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Synopsis

Relative gravity values were measured at 19 gravity points in and around Sakurajima
Volcano in May, July, September and October 2017, and February 2018, to monitor
spatiotemporal mass variations associated with volcanism. The gravity values observed
from 2006 to 2018 showed a clear increase in the central part of the volcano by up to
+6.3 uGallyr. The gravity increase suggests the existence of mass increase under the
central Sakurajima without volume inflation, because the gravity increase cannot be
fully explained by the ground subsidence which have been measured with leveling
surveys. The mass increase value is calculated to be about 1-3 x 100 kg/yr, assuming
that the point mass is located just under the S423 gravity point at the depth of 3-5 km
below sea level. In order to more precisely model the mass increase and its
spatiotemporal variation, the effects of hydrology and crustal deformation should be
corrected from the observed gravity data.
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Fig. 1 Gravity points in and around Sakurajima
Volcano (green circles). In the top panel, a pink star
and a dashed line indicate Kagoshima Local Meteo-
rological Observatory (KLMO) and the boundary of
Kagoshima and Miyazaki Prefectures, respectively.
The red rectangle also indicates the area of the
bottom panel. In the bottom panel, the topography
of Sakurajima Volcano, provided by Geospatial
Information Authority of Japan, are colored every
100 m altitude. Two red triangles indicate two
active crater, Minami-dake Crater (left) and Showa
Crater (right).
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Table 1 Gravity values measured in and around Sakurajima Volcano on 23-27 October 2017

Sensor G31 G375 G605 G680 G791 G892
Observer Ohshima Macekawa Hirayoshi Kazama Okada Yamamoto
SVOG 0.000 0.000 0.000 0.000 0.000 0.000
S16 6.151 6.139 6.111 6.128 6.141 6.126
S26 -11.489 -11.504 -11.511 -11.491 -11.480 -11.508
S29 -33.432 -33.445 -33.444 -33.434 -33.415 -33.428
S37 -15.486 -15.485 -15.491 -15.487 -15.479 -15.491
S8 -15.337 -15.316 -15.313 -15.336 -15.324 -15.319
BMSVO -89.120 -89.086 -89.176 -89.111 -89.097 -89.082
HARG -89.279 -89.238 -89.334 -89.280 -89.248 -89.224
5202 -60.729 -60.700 -60.808 -60.740 -60.748 -60.727
S206 -29.827 -29.788 -29.822 -29.804 -29.807 -29.800
S110 -114.003 n/a -114.099 -114.032 -113.971 -113.964
S110' -113.932 n/a n/a -113.956 -113.921 -113.909
ARIG10 -14.108 -14.112 -14.145 -14.104 -14.098 -14.120
SK04g -76.258 -76.256 -76.284 -76.269 -76.232 -76.245
S423 -141.552 -141.546 -141.642 -141.584 -141.535 -141.494
KOMG n/a -37.214 -37.263 n/a -37.208 -37.190
K9 19.582 19.545 19.531 19.535 19.557 19.533
BM2789 -34.218 -34.240 -34.249 -34.260 -34.189 -34.192
950482A -18.338 -18.357 -18.391 -18.420 -18.331 -18.351

Table 2 Gravity values measured in Sakurajima Volcano in May, July and September 2017, and February 2018. The

observer names of Kazama, Hirayoshi and Yamamoto are abbreviated as K, H and Y, respectively.

Year 2017 2017 2017 2018 2017 2018 2017 2017 2018
Month 5 7 9 2 7 2 5 9 2
Day 30 10 1 23 10 27 30 1 23,27
Sensor G605 G605 G605 G605 G680 G680 G892 G892 G892
Observer K K H H K K Y Y Y
SVOG 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
S16 6.145 6.138 6.128 6.150 6.137 6.116 6.138 6.118 6.140
S26 n/a n/a n/a n/a n/a  -11.505 n/a n/a  -11.500
BMSVO -89.119  -89.128 -89.164 -89.212| -89.128  -89.141| -89.092 -89.086 -89.099
HARG -89.280  -89.292 n/a  -89.361| -89.278  -89.290| -89.243 n/a  -89.231
S202 n/a n/a n/a  -60.824 n/a n/a n/a n/a -60.716
S206 -29.816  -29.829  -29.820 -29.866| -29.809 -29.829| -29.790 -29.788  -29.803
ARIG10 -14.076  -14.085 -14.106 -14.136| -14.128 -14.114| -14.116 -14.089 -14.087
KOMG n/a n/a n/a n/a n/a  -37.259 n/a n/a  -37.187
ER b ITENFHZLICRR DB LR OWRELS & ITEAFHEMRHCIRG Sh D2 AR L2 AV TiTbh

5. 0o, b %t LaCoste i A% E )

iz

B3,

Z DR T OLEHELIT AR ORFESH IS

PrRAXPNESNATEY, EARMICBT 52
FORIEERET 2 Z LIT L > THIERIZED
ZEERETLILNTED. "XRSENEOLH

F£EUN0.01 %D HAL TEIBIAICHEBIZ (b4 25 2 & N5
BNTWVWD. 2FV, BMEBOTHEMEL LN
FETWDHE, RIUEARBTEARE LZIZH )

— 332 —



Mo bd, FEIFOEIEIZ0.01 %HAL DT I
U DHREMEN S 5. HFIZ, TE OIS
DREL B EHAMERENET 2EAICKE
<7, FlZIE, BEEZE1000 mod2 a5 R AR % 8 ) )
Ex R L6, 7 —7 —Whik-0.2 mGal/m% i &
T 5 & ESFEIF-200mGal L 2%, ZD L&, BHE
BLOFTHICHED BEHEOHEMA TS 7 < L H200
mGal X 0.01 % =20 pGal & 72 ¥, FHxt & )G OB
E (~10uGal) ZBACLEIDOTHD.

B ER DTN D BIEO I % FoMeT

DT, MextEEAREE T 2 2R M 2 EERE L,

BWMEBOTNOE (Ar—1W7 77 ¥—) &H§
WHEHLTBMERHD. LLENL, Ar—
NT 77 A —OREBIIETOE G THEIITDbHh
TWbHbIFTIEHRL, FHZE L2200 E) S TH
WA B APEN 2 SN TW D61 S IEFIT D70,
Z Z TR T, RWOUARE b NEHFHTE
R DEERETDLERETDH. 2F0, HEIF )
DA by EELS L, BA 4 IS ZOEAFHCH
ESNTZENE g;j BUTOLIITRIATES.

9ij = at; + b; 2)

2ENFHCL 2 2HB O ENREMBOMEL (0F
DK OME) & N, BLXOENFHOMEEE J &7
HE, REINRTA—F—DFIL J+1 HERY, N>
J+1 O ETRNZREIZL > TRIMANT A =4
—HEMRL ZENTE DL, RFFRETIFUL LD X 57 dy
BT, K EIEITE T H20064E~20184E2 H O E S1#%
FELAGEE a ZHH L.

2k, ERoOBEHAFEICBNTE, £#EHEO X

BMSVO (3.6 + 1.3 uGal/yr)

=T 77 Z—R G (20064 ~20184F2
H) TEALRNWZEZEELTWD., £, BE
WIFENEHE a ICHIWRAEDFET D0, b
DEEWFENZHARTIHEFI NSO TERL TN D.
SV S Db, eGP o> 2L EE 2310 pGal/yr
KW THDHZEND, a DLHRBZEITI0 uGal/yr X
0.01 % = 1 nGal/yrf2 £ &, fHXTE JIFHOBRIRE (~
10 pGal) IZHA_THS/PIENLHTHD.

4. 2006F LIEORFHNLTENRERMEL

4.1 BMSVOEH K US423DE AR ZEE

20064 LLREIZBMSVO (BB O~ L & LTE E
P E408 m) & S423 (B AL T /K HEIAR O i =i M
HEE609 m) THIE SN 7SVOGHEHED M E /il %
FLEIC, BLXORIED HETHE LN ERELL
% B KR CFig. 21CR 1. ek Z o FITiE, 2017
HEFE B I RE & FEME L 72G31 - G375 - G605 - G680 -
G791 - G892 T — & Mz, 20174 LLRiTIZ FH S
TE S FE i S 72 G682 - G891 - G1090D T — & HoR L
Tho.

X IR (20064E~20184F2 ) OEEIZEHL S
DEHNETHLERFLTEY, EAELEELLOE
DIEHENF 72 1TBMSVO T3.6+ 1.3 pGal/yr, S4237T6.3
+2.5uGal/yrTh 5.

Fo, KFENDHTHE SN EEIXENFERE
ol E LTRSS uGaliE 520 T 5. Z OJFIA
ELTHE, BRI OB A EELLS EABNEICE
nNTWszZeEnE2ZLND (AR S, 2014 ; Kazama
et al.,, 2015) . fl%1¥, BMSVOTIZ20094E10H O E
FMEDS ML DAEIZ TS50 pGalfRE /&L o T

S423 (6.3 + 2.5 uGallyr)

200

Gravity [uGal]

5]
o

200
G31

G375
G605
G680
G682

150

100

Gravity [uGal]

- 50

0 T T T
2006 2008 2010 2012 2014 2016 2018
Year

2006 2008 2010 2012 2014 2016 2018
Year

Fig. 2 Circles and thick solid lines indicate the observed gravity values relative to SVOG and the regression lines to

the observed gravity values, respectively. The left and right panels show the gravity variations at BMSVO and

S423, respectively.
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Fig. 3 Arrows and ellipses indicate the gravity variation rates relative to SVOG during 2006-2018 and those

standard deviations, respectively.

— 334 —



L7234, BMSVOR TE 125t L T-1.8 cm/yrD 3 & T
T IIEBMSVOD E /14 (3.6 uGal/yr) % #iHA
T& 5. WAL (2014b) DFig. 52k % L, BMSVO
122006~ 2013FAZ 22T TRESBEBE D S17I2x LT
£ #-025 em/yr DB E TR L TW e Z LB 00 5.
oy RS I R AT B T 0 L TR LT B A,
ZFORBEEBETIEABLOHMBINDIEO2ENICDH
M7=z, DFE Y, BRI T 20064 LLE 2B
STV 5 HE B INE AR LB TR 2 IiE A+
DTHY, MOFEERFRNBHFET L EZZOND.
F 2 CHEIOTFREMEIL, BSE T CHiSEE & b
WIS EEHNAREE T D AEETH DS, E
B, GRS (1986) 1X1975~19824E DAt E S35 —
ZEMHTL, FEEE N OWEH T3 kmiZ3.2 X 10" kg/yr
OEEBMAEE Wi EER L. £z, JAM
5 (2018) XA D (1986) DM Tk % B
L7 L TR RMBEOMISENT — & & ffght Lic
FER, 1975~19924F 121X ALEHE T O TS5 kmlZ6.0

X100 kg/yrb OEBIIMBELE T2 L 2R LTz,

ZIB2DDEATHIGE & RIS ANIIE CH RS &
ESCHEADMMMNAHR INTZE WD Z EiX, Mk
TEEY 23/ K 1 S BEFn K S TR L 72 20064F LA
WOWTHRGE FOEEBMBIHEL TnDd Z &
EERLTNWA.

T IT, S423 (b KX AEEMAEN SN
EHR) OB FCTHERBESCHBARZ bR X
DR R e B EINA R & 72 LE L, 20064~
20184F2 2851 5 S423 D FE /I Eb B b HUE EIR
OEBEMINEBEZ2RET S, SEEFOES L LTI
ARG (1986) TR SN2 T3 km, 35 XK QYA M
H (2018) T/RSATMEL TS kmé W o fEE H W,
A BN OFHFICB W TIES42301EE (609 m) %5
BT 5. ZOE, BEHEMEIIEHK T3 kmo & =
121.2X 10" kg/yr, #Edh F5kmoD & E123.0X 10 kg/yr
ERFEENTZ. ZThERRORITHIE L LT 2 &,
20065~ 2018452 A D& B BN £ 13 /e £ M kTS 56 1
(1970448~ 199044 FTH) LR UM TIEH D b D
D, BELEIBNPLEFBRETHDLZ ENGND.
TRELZOBRETIHS ETHAETH Y, Fig 30&E
FIREZE 5345 OFE R FIRTITEEEMEZ T T
72 < BEHMFEOIR I ZALE IR TE 5 & H
HEND. R LEOBICIE, HERZEB)CHKEH)
7nE, BMOBENELOF G EEYIHET D Z L
DARARTHD. THICMAT, 5% bRERNIO
BENRICTHIEDWMEELZBEY KL, KILTES L &
NEO SRR EZ T ERS ER LT 2 LER
5.

5. FE®H

F2 132017465+ 7+ 9 - 108 8 L U20184E2 A 1Tk
BN D19DE S S THAEANEEZ FM L. K
MECTHRE LZENT — X EREORBNT—2 L L
HITRMT L7256 5L, 20064E 0> BEFI k 1 75 BH 7 B LA %
BEES TR B T R6.3 uGal/yrd B ) EH- 2B S
NTWBZERNGhot-. £, ZOEHEREIT
HERAB 2T TR HoICBAT A N TE T, M
B e T2 2 X 1010 keg/yrifliik o> B fE 028 4 B
Thr I ENREENT. SBRIIBBEAMCBIT S
FixtEAORE ZMET DL EbIC, BT —205
S SO KB EL O B A M IE L7z BT, REW
RPIBCL > CTEREHEOHEZITHOLERD D .

# O

ARHFFE D — L B AR L2 O B 7 A58 2 B Ak
F GREE S 15K17749) , B L OSUEAN#E T
EORBUCE RS 5 72 O H K LI AF 28 5
OIS 25 T TEITENT. F2, KREOKIIHE
Y 7 NGMT (Wessel and Smith, 1998) % VN THERK
L7z

e g

A JRANEL - BOLIR - AR - B A— (1986)
B KOV IR BB R8T 2 B ORENE
FESEIBLE K LD T RE8LR, pp. 33-40.

B R - ILARESE - EHEE— - F D IEA (2014)
TRt B 7 — 2T B R KB S I oD BB B
Bk L& pilc, My EE, 55604, 275, pp. 73-89.

JEH AT - BEJREEE - IUARESE - FOIEA - f@EVE
— (2016) : 201548 A 15 HRLEIFR A X RRRIC
CG-3ME /13t THL S M- X E B X OMEHH O
HGERY 7R RERI AL, k1L, 5615, 4%, pp. 593-604

M A - AR ES - FRIEHM - REILE - 7)1
S - MEFR - FEEBE - FRIEAN (2018) Y
W U AR ST & S o R K ILIZ R
51970 R LA D B ) RFZE M 25k, B ARHIEREX 2
B} 520184 K42, No. SVC41-36.

[HRT (2018) :WBEORLET — ¥ MR,
http://www.data.jma.go.jp/obd/stats/etrn/index.php,
201846 H 12 A R,

WARES - @I - AL « KEILE - §ilEE
S REAREA - IRHESEA - B (1998) @ BB
FOERBERLICR T 2BEENUE, ol
B OB R A8, pp. 47-55.

IWARES - KELE - A - BRI - = H R

— 335 —



KAARME T « P TE - APtk — - PR & - 5T -
A E (2014a) : BB I OEEEBENIC

KIZ B 2 2 B BEN IS < K ok E
TR O 72 6D DR FE20134E FE 2 2, 09
IWARES - RS- &)IE - RAHE - EmE -
FRAGE - H EEZ - B - WHEAIH - FE B
B - BIMEARER - /MAME KRR - U8 HBEE - mAEIRE -
R - RIS - ALHERES (2014b)  : KYER
BIZR o THEINTZMEKLBLOCBRINVT
7 JEi0 8o g A #)—20134F10H B L UL A
B DRER—, BB KNI 5% B#RIC LS
<k LM ok TR 3 2 AR B 0D 72 3D D IF 58 201347 i
H3E 06.

H /=)

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.

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.

(X ZHH : 201846A13R)

— 336 —





