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J. Hot Spring Sci.

In order to identify the origin of hot spring waters, water chemistry and stable iso-

topic ratios of hydrogen and oxygen of hot spring waters and surface waters in Shimo-

kita Peninsula, Aomori Prefecture were studied. The results of the study suggest fol-

lowing chemical characteristics and origin for the hot spring and surface waters. ( ) Most

of the hydrogen and oxygen isotopic data of the surface waters of this area is plotted

closely along the meteoric line of D O . ( ) Anion composition suggests that the

hot spring waters of the area are classified into types (HCO -Cl type, SO -Cl type, Cl-

HCO type and Cl-SO type). The hydrogen and oxygen isotopic ratios of the HCO -Cl

type hot spring water are similar to those of the local meteoric waters, and their simple

meteoric origin is suggested. ( ) The SO -Cl type hot spring waters, with similar carbon

isotopic ratios of dissolved HCO to those of the marine carbonates, discharged from

Tertiary marine formations show chemical features similar to the hot spring of the Green

Tu Area. Hydrogen and oxygen isotopic ratios are lower than local meteoric waters,

but the reason for this was not identified by this study. ( ) Cl-HCO type hot spring

waters of Kuwahata have D versus Cl relationships not showing the mixing relation of

sea water and meteoric water and have C values of HCO similar to marine carbonate

minerals. These chemical features can be explained by the increase of concentrations of

dissolved ions by the reaction of meteoritic water with gypsum, sea salts and calcite of

the Green Tu , Yagen Formation. The chemical reaction of meteoritic water and rock

also has changed oxygen isotope ratios. ( ) The acid Cl-SO type hot springs show hy-
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Hydrogen isotopic ratio, Oxygen isotopic ratio, Origin of hot springs, Shimokita

Peninsula

drogen and oxygen isotopic ratios ( D vs. O) characterizing the mixing of island arc

volcanic gas and local meteoric waters. Relationships of hydrogen isotopic ratios and Cl

contents ( D vs. Cl ) suggest, however, that the waters are formed by mixing of seawater

and local meteoric waters.
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Table Chemical composition of river waters
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Sample
No.

HCO SO

EC ORP Temp.
(mS/m) (mV) ( )

Mg Cl

Okawashirisawa

Takahashigawa

Kamahuseyama

Komatunokawa

Chemical composition Stable isotope
Type of

(mg/L) ratios ( )
Locality river pH

water
Na K Ca D O

R- Washirozawa Na-Cl

R- Yunokawa Na-Cl

R- Yunokogawa Na-Cl

R- Yunokawa Na-Cl

R- Na-Cl

R- Yahazuyama Na-HCO

R- Yugawasawa Na-Cl

R- Shimoburo Ca-SO

R- Oakagawa Ca-HCO

R- Ca-HCO

R- Hiroyama Na-HCO

R- Gonezawa Na-HCO

R- Okuyagen Na-Cl

R- Yagen Na-Cl

R- Kamazawa Na-Cl

R- Usoriyamako Na-Cl

R-

R- Hiyamizu Na-HCO

R- Kamasawa Na-SO

R- Oakagawa Ca-SO

R- Koakagawa Ca-SO

R- Ca-HCO

R- Tozawa Na-Cl

HCO M HCO

M . N Na K Ca Mg Cl

SO DIONEX

Micromass

Optima

X R R

X D O R D H

O O SMOW HCO

HCO N-

H SO HCO CO Micromass

Optima PDB

Table Table R-
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0 24* 040 +/- 04/ 14/ *43 /4- +4+ 242 ,* ,42 /.42 340
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Table Chemical composition of hot springs

Fig. Trilinear diagrams for water samples

: HCO -Cl type, : SO -Cl type, : Cl-HCO type, : Cl-SO type, : River water
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Sample
No.

EC ORP Temp.
(mS/m) (mV) ( )

HCO

Stable isotope
Type of

ratios ( )
hot spring

water
Mg SO

Chemical composition
Name of (mg/L)

pH
hot spring

Na K Ca Cl D O C

H- Itakozuka SO -Cl

H- Kawauchi SO -Cl

H- Yunokawa SO -Cl

H- Kuwahata Cl-HCO

H- Shimoburo Cl-SO

H- Akagawa HCO -Cl

H- Okuyagen SO -Cl

H- Osorezan Cl-SO

Fig. pH . . EC

. . mS m, ORP mV, . .

Na-Cl Ca-HCO

SO

Ca-SO Ca-SO

pH . . mS m,

mV, . .

- . - .

,

-

-
,,

.
, +2 +-

.

.

.

-

.

-

.

.
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,
.

. .

0/4, +*4/ .4*

0/4- ++4* .4+

0,4* +*4/ +141

/34* 24. *43

.040 040

//4. 34, *4*

0,4* +*40 +-42

.34- 14*

+ 14, /,* 2* 0+4* ++** ,, ,,* 0+ 0/* ,** ,,**

, 141 +10 -. /,40 ,** +. +/* +, +,* 00 0.*

- 240 +*0 * /*4, +** .42 +-* *4+, 2. +0 .,*

. 041 +*+* 3, -/4. +3** +** /+* ,** -+** +/** +***

/ -4. /1* -+ 004. 23* +-* +3* +4. +1** * /,*

0 04. +1. +*/ -34/ ,1* +2 2* /* +3* 0.* ,**

1 242 2* -+ 0*4. 21 -4+ 1, *4*0 .1 +3 -**

2 -41 ./* /1 .*4, 1-* 3+ ++* .4* +-** * ,1*

- . . 2 .

/ / ,2 * /* ./2 . , ++ /
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Fig. Relationship of D and O

: HCO -Cl type, : SO -Cl type, : Cl-HCO type, : Cl-SO type,

: River water, : Meteoric line
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H- : HCO -Cl H- : H- :

H- : H- : SO -Cl H- : Cl-HCO H- : H- :

Cl-SO

Fig. D O

d D- O d Deuterium excess d, d

Fig.
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d

d ; Fig. D O d
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