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Exploitation of Geothermal Fluid for Hot Spring Use
and Geothermal Power Generation
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Abstract

The quantitative discussion of hydrothermal system should be comes up as an
important to know the circulation of fluid in the crust and mantle of the earth.

The distribution of hydrothermal areas is found along the seismic and volcanic belts of
plate boundaries. These belts are typically found along arc with perpendicular direction of
trench axis, such as eastern Japanese arc, and the graben structure with some carderas are
found in the area of oblique subduction, such as the southern part of Kyushu.

The hydrothermal fluids are composed of supercritical and subcritical HO with super-
critical CO.. These fluids are pregnant in the cracks in the fault and bed and moved along
the main stress direction, especially with vertical directions.

Hot springs and hydrothermal fluids are founds usually along the cracks in the hard
rocks and not in the soft sediments, and also are gushed out from the cracks in the drilling
holes. The interference with the use for hot springs and geothermal power generationsis
checked with the monitoring techniques.

Key words : Large circulation of supercritical state of H,O, Plate boundary, Pull-apart basin,
Critical, crack, Geothermal power generation
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AABSEEAE 66 MARIZBWT, ARV T 1 Ah Y a v [TREEHEORME L WAIEE
DOIEZHED | DSFH I N TN T, BB EFEBEICHH SN2 B L IIZED LD BRI D,
ENHORENREZ ONIPHETHILTEBMTHI LIZh- T

EFOME, WBAFANO 2D DI, 1956 4F 3 H KFEFERIC (BR)ERAR—) ¥ 7O 7N
4 PCEBBAEATVOEL OHEIIB VT, ST IVOREIH ) B/ EHL DI, NY KL
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1985, 86 412l A & 2 O &bz 2 IS A RO T AN L 2T, WA T A9 5AAEHICE
WA VICAE RS O K-Ar 4£0% 3K ® 0.8~50Ma O IEF I H5 VAR DB A RS BR T 5 2
& %7Kk L7z (Nishimura and Mogi, 1986). Z®Z &2 L TiX, 445, BEbeimafio LA-ICP-Ms
& SHRIMP U-Pb YV a Y EHE T 10~08 Ma DEMRIRKD S, MEEICHE VI EAVREI N7
(Tto et al., 2013). ARIBRBIFEDOAZIZ 1968 ETH L2 EDEZ WA CTHITL, ML TK
KB E IR o72DIZ 1993 ENSTH 5.
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WEREIA SRR E o 7228, BRIERRKROBEZ T TREL 20, HPD D o 7203k
Thb. ORI, FLARRZEHTLLEEOLEME LT, BERFISHEZEZ TR RS2V
CEERDLRBRESTE ISNZBERDSH L (2 2L, WA EEERERE, 2005). bk &
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WY (BIRER) OBFETICHY, REBOHETFHRE & &5 O MR A A= 2R EE S
TV EDEZICHEDE, MAIFABIMIECDIESICED, KEQEFYVIERLTwLED
EZDS, HHICTASTIONLEEZONTVIZELWEDH S,

L2 L, WIETIE1,000m 2@ HElEfHichsh, MAPERINTwE. FLEROER
FRREE LTHAHENE E91Cb o Twd, —J, HMEOBIT400m FEOHEITHH Sh
T8 H5. HHOBFITIEIA Y FATYTOAEY Y V74 T YT, 150~200m HEED
PH CHEBEOER B LN TS,

WEIEEOFHEOKRIEFRIBUEE 2 5.2 72 L Ol (2012) OBER»H Y, T/, %9 Tl
BWERI GRS RENTZY) LTwE, ZhHidb o RN T— 7 % b L ISHERPLETH .
HWEOBEE TR EIIOVWTOEZFIZOWTESIIERT LI EALEII LS TETWS.

SR 24 4F, BEECCEOW B, HWEAOH O D IREIE OMEEIC R Y, RREOHE
[ U0 ETHET S NS RO LI 2 SN0, BB OL2IHEE ) OETSVETD
HHERINTVWE LALNS. 22T, MRS HEIEOTASTHEED & O Tl
WIRIEATI WV, ThHEDIEZZZICANT, ZOMEZRFTLIZLIZTS

2. BREMBFEEOHKEIEVDGHZIDD

WHTEBORIE LN, b X 5 ICBAFRE D L1127 580K & IR CTHIE S N5 B0k
BHIZF R OREISENDSDH D, TASTTELLEHBPINLILNH L. FMBEFEETIIH
ToESAEFMBL, MREEHEEANTLEOEZ IS, BkPOERAEHEZLITTHHTRIT LW
EHICEZTCELRELVNH 5.

HRFHOBERIZE <, HRICHBW TV ERPSHARO T TRAM SN, IR R EomEs
ECHAEAHHENTE . ZO20MBEOFMICE, IABEEOH CIXHORSPRY TR L
ENTWA, BUBICIEREPEY ANSNE LI, ZREITOHROBIETI LR, &%
R 72 0MHIA R SN, FIHEDS 22108, KB EFHETLL91cb > TE .
FDIOIZRERE TORENRL L AONL LI hoTE. FORGTHIRMBDOEIZIZTTEX S
IZAER RN IICTRENTE . FETH, RAKOBLREICOMEITL D, HEAKIEH A A
5L ALY, MET L2 ThH, BuoRE2 SELIREICR Y, [LHRBENEZ Y, e
HEEINTVWDE (Bl zZIEKIK, 2003).

FLWIRROMRICE, RABREZHD S ORBZREL, FENICRET 22 Li3bhro
7B S.
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—7F, WEOWT COREOMEDS, FAil - RIRFTAOKIEOME L FHPT 2 L OELEPS, W
BEBEENBETENDL L HIZhoTE. LAL, ¥ MUPBESER L 7-FAED Eli~o ER o
W, LARADA T THEOBKDFAED EAOKEMNF U L) ICELINDL XS hb L, Hik
AR LR FH OB, ZOMHT 2HE - BOBBVWAED L7200 T, WiHEEd, K- ZEbiE
DHEKIFTRD—DODATF =V DIDZFHLTWEEEZTIVEI o TELEERS.

B, ZOMBTOHEMTIE, BEDECHERY ZIEIL, BROBEAR (bA2SETIE, 13T
25C/100m #21E) #FH L, RRBEICHATL2HTREZRZEE LTHHA LTV 2E41E, s
FHEEOTHFTEZEZNUZTI VDT, ZOMIHTOELRIIL .
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2.1. BRKEBKDOD

WER ETIE, Mk GRS, HEE 10 o0, ZEAETL—MERTHS. T4bb,
YA - KINGENE & A ERIT 5 (Fig. 1). 7278, KINEHO S TR WS L — MER
W2 B L TV 2 BIAIRIC, BIROBMREIESNTWE (FF, 2013).

CNODWTEDP S, hAABRFDAT THRLDOBKIZEY, <7< D5E, BOKSLUROAERK, 7
o IRARDFE M R EBARSNDL T LML, hARBTHEZIY LIFTY, hAADR T TOER
OESIZEY, HRRELL ZEFERSNTVEY, KHETRFELEZZTIVOT, ToREN
Ze gL H AR H AR N T IFEEIIEARAA TV AR FET L — o255 (Fig. 2). A
T 7 OWEN110km BEOE RIKILT7a Y MSEOLNE. ZOHEEMAGTIX, BESOEA
HAICEROTREASNDEY, KFETH oL L VORI TEETORROTERTH S (1,
2011 ; Va5, 2009, 2010).

T A v FIRCORRERIE LA L T RHEERIEREELTWLOT, Ihd &
EAROB L LTZIFTH 29 (Nishimura and Mogi, 1986 ; Ito et al, 2013). Zhd 7L — FEERT
H5b.

© EREkNm

<O . B
P4 - KWFIR
9 190 2Q0km —_— - F DR

Fig. 1 The distributions of hot springs and active volcanoes with the tectonic
movements of plates around Japanese Arc (modified from Shiramizu, 1994).

1 HPEOERMEXUOHR EEXPBEELNOTL— hOEE (BK, 1994 DREICHIE).
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Fig. 2 A model of subduction system across Tohoku Arc, Japan (modified from Nishimura, 2007).
X 2 FHAXBEFMOELAHAAHABDETIV (FaF, 2007 (CHEE).

DOEOWRE - KNG, TL— MNER, FL— b - ilos X 2k (1994) ORI L
72b D% Fig. 1R L7z, WL KN EIRAEORIE, 728 2 ITHIRA R TELET 5 LKL X
HFL2oR20km BETHS. LAL, bo L L#iPICHBMEDOTEL T a G, 1V F
A T7DOAT T (Fig. 3) REIMD X ) IZHHER b T 7 O & LA AAR DT HFET % LHT
T, TIVTR—bOBHBEONBEEIITH L. OB (Fig. 4) TIIERMEOEIKE % % =2
W2 NVFI 2o KD ASNE. ZOEPHFILTIA LA AR MR % E 5 X 5 7% B
(72 & ZAXBIRE - PIgRe A > #7fEnk) b KL - G EN3 A TH 5 (Fig 4 TR, 2007).

2.2, MK - v MIVTOFREDOEE

WREDOFAARIL, < PVIERGERL L o K - ZBILREOTRMKIGEB L Y HILEIVNE
WOT, WTFMIZLTH EAL LD L35, R 1,000 m FEEE T ER bR F S EE R AR % D
TEFZ 3000~4,000m FEEECRASBER AR & D, T2, KIEEAEDIT) PEARL Y L EHEIVNES VD
T, HHERORELHLLINTVS.

BRI 2B LT, MTICHIC I ENAHL0TiERv. BHEOBINIC, 1956 4E2
5 1996 SEDBILIEAE, MERFLERLOES) - EHHENROWE, KILOWELY O 5072 &
ZLTHBIL, WERCKENOEEZILOT— 7 ZHBHFT»STHE, WAWAELRL 72, WilH
RCOETEMBORZ Z2HPHIZEEH 2km DR TH A, v~/ ~<72F 0 58 12km RERET
MO THEAHEOBHA SHETE ARET, ZoLERIiE, WO 1HEMETCS5WIZ-2km O
LA ITRETONMRLIBETHSL. RO EERTELMEO—2FEDOHGFE S
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Fig. 3 Volcanic and geothermal areas along Sumatra fault zone.
Arrow is shown the direction of subduction and its figure is subduction rate
(modified from Nishimura, 1980).

3 Y MIHIBREKNL - HBEMT O,
KENEA ¥ FETL— Lo HINE Z 0@ (A, 1980 M),

WEN, KICSEIBINSINEZEICLs. T ZOEBIHIMNMIIVRLSL, TabbR)
ERHRONE., ZOZEIXFIIYTI<EZE ) PCHBRARDIZF ) BHEDTIE LV EEZ/RLTW
5.

BUKIZIFIT 3000m LR CTRIEEFUIREEICZ2 Y, ZoBERAOWE I EAICEICE Y IFFICR
BAFEWETLHIENWEIN TS, ZHILRFITH 1L,000m LLETIERERRETH L. A
RO AR ZIZEFARRED ST 5 L AKRDHIZ< A4 7 a NV TIREETEA L, HARE - EHD
LETHHEEL, BAKOLEAORELRFNICERL., IRODE S5 WHEOMINE I NHh S OREIC
BN, ZOYUENEZ ) Y TORELGWNRELD.

ABRIZBT B AL RFEO REEEONTE (2002~2007) OB, “BILRZEOBEROMILD
T30, KBTOMBHROBILREOREOMA S PZFZHMFETE, E=r ) V7 hExTLos
LAk UEEIREANGEIEANY 7 7 v 2 FARER LSRR, 2008). I 5 E ISR, S
SICHREEINLERETHA ).

IS ofRIE, WEwRE S 7y 7 IRk L (Fig.5), 207 7y ZIZFRTIO T AN
LM ETHEEORDOIED L D) HIEE LT, EISHOFINIENEDEL 5 F IO THT,
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Fig. 4 The distribution of hot springs (@) (Tsuyuki, 1992) in Kyushu District,
with the areas of Quaternary volcanic eruptions.
Arrow is shown the direction of subduction of Phillippine Sea plate, and its
figure is subduction rate.
4 AMDERDH (@) (Tsuyuki. 1992) &FBEMIROXILIEEIDIESEL.
KENZ 7 4 ) € ilET L — P DRARAARD NI & ZFDHE.

WARDHEAIZE Y, LY, @I ) LTRESER TS, 202 ehnEXD L,
O X HWBRHRIIHEISEVWEADIZI BE VLI ) IZBbhs.

KRZANT ZH58E L, TOROERCHERBEZIIRTT, 779 7RI E OB AL7Z
LD, WEESTHRE (R7r—N) BTE, 77y 272 LADLEH)RIEevHE, wb
WHIRED L) BRbOWBNDL I ENDHSH. LarL, WEOBENITAZHFECIEETEAT L0
T, @IS AEDOTDBEAN L. WBOYE S ESAED N A BB AR 5.

WAL TT D & ) kAR ABZE T H E T HORINEETIE, K25 20km FPAFEEE L A w5
HEOYFA R, RO A KIS, LA TR, FAOEICLI )<Y PVicEIhD
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Fig. 5 Schematic diagram of injection of fluids in cracks and cleats in the
faults and beds.

01 and os are shown maximum and minimum main stress, respectively
(Nishimura, 2011).

5 WEOHORGEIIERBRTZIIIvY - 7U—bEZOETOBSK.
o, o\ ERAFIRN ERANFIS N Z2RT. AR IS O LT L
(ks, 2011)

WorEEATHEEBLTWAS, KINGEEHIZR O w., TNOORRIED L) ITHERIZHFEHL T
X kb l, BOKIMBYEEORBEOHEIC L VIER SN EHOH ) A EEC LA LT,
12 kmiRELDENEZATIE EARAEZERBICEIIRZTEA LTS (W5, 2009,
2010).

WEAED [T EBROREICEHT B4 4 K54~ (WBFEERR) | ICHBEEBM SRR S h
TWh., KOETRAPHTIREL, HMOOLNTEHEAROENH R AT EE LTHEHN
LZNZHEDT, R E LTHHEN TV LIMBEDIRREYEH 5. 72L& L IXLERBINOTE R <
WKHER LTV AHRRO L) ZFAHO SN T H 5. 722 OB TR LT IZET L O
R SHHLTVDLEIICEZLNTVAEY, AL L ABOENHOWECERE,NSHHL
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[k L 2AZERLTWAEIARELZTVAIENE . HLIDLI RN TFT, Bukh
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HIHNTL F v, BOKIFEREEIER SN D LIZE 212w, 7272, IV F T NIRRT
Bk L7 HERE AR N5 L S ICRIEEZ RBT 2 EAMETHLLEZTVWD. Lo, HRED
HOFUEEERHNIEZNERS ) IETTHD. KINEEZ R THFIIT I~ Trdbr ez
AIFRE . AERIIW 2 0E, IR & UK E XIS A 2 &3 L.
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ZONEEEZ 2 5, BRI & HBIESHIEIC XA TE 23U, BERIFEZTS & v Blahr
5, ZEZRITNER SR,

Tebh, WHNC X 2RO RE L 2T EPRET, HAPOEZ 2 LEFEDE 2
EEPTRETH L. 722U PRALTR, BEFSEHCOT, XVEREETLES).
FCOEZPLTIE, TRTOMHTILIMEIEOFRE, HWEHIRN, WAHKREOHEETRb LI
FORIEE —=DDE ZAIIERT HLENDHAH. TDLIIILT, BHEWITEELLWHEEZHR
RYTHIEDVUEEEZ L. RENOBEORREIL, YIS L Tw 22 FoMETIE% <,
TR R MBI ORI ZFHI L TBWT, BRI E0ORBEHLR 2 FHHTX 28R 2RI 2 LW
HTHAHT.

FRAHENDHPOE=S ) Y T2 T HUENDHASH. E=F ) ¥ ZO—BNIINI MG LIRS
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ZEHE,  2008).

5| F3CHEk

Ito, H., Yamada, R., Tamura, A., Arai, S., Horie, K. and Hakada, T. (2013) : Earth’s youngest
exposed granite and its tectonic implications : the 10-0.8 Ma Kurobegawa Granite. Scientific
Reports/3 : 1306/DOI : 10.1038/srep01306.

TP LG AR (2005) @ WM CETHL 255 B, MTHiERR A LRE v & —, Tl

PaAS e (1980) @ ML KL E) &kl KRB SEWFAERR, 23, B-1, 1-19.

PR o (2007) @ BIKOMBGEE) & LARAAR T L — b—RILMNE A< b T DML - IR OB
»H—. R FE, 57, 42-53.

FaRS e (2011) : ek O ®iRIR & EOMEREE. AR FRE, 60, 481-491.

ViR (2013) @ KEERESSF (Suture zone) DR (4) —F L o—. ERAEE, 63, 59-65.

Nishimura, S. and Mogi, T. (1986) : The interpretation of discordant ages of some granitic bodies.
J. Geotherm. Res., Soc. Jap., 8, 145-164.

ViR HE, AR ABEE, VHHIE— (2009) ML - EEOEIRS & F oM (1), —Hk
M & IR oA 2 o—. TR, 49, 103-111

PEAS o, SRA WD JNIRRS, PHHIRE—, B ABHE (2010) : R UTh - EERO MR & T D
MRS (2), —HRE & AR OBRIEEOM R, o—. HRFHEE 60, 145-160.

74



55 63 % (2013) HbERFLAR DR SR & g A

RIAIE— (2003) @ A& TV DR &3 A . 74 H, <SS, HL
fEgaFE (2012) © WASEEOR SN2 HE. 474 H, HABEL 255 51H, Wi

FEREANGEIEN Y ¥ 7 & > 7 SR ARSI ZERT (2008) @ ZWRALje 3 b Jed I 5 AL At B 58 -

=% P oOMES. BRE®BE Vol 10 Supplement (2), 146 H, AR,
FIKIEHE (1994) 1 IRE D% L, s, 201 5, Hii

£

BTAFE (1992) 1 BT Hiw & WEH—REEOMR ZH 0 & LT, BAFHEIGRE LS,

117 |, BERE.

75



