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Electrical Resistivity Anisotropy in Brine-Saturated Rocks during Triaxial Defor-
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Electrical resistivity anisotropy within the crust serves as a crucial geophysical indicator reflecting the distribution of
stress-aligned cracks and fault zones. Recent advances in electromagnetic methods have enabled the identification of numer-
ous anisotropic electrical resistivity structures in both continental and oceanic crusts, revealing the presence of cracks aligned
with regional stress fields. These cracks typically develop with their long axes parallel to the direction of maximum principal
stress, creating anisotropy that reflects the dominant stress regime of the region. To interpret resistivity anisotropy observed in
the field, it is essential to validate through resistivity anisotropy measurements under controlled differential stress conditions.
However, previous studies have primarily measured resistivity along the maximum stress axis direction, and comprehensive
experimental methods for evaluating resistivity anisotropy have not been established. Therefore, this study developed a novel
methodology for measuring anisotropic electrical resistivity during triaxial deformation experiments and elucidated the evo-
lution of resistivity anisotropy throughout the deformation process.

For radial resistivity measurements in cylindrical rock samples, the effective cross-sectional area of electrical current was
determined through three-dimensional electrostatic field numerical simulations. Evaluation of electrode materials under
high-pressure conditions confirmed that Ag/AgCl electrodes demonstrated superior performance. The developed experimen-
tal method enabled simultaneous measurement of both axial and radial resistivities during triaxial deformation.

The method was applied to triaxial compression tests on Aji granite (confining pressure 20 MPa, pore pressure 10 MPa).
As a result, the development of resistivity anisotropy throughout the entire deformation process could be monitored. During
the early deformation stage, the increase in radial resistivity was more pronounced than in the axial direction. This can be in-
terpreted as closure of pre-existing cracks oriented at high angles to the compression axis. In the middle stage of deformation,
the decrease in axial resistivity became more pronounced than in the radial direction. This is interpreted as the development
of new cracks parallel to the stress axis. At least the resistivity anisotropy observed in the early stages of deformation is con-
sidered uniform throughout the sample, and the results obtained from this study can provide data for interpreting resistivity
anisotropic structures observed in field surveys.
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