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An experimental study of the diffusion of C and O in calcite in mixed CO2-H2O fluid
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absTRaCT

The diffusivity of C and O in calcite in mixed CO2-H2O fluid was determined over the range in 
xCO2 from 1.0 to about 0.2 at 700 °C, 100 MPa, with selected experiments conducted at pressures to 
250 MPa and temperatures of 600 and 800 °C. The diffusivity of C, DC, varies little with xCO2, although 
there is some evidence for a slight increase in DC from ∼5 × 10−18 to ∼5 × 10−17 cm2/s with decreas-
ing xCO2. Our data and those of others are consistent with a model for DC ∝ 1/fCO2. Despite the large 
uncertainty, we observed that the diffusivity of O, DO, increases from ∼2 × 10−16 to ∼5 × 10−14 cm2/s 
with xCO2 decreasing from 1.0 to 0. There is a good correlation at 700 °C between log DO and log fH2O 
regardless of the total pressure, matching the observations of previous workers. The data are consistent 
with a simple two-component model for the diffusion of O in calcite, one component for diffusion in 
the presence of CO2 and one in the presence of H2O: DO = DO

CO2 + DO
H2O aH2O. The activity of H2O is 

relative to the fugacity at 100 MPa, 700 °C. DO
CO2 is 3.45 × 10−16, and DO

H2O is 3.8 × 10−14 cm2/s. The 
data indicate that the rate of diffusion of C and O in calcite is controlled by reactions at the surface of 
calcite. Adsorption of H2O and the creation of vacancies at the surface account for the dependence of 
the diffusivity on the fugacity of the fluid components. There is little evidence that H itself diffuses 
into calcite. With this model and the values of DO in pure CO2 (Labotka et al. 2000) and in pure H2O 
(Farver 1994), the value of DO is predicted over the temperature range 600–800 °C and pH2O up to 
300 MPa, the range of the data. Calculated closure temperatures for diffusive exchange of O between 
calcite and fluid are reduced by about 150 °C in the presence of an aqueous fluid.
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InTRoDuCTIon

The stable-isotope composition of calcite is one of the best 
tracers for determining the environment of origin, the implica-
tions for past climate, the history of mineral-fluid interaction, 
and the temperature of metamorphic or hydrothermal systems. Of 
paramount concern is the preservation of the isotopic composi-
tion; diffusive exchange and recrystallization can alter or erase 
the preexisting C- and O-isotope composition of calcite. Studies 
of diffusion of C and O in calcite have shown that diffusivity 
in calcite depends on the composition of the intergranular fluid, 
among other factors such as temperature, pressure, and trace-ele-
ment composition. We have undertaken an experimental study 
to determine this dependence on fluid composition. This study 
complements our other studies of the diffusivities of C and O 
in calcite in pure CO2 over the pressure range from 0.1 to 200 
MPa (Labotka et al. 2000, 2004).

It has been long known that the rate of diffusion of C and 
O in minerals depends strongly on temperature [see Cole and 
Chakraborty (2001) for a review], but for calcite in particular, 

other parameters also have a major effect on the diffusivity of C 
and O. First, Kronenberg et al. (1984) found that the trace-ele-
ment content of calcite affects the diffusivity of O at low pressure. 
Second, pressure increase, although typically having a small 
effect on diffusion in most materials (Lazarus and Nachtrieb 
1963), was found by Labotka et al. (2004) to decrease the C 
diffusivity in calcite by approximately two orders of magnitude 
over the range from 0.1 to 100 MPa. Third, diffusion of O in 
calcite in the presence of H2O was found by Farver (1994) to be 
approximately two orders of magnitude greater than in the dry 
system (Labotka et al. 2000).

The latter observation indicates that the fluid composition has 
a major influence on the value of D. The key question is whether 
D depends on the partial pressure of CO2 or on the proportion 
of H2O. We conducted experiments with calcite and mixtures of 
CO2 and H2O to determine whether pCO2, pH2O, or both affect the 
diffusivities of C and O. The relation is certainly important for 
understanding geologic processes because most crustal fluids 
are aqueous.

Although our experiments span pressure and temperature 
conditions appropriate for the upper crust, we focus on diffusion 
in mixed CO2 fluids at 700 °C, 100 MPa. Those are the condi-
tions studied by Labotka et al. (2000) for calcite in pure CO2.
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