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major and trace elements and multi-isotopic (Pb, Sm-Nd, Lu-Hf) geochemical tools on
residual peridotites
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This Ph.D thesis presents the results of fist finding of extremely depleted peridotites based on major and trace elements and
multi isotope (Pb-Nd-Hf) study of the Horoman peridotite massif, Japan. The results elaborate the evidence for the existence of the
most depleted mantle component that has been so far considered as hypothetical.

Extremely low elemental concentrations of the Earth’s mantle peridotites challenge their precise isotopic analyses. The most
depleted mantle end member (DMM) lacks its direct samples on the Earth’s surface, hence its isotopic composition is hypothesized
indirectly from the mid ocean ridge basalts (MORB). The peridotites studied here show the lowest Pb isotope ratios ever found from
Earth’s mantle, that proves the physical existence of the DMM and the results indicate long-term preservation of DMM characters
without being destroyed by the mantle convection. High Nd and Hf together with extremely low Pb isotope compositions discovered
here enable to conclude, for the first time, that nearly 12% of the Earth’s mantle is ultra-depleted and has been ‘hidden’ for at least 1
giga year. These results show that the DMM is no longer hypothetical but can be preserved as ancient undisturbed mantle peridotites,
and being highly depleted, magma can not be formed of it. Further accounting this ultra-depleted mantle survived as a hidden
reservoir can provide a successful solution to the Earth’s Pb isotope paradox , which has been a dilemma for geochemists over
decades. Hence, this research marks an important scientific advance in understanding the isotopic heterogeneity of the Earth’s mantle.

In addition, the results of this study reveal for the first time new geochemical features of the gabbros intercalated with the
peridotites. Namely, arc-magma affected gabbros and fluid/melt unaffected gabbros. Therefore, these gabbros may record extremely
different magmatic events preserved within the Horoman mantle section.

The thesis consists of five chapters.

Chapter 1: Samples of the upper mantle-residual peridotites

Provides an introduction of the upper mantle and melt/fluid related mantle process
Chapter 2: Analyzed samples and methods

Describes sample preparation and treatment, and the analytical approach
Chapter 3: Petrography and Mineral chemistry

Presents petrographic descriptions, major and trace element results of minerals
Chapter 4: Whole rock geochemistry

Presents major, minor and trace elements and isotopic compositions of whole rocks
Chapter 5: Discussion and conclusions

Provides geological interpretations on the obtained data, their implications for the upper mantle processes and

heterogeneity and conclusions from the study
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