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Al,Si distribution in a ternary (Ba,K,Na)-feldspar as determined by
crystal structure refinement
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Abstract

Refinement of the crystal structure of a ternary barium feldspar with the formula
(Bao .eoKo .+uNao .nxS iz . sqA l r+ r )Oa ,  a :8 .544 (2 ) ,b :13 .030 (2 ) ,  c :7 ' 195 (214 ,  B=
115.68(2)', space group : C2lm yields a disordered Al,Si distribution, with 0.437 Al in the
T1 site and 0.268 Al in the T2 site. On the other hand, the lattice parameter c suggests that
the investigated specimen probably has a structural state very close to that of maximum
order possible for its composition. It is therefore concluded that the state of maximum
order for a natural (Ba,K)-fetdspar with a Cn (celsian) content of 40 moiVo corresponds to a
disordered Al/Si distribution. Comparison with the structural data of a Ba-poor feldspar
indicates that the disorder shown by such maximum ordered (Ba,K)-feldspars increases
with their Cn content.

Introduction

Viswanathan and Kielhorn (1983) have observed
that the variations in lattice constants of barium
feldspars are similar to those of plagioclases. They
concluded that a natural (Ba,K,Na)-feldspar with
maximum possible order (as defined by Viswa-
nathan and Brandt, 1980) should exhibit a more
disordered distribution with increasing Cnr content.
In order to prove this statement, Al,Si distributions
in natural specimens with different Cn contents are
required. The structure of a specimen with the
formula (Bao. r sKo. ssNao.zz)(Siz.a2Al 1 1 3Feq.q5)Oa has
already been reported (Viswanathan and Brandt,
1980). A specimen from Yugoslavia with the chemi-
cal formula (Bao.aoKo.azNao. r r)(Siz.seAll.a1)Os was
chosen for this study.

Experimental and results

The chemical composition was determined by
electron microprobe. The crystals were found to be
homogeneous and not to contain any unmixed albite
or celsian. No attempt was made to determine trace
elements such as Sr, Rb etc.

The lattice constants determined from a Guinier

rCn refers to BaAl2SirOr, celsian.
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and Weissenberg photographs. No b-split reflec-
tions were observed even after 72 hours of expo-
sure,

The crystal chosen for the structure refinement
had an approximate size of 0.06 x 0.18 x 0.4 mm.
The calculated linear absorption coefficient, p, is
32.01 cm-r. The procedure adopted to collect and
process the data is the same as that described
earlier (Viswanathan and Brandt; 1980). Altogether
1367 reflections were used for the final refinement
including the unobserved ones (Table 1)2, and the
final residuals, using isotropic and anisotropic tem-
perature factors, were 0.069 and 0.049, respective-
ly. The atomic coordinates (Table 2) and the impor-
tant bond lengths and angles (Table 3) were taken
from the anisotropic refinement. The temperature
factor and the r.m.s. equivalents are listed in Table
4 .

Discussion

The relevant structural data of the Cn-poor feld-
spar (Viswanathan and Brandt, 1980) are included
in Tables 2, 3 and 4 for comparison. The atomic
coordinates of both are almost identical. The mean

N.W., Washington, D. C. 20009. Please remit $1.00 in advance
for the microfiche.
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powder  pa t te rn  a re  as  fo l lows:  a  :  8 .544(2) ,  b  :  - - " - .

13.030(2i, c:7.re5(2)A, and B: tLs.esrzr. rr," ,".l:,'ffi;]:;::i."i::iln:iil;l_i;'f#:ilililij:::
space group is C2lm as determined from precession office, Mineralogical Society of America,2000 Florida Avenue,
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Table 2. Fractional atomic coordinates of Cn-rich and Cn-poor feldspars

123

B a r i u m  f e l d s p a r  ( C n - r i c h ) B a r i u m  f e l d s p a r  ( C n - p o o r )

( V i s w a n a t h a n  a n d  B r a n d t ,  1 9 8 0 )

0
.626\( i l4
.8273$',)
. 0 3 0 3 ( 4 )
.  r  842 (4)
. 0 0 8 9 ( t )
. 7 0 5 0 ( r )
. 2 8 2 8 ( l )

. 1 4 2 8 ( 3 )
0

. 1 4 1 5 ( 3 )

. 3 1 0 4 ( 2 )

. 1261  (21

. 1 8 3 5 ( 1 )

. 1 1 7 9 ( l )
0

0
.2867 (6)
. 2 2 7  \  ( 5 )
. 2  558  (  4 )
.  t r030 (  4)
.2242(1 )
. 3454  (  I  )
. 1 3 3 1 ( l )

0
.6273 ( \ )
. 8260  (3 )
. 0308 )  3 )
.  |  841  (3 )
. 0 0 8 7 ( 1 )
. 7 0 4 5 ( t )
.2826(1)

.1 \29(2)
0

. 1  \ 2 2 ( 2 )
, 3 1  0 1  ( 2 )
.1254(2)
. 1 8 3 1 ( l )
. i l 7 5 ( l )

0

0
.2854 (4 )
.2270(3)
.2s67 (3)
.4 0rr5 (3 )
. 2240 (1 )
. 3 \45 (1 )
. r 3 4 5 ( t )

astandard  
er ro rs  x l0 -4  a re  in  paran theses .

T-O value (1.6554) of the specimen under study is
larger, which is in accordance with its higher Al-
content. The Cn-rich feldspar also shows the char-
acteristic features of the feldspar structure, namely,
the smaller OA(lFTr-Os, Oa(lFTr-Op and Oa(2)-
T2-O6-angles, and the smaller M-Oe(2)-bond (Ta-
ble 3). The average M-O bonds in both barium
feldspars are equal because the higher Ba content
and the lower Na content must be compensating in

their effects on the M-O bonds of a K-rich ternary
feldspar.

The average Al content (Table 5) of the T1- and
T2-tetrahedra was calculated on the basis of differ-
ences in the T-O bond lengths using the method of
Ribbe ( 1975 , p. 22).A comparison of the normalized
Al,Si distributions shows that the investigated spec-
imen has a more disordered Al,Si distribution than
the Cn-poor specimen. An attempt was made to

Tabte 3. Interatomic distances (A) and angles (degrees)

B a r i u m  f e l d s p a r  B a r i u m  f e l d s p a r * *
( C n - r i c h )  ( C n - p o o r )

B a r i u m  f e l d s p a r  B a r i u m  f e l d s p a r
( C n - r  i c h )  ( C n - p m r )

T , - 0 ^ ( l )

^ D

-0;

Mean Tl -0

L569 (  l  ) -
|  .655(2)
1 .668(2)
1 .670(2)

|  . b b b

|  . 6 5 7  ( 1 )
|  .636(2)
r . 6 3 8 ( 2 )
1 . 6 \ 3 Q )

1 .644

2.865(2)
2.65' , t  (2)
2.982(3')
3 .120 (2 )
2.932(2)

2 .939

1 . 6 6 8 ( 1 )
1  . 6 5 3 Q )
1 .670 (2 )
1 .67o (2 ' , )

|  . o o )

1  . 6 \6 (2 )
1 .629(2)
1  . 631  (2 )
t  .637 (z)

1 .636

2.855(2)
2 . 6 \ 7  ( 2 )
2.995(2)
3 .119 (2 )
2 .930 (2 )
t  q ? o

2.635(2\
2.795(\)
2 .641  (2 )
2 .75 \ (3 )
2.756(3)
2.723(3)

2 . 7 1 7

2 .676 (31
2.582(2)
2.678(\)
2  . 707  (3 )
2 .712 (3 \
2.734(2)

2.682

2 .6h4 (2 )
2.795(3)
2 . 6 \ 9 ( 2 )
2  . 7 \7  ( 31
2 .752 (2 )
2.722(\)

2 , 7 1 8

2.666(3)
2 . 5 8 4 ( 3 )
2 .661  (3 )
2 .687 (2)
2 .702 (3 )
2 .715 (3 )

2 .669

T" -0 "  ( 2 )

-0;

ltean Tr-0

M*-o^ ( | )
-o:  (2 )

:8
-0;

Itean il-o

'^[]:3:
o ; ( r ) - o :
ol-0"
o:-o:
oi-0il

."lilLl.3" '
3l[1]:3:
3i131 -';
3i:3i
Mean 0-0

t e t r a h e d r o n  2

T:o-r ansres :;: i;"n 3::;:", o-r-o ansres l;: i ;"n Bl:I", o-T-o ,  Ba-Fs  Ba-Fsa n q t e s-  Ln-  r  r  cn  Ln-p@r

T , -o^ ( l  ) -T ,  1 \2 .9O ' )

Ii:3i1i'-'; iiil,ill
r ; - 0 ; - r ;  130 .3 (2 )
r i -o ; - r ;  r40.7(2)

l ' lean T-0-T I 40 ,4

r 0 4 . 9 ( l )  1 0 5 . 5 ( 1 )
r  1  3 . 8 ( 2 )  1 1 3 . 7  ( )
1 0 4 . 5 ( l )  1 0 5 . 0 ( 1 )
1 1 2 . 0 ( 2 )  t 1 1 . 5 ( 1 )
1 1 2 . 0 ( 2 )  1 i l . 8 ( t )
r 0 9 . 3 ( l )  1 0 9 . 2 ( t )

1 0 9 . 4  r 0 9 . 5

r 0 8 . 7 ( 2 )  r 0 9 . o ( l )
1 0 3 . 2 ( 1 )  1 0 4 . 2 ( 1 )
1  0 8 . 5 ( 2 )  l  0 8 . 3 (  r  )
t t 1  . 5 Q )  i l 1 . 0 ( 1 )
i l 1 . 6 ( 1 )  i l 1 . 7 ( l )
1 1 2 . 9 ( l )  1 1 2 . 4 ( r )

1 0 9 . 4  r 0 9 . 4

r 4 3 . 4 ( 3 )
1 3 5 . 8 ( 2 )
1 5 2 . 2 ( r )
r 3 0 . 9 ( t )
r 4 t . o ( 2 )

r 4 0 . 9

3l[1i',-3:
31"' Si
sB sB

3llll-''-3:
ll"' ls;3 ;3

+ Est rmated s tandard  er ro rs  a re  in  b rackets  and*  i l  =  ( B a , X , t t a ) ,
+ \ i s w a n a t h a n  a n d  B r a n d t  ( 1 9 8 0 ) .

r e f e r  t o  t h e  l a s t  d e c i n a l  o l a c e .
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Table 4. Temperature factors and r.m.s. displacements

l s o t r o p i c

B(82)

r . m . s .  d i s p l a c m e n t  ( 8 ) nn i so t rop i c  ( x  l o1 )

23Q) 96(6)
r 6 ( 1 )  r 0 9 ( 6 )
3 7  ( )  1 2 0  ( 5 )
22(1) I  oo(4)
24 (1 )  72 ( \ ' )
1 4 ( o )  4 t  ( l )
r  2  ( o )  52 (1 )
3 3 ( l )  l t 4 ( l )

1 .26(7)
l . 5 t  ( 5 )
1 .32(5)
1 . 3 3 ( 5 )
0 . 6 5 ( 2 )
0 . 6 3 ( l )
1 . 4 2 ( 1 )

t . 8 0 ( 5 )
1 . 8 0 ( 6 )
2 .  0 8 ( 5 )
r  . 7 r  ( 5 )
I  . 7 0 ( 5 )
0 . 9 5 ( 2 )
0 .95 (2 )
1 . 9 4 ( 2 )

I  07 (5 )
e3 (5 )
89  (3 )
81  (3 )
8 5 ( 3 )
5 5 ( t )
5 2 ( 1 )
5 7 ( l )

Ba r i um fe l dspa r  (Cn - r i ch )

0 . 0 9 3  0 .  l  2 1  0 .  |  5 4
0 .  1  5 1  0 .  0 8 5  0 . r  3 o
0 .  t  0 0  0 .  1  6 1  0 . 1 \ 7
0 .  l 2 l r  0 .  1  09  0 .  1  45
0 . 1 4 5  0 . 1 3 5  0 . 0 9 7
0 . 0 5 9  0 . 0 9 0  0 . n 4
0 .077  0 .080  0 .  1  04
0 . r 3 5  0 . ! 4 4  0 . i l 9

Bar ium fe ld ipar (Cn-poor)*

0 . 1 3 1  0 . r 3 9  0 . r 7 8
0 . 1 8 1  0 . 1 r 6  0 . 1 4 9
0 .  r  3 r  0 . 1  8 3  0 . 1  6 9
0 .  r  48  0 .132  0 .  r  59
0 .  l  59  0 .  r  45  0 .122
0 . 0 8 6  0 . r 0 4  0 . 1 3 3
0 . 1  0 5  0 . 0 9 9  0 . 1 2 5
0 . 1 6 2  0 .  r 6 7  0 .  r 4 1

78  (  5 )  t 7  Q l  6 \  ( 7 )
6 r  ( 6 )  8 (2 )  88 (9 )
59(5) 26(21 9l  (5)
6 4 ( 4 )  t 5 ( l )  8 8 ( 6 )
54 (4 )  21  (2 )  45 (5 )
3 9 ( r )  t 1  ( o )  2 9 Q )
35 ( r  )  8 (o )  36 (2 )
4 8 ( 1 )  2 r { ( o )  8 4 ( t )

0  48 (6 )  0
o 2216) 0

-7 Q) 53(51 2(2)
-5Q)  41  (4 )  - \ ( 21
|  ( 2 )  l 8 ( 4 )  3 ( 2 )

- 4 ( r )  2 4 ( l )  - 2 ( l )
- 1  ( 0 )  2 1  ( 1  )  0 ( r  )
0  27 (1 )  0

0  55 (5 )  0
0  29 (5 )  0

-6 (2 ' )  64 (3 )  0 (2 )
-5Q \  38 (3 )  - 5 (2 )
-3Q'  23.3)  4(2)
- 5 ( 1 )  2 7 ( | )  - 3 ( o )
0 ( 0 )  2 4 ( r )  t ( l )
0  3 l ( l )  0

Est imated s tandard  er ro rs  age g iven in  paran theses  and re fe r  to  the  las t  dec ima l  p lace .
t V i s w a n a t h a n  a n d  E r a n d t  ( 1 9 8 0 ) .

determine their relative structural states by plotting
them or the corresponding ion-exchanged products
in Figures 7 and 8 of Viswanathan and Kielhorn
(1983). As Figure 7 can be used to estimate the
structural states. of (Ba,K)-feldspars with Cn con-
tent onfy up to 30Vo we can conclude that the Cn-
poor specimen has not reached the state of maxi-
mum possible order because it plots away from a
reference-line joining microcline and a (Ba,K)-
feldspar with about 35% Cn. This is in agreement
with its disordered Al,Si distribution, which is
similar to that of Spencer "C". Again, assuming
that a line joining microcline and the unmixed Ba-
poor specimen in Figure 8 (Viswanathan and
Brandt, 1980) represents the boundary line for
(Ba,K)-feldspars with maximum possible order, we

Table 5. Al,Si distributions in barium feldspars and sanidine

S p e c i m e n t l ! . A l  i n  T - s i t e s

can conclude that the Cn-rich specimen has a
structural state nearer to that of maximum possible
order than the Cn-poor variety because the former
plots nearer to the boundary line after the ionic
exchange. Thus, the Cn-rich specimen, which pos-
sesses a structural state nearer to that of maximum
possible order, shows a more disordered Al,Si
distribution than the natural Cn-poor specimen,
though the latter has not reached the state of
maximum possible order.
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C n - p @ r  f e l d s p a r

C n - r i c h  f e l d s p a r

C n - p o o r  f e l d s p a r

C n - r i c h  f e l d s p a r

0 . 3 0

0 . 3 5

0 . 4 0 5

0 . \ 3 7

o.  3q3

0 . 3 1 0

0 . l l

0 . 1 5

0 . r 8 5

0 . 2 6 8

0 . r 5 6

0 . ' t 9 o

1  , 0 *

I . o *

r . t g

r . 4 r

1 . o o n

I . o o s
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