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The gravity and geoelectromagnetic field changes caused by crustal fluid flow 1:
formulation of a 2-D problem
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Tanaka et al. (2010) suggests a possibility of detecting gravity change due to fluid flow on plate boundaries accompanying slov
slip events (SSEs). Since the fluid flow can cause geoelectromagnetic field changes due to the electrokinetic effect, simultaneo
excitation of gravity and geoelectromagnetic field changes due to fluid flow accompanying SSEs is expected.

Although the theoretical formulation of the static change of the geoelectromagnetic fields due to a homogeneous fluid flow or
a rectangle fault is derived by Murakami (1989), it does not express the temporal evolution of the fluid flow. The present study
aims to theoretically derive the mathematical formulation of the changes of both the gravity and the geoelectromagnetic field:
due to time-evolving fluid flow accompanying SSEs.

As the first step, the formulation of the gravity and electromagnetic field changes due to the fluid flow on a fault with infinite
length and finite width in a 2-D homogeneous half space is discussed. Approximating the electrically conductive half space as
rigid body, based on a simple model that the compressible fluid flows satisfying the law of Darcy on the fault plane in the half
space, the mathematical expressions of the field changes are analytically derived by deriving the expressions of the tempor
and spatial changes of the density and the filtration velocity of the fluid diffusion with the boundary and initial conditions of the
compression and the filtration velocity.

The static electromagnetic fields are separated to TE and TM modes under the 2-D condition. TE mode is excited by the fluic
flow along the strike of the fault. Only the magnetic field is excited and the electrostatic potential filed and the gravity field
change are not excited accompanying the fluid flow. TM mode is excited due to the fluid flow perpendicular to the fault strike.
Though both the electrostatic potential and the magnetic fields are excited, the excited magnetic field cannot reach the bounda
of the half space under an approximation that the domain outside the half space is insulating. The electrostatic potential field ar
the gravity change are observable on the boundary. Under the 2-D condition, it is qualitatively concluded that on the boundan
of the spaces, the gravity change and the magnetic field are complementary and that the gravity change and the electrosta
potential field correlate with one another.

The quantitative discussion will be shown.
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