
~13 on heating at -5 d(\~ 
:d~ with Yoder's data, withill 
Y.ID. Other high-pressure work 
- ;r,rsion has been noted by 
~:n]. 

',"'lIJ.artz-coesite triple poil/I . 
~r(JU3 investigations of t h, · 
~tioti [MacDonald, 1Q,jlj 
, . 1959; Boyd arul England' 
!~3; Takahashi, 1963; Kitll~ 
;: : 1964; B ell et al., 1!)(j5 ' 

=. ,he following data are so: 
~on at high temperatures: 
v-sition is the 1400°C, 37.5 
t:~tained with Pt versus 1't 

:::0couples by Boyd et ul. 
:7:;ti\'e set of data is that oi 
:-.;- [1960] as revised [Bo yll 
: =-ing these data, with a sli~h t 
b: ,;:>resent resuits (Figure 11. 
~~-quartz-eoe5ite triple plJilit 
.. :':ld 37 kb. 
: the hypothesis of a first-
h.\'estigations of the lo\\,

~~~on are very numerous: 
! ::nclear that definitive amI 
,." yet been obtained beC!lu:-c 
. E:.d rapid variation of thcr ' 
l-C:"rs near the innrsion. For 

t-: aZ. [1953] rcport a !iH'
':'f coefficient. of thermal ex
l:f:\'al of less than ::!o, slightly 
~t}n temper!lture. Detailed 
.D~"rcomparison of heat C:1' 
~-r;",nsion, and elastic moduli 
'::~rmodynamic consequenCl" 
:»::ond paper of this scrie
~:'~:l , in prep!lration). It :IP' 
1:;- )rtant that these measul'l'
r::~r isotherm!ll conditions, Oil 

'-~;: purity. 
1.'=> have considered the hif!h 
;"'>D to be a first-order tr:111,i, 
I:Q for the discontinuous ill' 
.l l', upon he!l t ing th rough 1 h.· 
@n include (in cubic cen ti
I~j weight (fw»: _0.1!l'. 
t'\':llua ting e:nlier measli fl'

If ,:.:u.mdar ct oZ., 1964]; 0,151 
c:,: 1966]. SOUle estilll!ltc5 fll r 
gt' . ..lS, of the tr:l11sition ill ' 
'r degree per f~rIl1ula. weigh t) : 

.. -.. ~ , .... 
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_0,74 [Sosman, 1!l2i, evaluating earlier meas
'Ircments]; -0.43 [Majumdar et aZ., 1964]. 
!INger et at. [1 0G5J used thermogrammalic 
',·chniques on a, variety of samples and ob
·.llned valur::; runging from -0.5 to -1.0. J 
" ~ " fw"" (K elley [lOUOj tabulates a finite tJ.S 
: .r the inn:r;; ion, uut this is a manner of pre
'cllting the da ta and does not mean to imply 
'ha t the transition is considered as first orde r 
d~. K. Kelley, personal communic:ltion) .) 

The Clausius-Clapeyron eqtt!ll ion , dT/dp = 
~I'/~S, constrains estimates of ~v and ~S to 
· " eonsistent with the initial sllJpe of thc pha5e ' 
.,,"Ilda ry, dT / dp = 26 ± 1 deg kb-'. For any 
· r-I -order transition, there is a further con
,' r;lint in that the initial curvature 

F<Jt. the present resuits, -d'T/ dp' ~ 0,4 dcg 
~b-'. No uscful application of the Cbusius
Cbpeyron equ!lt ion to the high-low QU:1 l'tZ 
' r:l nsition can be made with tJ.S and 6. Y \'a lues 
·itat vary over a [:lctor of 2. Initial slopes cal-
· ul:lted from th e quantities tabub ted span the 
,'xperimenrally determined va lue, Application 
,I' (1) or even Bridgman's [1931] empirical 
·"rrelat ions, 

_(a~pr) T ~ (~:)(a~7~l ~ ((~:r( ~~p) 
(2) 

, Illade most uncerta in because of the rapid 
· Iriations in (al 'japh, (aV/ aT)., and Cp :l~ 

I '! Il' transition is approached. Various bounds 
:11:1 )' be obtained via (2), using published esti
:!l:ltcs for discontinuities in Cp/T [e .g., Berger 
·1 at., 1965] or (81'/ aT). [e,g., Sosman. 1927 ; 
!.·oscnholtz alld Smith, 1941], but the \\'orth of 
I lly of these values for the possible discontinui
' ICS is very much in doubt. 

Perh!lps one of the most experimentally ac
""ible constmints on the possible first-order 

· r:!Osit ion is that involving trajectories of ph!lse 
',olll1daries at the high-qu:trtz-Iow-qu!lrtz-coesit e 
'ril' le point. U~ing 2.93 g cm"" as the prob
.,hle density of coesite at room temperature !lnd 
:' '[0 pressure [FrOIl.del, 1962, pp. 310 and 31-1], 

, t , 

6.V (low quartz ~ coesitc ) -::! ,::! ern' fw-' and 
a similar value m!ly I,c a~~ltm('d ileaI'I Ite triple 
point. The 'aver:I).!;' ·" ,{ 'I', "/): ('fJliat'll.· -coe;:;itc ) 
is -!l deg kl,-' Llfl l!/IL alld Hli gluml, 19UO, et 
seq.j. To a ),!;ood :t1'[lI'I)Ximaliull, the differencc 
in sl0pe uetwc!!n lhe ltiglt-4uartz-coesite and 
]ow-qua rtz- ,:ol'sile pilUS!! boundarie:" dT /dp 
(higlt-qlw 1'1 z-euc;:; ite) -dT/dp (IO\\'-(I'I:lrl z-co
esite ) == u dT/ dp, is 

~ !!:.T.. . ....., _~.!C(J~II' -4 1,1 igh 4unrtz}_ 
dp r-.... U V(lUI\' quartz -4 c oe~it c:) 

dT (' , .) ' -:J quartz - CO(,~lt(: 
up 

(3) 

From (3) and an a\'eragc \'a lue (~ee abon:) 
for 6.1' (low ~ high qn:ll'tz) , -~ d T/ el/) -
0.6 deg kb-', The bost high-prc5sure Ci:lt:1 [J!'CS

entlyav!liIable [D oyd Cll/d J:'nglanr/. 1000] a re 
inadequa tc, hO\\'('\'or, to detect a kink of slu·h 
m:t~nitude in the qU:HlZ-cocsite p !t., , ~ bound
ary. 

In the author,,' opinion, concltl.-i \'c [;roor iur 
first-order beh:l \'i'!l' 1)[ the hi gll -II)\\' qn: ~ rtz 

transition is lac-king. In any c:l::'e . the nll. o( 
spectacub r ya ri:ll ion~ in the therinophy-it:d 
properties nca I' thc in\'ersion incli c:1tc !l laml" b 
tra nsition, tlte thermodYl13mics ot' \\'hil·h i ~ dis
Cl15sed in a fonhcoming paper (E lelllent and 
Cohen, in prepara tion) . 

Geologicul im plications, For the :;c\'c ral tem
pemture distributions \\'ithin tI ll' crus t and 
upper mantle c!llcltlated by Clad ' und Ring
u'ood [1964], all the proposed temperature
depth curves lie \\'il hin the field of 101\' quartz; 
ne\'ertheless, rcgions of significant ly eleva teel 
tempera ture5, !l::; well as m!lgmas, nuy be \\'cU 
witbin the stab ility field ur' hi!.!h quar tz. A 
number uf equilibrium l'L':lcli(.t! 3 ill\'oh'ing 
quartz inter5ect the low-high qU:ll'tz inversion 
cun·e. If dcfi llite critcri:, were anil:1hle to dis
tinguish qu:1l' 1 Z l ha t h:1S passed til rough the 
im'ersion from qua r tz that has llot, t hcll cmll
parisoll of rcaction elln'c" with thc d:1I:1 fo r 
qU:li'tz may gi \ 'C :ldd i tional ('0 1151 r:1 ints on the 
p:uagenesis of the asscmblage IJein!! considercd. 
FrondeZ [196:2, p. 119J h!ls SUllllll:lI'ized the 
problem of ill\'e r~ i oll criteri:l !lS follows; 'The 
question !lrises whct her [l gin' ll nalm:11 ql\a rtz 
cryst!l l or !lnhcdrun origi1l:l11y c r~' .-t :dlizcd :lS 
10IY-quartz or!lS hig:h-qu!lrtz, , , . III gcneral the 
criteria, as atl'ordcd by mtllr!li m:ltcrial !lre 


