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kind has been developed. A brief account of the theory and practice of electron micro- 
scopy, in this context, has also been included. 

Whereas it is possible to define the equilibrium state of a subsolidus system in terms 
ofclassical thermodynamics alone, and hence without reference to the ultimate crystal- 
line structure of the individual phases, this approach is generally inadequate in dealing 
with the mechanism and kinetics of transformations in crystalline phases. This follows 
from the fact that the properties of  the reacting system define certain fundamental 
constraints, which are related to the ultimate atomic structure and symmetry of the 
crystalline phases. Such constraints are particularly important in reactions where the 
high-temperature state is represented by a single homogenous crystalline phase, and 
exsolution or inversion occurs at lower temperatures. In this case reaction within the 
single crystal may be dominated by constraints that have their origin in the symmetry 
properties of  the system. 

The dominant role of symmetry in defining such constraints may be explained simply 
as follows. The macroscopic, or point group, symmetry of the single crystal is es- 
sentially a statistical property of the whole assembly of atoms or ions present. Conse- 
quently, while local departures from the average state, either in terms of composition or 
structure, are permissible, such fluctuations as a whole must be compatible, statistic- 
ally, with the point group symmetry of the crystal. Since the progress of a reaction 
within a single crystal necessarily depends on the existence of local fluctuations, the 
presence of certain symmetry conditions may constitute a constraint on the behaviour 
of  the system, particularly where the true equilibrium state involves exsolution, or 
inversion to a structure of lower symmetry. 

It is already clear, from the detailed study of a number of transformations in minera- 
logical systems, that constraints of the type discussed above play an extremely im- 
portant role in the paragenesis of many common minerals, and that the study of the 
phenomena in depth is likely to lead to a better appreciation of the nature and origin 
of metastable phases in nature in general. The role of constraints of this type appears 
to be particularly relevant in the study of the low-temperature behaviour of the feldspar 
minerals, although the phenomena are by no means restricted to this particular system. 
Two examples of  metastable behaviour in the feldspars have been described recently 
by the author (McConnell, I965, I969a), and deal respectively with inversion pheno- 
mena in KA1Si3Os, and incipient exsolution and inversion phenomena in the alkali 
feldspars. In each case symmetry constraints appear to operate. 

In view of the amount of information already available on behaviour of this type it 
would seem that, at the present stage in the progress of research, an attempt should be 
made to provide a general theory appropriate to the phenomena. In what follows, 
therefore, a general theory of the behaviour of a single crystal under symmetry con- 
straints will be developed and this will be followed by a critical analysis of the data 
available on a number of the experimental systems that have been studied to date. 

The role of fluctuations in defining the bekaviour of a single crystal 

In attempting analysis of the permissible behaviour of a single crystal it is necessary 
to deal with the existence of fluctuations since the possibility of change, associated 


