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Abstract

A seismic swarm occurred in Chile in 2023, in a region well known for host-
ing this type of seismicity, the Atacama region, and more precisely within
the low coupling zone of Barranquilla. It started on August 26th and lasts
about 6 weeks, ending early October. Thanks to our high-density small-scale
GNSS network, we recorded the spatio-temporal evolution of surface defor-
mation generated by a slow slip event associated with the swarm. The slow
slip event lasts as long as the seismic swarm but takes place in two distinct
phases, located on two distinct patches of slip. Overall, the cumulative slip
distribution extends over about 100 km (between 27° S and 28° S), reaching
an equivalent Mw 6.1. The two patches of slip exhibit a quite di!erent in-
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terplay between aseismic slip and seismicity, revealing bimodal seismic and
aseismic behaviors. In the northern patch, which hosted almost all known
swarms and where higher coupling was found, slip is collocated with seismic-
ity, exhibiting important brittle deformation. In contrast, in the southern
patch where coupling is low, microseismicity is not collocated with slip and
is most likely driven by Coulomb stress transfer, suggesting a dominant aseis-
mic behavior. We therefore demonstrate that the SSE associated with the
2023 swarm reveals the details of the low coupling zone structure that slow,
interseismic deformation could not entirely decipher. Investigations on the
long-term seismicity suggest that the aseismic behavior of the low coupling
zone southern part has persisted at least since seismicity was cataloged and
plausibly at the timescale of the regional seismic cycle.
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1. Introduction

Our understanding of the processes involved in the seismic cycle, and
in particular the interseismic phase, has evolved rapidly and dramatically
thanks to the exponential increase in GNSS observation networks across all
fault zones worldwide, particularly subduction zones. Thanks to the precise
measurement of surface deformation during the interseismic period, numer-
ous coupling models at the interface between the two plates have been pro-
posed for almost all subductions (Oryan et al., 2026). The lateral segmenta-
tion highlighted by coupling models (e.g., Cascadia Bruhat and Segall (2016),
Japan Loveless and Meade (2010), South America Nocquet et al. (2014); Mé-
tois et al. (2016)), combined with historical seismicity, has thus enabled the
identification of seismic gaps. In the case of the most recent earthquakes,
there is a good correspondence between the previously strongly coupled sur-
faces and the seismic rupture surfaces (Ruegg et al., 2009; Madariaga et al.,
2010; Métois et al., 2016; Loveless and Meade, 2011). Pre-seismic coupling
could therefore be a good predictor of future seismic rupture. However, this
idea faces a major obstacle.
Even though the di!erent coupling models published for a given area ap-
pear consistent at first glance, they di!er significantly in their details. These
di!erences stem mainly from either the input data (measured inter-seismic
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velocities) or the assumptions underlying the inversions (smoothing, damp-
ing, boundary conditions, etc.). Consequently, the quantitative correlation
between a given coseismic slip model and any pre-seismic coupling pattern
is highly variable, and sometimes poor. In particular, even if the surface
rupture and the highly coupled surface correspond well, the precise amount
of coseismic slip seems rather uncorrelated to the prior coupling amplitudes.
What information can be considered robust and interpretable in terms of seis-
mic hazard? In particular, the precise quantification of Low Coupled Zones
(LCZs), the weakly coupled zones separating large asperities that accumu-
late deformation, is critical but necessary in order to discuss their ability to
act as a barrier to seismic rupture. However, the surface area and amount of
decoupling in LCZs can vary significantly from one model to another. Inter-
seismic data are clearly insu"cient to characterize them accurately, probably
because the small deformation rate (2 cm/yr, i.e., 0.05 mm/day) leaves too
much room for variability among models. More robust information is needed
on the surface area and amount of decoupling in LCZs.

GNSS has also revealed slow slip events (SSEs) and other episodic tremor
and slip events (ETSs), which are now known to occur in most subduction
zones (Wallace and Rollins, 2024), even if occasionally unadapted networks
do not necessarily allow them to be observed clearly. Shallow SSEs ap-
pear to occur in LCZs, or at least in zones transitioning from strong to low
coupling and often are accompanied by seismic swarms (e.g., Uchida et al.,
2016; Vaca et al., 2018; Rolandone et al., 2018; Dixon et al., 2014). Some
SSEs have been found to be precursors to major earthquakes, e.g., in Mexico
(Radiguet et al., 2016; Graham et al., 2014), Japan (Ozawa et al., 2025),
Nicaragua (Voss et al., 2018), and also in Chile, in Iquique 2014 (Socquet
et al., 2017; Boudin et al., 2022), or in Valparaiso 2017 (Ruiz et al., 2017;
Caballero et al., 2021; Moutote et al., 2023; Ruiz et al., 2025). While we
do not yet know what causes an SSE to be a precursor to an earthquake,
their study remains of paramount importance. SSEs produce larger defor-
mation rates ( →0.1 mm/day) than assumed linear interseismic deformation
(→ 0.05 mm/day). Thus, detailed SSEs analysis can depict the finer spatio-
temporal evolution of plate coupling that is invisible under the linear in-
terseismic assumption. Subduction segments where dense geodetic networks
capture both interseismic deformation and recurrent transient slip o!er a
unique opportunity to address this problem. North Central Chile is one of
these natural laboratories, thanks to the decades-long geodetic monitoring
of this area (Métois et al., 2014; Klein et al., 2018b, 2021).
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This article focuses on the SSE associated with the seismic swarm that
occurred there in 2023. This region constitutes one of the major seismic gaps
in the Chilean subduction zone and appears mature for a future large rupture
(Kelleher, 1972; Beck et al., 1998; Carvajal et al., 2017; Ruiz and Madariaga,
2018). The long-term coupling pattern closely matches the revisited historical
seismicity, with the Atacama segment to the south corresponding to the 1922
M→8.5 rupture and the Chañaral segment to the north corresponding to
the 1918 M→8 rupture (Vigny et al., 2024). Furthermore, geoarchaeological
evidence suggests that the giant earthquake that ruptured much of northern
Chile →3,800 years ago also a!ected this region (Salazar et al., 2022). In
addition to its high seismic hazard, this region appears to be one of the few
places along the Chilean margin where a broad spectrum of slip behaviors
can be simultaneously observed, possibly because it is currently among the
most instrumented regions of the Chilean subduction zone (Klein et al., 2021;
Zigone et al., 2019; Socquet et al., 2020).

The most recent event is a seismic swarm that occurred between August
and October 2023, in a specific area of North Central Chile, well known for
hosting this kind of activity (→ 27.8° S). In contrast to the 2006 swarm, which
was marked by two Mw→6.5 earthquakes (Ojeda et al., 2023), the largest
events in 2023 reached only Mw→5.7 (15/09/2023, Centro Sismológico Na-
cional, CSN) and Ml→5.3 (Münchmeyer et al., 2025c, 11/09/2023). Previous
work inferred a →1-month-long, of about 100 km long transient deforma-
tion from 18 continuous GNSS stations and proposed that fluid overpressure
around subducted seamounts controls both swarm activity and slow slip ini-
tiation (Münchmeyer et al., 2025c).

Here, we report a more detailed view of the 2023 swarm and associated
SSE based on a dense near-field GNSS network, allowing for high spatial
and temporal resolution. Despite the small amplitude of the deformation,
the data accurately resolve the kinematics of the SSE. We image a two-phase
event, propagating from north to south, consistent with the seismicity, within
the LCZ of Barranquilla. The seismic-aseismic interplay di!ers between the
two main slipping areas, revealing two distinct frictional behaviors. This
event therefore provides a high-resolution image of the internal structure of
the LCZ and new constraints on the physics of megathrust slip.
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2. Seismotectonic context of the region of Atacama

The Atacama region in North Central Chile (→ 26 - 29° S) is particularly
complex due to numerous events of di!erent types, including a diversity of
slip modes, that occurred there during the last two decades of continuous
geodetic and seismological monitoring.

Di!erent coupling models have been proposed in this region since the
beginning of dense measurements there in 2010 (Métois et al., 2014; Métois
et al., 2016; Klein et al., 2018b; González-Vidal et al., 2023; Yáñez-Cuadra
et al., 2022). At the first order, the segmentation of the North Central
Chilean region appears quite consistent in all models, with two highly coupled
patches, Atacama to the South and Chañaral to the North, separated by the
LCZ of Barranquilla at → 27.7° S. At second order, the description of the
LCZ di!ers significantly in terms of extension and location, as well as in the
amplitude of decoupling.

In this region, seismic swarms have been observed since the 70’s, and
GNSS measurements, initiated in the 2000’s, have uncovered di!erent tran-
sient events. They can be categorized into three slip modes, based on their
seismo-tectonic characteristics and location. We detail here the characteris-
tics of these slip modes and the timeline of known events shown in Fig. 1-B.

The Sequence of Atacama. In 2020, a complex seismic/aseismic sequence,
characterized by three earthquakes of Mw greater than 6 occurring on the
same day, took place around 28° S (in orange on Fig. 1, Klein et al. (2021)).
The last two earthquakes were most likely triggered by rapid post-seismic slip
induced by the first earthquake, accompanied by migrating microseismicity.
This sequence was also marked by a significant post-seismic deformation
spreading northward, within the least coupled part of the Barranquilla LCZ
(in yellow on Fig. 1). A potential similar sequence may have happened in
December 2011 (Ojeda et al., 2023), and the same area was identified as a
seismicity cluster by (Potin et al., 2025).

Recurrent Deep Slow Slip Event of Copiapó. Further north (→ 27.2° S), be-
tween 40 and 60 km depth, down-dip of the seismogenic zone beneath the
city of Copiapó, a SSE occurs every 5 years or so (in pink on Fig. 1). The
last occurrence, in 2020, was precisely captured and quantified by cGNSS
and later by InSAR measurements (Klein et al., 2023; Molina-Ormazabal
et al., 2025). The precedent occurrence in 2014 had been observed by survey
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GNSS, while that in 2009 was visible in the single cGNSS station operat-
ing at the time (Klein et al., 2018a). To this day, no evidence of associated
tectonic tremors, low-frequency earthquakes, or other unusual seismicity has
been found (Münchmeyer et al., 2025a).

Seismic swarms o!shore Copiapó. At the same latitude as the deep SSE but
o!shore, seismic swarms have occurred on many occasions, with certainty in
1973, 1979, 2006, and 2015 (Holtkamp et al., 2011; Marsan et al., 2023). The
2015 swarm was relatively small and produced no observable deformation by
the then sparse GNSS network. The 2006 swarm, by contrast, was quite large,
and possible evidence of aseismic slip was detected for the first time. But
GNSS networks were then too scarce to discriminate the large postseismic
deformation triggered by the two Mw 6.5 earthquakes from any other SSE
(Ojeda et al., 2023). The 2023 swarm, which is the object of our study,
is therefore the very first occasion to investigate precisely the processes at
stake during this type of event. Given their proximity and the fact that they
occurred o!shore, we’ll refer to them as the Caldera seismic swarms.

To date, no direct relation has been established between deep SSEs be-
neath Copiapó and the shallow seismic swarms o!shore Caldera. Neverthe-
less, the subduction of the Copiapó Ridge at this latitude, which is charac-
terized by a series of heterogeneous seamounts (Fig. 1), may have important
implications on the diversity of slip modes at the plate interface and sur-
roundings, defining along-dip and along-strike segmentation (Pastén-Araya
et al., 2022).

3. Data & Methods

3.1. GNSS Data processing and post-processing

We use the up-to-date GNSS daily position time series database
SOAM_GNSS_solENS, distributed through the Geodesy Plotter (Klein,
2025). The solution is standard state-of-the-art GAMIT/GLOBK double-
di!erences processing (IGS precise orbits, ionospheric free combination and
ambiguity resolution) and aligned with ITRF2014 using the PYACS toolbox
(Herring et al., 2010a,b; Nocquet and Tran, 2025). For more details about
the processing, refer to Klein et al. (2022). We select stations in Chile located
between 24° and 31° S from the CSN and COP2020 networks (Báez et al.,
2018; Klein et al., 2021).
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In this work, we focus on the period between 2019 and 2024. Time series
are detrended using a local trend estimated over the period 2021 - 2023.5.
This trend di!ers from the interseismic steady-state velocity because south-
ern stations are a!ected by post-seismic deformation from both the 2015
Illapel earthquake and the 2020 sequence (Boulze et al., 2022; Klein et al.,
2021). This method allows the transient signal associated with the 2023
Caldera swarm to be identified. A common mode filter (Fig. 2) is estimated
and subtracted. Daily scatter is smoothed out by applying a 30-day sliding-
window mean filter. The smoothed time series clearly shows a small but sig-
nificant transient deformation on the horizontal component, spanning several
weeks. No significant signal is visible on the vertical component (see Figs. S1
and S2). Then, weekly displacements are estimated between August and
December.

Nothing looks more like SSE than common modes. It is common knowledge
that GNSS position time series depict oscillations and transient signals. They
can be either real, associated with seasonal deformation or with tectonic mo-
tions, or they can be more chaotic and associated with noise. Since a sig-
nificant part of the noise can be associated with reference frame oscillations
or any other large scale issue, the estimation of common mode is the best
way to get rid of it. In the following section, we show how such transient
signals, when not properly removed by a common mode can spread an in-
stantaneous co-seismic jump over days and even weeks, making it look like
aseismic transient deformation.

The preliminary observation of raw time series (before common mode and
sliding window filters) of stations in the area of interest reveals two quite large
and distinct ramps. The first one starts in early September, mostly visible
north of 28.5° S (highlighted in yellow on Fig. 2). A second ramp starts mid-
October (highlighted in green on Fig. 2). Both ramps depict very similar
amplitudes (up to 5 mm on the East component), but the second one ex-
hibits a quite shorter duration, which implies a faster motion. According to
the CSN catalog, a Mw 6.6 earthquake occurred some 50 km from Vallenar
(28° S), o! the coast, on October 31st, ie a few weeks after the apparent
onset of the transient phenomenon. But no coseismic o!set is visible in the
time series. A 3-weeks cumulative displacement field typical of a shallow
source, ie westward convergent direction a!ecting a 100 km region between
28.5 and 29.5° S can be inferred from this signal. However, the common
mode estimated over far-field station completely removes this signal. On the
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opposite, the first ramp remains. (see VALL time series, Fig. 2-C and the 3
components time series on Figs. S1 and S2) To ensure this result, we test two
types of common mode filter: The first filter (CMM1, Fig. 2-A) is estimated
with time series from a selection of stations located su"ciently far from the
region of interest (PEDR, PFRJ, PVCA, RODE, BTON, TOLO, MRCG,
INCA, PAZU), in order to ensure that they are not a!ected by the SSE or
the Mw6.6. Since the network is much denser in the south (region of Illapel),
than in the north, more stations located in the south are selected, which may
impact the common mode correction.
The second filter is estimated with time series of all stations in the region
between 31° S and 26° S, therefore including areas a!ected by transient de-
formation. Since the SSE only impacts a specific area, its deformation is not
considered a common mode. Only a common mode estimated with too few
far field station stations may be corrupted by the near field transient.
Both filters are very similar (see Fig. S3) and lead to the same conclusion:
the early-September ramp remains while the end-October ramp disappears,
leaving only a small but clear co-seismic step on some time series. The first
transient, which is therefore real, can be associated with the 2023 swarm.
The second transient, which could have been associated with aseismic slip
preceding the 31st October earthquake, is an artefact. Thus, caution is ad-
vised when analyzing and interpreting transient signals in GNSS time series.

3.2. Kinematic slip inversion methodology

Our analysis allows us to capture the spatio-temporal evolution of sur-
face deformation during the 2023 swarm through weekly snapshots. We can
either look at cumulative deformation (blue vectors, Fig. 1) or at weekly
displacement rates (red vectors, Fig. 3). Using these deformation fields and
constrained least squares inversions with the CSI toolbox, we evaluate the
slip distribution and spatio-temporal evolution of the SSE (Gombert et al.,
2019).
The fault plane geometry is taken from Münchmeyer et al. (2025b) and is
composed of triangular sub-faults. Tests made with the Slab2.0 geometry
(Hayes et al., 2018) provides very similar results. Green functions are calcu-
lated assuming a layered Earth model (Husen et al., 1999; Zhu and Rivera,
2002). We parametrize the geometry so that slip is the linear interpolation of
inverted slip values at each nodes of the patches (Jolivet et al., 2020, 2023).
One slip component is allowed, which direction is assumed to be the projec-
tion of the plate (convergence vector Klein et al., 2018b) onto the subduction
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interface, forbidding back slip in the thrust direction. Weekly slip rates are
then inverted, in a quasi-kinematic scheme without including any additional
temporal smoothing. Indeed, we consider that the median filter over 30-days
window applied on position time series already plays that role.

3.3. Coulomb failure stress change analysis

To characterize potential interactions between aseismic slip and seismicity
rates within local seismic clusters, we computed the Coulomb failure stress
change (!CFS) induced by weekly aseismic slip rates. !CFS was calculated
on the same interface patches used for the slip inversion using the algorithm of
Nikkhoo and Walter (2015). We used Lamé parameters µ and ω of 30 GPa
and a friction coe"cient of 0.4. !CFS was computed only outside the
slipping area for di!erent weekly slip-rate thresholds (from 4 to 7 mm/week).
!CFS within the slipping area is poorly constrained because it is highly
dependent on slip gradients, therefore, sensitive to the smoothing parameters
used in the inversion.

4. Kinematic analysis of the SSE associated with the 2023 Swarm

4.1. Spatio-temporal evolution of the aseismic slip associated with the swarm

The 2023 seismic swarm starts on August 26th and lasts about 6 weeks,
ending in early October. The SSE lasts as long as the seismic swarm and
takes place in two phases, each lasting approximately 3 weeks. Overall, the
total slip distribution extends over about 100 km, from 27° S to 28° S. We
find an equivalent Mw 6.1 using a shear modulus of 30 GPa. The first phase
is associated with a patch of slip located in the northern half of the total
cumulative slip (→27.25° S), representing an equivalent Mw 5.9. The second
phase is associated with a southward propagation which results in a second
patch of slip reaching an equivalent Mw 5.7 in the southern half of the total
cumulative slip (→27.75° S).

The spatio-temporal evolution of the SSE is constrained by GNSS
coastal stations and revealed by weekly displacement rates (Fig. 3). The
first snapshot corresponds to the week preceding the beginning of the seismic
swarm during which no coherent motion is extracted from GNSS time series
(Fig. 3-a). The resulting slip rate distribution (small, inconsistent patches
of low slip) depicts the level of uncertainties associated with our inversion
scheme (→5 mm/wk). During the first week following the beginning of
the swarm, very little motion is observed (Fig. 3-b). Then, larger motions
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initiate in two distinct patches.
During the first half of September, the northernmost station (BING located
at 27.15° S), starts to move (approximately 0.13 mm/day), while the
southern stations (BAR2, TTRL, LLCH) show no movement (Fig. 3-b to d
and Fig. 4, phase 1). A zone of large slip is highlighted, centered at 27.2° S
(Fig. 3-d, area B). During the second half of September, the northern station
slows down while southern stations (BAR2 at 27.6° S and TTRL at 28° S)
start to move westward (approximately 0.05 mm/day, Fig. 4), concomitant
with a decrease of slip rate in the northern zone (Fig. 3-e). By the end of the
month, slip has stopped in the north, (Fig. 3-f). Conversely, slip develops
in the south, resulting in up to 20 mm/week of slip rate, over an area that
is actually larger than the northern zone (Fig. 3-f, zone C and Fig. 4-phase
2). By mid-October, no movement greater than the daily scatter can be
extracted from the GNSS time series (Fig. 3-g and h, Fig. 4). This marks
the end of the SSE.

4.2. Coulomb failure stress change and swarm seismicity rates

We analyze the locations of the four most prominent seismic clusters dur-
ing the swarm (Fig. 3). Cluster 1 corresponds to the initiation of the swarm.
It started during the week from 08/26 to 09/01; however, the geodetic sig-
nal during this week is too small to properly constrain slip rates (Fig. 3-b).
During the following week, the cluster migrated downdip and seismicity rates
increased significantly. During this period, slip rates located downdip of the
seismicity reached amplitudes of 8 mm/week, and the associated positive
!CFS at the location of the cluster reached 0.5 kPa for a minimum slip-
rate threshold of 6 mm/week (Fig. 5-a). For minimum slip-rate thresholds
of 4 or 5 mm/week, the cluster lies at the edge of the slipping area and the
corresponding !CFS values become negative. This cluster continues during
the following week (Münchmeyer et al., 2025c); however, the seismicity is
then dominated by the Ml 5.3 event and its aftershocks, consistent with a
mainshock–aftershock sequence within the cluster 1. The second cluster ana-
lyzed is located north of the cumulative slip area. The corresponding !CFS
reached cumulative amplitudes of 6 kPa during the two weeks from 09/09 to
09/22 (Fig. 5-b). The 22 earthquakes forming this cluster all occurred during
the second week. The third seismic cluster is located updip of the total slip,
near the subducted seamount but slightly below the subduction interface.
Both a large increase in seismicity rates and positive !CFS occurred during
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the two weeks from 09/16 to 09/29, with 72 earthquakes and !CFS reaching
1.1 kPa (Fig. 5-c). The fourth cluster is located at the southern edge of the
cumulative slip. !CFS increased during the two weeks from 09/16 to 09/29,
reaching amplitudes of 1.2 kPa, although the large majority of earthquakes
occurred during the following week (Fig. 5-d).

5. Discussions

5.1. Cumulative slip distribution : static versus kinematic inversions

There are two di!erent methods for imaging the cumulative slip distribu-
tion on the fault. The most common method consists of performing a static
inversion of the cumulative deformation. Another method consists of adding
the successive weekly displacement rates. It is only possible if they can be
quantified accurately. It is the case here, thanks to the precision in deter-
mining the weekly displacements. Both slip distributions highlight slip over
the same area of about 100 km, between 27 and 28° S (Fig. 6). They also
exhibit similar first-order characteristics, such as slip amplitude, location of
local maxima, for the same quality of fit to the data. The di!erence lies
in the details of the slip distribution. The cumulative kinematic slip distri-
bution features two spatially disconnected patches of maximum slip (→up
30 mm), which are constrained by the desynchronized motion of coastal sta-
tions (Fig. 6-A). In contrast, the static slip inversion exhibits a single patch
of maximum slip, with a smaller amount of slip to the south (Fig. 6-B). De-
tails of the slip history taken on specific nodes of the geometry can be found
in the Supplementary material Fig. S4. Finally, we show here that only a
kinematic analysis of the transient deformation can properly reconstruct the
cumulative slip of that kind of propagating event.

5.2. Impact of coastal stations

Our slip distribution appears quite di!erent from the one published pre-
viously by Münchmeyer et al. (2025c). At first order, the event duration and
the a!ected area are similar. However, the secondary slip patch in the south
is only present in our solution. The reason for this di!erence lies in the pres-
ence of denser coastal stations. The amplitude and direction of the southern
stations impose a quantity of slip much larger to the south than suggested
by the previous study, which precisely lacks coastal stations there. To con-
firm that conclusion, we invert for the cumulative static slip distribution,
removing observations from southern stations absent in Münchmeyer et al.
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(2025c) (BAR2 and TTRL, Fig. S5). Our test shows that only the north-
ern slip patch is recovered. Moreover, the slip distribution does not exhibit
the low-amplitude slip propagating to the south depicted by Münchmeyer
et al. (2025c). The reason is the absence of one station at → 30 km from the
coast around 28° S in our dataset, which detects small motion (see Fig. S6).
Eventually, the reason why the southern slip they detect is less than the
one depicted by our preferred slip distribution is because this station detects
only 1/3 of the motion detected by northern stations, when in our dataset,
southern coastal stations move as much as northern coastal stations. Their
model also underpredicts the displacement of this station.

5.3. Interplay between fast and slow slip

In order to further evaluate the interplay between fast (seismic) and slow
(aseismic) slip inverted from GNSS data, we compute geodetic and seismic
moment rates in 3 specific areas (see Fig. 7): A corresponds to the total
region of the SSE (27° to 28° S); B corresponds to the northern patch of slip
and C to the southern patch. Seismic moment rates are computed from the
Münchmeyer et al. (2025b) catalog, using the ’Interface seismicity’. Geodetic
moment rates are computed from the slip rate distributions, using a shear
modulus of 30 GPa.
The early onset of the geodetic moment rate could suggest that SSE starts
before the swarm seismicity. However, this is possibly due to aliasing because
of the temporal smoothing imposed by the median filter on 30-days window.
Going further, according to the level of noise highlighted during the week
preceding the swarm (Fig. 3-a), any slip rate below 5 mm/week, that is
moment rate below 0.1e18 N.m, should not be interpreted. This threshold
of 5 mm/week is only exceeded when the seismic moment increases.
The main result is that the geodetic moment (of the order of 1e18 N.m)
is one order of magnitude larger than the seismic moment (of the order
of 1e17 N.m). Overall, the seismic moment accounts for only 7% of the
geodetic moment. A second important result is the di!erent seismo-geodetic
behaviors within the two slip patches. Slip and seismicity are associated and
synchronized during the first phase in the northern area B, but not in the
southern area C. There, seismicity mostly occurs updip of the bulk of slip
and is significantly smaller, both in number and in magnitude, than in the
northern patch. There are only a few rare events of Ml> 2.5 in region C
(Fig. 7-C), compared to region B (Fig. 7-B).
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At a finer temporal and spatial scale, !CFS change calculations show
similar behavior across the four clusters analyzed. Seismicity clusters system-
atically occur at the edges of the slipping areas. Depending on the slip-rate
threshold used, the seismicity is either located outside the slipping areas
(minimum slip rate > 6 mm/week) or at their boundaries (minimum slip
rate > 4–5 mm/week). For amplitudes below 6 mm/week, slip rates be-
come poorly constrained by the onshore GNSS data and likely reflect spatial
smoothing. Our interpretation is therefore that the seismic clusters occur
slightly outside the slipping areas, where !CFS amplitudes are maximal,
typically around 1-5 kPa. If the swarms were directly triggered by aseismic
slip itself, they would be expected to occur at the locations of peak slip rates,
which is not observed. A temporal delay between the !CFS and larger seis-
micity rates is observed at clusters 2 and 4. The cluster 4, which exhibits
the longest delay, is located within the area a!ected by the 2020 sequence
(total equivalent magnitude 7.1, Klein et al., 2021) which may have modi-
fied the loading conditions to activate this cluster. Temporal delays between
!CFS and seismicity rates, as well as their underlying physical mechanisms,
warrant further investigation.

5.4. Long-term seismicity and recurrence of the swarm activity

Over the last 20 years, 3 swarms (increase of seismicity rate without a
clear mainshock earthquake, Holtkamp et al., 2011), of various sizes but al-
ways located o!shore Caldera have been identified (2006, Ojeda et al. (2023);
2015, Marsan et al. (2023) and the latest one in 2023). Münchmeyer et al.
(2025c) suggested that additional ones occurred in 1988, 2016, 2018, and
2020. In order to reinvestigate the recurrence of the Caldera swarms, we per-
form a systematic analysis of di!erent catalogs. For the di!erent events, we
compare the number of events per day and the cumulative number of events
over time, alongside the spatio-temporal evolution of seismicity (Fig. S7).
We use the International Seismological Centre (ISC) catalog for the period
1964 - 2012 (Storchak et al., 2013, 2015; Di Giacomo et al., 2018). Starting
in 2012, we rely on the CSN catalog (Barrientos, 2018; Potin et al., 2025)
and compare it with the 2014-2024 catalog from Münchmeyer et al. (2025b).
Our analysis does not call into question the swarm characterization of the
1973 and 2006 crises. The 1988 crisis exhibits behavior very similar to that
of the 1979 swarm, with a low number of events and no real spatial clus-
tering. However, high magnitude of completeness and poor location at the
time make it di"cult to draw a conclusion. In contrast, the 2016 crisis re-
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veals a distinct spatio-temporal seismic cluster, confined to a brief period
between November 30 and December 2. This event qualifies as a swarm,
though it remains small in both spatial extent and earthquake magnitude -
very similar to the 2015 swarm. We exclude the 2018 crisis, which does not
depict any spatial clustering of earthquakes, with seismicity scattered over
a relatively long period (see Fig. S7). Similarly, the 2020 crisis is dismissed
due to its clear mainshock-aftershock pattern, showing exponential decay in
the number of events and magnitudes during the first weeks of the sequence
(Figs. S7 and S8), despite the unusual occurrence of two large aftershocks
(Klein et al., 2021). Although aftershock activity propagated northward -
aligned with postseismic deformation - the crisis location falls outside the
Caldera swarm locus (approximately 70 km south).
Swarms in this region occur in a preferential location and recur over
time—1973, 1979, 2006, 2015, 2016, and now 2023. The time window in
which they occur may be influenced by the magnitude of the events within
each swarm (for example, the 2015 swarm consisted of very small magni-
tudes). However, the lack of a uniform catalog makes it di"cult to infer any
clear periodicity (see Fig.8-C). Nevertheless, it is noteworthy that the 2006
and 2023 swarms exhibit comparable nucleation behavior, characterized by
a localized early cluster lasting 8 to 10 days and confined to a specific lati-
tudinal range before expanding both spatially and temporally (see Fig. S9).
Although the total seismic moment release during the early cluster di!ers
(equivalent to a magnitude Mw 5.6 in 2006 and Mw 4.6 in 2023), the ratio
of the early cluster moment over the swarm moment release remains similar
in both cases, in the order of 0.03-0.09 depending on the catalog used.

Our analysis demonstrates that the two patches of the 2023 SSE exhibit
di!erent seismo-geodetic behaviors. Larger events are overall collocated with
maximum slip in the northern patch, while microseismicity is most likely
driven by distant Coulomb failure stress changes in the southern patch. In
fact, long-term seismicity depicts a very similar behavior (Figs. 8 and S10).
We found earthquakes located within the northern area of maximum slip of
the 2023 SSE during almost all past swarms (Fig. 8-B, C northern patch). In
contrast, the long-term seismicity clearly depicts a very low level of activity
within the southern patch of slip (Fig. S10), with no events associated with
past swarms in the maximum slip zone (Fig. 8-B, C southern patch). The
southernmost part of that section (→28° S) is dominated by sequences such
as those of December 2011 (see Fig. S1 from Ojeda et al., 2023) or September
2020 (Klein et al., 2021).
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5.5. E!ect of the subducted Copiapó Ridge

The subduction of the Copiapó Ridge is considered a key factor influenc-
ing the mechanical behavior of the megathrust (Pastén-Araya et al., 2022;
Ojeda et al., 2023; Molina-Ormazabal et al., 2025). The ridge consists of vol-
canic seamounts on the incoming Nazca Plate (Fig. 1) that locally thicken
and structurally modify the oceanic crust prior to subduction (Warwel et al.,
2025). In addition, the rough topography associated with seamounts en-
hances fracturing of the incoming plate, reactivating pre-existing faults and
generating new bending-related normal faults that act as pathways for sea-
water penetration into the oceanic crust. This fluid infiltration promotes
hydration reactions, increasing the fluid content of the slab as observed with
high Vp/Vs ratios (Pastén-Araya et al., 2022). These structural and compo-
sitional heterogeneities are therefore expected to modify the stress field and
favor conditionally stable frictional behavior.

Observations of seismicity and interseismic coupling reveal strong spa-
tial variability, with seismicity often concentrated in relatively well-coupled
regions and reduced in areas interpreted as weakly coupled (Fig. 8). This
variability is consistent with the interaction between the subducted ridge and
the megathrust, where seamount relief perturbs the stress field, locally con-
centrating stress while generating adjacent stress shadows that promote dis-
tributed or aseismic deformation. Recent studies further suggest that, in the
Copiapó region, seismic swarms are closely linked to slow slip processes, with
evidence that the 2006 swarm involved a combination of seismic and aseismic
slip driven by the subduction of ridge-related seamounts (Ojeda et al., 2023;
Münchmeyer et al., 2025c; Warwel et al., 2025). These observations indicate
that ridge subduction facilitates the partitioning of deformation into both
seismic and aseismic modes.

Similar associations between subducted seamounts, shallow slow slip
events, and seismic swarms have been documented in other subduction zones,
including the Hikurangi margin o!shore Gisborne and Hawke’s Bay in New
Zealand (Todd et al., 2018; Shaddox and Schwartz, 2019; Bangs et al., 2023),
the Nankai Trough o! the Kii Peninsula (Flores et al., 2025), and the Ecuador
subduction zone (Segovia et al., 2018). Together, these observations support
the interpretation that subducted seamounts and ridges play a fundamen-
tal role in promoting the coexistence of seismic swarms and slow slip along
subduction interfaces.
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5.6. Bimodal behavior of the fault within the LCZ

The di!erent behaviors highlighted by both the 2023 seismic swarm and
the associated SSE, actually reveal di!erent frictional characteristics of the
fault at quite small scale, which appears very consistent with our coupling
model (See Fig. 8-A, Klein et al., 2018b). In the northern area of the LCZ
(between 27 and 27.5° S), this model reveals rather high coupling on a patch
smaller than 50x50 km2 surrounded by lower coupling. The 2023 swarm ini-
tiated precisely in this area, which hosted all known swarms (Fig. 8-B and C
northern profile). In this same area, we also observe occasional earthquakes
of magnitude up to 6 (see Fig. S11), which is not surprising given the rather
high coupling. We can speculate that an earthquake of magnitude greater
than 7 is unlikely to nucleate within this small highly coupled pocket, but
the deformation that accumulates here is released by regular swarms associ-
ated with SSEs, as well as occasional Mw 6 earthquakes(ie, the stress-shadow
e!ect, Métois et al., 2016).
In the southern area of the LCZ, microseismicity, significantly lower in am-
plitude and number than that observed in the north, is poorly collocated
with aseismic slip during 2023, and most likely driven by Coulomb failure
stress change (Figs. 5 and 7). This particular behavior had not been observed
before, but we cannot rule out the possibility that the previous swarms de-
veloped in this southern region in a similar way to the 2023 Caldera swarm.
It could be a simple instrumental threshold issue because geodetic and seis-
mological networks have only been densified over the last 5 to 8 years. Going
further, the southern SSE slip patch takes place within the shallow low cou-
pling area. Notably, the postseismic deformation following the 2020 sequence
also propagated in that area (Klein et al., 2021). The long-term seismic ac-
tivity is also much lower in the southern patch of the 2023 swarm, where
no earthquake magnitude larger than 5 has occurred over the last 30 years
(see Fig. S11). Therefore, this area seems prone to aseismic slip, whether
slip is spontaneous (SSEs) or driven by an event at its edge (e.g., the 2020
sequence).
Other coupling models exhibit much less detail of the LCZ. Due to the
scarcity of the employed data (González-Vidal et al., 2023) or specific regu-
larization methods (Yáñez-Cuadra et al., 2022), they depict a smooth LCZ,
within which there is no distinction between the northern and southern areas
(see the di!erent models on Fig. S12). In contrast, the slip distribution pre-
sented here and our coupling model Klein et al. (2018b) were obtained using
observations made on very consistent networks as coastal observations were
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made at the same location (survey sites transformed into permanent stations,
Klein et al., 2023). We are therefore confident that the SSE associated with
the 2023 swarm actually reveals spatio-temporal details of the LCZ.

6. Conclusions

The Barranquilla LCZ was imaged with dense survey measurements dur-
ing the steady interseismic state (Métois et al., 2014; Métois et al., 2016;
Klein et al., 2018b). It had been identified as hosting many di!erent slip
modes (Klein et al., 2018a, 2021; Marsan et al., 2023; Ojeda et al., 2023;
Münchmeyer et al., 2025c; Molina-Ormazabal et al., 2025). This work shows
that each of these slip modes takes place in a particular area of the LCZ,
indicating variable frictional behavior within this LCZ.

This study demonstrates that a GNSS network, although less dense but
well located with respect to a particular event, is capable not only of de-
tecting very small events (5 mm of surface deformation in a few weeks) but
also of studying its kinematics in great detail. Investigating this kinematic
is important because it provides information on the size of asperities on the
interface. Our study images several small slip patches, whereas static stud-
ies image a single one. The cumulative slip for a given event is therefore
di!erent when viewed kinematically or statically, which could imply di!er-
ent physics. Seismic swarms regularly release the deformation accumulated
within small locked asperities inside the LCZ, and the associated SSE then
propagates within the area of lowest coupling. Therefore, this area may slide
easily and extensively, either spontaneously or in response to the occurrence
of a significant earthquake to the north or south, such as the 2020 sequence
and its very large postseismic deformation. Local seismic clusters within the
swarm are located at the edges of slip areas, likely triggered by Coulomb
stress changes. This work supports the presence, location and precise exten-
sion of the LCZ suggested by our coupling model, in particular the presence
of a shallow very low coupled area, which creeps with little to no seismicity
(Fig. 8). That same area appears to coincide with the northern boundary of
the 1922 earthquake (Vigny et al., 2024). One might suggest that a future
major rupture of the 1922 gap could be stopped at the same location.
Because observation networks were largely undeveloped during the past
swarms of 2006 and 2015, it is not possible to further investigate or draw
conclusions about similarities with the 2023 one, either geodetically or seismi-
cally. However, the comprehensive analysis of this latest occurrence revealed
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a very peculiar interplay between seismicity and aseismic slip that clearly
calls into question the classification of swarm, adopted based on previous oc-
currences. Provided dense permanent observations can be maintained over
time, the future swarm occurrences, deep SSEs and seismic sequences in this
active region, will be essential to further explore, on one hand, the stability
of the frictional behavior of the LCZ through the seismic cycle and on the
other hand, a more specific and appropriate classification of these events.
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Figure 1: 2023 swarm and seismo-tectonic context of the Atacama region. A.

The 2023 swarm is represented in light blue. Vectors depict the horizontal cumulative

displacements measured between mid-August and mid-October 2023. Contours depict the

cumulative kinematic slip distribution obtained in this study. Dots represent the seismicity

from (Münchmeyer et al., 2025c). The blue star depicts the Mw 5.7, loc. acc. to CSN. The

2006 swarms is represented in dark blue, with the seismicity and the associated coseismic

rupture zone (10 cm contour from (Ojeda et al., 2023)); The yellow-to-black color scale

depicts the coupling from (Métois et al., 2016) south of 28.5° S and (Klein et al., 2018b)

north of 28.5° S . The pink area inland depict the overall surface of the recurrent deep Slow

Slip Event (Klein et al., 2018a, 2023). The dark green contours depict the coseismic rupture

zones of the 2020 Totoral sequence (8 cm slip contour), and the light green contours the

24-days postseismic rupture zone (+15 mm contours) (Klein et al., 2021). 1922 and 1918

earthquakes rupture extension from (Vigny et al., 2024) Inset: localization of the Atacama

region. B. Timeline of each known event of the 3 classes of slip modes described in our

study: Caldera swarms (blue), Copiapó deep SSE (pink) and seismic/aseismic sequence

of Totoral (green)

Figure 2: Common mode correction of the GNSS times series, illustrated on the

east components, with A) CMM1 (see section 3 for common mode description); B) time

series of station BAR2 located nearby the swarm and C) time series of station VALL

located further south (28.5° S). For and C, the blue curve represents the raw time series

and the red curve the time series corrected from the common mode. The same on the 3

components can be found in the Supplementary materials, Fig. S1
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Figure 3: Weekly snapshots of the swarm. On each map, the weekly seismicity is

extracted from (Münchmeyer et al., 2025b, , ‘Interface’ seismicity only), represented with

the blue color scale function of depth. Red vectors depict the estimated displacement

rates, the pink vectors depict displacement rates predicted by the slip rate distributions

represented by the yellow to red color scale. The first snapshot depicts the week before

the swarm. Areas A, B and C identified on subplot a) refers to section 5.3 and Fig.7
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Figure 4: Comparison of the displacement rates and observed (red) vs predicted (orange)

by the weekly slip rate distributions, for the 3 coastal stations TTRL, BAR2 and BING

(see loc. on Fig. 3), on the north (top) and east (bottom) components. The common-mode

corrected time series is represented in blue.
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Figure 5: Aseismic-slip-induced Coulomb failure stress changes and cumulative

seismicity within clusters. Left panels: Black curves show the cumulative seismicity

within the black rectangles indicated on the corresponding maps to the right. Brown-to-

red curves show the cumulative Coulomb failure stress change induced by aseismic slip

within the same rectangles. The color depends on the minimum slip-amplitude threshold

applied to the weekly aseismic slip rates. Right panels: Weekly aseismic slip rates larger

than 6 mm/week are shown using the green-to-blue color scale. The associated Coulomb

failure stress changes on the plate interface are shown on a logarithmic scale using the

orange-to-red color scale. Yellow dots indicate seismicity. The time periods represented

on the maps are indicated by the gray boxes in the left panels. Note that, for cluster 4

(d), the slip rates and Coulomb stress changes correspond to the first week, whereas the

seismicity corresponds to the second week of the gray box.

Figure 6: Cumulative slip distributions on October, 14
th

, 2023 from A. Cumulative

static slip inversion and B. Cumulative kinematic slip inversion represented, both are

with the same color scale. Vectors depicts cumulative displacements observed (red) VS

predicted (blue). The seismic catalog from Münchmeyer et al. (2025c) is represented as

function of time between August 26
th

and October 14
th

.
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Figure 7: Comparison of seismic VS geodetic moment evolution during the

swarm. Cumulative geodetic moment (red, scale on the right y-axis), seismological (blue,

scale on the left y-axis) moment from (Münchmeyer et al., 2025b). Weekly geodetic

moment rate (yellow). Moments and moment rate are computed in 3 areas (same for

geodetic and seismic), depicted on Fig. 3: the total area (A), the northern patch (B), and

the southern patch (C). The earthquake count as a function of magnitude (Ml) is depicted

for areas B and C.
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Figure 8: Comparison of the swarm slip distribution with coupling and long-

term seismicity. A. Coupling map and segmentation from Klein et al. (2018b); B.

Long-term seismicity from the ISC catalog before 2012 and the CSN catalog after 2012; C.

Long-term seismicity as a function of time in the northern patch (top) and the southern

patch (bottom). Dates of known swarms are depicted by the blue vertical lines. The

cumulative number of earthquakes is represented by the red curve. In B and C, seismicity

located directly within the 30 mm slip area of the swarm is depicted in dark gray, and

seismicity outside this zone is depicted in transparent gray.
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1. Time series analysis

In this section, we provide extensive information on GNSS time series
analysis. Figure S1 shows the common mode correction, using CMM1 (shown
on the top panel), of stations BAR2 (located in the swarm region, time series
represented in the middle panel) and VALL (located in the south of the
Atacama region, time series represented on the bottom panel) on the three
components. Fig.S3 shows the two common-mode filters tested in that study.
CMM1 was estimated using the time series of the following stations, located
su!ciently far from the region of interest: PEDR, PFRJ, PVCA, RODE,
BTON, TOLO, MRCG, INCA, PAZU. CMM2 was estimated with the time
series of all stations in the region of interest.
Figure S2 illustrates the whole post-processing applied on the time series of
station BAR2, with the common mode corrected time series (represented by
the blue curve), the 30-day window median filter (represented by the orange
curve), and the weekly positions estimated on the median filter (represented
by pink dots).

2. Cumulative slip distribution

Here, we present additional details abouth the kinematic analysis based
on cumulative weekly displacements. Figure S4 shows the final cumulative
slip distribution and the slip history taken at 3 specific nodes of the geome-
try: in the center of the northern patch (pink); in between the two patches
(green), and in the center of the southern patch (orange). Figure S5 shows
the cumulative kinematic slip distributions inverted with (left, correspond-
ing to the preferred model) or without (right) the two coastal stations BAR2
and TTRL. When these two stations are absent from the inversion, the slip
distribution clearly presents a single patch of slip with a larger amplitude.
As explained in the main text, this slip distribution does not exhibit the
low-amplitude slip propagating to the south depicted by (Münchmeyer et al.,
2025b), probably due to the absence in our dataset of one station at → 30 km
from the coast around 28° S. This station, highlighted by the green rectangle
on Fig.S6 extracted from Fig. S6 of Münchmeyer et al. (2025b), detects small
motion. This motion is compatible with the southern patch of slip from our
preferred model, but is not su!cient in the absence of the coastal stations at
that latitude to correctly constrain the slip distribution.
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3. Long-term seismicity and recurrence of the swarm

For all crises (1973,1979, 1988, 2006, 2015, 2016, 2018, 2020, 2023), fig-
ure S7 represents the number of earthquake per days and cumulative number
of earthquakes as function of time, and S8 represents the evolution of earth-
quake magnitude as function of time to evaluate whether they are swarms or
standard mainshock-aftershock event, over the periods identified by Münch-
meyer et al. (2025b). That figure illustrates the spatio-temporal clustering
of crises that are indeed characterized as swarms, i.e., 2016, in addition to
those that were already characterized, i.e., 1973, 1979, 2006, 2015, and 2023
(Holtkamp et al., 2011; Marsan et al., 2023; Ojeda et al., 2023).

Figure S9 compare the spatio-temporal evolution of the 2006 and 2023
seismic swarms in order to evaluate their similarities. In Figure S10 com-
pares the earthquake density (that is, the cumulated number of earthquakes
by bins of 0.05°) on the di!erent catalogs for which we have long-term records:
ISC (1964 - 2023); B. CSN (2000 - 2025); C. USGS (1964 - 2025); D. Potin
et al. (2025) (2000 - 2020); E. ISC-CSN merged catalogs (with ISC: 1964-
2012; CSN: 2012-2026). Density was computed using seismicity restricted
to ± 15 km distance to the (Slab2.0 geometry Hayes et al., 2018), but tests
computed at ±10 or 20 km produce similar results.

4. Comparison of the published coupling models

Figure S12 compares the three coupling distributions that were published
in the region of interest, plotted with the exact same color scale. From left
to right: Klein et al. (2018), Yáñez-Cuadra et al. (2022) and González-Vidal
et al. (2023). Both Yáñez-Cuadra et al. (2022) and González-Vidal et al.
(2023) depict a local decrease in coupling around 27.5° S, contrasting with
higher coupling values to the north and south at all depths. Below 20 km,
the decoupling is quite pronounced, but the coupling value remains strong
above 20 km, i.e., of the order of 0.7. In contrast, the coupling model from
Klein et al. (2018) depicts a lower average coupling (below 0.5) over a broader
→ 100 km zone, between 27 and 28° S. A particular structure is imaged within
the LCZ, with strong contrast of coupling: very low coupling (lower than 0.3)
both up-dip and downdip, and a narrow strip of higher coupling located be-
low the coast (see Fig. 1).
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Figure S1: Common mode correction of the GPS times series on all three components.

Top is the CMM1 (see section 3.1 for the list of stations used); middle is station BAR2

and down is station VALL

7



Figure S2: Time series analysis of station BAR2. The blue curves depict the common-

mode-corrected GPS time series for the three components. The orange curve represents

the 30-day window median filter applied to the time series. The purple dots represent the

weekly positions estimated on the median filter between early July and mid-December.

The left panel shows the total time series of BAR2, and the right panel focuses on the

swarm period only.
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Figure S3: Comparison of the Common Modes tested: CMM1 estimated with time series

of a selection of stations and CMM2 estimated with all the time series from the region.

9



Figure S4: Cumulative kinematic slip distributions on October 14th, 2023 same

as Fig. 6. The graph depicts the slip history extracted at 3 nodes in the slip distribution

geometry (violet at the north patch center, orange at the south patch center, and green

at the intermediate region center). Slip (mm) as a function of time is depicted by lines,

and slip rates (mm/wk) as a function of time by dashed lines.
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Figure S5: Comparing cumulative slip distribution with or without coastal sta-

tions. Left) Proposed slip distribution from this study. Right) Slip distribution inverted

without BAR2 and TTRL observations. They were used to predict model displacements

and are shown transparently in the figure.

Figure S6: Extraction of Fig. S6 from Münchmeyer et al. (2025b). The green rectangle

highlights the station mentioned in section 5.2.
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Figure S7: Revisit of past swarms using the ISC (grey), CSN (blue), and permanent

(green) and temporary (red) catalogs from Münchmeyer et al. (2025a). The number of

earthquakes per day (histograms) and the cumulative number of earthquakes (solid lines)

are shown as functions of time. The grey area depicts the swarm period, when a swarm

behavior is characterized.
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Figure S8: Revisit of past events using ICS, CSN and Münchmeyer et al. (2025b) catalogs.

The magnitude is represented as a function of time, and the color scale depicts the latitude

of each event in a range from 27° S to 28° S.
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Figure S9: Comparison of the spatiotemporal evolution of the 2006 and 2023

seismic swarms. The blue shaded area highlights the early cluster, located near 27°S in

2006 (top panel, ISC catalog) and near 27.5°S in 2023 (bottom panel, Münchmeyer et al.

(2025b) catalog). Gray shading indicates the duration of each swarm. The black curve (on

the right axis) represents the cumulative number of earthquakes. Total seismic moment

and duration are shown for each seismic swarm and their respective early clusters, as well

as their moment ratio.
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A. B.

C. D.

E.

Figure S10: Earthquake density plot for 4 catalogs: A. ISC: 1964 - 2023; B. CSN:

2000 - 2025; C. USGS: 1964 - 2025; D. Potin et al. (2025): 2000 - 2020; E. ISC-CSN

merged catalogs (ISC:1964-2012; CSN: 2012-2026), which is represented on Fig. 8. All

catalogs are restricted to ± 15 km distance to the (Slab2.0 geometry Hayes et al., 2018).
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Figure S11: Earthquakes of Mw>5 since 1964 according to the ISC catalog in the region

of interest, superimposed with the cumulative kinematic slip distribution obtained in this

study and the coupling distribution from (Klein et al., 2018)

Figure S12: Comparison of the 2023 SSE cumulative slip distribution (blue contours) with

the di!erent coupling models in the region of interest, from left to right: Klein et al.

(2018); Yáñez-Cuadra et al. (2022) and González-Vidal et al. (2023), all three coupling

distributions are plotted with the same color scale.
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