o g D 1 S
3’ o 5 ‘(;‘ ﬂﬂ/& = ™ ;
finy 5= «vﬁnmtq" SRR/ v
v e L N
’ 3\$‘_ L av > g)\? i

Fig. 7. Formation of corundum (C) and liquid (GI) along grain boundaries
and defects of kyanite (K) crystals ot 38 kbars and 1950°C for 10 minutes,
(Etched 2 minutes in 1% HF, bright field, X 300.)

phase assemblages in this system was based on the dircction
of the reaction as determined from the runs with difierent
starting materials. In this respect the gradient effects de-
seribed in the foregoing were usceful because the effeet of
temperature at constant pressure could be obser “d dircetly,

The tables Tist the phases present in the center of the cell if
the sample was homogencous except for a thin outer rim.  In
addition, by comparing runs made under the same pressire-
temperature conditions but for different times, it was usually
possible  to el which phases  were  disappearing.  The
boundary curves as shown defline regions of marked changes
in phase assemblages, and although some diserepancics were
found, the overall reproducibility is considered to he good in

\ view of the experimental diflicultics.

In Figs. 3 through 6 the kyanite-sillimanite boundary curve

l determined by Clark et al.:% below 30,000 bars and 1500°C

and their less-certain sillimanite-mullite plus quartz boundary
is included for comparison.  The new data have resulted in an
extension of the carlier studies to higher temperatures and
pressures.  The interpretation of the data requires some ex-
planation and qualilication,

(2) Mullite-Sillimanite Problem

Throughout the text “sillimanite” is written with a question
mark to indicate uncertainty regarding the identification in
quenched runs.  This ineans a sillimanite- or mullitelike phase
which is reproducible and has a primary-phase region on the
pressure-temperature plane under consideration, but hecause
the relations with mullite and sillimanite were considered to
be beyond the scope of this investigation, a more positive
identification was not made.

(3) Comparison of Kyanite and Gel Results

The similarity of the kyanite decomposition curve and the
curve determined by the synthesis of kyanite from a gel is
seen by comparing IFigs. 3 and 4. The points on the figures
indicate the actual phase assemblage (usually nonequilibriuim)
in accordance with the tables, but the stability regions are
labeled in terms of an equilibrium representing the incon-

gruent melting of kyanite to form corundum plus glass, This

trend was clear from a study of the phases present in difierent
parts of the cell because of the temperature gradient effects
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ond 15007C for 8 minutes. (Etched 10 minutes in H;POy, bright field,
X 390.)

and from the amounts of phases as a function of time. A
cornnduim plus liquid region is considered to he an equilibrium
situation on the ALSIO; plane, but the exact equilibrium
cirve Tor the kyanite decomposition is uncertain,

The first evidence of kyanite decomposition was the forma-
tion of corundum plus iquid (quenched to a glass) at the grain
boundaries (I'ig. 7), and the decomposition was determined on
the basis of the first appearance of these phases. It was im-
portant to look for this evidence in an as-polished section,
as well as in etehied sections, since the etchant attacked the
glass preferentially, so that corundum could be almost com-
pletely removed from the surface merely by solution of its
glass binder.  The number and size of the corundum crystals
icreased with temperature at constant pressure,

By ctching a kyanite sample with T1;POy, the complex
slip and “kinking" structure which developed when kyanite
wis deformed conld be revealed (Fig, 8). A considerable
amount of erushing took place at the grain contacts, and it was
the resulting fine-grained material which apparently reacted
readily to form corundum plus glass,  The reaction then
proceeded mward from the grain boundaries, and from the
ctehing behavior there was some evidence that the reaction
proceeded faster along kink lines.  The slip-kink microstruc-
ture was characteristic of deforming kyanite alone without
much  decomposition to other phases. Il enough liquid
formed so that more hydrostatic conditions prevailed in the
cell, the complex structure was not scen.

Kyanite synthesized from a gel was cuhedral and free

from internal slip or twinving structures, but it always con-

tained corundum as an inclusion (Fig, 9).  Above 1400°C the
results obtained with the gel mixture were quite straightfor-
ward. The first appearance of kyanite was casily recog-
nized, and this was taken as evidence for being in.the kyanite
phase region even though not all the mixture had been con-
verted.  ‘The idea of using both a gel (a disordered starting
material) and the ordered starting material kyanite was to
approach the reaction from two different directions to estah-
lish equilibrium.  The evidence from the polished sections of
kyanite decomposition suggests, however, that some caution
in this approach is necessary in this case since the fine-
grained crushed kyanite and the structure at the slip plane
may represent an intermediate degree of disorder and may
contribute to the metastable formation of corundum. The
growth of both large and small erystals of kyanite (seemingly
independent of temperature gradients) suggests that the gel
may be less homogeneous than thought. Because of these
complications the agreement between the kyanite and gel
data is thought to be fortuitous.




