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INTRODUCTION

Altered oceanic crust undergoes devolatilization as it is sub-
ducted. Fluids released into the mantle consist of CO2-bearing
aqueous solutions containing other dissolved components, es-
pecially alkali, alkaline-earth halides and carbonates, as inferred
from fluid-inclusion studies (Roedder 1984). These fluid phases
then react with mantle minerals leading to mantle wedge meta-
somatism. Therefore, estimation of mantle metasomatism re-
quires knowledge of minerals solubilities in fluids over a broad
range of pressure-temperature conditions. Furthermore, an ac-
curate knowledge of solution equilibria and solubilities is re-
quired to interpret kinetic studies of mineral dissolution and
precipitation. Despite the recognized importance of fluids ex-
pelled from subducted slabs as metamorphic agents (e.g., Pea-
cock 1990; Scambelluri and Philippot 2000), their chemical
composition and reactivity toward mantle minerals are known
from high-pressure studies carried out in quenched samples
(Ayers and Eggler 1995; Brenan et al. 1995; Keppler 1996;
Ayers et al. 1997; Stalder et al. 1998; Newton and Manning
2000a, 2000b; Melzer and Wunder 2001).

Because CO2 is a major volatile component in deep fluids,
the dissolution of carbonate minerals plays an important role
in controlling the composition and properties of those fluids.
Unfortunately, very few solubility studies have been carried
out on carbonates at elevated P and T and most of these are
dedicated to calcite (Sharp and Kennedy 1965; Fein and Walther
1987). Fein and Walther (1987) measured calcite solubility in
H2O-CO2 fluids to 620 ∞C and 2 kbar pressure, and showed
that, at constant mol fraction of CO2, calcite solubility increases as
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ABSTRACT

In-situ measurements of the amount of dissolution of carbonate minerals at high pressures (up to
3.6 GPa) and temperatures (up to 523 K) are reported. Using an externally heated diamond anvil cell
(DAC) and synchrotron X-ray fluorescence (SXRF), the extent of dissolution of strontianite (SrCO3)
has been followed as a function of time by monitoring the fluorescence of Sr cations in the fluid
surrounding the crystal. This work demonstrates that Sr2+ concentrations as low as 1000 ppm can be
detected and measured in-situ in a DAC, using a forward transmission geometry. The preliminary
data presented here indicate that this technique has high potential for determining solution compo-
sition in high-pressure and high-temperature geochemical studies.

a function of pressure, but decreases with increasing temperature.
Strontianite (SrCO3) has been chosen in this study instead of

calcite for the following reasons: (1) its solubility, although differ-
ent from that of aragonite and calcite by almost one order of mag-
nitude, follows the general behavior observed for calcium
carbonates with P-T for the limited investigated range (Plummer
and Busenberg 1982; Busenberg et al. 1984; Fein and Walther
1987); (2) Sr is amenable to solubility measurement through in-
situ X-rays fluorescence whereas Ca is not; (3) Sr is a widely used
geochemical tracer of hydrothermal processes (McCulloch et al.
1991; Hawkesworth et al. 1993); and (4) modeling its behavior in
natural Ca-rich solid solutions requires data on its own end-mem-
ber (Plummer and Busenberg 1987).

Early studies of SrCO3 solubility were performed in pure
water, at various CO2 partial pressures and temperatures. For
instance, Haehnel (1924) measured the solubility of strontianite
at 18 ∞C and PCO2 of 1.0 atm, McCoy and Smith (1911) investi-
gated CO2 partial pressures in the range 0.05–1.1 atm range
and 25 ∞C. Helz and Holland (1965) reported measurements of
strontianite solubility at 50, 100, and 200 ∞C under CO2-pres-
sures between 1.0 and 50.0 atm. More recently, Millero et al.
(1984) measured the solubility of SrCO3 in 0.1 to 6 m NaCl
solutions at 25 ∞C. Finally, Busenberg et al. (1984) reported
solubility data in CO2-H2O solutions between 2 and 91 ∞C, by
measuring quenched fluids by EDTA titration. All these stud-
ies have shown that the solubility of strontianite decreases with
increasing temperature at constant CO2 pressures, as is the case
for other alkaline earth carbonates at subcritical conditions
(Plummer and Busenberg 1982).

Although the solubility constant of strontianite (Ks) is well
documented in the 2–200 ∞C temperature range (Helz and Hol-
land 1965; Busenberg et al. 1984), the behavior of the SrCO3-


