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Fig. 1 Reaction vessel for CO.-H,O
equilibration.
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Fig, 2(a) Vacuum line for taking an aliquot of tank
CO:s into reaction vessels.

Tank CO, taken into A at 1 atmoshere
is expanded into 4 balls of B. CO, in each
ball is then transfered into onc of the reac-
tion vessels by means of liq. air which con-
tains 2 m/ sample water which has already
been evacuated at lig. air temperature.
The volume ratio of A to B is such that
each ball contains 0.16 m mole CO, after
expansion,

HV. HM.

D T T-2
=

F
Fig. 2(h) Vacuum line for extracting CO, from the
reaction vessel.
CO; in a reaction vessel (D) after equi-
libration is transfered into a sample tube
(F) after removing H-O vapor by means of
solid - ligquid trichloroethylene trap. The
volume of CO; can be estimated by the
pressure of CO, in the calibrated volume
between trap Ts to manometer E.

* MYy weovzF L rpEARE CEME & REBHE
LT3 3D (=73°C). 3474 ZDOAFEIRED
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Fig. 3 Variation of the observed %O of CO,
with reaction period and amount of

water.
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Table 1. The effect of the volume of water on the
observed isotopic ratios and the corrected values
based on equation (6).

One, two and five m/ aliquots from the stan-
dard water, MSA -2, were each equilibrated suc-
cessively with tank CO, of a same volume. The
values in the secod, third and fourth columns are
the 87°0 values of CO, of the first, second and the
third equilibration, respectively. Because the
heavy oxygen isotope becomes slightly depleted in
liquid phase by each equilibration, the observed
%0 values decrease progressively after every
equilibration.  The observed ratios also become
lower with decreasing amount of water as ex-
pected from equation (6). The corrected values
based on equation (6) and on the averages for
each group of aliquots are, however, in an
excellent agreement with each other.

Amount

a0 rel'mve to tank COZ I, %
of water (1) ) 3)
1m! +23.99 +23.85 +23.63
v +23.95 +23.78 (+22.73)
” +23.68 +23.79 +23.28
Average +23,87 +23.81 +23.46
Corrected
value +24.01 +24.10 +23.88
2ml 424,13 +23.93 +23.78
” +24.06 +23.97 +:3.84
” +24.17 +23.97 +23.44
u +23.81 +24.02 +23.84
” +24.03 +23.97 +23.79
Average +24.04 +23.97 +23.74
Corrected
value +24.11 +24.11 +23.95
Sm/ +24.07 +23.96 +24.19
o +24.00 +24.04 +23.98
” +24.22 +24.20 + 24,00
” +24.12 +24.09 +23.97
Average +24.10 +24.07 +24.04
Corrected
value +24.12 +24.12 +24.11
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Table 2. Reproducibility of ¢!°0 measure-
ment of a standard water (MSA-2).

6“90 relatl\e to tank

Date of Date of CO: 11, %
measurment preparation observed corrected
value vwlue

5/12, 70 5/7 "7 +23 97 +24.22

” ” +24.11 +24.36

” 5/9, °70 +24.22 +24.47

” 4 +24.08 +24.33
Average +24.10

5/18,°70 5/9, 70 +24.04 +24.27

” 5/15,770 +24.19 +24.42

” ” +24.13 -+24.36
Average +24.12

9/1, ’70 8/24,°70 +24.12 +24.31

” 8/25,°70 +24.16 +24.35

” 8/26, °70 +24,20 +24.39

” 8/27,°70 +24.10 +24.29

” 8/29, °70 +24.21 +24.40
Average +24.16

17/5 ’70 11/16, 70 +24.16 +24.23

” 11/17,°70 +24.17 +24.24

” 11/18,°70 +24.32 +24.39

” 11/19, °70 +24.23 +24.30

12/7,°70  11/26, °70 +24.38 +24.45

7 11/27,°70 +24.34 +24.41

” 12/1, °70 +24.38 +24.45
Average +24.28
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Table 3. ¢'*O values of standard water.

00 tank CQ, Il are ¢ values relative to tank
CO, II. The values are averages and figures
in () are the numbers of runs. ¢Osyow are
0 values relative to SMOW caluculated based
on the assumption that MSA-2 is—8.20 %
relative to SMOW.

0 POsmow
Standard §'*0 wanx coz 11, % 9 POsyow, %o Oswow,

by HORIBE
MSA-1 +32.06 (10) —0.74 —
MSA-2 +24.35 (19) —8.20 —
K-1-7 +31.10 (3) —-1.67 —1.48
—9.26

S +23.26 (9) —-9.4

Table 4. Comparison of 610 of hot spring
water before and after purification by vacu-
um distillation.

No significant effect of dissolved salis was

observed.
Sample & "Osvow %o
P not purified purified
Obuki, Tamagawa Hot Springs — 7.72 — 7.85
Nishinosawa, v ” — 8.61 — 8.57
Otaki Hot Springs —10.38 —10.43
Misasa Hot Springs — 8.8 — 9.02
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Table 5. &0 of spring waters

Sample No.]‘ Prefecture | Hot Springs 0 POsyow, %o Temp."C! pH ‘ Sampling Date
70708 BB | E )G -1.72 98 1.4 i 10/14, 69
70709 ” T (782 REE) — 8.61 94 1.8 ”
70715 ” £ NGO —10.99 8 5.0 ”
70761 ” AWl GRkl) —10.10 26 6.1 ”
70762 ” N8Rl GBAK2) - 9.92 23 6.3 ”
70710 ” K TE ot —10.38 60 6.5 10/15, 69
70716 oo Ok OEERE — 6.64 98 7.98 8/10, 67
70717 ” = B R FL) — 8.97 87 7.90 ”
70718 ” = — 8.96 73 7.84 ”
70719 ” xh Al - 9.27 42 7.85 8/8, 67
70720 ” = - 9.94 48 7.62 ”
70721 ” H M — 8.52 49 8.28 ”
70722 ” 3] —11.16 45 7.56 8/7, °67
70723 ” AN OH W GRIER) -10.24 50 7.86 8/11, 67
70724 ” BBRER (s —10.88 61 7.85 ”
70711 ™moOoEB | BEARLE 2 — 9.86 9 1.14 5/6, 70
70712 ” B o (5 - 9.12 67 1.85 5/1, 70
70713 ” T OEE (Zem) — 6.84 93 1.41 5/8, 70
70714 V. T (B —12.43 81 2.34 ”
70725 Wz |k B (HED — 6.88 52 7.96 6/5, 68
70721 ” BOT CREE) - 6.52 86 7.66 v
70219 WooOW | B ¥ GER — 3.96 85 7.54 //
70726 ” F B OGERED - 7.29 53 7.62 ”
70215 ” #HoI (DB) — 6.47 105 8.38 ”
70727 ” Ko (rEe) — 6.64 93 8.22 4
70728 | zz g | FEI(FE - 7.4 58 | 8.15 11/2, 67
70162 MEah B O (2Ex — 5.83 45 7.18 #
70347 ” B W (i) — 5.08 35 7.60 #
70729 ” Bk (L Lo%) — 7.2 89 7.18 #
70730 p B I (B AJKEE) - 5.91 25 | 7.84 173, 67
70165 ” H & (2de) — 2.34 65 7.42 ”
70177 OB | BB RaE + 6.50 98 5.27 10/22, 64
70731 . W W (—08) — 7.63 50 7.50 8/4, 66
70221 p B N G — 8.94 98 7.92 #
70732 Moo |/ o) — 8.60 40 7.50 7/18, 64
70763 ” H|oE GRREAO — 8.61 28 i0/-, 70
70733 ” VA — 8.35 29 8.48 8/17, 64
70734 ” & R (T SRR — 8.85 50 7.50 11/16, 64
70351 B Om B B (—oB) - 8.76 48 7.44 10/4, ‘64
70736 ” 5 OW RE) — 8.06 55 7.86 12/3, 66
70180 ” e & (Eox) — 8.20 62 7.44 10/4, ‘64
70184 ” B (EEAERE) —~ 8.60 65 7.67 12/3, 66
70738 ” = B (BWEED — 8.89 53 6.8 8/10, 69
70183 ” KW — 7.89 40 7.94 12/2. 66
70737 ” B & OEER — 8.63 51 7.72 ”
70185 ” Jri: 32 - 8.29 60 7.02 12/3, 66
70735 ” o OE (88 - 7.79 85 7.04 11/4, 66
70157 BB | E & RO — 8.73 65 8.12 ”
70160 ” B A8 - 7.46 33 6.58 11/15, 64
70159 ” B — 8.25 38 6.48 Ve
70346 ” i oH (38 — 7.48 15 6.04 ”
70161 ” BEE (55T - 7.30 50 6.22 11/14, 64
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Table 5. (continued)

Sample No‘l Prefecture | Hot Springs : 61305.\row, %o ‘ Temp. °C‘ pH } Sampling Date
0740y @B (28 —7.16 s8 | 8.24 |85 66
70741 ¢ ” Effg A (BE) — 7.78 41 9.32 ”
70739 ” I - 7.21 41 7.32 ”
70742 0 m A I (Eter e ) — 8.61 23 9.02 11/29, 67
70743 ” MO (68) - 7.99 47 8.34 ”
70172 KA LB (TR — 3.88 98 2.12 10/9, 64
70170 ” R (BRI - 5.16 105 2.47 ”
70339 ” AORE (Moo - 2.56 98 2.21 v
70744 ” I o - 4.79 75 2.8 8/7, 68
70745 v deomr - 7.63 60 7.9 | ”
70746 v TR (R — 8.51 71 | 80 | "
70747 v | S - 9.19 14 3.6 | 8/8, 68
70748 p B - 7.76 40 2.0 | ”
70749 ” wmow - 8.22 60 3.5 ”
70750 ” K — 5.83 14 6.5 ”
70173 B W 1 E A GBRHED ~ 4,91 97 226, 10/11, 64
70751 HEOK P OBE GEREERT) ~ 7.19 53 6.1 | 8/8, 68
70752 ” A FH GER) - 7.36 45 8.0 8/9, 68
70753 T LR OB (N REVE ) — 5.96 76 8.4 ”
70754 R EERE (A28 L~ 599 86 2.4 ”
70755 ” Z B AD — 6.85 60 3.4 %
70756 ” EETHRCEE 5] L — 6.74 46 8.5 ”
70757 ” WK CRLEERR) - 679 42 7.7 8/10, 68
70758 | ” wE (R L —3.14 73 7.0 | ”
70759 ” FEIREL (WS | — 4.40 2 | 7.5 p
70760 ” A - 4.11 67 6.8 ”

EH B, PAEES R, REEERE (1970). WL KEERR oxygen isotopic ratios of hot spring water. A re-

THRATICERE L 72 McKinney B @ 3T D0 T,
Ba&nt 18, 1195-1204.

Tausge, H. (1954).
the study of hydration of ions.
523-528.

Use of oxygen isotope effects in
J. Phys. Chem. 58,

ISOTOPIC STUDY OF HOT SPRINGS IN

JAPAN, 1

TECHNIQUES FOR OXYGEN ISOTOPIC
ANALYSIS OF SPRING WATERS

by Osamu MaTsunaya, Hitoshi Sakal, Hinako Ta-

NAKA, and Tazue UEMURA. Division of Chemistry,

Institute for Thermal Spring Research, Okayama
University.

(Received January 21, 1971)

Abstract. The CO.-H;O isotopic equilibration

technique was studied for the routine analyses of the

action vessel containing 2 m/ of water and 0.16 m
in a
1, 2

and 3), and the CO, was analyzed for the oxygen iso-

mole of tank CO, was shaken for 18 hrs.

constant-temperature bath at 25.06°C (Figs.

topic ratio by a McKINNEY type mass spectrometer.
Several aliquots of 1, 2 and 5m! from a same
water were each analyzed three times by successive
equilibration (Table 1). The observed values differ
depending on the volume of water but the corrected
values by equation (6) indicate excellent agreement,
implying the whole processes to be well controlled.
The reproducibility of the isotopic analyses is
better than + 0. 1%, (Table 2) in most cases, and the
accuracy would not be worse than +0.2%, as dem-
onstrated by the interlaboratory comparison of some
standard samples (Table 3). Oxygen isotopic ratios
of water from more than 70 hot springs in Japan
are presented (Table 5). Although the results will

be discussed in the following issues of this series of
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paper, most hot spring water have the 6O values sim- which has been known by its abnormally high chlo-
ilar to those of meteoric waters in Japan. However, ride and low sulfate concentrations is of an excep-
spring water from Arima Hot Springs, Hyogo-Pref, tionally high 8 O value.






