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An experimental study of the breakdown of dolomite in H2O at 700 °C, 100 MPa
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ABSTRACT

The occurrence of periclase in contact-metamorphosed dolomite rock at modest temperature and pres-
sure indicates an infiltration of H2O because of the otherwise high temperature required for the reaction
dolomite→ periclase� calcite� CO2. We conducted experiments on the breakdown of dolomite in the
presence of H2O at 700 °C, 100MPa. Grains of dolomite, 175–250 μm in radius, were heated for up to 32
days (32 d). Rims of multigrain calcite and periclase formed around dolomite cores, with ∼50% of the
dolomite replaced in 32 d. The growth of the rim is similar to that for previous experiments conductedwith
cores of dolomite rock and follows a square root of time (
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) relation. The decrease in dolomite-core

radius with
��
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p
suggests that the rate is controlled by diffusion of CO2 and H2O through the reaction

rim. The results can be modeled by the topochemical or “shrinking-core” model, in which the unreacted
grain core radius shrinks as r = r0 −
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p
with a kinetic parameter κ of 6.76 ± 0.6 × 10−4 μm2/s

(0.0213 mm2/y). The model predicts that dolomite grains up to 2 mm in radius would disappear in
<200 y. In a rock undergoingmetamorphism at the conditions of the experiments, the reaction zone grows
to a width ranging from <2 mm to >800 mm, depending on the radius of the grains in the rock. The
porosity grows rapidly, and CO2 is released abundantly at the beginning of the reaction near the leading
edge of the periclase isograd. The shrinking-core process occurs as long as the intergranular fluid is H2O
rich, requiring a modest minimum flux sufficient to displace the evolved CO2. The common replacement
of periclase by brucite observed in nature was not seen in our experiments. Rather, the quench phase
was the magnesium-carbonate hydrate nesquehonite, suggesting the brucite forms only in very
CO2-poor fluid.
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THE PERICLASE ISOGRAD

Metamorphism of carbonate rocks results in a progression of
Ca-Mg-Al silicates, carbonates, hydroxides, and oxides that were
memorialized by Bowen (1940) in his mnemonic song: “Tremble
for dire peril walks, monstrous acrimony spurning mercy’s laws”
(Tracy and Frost 1991). Many of the minerals in the litany are
found primarily in contact-metamorphic aureoles. Those occur-
rences are a result of the low pressure in many aureoles in which
a pluton was emplaced into supracrustal rock near the surface of
the Earth [Burnham (1959); Ferry and Rumble (1997); Anovitz
et al. (1991); and many others and summarized by Tracy and Frost
(1991)]. With depth and increased pressure, the formation temper-
ature of theseminerals is too high to be found even at the contact of
the intrusion (Jaeger 1957; Labotka et al. 1984, 1988). Periclase is
a good example. Although there are other possible reactions, peri-
clase is most commonly formed by the breakdown of dolomite by
way of the reaction dolomite→ periclase� calcite�CO2. At low
pressure, dolomite is stable up to about 700 °C and breaks down at
about 900 °C at 200 MPa (Harker and Tuttle 1955; Goldsmith
1980; Graf and Goldsmith 1955; Reeder 1983) (Fig. 1a). Even
at amodest pressure of 50MPa, the temperature at which dolomite
breaks down exceeds 700 °C, which is rarely encountered at
the contact with magma. Yet, periclase is found in many aureoles,

for example, Beinn an Dubhaich, Scotland; Silver Star, Montana
(Ferry and Rumble 1997); Alta, Utah (Moore and Kerrick 1976);
Crestmore, California (Burnham 1959); and Marble Canyon,
Texas (Anovitz et al. 1991). Its presence is attributed to the pres-
ence of H2O in the pore space of the rock because the temperature
limit for the stability of dolomite is greatly reduced in the presence
of an H2O-rich fluid (Fig. 1b). So, the occurrence of periclase (and
wollastonite, another high-temperature mineral) indicates that the
host rock was infiltrated by an H2O-rich fluid during metamor-
phism (Ferry 1996; Ferry and Rumble 1997; Bowman et al.
2009; Baumgartner and Ferry 1991).

Another indication that the rock was infiltrated by H2O is the
invariable replacement of periclase by brucite. Periclase is
observed to have been preserved unaltered only as inclusions
in other minerals (Ferry and Rumble 1997). H2O has to have been
present, at least during the waning stages of metamorphism.

Because of the significance of the presence of periclase as an
indicator of fluid flow in a magma-hydrothermal system, we con-
ducted a series of laboratory-scale experiments of the breakdown
reaction (DeAngelis 2005, 2011; DeAngelis et al. 2007, 2016;
Labotka et al. 2007, 2009) at 100 MPa, 700 °C in the presence
of H2O. Under this condition, dolomite is not stable if the fluid
composition is XCO2

< 0.225, a value calculated from the ther-
modynamic database of Holland and Powell (2011). At these
conditions, partial melting may have occurred, as described by
Floess et al. (2015) and indicated by experiments of Wyllie
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