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Causality between greenhouse world and genesis of a resource for rare-earth
elements deciphered by high-precision geochemical analyses and mathematical
methods
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The goal of this study was to elucidate the cause of the formation of
high-grade rare-earth element (REE)-rich mud in the early Cenozoic greenhouse world. We used
deep-sea sediment core samples taken from the North and South Pacific and Indian Oceans for chemical

composition, carbon and oxygen isotopic analyses, and osmium and barium isotopic analyses. The
results showed that chemical weathering of continental rocks and marine bioproductivity were
enhanced during the significantly warming period (called “ hyperthermal” events). Furthermore,
numerical simulations suggest that changes in marine bioproductivity, as well as those in
continental weathering intensity and sea level, may have played an important role in the production
of very high-grade REE-rich mud.
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