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Chemical evolution of volcanic fluid present in the hydrothermal system developed on the central cones of Hakone
volcano caldera
by
Takeshi OHBA*, Takeshi SAWA*1, Noriyasu TAIRA*, Michiko OHWADA*?, Noritoshi MORIKAWA*?,
0 and Kohei KAZAHAYA*?

Abstract

Fumarolic gases the gases discharged from borehole and hot spring water were sampled at three geothermal areas, Owakudani,
Sounjigoku and Yunohanazawa, developed at the flanks of the central cone of the Hakone volcano. The volcanic gases could be
classified on the basis of the redox potential and the CH,/CO, ratio as follows: 1) oxidized magmatic gases, 2) partially reduced
magmatic gases and 3) reduced hydrothermal gases. For the above sequence, the chemical evolution of gas occurs. A hybrid-type

132
Xe was

gas—a mixture of magmatic gas and hydrothermal gas—was also observed. An excessively high content of ¥Kr and
observed in hot spring water in comparison to % Ar. The excess amount of *Kr and **Xe could be generated at boiling, followed by
a quick separation of the conjugated vapor phase. The Mn/Mg ratio of the hot spring water was identical to that of the andesitic lava
of the central cones. The Fe/Mg ratio of the water was generally smaller than the ratio of the lava, thereby suggesting a deposition
of Fe from secondary minerals such as FeS,. Several water samples were equilibrated in terms of a precipitation reaction involving

FeS, at around 200°C , which was supported by a similar temperature range estimated by the SiO, geothermometer.
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Fig. 1 Location of Mt. Hakone
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Fig. 2 Location of geothermal areas in Hakone

volcano caldera. The bold curve outlines
the rim of the caldera. The filled
circles denoted by 0, S and Y indicate the
geothermal areas, Owakudani, Sounjigoku
and Yonohanazawa, respectively, where the
volcanic gases and water were sampled
The filled triangle indicates the peak
of Kamiyama, which is one of the central
cones in the caldera. The filled area
that denotes L indicates the Lake Ashi.
The interval of contour is 200 m in
altitude

TEEIEFEIRIC LT 135N, 4%~ 7~ IEH)
DEA LW EIBE &2y (BTHE, 1971), K3 F
FERTOELKIRFIZ I, Wk 0 b L 23 LB LS ZE L
TEBRIENC LT, RIBEZIED b, 7 /85
JERL S Ltz OOK - #5 /. 1975),

FAAR L CTH L OIS ENL R W, BT TN T
T O ORI I3 2 (B4, 2003), *FiC,
2001 4% 6 A 75 10 AIZhT T, IHF e HERTEEI 23 =
V. ek H EOH N CHRERSBIR S du, LRI H
WA AE b6 L (fVH - fll, 2007), FARKLDH
AT ZNICIE, 15000 AASEE L, FHLTREH S5 TA
DBIEEDHN TN D, FRINIIIT D KK EZB Ik
T 27D, KINFRZERT 50BN H DH, M5)IIR
TSR AR FE T IR AR (LT A OBLI 2 1961 4R LIk
EhE L T3 (http://www.onken.odawara.kanagawa.jp/) ,
BT X, HORTEE), HGSAE), HONKRAL, IRRKE
AL ECh A ERUTBIIEE I2E T Tun Ry,
ZOOESOEMEE, KUK AOHERLERELENE B B)
b3 L <, BUANCFMDB 05720 THA D,
KINEBOARE L~ 7~ DT ABRTHY . ~ 7~
T AN S DRy O —ERIE, KILAT A D
By AT B, KILT AL, KILEREBfiET 5 BT
AERNCEHBEREAGEE 25, BIRER T, KILHT R
DAL A B ENERAICBUIT 2 72 O DEATIIRR & 41T
Do Otk 1EHEMED SRS BLR S FTRE 7 AR BR A A
WETH D,

KA ZE, HO 2 BRET 25K TH Y, BEN
INEWV, ZDTZHIT, HIFENEBHT LI, L&z
X, MASNAKERBEMT D0, TEE] EH%
ZTRT VY, HIRIZELA T2 KUTHIE N C D EEELSMC
HHL T ARDIENZR EEBOEM 251 T\ D, Bk
FRRCRINAR L B~ 7 < ICBT AWM a i+ 51
E. ERAZT TWLEEEMZE L < BT 502
bHD, RFTETIE, HRAALT T ORIk D EILEIC
FETE L TV D BT CRE R A BRI L, HUER N IC 38 1T
2K ATt T DA FRIRAE T, FARILT
. RO TIRRKA B AR LT\ b, Oki and
Hirano(1970) (Z45MR LR\ T, IRRAK DML ZFH L
TKRIBKRDET VARG LTz, IRRAKITKILEK SR
TN T D FEBRBEHRTHY . KIIT A DKRR & FHEHEIC
BIRL TV D LEXBND, AR TIE, MROEHFT
T L TWDIREAK ARSI E BT,
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Fig. 3 Detailed map of the distribution of volcanic
gases and hot spring water. The background
shows the topographic map issued by

Geographical Survey Institute of Japan

Uy ZHnbitth S s KLUy A, BB 2 IERK
ZEREL - 3T LTz, FMRILCIE, PRAOREODEST
boaml (K) OBz, Kima (0), REHE (S).
LR (Y) OHBMAERFET D (Fig. 2), koD
FEHIZ BRERLE 2 Fig. 31287, S OICKBR ISR
DEEMIZR BRI & Fig. 4108 T, B ARE OB B
SIZHBT 55 E % Photo-1 ~ 16 (FH#& M) . ARE D
FREUH A B 1T D B & Photo-17 ~ 26 ({145 M) 1
T, e, AWCTIE, BRL7ZREOR S L LT,
TNT 7Ry NeBFERAND, SLEORIOITTHR,
G. WAL, ZhEi., TA, KB EZEH®T 5,
RO FR O FEIIRIGTAEW L, O, S, Y,
B & Ei, RKigp., BEHMM, HGOMLR, Kieah—
Uy 7+ 5, B0 3T HIFET T, AERBUMLN
BT DT ABIOKHABOBLESEZERL TS,
Kl 52 57854 (Fig. 3, 40 GB) (&, FRIE
RSO EHNICI S h T b, BRHFDAL
JEREE X 500m TH 5, AT, Kigs TR —Y
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Fig. 4 Detailed map of the distribution of fumarolic
gas, bore hole and hot spring water at
Owakudani geothermal area. The background

shows the topographic map issued by

Geographical Survey Institute of Japan.
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SO, + 2H,S = 3S + 2H,0 1)

RIS ER ., SRS 2 —Rmicik e, KT ANIC
EM LTS A RET DMEEEIT o T D, RRHADD
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30 S FRFE DRIREHIN THEAT L7z, GY2 IZFIRAT 30T
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Wik 72 7% (Ozawa, 1968) & 223, AW TIL, A
HAESHHBIZLTND DT, 22K DRAE K/NR
I Z2 5 Z & 3T X 5% Giggenbach 7~ /1 (Giggenbach,
1975) ZEBUT Wz, AAFZE T 72 Giggenbach 73
FAVERERERI 120 ml D5 Ly 7 AH T BBz
ThDH, IO, WERIZ 20ml @ SM KOH Kk
ANZER 2R L=, Giggenbach R F L iZiZT 7 o v
ORIV 2a—Kay 7B fFVTEY, avy7x2do<
VBT D2 &ICk ., RREBNDEAZEEZFIH LT,
HENRICERZ KA T 5 2 L TE D,

FEROTRMTIL, &9 HRAOHALTF Z o a7
AL, A 7on ::Afé%wﬁb\ LIS < fk
FEaHT, A THREKOATIREY, BRIZIALED
U B ALK A X 5127 o725, Giggenbach &R
MafEgL, 2y 7 2d->< VT, TAZR MW
WCEBI L, +aRB0 N ARSI Licbay 7 %M
DT, WIRBICFR B ofrictt Uiz, W ARIER I
Sy 7 OREREOS, LELG LTHEAITLE, a2y
I OFLENBUGE L, R LDy 7 BREOHER D
5, ZEROIBNERET 5 7212, Giggenbach 7R kv o> =1

®1 APRETHEBMLUZAUAREME L CKEHOM G & HORRE.

J1F, AL T OO T OIMNENRD D,

KOH 7K % WA WR I S AL 72 v T A 4y (R-gas) 1%
Giggenbach R h /LN D~y RAR—2 ¥ 5, R-gas
L. N,y O,y H,y CH,, fiHTAZREDREMTHY ., Ar
HAEXY VT ICHW-T 270~ 757 (GC) T
T LTz, ZOBRZ A MAVREROIE S & [RIRECHIE L,
Giggenbach N h /VIZEEEL S Hu7z R-gas DE /LA RTE L
7zo GCop#rtkic, A AT I, R-gas O—i% BM
AT AN, BFA LTz, BM &L, SR & DEA
:%wEﬂé@Eﬁ§XT He i il =8 23K\, BM &

ZEA L4 ZEHE, VG5400 BUE B4y HT EHIC
ﬁwxmm\MMﬂmm%mmbto

BT A DKFE R DL ERKE (DIH, *0/°0) % il
ET BT, Bl T Giggenbach AR kL & ERINZ, =
BT RAEDS I L ERAEER T, ERME K 2 20ml F2 £
L7z, ¥EfE/K D DIH HiZ, &R s % V= kFE
JC {£ (Coleman et al, 1982). 0/*°0 X CO,-H,0 - fi
1% (Epstein and Mayeda, 1953) T CO, 3kl & Fq#L L,
MAT252 & &5t &2 W CRIM IR 2 JIE LT, T A
IZEEND CO, DRERNMAL (PCPC) #MES D7

h A EERR (L GPS 2L Y

B L=, EEAEIL Tokyo RIZHEDKL.
Tablel. Sampling location of gas and water with their outlet temperature
Location Category Code Date Temp. Longitude Latitude
139deg+ 35degt
°C min min

Owakudani Gas GO1 2005/8/3 92.5 1.381 14.163
Owakudani Gas GO2 2005/8/3 96.2 1.410 14.191
Owakudani Gas GO3 2005/10/21 95.2 1.314 14.158
Owakudani Gas GO4 2005/10/21 96.6 1.478 14.152
Owakudani Gas GO5 2005/10/25 96.7 1.475 14.292
Owakudani Gas GO6 2005/10/25 97.0 1.419 14.279
Owakudani Gas GO7 2005/10/25 95.5 1.270 14.336
Owakudani Gas GOS8 2005/11/1 94.3 1.419 14.624
52 bore hole Gas GB 2005/10/25 152.0 1.508 14.370
Sounjigoku Gas GSt 2005/11/1 96.9 1.961 14.206
Sounjigoku Gas GS2 2005/11/1 97.6 2.093 14.288
Yunohanazawa Gas GY1 2005/11/8 96.4 2.135 13.238
Yunohanazawa Gas GY2 2006/1/10 137.0 2.288 13.259
Ohwakudani Water WO1 2005/8/3 925 1.370 14.181
Ohwakudani Water WO02 2005/8/3 924 1.410 14.191
Ohwakudani Water WO3 2005/8/3 78.7 1.398 14.189
Ohwakudani Water WO04 2005/10/21 54.8 1.344 14.195
Ohwakudani Water WO05 2005/10/21 93.6 1.438 14.177
Ohwakudani Water WO6 2005/10/21 96.5 1.486 14.146
Ohwakudani Water wo7 2005/10/21 93.6 1.451 14.156
Ohwakudani Water WO08 2005/12/1 83.2 1.344 14.196
Ohwakudani Water W09 2006/1/10 95.2 1.411 14.189
Sounjigoku Water WSH1 2005/11/1 95.6 1.961 14.206
Sounjigoku Water WS2 2005/11/1 94.8 2.058 14.257
_Yunohanazawa __ Water WY1 2005/11/8 87.4 2.240 13.510

The coordinate indicated in Table is based on Tokyo GPS-system.
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=2 MUAFROEFEMARK. BEAIE umol/mol. nd (FEERFRLUTEELKT 5.

Table 2. Chemical composition of fumarolic gas and gas from bore hole

H,O CO, H,S SO, HCI H, CH, N, 0,
GOt 992800 4250 2770 39.3 144 46.4 0.64 93.0 nd
GO2 995200 3150 1320 18.6 26.5 212 1.63 67.3 nd
GO3 996800 2610 483 9.2 6.3 41.6 0.24 39.0 nd
GO4 996600 2030 1230 22.1 16.0 525 0.84 225 nd
GO5 991100 5590 3030 36.3 8.3 198 nd 69.6 nd
GO6 995100 2790 1870 244 53.9 85.3 0.25 334 nd
GO7 988700 7760 3310 33.1 1.6 81.6 1.25 108 nd
GO8 978000 20600 135 123 48 500 220 558 69.9
GB 987400 6570 3990 1780 166 20 nd 110 nd
GS1 991600 4970 3290 75.7 8.1 3.9 1.12 74.4 nd
GS2 990800 4390 4280 48.5 13.7 386 8.87 71.0 nd
GY1 996200 2760 953 12.0 12.5 11.4 1.10 36.9 nd
GY2 989400 5320 2190 110 nd 161 14.3 2280 504

Unit of the concentration of each composition is in ¢ mol/mol. nd: not detected.

Wz, BIBT,. 50 mMoTIT2F 7 DTz L
72 10ml @ Ba(OH), fafnKiaik & . 3B 2 & Bk S,
BaCO, DIk & ER L7z, vV v P EMIERICEFBIR Y |
W oy BE L, BE22T A VTR L NS S, CO, IR
L [FACIRE 2 MAT252 B &4 32 VL CHlIE L=,
T ZGRE O FZR AR (CO, 4R ie  HCI 5) (3,
Giggenbach A& kL7 5 E Y i L 7= KOH ¥k % Ozawa
(1968) @ HEIZHE, IR Lz, U AFE D H,O
B3, RBHLEGRT & % o Giggenbach /R ML O EEE A
HE L, ZRNEEE LT HO OB RICH YT L RE
LCEE L, HAD SO,/ H,S E/LIE, T 7 HEK
L HRAEE S, ERR LTRRA 2 & BRI O &
ZWEF 5 Ozawa (1968) D J7ik% FHWTHRE LT,

4. BRKDIEE - ik

TR K O EE TR AR T, 7 ¥ X WREEEHE FV T
BITE UTzy A7 HS IR EE 2 JE T 2 72 I  BREUH AL T
IRRAK%E 5~20 ml F2ETEREICERILL, 570 ml DAY
SIZEEAN L, 6N HCI % 5ml iz, 3k % shEeitic L
ThHELZ LT, REKICHEFEL TV D HS A% R
UE RIS E 7, ZORIZEY RO H,S &
EETAT > 7 BOME CHIE L, B1F HS RE L
FHRTR DI, IREAKITEFE L T DT A %05
ST, EIZEEIKREREBAL VWL S ICEE L TE
AL, SEOWME 7 7 THRAEAEER LT,
BRKOBEA F BT, A4 7a~ 77710k
DHT LT, IBIRAKDBA A DR, Na & K OB
JRF IR KV BIE Uiz, ZHLSOBA A i
FE. U R, ICP RN ATIEIC KV IE LTz, K
B pH 1ZFEBRE T, Orion #1:0 pH EA&EME VT
25CIZBWTHIE L=,

5 KIUHRDHDHHER

Table 1(ZFBIOERIAER B, HEIRE, £RBHbR R
BE%7RT, GB, GY2 IFARRHIHMNOLDH AT, NhEi,
152, 137°C L HHOBENFE N> 7208, HAEKOH DR
JEIE, 94.3 ~ 97.6°COMIPHZ 7R L, WS HIHT OV 5
#71000m (233 1F 2K Ol IR, 96.5°CIZITVY, Table

2 \ZH AFBL DAL & 1T, AL FRAR DR & LT
ETORENT HO OFXHRAEDS 97% UL ETH Y ks
%wamtoHo RN TE VR L CO, T, 3%

IZEWAGTIE HS Thote, ZThb OFF#IL GO8 %
@wTA@waéoami%ﬁ&ﬁ&%mbfwéo
GO8 %, 2001 AELLKEIZ RiMA O bR 1 HBL L 72985
TH Y., CO, BEIMO A AFREHI Ll L TIROWIT T
BN, 07T HS BEE I B AGEHT T, B
FITER W,

SO, i% GB . 1780 pmol/mol & & W\ 725, #F LA 4k
1% 123 umol/mol LL FC&H -7z, HClI & GB O & H3, 166
pmol/mol & EW A, Z LA T 54 pmol/mol UL THh -
72 H, 1% GOS8 7% 500 umol/mol Tt & & <. GB, GS1
M4mmmmurmﬁﬁff%otomﬂie%ﬁx
22 ymol/mol & | &b EREE T, GB & GO5 TlI MR
RLTTdHolm, GO5 T GBITHK S IV ILEICIEIET
HEXTH D,

N, i%, GY2, GOS8 T 500 pumol/mol LA b o i %
AL, ZOREIE, ZZK[OBEANTH D ATREMEN &
W, ERG, O, REAZRDS L. GY2 & GO8 ThOHfk
HENTEY, ZRUSNOEK TIEIRE S TR,
O, IXHIFER N DR {LIR TSk TITAFIE L 2 eV MEFEFE T
b, 0, HADKMIZ, FEHRIFIZF 1T 2 EXEA
DFFHLTH D,



#£3 NUFRICEFAZBHO, 00, DRERMALLFHAMA. HHRADREDELE, unol /mol.

Table 3 Stable isotope ratios of H20 and CO2 with the concentration of rare gases in gas samples

Sample Date SDsmow 6]803M0W 61SCPDB *He DNe ®Ar “Oar ke 182y e He/*He
%o %o %o x10°¢
GO 2005/8/3 -69 -11.8 -0.3 198E-02 5.60E-04 3.36E-03 1.00E+00 1.41E-04 1.06E-05 9.2
GO2 2005/8/3 -43 -5.2 0.5 3.30E-02 4.53E-04 202E-03 6.18E-01 7.47E-05 505E-06 9.1
GO3  2005/10/21  -51 -6.5 -2.1 1.16E-02 2.80E-04 1.02E-03 3.09E-01 3.62E-05 2.66E-06 9.5
GO4  2005/10/21  -53 -6.8 -25 8.09E-03 2.75E-04 1.34E-03 3.97E-01 4.94E-05 3.79E-06 9.0
GO5  2005/10/25  -40 1.4 -0.8 2.17E-02 1.78E-04 595E-04 1.84E-01 2.06E-05 1.87E-06 8.9
GO6  2005/10/25 -39 -0.1 -1.2 1.19E-02 3.62E-04 1.03E-03 3.09E-01 3.17E-05 2.12E-06 8.7
GO7  2005/10/25  -86 -98 -23 3.13E-02 6.96E-04 3.68E-03 1.11E+00 1.44E-04 9.82E-06 9.2
GO8  2005/11/1 -75 -122 -11 6.11E-02 8.00E-03 1.74E-02 5.18E+00 4.13E-04 1.89E-05 8.9
GB  2005/10/25  -32 0.6 -1.1 1.76E-02 1.23E-03 2.43E-03 7.27E-01 6.07E-05 3.58E-06 8.8
GS1 2005/11/1 -61 -4.6 -1.2 1.58E-02 1.34E-03 1.81E-03 5.35E-01 4.52E-05 3.14E-06 8.2
GS2  2005/11/1 -57 -4.3 -1.1 3.26E-02 3.86E-04 220E-03 6.67E-01 9.30E-05 7.04E-06 9.1
GY1 2005/11/8  -58 -6.7 -43 508E-03 2.99E-04 155E-03 4.63E-01 5.90E-05 4.17E-06 9.0
GY2  2006/1/10  —49 —6.4 -25 2.75E+01
The unit of rare gas concentration is in 1 mol/mol
Table 3127 AFEOZEE RN L & A5 7 AR % 71 EFCIR<, 9 mg/l LR TH -7, ZHick L, SO~ i
4, H,0»§ ®0i%, GO1, GO7, GO8 # [\ T, 4 EiZEo#RBTthE <, 440 mo/l LLEERL, WSL T
2 Hb 5k o> S5 1 R K O (Matsuo et al., 1985) . -8.5%o Bl e LT, 9600 mg/l iZ75E u‘:o YATE H,S O 1%
v sEwy (Fig. 50 LMW 2 R#iRK), GB, GO5, WYL THRbE<., 32 mgl iI2EL7, ZOFBITER

GO6 (L fthod 7 Ak L CHFICHE W 6 0 2R LT
5, ZO3 50K, LTS (Fig. 4), GB
GO5, GO6 %6 DIZEAL THoH 2K LV HEW
BERLTVA,

INTR IR IR RSN L 2 T2 720,

%, *He/l*He
BR AN
HFPHIZINE 72, 2 b OfHE]
L CEEICRE,

Fi A AR L CiE, MR ORERFERTY, 7
A T A ORI B L
B TEEMIC A A AR O B 2 it 5
B L CIERER RN A DD, &TO
8x10° DL E DM Z 75 L, 8.2 ~ 9.5x10° D fk\»
ITZ2 R O, 1.4x10° (2

T, fHic

6. ERRKDAHTHER

RRAKDIEER L % Table 41277, 2 TOREO pH

WATLUTTHY, MMz R LTz, CIREIZRTOR

x4 ERKOICFHER. B REOEMIImg/I.

Table 4 Chemical composition of water

DENPBBEHLTWDIRE T, UV H,S R4 fk-> T
72o WY1 @ H,S JREEIZITET 2 DI, WSLDOZTH Y |
TP DI D HS IR, 6 mg/l LT Th o7z,
WS1 i35 % pH (=1.57) OIRWVEIRAKTHY . Mn, Fe,
Mg, Ca, Al DIREN R EE AR LTz, WS2 (3 pH 23k
B < (54.65) ALJREEIE.0.17 mo/l & RIREA R LTz,
SiO, IR EE 1T DG A A 2 R I Hele U CABIE /)N S
<. 217 ~ 363 mg/l DIEIZILE - 77,

Table 5 (ZilIRKDRINAARLL & VATF A T AR R T
KFEFD 6 PO 1T AT, AR MK o J i K K O i T
% -85%0 LV bEVMEE R LTz, § DICEALTH, 32
(WY1, WO3, WO4) ZERW\WT, FHIKKDETH D
-53%0 (Matsuo etal., 1985) XV HEVMEEZ R LT,
I, W02, W09, WS1 ™ § D%, @HaEE kLD~
~ PN A KA 7o fi (Giggenbach, 1992) T& % -30 ~

pH ol SO, H,Saq Na* K Mn*  Fe¥ Mg® Ca¥ A% SO,
WOl 245 23 989 25 21 24 210 43 27 54 29 253
Wo2 209 33 1840 56 71 09 099 132 17 37 126 232
WO3 259 21 1100 0.29 42 51 495 31 84 124 81 314
Wo4 229 26 893 1.2 10 14 096 30 23 46 44 220
WO5 254 47 1550 43 93 97 330 57 70 175 45 294
W06 253 3.1 905 0.88 43 39 231 34 42 94 14 327
WO7 334 26 445 1.2 33 57 133 16 32 68 24 281
wos 199 35 2760 0.10 19 13 466 144 69 106 171 314
wo9 211 13 2080 29 75 04 163 71 26 48 184 233
WSt 157 85 9580 22.1 75 45 148 361 245 434 607 363
WS2 465 15 1330 14 87 114 806 71 121 196 017 217
WY1 228 6.1 798 315 23 31 092 67 15 54 22 229

The unit of concentration for each composition is in mg/kg.

i6i
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5 KRIWHRERRKDH0 RERGRL. PS, PWIZ< T < H&ESK (W, 900°C) &F/HRK (LMW, 15°C) AEE L TRET
% 200°COET EHK. nV (ZRKHIHEL-IHRICRET HESKDER. Condensation (FFEKAAE L THAMIZKE K
SIEHEEDESINF-ESKORAIKL.

Fig. 5 &6Dvs. & By of gas and water samples. PS and PW is the steam and water of 200°C, respectively, which

are formed after the mixing of-high temperature magmatic gas at 900°C (MV) and cold meteoric water of 15°C

(LMW) . The

condensation signifies a change in isotope ratio of vapor with a partial removal of water due to cooling.

MV indicates the range of the isotope ratio of the vapor resulting from the boiling of LMW.

-10%olZVC#E T %, ¥ALER A AT L CliE. *He / *He ki,
T ARBHI R TIE <, WO5, W06 TRADIETH 5
1.4x10° (Ozima and Podosek, 2002) XV & &V V4 =
L72b DD, KEDOHEEHIRKDOMED, F LV bETF

RVMEZ 7RI E e,

x£5 BRKORERBGLALLEARABEFHREE. BEFHARABREQOEMEI 1 TSLDKIZEBLTWSHFHAZEH
HLTI1RE25CIZRSIIHGEDERTE (nl).

Table 5 Stable istope ratio of water and rare gases dissolved in water

Sample SDswow 8" Osmow *He 2Ne %Ar “OAr G 82%e  *He/’He
%o %o x107°

WO1 =50 -6.2 9.66E-09 2.19E-08 7.52E-08 2.20E-05 2.16E-09 1.14E-10 1.68
WO02 -14 43

WO3 -56 -7.8

W04 -53 -6.3 3.70E-08 1.15E-07 5.09E-07 1.50E-04 1.69E-08 9.55E-10 1.58
WO5 -39 -39 544E-09 7.18E-09 4.44E-08 1.30E-05 1.81E-09 1.61E-10 454
WO6 -49 -59 1.23E-09 1.87E-09 1.23E-08 3.60E-06 5.99E-10 7.23E-11 243
WO7 -40 -44 4.20E-09 1.07E-08 6.16E-08 1.82E-05 2.25E-09 1.70E-10 1.73
wo8 —44 -6.2 3.32E-08 8.58E-08 2.80E-07 8.24E-05 7.93E-09 4.09E-10 1.74
WO09 -29 24 1.30E-08 3.53E-08 1.04E-07 3.03E-05 2.83E—-09 1.53E-10 1.48
WSH -14 2.9 6.82E-09 1.21E-08 5.98E-08 1.78E-05 2.43E-09 2.27E-10 2.01
WS2 =37 -29 2.05E-09 3.15E-09 2.32E-08 6.82E—-06 1.11E-09 1.25E-10 1.97
WY1 -59 -7.8 5.64E-07 2.13E-06 4.34E-06 1.29E—03 9.84E-08 4.52E-09 1.50

The unit of the dissolved rare gas component is in the volume (mi) as gaseous state under standard
condition (1atm 25°C) which is dissolved in one gram of water.
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Fig. 6 Correlation between COZ/HZO molar ratio and 4He/H20 molar ratio in volcanic gases.
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composition of gas at 3.71 for Iog(H2/4He).
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Fig. 9 Correlation between the CH4/H20 molar ratio and the 4He/H20 molar ratio in the volcanic gases. Since

the CH, concentration in GB and GO5 was less than the detection limit, the concentration points were

arbitrarily plotted on the x-axis.
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TTH Y H,0 DRI GBIZIEHT 5 1F £\ (Fig.
5), I HIZGO5LGBIZH - & bITWIEFTIZALE LT
W5, UL, GO5 D H,/H,0 tiZa7e v @Ml &7,

2T, HARBO HSMHO R ED X o A K
KU XELENTWVENEZTH D, HH,0 Lot
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HADBALE TR T v ¥ v VOBFHRIEEE ST
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10. KILARFABOR ELREDER. BRIE, Fayalite-Hematite-Quartz [Tk Y& SN2 RHEDREEREFEEZRT. R
WE, TRENDERKIZE > TERESN DR EQEEKFE RBEOLTEKIT AHORTEHSATHDERK

DLETERIZHET 5.

Fig. 10 R, value of volcanic gases and the temperature.

reaction in fayalite, hematite and quartz.

composition of each hot spring water.

The dashed line shows the R, value buffered by the

The dotted curves indicate the RH value buffered by the

The relative position of the dotted curves corresponds to the

relative position of each hot spring water indicated in the legend.

Fe,SiO,(Fayalite) + H,0(gas)
= Fe,0;(Hematite) + SiO,(Quartz)+H,(gas) )

7230 O Fayalite 13 2 fli > Fe %, 7537 @ Hematite 1% 3
flio Fe ZRFL T 5, EBEOHTERET, Zhbo
Fe 3T LHIMHEATER L TV D MNEIERL, AR

&6 EIKRTHEIT DAREMED H B 1L R IG DT E .
H(Z(X, Helgeson (1969), Helgeson et al.

(aq) [FZhZEh, HRIKE,
(1978) O T—2 ZFA L 1=

DAFEIZEEFNTVDHEHEESN TS, LiL, #
NERRFHREZIT O 72 DIZIIMAN L ER O T, Fayalite
& Hematite 2324 ) FRy e VB & L TEHE A S T
(Giggenbach, 1997), )i (2) TRkE 3 Ry OIRERK
17 #1 % Giggenbach(1987) £\, Rock-buffer & IFf.52 =
LIZT %, Ry DIBERFEZF R T2 DI 0 ER K
Ji A E S A Table 6 (277 L7z, Fig. 10 (23T, B

AEREERT THEHOH

Table 6 Temperature dependence of equilibrium constant for the reactions involved in hydrothermal system

Reaction logoK
25°C 60°C 100°C  150°C  200°C  250°C  300°C

Fe,Si0, + H,0(g) = Fe,0; + SiO, + H, -1.52 -1.78 -2.01 -2.23 -2.38 -2.50 -2.59
H,S(aq) + 4H,0(g) = 4H, + SO,% + 2H" -3463 -3300 -31.72 -3062 -3005 -29.84 -29.95
CH, + 2H,0(g) = CO, + 4H, -19.89 -16.84 -1402 -11.21 -8.97 -7.13 -5.60
2FeS, + 4(CaAl,Si,0,54H,0) + 7H,0 =4CaSO

N Fe2203 Y A|zéi285(1C3)H)i} . 88i022 + 15H, * -10683 -9428 -8284 -7156 -62.63 -55.36  —49.29
4H,S + Fe,SiO, = 2FeS, + Si0, + 2H,0(g) + 2H,  20.67 17.49 14.60 11.77 9.56 7.78 6.31
4FeS, + 6H" + 4H,0 = 4Fe” + SO,” + 7TH,S(aq) —54.35 4856 —-4307 -3765 -3349 -2954 -2574

(g) and (aq) in the reaction equations indicate the gas and aqueous state of species. The equilibrium constants were
derived from the thermochemical data in Helgeson (1969) and Helgeson et al. (1978).
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Fig. 11 Correlation between the RH value and the CH4/CO2 molar ratio in the volcanic gases.

correlation between the RH value and the CH4/CO2 molar ratio equilibrated in reaction (5).

The lines indicate the

Because the CH4

concentration in GB and GO5 was less than the detection limit, the concentration points were arbitrarily

plotted on the x-axis.
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Hrgek H O BRI Tl MERUS R R IR K & Al
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H,S(aq) (aq3/KICEEIT TWA L WHEK) BNEENT
WD DDA T DOBOE T, BRIGE T 2 1R
T2 ERET D

H,S(aq) + 4H,0(gas) = 4H, + SO/ + 2H" 3)
ZORIGOVHERZ K &5 &
_ Cuzs
logK, =4R, —log| — |-2pH 4,
s0,
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MESZ &%, Fig. 10123V T, Fluid buffer i34 2 ®
RyfEL D L, BILIITHDZ B0 5b, GBD
Ry M iX, Fluid buffer PN TR b 3R ICH 72 BAR ISR L
TW5, Fig. 10 2R &N D5 0 A3EO Ry ED /A1,
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ERORL TV,

HEAR T2 K 91T, CH, 1 RTER Y T 5 *He loxf L
THIBEAMEL . ~ 7~y LITREN R D X H I/
%, Giggenbach(1987) o HER{L 21 K ILEAK R E T L
kB L, CHZER~ 7~ b b b Sz igbnyre
FAENICIHIEE A EE TN TR, CH, ITEUKRIZE
VT Rock buffer (2 X 0 2l & 538 T 22 SEIIC A AE
LTW5, ZOMHEEIT, B~ 7~ MR o4«
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12 Correlation between the RH value and HZS/HZO molar ratio in the volcanic gases.

The lines indicate the

correlation between the R, value and the H,S/H,0 molar ratio equilibrated in reaction (6).

CH, + 2H,0 = CO, + 4H, (5)
B (5) o S-flif i % % Table 6127 L7=, GB, GS1,
CY1l, GO5, GO8 7z & ix, K& (5) IZ > v T, 100-
200°CHOFHICIWN T, FHEPREN SR TV D, &
Wt Ly GY2 1iZHH AIREN 137°CTH v, 150°C D iy
%’%0)‘5{% WA L CHNDDT, i (5) IZ2WTIIFF
BZRELTWDEBXTINEAS,

GB & GO5 OEfRIL, ~ 7/ ~PEFikDE(L DL %5
Z % FTHBEE, GO5 1T GB 12 b FEHEA TV WER T
HY Ry BEVEZERITIE.GB L@ AN Z Y, Lo T,
GO5 DAL~ 7~ WK B AN =2 DR EEH O
HRERL QWD EEBEZDZLENTEDEAS, Thb
Ho BINCEZT AER . RyDO ERTH D, GB DRig
(b 722 8% Fluid buffer ik W 726 8T &%
Z X, GO5 @ Ry A3 E W Z &%, Fluid buffer o f2&
NHFHL ol B L TWS, ZOHZILGO5 I
KT B WA Hka FH-T 5 T, kY72 Fluid
MHEISY . H AN Rock buffer |2 3HL S 5 FEik &
Wil L7eedliciE 7 & TIEABEICHATE S, L
72 L GO5 M4, CH, & £72\ DT, GO5 23l L
7= Rock buffer |22l &+ 5 fE1IL CH, & e T 72
BOKTEIE & 1T B> TWARIT IR B2V, GO5 D &

DI DT AN BOKRIZESWET 5 &0 WEHIZK
I (8) 12XV CH, AR &, CHJCO, & R, DEIRIZ
TS TEAH D, TOL I RMEHOREROMREL L
T GY2D X BRITABFIELTND EEZ BILD,
GO5, GO8 72 ¥ D A% 200°C D FHHR A6 & BT
ERNCATE L TV A O T, H, Z @RI S8 5 1EH
. BOS (B) LIFBNCHEELTELY, 2 b Ok
DONTIE, Bt B) TOLONRH, BEEZHREL TS
DTIFRNZ EHBRLTWS, 1000CHOEMHRE LY b
[KIEMNZALE L, & 51 CH, 1;;%&7%3@5&&,%1/\631
GYLl7Z EDH A%, Kk B5) IZB L TP HICE L TV
LHEOMBMAAL, CBITRESNDILAIR AT A L DIR
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D~ 7 EIEORS A AT 2L, FIZEEERY P
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TWD, 7= &N DI IKO &N K LGB O
TR LTe b, ~ 7~ M0 2 OFFIERER A/
L. & ETeE ciOEig s O iR OB AN G5 72
59, TOWMNTER, GSL, GYLAR L DA AR N
%I FHR7e CH, I E O R & 2 A EICH T 5, %k
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hydrothermal systems (b and ¢).
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14 Classification of water

involved in hydrothermal systems.

ASC, NG, BC and AS indicate acid sulfate

chloride water,

neutral chloride water,bicarbonate water and acid sulfate water, respectively. The

classification was based on that discussed in Giggenbach (1997).
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Fig. 15 Na—K-Mg ternary diagram for water. The curve in the figure shows the water composition equilibrated with

common secondary minerals in hydrothermal system (Giggenbach, 1988).

(IR ARTZFAR N BT D AR D 3 SOEENEHD 5 6,
Ry @ E5H & CH, RO, BHEICEHR L TV D A
REPEA E Y,

HIOEOOEBEEMRE LTHERS OBD DN H 5,
AR Ry D EFRC CH, IREE DN & R D D7) 2
HDHWIFMANICH E TWAIERRDOTEA S D2 Pyrite
FBUKRIZ T —RICHIET DI TR &2 51D T,
FNRNERT DB, T AOFERY OB E b5
AREMEN D D, T2 & 2T LTOIGEE Z TH D,

4H,S + Fe,Si0, (Fayalite)
= 2FeS, (Pyrite) + SiO, (Quartz) + 2H,0 + 2H, (6)

Z OETIE, Fayalite (3544 @ Fe™ O & L
TEALTWD, ZOKIEDOVHERE Ks &35 &,

H.,S 1 1
lo 2~ |=ZR, —=logK 7
g(HZOJZHﬂrgs )

WRNET 5, (N I2kd &, HADH,SIHO E/NLE
L Ry ORRITIEE OB¥ & 72 5, Fig. 12 1I23Bo H,S
IHO Ry Z 7By kL, &£ TDOHAD H,SH,0
RIS (6) 23 il B U 72356 @ HS/H,0 L v
L\, KRS, B LR AE & SRR i S

DEMAH D, O Lk, Kk (6) 3IEFEHERIRREIC
V| Fayalitt CREES N D HAT O Fe® & AICEE
N5 HS TG 6) ICkY H, 2 RAESELHE Ha2h
LTWAZLEEEKLTWD, i (6) 1ZH A D H,S
WA S D 2 ENARER DT, FRILO K ILEKR T
fLE TWD H,S DA ZFTIAT HRIGDO O L D DOFE
ELTHhITHZENARELEA D,

U bzt b &, HAREOEFARKIC A
N HHEABFRT Fig. 13 ICBWTHRMIOREN D, &

AEBHI Z O DREBWBE, BILEXRT Uy
(Ry) & CHJCO, ltThtiansd (Fig. 13a), CH, D4
B3 A SO IEE L (Giggenbach, 1987) & Ex 5T
DT, CH,ICO, lid 7 A DBEUKFZNIZ I 5 ik
DI LR DTEAH S, BE{EAY T CH,/CO, DRV 77 A
E, v I~EETHY, GBRZENITHE TS, 20N
AN ERTHWBRET, FRERISTDHI EIZED ., H
ISR IE S Ry BHEINT 5, EOREBIZHIET 2 D0
KIFHD GO5 Th o (Fig. 13b), BZ 5 BLHIR~
7 VDRI S AMAINZ [ 2> TRA DS B L B K BER
IR L C\W5, % Z Tid Rock-buffer 12 & ¥ & THY 72
BREEDNARAZ L TR Y . CO, D—HFi% CH, IZHs# L TV 5
FOREBEREL TWD DL, %@%ﬁ@@ﬁf&é
(Fig. 13c), Z DEREZTIX. H,S D—#kA% FeS, & L TH
EEI, HSIEENMET L TWD, ZOIRREN K HET
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Fig. 16 Na-K-Mg-Ca composition of water. The curve shows the water composition equilibrated with common

secondary minerals in hydrothermal systems (Giggenbach,

composition of water in which andesite associating hypersthene produced at Mt. Hakone (Kuno,

1997). S-system-A shows the hypothetical

1972) was

dissolved without any chemical fractionations.

L7=DNGO8 ThDHEWZD, UEOHEIZAL RN
AAELLT, GSLEGYLRH D, 2D DDH AL,
Ry MMEL, BB THBICH P 59, CHJCO, kb
F ZOREIE, BB~ T A L BUKEIR
DFFHPMEE LI LTRATESEAS, ZOLH 7%
NAT Yy RRIDOH AL, v 7= HEOKUIEN, CHIZE
NTEEOKER A BV THIRICEA T EE 2 5D (Fig.
13b, ¢),

1.2, RRKDIEZEHIEL
KILBIK R DI 2R KL, TR LR
% B2 % (Bicarbonate
water) . PRI SR (Neutral chloride water) , FRESES
IR (Acid sulfate water) 2473 &5 (Giggenbach,
1997), T B ORIRAKIE, BEEh, HEdh i € iR
A FURE, FbA U REE & o 7R TR
Koransd (Fig. 14), ABFZE TR L 7ZESKIT, Bt
FEERVE IR OFEIR L Be > T\ D, FREREAMER 1T, Buk &
PR B 2 KR T AR SV THAET D L INT
W5, SRR LIRS AK OB A A P 1k T
485 mg/l TLAEW, —J5T. GB ? HCI ] 166

(Acid sulfate chloride water) .

pumol/mol 123 L, {RIZ GB A3H T /KIZRIN & 7= 54
100 mg/l LL_EDEACIR FE 2 RO IIRK B IR S 1
72595, REAKOEADOPRERNDIL, GBITfiFE
END X IR HANEFEL TRV, SEVHET
500m LV HEWER CIREAKDBER I TWDLZ L%
REL TS,

HBRAKD, KRB A Ak EEZ D LT, 5AaLtD
MAERITIEETH S, Na-K-Mg D =5y (Fig. 15)
IZBWT, KEEADMDTEEAGR AT 5 Z & 37
KET & % (Giggenbach, 1988) , A & AL MR AEIC T -
TV, TR, REEAZRIKIE Mg O 22— —fHEi
2y R &, AFEOREHIZ D L D RAKICHY T 5,
[FlEE 72 /RIB 1, Fig. 16 1281 % Na-K-Mg-Ca O fHEH T
LESN D, Fig. 161238\ T, KRB x fif & y fio
I FoXTERENFHEIND,
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BEZRLE, TUWE RUWEBETAHSA L, TA4H94 FERBEOHEKZERT.

Fig.
hypersthene
dacite and dacitic rhyolite, respectively

TEY ., FRLOF LR KO EERELT DA O E b

R, TIT, WAEOMERE LTIE, AL (1972) ©

RERE A B S RIS & W T, BOERHER & KRR o3&

VWL I, Na/K EIic i Th b Mg/Ca tida A o

FELRIZ TV, TRRK D K 3 ARSI TR T %

DX, Giggnbach(1997) 12k % &, BUKRWNTEM L

MM KPRV IAENRD Z ENFRE STV D,

WYL XU & DT, oKEED SRR T Mg 2848 %t

NS IR WNGFTC 7 my b STV b, ZiuE, K

DIRAKICE SN D &V Mg/Ca e 2 oK Ik LT

I CHEA &R IEIZ & D Mg/Ca L DR K 23 T8

ALTZE LTHIITE D200 LILRuy,

IRIRK AR DB EGHT D LT, TAOEHE L
[FRRIC, R L 22y TRAFRY ) 2500 2 Z L3R M
Th 5, Giggenbach (1974) X, ==—Y—F v K, b
T X7 KN DOEEMEK QIO R 2 TR BRI
LTV Mg & Mn BRIFRT TH D Z 2R/ LT,
Mg <2 Mn |35 A 7 b BEMK I T L. A A4
& UTHHES D05, BRIESRME Tl “REW 72 E DRy &
L TR DERE S L2V, FRILOTESRK b EEMETH
V. Mg & Mn BMRIFRL) T 2 ATREMEN & 5, Fig. 17

WZIRAKD Mg & Mn i (mg/l ) OBMREZRYT, 4

19 Molar ratios of Mg, Mn and Ca in water with the chemical composition of a series of lavas containing

BA, A, AD and DR indicate the composition of the basaltic andesite,

andesite, andesitic

TOWRBKITEE 1 OBEMRITH > THALTWD, FEiE
oD Hr ek (T8RRI A B R DS CRERR S AU, FA
ERLINETH S (AR, 1972), BRKDSARITH -
ToERRT. RO EE R L IIE DME il & 52T T
KITEHERE LTG5 E DM ER L TWD,  Fig. 171276
MDA, IBRAKD Mn/Mg EL SRR K 2 PES 5 (LA
EHERT S EADOMIME b E T O EFEXML TND D
EERBEWRL TS, BAOHMERMT 52 OEME Z
T, AR LS D L2 B, Fig. 181, Mg
L CaMOMBEEZR L TWD, OfiO[EAIL, Mn &
Mg DIE LT 203, W< DnORBHIE A T F#
XU HTHIZHA L, FXIIIZ CalzkRZ LT A0
BHEBN D, Fig. 19 TiX, {ER/KD Ca/Mg k& Mn/Mg
P SRERIE A DA SR DVERLAL & R LT D, SRRl
FEEROEAEMBIT, KREER IS (BA), ZIE
(A, BIHETAH A~ (AD), T4 %A NEHBCS
(DR) DJEFFT Mn/Mg to, Ca/Mg Eb s #2803 % 16
M3 D, BITIE, ZIEE OB MR K DA/ A
OF NIRRTV ENRENTND,

Fig. 201X Fe & Mg OFHIBI A/ RLTW5, Kok
BHI A AR O FHICOMLTWDH, Zhid, Fend
TRGER O K0 IR B ERE STV D AR
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Fig. 20 Correlation between Mg and Fe dissolved in water.

The dashed |ine shows the composition of water in

which andesite produced at Mt. Hakone was dissolved without any chemical fractionations.

R LT3, Fig. 2113 Si0, & Mg D Z R L T 1

BRKD) NRE.

VYNEEDFHETIE, At

W5, ZO_ODOWEORBOMENX., thoGa & i
NEID, SiO, I Mg JBRE &3 BIMRIC, BV REE
FHIZHM LTS, ZOBEE LT, SO, DEEN

R——MAREEIZH D EREL, Fournier (1977)
DFEXZRAL .
Table 7 Silica geothermometer temperature estimated

for water samples.

ANt R=—7p LT Y WM & I ZEL TV D

ZENETFTHND, Table 712 SiO, EENLEE LY

UBRE AR LUz, AT, Ik R=—L OEREF
#7%RE L, Fournier (1977) (2 &k B LLTF iR % H
Wi,

1023

t(C) = ———
4.69 -log Cy,

- 273.15 (10)

Sample SiO, Temp.

mg/kg °C
Wo1 253 174
Wo2 232 167
WOo3 314 193
W04 220 163
WO5 294 187
WO6 327 197
wo7 281 183
wos 314 193
Wo9 233 167
Ws1 363 207
WS2 217 162
WY1 229 166

T 2T, Cyop 1L SIO, DR (mg/l ) #EHEL TV 2D,
IR O Fe iREIIS AWM E Y & THICOMT 5
Er2d v (Fig. 20), 72A B2 D Fe Z&Te IR
DL TS EEX HILD, IREAKT O Fe JRIE A7
T 27 DI OIS EE R D,

4FeS, + 6H" + 4H,0
= 4F¢” + SO,” + TH,S(aq) (11)

ZORIEDOEEER 2 Kee &35 &

Temperature was calculated based on the solubility of chalcedony
geothermometer given by Fournier (1977)

logCF(,:—%pH—long— %logCHzS+ ilogKFc (12)

A E S Table 6 128 L7z, AADH 1HEN D 3THE
TIHIRRARBRBHZ DWW T EN B 52 b b, Bl
IZBWT, FBEFERSOREICIZEEE/NLEE (mol/
kg) ZF\\5, 1N 3THE TOFIE Log(Cr) DB
&% Fig. 2212773, W< 20 EHE 150 ~ 200°C D
R O FF AT L. Fe JREEANSUG (11) 12 &0 #i
ENTWAAREMZ/RIB L TWE, KIZHBWT, WO3,
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FE1 KENIIBIT2ERERMAOEKF (G01) XEIFXEST.
Photo 1 Sampling of fumarolic gas, GO1 (Arrow)

At s

BE2 XBAICHITHIESEIMAOEKT (602) KENEESTL.
Photo 2 Fumarolic gas, GO2 with sampling tube (Arrow)



BEE3 KFBICHTIEXFEIMLADERTF (G03) G03DHRABMEDEAIFE L. KEDIEERL,

Photo 3 Sampling of fumarolic gas, GO3 (Arrow). The discharge pressure of GO3 was strong

FE4 KAESICHBITA2ESERMMAOKRF (G04), REEESH.
Photo 4 Fumarolic gas, GO4 (Arrow)



BEES5 K&ES No 52 XHFHDHAICE S NI=RRIEMRIERK

Photo 5 Drum constructed on the outlet of steam well (No.52) at Owakudani.

BEE6 ZEXFHSTRGOFER, KHEIRSHFOHO
Photo 6 Sampling of the gas from steam well (GB) (Arrow).



BHE7 [EXG05 O, XEIEESTL,
Photo 7 Sampling of fumarolic gas, GO5 (Arrow).

: A3e w )
FES8 MEX G606 DEEE, XENLESTL,
Photo 8 Sampling of fumarolic gas, GO6 (Arrow).



BFHE9 [E% 607 O, KEILESTL.
Photo 9 Sampling of fumarolic gas, GO7 (Arrow).

FEE 10 MEX G08 MiFm, KHIXEST.
Photo 10 Sampling of fumarolic gas, GOS8 (Arrow).



BE 11 BEEMEt RS

Photo 11 View of Sounjigoku geothermal area.

FEE 12 MEX. GS1 OFER, KEITES.
Photo 12 Sampling of fumarolic gas, GS1 (Arrow).

% e
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FE 13 BEEMmEESR. G52 DM,
Photo 13 Discharge of fumarolic gas, GS2.

BEE 14 SOTERmEMT (KH)

Photo 14 View of Yunohanazawa geothermal area (Arrow).
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BEE 15 EXR. Y1 OFEHR, KHEERL.
Photo 15 Sampling of fumarolic gas, GY1 (Arrow).

; S z = ?
BEE 16 RI[HTAOFERMA, BEE/NILITHLHREFERLI,
Photo 16 Steam well piping from which GY2 gas was sampled.



BE 1T NITY25F3ERKW0T ORI (X)),
Photo 17 Bubbling hot spring water, WO1 (Arrow)

BEE18 NITY2JFBERKW02 DRI (X,
Photo 18 Bubbling hot spring water, W02 (Arrow)



FE 19 BR/KW03 DREE (KEM, W03 (XBBAT. HEDLBEMEMRES.
Photo 19 Hot spring water, WO3 (Arrow).

FHE20 BERKW4 DOFEE (KEN), W4 (FEEHLTLS,
Photo 20 Hot spring water, W04 (Arrow).



BE 21 BR/KW05 ORE,
Photo 21 Sampling of hot spring water, WO05.

BE 22 BR/KWT ORE, WO (Z/ANTY2F5LTWS,
Photo 22 Boiling hot spring water, WO7 (Arrow).
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BEE 23, iBR/AK W08 MR (XKED),
Photo 23 Hot spring water, W08 (Arrow).

BE 24 BRKWST QR (XH),
Photo 24 Sampling of hot spring water, WS1 (Arrow).



BHE 25 BRAKWS2 DEE (XH),
Photo 25 Sampling of hot spring water, WS2 (Arrow).

BE 26 BERAKWI ORI (XED, WY1 (X350 H2S RZE KD,
Photo 26 Discharge of hot spring water, WY1 (Arrow).
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