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Origin of mantle plume source materials for ocean island basalts (OIB) and continental flood basalts (CFB)

Origin of mantle plume source materials for ocean island
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Abstract. Continental flood basalts (CFB) and ocean island basalts (OIB) are surface expressions of mantle
plume activities on land and in the ocean basins. As CFB are unavoidably contaminated compositionally by
continental crust and subcontinental lithosphere, OIB have been studied extensively to understand the
physical conditions of magma genesis associated with mantle plumes and to reveal the ultimate origin of
mantle plume materials. For twenty years, a prevailing view is that mantle plumes are from ancient recycled
oceanic crust. This view, as demonstrated here, is in error. Petrology, geochemistry and mineral physics
show that ancient subducted oceanic crusts cannot be the source materials supplying ocean island basalts
(OIB). Melting of oceanic crusts cannot produce high magnesian OIB lavas. Ancient oceanic crusts (> 1 Ga)
are isotopically too depleted to meet the required values of most OIB. Subducted oceanic crusts that have
passed through subduction-zone dehydration are likely depleted in water-soluble incompatible elements (e.g.,
Ba, Rb, Cs, Th, U, K, Sr, Pb) relative to water-insoluble incompatible elements (e.g., Nb, Ta, Zr, Hf, Ti).
Melting of residual crusts with such trace element composition cannot produce OIB. Oceanic crusts
subducted into the lower mantle will be > 2% denser than the ambient mantle at shallow lower-mantle depths.
This negative buoyancy will impede return of the subducted oceanic crusts into the upper mantle. If
subducted oceanic crusts melt at the base of the mantle, the resultant melts are even denser, by up to ~ 15%,
than the ambient peridotitic mantle. Neither in the solid state nor in the melt form can subducted bulk
oceanic crusts return to upper mantle source regions of oceanic basalts. This irreversible process requires a
“hidden component” deep in the mantle unsampled by known volcanism, and would also lead to chemical
stratification of the mantle with the mean composition of the lower mantle becoming progressively higher in
Fe/Mg, Si/Mg, Al, Ti, Na, and low in Ca/Al. Deep portions of recycled oceanic lithosphere are the most
likely candidates for mantle plume sources in terms of petrology, geochemistry and mineral physics.

1. Introduction

One of the fundamental advances in modern geochemistry is the recognition of compositional
heterogeneities in the Earth’s mantle through studies of oceanic basalts. Ocean island basalts (OIB) are
particularly variable in composition such that several isotopically distinct mantle source end-members (e.g.,
“DM”, “EM17, “EM2”, “HUMU”, “FOZ0”, “C™) are required to explain the variability [e.g., White, 1985;
Zindler and Hart, 1986; Hart et al., 1992; Hanan and Graham, 1996]. The isotopic ratio differences among
these end-members reflect the differences of the radioactive parent/radiogenic daughter (P/D) ratios (e.g.,
Rb/Sr, Sm/Nd, U/Pb and Th/Pb) in their ultimate mantle sources which, with time and the implicit
assumption of a two-stage development, evolve to distinctive fields in isotope ratio spaces. Significant
fractionation of parent/daughter (P/D) ratios in the solid state is unlikely in the deep mantle due to extremely
slow diffusion [e.g., Hofimann and Hart, 1978], hence it is logical to suspect that processes known to occur in
the upper mantle and crust (e.g., partial melting and magma evolution, dehydration, alteration/metamorphism,
differential weathering, transport and sedimentation) are the likely causes of any P/D fractionation,
recognizing that the first two of these might also be factors in the lower mantle. These shallow or near-
surface P/D-fractionated materials are then introduced into mantle sources of oceanic basalts through
subduction zones. Mantle compositional heterogeneity is thus a general consequence of plate tectonics by
means of crust-mantle recycling.





