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Studying the seismicity triggering response of fault systems to periodic stress fluctuations can improve
our understanding of earthquake nucleation, rupture failure processes, and local stress states. Geothermal
fields are well known to be susceptible to triggering, as the injection and extraction activities change the
local stress and fluid flow conditions. Here, we examine the modulation of earthquakes by Earth tides
within California’s Coso geothermal field (CGF) and its vicinity. To maximize our resolution to detect
modulation of small earthquakes, we take advantage of the new Quake Template Matching catalog in
southern California, which has nearly twice as many events in the Coso region as the standard catalog and
is complete down to about magnitude 0.3. We observe strong tidal triggering of earthquakes within the
CGF, even though the fluctuations of tidal stresses are small (~2 kPa). The tidally-triggered earthquakes
tend to occur near the time of maximum tensile tidal stress. The signal is strongest near the edges of the
zone of new production wells, suggesting fluid pressure gradients encourages triggering at tidal periods.
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1. Introduction

A key and long-standing question in seismology is how earth-
quakes are triggered by stress changes, and in detail, how sensitive
the triggering is to the amplitude and time scale of the stress vari-
ations (i.e., the period in the case of cyclical loading), and what this
reveals about earthquake nucleation mechanisms. The continental
crust is thought to be pervasively on the verge of failure (Zoback
and Zoback, 2002) and temporal stress fluctuations may initiate
earthquake nucleation either directly or by modulating the effec-
tive normal stress via fluid transport and pore-pressure changes
(Gomberg et al., 1997; Hill and Prejean, 2007; Delorey et al., 2017;
Thomas et al.,, 2009). If so, earthquake modulation should result
from sufficiently large stress perturbations.

Two of the most widely studied examples of earthquake trig-
gering due to periodic or quasi-periodic stress fluctuations involve
triggering by earthquake shaking and Earth tides. Dynamic trigger-
ing from the seismic waves of distant earthquakes occurs at scales

* Corresponding author at: Department of Earth Sciences, University of Southern
California, Los Angeles, CA, USA.
E-mail address: weiwang053@gmail.com (W. Wang).

https://doi.org/10.1016/j.epsl.2021.117335
0012-821X/© 2021 Elsevier B.V. All rights reserved.

of tenths of a second to tens of seconds (frequencies of ~0.1-10
Hz), whereas triggering caused by Earth tides occurs over hours
to days (~1074-10=6 Hz). Remote triggering from seismic shak-
ing has been observed worldwide for over two decades, appearing
most commonly in geothermal and volcanic areas (Hill et al., 1993;
Gomberg and Davis, 1996; Prejean et al., 2004; Brodsky and Pre-
jean, 2005; Peng et al., 2010; Aiken and Peng, 2014; Fan et al,,
2021; Miyazawa et al.,, 2021). In contrast, studies of earthquake
triggering by tides have a much longer history, but the results are
mixed (e.g., Schuster, 1897; Vidale et al., 1998; Beeler and Lockner,
2003; Ader and Avouac, 2013; Wang and Shearer, 2015; Xue et al.,
2018). Most of the well-documented examples of tidal triggering
of earthquakes and tremors are observed near-shore or offshore,
where the ocean loading term is up to ten times larger than the
solid Earth tide (Cochran et al., 2004; Tanaka et al., 2002; Rubin-
stein et al., 2009; Métivier et al., 2009; Wilcock, 2009; Ide et al.,
2016; Hao et al., 2019; Scholz et al., 2019), or in tremor-hosting
fault zones where conditions of near-lithostatic fluid pressure may
cause tidal modulation of tremor, low-frequency earthquakes, and
slow earthquakes (Thomas et al., 2009, 2012; Houston, 2015).
Measurement of robust statistical correlations between solid Earth
tides and earthquake occurrence far from the oceans benefits from
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Fig. 1. Seismicity in the Coso geothermal field from 2008 to 2017. (A) shows seismicity in the CGF (blue) and its surrounding area (black, area in Fig. 1A). (B) illustrates
the Gutenberg-Richter law in the CGF (blue) and its vicinity (black) for the QTM catalog, with triangles indicating the approximate completeness magnitudes. (C) shows the
seismicity in eastern California, including the M6.4 and M7.1 Ridgecrest earthquakes. The black box indicates the same region in (A). (For interpretation of the colors in the

figure(s), the reader is referred to the web version of this article.)

substantial improvements that augment earthquake catalogs (Mé-
tivier et al., 2009; Scholz et al., 2019).

Geothermal fields and volcanic areas are thought to be more
susceptible to triggering phenomena because of their active tecton-
ics, elevated temperature, and the presence of significant amounts
of pore fluids at depth. In areas of geothermal energy production,
continuous injection and extraction of fluids alters the stress state
and fluid-flow conditions within the porous, complex fracture sys-
tems (e.g., Martinez-Garzon et al,, 2013). In this study we focus
on the Coso region in eastern California, which hosts one of the
largest geothermal plants in the United States. The Coso geother-
mal field (CGF) is located between the Sierra Nevada and Argus
Ranges, in the transtensional part of the Eastern California Shear
Zone, which is subject to strike-slip as well as normal faulting
(Walter and Weaver, 1980; Fialko, 2021; Fialko and Jin, 2021). The
geothermal plant has been in operation since 1987 with a rated
capacity of 270 MW (Monastero, 2002). The start of geothermal
production at Coso triggered a notable increase in microseismicity
within the production area (Fialko and Simons, 2000; Trugman et
al., 2016).

2. Methodology and results

Tidal modulation studies require large numbers of events to
ensure their statistical confidence (Harrington and Brodsky, 2006;
Meétivier et al., 2009; Scholz et al., 2019). The recently developed
Quake Template Matching (QTM) catalog for southern California
from 2008 to 2017 includes 1.8 million earthquakes (Ross et al.,
2019), about a 10-fold increase from the Southern California Seis-
mic Network (SCSN) catalog (Hutton et al.,, 2010). This enlarged
catalog, with many more small events, improves our ability to
detect statistically significant earthquake triggering over previous
work (Vidale et al., 1998; Harrington and Brodsky, 2006). The com-
pleteness magnitudes in the CGF and its surroundings are approx-
imately 0.0 and 0.3, respectively, compared to 0.5 for the SCSN
catalog (see Figs. 1 & S1).

To examine the correlation between Earth tides and earthquake
occurrence, we apply Schuster’s test separately to different event
sequences (Schuster, 1897). For a random sequence, the Schuster’s
p-value is defined as

ol () ()

where 6; is the tidal phase for the i-th event and N is the total
number of events. We define the neighboring maximum values of
the tidal stress signal as each occurring at 0° phase, as shown in
Figure S2a, to estimate the tidal phase at the time of the earth-
quake. The p-value provides a measure of the probability that the
observed correlation with tidal phase could happen by chance if
earthquake occurrence was random. A p-value less than 5%, i.e.,
0.05, is often taken to indicate a significant correlation between
Earth tide amplitude and earthquake occurrence.

Schuster’s test assumes each event is statistically independent
of the other events. Thus temporal clustering in the seismicity, i.e.,
aftershock sequences and earthquake swarms, on the time scale
of stressing period degrades the resolution to be worse than sug-
gested by the p-value (e.g., Wang and Shearer, 2015). Consequently,
we first use the Reasenberg declustering method (RDM) (Reasen-
berg, 1985), which identifies aftershocks by checking whether
these events are located within the spatial and temporal inter-
action zone of a prior earthquake. The size and duration of the
interaction zone increases with earthquake magnitude. Since there
are some swarms without mainshocks in the Coso region (Zhang et
al,, 2017), and RDM may fail to identify and decluster swarms, we
further apply the phase-bin declustering method (PBDM) (Wang
and Shearer, 2015) to the RDM-declustered catalog. The PBDM
declusters the catalog based on the tidal cycles, so it is only ap-
propriate for tidal modulation studies. Each tidal cycle is divided
into several equal-size bins, and only a single event in each bin
is kept. This processing, for example, will not signal tidal correla-
tion in any cycles with all bins fully occupied by at least an event.

(1)
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Fig. 2. Spatial variations in tidal triggering. (A) plots the p-value distribution for tidal triggering based on a 0.02° by 0.02° grid with shifts of 0.005°. (B) close-up view of the
p-value distribution for tidal triggering within the black box in (A). (C) plots the tidal triggering ratios within the black box. (D) plots the triggered tidal phases within the
black box. (E) a histogram illustrates the distribution of the tidal phases in the triangle region in (A)-(D), which shows a strong tidal modulation. The red solid line represents

the best fitting cosine function, and the black dashed line shows the mean value.

The Earth tides are computed for the 2004 version of the God-
dard Ocean Tide Model (GOT4.7) plus a local model for the west
coast of the United States and British Columbia of Canada, using
the program SPOTL (Agnew, 2012). In this study, PBDM is applied
to the synthetic tidal signals from SPOTL, i.e., tensile tidal stress
and tidal height in this study, which are dominated by the semi-
diurnal periodicity. Hereafter, we use the term “tensile stress” to
denote stress perturbations that result in a reduction in compres-
sive stresses acting at depth (rather than the absolute extension).

Ideally, the geometry of the fault planes or the focal mecha-
nisms of the triggered events would be used to relate tidal stress
fluctuations to the shear and normal stress changes on the faults
(Tanaka et al., 2002; Cochran et al., 2004; Johnson et al., 2017).
However, both the local subsurface velocity and faulting processes
are complex in our study region, which makes obtaining reli-
able focal mechanisms for the small events that make up the
bulk of our catalog problematic (Martinez-Garzén et al., 2013).
Therefore, we divide the study region into small geographic cells
(0.02° x 0.02°) (see Figs. 2 & 3), in which it is likely that the
earthquakes will have similar focal mechanisms due to a near-
uniform background tectonic stress state (Hardebeck, 2006; Wang
and Shearer, 2015). These nearby events will be similarly affected
by the common tidal phase.

Overall, we test the 595 cells that have at least 100 events in
the greater CGF region (Fig. 2B). By random chance, we would
expect 30 cells (5%) to have p-values below 0.05. In the obser-
vation, we find 54 cells with p-values below 0.05. 34 of 119 cells
within CGF have p-values below 0.05, which is statistically signif-
icant, while only 4.2% of cells (20 out of 476) outside CGF have
p-values smaller than 0.05. To be conservative in minimizing biases
possible in iterated hypothesis testing, and since Schuster’s test
may overestimate significance (Cochran et al., 2004), we require
a much lower p-value of 0.001 as a threshold to detect tidal mod-
ulation in our study region, which reduces the expected number
of “random chance” cells to less than one out of 595. In con-
trast, we observe that 4 of all the cells have p-values less than
0.001 (values of 0.0001, 0.0001, 0.0003, and 0.0003) and that these
cells are spatially proximate, with all of them located within the
CGF. Similar to Cochran et al. (2004), we define the number of ex-
cess events (Nex=Ngps—N/2, where Ngps is the observed number of
events with —90° < 6 < 90° and N is the total number of events)

as the number beyond those expected due to random occurrences
(see Figure S2b). The tidal triggering ratio is defined as Rex=Nex/N.
In Fig. 2, Rex for the subarea A is about 6%, while the tidal trig-
gering is visibly apparent with a p-value equal to 0.0006, slightly
smaller than 0.001.

We examine tidal modulation based on two different tidal
components, tidal tensile stress (Fig. 2 & 3A-C), and tidal height
(Fig. 3D). Both results indicate there is strong tidal triggering, i.e., p
< 0.001, in the part of the CGF where there is observed long-term
surface subsidence and highly active seismicity (Fialko and Simons,
2000; Tymofyeyeva and Fialko, 2015) (see Fig. 2 & 4). This anomaly
is distinct from its surroundings, as the only extremely low p-value
region is located in the CGF. Triggering appears to occur in phase
with tensile stress, with the strongest triggering response concur-
rent with the greatest tensile stress (Fig. 2 & 4), which corresponds
to the greatest extension. In the CGF, about 95% of earthquakes
are shallow (<3 km) and proximate to geothermal operations (Fi-
alko and Simons, 2000; Zhang et al., 2017). The tidal triggering of
earthquakes for only these shallow events, shown in Fig. 3C, is very
similar to the events across the entire depth range (see Fig. 3B).

For comparison, we repeated our analyses using only the SCSN
catalog within the CGF. We found that the probability of tidal trig-
gering and the tidal triggering ratio were lower than the QTM
catalog results (see Fig. 3F). The detection of statistically signifi-
cant tidal triggering at the CGF requires the large number of low
magnitude (M < 0.5) earthquakes in the QTM catalog, as the SCSN
catalog cannot confirm a significant tidal signal using only magni-
tude 0.5 or larger events.

3. Discussion
3.1. Statistical tests

As in previous studies (Schuster, 1897; Tanaka et al.,, 2002;
Cochran et al., 2004; Wang and Shearer, 2015), we use the p-value
to resolve tidal modulation of earthquakes. However, because we
are testing many different cells, we use a much smaller p-value
(0.001 or 0.1%) as the threshold value instead of the classic one (p
< 0.05) to avoid bias from “P-hacking” and assure the confidence
of our results. As discussed above, we find four cells with these ex-
tremely low p-values, which are located within a somewhat larger
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Fig. 3. Spatial variations in tidal triggering parameters including the p-value, tidal triggering ratio and triggered tidal phase. (A) shows the tidal triggering of tensile stress
in the RDM declustered QTM catalog at all depths. (B) shows the tidal triggering of tensile stress in the RDM and PBDM declustered QTM catalog at all depths. (C) shows
the tidal triggering of tensile stress in the RDM and PBDM declustered QTM catalog at depth < 3 km. (D) shows the tidal triggering of tidal height in the RDM and PBDM
declustered QTM catalog at all depths. (E) shows the tidal triggering of tensile stress in the RDM and PBDM declustered SCSN catalog at all depths.

region of 15 cells in the GCF containing p-values between 0.01
to 0.05, as indicated by the triangle in Fig. 2. Testing only the
630 earthquakes within this triangle for tidal triggering yields a
p-value of 0.0006, confirming the anomalous nature of this region.
All the cells with p < 0.001 in Fig. 3 have tidal triggering ratios
(Rex) larger than 5%.

To examine the spatial robustness of the low p-value regions,
we randomly pick one event and find its closest neighboring 200
or 500 events, then we apply PBDM to this cluster and compute
its p-value. We repeat this process 2000 times (>1/0.001 to check
the location of the extremely low p-values). After repeating this
process many times, the results indicate that the extremely low
p-values are almost all located in the CGF (see Fig. 5A & B). In
some cases, there may be extremely low p-values outside the CGF,
however, the most robust spatial locations of the low p-values are
within the CGF region. Second, we pick 5 random calendar years

in the dataset and run the same process described above to check
the location of the extreme low p-values. The results are similar
to those of the whole dataset (see Fig. 5C & D). The spatial distri-
bution of low p-values is more compact for the 500-event clusters
than the 200-event clusters, suggesting the distribution in the 200-
event clusters may be picking up random statistical fluctuations or
more local or undersampled triggering regions.

3.2. Remote triggering

Remote triggering from the stress fluctuations in passing seis-
mic waves is another tool for studying earthquake triggering (e.g.,
Gomberg et al., 1997; Hill and Prejean, 2007; Pollitz et al., 2012;
Fan et al, 2021; Miyazawa et al,, 2021) as well as aseismic slip
events (e.g., Tymofyeyeva et al., 2019). Dynamic triggering from lo-
cal and distant earthquakes typically occurs for seismic waves with
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Fig. 4. (A) indicates geothermal well drilling date. (B) shows the surface displace-
ment, as derived from InSAR data of Sentinel-1 between November 2014 and De-
cember 2017 in the black box in Fig. 2A. The subareas are the same as those in
Fig. 3. The subarea A is the region with a strong tidal modulation, while C is the
one with almost none tidal modulation. The subarea B and D are the regions with
a medium tidal modulation.

periods of seconds to tens of seconds (frequencies of 0.1-10 Hz).
Previous remote triggering studies in the CGF have obtained dif-
ferent results despite using similar methodology (Aiken and Peng,
2010; Zhang et al., 2016; Kaven, 2020; Alfaro-Diaz et al., 2020; Im
et al.,, 2021).

Aiken and Peng (2014) and Alfaro-Diaz et al. (2020) exam-
ined the triggering of earthquakes by transient stresses caused
by seismic waves from distant earthquakes at the stations located
within and/or close to the CGF. Both studies confirm the triggering
of earthquakes within the CGF. However, Aiken and Peng (2014)
found only stress perturbations larger than 5 kPa can trigger the
earthquakes within the CGF, while Alfaro-Diaz et al. (2020) sug-
gested the remote triggering may depend on the orientation of the
transient dynamic stress rather than simply the amplitude.

Zhang et al. (2017), applied the S-statistics method to the RDM
SCSN catalog and found no evidence of remote triggering within
the CGF but confirmed remote triggering nearby outside the field
itself for the 1992 Landers earthquake. In contrast, Kaven (2020)
detected remote triggering behavior following the 2019 Ridgecrest
earthquake using the Navy Geothermal Program Office catalog, also
using the same B-statistics method. In the supplement, we confirm
remote triggering within CGF using the RDM QTM catalog, but find
that the patterns of remote triggering are complicated and not as
consistent as tidal triggering at CGF.

3.3. Possible mechanisms

We find that tidal modulation of earthquakes consistently oc-
curs in the CGF but not its immediate surroundings, whereas dy-
namic triggering from distant earthquakes is only sometimes de-
tected within the GCF (Aiken and Peng, 2010; Zhang et al., 2016;
Kaven, 2020; Alfaro-Diaz et al., 2020; Im et al., 2021). What could
account for this behavior?

The continuous extraction of hot water out of a geothermal
reservoir and the injection of cold water into it causes deflation
of the reservoir due to cooling and net extraction. We compare the

Earth and Planetary Science Letters 579 (2022) 117335

injection, production, and net production data with the declustered
seismicity within the CGF. The temporal correlations between the
seismicity and these parameters are very weak (see Figure S3), as
observed by Trugman et al. (2016). In addition, there is no signif-
icant difference in seismicity between local day and night times
(see Figure S4). Consistent with the Coso geothermal plants op-
erating nearly 24 hours a day, seven days a week, and the weak
correlation between the seismicity and anthropogenic activities, no
day and night difference is apparent in our triggering results.

Within the CGF, we observe that the earthquakes preferentially
occur near times of maximum tensile tidal stress. This result is
consistent with most events occurring on normal and strike-slip
faults caused by deflation of the geothermal reservoir, events that
would be triggered by horizontal tensile stress (Fialko and Simons,
2000; Yu et al, 2018). It should be noted that the tensile tidal
stresses on continents are very small (~2 kPa, estimated from the
peak tensile tidal strain assuming a Poisson solid with shear mod-
ulus 30 GPa).

Our observations of tidal modulation of earthquakes imply that
any pore-pressure homogenization that occurs in the Coso pro-
duction region, as proposed by Zhang et al. (2017) to inhibit dy-
namic triggering, and the thermal destressing proposed by Im et al.
(2021) does not prevent triggering at tidal periods. One possibil-
ity is that the unclogging process described by Zhang et al. (2017)
facilitates stress-driven fluid flow over longer distances than is typ-
ical for fracture systems outside the Coso field, making possible
fluid flow over many hours that could alter the effective stress on
faults enough to trigger earthquakes. In this respect, it is interest-
ing that the strongest tidal triggering signal at Coso clearly occurs
near the edge of the area of new active production (see Fig. 3 &
4), where one might expect pore pressure gradients as one moves
away from the injection wells. Another possibility is that host rocks
in the production area are on the verge of failure at all times so
that triggering is modulated by small variations in the pore fluid
pressure (e.g., due to sub-daily variations in the extraction and in-
jection rates). In this case, the rate of remote triggering would be
determined by the probability of favorable fluid pressure at the
time of passage of seismic waves. The probability may be low for
any given teleseismic or regional event. Stress changes caused by
tides, on the other hand, occur over much longer intervals, and
thus are nearly continually superposed on any local fluctuations in
the fluid pressure. Testing of this hypothesis would benefit from
data on sub-daily variations in the pore fluid pressure, which cur-
rently is unavailable to the general public.
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Fig. 5. Results of statistical tests, (A) and (B) show the p-value distributions of 2000 clusters from one randomly picked event from across the whole study area and its closest
200 and 500 events, respectively. (C) and (D) show the p-value distributions of 2000 clusters from one randomly picked event and its closest 200 and 500 events from a

random 5 calendar years of data, respectively.
Data availability

The SCSN and QTM catalogs can be found at the website
https://scedc.caltech.edu/eq-catalogs/index.html. The program to
compute the tidal loading is downloaded from the website https://
igppweb.ucsd.edu/~agnew/Spotl/spotlmain.html.
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This is the supplementary material for “Tidal modulation of seismicity at the Coso geothermal
field” for the main text. Here we present the parameter selection for the declustering analysis.
Second, we show the remote triggering in the Coso geothermal field (CGF) for the comparison
of the tidal modulation within CGF. Furthermore, there are several plots to present the
Gutenberg-Richter Law, the determination of tidal phase and preferred tidal phase, the
comparison between the declustered seismicity and injection, production, the seismicity at day

and night time, and results for remote triggering.
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Parameters for declustering analysis

We used Matthews and Reasenberg (1985) to decluster the catalogs. The most critical
parameter is the number of crack radii surrounding each earthquake within which to consider
linking an event into the cluster, so for this we use 10, similar to Kaven (2020). We used -1 for
the cut-off magnitude during clusters. In this declustering approach, we do not consider location

error.
Remote Triggering

Here, we examine remote triggering by applying the B-statistics method [Reasenberg and
Simpson, 1992] to the RDM QTM catalog from 2008 to 2017. The B-value is defined by the
difference between the observed number of earthquakes in the study time window and the
expected number based on the reference background seismicity, normalized by the standard
deviation of the expected seismicity. The B-value is defined as, B = [n, — E(ng; ny)l/
var(ng; n,)Y?, where E(ng;n,) = n,(t,/tp) is the expected number during window t, based
on the background seismicity within t;,, and var(ng,; n,) = n,(t,/t,) is the variance for a
Poisson process. In this study, we use 200 days before the target earthquake to compute the
background seismicity and the 10 days after it for the expected seismicity. A B-value larger than
2 or smaller than -2 indicates the presence or absence of remote triggering [Reasenberg and

Simpson, 1992].

We search for distant earthquakes during the same period with Ms >= 6 in the Global
Centroid Moment Tensor (GCMT) catalog from 2008 to 2017, the same interval as the QTM
catalog. We examine all the distant earthquakes that can generate peak-ground velocity (PGV)

over 0.1 mm/s within the CGF, similar to Alfano-Diaz et al. [2020]. The PGV can be estimated
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using the equation, PGV = 2m/T x 10Ms~166A=2 "in which Ms is the surface wave magnitude, A
is the distance to the event (km), and T is surface-wave period (s) [Lay and Wallace, 1995]. The
peak dynamic stress can be estimated using the equation o = u * PGV /c, where c is the phase
velocity (assumed to be 3 km/s), and u is the shear modulus (assumed to be 30 GPa). In this
case, the critical dynamic stress fluctuation we use to search is 1 kPa, equivalent to PGV 0.1

mm/s.

We examine the same spatial cell gridding as in the tidal triggering analysis described in
Figure 2A. We look for statistically significant increases in seismicity rate using the 3-statistics
method for five distant earthquakes producing stress fluctuations larger than 5 kPa, i.e., PGV
larger than 0.5 mm/s. Note that the 2010 El Mayor-Cucapah earthquake (EMC) (Ms=7.3) was by
far the strongest, with estimated PGV over 4 cm/s. We find many examples of remote triggering
and the results show that remote triggering is less likely to be observed within the CGF than its
surroundings, i.e., the fraction of cells with a significant increase in seismicity rate within the
CGF is significantly smaller than that in its surrounding region for all five events (see Figure
S5A and S6). However, note that the cells with rate increases show little agreement among the
different distant earthquakes. Given the number of cells we examine, it is possible that some
apparently statistically significant increases in rate could occur from purely random variations in
earthquake occurrence times. We examine this issue using a Monte Carlo test. For each cell, we
apply the observed seismicity rate prior to each target event to generate a random earthquake
sequence following the event, assuming earthquake occurrence times obey a Poisson
distribution. Then, we compute the [3-values for all the cells and find that none of the cells have a
significant increase in seismicity rate (3-value>2), even if the entire procedure is repeated 100

times. This confirms the statistical significance of our dynamic triggering observations.
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Overall, 15 out of 37 studied global earthquakes showed some evidence for remote
triggering in the CGF. It should be noted that the number of events is limited and there is no
conclusive relation between triggering and the azimuths of the events (Figure S7). Furthermore,
there is no spatial consistency of the remote triggering within the CGF, unlike the tidal triggering
(see Figure S5). However, notably the region with the strongest tidal triggering does not show
much evidence for remote triggering. These observations suggest more complex and variable
mechanisms for remote triggering at the CGF and its surroundings compared to the more

consistent tidal triggering observed in the GCF.



86

87

88
89

90
91
92
93
94

95

96

Figure S1-S7
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Figure S1. Comparison of the completeness magnitude of the Coso geothermal field (red) and its surroundings (black,

area in Figure 1A) for SCSN catalog (red).
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Figure S2. (A) A diagram of the tidal stress time series for an earthquake with tidal phase 60°. (B) The histogram of
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Figure S5. Seismicity rate changes within 10 days following the earthquakes for three representative earthquakes
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the seismicity rate changes for the 2008 Wenchuan and 2012 Oaxaca earthquakes.
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113 Figure S6. Estimates of seismicity rate changes within 10 days following the earthquakes for the 2010 Gwaii, 2012
114 Baja California, 2013 Craig, and 2017 Chiapas earthquakes.
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Figure S7. Observations of remote triggering within the CGF. (A) shows the locations of the global events. Red dots
show the events with remotely triggered events within the CGF, while the blue dots show those that did not trigger
events. The black triangle marks the location of the CGF. (B) & (C) show histograms of the back-azimuths and
epicentral distances of the events that remotely triggered events within the CGF (red) compared to those that did not
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124 Table S1

Table S1. Earthquakes in this study
Date UTC Ms Latitude Longitude | Depth (km) Location Peak Amp.
Time (mm/s)

2010/04/04 | 22:40:43.0 | 7.3 32.30° -115.27° 6 El Mayor-Cucapah, Mexico 4.52
2012/04/12 | 07:15:48.5 | 7.0 28.70° -113.10° 13 Baja California, Mexico 0.75
2012/10/28 | 03:04:08.8 | 7.8 52.79° -132.10° 14 Gwaii, Haida 1.14
2013/01/05 | 08:58:19.3 | 7.7 55.39° -134.65° 10 Craig, US 0.72
2017/09/08 | 04:49:19.2 | 8.2 15.02° -93.90° 47 Chiapas, Mexico 1.42
2008/05/12 | 06:28:01.6 | 8.1 19.0° 103.32° 19 Wenchuan, China 0.15
2012/03/20 | 18:02:47.5 | 7.6 2.33 93.06 20 Oaxaca, Mexico 0.45
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