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ABSTRACT: The preparatory processes of phreatic eruptions are not well understood and their precursory phenomena
generally have a small amplitude, making prediction of the timing of these eruptions difficult. Although this is quite a tough
problem, it must be resolved to mitigate disasters caused by phreatic eruptions. In order to analyze geothermal conditions
and to develop methods to ascertain the precursory geothermal activity of phreatic eruptions, the Japan Meteorological
Agency (JMA) has installed geomagnetic observation systems in/around the active craters of six volcanoes (the Tarumaesan,
Azumayama, Adatarayama, Ontakesan, Kujusan, and loyama volcanoes (Ebino plateau)) since 2015. To date, fine
thermomagnetic variations have been observed at the Tarumaesan, Azumayama, Kujusan, and loyama volcanoes. In addition,
a point worth noting is that the thermomagnetic variation associated with eruptive activity in 2018 was recorded at the
Ioyama volcano. In order to effectively use geomagnetic measurements to improve the volcanic forecasts and warnings
issued by the JMA, the following two issues to be addressed. One is to elucidate the correlation among sources of
thermomagnetic variations, hydrothermal systems, and other geophysical and geochemical phenomena. Such attempts will
facilitate a better understanding of the mechanism of phreatic eruptions. The other issue is to obtain consistent geomagnetic
measurements by reducing the incidence of device malfunctions, even though the observation systems are affected by severe
weather conditions and corrosive volcanic gases
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Fig. 1 Map showing the six volcanoes installed

geomagnetic observation systems after 2015
by Japan Meteorological Agency (triangles).
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Fig. 2 Locations of geomagnetic observation (squares) and reference (stars) sites. (a) The Tarumaesan volcano, (b) the

Azumayama volcano, (c) the Adatarayama volcano, (d) the Ontakesan volcano, (e) the Kujusan volcano, and (f) the Ioyama

volcano (Ebino plateau). Red circles indicate active craters, or the vents formed by the recent eruptive events. The contour

interval is 50 meters. Figure created using the Digital Map 50-m Grid (Elevation) published by the Geospatial Information

Authority of Japan.
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Fig. 3 Block diagram of a geomagnetic observation system. The black arrow indicates the power supply and the gray arrow

indicates transmission channels. Components circled in red indicate sensors of a tri-axis fluxgate magnetometer and A/D

convertor to convert analog signals from the sensors of the tri-axis fluxgate magnetometer into a digital format. These were

installed only at the reference sites.
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Photo 1 (a) Sensor of the scalar magnetometer and
(b) the solar panel stand with the storage boxes
for the components of the observation system
(Numanodairakakou3 site, Adatarayama volcano

(Fig. 2¢)).
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83 mm

278.5 mm

Photo 2 (a) Sensor of the tri-axis fluxgate magnetometer
installed at reference sites at the six volcanoes. (b)
Sensor of the tri-axis fluxgate magnetometer installed
in the ground at the reference site of the Ontakesan
volcano.
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HEE L CWD. miiE ORI HEE S 7o B O N7 13
e s (L oo AL VG T O E R LAY 1100m (HISR 1f 7~ & %
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%W 28 b A3 ke L CELA & 7z (Fig. 4a D RHTD .
B ZBALA L7- 2015 48 11 A LB, BERIFE F—20
fhcd b F—2db2 RO R — A4k 3 8L (Fig. 2a)
TEMIIOBWY N, e R—20MAcH 2 K— LM
PEE O N — L8R A (Fig. 2a) TEBIOHEMMRZ
n%nﬂﬁbt.
HERRIITIE, S EREIN A 2018 42 6 AT
Al \—Eﬁﬁébflfly), o KN TT — ¥ BRI
DELNA, W8 Pk n ENALM OB R (8 kR
1 OB/ SFk 2, Fig.2¢) ROk A% Eicd 2%l
OB S G ¥k D 4, Fig.2¢) T, THZENIERD
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OEMIE, KIIEBHIC LSO TIE AW EHER I D
2, RIRIEFRHD 5.

2014 EME TR S NIZAASORBEMICLET D
Bok FEMA (Fig.2d) Tk, 8% L7- 2016
10 ALLIBE, 2019 4 2 AIZHF T 14nT ORI D
MM R &7 (Fig.4d). Z OB ENIL, LTIC
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BROLBIEHOK TEZRL TV D ABEEEND D,
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Fig. 4 Nighttime (00:00 —02:59 JST) means of the differences between the total magnetic intensity recorded at each
observation site and that recorded at the reference sites for each volcano from the date that observations started until
May 2020. (a)The Tarumaesan volcano, (b) the Azumayama volcano, (c) the Adatarayama volcano, (d) the Ontakesan
volcano, (e) the Kujusan volcano, and (f) the loyama volcano (Ebino plateau). Amber and blue arrows denote the
thermomagnetic variations due to heating and cooling of rocks, respectively (Section 5). The dotted red line in (b)
indicates the artificial variation due to reinstallation of the sensor of the magnetometer. “D” and the red arrow in (d)
indicate discontinuity (an amplitude of —57 nT and compensation for that in (d)) as a result of topographic changes
around the site due to the debris flow (Kunitomo et al., 2019) and anomalous changes of unknown causes,
respectively. Red triangles in (f) denote the two faint eruptive events that occurred on April 19 and on April 26,
2018. Changes in total magnetic intensity at all of the observation sites at the Ontakesan volcano ((d)) are only
shown until the end of December 2019 due to a subsequent device malfunction at the reference site (Subsection 7.3).
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A - fh (2018) 12 XAviX, HEafL Tk GNSS Bl
MO BN ST ERELEN, RRNES LT
FEIL T, 2000 FEHIZIEE 7. T b OETITZEN
ZROLRIHE & WHIC X D EHBEHRICEI bo L
Rond. ~7<REOHAD LD 7%, EEHMS R
L CH&EH KRB ~AT 2 @ik o &3 s Lk
ENEBORKTH D LIS TS (FA - i,
2018).

F o, HENLTIXA R R L — =86, 2014
MR LA, ILTE L CHUBR LB 3BT L T 2 &
B & 2278 > T b (Narita and Murakami, 2018). &
AT T HIR KOLB kL B - e o & — (2019)
IZ& D&, 2014 K TR S LT KNFLERFICH D
WAL OIRFEA, 2017 55 2019 42 T 89°C
M 23°CETIERT L, DOERXOBNEHELNIEZ
7.

TS AR LT d T D B ARG SR T OV L i L oD 8]
WG (A - fh, 2018) #BET 2L, Bk~
P AR T 2B OBME, K OSIH T OIREKT
WK D5 A0/ OMITZ KB L TV 5 ATREE D
HD. Bl ZIE, TR S 2014 41 k0 Jk 1 F| -~
I 2 &IRREO &R L, BOHRE~D K
ENEBPOBEINDIELYV ORIV LITLD
EEHORER TN, Z OB A8 O JFIK O Ao —
DELTHEZILND.

54 FEXRILUEOEHAES
541 AT/ A X (RLEW)

NELTIEHAFZRE, TXTORHPRITBWTH
Re 288 nT FRE DR CIRIE & £ 2 26 7) 0 4 U fE A
BNL5GER LIELIESH S (Fig.4e). TN HHNED
WL ODIEONTHEEZTH 2R, AERREZR
Z WA (Fig. 2¢) THM SN DB ANE~DOANTLT ) A
ADEENRKTHLZ ERH LN LR ST, ZDH
LT, Fig. 512019 7H 6 A6 7 H 8 AT
TAFEGRRELESRACTEI S5 RHE % L%
E LA O, Wid UL L ORI T LS (Fig. 2e)
DN EORENES 2 RT. BREZEHEL Lz
A O LAk OB A LSRR & S e T OB
MOEBEHECIE, TH 6 HORBMNHEHDOEF
FHEIZ 23T T Fig. 512739 X 2 RO LN
bz,

IR, 2REE L2287 — 2 IERR 4 X

MEBLETEDT, /A4 AOFENS, ABEN 7 A
6 H 19 FFEICB A ITICESEY, LIZOSBEEHELZ
%, BHOTH 12 FREEICHENZEHEEIND. =
NECAFERFEBESSRANRZ AL A X
DBII 2T, Fig. 5 OHNZH D L 5 I IERFE CTHEH
ERTWa. Lal, %80T — ¥ O iicEE %
KET IO RERICbES, b L EEERO LS 2
THEAR) ) A XARFELIHEEIE, SREOBREZ T
TRETHAD.

-
Iz at
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B s 1Lk
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Fig.5 1-minute values for the differences between the total
magnetic intensity recorded at two sites (loyamakita
and Hossyozannishi, Fig. 2e) and that recorded at the
reference site of the Kujusan volcano (Fig. 2e) from
July 68,2019 (JST). The shaded area indicates square-
shaped noise.

542 FEZEE (L)

KINTHBESBR AT &, 1 FREOEEZ -
ZHABMMPBRIND2GERHDH. 6 KILDIFEALE
T RTOBBPATHR S D2/ IEITE, KILTE
B OFEMICRA 2B e RITT XD e RE AT A
bivZgvy (Fig.4). LaL, #5000 ROBE 8L
(Fig. 2d) O @BEAELIZE, EFIC EICR oz =
— 7RI E b OFEEB SN E END (Fig. 4d).
ZORSE L ISR T 20, Bok TN TE
sz h7T—2 oA EERELEE, | F
Mo 72 MIBELEETHRE N LY FERE
L7z (Fig. 6).

ZORER, 2017 £ KO 2018 4EHFRIC A SN 5 MK
(Rv) X, MEELHTHCRDLNLN, FIHILHE
FLg L TEIEERBE IRy, £72, 2019 FIC
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T, ZOHAMEIZZNIZ LR 2. Z OREBY 72
A OREIZIAI T, BREIRETHD.
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Fig. 6 Nighttime (00:00 — 02:59 JST) means of the
difference between the total magnetic intensity
recorded at site Okunoinshita (Fig. 2d) and that
recorded at the reference site of the Ontakesan volcano
(Fig. 2d) in 2017 (black), 2018 (red), and 2019 (green).
To highlight the characteristics of seasonal variation,
distinct outliers were excluded from the record and each
segment 1 year in length was detrended.
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B2 —, 2019b; BEREHGTRSRE - &
EFXRREMBOKIER - SRt ¥ —, 2019). L
L, 2B ORRRZTEH L CRERME I X DK
EOWBICEHIRT 5 720121%, UTFICRT & 9 2k
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6.1 EXFHERVEROBEERNL~DFE
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A THREOERO I LR DREMR EE2FEBR L, KE
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SFH (2018) 1E, FEH AR L TRAE LI KKK
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DML, EMOBIINT —2ICbb TITED. BHEA
MRILTIE, 1982 4725 1983 4F W K % B 3 K ONE ok
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S 47z (Takahashi and Fujii, 2014). 245 2 2O HIfH
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IZEHARTH B2/ &y (Takahashi and Fujii, 2014) .
ZOHEFNE, BRI L DML EI S
THEKIZELRWGEARH Y, EHNIELEOKE
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LR EHITHEAR - M (2019) 1%, REBH
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SHORE
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EOBREE FEHRT L7010, For BRI~ X HE
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Fig. 7 Upper panel: Thermomagnetic variation at the site
of repeated measurement (site YN2 and its location is
shown in Fig. 2 from Takahashi and Fujii, 2014) near
the Yugama crater lake of the Kusatsu-Shiranesan
volcano from 1976 to 2005.
Concentration of chloride ions in Yugama lake water
from 1975 to 2005 (created using data from Ohba et al.,
2008).

Lower panel:
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Fig. 8 (a) Location of the Hagiwara geomagnetic observation station operated by the Geospatial Information Authority of Japan
(square). The star denotes JMA’s reference site at the Ontakesan volcano. The triangle indicates the summit of the Ontakesan

volcano. (b) Medians of the differences between the total magnetic intensity recorded at each observation site in the summit

area of the Ontakesan volcano and that recorded at the Hagiwara geomagnetic observation station during nighttime (00:00—
02:59 JST) from November 2015 to May 2020. “D” and the arrow are the same as in Fig. 4d.

_16_



KRR KIZSEAT T DB TH S oo BHER 4 B i) & U 7= sl Sl

8 BhHhYIc
R[REFFIL, T OBGEE) O R R L K UK R R A
AT T B RE BN (L & REICHE T 5 FE o B3

%3l U Tk S EORICEBRT 5 72, 2015 LI

faanl, B&FL, ZEANRIL, @0, LEILLKCE
Bl (2O 0@ (B 1)) 1T s U8 2 . 4 B
U C 4 /e L & BR AR L 7=

KEGOBRAKOBSRRATHLN DLW T —
X DOMBEITIRAIFC, BRHRICL BN A
BB e &R, &3, ZERKRL, LEILIED
ZOOEFEOMBEINICEB W TBMT A LR TE .
B2, 2OCOBBEOMPE L TIX, WA EES kLG
DIEFACIC XD 2B ERZ D Z LTI, &
HDTEHERBRFFEHDLZENTE. 6 KILITIX
% UC AR & B L TV B 7, S Ak A A
FET VTR TBIREHET D2 LR ARET, EE
WCHEE S T2 BIRE TV (7 8 K ORGSR A E — A
VM) BT — & &b, KT BY O FEM IS
HFHENTWS.

KRR KIZHRATT 2 BIE T A& R HHEET S
OO FEAEEHE L T, MATREOCEREED
FEZM LS D010, e X255
LD - B REIR & KA RE K DFE AR EHE R &
RIzT B2 HNDBKRKOMOBRIEAB 2S5
BN REE OB OBEEOTAELZED TV D, Flx
X, 20O EBEORELTIX, 2018 MK H A D R4
WHAOIRE R L 2B0EED, WIRIREN O TF
TEDH B T 78 o 7o HU T 5 0 R KM o s & o
TEHTEITL W EnfiEah b L, EAITE
OHBERODIZDICHETHHLEEZONDHT
AR E LT,

FTo, BT HMK OERIEROH BRI & LTk
HNBWMOREENEH SN D = 0I12ix, #iF, BUGEhE
{ELOHENRFRETHILERDHDH. TOEDITIE, X
WK & A2 BHEEOEEREHEZKT S
HZENEETHD. THETICELNA TV AEES
Bl 2 4T U, BLIIEE B 0O S B K% OV 8 O #EF7 8 B G 1
DHEZED DX TS, o, ZRADERREEIZ
F OB AT I Lz a, BRI D & FB R v AL
Bl ohoBUSTHONTZL2HMNOEE S REL
LT, BUEBIZ b OB Mk L7l b Lz, 2
DEIBRFHEORELHAHTHAS .

KIELE K DIEET RN, FIRTIIRERBEANE

W L, RRTRBELZ LS ICEKOREELG KW
FEABBICET Ol MR AERL, BMAITEITT
2 BOEE AL 0 B HIHEAR D 72 0 O BT B 38 & A8 E I
#H D& EbIT, RUMODIRWEE LT a8l %
KB SED T LT, KT ORI R O TR HL
ELTRBOBROKREPAMIHENTED Z LI
By, RE LT, KEKIEKIZ KD IEOERIC
BT 209 HIEICIE S ZENTEDLEHERD.

HBiEE

VAR LT B L 7o MR B EE I TR S e
17 — 2 ARG, [E A M B BE oD kR H ER T i
REEcHll SN2y — 2 2EHLELE. F
7o, HEARILICEIT 220 IRLEBATHE LN
o7 —ZWROT 0, FIXTRKFHENIERT\ & &1 sk
EHKBR T CEBA SN eI T — 2 2R LE
L7z, ML TP L LT ES. A2 UETHITH
=0, @AREM L, HEMEK, =AE—-K, &
FOWNARLEHMK, mEMYOELILHK, WMELZEE
DEBHLENPOFIARLCBALCRERRZNVLIZE
F L7, K4 @M% Generic Mapping Tools  (Wessel
etal,2013) ZMH L CIERLELE.

Xk

FERIAFE (2016): KILERSBINOMER, KL, 61, 345-
365.

FKOCEORER « (LlgE B - (L .2 - ERIIE A - s ==t
(2019): TEXILTORMSBINIZIIT S DI HHIEE D
H, 2019 £ Conductivity Anomaly #F 754 i SUEE, 25-32.

FOVEERE - K5 =] - BRI - Ex KFF (2018): KZER
Wk OHUE EROIEGE, HUEEHERS, 124, 231-250.

VBT SR - R RSB KL - e v ¥
— (2014): FKBEEO K LTET—2014 425 A~10 A
=, KIMEK P ARG SR, 119, 311-346.

JEE VR RS 1 7 SR - R XA G ik L B - R
v H— (2019): FEE LD KILTEBI—2017 4 9 A~2019
1 A 31 B—, KU TEHERKSSH, 132, 240-3
11.

LM T i 2ok LRI SR I B 9 2 iRt (201
4): {HISER L O K S8 A B F 2 72 1% KL O BRI O 5g
{EICEET 2 BRI S, https://www.jma.go.jp/jma/press/141
1/28a/yochiren_kansoku_kinteigen141128.pdf, (ZH 2020-
07-19).

_17_



BRARIF LR 85 &

NBDRUA « BAEHESR « GHIBIE— + IR (2015): JLE K
L[, https:/gbank.gsj.jp/volcano/Act Vol/kuju/map/v
olcmap19.html, (Z#f 2020-07-10).

KRG FEFTHIR KILTZEES (2008): (L& EhFE Al F- 1% D
BAZEAITE, SGFICAT e, 53, 303p.

KT () (2013): BARTEXKILKRE (554 ), [EIT,
1498p.
RGRITHIE KL K LG - iz o % — (2014): “FRk 2

6 4 (2014 4E) OMFEIL O X ILTES), https:/www.data.j
ma.go.jp/svd/vois/data/tokyo/STOCK/monthly v-act doc/to
kyo/2014y/312 l4y.pdf, (M 2020-07-02).

RGT IR LA LA - it > 2 — (2019): Pk 3
1%-%ﬁx$(mw$)@ﬁ%M@km%E,mm/
/www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/monthly
v-act_doc/tokyo/2019y/312_19y.pdf, (& 2021-05-05).

BIRZEEE - 1 LFEE - YRS —BB - 1L ET (2019): 448
ALV MTHRAELIZAT v v 2 Bh, AAKLIFR 2
019 R R THatk, p231.

ﬁ*@m'm$ﬁﬁ‘$ﬁﬁﬁ‘ﬁ$ﬁl(mM)ﬂim
B 1L T D MRS Zk SR IE DTCARHETE, FKH
RFTHREIRAE % , 22, 25-38.

FLIEAE Ew%Akmwﬁ fEHE > % — (2014): FHL 26
(2014 4) OEFTILOKILTES), https:/www.data.jm
a.go.jp/svd/vois/data/tokyo/STOCK/monthly v-act doc/sap
poro/2014y/109 14y.pdf, (&% 2020-07-22).

FLIRAE X S G 12 Mok L LB - B o 2 — (2019): K
31 4 - BFIoeA (2019 42) RGO KILTES), https:/
www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/monthly v
-act_doc/sapporo/2019y/109_19y.pdf, (& 2020-08-11).

BTG 2R (2015): AR IO K ILTEBY AR 5
RIEEIZOWT (56 40 #2), https://www.fdma.go.jp/di
saster/info/assets/post760.pdf, (ZHf 2020-07-21).

EEXKGHKILER- - Flft % — (2015): BZELD
KIFFENZOWT (2014 4 10 H~2015 42 /1), kil
WK TP AEAG X R, 120, 34-51.

B8 KRG gk (LG - Bz % — (2019a): F
B 31 4 - A AITEAE (2019 42) D2 EEK B L O K (LTS,
https://www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/mo
nthly v-act_doc/sendai/2019y/214_19y.pdf, (ZH& 2020-07
-22).

a4 PR G B Hok (LR - Bt > % — (2019b): &
FELo KIS (2018 45 10 H 24 H~2019 42 A 10
H), KIS 2, 132, 27-49.

FE P LR - M TS - AR - Rt - IR E] - SR
- EEPRRAES (1978): BTRE K LI T 0 SRk )
(1977), Bl K L O PR EBI (5 1 18] 1977) 5,
31-39.

SFHEBEZ (2018): AKZRAAIEALY; & L TORF FR K
i, HUBZEMERS, 124, 251-270.

FORRFHENITERT - RRARFETFHE - & BB
B HA 7 —7 (1995): FLE L, 1995 4E 10 H MK
DOWTOMEBE, KK TIERESS®, 63, 45-
47.

MEAEE « FHORTE « Serh i - P R0 (2002): JuERL
SO E G R & iR L, R AR ST SR AT
4, 45B, 617-625.

ARE - Fil # -/l 58 BRIFEE] - =g e 3K
Wi R MR (2018): FEEKERICET D
ZIHBH OEZENE (BrTLoFEE), ATIHER, 40,
163—-169.

ARG - FHAT - KEWCE - #iH £ SFHBEZ - =
A IFRIEA (2019): 7 =MD KIEENE S
T S O MR ZE By D ) — A DR#, k1L, 64, 103-119.

e [ 4 X S G iU | LS - Bl o 7 — (2020): JLEE
o kTR EEFLE R (BFn 2426 A), hitp://www.dat
a.jma.go.jp/svd/vois/data/tokyo/STOCK/monthly v-act doc/
fukuoka/20m06/502 20m06.pdf, (ZHf 2020-07-22).

R X RG AR LEE - fe  2 — - IR BT RS
B (2015): FRE 27 4 (2015 £8) DFEEILOD KILIED,
https://www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/mo
nthly v-act doc/fukuoka/2015y/505 15y.pdf, (&P 2020-
07-31).

R DS MO LB - e o 2 — IR T
REE (2018): Fhk 30 4 (2018 ) DFEE LD K ILITE
&), https://www.data.jma.go.jp/svd/vois/data/tokyo/STOCK
/monthly_v-act_doc/fukuoka/2018y/505 18y.pdf, (&M 20
20-07-13).

) A DX ARG MK LB - e o 2 — - L
REE (2019): Rk 314 - SFILE (2019 ) DR
(L KILTES), https://www.data.jma.go.jp/svd/vois/data/to
kyo/STOCK/monthly v-act_doc/fukuoka/2019y/505_19y.pd
f, (ZM2020-09-16).

JHIRE 1 e FAPRER - BRACEEL (2017): BEELZ OO
Ji, B (L O BE R LI O BE B ERE, B RraR,
80 : 1.

B SR EBAITREFERT (2014): Rk BRERE 2014 428 A 3 A

_18_



KRR KIZSEAT T DB TH S oo BHER 4 B i) & U 7= sl Sl

W D K LR HERENC DT, KUK T ARG
2, 119, 350-352.

WA - BB - A OB - AU - BRE 2
M iR & (2019): BEUCBT DT AL P —
BRI X D KL ABRIRSR O, AA
KILFE 2019 FEEFKE RS TR, p212.

EARE - BEFEE - (LN BATER (1995): AT
O AREAHE, BRERFH, 58, 79-90.

HRs B - oh T =8 - B BT - YR RRCRESE < S B 3
W0 - K - KRR 2 - LT - RETEE -
RN - ALEE KRG B KGR - Fat 2 —
(2010): & ZEIIZ BT 2 M ERERE KB, 2010 4F
Conductivity Anomaly WF5E23 R 3C4E, 5-11.

WA L - AR - R — - AEE (2008): LiEK
B KIFEB O A 9B & HEE S h 5 BUKISE),
KBTI IERHE, 59, 39-64.

AR - BB - ARFTRZ IR b - AR — (2011):
MR CROEBI S 7o LT E T O & BUE B)
(22T, HACKILSAR 2011 AR EERK T R 2GR T TR dE,
pl4l.

& AR - AR - PREETE (2017): kilis: (B
ERBFEAM S U —27), JESLHAR, 392p.

Barberi, F., A. Bertagnini, P., Landi, and C. Principe (1992): A
review on phreatic eruptions and their precursors, J.
Volcanol. Geotherm. Res., 52, 231-246.

Del Negro, C., R. Napoli, and A. Sicali (2002): Automated
system for magnetic monitoring of active volcanoes, Bull.
Volcanol., 64, 94-99.

Johnston, M. J. S. (1997): Review of electric and magnetic
fields accompanying seismic and volcanic activity, Surv.
Geophys., 18, 441-475.

Kanda, W., M. Utsugi, Y. Tanaka, T. Hashimoto, I. Fujii, T.
Hasenaka, and N. Shigeno (2010): A heating process of
Kuchi-erabu-jima volcano, Japan, as inferred from
geomagnetic field variations and electrical structure, J.
Volcanol. Geotherm. Res., 189, 158-171.

Napoli, R., G. Currenti, C. Del Negro, F. Greco, and D. Scandura
(2008): Volcanomagnetic evidence of the magmatic intrusion
on 13th May 2008 Etna eruption, Geophys. Res. Lett., 35,
L22301.

Narita, S. and M. Murakami (2018): Shallow hydrothermal
reservoir inferred from post-eruptive deflation at Ontake

Volcano as revealed by PALSAR-2 InSAR, Earth. Planets.

Space, 70:191.

Ohba, T., J. Hirabayashi, and K. Nogami (2008): Temporal
changes in the chemistry of lake water within Yugama Crater,
Kusatsu-Shirane Volcano, Japan: Implications for the
evolution of the magmatic hydrothermal system, J. Volcanol.
Geotherm. Res., 178, 131-144.

Rouwet, D., L. Sandri, W. Marzocchi, J. Gottsmann, J. Selva, R.
Tonini, and P. Papale (2014): Recognizing and tracking
volcanic hazards related to non-magmatic unrest: a review, J.
Appl. Volcanol., 3:17.

Sasai, Y. (2001): Tectonomagnetic modeling based on the
piezomagnetism: a review, Ann. Geophys., 44, 361-368.

Sasai, Y., M. Uyeshima, J. Zlotnicki, H. Utada, T. Kagiyama, T.
Hashimoto, and Y. Takahashi (2002): Magnetic and electric
field observations during the 2000 activity of Miyake-jima
volcano, Central Japan, Earth Planet. Sci. Lett., 203, 769-777.

Stix, J. and J. M. de Moor (2018): Understanding and
forecasting phreatic eruptions driven by magmatic
degassing, Earth. Planets Space, 70:83.

Takahashi, K. and 1. Fujii (2014): Long-term thermal activity
revealed by magnetic measurements at Kusatsu-Shirane
volcano, Japan, J. Volcanol. Geotherm. Res., 285, 180—194.

Takahashi, K. S. Takakura, N. Matsushima, and I. Fujii (2018):
Relationship between volcanic activity and shallow
hydrothermal system at Meakandake volcano, Japan, inferred
from geomagnetic and audio-frequency magnetotelluric
measurements, J. Volcanol. Geotherm. Res., 349, 351-369.

Tsukamoto, K. K. Aizawa, K. Chiba, W. Kanda, M. Uyeshima,
T. Koyama, M. Utsugi, K. Seki, and T. Kishita (2018): Three-
Dimensional Resistivity Structure of Iwo-Yama Volcano,
Kirishima Volcanic Complex, Japan: Relationship to Shallow
Seismicity, Surface Uplift, and a Small Phreatic Eruption,
Geophys. Res. Lett., 45, 12821-12828.

Ueda, H., T. Matsumoto, E. Fujita, M. Ukawa, E. Yamamoto, Y.
Sasai, M. Irwan, and F. Kimata (2006): Geomagnetic changes
associated with the dike intrusion during the 2000
Miyakejima eruptive activity, Japan, Earth Planet. Sci. Lett.,
245, 416-426.

Wessel, P. and W. H. F. Smith, R. Scharroo, J. Luis, and F.
Wobbe (2013): Generic Mapping Tools: Improved Version
Released, EOS Trans. AGU, 94, 409-410.

Yamaya, Y., T. Mogi, T. Hashimoto, and H. Ichihara (2009):

Hydrothermal system beneath the crater of Tarumai volcano,

_19_



BRARIF LR 85 &

Japan: 3-D resistivity structure revealed using audio-
magnetotellurics and induction vector, J. Volcanol. Geotherm.
Res., 187, 193-202.

(RS B l5AET)

_20_



