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Various geodynamic processes are accompanied by
states of stress in the solid phases that do not amount
to hydrostatic compression. Calculations of chemical and
phase equilibria in such a system must make allowance for
this. Here the theory of finite strains is used in con-
sidering the chemical and phase equilibria in an open sys-
tem with nonhydrostatically stressed solid phases, in
which the fluid pressure is controlled by an external
reservoir. The following are the independent equilibrium
factors for the simple state of strain: liquid pressure,
temperature, and differential pressure on the solid phase.
Analogs of the Clausius-Clapeyron equation are derived
that differ from those used in the theory of systems with
unequal pressures on the phases.

It is usual to take the state of stress as hydrostatic in considering
chemical and phase equilibria, i.e., the state of stress is described by a
single intensive characteristic, the pressure P. On the other hand, extensive
studies have been made on systems with unequal pressures on the phases in chem-
ical thermodynamics, e.g., osmotic systems and systems containing inert gases.
The corresponding thermodynamic theories give good agreement with experiment

(1, 2].

In applications, however, we encounter situations where the solid phases
involved in a reaction are in a complex state of strain, which is not described
by a single pressure. The chemical equilibria in an open system between non-
hydrostatically stressed solid phases on the one hand and a gas or liquid on
the other may involve, for example, reactions in which a volatile is released
or absorbed. In that case, we cannot apply directly the standard concept of
chemical potential (specific Gibbs energy) for a hydrostatically stressed single-
component solid phase as used in calculations on chemical equilibria, because
we cannot identify an intensive characteristic that acts as the pressure and
that is the equilibrium factor. It is clear that solid phases in complex
states of strain that are in contact with a liquid over a certain surface dif-
fer in reactivity from solid phases hydrostatically compressed by the same
liquid. The deformation absorbs energy, which is partly released as heat, but
which mainly remains in the body as internal energy and influences the chemi-
cal activity. The chemical potential, which characterizes the energy incre-
ment on mass transfer, is now dependent on the state of stress and in general
also on the orientation of the surface through which material is transferred.
Associated processes are those of orientation recrystallization and creep
caused by dissolution of stressed grain boundaries and so on. Numerous

*Trans. from Geokhimiya, No. 12, pp. 1798-1812, 1982.
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