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On the topographic effects for piezomagnetic field
—— A case study of the Mogi model —

‘Akira Yamazaki and Takayuki Sakai
Meteorological Research Institute

Abstract

The Mogi model is a fundamental crustal deformation model in volcanology. Although
Sasai (1991) derived an analytic solution for the piezomagnetic field due to the Mogi model,
it is necessary to evaluate topographic effects since volcanic topographies surround
volcanic areas. The topographical effects have not been well studied, probably because
a procedure of the 3-D numerical computing is somewhat complicated. In this study, we
evaluate the topographical effects of a conical volcano, which is a typical volcanic
topography, on the piezomaghetic field.

A finite—element method is applied to compute a stress field in the crust. Next, the
stress field is converted to piezo-magnetization applying the linear piezomagnetic law.
To obtain the piezomagnetic effects at the surface, numerical volume integration is then
performed over the whole crust.

As a result, we found that the ratio of topographical effects on the piezomagnetic
field at the volcano surface reaches almost 50%. We also found a piezomagnetic anomaly
field at the foot area of the volcano caused by stress concentration.
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Fig. 1 Schematic view for thermal demagnetization and piezomagnetic model

(a) Thermal demagnetization model. The black zone indicates a thermal source, and the
gray zone means thermal demagnetized area.

(b) Piezomagnetic model. The black zone indicates a pressure source, and the gray stars
mean the piezo—magnetization in the crust.
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Fig. 2 Finite-element model for solving a stress field due to the pressure source in

the crust. Table 1 lists the common parameters for models A and B.

Model A: Model of a pressure source 10km deep with a radius of 1, 000m in the semi—infinite
elastic medium

Model B: Model of an existing conical volcanic topography of which the radius is 5, 000m
and the height is 2,000m. The conical topography exists right above the pressure
source as in model A.

Table 1.
Parameters used for computing the piezomagnetic field of models A and B.

Depth of the center of the pressure source sphere : D 10km
Radius of the pressure source sphere : Tkm
Internal hydrostatic pressure of the sphere AP  +101.325 MPa

)

Rigidity of the crust (Lame’s constant) 4, A 40 GPa
Depth of the Curie point isotherm H 20km
Stress sensitivity .4 2.0x10°/Pa
Geomagnetic declination - D, O°
Geomagnetic inclination I, 49°
Declination of the rock magnetization of the crust : O, O°
Inclination of the rock magnetization of the crust : 7, 49°
Intensity of the magnetization of the crust CJ 5A/m
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