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Local Ca-Mg distribution of Mg-rich pyrope-grossular garnets synthesized at different
temperatures revealed by 29Si MAS NMR spectroscopy
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ABSTRACT
Pyrope-grossular solid solutions, (Mg,Ca)3Al2Si3O12, of composition Py85Gr15 and Py75Gr25 were
synthesized at 1000, 1200, and 1400 °C and 30 kbars in a piston-cylinder device. The synthetic
garnets were characterized using optical, microprobe, and X-ray methods and their Ca-Mg distributions were investigated using 29Si MAS NMR spectroscopy. The syntheses produced 100% garnet
except for those undertaken at 1000 °C, where small amounts (up to 3%) of clinopyroxene were
present. X-ray powder refinements showed differences up to 0.01 Å in the unit-cell dimension of the
garnets synthesized at the three different temperatures. A general decrease of the X-ray diffraction
line widths with increasing synthesis temperature is observed. The 29Si NMR spectra of Py85Gr15
show little change as a function of synthesis temperature. In the spectra of Py75Gr25 small but measurable changes in the relative peak intensities, depending upon synthesis temperature, were observed
with a more random cation distribution corresponding to a higher synthesis temperature. None of the
garnets investigated has a completely random Ca-Mg distribution. The reduction in configurational
entropy compared to the disordered state is estimated to be less than 2 J/mol·K.
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Aluminosilicate garnet solid solutions (X Al Si O12, with
X = Fe2+, Mn2+, Mg, and Ca) are considered to have complete
random distributions of cations on the X-site. However, 29Si
MAS NMR spectroscopic study of synthetic garnets along the
pyrope-grossular join (Bosenick et al. 1995) demonstrated the
presence of short-range order of Mg and Ca in intermediate
compositions (0.85 ≥ XMg ≥ 0.25). The pyrope-grossular garnets were largely synthesized over a limited temperature range
(1050–1150 °C). Hence the degree of ordering, which is temperature dependent, could only be investigated at the simplest
level. The results of our original study, if correct, require that
the configurational entropies for such garnets will differ from
those calculated assuming complete random disorder (i.e., Sconf
= –3R·[XCaln(XCa) + XMgln(XMg)]. Hence, the thermodynamic
modeling previously undertaken on pyrope-grossular garnets
would have to be revised.
We extended our original study by synthesizing two pyroperich compositions, namely Py85Gr15 and Py75Gr25, at three temperatures 1000, 1200, and 1400 °C to test whether short-range
order can be quenched in from high pressures and temperatures
and measured by 29Si NMR spectroscopy. If so, the temperature
dependence and some idea behind the energetics of cation ordering in garnets may be gathered. Pyrope-rich compositions
were chosen for study, because they are the most important for
garnets in the CMAS system and for natural high-pressure garnets, such as those found in grospydites (Sobolev et al. 1968).
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Synthesis and characterization
Garnets of composition Py85Gr15 and Py75Gr25 were synthesized from homogeneous glasses at high pressures and temperatures in a piston-cylinder device. The following oxides were
used to prepare the glasses: Al2O3 [Johnson Mattey (JM), ALFA
Products, 99.99%], CaCO 3 (JM, ultrapure), MgO (JM,
puratronic powder) and SiO2 (JM, 99.999%). The preparation
of the oxide mixtures (between 5 and 6 g) and the synthesis
methods of the glasses were similar to those described in
Bosenick et al. (1995), except that the glasses were melted at
1650 °C for a total of 60 min, instead of 30 min. In addition,
the glasses were ground and remelted twice to ensure compositional homogeneity. From each of the first two meltings about
1.5 g of the obtained glass was separated and reserved for syntheses. At the end of the procedure, between 2 and 3 g of glass
were obtained which had been melted a total of three times.
The first melting experiment produced better than 99% glass,
which increased in the second and third melting procedure.
Microprobe analysis of the final glasses showed them to be
homogeneous within better than 1% (±1σ) of their average composition. No changes in composition were observed between
the glasses obtained from the different melting cycles. The
measured pyrope mole fractions of the glasses were XMg =
0.847(4) and XMg = 0.746(4).
The P-T synthesis conditions of the pyrope-grossular garnets are summarized in Table 1. Between 180 and 220 mg of
starting glass material and about 1 µL of distilled water were
sealed in 5.0 mm diameter Pt or Au capsules. The syntheses
were undertaken in 1/2 inch talc-glass assemblies at a corrected
pressure of 30 ± 0.5 kbars, which accounts for a friction correc1422

