American Mineralogist, Volume 95, pages 888–891, 2010

Letter

FTIR spectroscopy with a focal plane array detector: A novel tool to monitor the spatial
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Abstract
Single crystals of pure enstatite (Mg2Si2O6) were synthesized under water-saturated conditions at 6
GPa and 1250 °C and variable silica activity. Run products were investigated using a novel technology:
a FTIR spectrometer equipped with a focal plane array detector enabling IR-imaging with a spatial pixel
resolution of 2.7 µm. IR spectra within the OH-absorption region show strong pleochroic behavior:
absorption bands at 3687 and 3592 cm–1 show strongest absorptions for E||nβ, whereas absorption
bands at 3362 and 3067 cm–1 show strongest absorptions for E||nγ. Furthermore, absorption bands are
sensitive to the silica activity—the ratio of the integral absorbance of the absorption bands at 3687
and 3592 cm–1 to the absorption bands at 3362 and 3067 cm–1 increases with increasing Mg/Si-ratio
of the bulk charge. The most probable interpretation is an assignment of the high-energy absorption
bands to tetrahedral (T-site) defects caused by a lower availability of Si and the low-energy absorption bands to octahedral (M-site) defects caused by a lower availability of Mg. All crystals show an
internal zonation pattern with an increasing T-site to M-site defect ratio from core to rim, which is
interpreted to be caused by changing silica-activity and T during the experiments. The defect ratio
and the zonation pattern are applied as a monitor of crystal growth conditions.
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Introduction
Since the first studies on nominally anhydrous minerals
(NAMs) more than 30 years ago, it has repeatedly been shown
that the major mantle minerals olivine, orthopyroxene, and clinopyroxene incorporate significant amounts of water as hydrous
defects. Hydrous defects significantly influence the physical
properties of the mantle (Hirth and Kohlstedt 1996) and serve
as major reservoir for water, which is crucial for understanding
mantle processes such as partial melting (Hauri et al. 2006). Taking into account hydrous defect concentrations in NAMs from the
Earth’s mantle (Peslier et al. 2002; Peslier and Luhr 2006; Grant
et al. 2007) and their modal proportion in the Earth’s mantle
(Frey and Prinz 1978; Grant et al. 2007), orthopyroxene can be
considered a major host for water in the Earth’s mantle.
The nature and concentration of hydrous defects depends on
pressure (Rauch and Keppler 2002), temperature (Mierdel and
Keppler 2004), silica activity, oxygen fugacity, and water activity (Stalder et al. 2008). Hydroxyl in orthopyroxene can also be
increased by trivalent metal cations such as Al3+ and Cr3+ (Stalder
2004; Mierdel et al. 2007), where in some cases each incorporated
trivalent cation is charge balanced by a proton, leading to water
contents up to several thousand parts per million by weight.
The system MgO-SiO2-H2O is ideal for the investigation of
the influence of silica activity on water incorporation and IR band
assignment, because no other defects than Si- and Mg-vacancies
are expected and because this system is well investigated with
respect to phase relations. In this study, we present experimental
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data on hydrogen incorporation in pure enstatite synthesized
in environments with variable silica activity, to investigate the
OH-defect distribution and their association to either the M-site
(i.e., Mg-vacancies) or the T-site (i.e., Si-vacancies) and their
spatial distribution within single crystals.

Experimental and analytical methods
Enstatite synthesis and preparation
Starting mixtures corresponding to enstatite + water were prepared from
Mg(OH)2 and SiO2 (>99.99 wt% purity). Approximately 20 mg of the starting
material were welded in a platinum capsule with an outer (inner) diameter of 3.0
(2.6) mm and a length of 4 to 5 mm. Single crystals of orthoenstatite (Mg2Si2O6)
were synthesized at 6 GPa and 1250 °C in a 1000 ton press equipped with a
Walker-type multi anvil module (both from Voggenreiter, Mainleus, Germany) at
the University of Innsbruck using 25/15 assemblies. Experimental and calibration
conditions are similar to those described by Rubie et al. (1993) and Keppler and
Frost (2005). The temperature was measured with a Pt100-Pt90Rh10 thermocouple,
and both pressure and temperature were computer-controlled during the entire
duration of the runs.
A series of synthesis runs with 4 starting mixtures with different Mg/Si-ratios
was performed (Table 1). In all runs, the temperature was raised to 1400 °C within
45 min followed by a ramp to 1250 °C with a rate of 20 °C/h. Subsequently, two
T-cycles were conducted, in which the temperature was raised to 1300 °C and
then decreased to 1250 °C with a rate of 20 °C/h to enhance the crystal growth.
All runs were terminated by shutting off the power and P was released overnight.
Total run times were approximately 18 h. After the run all capsules were weighed,
pierced, dried, and weighed again to check for any loss of fluid. All runs produced
enstatite crystals up to 800 × 600 × 500 µm in size + forsterite or coesite + water
and amorphous quench material. Run products were inspected under an optical
microscope and identified by micro-Raman spectroscopy to verify the orthorhombic structure of the enstatite (Ulmer and Stalder 2001). Raman spectra were
obtained with a Horiba Jobin Yvon LabRam-HR 800 confocal Raman spectrometer.
Samples were excited with the 514.5 nm emission line of a 30 mW Ar+-laser and
an Olympus 100× objective.

