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In his paper on a qualitative derivation of the
growth habits of olivine, /t Hart (1978) con-
siders the surface compositions represented in
my afticle on the same topic (Fleet 1975) to be
incorrectn arguing that the surface populations
of MI and M2 cations are too high. However,
I feel that the inconsistency between the sur-
face I represented and that required by the
PBC theorv (Hartman & Perdok 1955) points
to possible conceptual limitations in the latter.
Discussion of these will be prefaced by a distil-
lation of my own understanding of the process
of crystal growth, as this has nqt been covered
in previous publications.

The habit of a crystal grown from solution
is a compromise between i) the tendency to
minimize specific surface energy, and ii) growth
kinetics. Crystal faces develop parallel to, and
are defined by, surfaces of minimum surface
energy. For any particular face (l/ft'l'), such
surfaces are separated by a distance duu,
wherc hkl is an integer multiple of. htktf, as
required by space lattice and translational sym-
metrv requirements. Probable growth surfaces
can usually be assigned by inspection of appro-
priate structural projections. This was attempted
for important pinacoid and prism faces in my
study on olivine (Fleet 1975). The field of
crystal-growth kinetics is quite complex and,
in general, little understood. However, those
kinetic factors that are exclusively structure-
related may be anticipated quite readily. Domi-
nant amongst these is the facility with which
the components of the crystal (particularly the
polyatomic ones such as molecules and com-
plex ions) may be organized on the various
growth surfaces presented by the crystal. Clear-
lv, it must be easier to assemble structural
repeat units on growth surfaces of high surface-
energy than on surfaces of low surface-energy.
The stereochemical properties of a grorrth face
and of the structural components attached to it
are of paramount importance in this connec-
tion. These criteria were examined in a quali-
talive way in my discussion of the morphology
of olivine. The present concepts lead to a physi'
cal interpretation of the Donnay-Harker law
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(Donnay & Harker 1937) as, in general, the
probability of a low-energy surface and the
ease of assembly of structural repeat units will
tend to, respestively, increase and decrease
with increase in duw.

The surface composition of a growth layer
oJ a multicomponent crystal may not lend itself
to precise definition, particularly when 'free'

cations have to be accommodated. For olivine,
the problem is simplified by considering a
crystal of forsterite, MgrSiOr, growing from a
liquid of the same composition. As discussed
in my article, the nearest-neighbor coordination
polyhedra must be similar in both solid and
liquid. Thus, virtually all the surface oxygens
must be bonded to nearest-neighbor Md-
cations and virtually all of" the M protosites'
which accommodate the surface Mg'+, have
to be occupied. In defining the surface com'
positions in Figure 2 of my article, M'site
cations in protosites having three or more
surface oxygens were associated somesilhat
arbitrarily with the crystalline phase. A more
precise definition seems unnecessary and irre-
levant to my crystal-growth model. The surface
composition represents neither that of a va-
cuum-dried crystal nor that of a hypothetical
detached and isolated individual growth-layer.

In tle PBC tbeory the attachment energy
(E*') of individual growth layers is used as a
measure of growth rate. Whereas this theory
has played an important role in the develop-
ment of our understanding of the process of
crystal growth, it does appear to have certain
conceptual limitations: (1) An isolated growth
layer is a purely hypothetical concept. Some
degree of prestructuring must occur adjacent
to the crystal surface, perhaps to the extent
of forming a definite transition zone on the
crystal-liquid interface. However, such pre-
structured components would not be in the form
of a detached growth-slice having broken bonds
complementing broken bonds on an adjacent
surface. A growth layer must form through
nucleation and subsequent progressive assem-
bly of structural components on a- developing
substrate. Thus, where'inappropriately arranged,
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prestructured material might actually hinder
crvstal growth rather tlan promote it. (2) The
PBC theory does not take into account the
detailed stereochemical properties of growth
faces and, therefore, ignores what may be the
most significant factor controlling the develop-
ment of growth habit. (3) The 'growth habit'
determined from E * is precisely defined, yet
tho development of an individual form asso-
ciated with a particular habit characteristically
varies with the conditions of crystallization. In
calculating the E,tt habit, a term that approxi-
mates the specific surface energy is normalized
with respect to d*u Although this could be in-
terpreted as adding a kinetic factor to the equili-
brium habit, its physical significance is some-
what obscure and there seems no basis for
referring to the E tt habit as rle growth habit.
(4) The PBC lheory is intrinsically inapplicable
to crvstals with noncentrosymmetric structures.
A ready explanation of this limitation is that
tle differential development of non-equivalent

forms related by a centring operation is directly
or indirectly a function of the stereochemical
properties of the corresponding growth faces.

The hypothesis of crystal growth which I
have outlined above does not allow for sinople
mathematical description. This may seem some-
what incongtuous in view of the organized
nature of the crystalline state. However, the
development of a growth habit is not, in genetal,
an equilibrium phenomenon. I believe this dis-
cussion has emphasized that the process of
crystal growth is, at least in part, reaction-path
dependent. Hence, in common with many facets
of chemical kinetics, meaningful quantification
may only be forthcorning through empirical
means.
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