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Table 1 Geographic coordinates of absolute gravity
station, ARM (see also Fig. 1).

Latitude Longitude Height above

(degree) (degree) mean sea level
(meter)

31.56005 130.6724 80
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" Sakurajima

L Vocano
Minamiﬁi

Fig. 1 Location of the absolute gravity station
ARM and the active volcanic “Showa vent” and
“Minamidake Crater” on the Sakurajima volcano.
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Fig. 2 Site description of the absolute gravity
station ARM. Metal markers are placed on FG5-A
and on FG-L. All the numbers are in millimeters.

Table 2 Gravity reduction parameters at ARM.

Gravity |Relative gravity ~ Gravity  Relative gravity

point on the floor. gradient.  at H=1.30 [m].

[ngal] [ngal/m] [ngal]
FG5-A 0 -259.0 0
FG5-B 73 -263.9 66

Table 3 Absolute gravity processing parameters.

Before From July 10 Since
July 10,  through Nov. 1,
2009 Oct.31, 2009 2009
Drops per Set 50 50 50
Set Interval
[min] 60 120 60
Nominal
Pressure [hPa] 1003.68
Gravity Gradient
[mgal/m] 0.259 0.264 0.264
Barometric
Response Factor 0.3
[ngal/hPa]
8-factors
DC 1.00000
Long 1.16000
Q1 1.15425
o1 1.15424
P1 1.14915
K1 1.13489
N2 1.16172
M2 1.16172
S2 1.16172
K2 1.16172
Solid Earth Tide Program Package "ETGTAB"
Computation after Timmen and Wenzel (1994)
Ocean Tide Program Package "GOTIC"2
Computation after Matsumoto et al. (2001)
Earth Model of
Ocean Loading 1066A
Green Function
Ocean Tide NAO.99b after Matsumoto et al.
Model (2000)
Polar Motion .
Data Source IERS Bulletin A

D, K- HECHBEIN KE < o720 LIZRHIT,
50~100 ugal LLEiZ/n 2 b H D, By FROT
— % (=DropfEDEE) b HFHEEZFRVTEL LTz
%, SetlEi & Fr L, ZNALLTF OO EANT —
2 LD, Lo TSetlEDiRzEL LTI, #indko
FEYER 72 % Drop# O 5 R ThR L 7, 1~10pgalf®
Bz b,

ABHNCIBNTIE, —oDEy hEROE Y &
ORFEMFRE, 60575 L <IX12000 0 W T Ndk & o



TWa, 1HIZDE> TRIET S &, 12~24DSetfl
(DropfEiz L T600~2,400) ’EoHh b, Zhbdl
AEEIME O ET, 0.2~4.0 pgal RS & 7220, 1ZIEA
MHEIZRE I D LD,

B, —RIICIE, TR R O T KL
#7p oK EROENEELOMEL T 22 & NH
* L\ (Kazama and Okubo, 2009; J&\[#, 2010) . [#&
KETF WSS KL I 2 b—2 a ViddEfTh T

B DA, ARWAEER S TIE, 20094E9H £ TOMIE
ELMELATVWARNVWD T, AREOLYMICHTR
STH—RMEEZTDHZ N TEARV, 72, 2009
FAA ~9A ORI O REK IR O E B ELE LR KT
H3 pgal BETHY, AIROLAFEEHMEO R KEE
4.0 pgal & FIRREIZWME 2\, L7z - T, 4 pgallh
TOE®ZMBEIZLZRWRY, kAR OE 4 IE
EHMELTCHLELIZZARWI EBOND,

Table 4. Employed absolute gravimeters, drop numbers per set, set intervals with remarks on troubles during April

2009 through March 2010.

Observation Serial # Drops  Set interval Remarks
Period per set [min]
Apr. 10, 2009 #212 50 60 Rapid decrease of Laser power (23%/month) during the

—July 11, 2009 whole period.

Violent variation of 1F voltage (0.1 — 0.4 V) of the lodine
stabilized Laser during May 18 through June 19.
Laser output completely lost during June 19 through June
25.
Laser tube was cleaned with alcohol on June 25 to recover
the power but the laser was unexpectedly locked to the G
and H energy levels of the iodine hyperfine structure.

July 12, 2009 #109 50 120 Rapid decrease of Laser power during the whole period.

— Sept. 13, 2009 Laser tube was cleaned with alcohol on Aug. 31 to recover
the power. Yellow-brown stains were found inside the laser
tube.

Laser output completely lost since Sept. 13.

Nov. 2, 2009 - #212 50 60 The gravimeter was installed in a vinyl tent on Nov. 2.

Feb. 12 2010 Data bias of -6.4 pgal during Nov. 18 through Nov. 26

from unknown origins.
The Laser tube was put in a clean bench on Dec. 22 to
avoid volcanic dust.
Frequent abort of measurement due to PC/electronics
troubles since Dec. 23.
Cleaning of A/D board on Jan. 14 to fix the frequent
auto-reboot of the PC.
Data bias of -16.5 pgal during Dec. 30 through Jan. 6 from
unknown origins. Data bias of -9.3 to -15.4 pgal during
Jan.15 through Jan. 21 from unknown origins.
Successful measurement rate decreased to <80% since Feb.
2 most probably due to the dropper touching to the cart.
Frequent auto-reboot of the PC since Feb. 12.

Feb. 25, 2010 #241 50 60 Sticky bearing due to abnormally low Temperature.

— Mar. 13, 2010
Mar. 30, 2010- #109 64 60
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Photo 1. A FG5 gravimeter installed in a vinyl tent to
avoid volcanic dust falling on the interferometer
(top). Laser was also guarded against the volcano ash
by a clean bench in a vinyl tent. (bottom).
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Fig. 3 Laser power against time. Laser power had been lost by 23 % each month until Nov. 2009 when the laser got
covered with a clean bench in a vinyl tent (see also Photo 1).



Absolute Gravity Variation DG at FG5-A in the Arimura Vault, Sakurajima.

(ugall DG=Gravity - G;; Nominal Gravity G,=979437730 [ugal]
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Fig. 4 Absolute gravity at Sakurajima volcano from April 2009 through March 2010. All the data taken at FG5-B
since July 10, 2009 (T=190 days since 2009.January 0) are reduced to those at FG5-A.
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Absolute Gravity Observation at Sakurajima Volcano
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Synopsis
This manuscript describes how the absolute gravity measurements had been carried out since April
2009 until March 2010. Technical tips for successful measurement are presented from pieces of bitter
experience during the period. Observational result clearly shows that significant ( ~10 ugal) gravity decrease
occurred twice during the period: July 2009 and October 2009. These epochs correspond to the onset of
active emission of volcanic ash (July 2009) from the Showa volcanic vent and to the explosion from the
Minamidake crater in October 2009 suggesting rise of the magma head in the conduits of the Sakurajima

volcano.

Keywords: Sakurajima volcano, Absolute gravity.



