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Key Points:5

• The 2024 Hyuganada earthquake occurred at the leading edge of a seamount in6

the creeping megathrust due to ridge subduction7

• The subducted seamount probably impeded up-dip mainshock rupture propaga-8

tion and slowed up-dip afterslip migration speed9

• An along-strike segment of the mainshock was left unruptured during the after-10

slip, but whether it causes the next earthquake remains elusive11
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Abstract12

Subducted rough topography complicates seismic and aseismic slip behavior. The 202413

M 7.1 Hyuganada earthquake occurred along the megathrust with ridge subduction. We14

inferred coseismic slip and afterslip using geodetic displacements to observationally il-15

lustrate the role of subducted seamounts in modulating seismic and aseismic slip pro-16

cesses. The inferred mainshock was confined in the down-dip of the seamount, suggest-17

ing that the seamount impeded the mainshock rupture initiated under enhanced com-18

pression. The inferred afterslip peaked at the up-dip of the mainshock peak with four19

aftershock clusters. Various onset timings of these clusters suggest the afterslip front mi-20

gration slowed down when passing through the seamount. An along-strike neighbor seg-21

ment of the mainshock peak was left unruptured during the afterslip, but whether this22

segment causes another earthquake remains elusive only with the available observations.23

Our results geodetically highlight the mechanical heterogeneity of megathrust with ridge24

subduction at an order of 10 km.25

Plain Language Summary26

The 2024 Hyuganada earthquake occurred offshore Kyushu, Japan, where the oceanic27

Philippine Sea Plate subducts beneath the continental Amur plate with the highly vari-28

able seafloor topography called Kyushu-Palau ridge. Simulations have shown that the29

subduction of irregular topography yields complex fault slip behavior on and around it,30

so we observationally imaged fault slip processes during and after the 2024 earthquake31

to illustrate the role of seamounts in impacting slip behavior on the natural fault. Our32

analysis suggested that (1) the mainshock was impeded when its slip front entered the33

seamount zone and (2) the post-mainshock aseismic afterslip front migrated more slowly34

when passing the seamount zone. We also did not identify a significant amount of slip35

in an along-strike neighbor segment of the mainshock slip area during the afterslip. The36

question of whether this segment causes the next earthquake remains, however, elusive37

because only limited geophysical observations are available.38

1 Introduction39

In Hyuganada, southwestern Japan, the Philippine Sea Plate subducts beneath the40

Amur plate. In contrast with off-Shikoku where few megathrust earthquakes except the41

great Nankai earthquake sequences have occurred (e.g., Ando, 1975; Sagiya & Thatcher,42

1999), many earthquakes up to M 7.5 have frequently occurred along their interface off-43

shore Hyuganada (Figure 1)(e.g., Yagi et al., 1998, 1999). However, further larger earth-44

quakes (i.e., M > 7.5) have occurred much less frequently than expected from the con-45

vergence rate there (Ioki et al., 2023; K. Wang & Bilek, 2014). The most recent notable46

quake is the 2024 MJMA 7.1 Hyuganada earthquake on August 8, 2024, which occurred47

near the rupture areas of the two 1996 Hyuganada earthquakes (Mw 6.8 and 6.7 for the48

October and the December events, respectively; Yagi et al., 1999)(Figure 1). Such a re-49

gional characteristic of seismogenesis has been understood as a result of the subduction50

of rough seafloor such as seamounts (e.g., K. Wang & Bilek, 2014). The subduction of51

Kyushu-Palau Ridge (KPR) on the incoming Philippine Sea supports this interpreta-52

tion (e.g., Arai et al., 2023; Yamamoto et al., 2013)(Figure 1a). Low margin-normal con-53

traction and resultant low slip deficit rates during the interseismic stage (T. Nishimura54

et al., 2018; S. Nishimura & Hashimoto, 2006; Noda et al., 2018; Okazaki et al., 2021;55

Sagiya et al., 2000; Sagiya, 2004; Wallace et al., 2009) support the steady creep nature56

of rugged plate interface due to the seamount/ridge subduction (e.g., Perfettini et al.,57

2010; K. Wang & Bilek, 2011, 2014).58

Subducted seamounts locally modify stress distribution and thus complicate fault59

slip and locking behavior throughout the earthquake cycle. For example, the plate in-60

terface fault on top of the subducted seamount favors creep due to the heterogeneous61
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stress distribution (K. Wang & Bilek, 2011). They sometimes also host afterslip (e.g.,62

Itoh et al., 2023; Perfettini et al., 2010). In contrast, compressional stress and drainage63

along the megathrust are enhanced at the leading flank of subducted seamounts, which64

provides a favorable condition for ordinary earthquake generations (Ruh et al., 2016; Sun65

et al., 2020). Creeping subducted seamounts may impede earthquake rupture approach-66

ing them as a soft barrier (K. Wang & Bilek, 2011). Such a contrast in slip modes on67

and around subducted seamounts clearly explains the spatial separation of ordinary and68

slow earthquake activities on and around a subducted seamount offshore Ibaraki, north-69

eastern Japan (Kubo & Nishikawa, 2020; Mochizuki et al., 2008). The 2024 mainshock70

epicenter and the two 1996 events are located within the subducted KPR inferred from71

a low seismic velocity layer near the plate interface (Yamamoto et al., 2013). Within this72

wide zone having possible geometrical irregularities, a local seaount, inferred from local73

high reduced-to-pole (RTP) magnetic anomaly (Arai et al., 2023; Okino, 2015), is located74

at the up-dip extension of the two 1996 rupture areas and the 2024 epicenter (Figure 1a).75

Therefore, the 2024 event and its afterslip give us a valuable opportunity to investigate76

the mechanical link between seismic/aseismic fault slip and the subducted KPR, par-77

ticularly, the up-dip seamount. Hence, in this study, we derive coseismic slip and 1-week78

afterslip of the 2024 Hyuganada earthquake using Global Navigation Satellite System79

(GNSS) data to image the interlaced seismic and aseismic slip patches. Then, by com-80

paring them with aftershocks, ordinary and slow earthquakes, and the subducted seamount81

location, we observationally illustrate the role of seamounts in modulating seismic and82

aseismic slip behavior.83

2 Data analysis and slip inversion84

2.1 GNSS data analysis85

We employed GNSS coordinate time series processed by the Nevada Geodetic Lab-86

oratory (Blewitt et al., 2018) to derive co- and post-seismic displacements associated with87

the 2024 Hyuganada earthquake. First, we estimated coseismic displacements using time88

series at an interval of 5 minutes to minimize postseismic deformation contaminated in89

the coseismic displacement (Figure 2b, d, and f). We skipped removal of multipath (Choi90

et al., 2004; Itoh & Aoki, 2022; Ragheb et al., 2007) and common mode errors (Wdowinski91

et al., 1997) because we are interested in only an instantaneous displacement step. Next,92

we estimated coseismic and postseismic displacements simultaneously from daily coor-93

dinates by fitting a function (Equation (1))94

x(t) = a+

(
b+ clog

(
1 +

t

τ

))
H(t) (1)

where, x(t) is a position at time t with t = 0 the mainshock date, H(t) is a Heaviside95

function, and τ is a time constant (Figure 2a, c, and e). We determined a, b, and c by96

linear least square regression and τ by grid search. Here, we used the data ranging from97

one month before to one week after the mainshock date. We let each component at each98

site have a different τ because this trajectory model fit aims to extract co- and post-seismic99

displacements from fluctuating time series. Therefore, we do not interpret the obtained100

τ values themselves. Then, we separated the postseismic displacement by subtracting101

the coseismic displacement derived from the 5-minute coordinates from the model pre-102

diction from Equation (1). We estimated the errors for the coseismic displacements by103

combining the standard deviation of the pre- and post-mainshock position estimation.104

For the postseismic displacement errors, we combined the standard deviation of resid-105

ual daily time series and the coseismic displacement errors.106

For the following reasons, we combined the daily and 5-minute coordinates to de-107

rive co- and post-seismic displacements. Typical analysis routine of daily coordinates uses108

all the observables from each day, meaning that the mainshock day position is derived109

from observables both before and after the mainshock; therefore, the mainshock day co-110
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ordinate is inevitably biased. This compels us to set the origin of postseismic deforma-111

tion to the next day of the mainshock occurrence which usually significantly underes-112

timates the post-seismic displacement estimates (Twardzik et al., 2019). In our case, our113

coseismic displacements derived from the 5-min coordinates do not match with those mea-114

sured using the daily coordinate on the mainshock day or the next day (Figure 2). Mea-115

suring postseismic displacements from the next day would decrease the postseismic dis-116

placement estimate by 25% at G088 for the east component (Figures 2a-b), which would117

impact the resultant afterslip amount.118

2.2 Slip inversion119

We inverted the obtained coseismic and postseismic displacements to infer coseis-120

mic slip and 1-week afterslip, respectively (Figure 3), using an inversion code SDM (L. Wang121

et al., 2009; R. Wang et al., 2013a). We discretized the three-dimensional curved slab122

interface (Iwasaki et al., 2015) into small rectangle subfaults and computed Green’s func-123

tions in an isotropic homogeneous half-space (Okada, 1985). To stabilize the solution,124

we imposed a smoothness constraint on the slip. Also, the rake angle was constrained125

to be between 30 and 150 degrees. For our preferred afterslip solution, we forced the af-126

terslip on subfaults with ≥ 2 m coseismic slip to be zero to assure that the substantial127

part of coseismic slip and afterslip do not overlap with each other (e.g., Itoh et al., 2019;128

Miyazaki et al., 2004; Scholz, 1998). We used the horizontal and vertical displacements129

for the coseismic slip inversion whereas we used only the horizontal displacements for130

the afterslip inversion because the postseismic vertical displacements did not exhibit a131

systematic pattern (Figures 3a-b and S1). We chose a strength of the smoothness con-132

straint based on a trade-off curve between misfits and slip roughness (Figures S2 and S3).133

All the data were weighted according to the observation error of the displacements.134

3 Results and discussion135

3.1 Coseismic slip and afterslip136

The estimated coseismic slip is located next to the rupture areas of the two 1996137

earthquakes (Figure 3a). The primary peak of the afterslip is located up-dip of the main-138

shock rupture area (Figure 3b), contrary to the down-dip afterslips following the two 1996139

earthquakes (Figure 1a; Yagi et al., 2001). Without the mask of slip in the afterslip es-140

timation, the substantial part of the afterslip overlaps with the coseismic slip area (Fig-141

ure S4a). Such overlap is unlikely in terms of elementary behavior of frictional fault (e.g.,142

Scholz, 1998) and most of the past observations (e.g., Itoh et al., 2019; Miyazaki et al.,143

2004; Perfettini et al., 2010; Yagi et al., 2001). Furthermore, both models yielded sim-144

ilar surface displacement fit (Figures 3b and S4a). For these reasons, we found it more145

reasonable to choose the model with the mask. We noticed another afterslip patch to146

the southwest away from the mainshock slip and a unruptured segment between this sep-147

arated afterslip patch and the mainshock peak (Figure 3b). To verify this patch and the148

unruptured segment, we carried out two more test inversions in which the southwestern149

or the entire down-dip part of the model domain are masked in addition to the coseis-150

mic slip peak area (Figures S4b-c). We gained a slip peak just up-dip of the masked zone151

in this southwest area when we masked the entire down-dip subfaults (Figures S4c). When152

we only masked the southwestern corner of the model domain, the down-dip afterslip peak153

is shifted toward the along-strike neighbor segment to the masked area (Figures S4b).154

Although all the test afterslip models produced similar fitting performance to the pre-155

ferred model, these tests demonstrate that the down-dip afterslip is needed to explain156

the observation and this down-dip afterslip possibly extends to the southwest away from157

the mainshock rupture area as seen in the preferred model. Also, in all the tests, after-158

slip was not inferred in the along-strike neighbor segment south of the mainshock rup-159

ture area. Hence, we concluded that the distant afterslip patch to the southwest and the160
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unruptured mainshock neighbor segment are not artifacts. The inferred moment mag-161

nitude of the preferred coseismic slip and afterslip models is Mw 7.0, and Mw 6.7, respec-162

tively, with a rigidity of 30 GPa.163

3.2 Possible modulation of slip processes by the subducted seamount164

The estimated coseismic slip and afterslip are located within the broad estimate165

of the subducted KPR by Yamamoto et al. (2013). Inside this broad zone, the RTP mag-166

netic anomaly suggests heterogeneous megathrust topography, and the estimated coseis-167

mic slip is located on the down-dip extension of a local seamount (Figure 3a) (Arai et168

al., 2023; Okino, 2015). We speculate that the coseismic slip was impeded by the seamount169

acting as a soft barrier (K. Wang & Bilek, 2011), similar to an example of the 2008 Ibaraki-170

oki earthquake in the Japan Trench subduction zone (Kubo & Nishikawa, 2020). The171

occurrence of this mainshock in the low slip deficit rate area (Igarashi, 2020; T. Nishimura172

et al., 2018; S. Nishimura & Hashimoto, 2006; Noda et al., 2018; Wallace et al., 2009;173

Yamashita et al., 2012) might pose a question to its occurrence mechanism considering174

the classical framework of backslip model (Savage, 1983). We speculate that there ex-175

ists an unresolved local highly locked area in the mainshock zone and its rupture occur-176

rence was assisted by the down-dip compression enhanced by the up-dip seamount (Sun177

et al., 2020).178

The complementary afterslip has a primary peak at the up-dip extension of the main-179

shock accompanied by the aftershock activity (Figures 3b and 4a). This 1-week after-180

shock activity provides another interesting insight into the afterslip processes up-dip of181

the mainshock rupture (Figure 4a). In the subsequent discussion, we assume that the182

aftershock migration front marks the migration front of afterslip (e.g., Kato & Obara,183

2014; Peng & Zhao, 2009; Perfettini & Avouac, 2004; Perfettini et al., 2018). We do not184

perform time-dependent afterslip inversions because the dominant migration process fin-185

ished around one day following the mainshock (Figure 4b-d) and the 5-minute GNSS co-186

ordinates would be too noisy to resolve temporal evolution of slip offshore considering187

the anticipated signal to noise ratio (Figure 2) (e.g., Itoh & Aoki, 2022; Twardzik et al.,188

2019). The one-dimensional aftershock front migration in the longitudinal and the lat-189

itudinal direction is well characterized as a logarithmic expansion with time as observed190

in many other cases (e.g., Frank et al., 2017; Kato & Obara, 2014; Peng & Zhao, 2009;191

Ross et al., 2017) (Figures 4b-c), so does the afterslip front. Among these 1-week after-192

shocks, we visually identified four clusters of them, from AF1 to AF4 (Figure 4a). AF1193

and AF2 are located next to the coseismic slip peak while AF3 and AF4 are located fur-194

ther up-dip, near the up-dip edge of the 1-week cumulative afterslip patch. In the epi-195

central distance versus logarithmic time plot, the activation of AF1, AF2, and AF4 mostly196

falls on the same envelope curve of the seismicity migration front (Figures 4d) as expected197

from the one-dimensional migration behavior. However, the activation timing of clus-198

ter AF3 is similar to cluster AF4 although the epicentral distance of AF3 is ∼ 20 km shorter199

than AF4. This means that the activation of AF3 is significantly delayed. Only cluster200

AF3 is located up-dip of the seamount, so we propose that the seamount impacted the201

up-dip migration speed of afterslip from AF1 and AF2 to AF3. Numerical simulations202

of afterslip demonstrate that afterslip migration speed is slower when effective normal203

stress on the interface is higher (Ariyoshi et al., 2019). As subducted seamounts produce204

higher effective normal stress from its top to the down-dip leading flank (Ruh et al., 2016;205

Sun et al., 2020), the effective normal stress along the migration path between A1/A2206

and A3 could be higher than that between AF2 and AF4, which is probably responsi-207

ble for the delay of afterslip front and aftershock migration. We cannot rule out the pos-208

sibility that AF3 was activated by different processes such as a down-dip migration of209

shallow slip earthquakes which happened in 2010 (Uchida et al., 2020). Yet, we conclude210

that the possible contrast in afterslip migration observationally unveiled another hidden211

role of seamounts in modulating fault slip behavior.212
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This up-dip afterslip patch extends to the narrow area among the two 1996 and213

the 2024 mainshock rupture areas (Figure 3b), marked by the presence of clustered af-214

tershocks AF1 (Figure 4a). These interlaced seismic and aseismic peaks illustrate the215

presence of mechanical heterogeneity at a 10 km scale, which is usually challenging to216

resolve for offshore megathrust. The presence of this upcoming afterslip area might have217

impeded the 2024 earthquake rupture (e.g., Itoh et al., 2023; Rolandone et al., 2018) and218

prevented it from entering the 1996 rupture areas. The southwesternmost afterslip patch219

away from the mainshock rupture was perhaps triggered by dynamic stress perturbation220

(Figure 3b), similar to some earlier examples (e.g., Itoh et al., 2023; Rolandone et al.,221

2018; Wallace et al., 2018).222

3.3 Unruptured segment next to the mainshock area223

The 1-week afterslip is lacking in the segment south of the mainshock rupture, where224

only a few aftershocks occurred during the first week (Figure 3b). These observations225

question whether this gap will cause another large earthquake in the future loaded by226

the 2024 coseismic slip and subsequent afterslip. This is an important question in terms227

of disaster mitigation, so here we discuss whether this segment could host large seismic228

rupture. The low interseismic slip deficit rate in this segment could indicate that it would229

not cause large earthquakes. It also implies that the 2024 mainshock rupture was arrested230

by this creeping zone acting as a soft barrier (e.g., Nishikawa et al., 2019; Rolandone et231

al., 2018; Scholz, 1998; K. Wang & Bilek, 2011). Yet, other observational features do not232

agree with such a creeping soft barrier scenario for this unruptured segment. First, the233

activity of various seismic and aseismic activities in this gap, such as ordinary earthquakes234

(JMA hypocenters and Takemura et al., 2020b), repeating earthquakes (Igarashi, 2020;235

Yamashita et al., 2012), and short- and long-term slow slip events (Okada et al., 2022;236

Ozawa et al., 2024; Takagi et al., 2016, 2019), seems lower than in the surrounding (Fig-237

ures 3c-d). This observational feature favors rather the presence of a very local locked238

patch there, which is, however, geodetically unresolved. Also, if this unruptured segment239

has velocity-strengthening friction to steadily creep, the observed absence of a signifi-240

cant amount of afterslip is peculiar unless a very large contrast in frictional parameters241

exists around the mainshock peak (Marone et al., 1991; Perfettini & Avouac, 2004; Scholz,242

1998). Thus, the actual locking state of this segment remains elusive only with the avail-243

able observations and so does the possibility of future large ruptures there. Continuous244

efforts in careful monitoring of seismic and aseismic activities in the region might pro-245

vide us with new clues. Either way, the lines of interpretation of these observations sug-246

gest the presence of short-wavelength heterogeneity of frictional parameters and stress247

state on the megathrust inside the subducted KPR (Yamamoto et al., 2013).248

4 Summary249

The 2024 Hyuganada earthquake occurred along the creeping megathrust due to250

the presence of subducted KPR. We inferred the coseismic slip and 1-week afterslip of251

the 2024 Hyuganada earthquake using the observed displacements by GNSS. The com-252

parison of the inferred slip models with the aftershocks, the ordinary earthquakes be-253

fore the mainshocks, the slow earthquakes, and the local seamount, we illustrated the254

role of subducted seamounts in controlling coseismic and afterslip behavior (Figure 5).255

The mainshock occurred in the down-dip extension of the subducted seamount. As sub-256

ducted seamounts enhance the compressional stress in its leading flank, developing fa-257

vorable conditions for ordinary earthquake generation, the mainshock occurrence in the258

low interseismic slip deficit megathrust was probably assisted by the up-dip seamount259

(Figure 5a). During the coseismic stage (Figure 5b), the mainshock rupture likely ex-260

tended toward the up-dip direction, which was arrested by the subducted seamount act-261

ing as a soft barrier. The northward rupture expansion was probably arrested by the megath-262

rust which hosted the subsequent afterslip. Following the mainshock (Figure 5c), we iden-263
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tified a few patches of the 1-week afterslip. The primary patch is located up-dip of the264

mainshock peak, which is accompanied by the four aftershock clusters. Based on the spa-265

tiotemporal aftershock activity, we proposed that the up-dip expansion of the afterslip266

front is slowed down while passing the seamount. With the series of afterslip inversion267

tests, we confirmed that a segment south of the mainshock was hardly involved in the268

afterslip, consistent with the scarce aftershock activity during the first week. We con-269

cluded that whether this segment is interseismically locked and causes the next earth-270

quake remains elusive after examining the available geophysical observations.271

Open Research Section272

The GNSS coordinates (Blewitt et al., 2018) are available as Nevada Geodetic Lab-273

oratory (2024). The plate model (Iwasaki et al., 2015) is available as Iwasaki (2024). Tec-274

tonic tremors (Yamashita et al., 2015, 2021) and repeaters (Igarashi, 2020) are available275

at Kano et al. (2018); Science of Slow Earthquakes (2024). The slip model of Yagi et al.276

(1998) is available at Earthquake Source Model Database (2024) in SRCMOD (Mai &277

Thingbaijam, 2014). The CMT solutions of Takemura et al. (2020b) are available at Takemura278

et al. (2020a). The JMA hypocenter catalog are available at Japan Meteorological Agency279

(2024a, 2024b). The slip inversion code SDM (L. Wang et al., 2009; R. Wang et al., 2013a)280

is available as R. Wang et al. (2013b). We will upload our products to Zenodo once the281

manuscript is accepted for publication. We provide their files in a zip file attached in the282

submission for peer review.283
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Figure 1. Tectonic setting. (a) The red star indicates the epicenter of the 2024 Hyuganada

earthquake determined by Japan Meteorological Agency. The black solid contours indicate the

1968 (every 0.6 m from 1.2 m) and the two 1996 (every 0.5 m from 0.5 m for both, near the 2024

epicenter) Hyuganada earthquakes (Yagi et al., 1998, 1999). Two afterslip models following the

two 1996 earthquake are drown in purple (every 2 cm from 4 cm Yagi et al., 2001). The broken

contours indicate slab surface depth at an interval of 10 km from 10 km (Iwasaki et al., 2015).

The background color in the sea area is RTP magnetic anomaly (Arai et al., 2023; Okino, 2015).

The dark green curve indicates the estimate of spatial range of the subducted KPR inferred

from a low seismic velocity belt (Yamamoto et al., 2013). The brown dot indicates the loca-

tion of an example GNSS site, G088, shown in Figure 2. (b) Broader map. Brown dots indicate

all the GNSS sites used to infer the slip distributions. The rupture area 1946 Mw8.3 Nankaido

earthquake is contoured at an interval of 2 m from 2 m (Sagiya & Thatcher, 1999). The vector

seaward of the trench is a motion direction of the Philippine Sea Plate motion with respect to

the Amur plate (DeMets et al., 2010). The seafloor depth in background is taken from Smith and

Sandwell (1997).
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Figure 2. An example of GNSS time series at site G088 (Figure 1a). (a) East component of

daily time series (red) with a function fit to it (black) using Equation (1). The dotted line is an

immediate post-mainshock position inferred from 5-minute coordinates in (b). (b) East compo-

nent of 5-minute time series (red) with the averaged pre- and post-mainshock positions (black).

(c-f) Same as (a-b) but for north (c-d) and vertical (e-f) components.

–14–



manuscript submitted to Geophysical Research Letters uploaded at EarthArXiv without peer review

Figure 3. Inversion results. (a-b) Contours indicate the estimated coseismic (a, every 50 cm

from 50 cm, red) and 1-week afterslip (b every 5 cm from 5 cm, blue). The vectors indicate hor-

izontal co- (a) and 1-week post-seismic (b) displacements (black) with model predictions from

the coseismic slip (a, red) and afterslip (b, blue). Vertical displacements are shown in Figure S1.

The brown open dots indicate 1-week aftershocks reported by JMA. (c-d) Comparison of the

estimated coseismic slip and afterslip with various tectonic slip phenomena. (c) The pink open

dots indicate ordinary seismicity from April 1, 2016, to August 7, 2024, as reported by JMA. The

beachballs indicate Centroid Moment Tensor (CMT) solutions of moderate earthquakes ranging

between Mw 4.1 and 5.5 from 2004 to 2019 (Takemura et al., 2020b). (d) Blue open dots indicate

repeating earthquakes from 1982 to 2019 (Igarashi, 2020). The area with more than 5 short-term

SSEs from 1997 to 2020 is drawn in olive (Okada et al., 2022). The black and grey open dots tec-

tonic tremors in 2013 and 2014-2017, respectively (Yamashita et al., 2015, 2021). Refer to Figure

1 for other elements.
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Figure 4. Seismicity analysis results. (a) Zoom in plot of the coseismic slip and afterslip

area. The two 1968 rupture areas are drawn in black. The selected four aftershock clusters are

drawn with different colors as labeled. (b) Temporal evolution of seismicity in the latitude di-

rection. The star indicates the mainshock latitude. Refer to (a) for different colors. (c) Same as

(b) but in the longitude direction. (d) Same as (b-c) but with respect to the epicentral distance.

The curves indicate cumulative event counts measured every 5 minutes in each cluster with the

corresponding colors. Refer to Figure 1 for other elements.
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Figure 5. Schetch of the proposed occurrence scenario of the 2024 Hyuganada mainshock and

afterslip. The blue curves in the afterslip patch in (c) indicate the temporal evolution of slip front

we inferred from the temporal evolution of aftershock activities (Figure 4d).
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Figure S1. Coseismic (a) and 1-week postseismic (b) displacements. Refer to Figure 3 for

other elements. No postseismic model displacements are drawn because we did not invert the

vertical postseismic displacements. Refer to Figure 3 for other elements.
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Figure S2. (a) Trade-off curve of the slip roughness and misfit for the coseismic slip. The red

dot indicates the preferred solution in Figure 3a. (b-c) Examples of smoother (b) and rougher

(c) solutions. Refer to Figure 3 for other elements.
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Figure S3. (a) Trade-off curve of the slip roughness and misfit for the 1-week afterslip. The

blue dot indicates the preferred solution in Figure 3b. (b-c) Examples of smoother (b) and

rougher (c) solutions. Refer to Figure 3 for other elements.
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Figure S4. (a) The estimated 1-week afterslip distribution without any mask of slip area.

(b-c) Same as (a) but slip in the area of the coseismic slip more than 2 m (filled in red) and the

area highlighted in yellow is constrained to be zero. Refer to Figure 3 for other elements.
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