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            Abstract
Lateral variations of seismic wave speeds and attenuation (dissipation of strain energy) in the Earthâ€™s upper mantle have the potential to map key characteristics such as temperature, major-element composition, melt fraction and water content1,2,3. The inversion of these data into meaningful representations of physical properties requires a robust understanding of the micromechanical processes that affect the propagation of seismic waves2,3. Structurally bound water (hydroxyl) is believed to affect seismic properties2,3 but this has yet to be experimentally quantified. Here we present a comprehensive low-frequency forced-oscillation assessment of the seismic properties of olivine as a function of water content within the under-saturated regime that is relevant to the Earthâ€™s interior. Our results demonstrate that wave speeds and attenuation are in fact strikingly insensitive to water content. Rather, the redox conditions imposed by the choice of metal sleeving, and the associated defect chemistry, appear to have a substantial influence on the seismic properties. These findings suggest that elevated water contents are not responsible for low-velocity or high-attenuation structures in the upper mantle. Instead, the high attenuation observed in hydrous and oxidized regions of the upper mantle (such as above subduction zones) may reflect the prevailing oxygen fugacity. In addition, these data provide no support for the hypothesis whereby a sharp lithosphereâ€“asthenosphere boundary is explained by enhanced grain boundary sliding in the presence of water.
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                    Figure 1: Seismic properties of all specimens.[image: ]


Figure 2: Dissipation Qâˆ’1 measured at representative conditions of 1,100â€‰Â°C and 1,000â€‰s oscillation period.[image: ]


Figure 3: Dissipation data at 1,100â€‰Â°C plotted as a function of [image: ] for different capsule materials and several representative oscillation periods.[image: ]


Figure 4: Values of log(Ï„M) from the refined Burgers model of each Fo90 olivine specimen plotted as a function of[image: ].[image: ]


Figure 5: Dominant influences on anelastic relaxation responsible for the reduced seismic shear-wave velocities and attenuation of seismic waves.[image: ]
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Lateral variations of seismic wave speed and attenuation in the Earth's upper mantle can potentially be used to map its underlying properties. Structurally bound water is thought to affect such seismic measurements substantially. To investigate, Christopher Cline and co-authors assess the effect of water on the seismic properties of olivine, a common mineral in the Earth's subsurface, and demonstrate that wave speeds and attenuation are strikingly insensitive to water content. Instead, the imposed redox conditions and associated defect chemistry appear to have a substantial influence on seismic properties, indicating that elevated water contents are not responsible for low-velocity/high-attenuation structures observed in the Earth's upper mantle.
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