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Fig . 2. ~fl ect of lemperalure gradient aeross .ample. (C) Corundum, 
(5) sillimonite (?), (Gil glass, and (H) higher-temperature .idc ncar th e 
heater. Arrow indicate. direction to centcr of cell. (As polished, bright 

fl e ld, X 390.) 

('on ~ideralJly cooler t hall thl' n'lIter. Thi -; prohlem was es
~cntially elimillatcd hy packill~ so that the lillal h (' i ~ht was 
ahout I.;; mm . 

The eO-ects of a less SC \'err ~rac1 ie llt across the crll \\"l're 
sometimcs sce n. In Fi ~. 2. the part (If the sa mple lIearcst 
the h ~ :1.ter was hot e ll () u ~h to fo rtll corundum, whcreas the 
ccntcr of the same run contailll'd Dilly sillimanite (?). * Jt 
should be emphasized tha t the ~radietlt e lTccts wcre lIot 
necessarily detrimental llllL wcre very u seful and wl'n' ~i ve ll 
considerable wei ~ht in intcrpretin),; the direct ion of the reae
Liml at higher tenlpcratures alld constant preSS1lrl' . 

(5) Procedure During a Run 
All the data were obtained 011 run s made by first raising the 

pressure to the desired value and then raisin~ the tenlpera
lme. The heating rate was about 4()O°C per millute . At 
the end of a nm, the power to the heater was tUrIled olT a nd 
the pressure was maintained. The punches and the helL 
wcre water-cooled alld the sa1llple reached a temperatllrc of 
2.')0·to !OO°C in aboht :\0 seconds. The pressmc was tlieli 
released and the sa1llple removed. 

(6) Starting Materials 
The principal sta rtin g materia ls used for the experill1cnts 

were kyanite from Minas Gerais, Brazil; sil1illla nite frolll 
Idaho and frolll Dillon, M ontana; andalll!>itc from ;\lill ;<"
Gerai s; and a synthctie AI 20,:SiO. gel. The chC'lllical C.'III · 
position!> of these materials arc as follows: 
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White, fihrous, llIa ssiv \! 
Grecn single crys tal 

* Lcss than (l.~(io Fc hy X-ray cmission allalysis. 

A few crystals or ,{rollpS of crystals o f kyanite and ~dli 
Illanitc were selected and washed free of external Ilfah'rial, 
if present, a il e thcn broken into coarse fragments. From 
these , clean pieces were selected by handpicking with tweezers 
under a microscope at X30. These fragments were then 
crushed in an alumina mortar and sized by sieving; m ost of 
the experiments were with a 501l fraction. The homogeneity 
of the crushed kyanite samples was checked by observation at 
X500 in a 1.70 immersion liquid; the kyanite was found to be 
free of second phases within the resolution of thi s technique. 

Till ' ~y nlltl'til' .'\li) a :~i()2 g('1 \\'a ~ Ili aell' Ir.\· dissolvill l{ the 
1'1""1'\'1' ""I""llh "f .\I (i\: (),,),-!III ,O alld l' lh vl ()rtho~ilit'ate 
i ll ( '1 11\' 1 " k"h.,j "lid II\'dr"I\'zing t .. f()rln a gl' i. The ~el was 
,k. ',,1. "'('ci , 1,, \\ h- al I :.!ll oC anci I h(,11 hl'at ('d I .. t,tlOoe to 
f .. rll l:lll :1I1I"l"l'hl)lI '" Inixtllrl'. 

(7) Jdenlincalion of Phases 

" I,,· 'IlI l·IIl·itl,d rlln" IVCI",' ~I' lit intn t \\'1) I':trts alnng a plane 
I't'I'l"'lIdicldar t .. litl' axi" of thl' cylindrical samples. O nc 
1t:"1 of thl' sa llll'k was l'r ll ~ h('d anel \I "I' rI fo r trall smitted -li ght 
,,1>' 1'I'I'al iOlls and fo r X -ray all al\'~ i s. T he ot ht r half was 
p"li sh,'rI a lld l'lehrd (Ill the ~urfal'l' which ('xp"sed approxi -
111 :1/,,1\' thl' ('l'lltn of the SL1 ulplc . ' orillal ml'lallo~raphie 

tl'l'hllicl1l(,S \\,l'rc u~ed for p(lli shin ~ :lnd c tchill),;, and 
a H:III ""'1 ," l.omiJ Illl' tall()~raph wa~ lI sl'd for rcfl eclcd - li ~ht 

" IN'!'\·:tII""". The u ~ual clchaut wa s a I (l~i II F ~() Intiou, buL 
In n ' \"('al th" ~lrlld l1l" a l detail in b'allite it was fOlllldue ccs
~a l .\ · t" etch f(lr aj,out III IlIillUll's 'ill II JI 'O, at about ~ · I()oC , 
Aft('r iek ntili ca tioll by thc lI ~u a l opti ca l all( X -ray techlliq1les, 
il was foulld th at the rdlcl'll'd -li ghl ol>servations on poli~hed 
sel'ti(l ll s provided lhc lIIosl tI ~dul inforillatioll on what 
al'tllally W;\S lakin ~ placl' durill ~ lhe run , 

NOl ll' of the tl'chuiques as cmployed here was adcqllate for 
the di lTere ntia t iou of ~illimanite and nlullite. T he more 
carerl l; X -ray :Ipproach recently deseribed l 2 was not at
tCIIIJlted. Nil si~llificant dilTcrellce could be seen in the X -ray 
powder paltertls of sillimanite and Illullite. This problem 
is c.msidcred in Inor~ detaillaler. 

The X -ray dilTractonleter patterns were obtained wilh 
ni cke l-liltered copper radiatioll at ~o '20 per minute and a chart 
spccd of 0. -1 in. per minule . As is often lhe case with crystals 
wilh a good ekava~e, special preca uLion Illust be taken to 
avoid preferred orielltatiun durillg the prepa ration of a slide 
o f kyanile for a n X -ray din-ractollleter paLlern. Pertinellt 
peaks show ill g intensity variations a s a function of preferred 
oricnlatioll arc found at 'Wo, 4G.7°, G7.7°, and GO.7° 20 (Cu 
I'(d. A slide with preferred orientation Illade by the seWing 
of kyanite grain s O1ll of a liquid shows high-ill ten sity peaks at 
-tri< and U!) .7° ~o a lld low-intensity peaks at4G.7° and G7.7°. 

1\ lIlore random oricntation obtained by sprinkling kya
niLc graills Ollto a grease smear on a slide, or as found in the 
w;\Ia l syllthetic kyanite pattern in which grains arc small and 
held in a more randolll arrangement by other phases, shows 
complete reversal of these intensities, Similar intensity 
reversals fo r natural and synthetic kyanite for the peaks be
tweell 4.')° :lud '17° ~O (Cu f(or.) arc seen in the patterns given 
by Clark ct 111.1 

III. Experimental Results 

(1) General 
The results o f experiments ill terms of each of the diO-erent 

starting materials arc given in Tables I through IVt and 
shown graphically in Figs. 3 through G, 

All inspection of the data shows that most oi the runs 
w('r!' oj shor t dllration (of the order of 2 lo 45 minutcs) and 
111,,<.;1 (lr the rcsults probably represent nonequilibr:1I1l1 con
dit i('lls The interpretation of what constitutes eqni lihrilllll 

. '. -:·It.: qll('slion Ina rk ~ ftcr :'sillilllani.tc" throughOllt this paper 
lI~clt('atl's that L1l e IdentIficatIon of L1ns phase was doubtful, as 
dl ~('IIS~I·d later. 

12 S O. /I~rell a mi J. V. Smith, "Cell Dimensions, Solid Solu
tion, PolYlllorphislll, a nd Identification of Mullite and Silliman
ite," 1 . Am. Cera lil . Soc., 43 [2J 69-76 (1960) . 

t Tahlcs I through IV have been deposited as Document No. 
7HG5 with the ADI Auxiliary Publications Project, Photoduplica
lion Service, Library of Congress, Washington 25, D . C, A copy 
may be secured by citing the document nll1nber and by remitting 
$1.:.!5 for pholopriuts or $1.25 for 35-mm microfilm. Advance 
paymellt is required . Make checks or money orders payable 'to: 
Chiei Photoduplicatioll Service, Library of Congress, 


