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Deep seated brine has been identified as a spring water upwelling in non-volcanic region in Japan.
They have distinct chemical signatures such as a high-chlorine content, O-H isotopic ratios departing from
the meteoric water line with no tritium, and a high *He/*He ratio indicating a deep-origin (Matsubaya et al.,
1973; Tanaka et al., 1984; Masuda et al., 1985). In addition to these geochemical characters, recent studies
suggest a linkage with the slab-derived fluid, based on unconventional isotopes and elements for studies on
spring waters, such as Nd and Pb isotopes and Rare earth elements (REEs) (e.g., Kazahaya et al., 2014;
Kusuda et al., 2014; Nakamura et al., 2014; 2015).

The geochemical behaviour and partitioning of REEs between solid and fluid are sensitive to
temperature, volatile fugacity, and pH during the upwelling processes where these parameters are potentially
variable (Ohta and Kawabe, 2000). By using this sensitivity of REEs in spring waters, we have investigated
the origin and upwelling processes of the deep-seated fluids along the Median Tectonic Line (MTL) in
central to southwest Japan (Nakamura et al., 2016; this study).

As a result, various types of spring water have been identified. A deep brine is thought to be upwelling
along the MTL and subsidiary faults, which are variably mixed with meteoric waters to precipitates REE-
bearing minerals in a meteoric aquifer and evolved into spring waters with a distinct REE pattern. Rather
pure meteoric waters recycling through the aquifer are widely observed in the same limited area, some of
which are highly carbonated by gas with high 3He/4He derived from the deep brine. Such carbonation
enhances an interaction with the host rocks of the aquifer, which may dissolve REEs (particularly light
REEs) derived from host rocks.

These fluid behaviors are also distinguished by a multivariate statistical analysis (e.g., lwamori et al.,
2017). The REEs variability observed in these spring waters can be explained by three principal components
(PCs) that covers ~90% of the total sample variance. (1) The first principal component PC-01 corresponds
to a dilution process of deep brine by meteoric water without fractionating REEs; (2) PC-02 represents a
precipitation process of REEs from the brine upon decarbonation in a deep aquifer, except for Eu which is
derived from plagioclase; and (3) PC-03 represents an incorporation of REEs from host rocks by
carbonation, although compositions of the host rocks may also have a significant impact on the spring water
compositions. A comparison of the spring waters along the MTL has revealed a systematic geographic
distribution (Morikawa et al., 2016; Nakamura et al., 2016). For instance, the deep-brines occur in the
western part of the Kii Peninsula along the MTL, and the meteoric waters carbonated by the deep gas occur
in the eastern part of the Kii Peninsula. The latter seems to upwell in the restricted region where deep low-
frequency tremors are observed (Nakamura et al., 2016). Fluid chemistry would be a good indicator for
deciphering the tectonic setting and/or temporal evolution of fluid upwelling.
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