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Experimental determination of the reaction: Magnesite 1 enstatite 5
forsterite 1 CO2 in the ranges 6–25 kbar and 700–1100 8C
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ABSTRACT

The P-T equilibrium curve of the reaction of magnesite 1 enstatite 5 forsterite and CO2

was determined in the ranges 6–25 kbar and 700–1100 8C by 53 reversed experiments
carried out in 1.91 cm diameter piston-cylinder apparatus with NaCl pressure medium.
Silver oxalate was used as a CO2 source and charges were buffered at hematite-magnetite
oxygen fugacity. Reaction progress was monitored by weight changes upon puncturing of
CO2-inflated quenched charge capsules and was confirmed by comparing X-ray diffrac-
tograms of charges made before and after the experiments. The data satisfy the relation:
PEQ 5 23.215 2 4.784 3 1023 T 1 2.542 3 1025 T2 with P in kbar and T in 8C. A P-T
curve calculated with the 1994 version 2.3 THERMOCALC program agrees well with our
results except in the highest pressure range. Our data, together with three existing tight
experimental brackets on the decarbonation reaction of magnesite to periclase and CO2,
give DH (298 K) (forsterite) 5 261.20 6 0.87 kJ/mol from the oxides. This value is in0

f

agreement with the value adopted by Berman (1988). An analysis of various proposed
equations of state for CO2 shows that only those of Mäder and Berman (1991) and Frost
and Wood (1997) meet the constraints imposed by this study near 1000 8C and 10–20
kbar. The modified Redlich-Kwong (MRK)-based equations of state overestimate CO2 fu-
gacity in this pressure range.

INTRODUCTION

Carbonate minerals may be the major reservoir for C
in the mantle and therefore may play an important role
in the global carbon cycle. The system MgO-SiO2-CO2

provides a simple chemical model for understanding the
relationship between silicate, carbonate, and reduced car-
bon phases in the mantle. Mg-rich olivine and orthopy-
roxene are the major minerals of mantle peridotites, and
magnesite is a stable carbonate at mantle pressures great-
er than about 3.5 GPa (Brey et al. 1983; Kushiro et al.
1975). Magnesite has been shown to be in equilibrium
with (Mg,Fe)SiO3 perovskite and magnesiowüstite at 50
GPa and 1500–2500 K (Biellman et al. 1993), and it also
has been noted, though rarely, as an inclusion in diamond
(Wang et al. 1996).

The most important equilibrium governing the stability
of magnesite in the Earth’s mantle is

MgSiO 1 MgCO 5 Mg SiO 1 CO . (1)3 3 2 4 2

enstatite magnesite forsterite

Normal upper mantle geothermal gradients lie well within
the stability field of the left-hand assemblage; decarbon-
ation may occur in mantle regions of abnormally high
temperatures (Eggler et al. 1979; Newton and Sharp
1975). However, modeling the role of decarbonation re-
actions in the mantle requires an equation of state for CO2

that is accurate at mantle pressure-temperature conditions.

This study presents the results of piston-cylinder ex-
periments on reaction 1 conducted over a broad temper-
ature-pressure range, 700 to 1100 8C and 6 to 25 kbar.
This range bridges the gap between the previous high-
pressure study of Newton and Sharp (1975) and the 2
kbar work of Johannes (1969). Analysis of our data along
with results on the reaction magnesite 5 periclase 1 CO2

(Johannes and Metz 1968; Koziol and Newton 1995)
leads to an improved value for the enthalpy of formation
of forsterite. In addition, because reaction 1 is tightly
bracketed by our experiments from 6–25 kbar, we can
place limitations on the fugacity of CO2 in this pressure-
temperature range and evaluate several published CO2

equations of state.

EXPERIMENTAL METHODS

Experiments on reaction 1 were made using procedures
similar to those described in Koziol and Newton (1995).
The experiments were carried out in two different piston-
cylinder apparatus with slightly different designs and ca-
pabilities. All experiments were made under piston-out
conditions. A press engineered for moderate pressures,
referred to here as BG, was used for experiments at 6.5
to 15.5 kbar. Calibration experiments showed that no fric-
tional pressure correction is required and that maximum
pressure uncertainties are 6200 bars. Another press, en-
gineered for higher pressure conditions and referred to


