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Report: 

The aim of this experiment was to study carbonate stability and its solubility within mantle silicate 
phases. Mg,Fe-rich carbonates play a key role on the geodynamic carbon cycle as they are the main oxidized 
carbon-bearing phase deep in the Earth. In our previous studies on iron-bearing carbonates stability, two new 
high P-T phases were observed for two compositions: (1) the (Mg,Fe)CO3 system above 85 GPa – 2000 K (. 
Boulard et al., 2011) and (2) the FeCO3 composition above 40 GPa – 1500 K (E. Boulard et al., 2012). In 
both structures ex situ analyses showed drastic changes in the crystal chemistry : 1) a change in the carbon 
environment as carbon formed CO4 tetrahedra instead of the CO3 groups normally seen in carbonates 2) the 
two new high P-T phases are Fe3+ bearing phases (E. Boulard et al., 2012; E. Boulard et al., 2011). Such 
changes may influence carbonate –silicate reactivity at lower mantle conditions. Here, we used in situ XRD 
in order to study the stability of the Fe2+-rich carbonate and Fe3+-rich high-pressure phases of carbonate in 
equilibrium with bridgmanite at lower mantle conditions.  

 
Starting materials were mixtures of powdered synthetic silicate (enstatite, Mg0.8Fe0.2SiO3) and natural 

carbonate. We used four different mixtures compositions. The goal of the present study was to investigate the 
effect of the Fe-content, for that we used three different composition of carbonate: Mg0.25Fe0.75CO3, 
Mg0.44Fe0.56CO3 (Mg-siderite) and MgCO3 (magnesite). In addition, in order to study the effect of the amount 
of Fe3+ in the silicate phase, we performed experiments with Mg0.25Fe0.75CO3 together with synthetic Al-
bearing bridgmanite glass prepared by aerodynamic levitation at I.M.P.M.C. (cf Auzende et al., 2011). 
For each composition, XRD have been collected at high pressure and high temperature in three different 
pressure ranges:  
- below 50 GPa: below the Fe spin transition in siderite 
- between 50 and 80 GPa : above the Fe spin transition in siderite 
- above 80 GPa: above the phase transition of magnesite and siderite. 
  



 

At pressure below 50 GPa, bridgmanite together with carbonate are observed in the XRD patterns 
during and after laser heating. Little differences are observed between mixture with Al-bearing silicate and 
Al-free silicate. However, all experiments conducted with Mg-siderite result in the formation of magnetite 
which was not observed in the case of magnesite as the starting carbonate (Figure 1).  

 
Above 80 GPa, magnesite and siderite transformed into a high pressure phase. In agreement with our 

previous study (see report HS3697, Eglantine Boulard et al., 2011), we observed the transformation of 
magnesite into the post-magnesite phase with a monoclinic structure. As shown in Figure 2, MgCO3 + 
Mg0.8Fe0.2SiO3 experiments led to the formation of the post-magnesite together with bridgmanite. Again, 
experiments conducted with Fe-rich carbonate led to redox reaction hence a more complex mineral 
assemblage is observed. Further ex situ analyses are under process in order to obtain information on these 
mineral assemblages. 

 
 
 
 
 
 
 
 
 
 
Figure 1:  
XRD patterns of three different 
starting material mixtures at 
pressure between 30 and 40 GPa 
(below the Fe spin transition in 
siderite). 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  
XRD pattern  of MgCO3 + 
Mg0.8Fe0.2SiO3  at about 80 GPa and 
2100 K(above the carbonate high 
pressure phase transition). 
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