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INTRODUCTION

Siliceous dolomites have played a central role in petrolo-
gists’ efforts to understand the processes of metamorphism since
Bowen’s (1940) seminal publication. Forsterite (Fo) is an al-
most ubiquitous mineral in siliceous dolomites at medium to
high grades of contact metamorphism (Tracy and Frost 1991),
and the mineral commonly contains inclusions of calcite (Cal).
[These and all other mineral abbreviations follow those of Kretz
(1983).] Because the composition of Cal coexisting with dolo-
mite (Dol) is a sensitive function of T, the composition of the
Cal inclusions, in principle, records the T of entrapment in
marbles that contain prograde Dol as well as Fo and Cal. The T
recorded by Cal inclusions in Fo is significant for at least two
reasons. First, Cal in the matrix of marbles typically exsolves
Dol as the rocks cool, and the composition of matrix Cal there-
fore often records a cooling T rather than the peak T of meta-
morphism. Because Cal inclusions in Fo almost never exsolve
Dol, their compositions can provide more reliable estimates of
the peak T. Accurate estimates of the peak T of metamorphism
are essential, among other things, for development of thermal
and fluid flow models of metamorphic terrains. Second, be-
cause phase equilibria in metamorphosed siliceous dolomites
are well understood (Tracy and Frost 1991), the T of entrap-
ment of a Cal inclusion in Fo can be compared to the T of
likely Fo-producing reactions. The comparison sheds light on
the mechanisms of Fo grain growth during metamorphism and,
specifically, on the question of whether Fo grows strictly dur-
ing heterogeneous mineral reactions or whether it grows by
subsequent annealing as well. This paper reviews the compo-
sition of Cal inclusions in Fo from six contact aureoles in Eu-
rope and North America and explores the two applications of
the compositions in more detail.
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ABSTRACT

Forsterite in metamorphosed siliceous dolomites commonly contains calcite inclusions that are
significantly more magnesian than even the most-magnesian calcite grains in the matrix of the same
rock. Calcite inclusions in forsterite from dolomite-bearing rocks therefore have an unexploited
potential for providing more-accurate estimates of the peak T of metamorphism than do matrix cal-
cite grains. Some consequences for estimating fluid pressure and for the development of models of
heat and fluid transport during contact metamorphism are reviewed. Measured compositions of cal-
cite inclusions in forsterite from five contact aureoles indicate that significant growth of forsterite
grains continues over a 50–200 °C range in T after the initial nucleation and growth of the mineral
during heterogeneous mineral-fluid reaction. The continued growth may occur by an annealing mecha-
nism driven by reduction in interfacial free energy.

SAMPLES AND ANALYTICAL METHODS

Samples

Samples of Fo-bearing metamorphosed siliceous dolomite
were collected from six contact aureoles in Europe and North
America (Table 1). Ages of metamorphism range from Devo-
nian to Tertiary, and pressures (depths) of metamorphism range
from 500 to 3000 bars (2–11 km). Calcite inclusions in Fo were
successfully analyzed in 30 of the samples. At the peak of meta-
morphism, 16 samples contained Dol but no periclase (Per),
10 contained Per but no Dol, and 4 contained neither Dol nor
Per.

Analytical methods

Careful selection of Cal inclusions in Fo is essential for
successfully retrieving the composition of Cal at the time of
entrapment. Figure 1a illustrates a nearly ideal Cal inclusion in
Fo from the standpoint of size, shape, and relation to its host
Fo crystal. Inclusions smaller than 10 µm in diameter almost
never can be analyzed without contamination from host Fo.
Only samples collected relatively close to the contact between
pluton and marble normally meet this size requirement. Cal-
cite inclusions, like that in Figure 1a, usually retain their com-
position at the time of entrapment even if the host Fo is partially
serpentinized provided that the Cal inclusion is in no way con-
nected to serpentine (Srp). Even Cal inclusions connected to
Srp by a hairline fracture (Fig. 1b) have significantly lower
Mg-contents than unfractured inclusions. Inclusions that are
completely breached by Srp-lined fractures (Fig. 1c) usually
have compositions the same as exsolved Cal in the matrix. The
fractures evidently act as a conduit for rapid Ca and Mg trans-
port that allow the inclusion to equilibrate with the exsolved,
lower-Mg matrix Cal. Most Cal inclusions in Fo are oval (Fig.
1). Inclusions that are angular or irregular in shape typically
have lower Mg-contents than oval inclusions, implying that


