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Active orogenic wedges – fold-
and-thrust belts and accretionary 
wedges – typically located in the fore-
land of orogens at convergent mar-
gins, grow as a result of convergence 
by frontal accretion at the toe and/or 
by underplating at the base. During 
wedge growth a self-similar geometry 
is maintained, characterised by the 

taper angle (the surface angle α  and 
the inclination β of the basal detache-
ment). In general, growth disturbs the 
stable geometry of the wedge and 
in order to sustain its critical taper, 
forward propagation of faults and 
internal deformation accompany the 
thickening of the wedge (Dahlen et al. 
1984; Davis et al., 1983). Critical ta-

per angles are influenced by the angle 
of internal friction and cohesion of the 
wedge material and by the coefficient 
of friction along the basal detachment. 
We consider in this numerical study 
orogenic wedges which grow by fron-
tal accretion and focus not only on the 
geometry of the wedges, but  study as 
well their internal deformation.

Figure 1 Instantaneous strain-rate plots (after 75 and 105 km of convergence) and material properties with deformed 
tracking grid (after 105 km of convergence) indicating development of orogenic wedge and out-of-sequence thrusting 
for a model with inclusions of width 2.5 km and spacing in-between them of 7.5 km. Active shear zones are numerated 
in strain rate plots and show that older shear zones are partially reactivated after 105 km of convergence. All shear zones 
built during wedge growth are numerated in plot of material properties.
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Our two-dimensional finite ele-
ment models are analysed with the 
code Microfem (Fullsack, 1995), 
specifically developed to study large 
deformation processes, and are de-
signed to give us insight in kinematics 
and mode of propagation (folds and 
thrusts) of orogenic wedges. We apply 
a frictional-plastic (Coulomb) rheol-
ogy. The models consist of a sediment 
layer upon a weak base layer pushed 
at a constant velocity of 1 cm/yr 
towards a strong backstop. Weak 
inclusions located 2 km underneath 
the surface represent mechanical 
heterogeneities in the incoming crust. 
Differences in dimension and spacing 
of those inclusions show that they not 
only influence propagation of thrusts 
but also the fold- and thrust-style.

For large inclusions and spacing, 
the internal structure of the wedge is 
mainly characterised by forethrusts 
spreading from the weak base to-
wards the surface. Their location is 

controlled by the weak inclusions. 
The forethusts result in an asym-
metric orogenic wedge, backthrusts 
being of minor importance. Decreas-
ing the width of the inclusions and 
the spacing between them, results in a 
more symmetric orogenic wedge and 
ultimately in the development of an 
upper detachment level from which 
forethrusts connect to the surface in 
the internal part of the wedge. The 
front part of the wedge is in this case 
deformed by pure shear. To maintain 
the critical taper, in almost all ex-
periments older, more internal shear 
zones are reactivated once the wedge 
has built-up, resulting in an out-of-
sequence development of forethrusts 
(Figure 1).

With our models we study also 
the influence of material properties 
(in particular cohesion and angle 
of internal friction of model rocks), 
strain-softening and different types 
of surface erosion. Generally speak-

ing, erosion leads to slower outward 
growth of the orogenic wedge, which 
is explained by enhanced internal de-
formation necessary to raise and thus 
maintain the surface slope.
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