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INTRODUCTION

Carbonate minerals play a key role in cycling carbon into the 
deep Earth via subduction, with CaCO3 and MgCO3 being two 
of the most likely carbonates potentially present in the mantle. 
Indeed, both experiments and theory indicate that aragonite 
(CaCO3) and R3�c-structured magnesite (MgCO3) may be the 
two oxidized carbon-bearing phases energetically favored under 
upper mantle conditions (Martinez et al. 1996). The high-pressure 
phase of dolomite (CaMg(CO3)2) could also be a major carbon-
bearing phase in the deep mantle: the volume differences between 
mixtures of CaCO3 plus MgCO3 and CaMg(CO3)2 are minimal 
at high pressures, implying that energetic differences between 
these phases are small (Santillán et al. 2003). For comparison, 
orthorhombic aragonite has been observed to undergo a transition 
to a trigonal structure at pressures near 50 GPa (Santillán and 
Williams 2004a). This trigonal structure is likely the dominant 
structure for CaCO3 in the deep mantle. In contrast, magnesite is 
stable in the calcite structure throughout the bulk of the mantle 
(Gillet et al. 1993; Martinez et al. 1998). Recent experimental 
work by Isshiki et al. (2004) shows that magnesite transforms to 
an unknown structure at ∼115 GPa and ∼2100�2200 K. Prior to 
this transition, anomalous structural effects have been proposed 
to occur in compressed magnesite at pressures between 20 and 
80 GPa. Although the CO3 unit behaves as a nearly rigid unit in 
MgCO3 between zero and 20 GPa, Rietveld reÞ nements of X-ray 
diffraction data suggest that on compression above 20 GPa the C-

O bonds expand by nearly 6% before beginning to shorten again 
around 50 GPa (Fiquet et al. 2002). Fiquet et al. (2002) concluded 
that this counterintuitive behavior is produced by the O-O distances 
between carbonate groups being large enough that the energetic 
effect of this C-O bond length expansion can be compensated for 
by compression of the MgO6 octahedra, with O-O repulsive forces 
ultimately becoming dominant between 50�60 GPa. 

Infrared spectroscopy provides a direct probe of the behavior 
of the CO3

2� group in magnesite, and can potentially conÞ rm 
whether this rather large bond lengthening occurs. Indeed, 
vibrational modes of magnesite have been previously studied 
by several workers under high-pressure conditions using both 
infrared (Grzechnik et al. 1999) and Raman spectroscopy (Wil-
liams et al. 1992; Gillet et al. 1993). However, the highest pres-
sure for which infrared data have been measured is 28.8 GPa 
(Grzechnik et al. 1999), while Raman measurements have been 
reported to 34.4 GPa (Williams et al. 1992). Thus, each of these 
studies only overlap the lowermost portion of the pressure range 
over which the lengthening of the C-O bond is reported to take 
place. Neither study reports anomalous vibrational behavior 
that might be compatible with the C-O bond distance changes 
in the X-ray study of Fiquet et al. (2002). However, the bond 
lengthening expected over the pressure range of these studies is 
only ∼2% at a pressure of 34 GPa, or only one-third of the total 
C-O bond expansion inferred to occur in magnesite. Here, we 
conduct a vibrational spectroscopic study that spans the pressure 
range from 20�60 GPa to provide constraints on the possible 
anomalous, pressure-induced changes in the C-O bond. We use 
infrared spectroscopy to constrain the C-O force constants at 
pressure, and infer likely bond length changes that are consistent 
with our spectroscopic data.
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ABSTRACT

Infrared spectra of magnesite, MgCO3, have been measured in the diamond anvil cell from 0 to 
60 GPa at 300 K. Mode shifts were determined for the in-plane bend, the asymmetric-stretch, and the 
out-of-plane bend of the carbonate group, as well as a magnesium ion translational mode. The in-plane 
bend shows a small positive shift and ultimately merges with the out-of-plane bend, exhibiting an 
accidental degeneracy by 60 GPa. The asymmetric stretch exhibits highly nonlinear behavior, shifting 
monotonically to pressures of ∼30 GPa, at which point its shift markedly decreases to ∼50 GPa. At 50 
GPa, it again shifts strongly with pressure. We calculate force constants for the carbonate group under 
pressure from our data, and correlate these with the C-O bond length. Our data are consistent with a 
slight lengthening (∼0.01 Å) of the C-O bond between 30 and 50 GPa to a maximum bond distance of 
∼1.27 Å. Although our Þ nding of bond lengthening is in general agreement with previously published 
Rietveld reÞ nements of X-ray diffraction data for magnesite under pressure, our data indicate that 
the lengthening is likely substantially smaller than previously proposed. The expansion of the C-O 
bond in magnesite can be produced by rotations of the MgO6 octahedra, and such non-ionic crystal-
chemical effects may be a key contributor to the remarkable stability of R3�c-structured carbonates to 
very high pressures.


