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Optical properties of a high albite (analbite)-high sanidine
solid-solution series
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ABSTRACT

In the solid-solution series high albite (analbite)-high sanidine, it was impossible to select
a set of specimens that were free from minor constituents (anorthite, celsian, Sr- and Rb-
feldspars, and Fe), totally free of evidences of exsolution, and all of precisely the same
structural state. So data were gathered for 32 feldspars whose range of structural states was
0.5 < 3t, =< 0.65 (average 0.60), where =t, = 2t, for monoclinic and =t, = (t,0 + t,m) for
triclinic feldspars, and t is the Al content of the T,, T,0, and T,m sites. Only specimens
determined to be at least 95% homogenecous were used, and corrections to the refractive
indices were made for nonbinary constituents. The resuiting refractive index curves—not
labeled conventionally as n,, #,, and n,, according to magnitude, but as n,, n., and n,,
according to which crystallographic axis the vibration direction is most nearly parallel —
were found to change slope at Or_,. Each was adequately represented by two linear
segments with different slopes, meeting at Or,,. The segments and inflection point corre-
spond very closely to those representing the plot of density versus mole percent Or. As in
the case of low microcline-high sanidine, the 2V, versus mole percent Or curves are
sigmoidal because the n, and 7. curves cross; 2Vy = 0° at Or_,, for 2t, = 0.60. The

composition for this crossover point decreases as =t, decreases.

INTRODUCTION

Many attempts have been made to characterize the vari-
ation of the refractive indices (and 2V) of alkali feldspars
of “high” structural state (see a review of early literature
by Hewlett, 1959, p. 534). The classic work of Spencer
(1937) produced excellent sets of optical data for naturally
occurring perthitic specimens and for their heat-treated
and presumably homogenized equivalents. Adding six sets
of data, only one of which was collected on a homogeneous
specimen, Tuttle (1952, Fig. 2, p. 559; cf. Deer et al,,
1963, Fig. 30, p. 60) drew straight lines through n,, n,,
and n,, delineating a “sanidine-anorthoclase” series and
an “orthoclase-low albite™ series. Smith’s Figure 8-9 (1974,
p. 386) is a modified version of Tuttle’s drawing with a
few additional data points, but it gives limiting curves
only for the low series.

To date, the careful study by Hewlett (1959) of a suite
of chemically analyzed sanidines and anorthoclases is the
best documented, because he not only measured refractive
indices and corrected the 7, values for effects of minor
components, but he also checked crystals for homogeneity
by single-crystal X-ray methods and reported d-spacings
determined from powder-diffraction patterns. He used ds,
as an independent measure of Ab content (note that strain
may affect this parameter) and was the first to use dy,, and
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d,.o as measures of the degree of (ALSi) order. Hewlett
combined some of Spencer’s data with his own to prepare
a semiquantitative picture of the relationships among op-
tical properties, composition, and (Al,Si) ordering in alkali
feldspars. A notable contribution was his recognition that
structural state is directly related to partial birefringence
“p” — n,, where “b” is the principal refractive index
whose vibration direction is most nearly parallel to the b
crystallographic axis.

However, as far as the high albite-high sanidine series
is concerned, the relationships between refractive indices
and composition have remained confusing, at best, and
the various attempts to summarize and/or simplify them
for determinative purposes (e.g., Bambauer et al., 1979,
Fig. 223-232, p. 123; Shelley, 1985, Fig. 9.61, p. 182;
Phillips and Griffen, 1981, Fig. 7-20, p. 342) are mis-
leading.

FACTORS AFFECTING REFRACTIVE INDICES

In addition to minor chemical constituents, a number
of factors have combined to obscure the correct relation-
ship between refractive indices and Or content in the high
albite (analbite)-high sanidine series. These include the
mixing of specimens with widely different structural states
in the data set upon which analyses and conclusions were
based, the way in which the structural state was quantified,
and the convention used to label the principal refractive
indices. First, let us define what is meant by “high” struc-
tural state.
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Table 1. Data of homogeneous alkali feldspars with 0.50 < =t, < 0.65

No. Sample Or Ab An Cn Srf Rbf Fef . n. n, 2V, 2t Ref

1 MAB177 03(0.3) 99.7(99.7) 0.0 00 0.0 00 0.0 1.5276(1.5276) 1.5346(1.5346) 1.5364 (1.5364) 53.6 059 7

2 MAB169 0.3(0.3) 99.7(99.7) 0.0 0.0 0.0 00 0.0 15279(1.5279) 1.5344(1.5344) 1.5372(1.5372) 66.1 064 7

3 RAMONA(H) 1.1(1.1) 98.7(989) 0.2 0.0 0.0 0.0 0.0 1.5273(1.5272) 1.5344 (1.5343) 1.5357 (1.5356) 46.9 0.51* 4

4 DQ-1 25.2(27.1) 67.9(72.9) 65 04 00 0.0 0.0 15275(1.5237) 1.5324(1.5289) 1.5337 (1.5303) 56.0 0.54 1

5 HEW-10 27.9(28.7) 69.3(71.3) 1.4 05 09 0.0 0.0 1.5258(1.5242) 1.5313(1.5298) 1.5328(1.5314) 555 0.61 2,3

6 SP-R(H) 39.6(41.0) 56.9(59.0) 3.4 0.1 0.0 00 0.0 1.5222(1.5201) 1.5282(1.5263) 1.5293(1.5274) 49.8 0.62* 5,6

7 SP-P(H) 43.4(434) 56.5(56.6) 0.1 0.0 0.0 0.0 0.0 1.5209(1.5208) 1.5265(1.5264) 1.5267 (1.5266) 15.0 0.50* 5,6

8 439 43.8(46.0) 51.4(54.0) 3.8 0.0 0.1 00 0.9 1.5238(1.5210) 1.5292(1.5266) 1.5306(1.5281) 53.3 059 5,9

9 SP-N(H) 50.7 (51.1) 48.6(48.9) 0.5 0.2 0.0 0.0 0.0 1.5202(1.5198) 1.5255(1.5251) 1.5258(1.5254) 34.0 0.57* 5,6
10 SP-M(H) 52.2(53.2) 46.0(46.8) 1.8 0.0 0.0 0.0 0.0 1.5206(1.5195) 1.5255(1.5245) 1.5263(1.5253) 45.0 0.63* 5,6
11 HEW-15 52.7(55.4) 424(446) 32 1.2 03 02 0.0 1.5223(1.5193) 1.5269(1.5242) 1.5274(1.5247) 41.3 063 2,3
12 HEW-4 57.6(59.7) 38.9(40.3) 2.0 1.1 0.3 0.1 0.0 1.5226(1.5204) 1.5269(1.5249) 1.5275(1.5255) 41.8 0.60 2,3
13 1909-261 59.7(61.7) 37.1(38.3) 1.7 1.1 03 0.0 0.1 1.5221(1.5200) 1.5268(1.5249) 1.5273(1.5254) 353 0.59 5,9
14 SP-J(H) 612(61.8) 37.8(38.2) 0.7 0.0 0.3 00 0.0 1.5191(1.5185) 1.5240(1.5234) 1.5240(1.5235) —16.0 0.52* 5,6
15 SP-H) 64.0(64.5) 352(35.5) 0.8 0.0 0.0 0.0 0.0 1.5190(1.5185) 1.5237(1.5233) 1.5237 (1.5233) 0.0 055 5,6
16  SP-K(H) 66.2(67.4) 32.0(326) 1.6 0.0 0.2 00 0.0 1.5198(1.5187) 1.5246(1.5236) 1.5251(1.5241) 20.0 0.58* 5,6
17 HEW-13 66.7 (68.0) 31.3(32.0) 1.7 0.0 0.0 0.3 0.0 1.5194(1.5184) 1.5239(1.5230) 1.5240(1.5231) 21.8 0.61 2,3
18 HEW-5 67.7(71.6) 26.9(28.4) 1.8 1.3 22 0.1 0.0 1.5235(1.5203) 1.5277(1.5247) 1.5283(1.5253) 425 0.62 2,3
19 HEW-3 69.8(72.0) 27.1(28.0) 0.1 2.8 02 0.0 0.0 1.5211(1.5189) 1.5253(1.5232) 1.5258(1.5237) 358 0.65 2,3
20 SP-G(H) 71.1(73.1) 26.2(26.9) 0.1 22 04 00 0.0 1.5199(1.5180) 1.5247 (1.5229) 1.5242(1.5224) —29.0 0.53* 5,6
21 SP-H(H) 71.1(73.9) 25.1(26.1) 1.9 1.7 0.2 0.0 0.0 1.5203(1.5178) 1.5250(1.5226) 1.5248(1.5224) —-17.0 0.56* 5,6
22 SP-F(H) 72.8(74.3) 25.2(25.7) 1.6 0.2 0.2 0.0 0.0 1.5192(1.5180) 1.5240(1.5229) 1.5236(1.5225) —28.0 0.54* 5,6
23 HEW-2 74.0(74.8) 249(25.2) 0.8 0.1 01 0.1 0.0 1.5191(1.5185) 1.5237(1.5231) 1.5237 (1.5231) 00 060 2,3
24 TA 76.4(77.4) 223(226) 08 0.0 0.0 00 0.4 1.5201(1.5193) 1.5252(1.5245) 1.5248(1.5241) —17.0 059* 8
25 HEW-1 77.4(79.8) 19.6(20.2) 16 0.9 04 0.1 0.0 1.5206(1.5187) 1.5248(1.5230) 1.5248 (1.5230) 00 059 2,3
26 HEW-12 79.2(81.9) 17.5(18.1) 22 0.6 02 03 0.0 1.5199(1.5179) 1.5241(1.5223) 1.5241(1.5223) —10.0 057 2,3
27 SP-D(H) 80.9(82.3) 17.4(17.7) 12 03 0.2 0.0 0.0 1.5189(1.5178) 1.5236(1.5226) 1.5233(1.5223) —33.0 056" 5,6
28 HEW-11 79.0(83.8) 153(16.2) 1.7 1.2 24 04 0.0 1.5228(1.5195) 1.5269(1.5239) 1.5270(1.5240) 28.0 061 2,3
29 7002H 83.1(85.4) 14.2(146) 05 1.3 0.0 0.0 0.9 1.5196(1.5177) 1.5243(1.5226) 1.5237 (1.5220) —42.6 0.54 5,9
30 SP-E(H) 85.6(87.5) 12.2(125) 09 1.1 0.2 0.0 0.0 1.5190(1.5175) 1.5235(1.5221) 1.5232(1.5218) —29.0 0.60* 5,6
31 SP-C(H) 90.5(91.5) 84(8.5 07 02 02 00 0.0 1.5187(1.5180) 1.5233(1.5227) 15227 (1.5220) —44.8 0.56* 5,6
32 SP-A(H) 926(926) 74(74) 00 0.0 00 0.0 00 1.5192(1.5192) 1.5240(1.5240) 1.5230(1.5230) —53.8 0.52* 5,6

Note: For each sample, the adjusted composition, Or/(Or + Ab) and Ab/(Or + Ab), and the corrected refractive indices are given in parentheses
beside their respective observed values. The negative signs of 2V, values (in degrees) signify that the optic axial plane is parallel to (010). The =t,
values were derived either from lattice parameters b and c¢* or from 2V, and mole percent Or (marked *) using Fig. 2 in Su et al. (1986b). References
are as follows: (1) DePieri and Quareni (1973); (2) Emerson and Guidotti (1974); (3) Hewlett (1959); (4) Smith (1958); (5) Smith and Ribbe (1966); (6)
Spencer (1937); (7) Su et al. (1986a); (8) Tuttle (1952); (9) Warner et al. (1984).

Definitions

The symbols t,0, t,m, t,0, t,m are customarily used to
designate the Al contents of the T,0, T,m, T.O, T,m
tetrahedral sites of triclinic alkali feldspars (where t, = the
number of Al atoms in T; sites divided by the total number
of T, sites). Thus, high albite (HA) is highly disordered
and defined as t,0 > t,m = t,0 = t,m. There is no con-
vention to exactly define “high” albite relative to “inter-
mediate” albite. However, we have designated Zt, = (1,0 +
t,m) as a measure of structural state and in this study used
only specimens for which 0.5 < =t, < 0.65. Analbite (AA)
is also highly disordered and metrically triclinic, but it
has t,0 = t;m and t,0 = t,m and thus can invert displa-
cively to metrically monoclinic monalbite above the tran-
sition temperature (~980°C for pure, highly disordered
NaAlSi,O4). The distinction between HA and AA is un-
important at this stage of our investigation.

For the K-rich series, monoclinic high sanidine (HS)
has been defined traditionally on the basis of having its
optic axial plane parallel to (010) [shorthand: O.A.P. =
(010)]. Using data from crystals whose average compo-
sition was Or,,, Su et al. (1984) established the fact that
0.5 = 2t, = 0.67 for K-rich high sanidines. See Kroll et
al. (1980) for further discussion of nomenclature.

Methods of determining structural state

To determine =t, it is most desirable to have a neutron-
diffraction refinement of the (Al,Si) distribution among
nonequivalent tetrahedral sites or, failing that, an X-ray
structure refinement. The latter involves interpretation of
bond lengths in terms of Al content t, of site T,, and this
is described at length in a review by Kroll and Ribbe
(1983), who also prescribed methods of quantitatively es-
timating 2t, by using the demonstrated relationship among
lattice parameters, mean T,-O bond lengths, and Al con-
tents of tetrahedral sites or pairs of sites, namely =t, =
(t,o + t,m) [note that 2t, = 1 — Zt,]. The Kroll-Ribbe
equations 10a and 10b have recently been revised using
additional structural data plus a better algorithm for
regression analysis. Accordingly, to estimate =t, for spec-
imens from lattice parameters, we use

3t, = 2t, = 72.245 — 3.1130b — 200.785c*

for monoclinic feldspars and

_ b —21.5398 + 53.8405c*
21.1567 — 15.8583c*

2t, =to0 +tm

for triclinic feldspars (standard error of estimate is +0.01
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for assumed errors of +0.002 A in » and +0.00002 A-!
in ¢*; Kroll and Ribbe, in prep.).

In the absence of lattice parameters, we have used the
optic axial angle 2V, to estimate =t,, as discussed in detail
by Su et al. (1986b). Fortunately, it is not extremely im-
portant for the present study that structural state be pre-
cisely known, because refractive indices are not extremely
sensitive to variation in Zt,, varying from as little as
0.00001 to a maximum 0.00006 per 0.01 Zt, in any
isocompositional alkali feldspar series.

Labeling principal refractive indices

Probably the factor that has most obscured the true
relationships between optical properties and composition
in the HA(AA)-HS series is the same one that plagued
the relationships between refractive indices and structural
state for the K-rich alkali feldspar series, low microcline—
high sanidine. The principal refractive index of a feldspar
should be labeled, not «, 8, and v or n,, n,, and n, in the
traditional manner, but #,, n,, and ». according to which
crystallographic axis a, b, or ¢ the vibration direction is
parallel or most nearly parallel. Hewlett’s (1959) “b” cor-
responds to #,, and in all alkali feldspars », = n,. For
monoclinic high sanidines with O.A.P. = (010), n, = n,
and n, = n,, but these are reversed for all other alkali
feldspars, i.e., those with O.A.P. 1 (010) or approximately
1 (010) (Su et al., 1984; Bloss, 1985).

THE DATA BASE
Choice of specimens

The 32 chemically analyzed alkali feldspars with 0.50 <
Zt, < 0.65 selected for this study are listed in Table 1.
They include a heated high albite from Ramona, Califor-
nia (J. R. Smith, 1958), two high albite single crystals
prepared by heating a Clear Creek, California, specimen
at high pressures (Su et al., 1986a), a highly disordered
anorthoclase, whose structure was determined by DePieri
and Quareni (1973), a homogeneous Eifel sanidine (Tut-
tle, 1952), the fourteen homogenized and “sanidinized”
specimens of Spencer (1937) that had been heated for 100
to 300 h at 1075°C, and nine sanidines and one anortho-
clase from Hewlett (1959). New data were added for a
heated Eifel sanidine (7002H) and for two natural volcanic
specimens (439 and 1909-261; Carmichael, 1965) by
Warner et al. (1984), who determined optical properties
and lattice parameters on the same single crystal. Because
submicroscopic intergrowths have some small effects on
refractive indices, we have attempted to use homogeneous
feldspars for our investigation. To our knowledge we have
allowed only two exceptions to this, namely Hewlett’s
specimens 4 and 15, which are described as having less
than 5% exsolved Na-feldspar component (his Table 8,
p. 527; see also powder-diffraction studies of the Hewlett
specimens by Emerson and Guidotti, 1974).

Corrections for minor constituents

Chemical factors that obscure the relationship between
refractive indices and Or content are the nonbinary con-
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Table 2. Refractive indices of some endmember feldspars

Endmember n, ny n, f Ref
CaAl,Si,0q 1.5751 1.5838 1.5886 1.6825 2
BaAl,Si,04 1.589 1.593 1.599 1.594 4
SrAlLSi,O 1.574 1.582 1.586 1.581 3
RbAISi,O, 1.520 1.529 1.525 1
KFeSi,0 1.554 1.595 1.605 1.585 5

Note: The average structures of the alkaline-earth feldspars are disor-
dered (Ribbe, 1984), the structural state of the Rb-feldspar is not known,
and the Fe-feldspar is an “iron sanidine.” References are as follows: (1)
Boratskaya and Vlasova (1975) quoted by W. L. Brown (pers. comm.);
(2) Burri et al. (1967); (3) Eskola (1922); (4) Roy (1965); (5) Wones and
Appleman (1961).

stituents commonly found in minor amounts in high-tem-
perature alkali feldspars. Hewlett (1959, p. 520f.) devised
a simple linear method to correct his n, indices (only) for
the effects of iron content plus Ca-, Ba-, Sr-, and Rb-
feldspar components. Qur sources of mean refractive in-
dices A, were the same as his for SrAl,Si,O; (Srf), but
differed for anorthite (An), celsian (Cn), RbAISi;O; (Rbf),
and KFeSi, O, (Fef); see Table 2. We used the following
approach to calculate the corrected indices:

o, = nge — (7 — Ak IM,/100],

a,b,c,

where M, is mole percent of the ith component and 7%,
is the value of n,, n,, or n. appropriate to the mole percent
Or of a feldspar as determined from regression lines fitted
to the observed indices (plotted in the upper portions of
Figs. la, 1b, and 1c; lines not shown).

More refined values for A2, could have been attained
by iterative methods, and we tested two of the more “im-
pure” specimens (Hew-11 and Hew-15) only to find that
the final values of ngr. changed insignificantly (by
+0.000 15 orless). Corrected indices are listed beside their
respective observed values in Table 1. Corrected indices
are plotted in the lower portions of Figures 1a, 1b, and
1c as a function of Or/(Or + Ab), whereas the observed
values are plotted in the upper portions as a function of
Or/(Or + Ab + An + Cn + Srf + Rbf).

VARIATION OF REFRACTIVE INDICES WITH
COMPOSITION

Warner et al. (1984) attempted to correlate n,, n,, and
n. with Or content for a few analyzed single crystals whose
lattice parameters had been determined. In that prelim-
inary study, effects of minor constituents were ignored,
and linear regression lines showed that 7, and », crossed
between Or,, and Or,,. However, it was observed that the
n, data were fit using a quadratic equation significantly
better than with a linear one. Numerous unresolved ques-
tions led to this broader investigation using the 32 data
sets described above. Indices, composition, and structural
state were all measured on the same crystal for five of
these, so it is obvious that some scatter in the relationships
is to be expected. Moreover, scatter is inevitable because
a rather wide range of structural states (0.50 < Zt, < 0.65)
was intentionally allowed, and some chemical zoning and
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Principal refractive indices as a function of composition for specimens with 0.5 < Zt, < 0.65: (a) n,, (b) n,, and (¢) #..

The upper portion of each figure displays the observed refractive indices plotted against Or/(Or + Ab + An + Cn + Srf + Rbf);
the lower portions have indices corrected for minor constituents and are plotted against Or/(Or + Ab). Regression lines are drawn
through the corrected data sets, segmented at Org,. (d) The regression lines for HA-HS series from the three separate (a), (b), and
(c) plots on the same scale, together with the observed 2V, data points and the 2V, curve calculated from the regression lines for
refractive indices. Data in Tables 1 and 3. Solid symbols are for homogeneous specimens; open symbols are for unmixed specimens.

variation in structural state are expected from grain to
grain within any bulk-analyzed sample (see especially Ta-
ble 5 of Hewlett, 1959).

Plots of both the observed and the corrected #,, n,, and
n. indices versus Or content (Figs. 1a, 1b, and 1¢) disclose
negative slopes that are relatively steep from Or, to Or,,

but much less steep from Org, to Or,q. If a single curve
were fitted to each full data set (Or, to Or,,), each would
be concave upward and resemble Hewlett’s plot of the
index n, versus Or content for (1) alkali feldspars from
Or,;, to Or,, that he had heated and homogenized to high
structural states (see Hewlett’s Fig. 2a) and (2) Spencer’s

Table 3. Statistics for equations relating principal refractive indices to mole fraction of KAISi,O, (= X,,) for the samples in

Table 1

Eq. Or range Predicted n

no. (mol%) Dep. var. a a, re s Or, Oreo Or 100
1 0-60 n, (n) 1.5276(5) —0.0146(11) 0.951 0.0008 1.5276 1.5188
2 0-60 n. (ny) 1.5345(3) —0.0180(8) 0.984 0.0006 1.5345 1.5237
3 0-60 n, (n,) 1.5365(5) —0.0205(11) 0.973 0.0008 1.5365 1.5242
4 60-100 n, (n.) 1.5205(15) —0.0026(19) 0.091 0.0008 1.5189 1.5179
5 60-100 n, (n,) 1.5257(14) —0.0032(19) 0.137 0.0008 1.5238 1.5225
6 60-100 n, (n,) 1.5280(17) —0.0063(22) 0.319 0.0009 1.5242 1.5217

Note: The statistics were derived by linear least-squares regression methods (1, = 8, + a,X,,). The numbers in parentheses are standard errors
referring to last digit(s). Coefficient of determination r2, square root of mean errors s, and predicted values for Or,, Org, and Or,q, are also listed. The
very small 72 values for the range Or—Or,, are due to the very limited range of the independent variable Xo,.
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(1937) data (see Hewlett’s Fig. 2b) that cover a slightly
broader range (Or,, to Or,,).

The preceding trends relating refractive indices to Or
content find corroboration in terms of the variation of
density with Or content. Densities of the high albite (an-
albite}-high sanidine series have been studied by Spencer
(1937), Barth (1969), and Smith (1974, Fig. 12-15). Using
unit-cell volumes and compositions for well-characterized
LA-ILM (low albite-low microcline) and AA-HS ex-
change series from Kroll et al. (1986, Tables 4 and 35),
theoretical densities were calculated and plotted in Figure
2 versus mole percent Or for both the low- (LA-LM) and
high-temperature (AA-HS) series. The trends in Figure 2,
which resemble those in Smith’s Figure 12-15, mimic
those in Figures la, 1b, and lc. This is not surprising
because it is well known that, in general, refractive index
and density vary sympathetically.

Although polynomial curves best fit the density versus
composition data, we arbitrarily chose Org, as a flexure
point in Figure 2 and assumed that Or,, also marked a
flexure point in the index versus composition data (Figs.
la, 1b, and 1c). Accordingly, least-squares regressions were
performed on the refractive-index data between Or, and
Or,, and between Or,, and Or,,,. The six lines shown in
Figures la, 1b, and lc, whose intercepts (a,) and slopes
(a,) are listed in Table 3, were thus obtained. Whether
these six linear relationships truly prevail remains moot.
On the other hand, if n,, »,, or n, is predicted for the
composition Or,, using the line from Or, to Ory, line and,
again, using the line from Or,, to Or,,, the values agree
to within +0.0001 (Table 3).

The mean refractive index (%) of our corrected n,, #,,
and n_refractive indices equals 1.5329 for high albite (Or,)
and 1.5207 for high sanidine (Or,,,), whereas their den-
sities (p), as calculated from the data of Kroll et al. (1986),
are 2.615 g/cm?® (Or,) and 2.555 g/cm? (Or,y,). Inserting
these values into the left side of the Gladstone-Dale re-
lationship

a-—1

= Ekt’gt 5

where k; is the Gladstone-Dale “constant™ and £, is the
weight fraction of the ith oxide (see Larsen, 1921), the
quotient (7 —1)/p equals 0.2038 in both cases. The precise
equality trends to corroborate the corrected values for #,,
n,, and n, as well as the calculated densities.

Note that in Figure 1d the n, and n, curves cross at
about Or,;, where 2V, = 0° and the optic axial plane
changes from O.A.P. approximately 1 (010) to O.A.P. =
(010). This intersection will vary, depending on the av-
erage structural state of the data set (Su et al., 1986b, Fig.
2). In this case Or,, is the value for specimens that have
an average =t, of 0.60.

CONCLUSIONS

Although our fitting of two linear segments to the re-
fractive indices of these high alkali feldspars is an ap-
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Fig. 2. Variations of density with mole percent Or for the
LA-LM and the AA-HS alkali-exchange series. Densities were
calculated from unit-cell volumes and compositions reported by
Kroll et al. (1986, Tables 4 and 5).

proximation, it is probably all that the data can substan-
tiate. More sophisticated treatment would require a series
of data sets for which indices, 2V, structural state, and
bulk composition had each been measured on the same
crystal. The work involved in such an undertaking would
seem unjustified in the light of the present results. Even
if better curves for n,, #,, and s, versus mole percent Or
were to be produced, they would have no practical ap-
plication.

The curve plotted in Figure 1d represents the variation
of optic axial angle 2V, with Or/(Or + Ab) as calculated
from the equations of n,, n,, and n., summarized in Table
3. If the observed 2V, values for the 32 specimens (Table
1) are plotted in Figure 1d, the scatter is great and is due
almost exclusively to differences in the structural states
of the specimens used for determining the refractive-index
curves. This is discussed in detail by Su et al. (1986b).
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