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S U M M A R Y
Recent studies have proposed that nucleation zones, seismic barriers and high-slip patches of
megathrust earthquakes correlate with physical heterogeneities, both in the oceanic/subducting
plate and in the continental wedge. We present a density-depth model along the Nazca-South
America subduction margin, from 18◦S to 23◦30′S, where a partial segment of this zone was
ruptured by the Mw 8.2 Iquique earthquake on 2014 April 1. The density modelling and inter-
pretation were constrained with seismic reflection profiles, published Vp-depth tomographic
models and relocated seismicity. These results were used to estimate the variability of normal
stress on the seismogenic contact. Our results show a heterogeneous structure for the Northern
Chile marine forearc. In particular, we observed a latitudinal and longitudinal segmentation of
continental wedge properties, where changes in density can be explained by changes in fractur-
ing degree, which could have an important control on the Iquique earthquake rupture process.
This study provides new insights into the analysis of large earthquakes and seismic/tsunami
hazard in this active segment of the Chilean margin.

Key words: Composition and structure of the continental crust; Fault zone rheology; Gravity
anomalies and Earth structure; Seismicity and tectonics; Dynamics: seismotectonics.

1 I N T RO D U C T I O N

On 2014 April 1, the Mw 8.2 Iquique earthquake ruptured a seg-
ment of the Nazca-South America subduction zone that had not
been affected by large earthquakes (M ≥ 8) since the 1868 Southern
Peru and the 1877 Northern Chile megathrust earthquakes (Comte
& Pardo 1991; Fig. 1a). The Iquique main shock occurred in a
zone of 100 by 60 km, around a foreshock seismicity and slow-
slip event that started several months before (Ruiz et al. 2014;
Socquet et al. 2017). The rupture propagated to the south-east
for more than 70 km, and stopped north of ∼20◦30′S, where the
main slip patch was concentrated (Hayes et al. 2014; Ruiz et al.
2014, Schurr et al. 2014, Duputel et al. 2015, and references
therein).

In general, the published coseismic slip models, generated with
different techniques and data sets, show similar characteristics, with
a large and smooth slip patch located SE of the epicentre (see Fig. 1).
According to the joint inversion presented by Duputel et al. (2015)
using seismological, GPS and tsunami data, the southern half of the
rupture shows more slip in comparison to the northern area. The up-
dip limit of the rupture seems to be shallower in the southern region,
where a westward prolongation of the coseismic slip suggests the
presence of a barrier at the southern edge of the rupture (Fig. 1a).

The analysis of the gravity signal of the study zone shows that
the slip pattern of the Iquique earthquake seems to be modulated by
inhomogeneities and structures present both in the subducted slab
and in the upper plate, as in the case of several large earthquakes
in other subduction margins (Song & Simons 2003; Wells et al.
2003; Robinson et al. 2006; Mochizuki et al. 2008; Loveless et al.
2010; Sparkes et al. 2010; Contreras-Reyes & Carrizo 2011; Wang
& Bilek 2011; Maksymowicz et al. 2015; Bassett et al. 2016).
The Free-Air satellite gravity field map (Sandwell & Smith 2009)
reveals that the approximate southern limit of the Iquique 2014
earthquake coincides with a strong change in offshore gravity, where
an almost uniform high signal southward is separated from a lower
and complex signal to the north (Fig. 1b). This large gravity change
correlates well with the southern limit of the segment where the
Iquique Ridge collides with the continent. To the north, the Iquique
main shock slip distribution is located below a gravimetric low
(Álvarez et al. 2015; Meng et al. 2015), whereas the northern limit
of the earthquake spatially correlates well with the location of a
local gravity high, which matches the southern border of the large
Arica forearc basin (Fig. 1b). The relative size of the marine forearc
basins (Iquique and Arica), and the location of the surrounding
basement heights, can be interpreted from the vertical derivative of
the free-air gravity signal (Fig. 2), which corresponds to a high-
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Figure 1. Tectonics and morphology of the northern Chile margin. (a) Topography and bathymetry of the study zone, large black star indicates the epicentre
of the 2014 Mw 8.2 Iquique earthquake, small black star corresponds to the largest aftershock (Mw 7.7), and black square is the largest upper plate foreshock
(Mw 6.7). Red lines are the slip iso-contours (2, 3 and 4 m) for the main event according to Duputel et al. (2015). Dotted blue, dotted green and dotted magenta
lines indicate the estimated rupture areas for the large 2001, 1868 and 1877 earthquakes, respectively. Dotted black line corresponds to the approximate limits
of the Iquique Ridge. (b) Merged free-air (FA) gravity grid of the satellite data (Sandwell & Smith 2009), marine gravity and onshore stations. Dotted red line
indicates the strongest gravimetric change observed in the marine forearc.

pass filter of the gravimetric signal that highlights the response of
shallow density variations within the crust (Blakely 1995).

The objective of this work is to obtain a quantitative evaluation
of the regional impact produced by the continental wedge struc-
ture and oceanic features on the rupture process in the Nazca-South
America margin (18◦ S-23◦30′S). The density-depth models and
the interpretation of seismic, seismological and bathymetric infor-
mation presented here, provide a regional geophysical framework
to understand the complex process of earthquake rupture in the
Northern Chile subduction zone, suggesting possible scenarios for
previous and future earthquakes in this portion of the margin.

2 S E I S M O T E C T O N I C S E T T I N G

The studied zone involves the northern Chile-southern Peru conver-
gent margin, characterized by the subduction of the Nazca plate be-
low South-America at a rate of 6.6 cm yr−1 (Angerman et al. 1999).
North of the study area (near 18◦30′S), the strike of the margin
rotates abruptly, forming the Arica Bend. The tectonic importance
of the Arica Bend is evidenced by counterclockwise paleomagnetic
rotations of the continental crust to the north of the bend, and clock-
wise paleomagnetic rotation southwards (Arriagada et al. 2008).

The variability of the deformation field along the margin generated
the Bolivian Orocline of the Andes, which is characterized by the
presence of the largest plateau observed in a non-collisional subduc-
tion zone (Altiplano-Puna plateau, Isacks 1988). Along the coast,
the geology of the study zone is mainly characterized by outcrops of
Jurassic-Early Cretaceous volcanic/sedimentary and plutonic units
associated with the Early Andean Magmatic Province (Oliveros
et al. 2006, 2007; Charrier et al. 2007; and references therein). A
noteworthy change in coastal geography and geology is seen at ca.
23–23◦30′S, with the presence of Late Triassic metasedimentary
and igneous rocks belonging to the Mejillonia Terrane, which rep-
resent the accretionary wedge/marginal basin of that time (Casquet
et al. 2014)

The arid climate of the study area results in little terrigenous
sedimentary flux to the trench, favouring subduction erosion (Lalle-
mand et al. 1994; Clift & Vannuchi 2004). Consequently, subduc-
tion erosion has caused large-scale crustal thinning and long-term
subsidence of the outermost forearc (e.g. Sallares & Ranero 2005;
Contreras-Reyes et al. 2012).

As mentioned above, the Iquique earthquake ruptured a segment
of the Nazca-South America subduction margin that had not been
affected by large earthquakes since the events in 1868 and 1877
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1082 Maksymowicz et al.

Figure 2. Seismicity associated with the 2014 Iquique Earthquake sequence and gravity anomalies. The figure includes events located by the Centro Sismológico
Nacional de la Universidad de Chile from 2013 January 1 to 2014 March 14 (M > 3), and the relocated catalogue published by León-Rı́os et al. (2016), which
covers the period between 2014 March 15 and 2014 July 29 (M ≥ 4). Foreshocks are shown in magenta and aftershocks in black. MLS line indicates the limit
between the lower and middle slopes. The colored grid corresponds to the first vertical derivative of the free-air gravimetric signal. Dotted red line indicates
the strongest gravimetric change observed in the marine forearc. Focal mechanism for the main shock (Mw 8.2), largest foreshock (Mw 6.7) and aftershock
(Mw 7.7) are plotted.

(Fig. 1a). The coseismic slip was distributed between the south-
ern limit of the Arica Basin (∼19◦30′S) and ∼20◦30′S, where a
strong change in offshore gravity is observed. Existing seismic
coupling models of the Northern Chile subduction margin (Metois
et al. 2013, 2016; Ruiz et al. 2014; Schurr et al. 2014), show
that the Iquique earthquake ruptured a highly coupled zone of the
seismogenic contact. The same models indicate a coupled seismo-
genic contact south of the Iquique Earthquake, between ∼21◦S and
∼22◦30′S.

The relocated seismicity (Cesca et al. 2016; León-Rı́os et al.
2016) shows that the foreshocks and aftershocks of the earthquake
are distributed landwards from the limit between the lower and the

middle slopes of the continental wedge (MLS, Fig. 2). This distri-
bution suggests an aseismic rheological behaviour of the interplate
boundary in the frontal portion of the continental wedge. We point
out that the foreshock sequence includes a relatively large earth-
quake (Mw 6.7) that ruptured inside the upper plate on 2014 March
16, with a focal mechanism and associated aftershocks that show
the activation of a high-angle, east-verging structure (Ruiz et al.
2014; González et al. 2015, see Fig. 2).

Before the main shock, a sequence of earthquakes clusters and
sudden increases in cumulative seismicity were observed episod-
ically at least since July–August 2013 (Ruiz et al. 2014; Schurr
et al. 2014; Yagi et al. 2014; Meng et al. 2015; Kato et al. 2016;
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Socquet et al. 2017). Ruiz et al. (2014) interpreted this precursory
period, jointly with GPS observations and microseismicity analysis,
as evidence of a nucleation phase characterized by slow-slip start-
ing 21 d before the main event. Socquet et al. (2017) confirmed
this period of pre-seismic slow-slip events in the area affected by
the main event (between 2014 March 13 and 2014 March 31), and
earlier in patches around the main rupture (between 2013 July 6 and
2014 March 13). These behaviours highlight the complexities of
the deformation process at the seismogenic contact, and suggest an
important role for fluid pressure during the seismic cycle. In fact,
the swarm sequences observed before the earthquake were char-
acterized by the generation of repeaters (Meng et al. 2015; Kato
et al. 2016), which is interpreted as an effect of high fluid pressure
conditions in a specific region of the seismogenic contact (Lengline
et al. 2014; Poli et al. 2017).

3 DATA A N D M E T H O D S

In order to derive the structure of the continental wedge, we gen-
erated 2-D density models by forward modelling the gravity data,
constrained by seismic, seismological and bathymetric data. Avail-
able seismic reflection profiles were used to constrain the sediment
thickness of the shelf and slope basins, and to characterize the gen-
eral deformation style mainly in the continental shelf above the
Iquique earthquake rupture zone.

3.1 Gravity data and density modelling

The density structure of the forearc was modelled along 11 profiles
(P1–P11, Fig. 3), with a database consisting of marine and on-
shore gravity stations and satellite data. The gravimetric database
includes: GEODAS gravity data, land gravity stations collected by
the International Gravimetric Bureau (BGI), the land gravity sta-
tions presented by Reutter & Munier (2006) and 194 new land
stations acquired by our group around Arica in 2015 (magenta
squares in Fig. 3). The acquisition of new data was done with a
CG-3 Scintrex gravimeter provided by the IRD-GET (Géosciences
Environnement Toulouse), and elevation data were acquired using
a Topcon HiperV dGPS of the University of Chile (DGF). We used
the satellite grid from Sandwell and Smith (Sandwell & Smith 2009)
to cover areas with scarce marine/land surface gravity data.

The elevation database (bathymetry/topography) used for the
gravimetric models and interpretations corresponds to a mixed grid
(Fig. 1a), which includes multibeam bathymetry data acquired dur-
ing the CINCA-SO104 project (Reichert 1997), Shuttle Radar Topo-
htaphy Mission (SRTM) data with 90 m × 90 m pixels (Jarvis et al.
2008) and the Global Topography V18.1 (Smith & Sandwell 1997).

The density-depth models were generated using the GGrad free-
air forward modelling schema (Maksymowicz et al. 2015), which
allows for the calculation of the gravimetric response of a stack
of layers with arbitrary shape. The densities inside each layer can
be varied along the vertical and horizontal directions. To generate
representative 2-D density models of the segments along the margin,
the bathymetry/topography data used in the modelling correspond to
an ∼40 km wide band, perpendicular to each profile (i.e. considering
data extended 20 km on each side of the profile). The same averaging
process was performed to obtain a representative gravity curve from
the interpolated Sandwell and Smith data grid. The set of observed
gravity data stations associated with each profile was selected inside
the same band around the profile.

The forward modelling was constrained with the available seis-
mological and seismic information summarized as: (1) the Slab 1.0
model (Hayes et al. 2012), used to constrain slab geometry mainly
for depths >20 km, (2) bathymetric data at the trench, (3) the seis-
micity relocated by the optimization of the regional moment tensor,
with a centroid depth error of about ±2.5 km (León-Rios et al.
2016), (4) 2-D wide-angle seismic tomographic models (Sallarés &
Ranero 2005; Contreras-Reyes et al. 2012), used to define the ge-
ometry of the upper portion of the slab with a depth error less than
0.5 km, (5) the same 2-D wide-angle seismic tomographic models,
used to estimate the density structure of the subduction zone con-
sidering empirical relations between Vp and density (Birch 1961a,b;
Hamilton 1978), (6) the geometry of the continental Moho derived
from receiver function analysis at different latitudes (Yuan et al.
2000; Oncken et al. 2003, see locations in Fig. 3), and, finally, (7)
the seismic reflection lines published by Geersen et al. (2015) and
seismic reflection lines recorded by the Chilean oil company (Em-
presa Nacional del Petróleo, ENAP), used to interpret the geometry
of the marine forearc basins.

The inhomogeneous spatial distribution of the available infor-
mation makes it necessary to apply a continuity criterion from the
best constrained profiles to the neighbouring less constrained lines.
In this case, the slab geometry and density obtained in profile P3
was used as an initial model for profile P2 (and afterwards for P1),
and then modified to obtain the final model in this line. The same
procedure was used to obtain the initial model of P7 from P6, and
the initial model of P8 from P9. It is important to note that even
the profiles with less constrained slab geometry (P1, P7 and P8) in-
clude geometrical restrictions such as the bathymetric depth in the
trench, estimations of slope basins thicknesses, Moho depth models
(profiles P7 and P8) and the geometry in the deep portion of the
slab, where the depths of seismic catalogues (and the model Slab
0.1, derived from these data) are well controlled by the coverage of
seismological networks. Through this procedure, we confirmed that
variations in slab thickness and mantle density have a small effect
on the gravity response in comparison to the shallow material of the
continental wedge, at least for gravity anomalies with wavelengths
shorter than ∼50 km. These previous considerations mean that the
obtained density models are dependent on the accuracy of the avail-
able geophysical constraints, and that these models will be modified
and improved according to the results of future experiments in the
area.

3.2 Marine seismic profile analysis

We interpreted six seismic reflection lines recorded by ENAP in
1977 with a 2350 m long streamer with 48 channels and 8 airguns.
We interpreted images of the final stacks that were generated in 1983
after a standard process of normal moveout (NMO). We obtained
the 1-D interval velocity models in several CDP (common depth
point) positions that were generated during the application of the
NMO processing. Combining these velocity models, we generate a
global empirical curve to convert the interpretations from two-way
travel time (TWT) to depth (see Supporting Information). In all
seismic lines, we identify the top of the acoustic basement, which
is interpreted as the base of the forearc basins, and the main fault
zones that control the deformation style of the continental wedge in
the area. We complemented the analysis with the seismic reflection
lines published by Geersen et al. (2015).
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1084 Maksymowicz et al.

Figure 3. Distribution of geophysical data and constraints. Yellow points are available gravimetric stations in the study zone. Magenta points are 194 new
gravimetric station acquired by our group in 2015. Red lines correspond to refraction seismic lines, acquired by ENAP. Green lines are the seismic reflection
profiles published by Geersen et al. (2015). Magenta lines correspond to the wide-angle seismic profiles published by Contreras-Reyes et al. (2012) and Sallares
& Ranero (2005) and triangles correspond to the location of Moho depth estimations, according to receiver function studies (Yuan et al. 2000; Oncken et al.
2003). Blue lines (P1–P11) are the gravimetric profiles modelled in this work.

4 R E S U LT S

4.1 Marine forearc basins and large crustal structures

Reflection seismic lines show the shape, distribution and internal
deformation style of the shelf-basins, which, in addition to the
bathymetry analysis, allows for the characterization of the main
morpho-structural domains present in the marine continental wedge.
Fig. 4 shows the ENAP seismic lines located around the Iquique
earthquake rupture, and their location over a slope gradient grid

(|
⇀

∇(Elevation) |) to highlight the distribution of large bathymet-
ric/topographic changes.

Around the zone where the Iquique earthquake ocurred, the
ENAP lines show that the continental shelf basins have variable
shapes, with sedimentary thicknesses that, in general, increase
oceanwards, reaching maximum values of <1 km. However, at

the landward edge of line SO104–26, Geersen et al. (2015) show
that the sedimentary thickness is larger and probably increases land-
wards, indicating that the Iquique basin corresponds to an important
depression in the continental basement. North of the studied area,
the shelf basin is observed in ENAP lines D1 02 and D1 04, show-
ing the depocentre of the Arica Basin with a sedimentary thickness
of about 4 km (see Supporting Information). Therefore, the seis-
mic reflection lines show a continental shelf characterized by small
marine basins, with the exception of the well-developed Iquique
and Arica basins, which are clearly associated with low free-air
gravity anomalies (Figs 1 and 2). Lines S0104 22, S0104 26 and
S0104 27 show slope basins that grow to the west, with maximum
sedimentary thicknesses near 1 km, and, below the lower slope, a
frontal wedge probably formed by sediments and/or fractured rocks
(Geersen et al. 2015, see Supporting Information).
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Heterogeneous structure of the Northern Chile marine forearc 1085

Figure 4. Structural style of the continental wedge according to seismic reflection profiles and bathymetry. Left-hand panel shows a grid of the slope gradient of
the bathymetry/topography elevation. Continuous black lines indicate the structural limits interpreted in seismic profiles (F1, F2 and F3) and dotted black lines
indicate possible continuity of these structural limits according to bathymetric lineaments. Thin dotted black lines highlight a secondary set of northwest-striking
liniments. Red lines correspond to the location of ENAP seismic reflection profiles and green lines are the SO104 seismic reflection profiles. The epicentres
of the main shock (Mw 8.2) and the large foreshock and aftershock (Mw 6.7 and Mw 7.7) are indicated as in previous figures. Right-hand panels are examples
of interpreted ENAP seismic lines, where the sedimentary fill is highlighted in orange and the fault zones are indicated in black. The sedimentary thickness in
several points of the forearc basins is indicated in yellow.

The general deformation style observed in the seismic lines is
characteristic of a margin affected by subduction erosion (Fig. 4),
where normal faulting is generated by the collapse of the continental
wedge in response to material removal in the lower part of the upper
plate (von Huene & Scholl 1991; Sallares & Ranero 2005; Van-
nucchi et al. 2012). Accordingly, the slope gradient image presents
numerous bathymetric lineaments parallel to the margin in the lower
and middle slopes, and a second set of smaller northwest-striking
structures.

The area where the Iquique earthquake broke shows at least
two major deformation zones where sediment thickness decreases
abruptly, and where the continental basement presents large offsets
(see seismic profiles in Fig. 4). These zones (F1 and F2), can be
observed in several seismic lines, which, in addition to coincident
bathymetric lineaments, suggests a north–south continuity of this
continental structure. These deformation zones are expressed near
the surface as large landward-verging crustal faults. Evidence of the
tectonic importance of these deformation zones is the correlation
between F2 and the shelf-break, which marks the large regional
geometry change of the marine continental wedge. Additionally,

the vertical offsets of the faults observed in F1 and F2 are similar
to those observed in the coastal cliff, which is a first-order feature
of the Andean forearc in the northern Chile margin (Contreras-
Reyes et al. 2012; Armijo et al. 2015; Melnick 2016). North of the
Iquique rupture zone, the ENAP seismic profiles show evidence of
contractional deformation superimposed over the general normal
faulting style inside the Arica Basin (see Supporting Information),
thus evidencing stress–strain changes along the margin.

As shown in the following sections, the sedimentary thickness
obtained from nearby reflection seismic profiles can be included
as a constraint for the forward gravity models. This improves the
quality of the density model below the forearc basins.

4.2 Density structure of the continental wedge

Fig. 5 shows the 2-D density models obtained along the gravity
profiles (P1–P11), by forward modelling the observed gravity data.
In order to highlight details of the continental wedge and the upper
portion of the subduction zone, we show segments of the density
models extended between 50 km seawards of the trench axis and
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1086 Maksymowicz et al.

Figure 5. Density-depth models of the gravity model profiles. For each profile (P1–P11), the upper panels present the observed gravity in the gravimetric
stations (black dots) and cyan lines show the complementary Sandwell and Smith satellite data. Red lines correspond to the modelled free-air gravity. The
lower panels present the 2-D density model. Dotted red and magenta lines present the sediment/basement discontinuities observed in the nearest reflection
or the wide-angle seismic profile. Inverted black triangles are the Moho depths estimated by receiver functions with an error of about ±5 km (see locations
in Fig. 3). Blue lines are the slab geometry according to the Slab1.0 model. Black dots are relocated seismicity, and black star in profile P3 is the Iquique
earthquake hypocentre. The focal mechanism of the Mw 6.7 foreshock is shown in profile P4. Dotted lines are the main structures (F1 and F2) interpreted in
reflection seismic profiles.
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Figure 5. (Continued.)

160 km landwards of the trench (see the complete gravity models
in the Supporting Information). The upper panels in Fig. 5 show the
observed free-air gravity data (black dots) and the predicted gravity
curve (red line). The root mean square error (between modelled
and observed data) is lower than 5.4 mGal, which represents ∼1.9
per cent of the total amplitude of the observed gravity signal. This
indicates that the density models are clearly possible solutions for
the density structure in the region. In general, a good correlation
between in-situ measurements and satellite data is observed for
the marine portion of the profiles, but the discrepancy between

inland gravity stations and satellite data highlights the importance
of onshore gravity campaigns to model the continental structure of
the forearc and continental shelf.

The subduction slab geometry obtained (lower panels in Fig. 5)
shows an increase in slab subduction angle at ∼20–25 km depth,
which is consistent with the relocated seismicity of León-Rı́os et al.
(2016) in profiles P3, P4, P5 and P6, and with the wide-angle seismic
velocity-depth models in profiles P9 and P11 (Sallarés & Ranero
2005; Contreras-Reyes et al. 2012; see Figs 3 and 5). Assuming
similar density variations within the continental wedge, slab and
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mantle, in reference to the adjacent profiles, the forward modelling
indicates that the increase in slab subduction angle is also present
in profiles P2, P7, P8 and P10. Flexural models worldwide show
that the angle of the interplate boundary should be <15 deg near the
trench to be consistent with the observed shape of the outer rise (e.g.
Hunter & Watts 2016; Contreras-Reyes & Garay 2018). Thus, we
include a low initial angle of subduction, based on bathymetric and
active seismic data constraints, and a steeper angle of subduction
landwards of the shoreline based on seismological and gravimetric
constraints.

The density structure of the continental wedge shows a gen-
eral landwards increase in density. In the frontal part of the con-
tinental wedge (approximately below the lower slope), all models
show densities lower than 2400 kg m−3, which are indicative of
the presence of debris and/or highly fractured rocks (Contereras-
Reyes et al. 2011; Tréhu et al. 2012; Maksymowicz et al. 2015;
and references therein). To the east, approximately below the mid-
dle slope [i.e. between the upper limit of the lower slope (MLS)
and the shelf-break (SB)], the modelled profiles show densities
lower than 2700–2800 kg m−3. Assuming a similar lithology for
the continental basement, this second unit is interpreted as moder-
ately fractured basement rocks, in comparison with the high density
basement observed to east (higher than 2900 kg m−3; Contereras-
Reyes et al. 2011; Tréhu et al. 2012; Lücke and Arroyo 2015; and
references therein). The coastal geology is similar along the study
zone (mainly outcrops of volcanic/sedimentary units and plutonic
rocks, see above), which suggests a seaward continuity of the same
lithology. Therefore, regional changes in the continental wedge den-
sity are interpreted mainly as regional changes in the deformation
style, rather than the effect of local changes in lithology, which, in
any case, could control gravity variations at smaller scales.

The projection of the relocated seismicity to the nearest modelled
gravity profiles P3, P4, P5 and P6, leads to interesting correlations.
The upper limit of the interplate/intraslab seismicity (located around
20 km landwards from the trench) coincides with the presence of
low densities in the frontal part of the continental wedge, and the
large amount of interplate/intraslab seismicity is located below the
zone of intermediate continental densities, between MLS and SB
(see P3 and P4 in Fig. 5). The intraplate seismicity inside the conti-
nental wedge is located near the SB position, and seems to follow in
depth the vergency of the large faults observed at the surface (asso-
ciated with tectonic limit F2). Thus, profile P4 shows a remarkable
spatial correlation between morphological and structural features
(see Figs 2, 4 and 5). Particularly, a lateral basement density change
(from 2600 to 2800 kg m−3) correlates well with the location of
the SB along the profile, which in turn coincides with the location
of F2, and with the hypocentre of the Mw 6.7 intraplate foreshock
(Ruiz et al. 2014).

Comparing the density models obtained along the profiles, we
observe that densities are systematically lower in profiles P1–P5
when compared to other profiles located south (i.e. latitude 20◦30′S
corresponds to a change in the continental structure along the mar-
gin). To clarify this N–S variation (and also the W–E characteristics
of the models), we studied the vertical average density in the marine
continental wedge (from the seafloor to the top of the slab) along the
modelled profiles. Fig. 6(a) presents the variation of this parameter
as a function of horizontal distance to the trench (for each profile),
and Fig. 7(a) shows a map with an interpolated grid of vertical
average density in a band extended from the trench to ∼100 km
landwards. In front of the continental wedge (i.e. below the lower
slope), the average density shows a rapid landward increase, defin-
ing a possibly unconsolidated/highly fractured unit. However, the

landward density increase is less marked in the northern profiles
(P1–P5) than in the southern profiles (P6–P11), which means that
the width of the frontal unit is smaller south of 20◦30′S. To the
east, below the middle slope, the landward increase in density is
relatively lower, showing a big contrast with the frontal unit. Below
the continental shelf, the densities present a very smooth increase
landwards, reaching values over 2900 kg m−3. As we can see in
Figs 6(a) and 7(a), both the middle slope and shelf present lower av-
erage densities in the northern portion of the studied zone (profiles
P1–P5), compared to those obtained southwards.

Figs 6(b) and 7(b) present the estimations for vertical load over
the interplate boundary as a function of horizontal distance from
the trench, and as an interpolated grid, respectively. This parameter
indicates the vertical stress generated at the base of columns ex-
tended between the Earth surface and the interplate boundary, i.e.
it also includes the weight of the water column in the zone of the
marine forearc. These figures show relevant differences between
vertical loads at different profiles. In the zone of the frontal unit,
below the lower slope, a complex latitudinal variability is observed
with values, in general, lower than 300 MPa. Vertical loads increase
below the middle slope, and most profiles show a similar behaviour
except for P6, P7 and P11, which have vertical load values up to
150 MPa higher than those observed in other profiles (see Fig. 6b).
To the east, the vertical load pattern changes below the continental
shelf, showing values systematically higher in the northern pro-
files (P1–P5) in comparison to the southern region (P6–P11). Then,
according to the density models, the Iquique earthquake ruptured
a zone where the vertical load over the contact is lower than that
observed in the segment extended south of 20◦30′S.

4.3 Sensitivity of the continental wedge density model

The trade-off between density and depth of a specific portion of
the model is the main source of uncertainties. However, the consid-
eration of several constraints for slab geometry, continental Moho
depth, mantle and continental density variability (Figs 3 and 5)
ensure that the obtained results are, at least, a consistent solution
fitting the available geophysical information acquired for decades
in the zone, which highlights the relevance of the obtained model.

As we can see in Fig. 5, profiles P4 and P9 are representative of
the two opposite gravity domains determined in the zone (north-
ern low gravity in the marine forearc, and high marine gravity in
the southern segment), and show large differences in slab geome-
try, supported by independent seismological and seismic constraints
(note that the slab geometry in other profiles is similar to that seen in
P4 or P9). Then, to evaluate the effects of a large perturbation in the
obtained models, we study the variability of the estimated average
density and vertical load when their slab geometry is interchanged.
Fig. 8 shows the results of this test. The theoretical response of
the preferred model is used as data (black points in Figs 8a and b)
and modified models of P4 and P9 are obtained interchanging their
slab geometries and modifying their continental wedge densities to
adjust the gravity response. Figs 8(c) and (d) show that the effect of
these large modifications (in comparison to the variability observed
between adjacent profiles) is only an increase in average continen-
tal wedge density and vertical load in line P9, and a decrease in
average density and vertical load in profile P4. All characteristics
identified previously in the original models are retained in the mod-
ified solutions, such as higher densities in profile P4 compared to
P9, differentiated landward density gradients below the lower slope,
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Figure 6. Average density and vertical load calculated over the interplate boundary along the density models. (a) Vertical average density of the continental
wedge as a function of distance from the trench. Dotted black lines highlight the changes in the horizontal gradient of density averages. (b) Vertical load over
the interplate boundary as a function of distance from trench.

middle slope and shelf, high vertical load in the shelf zone of pro-
file P9, etc. This test shows that the main features recognized in the
model respond primarily to large changes in the gravity signal, and
that they are not critically controlled by the independent constraints.
In fact, additional tests to estimate the magnitude of the gravimetric
response as a function of changes in slab geometry and continental
wedge density (see Supporting Information), show that changes in
slab geometry around ±5 km in depth require modifications smaller
than 50 kg m−3 in the vertical average densities, to fit the observed
gravity. In summary, all the characteristics recognized previously in
the preferred models can still be found in the modified solutions.

5 I N T E R P R E TAT I O N S A N D
D I S C U S S I O N

The results present a regional view of the northern Chile margin,
where the physical parameters and tectonic features of the continen-
tal wedge and the subducted slab are related to the seismotectonics
of the Iquique earthquake. In this section, we discuss possible ex-
planations for the modelled parameters, and some implications for
seismicity and the seismic cycle.
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1090 Maksymowicz et al.

Figure 7. Maps of the average density and vertical load over the interplate boundary. (a) Interpolated grid of vertical average density of the continental wedge
in the band extended from the trench to ∼100 km landwards. Red star indicates the epicentre of the main shock, black dots are the foreshocks and aftershocks
epicentre re-located by León-Rı́os et al. (2016). The slip iso-contours (2, 3 and 4 m), in black, correspond to the model of Duputel et al. (2015) for the Iquique
earthquake rupture. Continuous red lines depict the density iso-contour (2500 and 2800 kg m−3). (b) Interpolated grid of vertical load over the interplate
boundary in the band extended from the trench to ∼100 km landwards. Other elements are the same that in (a). Continuous red lines depict the vertical load
iso-contour (200 and 500 MPa).

5.1 Longitudinal tectonic segmentation of the marine
forearc

The analysis of the results in a trench-perpendicular direction allows
us to generate a schematic interpretation summarized in Fig. 9(a).
The frontal portion of the continental wedge is formed by low-
density material, which becomes denser landwards. Previous works
in the northern Chile margin show the presence of a small frontal
prism formed mainly by sedimentary debris eroded from the conti-
nental slope, which is a common feature in erosive margins (Clift
& Vannucchi 2004). This frontal prism is ∼5 km wide at the lat-
itude of the Mejillones Peninsula (Sallares & Ranero 2005), and
∼10 km wide at the latitude of profiles P3, P5 and P6 (Geersen
et al. 2015). According to our density model, the continental wedge
landwards of the frontal prism maintains a rapid density increase up
to the approximate limit between the lower and middle slopes (MLS,
Figs 5, 6 and 9). Therefore, the structure of the frontal portion of
the continental wedge (∼20–30 km wide) is explained by the rapid

landward process of compaction within the frontal prism, followed
by the rapid landward decrease in fracturing of the continental base-
ment below the lower slope. The presence of this frontal unit in all
gravity models confirms, for the entire studied zone, the observation
of Contreras-Reyes et al. (2012) at the latitude of Tocopilla (P9),
where the frontal part of the continental wedge (∼25 km wide) is
characterized by seismic velocities lower than 5 km s−1, and in-
terpreted in terms of hydrofractured material related to subduction
erosion.

Landwards from the MLS break, the continental wedge below
the middle slope and the continental shelf presents average den-
sities higher than 2500 kg m−3, which increase slowly landwards
(Figs 6a and 7a). In contrast to the frontal unit, this pattern suggests
a decrease in porosity and/or fracturing within the continental base-
ment. This landward increase in average density can be explained
partially by the gradual increase in density in the deeper portions
of the wedge. However, the change in the trend around the location
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Figure 8. Sensitivity analysis for the average density and vertical load. (a) Black dots in the upper panel are the theoretical gravity response of the preferred
density model for line P4 (central panel). Red line is the gravimetric response of an alternative model (lower panel), which consider the slab geometry obtained
for the line P9. (b) Black dots are the theoretical gravity response of the preferred density model for the line P9 (central panel). Blue line is the gravimetric
response of an alternative model (lower panel), which consider the slab geometry obtained for the line P4. (c) Average density curves. Black lines correspond
to the preferred models of the profiles P4 and P9. Red and blue lines are the results for the alternative models [lower panels in (a) and (b)]. (d) Vertical load
over the interplate boundary. Black lines correspond to the preferred models of the profiles P4 and P9. Red and blue lines are the results for the alternative
models [lower panels in (a) and (b)].

of the SB (about 60 km landwards from the trench) is clear evi-
dence for the correlation between wedge morphology and density
structure.

We interpret the horizontal density gradients of the continental
wedge as a landward decrease in fracturing of the continental base-
ment. As such, the fluid content within the wedge should increase
towards the trench, favouring its hydrofracturing and the generation
of both aftershock and foreshock seismicity.

5.2 Latitudinal segmentation of the marine forearc

A latitudinal comparison of the results shows a first-order seg-
mentation of the Chilean continental wedge along the northern

Chile margin (Fig. 9b). North of ∼20◦30′S (where the strongest
change in offshore gravity is seen), the average density of the
wedge below the middle slope and the shelf is lower than that
observed to the south. This shows that the decrease in free-air grav-
ity anomaly to the north responds to a bathymetric change, but also
to a general decrease in continental wedge density (i.e. it corre-
sponds to a morphological and structural change in the continental
wedge). The frontal zone of the continental wedge shows a rapid
landward density increase south of ∼20◦30′S, which evidences a
narrowing of the frontal, fractured sedimentary rock south of this
limit.

A complete explanation of the density, structural and morpho-
logic segmentation is difficult due to the incomplete understanding
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1092 Maksymowicz et al.

Figure 9. Structural and seismotectonic interpretation of the study zone. (a) Schematic profile, perpendicular to the trench, of the Iquique earthquake rupture
zone. (b) Schematic map of the obtained physical parameters and tectonic features. Black star corresponds to the Iquique earthquake epicentre, and thin black
curves are the iso-contours of the coseismic slip according to Duputel et al. (2015). Dotted red lines indicate the current seismic gaps in the studied zone, green
lines outline the extent of large marine forearc basins.

of the stress–strain fields and the rheology of the margin. Consid-
ering these uncertainties, some explanations can be suggested in
relation to important geodynamic processes observed in the area.
Around the large Arica Basin, the Andean margin rotates from a
northwest–southeast strike at the southern Peru region, to an almost
north–south direction at the Northern Chile zone (Arica Bend). This

remarkable margin curvature should generate a complex stress–
strain field in the crust, favouring pervasive deformation, fractur-
ing, subsidence and tearing (Bonnardot et al. 2008; Madella et al.
2016). Furthermore, the hypocentre catalogue of the CSN (Centro
Sismológico Nacional de la Universidad de Chile) shows that the
amount of seismicity in the zone of the Arica Bend is lower than in
other regions of the studied zone during the 2008–2014 time period
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(see Supporting Information and Metois et al. 2016), suggesting an
anomalous rheology for the seismogenic zone (at least below the
shelf). These stress–strain particularities can explain the presence
of the large forearc Arica Basin, and a general decrease in crustal
density of the continental wedge.

Another important process observed in the studied area is the
subduction of the Iquique Ridge north of ∼20◦30′S (Figs 1, 8
and 9b). The strike of this wide feature is highly oblique to the
trench in the Northern Chile region, which, in addition to the cur-
rent convergence direction (Angermann et al. 1999), generates a
rapid southward migration of the Iquique Ridge-trench intersection
point (around 130 km my−1). The continental wedge between Ar-
ica ∼18◦S and ∼20◦30′S was thus only recently affected by the
subduction of the Iquique Ridge (starting at ca. 2 Ma).

Due to the disrupting effect of seamount subduction, the complex
fracturing generated in the upper plate during the process, and the
continental wedge collapse after seamount subduction (Dominguez
et al. 2000; Wang & Bilek 2011), the Iquique Ridge subduction can
explain the widening of the frontal unit north of ∼20◦30′S by the
fracturing and collapse of the frontal portion of the wedge. This
mechanism likely contributes to the general decrease in density
below the middle slope. On the other hand, the tectonic effect of
ridge subduction beneath the shelf area is probably higher in the
northern portion of the studied zone.

The width and obliquity of the Iquique Ridge indicate that its
subduction trace is currently below the Arica Basin, and thus not
affecting the continental shelf south of ∼19◦30′S. In other words,
the area of the Iquique basin is probably not tectonically affected by
the subduction of this ridge (Fig. 9b). However, we cannot rule out
the possibility of the subduction of an ancient oceanic relief, such
as an isolated seamount not directly associated with the Iquique
Ridge, as posited by Geersen et al. (2015), who interpreted the
subduction of a seamount below the MLS limit in three seismic
lines, north of 21◦S. However, the apparent north–south continuity
of those features suggests a probable relation between them and the
large north–south horst-graben structures associated with the outer
rise flexure of the slab (Figs 1 and 2). In this sense, León-Rı́os et al.
(2016) show a possible relationship between the subducted horst-
graben structures and the high-dip focal mechanism of the Iquique
earthquake aftershocks, which highlights the importance of these
structures in the deformation process.

5.3 Implications for the Iquique earthquake and northern
Chile seismic gaps

The relocated seismicity and coseismic slip models indicate that
the coseismic rupture stopped at the frontal low-density unit and
that this unit is characterized by the absence of foreshock and af-
tershock seismicity (Figs 2, 5, 9a). This suggests that the base of
the frontal portion of the continental wedge can act as an aseismic
contact, i.e. it can dissipate coseismic deformation in a way sim-
ilar to that observed in the accretionary prism along accretionary
margins (Contreras-Reyes et al. 2010, 2017). Landward, the SB cor-
responds to an important morphotectonic limit of the marine forearc
(e.g. Contreras-Reyes et al. 2015, 2016, 2017; Becerra et al. 2017),
and therefore, density variations can be explained by changes in
rheology between two different structural domains (middle slope
and continental shelf). Coincidentally, the location of the largest in-
terplate foreshock of the Iquique earthquake sequence (Mw 6.7, see
Figs 1, 2 and 9a) is aligned with the density change of the SB, and
also with the presence of a first-order tectonic limit (F2) interpreted

in the seismic reflection lines around the area (Figs 4 and 5). Fur-
thermore, one of the nodal planes of the largest interplate foreshock
has a dip near 70 deg with an east vergency, which suggests that F2
was activated before the main shock.

Numerous swarms and repeater events generated before the main
event were located below the middle slope (Ruiz et al. 2014; Meng
et al. 2015; Kato et al. 2016), in the transition zone defined here;
this could be related to an increase in fracturing and/or fluid content
in the upper zone of the seismogenic contact. According to this, the
coseismic rupture should be stopped upwards in the less-coupled
transition zone and/or below the aseismic frontal unit (Figs 2 and
9a).

The observation of a structural and seismotectonic segmentation
of the wedge in the direction perpendicular to the margin gives new
perspectives to analyse the seismic cycle. If we note that the focal
mechanism of the Mw 6.7 foreshock describes a high-angle reverse
fault, and that the faults associated with F2 have a clear extensional
character at long temporal scales (Fig. 4), then it is possible to inter-
pret the mechanics of this tectonic limit during the seismic cycle as
a response to continental wedge segmentation. In fact, following the
works of Hyndman & Wang (1993), Farı́as et al. (2011), Contreras-
Reyes et al. (2015), among others, the polarity of faults inside the
continental wedge can be inverted during the interseismic and co-
seismic periods, according to the differential activation of coupled
zones within the contact. The pre-seismic slow-slip event activated
the zone where the coseimic slip was located about 20 d later (Ruiz
et al. 2014; Socquet et al. 2017). Therefore, if the frontal aseismic
unit, and probably part of the transition zone, remains coupled, the
F2 limit could be activated by a high-angle reverse fault (Mw 6.7
foreshock event) in response to the resistance of the frontal por-
tion of the continental wedge (see grey arrows in the interpretation
schema, Fig. 9a). On the other hand, during the interseismic period,
the frontal unit is probably deformed aseismically, and the transition
zone remains under a relatively low-coupling zone, which favours
the collapse of the frontal portion of the wedge. This stress change,
in addition to the tectonic erosion process, can explain the normal
long-term polarity of F2 and other structural limits of the upper
plate.

The downward projection of the SB, F2 and the high-dip plane
of the Mw 6.7 foreshock seems to correlate with a change in the
foreshock and aftershock seismicity patterns, where the amount
of seismicity decreases from the SB downwards. Also, it can be
seen that the updip limit of the coseismic rupture area was located
between the frontal unit and the SB-F2 limit. These observations de-
fine a ‘transition zone’ in the interplate boundary below the middle
slope, characterized by the location of the Iquique earthquake updip
limit, high seismicity and a smooth landward increase in continental
density in comparison to the frontal unit, but more pronounced than
that observed below the shelf (Figs 6a and 9a).

A parameter directly associated with friction is the normal stress
on the megathrust. The horizontal stress field, related to the conver-
gence process, and the vertical stress generated mainly by gravity,
are components of this normal stress. However, in zones with a
small subduction angle (<∼10 deg, as below the marine forearc,
see Fig. 5), the main component is approximately vertical. Then,
the observed values for vertical load over the seismogenic contact
are reasonable estimates of normal stress and its variations in the
upper portion of the subduction zone (depth <∼20 km).

Figs 6(b) and 7(b) show that the vertical load varies up to 150 MPa
along the margin, which represents between 10 and 30 per cent of
the average values observed in the study zone. While the vertical
load below the frontal unit is highly variable (Fig. 6b), it presents
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high values south of ∼20◦30′S, below the shelf, and in particular
two local highs below the middle slope [around 20◦30′S, and in the
zone of the Mejillones peninsula (Fig. 9b)].

Considering the previous analysis, the Iquique earthquake se-
quence (including coseismic rupture and foreshocks) was limited
to the south by an increase in vertical load, which acted as a strong
barrier. Therefore, we propose that the northern and southern re-
gions have different seismic histories. The large southern seismic
gap (unruptured since the 1877 earthquake), is limited to the south
by a strong frictional barrier at the latitude of the Mejillones Penin-
sula. According to seismological records, this southern barrier also
corresponded to the northern limit of the 1995 Mw 8.1 Antofagasta
earthquake, and the southern limit of the down-dip 2007 Mw 7.7
Tocopilla earthquake (Bilek; 2010; Contreras-Reyes et al. 2012;
Béjar-Pizarro et al. 2013), which could evidence the importance of
this strong frictional barrier for large earthquake sequences.

Following models of interseismic coupling (Ruiz et al. 2014;
Metois et al. 2016, among others), the southern segment (from
∼20◦30′S to the Mejillones Peninsula) is currently coupled, and then
a possible future scenario is the generation of a large earthquake
rupturing the entire segment. However, a more complex seismic
sequence can be suggested, where the observed strong barriers (at
∼20◦30′S and 23◦S) and the relative low vertical load between
them could define a second-order segmentation where medium-
sized earthquakes can rupture independently in the north, centre
and south of the current large southern seismic gap.

The northern seismic gap comprises the zone from the Iquique
earthquake to the southern limit of the 2001 Mw 8.4 southern Peru
earthquake (∼18◦S). As discussed before, there is a match between
this gap and the alignment of the Iquique Ridge subducted track, the
large Arica forearc basin and the Arica Bend, suggesting a differ-
ent mechanical behaviour in comparison to the Iquique earthquake
segment and the southern gap. According to Montessus de Bal-
lore (1911–1916) and Comte & Pardo (1991), the area north of
∼23◦30′S was affected by several moderate and giant earthquakes,
which indicates a complex megathrust activation sequence. Consid-
ering the uncertainties in the ruptures of historical earthquakes, the
limit between the current northern gap and the Iquique earthquake
could have an important significance for the seismic sequence. In
particular, if we propose that the fracturing associated with the Ar-
ica Bend, jointly with the Iquique ridge subduction, worked as a
barrier for coseismic slip in 1877, then the current northern seismic
gap could be a persistent feature of the margin.

Ruptures of giant earthquakes can propagate across barriers, and
considering that some historical earthquakes might have been lo-
cated in the deeper portion of the plate interface, the proposed sce-
narios are highly speculative. However, they are useful as case stud-
ies to evaluate the seismic hazard of the studied zone. Furthermore,
regardless of the temporal sequence and size of large earthquakes
in the area, the relatively small frontal sedimentary/fractured rock
unit observed along the southern segment favours the upward prop-
agation of coseismic ruptures, and the generation of large tsunamis
in comparison to similar ruptures located north of ∼23◦30′S. This
aspect should be considered in future estimations of tsunami hazard
for the region.

6 S U M M A RY A N D C O N C LU S I O N S

The southern limit of the Iquique 2014 earthquake sequence corre-
lates with an abrupt southward increase in offshore free-air gravity
at ∼20◦30′S. This strong change is explained by a general increase

in upper plate density to the north, which suggests a northward in-
crease in fracturing within and below the continental wedge. The
observed rheological change can be explained as a response to the
complex stress–strain fields around the Arica Bend, and also by the
subduction of the Iquique ridge, which should intensify upper plate
fracturing.

South of the Iquique earthquake rupture, the current southern
seismic gap is extended between two local barriers of high nor-
mal stress (vertical load over the seismogenic contact), located
at 20◦30′S-21◦S and at the latitude of the Mejillones Peninsula
(∼23◦S). Inside this segment, the calculated vertical load is high, at
least below the shelf. In contrast, north of 20◦30′S, normal stress is
low and any increase in this parameter is correlated with the north-
ern limit of the rupture. However, the alignment of the subducted
Iquique Ridge hotspot track, the decrease in seismicity, and the de-
velopment of the large Arica forearc basin, suggest differences in
the crustal mechanical behaviour of the current northern seismic
gaps (north of ∼19◦30S). In this case, the northern limit of the
Iquique earthquake could correspond to a weak barrier.

This study shows that the continental wedge is characterized by
a landward decrease in porosity and fracturing. Lateral density gra-
dients inside the continental wedge allow defining three main units:
(1) a frontal unit made of debris and highly fractured rock, charac-
terized by a rapid landward decrease in fracturing, (2) a transition
zone, roughly correlated with the middle continental slope, where
the fracturing degree decreases slowly landwards, and (3) a dense
basement below the continental shelf. The frontal aseismic unit is
narrower in the southern portion of the margin (20◦30′S–23◦S),
which favours the generation of large tsunamis.

Seismicity associated with the 2014 Iquique earthquake shows
that the frontal unit worked as an aseismic barrier, while during
the updip of the main event numerous aftershocks and foreshocks
were observed in the transition segment. According to the seismic
reflection profiles, the limit between the transition segment and
the shelf corresponds to an important landward-verging normal
structure, which seems to have been activated during the largest
Mw 6.7 intraplate foreshock. According to this, detailed studies of
microseismicity should be done in the future in order to confirm
the current seismic activity of these (and other) large continental
structures within the continental wedge.

Assuming that the slow slip process was coincident with the
coseismic rupture area, the mechanical resistance of the aseismic
frontal unit and part of the transition zone could explain the acti-
vation of the landward limit of the transition zone as a high-angle
reverse fault before the main event.

Our results show that variations in fracturing and tectonic style
within the continental wedge have a large impact on the normal
stress on the seismogenic contact, generating variations of up to
150 MPa in some places. These changes, together with the vari-
able rheological conditions at the contact (friction coefficient, fluid
pressure) result in a seismic segmentation of the Northern Chile sub-
duction margin, where mechanically differentiated segments can be
activated in a complex sequence of large events (Mw∼8), and jointly
during giant earthquakes (Mw > 8.5).
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S U P P O RT I N G I N F O R M AT I O N

Supplementary data are available at GJI online.
Figure S1. Interpretation of the ENAP seismic lines. The sedimen-
tary fill is highlighted in orange and the fault zones are indicated in
black. F1, F2 and F3 are the main tectonic limits identified, which
show apparent continuity between adjacent lines.
Figure S2. Empirical conversion from TWT to depth. (a) Available
interval velocity data as a function of the depth at the middle of
each layer. (b) Empirical law (blue line) for the depth (below the
bathymetry) as a function of TWT calculated from the data (red
dots).
Figure S3. 3-D representation of the sedimentary fill. Red dots
are the seafloor and basement elevation observed in the ENAP
seismic reflection profiles. Green dots are the seafloor and basement
elevation observed in the SO104 seismic reflection profiles. Black
lines correspond to the bathymetry along the modelled gravimetric
profiles P1–P7. Dotted blue lines indicate the main crustal tectonic
limits interpreted in seismic profiles and bathymetry, and dotted
black line is the limit between lower and middle slope. Black vertical
arrows indicate the epicentre of the main shock (Mw 8.2) and the
large foreshock and aftershock (Mw 6.7 and Mw 7.7, respectively).
Figure S4. Density-depth models along gravity model profiles. For
each profile (P1–P11), the upper panel presents the observed gravity
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from the gravimetric stations (black dots), and the cyan line shows
the complementary Sandwell and Smith satellite data. The red line
corresponds to the modelled free-air gravity anomaly. The lower
panels present the corresponding 2-D density model.
Figure S5. Gravity response in line P4 due to slab geometry
changes. (a) Black dots are the observed Free-air gravity data, red
line is the gravity response of the preferred density model and blue
lines are the gravity response considering upward and downward
modifications of the slab geometry. (b) Modified density model
considering an upward variation of the slab geometry. (c) Preferred
density model. Blue lines are the modified models of slab presented
in (b) and (d). (d) Modified density model considering a downward
variation of the slab geometry.
Figure S6. Gravity response in line P4 due to changes in the upper
continental density. (a) Black dots are the observed Free-air gravity
data, red line is the gravity response of the preferred density model
and blue lines are the gravity response considering an increase and
a decrease of the upper continental density. (b) Modified density
model considering an increase of the upper continental density. (c)
Preferred density model. (d) Modified density model considering a
decrease of the upper continental density.
Figure S7. Gravity response in line P4 due to changes in the
lower continental density. (a) Black dots are the observed Free-
air gravity data, red line is the gravity response of the preferred
density model and blue lines are the gravity response consid-

ering an increase and a decrease of the lower continental den-
sity. (b) Modified density model considering an increase of the
lower continental density. (c) Preferred density model. (d) Modi-
fied density model considering a decrease of the lower continental
density.
Figure S8. Average density and vertical load over the interplate
boundary of the perturbed density models of the line P4. (a) Vertical
average density of the continental wedge as a function of distance
from the trench. (b) Vertical load over the interplate boundary as a
function of distance from trench.
Figure S9. Seismicity along the northern-Chile margin. The figure
presents the catalogue of the Chilean Seismological Center (Ser-
vicio Simológico Nacional, CSN). Circles in the left-hand panel
show the latitude and time of the events and black arrows highlight
some specific latitudes where seismicity is persistent in time. The
right-hand panel presents the Free-air anomaly and some important
features of the margin (see main text for details). Horizontal light-
red band corresponds to a segment of the margin with relatively low
seismicity, which correlates with the position of the Arica-basin in
the marine forearc.
Please note: Oxford University Press is not responsible for
the content or functionality of any supporting materials sup-
plied by the authors. Any queries (other than missing mate-
rial) should be directed to the corresponding author for the
paper.
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