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Abstract We present the study of 21 continuous GPS (cGPS) stations in Mexico during the time
interval that goes from 1 October 2013 to 31 December 2014. The area under investigation produced a slow
slip event (SSE) that started in February 2014 and lasted at least until December 2014. Superimposed on this
transient signal, the Mw 7.3 Papanoa earthquake struck the region on 18 April 2014 and affected multiple
stations. Thanks to an independent component analysis (ICA) technique we are able to separate the
postseismic deformation associated with this earthquake from the deformation related to the ongoing SSE.
We infer the slip distributions associated with the three tectonically related processes: the coseismic and
postseismic slip and the SSE. The inferred postseismic slip distribution reduces the amount of slip related to
the SSE in the updip portion of the slab. The moment released by the postseismic processes (afterslip and
aftershocks) is estimated to be [8.06 ± 0.24] × 1019 Nm, equivalent to [71 ± 4]% of the moment associated
with the main shock. More than 88% of the postseismic moment is released aseismically and the afterslip
spatially correlates with the Guerrero seismic gap, suggesting that the region is controlled by stable sliding
behavior and rate-strengthening frictional properties.

1. Introduction

On 18 April 2014, a Mw 7.3 earthquake struck the region of Papanoa, Mexico, at the west edge of the so-called
Guerrero seismic gap (see Figure 1), where a large earthquake up to Mw ≥ 8.1 is expected [e.g., Astiz et al.,
1987; Suarez et al., 1990]. This hypothesis is based on the fact that the last large event that may have occurred
within the gap happened over one century ago, while the recurrence time of large earthquakes in the active
surrounding areas is ∼32–54 years [e.g., Singh et al., 1981]. Rudolf-Navarro et al. [2010] have listed all the
documented events from January 1806 to December 2010 (see Figure 1). From this catalog two historical
earthquakes (Mw 7.2 in 1908 and Mw 7.6 in 1911) suggested to be in the Guerrero gap at depths <40 km,
although errors are too large to definitely locate these events within the gap. The required precision is
available only for recent earthquakes (after ∼1970) [Singh et al., 1981], and no large earthquakes (Mw ≥ 7.0)
ruptured the Guerrero gap since then [Rudolf-Navarro et al., 2010], leaving open the possibility that the
Guerrero gap may be aseismic.

Thanks to the existing continuous GPS (cGPS) network, the recent Papanoa earthquake gives us the chance
to study in more detail the Guerrero gap and the relation between seismic and aseismic behaviors in the
region. It is now well known that a significant role in the seismic cycle of Guerrero is played by large slow slip
events (SSEs), occurring about every 4 years [e.g., Iglesias et al., 2004; Larson et al., 2007; Kostoglodov et al., 2010;
Radiguet et al., 2012]. To complicate the study of the Papanoa earthquake, a SSE started in February of the same
year, about 2 months before the earthquake. After correcting for the coseismic displacement, Radiguet et al.
[2016] studied the 2014 SSE using 20 cGPS stations and found that the final SSE distribution, as previous SSEs,
spatially matches with the Guerrero seismic gap at depth, but it does not involve the shallow (<20 km) region.
Here we apply an independent component analysis (ICA) technique to separate the postseismic deformation
source from the SSE one. Thanks to this separation we are able to retrieve a more precise SSE distribution as
well as a postseismic slip distribution, as detailed in the next section. These results provide insights on the
frictional behavior of the Guerrero region.
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Figure 1. Guerrero region, Mexico. Grey arrows: relative plate motion between North American and Cocos plates from
DeMets et al. [2010] (PVEL model). Blue shades: coseismic slip ruptures of large (Mw ≥ 6.8) earthquakes after 1940 [Lowry
et al., 2001]. Colored circles: historical seismicity from Rudolf-Navarro et al. [2010], collecting information from several
previous works [e.g., Gutenberg and Richter, 1954; Brune and King, 1967; Kelleher et al., 1973; Kanamori and Abe, 1979,
Singh et al., 1981, 1982; Wang et al., 1982; Eissler et al., 1986; Priestley and Masters, 1986; Astiz et al., 1987; Gonzalez-Ruiz
and McNally, 1988] (for a complete list see Rudolf-Navarro et al. [2010, and references therein]). It uses also the Harvard
centroid moment tensor catalog (http://www.seismology.harvard.edu), the U.S. Geological Survey (USGS) catalog
(http://earthquake.usgs.gov/earthquakes/), and the Bulletins of the National Seismological Service, Mexico (http://www.
ssn.unam.mx). Blue and green stars: USGS localization of Papanoa earthquake (Mw 7.3, 18 April 2014) and its largest
aftershock (Mw 6.4, 8 May 2014). Grey lines: slab isodepths (km) from Pérez-Campos et al. [2008]. Triangles: cGPS stations
used for coseismic and SSE signals study. Inverted triangles: cGPS stations used for postseismic signal study.

2. Data, Signal Extraction, and Slip Models

We use the same GPS position time series analyzed by Radiguet et al. [2016], with the addition of the station
YAIG (see Figure 1 and Table S1 in the supporting information). The linear inter-SSE tectonic motion has been
evaluated for all of the inter-SSE periods (1998.5–2001.5, 2003.0–2006.0, 2007.5–2009.0, and 2010.0–2014.0)
with respect to the North American plate reference frame and then subtracted from the position time series,
as in Radiguet et al. [2012, 2016] (Table S2). The GPS position time series are provided as ASCII files in the
supporting information. As shown in Figure 2a (black error bars), the position time series are simultaneously
affected by several deformation mechanisms, including earthquake-related processes (e.g., coseismic and
postseismic deformation), SSEs, and other cyclical signals such as seasonal variations. In order to isolate every
process, we have to solve a so-called blind source separation (BSS) problem. The ICA is a standard approach
to solve BSS problems, and it assumes that the sources are statistically temporally independent, not moving
in space, and that their signals are linearly mixed when recorded by the stations. Concerning the signals asso-
ciated with slip on the plate interface, the coefficients of the linear mix are related to the relative position
between the sources and the receivers (i.e., the fault and GPS network geometry), to the physical properties
of the medium in which the signals propagate (i.e., the Earth crust), and to the amount of slip on the fault. We
use the same notation adopted in Gualandi et al. [2016a] that resembles the singular value decomposition
(SVD) or principal component analysis (PCA) notation in which the position time series (X) are approximated
using a limited number of components (L) and multiplying three matrices:

X ≃ USVT (1)
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Figure 2. (a) cGPS position time series (north direction) for the five stations with the largest postseismic displacement. Black: detrended position time series.
Red: postseismic IC contribution. Blue and green dashed vertical lines: main shock (18 April 2014) and largest aftershock (8 May 2014) epochs. (b): Postseismic IC
temporal evolution V . Vertical lines are same as Figure 2a. (c) Postseismic IC spatial distribution U. Red arrows and ellispes: horizontal component with 1𝜎
uncertainty. Colored dots: vertical component. S: IC weight such that the displacement (red dots in Figure 2a) is equal to USVT . Stars are same as in Figure 1.

where U and V columns are the spatial distributions and temporal functions of the independent components
(ICs) and S is a weighting matrix. Similarly to a SVD, both U and V have unit norm columns and S is diagonal.
Differently from a SVD, U and V columns are not orthogonal, and S elements are not related to the percent-
age of variance of the data set. The coefficients of the linear mix of the temporal functions V are given by the
matrix US.

Before attempting to separate different sources via the ICA, it is necessary to correct the position time series
for the coseismic offset since the coseismic and postseismic signals are not statistically independent [Gualandi
et al., 2016a]. We calculate the coseismic offset at every station using a PCA, modified in order to force the first
principal component time function to be a Heaviside function [Perfettini and Avouac, 2014]. Multiplying this
Heaviside time function with the corresponding spatial distribution and eigenvalue, we are able to estimate
the coseismic offset also at stations that have missing data for the day immediately preceding or following
the earthquake in a manner that is consistent with the network displacements. The coseismic displacements
are shown in Figure 3c (red arrows and outer circles).

After the coseismic correction, we use a variational Bayesian ICA (vbICA) algorithm, already tested on GPS
position time series [Gualandi et al., 2016a, 2016b]. The algorithm consists in a modified version of the one pro-
posed by Choudrey and Roberts [2003], where the missing data are taken into account following the approach
of Chan et al. [2003] that discounts the contribution of missing entries during the learning phase of the model.
In practice, this is a generative model approach that maximizes the independence between the sources, using
the data to update a starting a priori model. The algorithm applied on the whole network and taking into
account both the preseismic and postseismic phases cannot properly separate the postseismic signal from
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Figure 3. (a): Color palette: coseismic slip distribution due to Mw 7.3 earthquake of 18 April 2014. Arrows: coseismic slip direction. Blue triangles: cGPS stations
used to estimate the coseismic surface displacement. Blue/green lines: coseismic/postseismic slip contour every 100 mm. (b) Color palette: cumulative
postseismic slip distribution up to 2015.0. Inverted green triangles: cGPS stations used to estimate postseismic surface displacement. Blue/green lines are same as
in Figure 3a. Colored circles: aftershocks for which a moment magnitude is available from the USGS catalog. (c) Horizontal (vectors) and vertical (dots) coseismic
displacement. Red vectors and outer dots: observed. Blue vectors and inner dots: modeled. Blue contour line is same as in Figure 3a. (d) Green contour line is
same as in Figure 3b. Vectors and colored dots are same as Figure 3c but for postseismic cumulative displacement. In every panel, stars are same as in Figure 1.

the SSE one. We thus focus only on the postseismic stage, and we take into account only the stations located
at a distance ≤200 km from the hypocenter of the main shock. Under such a configuration, and with a ran-
dom initialization of the a priori source model, we are able to separate the postseismic signal (Figures 2b and
S1b in the supporting information) from the SSE one (Figure S1a in the supporting information). Figure 2a
shows also the relative contribution of the extracted postseismic signal in explaining the displacement at the
stations close to the main shock (red dots).

Once the surface deformations associated with the coseismic and postseismic signals have been isolated, we
can perform a static inversion of the spatial distribution related to the two extracted temporal functions (the
Heaviside function for the coseismic signal and the IC of Figure 2b for the postseismic signal). This approach
is following the one adopted in Kositsky and Avouac [2010], substituting the PCA with an ICA like in Gualandi
et al. [2016b]. The inversion is performed on the fault geometry used by Radiguet et al. [2016] that considers
a flattening of the slab at about 40 km of depth. Radiguet et al. [2016] have shown that at the depth range
of interest, this fault geometry is producing equivalent results to the Hayes et al. [2012] fault model, which
does not flatten below 40 km of depth. We assume an elastic homogeneous half-space and use the rela-
tions of Okada [1992] to compute surface displacements associated with the fault slip assuming a Poisson’s
ratio of 0.25. The solution of the inverse problem follows the methodology for linear problems described in
Tarantola [2005], assuming a null a priori slip model as described below. The regularization is performed
using the approach described in Radiguet et al. [2011]. In particular, we use a covariance matrix on the a priori
slip model that depends exponentially (1) on the distance between the patches and (2) on the uncertainty
associated with the a priori model. The correlation length is fixed to 20 km, similar to the average patches
length. The distance between the patches is fixed since the geometry is given, while the uncertainty on the
a priori slip model is selected via an L curve plot as in Radiguet et al. [2016] (see Figure S2 in the supporting
information). The best inverted slip model for the coseismic and postseismic distributions are shown
in Figures 3a and 3b. Their fit to the data is shown in Figures 3c and 3d. Resolution tests are shown in Figure
S3 in the supporting information.
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Figure 4. (a) Color palette: cumulative SSE distribution. Arrows: SSE direction. Magenta triangles: cGPS stations used to estimate SSE surface displacement.
Blue/green/magenta lines: coseismic/postseismic/SSE slip contour every 100 mm. Stars are same as in Figure 1. (b) Horizontal (vectors) and vertical (dots)
cumulative SSE displacement. Red vectors and outer dots: observed. Blue vectors and inner dots: modeled. Magenta contour line is same as in Figure 4a.
(c) Black: Equivalent seismic moment associated with SSE distribution. Red: low-pass-filtered version of the black curve. Blue and green dashed vertical lines:
main shock (18 April 2014) and largest aftershock (8 May 2014) epochs. (d) Black: CAYA GPS position time series along north direction after correction of the
coseismic and postseismic displacements. Red/Blue: position time series reconstruction via the ICA/slip model. Vertical dashed lines are same as in Figure 4c.
(e) Black/magenta dots: raw CAYA GPS position time series along north direction before/after correction of coseismic and postseismic displacements. Errorbars
are in black for points both before and after correction. Red line: long-term displacement. Vertical dashed lines are same as in Figure 4c.

Now that both coseismic and postseismic spatiotemporal models are available, we can generate the corre-
sponding deformation at every point at the surface. In order to study the SSE in its entire duration and not
only during the postseismic phase, we correct for these two contributions at every cGPS station, propagat-
ing the uncertainties following the same approach described in Gualandi et al. [2016b]. The ICA on these
corrected time series isolates two components that are related to the SSE (Figure S4 in the supporting infor-
mation). A third IC shows a seasonal variation (Figure S5 in the supporting information), but it is likely not
related to tectonic processes and it is not important in explaining the position time series. Indeed, the number
of ICs sufficient to describe the observations is two, where this number is derived from an automatic rele-
vance determination criterion and the study of the negative free energy associated with the generative model
(for more details, see Gualandi et al. [2016a, and references therein]). The first IC, which is the one that gives
the major contribution to the reconstruction of the observed time series, is clearly related to the SSE, while
the second IC modulates the contribution of the first signal in different patches. The vbICA algorithm adopted
here assumes that the sources are not moving in space, but it has been suggested that in this region the SSEs
may propagate from one region of the slab to another [e.g., Walpersdorf et al., 2011; Radiguet et al., 2011]. It fol-
lows that it might be necessary to use more than one single IC in order to properly track the evolution of the
SSE. The final SSE distribution can be generated by, again, performing static inversion of the spatial patterns
associated with these two ICs and then reconstructing the total slip history on the fault as a linear sum of the
temporal functions weighted by the corresponding spatial IC distributions on the fault [Kositsky and Avouac,
2010; Gualandi et al., 2016b]. The cumulative slip distribution and fit to the data are shown in Figures 4a and
4b, while Figure 4d shows the fit to the north component of the station CAYA as an example of the capability
of the method to reconstruct the displacement time history. Figures from S6 to S12 in the supporting infor-
mation show the original raw detrended time series and the modeled ones, as well as the relative predicted
displacement generated by the three slip models described above (Figures 3a, 3b, and 4a).
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3. Discussions and Conclusions

Our inferred coseismic slip distribution is consistent with Radiguet et al. [2016], although based on a differ-
ent estimate of the coseismic offsets. Assuming a rigidity modulus 𝜇 = 30 ± 5 GPa throughout this work, the
coseismic moment is M0co = [11.4±0.6]×1019 Nm, equivalent to a Mw7.301±0.015. Inverting seismic wave-
forms, Universidad Nacional Autónoma de México [2015] and Mendoza and López [2017] estimated coseismic
moments of 8.32× 1019 Nm and 10× 1019 Nm, respectively. Our estimate is slightly higher. This might be due
to the fact that since we are inverting daily observations, we are including in our coseismic slip model also the
effects of the early afterslip (first hours after the main shock). All the estimated uncertainties do not take into
account potential errors neither in the fault geometry nor in the elastic model.

We modeled the postseismic displacement at the surface with slip on the fault, obtaining a satisfactory
fit to the data (Figure 3d). We neglect potential contributions of other postseismic deformation mech-
anisms like viscoelastic relaxation or poroelastic rebound because slip on the fault alone explains the
observations. The cumulative moment associated with the postseismic slip distribution up to 2015.0 is
M0 post= [8.06 ± 0.24] × 1019 Nm, equivalent to Mw= 7.201 ± 0.009. Our postseismic slip inversion includes
both aseismic (afterslip) and seismic (aftershocks) contributions. Figure 3b shows the seismic events for
which the U.S. Geological Survey (USGS) has estimated a moment magnitude during the postseismic phase
of the main event. In the postseismically activated region only two large aftershocks (Mw 6.4 and Mw 6.0)
have been recorded. An upper limit for the seismic moment released by the aftershocks sequence can be
estimated under the assumption that the aftershocks follow the Gutenberg-Richter relation [e.g., Gualandi
et al., 2016b]. Rudolf-Navarro et al. [2010] found a b value of 0.6857 for the Mexican earthquakes with Mw

between 4.3 and 7.0. Assuming a completeness magnitude of Mw 6.0 for the aftershock catalog, we find that
M0 aftershocks ≤ 0.96 × 1019 Nm. This implies that afterslip is the dominant mechanism of deformation during
the postseismic phase, since M0 afterslip = M0 post − M0 aftershocks ≥ 7.10 × 1019 Nm. In other words, the inverted
postseismic slip, which accounts for [71 ± 4]% of the coseismic moment, is more than 88% due to aseismic
slip. Thus, the amount of afterslip released is equivalent to at least 62% of the coseismic moment. This per-
centage is quite large if compared to what has been usually observed for large earthquakes, where M0 afterslip

∼10–40% M0 main shock [e.g., Avouac, 2015, and references therein], but it is consistent with the seismotectonics
in central Mexico, where Graham et al. [2014] have found that for the recent 2012 Mw 7.5 Ometepec earth-
quake the postseismic moment in the first 6 months of relaxation was 40% larger than the coseismic moment
and the postseismic deformation was more than 95% aseismic.

One intriguing feature of our postseismic model is that the duration of afterslip is short (≲2 months) if com-
pared to the more usual duration on the order of years for large earthquakes [e.g., Miyazaki et al., 2004; Hsu
et al., 2006; Perfettini et al., 2010; Bedford et al., 2013; Gualandi et al., 2016b]. There are at least two possible
reasons for this short duration: (i) the retrieved postseismic signal (Figure 2) is not well constrained in the
long term and (ii) the afterslip region, being relatively shallow, is characterized by a small normal stress. The
obtained postseismic signal is mainly relying on the station TCPN, which is also the closest to the large 8 May
aftershock (Mw 6.4). Unfortunately, this station stopped recording in less than 2 months after the main shock.
Consequently, this data dropout might have impacted the modeling of the long-term behavior of the post-
seismic signal. On the other side, according to Perfettini and Avouac [2004], the duration of afterslip scales with
the effective normal stress on the creeping regions. A short duration of shallow afterslip, as small as 30 days,
has been suggested for other subduction regions [e.g., Perfettini and Avouac, 2014], supporting the possibility
of point (ii). Based on the existing data, we are unable to favor one explanation over the other.

The afterslip spatial pattern complements the coseismic one, lying on the eastern edge of the coseismic rup-
ture (Figures 3a and 3b). Our model does not show afterslip west of the Papanoa earthquake, although a large
amount of coseismic Coulomb stress (>0.005 MPa) has been transferred on both sides of the rupture. It might
be that the absence of afterslip to the west of the rupture is due to the fact that we do not have enough
stations covering that sector. The spatial resolution of the postseismic inversion (Figures S3a and S3b in the
supporting information) is indeed poor in that region. It is also possible that the regions west and east of the
coseismic rupture are controlled by different frictional parameters. In particular, we think that the area east of
the main shock is controlled by rate-strengthening (RS) friction, while the area to the west is consistent with
rate-weakening friction, having experienced large ruptures in the past (see Figure 1). This lateral frictional het-
erogeneity implies that the RS shallow Guerrero region, even if containing few small asperities like the ones
that generated the Mw 6.4 and 6.0 aftershocks, acts as a barrier to seismic rupture propagation. This behavior
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is consistent with the idea that the density of asperities in a region is the controlling factor that dictates the
consequent seismic or aseismic behavior, as proposed by Dublanchet et al. [2013] studying interactions in a
3-D rate-and-state asperity model. In order to validate this hypothesis, we need further constraints on the dis-
tribution of seismicity as well as on the interseismic deformation of the region. This goal can be reached with
the installation of additional seismic and geodetic stations, possibly offshore.

Our finding also agrees with the conceptual framework proposed for other subduction regions compar-
ing seismic ruptures and interseismic coupling [e.g., Avouac, 2015]. In highly coupled regions the tectonic
load is increasing the accumulated strain that is subsequently elastically released during the earthquake
[e.g., Savage, 1983]. At shallow depths, the areas surrounding the Guerrero gap are in agreement with this
description, showing high coupling and large earthquakes [e.g., Radiguet et al., 2016]. Comparing our results
with the coupling map of the region depicted by several authors [e.g., Kostoglodov et al., 2003; Franco et al.,
2005; Vergnolle et al., 2010; Larson et al., 2004; Iglesias et al., 2004; Radiguet et al., 2012, 2016], we find that the
afterslip distribution overlaps the long-term weakly coupled region. We divide this region into two parts: the
shallow (<20 km) and deep (>20 km) segments. The dynamic of the creeping bursts observed in the deep
area is correctly referred to with the term of slow earthquake: this region is locked during inter-SSE periods as
for regular earthquakes, rupturing slowly over many months instead of seconds. We cannot exclude the pos-
sibility of experiencing Mw > 6 earthquakes in the shallow region, since aftershocks up to Mw 6.4 have been
recorded there, but the shallow plate interface is always weakly coupled, supporting the idea that the shallow
part of this Guerrero region is dominated by aseismic behavior. For these reasons, our results agree with the
hypothesis that the Guerrero gap is mainly aseismic at any depth.

Studying three consecutive SSEs, Radiguet et al. [2012] estimated that from the trench down to the flattening
of the slab (∼40 km), the annual slip deficit in the northwestern Guerrero gap (between 100.0∘W and 101.2∘W)
is 0.6× 1019 Nm/yr. From the available catalog, two large (Mw ≥ 7.0) earthquakes struck west of the Guerrero
gap in 1943 (M0 = 15.6×1019 Nm) and 1979 (M0 = 22.5×1019 Nm) [Rudolf-Navarro et al., 2010]. Furthermore,
the 2014 Papanoa earthquake average recurrence time is in good agreement with these previous two earth-
quakes. Assuming that the elastic strain accumulation calculated by Radiguet et al. [2012] holds since 1943,
the moment strain accumulated in the Guerrero gap in 72 years, i.e., up to the end of our analysis at 2015.0, is
M0 gap since 1943 = 43.2 × 1019 Nm. If we assume that the two historical earthquakes (1943 and 1979) behaved
similarly to the 2014 Papanoa main shock, releasing [71 ± 4]% of their moment by postseismic deformation
(afterslip + aftershocks), we find that the moment associated with postseismic mechanisms in the Guerrero
gap is M0 afterslip since 1943 = [35.0±2.8]×1019 Nm. Considering all the potential sources of error here neglected,
these results are in agreement with the measured accumulated moment since 1943, mitigating the chances
of a Mw ≥ 8.1 earthquake in the Guerrero gap thanks to aseismic strain release through afterslip. In section
S1 we show how, for example, incorporating early afterlip in M0 co may affect this result.

The vbICA generative model approach revealed to be of fundamental importance in order to allow the neces-
sary flexibility to reproduce the probability density functions of the sources in this complex context, enabling
us to separate the postseismic contribution of the Papanoa earthquake from the ongoing SSE, and correct
the position time series accordingly. As an example, Figure 4e shows the north position time series for the
station CAYA, which is one of the stations with the longest record and with the largest SSE effects. The posi-
tions corrected for the coseismic and postseismic signals (magenta dots) reduce the discrepancy between
the predicted long-term behavior (red line) and the actual position at the end of the 2014 SSE, highlighting a
load-unload cycle for the SSEs, where the strain accumulated during the inter-SSE period is released aseismi-
cally in the following months. This success in isolating the postseismic signal from the SSE is a promising result,
and this technique can be applied also in other regions where multiple deformation processes are active at
the same time (e.g., in occasion of the Tohoku-Oki, 2011, or Nicoya, 2012, earthquakes).

Once corrected for the coseismic and postseismic contributions, our SSE distribution shows the presence of
two regions mainly activated, with the postseismic slip intruding at depth and separating them (Figure 4a).
The temporal evolution of the M0 SSE is shown in Figure 4c. Our inferred SSE model is consistent, both in
terms of spatial slip distribution and moment released, with the 2010 SSE that occurred in the same region
[Walpersdorf et al., 2011]. Our results show that the apparent difference between the 2014 SSE distribution
of Radiguet et al. [2016] and previous SSEs (2006 and 2010, studied, for example, by Radiguet et al. [2011]
and Walpersdorf et al. [2011], respectively) is due to the contribution of the afterslip of the 2014 Papanoa
earthquake. Based on the resemblance of the last three SSEs, the term of characteristic slow slip event seems
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appropriate to describe the Guerrero SSEs. Therefore, we believe that the SSEs in Guerrero are the manifes-
tation of a quasiperiodic phenomenon which implies the same dynamic for each event, involving the same
spatiotemporal slip distribution nearly every 4 years. This makes the Guerrero region an exceptional natu-
ral laboratory to study slow slip events that, we believe, are the missing link to understand the connection
between unstable (earthquake) and stable (creep) slip.
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