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a  b  s  t  r  a  c  t

We  have  used  sandbox  experiments  to explore  the  mechanics  of the  frontal  prism  structures  documented
by  seismic  reflection  data  and  new  borehole  from  IODP  Expedition  343  (JFAST).  This  study  investigated  the
effects  of down-dip  (normal  to  trench  axis)  variations  in  frictional  resistance  along  a  decollement  on  the
structural  development  of  the  frontal  wedges  near  subduction  zones.  Interpretation  of seismic  reflection
images  indicates  that  the  wedge  has been  effected  by  trench-parallel  horst-and-graben  structures  in
the subducting  plate.  We  performed  sandbox  experiments  with  down-dip  patches  of  relatively  high
and  low friction  on the  basal  decollement  to  simulate  the  effect  of variable  coupling  over subducting
oceanic  plate  topography.  Our  experiments  verify  that high  frictional  resistance  on the  basal  fault  can
produce  the  internal  deformation  and  fault-and-fold  structures  observed  in  the  frontal  wedge  by  the
JFAST  expedition.  Subduction  of patches  of varying  friction  caused  a temporal  change  in  the style  of
internal  deformation  within  the wedge  and  gave  rise  to two  distinctive  structural  domains,  separated
by  a break  in the  surface  slope  of  the wedge:  (i) complexly  deformed  inner  wedge  with  steep  surface
slope  and  (ii)  shallow  taper  outer  wedge,  with  a  sequence  of  imbricate  thrusts.  Our  experiments  further

demonstrate  that  the  topographic  slope-break  in  the  wedge  develops  when  the hinterland  part  of  the
wedge  essentially  stops  deforming  internally,  leading  to  in-sequence  thrusting  with  the  formation  of  an
outer  wedge  with  low  taper  angle.  For  a series  of  alternate  high  and  low  frictional  conditions  on  the  basal
fault  the  slope  of the  wedge  varies  temporally  between  a topographic  slope-break  and  uniformly  sloping

wedge.

© 2015  Elsevier  Ltd. All  rights  reserved.
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1. Introduction
It is now well known that the subduction of bathymetric fea-
tures in the oceanic plate, e.g., seamounts, aseismic ridges, volcanic
plateaux has a strong influence on the development of morpho-
logical features and deformation structures in the overriding plate
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Fig. 1. (a) Location map, showing the eastern coastline of Honshu, bathymetry near Japan Trench and Tohoku earthquake epicenter (red star). The yellow arrow indicates
the  direction of plate convergence. Inset map  shows location of Expedition 343 site C0019 (red star) along seismic section Line HD 33B (Fig. 1b). Line HD 26B another seismic
section  line shown in Fig. 1c. (b) Image of seismic section Line HD 33B crossing the IODP drilling site C0019 with no vertical exaggeration. It shows change in topographic
slope (marked red lines) from inner wedge (∼10◦) to outer wedge (∼4◦) (modified after Nakamura et al., 2013). (c) Image of seismic section Line 26B with V.E. ∼3, separated
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Dominguez et al., 2000; Malavieille, 1984; von Huene and Culotta,
989; von Huene and Lallemand, 1990; Lallemand et al., 1992,
994; von Huene et al., 2004; Park et al., 1999; Wang and Hu, 2006).
hese studies indicate that the styles of deformation in the over-
iding plate vary with the geometry of bathymetric features in the
ubducting plate. For example, the subduction of seamounts corre-
ates to a steeper surface slopes in the inner wedge than that in the
uter wedge (Park et al., 1999; Dominguez et al., 2000). Conversely,
he subduction of aseismic ridges causes the development of a steep
uter wedge slope and with almost flat inner wedge (Lallemand
t al., 1992). Despite dominance of horst-and-graben structure at
any trenches, its influence on frontal wedge growth remains rela-

ively unexplored. We  therefore analyze the impacts of subducting
orst-and-graben structures on the evolution of the frontal wedge
ear the Japan Trench.

Geophysical investigations along several sections across the
apan Trench (Fig. 1b and c) recorded a series of horst-and-graben
tructures on the subducting plate beneath the frontal wedge
Tsuru et al., 2002; Kodaira et al., 2012; Nakamura et al., 2013).

oreover, earlier studies have shown that the sediment thickness
n the incoming Pacific plate near the Japan Trench is thin, and
hat the thinning of sediment thickness mostly occurs above the
orst blocks (Groshong, 2006), potentially changing the surface
oughness. The combination of the effects of the differences in sed-
ment thickness and surface roughness over a horst-and-graben
tructure in the subducting plate causes varying degrees of cou-
ling at the plate interface, creating varying frictional properties
n the decollement (Pacheco et al., 1993; Tanioka et al., 1997; von
uene et al., 1999; Bilek, 2007; Das and Watts, 2009). In the present

tudy we have used sandbox experiments to simulate the effects
f down-dip variations in the frictional strength on the decolle-
ent to investigate the structural development of frontal wedge

nd finally, provide a mechanical model for explaining the struc-
ural evolution of the frontal wedge over subducting horsts and
rabens at the Japan Trench.

Integrated Ocean Drilling Program (IODP) Expedition 343
JFAST) drilled to a depth of 836 m below seafloor (mbsf) near the
apan Trench at site C0019, penetrating the plate boundary decolle-

ent above a subducting horst, located about ∼7 km westward
rom the trench axis (Fig. 1a). Seismic reflection images collected
efore and after the drilling expedition have been interpreted to
nderstand the tectonic evolution of the frontal wedge (Nakamura
t al., 2013). Geophysical logs and core samples collected during
he expedition have provided a great opportunity to compare our
xperimental results with observed deformation structures within
he frontal wedge (Chester et al., 2013; Kirkpatrick et al., 2014).

. Experimental methods and materials

Sandbox experiments have proved to be useful in understanding
he mechanics of thin-skinned accretionary wedges using the con-
ept of critical taper theory (Chapple, 1978; Boyer and Elliot, 1982;
avis et al., 1983; Dahlen, 1990). The angle of the critical taper is
efined by the summation of the basal inclination (ˇ) and surface
lope (˛). According to the critical taper model, a wedge deforms
nternally and thereby, increases its taper. At a critical taper angle

 ̨ + ˇ), the internal stress in the wedge equals the material’s yield

trength causing internal deformation, leading the wedge on the
erge of failure. At this stage, the increase in shear stress on the
ase can drive frictional sliding at the decollement, maintaining the
edge at constant taper angle (Davis et al., 1983; Boyer and Elliot,

y 3.5 km from seismic line HD 33B. ˛i and ˛o are relative slopes of inner and outer wed
t  al., 2013). Pink line marks the decollement surface and blue arrow indicates the zone o
o  colour in this figure legend, the reader is referred to the web  version of this article.)
namics 89 (2015) 29–38 31

1982). It has been shown theoretically and experimentally that the
angle of critical taper is proportional to the frictional condition on
the basal decollement according to the following equation (Dahlen,
1990):

 ̨ +  ̌ = (  ̌ + �b)
(

1 − sin �c

1 + sin �c

)
(1)

where, �b is the coefficient of static friction on the decollement and
�c is the angle of internal friction of the frontal prism material.

In the present study, we  have prepared our experimental mod-
els with varying down-dip frictional conditions on the decollement
to simulate the effect of horst-and-graben structure along the basal
decollement (Fig. 2). We  have assumed that the horst behaves as
an asperity characterized by enhanced coupling with the overriding
plate, and modeled this by imparting a relatively higher frictional
coefficient on the decollement to simulate a horst block. Thus the
horst and graben structure gives rise to alternate zones of relatively
strong and a weak contact respectively with the overriding plate on
the decollement. In the laboratory scaled experiments the higher
basal friction (�b = 0.46), simulating the decollement immediately
above the horst block, was achieved by pasting commercial sand
paper (P30, average grit size 622.0 �) on a glass plate. A relatively
lower basal friction (�b = 0.36) was  obtained by sieving a veneer of
boric acid powder (0.001 mm beads) over the glass plate in order
to model the frictional strength above the graben sediments. How-
ever, in some experiments we pasted rigid block of 5 mm  thick
acrylic sheet over the basal glass plate to model the horst block.
In this set of experiments, we  had to stop the experiment once the
buttress reached the edge of the acrylic block. Experimental results
from these two different sets of experiments, however, show that
frontal wedge propagation ceases once the decollement propaga-
tion reaches the high frictional patch/edge of the rigid acrylic sheet
(see electronic supplementary Fig. S1). This finding suggests that
the use of high frictional patch on the basal glass plate is a suit-
able analog for simulating natural horst-block configuration. The
advantage of using sandpaper over rigid block is that the hinterland
buttress can override the high frictional patch without limiting the
amount of shortening during the experimental run.

In the model setup, Zone I represents a graben, simulating low
frictional stress in the seismogenic plate interface and Zone II cor-
responds to a horst block with high frictional resistance in the
subducting plate (Fig. 2). Although a majority of our experiments
were carried out with one high frictional patch between zones of
relatively lower friction on the basal fault, a few experiments were
carried out with two  zones of high frictional patches to understand
the effects of a series of horst-and-graben structures. Experimen-
tal models were prepared by sieving sand layers from a constant
height of 20 cm in a rectangular glass-walled sandbox apparatus
over a rigid base of varying basal friction (�b) (Fig. 2). The length
and width of the apparatus are 110 cm and 35 cm respectively. The
model width was  more than fifteen times its thickness to avoid
the effects of friction at the interface of sand layers and the glass
sidewalls (Souloumiac et al., 2012). The coefficients of basal friction
(�b) were calculated separately from sliding experiments using dry
non-cohesive sand. Note that the values of �b used in our experi-
ments are merely represented qualitatively and do not correspond

to the natural materials in the Japan Trench subduction thrust.
The glass walls of the sandbox were cleaned and dried carefully
to remove surface moisture. This process is important in order to
prevent sticking of sand to the glass walls.

ges respectively, showing changes in topographic slope (modified after Nakamura
f topographic slope-break in both (b) and (c). (For interpretation of the references
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Table 1
Modeling parameters and material properties.

Parameter and model properties Sand (analog model) Natural prototypes Ratio: model/nature

Length, L (m)  0.01 360 � = 2.7 × 10−5

Density (kg m−3) 1600 2700 ı = 0.59
Internal friction angle, � (◦) ∼30 30–40 1–0.75
Cohesion (Pa) 20 2 × 106 1 × 10−5

Gravity, g (m s−2) 9.8 9.8 �g = 1
Deviatoric stressa

(� = � g L) 157 Pa 

6 −6

Velocity 5 mm/min 

a Based on Schellart (2000).

Fig. 2. A sketch of the experimental setup showing 3D view of the model setup.
Z
o

r
s
t
1

model a mono-vergent accretionary wedge as observed in the Japan

F
d
e
m

ones I and II represent low and high frictional contact zone respectively. Arrows
n  the right show the direction of shortening.

We  used dry, non-cohesive natural quartz-rich (>90%) well-
ounded sand (average sphericity of 0.8), as analog material for

caled model experiments simulating crustal scale brittle deforma-
ion (Davis et al., 1983; Mulugeta, 1988; Koyi, 1995; Mandal et al.,
997; Schellart, 2000). The sand had a bulk density of 1600 kg/m3,

ig. 3. Progressive development of frontal wedge in sand models with 10 cm width of Zon
evelopment of wedge during the final stage (see text for details). Note that the frontalw
levation continued to increase (e). 18.10 cm shortening was accommodated within the we
oves  the deformation front above the lower frictional base developing a distinct slope-
9.5 × 10 Pa 16.5 × 10
85 mm/yr 3.09 × 104

and a coefficient of internal friction close to 0.57. Our model scales
to nature with a ratio of 2.7 × 10−5, where 1 cm in the model is
equivalent to 360 m in nature (Table 1). The cohesion of the model
material (dry quartz sand) in our experiment is around 20 Pa, which
scales to 2 MPa  (Gutscher et al., 1998) for unconsolidated marine
sediments (Hoshino et al., 1972). The models were deformed in a
pure shear box at a uniform velocity of 5 mm/min  using a com-
puter controlled step-up motor by setting a backstop at the rear of
the sand layers. Previous studies revealed that buttress geometry
is important in the development of wedge geometry in sand lay-
ers (Byrne et al., 1998; Persson and Sokoutis, 2002). However, we
used planar vertical buttress in our experimental setup in order to
Trench (Mulugeta, 1988; Storti and McClay, 1995; Gutscher et al.,
1998; Bose et al., 2009). We  have carried out two  sets of experi-
ments with different initial thickness of sand layers. According to

e II. (a) Initial model, (b–e) initial stage, (f) intermediate stage and (g–h) progressive
ard deformation propagation stopped after shortening of 14. 40 cm,  but hinterland
dge, reorienting earlier structures during intermediate stage (f). Further shortening

break (g–h).
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Fig. 4. Plots show different stages of wedge growth for varying width of zone II using high frictional patches (7 experiments) and rigid blocks (4 experiments). Wedge angle
( ment 
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a)  and Wedge height at the backstop (b), are plotted as a function of actual displace
a)  and wedge height (b) reached a constant value with horizontal displacement. T
edge  height (solid line) (b). In the final stage wedge height attained a constant va

ur results this thickness does not significantly affect the develop-
ent of first order geometry of the wedge (Fig. 3 and see electronic

upplementary Fig. S2). Although a sand layer of 1 cm thickness
ould be ideal according to our scaling, we chose to present the

esults from the models with the 2 cm thickness because they better
eproduce brittle structures within the wedge. During the experi-
ental run, we photographed through the lateral glass wall after an

nterval of every 5 s, keeping the camera at a fixed distance from the
odel. Model deformations were analyzed from successive pho-

ographs taken during the experimental run.

. Experimental results

In our experiments, the wedge started to grow above Zone I by
n-sequence thrusting at the initial stage and developed a gentle
urface slope (˛) at uniform shortening rate (Figs. 3b and c, 4a). The
eight of the wedge at the backstop attained an almost stationary

alue when the model was shortened by 5 cm in all experiments
Fig. 4b). At this stage, the frontal propagation of the wedge dom-
nated over the vertical growth through sequential thrusting until
he deformation front reached Zone II. During this stage the wedge
(horizontal shortening) in cm.  In the initial stage of the wedge growth, wedge angle
ermediate stage marks the sharp increase in both wedge angle (solid line) (a) and
sh line) (b) with decreasing wedge slope (dash line) (a).

developed a critical taper,  ̨ = 7.5◦ (Figs. 3d, 4a), which is closer
to the theoretical value of surface slope (˛) of 6◦ obtained from
“equation 1” for  ̌ = 0, �b = 0.36 and �c = 0.57.

The mode of internal deformation and the wedge geometry
changed completely when the deformation front reached the edge
of the high frictional patch (Zone II, �b = 0.42), simulating a horst
(Fig. 3e, see electronic supplementary Figs. S1 A [d] and B [d]).
At this stage, decollement propagation ceased and the established
wedge formed over Zone I started deforming internally, increasing
the wedge height consistently, and developing a steep topographic
slope (Fig. 4). This stage of wedge growth has been defined as
the intermediate stage (Fig. 3e and f). The topographic slope of the
wedge at this stage became much higher than the predicted value
(Eq. (1)), and the wedge grew to a super critical state. The cessation
of decollement propagation promoted the development of super-
critical wedge in order to accommodate the amount of horizontal
shortening, and eventually facilitated slope failure (Fig. 3f). Dur-

ing this stage, we  observed mechanical rotation and reorientation
of already deformed sand layers in the hanging wall, giving
rise to a complex deformation structures within the deforming
wedge.
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Fig. 5. Final stage of wedge development for varying widths of the high frictional
patch: 2 cm (a), 4 cm (b), 6 cm (c), 10 cm (d), 12 cm (e), 14 cm (f) and 30 cm (g). The
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With further horizontal shortening, the deformation front
rossed the Zone II and propagated onto the region above Zone I
ver low �b, simulating another graben of the deformation front
dvanced by in-sequence thrusting and eventually, developed a
eparate wedge with a low taper angle as predicted for low basal
riction. These spatial and temporal variations in the style and
ntensity of deformation across the wedge finally gave rise to a
istinct topographic slope-break in the wedge geometry separat-

ng the steep inner wedge from the low tapered outer wedge
Figs. 3g–h and 4a). During the growth of the outer wedge, the inter-
al deformation in the inner wedge completely stopped (Fig. 4b)
nd the horizontal shortening was entirely accommodated by in-
equence thrusting over weak fictional base (Zone I). We  describe
his stage of wedge growth as the final stage, which is characterized
y the development of a topographic slope-break with the cessa-
ion of internal deformation within the inner wedge. Experiments
ith varying width of Zone II showed that increasing the width

f the Zone II (e.g. 30 cm)  required large amount of shortening for
he development of the topographic slope-break (Figs. 4 and 5, see
lectronic supplementary Fig. S3). The development of slope-break
n the wedge geometry thus can be carefully used as a poten-
ial indicator for interpreting long-term frictional condition on the
ecollement.

Experiments with more than one high frictional patch (Zone II)
n the basal fault showed that the surface slope of outer wedge
i.e., the wedge over low �b) started to deform again once the
ecollement propagation was resisted by another high frictional
atch in the front. As a consequence, the surface slope of the outer
edge was completely modified along with the destruction of topo-

raphic slope-break (Fig. 6h). With further shortening the outer
edge progressively merged with the inner wedge, giving rise to

 single wedge with steep uniform surface slope (Fig. 6i). Dur-
ng this process of wedge modification, the inactive inner wedge
gain resumed to deform by mechanically rotating all preexisting
tructures and thereby, increasing the complexity of deformation
tructures toward the hinterland part of the wedge (Fig. 6i and
). With continuous shortening, the deformation within this steep
edge completely stopped once the deformation front propagated

ver another low frictional base in the front with the onset of the
evelopment of new outer wedge by in-sequence thrusting (Fig. 6j
nd k). Based on above results, it is evident that the geometry of the
rontal wedge is essentially transient with varying down-dip fric-
ional strength on the decollement in tectonically active convergent
elts over long time scale.

. Discussion

.1. Consequence of down-dip variations in basal friction

On the basis of the above observations and interpretations
n the experimental results we discuss below the role of basal
riction in the structural development of frontal wedge near the
apan Trench. Our study reveals that varying down-dip frictional
trength on the decollement causes a drastic change in the wedge
aper, giving rise to a steep inner wedge and gentle outer wedge.
his lateral change in the surface slope across the wedge sepa-
ates the entire wedge into two distinctive structural domains: (i)
omplex internal deformation within the inner wedge and (ii) the
uter wedge is deformed mostly by sequential thrusting. Experi-
ental results show that the growth of the inner wedge begins

y in-sequence thrusting over low frictional base following the

odel of critical angle of taper (Davis et al., 1983; Mulugeta,

988; Koyi, 1995; Gutscher et al., 1998; Yamada et al., 2006;
ose et al., 2009). However, with ongoing shortening the taper
ngle of the wedge progressively steepens with the termination of
width of the model is 35 cm for all experiments. White arrow marks the zone of
topographic slope-break between the inner and outer wedge.

decollement propagation by the increased frictional resistance
along the decollement. The steepening of the wedge slope and
intense internal deformation within it continues until the defor-
mation front crosses from the zone of high to low friction on the
basal decollement. The propagation of the deformation front onto
the lower frictional base immediately stops internal deformation
within the rear part of the wedge (Fig. 3g–h). The deformation front
propagates by a new phase of in-sequence thrusting with continu-
ing horizontal shortening, forming the shallow taper outer wedge.
This process of wedge propagation over varying patches of basal
friction thus gives rise to the development of topographic slope-
break between the inner and the outer wedges. Our experimental
results suggest that the topographic slope-break in the tectonic

wedge becomes prominent when the lateral propagation of the
deformation front over low frictional patch is significantly large
(Fig. 5a–g).
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Fig. 6. Progressive development of frontal wedge growth over multiple high frictional patches, forming alternate uniform slope and topographic slope-break. (a–d) Initial
stage,  (e) intermediate stage with steep uniform slope, (f–g) final stage showing the development of a slope-break, (h) process of destruction of the outer wedge observed
in  figure (g) due to another high frictional patch in the front, leading to a steep uniform surface slope (i), (j) development of a new slope-break in the wedge geometry with
low  basal friction, (k) Plots show the variations of wedge angle (purple) and wedge elevation at the hinterland buttress (green) as a function of horizontal displacement.
Note  that the combination of low tapered wedge and constant wedge elevation implies growing of wedge over a low frictional base (yellow shade). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web  version of this article.)
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Fig. 7. Compilation of core data with depth at IODP site C0019 and comparison with experimental model. (a) Deformation unit in the core data shows variations in bedding
dip  with depth and three structural domains are identified. (i) Upper frontal prism (0–275 mbsf) shows gently inclined bedding, (ii) lower frontal prism (276–820 mbsf)
showing variable and steeply dipping beds characterized by folded and faulted sediments, (iii) base section (820 mbsf to base of the hole) with shallow to horizontal bedding
represents in the footwall block in the subduction zone (modified after Chester et al., 2013). (b) Experimental model shows resemblance in the changes of bedding orientations
with  depth. Green arrows show the region in the experimental model comparable with core data set. White dash line in the model replicates the drilling site C0019 shown in
Fig. 7c. (c) Details and interpretations of seismic image along section HD 33B. Vertical exaggeration = 2:1 (Modified after Kodaira et al., 2012). Note that experimental model
closely reproduces geometrical and structural features observed in seismic image. Both experimental and seismic sections show that the surface slope of the inner wedge
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s  steeper than that of the outer wedge. Imbricate thrusts are prominent within the
nd  outer wedges in Fig. 7b and c. (For interpretation of the references to colour in 

.2. Interpretation of wedge development near the Japan Trench

The present study has an important implication for under-
tanding the development of frontal wedge near the Japan Trench.
eismic sections across the Japan Trench show the change in slope
f the frontal prism over subducting horst-and-graben structure
rom 10◦ in the landward part to 4◦ toward the trench (Fig. 1b).
omparing our experimental results with seismic data from frontal
edge near the Japan Trench suggests that down-dip variations in

rictional strength along the basal decollement could have caused
he present geometry of the wedge and deformation structures
ithin it near the Japan Trench (Fig. 1b and c). Our experimental

esults suggest that the subduction of horst-and-graben structure
nto the Japan Trench could create varying degree of coupling across
he decollement that eventually resulted in the development of the
haracteristic topographic slope-break. It further reveals that the
teep slope over the horst block must have formed prior to the
ropagation of deformation front over the graben sediments. Our
xperimental study shows that initiation of growth of the outer
edge over low basal friction deactivates the internal deformation

f the inner wedge. This has led to infer that the present day plate
onvergence near the Japan Trench is accommodating entirely by
n-sequence thrusting in the graben sediments over low friction.
revious experimental findings (Huiqi et al., 1992; Bose et al., 2009)
long with the present study indicate that the occurence of a series
f imbricate thrusts over graben sediments, preserved in the outer
edge of the Japan Trench (Kodaira et al., 2012; Nakamura et al.,

013), have formed over relatively weak decollement (Fig. 7c).
The structural interpretations from the drill core samples col-
ected during JFAST (Chester et al., 2013) and interpreted seismic
rofiles (Nakamura et al., 2013) reveal that the frontal prism over
he subducted horst block (i.e., high frictional patch) is structurally
haotic, consistent with the observed deformation structures in our
 wedge. The blue arrow marks the zone of topographic slope-break between inner
gure legend, the reader is referred to the web version of this article.)

experimental models. The dip of beds measured in the core sam-
ples varies from 20◦ to 80◦ and they are also traversed by numerous
closely spaced faults (Chester et al., 2013; Nakamura et al., 2013;
Kirkpatrick et al., 2014) (Fig. 7). Our experimental results show that
the complexity in the internal deformation within the inner wedge
increases with the onset of steepening of the inner wedge slope
when the frontal propagation of the decollement is resisted by the
high frictional patch during ongoing shortening (Figs. 3 and 4). This
suggests that the variably steeply dipping beds in the core samples
might have evolved through the process of mechanical rotation of
earlier structures within the hanging wall when the decollement
propagation was  either temporarily stopped or was  very slow due
to high-frictional resistance along the horst block. Based on the
above discussions, it appears that subduction of horst-and-graben
structure played a crucial role in increasing the complexity of defor-
mation structures observed at the drill site near the Japan Trench.
With continued plate convergence over time the deformation front
eventually crossed the high frictional patch resulting in the break
in the surface slope observed between the inner and outer wedges
in the frontal prism. In the laboratory experiments, the break in
the surface slope of the wedge becomes prominent once the back-
stop overrides the high frictional patch and consequently, develops
an outer wedge by in-sequence thrusting (Figs. 3g, 6f and j). Com-
paring our experimental results with seismic images confirms that
the buttress (∼backstop in the experimental setup) in the Japan
Trench forearc currently lies west of the JFAST drilling site toward
landward part of the wedge, as predicted by earlier workers (Tsuru
et al., 2002) (Fig. 7b and c). Our experimental results further reveal
that the observed slope sediments between the inner and outer

wedge in the Japan Trench might have accumulated during the
growth of supercritical wedge as identified in the intermediate stage
in experiments and the sediment accumulation continued until the
deformation front crossed the horst block (Fig. 3f). This, however,
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oes not rule out the possibility of rotational slumping of the slope
ediments in the frontal wedge by later reactivation during the
011 megaearthquake event (Strasser et al., 2011).

Our experimental results also explain the lack of natural exam-
les of the accretionary prisms displaying multiple slope-breaks.
xperiments with two high frictional patches on the decollement
how that the cessation of the propagation of outer wedge when
ncountering a high frictional patch modifies the wedge geometry
horoughly by mechanical rotation of all pre-existing deformation
tructures, forming a wedge with a uniformly steep surface slope
Fig. 6). These observations have led us to infer that the subduction
f the horst block in the Pacific plate lying currently on the east of
he Japan Trench will eventually modify the present wedge geom-
try from a distinct topographic slope-break to a uniformly steep
lope.

. Conclusion

Our main conclusions are as follows:

) Down-dip frictional variations on the decollement cause tempo-
ral and spatial variations in the geometry of the frontal wedge.

) Surface slope-break develops when the deformation front
crosses from high to low basal friction. The break in the sur-
face slope separates the entire wedge into two  distinct structural
domains: inner and outer wedges.

) The inner wedge is characterized by a steep wedge slope
and complex internal structures, whereas the outer wedge is
deformed by in-sequence thrusting, leading to a shallow taper
angle.

) The experimental models explain well the structural evolution
of the frontal wedge near the Japan Trench observed in seismic
images and borehole data.

) We  interpret that the complexity of internal deformation
observed in core samples and localization of the steep surface
slope toward the landward part of the wedge near the Japan
Trench is caused by the cessation of decollement propagation by
the horst block in the subducting plate lying beneath the JFAST
drill site.

) The development of a shallow taper outer wedge over the
graben sediments by in-sequence thrusting marks the cessation
of internal deformation in the rear part of the wedge (i.e., inner
wedge), creating the topographic slope-break near the Japan
Trench.
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