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ABSTRACT

On April 1, 2014, a large earthquake (Mw = 8.1) ruptured the central part of a historic seismic gap in northern
Chile. In order to study the relationship between the co-seismic rupture characteristics and the crustal structure
of the subduction zone, we processed a trench-perpendicular seismic reflection profile acquired across the zone
of maximum slip and generated a P-wave velocity model. The results show a frontal prism in the continental
wedge characterized by low velocities that increase rapidly towards the shore and acted as a barrier for trench-
ward propagation of aftershocks. Landward, a transition zone with increasing upper crust velocity (4-5 km/s)
concentrates most of the aftershocks. In addition, a trench-ward dipping set of fault zones is observed along the
continental wedge associated to the Iquique forearc basin formation (1.5 km thick at the depocenter on this
profile). We identify three stratigraphic units within the basin. A landward tilt and thickness increase is detected
in each stratigraphic unit, along with growth strata and domino structures, suggesting landward migration of syn-
extensional deformation in response to basal subduction erosion. By extrapolating our results to the plate
boundary and based on published focal mechanisms of intra-crustal seismicity, we find a strong spatial corre-
lation between the Iquique basin and the highest slip area for the 2014 earthquake, suggesting long-term
extensional deformation due to coseismic tensional stresses.

1. Introduction

sequence and negative anomalies in the earth’s gravity field (Maksy-
mowicz et al., 2018; Ruiz et al., 2014; Alvarez et al., 2018). It has been

Prior to the April 1, 2014, Mw 8.1 Iquique earthquake, the segment
of the Nazca-South America subduction margin between 19°S and 21°S
had not experienced a large earthquake since the historic 1877 Mw 8.8
megathrust earthquake (Comte and Pardo, 1991). The main shock
ruptured a zone approximately 100 km-long parallel to the trench axis
from 19°30’S to 20°30'S and covered approximately 1/3 of the historic
seismic gap (Ruiz et al., 2014; Kato and Nakagawa, 2014; Lay et al.,
2014). According to the slip models (e.g. Ruiz et al., 2014; Lay et al.,
2014; Schurr et al., 2014; Duputel et al., 2015), the earthquake rupture
did not extend up-dip to the trench (Fig. 1), with an up-dip limit ~20 km
deep and 70 km landward of the trench.

The Iquique earthquake is characterized by: (1) an extended and
well-characterized sequence of seismic events in the months and weeks
prior to the main shock, and (2) a high correlation between this
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proposed that these latitudinal variations in gravity, due to latitudinal
variations of mean density in the continental wedge, result in a seismic
segmentation of the Northern Chile subduction margin, where me-
chanically differentiated segments can be activated in a complex
sequence of large events. These correlations between gravity and slip
distribution have been originally observed by Song and Simons (2003)
and Wells et al. (2003), and supported by more recent studies (Alvarez
et al., 2014; Alvarez et al., 2019; Bassett and Watts, 2015; Bassett et al.,
2016; Li and Liu, 2017; Spagnotto et al., 2018).

High-resolution seismic reflection data have been interpreted to
characterize the structural and stratigraphic framework along the An-
dean forearc (e.g. Contardo et al., 2008; Geersen et al., 2018; Becerra
et al., 2013, 2017; Maksymowicz et al., 2018; Tréhu et al., 2020).

For example, Becerra et al. (2017) reveals several tectonic phases
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during Cenozoic times. If geochronological data of stratigraphic units
are lacking (as in our case), the shield kinematic evolution can be
relatively constrained, without absolute temporal reference. Here, we
use high quality seismic data acquired during the PICTURES (Pisagua
Iquique Crustal Tomography to Understand the Region of the Earth-
quake Source) project (Fig. 1) to examine the seismic structure of the
marine forearc of the northern Chilean margin and correlate it with the
earthquake slip and aftershock distribution. The seismic data is also used
to interpret the tectonic development of the offshore forearc, providing
valuable information about long term tectonic processes.

2. Seismotectonic and geological setting

In the study area, the Nazca plate subducts beneath the continental
South American plate at a current rate of 72 mm/year (DeMets et al.,
2010, Fig. 2). Because of this subduction process, the oceanic Nazca
plate flexes in the forearc region, resulting in high tensional stresses and
the formation of a pronounced outer rise and a horst and graben system
with up to 500 m of vertical displacement (Ranero et al., 2006; Con-
treras-Reyes et al., 2012; Geersen et al., 2018). Due to the arid climate
and the consequent low sedimentation rate to the trench, these bathy-
metric highs and lows are not filled, resulting in an extremely rough
subducting surface (Contreras-Reyes, 2018). One of the effects of this
roughness is the favoring of subduction erosion (Von Huene et al., 1985;
Von Huene et al., 1999) and landward migration of the trench accom-
panied by eastward migration of the magmatic arc by ~200 km since at
least the Jurassic era (eg. Rutland, 1971; Schellart, 2017). The subduc-
tion erosion also causes tensional stresses in the continental wedge,
generating normal faults along the continental slope, trenchward
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steepening of the slope, and terrace formation near the coast (Armijo
and Thiele, 1990; Delouis et al., 1998; Von Huene and Ranero, 2003;
Contreras-Reyes, 2018).

Gravimetric and seismic tomography models (Contreras-Reyes et al.,
2012; Maksymowicz et al., 2018) in the study area show the presence of
a ~ 10 km wide low density zone associated with a frontal prism formed
by eroded material from the upper plate. Density and P-wave velocity
increase rapidly landward due to compaction of the frontal prism and
decrease in fracturing (Sallares and Ranero, 2005: Contreras-Reyes
et al.,, 2012; Contreras-Reyes, 2018). The continental crust is also
characterized by the presence of a low density and low velocity zone in
its trenchward part, which is interpreted as a consequence of high
fracturing associated with subduction erosion (e.g., Maksymowicz et al.,
2018). Relocation of aftershocks of the Iquique earthquake (Leon-Rios
et al., 2016) show that the aftershocks do not occur near the trench
(Fig. 2. This low velocity zone is expected to be associated with stable
slip and aseismic deformation. It has also been proposed in accretionary
margins (Wang and Hu, 2006) that the most seaward part of an accre-
tionary prism (the outer wedge) overlies the up-dip velocity-strength-
ening part of the subduction fault, and that the less deformed inner
wedge overlies the velocity-weakening part (the seismogenic zone).

Onshore, the forearc geology in this central Andean region consists of
four morphostructural units. From west to east these are the Coastal
Cordillera, Central Depression, Forearc Precordillera, and Western
Cordillera (Fig. 1, e.g. Charrier et al., 2013). Mesoproterozoic zircon
ages have been found in rocks exposed in the forearc Precordillera near
Quebrada Choja, and Belén, 225 km SW and 160 km NE, respectively,
from the eastern end of MCO06 (Loewy et al., 2004). On the other hand,
dating of detrital zircons analysis presented by Bahlburg et al. (2009) for
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Fig. 1. The PICTURES seismic profiles are shown as white lines. The MCO06 line used for this study is shown in red. The red star corresponds to the epicenter of the
Iquique earthquake. Solid black lines are contour lines of the slip during the 2014 Iquique earthquake (Schurr et al., 2014). MCO06 (thick red line) crosses the area of
highest coseismic slip during the mainshock as well as the source region of the March 16 (Mw = 6.7) foreshock. Black dashed lines correspond to SLAB 1.0 (Hayes
et al., 2012) model for the subduction interface (at 10 km interval). Bathymetry from ETOPOL1. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)
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MCO06 of the PICTURES project. White arrow represents the convergence velocity vector between Nazca and South America (fixed) plates from DeMets et al. (2010),
Bathymetry from ETOPO1. Onshore geology units were obtained from SERNAGEOMIN (2003). (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)

an outcrop about 200 km south of the M06 profile in the Coastal
Cordillera imply a possible Paleoproterozoic crustal basement as far
north as 20-21°S. During the Jurassic and Early Cretaceous a
subduction-related magmatic arc system developed along the present-
day Coastal Cordillera (Oliveros et al., 2007). The resulting Jurassic
volcanic and sedimentary units crop out as homoclinal sequences that
can reach thicknesses of 7000 to 10,000 m (Buchelt and Tellez, 1988).
Geochemical analyses indicate that western South American margin in
the latitude of this study underwent tectonic stretching and lithospheric
thinning during Late Permian to Late Jurassic (Sempere et al., 2002;
Mamani et al., 2010; Oliveros et al., 2020).

The Western Cordillera has provided sediment in-filling the Central
Depression and paleo-basins within the Coastal Cordillera since at least
the Late Oligocene under an arid to semi-arid regime (Evenstar et al.,
2017). A major uplift episode at ~23 Ma preserved the Coastal Tarapaca
Surface as a relict paleosurface within the Coastal Cordillera, shown as
Late Oligocene continental sediments in Fig. 2 (Dunai et al., 2005). This
~23 Ma Uplift of the Coastal Cordillera resulted in a substantial barrier
to the westward flowing sedimentary systems, retaining Miocene and
younger sediments within the Central Depression (Miocene continental
sediments in Fig. 2). However, this blockage of sediment discharge
behind the Coastal Cordillera could have cause starvation of sediment
accumulation in the trench (Delouis et al., 1998; Hartley et al., 2000;
Worner et al., 2002; Dunai et al., 2005).

Uplift rates are poorly constrained but generally believed to have
been between 0.04 mm/yr to 0.07 mm/yr (Delouis et al., 1998; Dunai
et al., 2005). Furthermore, Melnick (2016) estimated long term uplift
rates of 0.13 + 0.04 mm per year along the Coastal Cordillera relief of
central Andes during the Quaternary using morphometry and a land-
scape evolution model of coastal erosion. On the other hand, the char-
acteristic coastal escarpment of north Chile has been interpreted as a
relict of long term uplift process and has been maintained by the
extremely small denudation rate of the Atacama Desert (Dunai et al.,
2005; Carrizo et al., 2008; Evenstar et al., 2009; Cosentino and Jordan,
2017).

3. Seismic data and processing
3.1. Seismic data acquisition

In order to map the subsurface in the study area, a network of OBS
(Ocean Bottom Seismometers) and land seismometers was deployed to
record seismic signals generated by the R/V Marcus Langseth during
cruise MGL1610 by an array of 40 airguns of 6600 cubic inches of total
source volume. The shots were also recorded on Langseth’s 8 km-long,
648-channel streamer in 16 s long records with 2 ms sampling interval.
These shots were fired in a grid consisting of 32 seismic profiles that
cover the whole rupture zone. Here, we present line MCO6 (red line in
Fig. 2) that was processed to obtain a seismic reflection profile and a 2D
P-wave velocity model from the streamer data. This line runs perpen-
dicular to the trench axis, crossing the area of highest coseismic slip and
directly over the March 16 (Mw = 6.7) foreshock. The shots in this line
were fired every 125 m, with a spacing of 12.5 m between each
geophone with the first geophone 220 m away from the source. This
geometry results in common mid points (CMP) every 6.25 m, with 32 or
33 seismic traces for each CMP.

3.2. Data processing

3.2.1. Seismic reflection profile

In order to obtain a time-migrated seismic section (Fig. 3), a standard
processing sequence was carried out over the multichannel data of the
MCO6 line using Seismic Unix routines. These steps include CMP ge-
ometry sorting; application of a predictive deconvolution filter;
semblance velocity analysis over 50 common mid points along the line;
normal move out correction and muting; stacking and post-stack
migration using water velocity (1500 m/s). To reduce refraction ar-
rivals at larger offsets and enhance the observed reflections, only the
first 324 channels of the streamer were used for the reflection image
(maximum offset of 4 km). Raw records were resampled from 2 ms to 4
ms to reduce computation time.



G. Reginato et al.

Tectonophysics 796 (2020) 228629

CMP
12000 13000 14000 15000 16000 17000 18000 19000 20000 21000 22000 23000
1 1 1 1 1 1 1 1 1 1 1 1
a)
1 - Up pef s\lope
2 -
—_ 3
)
-
S
i 41
F
5 -
6 -
7 -
Ll T 1
75 100 125
Distance[km]
CMP
6200 6600 7000 7400 7800 8200 8600 9000 9400 9800 10200 10600 11000
1 1 1 1 1 1 1 1 1 1 1 1 1
b) L
6 =
7
=
—
=
2 8
-

T
55

Distance [km]

Fig. 3. Seismic line MCO6 after Normal Move Out (NMO), Muting, Stacking and a Post-Stack Time Migration with water velocity. (a) Middle and Upper slope, (b)

Lower slope.

3.2.2. P-wave velocity model

To construct the 2D P-Wave velocity model, 20 adjacent CMPs were
resorted to form a new CMP (“supergather’) with 648 traces spaced 6.25
m apart and representing source-receiver offsets of 220-8300 m. Arrival
times of reflections and refractions were then forward-modeled using a
1D velocity model representative of the center of this 125 m wide bin
formed by 20 CMPs to generate a Vp model with four or five constant
velocity or constant gradient layers. This grouping was made every 256
CMPs, which means there is one 1D velocity model every 1600 m
(Fig. 4). Intermediate velocity models were then constructed by hori-
zontal linear interpolation.

3.2.3. Time (TWTT) to depth conversion
The time it takes for a P-Wave to go back and forth to a reflector
located a depth dz., is dt = 2* dz./v, so if we know the velocity and

reflection time (TWTT), we can now calculate the depth of the reflector.
With a velocity model for each CMP, we can transform the Two Way
Travel Time (TWTT) to depth using the corresponding 1-D velocity
model:

d
Z :Etv(z:O) (¢}
Zn = Zn—l +%V(Zn—l) (2)

here Z; corresponds to the physical location in depth of a reflection
registered at time t = dt* Z, corresponds to the depth of a reflection
occurring a t = n*dt. The new sampling in depth is dz. = dt/2 *V,;;;, with
dt = 4 ms (time sampling of the original trace) and Vi, = 1.5 km/s. This
results in a depth sampling interval of dz = 3 m.
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Fig. 4. Example of a supergather with predicted arrival times of reflections and refractions in different layers. The velocity model used is shown on the right. CMPs

13,568-13,587 (d = 84.8 km). A reduction velocity of 5 km/s is used.

4. Results and interpretation

The reflection profile converted from TWTT to depth is shown in
Fig. 5 overlain on the velocity model. To transform the reflection profile
below the known velocity, a constant velocity of 6 km/s was used (not
shown in the profile). This velocity of 6 km/s is used as it is a reasonable
velocity for the continental crust. From what is seen in the reflection
profile and velocity model, the sediment thickness in the trench, is very
thin (<1 km), similar to what is found in previous works (e.g. Contreras-
Reyes et al., 2015; Maksymowicz et al., 2018). Landward, the conti-
nental wedge is characterized by three differentiated sections. The first
section (Lower slope), from the trench to ~75 km (along the profile), has
a seafloor slope of approximately 6.5 degrees. This section is charac-
terized by a very low-velocity (2-3 km/s) frontal zone, located between
kilometer 35 and 45, and probably consists of eroded sediments from the
slope. East of km 45, it presents higher velocities (3-4 km/s), which
probably indicate highly fractured upper crust. The second section
(middle slope), between km 75 and 105, has a seafloor slope of 3°. This
zone, which includes the western limit of the Iquique Basin at ~km 95, is
characterized by several seaward dipping scarps, indicating extensive

normal faulting in the continental basement (Fig. 5). The third section
(upper slope, east of km 105), with seafloor slope of approximately 1.5
degrees, has extensive normal faulting in the continental basement.
Sediments deposited over this faulted surface form the Iquique Basin,
which shows extensive normal faulting extending to the seafloor.

As mentioned previously, the lower slope (outer wedge) is charac-
terized by a frontal low velocity zone (Figs. 5 and 6), with values be-
tween 2 km/s and 3 km/s. This zone is interpreted as a deformed region
associated to the frontal prism (Contreras-Reyes et al., 2012; Maksy-
mowicz et al., 2018), with thrust faults from a basal detachment surface
(decollement) that generate antiformal stack geometry. The landward
bound of this prism lies approximately at km 45 of the seismic profile
(Fig. 6). Here, the average initial subduction angle is about 4°.

Landward of the imaged frontal prism (Figs. 5 and 6), still in the
lower slope, the velocity model shows a higher velocity zone (3-4.5 km/
s) associated to a high fractured continental crust between 45 and 55 km
(Contreras-Reyes et al., 2012; Maksymowicz et al., 2018). Below the
lower slope, the MCS profile reveals some normal faults reaching the
seafloor, which coincide with horizontal V,, changes in the velocity
model. Some trenchward dipping normal scarps are identified on the
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Fig. 5. Combined interpreted seismic profile and 2D velocity model along seismic line MCO06. Segmented green lines represent main unconformities that define the
tectono-stratigraphy unit boundaries, continuous wide and thin black lines depict principal and secondary faults respectively, interpreted from seismic profile, and
segmented black lines show the inferred projection of main structures in the acoustic basement, blue lines depict the interpreted paleo-channel filled, yellow
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this article.)
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seafloor and interpreted as normal faults extending to greater depth.
Sharp differences in V), velocities and interpreted stratigraphic un-
conformities are used to delineate the top of continental basement
(Fig. 6). A prominent reflector (R) semi-parallel to the seafloor appears
(Fig. 6) overlying the highly deformed and fractured crust mentioned
above. Above this reflector, we find low velocity sediments, which seem
to have low deformation and sedimentation approximately parallel to
the reflector R and the seafloor. These sediments are probably eroded
from the continental slope and flow towards the trench and frontal
prism. Landward (between kilometers 52 and 60), we find a section of
the seismic profile where is difficult to appreciate the sediment/crust
transition, and an upper crust with less internal reflectors when
compared to the hydro-fractured frontal zone. Between kilometers 60
and 70 the transition between the sediments and continental crust

becomes clear, suggesting a sharper change in P-wave velocity than in
the previous section, as seen in the Vp model.

The middle and upper slopes (inner wedge) are characterized by
extensive normal faulting in the continental basement, which produces a
1-1.5 km deep depression in the continental basement called the Iqui-
que Basin. This basin is covered by different sediment units (Figs. 5 and
7).

At the trenchward side and middle section of the forearc section, the
seismic profile shows a lower stratigraphic unit (SU) 1 of 1 km-thick.
This unit shows a velocity of ~3.5 km/s; here interpreted as old and very
well compacted sediments. Inside this layer, the pattern of sedimenta-
tion is not well distinguishable. The intermediate SU2, characterized by
a thickness of 1 km and V}, ranging between 2.0 and 3.0 km/s, is not
recognizable in the western side of the basin becoming clearer in the
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center. A younger and thinner SU 3 layer of low velocity sediments (~2 All stratigraphic units show an increase in thickness eastward until a
km/s) covers the whole landward side of the basin, thinning towards the main trenchward dipping normal structure cuts them. In the case of the
center of the basin until disappearing. On the east side, growth strata fault that marks the thickest part of SU 2, the normal kinematics has
configuration and normal faulting can be recognized, suggesting an been inverted, as indicated by a harpoon anticline located in SU 3
active extensional deformation process. (Fig. 7). This is a classic geometry for tectonic inversion. In addition, we
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plane of the M,, 6.7 foreshock. (b) Velocity model along seismic line MCO6 with relocated aftershocks (Leon-Rios et al., 2016) along the profile. Slab 1.0 from Hayes
et al. (2012) is shown divided in three zones. Black: Aseismic zone (no aftershocks), Green: Aftershock zone, Blue: Main rupture zone. (For interpretation of the

references to colour in this figure legend, the reader is referred to the web version of this article.)
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note that the depocenter of the younger stratigraphic units is located
eastward in the Iquique Basin. The faults observed at the eastern side of
the depocenter likely controlled each SU in a synextentional tectonic
regime. In the case of SU 2, the now inverted eastern branch of fault zone
3 has driven growth strata also in SU 3, which tilted landward, associ-
ated to syn-extensional deposition. This landward tilt suggests that basal
erosion dominated over frontal erosion and that the depocenter and
deformation should migrate landward (Noda, 2016). In SU 1 and 2,
between fault zones 2 and 3, many normal faults are clearly visible,
showing a domino extensional array, suggesting that these stratigraphic
units were also affected by syn-extensional strengths. The SU 1 of well
compacted sediments is then interpreted as the deposition of sediments
in a paleo-basin (western/seaward side) and the upper layers are the
deposition of younger sediments in the eastern/landward side of the
basin, where main structures are currently inverted (Fig. 7). This
configuration, with older sediments in the trenchward side agrees with
the landward migration of the depocenter.

5. Discussion

Based on the velocity model, we calculated the mean velocity of the
first km of the upper continental crust along the profile between the top
of the basement and the lowest resolved velocity (Fig. 8). We found that
in the first 20 km, between the trench and L1, the velocity increases
rapidly. In the next 50 km, between L1 and L2, the mean velocity con-
tinues increasing but at a lower rate. Landward of L2 velocity remains
almost constant when comparing the beginning and the end velocity of
the section, but presents a decrease of mean velocity in the middle. L1
coincides with the fault zone 1 reinforcing the hypothesis of a highly
fractured continental crust near the trench. L2 coincides with the
depocenter of the Iquique basin and the presence of growth strata in SU
2 and 3.

Most of the aftershocks of the Iquique earthquake (Figs. 2 and 9)
occured between km 55 and 95 of line MCO6 (between ~10 and 20 km
deep), which is a transition region (Fig. 9) between the highest coseismic
slip area (Fig. 10) and an aseismic zone (Soto et al., 2019). The western
edge (L1) corresponds to an abrupt change in trend of seismic velocities.
This trenchward velocity contrast (L1) is likely related to the transition
from a highly fractured continental crust (Vp < 4.5 km/s) to a less
fractured one. As a highly fractured unit, it is probably highly hydrated
reducing the frictional coefficient at the seismogenic contact and
therefore reducing the capacity to accumulate stress, resulting in an
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aseismic contact. Moreover, the rheology associated to highly fractured
material in the outer wedge favored the generation of a subduction
channel that smooths the interplate contact and facilitates aseismic slip
(Noda, 2016). It has been proposed that in non-accretionary margins
such as this, most of the outer wedge lies above the velocity strength-
ening zone preventing stress accumulation, coseismic slip and high
extensional deformation in the lower slope (Wang and Hu, 2006;
Geersen et al., 2018).

The general deformation style of the landward limit of the outer
wedge (fault zone 1) and the main structures that control the long-term
deformation of the Iquique Basin (as fault zones 2 and 3) shows a clear
westward dipping direction (Figs. 5, 6 and 7). Then, in order to analyze a
possible link between observed deformation and seismotectonics of the
interplate boundary, we correlate the oblique projections at depth of the
main structures with seismicity (Fig. 9b). This interpretative strategy is
implemented considering that stresses occurring in the interplate con-
tact have a great influence in the direction of the main upper plate
structures (or at least in a similar direction). This is supported by the
focal mechanism of the main forearc intraplate seismicity (eg. Ruiz
et al., 2019). It is important to highlight that the largest foreshock (M,
= 6.7) of March 16 (Fig. 9) has a reverse fault mechanism within the
continental plate (at about 10 km deep), with a rupture plane that
extended from 3 to 17 km depth (Ruiz et al., 2014; Ruiz et al., 2019). The
fault plane dip (~70°) coincides approximately with the orientation of
the normal faults seen in the shallow part of our our seismic image
(Figs. 5 and 7). This presumably large fault (fault plane) outcrops at the
middle-upper slope transition as fault zone 2 (Fig. 9). The coincidence of
apparent normal faults with intraplate thrust earthquakes has been
explained as result from coseismic extension followed by interseismic
compression (Delouis et al., 1998). This behavior has been observed in
other zones by Delouis et al. (1998) off north Chile at ~23°S, Farias et al.
(2011) for the Pichilemu faults off Maule in central Chile at ~34°S and
Contreras-Reyes et al. (2015) in Valparaiso Forearc Basin (31-33°S).

Analyzing the aftershock seismicity, the landward limit of the high
density aftershock zone (Soto et al., 2019) spatially correlates approxi-
mately with the western limit of the Iquique Basin, which is also the up-
dip limit of the highest slip zone (Fig. 9). According to Geersen et al.
(2018), this outer wedge zone undergoes compression after coseismic
slip, being the aftershocks at the base of the inner wedge, a response to
this compressional stress. Landward, the inner wedge lies above the
velocity weakening part of the interplate contact (Wang and Hu, 2006).
This behavior leads to interseismic stress accumulation due to high
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Fig. 10. Coseismic slip distribution along profile MCO06 of Ruiz et al. (2014), Schurr et al. (2014), Duputel et al. (2015) and a slip model calculated for this paper (see

Appendix 1), of the Iquique earthquake.
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coupling followed by coseismic slip that generates extensional stresses
that produces normal faulting along the inner wedge (e.g., Geersen
et al., 2018).

The landward velocity contrast (L2) corresponds to a change of the
trend in the mean crust velocity of the upper km, from a landward
increasing velocity to an almost constant one (Fig. 8).We speculate that
the L2 bound could correspond to a transition from the fractured and
eroded continental crust to the continental framework, which has acted
as a second back-stop that has favored the formation of the basin (Wang
and Hu, 2006; Byrne et al., 1993), although deeper velocity information
is needed to confirm this. L2 also coincides with the fault zone 3, which
is responsible of a 1.5 km offset in the continental basement, and con-
trols the position of the Iquique Basin depocenter (Figs. 5 and 7). The
prominent displacement in this fault zone needs that these faults pene-
trate several kilometers into the continental crust, and the dip of these
faults in depth is probably similar to the dip (~70°) of intraplate seis-
micity (Ruiz et al., 2019) such as the March 16 foreshock focal
mechanism.

Comparing four models for the Iquique earthquake slip distribution
(Fig. 10), all show a similar peak slip location and width of the high slip
zone, for example, if we define “high slip” by where the slip is greater
than half of the peak slip. One can see that the limits of the Iquique Basin
are correlated (using the spatially correlation defined previously) with
the region of high slip (Fig. 9). This is in agreement with the idea that the
inner wedge, where the basin lies, corresponds to the velocity weak-
ening zone of the wedge (Wang and Hu, 2006), and that the coseismic
extensional stresses (Geersen et al., 2018), enhanced by basal erosion
(Noda, 2016), are forming the Iquique Basin. Also, the region that
slipped during the main shock experienced a slow slip event with
displacement of 150 cm on March 10-31, 2020 (Ruiz et al., 2014) and a
diminution of the earth gravity field (Alvarez et al., 2015; Alvarez et al.,
2018). A correlation between forearc basins and slip during large sub-
duction earthquakes has been noted by other authors in subduction
zones around the world (e.g. Fuller et al., 2006, Wells et al., 2003, Song
and Simons, 2003, and by Alvarez et al., 2014, Alvarez et al., 2019). On
the other hand, Noda (2016) suggested that earthquake slip and the
velocity weakening zone are related to subsidence in the continental
basement and basin formation in non-accretionary margins.

Finally, the slab obtained here with seismic data has a smaller angle
of subduction and is shallower than both slab 1.0 and slab 2.0 (Hayes
et al., 2012), at least in the first kilometers in the Iquique area. This
should have a great impact on predicted slip distribution of the inversion
models. In order to predict a better slip distribution near the trench in
general, we should consider a slab model constrained not only by
seismic activity (as slab 1.0 and slab 2.0), but also by shallow constrains
as seismic reflection profiles and seismic velocity tomographies. In this
particular earthquake is probably not very important as the predicted
slip occurs in the deeper part of the contact, where the slab is better
constrained due to GPS station distribution.

6. Conclusions
There is an important relation between the velocity structure of the
continental wedge, the geologic structures and the seismic activity on

the plate boundary. The outer wedge (first 20 km) is formed by a ~ 10-
km wide frontal prism (between the trench and limit P) and ~ 10-km

Appendix A. Appendix 1
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wide zone of a highly fractured continental crust (between limit P and
limit ZF). During the 2010 M,, 8.1 seismic sequence, the coseismic slip
did not reach this low velocity zone and no aftershocks occurred.
Consequently, this zone is interpreted to be a velocity strengthening
zone of the plate boundary, although one cannot out rule the possibility
that lack of aftershocks in the frontal zone can be due to localization
problems. This zone is characterized by evidence for compressional
deformation with limited evidence for normal faulting. In contrast the
inner wedge (middle and upper slope) shows extensive normal faulting,
with some important faults possibly penetrating deep into the conti-
nental crust. Particularly, the large intra plate seismicity with focal
mechanisms coinciding with the faults seen in the continental basement
as well as the large deformation seen in the Iquique Basin (fault zone 3)
suggest the existence of large normal faults penetrating deep into the
crust.

The region between km 55 and km 85 of the MC06 profile, may
represent a 30 km wide transition zone without high coseismic slip but
with great aftershock presence. The next 50 km (km 85-125; Fz2 and
Fz3), corresponds to the region of high coseismic slip on the plate
boundary and is correlated with the presence of the Iquique Basin,
suggesting long term extensional deformation due to coseismic exten-
sional stresses, as proposed by Geersen et al., 2018, and enhanced by
basal subduction erosion. The Iquique Basin exhibits a landward
migration of its depocenter, with older sediments forming a paleo-basin
on the trench-ward side of it and younger sediments concentrated
mainly in the landward side of the basin. This suggests landward
migration of the trench and seismogenic zone through time and erosion
(both from above and below) of the outer wedge. Growth strata and
harpoon structures in the younger sediments suggest that the active
normal structures are located mainly in the landward half of the basin.
From the presence of harpoon structures we can also conclude that this
portion of the wedge has not only been affected by normal stresses due
to basal erosion and coseismic extension, but also compressional
stresses, probably related to interseismic compression, in agreement
with the March 16th reverse-faulting foreshock.
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