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SCHREIBERSITE FROM THE VICENICE IRON: RIETVELD CRYSTAL STRUCTURE 
REFINEMENT - A PRELIMINARY REPORT. R. Skala' and J. Fryda2, 'Dept. of Mineralogy and 
Petrology, National Museum, Vaclavske n h .  68, CZ-115 79 Praha, Czech Republic, 'LAREM, 
Czech Geological Survey, Klarov 31131, CZ-11821 Praha, Czech Republic. 

ABSTRACT. The Rietveld method was used to refine basic crystal structure parameters of 
schreibersite skeletal crystals from the Vicenice IID iron meteorite. An estimate of the most 
possible nickel site occupancies within the crystal structure on the basis of weighted pattern 
R-factor for some model cases of the nickel distribution showed that the individual atom sites 
assigned to iron and nickel are each occupied by different amount of nickel, assuming all sites 
fully occupied by atoms. 

MINERALOGY OF THE MFTEORITE, The iron was examined in detail from the point of 
metallography by Professor Sekanina of the Brno University, its chemical classification was made 
by Wasson [ I ] ,  and its mineralogy is discussed by Skala and FGda [2]. The meteorite contains 
except other minerals also relatively large amount of tetragonal iron phospide - schreibersite. The 
sample studied by X-ray diffraction was drilled out from the skeletal crystals (for details about 
mineralogy see [2]). 

DATA ACQUISITION AND PROCESSING. Chemical analyses were carried out on CamScan 
SEM linked to Oxford Link eXL ED analyzer from polished slice of the meteorite coated by carbon. 
The spectra were collected for 60 seconds and then were corrected by ZAF procedure. Voltage 
and sample current were set to allow maximum gain of signal for the elements detected (Fe, Ni, 
Co, S, P). X-ray step-scanned powder diffraction pattern was recorded on Hilger diffractometer at 
8/28 arrangement using CoK Fe-filtered radiation and powdered sample on the flat sample holder. 
Measuring range was 30 to 130" 28. and step 0.04' 28 with 40 seconds exposition per one step. 
The Pearson VII profile shape function (PSF) was used to approximate reflection profiFs. Unit-cell 
dimensions were calculated from such refined reflection positions as a = 9.056(4)A and c = 

n 

4.461(2)A. Rietveld refinement was at the first step carried out on modified data set where 
intensities of diffracted radiation was at each step lowered by subtraction _of a constant to reach 

Table. Crystal structure of schreibersite from the Vicenice iron. / 

Atom (No.) x 0 Y 0- z 0- - N  

a 9.0562 0.0019 U 0.2150 0.0754 

c 4.4612 0.0015 V -0.1 260 0.0944 

Q 2.4685 0.1424 W 0.0567 0.0295 

zero point 0.0522 0.001 8 LP-p V 1.2140 0.0563 

Note: The parameters listed above are coded as follows: x, y, z are fractional coordinates, D 

respresents their esd, N stands for site occupation, a and c are the unit-cell dimensions, Q is 
the overall temperature factor, U, V, and W are halfwidth parameters, and Lp-pV describes 
Lorentzian part of the pseudo-Voigt PSF. 

about 200 counts level at the background. Such data were refined by program 
DBWS3.2S-PC-9005 [3] using Modified Lorentzian PSF. Refined parameters were background 
polynomial coefficients, halfwidth parameters, scale factor, zero point, overall temperature factor, 
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and fractional coordinates for all atom positions within the structure. Unit-cell dimensions were 
taken from individual peak fitting procedure as stated above and remained constant during the 
structure refinement similarly as occupation numbers did. The occupancies were modeled to cover 
totally 39 possible nickel distribution over three non-equivalent crystallographic sites. The quality 
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selected to evaluate fit of experimental and calculated model was the weighted pattern R-factor 
(for its definition see e.g. [4]). For nickel distribution reaching the best fit, the data were refined 
using pseudo-Voigt PSF and program DBWS-9411 [5] - see figure. 

RESULTS. Chemical point analyses (totally 41) are well clustered near mean values giving 
empirical formula (Fe2,2,Nio,77),=,,,8P1,00 which was for further consideration approximated as 
(Fe2,,Ni0,,,)P to reach ideal schreibersite stoichiometry. The crystal structure data for the selected 
nickel distribution model as refined by the Rietveld program DBWS-9411 from the modified data 
set are summarized in the Table. The nickel site occupancies within the schreibersite crystal 
structure as modeled during the Rietveld refinements are fairly consistent with the single crystal 
data of Donitz [6, 71 showing full occupation of the site (1) by iron and maximum nickel 
occupancy in site (2). Nevertheless, the proportion of nickel site occupancies is not equal to 
Donitz data, and possibly should be used to estimate thermal history of studied material. To prove 
this assumption new more complete X-ray data will be collected from the material and re-refined 
using the same procedure. Schreibersites from some other meteorites will be analyzed and 
X-rayed as well. Some schreibersite-like compositions will also be synthesized and quenched at 
various rates and then studied similarly as outlined above to provide calibrated data. 
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