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Conditions of formation that could give rise to the appearance of these 
three important index minerals can be estimated by refe rence to an inter
nally consistent body of experimental work due to Richardson and co
workers (Fig. 4). Within the stippled area of the diagram, sillimanite, 
staurolite and cordierite may all form. In other words, the stippled area 
~eprcsents limiting metamorphic conditions for the Glamorgan rocks. By 
inspection, the limits prove to be 4.5 to 7 kilobars total pressure, and (in 
round figures) 600 to 700 "C. 

Discussion 

In any exercise such as the foregoing, choice of experimental curves is 
obviou~lv critical. In the case of staurolite and cordierite, no problem of 
choice a"rises, since Richardson's (1968) study is the only one to delimit 
clearh' the field of mutual stahility of the two minerals. llowever, with 
sillim~nite almost an embarassmcnt of choice exists. The work of Richardson 
et aI. (1969) was used here because of its compatibi lity with Richardson's 
other work . purthermorc, it is consistcnt with Newton's reversals of the 
kyanite-sillimanite ( I %6h) and thc kyanite-andalllsite (1966a) reactions: The 
biggest problem arises with the sillimanitc-and~llu ~ite boundary, ",hlch .IS 

an approximation at best. By comparison with other work (notably Weill 
1966, .""!thaus 1')67) it appears possible that thc boundary may ha,'c been 
placed at too high a temperature. However, if we take the estimated uncer
tainty in the locat ion of tIll; triple point (Hichardson et aI. 1<)69). we can 
drawn an extreme, lower temperatu re sillimanite-andalusite curve consistent 
with \\"eill and ,\lthaus. This curve would be approximately as shown by 
the IO\\'cr dotted line in Fig. 4. 

The temperature limits for the Glamorgan rocks now became 700 cC 
represented by the staurolite-quartz breakdown ag before: and by the ex
trenle triple point at about 51)0 ' C. The upper pressure limit remams the 
same (7 kb.)- the intersection of the staurolite-quartz curve with the 
kyanite-sillimanite boundary. The lower pressure limit moves to 3.5 kb., 
the lowest pressurt: at which the Glamorgan assemblage staurolite-alman-

dine-quartz is stable. ... . 
An important factor not yet expl icitly considered. is the eqUilibrium partial 

pre~sure of water (PEl! 0)' The reactions of Fig. 4 were determined under 

conditions where PER ~ was equal to Pload . Lowering PEl! 0 relative to 

Pllon'l would have no effect on the solid-solid boundaries, but t~e staurolite
quartz reaction under such conditions could be expected to occur at lower 
temperatures than shown on Fig. 4. Thus 700 °C remains as an upper 
temperawre limit for the metamorphism. I n similar fashion the staurolite
almandine-quartz rt:action will move down temperature in systems where 
PER 11 is less than PIO• II ' This cannot result in a broadening of the pressure 

and ~emperature limits. 
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Fig. 5. Addition:11 mineralogic;11 equilihria pcnincnt to the llalillli rton Highl:tnds. The 
do n ed arcu rcprCSl'nts extremal conditions of forrmttion for thl' Gl:lIl'wrgan rocks. Sources 
of rC4lttion cur\,t"s :tre ~I~ follows: Hohcrtson et :11, 1957 (Jadeite Nepheline + Albite) i 
Hold:t\\,lY 1966 (Clino7.oisilc -+ Quarlz Anorthilc ..J Grossularite -i "':tter); \Vyllit: & Tuttle 
)lU)-t (minimum meltinu curn:' of gnlllill' in Pll"' l'ncc of Li,:O); l\lillhoJl l'n 1970 (minimum 
melting clIr\'e of Ol'phclinc sYl'niu.'), TIll" c4ui iihl'iu lli Trcmolitc + Culcitc Diopsidt -l- Do)
ornitl' \\';'IS cakul:ltl'tl hy thl' method of Turner 196i . 

The effect of increasing the fllgacity of oxygen to \'alues greater than 
those appropriate to the QL\1 buffer used by Richardson will probably not 
incre",e the pressure-temperature limits of the fic:ld in which staurolite and 
cordicritc may coexist (Richardson 196H, p. 4H5). The presence of i\IgO in 
staurolitc will probably broaden this field (Hichardson 1968, p. 484), but 
by an amollnt that is not as yet, predictable. 

Some consequences of the proposed limits 

The proposed limiting conditions of metamorphism for G lamorgan town
ship have now been widened to 3.5 to 7 kilobars and 580 to iOO °C. If 
these are reasonable limits, certain predictions can be made by reference to 
other mineralogical equilibria (fig. 5). 

For example, clinozoisite may be used as a model for epidote, and Hold
away's (1966) breakdown curve for clinozoisite-quartz can be taken as an 
upper limit for this assemblage, since in the pressure range of interest here, 
it occurs at higher temperatures than either Newton 's (I966c) version of the 
curve, or Merrin's (1962) curve for epidote- (33~" iron component) quartz. 
From Fig. 5, it would appear likely, therefore, that epidote-quartz would 
be a stable assemblage in Glamorgan township. This is in fact, the case. 

It would further be expected that anatectic granitic melts could have 


