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We present first results from 
numerical simulations of processes 
contributing to mountain building 
in a subduction-zone setting. Two 
different model sets, performed with 
the finite-element software package 
ABAQUS, are designed to decipher 
deformation patterns and particle 
paths in an orogenic wedge and to 
extract modes of material transfer .

In the first model set, an elasto-
plastic oceanic lithosphere subducts, 
driven by slab-pull, beneath an elas-
toplastic continental lithosphere (Fig. 
1A). The two plates are in contact 

along a frictional plate interface. In 
order to include isostatic effects, an 
elastic foundation and linear dashpot 
elements, which mimic the astheno-
sphere, are added at the bottom of 
the model lithospheres. Preliminary 
analysis of the model results indicates 
that the magnitude of the coefficient 
of friction along the plate interface 
and the velocity of the continental 
plate considerably affect deformation 
patterns and the evolution of topogra-
phy of the upper plate. Strong upward 
vertical displacement develops over 
a wide area above the lower end of 

the plate interface. This set-up, which 
does not include material exchange 
between the plates, is designed for 
application to natural settings like the 
Andean subduction zone where the 
sediment cover of the oceanic plate is 
negligible and friction along the plate 
interface is high.

The second model set investigates 
the effect of material transfer between 
the subducting oceanic and continen-
tal plates on the development of to-
pography. Material transfer is enabled 
by applying an Arbitrary-Lagrangian-
Eulerian formulation, which allows 

Figure 1 A: Vertical displacement in a subduction zone model with frictional plate interface (_=0.6) between separate 
oceanic and continental lithospheres. B: Subduction zone model with elastoplastic oceanic and continental lithospheres, 
on which an Arbitrary-Lagrangian-Eulerian formulation is applied. Shown are velocity vectors attached to the material.
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to represent the subducting plate by 
a material flow through a deformable 
mesh (Fig. 1B). The material enters 
the oceanic model lithosphere at a 
constant velocity; the rate of outflux is 
not constrained and may vary during 
the model run. The continental plate 
is fixed in horizontal direction on 
its far right side, but free to move in 
vertical and horizontal direction else-
where. Isostatic effects are accounted 

for by linear spring and dashpot ele-
ments at the bottom of the model. 
The model results show that major 
upward vertical displacement and as-
sociated development of topography 
in the upper plate is asymmetrically 
distributed above the lower end of the 
plate interface. This second model set 
enables to model subduction zones 
with considerable sediment cover on 
the oceanic plate, where accretion 

of material is expected, or collision 
settings where offscraped continental 
lithosphere leads to the formation of 
an orogenic wedge.

Future work will involve a detailed 
comparison between the two different 
types of models using similar rheolo-
gies as well as investigations on the 
influence of heterogeneities in the 
lithosphere and the implementation of 
surface processes.


