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ORIGIN AND TRANSPORTATION PROCESS OF ELEMENTS 

IN THERMAL WATER OF MAGMATIC HYDROTHERMAL SYSTEM 
– EXAMINATION ON STRONGLY ACIDIC THERMAL WATER 

OF TAMAGAWA HOT SPRING, AKITA PREFECTURE 
Tamagawa hot spring with precipitating Ra-Pb-bearing barite is one of hot springs in a volcanic gas-bearing hydrothermal system associated with activities of Quaternary andesitic to dacitic magma beneath Yakeyama Volcano. The geology around Tamagawa hot spring area consists of Miocene Aniai Formation (1500 m in thickness or more), Quaternary Pre-Yakeyama lake deposits (200 m in thickness) and Quaternary andesitic to dacitic volcanics of Yakeyama Volcano (200 m in thickness) [Ohba, 1991; Sudo, 1992]. The Tamagawa hot spring occurs in volcanic crater formed by the eruptions about 5000 years ago [Sumi and Takashima, 1972; Ohba, 1991].
Thermal water in Tamagawa hot spring is divided into three types: Cl-SO4 type (Ohbuki hot spring: pH 1.2), SO4 type (pH 1.8 to 2.9) and neutral type (pH 6.1). These hot springs occur from center to marginal parts in the order of Cl-SO4 type, SO4 type and neutral type. The temperatures of Ohbuki Cl-SO4 type thermal water, SO4 type thermal water and neutral thermal water are 96 degree, 83 to 97 degree and 44 to 57 degree, respectively. The flow rate of Ohbuki Cl-SO4 type hot spring is 9.000L/min. Concentrations of Na, K, Mg, Ca, Fe, Mn, Rb, Sr, Ba, Pb, total REE, Th and U in Ohbuki Cl-SO4 type thermal water are 52, 50, 49, 177, 170, 4, 0.23, 0.42, 1.19, 2.41, 0.32, 0.009 and 0.005 ppm, respectively. On the other hand, the concentrations of Na, K, Mg, Ca, Fe, Mn, Rb, Sr, Ba, Pb, total REE, Th and U in typical SO4-type thermal water are 6.4, 8.2, 1.1, 11.3, 19.7, 0.2, 0.02, 0.10, 0.115, 0.12, 0.042, 0.0036 and 0.009 ppm, respectively. The concentrations of dissolved components of the Ohbuki Cl-SO4 type thermal water are about ten times higher than those of components of SO4-type thermal water.
The Sr isotopic ratios range from 0.703992 to 0.704032 for the Ohbuki Cl-SO4 type thermal water. While the Sr isotopic ratio of SO4 type thermal water is 0.704245. The Sr isotopic ratios of SO4 type thermal water in Sakebizawa geothermal area near the Tamagawa hot spring also range from 0.704330 to 0.704401. These Sr isotopic ratios are similar to that of SO4 type thermal water in Tamagawa hot spring. The Sr isotopic ratios of river water around Tamagawa hot spring range from 0.704314 to 0.704519 [Kamei et al., 1999]. The Sr isotopic ratio of Cl-SO4 type thermal water is lower than Sr isotopic ratios of SO4 type thermal water and river water in the Tamagawa hot 
spring area.

The Sr isotopic ratios of rocks below Tamagawa hot spring range from 0.704130 to 0.707132 for the Aniai Formation, from 0.70425 to 0.704549 for the pre-Yakeyama lake deposits [Kamei et al., 1999], from 0.70387 to 0.704138 for middle stage andesite of the Yakeyama Volcanics [Ohba, 1993; Kamei et al., 1999], from 0.70379 to 0.70411 for the late-stage of andesite of the Yakeyama Volcanics and from 0.70388 to 0.70393 for the late-stage of dacite of the Yakeyama Volcanics [Ohba, 1993]. The Sr isotopic ratios of middle stage andesite around the Ohbuki hot spring area range from 0.704065 to 0.704093 and these Sr isotopic ratios are distinctly higher than those of Ohbuki Cl-SO4 type thermal water.
The Sr isotopic ratio of SO4 type thermal water in the Tamagawa hot spring is included in the range between Sr isotopic ratios of andesite and river water in Tamagawa hot spring area. Based on the data of Sr isotopic ratios presented above and geology around Tamagawa hot spring area, the SO4 type thermal water in Tamagawa hot spring is thought to be formed by interaction between the andesite and ground water derived from river water in Tanagawa hot spring area. The formation process for the SO4 type thermal water is also supported by the results that (1) the SO4 type thermal water is formed by mixing of fumarolic steam including CO2 and H2S with shallow ground water and oxidation of H2S at the near surface environments and (2) the SO4 type thermal water is interacted with andesitic volcanics of Yakeyama Volcano based on the oxygen and hydrogen isotopic studies on the thermal water in Tamagawa hot spring area [Matsubaya, 1996] and data of geology in the area.
The Sr isotopic ratios of the Ohbuki Cl-SO4 type thermal water are lower than those of andesitic volcanics around Tamagawa hot spring area. The Sr content of the Cl-SO4 type thermal water is about ten times higher than that of SO4 type thermal water. These facts suggest that the origin of Sr in the Ohbuki Cl-SO4 type thermal water is different from the origin of Sr in the SO4 type thermal water. The Cl-SO4 type thermal water has been boiling at a depth of 400 m deep and has been separating into steam and residual hot water on the basis of the result of hydrogen and oxygen isotopic studies on the Cl-SO4 type thermal water [Matsubaya, 1996]. The temperatures for interaction between rocks and original hydrothermal solution for the Ohbuki Cl-SO4 type thermal water should be higher temperature. The Cl-SO4 type thermal water would be transported from deeper part of the Tamagawa hydrothermal system. One of possible source of Sr in the Ohbuki Cl-SO4 type thermal water would be andesitic to dacitic magma that is solidifying in deeper part below the Tamagawa hot spring area, because it is thought that the andesitic to dacitic magma has low Sr isotopic ratios like Sr isotopic ratios of the Ohbuki Cl-SO4 type thermal water. The Sr isotopic ratios of the Ohbuki Cl-SO4 type thermal water are lower than those of rocks consisting of the Aniai Formation and pre-Yakeyama lake deposits around Tamagawa hot spring area. Considering that the Ohbuki Cl-SO4 type thermal water is transported from deeper part in the hydrothermal system and the Sr isotopic ratios of Cl-SO4 type thermal water are different from Sr isotopic ratios of rocks of Aniai Formation and pre-Yakeyama lake deposits beneath the Tamagawa hot spring area, the Cl-SO4 type thermal water is transported from deeper part near magmatic environment to surface directly without interaction between the thermal water and the rocks occurring around the path of Cl-SO4 type thermal water. 
A similar origin and process are thought to be on other elements such as Ba, Pb, Ra and REEs in the Cl-SO4 type thermal water.
References

Kamei J., Kato H., Ueda A., Okano O. and Yamamoto M. Sr concentration and its isotopic ratio in the Sumikawa and Ohnuma geothermal fields // J. Geotherm. Res. Soc. Japan, 1999. 21. P. 379–390 (in Japanese with English abstract).
Matsubaya O. Characteristics of Japanese geothermal system based in oxygen and hydrogen isotopic ratios of geothermal water // Gekkan Chikyu, Spec. Issue, 1996. No. 16. P. 154–158 (in Japanese).

Ohba T. Geology and petrology of Akita-yakeyama volcano: 1. geology // J. Mineral. Petrol. Econ. Geol., 1991. 86. P. 305–322 (in Japanese with English abstract). 

Ohba T. Geology and petrology of Akita-yakeyama volcano: 2. evolutional history of magma composition // J. Mineral. Petrol. Econ. Geol., 1993. 88. P. 1–19 (in Japanese with English abstract).

Sudo S. Explanatory text of the geological map of the central part of the Sengan Geological Area, scale 1:50,000, Miscellaneous Map Series (21-5) // Geol. Surv. Japan, 1992. 73. (in Japanese with English abstract).

Sumi K and Takashima I. Quaternary deposits and their 14C-ages in Tamagawa – hot spring area, Akita Prefecture, Japan // Bull. Geol. Surv. Japan, 1972. 23, P. 157–168 (in Japanese with English abstract). 

