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In situ X-ray observation of the reaction dolomite = aragonite + magnesite at 900–1300 K
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ABSTRACT
To determine the reaction boundary dolomite = aragonite + magnesite, in situ X-ray experiments
on dolomite decomposition and synthesis were carried out in the temperature range 900 to 1300 K.
Dolomite decomposition experiments were conducted with increasing pressure at constant temperature, and the boundary was determined to be 5.3–5.9 GPa in the temperature range 800–1200 K and
5.9–6.3 GPa at 1300 K. Dolomite synthesis experiments were carried out with decreasing pressure at
constant temperature or with increasing temperature at constant press load. The dolomite synthesis
boundary was determined to be 6.7–6.9 GPa at 1300 K, 3.7–4.4 GPa at 1100 K, and 2–3 GPa at 800
K. Except at 1300K, the synthesis boundary is much lower in pressure and has a steeper dP/dT slope
than the decomposition boundary. The difference in the reaction boundary reflects the different kinetics between decomposition and synthesis reactions, and the former may be closer to the equilibrium phase boundary. The experimental results show that the phase boundary between dolomite and
aragonite + magnesite is located at ~6.4 GPa at 1300 K and has a dP/dT slope of 0.001 ± 0.001 GPa/
K in the temperature range 900 to 1200 K.

INTRODUCTION
Stability relations of carbonate minerals in the deep mantle
are important to our understanding of magmatic processes involving CO 2; i.e., genesis and origin of kimberlite and
carbonatite magmas. Carbonate stability is also very important
for understanding the geochemical cycle of carbon. Martinez
et al. (1996) determined bulk modulus and thermal expansivity
of dolomite and aragonite based on in situ X-ray observation
up to 7 GPa at 298–1273 K. Using their experimental results
and available thermodynamic data sets, Martinez et al. (1996)
calculated the phase boundary for dolomite = aragonite + magnesite. Moreover, they determined their boundary with an in situ
observation (decomposition of dolomite at 873 K). Their boundary has a small dP/dT slope indicating that dolomite is unstable
in the mantle at >7 GPa (Fig. 1). In a series of synthetic experiments with basalt + CO2, we found that dolomite is stable at 8.0
GPa and 1573 K (Shirasaka and Takahashi 1999), which is beyond the dolomite stability field of Martinez et al. (1996).
To determine the phase boundary dolomite = aragonite +
magnesite, high-pressure experiments were recently carried out
(Sato and Katsura 2001; Luth 2001). These studies show that
the phase boundary has a steeper dP/dT slope at > 1200 K indicating that the high-temperature extrapolation of the boundary
by Martinez et al. (1996) is unwarranted. The two experimental studies of Sato and Katsura (2001) and Luth (2001) give
similar results at high temperatures (~1500 K), whereas they
are inconsistent at lower temperatures. The reaction boundary
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at lower temperature may be less reliable due to insufficient
experiment duration (Sato and Katsura 2001) and/or limited
number of experiments (Luth 2001). Using the in situ X-ray
technique, only one experimental condition has been bracketed for the dolomite breakdown reaction (5.0–5.7 GPa at 873
K, Martinez et al. 1996). The primary purpose of this study is
to carry out in situ X-ray experiments for both decomposition
and synthesis of dolomite to determine the phase boundary at
lower temperatures (900–1300 K).

EXPERIMENTAL METHODS
Starting materials
A starting material of powdered natural dolomite with composition (Ca0.494Mg0.504Fe0.001Mn0.001)CO3 from Burumodo, Brazil was used in the decomposition experiments (“DOL” in Table
1). In the synthesis experiments (“AM” in Table 1), mixed powder of natural aragonite from Kochi, Japan and magnesite from
Mt. Brussilof mine, Canada (mole ratio 1:1) was used as the
starting material. In the latter starting material, the aragonite
composition is 99.9% CaCO3 and that of the magnesite is
(Mg0.998Fe0.001)CO3. Judging from the X-ray diffraction patterns,
aragonite and magnesite are pure but the dolomite includes a
small amount of magnesite (~5%; based on relative intensities
of the dolomite and magnesite 104 peaks). SEM examination
of the magnesite showed it to be free of inclusions.
Experimental techniques
The high-pressure and high-temperature experiments were
performed in the DIA-type, cubic multi-anvil apparatus MAX80
(Shimomura et al. 1985) located at the National Laboratory for
High-Energy Accelerator Research Organization (KEK, ARNE5 beam line), Tsukuba, Japan. Sintered diamond anvils with

