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Abstract

In order to investigate the magma accumulation process of Izu-Oshima Volcano in the eruption preparation period,
we conducted 14 relative microgravity surveys from 2004 to 2009. The gravity changes tend to decrease near the north-

ern margin of the summit caldera, and rates of negative gravity changes reached as much as 0.015 mgal/year. Assuming

the Mogi model, we estimated the pressure increase at a depth of 3.65 km with increasing volume of 7.6 x 10° m*/year,

which could account for the observed data. However, the uplift rate calculated with the estimated increasing volume

would be five times as large as the observed uplift rate by the GPS network, so these estimated parameters cannot ex-

plain both gravity changes and uplift changes simultaneously.

Izu-Oshima Island could be a volcano having an extraordinary magma accumulation system that cannot be ex-

pressed as a simple physical model. More accurate microgravity survey with the uplift observation should be conducted

in the future to clarify the magma accumulation system of this complicated volcano.
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O First order gravity station (GSI)

@ Bench mark and GPS-based control station (GSI)
B Bench mark (ERI)

A GPS station (MRI/JMA)

Small symbols indicate disused sites at present.
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Fig. I Distribution of the gravity stations on Izu-Oshima
Island. The large open circle denotes a reference station
of the microgravity survey. This station is named FGS
and is a first-order gravity station installed by the Geo-
graphical Survey Institute of Japan (GSI). Solid circles
denote bench marks and GPS-based control stations
(GSI). Solid squares indicate bench marks installed by
the Earthquake Research Institute, Tokyo University
(ERI). Solid triangles denote GPS stations installed by
the Meteorological Research Institute and the Japan
Meteorological Agency (MRI-JMA). Topographical
contour interval is 100 m.
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Table 1 Description of gravity stations. Stations with an asterisk are currently unused.
. Latitude Longitude Altitude
Site (deg min  sec) (deg min  sec) (m) Note
GSI-FGS 34 45 0.0 139 21 48.0 76.0 KEAUERT. XE—FEHA.
GSI-GOJINKACHAYA* 34 44 16.3 139 22 483 557  {HEHAERE
GSI-10210 34 47 1.0 139 23 310 80.2 HEHIIDE. —HKER
GSI-10212 34 47 8.0 139 24 408 24.7 SREMZIR. ZHKER
GSI-10214* 34 45 470 139 26 1.0 78.6 RERE. —FKER
GSI-10217 34 44  26.1 139 26 4.4 348.7 RiERE. —HKER
GSI-10220 34 42 32.3 139 26 11.3 321.7 EAR#RN. ZHKES
GSI-10224* 34 41 11.3 139 26 8.4 69.3 EXRF/IR ZFKER
GSI-10226 34 41 5.5 139 24 14.5 29.5 EXRhT—/— ZHKESR
GSI-10228* 34 42 2.1 139 22 39.4 58.7 B EIL. ZHKER
GSI-10231* 34 43 482 139 21 14.5 13.56  FriE —HKER
GSI-10233 34 45 282 139 21 28.0 409 TETROE. —FKEHL
GSI-93051 34 47 4.2 139 22 52.6 97.4 HEHER BFRERIKE1)
GSI-93055 34 41 12.0 139 26 0.5 75.9 EAMH/R. BEFEERIKE2]
GSI-960594 34 45 41.2 139 26 2.5 100.8 REZEBRE BFEERIKES]
GSI-960595 34 44 15.4 139 21 30.9 46.9 TETER EFEERIKS4]
ERI-ONSENHOTEL 34 45 12.8 139 24 10.5 498.4 BRKRTIL
ERI-01003 34 45 275 139 23 393 440.5 &@H
ERI-01004 34 45 370 139 23 0.0 300.2 KAl
ERI-MK* 34 43 444 139 23 275 672.0 Z=ELXOHK
MRI-G01 34 46  54.0 139 21  18.2 19 TdEoil). GPSE#E M. 2009/2M5G010EEHE.
MRI-GO1lo* 34 46 429 139 21 16.0 25 T#4THHmI). GPSHREYIRL &
MRI-G02 34 46 285 139 24 9.0 224  [BTHJ. GPSEHTMR. 2005/3M G020 EHE.
MRI-G020* 34 46 9.9 139 24 15.5 270  TuRBETKM ). GPS#EYERLR
MRI-G03 34 45 587 139 22 26.9 188  TIHAMEAT). GPSE#t s (JMA)
MRI-G04 34 44 50.1 139 26 0.0 328 TEILIRDE]. GPSERYUERLR
MRI-G05 34 44 394 139 24 19.6 481  TEAMEILE]. GPSE#TMA. 2008/TH5G050%EHE.
MRI-G050* 34 44 398 139 24 19.1 480 IEEEILER]. GPSEYIRL R
MRI-GO07 34 44 167 139 22 49.7 558  TEHIMAZRE] GPSERER (JMA)
MRI-G09 34 44  21.7 139 25 12.7 439 TERER ). GPSERTM. 2008/7H5G09EZEE.
MRI-G090o* 34 44 226 139 25 10.0 437 TERBIEER]. GPSEYERLR
MRI-G10 34 44 7.6 139 24 204 535  TH#ifsILdt]). GPS:E#E R
MRI-G11 34 43 15.4 139 25 40.2 403 TERHERKM. GPSERR
MRI-G12 34 43 15.0 139 24  25.0 686 TAALL. GPSEREH. 2008/TM5G12054 K E.
MRI-G120* 34 43 19.3 139 24 283 662 AR GPSHEYIRL &
MRI-G13 34 42 272 139 22 52.5 180  TREK#EL. GPSHRYIRL SR
MRI-G14 34 42 453 139 24 464 615 TZFILUVORTAC]. GPSE#T M. 2007/7TMSG140EEE.
MRI-G140* 34 42 279 139 25 6.6 415  TZ=Fl). GPSREYERLA
MRI-G15 34 42 7.9 139 22 11.9 32 TH7i%). GPSE#im
MRI-G16 34 42 8.3 139 26 352 37 T#E)] GPS#EYIRLE
MRI-G17 34 41 12.0 139 25  26.7 42 TZEAR#1]. GPSEHE R (JMA)
MRI-G18 34 44 465 139 23 308 555  [lfgifm]. GPSE#TM
MRI-G19 34 44 101 139 23 127 553  TAm]. GPSE#im. 2005/10A G190 E XK HE.
MRI-G190* 34 44 11.9 139 23 10.8 548  TRMIE). GPSHRYERLA
MRI-G20 34 43 41.0 139 23 248 675 =Rt ]. GPSEHEM. 2009/2AHERI-MKEZE .
MRI-G21 34 43 31.2 139 23 279 703 TZIR#L). GPSERER
MRI-G22 34 43 276 139 23 451 702 T=ZJRAFLFEI. GPSE#A
MRI-G23 34 43  41.7 139 23 574 733 T&IAIE). GPSERER
MRI-G24 34 44 219 139 23 46.5 531 IBXXOAH]. GPSE#isms
MRI-G25 34 44 18.5 139 22 52.1 557  THMAKEEES ] GPSHEYIRLR
MRI-G26 34 47 219 139 23 2838 3.3 TEMEE] GPSE#iR
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Table 2 History of microgravity surveys.

Vol. 61

Date Route Nun}ber of Turning point Instrument Observer

stations
2004/3/30 Southern coast 11 10220 D109, CG3 A.Takagi, K.Fukui
2004/3/31 Inland 12 GOJINKACHAYA D109, CG3 A.Takagi, K.Fukui
2004/4/1 Northern coast 9 10220 D109, CG3 A.Takagi, K.Fukui
2004/7/27 Southern coast 16 GOJINKACHAYA D109, CG3 A.Takagi, K.Fujiwara, T.Yamamoto
2004/7/28 Circuit along the coast 10 D109, CG3 A.Takagi, K.Fujiwara, T.Yamamoto
2004/11/9 Inland 13 GOJINKACHAYA D109, CG3 A.Takagi, K.Fujiwara
2004/11/10 Southern coast 14 G04 D109, CG3 A.Takagi, K.Fujiwara
2004/11/11 Northern coast 7 G04 D109, CG3 A.Takagi, K.Fujiwara
2005/3/9 Northern coast 8 G09 D109, CG3 A.Takagi, K.Fujiwara
2005/3/10 Inland 9 GOJINKACHAYA D109, CG3 A.Takagi, K.Fujiwara
2005/3/11 Southern coast 4 G16 D109, CG3 A.Takagi, K.Fujiwara
2005/10/25  Inland 8 GOJINKACHAYA D109, CG3 A.Takagi, K.Fukui
2005/10/26  Southern coast 9 G11 D109, CG3 A.Takagi, K.Fukui
2005/10/27  Northern coast 10 G11 D109, CG3 A.Takagi, K.Fukui
2006/7/11 Northern coast 5 G04 D109, CG3 A.Takagi, H.Yamasato, H.Kuroki
2006/7/12 Southern coast 10 G04 D109, CG3 A.Takagi, H.Yamasato, H.Kuroki
2006/7/13 Climbing 11 GOJINKACHAYA D109, CG3 A.Takagi, H.Yamasato, H.Kuroki
2006/7/14 Caldera area 6 GOJINKACHAYA D109, CG3 A.Takagi, H.Yamasato
2007/3/16 Northern coast 7 960594 D109, CG3 A.Takagi, K.Fukui
2007/3/19 Southern coast 13 960594 D109, CG3 A.Takagi, T.Sakai
2007/3/22 Caldera area 7 GOJINKACHAYA D109, CG3 A.Takagi, T.Sakai
2007/7/23 Climbing 6 GOJINKACHAYA D109, CG3 A.Takagi, S.Ando
2007/7/24 Southern coast 12 G14 D109, CG3 A.Takagi, S.Ando
2007/7/25 Caldera area 8 GOJINKACHAYA D109, CG3 A.Takagi, S.Ando
2007/7/26 Northern coast 10 G14 D109, CG3 A.Takagi, S.Ando
2007/12/11 Southern coast 7 G14 D109, CG3 A.Takagi, K.Fukui
2007/12/16  Northern coast 11 G14 CG3 A.Takagi, K.Fukui
2007/12/19  Climbing 7 GOJINKACHAYA D109, CG3 A.Takagi, K.Fukui
2008/2/24 Southern coast 9 G14 D109, CG3 A.Takagi, H.Yamasato
2008/2/25 Northern coast 7 G14 D109, CG3 A.Takagi, H.Yamasato
2008/2/26 Climbing 8 GOJINKACHAYA CG3 A.Takagi, H.Yamasato
2008/7/25 Caldera area 7 GOJINKACHAYA D109, CG3, CG5 A.Takagi, H.Yamasato
2008/7/26 Southern coast 8 G14 D109, CG3, CG5 A.Takagi, H.Yamasato
2008/7/27 Northern coast 8 G14 D109, CG3, CG5 A.Takagi, H.Yamasato
2008/7/28 Climbing 8 GOJINKACHAYA D109, CG3, CG5 A.Takagi, H.Yamasato
2008/11/13  Southern coast 8 G14 D109, CG3, CG5 A.Takagi, K.Fukui
2008/11/14  Caldera area 8 G07 D109, CG3, CG5 A.Takagi, K.Fukui
2008/11/15  Northern coast 10 G14 D109, CG3, CG5 A.Takagi, K.Fukui
2008/11/16  Climbing 9 G07 D109, CG3, CG5 A.Takagi, K.Fukui
2009/2/20 Special round trips 3 G01 D109, CG3, CG5 A.Takagi, S.Ando
2009/2/21 Mt.Mihara 6 G07 D109, CG3, CG5 A.Takagi, S.Ando
2009/2/22 Caldera area 8 G07 CG3, CG5 A.Takagi, S.Ando
2009/2/23 Northern coast 6 G14 D109, CG5 A.Takagi, S.Ando
2009/2/24 Inland 8 G07 D109, CG3, CG5 A.Takagi, K.Fukui, S.Ando
2009/2/26 Climbing 6 G14 D109, CG3, CG5 A.Takagi, K.Fukui, S.Ando
2009/6/21 Mt.Mihara 7 GO7 D109, CG3, CG5 A.Takagi, K.Fukui, T.Shimbori
2009/6/22 Southern coast 8 G14 D109, CG3 A.Takagi, K.Fukui, T.Shimbori
2009/6/23 Northern coast 8 G14 D109, CG5 A.Takagi, K.Fukui, T.Shimbori
2009/6/26 Caldera area 9 GO7 D109, CG5 A.Takagi, K.Fukui, T.Shimbori
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Fig. 2 Measuring microgravity with gravity meters at G22 on
Mt. Miharayama, on January 14, 2006.
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Table 3 Averaged gravity change rates with Std. Error (15) at the major stations except stations on and around Mt. Miharayama,

referenced to FGS.

Total number Averaged gravity changes

Site Initial survey Last survey of measurements with Std. Error (1 O') [mgal/Year]
GSI-FGS 2004/3/31 2009/ 6/26 96 0.0000
GSI-GOJINKACHAYA 2004/3/31 2008/ 7/28 11 -0.0057 £ 0.0117
GSI-93051 2005/3/9 2009/ 6/23 7 -0.0021 % 0.0041
GSI-93055 2005/10/26 2009/ 2/26 7 0.0097 %= 0.0073
GSI-960594 2004/11/11 2009/ 6/23 11 -0.0019 £ 0.0029
GSI-960595 2005/10/26 2009/ 6/26 14 -0.0004 % 0.0035
ERI-ONSENHOTEL 2005/10/25 2009/ 6/21 10 -0.0152 % 0.0055
ERI-01003 2004/7/27 2009/ 6/21 7 -0.0086 % 0.0061
ERI-01004 2004/7/27 2009/ 2/24 5 -0.0067 £ 0.0026
MRI-GO1lo 2004/11/11 2009/ 2/20 5 0.0053 £ 0.0034
MRI-G02 2005/10/27 2008/11/15 5 -0.0150 %= 0.0078
MRI-GO03 2004/11/9 2009/ 6/21 8 -0.0061 £ 0.0043
MRI-G04 2004/11/10 2009/ 2/22 8 -0.0050 £ 0.0059
MRI-G11 2004/11/10 2009/ 6/23 11 -0.0101 £ 0.0062
MRI-G15 2005/3/11 2009/ 2/26 9 -0.0004 % 0.0074
MRI-G16 2005/3/11 2009/ 6/23 7 0.0105 = 0.0080
MRI-G17 2005/3/11 2009/ 2/26 9 0.0056 %= 0.0082
MRI-G18 2004/7/27 2009/ 6/21 9 -0.0128 %= 0.0071
MRI-G26 2004/11/11 2009/ 6/23 9 0.0021 £ 0.0035
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Fig. 5 Estimated pressure source based on the Mogi model us- 0 5
ing gravity change rates referenced to FGS. An asterisk 34.65°
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shadowed and hatched area indicates the error distribu-
tion of the estimated source with 1o standard deviation.
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Fig. 6 Estimated pressure source based on the Mogi model
using gravity change rates referenced to FGS. An aster-
isk denotes an estimated source at a depth of 3.65 km.
Colored circles indicate observed gravity change rates
according to the color palette. Color distribution on the
land surface represents the calculated gravity change
rate with estimated source parameters.
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Fig. 8 Temporal altitude change at ONSENHOTEL station ref-
erenced to FGS by GPS observation. Averaged altitude
change rate is 0.021 m/year.
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