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Geochemical Studies on the Hot Springs in Sanin District and the
Surrounding Area.

Kimio NoGucHI, Seiichi UENO, Ko NoGuUcHI, Ryozo NAKAGAWA,
Bokuichiro TAKANO, and Masayuki IMAHASHI

(Department of Chemistry, Tokyo Metropolitan University)

Fifty eight water samples were collected from the Sanin District and the surrounding

area in July of 1966. A chemical analysis was carried out on these samples and the
results were as follows:

Water temperature 16.0-99°C, pH 4.2-9.6, Na+ 7.6-20200 mg/l, K+ 1.29-3850 mg/l, Li+
0.017-37.0 mg/1, Ca?*+ 0.0-3610 mg/l, Mg2+ 0.0-284 mg/l, Fe2+ 0.00-222 mg/1, Cl— 8.6-40440
mg/l, Br~ 0.030-34 mg/l, I- 0.00-0.6 mg/l, SO£~ 0-1614 mg/l, HeS 0.0-7.8 mg/l, As 0.01-3.04
mg/l, HBO: 0.0-496 mg/l, CO:z 0-5980 mg/l, alkalinity 0.23-34.78 meq/l, U 0.0-27¢g/l. By
the results that the ratios of K/Na, Br/Cl, HBO2/Cl and Li/Cl of Kaike Hot Spring
Waters were near that of sea water, it is reasonable to suppose that the water of Kaike
Hot Springs was contaminated with sea water during its ascent.

Arima Hot Springs were very famous for the highest in salt content in Japan. But
the ratio of Br—/Cl~ of these waters were quite different from the other hot springs in
Sanin district and were distinctly lower than that of sea water.

The mineral waters which flowed out of granite were higher in radioactivity, CI-,
HBO: and As contents, K+/Na+, Li+/Na*+ and HBOz/Cl~ ratios than that which flowed

out of volcanic rocks, but the latter were higher in SO2- content, SO.2-/Cl- and As/Cl-
ratios than the former.
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Li: z®&kkhicgshsy +v a% Dowex-50 (54 4 v BBIgCKE S ¢ Tk, 0.2
NHCl & 30% 7 v — VK & 2 RS T 70 : 30 DESCRA LZBKTY) 77 4
HUEW L b DEDOWTREETER L.

Ca Jrtr* Mg: EDTA EkRC L DER L.

Fe: o-7.7vitu)vefuThBaER Lk,

Cl: T—nECIVEE LK.

SOs: 2K 100~200ml W TERETER L,
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5 i kA B SC | O | PH O e | mgl | mgll | mell
¥ % R No b 7.7.766 50.5 | 24.6| 8.8 64.0| 0.52| 0.093| <0.1
No. 8 /1520 24.8| 89| 63.2| 0.50| 0.084 | <0.1
No. 9 » | 485 24.8 88 71.4| 0.84| 0.125| <0.1
W oE % E IR No. 3 ” 34.5 9.1 91.5 0.56 | 0.302 | <0.1
No. 9 s 1395 23.8| 9.1 120 0.82 | 0.380 | <0.1
N B BN K Jy7.12.°66 43.9 26.0 | 8.0 | 365 4.55| 0.351 | 297
B OmE 4 | 426 25.0| 7.9| 373 4.65| 0.238 | 224
H #% B ~ 37.6 256.0| 8.0| 298 3.60 | 0.165| 215
CEMB AR RRE B 4 400 24.7| 9.2| 41.5| 0.44 0.020| <0.1
EEBE Ll » 420 244 9.2 41.6| 0.42] 0.024| <0.1
) I ow 22 » 1368 239 95| 42.3| 0.42| 0.023| <0.1
B WL B ORIE o $B7.13.°66 37.8 25.4 9.6 | 46.0| 0.51| 0.018| <0.1
W o &| » 416 25.4 9.6 456 0.48| 0.018| <0.1
. N o % » |4.6 2.8 96| 47.4| 0.57| 0.018| <0.1
S B = 5 | o+ 510221 6.2[19x10 70.0 | 2.17 | 452
= B 7.14.°66 47.7 6.1 191x10  69.5 | 2.15 | 501
N F| o« 32,0 27.3 6.1181x10| 68.0 | 2.03 | 519
woB ORM@ ® B s | 49.0 296 89| 75.0| 1.68| 0.045 3.1
o ®| o~ |431/30.2| 87| 746| 2.20| 0.059 3.7
No. 8 v 130.0 28.7 7.9 103 3.42 1 0.080  17.2
) i | o+ 1283290 7.0 438 43.0 | 0.523 | 82.1
. W T v 240 No. 8 7.15.°66 16.0 | 28.4 | 7.0 109x10 | 98.0 & 1.61 | 196
. No. 3 » | 184 130.1 5.9 222x10 | 206 3.25 | 378
CANEBE E R B » |38.2]28.1| 6.0 [165x10 | 153 2.95 | 363
B % B R® w 1| o+ |4.0)2%5.7| 58| 458 46.8 | 0.548 | 117
. B % 2 o« |425]255 5.8/ 500 52.1 | 0.458 | 128
B f1 B 4R No. 1 . » |35.124.8 6.5 385x10 | 201 5.36 | 379
No. 2 s | 29.2 248 6.2 174X10 | 103 277 | 184
i No. 3 | » | 27.5|22.8 6.2 215x10 | 126 3.6 | 228
CE O OB R EXRE®EE7.16.766 72.0 30.6} 8.1 385 12.8 | 0.275 | 141
P @g} » |62.0[30.8 8.0 336 12.2 | 0.235 112
. T /R o ®B| s | 65.230.4| 8.0 366 12.0 | 0.268 | 136
¥ 4 R No. 20 s 76.029.1| 7.2 204x10 | 52.0 | 0.775 1392
No. 16 | » | 77.5]29.3| 7.1/190x10 | 45.0 | 0.790 | 1426
No. 10 0 | 82.027.9| 7.2/175X10 | 45.5 | 0.690 1423
CEOM OB RN o 1 7.17.°66 54.0 | 31.2 | 7.0 485 15.9 | 0.573 150
: Aok e mE| + |94.7(32.2| 7.2| 520 22.1 | 0.755 | 161
B O®E B RBE ¥ | o« 52530.6| 7.2 423 13.8 | 0.570 114
W E o ®| + | 48.0 30.8| 7.5 505 16.1 | 0.698 176
B & B S| & | o+ |53.028.3] 8.0 162 4.78 | 0.305  16.7
B % @ 5| o+ | 51.730.4| 80| 200 | 5.50| 0.373 17.4
= & | R kB B7.18.°66 77.5 27.2| 6.9 | 363 21.3 | 1.31 35.9
ME o B« |59 286 6.9 285 12.1 | 0.778 | 30.6
RIkEMsE| » |53 301 7.5 3% 13.3 | 0.730 | 29.9
B ON OB RE 5 7.19.°66 65.5 | 29.4 7.4 | 305 7.10 | 0.223 89.5
rREcBE1=| + |63.3]28.2| 7.5 313 7.35  0.295  90.7
A T B R E B 35| s« | 555|286 7.5 298 4.95 | 0.453 | 22.7
e s B o« 620 28.0 7.6 263 6.00  0.503 | 23.7
=5 M OB R R O y 55.8 1 29.6 8.0 | 110 2.18 | 0.130 10.6
R B| o+ [39.0/29.1| 7.6| 154 3.40 | 0.208| 28.6
BT B 5 M St 5 7.20.°66 59 | 30.6 | 6.9 148x10| 25.5 | 1.14 | 152
B & T v " 59 | 30.6 6.8 143x10| 26.0 1.06 155
BNt BE| » | 45.8|31.0| 7.0 (137X10| 24.5 | 1.01 | 147
B R REEEA7.21.766 17.5 | 27.0 | 4.6 9.6 1.29| 0.017 7.7
REFREARATE | + | 17.1|27.3| 4.2 7.6 1.51| 0.018 5.9
W OB % o« 97 |31.1 7.0/180x1021301x10 | 32.7 293X 10
X @ = o« |99 |32 6.6 202x102385%10 | 37.0 36110
X B R+ |925]30.2| 6.7 [138x102279x10 | 25.0 244X10
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Mge+| Fert| CI- | Br- | 1= [soe-| His | As [HBOW COp |, 552 )| U T
mg/l | mg/l | mg/l |mgfl |mg/l | mgfl | mg/l|mgll | mefl mefl| 72T pght | B
<0.05 0.00 27.20.062 0.002 17.3 0.0 /0.13| 3.8 0 1.60

<0.05 0.00 26.2 0.060 0.002 16.2 0.0 0.16 | 3.9 0 1.36

20.05 0.00 38.0 0.091 0.00 10.3 0.0 0.17 | 5.3 0 1.54

£0.05 0.00 73.6|0.165 0.01  21.8 5.4 |0.20 8.2 0 1.20

<0.05 0.01 122° | 0.275 0.005 27.6 7.8 0.07 11.1 0 1,12

0.51 0.00 1056 | 3.34 0.00 70.8 0.0[0.17| 0.3 0 0.23 450
48.7°| 0.01 1066 |3.7 | 0.00 68.7 0.00.10 0.3 0 0.25 100
1.0| 0.01 771 |2.60|0.00 | 65.0 0.0 |0.11 | 0.2 0 0.59

<0.05 0.00 15.6 19.3 2.4 0.06| 0.2 0 1.24

<0.05 0.00 15.7 | 0.030 0.000 21.8 2.6 0.12 0.1 0 1.23

<0.05 0.00 14.8 19.8/ 2.0(0.12| 0.2 0 1.24

<0.05 0.00 14.4 | @ 17.7 1.3[0.13| 0.1 0 1.48

<0.05 0.00 14.9  0.032 0.001 12.3 1.8 0.08 0.1 0 1.51

<0.05 0.03 14.7 16.1 1.3 0.22| 0.2 0 1.52

104 | 3.5/2012 | 8.65|0.05|99 | 0.2 1.14| 43 |752 15.46 1.2| 100
80.0 | 3.9 2827 |8.39 0.0 942 | 0.4|1.60| 41.5/841 15.40 1.0 | 170
44.7| 4.0 2696  7.94|0.05 915 | 0.0 | 1.24 40 | 936 15.10 1.1
<0.05 0.01 68.4 0.170.004 22.6 0.0 0.72| 0.2 0 1.38

<0.05 0.02 64.0|0.17  0.003 19.3 0.0 0.11| 0.2 0 1.38

0.4 0.3 135 |0.37 0.0l 17.3 0.0 0.10| 0.9 0 1.26

0.2 1.0 652 |1.90 0.07 28.4 0.0|013 10.8 53 4.89

51.6 | 0.15 1742 |5.16|0.1 | 192 | 0.0 | 0.64 | 36.3 123 9.58 9.2| 450
112 | 3.8 3544 (0.6 0.2 400 | 0.0|2.56 74.51890 12.83 27 | 1000
89.7 | 6.2 2649 | 8.6 | 0.04 247 | 0.0 2.16 48.41090 9.74 1.2
413| 7.0| 80 3.3 0.05| 10.7 0.0]0.56 16.3 731 5.15 0.1

51.8| 5.8|1016 |3.840.02| 34.6 0.0 0.89 18.2 740 5.98 0.1

65.2 | 5.6|4637 [14.8 | 0.6 | 418 | 0.0 3.04  86.61360 34.78 27 | 290
38.6| 4.6|2342 | 7.7 |0.5 |201 | 0.1 1.68 43.51180 16.83 7.0 | 190
45.2| 6.0|2808 9.1 /0.3 | 258 | 0.2 1.18 55.01300 30.00 22 | 500
0.7| 0.01 227 | 0.54|0.006 89 | 0.0 0.10 53 0 0.45

2.2 0.01 193 | 0.47 0.0l 743 = 0.0 0.6 4.9 0 | 0.60

05| 0.00 220 |0.538 0.01 843 | 0.0 0.24| 53 0 | 0.48

48.6| 0.15 5548 |18.7 |0.00 442 0.0 023 7.5 6.4 0.72

576| 012 5080 17.1 |0.00 515 0.0 013 6.8 55 0.55

14.6 | 0.13 4824 (16.5 | 0.00 455 0.0 0.26 6.6 8.5 0.49

2.3| 0.12 748 |2.39/0.01 359 0.0 022 51 39 0.87

2.0 0.00 83 |2.620.00 419 | 0.0[0.01| 5.4 6.2 1.05

2.8 0.05 656 |1.97 0.0l 237 | 0.0/0.16 5.0 17 1.65

2.8| 0.00 792 |2.61 001|370 0.0 017 52 6 1.20

<0.05 0.00 133 |0.320.004 124 | 0.0 0.28 2.3 0 1.71 100
0.1 0.01 162 |0.390.008 144 | 0.0 0.27 2.9 0 2.00 125
22| 0.09 492 |1.15/0.01 | 108 | 0.0 044 9.6 29 2.90 0.34

7.0 0.02 348 |0.74|0.006 79.4 0.0 0.31| 6.7 32 2.90 0.70

06 000 371 | 0.8 |0.00 943 00 058 7.5 6 | 3.30 0.80, 800
153 | 011 290 | 0.73 | 0.006 478" 0.0 0.36 6.6 4 0.70

2.6| 0.0l 318 |0.82/0.006 424 0.0 038 6.6 4 0.95

2.6| 0.02 278 |0.56 | 0.006 98.8 0.0 0.50 13 | 3 1.35

0.1 0.0l 333 |0.60|0.006 122 0.0 0.58 13.5 5 1.35

<0.05 0.01 68.0 | 0.156 0.003 80.1 0.3 0.14 1.5 0 1.80

0.1 002 99 |0.22]0.004 151 | 0.0 0.21 2.0 5 1.80

7.5 0.38 1036 | 2.64 | 0.02 1614 \ 0.0 0.56 35.6 98 5.80

10.4 | 0.88 1032 | 2.58 | 0.04 1579 = 0.0 0.60 35.2 103 5.85

12.7| 1.8| 972 |2.33|0.02 1437 | 0.0 0.70 34.0 84 7.65

2.3 0.68 8.6 20.5 0.0 0.37  0.01370 0.64
<0.05 3.8 14 | 37.7 0.2]0.30 | 0.01710

28.1 142 3216x1026.4 | 0.0 0 ‘0.12 404 ’3140

284 222 14044x1034 | 0.0 0 | 1 0.18 | 496 5980 0.0

61.3 [135 2816x1021.6 | 0.0 | 0 | | 0.08 | 348 2040 \ 0.0
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pH

A 4 0~4. 9

& 5.0~5.9 ] B

® 6.0~7.9 i S

@ 8.0~8.9 ; ﬂ
@9.0~9.9

K3 pH o 4 #

1) AKEOAHER2WCRT. BERARBEDOSE 99°C AR Th 0, BHNRRAKIREE
94.7°C Bz RiIe D W TRENE ., AR 16°C,18.4°C 2R L, BHERTH- k.

2) pHoAHEXK 3 Ry, £LES pHI.6 RNEETHY, EMEATE 25 pHI.b, K
H pHI. 1 &0 ik <. PH O/ MERE BIRZAG HTED pHA.2, RERRE RBHFIIZE
Frekis pH4.6 23 itk <.

3) Nat oW THEEREREEDE 20200 mg/l, HEL 18000 mg/l, ZjE 5 13800
mg/l MANDELL KEFWETH . IR THK No. 1 3850mg/l, il F v v 4 No.3
2220 mg/1 &4 No. 20 2040 mg/l /NEJFR 1650 mg/l Z a3k & .

4) Kt eowTHAERRREE OB 3850 mg/l, iHE%r 3010 mg/l, AER 2790 mg/1 <5
AL AF L, MET v A No. 3 206mg/l, B+ No.1 201 mg/l Az hicik <,

5 Lit R EEEREHEOS 37.0mg/l, G 32.7mg/l, KRR 25.0mg/l F2fihd
2L AkEL, BfaNo.1E36mg/l, HTv v s 3.20mg/l 2z iR <.

6) Ca’* WHERREXHEED®S 3610mg/l, hEH 2930 mg/l, KRR 2440 mg/l %E kK
HAE <, A No.l16 1426mg/l, No.10 1423mg/l, No.20 1392mg/l, ERE/NE
519mg/l & hick <,

7) Mg REERERHEOS 284mg/l, M T v v 4 No.3 112mg/l RRETE 104
mg/lERRKEWETH 5.

8) Fe nHERFARMEOS 222mg/l HBH 142mg/l KRR 135mg/l HE2MfAh b
L R&EW,

9) Cl- of#H%*N 4 R4, KEEDOE 40440 mg/l, fFE% 32160 mg/l AR 28160
mg/l ENE L AEFWETE - T, THICRWTEHE No. 20 5548 mg/l, No.16 5080
mg/l, No. 10 4824 mg/l, %43 4637 mg/l #iFH 5 v v o No. 3 3544 mg/l ZEH K&\,

100 Br- @ XEE0O®E 34mg/l, FET 26.4mg/l, AEHR 21.6mg/l, #4 No.20 18.7
mg/l, No.16 17.1mg/l, No. 10 16.5 mg/l &3k &\,
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o 299U
® 300~999 B
1000~ 4999
5000~ 10000 ﬂ

10000~ 50000

il

il
X4 Cl o 4 7
S0,
° 99T mg/4 w B
© :100~499 . Fog B
1
®© : 500~999 p
:1ooo~4999

%
i
®f&Il

Ji|
1

M5 SO« o 4 A

I" 1B R No.1 0.6mg/l, No.2 0.5mg/l mEWHThs, FEER, HEER
FEBIEDTIS W,

11)
TR SEAPCEATHERIRSDI Y RER
SO~ oK 5 Ry, BREROEBERR 1614mg/l, BHA 7 v 1579 mg/l,

12)
WX fesE 1437 mg/l &3k & <, BRETE 99mg/l, EE %M2mg/l, /i 915 mg/] &
i (0 (V) S u
13) HSE@ELTHS, BAMEIES No.9 7.8mg/l, No.3 5.4mg/l <55, £MB
AW IRILES 2.6 mg/l, B 2.4mg/l, WE 2.0mg/l, H£LERITOE 1.8mg/l, FOL
1.3mg/l, I0E 1.3mg/lHFo kRS, ChAbRAKZEELSBRER ARG 7 v h ) ik
TPpHAREL, EHEESBDTHVWEARERINS,
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14) As3BHEER No.1 3.04mg/l "EATHY, METv v 4 No.3 2.56mg/l, B
JK2.16 mg/l, RREES 1.60mg/l 728 chicik<,

15) HBO: RABEREKEE D& 496 mg/l, IHEY 404 mg/l, ABE R 348 mg/l 235k k&
< %8 No.1 86.6 mg/l, M = 4 No.3 74.5mg/l 7z hicik <.

16) CO: B RERRME OB 5980 mg/l, HBH 3140mg/l, KRR 2040 mg/l ZnE L
{KR&L, Wl 7 v ¥ 4 No.3 1890 mg/l, %43 No.1 1360mg/l, /hEJE 1090 mg/l 2
DREWETHS,

17) U wibl 7 v 4 No. 3 27 ¢g/l, &% No. 1 27 pg/l, %% No. 3 22 pg/l 03¢,
REWV, FFERRGESERED TREWRY IV BBIN IR 7%, AL, =D
TS 2 RIRIE R BT O 85K R 27°C, pH4.6 2R L, /i 4 Briikd <

300 |- I‘KI ratio of Arima Hot Springs
mg/¢ i

200 +
K 5y

100

qﬁratio of sea water
Na

] 1 1
3000 4000 5000mg/¢

3000 - Na
mg/¢ 5 22 ratio of :ea water
ﬂx\%
o 2
Na
2000 | e
B 3
e
1000 -~
- HU
e e
® Jii}
0 4 ﬁiﬁ 1 i L ]
1000 2000 3000 4000 5000mg/¢

cl
R 7 Cl & Na :offk
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1500
mg/4

1000
S0,
500 ot
(0]
%
il
=k
[=]
L xS L 1 ;ﬁ% -
2000 3000 4000 5000mg/¢

L 1000
W, B, A, cI

X 8 Cl & SOs &EFfR

20+
mg/{

16 -

14

% .
i Springs
Br atio of Arima Hot °P

s
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(1) (LT E O O EADHER 58 T % T LIR DI RSB B i,

& B

iz P b0 & LTk Br/Cllt, Na/Cl i RbdFbhns.

KR 16.0~99°C, pH4.2~9.6, Na*7.6~20200 mg/l, K*1.29~3850mg/l, Li* 0.017~
Fe?* 0.00~222mg/1, Cl~ 8.6~

37.0mg/l,
40440 mg/1,

34.78 mg/l,

Ca?t 0.0-3610 mg/l, Mg?* 0.0~284 mg/l,

Br=0.030~34mg/l, I~ 0.00~0.6 mg/l,

U 0.0~27 pg/1,

(2) HABEFORFEKCEBANDBEALTHSC ENREEINL
3) AEBEROESEEBIELL AT WA, o Br/Cl LB i R RN CiEKL o

#F UL R,

SO~ 0~1614 mg/l, H.S0.0~7.8
mg/l, As0.01~3.04mg/l, HBO;0.0~496 mg/l, CO,0~5980mg/l,

alkalinity 0.23~
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As/Cl Il xdbFnc &3k s, MEDMCHENZEDDWE D E LT As, Br/Cl
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