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Influence of continental roots and asthenosphere on plate-mantle

coupling
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[1] The shear tractions that mantle flow exerts on the base
of Earth’s lithosphere contribute to plate-driving forces and
lithospheric stresses. We investigate the sensitivity of these
tractions to sub-lithospheric viscosity variations by
comparing shear tractions computed from a mantle flow
model featuring laterally-varying lithosphere and
asthenosphere viscosity with those from a model with
layered viscosity. Lateral viscosity variations generally do
not change the direction of shear tractions, but deeply
penetrating continental roots increase traction magnitudes
by a factor of 2—5 compared to 100 km thick lithosphere. A
low-viscosity asthenosphere decreases traction magnitudes
by a smaller amount, and is important only if >100 km
thick. Increased plate-mantle coupling beneath thick
continental lithosphere may increase plate-driving forces,
surface deformation, and mantle-derived lithospheric
stresses in these regions. By contrast, a low-viscosity
asthenosphere does not decouple the lithosphere from
mantle flow, highlighting the geological importance of
mantle tractions on the lithosphere. Citation: Conrad, C. P.,
and C. Lithgow-Bertelloni (2006), Influence of continental roots
and asthenosphere on plate-mantle coupling, Geophys. Res. Lett.,
33, L05312, doi:10.1029/2005GL025621.

1. Introduction

[2] Viscous flow in the mantle exerts shear tractions on
the base of the Earth’s rigid lithosphere [e.g., Hager and
O’Connell, 1981]. These shear tractions contribute to the
crustal deformation and tectonic plate motions that we
observe at the Earth’s surface, but their influence depends
on how mantle flow couples to the plates. There are two
rheological controls that are thought to exert a primary
influence on this coupling. First, several observations [e.g.,
Hager, 1991] suggest that the lithosphere is underlain by a
low-viscosity asthenospheric layer that may be related to
observed zones of low seismic velocity ~100-300 km
beneath oceanic and tectonically active regions, and possi-
bly beneath continents [Gung et al., 2003]. This low-
viscosity asthenospheric layer may partially decouple the
plates from mantle flow [e.g., Forsyth and Uyeda, 1975].
Second, the thickness of the lithosphere may vary signifi-
cantly across tectonic regimes (Figure 1). Oceanic litho-
sphere thickens as it cools, which causes the “roof” of the
low-viscosity asthenosphere to descend away from ridges
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[e.g., Hirth and Kohlstedt, 1996]. Continental lithosphere
may feature even larger variations in thickness, including
continental “roots” that may penetrate to depths of up to
~400 km beneath cratonic shields [e.g., Jordan, 1975;
Ritsema et al., 2004], and are likely cold and highly viscous
[e.g., Rudnick et al., 1998]. These deeply-penetrating con-
tinental roots may couple to mantle flow more effectively
than thinner lithosphere [e.g., Stoddard and Abbott, 1996;
Zhong, 2001].

[3] Models of mantle flow have been used to calculate
shear tractions on the base of the lithosphere in studies that
predict the lithospheric stress field [e.g., Steinberger et al.,
2001; Lithgow-Bertelloni and Guynn, 2004] and global
plate motions [e.g., Lithgow-Bertelloni and Richards,
1995; Becker and O’Connell, 2001; Conrad and Lithgow-
Bertelloni, 2002]. These studies assume a lithospheric layer
with uniform viscosity and thickness. Other studies that do
introduce a lithosphere of varying thickness [e.g., Stoddard
and Abbott, 1996; Zhong, 2001; Cadek and Fleitout, 2003]
do not examine the shear tractions on plates directly. In this
study, we quantify how lateral variations in lithospheric
thickness and the presence of an asthenosphere affect the
shear tractions that the mantle exerts on the base of plates.
These results will be directly applicable to our understand-
ing of how mantle flow drives crustal deformation and plate
motions.

2. Mantle Tractions on the Lithosphere

[4] To introduce lateral variations in lithospheric and
asthenospheric viscosity into a numerical model of mantle
flow, we use the spherical finite element code CitComsS,
which has been benchmarked extensively and can handle
orders of magnitude variations in viscosity [Zhong et al.,
2000]. We set up a global finite element grid with 874800
elements, including 24300 surface elements corresponding
to 157 km horizontal resolution at the surface. Vertical
resolution is 150 km in the lower mantle, 50 km in the
upper mantle, and 25 km above 350 km to better resolve
shear tractions. We calculate instantaneous Stokes flow in
the mantle using a density heterogeneity field inferred from
the S20RTSb seismic tomography model [Ritsema et al.,
2004] and a constant velocity-density conversion factor of
0.15 g cm > km™'s. Because near-surface tomography may
be partially determined by isostatically compensated com-
positional differences [e.g., Jordan, 1975], we do not
impose density anomalies above 325 km in all models. This
method for defining the mantle density heterogeneity has
been used by others to predict mantle flow [e.g., Behn et al.,
2004]. To quantify mantle shear tractions that this flow
exerts on the lithosphere, we measure the horizontal shear
stress on an imposed rigid surface boundary condition [e.g.,
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