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Fig. 1 (a) The locations of Kusatsu-Shirane Volcano (KST), Yatsugatake Magnetic
Observatory belongs to the Earthquake Research Institute of University of Tokyo
(YAT) and Kakioka Magnetic Observatory (KAK).

(b) Distribution of repeat observation points(No.1~17).
A: the observation point of volcanic earthquakes by JMA
YGM: Yugama crater lake
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Fig. 2 Solid line: variations of the geomagnetic total force relative to that at YAT
(sensor height=1.4m). Broken line: variations at sensor height =2.0m.
Lower shows month-to-month variation of the number of volcanic earthquakes
observed by JMA at point A. Arrows show the occurrence of the eruptions.
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Fig. 3 (a) Long-term variation at the grouped observation points (NORTH, SOUTH
and EXTERNAL). The numbers in the figure are station numbers in Fig. 1(b).
(b) Long-term variation of average at NORTH, SOUTH and EXTERNAL
observation points and secular variation at KAK relative to YAT.




BHEHRILC B B SR ELORT 57

SFEUZNEORELRCDOHMTIYE, NrEELiel LMBOSELIL (KAK-
YAT) # Fig.3 (b) IZ/%F. T T, KAK-YATIZH4E 9 A DHEARISHOKMEDS
b YA

EXTERNAL @ 4 fllsiiz, INTASOKINEBHOEELZITIZ VI E, RU, S04
HEZFREFRBEkm SR THE L TV BIZL b o TEFEEAMTHE I Enb, =
DELIREFEERUELBROKELZLTHH L EZTLIVEREDLNRSE, T/, ArfitH
H & LAl DK ERCDOBNIA S, OBEHEESON 5 HOKEEICHKT S D
DTHWLEHHERENS,

FHEARIUEAROKELE(LE, BNMGEELRTREOBMIZH 57245, 1985 FHiiZ
EADOHEEIZIE L TV A, Ohchi (1987) X, 19854 £ TO TN LE{LE hEEHARIZHIT
HRKEELERICHERET AL LTwA. LAL, 19854EMED LR oG hE a ADsk
FEEISRESY, FTHASUIELOMBEFIZL LTSS ) LAGENS.

D& eRELEOMELE S-S TBIEE LT, ERERUELOEBIETIED
il B 5HVITKILEI TR TOmIE LA L 5 3IEBIEOILARLHHNIC & 2L
B EhEZHLNSD. Yukutake et al. (1990) 131968~ 19874E [ DT A KSBFHHC BT 5
EHIKEELERF L, FhC L g, 19684ELLHTA & 198048 T TOI DA EL
fbik, #ilif, EEFWL, ALK EIEBELTHSMCRFEICHEDT S (-1.30T/year) A
Ao, 1980FELIFRIZIEH R2EBIINIC b L s/c b v, ORI RAERILIZIFRIIZIR
STRDOMETHIBM SN D6, KEGKOKELRLEELZONS. ZORFE K
ELE, FELEBLOKRISIZOTITOF 7 b= o 7 REIHICER L EBIREh TV 5,
HEABILEADBROKEZRLL, CoL ) LEEARLEELEELA Y —LTOT 7 b
Z o 7 RGEERBLCOWAWEEASH D, FREVCLOTH LA, ThiZonTidd®
THOBSIZHELLBLAI LIZLA.

KIDFEBZAE S AL L BT B 20121k, FOKIMH SEROKELLS £ %
LIS LEDH A, Fig.4i2 Fig.30) NORTH, SOUTH #*& EXTERNAL # 7 LW -4
TIEERT. TNh%AhDENORTH & SOUTH OEHEMBBERMI S SICHEIZ RS, 0
NORTH & SOUTH DH#EELALANKIUAEPIOBMKEE LM L Tw b L hid, 19824
D, FRLETENE EADOBRTHEEL VWL I LIZE A, b1 ) £1982~1984
FISHETKELGBRIREL TS, ThEPERICBELAOBIICE-7-bDEEL
Y (R

%5, 19894 9 AN G19904E 9 A £ TOskHEZEIL (EXTERNAL) 1£+1.8nT & RAES

(WA

SouTH

..-—--‘—’—“\¢\ Lo i

I U T (N U Y T I |
7 80 82 8 86 88 90

Fig. 4 Long-term variation at NORTH, SOUTH corrected by secular variation at
EXTERNAL.
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Fig. 5 Changes in the geomagnetic total force from Sep. 1989 to Sep. 1990 (unit in
nT). ,
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Table 1 Results of the observation at Sep. 1989(1), Sep. 1990(2) and Oct. 1990(3)
(relative to YAT, unit in nT).

No. ¢V 2 €)) @- (G-
1989.8 | 1980.9 1990.10

1 405.0 407.7 - 2.7 -

2 49.5 51.4 - 1.9 -
3| - 958.4 958.8 956.4 0.2 -2.2
4| 438.0 434.4 483.1 -3.8 -1.3
5| 761.9 750.8 751.0 -11.1 0.2
6| 434.9 431.7 431.1 -3.2 -0.6
7| 370.1 373.7 372.8 3.8 -0.9
8| 267.1 268.8 269.4 1.7 0.8
9| 812.5 817.4 818.0 4.8 0.6
10] 727.8 732.8 733.3 4.7 0.7
11| 484.8 468.5 466.0 1.9 -0.5
12| 499.2 500.5 500.7 1.3 0.2

131 -139.0 | -142.4 - -3.4 -
14 278.7 2768.2 276.3 -2.5 0.1
15| 373.3 375.4 374.4 2.1 1.0
18| 572.6 §77.4 571.8 4.8 0.2
17| 671.8 678.2 678.1 0.8 -0.1
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EFNTHE, HWAENO.13, UOELEBRBTE TV VD, ThoDBARENBTIC
P DTROBRBEREMI 5 LENH L.

XU, BRlEEET NV EKIWVEREORERESA (GEWIIEAT, 19%0) OMICFHEEASL E
(Fig.8), model A TI}HEIIR L BIHRIRIZ L < —¥ 5. model B TRATFME, FES
EBIRRTFNTWES, KGR ORBIFIR & HEIRO L, WEORE—~7 T » 7
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Fig. 6 Dipole model of thermal demagnetization {model A). Upper values at each
observation points are the observed values corrected by secular variation and
lower values are the calculated values. The depth of the dipole is about 900m.
Contour interval is ‘1 nT, and negative area is shaded. Contour values are at the
height of 2000m from the sea level.

Fig. 7 Dipole model of thermal demagnetization determined by excluding the values at
No.13 and 14 observation points (model B). The depth of dipole is about 550m.
Others are the same settings as those in Fig.6. . :
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Fig. 8 Distribution of focuses of volcanic earthquakes occurred from Aug.15, 1990 to
Sep.13, 1990 by Earthquake Research Institute (1990) and estimated thermal
demagnetized area. A and B correspond to model A and model B in Fig. 6 and 7,
respectively. + marks show position of seismograph sensors by ERIL
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Fig. 9 Examples of cofumnar and conic demagnetization models which cause nearly
the same magnefic anomaly as model B (Yamazaki and Churei, 1991) . The
spherical model B is also shown for the comparison.
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Fig. 10 Piezomagnetic field produced by the presence of a expanded sphere. The size
of the sphere is the same as model A. Contour interval is 0.2nT. Others are the
same settings as those in Fig.6.

Table 2 Model parameters used in calculation of the piezomagnetic field in Fig. 10.

Depth of the center of the source sphere D 900 o
Radius of the spherical pressure source a 230 n
Internal hydrostatic pressure 4apP 1X bar
Curie point isotherm depth H 8 kn
Stress sensitivity 8 2.0X10°* bar~!
Lage’s constant )\ 3.0X10% bar

7 3.0X10° bar
Intensity of magnetization J 1 A/n
Geomagnetic inciination le 49°
Geomagnetic declination De 7 W
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DTHEN L S LREA LV, SECERIEAFCLVREDRIZL > TOEED &
hi:t3EZIZ{VWESIZBEDbRAS,



64 Wiss B - RERIEH - MR B - PRFIZE
6. ERERORE

HEARINTRE L-ANERLI SHTORROBEXHETHFAP D L LT, fHHis
ERBAOMELR B I 2olz. AVAY Y ZMEHEILHE, WS NO.6MFEDHIRI L
EHARIAE6ATHS. 4 FVERIEATHEHN, BEVEISEILEZIF TRV
WML bDTH A L TE %,

BREARLGACF - EACTHE LA, £, KiB»50 Oe (4000A/m) I
A T500 Oe T TORFIEMEAT o 7. ZCHRMBMEE ICH 2 BARARILAENZE LI,
BH VTN ELRYDS0 Oe TRHUIHTHT Y, ZOHIBIOLOMCETHE MM E AL/,
FBAL B AIIS0 Oe TRESETLL, ZDRIZIT—FEDOML % 572, 50 Oe DRFIHEE
BT o A TOEY 7V OFRERALIEREIZ1.0~2.0X10 emu/cc (1.0~2.0 A/m)
DWEICAL Z EHbhol. TOMEDSBREBE TV THWARLMELO0X107
emu/cc DUIIRYRETH B Livhh o7

¥ 7z, &Y Y TS OVTZER P TR 2 5 L7, flE 1 # iR ~600C ¥ T100T
A TITo 7. WERICHS»LD50 Oe ORHMHI 2 DT TH S, &Y ¥ TIVIIZIZE
USRS ERR L, 300~400C DMISHRADDEA D b7z (Fig.11).

amu/ce, STRL/CC
SAMPLE 1 o——s SAMPLE 4 e—e
2 e——a 8 o—ea
3 — 6 —
21 2x16°
"6 ™1o°
v v T T —— v v v T v
o 100 200 300 400 500 800 T o 100 200 300 400 500 600 T

Fig. 11 Thermal demagnetization of the andesitc samples.
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Analysis of the Variation of Geomagnetic Total Force at Kusatsu-
Shirane Volcano: The Remarkable Changes in the Geomagnetic Total
Force in 1990 and the Estimated Thermal Demagnetization Model

Akira Yamazaki, Masaaki Churei,

Satoru Tsunomura and Sinzaburou Nakajima

Abstract

From 1976, repeat measurement of geomagnetic total force at Kusatsu-Shirane Volcano
using proton-precession magnetometer has been carried out nearly every year by Kakioka
Magnetic Observatory. At the measurement in September, 1990, remarkable changes in the
geomagnetic total force were observed. The maximum change value during one year amounted
to -11.1nT at No.5 observation point located in the southeast from Yugama. Increases of total
force were observed at northern area of Yugama, and decreases at southern area. Such
changes can be explained by the demagnetization of the material under the volcano. On the
other hand, volcanic earthquakes and volcanic tremors have occurred frequently since
February, 1990. Further, geochemical data have indicﬁted high level activities of the volcano.
It is inferred that the geomagnetic total force changes are caused by the thermal
demagnetization of the rocks under near Yugama. By the use of least squares method, we have
proposed two thermal demagnetization models and found that the estimated demagnetized area
almost coincided with the focuses of volcanic earthquakes. These results imply that
geomagnetic observation is a useful method for understanding volcanic activities at Kusatsu-

Shirane Volcano and many other andesitic volcanoes.



