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Fig. 1. Diagrammatic representation of a hot

REE L spring system of meteoric water origin.
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Fig. 4. Relation between density of hot spring water €35 at 15°C

expressed by the form (©5—1)x10% and the corresponding

chemical concentration. (Dotted line shows that in sea-water.)
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Table 1. Comparison of density of pure water calculated by the
equation (36) with the known correct value.

& g °C

Temperature| 12 20 30 40 50 60 70 80 90 100
SR EE

Calculated | 09991 | 09982 | 09957 | 09925 | 0.9884 | 0.9837 | 0.9782 | 09720 | 09652 | 09577
density

ELUCEE® | 99910 099820, 0.99564] 099221| 098804 098321 097778| 097180 0.96531 0.95833

Correct value

N

Error

0.0000{  0.0000] 4-0.0001| +0.0003| 4+0.0004| 4-0.0005| +0.0004| +0.0002] —0.0001] —0.0006
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Fig. 5. Relation between the ratio of density of 30°C to 15°C of sea-water
diluted by pure water and the corresponding chemical concentration.
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Fig. 6. Change of difference in altitude between recharge and discharge
orifices in the critical condition of flowing due to change in
temperature of simple thermal springs.
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DHEL1H2) D 4h<0 DFE LRABETH D, BECHIGT 2BEOMMNRER - T b, —
BB TR SR DK EE 2ok 2 EEIRE 40°C UTE#HBETETH DT, =
O E 6K EME dh LIRE L OBRAER U CHE 6 RICR LTch, LOBRIIMKk0B S
LT B, WS, WARA1-2) LR UEHclE LCER T 5 C L E RS o5 X031
FHEHE o E I RETETHY, BHEENL00°C L ThEERD OB SN H F A
80m LT THIIEAREL D Z LIl B,

Lil, ERCEELCCEHET 2RRCHANZOREDF FRRE o THBHLE
LB BINIBD T O, BARZEBROMTANESGL TV 2HE1E L Bbh 3,
COBERIRROFBHIIE 6 N REhsRmI L 000 E it en tBbh b,

3. MTKEROILERSEFTER

FIHCES T ADPBRALCHERTILER G HIE LA LS FHVIFEK F o HTRS
WFRE XA REORERE»LBEYZIT 5 L L LI OBEN LIRS 2 M LT C
PHRE LS CHEET 2846 %%2, LRI ZHALBERLEFREBCELTCLLL0
ET 5, COBRCRBEROBHE QUIEINER)RC L - THFXbM 2, BT, BRENE
M & i



BRI T RERERD BRSSO C L 0BHE L BE - (LERFREL OBRICoWT

rieh, AL, %ci@ﬁﬁ‘%iﬁ}imdﬂ@fti‘ﬁﬁ%bﬁﬁi, 5 VLI D BEA b KIS TERE T B
WHOEHEE, n R KKRE, g XEHOMERE, GAh 3 QDR RI A5 L5 KKFERE

4h

ilz‘l‘Cg A/‘L

{&iﬂ&_ (47)

log 1+ 2 (£ —t,4h) } 20
2 _\N0¢g /.
B+, dh

X Xy wAHEL LTl e TR PI D KB A

TOWTANL CEFCPHLEME, it (28)Ferizhs L 5K FEX X 2B~ 1o 3

{(1_]__10_) log%—i-

20,

Q

THEOWE (—2) %

Temperature of A Hot Spring

1

m+p>

s Tz%} ...... (Wi > path DRI

C %220 Ah= -70m
00 h
55781055 1.5 3 5 05 __o05——0N=-60m
] ””:’:ﬂl;/,,/Ah=—50m
y 125 3/ 25 — | /Ah= -40m
80 __—4Ah=~30m
125X 8K 14.5 25/ [ @/ i Ahe - 20m
285565, | NS5 6 3 L A1 3 1529 40 1o
601 ' %:\5
86. 8O 4 55, 5 05 3 —#7%5 |// 1£720 }Ah=0
: = s
5!&
140 OBL 19.5500K( 8 % 85 m %220
e | :2>-ah=+iOm
40
485K 1. &/} 3 //fs i 7 |
4
A
| 3% 2
20 /
‘O T T ¥ T T T
0 2 4 6 8 10
Chemical Concentrationo— in O Unit
PQ

BTH WHROMBEFHEE hh 2 2km ofsC dhicfic0—Elr 52 & &,
BRATEBET2 o CLELARE, LERSBEORAM L BE 10° 4
LEXRSBEE IO B EOZERGCRB T 5 RBBR OBES

The full lines indicate critical values of temperature and chemical
concentration necessary to flowing in the case where the weighted
mean value of the depth of underground channel 7, is 2km and the
difference in altitude between recharge and discharge orifices 44

Fig. 7.

takes various constant values.

And numerals in sections of every

10° in temperature and of every 10-3 in chemical concentration in
the figure show frequency of hot springs in Japan having the cor-
responding temperature and chemical concentration.
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F2HR BTHEBROBEOWEFEH h=2km 0BT RITORR
L2 5 MEE 10-2 LVF) ©i3 2 dh OEOHESA
Table 2. Frequency distribution of 44 of hot spring in Japan (Chemical
) concentration <10-2) in the case where the weighted mean of
depth of underground passage %; is 2 km.

My BTRPO A ofBR 3B ECH 5 RET ORRK
Apparent number of hot springs exist in an area bounded by two suc-
cessive lines of 4k in Fig. 7.

N: 4h 0K GHOBEShBRKE EHE FERRN)

Corrected number and percentage of hot springs belonged to a class of 4h.

Cﬂgss agf 4[%1 (ﬁ) M, N (%)
10~ 0 13 254( 30.3)
0~ —10 119 241( 28.8)
—10 ~ —20 263 182( 21.7)
—-20 ~ —30 229 94 ( 11.2)
—30 ~ —40 107 37( 44)
—40 ~ —50 42 15( )
—50 ~ —60 22 8( 10)
—60 ~ —70 2 5( 0.6)
—70 ~ —80 18 2( 02)

(Total) 838 (100.0)

+10m A FREID LEINTCECETH A LEELDONENKTHAS, LT, 183RED
4h OfEIZ 0~+10m OFEAPNIH B L5 - T L\,
Wi, dh=—10m k L O 4dh=0 O H %

VIR AR O BT O RHT 119 TH A e =20 km — ]
ThB ORI AL —10m TIHEH LBk g
Wwinh dh ofEIx —10~+10m DFRRK ;?
i —
boHIriisn, TOWRANTE—HCSA 20 I —

T35 L RETIE 4k 23 —10~0m DR 4 &
0~+10m DX 5 & 60 FEDIIRH AT

A 0 .
4 ¢ AROTIEY dh O&X AL

FoBRE 2R p M) o THEL,

Ah o HEI A BB WAT hiT dho | ﬂ{ —ohn

KK Ofli% S OEORAK (28 N) 5 -70 -50 -30 -0 0+0 m

kobhs, BEEE, COMETRLLE o s vy O REAE

BRAQDDO K@ BEED EOEXDE 4 AN Fig. 8. Frequency distribution of the value
of 4h of hot sprmgs in Japan in the

FEEROBRTILES o TWALERLIED case where f, is assumed as 2km.
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Table 3. Frequency distribution of 44 of simple thermal springs in Japan.
T: 4h oRXRH G T 5 EERA
The corresponding temperature extent to a class of 4h.
My: ToOZFREREACSH?RHoRRK
Apparent number of hot springs in the respective temperature extent.
N: 4h 0ZRSHEOBESALREREE SR (ERA)

Corrected number and percentage of hot springs belonged to a class of 4h.

T _{C) M, N (%)

. o K 4
Class of 42 (m) he=2km | By=1km | A=2km | hy=1km | %=2km | hy=1km
10~ 0 114 (30.4) 153 (41.1)
0~—10 15.0~345 15.0~47.5 51 192 114 (30.4) 153 (41.1)
—10~-20 345~475 | 475~675 141 149 88(23.5) 57(15.3)
—20~—30 475~583 | 67.5~84.0 125 23 41 (11.0) 8( 2.0)
—30~—40 58.3~675 | 84.0~99.2 24 9 10( 2.7) 2( 0.5)
—40~—50 67.5~76.2 — 17 — 5( 1.3) —
—50~—69 76.2~84.2 — 6 — 2( 0.5) —
—60~—70 84.2~91.8 — 5 — 1(0.3) —
—70~—80 91.8~99.4 — 4 — 04( 0.1) —

DTH%b, Tibb, MTREOHEEMEFEY h=2km & LiBaCix 4 oM +10
~—=80mTH B, dh=4+10~-30m DEENE I EER LT 5D,

L2L, hp=2km & U7cA LSRRI Ty # B2 5 BT AR ENAHHDOT, HIHE
WCHRR R (LR B 0~1073 OEAN OB R) 2T hy=2km F 721X A,=1km &
LT GEY AV TEBEORR D 4h OEOEESH E3% N ) 2R/~ CHKa Tk
21, BIRA)BICB IEFRFR Iy=2km & L 712=1 km O8G0 RtR RO dh D
EDWEZTTH B 2%, (A) & X XI5 8 NOLERD 24 H T 5% BOM 5 & i+

%o

40— -
2 he=1.0 km
% (B)
o ®
30 - 301
>
3 h: =2.0 km !
g (A)
g —
20 T N 20
10 — o) —
—Ah —Ah
0 o 0
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(A) 2 Az=2km, (B) 1% hp=1km O%&
Fig. 9. Frequency distribution of the value of 4i of simple thermal springs in
Japan. (A) and (B) show respectively those in ip=2km and in ;=1 km.
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2. On the Mechanism of Flowing Springs
of Meteoric Water Origin

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

1. Under the following assumptions:

(1) surface water or ground water flows into orifice A of the underground channel
of interconnected fractures in rocks and circulates through the channel to the
maximum depth of 2 or 3 kilometers, being heated entirely by conduction and
dissolving minerals of wall of the passage, and discharges again from another
orifice C as a hot spring, as shown in figure 1,

(i1) water density ¢ does not depend upon pressure,

(i) average density of minerals § dissolved to water is always constant and inde-
pendent with the position in the passage,

(iv) chemical concentration of flowing springs is less than 10-2,

(v) flow, temperature and dissolution of water in the underground channel are in
steady state,

discharge-rate of a hot spring Q is theoretically obtained as equation (30), and that of

simple thermal spring is given by equation (13).

The equation of the critical condition of flowing is expressed by (47).

2. In discussion of these equations, it is necessary to know the quantitative relation
among temperature, chemical concentration and the corresponding density of hot spring
water. Equation (45) is given as that of the first approximation.

3. As the result of the above-mentioned theoretical study, conclusions are obtained as
follows :

(1) Difference in altitude between recharge and discharge orifices 4k is assumed to be
constant, and lines of the critical condition of flowing are indicated in figure 7. From
the distribution of the apparent frequency of hot springs in Japan lying between two
successive critical lines, true frequency distribution of 44 is discussed as shown in
tables 2 and 3. It is worthy of note that numerical value of 4% of hot springs in
Japan lies in the extents from +10m to —80 m, and about 95% of the total number
of hot springs indicate 4A=-+10~—30m. This is just the reason why the flowing
hot spring is more frequent than the flowing cold ground water in Japan.

(2) It is possible that sea water flowed into sea-bottom fractures discharges again to
the other part of sea bottom as a saline hot spring. It may be also, possible that
such saline hot springs be able to discharge on land suface, if the altitude of orifice
of the hot spring is less than 80 m above sea-level, as shown in figure 6.



