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Carbon in the deep Earth: The fate of
magnesite in the lower mantle.
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Carbon’s low solubility in mantle silicate indicates that it is
mainly stored in accessory phases such as carbonates, diamonds
or metal carbide [1]. However, our understanding of deep carbon
storage in Earth’s interior is still limited.

Carbonates may survive metamorphism and dehydration in the
sub arc and reach the lower mantle. Although, the oxygen
fugacity in the deep mantle may not favour the stability of
carbonates, they have been discovered as inclusions in ultra-deep
diamonds suggesting their presence at least in the transition zone
[2]. Results of high-pressure experiments suggest that magnesite
can be stable up to deep mantle pressure (∼80 GPa and 2500 K)
[3]. This observation makes magnesite, among carbonates, a
suited candidate to be present in the deep Earth. However, our
understanding of magnesite’s stability with co-existing mantle
silicate, such as bridgmanite, in the lower mantle is incomplete.

In order to address this issue, we conducted experiments using
multi-anvil press and laser-heated diamond anvil cells (LH-
DAC) at conditions ranging from 25 to 68 GPa and 1700 to 3000
K. Experiments were designed to test sub-solidus reactions,
melting, decarbonation and diamond formation in the magnesite-
bridgmanite system. Multi-anvil press experiments at 25 GPa and
temperatures below the mantle geotherm (1700 K) show
formation of carbonate-silicate melt. In addition, bridgmanite and
stishovite are formed, indicating incongruent melting of
bridgmanite to stishovite, in accordance with [4]. Our LH-DAC
data show presence of bridgmanite, ferromagnesite and stishovite
as well as diamond. A melt phase could not be detected in situ at
high temperature, however, presence of stishovite may indicate
incongruent melting.

Our preliminary interpretation is that melting occurs in the
magnesite-bridgmanite system at temperature below the mantle
geotherm. Therefore, we suggest that if subducted carbonate-
bearing silicates survive down to the lower mantle, they will melt
at conditions of the top of the lower mantle. Consequently,
carbon is more likely present in its reduced form in the lower

mantle (diamond or metal carbide).
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