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Key Points:6

• The 2024 Hyuganada earthquake occurred at the leading edge of a seamount in7

the creeping megathrust due to ridge subduction8

• The subducted seamount probably impeded up-dip mainshock rupture propaga-9

tion and slowed up-dip afterslip migration speed10

• Geodetic and seismological observations illustrated heterogeneous mechanical char-11

acteristics of megathrust in Hyuganada at an order of 10 km12
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Abstract13

Subducted rough topography complicates seismic and aseismic slip behavior. The 202414

M 7.1 Hyuganada earthquake occurred along the megathrust with ridge subduction. We15

inferred coseismic slip and afterslip using geodetic displacements to observationally il-16

lustrate the role of subducted seamounts in modulating seismic and aseismic slip pro-17

cesses. The inferred mainshock slip was confined in the down-dip of the seamount, sug-18

gesting that the seamount impeded the mainshock rupture initiated under enhanced com-19

pression. The inferred afterslip peaked at the up-dip of the mainshock peak with four20

aftershock clusters. Various onset timings of these clusters suggest the afterslip front mi-21

gration slowed down when passing through the seamount. Little afterslip is inferred in22

a segment south of the mainshock, where the megathrust is somehow insusceptible to23

stress perturbation and seems to creep steadily across the mainshock occurrence. Our24

results geodetically highlight the mechanical heterogeneity of megathrust with ridge sub-25

duction at an order of 10 km.26

Plain Language Summary27

The 2024 Hyuganada earthquake occurred offshore Kyushu, Japan, where the oceanic28

Philippine Sea Plate subducts beneath the continental Amur plate with the highly vari-29

able seafloor topography called Kyushu-Palau ridge. Numerical simulations have shown30

that the subduction of irregular topography yields complex fault slip behavior on and31

around it, so we observationally imaged fault slip processes during and after the 202432

earthquake to illustrate the role of seamounts in impacting slip behavior on the natu-33

ral fault. Our analysis suggested that (1) the mainshock was impeded when its slip front34

entered the seamount zone and (2) the post-mainshock aseismic afterslip front migrated35

more slowly when passing the seamount zone. We also did not identify a significant amount36

of slip in an along-strike neighbor segment of the mainshock slip area during the week37

following the mainshock. This segment is somehow insusceptible to stress loading from38

nearby fault slips and seems to creep steadily across the mainshock time.39

1 Introduction40

In Hyuganada, southwestern Japan, the Philippine Sea Plate subducts beneath the41

Amur plate. In contrast with off-Shikoku where few megathrust earthquakes except the42

great Nankai earthquake sequences have occurred (e.g., Ando, 1975; Sagiya & Thatcher,43

1999), many earthquakes up to M 7.5 have frequently occurred along their interface off-44

shore Hyuganada (Figure 1)(e.g., Yagi et al., 1998, 1999). However, further larger earth-45

quakes (i.e., M > 7.5) have occurred much less frequently than expected from the con-46

vergence rate there (Ioki et al., 2023; K. Wang & Bilek, 2014). The most recent notable47

quake is the 2024 MJMA 7.1 Hyuganada earthquake on August 8, 2024, which occurred48

near the rupture areas of the two 1996 Hyuganada earthquakes (Mw 6.8 and 6.7 for the49

October and the December events, respectively; Yagi et al., 1999) (Figure 1). Such a re-50

gional characteristic of seismogenesis has been understood as a result of the subduction51

of rough seafloor such as seamounts (e.g., K. Wang & Bilek, 2014). The subduction of52

Kyushu-Palau Ridge (KPR) on the incoming Philippine Sea Plate supports this inter-53

pretation (e.g., Arai et al., 2023; Yamamoto et al., 2013)(Figure 1a). Low margin-normal54

contraction and resultant low slip deficit rates during the interseismic stage (Figure 1b;55

T. Nishimura et al., 2018; S. Nishimura & Hashimoto, 2006; Noda et al., 2018; Okazaki56

et al., 2021; Sagiya et al., 2000; Sagiya, 2004; Wallace et al., 2009) support the steady57

creep nature of rugged plate interface due to the seamount/ridge subduction (e.g., Per-58

fettini et al., 2010; K. Wang & Bilek, 2011, 2014).59

Subducted seamounts locally modify stress distribution and thus complicate fault60

slip and locking behavior throughout the earthquake cycle. For example, the plate in-61

terface fault on top of the subducted seamount favors creep due to the heterogeneous62

–2–



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

stress distribution (K. Wang & Bilek, 2011). They sometimes also host afterslip (e.g.,63

Itoh et al., 2023; Perfettini et al., 2010). In contrast, compressional stress and drainage64

along the megathrust are enhanced at the leading flank of subducted seamounts, which65

provides a favorable condition for ordinary earthquake generations (Ruh et al., 2016; Sun66

et al., 2020). Creeping subducted seamounts may impede earthquake rupture approach-67

ing them as a soft barrier (K. Wang & Bilek, 2011). Such a contrast in slip modes on68

and around subducted seamounts clearly explains the spatial separation of ordinary and69

slow earthquake activities on and around a subducted seamount offshore Ibaraki, north-70

eastern Japan (Kubo & Nishikawa, 2020; Mochizuki et al., 2008). The 2024 mainshock71

epicenter and the two 1996 events are located within the subducted KPR inferred from72

a low seismic velocity layer near the plate interface (Yamamoto et al., 2013) (Figure 1).73

Within this wide zone having possible geometrical irregularities, a local seamount, in-74

ferred from local high reduced-to-pole (RTP) magnetic anomaly (Arai et al., 2023; Okino,75

2015), is located at the up-dip extension of the two 1996 rupture areas and the 2024 epi-76

center (Figure 1a). Therefore, the 2024 event and its afterslip give us a valuable oppor-77

tunity to investigate the mechanical link between seismic/aseismic fault slip and the sub-78

ducted KPR, particularly, the up-dip seamount. Hence, in this study, we derive the co-79

seismic slip and 1-week afterslip of the 2024 Hyuganada earthquake using Global Nav-80

igation Satellite System (GNSS) data to image the interlaced seismic and aseismic slip81

patches. Then, by comparing them with aftershocks and the subducted seamount loca-82

tion, we observationally illustrate the role of seamounts in modulating the dynamics of83

the coseismic slip and early afterslip behavior. Furthermore, we discuss the mechanical84

heterogeneity in Hyuganada by juxtaposing the coseismic slip and early afterslip with85

background seismicity and slow earthquakes.86

2 Data analysis and slip inversion87

2.1 GNSS data analysis88

We employed GNSS coordinate time series processed by the Nevada Geodetic Lab-89

oratory (Blewitt et al., 2018) to derive coseismic and postseismic displacements associ-90

ated with the 2024 Hyuganada earthquake (Figures S1-S4). First, we estimated coseis-91

mic displacements using time series at an interval of 5 minutes to minimize postseismic92

deformation contaminated in the coseismic displacement (Figure 2b, d, and f). We skipped93

the removal of multipath (Choi et al., 2004; Itoh & Aoki, 2022; Ragheb et al., 2007) and94

common mode errors (Wdowinski et al., 1997) for the subdaily time series because we95

are interested in only an instantaneous displacement step. Next, we estimated coseis-96

mic and postseismic displacements simultaneously from daily coordinates. The postseis-97

mic time series are likely not contaminated by the common mode error (Figures S2-S4),98

so we skipped the common mode error removal for the daily coordinates. The coseismic99

and postseismic displacements are inferred by fitting a function (Equation (1))100

x(t) = a+

(
b+ c log

(
1 +

t

τ

))
H(t) (1)

where, x(t) is a position at time t with t = 0 being the mainshock date, H(t) is a Heav-101

iside step function, and τ is a time constant (Figure 2a, c, and e). We determined a, b,102

and c by linear least square regression and τ by grid search. Here, we used the data rang-103

ing from one month before to one week after the mainshock date. We used one week of104

postseismic deformation to discuss the short-term dynamics of the afterslip at its ear-105

liest stage. We verified that one week of observation sufficiently captured the earliest de-106

cay of postseismic transient motion at most sites (Figures S2-S4), which is therefore suf-107

ficient to image the earliest afterslip process. We let each component at each site have108

a different τ because this trajectory model fit aims to extract coseismic and postseismic109

displacements from fluctuating time series. Therefore, we do not interpret the obtained110

τ values themselves. Then, we separated the postseismic displacement by subtracting111
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the coseismic displacement derived from the 5-minute coordinates from the model pre-112

diction from Equation (1) (Figures 3a-b and S5). We estimated the errors for the coseis-113

mic displacements by combining the standard deviation of the pre-mainshock and post-114

mainshock position estimation (Figures S6a and S7a). For the postseismic displacement115

errors, we combined the standard deviation of residual daily time series and the coseis-116

mic displacement errors (Figures S6b and S7b). Although mostly within the standard117

deviation, both horizontal coseismic and postseismic displacements exhibit a systematic118

pattern pointing the mainshock epicenter, which is typical of megathrust earthquakes119

in subduction zones. The vertical error is much higher than the horizontal error and all120

the displacements are within the error level. Yet, the coseismic coastal subsidence and121

tiny inland displacements likely represent the mainshock signal taking place offshore. The122

postseismic vertical displacements also exhibit coastal subsidence, but the inland displace-123

ments have similar amplitude without a systematic pattern, meaning that most of the124

postseismic vertical displacements are likely noise.125

For the following reasons, we combined the daily and 5-minute coordinates to de-126

rive coseismic and postseismic displacements. Typical analysis routine of daily coordi-127

nates uses all the observables from each day, meaning that the mainshock day position128

is derived from observables both before and after the mainshock; therefore, the main-129

shock day coordinate does not represent a position before or after the mainshock. This130

compels us to set the origin of postseismic deformation to the next day of the mainshock131

day which usually significantly underestimates the post-seismic displacement estimates132

(Twardzik et al., 2019). In our case, our coseismic displacements derived from the 5-min133

coordinates do not match with those measured using the daily coordinate on the main-134

shock day or the next day (Figure 2). Measuring postseismic displacements from the next135

day would decrease the postseismic displacement estimate by 25% at G088 for the east136

component (Figures 2a-b), which would impact the resultant afterslip amount.137

2.2 Slip inversion138

We inverted the obtained coseismic and postseismic displacements to infer coseis-139

mic slip and 1-week afterslip, respectively (Figure 3), using an inversion code SDM (L. Wang140

et al., 2009; R. Wang et al., 2013a). We discretized the three-dimensional curved slab141

interface (Iwasaki et al., 2015) into small rectangle subfaults and computed Green’s func-142

tions in an isotropic homogeneous half-space (Okada, 1985). To stabilize the solution,143

we imposed a Laplacian smoothness constraint on the slip. Also, the rake angle was con-144

strained to be between 30 and 150 degrees. For our preferred afterslip solution, we masked145

the subfaults with ≥ 1.4 m coseismic slip and forced their slip amplitude to be zero to146

assure that the substantial part of coseismic slip and afterslip do not overlap with each147

other (e.g., Itoh et al., 2019; Miyazaki et al., 2004; Scholz, 1998). All the data were weighted148

according to the observation error of the displacements. We chose a strength of the smooth-149

ness constraint based on a trade-off curve between misfits weighted by the displacement150

standard deviations and slip roughness (Figures S8 and S9) (L. Wang et al., 2009; R. Wang151

et al., 2013a). We did not use the vertical displacements for the preferred afterslip so-152

lution as their spatial pattern is highly unreliable (Figure S5b). Yet, we performed a test153

afterslip inversion with the vertical displacements and confirmed that main features of154

the inferred afterslip pattern did not dramatically change with or without them (Fig-155

ures 3a-b and S10).156

3 Results and discussion157

3.1 Coseismic slip and afterslip158

The estimated coseismic slip is located south of the rupture areas of the two 1996159

earthquakes (Figure 3a), so the 2024 event is not a recurrence of ruptures of the slip patches160

hosting the 1996 events. This is consistent with the low slip deficit rate (e.g., T. Nishimura161
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et al., 2018; Noda et al., 2018; Wallace et al., 2009) in terms of slip budget. The trade-162

off curve suggests that our preferred solution might be a little overfit (Figures S8a), but163

a smoother solution at the corner of the trade-off curve has a peak largely overlapping164

with the aftershocks, which is physically unreasonable (Figures S8b). The primary peak165

of the afterslip is located up-dip of the mainshock rupture area (Figure 3b), contrary to166

the down-dip afterslips following the two 1996 earthquakes (Figure 1a; Yagi et al., 2001).167

Without the mask of slip in the afterslip estimation, the substantial part of the after-168

slip overlaps with the coseismic slip area (Figure S11a). Such overlap is unlikely in terms169

of elementary behavior of frictional fault (e.g., Scholz, 1998) and most of the past ob-170

servations in Hyuganada and elsewhere (e.g., Itoh et al., 2019; Miyazaki et al., 2004; Per-171

fettini et al., 2010; Yagi et al., 2001). Hence, we found it more reasonable to choose the172

model masking the coseismic slip peak. The other afterslip patch is located in the down-173

dip extension of the mainshock at 30-40 km depths, which extends along-strike to the174

southwest away from the mainshock slip. The down-dip afterslip peak is located at its175

southernmost part, away from the mainshock patch. Interestingly, little afterslip was in-176

ferred in a small segment south of the mainshock and northeast of the down-dip after-177

slip peak (Figure 3b). To verify these features, we performed test afterslip inversions in178

which we masked a part of the fault plane in addition to the coseismic slip peak area (Fig-179

ures S11b-d). We found that (1) masking the entire down-dip afterslip area did not in-180

crease afterslip in the little-afterslip segment south of the mainshock (Figures S11c) and181

(2) masking the southern part of the fault domain (Figures S11b and d) decreased the182

model prediction at the southern Kyushu, especially away from the coast (Figures S11c-183

d). Hence, we concluded that the down-dip afterslip peak to the southwest and the lit-184

tle amplitude of afterslip south of the mainshock rupture are not artifacts. On the other185

hand, the down-dip afterslip at the mainshock strike location is not reliable because its186

down-dip location is sensitive to whether we used the vertical displacements (Figures 3a-187

b and S10) and we gained fairly good horizontal fit without it (Figures S11c-d). The in-188

ferred moment magnitude of the preferred coseismic slip and afterslip models is Mw 7.0,189

and Mw 6.7, respectively, with a rigidity of 30 GPa.190

3.2 Possible modulation of slip processes by the subducted seamount191

The estimated coseismic slip and the primary peak of afterslip are located mostly192

within the broad estimate of the subducted KPR by Yamamoto et al. (2013) (Figures193

3a-b). Inside this broad zone, the RTP magnetic anomaly suggests heterogeneous megath-194

rust topography, and the estimated coseismic slip is located on the down-dip extension195

of the local seamount (Figure 3a) (Arai et al., 2023; Okino, 2015). We speculate that the196

coseismic slip propagation was impeded by the seamount acting as a soft barrier (K. Wang197

& Bilek, 2011), similar to an example of the 2008 Ibaraki-oki earthquake in the Japan198

Trench subduction zone (Kubo & Nishikawa, 2020). The occurrence of this mainshock199

in the low slip deficit rate area (Figures 3c-d; T. Nishimura et al., 2018; S. Nishimura200

& Hashimoto, 2006; Noda et al., 2018; Wallace et al., 2009) might pose a question to its201

occurrence mechanism considering the classical framework of backslip model (Savage,202

1983). We speculate that there exist unresolved small fully locked patches in the main-203

shock zone and their rupture occurrence was assisted by the down-dip compression en-204

hanced by the up-dip seamount (Sun et al., 2020).205

The afterslip has a primary peak at the up-dip extension of the mainshock accom-206

panied by the aftershock activity (Figures 3c-d and 4a). The radial aftershock front mi-207

gration is well characterized as a logarithmic expansion with time as observed in many208

other cases (e.g., Frank et al., 2017; Kato & Obara, 2014; Peng & Zhao, 2009; Ross et209

al., 2017) (Figures 4b). The migration velocity is roughly at an order of 100 km/day at210

the very beginning and subsequently decreased roughly to an order of 10 km/day when211

reaching ∼50 km from the epicenter (Figure S12). Among these 1-week aftershocks, we212

visually identified four clusters of them, from AF1 to AF4 (Figure 4a). AF1 and AF2213

are located next to the coseismic slip peak while AF3 and AF4 are located further up-214
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dip, near the up-dip edge of the 1-week cumulative afterslip patch. Interestingly, the ac-215

tivation timing of cluster AF3 is similar to cluster AF4 although the epicentral distance216

of AF3 is ∼ 20 km shorter than AF4. Some small aftershocks might be missing in our217

JMA catalog right after large earthquakes (Figure S13a; e.g., Kagan, 2004), but the ac-218

tivation timing of AF3 and AF4 was still close only with larger magnitude aftershocks219

(Figures S13b-c).220

This 1-week aftershock activity provides an interesting insight into the afterslip pro-221

cesses up-dip of the mainshock rupture (Figure 4a). Assuming that the aftershock mi-222

gration front marks the migration front of afterslip (e.g., Kato & Obara, 2014; Peng &223

Zhao, 2009; Perfettini & Avouac, 2004; Perfettini et al., 2018), the activation of AF3 and224

AF4 at a similar timing means that the afterslip front migration toward AF3 is signif-225

icantly slower than that toward AF4. This is seemingly consistent with a longer dura-226

tion of aftershock activity of AF3 than AF4 (Figures 4b and S12a; Danré et al., 2024).227

Only cluster AF3 is located up-dip of the seamount, so we propose that the seamount228

impacted the up-dip migration speed of afterslip from AF1 and AF2 to AF3. In general,229

propagation speed of rupture/slip depends primarily on effective normal stress and shear230

stress and strength as shown by numerical simulations employing the rate-and-state fric-231

tion law (e.g., Ariyoshi et al., 2019; Ozawa et al., 2023; Yang et al., 2012). Numerical232

simulations of afterslip demonstrate that afterslip migration speed is slower when effec-233

tive normal stress on the interface is higher and so is the shear strength (Ariyoshi et al.,234

2019). As subducted seamounts produce higher effective normal stress from its top to235

the down-dip leading flank (Ruh et al., 2016; Sun et al., 2020), the effective normal stress236

along the migration path between AF1/AF2 and AF3 could be higher than that between237

AF2 and AF4, which is probably responsible for the slower afterslip front and aftershock238

migration. The low interseismic slip deficit rate at the seamount location (Figures 1a-239

b), perhaps due to the presence of fractured seamount (K. Wang & Bilek, 2011, 2014),240

implies a low level of accumulated shear stress on and around the seamount prior to the241

mainshock. This could also contribute to the decrease in migration speed of the after-242

slip front toward AF3. We cannot rule out the possibility that AF3 was activated by dif-243

ferent processes such as a down-dip migration of shallow slip earthquakes which happened244

in 2010 (Uchida et al., 2020). Yet, we conclude that the possible contrast in afterslip mi-245

gration observationally unveiled another hidden role of seamounts in modulating fault246

slip behavior. We did not perform time-dependent afterslip inversions because the dom-247

inant migration process finished around one day following the mainshock (Figure 4b) and248

the 5-minute GNSS coordinates would be too noisy to resolve temporal evolution of slip249

offshore considering the anticipated signal to noise ratio (Figure 2) (e.g., Itoh & Aoki,250

2022; Twardzik et al., 2019).251

This up-dip afterslip patch extends to the narrow area among the two 1996 and252

the 2024 mainshock rupture areas (Figure 3b), marked by the presence of clustered af-253

tershocks AF1 (Figure 4a). These interlaced seismic and aseismic peaks illustrate the254

presence of mechanical heterogeneity at a 10 km scale, which is usually challenging to255

resolve for offshore megathrust. The presence of this upcoming afterslip area might have256

impeded the 2024 earthquake rupture (e.g., Itoh et al., 2023; Rolandone et al., 2018) and257

prevented it from entering the 1996 rupture areas. The peak of the down-dip afterslip258

patch away from the mainshock rupture was perhaps triggered by dynamic stress per-259

turbation (Figure 3b), similar to some earlier examples (e.g., Itoh et al., 2023; Rolan-260

done et al., 2018; Wallace et al., 2018).261

3.3 Segment south of the mainshock area with little afterslip262

The 1-week afterslip is little in the segment south of the mainshock rupture, where263

only a few aftershocks occurred during the first week (Figure 3b). This gap is located264

in the low interseismic slip deficit rate zone (Figures 3c-d; e.g., T. Nishimura et al., 2018).265

Moderate ordinary interplate earthquakes (Mw 4.1 to 5.5) between 2001 and 2019 (Takemura266
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et al., 2020b) are absent in this gap, where most of the ordinary seismicity located near267

the interface between 2016 and the 2024 mainshock has a magnitude MJMA below 2 (Fig-268

ures 3c and S14), implying that seismic patches occupied very limited portion of moment269

release before the 2024 event. The repeating earthquake activity (Igarashi, 2020) and270

short- and long-term slow slip events (Okada et al., 2022; Ozawa et al., 2024; Takagi et271

al., 2016, 2019) (Figure 3d) are also scarce there, indicating a lack of transient acceler-272

ation of aseismic creep during the interseismic period. These observations imply that the273

interseismic aseismic creep in this segment was steady over time before the mainshock.274

Hence, the megathrust fault in this segment might continue to creep after the mainshock275

at a much slower rate than the afterslip peak, possibly close to the interseismic rate. The276

presence of such a very steady creep fault insusceptible to stress change probably requires277

high spatial variation in velocity strengthening frictional properties (Marone et al., 1991;278

Perfettini & Avouac, 2004; Scholz, 1998). The subducted KPR (Yamamoto et al., 2013)279

might be able to realize such short-wavelength (10 km order) heterogeneity of frictional280

parameters and stress state on the megathrust. As this apparent afterslip gap is not ac-281

companied by a subducted seamount in its up-dip extension, the absence of seamount-282

induced enhanced down-dip compression (Ruh et al., 2016; Sun et al., 2020) might also283

assist such a creeping nature, in contrast to the mainshock segment.284

4 Summary285

The 2024 Hyuganada earthquake occurred along the creeping megathrust due to286

the presence of subducted KPR. We inferred the coseismic slip and 1-week afterslip of287

the 2024 Hyuganada earthquake using the observed displacements by GNSS. The com-288

parison of the inferred slip models with the aftershocks, the ordinary earthquakes be-289

fore the mainshocks, the slow earthquakes, and the local seamount, we illustrated the290

role of subducted seamounts in controlling coseismic and afterslip behavior (Figure 5).291

The mainshock occurred in the down-dip extension of the subducted seamount. Subducted292

seamounts enhance the compressional stress in its leading flank, developing favorable con-293

ditions for ordinary earthquake generation. Hence, the mainshock occurrence in the low294

interseismic slip deficit megathrust was probably assisted by the up-dip seamount (Fig-295

ure 5a). During the coseismic stage (Figure 5b), the mainshock rupture likely extended296

toward the up-dip direction, which was arrested by the subducted seamount acting as297

a soft barrier. The northward rupture expansion was probably arrested by the megath-298

rust which hosted the subsequent afterslip. Following the mainshock (Figure 5c), we iden-299

tified two patches of the 1-week afterslip. The primary patch is located up-dip of the main-300

shock peak, which is accompanied by the four aftershock clusters. Based on the spatiotem-301

poral aftershock activity, we proposed that the up-dip expansion of the afterslip front302

is slowed down while passing the seamount. With the series of afterslip inversion tests,303

we confirmed that little afterslip occurred in the small segment south of the mainshock,304

consistent with the scarce aftershock activity during the first week. Given the geodet-305

ically inferred interseismic creep and various tectonic slip phenomena before the 2024306

event in this segment, we speculate that this segment is somehow insusceptible to ex-307

ternal stress perturbation and continued to creep at a much lower rate than the after-308

slip peak following the mainshock. Our coseismic slip and afterslip overall illuminates309

heterogeneous mechanical properties at an order of ∼10 km, which is perhaps realized310

by the ridge subduction.311

Open Research Section312

The GNSS coordinates (Blewitt et al., 2018) are available as Nevada Geodetic Lab-313

oratory (2024). The plate model (Iwasaki et al., 2015) is available as Iwasaki (2024). Tec-314

tonic tremors (Yamashita et al., 2015, 2021) and repeaters (Igarashi, 2020) are available315

at Slow Earthquake Database Science of Slow Earthquakes (2024) developed by Kano316

et al. (2018). The slip model of Yagi et al. (1998) is available at Earthquake Source Model317
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Database (2024) in SRCMOD (Mai & Thingbaijam, 2014). The CMT solutions of Takemura318

et al. (2020b) are available at Takemura et al. (2020a). The JMA hypocenter catalog are319

available at Japan Meteorological Agency (2024a, 2024b). The slip inversion code SDM320

(L. Wang et al., 2009; R. Wang et al., 2013a) is available as R. Wang et al. (2013b). We321

will upload our products to Zenodo once the manuscript is accepted for publication. We322

provide their files in a zip file attached in the submission for peer review.323
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Figure 1. Tectonic setting. (a) The red star indicates the epicenter of the 2024 Hyuganada

earthquake determined by the Japan Meteorological Agency. The half-transparent black shapes

indicate outlines of the coseismic slip of the 1968 (1.2 m) and the two 1996 (0.5 m for both; Mw

6.8 and 6.7 for the October (shallow) and the December (deep) events, respectively) Hyuganada

earthquakes (Yagi et al., 1998, 1999). Outlines of 4 cm slip of two afterslip models following

the two 1996 earthquakes are drawn in purple (Yagi et al., 2001). The broken contours indicate

slab surface depth (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 the

spatial range of the subducted KPR inferred from a low seismic velocity belt (Yamamoto et al.,

2013). (b) The background color indicates interseismic slip deficit rate between 2005 and 2009

(T. Nishimura et al., 2018). The brown dot indicates the location of an example GNSS site,

G088, shown in Figure 2. (c) Broader map. Brown dots indicate all the GNSS sites used to infer

the slip distributions (See Figure S1 for site codes). The half-transparent black shape outlines a

2 m slip area of the 1946 Mw 8.3 Nankaido earthquake (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 the background is after 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. The typical noise level of

each daily coordinate is ∼1 and ∼3 mm for horizontal and vertical components, respectively. The

typical noise level of each subdaily coordinate is ∼7 mm and ∼3 cm for horizontal and vertical

components, respectively.
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Figure 3. Inversion results. (a-b) Contours indicate the estimated coseismic (a, red) and

1-week afterslip (b, blue). The vectors indicate horizontal coseismic (a) and 1-week postseismic

(b) displacements (black) with model predictions from the coseismic slip (a) and afterslip (b,

blue). Vertical displacements are shown in Figure S5. We trimmed out error ellipses of the dis-

placements for visual clarity and showed the displacements with the error ellipses in Figures S6.

Typical nominal errors for these displacements are 1-2 cm. The brown open dots indicate 1-week

aftershocks reported by JMA. In (b), the area with the coseismic slip ≥ 1.4 m is filled in red. (c-

d) Comparison of the estimated coseismic slip and afterslip with various tectonic slip phenomena.

(c) The green open dots indicate ordinary seismicity from April 1, 2016, to August 7, 2024, as re-

ported 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 tectonic 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 radial direction from

the epicenter. The star indicates the mainshock location and approximated timing. Refer to (a)

for different colors. 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. A schematic depth variation of effective normal stress associated with seamount

subduction in (a) is hand-drawn after Sun et al. (2020).

–17–



GEOPHYSICAL RESEARCH LETTERS

Supporting Information for ”Coseismic slip and early

afterslip of the 2024 Hyuganada earthquake

modulated by a subducted seamount”

Yuji Itoh1

1Earthquake Research Institute, The University of Tokyo, Japan

This is a non-peer-reviewed manuscript uploaded at EarthArXiv

Contents of this file

1. Figures S1 to S14

December 6, 2024, 1:28am



X - 2 :

Figure S1. GNSS sites used in this study as labeled.
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Figure S2. East component of daily GNSS time series (dots) at selected sites before (a) and

after (b) the mainshock. (a) The pre-mainshock location is shown with broken lines. (b) The

logarithmic fit (Equation (1)) and the position on the next day of the mainshock day are shown

with solid curves and broken lines, respectively. The step on the mainshock day is removed

between the two panels. We removed the data of the mainshock day from (b) because they do

not represent a proper position before or after the mainshock. See the site location for Figure

S1.
December 6, 2024, 1:28am



X - 4 :

Figure S3. Same as Figure S2 but for the north component.
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Figure S4. Same as Figure S2 but for the vertical component.
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Figure S5. Coseismic (a) and 1-week postseismic (b) displacements. Refer to Figure 3 for

other elements. No postseismic model displacements are drawn in (b) because we did not invert

the vertical postseismic displacements. Refer to Figure 3 for other elements. Figure S7 shows

the identical displacements with the error ellipses.
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Figure S6. Horizontal co- (a) and post-seismic (b) displacements with 95% confidence ellipses.

The displacements are identical to those shown in Figure 3a-b.
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Figure S7. Vertical co- (a) and post-seismic (b) displacements with 95% confidence ellipses.

The displacements are identical to those shown in Figure S5.
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Figure S8. (a) Trade-off curve for the coseismic slip inversion. Horizontal and vertical axes

indicate weighted misfit and roughness normalized by the sum of the data norm weighted by

their nominal errors. 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 S9. (a) Same as Figure S8 but for the afterslip inversion. 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 S10. Afterslip inversion result with the vertical displacements with the identical setting

as Figure 3a-b. Refer to Figure 3 for other elements.
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Figure S11. (a) The estimated 1-week afterslip distribution without any mask of slip area.

(b-d) Same as (a) but slip in the area of the coseismic slip more than 1.4 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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Figure S12. (a) Same as Figure 4b but with the time axis is linear. (b-c) Zoom-in for the first

2 (b) and 0.1 (c) days.
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Figure S13. (a) The cumulative count of 1-week aftershocks against their magnitude MJMA.

The black lines indicate slopes corresponding to different b-values of the Gutenberg-Richter law.

(b-c) Same as Figure 4b but with the 1-week aftershocks only above a given magnitude as labeled.
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Figure S14. (a) The cumulative count of seismicity between April 1 2016 and August 7

2024 against their magnitude MJMA. Green and purple curves indicate the distributions for the

entire area and inside the purple box, respectively, in (b). We extracted events within 10 km

from the slab interface. The black lines indicate slopes corresponding to different b-values of

the Gutenberg-Richter law. (b) Seismicity between April 1 2016 and August 7 2024 (green and

purple). See Figure 3c for the other elements.
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