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[1] This version of shear wave splitting (SWS) database (DB) for North America (NA) contains 6224 pairs
of splitting parameters (fast polarization directions and splitting times) measured using all the available
data recorded by digital broadband seismic stations over the period of 1980–2007 and archived at the
Incorporated Research Institutions for Seismology Data Management Center. The measurements were
produced using a set of robust procedures that involve automated batch processing and manual screening
and were ranked quantitatively on the basis of a uniform criterion. The result is a homogeneous database of
individual (rather than station-averaged) splitting parameters that can be used by a variety of geoscientists
for the understanding of the structure and dynamics of the Earth’s deep interior beneath NA. This data brief
describes the seismic data and techniques used to generate the SWS results, the spatial and azimuthal
coverage, and the limitations of the DB. The DB will be periodically updated and enhanced by adding
newly recorded data and by measuring splitting parameters using the PKS and SKKS phases in addition to
SKS. The database can be accessed at http://www.mst.edu/�liukh/SWS.

Components: 4626 words, 10 figures.

Keywords: shear wave splitting; anisotropy; mantle flow; lithosphere; North America; database.

Index Terms: 7208 Seismology: Mantle (1212, 1213, 8124); 7218 Seismology: Lithosphere (1236); 7203 Seismology:

Body waves.

Received 16 February 2009; Revised 31 March 2009; Accepted 3 April 2009; Published 30 May 2009.

Liu, K. H. (2009), NA-SWS-1.1: A uniform database of teleseismic shear wave splitting measurements for North America,

Geochem. Geophys. Geosyst., 10, Q05011, doi:10.1029/2009GC002440.

1. Introduction

[2] Seismic anisotropy inferred from measure-
ments of splitting of shear waves generated by
distant earthquakes is one of the few ways to
measure the strength and direction of mantle fab-
rics. The most commonly used seismic data are
P-to-S converted waves at the core-mantle boundary
on the receiver side, including SKS, SKKS, and
PKS (see Silver [1996], Savage [1999], and Fouch
and Rondenay [2006] for reviews on the theory

and practice of shear wave splitting measure-
ments). The major advantage of using XKS phases
(which represent all the P-to-S converted phases
from the core-mantle boundary) is that at the core-
mantle boundary on the receiver side, the P-to-S
converted phase is radially polarized. If this shear
wave encounters anisotropic material along its path
to the receiver, it may split into two different
polarizations having different velocities (denoted
fast and slow). The splitting parameters are the
polarization of the fast shear wave (measured
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clockwise from the north) and the travel time
difference between the fast and slow shear waves
dt. The global average of dt is 1.0 s [Silver, 1996].

[3] The major cause of mantle anisotropy is the
A-type lattice-preferred orientation (LPO) of olivine
[Jung and Karato, 2001], which is the main
constituent mineral of the upper mantle and is
highly anisotropic. Seismic shear waves polarized
along the a axis travel faster than those polarized
along the b or c axes. Numerical and petrophysical
experiments demonstrated that under uniaxial com-
pression, the a axis of olivine turns to be perpen-
dicular to the maximum compressional strain
direction; under pure shear, it becomes perpendic-
ular to the shortening direction; and under progres-
sive simple shear, it aligns in the flow direction
[Ribe and Yu, 1991; Chastel et al., 1993; Zhang
and Karato, 1995]. Therefore the fast polarization
direction for the asthenosphere reflects the flow
direction, as observed in ocean basins [Wolfe and
Solomon, 1998] and continental rifts and passive
margins [e.g., Sandvol et al., 1992; Gao et al.,
1994, 1997, 2008]. For the lithosphere, f is mostly
parallel to the strike of compressional zones, as
observed in many places on Earth [McNamara et
al., 1994; Liu et al., 1995; Silver, 1996; Barruol
and Hoffmann, 1999; Fouch and Rondenay, 2006;
Li and Chen, 2006].

[4] Shear wave splitting measurements are in-
creasingly used by geodynamic modelers to un-
derstand the strength and direction of mantle
flow beneath various areas, such as North America
[Fouch et al., 2000], the western US [Becker et al.,
2006; Silver and Holt, 2002], Tibetan Plateau
[Flesch et al., 2005; Wang et al., 2008], and the
whole globe [Conrad et al., 2007; Bird et al.,
2008]. The most popularly used database on a
global scale is the one initiated by Silver [1996],
which is a compilation of about 320 splitting
measurements worldwide (about 130 are located
in North America) from about 30 studies. Several
research groups have since then enriched the
database by adding more measurements. Examples
of such databases include http://geophysics.asu.
edu/anisotropy/upper and http://www.gm.univ-
montp2.fr/splitting/DB.

[5] A common feature of these databases is that
the results were generated by numerous research
groups who used different measuring techniques,
and the criteria for data selection and for ranking
the results are also different. This resulted in
heterogeneous databases. In addition, with few
exceptions, the shear wave splitting measure-

ments presented in the currently available data-
bases are station averages. While this is a
reasonable approach for areas with simple anisot-
ropy (i.e., a single layer with horizontal axis of
symmetry), the average splitting parameters are
likely to be misleading for areas with complex
anisotropy [Marone and Romanowicz, 2007].
This is demonstrated by many studies including
our recent identification of significant anisotropy
(with a splitting time of up to 1.5 s which is
50% greater than global average) on the southern
Tibetan Plateau [Gao and Liu, 2009], which is
an area that was considered as possessing an
isotropic or weakly anisotropic mantle. In addi-
tion, most geodynamic modeling studies require
distinguishing lithospheric anisotropy and as-
thenospheric anisotropy [Conrad et al., 2007].
For most continental areas, anisotropy has con-
tributions from both the lithosphere and the
underlying asthenosphere. Obviously, it is the
asthenospheric anisotropy that is modeled. Be-
cause the currently available splitting data sets do
not separate lithospheric and asthenospheric con-
tributions to the observed bulk anisotropy, it is
virtually impossible to model mantle flow be-
neath continents by using station averages. This
is reflected by the large misfit between the
predicted and observed fast directions for stations
on continents. A recent study by Conrad et al.
[2007] found that the misfit between observed
station-averaged fast directions and the predicted
fast directions is 10� for ocean basins, and is as
large as 41� for continents.

[6] This report introduces the first version of a
homogeneous shear wave splitting database of
6224 pairs of well-defined (i.e., quality A or B,
see section 3.4 below) splitting parameters that we
measured over the past several years.

2. Data Sets Used to Construct the
Database

[7] The database (DB) uses all the available broad-
band seismic data archived at the Incorporated
Research Institutions for Seismology (IRIS) Data
Management Center (DMC), from teleseismic events
occurred between 1 January 1980 and 15 March
2007 (Figure 1) for North America and surrounding
areas (180�W–50�W, and 0�N–90�N, Figure 2).
Data from all the events with an epicentral distance
in the range of 81�–140� and a magnitude of 5.6 or
larger were obtained from the IRIS DMC. If the
focal depth �100 km, a lower cutoff magnitude of
5.5 was used to take the advantage of sharper

Geochemistry
Geophysics
Geosystems G3G3

liu: sks splitting database 10.1029/2009GC002440

2 of 11




















