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Abstract. Sandbox modeling is used to study the deformation 
of accretionary wedges caused by the subduction of oceanic 
ridges. The first experiment incorporates a massive ridge within 
a sand wedge. The wedge thickens and shortens when the 
forward propagation of the basal decollement ceases. The wedge 
thickening results in taper change, reactivation of preexisting 
thrusts, and retreat of the frontal part of the sand wedge. 
Similar mechanisms may have affected some margins that have 
undergone ridge subduction such as the Tonga margin after the 
subduction of the oblique Louisville oceanic ridge. The second 
experiment shows the effects of an active basement thrust slice 
as it enters a subduction zone. This process may have happened 
in the eastern Nankai accretionary wedge. Initially, the wedge 
in this experiment behaved similarly to that of the first 
experiment. Rapidly the topographic slope changed, the wedge 
thickened above the basement slice generating a slope break in 
the topography; a deeper propagating accretionary wedge again 
characterized by a small taper developed. These results, when 
compared with observations made in the Eastern Nankai 
Trench, are in agreement with the past subduction of a 
basement thrust slice in this area. 

INTRODUCTION 

Many natural examples of ridge subduction are described 
along convergent plate boundaries. These ridges can be ancient 
spreading axes, hot-spot chains, remnant arcs, active island 
arcs, ridges adjacent to transform faults or upfaulted oceanic 
slices [Lallemand et al., 1990]. Large-scale observations and 
analyses in such contexts have already been given by many 
authors [e.g., Vogt et al., 1976]. Others have proposed 
geophysical models for spreading ridge subruction [e.g., 
Delong and Fox, 1977] or for aseismic ridge subduction 
[Moretti and Ngokwey, 1985]. All these authors deal with the 
large-scale effects caused by ridge subduction (cessation of arc 
volcanism, vertical motion of the overriding plate, inhibition 
of back-arc extension, etc.). We focus our work on sublinear 
aseismic ridges large enough to produce significant deformation 
of the overriding plate. 

The available data suite acquired on active margins is usually 
insufficient to reveal the deeper structure of the frontal part of 
active margins. Thus proposed mechanisms of deformation are 
hypothetical. We therefore performed several sandbox 
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experiments including ridge subduction, after which results 
were compared with field observations. The major conclusions 
we extracted from our experiments allow us to explain the 
shallow and deep deformation observed in areas where two 
different types of oceanic ridges are subducting. 

EXPERIMENTAL MODELING 

Modeling Apparatus 

A glass-sided rectangular deformation box (Figure 1) roughly 
reproduces the geometrical conditions and kinematics of a 
subduction zone. The internal dimensions of the box are 200 x 

60 x 30 cm. A polyvinyl chloride (PVC) medium which 
simulates the oceanic crust is pulled at a constant rate. The 
polished PVC medium used in the experiments is characterized 
by a low coefficient of basal friction. When the plate is pulled, 
sediments are stacked against a rigid backstop, equivalent to the 
island arc or continental basement against which sediments are 
accreted, to generate a Coulomb wedge which simulates an 
accretionary prism. Equal initial model lengths, 160 cm, and 
amounts of shortening, 100 cm, are used in each experiment. 

In all experiments described in this paper, the moving plate 
is horizontal (13 = 0). The backstop dips 35 ø trenchward for the 
reference and for the massive-ridge subduction experiments and 
20 ø for the slice-subduction experiment. Such differences in 
backstop inclination have little influence on our results. It was 
demonstrated by Malavieille et al. [1991] that a 30 ø + 5 ø 
dipping backthrust formed within the sand when the backstop 
inclination differed from this critical angle which is close to the 
angle of friction of dry sand. Furthermore, in this work, we are 
interested only in the main part of the prism, which is not 
affected by local backstop geometry effects. 

Modeling Material 

Models are built by forming horizontal sand layers, 
including colored passive marker beds, on the moving plate. 
Models are thus isotropic. Dry quartz sand of eolian origin, 
with a grain size of less than 30 mm, is used as an analogue 
for the oceanic sediments that make up accretionary wedges. 
The sand is essentially cohesionless, and its deformation is 
time-independent. This material satisfactorily simulates the 
brittle Coulomb behavior of shallow crustal rocks in laboratory 
experiments [e.g., Hubbert, 1937; Horsfield, 1977; Davis et 
al., 1983; Mc Clay and Ellis, 1987; Mandl, 1988; Mulugeta, 
1988]. To a first approximation, we assume that sedimentary 
rocks of accretionary prisms behave as a single layer with an 
internal friction angle of 300-40 ø [e.g., Byerlee, 1978]. Their 
cohesion, CO, is negligible compared with common shear 
stresses recorded in nature (about 107 to 108 Pa). For the sand 
used in our experiments, CO = 20 Pa, is also negligible and the 
internal angle of friction, q) = 30 ø (g = tan q) = 0.57), is 
similar. Thus the main difference with nature is the absence of 

pore fluid and hydrostatic pressures. The general Coulomb 
criterion for shear traction t at failure, neglecting the cohesion, 
becomes 

q:: (C•n- Pf) tan q• (1) 

where C•n is the normal stress, and Pf is the fluid pressure 
(equal to zero in sandbox experiments). 

Concerning scaling of experiments [Hubbert, 1937; 
Ramberg, 1981], 1 cm in the model is equivalent to 1 km in 
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Experimental System 
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Fig. 1. Modeling device in cross section. In this example, the polyvinyl chloride medium was previously 
sliced for the third experiment described in this paper. In the second experiment, a rigid body having a half 
round shape in cross section was fixed on the medium outcropping from the surrounding sand (see details 
in the text). The apparatus is glass-sided allowing the direct observation on each side. 

nature, density of sprinkled sand is about 1.7 g/cm 3, and mean 
density of accreted rocks is about 2.2 g/cm 3. The deformation 
in these experiments occurs in a normal gravity field (1 g). 

Choice of Experiments 

To study the effects of ridge subduction on accretionary 
wedges, we conducted three experiments where no sand removal 
was allowed by "tectonic erosion." As a matter of fact, it is 
possible to produce an outward flux of sand by opening a 
"window" at the base of the backstop, but the amplitude of 
opening will be fixed and not self-controlled by the ridge 
subduction effect. We thus decided to avoid this superimposed 
erosional effect in our experiments. In the first or reference 
experiment, no ridge subduction occurs; the sand is 
continuously accreted against the backstop as the medium is 
pulled until a stable accretionary wedge is built. The second 
simulates the subduction of a massive, undeformable ridge that 
is slightly oblique to the direction of motion. The third 
considers the subduction of an active basement thrust. For all 

three experiments, 2 cm of sand covering uniformly the PVC 
medium can be compared with 2 km of turbidires filling a 
trench (Figure 1). 

Reference experiment: Accretionary prism building. In this 
experiment, 2 cm of dry sand is accreted against the backstop. 
As explained previously, the low coefficient of basal friction, 
lib = 0.33, allows a basal decollement to develop and thus 
results in a low taper (see Figure 2). Two sets of antithetic 
faults develop: forethrusts and backthrusts. 

Byrne et al. [1992] explained that the first-order factor 
governing the vergenee is the basal friction. Hafner [1951] has 
shown that the Coulomb criterion is satisfied along two 
conjugate slip planes inclined about the CVl axis at angles 0 = 
+(45 ø - qb/2), (0 ~ + 30 ø in our sand). The CVl axis dips toward 
the foreland at an angle • that increases with increasing 
coefficients of basal friction [Davis and Engelder, 1985]. When 
the basal friction is very low, W goes to zero (W = 1 o with the 
presence of a salt layer). The potential slip planes are then 

almost symmetrical about the horizontal, and backthrusts are 
thus common. When the basal friction is high, • increases. 
The forward verging plane then dips at 0 - • and the backward 
verging plane at 0 + W. The shallower dip allows a greater 
amount of horizontal shortening for the same increase in 
gravitational potential energy. 

During shortening, faults are initiated near the rigid backstop 
with the locus of active faulting moving forward as 
deformation progresses. The basal step-up angle of newly 
formed forward thrusts, •Sf (see Figure 3), is 25 + 2 ø. The angle 
obtained, • = 0 - •Sf = 5 + 2 ø, confirms the presence of a weak 
basal decollement. Backthrusts also develop but, because of the 
forward dip of the maximum compressive stress CVl, are less 
active than forward verging thrusts. Small backward verging 
reverse faults have already been observed in the first sandbox 
experiments by Malavieille [1984]. Their basal step-up angles 
•Sb are commonly higher than predicted by the simple Coulomb 
criterion, i.e. b'b = W + 0. Figure 3 illustrates the two possible 
slip planes used as backthrusts. If the backthrust is initiated 
between two forward verging thruts, it will make an angle •b 
with the horizontal which is characteristic of subtractive Riedel 

faults [Cloos, 1955]. The additive Riedel fault does not form 
since it is almost parallel to the basal decollement. On the 
other hand, if the backthrust is not initiated between two 
ramps, it will make an angle b'b with the horizontal which is 
characteristic of conjugate faults. This last configuration leads 
to the formation of "pop-up" structures. 

Dahlen et al. [1984] obtained an equation (42) as modified 
for laboratory sandbox models, predicting c• by the Coulomb 
criterion from 

ot + • = ([• + lib)/(1 + K) (2) 

In our case, 13 = 0 and !lb = 0.33. The dimensionless integral 
K, which is a function of li and lib, is close to 2.0 according to 
the values obtained by numerical quadrature with Ix = 0.57 
[Davis et al., 1983]. Consequently, we obtain a predicted 
topographic slope angle, c• = 6.3 ø, which is close to the c• = 7 ø 
+ 1 ø measured on experiments. 
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Fig. 3. Diagram illustrating the most common faults appearing during the growth of a sand accretionary 
wedge. 

0' 1 

Massive-ridge subduction. The ridge is represented by a rigid 
body fixed on the PVC medium. It has a rounded cross section 
9 cm wide and 3 cm high. The ridge makes an angle of 75 ø 
relative to the sense of motion. The top of the ridge emerges 1 
cm above the surrounding 2 cm of sand. 

At the beginning of the experiment, the ridge is sufficiently 
far from the backstop to allow an accretionary wedge to 
develop. After about 60 cm of displacement, the ridge reaches 
the front of the growing wedge (Figure 4a). A new tectonic 
unit begins to override the ridge along a decollement surface 
that coincides with the ridge surface (Figure 4b). This is 
because the flank of the ridge dips at an angle close to the 
classical step-up angle, $f, of forward verging thrusts. The 
decollement surface corresponds to the most recent thrust that 
has been active during the last 40 cm of ridge incorporation 
(Figures 4b-4d). Immediately after the onset of ridge 
subduction, the taper of the wedge changes drastically. The 
topographical slope angle, arcward of the ridge, decreases from 
7 ø to horizontal (Figure 5) due to the dramatic increase in 
basement slope angle 13 (arcward ridge flank) and also because 
of the nonpropagation of the accretionary wedge in the wake of 
the trailing flank of the ridge [Lallemand and Le Pichon, 1987]. 
All previous units forming the accretionary wedge are deformed 
and elongated. Early forward verging thrusts and backthrusts, 
especially the backthrust paralleling the backstop, are 
reactivated to accomodate the thickening of the wedge. The 
front of the wedge recedes by 15 cm, resulting in a shortening 
of 37% with respect to the initial length of the wedge before 
the arrival of the ridge. Consequently, a strong uplift 
accompanies the ridge subduction inasmuch as no sand 
subduction is allowed. As a result, the frontal slope steepens 
until it reaches the angle of repose of sand (30ø). If the model is 
shaken, sandslides, analogous to earthquake-triggered 
landslides, will occur along the frontal slope but the 30 ø 
dipping slope will be maintained until a new accretionary 
prism forms at the front of the wedge (see the next 
experiment). The ridge deflects upward the forward propagation 
of the decollement and the subducting sand remains undeformed 
in the wake of the ridge, lying within a shielded domain. The 
level of forward propagation of the decollement is probably a 
function of both the height of the ridge and the topographic 
slope angle above it. The wedge becomes nonaccretionary and 
would probably be erosional if subcrustal erosion was allowed 

at the base of the backstop as suggested by subduction/erosion 
experiments [Malavieille et al., 1991]. The sediments lying in 
the wake of the ridge are subducted rather than accreted so that 
the tectonic regime of the wedge completely changes 
temporarily from accretion to nonaccretion and/or erosion. 

Active slice subduction. In the second experiment, the 
basement plate of PVC medium is sliced to simulate a fault 
dipping toward the backstop at an angle of 20 ø and is covered 
by 2 cm of dry sand (Figure 1). The slice is normal to the 
sense of motion. Only a small part of the convergence is 
accomodated along the slice; the rest of the convergence is 
obtained by pulling the whole PVC medium. The final offset 
produced along this basement thrust reaches 1 cm in the 
vertical and 2 cm in the horizontal at the end of the experiment. 
As in the former experiment, the slice is sufficiently far from 
the backstop to allow the accretionary wedge to develop before 
the asperity is subducted. Figure 6a shows the first stage. The 
accretionary wedge is already developed, and the slice is just 
activated creating a "pop-up" structure (antithetic thrusts 
isolating a wedge of sand which is uplifted) within the sand 
cover. The photographs (Figure 6) show the various stages of 
slice subduction: 

1. A secondary "pop-up" structure is induced at the toe of 
the prism (Figure 6a). In this case, the decrease of the dip-angle 
• of the Ol axis with the horizontal does not result from a 
weaker basal friction. Instead, it results from an arcward tilting 
of the Ol axis, that accompanies the increase in dip angle, 13, 
of the PVC medium when the intrabasement slice overrides the 

trailing basement (in response to the manual activation of the 
basement thrust). The (•1 axis becomes almost parallel to the 
horizontal so that no strong preference exists for vergence 
directions. Consequently, this facilitates the formation of the 
second "pop-up" structure. 

2. The arcward tilting of the basement left of the 
intrabasement slice (in Figure 6) has locally modified the dip of 
the d6collement and thus prevents for some time its forward 
horizontal migration. As in the massive ridge subduction 
experiment, the wedge thickens progressively because of a 
blocking of the decollement creating a slope break in the 
morphology. In Figure 6b, the thrust at the deformation front 
merges with the thrust fault that is the extension of the 
basement thrust. Both "induced pop-up" structures are accreted 
and uplifted at the front of the prism (Figure 6c). 
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Fig. 5. Three significant topographic profiles of the accretionary wedge during ridge subduction. 

3. The frontal thrust flattens progressively from stage 6b to 
6c, because no new unit is accreted at the to6 of the wedge. 
After a certain amount of slice subduction, when the wedge has 
experienced enough internal deformation to get a new critical 
taper, the decollement propagates forward, starting from the 
crest of the intrabasement slice, to create a new accretionary 
prism at the base of the complex uplifted structure (Figure 6c). 
A steep talus marks the morphological boundary between the 
slice subduction related structure and the new accretionary 
wedge. 

4. The slice is largely buried beneath the prism, but a 
complex structure remains. This includes a plateau, bordered by 
two uplifted "pop-up" structures and a talus, both lying above 
a flattened thrust, and a new deformation front at the base of the 
prism (Figure 6d). 

SIMILARITIES WITH SOME OCEAN MARGIN WEDGES 

Tonga-Kermadec Convergent Margin 

Geological background. The Louisville Ridge, a hot-spot 
chain, subducts at the Tonga-Kermadec Trench. Because of the 
direction of the convergence, the oblique ridge migrates from 
north to south along the trench at a rate equal to 1.2 times the 
rate of convergence in the case where the trench, ridge, and 
convergence azimuths are constant since the beginning of ridge 
subduction. Using the present convergence rate (17 + 1 cm/yr 
[Pelletier and Louat, 1989]) and assuming an already subducted 
ridge section at least 1150 km long, we estimate that the ridge 
began to subduct at the northern end of Tonga Trench 5 m.y. 
ago. The subduction of the Louisville Ridge, which rises about 
3.5 km above the surrounding seafloor, even larger than what 
is represented in the experiment, generates a westward shift of 
about 100 + 10 km in the Tonga Trench and 60 km in the 
present active volcanic line with respect to the same features to 
the southem Kermadec subduction system (Figures 7a and 7b). 
The consistency of the offset over 1000 km in the Tonga 
subduction system is the main argument in favor of a ridge- 
subduction effect. The Plio-Quaternary active Tonga volcanic 
line, which develops along the western side of the Lau Basin, 
is separated from the trench by a platform corresponding to the 
ancient volcanic line [Pelletier and Dupont, 1990a]. This high 
is aligned with the active Kermadec volcanic line.and no 
topographic high is observed between the Kermadec volcanic 
line and the trench. Pelletier and Dupont [1990a] mentioned a 
shortening and uplift of the back-arc region at the latitude of 
the present ridge-trench junction. They also interpreted the 
offset as being brought about by a delay in the bending of the 
subducting plate due to the presence of the ridge and to strong 
tectonic erosion of the upper plate during the ridge subduction. 

Interpretation. The Louisville Ridge is sufficiently large to 
produce significant deformation within the Tonga margin as 
shown by our experiment concerning the subduction of a 
massive ridge. Figure 7 shows a trench retreat of 100 km, 
comparable with that obtained by analogical modeling. In 
Tonga region, the topographic slope changes from a smooth 
convex taper, as seen in the Kermadec region, to an uplifted 
area at the place of the ancient volcanic arc and backward. We 
also observe a great subsidence of the margin and a very steep 
frontal slope, approximately 10 ø + 2 ø, after ridge subduction 
(Figure 7b). During leg 135 of the Ocean Drilling Project, a 
hole (site 841 in Figure 7a) was drilled near the slope break 
north of the ridge-trench junction [Science Operator Report, 
1991]. Subaerially erupted dacitic rocks of upper Eocene to 
lower Oligocene age were drilled at a depth of 6 km, and it has 
been demonstrated that part of this subsidence occurred until 
middle Pleistocene. Such a large amount of subsidence can be 
related to tectonic erosional processes which are not included in 
our experiment but which could correspond to the shielded 
domain in the wake of the subducted ridge. In contrast, the high 
uplift of the whole arc and back-arc in front of the present 
subducting ridge can correspond to the wedge thickening 
observed in our experiment. The trench/volcanic arc offset 
occurring after the ridge subduction must be accomodated 
within a transfer zone such as that illustrated in Figure 7a. 
Penetrative shortening of the whole arc and back-arc occurs at 
the latitude of the highest coupling between convergent plates 
marked by the ridge-overriding plate contact in the first 10 km 
of the upper crust. This transfer zone necessarily migrated 
southward during the ridge subduction (see the three cartoons in 
Figure 7a) and is in agreement with the complex history of the 
5 to 6 Ma Lau Basin [Science Operator Report, 1991]. Several 
holes were drilled in that basin showing that seafloor-type 
spreading was active in the back-arc in only the last 1 to 2 
m.y.. Prior to this, repeated extensional rifting and associated 
local volcanism occurred within north trending fault basins. 
These observations suggest that the Tonga arc crust has been 
deformed progressively from north to south until it reached a 
geometry similar to those illustrated in Figure 4d. Finally, the 
westward shift of the active volcanic line and trench are 

explained both by an acceleration of the tectonic erosion (not 
allowed in our experiment) and a penetrative deformation of the 
arc and back-arc (that is explained by the experiment). 

The experiment illustrates the tectonic processes allowing a 
shortening and thickening of a wedge when a ridge subducts, 
while the Tonga example shows that part of the ridge effect is 
accomodated by shortening and the rest by erosion and removal 
from the upper plate, probably in the wake of the subducted 
ridge. Unfortunately, the slight obliquity of 15 ø of the ridge in 
the experiment was not sufficient to produce transfer zones 
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Fig. 7a. Schematic model showing the effects of the subduction of the oblique Louisville Ridge on the 
morphology and structure of the Tonga-Kermadec island arc. Hatched zone indicates the portion of the 
margin under shortening called "transfer zone." 
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Figure 7a) : 0. 27øS at Kermadec Trench (before ridge 
subduction); 1.26øS at trench-ridge junction; 2. 23øS at Tonga 
Trench (after ridge subduction), and 3.20øS at Tonga Trench 
(after ridge subduction). 
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within the deformed wedge although it may occur according to 
the 45 ø obliquity of the Louisville Ridge. 

Eastern Nankai Accretionary Wedge 

Geological background. The main convergence between the 
Eurasian and Philippine Sea plates is taken up at the Nankai 
Trough. Only a minor amount of convergence can be detected 
along the thrust outcropping south of Zenisu Ridge, as 
indicated by seismicity and structural features (Figure 8). A N- 
S to NW-SE compression, due to the difficulty in subducting 
the northern tip of the Izu-Bonin Ridge, is responsible for 
folding and faulting within the Philippine Sea plate. The 
Zenisu Ridge is the surface trace of an intra-oceanic thrust slice 
(Figure 9), and the South Zenisu Ridge is presently forming 
50 km southeastward (Figure 10) as described by Lallemant et 
al. [1989]. Similar directions are observed on the accretionary 
prism such as the trend of the Yukie Ridge (Figures 10 and 
11). Huchon and Labaume [1989] have shown that the three- 

i i 

Fig. 8. Eastern Nankai Trough area and location of Figures 11 
(boxed area) and 9 (A-B transect). See explanations in the text. 
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Fig. 9. Schematic cross section, located in Figure 8, showing the structural context of the study area and 
the relative importance of the Zenisu Ridge compared with the toe of the margin suggesting that it may 
akeady have some tectonic influence on it. 

dimensional geometry of the subducting plates in the central 
Japan area imposes a large contortion of the Philippine Sea 
plate in the restricted space between the Pacific plate and the 
island arc. The Philippine Sea plate is necessarily buckled 
because the easternmost part of it is almost locked at the Izu 
Collision Zone. This area was affected since at least early 

Fig. 10. Trend of ridges in the area of the Eastern Nankai 
Trench. The Zenisu Ridge is clearly the most pronounced ridge, 
and the Yukie Ridge could be an inherited structure from the 
subduction of hypothetical "North Zenisu Ridge" now buried in 
the area of the gravity anomaly. The epicenter of the 1981 
earthquake is located at the southwestern end of both the Yukie 
Ridge and the possible subducted ridge. 

Miocene by the accretion of several ophiolitic units (Figure 8) 
more or less caused by the subduction of the Izu-Bonin Ridge 
under central Japan [Huchon, 1985; Huchon and Angelier, 
1987; Huchon and Kitazato, 1984]: first, in the early Miocene, 
accretion of Mineoka ophiolites; second, in middle Miocene, 
accretion of Setogawa and Ryuso-Takakusayama ophiolites; 
third in late Miocene to early Pliocene, accretion of Tanzawa 
paleo-island; and fourth, from 0.5 to 0.3 Ma, collision of Izu 
paleo-island. 

Figure 11 is a detailed map of the most studied area of the 
Nankai Trough located in Figure 8 [Le Pichon et al., 1987a, b, 
1992]. It clearly shows (1) the morphologic importance of the 
SW-NE Zenisu Ridge, compared with the toe of the wedge; (2) 
the mouth of the Tenryu canyon in the upper left corner 
offsetting left laterally by about 50 km the deformation front 
and (3) the complex structure of the eastern Nankai accretionary 
wedge in the upper right corner. Synthetic cross section A-B 
(Figure 9, located in Figure 8) and the more detailed section 
along A'-B' (Figure 12, located in Figures 9 and 11), deduced 
from reflection seismics, illustrate several important features. 
First, the structure of the toe of the accretionary wedge exhibits 
a N65 ø elongated topographic ridge: the Yukie Ridge, at least 
60 km long, made up of two uplifted "pop-up" structures 
culminating at less than 2 km depth [S.J. Lallemant et al., 
Structural study of a major backthrust system in the eastern 
Nankai accretionary prism: results from the Kaiko-Nankai 
submersible survey, submitted to Earth and Planetary Science 
Letters, 1991]. Second, a deep propagating accretionary wedge 
develops between 3.5 and 4 km depth. Third, a scarp, whose 
height may locally reach 1.5 km, connects the deep 
propagating accretionary wedge to the upper slope. Finally, an 
apparent flatter thrust underlies the uplifted area as compared 
with the steepness of the frontal thrusts. 

Interpretation. On the basis of the sandbox experiments and 
the geodynamic context of the Eastern Nankai Trough area, we 
propose that the structures of the wedge may have been caused 
by the subduction of a "Zenisu-type" ridge during Quaternary 
time. 

If we assume that the present deformation pattern is cyclic 
over the last ]nillion years, inasmuch as the initial deformation 
now occurs 50 km SE of Zenisu, then it began to deform at 
Zenisu Ridge about 2.5 m.y. ago using a 2 cm/yr of 
subduction rate [Lallemant et al., 1989]. Thus we may 
hypothesize that a "North Zenisu ridge" having the same trend 
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Fig. 11. Morphostructural map of the area located in Figure 8. Notice the importance of Zenisu Ridge 
compared with the toe of the accretionary wedge. The geological cross section A'-B' is detailed in Figure 
12. 

and located 50 km north of the present Zenisu Ridge existed 
during Pliocene time in response to the collision of "proto Izu- 
Bonin Ridge" with central Japan. The accretion of ophiolitic 
belts since early Miocene attests that intra-oceanic deformation 
occurred in this area. These observations suggest that a 
"Zenisu-type" ridge was subducted in the recent past. 

A modification of the taper to a steeper frontal slope, 
evidences of backthrusting, a sharp slope break, and the 
development of a new accretionary prism trenchward of a 
flattened thrust outcropping at the base of the scarp are all 
consistent with the past subduction of a ridge which could be 
an intrabasement slice (Figure 12). 
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INTERPRETED PERSPECTIVE DIAGRAM OF SANDBOX MODEL 
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Fig. 12. Comparison between the last stage of the basement slice subduction experiment (see Figure 6d) 
and the geological cross section in the eastern Nankai accretionary wedge deduced from seismics. The 
subducted basement slice on the bottom diagram is only hypothetical. 

Other geophysical data support the hypothesis of earlier ridge 
subduction. A free air gravity anomaly of 50 +_ 20 mGal 
parallel to the Zenisu Ridge is located 20 km northward of 
Yukie Ridge [Tomoda and Fujimoto, 1982]. It may correspond 
to an elongated body, whose density is higher than that of the 
surrounding material, buried beneath the margin. This body 
could be an oceanic basement ridge. For comparison, the 
Zenisu Ridge is responsible for a 80 +_ 20 mGal free air gravity 
anomaly. Furthermore, a swarm of earthquakes occurred in 
1981 at the southwestern end of both the Yukie Ridge and the 
gravity anomaly (see Figure 10). The tentative focal 
mechanism solution for the largest earthquake of the present 
swarm is of reverse fault type compatible with an asperity 
subduction [Fujinawa et al., 1983]. 

CONCLUSION 

Laboratory sandbox modeling provides a good analogy for 
geological observations made along convergent margins. These 
experiments point out some tectonic processes which seem 

common for all model results concerning the subduction of a 
basement ridge: (1) a drastic modification of the taper during 
ridge subduction from a regular to a thicker and shorter one, due 
to the blocking of the forward decollement propagation, (2) the 
formation of a high plateau and a steep frontal slope, (3) the 
retreat of the wedge front, (4) the size, geometry, and 
kinematics of the basement ridge influence the style of the 
deformation in the wedge, including the amount of material 
removal in the wake of the ridge. 
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