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Abstract

The Juan Fernandez Islands (JFI) are located in the Pacific Ocean 675 km west of the
Chilean coast. This archipelago has historically been affected by large tsunamis. Robinson
Crusoe Island (RCI), the main island of the JFI, was first inhabited in 1749. Since then, sev-
eral tsunamis have destroyed RCl port structures and sometimes caused deaths. Ground
shaking perceived by the inhabitants has preceded some tsunami arrivals. Seismological
instrumentation was temporarily deployed on RCl in 1999, and a permanent station has
been operating since 2014. Here, we use these data to characterize the seismic waves that
arrive at the JFl and to determine whether shaking perception could be used as a tsunami
early warning system. We compute peak ground accelerations (PGAs) from P, S, and T
waves generated by Peruvian and Chilean earthquakes and find that the largest ground
shakings are mostly related to T-wave arrivals, which correlate with macroseismic modi-
fied Mercalli intensities lower than Ill. From the analysis of PGAs and macroseismic inten-
sities, we conclude that shaking perception can be associated with large megathrust
earthquakes, subduction events generated in the deep zone of seismogenic contact,
and local seismicity. Unfortunately, potential tsunami earthquakes that occur on the
Chilean coast will not be felt on RCIl. Consequently, ground shaking in the JFl would not
be a good proxy for tsunami warning, and a robust tsunami early warning system is
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necessary for RCl.

Introduction

The Juan Fernandez Islands (JFI) are intraplate volcanic islands
located at latitude 33° S, longitude 79° W, ~675 km west of cen-
tral Chile. They rise from the Juan Fernandez ridge (JFR), a dis-
continuous array of volcanic centers aligned approximately
east-west, whose origin has been attributed to an active hot spot
located west of Robinson Crusoe Island (RCI), as shown in
Figure 1 (Von Huene et al., 1997). The JFI have been devastated
by tsunamis produced by earthquakes generated along the
Chilean margin. Written reports exist since 1749, when the
Spanish crown ordered the building of the Saint Barbara
Fortress and the populating of RCI. The first reports of earth-
quake-related activity dates back to 1751, when the tsunami gen-
erated by the 1751 Concepcion megathrust earthquake reached
the coast of RCI, causing 36 deaths and destroying houses, ware-
houses, the church, and the governor’s house (Udias et al., 2012;
based on “Documents of the Archivo de Indias,” located in
Spain). The governor of JFI, Thomas Sutcliffe, reported the
effects of the 20 February 1835 south-central Chile megathrust
earthquake. This earthquake generated a large tsunami that
reached the RCI, destroyed the harbor and triggered the erup-
tion of a submarine volcano located near JFI, which generated a
slight shaking felt on RCI (Sutcliffe, 1839; Montessus de Ballore,
1911/1916). During the twentieth century, three earthquakes
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were reported to occur in the area surrounding the RCI in
the 1980s (Wysession et al, 1991), and two of them were con-
firmedly felt by RCI inhabitants (E. Okal, personal comm.,
2019). Between October and December 1998, earthquake shak-
ing was reported by inhabitants of RCI, where macroseismic
intensities (Msls) reached III-IV modified Mercalli intensity
(MMI). A quick deployment of seismological stations in
March 1999 provided some information about local seismicity,
and the most important outcome was the identification of S-P
times even shorter than 3 s (Chilean National Emergency Office
[ONEMI], 1999; see Fig. S1, available in the supplemental
material to this article). During the 27 February 2010 Maule
M,, 8.8 Chile megathrust earthquake (Ruiz and Madariaga,
2018), RCI inhabitants felt ground shaking before a tsunami
arrived at the island, which finally destroyed most of the coast-
line buildings and left 18 fatalities and much damage (Fritz et al.,
2011). The 2015 Illapel M,, 8.3 earthquake, located due east of
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the JFI, was also felt by RCI inhabitants. Finally, ground shaking
was reported by RCI inhabitants during the M,, 7.1 Las Lomas
earthquake on 17 January 2018, which occurred more than
2000 km from the island and did not cause any fatalities or dam-
age in the JFI. The rupture lengths of the three large earthquakes
affecting RCI are illustrated in Figure 1, along with regional
seismicity with M > 4.5 located by the National Earthquake
Information Center (NEIC) from June 2014 through January
2019.

A multiparametric seismological station of the National
Seismological Center of University of Chile (CSN) has been
running since 2014 on RCI. The strong-motion instrument
and the
large-magnitude earthquakes from the Chile-Peru trench such
as the 2015 M,, 8.3 Illapel, 2016 M, 7.6 Chiloé, and 2018
M,, 7.1 Las Lomas earthquakes and more than 180 earthquakes
with M, = 5.5 since its installation (see Fig. 1).

Currently, the perception of earthquakes by RCI inhabitants
has been related to large tsunamigenic megathrust earth-
quakes. Here, we use these data from the CSN station to deter-
mine where the earthquakes felt in RCI originate. To achieve
this goal, we consider 1803 earthquakes with magnitudes
higher than 4.5 occurring along the Peruvian-Chilean margin
and recorded on RCI to characterize the peak ground acceler-
ation (PGA) generated by different seismic waves. Then we
relate the PGA of the T phase to the MsI and compare this
behavior with the T-phase energy flux (TPEF). We observe that

broadband seismometer have recorded several
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Figure 1. Seismological context of the Juan Fernandez Islands (JFI).
Yellow solid line represents length of rupture area of the 2010
M., 8.8 Maule earthquake. Dashed yellow line is the inferred
rupture length of 1751 and 1835 earthquakes. Robinson Crusoe
Island (RCI), one of the main islands of JFl and where VA4 station is
installed, is illustrated by the magenta triangle. Solid circles corre-
spond to regional seismicity studied in this work scaled by mag-
nitude and filled according to hypocenter depth. Juan Fernandez
ridge is delimited by the blue dashed-dotted lines, and its hot spot is
noted by the open blue circle. Some large earthquakes are also
noted. Isoepicentral distances contours from VAQ4 station at 400,
800, 1500, and 2200 km are drawn with white dashed lines.
Topographic features in the Nazca plate where bathymetry reaches
1200 m below sea level are illustrated by red polygons. The 1200 m
depth level in the continental slope is denoted by the red dashed
line. (Inset) Global map with the specified studied area. The color
version of this figure is available only in the electronic edition.

the different kinds of earthquakes correlate in different forms
with the PGA and MsI. Finally, we discuss whether this rela-
tion between PGA and Msl could be used as a potential tsu-
nami warning.

Data and Methods

Seismological instruments

The high-frequency arrival of P and S waves and especially T
phases are well recorded in seismological stations located
on islands (Okal, 2011). Here, we use data from the VA04
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seismological station on RCI (Fig. 1) to analyze these high-fre-
quency waves (see Data and Resources). This station is main-
tained and operated by CSN and is located inside Juan
Fernandez National Park at 117 m vertical elevation and
~220 m from the island coastline at a site characterized by par-
tially eroded volcanic sequences (Leyton et al., 2018). The sta-
tion is equipped with a broadband Trillium 120 s period sensor
and a strong-motion CMG-5T sensor with a 2.4¢ clip level, both
continuously recording with a sample rate of 100 Hz. The oper-
ation time range started in June 2014, and only some small data
gaps have occurred because of malfunction of the station (Fig. S1
shows the available data). According to this information, we
consider earthquakes occurring from 6 June 2014 until 31
January 2019 (see Data and Resources). The earthquake catalog
was retrieved from the NEIC-U.S. Geological Survey for an area
delimited by 8°-58° S and 99°-64° W; our preliminary catalog
contains 2137 events with magnitudes M > 4.5.

Main seismic sequences recorded in the JFI

The VA04 station on RCI has been able to record seismic waves
from earthquakes related to different seismic sequences occur-
ring along the Peruvian—Chilean coast. These seismic sequences
are mainly related to large subduction interface earthquakes
(M > 7), which provide events with a wide range of magnitudes
at different locations along the subduction margin (Fig. 1).
Among these sequences, we can highlight the aftershock
sequence of the 2014 M,, 8.2 Iquique earthquake, which was
located mainly in the up-dip region of the interface (Cesca et al.,
2016; Ledn-Rios et al., 2016). In addition, the station recorded
the whole Illapel sequence of 2015, including its mainshock,
which has been proposed to have slipped along almost the entire
thrust interface, and its aftershocks, which occurred mainly along
the plate contact at depths ranging from shallow to ~50 km (e.g.,
Liet al., 2016; Melgar et al., 2016; Ruiz et al., 2016; Tilmann et al.,
2016; Carrasco et al., 2019, and references therein). The 2016
M, 7.6 Chiloé earthquake occurred at ~35 km depth and
was also recorded on RCI, but it had only one aftershock with
a magnitude larger than 5 (Ruiz, Moreno, et al., 2017; Lange et al.,
2018). On the other hand, the 2017 M,, 6.9 Valparaiso sequence
included significant events with M > 5.5 (e.g, Ruiz, Aden-
Antoniow, et al, 2017). Recently, the 2018 M,, 7.1 Las Lomas
earthquake occurred at greater depth along the thrust interface
(~40 km) and was also recorded with all its surrounding events
distributed prior to and after the mainshock.

Msls: instrumental and perception

The perception of earthquake shaking can be described
through instrumental Msl, which is based on observational
features during and after shaking. Instrumental MsI can be
defined for peak ground motion parameters such as peak
ground velocity or PGA. Here, we consider the PGA ampli-
tudes to obtain the MMI using ground motion to intensity con-
version equations (GMICEs; Cua et al, 2010). In this way,
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a summary of several GMICEs shows that lower intensities
can be reached from a wide range of PGAs. Because low
shaking perception (MMI < V) is usually related to PGA val-
ues, PGA amplitudes recorded by strong-motion sensors pro-
vide a good estimate of MsI. Here, we estimate the MsI felt on
RCI according to the equation proposed by Wald et al. (1999):

MMI = 2.20log(PGA) + 1.0, (1)

with PGA in cm/s/s.

The MsI is computed for each P and S waves and T phase.
For this calculation, we computed the P- and S-wave theoretical
arrival times with a Python implementation of Java TauP toolkit
by Crotwell et al. (1999) through ObsPy package (Beyreuther
et al., 2010), assuming a 1D spherically symmetric Earth model
given by ak135 model (Kennett et al., 1995). However, the com-
putation of T-phase arrival times cannot be obtained directly
from TauP toolkit as P and S waves do because T phase corre-
spond to a combination of a P (or S) wave traveling through
solid Earth and a T wave traveling through water. The latter is
originated when the corresponding P (or S) wave reaches the
interface between water (usually ocean) and crust at depths
where the sound fixing and ranging (SOFAR) channel is located
(between 700 and 1300 m). Thus, to estimate the T-phase arrival
times, we divided the procedure in two stages. First, we com-
puted the travel time tp, of a P wave from the hypocenter to
the SOFAR channel interface along the continental slope using
the TauP toolkit. Second, we computed the travel time ¢y of a
T-wave traveling at 1.5 km/s from the SOFAR channel interface
to VAO4 station and considering the epicentral distance between
these two points. The T-phase arrival time typ is finally esti-
mated as the simple summation of tp, and t1vw. We estimated
the location of the SOFAR channel interface as the 1200 m depth
level along the Peru-Chile continental slope obtained from the
ETOPOL1 grid (Amante and Eakins, 2009) as shown in Figure 1.
From these theoretical arrival times, we selected a window of
data for each type of wave. For P and S waves, the data window
starts 30 s before respective arrival time and spans 180 s after it.
If theoretical S-wave arrives before the end of the P-wave win-
dow, then the ending time of the latter is given by ¢, —20 s. The
T-phase data window starts 40 s before the theoretical arrival
time t7p explained previously and finishes 150 s after the arrival
of the T phase related to the S wave. Each data window is
selected and cut from strong-motion records. After selection,
the baseline and instrument response are removed. For each
component, the PGAs of P and S waves and T phases, without
filtering, are computed. The final PGA amplitude corresponds
to the maximum acceleration among the three components.

For the T-phase case, we computed the TPEF as defined by
Okal et al. (2003):

TPEF = pa fw[u(t)]zdt, @)
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acceleration. The color version of this figure is available only in the electronic edition.

in which #(¢) is the vertical ground motion, W is the T-phase
duration, and p and « are the density and P-wave velocity at
the site where the ground motion is measured, respectively. We
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used the same time window
obtained for the PGA compu-
tation and followed the same
approach applied by Saez and
Ruiz (2018). Because we are
working with just a single sta-
tion, our final results are nor-

malized by p and a.

Results

Influence of epicentral
distance

Figure 2a-c shows the magni-
tude of all the earthquakes in
our database versus epicentral
distance and colored by its
PGA amplitude for each P and
S wave and T phase, where we
can identify three main groups.
We note that major contribu-
tions for short distances (zone
1, A <800 km) are mainly
from T phases and S waves,
accounting for almost 50% and
34% of the events, respectively.
In this sense, the P wave is dis-
tinctly the minor contributor
to the largest PGA in zone 1.
In zone 2 (800 km<A <
1500 km), its absolute contri-
bution to largest PGA is less
than its respective in zone 1,
but it is in the same range of
predominant occasions than S
wave, which is even similar to
T-phase contribution for this
zone. A similar behavior is
observed in zone 3 (1500 km <
A < 2200 km),
absolute contribution of the
three type of waves is larger than
its respective in zone 2 because
there are more earthquakes, but

where the

the P- and S-wave contribution
are still in a similar range of
predominant occasions. This
similar range of P- and S-wave
contribution at zones 2 and
3 can be related to anelastic
attenuation of high frequencies

along longer travel paths occurred in the upper mantle, where
most of the anelastic losses occur in shear deformation (Der,
1998), thus generating low and similar PGA amplitudes for both
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P and S waves. Furthermore, Figure 3 shows the epicentral dis-
tribution of the same earthquake catalog as a function of PGA
generated by P (Fig. 3a) and S waves (Fig. 3b) and T phases
(Fig. 3c), which reveals that PGA amplitudes related to both S
and P waves decrease with epicentral distance and do not depend
on the event magnitude. However, PGA amplitudes associated
with T-phase arrivals do not show dependence on epicentral
distance, and they are mostly larger than their respective P
and S waves (Figs. 2 and 3). This phenomenon can be explained
as they mainly travel along the SOFAR channel rather than the
upper mantle, where anelastic attenuation does not affect T-wave
propagation (Thorp, 1965; Okal, 2008).

The PGA zones in Figure 2 can be related to different seismic
sequences along the subduction margin. Earthquakes in zone 1
include the 2015 Illapel M, 8.3 and the 2017 Valparaiso M,, 6.9
seismic sequences (B and A in Fig. 3), and their ground shaking
is as large as 0.44%g, which is related to the T-phase arrival of
the 2015 Illapel mainshock. As a whole, sequence A shows lower
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Figure 3. PGA amplitudes recorded at VAO4 station (magenta
triangle). The epicentral location of earthquakes is represented by
symbols (square, circle, and star) according to magnitude range
(M 5-6, M 6-7, and M > 7, respectively). Seismic sequences
related to different large earthquakes are delimited by red boxes:
(A) 2017 M,, 6.9 Valparaiso, (B) 2015 M,, 8.3 lllapel, (C) 2014
M., 8.2 lquique, and (D) 2018 M,, 7.1 Peru. Color scale is based
on the logarithm of each PGA value (percent of gravity accel-
eration g). (a) PGA amplitudes associated with P-wave arrival.
(b) PGA amplitudes associated with S-wave arrival. (c) PGA
amplitudes associated with T-phase arrival. The same events are
plotted on all three panels. White dashed circles denote epi-
central distances from VAQ4 station. The color version of this
figure is available only in the electronic edition.

amplitudes of PGA at VA(04 station than sequence B.
Furthermore, zone 2 shows PGA amplitudes up to ~0.1%g,
where the larger value is associated with the T phase generated
by the 2016 M,, 7.6 Chiloé mainshock. This zone also includes
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Cordillera (at ~23°S; 68° W) at depths >70 km (as seen in
Fig. 1), which show low PGA amplitudes. Finally, events occur-
ring in zone 3 generate larger amplitudes of PGA than those in
zone 2. This zone includes earthquakes mostly related to the 2014
Iquique aftershock sequence and to the Peruvian subduction
zone, where the largest record is related to the T phase generated
by the 2018 Las Lomas M,, 7.1 earthquake, which reached ampli-
tudes as large as 0.37%g. The rest of the largest PGA amplitudes
for this zone are mainly generated by T phases from earthquakes
occurring in the area surrounding the 2018 M,, 7.1 Las Lomas
mainshock (D in Fig. 3).

T phase and PGA values

T phases are the main contributors to large PGA amplitudes
recorded at station VA04, and we studied the dependence of this
variable on hypocentral parameters. We find a slight dependence
of strong shaking related to T phases on the hypocentral depth of
each event. Figure 4a shows an increase in recorded PGA ampli-
tudes for earthquakes triggered at depths between 20 and
50 km, which mostly occur along the plate interface. We use
equation (1) to estimate the intensities from PGAs due to arrival
of the T phase at RCI (Fig. 4). These types of waves could gen-
erate detectable shaking on RCI, reaching MMIs of II-III.
Indeed, according to intensity reports by ONEMI (Spanish acro-
nym) and their respective association with PGA records during
other earthquakes at different sites along the Chilean subduction
zone, intensities larger than MMI IIT have been reported for
PGA amplitudes as low as 0.1%g (see Table S2); thus, we con-
sider that the T phase has the ability to generate ground shaking
greater than MMI II.

Furthermore, our computations of TPEF values for each
earthquake are in good agreement with its respective PGA
reached by T-phase arrival, as shown in Figure 4b, where a
direct relation between these parameters is evidenced, that is,
larger PGA amplitudes are related to larger TPEF values. This
observation is not clear when correlating the TPEF values with
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a function of (a) hypocentral depth and (b) T-phase energy flux
(TPEF). Color curves in (a) correspond to the 50th percentile of
data along 18 depth bins. Theoretical intensity ranges following
Wald et al. (1999) are indicated in the right axis. The color version
of this figure is available only in the electronic edition.

its respective PGA amplitudes from P and S waves (see Figs. S3
and S4) due to a higher dispersion of data.

Discussion

T phases

The largest PGA values are mainly related to T-wave arrivals
from both near and far events. P and S waves make strong con-
tributions to ground shaking when earthquakes occur near RCI,
but their contributions vanish when the earthquakes occur far
from the island, which can be explained by the attenuation of
high-frequency of body waves with distance as they propagate
through the oceanic lithosphere. Conversely, PGAs related to T-
wave arrival do not depend on epicentral distance because they
can travel long distances through the SOFAR channel without
anelastic attenuation (Thorp, 1965; Okal, 2001); thus, high
frequencies are preserved along the travel path and emerge at
the station location, generating large PGA amplitudes. In par-
ticular, the 2018 M,, 7.1 Las Lomas earthquake was recorded at
the VAO4 station, and its T phase generated acceleration and
velocity amplitudes larger than P- and S-wave arrivals, as shown
in Figure 5. Moreover, the PGA amplitude of T-wave arrival was
as large as 0.37%g at station VA04 and reached MMIs of II-III
on RCI (F. Paredes, personal comm., 2018).

Some features of earthquake generation in subduction-zone
processes can be inferred from PGA records of T-wave arrivals.
The low PGA amplitudes generated by events related to the
2017 Valparaiso earthquake agree well with the respective low
T-wave energy fluxes due to seamounts on top of the Nazca
plate, which act as barriers for T-wave propagation (Walker
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et al., 1992; Sdez and Ruiz, 2018). However, the aftershock
seismicity of the 2015 M,, 8.3 Illapel earthquake, which was
distributed along most of the plate interface, shows a dual
behavior of PGA generation. In this sense, events occurring
below the coastline, where depths between 30 and 45 km
are expected, have larger PGA amplitudes than those occurring
in the near-trench area for similar magnitude ranges. T waves
generated by the latter events travel along similar paths, which
do not evidence any topographic barrier for wave propagation
reaching the SOFAR channel. This dual behavior can be ex-
plained by both a higher attenuation of seismic waves passing
through the continental wedge (for shallow near-trench events)
and a more effective incidence angle to the SOFAR channel for
deeper earthquakes (Sdez and Ruiz, 2018). Nevertheless, it has
been proposed that events occurring at deeper depths in the
thrust interface have higher stress drop than those ones in
the shallower part (e.g., Lay et al., 2012; Yao et al., 2013) mean-
ing that they have an enriched high-frequency content, which
would convert into larger PGA amplitudes, but further studies
on this topic are required. Thus, a source effect cannot be dis-
carded.

Furthermore, the T phases from the aftershock sequence of
the 2014 Iquique earthquake present low PGAs at the VA04
station because these events occurred in the shallower portion
of the plate contact zone, mainly between 5 and 25 km depth
(Ledn-Rios et al., 2016), where, although there is no topo-
graphic barrier for wave propagation (Fig. S3), the T-wave gen-
eration is less efficient because of the shallowness of these
events. On the other hand, seismicity occurring in the area sur-
rounding the 2018 Las Lomas earthquake (~16°S; 76° W)
presents large PGAs for T waves reaching the VA04 station,
mainly because these events were located in the deeper part
of the plate contact (D in Fig. 3). Some of these PGA values
are even larger than the largest PGA value in zone 2 (related to
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Figure 5. Ground-motion records at VA04 station due to the
M., 7.1 Las Lomas earthquake that occurred on 14 January 2018.
(a) Nonfiltered ground velocity record from broadband seis-
mometer; (b) nonfiltered ground acceleration record from
accelerometer. In both panels, P-wave, S-wave, and T-phase
observed arrival times are indicated with red, blue, and green
segmented lines, respectively. According to the same color code,
the data windows used for computation of each PGA (and TPEF
for T phase only) are also indicated. The color version of this
figure is available only in the electronic edition.

the T phase of Chiloé 2016 earthquake), which can be
explained by differences in the morphology of the continental
shelf, leading to different attenuation levels of incident P or S
wave entering into the SOFAR channel. The continental shelf
in the area of the 2016 Chiloé earthquake is ~60-100 km width
(Contreras-Reyes et al, 2010), which is wider than the
continental shelf in the area of the 2018 Las Lomas earthquake
in the Peruvian subduction zone (<30 km; Contreras-Reyes
et al, 2019). Thus, the lower attenuation in the latter area,
together with the occurrence of deep events along the thrust
interface, could lead to higher PGA values related to T-phase
propagation in zone 3 rather than zone 2.

These observations have an important influence on ground-
shaking assessment in the JFI because they demonstrate that
earthquake perception is not always related to tsunami gener-
ation. The largest PGA values reached in JFI are usually related
to T-phase arrival (Fig. 2d), and the TPEF values are in good
correlation with PGA related to T-phase arrival (Fig. 4b). Then
we could indicate that low PGA values can be expected for tsu-
nami earthquakes because they feature strong deficiencies on the
TPEF (Okal et al., 2003; Okal, 2008). Tsunami earthquakes are
events occurring in the shallow part of the thrust interface,
whose rupture process is slower than ordinary subduction-zone
Volume 91 « Number 1 .
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thrust earthquakes (Kanamori, 1972; Kanamori and Kikuchi,
1993; Tanioka et al., 1997; Lay et al., 2012), so they have large
tsunami potential. Because the tsunami hazard is larger for shal-
low near-trench earthquakes and the PGA amplitudes related to
these events are low, there is a chance that a tsunami earthquake
could not be felt in RCL. In contrast, a large megathrust earth-
quake, breaking at least the B and C domains of the thrust inter-
face, as indicated by Lay et al. (2012), can generate large PGA
amplitudes on RCI, which would be felt by the population and
would likely generate a large tsunami.

Other potential ground-shaking sources

In addition to feeling earthquakes that occur along the Chilean
margin, inhabitants of RCI have reported perceptions of other
events. In this sense, ground-shaking perception was reported
late in 1998 with MMIs up to III and was related to seismicity
generated by volcanic activity near the island (ONEMI, 1999).
Recently, according to the CSN catalog (see Data and Resources),
an my, 4.9 tectonic earthquake occurred on 9 November 2018 at
20:22 UTC. Although the epicentral location of this event is hard
to constrain because of scarce network coverage, the reported
locations from both CSN and NEIC differ by ~30 km distance.
Anyway, according to S-P time and phase observations on sta-
tions located along Chilean coast, we can confirm that this event
comes from ~233 km to the west of RCI (Fig. 6a). According to
this information, this event could be directly related to seismic
activity surrounding the hot spot area (blue circle in Fig. 1) or to
the progression of the JFR along the Nazca plate (Lara et al,
2018). Days later, another seismic event was recorded on 19
November 2018 at 17:03 UTC with shorter S-P times of ~9 s,
~65 km from station VA04 (Fig. 6b), in the surrounding area
of the RCL Thus, although the JFR is considered an aseismic
ridge (Von Huene et al., 1997; Yaiez et al, 2001), these recent
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Figure 6. Accelerograms (east-west component) of nearby events
recorded at VA04 station in RCI. (@) An my, 4.9 event as reported
by the National Seismological Center. (b) Local event located
~65 km southward away from RCI. Observed arrivals for Pand S
wave and T phase are indicated with red, blue, and green
markers, respectively. The color version of this figure is available
only in the electronic edition.

events, together with seismicity recorded in the 1980s and in
1998, provide more evidence about the existence of intraplate
seismicity in the surrounding area of the JFL. These events were
not felt in RCI. Indeed, the PGA amplitudes were ~0.06%¢ and
were related to the S-wave arrival rather than T phase, which is
identified for the first event but is practically nonexistent for the
second one (Fig. 6). Because the source mechanism and the char-
acteristics of this seismicity are still unclear, it is not possible to
confirm or dismiss the existence of any tsunamigenic source.
Thus, we suggest that this surrounding area near JFI should be
studied more in detail, making use of VA04 station data and one-
single station seismic patterns searching techniques.

Conclusions

We assessed the ground acceleration related to the arrival of P
and S waves and T phases from earthquakes along the Peru-
Chile subduction zone at station VA04 on RCI. Our results
show that the largest ground accelerations on RCI are <0.5%g¢
and related to different types of waves; they generate enough
ground shaking to be perceived by RCI inhabitants. The type of
wave causing the large acceleration differs depending on the
epicentral distance of the earthquake. The largest accelerations
generated by earthquakes occurring closest to RCI, such as the
2015 Illapel earthquake, would be related to S waves, whereas
the largest accelerations generated by distant events, such as
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the 2018 Las Lomas earthquake, would be associated with the
arrival of T phases.

T phases with the largest accelerations are related to earth-
quakes occurring in the deeper part of the thrust interface,
where highly efficient T-wave generation has been proposed,
rather than in the shallower part. Consequently, ground-shak-
ing perception on RCI will not always be related to imminent
tsunami arrival because the hypocenter is more likely to occur
in the deeper part of the interface, where low tsunami potential
is expected. Indeed, tsunami earthquakes, which occur in the
near-trench area, would not generate large PGA amplitudes on
RCI, and people are more likely not to feel ground shaking but
to be affected by the tsunami arrival. Finally, ground-shaking
perception could also be generated by a large megathrust earth-
quake, which would slip along the shallower part of the thrust
interface and generate a destructive tsunami such as the 2010
Maule earthquake. We revisited and showed evidence for the
existence of surrounding intraplate seismicity near JFI. The
source characteristics of this type of seismicity are still unclear,
so it is not possible to dismiss the presence of any tsunamigenic
source, but further research will be helpful to clarify this point.

Data and Resources

Seismological data from VAQ4 station were collected by the National
Seismological Center (CSN, www.sismologia.cl, last accessed August
2019) and distributed by Incorporated Research Institutions for
Seismology Data Management Center (IRIS-DMC). Waveforms can
be reached through IRIS-DMC website at https://ds.iris.edu/ds/nodes/
dmc/forms/breqfast-request (last accessed July 2019). The seismicity
catalog was retrieved from National Earthquake Information Center—
U.S. Geological Survey (NEIC-USGS) database at https://earthquake.
usgs.gov/earthquakes/search (last accessed July 2019). Some plots were
made using the Generic Mapping Tools v.5.2.1 (Wessel et al., 2013). The
supplemental material for this article includes figures and tables showing
additional metadata information, P- and S-wave features, and official
reported intensities in Chile for large earthquakes.
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