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Development of Thermomagnetic and Piezomagnetic Models Associated with
Hydrothermal Fluid Circulation in Consideration of Terrain Effects.
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Abstract

We have developed a postprocessor to calculate the geomagnetic field variations caused by hydrothermal fluid
circulation in consideration of terrain undulation. It uses distributions of temperature and pressure inside the
volcano, which are results of a numerical simulation for hydrothermal activity after magma intrusion. Two
dominant mechanisms of volcanomagnetic effects were considered here: thermomagnetic effect and
piezomagnetic effect. We compared both effects and examined the influences of host rock permeability. From
these evaluations, we found as follows: (1) host rock permeability strongly affects not only the duration of the
anomalous thermomagnetic and piezomagnetic fields but also the amounts of them. (2) The time scale of the
magnetic field change of a piezomagnetic effect is shorter than that of thermomagnetic effect.
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' Table 1 Physical properties used for the numerical

51:

0.1013MPa (1 atm), 20 degrees c modeling. Those values are the same used in Hayba and
N ;Magma il condition: P Ingebritsen (1997). £(T) and g(7) denote that the value is
:90% of lithostatic pressures, - . s a function of temperature 7.
£900 degrees Host rock initial condition: 8
’€3 : Hy %f;::gg n ] Property Pluton | Host rock
= g Permeability m’ (D | f(D
24 9]
é Porosity % 5 10
11 Z Heat capacity J/(kg K) g | g
i ) § Thermal conductivity W/(m K) 2 2
' Impermeaple, Con§tant heat flux (|qto host)‘ ‘ . 3
0 i 5 3 P 2 g 3 g Rock density kg/m 2500 | 2500
X (km) Poisson's ratio 025 |025
Table 2. Models parameters used in the case studies.
Model Host rock permeability | Type of
Fig. 1 Configuration of the numerical model showing (<360 <C) magnetic effect
boundary and initial conditions for hydrothermal fluid Model A 1074 2 Piezomagnetic
circulation. The model consists of axi-symmetric 2-D ModelB | 1075 m? Piezomagnetic
model. The area shown by a dashed line corresponds to Model C | 1074 n? Thermomagnetic
the area shown in Figs.2 and 3. ModelD | 107 n? Thermomagnetic
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Fig. 2 Simulation results for Models A and C showing temperature changes (solid contours), pore-fluid pressures (dotted
contours) and fluid-flow vectors along the N-S direction at Y= Okm at 3 elapsed times: (a) 1 year after, (b) 16 years after,
(c) 64 years after the magma intrusion. The contour intervals are 1000 in temperature and 5.0 MPa in pressure. The
area enclosed by a dashed line in Fig.1 is shown in each panel. Solid arrows represent flow vectors for liquid or

supercritical water. Gray arrows show steam velocities.
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Fig. 3 Simulation results for Models B and D showing temperature changes (solid contours), pore-fluid pressures (dotted
contours) and fluid-flow vectors along the N-S direction at Y= Okm at 3 elapsed times: (a) 1 year after, (b) 16 years after,
(c) 64 years after the magma intrusion. The contour intervals are 10000 in temperature and 5.0 MPa in pressure. Solid

arrows represent flow vectors for liquid or supercritical water. Gray arrows show steam velocities.
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Fig. 4 The estimated changes in piezomagnetic field intensity at the ground surface caused by hydrothermal
pressurization for Model A: (a) 1 yr, (b)2 yr, (c)4 yr, (d)16 yr, (€)32 yr and (f)64 yr. Area shows -1.0 to +1.0 km in East
direction and -1.0 to +1.0 km in North direction. Contour intervals are 0.2 nT.
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Fig. 5 The estimated changes in piezomagnetic field intensity at the ground surface caused by hydrothermal
pressurization for Model B: (a) 1 yr, (b)2 yr, (c)4 yr, (d)16 yr, (€)32 yr and (f)64 yr. Contour intervals are 0.5 nT
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Fig. 6 The estimated changes in thermomagnetic field intensity at the ground surface for Model C:
(a) 1 yr, (b)2 yr, (c)4yr, (d)16 yr, ()32 yr and (f)64 yr. Contour intervals are 0.5 nT.
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Fig. 7 The estimated changes in thermomagnetic field intensity at the ground surface for Mode! D: (a) 1 yr,
(b)2 yr, (c)4yr, (d)16 yr, (e)32 yr and (f)64 yr. Contour intervals are 0.5 nT.



