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Activity of Superplume :
A Clue to Understanding Mantle Dynamics
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Institute for Geothermal, Sciences, Kyoto University

Abstract

Understanding global changes within the Earth system through time with the aim of
predicting future changes is one of the exciting frontiers in Earth sciences. Of particu-
lar interest, the timing of major convective pulses within the Earth’s mantle may have
coincided with major changes in climate, mass biological extinction, geomagnetic field
reversal frequency, and important episode of continental breakup. The pulsation of the
mantle has been recorded as massive igneous activity, known as large igneous
provinces, and/or the formation of superswell with focusing of hotspot volcanism.
Geochemical data for lavas from those regions should provide key insights into such
dynamic processes in the Earth’s interior. Hotspot basalts from the S Pacific super-
swell region are distinct in their high Pb isotopic ratios, known as HIMU character.
Further, HIMU basalts have systematically different major, trace, and ultra-trace plat-
inum group elements compositions from other oceanic basalts. One of the plausible
processes causing such distinctive chemical compositions includes (1) selective deple-
tion of Pb in the sinking oceanic crust during dehydration processes in subduction
zones, (2) involvement of such subducting crustal components in forming HIMU man-
tle reservoir at lower mantle depths, and (3) the core-mantle interaction responsible for
platinum group elements enrichment in HIMU basalts. Lavas displaying chemical sig-
natures that typify whole-mantle-scale magmatism have been found among basalts
from giant oceanic plateaus in the W Pacific Ocean, and greenstones from subduction
zone complexes of eastern margin of the Asian continent. The occurrence of such
characteristic rocks, together with estimates of the ages of magmatic activity for those
basalts, may provide a rather compelling reason for believing that the pulsation of the
mantle took place at 90-150 and 300-350 Ma. The onset of these mantle pulses may
have preceded the commencement of the geomagnetic quiet zone, providing evidence
for the primary importance of the mantle pulsation in triggering an anomalous state in
the Earth’s core.
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Fig. 8 A possible model for the origin of superplume, which taps the HIMU reservoir at
the base of the lower mantle where addition of core materials may take place.
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