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2017 M, 8.1 Tehuantepec Earthquake: Deep
Slip and Rupture Directivity Enhance Ground
Shaking but Weaken the Tsunami

by Kejie Chen, Wanpeng Feng, Zhen Liu, and Y. Tony Song

ABSTRACT

The 8 September 2017 M, 8.1 Tehuantepec normal-faulting
carthquake caused unexpected widespread intensive shaking,
strongly felt as far as Mexico City about 720 km northwest
of the epicenter, and generated a 1.8 m tsunami at the coast.
Just 11 days later, another devastating M, 7.1 Puebla carth-
quake occurred near Mexico City. In this contribution, we
characterized this event by a joint inversion using static Global
Positioning System (GPS) offsets, Interferometric Synthetic
Aperture Radar (InSAR) measurements, high-rate GPS, and
teleseismic displacement waveforms, then validated the preferred
model by tsunami observations. We demonstrate that the
Tehuantepec earthquake rupture propagates mainly unilaterally
toward the northwest at a relatively high speed (~3.4 km/s),
with three asperities identified: the dominant one is centered
between depths from ~40 to 60 km while the other two are
located at shallower (~20 km) and deeper (~90 km) depths,
respectively. Moreover, we find the peak ground acceleration
(PGA) recorded along the rupture propagation direction is
much larger than that recorded at stations in the opposite di-
rection with nearly identical epicentral distances (~700 km).
Dynamic displacements reaching 5 cm were also observed at a
GPS station ~1450 km from the epicenter. Based on these ob-
servations and our model results, we suggest that the deep slip in
the low-attenuation mantle and the rupture directivity likely
enhance the nationwide ground shaking, whereas the shallow
slip may contribute to the local tsunami heights. The derived slip
distribution is valuable for future investigation on the explicit
relationship between the A, 8.1 Techuantepec and M, 7.1

Pucbla events.

Electronic Supplement: Figures of epicenter location, Global
Positioning System (GPS) displacement waveform fits, trade-
off between data fits, map view of the slip distribution and
static GPS offset fits, observed and synthetic Interferometric
Synthetic Aperture Radar (InSAR) data and residuals, distri-
bution of teleseismic stations and waveform fits, distribution of
deep-ocean assessment and reporting of tsunami (DART) buoys
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and near coastal tide gauges, cross-section view of Slab 1.0,
coseismic displacement waveforms, tsunami predictions, and
movie of the space—time history of the rupture propagation.

INTRODUCTION

Shortly after the catastrophic 1985 M, 8.0 Mexico City earth-
quake that killed up to 50,000 people, the Mexican Seismic
Alert System (Spanish: Sistema de Alerta Sismica Mexicano
[SASMEX]) was installed and in full operation by 1993, in
order to provide earthquake warning within 60 s for portions
of central and southern Mexico (Aranda ez al., 1995). During
the normal-faulting M, 8.1 earthquake (Fig. 1), which struck
off the Chiapas coast of southern Mexico at approximately
23:49 local time on 7 September (04:49 on 8 September UTC)
2017 (see Data and Resources), SASMEX alerted Mexico City,
about 720 km away from the epicenter, within two minutes
(Sudrez er al, 2018). Generally, the most intense ground
motions will occur close to the rupturing fault and attenuate
quickly as one moves away from the fault. In this event, while
the most affected regions are the near-epicenter southern states
of Oaxaca, Chiapas, and Tabasco - where 98 people were killed
and more than 300 people were injured - the shaking was
also widely felt by 50 million people over the country, and
unexpectedly caused building damage and prompted mass evac-
uations as far as Mexico City.

In addition, the submarine earthquake also generated a
local tsunami of 1.75 m at the coast, and a tsunami alert was
issued (see Data and Resources). Previous studies mainly focus
on tsunamis triggered by megathrust earthquakes, such as the
2004 Sumatra, Indonesia; 2011 Tohoku, Japan; and 2015
Hlapel, Chile, cases (see e.g., Sobolev ez al., 2007; Melgar and
Bock, 2013; Chen, Babeyko, ez 4l., 2016). In contrast, records
of tsunamis caused by normal-faulting ruptures are not
common. One normal-faulting tsunamigenic case is the 2009
M, 8.1 Samoa earthquake. However, as shown by Beavan ez 4/.
(2010) and Lay ez 4/ (2010), the 2009 Samoa event is com-
plicated by a nearly simultaneous M, 8 thrust rupture in the
shallow subduction interface, and it has not been quantified to
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A Figure 1. Tectonic settings and historical seismicity in the region of the 2017 M,, 8.1 earthquake. Focal mechanisms plots are from
Global Centroid Moment Tensor (CMT), the M,, 7.1 Puebla earthquake normal-faulting event occurred on 19 September 2017, 11 days after
the mainshock. The plate boundaries are based on global plate model PB2003 (Bird, 2003). USGS, U.S. Geological Survey. The color

version of this figure is available only in the electronic edition.

which degree the normal faulting accounts for the final tsu-
nami amplitude. Therefore, the tsunami generated by pure nor-
mal earthquakes remains unclear and deserves further study.

Just 11 days later, the M, 7.1 Pucbla earthquake (Fig. 1)
occurred in central Mexico, about 650 km northwest of the
Tehuantepec earthquake (see Data and Resources). The second
carthquake caused 370 deaths and injured about 6,000 people.
Many buildings were reduced to rubble in the states of Puebla,
Morelos, and Guerrero, as well as in Mexico City. Naturally,
the question of whether the two earthquakes are linked is
raised among scientific community (Segou and Parsons, 2018).
In this regard, it is important to have source models for the
events to explore the possible relationships for seismic hazard
mitigation in the future.

Tectonically, the Tehuantepec earthquake fills in one of
the previously identified seismic gaps along the Middle Ameri-
can subduction zone (MASZ; Wang ez al., 1982). Three major
tectonic plates such as the Cocos, North American, and Car-
ibbean planes intersect near the epicenter (Fig. 1) (Bird, 2003).
Local tectonic structures in the region are not well understood
yet. An inland volcanic arc was broken up at N15° along
MASZ near the 2017 mainshock (Fig. 1), suggesting a possible
lateral variation of geothermal processes at depth along the seg-
ment of MASZ. A very shallow dipping subduction interface

along the profile crossing Mexico City was previously suggested
based on seismic tomography study (Payero ez 4/, 2008). This
could explain why a volcanic arc parallel to the trench is absent
along the northern coast of Mexico. However, no detailed
tomography observations were made in the area of the 2017
mainshock.

This largest recorded normal-faulting event provides us an
opportunity for better estimates of how intense shaking and
tsunami potential will be during future similar earthquakes.
To better understand the seismogenic environment of the
carthquake and its implication for seismic-related nature haz-
ard prevention, we first perform a joint inversion to construct a
seismic source model of the 2017 Tehuantepec earthquake us-
ing 1-Hz Global Positioning System (GPS) displacement wave-
forms, static GPS offsets, Interferometric Synthetic Aperture
Radar (InSAR) observations, and teleseismic P waves in this
study. We show a kinematic slip model of the mainshock,
which offers us an insight into the Mexican tectonic complex.
The model is then validated by tsunami observations and
ground-motion records. We also explore the possible relation-
ship between M, 8.1 Tchuantepec earthquake and M, 7.1
Puebla aftershock. Finally, we discuss its implications for future
tsunami and earthquake hazard mitigation.
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DATA AND METHODS

We utilize raw high-rate (1 Hz) GPS observations at 16
stations (Fig. 2) from the Nevada Geodetic Laboratory (NGL;
see Data and Resources) and use precise point positioning
technique to obtain high-rate displacement waveform solu-
tions with centimeter accuracy through Positioning and
Navigation Data Analyst software. Data processing strategies
are the same as shown in Chen, Ge, ez 4/. (2016). The positions
retrieved are aligned to International Terrestrial Reference
Frame 2008 and transformed into a local north, east, and
up frames. The displacement waveforms at four of the stations
show no appreciable coseismic offsets and are excluded from
the inversion; we confirm through a sensitivity test that these
stations provide no value to the slip inversion.

Coscismic static offsets at 70 GPS stations sampled at 30 s
(see ® Fig. S3, available in the electronic supplement to this
article) are provided by NGL through differencing the average
station positions ten days before and two days after the event.
Offsets at three other near-field GPS stations (OXTH, OXPE,
and TNPJ), which have a data gap before the event, were esti-
mated based on the time series (see Data and Resources) pre-
pared by NGL instead. The maximum horizontal offset is
about 13 cm southward at OXTH with ~200 km epicentral
distance, while measurable offsets (~0.7 cm) are also observed
as far cast as the Yucatan Peninsula ~1000 km from the epi-
center.

Two Sentinel-1 Terrain Observation by Progressive Scans
(TOPS) tracks of Synthetic Aperture Radar (SAR) data from
the European Space Agency (ESA) are processed for mapping
coseismic displacements associated with the 2017 M, 8.1
Tehuantepec earthquake mainshock. The InSAR processing
is conducted with an automated InSAR processing system de-
veloped at the Canada Center for Mapping and Earthquake
observations (Feng ez al., 2016; Feng, Tian, ez al., 2017). Sev-
eral adjacent frames of TOPS data in each track are stitched
together to fully cover the deformation area associated with the
mainshock. The 90-m Shuttle Radar Topography Mission dig-
ital elevation model is used for coregistration and topographic
phase removal in the InSAR processing (Farr ez a/., 2007). Mul-
tilooking numbers of 20 and 4 are applied for the range and
azimuth directions of the SAR data, respectively. To avoid
effects of obvious atmospheric signals in track 99 (Fig. 1), we
cropped out the maximum deformation area only in the geo-
coded unwrapped phase of track 99 before data downsampling,
Finally, 2714 and 1800 points are used in the inversion from
tracks 172 and 99, respectively.

The static GPS and InSAR data cover periods from 29
August to 10 September and 2 September to 20 September,
respectively. During the time span after the mainshock, we have
a total of 335 aftershocks, in which the largest aftershock is
smaller than M, 6. The total seismic moment released from
the aftershocks is 5.438 x 10'® N . m, equivalent to M, 6.5.
This is smaller than 1/400 of the seismic moment of the main-
shock. Obviously, we can fully neglect the effects of aftershocks
in the static GPS and InSAR coseismic modeling,
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A Figure 2. Epicenter location determined from National Seis-
mological Service of Mexico (SSN) and USGS (stars). Triangles
and inverted triangles represent 1-Hz Global Positioning System
(GPS) and strong-motion stations, respectively. The color version
of this figure is available only in the electronic edition.

Broadband teleseismic P-wave displacements at 36 stations
(see ® Fig. S5) with epicentral distances ranging from 30° to
90° are downloaded from the Incorporated Research Institu-
tions for Seismology (IRIS) data center for the finite source
inversion. The ground displacement waveforms are filtered
with a band-pass filter with corner frequencies of 0.005-0.4 Hz
and decimated to 1 Hz. A 120-s-long time window is extracted
from the raw data, starting 6 s prior to the clearest first arrival
of the P waves, and the P-wave initial motions are aligned
manually to the theoretical arrival time inferred from prelimi-
nary reference Earth model (PREM; Dziewonski and Ander-
son, 1981).

With respect to the precision of hypocenter locations that
can significantly affect the final slip model (Zhang ez al., 2012),
we notice that there is a significant difference between solutions
from the National Seismological Service of Mexico (SSN)
([94.11° W/, 14.85° N] at depth 58 km) and the U.S. Geological
Survey (USGS) ([93.899° W/, 15.022° NJ, at depth 47.4 km)
(see Fig. 2). Considering that the local 1-Hz GPS displacement
waveforms are very sensitive to hypocenter location in slip in-
version, we first test the two hypocenter locations through slip
inversion using only 1-Hz GPS data and find the data fit based
on the SSN hypocenter solution is much better than that from
the USGS hypocenter (see the results in ® Fig. S1). As a resulg,
we adopt the SSN hypocenter in our inversion.

We start with an initial fault geometry based on the SSN
hypocenter and geometry parameters in the SSN focal mecha-
nism (strike 311, dip 84, and rake —94). We discretize the fault
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into 30 subfaults in the strike direction and 10 subfaults in the
dip with 10 x 10 km? for each fault patch. The source time
function of the each subfault is parameterized with five sym-
metric triangles with 3-s half-durations staggered by 1.5 s each.
To further estimate optimal geometric parameters of the earth-
quake fault, in the inversion procedure we perform a grid
search for strike, dip, and rake angle with a searching range by
adding +10° to the initial value with 1° step. For each fault
patch, two orthogonal slip vectors, defined based on the pref-
crential rake angle, are used and nonnegative least-squares in-
version is employed to allow a rake-varying slip (Hartzell ez al.,
2007; Zhang ez al., 2009). We use the frequency—wavenumber
integration method (Zhu and Rivera 2002) to compute
Green’s functions for static GPS and InSAR offsets and 1-
Hz GPS displacement waveforms using a 1D layered velocity
model from Santoyo ¢z al. (2005). The teleseismic Green’s
functions are generated with a propagator matrix approach
(Kikuchi and Kanamori, 1982). We adopt the aforementioned
ID layered velocity model for the source side and PREM
(Dziewonski and Anderson, 1981) for the receiver side. The
same band-pass filter used for the data is applied to the Green’s
functions. To estimate the maximum allowable rupture speed,
we perform multiple experiments using several different rup-
ture speeds and analyze the corresponding changes on the data
fit. The results (® Fig. S6) indicate different datasets are
well fit when a fast rupture speed of 3.4-3.6 km/s is adopted.
We thus fix 3.4 km/s as the maximum rupture speed in the
inversion.

Relative data weighting presents a tricky issue in the joint
inversion (Yue and Lay, 2013). In this study, we normalize each
data type by its own norm and test different weighting factors.
We find that a simple equal weighting can fit all datasets rea-
sonably well. As a result, we assign all different data types to be
equally weighted. Specially, coseismic GPS offsets at many sites
are less than 0.5 cm and around the detection precision level of
GPS technology, we set weights of < 0.5 cm GPS displace-
ments to be 1/10. Joint inversion of the GPS, InSAR, and tele-
seismic P-wave datasets is conducted with a modified version of
MudPy code originally developed by Melgar and Bock (2015).

Tsunami observations at two deep-ocean assessment and
reporting of tsunami (DART) buoys and three coastal tide
gauges (sce their distribution in Fig. 6) from the National Oce-
anic and Atmospheric Administration’s national data buoy
center and Global Sea Level Observing System, respectively,
arc used to validate our preferred slip model. We use the seafloor
displacements derived from the slip model as tsunami source and
open-source code GeoClaw for the tsunami simulation. The
model-predicted tsunami heights are compared with the obser-
vations. Publicly available topography and bathymetry data sets
with 15 arc sec resolution (Becker e# 4/, 2009) are adopted for
6-hr tsunami propagation simulations.

Furthermore, using the ground-motion prediction equa-
tion (GMPE) proposed by Garcia ez al. (2005) which is
specially developed for normal-faulting earthquakes in central
Mexico, we computed the resulting PGAs based on our pre-

ferred slip model. Note that the adopted GMPE does not take

into account site effects. As of this writing, no PGA data
directly from strong-motion records are publicly available. For
validation, we compare our synthetic PGAs with PGAs pro-
vided by USGS through ShakeMap (see Data and Resources)

at selected stations.

RESULTS

Our preferred slip distribution and source time functions are
shown in Figure 3, ® the model parameters are listed in the
electronic supplement. The average strike, dip, and rake angles
in our preferred model are ~318°, ~82°, and ~ — 94°, respec-
tively. The peak slip is about 10 m at a depth of 50 km and the
total seismic moment is 1.84 x 10*! N . m, equivalent to
M., 8.1. The variance reductions of 1 Hz GPS, static GPS,
InSAR, and teleseismic waveform (® Figs. S2-S5) from the
best-fitting model are 42%, 51%, 64%, and 62%, respectively.
The data fit to the InSAR data is not as good as in other carth-
quake cases, for example, the 2015 M, 8.3 Illapel earthquake
(e.g., Feng, Samsonov, ez al., 2017), because the InSAR obser-
vations used in this study are far from the source and SNR of
the data is inherently low. The comparison of the simulated
tsunamis and observations is shown in Figure 6. The model
fits all data well, and the predicted tsunamis have good agree-
ment with the observations.

As shown in Figure 3, the earthquake propagates as far as
~180 km toward the northwest along the strike, mainly uni-
laterally. The dominant slip of the earthquake is centered at
~40-50 km depth and ~65 km from the hypocenter. The
M., > 4 aftershocks seem to occur mostly above the main slip
area. This may be related to coulomb stress changes in the
shallow crust due to the mainshock although the uncertainties
in aftershock locations could play a factor. The 3D view of
the accumulated slip distribution (Fig. 3) shows the shallow slip
occurs above the plate interface and into the overlying crust of
the Cocos plate. We find that the shallow slip introduces more
seafloor vertical displacements thus larger tsunami amplitude
and provides a better fit to tsunami observations (® Fig. S7).
The main rupture takes place in the extensional regime in the
oceanic lithosphere of the subducting Cocos plate, consistent
with previous deep normal-faulting events in the region (Cocco
et al., 1997). Note that the source model from Okuwaki and
Yagi (2017) using only P-wave data shows a quite compact
and shallow slip distribution, however, these differences are likely
caused by the limited resolution of teleseismic data.

Figure 4 depicts the spatiotemporal history of the earth-
quake rupture at 10 s intervals. The animation of the rupture
process with 1-s interval is also provided in the ® Movie S1.
The rupture initiates from the hypocenter, and expands along
both dip and strike directions at fast speed (> 3 km/s). The
rupture around the hypocenter reaches its down-dip limit in
the first 10 s and then continuously propagates along strike to
the northwest into the shallower depth. From 10 to 30 s, the
main asperity is ruptured, during which the rupture process
releases ~40% of the total seismic moment. From 30 to 40 s,
the propagating rupture in the main asperity appears to pause
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A Figure 3. (a) Tile view and (c) 3D view of the preferred slip distribution and (b) corresponding source time functions. The star denotes
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of the Global CMT solution. The color version of this figure is available only in the electronic edition.

momentarily at ~110 km along the strike, then spread both
up-dip and down-dip and continue to break into another two
asperities at shallower (~20 km) and deeper (~90 km) depth.
From 40 to 60 s, the earthquake rupture gradually terminates,
with slip restricted in both shallow and deep slip zones. The
abrupt change of rupture behaviors at ~110 km and the absence
of continuing rupture at depths of ~40-50 km after 110 km
may reflect a complex interaction between the earthquake rup-
ture and pre-existing structural barriers in the region.

DISCUSSIONS

As mentioned in the Introduction, the 2017 M, 8.1 Tehuan-
tepec earthquake has triggered strong ground motions as far as
in Mexico City, at an epicentral distance of ~720 km. The
synthetic and observed PGAs are shown in Figure 5. As we
can see, within distance < 300 km, GMPE by Garcia er 4l.
(2005) predicts PGA quite reasonably except one outlier. The
outlier may be caused by strong site effects because that station
is located in a very soft soil with ¥ g3 around 200 m/s. How-
ever, as distance grows, GMPE scems to underestimate PGA
systematically. In this regard, it has been well recognized that
the sediment layer in Mexico City can amplify shaking there
(Beck and Hall, 1986). Besides, for this special event, our
slip model reveals that majority of the slip is in deep low-

attenuation mantle, which indicates enriched short-period en-
ergy (Melgar ez al., 2016; Ye et al., 2017), durable shaking, and
larger angle of incidence. Effects of earthquake rupture direc-
tivity have been reported to enhance strong shaking as well but
such effects are most common in strike-slip and thrust-slip
events (Koketsu ez al., 2016) and very rare in normal-faulting
earthquakes. To test if the rupture propagation revealed in our
kinematic slip model has any effect on the observed strong mo-
tion at the surface, we examined dynamic displacements at two
GPS stations: SSIA and KVTX (see their locations in Fig. 2).
Although SSIA (with ~600 km epicentral distance opposite
rupture direction) is much closer than KVTX (with ~1450
epicentral distance along rupture direction) to the epicenter,
it shows relative weaker dynamic displacements (see ® Figs. S8
and S9). KVTX is anchored to bedrock by a deep-drilled bed-
rock monument, which implies that it is free from site effects.
Our PGA calculation and contrasting behaviors of the two
sites suggest that the directivity may play a significant role in
affecting the observed surface ground displacement.

The Tehuantepec earthquake is notable in its triggering
of a large-scale tsunami warning, but no damaging waves were
observed. The cautious warning seems consistent with the
earthquake characteristics, such as the large magnitude, normal
faulting, and near-shore location. However, the deep slip may
weaken the tsunami potential, whereas the part of the shallow
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slip may contribute to the vertical sea floor displacements and
the observed local tsunami amplitudes. To test this, we apply
USGS slip model, which uses mainly telescismic data and
shows some similar slip features as ours (e.g., dominating uni-
lateral propagation and total energy released), but with very
litcle shallow slip. The unsolved shallow rupture in the USGS
model is likely caused by the intrinsic limitation of spatial res-
olution by teleseismic data (Yue ez /., 2013). We run tsunami
simulation based on the USGS result and find that it under-
estimates the maximum tsunami heights, especially for the local
tide gauges (see Fig. 6). The findings highlight the importance
of near-field data (e.g., high-rate GPS) in providing a more
reliable tsunami hazard estimation in the subduction zones.
The time coincidence between the mainshock and afore-
mentioned M,, 7.1 Puebla aftershock raises the question of
whether they are interrelated. As is well recognized, big earth-
quakes will change surrounding crustal stress and increase the
risk of seismic activity nearby (Hayes, 2016). Generally, it is
believed that stress transfer effect is limited within the domain
of three to four times the length of the main rupture. As shown
in our slip model, the 8 September earthquake propagated
about 180 km along the strike, which means that it may lead
stress transfer as far as 500-700 km away. From this point, the
19 September event which has about 650 km epicentral dis-
tance, just lays in the gray zone of influence. However, because

the details of earthquake triggering have not been fully under-
stood yet, determination of explicit relationship between the
two events requires more research work and is the topic of an-
other study in the future.

CONCLUSIONS

We obtain a detailed rupture process of the 2017 M, 8.1
Tehuantepec earthquake through a joint inversion using
geodetic and seismic data and validate it with tsunami obser-
vations. Our results suggest that this mega-normal normal-
faulting event is caused by the extensional strain release along
a steep fault plane associated with slab bending in the sub-
ducting Cocos plate. The rupture of the mainshock propagates
unilaterally at a relatively high rupture velocity, deep slip
distribution and directivity effects are likely to enhance wide-
spread shaking. There seems to be a strong barrier at depth
from 40 to 60 km that forces the rupture propagation into
shallower and deeper asperities. Whether the unruptured zone
at depths of 40-60 km and ~110 km to the northwest of the
hypocenter, as revealed in our model, will rupture in future
carthquakes requires special attention and continuous moni-
toring. Including shallow slip improves the model fits to the
tsunami observations, suggesting the shallow-slip feature is
robust, implying that deep normal events can rupture to the
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shallow crust which may intensify tsunami amplitudes. Our
findings provide new insights into the cause of tsunami and
carthquake hazards in central Mexico. Finally, the slip model
allows for a more comprehensive analysis of the link between
the 8 and 19 September earthquakes for future research.

DATA AND RESOURCES

The information about M, 8.1 Tchuantepec and M, 7.1
events from US. Geological Survey (USGS) is available at
https://earthquake.usgs.gov/earthquakes/eventpage/us2000ahv0
#executive  and  https://earthquake.usgs.gov/earthquakes/
eventpage/us2000ar20#executive, respectively. Tsunami informa-
tion can be found at http://ptwc.weather.gov/ptwc/text.php?
id=pacific.TSUPAC.2017.09.08.1827. Finite source model of the
M, 8.1 Tchuantepec ecarthquake provided by USGS is at
https://earthquake.usgs.gov/earthquakes/eventpage/us2000ahv0
#finite-fault, and peak ground accelerations (PGAs) can be found
at  https://earthquake.usgs.gov/archive/product/shakemap/us
2000ahv0/us/1509140917825/download/stationlist.txt. 1-Hz
global positioning system (GPS) observations and static GPS
offsets are achieved by Nevada Geodetic Laboratory (NGL)
and publicly available at ftp://data-out.unavco.org/pub/
rapid24hr.txt, and geodesy.unr.edu/NGLStationPages/stations, re-
spectively. Telescismic P waves can be downloaded from the In-
corporated Research Institutions for Seismology (IRIS) Data
Management Center at http://ds.iris.edu/wilber3/find_stations/
10402114. Interferometric Synthetic Aperture Radar (InSAR)
observations are provided by European Space Agency (ESA).
Tsunami records at deep-ocean assessment and reporting of
tsunami (DART) buoys and coastal tide gauges are available
at  https://nctr.pmel.noaa.gov/Dart/  and  http://www.ioc-
sealevelmonitoring.org/map.php. Aftershocks information pro-
vided by National Seismological Service of Mexico (SSN) is
available at http://www.ssn.unam.mx/sismicidad/ultimos. All web-
sites were last accessed on December 2017. BY
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