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Development of multi-elements triple stable isotope measurements and its
application
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High-precision isotopic measurements for oxygen, silicon, magnesium,
calcium, nickel, and chromium were developed, and these methods were applied to the study of
gas-melt reaction processes in the inner region of the protoplanetary disk, submarine hydrothermal
system, the formation of the parent body of the asteroid Ryugyu, etc. In this project, multi-element

isotopes were mainly used for these studies. In addition, the possibility to discriminate the
equilibrium and Kinetic isotope effects based on the relationship between two isotope ratios. With
current analytical precision, only oxygen isotopes are applicable, and further improvement of
analytical precision is required for the use of other elements.
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