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            Abstract
The relative motion of lithospheric plates and underlying mantle produces localized deformation near the lithosphere–asthenosphere boundary1. The transition from rheologically stronger lithosphere to weaker asthenosphere may result from a small amount of melt or water in the asthenosphere, reducing viscosity1,2,3. Either possibility may explain the seismic and electrical anomalies that extend to a depth of about 200 kilometres4,5. However, the effect of melt on the physical properties of deformed materials at upper-mantle conditions remains poorly constrained6. Here we present electrical anisotropy measurements at high temperatures and quasi-hydrostatic pressures of about three gigapascals on previously deformed olivine aggregates and sheared partially molten rocks. For all samples, electrical conductivity is highest when parallel to the direction of prior deformation. The conductivity of highly sheared olivine samples is ten times greater in the shear direction than for undeformed samples. At temperatures above 900 degrees Celsius, a deformed solid matrix with nearly isotropic melt distribution has an electrical anisotropy factor less than five. To obtain higher electrical anisotropy (up to a factor of 100), we propose an experimentally based model in which layers of sheared olivine are alternated with layers of sheared olivine plus MORB or of pure melt. Conductivities are up to 100 times greater in the shear direction than when perpendicular to the shear direction and reproduce stress-driven alignment of the melt. Our experimental results and the model reproduce mantle conductivity–depth profiles for melt-bearing geological contexts. The field data are best fitted by an electrically anisotropic asthenosphere overlain by an isotropic, high-conductivity lowermost lithosphere. The high conductivity could arise from partial melting associated with localized deformation resulting from differential plate velocities relative to the mantle, with subsequent upward melt percolation from the asthenosphere.
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                    Figure 1: Anisotropic conductivity models obtained from inversion of electromagnetic data in different geological contexts.[image: ]


Figure 2: Electrical conductivity–temperature diagrams of experimental results.[image: ]


Figure 3: Comparison between the electrical anisotropy of deformed materials measured in laboratory experiments and that determined from field measurements.[image: ]


Figure 4: Cross-section portrayal of the electrical conductivity of the uppermost mantle in a melt-bearing context.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Experimental protocol.
a, Starting material preparation. Deformed material is synthesized in a gas-medium apparatus at 300 MPa (left), and its outer part is extracted for electrical measurements in the multi-anvil apparatus at about 3 GPa (right). Two orientations of the sample are considered, leading to vertical (blue) and tangential (purple) electrical measurements. b, Cross-section of the electrical conductivity cell (14/8 multi-anvil assembly, that is, the corner-truncation edge length is 8 mm and the pressure media edge length is 14 mm). Both electrodes are made of W–Re thermocouple wire with one electrode also serving as a thermocouple. c, Example of a complex impedance spectrum (real part Z′ versus imaginary part Z′′) for a sheared sample of olivine + 5 vol% MORB sample at 750 °C and approximately 3 GPa. The intersection between the response of the sample (blue dots, each dot corresponding to one frequency) with the real axis corresponds to the electrical resistance of the sample. The corresponding electrical conductivity value is obtained using the geometric factor (the surface of the electrode divided by thickness of the sample).


Extended Data Figure 2 Texture and melt geometry.
a, Back-scattered electron image of sheared sample PT0683-2 after electrical measurements, showing that deformation-induced melt texture was preserved during the experiment in the multi-anvil apparatus. b, Back-scattered electron image of sheared sample PT0756-2 after electrical measurements, illustrating the location of melt amongst the olivine grains. c, Starting material PT0683 showing the presence of melt-rich bands. d, Back-scattered electron image of sheared sample PT0683-1HT after electrical measurements at high temperature (up to 1,573 K). The absence of pronounced melt-rich bands suggests a loss in structural anisotropy, attributed to the effect of high temperature. These observations are consistent with electrical data that showed a noticeable decrease in electrical anisotropy with increasing temperature. e, Back-scattered electron image of sheared sample PT0683-1LT after electrical measurements at low temperature (<1,073 K), showing several light-coloured zones identified as melt-rich bands. The rectangle corresponds to the location of image f below. f, Zoom on melt-rich bands in sample PT0683-1LT. Melt is also present between the melt-rich zones as pockets amongst the olivine grains. g, Map of sodium distribution in sample PT0742-2 after electrical measurements. Colours correspond to the number of counts. Warm colours (reddish) correspond to high sodium concentration and are interpreted as pockets of carbonatite melt between olivine grains.


Extended Data Table 1 Description of the starting materials.Full size table


Extended Data Table 2 Electron microprobe analyses of most of the run productsFull size table


Extended Data Table 3 Electrical results for polycrystalline olivine materialsFull size table


Extended Data Table 4 Electrical results for melt-bearing materialsFull size table


Extended Data Table 5 Uncertainties on electrical conductivity values for the experiment on sample PT0683-2Full size table
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