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GIADSTONE-DALE CONSTANTS: A NEW APPROACH
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Arstrecr

Multiple linear regressions, if performed with a
no.intercept option on data for density, composi-
tions and optical constants derived by spindle stage
for a solid-solution series, leld Gladstone-Dale
values specific for tbe series. Applied to 20 crystals
ranging in composition from andalusite "tAl"AlO
lSiOrl, to kanonaite "r(Mn3+,Al)"(Al,Mn3+)OlSiOJ,
some also containing Fe'*, the regressions
generate the following Gladstone-Dale values:
&(SiO,) - 0.285 (0.054), KMnrOr) - 0.243 (0.027).
l-(FqO:r) - 0.341 (0.031) and t(Al"O") - 0.153
(0.032). Applied to 26 members of the plagioclase
series, the regression yield: &(SiOr) - O.2ll (0.015),
k(Al,OJ - 0.179 (0.032), &(CaO) - 0.266 (0.052),
l(FerO") = 0.250 (0.051), t(NazO) - 0.2O2 (0.082)
and k(KzO) - 0.223 (0.060). The calculations yield
inflated standard errors (the values in parentheses)
because of the high correlation between the normal-
ized independent variables (weight fractionus oxides),
whose sum necessarily equals l. For andalusite,
kanonaite and plagioclases, observed and calculated
indices usually differ in the third decimal place
with the new values, but in the second place with
the Mandarino (1981) values of the Gladstone-Dale
constants. For the SiO, polymorphs, the Gladstone-
Dale values range from 0.188-{.190 (stishovite) to
0.222 (silicalite). This suggests that for SiO, rhe
Gladstone-Dale values are modified by structure
or degree of covalency of the Si-O bond.

Keywords: Gladstone-Dale constants, andalusite.
plagioclase, kanonaite.

Souuarnr

Ex6cut6es avec la contrainte d'ordonn€e i I'ori-
gine nulle sur les donndes d'une solution solide
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densit6, composition, constantes optiques obtenues
ir la "platine universelle" i un axe, les r6gressions
lin6aires multiples donnent aux constantes de
Gladstone-Dale. des valeurs sp€cifiques )r ette
#rie. Irs r6gressions effectu6es sur les donn6es
provenant de 20 cristaux dont la composition
s'6tend de l'andalousite "tAl"AlOlSiO4l ir la kano-
naite "{Mn3 +,Al)"(Al,Mn3 +)OtSiOJ, et dont certains
contiennent aussi du Fe3+, ont fourni les valeurs
suivantes: &(SiOr) - 0.285 (0.054), e(Mn OJ -
-0.243 (O.O27). *(FezOs)=0.341 (0.031) et &(AlOa)
- 0.153 (0.032). Pour 26 compositions de la s6rie
des plagioclases, les r6gressions donnent: k(Siot :
0.211 (0.015); &(Al,O3) - o.r79 (0.032); &(CaO) -

0.266 (0.052); &(Fe:os) - 0.250 (0.051); &(Nazo)
- 0.202 (0.082); /<(KrO) = 0.223 (0.060). I*s calculs
donnent des 6carts normaux exag6r6s (chiffres entre
parenthdses), dOs i la corr6lation prononc6e entre
les variables ind6pendantes normalis€es (fractions
pond6rales d'oxydes), dont la somme doit n6cessaire-
ment 6galer I'unit6. Les indices de r6fraction
mesur6s et calcul6s pour I'andalousite, Ia kanonaite
et les plagioclases diffirent dans la troisiime d6ci-
male avec les nouvelles valeu6, dans la deuxidme
avec les valeurs de Mandarino (1981). ks valeurs
Gladstone-Dale pour les polymorphes de SiO2
s'6ral€nt de 0.188-{.190 (stishovite) i 0.222 (silica-
lite), ce qui indiquerait qu'elles sont affect6es par
la structure ou le degr6 de covalence de la liaison
si-o.

Ctraduit par la R6daction)

Mots-clds: constant€s Gladstone-Dale, andalousite,
plagioclase, kanonaite.

IrrnonucrtoN

. The Gladstone-Dale rule
n - 1

K :
U

relates a material's mean index of refraction D
and density D to the weight fractions wr of its
i components and to the coefficients &r. These
latter were originally called the specific refrac-
tive energies of the components but were re-
named Gladstone-Dale constants by Mandarino
(1981). In addition, Mandarino (1979) proposed
that Kp reprsent K calculated from the observd
mean index n" and density, thus
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and tbat Kc represent K calculated from the
material's composition and Gladstone-Dale
constants, thus

Kc : krwr + k&t2... + k.{ttt (3)

Given D, a crystal's mean index refraction i"
can be calculated from Kc since

f l " '  I
r r c =  

D

To assess the internal consistency of the data
(fi D, wt wz. . . rt/rt kt, kr.. . &) for a material,
Mandarino (1979, 1981) introduced lhe compa'
tibility index, U -(K"/Kc)7, here symbolized Cr.
Using equations (2) and (4), it can be rewritten
as

cr :  6"-d) l@"-  11 (5)

For materials with A equal to 1.5, Mandarino's
(1981) scale for compatibility will equate to
index differences @" -7.) of 0 to i0.009 (his
superior category), -+0.010 to:! 0.019 (excellent
category, -F0.020 to :L0.029 (gooA, -10.030 to
-f 0.039 Uair) and beyond-F0.039 Qtoor).Forn"
valuei that differ from 1.5 these tolerances will
change somewhat, but it is conceptually instruc-
tive to express Cr in terms of differences between
calculated and observed mean index of refrac-
tion.

With the spindle-stage techniques of Bloss
(1981), the principal indices of refraction of a
crystal can be measured to within 0.0005 and"
from this same crystal, the unit-cell constants
can be determined by X-ray techniques and
composition by subsequent microprobe analysis.
A tight control between n, composition and
density calculated from unit-cell volume thus
results. If such data fall outsidg Mandarino's
superior category, then the applicability of the
Gladstone-Dale values used (for the minerals
involved) becomes suspect. Such has occurred
for two sets of superior data, one for 26 sam-
ples of plagioclase and the other for 20 members
of the andalusite-kanonaite series. On each of
the two data-sets, a multiple linear regression
was performed by computer using the GLM
procedure of the SAS Institute (Helwig & Coun-
cil 1979). Using the no-intercept (NOINT)
option for this procedure. the model

Kp : krtrtt + k*ttz... + k$:t (6)

was fit by least squares to each data-set where
the input data consisted of Kp, in other words
@"-l)/D, as the dependent parameter, and
weight fractions wl of the component oxides
for each crystal as the independent variables.

The values generated for the coefficients fr.r then
represent Gladstone-Dale values for each oxide
composing the crystal. These differ from the
Gladstone-Dale constants tabulated by Manda-
rino (1981), but compared to them, as will be
seen, they permit more precise calculations of
7'. for samples of andalusite and for plagioclase
both within and outside the data-sets used.

For oxide components, a single set of
Gladstone-Dale constants that would place all
minerals in the superior category defined by
Mandarino (1981) is unlikely. This has been
recognized by Mandarino (1981) where, for a
given oxide, he provides several different Glad-
stone-Dale constants, depending upon the crystal
structure. Such structural dependence becomes
obvious if we calculate the Gladstone-Dale
value for SiO, from Tr'iiger's (1979) data for
the various SiO, polymorphs. We thus obtain
0.188-0.190 (stishovite), 0.204 (coesite), 0.207
(quartz), 0.209 (cristobalite), 0.207-0.21 I (tridy-
mite) and, using the data of Flanigen et al.
(1978), 0.222 for silicalite. a recently discovered
synthetic polymorph of SiO:. G. V. Gibbs (pers.
comm.) notes that the degree of covalency of
the Si-O bond roughly increases from stishovite
to coesite to quartz to cristobalite (and tridymite).
The possibility exists that the Gladstone-Dale
value for SiO, increases with degree of covalency
of the Si-O bond.

Dlre ANelvzED AND Rrsulrs

Andalusite-kanonaite

Table. I summarizes the data for the samples

TABU 1. CWOSITION, DilSIry, N RErufrIVE IMICB (TOR LI@ VIBMTINC
ING m a, ,, N e &S) rOR 20 mALUSITES N NNAlreS-

{€lsht rractt@s (nomuzed) e$1!y 1nd1c6 (589.3 nD)

Crys ta t  S lO2 dzos  h2O3 f62ot  D n"  , l  n "  ;

0.3699 O.62a3 0.m00 0.m18 3.146 1.6439 r.6386 1.63a9 1.6385
0369A O.6279 0.m00 0.0023 3.142 1.6439 r.6395 1.6342 r.6392
o.373t O,6245 0.0001 0.m23 3.r47 1.6448 1.6398 1.690 1.6395
0.3685 0.6285 0.0000 0.0030 3.va l .&44 1.6391 r.6vO r.6394
o.31t4 0.6245 0.0001 0.0&0 3.t46 r .&46 1.6403 r.63Jl  l .gm

0.3670 0.62U 0.m00 0.0M6 3.150 1.6446 1.&g 1.6350 r.6400
0 . 3 6 9 9  0 . 6 2 M  0 . 0 0 2 8  0 . 0 0 6 9  3 . 1 J 6 ' l . & 6 0  t . & 1 7  1 . 6 3 6 3  l . & r 3
0.3738 0.6142 0.0m1 0.0119 3.153 1.958 1.6421 1.63A5 1.6423
0 . 3 7 t 9  0 . 6 1 5 0  0 . 0 m 1  0 . o r l 0  3 . 1 5 1  l . & 9 0  l . & 4 5  1 . 6 3 8 5  l . & 4 0
0 . 3 6 5 6  0 . 6 1 3 8  0 . 0 M  0 . 0 2 0 1  3 . r 5 8  ' 1 . & 9 7  l . & 7 6  r . & 3 3  l , & 6 9

0.3662 0.6t17 0.0150 0.007t 3.172 1.998 l .&60 r.&37 1.6465
0.3683 0.5926 0.0153 0.02$ 1.t72 r .6551 1.6572 1.6599 1.6574
0.3630 0.5975 0.0120 0.0274 3.175 1.6539 1.6551 1.6556 1.6549
0.3686 0.5867 0.0278 0.0166 3.t76 1.6v3 1.6581 1.6668 1.6597
0.3667 0.5859 0.0100 0.0175 3.176 1.6565 1.6597 1.6662 1.6608

0.3667 0.5796 0.0367 0.0170 3.195 1.696 1.6589 1.6675 1.6603
0.3661 0.5783 0.0430 0.0126 3.181 1.6565 1.6609 1.6685 1.6620
0.35% 0.5J14 0.0&3 0.0249 3.203 1.6663 1.6753 1.6927 1.6741
0.3606 0.4669 0.1365 0.0359 3.250 1.6&4 1.7124 1.7649 r.7206
0.3527 0.38M 0.2598 0.0071 3.313 1.1022 1.7273 1.1920 1.7405

kscriptbns ed locdttl€ for th4e cry8tda are atvo by Guter & Blo6s
(1982,  rab le  l ) .

(4)
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t2

t 7
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of andalusite and kanonaite used in the regres-
sions. From each individual crystal, three sets
of data weie collected: (l) by spindle-stage
methods (Bloss l98l), its principal indices of
refraction were determined for sodium light
vibrating parallel to the a, b and c crystallo-
graphic axes (respective symbols: ko, ilt nlord fl),
(2) by back-reflection Weissenberg photography,
the crystal's cell edges and cell volume were
evaluated and finally, (3) by electron-microprobe
analysis, the weight fractions of the component
oxides (normalized to total 1.0) were determined.
From these data the computer calculated, for
each crystal, its density D, its mean index of
refraction 7, and its value K", namely @ - l)/ D.
It then fitted Equation 6 by least squares to the
data using the SAS GLM procedure with the
no-intercept option.

The regressions were performed on data
involving 7 and also on data wherein fla, nt rrrd
r?. respectively, were used instead of 7. Glad-
stone-Dale values were thus obtained (Iable 2),
not only for -n, 

but also for no, nb and n". ln
this we followed Pabst (1975), who had similar-
ly obtained Gladstone-Dale values that permitted
prediction of principal indices; however, pabst
derived such values for end members rather
than individual oxides. For comparison, the
Gladstone-Dale constants given by Mandarino
(1976) for silicates, and for island and chain
silicates in particular (Mandarino l98l), are
added to Table 2.

Using the Gladstone-Dale values in Table 2.
the indices of refraction nq, nal t c and F were
calculated using our new values. In addition.
7' was calculated using the constants recom-
mended for silicates in general (Mandarino
1976) and for island and chain silicates in
particular (Mandarino l98l). The differences
hetween observed indices of refraction and the
indices thus calculated (fable 3) disclose the
superiority of our new Gladstone-Dale values

TMLE 2- CmST0M-DAIE VAUES FOR GmIATION Op n", zh, n- m
x TOR MALUSIMS AND wMEs

GLADSTONE-DALE VALUES: A NEW APPROACH

TABI.IE 3. OBSERVED INDIGS }IINOS &LCUUTED INDICES FOR
muusttr-woNattrs*

95

Dtfference6 (s lo-a)

, b  n .  ;  ; ( 8 1 )  ; 0 6 )

-6

28
2 l

t 7
29

Lza

9 1 8
t 6  3 3
14 15
9 2 3

1 l  l 8

5 2 3
-2 -6
-8 -21
21 -{

L4 -4

20 22

-45 -40
6 2 3

2 t  2 4
t5 58
6 2 r

1
2
3

5

6
7

9
l0

t 7
l8
t 9
2 0

58
I9

2a

24 470
37 483
L7 L74
28 473
20 477

2 t  4 7 2

-28 461
-6 481
-8 4a2

-7 452
-7 509

-29 481
12 5t2
2 2  5 1 9

40 460
16 502
25 536
67 64a

-25 490

-14 3
-L29
- 1 3 6
-140

- l 4 l
- 154
-139
-120
-t20

-17 |
-95

- 1 0 6
-  1 0 1

50
' l t
-52
-43
- 3 1

St02 A1203 lhZ0: re2o3

t 1

L4
t 5

For za, ,b, zc and t, lhe cslculated idlceB resuLted ft@ use ot
the n* CLadetone-Dele values s@rlzed tn Table 2.

For  t (81)  ed ; (76) ,  rhe  ca lcu le ted  va luee fo r  i  regu l ted  f rm
uae of the Uatrdarlno (1981) constdts and of the ltandarlno (1976)
coost&t6, reapectlveLy.

relative to the general values of Mandarino for
predicting the indices of refraction of andalusite
or kanonaite. Curiously, the Gladstone-Dale
values intended for island or chain silicates
(Mandarino l98l) predict values of 7 that are
far too low and lead to either fair or poor values
for the compatibility index, whereas the earlier
constants (Mandarino 1976) predict values of 7-
that are too high but yield better results.

A comparative test of the three sets of
Gladstone-Dale values on aluminosilicates
outside our data-set poses a problem because
(l) the indices of refraction reported in the
literature are commonly optimistic, even when
reporting values to -f 0.003 and (2) the measured
indices are commonly linked to a composition
derived either from another grain or, in the
majority of cases, obtained from bulk analysis
of a l- or 2-gram sample. Such an analysis,
because of the presence of inclusions or of
extraneous minerals, may thus include elements
not actually in the mineral. In spite of this draw-
back, we tested the three sets of Gladstone-Dale
values relative to two samples of andalusite
described by Carlino (1912) and, extending the
test. to one sample of sillimanite and two of
kyanite. As summarized in Table 4, the Manda-
rino (1981) constants again yield values of n
that are too low, the Mandarino (1976\
constants yield values of Tthat are too high but
closer, and our new values provide values that
are, as a rule, closest to the observed value for F.

- 1 3 0
-104

-288

Idd€x

N* velu€ speclflc for andalsltes ed kau(Mr.tes

0b
0.220 (31) 0.195 (18) 0.224 <r5.)
0.272 <49) 0.16r (29',) 0.233 (24)
0.365 (98) 0.102 (58) 0.27r (48)
0.28s (54) 0.153 (32) 0,243 <27t

0 . 2 0 8  0 . 2 0 7

0.255 (18)
0.343 (28)
0.422 (5s)
0.341 (3r)

o.264

0 . 2 6 8

uedarino (1976) valuee

0.301

Mandarlno (1981) valu€

0 . 1 7 6  0 . 2 5 60.208
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IABI.E 4. CO}IPARISOX OT OISERVED UTAN IMICES OT AUJMINGILICATf,S
I'ITS UOSE CAICI'IAM USING TSE W CIADSTONE-DAI,E VALI'Es
AND TEGtf, OT MM$INO

Plagioclase

Table 5 summarizes the empirical data for
26 plagioclasq crystals whose optical properties
weie measured with a spindle stage by Wolfe
(1976). For each crystal, the measured indices
of refraction (I - 589.3 nm) usually permitted
a calculation for 2V within 1" of that independ-
ently determined for the crystal using the extinc-
tion method of Bloss & Riess (1973)- Compo-
sitions for these same 26 crystals were later
determined by electron microprobe by Professor
Paul Ribbe. Density values were lacking and
hence had to be calculated from the contents
and volume of the unit cell. Since unit-cell
volumes were not available, the volume of the
unit cell (ZJ was calculated for each crystal
from its composition in:terms of mole fractions
of 

'albite (&r), anorthite (X"J and orthoclase
(X*), after these mole fractions had been nor-
malized to total 1.0. After such normalization,
the eqtration used was Vo"= X*V* j X"oV^n*
Xo,V,., where Z"r, 7"o aod Z*, respectively,
represent the unit-cell volume for low albite

III IV

S1O2
AlzOg
Fe203

C@po€lti@ ta reLgbt fectlom (rc@ltzed)

0.3683 0.366r 0.3642 0.3654 0.3758
0.6167 0.6083 0.6254 0.6333 0.6171
0.0150 0.0256 0.0094 0.0013 0.0071

Ob*reil physlcal c@ateta

3.147 3.t62 3.25 3.65 3.63
r.632 1.638 1,6595 1.7140 r.713
1 . 6 3 6  L . & 2  r . 6 6 0 9  1 . 7 2  1 . 7 2 0
r.643 1.647 L.6aL2 1.7296 1.728
r.637 t .642 1.667 r.722 1.720

&lcoleted m refractlve lndl.cet

D

!n

i (a@)

i <76,
t (8r)

1.643

1.595

t.652 1.659 1.735 1.740
1 . 6 6 1  1 . 6 7 5  1 . 7 5 7  1 . 7 5 4
1.601 t .6t2 1.686 1.685:

Ttr€e s6re calcdet€d ulng s eladst@eDaLe vaLu4: (l) Ou! nd

va1@ fo! i ia table 2; (2) ahose sugg*ted by u@daaino (1976)

for slll.cat@ ln gse!a1; @d (3) Th@e tbtch tualarlno (1981) suf

g6t6 b€ sed for A12O3 dd lh2o3 ta fuled aod chafu atLLcatea.

I, II Aillalultes: data fr@ Catllrc (1972) but vtth Cao ed Ugo
- E1lE @ltted asd vl.th r@lntng *ight ftactlda norMj.izd

to  ld€ l  1 .0 .

III sr.llt@l.te: aLata ft@ Petetsotr & Ucuu116 (1980) ed

P€ters@ (perstral c@lcatlod). Optical data by Gutei
(tlds laboEtory) but dot fen crFtal analyzed.

Iv Kyeite: c(WsltloEl dd doslty deta fr@ R. C.-

Peteren (per@DeL c@lcatlon). optLcaL data by cetet

but dot f@ cryataL ealyzed.

v KyeLtes al1 data ft@ ker, Ed.e & zEB@ (1966).

TABIJ 5. IIEIGET TRACTIOI{S 03 OXTDES AND !.TEASI'RED REFRACTIVE INDICES (+O.OOO5 FOR SODTUU LIGM) FOR 26

PTAGI@LASE CRYSTALS

SLO2 AlzOs Na2O Kzo Fe2O3 "oR"AN"AB

0.6840 0.1980 0.1157
0.6713 0.2068 0.1089
0.6*3 0.2L78 0.1030

o-&29 0.2262 0.0962
0.6318 0.2316 0.0892
0.6180 0.2404 0.0782

0.6130 0.2451 0.0803
o.62L7 0.2396 0.0862
0.6054 0.2475 0.0749

0.5936 0.2557 0.0705
0.5907 0.2603 0-0720
0.5906 0.258/ .  0.0694

0.5840 0.2640 0.0690
0.5758 0.2694 0.0641
0.5765 0.2640 0.0623

0 .5615  0 .277 t  0 .0564
0.5543 0.2808 0.0539
0.5539 0.2A25 0.0537

0.5387 0.2gL5 0.0474
0.5358 0.294t  0.046r
0.5346 0.292A O.O445

0.0007 0.0015
0.0087 0.0041
0.0227 0.0019

0.0319 0.0028
0.0439 0.0026
o.o522 0.0098

0.0586 0.0029
0.0512 0.0013
0.0618 0.0097

0.0719 0.0074
0.0760 0.0010
0.0741 0.0067

0.0811 0.0020
0.0884 0.oo24
0.0884 0.0049

0.0984 0.0046
0.1042 0.0046
0.1053 0.0029

0. l t76 0.0029
0.1191 0,OO22
0 . t 2 t6  0 .0026

0.1255 0.0016
0.1310 0.0021
0.1588 0.0001

0.1639 0.0001
0. 1861

r.5292 1.5330
1.5301 1.53/,4

.0004 1.5343 1.5395

r. .5361 L.vO4
.0008 r.5399 r.5440
.0014 r .5419 r .5458

.0001 1.5418 1.5/165
1 .5433  r . * 77

.0008 L.5429 1.5480

.0009 L.546s 1.5506
I.5469 1.5507

.0009 1.5478 1.5511

.0001 1.5481 1.5515
1.5505 1.5537

.0040 1.5510 1.5549

.0020 1.s533 1.5560

.0020 1.5549 1.5576

.0017 1.5555 1.5581

.0021 t .5576 1.5606

.oo29 1.5584 1.5613

.0039 1.5587 L.5620

0 .98  0 .01  0 .01
0.93 0.04 0.o2
0 .88  0 .  l l  0 . 01

0 .82  0 .15  0 .02
o .77  0 .21  0 .01
0 .67  0 .25  0 ,06

1.5387
t.5407
1.5430

L.5443
t.5477
1.5495

0.5286
0.5198
0.4866

.0031

.0050

.0017

0.2975 0.0437
0.3026 0.0397
0.3283 0.0244

t.5597 L.5632
1.5609 1.5650
1 .5656  1 .5718

1.5500 0.69
r.s512 0.74
1.5515 0 .65

o.za o.o2
o.24  0 .01
0.30  0 .05

1.5538 0.61 0.34 0.04
1 .5546  0 .62  0 .36  0 .01
1.5548 0.60 0.36 0.04

1.5558 0.60 0.39 0.01
1 .5581  0 .56  0 .42  0 .01
1.5593 0.54 0.43 0.03

1.5606 0.49 0.48 0.03
1 .5618  0 .47  0 .50  0 .03
r.5622 0.47 0.51 0.02

r.5650 0.41 0.57 0.02
1.5656 0.40 0.58 0.01
1.5670 0.39 0.59 0.O2

1.5683 0.38 0.61 0.01
1 .5695  0 .35  0 .64  0 .01
r . 5768  0 .22  0 .78

1 .5770  0 .20  0 .80
1 .5841  0 .09  0 .91

o.48tl 0.3303 0.0227
0.4544 0.3484 0.0100

.0020 L.5669 L.5724

.0012 L.57L6 1.579r

ConpositLms recalculated & m!.e fractLoaE of albite (xAB), amrthlte (rell) md orthocf-me (xolt) Prlor to

oor@ltzatL@ to total- 1.0.
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(663.57 A3 according to Stewart 1975), one-half
that for anorthite (1336.3 A"/2 according to
Smith 1974), and that for maximum micro-
cline Q23.4 A' according to Stewart 1975).
Density was then calculated by computer from
Zo" rrrd the weight of the unit-cell contents for
each crystal.

After normalization of the weight fractions
in Table 5 and calculation of F and then
@-L)/D, the SAS GLM procedure (with
NOINT option) fitted equation (O) to the dau
by least squares. The resultant Gladstone-Dale

"ulrr:., llecilic for plagioclase, are compared in
Table 6 to those cited by Mandarino (1976).
However, the plagioclase-specific values cited
for KaO and FerOs may noi be reliable because
these components are so minor in the 26 plagio_
clase samples studied.

Using the plagioclase-specific values from
Ja-bfe 6, the indices a, F, l and i' (for sodium
light) were calculated aird iubtracted from the
observed values. In addition, E was calculated
using the Mandarino (1976) constants and
subtracted from its observed value. The
differ-ences (Table 7) clearly show the superior_
ity of the specific values. The specific 

-values

also prove superior to the Mandarino (1976)
constants if applied to several plagioclases for
which data on index of refracti6n,lomposition
and density are given in the literature (taUte A).

TSD 7. OBSBRIED IISICES FOR PIAGIOCNSES MIMS MOSE
CATCUIATED USING CMSTONf,-DAIE VAI,I]ES Rd
TSn 6

CrystaL i (76)

-5 -7
-8 -9

2 9
t - 2

- 2 2

- l l  - 6
24 25
- 9 0

5 4

5 - 4

4  - 1 0
9 - 6

L5 -2

- 1 0  - 3
) - l

0 4
- 8 3
-8 -3

- t2  9

8
9

l 0

Dtr re renceg (x  lOq)

3 - 4
-14 -16

14 15

4 - 3

- l  0

-5 -5
3 4

2 -to
9 - 9

-5 -4
-9 -9
-6 -8

-63
-58
-46
-46

-24
-35

-9

-8

-6
-2

- l
1
7

l 0
9

t5

20

36

59

l l
l 2

l 4
l 5

T 7
1 8
1 9
20

2 2

2 4

2 6

-4 -6

- 1 1  - 8

0 - 5
t - 2

-4 -4

-5 -8

t 3  I

Xandarlnors (1976) clad6tde-Da1e values used.

TASLE 8. COI'|PARISON OF REFRACTWE IIIDICES REPOR?ED By
OTHER AMORS ItrITH TSOSE CA].CI'IA.TED USING
NEW CTADSTONE-DALE VATIJES AND TSOSE Or
MANDARTNO (1976)

I I I

C@posltim 1! relght fractl.oue (nomJ-ized)

CoNcr_usroNs

l. Gladstone-Dale values need to be cal_
culated, as described here, for each mineral
erolrp using spindle-stage-derived optical data in
conjunction with cell-e{ge data and composi-
tional data derived from the sanre graii by
electron-microprobe analysis.

t** u. 
ffiffom#S 

v&ms Fon pucrm6Es cmm ro uxDmrNo,s

SlO2 Na2O K2o r€203

II

SlO2
AJ.zOs
Na2O
Ca0
Kzo
Fe2O3

!

n

o.6874
0. 1944
0. 1182

0.4319
o.t665

o.2016-:

o.6729
0.2018
0. lt54
0.0070
0.oo24
0.0005

2.626

1.532
1 .536
1 .54 r
t ,5363

1.5300
r.5146
I  qaoo

r .5355

obeeryed phystcaL coost&ts

1.529
1.533
r , 539
r.5337

t ,5289
L.5327
1.5376
1 . 5 3 3 7

1.s746
r.5810.
1.5855
r..5806

2 . 7 6

t . ) t )

1 . 5 8 3
t :588
t .542

8:ZZi tlt) 3.i22[?i] 3:13? Ii3?t 
"rl*l*i'i,r,'?:r 

e.:e? !e?lt:iiiiisi titZirij s,fiiiiiir lilliiii iiilitil i,iiiilii
laal1ce6 @lcul-ated wlsg as vaLueB

hdarlrc (1976) vduee

0.207 0 .190 0 .210 0 .196 0 .268

Y
no.208

fre large stedard ero.B of astiure (values h paratheses) are l1hdvthe-r€Bulr of (a) the strons hraldepedeh*.r ti,. iu.i*ai";;";iil:"(retsht f ret t@s Gldes) shlcb n€cessari ly torar r .0 mi <r l  .n"- i i l ""r_thutr les ln rhe varktron of refracr lve index drh.*po"i t ion.Ui----
a-roar to qtsr at one or mle c@slttons fo, tt" pr"io"i.r. 

"ii*(!orf 6 !g,e!. , b preparatlon). rfie dcroprobe *riges i.. i,,o-#,-dao lhvotve blah€! errorg rh ror sro2. i ,a roror.  
'n.  

* i r i -* i l i .  ux2o ed F-e203 to rh€ plast@ldses 
"uy".a """ , !a"nr6n' ;" i ; ; ; . ; ; ; ;  

" '
tn rhelr dcretuaLtm. H@ce rhese clsdsEone_Dde [r"..-i"i-r"6'iJFe20-3 Bb@lil only be used tf these oxtdes **tr."L'i*"iu iiii*relght of the plagloc1ase.

IDdlces fr@ !tracdarlnorg (L976) valuee

1.5403

I. Ior aLblre physlcaL dsra fr@ T':6gei (Lg7g, p. IZO),
coEposLtl@ ass@eil to be pure alblte.

II. Aaorrhlte phyel.cal. atata, fr@ Triiger (1979, p. f20),
coBpositi@ sa@ed to be pure @orthite.

1II. ALblte physical. ed @posiriooaL data fr@

ll9udhry 
(1971, p. 180, specLDo r.rN.57). The

lDdq B eae here csLculated frm hls a, 1 ud 2V
valuea.
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2. Such values will greatly enhance, for
mineralogists, the uses described by Mandarino
(1979) for Gladstone-Dale constants; these can
be developed to predict principal indices of
refraction (q, F, "f or e, ro) or their mean value
to within 0.003 (ca.) for members of the grouP'
as demonstrated here for members of the
andalusite-kanonaite and plagioclase series. The
greater precision of Gladstone-Dale values
specific for a mineral series will thus permit
more precise crosschecks between measured
compoiition, indices of refraction, density and
unit-cell volume when members of the series are
studied in the future. For example, if density
calculated from the unit-cell volume and contents
deviates significantly from measured density, the
value that best predicts indices of refraction
from the Gladstone-Dale relationship should be
favored.

3. The Gladstone-Dale value for a given
oxide will vary with the structure accommodating
that oxide. Mandarino (1981) recognized this
by providing, for several trivalent oxides, one
set of Gladstone-Dale values for application to
island or chain silicates and another for silicates
in general. Further support for the structural
dependence of Gladstone-Dale values derives
from the changing values, calculated from i', for
SiOe in the silica polymorphs, namely: 0.188-
0.190 (stishovite), 0.204 (coesite), 0.207 (quartz)'
0.209 (cristobalite), 0.2074.211 (tridymite) and
0.222 (silicalite). The comparable value we
obtain for SiO, in the plagioclase series, namely
0.211, falls within this range, but our value for
SiO, in the series andalusite-kanonaite, 0.285,
falls well outside the range.

4. Ultimately, Gladstone-Dale values, or
similar values such as those based on the
Clausius-Mosotti relation discussed by Lasaga
& Cygan (1982), if evaluated for different
mineral gxoups, may provide a parameter for
determining the proportion of covalency to
ionicity in, say, the Si-O bond.

AcKNowLEDGEMENTS

The Caswell Silver Foundation of the Univer-
sity of New Mexico kindly provided the support
that facilitated much of the preparation and
writing of this paper. F.D. Bloss, in particular,
thanks the Foundation for the opportunity to
experience, as the first Caswell Silver Distin-
guished Professor at the University of New
Mexico. a stimulating academic year devoted to
research of his own choosing. Support from the
National Science Foundation (NSF EAR-
8018492) is also gratefully acknowledged. The

writers owe much to Dr. Joseph Mandarino

whose study and publications relative to Glad-

stone-Dale constants set the stage for this paper.

We thank him (and two anonymous reviewers)

for suggestions that materially improved the

manuscript. Professor Paul Ribbe kindly made

available his microprobe results for the plagio-

clase samples studied optically by Wolfe. We

thank Judy Metelits and Hersha Evans'Wardell
for skillful typing of the manuscript.

RErrnrNcEs

Bloss, F.D. (1981): The Spindle Stage: Principles
and Practice. Cambridge University Press, Cam-
bridge, England.

& fusss, D. (1973): Computer determination
of 2V and indicatrix orientation from extinction
data. Amer. Mineral. 58, 1052-1061.

CAnLrNo, P. (1972): L'andalusite di S. Giorgio
Morgeto (Reggio Calabria)' Soc. Ital. Minerul'
Pettog. Rend. 28' 413-421.

CHAUDHRY, M.N. (1971): Feldspars from the
Meldon aplite, Devonshire, England. Mineral'
Mag, 38, 179-185.

Deen, W.A., Howu, R.A. & ZussueN, J. (1966):

An Introduction to the Rock-Forming Minerals'
John Wiley & Sons, New York.

Flarrceu, 8.M., BrvNrrr, J.M., Gnose, R.W.,
ConrN, J.P., Perrox, R.L., KncnNen, R.M. &
Svrrn, J.V. (1978): Silicalite, a new hydrophobic
crystalline silica molecular sieve. Nature 271'
5 t2 -516.

Gurrsn, M. & Bloss, F.D. (1982): Andalusite-
kanonaite series: lattice and optical parameters.
Anter. Mineral. 67, 1218-1228.

HELwIG, J.T. & Councrr-, K.A., eds. (1979): SIS
Ilser's Guide. SAS Institute Inc., Cary, North
Carolina.

LASAGA, A.C. & CvceN, R.T. (1982): Electronic and
ionic polarizabilities of silicate minerals. Amer.
Mineral. 67' 328-334.

MeNoantNo, LA. (1976): The Gladstone-Dale re-
lationship. I. Derivation of new conslants. Cdn.
Mineral. 14, 498-502.

(1979): The Gtadstone-Dale relationship.
IlI. Some general applications. Can. Mineral. t7,
7l-76.

(1981): The Gladstone-Dale relationship.
IV. The compatibility concept and its application.
Can. Mineral. 19, 441-450.



GLADSTONE_DALE VALUES: A NEW APPROACH 99
Pensr, A. (1975): Modified Gladstone and DaIe

calculations for carbonates. Fortschr. Mineral. 52,
605-09.

PETERSoN, R.C. & McMurr_rN, R.K. (19g0): Neu_
tron structure refinements of the AlrSiOr poly_
T9.p\r. Amer. Geophys. Union Trais. 61,- 409
(abstr.).

Surru, J.V. (1974): Feldspar Minerals. I. Cmsral
Stru.cture__ and physical properties. Sprinier_
Verlag Heidelberg, Germany.

Srrwenl D.B. (1975): Lattice parameters, compo_
sition, and Al,/Si order in attali fedpa;: ?
Feldspar Mineralogy (p.H. Ribbe, ed.).'Mineiat.yoc. Amer., Rev. Mineral, 2, Stl_20.

Tn<icnn, _w.F. (1979): optical Determhntion of
Roc k-F orming M i ne rals (translated by Bambauer,
H.U... Taborszky, F. & 'I.rochimj 

H.O.; i.
Schweitzerbart'sche Verlagsbuchhandlung, Stutt-
gart, Germany.

Wo1rr, H.E.. (1976): Optical and X-Ray Study of
the Low Plagioclases. M.S. thesis, Viiginia polv_
technic Inst. and State Univ., Blacksburg, Va. 

'

Received March 26, 1982, revised rnanuscript ac-
cepted August 20, 1982.


