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Unit-cell dimensions and molar volumes for a sanidine-analbite ion-exchange series

Guv L.  Hovts

Department of Geology, Lafayette College
Easton, Pennsyluania I 8042

Abstract

Unit-cell parameters and molar volumes have been determined for seven members of a
sanidine-analbite ion-exchange series by least-squares refinements of X-ray powder diffrac-
t ion data. The quadratic least-squares f i t  to the molar volume data yields:

V (cal/bar) -- 2.3982 + 0.2064 No. + 0.0862 No"Iy'ou

where N6. and Nnu represent mole fractions of KAlSisOa and NaAlSirOr, respectively. Excess
molar volume of K-Na mixing may be expressed as:

V* (cal/bar') : WyNo,Ns6: 0.0862 No"Nou

The Margules parameter for molar volume, Wu, for this sanidine-analbite ion-exchange
series agrees well not only with Wu values determined for several other (hydrothermally
synthesized) sanidine-analbite series, but also with those for other alkali feldspar series. Thus,
volumes of K-Na mixing in the alkal i  feldspars are insensit ive to Al-Si order-disorder.

Mole fractions of Al in the 7, and 7, tetrahedral sites for all members of the series are 0.27 |
and 0.229, respectively, based on b and c unircell dimensions, making this series somewhat
more disordered than those svnthesized hvdrothermallv bv others.

Introduction

A new alkali feldspar ion-exchange series has been
synthesized and represents the most disordered feld-
spar series, with respect to Al-Si distribution, studied
until now. The method of synthesis makes it l ikely
that all members of this series of feldspars possess
essentially the same degree of Al-Si order.

The three sanidine-analbite series whose unit-cell
parameters and volumes have been reported pre-
viously (Donnay and Donnay, 1952; Orvil le, 1967;
Wright and Stewart, 1968; Luth and Querol-Sufi6,
1970) were hydrothermally-synthesized series (Table l),
and for this reason were not true ion-exchange
series. However, because the synthesis experiments
were short-term relative to the time it takes for the
Al-Si distribution of a feldspar to equil ibrate with its
environment (see experiments of MacKenzie, 1957;
also Martin, 1969), these feldspar series have rela-
tively disordered Al-Si distributions which are prob-
ably nearly constant for each series. Had synthesis
times been long, this probably would not be the case,
since the Na/K ratio in the starting material affects
not only the kinetics of Al-Si redistribution (Spencer,

1937; Martin, 1969; and others) in the feldspar, but
also the actual equilibrium distribution among the
tetrahedral sites,

In the present investigation the unit-cell parame-
ters and molar volumes of the new ion-exchange
series were measured, using X-ray powder diffraction
data. The paper that follows (Hovis and Waldbaum,
1977) presents the results of solution calorimetric
experiments on the same feldspar series.

Methods of synthesis

All of the analbite-sanidine crystalline solutions
were synthesized starting with Amelia low-albite
(Rutherford Mine, Amelia County, Virginia), with
the following procedures:

(l) Analbite: Fragments of Amelia low-albite
about I cm across were annealed in a covered plati-
num crucible at l052oc. I atm. for 710 hours.

(2) Sanidine: Part of the analbite sample was
ground to -325 mesh, then was ion-exchanged in
several batches in molten KCI at 817o to 825"C for 25
to 38 hours. The resulting sanidine samples were
elutriated in distilled water. then acetone. to remove
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Table l. Synthesis procedures used to prepare various sanidine-analbite series

Tnves t lEa to r  (  s  ) Svn thes l s  P rocedu res  s ta r+ ' 1nq  r | a t e r l a l s

Donnay  and  Donnay ,  1952

n F r r { 1 l a  1 O 6 7

Lu th  and  Que ro l -Su f f c ,  1970

n h i c  l r v e c i l o a 1 : l ^ n

Hyd fo the rma l  c r ys ta f f i za t l on ,  70Oo  and
B o o " c ,  o . 9 8  k b a r ,  1  t o  9  d a y s

H y d r o t h e r n a l  c r y s t a l l l z a t l o n ,  8 n o o C ,

H y d r o t h e r m a l  c r y s t a l f  l z a t l o n ,  8 0 O o C ,
0 . 5  k b a r ,  ?  d a y s

1 .  Annea l  l ow  a l b l t e ,  L }5zo1 ,  1  a tm ,
7 I0  hou rs

,  T ^ h - a v a h a h d a  i : h a  n o s r ' l t i n o  a n A l h J t e

l n  n o l t e n  K C ] ,  8 1 7  t o  8 2 5 " c ,  I  a b m ,
2 5  t o  3 8  h o u r s ,  t o  p r o d u c e  s a n l d l n e .

3 .  A1ka l1  homoge !1za t1on  o f  r nechan i ca l
m l x t u r e s ,  9 4 0 " c ,  1  a t m ,  6  t o  7  d a y s

g l a s s e s

g f a s s e s

d  a h r r . i  r a  l . . l  a a  l  c

- q r n e f l a  1 o w  a l b l t e

a n a l b l t e

a n a  1 b  1 t e - s a n l d  1 n e
m e c h a n l c a l  m l x t u r e s

the finest grain sizes for the heat-of-solution experi-
ments; this was done for the analbite and the compo-
sitionally intermediate crystall ine solutions, as well.

(3) Crystall ine solutions of intermediate composi-
tions: Powders of analbite and sanidine were mixed
ultrasonically in acetone in various proportions to
create different feldspar mechanical mixtures. After
drying, each mixed powder was packed tightly in a
gold crucible under 500 psi (in most cases) to pro-
mote as much grain-to-grain contact as possible. To
homogenize the alkali ions the samples were then
annealed at 940oC for 153-155 hours in a sil icon
carbide furnace which had never been used for fused
salt studies, a procedure necessary to minimize the
possibil i ty of external alkali contamination. Details
concerning synthesis of individual samples are given
in Table 2. This method is analogous to that used by
Waldbaum and Robie (1971,  p.  390;  a lso Hafner  and
Laves, 1957) to produce intermediate members of
their tricl inic feldspar series, except that their samples
were based on a potassic end-member (microcline),
not a sodic one.

All members of the ion-exchange series produced
by the procedures outl ined above should have the
same Al-Si distribution. Ion-exchange in molten
KCl, as well as alkali homogenization procedures,
probably had no effect on the Al-Si distribution of
the analbite from which all series members were pre-
pared, because the molten-salt ion-exchange (825"C)
and alkali homogenization (940'C) were carried out
at temperatures significanlly less, and for periods
much shorter, than that at which the analbite was
produced (1052"C). Thus, any change in Al-Si distri-
bution should have involved ordering (not dis-
ordering), which has been shown by several in-

vestigators (e.g., MacKenzie,1957; Martin, 1969) to
proceed extremely slowly, even under hydrothermal
conditions. The resultant feldspars, therefore, truly
belong to an ion-exchange series.

Compositions of the feldspars

Major and minor element analyses of Amelia low-
albite have been given by Waldbaum and Robie
(1971, Tables 2 and 3). Their data confirm the high
chemical purity of this material. Substitutions of ele-
ments outside the (K,Na)AlSisOE system are minor.

The effect of K-Na ion exchange on minor-element
chemistry was not checked. However, as minor ele-
ments were not present in large amounts in the start-
ing material, the changes that might have taken place
during exchange should have been very small and
most l ikely involved only monovalent cations. Wald-
baum (1966,  p.  5 l )  has shown that  rubid ium, the
major "impurity" in Amelia low albite, is largely
unaffected by ion exchange in KCl.

During the calorimetric investigation on these

Table 2. Details of synthesis histories of feldspars with interme-

diate (K-Na) composi t ions.

Anneal-1ng A n n e a l i n g  * P a c k l n g

TemDerature Tlme Pressure
F e t d s p a r  i o c  )  ( n r s .  )  ( p s l  )

) o ' ) t  9 + . )7 O 4 t 1

7 057

9L5, 939
9 4 0

5 0 0

r55  500
T o 5 B  9 4 0

1 5 3  5 0 0
1 5 3  5 0 0

T 059
7 0 6 0

9 4 0

9 4 0

*  P ressu re  unde r  wh l ch
fe l dspa rs  was  packed

the  nechan l ca l  n l x t u re  o f
1n  t he  go ld  c ruc l b1e .



674 HOVIS: UNIT.CELL DIMENSIONS. SANIDINE-ANALBITE

. 1 5 5 x *  8 . 8 2 * x  . 0 1 0 2
1 . 1 8  5 8 . ?  . 0 1 1 8
5 . 6 7 6  2 6 9 . 5  . o r 2 ?

7 0 5 7  1 0 5 . 9  1 0 6 . 5

7 a 5 9  2 . 2 l x x  7 . 1 0 * *  . 1 5 4 7
7 0 5 9  2 7  . 0  9 0 .  r  . 1 4  9 8
7 0 5 9  3 2 . 1  1 0 4 . 3  . 1 5 3 2
7 0 5 9  5 5 . 4  1 8 3 . 6  . 1 5 0 7

7 0r5

I 6 2 1

. 3 7 1 r

. 5 0 9 1

. 6 1 8 3

.  y o y f

Table 3. Chemical analyses (for K and Na) of the feldspars

Average t
C a l c u l a t e d  C a l c u l a t e d

Fe ldspar  Kx  Na*  Nor  Nor

(7059,7044, and 7058) the spread in composition was
t3.5 mole percent Or. For sample 7060 the spread
was 12.5 percent. Only for sample 7057 was in-
homogeneity serious, with a spread of + I I percent.

Methods used in X-ray investigation

Unit-cell dimensions and molar volurnes (Table 4)
were determined by least-squares refinement of X-ray
powder diffraction data, using the digital computer
program LCLSQ of Burnham (1962); uncertainties
reported in Table 4 are least-squares standard errors
as defined by Burnham. Forward and reverse X-ray
scans were made over a 20o to 60" 20 range at
t/q" /minute (chart speed t/z inch/minute) with a Phil-
ips X-ray goniometer using CuKe radiation. Data for
each feldspar were collected for at least three such
scans. The feldspars were mixed with semi-conductor
grade silicon as an internal standard; the silicon was
assumed to have a unit-cell dimension of 5.43054 A
(25'C Parrish, 1960) and the calculated positions of
the (l I l), (220), and (31l) peaks were 28.443" and
28.515o, 47.304" and 47.428o, and 56.123' and
56.275" for Ka, and Ka, copper wavelengths (taken
to be 1.54051 A and 1.54433 A), respectively.

Peaks for sanidine and analbite were indexed fol-
fowing Borg and Smith (1969, p. 667-668 and 635-
636). Peaks for crystalline solutions of intermediate
compositions were indexed by first running a prelimi-
nary refinement for each based on the positions of
peaks which could be identified unambiguously, then
calculating the theoretical positions of a// peaks
based on cell parameters of the preliminary refine-
ment. After the latter operation, final refinements
were performed, using 20 data for additional peaks
which were indexed based on the calculated posi-
tions. This method proved to be'very satisfactory, not
only in unambiguously identifying certain peaks, but
also in greatly improving (lowering) the standard
errors of the refinements due to the use of relatively
high-angle data.

Unit-cell dimensions

Unit-cell data are given in Table 4 and shown in
Figure l. Least-squares fits to four of the cell parame-
ters are given below:

4(A)  :8 .1553(+ .0015)  +  0 .4567(+ .0025)No.  (1 )

b(A) :  12.8687(+.0019) + 0.3705(+.0090)No.
- 0.2109(+.008s)M. Q)

:  7.rn 4(+.0014) + 0.1448(+.0065)No,
- 0.0804(+.006s)N3, (3)

7 0 5 7  5 . 3 4 * *  5 . O o x x  . 3 8 5 7
7  0 5 7  6 8 .  8  7 3 . 0  . 3 5 6 5

7 0 4 4  6 3 . 8  3 4 . 2  . 5 2 3 r
7 0 4 4  7 . 1 4 * *  4 . 0 4 * *  . 5 0 9 6
7  A 4 4  r 0 5  . 2  6 3  . 2

. 3 7 1 1

. 4 9 4 5

.9697

7  o 5 8  1 6 2 . 0  5 0 . 8  .  6 1 0 4
7 0 5 8  8 . 6 2 * x  2 . 9 6 x x  . 6 3 1 3
7 0 5 8  1 7 1 . 0  6 3 . q  . 6 1 3 3

7 0 6 0  1 6 3 .  0  1 6 . 2 2  . 8 5 5 3
7 a 6 0  9 2 . 3  1 0 . 3 6  . 8 3 9 7
7 0 6 0  1 1 . 3 0 * *  1 . 4 7 8 * *  . 8 1 8 0
7  0 6 0  2 9 5 ,  A

7 a 3 6  6 4 . a

3 5 . 5  . 8 3  0 1

1 , 2 0

A n a l y s e s  w e r e  d o n e  b y  f l a m e  p h o t o m e t r y  ( G e o c h r o n ,  I n c , )
us lng  a  Beckman DU spec t rophotometer .  A t lquots  o f
ac tua l  ca lo r lmet r l c  so lu t lons  ln  wh lch  fe ldsDars
h a d  b e e n  d l s s o l v e d  w e r e  e v a p o r a t e d  t o  d r y n e s s ,  t h e n
c o n v e r t e d  t o  d 1 l u t e  s u l f a t e  s o l u t i o n s  f o r  a n a l y s l s .

*  01ven ln  ppm un less  s ta ted  o therw lse ;  ac tua l  nunbers
a r e  a r b i t r a r y ,  o n l y  r e l a t i v e  n o l e s  o f  K / ( K + N a )  1 s
s lgn l f l can t .  Nunberso f  s lgn l f l can t  f lgures  are  as
a l \ t a h  h w  f h a  a h . r  r r c t

x*  G iven 1n  we igh t  % K or  Na.

+  Each nunber  ln  th ls  co l -umn represents  an  average
o f  a l l  a n a l y s e s  l i s t e d  f o r  e a c h  f e l d s p a r  1 n  t h e
prev lous  co lumn.

feldspars (Hovis and Waldbaum, 1976 and 1977),
many of the hydrofluoric acid solutions in which the
crystall ine solutions were dissolved were analyzed for
potassium and sodium by flame photometric tech-
niques. These data are given in Table 3 and constitute
the major source of information on the K/(K + Na)
ratios in the feldspars.

Homogeneity of alkali ions in the feldspar crystalline
solutions

The synthesis of feldspar crystall ine solutions by
the method described above resulted in samples
which had X-ray diffraction patterns with sharp,
well-defined, narrow peaks. Within the detection l im-
its of this analytical technique the feldspars are
homogeneous. However, electron microprobe analy-
ses of the feldspar samples (by M. Kastner, personal
communication) indicated some degree of in-
homogeneity in the samples. For three of the samples

c(A)
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Table 4. Unit-cell dimensions and molar volumes of sanidine-analbite crystalline solutions
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FeldsDar. -- Data
i " i i " I i" i .  r . .  No" Lir."* pl lr i"** 

"rf i l  
b(R) c(8) a (dee) B (dee) r(aee) v(83) V(carluar) z t

ru505

7 059,
R r505

7057 ,
RI5OI+ f+

To5'( ,
Rr5O3 f+

7044 ,
R1 502

To58,
R150r

TC6O,
Rr500

7 036,
R 1  2 2 ?

.or1)+ 2L 53 8.1517 r2.873L ?.1118 93, \79 116. \50 9O'27L 667.35 2.)+015
. oorT .  oo12 .  oot5 .oLz .  Or1 .or2 .33 .0012

.1521 25 lOO 8.2267 r2,9r7)+ 7.1320 92.605 r15'387 9O,a7T 678.01 2. \398

.3?rr  d1

.3?r1 2\

. 5091  2 \

. 6183  a7

.8358  29

.9691 29

59

59

) o

)+T

a2

78

. oo14 .  oor l  .  ooog .  o1r .007 .or2 .2o .0007

8.3169 :*2.9822 7. ]550 89.9\7 115'150 90.ot1 593. \0 2.)+95?
.0026 .  ool7 .0022 .028 .  O2O .  O2O .)+9 '  0018

8.31?L L2.9839 7.1576 90.o 115.151+ 90.o 693.7 '1 2- \965
.oo25  . 0015  . 0016  . 016  '  41  '  oo r5

8.3929 L2.g999 7 .L653 90.  O 116.10)+ 90'  O TO2.O\ 2-5261
. 0016 ' oo13 . oooS . oro '23 ' ooo8

8. r+358 13.0155 T .1660 90.  o 115.  o2o 90.  o 70?.  r l+ 2 '5\ \6 o.o77
. oo15 . oo13 . ooog . o1o -23 ' oooS

8 . : : r !  r 3 . o2g5  7 ,1752  90 .o  r r 5 .g92  90 .o  7 r7 ' 09  2 .580 )+  0 .079
. oo11 . ooog . ooo7 . oo7 .15 . 0006

8,5013 13.0312 7.rT83 90.o 1l '5.992 90.o 723'2L 2 '6025 0.091
.  oor3 .  oor3 .  ooog .  oo9 .22 .0008

* Nmber of l ines used in each Tefinement'

*x Total- nmber of data points used in each refinement (for all

t Calculated. fron equation (3) of govis (197)+). This equation
and should. be used only for feldspars where NOr is more tban

ft Two sets of results are presented for smple 7057, the first
monocL in ic  node l ,

s c a n s  ) .

is not valid for the more sodlc mmbers of the serles

based.  on  a  t r i c l in lc  node l '  the  second on  a

p(dee) : 116.490(+.014) - 1.0s8(t.065)No,
+ 0.s50(+.06s)N3, (4)

where No. is mole fraction of KAlSirOr. Standard
errors of fit for these equations are +0.0047 A,
+0.0041 A, +0.0030 A, and +0.003', respectively.
Fits were not performed for the a and ? unit-cell
parameters, since only two of the seven feldspars are
triclinic. These regression equations are based on
data for both monoclinic and triclinic feldspars.
Though discontinuities in the data may occur as a
function of the monoclinic-triclinic inversion (Wald-
baum and Thompson, 1968;Vogel et  al . ,1973), there
were not enough data to justify fitting the monoclinic
and triclinic regions separately. Application of the
Gauss criterion (Worthing and Geffner, 1943) to the
fits for a and b indicated that the best fits for these
parameters are first and second order, respectively, as
indicated by equations (1) and (2). The same criterion
applied to the fits for c and 0 indicated that the best
fits are third and fourth order, respectively, for these
parameters. However, because of the possibility of
discontinuities in the data due to the mono-
clinic-triclinic transition, and since there are data for
only seven feldspars, the higher-order fits are thought

not to be justified, and second-order fits only are
given for these parameters [equations (3) and (4)].

Composition of the monoclinic-triclinic transition

With only two feldspars in the triclinic part of the
alkali feldspar composition range, no attempt was
made to estimate the transition composition. The
refinement of unit-cell parameters for feldspar 7057
(at N6, : 0.371l) indicated a statistically better fit to
the X-ray.data for a monoclinic model than for a
triclinic one. However, the K-Na inhomogeneity in
this sample makes this result ambiguous. Orville
(1967) and Luth and Querol-Sufi6 (1970) both esti-
mate the transition composition to be at values of No,
somewhat higher than 0.37.

Al-Si distribution and symmetry of the feldspars

Thompson et al. (1974, p.219-220) have discussed
the distribution of Al and Si in triclinic and mono-
clinic alkali feldspars. Alkali feldspars which have
monoclinic symmetry or which have a topochem-
ically monoclinic Al-Si distribution, even though
they may have triclinic lattices (such as analbite;
Laves, 1952), require only one ordering parameter,
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b  r i r

c  (a ,

EETA (d.91

Fig.  L a,  b,  c,  and 0 uni tcel l  d imensions of  sanid ine-analbi te
crystalline sof utions plotted against composition. For a, b, and c
the size ofthe data points is about ten times the standard error of
the refined values. for d about twice the standard error. Curves
correspond to equat ions ( l ) ,  (2) ,  (3) ,  and (4) .

such as Z l :  2(Natrr ,r  -  No,rrrr) ]  (Thompson,1969,
1970), to characLerize their Al-Si distributions.

In the present investigation, the albite (sample
7015) synthesized by long-term heating of low albite
is thought to have a topochemically monoclinic Al-Si
distribution, because (l) the temperature at which it
was annealed (1052'C, 710 hours) should have been
sumcient to produce such a distribution (Kroll and
Bambauer, l97l ; Thompson et al., 197 4), and(2) ion-
exchange in KCI produced a monoclinic potassium
feldspar (see data for sanidine 7036), not a triclinic
one. This is possible only if the feldspar has a topo-
chemically monoclinic (or very nearly so) Al-Si dis-
tribution. All feldspars of the present series may be

assumed to have the same Al-Si distribution as
sample 7015.

A Z-value for all members of the present series
may be estimated by substituting values of the b and c
unit-cell dimensions of its potassic members into
equation (3) of Hovis (1974). These data are included
in Table 4. The auerage Z-value for the three most
potassic feldspars is 0.082, which corresponds to tet-
rahedral site occupancies of Nrrrnr : 0.27 1 and
Nor,rr : 0.229 (for nomenclature see Thompson,
1969).

In relative terms the Al-Si distribution in feldspars
of the present investigation is more disordered than
those in the series of Donnay and Donnay ( 1952; also
see Wright and Stewart, 1968), Orville (1967), and
Luth and Querol-Sufl6 (1970), as is apparent in a plot
of b us. c (Fig. 2), where data for the series of Orville
(1967) are taken as representative of those for all
three of the series. Members of the present series have
relatively higher b and lower c values than do corre-
sponding members of the other series, indicating
greater disordering in the present feldspars (see Stew-
art and Ribbe, 1969; Stewart and Wright, 1974). The
present series may be more disordered because of the
higher temperature (1052'C) at which the analbite
starting material was prepared relative to the syn-
thesis temperature (800"C) of the hydrothermally
produced series.

Molar volumes

Quadratic (Fig. 3) and cubic least-squares fits of
the molar volume data in Table 4 may be expressed
AS:

V (cal/bar) : 2.3982 (+.0009) + 0.2064 (+.001l)No.
+ 0.0862 (+.0040)No.NAb (5)

o
c (A)

12.86 te90 la94 1298 13.02

b t i l
Fig. 2. b us c unit-cell dimensions of the sanidine-analbite

crystalline solutions (closed circles) relative to those for Orville's
series (1967; open circles) and the "ideal end-members" ofStewart
and Wright (1974; triangles). Solid line represents a linear least-
squares fit ofc as a function ofb for the present series. Dashed line
connects values for Stewart and Wright (1974) end-members.

o.5
Noa



and

V (cat/bar) :  2.3970 (+.001 1) + 0.2093 (+.0018)No,
+ 0.064 (+.011)r/AbA6, + 0.107 (+.011)No,Mo (6)

(To convert the molar volume of either equation to
units ofjoules/bar, multiply the coefficients by 4.184.
To convert to A3lunit cell, divide by 0.0035985.)
Standard errors for the fits are t0.0019 and 10.0018
cal/bar, respectively. Strict application of the Gauss
criterion (Worthing and Geffner, 1943) suggests that
the cubic formulation is the better of the two fits.
However, considering that the standard errors for the
individual volume determinations (Table 4) are high
relative to the standard errors of fit, that there are
only seven data points, and that the cubic fit does not
greatly improve the standard error, only the quad-
ratic fit can be justified for this series of feldspars.

The Margules parameters for molar volume based
on quadratic fits (Wy, following the notation of
Thompson, 1967) and on cubic fiIs (Wv.o, and lVy.66)
of molar volume data of al l  previously studied sani-
dine-analbite series may be compared with those of
the present series (Table 5). The agreement of Wv
values for all series is excellent. For four of the five
data sets W, values agree to within 0.003 cal/bar.
For cubic fits, howevet, Wv,o, and Wv,ar values vary
considerably from one series to another. Not only are
the values for Wr,o, and Wy,o, different among the
various series, but there is disagreement as to which
one is larger. This is further justification for use of a
quadratic fit to alkali feldspar molar volume data at
this time.

Based on a quadratic fit to the molar volume data,
the excess volume of mixing (Fig. a) for the present
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2.60

V( ideol  mix ing)

o  0 5  |

Non

Fig. 3 Quadratic fit of molar volume data for sanidine-analbite
crystal l ine solut ions.  The s ize of  the data points is  about four t imes
the standard errors of  the volume determinat ions.  The cubic f i t  is
nearly indistinguishable from the quadratic curve shown here.

feldspar series is expressed as:

V.,(cal/bar): 0.0862 (+.0040) No.Noo (7)

At No, : 0.50, V.*is0.022 cal/bar.

Excess molar volume parameters as functions of Al-Si
distribution in alkali feldspars

Molar volume data are available for two micro-
cline-low albite series (Waldbaum, 19661, Waldbaum
and Robie, l97l; Orville,1967). W, val:ues for both
of these series are sl ight ly higher (0.110 and 0.123
cal/bar, respectively, Waldbaum and Thompson,
1968) than for any of the sanidine-hnalbite series
reported in Table 3. However, a recent reinvestiga-
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o
.o
:\
o

J? 2.50

l>

210

Table 5. Margules volume parameters based on least-squares fits of molar volume data for several sanidine-analbite series
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I^I
V

(ca \ /bar  i
n r r r d r r f l n  f l f  )

1^l" V ,  O r

(  n t 1  / } . ' s r .

t ' lvrAb

c u b l e  f i t  )

U v L L L L A J  A r r u  U U r r r r d J  t  1 2  ) r

W r i g h t  a n d  S t e w a r t ,  1 9 6 8
(Donnay and Donnay da ta)

0 r v i 1 1 e , 1 9 6 7

L U E n  a n o  L J U e r o . L - s u n e ,  ! 9 l u

T h i s  i n r / a s t J o e i J n n

L 2 . 0 8 8
+  aa )

. 0 8 6
1 . 0 0 3

. 0 8 9
r .  0 0 2

. 1 0 2
+  n n  l

. 0 8 6
r .  0 0 L l

t .  0 0 3
. 0 7  8

t . 0 0 8

. 0 7  2
t  . 0 0 3

.  L O  t

r . 0 0 2

. I O T
1 . 0 1 1

. r28
! . 0 0 4

n o q
i .  0 0 8

. 1 0 7
! . 0 0 3

n t r1

! . . 0 0 2

.  o 6 t t
+  n l 1

2 0

2 a

D a t a  f o r  t h e  f l r s t  t h r e e  p a p e r s  a r e  t a k e n  l n  p a r t  f r o m  W a l d b a u m  a n d  T h o m p s o n ,  1 9 6 8 .
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slightly with Al-Si disordering, the volumes of K-Na

mixing are relatively insensitive to Al-Si distribu-

tion in alkali feldspars. Because Al-Si order-disorder
has a very small effect on molar volume (Orville,

1967; Stewart and Ribbe, 1969; Hovis, 19'71' and
1974), it is the K/(K + Na) ratio which has the major
influence on the molar volumes of these feldspars.
The three-dimensional tetrahedral network behaves
as a framework which either expands (with the sub-

stitution of K for Na) or contracts (with the sub-
stitution of Na for K) as ions occupying the "M"

crystallographic sites among the tetrahedra are

changed, but the distribution of Al and Si ions within

the different types of tetrahedra is relatively unimpor-
tant in terms of volume properties.
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