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Text S1. Details of the 2-D and 3-D full-wavefield simulations: The 2-D simula-

tions are performed for horizontal velocity vxx using a Graphics Processing Unit (GPU)

based 2-D finite difference code (Li et al., 2014). The simulation domain is parameterized

using a water layer (Vp = 1.5 km/s, Vs = 0 km/s and ρ = 1.027 g/cm3) overlying an

elastic half-space. The PREM model defines the background velocity structure, and a

realistic bathymetry profile from Etopo1 (NOAA, 2009) defines the interface between the

two mediums (Fig. S8A). The dimensions of the modeling domain are 330km and 70km

in the x and z directions, respectively. The hypocenter (a double-couple point source) is

placed at 70 km from the right edge of the domain at 15 km depth. We set the grid size

to 0.05 km and a step size of 0.0005 s so that the synthetic wavefield is accurate up to

5 Hz. The dynamic wavefield is animated as a series of videos with 0.1 s time sampling,

and snapshots are shown in Fig. 3.

Because the low velocity sediments certainly play a role in the generation of surface waves

(SWs), we ran another set of 2D simulations including low-velocity sediments using the

Japan Integrated Velocity Structure Model version 1 (JIVSM, Koketsu et al., 2012). In

these simulations, we clearly observe SW with similar characteristics as in the manuscript

and with slightly higher amplitudes. The low velocity sediments represented here ( 1000

m/s) are, however, not as low as in our inverted model (100-300 m/s). The layers of

extreme low velocities in our model are very shallow (a few tens of meters) which would

require running simulations at a very high frequency and using a very small model grid.

Nonetheless, the 2D simulation (Fig. S9) shows that our interpretation holds with a rel-

atively low and shallow velocity structure.
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The 3-D full-wavefield simulations were performed for horizontal strain (εxx) via a spectral-

element solver (Afanasiev et al., 2019). The mesh that was used in these simulations

contains 3,989,784 elements and is accurate up to 3 Hz. Similarly to the 2-D scenario,

the model is parameterized using a water layer (Vp = 1.5km/s, Vs = 0km/s and ρ =

1.027g/cm3) overlying an elastic half-space as defined by the PREM model. Here, how-

ever, we define the Moho interface using the Crust-1.0 model (Laske et al., 2013), and

use the Earth2014 relief model (Hirt and Rexer, 2015) to define the topography and

bathymetry (Fig. S8B). The double-couple point source hypocenters that are shown in

Fig. 1A are estimated using the slab dip geometry corresponding to the depth of the

cataloged earthquakes. The strike and dip of these events are determined from the slab

2.0 geometry model (Hayes et al., 2018). The dynamic wavefield is animated in snapshots

(Fig. 4) and two videos (Videos s4 and s5) with a 0.3s time sampling. In these two videos,

the shoreline is not clearly visible; however the simulation domain is exactly the same as

in Fig. 4. Please refer to Fig. 4 for scale and locate the shoreline.

Text S2. SNR calculation: Reference noise was taken for each individual earthquake,

15 s before the first observed signal (P or S). Then, we took the mean(abs(noise)) for a

window of 5 s and the max(abs(signal)). It is worth noting that the chosen SNR value is

an arbitrary threshold that we selected with trial and error and doesn’t have real physical

meaning. It serves as a proxy to select our earthquakes. Among the 180+ earthquakes de-

tected with the DAS array, only a small fraction of them allowed us to extract water-phase

reverberations and surface waves. We found that the spatial (150 km) and SNR thresh-

olds imposed were satisfactory for our experiment; however, we do not discard the fact
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that some lower SNR or more distant earthquakes could still provide useful information

for our means.

Movie S1. 2-D simulation for Scenario A in Figure 3A.

Movie S2. 2-D simulation for Scenario B in Figure 3A.

Movie S3. 2-D simulation for Scenario C in Figure 3A.

Movie S4. 3-D simulation for Scenario shown in Figure 4A. Please, refer to Fig. 4 for

scale and shoreline position.

Movie S5. 3-D simulation for Scenario shown in Figure 4B. Please, refer to Fig. 4 for

scale and shoreline position.
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Figure S1. (top) DAS earthquake record, filtered between 0.5 and 8Hz for the earthquake

#2 shown in Fig. 1. The two pink lines depict the direct P and S arrivals. The rectangular

boxes show the selected window used to extract surface-wave energy. In all panels, the red and

cyan colors correspond to seaward and landward propagation, respectively. (middle) Stacked

GSS result for seaward propagation at all computed frequencies. (bottom) Same as middle panel

for landward propagation. In both middle and bottom panels, the red and cyan dots depict the

maximum of GSS power, which is the center of the extracted windows shown in the top panel.
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Figure S2. Surface waves packets extracted from all the rectangular windows shown in Fig.

2A after applying Tukey-window time filtering. The number in each subplot indicates the central

distance of each extraction windows shown in Fig. 2B and C.
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Figure S3. Dispersion images obtained via a τ -p transform for all the surface waves packets

shown in Fig. S2; originally from all the rectangular windows shown in Fig. 4A. Measurements

from channels centered on 5318 m are stacked together to obtain a more stable and reliable

dispersion image. Measurements from channels centered on 6230 m do not lead to a stable

dispersion image. The blue lines are the extracted dispersion curves based on the maximum

energy of the dispersion image and used for the inversion.
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Figure S4. Inversion results of extracted dispersion curves shown in Fig. S3. The red lines

depict the observed dispersion curves and the dashed cyan lines depict the best inversion results.

Other inverted dispersion curves are shown as dark (higher misfit) or light lines (lower misfit).
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Figure S5. S-wave velocity models obtained from the inversion of the dispersion curves shown

in Fig. S4. The red lines are the lower-misfit velocity models and the dashed cyan lines are the

average velocity models.
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Figure S6. A) Histogram showing the number of 1-D velocity models stacked in each 70-m

bin. B) VS30 for each bin. C) Unsmoothed VS velocity model version of that shown in Fig.

2E. D) Error estimation based on 1σ from the inverted velocity models. E) VS velocity model

constructed using only earthquakes that occurred along the cable. F) Dissimilarity between C

and E. G) Velocity model constructed with 70 m bin but only using models from landward

detections. H) Velocity model constructed with 70m bin but only using models from seaward

detections. I) Dissimilarity between G and H.
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Figure S7. A) All inverted velocity model for both landward and seaward detections along

with an average velocity model. B) All the 70 m bin averaged velocity model and an average of

these models.
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Figure S8. A) 2-D simulation domain and the synthetic DAS cable. B) 3-D simulation domain.
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Figure S9. 2-D simulation using the Japan integrated velocity structure model version 1

velocity model (Koketsu et al., 2012) for the region of interest. A) 2D section of the velocity

model used. Note the low-velocity sediments under the cable (red line). The earthquake location

is shown by the red star. B) Simulated synthetic wavefield. Clear surface wave packets appear

all along the recording section, with a much clearer amplitude after the S-wave arrival. The

simulation was performed as described in text S1.
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