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Abstract 

Underground tempera tlll'es in I meter d epth were meas lll'ed at Ibusuki, Unagi , Naga­

sakibana and Fuseme geothermal areas, and several shallow bore holes up to IO meter were also 

drilled in these areas to measlll'e the ground temperatlll'es and the geothermal gradients. Such 

temperature surveys were avai lable to get informations of the underground therma l structures. 

In the same geothermal areas, thermal discharges from hot springs, fumaroles, steam 

wells, steaming grounds and hea t conduction through groundsurface were measured . Total 

heat discharge from four geothermal areas amounts to 39 X 10· ca l/sec, in which 95 .4% is 

thermal discha rge with hot springs, 12% that with steam from wells, 2.7% that from steaming 

grounds, and 0.7% that by thermal conduction through soils. 
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tl'l~jffill1ItUllK-z'li, m4~ 1-1,1-2, 1-3 (7)J: 5ttl11r 

~~ I:: fJfWtJT~rr,:,te . jIP,\i!Jl\(7)iffil.J3!:~ O,('C),jIP,li!Jl\(7)¥ 
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~~ r(m), ~i!Jl\~-z'(7).~ ~ d(m)-z'*b~ 1::, fWtJT~ 

*~~ 3 *~ffl L-kJ:5~~~ . ;:h~J:~I::, ~~~ 

;Jtll11-z'li;JtJU' G ffijffi.ro.., 9=':'R:ll111J' G ffi$~liffijffii?' G 

;JtJll:~["iij .ro..ft!ll}] L- -r It' ~ ;: I:: Ie tt ~. ~ tcjlP,l.(7). ~ '/;, 

G~JI11rL- -rt, iltI~ li 0,= 50'C(7)1::~73m-z', ~~Ii 

~"'-r24mJ: I) t~It' . ~ttb,!? , ;Jt$1J'G~h-r*k 

~{*i?;9=':'R:J: I)ffi-z'~mlel:~L-, ~Jli!i~ ;JtJll: .ro..~h-r 

It'~ t(7) I::*~~h~. 

f!~tUlIK (7)fWtJT~*li~ 4 *Ieffl~. ;: (7)tUlIK -z'li.~ 

IOmiltl~-z' 100'C(7)iffil.~iJ;Wl1;'f~h , jIP,\fi:t1:: L- -r;JtJll: 

(7) !1JiftIJ iJ, G W<k~ ~ h '"(It, ~ I:: #;t G h ~. 

fj\~ tllllK(7)fWtJT~*li~ 5 *Ieffl~i?;, 0 , = 100'C I:: 

~ ~ I:: jlP,l.¥lH;~ ~ G tt It';: I:: Il·;: (7) tUl lK(7)<1I'f~-z' ~ 

~. ~tc, }l'l~, f!~tUl IK(7)J:: 5 tttUl*ili:< -z'(7)tIli~ ["iij (7) 

~(7)~h~~ G~~~~<, .(7)W<M~tUlT.$~GI:: 
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*~~tUl IK~li~ 7121(7) NI, N:2 M~~ I:: -::> -rjq1j.tJT~ 

~ I::jIP,\lirfiii¥ (ffijffi) ~["iij:l;'G{:lU~~h-r\t'~;: U"b 

tJ'~~; 0, = 50'C I::~~ I:: d = 61 m ~, •• (7)¥l~li 

~~Gttlt'. 

~.~(7)~~~ ~m~~, l:~~, =E~i\WitUl, *m 
!1Jle~It'-rli, ff./111J'It' I m. tUllffil.:B-1fiWnl'l!i::I;;rr;l:.d'\,k. 

.=t(7)~*~~.tUl1ij( jIP,\t(7)jjl'J~{~ I:: I:: t Ie ~ 8 ~-~ 11 

~Ieffl~. 

5, 1 Om;~tl!!;,\iL,H'fj'IDll:m: 

}l'l~, ~ii!l, fj\ ~, *il$t.(7)*tUllK~li, 10m.~(7) 
Wnl'l!i:~~.~<L-, .~<.T~~~OO1ij(.L--r~~. 
~(7)@l1l~1;'f-::>-r , I mr~9IWi~ IOm~~~ ~(7)Iffil.gr~jjlll 

~ L-tc. 
}l'l~j!!fll1ItUllK~liIOm.Wnl'l!i::fLi?; 8*Wl~ < ~htc. 

.=t(7) 1j'[il~m~ 1 2~leffl~ . .=t(7) 5 ,!?, 1-4 Ii:fLJ1I;i.ffil.gr59.2 

'C~tUliffil.1;Ji1iclilE~ttt(7)(7) 1 64{:g.lei¥~~ . 10mgtUl 

rffil.(7):B-1fi~ ~~ 1::, ;Jtjffi-ffiJll:~["iijlei\Wir.ffil.$1J ; ;iE -::> -r It' 

~ -= U;b:l;'~, ;: (7)~ ["iij li I m.tlllrffil.(7)i\Wil.ffil.$(7)~["iij 

(~ 3 ~~Jm), ~ G Ie Ii;: (7) tUl~ (7)* ~ ttWf~Mi!(7)~["iij 

I:: t-:\&~~. 

~tlllg ~li IOm.Wnl1HL~; 4*WlGhtc, :fL1:Hj'[.~ 
J: lj!Ulrffil.:B-1fi~~ 1 3~leffl~. ~i\Wiiffil.~li U - 2~:fLJ1I;rffil. 
~ 104. 2'C, tUlrffil.1;)!121J;lE~(7)289{:g.~~ -::> tc. tUliJiil.:B-;ffi 

Ii;: (7) U-2 ~ 9='IL' I:: L- -rIRlIL'FIJ~I.::tt -::> -rlt' ~ . 

*~ffit ~tUlIK c' Ii I O*(7)Wnl'l!i::fL~;Wl G h tc. ~ 14~ Ie ~ 
Gh~ J: 5 Ie, N-4 :fL~(7):fLJ1I;rJiil.~~;36. 2'C~, tUliffil.1;) 

i1ici?;67{:g.~~ -::> tclJSHi, tUl9='iJiil.~li-f,I)tfellt <., tUlrffil. 

1;)!12 t lE ~ (7) 1 01:g. JJ, T c' ~ -::> tc. tUliJiil.:B-1fi (7){Ij( ["iij :l;, G Ii 

jffi~~%~GJIl:~~~(7)~h~~~J:5~~;t~ . 
f*~tUlIKICli~15~lefflUcJ: 5Ie I8*(7)Wnl'l!i::fLiJ' Wl 

Ghtc. ~i\WitUliffil.li F-3(7)89.5'C, ;:hlitllliffil.1;)!12tlE 

~(7) 252{:g.~~-::>tc . tUlrffil.:B-1fi:l;'G~td~:f*(7){Ij( ["iij C: L­

-r Ii, ;: (7)±1ll 1K (7)JIl:iftIJ c', ;Jt:l;' G ffi.ro..(7)jIP,l(7)llfEhi?;~ G 

~,~~ I), ffi$(7)rfii%le ti\Wiiffil.$~; ~~. 

}l'l~ ( I *),*~~ ( I *), ~ J:Ufj\~ (4*) Ie 

~~~~~3\\~1J'G1ij(1±l ~h~~.le-::>It' -r, i$'; ~ ~ 
( 1969) (7)~~~J:-::>-r, lffil.~, !$/t, ~1±l71di ~jjlIJ IE 

L--r, .~~, ~1±l~t~~~.I±lL-k, ~6*~~. 
i.ffil.~ , ~.!$~~J: U.=th~'GH. L-tc~l±lt 1::~1±l!lP.\ 

t(7)l~~ffl~. 
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m 2 *fe~T J: ? fef!.l'kil!! (341Jifr), {:k§ ( 6 1Jifr) , m 

-77~ ( 41Jifr),J:::EfIJ ( l4;1Jifr) , = :n.flIlf'ijj±!tl ( 4 1Jifr ), 

:t-mmill (131Jifr) , ;tnt!! /' Ilj ( I0 1Jifr) feH85:hifr(7)~ 

%.J:lll ;6':5t;ffi l...- -C v' Q. 1'l\t%Jlllto J: lJ~%.:rL (7) ilL jji, J1;. 

C!S, to J: -act (7):5t;ffi a: SJZt&, $' -7:;t r::J /' /"~.A, 7 !! ~'­

~~J:0-C.al...-, .~~.R~~~l...-kt(7)~m8~ 

-m lljg] toJ:lJm I6jg]-m I9jg] ~it;Q. jJ\IJiEfi Benseman 

(1959) (7)±!tl~IMl!\a~H ffl v' -CilllJ iE U:. 
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W6J1i:J:lll~IUimlJlHL Il' 819 it; IJ, mJ:lll~q) ~ jJ\IJ (7) I~ 

;6>, J1[!JC~7liilJ1HJf:ft:i:; ( 1965, 1971) (7)~:fP~H;j-a:fIJ ffl 

l...--C, ±!tlg~~:5t.l...-, Milia, .~ . am, R&m~ 

f,t t<a:l1fflJ1i: l...-tc. m20jg]fi tljj :@!lllg(7)allffi.(7)~iIffi.MRjg]~ 

it; Q. -: ;h, a: Jt;h,I;f, tljj:@$1ii(7)iJ9:1J(7) ill ±Ul Ie il'liilffi.ll'!lll' 

it; i), =~W, rn-7~#ili~~ct;h,~.:1J~.lJilil -C 
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~'Q;fjftTi,)'J:: < tn?)'Q. 

•• KJ::Q~ •• ~*~~.~~k. 

Q. = YJ M (0-0 0 ) (1) 

.:..:. fOvlf;tIJill..O)'iIf.t~I±l., 0 i;t.lffiL 00 f;t£~IJill.Ji:, 

YJ f;tIJill..O)fIJJfl$~~bTf,'Mt.{ ~, !II}J1Jm~O)~€Jf;tif­

r~'fIJJfl$7l' G .\jl.fllJl;Jr~'0)1rn:fL~. ~td) 0), § ~~I±l 0) 

~€Jf;t I ~i!bQ. ~te 00 f;t£~IJill.Ji:~, .:..:. ~f;t1jiJt 

..l 0 'C~t,;EJfl Ltc. 1~ l±lfL'::' c fL ( !)~~H. ~tdrn:~f" 

.TQc, tiilmt!!liK~31 , 400kcal/sec, ftpffif"±l!liK~ 

4,850 kcal/sec cv' ?t;!i*7l'1~Ghte. 

- -.,. .-._'._-

--- _.-

8. ~f~iJt;I':~{iilfJ~1J);O)1i\(~Mi 

?P.\fi~$fL J:: Q?P.\lm.,~jj!IJ :Q::TQ te~fL, ~2: 1 m cO. 5 

m 0)±!!l<p1Jill.Ji:~ IRJJI;JILiRIJ~ UJill.Ji:1;Ji2~ H. ~, - jJ81 

~~~#~~$KJ::~~.~lm~ ~O)~±O)~~.~ 

~$ ~ jj!IJ:Q:: ~ k. .:. h G O)?P.\~$$ C ±l!liJill.1;Jili2i,)' G ?P.\lm 

.~~+.~, tiilm, .~, ft~§./<, :jOJ:.lf{j(J3±l!liKIL .... ::H' 

~ ~?P.\lm.;fjj\~ ~ ff"x ~ te. .:. h ~ ~21 ~ - ~24~ fL7f; 

T. 

~21~f':7f; Ltdiilmil!liK~I;t, f~~?P.\lm.O)?Hfif;t~ 
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1~;fjj\0)%i,)'G.;t;.Q C 10m~il!liJill. ?Hfi (~ 12~ ) cfHVt 

~~\t'QJ:.? fLjl.;tQi,);, ':'hf;t;lij( •• O)jj!IJ :Q::~i,)', il!l 

iJill.jj\IJ:Q:: ~ILtt;r::~m~fFm~ ~\t'kk~ c~,bhQ. 

~22~f.:7F udJil!liK~f;t, ~?P.\.til!lIJill.:5t 1fi c IRJ 

;fjft, IRJ'L,JIl:J}:fL:5tlfi ~ H' Q . 

~23~fL7f; ~kft~~±l!liK~,;t, ~ •• O)*~ H!!l .#', 

o 50 100 200 

i,); WNW- ESE jJfi'iJf.::5tlfi~ ~~'QO)i,)q;t~~ I) cbi,)' 

Q . .:.h~ lm ~il!l.O):5tlfiO)Mfi'iJc-&TQ. 

~24~fL7f; Ud*J3±!!liK~f;t, .:.O)±l!liKO)~t* bmw­
ILl!It5i!ftJ,i\1Ij?P.\lm.tmi,);i!bQ . .:.hGf;t, I m~±l!liJill., 10 

m~±!!lIJill.O)Mfi'iJC J:. < -&TQ. 

~?p'\ij!E.;fjj\~ IL:jO ~,~, ;j:§~h Q ~?p'\iUI;;fjj\r~' IJ) ~~ 

,>tieilU·!JM. 
• 1;~li;.l'I-"";tIJt...);, 
rn lont~i$&Jil . 
• "/H1.1t 
_20,0 (lp"i\llle'l'il\JI.('O 

f,/i It I iffil It if; It 
I1t /±l 7l< :!!!: (kg/sec) D}t /±l r.-II :Ill: (kca l/sec) 

il1~It ! (mJ ~ No .. 
m ·C g/cm3 

P.?!'l'Q7l< [Dfl'l'Q?#1<\1 ~ P.?!'l'Q7l< 1p.?!'l'Q?#1<\[ H I 

I 146 15 1 - - - - - 70 - t'ii 'Wi I 

2 216 99 0.0230 10.300 O. 260 10.560 1,020. 0 165.9 1, 185.9 O. 97 :lHU). I 

3 120 100 0.0041 O. 790 0.140 O. 930 79.0 89.0 168.0 0.85 (:1\ 13 I 

4 70 100 0,0020 0.083 0.036 O. 119 8. 3 23.0 31. 3 0.36 (:1\ 13 2 

5 100 100 0.0031 0.041 0. 039 O. 080 4. I 24. 9 29. 0 0.51 (:1\ 13 3 

6 150 100 0.0018 0.500 O. 230 O. 730 49. 0 146. 7 195.7 O. 68 (k 13 4 
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:Iill:J!I!\-I:.~ff.i!i* ~ * c l/).QC, M 7 *0)J: ,)fL.~.Q , 

,:, 0)* Ie. J: ;h,1;f, ~ ~".7c';h,O) :Iill: J!I!\J~~O) ~ ~ G tJJ# fi , 

:i: ±l!l~-Cfi, iJij\.*95, 4%, 1~~# 1. 2%, llJI:~tlll 2, 7%, 

• ,,,Jt=IJik 
o .t~'"lf:*ifli1.R.. 
IS IO "d~~;llR.k 

• '.AA-
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J!l!\fri;~O , 6% -C ib ~ , iJij\.JjHe. J: .Q:lij~\b;J±fljIjit.Jle.::k ~ v' . 
,:, ;h, li :f~-m7Jij\.* c v' ') ::kiJij\.*±l!l b; ib.Q tr.l/)-C ib.Q, 

::e- ±l!l ~:::."cfL. ~ GC , :f~-m -Cli99%b'lJij\.*Ie. J: .Q 'Jjj 

J!I!\ , -RPffit9l<±l!l~ -Cfi79%b;IJij\.*, 19%b;~~;J:I:b> G O)tJ,$( 

~\-CibG . - }J , P!!l!tl!l lK-Cfi92%, fi1?'lli:, J:::tt'l'lj , =-
3i1ffii'ilitl!l, tmmili, ;iJ;;t ~ / ili -C Ii \OO%b;~~tl!l iJ> G 

O):Iill:J!I!\-cib.Q . '*-tr., (j( §±l!l~-Cfi, ~~;JH'72.4%, 
1lJI:~ !l!l b>G O):Iill:J!I!\jU; 10%, ~\~fe. J: .Q'JjjPt.l-l:bm , 6 
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/f'ilM~-z'<bJ.). I-tL:;6,-:>"(, ~*WM3!i:(7)~:ffli±lll~ I-"(b 
/f'ilM ~ -z'di.> J.). 

t~-mle~*T J.) IDl:JJ±lll~-z'I;t, l:3if1j, :j:ft~~~:l.\!: §, 

=~~~~, ~~V~~, .m~~~(7)eM~.~~. 

f:£ I- "(:to ~, ngf~37~, ngf~:18~le~1ml~;h,t.:mi!iRlm~ 

(mle J:: J.) WM3!i::to J:: lf4@](7)WM3!i:le J:: -:> ,,(, JtIt'f{ijlHlle~ 

TlIP.\i!iR;6'1ff:£ I- "( It' J.) .:. c;6' IjIj G ;6> lett -:> "( It' J.) . L-i~> 

1-, flgf~38~le I;tM)zt(7) J:: ? Ie 3 *(7)ifit~;6'rrtt;b;h,t.: 

':'c-z'b<b~, 4@(7)~*WM3!i:~~~SK~fJ.)(7)~ilM 

~ c }j!!,;b;h,J.). 

fMi!~~f;t±llljlf!\f,jX~;6;l'lfllt-z' <b J.) ft;h, c- b, ±l!li.!lWM3!i:, 

?ll\iJfE:l:WM3!i: tt ~;6> G ~ ,,( , ±lllT?II\i!iRf;tj::I:;i/!Xa9~1t'~~fe 

~9' 1-,,(1t'J.)J::? fC.Ij!!,;b;h,J.) . "i klUmm1WM3!i:fL-z' 104 . 2 

cC(7) ~i.!l;6'Milllj ~ ;h,t.:;6;, .:. ;h,f;t~3(Ul!l(7) 9' le1ll:IllT J.) 

t (7) -z', .:. (7) ±l!l /.!l a: b t.: G T?II\i!iRf;t&;W(7) t (7) -z' <b J.) ~ 

It'?.:. C;6;-z'~ J.). 1 mm1±l!lI.!l7};ffi';6>G f;t , jIf!\;6;~t-*(7) 

ill 1llljiJ> G{M~ ~;h, "CIt, J.) J:: ? fe~;;t k(7) -z', tJ' I- 0~t-* 

:JJfii1(7)~TjIf!\tilli:l!ta:WJ.),:, C;6;~"i L-Ir'. l-iJ> L .lMkil!! 
~S(7)~t-*(7) ~{ftIH;tM~(7) t~-mIDl$±l!l~le i!l!ft J.) (7)-z', 

M~~~R~-z'M*WM3!i:(7)~:ffli~cl-"(~~~SK~f 
J.) (7) ;6;ilM ~ -z' <b J.). 

{j\§ ±lllSf;tifiJi¥fuj' ~ tt~.±lll c ~~It'~.#;6;<b ~, 

1*1il¥l$le t 1, 2 *(7)~~1t'~3(1.#;6'<b J.) ;6':i::Jjj(?II\:lifH: 

Iv tt le$ < f;tttit'. 1-;6> 1-, MiiIi-z')ztr-::t.:J::? fe , jIf!\f~ 

~fe J:: J.):Jjj(jIf!\:li(7)j!ilj~;6;ft!!~Slej::l:;r-::"(* ~ It'. .:. (7)':' 

c~, mf:£(7)~':'0, ~M:toJ::lflm~KJ::J.)~?II\x*~ 

N- (7):Jjj(/±l ;6;y tt It'ft;h, ~ b, ±lllT Ie ~f:£ I- "( It' J.) ±llljlf!\ 

x*;v o¥-- f;tiJ>tt ~ *~ It'.:. C a:11jf~ I- "( It' J.) UW~T 

J.)':'~~-z'~J.). l-~b~(7)&Ill~, WM3!i:~~(7)-**$ 

fe<bJ.) c1ffi1E-z'~ J.). "itdOm m1(7)WM3!i:fL-z'fLJ1t!.!l)3t;6; 

~.5~-z'<b-:>k,:,c~ •• K.TJ.). ':'(7)~~~.:.;h,"i 

-z'¥- V ~:7--;6;fT;b;h,td7iJf;J:1"'tt <, ±lllT(7)?II\tilli:l!tf;tdi.> 

"i~;b;6>-:>,,(It'ttlt'. I-k;6'-:>"(, M*WM3!i:~L-"( 500 

m'f.!j[)3t(7)ii<t~ffia:1Tttlt', 1JJ?P.\:liIDM3!i:feJ:: -:> "( *1E~;h,t.: 
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