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            Abstract
More than 50 per cent of the Earth's upper mantle consists of olivine and it is generally thought that mantle-derived melts are generated in equilibrium with this mineral. Here, however, we show that the unusually high nickel and silicon contents of most parental Hawaiian magmas are inconsistent with a deep olivine-bearing source, because this mineral together with pyroxene buffers both nickel and silicon at lower levels. This can be resolved if the olivine of the mantle peridotite is consumed by reaction with melts derived from recycled oceanic crust, to form a secondary pyroxenitic source. Our modelling shows that more than half of Hawaiian magmas formed during the past 1â€‰Myr came from this source. In addition, we estimate that the proportion of recycled (oceanic) crust varies from 30 per cent near the plume centre to insignificant levels at the plume edge. These results are also consistent with volcano volumes, magma volume flux and seismological observations.
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                    Figure 1: Compositions of olivines from mantle-derived rocks.[image: ]


Figure 2: Parental melt and lava compositions, showing that Hawaiian shield parental melts are higher in Ni and Si than permitted in equilibrium with an olivine-bearing source, and that conventional models cannot explain this feature.[image: ]


Figure 3: Model diagram of the Hawaiian mantle plume.[image: ]


Figure 4: Hawaiian parental melts and lavas as mixtures of melts from two contrasting lithologies, olivine-free (reaction) pyroxenite and common peridotite.[image: ]


Figure 5: Schematic map of present position of the Hawaiian mantle plume, modified from ref. 50.[image: ]
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