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Seismicity at Iwate volcano in 1999

Satoru Tanaka, Haruhisa Nakamichi, Sadato Ueki, and Hiroyuki Hamaguchi
Research Center for Prediction of Earthquakes and Volcanic Eruptions,

Graduate School of Science, Tohoku University

Seismic activity of volcano-tectonic earthquakes in the shallow region (depths less than 5
km) of Iwate volcano in 1999 relatively declined than that in 1998. The number of the
earthquakes was about a one third of that in 1998. However, activities of the low-frequency
earthquakes were active. The number of low-frequency earthquakes occurring around 10 km
depth was increased 1.3 times, those near the Moho discontinuity was three quarters of that
in 1998. This suggests that a magmatic activity is still active in deeper crust under the

volcano. We will successively observe seismic activity with great attention.
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Fig. 1 Map of seismic stations. Closed circles are permanent stations, open

circles are temporary stations, white crosses are broad-band seismometer,
asterisks are strong motion seismometer, at-mark is a seismic array.
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Fig. 2 (a) Hypocenter distribution of shallow earthquakes of which depths are less than
14 km in 1999. (b) Same as (a) except for 1998. Gray circles are high-frequency
earthquakes, open stars are low-frequency earthquakes, crosses are stations, contour

interval is 300 m.
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Estimation of Arrival Azimuth of Volcanic Tremor
Occurred in Iwate Volcano on Sep. 8, 1999

Takuro Iwasawa*, Hidekazu Yamamoto**, Tsuyoshi Sano**, Takuya Obuchi?*,

Yosuke Nagahama** and Tokumi Saito**

* Graduate School of Iwate University, ** Faculty of Engineering, Iwate University

At Iwate volcano, volcanic activity has being activated from 1995. Volcanic tremor is
important to know volcanic activity. The source region cannot be estimated by conventional
observation and analysis.

Therefore, microtremor array observation was carried out around Iwate volcano. The
estimation of arrival azimuth of the volcanic tremor that arose in Iwate volcano was tried.

In the analysis, volcanic tremor observed on Sep. 8, 1999 was used. The predominant
frequency of observed volcanic tremor was 2 Hz, the arrival direction was south, phase
velocities of vertical component of volcanic tremor were 3000 m/s to 1000 m/s. These results

imply that the source region of the volcanic tremor was the shallow part in Mt. Kurokura.
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Matsuo Village,
Iwate Prefecture

“Kenmin-no—mori”
Array Observation site

1. BUNREZL oM. FUTBLIH R O F R RA TRE O 2717

Fig. 1 Location map around the observation site. The circle shows “Kenmin-no-mori”,

Matsuo Village, Iwate Prefecture for the observation site.
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Fig. 3 Observation system. Velocity-type

three component seismometers “LE3D”
were used as a sensor. Data loggers
“LZ8000” were used as a recording
system. The sampling frequency was
200 Hz. Data was
recorded.

continuously
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Fig. 4 The vertical records of volcanic tremor which occurred on Sep. 8, 1999. A
narrow band-pass filter was used, and the center frequency was 2 Hz. The
volcanic tremor record was divided to 15 blocks for spectral analysis. The time
interval of one block is 10.24 seconds, and the overlapping time is 5.12 seconds.
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Fig. 5 The power spectrum in each block in Fig. 4. The peaks can be
seen in the frequency of 2 Hz shown in the circle for all blocks.
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Band Pass Filter = 2.0 (Hz) , Time Resolution = 1 (sec) , Time Window = 2 (sec)
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Fig. 6 Semblance value (upper), arrival azimuth (middle), apparent phase velocity
(lower) of the volcanic tremor as a function of lapse time by the Semblance analysis.
The time window of one block is 2 seconds, the overlapping time is 1 second. The circle
is thickly bigger, as the Semblance value is higher. The arrival azimuth is
concentrated from 180 to 190 degrees. The apparent phase velocity is distributed from
3000 to 1000 m/s.
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Fig. 7 Arrival azimuth of the volcanic tremor. The circle shows the observation site.
The arrival azimuth of the volcanic tremor was estimated with the azimuth to Mt.

Kurokura.
S 38R
ATEFERR (2000) A FLAbILEEICB T D 3 @ 7 L—8I. 5 T RFERFER TR ERHE 1
WL

TIEFR (1999) & T ILHOMITRFALIEOR A, A FI#ER, 21, 257-263.

Neidell, N. S. and M. T. Taner (1971) Semblance and other coherency measures for
multichannel data. Geophysics, 36, 482-497.

PE2F il (2000) & FILALIIEEIZ 31T 2 K LB O 7 LA L. 25 TR Tl Bt e .

IUAGERD « FOETEA « SEBARS - BB R+ - Hh B - AR - USRSt - 7a i
% - OtEE (1998) HRFMEN T L — 8L X 2 EiBH R RS OHEE. B AKIL5451998
TR ZE THLE, 84.

Yamamoto, H., H. Nakamichi, S. Tanaka, T. Nishimura, T. Iwasawa, T. Hirono, T.
Yamawaki, H. Ueda, T. Saito and H. Hamaguchi (2000) Volcanic tremor array

observation using three-component seismometers at Iwate Volcano, Japan. WGC2000.

_14_



1999 5 T K LR R BLHIFR 5 (2006), pp. 15-25.

aFRUNZBIT 2 NTHFEDOT LA Bl

INEIERT - THRE® - 5FIUANTHENE S V—T
* BB T

Array Observation of Artificial Explosion at Iwate Volcano

Masahiro Kosuga*, Yoshimichi Senda* and
Research Group for Seismic Exploration of Iwate Volcano

* Faculty of Science and Technology, Hirosaki University

We have made array observation of two artificial explosions by two L-shaped arrays
deployed at northern and southern foot of Iwate volcano. Semblance analysis using array
records reveals time variation of semblance value, incident direction, and slowness. Several
coherent phases following the direct P-wave come from not the direction of explosion but the
direction of summit rotated several ten degrees from the source. On the other hand, there
are almost no coherent phases from the western part of volcano. We estimate the location of
scatterers by using the time difference between the coherent phases and the first arrival,
incident direction, and slowness. The scatterers are located in the region from the eastern
foot of volcano to the Kitakami basin. The westernmost region of scatterers is close to the
source of low-frequency earthquakes whose activity has increased prior to the volcanic

activity.
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Fig. 1 Map of Iwate volcano showing the location of artificial explosion

(star), two seismic profiles, and two arrays.
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Fig. 2 Configuration of two arrays. The height is relative height from the central
station. The central and the two end-stations are equipped with three component
sensors and the other stations are equipped with vertical sensors.

_16_



3. BRI ORI
T LA TRiER SN 2O N THERIE 2K 3 LUK 41277, 6 HOEROWPIZ (K 3) & 5
D&, 2007 LA TOBRFGICHERENRD D Z RPN D. BEYIRT LA OFLETIE, W8

1999/06/25 02:00:04.84
(a) Yakirisawa array Maxamp.= 11000nm/s (b) Ainosawa array Maxamp.= 13000nm/s

r T T T T 1 r T T T d
"
L)

v822.c1 0

¥822.62

Y822.c3 i A
A

Y821.c1

Y823.c1 W i

Y823.c2

Y823.c3 by )

Y824.c2

Y824.c3 " My
Y825.c1
Ye25.c2 OFTTIRPRE R PR

A
A
A
Y824.c1 ¥ o »
y
o
'
A

Y825.¢3 U W
Y826.c1 NeAR

Y827.c2

Y827.c3
Y828.c1

Y828.c2 vy

Y828.c3 Wmmm#r‘nk"

Y829.c1

r
vozo.c2 ——— il

¥829.c3

Y830.c1 ‘

¥830.c2 . ,
Y830.3 s IRV
Y831.c1 + A

L N . L .

0 5 10 15 20 10 15 20 25
Time [s] Time [s]

3. 1999 4F 6 H 256 HO NTHIFED T L A Glfk. LEHBEYIRT LA THAHD
RT LA Dk, K7 LA O KIRIE THAL L TR

Fig. 3 Array records for the artificial explosion on June 25, 1999. The traces
are normalized to the maximum amplitude of each array.

1999/09/30 01:00:04.326

(a) Yakirisawa array Maxamp.= 31000nm/s (b) Ainosawa array Maxamp.= 31000nm/s
Vet W ‘yl I ' : " asszer M I ; I ' :
Y822.c1 W W A833.c1 a4l

Y822.02 b U A833.02 ——— it el
v822.c3 Wy y A833.c3 -—m& o
i

Y823.c1 I \ AB834.c1 v i) A

Y823.c2 p W A AB34.c2

Y823.c3 Ao AN A834.c3 Mew

Y824.c1 i A835.c1 W - A

Ye24.c2 Wl AB35.c2 sl

Y824.c3 ey AB35.c3 dw W U

Y825.01 I v bl AB36.c1

Y825.c2 ‘ Aol W AB36.02

Y825.c3 e 0 Wt A836.c3 ¥

Y826.c1 e A837.c1 »

Y827.c1 ol ‘lr Wiy by A838.c1 -

Y827.c2 st v AB38.c2 " W

Y827.c3 ol M v AB38.c3 W v

Y828.c1 i ey A839.c1 e i

Y828.02 " AB39.c2 »

Y828.c3 Ry ey A839.c3 }

Y820.01 el et AB41.ct 4

Y829.c2 ————nslt f", By ABa1.c2 e

Y829.c3 Heanbl il A841.c3 1 i

Y830.c1 ok AB42.c1 A

Y830.c2 A AB42.62 ———— Aol

Y830.c3 AN A it A842.c3 ———] %

Y831.c1 iy A843.c1 ol
L L L L L ) L L s L L s
0 5 10 15 20 25 0 5 10 15 20 25

Time [s] Time [s]

4. 199949 H 30 HDO AN THEDT L A Fték.
Fig. 4 Array records for the artificial explosion on September 30, 1999.

_17_



ZHUT EIRIEDED HIRWEHEHE A 5 UL Bk L, Zi bR ITIRIEDS/ NS 2D, F72,
B A ORIEDOFEDNIZIUT ERE R, ZHUCx L THORT LA OFtsk Tk, WIEHERE
MPFIIRELS ZOHOBEDRKE W, £, BHABORIEOENHERKEWE NS XKL,
W ORIIRIRATH D, ZHITHIER R E S T OO REMEDR, HORT LA
DFMREDSTZZEICEIDZDOTHA .
IHDEROEK(M4)TH, TLAIZLDENI6 HDEREFERRICAOND. £72, F—

Y821.c1
Raw data
Maxamp.= 4613.3nm/s
99/06/25
Maxamp.=12053.2nm/s
99/09/30
L | | | - 1 J
0 5 10 15 20 25
2-6Hz
99/06/25 o
ﬁ
| o
99/09/30 il
| T L TS S R N (T S SR SRR |
0 5 15 20 25
4 -12Hz

99/06/25

99/09/30

10 - 22Hz

99/06/25

99/09/30

0 5 10 15 20 25

16 - 32Hz

99/06/25
99/09/30

S S S S S ST S RS S S R
0 5 10 15 20 25

Time [s]

B 5. BEGIRT LA @ Y821 BlA CRldk L7z 6 HDFEBRE 9 H OEBROEFK Ok, L
W BB LNy RARAT g VB —Z T TR 2R T, IRIE T AEBIE O i RAE TR
LU TR, a2 728501% 2 BIOFEBR TOZENRKE Do 457

Fig. 5 Comparison of seismograms recorded at the Y821 station of Yakirisawa array
for the two explosions on June 25 and September 30. The traces are normalized to the
maximum amplitude of raw data. The shaded portions represent the seismograms

with significant difference between the two explosions.
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Fig. 6 Result of semblance analysis of Yakirisawa array for the explosion on June,

7090 1.00

1999. The frequency band of analysis is from 2 to 6 Hz. This figure represents, from
top to bottom, filtered seismograms, time variation of slowness, back-azimuth, and
maximum semblance value. The shading represents the semblance value. The open
circles denote the slowness and back-azimuth with the maximum semblance value.
The array-averaged RMS amplitude is shown by the solid line of the bottom figure.
The horizontal line in the azimuth plot shows the theoretical back-azimuth.
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Fig. 7 Result of semblance analysis of Yakirisawa array for the initial part of
seismograms shown in Fig. 6. The frequency band of analysis is from 2 to 6 Hz.
Phases labeled b - f mark those with large semblance value.

5. BELRDOAIE OHEE

WIT, X7 THLNE PEE L ORFZE - Bk « A —FXAZHNT, b ~ f fHIZxt
IS D HELRO S BB ENICHEE Lz, JRBRICIE, FEMZEIZ L > TT LA 26 OFEEEDR,
BTN Ko THELRDPFET 2 HAD, A —RAIZL>TT LA ~OAFABBESND.

_21_



ANFANIBELAR O S IR T 5. HAGITNCHEERR S5 LIRE L & &, ZOBELEI L O
BOELIE O BIFEREZ - Bk - ARAZBIEE LT 52N TED. Z2THEENLOED
THEHE DT A—H
s = [ 6t|+ ald ¢ |+ bldo]

WCEoTiMiiL7z. Z2Tot, & ¢, O OXBIZEREL - BRI - AGH4 OB E & BLHE &
DIEFET, a, b IMELTH D, REUITAER - BESE - AHAOEENZNER 0.125 s, 5,
45° DB DK HEDEMNE L D L9105 27 6s BNHDORE/NIVEIE, £l - Bkl
]« ARAOSORBRIIEE HEVEDRWVETHLIZEE2RT. BESBBETHDLIOT, #il
O E LTIP-PEULE P-SEELZ B 2 7. MBS L U QR ERYEMRE 2 CEL, P
W% 5.65 km/s, S{EEZ 3.3 km/s & L7z, ZHIUIHIEKRZON—TF AE O BRI E
DN TV D B R EREEICIBWNT, BE 5 km TOREICHY TS, §s DFEE 3 KT
DTV » K EICERE LTS EOELERIZONTITY, §s OEMOMAZRDDLENS 7T v B
—F&{To7. 7V v R —F O R ERIZAKFEF AT 100 m, EEHHT200 m &L, ES
10 km £ CTHEEE L.

X 8IXP-PHELAZIE LIZSA DR R T, 6s 28 0.5 LLTFICRD HOMEZTES 0 km, 5 km,
10 km DEFAIZHOWTRLE. FDOTURMUE b ~ e OFMICE > TRBILZ. EDOESIC
B THEELUARITE FILOILTEN S W R G RICAE L TWD. ZHUIR 7TICR 6D L 91T,
b HHM D e HOEIRFERNTRE 120 7B THEZLICLD. AT —RRTT LA ~DWED
ANFHAEIET 20830 £ 0 fREEIEE < 20O T, BEUARDTE SIB L TSROV & 137 572
W, KR LA RBICBEURD AT L5 IR A2 DITZDDTH S, 12720, ERFEGE
T 5T DITITBERDENEZ E T LANEVMLEICHFET 20BN S S, BARMIZIE, BELAD
MRIZHDETH LI EBHNITAIE L, S 10 knm TIEAEFILOERREO NIz d.

KOIWEP-SEELEZIE LEHBEDOHRETHD. ZDOHE, BElENLLT LA £TIE P-PH#
LV LBWEETIRb AT, HEEKIZ L0 7 LA ISRV EICEE LR TSR B, %
BLARHERICH D &35 AL A OTENE, S 5 km TlIA FILOERFE FiZ725. 10 km T
TGRS ECTEREZH-TZENTET, e fHICHIET ARBELEDB LT NI ENDTE T TH 5.

6. EEEHEDOEIR L O3t

X8 « 9IT/R LIZHGELRIE, AT OES 6-11 km THAE L T DK HEE O EIH (3
ALRAFEFES, 1998) IZE V. P-PHBELOS S, RS 5 km TIIHGELARIIARE R HE OB 5 K-
FAICHEN 72 (X8 (b)), WE 10 km TIHEFIRICHE L TX 8 (o) FET D AlREMEN & 5.
P-SHELOBLEITES 5 kn TREKHEORRFRAZL L HIC(X9 b)IMETLHZ LTk b.
M7 CR7ZEIIC, HBEHOAT =R RIS TREV. 202 &, %k yEi kv
IMERBEE DR, PIEL Y & LV KRS ARAZESZ L E2EWT 5. SEIOEAT
BIRVSHIRIZH H DT, HEHEEITP I bIREHEOEBENKEEZ DTN LW, -T, K9
DEH7% P-SEEETH D ATREMNE L, TOWA, b ~ e FIIMEE M HE OB &8
ILEaNHRont Ly, ZORBERMEORAMEIIEZ L < Do TR, i
DERFAPHEIC OV TEDLND L 1T~ 7~ CHIBNITIADIFENEE L TWb o ThhE, £
OEPIL CHELRE NN Z L 13H 0 5 5.

72720, K8 KUK 9 IR LTeBEUADALE OHEERRZ T2 D REWZ LIZHIERESLET

_22_



P-P scattering
(a) Depth = Okm 4, oo

141" 12'E
T T

Y Shot poin:‘g

39" 48'N

(b) Depth =5 km . e 141" 12E

e
frequency (
thquakes
111 km)

39" 48'N

(c) Depth = 10 kM - g 141" 12E

39° 48N

0.0 0.3 l 0.5 O b-phase /\ c-phase Y/ d-phase [] e-phase
os value

X 8. P-PHUELEZIE LA OBGELIRDO AR, BEUIR Cildk L7z 6 HOEBRO® 75
VIR DFER S OHEE. TEEX 0 kmy, 5 km, 10 km OFHICEHELAZ Y2 v L THR
T BEUERO S UARMIER T D b~ £ ONFICRET 5. [HWTEO RO %ol 7= fET

ALK 6 HiL RS 0D R g Sy Afi k.

Fig. 8 Spatial distribution of scatterers estimated by using the result of semblance

analysis (Fig. 7) and by assuming P-P scattering. The figures are map plot of

scatterers at depths of 0 km, 5 km, and 10 km. The symbols of scatterers correspond
to the phases labeled b - d in Fig. 7. The shaded region to the east of summit shows

the source region of low-frequency earthquakes.
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Fig. 9 Spatlal distribution of scatterers estimated by using the result of semblance

39° 48N

analysis (Fig. 7) and by assuming P-S scattering. The figures are map plot of
scatterers at depths of 0 km, 5 km, and 10 km. The symbols of scatterers correspond
to the phases labeled b - d in Fig. 7. The shaded region to the east of summit marks
the source region of low-frequency earthquakes.
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An Experiment in Artificial Explosion toward a Detection of
Temporal Changes of Seismic Velocity at Iwate Volcano

Hamaguchi, H., T. Yamawaki and S. Tanaka
Research Center for Prediction of Earthquakes and Volcanic Eruptions,

Graduate School of Science, Tohoku University,

In order to detect the temporal changes of seismic velocity beneath Iwate volcano
during the volcanic unrest period, we detonated two artificial explosions (charge 200 kg) at
the north-eastern flank of the volcano in June and September, 1999 successively and recorded
at the 59~65 stations located along the two profiles at the northern and southern flanks. The
waveform similarity of initial part of P waves was good at the most stations, however, P
waves of the second explosion across the summit of volcano are delayed by 12~16 msec at the
station. The coda wave delays during 18 seconds after the P onset indicate that the average
temporal changes of seismic waves velocity are observed to be 0.13% decrease along the
southern profile and 0.08% decrease along the northern profile. The maximum decrease is
0.3% at the station S09, where is located just on a line connection the explosion point and the
summit. The medium heterogeneity should change slowly at around the summit area in the

period between two experiments.
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Table 1. An element of two artificial explosion experiments.

oA <H1E B AT HIE> <H5 2B N T HIE >
FEBRIIH 199946 H 21~27H 199949H 27~10H 1 H
R | 61 25 H 02/£00%4704.9400% 9/ 30 H01£00%704.3280F)
PR RAIE | FEARITSEE =%k 7 0 K 7E[R)
SRR L 50m(%), 50m(f) 24 52m
JER S 100kg(/2),100kg(#) ; #1200k g 200kg
KIEDOTF | H AR R M R fl g3 15 2[R
BN 2K 59 AL 65 i
B 2Nk | ALK, AFK, LR, K, | ALK, BFK, JLATK, HK,
B KRBT IREK A JICA | K87, IEEX, Kt
WHEA (7 4V ey, AL a, F1)
BLNE S 30 4 28 4
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Fig. 1 Map of shot point (open star) and the northern and southern lines of

observation points (solid circle). A numeral on a counter line is altitude in meter.
Solid triangle is the peak of Iwate volcano (Yakushi-dake).
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Fig. 2 The travel-time plots of the northern line
for the first experiment on June 25, 1999.
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Fig. 3 Observed wave trains for two shots detonated on June 25 (lower box) and
September 30 (upper box). The wave trains in the left two boxes are for the southern
line and those in the right ones are for the northern line. The right-hand numerals
attached in each trace are an epicentral distance in km and the normalized amplitudes,
respectively. The station code is shown on the left of each seismogram.
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Fig. 5 The filtered seismograms for two shots and their temporal variations of power,
coherence and time delay. (Top) band pass filter with 2.0 Hz, (bottom) band pass filter
with 4.7 Hz. An open circle attached in the coherence indicates that the estimated
coherence is greater than 0.75 and that this data is used to estimate the temporal
variation of wave velocity.
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Fig. 7 Spatio-temporal changes of seismic activity at Iwate volcano and the
detonated time of two artificial explosions on June 25 and September 30, 1999, of
which time interval is shown by a hatched zone. An open circle indicates high
frequency (HF) event and a star does low frequency (LF) event. The ordinate is the
latitude and the abscissa is the time lapse.
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Continuous Ground Deformation Monitoring
at Iwate Volcano, Northeastern Japan

Minemori Sato and Hiroyuki Hamaguchi

Graduate school of science, Tohoku University

Significant ground deformations have been observed associated with seismic activation
of Iwate volcano since February, 1998. From the analysis of deformation data detected by
dilatometers, tiltmeters and GPS network, it was cleared that vertical tensile faults were
formed above the deep region beneath the summit and extended westward from February to
April, 1998. The real matter of it can be interpreted as intruded magma within the faults.
Besides, dike intrusion showed the spatial-temporal correlation with low and high frequency
earthquake swarms occurred just above the dike. Moreover, it was cleared that a spherical
pressure source kept dilating at 3 km under the western part of the volcano from February,
1998 till June, 1999. And, a moderate earthquake (M6.1) occurred near the pressure source
on September 3, 1998. From the analysis of stress change, contribution of the volcanic

activity to the occurrence of the moderate earthquake was revealed.
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Fig. 1 Location of Iwate volcano and continuous ground deformation monitoring
network and GPS network around the volcano used in this study. Diamonds show
the location of borehole stations with strainmeter and tiltmeter. Grey squares
show the location of GPS stations.
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Fig. 2 Volcanic ground deformation derived from continuous data observed by

dilatometers, tiltmeters and GPS receivers data. M-T graphs of earthquakes occurred

in and around Iwate volcano are shown at the bottom of each graph. (a) Strain and
tilt changes from 1998 till July, 1999. (b) Strain and tilt changes from February to
May, 1998. (c) N-S component and (d) E-W component of surface displacements from
1998 till July, 1999.
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Fig. 3 Deformation sources and hypocenters from February, 1998 till June, 1999.
Rectangles show tensile faults formed in early 1998 and grey circle indicates the
location of a dilating spherical pressure source. Open circles and stars indicate
hypocenters of high and low frequency earthquakes respectively.
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Fig. 4 Temporal changes of tensile faults and epicenters projected on east-
west direction. Grey rectangles indicate tensile faults. Stars and circles
indicate epicenter of low and high frequency earthquakes respectively.
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Fig. 5 (a) Cross section of ACFS on fault slip of M6.1 earthquakes associated with
volcanic ground deformation at 3 km in depth. Grey scale of ACFS is shown at the
bottom of this figure. Star indicates the horizontal projection of the dilating spherical
pressure source. Rectangle indicates the horizontal projections of seismic fault of M6.1
earthquake. The largest and two small circles show the epicenters of M6.1 earthquake
and foreshocks respectively. (b) Cumulative CFS change around the hypocenter of
MS6.1 associated with volcanic ground deformation. Arrow shows the time when M6.1
occurred.
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Ground-Tilt Observation and Levelling
on and around Iwate Volcano

Toyotaro Takeda, Etsuro Koyama and Yasuhiro Hirata

Earthquake Research Institute, University of Tokyo,

The tilt observation has been carried out at four sites around Iwate volcano since
September, 1998. Levelling survey at the northern foot of the volcano was also carried out
five times by November, 1999. The tilt records is smoothly collected at present in February,
2000. Because this tilt record contains an artificial noise and the effects of seasonal
temperature variations, we could not recognize the tilt changes which were related to the
volcanic activity. To eliminate this artificial noise, two newly designed tiltmeters were
developed. One tiltmeter was installed at the same site, another unit is also done in the
special place to grasp various characters. On the other hand, precise levelling survey
detected significant ground movements; raising as much as about 2.5microRad in the WSW

direction.
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Fig. 1 Distribution of the tilt observation point and
levelling route on and around Iwate volcano.
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Fig. 2 The picture of the tiltmeter
(CA-3672) installed on the floor.
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Fig. 3 The source record of the change in ground tilt observed in the tilt station "YNGS".
A change of the tiltmeter and ambient temperature was shown downward.
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Fig. 4 The change in ground tilt observed in the tilt station "YNGS". Step-shaped
noise is corrected in the source record which showed it with (Fig. 3).
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Fig. 5 The change in ground tilt observed in the tilt station "MTKW",
and the record of temperature.
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Fig. 6 The change in ground tilt observed in the tilt station "KSWD",
and the record of temperature.
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Fig. 7 The change in ground tilt observed in the tilt station "KKDD",
and the record of temperature.
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GPS Observation at Iwate Volcano
- Focused on the Deformation in 1999 -

Sadato Ueki, Satoshi Miura, Toshiya Sato, Kenji Tachibana and Hiroyuki Hamaguchi
Research Center for Prediction of Earthquakes and Volcanic Eruptions,

Graduate School of Science, Tohoku University

A GPS observation by a dense network of dual-frequency receivers was continued
throughout the year of 1999 as a part of the joint observation of Iwate volcano. At Iwate
volcano, noticeable ground deformations accompanied with seismic activity were observed in
1998. These phenomena were interpreted to be caused by intrusion of volcanic fluid. It is
revealed by the GPS observation that the ground deformation in the similar manner has
lasted at least till June, 1999, but with the rate of about one 6th of that in 1998. No evident

deformation in the reverse sense is observed as of the end of 1999.
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Fig. 2 Time-series of NS, EW and UD components and length of the baseline vectors
between (a) PUTA and AKT and (b) IKG and AKT for the period from January, 1997 to
December, 1999. The reference station AKT is located about 80 km west of the volcano.
Thin lines and smoothed curves represent the temporal changes in daily solutions and
30-day running means, respectively. The steps at the beginning of September, 1998 are
coseismic ones caused by a M6.1 tectonic earthquake on September 3.
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Fig. 3 Temporal changes in displacement vectors at PUTA and IKG.
Displacements in 30-day period are shown every 10 days. The unusual
deflections at IKG in December, 1999 are originated from noises.
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Fig. 4 Horizontal displacement vectors observed in the period from October, 1998 to
October, 1999 (solid arrows). Open circle indicates the location of the pressure source
deduced from the observations, and theoretical displacements are shown by broken
arrows.
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Fig. 5 Cumulative number of seismic events (solid curve referring to
the left axis) and daily solutions of baseline length between PUTA
and IKG (thin lines referring to the right axis).
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Vertical Movements at Southern Part of Iwate Volcano
Detected by Leveling (July 1998 — October 1999)
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We set the benchmarks for precise leveling to discuss the volcano deformation at the
southern part of Iwate Volcano in July 1988, and we repeat the precise leveling at the
leveling route in July and October, 1999. As a result of the leveling, upheavals of 2 cm are
observed locally at the western Iwate Volcano in 1999. It is clearly that the inflation
deformation is going in the area since 1998. The point pressure source is estimated to be
located in the southern part of the Mt. Oomatsukura, the western part of the Iwate Volcano,
with a depth of 1 to 4 km using the Mogi solution. The migration of the point pressure source
is also recognized in the period, although the bench mark arrangements are different in July
and October. Especially the benchmarks located near the pressure source were newly set in
July 1999.
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route is extended toward northwest from the Amihari hot spring in November 1998 and
May 1999.
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Fig. 2 Vertical movements observed on the benchmarks in the five periods of July 1998 —
September 1998 — November 1998 — May 1999 — October 1999. The height at
BM46046/15 is fixed in the period of the survey. Scale of the vertical movements in the
period of September 3 to 7 is different. Axis means the distance along the benchmarks.
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Vertical movements since July 1998
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Fig. 3 Cumulative vertical movements observed on the benchmarks
since July 1998. The height at BM46046 is fixed in the period of the
survey. The vertical movements observed at BM 22, 23, 24 and 25 are
omitted because of the large movements by the earthquake.
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Vertical movements since July 1998
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Fig. 4 Cumulative vertical movements on the benchmarks in the eastward from the
Amihari hot spring. The height at BM62 is fixed through the period.
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2-2 PR L TEENIRERICIEE

WIZ, AR LT AKED E A A RFFICHRETT 5. £ 27T, KL 62 1Tk 2 KR
40 & 39, 38, 37, 51, 52 2B T DHmIDREIZE AL M5ITRT. FAKER L bIEED ETE
sk L CHETT L, L BIERIEBI LB ZE L Z R T Z LR NTH D, mROELD
19984F9H3H DHIEEICIE S BB TH DH. AL bE~15 mm OFEREEZRT. HERFOLE % R
I, PR TE S WD 1998 T~9H D 3 » AMMNHRKTH Y, DBERERLHIIHEL TW\WD Z
ELHRTH D, ok 20X, AKES 40 TEIH S 7o FERIT19987~9H 12 10 mm, HIFERFIC
15 mm, 19984E9~11HIZ 3 mm, FDHI99FIIH EFTCOFFET LI 4 m, 3 mm EHFE &
\ZE DN LTS,

7757



2-3 W LIoAKERTOLTEE)

WIZ, 1998411 A IZHER L 7= fRiR R L 0 ALl oK MR Co L TEB A RGFT 5. X220
LHONO X ST, W LK ERITAHME S 10 m 2B HEEEZRTONRKETHS.
KU 40 2wk L, 19984F11H ~19994E5 H (T AKHES 45 T 10 mm, 199945 H ~11H 12K HELL
154T 9 mm OFEENBIISATND. LV biF, 1998411 ~19994E5 1% 1.5 km DFREET
10 mm OFE & K& R2EREENTH D, KEBOIBER AN TE 72 L 2R T 5.

3. BHISh7= ETEECH & S3EAROHEE

B L7 EFEBENS, BARET VI ERRENIEOMNEZHEET 5. KITEEIEF L
T FILTIE, FEE - 0 (1999) 12 & 0 Mk Zs e gl 2 O Bl 0 ElL B O RS, =3 - it
(1999) 12 LV GPS e 2 & ERIR & Bl DEIIV B OIE DB HEE STV 5D, A ENTKHERD

= A 7
6. KEMEIZLD ETEEOHEE LIZERRIEDIROAE. AT T LIC
LVERET 2.
Fig. 6 Location of the point pressure sources estimated from the vertical
movements detected by the precise leveling. The pressure source model is
calculated using the Mogi solution.
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Fig. 8 Hypocenter distributions and the location of the spherical pressure
sources estimated from the leveling by Mogi solution.

7777



BIHIH Z &2 3—5 km 1ZEBIHL TS, LT, JENDPRITHELLHEFRA~BEI L TV 5.
=11 (2000) & GPS @IS, 199843 H LARE19994E10 A £ TITHETE L7 E TR L Tl F1H1C
BEIL TSI EEZEMHLTWD.,

L2aL, 1998411 H F CIEMsREIR L 0 LI KE SRR E SN TE 5T, 199945 A 12K
W% & DICALEEBICIER L7z e BN R 5. X 7128 T K 5 1219984F9-11 A D HifH,
HEE SV JE DR HACTEIEEE 2 km LA & Z AITKHESITAEAE L7aV . 1998411 H —19994F5
AWM Y, HESHUEEDED 1 km DINICKESIIFEY T, KUERREZ = AEK S E
THEE L7219994E10 H 1272 5 L IEAIRNS 200 m & W o - HBEO K HES L NS, D ZIT, &
BIfEH L2 EWROBEN S, ETEBT — X ORERMNER D Z ENGA T ANTOEEH TH
HAREME IR SN TV D, ENROBENI KUKk 2 #EimT 5 L CEERERLZ AT D0, FHM
IR T R DB A E L E X D,

X 8 12789 L 9 JE SR BRI S 072 LR TS R 72 BRI IS BE L 72 3 B b, HUZETE
O LLEIFR 2 & ZAICHEE SN TV D, £, PR HIC X 0 ST 21K H5E o %
AL EETS.

DX HNE T LR T L 7K MER B X0 MERIRIR S Vs TR T oo IR C R
& 1-3 km EFEFITEWEATRAN19994E10 7 £ THEE &N 5. [EDFITFERCBE L T\b 2
LERET DN, TOFEMLERIIASBROMETHD.

4. R )

19984E T3 AL L 7= m T O KRB 2 #im T 2 72012, 199847H, ETILUmLEIc 2R 40
km, 80 D/KUAEE NG 72 5 KYERRIR A 3R L, 19984E9H, 11H, 19994E5H, 107 1Tk A YER
BAERZOARRBRIE UCER LUz, AKEREIZZ KR DNLERTD, KRN E %
WEL, ZHOKEREZHRE L) 2T, Bz EFTECENFEOER D LV RN R E &
U CKERBOIEE R 2 BBk LiZ. £ LT, UTFOHmEE-.

1) PEETLE AR 2MERRNS AR C, Mok B TFAS) 23199847 H O BLHIBH 1A
DISRIGE U723 D bkee L T D 2 E 3B & 7o 72, MR RITEE ClIbeit o £ TFAH)A31998
FETHD 40 mm 123 LZ2Y, 19994E11H Tl 0.5 mm/H OB I 7= 72\

2) ETZE#ED)BVEEFORRE LEDIRICEROENIENSERS 1-4 kn ITHEE Sh, EOfL
EOBEZ R T 5RO EONT. UL, BUIHIK Z &K IR S, 199945 H LA
AHEE SNTZENETT A TIE, FEDFETE 1 kn NICALET 2 KEESNEFEEET, EHROB
BT 2T S B OMELE T 5.

W B

A Bl O B /KER B O BARICE L, HAEKFRFEBEE PR O 1.2 B & s8R
B S TERT O A EFNLEEE, & LC, 19985EDOBLANZ BN T2 72U T b K5 KB B b
TR OAREAERE, BIREBRFHFHONAEEYTF, KPR PG EA R A o L
B, HRKFPRFBEHE PR O SF HBEZ KICE < &1 5.

B ICHR
Kimata, F., T. Matsushima, H. Mori, M. Nakabo, M. Sato, A. Trerada, S. Ueki, H. Yagiwara,

7787



K. Yamamoto, S. Hirano, E. Koyama, R. Miyajima, A. Suzuki, T. Takayama, T.Takeda,
H. Tsuji and K. Uchida (1999) Pre-seismic, co-seismic and post-seismic deformations in
the Iwateken-nairiku-hokubu earthquake, Japan (Sep. 3, 1998, ml; 6.1) — Leveling in
epicentral area just before and after earthquake -, Proceedings of 9tk FIG International
Symposium on Deformation Measurements, 27-30 September 1999, Olsztyn, Poland, 57-
63.

RIS« AR - FEAR N « PNHEFL « /N LBARS « P =] - $aREBCE - @ Ilgke] - 1 mE
KBRS« b i - SFHBEE - Y H - ROz - SEEFR RS - RS 6 - E R - &
UK B - AT - T (1999) KEERIEIC K 28 FIMILEIC BT 2 LT
) (1998FTH~111) . HUEERZPL ST FeireEs, 5427581, 35-43.

Vel s] « Al (1999) 199842-8 D& F 1L D K IIPEHRA B O figtr. H FIHER, 21,
312-317.

H - O RERE A - TR - ekt - (AT - HUETARA (1999) HiL DA T
IO HIRTEE). A AK I P2 TRE199F KT RS, 77.

OO et (1999) BARHERE TR AR 1999 F R A,

7797






1999 5 T K ILEE R BLHIFR 5 (2006), pp. 81-91.

= RIS BT 2 E ) LB

RN+ BiIGEOE™ - et t™ - oz - = #*
* AL RZEBEEOITER, o ALIRE R F B e R

Microgravity Monitoring at Iwate Volcano

Sadato Ueki*, Tokumitsu Maekawa**, Toshiya Sato*, Koichi Nida* and Satoshi Miura*
* Graduate School of Science, Tohoku University,

** Graduate School of Science, Hokkaido University

In June, 1999, microgravity measurement was carried out as a part of the joint
geophysical and geochemical observation of Iwate volcano, northeastern Japan. Microgravity
monitoring has been repeated since November, 1995, when volcanic tremor was first
observed at Iwate volcano. We compiled all the microgravity data obtained since 1995
through 1999. No significant gravity change is found to be associated with volcanic activities
of Iwate volcano. Theoretical evaluation of the gravity change that might accompany the
1998 unrest of the volcano indicates that observations near the source region at the western
part of the volcano and attempts to reduce measurement error are needed to detect

significant gravity changes associated with volcanic activity.

1. 1XC®IZ

FEEITH T OEESAAICEERR LZHEETH D, LioB-> T, KIEEIZEHiF T
BOBENH DV EESMHPEDIVUE, EHEOE(LE LTBIMSND Z EnHiffsnsd. AFIl
IZBWTH, IEFERIEL TS KITEE O AMEMIZ B & LT, ENEERNT S
D ONEHE B TE 2 M0 R LTSN LT 7.

1999 46 H 156 H~19 HIZiX, BFKLEFREBMO—ERE LT, SFLUEZIZBWTHEER
HHEZFEM LT-. 0%, 8 HL 11 AICHEBIA#E D K L TITV, 1999 4FNIZEFE 3 B
B FH L=, A/NGmTik, 1999 FlCE L2 b 3SEOBROREE & & Hi2, 1995 ELL
KFENE L CE T R TCORERENEOR R EE L O TRET 2.

2. BHS®E

1999 4 6 H 15 H~19 HOEJHEL, HALKFHA D Lacoste & Romberg fHGHIHEH /151
15 (G682), Scintrex £k CG-3M 7Y HEhE /15 1 £ (S235) &, bl KREFTA O GRIE 1) 2 £ (G375,
G1009) DEFH4 BOEAFHEZHANT, EFILED 15 S TEM L. AT LM CclE, 1995 4
~1999 FFORNZ, ZOBIEZ GO THE 12 BIOHBERERDEN TSN TWD. BRI OHIH,
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#z1.
Table 1.

EFKINIBIT DB EIWE

Microgravity measurements at Iwate volcano

&l

Observation Period

B H EEHR S ONCELIIRE

Points

Gravitymeters and Observers

1995411 1H~ 2H 6 G682 (A , S235 (HEAS)
19964 7TH12H~13H 7 G682 (A , S235 (EAS)
19964F10H 16 H ~18H 6 G682 (FEA) , S235 (FEA)
19974£11 H20H ~20H 8 G682 (FEA), S235 (1)
19984 5H 1H~ 2H 9 G682 (FEA), S235 (1)
19984 7TH15H~17H 17 G682 (A , S235 (£ j#%)
19984 825 H~27H 20 G682 (A , S235 (£ j#%)
19984 9H11H~13H 16 G682 (fiA) , S235 (=i/, fiiA)
19984FE11 H23 H ~25H 14 G682 (FEA) , S235 (FEA)
19994F 6 H15H~19H 15 G682 (A, S235 (HEA) , G375 (Fif)I1), G1009 (Rif)I1)
19994F 8 H27H ~29H 15 G682 (FEA) , S235 (FEA)
1999411 H23H ~25H 16 G682 (FEA) , S235 (FEA)
#2. ATKUEEEESOME

Table 2. Stations for microgarvity measurement at Iwate volcano

154 i O O oE BB E B

Station Latitude Longitude Height First Obs. Remarks

1 (IWT) 39.7514°  141.0488 347m 1995-11-01 4 F L@ 5 22 BEK m
KA B IR (OMTK) 39.8313  140.9155 970 1998-07-17 KIAARIETE (&)@1E)
T (USGD) 39.8305  140.9376 1145 1999-11-25 L A kN7 AR £E
KA 1L (INKR) 39.8395  140.9492 1402 1998-08-25 |H N &L fERR L1EH T i
HFEIUE S A (IFGS) 39.8190  140.9404 770 1998-08-27 1y KLy simfiBh 5 (& @A)
L (GNB) 39.8087  140.9431 580 1997-11-20 L iXimMELAN S EEL & EY
HIE =5 (AMHR)  39.8140  140.9533 701 1995-11-01 DU%E =44 s s F i il (A1)
HFEE R LTE (TIKGS) 39.8288  140.9706 1215 1998-08-25 = > R [LTEERSFAS= AN
S RS (TKGL) 39.8286  140.9695 1210 1998-08-25 U 7 I |LITEBRAE HLAE
HFEE L (IKG) 39.8105  140.9698 645 1997-11-20 SR 2 — IRy
fEfd L (OMSK) 39.8043  140.9949 593 1998-07-17 #kili =X & (& J@HE)

¥8 7 IR (ANS) 39.7965  141.0268 470 1995-11-02 8. INELHIEN (4 /B1E)
M IR (YNGS) 39.8315  141.0425 633 1995-11-01 MIREIK LA LD (& EEE)
MR 044 B (YN4E)  39.8400  141.0231 1240 1998-07-15 HMIFRELGE 4 A H (@)
MR 54 B (YNSE)  39.8408  141.0195 1420 1998-07-15 MR |L5E 54 B (&)@1E)
AEhF- (HDTR) 39.8419  141.0041 1825 1998-07-15 9 & B RENEASRAHT
BE A& (YKB) 39.8740  141.0530 550 1995-11-01 BEAEBIHAN (&EEE)
E5EA RN (UEB)  39.8784  141.0261 640 1998-07-16 GPSIEVE S (4@ H%)
Z—& v (PUTA)  39.8950  140.9947 540 1998-07-16 &Hiib X~ Fk—
s R (MTO) 39.8896  140.9877 603 1999-11-24 FKARBIMSPEEY, 51 B
A F LR (TWIN) 39.8815  140.9865 727 1995-11-01 *=F(l 4 54kl (& )EHE)
HU\BE /KIS (EHAT) 39.8973  140.9698 545 1998-07-16  FAJBAT/KH i 3% P B £ T B
BEGIIR (YKRS) 39.8749  140.9624 750 1998-07-16 Z&FEFTHUKMEZR (KL K)
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L7y, LSO OBIITIE, FHILKRFHAED 2 BEOE IFHOALEZHNTND., ZORE
BrNC, JIEHE, T —Z LB FETWT OB THRETH 5.

PIE, WTEOFRHK 10 km (ZALE T 258 F IR (WD) 2 LR & 5 2 F5HIETH 0,
EE )R CHEE 2 BOBEEEIT- 7. BIEMEIE, A —h—1REORERIEE % AV CEMMEICE
Bl , #emmiE (EJAE -0.3086 mgal/m), MBIV AHIE G ESH 1. 16) ZHE L7=. G682 (2D
WL, B, *%ﬁﬁ&fé@ﬁE%ﬁok G1009 ZFRV\NT, AEIEH LB FHI DWW

, Bl L O K IZER U CEME LBHT — 2 05, BERIERICHT DM EMEA SN T
mé@%ﬁ%&l%@.L#L,%ﬂ%@ﬁ%%mfﬁE%ﬁo&,%ﬁE@%@i@% RN
K& 72D, 2O, Z I TIHEERERICHTHDMIEEZIT> TRV, ZOREFEE, HIJGF
DIREREAED, BRI LE L TWD D, £720E, YA YIVEOBEBTHL O EL L), H5D
VNI DAFTET 2 ATREME 2 "3 5.

FIROMEEZME LZREMEEHNT, 1THZEICRY 7 MEE—FELREL, R 7 FREL
PIE R BT D ESMEE RO, ZOBRIS, WEDEFTT T RFAE LI Z & BNRARRGE
Wi, FRELEBANCB T AT 7T ORE SHEBFICRE L. S5, TRXTOMIERICFEE:
25 0.03 mgal B R HHEMIZOVWTIE, WIEICHERH D & 4B L THRY BrE, R OTF—4
ZHNT, RUZ MR KEOEBNMEZFFELE L. £72, —HOBETIE, 1 BH70 7.8
Atz OREZE 2~4 RO > TITo 720, TNENO HORERD 5 HRAK 1 AUFBlo | &
BHET D X0 ICBUAGHH 232 CC, EMEORBIMEZMRE L2 o842 3 L7z, BE L CH
ESAVIZ BRSOV TIE, BRI 2R OBLRIE 2 - U C& B RN X 2 Ffény72 8Ll
e L=,
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#3.

FEAN A LB i o

AT HEIZ 35 1 A5 1 E ORGSR (1995 4F 11 H~1998 4= 8 H).

e

Table 3. Results of microgravity measurements at Iwate volcano in the period

from November, 1995 to August, 1998. Numerals in the parentheses indicate

standard errors of the observed gravity values.

Station 1995/11  1996/7 1996/10 1997/11 1998/5 1998/7  1998/8
OMTK ~140. 834 ~140. 862
(0.008) (0. 014)
INKR ~237. 486
(—)
1FGS ~107. 486
(0. 015)
GNB -69.099 —69.102 —69.091 -69. 110
(0.002) (0.013) (0.015) (0. 009)
AMHR ~ -93.275 -93.279 -93.277 -93.260 -93.281 -93.260 -93.277
(=) (0.017) (0.005) (0.021) (0.011) (0.004) (0.013)
TKGS ~198. 341
(0. 008)
TKGL ~197. 696
(0.014)
TKG_ -81.937 -81.944 -81.938 -81.936
(0.007) (0.011) (0.014) (0.001)
OMSK ~72.990 -72.988
(0.002) (0. 002)
ANS  -37.516 -37.519 -37.514 -37.503 -37.513 -37.510 -37.510
(0.014)  (0.003) (0.011) (0.013) (0.003) (0.007)  (0.009)
YNGS ~ ~67.781 -67.769 -67.788 -67.786 —67.790 -67.786 -67.786
(0.015)  (0.014) (0.004) (0.010) (== ) (0.004) (0.006)
YN4E -209. 910
(—)
YNGE ~250. 542
(—)
HDTR ~343. 804
(—)
VKB -33.958 -33.962 -33.956 -33.956 -33.964 -33.952 -33.969
(0.019)  (0.009) (0.007) (0.005) (0.014) (0.009) (0.019)
UEB -67.862 —67. 876
(0.005) (0. 016)
PUTA ~50.335 ~50. 357
(0.005) (0. 002)
IWTN ~ -86.643 -86.646 -86.642 -86.626 -86.641 -86.637 -86.655
(0.031)  (0.019)  (0.002) (0.005) (0.003) (0.006) (0.013)
EHAT -48.832 -48. 849
(0.002) (0. 002)
VKRS -92.363 -92.372
(0.003) (0. 004)
AOB ~65. 523 ~65. 491 ~65. 467
(0. 026) (—) (0.010)

AL (unit) : mgal
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4.

period from August, 1998 to November, 1999

K LB d6 1 2 4578 B D IE Oft R (19984F 8 H ~19994E111)

Table 4. Results of microgravity measurements at Iwate volcano in the

Station 1998/8  1998/9 1998/11  1999/6  1999/8 1999/11
OMTK —140. 862 —140. 847 -140. 873 —-140. 857 —140. 846
(0.014)  (0.008) (0.006) (0.016)  (0.027)
USGD -182. 629
(—)
INKR —237. 486 -237. 496
(—) (—)
IFGS -107.486 —107.467 —107.462 —107. 477 —-107. 485 —107. 473
(0.015)  (0.016) (0.020) (0.005) (0.005) (0.005)
GNB  -69.110 -69.100 -69.100 -69.118 -69.103 -69. 131
(0.009) (0.011) (0.008) (0.007) (0.011) (0.013)
AMHR ~ -93.277 -93.269 -93.261 -93.280 -93.255
(0.013)  (0.006) (0.010) (0.005) (0.004)
IKG_ -81.936 -81.926 -81.927 -81.941 -81.924 -81.929
(0.001)  (0.003) (0.002) (0.007) ( — ) (0.008)
OMSK  -72.988 -72.966 -72.977
(0. 002) (0.014) (0. 005)
ANS  -37.510 -37.506 -37.508 -37.513 -37.508 -37.509
(0.009)  (0.008) (0.001) (0.003) (0.005) (0.002)
YNGS  -67.786 —-67.698 -67.699 -67.692 -67.682 -67.691
(0.006)  (0.006) (0.006) (0.006) (0.013) (0.005)
YN4E -209. 892
(—)
YN5E -250. 541
(—)
HDTR -343. 797
(—)
YKB  -33.969 -33.955 -33.952 -33.961 -33.974 -33.966
(0.019)  (0.008) (0.005) (0.009) (0.013) (0.999)
UEB  -67.876 -67.826 —67.831
(0.016) (0.001) (0. 006)
PUTA  -50. 357 -50.330 -50.342 -50.347 -50.328
(0. 002) (0.015)  (0.018)  (0.006)  (0.030)
MTO -62. 302
(0.012)
IWIN  —86.655 -86.636 —86.635 -86.620 -86.630 —86.626
(0.013)  (0.013) (0.015) (0.008) (0.004) (0.008)
EHAT  -48.849 -48.826 -48.838 -48.857 -48.851 -—48.845
(0.002)  (0.004) (0.003) (0.019) (0.002) (0.009)
YKRS  -92.372 -92.361 -92.378 -92.371 -92.366 -92.369
(0.004) (0.001) (0.006) (0.007) (0.001) (0.001)
AOB  —65.467 -65.446 —65.420 -65. 431 —65.479
(0.010)  (0.010) (0.017) (0.019) (0. 007)
AL (unit) : mgal
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2. (a) LD F/eE ) SIZEB0T 5 EIMEOR 2.
Fig. 2 (a) Temporal change in gravity value at some
representative stations on the southern flank.

_86_



—~
(=3

)

RELATIVE GRAVITY VALUE (10 MICROGAL/DIV)
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Fig. 2 (b) The same as (a) except for at the stations on
the northern flank.

_87_




3. BHFER

1995 4% 11 H~1999 4 11 A ® 4 F[#IT, &F K ILHIE CIEHE L 72 3~ T OREE BB OFE
B, 1995 4F 11 H~1998 4 8 H & 1998 4 8 H ~1999 4F 11 H D ORI/ T TH* 3, 4
R d. Flo, TALOHRTHEY IR L CHIE A Ehi L 7z FE2H ) R BT 2 HIMEDORF# 2L
%EZK%?.@% )AL YNGS CiE, 1998 4= 8 A F CTlid GPS Bl A%, [FI4E 9 A IR X

TEHIT DN AKRERE IR L LTHWEZ. £4 0 1998 49 A LIBED YNGS (23517 5 B I1EIX
8H@ME#%?EﬂtEﬁﬁmﬁMm%D%%wf,8ﬂum®@E&Ea?éiﬁuﬁEL
TfEE R LThD.

FEROKFIR LZEAEIE, #H LT X CTOERADFHT X 2EHME 2 FH Y LR -E
NETHD. ZORKNBZE/NEOEERESY, £3, 4 TIHFEIMNIC, M2 CHEEEERTRL
ThHbH. 2B, £3, 4 THEHENTDHIN T ARWENMEIL, G682 OHD 1 HDENFHIZLD
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B 3. (a) EIMEDEAETRZZOBEE AR, (b) G682 |2 K D1EE 2D
FEO3 AR, (c)S235 12 L AIEEAED A,

Fig. 3 (a) Frequency and cumulative distribution of the standard
error of gravity values. (b) The same as (a) except for the 2-way
offsets observed by G682. (c) The same as (b) except for by S235.
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BIETHD. ZHbDOFITIE, &b E 6682 DATHIELFEM LI-SHEH H A0, 1998 4 7
H @ YN4E, YN5E, HDTR X°[Al4E 8 H INKR D KL 512, HIEIZIX S235 H0FH L7223, HIEMEOE
EEPRES TCT—F2BA LR GG 5. —MRAYIZ, S235 (1TI1X, BEEDKE 72
R ZBE) L2560, [F—HURICE A FHE L7oG a0, TEREPKRE S RIERARD 5
iz, EIMEOEMERRZEOBE A 2 X 3 (a) IZRT. 96 %D EIJMEDREZEIT 0. 020 mgal A,
91%72% 0.015 mgal AR TH Y, WD 63 %LL DY 0.010mgal KiiiTdH o, Lehr->T, 15
LN EAEOEET, 1TEAENT0.015 mgal LT TH DD, SENEWEAIZIZE0.020
mgal ICETHI LELHDHI ENRDLND.

B2 ITRENTNDLIE, L OMBTEADZDPBR SN THNDENR, 1FEAEDEE, HI
EREOFFANTEB L TRV, AERBENE(LEITESVE. M—, JEREL X 2 IR
AL, bR UEB T 1998 4E 8 A ~1999 4E 6 H »HARIZELIH & 7172 0. 050 mgal DO E
hEm<cH s, Lavl, 2ok o722 kiE, UEB IZBWTBHISN TWD DR T, EUOE M
TR T B EAHZEITERD Sy, £72, UBB OFET HaF At RILE R BT 5
HEIGECHIBRAEC S, 2 OEINELICHIG LIIFECE NI FE LR, L7=23-> T, UEB
T 1998 48 A XD 1999 4 6 A ORNCELII X7z 0. 050 mgal OE/HEMIE, AERZ({LTIES
D0, KNGS & IXEBERRRER A O X b TRFMMIBREEEZ bD.

4. Him

AFUNZIBWTIE, 1998 423 H~8 HIT, IR HERIGE) & BE R ZEh R il sh, 7
~IEENCERT 5 6 O & B S L7z (Bl 20X, HE -, 1999 5 A i, 1999). LarL, Hifi TR
ek oIz, ZOBELHMEILS) - HEAE) CRE SN 55 FKILOTEBNTER(LIZ RIS LA E 2R
EHB BRI STy, ZORKE LT, EAZENELTWEE LTYH, ZEEN/NE
S THMIEBREUT THATEDICHRHTE RN -T2 ENEZOND. F 2 TAETIE, HBRE
OLEFE T AN LHEE SN DEEICHONTELE L, BUIEEICOWTREEMZ 5 &L
HiZ, WERZEZ T 2RI OWThiEmT 5.

1998 4= 3 A ~8 Az, HEIREIOTEFRAL & RIFEC GPS 12 & » TEUA S 7= B 7otk B d@hi g,
T T L IR A HE A & T D IR ORI 2R L A A R LT DL REK - il (1999) 1%, &
NAFITEATT VEBA LT, 34 A, 56 A, 7-8 AOKEHMITOWT, EHIRONE LR
PN EA RO, ZORER, ZoHEREEL, AFKUEBOESILMENS =Y AlffE~
LT ~BE) LIEBERIC K> TAELEbD ERENT-. —J7, FIRLAITDIZE - T, BAE
TMZEDENEN g TR ESh &£ 6g =(-B+Un/3)Gpy 6h OEMRIZHD Z LBREN
TW5h. £ZT, GPS T & o CTHIH S 7o M BB ERET V& LTS B v 7 e 28 B
(o E, EREANWT, SAETANOHIG SN ENBLEEZHAE L.

MBS e LIAE TH o 72 1998 4F 3 HiZ UL H~8 AROHAMIZOWTO, AT KLPERR
T OVE I HIEE O E Sy 4, OMTK, INKR, IFGS, GNB, IKGS, IKG_, PUTA, YKRS D% SiCkiT5EE
MREX4ITRT. ISHLNR X 51, Z OB OEREEE) LR S 5 BRI,
FTRTOHLET 0.030 mgal LFO/NSWETHD. —J7, LR LI, BEHREMOE
HERRAZD 90%1% 0. 015 mgal LN THSH. ZOWERELBZ HE N, TR0 HLENNEIC
KO SN D AR ED & 5 HAE NI SN D DX, ZERICITV OMTK & INKR O 2 50D A
Thsd. £z, FAEBMEOHR THREREMDHELNTNDOIE, 199845 A~6 ADHIM TH
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GRAVITY CHANGE (0.01MGAL/DIV)
[
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B 4. HRAEET LG FE I E DA

Fig. 4 Some examples of theoretical gravity change

calculated from a Mogi model.

5. L ZAD, OMIK & INKR ORIEIL, WTnbZiuk V%o 1998 4 8 A TRt I L.
fth )5, oMo 1998 4= 3 HLART & 0 IE 2 326 L TW 78R TIE, IEREL FO/NS 72
NERHGFESNDDOHRTHD.

L7eh > T, 1998 4 3 H~8 H DK ILEE OIEFAIT KIS L7z B 2B S g o 7o d
%, BEF OB CIIHEREEZBZ A RE SOBEBNEMCNEC Rzl nz b, ZDZ
CEEETDE, FERKUTESNHEERL L SICABERENEE LD 25D, &
F IR OTEBNEGE 5 COBI Z b2 Z ENFE—ITHETH D.

— T, X0/ SHREHNELELRETEDEO1C, MEREZRBTL I ELLELHD.
il 2 DEDFHORE-RZEZ RFED HHO09 L LT, 6682 & $5235 (2 L 2T DIEE 7D HEE /53 4i
Z 3 (b) & (c) 27”7, G682 DIFEFEZED 90%1E 0.01lmgal LLFTH D D% LT, $235 Tl
90%RA DY 0. 019 mgal & 25U < K&EWV. L7mA-> T, S235 O EREAEN KK 72 E oM
ZEBEL TV D AEEMENKRE L, ENEORELIRET 27-0HI121%, S235 OREREL /NS
KT HZENBETHD. S235 121, LlCb~=k e, EHENKE RRNESKM CBENLZ
Base, WIZFA— R CENGEHE LSS ICEMERRZEI R DS 5. /MR-t (1999)
I%, Scintrex f: CG-3M B H @) EH /154 H W TREZE 0. 01m gal LA FOREZ FEBLT 5720 DR
REZIBXTND, 2l L, EREEOKTZP oI BE T I3INBERICEL Y £ET D
&, RREZMELTHEEZITY 2 & l, bONNFEREL TWARWTRPEFHEIN TN S.
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M OEBPERE DB KT D721, FHEROFEN HHIERME £ TORMZIZIE —EIHED
CENHEBLEINTWD., DL, ZOXIRERELSTZH AT, MEEZHKEEY KT Z &
Lo THEDOM L2 K-> TW\h. S235 Of, BEREICE L CiE, HIEE L i R
(5 EIFRE) TR AT DAL, 30 0MRE RV 7 25874 Y, SEXETHY, —ED
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A — 5 B O K UHIE 2 FE+ 5 Z L1, C6-3M EHFHIR S, SR, KD
mEICITEEEEZIOND.
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= FKINTIBWNT, 1995 FLURE, GFF 12 IO RSEEE 2 3240 Lz, R, 1999 46 I
%, AFRAKLEFREBRIO—ERE LT, 460 6 AUE G, C6-3M F A EhE EH &2 vl
ExiTole. TNETEMLIZTRTOREDREREZEEI L OURT L &I, HEOTHE LT
7o, ZTORER, AERENZEIL, 1998 48 H~1999 4= 6 HIZ UEB TEM X417z 0. 050 mgal @
EAHWIMORTHDHZ L Rbhot=. UL, ZOBL, BUIEEEECRKEDN & 5 IEK LD
T THDHEEZLND. ZOMOBIMIETIE, 1998 4£ 3 H~8 A kIITEEINEFRAL L 7= 1R
TH, £0.015 mgal FEEDRIEMRELZHZ 2 HBELREHZLITHBRE ST,

TEE 7 MR A S 7z 1998 4F 3 A~8 HIZ-OW\W T, MR Ao LEHE» LIS
EHEEREG Y, BEOHIERE &R Lz, TOE, MEME2Ez 52BN, £
EFGIT 5 O Ml C O B FTEZe = &, BB A L7242 0 X 9 7 itk CHIE 23 30E X C
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ST, FRIEBNIIERIL LGS ICAERENBLE R T 2720120, IHEEEGTEE Tl
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Continuous Observation of Geomagnetic Total Field
around Iwate volcano

Masaaki Mishina, Sadato Ueki and Hiroyuki Hamaguchi
Research Center for Prediction of Earthquakes and Volcanic Eruptions,

Graduate school of Science, Tohoku University

Three geomagnetic stations were set up around Iwate volcano in April 1998. Adapting
the weighted difference method and the 3-component correction method to reduce outer field
variation, detectability of geomagnetic variation related to volcanic or tectonic activity was
estimated to be less than 1 nT. No magnetic variation were measured in 1998 and 1999,
when very high seismic activities and remarkable crustal deformation were observed, except
for piezomagnetic change of 0.4 nT at GNB accompanied to M6.1 earthquake in northern
Iwate prefecture. Geomagnetic variations due to thermal demagnetization and
piezomagnetic effect within the mountain body were calculated to compare with observed
geomagnetic variations. Comparing calculated changes with observed ones gave information

about the change in state and structure within the mountain body of Iwate volcano.

1. 1ZC®IC

AP, KILAEPE 10 km BLEIC btof #7705 KILEET, MO ILERE AT 23058 FIL
&, BRI WITIREUK D 23 HE 72 5 S FIL & 1200 b ivs . ITFEOEKIEE)NT 1732 FI2H A T
TIAE T (BEAE D W) Z LD g KA H 0, 1900 AR TIE i T 1L K HiJk © oK R KR 3
(1919 ) MWFEER S LTV D (KRBT, 1984) . A FILOMETEENE, 1995 4 9 AT KL E 238l
R STk, IERET DEEA RSN TV, 1997 KRBT IET IR 72 RReI 72
> 7o CRAE R PR FPE B PSR I - B T RnFZE 8Ll > 2 —, 1998) . HHF - it (1999) 12 K4
X, 1998 FEOIEENIKITEICHEAE FILTH Y, BROSMABIIHAEIZES OWTWD. Fi, ¥
IR DN DR B IV R R AR IR M A fifEIC T2 b ONRE L 2o TN D,

RN EAITFOIREN S 2 ) —REICET D MR R). 2V —EEICZE LR TYH,
%< OEAITHERFFIZHESRTRAEDIEF I/ NS LD, 2Rz, IHENIZEAT b~ 7 <08,
K7p EEIEMEC X D IHANOIRE S O, MFEm COMBRELZ5 & 242 L
ﬁénéim%ﬂw%1%®%m%fm%ﬁn% fth (1999) 72 1%, LEAEE O XKLL TH K
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IWTEENFE O MR b o D 2 L & LTV D, K2 ME @ﬁftii@a{ﬂiﬁf’?&.fﬁ

fbEESTERE LT HT 72T, ZOZEHBHHEWVIZRKE WO TAITEEIFEHR O 790
HNRBHETHD.
2. A

HALRFAIC K D5 FILEIZ I 1T 2 /) afe BUHIE 1987 42 7
BT DB A T (B = — 1

ZHE® B ALT. FEIRA Rk
IWT) 1%, $AEFLLTEXOORMEIN 11 kn IZdH
5. RS T O UTEBICLE 5 M R A L 2 fifE 3 2 IR b O BB IR & 5728, TR
TOWEEMED LV REEEOEBLEZRIHT 2L, D WIT L0 FEMZRER 21T 5 B ki 72
TAVEE O E2 SICFIHATHZ &2 HAE LTV, BEOFHIASTBR) |7 v b w3 M775
DMER S A, 2fFERE0.25nT Th 5. A lEIOHEIEEN S TERL L7z 1998 42 4 HI2iE, Hiix 2k
DORARED M EEE 5T, L0 RIZE W LD 3 BLALR CORREGBHIA M iz,
I OR @RISR =2 — R ANS), ZRiF @RS =— R GNB) ¥ L OVLH LR E (BLA
a—R:YKB)THD. BHeHI3 R E S, HEEETED) KT v b WG PMP-248 T, 4 ffkE
120.1 nT THD. M1BIOERVICHBAEONMELZ R LZ, [WTHAA26OHEEL, YKB,

140.9° 141°
R T 0o i I

1. A&FLAEL

B R,

39.8° BT D 2HT)

Fig. 1 Location of geomagnetic
observation site around Iwate
volcano.

*x1.
Table 1.

BU L ONLTE & BLHIBA Ak kY

List of location and installation of geomagnetic stations.

BRS=—F #RS4 s J (iltf&*) % JE (Eﬁf&) e BBA 5

m
IWT el 39 45.05 141  3.00 360 1987 July
ANS FEDIR 39 47.79 141 1.61 470 1998 April
YKB BEE 39 52.44 141  3.18 550 1998 April
GNB RATEw(C| 39 48.52 140 56.59 580 1998 April
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ANSBIOGNBZENZEILE, 6 BLOT km, KHFRAKAONLSIXGNBMR 7.5 km THDH. kil
EEEEHAZ BAY & T 213D RITEWEERECH 2 L 1EF 20D, FEDOLNWAFTHELH
DHEFFCX DR RKOFIATH S, FHIEONTHOBA G PERR OHEE - Ha S s sk .2 Of
RENTWT, IIBICH2BHE 2 —FTOT L AZ—RBFIHTE S, 2720, Zhbo
T LA X —HEEIT BRI T — R EH TR VWO T, BARtoM N E— BT u JEEICE
L CANTHRE, WG ARORBEZ R T2 ENTERWVIRNRIICHD. 2T, ANS,
YKBEBLIOGNBOD 3 HOT —21%, WHFMAIALD AT — T — NiifkasZ X 5 5eskzn
WL DEREART =& L L, BERED D WIIHEGEHES 5 VI RER R TR RO #IFILT
LAF—SNET =2 E2FHLTWAD. T WT OB FHIIT SN END T, T L AZ—X
NIeT—2DHTHDH. WEEENHT —X T ThoOBRSLEMETHD. TWTEFRS 38
%, PIEROKEERFEHC L0 FHAEIE ST T, GRS ORI 3ER NIRRT s, T
W T (et R4 O 1 28 T & 22 W NBBIF EHE 512 X 5 1 0B OFHAMENME: S D 23, Bl
VA —OIEREEE S IZFEH L TR0 O T, FREOZIREEN R 200 b, FHERO 3 fEREN
RSNV LT, EVEERLDLLDIT/R>TND.

3. EBHE

MBS DZAIZIE, HERNEOREZ KBS 6 D &, BAURSCHIES B 26D X 5 IZHERS
HICIRR 2 & O D 5. ZORRRIMBIER OZL DO KRER 71, BIRH OB EZZ2 5D Z &
ICEDHETES. Lavl, KL X 5 ITHERERE ORISR E <, SBHA D & IR

NHhouta correction

T'othl_nglrce ,
nT/div I I [ I 1 I

:0 - me an

T 1770

19]98|4 11 5 1I99515 1|2 311 s
A T T

YK=AN 1o L {
YK=ON 10 |- {4

IW-GN 1.0 -

AN-GN 1.0

ANS 20.
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2. MHoOPRIZEIT 5 2R FEE (ANS) &, A8 A HOKBHEZED B < 284k,
YK-AN,, YK-GN, IW-GN, AN-GN (TZHEHBEL LMHDIR, BEE & L, WiRE X
HiAB L OHOR & XHIADOEZ R

Fig. 2 The daily mean night-time value of geomagnetic total intensity at ANS,
and the daily mean of differences between two sites within four sites. YK-AN,
YK-GN, IW-GN and AN-GN means difference between YKB and ANS, YKB
and GNB, IWT and GNB , and ANS and GNB respectively.
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DfFfa, RAMDES>TNWD EHMARETITHEETE R, 22T, —BRICITINBESZ(L L 0/
SRR O HERN TSR IR O M R A B 2 MR T 5 72912, iR B Z{L ORI/ S VR O
T—2 N5, SNBEES O RSB ORI AT ST 5 EEFHE L CHIET D
DOFEBHNOND., 22T, WAOFELGH L CRINEENCBIRT 2 K ZE (Lo
AT

F9, S H 2O ELZ BT D202, EEJIREE%Z AV 7=, Mori and Yoshino (1970)
XH TR 19 BEN D 4 BRI DT — % 24 21F, AZELOEEEZ/ NS T&HZLARLIE. K
WE CIIEME & U CHUGAEHERE 0 f 0 4320 5 3 I 59 43 OBLAINE Z V72, X 2 [ZITFH DR (A
N S) CORWNKMMED B 2 EEIfE &, A BLHRLE R O 2R K FEZED B % LX) E (M2 427
L7c. ZhEno7 ey MEICIFEERAZRT =7 — =27 TS, TWTEGNBODH
SE(IW—GN)DOZ T — =Rl E Y KEVWOlE, AR X 5 RBEHRTIWTOT —X O4|HF
FEEE & REEDMLE D H > TnD T2 Th D, Kool 512, ANSTO 40~50 nT {2
ET A LT, KHMEAET 2 nT UTFTOE{LE o TWD. Thbb, SNBSS OZE{LD
9QEILL ENHETE TND I LIRS, L, BREFHCEE L O, MBS Z 0 & FHE
DEWEBALNEBEAZEICROND Z ELHLNTH D, ZHUTEHRD L O ([T HIBR LT O Hh S 2E
2R o T, HliZR&MEZECTIINIRIG AL HE L ENNnWZ 2R L TWD. FFIZ, ED
FEAI & ARl & TIIMRRENRES BARHDT, YKBEANSOHEXE(YK—AN)RYKB
EGNBOHIEZE(Y K—GN) TIEMKERFOLENIHE THH., £/, ITW—GNIZIZ1F%E
A LT AN EB L TWD., 2k, B —0OREREICLVBE AN EOET,
Utada et al. (2000) i385 &k IL72 E O RIERZRJEHIZ DS, HURZE(RIC K - Tl o —ifF O g
\CHREEALINE L, R ENEALT H-0ICEL TnDHZ Eao&x bdl-. Ln-TC, 22
TEHEM LTV, ZoOFME(LIZRET — 2 ZHOWTHIETE 2R H 5.

B 3 36 KO 4 \ZIZ BB A AL > TOMNIRIG b 2l E L7ofE R &, HURES 3 oo @il il &
o THIEL-RRE 2R L. RIMEEFE-7-MEL, HRET228EADELLNDE
W N AL DIRNE I A2 BT 7o B 2 2 ) 22122 2 S DT, Wb 5 weighted difference
% (Mori and Yoshino, 1970) &[R4 CoHh 5. F7z, 3 a5l E 3 1% E £ M7 K IR 8RR i v o)
BUASG 23T 28655 3 i BLAMEDZ L b, FBNSICBT e hE s EHEL, Thz
AR & LR 721N % 72 FEFRIII BN 2 & ORI B 2 RO, HF -4 (1978)
DFEIWEN TN ZRIEIC LV BN ZEBHD/NES < 70D X DK T D i ERHA R
o, KB E oI, EHLOMIETHBRRICH D BEAMOEENIZEA LR 272
STWD. BT, 3 RAOMIEEIT - kR TII A ~%+ B Ao ARSHAZEB OERE L /& <
o TWA., Ei2, MS3ICALNDYK—ANRSYK—GNIZR N AIMEMA, X4 T3
EAERBDOOENEWVIEEITNEL RoTWDH I E L ERHTAREERTHD. 22 Tlibn/miiE
REE, 1998 45 A0 1998 4F 11 HETD 7 4 AR OARE ) 722125 L TR iz d D T, 1999
FELRECRBEAHEH LTS, L -> T, BEFRNICIELDE NS RoTNDA, Z2ITR
SN ENGIC LT, X 2B/ D X9 RIFEPE TN T D DT TlEZen. =
OO, ZOBRMETIZIIWT ZENT InNT L FOZ(TH 0B TE526DENZ 5.

G N BB L= 2R NFZEDZAT, 1998 4E 7 A LD 2T » RO $ DTG N B OBk 2
BRI T20DLE DT, NARRLDOTHS. £72, 1998 49 AFIAICASNEGNBTOD 0. 4
nTEINO AT » 7RI, 9 A 3 BIZRA LZFAMEOME (w7 =F 2— K M6. 1)IZfEH =
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Total force correction

Total Force 1898 4 1 - 1999 12 31 0:0 - 3:59 mean
aTzdiy | T T T T T T I I 71771 7T
YK=ON 1.0 | ssmaeiing
YK-GN 1.0 | W
IW-GN 1.0 | —
AN-GN 1.0
ANS
IR T A R R Lol ol o]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 5 8 7 8 9 1011121 2 3 4 5 B 7 8 9 10 11 12
1998 1999
3. EREIIMEZEAE > THIE SN =R EEZED B % 24k
Fig. 3 The daily mean of corrected difference in geomagnetic total
intensity corrected by variation of total intensity.
Total Force 19984 1 - 1999 12 31 5:6° " 5.89 nesot' "
nTzdiy | T [ T 7T 17777 [ IR R R R R D B D B
YK=AN 1.0 |- &
YK=GN 1.0 |- s
IW-GN 1.0 | 4
AN-GN 1.0
ANS 20.
T T I R M T R T R R R N R T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 5 8 7 8 9 1011121 2 3 4 5 6 7 8 9 10 11 12
1998 1988
4. [EHERETRELG B D 3 s BIIME & ff o THEIE S 7= 28R IR ZE D
A % 234k

Fig. 4 The daily mean of corrected difference in geomagnhetic total intensity

corrected by 3—componet variation of geomagnetic field at Esashi observatory, GSI.

YA Ry 7 RZBAT, HUEMTE O B = YV KN RIC L DB TH D L ME STV D (Zdh-fill,
1999). 7235, M3, 4 TI19994E9 H2b 11 AT TR ON D ERBRHAILSEL, ANSH
LY K BZREN OB Ciibhz BATHC L 2 A THHEELT, KIS B HFEE8)
EIXBARD .
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1998 A5 1999 4R 2 M OMEIRENE, 1998 4 3 H 2> Sifee < IEFE 7RI ENAS 1999 4 1, 2
AIZRRMEFNT /2D, 1999 4F 3 H) D F72iEF L TW D (B - fil, 2003). HIEDO~ 7 =F =
— REEEAERD L, 2 TH 199844 Hn5 10 H & 1999 4E 5 H N —J@iE38 72l & 722 > T
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GPS B2 61, HIEEE S - & bR E RREIX 1998 4 4 A D[R9 A £ TT, £D%ILEH
FrR BN (A - 1, 2003) . &% « #e10 (1999) 1T B O EIR DA 2 BB L7 H, Z ORFY
OB % FE T LA T ICERROE R E B OEINE E BN FETHZ L2 MEL TR LT
W5, BTN D= & B0 2ECHBRSI%, EOBRISTYH 1998 45 4 A LI k11L& S) & Bf%R9
% X 5 B R BRI S e, Ee, R ESOHETE BN N E R RIS b,
FHEBRT D KO BRI 28 2 2 2N AT R T2, M3 TYK—ANBIUYK
—GNIZHR 55 1 nT Ok (YKB TORBEM) 1%, K4 TIRZEA LRGN 2D
EMBEZRDE, BT TIEMECERWENEENTWEZ LK DHNTOHLEOTH
AHH. INbDZ EnD, ZOMBIITEFLILED 4 BUHLE T, KITEE) & ORR A HE S
DL BWNIREMNELE Ieholol iz b,

ATFLOLENIZIE, HEISEOHERAZE 25 S Z LJED, FETHZ LITENTHS.
Pefg - 0 (1999) OEBRET L2 S LT, (LD IBLITZ OFEDRAFTEENE H D>
FHE L CATz. ek - 0 (1999) 1FERIREIRDBFRFEIC L > TBEIT 2D LT05E0, 22
TIZ 1998 # 4 A5 8 A DI rE A2 H 212, dbfk 39.845°, HURE 140. 898°, R 4 km (Vi
) ICHLRH DO EEE L. BlnEi B IXdbik 39. 845°, HE 140. 985°7> 5 N8O°E (]I
6 km fHONC, 8 5.5 km, ESGOES 1 km(MEm F) & Uiz, e - #0(1999) T, BAnEIn A
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T, I 3 A ORI BRSO & A3 500m L IEIE—ETH 5D T, MEHEDOELRIZELR
LCEHE L=,

(1) B\EREE T v

Va1 0 (1999) 73 MR ZS B s HHEE L 72 1998 45 2 H 75 8 H £ TOERIRE TR DA FEE N
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FNFNYKB ;0.22 nT, ANS ; —0.19 nT, GNB ; —0.51 nT, IWT ; —0.04 nT& WL
LoD, ZOL S RENHIUE, HlZIEYKBEGNBOARESFET 0. 7 nTORNNN % &
N, BAARERETHSH. YK—ANSLYK-—GNODX 3IZH 515 1998 EDOMIHE N = D728
{LORBRE SR 2 DR, BIHIENTZYK—-—ANOZEINYK—-GNOE{LEL Y K& &0, A
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Continuous Observation of Geomagnetic Total Intensity at
Temporary Stations in and around Iwate Volcano

Tsuneomi Kagiyamal), Satoshi FujiwaraZ), Toshihiro Kadowakiz), Hideo HamazakiZ),
Tadashi Nishitanis) , Akira Yamazaki®) , Fumio Fukui?) , Tetsuya Yamamoto®) ,
Sadayuki Kitagawa®) , Yoshikazu Tanaka®) , Takeshi Hashimoto®), Shin’ya Sakanaka®)
Hideaki Hase6>, Hiromitsu Taniguchi7>, Toshiaki Hasenaka?) , Akio Got07>, Tsukasa
Ohba8), Mitsuhiro Nakagawag), Minoru Sasakilo), and Masaaki Mishina®)

1) Earthquake Research Institute, University of Tokyo, 2) Geographical Survey Institute,
3) Faculty of Engineering and Resource Science, Akita University,

4) Kakioka Magnetic Observatory, JMA, 5) Meteorological Research Institute, JMA,

6) Graduate School of Science, Kyoto University,

7) Center for Northeast Asian Studies, Tohoku University,

8) Graduate School of Science, Tohoku University,

9) Graduate School of Science, Hokkaido University,

10) Faculty of Science and Technology, Hirosaki University

In 1998 and 1999, twelve temporary sites for continuous observation of total intensity of
geomagnetic field were installed in the summit and the foot area of Iwate volcano. By heavy
snow in winter, it was too difficult to continue the observation all the year round. Corrected
value of difference in night-time total intensity, showed that the detectability of geomagnetic
change reaches to less than 1nT. Although there were long period of no data in winter and
spring, we can say that no volcanomagnetic or seismomagnetic change occurred during these
two years. To get accurate data for monitoring volcanic activity, it is expected to develop

stable power supply system in winter and telemetry system.

- 103 -



1. 1ZC»I

AT ERE~RZILEN D725 KIUEET, MO KIEE O S E T & R a T e

25T Hivd (RRIT, 1984). 1900 FAROMLKIEBN XS T ILRHIR COKEKRIEFRE R ETH D
23, 1732 T HCE F I AL IR CEAEUE (BEE 0 ATt & fF 2 Ak R K3 & > 72 (KB
JT,1984). 1995 4FAKLUETEFAL O & - 728 FILCOMBRIGENE, 1997 4F 12 H K S8
2720, 1998 FERTHATIZIRDRZE 2 /R 3 2 Mg 2 8h & 8 & vz GRAE KRB R E 7
PR - T ENIFSEBLE  & —, 1998) . 1998 4 LARE O HIERTH B L3 © I HUE FILTE D & KA
BN 2 HPEK) 10 km (28 K SMIE WK O, EE 10 kn (BRI S) LIEDOEWEY TR &
TWb. F72, 1995 4 9 A LIBIEIIZ 72 > TW R AT ILOWE TR 5 km A3 CRAET H{KH
WHIEX, 1998 RIS — HIREIME T L7223, 1998 &N D £7-1EIL LTS (1 -
fitt, 2003 ; HALKF RFBLBLAAF TR IR - W T R Ze@iil & > % —, 1998) .

Tanaka (1993) 1Bl &k (LI FP 5k BSOS IS T 2 2REGEII S, Ia OB E DRV D
RBUEOKOJETO I F I ERIEIIHE L TRK 20 nT I8 L SMBERERH D 2 & 2l
LTW5b. F7, BEKELE FONCTEEEIEGEN %2 it L T D K[BTRGHSERT -
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1. HAFLLTEE R L ONLEEBIZER T b7 2 BRI LI R O 7 & & B
Table 1.
magnetic observation in and around Mt. Iwate.

Location of and observed period of temporary station for continuous

ﬁﬂﬁiﬂ 4 A B B f%ﬂﬁﬁ)ﬁg(%&)%é #/ow o M
m

UEB k5 HECKHI =T 39 52.70 141 01.57 640 1998. 06. 13~1999. 01. 01
1999. 05. 19~1999. 12. 07
OMT KA A HECKHI =T 39 49.88 140 54.93 970 1998. 11. 14~1999. 01. 03
1999. 05. 29~1999. 12. 30
TRH YA BKHK - 39 51.40 141 00.80 1460 1998. 08. 09~1998. 11. 09
Hiupse S BRI 1999. 08. 03~1999. 09. 02
POl KIAEILE  FUHBK - fth 39 50.38 140 55.91 1290 1999. 06. 19~1999. 09. 17
P02 HEA FALK - fth 39 50.99 140 58.10 1500 1998. 10. 27~1999. 01. 11
1999. 06. 17~1999. 11. 13
P03 F7E4M AR - 39 50.76 140 59.18 1460 1998. 10. 27~1999. 01. 22
P04 T TR - 39 49.94 140 56.89 1100 1998. 10. 25~1999. 03. 16
1999. 06. 16~1999. 11. 14
w1 R#EpE e 39 50.60 141 50.27 1835 1998. 11. 20~1998. 12. 16
1999. 07. 19~1999. 07. 22

1999. 09. 30~
W2 EEARE) LG 39 51.18 140 59.95 1775 1998. 09. 28~1998. 12. 01
1999. 07. 16~1999. 12. 29
W3 Rk G 39 50.78 140 58.63 1415 1998. 10. 29~1998. 11. 05
1999. 05. 13~1999. 12. 13
SZK EH [ - HFE 39 49.17 140 56.50 820 1998. 06. 25~1998. 11. 17
1999. 05. 28~1999. 12. 06
MAT R [E - HFE 7 39 53.50 140 58.50 550 1998. 06. 25~1998. 11. 17
1999. 05. 28~1999. 12. 06

140.9° 141°
39.8°

X 1. & FIUTES R KOV
OF SRS 2, AENTEEEEESN S (YKB) &%

SN DAY TS X i apuE T R

AL DT

Fig. 1 Location of temporary stations for continuous magnetic observation

in and around Mt. Iwate. Squared symbols show temporary stations and

hollow circle shows permanent station(YKB).
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7% 2. B S OFHI> AT A
Table 2. Observation system for each temporary station

B A T [ b T — A Wk

UEB, OMT 20 4y TIAAL AT AR
TRH 13 E72135 % Fi Hi Y

P01, P02, P03, P04 54y Fi i

W1, TW2, TW3 54y F£721% 10 45 T R ARG RE

SZK, MAT 5% FLHI G

nT/div

OMT-Y
PO1-Y

SZK-Y
PO4-Y

POZ2-Y

5.0

5.0

5.0
5.0

Without correction

Tl"o ta 1. 'l:c')'rclel 1998 {1|1 = 199912 .31. 0:0 - 3:53 mean

NN A T A U R A B B

[N

[IW3-Y
PO3-Y s
MAT-Y s.o

[IWZ2-Y s
IW1I-Y s

TRH-Y
UEB-Y

YKB

20.0

1888

2. BEAEBIN A (YKB) TORBAKFRME (HFEHE) &, BRSNS EBEEY O
AR MEZE (B . KA MBEOT &0 LB, ME%OER
IRFIC & o — L E BB L7 BLS 3 KO v Y — SR B T 7 B &
#9 . RO RPNIE BRI TR0,

Fig. 2 Daily mean night-time values in total intensity of geomagnetic field at
YKB, and daily mean of difference in night-time value at each temporary
station referred to YKB. M and T attached to the trace line shows relocation of
sensor and tilting of sensor support, respectively.

LTW%., R2ICHOND X511, ZNENOBRACRIERBN R > TWDR, iliZEL
L CIEZENZE AL O YKB OBHNE & D70 B ¥ (REEDO ) & 78> T\hb . £72,P01, P02,
P03 35 LTV P04 TIL 5 RO FHNEN SES T 20 pfEREOT —2 &y N> TNHDT,
YKBIZ DWW T b [AEROEAEIZ LV 20 3@ DT — 2 > N E{Eo 2 BICRB 2% L o1, 728,
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TS e PR A = APR9 12 31 0%0°- 5158 mean "
T AR RN AR RS A AR R :

nT/div | YT T

PO4-Y so F

1998

B 3. BEAEBINA (YKB) TORBAEMME (HFEE) &, #ERBLIILE & BEE
O O RREZE (FFERE) . B2 E, K2 OfRRICEIEbE T
WERIEEZMA 72D E 725> TND.

Fig. 3 Daily mean night-time values in total intensity of geomagnetic field
at YKB, and corrected daily mean of difference in night-time value at each

temporary station referred to YKB.

72 S HATLEEE LT, CRT ~ YKB OBJIfE & FFFE RS E5 2 Lick b, 8T
DIEHFEIZLLDWALDRART —# ZHE L TR BRNTWD. K 31EK 2 TeIEE(L &
BN ® % £ IR Z DIMBREIGEIIC L D BT OELE, 2N ELEE W CHIELZL O
ThHd. ZOMIEITMori and Yoshino (1970) 12 X % weighted difference & A% THD. AF
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Self-potential Measurements around Mt. Ubakura

Hideaki Hase*, Shin'ya Sakanaka*, Yoshikazu Tanaka¥*,
Akio Goto** and Hiromitsu Taniguchi**
* Institute for Geothermal Sciences, Graduate school of Science, Kyoto University
** Center for Northeast Asian Studies, Tohoku University

Iwate Volcano is one of the active volcanoes in northeastern Japan arc, which showed
some symptoms of an eruption in such as increase of seismicity, inflation of its edifice,
changes in fumarolic contents, and so on. Mt. Ubakura is one of the cones belong to Iwate
Volcanic series, where geothermal activity on the ground surface can be seen in the vicinity
of the summit. We conducted a self-potential (SP) survey on Mt. Ubakura, on Nov. 13 and 14,
1999 in order to clarify if there is any electrical signature of geothermal fluid flow associated
with volcanic activity. The survey line, which is almost 5 km long, extends from the western
flank of Mt. Inukura to Ohanabatake which is located at the west of Mt. Iwate. As the result
of the survey, we recognized two positive peaks at the western flank and at the summit of Mt.
Ubakura. There is some geothermal activity of Mt. Ubakura in the vicinity of the SP
anomalies. The most probable cause of these SP anomalies is thought to be the electrokinetic
streaming potential produced by subsurface upflow of geothermal fluid. Accordingly, we

consider these two peaks to correspond to upflow of geothermal fluid.
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a2 ETe, KAWL HETILTE S OBIMATE TOR 5 kn OXMIZEWTHIREN (SP)
HEEBZ o7 (K 1).
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| SP > 300mV
& 300mV = SP > 150mV
\5 O sP = 150mV
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Fig. 1 Survey line of Self-potential(SP) around Mt. Ubakura. The survey was
conducted on Nov. 13 and 14 in 1999. PO is the reference point. Topographic
effect was removed.
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Fig. 2 Self-potential(mV) and Elevation(m) around Mt. Ubakura [X: raw
data, A:revised value with topographic effect (-1.0 mV/m)].

BZLEZR O BB AR ET D720, SIS T DM1E AL 28 LI LiIdfTebihd. =
O IEIXE OGN 5 THOERBPCRIBRIKGTH L5200 TEY, HIERIC
FOELD. Pl EFEE KL 1.4 mV/m (Hashimoto et al.,1994), #4E:K1L: -1.0 mV/m
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A7 BARBAL R ICOWTIEH LTAH D &, HAINTHSRRM 7 (P40 £31T) R OVR AL &
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Surface Geothermal Manifestations Appeared in
the West Iwate Volcano from 1999 to 2000

Nobuo Doi*, Saeko Doi**, Tokumi Saito***, Tadashi Numakunai***,
Ken Noda***, Shin Koshiya*** and Hidekazu Yamamoto***
* JMC Geothermal Engineering Co., Ltd.,
** Kashiwadai, Matsuo-mura,

**%* Faculty of Engineering, Iwate University

New surface geothermal manifestations appeared from March, 1999, and became active
to February, 2000, in the area of ca. 2 kmXca. 0.5 km from Ojigoku-dani, Kurokura-yama,
and Ubakura-yama at the west Iwate volcano where the geothermal activities were pre-
existed. Many fumaroles occurred in the area and the amount of steam from fumarole
increased. The forest killed by volcanic gas appeared under the snow in May, 1999, and a
new fumarole and a hot spring were verified in August, 1999, at intensively damaged
localities in the killed forest. The steam and ground temperature also rose in the area.
These phenomena were caused by the heat supply from the activated underground

geothermal reservoir.

1. 1XC®IZ

1995 42 9 A2 E o 72 HUE F Lo K UPERIERIE S, 1997 42 12 H 29 ALK, A FILOE
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e, 1999). Z 9 L=EFmBIAIE, 2000 4E 2 A £ TRBICHEHE ISR > TWD. ARG TIEN
ATFICENT L4 F4 4 5H#T 5.

- 115 -



7B, BATFILLTEOHEA K NIy ProEK AN H 573, 1999 FBLE, IRE FA%IX
RSN TR, £, KRSk Do FICH Y, kO GEE R 289 288k
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2. EAEFLOREHS
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W&o THEAEN LML 2SI T LT, £72, BRALRHAICITER N 2 fE 5 B 3 f7AE L C
AV

(1) BEFESILOMEK RO

1998 4, HEALUTAMEOESIZILENSITR AT, FNICES 10 n FRIC EFT2 00385
EINHRETH-T-(FE 1-D). 1999 45 H 29 H, BEILLTED S ZILE TITRWIRVIER N
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W H O3 M3 F EBLR AN Bl 7 #ilH.
Fig. 1 Area of surface manifestations appeared in the west Iwate

volcano from 1999 to 2000.
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TWADHEH T A 7 Oz VT, 2000 4£1 H 19 B8 L T\Wd. ERmEE, "ERAL
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Zoftn, BA LR D BA L — A L O RARTBEHI 543 5 BEFOEK LI, &
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km OE R (2 REAHE 3 T H) T/ I3 320 L 7.

Table 1. Number of days shown by maximum rank of fumarolic activity
at the summit of Kurokura-yama, the west Iwate volcano, in a day
from May 29, 1999 to March 31, 2000. The observation was carried
out by Saeko Doi at the north flank ca. 7 km away from the summit.

A |83 | 8T | e S>UROHEK SUUEEERELE
HE(|ZZR|&ERM|0 (1 (2 |3 |4 |5 [6 |7 |HKoO#BH
% -7z H (1999 4£)
¥
5 3 3 0 0 1 1 1 0 0 0 0 7793:5H29H
6 (30 |26 4 0 15 |8 3 0 0 0 0
7 131 |23 8 0 6 6 8 3 0 0 0
8 (31 |27 4 0 4 113 |6 4 0 0 0 3774:8H 14 H
9 130 |25 5 0 {0 [9 (10 {3 |3 [0 |0 |535:9H1H
10 (31 |29 2 0 0 5 7 8 9 0 0
11 |30 |30 0 0 (o 1 1 (10 |15 {0 3 (3 7:11H13H
12 |31 |29 2 0 JO {0 [0 |4 21 |4 |0 |[36:12H14H
1 {31 |26 5 0 0 0 0 2 9 10 |5
2 129 |27 2 0 0 0 0 0 15 |9 3
3 |31 |27 4 0 0 0 0 1 18 |8 0
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Fig. 2 Height of steam from fumarole at the north crater in Ojigoku-dani, the west
Iwate volcano, from January 19 to March 21, 2000. The observation was carried out
using videophoto for news installed at the northwest ca. 6 km away from the crater.
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Fig. 3 Distribution of surface manifestations in the area from Lake Onashiro, Kurokura-

yama, and Ubakura-yama in May, 1999.
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Fig. 4 Distribution of killed forest appeared under snow at the west
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Fumarolic Temperature of Kurokura-Ubakura Area,
Iwate Volcano

Tsuneomi Kagiyama¥*, Jun’ichi Hirabayashi**, Etsuro Koyama*, Fumio Masutani¥,
Kenji Nogami** and Local Government of Iwate Prefecture
* Earthquake Research Institute, Univ. of Tokyo
** Volcanic Fluid Research Center, Tokyo Institute Technology

Fumarolic temperature has been observed at 5 sites in Kurokura-Ubakura area, Iwate
Volcano since September 1998. Increase of fumarolic temperature was detected at Site 3
(Kurokura-Ubakura Branch), from September to November in 1998 and from May to August
in 1999. These anomalous changes may follow the two seismic swarms from February to
September in 1998 and from April to May in 1999, respectively. Fumarolic temperature at
Site 1 (Kurokura) continued to increase until February 2000. This means expansion of
fumarolic activity to the eastside may have some delay. Close relation between atmospheric
pressure and the fumarolic temperature was also found at Site 2, which is the most active
site. Precise analysis suggests that fumarolic activity is maintained by boiling of water
under the pressure of 1150 hPa, which is 300 hPa higher than the atmospheric pressure on

the ground surface.
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Fig. 7 Hourly precipitations at Kakkonda by JMA.
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Fig. 8 a Variation of the daily mean of the fumarolic temperature at Site 3.
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Fig. 8 b Variation of the daily mean of the fumarolic temperature at 30 cm depth.
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Table 1. Sudden rise of fumarolic temperature.
Start time End time Temp-start Temp—end Temp—step Duration time Fumarolic activity
1998/10/7 21:.00  1998/10/8 4:20 95.76 96.63 0.87 7.3
1998/10/14 21:20 1998/10/15 11:00 95.70 96.64 0.94 13.7
1998/10/24 16:20 1998/10/25 8:00 95.96 96.72 0.76 15.7
1998/11/2 21:.00  1998/11/3 8:20 96.37 96.87 0.50 11.3
1998/11/7 1540  1998/11/8 6:40 96.21 96.79 0.58 15.0
1998/11/23 16:20 1998/11/24 3:20 96.51 96.84 0.33 11.0
1999/4/1 14:40  1999/4/1 21:00 96.62 96.93 0.31 6.3
1999/5/3 21:40 1999/5/4 6:00 96.67 96.97 0.30 8.3
1999/5/12 17:20  1999/5/13 1:40 96.80 96.95 0.15 8.0
1999/6/6 22:20  1999/6/7 10:00 96.68 96.94 0.26 11.7 Active June 8, 9
1999/6/27 14:20 1999/6/27 21:00 96.71 96.91 0.20 6.7
1999/7/8 22:40 1999/7/9 4.00 96.84 96.99 0.15 5.3 Active July 9
1999/7/12 22:20  1999/7/13 0:40 96.84 97.01 0.17 2.3
1999/7/17 1:40  1999/7/17 3:40 96.77 96.93 0.16 20
1999/7/19 0:.00 1999/7/19 3:40 96.80 96.88 0.08 3.7
1999/7/23 0:20  1999/7/23 7:00 96.81 96.93 0.12 6.7 Active July 23
1999/8/5 9:40  1999/8/5 13:20 96.90 96.98 0.08 3.7
1999/8/9 21:20  1999/8/10 2:00 96.92 97.03 0.09 4.7 Active Aug. 11
1999/8/16 23:20  1999/8/17 3:40 97.01 97.07 0.06 43
1999/8/20 16:00 1999/8/20 19:00 96.99 97.11 0.12 3.0 Active Aug. 21
1999/8/31 0:20  1999/8/31 9:20 96.99 97.13 0.14 9.0 Active Sep. 1
1999/9/5 21:00 1999/9/6 4:40 97.01 97.18 0.17 7.7
1999/9/7 13:20  1999/9/7 16:20 96.93 97.12 0.19 3.0
1999/9/19 14:20 1999/9/19 19:00 96.82 96.99 0.17 4.7
1999/9/19 20:40  1999/9/20 6:40 96.99 97.14 0.15 10.0
1999/9/22 10:20 1999/9/22 14:20 97.06 97.24 0.18 4.0
1999/10/2 0:20 1999/10/2 6:40 97.97 97.16 0.19 6.3
1999/10/6 20:40  1999/10/7 2:20 97.06 97.21 0.15 57
1999/10/12 2:20 1999/10/12 4:20 96.96 97.08 0.12 20
1999/10/13 7:40 1999/10/13 15:40 96.86 97.24 0.38 8.0
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Fig. 9a Temporal variation of the duration time of the sudden rise of the fumarolic
temperature at Site 3.
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Fig. 9b Temporal variation of the temperature step of the sudden rise of the
fumarolic temperature at Site 3.
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Fig. 10 Abnormal change of the fumarolic temperature at Site 3 associated with the
volcanic tremor on November 12, 1999.
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Relationship between Chemical Composition of Volcanic
Gases and Volcanic Activity at Mt. Iwate, Japan

Jun-ichi Hirabayashi, Kenji Nogami and Takeshi Ohba
Kusatsu-Shirane Volcano Observatory, Tokyo Institute of Technology

The chemical and isotope compositions of fumarolic gases around the western Iwate
volcano have been determined periodically since June 1998. The variations of chemical
composition in fumarolic gases from O-Jigoku indicate that volcanic activity is gradually
increased since June to September 1998. The isotope composition of gas condensate
indicates that water vapors are mainly of magmatic origin. The SO2/ H2S ratio, HCI / (HCl
+ Total S + CO2) ratio, concentration of Hz in residual gas and outlet temperature drastically
changed on May 1999 accompanying increase of fumarolic activity at O-Jigoku, Mt.
Kurokura and Mt. Ubakura. Afterwards, a lot of small-scale fumaroles have formed along

the ridge from Mt. Kurokura to Mt. Ubakura, and their activity gradually increased.
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7/24, 9/10 13HREH A 21, DIXRAEA I E O H AR .
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L 78 o7~ (0ssaka et al., 1980).

VIR LTz & D I KHER AR DOWER AT A DS0,/H,SHeDZE(kiE, 1998 4~ 6 H 23 0.05, 7 A
0.10, 9 H730.15, 1999 4 5 A 7% 0. 25 & IRfilifdl & & HIZRE <20, Bifg 10 HET0.2~0.25
ERERMETHS.

KHSRA DOWES T A DS, H,SHDOZbIE, ZivE TOMO KL TEH S 47z KL &S0,/
H SO BRE D, B 52 PEA T Tl 1998 LIRS KITEB O LNV R EE->TNDH Z &
ERIBELTWDEFRD.

4-1-3 WEXH A DHC1, Total S, CO,NEIA

41ZHC1, Total S, CO,DEIG DAL Z R Lz, KIZITHA T, WE i X OMEE K10 1960
I LN 1970 00 7 AfHRKLE, 1970 4O KHFA O 7 AR L & Of Tor L7z, HCL, Total S,
CO,DENIEIE, RN & < THBAY 72 KD D DM T AITHCISPTotal SOEIG N R E <, K ILTES)
MILF LT 5 L CO,DFNG NN D CEARIZ >, 1985, 1988 ; Hirabayashi et al., 1990).

1998 4F D KHIRBRIESR A A D 3 By EIE1E, 1970 FEFERE OB, No. 1, No. 2 WMER
A& HCL, Total S RSN\, 1998 420D No. 2 MG H A DZEKIE, Total S DEIEITHI 30%
TIEE A EZBITR VDS, HCL OFEAIEL 1998 4£ 6 A8 2.4%, 7 AN 3.1%, 9 A 1. 2% & B
Bl & L I L, 1999 4E 5 HICIE 26% caa L7-. F D% 8 A 20%, 10 A 7% & i
L.

I DOWER N A DFBLZEIIE, 1998 O KHFAARIE 1970 4FITE_T, [ k(L5 ShE
NEWNWZ EEZERL TS, £72,No. 2R N ADFKZALIL 1998 46 Hv 6 9 AT Tk

WIEBN L~V E £ 0, 1999 4R 5 AT S DICIRE L XA EE - Z EEZRL WD EEZD.

—J7, BUATFOWEER L UM=K OO T AD 1960 4F & 1970 O/t 2 #e~5 &,
F L b 1970 D H ZTC0NTE I, Z DRI Z OHBOTEE L ~LAA TR > TS Z & A RLT
W5,

4-1-4 MWEKH A DOHERE

S5ZHERH ADRHI AR DKZL A M) BEOELE R LTZ., —RICHITEIEDOES Y A d
WREWIRETEH LN, TOZITKLERHEREEL TV Z &R S TWS (Ohnishi et
al., 1981 ; Hirabayashi et al., 1986). F7-, KZAEXUEIE &MV K3 EHA AR LB TH B
FEAERNTHIRE OB STV D ChIIED, 1984) . KFEH A ORIERAY 22 IR EEE N, ELAT

IZRHND 2 ENE B KILTIRERTEB OTEF(LIZ 10 H 2> HEEM AT L CERl S vz, &
EARILIZBWT Y, BAFEA O 1E RTINS S .

KHFRANo. 1 MEH A I OH B EE 1L 1998 4E 6 H ~1999 4F 10 H ORI k& B iz bh
TRV, No. 2R DR HT AT OHIEREIL, 1998 4E 6 H 50% & @nro 720y, ZFD#%1% 5~6%
IR R L7, LavL, 199945 H OHIREEIL 98% L 72 VR T ADIZE A EDRN, 72 oT=. D
BH IR IR T L7223 456~50% & mWIRETH 5. AIE THl_72 L 912 1998 4 6 H OFFAERFIC
I AEDIRRFRO b2 &, 5 ARICILENOEZNELS DL E2ONHEBEINLTND
Z &, HUBBIE R GRAL KRS, FAME) T X AUE 1998 4E 4 A 7226 6 H BT TRHIREAHE D
T COHEIEI D ANER Th oo Z LR EIZHIE L TWAD. £, 1999 45 H O @O H, IR E
%, R#UR%, B, A LOEKIEENERL L2k & i L Tnd
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5. 5T ILRHIRS OISR A T OH, R EEZEAE.

4-2 Eﬁ—%ﬁ%ﬂﬂzﬂﬂ S DOEE A R DVERRR
KA ADIREIL1998 46 A121586°C ThH - 7=M3, 7 HLUIKRIX95°C itk L#10C EH L7z,

1998 $ 7 HOH AREITH0538) 55%, C0,A% 10%, RA AN 35% CTdHDH. RHADOIEEL 18
~19%, NJEEEN 80~81% TH DI &b, WMRAN AIFLEBEOZELDIRANEZ NS, RA
ANIHRA LT 22K L # T OHe, Hy,, CHAE ENH. 1999 4E 5 A LIBEOMER AT AZIZZZKOBEA
BIR&EIZAD 72K 720, Dry gasidC0,28 656%70 5 85% & 72o7-. FT-RIVADHIEELEL LD,
1999 4 8 HIZiX 18% L /e o7z, F72, 8 HOT AIZIZLSHAbTMNIEEN T\ (E2) .

ZAVDMERAT A DAL, RHUERA OFEAK & 1ZHCL, SO, HSAAE EAL TV RWFETRE L
B2 DM, 1999 LI DCO B, H R DOZALIT KILTEBI DTG FAL & B RLPH O YLK % it L 7=
bOEERLED.

4-3 FMERITCE DER T R DL

AT AL, IBEMN96.7C THY, A aizT\nd. HARRDIIN023FR 5 T 99.2% Th
%. Dry gas®D 5y TIEH,S & CO,MNERMT THN, RITAMN 13%E V. RAAIZIF0,N 14% 5 F
, BE A SIEHLE O A L RIFRICHEIE LS CHZERDIBANB L. £72R I AIZIFH,, CH,
NEFEES ENTND (F2).

4-4 BAILITHOER Y A DILFERH

1999 4F 10 H 14 BIZEAIUTE CTEREL L 7= MR 0 ATIRE N 95°C T, 22X DIRAMNZE . Dry gas
13S0, LS EENTCO,MNMERS THD. RAATIRA LT-22K A RTINS A5 TH8 0. 1%
Thd. FLRIAIICH IR SN o72(F 2). BAILTEOHES T AL, IRECH,0 L Co,m8
FRAGTHHI bl EEZXDHE, BRE—IERNEHEOEKR T A L[H UEREEHIRERETH D
EEZLND.
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5. RN RAEMKDOEER, KIRRNMAL L CRRFEMELL

[ 6 (2 RHIERA TEREL L 7 K Lo R EEff K, IRIRZKIS X OVEL OIRIR K DOEESE, KBFRNIKL
Zon Lo, KM ORI AEEFEAKDOEESE, KBRMRLIL, —Wi7R~ 7 <MD T ARED
RINCAREE & Rk O KK 2 fE S8 Eic 7 ey h &, w7 <METADOMEIZIT. No. 2 BEH A
ERA 7K OO RN AR D REE R I 5 281k, FEBRIAIIRLL DS, 1998 426 A 225 1999 4F 5 H D
M +3.2 %o— +4.4 %o— +5.4 %o— +5.2 %o &L L, k%%rﬂtiﬁktt%) -31 %o— —26 %o—
—22 %o — =22 %o IZE{L L THEDY, %ﬁ;v&vtﬁ@ﬁx@m FONTNWD. EDEDIENL
SHELAR T 2 1288 < 72 0, 1999 4 10 AICIRIEIE 1998 4F 6 H OfEICIEL 72 o 7=, 1998 4E 6 A 725
1%9%5ﬂmﬁﬁfk%ﬁﬁﬂwwx¢®m@k% T~ 7~ bebINbOTHDH I L,
FERIRRICE - TEDORIG N ool 2 LI, AiIE Tk 7R A DALFHL R D 2L & §fFn
T, Pk, AKFRNIKRENSH 1998 4F 6 H 225 1999 4F 5 HIZH T CTRMIR A ik O T5#E) L~
ANEL IpoleZ e HRm L TWND.

W, MR ARDC0,DRBEFMALL (§°C) 1L—3.2 %o~—3.7 % DOHPHIZH Y, KHFAA

DWEZRH AFRDCO T~ 7~ NHEELZLEINTZHLDOTHD.

6. £

AFILOHMBEIEENIL, £ OEIEN IS FOLCRENGITD O IO EWIGETICEE) L7z, 1998
9 H 3 HOM6. 1 OHIERARX TS T CORBIIMIGIZ D72 o723, 1999 44 A0D 6
AT TRAWL, HAILO T COMBIEEINEIH L eolz. 0% S 1999 4 11 H, 2000 4 1
A ~2 AIZRHIE T OREIRENIOCIE R Th o 72 (ALK FHE R .
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BN EE SND.
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Summary of Observations

Sadato Ueki
Research Center for Prediction of Earthquakes and Volcanic Eruptions,

Graduate School of Science, Tohoku University

A comprehensive joint observation was carried out at Iwate volcano, NE Japan, in 1999
as a part of the National Project for Prediction of Volcanic Eruptions. The objective of the
observation was to evaluate the state of the volcano one year after the magma intrusion,
that caused significant seismic activity and ground deformations in 1998. Observations of
seismic activity, ground deformation, gravity change, volcano-magnetic effect, self potential,
geothermal activity, geochemistry of gases and temporal change in velocity structure were
executed. The results of the observations suggest that the magma which intruded into the
shallow part of the volcano was still active in 1999, but the level of the activity was evidently

lowered compared to that in 1998.

1. XCBI

1999 4, HEFKINTIBVTE 6 YK ILME K PRIGHINIZ G & O < GBI FE i S 7.
[EK LTI 1998 FITTHRE A R TEE) & B e R A @ 2Bl S, I~ 7~ E AL &
RIREN TS, LEN-T, ZOBMITIE, ~/~EBEAND 1EZOKITEERR A HET S
Zlllpod BN, HE, HARZE), #HY), EREK, B\, TR, EEMEEeY, Z2HA
[ZOoWTHEfS 7z, BIFROMEIILLTO LB TH 5.
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2) KIIVERE) DB 7 A
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