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Earthquake generation mechanism based on fault conditions inferred from the
rupture process of small earthquakes
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Since 1970, manﬁ efforts have been made to estimate the source parameters of
small earthquakes. For this purpose, the rupture process and source spectra of small earthquakes
were approximated by some specific simple models. However, if there is in fact complexity and
diversity in the rupture process and source spectra of small earthquakes, the validity of the
results obtained by the above approach may become questionable. In this study, we systematically
investigate the rupture processes of small earthquakes using high-quality Japanese seismic data and
show that there is great diversity in the rupture processes in small earthquakes. It is easy to find
cases where conventional source models cannot be applied. We show that the use of radiated energy
as a source parameter of small earthquakes makes it possible to characterize their properties
without using assumptions on their source processes.



1970

deconvolution

Mw3-7



2021 3 5

M7 2015 Mw6.8 Mw6.0-6.4
2021 3 Mw7.0 2011 M9
Mw5-6 M7
2015 Mw6.8 Mw6.3
2020 M5.4 M6.5
M5.4 M6.5

migration front migration



19 18 3 7

Yoshida Keisuke Uchida Naoki Matsumoto Yoshiaki Orimo Masaki Okada Tomomi Hirahara 50

Satoshi Kimura Shuutoku Hino Ryota

Updip Fluid Flow in the Crust of the Northeastern Noto Peninsula, Japan, Triggered the 2023 2023

Mw6.2 Suzu Earthquake During Swarm Activity

Geophysical Research Letters €20236L106023
DOl

10.1029/2023GL106023

Yoshida Keisuke Uno Masaoki Matsuzawa Toru Yukutake Yohei Mukuhira Yusuke Sato Hiroshi 128

Yoshida Takeyoshi

Upward Earthquake Swarm Migration in the Northeastern Noto Peninsula, Japan, Initiated From a 2023

Deep Ring- Shaped Cluster: Possibility of Fluid Leakage From a Hidden Magma System

Journal of Geophysical Research: Solid Earth €2022JB026047
DOl

10.1029/2022jb026047

Yoshida Keisuke Matsuzawa Toru Uchida Naoki 127

The 2021 Mw7.0 and Mw6.7 Miyagi- Oki Earthquakes Nucleated in a Deep Seismic/Aseismic 2022

Transition Zone: Possible Effects of Transient Instability Due To the 2011 Tohoku Earthguake

Journal of Geophysical Research: Solid Earth €2022JB024887
DOl

10.1029/2022JB024887

Mukuhira Yusuke Uno Masaoki Yoshida Keisuke 3

Slab-derived fluid storage in the crust elucidated by earthquake swarm 2022

Communications Earth &amp; Environment 286

DOl
10.1038/s43247-022-00610-7




Yoshida Keisuke 128
The Mw 6.0-6.8 Quasi- Repeating Earthquakes Off Miyagi, Japan, With Variable Moment Release 2023
Patterns Due To a Hidden Adjacent Slip Patch
Journal of Geophysical Research: Solid Earth €2022JB025654
DOl
10.1029/2022JB025654
Yukutake Y. Yoshida K. Honda R. 127
Interaction Between Aseismic Slip and Fluid Invasion in Earthquake Swarms Revealed by Dense 2022
Geodetic and Seismic Observations
Journal of Geophysical Research: Solid Earth €2021JB022933
DOl
10.1029/2021jb022933
3
2022
Al 209 214
DOl
10.11532/jsceiii.3.J2_209
Yoshida Keisuke Kanamori Hiroo 234
Time-domain source parameter estimation of Mw 3-7 earthquakes in Japan from a large database of 2023
moment-rate functions
Geophysical Journal International 243 262

DOl
10.1093/gj1/ggad068




Yoshida Keisuke Uchida Naoki Kubo Hisahiko Takagi Ryota Xu Shiging 578

Prevalence of updip rupture propagation in interplate earthquakes along the Japan trench 2022

Earth and Planetary Science Letters 117306 117306
DOl

10.1016/j .epsl.2021.117306

Yoshida Keisuke Noda Hiroyuki Nakatani Masao Shibazaki Bunichiro 816

Backward earthquake ruptures far ahead of fluid invasion: Insights from dynamic earthquake- 2021

sequence simulations

Tectonophysics 229038 229038
DOl

10.1016/j . tecto.2021.229038

Kubota Tatsuya Kubo Hisahiko Yoshida Keisuke Chikasada Naotaka Y. Suzuki Wataru Nakamura 126

Takeshi Tsushima Hiroaki

Improving the Constraint on the Mw7.1 2016 Off- Fukushima Shallow Normal- Faulting Earthquake 2021

With the High Azimuthal Coverage Tsunami Data From the S- Net Wide and Dense Network:

Implication for the Stress Regime in the Tohoku Overriding Plate

Journal of Geophysical Research: Solid Earth -
DOl

10.1029/2021JB022223

Wang Qing-Yu Campillo Michel Brenguier Florent Lecointre Albanne Takeda Tetsuya Yoshida 563

Keisuke

Seismic evidence of fluid migration in northeastern Japan after the 2011 Tohoku-Oki earthquake 2021

Earth and Planetary Science Letters 116894 116894

DOl
10.1016/j .eps1.2021.116894




YOSHIDA Keisuke 74

Studies about the Impacts of Upward Fluid Migration on the Earthquake Occurrence: Constrains 2021

from Seismicity Triggered by the 2011 Tohoku-Oki Earthquake

Zisin (Journal of the Seismological Society of Japan. 2nd ser.) 95 116
DOl

10.4294/zisin.2020-20

Matsumoto Yoshiaki Yoshida Keisuke Matsuzawa Toru Hasegawa Akira 126

Fault- Valve Behavior Estimated From Intensive Foreshocks and Aftershocks of the 2017 M 5.3 2021

Kagoshima Bay Earthquake Sequence, Kyushu, Southern Japan

Journal of Geophysical Research: Solid Earth -
DOl

10.1029/2020JB020278

Yoshida Keisuke Taira Taka"aki Matsumoto Yoshiaki Saito Tatsuhiko Emoto Kentaro Matsuzawa 125

Toru

Stress Release Process Along an Intraplate Fault Analogous to the Plate Boundary: A Case Study 2020

of the 2017 M5.2 Akita- Daisen Earthquake, NE Japan

Journal of Geophysical Research: Solid Earth €2020JB019527
DOl

10.1029/2020JB019527

Yoshida Keisuke 224

Detection of temporal change in near-source attenuation during intense fluid-driven seismicity 2020

following the 2011 Tohoku-Oki earthquake

Geophysical Journal International 138 150

DOl
10.1093/gji/ggaad2l




Yoshida Keisuke Hasegawa Akira Noguchi Shinako Kasahara Keiji 223

Low-frequency earthquakes observed in close vicinity of repeating earthquakes in the brittle 2020

upper crust of Hakodate, Hokkaido, northern Japan

Geophysical Journal International 1724 1740
DOl

10.1093/gji/ggaadls8

Yoshida Keisuke Uchida Naoki Hiarahara Satoshi Nakayama Takashi Matsuzawa Toru Okada 793

Tomomi Matsumoto Yoshiaki Hasegawa Akira

2019 M6.7 Yamagata-Oki earthquake in the stress shadow of 2011 Tohoku-Oki earthquake: Was it 2020

caused by the reduction in fault strength?

Tectonophysics

228609 228609

DOl
10.1016/j . tecto.2020.228609

YOSHIDA Keisuke MATSUZAWA Toru 129
Heterogeneity of Stress Field in NE Japan and Implications for Fault Strength and Earthquake 2020
Occurrence Mechanism

Journal of Geography (Chigaku Zasshi) 451 471

DOl
10.5026/jgeography.129.451

31 2 4

2023 11 1 2020 2023  MJIMA 6.5

2023

2023




2023 2 6 Mw 7.8

2023

2023

2016

2023

2023

Double-difference

2023

2023

Moment-rate functions of repeating earthquakes of varying magnitude and surrounding earthquake distribution

2023

2023




Near-field Waveform Modeling and Source Characterization of Small Earthquakes in Northern lbaraki Prefecture

2023
2023
2016 - Mw7.0 : S-net
2023
2023
2008
2022
2023

Possibility of shallow repeating aseismic slip associated with the 2011 Mw5.8 and 2016 Mw5.9 crustal earthquakes in northern
Ibaraki Prefecture, Japan

2023

2023




2022

2022
2015 Mw6 . 8 Mw6.0-6.4
2022
2022
- : sP depth-phase
2022
2022
2008
2022

2022




2022

2022

The 2021 Mw7.0 and Mw6.7 Miyagi-Oki earthquakes, northeastern Japan, nucleated at a seismic/aseismic transition zone in the
postseismic period of the 2011 M9 Tohoku earthquake

2022

2022

Rupture complexity of Mw3-7 earthquakes in Japan and its appearance in the time and frequency domains

2022

2022

Yoshida, K., H. Kanamori

Time-domain Source Parameter Estimation of Mw3-7 Earthquakes in Japan

Seismological Society of America 2022

2022




2003-2021

2021 2021 5

2021

Keisuke Yoshida, Akira Hasegawa, Shinako Noguchi, Keiji Kasahara

Low-frequency earthquakes in close vicinity of repeating earthquakes in the brittle upper crust of Hakodate, Hokkaido,
northern Japan

2021

2021

Prevailing updip ruptures in small interplate earthquakes along the Japan Trench revealed from land-based;offshore
observations

s s , , Xu Shiqgin

2021

2021

Initiation of the M~9 earthquake cycle: the 2021 Miyagi-Oki Mw7.0 earthquake at the deep seismic/aseismic transition

2010

2021




Radiated energy and source complexity of small earthquakes estimated from a large source time function data base in Japan

2021

2021

Keisuke Yoshida

Simultaneous estimation of stress drop and rupture directivity of small earthquakes in Japan: prevalence of asymmetrical
rupture leads to systematic estimation error of stress

AGU fall meeting

2020

Detection of Temporal Change in Seismic Attenuation near Earthquake Source during Intense Fluid-Driven Seismicity following
2011 Tohoku-Oki earthquake

2020

2020

2011

2020

2020




2011 -

2020

2020

2020

2020

JpGU-AGU Joint Meeting 2020

2020

S-net

JpGU-AGU Joint Meeting 2020

2020




JpGU-AGU Joint Meeting 2020

2020

Keisuke Yoshida

A systematic investigation of rupture directivity, stress drop, fault geometry, and radiation efficiency of small inland
earthquakes in Japan

JpGU-AGU Joint Meeting 2020

2020




