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Haiti Earthquake 12.01.2010

Module BP 11 - 11
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S
N
S
N
(@)
S
S
N
—
)
~
Ny
[
S
Qo
A
2



Haiti Earthquake 12.01.2010

USGS
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Haiti Earthquake 12.01.2010
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http://earthquake.usgs.gov/
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Haiti Earthquake 12.01.2010

USGS Centroid Moment Tensor Solution

10/01/12 21:53:10.16
HAITI REGION

Epicenter: 18.523 =72.559
MW 7.0

USGS CENTROID MOMENT TENSOR
10/01/12 21:53:24.50
Centroid: 18.826 =72.162
Depth 10 No. of sta:125
Moment Tensor; Scale 10**19 Nm
Mrr= 1.63 Mtt=-3.71
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Haiti Earthquake 12.01.2010
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Haiti Earthquake 12.01.2010
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Haiti Earthquake 12.01.2010
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Haiti Earthquake 12.01.2010

Woods Hole
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Haiti Earthquake 12.01.2010

Module BP 11 - 11
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Module BP 11 - 11
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An accretionary wedge is a wide submarine mountain belt...

Module BP 11 - 11
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500 Km !

Makran wedge
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Marianna wedge
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Lesser Antilles wedge

Module BP 11 - 11

Barbados accretionary prism
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from Kopp
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Sunda wedge

from Kopp and Kukowski
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Nankai wedge (Japan)

Module BP 11 - 11
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P. Henry & JOIDES Team



Cascadia wedge
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Gutscher et al., 1996

0102-600Z 1onbsnog -y




Ionian Sea wedge
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Module BP 11 - 11
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Ionian Sea wedge
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Ionian Sea wedge
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Types of accretionary wedge
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Mechanisms of accretion

NwW Cascadia wedge SE

~
~
~
~
A,
Sl
=
~
3
=

Gutscher, M.A., Kukowski, N.,
Malavieille, J., and Lallemand, S., 1998, JGR

Changes in detachment levels

Entrained duplexes

Kukowski, Lallemand, Malavieille,
Gutscher & Reston, 2002, Marine Geology

Underplating +
Frontal accretion

- Strain partitioning
- Two different growth processes acting simultaneously

R. Bousquet 2009-2(




Mechanisms of accretion

In the eighties, mechanical modeling of mountain building bring geologists
to consider mountain belts as
crustal scale accretionary wedges.

Module BP 11 - 11

Taiwan wedge model by Davis, Suppe & Dahlen, 1983

-> Coulomb wedge theory (The wedge is considered to deform homogeneously).

* Different tectonic regimes depending on wedge stability : critical,
subcritical, supercritical...
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Critical taper

Module BP 11 - 11

do not give any information on how the interior of the wedge deforms

S
N
S
N
(@)
S
S
N
—
)
~
Ny
[
S
Qo
A
2



Modeling accretionary wedge

Sediments

/

>/

Mobile

@ plate

Malavieille, com. pers.

Module BP 11 - 11

Fixed plate (Backstop) — —
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Modeling accretionary wedge

Sediments

/

>/

Mobile

@ plate

Malavieille, com. pers.

Module BP 11 - 11

Fixed plate (Backstop) — —

Fixed Backstop

Coloured sand layers

traction
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“’rhe Sand bOX“ Plastic sheet
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Modeling accretionary wedge

Module BP 11 - 11

Low friction

Malavieille, com. pers.
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Modeling accretionary wedge

Module BP 11 - 11

High friction
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Malavieille, com. pers.

R. Bousque



Modeling accretionary wedge

High angle

\der’rhrus’ri ng

Low angle

— Frontal accretion

Module BP 11 - 11

Biagi & Malavieille, 1987
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Modeling accretionary wedge

Module BP 11 - 11

Localized exhumation window

Progressive exhumation
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Impact of backstop geometry

Module BP 11 - 11
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Malavieille & Biaggi., 1987



Module BP 11 - 11
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Types of wedge & exhumation of HP rocks

Blueschist

Blueschist, Eclogites

Extension: Crete

Croos-cutting sets

frontal accretion of normal faults Major narmal fault

(detachment)

4 4
\~ /r//// /
Platt, 1986\

underplatting
by imbrication & folding

Underplating & erosion : South-Chile, Taiwan

Small normal faults

frontal accretion erosion
/ [ < \g
I —_
\\ amincissement \Y‘*
ducle —>» C O

underplating

"Corner flow" or subduction channel : Western Alps

Cloos, 1982

matter flow
LP rocks HP rocks
(< & 10 kbar) (2 a 10 kbar) 0 100 km
L '] ']

after Bousquet, 1998
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Tectonic plates around Taiwan

Module BP 11 - 11
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Module BP 11 - 11
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Geodynhamic
setting

Taiwan,
The classical example
of

Arc-continent collision |

Why not?
But, what does it mean?



Tomography below Taiwan

North profile

Module BP 11 - 11

Lallemand et al., 2001
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Tomography below Taiwan

Profile in the
Middle of the
island

Module BP 11 - 11

Lallemand et al., 2001
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Tomography below Taiwan

South profile

Module BP 11 - 11

Lallemand et al., 2001
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Seismicity around Taiwan
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Seismicity around Taiwan
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Seismicity around Taiwan

Module BP 11 - 11

Carena et al., 2002
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Taiwan’'s wedge geometry

Orogenic wedge Backstop

Module BP 11 - 11

Subducted plate
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Taiwan’'s wedge geometry

Orogenic wedge Backstop

Module BP 11 - 11

Subducted plate

Carena et al., 2002
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3D geometry

Module BP 11 - 11

N

Lallemand et al., 2001

Obligue subduction
of the chinese continental margin
under the Philippine plate
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Taiwan: geodynamic evolution

Module BP 11 - 11

Lallemand et al., 2001
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Taiwan: geodynamic evolution

Module BP 11 - 11

Lallemand et al., 2001
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Taiwan: geodynamic evolution

Module BP 11 - 11

Lallemand et al., 2001
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Taiwan: geodynamic evolution

Module BP 11 - 11

Lallemand et al., 2001
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Taiwan: geodynamic evolution

Module BP 11 - 11

Lallemand et al., 2001
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Taiwan: geodynamic evolution

Module BP 11 - 11

Lallemand et al., 2001
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Taiwan: analogical models

Malavieille, com. pers.

Module BP 11 - 11
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Taiwan: analogical models

Although convergence & erosion being uniform, deformation recorded in
the wedge is complex

Malavieille, com. pers.
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Taiwan: structure vs model

Module BP 11 - 11

Malavieille, com. pers.
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Metamorphic evolution & erosion distribution

Module BP 11 - 11

Willett et al. 2001
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Main forces of plate tectonics

Module BP 11 - 11

) = — T
¥
plate draged by convection

7 = %
s
7 .
plate pushed by density changes
of the oceanic plate

J o = T
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/ plate pulled by downgoing slab
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Slab dip vs. age

~ 8 £
~
1 —~~ ’ D
N 800_ § . ’ A
- = A %o °o g Lallemand et al., 2005
L 0 edgpe 4, s
m Fo) AS *
QV © )¢ ] £ O
—~ 60°{ 2 A A e E&A@ u ©
S » o ¢ A0
<= a m X * *
S |5 . T .
= 8 ’ 1 % [
oo 0
40° < EA
X
20°- ANDA ESUM AJAVA ALUZ @BAT eRYU [@ESMAR ANMAR 0IzU
JAP SKOUR NKOUR KAM OC ALE AE ALE OW_ALA E_ALA CASC
COST eCOL B PER ANCHI ©SAND AKER ©TONG ®SHEB ANHEB
®BRET @BARB BNEG XSCHI
Slab age (A)
0° : : : : :
0 30 60 90 120 150 Ma
80°{ © 8) 0
S
o
=
: o 9
60°1 -
o
Q
~ 407 O
S
X :
o . .
S o regular transects with maximum O
ﬁ slab depth of 670 km 20°; o
) n n
S O " lower mantle " slabs (> 670) "
“n
= -
5 ® near-edge slabs s age (A)
) 0° . . : : :
o 0 30 60 90 120 150 Ma




Back-arc dynamics

Module BP 11 - 11

Non oceanic back-arc

I Back-arc oceanic crust

— "lower mantle" slabs
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Back-arc dynamics

~y
~
,;' 0 2(|)O 4(|)0 6(I)O 8(|)0 km 0 2(|)0 4(|)0 6(|)0 8(|)0 km 0 2(|)O 4(|)0 6(|)0 8(|)0 km
N I——_‘\ 1 L L _I 1 L L ~\~\\\I ] L L
A, N "~ -Alaska X \\\ Central Aleutians
a) Mexico” = = Pery NS \ West Aleutians
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0 2(|)O 4(|)0 6(|)0 8(|)0 km 0 2(|)0 4(|)0 6(I)O 890 km
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-e==> Active arc / back-arc extension
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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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Absolute vs effective trench migration

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

o =tz Similar profiles may result from

% T v (a) a fast trench and quiescent mantle or
-
Stationary Mantle v K vinad ¢

(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.

Module BP 11 - 11

Fast Trench

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

Upper Mantle Flow

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

Fast-moving Plate
z — ———

Entrained Mantle Flow

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

Fast Plate

|__
\ ——
Eotrained
Flow
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Tao & O’Connell, 1992



Relative motions of subduction zones
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Arcay et al., 2008
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Relative motions of subduction zones

Subducting plate motion (cm/yr) Arcay et al., 2008
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Module BP 11 - 11
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Plate tectonic forces

Vu .
P Arc deformation

Friction

Trench

|

Ridge—push




