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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 topographical 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 piezomagnetic 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 of inflation of a pressure source (a magma
chamber) in the crust
(a) Semi-infinite elastic medium model (Mogi model)
(b) For an existing volcanic topography over the pressure
source
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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.
(a) Model A

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

(b) 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.
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Fig. 3 Comparison of analytic solutions (solid line) with the
finite-element solutions ( O mark) on the surface
displacement of model A.
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Fig. 4 (a) Distribution of the computed stress tensor points on the yz plane by the finite-element solution of model A. Red lines
(0=y=10,000, 0=z=5,000) border the region for the finite-element solution for piezomagnetic computation.

(b) For model B.
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Table 1 Parameters used for computing the piezomagnetic field of models A and B. An analytic solution
(Sasai, 1991 TYPEII) at 10m from the ground surface right above the pressure source is also

displayed.

Depth of the center of the pressure source sphere
Radius of the pressure source sphere

Internal hydrostatic pressure of the sphere
Rigidity of the crust (Lame’ s constant)

’

10km

Tkm

+101. 325 MPa
40 GPa

Depth of the Curie point isotherm
Stress sensitivity

Geomagnetic declination
Geomagnetic inclination

Declination of the rock magnetization of the crust
Inclination of the rock magnetization of the crust
Intensity of the magnetization of the crust

Analytic Solution (Sasai, 1991 TYPET)
Bx © -0.150161 nT
By © 0.000000 nT
Bz © 0.371161 nT
Bf © 0.181604 nT

D
a
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Vi
L H 20km
LB 2.0x107%/Pa
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Fig. 5 Convergence of numerical integration by horizontal integral range to compute the piezomagnetic effect of
model A. The plotted data is the calculated result of the x and z components listed in Table 2.
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Table 2 Convergence of computed piezomagnetic fields by
horizontal range of numerical integration. The
observing point is right above the pressure source
listed in Table 1, and the observing height is 10m from
the ground surface. The range is the width of
horizontal integration, for example, when the range is
100km, the integration ranges are = 50km of north
and south, and = 50km of east and west from the
observing point. The integral depth is 20km, which is
the Curie depth, from the zero level. The integral
cubic cell size is 100m. The unit of magnetic field is in
nT.

Range Bx By (x107%) Bz Bf(nT)
10km  0.017639 -0.225893 -0.038547 -0.017520

20km -0.065095 -0.163026 0.357458 0.227070
30km -0.115483 -0.151808 0.378816 0.210133
40km -0. 133456 -0.154836 0.378857 0.198372
50km -0. 140850 -0.149968 0.377806 0.192728
60km -0. 144353 -0.151308 0.377063 0. 189869
70km -0.146193 -0.146278 0.376604 0.188316
80km -0.147236 -0.147737 0.376324 0.187420
90km -0.147862 -0.144601 0.376150 0.186878
100km  -0.148256 -0.143578 0.376039 0.186536
150km  -0.148949 -0.149425 0.375842 0.185932
200km —0.149088 -0.142056 0.375803 0.185811
250km  —0.149129 -0.145005 0.375791 0.185776
300km -0.149144 -0.145949 0.375787 0.185763

Bz component

Bz (nT)

10 100 1000

DELTA(m)

Fig. 6 Convergence of numerical integration by cell division size to compute the piezomagnetic effect of model
A. The plotted data is the calculated result of the x and z components listed in Table 3.
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A NZODWTHEEFRE Sy O FIORE X & v R R
DA T 5 kI % 7= (Fig.6, Table 3), = DFER, —
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HRPELTHIH, KILRE S TlE—32 10m & L
THESEIT-> T2,

Table 3 Convergence of computed piezomagnetic fields by
integral cubic cell size. The observing point is right
above the pressure source listed in Table 1, and the
observing height is 10m from the ground surface.
Delta is the length of one side of the cubic cell. The
horizontal range of numerical integration is 100km,

and the depth is 20km.

Delta Bx By (x1071%) Bz BF(nT)
1,000m -0.102673 0.07183 0.585915 0.374836
500m -0.132579 -0.04023 0.449410 0.252195
250m -0.148524 -0.65874 0.374586 0.185263
200m -0.146308 0.52945 0.385288 0.194794
125m  -0.148377 1.25758 0.375430 0.185996
100m -0.148256 -0.14358 0.376039 0.186536
80m -0.149937 1.78660 0.368173 0.179497
50m -0.149199 2.07990 0.371634 0.182592
40m -0.149263 2.46619 0.371359 0.182343
25m  -0.149295 -6.49984 0.371216 0.182214

Bx component

Yamazaki, A., and T. Sakai

Vol. 57

BB, TNV ADE YK REORMEH R T,
Sy 2 100km W05, fE5 0% A X% 100m & L7
Ay 1R OREE OE %2R D D DIZ BT 25 5 ERFRNIE
PentiumR4 3.2GHz ?® CPU THJ 304 TdH - 7=,

EFILADERET VI B VRS ICHOWN
. FRATRR & BUE AR & il U 7= #5 3 % R L 7= (Fig 7). 2%
ERRIZOWTIE, ST IR TIRE TR, B
VWAL 2 BUERE Sy U7 fRCGR L BEfE 1) &L 3HITHR
RIEFETIENT > VB ARERETRD . B
Sy LT fR(A L BUEfR 2 )0 380 or LT, fRATfiE &
B L < —8 L, ARERELY H v CHEES
HFEICE > THEDR Y EWEE TE T VR ED
HENERENTWVWD Z ERHERTE -, HTOME
FRIZOWTEBET L7720, BIEME 1 & RITRITIER I
EL—H LDy, BiEfE 2 & bR Clis s —t
VINREOEWARBRD NS, ZORKIZONWTOE
Lo Tiden s, B L L BREEMRD /) — KD
BENHSTRONZ EICERL WS EBbhd, &
DICEEE CHRERMENSG O IUE, TR E 0z
LS DITNEL 2D LD EHZEIND,

5. EXVHI{tDAH
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Fig. 7 Comparison of analytic and numerical solutions for x and z components on model A. The abscissa is
oriented in a north-south direction, and the calculation range is —20km to +20km. The height of
calculated points is 10m from ground level right above the pressure source. The horizontal range of
integration is 100km. The cell size of division is a 100m cube. A solid line denotes the analytic
solution (Sasai, 1991 TYPEII, see Appendix B). Black and white circles denote numerical solutions.
Here, the stress tensor of black circles are derived from an analytic solution of the Mogi model (see
Appendix A), and that of the white circles are derived from the finite-element solution.
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Fig. 8 (a) Intensity of the piezo-magnetization at a depth of 100m on the yz plane of model A. Red lines denote
analytic solution, thick lines of another color along each red line denote the finite-element solution.

(b) For 1,000m depth.

r

Model B Depth=100m

Model B Depth=1000m

Fig. 9 (a) For model B. Red lines denote the analytic solution of model A. The others are the same as those in Fig.8.
(b) For 1,000m depth.
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Fig. 10 (a) Distribution of the piezo-magnetization on the yz plane of model A. The contour interval is 10*A/m. Here the
piezo-magnetization is represented by a scalar value(square root of the sum of the second power of each

component).

(b) For model B. The topography in the upper-left is the east-half side of the conical volcano of model B.

h=height of observation

Fig. 11 Schematic view of the computational points of the
piezomagmetic field. The heights of the points are
constant from the ground surface.
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Fig. 12(a) x component of the calculated piezomagnetic field on the line that travels through the center of the model B
volcano in the north-south direction. The heights of the calculating points from the ground surface are 10m,
100m, and 500m from top to bottom. The horizontal interval of the points is 100m. In the left figure, the
thick black line is the piezomagnetic field of model B. The thick green line and thin red line denote the
analytic solution of the piezomagnetic field of model A. Here, the height of the green line calculating point
is the same as the black line. For the red line, the height is 10m, 100m, and 500m from the flat surface of
model A. In the right figure, the brown line denotes a piezomagnetic field originating in the body of the
volcano, and the blue line denotes a piezomagnetic field originating in the crust, not the body of the
volcano. The sum of the brown and the blue lines becomes the thick black line in the left figure.
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Fig. 12(b) For z component.
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Fig. 13 f component distribution of the piezomagnetic field at a height of 100m on model B. The range of each figure is
20km around, and the conical volcano is located at the center of the figure. The contour interval is 0.02nT. The
grid interval of calculation to make those figures is 500m.

(a) Analytic solution of the model A piezomagnetic field. Here, the height of the computational points is the same
as in Fig. (b). The red triangle denotes the summit of the conical volcano, and the blue circle denotes the edge

of the volcano.

(b) Piezomagnetic field of model B. The height of computational surface is 100m from the ground surface.
(c) Piezomagnetic field originating in the crust, not the body of the volcano.
(d) Piezomagnetic field originating in the body of the volcano.
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Fig. 14 At a height of 500m. The others are the same as those in Fig.13.
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