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3D Magnetic Structure of Miyakejima Volcano before and after the Eruption in 2000

Yoshio Uepa*®

A magnetic inversion algorism for constructing a 3D-magnetic structure of a volcanic edifice was developed
and applied to the airborne magnetic anomalies of Miyakejima Volcano surveyed in 1987, 1999, and 2001. The
method consists of two steps.
magnetization intensity, and the residual field was calculated by subtracting the terrain effect.

First, a uniformly magnetized terrain model is assumed for calculating the mean
In the second step,
the magnetization deviations (AJ) from the mean value are calculated for each prismatic block constituting the
three dimensional volcanic edifice, by the refined Conjugate Gradient iteration method under the condition of —
10A/m< AJ<10A/m. Characteristics of the derived 3D-magnetic structures are summarized as following four
features. (1) Miyakejima Volcano has rather uniform magnetization, whose non-uniform magnetization is less
than 10~20% of total bulk-magnetization(total summation of the product of block volumes and magnetization
intensities). (2) A nearly N-S trending magnetic basement is estimated at the deeper part of the volcano. (3)
Relatively weak magnetization zones are estimated beneath the eastern coastal zone and its offshore area, and
beneath the western flank of the edifice. (4) A relatively high magnetization zone is estimated beneath the
northern offshore area. Comparison of the 3D-magnetic structures derived from surveys in 1987 and 1999 made
apparent that the zone of relatively weak magnetization intensity had spread wider from 1987 to 1999, with the
most demagnetized zone at the base (0m~300m b.s.l.) in about 750 m southeast from the center of the crater.
The 3D-magnetic structure in 2001 indicates the demagnetized zone is considerably restricted in comparison with
that in 1999.
2000. These results suggest that the detection of demagnetization process associated with volcanic activity might
be promising by conducting repeated airborne magnetic surveys.

Key words: 3D magnetic inversion, magnetic tomography, Miyakejima, magnetic anomaly, airborne geophysics

This feature may suggest that the thermal demagnetization has been depressed after the eruption in
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Table 1. Airborne magnetic surveys on Miyakejima Volcano conducted by the Hydrographic
Department of Japan (present: Hydrographic and Oceanographic Department of Japan).
Survey date Nov 6,1987 Nov 25,1999 Jun 20,2001
Flying altitude 1160m 1160m 1660m
Positioning Land:Video GPS GPS
Method Sea:Omega
EoLFEAONTVS, ZLHTIE, 1967 FITHRAI D~ 2. F - %

) 37— & B REERIE A Y O KIS I & b T &
1, @ 1,370m I BV CRIEANZE 1,500nT 12 MK 330
K[EEAEES T ENREE SN (Utashiro et al,, 1972;
REFH « fth, 1983). T D% & KK FHRIEO—ERE L
T, JKEEHS CGRIBEEHE) TR =CBoMZER KNS
ZELTBD, TOREIEEA - th (1989), FEH - th
2001) IcE EH 5N TV A,

KR ORERSLHE OB L <3, il kil
EEMEOBAERTEML, &/ 2 TEIC L0 LA}
R L~N 2 v ZEPSES B Talwani 72 (Talwani, 1965;
Kodama and Uyeda, 1978) WV ST W ehs, £ D1,
HE A v v a 7= BFHTE 2 X910 KLEEE
Hiko 7wy 7ML, KFERNTOBALHEE D 51
%R B HH15 EMMHV 5N TV S (Okuma, et al., 1994;
Honkura et al., 1995; Nakatsuka, 1995). L/»L, &
TOHETIRBES IR b2 EL TB D, kK
AN 3515 2 W LAREE D 3 IROCIIREE 23k 5 & &
BTEOV, UL, FEBICRKIAORLEE L 3K
BN EET B 6DTHD, TDLSE 3IRILOW
SHEE A ODPIT L TR B KR EBIREE LTESh
TWwi, THICBAL THEMA - fth 2001) 13 K1k % 3 7k
TEFAROEABERTEML, &7 0y 7 O Lg%
CGREILLVRDZAALZZERBICHOVTITH -2, %
LTRSS E L cEMoME A4 % C
&, ITEE © 3 IR L E MK T LT b 2 & %
MELTWE, 12, TOHETE, BFcAo b
BRIEDEL 2 & WO R RIHRBAL 5 & v FEEN
EBanTwi i, KIROEO PR LEE &k
RPN DI —Rif L & OB A fEtrEfE <l S s &
ZEVIHIHETARATREBETADH 1. KX TR, T
D &S BRI 5 1EE LT 2 BRI E O
% T EDKIMANE D 3 IRICHESHEE OREEEIC & - TIE
WA HETH D EARIET S EEbIT, AL
KRR O =FHOWSSEFEBITISH L, =EEB0
3 RICRES S & KRR IS 3 13 B K ILHANER © D REL
WEEOL LA RS 5.

Table 1 [FAGEHSCTH W\ 72 =5 B O 225 50 & 0 HE
FAFEDLLDOTH D, MEFKITOITN b LERLT
SPIHfZE F i JE o YS11 K (LA701) Td 5. 1987
11 H OIS T ALE JUE Gl A4 2 7, BEIEED
o e 74 EEEEE O SIREL TV S (B
AR« fth, 1989). 1999 FELIFE 1L GPS 12 L ARV 5
NTWa, BB, F—yo4ry7Y v IRE 2T E
IZF YRS NTEB D, Fig. 1 OFETO RIS
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LR D A TEM L TV B G FELTF KB,
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O & O RIS H L Lic 2 En@Ev o
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DKM, MBI ITIRIEE GRAME &R MEDZ)
13 1987 FFTIEZNZE N 1,766nT, —439nT, 2,205nT,
1999 4E T3 1,495nT, —485nT, 1,980nT, 2001 4E Tl
943nT, —303nT, 1,246nT T, #FiC 1987 4F & 1999 4ED
IRIEHS 400 nT 2RV L TW A T EDdHE NS, &
i (3 = B IPE R I HE I IR D B S & & 9
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Fig. 1. Total intensity magnetic anomalies over Miyakejima Volcano surveyed (a) on Nov. 6, 1987, (b) on Nov.

25, 1999 and (c) on June 20, 2001.

Contour interval is 50nT.

IGRF1985, IGRF1995 and IGRF2000 are

used as reference field for the surveys in 1987, 1999 and 2001, respectively. Data sampling points are shown

by dot marks.
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X0ET oy s ORI LEEE b LD 5, FHEITIE T
IKHWHNTWAHE CG % AW 72 (Bjorck and Elfv-
ing, 1979). COHERRHE~ M) v 7 RIckBA v
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EVO B Y, ARl XS BEEICEL TV 3,
L s TOREREELELT, &7 09 7 kK TD
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Table 2. Results of analyses on uniform-magnetization model.
Survey Year 1987 1999 20001
Number of Data™! 961 1147 1147
Magnetization direction is fixed as
: Dr=0, Ir=46*2
Magnetization J(A/m) 10.9 10.2 10.4
Standard deviation o (nT) 105.7 94.9 71.6
GFR 291 2.96 3.16
Magnetization Direction is not fixed: D:=4.8 I,=41.8 | D+=6.5,I:=40.2 | D:=9.8,1,=36.8
Magnetization Jx(A/m) Jr=11.2 Jr=10.5 J=11.1
Standard deviation o(nT) 102.5 89.5 71.6
GFR 3.02 3.07 3.16
*1: pumber of magnetic anomaly data used for analysis.
*2: Present field direction is D=-5.6, I+=46., where unit in deg.
OBS-ANOMALY CAL-ANOMALY RESIDUAL
30 km
20 km .
10 km ’ C
10 km 20 km 30 km 10 km 20 km 30 km 10 km 20 km 30 km
(b) (©
Fig. 2. (a) Observed, (b) calculated and (c) residual anomalies over Miyakejima Volcano derived from 1999

survey. Contour interval is 50nT. Positive values are shown by solid lines and negative ones by broken

lines.
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J(A/m) in 1sT layer J(A/m) in 2nd layer J(A/m) in 3rd layer
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Fig. 3. 3D magnetic structure of Miyakejima Volcano derived from 1999 survey data. The left is the first layer
(h>300m a.s.l.), the middle is the second layer(300m >4 >0m), and the right is the third layer (Om>h >
—300m), respectively. Contour interval is 1A/m. Dark area means negative deviations (AJ) of magneti-
zation intensity. (a) The magnetic structure at the first iteration of CG method. (b) The magnetic structure
at the 4" iteration. This result is cited in Table 3. (c) The magnetic structure under the minimum standard

deviation of misfit at the 8" iteration.
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OBS-ANOMALY CAL-ANOMALY RESIDUAL
30 km
N 1 T
S i / N N ’ ;\/ J:o\ .
20 km Ay A I ”fz;l,gﬁ\
AR R i /&L S\
&1%’2 ﬁ‘:’\ ) Y& {"'_}é}oc ){/' |
10 km p;
10 km 20 km 30 km 10 km 20 km 30 km 10 km 20 km 30 km
(a) (b) (c)

Fig. 4. Final residuals by the two-step analysis of 1999 data.

(b) Calculated anomalies. (c) Final residuals.

(a) Input anomalies are residuals shown in Fig. 2.

Contour interval is Contour interval is 50nT. Positive values

are shown by solid lines and negative ones by broken lines.

J(A/m) in 1sT layer

J(A/m) in 2nd layer

J(A/m) in 3rd layer
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Fig. 5. 3D magnetic structure derived from direct analysis of total intensity magnetic anomalies in 1999. This shows

the the minimum standard deviation of misfit solution under the condition of 0.0 A/m<J (magnetization
intensity) <20.0 A/m. The GFR and standard deviation of misfit are 4.07 and 72.0nT, respectively.
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Table 3. Results of analyses by multi-block model.
Survey Year 1987 1999 2001
Number of blocks*! 773 773 753
Number of magnetic anomalies 961 1147 1147
Standard deviation o (nT) 55.6 54.9 39.3
GFR 6.05 5.49 6.05
Radius=1.5km (Center : 18.0,18.0)
Vollume (km®) 6.7 6.7 6.1
Vollume-mean Magnetization(A/m) 12.0 10.9 11.4
Total magnetic moment (Am?)* 80.1 72.9 69.5
Norm of AJ* 8.8 9.8 7.7
Rate of non-uniform Magnetization 0.12 0.14 0.12
Radius=8km (Center: 17.5,18.5)
Vollume (km®) 53.13 53.13 52.08
Vollume Mean Magnetization(A/m) 0.11 -0.17 -0.31
Total magnetic moment (Am?) *3 - 586.55 530.37 526.64
Norm of AJ* 146.79 129.88 136.51
Rate of non-uniform Magnetization 0.25 0.24 0.25

*Inumber of source blocks used for 3D-modelling.

*321" - AV, x10° Am?, *42|A]k|'AVk x10° Am?

s b, oL BWHEKNERET 2o, 1E
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HEWHEEY 515, 1987 4E TR LRE O B O Rz 1%
FllE F2ECEaMcEyonsy, F3ETiE
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Wi id, KO ICEORENGED 5N 5 085 2
&, 3 @ADL IFED SN, Fig. 71353/
DOWALIEREE DA% K (5) TR 71 EHEEm & & b
RLIEDDOTH S, 1987 & 1999 FFED LT I3 KD
FAITE O R S 1999 ST AEEICHED LT
WBTEMBBONE,. —F, 1999 4E& 2001 4ED LR
TR R 2213 2001 E D 7 MR IE D R %
AT ENDL S, AHAEESD KOO RIFH0 52
% 1.5km OHIFHNTOH 3 EORALRE O FHEE &
LB &, 1987 FD 12.8 A/m H 5 1999 FEITIZ 11.9A/
m, 2001 £FIT13 122A/m 755, & S kiLo kKO
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Fig. 6. N-S cross-sectional views of 3D magnetization structures derived from survey data of 1987 (b) 1999 (c¢),
and 2001 (d). The section is shown by a red line on the topography (a). Observed total intensity anomalies
and calculated ones by the 3D models are shown with solid red lines and asterisk marks, respectively.
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Fig. 7. The profiles of magnetization intensity deviations(AJ) along the section shown in Fig. 6. The upper most:

contribution factors of AJ, given by [ATAJ; in equation (6).

Unit is (nT)*/(A/m)? The values of 1987 are

shown by asterisks, of 1999 by broken line, and of 2001 by solid line, respectively. The middle: comparison

between the results in 1987(solid line) and 1999(broken line).
The lower most: comparison between the results in 1999 (broken line) and 2001 (solid line).

are calculated by equation (8).

ik (i kaoduia» 524 1.5 km DIN O #i
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The error bars are calculated by equation (8).
The error bars
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Magnetic changes estimated from difference of magnetization intensities between 1987 and 1999.
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Contour

interval is 50nT. Solid circle means the most demagnetized zone and solid squares show the locations of land
magnetic observation points at the altitude of 1160 m (a), at the surface of Miyakejima Volcano (b).
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Fig. A1. Test data of magnetic anomalies of

Miyakejima Volcano used for verification of the
method. The anomalies are calculated based on
the following assumptions. Magnetization inten-
sity is 10.0 A/m, declination and inclination of
magnetization are 0.0 and 46.0 in degree unit
respectively. The block located to the southeast
of the crater, whose horizontal dimension is 1
km by 1km and top and bottom are Om, and
300m b.s.l. is assumed to be demagnetized.
Contour interval is 50nT and thick lines are
plotted every 500 nT.
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Fig. A2. 3D magnetic structure derived from a direct analysis of the anomalies shown in Fig. Al. Magnetization

intensities are shown by contour lines in 1 A/m interval.
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Fig. A3. 3D magnetic structure derived from the two-step analysis of the anomalies shown in Fig. Al.
Deviations of magnetization intensities from 10.0A/m are shown by contour lines in 1A/m interval.
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