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Fig. 4(a) Temporal variations in apparent resistivity
(Zyx) at a frequency of 22.5 Hz at HARMT and a
frequency of 97 Hz at KURMT. The employed
frequencies are marked in Figs 2-3. Error bars represent
+ two standard deviations. (b) Cross-correlation of two
time series during period 1 (days 0-270). Thick line:
cross-correlation between the two time series shown in

(a). Thin dashed lines: cross-correlation calculated using

all the other combinations of data at different frequencies.

(c) Cross-correlation for period 2 (days 270-320). Other

notations are the same as in (b).

3.3 fhDhERYIBERR T —42 & DB

GBon- RHLEERA#HORKNEED -0, ho
BUHE L OB Z4T > 7=, Fig. 4ad R LIEPIZE S
L, MR, WAL, B E), MKIEE)E S ZE
PEOR B, VR ERALJE Uk R IVE B, R & 3km & D EEH O
HEVEE) & bh#E L= b O & Fig. 51T, WE, WMy
IR A OFER & 72 0 52 2% (Utada et al, 1998),
AP TIEHABE 2SI R Dotz —J, H
A E & BB ECH T IS BR A B S v, Fig.
SelZ A AT HTAE 12 3R & 7o R ook 0 5 )k
HOET —ZIZ1IHHOBE) T Z T iR 4R
T, MH, 6RO TRT L 1T, kDO HHOMEE
%%kﬁ%wﬁ#@gﬁﬁﬁiki#_~ﬁbfw
% EBEFOEETE S3k miS D~ 7~ O R A
F LT 5 EHER X TR Y (Ishihara, 1990; Iguchi
et al., 2008; )& - H 10, 2009), REEEIIAE T~
I OBMIIEET LD EEZLND,

Fig. 6f, h-i (27”39 & 512, REHLIRHIEBER
FR B MRS 1, BATEB P I3 k m UL O HE
EE e &, wEKIIEES E ZEERIS LRy, 2
D T R RSB R AW RS 1, &
T, WE3Ik mBED KIEBNZEIE L T
AL HRFBRLTWS,

Fig. 6g |ZHLEH TR X 15~30km TH A L 72 B
KRAEWEZRT, v~/ =Fa— B 128254
AN MRE K ENITRBEIRFIERR O F Lo A
BT oEHIcREL TV D Lo, KNEAR
T dh 2 BRI IEAR O BE) & EH O L IRTZE B 23 B
HLTWbHAEEMERH 5,

34 BRART—HEDLE

TR RS KL BT T, IRk O TS B BR 4R
AR O BRI N CORE | 5J- %2515 T, [A R
TR A AHEGEH (CO, Hy) ZBHtA L7, B
X KURMT 7535 L2 100m i 7= AT iniE L C
W5, Fig. 6IZMTERIN 5 6z R Rt &, 1R
RH AR D & T, BTN ORI T A LR

FICEVIRICIE, B ’Fﬂu\ﬂf‘%ﬂ%
O TRESN D, HIFH, FETZT7—ICLV 1A
QW LT D EMTIZOFAEL, ﬁx‘bﬁ%fﬁﬁ
KRELEB LA, T9 LB E2ERST S &K,
KA#l 290-300 00 #1[# C RLEH L HEHT & IR IR A R A3 A )
LTEALTWD EIIZR D, ZORFIXELD
HFKEE) & IRPIAENEE L TWD 2 & E2mg
LT3,



S e E : July 10,2008 (a)
1004 % : : . : HARMT
£ H : ] : : Rain
E 507 0 : : :
0 H : : IL:IlIJl I |||I:|
‘T I : : (b)
’ | | ‘\ il | ‘ i ‘ | ‘ sk i : MR Furusato
ol Ll Lol Lo Ll Ll TP O T R A
| PR e
L L
£ 255 i I : : :
£ 250 —r:. i ; : : L (c)
£ POW illep % Y : HARMT
o 245118 ‘m+ H - 225 Hz
S 2401 + +? - 5
235 :
£ 1.40 - (d)
E 13545 % KURMT
5 1.30 4 97 Hz
o H
8 1254 1
1.20
Y T (€)
E 0 _ | Arimura Tilt
£ 35 Eup | (Radial component)
€
30
120
f
90 (f)
o 60 A I Eruption and
30 S Infrasound
Ch '
15 : :

N (9)
£ e " Deep Low frequency
£ 25 ** ** | Earthquakes
g Pk >

=l ¥ H
; F (h)
£ : : BL-type earthquakes
g2 30 H :
AN EY R N 0
03 : : : 5 : -
£ : : : : : : A-type earthquakes
g 51 i : ] : : : i
U IIE U111 E L mli JLLL L 0B 1] Ilil L1l Li L 1 IIHIE Ll L1 1 EI Il ‘ L Ll

90 ° 120 150 186 210 240 270 300 330 360 390 420
Days since May 1st, 2008

o
w
o
=)
=]

Fig. 5 Comparison of temporal variations in apparent resistivity (Zyx) with rain, tides, ground deformation, eruption
periods with major infrasound strength, and earthquakes around Sakurajima volcano. Vertical dashed lines indicate the
possible start time of uplift in the summit direction. (a) Precipitation data recorded at a site located 150 m from HARMT.
(b) Oceanic tides recorded at Furusato (Fig. 1). The raw data are shown along with a 1-day moving average. (c¢) and (d)
Apparent resistivity data, as shown in Fig. 4. (e¢) Ground deformation (tilt record) observed in a tunnel at Arimura (Fig.
1). The radial component, which represents the direction of Minami-dake crater, was smoothed using a 1-day moving
average. Higher values indicate uplift in the summit direction. (f) Infrasound data recorded at Arimura by low-frequency
microphone. Gray hatched area represents a period of continuous ash emissions. (g) Deep low-frequency earthquakes
(DLFs) occur in the southern part of Sakurajima at depths of the lower crust. Note that the vertical axis indicates the
depth (km) of DLFs. Large and small stars represent DLFs with magnitudes of > 1.0 and < 1.0, respectively. (e) BL-type
earthquakes. (f) A-type earthquakes (volcano-tectonic earthquakes).
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Electric Resistivity Change of Sakurajima Volcano from Magnetotelluric Continuous Observation

Koki AIZAWA*, Wataru KANDA**, Yasuo OGAWA**, Masato IGUCHI***,
Akihiko YOKOO**** Hiroshi YAKIWARA***** Takayuki SUGANO*

* Earthquake Research Institute, University of Tokyo
** Volcanic Fluid Research Center, Tokyo Institute of Technology
*** Disaster Prevention Research Institute, Kyoto University
***% Graduate School of Science, Tohoku University
***%* Graduate School of Science and Engineering, Kagoshima University

Synopsis

Continuous magnetotelluric (MT) measurements were conducted from May 2008 to July 2009 at
Sakurajima. Two observation sites were established at locations 3.3 km east and 3 km west-northwest of the
summit crater. At both observation sites, the high-quality component of the impedance tensor (Zyx) showed
variations in apparent resistivity of approximately +20% and phase change of +2 %, which continued for
20-180 days in the frequency range between 320 and 4 Hz. The start of the period of changes in apparent
resistivity approximately coincided with the start of uplift in the direction of the summit crater, as observed
by a tiltmeter, which is one of the most reliable pieces of equipment with which to detect magma intrusion
beneath a volcano. The concentrations of CO2 and H2 within gas sampled from a borehole near the MT site
showed a change coincident with the change in apparent resistivity. These observations suggest that the
change in apparent resistivity was caused by volatiles exsolved from the rising magma. We speculate that the
degassed volatiles migrated not only vertically through the conduit but also laterally through a fracture
network, mixing with shallow groundwater beneath sea level and thereby causing the observed resistivity
change.

Keywords: Sakurajima volcano, resistivity, Sakurajima, volatile, degassing, groundwater
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