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[1] Subduction-induced crustal shortening, now measured
by the GPS across many subduction zones, has led to
mountain building in the Andes but not in Cascadia and
some other Andean-type convergent plate boundaries. Here
we use a two-dimensional viscoelastoplastic finite element
model to explore how the GPS-measured short-term strain
relates to long-term mountain building. We show that
previously proposed causative factors of mountain building
can be represented by two model parameters: the strength of
mechanical coupling on the plate interface, and the yield
strength of the overriding plate. The critical condition for
producing permanent (plastic) crustal shortening, hence
mountain building, is for the plastic yield strength of the
plate interface to be higher than that of the overriding plate.
Strong trench coupling and a weak lithosphere explain the
Andean mountain building, whereas weak trench coupling
in Cascadia allows short-term crustal shortening to be
restored periodically by trench earthquakes and aseismic
slips. Citation: Luo, G., and M. Liu (2009), Why short-term
crustal shortening leads to mountain building in the Andes, but
not in Cascadia?, Geophys. Res. Lett., 36, 108301, doi:10.1029/
2009GL037347.

1. Introduction

[2] Most workers have concluded that the Andes, the
archetype of the Andean-type orogens formed along active
continental margins (Figure 1a), have resulted mainly from
crustal shortening associated with subduction of the oceanic
Nazca plate under South America [Allmendinger et al.,
1997; Isacks, 1988]. Recent Global Positioning System
(GPS) measurements in the central Andes show that pres-
ent-day crustal shortening absorbs roughly half of the
~65 mm/yr Nazca-South American plate convergence
[e.g., Kendrick et al., 2001; Khazaradze and Klotz, 2003;
Norabuena et al., 1998] (Figure 1a). This rate is higher than
that estimated from geological record (<15 mm/yr) [Kley
and Monaldi, 1998], implying that much of the present-day
crustal shortening is transient and will be recovered during
future earthquakes [Liu et al., 2000; Norabuena et al.,
1998].

[3] If all crustal shortening in the subduction zone is
transient, then no permanent crustal shortening, and hence
no mountain building, can be produced. This situation
seems applicable to the Cascadia subduction zone, where
the Farallon plate (now the Juan de Fuca plate) has been
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subducting under the North American plate since the
Mesozoic (Figure 1b). Despite the GPS measurements of
~10—-20 mm/yr crustal shortening in Cascadia, no signifi-
cant mountain building has occurred there since the Eocene
[Gabrielse and Yorath, 1992].

[4] Previous studies have suggested many factors contrib-
uting to mountain building in subduction zones, including the
change of plate convergence rate, trenchward absolute motion
of the overriding plate, age and angle of the subducting slab,
subduction of oceanic ridge and seamounts, the amount
of subducted sediments, and thinning of mantle lithosphere
of the overriding plate [e.g., Allmendinger et al., 1997,
Lamb and Davis, 2003; Silver et al., 1998]. We show here
that these factors can be represented by two competing
parameters in a mechanical model: the strength of trench
coupling versus the strength of the overriding plate. Using a
two-dimensional viscoelastoplastic finite element model,
we explore how these two parameters control whether or
not short-term strain associated with the cycles of trench
earthquakes leads to long-term mountain building in
subduction zones.

2. Numerical Model

[5] Previous models of the Andean-type plate bound-
aries have focused either on short- or long-term deforma-
tion. The models of short-term deformation, using elastic
or viscoelastic rheology, simulate transient strain during
seismic cycles without linking the strain to mountain
building [e.g., Bevis et al., 2001; Norabuena et al.,
2004]. The models of mountain building, using viscous
or viscoplastic rheology, assume continuous and perma-
nent crustal shortening [e.g., Sobolev and Babeyko, 2005],
and thus do not explain why subduction-induced crustal
shortening leads to mountain building in the Andes but
not in other subduction zones.

[6] We have developed a two-dimensional viscoelasto-
plastic finite element model for the Andes [Luo and Liu,
2009]. Here we generalize this model for Andean-type plate
boundaries (Figure 2). The oceanic plate subducts under the
continental plate at the angle of 30° with relative conver-
gence rate of 50 mm/yr. We take the top 30 km of the
subducting plate to be elastic, and the top 20 km of the
overriding plate to be brittle (elastoplastic). A viscoelastic
layer is used for the lower crust and the upper mantle of
both plates. The subduction interface is modeled with two
layers of special finite elements: the bottom layer with
relatively low and depth-variable viscosity to simulate
interseismic creeping, and the top layer with elastoplastic
rheology to simulate the stick-slip seismogenic zone. The
plastic deformation, both within the continental crust and on
the subduction interface, is simulated with the Mohr-
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