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abstraCt

Ferromagnesite [(Mg,Fe)CO3] has been proposed as a candidate host mineral for carbon in the 
Earth’s mantle. Studying its physical and chemical properties at relevant pressures and temperatures 
helps our understanding of deep-carbon storage in the planet’s interior and on its surface. Here we 
have studied high-pressure vibrational and elastic properties of magnesian siderite [(Mg0.35Fe0.65)CO3] 
across the electronic spin transition by Raman and X-ray diffraction spectroscopies in a diamond-anvil 
cell. Our results show an increase in Raman shift of the observed lattice modes of magnesian siderite 
across the spin transition at 45 GPa as a result of an ∼8% unit-cell volume collapse and a 10% stiffer 
lattice (higher bulk modulus). C-O bond lengthening in the strong, rigid (CO3)2– unit across the spin 
transition contributes to a competitive decrease in Raman shift, most evident in the Raman shift de-
crease of the symmetric stretching mode. Combined vibrational and elastic results are used to derive 
the mode Grüneisen parameter of each mode, which drops significantly across the transition. These 
results suggest that the low-spin state has distinctive vibrational and elastic properties compared to the 
high-spin state. Analyses of all recent experimental results on the (Mg,Fe)CO3 system show no appre-
ciable compositional effect on the transition pressure, indicating weak iron-iron exchange interactions. 
Our results provide new insight into understanding the effects of the spin transition on the vibrational, 
elastic, and thermodynamic properties of (Mg,Fe)CO3 as a candidate carbon-host in the deep mantle.
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introduCtion

Carbonates are the main form of carbon-bearing minerals 
on the Earth’s surface and can be transported deep into Earth’s 
mantle through subduction of oceanic lithosphere (Javoy 1997; 
Seto et al. 2008). Owing to the extremely low solubility of carbon 
in mantle silicates (Shcheka et al. 2006), carbon from plate sub-
duction and primordial origins may exist primarily in accessory 
carbon compounds in the deep mantle. With increasing depth in 
the Earth’s interior, these potential accessory deep-carbon hosts 
can exist in various forms such as CO2 and hydrocarbon-rich 
fluids/melts, carbonates (calcite, dolomite, magnesite), diamond 
and graphitic compounds, and iron carbides, among others (e.g., 
Li and Fei 2003; Dasgupta and Hirschmann 2010; Kaminsky 
and Wirth 2011). Several studies have suggested that magnesite 
(MgCO3) could become the main host for carbon at the expense 
of calcite and dolomite at mantle conditions (Katsura and Ito 
1990; Isshiki et al. 2004; Litasov et al. 2008). Although the redox 
state, amount of carbon, and potential existence of metallic iron 
in the deep Earth can all affect the stability of accessory carbon 
phases (Dasgupta and Hirschmann 2010), the observations of 
some carbonate inclusions in diamonds from the lower mantle 
have further supported magnesite as a major host of deep mantle 
carbon (Pal’yanov et al. 1999; Stachel et al. 2000; Brenker et al. 

2007). Considering the average Fe/Mg molar ratio of ~0.12 in 
the Earth’s mantle (McDonough and Sun 1995), the composition 
of carbonates in the mantle is likely to lie between magnesite 
(MgCO3) and siderite (FeCO3); these two end-member phases 
are known to form a continuous, solid solution, (Mg,Fe)CO3. 
However, previous studies have shown that iron partitions 
strongly into coexisting silicates rather than into magnesite at 
relevant mantle pressure-temperature conditions (Ghosh et al. 
2009; Stagno and Frost 2010; Rohrbach and Schmidt 2011). 
Nevertheless, studying the properties of Fe-bearing magnesite 
helps to elucidate deep-carbon storage in the mantle. Hereafter, 
the solid-solution component in the MgCO3-FeCO3 series is 
correctly referred to as ferromagnesite for the Mg-rich portion, 
or magnesian siderite for the Fe-rich portion of (Mg,Fe)CO3, 
instead of plainly “siderite.”

Recent experimental and theoretical studies have shown that 
magnesite remains chemically stable at the high pressure-temper-
ature (P-T) conditions of the deep mantle, even though a number 
of structural transitions in MgCO3 have been reported (Biellmann 
et al. 1993; Isshiki et al. 2004; Oganov et al. 2008). The P-T con-
ditions required to cause chemical dissociation and decarbonation 
of magnesite far exceed those present in the deep mantle, thus 
providing a possible storage mechanism for carbon in the lower 
mantle (Biellmann et al. 1993; Isshiki et al. 2004). An electronic 
high-spin (HS) to low-spin (LS) transition of Fe2+ is reported to 
occur in ferromagnesite at ambient temperature and ~40–45 GPa * E-mail: afu@jsg.utexas.edu


