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Abstract

Chemical and/or isotopic analyses were performed on samples of water, accompanied
bubble gas and hot spring deposit collected from the mineral spring, named Hyoshimizu Hot
Spring, at the volcanic island, Himeshima located 4 km offshore of the north side of the
Kunisaki Peninsula, north-east Kyushu, Oita Prefecture, Japan. Isotopic composition (6D and
3"0) of the Hyoshimizu water sample shows that it is practically of meteoric origin and
incorporation of magma component (island-arc magmatic steam) was not observed. The
bubble gas consists of mainly CO. and includes N,, Ar, CH,, etc. as trace gases. The isotopic
data of He and CO., shows that they have an origin similar to those discharged from
volcanoes and volcanic geothermal systems currently active. This implies that Himeshima
Volcano is made to release magmatic gas even now after 2 or 3 hundreds of thousands of
years from the start of volcanic activity. From analytical data by XRF, XRD and FT-IR
analyses of yellowish brown hot spring deposit precipitated from Hyoshimizu spring water
after discharging, the precipitate is mainly composed of amorphous ferric hydroxide
[Fe(OH);. This knowledge is consistent with a result of thermodynamic examination on
relationship between aqueous iron ions and iron minerals using Eh-pH stability diagram.
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JuUN ML, ROBEOEREEOILFME 4km IV ET A KILOE [HHE] 25 517K
RS HER) ICBWTIRIL 72Em K (SERK), IRR LB, s A (Kig) ok -
FIRLARGAT 24T - 72, TR AKOKOFMAAME D & 8%0) &, KIIFKRKICHET AL L%
ML, ¥7REOK (B 7 <KER) DRATRD SNk oiz, HEET 2133 E
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FfAET— 2 1%, FNoDH ADHAEFE P ORI - #BEDSHE SN D D 0L IFIEF UE
Bea35Z Lz, KINGEERIE2? S 20~30 HEZZRL-BAETHL 7 <REO T A 2K
HMEETWD I EDPHLNE L o7z R EEYREOH0 X a8 (XRF), R X #im
PrllE (XRD), 7 —V T8RN EHH (FT-IR) 225, K2 SAT S 2 g i,
F & L TIEMEOKRBILE 8 Fe(OH),) 5% 0, A4 4 vOMILEICIREEEZE L /28
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WL, Ko, ERESOFMEL L Z 4km (25 250 7km, FEALOHEKIE 4km ORI
ROV 687km’ /NS 2 KINOETHAH (Fig. 1). HEMNIE, CoOBEZTEXERE TS
—B—HONTH 5. BHEIE5H 58 20~30 HHEFMIZIHE T - 2HRE~ 7 < OBKIGEIC X - T
B S, < 7 < BT AR 2 2 BB O BN X DY, BEEESCKIIEE L HIFEhTw 5 (Ff
BEWZA, 1997). MREKINBED K KINIEIES F— A2 L7225, KO NEEE 2% K
Wft, K — VORI H 1, € OREMZ LK O AN 5 b MRTH 2 LTS .

COKINE, FAZHCEET 2, FKRRES 5 WCIIIEBIA I N bR (BR) 2597
550, MBI EOT—% (ROGBEAEREYL Y Y —, 1983 RGEIEAIMSHAEL > ¥ —,
2006) DIz, [CO, DIz o THET 28\ CO, PHEEZRTRERTHL] LFH)HVWLR
TEMA T < (W 2IE, BRI, 19825 ¥F, 2003), HAHIEE VI NP SFITLEALEFOR
FTOIREIZD - 7.

ROPWETIE, FHGOR CRTEME) o8 r8giot (FFFmmmN) RS hs, 2%
PECAE S 2 WHUR P REBAFEL, ST TIATONIRAMNIEIC L - T, L ORI LTS
HHE2IZSNTETBY BAE, I - FHil, 19745 KRIR, 2003 5 KiRIEA, 2005), MEEKIL
DIFAKREIRTHF U, BURTHNR SR ) OIERILZERO AT 2 BRI U TR 2
W ztTo7z. ZORR, KLALFAET ORI, BHEDOEFLT O % L OO IEBEN 7%
MAIME SN2 THET 5.

2. AEMIZOMEXESR, RFKERICOVT

] o2 EENICAS LOTW201E, WIRMICHMOERD b D LENIESTHL L S
Na THEEA] THY, BRPIEAZRRSSHAERROBI E CHRIUNZ .t & L CHliT N7
WCHA AL LTRSS T (T 2005). BHEIM, Vo bh ko, 74
FFSWOREM R EE LTHL 2SO T W28, il o BIEA 252007 4 (CEE 19 48) 7
F 26 HICHORKLESWITIHESN /22 L dd ), BEIHMEERAOEL LTORRBMEINS X
I otz HROHBRRBNOBOLEIRB L ARTEL, KGEROBDETIROT, EZEAL» SN
2 F TERP—HE 2o 2FIGEIA5E Y, 2013 4F CPK254F) 9 H 24 HIZ THARY F/8— 7 |
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Hyoshimizu Hot Spring
(Himeshima mineral spring)
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bring

Fig. 1 Map showing locations of Himeshima Volcano and Hyoshimizu hot spring (Himeshima
mineral spring) with sampling sites of rain (R) and seawater (Sw) (A, B, C]. After
discharging the spring water, yellowish brown substance was precipitated from colorless
and transparent spring water in the pool provided on the side of the springhead [DJ.
Latitude and longitude of Hyoshimizu hot spring are measured using a portable GPS
receiver to be N33°44'07.98" and E131°41°00.18", respectively, and the altitude of the
springhead is calculated to be ca. 5m by using measured values of local pressure and
temperature from the relationship between atmospheric pressure and altitude.

WCRESNTWA, T2, MR LEOEELRERE LWV THLINLTHAID, B
ROBOBERAOBELL L, 1986 FICHATES NN L ZIZ L0, REOTICX 28135 IR
ENTW5 (Bl &% 1989 AEFF:, 2011).

JERETOREOFRIEE IEEFHERICE201EY), HAERICBW TR [ROKEOH, &
BIFEE (BiZ2r50<I2) OFF, MRBERMHENSE (DhdrdoLe) PHVArLAEThE
TERREAEHEL £ O & L7e2s, ixZhzdkh, WEE->TCIoBICREL, HEHEs (002 2)
DL o] EHY, WEOHZOHRIZINSHETLEINTVWS, HITFKEROLD, Z0
WIZEobs [BEEABREZMNIZHE, OE2OTIT) L LAADSRL, FHT2To o
TEZAKRPBERLZ] ETHEVEAICH - TWS, IO —4772% 1810 EEHIZKE L
WP KEROAFTE R LLFRLTB Y OREA, 2011), 272 < &b 200 435 OFEN Lkl T
W5, BEOTFOKIREIE, BS54 4 (1979 4F) (Ziff 2 T CT—iif & AREAL L 72 B2 i &
N2 0T (EiF, 1989), #ERTLHEISENLAENT AT, BE,1SBHEHLTWZS L.

EShE & LTINS 2 0R I, HRKIID O EDTH B EKINEBET 5 WEE e e
LM (R 70m) O5D LICZAZALHENLTWS (Fig. 1). HBIOORIIZEKT —
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VDT HNTEBY (Fig. 1), 25CA2 P L TR LA GERK) 1207 —)b Z#kH LTl
R SNZHER O SHB L TWaS. 20BN, #WOFEYZ - 2R KT EEEICE) (e L
THREIZELT 2L FELNTVE), ZOREMEO -1’7 —VOIRIZIEE L Twa. Fig 1
DD DOBEICIZEZHFBHRONRG - TWB 272N, ZOMWMHY 4 N2 /& 23O
THIED, HROZOICT—NVHNOKEHRIZBICHRTE L5 LW, 2B, B2 SO
Kix, RSN A EEBMNERERL Y ¥ — TR LTI SR TWw A,

3. EHAE - WROFE

201145 A 28 H, imAK, WmLEy (K7 —VoKICHER L7z b o), AR EEE s 2
ORI ETV, BERFE L CRAMETHlK E, BHEZH - 720 THRHAKZEWOH &V E5E LT
BRI 7=

AR GRIRK, WK, #K) OKE - BRFEMAEL 6D & §%0) HAHICIE, REPITKD
BREPEI ORI, TT AN TR - /AF L7z EfF4REE (DIC=CO0:uy + HCOs™
+COy* : Dissolved Inorganic Carbon) ®OAb&: - RINARZHTH O AEKIE, FHEEED S O CO,
WA NS 572012, HAN) THICEN=y a—#5 27 7 K LV (BAREX®) IZHRIL, &
PR L7z, Z ORGSO I IE—5 LTIV 2 R ) BUCERIL, 94 £ THisik
WIZPRAE L7z, TR K OBREUE, R & b BIAR & M3 4 72012, W & ik 7 — Vi
IO 2 7 A T v, BRI O MMM B WK, pH, 3.3mol/L bR AEM % ik #Em &
L7z @@ Ar (ORP) DMIE 24T -7, ORP &, HEHEKFEEM & M L 22 R Em o B2
MMz TEh (BE#KEBBOBMNZ 0 & LHOBILRITCEN) 288 L .

TR EE A AL, BT TR A S & S I 27RO A%, KO 2380 OJFHETERIK
L7
[ 2RED 1] RO E o TRBEAELEDIZHEIRT LA A%, u—r2fioTay 7if&D
o — VSIS, BITEBICT VAV ER GM KOH) &t /M ARRINES (KT S
A5 B L. CORECIDEBROKREEZ DL LEZONDE BLRETA (CO.) »°
TUHVBERICWINENL 720, FOREROR AT A (T A ) BRI S LW AR
HEBRBIHLRLIENTE L.

[T 2#EBD 2] MULKIBROT A%, 0= 2HCTHEWICA by 73y 7 Offwizf Ly
7 AH T ARG VIHRILL 7z

TRKDORFK 7 — VN TORHERER &, BRBEHRINIB ZRK L EETSZOEE (KRil)
MBI OC, TRAKOBE R, FAOWEME, T VNORRKOKEZ KD, T—VNOR
RAKOEEL, KR T — Vol B KEzillo7z HRAKOBEBHEL, KT VORHMOTHE
VIR K EZ, Ay T4 v FIC X o TRIFHEM 2 5HI L7212, R BADHREKD
HeEr AAY) =Ty, FrEZTREM2LFHE L. FAENEIE, SJE0eT2EDL
NBHZBEORE S OO — b Tl A A %50, Hft L7-FREEBEH O € = — VIS % 2 K %
ALy T r vy FCEHIILTRD. 25 A A E L IREAENEOBRREILZ b 5T, RS
WIS BT 2 7 A LiRRKOES (Rik) & L7

FEERBIZH bR KRR, A 27 u<x 75 712X 5T Na, K, Mg, Ca, Cl, SO, %,
W% R (F VY 72> bay vik) 12X o Tk (SFe) #0# L7z. 72, &WAE % (DIC)
WREx, BURKZ RN L CRKT O REE S (COzwp, HCOs™, COS™) % FRT COuug I
WL, 44 A= —108k L7 bR REmE v CEPRESEIC L D ilE Lz, HCO; i
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BEix, 2o DIC izE DM EME & Ki, pH OfE 2 Hw T b P o
S RD 7z, KOKFE-WEROFRMARL BD & §°0) OflE %,
= 2= =7 v FHABFHERTZERT O %8 AR 7E = (Stable
Isotope Laboratory, GNS Science Limited) ®E &5 % v,
TR % H w7z i@oik, ZBILRFTFEEIC L D iTo 72,
WEREE LD, %0 DZENFNIZOVT £10%, *01%THh 5.
DIC @ jRFZLERMARL (8¥C) 1%, FFKIZ Sr(OH). %l 2 Nk
LTk L7z SrCO; & A ) Lz L72t%, AU YEREWH T
LCHRAT % CO. & FAFZERT RFZEE O B & AT eI EA Ll
L7z, EREIE+ 02%TH 5.

AREOIREKE & HITHR Y BUITERI L 7215050 Th g % FEBR = 2 H
Lotk TNV T v A (No. 5C) THHIZAML,
A &V ARTAREL THEEZ L7z, E DR ARAFHIOWT, #]
o X BT (IR AR B BT SE L B I Bk A T gl ik (B
T, HKHBNN) ICRE SN TWE HARBE T AL -4
LAY - 7FH I 4% —]SX3220), MR X MuHTieE Gk
WExEO Y 78727 by 7 X #EPrEEE Miniflex), #R~445506
R (RO KEFEEE AR B O Bt B R R 7 — ) s
AV G EE R FTIRB400S) % FHi L7z #rakK X MrmlHrill e & 7k
M BNTIE, RIS ShCna g aima (3
W) OB LR 2 2Rk & L TR0 T Tofr L.

HARED 1205, Z W bk (COw, &HE (N, 7V IT ¥ (Ar),
AN h (He), K% (H), *% > (CH) B XUWE#E (0.) 0L
MK 7 — & &7 CO TV ) W A & CO, BMEIZ X - T
M L7z, No, Ar, He, H,, CH IR KMIENIEREDOMRET A % F v
VT —=HRELIHAAZ7U< NI TTHHIL, O ZFNs05
Wi, R 7 ADOER, EBENORN - [RIET—5 2w TR KD
REHFBEADLSERICE > TRDOZ2. F72, CO. DRFLE FMLAR
MK (8°C) &K D720, TIVAH ) WIGHE T O L HRBED §°C %,
Stable Isotope Laboratory, GNS Science Limited (=2 —3Y—5 »
F) PRA 028 AL AR B AT RN 2 Tl L7z, e A B
+02% Tdhb. HABRFD 212200 TIE, ERRKFRFEFEHER
TR SERL M Hh7ge { b 27 T BR bt 5% D 134 T H &2 4347 =1 modified-V G5400
(MSTID 2&Y, He & Ar @RS X O ‘He, *Ne, “Ar, “Kr,
Xe OWEERE L7z, KRMAICH T 2HEOKEL Ar FALAEK
ST BT 2 R AN RO IR KL, E' Lo KROFA A
ZWlE L TRz *He/'He lbid, ~VU 7 AR ARIEEESE H A
HES] (He Standard of Japan) ® °He/'He= (2888+0.14) x10°°
(Matsuda et al., 2002) & IL#E L TR 72, Table 3 (233 AL
DOWMEFAT 1o, FRREOBEIT 10%BHETH 5.
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Chemical and isotopic data, and also water temperature, pH and ORP (Oxidation-Reduction Potential) of water samples collected from

Himeshima Volcano : Hyoshimizu spring waters sampled at springhead (Sp1) and drain of pool (Sp2), rain (R) and seawater (Sw).

Table 1

Cl SO,  HCO,

(mg/l) (mg/L) (mg/L) (mg/L)

7.0
0.2

Ca ZFe

Mg
(mg/L) (mg/L) (mg/L) (mg/L)

Na

s ®0H0 o "°Cbic
(%o0) (%o

6 D H,0
(%0)

DIC
(mv) _(mg/L)

ORP

pH

Water
temp. (°C)

Sample Name / ID

1120
1120

7.2 211 235 146 210
233 209

117
116

-8.4
n.a.

<13

+63 2260 -46
2020

+56

6.10

25.0

hot spring water at springhead / Sp1

145

210

7.2
n.a.

n.a.

n.a.

6.18

243

hot spring water at drain of pool / Sp2

MR

-9.5 n.a.

-68

rain water / R

389 1220 443 n.a. 18600 2810 126

11100

n.a.

2 -0.2

n.m. 93.3

8.05

16.3
[Rem.]n.a.:not analyzed, n.m.: not measured

seawater / Sw
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4. BREZE

4-1. BEK
FRIGREAROBIAKE M E, 1LFB L O
ARG T — % %, FU B TRINL 72
KB L K RE DT — % % & T, Table 1
R L7z ALEGHEICOWTIE, S o5
LN 4 DG ESFESN TV EDT
(BHEIED, 1982 KpWEAEHEL Y ¥ —,
1983 ; f¥F, 2003 ; KorWSEHI RS v
Z—, 2006), NFHFATITIAILST
KEDORAELALE RZZDOHFig.2 TH 5.
1982 42> 649 30 4R/, 7V Y TR ERIE
R4 EBREETIE Mg>Ca) THHI LITE
bz wvy, 4N (2011 4) FREL 72
RIKD T — & % HAL D 2006 4D Z i & X
%L, HCO; IEFEMH 4 EKT L, &K
i & LT 3FHRERD L Tn S, 4o
HCO; i BE A 13 ¥4 47 42 I BRI E A & pH &K
ia F W TILE G R SR Db D% o
T, EBICIEFEIRBIC R b2 01F, £
NNREMEZ B/ LT L, BT
FOBRERVICESoTWAEZ L H NS,
FEWICEE TS (1982) 121d, BAFEA R
(TCO, L FRENTWAD.) & HCO: EED
WHDOF =7 HFRLTHDLOT, ftHEEL
AT % FLE L C A BIAE 1770mg/L
WZxk LTt id 1860 mg/L T—6% 1 & D
#TH D, —J5, HCO; AR D 2006 4 (1830
mg/L) &4 2011 4F (1120mg/L) & @3
—39% I LA KR V2D, EROMEERT
ZELHZTWLHDE-DOND. TR,
1981 ¢ & 2011 4 (&7I0]) I2DWTC, BAFA IR
R B ST A H FHE S B H.COs i &
HCO; i) % He_TH 5 &, 1981 4E 13 [H.COs)
=2820mg/L & [HCO,] =1770mg/L, 2011 4
13 [H.COs]1=2040mg/L & [HCO:]=1120
mg/L & 7%V, HCO; i EE721F T < H.LCO;, i
LRI WM LTS (GEE LTIZ-28%)
CEDNRTHRNS.

RO KOFAAIE 2, K, FARD
ZFh e LB Fig 3IRT. KO F—%

IR B it [T K] O HbER(L =R b 7E

40 20 0 20 40 (meq.)
Na+K d
29Juy 1981 Ca > HCO3
Mg SO4
14 January 1 983 i >
26 March 1995 i >
16 October 2006 >
28May 2011
[ This study ]
(Sp1]

Fig. 2 Long-term change in chemical composition

of Hyoshimizu spring water represented by the
hexa-diagram. Original data of 1981, 1983,
1995 and 2006 were cited from Shiga et al.
(1982), Kono (2002) and “Hot spring analysis
reports” by Oita Prefectural Institute of Envi-
ronmental Pollution and Public Health and
Oita Pharmaceutical Association.

T 10

C] I
-30

(o)
Magmatic steam 9
from island arcs !
- -50
[ Hyoshimizu hot spring water ]
R [ rain water] 4 70

Fig.3 Plot of 6D vs. 60 of collected water

samples (Hyoshimizu spring water, rain water
and seawater) from Himeshima Volcano with
global meteoric water line.
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RA Y ME, WHAKRBOT—% KAV b2@ s LR RAKR D=56%0+10) O LIZIFIZF-T
BY, KEKIEKICHKTLZIEEZRLTWS., KEF— b TFHRTELIETED 57205
MRS 50m EENTW AW EYH 2120 20b 5 d, &HKkOFSPRLNE W
LWL NI R 572, —J, Table 1 TR L =@EF4EKEE (DIC) DRFZERMVARL (8°C) 13,
KIPED CO. DZFNHHL L HEPH (—25% ~ —12%0 : Fischer et al, 1997) 2 575, 13 CO, & i
BB 2R 5 CO. 2%E Y 2 B4 TR o THIT KR D DIC DR °ClEZ £ LEL D
T, Wigidc&hw, T, #RELZCO, L OB THAMKS M %2 Z L, DIC o §°C fifid it &
CODENINELD EBEL (HAEL) oTWAIXTARDOT, REIIILMHEC X 54
EZTHEPH L. INHIZOWTIE, ®%RIFE, WL ZDORRIZOWTRART .

4-2. BRILEY

BNC DR L 512, HHEZORKITEGENTH 225, HHLOBORKT — VINORK
FEBLONHBYTH->TBY, TN LZDDLEZ SNDRAGLOYEN T — IV DI
LTWwW5h., ZZTiE, IR, LB L LA O S, Ll L1525 8
WZH720) Z2FTHh7z. Hnicary¥a—% - 7107275 5I1% Webphreeq (Saini-Eidukat and
Yahin, 1999) T, 4 v ¥ —% v 2@ L THHTL I LA3CE (http://www. ndsunodak.edu/
webphreeq/), KEDFHH - 5T —42 2 AT A LIZE o THID ZoWIRETOREIKD A
VERE, HAEBEALEREONE - ITEAMDTHENINICEE SN, IBEIREICBT A KRS
% AFK O (IAP : ion activity product), fafl#E% (SI: saturation index) 7 EA3RIAZIC
HIEN5. Table 1 IR LB BT 2K, WK T — Vi T CRILL 2Rk Zh 2
NOGHT— 7 HWTEHE LK R%E, Table 2 128 L7z, SRS ST 2SIEOfE & 7 % 859012,
TR AKDSEDHWNBBATH S L 2 £ L, MK S ZDHEWIHIH L TL 2RSS H 5 L
THINE (EBIHHLTL 2089 201d, KISHENEDL-> T 52D TREICTETLH I LI
T& ). BT SIAIEOMED S DI, JAEAKRILE =8 (Fe(OH),), $+8k8L (FeO(OH)),
L (Fe.0s), ZE8kIE (FeCOs) TH Y, BT THFLIRBEAKD AL L TL 2D

Table 2 Saturation Index [SI=Log(AP/KT)] of several iron minerals in
the Hyoshimizu spring water caluculated by collecting samples at
springhead (Sp1) and drain of pool (Sp2). SI, IAP (lon Activity
Product) and KT (solubility product) for selected minerals at measured
water temperatures (see Table 1) were calculated using an agueous
geochemical modeling program : Web-phreeq (Saini-Eidukat and

Yahin, 1999).
at springhead [Sp1] at drain of pool [Sp2]
Mineral species
Log IAP  Log KT SI LogIAP  Log KT SI

aragonite (CaCOj3) -9.02 -8.34 -0.68 -8.91 -8.33 -0.58
calcite (CaCO;) -9.02 -8.48 -0.54 -8.91 -8.48 -0.43
dolomite (CaMg(CO;),) -17.86 -17.09 -0.77 -17.64 -17.07 -0.56
Fe(OH);(amorphous) 18.32 17.91 0.41 -16.91 17.93 -1.02
goethite (FeO(OH)) 18.32 12.02 6.30 16.91 12.06 4.85
gypsum (CaSO,*2H,0) -5.77 -4.58 -1.19 -5.78 -4.58 -1.19
hematite (Fe,0;3) 36.64 22.03 14.61 33.82 22.12 11.70
jarosite (KFe3(SO4),(OH)s)  26.44 29.85 -3.41 21.97 29.95 -7.98
siderite (FeCO;) -10.79 -10.89 0.10 -12.23 -10.89 -1.35
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HBHIEMIINETHLEFRD. T2, IF
KT7=NVHRHBOTEDEZRE R BoTw
LD, TS OW, IEFVEKERILEZ# (Fe
(OH),) k ZE#k# (FeO(OH)) Th Y, i
I TR IR AR 2STE e 2 AT S 20800 %
LKoTwa Edhud (F—nitdolnik
ZIRE IR O TR L & — MR 72
T, BRI 72 e TR AR L 72 5 01
RTELdolz), KT —IVNTHIL -
L - HERE L T 2 TR0 & 2 IR LW
IR 8k (Fe(OH)s) F 72132
8L (FeCOs) &% 5.

7K 7 — OV I HERE L 7= iR TR o s
X MAHT, By R XMl , ARovaes
WrofEH % Fh 21 Fig. 4, Fig. 5, Fig. 612
Y. Fig. 4 1308 &3 % L2284 (O
F) OFWELGZTBY, AGVurLTFHE
N5 EH2#k (Fe) BEEREHTHY, 7
Vi h (Ca) T A% (S) O FHhIH
HENTW5S. ST W2 IIKE (H),
3% (0), kF (C) ITKEAZFEI2 VDT Fe
EXICRBEAF Y FEAOH % DA COH
LOPETD SRV, mEVH S LTHAL
# (Fe-S) RO TIEA W LIZMEW %
V. Fig. 51, XMy —-rThh, =
B 7-D12{ll% L7zt o5 oSs
TR EDOBEILB MO T — % % TEIIRL
co SRR R (FB) 1S e XM
HFTE—2 (G »EonTHY, btk
EE W kEE (FeO(OH)) 2°&Eh s
EARENT WS, Zhizx LT, EEO
- T KRR OISR ILEE L E — 2 2585
NTWRWVDT, EALREWMIETEX %
WOSIERETH AT EERR LTS, Fig 6
i, RN A~ VT, TBRORIK - 5
i OB 2 X B Hl &
N7z6t8k8E (FeO(OH)) ®¥—2% (Gt) #*
™OHNTVED, LEOWE - AT KR D

c
S oo

Intensity (cps)

IR B it [T K] O HbER(L =R b 7E

16000__]

Feka) —

14000__]
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Fig. 4 Result of X-ray fluorescence (XRF)
analysis of the yellowish brown hot spring
deposit sample collected from the pool on
the side of the springhead of Hyoshimizu
mineral spring.
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Fig. b Result of powder X-ray diffraction (XRD)

analysis of the yellowish brown hot spring
deposit sample collected from the pool on the
side of the springhead of Hyoshmuzu mineral
spring with that of similar color collected from
Shibaseki hot spring in Beppu preserved in
BGRL, Kyoto University for reference.

TR LB IX, TN 8135 5, X M TIIMAIT & 4o 72 KRILHE 8k (Fe(OH)s) Difiv¥—
7 (Fh) 2M35hTHEY, Bl bFBI 2T A PRI N OTICH 72D TH 5.
DLEDZ iy ARG 20 5, ST KR O B R R, IR BUKERILS 8k (Fe
(OH)s) Tad b EipE 3Nz, HHEOWRKTOHEA 4 T WHE I 2MiOREIZH Y (Fe™), £
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NS BRICRILI KRB T (RFESEH V (@
02 5UE) ICEAh 572012, Fe ML S P o o R o
T 3MIEIEL (™), AR /N S 72k [
MALH 8k (Fe(OH):) & LTHIMLZZE3 e AV
HTX 5. é 90 (b}e-!%igg) i i i
ZO—HOLEBEAE Y 15 RIS | Hyoshimizu hot spring it
o2 &9 B MG B DI k1L , | (Himeshima) n
FHERIZEN (Eh)-pH M2 5 (1 21F, vaWmefmf -H
—[&, 1972). 41T KIRSE O I & k7 — | wo |
Wt T OMREE & 8k 1 + VIBEESAFO T Cil - H20 Ah%
SKOpH, Eh7—% % Eh-pHE Eic7my £ %] e
ML7z2®D25, Fig. 7 Ths. TON, ko 1 Shibaseki hot spring
MGEHOI0b0T, F—yK4 v b7 | @Pd
|n S }\ TQELi F62+ f,& 7mg/L %) ﬁbiﬁ%j{ﬁj 4000 3000 v (Cm%%OO 1000 500
< C;i & LA Fe ((?(H)j D ﬁﬁ‘fiﬁéf Hrl Fh: ferric hydroxide [Fe(OH)s3]
ZRLTHED, RISKERILSE 8 Fe(OH), [mmeMﬁmm ]

ENMERLRTFT VI Y VELDTEERL

TwWa. —J, THoORZEKZ— Vi Fis. 6 Result of FT-IR analysis of the yellowish
brown hot spring deposit sample collected

DHDT, 77— KA ¥ Md Fe” & Fe(OH); from the pool on the side of the springhead of

DREEBEIROEHRBMEICITIZR->THED, Hyoshimuzu mineral spring with that of similar
2 AF SH - — color collected from Shibaseki hot spring in

F? ‘%E'U(M%KLJK@IB%T#‘(Fe(OH)S) Beppu preserved in BGRL, Kyoto University

PR L TV L EBEORELZ ) FIERILT for reference.

WHEERA.

FH S =ik o i (30.6 L/45) &R O K 7 — VN OIIR KO ERE (169 m? x 3 &
087m=147m*=14700L) 7> iR AKD T — VN TOIGMEER M 2 WD 5 &, SR & 5145
SN, BCHEVRIRTHZICHHEDLLT, CTOREOFRMICIEMSEARBELE 8k (Fe(OH),) &
L TVBZEEZRLTWAS. HEANHS L L TIIMd TERWRETH A ICH b 5T, FEREIC
e > TV DML RS % B FRI AT - FLak 25T & A 01, IR K T Fe* 705 Fe(OH);
WHEE T 5t (Fe” +3H.0 — Fe(OH);+3H +e) O#MENHYIZH V2D THIE0HEEZL
N5, T/, MER GESE) OKBILEZS (Fe(OH):) XM RS & & H BRI
20, ¥ IAKEEES (FeOOH) IZEfbT 2L 3N 00 (HFIEA, 1997), ALY %
3% Fe(OH); 29EMETH AT E SRBPER L TOHI LW LZHRL TS EE X
5.

4-3. RR{THEEERES X

HARESHT, W OFRMVAENEORRE, FRINZ X > TE Y IR L2 /K (KF) %,
Table 3127, %B, RRICTFT—=FIZFERLED o728, AR ORLAHERERTEEZD
NoHMEH (0 1%, KERERLSAAMEOFT0.008% % 5D AHITBE LD - 72

FARIR OFH IO TR S N2 iEEE» A1, EEIIA (1982) IZHEH S N TV B KO-
CO:ENPLTHEINS L HIZ, FELTI@br#E (CO.) THAHILPHHERTE. D CO;
EBUBPEICE O Th HKFE (H) & x> (CH), ZRITHIR TKRES (H:0) ZBRW77 A
85 CTHDH Ny, Ar, He ICEH L, HEEICH D EWALEICH 5 IGEIY KL 28 T B 2 FIHF O i
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LA A CKRIN, 2000) & RIH~2 &, HiEO N-Ar-He 7 AMRHE L, OB KT ADF— %
A7y FEND, HEHADOS Z<s A (Kita ef al. 1993 ; db, 1995), K&, KRAASPEHS

%K (ASW) ORAEHEBNICH Y (Fig. 8), K
DEAFEIRBED R FLE AR (8°C) o PR
NEOERU X, ZolEETA»KINETH S S
ERRIELTND.

Fig. 91k, ~VU w7 AFRAAMK K (CHe/'He [ vs.
‘He/*Ne ) FACHI T RIS BEERE T A D7 — 5 %,
OB A 77— % (KI, 2000) %5 IR H
AKo< <A A (Kita et al. 1993 : 4k, 1995) & &
DKLV DOTHE., FAT7 770 LT =5 RA
v ML, RRAET AN Y MIVRSICE A S
~MHe DRADDHZEZRLTEBY, HEDO< S
UGB D REY) T 5 FUNF IR O AT A & X <72k
BeHTHIENRENRTVS. $72, Ev ‘He/*Ne
W (#5100) 1, IRRAFHL Y 2RI TORKDEA
PN LEIRL TS,

Z ZTIE&E 512, Shimizu et al. (2005) ZHEL, T
REHCTRBEAY 7 2 ORAHEZHEL THD.

(*He/'He)s= (*He/*He)w * M+ (*He/'He)c -

C+ (‘He/'He)s - A (1]
1/(*He/*Ne)s=1/("He/*Ne)w - M+1/

(*He/®Ne)c - C+1/(*He/®Ne) . - A [2]
M+C+A=1 (3]

ZZIS, SMC AFERENRE, v v, Wik
KAz, RLTIEZFNSD He OiRGEREZEL, FL
THRTZ D> TENEND ‘He/ He It & 'He/*Ne It
rRDbT.
FNZENDI8F X —F1Z, Shimizu et al. (2005) 123

0.6 at springhead

04 Fe(OH)3
b
ﬁ B mop]
02 [ Fe2+
— Y Fe=1.25x107*M
0 | [ Tw=25"C
0.6 at drain of pool
04 Fe(OH)3
>
= -
L
0.2
— ¥ Fe=3.58x10"°M
0 lTFMT
5 6 7
pH

Fig. 7 Eh-pH diagram for explaining
precipitation of amorphous ferric
hydroxide (Fe(OH)s) from ferrous
jon (Fe*) in Hyoshimizu spring
water in the pool on the side of
the springhead.

Table 3 Chemical and isotopic data of sampled gases associated by Hyoshimizu spring water
with gas/water ratio for estimating concentration and isotope composition of total carbonate
component in the spring water before separating gas phase.

Gas composition

5 1*C co, G
as/water
co, N, H, Ar He CH, (%)
(%) (%) (ppm) _ (ppm)  (ppm) _ (ppm)
sample 98.4 1.56 n.d. 230 14 42 9.1 0.84

[Rem.] n.d.:not detected, H,O (%) was calculated to be 2.97 from water vapor pressure at 25°C

4 20 36 40 84 132
He Ne Ar Ar Kr Xe

3 7 3 7
He/*He ‘He/'H X
e/ He 2 WV LY

ppm

10° Ra

sample 17.0  0.162  1.06 324 0.0549 0.00322 7.44%0.14 5.35%£0.10 0.1878£0.0005 306.7£0.4

air 5.24 16.5 31.5 9300 0.649  0.0234

1.4 1 0.1880 296.0
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LTHBMEMRALT, BEAY Y 2ZORSE N,
M C AZEFELL ZoME v b
IR 7 A 0567% (11 ppm‘'He), Hujgite i
AN ADY33% (6ppm'He), KEGERIFEAY
T ANS03% LEHE SN, ¥V MIVEG DR

Srab or Sediments

BWRENWZ EIIRENT.
Fig. 10121, [4] RKTwEFES NS *Ar T *—’_ﬁ&,\{ %;—;&;t&rg%t)i
HAEAL U 72Ai & A AR 78 % — » (Nagao et Hyoshimizu hot spring
al, 1980 ; Nagao et al, 1981) %75 L 7. He (Himeshima) Ar
1000 X X100
F (mM) = (mM/SGAr) sample/ (mM/%Ar) air [4] Mantle or Crustal
ZZ VC“‘ "M Ci?ﬁ A Iﬁ”iﬂ; /1He' ZONe’ MKr ﬁ A Fumarolic gases in Beppu (Ohsawa, 2000)
I 132Xe ;E/j—i-é— Fig. 10 12 Liﬂ_’ﬁi@ 72 C:, * Magmatic gas in SW-Japan (Kita ez al., 1993; Kita, 1995)

L~ ¥ FVIE)E He # BRI & T lE X
i IR He % BRI & Dl Fig. 8 Relative N.-He-Ar content of sampled

A (MORB), KGR A DG HK gases associated with hot spring waters with
X WFEHEE & R, KRR A A DN data points of fumarolic gases in Beppu and

P R g . magmatic gas in SW-Japan. End members for
Brd A BRD/8 5 — 2 bRy LIS slab, sediments, mantle and crustal are cited

52 MVEIETH 5 Z L2 S 07 i from Goff and Janik (2002).
® He(F ("He) =97) # B MH A, KITHE
RLIZKRAMGHTAD L) %85 =0 Th b,

COFA AL, RAEIFEOH T AKIEA L7z 10 *E ¥ Mantle
RAAAADEIRKE &G ISHIM LI F 2 Hyoshin,\:izu hot spring
5N5. LaL, He IAHT S “K 3% TA: g 1] {AIr (Himeshima)
)JETZ.) radiogenic (H%{l‘ﬁ(ﬁ) “Ar @ﬁﬁﬁi‘: !;é [A Fumarolic gases in Beppu (Ohsawa, 2000) ]
Table 3 L:%Eé h"c\z\ ;u) J: .?) a:y 40Ar/36Ar J:I: E o ] * Magmatic gas in SW-Japan (Kita et al., 1993; Kita, 1995)
DRED 2960 & D I DU E W 306.7 TR ”
SNTBY, ZORSHEI “Ar O #REIZ oor Crustal
12ppm [(306.7—296.0) x 1.06 ppm*Ar] & 7 o1 411‘_’[ J20 1000
e e

5. LCRD - HEREIE He % 6 ppm &,
SO A EEE L O He/PAr 1205 £ 4 1), Fig. 9 °He/'He vs. ‘He/*Ne plot for bubble gas

R . . e associated by the Hyoshimizu spring water
MW T ORI TS B 5 I with fumarolic gases and magmatic gas in
N5 E—HiT EE, ‘Held UR Th O o 3 Eeppﬁg(ggsaﬂi, 2000 ; riita et al., 1993 ;
5 e Fh < N oA ita, ) e upper line represents a
LETHMT 2OT, AL AAE WY 2 mixing line between air and upper mantle
R T AKERO (U+Th)/K kA7 a— components : the lower one is a mixing line
2N T B E O I AR TR 2 & & for air and crust components.

KL TWwb EHEZ 5N,

IR D RIRIE S ORIZZ R B Y67, S°CIRAMRERETH 25, BEREZOVOLEOTHLY Y
RV CO: @ §°C Al (—10%0~ —4%) & [f] UAEAS U < #ii1 3% T d % R RIER IR D CO. (3°C
=9 0%) & HER A B IR D CO.(8°C =4y — 25%0) DIATHE Y i, jeFE L@ AL AHRLK (8°C)
ZITRMEZXNTER2VE V) REDDH L (BRI, I - b, 2011). TD720, ZfgR{bi
FORELZHERT WG, “CUNDEHREZEDLDETHL ZEPLETH L DL L, Tk
Pl LTIRES N2 D28 He 2 9FH L 72 8°C & 2C/*He HOBMRD ORI FEOREER - %5
ReHEd 5/ TH S (Sano and Marty, 1995). 22 Tld, TONTEZFAINT 5.
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LB L R OEE (Table 3 ® Gas/water ) Zffivy, T a%& v TR 5B LUET 0 4 5 BR R

FORE (ZC) & PClHZRD7-.
813C2c 2813Cc()2 ° XC02+613CI)IC + Xbrie [5]
ch + Xpie = 1 [6]
Z 2T 8%Cxc 1355 BlE T 0 8°C i, 8°Ceo, 8"Corc
ZEnEn A ZM (RRERET A) @ CO, B
X OKM GRIRAK) OFfF4akEE (Dissolved
Inorganic Carbon : DIC) @ 8"C 1, Xco, Xoic
ZENENT AMD CO: B L KM D DIC
DENVGEREERL, TOFTIHIETRITIHTA/K
e A 2AMB L VKMD CO, i ED 5K D
N5, ZOMIEH % §°Ce—2C/*He L 1
(Sano and Marty, 1995) (2B DR A A
7—% (KR, 2000) & & itk (Fig
). MTKBEROTF—%1E, TL—roik
AHIAREIIZ L)~ ¥ PV A E N
MR (CaCOy) 2353 LT CO, & %25
TR - HUBATGE) 208 L CHR ORI L
TWb & SN T 5 IS O AR
Byal0ic7Tay EN/.
C OFFNTIHNTE R B X O AR R %
A& L7ZIREMROBHITITHL DT, &6

Sedimentary Marine
organic Carbon carrl%onate
() -

105
< Hyoshimizu hot spring
- MORB (Himeshima)
F 1031
- O Oceanic crust and
oceanic sediments
101}
i - Air-saturated water
101+
[ | [ | 1 [ | 1

4He2°Ne3sAr 84Ky 132Xe

Fig. 10 Noble gas abundance pattern for bubble

gas sample from the Hyoshimizu spring.
Notation of F value is given in the text. Noble
gas abundance pattern of air-saturated
seawater shown as a broken line, and those
of MORB and old oceanic crust and oceanic
sediments shown as striped and dotted areas,
respectively, are cited from Shimizu et al.
(2005).

Hyoshimizu
hot spring
(Himeshima)

A\ Fumarolic gases in Beppu
(Ohsawa, 2000)

M-b( (e )py o

-10 0

Fig. 11 Correlation between =C/°*He and 6 '"°C of Hyoshimizu spring waters before separating gas
phase. Data of fumarolic gases in Beppu are cited from Ohsawa (2000). Model end members
for mantle (M-a : Sano and Marty, 1995 : M-b : Denis, 2002 ; M-c : Nishio et al., 1998), marine
carbonate (Sano and Marty, 1995) and sedimentary organic carbon (mean value of Sano and
Marty (1995), Denis(2002) and Nishio et al. (1998)] are shown in this figure. The tie lines of

the model end members are mixing lines.

365



KIS T, SEHE, WS, BB TSRl

WA W CRBREDREREDES TE % (Sano and Marty, 1995).

SISCS =813CM * M+613Cc ° C+813C0 -0 [7]
1/(£C/*He)s=1/(2C/*He) v * M+1/(2C/*He)c - C+1/(ZC/°He)o * O (8]
M+C+0=1 (9]

ZZIT, S M C OZhZniadhl, < ¥ My, KAARMERREN, HERIEARD 2, K37
FNLDRELEEZEL RFEE D> TENTNOCHE SC He b B EDbT. ZRFRD/ 85 X —
%12, Sano and Marty (1995), Nishio et al. (1998), Deines (2002) I2& %~ ¥ MIViEiFjx &,
SRR, R ERY OMEETIHL, €O PHEEARALT, BERZOEEEM, C, 0 &5t
B/, ZO#RER, ~ 2 MV CO: D 4%, R BRIE2Y 65%, HERTEA W A 32% L&t S h,
WEROR BRI O CO, D% G- HKE L, BIREE oKL - HBRIZE S %)~ 7~ CO, L 1H
Moz A5, HEROERBENTHZITERTLIVIA ZVRENLOLRD I EPRENT.

5. $H WIS

ARFFENC & > T, MR T KR O KIE KRR, BRI 288 CO, 7 Ak~ 7~ H¥E
THhHIEMHM L7z, F72, BHERICHERAD O L TL 2 HBEOREILEYZ, FEHED
KEEALEE 8 (Fe(OH)s) 25740, 4+ v OMALEICIKIE R LI L 728 85 - VA bRl
DOBNFNLERR» DL FHEINLIERE —HT LI &b o7z

W ST /KRR O KK S DS K o8 H & 30.6 L/% = 16083 m*/4E % £ 727 ) $KIifE 2, [7%
3, R, BTREFPZNZFNHELL S0 W) E Y A= VEEFO— B2 AN (B2
i, B - Bk 2003) ASCHEBTHRD O EMEL, WEICBT A EERBKEB X Z
1300mm (HliAL, 2008) ZfHi~CTRed2 L, Hfiw SN D 4KMERIE 37115m? &2 ), BLZ200m
WO 7ITHET 5. S FKREROEEO/NM WAL (Fig 1 228K) o
B2 A4 D L, ZF IS 2B FIREL, TS L THTFR6R->TL 577
<EED CO, HE T AR, BICHZVRBRE LTHEEH LTV L0 KERTH 5 LHE
b,

C DX IHTARIR G IER A 2 B % D > TV LR TE 275, < 7 e L iR
EN7z CO, B DRHRIGE) L 72~ 7 < ICHKT 5 CO. T, #iTFToXKIMknEZIZED LI &
ECTEHE ENTWDEDNE W) 72 REMAE U A, 2 AU KBEME 21912 IR H BRI W RE T,
WEE CKIL) 2B 2ROV DOEELRNFERE L s, T2, HEEIIEGHAKZ RS
L0l SN EEL, BRREH bR Tn (hrvwizgdbfibhTns?) &
HABHIET B E V) ERZETVEOT, IHSZFMH LA TARE,LSIYMATHE ) &
EZTWh.

B

HIHFHAE & SRHRIUE, AR RO ZR# 2 © NI BB KE - BOEE T H 4 o T
NOH LITPREICAT) T TE . KEK, BE REORERMVANEZ =2—Y—F Y Fih
BRERL AT e T O 2 e RALAAIF7E 2 (Stable Isotope Laboratory, GNS Science Limited) 75 %$&
Bz ivie R EEY O FT-IR WE X RS KREHE MALFHAIO K FAEAESEZIZ B L,
BHHETIIRSE RO BEERA—/S—F 4 TV R - N A7 —)v (SSH) D%4), Hk#
BoWmNERl. T, BFEROUGECELT 2H0BAEGEPLRIARRIEL - CHE2z v
727z, TSR LTEHHLET A,
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