Geomagnetic Dip Changesin the 1950
Eruption OFFZE=Oshima Volcano;
Central Japan: Magnetic Source
Inversion Using Genetic Algorithm (GA)
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Tokyo Metropolitan City has 21 active volcanoes.




The 1986 eruption of |zu-
Oshima volcano. Phase .
The summit eruption from
the central cone Mihara-

yama.




The 1986 eruption of |zu-Oshima volcano. Phase |1: Fissure eruption
on November 21, 1986. Sub-Plinean to fire-fountain eruptions.
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Total Intensity Changesat FUT (nT): Two Step Changes
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‘ Piezomagnetic Total Intensity Changes due to B and C Dykes ‘




Piezomagnetic Total Intensity Changes due to an Intrusive Dyke ‘




A Mode from Petrology : When such an intrusive event happened?

lzu-Oshima 1986 Eruption
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|zu-Oshima volcano has erupted at every 36 to 39 years
interval since 19 century. The last eruption before 1986 took
place in 1950.
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The 1950-51 eruption was the summit eruption from the
central cone Mihara-yama. It was only 5 years after the world
war 1.
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Geomagnetic Dip Changes between July and September 1950 (Left).
Magnetic Dipole and Equivalent Demagnetized Sphere (Right):
Inclination —63° Declination S42° W, Radius 1.7km (Assumed
30A/m, If magnetization = 10A/m —> Radius 2.5km) (Rikitake,
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Magnetic Source due to Thermal
Demagnetization (Dipole)

 Direction of magnetization is known (Anti-
parallel to the Main Field).

e Linear inversion to minimize squared (O-C) with
only one unknown parameter Mo (magnetic
moment).

 Search for the best-fit dipole at a densely enough
grid interval.




Rikitake’s (1951) solution (Left) and the best-fit thermally-
demagnetized sphere (Right). The distribution of geomagnetic dip (in
minutes of arc) a a plane surface of 700 m above sea levdl.
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Comparizon of the fithess of Observed vs. Computed among three
dipole models. The dotted indicates the fitting line. Circle : Best Fit.
Triangle: Rikitake model (demagnetization vector is deflected to the
east). Demagnetized Rikitake model (Demag).
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Fatal Defectsin the Dipole
Models. The source bulges out!

The basement rocks of |zu-Oshima volcano
are weakly magnetized. (Ueda, 1988)

The Curie depth is estimated as 5 km around
this volcano. (Okubo, 1984)

The source must lie between 0 to 5 km depth.
We search for atriaxial ellipsoid model.




Formulafor the magnetic field due to atriaxial ellipsoid
(Clark, et a., 1986; Sasai, 2006)
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Parameters for the shape and attitude of atriaxial ellipsoid :
(a b,c, a,d,y) (Clak, etal. 1986)

Ellipsoid axis lengths
20, 2b, 2c along Xy, x,

X3 respectively.

Auxiliary axes, body
co-ordinate system.
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a section by an inclined plane
dipping away from the viewer.




Inversion for a best-fit ellipsoid

* Grid pointsinside the calderaat every 0.1 km
width with 0.1 km spacing in depth between
1 km and 3 km.

e Each grid point isthe center of an ellipsoid.

» \We search for the best-fit model, which
minimizes the sguared sum of (O - C), using
GA (Genetic Algorithm) at each point.




Convergence of minimum sigmato the best-fit solution. Choice
of N (number of populations) is important. We choose N=100.
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Thebest-fit dlipsoid ©: a=299km, b=2.68 km, c=0.558 km, «
=N350" E, 6=6" , y=83" , (-0.8kmN, +0.2kmE) from R,

D=3.0km




Features of the ellipsoidal
source

An almost N-S oriented, slightly inclined to
the north, flat ellipsoid (nearly spheroid).

The center of elipsoid is as shallow as 3 km
below the sealevdl.

The volume is smaller than the dipole
source (sphere).

Thickness of the ellipsoid (~1km) is much
larger than the ordinary intrusive dyke
(~10m).




What happened during the
Phase | eruption in 19507

e Different from magma
“Intrusion” as 1986. (See
right.)

« Magma stole into avacant
space, which was initially
occupied by strongly
magnetized volcanic ash.

o GA isapowerful tool for
magnetic source inversion.

Dip changes dueto the

piezomagnetic effect.
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