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a b s t r a c t
The 27 February, 2010 Maule earthquake (Mw = 8.8) ruptured ~400 km of the Nazca-South America plate
boundary and caused hundreds of fatalities and billions of dollars in material losses. Here we present
constraints on the fore-arc structure and subduction zone of the rupture area derived from seismic refraction
and wide-angle data. The results show a wedge shaped body ~ 40 km wide with typical sedimentary velocities
interpreted as a frontal accretionary prism (FAP). Landward of the imaged FAP, the velocity model shows an
abrupt velocity-contrast, suggesting a lithological change which is interpreted as the contact between the FAP
and the paleo accretionary prism (backstop). The backstop location is coincident with the seaward limit of the
aftershocks, deﬁning the updip limit of the co-seismic rupture and seismogenic zone. Furthermore, the
seaward limit of the aftershocks coincides with the location of the shelf break in the entire earthquake rupture
area (33°S–38.5°S), which is interpreted as the location of the backstop along the margin. Published seismic
proﬁles at the northern and southern limit of the rupture area also show the presence of a strong horizontal
velocity gradient seismic backstop at a distance of ~ 30 km from the deformation front. The seismic wide-angle
reﬂections from the top of the subducting oceanic crust constrain the location of the plate boundary offshore,
dipping at ~ 10°. The projection of the epicenter of the Maule earthquake onto our derived interplate boundary
yielded a hypocenter around 20 km depth, this implies that this earthquake nucleated somewhere in the
middle of the seismogenic zone, neither at its updip nor at its downdip limit.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
The Chile subduction zone is among the most active convergent
margins on earth, producing a large earthquake (MwN 8.0) every ~10–
20 years. These large earthquakes also cause signiﬁcant vertical motion
that can generate devastating tsunamis (e.g., Bilek, 2010 and references
therein), as occurred during the devastating 27 February 2010
earthquake in Chile. This earthquake hit the south central part of Chile
producing a tsunami which affected not only the continental central
Chilean coast, but also the Juan Fernández Islands located some 670 km
offshore. It caused more than 500 casualties and billions of dollars in
material losses. The epicenter of this earthquake was preliminary located
by the US Geological Survey (USGS) catalog at ~35.97°S and ~72.87°W
(http://earthquake.usgs.gov/regional/world/historical.php) offshore of
the Chilean Maule region. The rupture zone, estimated by the USGS
aftershocks (Fig. 1), covers a distance of approximately 500 km long
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between the Juan Fernández Ridge (JFR) in the north and the Mocha
Fracture Zone in the south (Fig. 1). The distribution of the aftershocks of
the Maule earthquake (http://neic.usgs.gov) suggests that the rupture
area of this megathrust earthquake is larger than the so-called mature
seismic gap between Constitución and Concepción (35°S–37°S) inferred
from local seismological (Campos et al., 2002) and geodetic data, whose
rupture estimated would produce a Mw= 8.5 event (Ruegg et al., 2009).
This segment ruptured in 1835 and the earthquake's effects were studied
and described by Charles Darwin more than 160 years ago (Darwin,
1851).
The seismogenic zone along the subduction interface does not
normally extend all the way to the trench axis and the shallowest part of
the plate interface is considered to be seismically decoupled (Byrne
et al., 1988; Contreras‐Reyes et al., 2010; Obana et al., 2003). The
aseismic region of the subduction interface, located seaward of the
updip limit of the seismogenic zone, is considered to be caused by the
presence of high pore ﬂuid pressure within unconsolidated sediments
(the accretionary prism) which approach lithostatic pressure, resulting
in a substantial decrease in effective normal stress. Low effective normal
stress results in low shear strength along the subduction interface,
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Fig. 1. The top ﬁgure corresponds to the map of the central Chile region. The red dots represent the seismic events with magnitude higher than 4 reported by NEIC catalog between
27th of February and 1st of August 2010. The red box outlines the rupture area of the Mw = 8.8 Maule earthquake estimated from the aftershocks. The 2D proﬁle imaged by our
tomographic model is denoted by a thick black line. The yellow star shows the epicenter of the Maule earthquake reported by the NEIC catalog. The bottom ﬁgure corresponds to an
enlargement of the map in the vicinity of the location of our proﬁle. The shooting line is represented by a black line and its projection on land is denoted by a thinner pink line. The
OBS/OBH deployment places are represented by pink dots, the white dots are the positions of the land stations, and the gray correspond to their projection on our proﬁle. The white
triangles in both ﬁgures show the exact position of the stations that recorded the data examples shown in Fig. 2.

which in turn means that the accretionary prism does not accumulate
strain that is released as sudden slip during large earthquakes (e.g.,
Byrne et al., 1988). Thus, the updip limit of the seismogenic zone is
expected to be coincident with the landward limit of the accretionary
prism (Byrne et al., 1988; Contreras‐Reyes et al., 2010).
Seismic refraction and wide-angle data collected in 2008 offshore
the Maule region provide a unique opportunity to gain insights into the
seismic structure and geometry of the co-seismic rupture area of the
Maule megathrust earthquake. Here, we present a high resolution 2D

seismic tomographic image derived from an amphibious seismic proﬁle
located above the area of maximum co-seismic slip of the 2010 Maule
Earthquake (Delouis et al., 2010; Moreno et al., 2010; Tong et al., 2010).
The derived velocity model and aftershocks distribution is used to study
the nature of the updip limit and the structure of the Maule earthquake
rupture area. The main aim of this paper is to examine the interplay
between the aseismic–seismic and the accretionary prism-continental
framework transition zones for the case of the Maule megathrust
earthquake (Mw = 8.8).
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2. Tectonic setting
Along the central Chilean margin the oceanic Nazca plate subducts at
a convergence rate of approximately 6.6 cm/year beneath the SouthAmerican plate, with a convergence azimuth of ~78°E (Angermann
et al., 1999). The southern central Chile trench (33°S–46.5°S) is ﬁlled by
terrigenous sediments sourced from the Andes (Thornburg and Kulm,
1987), rising to a thickness of 2–3 km at the trench axis (e.g. Scherwath
et al., 2009). Trench sediments are redistributed from south to north due
to the slight northward dip of the trench ﬂoor (e.g. Thornburg et al.,
1990).
Our study area is located between the Juan Fernández Hotspot Ridge
and the oceanic Mocha Fracture Zone which is approximately coincident
with the aftershocks of the Maule megathrust earthquake (Fig. 1). Here,
the 30–38 Myr old Nazca plate (Müller et al., 1997) presents a
prominent outer-rise seaward of a narrow trench basin where the
uplifted oceanic basement is covered by a few hundred meters of pelagic
sediments (Contreras-Reyes and Osses, 2010). Reduced values of Vp in
the oceanic crust and in the upper mantle beneath the trench-outer rise
zone have been imaged by seismic data (Contreras-Reyes et al., 2008),
which may reﬂect normal faulting which creates pathways for
hydration of the oceanic plate and upper mantle, producing upper
mantle serpentinization (e.g. Contreras-Reyes et al., 2008, Ivandic et al.,
2008).
From the seismologic point of view, the central Chile subduction
zone is one of the most active regions worldwide. The largest
earthquake ever measured with a magnitude of Mw = 9.5, ruptured
about 1000 km from Arauco peninsula (which is also the southern
limit of the 2010 Maule earthquake rupture zone) in the north to the
Chile triple junction in the south (Barrientos and Ward 1990; Cifuentes
and Silver, 1989). The rupture of the 2010 Maule Earthquake coincides
with the seismic gap along the 1835 earthquake rupture zone, where
two large earthquakes hit during the last century on 1928 (Ms = 8.0)
and on 1939 (Ms = 7.8). These earthquakes were initially assumed to
be interplate, but it has been shown that the 1939 earthquake was not
a thrust earthquake, but a large intraplate event (Beck et al. 1998;
Campos and Kausel 1990). Therefore, stress accumulated in the
interplate boundary between 35°S and 37°S for almost 175 years
(Campos et al. 2002; Ruegg et al. 2009), and when the stress is ﬁnally
released, slip occurred not only on the 1835 rupture area, but also
along the interplate interface to the north that ruptured the 1928 and
1985 earthquakes, and along most of that zone ruptured during the
1906 earthquake (Beck et al., 1998).
3. Seismic experiment and data
A combined onshore–offshore survey was carried out in central
Chile at ~34.5°S. The data were recorded in March 2008 during cruise
JC23 of the British R/V James Cook. The resulting ~300 km long proﬁle
is comprised of 25 Ocean Bottom Seismometers/Ocean Bottom
Hydrophones (OBS/OBH), and 5 short period land stations recorded
the airgun shots ﬁred from the vessel up to 80 km onshore. The
seismic line covers the trench-outer rise, trench and fore-arc regions
and continental crust. As seismic source we employed four tuned
arrays of 3 airguns each plus two single airguns, providing a total
volume of 11,200 in.³. Shots were ﬁred every 60 s. at a speed of 5 km,
yielding a shot spacing of ~150 m. Preprocessing of the OBS/OBH data
included calculation of the clock-drift corrections to adjust the clock in
each instrument to the GPS base time, and instrument locations to
correct for drift from the deployment position during their descent to
the seaﬂoor using the direct water wave arrival. A time-gated
deconvolution was applied to remove predictable bubble reverberations. Finally, for all the record sections, a time and offset-variable
Butterworth ﬁlter, in which the pass-band moves towards lower
frequencies as record time and offset increase, was applied to account
for frequency changes caused by signal attenuation.
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Fig. 2 shows three representative examples of record sections from
seismic stations located on the trench outer-rise, on the accretionary
prism and on the continent. We recorded refractions from the
sediments (Ps), crustal refractions (Pg), reﬂections from the top of
the oceanic crust (PtocP), wide-angle Mohorovicic discontinuity
(Moho) reﬂections (PmP), and mantle refractions (Pn) with excellent
data quality, which enabled us to determine the structure of the
continental wedge, oceanic crust, and upper mantle in detail. At some
forearc stations, we also detected reﬂections from the bottom of the
unconsolidated sediments (PsP). In the continental crust, we detected
a mid-crustal reﬂector (PrP) on the easternmost land stations,
indicating a strong velocity contrast between upper and lower
continental crust beneath the coastal mountains.
4. Tomographic inversion scheme
The seismic velocity distribution was modeled by joint refraction/
reﬂection 2D tomographic inversion using the program TOMO2D
(Korenaga et al., 2000). Our starting model is a simple layered
structure including the following units (1) water, (2) sediments and
accretionary wedge, (3) oceanic crust and (4) upper oceanic mantle.
The size of the grid employed is 310 km long and 40 km deep, with a
horizontal spacing of 500 m. In order to mimic the decreasing
resolution at increasing depths, we parameterized the vertical spacing
increasing with depth from 100 m just beneath the seaﬂoor to 300 m
at 40 km depth. The correlation length parameters were chosen to be
0.5 km × 0.1 km (horizontal × vertical) at the top and linearly increasing with depth to 3 km × 3 km at 40 km depth. Several tests have
shown that varying the values of correlation lengths by 50% does not
signiﬁcantly affect the main features of the model (Korenaga et al.,
2000). Because of the trade-off between correlation lengths and
smoothing weights, we used correlation lengths as short as possible
and controlled the stability of the inversion by using large smoothing
weights in order to reduce computational memory requirements
(Korenaga et al., 2000). The layer interface geometry is represented by
a ﬂoating reﬂector which consists of an independent array of linear
segments with a horizontal spacing of 500 m and only one degree of
freedom in the vertical direction. Depth and velocity nodes are equally
weighted in the refraction and reﬂection travel time inversions.
The data set used for the travel time inversion is comprised by
~11,000 ﬁrst arrivals (Ps + Pg and Pn), ~ 2500 PtocP and ~5000 PmP
phases which were identiﬁed and handpicked from a total of 30
instruments. The pick uncertainty was assumed to be half of the
period of one arrival and was weighted according to the phase quality
in order to account for systematic shift in the phase identiﬁcation.
Thus, the error assigned for the picks was 50 ms for Ps, 70 ms for Pg
and 120 ms for PtocP, PmP and Pn phases.
In the ﬁrst iteration only picks with offsets smaller than 15 km
were inverted. In the following iterations, we increased this offset
threshold in steps of 20 km, 30 km, 50 km, and all the picks,
subsequently. This stepwise increment in the maximum offset
ensures that the shallow part of the model is inverted before the
deeper. This approach is necessary mainly for two reasons: (1) The ray
coverage of the deeper parts is less dense and (2) The calculated travel
times for deeply penetrating rays are also inﬂuenced by the shallower
part of the model. We generalized this inversion methodology for the
whole model by taking a top-to-bottom approach that consists of
inverting the shallowest layer, and then ﬁxing the upper section of the
model with a weight of 1000 compared to the deeper sections. Then,
we ran the joint inversion for the velocity and reﬂector geometry for
the next depth layer. The stopping criteria of the inversion for each
offset step was whether when the number of iterations reached four
or the residual error of the travel times (time observed minus time
calculated) reached a value equal to or smaller than the error assigned
to the picks, i.e. χ 2 ≤ 1, where χ 2 is the normalized sum of the RMS
misﬁts divided by the corresponding picking uncertainties; a value of
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Fig. 2. (Top) Record sections of OBS327 located on the trench-outer rise area, OBH314 over the accretionary prism and land station 004. Time axis is reduced by 6 km/s. (Center)
Record sections with superimposed travel times (blue) and picks used in the inversion (red). The nomenclature is as follows: Pw = water wave, Pgap = refraction in the
accretionary prism, Pgoc = refraction in the oceanic crust, Pn = refraction in the upper mantle, PsP = reﬂection from the bottom of the sedimentary layer, PtocP = reﬂection from
the top of the oceanic crust, PmP = reﬂection from the oceanic crust/mantle boundary, PrP = reﬂection form the continental crust. (Bottom) Disposition of the seismic stations used
for the modeling on the bathymetry and seismic reﬂectors modeled. Pink dots correspond to OBH/OBS, gray dots correspond to land stations and the green triangles correspond to
the stations which recorded the data examples shown. The solid and dashed lines represent the reﬂectors show presence or absence of observed arrivals respectively. The segmented
line within the oceanic crust denotes a change of the velocity gradient that might correspond to the limit between upper and lower oceanic crust.

1 means that the model error is equal to the data uncertainty.
However, PrP was best seen on the two most eastward stations. We
included the phase after inverting for the Pg and constrained the
depth to the intracrustal reﬂector by a grid search, assuming a
horizontal layering of the boundary. This is a reasonable approximation as the phase was only observed over a lateral distance of ~40 km.
The velocity contrast across the layer was approximated by using
constraints from the Zoeppritz equations, indicating a velocity
contrast of 0.5–0.6 km/s. In addition, using the Snell's law with
velocities of 6.2 km/s and 6.7 km/s and a reﬂector at 20 km depth, we
estimate a critical distance of ~97 km. The critical distance obtained,
roughly coincides with the offset at which we can distinguish clear
post critical PrP reﬂections in the data (see Fig. 2). Subsequently, we
ﬁxed the layered structure obtained and repeated the previous step
for the following deeper layer. Finally, we kept the entire crustal
structure ﬁxed and inverted for the velocity in the upper mantle
through the Pn refractions.
5. Resolution of the velocity model
To check the accuracy of the ﬁnal model, we computed synthetic
travel times for the ﬁrst arrivals and reﬂected phases. To compare the

seismic sections and the synthetic travel times, we superimposed the
calculated travel times on the data. Fig. 2 shows that the travel times
predicted by our tomographic velocity model are in good agreement
with the data recorded: all the ﬁrst arrivals and the post-critical
reﬂections calculated match the observed arrivals; however, precritical reﬂections are not clearly identiﬁed in most of the record
sections.
In order to evaluate the capability of our velocity model to resolve
spatial and amplitude variations, which are dependent on the given
ray geometry and the velocity distribution, and also to evaluate the
non linear sensitivity of the inversion, we computed checkerboard
tests using a pattern of alternate positive and negative velocity
anomalies of small amplitudes, compared to the ﬁnal model. The ﬁnal
inverted velocity model is perturbed by the checkerboard pattern,
yielding a known artiﬁcial model with the same source–receiver
geometry as the original data. Synthetic travel times were computed
through the perturbed model, and subsequently we performed a
tomographic inversion based on these travel times, using the
unperturbed velocity model as the initial model, in order to recover
the initial perturbation pattern. To compute this test, we used
Gaussian anomalies of amplitude ±5% with four different sizes a)
2.5 × 2.5 km; b) 10 × 5 km; c) 20 × 10 km; d) 40 × 20 km (horizontal by
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vertical extent). The results of the test, presented in Fig. 3, show that
for the smallest perturbations, the full recovery of shape and
amplitude of the anomalies is restricted to the sedimentary layer.
For the case of the anomaly pattern b) we recovered the structure in
the sediments, oceanic crust and accretionary wedge, but poor
recovery for depths greater than 15 km and for the onshore part of
the model. A similar behavior is observed for larger size anomalies c)
and d), but with higher recovery in the lower oceanic crust and upper
mantle than for the cases a) and b). Based on the checkerboard tests,
we conclude that our model is highly reliable between distances of
−100 km and 100 km from the deformation front and depths up to
15 km. On the other hand, it is likely that the velocity values tend to be
over- or under-estimated in the order by 2 –3% of Vp in the upper
continental crust. We also concluded from this test that the velocities
for the lower continental crust and the deep oceanic crust have low
resolution for small features. The seismic ray distribution in our model
is represented by the Derivative Weight Sum (DWS) shown in Fig. 5c,
which mathematically corresponds to the vector sum of the velocity
kernel. This parameter provides crude information on the linear
sensitivity of the inversion, describing the relative ray density near a
given velocity node (Toomey and Foulger, 1989). Hence the resolution
breaks down in the areas of low ray density, represented by low DWS
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values, while the recovery is high in the areas of high DWS values
(Fig. 5c).
6. Results
The seismic structure along the proﬁle is presented in Figs. 4 and
5b. The incoming oceanic crust seaward of the deformation front
(deﬁned as the origin for the horizontal coordinate) is characterized
by a uniform thickness of approximately 6 km and velocities ranging
between 4.5 km/s and 7.1 km/s for the upper and lowermost crust,
respectively. These velocities are typical for a mature Paciﬁc oceanic
crust far from the spreading center (Grevemeyer et al., 1998).
Approaching the trench, however, the crustal velocities decrease,
likely due to normal faulting produced by plate bending (e.g.
Contreras-Reyes et al., 2008; Ivandic et al., 2008). Well developed
outer-rise faults observed in our high resolution bathymetric data
(Figs. 1 and 5) are coincident with the outer-rise seismicity (Fig. 1).
The upper oceanic mantle velocities range from 7.5–7.8 km/s beneath
the trench axis to 8.2 km/s beneath the continental slope, perhaps
indicating that the upper mantle is serpentinized. In fact, this ﬁnding
is concordant with previous seismic works carried out in south central
Chile (Contreras-Reyes et al., 2008; Contreras-Reyes and Osses, 2010;

Fig. 3. Results of the checkerboard tests. For each sub-plot: the top ﬁgure is the synthetic resolution pattern, and the bottom is the recovery. The inversion stopped when the output
model satisﬁed (χ² ≤ 1). The sizes of the anomalies are a) 2.5 × 2.5 km; b) 10 × 5 km; c) 20 × 10 km; d) 40 × 20 km (horizontal by vertical extent). Gray solid lines represent structural
elements of the model.
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Fig. 4. Travel time tomography of the forearc offshore Maule and its seismic interpretation based on the comparison of our results with the structure of the margin offshore Arauco
(Contreras-Reyes et al., 2008). Solid white lines represent the reﬂectors used for the inversion, while the segmented line in the continental wedge represents the intracrust reﬂector
modeled by forward ray tracing.

Scherwath et al., 2009) and suggests that the serpentinization of the
oceanic mantle beneath the trench outer rise is a common process
along the Chilean margin (Contreras-Reyes and Osses, 2010).
In the overriding plate, the tomographic model reveals two
prominent velocity transition zones characterized by steep lateral
velocity gradients, resulting in a seismic segmentation of the marine
forearc. The margin is composed of three clear domains: (1) the toe of
the continental slope, a wedge shaped body with typical velocities of
sediments (b4.0 km/s) that we interpret as the frontal accretionary
prism (FAP). This shaped body extends from the deformation front up
to the shelf break, where domain (2) begins and extends to the coast
where velocities range between 4.0 km/s and 5.5 km/s, indicating a
lower effect of fracturing and a higher mechanical resistance in
comparison with the FAP. The transition between zones (1) and (2) is
characterized by a strong horizontal velocity gradient between 40 km
and 60 km landward from the deformation front. This domain has
been already interpreted as a paleo accretionary prism with an
estimated Jurassic age (Contreras-Reyes et al., 2008). We also identify
on the shallow part of this domain typical sediment velocities, layered
vertically and increasing from 2.5 on top to 4 km/s at the bottom,
corresponding to the Mataquito basin. This forearc basin is ﬁlled by
more than 3000 m of marine clastic sediments that were deposited
during the last ~ 100 Myr (Gonzalez, 1989). The transition to domain
(3) is signaled by another sharp velocity gradient further landward
where Vp increases from the continental shelf to values of ~5.0–
5.5 km/s near onshore. This change in velocity marks the transition of
the paleo accretionary prism to the late Paleozoic arc granitoids that
are associated with low P/T metasediment (“Eastern Series”) exposed
in the Coastal Cordillera (Arriagada et al., 2011).
The Top of the Oceanic Crust (TOC) dips from ~6 km beneath the
deformation front with an angle of 4°–6° and becomes steeper under
the shelf, dipping at ~10° and reaching some 22 km under the coast
line. The maximum depth to the top of the oceanic crust indicated by
our data is about 27 km, and occurs approximately 20 km landward of
the coastline.
7. Discussion and conclusions
7.1. Relationship between the updip and the backstop
The abrupt horizontal velocity gradient detected between ~40 and
60 km landward of the deformation front (Fig. 4) is interpreted as a
transition from accreted sediments to the paleo accretionary complex

(backstop). The backstop is deﬁned as a region within the forearc that
is signiﬁcantly stronger than the accreted sediment lying further
trenchward (Byrne et al., 1988). In addition, the backstop may control
the seismic front, a transition zone between stable and stick–slip
frictional sliding along the plate boundary. Thus, the seismic front may
be related to the maximum depth of the unconsolidated FAP
sediments, which marks the deep end of the aseismic zone and
hence the updip of the seismogenic zone (Byrne et al., 1988).
Therefore, seismic energy may dissipate as anelastic deformation
through the accretionary prism and/or as stable aseismical sliding
(Scholz, 2002). This stable sliding between the plates is probably
facilitated by the presence of overpressured and unconsolidated
sediments at the plate boundary, and therefore it is characterized by
the absence of both strong and weak thrust earthquakes (Byrne et al.,
1988).
Fig. 1 shows the USGS aftershock distribution along the rupture
area of the mega-thrust Maule earthquake (http://neic.usgs.gov)
where most of the interplate events concentrate. It is interesting to
note that the aftershock distribution of the Maule earthquake displays
a clearly deﬁned aftershock front at a roughly constant distance from
the deformation front of 30–50 km. Furthermore, the seaward limit of
the aftershocks is coincident with the location of the imaged seismic
backstop (Fig. 4). On Fig. 5a we show a frequency histogram based on
the projection of more than 1000 afterschocks on our proﬁle. It
presents three clear areas: (1) the trench outer-rise region where
seismic activity concentrates less than 10% of the observed seismicity,
(2) a seismically inactive region, beneath the FAP, and (3) the
seismogenic zone, which begins at the backstop. This ﬁnding suggests
that the frontal accretionary prism indeed behaves as an aseismic
region and the backstop deﬁnes the updip limit of the seismogenic
zone. Published 2D seismic velocity models in the northern and southern
limit of the Maule rupture area show a FAP with a similar size (~30 km
wide) (Contreras-Reyes et al., 2008; Zelt et al., 2003; respectively). The
distance of the backstop offshore Maule at ~40–60 km from the
deformation front, is also concordant with the location of the backstop
imaged by Diaz-Naveas (1999) and Grevemeyer et al. (2003), analyzing
multi-channel seismic reﬂection data between 35°S–40°S. Therefore, the
structure of the marine fore-arc may control the seaward limit of coseismic rupture in south-central Chile (Contreras‐Reyes et al., 2010).
However, the backstop roughly coincides with the location of the
thermally deﬁned up-dip limit proposed by heat ﬂow surveys
(Grevemeyer et al., 2003). Therefore, both the occurrence of a
water-rich and highly unconsolidated accretionary prism and a
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Fig. 5. a) Frequency histogram of the aftershocks plotted in Fig. 1 between 34.5°S and 38°S, projected on our proﬁle. Three clear zones can be identiﬁed: The blue zone corresponds to
the bend related seismicity zone by normal faulting in the outer-rise area, comprising 10% of the observed seismicity. The brown area is the seismogenic zone, where almost 90% of
the seismic activity is considered. Between the seismogenic and bending related seismicity there is an aseismic zone (white) which comprises only 2% of the seismicity. b) Seismic
image of the Maule proﬁle obtained by joint refraction/reﬂection inversion and masked by the seismic ray paths. The overall residual time of the model is 0.103 ms (χ2 = 1.1).
c) Derivative weigh sum (DWS).

temperature of 100 °C to 150 °C in the subduction thrust may
establish the seaward limit of the seismogenic coupling zone.
The strong spatial correlation among coseismic activity, backstop,
location of the continental shelf and position of the 100–150 °C
isotherm in the interplate contact has also been observed and
analyzed in other well studied subduction zones such as south Alaska,
Cascadia (Oleskevich et al. 1999), Japan (Nakanishi et al. 2004, Obana
et al., 2003, Oleskevich et al., 1999) and Sumatra (Klingelhoefer et al.,
2010). This suggests not only that these features are interrelated, but
also that it is common in subduction zones capable of producing large
earthquakes.
7.2. Maule earthquake nucleation zone
The plate interface is well constrained by refractions and reﬂections down to a depth of ~15 km. At greater depth the geometry of
the interface is entirely based on wide-angle reﬂections from the top
(PtocP) and bottom (PmP) of the subducting plate, recorded at the

land stations. If we assume that the epicenter location published by
the USGS for the main shock of 27th February 2010 is correct, then the
projection of this location on our derived interplate boundary gives a
depth of ~20 km near the coast (see Fig. 6).
If we examine the maximum depth of seismic coupling and
compare it with the hypocenters of thrust earthquakes, this suggests
that large interplate earthquakes (M N 6) nucleate preferentially far
downdip from the trench axis at a depth of about 50 km for the Chilean
margin (Tichelaar and Ruff 1991; Tichelaar and Ruff 1993). A recent
example of this is the 2007 Tocopilla earthquake (Mw = 7.7) that
ruptured the deeper part of the seismogenic interface, between 30 and
50 km depth (Bejar-Pizarro et al. 2010; Peyrat et al., 2010).
Surprisingly, our estimation of the hypocenter shows that the Maule
earthquake nucleated offshore and beneath the forearc basin,
somewhere in the middle of the seismogenic zone, probably near
the intersection between the incoming oceanic plate and the boundary
between upper and lower continental crust, as it is shown in Fig. 6. The
hypocenter is clearly shallower than the expected downdip limit of
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Fig. 6. Joint bathymetric and seismic interpretation of the study area, AP stands for accretionary prism. The red thick line corresponds to the estimated seismogenic zone, and the
white segmented line to the aseismic zone. The star denotes the estimated hypocenter of the Mw = 8.8 earthquake projected onto our proﬁle. The orange dots on the bathymetry
indicate the deformation front and the yellow ones the projection of the backstop front.

seismic coupling deﬁned by the intersection of the plate boundary
with the continental Moho at ~ 35–40 km depth (Haberland et al.,
2009; Heit et al., 2008; Lloyd et al., 2010; Tong et al., 2010) and the
seismic coupling depth derived from GPS data, occurring at 50 km
(Ruegg et al., 2009).
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