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Report: 
Phase D, MgSi2H2O6 a dense hydrous magnesium silicate is possibly the ultimate water carrier down to lower mantel regions. It is 
stable at the uppermost lower mantle in cold subducting slabs. At those depth, phase D could account for more than 40 modal 
percent of water saturated peridotite [1]. This abundance and the potential of the layered structure to align in a non-hydrostatic 
stress field make of phase D a strong candidate to contribute to the seismic anomalies observed in deep subduction zones (shear 
wave splitting with SH>SV, bulk velocity reductions, deep focused earthquakes triggered by the dehydration Phase D) [2-5]. 
In order to interpret seismic observations in deep subduction zones, in terms of mineralogy, deformation state and the degree of 
hydration, precisely determined rheology data combined with elasticity data of candidate phases at relevant pressure and 
temperature conditions are needed to establish realistic models for this geodynamical and geochemical complex regions. 
 
During the allocated beamtime at ESRF ID09A, high-pressure in situ radial x-ray diffraction experiments were conducted using 
panoramic diamond anvil cells up to 45 GPa to investigate the deformation mechanisms of Phase D [6]. Experiments were 
conducted in phase D samples synthesized at 19 GPa and 1100 °C using a multi-anvil apparatus at ETH Zurich before the 
beamtime. The samples were confirmed to be Phase D by single-crystal x-ray diffraction and Raman spectroscopy.  
The experimental set-up at ID09A comprised a monochromatic x-ray beam tuned to 0.413857 Å (29.96 keV) focused down to 
30x30µm2. X-ray diffraction patterns were collected using a Mar555 image-plate detector with a 430 x 350 mm active area located 
at 400 mm from the sample. Sample to detector distance, detector tilt, and pixel size ratios were calibrated using a silicon standard 
before the experiments. All experiments were conducted using panoramic diamond anvil cells especially designed for X-ray radial 
diffraction experiments. Amorphous-boron gaskets with a thickness of 50 µm and a hole of 80 µm were used as pressure chambers 
to avoid x-ray absorption. The phase D crystals were reduced to fine-grained powders and loaded in the experimental volume 
without pressure-transmitting medium to enhance plastic deformation. Chips of gold and ruby were added to the sample chamber 
to serve as pressure standards. Angular-dispersive X-ray diffraction measurements were conduct with typical pressure steps of 3-5 
GPa from ambient conditions up to 45 GPa. At each pressure, diffraction spectra were collected alternatively in the sample and the 
Au standard with typical exposure times of 20 seconds. Pressure was determined from the variations of lattice parameters of gold 
EOS [7]. Before and after data collection the pressure was cross-checked to ensure pressure stability during measurements by ruby 
florescence method using a laser spectrometer installed at ID09A. 
 
During the beamtime, Phase D samples with three different compositions, including pure Mg-Phase D, Fe-bearing and Fe-Al-
bearing Phase D, were pressurized and deformed to constrain the effect of cation substitution on the deformation mechanism. Upon 
compression, the development of strong textures were observed from intensity variations of Debye rings and substantial variation 
of diffraction peak position with orientation relative to the compression direction in all samples (see. Fig. 1-3a,b).  



 

 
Figure 1-3a,b. Unrolled radial diffraction images of pure Magnesium Phase D at different pressures (see below each image) at 
room temperature collected for 20 seconds. The azimuth angle is plotted against 2Theta angle, intensity variations are given by red 
to yellow shading. At low pressures (Fig 1.) there is almost no observable differential stress and no texturing (straight lines = 
Debye ring for one lattice plane in diffraction image). With higher pressures (Fig. 2, and Fig 3a,b)  the sample starts texturing 
(intensity variation for equal lattice planes depending on orientation to maximum and minimum stress direction, indicated by black 
and grey arrows) and becomes highly stressed (Fig. 3b) (variation of 2Theta position for equal lattice planes depending on 
orientation). 
 
Data processing is currently in progress. All collected data are of high quality and will allow the determination of the cell 
parameters, texture and lattice strains using Rietveld method as implemented in the software package MAUD [6]. These data will 
be combined with single-crystal elastic properties for phase D to provide the first constrains on the deformation mechanism and 
rheological properties of Phase D at pressures relevant for the Earth mantle. These results will allow constraining better the origin 
of seismic anisotropy in subducted slabs and preliminary results of this study will be presented at the AGU Fall meeting 2010 in 
San Francisco, United States. 
 
Given the interesting results already obtained during this first series of measurements and the probed feasability of deformation 
experiments in Phase D, we will request a continuation of HS-4059 to investigate the deformation mechanisms under high P-T 
conditions. 
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