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Viscous shear in the asthenosphere accommodates relative motion between Earth’s surface plates and underly-
ing 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 vis-
cous mantle flow models (developed us-
ing the CIG-supported CitcomS spherical
convection code) to characterize the rela-
tionship between asthenospheric defor-
mation and LPO, and compare the pre-
dicted pattern of anisotropy to a global
compilation of observed shear-wave
splitting measurements. For astheno-
sphere >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 ex-
pect the ISA to approximate LPO
throughout most of the asthenosphere,
greatly simplifying LPO predictions be-
cause strain integration along flow lines
is unnecessary. Approximating LPO with
the ISA and assuming A-type fabric (oli-
vine g-axis parallel to ISA), we find that
mantle flow driven by both plate motions
and mantle density heterogeneity suc-
cessfully predicts oceanic anisotropy
(avg. misfit = 13°). Continental anisot-
ropy is less well fit (avg. misfit = 41°),
but lateral variations in lithospheric
thickness improve the fit in some conti-
nental areas. This suggests that astheno-
spheric 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 counter-
part.
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Figure 1. Map (a) and cross sections (b-d) of anisotropic fabric in the upper
mantle, as predicted by the infinite strain axis (ISA, bars), which we
computed using a global mantle flow model (CitcomS). Colors show the
grain orientation lag parameter (I1), which compares the rate of LPO
rotation away form the ISA direction to the rate of ISA formation. Wherever
11<0.5, the ISA is a good approximation for LPO. This is true throughout
most of asthenosphere, greatly simplifying the estimation of anisotropic
fabric from a mantle flow model.

Note: our code for estimating ISA and 11 is available:
http://www.soest.hawaii.edu/GG/FACULTY/conrad/mantleflow/mantleflow.html
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