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W8 e rr7}<1375>%51@ ST KBO—H L L TABHTERAL THHFERET 5 & i
FRTADPAEARTMNCER L, CORXTRAKOHEBICHEIHEHREMBEESLTH
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Em BB LS, BRICEERD 5EMOR SO MIHE 05~20km T& 3 A 0.6~08km
ME, '
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Table 1. Length of fissures which have intimate connection with hot springs.
Ao E S
H(ZE1 sp%ingﬂ%oc%ity Length of fissure Note
(km) .

# o e 0.65 .
18 JIe 1.2 Caldera BERLOESR
bz &/OWP 0.6 S & E B
t -3 2.1 (P AL I —BH, W) BEFLEY
0o B 0.6
b3 SE9 0.45
& 1R’ LY 0.7
e 3 i) 0.75
T B B L 0.6 A B

" 0.72 B &L
# HE (T 0.6

SP4{f =0.82 km

E2%k ﬁﬁi@%l‘%%&%@jt?ﬁiﬁ?ﬂ 1 5 PSP R
Table 2, Mean total volume out-put from a hot spring locality in Hokkaido
’ ' classified by heat energy index of hot spring.

cpmpein | Braor-omE | —REGRYY 0 | EEHCHEMALE | BEA RS
B O R . VR B R | R R B | MENE (2R
Heat Ener Extent of Heat Mean Total Volume | Number of Hot | Number of Hot
Index gy Energy Output Spring Localities | Spring Localities

(XiO7 cal/min) (£/min) used in Average in Hokkaido

Vi 100 ~316 1(12

] 6360 4 ( 7)

v 31.6 ~100 f 3 ( 35%)

W 100 ~3L6 1980 6 8 ( 94%)

T 32 ~10.0 730 6 8 ( 9.4%)

I 10 ~ 32 200 10 16 (18.8%)

T 0.32~ 1.0 210 5 42 (49.4%)

* —ESHIRTCS 5 30C UEOEBEELOBRRE, S OB HEOMOMBIC > T DY

5)

9)
10)

11)
12)

13)

BE G BARE-F- ABEE-MEER; Bolll, #MERRORE, LiEEE LR, tEER

R, 19 (1962), 1.

#E R RE - IOEERINRRORE, JLRHMRYEFEDIRRE, 10 (1963), 61.
EEEAFI; ARVRAIO 1 m BRERE, LEEHERREERAFE, 4 (1957), L

BE-MA; WMR26411 Abo 2783 AHD

(1953), 23.

\ERNE; BVERARARE, hEEFEETREEERRE, 1 (1955) 1.
EE-EwAE RS - RE; BEBREEN vy v~y BERORE, B ERE PR EEER

75, 9 (1962), 43.

BHERMRDOED, RO EHRRE, 3

BEFUI-EAR; BFERRS XUMPBRAI ST, MR B R gL, 5 (1957), 33.
BE AR AR, T X7 XM h 3 li# T 2 v ¥ —, REIR(IE39.9 A HE K

FERBAZIC B TRE).

T. FURUTOMI; On the Hot Springs of Atami, Izu Peninsula, Bull. Earthq. Res. Inst., 15 (1937),

113.
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—MEKEP O ORAFPUHBEORMEMZLEND S, F2HINBEEOT R RRERITOER
ROJBERE L2 T OTHRFNMTEY 2RDEOTH B, '
4 BEOBODRE, KEXLZDEE ,
FEREOBO I DN TR KHMICRNDT, CCRFLIBNZOREIETH, Kili
WHEIZ BT AEEOBMO DMTE FOEIIEALE 35~10km THY, ZDOHDOAX IDOHED
REVHDIRILARDKRMD Caldera 725 %%F 6~12km TH 3 LI TN B, AEON

BEd ki & 5T 25558 DR A 5 900°~1200°C &fEE 3,

L. EmwE =

M2 KT REREIC0) &L, T DOEIK IZSEFT IR B (R
T%ﬁMWK%ﬁoné%@&?éo@Eﬂmmﬁ?ﬁ%Eﬁ%@%®M&§$%x&T
5, BT HIRBII BN TEMER LSBT E TOEAP TR — Hmmﬁ®@m7=z§ﬁﬁ
w95,

R 2ODEGERFEX L, F—OBAE COEADITHEIC TN EHAH Y, T OWr
BHINCHEDP S b OBEIIChLES DNE a OBFEORM (ZOEIRBHTHNET B)
MEALT, TORBONBICBAMNEBRLTVEE0ET L, BLOBARX I OEAFICHE
Eho b OFEICHEICEITIENEE a OMNBORKELNTFLET HHEETHS, WHDE
AIIC 2 ADMOKTHEEE & DHKENPMRDPORME B HAEETEL, 1RPSR 0,0
BADHA UMD 1A 5 T E 7 K ECHEZYT 0 Lo e AR —EOKE g
EoWRBLTWBEEZ S, 1B IOH 2 NI 2N ENHES MRS X UK 2HE
WABOBAERLALLDTH B, SEDOEAITE W TEYIKDHMEIL OB EHIR R

EEINZT, WICBR LS RELDTRILED . Y

T TR SRS O RE SRS EET 5, < Ground 2N
DS HWREOTIL—ER ¢ OKDOKB % DS & Fﬁ\ 1P
BB E 13K O M I DBE D S 0 B 5T :gJW ’
LABOWARBAXODSHEORIBE & bIZHD e WW:

L, BICHADOREAHMTHICET S &HOH favll plane
ARBB—EERDKOHFHRE 6 b —EEICHET @ﬁﬂﬁﬁ?”

%, RHXTHC DS BHAMTHERECS 254 T —
R D JATIC 2 DO G TEEHED 5, Fig. 1. A schematic representation

1. ARRNMERTHTASRESNTECLES of the assumed model of a vertical

fissure of circular shape.

14) T. FUuRUTOMI; Rates of Discharge of Heat Energy from the Principal Hot Spring Localities
in Hokkaido, Japan, Jour. Fac. Sci. Hokkaido Univ., VII, 1 (1961), 315.
15) #iH 3)
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ohLlE TOEE &5,
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o°T 62T
axz + P 622 =0 (1)

185, BIREHEIRADEL 3 12B5Z 3,

e=D; T=T, (AL T, =1D) (3)

=0, r<a; ZT>0 (4)
_ . 0T _

x=0,r>a; (’)x_o (5)

o0 Tl yooo s T =1z (6)

BL, BEHOBMIAEI R THL DT 220 OHALT EEA L, i, HERBOWNH
DEL P S BEE i KXo THEDA~BUHBEHICRATI#HES O EBJiE

Q = qoc(0—4,) (7)
THBH, 0, c FRLAKDERE, Wi ThHs, T/, 01 0,<O0<16 125 TH 2N

0= 1Tl (8)
EHETEb0ETE, AL, Q) ROREREBOEDEGEEOFIHMEN UM, SHMHT 2
RROBEICELNENDICLETHS, HEOEIREODOTUBOEDREZZNMNHET S
b OB OKRICE LV, HBELOHEHTIERADEEEIZHIOTXTOEIDKD
BERKE, THOLEPHKREL>TOZCEEZREL TS,

1) Rz=BERLH Q~0) 2R T 25 KD kvl

T="U-+7=z (9)

EBE, U ko0 TkREHB 5,

0*U, = U, , 0°U, ,
ox’ + oy + 0z* -=0 (1)
BREM G LIRS,
z=0; U =0 (2y
z2=D; U, =0 (3Y
oU,

xz=0,r<a; =L>0 (4Y

= ox
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x=0, r>a; %IA=O (5Y
x .
x—c0 Fiid yoroo; U, =0 (6Y

U, %i# <. Az, Ay, @, 6, 6 2L, @, @Y ofvicid
z—too, FIRhHHB rooo; u =0 (10)
EWRT S u, BAREEZB LTS, u, FARBAEBMOP LI LR TH 225, (1)
KOOI QY ZHBEEETEDb L

O R R W
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r or 0x* ~

EROTH &0, COBAE, MROEAY %S DELNICNE a 125 WO S OFEAN
Y, BMFOEEIZ —V O—EREICE TN TO TR TR 0 ©& > THMIEHEIRE
b BHAEELTH LRORTOFMRBRENG, COBEEEIZRNTY L TA)RO
RN TED SN, R

w =2V (e, (arsinia 2L, gL 220 | 12)
iz
?;;‘l 2 =0 - ZITV S:ojo (4r)-sinda dA a3

& 72 %, Bessel function AR 4T

r>a; SwJO(Zr) sindadi = 0

- 1 (14)
r<a; S J. (A7) sinda dA air
0 -—7
ThHhBMS
3 | P, _
r>a; —0.7:,:0_0 1 |
Ou, A% — (15)
7‘<(l; ax 110: '—~7r >/,Ja—r

EWoTu 2@, 6 BLAO iR LTS, 12)efi s s Uil o
bi &

. : 00\ —iT 3 3
u, = EV SO ej sin (da)- J, (W (z—b)F +v7) di . (16)
L35,
LZT U 2 TS SUMBLOGH QY 3 X0 @) 2525 &, (16) RO ZHhE
WNT 2z DEB LTEOERE ICHPAMO image EERIICEDIICEZ, £ ORI

K OHIHEIR w, DEAERM V ETh3nR%E155,

16) H. S. CARSLAW and J. C. JAEGER; Conduction of Heat in Solids, (1959), 214.



HTKEHEOBRDRE

- g

T
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(A z,y) =T, (W (E—bF+*) —Jo(W G+EF+o7) — }; Jo Wi+ B)—2DP )

+s§a]o (XN/{(Z~b)+2SD}2+y2) +s§:l]° (14{ (z— b= 2SD}2+y)

~ 31, (WIEFOT2DF+7) 18)

Th3, WMicORickoT T RN TEDLINS,
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T =y 2L (" ORl0sinid o oy g 19)
a9 =T a), 2, QAL B XErELETE, T4

Ol =2V (Sin ()0 (4, 2, 9) 2 (20)
THEHhH L Bessel function AR LD, r>a OHWH T 0 L7152 - T 6) XA
Y3, |

r<a TR ‘—‘fg—=¥gm] (4r)-sin (Aa) dA (1)

LD, oA Bessel fu ORI LD

aT| 2V 1
ox lz;ﬂ  x N7 (22)

w21

PO TUREWET B,

rsa

Oz T LBE DT O 57 > b MRS X » T 2P ~HAUHRHICHEAT 5 #& Q 345

LORMEERE £ BT

Q= 28: 27rE g: . dr = 8kaV : , - (23)
rsa .
155, i, 19)XHhd
Tl = 12— 20 (1, 2,9) 24D g (24)

THBEM05, Besselfu. DARIZ LD
r>a; (700 S0 g in

) e sin (da) _ 7

rsa; -SoJo(h‘)—X‘_ 2

ThHT LirErInE, 24K
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2V . a L a
N = ML e Dy

a

°°__ «a °°__‘
S Dty A V{e—b) oDyt o

S a 1
_sésm J{(z+b)+2sDy 49 | (26)
arv,
r>a; P=sin"~/~(—*z—?-‘———Z~)~2_+_—T
! @7)

T
r=a,; P=—2~

THb, - T, lle=o T LRMBEMORER—EETRIZL, 2, y &> TEMAT 3
B, Xz @?ﬁ%‘@jj Z)ﬁ(ér  z MBEINT % LIREMNELL S, RROUBICBVLTHRMKE
SEMMICBENTBEL > TVELEEILNE, 0E, YR NIMBEMET 25 A
By O OFHEGI MO ZABAEODLOREIIELHEEL DN

_ 2V .o a

IT':SS:_Tb ‘—{2 TS +R1} (28)
k5, BL,
. = s @ . a el @

R=x (25“‘ 2sD M osD—p) O 2(3D+;,)> (29)
THbD,

iz, (1), 8), @) BT EHAH»S V & Q #HEThiT
~ — 9 (7 _sin—-2
O =0+ 00)/{1+ . (2 sin™ 57 +R,)} (30)

%?E}é C—ﬂz})-}(U%iL-F7kﬁu(mﬁé®(ﬁE@&{uﬁf%%
Wiz D>b>a THD D—=bzZa TH 30, iz D>b DA R=50 &Y R, 0TI
RT 50 &MTx3,

2-H%%*E@tﬂ*$KHE§@¢T%T‘A4/4£2 o
KBESNTECIBROBE surface 51,

9 2 Wi B0 T AT K E 712 250 5
mom&mm&mﬁﬁm@ﬁ@ﬁﬁéa@ ST ‘ D

jjk’_ 2 Iﬁ[h% & D ﬁrlﬂ@’ﬁ:‘t’ D1k P ({mLfH ) r\P

POz W3NS 7 LT3,
HAROBMZE O BRI

T 18T | &T 2R AKEis IR KB o R
i s = 31)

Upper surface of
magma chamber

Fig. 2. A schematic representation
of the assumed model of a horizontal

1B, BREHRRRDXS>252 3, " aquifer of circular shape.
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( z2=0; T=0 (32)
z=D; T=T, (8L T,=7D) (33)
r—so; T =17z 34)

_ 8T oT
z2=0, r<a; 7o N v v (35)
_ _jeT _|eT
. 2= b, r>as 0z z=2-0 o=z z=b+0 (36)

F/, ARHEKBOLTHHEROEED S MERIC K> THABNKATSHE QI (7)K
& FlkRIZ
Q = qgbc(B—4t,) (37)
THY, COBBFIIFKETHRESNTHET 2KORE 6 BZMHERKBO R LOEEICT
Pricg L & fEdhild, @ Rofbic
0=1Tk=s Tb32., (38)
CORBEEML 729, 9)KRERKK
T=U,}+712 (39)
EBBIE, U, K20 TRARERS,

o*U, , 1 oU,
ot 7 S g = 0 (40)
BRI TELIoNn%,
z=0; U,=0 )
41
z=D; U,= J 4D
r=o0; U,=0 ~ (42)

(35), B6) X ViFcnrooRD T ofhic U, = AN L,
U, #@ B, ol U, SRETH 25
z=z4oo; wu =20 (43)

AERT D w, WEEAEZD L, TiO u, LERIC

= = 2V e, (10 300 gy ) 2 2 )
" ‘; (44)
4y = _B_V_S a0, (Jr)ﬂf}.(i“_)‘dg‘ [BL 2 < 5]

T A
BlOoOEThHs, BL, ~VRECIODBEOHAKBLETIEARTORET—EETH S,
Rz Uy, itR@RoTEZBE, Uy RIRAXTEDLINS,

U, = = 2L {71,002 0D om0 dr 1L 22 0]

- . (45)
U, = 2003080 ey mpdr BL =5 b

T 0
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BL,

0
¢ (1, z) = e—l(z+b)+ Z [e-1(23D-—(z+b)] _e—l(st+(z-—b)) _e—X(HD'(z--D))

+e—2(2sD+(z+b))]

Wiz,

T = 1o 2V, 09 S0 fesen g g,

A
2V

ndi [BEL 2z 8]

T_rpnifgh()ﬂ%%Q&W%u¢u&»w ML =< 8]

7

Ligs, O TREBO~E6) ZHMET 5, 1> T,

| Thees = 16— 2 {1, S22 (1 F )

BL,

Fu) = e M| % {e—zl(sb—b)__2e—21w+e—21(sD+b)}

s=1

ThHbH, CDES %|ﬂzbim®¢@mb®hﬁ Lo TEOMEMBELE

(25) DB &

S”e_m___smd(ia) di = tan~' -2
0

2¢

ThHB T EITEETRIE,

2V m o e \
Tlemy = 76— {2 tan <2b)+Rﬁ

AB U,

= -1 a _ -1 a — -
R2=3}::‘Jl 2tan <‘25D> tan 2GD=3) tan™!

LB, Th, @)ADD
167 | 18T | 4V

lazlzbm tazlzbo T

10T | 18T | 4V

’ 0z rz=b+o_| 0z lz:b—o -
r<a r<a

oT.
0z

_|8T

2=8+0 62
r<e

Q=2m:S r’

&35,

S Jo (Ar) sin (Aa) d4

1

'Jaz_rz
W T, MEWAKEOFH, TE»SHKE

ldr = 8kaV

zbn’

#iz, (37), (38), (651) & (B5) R s V & Q REETniE

- — _90c
0 = 0,4+(b eg/{14- L (

T

2

- tan“—z% +R2>

!
i

6D

1
?é%ﬁ,EQ@%%Mr>aTMO,erﬂizﬁjj&ﬁéoﬁm,

A A a

CEEEIZ LD HRATHHE Q )
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EB5, CNBREZHABICLZBTRARBREOBREOEMUE TS 2,
Ko D>b cidd 5%, MO LS e D—b>a THBHELRLTLEELEL, LL,
(D—b)ya OHAITE R=0 12D, R, OEBIHT 5 LM TE B,

IV. EBROHTHEELCK > TRETXKEREORER
BREILCEBHBOI EORE

WFOH FIEROMEIE 7=30X10""C/lem, T HHHF~100m A 34Fic 3°C DR
ERADBE2bOETE, BAOBMEERI KNS T LBKREOHE L LT £=35X10"%al/
deg-cm-sec ZH BT 5, RHT AT KOFEAT 2 HEIORERH I DHR &L TSR,
KEREHOUEDEARBLZ 3km, KREDBATHHLEHEABOBARIBLZ2kn &5
DRUTNBEDT, ChLOEARATE, HTAKOFHREL L TR—RREMBROS DEREH
BOEEMEIZONE, THOBRZBEDOSEEBEEN D LS 8# T 2VF —~D/NI DR
(EAFER ) OHHBEOTEME ¢=200 ¢/min %3, #HHERIL DO RBAEOFE L&
2, B2HELOHEB LS, 2004/min LD K&, ¢>>2004/min DAL, 5 5~8 Hh 5 ¥
&5z, RHZEE LT 0 OEH ¢=2004/min DFELVNTHLDT, COMERALT
B 0 ORKRIE O, 2RO ERRDITHETH S, ), HEHLOREKBCHRAT
LZHITAKDOEE 6, WHIZEREICSELOEREL 6,=0 £, 2T LRHEREZL KL
ELTINTDREERED LI ENIERTH S,

9, NI-1(8 1R R U OIS PR 2 F K 2SR ED L 7828 S BED 6 5 5 8
LB 2845525, AEAEMOLER « BEUZOHLOHE TOES b CE4DE
A5 ZTEB0) Rk THHRRE 0, 235U, #Ehic & OfE & DEENC a D% &S T,
TNSIIIET B EIZ O DREEETAL, S°CHIZE 0, HIREIINOBEIRTH S,
RBER AB R a=b 30 b bHELAMO HMPHBICELLEAZRL, Bk CD XD
THOHEX bta SHEMTAOERREE Skm 2% L L& %ERL, B BD 5B XUER AC
BRELZCBSLBEEENES WHORE SO LR 2km 8 XU TR 0.5km £k 2 M HHOE
B2aDFRBLUTHRELLE LEBEEED LTS,

B> T, HEBICIEDIES 6, 36 ABDC HOETHIETHY, MHSHBZ LS,
On 12 3°CULTFEVLS C &Iz s, UL, BOAS IR, F1ELOHZ L51ELIZ06
~08km THEDS, COMEAE2a ETNEFEIRICEINT U DELR20CUUTTHBEC &
MBHESNG, A B 2 HATEEOEREEE, EEO ISP S IO $ <O HH
CENTEBLET~VIFC THBZDT, EBOMTHERDOEGCHUMICI A TRERREL
THRFEN P IEHIRER S C DFE 2T~3°C DT, MICRRME LTIT~PC YT ENSE
bEDSBcEind, B, EEOIHIZABROBEIEDONBOENIHHKEIZIE
—HF 3,
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b (km)

%3 EHOHTHEROHAKR, BRTONESHRBAMN (EZEq, FiY
REE D) WMEHTABRET 28h, HEHOBSA, CMERckVE#ELH
RERNRE LR, {HU ¢=200{/min £33,

Fig. 3. Stationary temperature rise of deep ground water due to heat
conduction of surrounding rock on the course of circulation through
a vertical fissure of radius ¢ and of mean depth & in the case of the
normal ground temperature gradient.

xic -2 (F 2 ) OMBHRKBOHAEEZL S, BEHKBOLE a BIUZOMWT
DX b lzfaDEEANT 66) Ric X D BHIRE 0, 258 L, #3IMERABICE 0, 12
HARICR Uz, HhEs CD 3 KBEOHE b MKEREIC BT 2 B T/KORRGEE 2
km iz L0WEBAETHE, FEORKBOBOESDZ OO TRIIHSBODOT, CZOBAR
WEALT, THOMTHRERCTCEREZIERIEELZOVCEDOHIRBR/ICEI K . D
FHEBRRESE LT 0,=30C LEETE, -7, FANPOHBHM T KOBREKE =2
km iz UMTEHKEDLEROERMEE LT a=1.0km 255,

V. BEROLSBEHRBENMTCHEET SHERD
HTFKERDRRDE
HMETR B TRERNEED oM 7=30°C/km THBHURIZ ¢=200 ¢/min Tb35EE
i, MTEL OB 2V KEDEZFEET 2 T ARSMEE I X0 8EZ 0 THRE SR
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Fig. 4. Stationary temperature rise of deep ground water due to heat

conduction of surrounding rock on the course of circulation through

a horizontal aquifer of radius a and depth » in the case of the normal

ground temperature gradient.
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course of circulation through a vertical fissure of circular shape in the
rock cover for the possible maximum values a=1.0km, #=2.0km and
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Fig. 8. Stationary temperature rise of deep ground water due to heat
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4. Temperature of Hot Springs of Meteoric Water Origin

By Takaharu FUKUTOMI
(Department of Geophysics, Faculty of Science, Hokkaido University)

The writer tried to estimate theoretically the temperature rise of deep ground water
in stationary state due to heat flow conducted by surrounding rock from underlying
magma in the course of circulation through a vertical fissure of circular shape or a hori-
zontal aquifer of the same shape in the rock cover as shown in Figs. 1 or 2: The order
of magnitude of the temperature # was obtained as equation (30) or (56), where # and ¢
are respectively the temperature and the flow rate of ground water flowing into the fis-
sure or the aquifer, of which radius and mean depth below the ground surface are re-
spectively a and b, ¢ and c respectively the density and the specific heat of water, & the
thermal conductivity of rock, ¥=Ty/D, T, and D respectively the temperature and the
depth of the magma, and R is a quantity indicated by equation (29) or (52).

Substituting the known possible numerical values to these constants, temperature rise
for the possible maximum values of a and b is calculated as illustrated in Figs. 7 and 8.
From the figures, it may be concluded that hot springs of which heat energy index is
less that IIL, thet is, heat energy is less than 10°cal/min, are able to consider as those of
meteoric water origin. Numbers of hot springs which belong to this category attain to
869, of the total number of hot springs. But, with regard to hot springs of which energy
index is more than 'V, that is, heat energy is more than 10%°cal/min, it is difficult to ac-
knowledge as those of meteoric water origin. All or a part of water of these hot springs
are supposed to be magmatic water origin.



