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Abstract

Saline hot spring water and its associated gases were sampled from some hot springs in
Arima and surrounding areas in southwestern Hyogo Prefecture. Results show the
discharge of hypersaline hot spring water with similar hydrochemical facies but different
isotopic characteristics from Arima-type thermal water (e.g., 8D-6"0 of water, He isotopic
composition) at Yokawa Hot Spring. Deep-seated saline water beneath Yokawa Hot Spring
has many similarities to diagenetic fluid under plain areas in the sedimentary basin, but the
water has different HCO; concentrations and major components of associated gases. Its
hydrochemical facies has become Na-Cl - HCO; type. Elucidating the origin of carbonate
components of the Yokawa Hot Spring water is expected to be important to ascertain why
differences exist in hydrochemical facies and gas composition. For the Yokawa Hot Spring
water, estimates of the origin of CO. and He in associated gases using isotope data suggest
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that the source of these gas components is not deeper than the crust.

Key words : Yokawa Hot Spring, Hypersaline, Arima-type thermal water, Hydrochemical facies,
Isotopic nature

B =1

T OB RSB § 2 A BIRE B X O ZFORBHIEO WV DA DR L) 2 58RI
L C & 72 el i o0 IR B o i IR K, 70 B ONIS, AT BES B e lE T A D 4LaE - RIALAR T & 4T -
72 A, FERBOKEKED X S B-FARME- ko 8D-5"0, He FMMAME 2 E) @
R A EESORSEAK BEEK) BENRRISHE L TWA I L 2Rz, FRREOH T3
WAL, PHROBTICRESINS L EZZO5NTVAERIRIRAE B TWS BBE WS, fHRiY
ADEESTH CO, THAHZ L, RAKD HCO; JEEAE 72012 Na-Cl - HCO; BIDKE & 72 >
TWALZENRLR D, FINNRROREBEE S ORKNOBEDS, KE - 7 A 2T OE )8
HEUAHEHZMS ECTEETHBDS, FAZ HOZEHNEZEONE A 20D CO, % He D
OEHERL, Pl ed, TNOHBROT ARG OSSR L DV IEVE ZAIIE VWS
LERRIELTVD.

FoU—F R, EH, ABREUK, KE, FAARNTEER

1. U ®IC

P, T — bOLAARITE S 7 ) WRIBTARD ALK & IR & OBIEICE T 2 W78 A 7 -
TWwa (B2, KiRIE2, 2010 : J&SR 134, 2014 : #8HIZ2*, 2014 ; Kusuda et al, 2014). —J5
T, L= FDILARRII L o TERT 2 EEZOSNLFERTMA (FL— MATK]L T257
BRG], TTEARATWET L — N HROEEIKTMA] 2 EWFREIC L VIR 05587 505, %
AWIZIEFE LS D&, 1E, GAFRMEEL Vo IR 0% < 0558 T Il o B EE
WIER R E > T b, F 7z, LAARNICET 2 S ERPHI T S N AWML TR TH 5[
HRUEW ] OWIERr S 7L — MRKRAKROEB L LIS TbNTE Y (Flx1E, Nishimura et
al., 2008 ; Yoshida et al, 2011), < ¥ bIVIES T ORAKIEY OWTES, H1E, 7L — MEKGTRAE
1E CO: 12 A 72 Na-CL L O S35 KA TH ) (Kawamoto ef al, 2013 ; Kumagai et al., 2014),
i BRSO FIR IR AR O FEALE (2 OFCTIEFFICH D S 2w &), IEMHEIC [
EIFRZ EICT5) LoFUELS, ABIERRORERAL 7L — bUOKRAKICEROT I ) &5
AEFHIICHII LD TS (Bl ziE, NI, 2013).

M7z bid, HYLEEIN VOB R & 7L — PRI ZBR LT A 2% (HEHIE
A, 2005 HEHIZ 2, 2014), AHIREB X OCRAHECHEESTROREL T %5 TKRE
LRV T =5 AFL7L 25, FHIEREOEIESIERAK LKA I A FAAR T 05
% AEEATREKE R L 2, CO B A7 Na-ClHE OB RREKTH > TH T L —
N BLAKHEAR & IR TH B D OIS B 2 L ZRE L, HWEFWHFIED S BT iRk e
MR E 2 K8 (FEALFEER) OBEPMEZTICE o TR 5 2 L I2E#H 216 53 (57F—2%)
THLWHEENH L. KL T, 2O7F—5 2R, BT~ L OB T — 7 OBk
AL BIRIT DOFERIZ D E OV HRIC L o T, TR EVI L 285 T 5.

2. WMROTGE

20114£9 A 9 H, Fig 112K LEEROBMURIAET 2 A KRS X0 OREHRIZEW»
T, BRSO R IR - SIERE RO THBIRE, HINRE, FRRE, HEemnitz Bl

370



55 64 % (2015) A BB & AKRE O & < 7= RRLIRIPEE O ¥ 7 2 S o w

YAMAZAKI E.Z.
| 10km @
\
= ARIMA-TAKATSUKI F.Z.

Kasai - =
-\ o el wYokawa HS |

SR :
] akarazuka H :
Himeji@ viki | Arima HS *_/(/)4‘/73 s
* Bka Zuka
-

-
/ Nishinomiya
Akashi KOPE ® Osaka
()
SETONAIKAI // ROKKO-
OSAKA BAY_ | AWAJISHIMA
( ¥z £7
SHODOSHIMA e
AWAJISHIMA 7

Fig. 1 Map showing locations of the researched hot springs in this study (Yokawa, Arima,
Takarazuka and Tojo). F.Z.is a shortened form of Fault Zone.

WAL, b2 - FAARSHTH ORBAKRE Z 3R L 72, REAKOKFE - BBRFEAAL BD &
§“0) SHTHICIE, BREPICKOEREIEI SV EHIZ, AT AN TIVICERI - REFL. &
F4 B (DIC =CO0suy + HCOs™ +COs™ : Dissolved Inorganic Carbon) DAL « RIAARZGHEH @
RERIE, BEEED D O CO, ik # BT 2 72012, HANY THICERz=y -85 2 )R
MV (BAREX®) IZHRIRL, @EHEPNIRE L7z, 2O S 05— L IR Z
RUBUERIL, W THBIEPICRE L2, T2, ABRRTIE, HEHol b= VEOR
BEVZHTI - V45 L 72 i 2 15 2 B B0 - 72 DT, FEREICHBIRY, VAZEFZS by
7 X AR B E Miniflex # T, SFNAEWEOREZ T 72, EBREICHRHHIE - 2Rk
HEHZ A F 7 a< T 712X 5T Na, K, Mg, Ca, Cl, SO, #50#7 L7z, % 72, A5 (DIC)
R, BURKZ RN LR OREER S (COzup, HCOs™, CO#™) % FTRT COuuy I2Z
L, A4 ¥ A—%—128H L7z bR EBM A W OO BRERRZIC X ) e Lz, HCO, #EE
&, 2o DIC iREEOMES & KR, pH D% W T LS P OFIHR 2 6RO 72, KOKFE - BFE
OFFAR (8D & 3%0) ofllid, 2R ARE 505 Geo 20-20 model # v, ThEh4
RS & V720800, SRR RIS X T o 22 A 8D, 80 o FhEhIZow
T*10%, *01%TdH5. DIC ®RFLEEFRMAKIL °C) &, T7IATA v 7 #,FT4 AR
Y YINT Sr(OH), il (BHNICHET A4 SrCOs # A Y T LY 74 V7 —THRWI2HED L D)
BRI 2, I L Tk L7z SrCOs & AR LEGE L 714, ZHUCi) Y MR 0E F L Cosk
T5CO. % LRl MU S A 7ORERVARERSHTENEA LIE L7z, WEREIX£02%TH
5.

FR Tl AR L & I3 2 7 A (R RGERE A R) 2 BRI 72, T A b g e 7 2
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i, BHOTREKRE EDICERT 2RO T A%, kO 28 OFFETRILZ. [1] 280
Lo TREKRE EDICHENTEIH A%, U= b2 flioTay /fFEDOE=—VEICED-%, B
WTHBIZT VA )ER M KOH) %2 &t AREEA s (KRBT 7 A5k CB L. #6%
ORNY% CO VD BLEE, ZOBELHEYETILICE > TT VA Y HERISBINE e ik
BMHuA (LLF, RAR) OFMEZ o ICHRL CERSICELR LN TE 5. [2] MULAE
ROT A%, d— b2 HOTWIHIZA Ny 73y 7 OFV723 Ly 7 245 AR E VIHRIL
L7z, HRARBD 1205, ZEbKFE (CO), #EHE N, 7VvIT ¥ (Ar), ~NJ 724 (He), K
F (H), A% ¥ (CH) BIUMFE (0.) OILFMLT— 5 27z, COET V) WIGEAD 5
CO. BRI L > THM L7z, Ny, Ar, He, He, CH, IZBZE T A2 X v ) 7T —H AL Lz A7 0~
NG TTHML, 0, 3ZNSDO5HE, R A ADOER, ERIZEHNOLANM - RETF—7 %2 HWwT
SARDREF R SFHEIC X o TRD7Z. T2, CO. DiRFELE RN (8°C) 23KD 5 720,
T ) WGEH D4R D 8°C % ik D %2 AR 743 #7 8T Geo 20-20 model % v CllE L
72, MEREIZL02% TH 5L, TARED 21200V TIE, Y& 5 modified-VG5400
(MSIID &Y, &F AR (CHe/'He It & 'He/*Ne tb) OlE %47 - 72, M EK X
‘He/*He I, ‘He/*Ne kD ZENZFNIZOWT 1%, 10% TH 5.

3. MWREHEM

3-1. mRK

FIGR A AKDILEB X RGN 7 — % %, Kilt, pH OBMHE T — % B X Ol IO
REEL LI Table 1 © FEITRL, DUFTRE (RS T — %), KOFRAAKLEL O NI 3
AT, B, EERG OGN EL, BT Y ADNERUTTHY, oW7— 2 oBEEIE+
BTH5.

3-1-1. XE

TR, FHiRR, HEmR, AHERROERKOBIALFRT D) LA+, B4+ %
NENTHEBET 2 01E, HENEESORSGEREZBENAT 2L T Nak CIT, wWbyb
AHRAKE 2R L (BR$ 2 X9 KA T AKDOBAROENESLIRE OB A 4+ > 13 Ca’Na
ERULSBWEEN, Na Ca-ClBAKEE o TW5S. ), T OKRMITIZRKEZMLEGH T — 5
ENRAN—FAX 78 EIZT0y V552 ETHBIIEREEINS (Fig. 2). L2La2s, BA
F ROV TEHFLL RS E, HCO ZHETE VT EICEGIMRKDOH 5 2 R THRR, F
JHEIR & FHIRR O HCOy/ClL It (L) 132121064, 038 TH Y, KH5FERLHHILE O
JAE BTN CTRWE SN2 A T THAKGAE (GhAATHET L — bHROEBEBKGMA) % i
125 EHEE S N E AR K (EHIZA, 2014) & A% Na-Cl - HCOs BUKETH 5.
FERROERRE, WHRKEEDIEZEOTANPE L LTS, HLHERRETIE1IL O%EIC
DX2~3LDCO, ZMHIHNIETEY, FEiRBIIRBR LD ERED CO, ZHTICBVTALSE
TWhHEWIEZDNDHD (#%, 1993). AR THAELZABRROFRIE, ZOEZHIYLTIE
57— AT, KOWBEEIEED CO, DA A D720 2R KTV HCO,/CLIE (0003) % 212
FEozbE2 oM, HBEHOELY 2 VEOPEEZL RN - 1135 L T LW AT CaCO;,
(79TF4 1) oA EW)ERE Fig 30 A) 3ZOBAT A GEY) THhb L%
A5, B, TIITFA FOAKIELZL L ORE, BIROMRBAKIZHEIIHE L7z ZITERLT
WhEkER (—E, 1980), WHOFEIRE G- TWA. AFRO X 5 IH BRSO SR KD
WERANFEHT L (RAHEND) BT CRWI - (LB EE2XE LTE EDZDOH Fig. 30

372



55 64 % (2015) A BB & AKRE O & < 7= RRLIRIPEE O ¥ 7 2 S o w

Table 1 Chemical and isotopic data of sampled hot spring waters with
information on depth of well and water temperature (A) and those
of sampled gases associated with water at Yokawa Hot Spring
(HS) (B). YKT : Yokatan, KMP : Kanponoyado, TKY : Takaranoyu,
TDR : Todorokiso

[A] Water
Name of Hot Spring area Yokawa Arima Takarazuka Tojo
ID of reserached hot spring YKT KMP TKY TDR
Sampling date 2011/9/9 2011/9/9 2011/9/9 2011/9/9
Depth of well (m) 1500 300 800 600
AT(°C) 31.6 25.7 33.1 30.6
WT(°C) 35.9 98.7 35.8 29.5
pH 7.00 6.69 6.74 7.82
Na* (mglL) 14800 17000 7610 2330
K" (mglL) 400 2630 443 18.3
Mg?* (mg/L) 212 23.7 141 0.9
Ca?" (mg/L) 263 2590 755 1810
¥ Fe (mg/L) 27 436 16.4 0.02
CI' (mg/L) 17000 36000 11100 6330
S0, (mglL) 19.8 1.0 02 0.1
HCO; (mg/L) 10800 110 4200 26.9
DIC (mg/L) 8270 128 3460 9.4
8D(%o) of H,O 4.4 -36.0 -41.9 -48.9
5"%0(%o) of H,0 1.99 3.82 2.33 -6.88
5'3C(%o) of DIC -1.71 -19.29 -2.18 not analyzed
[B] Gas
Name of Hot Spring area Yokawa
1D of reserached hot spring YKT
Sampling date 2011/9/9
CO, (%) 99.8
Total gas excluding CO, (%) 0.16
CH, (%) 56.9
N2 (%) 42.0
Ar(%) 0.55
He (%) 0.038
H, (%) 0.007
0, (%) 0.56
*Her*He 0.00000106
*He/’Ne 34
5"°C (%) of CO, -7.44

BThoA, TOMORFHIR LX), BESRRKORETMA CFERZK) ORER
Na-Cl- HCO; BITH B & FTHDONPREUTH L. Hitho X912, NaCl- HCO; MOKEHIZ R T 7T
KR GhAALHRET L — PHROBERBKIMA) ZEFEICT S &EE 2 5N DIMEKIRTRE
THDHH, AHEROBRRMAEEL A7 7HKRETH S L3505 (Hl21E, Kusuda ef al, 2014)
EREANTHY, HFHETH 5.
3-1-2. KODORELIEHEE

MK DOKROFEMAAAEL (3D-8"0) %, BlimAK, NIk KAKH (global meteoric water line :
3D=8x8"0+10), ZHie & P12 % ik (metamorphic fluid) 25733 ALK LL O HPH (61 2 12,
xR, 1977) B L OFEHISOMB T RKOBS7—% (Masuda et al, 1985) & & $ 12 Fig. 4 ® L
BIIRT. AR, FHEROTFT— 5B v ME, ABRS LT KL &SRR Z R
MECTEy PENTBY, ZNHER O FRIEIREAZ FRIBOKIZRD 2 2 LN TE 5.
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Ca

Fig. 2 Piper diagram of waters from Yokawa and Arima Hot Springs (this
study) and those from hot springs in Oita and Wakayama areas, whose
geochemical characteristics are similar to Arima-type thermal water and
which are inferred to be derived from dehydrated fluid of subducting
oceanic plate (Amita et al., 2005 ; Amita et al., 2014).

EHIZ, TORAMERIECLD BRAREICHENTEBY (Fig 4 D TERR), ZoMRo%Z 4%
RLTW5S

FERIIZ, FINRARIBHEKISEWE 2AIZTF—=F R, Y b3 Y, LidoFEHBOKE
W AKOBRABBREICIE 2, B TRk S 7 BBl TE AR Y 72 R K O (RIRIE A,
2010) #FLTWwWA. LZA, EFFHORREKE [HESO DS O Na-Cl# T, NaCl-
HCO; B b D3| Ly B Z S 5, FHINHRROMRE KT EIE S22 Na-Cl - HCO;
B9, ko i Eiin v TR WE E 72 2 5 7 HK AR IR o B0k & [ UALam
¥ a2 b 0. 3-1-1 TOMmA» S, A BiRRE O FREBEFREARDKE X Na-Cl - HCO, BT %
ETHDONEBTHLEH,S, FINRRIE [HERBKEAKRED L P FRMARNEE DL % 5k
iR THHLFEZ DI THA. FMRERITERIEY A2 RoNnz0T, TSk T
NEN

3-2. RR{IEENEREAH X

TN DA BEEEE 7 2 A 2R G & s D AR E DR %, Table 1 ® FBIR
T LT, A AL, He FLARMEL, CO. @R FEFAARILONEIHHT - BT OFERZ R L %
MO AT .
3-2-1. H XM

WAL T — % %#1Bp L, WHESETADITZEAENCO 254D (998%), 50 DEHDK
i CHL (CO. 2 B < #8455 0.16% @ 56.9%) & N ([FFRIZ 42.0%) TlHDH LN AHY, He X Ar &\ o
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Cc. : calcite
Ag. : aragonite
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Fig. 3 [A] Result of powder X-ray diffraction (XRD) analysis of hot spring deposit
precipitated in an inner wall of the researched well in Arima Hot Spring. (B]
Simplified conceptual model of hydrothermal system of Arima Hot Spring for
explaining the luck of HCOs of saline hot spring water of Na-Cl type.

A AD TKABREENTVD LD RENT: (BED O 1 3H v 7)) ¥ IS b T H IS
BALTLEY)ZSIWCHEKTA20TH 2). HEIEM & FHRIEROWERAFES A DT — %
(Ono et al., 1993) #H 5L, ZNOLOMBROFEET ARGIE, WIhd CO. THH (96% FEE),
CH.IZZ LK<, K OKE) &FBRICZEOLEMIEE OF A/ EFHNRRoENE LT
WL ZENbhb.
3-2-2. AU LRGIAFHERK

Fig. 5 ® A i, ~V 7 AAAHER CHe/'He L vs. ‘He/*Ne kb)) I, G RIOFH )RR D T —
5%, FBERAB X OTFHRIEROMEAT—% (Ono et al, 1993) L& BICKLZZDLOTHS. FH
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Fig. 4 Plots of 6D vs. 60 [A] and 6D vs. Cl concentration [B] of collected
water samples with global meteoric water line, the range of metamorphic
fluid (e.g., Sasaki, 1977) and modern seawater. Data of groundwaters are
cited from Masuda et al. (1993).

HRONBEA 2D He 13, HBERRLEFRZOZNICHRTY Y MVEGIZZ L2 & HHEN
IZH B 52>, Shimizu et al. (2005) (ZHEU, FHIREOMFEAY 7 4 (72 MVIEHE, Mg,
KEEED 3K) OREGEGEH#EETL L, vV PVEEHe OF53bT0%1ce sz
& (R He 13 90% ; KA He 12 1%) A7REN 5. SR E LA KRR & EHER
DOFFBEA A O He 2%, HHEA~ » MV 82%, MmN 17%, K& 1%, FHE1~< ¥ b
HEIH 77%, MR 22%, KR 1% L Eh, HIHRR & OBOWHEELOREL R o> Tnb.
3-2-3. CO. DxFERMIALE

MR ORI ORB L RL 56, TORFLERMA (3°C) HHLIEHRETH 555, iR
REDVEDTHDY Y MV CO, DS CAE (—10%~ —4%) & Uitz [ U RFERETH 5 i
B BEEAC IR D CO. (8°C =49 0%) & HERMEARMIEIRD CO, (8°C=#9—25%) DEATIED I
#, FCRFTRIMEEZXPITELNE VW) REDDH L Bz, WHEH, 2011). ZOREE
RN A )L LT *He 20 L7247 Sano and Marty (1995) 12X o> TRESH, ThF
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Fig. 5 “He/*He vs. *He/*Ne plot for bubble gas associated by water of Yokawa Hot
Spring with those of Arima and Takarazuka Hot Springs cited from existing
data in Ono et al. (1993). (B] Correlation between CO./°He and 6 *C of CO.
for bubble gas of the Yokawa Hot Spring water with those of the Arima and the
Takarazuka Hot Spring waters (data cited from Ono et al., 1993).

TICRA- D QBB > C& 72 (F121F, Ohsawa ef al, 2011 ; MHIEZAY, 2014). 22 ThH, 20
AT RIS 5.

FIIR O T — 5 2 fFT X TdH 5 §°Ceo,~CO»/He X L (Sano and Marty, 1995) 2, A ik
B L PEZRRREOMAFT—% (Ono et al, 1993) Lt bi27uy M LAz0%5, Fig.5 D FTEOK
THhbH., HIRAOMEE CO. DF—% KA ¥ ML, AHBRRERPEZRRROZNE & ELR DN
278y FEN, Y PMVEGICZLWZ EDPRTINS., EOREIZZLwhaAhE7-012, B
BB X UOHMAEORER DS CO, DERFERZOMEILEEZFIN L CTALEZ S BIZIE, HIE
(37, 2010), FHNIRSEOABE CO, DML & O ILER 1L, MR BRI DS 72%, HERMEA T &
2% &0, =Y MIVCOIEHTH00004% 2T E LW LAURENS. KO- HIZ, A B
REFEBRBICOVTHFELTADLE, FHICOWT, MR 45%, HEREMA Y 19%,
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< ¥ bV CO: 36%, FIKII MW BRI 31%, HERGVEA B 27%. <~ >~ bV CO. 42% & % V), He
ERBRIC (3-2-2 2 M), HH & DENEZRRL-E 5.

4. BHYIC

AWFSET, HHBAHKEKE (Na-Cl- HCOs &) A3 & < Bh7zRpiRmtkE (ko 8D-8"0, He [
MK 72 &) OR7 B E RS ENERICHRB L TWA I e 27—y OFRICK 5 TRT 2
AT &7z HNRR O T EEE AL, HRFPH O TIZBAE S5 & 2 LTSk
(KiIRIEA, 2010 ; FEIEA, 2014) EPTWBEDBL WD, KE & FAMBIAE L BT Lo
D S A BRIEAGEIROMRBITTEHENS LI IR Z 5.

FRR L, BT A DEWSH CO, TH DI &, igAD HCO; #1758 < KA NaCl
HCOs Bl & 72 o T2 B T & DSE WGP Ofe i IR Dl & e o 72 i TH 5 LFEFTE,
TR O R BERE 55 O B K] O BUFEAS, KB - A AMBUC RS T 0@ WA A U A8l % M5 L TEETH
BEEZ DY, FAMAKREHCNBES 2D CO, % He DEIFEOHE TR FIE, I SHIEEF 2 KT D
PAGIRDSHIER & D IRV E ZTAIE LW EZRIELTWA. S8, HIR & Mz L0 - FAL
HREEORRZR LB L, 4RO 57— % SMA TR 2 MERML B 2Nz, ARIEK LK
AL WA AR O R 7 2 @il & A HIRAIRTESING 7L — MRAKTRICHET
%L ENLIRE T X 2 WERILEOTEEE 2 HREICR T 2 & C, @) 2 iRR KRB OIS % v hE &
L, HEMBOROBNOBREOFILICER L 72nWEEZ 5.

E -

B R A & SRR, RATEHE DN 2 O THIRIZ X o TIRFIZAT) T e T&E . KE, B
F, REORERMMANEIE= 2 — Y =5 ¥ FHEBESA IR0 0% 2 R 72 (Stable
Isotope Laboratory, GNS Science Limited) 25 D%, BiH 2 O H A RAARNEICE LT
BNEEEGRRSHERIER P S5 DOLm 2 VW $72, EROWHICHEL T, 240ELARH
BEPOHERGEIER - TSt wiin, TZICRLUTEHBE L ETS.

5| F 3k

MHEAZ, RTUSE =, WADES, IH Bk, =ZEHR, RSP, HNE, CFESY (2014) ¢
AR ORGSR 2 B R ORF—7 L — M BRI AREEO W ek o v T okt
FHIMGET— HAKSCR RS 44, 17-38.

M2, RUUS =, FEE, IHHE 3% (2005) @ Ko7 TE OBEEBIZA: 2 b 1 BRI BUK ORI
R AL, 55, 64-77.

—EHEE (1980) @ AIKIE &R KO MO S OGRS, RREHS:, 30, 168-175.

Kawamoto, T., Yoshikawa, M., Kumagai, Y., Mirabueno, M.H.T., Okuno, M., Kobayashi, T. (2013) :
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