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

Oceanic accretionary wedge
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- Subduction of the lithospheric mantle induces thickening of the crust
and controls the structural asymmetry of the mountain belt
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The view of @ struciurel geelogist. ..

Surface Processes

induce important mass fransfers
that will change the dynamics of the o
orogenic system -

How to relate surface processes and deep tectonic
processes at the scale of a Mountain belt ?
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Experimental modelling applied to the study of orogenic wedge dynamics has been a subject of fruitful re-
search for more than 30 years, although the lI.‘tlkIqu!(L dates back as far as the eal[y XX century. On one
hand, several first arder the srructural [ o belrs have bean inten-
sively investigated wing the L|d!5|t tectonic “sandbox”™ models. The main parameters are the properties of
the basal décollement, the deforming marerial, the backstop, and fluxes, kinemarics and surface processes,
On the other hand, the morphological evelution of a meuntain relief subjected to changing tectenic or dimat-
ic forcing has been add ressed using another kind of approach called “geomaorphic™ models, Nowadays, the lit-
erature is extremely rich, particularly for the sandbox technique, so that it becomes difficult to have an
exhaustive view of the effects of the above parameters on mountain evolution. In this article, we propose a
detailed review of the main results obtained using both “tectonic” and "geomerphic™ approaches. Our goal
is to provide an almost complete state-of-the-art in the experimental study of reliel dynamics to guide pre-
sent and future researchers in their understanding of mountain belt evolution,

& 2012 Elsevier BV. All rights reserved.
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Kinematic setting of experimental orogenic wedges
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Experiments invelving erosion and sedimentation...

Accounts for large deformations

Integration of very long time
scales 1 -> 10 Ma




Look at the green particle

el = = = = =

OK, erosion allows exhumation, but it's not so simple...



Metamorphic Grade
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Theoretical effects
of climate & erosion
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msion —. " %™ A mountain belt is
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Deformation

B Willett et al.
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Impact of surface processes

oh wedge dynamics ?
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K-J Chang, 2006

ChiChi Eq 1999

(@ Chi-Chi epicenter

[] 1sacling landsiide

/(‘ Chelungpu fault

Short term effects
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ChiChi Eq, 1999,
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Sediment transport
mainly duringTyphons...




Erosion by rivers
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Long term effects
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Long term effects of erosion and
impact of rheological layering of the continental crust
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Influence on deformation mechanisms



backthrusting

no erosion
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A sandbox example of deformation partitioning

orogenic wedge

U.P = Upper Plate
L.P = Lower Plate

S velocity discontinuity

glass sidewall rigid buttress
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NW Diablerels Rhone Valley Matiarhom SE

Escher et al. 1994

section 1

The Alpine orogenic wedge

observation :
a complex geology |
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Boundary conditions :
a simple kinematics at lithosphere scale...
but how is produced this complex geological structure ?
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Impact of erosion, sedimentation and structural heritage

on the tectonic evolution of the Alpine foreland ?
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Modeling the subduction of the European continental margin...

Restored cross section
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Experimental set up and Boundary conditions

A model playing with
erosion, sedimentation, & structural heritage...
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Bonnet, C., Malavieille, J. and Mosar, J. (2006) ——

initial state
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evolution

erosion & sedimentation




Bonnet et al., 2006




no erosion
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At lithospheric scale,
the role of the
upper-plate is major

Impact of upper-plate erosion

Underplating + erosion

= 0
N * N
crust 2
* km
mantle

b
on wedge evolution Ly e A
crust
——
mantle

will favor major backthrusting
-> doubly vergent wedge

underplating

mantle

H-P rocks *

domains of important uplift T



Sym‘ec’romc surface processes (last case study)
The Hercynian "Montagne Noire"

Stephanian basin

= Wisean flysch
section
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Stephanian basin

Wisean flysch

section

Southern nappes

duplexing underplating

frontal accretion

10 km section
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cambrion

A model inspired by experiments involving erosion...
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Juxtaposition of tectonic units showing contrasted tectono-
metamorphic history & paradoxical normal faults...



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")...
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Foreland basin ‘
— Or'og?enic wedge —

transport erosion

Forebulge sédimentation
Backbulge Foredeep

frontal accretion

underplating

indicative scale Continental subduction oufput
U.P = upper-plate L.P = lower-plate




Deformation and climate dependant surface processes

conTrol the evolution of mor'phology and landscapes
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foreland experiment




Top view



Hamon et al., 2018



Thrust fault setting

Thrust fault
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Strike-slip fault setting
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Oblique convergence (long term)

How to infer deformation partitioning
from the analysis of morphology ?

Some research tracks
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Geomorphic experiments with erosion,
sediment transport and deposition

MotionT | L = Guerit etal., 2016
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Available for teaching (on Youtube)...



Impact on oroge

Malavieille et al., 2019
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final stages characterize different styles of forelands
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Another consequence...




A doubly vergent wedge with a strong erosion & a décollement

Malavieille & Limoncelli, 2008

SCLences

Montpellier

prowedge = H=llcm __ refrowedge

A surprising behavior...
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erosion + décollement
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‘ Foreland basin 3
« Orogenic wedge >

TR NP transport erosion
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Backbulge Foredeep active faults =
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underplating

ndicative scale Continental subduction output
U.P = upper-plate L.P = lower-plate

- 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.
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