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During the summer of. 1947 while visiting the quarries of the American
Nepheline Corporation at Blue Mountain in Methuen township, On-
tario, Phoenix collected several specimens of fine, amber-yellow can-
crinite. He subsequently analyzed selected material from the specimens
on his return to Toronto. A portion was handed to Nuffield for further
Study. Professor M. A. Peacock and Mr. E. G. Robinson kindly under-
took to measure the indices of refraction in Na light. Although chemical
analyses of cancrinite with optical data are fairly plentiful in the litera-
ture, only one analysis is accompanied by cell dimensions. Therefore it
was felt worthwhile to record the data collected during the study. This
paper also discusses the chemical constitution of cancrinite and certain
relationships between composition and optical properties.

The Blue Mountain cancrinite yielded a fragment showing the excel-
lent hexagonal prismatic cleavage, permilting good rotation and Weis-
senberg films about the c-axis; these gave the cell dimensions3 compared
below with previous determinations:

a c
12.73 5.10 Monte Somma, Vesuvius (Zambonini & Ferrari, 1930)
12 .60 5. 18 Miask, Urals (Gossner & Mussgnug, 1930)
12.72 5.18 D6d6, Korea (K6zu & Takan6, 1933)
12.60 5.12 kX Blue Mountain, Methuen, Ontario (E. W. N.)

Two determinations of the specific gravity were made: 2.420 (R. P., on
a piece weighing several grams), 2.423 (8. W. N., on a fragment (16 mg.)
using the Berman microbalance).

Bragg (1937,  p,272) ,  Berman (1937,  pp.  365,  369) ,  and others have
concluded that cancrinite has a 3-dimensional framework of (Si,Al)-On
tetrahedra (silica type) with the ideal composition (Si6AloOrn)6-. Berman
pictures this structural type as having large open spaaes, some of which
are occupied by COa and SOr groups. Large cations enter the structure
and neutralize the charge on these groups and on the framework. Specific
gravities are characteristically low due to the open nature of the atomic
structure. This view of cancrinite is supported by the data presented in
Table 1 which gives the new analysis and cell contents calculated from
the analysis, the measured specific gravity and the mass factor 1.650. Si
and Al are both near 6, oxygen is near 24.

I Chemist, Johns-Manville Company, Toronto.
2 Lecturer in Mineralogy, Department of Geological Sciences.
3 Using ). CuKar:1.5374 kX.
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When cancrinite analyses are compared they are usually recalculated

to give atomic proportions on a basis of Si+Rt:12 (Berman, !937;

Stewart, 1"941). This almost invariably results in oxygen less than 24' It

appears unlikely that water in the forrri of (OH) is substituting for oxy-

gen. Zambonini & Ferrari (1930) found that the water is driven ofi at

375o C. without afiecting the optical properties and concluded that it is

not essential. Oxygen atoms are usually the largest in,a silicate structure

and they play an important part in determining the size and shape of the

skeleton. It follows that the number of these atoms in a silicate formula is

more apt to be constant than that of any other element. For this reason

we have recalculated selected arialyses of cancrinite for which optical

Tenln 1. Altar,vsrs lxo Cnr.r. Conrnnrs or Cawcnnutr,
Br,un Moullranr, Onratro

___i:tlliI ""
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5 .88
6 . 2 2
0 . 1 4
0.88
t . &
0 .18
o . l 2
2 . 8

22.66

SiOz
AlzOa 29.11 Al
NazO 18.69 Na

0.64 K
4.80 Ca
7.oo coa
1.37  SOr
0.42 Ct

KzO
CaO
COz
SOa
CI
HrO+
HzO-
O for Cls

4 . 3 4 HrO+
0 .23  0

-0 .10

100.4[84

a Incl. FeO none, MgO none.

data are available on a basis ot O:24 (Table 2). In all the analyses ex-

cept 3 the sum Si+Al is now greater than 12. This shows that in can-

crinite, as in other silicates, some Al substitutes for the cations.

Berman (1937) noted a tendency in the i'normal" (i'e. nonsulphatic)

cancrinites for Ca to increase as Na*K decreases' This is seen to be true

also for sulphatic cancrinite, indicating isomorphous substitution of Ca

for Na*K. Berman also observed a tendency for COa to increase with

Ca. Similarly our table indicates an increase in SO+, and consequent de-

crease in CO3, with Na. It may be said that in general those natural

cancrinites which are high in Ca are carbonic, while the cancrinites high

in Na are sulphatic.
From the data in Table 2 the general chemical formula of cancrinite

along with the maximum charges on the different groups of atoms may be
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written as (Na,K,Ca,AD;1+sSi6Al6o3; . (So4,Cor)rn:r. t - 5H2o. This is in
agreement with the formula of Berman (1937, p. 356), except that our
formula shows inclusion of some AI with the cations and a greater range
of water-content. The table indicates that the relation Si:Al:6 is
nearly realized in all analyses; the charge on the framework is therefore

'always close to 6-. However, the coaf Sor content is usually less than
2 and may be as low as 1. consequently the charge on these groups varies

Tanr,r 2. Cancnrwrrn: Arourc Pnoponrrolqs (O:24), Oprrcer,

""@

s i . . . . . . . . . . . .  6 . 2 8
A t .  . .  .  5 . 9 4
N a . . . . . . . . . . .  3 . 3 8
K . . . . . . . . . . . .  0 . 2 8
C a . . . . . . . . . .  2 . 2 2
C O r . . . . . . ' . .  1 . 5 0
S O r .  . .  . . .  0 . 0 3
c I . . . . . . . . .  . .  o . 0 2
o . . . . . .  . . . .  2 4 . 0 0
H r O . . . . . . . .  3 . 7 8

5 . 9 4  5 . 9 7
6 . 2 1  5 . 9 6
s . 2 7  5 . 9 7
0 . 1 1  0 . 0 4
| .63 I .48
1 .64  I  .36
0 . 0 1  0 . 0 1

0 . 0 1
24.00  24 .00
2  . 7 1  I  . 5 4

5 .99 5 .94 6.25
6  .16  6  . 2 t  6 .01
6 .38  6 .26  5 .37
0.  33 0 .28 0 .94
0 . 8 0  0 . 7 r  0 . 2 8
o .77  0 .M  0 .24
0 .62  0 .76  0 .77

24.00 24.00 24.00
2 .5 r  1 .31  4 .50

6 . 1 7
6 . 2 3
6 . 5 9
0 .  1 5
0.93
r . 7 4
0 . 1 9
0 . 1 3

24.O0
2 . 6 3

6 . 2 1
6.06
5.40
r . t 2
o .24
0 .22
0.84

24.00
4 . 1 7

( s i , A l ) . . . . .  .  r 2 . o 0
(Na, K, Ca, Al) 6.10
(co3, so4, cl).  .  1.55

12 .o0  11 .93  12 .00
7 .16  7 .49  8 .07
1 .65  1 .38  2 .06

12.00 12.00 12.00
7 .66 7 .40 6.85
1 .39  7 .20  1 .01

12.o0
7 .O3
1 .06

1 . 5 2 4  1 . 5 2 3 8  1 . 5 1 5
1 . 5 0 1  1 . 5 0 1 5  L . 4 9 6
o.023 0.0223 0.0t9
2 . 5 1  2 . 4 4  2 . 4 2 2

1 :9: 1 l93f 1.4s2-t.4ss1.500 1.497 |
0.009 0.005 0.0007
2.M3 2.423 2.35

in different cancrinites and is characteristicalry less than 4-. This varia-
tion in negative charge together with considerable isomorphous substitu-
tion of ca for Na results in a cation content which varies between 6 and g.
Therefore it may be assumed that the cancrinite structure practically
always contains unfilled positions.. This is borne out by the measured
specific gravities of various cancrinites (Table 2). They are distinctly
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lower than the value 2.59, calculated for NaoCaz.AloSioOzr.2COB.3H2O,
which presumably contains the maximum number of atoms. The availa-
ble data do not point to any connection between the vacant positions and
the water content.

Stewart (1941) noted that the optical properties are affected by varia-
tion in composition. He pointed out that with increasing SOr, cr falls
rapidly, e less so, resulting in a decrease in birefringence. The analyses in
Table 2 have been arranged in order of decreasing birefringence caused
by a decrease in co and somewhat irregular decrease in e. Although this is
the order of increasing SOrin the sulphatic cancrinites (4-8), it is also the
order of decreasing Ca, and decreasing Ca/(Na*K) for all the analyses.
The indices of refraction and birefringence are characteristically higher
in the calcic members of Ca-Na series such as the plagioclases, the scapo-
lites, and some of the zeolites.
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