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A Formation Mechanism and the Origin of Yamaga
Hot Spring in Oita Prefecture Inferred from
Geochemical Data of Hot Spring Waters
and Their Accompanied Gases
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Abstract

In order to discuss the formation mechanism and origin of source fluid of Yamaga hot
spring in Kitsuki city, Oita Prefecture, Japan, we sampled hot spring waters and their ac-
companied gases, and conducted their chemical and isotopic analyses. Geochemical analyses
of obtained data revealed that Yamaga hot spring is formed by the mixing between high sa-
linity volcanic fluid of Na-Cl type released from a deep-seated magma and ordinary shallow
ground water of HCO; type. Moreover, it was suggested that the magma participating in
the formation of Yamaga hot spring is appropriate to be an ancient magma and therefore
the volcanic fluids released from the magma have been reserved for a long period of time
and would be considerably cooled.

Key words : Ashio Mountains, Akagi Volcano, Lowland of the Middle Part of the River Tonegawa, Hot
spring waters, Fluid formation mechanism, Geological and mineralogical interpretations
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= =5

KGBEAETILEN O F A %> THEHRT 2 @S 0RE (ILFRREE Y 5 —, IIFRET
D) ZBWTHIEAKE X ORI BE A 2 ZERILL, ZN 5 Db - FNARGHT 247\, 04T
FE R D HERAL A RYIRAT 2> & 1T IR O A BbERE & RIS O WTEZR L. ZORE,
INFEHT DS I TG T~ 7 <2 5 S N7z Na & CLICE Gt o KIPEF AR I 5
2L L, RTOMKES HCO; B FRDIBAZ ZUTTER L TWAL I EDRENL. T £
DERIZHG L~ 7DD OTIE R L, HTRROZENETL2003Z4TH Y, B
AR EZ 2 SN2 RKINEFARIE B T ICHGICEHMEGRE L, GHL230TH LI EARIES
nrz:.

F—U— 8 lFRE, SR B, 7 inE, R AR A

1. BLC®IC

FEAE, FER NI IS 2 B S Ol - SLRKERR E LRSS {fTbhTsh) (Flx
RS, 20105 KRS, 2010), KGETH W ODOMERE LRI B W THERLZEN 2 058
AThbN TS (KR, 2003, 2005 #EH S, 2005). €0 &9 &, FFEHILETICS TR %04
WAL HBEL TV L EIESOIEROGEENE L ALA SN T WD, RENRIZEIIITTbNTE
59, INT (1982) 12X AMHAREHRELDHLDATH 7. 2T, AFETIZINFRRE DA
A 2 W S 228 B 720 MG O PR o TRA L, RIBOBRERERN 2 SHEEZ 179
eI, ke, SO TRBANEA A Z 8L 72, BRAKICOWTIE—BKE, KOLE
FIRLARHLR (8D & 8%0), #WAF&RM (DIC) OUEEEE ZoRFEEMMKL (8°C) oF—4%%
TR 22DV @b E, NV YA, KE, ThVIY, 4EF, A5V, BEOLEMK
T = & L BIH A AFMAR (CHe, ‘He, *Ne) 1, CHIIX$T 218 v, T8y QMK &
FNGRALKE S A o g ikl (65C) ZMEL, 5N MEkMLY: 7 — 7 Ic&konw il
ROLEFEEMICOWTERL-OTHET .

2. BWEREFELHRXRMIBOME

HAEOBRICAHMN I N TV D OWFERTE ZRIFE, INFRREE Y ¥ — & INFRREOBO 2 7
DHATHY (Fig. 1), WINILEDOHTAZFVLERSHBE L TV, oMy 2, —i%
WCEHLNTWDE LI, AP TIHIRREKICHELEL TV 00T ENER->TEA LTS
BRI D SR A - GEEL72EEZ 5N 5.

IR v 77—, 222 THINFR.2 5% 200m FiDIZAN DN EIZE R L Cuwfi (2
I L&) S FERHICIEHT 2 HBTHIA S 4123401 O B (CZEEE 700m O KR —1) ¥ 7
WCEo TR THS (LT, 1982). —7, IWFRMEOMIL, FH 12 412 1,500 m DR
ER—=) Y I THHMBE S NZRRTH L. RFEMERLOFE L WHE (B SEBAMR AT e i
AR A Y & —, 2011 IUF, 1982) #A& b L, IWHFHRE Y Z —ORBAEDNEIZIL, B
SHRICE L DR E EAZBRBERIC L 2EE 2 ) T aATHL 7T T4 MBPBE LTS,
F7:, TORBEMEH R i O MR GO S MIRNICH 5%, K—1) ¥ I THRLNT
FAAOWTOMZEIC LS, TFHEIZRILE S LWEADPBKER 22 TBY, BHENE L,
KIS ), LR BOKREEY THRBEEINTVWDE I LB GhroTw5d (IITF,
1982). IIFREADOBOM T HEDERIIAT-TE Lh o 7275, BHhHHE—EEsr it o Kilrs 38
DA H B T s, INFlRE Y Y F — ERRICBKREE 22T 72 RIE» 5% 5D TR
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Fig. 1 Maps showing localities of hot springs investigated in this study (O) with related
geologic information.

NEHEMEING.

VLo, HRBEOMBIG L LT, A, IR BT 20 0 12, REKME
DEFRTHHE L QXL &) BWRPHELET 5 2 LS L (B - &FT, 1993 : Watanabe,
2005). SLROGAIZIE LD X ) T 0¥ T4 MUER % 21 BOKEE L 72 KIS AR Wl
FRICAHATELTE Y, BKELHE EOHFMER I —EOBKITIIC I > TELZEEZLNTVS
(fE - &TF, 1993).

3. BRHEREITECALZES T

3.1 FHFHER

IMFRR Y > 7 —, INFREEOIO 2 BB W TR ARRE B L ORISR A EE A 2 306 2 BRI
L7z, SUBHIRRBR O X5 120H HROBNC 2 258 ICHRIL, FEBRFEICR b7z, 2 oIz Bit
TI&, AKX E pH 2l L 72,

AL E  (DIC =COsug + HCOs™ + CO+™ : Dissolved Inorganic Carbon) Mt « FALAKRGHT
OB, HEREEDP SO CO, FE BT 272012, FANY 7HICEN =y a—-#F 2
J R MV (BAREX®) IZFRELL 7z, KK - BBEEAMARL (D & §°0) Az, R
IKOZEFRIHZ HHVE IS, HT AN TVIERIL 72, ZOMO RS D5 EEKIE, —i
LT AR ) BCERILL, 78T £ CHWIEFTICRAE L 7-.

LEEGHT O H AREHE, KRB L > TRL 72, Z08RkO» A 2w} % v —HRY
IO, BUITHEBIZT VA )ER (GM KOH) 28477 AMEREHIE Lz, €0k
HAREHIEE D B LG22 L8 D 7T VSIS S W nw A 2 R A LUF R
HAELT D) ORY) 2— L% THICHERL, EREICROR72. 2B, TVHVEREELT T
A Gt DO #EAR 1L Ohsawa et al. (2000), #8H - KR, (2001) (2HE L TIT- 7=,

AN 5 AR EGIE I O 7 A S BRGS0 77 A k& FARIZK RE#EIC X 5 C
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BRINL 7. RIBRO T 2 %2R 2O THEICA Yy 73y 7 O W87 5 2 BERAHISEHRILL
7z.

BALKFIH T2 L5 » (CHs), 7178y (CHs) OAHIK & ZI S D RALKIE I A D jrFER
SRR (85C) AT REHE, K%V TEIBIROF A 2 B3 10mL % 7213 20mL o =2 3
t T Y DT EH T ANA TIVISK EBEBEIC L 5 TOROREKE IR 72, Wi - PR
7T AMEEE S, T A LEDEDERGMPIPEAKTY =V END LI L THR L R
L, BBT 2D & 2250552 v

3.2 {bZaHh

AAKOGHTIE, HCOs & B EB LS5 (Na, K, Ca, Mg, Cl, SO & Lild44>r2ru=
N5 7 14— (DIONEX #:# DX-120) T, BII/tEdE: (7 2 F v Hik SHIMADZU #184
UVmini-1240) Ti7-7z. DIC #EE, SRR Z i c LB o REE 7 (COsy, HCOs ™,
CO#) ZFXRT COuug W EHL, 14 A —%— (TOA DKK 8 MM-60R) (Z##%E L 72 &1k
R EM (TOA DKK ## CE2041) % F it Mrasfitidilc X 0 il L7z, HCOs i FE 1% DIC
W OPEM & KR, pH O % v TP EET 52 Bk 72,

KOKE - BFROFNARIL BD & §%0) ok, EmsaHrsl (GV Instrument #1# IsoPrime)
rHWTEN TSRS Z ik, ZBbRFPFEEIZE DT 72, W 8D, §°0
DENZIUIDNWT £10%, *£01%TH5.

AL HH O H ZRFHE, 7 A ) BRI I HO, THALILEL L 72 E i & L, 0L 720 %
RIS L C, R EE CE235 B4 A\ % VT CO, 504 L7z, R A AIIER % Ml E ik
(CORICA - ZEZWE), —EhE 0.2 F v ) 7 —H AL LKA AFG-555S 1 7 A
7ux NI TIEATHILICLY, He Hy Ar, e BX U CH 2507 L7z, 0213 R 7 A OIKF
LB ATEARE OG- RIE, KW O 5HH % ISR ORE S R 2 v CaEI L7z,

DIC B & U CO. #7 A D jic B MMARLL (8°C) 1&, KB X CO FAZWIL 727 V71 1)
A Sr(OH), 22 NEA LTkl L7z SrCOs 2 AR LJRBZ L7288, SHICiEY Y BEH LT
AT 5 CO, 2 H 25 MR (GV Instrument 113 IsoPrime) (238 A LifllE L7z HIEREE X +£0.2%
TH5.

Fi M AFNARE (CHe/'He, 'He/*Ne) ORIEIL, MEHAVEROHTEE GREORZER R AR/ 58
B R MR b 2 FE B i% @ VG Isotope # VG5400) 12 & D 475 72, HIEHE 13 *He/'He, 'He/*Ne
DENZENUIDONT 1%, 10% TH 5.

RALKFZCHT By v (CHs), 73y (CHs) OB DL J1S-2301 [T A
B O RIRAT A DRG] \HRDEFTAsa< b 7T 7 (A= —W#4) sHWTTY, KHE
GRFINARGHTINE A A 7 =~ 75 7 BRBERT LI EE & A 22 2 AR 8T B (GV Instrument
113 IsoPrime-GC) THlsg L7z, HERHEIZ+£02%TH 5.

4. & R

4.1 BRAKOBEERS

MK DAL - MRS MR 2, ki, pH OMEME & $12 Table 112RY. FEHEAALEE
A WTHNHER AL L, IWEHFRRE Yy — (D, Rty 7y — AT %), IUEFRRR
O (LI, Mo e AT %) L HITHEA F VIOV THBT LG M) A4+ THY,
g iconTEiiRt v 7 =24t A + >, JMOWHPREKZEA+ v THo7z. £L T, &
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Table 1 Chemical and isotopic data of sampled hot spring waters
with information on depth of well and water temperature.

Point Name Onsen center Kazenosato
Sampring Date 29/9/2010 29/9/2010
depth of well (m) 700 1500
WT (C) 32.3 (in the tank) 39.7
pH 6.7 6.9
Li" (mg/L) 354 17.3
Na" (mg/L) 9520 3870
K* (mg/L) 716 298
Mg* (mg/L) 143 210
Ca* (mg/L) 284 154
Cl” (mg/L) 12500 3320
SO (mg/L) 09 0.7
HCOs™ (mg/L) 5240 5290
B (mg/L) 62 25
DIC (mg/L) 4800 4750
3D of H:O (%o) —444 —555
3”0 of H0 (%o) -1.65 -6.74
3"C of DIC (%o) -29 —2.66

SN HT T — % 2 IWENT WK, K, HEKOF—% (LT, 1982) & & HITkKA 4 v oMl
WKICET & (Fig 2a), 2 DDMEAKIGIELD 1 F > L REBAKEA F v EHSERECHEL, B
PEFRILIFEK 22 B < IIFFRT oK, WK, HEK GRE O T K) 1ZREKEA 4 > a—F—Ifio
THAL TS, TOZE,s, IWFITIRER Y Y & — NS5 X ) ZRHMREDOR Na &
CLIZE To/KITHR 55 BE DA HCO; BUKE O TR 25 A L TR ER L TWD 2 &A% 2
VBbhis.

ZDORAFRIE Giggenbach (1988) 12X DIRESIN TV DA + VH#EK (Fig. 2b) 12 £ <
—¥5 5. ZOMMKIZBTOBKRONIRES X O BERELEET 2 ke LTK—5h
MEAER 2508 L7 b= P2 & ) NaK M b At & K-Mg i b iR a2 Ml b 2K T
BB, TORBEE % 5K—AAMELERICEG T 58WE, WHRIEENYICHELET 2 EHRA,
AVEL, WA, WVER, YU AITHL. IS EBKOBTUTOFHEER (1) X0 (2)
DM A Y TR (Full equilibrium) Z/xR3MEIC7ay vE3hb, 2L T, B
K7 EGAD S BIRN—F G ERERT D DI OWTIEREHUK (immature waters) DFEIHIC
Tuy FENb,

(1) albite + K* <= K-feldspar + Na*

(2) 0.8K-mica+ 0.2chlorite +54silica + 2K < 2.8K-feldspar + 1.6H.O + Mg*'

F72, RETHEIIH o 72AKPKIROM FROBAZZIT 55 E L TREK T2/ 5 L, P
BOBHEED (1)<(2) ThHb7=0, #5°Fr (partially equilibrated waters) #HIRIC 7Ty b Eh
b, 2B, TOFMNIZEIHI TS HREZ OKATERSPHNC TR 2 LIRS #EER L 72584 PHARIRRE IS
HDHEEOREERZRTLDOT, 70y b ENALED S ZOMENFGAINS.

KMEOT— 5 A DL, iRty sy —3E5 PRSI Ty FSh, EoOMSIERR#K
(immature waters) DFIKICT Ty b ENTWBED, MEHZHESER (KPR TRLEZ) @
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%63 % (2013)
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o~
partially equilibrated _
waters
immature waters |
K/100 VMg
@ Onsen center natural water(Yamashita, 1982)
@ Kazenosato A TDS=>1000
A TDS <1000
A TDS <100

Fig. 2 Ternary plots for classifying sampled waters based on the relative
proportions of major anions (a) and for recognizing the equilibrium state
and/or a mixing relation on the sample waters (b) with data of other
natural waters in Yamaga reported by Yamashita (1982).
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=&, ZOMBOEFEOH TR GEK, WK, HFK) 2378y bE3NRb Mg a—F+—1EL
TBY, COEMIEABBRERLTVLEEZ LN, FEEA F VHE»OHARS NZNE L
BEWNTHS. T4bh, ity y -0k % Nad ClLIZELEESKICEBOH FKRIES >
TIRAKPER L TWDEEVWH) T ETHY, b LIREAKDORNE & 7 555 /KA01 Rt A B R
ZH o> TRETVHIRETH - IRET D L, ZOMEIZ210CHE LB ICERTH 22 L1
kb,

ZOMOIRIEKRDOLFIFHE LT, LiBHERHZRERIIEEINTWEIEBIFONE. FFEIC
ity —O LIREIIRGSEORREOPTH EEMHEISEVEZRLTE Y, ROBEAKIILE
WDKK - NTIEMBSEEN 2S5 5 N HKk0 Li i (BK 19mg/L ; Bk - K%, 1986) &
RTHELLOWMRIBWEE 2o TWA, T2, RIETIEERE (2010) 12X, REL 2R
LTWAaWRBKICHRT, @iz L 2EBRAIEERICLICEATVWS ZEARINTS
D, ThHDZ LR SINENTORBEKIZCCREIIZ S BD S FEEOETSKE LTo—iz e
TV,

Liid B, Cl EEBRICWHEETTETH Y, RK—a A RIS CRENEE) L7512 2 RIN7ZE
BALZZIFICK L, WM E 8B L ENTWA LD, EKDOBEIEER EIHwWSh S, #
ST, Rty y—, AOBD T — % % Li-B-Cl oM HUR K T, KINEEZEEREOK 2 5K b
DRFORREAK (NEDO, 1989), [ILFRIR & FkkZ Bk /iR m K % A7 S 2 2 IR KL S ik 4
DR (KRS, 2010) T30 H AMMNEEEAK HDI, 1991) oF—% Ll L7z (Fig 3). 11

Bx500

Squeezed pore water

from marine sediments
(Ohsawa et al., 2010)

Seawater; :'
Cl

® Onsen center A Hot spring waters in Beppu(NEDO, 1989)
@ Kazenosato A Brine waters in Chiba(Aikawa, 1991)
/\ Hot spring waters in Miyazaki(Ohsawa et al., 2010)

A A A < IJiXZOOO

Fig. 3 Relative B-Li-Cl compositions of sampled hot spring waters with data points of
modern seawater, hot spring waters in Beppu (NEDO, 1989), brine waters accompanied
with natural gases in Chiba (Aikawa, 1991) and hot spring waters in Miyazaki originated
from squeezed pore waters from marine sediments (Ohsawa et al., 2010).
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FOWSEAKIZ, HERR W HEK % BT ORI & 3 5 4 2 AR KR dEHE R W R 2> S HEH S 7z
WK (KRS, 2010) &IEWAMICXBIS A, BIFOBKMIERRE KD T — F 1T WHIPIIC T v | &
NLZEDbrd. TOZENL, IFREOFEIHEFEKE LTEXHN5 Na - CLIZE O EES
ARG W HE TP A & N 72ilERICHER T 2B R0KTId % <, RILPER A & o Bk
AIRIEEND.

4.2 ERFEES ADRS

TARABE 7 2 DAL - RO 5% Table 2 1283, #ARE O O, A, ity ¥ —
A3 0.23%, JADIA065% L O ThHETHY, A WERFORBOERRGRIIITLEA LR,
RIFRy- 7)) 0 M7 272 LR LTW A,

b BT BB A B ERR Y 5 —, AL ICTELRETH Y, R\T, AV
HHRTING IO TEED 99% L EZ EDTWEZ EHb5b (Table 2). TOFEE I KD
FBE 2, HBMIZR D IHFEITNSEWE 2A2H AR AL (2083 2 BRI E K
I (W) OWEERAT ADTFT—% (KR, 2000 : #H - KR, 2003) & HIHRTALE (Fig 4),
LWL OKRIGENIC L %9 DD LIZRRE) MK ERL (COMEE 1/10 Tl L TV 5
ZEITEE), MRS CH DSIIRINZ K oo TV B 2 Sh o7z,

FEIETDI bOEFE No) BRREER T2 EERSTLH Y, FAEERES & L ChuRATRE
HARIWET VT Y (Ar) DEENTVE. NS 2 DDOWMIMEFICRTEETH 2 2 L2 b,
Ar D4 THREREZ S51F (Giggenbach and Goguel, 1989), Nu/Ar lAsKAnZh (836) &1
REVHEICRZUTHER L2V N, ORAPFHEINS. ity —, BoBoZzhiZLhEh
11296 TH Y, L BICKRICL S RWEGPHT AREHIE TN WD I LR R LTS, #2 T,
IR IR A A DORAOKEHI IS No-He-Ar HIRHHKIK 1 (Giggenbach and Goguel, 1989) 12
ikt > % —, BOMDT—5 KA ¥ b JUFEROEK T ADT—% (KR, 2000), 75N
BRI 2 < 7 < RFEAT AR ITVE SNLIBEAT ADT—% (Kita et al., 1993), kA iA

Table 2 Chemical and isotopic data of sampled gases associated by
hot spring waters.

Point Name Onsen center Kazenosato
CO: (%) 91.1 88.8
Nz (%) 247 546
CH. (%) 6.41 5.6
Ar (%) 0.022 0.057
He (ppm) 64 41
H: (ppm) 09 29
C.Hs (ppm) 98 57
C;Hs (ppm) 36 1.1
3"C of CO: (%0 ) -7.04 -65
3"C of CH. (%0 ) —456 —40.7
8"C of C.Hs (%0 ) -433 —464
SISC of C;Hs (%o ) -36.9 n.a.
‘He/'He 713%10°° 7.18x10°°
‘He/*Ne 698 1180

*mn.a. : not analysis
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CO: 10

®®

Nh < < < < CIL4

@ Onsen center
@ Kazenosato

A Fumarolic gases from Beppu
(Ohsawa,2000)

A Fumarolic gases from Kuju-Iwoyama
(Amita and Ohsawa, 2003)

Fig. 4 Relative CO.,-N»-CH, contents of sampled gases associated with
hot spring waters with data points of fumaloric gases from Beppu
(Ohsawa, 2000) and from Kuju-lwoyama (Amita and Ohsawa, 2003).

AT L — &L VHERIHEDO T X, =¥ VD WIZHEFRIEA A (Goff and Janik, 2002) &
EBICFEKL (Fig5). Thaab e, w7~ Tdh 5 HAFIROES AT 2 O KEFHAND 5 i
FITEWE ZAIZTE Y bEN, KAWL WEGREENAZ EPREINTHE, Tz,
ity s =L MOPWDOT—F RA v M2 EMRTHESRE, TO—FHEBRUICELZ L2L, TOHE
PSR AN TR LTH A, ) BRRESTIWUATADH B WVIE< Y MLR IR L v o 2 HhER
PERICHIR T 2 A ADRIBEIRA R &L DREMBERLTWDL EZYTHL. ZLT, bLID
% IR AT AN, HRAK S BIRBEI NI L) HRRIMETH L &35 L, RIPIRENS X
NZFDOX I EBPA ZFZINFO L DICHERTRR He ICEG E VI HEZ O EABIREN
5. 2L, BOMBEN ADOFH ARMAMEDEHTIC L > TRUTHE I LDPRENS.

5 & =
5.1 BRADEGFER
BIE (4.1) 2B TIRAEERAOKE RLER AR OB ORAEBIR S, iR
FAROBR & LT~ 7 <RIEOKIERROFEIEIRE S . KT, Z0ORY4MER RS
WEDIEERZ NS 72012, ¥, HRAKDORMAHKDOELE LTS
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N,

Srab or Sediments

Air
Magmatic gas

in Beppu
(Kita et al., 1993)

Magmatic gas in Yamaga?
1000x He < < < < Ar x 100
Mantle or Crustal
Onsen center
@ Kazenosato
A Fumarolic gases from Beppu
(Ohsawa,2000)

Fig. 5 Relative N.-He-Ar contents of sampled gases associated with hot spring waters
with data points of magmatic fumarolic gases in Beppu (Kita et al., 1993). ASW means
air-saturated water. End members for slab, sediments, and mantle, crustal are cited
from Goff and Janik (2002). For details of magmatic gas in Yamaga, see text.

AEKOLEFMART— % (8D - §%0) %, HBOBHT—% &L HIT8D vs. 8°0 M IR L7
(Fig. 6). ZHL7-7— %13, LEMEILD SR SN 3B KRERORFAMAKT— % (Mizatani et
al, 1986), BEEEGTEE K ILA S 8 M5 A KRER D FENAART— %  (Goff and McMurty, 2000),
EAlK L2 S & B EAKER DMK T —% (Ohba et al, 2008), KR K% R L §
A EIFFEORROT—% (KRIRS, 2010), FHEOA AMAAMKIEAKD T —% (Muramatsu et al,
2001) o, KA (MWL : meteoric water line ; 8D =835"0+10), H#EK (modern seawater)
Ofl, ZNEE~ 7~ Tiﬂ(;i&:n (andesitic magmatic water) #%& % FfZAKILLDOFEPH (Giggenbach,
1992) M LKL KRR OT— 7 KA ¥ Ml b EMIE, RIVEE~ 7 vHKkERD L S
HPHAI 22, f7ki{)?®i&?7kk;‘tmm’m77 ~HAREROBEWTHHZ L ERLTEBY, 1
MY O SRR K ORI L AR R 2 CEEE R R 2 Sl mATIE R, 7= 5
SNDHRINEFRAETH L L V) BFEEZIRL WL EER 5.

ETAHD, 8D vs. 80 M EICEK L7127 — 7 120w, KFELEFNMAARL D) L w1 + >~ (C1)
OB Fig. 7) # ACTABE, BN TH 2 INFOMREKE, A OJUERE L, b
;xuﬁm ’:'WJJ}\IJNJ‘BMZEHEW(L% HCL SO & o 72[VEA A % B O EIREAN A L3R %5 L

WZHhY, Y ClICELEVI R -WHEZAETL I L0525, RIHTILIEN ORI
(#nﬁlﬁjﬁmﬁt(ﬁj( ~(§Pﬁ®L%E‘JC¢i’@.Tﬂ<7§‘(w LTWb I EARENAN, ZOES KDL
WA A VR, RKOZNID DS LITRVIENEZ LN, ZOYEZORER Fig. 701l
FIED 2 OD T — ¥ ZHEREMEIMF L2 H D b0 PRENS. IIFDIIEIFTAED b
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Squeezed pore water

+10] from marine sediments
o (Ohsawa et al., 2010) \ Seawater
%P' andesitic
-10 - &
£
= -30
a A
X %5
-50 1 . -t
-70

0 +5 +10
50 (%o)
® Onsen center /\ Fumarolic gases from Kuju-Iwoyama (Mizutani et al.,1986)

@ Kazenosato A Fumarolic gases from Satsuma-Iwojima (Goff and McMurty, 2000)
A Fumarolic gases from Unzen (Ohba et al., 2008)
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B Brine waters in Chiba (Muramatsu et al., 2001)

Fig.6 6D vs. 6'"0 plot of sampled hot spring waters with range of andesitic magmatic
steam and data of modern seawater, suqueezed pore waters from marine sediments
(Ohsawa et al.,, 2010), brine waters associated by natural gases in Chiba (Muramatsu
et al., 2001) and fumarolic gases from Kuju-iwoyama, Satsuma-iwojima and Unzan
(Mizutani et al., 1986 ; Goff and McMurty, 2000 ; Ohba et al., 2008).

DKFREFNARL 0D) PRINEH~ 7~ WRERD L LA EFETHL &L, Lidht
FRIEFREA 5 iR AR O b O A 4 VRELZ V35 &% 33000mg/L & 7% 4. Figure 7 H
WREN TV BIMFER OGN IR L TH AR () 1ZZDXHIZLTRDZHDTHY, IIFE
O SRIFTEARIT KRR 2 USRS 2 B HAR L I S 2R 5 2 LR TE 5.

5.2 FHARAMMET —4

BT (4.2) T Z<HED He SRR Y ZIZE TN TV BRI RE N, 22T, He
DHEIFIZOVTELIZENRT 572012, INFIRBEDOFEEA A DF— % % *He/'He —‘He/*Ne ¥4 7
75 5, JIROBKRT ADOT—% (KR, 2000), HWEHATRLEWEZRLENFO< 7
<R AT ADT—% (b, 1995) & & bick LA (Fig 8). *Ne I~ /<M MEKICIZIZLEA LS
FNnT, BB o ‘He/ Ne SRk EWIEE< 7 < He DIRAZEDEH VI L2077, IIEDHERED
T—y &AL L, O TG A LM MELZ L > TBY, WRMNETAND< ¥ PIVIK
WCBAE< < He DIRADHBEIREINS. F72, BAEOY 7 iGEIOEY TH 5 IR s
DS, He IZH A~ *He/'He SR R & W ) FEBIAS L S, MR A DR A EZ b 5.
Zihg, AU AR (CHe, He) @9 %, *He IZHBERAREFICHIBRNER D= >~ M VICHLD 3A F
NIRIE 2550 CTdh 525, 'He 3HBREATDOYT T R MY 7 ADOKRFHEZIZHE D o TEIEO
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@ Onsen center /A Fumarolic gases from Kuju-Iwoyama (Mizutani et al.,1986)

@ Kazenosato A Fumarolic gases from Satsuma-Iwojima (Goff and McMurty, 2000)
A Fumarolic gases from Unzen (Ohba et al., 2008)
[0 Hot spring waters in Miyazaki (Ohsawa et al., 2010)
@ Brine waters in Chiba (Muramatsu et al., 2001)

Fig. 7 Relationships between 6D and concentration of Cl~of sampled hot spring waters with
data of modern seawater, suqueezed pore waters from marine sediments (Ohsawa et al.,
2010), brine waters accompanied with natural gases in Chiba (Muramatsu et al., 2001)

and fumarolic gases from Kuju-iwoyama, Satsuma-iwojima and Unzan (Mizutani et al.,
1986 ; Goff and McMurty, 2000 ; Ohba et al., 2008). For source fluid in Yamaga, see text.

B Th Y, HPICHERLA XIS, *He/'He AR T &35 O B TEREIR He 2 E 7z b
DEFMENL DL TH 5.

Wit D He DA INZ BLHEAY720) T2 < BAEMIR$ 7212, Shimizu et al. (2005) (ZHEL,
TREHCTREEAYD Y 2 ORAREZHF L Th.

(*He/'He)s= ("He/'He)y * M+ (*He/'He)c - C+ (*He/'He)a + A [1]
1/(*He/*Ne)s=1/(‘"He/*Ne)y + M+ 1/(‘He/*Ne)c - C+1/("He/*Ne), + A [2]
M+C+A=1 (3]

2T, SMC ARFENRENREE, ~ v ML, HE KRKEEDLL, KLTFEFNLORERY,
BFEE D> TENZEND *He/'He IL & ‘He/*Ne lbx £bT. ZhLZFho/T 2 =512, HlzIE,
Shimizu et al. (2005) IZE L THAEZALT, BFEAY 7 2OREGEM, C A ZFHLE. 20
W HRE Y F—d7 Y FVEIEAY Y LD 64%, HREERIEAY 7 LD 36%, KEOEFEAND v
L050%, —7J7, BOIE= ¥ FVEIEANY 7 AD565% T, RGN 7 A58 35%, KEGEIHEA
VA 0% Loz 512, KR (2000) 25 BEOESRA AT — % % H W CRBEREIHE 217>
7ol TAh, TV MVBEEAY T AE69% T, HgHEIEAN Y 7 A% 24%, KEGEIEANY 7 505 7%
LY, iRty y—, OO He (25D 2 MR/~ >~ MVRIELIZZENZE1 056, 054 T,
FIRFDOZH12 035 TH D, INFIIRE D He 13 & D ICHIFF IS L RIBERIFEONY 7 2 OF 5.5
R E VT EXRBBINIOREI Nz, T2, 202 &1, Hiffio N-He-Ar A& (Fig. 5)
THRIZINF OB ER A 2R TINF OB R A 2 30 He ICE MG HOW L FHH % 5.
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Fig. 8 °“He/‘He vs. “He/*Ne plot for associated gases of hot spring waters sampled in this
study with fumarolic gases and magmatic fumarolic gases in Beppu (Ohsawa, 2000 ; Kita
et al., 1993). The upper line represents a mixing line between air and upper mantle
components ; the lower one is a mixing line for air and crust components. For magmatic
gases in Yamaga, see text.

Z, TNEHGEERED He OFMIC L 23D THL E LTI,

ZZFTRTERREAKS X CIREN A 2 DB LA WFERERIE, —H LT, ILEITORRED
BRI~ 7~ 5 OWARD G- L7e 2 & i XKL T A5, ITEINIZ SR o K
T, JRHPRIZ D> TEEROKIEFOGABRAONLDATH S (Fig. 1). TOZ Ehb,
I ORI REFAAREE VRO 7 <ICHRT 2 LT 200 TH Y, £ ThhI~ s
< PR R VB A 9 A & & TR RIE O 'He 25 M5 1AM S LT b BIB A G
TE R, RETE, REHBESERBASREIEE L TnwiZ L 2R3 eE 2o b0k %
RT 5.

5.3 RALKFH ZADE - BET — 4

IR QIR EATRE A A IR T E v D CH 2MEET 5 Z L IEHiCik <7z (Table 2).
CH, i & e T 2 72DV 5N 2 jRALKFE DO - AR T — 5 2 AR ERIL 525 5 T
15 Bernard B2 T (Fig. 9). FAiH - A% (2007) 12 & 5 &% RIEEHE - RG22
By Ls, W, RERMEHBIE 0T FE, 57 VL LEORILKEDRINEIC HE 25 S
N, C/(C+Cs) AP ERATLLEINTVS., RKREHEE Ty P SNLMVEE AL LA A
o CH AP OBGRIZE > THERLZLDOT, RG2S RREINEF L TE&Z LT
IREND.

T, RO~ 7~ EHAET B BOKFATIZ CH T & A S A2 (Giggenbach, 1997), 1
FEOIRZNEEA 2P O A AT CH/CO, teid 1~2 478 <, BUMGEIE 2 & >3k
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Fig. 9 Relation between 6"C of CH. and CH./(C.Hs+CsHs) ratio of associated gases of
hot spring waters sampled in this study expressed on the Bernard plot, which is often
used for discrimination of origin of CHs and interpretation of physical and chemical
processes on hydrocarbon gases.

R & 72 o 7= 7 < PRI R TIRIRAL L 2B ISR N S n 72 b D L Z X 2 D0 Z Y TH
%. F72, Allis and Yusa (1989) KR (2000) 12 & % &, BUFFLIR O AP ZK O EE 1L 250—300C
Thareah, 7z, #H - KR (2003) THEH S T2 JUEGRE 1L OB A O s i BE 13
3BCTHAHZ LN, BEINETOKILOM T OEKROEEL 300C L IHET 500
WTHHEEDND. ZDOX) HHLVKINDWEBOEEE 2T T HHKEND &, INFTD
TR & B3 2 SRR IR AR 2358 4Pl 2 R L 72356 T b B 4 210CREBE L K 5 72 D1, Tk
IR L 2L D720 THH L BB Z L b TEHAENR .

5.4 REERAD 8"C & ZC(CO,) 'He DEAR

TR, RO EERSTH B IRBES (BIEEREE + B CO.) OHKIZOWTELET 5.
WIERL S ORI 2 5 GA, RFLEMMAL °C) 2 WA LPAERTHY, vV LD
3UC Al (—10%0~ —4%0), MEUREEIED 8°C il (K9 0%), HEFRETEA FEW D §°C i (9 — 25%0) V3%
LB, HIEIE O ) HHERE A TR R 3R & VR R BRI R R R O Y R EH A TOREIC X
DY IV CIHEXITERL 2D, TDD, FNEH) OORERMAKL (8°C) LAk
OERPLETH Y, TOMELMFIT 572DIRESI N2 D0 He 2 L7z §°C & C/He
ORI S RFEORFEZHEET S5 (Sano and Marty, 1995) THh 5. & 2HiTHR722 X )12,
MBI A%, BHLU T 2@BHPCTHRAA - DHEL-LZEZ5N5720, A CO, &K
OFEAAEREE (DIC) OMOFRMARSNEZHIIET 2 0ERH L. 22T, FRZ2HW RSB

i 8°C fili % Kb 7z.
3"Ccor =8"Cco, X Xc0s + 8" Cpic X Xpic (1]
Xcox+ Xpe=1 [2]
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Z 2T 8%Cceor 3l IEZ D 8°C i, 8%Cco, 8%Coc 1EENZNA A D CO. B & OIKAN D jx B 1555
(DIC) @ §“C fi, Xco: XocldZENZENA AMD CO: B L OKHDEEEL S (DIC) @ E V453
BRY. ZOENGHEIIH A/ K E T AMB X UOKMD CO, #EE, KHD DIC EERSRKD SN
A, AN, WERIEB X CEEEORE ORI O H A/ KEOWENNEETH > 72720, KiFiR
WROFERE CEAS, 20000 Z2SW L, #&/ME057, A 374, HEIME 223 28 5% L CRMELC
w7z, BHEREERE % Table 312, 2LC, ZNOHEM%E 712 v b L7z 8°C-ZC/He K% Fig. 10
WZRL7: (Fig 107 ay b AGH A/ KIER/AME 057 TEHE, 78y N Bld#F A/ KL% R
il 223 TEHEE, Fa v b CIIHA/KILERKM 374 THELZHAOKEEZRLTWS.) 20
HICiE, WHOBEAADT—45 (KR, 2000) dFEFICELTH S, 7L — bDikAirkEE
LD~ PIVHICRE B A T N2 HERURIEE (CaCOy) A3 LCTCO. &2, Kl - HiBHE)
L CHOMFRICEE TS & STV IO R T AR WP 7T Yy b E&3s Z &8
RENT

Sano and Marty (1995) OfifdidEwm B X O FMAKRO RN % [ & L72RA RO TH
5DT, BERFEOFCHEZGZONLNE, TRICX - TRFEREZOEAROMREZITH) 2 &8
T&5%.

SISCS = SBCM M+ 513Cc ° C + BBCU ° O [1]
1/(CO./*He)s=1/(CO./*He)n + M +1/(CO-/*He)c - C+1/(CO./"He)o - O (2]
M+C+0=1 (3]

22, S M C OFEnENAE, ~ ¥ M, LAARBEURERE, HREEERMEZEDL, K
XTRENSOREERL, BRTEED->TENEFNOFCIHE CO/ HelbxEbT. FhFhox
J A —%Z, Sano and Marty (1995), Nishio et al. (1998), Deines (2002) I2FELTH b~V MV
LR, R ERYE, MR AR OMOFHEE AL T, BERZEOERAFM, C, 0 &5t
L7:. ZO#HE% Table 31TRT. A R/KILAHEGITAER 057 &) /MEOS A& B E,
try—, BoThE <y MY CO.=10%, HERTEAEW =20%, kM A xERE =70%

Table 3 Summary of corrected 6 "°C and C/°He values of hot spring waters before
gas separation and estimated contribution ratios of their source carbon.

gas-water ratio

0.57 2.23 374
Onsen center 35Ceo ™! —44 -5.76 -6.17
COs™*/°*He 1.1 x10° 44x10° 74 %10°
Mantle 63 16 10
Organic 5 18 21
Carbonate 32 65 69
Kazenosato 35Ceo ™! -4.05 -5.31 —-5.69
COs™*/°*He 1.7x10° 6.6x10° 1.1x10"
Mantle 42 11 6
Organic 7 18 20
Carbonate 50 71 74

¥ 1 : corrected 8"C
% 2 corrected CO;
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Fig. 10 Correlation between =C/°He and 6 "C of Yamaga hot spring waters before
separating gas phase. Data points A, B and C for respective hot spring waters vary
in gas/water ratios. For the assumed gas/water ratio, see text and Table 3. 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.

A [€ Kazenosato
A Fumarolic gases from Beppu(Ohsawa,2000)

[@ ® 0 Onsen center

&L AGAIA DKL S B S B B A & BRI P A GA R i R YR IR O i 3% D 25 5- 5 k)
MIZKEWT LB RSNz,

$EH (2002) 12k B &, UMM 2 EGHMHATIEIH 12Mall 7 4 Y E X7 L — b OiLA
ABRDIET Y, BAETTHREL TO2E SRTWA. INFE D E$ 5 B T BT
KBGEIASBALE L7280 6 Ma 2 SHAEICE S £ Tii#E25Ekt L (B LERHIFTALNS),
NS DORINEDUEET L — b ORARAARZE ) BRI 2 LFHKEZ R T &b o T
5. ZOMEFNREREMKT % &, INFRRORBIKS (BAEEREE+ 4B CO.) 134 6 Ma L
D74 VYT L — bDOILARRIZ L 5T ¥ VP B IA TR BRI R S R
RTRGEBHOEY L LTHFEMNEICS 258N nw) 2 el sbd).

6. &bH Y I

KOBHETINFEINCA A 2o THEHT 2 HESORRE R L L, AEMICRRKS X O
SRATBE A A RO & LI H 4L - FARGH 21TV, 205 O F — & OMERLSA DT HE R 13k
DWTHR DEEEEICONWTEE L. ZoOE, UTOZ ENLIRENT.

- IUFN OfRIE Na & CLICE & &gk &K HCO, Bl X g b T/KOB AT L - TEK S

nTwns.

KO TRAERT A, HTERICEE Lz~ <2 ol S s Ktk cd 5 L £ 2

b,

- FOKINEREKITH VRO 7 <ICHERT 2 5O TH L HEMESE L, BT ORIk VR

M ELZ e THLIERILLZZL ) TH 5.
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Fig. 11 Anillustration showing source fluid and formation process of Yamaga hot spring.
The deep source fluid of Yamaga hot spring waters at present would be a cooling
remnants of saline magmatic agueous fluid. Hot spring waters are formed by mixing
of the remnants with ordinal shallow ground water of meteoric origin. The magmatic
fluid is probably to be released from magma being active in the Tertiary. There is a
possibility that Bajo gold deposit, which is classified into low sulphidation epithermal
gold deposit, was formed from the magmatic hydrothermal system at the same time.

AR TIZULEDZ EZW ST H I ENTERD, INFRED XD kot s (Na-Cl
BIKE) &, Oki and Hirano (1974) 12X > TRESN TV AFERKINOKKET VIZEH S L9
W2, O BIROKINPROEBICBNTY 7S E NS NaCl ICE L EEZRRIRIEE 25
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TERINTVEEEINTEY, —F, BYUEGERES Y A1E HCL SO, &\vo 72w 7 < g 55
HHT DEEFT T 7R A Lb DT, ZRPSHTKICHEAT S 2 & THRIEOELY
R (HCLSO, BKE) #AKTAEERTWAS. 5. 1HD D & Clr 0% (Fig. 7) &, ~ 7~
WMARD< 7= OBA AREIZHAKDOBEDO A% 5T, HWHREICHDEVWEZAEE LD L T L ER
BLTW5, 37 WO BL T ARE L RREL M2 EFNIITE A LWV, RESHT LI
SriEE (CLIREE) AT A M5,

T/, BHEICLRLAL DI, RUFFEHIBIZIZTEAEIC AT 500 J7 4 1 O R Bk S8R (i
£ - BT, 1993 : Watanabe, 2005) ASFAE L, it & OBEEICHEKRD S 72 5. ERBUKRITESLIR D
WL X 200CHETH ) (T, 1994), ZNHARNFIE TR S A7 T I8 5 A o 3 2 i
FE210C ISV Z EIZWE T S 2O MERH 5 2 L EZFRLTWE LI IR A LrL—F
T, ERBOKTESIR 2T 2 BUkIE—RICKAMETH 5 L S (T, 1994, 2004), ILFHT i
RARIIEY 7 UERARDBADHBICALND LV ENRH L. TROLDILEEHAELILLELR
W, FG O~ 7 < PEBURERIF IO B A U7z RAKIGBR B R EIR 2 A Z L V)
ZEenEZLNS (Fig. 11). ZomxBErSHHSE 57010, TOAMRFEL L THE
SIRRAKDSFERMER DTSN D, BREARKDOERFEREZESL FERE LT, avE129 (P ERiK
BHERFRFRMAA (C) 2RV GE T ROFERIMEEDE, He TRUEIC L 2 T ROERIEED
ISHAE Z B5NDH, ZNENOFHEOEBHBPH R HWERINE 2 &2 LRGN, IWFIT R
RARDERPEZIT) L 25 HROBEELIGREE LTREL W,

BIHFRAT & BRI, RBEOAESLERBTDO L 4O THFO L LIZINBICAIT) 2L TE
oo F e, KE W REOREFMARGHICOVWTIEZ 2 — Y — T ¥ FHUEFFRIET 0%
EFALAATZEZ  (The Stable Isotope Laboratory, GNS Science Limited) #*5 @, AR5 2 @ ek
KRFEDALEE « FARGAT T A& IR B SR AT S AT ©, FBES A DAy 77 A RIAARRE B LT
IV RESERR S REEI A b e NN ) - XA Wiz2wnie, SWE#HoEEERLET. 2
DOWMIEEDOEHO—EIE, MAATEUE N H AP IRFSFH AR e B i B SR80 (A), WiEiE
g 122244067 (WF7eEHE  FESES) 2l BRSAIE#HTP L LIP3,

5| F3CHk
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