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How does trench coupling lead to mountain building in the Subandes?

A viscoelastoplastic finite element model
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[1] Subduction-induced crustal shortening is believed to be the primary cause of the
Andean mountain building. The present-day crustal shortening in the Andes is clear from
the GPS measurements, but the rate (30—40 mm/a) is higher than the geological
shortening rate (<15 mm/a), suggesting that much of the present-day crustal shortening
may recover during future earthquakes in the subduction zone. Using a two-dimensional

viscoelastoplastic finite element model, we investigate here how the cyclic trench
coupling leads to long-term mountain building, which has been concentrated in the
Subandes in the past few million years. Our results show that much of the GPS-measured
crustal shortening in the Andes can be explained by the interseismic and postseismic
viscoelastic strain that does not contribute to mountain building. The apparently
discordant GPS and geological data can be reconciled in the geodynamic model with a
weakened crust in the Subandes, which allows accumulation of plastic strains that leads to
mountain building. The localized crustal weakening and mountain building in the
Subandes may have been a consequence of the uplifted High Andes, the accelerated
westward drift of the South American plate, the possible delamination of mantle
lithosphere under the Eastern Cordillera, and the increasing trench coupling.
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1. Introduction

[2] The cause of the Andes, the second largest mountain
belt on Earth today (Figure 1), is commonly believed to be
crustal shortening that results from subduction of the
oceanic Nazca plate under the South American continent
[e.g., Allmendinger et al., 1997; Baby et al., 1997; Isacks,
1988; Schmitz, 1994; Sheffels, 1990]. The mechanics that
link subduction to mountain building, however, are not well
understood. After all, subduction of oceanic plates under
continents in other places, such as the Cascadia, does not
cause significant mountain building.

[3] Present-day crustal shortening in the Andes is shown
clearly by recent Global Positioning System (GPS) measure-
ments (Figure 1 [e.g., Brooks et al., 2003; Kendrick et al.,
2001; Leffler et al., 1997; Norabuena et al., 1998]). However,
the 30—40 mm/a crustal shortening measured by GPS is much
higher than that estimated from geological (<15 mm/a) or
seismological (<3 mm/a) data [Kley and Monaldi, 1998;
Sheffels, 1990; Suarez et al., 1983]. Furthermore, the GPS site
velocities decrease gradually from the coast to the Subandes
(Figure 1), indicating evenly distributed crustal shortening.
The geological records, however, show concentrated crustal

"Department of Geological Sciences, University of Missouri, Columbia,
Missouri, USA.

Copyright 2009 by the American Geophysical Union.
0148-0227/09/2008JB005861$09.00

shortening in the Eastern Cordillera and the Subandes in the
past ~5 Ma [e.g., Okaya et al., 1997].

[4] Previous workers have explained this discordance by
assuming that the GPS-measured strain in the forearc and
the Altiplano plateau is interseismic transient that will be
recovered during future earthquakes, and only strain in the
Subandes will be preserved [Leffler et al., 1997; Liu et al.,
2000; Norabuena et al., 1998]. The transient interseismic
strain is consistent with the frequent large earthquakes in the
Peru-Chile trench and the associated coseismic and post-
seismic rebound of the Andean crust toward the trench
[Chlieh et al., 2004; Khazaradze and Klotz, 2003; Klotz
et al, 1999, 2001]. Such transient deformation raises the
question of how subduction and the associated cyclic trench
coupling lead to permanent strain and mountain building
in the overriding plate? And why is mountain building
localized in the Subandes in the past few million years?

[s] These questions cannot be adequately addressed by
previous elastic dislocation or viscoelastic models [e.g.,
Bevis et al., 2001; Hu et al., 2004; Khazaradze and Klotz,
2003], which are designed to simulate transient deformation
during seismic cycles, or by the long-term viscous and
viscoplastic models [Sobolev and Babeyko, 2005; Wdowinski
and Bock, 1994b; Yang et al., 2003], which assume perma-
nent shortening of the overriding plate. Here we attempt to fill
in the gap between these two types of models. Using a two-
dimensional viscoelastoplastic finite element model, we
explore how strain is partitioned across the Andes during
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