
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. 

*Extension: Electrical conductivity σ measurements perpendicular to deformation (-1), 

parallel to deformation (-2) and undeformed (centre of column) (-3), respectively. LT, 

low temperature; HT, high temperature. 

 
 
 
 

Extended Data Table 2 Electron microprobe analyses of most of the run products 

Contents are in weight per cent. Ol, olivine; gl, glass. A dash indicates ‘not 

measured’. aThe number of microprobe analyses is shown in parentheses. bOne standard 

deviation in terms of least unit cited is shown in italics and parentheses; for example, 

46.11(123) indicates a standard deviation of 1.23wt% on the value of 46.11wt%. 

 
 
 
 

Extended Data Table 3 Electrical results for polycrystalline olivine materials 

 
 

 
 
 
 
 
 



 
 
Extended Data Table 4 Electrical results for melt-bearing materials 

 

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