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            Abstract
Laboratory experiments have established that many of the materials comprising the Earth are strongly anisotropic in terms of seismic-wave speeds1. Observations of azimuthal2,3 and radial4,5 anisotropy in the upper mantle are attributed to the lattice-preferred orientation of olivine caused by the shear strains associated with deformation, and provide some of the most direct evidence for deformation and flow within the Earthâ€™s interior. Although observations of crustal radial anisotropy would improve our understanding of crustal deformation and flow patterns resulting from tectonic processes, large-scale observations have been limited to regions of particularly thick crust6. Here we show that observations from ambient noise tomography in the western United States reveal strong deep (middle to lower)-crustal radial anisotropy that is confined mainly to the geological provinces that have undergone significant extension during the Cenozoic Era (since âˆ¼65â€‰Myr ago)7,8. The coincidence of crustal radial anisotropy with the extensional provinces of the western United States suggests that the radial anisotropy results from the lattice-preferred orientation of anisotropic crustal minerals caused by extensional deformation. These observations also provide support for the hypothesis that the deep crust within these regions has undergone widespread and relatively uniform strain in response to crustal thinning and extension9,10,11.
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                    Figure 1: 
Major tectonic regions and example surface-wave dispersion in the study region.
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Figure 2: 
Mis-fit to surface-wave dispersion data from inversions I and II, which do not include crustal radial anisotropy.
[image: ]


Figure 3: 
Crustal radial anisotropy within the extensional provinces is required despite a trade-off between the amplitudes of crustal and mantle radial anisotropy.
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Figure 4: 
Data mis-fit and the amplitude of radial anisotropy in the crust and upper mantle using inversion III.
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Morgan Moschetti and colleagues use ambient noise tomography data from the western United States to show that strong radial seismic anisotropy exists in the deep crust, confined mainly to the geological provinces that have undergone significant extension during the Cenozoic era, since about 65 million years ago. The coincidence of crustal radial anisotropy with these extensional provinces supports the hypothesis that the deep crust within these regions has undergone widespread and relatively uniform strain in response to crustal thinning and extension.
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