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abstract

As representatives of nominally anhydrous minerals (NAMs) in the crust and mantle the pressure-
dependent behavior of strontium feldspar and wadsleyite, containing different amounts of water, was 
studied in a diamond-anvil cell via mid and far IR spectroscopy up to 24 GPa. The samples were 
synthesized in a piston-cylinder press at 2 GPa/700 °C (strontium feldspar) and in a multi-anvil ap-
paratus at 13.8 GPa/1000 °C (dry wadsleyite) and 13.2 GPa/1150 °C (hydrous wadsleyite). The water 
content of the samples was determined by polarized FTIR and Raman spectroscopy. The strontium 
feldspar crystals (up to 300 µm) contained about 1100(100) wt ppm water. The hydrous wadsleyite 
crystals (up to 240 µm) contained 12 500(900) wt ppm water. The synthesis of dry wadsleyite yielded 
a fine-grained powder. A new THz/FIR-microscope for the synchrotron source BESSY was developed 
to conduct the diamond-anvil cell measurements in the far IR region. Conventional in-situ mid IR 
spectroscopy was also performed on all samples. The measurements on strontium feldspar showed 
a phase transformation at 6.5(5) GPa (space group I2/c to P21/c). The wadsleyite analyses revealed 
a phase transition at approximately 8.4(7) GPa in the hydrous and approximately 10.0(7) GPa in the 
dry sample. It probably represents a transition from an orthorhombic to a monoclinic structure. The 
high amount of water incorporated in the hydrous wadsleyite shifts the transformation toward lower 
pressures compared to the dry one. By comparison, the relatively low amount of water in strontium 
feldspar does not change the stability relations compared to the dry one. Therefore, water incorpora-
tion in nominally anhydrous minerals may have an effect on the pressure of phase transitions, whereas 
the extent of that influence strongly depends on the structure of the phase and the amount of water 
carried within the mineral.
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introdUction

Infrared spectroscopy generally is a very sensitive probe for 
information on the local microscopic structure and bonding in 
minerals. When combined with a high brightness synchrotron 
source, infrared microspectroscopy offers the opportunity 
to achieve the spatial resolution approaching the diffraction 
limit of light. It enables us to investigate pressure-induced 
structural changes in the THz/FIR (far infrared) region of geo-
materials placed in diamond-anvil cells (DAC) up to 30 GPa. 
In the mid-infrared range (MIR), vibrations of the more rigid 
Si(Al)O4-tetrahedra are predominantly found, whereas mea-
surements in the far infrared yield information on metal cation 
motion. By tracing these vibrations as a function of pressure, 
important information on the nature of a possible phase transi-
tion may be deduced. We applied this methodology to study 
the response of strontium feldspar (an analog for anorthite as 
representative of the crust) and wadsleyite (as representative of 
the mantle) structures to changes in pressure. Both minerals are 
nominally anhydrous but can incorporate hydrogen in the form 

of hydroxyl groups via point defects in their structures in trace 
amounts in strontium feldspar (Mrosko et al. 2010) and up to 
several weight percent in wadsleyite (Deon et al. 2010a). Both 
structures are very susceptible to changes in pressure and several 
pressure-induced phase transitions have been reported (Chopelas 
1991; Cynn and Hofmeister 1994; McGuinn and Redfern 1994; 
Pandolfo et al. in review). It is known that even small amounts 
of water in nominally anhydrous minerals may change their 
rheological, structural, and thermodynamic properties (e.g., 
Smyth and Kawamoto 1997). However, up to now it is not clear 
whether the incorporated hydrogen has an influence on the pres-
sure range where these transitions occur. Jacobsen et al. (2010) 
demonstrated that incorporation of 1300 ppm H2O (as OH–) in 
MgSiO3 displaces the transition of low- to high-pressure clinoen-
statite by up to 2 GPa toward lower pressure. Furthermore, Deon 
et al. (2010b) observed a shift of the transformation pressure of 
olivine to wadsleyite in the system MgO-SiO2-H2O of about 0.6 
GPa to lower pressures due to higher water fractionation into 
wadsleyite (8000 wt ppm) compared to olivine (2000 wt ppm).

To study the effect of water on phase stabilities, well-devel-
oped single crystals with accurately defined water concentrations 
are needed. Anorthite belongs to the group of feldspar minerals, * E-mail: mrosko@gfz-potsdam.de


