R003-10 /5 C 25 UFREE1) B¥RY: 10 B 24H 12:00-12:15

A OIS TREEUIIIC & % T4 1 X2 &0 50— LB - FHHER
BRI COMRIHR (1) 1A 2V 2SR 5

#/N] S [1]
[1] Bk - HiE

Analytic solutions of coseismic global transient/static geoelectromagnetic variation due
to the piezomagnetism of crustal rocks(1)
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In quantitative theoretical studies on coseismic geoelectromagnetic (GEM) variations (GEMVSs) due to the piezomagnetic
(PM) effect of crustal rocks, principal attention has been paid to the geomagnetic change between the periods before and aft
fault motions. It is, however, expected in principle that the GEMVs due to the PM effect begin as the fault motions start and
continue through the radiation and propagation of stress variation accompanying traveling seismic waves. The present study pa
attention to the derivation of mathematical expression of the GEMVs excited during the sequence of the process of elasticity
In quantifying the transient behavior of the GEMVS, it is necessary to consider the electrical conductivity structure of the earth
in the frequency band in which the electromagnetic (EM) induction is necessary to be considered. In addition, in case that th
GEMVs in wide area is considered, it is necessary to consider whether the ionosphere is negligible in the quantification. Con
sidering above, the present study aims to show the derivation of the analytic solutions of coseismic and global GEMVs cause
by the toroidal displacement (TD) by a fault motion and the magnetization variation due to the PM effect, using the spherical
harmonic analysis (SHA).

Four reasons to pay special attention to the TD can be pointed out. The mathematical expression of the TD is simpler tha
that of the spheroidal displacement (SD) for, firstly, the number of the components is smaller. Secondly, in the quantification
using the modeled earth structure, as the outer core realistically considered is fluid, the spatial region for the analysis shrink
to the crust and the mantle only and, as a result, the number of terms to be considered becomes smaller which makes it eas
to consider whether the ionosphere is negligible. In addition, since the TD is divergence-free, the resultant stress variation is
thirdly, worth being paid attention to for its effective generation of the magnetization variation based on the principle of the PM
effect that the hydrostatic pressure is insensitive in causing the magnetization variation. Moreover, as the divergence of the S
causing the density variation in an elastic body excites the gravity variation, the elastic and gravity fields couple to one anothel
while the TD does not excite the gravity variation. It suggests, fourthly, to GEM studies the analyses of the coupling between the
TD and the GEMVs.

The analytic solutions are derived for a tensor seismic moment in the crust given as a point source in the space in which th
properties varies only in the radial direction discontinuously. Elastically, the earth interior is regarded to be composed of the
crust and the mantle, with the traction-free boundary at the earth surface and the core-mantle boundary. Electrically, the eart
structure is simplified to be four-layer: the ionosphere, the atmosphere, the crust and the mantle, with the outer space and tt
outer core regarded to be insulating and perfectly conducting, respectively. Assuming isotropic and homogeneous properties
each layer, the analytic solution of the transient and static GEMVs can be simply and explicitly derived in the time domain with
the SHA based on deriving the expression of the magnetization variation due to the PM effect in the crust caused by coseismi
stress variations accompanying a fault motion which travel with the propagation of seismic waves, with the initial magnetization
in the crust. The boundary conditions gives the equations of the eigen frequency for the elastic field and the eigen time constal
for the EM fields. The analytic solutions in the time domain can be expressed as the superposition of normal modes.

The solutions and behaviors of elastic and electromagnetic fields are shown together with the quantitative consideratiol
whether ionosphere is negligible.
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