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Applications of geophysical explorations for
preventing volcanic disasters at Mt. Iwate

Tokumi Saito*, Hidekazu Yamamoto™® and Tsuyoshi Sano*

ABSTRACT

Around Mt. Iwate, volcanic earthquakes have frequently occurred since 1998. Many instruments have
been temporally set up to monitor the volcanic activity. On the other hand, some techniques on a geophysi-
cal exploration had been applied to clarify the underground structure beneath the volcano or to know what
occurs inside the volcano. The explorations were mainly as followings: estimation of hypocentral region of
volcanic tremors by using seismic arrays, estimation of 3-D velocity structure of P-wave and estimation of
attenuation region of P-wave by an exploration using artificial explosions.

Geophysical explorations had been generally done at other volcanic areas by limited experts. There-
fore, the results had been rarely disclosed in order to prevent disasters. At Mt. Iwate the geophysical explo-
rations were done with the understandings of the residents and under administrative supports. The results
were announced to local community in an easy-to-understand way through local meetings made by academ-
ic, business and governmental circles or through local news media. The results suggested us to guess what
occurred beneath Iwate Volcano and gave an important guideline to measures for safety to relax the regula-
tion for stopping to climb Mt. Iwate.

When we had executed above processes, we recognized that joint responsibility and cooperation
among organizations on disaster preventions were important to utilize a geophysical exploration technique
for preventing volcanic disasters. Many people who live around the volcano have recognized that geophysi-
cal exploration techniques are accessible to contribute regional disaster prevention.
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Fig. 1 Location map of Iwate Volcano. Iwate Volcano
consists of 25 volcanoes in a narrow 13 km long in
EW direction.
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Photo. 1 West side of Mt. Iwate. West Iwate caldera is
located at the west side of the summit of Mt.
Yakushi-dake and at the east side of Mt.
Kurokura, and is located at the area between
Onigajo and Byobuone.
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Fig. 2 Time variations of frequency of earthquake occurrence around Iwate Volcano from Feb. in 1998 to June 2002. Left axis in-
dicates number of earthquakes per day, and right axis indicates cumulative number of earthquake. Insert figure indicates
the time variation of rank of fumes at the summit of Mt. Kurokura from May in 1999 [after Doi, 2002b].
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Table 1 A history on volcanic events with regard to Iwate
Volcano and the response for previously prevent-
ing volcanic disasters. Note that the contents of
the table are written in Japanese.

FEHH KILEE OB SO IE

1995/ 9/15 KILPEBE)BLN, HENEIEILOA 5 — b
1998/ 4/29 iR XILTE®RE 15 (Hh3E285M/H)
Ok, [&T% CRt

5/16  OINIS HFIKILB S E &1 53R

5/22  OFaFILKILFEENFEHRET&] %R

6/24 EREFKILTEHEE 2 5 MO EEPEIER

771 OFFlal AL

778  OlaFlKlgdEsfRaEZRE] 52

7/22 Oﬁ%lﬂk[ﬂﬂ?jﬁé’? v 7 (MK ERIRSE)

7/27  OFERFEWHEHG

9/ 3 FAMTEEG6H (M6.1) HiE (EHE)
9/10  OBEFE KL EET 5T

10/ 8 QOIEFIoKILEEICHET 2HE 4] %2

10/9  OFFIXIUSE~ v 7 (FHIKESIRSE,
B~ 7 <K, Ny KTy 7RE

1999/ 1/29  O% 1[5 T ILME AT 5 Bl 5 Nk
5/ OKIBGRGET ], G ILE 5 E
5/22 4 O XKINEHEFEAE (M3.6)
5/27  OFFINBENETA P4 V4%
5/29 BEEIUITED 5 iEVIEA
10/18  KILNMEXTHLE, PEEIKFESIBRTE O fEtEEE
10/ OFETFEA AN HEST - WIREZE
11712 s KILTE#E 4 5 (RIEAK & % 5Eh)
11/19 HFEILKFEIPRREF BN A% E
2000/ 1719 EA& - KibFkZA ETHWES
3/ 7 REARKHEEOXKUMEERESE (M3.8)
3/23 OBEFIKWBEATA F T4 V5%
[3/31 AERILmgA]
6/16  OA =, b =7 KILUFH%
[6/26 =ZBIZE2XITEHR]
10719 OAFIAHBA THIFEEEIEA * £
11/ 7 O;KM&Q%H%&E#%%J AL HIFEM O

IR LN
2001/ 5 ORLTREBEBOZE
7/ 1 O#f 4 &)V — b—# A LR HIER
10/ 8 O 4 &LV — bRy — X FCHS
11719 EAMINTETIHVES (7% &250 m)
11/ EREMEHE27E/A (A 2006 Ll 1319984

8 HLIR) 564
12727 QUKW SEEHEMET T | 42 5L S AR
DF e

2002/ 2/ 3 EAWLMITETHRVES (5 3300m)
4/29 IR R R EMEE 1 A2 39l / H 8 A=
7/ 1 O 4 &LV — b AL H R
10/14 OFEfl 4 Blv— bR —X > F CHEE

KINEBBI OB R FE B & O RET A EE %z KD 72
(Yamamoto et al., 2000),

Fig. 4 |ZfEATRER OB & LT, 19984 7 H26 H4Hi 3
234 (1), FET7 ASIHS R4 B2040 (0) BL Y
4 8 A 6 H4 i 1 KF48% (II) ZHEL7-MEIDE

) e b
5] @ Earthquake
7 O Tilt and Strain |
S OGPS d
27 + Magnetic force |3
o] X Gravity H

N NG

Fig. 3 Observation sites set up by the Research Center
for Prediction of Earthquakes and Volcanic Erup-
tions, Graduate School of Science, Tohoku Univer-
sity. Solid circles indicate observation points for
earthquakes, open squares indicate ones for tilt
and strain, open circles indicate ones for GPS,
pluses indicate ones for magnetic force, and cross-
es indicate ones for gravity. MTK, MTO, YKB,
IWT, ANS and GNB indicate permanent stations,
respectively.

khHmERT, FRARITIEAIIAMB L UHEFT IV
FTIDHMERL TS, 72, MBORERZ LKA
WEMEL, BHETOMEBEETRKOLNTVLHT
SEEEfE % (Yamamoto et al., 2000) (2320 &, Z4 05
DELERDDL L, INOLOMBORFIL, HEIHH
1~2km FREDEI L DTN % S N5,

4.2 AIHEIC &2 ILFEERE

AT & 2 IIAHERAE, B0 6 REAT
HEFE O KINEEEREE L LT, RILRFRFBHEFEH
AR - AT B > ¥ — ol O EdZ S
ZHLIC, BILKRE, EFRFELR EL2ZREFLRRT P
LRTBAHFBIML TEBmS Nz, GFILEP0IC, §
30 km U DXIHIZ, HEF330GZ HRFICHREL, B
FOBI M & &b TH350EFH T, 9 & OB,
b OMFER Z B L7z Fig. 6 IZIR#LA & BHll A OALE
ERY o BHIEHS0m DKR—) ¥ LK 200 kg X



466 WERA 5555555 6 %5 (2002)

39'50'

Fig. 4 Arrival directions of volcanic tremors estimated from an array observation. An open circle indicates the array site. The ar-
rival directions point at the directions of Mt. Kurokura or West Iwate caldera.
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Fig. 5 Shot and receiver points used for the exploration using artificial explosions in 2000. Stars indicate shot points, and solid cir-
cles indicate receiver points.
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P-wave velocity structure beneath Iwate Volcano
obtained from seismic exploration. A high velocity
anomaly had been intruded beneath West Iwate
caldera [after Tanaka et al. (2002)].

E20HME LT, LREEORVKIE (4.4<Vp<
4.6 km/s) #%, #ETRT LI ICANT T OEBIIEAE
Tho WIVTTOHMTIE, LR0MEDH XL 2
km LA EDOREEHH Y, KT 1km O % K H B
(HFBOXE) 2WMYFATYS, 512, BWEHRD
RXBEERDS, VT TE T OEEERE 2 S ALHML
JEDTIZIRAS > TW B KINOTEH & i IRAYIC, 1T
B L ORI I BER L KEE (Vp<4km/s) @
WEMNEL FEo T,

CDEHIZ, GFILOPHEEERE I, FEHETIIH
KT EREICEREAERPAFEL, IWEZEOHEMAT
EHREIOEDE CERAERIIESE) 2 L THEBOT
bbb, HEZEMIC, TEMEToOXILEEIZ#H307 E/)
WCHEE D RBTHEMICKRELZEENTBY, IVFT
HETOBRERZ, &R LS & RS
Nad, Tz L, WEE&ETERMILMAEZ 3 TTER L
Beicem s, BEHRERICOBERICEH LWL Eh
5, H % 7 9 AR EERE 3T L AR O K ILE Y A
LR ENTWwaB LHfEE &5 (Tanaka et al., 2002) ,

4.3 ANIHEIZ & 2 HEREEHOEE

20004E10 H19H R ICHE G S 7z, EF AT HE
BEEOBOMBREHNT, 77 v va—T4 ¥ TN
2T, GFIUABO PR ERZHEET 52 L 2R

Rlze 77T a—T4 T, BIRICE > THAE
L7-HER 7, (ZIE—FNIHE LB E celills5 0
DT, HHEBIIT I IRWHE TV FELETHEZ "
Lo IEEET S 2 TN,

AT HEEE CHES 2 5% E L - B 5138543304
(B oZRER T AR T4 LH350H) THEA, K
EATICIE A FIL A CTHIEIC 2 50, Bk 500
mTH5h, EM3LHALE (S1~S31), B L OHbMI28i) &
(N1~N28) %M\ 7z,

JERLE A S ORIPFHEC X 2 EEZMIET 572012,
S TR ER 2 kD 7z, LT, S
SR OREHRIFIT U C M2 W CESEL, 1l
& @ a# L 7oA B R IEAE % 7] — I8 LT L, @)
FHHRIGAEAS0.2LLF £ TH HIAA TV 5 FHIN & i &
L7, Shotl, 2,4 BX U7 » 5K - MERMPA DKL
THRMERMER L T 5 &, WEHRII Fig. 71277 &
NS, HEFAINTIPIME Lz, $7-, 42THS
MICENTEERELZ D L1, BEBEED S OHEEA
P S % 0 T B AR S, IO RE % 3K
D5 E, WR+H05~—15Kkm & T { ELICMET S
RSN (RiE - i, 2001),

F 7, Shot. 7 ZEWi A & 35 AT HEFEAIE, 1999
46 H25HKM, [4E9 A30H KB & 0200145107
LHKBHICOEBEIN TV S, WEHIZIZIZRAZEO
MET, LD S RECELLTRY (RIE - 1,
2002) ,

5. MIEREOXNUBEKANDER

5.1 EFITEEZTVWIREDEIE

HFINE b E R KB OBEKIITH S, HEFILT
DFHTOKINMEIEOHS, IIEDOFEIL~DOHIELR &
OB T — & 6, 4, KBS »52E10, EEIL
—i COREBRBREOREES TR I N-bon, 5F
O T TAITHRE THWEDONIEAHEETH 72, AME
#CTAX Y Y CERT L L1, IWEAORE % F:A1IC
ﬂ%_tuTbebéo@Amuﬂ%éntﬁ@ﬁ%
%3 H\0o T, HHETHR D BHEESTEE LKL &
WHNTWBELOD, ERZIMENLT S L ZOEEIX
FXOTHD, T72, BTSN KIEHEOERED,
HHARPIER O EEREEDOFMAH S A TR WwLl E, 38
BEInsZ lidFashniiv, v /<idE g0
P, WEEZIZHHDOD, HEDEE TR ViEmIHiT
Wiz ORI THED K S N7z,
KILEB OB & B SER T FEE 5 R 2 B IR
%Vf%é F 7o, KIS EE T 5 & e MRt A%
I, REITE a@ﬂ%&%%%%f%ékM@k%ﬁﬁ
ﬁ%f%éo_n%@%%i KINE= & —FNC 3
CIEBOIRICHET 2 HEHRITIRRTZ D00, ﬂm%“
P HERI RO 72V, SRBMASE & 5 REMATK
EVOh, BEIEE LTE 2 TREDPE Vo )%



468

WHERE  E55EE 65 (2002)

=]

140°48’ 14054 1417000 141706 141712 i
4000 B ) ot1 40°00°
> (A
5o
() °° .
39’54 Shot Shot " Magsy’
(o N28
S31
39'48' 3948
o &
3942 & 3942
A Otﬂ'
(o]
- TTTTTTTT
140'48' 140'54' 141°00° 14106 14112 - © o
-1.5 1 L L L - - =3 — ™
~ — Depth (km)
£ o0 ~
=z C
515 -
(=] —_ L
30 .

Fig. 7 Attenuation region of P-wave beneath Iwate Volcano estimated by fan-shooting analysis. The attenuation region was esti-
mated at depths between 0.5 km and —1.5 km above sea level beneath West Iwate caldera.
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