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The Sage Brush Flat (SGB) site in the trifurcation area of 
the San Jacinto fault zone (SJFZ) southeast of Anza, 
California, had a dense array of 1,108 vertical ZLand 
nodes recording continuous waveforms for ~30 days in 
spring of 2014. The dense array covered ~ 600 m x 600 
m region around the Clark branch of the SJFZ with a 
core grid of 20 rows perpendicular to and centered on 
the fault trace. Each row had 50 sensors at a nominal 
10 m inter-station spacing and 30 m between rows 
(Figure 1). The array recorded earthquake and noise 
data continuously at 500 Hz. We use the dense array 
data to analyze changes of seismic velocities with 
autocorrelation functions of moving time windows 
within the continuous waveforms (Bonilla et al., 2019).
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FIGURE 2: Computed velocity 
changes from time delays as: 

FIGURE 3: Velocity changes 
computed for event E2 (Figure 2) 
at 3 f requency bands. The 
obtained time delays strongly 
depend on the selected frequency 
band. Low frequencies sample 
deeper structures, thus producing 
higher time delays. The healing 
time is also larger for larger time 
delays.
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Velocity changes strongly depend on the frequency 
band used. The larger the bandwidth, the larger the 
value of dv/v. The healing phase also lasts longer 
when a broad frequency band is used. The different 
frequencies sampling reveals a very heterogenous 
media having a strong space-time variability 
response at shallow depths.

FIGURE 1: SGB dense array. The 
colour dots represent the P-wave 
velocity residuals. Blue corresponds 
to high velocity anomalies and red 
to low velocities, respectively (Meng 
and Ben-Zion, 2018).

◀

Δt/t = − Δv/v0 and Δt = t − t0
t0 is the reference time delay

FIGURE 4: Snapshots of dv/v changes at different lapse 
times for event E2 (Figure 2) for the frequency band of 
50-150 Hz. The response of the array is not homogeneous 
and there are important spatial differences during the 
healing time, suggesting a strong variability of material 
behavior at these frequencies.

FIGURE 5: Velocity changes for event E2 (Figure 2) 
along profile P21-P21' at two different frequency 
bands. The right figure shows the P-wave velocity 
residuals (Meng and Ben-Zion, 2018). At low 
frequencies, it seems that dv/v follows the velocity 
anomalies (faster recovery in high velocity region 
shown by blue bars). However, at higher frequencies, 
the opposite is observed.

◀

456 H. Meng and Y. Ben-Zion

Figure A4. (a) Average residuals between observed and predicted first arrivals from Betsy gunshots data at sensors of the dense array. The background grey
colours represent topography. (b) Residuals versus azimuth with red line showing the best fit of res = A · cos (az + ϕ) with az denoting azimuth. (c) Residuals
with station correction removed.

hypocentre of the target event using the focal mechanism catalogue
of Yang et al. (2012) extended to later events. The magnitudes
of reference events are smaller than 3 so the finite-source effects
are negligible. We then measure the vector sum of the max velocity
amplitude Ai at station i for the target event and Ai

0 for the reference

event using the seismic velocity time series (HH channels) filtered at
2–15 Hz to increase the signal-to-noise ratio (SNR). The magnitude
Ml is estimated to be

Ml = median
(

log
(

Ai/Ri

Ai
0/R0

))
+ Ml0, (B1)
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◀
fault trace

E1

E2

E3 E4

The recordings include 
signals generated by 
small earthquakes and 
various other sources of 
ground motion (e.g. air/
train traffic, wind shaking 
obstacles above the 
ground). Note the 
differences among them 
in the spectrogram and 
related ACF’s (Figure 2). 
Processing includes:

• 8 s time window 
• 80% overlapping 
• 10-100 Hz freq. band
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