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            Abstract
The oceanic asthenosphere is observed to have high electrical conductivity, which is highly anisotropic in some locations1,2. In the directions parallel and normal to the plate motion, the conductivity is of the order of 10-1 and 10-2â€‰Sâ€‰m-1, respectively, which cannot be explained by the conductivity of anhydrous olivine2. But because hydrogen can be incorporated in olivine at mantle pressures3,4,5, this observation has been attributed to olivine hydration, which might cause anisotropically high conductivity by proton migration1,2,6,7. To examine this hypothesis, here we report the effect of water on electrical conductivity and its anisotropy for hydrogen-doped and undoped olivine at 500â€“1,500â€‰K and 3â€‰GPa. The hydrous olivine has much higher conductivity and lower activation energy than anhydrous olivine in the investigated temperature range. Nevertheless, extrapolation of the experimental results suggests that conductivity of hydrous olivine at the top of the asthenosphere should be nearly isotropic and only of the order of 10-2â€‰Sâ€‰m-1. Our data indicate that the hydration of olivine cannot account for the geophysical observations2, which instead may be explained by the presence of partial melt elongated in the direction of plate motion.
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                    Figure 1: 
                        Electrical conductivity of olivine as a function of reciprocal temperature.
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Figure 2: 
                        Comparison of laboratory data on electrical conductivity of hydrous olivine as a function of H
                        
                        2
                        O content with the geophysically observed electrical conductivity in the upper mantle beneath the Pacific.
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Rising damp?
The properties of the Earth's mantle (such as viscosity and melting temperature) are strongly influenced by the amount of water there. However, determining the mantle's water content has remained challenging. It has been suggested that hydration of olivine minerals is the cause of the high electrical conductivity of the asthenosphere (the deformable layer beneath the crust and upper mantle), but the effect of water on such minerals (via incorporation of hydrogen) has yet to be determined in the laboratory. Two groups now report experiments on the effect of hydrogen on olivine conductivity. Both find that small amounts of hydrogen increase electrical conductivity dramatically, but their conclusions regarding whether this hydration explains the observed mantle conductivity are at odds. Clearly, more work is needed to determine the factors behind this discrepancy.
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