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abStract

Magnesite (MgCO3) is an important phase for the carbon cycle in and out of the Earth’s mantle. Its 
comparably large P-T stability has been inferred for several years based on the absence of its decom-
position in experiments. Here we report the first experimental evidence for synthesis of magnesite out 
of its oxide components (MgO and CO2) at P-T conditions relevant to the Earth’s mantle. 

Magnesite formation was observed in situ using synchrotron X-ray diffraction, coupled with laser-
heated diamond-anvil cells (DACs), at pressures and temperatures of Earth’s mantle. Despite the 
existence of multiple high-pressure CO2 polymorphs, the magnesite-forming reaction was observed 
to proceed at pressures ranging from 5 to 40 GPa and temperatures between 1400 and 1800 K. No 
other pressure-quenchable materials were observed to form via the MgO + CO2 = MgCO3 reaction. 
This work further strengthens the notion that magnesite may indeed be the primary host phase for 
oxidized carbon in the deep Earth.
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introDuction

The geological significance of carbon is clear due to its key 
roles in magmatic, metamorphic, eruptive, and ore-formation 
processes (Ganino and Arndt 2009; Heijlen et al. 2008; Roberge 
et al. 2009; Tappert et al. 2009). Furthermore, the transport, 
cycling, and storage of deep-Earth carbon are areas of intense, 
long-standing interest in which the interplay between atmo-
spheric, crustal, and mantle reservoirs is well appreciated (Hayes 
and Waldbauer 2006; Hirschmann and Dasgupta 2009; Ridgwell 
and Zeebe 2005; Sleep and Zahnle 2001). Due to its large volume 
(and therefore potentially large total carbon content), convective 
nature and direct connection to Earth’s surface via subduction 
and volcanic exchanges, the mantle is particularly important for 
understanding the carbon cycle on a planetary scale. The relative 
abundance of oxidized carbon vs. reduced carbon is difficult to 
quantify and is likely to vary with depth (e.g., Dasgupta and 
Hirschmann 2010), and there is abundant evidence regarding 
its complex mantle speciation, as indicated by the occurrence 
of carbonates in mantle-derived xenoliths (Berg 1986; Hervig 
and Smith 1981; McGetchin and Besancon 1973), kimberlitic 
diamonds, carbonatite magmas (Bell 1989) and prolific volcanic 
outgassing of CO2 (Oppenheimer and Kyle 2008; Werner and 
Brantley 2003) and, occasionally, CH4 (Fiebig et al. 2004).

There have been many petrologic studies in the CaO-MgO-
SiO2-CO2-H2O system (or a subset or slight expansion thereof) 
(Berg 1986; Brey et al. 1983; Brey and Green 1977; Katsura and 

Ito 1990; Koziol and Newton 1998; Kushiro 1975; Martinez et 
al. 1998; Newton and Sharp 1975; Olafsson and Eggler 1983; 
Wyllie 1977). The majority of these studies have been carried 
out in large-volume presses at pressures and temperatures (P-
T) representative of the lower crust and upper mantle, where 
much of our current knowledge about the carbon-containing 
system lies.

A key conclusion from these early studies is the remarkable 
stability of carbonate minerals prior to decarbonation reactions 
at high temperatures. Although carbonate inclusions in xenoliths 
are fairly rare, likely due to decarbonation during exhumation 
(Canil 1990), numerous subsequent experimental studies have 
documented the striking stability of magnesite (MgCO3) to 
very high P-T (Berg 1986; Biellmann et al. 1993; Canil 1990; 
Fiquet et al. 2002; Fiquet and Reynard 1999; Isshiki et al. 2004; 
Katsura and Ito 1990; Katsura et al. 1991; Litasov et al. 2008; 
Martinez et al. 1998; Ross 1997; Santillan et al. 2005). The high 
temperatures [3000 K at 85 GPa (Isshiki et al. 2004)] achieved 
via laser-heated DACs strongly support the stability of magnesite 
to extreme P-T. Accordingly, carbonate is generally considered 
to be the dominant oxidized carbon species throughout much of 
the mantle, with magnesite, specifically, as the most abundant 
carbonate.

The predominance of magnesite at deep lower-mantle condi-
tions, however, is less clear, as a structural transition to magnesite 
II at pressures greater than ∼115 GPa has been observed (Isshiki 
et al. 2004; Panero and Kabbes 2008; Skorodumova et al. 2005). 
Additionally, Boulard et al. (2011) demonstrated the formation of 
a (CO4)4–-structured phase in iron-containing magnesite [(Mg,Fe)* E-mail: hpscott@iusb.edu


