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S U M M A R Y
Crustal- and upper-mantle structures of the subduction zone in south central Chile, between
42◦S and 46◦S, are determined from seismic wide-angle reflection and refraction data, using
the seismic ray tracing method to calculate minimum parameter models. Three profiles along
differently aged segments of the subducting Nazca Plate were analysed in order to study
subduction zone structure dependencies related to the age, that is, thermal state, of the incoming
plate. The age of the oceanic crust at the trench ranges from 3 Ma on the southernmost profile,
immediately north of the Chile triple junction, to 6.5 Ma old about 100 km to the north,
and to 14.5 Ma old another 200 km further north, off the Island of Chiloe. Remarkable
similarities appear in the structures of both the incoming as well as the overriding plate. The
oceanic Nazca Plate is around 5 km thick, with a slightly increasing thickness northward,
reflecting temperature changes at the time of crustal generation. The trench basin is about 2
km thick except in the south where the Chile Ridge is close to the deformation front and only a
small, 800-m-thick trench infill could develop. In south central Chile, typically three quarters
(1.5 km) of the trench sediments subduct below the decollement in the subduction channel.
To the north and south of the study area, only about one quarter to one third of the sediments
subducts, the rest is accreted above. Similarities in the overriding plate are the width of the
active accretionary prism, 35–50 km, and a strong lateral crustal velocity gradient zone about
75–80 km landward from the deformation front, where landward upper-crustal velocities of
over 5.0–5.4 km s−1 decrease seaward to around 4.5 km s−1 within about 10 km, which possibly
represents a palaeo-backstop. This zone is also accompanied by strong intraplate seismicity.
Differences in the subduction zone structures exist in the outer rise region, where the northern
profile exhibits a clear bulge of uplifted oceanic lithosphere prior to subduction whereas
the younger structures have a less developed outer rise. This plate bending is accompanied by
strongly reduced rock velocities on the northern profile due to fracturing and possible hydration
of the crust and upper mantle. The southern profiles do not exhibit such a strong alteration of
the lithosphere, although this effect may be counteracted by plate cooling effects, which are
reflected in increasing rock velocities away from the spreading centre. Overall there appears
little influence of incoming plate age on the subduction zone structure which may explain
why the Mw = 9.5 great Chile earthquake from 1960 ruptured through all these differing age
segments. The rupture area, however, appears to coincide with a relatively thick subduction
channel.

Key words: Controlled source seismology; Seismic tomography; Subduction zone processes;
Continental margins: convergent; Crustal structure; South America.
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1 I N T RO D U C T I O N

South central Chile represents one of the most favourable natu-
ral laboratories to study subduction zone processes and their de-
pendence on age, that is, the influence of the thermal state of
the incoming plate on subduction zone processes. At 46.5◦S the

C© 2009 The Authors 579
Journal compilation C© 2009 RAS



580 M. Scherwath et al.

Figure 1. Overview map offshore south central Chile. Inset shows location of working area with respect to South America. Main map shows illuminated
bathymetry. Oceanic plates are in dark grey. The actively spreading Chile Ridge is offset by several fracture zones (FZ) and separates the Nazca and Antarctic
Plates. Light grey marks overriding continental South American Plate. All three tectonic plates join at the Chile triple junction, marked as black circle. Plate
motion vectors relative to South American Plate show convergence rate (DeMets et al. 1994; Angermann et al. 1999). Major data corridors of TIPTEQ project
are also shown, with area of Fig. 2 drawn as large black square.

actively spreading Chile Ridge enters the Chile margin and sub-
merges beneath the continental South American Plate at the Chile
triple junction (Fig. 1). Within 1000 km to the north of the Chile
triple junction, the age of the incoming Nazca Plate increases
from 0 to 30 Myr, and several cross-cutting fracture zones divide
the young oceanic plate into distinct segments of thermally quite
different subducting lithosphere (Cande & Leslie 1986; Tebbens
et al. 1997). This paper focuses on the structure of the incom-
ing and overriding plates at the southern central Chile margin
along three distinct sections with different age of the subducting
plate to investigate possible dependencies of plate age and thus
temperature.

The importance of temperature at the subduction interface lies
mainly in the seismicity because the seismogenic zone appears
strongly dependent on the temperature distribution (Hyndman &
Wang 1993; Oleskevich et al. 1999; Currie et al. 2002). In partic-
ular, the subduction of young lithosphere, where the temperature
range for thrust earthquakes exists in the shallow, flat part, is often
accompanied by large mega-thrust earthquakes. The largest earth-
quake ever recorded, the Mw = 9.5 event of 1960, happened in

our working area in the south central Chile region (Cifuentes 1989;
Barrientos & Ward 1990). For oceanic lithosphere, the most pro-
nounced changes occur in the first 20 Myr, when the strongest
change in thermal state and earthquake depths are observed (Kirby
et al. 1996; Stein & Stein 1996).

Our study is part of the TIPTEQ project (from The Incoming
Plate to mega-Thrust EarthQuake processes) with the objectives to
investigate the structure and thermal state of the oceanic plate and
the subduction zone, the composition and rheology of the subduct-
ing sediment, seismicity and nucleation of large subduction-related
earthquakes, and the role of water in all of the above (Rietbrock
et al. 2005; Scherwath et al. 2006). TIPTEQ therefore comprises
active and passive source seismology on- and offshore for struc-
ture and seismicity information (Haberland et al. 2006; Scherwath
et al. 2006; Contreras-Reyes et al. 2007, 2008a,b; Lange et al. 2007;
Gross et al. 2008; Tilmann et al. 2008), heat-flow measurements for
thermal modelling (Voelker et al. 2007; Heesemann et al. 2007),
sediment probing for compositional, chemical and mechanical data
(Roeser et al. 2007), magnetotelluric soundings for subsurface re-
sistivity (Kapinos & Brasse 2006; Brasse et al. 2009), and extensive
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Deep lithospheric structures of the southcentral Chile margin 581

multibeam bathymetric mapping throughout the entire survey area
offshore (Scherwath et al. 2006).

Other areas with relatively young subducting oceanic plate are
Cascadia (e.g. Hyndman & Wang 1993) and Central America (e.g.
Currie et al. 2002), though none of these have been systematically
studied for the variation in age of the incoming plate. Therefore,
the TIPTEQ project presents a unique opportunity for the study
of subduction zone processes where an incoming plate of younger
ages is involved.

In this paper, results from seismic wide-angle reflection and re-
fraction data are presented. The structure and deformation of both
the incoming oceanic Nazca Plate and the overriding continental
South American Plate are shown.

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

In south central Chile, the incoming oceanic lithosphere of the
subduction zone comprises both the Nazca Plate to the north and
the Antarctic Plate to the south of the Chile Ridge (Fig. 1). The
Chile Ridge encounters the overriding, continental South American
Plate to form the Chile Triple Junction at 46.5◦S (Fig. 1). The half
spreading rate at the Chile Ridge has been 31 mm a−1 since 5 Ma,
but back to 25 Ma varied between 38 and 61 mm a−1 (Tebbens
et al. 1997). The spreading centre is actively subducting south of
the Chile Tripe Junction. North of the triple junction the Nazca Plate
subducts beneath the South American Plate at a rate of 66 mm/a
directed at N80◦E (DeMets et al. 1994; Angermann et al. 1999).
The Chile Margin strikes around N95◦E, thus the plate convergence
in this region is 15◦.

Active spreading at the Chile Ridge implies that the subducting
lithosphere is young. The age of the Nazca Plate directly at the
Chile Margin ranges from 0 at the triple junction to about 30 Myr
offshore the Arauco peninsula, the northern limit of our working
area offshore (Fig. 1). Several fracture zones divide the Nazca Plate
into segments of distinct ages at the trench (Fig. 1).

The composition of the overriding part of the South American
Plate is divided into the Coastal Platform (Cenozoic marine and
continental sediments), the Coastal Cordillera (crystalline basement
of Palaeozoic accretionary complex and magmatic arc), the Central
Depression (Pliocene–Quaternary sediment filled basin), and finally
the Main Cordillera (active volcanic arc) (Melnick et al. 2006).

Along the Chile Margin, the subduction style changes from being
erosional north of the Juan Fernandez Ridge (33◦S) to accretionary
in the south, though with the exception of the Chile Ridge sub-
duction which erodes the overriding plate (Bangs & Cande 1997;
Ranero et al. 2006). Because of episodes of small sediment sup-
ply in our study area basal erosion of both the upper plate and
especially any former accretionary structures occurred, and so a
reconstruction of the convergence history within the sediments was
rendered impossible (Bangs & Cande 1997). The analysis of forearc
basin structures suggests that the change from subduction erosion
to accretion occurred about 3 Ma ago (Melnick & Echtler 2006).
According to the size of the accretionary wedge, accretion has been
active for the last 1–2 Myr, but a large part of the incoming sediment
is actively subducting (Bangs & Cande 1997; Diaz-Naveas 1999;
Behrmann & Kopf 2001; Ranero et al. 2006).

Seismologically, south central Chile represents one of the most
active regions on the planet, with large to giant mega-thrust earth-
quakes occurring every 130 and 300 yr, respectively (Cisternas
et al. 2005). The largest historic earthquake, occurring in 1960 with
a magnitude of Mw = 9.5, ruptured over a length of almost 1000 km

from 37◦S down to 46◦S near the Chile junction (Cifuentes 1989;
Barrientos & Ward 1990). We concentrated our efforts on the south-
ern part of this area, where this giant earthquake ruptured across
several segments of differing age of subducting lithosphere.

3 S E I S M I C DATA

The data analysis focuses on the structures along the TIPTEQ Cor-
ridors 3 and 4 (Fig. 2). Both extend from the spreading centre at the
Chile Ridge onto the continental shelf up to a few kilometres off the
coast, resulting in lengths of 320 and 225 km for Corridors 3 and
4, respectively. In addition, TIPTEQ Corridor 2 (Fig. 2), where the
oceanic part has been analysed and published by Contreras-Reyes
et al. (2007), was extended up the continental shelf and the results
are also shown here. This corridor has a total length of 350 km,
though only the easternmost 75 km are analysed here.

Ocean bottom seismometers (Bialas & Flueh 1999) and hy-
drophones (Flueh & Bialas 1996), hereinafter referred to as OBS/H,
were placed along the corridors at a nominal spacing of 5.5 km. The
seismic source was a 64-l (3900 cubic inch) airgun array fired about
every 100–150 m. In addition, a short 16-channel streamer was
towed behind the vessel during the wide-angle data acquisition to
provide some constraints on the shallow structures.

Of the 50 OBS/H of Corridor 3, 45 stations were of sufficient
quality for subsequent data analysis, and 34 out of 37 OBS/H of
Corridor 4 could be used. The data quality of these profiles was
limited by relatively high attenuation due to the young age of the
plate and the rough basement topography, and so the seismic signals
could only be identified up to offsets of 100 km. On Corridor 2,
previously 28 OBS/H stations on the oceanic plate and three stations
on the shelf were modelled (Contreras-Reyes et al. 2007), and here
we incorporated the remaining six stations on the shelf and two
seismological stations on land (Lange et al. 2007) for completion.
This northern profile exhibits better data quality than the southern
two profiles (see Section 5.2 for data examples).

Additional information on the shallow structures and the decolle-
ment reflector in particular is available from seismic multichannel
data collected in 1988 by the Lamont Dohorty Earth Observatory,
cruise RC 2901 of the RV Conrad (e.g. Bangs & Cande 1997), pro-
cessed in a basic conventional manner up to finite difference migra-
tion. Two of these seismic lines are nearly coincident with TIPTEQ
Corridors 3 and 4, respectively, but are oriented at a slightly different
angle. To compensate for the slight difference in shallow structures
between the TIPTEQ lines and the RV Conrad lines, a small static
time-shift was calculated taking into account the differences in wa-
ter depths.

4 W I D E - A N G L E DATA M O D E L L I N G

4.1 Method

We utilise the ray-tracing method of Zelt & Smith (1992) for deter-
mining a structural model that matches the observed seismic data.
The method performs forward ray tracing through a suitably param-
eterised model of depth interfaces and velocity nodes to determine
the mismatch between measured and predicted arrival times of the
measured phases. This mismatch in the form of travel time resid-
uals can be used either to calculate changes in model depth- and
velocity-nodes automatically during a linear inversion in a least-
square sense, or the model can be adjusted manually to accom-
modate the data misfit. If applying the inversion, an automatically
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Figure 2. Basemap of the three TIPTEQ seismic profiles analysed in this paper. High resolution bathymetry from TIPTEQ cruise SO181 and from Bourgois
et al. (2000). Small black triangles represent locations of ocean bottom seismic instruments and the black lines are ship tracks during seismic shooting. Also
shown is the age of the incoming oceanic plate near the western end of the profiles and at the intersection of the profiles with the trench. Highlighted are
selected stations for data examples discussed in Section 5.2 and in the Supporting Information.

calculated resolution matrix enables the assessment of the model
uncertainty (Zelt & Smith 1992). The ability for the final model to
trace rays to all observed phases and a comparison of calculated
and measured travel times with the picking uncertainty provides an
indication of the model quality.

4.2 Modelling strategy

Although the inversion method of Zelt & Smith (1992) can invert
the entire model simultaneously using all measured arrival times,
the models presented here were built in a top-down approach, start-
ing with the shallow structures constrained by seismic reflection
data from the short seismic streamer and the near offset data of
the OBS/H. The young and rough upper plate off southern Chile
exhibits strong lateral complexity in the shallow structures, and any
ambiguity in these shallow parts could cause significant distortion
in the deeper structures if not eliminated early during the mod-
elling. Some a priori knowledge of the existing tectonic setting and
high resolution bathymetry put constraints on the starting model,
and our final modelling strategy was to determine a ‘minimum-
parameter/prior structure’ model as defined by Zelt (1999). The
models were determined by automatic inversions with additional
manual adjustments for model structures that are relatively com-

plex (e.g. crossing the deformation front) or steeply dipping (rough
incoming plate or forearc basement).

4.3 Final models

Each final model consists of a water layer, two sedimentary layers,
an oceanic lithosphere consisting of upper- and lower-oceanic crust
and mantle and subducting below the continental shelf, and a con-
tinental crustal layer landward of the Chile Margin. Aside from the
reflective interfaces that determine the layer boundaries there are
also two non-reflective interfaces in the model for required changes
in the velocity gradient, one in the continental crust and, for Corri-
dor 3 only, one in the oceanic lower crust. Corridors 3 and 4 also
have a floating reflector (modelled using Zelt & Forsyth’s (1994)
algorithm) representing the decollement (from the aforementioned
RV Conrad multichannel data) above the basement of the downgo-
ing plate.

4.3.1 Corridor 4

Fig. 3 shows the TIPTEQ line that is closest to the Chile Triple
Junction, sampling the youngest subducting oceanic plate which
is 3 Ma at the trench. The oceanic crust is relatively thin, around
4.8 km. Sedimentary cover exists only between two basement highs
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Deep lithospheric structures of the southcentral Chile margin 583

Figure 3. Proposed final velocity model of TIPTEQ Corridor 4, with velocity contours in km s−1. Thicker black lines correspond to layer boundaries, dashed
lines to changes in velocity gradients. Thickest black line immediately east of deformation front represents floating reflector interpreted as decollement as
of multichannel seismic reflection data shown in Fig. 4. White box marks region shown in Fig. 4. Distance is given with respect to trench axis. Vertical
exaggeration in top panel 6:1.

about 30 km seaward from the trench and in the trench basin which
is about 15 km wide and up to 1.1 km thick. Here, the subducting
plate dips about 4◦ and steepens to roughly 15◦ at the downdip
data limit. Active spreading occurs about 75 km seaward off the
deformation front. The resolved seismic velocities are significantly
reduced around the spreading centre (Fig. 3). Away from the spread-
ing the crustal velocities stay below 7 km s−1, and mantle velocities
increase from 7.5 km s−1 at the spreading centre to 7.8 km s−1 at
the downdip limit of data coverage of the subducting mantle.

The deformation front is formed by a small, 10-km-wide frontal
ridge that raises the seafloor by about 1 km. Landward, the continen-
tal slope gradually flattens within about 50 km off the deformation
front. The sedimentary cover can be divided into three parts: (1)
the downgoing sediments below the decollement, forming the sub-
duction channel, with variable thickness between 500 and 1000 m
(Fig. 4); (2) the accreted sediments in the forearc with an estimated
thickness of up to 3.5 km; (3) the little deformed sediments on top
of the continental crust which are on average about 2 km thick but
forming a 35-km-wide and 3-km-deep forearc basin around 80 km
landward from the trench (Fig. 4). East of the forearc basin the
sediments are only a few hundred metres thick.

The most prominent feature of the continental shelf is the strong
contrast in crustal velocities about 75 km landward off the deforma-
tion front, below the forearc basin. The topmost continental crust
velocities increase landward from 4.0 km s−1 to about 5 km s−1and,
for example, the 5.6 km s−1 contour raises from about 8 km depth
to 4 km depth below the forearc basin and to 2 km depth east of the
basin.

4.3.2 Corridor 3

Corridor 3 (Fig. 5) is located where the age of the oceanic plate
at the trench is 6.5 Ma. The oceanic lithosphere is characterised
by a relatively thin, 5.2-km-thick crust with a local thickening be-
low a seamount. Significant sediment cover (more than 100 m)
commences about 125 km seaward off the deformation front, and
increases strongly in thickness about 50 km seaward off the defor-
mation front to form an up to 2-km-thick trench basin. The dip of
the subducting plate is about 3◦ below the trench and then gradually
steepening to roughly 10◦ towards the seismogenic zone. P-wave
velocities in the oceanic part vary, with reduced velocities around
the spreading centre (200 km seaward off the deformation front),
maximum crustal velocities around 125 km seaward off the trench,
and decreasing again towards the trench (Fig. 5). Oceanic mantle
velocities increase from the spreading centre to a ‘normal’ velocity
of 8.0 km s−1 about 75 km away from active spreading. The data
do not require a reduction in mantle velocity nearer to the trench as
seen in the crust above.

The slope of the continental shelf on Corridor 3 is slightly steeper
than on Corridor 4, crossing a forearc high 12 km off the deforma-
tion front, and flattens within 38 km from the trench. The decolle-
ment reflector indicates a 1500–2000-m-thick subduction channel
(Fig. 6). A small, 15-km wide, up to 2.5-km deep forearc basin
exists around 85 km landward from the trench. West of this basin
the sediments are relatively thick, on average about 1.5 km and
thickening where accretion takes place; however, east of the forearc
basin only a thin sedimentary cover is indicated.
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Figure 4. Multichannel seismic data from RC 2901 Line 743 from Lamont-Doherty Earth Observatory cruise in 1988 using RV CONRAD, converted to depth
using the velocity model of Corridor 4. Blue line is interpreted basement reflection, red line marks interpreted decollement reflection below which sediments
are subducting within the subduction channel whereas above the decollement active accretion of sediments takes place.

Figure 5. Proposed final velocity model of TIPTEQ Corridor 3; white box marks region shown in Fig. 6; details as of Fig. 3.
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Deep lithospheric structures of the southcentral Chile margin 585

Figure 6. Multichannel seismic data from RC 2901 Line 734, converted to depth using the velocity model of Corridor 3; details as of Fig. 4.

Similar to Corridor 4, a remarkable velocity contrast exists below
the continental shelf. East of 75 km off the trench the upper-crustal
velocities are above 5.0 km s−1 with velocity gradient of about
0.1 s−1. Towards the trench, the velocities are significantly reduced,
indicated for example by the plunge of the 5 km s−1 contour in
Fig. 5. As the transition between accreted sediments and slow upper
continental rocks is not imaged in the seismic data, upper crustal
velocities cannot be distinguished from those of accreted meta-
sediments. Hence the velocities of the upper crust are well below
5 km s−1, though without a clear lower limit.

4.3.3 Corridor 2

The complete model of this profile is shown in Fig. 7. The
seaward part of the model was already described by Contreras-
Reyes et al. (2007). An up to 5.5-km-thick crust was derived
with upper oceanic lithosphere velocities decreasing significantly
in the trench-outer rise area. Here we only focus on the conti-
nental shelf. The continental basement undulates below generally
thickening sediments, which form a 4-km deep forearc basin on
the flat part of the shelf about 75 km landward from the defor-
mation front. East of the forearc basin the sediments are only
up to 300 m thick. The dip of the downgoing plate is about 3◦

below the trench and up to 13◦ about 50 km landward from the
trench.

Upper-crustal velocities are slow, less than 4 km s−1 near the
deformation front, then increase to 4.3 km s−1 within 20 km.
Similar to the two southern profiles, there appears a strong hori-
zontal velocity contrast about 80 km landward from the deforma-
tion front, where the upper-crustal velocities increase rapidly to
5.2–5.4 km s−1.

5 M O D E L A S S E S S M E N T

5.1 Model resolution

Starting from the top, seafloor and sediment structures are well
determined by high-resolution multibeam bathymetry and vertical
seismic reflection data, respectively. The structure of the forearc
basin, however, is less clear in the seismic reflection data and was
primarily modelled with seismic refractions using crossover dis-
tances of crustal refractions as a measure for basement depth. Sed-
iment velocities were determined by refractions in the trench and
continental shelf.

Fig. 8 exhibits the model resolution of the subbasement structures
of Corridors 2–4. The size of the symbols indicate how well the
depth nodes (squares) and the velocity nodes (circles) are resolved.
Calculated resolution values depend on the ray density, proximity
of rays to the model nodes, and damping parameters used for the
inversion. Therefore, model resolution values are to be considered
as a relative measure. Resolution values vary between 1.0 (large
symbol) and 0.0 (small symbol). According to Zelt & Smith (1992),
nodes with resolution values greater than 0.5 can be considered as
well resolved.

In general, all three models appear relatively well resolved except
in the deep part around the subducting slab. Crustal velocities in the
oceanic and continental part as well as upper-oceanic mantle ve-
locities have resolution values generally above 0.75. The spreading
centre at the edge of Corridor 3 (Fig. 8b) has limited data coverage
in the shallow part and is therefore considerably less well resolved
than the spreading centre on Corridor 4 (Fig. 8c). OBS/H stations
of Corridor 2 were not deployed in the most shallow waters on
the shelf yet this area was still covered with airgun shots (Fig. 2).
However, as the structures appear fairly simple, only few model
nodes were required here which still are reasonably well resolved.
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Figure 7. Proposed final velocity model of TIPTEQ Corridor 2; details as of Fig. 3. West of deformation front the model corresponds to, and is discussed by,
Contreras-Reyes et al. (2007). Note that no data for decollement reflector were available.

Depth resolutions are reduced for the interface between upper- and
lower-oceanic crust and even further reduced for the interfaces used
for changing velocity gradients (dashed lines in Fig. 8). These in-
terfaces reflect seismic signals either weakly or not at all, resulting
in low-resolution values.

The data coverage of the models is shown in Fig. 9. As expected,
the coverage of the lithospheric structures decreases with depth and
towards the model edges. Maximum data penetration is in the region
of the downgoing slab, 22 km on Corridor 3, 23 km on Corridor 4
and 19 km on Corridor 2.

5.2 Data fits and model uncertainties

The Zelt & Smith (1992) ray-tracing algorithm automatically calcu-
lates normalised chi-square values (rms misfit divided by the data
uncertainty) that show how well the data fit the final model. A chi-
square value greater than 1 means that the data misfit is larger than
the data uncertainty, for example, a values of 4 means the misfit is
twice as large as the uncertainty. Chi-square values smaller than 1
mean that the model fits the data better than required by the data
uncertainty, so that for instance a simpler model may still satisfy
the data. As our modelling strategy was to produce a minimum-
structure model, we aimed for final models with chi-square values
close to but not necessarily smaller than 1.

Picking uncertainties for all three corridors vary between 0.03 s
for near offset refractions and 0.12 s for deeper reflections. In detail,
the three corridors have the following normalized chi-squares: Cor-
ridor 4: 1.3 (6343 data points used with an average rms traveltime
residual of 0.076 s); Corridor 3: 1.4 (8686 data points with rms
misfit of 0.078 s) and Corridor 2 (shelf only): 1.4 (723 data points
with rms misfit of 0.083 s).

Example data fits are shown in Figs 10(a) and (b) for Corridor
4, 11(a)–(b) for Corridor 3 and 12 for Corridor 2, respectively.
Additional examples can be found in Figs S1(a)–(d), S2(a)–(f) and
S3(a)–(b). The bottom panels show seismic data with predicted
arrivals of all possible P-wave phases overlain. The central panels
show actual picked and corresponding predicted arrivals. The top
panels show model ray paths only to the picked arrivals, highlighting
which phases actually constrain which part of the model, and only
every second to fourth ray path is drawn.

Each of the data examples correspond to significant features in
the models, and in order to show that the data require these features,
selected phases from a slightly modified, simpler model without this
feature were also calculated and drawn as dashed lines. Details are
given in the figure captions. Note that this represents an optimistic
estimate for the requirement of each model feature, as we exclude
alternative models with different shallow structures that may allow
different deeper structures to still fit the data. The assumption is that
the structures determined during our top-down modelling approach
are well determined in the shallow parts before the deeper structures
are modelled.

Generally, Figs 10–12 and S1–S3 show a reasonable data fit
usually within the data uncertainty. However, at some locations the
data fit becomes marginal, such as the crustal refraction of station
OBH 85 (Fig. 11b). A comparison with the actual seismic data
here exhibits that the quality of the data is reduced, and the picking
uncertainty may be considered as slightly underestimated. The shelf
region on all corridors was found to be slightly less well fitted than
the oceanic part, caused by the reverberative nature of the seismic
signal (e.g. Figs 11b and S1d), and also because stations that are
shallow and appear slightly off-line exhibit near-offset ambiguities
that can have an effect on the reciprocity (cf . Fig. 11b, +18 km
offset and Fig. S2f, −18 km offset). However, we consider the
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Figure 8. Model resolution for TIPTEQ Corridors 2, 3 and 4, with depth nodes (squares) and velocity nodes (circles) drawn in sizes according to their
resolution. Larger symbols with values greater than 0.5 are considered well resolved. The upper-mantle velocity nodes marked with an arrow lie at the model
edge outside the plotting area.

station spacing to be sufficiently close to compensate such negative
effects but regard the oceanic parts to be resolved slightly more
accurately.

Considering the traveltime uncertainties and misfits, the ray-
geometry (penetration depth and offset), and manually changing
the model parameters to examine the model space (Figs 10–12
and S1–S3), we estimate the following model uncertainties: depth
to sediments: ±50–200 m; depth to crust: ±50–300 m, depth to
mantle: ±100–300 m; velocity of sediments: ±100–300 m s−1; ve-
locity of crust 50–150 m s−1; velocity of mantle: ±100–200 m s−1.

Average uncertainties are at the lower end of these values, and are
generally lower for shallower nodes at high ray coverage (Fig. 9).

6 D I S C U S S I O N

6.1 The incoming plate

One of the aims of the TIPTEQ initiative was to analyse the in-
fluence of the age of the incoming plate. Corridors 3 and 4 cover
ocean crust ages from zero-age at the spreading centres of the
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Figure 9. Data coverage for TIPTEQ Corridors 2, 3 and 4. Only every third ray is drawn for clarity. The longest line, Corridor 2, has the lowest coverage
of the continental shelf structures (east of model-km 0) as OBS/H station were only deployed up to model-km 51 because of shallow water depths; shooting
out to model-km 100 and also two land stations fill this gap. The deepest model penetration down to 23 km into the subduction slab is on Corridor 4 in the
south, which has the farthest deployment of ocean bottom instruments landward of the trench axis, out to model-km 125. All profiles shown at same scale with
vertical exaggeration 6:1.

Chile Ridge increasing towards the trench to 3.0 Ma (Corridor 4)
and 6.5 Ma (Corridor 3) at the deformation front. Corridor 2 has the
oldest oceanic crust of the three profiles, ranging from 8.5 Ma at the
western end to 14.5 Ma at the trench. Fig. 13 compares the structures
of all models analysed in this paper. In addition, for a more com-
prehensive discussion on the central Chilean margin, Fig. 13 also
shows results from the northern TIPTEQ Corridor 1 with a plate age
of 30 Ma (Contreras-Reyes et al. 2008b) and from the Valparaiso
area at 32.8◦S with a plate age of 37 Ma at the deformation front
(Flueh et al. 1998; Zelt et al. 2003).

6.1.1 Seismic structures of crust and upper mantle

Each of the TIPTEQ Corridors exhibits slightly different patterns
in the distribution of crustal velocity along each profile towards
the trench. Whereas Corridors 1 and 2 show a distinct reduction in

crustal and also upper-mantle velocities in the outer rise and trench
region compared to their western, undeformed parts, Corridors 3
and 4 show only a slight velocity reduction in the crust and none in
the mantle. As will be discussed below (Section 6.1.2), the velocity
reduction is explained by the alteration of crust and mantle due to
plate bending and possible hydration of the uppermost lithosphere.
Crustal velocities are slowest in the spreading centres of Corridors 3
and 4 (averaging 3.5 km s−1 at the top and 4.7 km s−1 at the bottom
of the upper crust, and 5.5 and 6.0 km s−1 for top and bottom of the
lower crust, respectively), and they increase immediately away from
active spreading. This is in accordance with plate cooling effects
(e.g. Grevemeyer et al. 1999).

Similar to the crustal velocities, the upper-mantle velocities also
show a typical increase with plate age as observed elsewhere
(Grevemeyer et al. 1998). Corridors 1 and 2 exhibit ‘normal’
upper-mantle velocities, unaffected by plate bending effects, of
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Figure 10. Examples of data fits for TIPTEQ Corridor 4. Locations are shown in Fig. 2. Bottom panels show seismic data with predicted arrivals (continuous
lines) of all possible P-wave phases overlain. Central panels show actual picked and corresponding predicted arrivals plus dashed lines representing model
changes as explained below. Top panels show model ray paths only to the picked arrivals, highlighting which phases actually constrain which part of the
model, and only every second to fourth ray path is drawn. (a) OBH 181, highlighting both, oceanic crust at model-km −40 km (dashed: predicted arrivals
with upper-mantle velocity of 8.0 km s−1) and trench (dashed: predicted arrivals with Moho up to 500 m shallower); (b) OBH 171, highlighting the shelf area
(dashed: predicted arrivals with upper-plate velocities of 4.5 km s−1 below continental slope). Other data examples are shown in Fig. S1 of the Supporting
Information.

8.3–8.4 km s−1. On Corridor 3 the mantle velocity is about
8.0 km s−1, and Corridor 4 about 7.8 km s−1. Active spreading
is accompanied by reduced mantle velocities down to 7.5 km s−1

on Corridor 4 where the data coverage is reasonably high. Over-
all, the mantle velocities correlate well with those summarised by
Grevemeyer et al. (1998). The effect of plate bending on the mantle
is discussed in the following section.

Corridor 3 exhibits a region of increased velocities in the lower
crust west of a small seamount (model-km −95) and east of the
region of active spreading (Fig. 5). The root of the seamount is rela-
tively localised, suggesting a seamount emplacement on a relatively
young oceanic crust. As both the increase in lower crustal velocities
as well as crustal thickening in the same region appear similar to
what has been observed for mantle melting (e.g. Takahashi et al.
2008), we speculate that perhaps a small, remnant pocket of hot
mantle may have caused secondary mantle melting of the lower
crust in this region to explain the observed structures.

As for the crustal thickness, disregarding the vicinity of the
spreading centres where oceanic crust is actively generated, av-
erage crustal thicknesses gradually increase from around 4.8 km
on Corridor 4 in the south, to around 5.2 km on Corridor 3, to
5.5 km on Corridor 2, and even thicker (6–7 km) some 500 km
to the north (Krawczyk et al. 2006; Contreras-Reyes et al. 2008b).
The apparent trend of slightly thicker oceanic crust on progressively
older corridors needs to be put into perspective with changes along
the Chile Ridge. Even on the overlapping age ranges of Corridors 3
and 4 there appears a difference in crustal thickness. Therefore, this
difference must stem from changes in the corresponding spreading
centres at the time of crustal generation and possible ‘side-effects’
due to the proximity of adjacent fracture zones (White et al. 1992).
The individual sections of the Chile Ridge spreading centre may be-
come progressively hotter to the north, thus producing thicker crust,
although the proximity of 10–20 km of Corridor 4 to the Guamblin
and Darwin fracture zones (Figs 1 and 2) may be sufficiently close to
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Figure 10. (Continued.)

have a cooling and hence thinning effect on the young plate (White
et al. 1992).

The top of the oceanic plate is riddled with a differently sized
spreading fabric and therefore appears quite rough in regions of re-
duced sediment cover. Smoother oceanic basement at depth and also
along Corridor 2 may be attributed to artificial reflector smoothing
during modelling. The roughness of the top of the subducting crust
below the trench is imaged well by seismic reflection data of Corri-
dors 4 and 3 (Figs 4 and 6) as well as on Corridor 2 (Contreras-Reyes
et al. 2007). Furthermore, active faulting during plate bending prior
to subduction (Ranero et al. 2003) appears to form horst and graben
structures as seen on TIPTEQ Corridor 1 (Contreras-Reyes et al.

2008b) and may thus even increase the roughness of the upper
plate.

6.1.2 Outer rise, microseismicity and hydration

The formation of the outer rise appears more pronounced in the
north. This is because plate bending induces a stronger bulge on
older and colder crust (Bry & White 2007). This can be seen by a
comparison of bathymetry and gravity (Fig. 14), where for example
Corridor 2 shows a clear positive gravity/bathymetry bulge in the
outer rise area as opposed to Corridor 3. It also reflects differences
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Figure 11. Examples of data fits for TIPTEQ Corridor 3. Locations are shown in Fig. 2. See Fig. 10 for a general description. (a) OBH 102, highlighting
oceanic lithosphere and local crustal thickening at seamount (dashed: predicted arrivals without crustal thickening); (b) OBS 76, highlighting shelf area (dashed:
predicted arrivals with strong horizontal velocity gradient shifted 20 km seaward). Other data examples are shown in Fig. S2 of the Supporting Information.

in the elastic properties and hence mechanical behaviour of the
oceanic plate (Tassara et al. 2007).

Considering seismicity at the outer rise measured on Corridors 2
and 3 as part of the TIPTEQ project (Tilmann et al. 2008), the
younger and also thinner plate of Corridor 3 with possibly stronger
plate cooling and a less pronounced outer rise has a higher bending-
related seismicity than on Corridor 2 (Tilmann et al. 2008). The
effective elasticity of the plate of Corridor 3 seems lower (Tassara
et al. 2007) and the small-scale fracture density may be higher and
more localized than on Corridor 2.

One of the more significant results from the observed outer rise
seismicity is, however, the strong indication towards water pene-
trating the oceanic lithosphere. Tilmann et al. (2008) measured a
relatively high b-value and a significant amount of repeated earth-
quakes in the outer rise, and both factors seem to imply strong litho-
spheric hydration. This is independently corroborated by Contreras-
Reyes et al. (2007, 2008a) and partly reproduced in this paper
from seismic wide-angle data analysis. These data show strong
alteration of the oceanic lithosphere at the outer rise of Corri-
dor 2, where crustal and upper-mantle velocities are strongly re-
duced (Fig. 7), Poisson’s ratios in the mantle are relatively high,
and seismic anisotropy in the upper mantle is lowered possibly

due to hydration of the upper lithosphere (Contreras-Reyes et al.
2008a).

A mechanism for hydrating the upper lithosphere in the outer
rise is to open water pathways along bend-faulting at the outer
rise (Ranero et al. 2003, 2005). This may work well in regions
of sediment-starved incoming plate in North and Central Chile
(Ranero & Sallares 2004; Ranero et al. 2005) or large seafloor cut-
ting faults in Central America (Grevemeyer et al. 2007; Ivandic
et al. 2008; Lefeldt & Grevemeyer 2008) where water can readily
enter the crust. In southern central Chile, however, a comparably
thick and homogeneous sediment blanket prevents percolation of
water. On Corridor 1, which also exhibits lowered velocities in
the outer rise and trench area (Fig. 13), the intersecting Mocha
Fracture Zone could have allowed for water entering the upper
lithosphere (Contreras-Reyes et al. 2008b). On Corridor 2, an adja-
cent piece of outcropping basement (marked in Fig. 7) could allow
circulation of water, as indicated by lowered basement temperatures
from heat flow measurements (Contreras-Reyes et al. 2007).

For Corridors 3 and 4 it is difficult to quantify a velocity reduction
in the outer rise area for a lack of observed ‘normal’, unaltered
piece of lithosphere along these profiles. Two duelling processes
are active in this region: (1) plate cooling for an ageing plate with
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Figure 11. (Continued.)

associated velocity increase, versus (2) plate bending, opening of
cracks and faulting with associated velocity decrease. Therefore, we
are unable to argue on actual hydration of the lithosphere except that
it is potentially effective given that lateral fluid flow is possible up to
50 km (Fischer et al. 2003) and outcropping basement and fracture
zones are sufficiently close. We expect, however, that the younger
and therefore hotter plate of Corridors 3 and 4 with a shallower
brittle–ductile transition has a shallower depth of water infiltration
into the lithosphere (Ranero & Sallares 2004), and our models

appear at least consistent with this notion. In particular, the upper-
mantle velocity of 8.0 km s−1 extending along most of Corridor 3
(Figs 5 and 13) does not indicate any necessity for serpentinization
of mantle peridoties caused by fluids entering the mantle.

6.1.3 Trench basin

The trench basin along the southern central Chilean margin south of
Juan Fernandez Ridge (32.5◦S) is in the order of 2 km deep almost
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Figure 12. Examples of data fits for TIPTEQ Corridor 2. See Fig. 10 for a general description. OBH 32 (location shown in Fig. 2), highlighting shelf area
(dashed: predicted arrivals with strong horizontal velocity gradient shifted 15 km seaward). Other examples for the shelf are shown in Fig. S3 of the Supporting
Information. For the oceanic part, see Contreras-Reyes et al. (2007).

everywhere away from subduction ridges/fracture zones (Bangs &
Cande 1997). The thinnest and also narrowest trench basin, on
Corridor 4, is only 800 m thick which can readily be explained by
its proximity to the Chile triple junction only 50 km to the south.
Corridors 3 and 2 have trench basins of up to 2.2 km depth, and are
typical for the rest of southern central Chile between Juan Fernandez
Ridge and the Chile Triple Junction. Also their basin widths in the
order of 40–50 km are normal for this region (Bangs & Cande
1997).

A few hundred metres thick sequence of pelagic to hemi-pelagic
sediments spreads over the incoming plate outside the trench basin
and is loaded with up to 2 km of terrigenous turbidites to form the
trench basin (Bangs & Cande 1997; Voelker et al. 2006; Contreras-
Reyes et al. 2008b). Onshore, a dramatic change in climate con-
ditions occurs between 33◦S and 46◦S. More than twice as much
rainfall is responsible for a significantly larger sediment supply in
the south compared to the north (Bangs & Cande 1997). However,
together with a northward increased water depth and the existence

C© 2009 The Authors, GJI, 179, 579–600

Journal compilation C© 2009 RAS



594 M. Scherwath et al.

Figure 13. Comparison of all final models drawn at same scale and offset to nearly match trench axis. Also shown are results from TIPTEQ Corridor 1
(Contreras-Reyes et al. 2008b) and CONDOR Profile 2 (Flueh et al. 1998; Zelt et al. 2003) for structural comparison along the entire accretionary part of the
central Chile margin. Locations of lines are shown in Fig. 15. The northern three models show earthquake hypocentres recorded on temporary onshore-offshore
seismic networks (Thierer et al. 2005; Haberland et al. 2006; Lange et al. 2007), projected onto the profiles from up to 50 km from either side, indicating
coincidence of strong lateral velocity gradient within continental crust and intraslab seismicity.
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Figure 14. Bathymetry and Bouguer satellite gravity along TIPTEQ lines and CONDOR area (just south of CONDOR Profile 2 (Fig. 15) avoiding the
seamount). Positive gravity anomalies (right ordinate axis) in the outer rise area are shaded in grey, with the grey line continuing landward. Bathymetry (left
ordinate axis) are both GEBCO (smooth thick black line) as well as high-resolution multibeam sonar (thin black line) data. Areas of outer rise, trench, forearc
basin and spreading centre are marked. Corridor 2 and north of it clearly exhibit a bulging outer rise whereas the southern corridors produce a more general
trenchward decrease of gravity and bathymetry overprinted with high frequency anomalies.

C© 2009 The Authors, GJI, 179, 579–600

Journal compilation C© 2009 RAS



596 M. Scherwath et al.

of a 1000-km-long axial channel along the Chile trench north of
41◦S (Fig. 15) (Voelker et al. 2006), the trench basin geometries
demonstrate a highly efficient sediment transport to the north where
the Juan Fernandez Ridge forms a barrier against the sediment flow.
The sediments are distributed rather evenly in the trench region,
as indicated by a smooth seafloor of 40–50 km width (Fig. 15),
ensuring a homogeneous trench.

6.2 The subduction channel

The sediment above the decollement (Figs 4 and 6) is included
in the accretionary prism of the upper plate (discussed below in
Section 6.3.1) whereas the lower part forms the subduction channel
of downgoing sediment. The location of the decollement reflector
on Corridors 3 and 4 indicates that on average about 500 m of
the incoming sediment is accreting which, considering the different
trench basin thicknesses, translates into roughly three quarters of
subducting incoming sediments on Corridor 3 and one third of
subducting incoming sediments on Corridor 4.

A relatively thick subduction channel has also been observed on
other seismic reflection lines south of the Mocha Fracture Zone
(Bangs & Cande 1997; Diaz-Naveas 1999). Corridor 3 may there-
fore show a typical subduction channel for the area between the
Chile Triple Junction and the Mocha Fracture Zone, with three
quarters of the trench fill bypassing.

A thinner subduction channel is only observed at the location of
Corridor 4 and also 30 km south, immediately north of the Chile
Triple Junction (line 745, along sites of Ocean Drilling Program
Leg 141; Behrmann et al. 1994). However, the latter two lines may
be atypical for southern central Chile as they are in the vicinity of
the incoming Chile Ridge, with a thin or currently absent trench
basin at the deformation front, and most or all sediments here are
currently accreted frontally at the toe of the frontal slope (Behrmann
& Kopf 2001). Here in the south, the Chile Ridge itself is about to
erode the upper plate (Bourgois et al. 2000). North of the Mocha
Fracture Zone, the subduction channel is also thinner than south
of it (Bangs & Cande 1997; von Huene et al. 1997; Diaz-Naveas
1999).

For the region of the thick subduction channel it has been argued
that the seismic reflection data indicate basal accretion of the top of
the channel (Bangs & Cande 1997; Diaz-Naveas 1999) by means
of compaction and dewatering of the upper part of the subduction
channel which attaches to the upper plate (Diaz-Naveas 1999). Con-
sidering the seismic velocities in the forearc (Fig. 13), underplating
may only occur within 50 km from the deformation front, though
reduced resolution for deeper velocities and the inability of the re-
fraction method to detect small low velocity layers at depth could
prevent us from identifying underplating.

The possible role of the subduction channel in megathrust earth-
quakes is discussed below in Section 6.4.

6.3 The continental plate

On all three newly analysed corridors, the overriding continental
South American Plate exhibits two zones of distinct forearc struc-
tures (1) a frontal slope with highly reduced shallow velocities
before the onset of the active backstop and (2) a continental shelf
with a remarkably strong lateral velocity gradient in the vicinity of
a forearc basin (Figs 3, 5 and 7). It is also apparent that some struc-
tural differences between the corridors exist although, even taking

Figure 15. Map of entire accretionary part of the central Chilean margin
between the Juan Fernandez Ridge (JFR) in the north and the Chile Ridge
(CR) in the south, demonstrating northward increasing water depth from
3000 to 5500 m, smooth seafloor of the 40–50 km wide trench basin, and
an axial channel north of 41◦S. In addition, the rupture area of the 1960
great Chile earthquake (Barrientos & Ward 1990) and the thickness of
the subduction channel is marked to emphasise the spatial correlation of
subduction channel thickness and terminus of the rupture. Offshore high-
resolution bathymetry from RV Sonne cruises SO101, SO161, SO181, RV
Meteor cruise M67/1 (Weinrebe & Schenk 2006) and from RV L’Atalante
cruise CTJ (Bourgois et al. 2000). Land topography from SRTM (Farr et al.
2007).
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into account results from data further north (Fig. 13), no systematic
change can be observed.

6.3.1 Continental slope

The continental slope is between 35 and 50 km wide, interspersed
seaward either with a few undulations within the last 25 km be-
fore the deformation front on Corridor 2, or a more pronounced
frontal ridge in the same area on Corridor 3, or a small frontal ridge
immediately landward from the deformation front on Corridor 4.
Below the frontal parts of the continental slope velocities below
4.0 km s−1 increase to over 4.5 km s−1 around 30–40 km landward
from the deformation front. This 30–40 km wide region of low ve-
locities can be interpreted as the active accretionary prism, similar
to what is observed a few hundred km further north near Arauco
peninsula at TIPTEQ Corridor 1 and the SPOC profiles (Figs 13
and 15; Krawczyk et al. 2006; Contreras-Reyes et al. 2008b) and
also as interpreted on seismic reflection data (Bangs & Cande 1997;
von Huene et al. 1997). This prism would have been accumulated
within the last 1–2 Myr while active accretion has been continuous
after episodes of subduction erosion and accretion (Bangs & Cande
1997; Behrmann & Kopf 2001).

6.3.2 Forearc basin

The continental shelf in the area of Corridors 2–4 is underlain by
the Chiloe forearc basin (Gonzalez 1989; Melnick & Echtler 2006).
It extends from 41.5◦S down to the Chile Triple Junction. The
Chiloe Basin consists mainly of Mesozoic to possibly Late Cre-
taceous marine clastics, overlain by up to 1000 m of Tertiary and
up to 500 m of Pliocene to Quaternary clastics (Gonzalez 1989).
Structures within the forearc basin sequences allow a reconciliaton
of forearc deformation, in particular basin growth and extensional
normal faulting during subduction erosion before 3 Ma and uplift
and basin inversion during accretion after 3 Ma ago (Melnick &
Echtler 2006). Plate coupling at the subduction interface also af-
fects forearc subsidence as indicated by gravity anomalies (Hackney
et al. 2006), and deeper forearc basins may indicate stronger subsi-
dence due to stronger plate coupling, which is discussed further in
Section 6.4.

Corridors 2–4 cross the basin at parts that are relatively different
in size and shape. Corridor 2 shows the largest part of the basin,
gradually deepening from half-way up the slope over a distance
of 50 km to a maximum depth of 4 km about 65 km from the
deformation front (Figs 7 and 13). On Corridor 3, the smallest part
of the Chiloe basin is sampled, at about 85 km from the deformation
front, to a maximum depth of 2.5 km and a width of about 10 km
(Figs 5 and 13). Finally, Corridor 4 shows a 25-km wide section of
the forearc basin centred around 80 km from the deformation front;
its maximum depth being 3 km (Figs 3 and 13). The gravity signal
shown in Fig. 14 agrees with the basin structures.

6.3.3 Forearc transition zone

Regardless of the diversity in shape of the shallow forearc, the most
remarkable feature on all corridors is the strong lateral velocity
gradient in the continental crust some 75–80 km landward off the
deformation front, directly beneath the forearc basin. All corridors
have in common a marked seaward decrease in upper continen-
tal basement velocities from over 5.0–5.4 km s−1 down to around

4.5 km s−1 within about 10 km. We consider the eastern, fast veloc-
ities as normal, typical for the crystalline basement of the coastal
cordillera (Mordohovich 1974). West of the velocity transition, be-
tween the coastal cordillera and the active accretionary prism we
may observe a 25–50 km wide palaeo-accretionary complex as sug-
gested by Melnick et al. (2006).

This strong velocity transition zone below the forearc was also
detected off Arauco peninsula (Contreras-Reyes et al. 2008b) and
Valparaiso (Flueh et al. 1998; Zelt et al. 2003), as can be seen on
Fig. 13. For TIPTEQ Corridor 1/SPOC Profile 1 it has already
been argued to show palaeo-accretionary structures (Contreras-
Reyes et al. 2008b), and, considering the reduced data coverage
and possibly different modelling schemes, the similarity of the in-
ferred structures compared to the southern lines is remarkably high
(Fig. 13). Off Valparaiso in the north (Fig. 15), CONDOR Profile 2
(Fig. 13) represents the northernmost part of the accretionary cen-
tral Chilean margin. Magnetic anomalies here may indicate that this
forearc transition zone coincides with a pre-Jurassic magmatic arc
(Yanez et al. 2001) and may therefore be different to the south.

A significant correlation exists between the forearc transition
zone and intraplate seismicity as observed on Corridors 1 and 2
and also on CONDOR Profile 2 (Fig. 13) (Thierer et al. 2005;
Haberland et al. 2006; Lange et al. 2007). The forearc deformation
occurs aseismic up to the transition zone, and similarly the interplate
seismicity at the plate coupling zone is more concentrated below
the transition zone and greatly reduced or absent trenchward to the
west.

Overall, the forearc structures along almost 1500 km of the ac-
cretionary plate margin between the Chile Triple Junction and the
Juan Fernandez Ridge are remarkably similar, including (1) the
width of the 35–50 km wide accretionary prisms (2) the 25–50 km
wide zone of intermediate seismic velocities representing a palaeo-
accretionary complex at least in the south, and moreover (3) the
sharp transition below the forearc basin with almost subvertical iso-
velocity contours coinciding with the onset of intraplate seismicity
at the edge of the coastal cordillera (Fig. 13).

6.4 Structural implication on the seismogenesis

Our data illuminate the structures involved in the largest ever in-
strumentally recorded earthquake, the Mw = 9.5 event of 1960
(Cifuentes 1989; Barrientos & Ward 1990). TIPTEQ Corridor 1 is
in-line with the epicentre of this event which was located about 50
km inland, 100 km from the trench axis (Krawczyk et al. 2006). This
megathrust event then propagated up the seismogenic zone and all
the way south to just south of our Corridor 4 (Fig. 15) (Barrientos
& Ward 1990).

Although our models place constraints on thermal models de-
termining the seismogenic zone (Voelker et al. 2007), our detailed
structures do not reveal any features impacting directly on rup-
ture propagation such as high relief on, or a strongly varying dip
of, the downgoing plate. Therefore, it appears that the structural
similarities of the south central Chilean subduction zone may have
allowed the enormous rupture length of the 1960 event, as it prop-
agated right through segments of little structural variation despite
the strong thermal variation.

One factor that differs throughout the rupture area of the 1960
event is the forearc basin geometry, a possible indicator of forearc
subsidence as a response to plate coupling (Song & Simons 2003;
Hackney et al. 2006). If correct, the megathrust earthquake started
in a relatively weakly coupled area (Corridor 1, small forearc basin),
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propagated southward and triggered rupture in an area of stronger
coupling (Corridor 2, large basin), continued across weaker cou-
pling (Corridor 3, small basin), and finally stopped just south of
an area of stronger coupling (Corridor 4, large basin). Our struc-
tural models do not indicate any evidence for the reason behind
different plate coupling in the area, and so we conclude that varying
patterns in rigidity and frictional coupling are rather a response to
segmentation of the Chilean margin in terms of sediment consolida-
tion, forearc rheology or possible other compositional differences
(Hackney et al. 2006).

The remaining question is what terminated rupture propagation
after cutting across six major fracture zones. From a structural
point of view, the major difference between the rupture area and
the areas north and south of it is the apparent thickness of the sub-
duction channel as discussed above. The thick subduction channel
along the rupture zone may have provided enough smoothness for a
long rupture propagation across the fracture zones involved (Scholl
et al. 2007). The thin subduction channels north of the Mocha and
south of the Darwin Fracture Zones were too thin to reduce plate
coupling, and rupturing ceased before crossing the Mocha Frac-
ture Zone and the Chile Ridge in the north and south, respectively
(Fig. 15), as opposed to what occurred 2007 off the Solomon Is-
lands where the rupture went across the Simbo Ridge (Taylor et al.
2008).

7 C O N C LU S I O N

Seismic wide-angle data from three profiles offshore southern cen-
tral Chile reveal structures of the differently aged subducting Nazca
and the overriding South American Plate. Well-constrained struc-
tural models show relatively thin oceanic plate thickening from
4.8 km near the Chile triple junction to 5.5 km on 14 Myr older
crust in the north. This trend does not reflect dependence on plate
age but more likely temperature of the spreading centre at the Chile
Ridge.

Some differences exist in the formation of the outer rise which
appears more developed on older crust to the north but is accompa-
nied by less bending related outer rise seismicity compared to the
younger and hotter southern oceanic lithosphere. In the region of
the outer rise, a strong reduction of seismic wave velocities indi-
cate strong alteration of the plate due to the formation of fractures
and possible hydration of the oceanic lithosphere. This effect is
more pronounced on the older structures in the north but may be
overprinted by plate cooling effects in the south.

Towards the deformation front, the trench basin is typically about
2 km deep except in the vicinity of the buoyant and eroding Chile
Ridge subducting at the triple junction in the south where it is
smaller. An efficient sediment transport to increasing water depth
northward is indicated. About three quarters of the trench sediments
enter below the decollement and the rest are accreted except, again,
in the south where the smaller trench basin provides one third of is
sediment to the subduction channel, which has varying thickness,
though.

The structure of continental South American Plate exhibits some
variation in the shallow structure (such as the shape of continental
slope and geometry of forearc basin) but strong similarities exist
in the width of the active accretionary prism (35–50 km) and the
occurrence of a boundary between a palaeo-accretionary complex
and the coastal cordillera at around 75–80 km landward off the de-
formation front. The latter boundary coincides with high intraplate
seismicity. A comparison with other structural models shows that

the entire 1500 km of currently accretionary central Chilean margin
appear remarkably similar.

Considering the similarity of the continental crustal structure,
there appears little influence from the incoming plate, which itself
is also relatively similar in structure though with a different ther-
mal state and thus does not appear as a controlling factor for the
propagation of megathrust earthquakes. Only the thickness of the
subduction channel correlates with the rupture area of the 1960
Chile event, which ruptured through an area of a thick subduction
channel that reduced plate coupling, and ceased in the area of a
thinning subduction channel.
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