
mple~ quenched from [t, ~eri es of 
\rill, in a P-V ui a~ r:lln , plot on a 
:1 ori~in correspond ing to 1"0 (:2,)', 

a slope proportional to the ('om

t ~5°. The pre<':' llre effect is J1I'I'
rel in wllt'11 thr glass cools throll!.!h 
liut : helO\,· this temprrat llH' thl ' 
longer an equilibrillm pha5e, bill 
I t~ configllrat ionnl rl[ttilibriu1l1 i
volume effects can b e di:::ctts:'ed ill 
usual p:nameters. IIo,,-ever, sl1I:dl 

Ie to ;;I ight varintions of ('( nud " 
rate JlOuld occur, 0 that t h, ' 

c:mnot be exprcted to be 0.5 eX:1,'t 
Jilibri lllll phase. 
h noting that the fi t ob~ef\'ed ill 
luires that 110t only the comprr;:~ i
al~o it~ pressure deprndence, 1)(' 
ly correct. In inct, one sees that. 
~ cun'es fit the points " ' ith \"Crv 
leviations, the "lope in the diopsidt, 
t quite correct, especilllly at high 
Villi the ~ame assumptions u~ed 
.be calculation could be re\-ersed to 
e compressibility parameters from 
d indice:'. Carrying this through 
a plot of [I(n) - f(no)] /f(n) P 
here f (n) is the Lorentz-Lorenz in
t (n' - l)/(n' + 2), is linea r excepl 
deviation of the point at 10.8 kb. 

pL and slope of the p lot ~i"e cfTcc
of lO"a = 1.0S, 101!!b = 7.4, and a 
urve wi th a mean dC"iation of onl~' 

which indicates an effective C01l1-

'very similar to that of the cry:::t:11 
so~e\\"hnt higher ini tial value all, 1 

resSlIre dependence. Both the~e dif
: in the direction expected, but, mo rt' 
" the imll rO\-ed fit shows tha t ti ll' 
)dic€'5 are YCIT cOJlsistent wi th th ' 
'~sure dependence J'; ho,vn bv nOrJn;li 
i .e . COlllll rei'sibili ty dec rc:t~in~ wil ! 

lressure: 

tln l i n press. F . It. Boyd has plJ in k.J 
that in his experiments thr qlu'nt'h 1-

eh' i>ob:uic ; the aClual 10:lci p;·c,;.-ttr l 

:; -poin t is >o ll1c'wil !t1 lower l h:ln ill 
1 prcs<ufl' becallse of t he rapid t hcrtll :~ 1 

11e ;:UI!:I!:('sts that Il. titud Itqutd. ,11< I, 

at. I;OO ' C, mi~ht record this prl' ''l1 i' 
il'h wou ld :II. 0 a('count for the ,h..:lc' 
of ih r 10- to iiO-kb di"l'~id (' point:; I" 
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CALCULATlOXS FOR SiO, GLASS 

The refracti,-e indices were calculated at 25° 

~nd 600°C for compression to 100 kb, for com

Jl:t rison with the me:tsurements of Coh ell alld 
Hoy [1961, 1965J and Roy alld Collen [1961J, 
which were made along these two isotherms. 

The resulting n-P curves are sho\\"n ill Figure 3 

lng-ether with the measured dnta; additional 
menwrements reported by Cohen and Roy 
fl9G 1, Figure 2] at a few tem peratures bebwen 
i heir two iootherms are also plotted. The ~.j ° C 

(' \l I'\'e is bned on the direct 0- to 100-kb volume 
cOlllpression measurements of Bridgman [ l £1-4S], 
:tllci the 600 0 e curve is based 011 the high-
1!'lllper:tture quad ratic parameters as described 
e:lrlier, extrapolated above 10 kb by means of 
lite :'Iurnaghan equ at ion. Th e quadr:ttic 
equat ion gi\'es essentially identical results. In 
hOl h cases the high-pressure index is calculated 
Irom the index of the ullcomp l'cssed glass, 
II "~ = 1.458 given by Cohen and Roy, by using 
t' fjll:1tio n ~ with f3 = 1.37. It should he noted 
lit:lt the SiO, glaES compressibility decreases 
II it h increa,ing tempera ture, so tlut the 6000e 
f"u n'C falls below the 25 °e curve, in contrast to 
ill(' relat ionship in normal glasses . At the glass 
point, hO"'e' -cr, K must increase mnrkedly with 
1t'lltpernture, and 1:'0 there is a minimum com
I'rc'-~ihility at something like 000-900"e and 
Ihtl "e l~OOoe the curves will lie abo\'e the 25° 

"( II" -e in Figllfe 3. 

(':t!culations were also made for the limiting 
(' 'illat ions (equations 3 and 4) . An inc!i c:1tion of 
lit" l11 ;lXimllll1 range cnn be seen from the yalues 
;n .'i0 kb. GOO°C; n r.L = 1.521 , n" = 1.502, 
\I ht'l"eas n = 1.508 for f3 = l.37 and is thus 
in[ermediate with a \-alue proportional to the 
r;llio of f3 to the maximum ,-n lue L·,-/3 . 

The ,'iO, results show sm"eral m:uked fea
titl'CS : (1) snmp!cs compressed at .5000-700 oe 
:'!" t gene rally in the ranp;e of the hHl i"o[ hermal 

\ "l trI'r ,, ; (2) s:1mples compressed at ::?5°C h:we 
Ill rii('es far lower than expecter! from the com
;I\'t'~;; il>ilit~ - d:lta: (3 ) samples cOlllpre~sed at in
'p rl1leciiate temperatures haye indices between 
I It!' ~5° and GOO oe data :1l1el arc eon;:iderably 

lWe I' thnn the pred icted values (which would 
:;" I'c tween the 25° and GOO oe isotherms). 

The 10w-temper:1 ture data in Fi~\lre 3 are 
"tl~ i" tent with the obsen 'at ion of Bridgman 
-'Il l Simon [1953] that SiO, glass has a. thresh-

old pressure or clastic limit that mu~t be 
exceeded for permanent compre5sion: the data 
of Cohen and R oy indicate this limit is about 
::'0 kb at room temperature, anc!,' ns they noted, 
it disappears at temperatures of 500°C or 
higher. Anderson [1956J studied the compres
sion of borosilicnte glnss in the range 4-7 kb, 
100°-300°C, nnc! showed that iJOth reversible 
and irre\-ersible volume changes, \\'hich he called 
densifica tion and compaction, occur at these 
lempera tures. SiO, glass showed no permanent 
compression at these pressures and tempera
tures. The data in Figure 3 are quite consisten t 
" 'ilh his results and indicate that at t empcm
tu res of 200 0 e and less SiO. g!ass is almost 
totn lly ela~tic at a ll pressures, so that e,'en 
aboye the thre;;holcl pressure the permanent 
compression obtained is only !1 fra ct ion of the 
actual volume change given by the compres
sibili ty. At 300 o- ,100°C, the glass is partly 
elastic, so that at 40 kb the permanent com
pression is about half the total volume change 
corresponding to the compressibility. Both the 
('bstic limit and the fraction of the deformation 
that is elnstic or re,'ersible decrease ,yi th in
creasi ng temperature and vanish at about 
500°C. :\eeordingly, the discus -ion of the tem
peraturc-refractiye index relationship is limited 
to temperatures abO\'e 5000e in the range ill 
which the elasticity e[eets have yanished. 

HIGH-TE~IPERATunE SiO. DATA (500- 700°C) 

All data points in F igure 3 were picked off 
the plots of Cohen and Roy [1961] anc! Roy 
alld Cohen [1961] and Figure 1 of Cohen and 
R oy [1965] ns no tabulations ha\-e been pub
lished; the indicated precision is about ±0.005 
in the index and is es timated to be ±1O kb in 
pressure [Cohen and Roy, 1965]. Some of the 
sratter in the index data is e\'idently due to 
their usc of powclered gla;:s samples wilh snb
~c Clll ent inItotl1l,!!eneily. The large uncert :linties 
in the (bta, coupled with the relnti"ely cIo:;e 
spacing of the byo isotherms, makes it impos
"iiJle to match the dat!1 to one or the other of 
the two isotherms, and, in fact, it appears that 
a scatter of points bet\reen the two isotherms 
should be expected because of variations in the 
qtlenchill<' procedures. The quen ching tech
niques used b~- Cohen alld Roy [I Q(; 11 are not 
desc ribed in their paprr, but .l/acl:l'lde [1!163, 
footnote 5J refe rs lo a preprint of ('ohen and 


