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Geochemistry of 3.5 Ga North Pole basalts and its implications for material recycling in
the early Earth
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One of the characteristic of the Earth includes plate tectonics, which causes effective recycling of near-surface materials and
brings heterogeneity into the Earth. The modern mantle is geochemically heterogeneous, as is sampled by mid-ocean ridge basalts
(MORB) and ocean island basalts (OIB), indicating different mantle sources. Geochemical variability of the mantle has now been
statistically re-analyzed to have found that the two contrasting but mutually compensating nature of the MORB and OIB sources
(Iwamori et al., 2010). A question then arises as to when and how such heterogeneity of the mantle has been created. Komiya et
al. (2004) argue there were at least two mantle sources in the Archean based on major element and REE compositions of MORB
and OIB.

Based on these background, we perform the trace element and isotopic measurements for Archean MORB and OIB in this
study to give constraints on differentiation of the Earth and its timing, in particular, the material recycling associated with plate
subduction with the crustal components. Archean basalt samples of ˜3.5 Ga were collected from North Pole in northwestern
Australia, and have been classified as MORB and OIB by their geological occurrence and stratigraphy (Komiya et al., 2002).
Results include ˜30 trace elements and Sr and Nd isotopic measurement for relatively fresh three MORB and three OIB samples,
being spatially associated within several km in the study area. Clinopyroxene (cpx) has been sampled from one MORB sample
using a micro-drilling system, in order to avoid alteration effects, which was analyzed for trace elements and Sr-Nd isotopic
ratios, together with the total six whole rock analyses.

Both the whole rock and the cpx compositions show a consistent composition indicating a high degree of melting of a primitive
mantle (10 to 20 percent for OIB, and 30 to 40 percent for MORB) with a small amount of garnet in the residue, except for
alkaline elements, alkaline earth elements, and Sr isotopic compositions, which are thought to have been significantly perturbed
by alteration. Since presence of MORB and the duplex structure in the study area suggests that a type of mid-ocean ridge system
already operated at 3.5 Ga, material recycling with subduction must have started at that time. The results of this study suggest
that the mantle was principally homogeneous, indicating that the subducted material was not well stirred to affect the mantle
composition at 3.5 Ga. We also conclude that cpx is useful to recover the original and correct compositions in the old rocks, and
by comparing it with the whole rock analyses, we are able to evaluate the degree of metamorphism or aleteration of the whole
rock compositions.
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