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INTRODUCTION

Magnesium is a key constituent of mantle-derived mafic
magmas. In spite of its importance, the structural role of Mg2+

in glasses and melts is not well understood, and its influence
on bulk properties is consequently poorly defined. Recent X-
ray absorption spectroscopic measurements have been inter-
preted to suggest that the divalent transition metal cations Fe2+

and Ni2+ may occupy tetrahedral sites in silicate glasses and
melts (Jackson et al. 1993). The authors raised the question of
whether Mg2+ behaves similarly. Igneous processes such as
mineral–melt equilibria and transport properties may be strongly
affected by the difference between such an environment and
the octahedral magnesium coordination that is much more com-
mon in crystalline silicates.

Attempts to obtain reliable structural information about Mg
in glassy and molten silicates include X-ray scattering (Yin et
al. 1983), absorption spectroscopy (Ildefonse et al. 1995), vi-
brational spectroscopy (Kubicki et al. 1992), molecular dynam-
ics simulations (Kubicki and Lasaga 1991), and nuclear
magnetic resonance (Fiske and Stebbins 1994; George and
Stebbins 1998). Although none of these methods is without
limitations, each provides a unique perspective. The emergent
picture suggests that Mg resides in highly distorted environ-
ments. Agreement on the mean coordination number, however,
has not been reached, with values ranging from four to six.

The general utility of 25Mg nuclear magnetic resonance
(NMR) has been circumscribed for a variety of reasons. Low
observation frequencies, low natural abundance of the spin-
active isotope (10%), and potentially large nuclear quadrupole
interactions contribute to the experimental difficulties. All of

these obstacles are, to some degree, mitigated by carrying out
experiments in the highest possible magnetic fields. In combi-
nation with isotopic enrichment in 25Mg, NMR spectra collected
in a moderately high field of 14.1 T reveal great potential for
this approach. In particular, the strategy of correlating isotro-
pic chemical shifts with coordination numbers, a well-estab-
lished tool for identifying silicon and aluminum speciation in
glasses and crystalline materials, also appears to apply to mag-
nesium.

EXPERIMENTAL METHODS

Crystalline and vitreous samples were prepared using
96.75% 25Mg-enriched MgO. To accelerate spin-lattice relax-
ation, a small amount (<0.1 wt%) Co3O4 was added in each
case. The preparation of K2MgSi5O12 glass involved thorough
grinding of a stoichiometric mixture of the dry starting materi-
als (K2CO3, MgO, SiO2), decarbonation for 24 hours at 750 °C
and holding at 1285 °C for 2.5 hours in a platinum crucible.
The sample was quenched by removal from the furnace. The
resulting transparent blue glass showed no crystallinity under
400× magnification. Part of this sample was then crystallized
by holding for 20 hours at 900 °C, regrinding, and annealing
for 21 hours at 800 °C (Bell et al. 1994). X-ray diffraction
showed that the resulting light blue powder was the desired
phase. Glass with the diopside composition, CaMgSi2O6, was
prepared in a similar fashion, keeping the dried and ground
starting reagents for 24 hours at 750 °C before raising the tem-
perature to 1450 °C for two hours. Quenched in air, this sample
presented as a purplish glass, with no crystals apparent under
400× magnification. The synthesis of crystalline diopside and
åkermanite (Ca2MgSi2O7) has been previously reported (Fiske
and Stebbins 1994). A light pink spinel (MgAl2O4) specimen
originating in Sri Lanka was kindly provided by A. Navrotsky.
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ABSTRACT

A comparison of 25Mg magic angle spinning (MAS) NMR spectra of crystalline and glassy diop-
side (CaMgSi2O6) reveals that the chemical shift in the disordered phase corresponds to that of the
mineral, suggesting that sixfold coordination is essentially retained upon vitrification. Likewise, a
crystalline leucite analogue (K2MgSi5O12) known to possess fourfold-coordinated Mg has the same
peak position as the corresponding glass. In addition to being a sensitive probe of local structure by
analogy with crystalline phases, these data may be understood in terms of the effect of competing
cation field strengths: competing network modifier cations with higher field strength induce higher
magnesium coordination numbers, with a consequent increase in bond length and decrease in chemical
shift. This work demonstrates the utility of NMR at 14.1 Tesla for probing the coordination environ-
ment of Mg in glasses and minerals, and suggests great potential for high-field NMR investigations
of quadrupolar nuclides with low resonance frequencies in amorphous systems.
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