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Global mantle flow and the development of seismic anisotropy:
Differences between the oceanic and continental upper mantle
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[1] Viscous shear in the asthenosphere accommodates relative motion between Earth’s
surface plates and underlying mantle, generating lattice-preferred orientation (LPO) in
olivine aggregates and a seismically anisotropic fabric. Because this fabric develops with
the evolving mantle flow field, observations of seismic anisotropy can constrain
asthenospheric flow patterns if the contribution of fossil lithospheric anisotropy is small.
We use global viscous mantle flow models to characterize the relationship between
asthenospheric deformation and LPO and compare the predicted pattern of anisotropy to a
global compilation of observed shear wave splitting measurements. For asthenosphere
>500 km from plate boundaries, simple shear rotates the LPO toward the infinite strain
axis (ISA, the LPO after infinite deformation) faster than the ISA changes along flow
lines. Thus we expect the ISA to approximate LPO throughout most of the asthenosphere,
greatly simplifying LPO predictions because strain integration along flow lines is
unnecessary. Approximating LPO with the ISA and assuming A-type fabric (olivine a axis
parallel to ISA), we find that mantle flow driven by both plate motions and mantle density
heterogeneity successfully predicts oceanic anisotropy (average misfit 13°). Continental

anisotropy is less well fit (average misfit 41°), but lateral variations in lithospheric
thickness improve the fit in some continental areas. This suggests that asthenospheric
anisotropy contributes to shear wave splitting for both continents and oceans but is
overlain by a stronger layer of lithospheric anisotropy for continents. The contribution of
the oceanic lithosphere is likely smaller because it is thinner, younger, and less deformed

than its continental counterpart.
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1. Introduction

[2] Convection in the Earth’s mantle drives the tectonic
motions of Earth’s lithospheric plates as well as viscous
deformation of the mantle rocks beneath them [e.g.,
Turcotte and Oxburgh, 1967]. Above a depth of ~300 km
[e.g., Hirth and Kohlstedt, 2003], this deformation occurs as
dislocation creep [Karato and Wu, 1993], which aligns
olivine crystals into a lattice-preferred orientation (LPO)
[McKenzie, 1979; Ribe, 1989]. Because olivine crystals are
anisotropic [e.g., Verma, 1960], the development of LPO
produces a macroscopic anisotropy in the uppermost upper
mantle that can be detected seismically [e.g., Hess, 1964;
Forsyth, 1975; Montagner, 1994]. This implies that obser-
vations of seismic anisotropy can in principle be used to
constrain the sublithospheric mantle deformation that pro-
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duces this anisotropy. However, the development of the
LPO in upper mantle rocks is dependent on the finite strain
history of olivine fabric [e.g., Ribe, 1992] as well as the
effects of dynamic recrystallization, subgrain rotation, grain
boundary migration [e.g., Zhang and Karato, 1995], and
the presence of water [Jung and Karato, 2001] and melt
[Holtzman et al., 2003]. Because each of these effects
introduce complexity into the prediction of LPO from a
given mantle flow field [e.g., Kaminski and Ribe, 2001;
Blackman et al., 2002; Kaminski et al., 2004], controversy
continues over how observations of seismic anisotropy
should be used to constrain geodynamic models of mantle
flow [e.g., Savage, 1999; Becker, 2006a]. In this work, we
resolve some of this controversy by comparing observations
of upper mantle anisotropy with predictions made using
global models of present-day mantle flow. In doing so, we
identify regions where anisotropy is controlled by viscous
mantle flow and estimate the importance of finite strain
history on LPO development.

[3] Despite the uncertainty over the relationship between
mantle flow and LPO, several studies have used observa-
tions of seismic anisotropy to constrain geodynamic mod-
els. In the simplest case the direction of observed anisotropy
is taken as a direct indicator of mantle flow. This approach
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