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Geological Structure of Arima Hot-spring

Susumu NisHIMURA®, Tkuo Katsura! and Junichi NisHIDA®
!'NPO Think-tank Kyoto Institute of Natural History, ? Otani University

Abstract

Arima Spa, situated at the northern part of Kobe City, is one of well-known hot-
springs in Japan. There are various kinds of chemical type hot-springs. One of them is
well-known as “Arima-type deep thermal water”. It has very high Cl concentration and
extremely high 6D and 60 values, and *He/*He ratio. Such high values in water isotope
composition imply that these saline waters are originated from andesite-magmatic steam
or mantle-derived water. Almost all hot and cold spring water at Arima Spa are gradual,
mixted with deep originated CO, (magmatic or mantle-derived). In this region, there are
no volcanic activities, so that the Arima type steam is containe the fluid devolatilized
from the subducting slab of oceanic plate as pieced together from the various accounts.

Geological and geophysical surveys evidenced that location of springs and the flow
of thermal waters in this area are controlled by the deep developed fault system and
related upwelling pipe.

Key words : Arima Spa, Arima-type deep thermal water, isotopic ratio, subducting slab-
derived fluid, fault system
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HETOIHIE 1513 1946 i COMITHI L SN, 67.4m ZEETRIR 52°C, HEHEEEN 928/l D
SRRz SR Z 58, 1980 FERUTIE CL IREEK 1g/(, R 45~4T°CIZ{KTF L TWw 5 (ERHt,
1987). Z D%, 1955 4F % TlT, HEAT 1656~285m @ 12 FEAREI S 41, P 6 S FLIEO CHL DR A
90 CUETH -7, & - PR IFAEEEBHRACGE A MBICE SN, FEM400m icEhLlTwns
B, T Ofth, BEER, RIER, HEROMER - SERPEIICR 5N 5. Nakamura and Maeda
(1961) 3 [HHROERRITETIKIGEWIHE ZRFE L, FIRFIC D 258 O EEVK PSR O Rl B
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&N T &7 (Okamoto, 1962 ; #55, 1964 ; MATERfth, 1974 ; WH - KA, 1978 ; Masuda and
Tsurumaki, 1982 ; Masuda et al., 1985 ; 1986 ; Sano and Wakita, 1983).
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D HHEHIE % 1986~1995 FF % THEME L 72. a7 2 LI FEORKR T, LRI O EERIC
L 72,
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(1983), Masudaetal. (1986) 23& 573, SHMEXE b EEDOHMEACHIEE=F=HKTdH D,
FEARM IS GRS S L 2 OO0 IE—8d 25, WiEeBEEfE c IFEENIALLED CRETEI
. 48] Masuda et al. (1986) OHVEXKAZRTIEL /2 (K 1.
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AHBERRAHIICEED SN 2WiEE, FEllOHRECE A h T2 BARE 7S 55 LIgTE <, < ol
JEITIR - TSR PMES, (B, SRR, RS 25, RBARKG L) ol cnwa, RNHTE
fa A SRR GRS TRITETEL TV LEETE 5. o oWiEOLE (36 BT ES
2o EKIE, findkie, SRR, PEETHEERIAEMEIC U GED, OB - THERRER DT 4
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Fig. 1 Geological map around Arima Spa (modified from Masuda et al., 1986).
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FoRHECHEINS G&D.

OELYIR, @ RIS R, @MEHERTH 5. ShlofE T OEIMIRE, O-1 FEEO#%k%E
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Fig. 2 Distribution of faults and the hot area, estimated by the results of y-ray survey.
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Table 1 Hot- and mineral springs around Arima Spa.

® 1 AERAIOER - SHROME

IR IR 2R H SR
&l [=RITRI i SR KRR g IR
Syt ATy, | iR I % I N SRR | ASHA R RS
X2 cRdE | G W
TR K
IR KA - HHA wa Ao - en
[ T RV N A
AL 2 |1, 2 #UK - FAE
5 PR
RiE (O 90~98 43~33 32~
Cl (g/D 23.0~43.8 2.3~31.0 1.7~43.5 1.1~4.8 0.01~0.02
HCO;~ (mg/l) 60~170 350~500 500~2,400 | 150~1,000
bEEE R R (mg/D) Dz Z0b0H D | 750~1,300 ~1,300 300~1,600
SO (mg/l) nd. -tr. 5~35 nd. -tr. 0~12 0~100
RE [icerin] (i) &IER Eikik— AR B R SR TR RE R

Table 2 High temperature and NaCl springs in Arima.
%k 2 BEOEEREER

RiIFE JEEIEE FE (m)  HEHIRORE O EHRESHEE (m’/H)

it 1953 223 97 20
fEFr 1951 182 97 50
i 1955 185 98 60
PN 1948 206 98 40
HHE 1 1955 217 91 18
HHH 2 1953 270 92 37

FAYIR BIEF IR RSB 2R 5, ARABUKE L TRRmS N TV A DT, BIITHTHHHICH
W s @LQIIMITEERERND D, @RISR SHIABCE RN O RILH —PaREPE O S5 LIrEn
WIZEHH L, T OO ST AT @ B EERAE L L T 5.
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5.1 SEOEERRDZER

5 - RSB EEERERLE LT, 400m OFWEFICERL TWA, EEEMRIC LN, Bl
A EBEOTIETH - T, £—1 v 27 a7 oduc PN - o &b hs Hi
EN3B T &BH %S, Nakamura and Maeda (1961) (ETOSAEHRL T, [HERROAE RIS
BOKITE WHE 2 R/FF L, [[IRFIC & 2 1 O EREVKEELR O ERI BEE S 2 8L oM E %R LTV 5
Lo iclEbnsg ] L8N TW3, Okamoto (1962) F5RE & Cl R & OEICERBAGRIGED S
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W5, @RI BENERE L TOMIEE h, COE2k->72bDNEaERE LTELLTYL
%. @ RIEOIRE SIGEEOZ IMBORE KX 2HROBEDEICL S, @fthasni
CO; [FIERBOHI F/KICIAEME UIRTRIR ES > THEELTVB E LTS, T OMEITMIERM (1974)
Ik BIKFH - IBR ORI AR OERE EFFELIIVWELTWVS,

PRI (1987) (3 [BERRORESIEEE O TEd, Ko 2 ETHE. Toho Cl
TR 4.38g/1 Db DD[EAAHAERD B &, 6D=—30~—20% 6°0=+8% ThH 3. INEEEER
ROJFDURRS EEZ B E, A DR - JURIE DK EMFKEDREGICE > THEEBLTWS ]
LA T 5 & L CTWA, Masuda and Tsurumaki (1982) ; Masuda et al. (1985 ; 1986) (3%
BRASS CEEEEEBICONT 2 BERICOWT, (L, ZEERMAMRE, A7 3
A2 DRI EZ2 e 5 & & bic, ARIRRO 3 7N RS0 2 ZEIWNIC> W Ty
155 IS L ERM AR 2349, HHIEROEEDOEREZITE > TW\A5.

INold, BERDOFNIBEROAD CBEERROBEHEE ZFRINTOT, WEMHE
BB R I Tw L, BIlo 7 L — 72 b =27 2 EHE - KLTET ORI
Nishimura (1998) &k, Kili7zo v bk omEL o, KIGEEO K W& T A ICHIBGES)
DEBIEHOH B ENH BT ENTERS N/, Sano and Wakita (1983) Rt o/ E
EORRKDHe/ He thimw T E&2RH L, Moo= v bUVsBEE LT 2 A Rer: 2454 L
fz. Tatsumi (1989) (%, Bl < 7 v DFEEILAAL R 5 TOBIKORGRE R L, LAAAE
@ B < ORKAE BN £ 0, 60km OZFES X 0 EE T RIEECED MK L, 100km TI3AR
- AR RN LT, 160 km I TRAZRR SRR L, £ oKiE~ v bvik RT3,
<V M VOREN 1,300C LI ES NI~ v M VDBERSAERIL T, v/ v BHkA T EEIEHL TV
3. 60km PIETIE 7L — 25 7D D= v b VITESTERT 3 & 5 mEiE o nis L, #*
SMERT BRI THB I EERLE (K3). CORIMEASROERLIEFICEVNEZ®U T
ERL, HFKERE LT, SiROMHKORRSHERCERREP R ON S & 215 L 7 (P,
2000a ; 2000b ; 2001). £ D—>0fE LT, BERRNSIF 5N 5. BR (2004) FEEEHHES
e TR S BISEISE  ~ & — Dk — s — ¥ [[FEEREOEE ] © [EENERKE~ 7 <k
TR & RN AL L C WA C & THIBNTE O, MTFICEAT 2~ 7 <idfis LT\ 2 aJEelE
PIEf SN TVWA, L LBNS, fafoKIIFORT EAICLNIE, CoHRic~ 7~ DEHE
LTWAAREMEIZFE E W, Tk 13 S DIREKD & &I BKEGEREIZES FFIK EFATWS.
RS FRKOREAZRE T 21RRKIE, L CRESAIcE S 59, JiE - HfE - B
HhO—ic RSN TV, HAFIETIE, <7 ~<dih&AARLTEET L — 2T 100 km
WBWTHKL, ZOKICK>Tw Y FVPESERLTHEL S, HITF 100km K HEVWEIAT
Wik U7eigaid, <7 < 33EEd, Pkick v AR L 72KiE, B 10km O R oBuks LTZ
DEFEFLEFLTLADOTEHRBONEZEZ OGNS, | LIBNTVE, TOXDIKBIETIE, LAALHE
PEZL— kD 60km &0 EEBTORKL 2GS = v hovhE R L, HEER £ iEd 2ENEH
ZBUTCTEAL, B iKcED SNBENR S ESEOEBRKE LTERTEIENH L LEEZ T
3.
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Fig. 3 The hydrated peridotite is formed by addition of slab-derived H,O (solid arrows) beneath the
forearc region and should be dragged on the slab by the subduction of oceanic lithosphere
(Nishimura, 1998).

AM-CHL : Amphibole and chlorite.
PH : Philogopite.

3 KW7oOV ELUILEFEERS 7 DikHAHEORREL LIcEEEN D H,0 (1 £1)
AM-CHL : APIA-fE A
PH : &5}
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HRIEROFEHHEEZAIFAT 2 01c, 2BFBSN T2 REOHEE, HEMEDZ,» i, Y
YA T DT Lz, L, IRRHOEHS ZEVSETCIATOT, AffERYIEELE LT,
CSA-MT #8 & B E 2 B4 2R L 2. 2003 fFIC 13, REAEEE 2 2 O HITE Al fe7s &
CADFRETHERML . 2006 I, o HW bbb, SiRREORE - FHEkic— T RERE R &
CSA-MT &£ FN L 72, IEREEE O ZEM IZEE IR L TV % (Nishimura and Katsura, 1990 ;
PERS - B, 1999) DT I TERAEMRT 20, OFAESIRIELcY, BEILcL 3 2W)E - 8RO
EOHE, QHITEESH» O OHAD LAY ORE LT 5 EA0[FETH 5.

HIESRE, Aloka®Nal (TD) ¥ v F L — v a v —A X — % & EHEHREDHIE Tld Aloka %
yHAR =y TR RY oA — ARV,
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YUFL—Ya Y=L A =23 1X154 v F D Nal (TD) OMHEREHAIZSDT, 27
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BIDFEAR D 7 5, K - &/NO 2 FHAEER X, 10 [MOFEA S Ll REl s Lz, (Th
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@ Gk - SEESR R O I3 OIS O EHREDHK 20 5Ll EOfET, Wk F TIcREERL 72
ECOMSFHEHREOE LV bEV. [ RFEAREEE U< M TRRBEIE ] [8UKE TE
MR TRM ASPHE & 5 RS idREE s o s, L L, T RiIFIEYIEE R LR D
FTREL (223m), TRERETTHBEDEIEL TO 7200, EEHEDEZ RS 1 - 72
500 m DHEHIT 90.5°C, 94.6°C 235G 5 NI ERIRIR LD RIFEDI T, 2003 FEDHIE
TIIEBEEEEEZ R L TV,

@ FHOSRES M, R T & OBERES ¥ 5 — v SEEILR, HIGROWE O FEELEHETE
L7z,

5.2.2 y#ER—FTIZARY rOX—5DAIE

YHREZ 2 P OVORIERFERIFEOE 2 ®A T IRAETHEL/. 71 % 36MeV & L,

240 F v Y F VT LO00F (54 754 4) BIAIE L/, F+ v xvd& rffz 2 vF— L 3BV

AZRLTVWS, AEEEEX S IRT. T OMEROENSZ 5.

O IEFITHERED R, ERICBVWARZ b 54BN TV

@ ESROHEZLECEHEHBOREIL TR, v 5=9 %50 MBi, b ) v LRHOT]
DIEE — 7 IR T B 5. @8 QBT O BRIFE R T T1/ Bl s v, 2Bl 13 Rn
CEkil 3.8229 H) &R FHRREIC H b, “PT1 (& Rn CEEI 515 7)) &G Fy 0 IKHE
CHBbDERLONEDT, Rn ZELKMANIEFICEVE I ALSEBIZ FRLTVWA T
EMHEETZS, LL, MohOHEET, BHEMMELTEE, SFYOLERGIEE 200,
RENDLEVWE S F YD EANRELBEDOhOVWT NN THAS.

® fERETOEMEENEOIERARED Z <7 b 5 4 3EHEASEHER DI ORISICH
NC, "K ot —2r 055, @EOIMEHTEDO R I b5 6%2RLTWS, XL,
EHEEEOEEEROETIET F Y OEEEVIEFICEVWI EERL TV A,

5.3 SREHOEEIER TOLIRRES

EIRMOBROREE A 2 oI, HiEiEGEOFAR & LT CSA-MT 2E L7z, RS H%E
K 2 1TRd. HAMELCTHNE, BESSO KRB SE 2R, £, BT,
TkEZL GUEA RIS 2R, Lo L, WELBe ndts o C otilsici, JE
HITHEIOE W EHOME 2RI A, £RO XD BERORESBEIT 25481, KHIEPUS 2R
4 (Mogi et al., 1991).

CSA-MT #EBEOHE AR 2 BLU6ITRT. EET VT FOMBIE, =7 7 4 — b KDL
B, MES,SRDEENICE CAICT 2H0ED D 5. Alalid, llEEED S SE 10° 4T 3.5
km Of7iEIC NE10°#) 1 km OIPRICEMRZEE L 7o, EER» 513, 5120, 2560, 1280, 640, 320,
160, 80, 40, 20, 10, 5, 2.5Hz QR OEFR A ICH L, £ UICEBHH%E, BHMED 2 1O
BRAEET v 7 F DOHAICFEITIC 15~20m OIETHE L, ChEERT S H0ICiEE v
F—D A NAEEELTE L. MEMERTENICRY v F 7 LTkva, 12FEOREEEICED
55 07 Bp I HAEPUED &, Mg Z K PZEHET T v E L CREEOIENEEZ KD 5. R
b &g, HEVMEREZE2 (X5). BEMEOEZE, HEZE»S, SRIO&KF — 5 OREEIRFES
IZHM->TWVWBZ EEENDT-.

MEERLSH 5 E, OHLE ML & M4 EEEBOBRIGEV. SiRikoBRE, FIicmns s
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Fig. 4 Distribution of hot-springs and faults and the hot area in the center of Arima Spa., estimated by

the results of y-ray radioactivity and CSA-MT surveys.
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Fig. 6 Cross-sectional resistivity view, around the south-west region of central region of Arima Spa.
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HEERORFEOFT, HbEHOHZVWHWY 3 [£R] (EHSEHESER) OF#iz, O°He
/*He AE L, = v bvEhahrb D hid b (Sano and Wakita, 1982). @ HEEEMmRY TE <L, #H
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KD 2 (5Ll ET, < 7 < tl)E & RSB L T v B (RE, 2004). @ FEBERO T 50
~60km FEITILAAATVE 7 4 VEVEBT L — D ESBTH Y, (LHIAADT L — k DEREE 40
~60km THIEHECAILL 727 L — F 2wk L, EAHIBETIHDICY I -TwE. COLEFTS
Kid=v rvihid®He 25H9 5 &ici s (PR, 2000a).
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T 5.
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