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Abstract

A magnetic inversion algorism is developed for constructing a 3D-magnetic structure of the
volcanic edifice. This method consists of two steps, in the first step, an uniform magnetization
model throughout the body is assumed for calculating a mean magnetization intensity and
residual fields, by subtracting the calculated anomalies from observed ones. In the second steps,
the magnetization deviations from the mean value are calculated for each prismatic block
constituting the three dimensional body by the refined Conjugate Gradient method. The above
algorism was applied to the airborne magnetic anomalies of Miyakejima Volcano surveyed in 1987,
1999, and in 2001. The derived 3D-magnetic structures show the following characteristics, 1)the
nearly N-S trending magnetic basement high at the base part of the volcano, 2)the relatively
weak magnetization zones beneath the eastern coastal zone and its offshore area, as well as
beneath the western flank of the edifice, 3)the relatively high magnetization zone beneath the
northern offshore area. Changes of total intensity magnetic anomalies between 1987 and 1999,
amounting to -280nT were found in the southeastern part of the central cone of Miyakejima
Volcano. This reduction of magnetic anomalies imply the demagnetization of the edifice. From
the difference between the anomalies surveyed in 1999 and 2001, a reverse dipole magnetic
anomaly pattern of 520nT in amplitude is recognized just over the caldera region. This change
can be explained by a disappearance of a ¢ylindrical body of a radius 0.7km , top is 800m, depth is
350 a.s.l., with a magnetization of 6.0A/m in nearly present field direction. By comparing the
3D-magnetic structures derived from anomalies observed in 1987,1999, and in 2001, the following
changes were recognized that the relatively weak magnetization intensity zones of the uplift
above sea level was confined within small zone at the stage of 6th,Nov,1987. At 25th ,Nov. 1999,
the weak magnetization zone had spread in the whole zone including the base beneath the crater.
Referring to the 3D-magnetic structure at the stage on 20th, June, 2001, the weak magnetization
zone was also confined beneath the crater, which may imply the reduction in thermal
demagnetization. These results may suggest that the detection of a demagnetization process
occurring associated with volcanic activity is promising by conducting airborne magnetic surveys.
The present 3D-inversion method also made apparent that the 3D-magnetic structure of
Miyakejima Volcano had the Gaussian type normal distribution pattern, rather than lognormal
distribution.
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Table 2 Results of analyses by uniform-magnetization model

Survey Year 1987 1999 20001
Number of Data"! 961 1147 1147
Magnetization direction is fixed
as : Dy=0, I;=46"2

Magnetization J:(A/m) 10.9 10.2 10.4
Standard deviation ¢ (nT) 105.7 94.9 71.6
GFR 2.91 2.96 3.16

*1: number of magnetic anomaly data used for analysis.

*2: Present field direction is D=-5.6, I+=46., where unit in deg.
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Fig.2 Observed, calculated and residual anomalies
derived from survey data on 25tk Nov,1999.
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Table 3 Results of analyses by multi-block model
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WEORMELTUTDZ Survey Year 1987 1999 2001
LRI NS. Number of blocks™ 773 773 753
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RO KILZEEEIZ AR Standard deviation o (nT) 55.6 54.9 39.3
WA EEL E~EEK GFR 6.05 5.49 6.05
Mhdbt~IbdEmIcDOU S,
(2) EBOITEB BRI LB Radius=4km"?
BN BEIEIRBE D K & WE 43 A3 Vollume(km?) 47.8 47.8 45.2
FETH I BE0HEUOEE Vollume-mean Magnetization{A/m) 11.1 10.3 10.5
By, korbBRILEORY Total magnetic moment (Am?)*® 530.6 | 495.0 | 472.7
I RIB LR E DTV ER Norm of AJ* 55.4 50.7 39.6
IBREETSH. Rate of non-uniform Magnetization (%) 10.4 10.3 8.4
(8) ZEB o kOffiEixfaxt
B B AL 58 B AR < T DESy *Inumber of source blocks used for 3D-modelling.
I3 1999 £ DR R TIXE 3 [FIZ *2Center is located at the center of rater (17.5,18.5).
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Fig.3 3D-Mmagnetic structure of Miyakejima volcano
derived from survey data on 25th, Nov, 1999.

Left:1** layer(h>300m a.b. 1.)

Middle: 2" layer (300m>h>0m)

Right:3™ layer between(0m>k>-300m).
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