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Figure 1 Locality map of hot springs in Nagano

Prefecture. Numbers correspond to
those in Table 1.
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Tabel 1 Stable isotope ratios of hot springs and surface waters in Nagano Prefecture.
No. Locality TR gy 0 G 6 b

1 Kashio (Yamakage-kan) 16 6.6 —57.0 — 4.6 — 8.0 -

2 ditto (Shioyu-so) 14 6.6 —54.2 - 2.5 - 0.1 -

3 ditto, Shio River — — —71.0 -11.1 — -

4 ditto, ground water — — -74.9 ~11.3 — -

5 Kami-Suwa (Koryu) 84 6.8 —82.9 -12.1 - 9.9 +16.6

6 ditto, ground water — — —80.1 ~11.7 — —

7 ditto, ground water — — —80.6 -11.3 — —

8 ditto, ground water — — ~77.4 ~-11.1 - —

9 ditto, ground water — — —80.7 —-12.1 — —
10 ditto, Kami River — —_ —82.4 -12.3 — —
11 ditto, Lake Suwa — — —73.8 -11.2 — —
12 Shimo-Suwa (Takei) 51 6.3 —81.9 ~12.2 —-10.3 +14.2
13 ditto (Tanga) 63 6.0 —84.2 ~12.3 — + 2.6
14 Tobira (Gunyo-kan) 13 5.6 —78.1 ~11.6 — —
15 ditto (Meishin-kan) 28 5.6 -82.1 ~12.3 — -
16 ditto, stream — — —76.7 ~11.6 — —
17 Iriyamabe (Kazan-so) — 6.8 —80.2 —11.9 - 8.4 +17.4
18 ditto, stream — — —79.3 -12.0 — —
19 Genkoji - 5.8 —80.6 ~11.5 —17.5 —
20 Asama (No. 2) 49 — —87.9 —12.9 — +16.6
21 ditto (No. 4) 52 —_ —88.4 —13.1 —13.9 +16.4
22 Kakeyu (Rokumei-so) - —_ —84.1 —12.3 — +19.8
23 Reisenji (Naka-ya) — — —83.3 ~12.8 —17.8 +19.9
24 Hoshino 42 7.6 -79.2 ~11.6 - 7.0 —
25 Shiotsubo 32 7.6 —83.7 ~12.3 -13.4 +20.8
26 ditto , stream — — —79.7 —11.6 — —
27 Manza (Karabuki) - 1.2 —76.4 — 9.6 — +24.0
28 Kusatsu-Shirane, Lake Yugama 16 — —70.4 — 8.8 — +21.0
29 ditto , cold spring - — —8.1 126 — + 2.8
30 ditto , Lake Karegama 14 — —58.5 — 9.6 — —
31 ditto , Lake Yumi-ike 10 -~  —71.0 — 9.6 — —
32 Kakuma (Yoda-ya) 89 58 —80.9 ~—11.8 — 3.0 +13.8
33 ditto, Kakuma River — — —86.7 ~13.1 — —
34 Araigawara - 4.3 —82.2 —12.8 —14.4 + 8.9
35 Shibu (Yumoto-ryokan) 91 5.8 —83.3 —12.4 — +15.4
36 ditto, Yokoyu River - — —81.0 —11.5 — —
37 Yudanaka (No. 4) 97 6.4 —80.1 —~11.5 — 3.9 4144
38 Hoshikawa (Daifunsen) 97 5.9 —83.2 —12.1 — 3.6 +13.9
39 Nozawa (Takenoshi-gama) 7 — —80.5 —12.5 —24.7 +16.6
40 ditto, stream - - —73.2 —12.2 — —
41 Hoshina (Eiho-so0) 31 6.2 —81.1 —12.2 — 6.5 +10.6
42 ditto, stream - — —80.2 —11.8 - —
43 Matsushiro (Kagai No. 2) 34 6.5 —68.0 — 7.3 - 1.1 +16.1
44 ditto 31 6.6 —70.8 - 9.1 — 2.5 —
45 ditto (Matsushiro-so) 47 — —46.0 — 2.0 + 0.4 +14.1
46 ditto (New No. 3) 45 — —57.2 — 4.0 — —
47 ditto, ground water — — —72.3 —11.2 — —
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Figure 2 8§D versus 5180 plot for the hot springs studied.
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Figure 3 0D versus Cl- and 0D versus 0180 plots for hot and mineral springs in Kashio

and Arima.

Table 2 Chemical composition of the Arima-type brines.

Equivalent ratios
Cl- Na/Cl K/C1 Ca/Cl Mg/Cl =COy/Cl Br/Cl

g/1
Kashio* 23.8%  0.898 0.002 0.124 0.012 0.004  0.8x10-3
Arima®* 38.6 0.740 0.091 0.165 0.004 0.016 0.7
Takarazuka** 12.4 0.847 0.053 0.085 0.015 0.217 1.1
Ishibotoke** 14.8 0.770 0.021 0.166 0.044 0.211 1.1

* Except for C1-, by Nakamura and MAEDA (1958) .
Cl-,by this study.

#% By MATSUBAYA et a/. (1974). About Arima, 2COy/Cl is the value of No.13 and the others
are those of No.1 in Table 1 in MAaTsuBAYA ef al. (1974).
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other high saline hot springs containing fossil water,
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AN ISOTOPE STUDY OF HOT SPRINGS IN
NAGANO PREFECTURE

by Osamu MartsuBava, Hitoshi Sakar, Minoru
Kusakase, and Akira Sasakr

Abstract

Water samples from 28 hotsprings and mineral
springs in Nagano Prefecture, central Japan,
were examined for their stable isotope ratios
of hydrogen, oxygen, carbon, and sulfur.

Spring waters of Kashio are highly saline and
enriched in heavy isotopes of oxygen and hydrogen
(0180 =—~2.5~—4.6%0, 0D=—54~—57%,). Linear
relationships among 6D, 0180, and Cl- suggest
that spring waters are the mixtures of a deep
brine and local surface water. Extrapolation of
the linear relationships indicates that the deep
brine is both isotopically and chemically very
similar to the deep brine previously suggested
for the springs of Arima, Takarazuka, and
Ishibotoke of which oD, §180, and Cl- are
estimated as —33%, +8.0%, and 44g/1, respec-
A common origin may be warranted
while their

tively.
among these postulated brines,
provenance is yet to be worked out.
The hot springs in Matsushiro are a Na-Ca-Cl
type of high carbonate content. Their hydrogen
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and oxygen isotope ratios (6D= —71~ —46%., 6180
=—9.1~—2.0%) are higher than the local surface
water. On the basis of the relationships among
8D, 6180, and Cl-, they are considered to be the
mixtures of fossil sea water and certain water of
meteoric origin of which Cl- is about 4g/1 and
5180 is higher by about 3%, than the local surface
water, The latter may be meteoric water
circulating in the marine sedimentary formations
(Green Tuff formations) with soluble sea salts.

Isotopic exchange with carbonate minerals in the
formations explains its 180 enrichment. Spring
waters from Yashio and Isobe (Gunma Pref.) as

well as Yunosawa and Yatate (Akita Pref.) were
previously interpreted to be mixtures of fossil
sea water and local surface water of low Cl-
content. Re-examination of their data revealed
that the meteoric waters responsible for these
springs contain about 3g/1 Cl~, similar to the
value obtained for Matsushiro, However, unlike
Matsushiro, the meteoric waters in these areas
are found to be isotopically similar to the local
surface waters.

Waters from other hot springs studied here are
of simply meteoric origin, thus belonging to the

GreenTuff type water previously defined .





