Mineralogy. — On the relation between the optical properties and the

chemical composition of glaucophane. By H. W. V. WILLEMs.
(Communicated by Prof. H. A. BROUWER).

(Communicated at the meeting of September 25, 1937.)

The chemical composition of the alkali-amphiboles can, according to
WARREN (1 p. 493), be expressed by the general formula (Ca, Na, K, Mn),_3
(Mg, Fe, Ti, Al, Mn)s (Si, Al); O,, (OH, F),. Calculated according to this
formula, the different glaucophanes and related minerals, of which in the
literature the chemical composition as well as the optical properties are
mentioned, give:

n | mp | om, | 2V [P0 g i Na | K | Mg | Fell Mot |Fem | Ti | Al| Si
1[1.606| — [1.627] — |y=b]o0.151.83]0.12|2.62]0.61| — |0.12| — |1.91|7.79
2|1.615| — |1634| 41°| . [0.10[1.81/0.11|2.14{0.95| — [0.30| — |1.76|7.86
3(1.618) — [1.637] — | . [0.19/1.74|0.11]1.85(1.26| — [0.20| — |1.85]7.91
41619 — |1.640| — | . [0.49]1.50(0.10(2.32(1.24| — |0.25| — [1.47|7.86
5|1.621(1.633|1 640(76—-80° . [1.16|1.46(0.05(3.71| — | — |0.88/0.12|0.64|7.58
6(1.622] — [1.640| — | . [0.06(1.82|0.151.5¢|1.61| — [0.17| — [2.04|7.78
701.629] — |1.651| — 1.67(0.19]0.02|4.08|0.78|0.03[0.15| — [0.10{7.88
8|1.640| — |1.652] — | . [0.24[1.75(0.07|1.55|1.42{0.04|0.76| — |1.40|7.84
9|1.655|1.664|1.668| 42°| . [0.33]1.67[0.13/1.99/0.99| — [1.69(0.040.63|7.67

Na+K Al 4 Felll Fel-Mnll{-Fell|  Ca Fell4-Mnll Felll

ALFelll|Ca Mg} Fel{- Mol Fell{-Al| Ca+Mg+Al |CatFell|-Al Mg Fell-+-Mall{Fell-Al
1] 0.96 0.37 0.16 0.07 0.14
2| 0.93 0.39 0.31 0.05 0.24
3| 0.9 0.38 0.38 0.08 0.28
4| 0.93 0.30 0.35 0.22 0.28
5| 0.9 0.24 0.16 0.43 0.17
6| 0.8 0.41 0.49 0.03 0.33
7| 0.84 0.04 0.16 0.87 0.19
8| 0.84 0.40 0.70 0.10 0.43
9| 0.78 0.41 0.91 0.12 0.51
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glaucophane, Zermatt (2. p. 198).

" Champ de Praz (2. p. 198).

" Smyrna (2. p. 198).

,, Mt. Saléve (2. p. 202).
tremolite-glaucophane, Krivoi Rog (3. p. 234).
glaucophane, Cyclades (2. p. 198).
actinolite, Comet Vale (4. p. 1).
crossite, Berkeley (2. p. 198).
ternovskite, Krivoi Rog (3. p. 233).
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In all these analyses the replacement of Si by Al+ Na is of very
subsidiary importance, for Si differs only slightly from the theoretical
amount — 8. Also in all of them Na -+ K < Al + Fe'', but the difference
never amounts to very much, for the proportion %%:0.78—0.99

as is shown in fig. 1. The amount of glaucophane-riebeckite is therefore
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Fig. 1. Graphic representation of the proportion Na+K (the numbers

Al+Felll
refer to those of the analyses).

mainly determined by Al +4 Fe™, the more so because in the determination
of Al,O; and Fe,O; the general tendency is to find these too high, on
account of:

1. non- or partial determination of SiO, in the R,O; precipitate.

2. non-determination of MnO, TiO,, P,Os, ZrO,, rare earths, etc.

3. oxidation of Fe! to Fe™ while in the determination of Na,O and
KO there is a tendency to low results. Furthermore the proportion

Al 4 Fell
Ca + Mg + Fel' 4+ Mn! + Fell 4 Al

< + 0.40,

as is shown in fig. 2, which is in agreement with the formulas for

glaucophane = Na;MgAl,Si;O44(OH, F), and riebeckite = NagFelFel
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Si;¢04(OH), given by BERMAN (5. p. 359) and with the conceptions of
Al Fell
Ca- Mg Fell 4 Mnll | Felll - Al
l
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Fig. 2. Graphic representation ot the proportion

Al-Felll
Ca-Mg—+ Fell 4+ Mnll | Felll{- Al

(the numbers refer to those of the analyses).

KuniTz (2. p. 204) concerning the miscibility between glaucophane-
riebeckite and tremolite-actinolite. It is possible that the proportion

Al + Fell
Ca + Mg + Fe'' + Mn!' 4 Fe" 4- Al

amounts to more than 0.40 on account of:

1. replacement of Si by Al + Na.

2. determinations of Al,O; and Fe,O; being apt to be high, as

already set forth.

3. FeO being frequently found too low.

4. non-determination of MnO.

Those analyses also show that it is impossible to express the chemical
composition in what are usually called endmembers as glaucophane =
Na,Mg;AlLSi;O,; (OH, F),, riebeckite = Na;FelFe)'SizO,; (OH), tremo-
lite = Ca,Mg;SisO,, (OH), and actinolite = Ca,FelSigO,, (OH),. Then
for instance Mg == 1.5 Al, while glaucophane of Smyrna contains only
1.54 Mg and 2.04 Al. Therefore the relation between the optical pro-
perties and the chemical composition cannot be plotted in the familiar
diagrams. Careful examination of those analyses, however, shows that
both refractive indices, n. and n,, increase rather gradually with increas-
ing content of Fe" 4 Mn" -+ Fe', as is graphically represented in fig. 3,
in which is plotted the relation between the refractive indices n« and n,
Fell - Mnl 4 Fell

Mg + Ca + Al
smooth curve through the analyses 1, 2, 3, 6, 8 and 9, the remaining
ones, 4, 5 and 7, deviate very much, but those are the very analyses for

Al + Fe'!
Ca—+ Mg + Fel' +Mn! + Felll -+ Al

amounts to much less than 0.40. The lower this proportion, the more

and the proportion . Though it is possible to draw a

which according to fig. 2 the proportion
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the refractive indices will deviate from the curves, as will be easily seen
from combining with each other the figs 2 and 3. Apparently the optical
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Fig. 3. Relation between the refractive indices and the proportion

Fell 4 Mnll- Felll
Mg—+Ca--Al

properties are not only dependent on the amount of Fel + Mn! - Fe

but also on the amount of Ca that is present; in other words they seem
to be largely controlled by the relation of glaucophane to riebeckite, as

(the numbers refer to those of the analyses).
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Fig. 4. Graphic representation of n, (the numbers refer to those of the

analyses).

well as by the proportion of glaucophane + riebeckite to tremolite +
actinolite. The proportion of tremolite + actinolite to glaucophane -

Ca

riebeckite can be expressed by Ca T Fe LAl and the proportion of
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riebeckite to glaucophane as well as the proportion of actinolite to
Fell + Mn! + Fell
+ Fel' + Mn!" + Fe" 4 Al

against these two proportions gives the figs 4 and 5, from which can

tremolite by Mg Plotting the optical constants
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Fig. 5. Graphic representation of n,—n, and 2V (the numbers refer to

those of the analyses).

be seen that the refractive indices increase rapidly with increasing
Fe” + Mn® + Fel but slowl ith i i ____Ca
Mg + Fe + Mn" + Fe" + AT’ y With Increasing G 1 Fel 1 Al
On the other hand, the birefringence decreases with increasing
Fe! + Mn" +4 Fell
Mg + Fe" + Mn! + Felll + Al
increasing _(;a_&_‘
Ca + Fel 4 Al
our present knowledge of glaucophane is concerned, it seems possible
to some extent to predict the chemical composition of a glaucophane,
when its refractive indices and 2V are known.
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and probably increases slightly with

, as probably does also 2V, so that, as far as



