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aBstract

Forsterite (Mg2SiO4) is a silicate mineral frequently studied in the Earth sciences as it has a simple 
crystal structure and fast dissolution kinetics (elemental release rates under typical conditions on the 
order of 10–7 mol/m2/s1). During the dissolution process, spectroscopic techniques are often utilized to 
augment solution chemical analysis and to provide data for determining reaction mechanisms. Nuclear 
magnetic resonance (NMR) is able to interrogate the local bonding arrangement and coordination of 
a particular nuclide to obtain structural information. Although previous NMR studies have focused 
on the silicon and oxygen environments in forsterite, studies focusing on the two nonequivalent 
magnesium environments in forsterite are limited to a few single-crystal studies. In this study, we 
present the results of 25Mg MAS, MQMAS, and static QCPMG experiments performed on a powdered 
sample of a pure synthetic forsterite. We also present spectral fits obtained from simulation software 
packages, which directly provide quadrupolar parameters for 25Mg nuclei occupying each of the two 
nonequivalent magnesium sites in the forsterite structure. These results are compared to calculations 
of the electric field gradient tensor conducted in previous ab initio studies to make definitive assign-
ments correlating each peak to their respective magnesium site in the forsterite structure. Althought 
previous NMR investigations of forsterite have focused on single-crystal samples, we have focused 
on powdered forsterite as the increased surface area of powdered samples makes them more amenable 
to laboratory-scale dissolution studies and, ultimately, the products from chemical weathering may 
be monitored and quantified. 

Keywords: Forsterite, magnesium, 25Mg, NMR, MQMAS, QCPMG

introDuction

Olivine ([Mgx,Fe2–x]SiO4) is a common silicate mineral in 
the Earth’s crust involved in the carbon cycle, and therefore 
frequently studied as a model compound in the Earth sciences 
(Awad et al. 2000; Grandstaff 1986; Jonckbloedt 1998; Liu et al. 
2006; Pokrovsky and Schott 2000a, 2000b; Rosso and Rimstidt 
2000; Morrow et al. 2010). Structurally, olivine is composed 
of silicate tetrahedra (formally SiO4

4–) linked to doubly charged 
cations through oxygen bonds with the cations occupying one of 
two nonequivalent crystallographic environments (Fig. 1) (Birle 
et al. 1968; Derighetti et al. 1978). The two cation positions have 
different point symmetries where the so-called M1 position has 
symmetry 1 and the M2 position has symmetry m (Winkler et 
al. 1996). Previous studies by Schramm and Oldfield (1984) 
have reported three nonequivalent oxygen sites in forsterite as 
observed by 17O magic angle spinning (MAS) and variable angle 
spinning (VAS) NMR of isotopically enriched forsterite (the 
magnesium pure end-member of the olivine family). Mueller et 
al. (1991) expanded on these studies and reported 17O dynamic 
angle spinning (DAS) and double rotation (DOR) spectra of 

forsterite. More recently, Ashbrook et al. (1999, 2005) have 
made definitive peak assignments of the three oxygen positions 
on the basis of quadrupolar coupling parameters and isotropic 
chemical shifts through 17O triple-quantum magic angle spinning 
(3QMAS) NMR. Further studies by Ashbrook et al. (2007) have 
combined 17O and 29Si NMR with ab initio calculations of the 
chemical shift anisotropy (CSA) tensor at the silicon site and 
the electric field gradient (EFG) tensor at the multiple oxygen 
sites in forsterite. Although several studies have already focused 
on the different oxygen environments, few studies have char-
acterized the two nonequivalent magnesium sites in forsterite. 
Single-crystal studies by Derighetti et al. (1978) provide direct 
observation of the two nonequivalent magnesium environments, 
comprising the most complete experimental NMR characteriza-
tion of magnesium in crystalline forsterite. Stebbins et al. (1996) 
report site specific exchange rates in single crystals of forsterite 
for the two magnesium positions using 25Mg NMR, distinguish-
ing the two positions by resonance shift.

Although single-crystal studies allow the quadrupolar pa-
rameters to be measured accurately, they are not convenient for 
monitoring the changing magnesium environments in forsterite 
during chemical weathering, especially under comparable con-* E-mail: ktm2@psu.edu


