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Abstract
Knowledge of the stability of carbonate minerals at high pressure is essential to better understand 

the carbon cycle deep inside the Earth. The evolution of Raman modes of carbonates with increasing 
pressure can straightforwardly illustrate lattice softening and stiffening. Here, we report Raman modes 
of natural magnesite MgCO3 up to 75 GPa at room temperature using helium as a pressure-transmitting 
medium (PTM). Our Raman spectra of MgCO3 show the splitting of T and ν4 modes initiated at ap-
proximate 30 and 50 GPa, respectively, which may be associated with its lattice distortions. The MgCO3 
structure was referred to as MgCO3-Ib at 30–50 GPa and as MgCO3-Ic at 50–75 GPa. Intriguingly, at 
75.4 GPa some new vibrational signatures appeared around 250–350 and ~800 cm–1. The emergence 
of these Raman bands in MgCO3 under relatively hydrostatic conditions is consistent with the onset 
pressure of structural transition to MgCO3-II revealed by theoretical predictions and high-pressure and 
high-temperature experiments. This study suggests that hydrostatic conditions may significantly affect 
the structural evolution of MgCO3 with increasing pressure, which shall be considered for modeling 
the carbon cycle in the Earth’s lower mantle.
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Introduction
Carbonate minerals play a significant role in the deep-carbon 

cycle of the Earth’s interior (Hazen et al. 2013; Hazen and Schif-
fries 2013). Geochemical and petrologic evidence indicates 
that carbon is subducted mainly as carbonates (e.g., Plank and 
Manning 2019; Sanchez-Valle et al. 2011), potentially contribut-
ing to the deep carbon storage as well as affecting the physical 
and chemical properties of the Earth’s interior. The presence 
of carbonates can dramatically affect the behavior of mantle 
aggregates such as melting, viscosity, electrical conductivity, 
thermal conductivity, and elasticity (Fu et al. 2017; Gaillard et 
al. 2008; Yao et al. 2018). The stability of carbonate minerals at 
high pressure is thus crucial to constrain the deep-carbon cycle 
as well as the chemistry and dynamics of many geological pro-
cesses (Fu et al. 2017; Isshiki et al. 2004; Liu et al. 2015; Sun 
et al. 2020; Yao et al. 2018).

Among all carbonate minerals subducting into the Earth’s 
deep interior, magnesite MgCO3 has been extensively investi-
gated as one of the most prominent deep-carbon carriers. The 
discovery of MgCO3 in deep-diamond inclusions demonstrated 
its existence in the deep mantle (e.g., Wang et al. 1996). A large 
number of experiments and theoretical calculations have con-
centrated on the stability of pure MgCO3 under high pressures. 
However, its high-pressure stability is still a subject of ongoing 
debates due to the influence of complicating factors such as 
pressure, temperature, oxygen fugacity, and bulk composition 
relevant to the deep mantle (e.g., Boulard et al. 2011; Fiquet and 

Reynard 1999; Fiquet et al. 2002; Isshiki et al. 2004; Katsura 
et al. 1991; Li and Stackhouse 2020; Lobanov and Goncharov 
2020; Oganov et al. 2008; Panero and Kabbes 2008; Pickard and 
Needs 2015; Santillán et al. 2005; Skorodumova et al. 2005).

Magnesite is in the rhombohedral structure R3c (defined as 
“MgCO3-I”). Santillán et al. (2005) observed evident changes in 
the vibrational modes of MgCO3-I in infrared spectra at ~30 GPa, 
together with a remarkable decrease in the pressure dependence 
of the ν3 mode. They used KBr as a pressure-transmitting medium 
(PTM). However, there were no new Raman signatures observed 
in the similar pressure range when the methanol-ethanol 4:1 
mixture (ME), argon, and KBr were used as PTMs (Gillet et al. 
1993; Williams et al. 1992). In addition, no structural transition 
was evidenced through X‑ray diffraction (XRD) experiments 
using argon or no PTM at pressures up to 83 GPa (Fiquet et al. 
2002; Katsura et al. 1991). Interestingly, it was experimentally 
observed that rhombohedral MgCO3-I transformed into ortho-
rhombic MgCO3-II at 115 GPa and 2100 K using Al2O3 powder 
as a PTM (Isshiki et al. 2004). These experimental results were 
later confirmed by theoretical calculations (Skorodumova et al. 
2005; Panero and Kabbes 2008), which predict that MgCO3-II 
becomes stable at ~113 GPa and 0 K. On the contrary, some 
theoretical calculations suggested that MgCO3-I could transform 
into the MgCO3-II phase with different structures, including 
P1, C2/m, and P21/c at 75–85 GPa and 0 K (Li and Stackhouse 
2020; Oganov et al. 2008; Pickard and Needs 2015). Similarly, 
recent high-pressure and high-temperature experiments have not 
reached a consensus on the crystal structure of MgCO3-II using 
diamond-anvil cells (DAC) coupled with laser-heating XRD 
(Boulard et al. 2011; Maeda et al. 2017). Therefore, there is a 




