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Electrical Properties of Rocks: A Review
Tohru WATANABE "

Abstract

O O Electrical properties in the Earth's interior are obtained through geoelectromagnetic obser-
vations, and are used to infer constituent materials and temperature. Because electrical proper-
ties are very sensitive to the existence of liquids, they are used to detect water and melt in the
crust and the mantle. Interpreting observed data requires a good understanding of the electrical
properties of crust and mantle materials. In this paper, I review the state of our understanding
of rock electrical properties. First, I relate macroscopic electrical conductivity and permittivity to
microscopic material parameters. Our understanding of the electrical properties of rock-forming
minerals and liquids is reviewed from the viewpoint of microscopic structures, and then the prop-
erties of rocks are discussed through the effective medium theory. Finally, I point out problems
that should be tackled to get a better understanding of the electrical properties of rocks. They
ard] 10the physics of the electrical conduction in crustal rocks[] 20the distribution of conductive
minerals in rocks[] 300the fluid distribution in rocks[1 40the properties of thin fluid film, and] 50

the nature of interfacial polarization of fluid-bearing rocks.

Key words( electrical conductivity, permittivity, effective medium theory, Archie's law, interfa-
cial polarization
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Fig. 10 Dielectric dispersion associated with micro-
scopic polarization mechanisms.
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The effective permittivity is shown as
a function of the volume fraction of
medium2. The effective permittivity is

0 calculated using series model, parallel
model, Wagner's formula, and Brugge-
man's formula.
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Brine with a higher conductivity gives a larger dielectric dispersion at a low frequency.
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