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2.1.3 BBILICH T 2EHERA

2.1.3.1 13L®IC

HWHICHEE L2 LK ARBE LR EICE D N 7 MR, BoKIOH L TIRRIE CABAI 2SS, HER S LG
WEDOEBEOM T L EIL o TAT v THAEL D% L, BRI RN 228 2 A 1CEH T DHEL T,
L2 L%adss, GPS & Hl /- e B 8@l & ik L, difi 7 — 28 onb 2 &, KRENIHL EEwE W)
B H Y, WK A —VOE#HZRLZ LIELTBY), BIHE K ILPEEN WIS L7228 b 8% <
WX Twd (FI2IE, B -, 1988, fEIl, 1988 ; Oikawa et al, 1991 : dbJIl - fib, 1995 ; AL X K5
A - AT, 2002 ; i - Fil, 2006) o

20034F 11 H 2% = 1T RIE B X OISR K IO D JE 34 3 67 12 B v TR IE Pinnacle Technologies Inc. ST E
B A B A ET500080 12 X 2 Wi Bhll 2 BIG L7ze S 2T, BU Y 27 2 & B R oS, KILTERE) 2 b
> ChiEk S N7 ERE B DIEHTHE ROV TR 5,

1|

2.1.3.2 BEIWICH T HEHEBS 2T L

(1) BBIREFZBHE
BEIOEERGEEKITIHRE LB TH L 2 05, TNHDKINIB T B KINHENIAE S RWE B
FoTHEULMEMER ZHA S5 2 LICERICEWTH KIS 2 km DIHICEREBET 5 2 & % B SR E %17
o 7ze WHFEBIRINZMEOHRELZ LI eh b, FHERFNIGRET 2 LEND 5. 4 L 7@t
B X AC B, BERSERRZLEL Lawd, MR EOHIKIEA %L 25 b 0Bl H oy T3
WM 28, RETXALEDLDHL, INOSOKMEZHERL, FRNTER FrREKITo N29°E, 1.1
km, #IEKKOON28 W, 4.4km), 78 (kKOO S24°W, 1.3km, FREKOD S26°E, 4.6km), #Z
B (4K K T W 8°N, 4. 1km, #rik&EKI1? S31°W, 2. 8km) ® 3 fi#jir 2 #5E L (Fig. 2.1. 3.1, Table 2.1.3. 1),
BUASEIRE], SIS E A TH 2 20034E11H 8 ~22HICEM L7z 203, Bk ILITESBHR 25~ o> Hi Akt <2 B
P OB FT IR L TSR BIM O FETERY 7 km (2B 2 AEEO B AR A I E LTAY) I T 5 —12X 5 TTo 720
B ORERE % Fig. 2.1.3. 212587 BRI EZIScm, HS12m OHHIFLICEERICE % L2 NE7. 5em @
Wik =4 (LFPVAELRT) 2AL, L8mUEE 227 — b CTRE®D, ZOLHIZNZELIScm @ PV
BECILBEORMERXREL TV D, EEMEz a2 ) — FTREZEL TOWARVLOIIHER D S OIREOFEE BT 5
72O THY, BMHAOHRAKDOEAZFGILT 2720 PV ERIBERD?SE+ cm 5 EIFTwb, ZOPVED
JERICKAEDZ S o 7B 2 H ecm R E, 74 Y —THY) TFuFE%2 AN, @EENE PVE L ORMICHE:
WaiEoEE L Twb, ERIFHIED TIXTHDA TS, HRETRELZREICE > Twb, Bl RimidiE(b
Co VB OZFEEZNIETWD, 2B, WO FMEzNEET I A2 FHL, ZEBIICBT5HA (6°
VifR) Z#iE L7z BT, BEliZAbE,

BIE O EEHIRN % Fig. 2.1.3. 31K, REEETIIZEE DR OKINKETH > 7o FREBEI
(LLFR88) (3B O 2 E BT, B3 6m I TR EARLKADPRLE 728D L, 6.4m TTE VIV MR
L oh~flifr, 8.8m F TIEHRAMEI00mm OEARLE Y O, ZOTEHIZEEL Y o ~HEOR, HT
KAOZIZ7.13m THh o 720 HZTFEHE (UTHZE) 3RET A SHEEERNEY» S B m Bz, FHbkit
WOBMKREEIR L 22 EWICH D, KE2.3m FTHRLED TV, 3.0m FTEA, 9.5m T TR EINAEED
HAEE ORARE400mm) RE Y O YV M TRINKEOBIRAL Tz, ZOTHIFRINEEOBEL Y X
HIKEDORT, HTFKMIXI. 4m Th o7z FRRILTETBIN A (CLFHR) iR TEbN - F 2T
HVY, FE0.8m F TEBAVRALZKILWKEDONT, ZORBOTEIZIZI IV FBRALTW 2, SHIFER
BAE10~70mm, RAZFEISOmm FOBR L Y O KIWKE O T, BELLT L, MTRMIFI.5m TH -7
AN S B o0 A B R RS S 1E, RO EE LI m T50H/10cm, 12m TIE N=27, #2550/ 3 cm, #F
#5010 /10cm Td - 720
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Fig. 2.1.3.1

Location map of tilt observation sites at Kirishima volcano (solid circles), seismic stations

(triangles), and Ebino AMeDAS precipitation station (square). Star denotes the new vent that began fumarolic

activity on 12 Dec. 2003.

Table 2.1.3.1 Locations of tilt observation sites at Kirishima volcano.

Latitude Longitudde

Height

Station Name Station code [deg N] [deg E] [m] Telemetery
B Yunono TCO1 31. 89053 130. 86761 861 Wired phone
St Araso TCO2 31. 87469 130. 90453 871 Sattelite mobile phone
FRILTESE  Shinmoe TCO3 31. 92053 130. 88711 1261 Sattelite mobile Phone
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Fig. 2.1.3.2 Side view of tilt observation well.
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Fig. 2.1.3.3 Soil boring logs at Yunono, Shinmoe, and Araso tilt stations.
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(2) BB 2T L

fEH L 72 #5113 K [E Pinnacle Technologies Inc. #3T P E% & R & 45 BEERLET50008 ¢ % (Photo 2.1.3.1,
Table 2.1.3.2, 20014ELARGIE5500> ) — X EIFFRE T Wiz) o ZOMEFFHIERT 5 L HICHALTON 2
Aot H—2FMHL, lorad &) EWirfies, HEILNY Y ZEEICL > T8 L ) AWy A
FIvsLyVEAL, BT8R (5fREE21E) & RS-232C R— F &AL CHHE/NT A — 5 RED L
T=yaA—bNHEINTVE (FREI1I88,0007— %), 6. 4cm, ES107cm, Hi4kg &/NEIERET, 12
V CEIEL, HEEIZ280mW L/ARONy 7)) — L RKGEMOATH EERBIHZIT 2 5. 7 — 7 13
24bit A/D BRI TT VI NTF — Z BRI NEF X, Y s, EAETNEERE, REETH Y, 1~255
Yo 7)) v 7 TIGRTE S, WEI v SADHMIZOWTHREFEINTBY, EBEFMICER TS
T& 5%, ZOBFPFHIENTIZET LB 2 KINBIHNICWO TR S AR - i, 1999), 20044 D& 11
EKIEENC BT, 4 OBEFERYRKICHIER L 7R LB 2 4 2 72 (Fii - 81, 2006) o

##k (Photo 2. 1. 3.2), B OB > 2 7 2 ZMERIETARE, (#R) 5T 2 7 24 8@ E H 2= » + TCU-1000,
WREATER, KBEM, Ny FU—THEEKEIhTws (Fig.2.1.3.4(a)). WBEHBHLI=Y M S
7oK (1L W60 x H100 X D25cm) & KR8 SR VEfIE, 2% 445X 90cm DFRMK 2 A2 112, 20x20x50cm
Oaryrz)—tr7uayz 2% RN N CTREELZER RER143kg) ([T fF1F72 b, 6L PR L)
#30m/s DL Eos#JEICH 2 A & L7z 2B CIERHER L NTT 77 1 7 Eik mRAFH 2 58T A
HREERNENICERBE L7 F a7 2T 228 LTT L A—% Lz, EF L LHEFETOENIMEEEEREE
AL THAG L, FEICHLL (Fig.2.1.3.4(b))o

T—=FWEIINN—VF VI Ea—F ETEMETAEHY 7 b7 = TI2X o572, Fig.2.1.3.5(a) 1254058
FHCRRE L7z T — S RS AT 2O Z RS > 7Y 710, F—2BUI1 H3Mm9, 15 21
BRICBIEM S 2 7 A 2O A XYV T v T HATIT o 720 FRO MIEZNE 405557 5, Sei#id205520 5,
W2 B350 5 ThH Do WHEMD S ORFEFEZITH) L2 HEL, BB LORETIRI2EAG LXK
RBICL7z. 2B TRERGELZITIRBICR>TWE, T—FIUEY AT 20X, K255 7Y
VWA 2 BRI L O, BRI 3 IR L %o F 72, AR RFROMEIREIC X - TlE &I T —
FWENFBIEIN, ZOF A IV 72X o TUIEHIFIERE L 25 2 0B %, Fig2. 1.3.5(Dh) IRV 7

Table 2.1.3.2 Pinnacle Tiltmeter model 5000 specifications.

Photo 2.1.3.1 Pinnacle tiltmeter model
5000 and observation well of Araso
station.

Resolution

Range

Max gain

Gain levels
Leveling ability
Data storage
Sampling interval
A/D resolution
Azimuth detection
Borehole diameter
Dimension
Weight

Operating range

Average power consumption

1 nrad

+8° from vertical

1000 mV/ urad

3

Self leveling

internal A/D and 88,000 data storage
1~255 sec

24 bit

internal magnetic compass (£2°)
Min 7 cm

6.4 cm diameter X 107 cm

4 kg

-25~85C

280 mW
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55W
Photo 2.1.3.2 Tilt observation system at Shinmoe (b) - oq Tel )
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Windows PC control of tilttmeter UPS
modem * Text file maker
* Time Calibration ADIDC
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Fig. 2.1.3.5 (a) Block diagram of tilt data-
collecting system at MRI.

7 CHFEIREN TV REMRBERZ/R Y, 07 ERLCHHT— 7 ZRBR2EE=% L, BE1H o 72k
&, FHZURBPICTENC X VBIISEM S 272127 78 AL, 85 A =7 RERTHNHREEZ T 72 8l
WA > 27 2 HERZIBRIERERED % <, 7 — & PUERF IS B ZE Tl  PC A SRR G b 217 5 72,
D7D, RABGSHREORRTIIEL TV LS H S,

20044E12 1, KINPEBREN IS L CHEAVEBI BN 2720, REXAEBaKNER - HRtry sy —TbIh
LOMEFT— 5 REMNT LI L E kol BRI 28, WE, BEMOTFA M7 7 A VEARESE, ZOTF
AT 7ANVERE, 1MEIC)Y 7)) v 7 LTy =5 TICHBIWICETF X —VICE > TRIER AL S
WCHEET 5 L9127 ¥y —TIEZDX =& KILE - Hit ¥ —2 2724 (VOIS) (ZHLY JARF K
EHTHE LI, HEBO 1 HB XU 2HBMDOKSRYZ T 7 & KILECK P HEAE S A — AR = VI ) 117,
BB IS AR Sz,

2.1.3.3 {BESIEAKEE
(1) REAZH
Fig. 2. 1. 3. 6D LB 12 & 8IS oA} 2 525 D305 0 B 25 L 2 773 (20064F 2 4E28H £ C) . EAHIILT
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Fig. 2.1.3.5 (b) Monitoring screen of tilt data-collecting system.

MY, WERYOKFME ERXIZ7ey bLTWwWh, /2, MIELREICK > TAHELLZAT v 72{LIIHIEL TW
%o FIHAT20044E 9 H28H 2> 520054F 1 A31H, #2Z2%T20054F 7 A30H A 520064E 1 H25H O, 15 12
BERETAOARRCL ) BIIRME o7z FEMIEE S, BHIHIRRERIBICRE 132, EREM~OBEM®
WP EMZ 722 3oz HM SR, EEtO ML Y FLEHRNOR# THEZLIZRD S kv,

Fig. 2. 1. 3. 6O FEAZITMARFHC R S N 72 IR EERHCBI S 72 RS0/,  ABSAE B M A R BT (Abfk
31°43.8", Wif¥131°4.8", HEE154m) (2B 5 HIPHRE (Bak), JE Ok, 207 X5 2B
(Ae#31°56. 77, HAX130°50.47, FEwE51150m) (2B 5 HEKE (FEOKZ 5 7) OB %/R¥, #8T10m
IBV B MR ILEE TSR EE T L TwD (B IR - KH, 1969). #RIRICBIT 2 W oF
BRBIIMITCTH D ERAZMET 5 L, B2ZHOFHFRITI0CHEE, ke CRELHE I,
B SN 7-EFETNEBREZE I SRS LV BETEL ZoTwD, 7, é*%w@ﬁﬁ%mm%fLﬁﬁ6hé
KANIEDEL AL IR TWE, TRHEDZ LI, ZOMBEIHOE L TIE% <, REFEED RV
RS, BHNBOZRINRIROEE L ZITTWADEEZ LMD,

W TIIBIMO N LY FIZERRE GEF2%)) T, RO L LA, WAFTNERREOZELD /NS
57275, 20044E12HED S ML Y FIZBEDSEL S & 912k 572, Fig. 2.1.3. 6D NS KGO HEA R H 72 1)
A2 57 IROEEZ20044F12H26 012584 Lz A~ b T MBI L - EBV AR CH 5725, TOEMO/NS %
e IR A MEE (200445120 12H14h28m] ST, HER SR s, M5.3) o2, bL v FAPZE{EL7:
EINCHRZR D, ZOHK, MENNL Y FICEEDSRZ 5725, ZIIUSHIET 5 303 2 MRS R mEL 23k L,
ML Y RICEAEDBIN L FHIEAHTH 50 FRTIIRARIC L o THELRERZEE 2R L, ERETNERIRE D [F
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Fig. 2.1.3.6 (a) Tilt records at Araso, Shinmoe, and Yunono stations on Kirishima volcano. Tilt data plotted in 30
min intervals from November 2003 to 28 February 2006. (b) Time variation of temperature in the tiltmeters at
Araso, Shinmoe, and Yunono stations on Kirishima volcano; daily mean atmospheric pressure; atmospheric air
temperature at Miyakonojo (SE 30 km from Araso); and daily precipitation at Ebino.
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BERLH-TED, HARTORERHEHAICRENRWI LERL TS, A TD, WRIEMHEAIERICH
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BIIKRERF R T RONLBHETH 5. HRO EW KO TENPKEVOIIREKRDEECTRITIRAEITKR
EVWTLIZLAWHENEDD B,

(3) =B ICHT BEE
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Fig. 2.1.3.7 Observed tidal component (black bold line) of tilt data processed by BAYTAP-G (Tamura et al., 1991)

and predicted tidal changes (red thin line) by GOTIC2 (Matsumoto et al.,, 2000). A means Araso; S means
Shinmoe; and Y means Yunono.
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Fig. 2.1.3.9 Tilt changes (east-west component; downward is plus) observed at Shinmoe, Araso, and Yunono
stations on Kirishima volcano caused by the Northern Sumatra Earthquake (01h 09m JST, March 29, 2005, M

8.5), and its tilt vectors against the red parts in the left figures.
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Fig. 2.1.3.10 Tilt changes observed at Shinmoe, Araso, and Yunono stations on Kirishima volcano; hourly
atmospheric pressure at Miyakonojo; and daily precipitation at Ebino from 1 February to 13 March 2004.
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st U CHEREB 2B S Nz 12HIBHICERERFED 70— 7HSKEOMNIZH L TR S L7zl
DA LIRS N T W22 L MR L (FiFF - i, 2005), F14HIZIIHEMRE XKL E BB X
0, BISRKITRE R ERESH L WIERIL2TER S, I ARRIRELL TV b Z L AR SN (WX
AEH - BIREHFSAZE, 2003 ; Photo 2.1.3.3) 2D, 20064F 2 A K F TIAEH38I1 K LIS 3B <

gjr;g, ........... e : :

< _mgww A )\7,‘4—??\\'\7 AN T R i e F
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100nrad
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Fig. 2.1.3.11 Pressure response part of the tilt Fig. 2.1.3.12 Trend part of the tilt processed by

processed by BAYTAP-G, and atmospheric pressure BAYTAP-G and the daily precipitation at Ebino from 1

from 1 February to 13 March 2004. A means Araso; February to 13 March 2004.

S means Shinmoe; and Y means Yunono. The black
line indicates the atmospheric pressure at Miyakonojo.

—165—



SGMFFERTHAR G 553 % 2008

Photo 2.1.3.3 Photos of the Ohachi crater taken from the

fumarole. (a) 4 August 2001. (b) 1 June 2004.

, 209 bk ARV 4 HOME) (20034£127 12
H, 12H15H, 20044£1 H 3 H, 3 H26H) IZxs LT
HERK T A OMEFHEAL BN S L7z Table
2.1.3.3(a) (ZAWFZEBLMI T 1 S SR0T 5 T H e B
B (Fig. 2.1.3.10 TKH) THUM & 7 88k Ak
THAEL L BbAME)OMHNE & 12 BT 5 e
BAbEE R, 2T, WBOMERERIZIL T T 25D
DEED AL L TH BRI EZR L7z, 2B, ThbHEH
A2 o k5 F 8 T & % 20044E11 H 21 H04h12m58s O %
IOV TIIHFERICHE ) EAHRE & B2 D, MBI
L7225 B TE P ol 72, 20064F

2 A15H17h01m (2 fHIgk THAE L 72 & b 5 # o i
MEIZEREFHPBH SN D LR LNV TH LS,
FelE I <, EREBE)IZRED SN 7z,

Fig. 2. 1. 3. 13122003412 H12H o @ 5% A4 H 1 H 4
DX B S OBEHFHE T — % %, Fig. 2.1. 3. 141213 H)
S LRI S 7z 4 D 0 F6) & BE 2 Sk L OR
Fo Fig. 2.1.3. 131278 L 72 & 9 (25 S B 25 o e AL Bk
IZIZAARIERI0. 1 g rad OEIWZEALD FIZ#0. 05 u rad
DT DR T v TIRDOZALDS, WIS Tld 2RI
#0. 03 urad DWW ZEALD FIZH0.02 urad DE T AHD
DATy TROBADRZ 5. ZOEHL Fig. 2.1.3.5
(b) /R L7-BEBLITH C & IR bz, 2B
T EN i 2 DRV OE VD H L 2 L b TH
BUNGEEBR ST OB D72 F250b L
BWDEPRLDOTIE RV, dL, BZHFITHEDL/
10U EOZHFBEN T2 ThRIEHEG#INTELRT
HY, HBZHETOEMNENITEDL /IO TORTDH
Bo FRINTELBIEIE ) £ APKREVI LB D)
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north rim before and after the opening of the new

“:SMnﬁme:ré

Time (JST)

Fig. 2.1.3.13 Temporal variations of the ground tilt
observed at Araso, Shinmoe, and Yunono stations on
Kirishima volcano on 12 December 2003. The
vertical line in the center of figure indicates the
observation time of the volcanic tremor at the TKH
seismic station.
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Table 2.1.3.3(a) Volcanic tremor that occurred at the Ohachi crater of Kirishima volcano from December 2003 to
February 2006 and its tilt signal. Note: - undetected, x indistinguishable by earthquake, ND no data

volcanic tremor at TKH Tilt step at Araso

Date & Time (JST) Dur. Amplitude (um/s) Dur. EW NS Amp

(sec) NS EW uD (sec) (nrad) (nrad) (nrad)
2003/12/12  11:13:48 480.0 35.5 48.2 18.1 490 12.3 49.7 51.2
2003/12/12  13:15:26 56.9 5.3 7.5 2.6 - - - -
2003/12/15  11:20:17 303.3 40.5 45.1 11.4 230 6.6 21.7 22.7
2004/01/03  06:36:56 300.0 388.2 609. 8 192.7 270 7.8 35.2 36. 1
2004/02/18  21:44:55 38.0 12.4 18.1 5.5 - - - -
2004/03/18  05:08:15 52. 1 52.4 61.9 15.4 - - - -
2004/03/26  19:46:13 254 (min) 688. 3 654. 8 357.2 250 10.8 43.1 44.4
2004/05/05  02:40:01 55.1 27 31.3 9.8 - - - -
2004/07/08  15:27:44 35.3 13.8 19.1 4.4 - - - -
2004/11/18  20:16:24 30.0 35.8 89.8 20.8 - - - -
2004/11/21 04:12:58 296. 2 351.8 362 123.3 X X X X
2004/11/21 04:32:50 63.4 8.0 7.5 4.1 - - - -
2004/12/31 01:30:00 71.0 56.6 711 18.0 ND ND ND ND
2005/03/11 06:50:50 51.4 35.3 52 16.5 - - - -
2005/03/16  09:53:35 51.3 50.9 46.3 12. 4 - - - -
2005/03/19  17:57:17 42.6 10.6 13.6 3.4 - - - -
2005/03/28  19:09:47 48.4 26.1 36.6 9.7 - - - -
2005/10/03  02:04:08 34.0 15.0 22.4 6.2 - - - -
2006/01/03  22:20:52 48.9 39.0 48.2 10.7 - - - -
2006/01/12  10:07:15 46.0 18.7 22.3 7.5 - - - -
2006/01/18  09:14:00 .7 21.3 29.4 8.8 - - - -
2006/01/19  03:40:39 32.4 13.3 18.6 4.9 - - - -
2006/01/19  12:27:16 27.4 8.9 10. 4 2.1 - - - -
2006/01/21 02:52:53 35.0 7.4 9.5 3.6 - - - -
2006/01/26  20:34:29 21.0 8.3 14.1 3.7 - - - -
2006/01/28  16:09:58 15.1 8.1 10.3 2.5 - - - -
2006/01/29  23:49:40 74.4 23.5 40.4 7.4 - - - -
2006/01/31 07:44:07 26.3 7.3 5.4 3.1 - - - -
2006/02/01 02:37:40 29.1 5.9 8.2 2.5 - - - -
2006/02/01 08:10:28 41.0 9.9 12.7 3.0 - - - -
2006/02/14  16:26:14 42.2 15.3 24.6 14.3 - - - -
2006/02/14  17:25:50 4.7 6.8 9 5.7 - - - -
2006/02/14  23:57:51 45.0 24.9 24.3 9.2 - - - -
2006/02/15  12:02:29 54.3 7.1 8.4 2.7 - - - -
2006/02/15  15:01:29 36.5 7.6 7.1 - - - - -
2006/02/15  15:16:53 57.9 21.2 40.6 10.3 - - - -
2006/02/15  17:01:44 43.8 144.9 227.9 58. 1 - - - -
2006/02/19  15:14:30 20. 1 5.4 6.8 2.0 - - - -

L7ZEH 205 LITTE R,

Fig. 2.1.3. 15\23 812 B 5 12 H12H OBEN A IS L 228V L 0L K X % & TR B B S 12 B U 5 1
EARESEMN L TR, 20 X512, ZoMEIIIMEIOFIR (11h13m4d8s JST) & & i FE v, Horkdedbs
TAYDOELER L2, TTOLNANED 5L YRS TW L, Fig. 2.1.3.16(a) (21X MBI IS L 72 5% S8
Wi BRI RV %, Fig. 2.1.3.16(b) \I3EB H AT HEHE TOXRT MV EZIRT, Fig.2.1.3.16
TIIMEEIFE AR O BB Z 2= LW TRLTWS, 461 SEBIBIMGIEE 1 ~ 25 BIZdL FA2sh 1c2&{kL, %
DBALACH T b BRI T 25D OEAL% R T o B 7 AR KT (F S SL) HiTdh 722 & &, 2003
12 12B ICHE S ILD SR L2 L Bbh b 2 &5, 12120 OMEAZLIZFERILA S WE AR
HENTZBOENBIICE > THEUA LIS, MEID ZOFETNED 2 IZWEOBEI LS THRAEL W
BEHEMEND, L LADS, [TREIFEARNIEEAAMERO K IIFE B 2 2 B OB EE X R o72] &
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12 Dec., 2003 |

(a)

15 Dec., 2003 |

10h30m 11h30m

1

12h30m 10h30m

11h30m

26 Mar., 2004]

(@]

06h00m

Fig. 2.1.3.14 Temporal variations of the ground tilt observed at Araso, Shinmoe, and Yunono stations on Kirishima
volcano two hours before and after the volcanic tremors that occurred on 12 and 15 December 2003, 3 January
2004, and 26 March 2004. Changes were clearly observed at Araso station. Tilt changes associated with tremor

07h00m

08h00m  19h00m

at Yunono and Shinmoe stations were less than a tenth of the Araso signals.
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11:14:00 11:15:00 11:16:00

NS at Takachihonomine

um/s

-
: 12 DeC., 2003 N down :
1| Araso i
] 0.05 prad | [
—MMNW‘\’A —
) E down i
1T 40 min N
] i Duration Time of Tremor i i
: ; : . ; , : ; : ; ;
10h55m 11h25m 11h55m

Fig. 2.1.3.15 Observed tilt changes associated with tremor that occurred at 11h 14m JST on 12 December 2003.
The lower part indicates the NS and EW components at Araso; the upper part indicates the NS component of the
seismic signal at Takachihonomine seismic station (TKH in Fig. 2.1.3.1). This tremor was estimated to have
occurred at Ohachi volcano from the spatial distribution of the amplitude of the seismic signal.

(a) ] [ (b) N d_(_)wn New vent of
1 | 005 urad i Ohachi Crater
] N down __ 2003/12/12
: E down : T
1 ., ‘/wm\\m‘_\\%v\ e P ‘,,v,.a.,w,l,f,,u-‘ L /

] (R L AL L e, | ey | g | g {fgRa | Rassl r 2004/3/26
12003/12/12 /

N down 2004/1/3
2603;;2715 S TEden
] N down ) 2003/12/15

o

2004/1/3 I
] ©aoun i 0.01 prad

Aot | - - |
[Omepecapetvey T T T T T I":/;"r'“n'&'"_ E down
] 2004/3/26 o

Fig. 2.1.3.16 (a) Detrend tilt changes associated with tremor on 12 and 15 December 2003, 3 January 2004, and 26
March 2004. These changes were indicated by a reduced variation of the trend just before the tremor. (b) Vector
graph of the detrend tilt data is presented in Fig. 2.1.3.16(a). The tilt vector moved northward with the tremor and then
turned to the direction of the new fumarolic vent of the Ohachi crater.
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bEbTBY (fHH - M, 2005), FESILIOOWEDOEIZDH D TIE A L ZNICHIBRL 72 FTOET)
AW Ko THRLZEDEZON S, T72, APELILTAY OEFZ/R L2, LI T2 IZHKE T EHH°
COZEFENEPRBOIS 2 SHEEKOAFECBE L7z L2 ML TWED0b Lk,

Table 2.1.3.3(a) (Z/RT & 9 122003412 H 2 520044F 3 A2 & 17z 4 |l oyt s @R Lo KT 28
) OEF OREKEREHIL 21490, 230, 270, 25080, ZHE1X51, 23, 36, 44nrad & %> T\ 5, Fig.2.1.3.16
(@) IRT L) ICRMO SEOKFEALORETIZE LSBT Y, BEAQKOTFAT) ICHHE) L T 2 R o
Lo TEHMZELERR T > T D, TOZLIEFENPFBI LT HETIPRET->TDHILERLTVLDOHD
LN, L2 L, E@hEid 1 HFHSRDKEVOIIH L, MEIORIE Mk e b 4FAPRIREVR LY
B L ERVE) & T RICIZLT LS BMAERIIE RV, 2O 22 SMEIOREIIZIENBY O % ST M
BFEIICB T A MMOERBIEL b TWnE I &2 bt 5,

(2) FAETHREL KIUMHRENSTE L ZERES)

20064F 2 H 1 HO7h43m13s F#R46 T A L7 KIS (FBEIL A m kG I23680, NS B/ 4RIE25. 7 u
m/s) xS L TR CHRIEEI BN S 7zs 2 H5 H F TIZ6 ROKINEMEI 2SI S N iz28, EFEEEH
B ENZ2DIZZOIHDOAKRTH - 72, Table 2.1.3.3(b) (ZAGF BB I 12T % Bl A 5B
(Fig. 2. 1.3.1® A) TEHI S N7 FREAL TRAE L & b 2 MBI OMIE & FR BT 2 R ELE %
R 22T, WHBOMKBEERIZ Fig. 2. 1. 3. 180 DA 5D M DM TH %0

Fig. 2. 1. 3. 171220064E 2 A 1 H O #iR o @EFETF— % %, Fig. 2. 1. 3. 1812 H R BT 5 MBI A IS AL &
BEHINAKICB T2 ELEZ, Fig 2. L3 1N\ NZ s V%2R ¥, Fig.2.1.3.1990 O~® X
Fig. 2. 1. 3. 18D O~@IZxH s LT %o MHEY T AL R AARI40B BALTE T A0 0%, HEETFAD 2R L, Hk
HROFMEZELLHATHo72, LaL, wEFEERE (MoOE®) THIETSE, FREKOLEI) O
e hoTwh, 2.1.3. 3L L2 LIS, HROMERY, EME T 205352, KROE
EHIEIF-HLTBY, FEHMICEVEIZVWIERS, KOEF)THE I L3NS LL, MHEkicBI 5
T SEBEB KA THY ThHo/zl L LIZBRLLHHERL TV,

C OB AR E B D%, LHF25) 5 5 ICIR 2 FER 2 R EE) (Fig. 2. 1.3 17O AT - 7= ) 2%
FEL7ze SHUTHID LZBRIERINTB LT, TORKNIAHTH 5, Z OMEE) T NEHRE KT LD
THY, HREOM T CEIIBMAFEAE L T2 REED BETE R\,

Table 2.1.3.3(b) Volcanic tremor at Shinmoe-dake crater of Kirishima volcano from December 2003 to February 2006
and its tilt signal.

volcanic tremor at A Tilt step at Shinmoe

Date & Time (JST) Dur. Amplitude (um/s) Dur. EW NS Amp

(sec) NS EW uD (sec) (nrad) (nrad) (nrad)
2006/02/01 07:43:13 236.5 25.7 19.0 10.2 160 1.1 12.5 16.7
2006/02/02  01:45:24 78.6 6.1 2.4 2.3 - - - -
2006/02/02  04:03:41 20.7 7.9 7.4 3.8 - - - -
2006/02/02  04:08:14 51.3 13.6 17.7 7.3 - - - -
2006/02/02  04:28:22 25.6 4.4 3.1 2.2 - - - -
2006/02/05 20:20:03 34.6 4.7 5.2 2.2 - - - -
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1 Feb., 2006

Shinmoe

""" U A L O e e
00h 06h 12h 18h 24h
Fig. 2.1.3.17 Observed tilt changes at Shinmoe

station on 1 February 2006. The arrow indicates a tilt
change associated with the tremor. The abnormal tilt
change that is indicated in the gray circle occurred
after the tremor.

N down |

07:45:00 07:46:00

———
NS at Kirishima A E

1[1 Feb., 200
4|/ Shinmoe

07h40m 07h50m

07h30m

Fig. 2.1.3.18 Observed tilt changes associated with
the tremor that occurred at 07h44m JST on 1
February 2006. The lower part indicates the NS and
EW components at Shinmoe; the upper part indicates
the NS component of the seismic signal at Kirishima
A seismic station (A in Figure 2.1.3.1). This tremor
was estimated to have occurred at Shinmoe volcano
from the spatial distribution of the amplitude of the
seismic signal.

E down

Shinmoe Crater Ohachi Crater

Fig. 2.1.3.19 Tilt vectors drawn from the tilt data
presented in Fig. 2.1.3.18. @, @, and ® correspond
to those in Fig. 2.1.3.18.
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2.1.3.5 BEILEICH T3 MUMBENCXTE U - ERZEEOZLEE
20034E12 A 12 H 6@ xt i F 2L S AL S WE S SN OENRPIZE > THE L £ R, £
DEFHFORE LEBEEZBAET IV (KK, 1957) 12X > THET %,
EBARETNVIZE B L, PERSEHEARISNRERIRIEDRD S 556 OB OEF T 12
oU 9a°AP Dr

N=———"F=- 1
or 4 (D> +r*)"? ()

THZbNG, 22T, UIZETZENM, rIZENEELEDEDSOKFEEHEE, o ZFEHERE AP ZEHZA
i, YR, DIZERDBRSITH Y, HEEHI 7y FNC TR 556 %2 EIC->Tw5s, )RE2HNSL E, K
SERRBE 71, 7D 2 I TOMEFI T, DO T/TZENFES DI LT

D2+ ) 5/2
r/r— S (2)
D>+’
L7 %0 BAVEBOEIIGHAALIE FIihs 85 09 rmboil il o

, BT CoONKFEREEIXL 23km, 2B F T34, 12
kmféb,ﬁﬂﬁwﬁﬁmkfﬁﬁﬁéwﬁﬁu
Fig.2.1.3.200 X 9 12 b, WML T, %
CECOEREIZERD 1 /10T & bR 5. e
FAS T 10084, (2345 D=1.9km & kb 55
BB, EAEF NS IZENEOLRE S 2 km Wik & _ -
XD, 1

:_” e Volume :_2500
—— Tilt Ratio C

o
[N
[

/£ 2000

- 1500

L
Volume (m3)

- 1000

Tilt Ratio (Yunono/Araso)

- 500

5 00 IIII|IIIIIIII|IIIIIIIII-0
M (1977) 12X B &, BARETFTMICI DAL L P 0.0 05 1.0 15 20 25
DTALE Aa 1T Pressure Depth (km)
AP Fig. 2.1.3.20 Ratio between the tilt change at
Aa = a_ (3) Yunono (r = 4.12 km) and that at Araso (r = 1.23 km),
4u calculated by the Mogi model against the depth of the

pressure source (black line) and the volume change of

THLDOT, KEWE OMSICB I A2HEELT O Mogi’s source calculated for 51 nrad that observed tilt
o . o N - change associated with the tremor on 12 December

MHTE 5,

m3AP_4_7Z_F(D2+r2)5/2
Y7, 9 Dr

AV = 4ma*Aa = 4)

2003412 H 12H OB *HSMEF O TR ER I BT 2 Z B s E51nrad TH - 7205, rﬁﬁw§%2bnkbt%
A, REZEEEIR2100 1, 1 km & L72¥A13600m3E % %, Fig. 2.1.3. 2000 X 5 (ZAFEZE LR 120, 6km f3E
/N (#500m3) &7 %,

LA Tl R72 L) I FH R TORAKRE T NV E ML OREN D HBEOT— 7 ZHEH L7206, KOO
NABENFE SRR SWo 72 L TE, ENBROMEIZEROLDERLAESH Z <‘:7§‘§3\7b‘o TWwh,
HERF R AILOBE S ITHI230m TH Y, THZ L2 EETE, MBI ERZES) 2 33 5 E DEOES
R T 1 km X DRV EHEMSINL, SO L ZMHERT L7-0HFEILNOMEEMAAALLEZRITERERET
WK LT, BRIRENFIC L > TELAMEBIMEMZEH L, ", H2HICB 568 EZ kD7,

L1 IETHRRZ, AREZEFIVICIZHEBELEEFLVYA XL OBZRPS, EHEERS D LEREORH
HEECETENMNEZ 1 %DOEETRDDIZIED DIHEREDOETFT VYA XTRL, ZOR3ID OH#EETIZZ% D
BETLELTEMIRDONDS, T2, LTFTENOFETIEETNVOESIIIKELFAOKREEILINAIILCEDLRY
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dUzdr
1.20 prad

3

Pressure source
(radius =200 m)

h oA b N A o N s aF

5 4 -3 -2 -1 0 1 2 3 4 5km

+—— 15km —> Fig. 2.1.3.22 Tilt along the radius direction from the
lcul he FEM f h herical
Fig. 2.1.3.21 3D FE model of Kirishima volcano. center calculated by the or the spherica

. . ; pressure source with D = 0 km asl, AP = 100 atm, n
The red circle designates a pressure source that is a = 40 GPa. 5 = 0.25
sphere with a radius of 200 m at sea level. The ’ "
region of the model is a hexagonal column with a side
of 15 km and a height of 20 km. The topography is 03w v v b v v b b
generated from 50 m mesh DEM of the GSI. The T
mesh size on the center part of the volcano is 100 m,
and that on the top surface is 500 m. The mesh size
on the surface of the pressure source is 50 m. The
total number of elements is about 100,000. The
bottom and lateral boundary conditions are fixed.

0.2 -

modified Mogi model

0.1 4 FEM model

1\
C LD o T B BN EFEM DK WO 1 L
RTHHPE, TOREEZHALT, €7V HIE—D 001, ———/Q/T N
15km, & Z20km OANMAFEE Lze I E 1 b B FE -1.0 0.5 0.0 0.5 1.0 1.5
N N . Depth of Pressure Source (km)
50m A v ¥ 2 Bt E T — % 2 WL 1L 23H O )i _ o
- . R N Fig. 2.1.3.23 Tilt ratio between Araso and Yunono
T, HLLERI00m, JE500m DIEZ=MIEA v ¥ 2 TR gations, simulated by the FEM (solid circle) and
L7 EHEILEE200m O E L, Z0FEmEIZH50  calculated by the modified Mogi model (red line)
. s ) against the depth of the pressure source. The
m, EFOVIREE P S km THEL, WEE, £ ogified Mogi model is expressed as equation (5).
JFRENZANT A v ¥ a3 4 APRBITNEL %D LD
AR (1L BHBHR) TAy vy v 7 L7,
Ay ¥ v 7 OBIZEIEROFE % ZEO/NRAETH T
LT, BREEEMIOHIETHS L7z, Fig. 2. L.3.2LEZ DX ) I L TER LAREZETFVTD 5,
OFRAIZENETH Y, EEEilKEE LSE0bDTH L, EEREISD 5 HEF113100atm  (10. 1325
MPa), ItE=R1340GPa, K7V Y 10130.25& L7zo HRRERETIVOMEK, HEHTIZIE ANSYS Inc. @ ANSYS
Ver. 8. 1& w7z, [ LEFIVHBOMEI AT 2 A RERE T IVICB W TIERRIEFIZ X > TEL 212
EAAFIHREL, TNEERKRETNVTROONLMHE X KT 5 Z & CRIMEREL MR L 72,

Fig. 2. 1. 3. 22131 )15 % ISk O FERKAILE T, WK IZE W TV TRD Nz BTN & 2B I
YA ETHONIHMERMIIBI 2T TH L, B, I TRLAFHTEHELZ, RHERIOR)FRIZE
LilwTwiawv, EARETFVORE, BRI IEFERGHRZRT, Ko X5 IZHEORETHROMNIRICIEZ S
T, WEIIE IS AR B AEIC NS 72 5 T\ b, Fig. 2. 1. 3. 231213 E B % £250.5, 0.0, -0.5,
-1 km [Z#EWT FEM TRO7RE, 2B omftt CRL), BEmMEERET IV (L 4H2HR)

Tilt Ratio (Yunono/Araso)

ro_ 9a’ AP (D+h)r 5)
4u (D+ h)2 + 1*2)5/2

—173—



G FETHA #5553 2008

TROIAAFL E EIR S & OBIR GR#Y) 2R fid L s o RE 2 ZE 3, ek FEM
WCEBRREIVOREL BB DS, BT EREBOMFILAL /10X ) /AL R D720121&, EHIHE
MF1km &) R LTNEL S WI LD FEM GHEF{RP DRSNS,

2.1.3.6 BHYIC

75 5 1 EERIZ18804F 20 H 19234 IZ T BHER T L T /28, 20k, KIIMHENLEH T LI LD L b D
D, FHHRIFELIREI BTV e —T, 2 OHIRFAED KT 5 7% EHSELALO KITEB25EFHE TH
o720 B - KA (1961) 13T & HISKOTEBN I B4R A CRRITREZ o TV B LI L T b ISk TIE
20014E10 A 26 H 2 5 KIPEBE 25BN S B X9 127% 0, ABFZEHIHICIIH T2 2 ENEETER$ 5 &
DL ERZEACDB S, TRBEEFEI2EE L7z, 2602 LTS 19004ERI 2O X 9 ZIHFEIHICA -
722 ERRLTVDDNH LN,

ARWEFERE T 1%, MAHBIEE B I IR X SRR B ICBE SR, jl3mE BHERIHEHINTW 5,
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