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Table 4 - 4 The calculated cell dimensions of
the new formed nepheline, nosean
and sodalite

Bpceinren aO(AL}Tephelingo(A) ;\j)?ze;an iz?&%ite
67001 745°C 9.970 8.345 9.021 —_—
67001 800°C 9.967 8.345 9.028 —_—
68024 800°C 9.971 8.353 S 8.900
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Table 4-5 Nepheline

Indices 67001  (745°C) 67001  (800°C) 68024 (800°C)
hk1 a (A) | °2e(Cukx) d (A) | °26(CuKx) d@&) °26(CuKx«)
002 4.176 | 21.282 4.178 | 21.267 4.169 21.311
201 3.833 | 23.199 3.835 | 23.190 3.837 23.174
120 3.262| 27.329 3.264 | 27.320 3.262 27.338
202 3.001 | 29.760 3.001 | 29.762 3.001 29.760
122 2.569 | 34.912

203 2.338| 38.473(xl) 2.338 | 38.468(xl) | 2.340 38.429(xl)
131 2.301 | 39.127(xl)

004 2.086 | 43.337(xl)

205 1.557 | 59.299(«l)

333 1.426 | 65.367(x1)

520 1.382 | 67.748(x1)

325 1.276 | 74.262(xl)

443 1.137 | 85.289(xl)

525 1.065 | 92. 711(x1)

156 1.035 | 96.152(x1)

327 1.022 | 97.890(xl)

724 0.941 | 109.876(xl)




Table 4-6 Nosean
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Indices 67001 (745°C) 67001 '800°C)
hkl d@) ©26(CuKw) a(&) | %20(Cukw)
100 9.027 | 9.803 9.006 | 9.815

110 6.382 | 13.872 6.376 | 13.881

111 5.212 | 17.007

211 3.687 | 24.148 3.688 | 24.134

310 2.857 | 31.298 2.858 | 31.291°
222 2.608 | 34.389 2.608 | 34.382
321 2.412 | 37. 254(xl)
400 2.258 | 39.886(xl)
401 2.191 | 41.174(1)
411 2.126 | 42.489(x1) 2.127 | 42.474(x1)
313 2,071 43. 667(x1)
332 1.925 | 47.188(x1)
510 1.768 | 51.650x1) 1.771 | 51.578(xl)
521 1.648 | 55. 718(xl)
440 1.595 | 57.767(x1) 1.595 | 57. 751(x1)
035 1.549 | 59. 648(x1)
006 1.504 | 61. 601(x1)
116 1.464 | 63.464(x1)
226 1.361 | 68.913(x)
444 1.303 | 72.489(«l)
217 1.229 | 77.638(xl)
800 1.129 | 86.088(xl)




Table 4 - 7

Sodalite
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o}
68024 (800 C)

Indices Indexed as
hkl a (&) °20 (CuKe) cancrinite
110 6.298 14. 070 110

211 3.636 24.482 030

310 2. 837 51.533 S

222 %y 559 35. 054 002

330 2.093 43.193(1) 330

440 1.575 58.564(cx1)

440
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Furthermore, twice the ¢ dimension of cancrinite, 10. 25 A, gives almost

the a dimension of nepheline. The following shows these calculations:

Cancrinite Nosean Sodalite Nepheline
a =12.615 A a =9.02 a =8.90 a =9.97
o o o o
c =5.125 A V = 734 vV =705 c_=8.35
o
v =706 A° V = 718
a (12.615) =~ [2x a (12. 75) (1% expansion)
cancr nosean
3xc (15.375) =< [3x a (15. 64) (1. 7% expansion)
cancy nosean
A% (706)=V (734) (4% expansion)
Cancy nosean
2xa (25.23)243% ¢ (25.05) (0. 7% contraction)
cancr neph
2xc {10. 25)2< 5 (9.97) (2. 7% contraction)
cancr neph
A% (706) >~ V (718) (1. 7% expansion)
cancr neph

4-3 Studies on the heated single crystals of cancrinite

(i) Change in superstructure

The superstructure reflections in the unheated crystals of cancrinite
were described in detail in Chapter 2, section 2-5. It was mentioned that
there were one to three sets of superstructure reflections, and the "f'" set
was the most intense one. If one examines the precession photographs of
68024 cancrinite heated to 4100C (Plate 8),it may be seen that the intensities
of the superstructure reflections decrease so much that the '""d" and "e"
sets disappear completely and the '""f"" set appears as very light linear traces,
only the most intense reflections between (0kl) and (0kZ2) of the main lattice
reflections can be easily seen. In the 68024 600°C specimen (Plate 9),

the intensities of the most intense reflections between (0kl) and (0k2)

reflections decrease slightly compared to the 410°C specimen.
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In 68024 7450C photograph (Plate 10),the superstructure reflections beiween
(0kl) and (0k2) are very weak and almost disappear. Heating experiments
up to SOOOC on specimen 68024 resulted in very poor photographs which
were not decipherable.

For unheated specimen of 67001, only an "f'"" set of superstructure
reflections is present, whose intensities decrease greatly in the specimen
heated to 6OOOC, linear traces of the most intense reflections between (0kl)
and (0k2) are present, (Plate 11). At 7450C, superstructure reflections
disappear completely and reflections of new phases occur, (Plate 12).

Besides decreasing in intensities, the position of the superstructure
reflections in the a*c* reciprocal lattice plane varies with temperatures.

In general, the linear traces which are always parallel to the a* - axis and
perpendicular to the c* - axis shift towards the origin. The distance of
shifting varies with specimens and temperatures, 68024 and 67001 behave
very similarly to 67002 and 6900S respectively. From Table 4-8, it may

be seen that superstructure reflections s'hift with an increase in temperature,
in other words, the superstructure spacing perpendicular to c- axis
increases with temperature increasing. The ratio of superstructure spacing
to dOOl spacing of the main structure varies between 1. 54 to 2. 09 in the

four specimens.

In the heated specimens, the superstructure reflections are streaked

lines parallel to the a - axis, rather than lines of spots as in unheated



Table 4-8 Ratio of superstructure spacing to

001

at different temperatures

d spacing of the main lattice
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’\s ecime n.s 68024 67001 67002 6900S
temper;%\ position ratio position| ratio| position ratio| position| ratio
‘ of to of to of to of to
”f” d Hfll d llfH d llfll
001 001 001 d‘001
unheated 5.25mm 1.58 4, 6lmm 1.80 | 5.36mm| 1.541! 4. 68mm/| 1. 79
600°C 4.8lmm 1.73  [3.99mm | 2.09 | 4.84mm| 1.72 | 4.16mm]| 2. 00
745°C 4.40mm 1. 94 4.38mm]| 1.91
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specimens. This means some kind of disordering occurs in the plane

perpendicular to the ¢ _ axis and the d spacing of the superstructure

100

varies. Unlike unheated specimens, the superstructure has the same

d100 spacing as the main structure.

(ii) Reflections from new phases in precession photographs

of cancrinite

In specimen 68024 heated to 4100C and 6OOOC, a few reflections from
a new phase appeared on the precession photographs, (see Plate 8 and 13).
These reflections appear to be from a sodalite mineral.

In the precession photographs of specimen 67001 heated to 7450C, a
number of new reflections appeared in addition to the cancrinite reflections,
indicating phase changes had occurred From powder diffraction data of
67001 heated to 745°C it was seen that cancrinite coexisted with two new phases,
nepheline and nosean. In the single crystal photograph, the well-oriented
nosean and nepheline patterns of spots develop while the cancrinite pattern

of spots is still visible. (see plate 14).

MOMASTER UNIVERSITY LIBRARY
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Plate 8 Zero layer of specimen 68024 heated to 410°C.
Notice that the superstructure reflections are streaked,
"d" and "e'' sets disappear completely. (68024, 4100C,
MoKo,M6).
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Plate 9 Zero layer of specimen 68024 heated to 600°C.
Notice that the intensities of the superstructure reflec-
tions decrease slightly compared with Plate 8

(68024, 600°C, MoKet, P5).
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Plate 10 Zero layer of specimen 68024 heated to 745°C.
The superstructure reoflections are very weak and almost
disappear (68024, 745 C, MoKet, U8).
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late 11 Zero layer of specimen 67001 heated to 600°C.
Notice the very weak integlsities of the superstructure
reflections. (67001, 600 C, MoKet , Ql4).
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Plate 12 Zero layer of specimen 67001 heated to 745°C.
Notice the complete disappearance of superstructure

reflections and reflections of new phases occur .
(67001, 745°C, MoK , [32).
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Plate 13 Zero layer of specimen 68024 heated to 600°C.
New reflections which appear to be from a sodalite mineral
occur. (68024, 600°C, MoKet , T9).
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Plate 14 Zero layer of specimen 67001 heated to 745°C.
The well-oriented nosean and nepheline reflections develop
while the cancrinite reflections are still visible.

(67001, 745°C, MoKo, V14).



CHAPTER 5
DISCUSSION AND CONCLUS'IONN .

5-1 Superstructure reflections

Specimens 68024 and 67002 are more abundant in superstructure
reflections than specimens 67001 and 6900S. The former specimens are
pinkish white or white in colour, from Dungannon Township, Ontario.

The latter specimens are honey-yellow, from Methuen Township, Ontario,
It was found that the cancrinite from skarn of York River, Bancroft shows
very intense superstructure reflections.

All of the superstructure reflections have the same symmetry
elements and systematic extinctions as the main lattice reflections, but
the intensities, abundances and the relative positions with respect to the
main lattice reflections are different from one specimen to another. The
systematic extinction of the superstructure reflections was identified by
the absence of an a*-axis streak on possible superstructure reflection
between the (002) and (003) reflections of the main lattice. See Plate 8,
specimen of 68024 heated to 410°C. It is very probable that the super-
structure reflections are affected by chemical environment, pressure and

temperature conditions when a cancrinite is formed. To determine the

relative importance of these three factors requires a great deal of chemical
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analysis data and single crystal photographs of cancrinite from different
1ocalifies. The variability of the superstructure reflections may
indicate the chemical and physical conditions in which a cancrinite was
formed.

In the heated specimens, the superstructure reflections decrease in
intensities, shifts in position. In addition, they are streaked in a direction
parallel to the a*—axis on the a*c* reciprocal lattice plane.

The changes of the superstructure reflections after heating provides evidence
as to the origin of the superstructure reflections. Two probable origins
may be suggested for the superstructure reflections of cancrinite.

(i) Stacking disorder of the ring of six tetrahedra which is the basic
stacking unit of cancrinite, sodalite and other silicates. Cancrinite is in
ABABA. .. stacking and sodalite group minerals are in ABCABCAB. ..
stacking. Stacking faults in cancrinite may occur in two ways (1) Alayer
is not followed by B layer or vice versa. (2) B layer is not followed by A
layer but followed by C layer, and then a mineral structure like sodalite occurs.
If this kind of stacking fault occurs very often, the sodalite may be treated as
an inclusion in cancrinite.

(ii) A disorder of individual cation, anion group or water molecule
within the frame work of cancrinite.

If the stacking faults of the misplaced anion groups represent dis-

equilibrium, then by heating the cancrinites, the true equilibrium configuration
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may be reached, and in this case the intensities of the non-Bragg re-
flections will decrease.
A disordering of the superstructure in a plane perpendicular to

¢ - axis will result in a streaked superstructure reflection parallel to the
az': - axis. [Either disordering in the arrangement of volatile components
or disordering of the hexagonal rings will make the streaked reflections
possible.

The sodalite group of minerals have the same subcell as cancrinite
hexagonal rings of (Al, Si) O4 tetrahedra. These two minerals may be
polymorphic, or polytypes as in mica. Therefore, the superstructure in
cancrinite might also be treated as a phase between the cancrinite and

sodalite group of minerals.

5-2 Phase changes

In the heating experiments, the cancrinite was heated in a dry
condition and open system, reaction rates were very slow, metastable
phases and transitional phases may occur. In the reactions, cancrinite
to sodalite and nepheline or cancrinite to nosean and nepheline, sodalite
and nosean occur as transitional phases, nepheline is a stable phase or
end product of the heating of cancrinite under these conditions.

The transformation model of cancrinite to sodalite or nosean is not
known, except the crystallographic orientational relation. The thrust of a
whole hexagonal ring of (Al, Si) 04 tetrahedra from ABAB’ ' stacking of

cancrinite to ABCABC ' stacking of sodalite or nosean is energetically
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difficult because it breaks many bonds in the (001) plane of cancrinite
which is not a cleavage plane.

According to Pauling's framework of cancrinite structure, the
6-fold screw axis falls at the centre of the big channels, and the 3-fold
axis falls at the centre of hexagonal rings which are in a plane perpendicular
to the c-axis. It is easier to break every other bond in some of the hexa-
gonal rings of cancrinite and form some new hexagonal rings on top and
bottom of the big channels in the cancrinite framework. In this way the
big channels are enclosed, and the holes around the 3-fold axis of
cancrinite framework are expanded to the volume of the holes in the
sodalite framework.

Different specimens of cancrinite transformed to nosean and
nepheline or sodalite or nepheline during heating. This may be attribu-
ted to the difference in chemical compositions of cancrinite specimens.

5-3 Conclusions

The occurrence of non-Bragg reflections in cancrinite is still a
problem. Do the non-Bragg reflections occur because of superstructure
in cancrinite? If so, what is the origin of the superstructure and what
kind of superstructure is it? To answer these questions, we need more
cancrinite specimens with various compositions from different localities.
It is certain that the non-Bragg reflections are something very similar

to the main lattice reflections and their intensities decrease with in-
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creasing temperature. There may be some kind of relation between the

non-Bragg reflections in cancrinite and the sodalite group of minerals.
How a cancrinite structure transforms to a sodalite structure

is not known, but a rough idea is suggested. The cancrinite to nepheline

reaction may proceed in a crystallographically ordered manner as shown

in Plate 14.
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