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Synopsis

Relative gravity values were repeatedly measured at 20 gravity points in and around
Sakurajima Volcano in October 2022 and February-March 2023, to monitor
spatiotemporal mass variations associated with volcanic activity. The gravity values
obtained from 1998 to 2023 showed a clear increase of up to +4.3 pGal/yr in the central
part of the volcano. The gravity increase can be explained by the point mass increase of
8 x 10° kg/yr under the center of the volcano at a depth of 3.5 km below sea level. This
result implies that volcanic mass continuously increases under Sakurajima Volcano, even
during the quiet period of eruptive activities at the Minami-dake crater.
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Fig. 1 Gravity points in and around Sakurajima Volcano. Green circles and red triangles indicate the gravity points
and Minami-dake Crater, respectively. (a) The regional map around Sakurajima Volcano. A pink star, a red rectangle
and a dashed line indicate the location of the weather station at Kagoshima Local Meteorological Observatory

(KLMO), the area of the (b)’s panel and the boundary between Kagoshima and Miyazaki Prefectures, respectively.
(b) The topographic map of Sakurajima Volcano, contoured every 100 m altitude. The topographic data was provided

by Geospatial Information Authority of Japan.
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Table 1 Gravity values measured in and around Sakurajima Volcano in October 2022 and February-March 2023

(unit: mGal). The “Dial Value” line indicates the reading value at the SVOG’s gravity point in mGal.

Year/Month 2022/10 2022/10 2022/10 2022/10 2022/10 2023/02-03
Gravimeter G31 G534 G605 G680 G791 G534
Observer Oshima Oyanagi Yamamoto Kazama Okada Kazama
Dial Value 3046.1 2948.9 2814.3 3003.6 3047.6 2946.3
SVOG 0.000 0.000 0.000 0.000 0.000 0.000
S16 +6.146 +6.127 +6.141 +6.153 +6.129 +6.121
S26 —11.491 —11.503 —11.521 —11.548 —11.490 —11.504
S29 —33.434 —33.455 —33.455 —33.441 —33.461
S37 —15.471 —15.492 —15.475 —15.526 —15.475 —15.480
S8 —15.332 —15.344 —15.310 —15.325 —15.328
BMSVO —89.122 —89.118 —89.115 —89.073 —89.129
HARG —89.281 —89.273 —89.270 —89.309 —89.239 —89.284
S202 —60.737 —60.736 —60.741 —60.714 —60.740
S206 —29.832 —29.809 —29.813 —29.822 —29.799 —29.819
S110 —114.005 —114.020 —114.056 —113.984
S110' —113.934 —113.941 —113.963 —113.916
ARIGI10 —14.096 —-14.119 —14.086 —14.149 —14.096 —14.107
SK04g —76.240 —76.268 —76.293 —76.235 -76.272
S423 —141.554 —141.571 —141.632 —141.544 —141.571
KOMG —37.230 —37.221 —37.189 —37.230
K9 +19.575 +19.523 +19.588 +19.560 +19.537
BM2789 —34.220 —34.267 —34.210 —34.234
Tanaki —39.000
950482A —18.360 —18.380 —18.330 —18.338 —18.357

BMSVO (+2.8 + 0.8 uGallyr)  S110 (+4.3 + 1.0 uGallyr)
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Fig. 2 Symbols and thick gray lines indicate the measured gravity values relative to the SVOG’s reference gravity
point and the regression lines to the observed gravity values, respectively. The panels of (a) and (b) show the gravity

variations at the BMSVO and S110 gravity points, respectively.
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Fig. 3 Blue arrows and black ellipses indicate the observed gravity variation rates relative to SVOG during 1998 -

2023 and those standard deviations, respectively. Red arrows indicate the calculated gravity variation rates due to the

point mass source located under the center of the volcano (the red circle).



b HHGREBICE I IR EELSE, FO®OE
JEEFE A BB R R E O WEEL T 3.9 kmiZ 31T 5 4.45 X
1010 kg/yrO BN & - THBL LZ. FEEE, K
8T B AL 19984F LAKE o T ) e 22 [ 25k (Fig. 30D
HER) IZONWTY, BEFREOMEHK F3.5kmic
8x10° kg/yrOE B MAERET 52 £ TLSHE
T % (Fig. 30ORIITEBLEFRONME L, REK
FlZZ 0BEEEBPOHEINSIENLLETKL
TW5) . Mg & R L 22 WVEEH IO K &
LT, Bl kEN~ <M iy 2~ 7
~ D EHN (e.g., Shinohara, 2008) 23EE 4TV
L. SHMEBEETOEEMINE EEMICITREL, 2
DG BHEIMOBER ZfFH L T L Zoi2iE, AwfgE
DOEXIEIEZ M Len s, TOBENT—F %
KIWA A7 EOKILEIHT — 4 (e.g., Shinohara et al.,
2020) LHIRTHZENRRAXRTHD.

6. F&H

2 1320224210 A £ 202342~3 B 12 K L&
CHEXSEAHIE & FE i L, SVOGEEYE STk 5 #19
B OGS EELHRE L. £72, 19984-~2023
FORNBRELEELHRE L2 A, BEPR
T Z O AR B K +4.3 uGal/yrod 5 77 B0 A3 814
ENTWDHZ ENGMhoTz. ZOENEINZ AT
D70~ I~ E D OREERIAE S HidkZs g8
I TEATSTHY, BERREOWES F3.5 km
T2 BT %558 x 102 kg/yrd (Mg 2B % £EH 72
Wk o) HEMINLETHDS. ZOEEEMO
JRERNZIE AT A~ 7~ ORI EomR 7 et
ANEEEND DT, A%ITHEITNGE & ke L
7R OO K LB T — & 2 WV TR kLR B &
MBS 2 2 LD RAIRTHD.

B

20224 FE O E TIEFRI ORI - ARERK - /)
IR - T8 LEEKIZ, 38X U20234E 0 flE T
NIRAEKR (WTFR b FRHERFZFEAE) ITH AW
T2 12N T2, ARAFZE O — E i mUER K 2R B S 5 Y — %
HFEBFSE (GREHR 52022G-08) , 3L OCEREI A
[ 55  DEESRL I E RN 5 72 3 o0 U K I LA 5 5T
H (5E2R) | O EZITTEITEINE. AFoK
IIHEW Y 7 FGMT (Wessel and Smith, 1998) % fu»
THERR L7=. BLE, Z ZIZi LW LET.

Z& Xk

HOEAN-FEZE &5 (2010): #5EF0k O

KOBNZ DWT, TEBRF B KA FEFT 4R, 5
53B%, pp. 233-240
FFEFNBL - BEILSR - BN - ME)A— (1986): B4
BLOEWRBBEICERT 5 EHORENE, %5
Ml 42 oy 1L D B A s S8, pp. 33-40.
RPN - B R - IUARES - REOL - B -
B MR - FEOIEA (2019): #: 0 3K UK 5 /8L
TH S 27 o T BER K LT 31T 2 19904 £ BA K
O E AR ZERI AL, B AR ER SR B 525 4 20194F
%, No. SVC38-P38.
RHIF (2021): #: 0 R LFEXEDET — &% 2 v
72 19754F ~19924F (2 51 D AL B K I N o0 B B
M7 a2 2O, AR TR 5P F 5 BHE
L:FR 3L, 44 pp.
A - UARES - EHE— - FFOEA (2014):48
K ET — ZITKET 2 BEKIERLAH IE O E M S
Kbz pl, JHFeEE, #5604, 25, pp. 73-89.
U A BEERIE - AR ED - N IEAN - @ EE—
(2016): 201548 A 15 H B¢ I 9k A~ b KfIZ CG-
3MEE J F CHEL S Av 7= FH st B D 38 L OMELR} o e
HyZ2 R ZE (b, ki, 2561, 45, pp. 593-604.
EM A - [WARES - SFREM - KEILE - §i)llFE
S - AN - FEHERE - OIEAN (2018): BLE K
Wz 240 & LA E S #EIE (2017455 H ~
201842 1), JLHN KB5S ICET A, Z561B%5, pp.
330-336
RV EL{~ (2022): LaCoste & Romberg™! & /) & % v
7o ESINGEE OFXHE. FAEKE LN E®R ) R
¥ kU, 15 pp.
RV AT - SRR « IUARET - W EfIR - REILE -
Ve d&aE - JEOIEA (2022): BEEKILNZEIT BHEY
I U AE B D HIE (20214510 A 38 X (8202243 ),
TR R B AT JE T4 4R, S65B, pp. 67-76.
K[RRIT (2023): BEDRLET — X HiFE, hitps:/iwww.
data.jma.go.jp/obd/stats/etrn/index.php.
MIEEH (1977): FEFBORFHERL ZH 5 5%
RET N EZNICE S BEHEN, FOXKFHED
JEAT R, #5234, 275, pp. 301-309
IR - FERIE— - AR - BREM TR SRS
(2010): KUK 2> B R 72 20084 0 £ 5 HE Fri ok 10 o 7
IGENEFE. kL, 55554, 15, pp. 21-39.
WAET - @ L - AL - RETOE - #i)1E
S HEARE N - WHESA - JJIH (1998): B4 E X
DI R AT Z @B 5 EHE, mERE
B SEBFIEAT A, H541B-13%, pp. 153-160.
AR S - RELLE - BONFEOE « KU - 5 H S E -
KASAEN - B BEE - ST — - RS - 95T -
JEH A (2014): BEE B L O IR S ELICB T
LREEEEIE (2013410 B L OM1H), BBk



HNZ 3 5 S 1H B BN F -5 < S lmg K a7
fift B 0 7= 3 OJF 42 20134F £ #5 , No. 09.

Hotta, K., Iguchi, M. and Tameguri, T. (2016): Rapid dike
intrusion into Sakurajima volcano on August 15, 2015,
as detected by multi-parameter ground deforma- tion
observations, Earth Planets Space, Vol. 68, No. 68.

Kazama, T., Okubo, S., Sugano, T., Matsumoto, S., Sun,
W., Tanaka, Y. and Koyama, E. (2015): Absolute gravity
change associated with magma mass movement in the
conduit of Asama Volcano (Central Japan), revealed by
physical modeling of hydrological gravity disturbances,
J. Geophys. Res. Solid Earth, Vol. 120, pp. 1263-1287.

Morishita, Y., Kobayashi, T. and Yarai, H. (2016): Three-
dimensional deformation mapping of a dike intrusion
event in Sakurajima in 2015 by exploiting the right- and
left-looking ALOS-2 InSAR, Geophys. Res. Lett., Vol.
43, pp. 4197-4204.

Shinohara, H. (2008): Excess degassing from volcanoes
and its role on eruptive and intrusive activity, Rev.
Geophys., Vol. 46, No. RG4005.

Shinohara, H., Kazahaya, R., Ohminato, T., Kaneko, T.,
Tsunogai, U. and Morita, M. (2020): Variation of
volcanic gas composition at a poorly accessible volcano:
Sakurajima, Japan, J. Volcanol. Geotherm. Res., Vol.
407, No. 107098.

Takayama, H. and Yoshida, A. (2007): Crustal defor-

mation in Kyushu derived from GEONET data, J.
Geophys. Res., Vol. 112, No. B06413.

Wessel, P. and Smith, W.H. F. (1998), New, improved
version of generic mapping tools released, Eos, Trans.
Am. Geophys. Union, Vol. 79, No. 47, pp. 579-579.

fF &% 1

10 H OFXFE DRPE TIL, FIFI19EFTOES)
HTHEEZFEmRL TWD. ZOEAEOTITEM S
QQ022)D A FRIZFLE SN TN B,

X 51Z20224F10H 27 H OJE T, [H PR —
A2k YE L BM2789 D F 3T |2 B /) /5 Tanaki % #ra% L 7-.
ZAVIZBM2789 D SR 72 B 3% < BE AR D W REE A 4R
E L0 TH 5. BM2789ITBL Bim 7 O E SRS
ELTHLNDZELHDHDOT, ORI TR
W 72 B I E O M & 8 4T, 4 [EIE ) 8 Tanaki
Wk U=, D Tanakil3fE I B R &R o FiA
AREEOHHMNICH VD, G534BE AT L DRE DR
FIXFig. 4IZ " T8V ThH 5.

A% ABIFE T, KUESBM2789 TOHIEMN ATHET
HDRY BEOHEZM L, €D L TGS348E )i
IV TIXE J S Tanaki CORE b BEEKT 5.
t LBM2789 CTOMIEN TE 2 o = HAITIT,
Tanakiz bk & LCTRIAHT 22 & T, Zofilkic
BIAMHMBENAEEMEIE LI TETHD.

Q! YN
L 1 o = ) ) los® e

—

BM2789|"

\ Y
X wtj
s —
_ 0,

Fig. 4 The left map shows the positions of two gravity points, BM2789 and Tanaki, located in Soo City, Kagoshima

Prefecture. The map was derived from the website of Geospatial Information Authority of Japan. Right pictures show

the relative gravity measurement by the LaCoste-G534 gravimeter at the Tanaki gravity point on October 27, 2022.
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D MU E Y BN N U 7 N, E TR
WHEYENAT v 7ELBETH D, ks, BT —
& OMEBIT160E (TEHESH + 1 8MH) , RE1/ T A —
Z—OEEIL 12 (EHRB8RH DD A 1X8{H
+ZOMDRT A =L — 4Al) THD.

Table 2IEAFIETHEAE I N K BEOMBTH 5.
TS EBHAT v 7B EILE = +179.8 pGal
ThY, ZHEFBGHIMENFESERIZT T A )N
ICREL VY LIz LTI THD. Fiz,
FERICESBMOEM KY 7 F#EED =-323
uGal/hr & FHHE SN 7= 0T, FHUCHE H 20 R Fi g
75 {ki%abs(E/D) = 5.57 hr TR T 25 & D L E T
5.

AWFFETIE, G791E J)FFT20224:10H 25 H IZHIE
SNT-FAXIEAE L L CTable 20EAMH L=, %
O ET, BIBICHIE S - MxTEESS, @ OMR
WTHONTMHMEINEEZSZRT L2 LT, GT91E
et O E AR 2 fB % B I & L CTable 1 %4572,

T &% 3

AT DOEME 7 7 A /v GravityData.zipld, £ 8K LIz
B 2022 FEDARK B E T — Z & € OFFHTHE
REKM L TV 5D. GravityData.zipNE D 7 4 L X 1
#EIL yyyymm/Gxxx/aaa & 72> TEY, 74V F 4
DOFMIILL TOEY TH 5.

Table 2 The modeled parameters for the relative gravity data measured with
the LaCoste-G791 gravimeter on October 25, 2022.

Parameter Point Unit Modeled Relative

A; (Gravity value) SVOG mGal 3100.395 0.000

S16 mGal 3106.515 +6.120

S206 m@Gal 3070.574 —29.821

S202 m@Gal 3039.656 —60.739

HARG mGal 3011.130 —89.266

BMSVO mGal 3011.285 —89.110

S110 mGal 2986.389 —114.006

S110° mGal 2986.458 —113.937
B (Drift) mGal/hr +0.002588
C (Tare) mGal +0.000580
D (Additional drift) mGal/hr —0.032313
E (Additional tare) mGal +0.179864
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® yyyymm: HIEHFEH ZBHT D6 0T K
DA IT1E202210 £ 2023028 W H2DD 7 )b
AMELEINTND.

® Gxxx: HAFtORERF L ERT 243CF. FH
WA DE TRKRSEO 7 + L4 (G031, G534,
G605, G680, GTON N E SN TV 5.

® aaa: obsE 7= idcal. obsiZHIET —HFHDO 7 %L
&, calIfNTRERA O 7 + VX Th B.

obs7 + /L HANITIE, BREHFIZL- T £& 0

BNIZHET —ZPMEED 7 7 A4 VA4 THRHSHT

Wb, ZOT77AMETHFRMERIZR>TNT,

FENRICBTHMEFEA B - FHUE - 25005 D 1Z

D>, WV FEAT I N T2 45 B D R DR - RS, FElt

BAENEICERT - 0OLHBEE f(x) BNitH

SHTWVD.

cal 7 4 LV Z WITIXHIE T — &% OfHTs RBMEE O
Ty ANVATRINSNTEY, ZoMbrizilEs A
Bl TERENTEZLDTHD. ZDT7 7A11T
TF A MERITR > TWT, FHEE—ESEDZE -
FEM AR IE - I E - B8 N U 7 MEIE O RS,
BACH e MR E AT I TV 5. ARTIL,
T DFRATHE FAC R S T B A KR S % Table 1
ELTRLTWDD, H2FAICEEOMEHE
DHE & TN D E S SISOV TR 7 5 o0
Y & Table 1128 LTW5D. 72235, 20224810H25H
IZGTI CTHU SN BT — & ARk 0 F ik
THEMNT L CE Y, GravityData.zipPNIZ (3482 D fEAT
FREZRML TV ARVND THEELZETS.

(X =ZHEH : 202348A318)
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