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TABLE 3 : Gibbs free energy of hydration of Na-X micas (kJ/mol) (1). Gibbs free energies of formation from
the elements (kJ/mol) of various clay micas at 298.15 K and 1 bar total pressure : K-X hydrated (2); Na-X hy-
drated (3); Na-X dehydrated (4); K-X dehydrated (S) and difference (4) - (5) = (6).

AG© AGO AGOf AGOf AGOf Diff.
hydrat. K-X hyd. Na-X hyd. Na-Xdehy. K-Xdehy. (6)=(4)-(5)
Clay Minerals (1) 2) 3) 4) 5) 6)
Na Mg3 Al Si3 O10(OH)2 - 21 - 5821.1 - 5795.9 - 57749 - 5811.1 + 36.2
Na Fe3 Al Si3 OI0(OH)2 -21 -4797.5 -4772.3 -47513 -4814.5 +163.2
Na A12 Al Si3 OI0(OH)2 -21 -5591.1 - 5565.9 - 55449 -5621.1 + 76.2
Na Fe2 Al Si3 OI0(OH)2 -21 - 4699.1 - 4673.9 - 4652.9 -4749.1 + 96.2
Na Mg2 5 Si4 Ol0(OH)2 - 190 -5549.4 - 55242 - 53342 -5362.4 + 282
Na Fe2.5 Si4 O10(OH)2 - 125 -4696.0 - 4670.8 -4545.8 -4597.0 + 51.2
Na Al1.667 Si4 Ol0(OH)2 -95 -5357.2 - 5332.0 - 5237.0 -5307.2 + 70.2
Na Fel.667 Si4 O10(0OH)2 - 43 -4613.9 - 4588.7 - 45457 -4641.9 + 96.2
CONCLUSIONS Sodium is generally more hydrated than potassium

The ideal solid solution model of mixing of a
large number of hydrated and dehydrated end
members seems to be the easiest way to estimate
Gibbs free energies of formation of clay minerals of
complex and various formulas.

Gibbs free energy of formation of hydrated
and dehydrated end members saturated by various
interlayer cations are estimated from data on
hydration energies as well as from data on cation
exchange constants.

In standard earth surface conditions clay
minerals are hydrated. They tend to dehydrate in
saline water in which the activity of HzO is small
and in diagenetic or metamorphic conditions in
which temperatures are high. Thus temperature is
perhaps the dominant factor of compaction of shales
and clay mineral geological series.

Hydration energies of interlayer cations are
depending on the nature of the layer and on the
crystal size. Higher the layer charge higher the
hydration energies (this is true for most of the clay
minerals but not for all). Higher the size and
crystallinity smaller the hydration energy.
Dioctahedral minerals exhibit smaller hydration
energies than trioctahedral phyllosilicates. Most of
celadonitic layers octahedrally charged exhibit higher
hydration energy than tetrahedrally charged micas.

and magnesium more hydrated than calcium.

Hydration energy increases with layer charge
except for K-saturated aluminous or ferric
phyllosilicates such as K-beidellite to muscovite or
K-nontronite to glauconite. In these cases it seems
that minerals of small size are more stable, in water
than minerals of large size. It probably explain why
illites and glauconites are of small size and why
vermiculites of large size derive more often from
phlogopite than from muscovite.

Hydration tends to stabilize cations in
interlayer situation. For example, the exchange
constant between Na- and K- saturated clay is small
when layers are hydrated but high when layers are
dehydrated : potassium is much more preferred than
sodium in dehydrated conditions or at high
temperatures. I consequently believe that the driving
force for the transformation of smectite to illite in
diagenesis is simply a dehydration reaction due to
an increase of temperature, the consequences of
which are the chemical transformations observed.
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