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Introduction 
This support information provides additional information from the main article.
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Fig. S1 | Slip rate evolution of a sub-Rayleigh rupture, a self-arresting rupture and an SSAR in a deep medium. The initial shear stress drop for all three types of ruptures is 1 MPa (). The ruptures trigger at t=0 s within the area of the nucleation zone and propagate according to different friction properties. The rupture velocities of the three types of ruptures are all set to 1 km/s. The S-wave velocity is 3.464 km/s, and the P-wave velocity is 6.000 km/s. a, For the sub-Rayleigh rupture,  is 0.40 and  is 0.40. b, For the self-arresting rupture,  is 0.35 and  is 0.10. c, For the SSAR,  is 0.88 and  is 0.50.
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Fig. S2 | Stress evolution of a sub-Rayleigh rupture, a self-arresting rupture and an SSAR in a deep medium. The initial shear stress drop for all three types of ruptures is 1 MPa (). The ruptures trigger at t=0 s within the area of the nucleation zone and propagate according to different friction properties. The rupture velocities of the three types of ruptures are all set to 1 km/s. The S-wave velocity is 3.464 km/s, and the P-wave velocity is 6.000 km/s. a, For the sub-Rayleigh rupture,  is 0.40 and  is 0.40. b, For the self-arresting rupture,  is 0.35 and  is 0.10. c, For the SSAR,  is 0.88 and  is 0.50.
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Fig. S3 | Source time functions of sub-Rayleigh ruptures, self-arresting ruptures and SSARs in both shallow and deep media. a, Source time functions for slow self-arresting earthquakes (red lines), self-arresting earthquakes (green lines) and sub-Rayleigh earthquakes (blue lines) in a shallow medium. The S-wave velocity is 1.250 km/s, and the P-wave velocity is 3.000 km/s. b, Source time functions for slow self-arresting earthquakes (red lines), self-arresting earthquakes (green lines) and sub-Rayleigh earthquakes (blue lines) in a deep medium. The S-wave velocity is 3.464 km/s, and the P-wave velocity is 6.000 km/s.
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Fig. S4 | Dynamic rupture phase diagram in a shallow medium. The S-wave velocity is 1.250 km/s, and the P-wave velocity is 3.000 km/s. The model settings are the same as in Figure 1a.



[image: ]
Fig. S5 | Slip rate evolution of a sub-Rayleigh rupture, a self-arresting rupture and SSARs in a shallow medium. The initial shear stress drop for all three types of ruptures is 1 MPa (). The ruptures trigger at t=0 s within the area of the nucleation zone and propagate according to different friction properties. The rupture velocities of the three types of ruptures are all set to 1 km/s. The S-wave velocity is 1.250 km/s, and the P-wave velocity is 3.000 km/s. a, For the sub-Rayleigh rupture,  is 0.40 and  is 0.40. b, For the self-arresting rupture,  is 0.35 and  is 0.10. c, For the SSAR,  is 0.88 and  is 0.50.
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Fig. S6 | Stress evolution of a sub-Rayleigh rupture, a self-arresting rupture and an SSAR in a shallow medium. The initial shear stress drop for all three types of ruptures is 1 MPa (). The ruptures trigger at t=0 s within the area of the nucleation zone and propagate according to different friction properties. The rupture velocities of the three types of ruptures are all set to 1 km/s. The S-wave velocity is 1.250 km/s, and the P-wave velocity is 3.000 km/s. a, For the sub-Rayleigh rupture,  is 0.40 and  is 0.40. b, For the self-arresting rupture,  is 0.35 and  is 0.10. c, For the SSAR,  is 0.88 and  is 0.50.
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Fig. S7 | Comparison of the seismic moment magnitudes of LFEs and shallow VLFs in the Nankai Trough and the corresponding source models. a, Map of the Nankai Trough area including the distribution of ocean bottom seismometer (OBS) stations (white triangles) and the epicentral distribution of LFEs (orange dots). The VLFs identified by Tamaribuchi et al. (2019) are shown as red stars. Different circle colors represent the different average moment magnitudes of LFEs. b, Seismic moment magnitudes of VLFs (orange dots) and LFEs (green dots) in the Nankai Trough. The green band represents the 95% magnitude range of LFEs. c, Modeled mechanism responsible for both VLFs and LFEs. The blue block denotes the nucleation patch of a VLF, and the corresponding friction parameters ) are (1.1 MPa, 0.434 m). The orange circles denote the nucleation patches of LFEs, and the corresponding friction parameters ) are (1.1 MPa, 0.014 m).


	
	Ito and Obara (2006)

	Moment magnitude
	3.7~4.1

	Stress drop (Pa)
	0.1~6×104

	Corner frequencies (Hz)
	0.11~0.24

	Rupture velocity (km/s)
	0.67~1.3

	Fault radius (km)
	5~10

	Slip (mm)
	2~10

	Slip velocity (mm/s)
	0.05~2

	Depth (km)
	2~4


Table S1 | The estimated source parameters of shallow VLFs in the Nankai Trough.



	Model parameters
	Sub-Rayleigh rupture
	Self-arresting rupture
	SSAR

	 (m/s)
	3000
	3000
	3000

	 (m/s)
	1250
	1250
	1250

	 (kg/m3)
	2300
	2300
	2300

	 (MPa)
	1.67~3.33
	2.00~10.00
	1.05~1.43

	 (MPa)
	1.0
	1.0
	1.0

	 (m)
	0.17~0.42
	0.44~2.25
	0.72~0.92

	 (km/s)
	1.00
	1.00
	1.00

	
	
	
	

	 (m)
	3.0
	3.0
	3.0

	Rupture diameter (m)
	180, 220, 260, 300
	180, 220, 260, 300
	180, 220, 260, 300

	Domain size (grid cells)
	200×200
	200×200
	200×200


Table S2 | Model parameters in a shallow medium. , P-wave velocity; , S-wave velocity; , density; , breakdown stress drop; , dynamic stress drop; , critical slip distance; , initial rupture velocity in the nucleation asperity; , S-wave quality factor; , P-wave quality factor; , spatial dimensions of a grid cell in the computational model.
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