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Multichannel seismic reflection data recorded between Itata (36°S) and Coyhaique offshores (43°S) were processed to obtain
seismic images. Analysis of the seismic profiles revealed that weak and discontinuous bottom simulating reflectors were associated
to basal accretion processes, while strong and continuous bottom simulating reflectors were associated to frontal accretion
processes. This can be explained considering that during basal accretion processes, extensional tectonic movements due to uplifting
can favour fluid escapes giving origin to weaker and most discontinuous bottom simulating reflectors. During frontal accretion
processes (folding and thrusting), high fluid circulation and stable tectonic conditions however can be responsible of stronger
and most continuous bottom simulating reflectors. Along the Arauco-Valdivia offshores, steep accretionary prisms, normal faults,
slope basins, and thicker underplated sediment bed were associated to basal accretion, while along the Itata, Chiloe and Coyhaique
offshores, small accretionary prisms, folding, and thinner underplated sediment bed were associated to frontal accretion.

1. Introduction

In marine seismic records, the Bottom Simulating Reflector
(BSR) is a good indicator of gas hydrate presence. The BSR
has allowed defining the distribution of gas hydrate [1-4]
along several continental margins. The BSR is associated
with the acoustic interface between overlying sediment con-
taining gas hydrate, which increases compressional seismic
velocity, and underlying sediment containing free gas, which
decreases compressional seismic velocity [2, 5]. The BSR has
been identified in seismic sections in accretionary complexes
along both convergent and passive margin settings [1]. Along
the Chilean continental margin, the BSR is well reported
by several geophysical cruises. In particular, the BSR is
recognized along the accretionary prism [6—11].

Along the Chilean margin, two main tectonic processes
are recognized. The first one is associated with frontal
accretion and the second one with basal accretion [11-14].

This study is aimed at identifying the main morpho-
structures on the continental margin, in particular on
oceanic trench and continental slope. In this way, by
interpreting six stacked and poststack time-migrated sec-
tions, relationships between BSR characteristics and tectonic
processes can be identified (Figure 1).

2. Tectonic and Geological Setting

The study area is located along the Central Chile, between
35° and 45°S including Itata, Arauco, Toltén, and Valdivia
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FIGURE 1: Map of study area.

offshores (from 36° to 40°S) and Chiloé and Coyhaique
offshores (from 43° to 45°S) (Figure 1).

The central and south Chile (34°—46°S) is limited north-
wards the Juan Fernandez ridge and southwards the Chile
rise. The Juan Fernandez ridge is characterized by Pampean
flat-slab segment, which presents a lack of volcanism and
foreland uplift (Sierras Pampeanas) the highest mountains

of the Andes, such as the Aconcagua massif (6989 m).
South of Pampean flat-slab segment, the Andean margin is
characterized by normal subduction (dips 30°) extending
from 34° to 46°S up to the Chile triple junction. The
convergence between the Nazca and South American plates
occurs at an average rate of 6.4 cm/yr [15]. In this area (from
34° to 45°S) the entire margin is characterized by an oblique
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vector of convergence (N78°E) and reaches an orthogonal
direction in the austral segment.

The continental slope consists of a lower and an upper
slope. The lower slope is associated with the accretionary
prism that is built by turbidites that are incorporated from
trench fill to the lower slope as accreted sediments [12, 16],
while the upper slope is associated with an important volume
of terrigenous sediments from Andean arc volcanic rocks
[17], deposited onto a continental metamorphic basement
[18].

The oceanic trench is filled by sediments of partly
more than 2 km thickness locally appearing rather as a flat
plain than as a bathymetric depression [12]. The trench
infill is composed of interbedded turbiditic and hemipelagic
strata, which show certain cyclicity in their seismic reflection
pattern that is interpreted as the influence of global climate
cycles on sedimentation [16, 19]. The oceanic basement
represents the Nazca Plate subducting beneath the South-
America Plate and is constituted by pelagic sediments and
oceanic basalts.

3. Data and Seismic Processing

In this study six seismic lines are analyzed. Four of
them (SO161-44, SO161-35, SO161-29, and SO161-40; see
Figure 1) were acquired by the RV SONNE cruise (January-
February 2001) as part of the project “Subduction Processes
Off Chile (SPOC),” and the other two (RC2901-728 and
RC2901-734; see Figure 1) were acquired by RV CONRAD
cruise (January-February 1988), as part of the project “Mid-
Ocean Spreading Ridge (Chile Ridge)” of the Ocean Drilling
Program (ODP). Prestack seismic data of four seismic lines
(RC2901-728, SO161-44, SO161-29, and RC2901-734) were
used, while only the stacked seismic data are available for the
other two lines (S§0161-35 and SO161-40). Seismic data were
acquired during the RV SONNE cruise using a 3000 m long
132-channel digital streamer with 12.5 m between the first 24
channels and 25 m between the other channels. The seismic
source was a tuned array of 20 air guns, providing a total
volume of 54.11, with a shot spacing of 50 m. Seismic data
acquired during RV CONRAD cruise used a 3000 m long
digital streamer, with 240 channels and intertrace of 12.5 m.
The seismic source was a tuned array of 10 air guns with a
total volume of 61.3 1, with a shot spacing of 50 m.

The seismic processing was performed by using the open
source Seismic Unix (SU) software [20]. In order to obtain
an accurate seismic image, a standard processing [21] was
performed on the Prestack seismic data followed by the
poststack time migration (Phase Shift and Stolt methods). In
order to evaluate the seismic attributes of the stacked section,
a true-amplitude processing was performed. In fact, in each
processing step, the preservation of the amplitude spectrum
was checked. In the case of SO161-35 and SO161-40 seismic
lines, for which only stacked seismic data were available, a
phase shift migration by using the water seismic velocity
(1480 m/s) was performed.

The first step of the standard processing was to convert
the data from SEGY to SU format. Once converted in SU
format, a checking of the minimum offset was done by using

the first arrival (direct wave). In fact, assuming the seismic
water velocity equal to 1480 m/s (from direct wave analysis),
a time shift of 0.12 s was identified in the SO161-44 seismic
line. It was corrected shifting in 0.12 s all seismic data.

The next step was to define the geometrical arrangement
of the prestack data. In this study, the source-receiver
coordinates were defined arbitrarily without considering the
geographic coordinates, and the offset and common mid-
point (CMP) were calculated by using the source-receiver
coordinates previously calculated. In the case of the SO161-
44 and SO161-29 seismic lines, two different streamers were
considered: the first one of 24 channels spaced every 12.5m
and the second one of 108 channels spaced every 25m.
The setting geometry was assigned separately and, then,
integrated as a single streamer. CMP distances of 6.25 m (for
RC2901-728 and RC2901-734 seismic lines) and 12.5 m (for
SO161-44 and SO161-29 seismic lines) were defined.

To attenuate noise and correct the effects on amplitude
due to wavefront spherical divergence, a band-pass filter (15—
70 Hz) and a gain were applied, respectively.

In the SO161-44 seismic line, strong noises associated
with out-of-plane reflections (sideswipe), probably due to
the irregular morphology, were recognized. In order to
attenuate this noise, a dip filter (slope ranging 8-5.5107%)
in the F-K domain was applied.

A stacking velocity analysis every 100 CMP (i.e., every
1250 m for the SO161-44 and SO161-29 seismic lines and
every 625m for the RC2901-728 and RC2901-734 seismic
lines) was performed. Consequently, stacking velocity mod-
els were used to perform the stacking [21]. In order to
obtain an accurate seismic image, a poststack time migration
was performed; thus, the stacking velocity models were
converted into interval velocity models. Moreover, different
tests of poststack time migration (Stolt and phase shift
methods) were performed. The best results were obtained
by using the phase shift method. Finally, to obtain the final
poststack-migrated sections, a band-pass filter (15-70 Hz),
mixing traces, AGC gain (800 ms window), and muting were
applied.

4. Results

4.1. RC2901-728. RC2901-728 time-migrated section, locat-
ed offshore Itata (36°S), is characterized by a regular oceanic
basement top, with a small number of structures in the
westernmost part, while in depth underthrust structures are
evident.

At the base of lower slope, an anticline ramp was
recognized. Upslope several thrusts define an imbricated
complex (approximately 15km width). At about 8, high-
amplitude reflections are interpreted as a decollement surface
(Figure 2). Below this level, another reflector with high
amplitude can be associated with the oceanic basement top.
An uplifted slope basin behind a subvertical is characterized
by divergent and continuous reflectors (Figure 2). Down-
wards and upwards of the slope basin chaotic reflections with
low instantaneous amplitude (see insert in the Figure 2) can
be related to slump deposits (CDPs 8000 and 9500, resp.,).
From CDPs 8000 to 13000, a strong and continuous BSR
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FIGURE 2: RC2901-728 seismic profile. Poststack time-migrated (a) and poststack time-migrated (b) sections with superimposed line
drawing section. The box indicates the location of the instantaneous section reported in the insert.

was identified and can be associated to gas hydrate presence.
From CDPs 10500 to 11500, a negative flower structure
was recognized (Figure 2). In depth, reflections with high
amplitude were associated to the continental basement
top.

4.2. S0161-44. SO161-44 time-migrated section (Figure 3)
located offshore Arauco (close to 38°S) shows different
features compared to the previous section. Several faults at
top of oceanic basement were recognized.

At the base of the slope, slightly deformed reflectors,
thrusts, and underthrusts affect the trench fill. The top
of an acoustically semitransparent level (about 7s) can be
associated with a decollement surface.

The lower slope is wide about 15 km and is steeper than
the section SO161-44. At the base of the lower slope, slightly
deformed sediments are recognized, which involve only the
shallowest bed of the sedimentary trench fill (about 0.8 s of

thickness; Figure 3). The decollement surface and the oceanic
basement top (about 6s and 7.5s) show pull-up features
(Figure 3). From CDPs 5700 to 6600, a thrust sequence
shapes a steep-dipping lower slope. Eastward, a normal fault
scarp with offset of about 1s (close to CDP 7000) was
recognized. Here, chaotic reflections were observed. Note
that fault scarp marks the boundary between lower slope and
upper slope.

The upper slope shows an irregular topography disrupted
by two main thrusts (at CDPs 7000 and 8000). Chaotic
reflections, observed in the shallow and deep part, are
evident (Figure 3). From CDPs 7200 to 7600 (5 km of width)
a depressed zone characterized by morphological highs and
a graben structure was imaged. Some slope basins on the top
of seaward verging thrusts were recognized. At about 3.2,
a discontinuous and strong BSR was identified. Reflections
with high amplitude at about 4s can be interpreted as the
continental basement top.
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FIGURE 3: SO161-44 seismic profile. Poststack time-migrated (a) and poststack time-migrated (b) sections with superimposed line drawing

section.

4.3. SO161-35. SO161-35 poststack time-migrated section,
located south of Mocha Island close to 38.5°S shows an
irregular oceanic basement top.

The lower slope is characterized by an irregular topog-
raphy, which is disrupted by a morphological high (about
CDP 9000). Downslope a closely spaced thrust section was
recognized, while upslope two main widely spaced thrusts
shape the accretionary prism (Figure 4). At about 7s and
8s, high-amplitude reflections and pull-up features were
associated with the top of the underplated sediment bed and
to the oceanic basement top. From CDPs 9200 to 10000 a
weak and discontinuous BSR was recognized (Figure 4). The
sea bottom is characterized by anomalous morphological
highs, which can be associated with possible mud volcanoes.
From CDPs 10200 to 11500, two main slope basins were
recognized. Note that these basins are affected mainly by the
displacement of normal and inverse faults (see Figure 4). On

the right side of the basins, normal faults configuring “half-
graben” structures were recognized (Figure4). At about
5s, reflections with high amplitude associated with the
continental basement top were recognized.

4.4. SO161-40. SO161-40 poststack time-migrated section
(Figure 5), located at south of Chiloe island (43.5°S), is
characterized by a regular oceanic basement top. The trench
sediments are affected by thrusts and normal faults.

At the base of the lower slope, a thrust structure forms
an anticline ramp. In depth, chaotic reflections and inactive
faults affect the sedimentary sequence; here, the underplated
bed and oceanic basement tops are less clear, but some
high-amplitude reflections can be recognized at 6s and 7s,
respectively (Figure 5). From CDPs 7800 to 10000, scarps are
evident and can be associated to normal faults. In depth,
from CDPs 8000 to 9000, a strong and continuous BSR
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FI1GURE 4: SO161-35 seismic profile. Poststack time-migrated (a) and poststack time-migrated (b) sections with superimposed line drawing

section.

was recognized. Note that upslope the BSR is interrupted
by active faults that configure a possible flower structure
(Figure 5). At about 3 s, high-amplitude reflections, affected
by faults, were associated to the continental basement top.
Upslope from CDPs 9000 to 10000, a morphological high
and a submarine channel (3 km width), controlled by normal
faults was recognized (Figure 5).

5. Discussions and Conclusions

Two main accretion processes can be recognized along the
Chilean margin: the first one is related to frontal accretion
and the second one to basal accretion [12]. Both processes,
frontal and basal accretions, were recognized in all seismic

sections. In particular, areas characterized by regular oceanic
basement top, morphological highs, and thrusting across the
continental slope (RC2901-728, SO161-40, and RC2901-734;
Figure 6) can be associated to frontal accretion, while areas
characterized by irregular oceanic basement top, absence of
morphological highs, and widen and steep continental slopes
can be associated to basal accretion. Moreover, relationships
between the thickness of the underplated sediment bed
and the morphology of lower slope can be described.
Thus, thicker underplated sediment bed contributes to
the formation of steeper slopes, while thinner underplated
sediment bed contributes to the formation of rougher slopes.
In RC2901-728 and SO161-40 sections, a thin underplated
sediment bed (0.5s) is in agreement with a rougher slope,
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FIGURE 5: SO161-40 seismic profile. Poststack time-migrated (a) and poststack time-migrated (b) sections with superimposed line drawing

section.

while in the SO161-44 and SO161-35 sections (Figure 6(b)) a
thicker underplated sediment bed (1.2 s) evidences a steeper
and smoother slope. In this way, a greater amount of under-
plated sediments can determine the formation of duplexes
below the accretionary prism affecting accreted sediments
and uplifting the internal prism, as evidenced in SO161-
44, SO161-35, and SO161-29 sections. It seems that the
off-scrapped material provides movement accommodations
along the thrusts during uplifting generating subhorizontal
thrusts. Lateral and vertical growth of accretionary prisms
associated to basal accretion has been reported by several
authors on different continental margins (i.e, 8, 22, 23,
24, and 25). On the contrary, in areas where a thinner
underplated sediment bed is recognized, the accretionary
prism shows thrusts with high offset, which are related
to an episodic frontal accretion [8, 12]. In this case, the
underplated material plays a minor role influence. In this
way, the evolution for these prisms will be similar to the
prisms shown in the previous analyzed sections.

BSRs observed on seismic sections are often considered as
indicators of the existence of free gas, delineating the base of
the gas hydrate stability zone. Southwards of Juan Fernandez
ridge, the BSR was recognized on the internal prism in all
sections. In the northernmost part (RC2901-728, SO161-40)
and southernmost part (SO161-40 and RC2901-734), the
BSR is strong and continuous (Figures 6(a) and 6(b)), while
in the central part (SO161-44, SO161-35, and SO161-29) a
weak and discontinuous BSR was recognized (Figure 6(b)).
So relationships between the BSR characteristics and the
accretion processes can be observed; in particular, the BSR
is strong and continuous in correspondence with the frontal
accretion processes, whereas it is weak and discontinuous
in presence of the basal accretion processes. During frontal
accretion, tectonic movements seem to affect the frontal
prism, but not affecting the internal prism favoring fluid
accumulation conditions and consequently formation of
strong and continuous BSRs (see right on Figures 6(a) and
6(c)). Meanwhile the uplifting by basal accretion generates
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extensional tectonic movements on the internal prism, which
can favour fluid escapes (see right on Figure 6(b)) and,
consequently, the change of temperature. So the depth of
the gas hydrate stability zone is strongly variable along
the seismic line and, consequently, the BSR disappears or
becomes weaker. Moreover, a lower geothermal gradient
(30°C/km) [22] in the northern sector (SO161-44 section) is
in agreement with an older oceanic crust (35 Ma) [23], where
a reduced fluid circulation can be expected. Whereas, in the
southern sector (RC2901-734 section), a higher and variable
geothermal gradient (50-95°C/km) [24] is in agreement with
a younger oceanic crust (15Ma) [23], where the increased
fluid circulation can be expected. Note that the BSR features
might be explained considering several factors. Thus, it is
possible to associate a weak and discontinuous BSR mainly
to a reduced circulation and an active tectonic. However,
in the northernmost part (Itata offshore), a strong and
continuous BSR is in disagreement with an older oceanic
crust. Even if a reduced circulation from oceanic crust is
expected, stable tectonic conditions and methane biogenic
sources [25] can explain a strongest and continuous BSR
in this area. In fact, in Itata offshore from bathymetric
data, a smoother continental slope can be recognize, which
can be related to steady tectonic regime, while southwards
(Arauco and Valdivia offshore) an irregular continental
slope characterized by submarine canyons, erosive areas, and
structural lineaments can be related to unsteady tectonic
regime [26].
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