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The fold-and-thrust belt / foreland system

Syn-tectonic deposition

Orogenic wedge
Foreland basin

Foredeep Orogen



Shortening is accommodated in the upper part of the crust 
above a basal décollement dipping toward the hinterland

Implicit assumption of « thin-skinned » tectonic style

Topographic slope and dip of basal décollement define the 
orogenic wedge

Sedimentary cover

Basement

Thrust units

Hypothesis of thin-skinned tectonics



Appalachians

Jura







1978 : Chapple : 
Wedge-shaped 
concept, based 
on field 
observations

Wedge dues to 
horizontal 
compression, no 
need to appeal 
for gravity.

Jura

Appalaches

Roeder et al., 1978, Homberg et al., 2002

Mechanical paradox of overthrusts 





Basal sliding without internal thickening

a
Fixed

Internal thickening until critical angle a is reached

1. Basal sliding without internal thickening, then

2. New snow is incorporated in the wedge, a is lowered, then 

3. The wedge will deform internally until a is reached again, and so on
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1983 : Davis et al. : Mechanics of wedge analogue to soil or snow in front of a moving bulldozer.

Nankai

Morgan and Karig, 1994

The critical Taper 



Coulomb criterion : Rock deformation in the upper lithosphere is governed by pressure dependent and time 

independent coulomb behavior ie by brittle fracture (Paterson, 1978) or frictional sliding (Byerlee, 1978).

Thin-skinned structures allow small angles 

approximations :

Force equilibrium : Gravitational body force, 

pressure of water, frictional resistance to 

sliding along the basal decollement, 

compressive push :

The critical Taper 

Weight of 

sedimentary 

column 

(lithostatic 

pressure)

Weight of water 

column

Basal 

frictional

shear

strength

Sum of lateral push 

forces



No length scale : scale independent

The critical Taper The Mohr diagram is 
used to solve the 

equation and describe 
the shape of the 

taper



Formula for dry and cohesionless sand : 

Sandbox validation :

The critical Taper 



Dans le prisme

Critère de néorupture

(Mohr-Coulomb)

Base du prisme

Critère de friction
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Conditions de fracturation et état critique

Le prisme est à l’état critique

lorsque le cercle tangente

la droite de néorupture



I, II, III and IV : unstable wedge. 

I and III : the undercritical wedge has to 

shorten by thrusting to reach 

equilibrium; II and IV : the overcritical 

wedge has to extend by normal faulting 

to reach equilibrium 

The stability domain is large for 

a weak basal friction and is 

reduced to a line when the basal 

friction equals the internal 

friction. 
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Faible friction basale

Forte friction basale





Interprétation Jura (ou Vercors)/Chartreuse en termes de 
prisme critique (rôle de la friction basale)

(Philippe, 1995)/ Vercors



An alternative 
to frontal 
accretion : 

basal accretion
– underplating



(Willett et al., 2001)

End-member kinematic models of 
orogenic wedge growth.

A) Frontal accretion. Wedge 
shortens such that a vertical 
column extends vertically and 

shortens horizontally.
Vertical component of surface 
velocity is relativelyconstant.

B) Underplating.
Wedge does not shorten 

horizontally and thus has no 
horizontal velocity.

Columns of rock move vertically at 
a constant rate in response to 
addition of new material at the 

base of the wedge.



Willett & Brandon, Geology, 2002

Steady-state: FE = FA

Erosion controls the geometry of mountains

FA = flux of material accreted,

FE = flux of material eroded.

Flux

Time

FA

FE

A: no topography, FE = 0.

B: mountain grows  FE increases.

C: critical taper stage, slope α cannot increase anymore.

D: FA = FE  steady-state. The topography does not evolve 

anymore.
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D: FA = FE  steady-state.

Willett & Brandon, Geology, 2002

Steady-state: FE = FA

FA = flux of material accreted,

FE = flux of material eroded.

Flux

Time

FA

FE

F: mountain grows again  FE increases until a new steady-state is 

reached (FA = FE)

E: drop in FE (e.g., climate change with less rain)  erosion rate 

decreases  the topography is not at steady-state anymore.

A

B
C

D

A

D-E

E

F

F

D

Erosion controls the geometry of mountains
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Willett & Brandon, Geology, 2002

Steady-state: FE = FA

FA = flux of material accreted,

FE = flux of material eroded.

However,  “real” mountains are 

more complex:

- presence of discontinuities (e.g. 

faults),

- different lithologies (more 

resistant in the core of the range),

- change in crust rheology (e.g. 

lower crust partially molten under 

Tibet  no basal friction).

Erosion controls the geometry of mountains
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