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AbStrACt
A suite of Fe-bearing natural and synthetic grossular-rich [(Ca,Fe)3(Al,Fe)2Si3O12] and pyrope-rich
[(Mg,Fe)3Al2Si3O12] garnets were investigated using 27Al and 29Si MAS NMR and 57Fe Mössbauer spectroscopy. This was done to study the state of cation order-disorder in garnet solid solutions by analyzing
paramagnetically shifted resonances in high-resolution NMR spectra. The Mössbauer spectra, along
with electron microprobe results, give the concentrations of Fe2+ and Fe3+ and their site occupancies,
even in grossular samples with very low concentrations of Fe. MAS NMR spectra were collected on
Fe2+-bearing grossular- and pyrope-rich garnets with up to 25 mol% almandine component and on other
Fe3+-bearing grossular samples with up to 9 mol% andradite component. Despite peak broadening and
signal loss, structural information was even obtained from garnet with relatively high Fe contents (25
mol% almandine component). Paramagnetically shifted NMR peaks, related to the presence of Fe2+,
were observed in grossular samples and are similar in nature to those reported previously for natural,
relatively low-Fe2+ pyrope garnets by Stebbins and Kelsey (2009). Additional NMR peaks appear as
2+
the concentration of Fe2+
cations around AlO6 and SiO4 groups. These newly observed peaks hold potential to provide information concerning the presence or absence of short-range ordering in certain Fe-bearing silicate garnets.
The effect of Fe3+ on the MAS NMR spectra of garnet appears to be less pronounced, because it does
not produce any observable paramagnetically shifted resonances.
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introduCtion
Garnet is an important mineral in various petrological, geochemical, and geophysical investigations. It occurs in numerous geologic environments throughout Earth’s crust and upper
mantle and it is stable with increasing pressure into the deeper
transition zone. Garnet’s crystal chemical formula is given by
VIII
X3VIY2IVZ3O12 with its three crystallographically independent
cation sites. The common rock-forming silicate garnets, VIIIX3VIY2
IV
Si3O12, can incorporate several different divalent cations at X
and trivalent cations at Y. The resulting solid-solution behavior
accounts for the rich crystal chemistry of the garnet group and
compositions reflect the conditions of formation (Baxter et al.
2013). Indeed, most natural garnets are typically found as multicomponent solid solutions and crystals rarely occur as pure
or nearly pure end-members such as grossular (Ca3Al2Si3O12),
pyrope (Mg3Al2Si3O12), almandine (Fe3Al2Si3O12), and andradite
(Ca3Fe2Si3O12). It follows that the structural state, including
questions of short- and long-range cation order, is important,
because it will affect stability and must be considered in any
thermodynamic solid-solution model of garnet.
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Diffraction investigations have shown that the aluminosilicate
solid-solution garnets, X3Al2Si3O12 with X = Ca, Fe2+, Mg, and
Mn2+, both synthetic and natural, possess no long-range cation
order as given by their space group Ia3d (Armbruster et al. 1992;
Merli et al. 1995). There may be rare exceptions. For example,
Griffen et al. (1992) argued based on single-crystal X-ray diffraction results, that a garnet of composition (Fe1.88Ca0.75Mg0.24
Mn0.10)2.97(Al1.96Fe0.03Ti0.01)2.00Si3.01O12 shows slight cation order at
two crystallographically different X sites in space group I41/acd.
The so-called ugrandite garnets, Ca3Y2Si3O12, with Y = Al, Fe3+,
and Cr3+, on the other hand, appear to show partial long-range
ordering of the Y cations in different space group symmetries
lower than Ia3d, as described by several workers (e.g., Takéuchi
et al. 1982; Allen and Buseck 1988; Kingma and Downs 1989;
Wildner and Andrut 2001).
The question of the presence or absence of local short-range
order of the cations in both types of garnets is not well understood
and has received very little experimental study. Short-range
order can, of course, occur even in symmetry Ia3d, and is not
detectable by standard diffraction measurements. Indeed, the
number of methods that can be used to address the question of
short-range order is very limited, if nonexistent in a practical
sense. The NMR experiment would be, in principle, well suited
to study short-range order in garnet and this has been done for

