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Determination of the composition of natural nephelines 
by an X-ray method. 

By J. V. SMITH, M.A., Ph.D. 

Geophysical Laboratory, Carnegie Institution of Washington, 
Washington, D.C., U.S.A. 

and TH. G. SAHAMA, Professor of Geochemistry, 
Institute of Geology, Helsinki, Finland. 

[Taken as read June 10, 1954.] 

INTRODUCTION. 

I N the course of the investigation of the nepheline-kalsilite system by 
Tuttle and Smith an X-ray method for determining the KA1SiO 4 

content of synthetic nephelines of composition (Na,K)A1SiO 4 has been 
developed. This method is rapid and sensitive to about 1 %  in com- 
position ; details will be given in a later publication. 

Natural nephelines usually do not have the ideal composition 
(K,Na)A1SiO4, for they often contain excess silica and certain substituted 
atoms like Ca and Fe. We have, however, used this X-ray method on 
natural nephelines to see whether it is also applicable to them. If  the 
method proved satisfactory, information on the chemical composition of 
natural nephelines could be rapidly obtained. 

METHOD AND ACCURACY OF MEASUREMENT. 

The nepheline is mixed with pure silicon powder and ground until 
homogeneous. A small amount is then smeared on a glass slide with a 
weak solution of Duco cement in acetone. The resultant smear should 
be thin so that  the X-ray reflections are sharp (if the smear is not quite 
opaque it is of the right thickness). The slide is mounted on a Geiger- 
counter focusing spectrometer and a record is made from 20cu -- 30 ~ to 
20cu -- 26-5 ~ on the scale of one inch per degree of 20. The (20"2) and 
(21-0) nepheline peaks occur near 29.5 ~ and 27"0 ~ respectively, with the 
Si line at 28.465 ~ The positions of the nepheline lines may be corrected 
by measuring the position of the Si line, for the geometrical errors of the 
spectrometer are equal for adjacent reflections. 

I t  is mechanically possible to measure the position of each reflection 
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to an  accuracy of 0"01 ~ in 28. There is, however ,  one difficulty in measur -  

ing  the  lines, for a t  these  angles t he  a 1 and  a s componen t s  are  only 

par t i a l ly  resolved, giving a sl ightly a symmet r i c  peak.  I f  all the  peaks  

have  the  same sharpness  and  are measured  in the  same way,  no addi-  

t iona l  error occurs. However ,  if t he  peaks  have  different  sharpness  

(perhaps  t h rough  zoning of the  nephelines) i t  is possible to  get  an  error 

unless t he  cent re  of g rav i ty  of the  peak  is measured  each t ime.  I t  is 

advisable,  therefore ,  to  measure  the  cent re  of g rav i ty  or to measure  t he  

centre  of the  peak  at  a he ight  of one-half.  The top  of the  peak  should  

no t  be measured .  I t  is p robable  t h a t  th is  error will no t  exceed 0.005 ~ 

in 2t?, if t he  correct  procedure  is used. 

We have  t aken  four or six records (four by  Smi th  and  six by  Sahama)  

for each sample  in order  to improve  the  accuracy.  Be tween  each record  

we have  m o v e d  the  slide a little. The m e a n  of the  four  or six measure-  

men t s  of each reflection should be accura te  to abou t  0"005 ~ in 28. The 

cal ibra t ion error  of the  silicon peak  is 0"005 ~ and  m u s t  be added  to  the  

error of the  nephel ine  peak,  giving a combined  r a n d o m  error of abou t  

0"007 ~ (~/2 • 0"005) in the  absolute  posi t ion 28 of a nephel ine  reflection. 

I n d e p e n d e n t  measu remen t s  were made  by  us on 13 of the  samples  

( table  I). The r o o t - m e a n - s q u a r e  difference be tween  our m e a s u r e m e n t s  of 

TAI~LE I. Comparison of independent measurements of 20. 

20(21-o) 20(25.0) 20(20.3) 20(30.2) Mean Mean 
Sample. Sahama. Smith. Sahama. Smith. 20(21.o). 20(eo.~). 

FEAE 49 ... 27-135 ~ 27.120 ~ 29.550 ~ 29.545 ~ 27.127 ~ 29.547 ~ 
FEAE 86 ... 2 7 . 0 1 5  27.010 29.435 2 9 . 4 3 5  27.012 29.435 
FEAE 87 ... 27'065 27.070 2 9 . 5 1 0  29.480 27.067 29.495 
:FEAE 88 ... 27.065 2 7 - 0 4 0  29.500 2 9 . 5 0 5  27.052 29.502 
FEAE 89 ... 27.060 2 7 - 0 7 5  29.495 29.480 27.067 29.487 
FEAE 90 ... 27"215  2 7 - 2 2 0  29.635 2 9 . 6 3 5  2 7 . 2 1 7  29.635 
FEAE 92 ... 27.050 27.065 29.475 29.480 27.057 29.477 
FEAE 93 ... 26.990 2 6 - 9 9 0  29.415 2 9 . 4 2 5  2 6 . 9 9 0  29.420 
:FEAE 170 2 7 . 2 6 5  2 7 - 2 6 5  29.700 2 9 . 6 8 0  27.265 29-690 
FEAE 198 27.275 2 7 . 2 7 0  29'695 2 9 . 6 9 5  27.272 29.695 
C 5549 ... 27.190 27.190 2 9 . 6 0 5  2 9 . 6 0 0  27.190 29.602 
C 5550 ... 27.135 27.120 2 9 . 5 4 5  2 9 - 5 5 5  27.127 29.550 
C 9956 ... 26.970 26.965 29.400 2 9 . 3 9 5  2 6 . 9 6 7  29.397 

26 (Sahama) is the mean of 6 measurements by 
20 (Smith) is the mean of 4 measurements by Smith 
Means to nearest 0.0025 ~ in 20. 

Sahama ~ to nearest 0.005 ~ in 20. 

the  26 values of 20 is 0.011 ~ (~/2 • 0.0078) in 20, in good ag reemen t  wi th  

t h e  e s t ima ted  r a n d o m  error. There is a mean  difference of 0.003 ~ in 20, 



X-I~AY DETERMINATION OF NEPttELINE COMPOSITION 441 

but this may be caused by chance, for the error of the mean of 26 
differences of standard deviation 0.011 is 0-002 (0.011/~/26). 

TABLE II .  Composition and 20 values of synthetic nephelines. 

Composition 2t? 28 
NaA1SiO 4. KA1SiOa. (21.0). (20.2). 

40.0 ~o 60-0 % 26.760 ~ 29.235 ~ 
45.1 54-9 26.820 29.280 
50-2 49.8 26.875 29.350 
52.7 47-3 26-910 29.370 
55.2 44.8 26-945 29.380 
60.1 39.9 27.005 29-450 
62-5 37-5 27-040 29-480 
65-0 35-0 27-085 29-530 
69.8 30.2 27-140 29.560 
73.2 26-8 27-180 29.600 
76.9 23-1 27.215 29.635 
81.6 18-4 27.245 29.670 
90.9 9.1 27.295 29.730 

The measurements by Smith of the synthetic nephelines are listed 
in table II and fig. 1. Each set of 20 values may be represented by 
two straight lines which meet near 75 % NaAISi04.1 For nephelines 
more potash-rich than Na75K25 an error of 0-01 ~ in 20 corresponds to a 
difference in composition of 0.8 % and 0-9 % for the (21.0) and (20"2) 
lines, respectively. For compositions less potash-rich than NaTsK2s , the 
corresponding values are 1-8 % and 1.5 %, giving a lower sensitivity in 
this region. 

MEASUREMENTS OF THE NATVRAL NEPnELINES. 

The simplest way of comparing the data for the natural and synthetic 
crystals is to use the ratio K/ (Kd-Na§  2 for Ca and Na ions have the 
same size. The measurements of 20 and the values of K / ( K  + Na + Ca) for 
the natural nephelines are given in table III and plotted in fig. 1. The 
chemical analyses are listed in table IV, and the ratio K / ( K + N a + C a )  
was determined directly from the oxides. 

It will be seen from fig. 1 that there is good agreement between the 
data for the natural and synthetic nephelines. The maximum deviations 
are about 4 % in K / ( K + N a + C a )  and the average deviation is about 
2 %. However, ahnost all the points for the natural nephelines are 

1 The breaks at 75 % NaA1SiOa correspond to the composition NaaKSiaA14018, 
which is the ideal formula of nepheline (M. J. Buerger, G. E. Klein, and G. Ham- 
burger, Amer. Min., 1947, vol. 32, p. 197). All compositions in the text  are given 
as atomic %. 

Ca ~ 0 for the synthetic crystals. 
B 4194 F f 
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FIG. 1. The variation of 20(21.0) and 20(20.2) with K/(K+Na-FCa) .  The data 
are given in numerical form in tables I I  and I I I .  The points for the natural nephe- 
lines may be identified by the numbers which correspond to those in column 1 of 
table I I I .  The curves give the least-squares solutions for the data on the synthetic 
crystals and their equations are given in the text. 

displaced from the curves for the synthetic crystals in the direction of 
higher K content. 

These deviations may  be explained by the following possibilities: 
(a) Errors in the composition of the synthetic nephelines. Before growth 
of the nephelines, the weighed constituents were fused to a glass, during 
which process some alkali may  have been lost. This loss is probably 
small and, as will be shown later, examination of the natural  nephelines 
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S p e c i m e n  

S iO ,  ... 
T i O ,  ... 
A1203 ... 
:Fe2Oa ... 
F e O  ... 
kVinO ... 
M g O  ... 
C a O  ... 
N~20 ... 
K20 ... 
CO,  ... 
H~O + ... 
I-I~0 ._  

T o t a l  ...  

l~e fe rence  
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T A B L E  I V .  C h e m i c a l a n a l y s e s o f t h e  n a t u r a l n e p h e l i n e s .  

FEAE FEAE FEAE FEAE FEAE FEAE FEAE FEAE 
49 86  87 88  89 90 92 93 

41"30 40-81 4 t - 0 1  40 .89  41 '01  42"12 41"14 41"05 
0"13 0-06 0"09 0 .07 0 ' 07  0"07 0"06 0-07 

33-07 33-39 33-59 33 .54  33 '52  32"96 32"89 33-27 
1 '77 1"05 0"89 1"03 1 ' 08  0 ' 6 5  1"02 0"84 
0-28 0 .28  0 " t 8  0 .18  0 q 8  0"52 0"25 0"18 
0"01 0 ' 0 l  0 "0 l  0 .01 0 ' 0 0  0"01 0"02 0"01 
0 ' 3 0  0"16 0-17 0-22 0 .22  0"08 0 ' 1 8  0"16 
0"51 0"88 0-78 0-89 0 .91 0"91 0"87 0"90 

12 .25  11"57 12-08 12-17 12 .14  14-21 11"35 ]0"95 
9"36 11-98 11-28 11-18 11"09 7"83 12"29 12-65 
0 ' 0 0  O-OO 0-00 0 .00  O'O0 0-00 0-00 0"09 
0"87 0-12  0-12 0"07 0 ,09 0"47 0"13 0-08 
0 ' 1 0  0-00  0-00  0-00 0 ' 0 0  0"02 0-00 0-00  

99"95 I 0 0 " 3 1  100"20 100-25 100 '31  99"85 1 0 0 ' 2 0  100"16 

1 2 2 2 2 l 2 2 

S p e c i m e n  

Si02 ... 
TiO~ ... 
AI~O3 ... 
Fe~03 ... 
F e O  ... 
M n O  ... 
M g O  ... 
CaO ... 
Na~O ... 
K~O ... 

CO2 .. .  
H~O + ... 
H20-  ... 

F E A E  F E A E  F ] E A E  
... 134  170 198 C 5549  C 5550  C 9956  E 2 238  

... 45"04 44"47 44-26 - -  40 .78  40"20 42 '23  41"98 

... 0"02 0-04 0-05 - -  0 ' 0 7  0"05 - -  0"00 

... 33-25 32 .10  32-25 - -  30 .95  32"51 34-08 35"09 

... 0"55 0 .94  0-97 - -  2 .41 1 ' 8 2  0"12 0"16 

... 0-28 0"18 0-29 - -  0-57 0"57 - -  - -  

. . .  0 .01 0 . 0 1  0-01 - -  n .d .  n.d. - -  - -  

... 0"07 0"03 0-01 - -  0 .07 0"10 0-O0 0-14 

... 0"00 0-47 0-32 - -  0 .78  1"44 0"15 1"74 

... 1 5 ' 8 9  15-54 15-96 13 .23  13 :93  10"86 16"21 15-15 

... 5"30 5-23 5-06 8"78 9 .78  12 .22  7"12 5"35 

... n .d .  0-00 0-00 - -  n .d .  n .d .  - -  - -  

. . .  0-08 1-11 0-64 - -  0 .32  0"00 - -  0-00 

... 0 ' 0 0  0 .04  0-00 - -  0 .00  0"00 0"03 0"29 

' T o t a l  . . . . . .  100 .49  100 .16  99-82 ... 

:Refe rence  ... 3 1 1 4 

99 .66  99 .77  99"94 99"90 

4 4 5 6 

S p e c i m e n  ... 273  

SiO~ . . . . . .  43 .29  43-33 44-65 
TiO~ . . . . . .  - -  0 .00  0 .00  
A1203 . . . . . .  34 .25  34 .00  32-03 
Fe203 . . . . . .  0 .13  0 .18  0 .59  
F e O  ~ . . . . .  - -  - -  - -  

M n O  . . . . . .  - -  - -  - -  
M g O  . . . . . .  0 .00  0-90  0-00 
C a O  . . . . . .  0 .51 0-26 0-71 
N a , O  . . . . . .  16-43  16"54 17-25 
K~O . . . . . .  5"86 6"10 3-66 
CO~ . . . . . .  0 ' 08*  - -  - -  

H~O + . . . . . .  - -  - -  0-96 
H~O- . ..... 0.02 0.03 0-21 

63197  3 4 4 7 5  34480  I i v a a r a  1% 118 G o o d e r -  
h a m  

2 7 6  

43 .42  43-24 41 .48  40"74 43"60 
0 .00  O.00 0 .00  0"11 t r a c e  

33 .92  33 .56  34 .12  33 .39  34-02 
0 .14  0 .47  1 .26  0 .83  0"10 
n .d .  n .d .  0 .29  - -  - -  
0 .00  0 .00  0 .00  - -  t r a c e  
0 .08  0 .05  0"12 0 .25  @04 
1.37 0 .77 t r a c e  0"91 0"75 

17-05 16 .88  16-20 12"53 15"82 
3 .85  4 .71 6 .06  11-13 5"47 

- -  - -  0 .17  0"23 0-16 
0"11 0-07 0 .00  0"06 - -  

T o t a l  . . . . . .  100 .57  100 .44  100-06 

R e f e r e n c e  ... 6 6 7 

* Ca lc i t e .  

99 .94  99-75 99 .70  100"18 9 9 - 9 7 ?  

7 7 8 9 10 

t I n c l u d i n g  LifO 0"01.  
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1. To be published by Sahama. FEAE 49, collected by the Finnish East African Ex- 
pedition, Nyamununka crater, Katwe-Kikorongo field, Uganda ; FEAE 90, 0-5 km. E. of Mr. 
Goma, Congo; FEAE 170, O1 Esakut, Kenya; FEAE 198, 6-0 miles from Lumbwa on the 
Lumbwa-Kericho road, Kenya. Analyst, P. Ojanper/t. 

2. S~hama (Th. G.), Ann. Acad. Sei. 1)ennicae, 1953, ser. A, no. 35. [M.A. 12-372.] Analyst, 
1 ). Ojanper~i. 

3. To be published by Kai ]~ytSnen. From natrolite-sodalite-tinguaite, Toror Hills, Kara- 
moja, Uganda. Analyst, H. ]3. Wiik. 

4. Sahama (Th. G.), Amer. Journ. Sci., ]952, Bowen vol., p. 457. [M.A. 12-146.] Analyst, 
H. B. Wiik. 

5. Tilley (C. E.), Geol. Mag., 1953, vol. 90, p. 148. [M.A. 12-268.] Analyst, J. H. Scoon, 
6. To be published by C. E. Tilley. 238, York River, E. of Bancroft, Ontario ; 273, ~ mile E. 

of Bancroft, Ontario ; 273, Temo, Nyasaland. Analyst, J.  H. Scoon. 
7. Tilley (C. E.), Amer. ffourn. Sci., 1954, vol. 252, p. 65. [M.A. 12-37].] Anal, J .  H. Scoon. 
8. To be published by Mauno Lehijiirvi. From ijolitc, Iivaara, Kuusamo, Finland. Analyst , 

M. Lehij/irvi. 
9. Rowen (N. L.) and Ellestad (R. B.), Amer. Min., 1936, vol. 21, p. 363. [M.A. 7-29.~ 

Analyst, R. B. Ellestad. 
10. Yoder (H. S.) and Weir (C. E.), Amer. Journ. Sci., 1951, vol. 249, p. 683. [M.A. 11-491.] 

Analyst, E. G. Zies. 

suggests that  the lattice parameters are almost independent of loss of  
alkali. (b) The structure of synthetic nephelines may differ slightly from 
that  of natural nepheline, thus giving different lattice parameters. This 
difference might arise from order-disorder between the ions in tetra- 
hedral positions, such as is proposed for the high- and low-felspar series. 
(c) The nepheline might contain some kalsilite as an impurity, which 
would be difficult to detect optically. However, 1 ~o of kalsilite can 
be detected in X-ray patterns, because it has a strong reflection at 
2Ocu ~ 28"7 ~ I~o kalsilite was detected in the nepheline samples, show- 
ing that  the error in the chemical composition is not more than 1 ~o- 
(d) Errors in the chemical analysis of the natural nephelines. These may 
be estimated from the paper by Fairbairn and Schairer (1952) which de- 
scribed tests on the chemical analyses of a glass of known composition. 
(e) The deviation of the chemical formula of the natural nephelines from 
(K,Na)A1Si04. 

The compositions of the natural nephelines studied here deviate con- 
siderably from the ideal formula and allow consideration of the effect 
of these deviations on the X-ray reflection angles. All of the natural 
nephelines contain small amounts of Ca, Mg, Fe, Mn, and Ti which re- 
place the dominant cations. In  addition, all but  one of the chemical 
analyses show a deficiency in the sum of the alkali ions in comparison 
with the number of ions in tetrahedral positions, and all but  two of the 
analyses show an excess of silica. In  view of these complex factors the 
problem of interpreting the data must be simplified. 

The chemical analyses were converted from weight % of oxide to 
number of atoms (H20+ was neglected because of the uncertainty of its 
determination and of its role). I t  is well l~nown that  Na and Ca have very 
similar ionic sizes, so they were added together. The K ion is much larger, 
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and this, of course, is the chief reason for the variat ion of X-ray  spacing 
in the nephelines. The Fe", F e ' ,  Mn, Mg, and Ti ions were added to 
the A1 ions because they have approximate ly  the same size and the 
amounts of Fe, &c., were small anyway. 

The sites for te t rahedra in the structure should be fully occupied, for 
the te t rahedral ly  bonded ions are t ight ly  bound to the oxygen atoms, 
and a vacancy would lead to a large structural  imperfection. A vacancy 
in an alkali site, however, would give a smaller imperfection since the 
alkali ions are less strongly bonded. The total  number of sites for alkali 
ions may be obtained by dividing S i §  (A1, &c.) by  2. In  the ideal nephe- 
line formulae, Si ~ A1 ; however, in the 23 analyses considered here, the 
excess of Si [taken as Si--(A1, &c.)~(A1, &c.)] varied from --0"3 to 
~-16.9 ~o with an average excess of 4.9 ~o. A test  of the accuracy of 
chemical analyses by  14 analysts  (Fairbairn and Schairer, 1952) 1 showed 
tha t  there was a tendency to underestimate SiO 2 by  ~ 0-5 % and to 
correspondingly overestimate A120 a. This suggests tha t  the excess Si 
found in these 23 analyses should be an underestimate and not an over- 
estimate, but  the total  of Si§  should be correct. I t  should be noted 
tha t  all the te t rahedral  sites can be filled even when Si is in excess, for 
Si ions can occupy A1 positions. Comparison of the number of alkali ions 
with the number of sites shows tha t  there is a deficiency varying from 
--1.1 to -~12"0 ~o with an average deficiency of 6"0 %. 

This deficiency cannot be explained by  analytical  error, for the da ta  
of Fai rbai rn  and Schairer (1952) showed no appreciable systematic bias 
in the determination of to ta l  alkali and total  (Si-~Al). Bannister 2 also 
found tha t  natural  nephelines usually have excess Si and a deficiency 
of alkali. 

From the da ta  of Fairbairn  and Schairer 1 i t  is possible to estimate the 
analytical  precision of the ratio K / ( K §  This ratio was calculated 
for the 14 sets of K20 and Iqa20. The root-mean-square error is 1"75 % ; 
however, if one analysis is omitted the error is reduced to 0"75 ~o. The 
mean analytical  value is 53"7 ~o compared with the value 54.3 ~o calcu- 
lated from the weights of the pure constituents used in the test  material.  
I t  is likely, therefore, tha t  the chemical analyses given in this paper will 
give values of K / ( K §  which have random errors of I to 2 ~ and a 
systematic bias of ~ 0.5 %. 

The effects of alkali deficiency and of excess Si were studied by 

1 It. W. Fairbairn and J. F. Schairer, Amer. Min., 1952, vo|. 37, p. 744. [M.A. 
12-33.] 

F. A. Bannister, Min. Mag., 1931, vol. 22, p. 569. 
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examining the deviations of the natural  nephelines from the curves of 
20 for the synthetic crystals. The quanti ty A = 20obs--20ca]c was deter- 
mined. (20oh s is the measured value ; 20o~1~ is the 20 value for a synthetic 
crystal of composition K / ( K + N a )  equal to the value K / ( K + N a + C a )  
calculated from the chemical analysis of the natural  nepheline.) I t  was 
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4 -  
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o' 

R.M.S. error 
in 2e  (observed) 

� 9 

Oe 
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0 �9 

�9 (21.0) 

o (2o.2) 
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O �9 
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0 �9 �9 

i l I I ! I I I " I  i l o 

-0.04 -0.02 0.00 0.02 0.04 0.06 

20 (observed)-2@(celculoted) 
FIG. 2. The relation between excess silica and 20o~s--20c~1c for the natural nephe- 

lines. 20ob~ is the measured value whereas 20c~1c is the 20 value of the synthetic 
nepheline whose K/(K+Na) ratio is equal to the K/(K+Na+Ca) ratio of the 
rLatural nepheline. The data are given in table III. 

found that  the values of A were, on the average, independent of the 
deficiency of alkali. This was rather surprising for it was expected that  
a vacant site would act as though it were occupied by a small ion like 
Na and thus reduce the value of K / (K+Na-+Ca) .  Fig. 2 shows the 
relation between A and excess Si. The values of A for the (21.0) and 
(20-2) reflections are given in table I II .  I t  will be seen that  the correlation 
between A (21-0) and h (20"2) is high ; however, A (21"0) on the average 
is 0;004 ~ greater than A (20"2). Examinat ion of fig. 2 shows that  there are 
large random deviations which are considerably larger than the experi- 
mental  error in the 20 measurements, and it is thus difficult to determine 
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whether A is a function of excess Si. There is a suggestion that  both 
A (21"0) and A (20"2) increase by about 0"01 ~ in 20 for a 10 % increase 
in the excess Si, but a statistical analysis shows that  there is a 5 % 
probability that  it is caused merely by random fluctuations. The values 
of A for those nephelines which have only small amounts of excess Si 
have an average value close to zero and there is, therefore, no reason to 
suppose that  natural nephelines which contain no excess Si have different 
lattice parameters from the pure synthetic nephelines. An increase in A 
corresponds to a decrease in the lattice parameters of the natural nephe- 
lines. As the ionic radius of Si is less than that  of A1, A would be ex- 
pected to increase with increasing excess Si, as suggested by the present 
data. 

The natural nephelines fit quite well with the synthetic nephelines and 
there is no evidence for any appreciable systematic bias (other than the 
possible effect of excess silica). The random error of measurement of 
K / ( K § 2 4 7  is about 1 %  for both the X-ray and chemical analysis 
methods. The largest observed deviation between the values of K / ( K +  
Na~-Ca) for the two methods is 3"7 %. The curves for the synthetic 
crystals can therefore be used for the determination of K / ( K  § Na + ca) 
by the X-ray method. If  the natural nepheline contains 10 % or more 
excess silica it is possible that  the measured values of 20 will be about 
0-01 ~ too high and the X-ray value for K / ( K § 2 4 7  will correspond- 
ingly be i to 2 % too high. 

The following linear equations, calculated by least-square methods, 
represent the data for the synthetic nephelines: 

(21"0) reflection for 100K/ (K§  from 9 to 25 %: 
100K/ (K§ = 61.24-176.3 (20cu-27-00:). 

(21.0) reflection for 100K/ (K§  from 25 to 60 %: 
100K/ (K§  = 118.02~77"26 (20c~-26-00~ 

(20"2) reflection for 100K/ (K§  from 9 to 25 %: 
1 0 0 K / ( K §  117.35-148-1 (20cu-29"00~ 

(20"2) reflection for 100K/ (K§  from 25 to 60 %: 
100K/(K•Na) = 79.94-88"13 (20c~-29.00~ 

I t  is recoHmmended that  these equations be used for the X-ray deter- 
ruination of the K / ( K §  Na~-Ca) ratio for natural nephelines. 
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