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Cascadia wedge



M
o
d
u

le
 B

P
 1

1
 -

 1
1

R
. 
B
o
u

sq
u

et
 2

0
0
9

-2
0

1
0

Ionian Sea wedge

2. Tectonic evolution of the Mediterranean Ridge

The Mediterranean Ridge (Fig. 1) is an accre-
tionary complex resulting from the convergence
between the African and Eurasian plates at a
rate of about 3.8 cm yr31 (Le Pichon et al.,
1995). In 1993 and 1994, cruises with the German
RV Meteor, the French RV Nadir and the Italian
seismic vessel OGS Explora (Hieke et al., 1994;
Mascle et al., 1994; IMERSE Working Group,
1997) collected OBH wide-angle, swath bathyme-
try, gravity and magnetic data together with grids
of multichannel re£ection seismic lines. IMERSE
pro¢le 5 across the ridge (Reston et al., 1999a),
which runs close to PRISMED pro¢le 03 (Chau-
millon et al., 1996; Chaumillon and Mascle, 1997)
is most suitable to characterise the structure of the
Western Mediterranean Ridge (WMR, Fig. 2) be-
cause it is not a¡ected by the subduction of as-
perities (von Huene et al., 1997) and closely par-
allels the direction of convergence at a location

where convergence is almost normal to the mar-
gin.

Five units can be identi¢ed within the incoming
section beneath the Abyssal plain (Reston et al.,
1999a). These are, from the oldest up, the base-
ment (unit 1), presumed to be oceanic crust; a
series of highly re£ective sediments, interpreted
as Mesozoic carbonates (unit 2); less re£ective
layered sediments, interpreted as clastics of Late
Mesozoic to Tertiary age (unit 3); the Messinian
evaporitic sequence (unit 4); and the Plio-Quater-
nary (unit 5). Along pro¢le 5 (Fig. 2), the frontal
slope dips at about 1.2‡ and, regionally, varies
between 0.9‡ and 2.3‡ along strike, while the plate
boundary dips at about 1‡. At the toe of the
wedge, the position of the de¤collement, long a
matter of debate (cf. Ryan et al., 1982; Le Pichon
et al., 1982, Kastens et al., 1992), is now thought
to lie at the interface between the unit 3 clastics
and the overlying unit 4 Messinian evaporites
(Reston et al., 1999b). Beneath the upper slope

Fig. 1. Bathymetric map of the Ionian Sea region, showing the tectonic setting of the IMERSE experiment with the location of
the seismic pro¢les across the WMR. The part of line 5 shown in Fig. 2 is marked in bold, CS refers to Cyrene Seamount.
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Fig. 2. Interpretation of a seismic section (in time) through the Mediterranean Ridge accretionary wedge based on the results of the IMERSE project and in partic-
ular pro¢le 5A (Reston et al., 1999a). See text for details of the tectonic interpretation.
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(Reston et al., 1999a), a series of NE-dipping
thrust slices have been interpreted as slices of
the pre-Messinian clastics (unit 3) which have
been underplated by duplexing (sensu lato) as
the de¤collement cuts down to deeper levels (prob-
ably the top of unit 2) to the NE. These thrust
slices are underlain (Reston et al., 1999a) by a
little deformed sheet of pre-Messinian sediments
of units 2 and 3.

The structures identi¢ed in IMERSE pro¢le 5A
have been explained (Reston et al., 1999a) by an
evolutionary model (Fig. 3) for the WMR starting
with the formation of the ¢rst basal duplex after
the end of the Messinian where the de¤collement
cuts up toward the SW from the top of the Me-
sozoic carbonates (unit 2) to the top of the Ter-
tiary clastics (unit 3, Fig. 3a). After several basal
duplexes were formed during the Pliocene (Fig.
3b), a long sheet of the Tertiary clastics has

been underthrust beneath the underplated du-
plexes (or subcreted in terms of Reston et al.,
1999a), which at the present reaches as far as
the NE edge of the basal duplexes (Fig. 3c). The
disruption of the top of this underthrust package
may indicate the early stages of breakup leading
to the formation of the next generation of under-
plated duplexes.

3. Sandbox experimental set-up and experiments
with homogeneous input

To perform sandbox experiments to study the
growth and evolution of convergent margin accre-
tionary complexes, we use a glass-sided box in
which a 240-cm-long PVC plate, on top of which
dry quartz sand with an internal friction of
W=0.57 is sprinkled to simulate the incoming

Fig. 3. Conceptual cartoon showing three key stages of the evolution of the Mediterranean Ridge accretionary wedge at the end
of the Messinian (upper), during Pliocene (middle) and the present-day structure (lower). After Reston et al. (1999a).
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N. Kukowski et al. /Marine Geology 186 (2002) 29^42 33
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Underplating + 
Frontal accretion

- Strain partitioning
- Two different growth processes acting simultaneously

Entrained duplexes
Changes in detachment levels

Mechanisms of accretion
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Taiwan wedge model by Davis, Suppe & Dahlen, 1983

-> Coulomb wedge theory 

In the eighties, mechanical modeling of mountain building bring geologists 
to consider mountain belts as 

crustal scale accretionary wedges.

* Different tectonic regimes depending on wedge stability : critical, 
subcritical, supercritical… 

(The wedge is considered to deform homogeneously).

Mechanisms of accretion
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do not give any information on how the interior of the wedge deforms
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Impact of backstop geometry
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TAIWAN

Tectonic plates around Taiwan
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Taiwan,
The classical example 

of 
Arc-continent collision ! 
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Tomography  below Taiwan

North profile
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Tomography  below Taiwan

South profile
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Seismicity around Taiwan
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Taiwan’s wedge geometry
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3D geometry
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Taiwan: geodynamic evolution
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the wedge is complex

Taiwan: analogical models

Malavieille, com. pers.
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Metamorphic evolution & erosion distribution
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plate draged by convection

plate pushed by density changes
of  the oceanic plate

plate pulled by downgoing slab
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Back-arc dynamics

Major Pacific slab geometries classified by groups of deep slab dips except 
the first group, which concerns flat subductions with variable deep slab 
dips: 30° to 50°, 50° to 60°, 60° to 70°, steeper than 70°. Active arc/ back-arc 
compression is observed for slab dips lower than 50°, whereas active arc/
back-arc extension occurs only for slabs dips steeper than 50°.
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Similar profiles may result from
(a) a fast trench and quiescent mantle or 

(b) a stationary trench and a fast 
flowing upper mantle; in both cases the 
effective migration rate is the same. 
Even in the absence of the global mantle 
flow, this coupling will result in steeper 
dips than produced in a.

(c) Conversely, a fast moving trench 
may have zero effective velocity.

(d) Plate motions alter mantle flow 
fields unless completely decoupled.

(e) In one-sided subduction, plate/
mantle coupling will generate a flow 
associated with the trench's motion, 
thus limiting changes in effective 
migration. 

The shape produced by sinking slab elements depends upon the speed of 
the trench relative to the underlying mantle

Tao & O’Connell, 1992
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