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Abstract Seismic velocity models were compared with coseismic slip distributions for two megathrust
earthquakes that occurred along the South American subduction zone. By analyzing the distribution of Vp/Vs
ratios, we found that seismic anomalies with values higher or lower than the average coincide with the
boundaries of the earthquake ruptures. In contrast, the regions characterized by intermediate Vp/Vs values may
represent a mechanical “sweet spot” where the physical properties create favorable conditions for sustained
rupture propagation. Our methodology, which combines the Vp/Vs distribution and the analysis of coseismic
slip models, could reveal the rupture‐prone regions and the likely magnitude of potential earthquakes, providing
relevant information for seismic hazard assessment.

Plain Language Summary We compared models of seismic velocity ratio (compressional velocity/
shear velocity) with slip distributions from two megathrust earthquakes along the South American subduction
zone. Our analysis shows that regions with seismic anomalies of higher or lower than average values tend to
coincide with the edges of earthquake ruptures. In contrast, regions with intermediate values seem to allow
ruptures to propagate over longer distances. This suggests that these areas have physical properties that support
sustained rupture. Therefore, our approach helps to identify regions prone to large earthquake ruptures and to
estimate their potential size, providing useful insights for seismic hazard assessment.

1. Introduction
Megathrust earthquakes in subduction zones are among the most destructive geological events on our planet.
During the last decades, studies along the plate interface have discussed their limits identifying three main re-
gions: (a) the aseismic updip portion mostly consisting of unconsolidated sediments and stable sliding clays
(Byrne et al., 1988; Vrolijk, 1990); (b) the seismogenic zone, where thrust earthquakes occur; and (c) the aseismic
downdip portion with stable slip that is thermally confined (Hyndman &Wang, 1993; Tichelaar & Ruff, 1993) or
controlled by the interaction of the megathrust with the forearc Moho (Ruff & Tichelaar, 1996). Along the
seismogenic zone, the earthquake rupture area is a topic with many uncertainties and questions that remain open.
One of these is which physical properties control the size and limits of earthquakes? In that line, large megathrust
earthquakes of recent decades have provided opportunities to find answers. At first order, the rupture limits of
earthquakes have often been associated with local features such as ridges and peninsulas (Bilek, 2010; Bilek
et al., 2003; Collot et al., 2017; Wang & Bilek, 2011; Watts et al., 2010). When studied locally, these structures
show similar characteristics using different methods, with low b‐values (e.g., Sobiesiak et al., 2007; Wiemer &
Katsumata, 1999), low Poisson ratios (e.g., Di Stefano et al., 2011), and lowVp/Vs (Pasten‐Araya et al., 2018) for
the case of Mejillones Peninsula in northern Chile. However, challenges in studying the oceanic‐continental
margin, such as the limited instrumentation and coarse resolution of offshore seismic models, as well as the
inherent difficulty of directly observing physical properties along the slab (e.g., temperature, density, velocity),
have prevented correlating the characteristics of the Earth's interior and the extent of megathrust earthquakes.
There are few studies for New Zealand (Reyners & Eberhart‐Phillips, 2009) and for Japan (e.g., Mishra
et al., 2003) linking seismic velocity anomalies to earthquake rupture but only few efforts have been made for the
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South American subduction zone due to limited seismic data availability. Latest studies using precise earthquake
relocations in the Ecuadorian margin have shown the complexity within the slab interface and the importance of
conceptualizing the megathrust as a fault network, rather than viewing it as a single plane (Chalumeau
et al., 2024).

A direct method to further investigate the seismic properties along the slab interface is tomographic images from
travel‐time arrivals, which allow us to obtain the variation of P‐ and S‐wave velocities (Vp and Vs) and their
corresponding ratios (Vp/Vs) in certain regions of interest. The Vp/Vs ratio can be used as a good indicator to
analyze the behavior of the seismogenic zone during the different stages of the seismic cycle. Low Vp/Vs values
are generally associated with consolidated rocks, indicating low porosity, a lower degree of hydration and also
low fluid pressure. In contrast, high Vp/Vs values can be associated with less consolidated or fluid‐filled areas
where increased porosity, higher degrees of hydration and higher fluid pressure contribute to the seismic velocity
contrast. Variations in Vp/Vs also depend on lithology; for example, quartz‐rich rocks tend to have lower Vp/Vs
ratios, while clay‐rich and serpentinized materials have higher values, reflecting their increased water content and
altered mineralogy. Additionally, high Vp/Vs ratios have been related to anisotropy, which therefore may be
particularly relevant for particular minerals (Miller et al., 2021).

Thus, by comparing the distribution of Vp/Vs values with other seismological and geodetic observations, such as
locking and coseismic slip, it is possible to better understand the physical properties of areas affected by large
earthquakes.

By using aftershocks recorded shortly after the mainshock, Vp/Vs models have highlighted seismic anomalies
that collocate with the boundaries of the rupture extent. For the 2012 Mw 7.6 Nicoya, Costa Rica earthquake,
Audet and Schwartz (2013) observed high Vp/Vs ratios in regions that correlated with the southeastern end of the
rupture. Similar results were found for the 2015 Illapel earthquake (Mw 8.3) in Chile, where the southern edge of
the rupture stopped in an area of high Vp/Vs (Liu et al., 2018). Husen and Kissling (2001) described changes in
the Vp/Vs distribution following the 1995 Mw 8.0 Antofagasta, Chile earthquake. Here, they described the time‐
dependent evolution of the Vp/Vs ratios caused by a large earthquake and the implications for the unfolding
aftershock sequence.

For the interseismic period, the Vp/Vs derived from the background seismicity contribute to imaging the seismic
anomalies and exploring the implications for megathrust earthquake development and rupture extent (Haberland
et al., 2009).

This work considers two cases along the South American margin where seismic velocity models of the slab
interface are available for different stages of the seismic cycle. First, we study the postseismic phase and compare
the distribution of seismic velocity anomalies (Leon‐Rios et al., 2021) with the coseismic slip of the 2016 Mw 7.8
Pedernales, Ecuador earthquake. In addition, by combining a grid search approach and rupture‐scaling param-
eters, we devised a novel technique to further explore the possible rupture scenarios in the area. In the second, we
study the interseismic period with a Vp/Vs model (Leon‐Rios et al., 2024) derived ∼30 years after the 1995 Mw
8.0 Antofagasta earthquake.

The analysis of the distribution of Vp/Vs anomalies along the subduction interface, together with published
coseismic slip models, can help to characterize the physical properties of the South American megathrust. While
this approach does not directly estimate the magnitude of future earthquakes, and can be limited by the variability
of imaging resolution, it can contribute to a broader understanding of the factors that may influence the rupture
behavior along the South American margin and provide complementary information for seismic hazard
assessment.

2. The 2016 Pedernales, Ecuador Earthquake
On 16 April 2016, the central part of the Ecuadorian margin was affected by a Mw 7.8 megathrust earthquake that
ruptured an area of ∼100 × 50 km2 (Figure 1). The mainshock activated a large national and international rapid
response that, within a few days after the earthquake, installed a dense temporary and amphibious seismic
network of 65 seismometers that recorded the aftershock sequence for one year (Meltzer et al., 2019; Regnier
et al., 2016). The backbone seismic and geodetic observations constrained the rupture slip, while the seismic
emergency deployment captured the unfolding aftershocks (Agurto‐Detzel et al., 2019; Leon‐Rios et al., 2019,
2021; Soto‐Cordero et al., 2020). Furthermore, Vaca et al. (2018) discussed the correlation between the northern

Anne Meltzer, Steven Roecker,
Mario Ruiz, Monica Segovia
Resources: Mario Ruiz, Monica Segovia
Software: Sergio Leon‐Rios
Supervision: Andreas Rietbrock,
Diana Comte
Validation: Sergio Leon‐Rios
Visualization: Lidong Bie
Writing – original draft: Sergio Leon‐
Rios
Writing – review & editing:
Andreas Rietbrock, Lidong Bie,
Susan Beck, Philippe Charvis,
Diana Comte, Audrey Galve,
Anne Meltzer, Steven Roecker,
Mario Ruiz, Monica Segovia

Geophysical Research Letters 10.1029/2025GL114615

LEON‐RIOS ET AL. 2 of 12

 19448007, 2025, 14, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2025G

L
114615 by U

niversity O
f E

ast A
nglia, W

iley O
nline L

ibrary on [04/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



limit of the 2016 rupture and the occurrence of slow slip events. Similarly, observations of recurrent earthquakes
and seismic swarms before (e.g., Rolandone et al., 2018; Segovia, 2009; Segovia et al., 2018; Vaca et al., 2009)
and after (Chalumeau et al., 2021) the earthquake provide additional support for the hypothesis that slow slip and
seismic precursors may play a role in defining the rupture limits of large earthquakes.

The Pedernales earthquake also triggered further investigations with dense seismic networks and offshore ex-
periments (e.g., HIPER, HIPER 2.0; Galve, 2020; Galve et al., 2021), which revealed meters‐thick active faults in
the subduction interface (Chalumeau et al., 2024). To further explore what physical properties might have
controlled the rupture extent of the Pedernales earthquake, we combined the seismic imaging and the constraints
for the coseismic slip distribution.

3. Seismic Velocity Model and Coseismic Slip for the 2016 Pedernales, Ecuador
Earthquake
To further investigate the relationship between seismic anomalies and earthquake rupture extent, we explored the
Vp and Vp/Vs distribution along the plate interface. To account for model resolution, we averaged the values over
a plate with ±2.5 km (Figure 1, Yamamoto et al., 2014). We used an updated plate boundary generated by

Figure 1. (a) Seismotectonic of Ecuador margin. Blue lines show the 1906Mw 8.8, 1942Mw 7.8 earthquakes. Circles, diamonds, and squares indicate swarms, repeating
earthquakes, and SSE, respectively. Interseismic coupling by Nocquet et al. (2014) and offshore residual bathymetry (Agurto‐Detzel et al., 2019) are shown in
background contours. (a) Aseismic zone, S: seismic zone. (b–c) Vp and Vp/Vs models projected along the slab interface (see inset cross section). Star represents the
epicenter of the 2016 Mw 7.8 Pedernales earthquake. The colored contours show the 2 m coseismic slip by Gombert et al. (2018) in blue, Nocquet et al. (2017) in red,
and Yi et al. (2018) in purple. The inset cross section represents the projected region along a ±2.5 km region around the slab interface. The main factors controlling the
differences in seismic velocities are highlighted.
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combining the trench location derived by (Collot et al., 2005), the relocated seismicity for depths <15 km (Leon‐
Rios et al., 2021), and the slab1.0 (Hayes et al., 2012) and slab2.0 (Hayes et al., 2018) models for depths >15 km
(Figure 1). To remove possible artifacts in the slab projection, we examine the dependence of the seismic model
on the grid node configuration. To do so, we shifted the node positions in the inversion grid by 1/3 of its minimum
spacing in the north and east directions and by ±2 km in the vertical component. Each configuration (Table S1 in
Supporting Information S1) was first inverted for Vp and then for Vp/Vs. The final models were obtained by
averaging the P‐wave velocities and Vp/Vs ratios calculated for each grid node setting to ensure robust results.
Bootstrapping performed on a subset of the data from our 3DVM showed a standard deviation of 0.3 km/s for Vp
and 0.01 for Vp/Vs, while the differences observed between the Vp and Vp/Vs models obtained from the in-
versions with different node settings are also in this range. To check the model resolution at the slab interface, we
performed characteristic recovery tests by evaluating three different sizes of Vp/Vs anomalies (5, 10, and 15 km)
distributed along the slab. We focused on the interspersed high (>1.85) and low (<1.82) Vp/Vs features along the
slab in the marine forearc (Figure S1 in Supporting Information S1) and calculated synthetic travel time using
finite differences to solve the Eikonal equation (Podvin & Lecomte, 1991). Gaussian noise was added based on
the weighted variance of the manually picked P‐and‐S phases (0.05 and 0.1 s, respectively). We then inverted the
synthetic arrival time data set first for a minimum 1D model, and then for a 3D velocity model. Finally, we
evaluate the differences in the recovered models when both Gaussian noise and station corrections are or are not
included in the inversion (Figures S2–S4 in Supporting Information S1). These tests complement the resolution
evaluation in Leon‐Rios et al. (2021) and show that the recovered models are able to reproduce the synthetic
anomalies in both size and amplitude. Adding Gaussian noise and/or station corrections in the inversion does not
result in significant differences in the final models.

The Vp model in Figure 1b ranges between 4.5 and 7.2 km/s along the plate interface. We identified a low Vp
(∼5.5 km/s, L) area, close to the trench at∼0.2°N, which we interpret as either mineralogy changes due to thermal
anomalies produced when oceanic crust was formed (Alt, 2004) or shallow serpentinization (Marcaillou
et al., 2008). Where the eastern end of the Carnegie Ridge (CR) sits is still under debate; however, our imaged Vp
model suggests that the CR terminates close to the coastline. This limit can be linked with the changes in the slab
depth observed along the margin, which shows a wider and smoother (i.e., lower angle) dipping region north of
the∼0.2°N and a narrower and steeper slab in the southern area (∼0.2°N–∼0.6°S; Figure 1b). The region between
the 10 and 40 km slab‐depth contours shows Vp ∼ 6.0–7.0 km/s, suggesting a competent region consistent with
the typical extent of seismogenic zones (Hyndman et al., 1997; Ruff & Tichelaar, 1996). Below the 40 km slab‐
depth contour, Vp > 7.2–7.5 km/s is consistent with upper mantle velocities described in this region (e.g., Gailler
et al., 2007; Garcia Cano et al., 2014; Figure 1b).

The seismic images also show that, overall, the slab interface is dominated by Vp/Vs of ∼1.80–1.84 (Figure 1c),
consistent with the average Vp/Vs = 1.82 derived by Leon‐Rios et al. (2019). We observe elevated Vp/Vs ratios
(>1.84) close to the trench and down to 10 km slab‐depth contour, suggesting highly hydrated areas. At the
northern end of the CR (∼0.0–0.4°N), isolated offshore features with Vp/Vs ∼1.80 km/s are associated with
seamounts part of the Atacames (At) seamount chain (Marcaillou et al., 2016). Between the 10 and 30 km slab‐
depth contours, the mixed distribution of low (<1.80) and high (>1.84) Vp/Vs ratios indicates a heterogeneous
forearc. At greater depths along the slab interface (>30 km), the Vp/Vs ratios are around 1.82, indicating a less
hydrated slab compared to shallow areas close to the trench (Figure 1c).

For the rupture parameters, to the authors' knowledge, the coseismic slip models by Gombert et al. (2018); He
et al. (2017); Nocquet et al. (2017); and Yi et al. (2018) are available for the Pedernales earthquake. Here,
Gombert et al. (2018) resolved the slip distribution using the most complete data set with near/far field data from
inSAR, cGPS, strong motion and tsunami waveforms, obtaining a model with coseismic slip patches up to 8 m
(Figure 1). The overlap between the preferred coseismic slip model and our 3DVM shows that the 2016 Ped-
ernales earthquake propagated along a region with Vp ∼ 6.5 km/s and Vp/Vs ratios between 1.80 and 1.82. The
Vp/Vs range agrees with values for accreted oceanic rocks (Christensen, 1996, 2004; Hyndman et al., 1979). In
contrast, at the slab interface where Vp/Vs ratios are elevated (>1.84), aseismic behavior has been proposed to be
a prominent feature (Rolandone et al., 2018; Vaca et al., 2018; see Figure 1c). Particularly, the area coinciding
with a high Vp/Vs anomaly bounding the SW limit of the Pedernales rupture has been described as a mixed ‐
seismic and aseismic–region (Vallée et al., 2013) showing a coexistence of slow slip processes and seismicity that
has occurred repeatedly in the past. These high Vp/Vs anomalies bounding the north‐eastern and south‐western
edges of the distributed coseismic slip and may have contributed to stopping the rupture propagation of the 2016
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Pedernales earthquake. In contrast, the areas with Vp/Vs < 1.84 inside the rupture show a positive relationship
with the two maxima of the coseismic slip distribution (Figure 1c).

4. Quantifying the Relation Between Vp/Vs and Coseismic Slip in Ecuador
We analyzed the distribution of Vp/Vs along the slab interface and compared it with our preferred coseismic slip
model, based on the hypothesis that the elevated Vp/Vs ratios (>1.84) could have stopped the rupture propa-
gation. We selected the 2 m coseismic slip contour because it represents the most stable value (closed contour) in
the lower range and estimated the rupture area (A2m) of 5,660 km

2 for the mainshock. To test whether the actual
2016 slip region is particularly favored by moderate Vp/Vs, we examined many other possible earthquake rupture
regions. Considering the predominant N‐S elongated ruptures observed along the South American subduction
zone (Bilek, 2010), we simplified the 2016 rupture to an elliptical shape with a width‐length ratio (W/L) of 0.4.
This value falls within the W/L range of 0.4–0.7 for M > 7.0 earthquakes described in Acharya (1979) for the
South American region. Taking the rupture‐scaling parameters in Equations 1 and 2 (Allen & Hayes, 2017), we
calculated the area of the expected coseismic rupture area (Ae) for an Mw 7.8 event, which varies from 7,211 km

2

to 7,870 km2, 20%–30% larger than A2m.

log(Ae1) = a + b log(Mw); a = − 3.63,b = 0.63,Mw = 7.8 (1)

log(Ae2) = a + b log(Mw); a = − 5.62,b = 1.22,Mw = 7.8 (2)

Subsequently, we analyzed three scenarios in which the rupture was shifted by 20 km (scenario 1), 40 km
(scenario 2), and 60 km (scenario 3) toward the trench to represent ruptures at different depths (Figure S5 in
Supporting Information S1). We have plotted histograms of the Vp/Vs distribution within the coseismic slip for
all tested scenarios. We find that the Pedernales earthquake occurred in a region that is mostly covered by Vp/Vs
values of 1.80–1.84. The scenarios 1 and 2 show a more dispersed distribution of Vp/Vs ratios, with values
ranging from 1.78 to 1.88. Finally, the histogram for scenario 3 shows a region mainly covered by elevated Vp/Vs
ratios (∼1.86) consistent with the values expected closer to a hydrated and sedimented trench, as in the case of
Ecuador. To further extend the possible scenarios, we explore the entire margin affected by the 2016 Pedernales
earthquake by following a grid search approach. Here, the simplified rupture area Ae varies in its centroid location
every 10 and 15 km in the east‐west and north‐south directions, respectively (Figure 2). Additionally, we
randomly varied the NE striking angle in a range of − 10°–30° using a 10°step. The unresolved area>40 km depth
was not analyzed.

Based on the overall Vp/Vs ratio of the margin (1.82) and a range of ±∼0.02 for regular ratios (e.g., Husen
et al., 2000; Nakajima et al., 2001; Reyners et al., 2006, among others), we defined Vp/Vs > 1.84 as high ratios
and subsequently mapped their distribution within the ellipse (Avpvs) using 1× 1 km

2 histogram bins. We compare
the sizes of Ae and Avpvs by introducing a normalized area coefficient, AN as follows

AN = 1 − Avpvs / Ae (3)

Thus, the cases with large AN illuminate the region most likely to host an Mw 7.8 rupture. We note that the
scenarios with maximum values of AN coincide with the location of the 2016 Pedernales rupture (Figure 2). For
the rest of the cases, AN shows a reduction (Figure S6 in Supporting Information S1) indicating that a large portion
of the tested ellipse is covered by elevated Vp/Vs (>1.84), which together with the stress state could contribute to
reducing the chances of propagation of a potential earthquake rupture. To evaluate if our results vary depending
on the chosen Vp/Vs, we applied the same procedure for Vp/Vs > 1.85 (Figure S7 in Supporting Information S1)
and to the characteristic models previously described (Figures S8 and S9 in Supporting Information S1). The
results show a similar region for a potential rupture, with the best 20% rupture scenarios having AN > 0.97. These
results suggest that the Mw 7.8 Pedernales earthquake occurred in the only area where Vp/Vs is consistently
around 1.80–1.84.

5. The 1995 Antofagasta, Chile Earthquake
On 30 July 1995, an Mw 8.0 earthquake occurred near Antofagasta city in northern Chile (Delouis et al., 1997;
Monfret et al., 1995; Ruegg et al., 1996). Like the Pedernales earthquake, this event is a consequence of the South
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American subduction, which in northern Chile has a convergence rate of ∼66–67 mm/yr (Altamimi et al., 2016;
Jarrin et al., 2023; Klein et al., 2018; Metois et al., 2016). The Antofagasta earthquake (Figure 3) occurred in a
highly segmented region with topographic and bathymetric features, such as the Mejillones Peninsula and the
Taltal Ridge (Maksymowicz, 2015) and ruptured a single asperity with a maximum coseismic slip of ∼5–6 m
(Chlieh et al., 2004; Pritchard et al., 2002, 2006; Ruegg et al., 1996). In this area, the oceanic plate enters beneath
the continental plate with multiple extensional faults from the outer rise (Contreras‐Reyes & Carrizo, 2011),
promoting fluid circulation along the seismogenic zone (Husen et al., 2000) and heterogeneities along both the
upper and downgoing plates (Scholz & Small, 1997). Furthermore, the Taltal ridge, a marine mountain range
originating at the San Felix hot spot (Bello‐González et al., 2018), contributes with bathymetric features that
increase the heterogeneity of the subducting plate between ∼25.0°S and ∼25.5°S. The 1995 Antofagasta
earthquake ruptured between 10 and 50 km depth along the megathrust (Delouis et al., 1997). The aftershock
distribution shows that most of the events occurred toward the north ‐ limited by the Mejillones Peninsula–and
toward the downdip of the rupture (Delouis et al., 1997; Nippress & Rietbrock, 2007). Husen and Kissling (2001)
suggested a rapid fluid migration into the overlying plate shortly after the mainshock, which was imaged with
high Vp/Vs ratios (>1.79). Afterslip from Pritchard et al. (2006) and aftershocks (M 6–7) during the next 3 years
following the mainshock indicate a remanent stress release over time. However, recent geodetic studies from
Metois et al. (2016) and Klein et al. (2018) suggest that the area has reached the interseismic stage.

Figure 2. (a) Rupture area grid search approach showing the best 20% (gray) and the best 5% (orange) solutions. The 2 m coseismic slip contours from the available slip
models are plotted in solid colors. The blue star is the epicenter of the 2016 Pedernales earthquake. The depth slab is contoured every 10 km (black lines). (b) Inset plot
shows a stacked histogram of the 1,625 scenarios tested. The 20% and 5% best models use the same color code as in the map view. Inset panels represent a subset of the
1,625 ellipses tested with the grid search. The simplified rupture areas vary in a range of sizes using scaling laws, in striking angles, and in location, covering most of the
Ecuadorian margin from the trench to the coast.
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We tested the relationship between physical properties along the slab interface and the distribution of coseismic
slip using the same approach as described for the Pedernales earthquake. For this, we used the 3DVM by Leon‐
Rios et al. (2024) and the slip model from Pritchard et al. (2002, 2006). The velocity model for the area was
obtained with 84 stations that recorded over a period of 8 months in 2020. Without offshore instrumentation, our
resolution ‐ recovered after standard checkerboard tests of 10, 15 and 20 km synthetic anomalies of ±5% of the
original velocity (Figure S10 in Supporting Information S1)–only allows us to discuss the central and downdip
extent of the Antofagasta rupture. We observe that the area where the Antofagasta earthquake had the maximum
coseismic slip is aligned with an N‐S elongated Vp ∼7 km/s anomaly (A in Figure 3). As expected, this
observation suggests that the rupture is more likely to propagate in a rapid—therefore stronger—medium. For the
Vp/Vs model (Figure 3), we find a strong correlation between the Vp/Vs anomalies and the limits of the rupture
although opposite to the observed for Ecuador. When comparing seismic velocity sections by Husen and Kis-
sling (2001) and Leon‐Rios et al. (2024), we observe similarities in the Vp/Vs distribution, especially with the
early‐stage image shortly after the mainshock. Although the models were determined at different times along the
seismic cycle, this observation contributes to identifying persistent features both at the coseismic‐early post‐
seismic (Husen & Kissling, 2001) and the interseismic (Leon‐Rios et al., 2024). Now, by contrasting our 3DVM
with the slip distribution, we observe that to the north, the 2–4 m coseismic slip distribution is bound by a low
(<1.75) anomaly located close to the Mejillones Peninsula, which has been described as a barrier for large
earthquakes (Bilek, 2010; Maksymowicz, 2015;Watts et al., 2010). To the south, the 2 m coseismic slip contour is
controlled by a large anomaly with low Vp/Vs (<1.75, B in Figure 3). This feature is well aligned with the swell of
the Taltal ridge and is consistent with observations that identify these types of topographic highs as barriers for
earthquake rupture extent (Contreras‐Reyes & Carrizo, 2011). Furthermore, we observe how the trajectory of the
Taltal ridge is consistent with a more heterogeneous onshore region in both the Vp and Vp/Vs models, and also
has implications in the overriding plate with evidence of erosive processes in the coastal scarp and over the
coastline (Figure 3). Finally, at depths between 40 and 50 km, a ∼70 km N‐S oriented low (1.75) Vp/Vs anomaly
(C in Figure 3) controls the downdip of the coseismic slip. Here, we also find a positive relationship between the
bounds of this anomaly and the aftershock seismicity reported in the following 3.3 years after the 1995 mainshock

Figure 3. (a) Vp and (b) Vp/Vs velocity models projected along a ±2.5 km region around the slab interface (see inset). The stars represent the epicenter of the 1995 Mw
8.0 Antofagasta earthquake (white) and the two largest aftershocks (green). The solid red line shows the corresponding coseismic slip contour by Pritchard et al. (2006),
which is limited by the Mejillones Peninsula to the north and the Taltal ridge to the south. The seismic velocity models were determined by a regional experiment that
used 84 stations and collected data during 8 months, from March to October 2020 (Leon‐Rios et al., 2024).
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event (Chlieh et al., 2004). This feature is a large structure part of the coastal batholith (Pichowiak, 1994; Taylor
et al., 1998), that extends from the surface down to the slab interface, and which has also been observed in
previous seismic tomography images (Husen et al., 2000) and other geophysical methods such as magneto-
tellurics (Slezak et al., 2021). Therefore, the downdip limit of the Antofagasta earthquake appears to be controlled
by a large upper plate structure that extends down to the slab interface. Moreover, the stress adjustment over time
after the mainshock also seems to be controlled by this feature, which has hosted the largest aftershocks of the
sequence (M6.6 and M7.1, Figure 3).

6. Conclusion
The integration of seismic tomography, slip distribution, rupture scaling relations, and a grid search approach
allowed the characterization of seismic anomalies that influence slip behavior along the plate interface. Analysis
of two case studies shows that earthquake rupture zones seems to predominantly propagate through regions of
intermediate Vp/Vs (∼1.80), while rupture boundaries were associated with higher (>1.84 for Ecuador) or lower
(<1.75 for northern Chile) Vp/Vs anomalies (Figure 4). These heterogeneities likely constrained coseismic slip
propagation of the two study cases. We observe that regions with intermediate Vp/Vs values appear to function as
a mechanical “sweet spot” where the interaction of fluid distribution, porosity, effective stress, and elastic
properties optimizes conditions for sustained rupture propagation. In contrast, pronounced deviations from this
optimal region, delineated by higher or lower Vp/Vs anomalies, likely serve as structural and rheological barriers
that limit rupture extent and control the maximum magnitude of megathrust earthquakes (Figure 4). Whether the
link between seismic velocities and coseismic slip is observed in larger earthquakes (M8.5+), the velocity
structure derived after the 2010 Mw 8.8 Maule, Chile earthquake (Hicks et al., 2014; Moreno et al., 2014) or the
2011Mw 9.0 Tohoku‐Oki earthquake (Yamamoto et al., 2014) shows that the largest amplitudes of coseismic slip
spread along the margin without discriminating specific changes in seismic velocities. In both cases, changes in
the velocity structure may not be sufficient to control the rupture limits due to the large magnitude of the events
(>8.5) and thus the amount of energy released. Although further analysis of other megathrust earthquakes and
better offshore constraints of seismic velocity models are needed, our observations along the South American
margin can shed light on the capacities of combining both seismic velocity and coseismic slip models for
revealing rupture‐prone areas and the likely magnitude of potential earthquakes, providing relevant information
for seismic hazard assessment.

Figure 4. Summary sketch. Trenchward, bending faults and subducting topography promote fluid circulation and infiltration
into the oceanic plate. Offshore, fluid circulation influences the updip limit of ruptures. Along the seismogenic zone, high
Vp/Vs (>1.84) anomalies correspond to regions of mixed seismic and aseismic behavior, potentially controlling the extent of
moderate earthquakes. In contrast, low Vp/Vs (<1.75) are related to competent regions, such as coastal cordillera, and appear
to control the downdip rupture limit. For the two cases studied in this work, earthquake ruptures propagate within a “sweet
spot” characterized by intermediate Vp/Vs (∼1.80), where optimal fluid content and porosity facilitate rupture propagation.
These seismic anomalies highlight key physical properties that may play a critical role in controlling the size and hence
magnitude of earthquakes.
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Data Availability Statement
For the Ecuador deployment, raw data, velocity models, earthquake catalog and software used are located at IRIS
website http://www.iris.edu/dms/nodes/dmc/ using the network code 8G (Meltzer & Beck, 2016), G (Institut de
Physique du Globe de Paris & Ecole et Observatoire des Sciences de la Terre de Strasbourg, 1982) and EC
(Instituto Geofisico). Data from the emergency deployment XE is available through Regnier et al. (2016). The
Earthquakes catalog is available through Agurto‐Detzel et al. (2019). Model data are available in the KIT open
repository (Leon‐Rios & Rietbrock, 2020). Temporary X5‐Taltal network details in the FDSN database (Riet-
brock et al., 2020). Raw data will be available on the FDSN/EIDA server hosted by GFZ‐Potsdam (Riet-
brock, 2024). Initial and final models as well as hypocenter catalog, arrival times, and processing algorithms user
guides are available in ZENODO (Leon‐Rios, 2023).
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