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Structure refinement of a synthetic knorringite, Mg3(Cr0.8Mg0.1Si0.1)2(SiO4)3
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Abstract
The crystal structure of a polycrystalline knorringite, Mg3(Cr0.8Mg0.1Si0.1)2(SiO4)3, synthesized at 11
GPa and T = 1500 °C in a multi-anvil press, has been refined from high-resolution synchrotron X-ray
powder diffraction data. The structure is cubic, space group Ia3d, a = 11.5935(1) Å, V = 1558.27(4)
Å3, Dcalc = 3.79 g/cm3. The structural formula indicates that knorringite is susceptible to majorite substitution at these synthesis conditions. The Cr-O distance, 1.959(7) Å, is similar to that in Cr-bearing
pyrope Mg3Al2(SiO4)3. This confirms that the magnitude of the Cr-O distance is not responsible for the
difference in crystal field splitting values between green knorringite and red Cr-pyrope. A comparison
with the structure of other Cr-garnet end-members shows that the Cr-O distance and the [4]Si-O-Cr
angle decrease with decreasing synthesis pressure and with increasing X-cation size.
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Introduction

on density functional theory have been performed (Milman et al.
2001), but the theoretical structure is in disagreement with these
predictions. In particular, the calculated Cr-O distance (1.976 Å)
is larger than the two predicted ones (1.958 and 1.960 Å). The
uncertainty about the structure of knorringite certainly prevents
completion of the investigation of the thermodynamic and structural properties associated with the incorporation of Cr in garnets.
For example, in Cr-containing pyrope, Cr3+ substitutes for Al3+ in
the Y site, and the accommodation of the mismatch leads to a local
structural relaxation of the pyrope structure: the Cr-O distance in
Cr-containing pyrope is larger by 0.07 Å than the Al-O distance
(Juhin et al. 2008), but the determination of how far the structural
relaxation goes depends on the value of the Cr-O distance in the
knorringite end-member.
The stability field of knorringite has been investigated in
several studies (Ringwood 1977; Irifune et al. 1982; Taran et al.
2004; Klemme 2004). Space group (Ia3d) and lattice parameter
[11.600(1) Å, Ringwood 1977; 11.596(1) Å, Irifune et al. 1982]
have been determined from X-ray powder diffraction data, but
the crystal structure has not yet been refined. In this study, we
describe the crystal structure of knorringite with the composition
Mg3(Cr0.8Mg0.1Si0.1)2(SiO4)3. The sample was synthesized in a
multi-anvil apparatus at P = 11 GPa and T = 1500 °C. Chemical
composition was determined using an electron microprobe, and
the structure was refined by the Rietveld method, using highresolution synchrotron X-ray powder diffraction data. Despite a
slight amount of majorite component [the tetragonally distorted
garnet of composition Mg3(MgSi)(SiO4)3], the structure is cubic
and may be compared to that of other Cr-garnet end-members,
Ca3Cr2(SiO4)3, Fe3Cr2(SiO4)3, and Mn3Cr2(SiO4)3.

Due to their occurrence in the Earth’s upper mantle, silicate garnets play a fundamental role in petrogenetic processes occurring at
high pressure and high temperature. The general structural formula
can be written as X3Y2(SiO4)3, where X and Y refer, respectively,
to eightfold- and sixfold-coordinated cations, and Si enters the
tetrahedral sites. X sites are occupied by large divalent cations
(mostly Mg2+, Fe2+, Ca2+, and Mn2+ in natural garnets), whereas Y
sites house smaller trivalent cations (Al3+, Fe3+, and Cr3+). Most
natural silicate garnets occur in complex solid solutions and have a
cubic structure, with space group Ia3d (Novak and Gibbs 1971).
Knorringite, [Mg3Cr2(SiO4)3], the Cr end-member of the pyrope
garnet series, is an important component of garnet solid solutions in
deeper parts of the upper mantle (Irifune et al. 1982). It often occurs
as a major component of kimberlite garnets (Nixon and Hornung
1968) and Cr concentration is used for tracing high-pressure, deepearth conditions favorable to the formation of diamonds, in which
garnets with up to 50% of the knorringite component occur as
inclusions. The highest knorringite content known so far for natural
garnet inclusions in kimberlitic diamonds is 66.4 mol% (Stachel
and Harris 1997). Despite the importance of this component in
deeper parts of the upper mantle, the structure of the knorringite
end-member has not yet been refined. Some predictions have been
derived from the structure of natural garnets using empirical laws
involving the radii of the cations (Novak and Gibbs 1971) or by
performing least-square refinement of the interatomic distances
(Ottonello et al. 1996). Recently, first-principles calculations based
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