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Ansrn,q,cr
Lattice constants of sixteen analyzed olivines fit a linear relation against mol e 16 Iorster-

ite within about 5 mole 0/6 forsterite. Using calculated lattice constants and atomic coor-
dinates estimated from Gibbs' structures of two olivines, spacings and intensities of pow-
der patterns were synthesized for the whole solid soiution series.

Olivine (Mg,Fe)zSiOa is a mineral which forms continuous solid
solutions between forsterite MgrSiOa and fayalite FezSiOr. The Mg/Fe
ratio in the mineral can be estimated by measuring certain physical
constants such as refractive indices, optic angle, or the density of the
mineral (Poldervaart, 1950; Bloss, 1952). It is also possible to determine
the composition from the X-ray diffraction powder data. Yoder and
Sahama (1957) found the following relationship between the interplanar
spacing of the (130) reflection and the amount of forsterite substitution
(FoTd in the mineral:

Fo(mole %) :  (42s3.91 -  1494.59 d(130) + 3-170 (1)

Ln this work new relationships have been established between the lattice
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constants as well as the X-ray intensities of certain reflections versus the

Mg/F'e ratio in the series.
The lattice parameters and the unit-cell volumes of 16 chemically

analyzed olivines, reported in the literature, are listed in Table 1. Graphs

constructed from this data are shown in Figure 1. These graphs show the

existence of linear relationships (within the limits of error) between these
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Frc. 1. Unit cell parameters versus composition in olivines'
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parameters and the composition. Eliseev (195S), however, found small
deviations from linearity in both a- and 6-axes functions. Eliseev's
conclusion was based on fewer samples and the compositions were
determined only by their refractive indices. Therefore, this slight dis-
crepancy may be due to the inaccuracy of his chemical data.

The following equations, obtained with a least-squares technique from
the data of Table 1, can be nsed to determine the amount of forsterite
strbstitution (F"%) f rom the unit cell parameters in unanalyzed olivines.

Fo(mole %) : (7288.27 - l5rr.77a) + 5.8/6

Fo(mole %) :  (3417.44 -  s25.53b) + s.87o

Fo(mole %) :  (4s77.01 -  815.40 c)  + 3.7/6 
(2)

Fo(mole %) :  (1625.96 -  5.265V) + 3.6%

Table 2 demonstrates the good agreements (within the l imits of error)
between the results obtained with the relationships established in this
work and those obtained by other methods of analysis.
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" Average of the four values obtained from equations (2).

The X-ray powder patterns of six members of the olivine series be-
tween forsterite and fayalite (with intervals of 20 percent forsterite) have
been calculated by a computer program prepared by the author.r This
program differs from Deane Smith's2 program only in that it modifies the
intensities for the anomalous scattering of the constituent atoms. These
patterns are l isted in Table 3 and can be used as standards for the X-rav

r Materials Research Laboratory, Pennsylvania State University.
2 smith, Deane K. (1963). A Fortran program for calculating X-ray powder diffraction

patterns. UCRL-7196, Lawrence Radiation Laboratory, Livermore, California.
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powder patterns of olivines. In the calculation of these patterns the

crystalliies composing the powder were assumed to be uniform in size

and randomly oriented. These patterns are for copper radiation. The

olite ForzFass refined by Gibbs et al. (1964) and Gibbsl. The variation of

calculated intensities with composition for several of the reflections are

il lustrated in Figure 2. These graphs can greatl).enhance the reliabil i ty

of determination of the forsterite substitution in unanall'zsd olivines.

The method described in this paper' based on X-ray diffraction,

possesses many ad.vantages. It can be used to determine the composition

of single grains of olivine removed from thin or polished sections. It can

also be used to stud,y the compositional variations in zoned olivine

crystals, and to determine the average composition of a powder sample'

I Gibbs, G. V. (1964). Private communication'
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Frc. 2. variation of the calculated intensity ratios with composition, for several
of the reflections in olivines.
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