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Assrnecr

New determinations of the cube edge, refractive index, dispersion and disintegration
on heat treatrnent combined with existing chemical analysis of zunyite ar-e given. This
mineral has a face-centered cubic lattice and a cube edge of 14.034 (0.003) A. The refrac-
tive index for Nalight is 1.600 (+0.001) and dispersion ne-nc:O.009 (+0.001). Its de-
termined specific gravity of 2.87 is in good agreement with the calculated value of 2.85.
On heating zunyite to 1100" C. the structure breaks down to form mullite, indicating a
Si:Al ratio of 1:3 in the zunyite itseif. The mineral contains less fluorine but more chlorine
than the American variety from Zuni-mine.

INrnonucrrow

The occurrence of the very rare aluminum silicate, zunyite, in the
highly aluminous shales and flagstones at Postmasburg, was first de-
scribed by Nel (1, pp. 207-216). The zunyite crystals vary in size from
about 3 mm. to less than 1mm. (measured along the edges). They are
usually perfectly crystallized octahedrons which often show twinning.
The crystals have a flesh color, some having reddish nuclei. The latter
type was never used for examination. Pure material was obtained by
hand picking from the soft country rock in which it occurs.

As described by Nel (l,p.2ll), zunyite occurs in two ways; "either
it forms curious patches in the coarse diaspore-rock or its crystals are
roughly arranged in layers or disseminated through a rock in which
diaspore is only of microscopic dimensions." The zunyite occurring in the
latter manner is also larger and only these have been used for the in-
vestigations. The matrix of this rock was identified as consisting of in-
timately intergrown pyrophyllite and kaolinite.

Spncrnrc Gnnvrrv

The specific gravity was determined in two ways: (o) according to
the method of Jahns (2, pp. 216-222) in which fragments are suspended
in Clerici solution. The mean of three determinations yielded G4r6 2.871
(+0.005), and (b) by the pyknometer method. The results obtained by
this method were corrected for the difference in the displacement of air
by the volume of the contents of the bottle and the volume of the weights
used with the balance. For this correction the density of air was calcu-
Iated as 0.0010296 gr./cc. at Pretoria where the atmospheric pressure
is 65 cms. Hg at a temperature of 25o C. (3. p. 169a). The mean of three
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determinations was found to be Gozs 2.877 (+0.005). The final specific
gravity was taken as 2.874 (+0.005). Taking the molecular weight of
zunyite as 4736 (i.e. when the unit-cell contains the following atoms,
19 Si, 53 AI, I Fe, 2 Na, 64 OH, 7 Cl, 1 F and 82 oxygen) its specific
gravity can be calculated as 2.845 (4, pp. 109-110), which is in good
agreement with the experimental value.

Oprrcar, PnopBnrrps

Zunyite is optically isotropic and its refractive index and dispersion
were determined according to a single variation method at room tem-
perature (20' C.) using a monochromator. Its index of refraction was
found to be:

zN.:1.600 ( +0.001)

Dispersion : nF - nc:0.009 ( +0.001).

Tarr,e 1. Quar,rrarrw Spncrnocne,prrc ANa.rvsrs or ZuNvrrn

961

Present: Si, AI, Fe, Na.
Trace:  Mg, Ca, K,  Ti ,  Cr,  V.
Absent:  Be,  Sr,  Bb,  Cs,  L i ,  Mn, Mo, Ba.

Trsr-n 2. Cnnurcer, ANer,vsrs

Sioz 24.10
Alzos 56.85
FezOs 1.45
MgO 0 .30
CaO O.20
NazO L.45
KzO tr.
c l ,  4 .80
F: 0.40
PrOu 0.25
H,O 11.65 f
HzO 0.35J
Less O for F, Cl 1.30

100.50

0.4016
0.  5573
0.0091
0 .0075
0.0036
0.0232

tr.
0 .  1352
0.021r
0.0018
0.6667

0 .4016
t . t t46
0.0182
0.0075
0.0036
0.0464
0.0036
0.  1352

Si
AI

(1e)

(s4)

(72)

(82)

1 9 . 1 8  S i
< r  e r )" : ' : :  )Ar
u . 6 t  )
0 .  35
0 . 1 7
2.24 Na
0 . 1 7
6. s6]
1.01 lc], F+orI

$ . 7 3 )
146.00*O

Fe
Mg
Ca
Na
P
CI
F
H
o-(F+cr) 3.0s63

* After an equivalent amount of O has been subtracted for (Ff Cl).
a. Chemical analysis by H. G. Weall.
6. Moiecular proportions.

c. Atomic ratios.
d. Unit-cell contents,
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CuBurcar ColrposrrroN

The chemical analysis l isted is the one given by Nel (1, p. 216) and
the spectrographic analysis was carried out on a large Hilger Littrow-
type spectrograph; samples were arced in hollowed copper anodes (the
cathodes were slightly pointed) for 20 seconds at 5 amps.

The unit-cell contents were determined by the following equation:

Number of ions of each element in the unit-cell

Unit-cell volumeXAvogadro's numberXatomic ratioXdensity

Sum total of the chemical analysis

where a:14.034 and Avogadro's number: (6.0597+0.0016) 1013 (4, p.
110 ) .

X-Rav ExaurNarroN

X-ray powder difiraction patterns were obtained by using 114 cms.
diameter cameras in which the film is mounted according to the Strau-
manis method (5, p.726). The temperature during the exposures re-
mained reasonably constant and did not vary more than 1" C. above
room temperature oI 20" C. The time of exposure was 2| hours using
unfiltered Cu-radiation at 35 K.V. and 20 ma. Shrinkage correction
factors were determined and the measuring carried out as described by
Wasserstein (6, p. 106).

The final value for @o waS determined using Bradley and Jay's graphi-
cal extrapolation method (7, p. 563) and represents the mean of three
determinations. X-ray difiraction angles were converted to interplanar
spacings by using suitable tables. The wavelengths used were:

CuKar1.537395 KXu. or 1.540501 A
CrKezl.54l232 KXu. or 1.544345 A

Pauling (9, pp. 442-452) determined the cube edge of zunyite from
Zuni-mine, Colorado, U.S.A., as 13.830 (+0.005)A. He suggested that
it has a face-centered lattice and a space-group symmetry Ta2. The
powder photographs of the Postmasburg zunyite also indicate a face-
centered cubic lattice.

The South African variety contains more chlorine and less fluorine
than that from the Zuni-mine. As the water content is more or less the
same in the two samples, chlorine replaces fluorine in the Postmasburg
zunyite. The ionic radius of chlorine is much larger than that of fluorine
viz: Cl- 1.S1 A and F- 1.33 A (10, p. 1314) and this causes an expansion
of the unit-cell.

Pauling also suggested that the unit-cell contains four molecules of
composition Al$Si5Or0(OH, F)1sCI. If the unit-cell contents as calculated
in Table 2 Ql) are divided by 4 the results shown in Table 4 are obtained.



Taerr 3. X-Rev Darl ron Posruasnunc ZuNvrtr

a":74.034 (+0.0m) A

No. Int(obs.) 20 (Cu) d A (hkt)

t 2
2 t o
J J

4 1 0
. ) 6

9 . 9 8
1 1 . 0 8
19.19
21 .24
2 2 . 2 3

PJine
7 .99
B-line
4 . 1 8
4.00

(111)

(311)
(222)

6 1
7 4
8 6
9 7

10 10

25.25
28.02
30.26
31 .63
33 .59

B-line
3 . 1 8
PJine
2 .83
2 . 6 7

(331)

(422)
(333) (s11)

t 1
l2
13
t4
15

5
1

7
8

3 6 . 6 1
38.41
40.72
4 2 . 7 5
45.32

2 . 4 5
2 . 3 4
2 . 2 2
2 . 1 2
2 . 0 0

(440)
(s31)
(620)
(622)
(4M)

1 6
1 n

18
19
20

l

6
6

9

46.77
49.14
50.47
J 4 .  J J

56.23

1.942
1 .854
1 .808
t .682
1 . 6 3 6

(711) (ss1)
(642)
(731) (ss3)
(820) (6M)
(555J

2 l
22
23
n t

25

4
z

I
A

57.76
59. 80
60.87
62.62
64.00

1 . 6 0 0
|  .547
t . 5 2 2
t .484
1 .455

(662)
(840)
(842)
(664)
(e31)

26
27
28
29
30

A

o
2

5

65 .89
6 7  . 1 6
68.96
70 17
7  4 . 9 4

1  .418
t .394
r .362
| 34r
1 . 2 0 t

(844)
/ o t ? \

ii6ii, or raozr
(666) , (r0,2,2)
(10,42)

J I

32
33
34
.t.)

L

5
J

6
5

7 6 . t 5
77 .85
7 9 . r 8
8 1  . 9 1
93.  16

1 . 2 5 1
1 . 2 2 7
l . 2 t o
l . l / o

1 0606

(11,  1 ,  1 )  (77s)
(880)
(10,4,4) (882)
(10 ,6 ,2 )
(12,4, 4)

36
J /

38
39
40

6
2
I
n

I

96.19
98 .84

r0r.64
105.01
r07 .76

1.0347
I .0149
0.9937
0.9708
0.  9535

( 1 2 , 6 , 2 )
(688)
(14 ,2 ,0 )
(12 ,  8 ,0 )
( r4 ,4 ,2 \  (12 ,6 ,6 )

4 l
A 1

+J

4
rt.)

7
z

2
I
3

t09.29
l t 2  . 5 5
113.94
1 1 6 . 8 1
120.08

0.9444
0.9261
0 . 9 1 8 7
0.9043
0.8891

(12,9,4)
(14,4,4)
(14,6,o)
(e99) (13, 7, 5) (r1, rr, 1)
(t2, to,2)

46
47
48
49
50

J
A

i

A

6

t 23 .22
t26.89
r28 .7  5
130 .18
133 99

0 8756
0 . 8 6 1  1
0 .8543
0.8493
0.8368

(15, s,  s)
(12, lo,6)

( 1 6 , 0 , 0 )
(r3,  7 ,  7)

.)r
52
53
54
.).)

z

J

I
1
6

140.60
145.27
r52 79
r57 .O7
t59.76

0 .  8 1 8 1
0 8093
0.7925
0. 7858
0.7824

(16,4 ,2)
( 1 6 , 8 , 2 )
(17  ,  5 ,  t )
(16 ,8 ,4 )
( 1 7  ,  5 , 3 )
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Tnsl-g 4. ColeenrsoN or,Eupenrcar, FonMtn,c, or.rnn Soutn
ArnrceN aro Auonrcet ZuNvrrns

Atom S.A. Zunyite
American Zunyite

(9, p. 445)

Si
AI
Fe
P
Ca
Mg
Na
K
cl
F
OH
o
(oI{+F+Cl)

4.80
13 .31
0 . 2 2
0.o+
0.04
0.09
0 .56

1 . 6 4
0 .20

15.94
20.50
17  .78

4.63
13.17
0.03
0.09

o . t 2
0.04
0.96
3 . r 7

14.37
20 .08
18.  50

Taer.o 5. X-Rav Drrrnacrron D,q.r.l lon Mur.r.rrn Bx. Zur.rvrrn Coupenso ro
THAT loR Mur-rrrn Ex. KAoLrNrrs AND NATuRAL Mur-r-rrn

Mullite ex. zunyite Natural mullite2

Int(esl)

3.44
2 . 9 0
2 . 7 0

6
J

A

a

2 .56
2 .43
2 .30
2 . 2 r
2 . 1 3

t .70
1 .60
I . J J

t . 4 5

d ANo. Int(esl) d A

5.40
J . t t

3 . 4 1
2 . 8 7
2 . 7 0

7
J

8
J

2 .54
2.43
2 .29
2 .20
2 . 1 2

10
J

6

1 8
n 1

3 1 0
4 7
J /

6
7
8
9

10

7
4
3

5 .40
3 .76
3  .39
2 .88
2 . 7 0

2 . 5 4
2 . 4 2
2 . 2 8
2 . 2 0
2 . 1 1

10
A

5

6
4
7
I

1 1
12
l . t

l4

A

I

a

4

2
5

a

{

2 .03
7.694
I .595
1 .524
1 .436

2 .00
r .699
1.600
1 .520
1 .4M

Mullite ex. Kaoliniter

l McVay and Thompson, Jour. Am. Cer. Soe., lf, $4 (1928).
2 Norton, J ow. Am. Cer. Soc., 8, 637 (1925).
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There is a close agreement in Si, Al, oxygen, and the minor constitu-

ents. The Cl, F and OH values vary antipathetically but the
(Cl+F+OH) totals for both are about the same, and its emperical for-

mula can therefore bewritten as: AlrsSibOzo(OH, F, Cl)rg. The Postmas-

burg zunyite also contains more sodium.

PncrrNc Inpnx

The packing index of zlmyite calculated from the formula

volume of ions
P . I . : - _X10  (10 ,  p .  1310 )  i s  d .4 .

vorume or cell

For this calculation the volumes of the ions given by Fairbairn (10, p.

1314) were used.

HnRr TnparurNr

Grosner and Musgnug (11, p. 153) published data on the dehydration

of zunyite for temperatures ranging from 300o C. to 810' C. When the

Postmasburg zltnyite, pulverized to - 200 mesh, was heated in an electric

furnace to 1100o C., mullite was formed. No fluorine could be detected
spectrographically in this mullite and all the volatile constituents OH' F

and Cl, were probably completely driven off below 1100' C.
Mullite, with a chemical formula of 3AhOa'2SiOr (orthorhombic)

reveals the primary Al:Si ratio of 3:1in the zunyite as suggested by

Grosner and Musgnug (11, p. 154). This 3:l ratio is also indicated in

Table 4. The Postmasburg zunyite has (AI, Fe) :Si:2.82:1 and the

American zunyite Al : Si: 2.82: 1.
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