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This presentation deals with physical and chemical aspects of space occupation by growing por-
phyroblast, as well as formation of its faces.

Petrographic studies demonstrate that space, occupied by a porphyroblast, is freed mainly through
dissolution of a mineral matrix, hosting it. Besides, cases of mechanical drawing the matrix apart and
dissolution in combination with pushing separate grains away or their capturing, were fixed too [1-3].
Events of drawing apart/pushing away may be regarded as proof of mechanical pressure on a matrix
by growing porphyroblast, i.e. manifestation of crystallization pressure, first studied with the water-
soluble ionic crystals at room temperature [4]. On the other hand, dissolution of the hosting matrix can
be explained by the well-known effect of pressure solution.

Realization of the above two effects is possible in presence of liquid (or quasi-liquid) water film at
the porphyroblast/matrix boundary. Film combines the following functions: 1) transfer of growing
porphyroblast pressure to a matrix, thus leading to increase in chemical potential of the latter; 2) bring-
ing of components to porphyroblast surface from the adjacent matrix volume; and 3) matrix dissolu-
tion and taking its constituents out of the porphyroblast/matrix boundary. The above parallel processes
of growth and dissolution make the essence of porphyroblast formation at the expense of matrix disso-
lution [5].

Works by B.V. Deryagin and his school (specifically [6]), as well as other investigators [7,8] de-
termined, that wedging pressure I1 (after Deryagin) can develop at the boundary of fibers or plates of
quartz and mica at room temperature in water films of less than ~50 nm thickness, reaching ~20-200
bar at ~1-5 nm thick fluid film.

Such IT values ensure development of crystallization pressure, which was proved by experiments
with water-soluble crystals [4]. When temperature increases up to 65-70°C, thickness of water film on
quartz decreases to monolayer [9].

As it was found by works [10,11], continuous fluid film, similar to volumetric fluid as to its charac-
teristics, can’t form on boundary between quartz grains at much higher temperatures (450°-1080°) and
pressures of 1-15 kbar. Nevertheless, rather large number of water molecules are adsorbed both on
quartz surface (at its boundary with fluid) and at quartz/quartz grain boundaries, thus forming water
layer of 0.04 mol/cm? density [11].

In this way, based on the above data one can assume, that either thin fluid films (one - two water
monolayers), which characteristics differ from the volumetric fluid, or at least disturbed intergranular
layers with dissolved water exist under metamorphic conditions at high temperatures and water fluid
pressures too [12].

Experiments showing manifestations of crystallization pressure [13, 14] and dissolution under
pressure [15] at high temperatures and water pressures indirectly prove existence of active quasi-fluid
films or layers on grain boundaries.

As an example, let us consider growth features of andalusite porphyroblast formed as a result of the
following metamorphic reaction:

muscovite + quartz = andalusite + potassium feldspar + water

Kinetics of the reaction was studied in [16]. The reaction rate was shown to be controlled by anda-
lusite crystallization (from left to right) and dissolution (from right to left) rates. It was found, that an-
dalusite dissolution/crystallization rates are lower than the same of quartz and muscovite [16], and,
apparently, potassium feldspar. Therefore, during growth of andalusite porphyroblast formed from a
nucleus in quartz/muscovite matrix, low crystallization pressure AP; will develop at a contact with the
latter (due to quick dissolution and carrying out of quartz and muscovite components through diffusion
[5D-

In this case, AP will be much higher at face (001), quickly growing in C axis direction, than at face
(110), growth rate of which in direction perpendicular to C axis will be 5 to 10 times less. It is possi-
ble, that quasi-liquid films at the above faces will be of different thickness too.
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Extent of crystal faces development (degree of idiomorphism or idioblastesis [17]) is a very impor-
tant and largely debated topic. Local manifestation of idiomorphism (development of limited number
of faces) was mentioned too [17]. Based on thermodynamic analysis, which takes into account exis-
tence of fluid film or amorphous layer of viscous pseudo-liquid at the grain boundary, Ostapenko [18]
formulated the following principles of idiomorphism: capability for idiomorphism of a certain F-face
(i.e., its capacity to be flat) will be the more, the higher is it’s surface energy in general and, at the
same time, the lower is the same energy for the given crystal (that is, the more intense is anisotropy of
surface energy). If irregularities (convexities or concavities) appear on such face, they will be the most
unstable in respect to energy and that’s why they will quickly disappear. Face (110) of andalusite
complies with the above conditions of the highest degree of idiomorphism, the face (001) conforming
to its lowest extent.
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