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Characteristics of Water Level Change of the Shinyu
Hot Spring Pond Converted to Geyser in 2014

Kotaro Fukur”, Hajime IipA” and Shigeru Kikukawa"

Abstract

Field observations of water level and water temperature were carried out in the Shinyu
hot spring pond which changed to geyser in 2014. An one cycle of the water level change of
the Shinyu hot spring pond is as follows : (1) the hot spring water flows back into the spouts
and discharges water (0.5~1 days), (2) the drying state continues (2~5 days), (3) predictive
spouting of hot spring water is repeated (0~2 days), (4) water level rise due to continuous
spouting of hot spring water from the spouts (3~5 days), and (5) the state of full water (0~
14 days). The spouting of hot spring water was not like the eruption of usual geyser that
the hot spring water was instantaneously blown high, but the hot spring water with bubbles
was gushed out for a long time. The cycle of water level change from 2014 to 2018 was 10
~18 days except for 2015, which was irregular. When the cycle of the water level change
was divided into spouting time and pause time, the spouting time was very long with 10
days on average, and the pause time was short with about 4 days on average. There is no
example of geysers with such a long spouting time, and the Shinyu hot spring pond can be
said to be a geyser with a unique spouting and pause pattern in the world. The temperature
of spouting hot spring water reached the boiling point. Thus, the Shinyu hot spring pond
was proven to be a geyser induced by boiling.

Key words : Geyser, Crater pond, Tateyama Volcano, Tateyama Caldera, Unmanned Aerial
Vehicle (UAV)
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DRNZALD 1 FPNILLT Th o 72, OB L 7SR K S NS85 L CHiEk (05~1 H
FEEE), @F Laso 7R HERE (2~5 HIALEL), QRTIEH) Z it K OB & PEK AN 1 K
ENb (0~2 HEAEE), @B SR K ASHEBER I W LKL B A (3~5 HIAREE),
G ARIE (0~14 HHFLEE). WK OBIHNIE, — I 2B RO X9 ISR 20 5 i
%dk%:%‘iﬂif"i R E LT AT . G S ALK AR, WUH TR 3555 %
BB A HHESHTHRIZZZZY, KEMIRAICEA LT W) HTH o7 2014
~2018 4E DKM ZAL D JE L, ABLANZE 5722015 4E 2 B < & 10~18 HTH o 7. KALZ
L2 d SR K IR & AR CIX 095 &, IR 10 H R L b TR, K
IR 4 H AREE & AR A Bi2r o 72, BRI A3 S MU O RBIIC D72 2 BRI
B3 7 <, BRI AT H IR - Rk XY — Y 2O THL LR D,
7o, WM ENSIMBAKEIBRIEL Tz, o2 ER5, HndERIER S WL 7.

F—— F RS, CKIEH, Sk, LA VFE S, EASTZERE (UAV)

1. LU &®IC

WKL, SZIKI GRET 4 1 IRFE 7 B) O — A % 229 R PU#) 65 km, BIL# 45km DE R %45
MEOMM T 217 VT 7 OmIiBicix, #rik s JIdh a8 % 72722 2 KOW»H 5 (Fig.
D). B 40m, KEIEH 5.6m, W& 34 1,620m, FKig DK 65~70C, iR AKo pH
33~4TH5%.
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Fig. 1 Distribution of volcanic products from Tateyama Volcano and location of the Shinyu
hot spring pond.
This map is based on Harayama et al., (2000).
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Brgsid, A~ E CHIRRTH -7z G, 1904 5 1925). E 0%, WK TR L 72R
WARDSKOBEDOYI NI 6 4 — /N — 7 1 — L TRMAMERF S LB W KRIREEAS 72 (Fig. 2b) (i
5, 1960).

AN, 2014 EFK, 2201, MBRARDPHELTE LAY, HOTHmE# ) B3 MRRIRE 72 (1
5, 2018). MIZCROIREIIBUE (2019 4£K) T CTHRBEL TV 5.

SR ILOBAE DTGB 0T 2 BEFOHIRGE L TIL, EE, BMRRLBIEEH»ERILL T
% (IF Lk, 2016). 2016 4F 12 H, K70 10K 2 5 BB ANCEIN L, 24 BRG] <Rk
BREGADOKIEBFOERZIT-oTnd. LA L, FiETE, BAA~NOVHEA) BB SN TS
EDLDHY, KINFBOBINANITE A EFTTbN TV d o 72,

FLEE UKL 2018 AR MUK CREGR S 72 & 9 12, AKZESE IR IS B SR IE T 2 KL TH
BIDID (KD, 2018). L7zAoT, HiHOKMENLZIIERILTVWI AT ZLEHS
PICT B EiE, VIKIIOFEH 2 ERT 5 ETHHETH L.

F 72, BIRBIZKILIER B L 72 I BIG & % 2 51T ) (Nishimura ef al, 2006), KL
KOIRD 72D DB RKIROBILE FIVEEBEDITHIL TS (Toramaru and Maeda, 2013). #ri5 DK
PZALD A 1 = XA LIZBIT AR R, KILOBK R 1 = X LA DFIIZIGH T X 2 REMED S 5.

Fig. 2 Tateyama Caldera and the Shinyu hot spring pond seen from the sky.
a : Tateyama Caldera, b : The Shinyu hot spring pond.
2 EEHLPSHEIUAINT T EFHB
a:IUA VT, b H.
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FZBEHIL, BIRBIL L7288 O R A B = XA ZH LT 572D 2014 4ED0H 5 4 AT
TAH X T EMmAMZHE (Unmanned Aerial Vehicle : UAV), #EF— & 0 h—% HW72K407 - K
ROBIHBIN 24T > T & 72 KIHLTIE, 2014~2018 SEDH DKL - KIRZALDIFBIZ DO W T
W57 5.

2. A & i

SR, BN LR R S IAB B ST E A KILTH S (Fig. 1) (FILS,
2000). BN WS Ta ] (22~20 J54E%7), 1b i (15~10 J54ERT), T (8 10 J54ERD),
W (9~4 )54, VI 4 HEmM~BE) o5 s o5hs (Fig 1) (Yamasaki et al., 1966 ;
LS, 2000 B8 S, 2010).

VEIC 2% &< 7 BURIGFEAER T, FEPRLTRERBKEMD BT X HITh o7 UMK,
1990 ; BLEF, 2008). O K 1836 FEDOHIIB TORBAEKEZZ LN TS (PP - I,
1998 : &, 2006 ; BLEF, 2008).

CONHNZIE, VLA VT TN THKRESGERDFEA L, KO Gy & ANGAT) 25TER S 7z
(Fig. 1). #imid, & dEBAKOMT, AR IR D L IZHRAAMD & IFiER Twizs,
1858 4EIZHEAE Lo~ 7/ =F 2 — N 7.3~76 OZEAREIEE (Fpgelif 455&, 2008) O L wWigh
W&o THRAKDOMIZZLL, DB, HHEIFENS X5 IChol b DfEADDH D (KR, 1891 ;
FHEE, 1904). Zo%, WAE~THARIINE R OR (FE, 1904 5 1925), WA ~2014 4F &K
REDSFE W EHS, 1960 : fEHS, 2018).

PO AKE, ¥V 2B (300mg/L) T, MERAFICIE YV A OERREIHI LT B
GRS, 1993 5 AR5, 1999). %9 HR 22T ) H OFRRED A - EREL, R LA
PhEFA (BIVRESR) PEAMEIN TS GRIIS, 1989 ; #31, 1993 : @& S, 2007).

FWAIE, 1801 FICARNASAFHE Lz [EMHE] L) FWIC NEOIRY ] &) 7Tl
WENTHBY BT, 2010), LKA T TICER SN TW 2 RESH L. 0 L1, %
BORGBE I FE LA 1S b Friss CIRRAKDSE I L C 072 RiAsdh 5722 L 2 RIET 5.

PGS, CORMAZERT L2 & THEIMESE IR S (M4, 1898 ; 1904 ; 7%,
1904 ; KIF, 1891 ; A, 1895 : 1904), EEMIZH I % o 72, Frigid, II—F2GKILTH 5
CLERTIETHLEE, GSLBEMALVIBPTELVEYZ EAN L T 5 R2%5HE S 1,
2013 4F 10 A 17 HICE O RRGL W ITIRE Sz,

BUE, Bl U2 HERBIE X e v, FIEARE & T ILEP B BT A B L T v B A IR EE
PB4 LC, AGAMPEH F CHECIT & (Fig. 2a), =0, WABZIED 12 40 SREEH %2l
WTT7 7u—F75.

aul

3. MMEFXE

3.1 FILVEYA VEIKEFRER

201949 H 20 H, #rimidT EA%> THEA5E2IC# I L Tz, RTK (Real Time Kinematic)-
GNSS (Global Navigation Satellite System : &AM 2 X 7 2) #F#WA UAV T, TOHOHEE
BAOZERE % 54 Bfsg L, SIM (Structure from Motion) ¥ 7 h TF ¥ % VFKJEE 7V (Digital
Surface Model : DSM) &+ VY B4 7 WifgaxEk L7z (Fig. 3). & 5I2SIM v 7 b T DSM
72 & Py it 4 O FUAR & AR L7z, fEH L7z UAV & SIM ¥ 7 M idZh2h DJT 41 Phantom
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Fig. 3 Ortho-mosaic image and isobath diagram of the dried Shinyu hot spring pond.
Photos taken on 20 September 2019. Contour interval is 0.5m.

3 FTEN-EFIZEOFIVY TV A VEGKEFEREER.
2019 4E 9 H 20 H¥fe. SHEMMREIE 0.5m.

4 RTK & Agisoft #1:% Metashape 1.5 TH 5.

FVV WA 7 EEOFEIANI D 5 EARO WG BB LR &5 ol Zll#EH GPS (£ 4 —
75— A& GEM-2) THEL, IV EFA ZW§EEToOMEE L TlEZEZRD 7.
ZORER, KFiRE HERAEL D S5em RETH - 7.

3.2 JKALEA

20144E6 H 11 H~20184F 10 A 23 HIZHTG DRI A AT T AH A T % 2H%1E LT (Fig. 3),
ME % 10 SMBECTHE L. A4 L5 T A0 X5 OBBICE > T izillmo#ipEz, Fuvy £y
4 7R ESEEBHICTTy M LT, E§HEkOKRME SIM YV 7 b ETHEAR - 72, K2 10
cm [HIBE TREAR - 72,

f#if] U727 X 513 Brinno #:# TLC200 & TLC200pro T 5. AFEIHMIITIT W0, F
B X AR R M OB TR H o 7.

F— RS TE 2 MIMIZ 201446 H 11 H~10 H 29 H, 2015486 H 1 H~11 A 23 H, 2016
E6H2H~11HSH, 2017466 H 14 H~11 A 18 H, 201846 H 15 H~10 A 23 HTH 5.

ZANTGTAH AT X BKVBINTIE, HEROKRMZBINTE 2V, 20720, KiE30cm (K
f753m) EKE2m OKIZ 36m) I[CHEF— s uf—%2%EL (Fig 3), 30 45k < A K
W2 AT VKA OIFENT A L7z, HEAT 20~30C 2R T L2 d & v 3 — 29K FIC@H B L
2RI L, SR A L& Z3KE L7 &HIR L 7=,

i L7lE T —% 1 7 —I13 T and DB TR-52, i+ > —13 TR-5106 (&5 +0.3C)
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ThbH, MELYF—13Z20 LI BRTHKICEAZE Lz, = u b —@piKknLLz79 A
F v 7 — A ANART & TR ICREE L 72,

B LK EE 30cm (KA 53m) 25201446 H 11 H~10 H 29 H, 201546 H1 H~10 H
29 H, 201648 H24 H~11 H 8 H, 201746 H 14 H~10 H 28 H, 2018 4-8 H 22 H~9 H 26
HTHhb. KiFE2m K7 36m) 1£20144E8 H 19 H~20154E7 H 29 HCTH 5.

%B, WALKERCIRBERKERICL ZBIEI A NOEET, ¥4 LT TAAATBLTREF—¥
O — GBS ICEERETHEEL:. 202D, 1EDE OB RALETDH - 7.

3.3 RRKOHEEOMEDERESH

RIS IE, PRI L 7oA A 3 2 A B B & b 10U L 7 W BGOSR 0 K A 5 5 T
KIAWRD 2 Ik E T BN, BIAN=ZAbRES (5, mm)%w@%%ﬁmi%~
70C &<, BRBBROTREEIEVD OO, BXBEBRTHL EMET HI2I1E, hHzBis
MR AK DM 2 RS 2 LB D 5.

Z 2T, HGORBEAKOE MO 1 D THEET— & 1k —% Hv /24 OKRBIE % 17 (Fig. 3),
WS DL K OME 2 B S5 22 L7z, BRI 2016 427 H 19 H~9 H 15 HO 58 HIEI T3 5.
g7 —% u#—I1k T and D 418 RTR-502, ikt ¥4 —ZHEEPUERE & > — TR-8110 (ll
EREEE £015C) 2w WEX Y —@ENMOEoGOENE OKESm fHik) 123kAhk
ATHEHEL, =20 h—E3ARKNL LTI AF v 75— AN, RTZHCTHEICEEL
7=

4. KL EKRERDBHEBIFER

4.1 MEMF EEHRODES)

Fig. 33T kAo 728m o4 vy B9 A ZHREFREBKTH L. ZORD LHET R o
E XA 47m, BT OE XA 39m, AKEDF 5.6m, MIKEREAN 1,330 m? MR AR )
#2642m° THDHZ WGz,

TRAKDOEHITE DL & H 7TOMETE (Fig. 3). [FEACOBEHINEMEOHRLI ) LR
RHIZDH K S5m DT ORIEERIZHA LTz (Fig. 3). BWHOIOEEIX 40~50cm TH 5.

R I PE RV ~ BAL I O J AL LT w7z (Fig. 3). S OBEFIH I, Frdfiia £ ThosC
WBIGHTE, BREIMTE oER (Fig 1) L13E—%35 (&H, 2019). L25-T, BEHEO0OK
BEAZ VBRI WTREG & [H CIS 035253 5 L T A W RetEdsd 5.

4.2 BALTTAH AT DER

Fig. 4132016 46 H 2T H~7 H 5 HOHBD ¥ 4 1T 7°X 7] A FTHEDO—ETHAH. FrimTid
AR E ) IR RO 25RIE$ 5 &, TSRS S35 LTl WA F RURM2STRE L 71
(Fig. 4a). AL FREFRIE, WICEKEA R 5% (Fig 4a).

MR P HIT & TRk L7z (Fig 4b). FEA > T AU, WA S IR RIS
AL HDIT o7,

T L5 Tw 222 HEIZ & 726, KDY 0.7m FEEE F ¢ 2~3 Wil < L T 89 2 miJkig
Zeim s KIE 28 3 [MNE &5 L7z (Fig. 4c). ZORIRAZEHASAR SN2 EIE 1 BERETH -
720 BB, AN RIERAKOEH ORI 2 (minor eruptions b < L i preplay & FFIE
N5) b e, HNOEBOBRKRETOLHERINTWS (Hurwitz and Manga, 2017).
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fRIFSERES, BRI 2, A %

BRI Z W DS & 7= I o 1%, #k
Bl 72 AR AR OBEHNC X o TRALATE S
LCw& (Fig. 4d), #4 HHTHE
WiAKIZ 7% > 72 (Fig. 4e). iAKW 3
ENETER= ARy

BB, FHOHRKEINI, Koz k
I IR AR R b7 o TR, 1
R ERES 28 0 R L 22558 & 1T
WMEICZ2E 0, KEPHAICEALTY
LW H#AH 5 (Fig. 4d). HvIg
WA & T S K AS R NS B~ m
DS FTRE EASEE ORGSR L1
AR R 7 5.

4.3 KEIZE{LOEIBOEAREE

Fig. 5122016 4-6 H 26 H~7 H 8 O
DI A LT TAN AT EED S HAI -
7B OKMZEALD 1 M ERT. By
DRMZEALE, REASTHL T R
(LLF, TR EESR), 248kl T
T EAo T2 (LU, T R &
&), BRI KA AVER T E T B
LR (DUF, widkil & ), fkbeny
WARREAS R LT I (BT, L&A
WEMES), SKREOME (LLF, i
K EIER) 12355 (Fig. 5).

Fig. 6 12 2014 4 & 2016~2018 4E DKk
MEALO S OWMIEZRT. 4.4 T
WD K912 2015 F L IEFITA BN 2
KA TH - 72720, HHEIED S 2
SV,

KR o W T BT 25 05~1 HIH
M CEMFH 07 HE), T EH2~5
AR CFE% 3 B, mrdkiias o~
2 HIFEE (F39# 05 HRE), LA
3~5 HREIRE (P& 4 HRE), WARM
A30~14 HHFEE CFE% 5 HE) TH -
72 (Fig. 6).

WM ZF S > EMIERICKE
otz TORRKIZOWTIE 4.6 THRX
5 X910, oM T, AR
KROBAGED L% D 225, 1D
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7K{iL =0.3 m 2016/6/30 6:08

7Kfif =5.6 m 2016/7/5 6:51

Fig. 4 Water level change of the Shinyu hot spring pond
taken by a time-lapse camera.
a : Declining water level b : Dry condition, ¢ : Predic-
tive spurting, d : Rising water level, e : Full water.
K4 ZALT7TZAHATTEREL EFHBOKLEIL.
a: KRLFBE b T EMPY, c: Ak, d: KAz
5, e ik
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ORI 2 H A A - oKD MEE SN D56, GAMIEC, SAlozic, 9 120t
KU DA A - KOG D B, WK R b 720 LHEN S 7z

fRLEHARS B HHARS
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Fig. 5 One cycle of water level change of the Shinyu hot spring pond.
5 FiZEDKGEIEED 1 FHA.
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Fig. 6 Time duration of each state within the water level change of
the Shinyu hot spring pond.
The horizontal bar indicates the average value.

6 FHOKUEOZHEOIHEE. Ak VFIlERT.
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TR, AR ZE, I % W REE
4.4 KEZTEOBRELL
PN ZEAL DIRFELEAL T A THA D, Fig. 712 2014~2018 £ Dy 5 B DKM AL &2 K7 . K

2 0m 23 bAd o 72 R DR AL, KA 5.6 m 23 ZKIE DIRELTH 5.
201446 H 11 H~10 A 29 Hi3Ay 10 HABI Tz # vk L7z (Fig. 7a). I DIEDKMZEAL

FIZFEMNTH 72V R 5.
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gat--——+-1-+4--- AN [N Y N Y I N D [ N O N | SO
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0 ; e T . T
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2018%

Fig. 7 Changes in the water level of the Shinyu hot spring pond between 2014 and 2018.
7 2014~2018 FEDFHDKAALZEAE.
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20154136 A 1 HA»H 7 A28 HE TR 2 » AlIZh7z» Cilikiask & (Fig. 7b), €0k, 7
H28H~9H 17 HI23EFTimzf B L7z, 8 H3 HIIEARMAT26m TEA LT CICTRE,
OHIHIZIIAMA36m T TEALTIIHBICTRT 24%E, MiKICR S R VWKME/ S —
Yhaonl OFI7TAPSIE1L H 18 HE THUW 2 » IS b7z o THiAM A7z, 2D
FORMZEAIE, FFIABATH 72 5.

FIR SITHIER IS X 2 A IO MEEE I ) HU T KR E R O ZALITHBURICIEE L T2 o0 EM % 21t
S5, BlzIiE, 500 LLEoBIRIEAGAES % RO BRI TH 2 KE D4 20— 2 b —
VESNLARTIX, 200247 7 A - 7 HE (M79) OB, EE2 S 3000km DL T

LML ST, BREBYOEE LZbhA SNz (Magma and Brodsky, 2006). JEH oz
1biZE o A e 7z

i OB T, 2014411 H 22 HIZ, RIFEAEHIEHE (M67) 25%4ELTwab. 2ol
BORIFITHE S 30km 2 L AEEN TV 2w, 2015 4R ISHT S DKM ZAL DA BN 72 o 72 D1
COWBICL > THHGRBLOGRIZO IR EL, T KROREENED 722 L HEK
THLHEND D 5.

2016 46 A 2 H~11 A 8 HiZ# 11 HEWI T2 R L7 (Fig. 7c). I D42 2014 4E128
LU 72 TR e KB LA S 7z, 2B, 11 Aha DI A E { 2 A @I h A Sz,

201746 H 14 H~11 H 18 HIZ# 18 HEMI CTHmia# VK L7 (Fig. 7d). Z OHEDKRZAL

T TH o 7275, FEAERIE 2014 £ 2016 FF L D b RAo 72

2018 4- 6 A 15 H~10 A 23 H H I3IZFWIMIC T2 8 0 B L7- (Fig. 7e). AN 6~8 A%
16 HCHo72h%, 9~10 HIZ%2 5 &3 11 HEEL oz,

PLED X912, 2014 4 & 2016~2018 D F s DKM ZALIE, 10~18 HEMITH 5 Z LA 5 )
WX o7z. F72, 2015 4FD X ) ICABM KMV EALZRTELH L LG h, ZORKE L
THIFR ORI S 7z,

4.5 MEH - AIEHB O

Fig. 8 |2 2014~2018 4O #ri W & AR I 028 b2 7R3, WG, wiJRM, 5,
WKW & G 72, RIERIRNE, TR LT Rz &bl TH 5 (Fig 5). mid L7z Xk
912 2015 AEIEIEE ISAHAN K EBALTH o 72720 WEH - K O 507 22 5 B 72,

RIEII X 4 HERiE TIRIE—E TR L7z (Fig. 8). Zhuaxt LCTHEMIIREIE, ®ETH4H
M, ETR2HMEIEZSDEXDIEFICKEN -7 (Fig. 8). MBI O34 10 HE<T, K
LW & 0 & 25 fi5 b Bv.

Axa—2 F—ORIRIBIERIE, BB, I E S BRI EE T, ﬁ‘ﬂ:ﬁﬂfﬁ@ﬁ
A E ) b I~ 2HIFERVWA—F—DbDRF LA ETH S (728 21X Bryan, 2018). ¥
WM AR 10 HR & 2 hDTEL, Lad, EEHHOGAMKIENK XD %)%Ziéjf‘ﬁ'e’a
25 DRV, 2o, MRIIZA TS IFHITHERZE - RISy — 2 OMREE VR 5.

4.6 EMEOMEDEREZL

W A O EE L, KA EFDIEE - 2 EBZICH 0C EF TR AL, KA EAPHET - TI1
HREEREL T, S, IR SCTRE, HEMAM<T, RET5 L) 2REE mww %o
72 (Fig. 9). &K, REIT 2 L9 2mEZMG T > 2% D - & <, IEKiREE 100T
iz A5 ELH o7 (Fig 9b). Hr ol mL = ﬁl&Mn@%ﬁiﬁ%CT%U W REL
Tk E KL SN TV S DRFEET, FrdfRBERL v 5.
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Fig. 8 The spouting and pause times of the Shinyu hot spring pond from 2014 to 2018.
8 2014~2018 FDFZFDEE - FFIEHAME.

g 50+

0
78 8H 98
20164
Fig. 9 Water level and temperature near the spouting vent (6m in depth)
in the Shinyu hot spring pond from 19 July to 15 September 2016.

a : Water level. b : Temperature near the spouting vent. See Fig. 3 for
location of temperature sensor.

9 2016 F7H19B8~9 A 15 HOFHOKMAEEHOME (KR 5m &) DRE.
at KRE, b EHOEORE. REL S —ofi#EI Fig 3I1TR L7

8H4H~IIHEZH 2T H~9 A 1 HoWAMIZ & <, 1 BMFT#EMgHE L7z, Wi s
BB A oK, WIRETIC 85THIE £ TIRT L7z2%, WIMEEd LA gFIces L,
EITRIT VD L3R A% EACiE U7z (Fig. 9b).
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8H19~20 HE 9 H 9 Houli AW IZH T A 1~2 HM & B o 72, BT 0K, Wik
W& B I 2 UK Lelr 72 (Fig. 9b).

ISR L7280 T, WKW AT pH 2% 6 Bifs, @K pH 5% 34 T, Gk o®
e S BB OTRBAKDEE LT B R SR S i Tw/e G, 2018). ool ehb,
FHOWTIE, A A - BEKOWEBEI LR LD 22050, 1 2OMBHZ T A -
RBPHE SN B H6, WARENIZE S, WAMoEFIZ, 9 1 2088E»S 7R - REKOM%
KWHDBHYE, WAKMEEL &b LN S,

AL FREDIE E B & WEH T ST DI 1 25~40C T TRBICIETF L, T EBICA % & 25~55C
THER L7z (Fig. 9b). T EMICIZAFOEEZZT 2 WEK TH 40T E2BA L HEI RSN T
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