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Quantitative phase analysis by XRD



Olivine group: forsterite. The Rietveld refinement was not possible with the 

pure forsterite or Fe-Mg olivine but with the Ni substitution in forsterite.

The average nickel content in forsterite in our study is about 3000 ppm. 

Results from a representative structure refinement of forsterite are shown in 

Table S1.

Table S1. Refined atomic parameters for forsterite

Atom Wyckoff 

position

x/a y/b z/c

Mg1-Ni 4a 0 0 0

Mg2-Ni 4c 0.991 0.277 0.250

Si 4c 0.426 0.094 0.250

O1 4c 0.765 0.091 0.250

O2 4c 0.221 0.447 0.250

O3 4d 0.277 0.163 0.033

The refined unit-cell parameters of Ni-forsterite are a = 4.74 ± 0,01 Å, b = 

10.19 ± 0,01 Å and c = 5.93 ± 0,02 Å, while those expected for pure forsterite 

are a = 4.75, b = 10.20 and c = 5.98 Å78, proving the decrease of cell 

parameters. Since the  axis is parallel to the edge-sharing M1-M1-M1 spine ��

of the zigzag octahedral chain, a change in the M1 octahedron size has a 



significant influence on the  axis2. The shrinkage of a is smaller because ��

every second octahedral chain in this direction is unoccupied79. 

Table 2 indicates a strong preference of Ni2+ for the M1 site. Indeed, the 

occupancies are (in %): 98.1Mg + 1.9Ni in the M1 sites and 99.7Mg + 0.3Ni in 

the M2 sites. The M2 sites are larger than the M1 sites in forsterite. This 

implies that the larger cations Mg over Ni tend to occupy the larger M2 sites in 

olivine.

Pyroxene group: enstatite. The detected pyroxene in our XRD pattern is the 

ortho-enstatite with 11.6 ± 0.5 % of the total weight. Rietveld refinement 

analysis was performed then with orthorhombic enstatite based on the space 

group Pbca for texture correction. 

The refined unit cell parameters are a=18.318, b=8.853 and c=5.179 Å with 

a crystallite size of 914 nm. The cell parameters values correspond to those 

reported in literature80, for Ni-free enstatite.

Clay minerals: talc and sepiolite. 



We encountered some problems to refine the talc phase and especially due to 

the shift of the peaks towards low angles compared to the expected values for 

Ni-free phase. This shift is due to the Ni substitution in Mg-talc81. 

Rietveld refinement was possible with Ni-talc within the monoclinic space 

group C12/c1 using a simple isotropic crystallite size and microstrain line-

broadening model.

The refined unit cell parameters are a=5.421, b=9.158, c=18.283 Å and 

�R�M�@�=�>�D�;�@�S�� with a crystallite size of 104 nm. The cell parameter values are 

smaller than those reported in the literature82. This suggests Ni incorporation 

in the talc structure. Indeed, as for forsterite, Ni substitution in the talc 

structure will induce a small decrease in the cell parameters compared to 

those of Ni-free talc.  

For this phase, also (Table 2), a strong preference of Ni2+ for the M1 site is 

observed. Indeed, the occupancies are (in %): 78.1Mg + 21.9Ni in the M1 

sites and 96.4Mg + 3.6Ni in the M2 sites, signing a much larger Ni 

incorporation in this phase, however less present in the sample. 


















