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Mid-ocean ridge basalt (MORB), the melting product of the
ambient convecting mantle, subducts at convergent margins.
Some of this material returns to the surface as tectonically
exhumed or xenolithic “oceanic” eclogite.

Oceanic eclogite is a key indicator of past subduction and can
also be used to investigate its source in the convecting mantle as
far back as ~3 Ga. However, the eclogite record is obscured by
seafloor weathering and processing in subduction zones. When
samples that were metasomatised or derived from strongly
differentiated or cumulate protoliths are excluded, V/Sc and
Fe3+/ΣFe in eclogites are robust geochemical proxies of the
oxygen fugacity (ƒO2) of the ambient mantle. Both ratios are
higher in post-Archaean than in most Archaean eclogites,
suggesting a secular increase in the convecting mantle’s ƒO2.
The moderately incompatible elements, Ti and Sm, record the
melt fraction by which the eclogites’ protoliths formed, and
indirectly, the mantle potential temperature (TP). Their
abundances increase through time, consistent with cooling, but
require TP at 3 Ga only some 100-150°C higher than today.
Extremely low 87Sr/86Sr (≤0.7007) in some eclogites suggests
moderate depletion of ambient mantle by 3 Ga. These parameters
(ƒO2, TP, composition) affect mantle dynamics and melting
relations, plate strength and the redox state of volcanic gases,
with strong impacts on the evolution of Earth and life.

Oxybarometry also shows that after metamorphism, the vast
majority of eclogites, including those showing evidence of
seafloor weathering (non-mantle δ18O), record ƒO2 lower than
both modern MORB and its Archaean equivalent. The low ƒO2
stabilises diamond relative to oxidised carbon species, presenting
a pathway for deep carbon recycling, and indicating little
oxidising power for deeply subducted oceanic crust.
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