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INTRODUCTION

Staurolite is a characteristic mineral of many medium-grade
metapelitic rocks. In these rocks, staurolite is normally rich in
Fe2+ and shows a highly variable H content ranging at least
from 2.7 to 4.2 atoms per formula unit (apfu) (Holdaway et al.
1986a, 1986b). According to Hawthorne et al. (1993a), the for-
mula Fe3–4Al18Si8O48H2–4 best describes most examples of natu-
rally occurring Fe-rich staurolite. During the past two decades,
staurolite in which substantial Mg replaces the Fe2+ has been
reported in high-pressure metamorphic rocks (e.g., Schreyer et
al. 1984; Enami and Zang 1988; Gil Ibarguchi et al. 1991).
Near end-member Mg-staurolite [up to Mg/(Mg + Fe) = 0.965]
was described from the Dora-Maira massif in the western Alps
(Simon et al. 1997; Simon and Chopin 2001). These staurolite
samples, probably with a high H content, formed during ultra-
high-pressure metamorphism at T ª 700 ∞C and P ª 3 GPa
(Simon et al. 1997; Simon and Chopin 2001).

Parallel to the increasing number of discoveries of Mg-
rich staurolite in nature, this high-pressure mineral has been
in the focus of experimental research. Following pioneering
studies of Schreyer (1968) and Schreyer and Seifert (1969),
Fockenberg (1995, 1998) investigated the chemical variabil-
ity of Mg-staurolite in the system MgO-Al2O3-SiO2-H2O as
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ABSTRACT

The enthalpies of drop solution in lead borate (2 PbO·B2O3) of four Mg-staurolite samples, syn-
thesized at 720 ∞C and pressures between 2 and 5 GPa, were measured by high-temperature oxide-
melt calorimetry at 702 ∞C. Staurolite compositions, determined by electron microprobe analysis,
Kar l -Fischer  t i t ra t ion,  and thermogravimetry,  are :  Mg 3.71Al 18.17Si 7.60O44.31(OH) 3.69,
Mg3.87Al17.65Si7.75O43.68(OH)4.32, Mg3.66Al17.76Si7.68O43.31(OH)4.69, and Mg3.58Al18.05Si7.43O43.01(OH)4.99. The
enthalpy of drop solution of the bulk samples (as well as the calculated values for the enthalpy of
formation from the elements of Mg-staurolite) are strongly correlated to the H content of the samples.
The enthalpy of formation from the elements is best described by the linear relation DfH0

298 (Mg-
staurolite) = (–25357.58 + 87.35 N) kJ/mol, where N = number of H atoms per formula unit in Mg-
staurolite. The enthalpy of drop solution of two partially dehydrated Mg-staurolite samples is in a
good agreement with the linear relation. Phase-equilibrium data for Mg-staurolite (Fockenberg 1998)
were recalculated using the stoichiometric formula Mg3.5Al18Si7.75O44(OH)4. Based on these mineral
equilibria and the internally consistent data set of Berman (1988), a mathematical programming
analysis of the thermodynamic data of Mg-staurolite gave DfH0

298 [Mg3.5Al18Si7.75O44(OH)4] =
–25005.14 kJ/mol, and S0

298 [Mg3.5Al18Si7.75O44(OH)4] = 937.94 J/(K·mol). Thus, for the first time,
reliable thermodynamic data for Mg-staurolite, based on experimental constraints, are provided.

a function of water pressure and delineated its P-T stability.
Mg-staurolite is stable at pressures between 1.2 and 6.6 GPa
and temperatures ranging from 608 to 918 ∞C. Generally,
the H content increases with increasing pressure (Holdaway
et al. 1995; Fockenberg 1995). A complete solid solution
series of Fe- and Mg-bearing staurolite samples was syn-
thesized by Lattard and Bubenik (1995), and the Fe-Mg ex-
change between staurolite and garnet was experimentally
determined by Koch-Müller (1997).

Unfortunately, the interpretation of these experimental re-
sults suffers from the lack of reliable thermodynamic data for
staurolite (cf., Fockenberg 1998). While significant progress
was achieved by Holdaway et al. (1995) in deriving thermody-
namic data for theoretical end-member Fe-staurolite with vari-
able H content, for Mg-staurolite only a few estimated values
of the enthalpy of formation or its standard entropy can be found
in the literature (cf., Table 1). In order to verify these estimates
and to improve the thermodynamic database of this high-pres-
sure phase, we have done calorimetric experiments on several
synthetic Mg-staurolite samples with variable H content. The
results of these experiments serve as constraints for a math-
ematical programming (MAP) analysis based on the experi-
mentally determined P-T stability of Mg-staurolite (Fockenberg
1998) and the internally consistent thermodynamic data set of
Berman (1988, revised 1992).


