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aBstract

A synthetic single crystal of pure orthoenstatite (MgSiO3, space group Pbca) has been investi-
gated at high pressure for structural determinations by in situ single-crystal X-ray diffraction using a 
diamond-anvil cell. Ten complete intensity data collections were performed up to 9.36 GPa. This study 
significantly improved the accuracy of structural parameters in comparison to a previous high-pressure 
structural study, allowing a more detailed examination of structural behavior of orthoenstatite at high 
pressures and a comparison to other more recent structural studies performed on orthopyroxenes with 
different compositions. The structural evolution determined in this work confirms the high-pressure 
evolution found previously for other orthopyroxenes and removes some ambiguities originating from 
the less accurate published data on the MgSiO3 structure at high pressure. The structural compression 
is mostly governed by significant volume decrease of the Mg1 and Mg2 octahedra, affecting in turn 
the kink of the tetrahedral chains, especially the TB chain of larger SiO4 tetrahedra. The Mg2 poly-
hedron undergoes the largest volume variation, 8.7%, due especially to the strong contraction of the 
longest bond distance (Mg2-O3B), whereas Mg1 polyhedral volume decreases by about 7.4%. The 
compressional behavior of the tetrahedral sites is quite different from previously published data. The 
TA and TB tetrahedral volumes decrease by about 2.8 and 1.8%, respectively, and no discontinuities 
can be observed in the pressure range investigated. Using the data on the pure orthoenstatite as ref-
erence, we can confirm the basic influences of element substitutions on the evolution of the crystal 
structure with pressure.
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inTroducTion

As has already been well established by several studies (e.g., 
Angel 2000; Nestola et al. 2005, 2008a; Gatta et al. 2006; Boffa 
Ballaran et al. 2009), the determination of accurate and precise 
unit-cell parameters as a function of pressure by single-crystal 
X-ray diffraction can be obtained by means of a well-defined 
experimental protocol (see for example Angel and Finger 2011), 
used nowadays in several diffraction laboratories. However, it 
is still extremely difficult to reach comparably high-quality data 
for crystal-structure measurements at high-pressure conditions. 
This is evident, for example, by the significant scatter usually 
observed in the trends of geometrical and structural parameters 
with pressure. In particular, this problem can become critical 
for crystal structures built of light atoms, which produce weaker 
X-ray diffraction from the very small crystals typically measured 
in diamond-anvil cells (DAC). One example is given by pure 
orthoenstatite (Mg2Si2O6, Z = 8), which has 80 atoms in the unit 
cell and Si as the heaviest atom. An anisotropic crystal structure 
refinement for orthoenstatite requires no less than 92 parameters 
to be refined and thus at least 920 unique reflections to obtain 
an optimal ratio of unique reflections to refined parameters of 
at least 10:1. For measurements of orthoenstatite in a diamond-

anvil cell, using MoKα radiation, a maximum of 680–700 unique 
reflections can be accessible, due to access limitations and to the 
crystal orientation of which typically only 400–450 have an Fo > 
4σ(Fo). This means that orthoenstatite under pressure can be only 
isotropically refined (or only Mg and Si sites can be anisotropi-
cally refined) affecting the quality and precision of the structural 
data. Beyond the restriction on the number of accessible unique 
reflections during a high-pressure measurement, data quality is 
also affected by the presence of diamond diffraction spots and of 
diffraction rings from the beryllium backing plates and the steel 
gasket. However, it has been recently demonstrated that the use 
of new DACs with diamond-backing plates instead of Be ones 
allows a significant improvement in data quality and thus the 
refined crystal structure (Periotto et al. 2011).

Orthoenstatite is a major component of the upper part of the 
Earth’s mantle. Knowledge of the compressional and thermal 
behavior of orthopyroxene is therefore fundamental for under-
standing the complex geodynamic processes occurring in the 
mantle. Pure, synthetic MgSiO3 has already been investigated 
under high pressure to define its elasticity and structural behavior 
(Angel and Hugh-Jones 1994; Hugh-Jones and Angel 1994) but 
these data show large scatter of the structural parameters as a 
function of pressure when compared to newer data on orthopy-
roxenes of different compositions (Nestola et al. 2006, 2008b). 
Therefore, the previous study leaves open the question of the * E-mail: benedetta.periotto@gmail.com


