
640 Ofcean
20 ;
200 —— \
(@)
100°_

\\/ﬁake
[ < Baikal

(=]
40° (L =

(@ ]
Y
ANIE

Figure 2. Migration of earthquakes from the Pacific subduction zone toward mainland
China at different time intervals: (a) 1600-1739, (b) 1703-1879, and (c) 1763-1927 [35]. 1:
earthquakes; 2: strain wavefronts; 3: direction of wave propagation. Figures show magni-
tudes and origin dates of earthquakes.

Analysis of the seismicity distribution in the regions bordering with active
segments of the Pacific Belt indicates that the seismic activation behavior is often
of the wave pattern and is coincident with a specific strain wavefront motion. In

the Primorye and Priamurye regions (Russia), the strain fronts propagate north-west
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from Japan in the direction opposite to the recent motions of the Eurasian and
Amurian lithospheric plates. The migration of crustal earthquakes at a velocity
of about 5 - 10 km/yr is most clearly pronounced. The seismic activation is propa-
gating from the subduction zone both toward the Asian continent and the island
arc system. The vertical migration of seismicity is estimated at 50 - 60 km/yr which
correlates with the velocity of global strain waves.

Migration of strain at a velocity of about 10 - 140 km/yr was revealed in dif-
ferent regions of eastern Asia [6] [53] [54] [55]. The migration velocity from the
Japan and Izu-Bonin basins to mainland Japan was found to be different, attain-
ing 40 km/yr (Tohoku) in the north-western orientation, and 20 km/yr (Kanto)
in the east-west orientation [53]. The vertical strain maximum slowly transferred
from the subduction zones toward the ocean at a velocity of 10 km/yr was ob-
servable near the Tohoku District and the Izu Peninsula, where the Pacific and
Philippine plates subduct beneath the Eurasian plate [55]. In 1992-2000, strain
migration from the subduction zone toward the continent at a velocity of 90 -
140 km/yr was registered by the observation network installed in Kyusyu Island
[6]. In is known that in 1978-1983, the horizontal compression strain migrated
at a velocity of 5.5 km/day (2000 km/yr) from the trench to the continent via Ja-
pan, the Southern Kurils and Sakhalin for about 8800-km distance [7].

5. Spatiotemporal Distribution of Earthquakes and
Characteristics of Their Migration from the
Japan-Kuril-Kamchatka Trench toward the Asian
Continent

In Section 4, we presented an overview of the data on the migration of earth-
quakes from the Japan and Nankai trenches toward the continent. Here we show
the investigation results on the distribution of earthquakes in the Kuril-Kamchatka
segment of the Pacific subduction zone, and the recent earthquake migration
from the Kuril-Kamchatka Trench toward the Asian continent, which is first
discussed.

It follows from the earthquake distribution that in the Kuril-Kamchatka segment
of the Pacific subduction zone the seismic events are mostly localized in the
northeastern orientation and the transverse migration zones are clearly observed
in some sectors. The depth distribution and migration of earthquakes have been
analyzed for three profiles located in a 500-km wide band (250-km distance
from both sides of the profile line) (Figure 3). The profile AB extends from the
Western Pacific plate margin via the southern extremity of Hokkaido Island up
to the Priamurye region. The profile CD runs northward, from the Pacific plate
boundary via Sakhalin Island, the Lower Priamurye region and farther. The pro-
file EF starts from the Kamchatka Peninsula, running via its southern termina-
tion and the Sea of Okhotsk, and reaches the coast in the area of the town of Ok-
hotsk. The distance separating these almost parallel profiles attains about 1200 km,
and the length of the profiles is estimated at 3000 - 3500 km.
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Figure 3. Locations of the study profiles showing the transverse migration of earthquakes
and the distribution of M 2 6.0 earthquakes in the Kuril-Kamchatka segment. 1: profile
locations, 2: earthquakes.

5.1. Methods

In our study, the catalog compiled at the Institute of Tectonics and Geophysics,
the Far East Branch of the Russian Academy of Sciences (ITiG FEB RAS) was
taken as a basis, which comprises the data on the earthquake foci borrowed from
the published Farthquakes in the USSR, Earthquakes in North Eurasia, and
Earthquakes in Russia.

To investigate the earthquake migration, the data on the M;;; > 4 earthquakes
acquired during 1960-2015 were involved. For each profile (Figure 3), the hy-
pocenter depth versus distance, the distance versus time and, additionally, the
depth versus time charts were plotted for the time period of 1960-2015. Gener-
ally, the data on the earthquake origin time and location are explored to examine
the earthquake migration on the continents and the migration of large earth-
quakes in the oceanic areas. In the present study, we involved the data on the
earthquake depth to plot the depth versus time charts in order to make distin-
guishable the downward migration chains along the focal plane. The earthquake
migration chains are only reliably distinguished in the areas where the ordered
hypocenter distribution is observed matching on both depth versus time and
distance versus time charts. Plotting the charts for M, = 4.0, 5.0, 6.0, and 6.5
earthquakes facilitates more reliable distinguishing of migration, which allows
an additional control of the trend of ordering in the earthquake foci distribution.

To estimate the migration velocities, the regression lines were plotted on the
distance versus time charts which allowed for automatic discarding of the events

inconsistent with the general migration direction of the majority of the earth-
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quakes. Actually, the calculated velocity is determined from the time interval

between the first and last events in the direction of the general trend for the mi-

gration of the majority of the earthquakes. The slope of the regression line shows

the displacement vector of the earthquake epicenters, whereas the tangent of

slope enables determining the average velocity typical of the chain under con-

sideration.

5.2. Results

The depth distribution of M > 4 events (see Figures 4(a)-(c)) was constructed
for each of the profiles and the distance versus time charts were plotted for M =
6.5 events, which made the migration chains identifiable (Figures 4(d)-(f)).

On the profile AB, the foci of M > 4 earthquakes form an inclined plane down

to a depth of 510 km (Figure 4(a)). The earthquakes with M > 6.5 form two

chains, which illustrate evolving of a continentward migration process (Figure

4(d)). Chain 1 starts from 1960, where the migration of events is observed from
a depth of 75 km to 320 km at a velocity of 15 km/yr. Chain 2 begins from 1968
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Figure 4. Earthquake distribution in the Kuril-Kamchatka subduction zone and earthquake migration chains directed toward the
continent. (a)-(c) Distribution of earthquakes with M > 4 along profiles AB, CD, and EF, respectively; (d)-(f) Time versus distance
charts for earthquakes with M 2 6.5 along profiles AB, CD, and EF, respectively; (g)-(i) Time versus depth charts plotted for
earthquakes with M > 6.5 along profiles AB, CD, and EF, respectively.
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(migration velocity of 15 km/yr) and propagates from the surface down to a
depth of 170 km (Figure 4(g)).

On the profile CD, the earthquake localization exhibits an inclined pattern
down to a depth of 600 - 640 km (Figure 4(b)). Here 3 migration chains of the
M = 6.5 earthquake foci are observed (Figure 4(e)), which demonstrate a conti-
nentward migration process evolving at different depths. Chains 1 and 2 begin
from 1960 and 1974, exhibiting the migration velocities of 38 and 40 km/yr, re-
spectively. In these cases, the migration starts from depths of 100 and 60 km and
propagates in an inclined manner down to a depth of about 600 km (Figure
4(h)). Chain 3 shows similarly directed migration, but only at depths of 40 - 120
km (migration velocities of 13 km/yr).

The earthquakes located along the profile £F are observed down to a depth of
almost 700 km (Figure 4(c)). As seen on the profile, at the time interval of
1988-2012, the earthquakes migrate toward the Okhotsk coast at a velocity of 29
km/yr, the depth ranging from 40 km to 150 km (Figure 4(f) and Figure 4(i)).

To summarize, the distinguished migration chains of M > 6.5 large earth-
quakes are in agreement with the earthquake migration directed from the Pacific
subduction zone toward the Eurasian continent, and their migration velocities
vary within 13 - 40 km/yr. The continent ward migration of earthquakes is directed
downward along the inclined plane to a depth of 600 km. The profile AB cross-
ing Hokkaido Island shows the earthquake migration at a velocity of 15 km/yr,
which is consistent with the velocity of migration from the Nankai Trench (20 -
22 km/yr) [32], adjacent to the Japanese Archipelago, and the velocity of migra-
tion from the Japanese Island Arc to northeastern China via the Korean Penin-
sula, which is approximately estimated at 20 - 30 km/yr [24]. The velocity of the
earthquake migration from the Kuril-Kamchatka Trench observed at different
depths of the profile CD exhibits values ranging from 13 to 40 km/yr. The Kam-
chatka Peninsula-Okhotsk profile (EF) shows the earthquake migration esti-
mated at 29 km/yr.

6. Conclusions

In the present study, we applied the available data on the slow strain and earth-
quake migration from the India-Eurasia collision and the Western Pacific sub-
duction zones to explore the impact of these tectonic processes (collision and sub-
duction) on the geodynamics of the Asian continent using our calculation results,
and have analyzed the earthquake distribution in the Kuril-Kamchatka segment
of the Pacific subduction zone and the earthquake migration toward the Asian
continent.

The main findings are as follows:

1) The India-Eurasia collision and the Western Pacific subduction zones pro-
duce a significant impact on the geodynamics of the Asian continent. The inte-
raction between the Eurasian and Indian plates generates the meridionally oriented
earthquake sequences on the Asian continent, while the Western Pacific subduc-

tion produces the sublatitudinally oriented earthquake sequences.
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2) Based on the concepts of wave dynamics of the deformation processes and
using the datasets available from the world literature on the slow strain and earth-
quake migration, we have constructed the scheme illustrating the localization and
migration of the strain fronts in central and eastern Asia.

3) We have investigated the earthquake distribution in the Kuril-Kamchatka
segment of the Pacific subduction zone and performed the migration velocity cal-
culations for recent (M > 6.5) earthquakes from the Japan and Kuril-Kamchatka
trenches toward the Asian continent. The calculation results are in good agree-
ment, in terms of the migration velocity and direction, with the data on the mi-
gration of earthquakes from the Nankai Trench (20 - 22 km/yr) and from the Jap-
anese Island Arc to northeastern China (20 - 30 km/yr).

4) We have obtained new evidence, that the Western Pacific subduction zone
actually produces a significant impact on the geodynamics of the entire Asian
continent. The earthquake migration suggests the wave mechanism of this geo-
dynamic impact. We assume that this wave mechanism is the most reasonable
physical mechanism capable of transferring tectonic stresses and strain for long

distances from the collision and subduction zones.

Acknowledgements

The study was performed within the framework of the State Assignment for the
Kosygin Institute of Tectonics and Geophysics, Far East Branch, Russian Acad-
emy of Sciences (AAAA-A18-118020790043-9).

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Negredo, A.M., Replumaz, A., Villasefior, A. and Guillot, S. (2007) Modeling the Evolu-
tion of Continental Subduction Processes in the Pamir-Hindu Kush Region. Farth and
Planetary Science Letters, 259, 212-225. https://doi.org/10.1016/j.epsl.2007.04.043

[2] Lou, X., Cai, C,, Yu, C. and Ning, J. (2009) Intermediate-Depth Earthquakes beneath
the Pamir-Hindu Kush Region: Evidence for Collision between Two Opposite Sub-
duction Zones. Earthquake Science, 22, 659-665.
https://doi.org/10.1007/s11589-009-0659-0

[3] Perry, M., Kakar, N,, Ischuk, A., Metzger, S., Bendick, R., Molnar, P. and Mohadjer,
S. (2019) Little Geodetic Evidence for Localized Indian Subduction in the Pamir-Hindu
Kush of Central Asia. Geophysical Research Letters, 46, 109-118.
https://doi.org/10.1029/2018 GL080065

[4] Bazoobandi, M., Arian, M., Emami, M., Tajbakhsh, G. and Yazdi, A. (2015) Geody-
namics of Dikes in North of Saveh. Open Journal of Ecology; 5, 452-459.
https://doi.org/10.4236/0je.2015.59037

[5] Hirose, F., Maeda, K. and Yoshida, Y. (2019) Maximum Magnitude of Subduction
Earthquakes along the Japan-Kuril-Kamchatka Trench Estimated from Seismic Mo-

ment Conservation. Geophysical Journal International, 219, 1590-1612.

DOI: 10.4236/0jer.2022.114005

84 Open Journal of Earthquake Research


https://doi.org/10.4236/ojer.2022.114005
https://doi.org/10.1016/j.epsl.2007.04.043
https://doi.org/10.1007/s11589-009-0659-0
https://doi.org/10.1029/2018GL080065
https://doi.org/10.4236/oje.2015.59037

V. G. Bykov, T. V. Merkulova

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

https://doi.org/10.1093/gji/ggz381

Harada, M., Furuzawa, T., Teraishi, M. and Ohya, F. (2003) Temporal and Spatial Cor-
relations of the Strain Field in Tectonic Active Region, Southern Kyusyu, Japan. Journal
of Geodynamics, 35, 471-481. https://doi.org/10.1016/S0264-3707(03)00008-5

Saprygin, S.M., Vasilenko, N.F. and Soloviev, V.N. (1997) Propagation of the Wave of
Tectonic Stresses through the Eurasian Plate in 1978-83. Russian Geology and Geo-
physics, 38, 741-750.

Schellart, W.P., Chen, Z., Strak, V., Duarte, J.C. and Rosas, F.M. (2019) Pacific Sub-
duction Control on Asian Continental Deformation Including Tibetan Extension and

Eastward Extrusion Tectonics. Nature Communications, 10, Article No. 4480.
https://doi.org/10.1038/s41467-019-12337-9

Zhao, Z., Matsumura, K., Dike, K. and Ishikawa, Y. (1988) Regional Characteristics
of Temporal Variation of Seismic Activity in East Asia and Their Mutual Relations
(3). West China and Its Neighboring Regions. Journal of the Seismological Society of
Japan, 41, 389-400. (In Japanese) https://doi.org/10.4294/zisin1948.41.3_389

Djadkov, P.G., Mel'nikova, V.I., Nazarov, L.A., Nazarova, L.A. and San’kov, V.A.
(1999) Increase of Seismotectonic Activity in the Baikal Region in 1989-95: Results of
Experimental Observations and Numerical Modeling of Changes in the Stress-Strained

State. Russian Geology and Geophysics, 40, 373-386.

Bornyakov, S.A., Panteleev, I.A., Salko, D.V. and Tarasova, A.A. (2016) Experimen-
tal Verification of Wave Nature of Implementation of Deformations at a Passive
Mechanism of the Baikal Rifting. Voprosy Estestvoznaniya, 4, 41-47. (In Russian)
Bella, F., Biagi, P.F., Caputo, M., Della Monica, G., Ermini, A., Manjgaladze, P., Sgrigna,
V. and Zilpimian, D. (1990) Very Slow-Moving Crustal Strain Disturbances. Zectono-
physics, 179, 131-139. https://doi.org/10.1016/0040-1951(90)90362-C

Bykov, V.G. (2014) Sine-Gordon Equation and Its Application to Tectonic Stress
Transfer. Journal of Seismology, 18, 497-510.
https://doi.org/10.1007/s10950-014-9422-7

Baranov, B.V., Vikulin, A.V. and Lobkovsky, L.I. (1989) Shallow-Focus Seismicity
in the Rear Area of the Kuril-Kamchatka Island Arc and Its Relation to the Strong-
est Earthquakes in the Under-Thrust Zone. Vulkanologiya i Seismologiya, 6, 73-84.
(In Russian)

Bykov, V.G. and Merkulova, T.V. (2020) Earthquake Migration and Hidden Faults
in the Priamurye Region. Russian Journal of Pacific Geology, 14, 326-339.
https://doi.org/10.1134/S1819714020040028

Kakourova, A.A. and Klyuchevskii, A.V. (2020) Migrating Seismicity in the Lithos-
phere of the Baikal Rift Zone: Spatiotemporal and Energy Distribution of Earth-
quake Chains. Russian Geology and Geophysics, 61, 1298-1312.
https://doi.org/10.15372/RGG2019164

Kuznetsov, I.V. and Keilis-Borok, V.I. (1997) Interaction of Earthquakes along Cir-
cum Pacific Rim. Doklady Akademii Nauk, 355, 389-393.

Novopashina, A.V. and Lukhneva, O.F. (2020) Methodical Approach to Isolation of
Seismic Activity Migration Episodes of the Northeastern Baikal Rift System (Rus-
sia). Episodes, 43, 947-959. https://doi.org/10.18814/epiiugs/2020/020058

Novopashina, A.V. and Lukhneva, O.F. (2021) The Propagation Velocity of Seismic
Activity Migrating along the Directions of the Geodynamic Forces Prevailing in The-
northeastern Baikal Rift System, Russia. Annales Geophysicae, 64, SE436.
https://doi.org/10.4401/ag-8654

DOI: 10.4236/0jer.2022.114005

85 Open Journal of Earthquake Research


https://doi.org/10.4236/ojer.2022.114005
https://doi.org/10.1093/gji/ggz381
https://doi.org/10.1016/S0264-3707(03)00008-5
https://doi.org/10.1038/s41467-019-12337-9
https://doi.org/10.4294/zisin1948.41.3_389
https://doi.org/10.1016/0040-1951(90)90362-C
https://doi.org/10.1007/s10950-014-9422-7
https://doi.org/10.1134/S1819714020040028
https://doi.org/10.15372/RGG2019164
https://doi.org/10.18814/epiiugs/2020/020058
https://doi.org/10.4401/ag-8654

V. G. Bykov, T. V. Merkulova

(20]

(21]

(22]

(23]

(24]

[25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

Ruzhich, V.V, Kocharyan, G.G. and Levina, E.A. (2016) Estimated Geodynamic Impact
from Zones of Collision and Subduction on the Seismotectonic Regime in the Baikal
Rift. Geodynamics & Tectonophysics, 7, 383-406.
https://doi.org/10.5800/GT-2016-7-3-0214

Sherman, S.I. (2013) Deformation Waves as a Trigger Mechanism of Seismic Activ-
ity in Seismic Zones of the Continental Lithosphere. Geodynamics & Tectonophys-
ics, 4, 83-117. https://doi.org/10.5800/GT-2013-4-2-0093

Levina, E.A. and Ruzhich, V.V. (2015) The Seismicity Migration Study Based on
Space-Time Diagrams. Geodynamics & Tectonophysics, 6, 225-240.
https://doi.org/10.5800/GT-2015-6-2-0178

Liu. M., Stein, S. and Wang, H. (2011) 2000 Years of Migrating Earthquakes in North
China: How Earthquakes in Midcontinents Differ from Those at Plate Boundaries.
Lithosphere, 3, 128-132. https://doi.org/10.1130/L129.1

Mino, K. (1988) Migration of Great Earthquake along the Subduction Zone, of Japan
Archipelago. Journal of the Seismological Society of Japan, 41, 375-380. (In Japanese)
https://doi.org/10.4294/zisin1948.41.3_375

Trofimenko, S.V., Bykov, V.G. and Merkulova, T.V. (2015) Seismicity Migration in
the Zone of Convergent Interaction between the Amur Plate and the Eurasian Plate.

Journal of Volcanology and Seismology, 9, 210-222.
https://doi.org/10.1134/S0742046315030069

Trofimenko, S.V., Bykov, V.G. and Merkulova, T.V. (2017) Space-Time Model for
Migration of Weak Earthquakes along the Northern Boundary of the Amurian Mi-
croplate. Journal of Seismology, 21, 277-286.
https://doi.org/10.1007/s10950-016-9600-x

Wang, S.-Z. and Zhang, Z. (1994) Plastic-Flow Waves and Earthquake Migration in
Continental Plate (I). Seismology and Geology, 16, 289-297. (In Chinese)

Wang, S.-Z. and Zhang, Z. (2005) Plastic-Flow Waves (“Slow-Waves”) and Seismic
Activity in Central-Eastern Asia. Farthquake Research in China, 19, 74-85.

Yoshida, A. (1988) Migration of Seismic Activity along Interplate Seismic Belts in the
Japanese Islands. Tectonophysics, 145, 87-99.
https://doi.org/10.1016/0040-1951(88)90318-6

Zalohar, J. (2018) The Omega-Theory: A New Physics of Earthquakes. 2nd Edition,
Elsevier, Amsterdam.

Zalohar, J., Vi¢i¢, B., Poto¢nik, M., Sokli¢, N., Komac, M., Holscher, T., Herlec, U.
and Dolenec, M. (2020) Precursory Stress Changes before Large Earthquakes: On a New
Physical Law for Earthquakes. Journal of Structural Geology; 141, Article ID: 104208.
https://doi.org/10.1016/j.jsg.2020.104208

Zhao, G. and Yao, L. (1995) Earthquake Migration in East Asia Mainland (I)—The
Migration of Huge Earthquakes and Volcanic Activity from West Pacific Trench to
the Chinese Mainland. Acta Seismologica Sinica, 8, 541-549.
https://doi.org/10.1007/BF02650521

Zhao, G. and Yao, L. (1997) Earthquake Migration in East Asia Mainland (2)— Mi-
gration along Seismic Zones. South China Journal of Seismology; 17, 15-24. (In Chinese)

Zhao, G., Wu, Z,, Liu, J., Zhang, L. and Zuo, J. (2019) The Time Space Distribution
Characteristics and Migration Law of Large Earthquakes in the Indian-Eurasian Plate
Collision Deformation Area. Journal of Geomechanics, 25, 324-340. (In Chinese)

Zhao, G., Wu, Z. and Liu, J. (2020) The Types, Characteristics and Mechanism of
Seismic Migration. Journal of Geomechanics, 26, 13-32. (In Chinese)

DOI: 10.4236/0jer.2022.114005

86 Open Journal of Earthquake Research


https://doi.org/10.4236/ojer.2022.114005
https://doi.org/10.5800/GT-2016-7-3-0214
https://doi.org/10.5800/GT-2013-4-2-0093
https://doi.org/10.5800/GT-2015-6-2-0178
https://doi.org/10.1130/L129.1
https://doi.org/10.4294/zisin1948.41.3_375
https://doi.org/10.1134/S0742046315030069
https://doi.org/10.1007/s10950-016-9600-x
https://doi.org/10.1016/0040-1951(88)90318-6
https://doi.org/10.1016/j.jsg.2020.104208
https://doi.org/10.1007/BF02650521

V. G. Bykov, T. V. Merkulova

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

[44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

Vikulin, A.V. (1992) Migration of Foci of the Largest Kamchatka and North Kurile
Earthquakes and Their Recurrence. Vulkanologiya i Seismologiya, 1, 46-61. (In Rus-
sian)

Vikulin, A.V., Melekestsev, I.V., Akmanova, D.R,, Ivanchin, A.G., Vodinchar, G.M.,
Dolgaya, A.A. and Gusyakov, V.K. (2012) Information-Computational System for
Modeling of Seismic and Volcanic Processes as a Foundation of Research on Wave
Geodynamic Phenomena. Computational Technologies, 17, 34-54.

Molnar, P. and Tapponnier, P. (1975) Cenozoic Tectonics of Asia: Effects of a Con-
tinental Collision. Science, 189, 419-426.
https://doi.org/10.1126/science.189.4201.419

Larson, K.M., Burgmann, R., Bilham, R. and Freymueller, J.T. (1999) Kinematics of
the India-Eurasia Collision Zone from GPS Measurements. Journal of Geophysical Re-
search, 104, 1077-1093. https://doi.org/10.1029/1998]B900043

Gatinsky, Yu.G. and Runquist, D.V. (2004) Geodynamics of Eurasia: Plate Tectonics
and Block Tectonics. Geotectonics, 38, 1-16.

Stepashko, A.A. (2010) Deep Roots of Seismotectonics in the Far East: The Sakhalin

zone. Russian Journal of Pacific Geology, 4, 228-241.
https://doi.org/10.1134/S181971401003005X

Peltzer, G. and Tapponier, P. (1988) Formation and Evolution of Strike-Slip Faults,
Rifts, and Basins during the India-Asia Collision: An Experimental Approach. Journal
of Geophysical Research, 93, 15085-15117.

https://doi.org/10.1029/JB093iB12p15085

Stepashko, A.A. (2011) Seismodynamics and Deep Internal Origin of the North
China Zone of Strong Earthquakes. Geodynamics & Tectonophysics, 2, 341-355.
https://doi.org/10.5800/GT-2011-2-4-0049

Fu, R.-S.,, Huang, J.-H., Xu, Y.-M.,, Li, L.-G. and Chang, X.-H. (2000) Numerical
Simulation of the Collision between Indian and Eurasian Plates and the Deforma-

tions of the Present Chinese Continent. Acta Seismologica Sinica, 13, 1-7.
https://doi.org/10.1007/s11589-000-0076-x

Logachev, N.A., Bornyakov, S.A. and Sherman, S.I. (2000) Mechanism of the Baikal
Rift Zone Formation Based on Results of Physical Modeling. Doklady Farth Sciences,
373, 980-982.

Lukk, A.A. and Nersesov, I.L. (1982) Variations in Time of Different Parameters of

the Seismotectonic Process. Izvestiia Akademii Nauk SSSR: Fizika Zemli, 3, 10-27.
(In Russian)

Malamud, A.S. and Nikolaevskii, V.N. (1983) The Periodicity of Pamirs-Hindukush

Earthquakes and the Tectonic Waves in Subducted Lithosphere Plates. Doklady
Akademii Nauk SSSR, 269, 1075-1078.

Nersesov, I.L., Lukk, A.A., Zhuravlev, V.I. and Galaganov, O.N. (1990) On Propa-
gation of Strain Waves in the Crust of the Southern Regions of Central Asia. /zves-
tiia Akademii Nauk SSSR: Fizika Zemli, 5, 102-112. (In Russian)

Popandopoulos, G.A. (2020) Spatiotemporal Variations in Gutenberg-Richter b-Value
Depending on the Depth and Lateral Position in the Earth’s Crust of the Garm Re-
gion, Tajikistan. Izvestiya, Physics of the Solid Earth, 56, 337-356.
https://doi.org/10.1134/S1069351320020081

Wang, S.-Z. (1993) Net-Like Earthquake Distribution and Plastic-Flow Network in
Central and Eastern Asia. Physics of the Earth and Planetary Interiors, 77, 177-188.
https://doi.org/10.1016/0031-9201(93)90097-S

Zhao, G., Liu, Y. and Wang, D. (2005) An Estimate of the Influence on the Conti-

DOI: 10.4236/0jer.2022.114005

87 Open Journal of Earthquake Research


https://doi.org/10.4236/ojer.2022.114005
https://doi.org/10.1126/science.189.4201.419
https://doi.org/10.1029/1998JB900043
https://doi.org/10.1134/S181971401003005X
https://doi.org/10.1029/JB093iB12p15085
https://doi.org/10.5800/GT-2011-2-4-0049
https://doi.org/10.1007/s11589-000-0076-x
https://doi.org/10.1134/S1069351320020081
https://doi.org/10.1016/0031-9201(93)90097-S

V. G. Bykov, T. V. Merkulova

(52]

(53]

(54]

(55]

nental Seismicity in China by Sumatra MS 8.9 Macroquake in Indonisia. South China
Journal of Seismology; 25, 47-50. (In Chinese)

Seno, T. (1979) Pattern of Intraplate Seismicity in Southwest Japan before and after
Great Interplate Earthquakes. Tectonophysics, 57, 267-283.
https://doi.org/10.1016/0040-1951(79)90151-3

Kasahara, K. (1979) Migration of Crustal Deformation, Tectonophysics, 52, 329-341.
https://doi.org/10.1016/B978-0-444-41783-1.50052-0

Ishii, H, Sato, T., Tachibana, K., Hashimoto, K., Murakami, E., Mishina, M., Miura,
S., Sato, K. and Takagi, A. (1983) Crustal Strain, Crustal Stress and Microearthquake
Activity in the Northeastern Japan Arc. Tectonophysics, 97, 217-230.
https://doi.org/10.1016/0040-1951(83)90149-X

Miura, S., Ishii, H. and Takagi, A. (1989) Migration of Vertical Deformations and
Coupling of Island Arc Plate and Subducting Plate. In: Cohen, S.C. and Vaniiek, P.,
Eds., Slow Deformation and Transmission of Stress in the Earth, Geophysical Mo-

nograph Series, 49, American Geophysical Union, Washington DC, 125-138.
https://doi.org/10.1029/GM049p0125

DOI: 10.4236/0jer.2022.114005

88 Open Journal of Earthquake Research


https://doi.org/10.4236/ojer.2022.114005
https://doi.org/10.1016/0040-1951(79)90151-3
https://doi.org/10.1016/B978-0-444-41783-1.50052-0
https://doi.org/10.1016/0040-1951(83)90149-X
https://doi.org/10.1029/GM049p0125

	Stress Transfer and the Impact of the India-Eurasia Collision and the Western Pacific Subduction on the Geodynamics of the Asian Continent
	Abstract
	Keywords
	1. Introduction
	2. The Impact of Collision and Subduction on the Geodynamics of the Asian Continent
	3. Earthquake Migration and Slow Strain Waves in the India-Eurasia Collision Zone
	4. Slow Strain and Earthquake Migration from the Pacific Subduction Zone Deep into the Asian Continent
	5. Spatiotemporal Distribution of Earthquakes and Characteristics of Their Migration from the Japan-Kuril-Kamchatka Trench toward the Asian Continent
	5.1. Methods
	5.2. Results

	6. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

