THE SPINEL GROUP
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Twenty years ago E. S. Simpson! presented in graphic form the rela-
tions between MgAlL,O; and FeCr,Q,. He considered that continuous
variations are possible in all parts of the system. Since that time many
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more analyses have been made and it seems possible to present the facts
in a diagram essentially like that of Simpson, but on a somewhat different
basis. It is also possible now to add lines expressing approximately the

! A graphic method for the comparison of minerals with four variable components form-
ing two isomorphous pairs: Min. Mag. 19, 99 (1920).
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variations in specific gravity which result from variations in composition.
The continuity of the system seems to be beyond reasonable doubt in
spite of the fact that certain areas still lack known examples.

Simpson gave names to certain portions of the system. His names are
used in Fig. 1, except that he assigned the name picotite to the area be-
tween ceylonite and hercynite and alloted no names? to the squares ad-
joining these and spinel and hercynite. Since picotite is used by Lacroix
for a member of this system characterized by MgALO,, FeAl;Os and
FeCr;0;, it seems better to assign it to some such position as shown in
Fig. 1. Then perhaps the name pleonaste may be used for the area which
Simpson assigned to picotite, although as a gem stone pleonaste doubtless
contains less FeO than required by this area.

The diagram gives information as to the composition indicated by any
point in a very simple way. Any outside line represents a binary series
and, being divided into one hundred parts, the divisions represent (mo-
lecular) percentages of the two end-members. Thus, 22 represents 269,
FeAl,0; and 749, MgAl;O.. Inside the square, any point represents per-
centages of Fe and Mg in the vertical direction and percentages of Cr
and Al in the horizontal direction. For example, 5 represents 389, Fe and
629, Mg, and also represents 709, Al and 309, Cr. Therefore 5 represents
3897, Fe(Al,Cr);0s, and 629, Mg(Al,Cr):0s. Of this 38% Fe(Al,Cr):04,
70% (or 26.6% of the whole) is FeAl,O, and 309, (or 11.4%) is MgALO,.
And of the 629 Mg(Al,Cr),04, 709, (or 43.4%,) is MgAl,O, and 30%
(or 18.69%,) is MgCry0,.

Of course the diagram assumes the absence of any other constituents
than those which are shown. This assumption is frequently untrue, but
in many cases is a very close approximation. Probably the commonest
additional constituent is FeFe,O4, but spinel can apparently take only
about 15 per cent of this into its structure. Accordingly, magnetite and
spinel can probably form simultaneously from a magma, whereas chrom-
ite and spinel cannot.

By a study of spinel gem stones from Ceylon, Anderson and Payne’
proved that ZnAl:O, is miscible with MgAl:O,, at least to 35 per cent.
Analyses of gahnite show that FeAl;O4 is miscible with it at least to 30
per cent, and it seems probable that ZnAl,04 is miscible in all proportions
with both MgAlLO, and FeAl;O4.* Such a system is shown in Fig. 2 with
lines to indicate the refractive index for all proportions. The binary series,
MgAI;Oq4 to ZnAl,Oy is shown in Fig. 3.

2 Except “magnochromite,” which seems undesirable to the writer.
3 Min. Mag., 24, 547 (1937).
4 Brauns, R.: Cent. Mineral., 1927 A, 265.



424 A. N. WINCHELL

N=1805 G=4.60
Gahnite
ZaAl 0,

WNWW )
/ \ \ S 3
ro8 3
/ 23/4 € 7 & 2
| [}

% S = -1
FeAlo, MgAl0,
Hercynite Spinel/
N=183 G=410? G=3.57 N=17I5
Fic. 2
N - ¢
190 — 450
~—T
/
- s
G_—
180 e ——=—={ 400
I —
/______—-——“
70 350
o 20 40 Mol % 60 80 100
MgAj 0, ZnAl0,
Spinel Gahnite

F16. 3



THE SPINEL GROUP 425

Artificial spinel of gem quality has been made with varying amounts
of excess Al;Oz (in crystal solution) up to 60 per cent. The limit seems
to be about 68 per cent.’ The relations between this variation in composi-
tion and the density and refractive index are shown in Fig. 4.

Many analyses point to the conclusion that FeFe;O; in spinel can be-
come Fe,03 without destruction of the crystal structure, just as it can
in magnetite. Accordingly, both Al,O; and Fe;Os can exist in the spinel
crystal structure, though neither is possible in unlimited amount. Fur-
thermore, this fact makes it reasonable to assume such changes of 2FeQ
to Fe,03, or Fe;,03 to 2FeO as may be necessary to compute the spinel
molecules from the analyses, and this assumption has been made in the
computations.

Since the ferrites do not intercrystallize freely with the aluminates and
chromates of the spinel group, they can be arranged on triangular dia-
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grams, as shown in Fig. 5. All four end-members have been made arti-
ficially and it seems very probable that they can intercrystallize in all
proportions at least in the two ternary systems which are shown, al-
though this has not yet been demonstrated. Unfortunately the refractive
indices are not well known in this system and no attempt is made to show
them.

Of course, it should be remembered in using these diagrams that the
natural minerals usually contain still other constituents (notably TiO,)
and therefore the specific gravity may vary from that shown by the
diagram.

5 Higg, G., and Soderholm, G.: Zeits. physik. Chem., B, 29, 88 (1935).
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