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Supplementary Method 1. Earthquake location uncertainty analysis

We applied the bootstrapping method!? to evaluate earthquake location
uncertainties from hypoDD. In each bootstrap run, we randomly resampled differential
traveltimes while keeping the total number of differential traveltimes equal to that of
the original dataset. Using the resampled differential traveltimes, we then relocated the
earthquakes by hypoDD. This process was repeated 100 times, yielding 100 relocation
estimates for each event. The location uncertainty for each event was determined by the
standard deviation of its 100 relocations. Finally, we found that the average location
uncertainties of all events were 0.25 km in the E-W direction, 0.14 km in the N-S
direction, and 0.46 km in the vertical direction (Supplementary Fig. 3).

To evaluate location uncertainties arising from the choice of velocity model, we
compiled 10 1D velocity models of the Sichuan Basin from different studies
(Supplementary Fig. 2)*-12. Because the model of Meng, et al.* based on vertical sonic
logging covers only a limited depth range (0-2.8 km), we excluded it and used the
remaining 9 models to evaluate location uncertainties following the same routine as
described in the main text. The location uncertainty for each event was determined by
the standard deviation of the 9 relocations. The average uncertainties of all events in
the E-W, N-S and vertical directions are 0.54, 0.22, and 1.30 km, respectively

(Supplementary Fig. 4).

Supplementary Method 2. Model resolution test

In order to evaluate the resolution of the inverted velocity models, we employed
both the restoration test and the checkerboard resolution test (CRT)!?. The restoration
test was done by first calculating synthetic traveltimes based on the actual distribution
of seismic events and stations, as well as the velocity models inverted by the Vp/Vs
model consistency-constrained double-difference seismic tomography method
(tomoDDMC)'*. These synthetic traveltimes are used as the input for the tomoDDMC
inversion with the starting models and inversion parameters same as the real data
inversion. The restored models are then compared with the real data inversion models

(Supplementary Fig. 9). Generally, the velocity models from the real data inversion are
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accurately restored, therefore, buttressing the reliability of the inverted models.

The checkerboard velocity models were generated by adding +5% and —5%
velocity perturbations to the initial models. Because the checkerboard patterns of the
Vp and Vs models are set to be opposite at the same grid nodes, the velocity
perturbations of the Vp/Vs model vary between +10.5% and —9.5%. These
checkerboard models were then utilized to calculate synthetic traveltimes based on the
actual distribution of seismic events and stations. Finally, we applied tomoDDMC
method!* to the synthetic data using the same starting models and inversion parameters
(with the exception of reduced smoothing and damping parameters of 1 and 40,
respectively) in the real data inversion. Supplementary Fig. 9 shows the inverted
velocity models. It can be seen that the checkerboard patterns are most evident in the

source areas, indicating that the velocity structures in these regions can be well resolved.

Supplementary Method 3. In-situ Vp/Vs estimation

To verify the reliability of the Vp/Vs model obtained by tomoDDMC, we
estimated the Vp/Vs values for some tomography grid node using an in-situ Vp/Vs
analysis method!> based on high-precision cross-correlation differential traveltimes.
First, the seismic events within 1 km of each tomography grid node is regarded as a
cluster. For each pair of seismic events within a cluster, if the spacing between the two
events is sufficiently small with respect to the source-station distance, the seismic
velocity can be assumed to be constant locally, and the incident waveform fronts at each

station can be approximated as horizontal planes. In this case, the P-wave differential

traveltimes & T; between the two events at the station i can be expressed as:

(D

. , . Sik
STi=Ti —Ti =22
P pz ~ Ipt T

where T;l and T;z are the traveltimes of events 1 and 2, respectively, 5[%, is the
difference in raypath distance between the two events, and V}, is the local P-wave
velocity. Similarly, the S-wave differential traveltimes ST between the two events at

the station i can be expressed as:
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ST} =T, — T} =2 @)

Vs

If the spacing between the two events is sufficiently small with respect to the source-
station distance, it can be assumed that & l;', = §1%, and therefore the in-situ Vp/Vs ratio

can be estimated directly from the differential traveltimes,

Yo _ 8T¢
Vs 8T} ©)

The in-situ Vp/Vs ratio for each seismic cluster can be estimated by fitting the
slope of the differential traveltimes & T,,i-S T! for each event pair. For cross-correlation-

based differential traveltimes of event pairs with cross-correlation coefficients cc =
0.6, we first removed influential points based on Cook's distance'®. If three or more
differential traveltimes remain after removing the influential points, these differential
traveltimes are retained and demeaned to minimize the effect of varying y-axis
intercepts for different event pairs due to uncertainty in the seismic origin time. If the
total number of retained differential traveltimes for all event pairs in a cluster exceeds
100, a least-squares fit is performed after removing high leverage and influential
points!®!7 and removing points with large residuals (greater than 3 times the standard
deviation of the residuals). Finally, a least-squares fit is performed using the remaining
differential traveltimes and the slope of the resulting line represents the in-situ Vp/Vs
ratio for the cluster.

To determine the uncertainties of the in-situ Vp/Vs estimates, we applied the

bootstrapping method"-!>. For each 3D grid node, we fit the slope of the line using the
randomly resampled differential traveltimes 6T,;-6T;. This process was repeated 100

times, and the uncertainty of the in-situ Vp/Vs value at each grid node was determined

by the standard deviation of the 100 Vp/Vs estimates.
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Supplementary Fig. 5. Focal mechanism solution (represented by the beachball) of the
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The blue and red lines in the right panel represent the observed and modeled seismograms,
respectively. The number at the upper right corner of each waveform pair represents the maximum
cross-correlation coefficient between observed and modeled seismograms. The signs at the lower
right corner of each waveform pair in the left column represent the comparison between observed
(left) and modeled (right) P wave first motion polarities. The numbers at the lower right corner of
each waveform pair in the right column represent the comparison between observed (left) and
modeled (right) S/P amplitude ratios.
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