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abstraCt

We studied FeCO3 using Fe K-edge X-ray absorption near-edge structure (XANES) spectroscopy 
at pressures up to 54 GPa and temperatures above 2000 K. First-principles calculations of Fe at the 
K-edge in FeCO3 were performed to support the interpretation of the XANES spectra. The variation 
of iron absorption edge features with pressure and temperature in FeCO3 matches well with recently 
reported observations on FeCO3 at extreme conditions, and provides new insight into the stability of 
Fe-carbonates in Earth’s mantle. Here we show that at conditions of the mid-lower mantle, ~50 GPa 
and ~2200 K, FeCO3 melts and partially decomposes to high-pressure Fe3O4. Carbon (diamond) and 
oxygen are also inferred products of the reaction. We constrained the thermodynamic phase boundary 
between crystalline FeCO3 and melt to be at 51(1) GPa and ~1850 K. We observe that at 54(1) GPa, 
temperature-induced spin crossover of Fe2+ takes place from low to high spin such that at 1735(100) K, 
all iron in FeCO3 is in the high-spin state. A comparison between experiment and theory provides a 
more detailed understanding of FeCO3 decomposition observed in X-ray absorption spectra and helps 
to explain spectral changes due to pressure-induced spin crossover in FeCO3 at ambient temperature.
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introduCtion

Subduction zones are descending limbs of Earth’s lithosphere 
that, together with ascending mantle plumes, are part of the active 
geodynamics of Earth that influence its physical and chemical 
evolution (e.g., Tackley et al. 1993; Zhao 2003; Walter et al. 
2011; Chang et al. 2016). Subduction zones are Earth’s largest 
recycling system. They deliver crustal material to Earth’s inte-
rior, where re-equilibration with the surrounding mantle takes 
place mainly via complex physical mechanisms and chemical 
reactions (e.g., Saunders and Tarney 1984; Keppler 1996; Motti 
et al. 2004; Bebout 2014). Material that is not recycled in the 
upper few hundred kilometers of subduction zones will subduct 
deeper, ultimately toward the core-mantle boundary (CMB), 
where different temperatures, pressures, and oxygen fugacities 
(fO2) govern the stability of subducted material (e.g., Bina and 
Helffrich 1994; Dubrovinsky et al. 2003; McCammon 2005; 
Rohrbach and Schmidt 2011; Stagno et al. 2011; Bykova et al. 
2016). The general structure of subducting slabs is well known 
and can be summarized as a layered sequence of sedimentary 
rocks, oceanic crust, and altered peridotite. The fate of slabs 
exposed to the extreme conditions present in Earth’s interior is 

already understood in a general way. However, a more detailed 
understanding requires investigation of the stability of each sub-
ducted phase to constrain the physics and chemistry of subducting 
plates at different depths inside Earth.

Carbonates are one of the major components of the sedimen-
tary layers (Rea and Ruff 1996). Their presence inside Earth is 
supported by laboratory experiments (Stagno et al. 2011; Liu 
et al. 2015; Cerantola et al. 2017) and through observations 
of natural samples, for example inclusions in diamonds from 
the upper and lower mantle (e.g Kvasnytsya and Wirth 2009; 
Kaminsky 2012; Kaminsky et al. 2016).

The three major carbonate components in the crust and 
upper mantle are CaCO3 (calcite), MgCO3 (magnesite), and 
FeCO3 (siderite). Their presence in subducting plates (Rea and 
Ruff 1996) and recycled banded iron formations (Klein 2005; 
Konhauser et al. 2017), and their stability in experiments that 
simulate the paragenesis of carbonated eclogites (i.e., Kiseeva et 
al. 2012, 2013) suggest that they are the major source of carbon 
influx into the deep Earth.

Previous high-pressure studies on the carbonate end-members 
CaCO3, MgCO3, and FeCO3 revealed high-pressure phase transi-
tions in all three phases (i.e., Isshiki et al. 2004; Ono et al. 2005; 
Lavina et al. 2009; Boulard et al. 2012; Smith et al. 2018; Li et 
al. 2018), as well as in solid solutions between these phases (i.e., 
Mao et al. 2011; Merlini et al. 2012; Liu et al. 2015; Soloma-
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