
lble on comprc5sibilil ies, it is a 
n similar rebtion.-hip is true for 
siticate mincr~ls data are a\'aila­
lal'tz, but the compressibility of 
'Illical to th~t for a qU:Ht7. (hoth 
is onlv 30% grea1cr ihan that oi 
I at (i'OO°C); al:,o, the comprcs:'i­

'stalline and gb~s ~' di:lbase ;11'(' 

)tic~l at 25°C \ Rirl'h, IflGG1· ~Il 
data are a\,;lilable for cliop"idi ' 

,8, so that in the follo\\'ing t re;lt­
leen necessary to me the cry~la l 
es for these miner;lls under th" 
at they do not differ significantl ~' 
.es for the glasses. 

:Tln: I:"DEx C.\LCUL.\'1'I0:"s 

o dirlectrie theory, the refracti\'i' 
molar \'olnl11e (1') of a condensrd 

related by a general molar refra('-

, V/[.l3 + 4-rr/(n2 
- 1)] (2) 

.ctually tbe s\lm of the indi\'idu;11 
zabilities of the constituent iOIl:' 
. their mole fractions and is con­
cesse- in which the polarizabi1itic~ 
ge [Ritiand, 1955]. The 'o\'erbp 
ter {3 is n. mea;:ure of the nearrst· 
~raction field and must be dell'!'­
mentaliy: the limiting \'alues of {~ 
/3. In tile ca,e of point dipoles il: a 
Jbic lattice the nearest-ncighbor 111-

nishes and only the 'distant-neigh­
ltz field i.;; efi'ccti\'e; (3 = 4.-:-/ 3 alld 
.fraction bw C;111 he \\Titteu 

J = F(n2 
- 1) /(n 2 + 2) (:1) 

Lorentz-Lorenz refractioll equati l1J1 

,tiJ. When brge deformable ions an ' 
here i5 an 'o\'erbp' llC'arest-llei!!hlH1r 

~ile sign, which reduces the pobri­
aetion; \\·hen this field equal;; tl lf' 
d, f3 = 0, and the refraction 1:\11 

lply 

( -I) 

Ie Drllde refraction equation. (Nt.L 
• 4;;/ 3 and -1.-:- tiJ1le~ the R Jefilll·d 

F . " I' \'e ( l'I ~"II ~,, ' d ~.) '.quatlOllS 0) ant 't a "', -
and Gurney [19-10J ami Rill l!IL': 
o show that they are limiting 1:1'" 
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lor the refrncti\'e index-\'olume correlation for 
a given substance. A nderson and Schreiber 
[1965] ha\'e shown that a plot of mean re­
fractive index vcr5US uncompressed density for 
~ilicates of difTerent composition also obeys 
('qua i ion 2, \\'ith n. value of {3 close to zero; 
this docs not require, however, that {3 have 
"liCit :1 value, or be the i:ame, for compression 
vI' t he individual silica te phases. 

Since the values of {3 for diopsicle and albitc 
u;lass are not knowll, calculations for these 
u;bls:ses \\'ere made by usinr; both equation 3 and 
pquation 4 as limiting laws for the n-V reb­
f ion. For SiO. glass, hO\\'e\'er, the value of {3 
r:1I1 be f!\'aluatecl from the recent precise data, 
llf Arndt and Stof!ler [196S] on nand p 
(deusily) of permanently densified silica glass 
ohtained at pre:osures and temperatures to 60 kb 
an d 700°C. The~' observed an approximately 
liuear relationship o\-er th eir entire ranr;e of 
densities (p = 2.200 to 2.526); their datt1 on 
I~O samples give a least-squares relationship 
I/. = 0.19Gp + 1.026 (J .. 1.rndt, per~oDal com­
lIlunication). (The older (bta of Cohen and 
Hoy [H)(i2] on elel'en !'amples gi\'e the same 
relationship.) Using their dab with equation 2 
u;i\'(~s the o\'erlap field parameter as 

/1(Si02 glass) = 1.37 

\\'h ich reproduces the index \':llues to four 
decimal pInces over the range p = 2.2 to 2.6. 
Ritland [H)55] obtained {3 = 0.5 for a borosili­
tate glass, in changing the uensity by heat 
trC'atments. (It should be noted that literature 
sta(ement~ Ibn t the mol:u l'efr:lction of SiO, 
Q:i:tss changes with compre::sion [Cohen and 
Roy, 19G1, 19G2, 1%5; 'Fedam et ai ., 196G] 
are based on defining the molar refraction ac­
('()rciing to equation 3 or 4, i.e . for all a priori 
:I:'sumptioll as to the value of {3, which, in fact, 
01"('5 not In:ltch the (1:1t3o at zero pre:;.-;me.) 

CO;'l[PflJo:SSln[LITY DATA 

The compressibility parameters ha\'e been 
(' \':;]lIa red in the usual fonn 

\\ here ~ l' = V-I". anu the eompre"sihility 
I rricrred to 1'. ) is K = a - 2bP. For diopsicie 
111i' data of Bridr:man 011 ~ 1/ 1'. at 25°C and 
I ) .. 10 kb [lJirch, 19GG] werc plotteu as (u F 11".) 

(1 tp) \'PI'SlIS P and found to be linear; a and b 
\\'ere obtained by the least-squares method. For 
albite the data of Yoder at 25°C and 2-10 kb , 
as tabuIn ted by Birch, \I'ere cOll\'erted to the 
a and b form in equation 4. 
~iO, data. are a\'aiInble for the glass o\,er a 

range of temperature. Both a and b were plotted 
\'ersus t (0C), and it \\'as found that the data 
fall into two groups, each of \\'hich gives a 
highly linear plot for each parameter. The first 
group includes the data of Birch and Law 
[1035] and BiTch and Dow [1936], who meas­
ured linear compre"sion from 0 to 10 kb at 
temperatures up to 390°C. A least-squares fit 
to their data gins 

106a = 2.58 - 3 .8 X 1O-4 t (6) 

1012 b = -34.1 + 6.7 X 1O-2 t (7) 

\\'ith units of tOC and K in reciprocal bars and 
\I'itb the vcllues from the original references 
(the data from the;:e two papers are incorrectly 
referenced in Birch [1966J). Older data by 
Adams and Gib50n, and Bridgman, mea ' \Il'ed 
at room temperature (cited by Birch and Law 
fH)35]) agree with the more recent \'allle.'! of 
Reitzel et al. [1957J , who obtained similar linear 
relationships by linear compression in the range 
O---± kb, 22°-250°C. Reitzel et a1. obtained 
coefficients of 2.695 and -5.0 X 10-' for the a 
equntion, and -22.7 and +4.2 X 10-' for the b 
equation. Both sets of data show the parameter 
b changing sign \\'ith temperature, at. 510° 
(Birch) and 540°C (Reitzel); K increases \\'ith 
pre~5ure helow this temperature and ciecrca5es 
\\' ith pre~."; llre at hi!:;hcr temperatures. Also, both 
~ets of data show that the comrres:oibility de­
creases \\'ith increajng temperature, in contrast 
to the normal effect. The ditTerences bet\reen 
the t\\'o sel5 of <1a(:1 are not sig nificant in the 
present calculations, and the datn. of Birch and 
co-workers, as gi\'en by equations G and 7, were 
\I~ed for extrapolation to hi((her (rmpcratures 
(GOO°C) to obtain the 0- to lO-kl) ran~c com­
pressihili1y coeJTicients. 

To calculate ~ l'I V. at pressures aboye the 
measurement range, the quadratic equation (5) 
can be extrapolated . Generally, hO\\,e\'er, a better 
extrapolation for crY5talline compounds (e.g., 
quartz) :\IlcI metals is obtained from the 
:\[\lrn ~l ((han loga rithmic equation [Anderson, 
10GG], which can be written in terms of the 


