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Taiwan
t-advancing orogenic wedge has obliquely impinged on the northern continental
slope of the South China Sea (SCS) margin. We analyzed a dense grid of multi-channel seismic profiles to
reveal the tectonic features in this oblique collision setting. In the upper SCS slope and adjacent to the
accretionary wedge, the rifted continental margin is characterized by a deep-seated, oceanward-dipping,
listric and active normal fault with rotated hangingwall strata beneath the slope. To the west of this slope
segment, the mid-Oligocene to Recent post-breakup sediments show prograding and aggrading shelf-margin
clinoforms that cover a series of small, possibly Paleogene, rift basins.
In the submarine accretionary wedge, a series of west-vergent, NNW-striking fold-and-thrust structures
characterizes the lower wedge, which can be further divided into frontal and rear segments with distinct
structural features. The frontal segment is characterized by four west-vergent blind thrusts with gently
folded limbs. In contrast, the rear, arcward segment is characterized by west-vergent, emergent and
imbricate thrusts with tilted beds truncated at the hangingwalls. Strata within slope basins are tilted
arcward, with dips that increase with depth, indicating continued relative uplift along thrust planes during
sedimentation. Pulsed thrust activity is further evidenced by an array of arcward-dipping unconformable
surfaces with westward onlapping strata in the basins.
Longitudinal sedimentary tapering of pre-orogenic sediments correlates strongly with curvature of the
submarine frontal accretionary belt, suggesting that pre-orogenic sediment thickness is the major control on
the geometry of frontal structures. The preexisting SCS slope that lies obliquely in front of the advancing
accretionary wedge has impeded the advancing of frontal folds resulting in a successive termination of folds
against and along strike of the SCS slope. The existence of the SCS slope also leads the strike of impinging
folds with NNW-trend to turn more sharply to a NE-strike, parallel to strike of the SCS slope. Our analysis
shows that the pre-orogenic mechanical/crustal heterogeneities and seafloor morphology exert strong
controls on the thrust-belt development in the incipient Taiwan arc-continent collision zone.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction

The region off SW Taiwan (Fig. 1) lies in the frontal zone of initial
oblique collision between the China continent and the Luzon arc (e.g.,
Huang et al., 1997; Lacombe et al., 2001) where the South China Sea
basin closes and the submarine accretionary wedge emerges to form
subaerial collisional orogenic wedges (i.e., the Taiwan orogen). The
close proximity of the rifted continental margin to the collisional
wedge provides us with a rare opportunity to address the geometric
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and kinematic processes operating in the accretion of passive margin
rocks into an accretionary wedge and the controls of rifted-margin
crustal inhomogeneity and seafloor relief on subsequent development
of the frontal orogenic wedge.

Various geological features of the orogenic wedge and rifted
continental margin (i.e., the Tainan Basin) off SW Taiwan have been
reported in the literature. For examples, Reed et al. (1992), Sun and Liu
(1993), and Liu et al. (1997, 2004) have demonstrated the compressive
structures in the accretionary wedge. Yang et al. (1991), Lee et al.
(1993), Lin and Watts (2002), Lin et al. (2003) and Li et al. (2007) have
reported the stratigraphy and tectonic features of the Tainan Basin,
which lies in the rifted continental margin. In spite of all these
previous efforts, aspects of the structural styles of the accretionary
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Fig. 1. Shaded relief map and tectonic features in the Taiwan region. Inset shows regional tectonic elements. The rectangle offshore SW Taiwan marks the study area, where the
accretionary wedge has overridden the continental slope. Contours show bathymetry at 500 m intervals, except on the shelf, where the 200 m contour is also shown. Yellow dashed
lines on the Taiwan Strait marks the 3000 m sediment isopach with ticks indicating directions of sediment thickening. White, dotted lines show the courses of submarine canyons.
Abbreviations are listed at the bottom. The white arrow labeled with a number shows the direction and rate of plate motion after Yu et al. (1997).
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wedge and the riftedmargin and especially their interrelations remain
unclear.

The Central Geological Survey of Taiwan has initiated geophysi-
cal/geological studies off SW Taiwan since 2004 in a bid to explore
gas-hydrate potential. As a part of this program multichannel seis-
mic (MCS) reflection profiles up to 9500 line-km and of ∼1.85 km in
line spacing were collected and processed. We analyzed this MCS
dataset along with high-resolution seafloor imagery in an attempt
to reveal the detailed geological structures in this tectonically
critical area.
In this paper, we present the results of our analyses by illustrating
the structural styles of the rifted continental margin and the lower,
frontal accretionary wedge. The high resolution of structural details
achieved in this dataset, for the first time, allows us to discuss the
evolution of structural styles across the lower accretionary wedge, an
issue that has been largely untouched in previous studies. We then
discuss the architecture of the rifted continental margin and
preexisting seafloor relief and their possible controls on the
subsequent development of the overriding orogenic wedge. An
important finding from our study is the recognition that thickness
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of the pre-orogenic sediments plays an important role in determining
the map-view geometry of the deformation front.

2. Geological framework and seafloor morphology

Offshore southern Taiwan, prominent morphological features are a
series of north–south-trending ridges and troughs, including North
LuzonArc,North LuzonTrough,HengchunRidge, andManila Trench (Liu
et al., 1998, Fig. 1). Farther north, the Luzon arc-trench system connects
to the Taiwan orogen. This arc-trench system can be well perceived in
the area south of ∼21°30′N (Liu et al., 1997). North of ∼21°30′N, the
Manila trench loses its morphological characteristics and is replaced by
the deformation front (barbed black line shown in Fig. 1) of the Taiwan
region. West of the Manila trench and deformation front lies the
northern corner of the South China Sea (SCS) basin and the N60°E-
trending rifted continental margin, which, however, switches to N30°E-
trending southwest of the Formosa canyon (FoC in Fig. 1).

The accretionary wedge rises up to 3000 m in height from the
deformation front at latitude of the southern tip of the Taiwan island.
Three major canyon systems, namely Penghu (Yu and Chang, 2002),
Kaoping (Liu et al., 1993; Chiang and Yu, 2006), and Fangliao (Yu and
Lu, 1995) canyons, cut across the western part of the wedge, draining
sediments from the uplifting Taiwan orogen. The wedge is marked in
front by a stack of west-vergent fold-and-thrust structures (Liu et al.,
1997) and in rear by a backthrust system (or domain) that assists in
the closure of the forearc basin (i.e., the North Luzon Trough, shown in
Fig. 1, Lundberg et al., 1997).

2.1. Submarine accretionary wedge

Reed et al. (1992) divided the accretionary wedge into three
structural domains, from the west to the east, the lower slope, upper
slope and backthrust domains (Fig.1). They put the boundary between
the lower and upper slope on the eastern bank of the NNE-trending
Kaoping canyon (note that the Kaoping canyon is their northern limit
of this inferred boundary). On the basis of our newly collected seismic
reflection data, we are able to connect this boundary to R8.1 structure
(see later) to the north of the Kaoping canyon and a diapiric structure
along strike and farther north (Figs. 2 and 3). It then merges with the
onshore Shoushan fault (Chen et al., 2001).

The lower-slope domain consists of north- to northwest-trending,
mostly west-vergent ramp anticlines spaced between 5 and 10 km
(Reed et al., 1992; Liu et al., 1997). The decollement typically lies 0.1–
0.3 s above rifted blocks of the China continental margin and oceanic
crust of the South China Sea (Reed et al., 1992). Seismic reflections in
the upper-slope domain, however, are highly discontinuous and low
amplitude, suggesting steeply-dipping or intense deformation of
accreted strata (Reed et al., 1992). Close to Taiwan, the western half
of the upper-slope domain is characterized by a series of mud diapiric
structures with intervening basins showing thick and doubly wedging
basin sequences (Sun and Liu, 1993; Chiang et al., 2004). Arcward, the
eastern half of the upper-slope domain is manifested as the southern
tip of the Taiwan island with exposed Miocene strata stacked in
multiple thrust slices (Sung, 1991; Chang et al., 2003).

2.2. Rifted continental margin

The northern margin of the SCS (including the Taiwan Strait, Fig. 1)
is a part of rifted continental crust with a series of rift basins related to
Paleogene rifting of the South China continent (Lin et al., 2003). Near
the Taiwan orogen, the rifted continental crust has been flexed
downward by orogenic loading, and has formed a foreland basin since
∼6.5 Ma (Lin and Watts, 2002). Part of the superposed rift basin and
foreland basin, lying at the outer margin both in the shelf and slope
areas (i.e., the Tainan basin, Fig. 1), has been incorporated into the
collisional fold-and-thrust belt (Lin et al., 2003).
The Tainan basin is bounded to its north by a series of normal
faults, the Yichu fault zone (Yang et al., 1991), which lies approxi-
mately along the 3000-m sediment isopachs (shown as dashed yellow
lines in Fig. 1). Three tectonic domains, namely the Northern
Depression, the Central Uplift Zone, and the Southern Depression
characterize the Tainan basin (Tsao et al., 1992). The Northern
Depression and Central Uplift Zone lie beneath the shelf region and
the Southern Depression lies beneath the slope region. In the shelf
region, there have been great efforts in hydrocarbon exploration since
the 1970s, resulting in a large amount of seismic data as well as 45
exploration wells with one gas field discovery, the F-Field (Fig. 2).
Because the industrial data covers mainly the shelf region, past studies
tend to focus on the Northern Depression and Central Uplift Zone
beneath the shelf (e.g., Yang et al., 1991; Lee et al., 1993; Tzeng et al.,
1996; Tang et al., 1999; Lin et al., 2003). The Southern Depression, in
the deeper-water area, has remained relatively unexplored.

3. Data

Multichannel seismic reflection (MCS) and bathymetric data are
used in this study to determine the subsurface geological structures.
A total of 6 grids of seismic data (MCS647, 681, 716, 719, 754, 764, see
Fig. 2) with a total line length of more than 9500 km covering an area
of ∼11,000 km2 were collected onboard R/V Ocean Researcher I (ORI)
during 2002–2005. The seismic data cover both the orogenic wedge
and the South China Sea continental slope (Fig. 2) and were collected
with different seismic acquisition parameters by various ship cruises
of ORI. For grids of MCS647 andMCS681, the datawere collected using
48 channels with 12.5-m channel spacing, 587.5-m-long streamer, and
shots were fired at 10 second intervals using an air-gun array of 475 cu.
in. in total volume, which was towed at a depth of 5 m. With an
averaged ship speed of 4.86 knots, the shot interval is of 25.3 m,
yielding a ∼12-fold common mid point coverage. The recorded trace
lengthwas 5 s with a sampling rate of 2ms. Other grids of seismic data
employed in this study were acquired with similar acquisition
parameters except that the number of channels was 24, and the air-
gun capacity ranged from 425 to 775 cu. in. This receiver-source
configuration leads to a ∼6-fold common mid-point coverage. The
majority of the seismic lines were shot with a spacing of about 1 arc-
minute equivalent to 1.86 km.

All the MCS data employed in this study were processed at the
Institute of Oceanography, National Taiwan University as described in
Liu et al. (2006). A typical processing sequence applied to our seismic
data set includes trace editing, spiking noise removal, water column
mute, geometry set up, amplitude compensation, predictive decon-
volution, band-pass filtering, velocity analysis (only for seismic grids
of MCS647 and MCS681), normal move-out correction, stacking, and
constant velocity (1500 ms−1) F–K time migration.

Also used in this study were the large-offset seismic reflection data
of EW9509 (see Fig. 11, for example) collected by the R/V Maurice
Ewing using a seismic source of 20-gun array with a total volume of
8420 cu. in., a 160-channel streamer in 1995, and a source-receiver
configuration yielding a ∼37-fold common mid point coverage. This
data set provides a better image for deeper structures and stratigraphy
in the study area. Part of the EW9509 seismic lines used in this study
have been published (for examples, Sibuet et al., 2002).

Although our newly collected MCS data covers most of the slope
area, the data only provide good subsurface imaging shallower than
about 2 km beneath the seafloor because of limited air-gun capacities;
therefore, deeper basement structures are usually not resolvable.
Nonetheless, a few published deep reflection seismic profiles (see
Fig. 2 for locations) provide good imaging for deeper basement
structures beneath the SCS slope. They are the EW9509 lines (e.g.,
Sibuet et al., 2002), 973G profile collected onboard R/V Tanbao in 2002
and shown both by Yan et al. (2006) and Li et al. (2007), and 3117 line.
Among these, a line drawing interpretation of EW9509-34 profile is



Fig. 2. Shaded relief map with a contour interval of 200 m and the distribution of analyzed seismic data off SW Taiwan. Barbed red line shows the deformation front and the black line with short ticks near the shelf edge in the Tainan basin
shows a growth normal fault. Blue dots on the shelf are petroleum-exploration wells. Thick yellow lines are seismic sections shown in their respective figures represented by the numbers alongside the lines. Red arrow in the southern tip of
Taiwan indicates the rate of crustal shortening and direction at station S021 by GPS measurement (Yu et al., 1997). The crests of sediment waves in the distal SCS slope are indicated by arrows. 189
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Fig. 3. Shaded relief map off SW Taiwan showing structures in the lower and upper slope domains of the accretionary wedge. Note that the upper slope is dominated by anticlinal
features accompanied by mud diapirism, and the lower slope is dominated by emergent thrusts (barbed line) in the rear segment and anticlines cored by blind thrusts in the frontal
segment. The name (e.g., R5.2) alongside each structure line is given for indexing the structures mentioned in the text. Dashed white lines denote canyon courses. PCt1–5 are
tributaries of the Penghu canyon. Numbers inside circles refer to figure numbers that show seismic sections denoted by yellow lines. Black arrow onshore Taiwan indicates the rate of
crustal shortening and direction at station S021 by GPS measurement (Yu et al., 1997). Contour interval is 200 m.
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shown in Fig. 5 and the seismic image of 3117 is shown in Fig. 7 along
with line drawing interpretations.

For seismic line EW9509-34, we extended its coverage to the upper
slope and shelf regions utilizing seismic profiles of 81-1F-61 drawn
from Tang et al. (1999) and MCS754-40 in order to establish a slope-
perpendicular, 8-km deep crustal section as shown in Fig. 5. We used a
sediment velocity function shown by Chen (2006) for CJF-1 well for
converting seismic travel time into depth.

The bathymetric data were published by Liu et al. (1998, 2004),
which provides a good coverage of the study area with a spatial
resolution around 0.1–1 km. Most of the bathymetric data are from
swath bathymetry as shown in Liu et al. (2004).

4. Tectonic features in the South China Sea slope (Tainan Slope)

Perhaps the most striking tectonic feature for the SCS slope in the
Tainan basin (hereafter named Tainan slope) is that the eastern half of
this segment has been partly incorporated into the frontal accre-
tionary wedge as seen from Fig. 2. The eastern half features a steeper
slope (about 4°–5°) than its western counterpart (i.e., thewestern half,



Fig. 4.Margin-perpendicular seismic section of MCS754-40 (upper) and its interpretation (lower) across the shelf and Tainan slope (see Fig. 2 for location). Note that seafloor topography is more rugged in the upper slope than that in the distal
slope, and the reflectors become more parallel and continuous in a downslope direction. The stratigraphic interpretation of this section is tied to CJF-1 well drilled near the shelf break and shown in Fig. 5. There is a prominent downlapping
surface lying about 0.5–1 s beneath the seafloor between cdp 6500 and 10,500. BSR represents bottom simulating reflectors. 191
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about 2°–3°), which exhibits a slope profile with prograding as well as
aggrading sedimentary packages with local erosion, similar to other
passive continental margins worldwide (e.g., Bartek et al., 1991).

4.1. Western half of the Tainan slope

The western and upper continental slope is a zone of rugged
topography with truncations of reflectors beneath local steep slopes
(Fig. 4). The truncations are more evident on profiles running across
slope-perpendicular ridges and gullies (not shown in this paper),
suggesting that the ridges are remnant features due to erosion
probably related to sediment gravity flows. In contrast, the lower
continental-slope region is a zone of subdued topography with
seismic reflectors conformable to seafloor relief, indicating deposition
rather than erosion in this region (Fig. 4). A few shallowly penetrated
normal faults are observed on seismic profiles, especially in the upper
continental slope. Individual normal faults are limited in areal extent
and generally can not be traced to adjacent seismic profile spaced at
∼1.86 km apart. In vertical sections, these normal faults do not seem to
cut through sediments deeper than 1 s beneath the seafloor but sole
out at shallow depth, which indicates that the normal faults are local
features and they may be caused by gravitational sliding. An
alternative explanation for these normal faults is that they are a
network of polygonal faults developed in response to dewatering of
fine-grained sediments (e.g., Cartwright and Lonergan, 1996), similar
to those reported in many other continental slopes (e.g., Cartwright
and Dewhurst, 1998).

Fig. 5 serves as an example for the stratigraphic architecture in
the western half of the Tainan slope. It shows that, beneath the
continental slope, a series of small rift structures possibly Paleogene
in age (see later) are buried by ∼3–4 km thick Oligocene and
younger sediments with a thick body of volcanic rocks sitting on top
of the breakup unconformity (BU) beneath the distal slope. Strata of
the Paleogene rift structures are bounded by the rift-onset
unconformity (ROU) below and breakup unconformity above, related
to the rifting and breaking up of the South China continental crust in
the sense of Lin et al. (2003). The Cenozoic sediment thickness,
around 4 km, beneath the slope is consistent with the estimates of
Lin et al. (2003).

The line drawing interpretation of seismic profile 81-1F-61 (Tang
et al., 1999) beneath the shelf is shown in Fig. 5. Near the shelf edge, a
borehole, CJF-1, 3848 m in depth penetrated through the mid-
Oligocene–Recent sequence into the Lower Cretaceous sedimentary
rocks (Tzeng et al., 1996; Tang et al., 1999) with Paleogene syn-rift
sediments missing. The stratigraphic sequence of CJF-1 may serve as
a typical sedimentary succession for the Northern Depression and
the Central Uplift Zone of the Tainan basin beneath the shelf. The
Oligocene sediments are mostly shallow-marine sandstones (Lee
et al., 1991) deposited in the subsiding outer continental margin
during a long-term relative sea-level rise in the early phase of the
seafloor spreading of the South China Sea. It is therefore coined
“Oligocene Transgressive Sandstone” (e.g., Tsao and Chang, 1988) and
regarded as the main reservoir interval for the Tainan basin. The
“Oligocene Transgressive Sandstone” lies unconformably on top of
Lower Cretaceous siliciclastic strata of continental facies and underlies
a thick succession of Miocene to Recent shallow marine mudstones
and sandstones (Lee et al., 1991). Seismic data show that the
sediments beneath the shelf are block faulted (Fig. 5) and the normal
faulting is probably related to two post-breakup extensional events
during ∼30–21 Ma (mid-Oligocene to early Miocene) and ∼12.5–
6.5 Ma (late Miocene) (Lin et al., 2003). Shelf-margin clinoforms are
also evident in the Pliocene–Pleistocene succession (Fig. 5), with the
lower succession exhibiting progradation and aggradation while the
upper succession shows aggradation. The horizon that separates the
lower predominantly prograding and upper aggrading units is a
downlapping surface (a maximummarine-flooding surface) about 1 s
beneath the slope (Fig. 4). Beneath the downlapping surface, the
sediment thickness is fairly constant and the reflections are weak and
discontinuous without faulting. In contrast, sediments above the
downlapping surface thin toward the lower slope and show relatively
strong and continuous reflections. On some seismic sections, active
but not well-developed and upslope-migrating sediment waves, as
reported in Wynn and Stow (2002) are present in the lower
continental slope in water depths greater than ∼2000 m. The
sediment-wave fields in the distal slope are more evident in map-
view, especially at water depths around 3000 m (Fig. 2).

A few small fault-bounded half-grabens or grabens beneath the
continental slope are interpreted from deep seismic profiles, between
the acoustic basement and shelf margin clinoforms (Fig. 5). Although
there is no direct age dating for these fault-bounded sediments, a
correlation between the shelf and slope reflectors tied to the
stratigraphy encountered at CJF-1 well allows us to infer that the
fault-bounded basins are most likely filled with Oligocene and older
(e.g. Eocene) sediments and floored byMesozoic sedimentary rocks. In
addition, Yan et al. (2006) and Li et al. (2007) presented an MCS
profile, 973G, to the west of our study area (see Fig. 2 for location). The
profile also shows a similar fault-bounded half-graben.

4.2. Eastern half of the Tainan slope

In the eastern half of the Tainan slope, an active normal fault of
∼60 km in length develops near the shelf edge (Fig. 2). The
hangingwall of the normal fault rotates in a shelfward direction, and
some of the tilted beds are truncated beneath the seafloor near the
shelf edge (Figs. 6 and 7). In the upper continental slope, erosional
gullies and remnant ridges are clearly shown by truncations of
reflectors beneath the seafloor on the left side of the ridge (Fig. 6). The
distal slope shows, however, subdued seafloor topography with
reflectors parallel to the seafloor, indicating sediment deposition
rather than erosion. The recent sedimentary processes in this part of
the slope are similar to those of its western counterpart marked by an
eroding upper slope and depositional lower slope.

Close to Taiwan, the thickness of post-breakup sediment beneath
the slope is at least 3 s, but the breakup unconformity and Mesozoic
basement are not shown beneath the slope owing to deeper burial
(Fig. 7). The shelf-edge and shelf-edge-parallel active normal fault
are clearly seen on this profile with a ∼60 m high seafloor fault scarp
and rotated hangingwall strata. The fault and fault scarp can be
traced to other deep seismic profiles (see Fig. 8 of Lin et al. (2003),
for an example). Using these deep seismic profiles we are able to
map out the lateral extent of this fault as shown in Fig. 2. Whether
this normal fault cuts into the Mesozoic basement or soles out in the
Cenozoic cover sediments is unclear at this seismic line. Nearby
seismic profiles (e.g., Fig. 8 of Lin et al., 2003), however, show that
this normal fault does not cut into the Mesozoic basement but soles
out near the base of the Cenozoic sediment cover at a depth around
4 s near the shelf break. Beneath the deeper slope at around ∼1.8 s in
water depth is a gentle fold that we infer to result from decollement
folding related to the detachment of the active normal fault. The
normal fault may well flatten near ∼4–5 s, become bedding parallel,
and reach the base of the gentle fold beneath the slope as shown in
Fig. 7. These features indicate that the normal fault is gravity-driven,
with abrupt shelf-edge relief providing gravity potential sufficiently
large to induce slip and a resulting toe thrust accommodating
downdip translation. Similar features either in large or small scales
have been reported from other passive continental margins around
the world (e.g., Rowan et al., 2004; Corredor et al., 2005). Finally,
Fig. 7 shows that, in the distal slope, the accretionary wedge im-
pinges on the slope at about 2200 m water depth with gently
deformed frontal structure (R1.1 fold). The frontal structure is not
clear on Fig. 7 but it becomes clearer when traced from surrounding
area (see Figs. 3 and 10, for examples).



Fig. 5. Composite depth section perpendicular to the western slope of the Tainan basin, showing stratigraphic interpretation drawn from seismic sections indicated at the top. The references for each seismic section can be found in the text.
Note that we interpret several small extensional basins lying beneath the breakup unconformity (BU) beneath the slope as seen in EW9509-34, whereas Sibuet et al. (2002) interpreted that they are folded strata related to a paleo-subduction
complex. Dashed lines are inferred features where seismic image is not available.
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Fig. 6. Seismic section MCS754-29 running perpendicular to the Tainan slope (see Fig. 2 for location). (Upper) uninterpreted section. (Lower) line drawing interpretation. A normal fault with shelfward-tilted hangingwall strata is evident near
the shelf break. The rotated hangingwall strata are then truncated beneath the upper slope as seen in between cdp 22,250 and 23,200. The map distribution of this normal fault is shown on Fig. 2.
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Fig. 7. Seismic line 3117 running perpendicular to the strike of the Tainan slope and cutting obliquely through the frontal accretionary wedge in the distal part (see Fig. 2 for location). The arrow (“deformation front”) shows the western limit of
compressive structures. (Upper) uninterpreted seismic image. (Lower) Interpreted line drawing of the seismic image, showing a growth normal fault developed near the shelf break. In the lower slope, the faulting may have resulted in a broad
and gentle folding related to downslope compression (a toe thrust).
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5. Topography and structures in the accretionary wedge

5.1. Orogenic topography, fold/thrust geometries and map patterns

The submarine accretionary wedge off SW Taiwan is characterized
by a narrow (b20 km) and smooth shelf (the Kaoping shelf, Yu and
Chiang, 1997), and a broad (∼100 km), rugged slope (the Kaoping
slope) with a series of linear topographic ridges and troughs,
extending from ∼200 m to 3000 m in water depth (Figs. 2 and 3).
South of ∼22°N, the accretionary wedge is overriding the SCS slope,
which steepens from less than 1° south of 22°N to 5° in the north.

The accretionary wedge is divided by Reed et al. (1992) into lower
and upper slope domains south of 22°10′N, which can be followed
north into our study area. The lower-slope domain can be further
divided into frontal and rear segments according to our newly defined
structures. The frontal segment is dominated by discrete folds with
blind thrusts, and the rear segment by imbricate thrust systems with
common occurrences of emergent thrusts in the area that shows high
frontal curvature (i.e. near 22°10′N, Fig. 3). The upper slope domain is
dominated by mud diapirs that are usually buried by recent mud
layers (Sun and Liu, 1993; Chuang, 2006).

Judging from the pronounced bathymetric expressions the struc-
tures of the accretionary wedgemay well be very active (Fig. 3). This is
Fig. 8. Histograms showing geometric features of each fold/fault structure in the lower accr
slope gradients of the western flank (color-coded) measured for each structure with bath
thrusting.
particularly obvious in the lower-slope domain, where fault-related
folds or upthrown thrust sheets form ridges, and synclines form
troughs and piggyback basins. In the upper-slope domain, the tectonic
morphology is less clear, as anticlinal ridges become progressively
masked by hemipelagic sediments. Owing to the limited data coverage,
the structures of the upper slope are adapted mainly from Chuang
(2006) and Sun and Liu (1993), andwill not be further addressed in this
paper.

We learn from Fig. 3 that the apparently continuous bathymetric
ridges do not correspond to a single anticline or thrust structure.
Rather, for each bathymetric ridge, it consists of series of short and
parallel anticlines and thrusts with similar senses of motions as
revealed, for the first time, from the dense coverage of seismic data.
More specifically, most of the geological structures are arranged in a
relay pattern; as one fault dies out along strike, its displacement is
transferred to a neighboring fault. An individual fault-related fold
reaches its greatest amplitude, as manifested by the highest seafloor
ridge-crest relief, and loses amplitude (and hence seafloor relief)
toward the lateral tips of the fault, producing plunging anticlines. We
herein termed this fold/fault array in each deformation unit a relay
fault array.

For ease of discussion and to provide an index for particular
geological structures, we name the subsurface structures in the lower-
etionary wedge. (a) length of folds/faults; (b) ridge heights at the highest elevation and
ymetric expression. The hachured bars denote homoclinal ridges caused by emergent



Fig. 9. Seismic section showing the overriding of the accretionarywedge on top of the Tainan slope (see Figs. 2 and3 for location). (Upper) un-interpreted section. (Lower) interpreted section. Note that, beneath the SCS slope, reflectors dip toward
the shelf, and they are truncated beneath the seafloor. The rotation is due to the hangingwall rotation of the normal fault shown in seismic line 3117 (Fig. 7). The frontal segment of the lower accretionary wedge is characterized by more or less
symmetrical folding, whilst the rear segment shows stacked thrust sheets featuring predominant east-dipping strata (i.e. a homoclinal feature). PCt represents tributary of the Penghu canyon (see Fig. 3 for the locations of these tributaries).
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slope domain with the letter R followed by two or three digits, each
separated from the others by a dot, for example, structure R3.3.1. The
first digit indicates the number of a major contractional unit
corresponding to the bathymetric ridges counting sequentially from
the deformation front in an arcward direction. The second digit
denotes the relay structures lying in the same deformation unit along
strike, with smaller numbers in the north. The third digit, if present, is
a subsidiary structure that occurs alongside and parallel to a nearby
major structure indexed by the preceding letter and digit. We
recognized 8 deformation units (R1 to R8) in the lower slope; each
deformation unit is characterized by an array of faults/folds. Among
them, R1 to R4 units of deformation correspond to structures A to D,
respectively, mentioned by Liu et al. (1997). Additionally, structures of
R6.1–R6.2 at the locations with their highest seafloor ridge-crest relief
were collectively coined “Good Weather Ridge” by Lin et al. (2006).
Notice that our naming convention for the geological structures off
SW Taiwan is ad hoc and is only meant to clarify discussion of tectonic
features in the study area.

The deformation front marks the initial point where the sediments
have been deformed by contraction. In our study area, the frontal
contractional structure is usually an anticline. We place the deforma-
tion front at the lowest and flat west limb of the frontal anticline to
delineate the placewhere the accretionarywedge begins to overthrust
the China continental slope. North of ∼22°10′N, the strike of the
deformation front turns at the upper continental slope of the SCS and
does not follow a simple structure. Rather, it marks the boundary
where a series of N–S trending and en-echelon-arranged folds
sequentially terminates against the continental slope as envisaged
by Liu et al. (2004). The sharp NE deflection clearly defines the place
where the deformation front impinges upon the upper SCS slope.

Our detailed mapping of the subsurface structures together with
high-resolution seafloor imagery allow us to comment on the
geometrical character of structures in the frontal accretionary
wedge. Fig. 8 shows some geometric characteristics (i.e., length of
folds, heights and slope gradients of structural ridges) of the
contractional structures in the study area. The fold/fault length
spans from ∼80 km to less than 10 km (Fig. 8a). Structures R1.1,
R3.3, R5.1, R5.2, R6.1 and R6.3 are among the laterally extensive
structures in the lower-slope domain, with structural lengths on the
order of 60 km or more. The structures that are no the order of b15 km
long are subsidiary structures within major structural belts. These
short structures are commonly less active than the major structures as
evidenced by lower fold amplitudes.

Ridge-crest shape is asymmetrical in profile with steeper western
slopes and gentler eastern flanks (Figs. 9–11), consistent with
subsurface fold profiles. The asymmetrical profile is interpreted to
result from west-vergent thrust kinematics. The fold amplitude may
therefore serve as an indirect indicator for the competing effects
between rates of tectonic uplift and sediment deposition similar to
cases reported by Burbank and Verges (1994). If the rate of sediment
deposition is higher than that of fold uplift, the fold structures tend to
be buried by sediments, leaving features of subdued bathymetric
ridges or no corresponding bathymetric expression of folds. By
contrast, if the rate of fold uplift is higher than that of sedimentation,
pronounced bathymetric ridges may result. In this sense, for each
structure with corresponding surface expression, we selected its
highest elevation along strikewith respect to the neighboring troughs.
Because channel incision increases the height of ridge crest, we
measure the local height of ridge crest where no channel incision has
occurred to the west of the ridge. We plotted the ridge height for each
structure as shown in Fig. 8b.

Fig. 8b shows that the high crestal elevation is commonly
associated with homoclinal ridges (thin dashed lines in Fig. 3 or
hachured bars shown in Fig. 8b) formed by emergent thrusting in the
rear segment as well as associated with anticlinal ridges in the frontal
segment. Interestingly, those high-relief structural ridges occur
particularly near the SCS slope (Fig. 3), indicating that the above two
areas are associated with higher rate of fold/fault uplift than that of
sedimentation. There is a systematic increase in ridge height north-
ward along strike toward the SCS slope (Fig. 3). We interpret that the
increase in fold/ridge amplitude in the vicinity of the SCS slope results
from a higher level of tectonic stress there because of the buttressing
effect of the ramping SCS slope that partly impedes the advance of the
frontal orogenic wedge.

Close to the major sediment source, the island of Taiwan,
structures R7.1–R8.5 show more subdued crestal heights, marked as
Kaoping canyon domain in Fig. 8b (see also Fig. 3). We interpret that
the subdued relief of the bathymetric ridges cored by folds near
Taiwan is due to higher rates of sedimentation here than in the distal
slope area, leaving a more smoothed topography. Huh et al. (2008)
recently showed that sedimentation rates are higher near the coast
and lower toward the distal slope. An alternative hypothesis for the
subdued crestal heights of ridge R7–R8 is that these two ridges might
have experienced more intense deformation over time than younger
ridges (R1–R3) so that some segments coalesced, resulting in a
smoother topography.

Fig. 8b also shows the slope gradient (in color) in the western
flanks of the structural ridges in order to gain a better understanding
of the local slope gradients associated with tectonic structures. It
shows that the gradient of the local slope may reach up to 15° (in red
color) within a regional gradient of ∼1.5° for the lower slope. The
relatively steep local slopes associated with structural ridges and
channel incision suggest that mass movements and gravity tectonics
may be prevalent around the areas with steep slopes. Indeed, we have
noted one normal fault, probably related to gravity tectonics, along-
side and to the east of structure R4.1 as seen in Fig. 3.

5.2. Styles of folding and thrusting

In the lower accretionary wedge off SW Taiwan, a series of
anticlines cored by blind thrusts have formed in response to sediment
accretion in the frontal accretion zone. As the structure develops (that
is, looking in an arcward direction), the thrustmay breach the seafloor,
producing a series of thrust imbricates and representing a zone of
more advanced development of thrust belt. In the following, we
provide descriptive information on the structures in the lower
accretionary wedge, using a series of MCS profiles perpendicular to
the fault trend as examples (Figs. 9–11).

5.2.1. The frontal segment of the lower-slope domain
The frontal segment of the lower slope comprises four structure

belts (Fig. 3): R1 (with structures R1.1, R1.1.1, R1.1.2), R2 (R2.1, R2.2,
R2.3, R2.4), R3 (R3.1, R3.2, R3.2.1, R3.3, R3.3.1, R3.4), and R4 (R4.1,
R4.1.1). Structural belts R1 to R3 extend regionally in strikewhereas R4
is developed only in the northeastern corner, sitting on top of the SCS
slope incorporated in the accretionary wedge. Structure belt R4
consists of R4.1 and R4.1.1 with a prominent normal fault occurring at
the east limb of the R4.1 anticline and along the steep wall (∼13°) of
the Penghu Canyon (Fig. 3). The R4 deformed unit is a wedge-shaped
unit in map view, which is sandwiched between the R3 and R5 belts
north of ∼22°10′N. South of ∼22°10′N the R4 belt disappears, and the
R3 and R5 belts run closely sub-parallel to each other. This structural
configuration leads to a significant bend along strike of the R5
structure at ∼22°10′N (Fig. 3). The significant westward swing of the
R5 structure at ∼22°10′N also results in the fault breaching the
seafloor, forming a successive emergent thrusts (i.e. R5.1 and R5.2,
Fig. 3) with hangingwall strata dipping monoclinally arcward (Fig. 9).
If the uniformly dipping stratal sequence in the hangingwall is
expressed as a topographic ridge we name it a homoclinal ridge. The
successive emergent thrusts (i.e., R5.1 and R5.2 structures, northern
part of the R6.1 structure) are distinct, and they are very different from
the thrust-cored anticlines seen in the R1 to R4 belts to the west. We



Fig. 10. Seismic line MCS716-02 running across the accretionary wedge and showing that the accretionary wedge is overriding on top of the gentle distal SCS slope on the left (see Fig. 2 for location). (Upper) un-interpreted seismic image.
(Lower) interpreted section. Similar to Fig. 9, the frontal segment of the lower accretionary wedge is characterized by more or less symmetrical folding, whilst the rear segment shows asymmetrical folding with long and east-dipping limb and
short west limbs. 199
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Fig. 11. Seismic section, EW9509-35, running across the accretionary wedge in the south (see Fig. 2 for location). (Upper) un-interpreted section. (Lower) line drawing interpretation. The frontal segment shows gentle seafloor relief with
slightly deformed reflectors traceable to fold structures of R1.1 and R3.3 to the north.
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therefore use these emergent thrusts and their lateral continuation as
the boundary separating the frontal and rear segments of the lower-
slope domain (i.e. the thick dashed line in Figs. 2 and 3).

Structures in the frontal segment are predominant west-vergent
folds with their west limbs slightly steeper than the east limbs.
Seismic reflections are seen from both the frontal and back limbs of
folds (e.g., Figs. 9–11). We interpret those folds to have formed due to
slip along blind thrust faults, which interact with but do not break the
seafloor because the faulting does not seem to cut through shallow
strata. However, in a few places, the limbs of anticlines seem to be
breached by faulting with limited offset. Almost all the folds in the
frontal segments are active folds because they are mirrored in surface
forms of linear ridges, except those of the R1.1.2, R3.2.1 and R4.1.1
structures, which are inactive folds as they are buried by flat-lying
sediments and do not present corresponding bathymetric expression.

In addition to the predominant west-vergent anticlines, there are a
few limited occurrences of east-vergent anticlines caused by back
thrusting on the trailing side of a bathymetric ridge, or doubly-vergent
anticlines owing to simultaneously forward and back thrusting
beneath the same bathymetric ridge as seen in R3.2. There are also a
few occurrences of active normal faults (Fig. 3), cutting through the
seafloor due to locally steep topographic gradients, especially near the
drainage of submarine canyons.

In a few places, subsidiary folds occur alongside and parallel to
major structures, such as the structure labeled R3.3.1 in Fig. 3. The
anticlinal ridges in the frontal segment commonly lack surface erosion
as indicated by the parallelism of seafloor reflections with underlying
stratal reflections (see the reflections of structures R1.1, R2.3, and R3.3
in Fig. 10). Areas of major erosion occur only in the reaches of
submarine canyons. In between topographic ridges, the synclinal
troughs are partly filled with sediments, comprising growth strata.
The syntectonic stratal surfaces of growth strata are fanning outward,
forming an overlap feature with beds progressively thinning toward
the fold crest and decreasing in dip upward. The overlap feature
indicates that the rate of structural uplift is less than that of sediment
accumulation (Burbank and Verges, 1994). In a few places, the fanning
growth strata are bounded at their base by an onlapping unconformity
(red lines shown in Figs. 9 and 10). Growth strata as well as onlapping
unconformity in the hangingwall and footwall of thrust faults and
across anticlinal ridges indicate growth of the accretionary wedge.
Most of the stratal surfaces of the growth strata in the frontal segment
are more or less parallel to the bed dip of local structures with one
exception. Fig. 10 shows that at the trough east of structure R3.3, a
tapering and slightly eastward-dipping sediment wedge (maximum
thickness ∼0.8 s) onlap toward the east flank of R3.3. The stratal
configuration for a slightly-tilted sediment packet draping over the
flank of a more steeply dipping anticline along an onlapping
unconformity indicates that the sediment packet was accumulated
after the R3.3 anticline first initiated. A similar sediment wedge is
absent in the west flank of structure R3.3, and the tapering sediment
packet is contained only along the east flank of structure R3.3 and to
the south of EW9509-33 seismic profile as shown in Fig. 2. These
features prompt us to interpret this sediment wedge to have
accumulated during a period when the paleo-Penghu Canyon was
confined between structure ridges of R3.3 and R5.2.

5.2.2. The rear segment of lower-slope domain
The rear segment represents a zone of more advanced develop-

ment of thrust belts than the frontal segment. The rear segment
typically shows west-vergent and asymmetric fold profiles with long
and planar backlimbs versus short forelimbs (Figs. 9–11). The west
limb of each fold is characterized by poor seismic expression, probably
related to steep stratal dip, while on backlimbs, there is usually a
significant stratigraphic section deposited that shows evidence of limb
rotation during fold growth. The growth strata are commonly
bounded by an east-dipping onlapping unconformity at their base.
Unlike in the frontal segment, multiple packets of growth strata and
their basal bounding unconformity are commonly stacked in the long
backlimbs, indicating episodic thrust activities and prolonged history
of deformation in the rear segment.

In a few structures, the forelimb is absent or very narrow in profile,
and the backlimb is steeper beneath the bathymetric ridge with its
stratal dip decreasing toward the synclinal trough, indicating that the
thrusts have broken the seafloor. These emergent thrusts have
upthrown the hangingwall strata to form homoclinal ridges (shown
as dashed lines in Fig. 3) with underlying strata monotonously dipping
arcward with a steeper cliff on the west and a gentle dip on back
slopes. The asymmetric ridge profile results from tilting of the
hangingwall strata and differential erosion. Alongside the homoclinal
ridges, the emergent thrusts are depicted by barbed black lines in the
rear segment (Fig. 3). In thewest limb of the homoclines, the arcward-
dipping strata are truncated beneath the seafloor, suggesting erosion
in the west limb of homoclines (see, for examples, R5.1 and R6.2
structures shown in Fig. 9 or R6.3 shown in Fig. 11). The hangingwall
tilting of strata has exposed once-deeply buried rock on the seafloor,
suggesting that the truncated strata in the west limb are likely to be
lithified and therefore more resistant for erosion, resulting in steeper
slopes. Indeed, Jiang et al. (2006) reported that a few sediment
samples, recovered from the seafloor at the homoclinal ridges, show
lower porosity (15–40%) and higher density (up to 2.2 g cm−3, termed
hereafter hard muds) among otherwise “normal” samples, recovered
elsewhere in the Kaoping slope. The “normal” samples show porosity
of about 60% and density in the range of 1.6–2.0 g cm−3, termed
hereafter soft muds). If the hard muds recovered at the seafloor result
from mechanical compaction, the range of the porosity of the hard
mud indicates that their paleo-burial depths span from 300 to 3000 m
according to the compaction curve for mudstone in the Tainan Basin
(i.e., at FJ-1 well, Lin et al., 2003). The existence of hard mud and
truncations of seismic reflectors beneath the seafloor indicate that
once-deeply buried sediments were uplifted and subsequently
eroded, leaving more compacted sediments on the seabed especially
at the hangingwalls of the emergent thrusts.

The emergent thrusts form where the vertical faulting displace-
ments are greatest. They, however, gradually become blind thrusts
along strike in both lateral tips of the structure as the vertical faulting
offsets decrease. Near the lateral fault tips, both the folds and related
faults terminate, resulting in plunging anticlines. Fig. 3 also shows that
the number of emergent thrusts is greatest near the bend of the thrust
belt at ∼22°10′N and the number of emergent thrusts decreases both
in the northward and southward directions. In the south of the rear
segment, the seafloor relief becomes subdued because folds plunge
southward and finally disappear near the reach of the Kaoping
Canyon.

There is a change in structural style along strike at about 22°N.
North of ∼22°N, the rear segment is a zone of stacked thrust sheets
with minor or no intra-slope basins and stratal surfaces dip mostly
arcward. We interpret this feature to result from more intense and
advanced deformation toward the hinterland of the orogen. South of
22°N, the rear segment is a zone of discrete folds/faults with
intervening intra-slope basins and longer forelimbs. In the south of
the rear segment and near the west bank of the Kaoping Canyon, two
small-scale diapiric structures have developed (Fig. 3), perhaps due to
rapid sedimentation.

From the structural information presented above, we interpret that
the structural development in the lower-slope domain as follows.
During the course of thrust belt development, the strata are folded by
blind thrusts in the initial stage, forming a series of discrete belts of
deformation, and each deformed unit may consist of short segments of
folds arranged in a relay fashion along strike. As the thrust belt
continues to develop, the short segments of structures may eventually
link and coalesce to formmajor structures with greater vertical offsets
showing features of emergent thrusts near the center of structures.
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The more intense internal shortening also leads to shorter fold/thrust
spacing.

6. Discussion

The most prominent tectonic feature in the study area is the
oblique upthrust of an orogenic wedge on top of a rifted continental-
margin slope. In such a setting, the preexisting crustal inhomogeneity
and surface relief of the rifted continental margin may exert strong
controls on the structural styles and the development of the
overriding orogenic wedge. Our detailed mapping of the subsurface
structures in both the rifted continental margin and the accretionary
wedge therefore provides us with an opportunity to address this issue.
In this section, we discuss the possible origin of the salient frontal belt
of the SW Taiwan accretionary wedge (Tainan salient).

In a broader view, the Tainan salient lies between ∼23°N and 20°N
where incipient arc-continent collision occurs. South of ∼20°N, the
accretionary wedge trends in a NNE-SSW direction and maintains a
fairly constant width of about 80 km (Fig. 1). North of 20°N, the
deformation front gradually swings to the west and the accretionary
wedge widens. Whilst the trends of the frontal folds and thrusts turn
to a NNW–SSE direction, the boundary between the Hengchun Ridge
and the North Luzon Trough (Lundberg et al., 1997) remains N–S.
North of 22°N, as the NNW-trending accretionary wedge starts to
impinge upon the NE-trending continental slope, the structural grain
swings back eastward and connects to the onshore fold-and-thrust
belt of Taiwan (Liu et al., 1997, 2004; Huang et al., 2004; Teng et al.,
2005). This results in the width of the accretionary wedge/orogenic
belt narrowing northward from 180 km south of 22°N to about 90 km
in central Taiwan at 23°30′N and east of the Penghu Platform (Fig. 1).

Salient and reentrant curvatures of the frontal boundary of
accretionary wedges are seen in many accretionary prisms as well
as in mountain belts such as in the Barbados accretionary prism (e.g.,
Soto et al., 2003), the Apennines (e.g., Corrado et al., 1998), and
Cordillerian thrust belts from Alberta to Nevada (e.g., Boyer, 1995).
Many authors have attributed these curvature to be related to (1) the
basement relief of the rifted continental margin, (2) the thickness of
pre-orogenic sediments (e.g., Boyer, 1995; Soto et al., 2003), and (3)
variations of pre-orogenic seafloor topography leading to rheological
change along strike (e.g., Corrado et al., 1998; Corredor et al., 2005).

In the Tainan salient, the maximum sediment thickness of ∼3.5 s
lies at about 22°N beneath the SCS slope (i.e. see EW9509-45 shown in
Fig. 6 of Sibuet et al., 2002) and sediment thickness decreases toward
the south (Sibuet et al., 2002; Hsu et al., 2004) as well as toward the
north (Lin et al., 2003) from this point. The location for thickest
preorogenic sediments corresponds to the location the deformation
front swings farthest westward.

In the distal slope off SW Taiwan region at where the Penghu and
Formosa Canyons meet, sediment thickness reaches only about 2 s as
shown in the ACT Profiles 108 and 110 reported by Sibuet et al. (2002).
Farther south at ∼21.5° and near the lower reach of the Kaoping
Canyon, the thickness of the subducted sedimentary layer is around
∼0.5–1 s according to Reed et al. (1992). Stepping farther south at
∼21°, the thickness of subducted sediments decreases to ∼0.2–0.4 s as
seen in the Fig. 2 of Deng et al. (2006). Finally, farther south near 20.5°,
almost all the incoming sediments have been accreted to the
accretionary wedge (e.g., section BB' of Reed et al., 1992). The
southward decrease in the thickness of subducted sediments is
consistent with the sediment isopach to the west of the deformation
front as suggested by Sibuet et al. (2002).

The existence of preexisting seafloor topography has resulted in
a change in structural styles along strike of the lower slope domain.
In the north, the advance of thrust belt is impeded by the SCS slope.
The deformation front of compressive structures in the northern
salient has been guided by the strike of the northern rifted basin-
margin, leading to a change in the strike of the folds to become
more parallel to the strike of the SCS slope, and a successive
termination of folds from south to north against and along strike of
the SCS slope. Farther south, the thrust belt is overriding a more-or-
less flat-lying basin floor, resulting in a southward decrease in fold
amplitudes.

The positive correlation between longitudinal sedimentary taper-
ing and the thrust trace prompts us to suggest that pre-orogenic
sediment thickness is the major control on the geometry of frontal
belts, and the preexisting SCS slope in front of the advancing orogenic
wedge has resulted in a more curved frontal belt and larger fold
amplitudes where the orogenic wedge impinges upon the SCS slope.

7. Conclusions

Based on the analysis of a dense grid of multi-channel seismic data
and aidedbyhigh-resolution seafloor imagery,wefind that structures in
the frontal accretionary wedge offshore SW Taiwan present the
following structural characteristics: (1) the structures form a curved
belt convex toward the foreland (i.e., a salient feature), interpreted to
result from the variation of pre-orogenic sediment thickness along
strike; (2) the lower slope is dominated by structural styles of folding
and thrusting, whereas folding and thrusting in the upper slope is
coupled with mud diapirism; (3) the frontal fold/thrust belts of the
lower-slope domain consist of discrete and elongated bathymetric
ridges coredbyblind thrustswith seafloor topography tied to subsurface
structures; (4) the rear segment of the lower-slope domain consists of
imbricate thrust slices with seafloor morphology not corresponding
well to the complex subsurface structures; (5) more advanced
deformation of the rear segment occurs in the area where bending of
the orogenic wedge in map view is significant (i.e., near ∼22°10′N),
leading to faults breaching the seafloor (i.e., emergent thrusts); (6) each
individual frontal structure does not consist of one single fold or thrust,
rather, it consists of short segments of folds and thrusts arranged in a
relay pattern; (7) individual deformed units showgreater structural and
bathymetric relief northward as they approach the SCS continental
slope; and (8) upon impinging on the NE-trending SCS slope, the N-
trending fold/thrust structure terminates against the slope as its strike
bends slightly to NE, sub-parallel to the strike of the SCS slope.

The riftedcontinentalmargin in frontof theadvancingorogenicwedge
develops a gravity-driven and active listric normal fault with an erosive
slope. The gravity-driven tectonics in the SCS slopemay partly result from
the impingement and loading of the westerly encroaching accretionary
wedge. In thewestern half of the Tainan SCS slope, normal aggrading and
prograding clinoforms, especially near the upper slope, resume.

Our results suggest that pre-deformational crustal heterogeneity of
the rifted margin in terms of pre-orogenic sediment thickness and
seafloor morphology impart strong controls on the structural styles
and the development of the overriding frontal orogenic wedge.
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