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Hydrothermal Alteration of Deep Borehole Samples
Outside of the Caldera Rim of the Hakone Volcano
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Abstract. Hydrothermal alteration mineral assemblages were determined by X-ray diffraction
pattern of samples from two deep boreholes, which were drilled at Nebukawa and Miyashita,
southeast flank of the Hakone volcano. Both boreholes reached the basement (Hayakawa Tuff
Breccias and Yugashima Formation) through Hakone volcanic rocks. Characteristic mineral
assemblages are smectite, swelling chlorite, chlorite, chlorite + epidote + wairakite in descending
order in the Nebukawa borehole. In the Miyashita borehole, they are smectite, chlorite, and
chlorite + epidote, in descending order. Basically, these changes in mineral assemblages are
results of temperature gradient in neutral to basic hydrothermal activity. The difference
between two boreholes probably comes from the difference in chemistry of hydrothermal fluid,
in particular, COz concentration. In the Nebukawa borehole, zonation of mineral assmblages
in Yugashima formation is well preserved, since hydrothermal alterations of the younger
formations are weak. In contrast, Hayakawa Tuff Breccias suffered intense alteration and younger

hydrothermal activity overprinted in Yugashima Formation in the Miyashita borehole.
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