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Abstract

History of the study on Arima Hot Spring is reviewed in this report. The analytical
result of hot spring waters held in 1875 was the first scientific report of this area. Arima Hot
Spring is located in the center of Kinki area, where no active volcano is present. Boiling
water containing high salinity (2 times high as that of seawater), dissolved iron and CO:; is
found in this area. Such high temperature saline water shows oxygen shift (*O enrichment
compared to O) and has of characteristics hydrothermal solution to form epithermal ore
deposit. Temperature of spring water rose in association with earthquakes occurred along
Arima-Takatsuki Tectonic Line and its associated faults and in Nankai Trough, suggesting
that active faults are ascending paths of deep Arima hot spring water. High *He/'He ratio,
similar to those of mantle derived gas, has been known in the Arima hot spring water.
Recent progress of tomography documents the sprit of subducting Philippine Sea Plate along
the remnant spreading ridge of Shikoku Basin beneath the Kinki district. Heat and volatile
components such as helium would ascend along the split of the Philippine Sea Plate. A series
of studies is revealing the importance of tectonics as a issuing mechanism of hydrothermal
water of Arima Hot Spring.

Key words : Arima type brine, Oxygen isotope shift, Helium isotopes, Plate tectonics
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Fig. 1 Distribution of Quaternary volcanoes in
Japan and location of Arima hot spring. The
map was drawn according to the web-site
below. http://riodb02.ibase.aist.go.jp/strata/
VOL_JP/vol_fr.htm.
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Table 1 Analytical result of Arima Hot Spring waters in 1896.
xR 1 BE9FE (1896 F) ODHEEBRRM/IFE

i (%)

b1K | NV RPN 14.717 (g/L)
BEEF MY A 0.105
AL H U A 1.281
HALT v E= 7 A 0.013
wALY F o 4 R
SR (A7 VAN 0.241
X | BTN 2.896
N BTN 0.014
WALT VI = A 0.029
Wit~ >y - Wit~ v 7> 0.055
B bk 0.246
7 A 0.058
&5t 19.655

kit FEL 101 BE (%9 38TC)

i st

BEEKFEF M) A 0.1210 (g/L)
HiLF v v A 0.0038
R (/RN 0.0076
L DAV AT N 0.0077
IREEIKFE A IV 77 A 0.0266
RIBKE=S T AT 7L 0.0043
Jauny A
B K SR R AL 8% 0.0125
R F MR L~ >~ 7 v 0.0021
TABEIEHL TS A BRI 0.0065
&5 EEt 0.1921

MO T, REIGREBAKEF M)y 2R (EER), RBER, BEERZESESETHL) 2°
MuNTWz, TRH0AMIE, BUETIE, ABIRRRERFEMSOBFEREL 2o Tnd. K7
VAR CUREOMmEEY;) & RBROGHEE 52 TWDA5, ZOSICEY, 20080
WHAKEALEI N L F R 5. COROBIE T, AL ORELE { ) RET THE LD,
IR 2 & A THEERG TH DL EORBADH 5. L72h > T, LMNITEROMERK (4
R) OEEGVECHEILD D DA, BARKEOZWERNCIE, WERNETICH 2 0ER (UL ORE
RROWTANL CBALTO R EEEESND. 2O ADOKIRIZHEN—ELTW2XL9 T, 20
EBROWIR 28ETHIZ, FINVADOGHHEEIZIZE U THLHHERK 101 B (§38T) DO
dHsH (Hip, 1895). Z O UEEOIFREOBULIEMITIZFLIRA 2 VAS, A HRG 2 o) 2
DEVEERIZL AFHEZTTH o 7.

BHENIC B W TIE, R E SR oFE NS 21 AFrd Y, FEERI RG2S, JLEBiadsR (&
BIR) B304 LT b &R S (W, 1935). 1947 4EH SATbNZ2ME 1 I X B EIFR AT,
HEDSELNTRAKOKEGH D ENTWDSE (B, 1962). 1955 FIHRIL 4007 S 7=l
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WOKDOHT, MREITEM ;IR A R e i 2 R L 7238 IR O 70T fili % Table 2 1R, SCHRIZER 5
B O A A VR, 1954 AEIZ0HT SR E O CRANEIR) @ 4379g/L THh 5 (H,
1955). ISR A F VigEIXK (19g/L) D2/ EH 5. 1964 FOFA (%, 1964)

iE, B A A VIREORGSMEIZINEIZIZEFEL VD, £ O TR A + VIREOKT
f)* ROLNTNWD

i%@ﬁﬁ@lo i{ﬁrTf%v%F"Fﬁ‘ WZETH DD, TOMDSE ST AL RED =N Z
EHMESNTE A BIZIE, W (1955) &, KiiEOHs)F 75 - AbQryFIn - Ny
Lo NF VY LB ERBCEIIE K GENLHA T VIRET, BEOXRPEDRREKDGHEE LT

Table 2 Analytical result of Gokuraku Hot Spring source water
(sampled in July 1955).

x 2 BEEROKEME GUEHRIL - 195547 H).

NH, 0023 (g/L)
Li* 0.054
Na* 18.05
K 452
Rb* 0.018
Cs' 0.005
Ca* 5.22
Mg* 0.053
Mn** 0.052
Fe* 0.22
AP 0.08
cl- 414
SO 0
HCO, 0.025
AL+ b U A (NaCl) 4649 (g/L)
ik v 2 (KCl) 10.12
Wb 7 v E=w 24 (NHCD 0.07
ALY F» 2 (LiC 0.40
ALV E U A (RbCD 0.007
Kbt A (CsCl) 0.005
b~ 27 & v (MgCl) 0.27
AL A v A (CaCly) 10.96
ik~ > # > (MnCL) 011
Wbk (FeCl) 045
REgKFE= v (Mn(HCOs),) 0.33
T VI = A (AL(CO,),)* 0.35
AW (HSiOs) 0.22
A7 (HBO.) 0.17
ZWb#E (COw 0.26
R4 at 70.21
AKift 94C

FALESICHE WD H B E b B, Ml D IR L7
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KERETHLZ et Lz, —HT, IolA + v - B A + b4 + ViZxkd 5%
REEDEEDHEARIE N & HIRTE L 72,

BRI, FRERT O, AEICHkT 2 EE X AMEHE D W (IR, 1954). 2
DA, A HIRR OIREIKOKE T EIRHREE - SiROK &Rk E & ORIROK E D 2 KRDRE
THHEINLZ DS Dol (ZED, 1954). BEDEZIE, FINVAOHELIZIZF LU TH 5.
T MENENIELH Y, BN L EEEK (73K BEORFETHD L Lzdirdo7z (i
ZIE, WE, 1954 EH, 1962). ZoFIconwTiE, B4 5. —FHT, % (1964) 12, HEi
RIZOATT B Bk B IR, HIREE & S LRRRE OB WKROM TR TH Y, M550
RFEBRIC X o TSN T, BilICRoTWwA A7 $/2, oI, BET 255 (-
2%, 1978) R ARWAFHEEBOILEICH 2 16 (&S, 1974) 12, AHICHED. L 7 &8k ik ik
ROLEMEE 2 IR L TW 5.

1970 FFARUCIE, REFMVARKL OGS E D, HAZHOMRE ORIFIZE T 2058550 57z,
T4, Matsubaya et al. (1973) 1%, A8 - EIFRIER L KB T O A E T AR &8k ik
W e EOKOWEF - KFEOFMARILE S LT, ZORITIZHES 72, SR OEREAE W
38, BRAMAKRLDIE LR, KARKE» SN LWL TH S (Fig. 2 BRERS, 1974).
Mo, ABERICHFBNICEAONSE 20 X9 EiREEKE [HEREK] &AM, R
b1 H # % U7 (Sakai and Matsubaya, 1976). KOBRF - KR EFALAI O BIFRD KK 5
HENT, B0 ZiEME T A AR 5 H %X "Oxygen isotope shift” (F 721X H1Z oxygen shift)
EIPFIEN TV D, A EKRDEIRT, &5 WITHRAE O & 9 ZERETRFHRIS L72HEI1R I 5.
A BIROmEmRESROFRMAIE, SERTHG LR THL L2 0N, FHERROBE IR
FEHAAEOKIAETH LA, INHOEALEK—FALOK (D F ) KN v) B
BT, BTG L72ETUE, FEIRREOKOMEE  KFEEEFAMAKRLIZTHSTRTH L. &
R OKEGHAGERIED T, TUH ) WEREGZEH L2256, &ETIE280CTRIBL7:
BIREDSH AN S (Masuda ef al., 1986). L722%-> T, ABIELRICRETIVE, BHiEEKE,
HROBBEER BRI NAZEE2 5. 5 (1998) RFHS (2003) &, FEOmEEEE KT
HTHETCFLESE WL, $7°, 2—UEYLAQLEORFEVSROENE I 05, milkERAER
EA%&GAEALERTRIDL, &TEIZRIEE L R E2 - THEFEL TV LBEBILTWw 5.
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Fig. 2 Relationship between oxygen and hydrogen isotopes of Arima hot spring
(referred from Matsubaya et al., 1974).

2 FREROBFEKFORERMMAELL RERS, 1974 2 SHEHK).
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RO X512, FRERROKIE, FHIREEKEREEKD 2 )ﬂiﬁj‘(ﬁ%éféﬁé%éhf 7. LaL,
SHOHM T ROBEIZE o THREDEHUNELTVE I ED, SHIHLVHEAELSH S
o7z (Fig. 3). WiMOBEBERK, REBKEF MY 7 A (FEW) ﬂ@ﬂlﬂiﬂyﬂ, HBTKTH 5.
TR TARE, LIEULITRBR B RERORE %2> (Masuda et al., 1985). 215 3FOM
WAKIE, MUF T AERDS QB R XA TE S (Tanaka ef al, 1984). REEKFE T 1) 7 48]
DlKIE, BBLRI~I2EOWRFH ZF>. RIRRE % EIIBE L TOWERMTHL. 20
Zlid, HROEBAKFEF MU 7 AROTERKIE, BMISEREREKE KBROBETTEZLO

TiE 2L, HBERRHORWIFERT 2 TK T, FHIERELOMMTERL® > Y RULL
THREREEINIZDDOTHLIEE#RLTWAD, —J7, REERIE, EE2 RN T KIS
KPS SN LR FZZ T ADOETIY AAZ D2 S 2% (Masuda et al., 1985). &
REHAKIE N F Y 228 00wcd), BRHITERIESTE Lh ol &G, A BIRREO R
LRI OANY 7 AOEREZRE LAY T AFRVARLY S, KIGEREOMTTHNG 1500 m X
DIEWHLT KO W R 2 e T 5RAD R E N Morikawa ef al., 2005). ZhIZ X 5 &, i
F PO TR M T K O 88 BE ] 1E 25,000~230,000 4T 5. A HBELE O RREEEKIE, 2 o
DOHFTIED - & B HVIERZHD.

AERAOWHIFAEIC L VEONIZR =) Y 7 a7iaid, B Z & oMb i
bNb. INEHEMIIFLHE L 72D 1% Nakamura and Maéda (1961) TdH 5. 5134 HBHEROE
T T P R R AR BOR SR\ S L 2 D 72 ST~ < kIR 5o Tw b 2 & 2 45dH
L7z, 2OX) RELEE, AWEROR=) v 7a7 I ions (Fig 4). EEL -

0.05 : - T T T
O Arima high temperature brine
_‘ |Carbonated water @ Arima low temperature brine
A Low saline carbonated spring
0.04 water at Arima and surroundingsi-
B Brine at surroundings

HCO,4 mol/L
o o
8 &

0.01H

temperature

0 02 04 06 0.8 1.0 1.2
CI- mol/L

Fig. 3 Relationship between CI~ concentration and alkalinity (Modified the figure in Masuda

et al., 1985).
Groundwater in Arima hot spring area comprises three end members; high temperature
brine (gold spring), medium temperature Na-HCOs type spring water, and low
temperature carbonated water. The latter two groundwaters and radioactive spring
are called silver spring.

3 AREERRODERKDIELYAF L BEETIVHYEDEE (Masuda ef al., 1985 I2%E).
FHEEBROKIERSON TN 3DTIERL, 32DWMEGTPOEALTEE2RT. Thbb,
m«mmiﬁv;%f@% (B%), B T RAHBACTRIS L, REBAKFET MY 7 2AMOKEZ/H725 0,
M T KIS AL G R ST S N R RIR. 2D 3 DIERETHER & D ITHR LTINS,
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POMESREE - Jinsi oo, BBk ORERER) 25 IRKISEH L TWw 5. SLERIZA BIERR O 24
i & FRICHR Wb LR S e (Masuda et al., 1986).

WSS (1974) 1%, 2R GEMEZBRILRE - BIERIRILAE) o RFFAMAL S HE L Tw
% (Fig.5). ThiZk s L, KMRAWBERE L, R CHEFIBLRRIRE O SR EHKD
RFEFMARIL (67C) 1Z—4~—6% TH 5. MEIMEVEREE KT, FZALIZEE2EN
LY REVENE DL, —F, WirrdbFOETRVRBBRTE, FVERLIIES 25, BESS
(1974) 1%, T &) wEMALOZEE, ZELREZ & IURO SRR KA S T AL
WA ERI LR TH L EHHALTWE. Thbh, MEIC K > THEE L 2BV AEZ S <

Fig. 4 QOre mineralization occurred in a boring core taken from Ariake spring.
Left, Vertical cut of the core ; Right, Optically refractive microscope image of the ore
minerals. Sd, siderite (iron carbonate) ; Sp, sphalerite ; Pr, pyrite.
4 BHEROKR-—Y>J7ATICR5h38{EL1ER.
ka7 OWE, HlxEneERICL72b 00T EmMEE A A — 2.
Sd - ZEksE ORERER)  Sp - PIMESREE 5 Py © #EkHE

2 O Arima high temperature brine
& | @ Arima low-medium temperature brine
L Residual @ o @ Arima carbonated spring water
— liquid ® © Takaraduka brine
- -4 o) | O Ishibotoke brine
L (m|
EE:
- o) ® Mantle derived CO
X -6 o‘.\.ﬁ_____i_____ % 2
Degassing @& —
é-) gassing u""-—-‘, -~
o -8 O o
-10 I I L | J
0.001 0.01 0.1 1 10 100
(CO,+HCO,)/Cl

Fig. 5 Relationship between inorganic carbon and CI~ concentration ratio and carbon
isotope ratio of Arima hot spring water.
5 BRAERODEBRKPFBIERTBORBEMAL (RERS, 1974 1204,
R PEH L RO SHRERICR S & &I121E, BOREES Lo THMAKIEDZEL 5.
KR, BORFELZL GO IBURZELEZBOH T ARIHEST L L TR SN,
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GO TR FESREO T ARISETAAZ S OPRBRZEE VS . 72, MBS -EERIIE
WEOREDIRMTL2EE25. LaL, Zo3HE, 8% (1964) RBESS (1974) TRZESK
72, BETRIOIE A SRS - S LR RIRETH ), FAAMASI N TAHBRREOERRE L 2>
72V BHAREL 2w MBS N BmERR I ZRILREIEENH L THVWIIRT TH L7,
TR FIIBIER IS FARTH 5 L B HIRELHSTH S (Urabe ef al., 1985). b L b,
iR T Lk FE % A UERERKSIGRENTH - 7204, WHT 288 CE W AR L i
T5TH59. FEPLEZROKIROFHEEEAICFRAMRIESFHEREDOD DI R THhTFPICRE W
bOBRONLDIEZ, ZOWEESZAADD Lk,

—HT, bol bEiR - WIEREETH AW - KR O B RO RNARLAY » M VRE
DAL FZRMARLLE (—6%, B2, Hoefs, 2009) 1ZEW I EIZERENC L THD. RES
ORI, EATICERAET 2R R B & AR & OBIAIZIE LT, — 20~ +20% DFfipH
TEBT % (Hoefs, 2009) 728, “H LK FEORESHERAICH 2 HEEDIETCEN L. —FT,
Urabe et al. (1985) 13FDSEORMBAKTIX, WG EZRA L T 558121, 25 VMBS L IRES
HAAESTHY, 37 <L DEENROKIEAZ AL T 256100, B bR EIES L KE
GHHT AL B ERR LIz, SOFEMPIELITE, ABERROBILREL ~7/~dbb
WIEZORFE L RDT Y PVICHERT 20D THELLEFZL L.

3. ARERRCHERE

AETIE, WREDEDLVENLLZYTLLERABRTE S 40T BEO AR A HRE
LTw/z, oL, AEREROKEE FIOMBEERHEERLTEILLZRESHEIrHSL. oL d
HVVRLERIE, BERICA U5 CHIRMEITTUUE, 1596 4E 9 H 5 H) OBRRIRAME (H 501
GHRHAR) THH. RIEITAHEEBREER L ZOIRERTE (Fig. 6) T, HHD SRBEICHITT
80 km HSHIRFIZIGEBY L7z (SE)II, 2008). WEEMIEE & L CIdi KMOBELTH %5 M8 TH - 7= L ¥
EINTEY, AL - KW - ZR - iR EOZMTRBBELBEENFRELZ. COMEICIDE
FiF i OBFEAICHER L7 E ) OREMRABE L, AHOHEE &8 T500 AL EAFTEL 2o
7z, F7z, BHEOMPHNCSH 2 Tl KEAFAE LT, Wi 2 E% 21 T 5.
COLEOHMBIZLZMEOTNRMERIZ &3, BAEOFHIERIN TS (%), 2008). &
DOMBEEZIS, FHTIZREKROBHIREDSZ LAL, 2GR o72720Il AR TER R o722
EMEZONTWA (Bl2E, H, 1895). Z0#HiEIREmiReMETR L, 1615 £ Dkikix 90T
BETH-LfEINTWE (KFE 1899). H2mHEE, AHWGE (T3 HILIBE) &L
THOLNTVAEREMETH S (4, 1899). ZoWEHENE, 18994E7 A5 HIZIAE Y, #14EH
Bz, BEAPREPLBESTL DL R EOTIREREAFMELH o2 v, 11 Hid
IS, WE37.7C T 30047 (F54m°) BEDHEHESD, 14E£ITI1E 10T LA L 600 f1F TH 2
v (BIZIE, HA 1902). EiEIE, GOIRABRRGEDO LRS- T, 2okl (o
FORAEICH»-T) BEILAZE SN TWA. e (1954) 134 il o 3 72 Mg R4 3o
WC, RIRIEF LD SRR ORI R Th 5 L fE Lz, thidFz, ZoREHEAEEEOR
BEH T2 LxBML. BOLORERERCERILIC X 2HETIE, RAEOVWEIRE 2265
NN FIZFEAL T MOWE 2 HEE SNTwd  (FR S, 2006 Bk S, 2010). #HEMEE IO
Wilg & OBIMRIIAITH 575, BB OWE LICMET 22 25, BRI OWEICIH->
Tilgo 72 WREE X H 5.

ERETOMBEICL 26 HRROMRE LA, sido 26D, LIFLIEBIZE I T 5.
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Fig. 6 Distribution of active fault surroundings of Osaka Bay. Drawn based on the

database of following web-site.
http : //iggis1.muse.aist.go.jp/ja/gis/viewer.htm

ATL, Arima-Takatsuki Tectonic Line ; RF, Rokko Fault (part of ATL) ; MTL, Median

Tectonic Line.

Helium isotope ratios reported by Morikawa et al. (2008) are plotted on the map.
Read the text about detailed information on the isotope ratios.

6 KERERADERE D .

HEEHNREMRIT AW T — 7 RX=Z2 (LLFOR—2R=) & LI

http://iggisl.muse.aist.go.jp/ja/gis/viewer.htm)

ATL: A B mHEER  RE : AW (ATL ©o—#F) ; MTL : hyeifi.
Morikawa et al. (2008) 2 & ZHIRAKHB DN 7 54 A DL E FNARL O 5HTHH S 7R

ZHIZOWTOHMIZ5 EABROZ &

1854 4E 11 A 5 H O F i #h5E Cid 10C 2%, 1916 4F 11
H26 HO®E R BFEE T 2HMETIE, 1CEED
mE AP o722 Lok SI i Twd (K5, 1899).
KB ZO L) HERICIZKEEAZTO X9 IZHNA
LCTwb (Fig. 7). ORI 75 b~ @B #
FUCHLERD 5 OWAKRPRAT 5. RiRGEE & b, @ik
WBEROLEW TR ), REID L %505, HKRD
G EIIED S VDI, K& HHEMMET T 5. M
WS B L, REKICEE T o LB AT, BRI G
#) SNz, MEEHPILAY, Kl & RN 5
INS OBISEHERLHITRIL, EPHOBE A B iRR O
W LCTHELRBRHEZRLL TV EZEHLTSE

0, WikEEE) & BOKIEENI IR D B Z L AVRIES L
5.

TG U R ST ARIN D K HUBE 7 HU BT C b 5 SRFK T &
TR OBERO—FTH 4. KBOFETIE, il &K
BCPB OBt cd b, FEEMETTE, AR E =HEaE
WOBFEL 25, ANHILHIZB T 2RO WX

Fig. 7 Issuing mechanism of Arima
high temperature brine proposed
at very early periods of studying
history of Arima hot spring (re-
ferred by Omori, 1899).
Relationship between the out-
flow of hot water and earth-
quakes is described in the text.

7 RVHICRESAEZERBRRD
EHEE OF, 1899 2 HHziK).
HERRENREHEL OBRIC
DSV, AXEZBHOZ L.
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ANHWRE N TV, ZOWEE, AHLEEBEEHSIEATFIAL T2 412K TE->TW
5. BA m OWE % FFO KRB W s Tl FIKIRR &SIk 2 & 381 D @ % BAL I % 15 -
Twa. AERZIZIETREG G NHED 2 N HITRE QLR L IAES 52°%, L 5 b
FHHNCIE D 2 B AWTE L DR THH L. o OBEBORBIBNEIE, HK5ORIROMER KD
EARRE L THELFEHZRZLTWLDOTHS ).

4., FEMADER

W, EIROES KN &R L THESN TV S, ST 121 H AR 2 v TR
KILDS5 AT LW 2s, KIUNGE O 70 W s b SR AN BT 5. i )i <, 40C 282 51
RAEIT A HIE3 AFICE L ONS (Fig 8, #H - #%, 200912k 5). T0HbH, Bk
R 72 &0 HARWRFEOMRMSIE, FEULOKILT Ty MIEWEITCH S, 2 OHigo KL
T TIARIELTEBY, #ME T HEUNICIIEAIREZ > Twiwy (Fig 1 L 68EE2BHOZ L),
L L, BMAROKIEEORAS M T REMEL TVEESbTwS (BIzIE, TR, 2011).
AR EREEHICIZ70C 2 B2 2 BERPHARBH T 2ERBAHFASMON TV b0
TR M DT S D KA RIS REEPHETE 75 R0 RIEIEYE S 7 &8 R B i # L 72 o T,
FLWHEENIA SN T v, COMBOJIIREVIGEE SN Tweds, WERMNES T 7 4 —

136°] B

Mainly NaHCO, type water
o <25°C
. 0 25-40C
Shirahama u 330
Tsubaki © Other chemistry and/or no
information on the water chemistry
(Closed symbols are >40°C)

50km |

Fig. 8 Distribution of hot springs and the temperature in Kinki district (Modified
the figure in Masuda and Tsurumaki, 2009).
The place attached name is the area where the hot water >60C is flowing out.
8 EEMFDOBROM/HEEKE (G - #5% (2009) (TN,
M %A L CH 2% iR 60°C ML LB 2 i3 Hisk.
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W72 2000 SEDBEDOIFFEIC L 0, Ml T 7 SRARL AT THhBHK L ZRATIE RV
EEZOLNBIZWIzo7 (Seno et al., 2001). DT XL, AHEROBEEERLTOEELZD
T, 6 ETiEL <R3,

IR T IZHR B 7 1 DT O SR OO0 AT A gL, KIRERLHTH 5. oM, o 2
HATERZY, EPSHRBEAMON TV 2 EILRIAERRZTTH 5. homilipix, 13
ETHAT700m X V%L EEERE SR AHE2SHBONRTVELDTH 5.

—7J7, EREREER & KB E Hul & L s s e iRz id, IR &SRR AR £ <5
HLTBY, AERROBEEZEZZ L ETRBHNTSHD. IS ORRO G LR & miii g
RE, IRV, KEEERRE L SBTWAS, Fig. 9 ICILH LR E A & KBFALE (b
W) DFLR D54 % R”3 (Masuda et al., 1985). TS DRI, W BILKFEEZ DTV &
FoVANR, B CBLREOAL S GURMBER, TUA)EORHVIRBKEST M)y AR, &
R L SIREOES 2SO EHRBAR R TH A, FHERHM R L, FWALW A & ~ )% 6,000~
8000mg/L EDERENDDLDH L. ZDLH %, HWEBENEVHDIIE, KOBEE - KER
ERMVARIC A BiRR & Mo Oxygen shift 28R SN 5. HIROGAIE, HWE B OGN E & Z
DEEMOWE EDZFDREBIZBSND Z L%\, KERFILEA & LR HEEBIC 2T TO8 R D
AT —R R T O I EATHOAT 5. ZOBFTIIE, EHRREES N TO RV,
ZINARTNZ R o 72 ARAE T 2 M E 2 S b,

KBUFICiE, LIRLISHIREOR VI T R2SHIT 5. 2 LR odb# L2 T4 <, ik
OFFEINHFEDIZD HIELTWS (Fig. 10). 2OHTH o &b X LAISN TV S DIZMHNERT
FALEGBICHER T2 0TH L (&S, 1974). JL4 HRBEIM L Twieds, ZHLRZEOFHD
72002, I mEhICE SN HTDRLEBH o, ZOHTFKIIERTH B8, LW A 4 Vi
JE1310000mg/L 282 52 L b bV, B - KFELERMARILIE, AHRRODDIC—FKT 2 (1
RS, 1974). 72, KECPFFICEEERY L2405 C, PR THORRBH R EBAE L %5

[ 1Quaternary sediments and terrace deposits
[z Tertiary tuffaceous sedimentary rocks
| e [-%] Granitic rocks of the upper Cretaceous
[ Volcanic rocks of the middle Cretaceous to lower Paleogene

=R
I : | P == Paleozoic to Mesozoic sedimentary rocks
B A [ Metamorphic rocks

=Fault 20 km T —

Fig. 9 Geology and distribution of carbonated and/or saline springs in
the southern part of Hyogo prefecture and the northern part of Osaka
Prefecture (modified the figure in Masuda et al., 1985).

9 EEEFIEXRMFIHEIOME EREBE - BERDAH
(Masuda et al., 1985 % IN4E51E).

213



2 FH I R i SRR

T 8

i /
g' - hibotoke
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Is|
o

b4

N
Figure's attached on x-axis is me/L
T
Na*+K* Cl
Ca?t ¢ > HCOy

Mg?* \—»—’/ S0, 2+NOy"

Fig. 10 Hot springs in Osaka Prefecture and the major component composition
(Modified the figure in Osaka Prefecture, 2008).
Figure attached on the down-right is the temperature at sampling (C) ; @ and a
indicate the uptaking aquifers, i.e., the former is in the Osaka Group sedimentary
formation and the latter is in the both of basement rocks and the lowermost part
of Osaka Group sedimentary formation. Hexa-diagrams painted over grey are
comparably highly saline waters, among which those issuing out at Ishibotoke and
some in the southern mountainous area occasionally contain CO. gas. Hatched
hexa-diagrams in the northern part are low saline waters containing CO, gas.

10 KERFFICHF Y 2BRREZOERDMEBER CKBUF (2008) 12HNEE).
AT OBFIRIEOKE (C). @IZKPEHMERW P ORKENS, AZEEETH S
WIZ KRB TR & i oM H 2 5K L T 5.
JRTEYD ORENTAFHITAXY T T ATRLAEDDIIEBNSREORIERTHLD. 2
DHH, HHOWEICH 2 AL EZORFEBAED S DI UIiE Ul bk FEx &,
F72, EHOEPF LIAFHFA X T T A TRENTZDOIL, W BRbiE 2 &R
HEORERTH 5.

A FICHELZDOTE, HAWRSFSLIELIZRSNS (R, 2008). &b & KPS
W OMRARIE, WHEOHRBE L RZ LHWZ L2 5N TWwi: (Nakagawa and Komatsu,
1979) 78, iz 23E L7207 (1,000~1,500m) Tid, KA 50C FEEICR S 2 LB 5 (KK
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JF, 2008). DX M TROFLNE, KIRERDOIEBE OFNEH REBEAE LORKEIZIL,
ARG E X KPR EZRHOM T ARIIET 2HIMHBL < HDH T LR LTV D,

ESHIRWHIRICH 21T 5 &, AR KD 5 WIdF UM L 72 "L %2 &b alisig,
AR R R R, TR 2 ORI iiE IS - 7o, ZRREH, L7 & o HARK H
THILNTWAD, ORI, TTEMBL T ZLS o703 H Y, {LAKBHZHT KD,
W e U CHEBEICFE T A I3RS E DD TH L VOO EL LR THAH Y. BEIRENT &
12, STOL) REEROSAITPRIEEREHRE LTBY, HEEBHEGHR — 1LIgkiE & 2ot
B ME0 L LIzt E LTWwas, “bRFEr2 U RS O5MmIE, KB 2GR
CERLTWAZ ERRIZBLTVA.

5. HEmROMIE

AR OKRAE (1899) 13, HFICHROBGIHEE 1 ® 5 EHPA L2, ZHUEHREINEL T2
ANZ AL %o L MTHML2METH 55, 2 TRAFIZO VTRl ST,
ey (1899, 1902) &, WIAKMUICHE L7- A BIRENCH L CHUEAAEZT-> CTnb. ZOREOH
HT, FROMREY, SRV AL AERS (FEREH) OBFICTELHEMeEILRkeE LT
WAL EERIEMLAD, ToLE, HRRE [EDDTHRVEIANLHE LTS L L7

AR CHENIC X 2 IREFEIE T - 7205 R KA O 1942 £ CTH 578, MRE(L

Fig. 11 Vertical profiles of temperature and salinity at Arima hot spring area
(Modified the figure in Kozuki, 1962).
a) Measurement line ; b) Isotherm line ; ¢) Isosalinity line.
11 FHERROBRELEMREOKE (1A, 1962 % —IBIEIE).
a) HIHL b) SHEMRIX. o) SEHELWriEEERIX.
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Tt HH I FEC IR
D7DICHH 1 SIHOWEN 2B L zEgichiE Sz, 19456 E0 M8 L <, BEH
FLIMEISHE SN, oL XORFERIE, FE (1958) & EH (1962) KL ENnT
W5, HEROHIR - BOTRE - BRI R & oW AR BRI IO WT, B D720 O
Ml &41T>Cwa. Fig 1112, ZOMRAIC X )5S NRE LA KPR O Bim %2 7R 3.
NSRS SN B EETRT LTV A0, MR WIEE TORMESELMEShTnk
W, ZOFETIE, boldRROAHL FHTIE, —200m OHEET 122C ORMEHR TV 5.
T 72, ANFMED S 1%, BFTRIEO —180m T 140C OiEZHE L TW 5D, B 1288 500 m 2
FEOMEVWHENZ LCBY), BRROSAVPR/INTHEILERLTWS. itk LA, &
DFIEDS, NP EEL LT 7 I LT, R IUE TICHA Lot o a38iim s G k72 &
E 2Tz, SIEALWIRERAS, BOMIITWE 2 Eh 5, @O KIEIRNERKTH S &
e L7z, 151, ZOBKPERK (x7~<K) ThbEHHL.

1980 4FEACLLFENZ T 7 A D P AIE AN e BIZOo N, FEBERIT~ ¥ DIV O K55 0
AN END LI oTe, AN T AICIREERS L 4 0RERANAYRH L. Z05 B, Held
WP ORGEWE (EELTYI Y- MITA) OT VT 7 HEIZL > THMENS 2, *He &
WERIZ B IE I PIER IS LA N7z b OAKFRTTH Y, “He/He HiI A X DMEIH 2 7 U 2 R &

L
134°E 135°E 136°E 137°E

Fig. 12 Helium isotope ratios of hot springs in
Kinki district.
Data complied from Sano and Wakita (1985),
Wakita et al. (1987), Matsumoto et al. (2003),
Umeda et al. (2006), Morikawa et al. (2008).
12 EEMA ORRKFAY I LEGLEL.
A1) v A FEAR G Sano and Wakita (1985), Wakita
et al. (1987), Matsumoto et al. (2003), Umeda et al.
(2006), Morikawa et al. (2008) D F—% % a >~
ANV L7z,
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b (Bl ziE, JWES, 2007). ABiREOAN
U AFEMARIE, HAROTM A A DO Tl
Lol BRIV —TIRT A EPMLN
Twb (#] 21%, Nagao et al., 1981 ; Sano
and Wakita, 1985). Wakita et al. (1987) 1%, ~
V7 AR L O @ o Bk A3 B il IR 5 H K
B 130 7 A CRIRIL T 12 & CHE TN B A PR
WZaAiT A EaigtblL, [EAKRKY M &
MEAZZ B, ARy PN D
B =L TWAI ERIERL, EICH
ELRWIIIEZVPHTIZH-T, v
MURIEON) 7 A8 EHLTL 5 EHBL
7z.

ZDHROWIETIE, ERITTON) 7 L
REAREEASES AR A A D43 A (X —T b
MUY FEHFD (Fig 12), EEEBER &%
IR L TWw 3 2 L 2siEi s/ (Matsu-
moto et al., 2003 ; Umeda et al., 2006 ; 2007a
7 ). Seno et al. (2001) 1% Z O 13 A
7 7% PIVORKIEALE T DROBIKIZ
LoTHELZDBDTHS ) LHEEL TV 5.
SO LX) IR B R TR DB T B BRI
HELTwWb EEZ SN Z LD 5, Matsumoto
et al. (2003) 7% EHIABOWIETIX, AT T
LK L7k E#EHIE, < ¥ MVERO
HALBARBE I EHEHE LTHMEDNT
WhHEBHLTwSE., AHEROL) Zid
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ANV T LAREOENSEDOTIE, ANVTLADN0% LLEF~ Y PURETHZ LRI LTV S,
— T, KROKE - BEREFAMAELZIGD & L0 RS IZ RN OB G OREERKE W0,
2 T T HRARDREIEAS A X DB & 72 o TIZWV B, HARZED b OPERAKT~NEAT B EE1X
— AN EEZ 2TV D, 512, Morikawa et al. (2008) ZKIEELOH T KON 7 L
FRLARLE D GATHER DD, BRA LD EWAY) 7 AFRMAKRILE D OlmgEKiE, KECFEFYERcix b
MEM L ) EHOKRERICERLTWDLIEZEHLTYS (Fig 6 ). ~) 2 A[AMKRR
DFEVHTKIIFRER K THE I LNEL L, Zom»bd, FHRIRR L OBEPEIRZING.

6. EENDEBERETL—FTIFZUX

OB N EZ T 74 —DOHMIZL>T, HTOMESL Y IEMICHMBESNE L HITE-T
X7 KO WHEBICHEHT 25ROV TD, BT TREI > TWAHE L 0BG, %
WMENTVD, HilEN T 7HLIEAAL R T TORETREZ 2 0@ HGA AL EOT &l
OHIRTIER LR > TVE. AEEDO T T, AT 7 OhARRIIES TIHAT 2 HEDEIEH
80km DFEICFE TELTHEY, BH - JFilER UMM 2 B THE (PR 5, 1997). $72,
FOORREIE T I, KR 50~100 km DJEASY Z Fio M g 2358 L s T % (Zhao
et al., 2000). HiRD X912, Seno et al. (2001) 1 Z DIRHEERG 2 AT 7T~ ¥ MUH 5 ORLKTH
HLTWwD., ZofiKiE Kb7v >y 82354 L TWAIUNTIE 160km OFRE TR X TW25 )8
FFEBE TICkARAL 72 Y EVilET L — b OEMRIZ~ 20 Ma & Ziv (Okino et al., 1994) 728,
50~80km TiHEZ > CTWADXEAH &, LT L TwD. HSHiEE, Bk koM
X5 PVOEBERMAEE TWAEDPD LW, 7R E L TWBIHLE A vwE LTw
. Fi, MEERREFMLOMT 25km F TR % MK R ETAHFAET S (Zhao and
Negishi, 1998). Zhao et al. (2000) 1ZZ OACHEW A%, SLHIEFHEIBMB OB L EVEHITICH D
RIEFVTAVEVHET L= bORARLGAT THLOBKICE > TAHELZL DT, WEDFA LA
SPOBRYEH LD TIERIEEZ TS, KIGEE FOMEEW OFAEE, KEREOM T
KDY 7 AFFARIZT TR, BERECTRKEO ZBILREL U T KO & B
MRLTWADNH Lk,

TAVEVET L= MDAT TPRAATEEILERI T O F TABITELS Lo TWwa Z LIkl
B2HHOENTWD, AT TORIRIZOWTIZISHEINRTW o7z, LAL, ik, ME
574 —=12XY, hARLHMOEILXL D A5 TOHMORT 20 5 »i2% - 72 (Fig. 13,
Ide et al., 2010). FEiE b T 77 HAAHREE & UEOM T 30~15Ma 123k L T 725l 2550k
FHiAA TS (Okino et al., 1994, 1999). Hn KEEFISACR EILG] &IN5 75, Zhid 15Ma i
WEALARPE T2 A A A T 7258 (Seno and Maruyama, 1984), 2~4Ma 12 N55°W 12Z51L L C,
HAEICESTWDEDREAL) L) RAALHANE L2 18, b &b LHREDOIKINTH -
TACEHEILFIASEEM & LT, TRARAL AT TG L. ZOBED, BEOKEEHEILY] O T R
LiZh7- ORI E BEE O CHME R D (Fig 12). N 27 ARGARIEATE WL T KD
T 2, ZoMzEmeE LT, BT >TwW5D, FTNOXY MYDPGRLIZATTO
FIZHNTWBE EIZEZT, H8RIE~ Y PVICHET LR L -TBY, X DEILARAL
MDA T 7D EHIC, BEROTOTY MVICHETEZANY T ADBIEN 572D THhH» ) L Ide et
al. (2010) IEHHAL TV 5.

KL 3.3~35Ma 12k IR, 2.5~3.0 Ma (2 120V AR B T4 I 0> A B 325 I Jg iy > 7
A E > T b, KIREWEAT M O IR REE 3000m PLIcB X0, s Lo L%
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Depth (km)

B IRRREEEEERERREEERR
L‘25 50 75 10&) \ &

36" j

34
A Quaternary Volcano
O Inland LFE

32" = Subduction LFE i
OM>6 EQ (1960-2010)
OM=>6 EQ (1925-1959)

130° 132° 134° 136° 138"

Fig. 13 Split of subducting Philippine Sea plate beneath the southwest Japan
(referred from Ide et al., 2010).

13 74VEZBTL— FOELAZAHRETR (Ide ef al., 2010 2> HEEHR).

i d 1,500m 123ET 5 (MNEES, 2008). kBN CTH 2 KRB L HBOBIERTCTH % kBN
HIL ORI LT, P HARROIRIBIS 13720 T <, SR OEEI 2L, £hi
P9 I AR RO EZLICHE ) BRI RIS B 02 b e &, BB EZESMb->TB Y, H
Ml OiEs, 2008). LAL, KBEBOLMERERYA, 74 ) ErilE7TL— bojkkik
BTN L7 & M TH 5 2 &, 2RI TR S 72 W oA B & KB e
OB (Fid#Ee55) BBLRA—HKLTWL I EIBATEEZVTHS ).

X512, Umeda et al. (2007b) Tl&, 74 v ¥ a ¥ b v 72X 5 BOKEZ M O E A
5, RAEEEIOEROEE 25Ma~5Ma lZIEE o 72 EHEE L TW5B. ZOEMIE, 74 Y
Y 7 L — b oW KB L O RG] & B> Tw b, FHIERTIE, BKIEEO
FIIGRHHIC B3 25813 T wn s, IE&ihIcB U 2B Lo RERRE 7L — 72 b
=7 ADMHEEICE DSV THETTREBETH A 9.

7. ¥ &

AR O—EED - 725 L, S FSFITMREEORKRZF|ZOIFTE7. BT, 0%
L, 74V L POFELERLTVAZEDBHLNIIR ) DDH DB, N T LAF AT
T, ZEMbREL Y Y PVISGEEZR > TO AR E Y. 2o X)) v v MVEEDE
i, WIS BWTIE, KEBERMEZE T, MFEEICb b 3N/z0THA ). KIKBWE
R R EPRE S 2 oW, < v PUVREORA L Bo FAREE LTokEE R LT
bLEZOLND.

— 5T, BEBRREOEREDEALA F Y IZonTRELHAB IR TR W, B A+ v &
WAL £ F > DA HEARIGE R 2RO 2 &, F72, BHBEOD ORKBERLICERT LTy
HIENS, HREIBICHA LRSS ORETH L b HbEL. LrL, BENOH
DAL R 45 RAEH 70 ERBGE A S B 72 NEEIRIC ARk KB 2 RO 8w A5 2 &, 1
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FRYIVICOLRICEINIWETH LI EhD, Pl d—iid~ ¥ MU TH 5 fek
LI/F\TENR W,

I ORI, MEOERE 2B)EBOT 7 b= A EFECHM LTS, IR E 25
EELLLTH, MROLI % [HoBA] 20372567, FHELE, B TERROWE %R
FLTHEILTWAZ E2s, WERFEFHICE 5 TR, HERNEZBL [&] TbdHb. 20k
REERAROMELZ, G ETE) ZEHFBVEIICLZVEDOTH S,

W

AR, 20114 9 AT ISR CRIME S N7e HATRRBRE R O RIS BV THF o 72 M RO
WEEILE LTEL DR b0 THS, WRMIIIH- TS Y, REHEORAES 2 T2
SofMN MEREET RRARHRIEHCZLET
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