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Fig. 1 Locality map of hot springs in Hokkaido.
Filled circles show the hot-and mineral
springs studied and open circles other
major hotsprings. Numbers correspond

to those in Table 1,

Alphabetical index to the locality map.

Name Number
Akankohan B <2 JE 98
Amemasu River =] 93
Asarigawa BiE I 41, 42
Atosanupuri, hot spring 7 F 4+ X 7Y 86, 87
Esan iy 3~5
Futamata (Iwaburo) —_& 23~25
Genseikaen, cold spring [E&ATEE 84
Ginkonyu SRIEE 18~20
Goshiki ity 40
Horobetsu River bR 81
Idashubetsu River A& axV)] 78
Ikenoyu /5 95
Isoya Ba 9
Iwaobetsu =HER 78, 79
Jozankei i 44~46
Kakkumi N 6
Kawayu N& 88~91
Koganeyu HeH 43
Konbu By 33
Lake Kussharo BRI 92
Lake Mashu R 85

%R =
Meakan HfE e FE 29
Nigorikawa &l I5~17
Nibuse N 94
Niimi TR 29~31

Niseko-Ohyunuma =t a~—-KEH 36~39
Noboribetsu, Jigokudani 25, #iEA

Ohfuna (Shimonoyu) A CFr8) 7

Ohfuna River A3 8
Ohnuma KR 12~14
Okirika T ELA 69~71
Oshamanbe B 22
Raiden-Asahi EE—HH 26, 27
Raiden (Miuraya) BE (AH90R) 28
Shibetsu River | 83
Shikabe JisiRid 10, 11
Shirai River B 48
Shiretoko, Iwoyama R, BRE L 74~T77

Shiribetsu River

FRIN (BEEE) 32

(Rankoshi)
Tobetsu (Ichiikan) HE (BE) o7
Toyotomi-1 25 72, 73
Utoro (Midoriso) FEE (B 82
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Yachigashira A HEH 1
Yunokawa (Ro-go) &/ 2
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(Yakumo)
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Table 1 Stable isotopic ratios and contents of chloride and total dissolved carbonate in hot springs

and surface waters from Hokkaido.

stable isotope ratios

No. Locality Temp. pH Hy0 50, xco, c1”  rco,
°C § D [ 180 $ 34s §13¢ g/1 ppm
1 Yachigashira 71 -36.6 - 3.8 +21.4 ~ 3.5 9.69 >450
2 Yunokawa (Ro-go) 65 -59.5 - 9.1 +21.6 ~ 2.3 4.01 341
3 Esan, hot spring in B area 95 - 9.6 + 5.2 _ - 4.68 -
4 Esan-Harada 45 -49.3 - 7.3 + 0.6 - - -
5 Esan-Ishida 43 7.1 -56.0 - 8.1 + 5.6 ~ 3.0 - 304
6 Kakkumi(Kakkumi-onsen Hotel) 48 9.0 -63.2 -10.1 +16.6 (~12.0) - 3
7 Ohfuna (Shimonoyu) 68 7.1 -62.8 - 8.7 +10.3 -~ 1.6 1.23 245
8 Ohfuna River - - -62.5 -10.1 - - - -
9 1Isoya 69 6.5 -64.4 - 9.9 +13.3 - 1.01 -
10 Shikabe(Tsurunoyu) 103 -65.2 -10.3 +19.9 ~ 1.5 1.65 247
11 ditto (Toranoyu) 49 -73.0 -11.2 - - 4.1 - 442
12 Ohnuma (Tomenoyu) 43 -69.7 -11.1 +15.3 - - -
13 ditto(Sansui) - 7.6 -68.9 -11.5 - -17.8 - 63
14 Lake Ohnuma - - -66.5 -10.6 - - - -
15 Nigorikawa(Shineikan) 72 -54.4 - 4.4 - - 1.3 2.65 640
16 ditto (Shinsenkan) 50 6.2 -61.2 - 9.1 - - 0.52 -
17 ditto , ground water - - -62.7 -10.4 - - - -
18 Ginkonyu(No.l) 75 6.7 -63.4 - 8.7 +23.2 - 2.7 1.55 734
19 ditto (No.2) 71 -65.3 - 7.9 - - 2.31 -
20 ditto (No.3) 82 7.0 -64.2 - 7.5 +22.6 - 2.41 -
21 Yurappu River (Yakumo) - - -59.3 - 9.9 - - - -
22 Oshamanbe 42 7.8 -57.4 - 8.2 - - 1.0 4.66 413
23 Futamata (Iwaburo) 44 6.3 -58.8 - 8.3 +27.2 - 4.5 4,85 >1500
24 ditto (Kumanoyu) 36 6.7 -57.4 - 7.8 +26.4 - 3.0 5.04 1170
25 ditto ({Tansansen) 20 5.4 -58.7 - 9.2 - - 2.67 -
26 Raiden-Asahi 47 5.6 -66.6 -11.8 +18.3 -12.5 - 11
27 ditto , Stream - - -66.2 -11.3 - - - -
28 Raiden(Miuraya) 49 5.8 -72.1 -11.5 - - - -
29 Niimi{Hotel Niimi-1) 65 . -72.3 -12.1 +18.6 -10.8 - -
30 ditto(Hotel Niimi-2) 66 6.2 -71.5 -12.2 - - - -
31 ditto, ground water - - -72.0 -12.0 - - - -
32 Shiribetsu River {(Rankoshi) - -70.1 -11.6 - - - -
33 Konbu(Koikawa) 72 6.8 -68.7 -11.4 +26.1 - 4.7 - >450
34 ditto(Momijidani) 45 6.6 -73.1 -11.7 - - - -
35 ditto, ground water - - -71.2 -11.9 - - - -
36 Niseko-Ohyunuma (No.l) 64 4.6 -67.3 -10.6 - 1.3 - - -
37 ditto (No.2) 74 6.6 -65.3 -10.6 - - 4.0 - 158
38 ditto (no.3) 55 6.6 -71.1 -11.4 - - - -
39 ditto , stream - -69.7 -11.8 - - - -
40 Goshiki 77 3.6 -69.6 -11.2 - - - -
41 Asarigawa{Onsen Center) - - -77.3 -12.1 - - - -
42 ditto (Yumoto Hotel) - - -79.8 -12.2 - - - -
43 Koganeyu - - -8l.1y =-12.0 - - - -
44 Jozankei (Norinso) - - -76.0 -11.0 - - - -
45 ditto (Tsukimi Bridge) - - -75.3 -11.1 - - - -
46 ditto (Takayama Bridge) - - -75.5 -11.2 - - - -
47 Yunosawa River - - -78.5 -12.5 - - - -
48 shirai River - - -78.6 -12.7 - - - -
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stable isotope ratios

No+ Locality Temp. pH Hy0 soz Ico c1 £Co,

°o¢ s b 818 s34 513 g/l  ppm
49 Noboribetsu, Jigokudani(mud pot) boiling 1.8 -64.7 - + - 0.02 -
50 ditto ’ ditto (Kikko) 97 6 -39.7 - - 0.63 -
51 ditto , ditto (Takinoya) 53 .6 -56.5 - 8. . - 0.15 -
52 ditto . ditto {No.5) 85 4 -54.0 - 5. - - 6.0 3.21 103
53 Noboribetsu, ditto , Stream - - -61.9 - 9. - - - -
54 ditto , Lake Ohyunuma-1, 0 m** 45 2.8 -45.1 - + 4.3 - 0.29 -
55 ditto P ditto ;19 m 49 2.8 -46.5 - 4, - - 0.30 -
56 ditto , ditto , 19.5 m 122 2.8 -44.7 - 3. - - 0.70 -
57 ditto ’ ditto ., 25 m(1) - - -41.5 - - - 3.11 -
58 ditto ' ditto , 25 m(2) - - -37.1 - - - 3.26 -
59 ditto B ditto -2, 19 m 48 - -45.9 - 4.1 - 0.32 -
60 ditto B ditto , 19.5 m 69 - -46.0 - 3. 3.5 - 0.70 -
61 ditto B ditto -3, 0m 46 -46.1 - 4.5 4.2 - 5.6 0.29 39
62 ditto ’ ditto , inflow-1 1} 5 -60.1 - 9.4 - - - -
63 ditto ’ ditto , inflow-2 17 5 -59.5 - 9.4 - - - -
64 ditto , ditto , outflow 43 2. ~-46.4 - 4.4 + 4. - 0.29 -
65 ditto + Okunoyu 76 5 -52.6 - 6.5 + 4.9 - 0.08 -
66 ditto , ditto , inflow 13 5 -58.5 - 9.4 - - - -
67 ditto, Taishojigoku 86 4, -33.5 + 2.7 + 5.6 - 3.91 -
68 ditto, spar beside L. Ohyunuma boiling 5.6 -48.7 - 4.9 - - 0.01 -
69 Okirika (Hatonoyu-1) - - -68.2 - 8.8 +20.7 - 1.0 2.61 >1500
70 ditto (Hatonoyu=-2) - - -73.7 -11.1 - - - -
71 ditto stream - - -76.5 -12.2 - - - -
72 Toyotomi-l 31 .1 -34.4 - 0.2 - - 4.63 -
73 ditto -2 31 .1 -41.6 - 0.9 - - 4.58 -
74 sShiretoko Iwoyama, hot spring 98 6 =-75.7 -10.8 +25.9 - 1.19 -
75 ditto , Iwonosawa-1 - -75.1 -10.7 +25.4 - 1.07 -
76 ditto . Iwonosawa-2 - -71.9 -10.8 - - - -
77 Shiretoko, cold spring 22 . -73.3 -12.4 - - - -
78 1Idashubetsu River - - -80.1 -12.3 - - - -
79 1Iwaobetsu(Hotel Chinohate) 61 6.9 -80.6 -11.2 +19.9 - - -
80 Iwabetsu , stream - - -85.0 -12.0 - - - -
81 Horobetsu River - - -78.5 -11.5 - - - -
82 Utoro(Midoriso) 33 - -71.2 -10.0 +27.4 - 3.0 - rich
83 Shibetsu River - - -78.2 -11.6 - - - -
84 Genseikaen, cold spring 20 - -83.8 ~13.0 - - - -
85 Lake Mashu - - -52.8 - 7.1 - - - -
86 Atsanupuri, hot spring(E-2) 97 - -36.6 - 1.1 - 3.5 - 0.04 -
87 ditto ., hot spring(Ww-1) 98 -40.2 - 1.6 - 5.9 - 0.02 -
88 Kawayu(Yunokaku Hotel-1l) 47 .4 -67.7 - 9.0 +18.2 - - -
89 ditto(Yunokaku Hotel-2) 48 .2 -73.1 - 8.9 - - - -
90 ditto - - -69.9 - 8.5 +17.2 - - -
91 ditto(Daimaru) 47 1.2 -73.1 - 9.2 +17.8 - 0.81 -
92 Lake Kussharo - - -63.7 - B.9 - - - -
93 Amemasu River - - -75.5 -11.2 - - - -
94 Nibuse 48 7.2 -70.3 -11.0 - - - -
95 Ikenoyu - -73.3 -10.6 +14.3 - - -
96 Wakoto 97 ~78.7 -11.0 - - 2.5 - 354
97 Tobetsu({Ichiikan) 58 -72.6 -11.3 +17.1 - - -
98 Akankohan 49 . -70.6 -11.5 - - - -
99 Meakan (Nakano) 42 . ~-73.8 -11.0 + 8.7 - - -

* Numbers correspond to those in Fig. 1.

** Depth from lake water surface
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Table 2 Isotopic ratios and chemical compositions of fumarolic gases from Hokkaido.
Isotopic ratios, °/,, Chemical composition, % v/v
. Temp. 18 3u I I -

No. Locality oc GDHZO 8 OHzO § S25 § Sst 8 5302 HCl Total-S HzS SO0,
1 Esan, A 157 -31.6 + 1.0 +0.1 - - 0.005 1.04 - -
2 ditto, B 185 -35.7 - 1.1 -0.9 - - 0.026 0.37 - -
3 Noboribetsu, Ohyunuma 99 -51.3 - 2.2 +3.3 +3.4 +10.0 0.003 0.32 0.27 0.01
4 Shiretoko Iwoyama 99 -93.5 -14.8 +0.4 +0.7 + 0.3 0.003 0.58 0.52 0.03
5 Atosanupuri, E-1 99 -48.2 - 3.1 -1.0 -0.7 - 0.1 0.011 0.21 0.14 0.03
6 ditto , E-2 99 -58.4 - 5.3 -3.1 -2.6 + 0.6 0.003 0.28 0.24 0.01
7 ditto , W-1 118 -64.6 - 7.4 -6.5 -6.4 - 4.7 0.003 0.36 0.21 0.01

Table 3 Isotopic ratios and Cl- and HCOj3; - contents of hot springs from
Hazama area, Ohita.
18 13 - -

No. Locality Tempe ®Ppo & %0 8 Cpeo, CF v PEMY HCO ., ppm*
1 Nishiohita 48 -59.3 - 9.4 ~ 7.6 39 527
2 Furugo 23 -54.4 - 7.5 -~ 8.6 3,360 3,120
3 Tsukano 17 -50.9 - 7.1 -~ 8.1 1,450 1,860
4 Ninomiya-1 35 -52.9 - 8.1 - 7.1 12 731
5 ditto -2 32 -48.9 - 7.9 -~ 7.3 1 321
6 Mitsugajiri 39 -48.1 - 5.5 ~ 4.3 3,880 2,150
7 Ueda 30 -49.2 - 7.6 - 5.7 1,150 1,760
8 Ebige 41 -51.0 - 4.7 ~ 4.2 5,600 3,800
9 Jowaen 43 -63.3 -10.0 ~13.3 5 123
10 Myoken 22 -48.9 - 2.4 -~ 3.7 5,630 3,050

11 ditto, stream - -54.4 - 8.2 - - -

*Personal communication from Dr. T. Noda.
Table 4 Isotopic ratios of CaCOj; deposits from
some hot-springs at Oshima Peninsula,
53¢ §1%0
No. Locality (°/0o) (°/oo)
1 Yunokawa +2.0 -13.4
2 Ohfuna +2.9 -10.7
3 Shikabe (Tsurunoyu) +1.2 -19.2
4 Ginkonyu -0.9 -11.5
5 Futamata (Iwaburo) +2.3 -20.8
6 ditto , ancient deposit -0.2 -15.8
Table 5 Isotopic ratios of atmospheric moisture above Lake
Ohyunuma, Noboribetsu.

N Localit: water cons (JaD ) (i;so)
o. o y tent, g/m’ oo oo
1 Center of lake, 5 cm above the surface 16.3 -136.8 -21.4
2 ditto , 1 em ditto - -158.8 -

3 Leeside shore , 5 cm ditto - -142.4 -

4 ditto , 4 cm ditto 12.4 -166.3 -22.1
5 250 m inland from the shore,70 m above grnd. 12.4 -158.8 -22.1
6 Windgide shore, 1.5 m ditto 11.4 -168.0 -22.0
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Fig. 2 8D versus 8180 plot for the NaCl-type hotsprings and surface waters from Oshima

Peninsula and Okirikawa.
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Fig. 3 8D versus Cl- plot for Nigorikawa, Yachigashira, and others from

Oshima Peninsula, Okirikawa, and Toyotomi,
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Abstract Stable isotope ratios of hydrogen,
oxygen, carbon and sulfur of precipitation,
thermal and mineral waters, and volcanic gases
were measured. The isotopic data combined with
chemical and geological information were dis-
cussed in terms of origin and evolution of the
hotsprings and volcanic gases,

The hotsprings along the Uchiura Bay, Oshima
Peninsula are mostly near-neutral NaCl-type
thermal water and r;lay be divided into three
groups . (1) thermal waters isotopically similar
to the precipitation of this area, (2) those similar
in D/H to the local meteoric waters but enriched
by 2 to 3% in 180 compared to the latter, and (3)
those enriched significantly in both D and 180
The first
and second types of thermal water probably

relative to the local meteoric waters.,

form from local meteoric water which percolates
through ”Green Tuff” formations and acquires
dissolved chemicals from them. However, high
salt concentration and the oxygen isotope shift
(thesecond type) may imply that the NaCl-type
water of volcanic origin might be involved.

On the other hand, the waters of the third group

can be explained by mixing of modern sea water
into the second type thermal water (in case of
Yachigashira) or by incorporation of fossil sea
water of Tertiary origin into modern meteoric
water (Nigorigawa).

Except for Esan, Noboribetsu and Atosanupuri
volcanic systems, waters from all the hotsprings
and volcanic fumaroles associated with Quatern-
ary volcanic rocks are meteoric in origin.
Thermal waters at Esan, Noboribetsu and
Atosanupuri have 8 D = — 30 ~ — 50 and & 180 =
—1~+ 3% and are enriched in D and 180 relative
to local meteoric water of the respective area.
The origin of these waters and the mechanism (s)
controlling the isotope ratios could not be made
clear by the present study,

Interesting is the finding that at Esan, Nobori-
betsu and Atosanupuri, thermal waters are
enriched in D and 180 relative to near-by
fumarolic gases. The enrichment factor is 18to
26% for hydrogen and 4 to 6% for oxygen,
implying that more than one stages of liquid-
vapor separation are taking place in underground
hydrothermal systems.





