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Seismic Activity and Crustal Deformation at Iwate Volcano
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Maps showing the distribu-
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ous geophysical observa-
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University,
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netic observations.
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Fig.3 Hpypocenter distribution of deep low-frequency earthquakes in the period from September, 1997 to

September, 1998.
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Fig.4 Space-Time plot of the earthquakes around Iwate volcano with the depth less than 20km in the
period from January 1976 to September 1998. Points A and B on vertical-axis correspond to the
longitudes of 140.7° E and 141.1° E, respectively (see index map).
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Fig.5 M—T diagram for earthquakes in Iwate volcano in the period from January to September, 1998.

(ad) CUMULAT I VE NUMBER OF EVENTS

8000 I | | T T 1
'4
4 sooop~  MTK -
g N=7709
2 , A>30 microkine
., 4000~ -
2
% 2000 —
)
=2
3 ' - } } | 4
o OMAR  APR  MAY  JUN  JUL AUG SEP
. (b)) HOURLY NUMBER OF EVENTS
35 ! | T T | T
L 30F 92 —
) T _J
z 251 5[
Z 20 T —
> 15 -
z
3 10 : | |
I Sy, 1o Bl 3 | B SRR L
0'MAR APR  MAY
1998

%6 19984 3 A~ 9 Bzl S (MTK) CEll S /- EFIfdEo
RO BE M DR HZEAL,
Fig.6 Cumulative number of the earthquakes occurring in Iwate

volcano in the period from March to September, 1998.
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Hypocener distribution in and around Iwate volcano in the period
from December 29, 1997 to September 30, 1998. Crosses are stations
and solid circles are volcanic earthquakes. A star is the mainshock
on September 3, 1998, and open circles are its aftershocks. Space-
Time plot of the earthquakes around Iwate volcano in the period (b)
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Open circles are the M 6.1 earth‘quake and its aftershocks in September 3, 1998.
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Fig.9 Hypoenter distribution for low-frequency earthquakes (dominant frequency is less than 3 Hz) and
middle-frequency earthquakes (dominant frequency is about 5Hz). Solid stars are low-frequency
earthquakes, and open stars are middle-frequency earthquakes. Gray circles are high-frequency
eqrthquakes (dominant frequency is higher than 10 Hz).
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Fig.10 Focal mechanism solutions for the events with magnitude greater than 2 (equal-area projection on
a lower-hemisphere).
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Fig.11 Distribution of seismometers in array configuration for (a) a triangle array, (b) a linear array.
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Source location of volcanic tremors and hypocenter distribtuion of earthquakes in Iwate volcano. A

big open circle is the estimated source region of volcanic tremors, thin gray circles are epicenters
of high-frequency earthquakes, and solid circles are those of low- and middle-frequency earthquakes.
The array stations are shown by solid triangle and solid bar.

AFLICBVTIE, FEEBIRYIESFEE L 4EE T STS 2 8IS X 2 Rt BBl 4 17 L T 5, JRm RS
BT RAMBEIES (EFSN TS, BIRICRAMBREOEE L AT MVOBIZRYT, EBEIZF10E

ToHh, RRAPHROKT ) Likb ) O ERAMOIRE 27 FEL T2

WENE N, H16KIZ19984E 4 A~ 9 1

2B B BENRE ORI L MEESE T, WAFILEBOREEDIEIRTH -7 6 A BRI
HE DT L BIES Th o720 BITRICZRITENA (GNB) (2B BIRBBEFO P % 75§, 564 Bl 051
X 2IRBHERIC B R v BIBRISRT X510, BN BT 2 IRBIO R A, S, EEMBEDER

B3=vALBEHRaE L H#EE L2,

98/06/28/ 22h34m51.127s

GNB UD

0.02- 0.15Hz

( a) ORIGINAL A ”‘
5.76£403 nma
/\/\A//\/\/\Maﬁm s

107 10°
FREQUENCY (Hz)

0

102

#1504

Fig.15

(a) BFILTEHE S - RENHE D WE
B, b2 SN R W, 0.02~0.15 Hz,
0.15~1.0Hz, 1.0~16HzD/)NY F/NA 7 4
NV —%@LIZEFE. (b) LIZRTHEED
RIFEA X7 ML,

(a) An example of a seismogram for a
long-period earthquake observed in Iwate
volcano. The top to bottom traces are
the original waveform, those through
band-pass filters. (b) Amplitude spectrum
of the seismogram.



x108ms - 1998/03/31-1998/10/01
- 1 1

20 - N= 559
Y -
1.6 +
% NoR_eoonk
2 14
=
E
<
Q
Q
: R
3 I I “
! i i
I
o i JH |
o 01
APR  MAY  JUN  JuL AUG  SEP
1988/03/31-1998/10/01 '
5004 (D) | 16K 19984 4 A~ 9 BITATILITEN & h- BE
Bo (a) FE-BEM Oy b, (b) BEHEHO
E 400 o B:‘?‘Fﬁﬁ%{to
§ Fig.16  (a) Amplitude-time diagram, (b) curnulative
2 30 . - number for the long-period earthquakes
g observed in and around Iwate volcano in the
§ 200+ - period from April to September, 1998.
100 4 L
¢ APR ) MAY " JUN T JuL ’ AUG ' SEP )
Particle Otbits GNB © July 29, 1998, 00h47m
FI=0.03 Fh=0.1 Hz N=4 N N .
9!’04'22/11'%&" v N
39.9
98/05/31/ 19h10m L
v U N
%—E %N —%E
98/06/19/ 11h26m 39.8
v v N
%E %n %E
98/07/21/ 0BhA4mM
u u N
E N E
39.A 5
98/08/21/ 20h17m
u u N
—%E %N ﬁ%s
] 18X IEEELRICE OV CHE SN REAPHEOER
1T LRIFHE S (GNB) THEIh-EFHH .
%@}E’Q@L%Mo‘ ) ' Fig.18 A source region of the long-period earthquakes
Fig.17 Examples of orbital motions for long period inferred from the orbital motion at each sta-
earthquakes observed at GNB. tion.



19984F 6 A16H & 1) BElAMERYH 23 EE, BFKBFEMM AN L XFETHRBBAN L ERL T 5, EWEEHI
Kinemetrics ALTUS-K2 #FH\WTWwW5%, I AKETIAFILOBED ) L5MEIASHOME (M6.1) ORE
B8fAE LR L TV5 (1K), BMIKRAL LT, 198E TS5 HICHEFILICEAEL-HE (M3.6) OXRIF
BIflA (GNB) CB 2 EMER (FH) LIhrbBONE— A Y b7 Y Y VB SI9BIORT ., BHREY
(AR 3BEELY LHBLTwS, T/, =XV M F Y MBEEPEOBELORDO LN A D X LEE
LRHMTH 5, FE20XITIZI998EI B3 HICRELA-ME1OBEOBMER L RT, GNBIZBIT 5 HAMHERE
1349750gal (UD) TH5DIZHK LT, Wodeflo EHAT Tik#60gal (NS) TH Y, BHESIZI YV KELELR ST
% 1 & BESHBENORE GiRstcisgs nhizmER)

Table 1 Number of earthquakes resistered by the strong motion observations.
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MO= 4.9E+13Nm,Duration 0.300s
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Fig.19 Moment tensor solution inferred from strong motion observation. Three-component displacement
waveforms observed at GNB are shown by solid lines. Synthetic wavefomrs based on the moment
tensor soulution are shown by broken lines.
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Fig.21 Temporal changes of volumetric strain and tilt at the stations YKB, ANS and GNB in the period
from December 10, 1997 to September 30, 1998. M—T diagram is shown at the bottom. Data are
plotted after reduction for tide, atmospheric pressure and trends are removed. Variations of (a)
volumetric strain (BSMD), (b) tilt (TLNS : NS—component, TLEW : EW —component, BTLX : X—
component, BTLY : Y —component).
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(a) 19984F 2 A14H~3 A17TH. (b) 3 H18H~4 A22H. (c) 4 H23H~4 H28H. (d) 4 B29H~ 5
H 9 B (o]
Tensile crack models satisfying the strain and tilt changes observed at ANS and YKB stations for
the period (a) from February 14 to March 17, 1998, (b) from March 18 to April 22, (c) from April
23 to 28, (d) from April 29 to May 9. Thick line is the tensile crack projected on the ground sur-
face, gray square is that projected on the NS-cross section. Open squares are stations. Solid and

open arrows are observed and calculated tilt vectors, respectively. Solid circles are hypocenters in
each period.
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Fig.23 Distribution of the tensile crack models displayed in Fig. 22 (a) to (b). Gray circles are the
hypocenters of the earthquakes in the period from December 29, 1997 to September 30, 1998.

Stage 1 2 3 4

FHDES 75 65 45 25
(km)

KEHFBOEE 4 4 35 35
(km)

ShEAFMOES 35 1 1.5 3.5
(km)

RO 77 65 9.6 14
~(cm)

g 11 26 50 17
10°md)

AR I TRT0°% IR E.

FE2E FOENMBETVONT A—F
Table 2 Parameters for the tensile crack model at each stage.
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1) FALKZEEZER (1998) : EFKILDOKINERHE) & R OWEE) (19974F108 ~19984 1 A), BATHERHE, 70,
1-8.

2) FALAFERFBEEEMIER (1998) : EFKILOME - BES) (19984 2 B~ 5 F), MATIERM, 71, 3—
15.
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Fig.26 Horizontal displacements observed by GPS network around Iwate volcano in the period (a) from
February 1 to April 1, 1998. (b) from April 1 to June 1, (c) from June 1 to August 1, (d)
from August 1 to September 1, (e) just before and after the M 6.1 earthquake on September 3,
1998, (f) from September 6 to 24. Soild circles are epicenters of earthquakes in each period. Soild
and broken arrows represent obsered and calculated displacements, respectively. The inferred
location of a simple pressure source is shown by a large hollow circle and source parameters are
inserted in each panel.
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Temporal variations of geomagnetic total forces observed at IWT and NIB, the difference between
the two stations from July 1, 1996 to October 10, 1998.
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Temporal variations of geomagnetic total forces observed at IWT, ANS, YKB, GNB and the differ-
ences between two stations from April 1 to October 10, 1998 External disturbances are corrected
using geomagnetic total forces.
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Fig.29 Microgravity changes observed at Iwate volcano in the period (a) from November, 1995 to
September, 1998, and (b) from November, 1997 to September, 1998.

# 3 R EFNOELRENWUERICBII2HBHBEENWEDOKRE (HHS : IWT, BT mgal)

Table 3 Microgravity measurements at Iwate volcano (Reference point is IWT, unit in mgal).
BERHINRES OMTK  IFGS ~ GNB AMHR IKG_ - ANS YNGS HDTR YKB IWIN°  YKRS EHAT
1) 1995.11 -93. 257 -37.516 -67.781 ~-33.958 -86.643
2) 1996, 7 ~-93. 279 -37.519 -67.769 -33.962 -86.646
3) 1996. 10 -93. 277 -37.514 -67.788 -33.956 -86.642
4) 1997.11 . -69.099 -93.260 -81.937 =-37.503 -67. 786 ~-33.956 -86.626
5) 1998. § -69.102 -93.281 -81.944 -37.513 -67. -33.964 -B86.641
6) 1998. 7 -140.834 -69.091 -93.260 -81.933 -37.510 -67. 786 -343.804 -33.952 -86.637 -92.363 -—48.832
7) 1998. 8 . ~140.862 -107.486 -69.110 -93.277 -81.936 -37.510 -67.786 -33.969 -86.655 -92.372 -48.849
8) 1998. 9 -93.269 -81.926 -37.506 -67.775 -343.797 -33.955 -86.636 -92.361 -48.826

-140. 847 -107. 467 -69. 100
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