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SampIe Color

Lattice
parameter

A

Calculated
c-ray density

g/cm'

6.063
6.  193
6.297
6.397
6 . 4 7 6

Index of
refraction2

TbAIG
DyAIG
HoAIG
ErAIG
TmAIG

Colorless
Pale yellowl

Pale yellow

Golden yellow

Pink
Pale green

t 2 . 0 7 4
12.o42
12.O11
1 1 . 9 8 1
rt.957

1 . 9 7 2
1 .862
I  . 8 5 r
1  . 852
1  . 85s

I The pale yellow color exhibited by some samples might be due to lead impurities from

the flux in which the crystal was grown.
2 Sodium D ( I :5890 A).

f-ray density and index of refraction are also given in Table 2. The index
of refraction was determined by means of the Becke line method. An

estimate of the probable error for the index is *0.002. All these ma-

terials exhibit conchoidal fracture.
The ErAIG lattice parameter agrees with the value 11.98 A d.te.-

mined by Bertaut and Forrat (1956), but our value for DyAIG differs
signifi.cantly from their value of 12.06 A. Unfortunately, no other pow-

der data have been reported, so further comparisons are not possible.
The authors wish to thank D. J. Nitt i for taking the photographs and

L. G. Van Uitert and W. H. Grodkiewicz Ior growing the crystals (to

be published). We also wish to thank S. Geller for many useful discus-
stons.
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Hey (1939, 1954) has carefully analyzed the problem of presenting the

chemical analysis of minerals. He recommends using the experimentally
determined density and cell dimensions, whenever possible, to convert

chemical analysis to chemical formula. For the special case of minerals
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whose essential crystal structure is known, an alternate procedure pre-
sents itself, which was not considered by Hey: the use of the totalnumber
of atomic sites per cell, as found in the structure determination, divided
by Z, the number of formula units per cell, i f desired. This procedure
carries the assumption that both omission and addition solid solutions
are absent. It has been found advantageous for minerals such as tourma-
Iines, where substitution is so abundant that one should not assume any
one crvstallographic position to be free of it. The assumption made is,
of course, checked in the end, when the observed density is compared
with the calculated density, which is based on the derived formula and
the cell dimensions. Hey's recommended procedure does not permit this
comparison of densities, and although in theory it is just as good to com-
pare the calculated number of atoms per cell with the number required
by the structure, in practice this is less satisfactory. The density compari-
son has become so standard that data compilations such as Crystal Data
(Donnay, 1963) devote a column to each densitv. In addition, and more
important, the errors inherent in density and cell-dimension determina-
tions, as discussed by Hey (1939, p.403), are kept out of the formula.

The advantages that this procedure may have for many minerals over
the procedures that assume a constant number of certain cations or
anions are the following. There is no need to decide each time which ele-
ments should be used as the basis of computation. No assumption con-
cerning the formula is "built in" when the formula is derived. The per
cent error in the conversion factor is minimized by the proposed proce-
dure.

I wish to thank the many scientists who have kindlv discussed this
problem with me, especiall l 'Drs. M. Hey, Brian Mason, E. G. Zies and
J. Zussman for their constructive remarks.
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DISCUSSION OF "PYRRHOTITE MEASUREMENT'' BY GROVES AND
FORD,,4M. MINERAL. 48, 9t1-913

PBron R. Busocr, Deportments oJ Geology and. Chemistry,
Arizona Slate University, Tempe, Arizona.

Much interest has been shown in the use of pyrrhotite (Fe1-*S) for
geothermometry as described by Arnold (1962) and Arnold and Reichen


