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INTRODUCTION

Omphacitic clinopyroxene and pyropic garnet represent the 
main constituents of mantle-derived eclogite; therefore, their 
structure and chemistry provides clues to the conditions under 
which the eclogite formed. Clinopyroxene from mantle-derived 
eclogite xenoliths shows deviations from stoichiometry based 
on their cation sums, suggesting the presence of vacancies at M 
sites (e.g., Sobolev et al. 1968; Smyth 1980; McCormick 1986; 
Oberti and Caporuscio 1991). The presence of cation vacancies 
in clinopyroxenes has been linked to OH� substitution in the 
crystal structure (Smyth et al. 1991; Katayama and Nakashima 
2003; Koch-Müller et al. 2004). However, studies of hydrogen 
concentration in clinopyroxenes from diamond-bearing eclogite 
xenoliths have shown them to be dry, despite their apparent 
non-stoichiometry (Koch-Müller et al. 2004). To examine more 
accurately the relation between hydrogen content and structural 
vacancies in omphacitic clinopyroxene, we made a detailed study 
of nine well-characterized clinopyroxenes from mantle-derived 
eclogite xenoliths using single-crystal X-ray diffraction, electron 
microprobe analysis, and Mössbauer and infrared spectroscopy.

EXPERIMENTAL METHODS
The sample suite comprised nine handpicked separates of clinopyroxene 

extracted from eclogite xenoliths from the Zagadochnaya kimberlite (sample 
90-394) and the Udachnaya kimberlite (all other samples), both in the Yakutia 
craton (Russia). The composition of major elements was determined using a 
wavelength-dispersive JEOL electron microprobe (JXA-8200) operating at 15 

keV and 15 nA. Analyses were averaged over a minimum of 20 points collected 
for each sample (Table 1). Crystallization temperatures determined from Fe/Mg 
exchange between garnet and clinopyroxene (Ellis and Green 1979) ranged from 
900 to 1300 °C assuming a pressure of 5 GPa.

Mössbauer spectra were recorded at room temperature and 80 K using a con-
ventional transmission spectrometer with a nominal 1.85 GBq 57Co(Rh) source with 
velocity calibration relative to α-Fe. Approximately 5 mg of handpicked grains from 
each sample were used, giving absorber thicknesses of 1�2 mg Fe/cm2. Mössbauer 
spectra from different temperatures for each sample were simultaneously Þ tted 
incorporating center shift variations due to the second-order Doppler shift and 
area fraction variations due to differences in recoil-free fraction. This procedure 
enabled the determination of robust Fe3+ concentrations (Table 1).

Hydrogen concentration was measured using Fourier-transform infrared (FTIR) 
spectroscopy. Water contents were derived from integral absorbances measured by 
taking polarized spectra with the electrical Þ eld vector parallel to the three axes 
of the indicatrix. Only one band was seen at 3470 cm�1 with maximum absorption 
parallel to γ, as is usual for omphacites (Skogby 2006). The total water content was 
obtained using the integral extinction coefÞ cient by Bell et al. (1995).

One single crystal of each clinopyroxene sample was selected (maximum crys-
tal size between 200 and 400 μm) for complete intensity data collection based on its 
sharp optical extinction and absence of twinning. Optical examination revealed that 
crystals were defect- and inclusion-free. Intensity data were collected at ambient 
conditions using a Kappa geometry Xcalibur diffractometer with graphite mono-
chromated MoKα radiation. The intensity data were measured in the 5 ≤ 2θ ≤ 80° 
range using the ω-scan mode with a continuous-integrative step scan (0.05°/s, 60 
scan steps, scan width 1.2°). The sample-detector distance was 135 mm. A careful 
analysis of the diffraction proÞ les excluded the presence of multiple chains (e.g., 
amphibole lamellae) as expected for unaltered and defect-free samples. The program 
Win-IntegrStp (version 3.3, Angel 2003) was used to integrate the step-scan data 
applying the Lorentz-polarization correction. The integrated data were then cor-
rected for absorption using the program ABSORB V6.0 (Angel 2004).

Weighted structural reÞ nements based on Fo
2 were performed using the 

SHELX-97 package (Sheldrick 1997) in the C2/c space group starting from the 
coordinates of McCormick (1986). The atomic scattering factors were taken from 
the International Tables for X-Ray Crystallography (Wilson 1995). Neutral vs. 
ionized scattering curves were reÞ ned for the oxygen (O and O�2) and silicon (Si 

LETTER

Crystal-structure reÞ nement of Na-bearing clinopyroxenes from mantle-derived eclogite 
xenoliths

FABRIZIO NESTOLA,* MICAELA LONGO, CATHERINE MCCAMMON, AND TIZIANA BOFFA BALLARAN

Bayerisches Geoinstitut, Universität Bayreuth, D-95440 Bayreuth, Germany

ABSTRACT

Nine omphacitic clinopyroxenes with a jadeitic content between 25% and 57% from the Udach-
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clinopyroxenes with the same composition. Vacancies are not associated with OH� incorporation, as 
the sample with the highest concentration of vacancies contains only 89 ppm (wt) H2O. SigniÞ cant 
hydrogen loss through iron oxidation during ascent is ruled out based on the low Fe3+ concentrations. 
H content in omphacite samples from kimberlites could provide a sensitive tool for determining fH2O 
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