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Malavieille, 1984

Oceanic accretionary wedge

Orogenic wedge

Mountain building => Long term process involving
large convergence and important crustal deformation

Oceanic subduction
submarine relief

Continental subduction
aerial relief

- Subduction of the lithospheric mantle induces thickening of the crust 
and controls the structural asymmetry of the mountain belt







Surface Processes 
induce important mass fransfers 
that will change the dynamics of the 
orogenic system

How to relate surface processes and deep tectonic
processes at the scale of a Mountain belt ?
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A view from analog modeling



The story...
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“sandbox“

Kinematic setting of experimental orogenic wedges

Fixed Backstop
“a subduction setting“



no erosion



SedimentationErosion

Rainfall device

Accounts for large deformations 

Integration of very long time 
scales 1 -> 10 Ma

Geomorphic experiments

Sandbox experiments



OK, erosion allows exhumation, but it’s not so simple… 

no erosion

erosion

retrowedge erosion

Look at the green particle



Willett et al.

Theoretical effects
of climate & erosion
on orogenic wedge

end members

A mountain belt is
not so simple…



Various deformation
mechanisms occur





Oceanic
subduction

Continental
subduction

(Aerial wedge)(Submarine wedge)
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Collapse

TAIWAN
• A first case study



ChiChi Eq 1999

Erosion mechanisms are largely impacted by tectonics…

K-J Chang, 2006

Short term effects



Impact of large
earthquakes on
morphology and 

material transfer…

A reverse fault



Gigantic landslides 
triggered

by earthquaques…

n



Sediment transport
mainly duringTyphons…



Erosion by rivers

2012      

1999 (some days after earthquake)



“river pebbles“

Geologist



Willett, 2006

Impact of climate changes
on mass transfer

in orogens 

DRY

WET

Long term effects



Long term effects of erosion and 
impact of rheological layering of the continental crust

Influence on deformation mechanisms

Thrust wedges and décollements...



no erosion



Flux steady state 
(Input=Output)

Erosion + Décollement high deformation partitioning

A sandbox example of deformation partitioning



accretion mechanisms
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Basal accretion, exhumation and syn-convergence “normal faulting“



Agard & 
Lemoine 

2003

section 1

section 2



Escher et al. 1994

observation :
a complex geology !

The Alpine orogenic wedge

section 1



Europe

AfriqueS

Boundary conditions : 
a simple kinematics at lithosphere scale… 
but how is produced this complex geological structure ? 

Escher et al. 1994

section 1
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section 2

section 2







initial state

evolution

erosion & sedimentation



Bonnet et al., 2006





Alps

At lithospheric scale, 
the role of the 

upper-plate is major

Underplating + erosion 
will favor major backthrusting

-> doubly vergent wedge 

Impact of upper-plate erosion 
on wedge evolution



The Hercynian “Montagne Noire“

section

section

• Syntectonic surface processes (last case study)



A model inspired by experiments involving erosion…

section

section
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Causes & consequences of deformation partitioning in mountain belts ?
Decoupling levels induce deformation partitioning,allowing duplex formation and basal accretion (underplating).
Underplating localizes zones of fast uplift with high angle surface slopes favoring high erosion rates.
Self maintained zones of exhumation enhance the development of antiformal nappe stacks involving
syn-convergence normal shear deformation (“normal faults“)….

Two domains of basal accretion

Hercynian belt of NW Spain

1
2



- Complex balance between tectonics and surface processes at different time scales
- Mechanical evolution is affected by material transfer
- Deformation partitioning & structural heritage play a major role
- Deformation controls the evolution of morphology

Coupling tectonics & surface processes



Geomorphic experiments, new challenges...

Approach developed by S. Dominguez, F. Graveleau, J. Malavieille & C. Romano. 

Deformation  and climate dependant surface processes 
control the evolution of morphology and landscapes





foreland experiment



Graveleau 2008
(Phd)

backstop

top view

1m



Hamon et al., 2018



specific new materials



Sequence of Morphotectonic Evolution ->

Folding of Alluvial Terraces

Measure & analysis of deformation 



Quantification of fluxes

• Measure & analysis of deformation 





movie orogenesis
Available for teaching (on Youtube)…
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Impact on orogenic processes...

Malavieille et al., 2019

long term kinematics
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A complex 3D evolution...



Sedimentation

Exp 46

Exp 43

Exp 47

Bassin Socle exhumé

+

++

final stages characterize different styles of forelands
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Global convergence (Eurasia-Philippine plate):

80 mm/yr (GPS, Yu et al., 1997)
90 mm/yr (REVEL, Sella, et al., 2002)

Middle term kinematics 
determined in Taiwan

Distribution in the wedge:

< 40mm/yr (Foothills, Simoes et al., 2006)
> 23mm/yr (Longitudinal Valley, Shyu, et al., 2007)
< 20mm/yr (Offshore, Malavieille et al., 2002)

Average shortening rates 
estimated on major faults

Another consequence…



very few faults are active in the 
prowedge retrowedge

A doubly vergent wedge with a strong erosion & a décollement

A surprising behavior…



Strain partitioning
(ductile vs brittle) 
and seismic behavior

(location of faults prone to generate big quakes)

Impact of deformation 
partitioning on the location 

of big earthquakes



section



Folding processes ?

Pic Moustardé (Pyrénées)

• Complex rheologies 
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Montagne Noire Iberian hercynian belt

Perrin et al., 2013

Perez-Estaun et al., 1991, modified



Montagne Noire Iberian hercynian belt

Perrin et al., 2013

Perez-Estaun et al., 1991, modified



Folding & faulting mechanisms in fold and thrust belts



- Complex balance between tectonics and surface processes.
- Material transfer (sediments coming from erosion),
behavior of the upper-plate, structural and/or mechanical heritage play a 
major role in the evolution of orogenic wedges.

Wedge dynamics
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