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AssrRAcr

An r-ray method has been developed which permits the identification of the variety
of scapolite more rapidly and with less skill than by optical methods.

IxrnooucrtoN

During the course of a spectrochemical examination of a number of
scapolites carried out at McMaster University by D. M. Shaw, it became
evident that tJrere were numerous uncertainties in the mineralogy of
scapolites. For example, there is no indexed powder pattern available,
there are uncertainties regarding the space group, chemical formula and
various morphotropic properties of the scapolite family. These problems
have been thoroughly discussed in a recent paper by Shaw (1960).

Eight completely analyzed scapolites as well as thirty partially
analyzd specimens were obtained in order to attempt to resolve some
of these problems.

Hrsronrcal lNrnooucuoN

The scapolites are an important group of silicate minerals about which
relatively little information has been gathered. Almost none of this in-
formation is of modern quality. The name scapolite refers to a family of
tetragonal aluminosilicates containing CO3, SOa, Cl, and other anions.
The principal cations are Ca and Na. Shaw gives the following formula
as provisionally suitable

WqZnOza. R

where 77 is mainly Ca, Na, and K, but may include small amounts of
other metals, Z is Si and Al, often with excess Si and deficient Al. R is
(a) COa, SOa, OzHz, Clz, or Fz, for meionite components or (b) Cl, F,
HCOB, HSOa, or OH for marialite. The nomenclature is accepted by
Shaw as marialite Meo-Mezo; dipyre Mezo-Mero; mizzonite Mero-Meeo,
meionite Mess-Me1es. So far as is known pure marialite does not occur in
nature and 80To of the marialite molecule is the maximum found.

Early structural studies were those of Gossner & Briickle (1928),
who, as a result of single crystal investigations, were of the opinion that
the space group was one of three possibilities, ziz.
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c'nue+ / m) ; cil(p+z / m) ; and ctu(p+r/ n).
Later Schiebold & Seumel (1932) again as a result of single crystal
measurements decided that the point group must be either Ca,, (4/m) or
& (4). They also tested their crystals for piezoelectricity and obtained
no effect. Similarly, Hettich & Steinmetz (Lg32) were unable to obtain
any indication of piezoelectricity. Greenwood (1g35) tested two crystals
from Mogok, Burma, of which one was colourless and the other pink; the
colourless variety gave the piezoelectric efiect and the pink variety did
not. Greenwood considered that the point group of scapolite was,
therefore, either Ca (4) or & (4) and that tlre impurity causing the pink
colour suppressed the piezoelectricity.

Both Pauling (1930) and Scherillo (1935), as a result of preliminary
structural analyses, considered the space group to be IA/m.

It can be seen from the foregoing that there is considerable doubt as to
the correct space group or groups in which scapolite crystallizes, and
indeed whether or not the crystals are centrosvmmetric.

Sruoros oN CBxrnosyr[METRy

To start the investigation an attempt was therefore made to test
scapolite for centrosymmetry. Several recently devised statistical tests
were not available to earlier workers.

Zero, frrst, and second layer Weissenberg photographs about the c
axis of two scapolite crystals donated by the Royal Ontario Museum
(Pianura R.O.M. M5432, Monte Somma R.O.M. MgL22) were made.
The cell dimensions and interaxial angles were measured from these
photographs. The crystals were confirmed as tetragonal. The cell dimen-
sions were a: L2.254, c:7.548A (Pianura);a: I2.LLA, c:7.600A
(Monte Somma).

The intensity of the reflections in the hko layer were measured on a
densitometer, and the Rogers N(Z) test for centros-vmmetry was applied.
The results of this test are shown in Fig. 1, along with the two curyes
theoretically predicted for centrosymmetry and non-centros5rmmetry.
The experimentally determined curye varies somewhat from either of
the theoretical curves. This is due to a number of reasons. Firstly because
of experimental errors, and secondly because a crystal rarely meets the
following necessary ideal conditions for the test: (a) that the unit cell
should contain a large number of non-equivalent atoms; (b) that the
positions of these atoms should be reasonably general; (c) that heavy
atoms, if present, should not occupy true or apparent centres of sym-
mefir, nor should they possess a considerable fraction of the total
scattering power.
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Frc. 1. Rogers N(Z) test for centrosymmetry.

Generally speaking an approximation to the acentric distribution is
regarded as an unambiguous indication of the absence of a centre of
symmetry. The centric distribution may be formed either with true
centrosymmetry or with pseudo-centrosymmetry (Kitaj gorodsky, 1951)'
but in the latter case the distribution will ordinarily differ in type when
evaluated for ranges of low and of high sin 0. The test was thus inter-
preted as indicating a centric distribution.

MonPnornoPursM

It was decided to make a study of the r-ray diffraction powder patterns
of scapolites of different compositions. Eight completely analysed speci-
mens plus a considerable number of unanalysed scapolites were obtained.
The analyses of the eight completely analysed specimens (Table 1) were
cast into the typical scapolite formula of the different scapolite end
members as shown below (Table 2). The manner of doing this calculation
has been explained by Shaw (1960).

The first six analyses were made by C. O. Ingamells, Rock Analysis
Laboratory, University of Minnesota, the analysis of scapolite G was by
Dr. O. Von Knorring the University of Leeds and scapolite JG by Dr. J.
Gittins of the Pennsylvania State University.
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TasLs l. Awer,ysss oF Scapor-rrE Seupr,ss

QleD-
s13A Q87A oNs oN6A M730 Q85 G JG

sio2
AlrOa
Tio2
FeO
FerOa
MnO

MeO
CaO-
NazO
K,o
HzO+
HrO-
F
cl
co
SOa
Toter-

51.83 62.t0
24.25 23.79

.03 .02

0.07" 0.8"
tr tr

.02 .18
11 .66  11 .13
6.40 6.86
1 .16  ,87

.n  . 07

. M  . 1 0

.02  .11
1 .66  1 .85
2.28 2.1,4

.72 .80
100.40 100.25

aTotal Fe as FerOg.

The specific gravity of these analysed scapolites was determined on a
Berman Balance by J. Weber as follows: ON8, 2.619; ON6, 2.660; Q87,
2.689; Q19D, 2.686; Q85, 2.705; M730, 2.703; G, 2.72. The density of
scapolite JG was not determined because only a small amount of powder
was available. Using these specific gravities and the known cell dimen-
sions the cell content may be calculated and shown to be 2 formula
units.

Using the approximate cell dimension data obtained from the single
crystal studies, a powder pattern of scapolite Q85 estimated to contain
65.9% meionite was indexed and the cell dimensions refined by the sin20

Tasr.B 2. Arrrelvsss C.o,sr u.rro ScArol-rrs Elvo MpMsons

57.89 64.73 45.91 47.t7 47.52 45.t4
2L.62 22.85 28.19 26.29 26:2t n.83

.01 .01 .07 .03
.30 .31

0.07" 0.08.  0.11"  0.16"
.01 1.00 .01 .01 .02 .00
.03 .03 .46 1.00 .L4 .29

4.81 8.29 t6.76 L4.3t 16.48 17.U
10.50 8.55 2.4 3.82 4.52 3.72
1 .16  r . 08  2 .2 t  1 .01  .10  .20

.M .13  L . t z  . 93  . 22  .M

.06 .00 .03 .50 .08

.00 .00 .01 .04
2.96 z. tS .05 .66 .06 .66
l .  11 1 .69 2.88 2.66 2 .L6 3.78

.03 .39 .94 r .42 4. t7 .08
100.70 100.02 100.u 99.90 99.97 99.79

Specimen
numberScapolite

end
members oN8 ON6 Q87 QleD Q85 M730 G JG
nn"CO, 17.0 30.0 48.2 49.5

4 . 0  7 . 6
1 . 0

7r .7 55.7 40.6 40.8
4 . 4  0 . 9

. 3  5 . 0  7 . 9  8 . 9

6 . 9  1 . 7

2L.O 37.6 48.5 45.2

53.8 44.3 46.4 72.0
L2.L 25.8

20.3
13 .3  L .2  r . . 6  15 .8
1 . 6  . 4

16 .9  11 .5  U .8  2 .2

2 . 2  1 6 . 9  5 . 1
4 . 9

66.9 70.1 65.8 72.0

Me(OH)a
MeSOn
Ma*Cl
MatF
Ma*HSOa
Ma*SOr
Ma*HCOg
MaECOa
EMe

w.g. Ma$ signifies that K has been added to Na.
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method to the values a : L2.055Aand c : 7.5d. An alternative dimen-
sion a : 17.0464 at 45" to the above o ar(es may be chosen to conform
with the morphological axial ratios, but this does not conform to the
smallest unit cell. Using a - 12.055A and c : 7.51A it was found possible
to index all but one plane. The indexed pattern is listed in Table 3.

Tesr,B 3. hvopxpp PowosR. PetrBnn op Scepor,rtn
(a - L2.066 A.; c = 7.51A; ), = 1.54184)

doba. dato. hht.

13
31
l5

100
80
M

o
15
66
5

15
4
5

15
23
8

16
16
29,
15
5
6
t)

12
6
3

15
8

. 4
10
3

10
4
4
7

20
3
4
+
o

5.961
3.797
3.532
3.434
3.051
3.013
2.831
2.723
2.675
2.365
2.299
2.270
2.L94
2.L48
2 .130
2.O70
2.008
1 .919
1.908
1.883
1.829
1 .815
r .75 t
1 .708
L.62L
1 .596
t .557
1  .511
r .476
r .464
I .453
L.425
1.413
L.407

. 1 . 3 7 6
1.368
r.352
L .3M
1 .336
1 .319

6.001
3 .811
3.541
3.426
3.054
a .014
2.838
2.726
2 .675
2.3M
2.295
2.270
2.r90
2 .145
2.L25
2:067
2.009
1.922
1 .907
1.882
1.834
1 .811
L .752
1r.705
1".62L
L.654
1 .554
1  .511
L.477
1.466
1.458
t .427
1 .416
1.406
r.377
1 .369

r .3M
1 .366
1 .319

2fi0
310
301
LTz
32I
400
330
4LL
3L2
510
501
2t3
422
527
303
530
600' 522
620
540
423
532

612.304
7ro
632
533
613
651
801
811

732.215
652
225
305
75r
325

N5
4L5
832

Measurements were made using a Norelco high angle diffractorneter
with Cu radiation and Ni filter. Intensities were counted and background
was subtracted.

The indices are compatible with a primitive lattice not a body centred



SCAPOLITE

Percentqge Melonite

qlg. 2. Variation in lattice parameter 2\aoo-2gnz (CuKa) with com-
posrtron.

lattice. considering the centrosymmetry test and the previous discussion
it is concluded that the most probable space group is P4/m.

A[ eight analysed scapolites were r-rayed and the patterns examined
closply to seek any shift in the position of the reflections. It was observed
thaf the angular distance between the reflections from the 400 and 112
plaries varied sufficiently to be an easily measurable quantity. According-
ly, Nhe r-ray diffractometer was set to oscillate between the 400 peak
and the 1L2 peak. At least six patterns were run over this distance for
eac$ analysed specimen. The angular distance between the reflections
was measured on a Norelco measuring vernier. This distance is accurate
to a,bout +.0L0"20 f.or g|/q confidence. The changes in this lattice para-
metpr were thus measured directly on the six ch.art patterns, averaged
and plotted against the compositional parameters.in Fig. 2. Further the
mealn refractive indices (If, + N 

") /2 of the eight analysed scapolites
werf available together with the refractive indices of a number of un-
analysed specimens. These mean refractive indices are plotted against the
anglrlar distance 2leoo-2Auz in Fig. 3, and are tabulated in Table 4. The
cur*es in Figs. 2 and 3 are drawn by eye. The specimen localities are
given in Table 5.
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Frc.3. Variation in lattice
with mean refractive indices.

1.561
No +Ne

2

parameter

1.571

2Ano-20w (CuKa)

Drscussror.r oF FrcuREs

There is a considerable scatter of points along the curyes. Some of the
more important reasons for this scatter are as follows:

(a) The complexity of the chemical composition of the scapolites with
so many theoretical end members makes it impossible to represent a
number of analyses in the form of a variation of two components' for
example, as a percentage of meionite. This'has been recently discussed
by Shaw (1960).
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Tasr,B 4. Lrsr or RBrnacrrvs Inprces ervo
. . ' . . . , A 2 0 a 0 0 - 2 0 w  . j

Scapolitg (N,-tN,)/2 a(20doo-20u)

,L ,57L
1 .568
1 .550
1,558
1.553
1 .559
L.652
r"570
r.564
I ,577
1 .561
r .557
L.545
1.554
1.559
1.560
1.569
t .67 r
1.569
1 .559
1 .580
1 .576

677

'4 .  : ,
B

oNl ,
ON8B .
oN4
oN5
oN7
oN20
oN27
oN29
oN37
CA63A
o N 8 ,
QNq
Q 8 7  

' i :

Q19D
Q85
M730
JG
oN65
oN45

, G r . i

3 .6FQ, . .
3.688
3:92L
3 . 8 6 2 ,
3.925
3.798
3.W2
3.695
3.7M
3.648
3.801
3.885
3.915
3.879
3.841
3.800
3.767
3.668
3.633
3.718
3.626
3.758

Tasls 5. Locar.trrps oF ScApolrrEs MENTToNED rN TEE TExr

M730
Q86
QleD
Q87A
ON6A
oN8
G
oN4
oN1
CA63A
oN7
ONSB
oN37
oN5
oN27
oN20
B
A
JG
oN29
oN45

Grenville Province, Quebec.
Lot26, Range IV, Huddersfield Twp., Quebec.
Lot 22, Range V, Huddersfield Twp., Quebec.
Lots L6/17, Range V, Huddersfield Twp., Quebec.
Lot 13, Con. XVI, Monmouth Twp.. Ontario.
Highway No. 500, 2.4 miles E. of-Gooderham, Glamorgan Twp., Ontario.
Shai Hills, Ghana.
Lot26, Range XV, Lyndoch Twp., Ontario.
Lot34, Range VIII, Brudenell Twp., Ontario.
Lot 31, Range VI, Grand Calumet Twp., Quebec.
Lot32, Range XVII, Monmouth Twp., Ontario.
Lot 13, Range XVI, Lyndoch Twp., Ontario.
Lot L7, Range VI, Glamorsan Twp., Ontario.
Glendower Iion Mine, BedTord Twp., Ontario.
Olmsteadville. New York.

b?.n13#"u" 
XVI,I Monmouth Twp., Ontario.

Unknown.
Monmouth Twp., Ontario.
Pargas, Finland.
Monte Somma, Italy, Royal Ontario Museum 5432.

(b) It is possible that the specimens have different thermal histories,
since according to Shaw scapolites are reportd from widely different
environments occurring in every metamorphic facies; such a difference
in thermal history could'affect both optical and structural parameters,
by reason of disorder of certain ions or actual polymorphism.
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Srtlrnpsrs or Sceror.rtps

The synthesis of scapolites has been attempted by a number of workers
and with the exception of one, W. Eitel, these attempts have failed.
Eitel (1925) reported the synthesis of meionite as a reaction rim on
anorthite. The meionite reaction rim was identified by optical means.
More recent workers, including Fyfe (1953), have failed to synthesize the
mineral.

In order to clarify some of the problems outlined in the discussion above
one of the authors (B. J. Burley) together with R. S. Stevens made a
determined effort to syntJresize the scapolites. Numerous different start-
ing compositions were used over a range of temperature of 200o C to
800" C and a water pressure range of 10,000 psi to 35'000 psi. The ex-
periments were conducted in the conventional test tube type bomb
hydrothermal equipment. Experiments were also carried out under total
CO2 pressure and also under various partial pressures of COz and HzO.
All these efiorts met with failure. Regrettably, thi:refore, until such time
as successful syntheses can be achieved, it is unlikely that the interesting
problems raised in the discussion will be solved.*

CoNct usroN

Correlations between composition, cell dimensions, and mean refrac-
tive indices have been demonstrated for scapolites. The space group is
shown tobe P4/m, and the cell contains two formula-units.
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