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The mineralogy of the potassium-barium feldspar series 

I. The determination of the optical properties of 
natural members 

By N. N. R o t  

Department of Mineralogy and Petrology, Cambridge 

[Read 23 September 1965] 

Summary. Variation diagrams for the optic properties and densities of natural 
specimens within the series have been determined. They focus attention on two 
composition regions at about 45 % Cn and 65 % Cn. The significance of the first 
of these is uncertain, but it is suggested that the discontinuity at 65 % Cn is related 
to structural changes that take place at this composition. 

B , ARIUM-ORTHOCLASES, hyalophanes, and celsians are thought  
Pto form a series in the feldspar group ranging from potash feldspar 

(KA1SiaOs) to barium feldspar (BaA12Si2Os). The replacement of 
potassium by barium is accompanied by the substitution of aluminium 
for silicon, suggesting an analogy with the commoner plagioclase series. 
An important distinction, however, lies in the large size of the barium ion, 
which imposes monoclinic symmetry on the feldspar framework, in 
contrast to the triclinic symmetry of the plagioclases. Despite its 
mineralogical interest and its relationship to the alkali and plagioclase 
series, there has been no systematic study of the potassium-barium 
feldspar series, probably because of the relative rarity of its members. 
Individual members of the series have, from time to time, been described, 
and there have been sporadic attempts to correlate their properties. The 
present work is based on a collection of natural specimens over the whole 
composition field. Whilst this collection is not so comprehensive as 
could be desired, and there are some gaps in continuity across the field, 
sufficient specimens are available to make a general survey. At the same 
time, work has been carried out on synthetic materials to obtain 
supplementary information. 

In  thi s paper the results of the determination of the optical properties 
of the natural specimens are presented, together with density measure- 
ments. With the small amount of materials available, and the pos- 
sibility of zoning in some specimens, it was essential tha t  as many  
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observations as possible should be made upon the same crystal of the 
feldspar. To this end, a spindle stage for use upon the polarizing micro- 
scope has been designed by the author and this is described in another 
paper (Roy, in press). 

The natural specimens used in the present work are similar to those 
mentioned by Gay (1965), and the same reference numbers will be used. 
The compositions quoted are in mol. ~ celsian unless otherwise stated. 

Experimental results 

The optical variation diagrams proposed by previous workers appear 
to have been constructed from very little data. Probably the most 
complete study is by Yosimura (1939) who shows variation diagrams for 
birefringence, 2V, extinction angles, and the principal refractive indices. 
These show smooth variations over the series except in the region about 
40-45 % Cn where there is a discontinuity. Other workers have found it 
difficult to reconcile measurements for their particular specimens with 
Yosimura's diagrams (e.g. Segnit, 1946), though later work by Vermaas 
(1953) using determinative curves constructed from X-ray powder 
data appears to support the existence of a discontinuity at about 
the composition suggested by Yosimura (1939). More recent diffracto- 
meter work (Gay, 1965) has thrown doubt on the validity of the 
determinative curves proposed by Vermaas. Thus the question of a 
discontinuity in the series and of a miscibility gap remains open, and 
further evidence will be provided by the present studies. 

In this paper all optical constants, unless otherwise stated, have been 
determined using the spindle-stage; the BaO content has been obtained 
by electron probe analysis on the grain used for optical determinations. 
Baryte and orthoclase were used as the respective standards. The ideal 
compositions for orthoclase and celsian were assumed in calculating the 
atomic-number and absorption-correction factors. The celsian-contents 
for the members of the series are computed on the same assumption 
although feldspars do not usually conform to this ideal; during the present 
investigation there was no other alternative because the amount of 
material available was not sufficient for conventional chemical analysis. 

The values of the principal refractive indices are given in table I, and 
are plotted with some values from the literature in fig. 1. The variations 
differ from those of Yosimura in that  they are not linear, and they show 
no obvious discontinuity at 40-45 % Cn. The curves have been drawn 
to show a change in trend at this point, which would appear to be 
significant if only the present observations are considered. I f  the values 

Kk 
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from the more recent l i terature are taken into account, with the greater 
spread of observations, i t  would appear  to be possible to draw a smooth 
continuous variat ion over the  whole series. 

TABLE I. Optic constants and densities of the natural specimens of the hyalophane-celsian 
series. 

C o m p o s i t i o n  
( t o o l .  % )  I n d i c e s  o f  r e f r a c t i o n t  2Va :~  D e n s i t y  

S a m p l e  n o s .  C n  O r  ~ ~ v ( ~ - - ~ )  ( o b s . )  ~ : [ 1 0 0 ]  ~ : [ 1 0 0 J  ( g m / c m  8) 

O r  t h o c l a s e  . . .  - -  8 8 . 1  1 . 5 2 0  1 . 5 2 3  1 . 5 2 4  0 . 0 0 4  4 0 . 0  + 5 . 0  - -  2 . 5 6 3  
O r t h o e l a s e  . . .  - -  9 3 . 7  - -  - -  - -  + 3 . 6  - -  - -  
( 1 0 ) 8 0 1 9 9  . . . . . .  2 "2  - -  1 ' 5 1 8  1 . 5 2 1  ] ' 5 2 4  0 " 0 0 6  6 2 " 6  + 2 - 0  - -  2 - 5 7 6  
g 1 1 1 5 6  . . .  . . .  1 1 " 5  8 4 " 8  1 . 5 2 6  1 . 5 2 9  1 " 5 3 2  0 ' 0 0 6  6 6 " 9  0 " 0  - -  2 " 6 3 2  
F .  F u r n a c e  . . .  1 2 - 2  - -  1 . 5 2 8  1 . 5 3 1  1 . 5 3 3  0 . 0 0 5  6 6 . 0  0 . 0  - -  2 - 6 4 0  
2 8 0 5 6 0  . . .  . . .  2 9 . 5  - -  1 . 5 4 1  1 . 5 4 4  1 - 5 4 6  0 . 0 0 5  7 5 - 6  - - 9 . 8  - -  2 - 7 6 2  
B M  8 4 7 6 5  . . .  3 7 . 5  5 8 - 5  1 . 5 4 2  1 . 5 4 4  1 . 5 4 6  0 - 0 0 4  7 5 . 5  - - 1 8 . 2  - -  2 . 7 8 9  
B M  3 1 9 9 0  . . . . . .  4 2 - 1  5 6 . 5  1 . 5 4 5  1 . 5 4 7  1 . 5 4 9  0 . 0 0 4  7 4 . 2  - - 2 2 . 8  - -  2 . 8 0 7  
B M  1 9 5 9 , 3 5 9  . . .  4 3 - 3  - -  1 . 5 4 3  1 . 5 4 6  1 . 5 4 8  0 . 0 0 5  7 6 . 3  - - 2 3 . 0  - -  2 - 8 3 7  
1 9 5 8 6 7  . . . . . .  4 5 - 3  3 7 . 7  1 . 5 4 4  1 . 5 4 7  1 . 5 4 9  0 . 0 0 5  6 8 - 9  - - 2 4 . 5  - -  2 - 8 7 5  
1 0 0 4 4 6 *  . . . . . .  5 9 - 0  - -  1 ' 5 5 8  1 . 5 6 2  1 - 5 6 6  0 " 0 0 8  7 5 " 8  - - 3 9 " 0  - -  2 . 9 5 9  
K a s o i t e  . . . . . .  6 5 . 5  3 4 - 6  1 . 5 6 4  1 . 5 6 8  1 . 5 7 2  0 . 0 0 8  8 0 . 0 * *  - -  + 2 8 . 0  3 . 0 0 1  
5 0 8 1  . . . . . .  8 5 . 0  - -  1 " 5 8 0  1 " 5 8 3  1 . 5 8 6  0 ' 0 0 6  7 4 . 1  - -  + 3 3 ' 1  3 ' 3 0 2  
S T R / 5 / 1 5  . . . . . .  8 4 . 8  - -  1 " 5 8 9  1 ' 5 9 3  1 . 5 9 8  0 . 0 0 9  9 4 . 8  - -  + 3 2 ' 3  3 ' 3 2 9  
1 0 0 6 2  . . . . . .  9 1 . 9  - -  1 - 5 8 6  1 . 5 9 2  1 - 5 9 7  0 " 0 1 1  8 7 " 6  - -  + 2 3 " 5  3 ' 3 5 1  
8 T R / 4  . . . . . .  9 4 - 0  7"9  1 " 5 8 3  1 . 5 8 9  1 . 5 9 3  0 " 0 1 0  8 8 . 2  - -  + 2 5 . 7  3 " 3 4 7  
3 3 1 0 3 8  . ._  . . .  9 7 . 2  2"7  1 " 5 8 6  1 " 5 9 0  1 . 5 9 6  0 " 0 1 0  9 3 . 1  - -  + 2 8 " 4  3 " 3 6 9  
B M  1 9 5 8 , 2 8 4  . . .  9 7 . 8  4"4  1 " 5 8 5  1 " 5 8 9  1 . 5 9 5  0 " 0 1 0  9 3 . 2  - -  + 2 6 ' 2  3 " 3 7 7  
1 9 2 0  . . . . . .  9 7 " 7  1 -6  1 " 5 8 9  1 ' 5 9 3  1 . 5 9 9  0 ' 0 1 0  9 5 " 9  - -  + 2 5 " 1  3 ' 3 7 8  

A f t e r  V e r m a a s  
( 1 9 5 3 )  

A f t e r  S e g n i t  ( 1 9 4 6 )  

A f t e r  Y o s i n m r a  
( 1 9 3 9 )  

H y a l .  C . . . . . .  

1 0 " 0  - -  1 ' 5 2 5  1 " 5 3 0  1 . 5 3 2  0 " 0 0 7  6 2 . 0  - -  - -  - -  
5 0 " 0  - -  1 " 5 5 5  1 ' 5 6 2  1 . 5 6 4  0 . 0 0 9  4 3 - 0  . . . .  
5 5 - 0  - -  1 - 5 6 5  1 " 5 7 2  1 " 5 7 4  0 . 0 0 9  4 0 . 0  - -  - -  - -  
9 4 . 0  - -  1 - 5 9 3  1 " 5 9 9  1 ' 6 0 8  0 " 0 1 5  9 5 " 0  - -  - -  - -  

9 2 - 2  - -  1 " 5 7 2  - -  1 " 5 8 4  0 . 0 1 2  7 6 " 0  - -  2 9 ' 0  - -  
9 5 " 0  - -  1 - 5 7 9  1 - 5 8 3  1 " 5 8 8  0 " 0 0 9  8 8 ' 0  - -  2 8 . 0  - -  
9 7 ' 0  - -  1 - 5 8 4  1 - 5 8 9  1 ' 5 9 4  0 " 0 1 0  9 3 ' 6  - -  2 8 . 0  - -  

- -  2 " 7 8  
- -  2 . 7 8  

1 8 - 5  6 9 ' 8  1 " 5 3 8  1 ' 5 4 2  1 " 5 4 5  0 " 0 0 7  7 5 ' 0  
t t y a l .  A . . . . . .  2 3 . 5  - -  1 - 5 3 8  1 . 5 4 3  1 . 5 4 6  0 . 0 0 8  7 5 . 5  - - 5 . 0  

* T h i s  s p e c i m e n ,  r e c e n t l y  c o l l e c t e d  f r o m  J a p a n ,  h a s  k i i ~ d l y  b e e n  s u p p l i e d  b y  D r .  S .  O .  A g r e I 1 .  
* *  A f t e r  Y o s i m u r a  ( 1 9 3 9 ) .  

r P r o b a b l e  e r r o r  i n  t h e  r e f r a c t i v e  i n d e x  v a l u e  i s  • 0 . 0 0 2 .  
T h e s e  a r e  t h e  m e a n  v a l u e s  a s  d e t e r m i n e d  w i t h  t h e  s p i n d l e  s t a g e  a n d  o n  a u n i v e r s a l  s t a g e  ( a f t e r  

r e f r a c t i o n  c o r r e c t i o n )  o n  t h e  s a m e  g r a i n s .  

The optic axial angle for each grain was measured independent ly  with 
the spindle-stage and on the universal stage, with consistent results; the 
values so obtained may  therefore be regarded as having been established 
with some degree of accuracy. Unfortunately,  the  variat ion diagram 
constructed from these values is most erratic, and al though a ten ta t ive  
curve has been drawn through the points, the scatter  is most disap- 
pointing. This curve is not, a t  present,  very useful for the purpose of 
determining the composition since the  structural  state, a knowledge of 
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FIG. 1. Variation diagrams for the principal refractive indices and the optic axial 
angles for the natural specimens, m--after Vermaas (1953) ; ~--after  Segnit (1946) ; 

A- -a f t e r  Yosimura (1939). 

which is essential for this purpose in other feldspar series, is not known. 
The optic sign remains negative up to 65 ~ Cn, but  for more barium-rich 
materials becomes positive or negative in an erratic manner. 

However, neither the 2V nor the refractive index diagrams shown in 
fig. 1 illustrate the change in optic orientation tha t  takes place at  about  



512 N.N.~oY oN 

65-70 ~ Cn (marked by  a vertical line on the plot in fig. 1). This 
important  feature of the optical properties is more apparent  from 
extinction angle measurements. 

Va~'iation of extinction angles. For potassium-rich members of the 
series, the optic orientation is such tha t  the obtuse bisectrix ~, is parallel 
to [O10]. Increased barium-content causes a rotation of the indicatrix 
about [010] so tha t  the fl-vibration direction becomes more nearly 
perpendicular to [001] ; but  before such a condition is reached, the optic 
orientation is completely changed at about 65-70 ~ Cn. 

In  the second orientation for the more barium-rich specimens the 
optic axial plane is parallel to (010), with fl parallel to [010]. The exis- 
tence of two different optic orientations is shown quite clearly from the 
extinction angles (table 1 and fig. 2). 

Fig. 2 shows the variation of the extinction angles a:[100] and 
y:[100]. When ~ II [010], the extinction angle at first decreases slowly 
from small positive values at low celsian-content, but  then increases 
sharply from zero to about --40 ~ from about 15 ~ Cn to 65-70 ~ Cn 
where the change in orientation takes place. Now with fl II [010], the 
extinction angles, although scattered, appear to show a slight decrease 
from about -4-30 ~ with increasing barium-content.  Points extrapolated 
from the work of Turtle (1952) for orthoclases are shown in fig. 2 (a 
straight line in bot tom left hand), and these show a slope consistent with 
the present observations. 

The extinction angle diagram has purposely been divided into two 
parts  because the ~:[100] curve up to 60-65 ~ Cn may  be used for 
determinative purposes as accurate values are easy to obtain; plotting of 
y: [100] in terms of ~: [100] would have unnecessarily reduced the scale 
of this par t  of the curve which is much more precise than  tha t  deter- 
mined in the region beyond 80 ~ Cn. In  addition, there is a pronounced 
lack of natural  specimens available in the region 65 ~ Cn to 80 ~ Cn 
and since 2V does not appear to pass through 0 ~ between the two 
orientations, it is by no means certain tha t  the extinction angle curve 
for ~: [100] is continuous within this ~ange of composition. Winchell 's  
diagram, extrapolated by  Yosimura, implies tha t  2V curve would pass 
through 0 ~ at about 65-70 ~ Cn. This contradicts the author ' s  theoreti- 
cal calculation (assuming the linear curves for a, fl, and ~ do not intersect) 
in which it is found tha t  the 2V curve passes through 90 ~ at  about  
65-70 ~ Cn. This in turn agrees well with the experimental  data as 
obtained by  Yosimura (1939). Fig. 3 shows the diagrams for 2V as 
suggested by the author, Winchell, and Yosimura after Winchelh 



POTASSIUM--BARIUM FELDSPARS 513 

Winchell 's  extinction angle curve and Yosimura's extrapolation of it are 
roughly consistent in trend with the author ' s  data. 

For determinative purposes, the variation of a: [100] up to 60-65 % 
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FIG. 2. Variation diagrams for the extinction angles a:[100] and },:[1O0] for t h e  

natural specimens. Q--after Turtle (1952) by extrapolation; E--after Spencer 
(1937). (Above the zero-line of the ordinate, extinction angles a:[100] are -ve,  

below it are + ve. Extinction angles 7':[100] are all + ve). 

Cn provides a reasonable means of esdmating the barium-content  of the 

feldspar. 
Dispersion. The variation of the principal refractive indices with 

wave-length was determined using an immersion method and a variable 
monochromator for three specimens over the series. The observations 
for all specimens are very similar and show anomalous dispersion 
- - a n  increase in refractive index with increase in the wave-length 
of the light; but  the total dispersion of each of the specimens is not  
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remarkable  ( ~  0.018 for pure  celsian for wave- lengths  f rom 450-  

650 m~). 
The  densities of the  specimens were de te rmined  by  the  f lo ta t ion  

m e t h o d  in Clerici solution. For  a par t icu lar  specimen, repe t i t ion  of 
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FIG. 3. Variation of 2V in the orthoclase-celsian series as suggested by (i) the present 
author, (ii) Yosimura after Winchell, and (iii) Winehell. Note the difference in scale 
on the ordinate. Left-hand scale is $o be used for curves (i) and (iii), right-hand 

scale for curve (ii). 

the  exper iment  a t  cons tant  t empera tu re  ( 2 1 •  1 ~ C), t ak ing  in to  account  

all p robable  errors bu t  wi thou t  correct ion for a i r -buoyancy,  shows 

var ia t ion  in the  th i rd  decimal  place, and  so the  accuracy  has  been t aken  

as •  

The values obtained (table I) are plotted in fig. 5, and the variation is 
represented by the heavy line. The trend suggests that there is a sudden 
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change in the density between 60 ~ and 70 ~ Cn. The densities of 
synthetic specimens (described in a later paper) have been calculated 
from their cell-dimensions and are shown as the dotted lines. I t  is 
noteworthy that  the curve for these specimens does not show the 
discontinuity apparent in the natural specimens. 
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Discussion 

Apart from their value as determinative diagrams, the optical 
variation curves that have been described show two features that  
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Fro. 5. Variation of densities with composition. �9 --determined density for the 
natural specimens (solid line) ; Q --calculated density for the synthetic specimens 

(broken line). 
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O n  

require further comment. At about the composition of the discon- 
tinuity suggested by other authors (~-~ 45 ~ Cn) the refractive indices 
apparently depart from the smooth variation that they show over the 
rest of the series. Such a kink in the variation is not shown by the 
synthetic specimens (fig. 6); its significance is not clear, and detailed 
comment must await further work on other specimens in this region 
when they are available. I t  may possibly be due to variation in struc- 
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rural state among the limited selection of specimens that has been used. 
Little information is available about the geological origin of most of the 
present specimens; with only two specimens between 50 ~ and 80 ~ 
Cn undue emphasis may have been given to their values. 
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:FIG. 6. Comparison of the variation of the fl-refractive index for the natural and 
synthetic specimens. �9 - -na tura l  specimens, represented by a broken line ; �9 - - syn-  
thetic specimens, represented by a solid line. Values for the synthetic specimens 

were determined at a constant temperature, 21 • 1 ~ C. 

The second notable feature is the change of optic orientation at about 
65-70 ~ Cn, at which composition there is also a discontinuity in the 
density of the natural specimens. I t  is believed that this is of fundamen- 
tal significance, for it corresponds with an important structural change. 
Dimensionally the monoclinic unit-cell changes very little as barium 
replaces potassium except that the c-axis is doubled to 14 A for the 
more barium-rich members (Gay, 1956; Newnham and Megaw, 1960). 
I t  has been established by the work to be described in a later paper 
that the type (b) maxima, which denote the 14 A c-axis on electron and 
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X - r a y  diffraction pat terns ,  are present  on such s ingle-crystal  pa t t e rns  

only  if the  ba r ium-con ten t  is equal  to or greater  t h a n  70 ~ Cn. More- 

over,  f rom studies on synthet ic  crystals  i t  is found  t h a t  such m a x i m a  are 

no t  present  for ba r ium-conten t s  up to  65 ~o Cn, so t h a t  the  change in 

optic  or ienta t ion  and  the  dens i ty  d i scon t inu i ty  seem to be associated 

wi th  the  occurrence of the  larger cell in the  more bar ium-r ich  specimens.  

The impl ica t ion of this  d i scont inu i ty  will be discussed in the  l ight  of 

o ther  da ta  in a la ter  paper.  

Wi th  the  except ion  of the  opt ic-axial -angle  var ia t ion ,  t he  curves  can 

be used for the  provis ional  de te rmina t ion  of the  posi t ion of a specimen 

wi th in  the  series. I t  must ,  however ,  be stressed t h a t  l i t t le  is known as 

ye t  of the  effect of s t ruc tura l  s ta te  upon these propert ies ,  and  so such 

de te rmina t ions  mus t  be regarded  wi th  some caution.  The wide and 

appa ren t ly  unsys temat ic  var ia t ion  in 2V is p robab ly  due, at  least  in 

par t ,  to va r ia t ion  in minor  cons t i tuents  to which the  opt ic  axial  angle 

will be par t icu la r ly  sensitive. 
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