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High-Low Quartz Inversion: Determinati to 35 Kilo bars 
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The high-low quartz ill\'crsion has been determined over the range 6 to 3:; kb by means 
of differential thermal :lll;dy:,is in pi:,toll-t·ylinder apparatus, with chr0 mel-alllmcl , Pia tine I 
II, and Pt nrsus Pt + 10'70 Hh lhl·rtllOCouples. The transition l(,llIperature initially ri:'c5 
at the rate of -26 deg kb-1

; the cl!t'\'alure, - cfT /dp", is l e~'S than -0,4 deg kb-", in (,nntr,l, r. 
with the reports of Gib:,on and of Yoder for the il\\"(~ rsion at lowcr pre~Sll!,(· ". C0tl1l"ri .nn 
with selected data for the quar tz-coesite transition suggests an intersection \\'ah the high
low quartz inyersion ncar -1400'C and -37 kb. The seyeral thermodynamic ron:'traint :5 
involnd if the in\-er,uon is first order (and this is not established al !.rt':,c:ut) a le IlL:"'u,:'eJ 
in the context of the presen t rcsu It:'; . 

Introduction. The many zero pressure in
\'e"tiga tions of the high-low quartz inversion 
:Iud the associated physical properties ha ye 
nu de this transition a classic problem . Further 
lt t:tie rstanding of this geologically and tech
III1[ogically important material requires de
Te rmination of its properties at elevated pres
'1I res, as ,,"ell as at zero pressure_ Because of 
the importance of the problem and the desire 
to examine further the thermodynamics of the 
Im-ersion, an attempt was made to extend tile 
determination of the inversion to higher pres
Eures and to sort out the diverging data of 
Gibson [1928] and Yoder [1950]. This paper 
reports an investigation of the transition in the 
r:mge 6 to 35 kb by differential thermal analysis 
(DTA) with three different types of thermo
i'nlt ples. There is an uncertainty in the accur,Uc 
location of the phase boundary because of the 
bck of reliable corrections for the effects of 
pr('ssure on thermocouple emf. N eyerthelei's, 
The concordance of the present result8, obtnined 
wit h the several thermocouples, is suf1icient for 
u;:ing these data in a detailed discussion of the 
thermodynnmics of the trnnsition. 

Experiments alld rcslilts. Pressure was lIC'n
('r:lted in a. pistoll-C'ylinder app!u!l.tus, with !I. 

'Now at Department of Engineering, Univer
sity of Cnlifornin., Los Angeles, Californi:t 0002-1. 
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furnace design similar to tlla t described by 
Klemen t et al. [HlGGJ . Sill!!le-,; rystal ::pecime115 
were cut from the sa mple or' natural quartz 
used by K en nedy et al. [191):2J. For e:lch ex
periment two crystals, 4.6 mm in diameter 
and ,...,0.7 mm thick, were placed together in 
the plane normal to the furmce :lxis. _-\ butt
welded thermocouple junction (0.3 mm wire) 
,,,as positioned behn:en the crystals in :l groo\"c 
~0.5 mm ,,"ide. The reierence junction was 
separated from the butt-weld by the crystal 
thickness plus -OA rum of t:lle . Slee'-es of 
boron nitride or alsimag insula ted the thermo
couple-sample assembly from the graphite 
heater. Talc or boron nitride W:lS med in the 
rest of the furnace_ 

The temperature difference ac ross the sample 
(i.e., between the tltenlluco\lplci') wa~ only ~(' \ '

eral deg rees, for con:'l:tnt pO\\'er input, o\-er tIlt) 

entirc cxperimental r:lIlge. TC11lpC'r'lt urc W:1;1 

yaried at rntes of ,...,:2 to :20 dcg ;:ec-' . DT.-\ ::TlI
nals appeared to be much the ~:lme as tho.~e 

observed for melting :lnd solid-solid first-orde r 
trallsitions [Coh en et al. , 10(,1;([ I. R eproduci
Lilities of ±2° were fre<ltlellll~' obtnined in a 
given run fur both ll C':1till~ :tlld cnolill~ sign:!l:'": 
no s),stem!l.tic cliffC'renccs ill the telll)1l'ratmes 
of thc sign:t1~ on heating or ('u(llill~ \\'ere OU
sen·ed. 

Accurate knowledge of pressllre reclIlircs pr('-
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cise corrections for fricti on [Cohen et al., 
1966a; Klement et at., l!)f3(iJ. By c.'Hcful ma
nipulation of the applied (i.c. ram) pressure, 
attempts were made to ensurc that the piston 
was moving in on an incrc:lsing prcssure cycle 
and out on a dccreasing prcs.3ure cycle regard
less of tempcmture cycling across the transi
tion. By assuming frietion to be symmetrical, 
'true' values of pressure were obtained by aver
aging the applicd prcssures on compression 
and decompression cycles for given transition 
temperatures. The double-value of friction was, 
in all cases, ;S1.5 kb. For a number of runs, 
failure occurred before data could be obtained 
on decompression, and friction correct ions wcre 
made according to other runs in this im'cst i
gation. 
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In the run with chromel-alumel thcrll1". 
couples, several compression and decompr'· .. . 
sion cycles were madc (in an almost ide:tl 1" : 11) 

and reproduciLili ty was clcarly demonstra l('.J: 
even though the thermocouplcs wcre IHi" I!', 
taken up to 1200°C. Friction correct ions w('r;' 
accurately detcrmined and varied tip to . -I..i 
kb double-value at the highest prr .~-,u res. 'I'll" 
data (Figurc 1) are believed prcl: i ~e to ±6°(: 
and accuratc to ±O.5 kb. Because nf mech~ I JI

cal failure on decompression, it \\':\s difficlJl t ,,, 
obtain data below -5 kb. 

Several ru ns were made with Plati ncl I ! 
thermocouplcs [Zyslc, 1963] (Figure 1), I'li l 
these thcrmocouples im-ariably failed on de. 
comprc~.cio n. 

Data. from the runs with Pt ,"creus Pt + 
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Fig. !. Experimr nb.l cIat.:!. for the high-low qllart.z inversion. Interpolation equations 
gin'D by Giuso ll [l!:)2S] and Yoder [l!J50] are u~cd to plot their rcsults. For the prescnt work, 
each symbol represents a separate determinatioll. 

L 
1-

10% Rh thcrmOc4 
ure l. Accurate j 
obla incd in sevef: I 
\·: .JII C of friction 
I'rnlJlem in these, 
1'n"=5ures and tenl 
allce of the thew{ 
ellcountered a.t thE 
atures and not yu 
lIi l he sample, O~ , 
';.0 11 as water frq 

, ,IIJ carbon from 
The quartz-\mt c: r 
pressures [l\"e/l /Ill 

1066] do not .<II!!: 

inconsistent \ 'a lJi~1 

of Keith and Tull 
~olution of "lLlall 
cause a large ch:lJ: 
rCl"5ioll , bu t n" ". 
!lera ture Was tide 
Iht present m(;;'~IJ: 

h i~h quartz \\":,< 

[.:;chreyer allri St:. 
derected. EX<l lllim 
rUlls often ilJdicate = 
cuu ples; attempts 
IJl:lde by plac ing 
uenum sheet !Jet 
~ Iee \-e, but there 
ei ther. 

The data (Figu 
lJ,ing Pt versus l' 
Illay be assigllt'd 
± 10 0 and an accu l" 

Since the ft. 1J l 

couple was pi:lc!'ll 
disks of quarU c 
question as to whE~
nea f the thennuc' 
:Ipplicd prrsslIre c: 
thin disks rraclily 
"lllJple. All eXlll'rir 
rirorunent, <, imp II' 
nare was pi:IITd II' 

I,elow -S30°C Ll': 
pressures im-o!W( 
[1965] :lnd G rir/i/ l 

th:1t tIle strCJ1~1I1 
d lJ~cJ at elc\': II('I£ 
r lIl'e of water. The 
Vl' :lIlhydrou:; lI ll:lr' 

I 



th chromel-alumel therIno. 
!Jrnpression and decomprcg. 
idr:: (in a~ almost ideal run), 
." was clearly demonstrater! 
thermocouples were brirfl·: 

C. Friction corrections \n 'f'e 
[.<;d and varied 11 p 1 fJ ~ 1.5 
; the highest prf'.· .. 1 I res. Thr 
:e believed precise to ±6' C 
0.5 kb. Because of mechnlll 
mpression, it was difficult 1" 
~.5 kb. 

c:e made with Platinel 11 
,.;!;, 1963J (Figure 1), IIIIl 

6 invariably failed on de. 
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10% Rh thermocouples arc. also shown in Fil-(
IfC 1. Accurale data on decompression \\'I'n; 

.,b tained in se\'cral of the runs and the double
" due of friction was -1.5' kb. The greatest 
i, roblem in these experiments at the highest 
prcssures and temperatures was the disappear
,lice of the thermal arrests, a phenomenon lIut 
III: uuntered a.t the 10IYer pressures and tetnjlcl'
''i l'es and not yet understood. In the vicillity 
! lhe sample, one may expect contaminants 

.III'Ii as water from the decomposition of talc 
' lId carbon from the graphite heating sleeve. 
Tlie quartz-water pha::e relations at elevated 
;1I'1',:~ures [Kennedy et ai., 19G2; Ostrovsky, 
i~ ltj(.i] do not suggest any mech:lni~tll for the 
:JII'''I1sistent yallishing of the arre. t5. The data 

I' Keith and Tuttle [1952] indic:1te that solid 
·"Iution of small amounts of impurities may 
··.l lIse a large chan::;-e in temper:1ture of the in
Ic rsion, but no SI.('h ch:1nge ill iJlq~ r;i i O ll tem
perature was detected within the precision of 
·ltt; present me:·I:,u reJllents. E\'idence of 'stuffed' 
!1I ~h quartz \\":15 sought in X-ray p:1tterns 
.~chl'eyer and Schairer, 1961], but none was 

.Idected. EX:1mination of the samples after the 
Pi ns often indicated carbon around the thermo
''' lIples; :1ttempts to 'getter' this c:1rbon were 

:1I:l de by placing an 0.05-mm-thick molyb
·I,· lIl1m sheet between sample and graphite 
':"l' \'e, but there \\':\s no clear success here 
. lI ller. 

The data (Figure 1) obtained in the runs 
'I:,ing Pt versus Pt + 10% Rh thermocouples 
!1I:ly be assigned a precision of better than 
:: 10° and an accuracy of ± 1 kb. 

Since the temperature-measuring thermo
nJllple \\":1S placed in :1 groo\"e bet ween two thin 
di:;ks of quartz crys!:\ l, there m:1y be sOllle 
qllestion :1S to whether pressure on the s;\Inple 
!lc:lr the thermocouple \\':1S the same [IS the 
.Jipliea pressure ebe\\'here in the furn:1cc . The 
Ih in disks readily crushed around the thermo
' '' liple .. ·\ll experiments were in a hydrolls en
I 11"1Illmcnt, since the heating element ill the fur
:llt'e \\':\5 pbeed next to talc which dehydr:\tes 
:,p low -S30°C [Kitahara et al., 1 !WG] for the 
pressures invoh'ed here. Griggs and !Jiacic 
1%5] and Griggs [1966] ha\'e demonstrated 

that the strength of quartz is markedly re
dllced :1t ele\':1ted temperatures ill the pres
, Ill·t) of \\·:1ter. The -~U-kb compressi\'c 5t rellgth 
"i :l\l!tydrulis qll:1 rtz at 5-kb confining pressure 

:lOd soooe [Griggs ct ai., 1000] IS reduced by 
1II0re than an order of m:l (!nrtudc under similar ' 
conditions, as determined in shearing experi
ments, if the quartz is originally hydrous or is 
hydrated during the experiment. Apparently, 
therd'ore, no salient prublems connected with 
the strength of qU:1rtz were involved in the 
IJresent experimell ts, since the results from 
separate runs were in consonance alltl in gen
eral agreement Wilh other high-l"'e:i;iure investi
gations undcr dissimilar conditions (~ee below). 

In addition to absence of dcteclalJle variation 
in transition temperature with hcating/cooling 
rate and the absence of any systematic differ
ence between tell1peratures of he:1ting and cool
ing signal;; (,hy:;teresis'), the following observa
tions C:ln be recorded: cycling in temperature 
across the transition as m:1ny as 10-20 times 
at a given pressure did not change tIle transi
tion temperature, within experimental error ; 
deterioration of the signals in m:1ny of the runs 
appeared to proceed gradually with time, as 
\\"ell as with incre:1sing temperature (and pres
su re) ; annealillg, for as long as 10-20 min as 
much as 200° abo\'c and below the transition, 
had little effect on the nature and temperature 
of the arrest; the over-all durations of the runs 
were less than 2-3 hr. 

Intercomparison of the data (Figure 1) ob
tained with the se\'eral thermocouples suggests 
consistency and concordance, within the experi
mental error, although no attempts ,rere made 
to correct for the effects of pressure on thermo
couple emf. The most recent and extensi\"e in
vestigations of the~e effects [Hanneman a.nd 
Strong, 1965, 19GG] ha\"e been seriously ques
tioned [Coh en et ai., 190Gb], and the problem 
remains unresoh'cd ; qualitati\'ely and tenta
ti\'ely it It:-1 :5 bcen suggestcd [e.g., llalllleman 
and Strong, 19G5] that pressure olily slightly 
alters the emf for chromcl-alumcl (compared 
with the zero pre~surc cal iLration), whereas a 
sOll1e\\"klt l:1rger subtracti\'c correct ion may be 
ill\'uh'cd for Pt \'ersus Pt + 10% nh thermo
couples. There do not secill to h:1 \'e ueen :1lly 
in\"estig:1t ions for the Platinel series thermo
couples, but the present results suggest be
h:wior simib r to chrolllel-:1lulllcl. 

The zero pressure transitiun temperature is 
taken :1S -573-5i'4°C for the present s:1111plc~ 
allll hy::;terl'sis, dTect of r:lte of temperature 
ch:lIlge is ignured :\8 being beyond the pre-
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cision of this investigation. The chromcl-alumel 
run suggests an initial slope for the tr:ln~itioll 

of ...... 26 ± 1 deg kb-', which is approximately 
corroborated uy the Platinel II data (Figure 1) . 
The maximum 'curvature' deduceu from all the 
data. (Figure 1) is a-T/dp' ...... -0.4 deg kb-'. 
The present resu lts disagree somewhat with 
those of Gibson [1028] and r oeler [ID50] as to 
slope and especially as tu curvature. 

Comparison with previous reports. Gibson 
[1928J, using chromcl-alumel thermocouples for 
DTA under ca rbon dioxide pressure, gaye for 
the phase boundary 

T(P) - T(P = 0) ~ -0.31 + 21p + 0.86p2 

for T in degree.;; and p in kilobars, uP. to 2.64 
kb. Gib50n describes some difficulties with 
thermal gr:ldients, especially below 0.7 kb. If 
only Gibson's data above 0.7 kb are considered, 
very nearly a straig1lt line, of slope more in line 
with the present results, can be fitted. 

Yoder [1950], ming iron-constantan thermo
couples for DT_-1. under argon pressure, gave 
for the phase boundary 

T(P) - T(P = 0) 

~ -1.6 + 28.71p - 0.4284p2 

up to 10 kb. Recent discussions [Babb, 1963; 
Boren et. al., 1965] suggest that errors in pres
sure via calibration of the manganin coil may 
be ...... 1% . ~Iore serious problems are probably 
im'olyed in the corrections for the effects of 
pressure on iron-constantan thermocouples 
(which Yoder beliend to be less than 0.5 °C). 
In the vicinity of O-lOO°C, the pressure effect 
on the thermal emf is large (compared with 
m:lny other thermocouple clements) for con
stantan [Bridgman, 1918; Bu.ndy, 1961] and 
perhaps complex for iron [Bridgman, 1918]. 
It is believed that significant, but prcsently un
known, corrections must be made for the effects 
of pressure on emf of iron-constantan thermo
couples. These corrections might be most im
portant at the upper end of Yoder's experi
mental r:mge; below ,....,-! kb, Yoder's data C:1n 
be fitted with an (,8sentially straight line of 
slope ...... 26 .~ deg kb-', in good agreement with 
the present results. 

T. T:lbhashi (personal communication, 
1\)03), using chromel-alumel thermocouples for 
DT.-1. with powdered qu:utz in a tetrahedr:l1 

press, obta.ined signals on he:t ting at .-5 rt, ,!! 
min-., which coincide with Yoder's data, wil ilill 
the claimed prccision . Other high-pressurc \I'll h 
on the quartz inversion has been '1101 ,·,[ 1.1' 
Dickinson [1964, 19GG]. . 

Low-quartz-high-qtwr12-coesite triple pui'li. 
Among the numerous investigations of til> 
quartz-coesite transition [Ma.cDorwld. I Q;jlj. 

Dachille and Roy, 1!l59; Boyd and 1:.."11 I}lllI/ '{. 
JU60; Yasukawa, 1963; Takahash i, 1%3; Kit'l 
hara and Kennedy, 1964; B ell et al., Hlt}::i; 
Boyd et al., 1966J, the following data arc O'r

lected for the transition at high temperalUr(;,: 
the best absolute position is the 1 .. !OO°C, 3, .,; 
(±0.2) kb vallle obtained with Pt vers\ls 1 'I 
+ 10% RIt thermocouples by Boyd et ,., 
[1966]; the best relative set of data is th:lt Hi 

Boyd and England [1960J as revised [Bo !1<I 
et aZ., 1966J. Combining these data with a ~li~111 
extrapolation of the present re5uits (Figure 11. 
the 10w-quartz-high-qu :Htz-coe~ite triple poillt 
occurs near 1400°C and 37 kb. 

Consequences of the hypotllesis of a fi"~" 
order transition. Im"estigations of the 1011-

high quartz transition are very riumerous: 
nevertheless, it is unclear that definiti\'e anJ 
consistent data have yet been obtained becau.'c 
of the complexity and rapid variation of th"r
mophysical parameters near the im·ersion. FI ,r 
example, Strelkov et al. [1953] report a Jil" 
fold increase in the coefficient of therm:'d L'X 

pansion over au interval of less than 2', sligh tll' 
below the transition t emperature. DeuileJ 
evaluation and intercomparison of heat C:1-
pacity, thermal expansion, and ebstic modu li 
dat:l. and their thermod~'l1:lmic consequeuL'L'o 
will occupy the second J):lper of this 5eri c'.' 
(Klement and Cohen, in preparation) . It :i P' 

pears especially important that these me:loun'
ments be made, under isothermal condition:" (III 
material of the highe5t purity. 

::\Iany im'cs tigiltors have considered the hit!h
low quartz iJ1\'e rsion to be a first-order tr:1 11-I 
tion. Some est imates for the di5continuoll.- ' II, 

crease in ,"olume, AF, upon heating through iI., ' 
low-high transition incluclc (in cubic 1'\'1111 -

meters per formub weight (fw»: __ O.EI:I 
[Sosman, 1!l27, c\':llua ting e:1 rli rr mea~llr,'

ments]; --0.11 [,lIajulIldar ct aZ., I!lG-I]; O. J,j I 
± 14 [Berger et al., 1!l6G]. Some estim:l te~ f\lr 
the entropy change, .:lS, of the t~:lIl5ition ill
elude (in joules per degree per formuh weight) : 

I" ... 

\ .. 
_0.7-1 lSosmall, 11 

I
·: rcmelllti]; .-o .. t:\ 
Ilager . et al. l J! 
Tdtlliques on a 1 

\' :lined values r:Jll ~ 
dq(' fw-' (KI·th!f 

I Ill r thc inverc-iC:Il, I 
,cnting the d:ll:L ;1I 

th:lt the transitilllL 
(K. K. Kelley, ]>rl':'1 

I 
Thc Clausill.--( '1:1 

.l r / .:lS. eon:'1 1":1 : f1-

i . r e() ll~i .,lelll \1 il II 1_ 

"Illimbry, dT , ,111 :: 
'i r-J -orde r tr: lll:,ili,: 

I .' r:lint in tha t till: it: 

I t!'.. = _l.. {(tJ~ I . 
. ,f/ J.S ill), 

. ,>(d1')(aJ. 
+ - dp vi 

Fur the pre~(; llt n ': I kb-'. Ko uEeful ;q: 
Cl:1peyron (;quatior 
tr:lI1sition C:1n be 111: 
th:lt vary over :1 1:1' 
culated from the qll 
~xpcrilllen tally d, ' H ~ 

.,i (1) or even /J ,. 
rnrrelations, 

I _(~) > (Ii'/'\ ! ap T - til',! 
i> made most uncrl 
I"ar iations in (ar, il. 

I 'hl' tr.lI1sition is :1J :_ 
:11:1\' be obtained nl ' 

1111:\;es for ciisCOllllllf) 
I ct aZ., I!lG5] or (rJI> 

I!osenholtz and ,suut 
.my of thc5e Y:lllll'~ f 
tics is Ycry much ill <II 

Perh:lps olle of til 
rC5sible constraint ,; 1 

' ransition is that ill\' , 
:,oll ndaric;: at the Itdl 
triple point. U:;ill!! ! 
.Iblc dcnsity of roe-ire 
le ro pressure rFru lil / ( _ 



~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 
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negative in so far as the idcutification of high
quartz is concerned.' 

Furthcr investigation m~ly, IlolYc\'cr, proviuc 
inversion criteria [e .g., lJarslI1lOv awl Gur'yeva, 

1963]. Clcarly the esta blishmcnt of such cri
teria would cont;'ibutc to tlte dcvelopmcnt of 
petrogenetic grius. 
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