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Abnormal Temperature Increase of Thermal Waters
in Gora Spa of Hakone during the 1960s
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Abstract

In 1967, a notable rise in temperature of hot spring waters was observed at wells in the
Gora area in Hakone caldera (we call it the 1967 rising event in the following). The 1967
rising event is important because it was regarded as significant evidence to support the so-
called Oki and Hirano model (1970) which explains formation of thermal waters in Hakone
caldera synthetically. The rise in temperature started abruptly on May 23, 1967, at hot
spring wells located in the west of Gora area. Thereafter, when equi-temperature contour
maps at the point of one year before, three years after, and five years after the 1967 rising
event were depicted, it was noticed that high temperature area extended toward east, and
the observation was considered to show that the rising area itself migrated eastward. We
performed a detailed research on the rise in temperature of hot spring waters in the 1960s
to the 1970s using all available data. We found that (1) rising in temperature was most
notable at wells on the eastern end of the study area, (2) the rise in temperature at those
wells had started before the 1967 rising event and continued till the mid 1970s, and (3) the
rise in temperature was most noticeable at wells of Type 2 in the new classification of hot
springs by Kikugawa et al. (2011). These findings about the rising in water temperature in
the Gora area in the 1960s and 1970s are concordant with the idea on the origin of hot
springs proposed by Itadera et al. (2011).
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)V (Oki and Hirano, 1970) % 3353 2 —2DOH N MBI E SNz &) 5T, EERERE R
O, R FAIRBIXICH HPFIR T 1967 4E5 H 23 HICERIET 572, 0k, HiEDUGE
5 1R, BT > THRIEB L5 ERE L7-H A COMBHX Ol OSRMEIZ BT,
EIIEASHRANCIER LT WA DI, B ER LHAZDOL DR EAE S Tz Z & &R
EARGEENT. ZOREFEBRIZIOWVWT, bbbk, B, TFICANLZEDTELTN
TOBHT— % % TR 2 Mit 247w, TR 257 (1) FiREHEROER O
HFTHo LB WEE o7 (2) T HDIFTTOFRIE 1967 ELHNZAE D, 1970 44X,
FFFohivze. ) HEAHV. 5720135115 (2011) 12X 2 L WIREDHTY 4 7212
B AR 572, 1960 4EMEAH 6 1970 48T TA U2 HiBBRICOWTHO IS 0P 72
AL, BEES (2011) 10X o TIRESINZIRBEKORIFICHET L EZ T EBENTHS.
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1. BLC®IC

1967 45 A 23 H, MHGREHEO ORI EMIC LA L. BREAEOELZA55 A 23
HEREINTWDLOUE, MR UMEERE OCEREA 50 %) & ARIERFEERE R o
AT 80 &) ICBWT, ZOHIIRRIREDOHEE 2 EANHNEINE»STHSL (KADL, 1968a).
ZOWAEZTT 6 AMAICIRE MR FERT & /N HFE AT 2SFBR S CIA C FEh L & IC I
X, W EHAE U0 3mEE, MBS HIBICBE SN, ToMIkEREZATIOCUEIZKRAT.
272l ZEKET, T, MBMXORTLRAELEP BRI D -7, KRS (1963a)
WX, FENELR FEE TR Tl BRI RIRANZIZ OISR Y, FiRE, oM B AT
DNTBIEEPFIR TINS5 A HBD 10 HICHR ORISR 72 W) 2 & TH L. ZORF A
B4 (LUF, ARFCid 1967 aFARA X2 b EIFFR) (&, FROEREORHEICET 2 whw 5K -
SEEE IV (KRS, 1968b ; Oki and Hirano, 1970) 25%ME SN7zB32, FOEELRIBWO—D &
SNzl vy HTEELEHRTFD.

Figure 113, KA - FHEF IV OMELFHRNWIIRL72bDOTH L. KA - FHETF VL, H
WMTROLNZEHAMBIIOVTOZENE TOBIFKRLZERLL T, PRAORMETH SN E
LIHBYRCHM LT O IR, ZIUIH T RESPSHIRICE T 27— %, FIEH I KOE T TF
A LTS HEFHREIGEE 2 S HEFICANT, fha 2R E %2 REOMRE O M54 OB ZFHHT % &
EDIC, FNZFROREORREOERZm Uz, Wi, RO KINGE) & 53R o5 BRI $
HREMGETFIVEV) ZENTEL., ZOEFNVIIBWT, MMROBERIISE IW, S04, HI0
W5, Na, Nbafk B ahs, & 1o IZh IR TR BIE RS 2 BIEmRER T, #
OFIZEEINDHEEA F VIZKINTAD—DDFERS TH SHALKEI R TEL I TAEL
b bR EN. B OERBEMBE S, WBE 2 CREYE 2 ERBEOETE
LHOT, ZORBYEOBAGIRIIFRKILOBIHIIZZ AT FNHERIEOHED TH S 9
LRI N, B ORRIERESEIAWR T, REEBEOMTERE LY EA L&ty
W28 T B E O KINPAEK LA T AN ST, ENAHTRRENC X > THIBRHE 2
DOFRICBE L 2D OBG Lz oL S, FHROEROBTHE—, HEIZY 7 <RIEOWK
GWBEFRAATHEEEZON. ZLTC, HENamORE IR EENFORE, T728END
it OIS NE IS TIB I 2 b O THIRAKIIEB O EHWN 2 B 5132w L g 7z (Oki and
Hirano, 1970).

KA - FHEF LT, HH ORI RIEREEILE T 20 & LChIvk O ERENRL
Ta &SN, FAECZFROGAE, ZOMEEeRTHOLEZ 5N/ (Bl 21 Oki and Hirano,
1970). 1967 SFDFFEAMD T, BiOUIE DB AIRARKEINZHMIZIE A 5> T o 2FE2IR L7
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Fig. 1 Oki and Hirano model on the formation of hot springs in Hakone caldera.
After Oki and Hirano (1970).
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LAL, 20, FHRRELXIZIHB T 1960~2000 FEOHBIT S N2 TR 7 — 7 DK
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B LIRS W EEIRIRT S ERRTWE. FiBGIZOWTONTHS (2007) 75, Oki
and Hirano (1970) OffME KE L B 5. Z L CEFOUFILER BN GmORBIZLEHL L Z &0
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ISR DI OWTELE L7z (S, 2011 HSFS, 2011). 1960~70 EALD AL G OIS,
KR - PHEFTVICBWTEELREH 2R L0 LFAKC, ARHLOEROMHIL, bhvbh
DLV GTHETVICE 5 TH, TORYEZHIM§2 ) A CEELRHL 5. AFETIEZ
D) BHEEHROD 12, BIEAFTELTXTOT—F 2T, 1960 444 5 1970 £
P TORMHROFEM MG 17 o 72, KWTIE, B, KETHCZZT—2I1220 T, RkW»
TH 3MTTOMATHRERICO VTR, RBRITH 48T, S5 R FIR O IR O K G 0
LTHOEZEIIOWTm L 5.

2. 7 — 4

FERLE 2 B 2/ N RAL S T, IR ARICERIN TV A TRTOHRRZHS
ELTVBAY A (ERERAAE) 2EBLTVS. ZoVHEAYEER, FROHBITZEW TR
SROMEE, BN, EEE BB EZENTLILOT, RAHVWT—4I1E, B RED
1925 4¢, EEHD19734E, FIKMATIB6 ED LD TH L. RAEOHEIZ, BXITE, HDHVIF
W LR 2%, B, 1960 440 F TIEBURIC—EE, 1970 454872 5 1990 4EARHTF: £ TI1dm4E,
ZNUFEIE 3IEIC 2 EOBETEBENTWD, R THRE Lz01d, FEREFRAIC X 2 P50
BOFRDIMET— 5 TH 5. Matog e LFROMEL Fig. 2 1SR L7

T OPE L, NHIERERALF T OME S F R OREC L > TTo 720D TH 5. Bl
BT, REROMHIEIEORBER, WEICOVWTKBIRT S Z L EARTERTH LD, REF—F0
R, RERIORETH S 0ICHRETHLEELLLNS.

3. BWWER

Figure 3 1%, Ml 1967 EHIMA X > MRTD 1960 FE75 5 1966 4 F TO KR O P,
W ZOTPEE L FiRA Ry FED 1975 S TOMMORSREE D% (AT) 2t ->T7ay
ML72bDTHAH. L OBFERTRBIMENEA LI EDRRTENED, FAR-500H5.
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Fig. 2 Location map of hot spring wells in the Hakone Gora area. Thick line
in the right map shows the rim of Hakone caldera.
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Fig. 3 Scatter plot between the average temperature before the 1967 rising
event and change in the temperature after the event.
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FURR DS, AT L 22 IS o R SIS T X D D, T LAEM O E IS { 54
LCWAIZENRTENS.

RH - R (1973) 1%, 1967 4EREA XY b0 14EFT &, 3R, 5HEBD, ZRENOBNTO,
FRLKIE RIS B 2 RSN EZ 2L T, ThERICATREAKEICHABE L T/t
s L7o. Lo L, Figure 4 125 L9102, THfllbisidd & b BRI L Tnwb LT A%
DT, FORE A2 OFETORIRO S 2 AR TH AR L2 KO ZE % B2 O3 L v,
Z T, RYBIZHMBEDPVWUDLSRICKATELZOPE ) EMEIO L7202, HIEHINIZ4 20
V=Y TY 5T, £V — Y HNOBFROBIEN R RELNEERQTTay b LTRLADD Fig. 6 T
HDH. T TIUE, 1967 FEFIRA XV M ETOFEIIREE & 1970 £ O R ERE O M T 3C UL LoD
HHFERICOVWTOATT Y PENTWE. ZOEPEADBFERDFIET 52 (Fig 32R), 22
TRAWMBAZITFEHT A L E L, 9 L2RRIZBR 7. Figure 6 (21%, 1967 4EA-0A X~ b
DEZHERVERTRLTH S, Thhd, #AEMIBEOL > L HHMD D vV — 2 Tid, 1960 4
ROFEH, T2bbHMRL D QRO T TICRED LA E > COZHREH 5722 &
BRTEND. B ERALZIH T, ADSDOTRTOFLTHIBELZHRYTDH 5. BEREGE
Wk, 1967 4EFRA XY M LD ED 1970 SR AR o TH S DIRED 1AL T BIRRDS,
BIZHEDOD V=V TELRAONBIETHAH. 29 Lz, FAiROBRMIRHRIC D W T D22 %
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Fig. 4 Location of hot spring wells where the average temperature before the
1967 rising event is shown by light and shade of the black color. Small
dots indicate wells where the average temperature could not be calculated.
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Fig. 5 Location of hot spring wells of AT=0. Magnitude of the temperature
increase is graded by light and shade of the black color. Small dots
indicate wells where the change in temperature could not be calculated.
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Fig. 6 Change in temperature of hot springs over the years from 1960 to 2009 for wells in
four zones A to D from the west. The zones are indicated in the left map. Small dots in
the map indicate wells where the change in temperature could not be depicted.
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THERFEAHNTCWAZ EDb2D. ZOLKNEICH: 2 E LA O, i 60~
70C 72 o 7R D% A3, 1970 4502 A - T 80T ML Lol 7 o 72, JEH - FEE (1973) 75, 1967
EAIA RV METTRDZRE RIS BT 2RISR 2 AT, Wi RB ICRICIER L T & 7
B ARoNDZLE2b-T, FRBLZODOPHICKEE L CE LM L-DE, BIRFRO
BRI > CE 722 L EREDPECZ L EPRASNTLE Sz TRV EHEE SN
5.

NS (2011) (&, FREEEAEHI VT IICBNT 2R E 6 DD £ T3 58 LW ir
FREL. ZOSBIIRERRCEINLIFRREA L VY ERRICEDSCZDDOTH LH05, HKEDS
(2011) 1%, MRERNARLE E EEREA F » OREOBRZFFICHN, ZoBE» 5% 51 7Ol
WOEHRIZOWT LM ETWS., ZRICENE, 74 711, FOERIIBITEBKOFGH KD
K&, KK - EHEF VBT LENMFTORBISHYET L. ¥4 7 21XFEFIVICBIT L EN
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Fig. 7 Magnitude of the change in temperature in each period of (@) 1962-1966,
(b) 1966-1969, and (c¢) 1969-1972.
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IZD2WTC, FEEIEHPYCR O EA ORI S L SN A TILKET ADBILIZ X - T, FkE
I ) A NZ2EREICHRT 5 & SN7z28, WS (2011) Tk, 47305
S5OHDENSEDA F VIRENERFMAKL L EOHBEZRT I ENnD, TNHOBRA T ¥ Ol
B LDOKRINFTATHL EHETH LTS, ¥4 TF3L 547 4DEEL WEAF % i
MELELH, BEALEENZETRVRTH LY, BEDT A T4 TIIKIUTZADOFLGI/MS W
DTk RwprtiEEshzz. F/2, 747518, 74 7 1IEETIE RV A 4 >~ 2L
Gl enn, IA4T1OWRAKPC SENRALTVEDTREWNEEZ N, B, 1
761, BAOKB A OB T HIRMBAKEREIBTEY, S (2011) Tk, FNE&FEEED
boL L THHFINT.

COFLWAHIIBI 5457 4 TOMHED, 1960 SFERA 5 1970 AT COFMIGITHE L
TED L) B bz Be7-h1d, FORBRENGRE QBB TBY, KI5
THhb. £ZT, Figure 3I2& 5 A4 7T U RIVELEZ TFHIRED 2 /504 # 75 L, Figure 9 12,
FNEFNDY A THIZEZOMBOFE R THRPKE» o720 %R L7, Figure 8 0°51%, Z®
EFRDPOHHTH LD, 471 OFRIFEBT2HIBIKS T ICEHRTHLZ L, —F, 47
2B LONLEROLDETHALTVEIE, ¥4 73555 I FHBMKETHS Z &,
ZLTC, HBEIPSHEHLTWEEEINZAT6EFA4T1ERIULSOWIZHEHIRTH S I EHNHA
Tehb. F/, Figure 92251, KRELZFRAPELZD, 4 720MRICE L, FiCEd
MOLFRETIEZDIZEAETRTCOFRRTHIELZZ DDA 5.

Figure 10 1%, %% 4 732, WBEREORFELILE 7oy b LAZHDOT, Thrs, ¥4 72
DIFIRIZBNT, 1960 FFARDOF VR TAMEDIME T > TV D I EDBHRICATENS.

301



U

SFEE, )], S HBR

35 15N+

N
Zadlos

03'E

Average temperature
before the 1967event

(c) o

o 10 80 (°C)

- E S EE—

23 ® —.—A“—'H o

g P - S % TYPET

go O TYPE2
60

22 w 2 50 & TYPE3

$% w S o O TYPE4

?ge 20 A TYPE5

Q10
< 3 O TYPE6

MR

139°03'E

Fig. 8 Map of hot spring wells where average temperature in the period before
the 1967 rising event is shown by light and shade of the black color. Each
type of hot springs proposed by Kikugawa et al. (2011) is plotted by different
symbol. Small points show hot springs whose type is not known.
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NFIBABHE OHLH D -2 &, T2, FRLZFERORSED, BKOFENREVST A
71 OR E KB T REDREGHICL > TR ENDLEALNDLIA T 20MRERTH-722 &

302



7562 % (2013) 1960 AU AR BRE OISR TREN & A 7= B FIRBR

35°15'N

Change in
o (°C) temperature
5 s 20 (°C)
®
g [ ] 15
g . bt % TYPE1
S x U o O TYPE2
T » . ° '%_L & TYPE3
) [ ] O TYPE4
) ® 5
= ° X A TYPES
5 = 5 %o 5’[
5 o 2 A% o0, ® , O TYPEG

139°03°E

Fig. 9 Same as Figure 8 except that change in temperature is shown instead
of the average temperature. Besides hot springs whose type is not known,
those for which temperature decreased are plotted by small points.
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{VOT, ZZTCRERARPAONIZZ EIE, AFETFOEELSBEKROTBADLD 72 EZ 5
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A4 T2DENCIE, —FHDIA T3, 475, 47 6DOFERTHARPBN SN (Fig. 9).
EDHIHLI AT 3, FA4T5OWHRIE, WITNHIRREENS TOCLUTORRTH Y, AhidERo
BOKOWAIZE B EEZZTIWESLD. ¥4 761220 TIL, A4 DEEELORNZWHRE L2 L
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THROBKDOTA L IZHOERIZE B D9 Ltk

1960 4EFL A 5 1970 A2 AT TOFHIEBIRIZO VT OSHE OMETREHIE, TEROMRIZKE <
ZEEZMLLDES A L. ETHIF1) BLU2) offRiR, FilphItkORIZEWE 2 AH
L5TCTHLE, LLAWHBWOPTIEIZINL L - QEENTRITHTE 722 &, Fd 1967 4F 12
ZERIET 572D TR %L, ZRUMPSAE L TWZZ EE2RLTWAS, REOEKREE 2 5 LT,
3) DHEENERTLZEDEETH L. bbb, RD4) ORFFEEADET, MBI LR
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Fig. 10 Change in temperature of hot springs for each type over the years
from 1960 to 2009.
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R ERIC D72 2B L ZHDBDEEZZTVNES ).

L ZAT, REABIEHITEH SN0, BARRFOCHEOR R OUEHEH 50 %) OMmE
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THb. MERRBEHOBEIRIZZOEDOKICIE, REF LAWICR 722 P RRENRTWSE. &
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