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INTRODUCTION

Mineral assemblages in the crust commonly form as a result 
of reactions between rock and an inÞ ltrating ß uid; both reac-
tion and inÞ ltration are time dependent. Laboratory studies of 
reaction rates are generally performed with the use of mineral 
powders to approximate rock assemblages (e.g., Dachs and 
Metz 1988; Heinrich et al. 1986, 1989; Kase and Metz 1980; 
Kridelbaugh 1973; Lüttge and Metz 1991; Schramke et al. 1987; 
Tanner et al. 1985). Those studies were successful in describ-
ing mechanisms and rates of reactions, but the large porosities 
and surface areas of powders in direct contact with an abundant 
ß uid phase differ considerably from low-permeability rocks 
(Lüttge and Metz 1993). To investigate kinetic processes under 
more realistic conditions, we conducted an experimental study 
that used dolomitic marble as starting material to determine the 
reaction textures and rates.

We investigated the breakdown of dolomite in H2O-rich ß uid. 
The dolomite�H2O system is ideal to study the roles of grain-
boundary transport and surface reaction in rocks experimentally. 
The system is relatively simple, having only four components 
with the reaction dolomite = calcite + periclase + CO2. It is 
signiÞ cant for the study of metamorphic ß uid�rock interaction 
because the presence of periclase (or its retrograde equivalent 

brucite) is a hallmark of reaction between dolomite and H2O-rich 
ß uid (e.g., Kerrick 1970; Ferry 1991) and because the reaction 
generates porosity, which promotes ß uid ß ow through the rock. 
Through use of samples of various grain size and texture, control 
of pressure and temperature conditions, and use of isotopically 
and chemically characterized ß uids, we could determine the 
reaction textures, measure the rate, and model the rate-control-
ling process in the natural rock samples. 

METHODS

Experimental techniques
Two dolomitic marble samples were selected from the Reed Dolomite, 

Tonopah, Nevada (Fig. 1). The Reed Dolomite is a massive, brown to tan, me-
dium- to coarse-grained dolomitic marble that contains rare thin layers of phyllite, 
quartzite, and calcitic marble (Richards et al. 1996). Sample LM (Þ eld sample 
number LM57), from Lone Mountain, Nevada, is light gray, homogeneous, and 
contains equant dolomite grains ranging in size from 0.25 to 0.50 mm in diameter. 
This sample is 95% dolomite, with minor amounts of quartz, and has a slightly 
friable texture. Sample MR (Þ eld sample number MR22-2), from Mineral Ridge, 
Nevada, is light gray to yellow in color. Average dolomite grain-size ranges from 
0.5 to 1.0 mm in diameter, and the grains are irregular in shape. This sample also 
contains minor quartz veins and intergranular fractures.

The experimental design is similar to that of Lüttge and Metz (1993) in their 
study of dolomite + quartz stability. Small cores, approximately 4 mm in diameter 
and 5�7 mm in length, were drilled from each marble sample. The cores were 
placed within thin-walled, 5 mm gold tubes, approximately 7.5 cm in length. An 
aliquot of H2

18O or HD18O0.5
16O0.5 was added to each sample, and the capsules were 

purged with CO2 gas and welded closed. The water�dolomite [CaMg(CO3)2] molar * E-mail: tlabotka@utk.edu
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ABSTRACT

The kinetics of the breakdown reaction dolomite = periclase + calcite + CO2 were investigated using 
cores of dolomitic marble. Two samples of Reed Dolomite from southwestern Nevada were cut into 
cylinders approximately 4 × 6 mm in size. The cores were sealed in gold capsules with isotopically 
enriched water (H2

18O or HD18O0.5
16O0.5). The samples were heated in a cold-seal hydrothermal apparatus 

to 650�750 °C at 100 MPa for durations ranging from 2�59 days. The cores were then sectioned and 
examined by EPMA, XRD, and SIMS techniques. All experiments showed some amount of reaction 
regardless of duration or temperature. Reaction products occurred mainly along grain boundaries, 
fractures within grains, and along sample edges. Ion images and isotope-ratio analysis indicated that 
reaction products exchanged with inÞ ltrating ß uids. Reaction rates were calculated from measured 
extents of reaction, which were determined from automated EPMA modes. At 700 °C, we measured 
reaction rates ranging from 3.8 × 10�14 to 2.3 × 10�12 mol/mm2·s. The extent of reaction is proportional 
to the square root of time, suggesting a diffusion-controlled process. A shrinking-core model for the 
dolomite breakdown reaction Þ ts the grain-size data, suggesting that diffusion of H2O and CO2 through 
the mantle of reaction products controlled the rate. Apparent activation energies for that diffusion are 
~283 ± 32 kJ/mol for coarse-grained samples and ~333 ± 36 kJ/mol for Þ ne-grained samples. Initial 
reaction occurred relatively fast near the surface of dolomite grains, but continued diffusion through 
the reaction products ultimately controlled the rate of dolomite breakdown.
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