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We investigate an irreversible thermodynamics representing viscoelastic behaviour of
rocks. A general thermodynamics system withn degrees of freedom is defined byn
state variables (generalized coordinates). The state variables includesk components
of strain conjugate to stress andn−k internal state variables which reflect the states of
microstructures such as molecular configuration in polymer, defect in crystals or mi-
crocracks and correspond to damage parameter and plastic strain. Then, in the neigh-
bourhood of the equilibrium, a Lagrange equation for the irreversible process with
dissipation is derived. The general solution becomes a summation ofn−k orthogonal
relaxation modes, and a nonlinear viscoelastic constitutive law is derived as an integral
form of a stress-strain relation with exponential response. Whenn− k orthogonal re-
laxation modes follow a scaling rule for deformation time and relaxation mode and the
number of the internal state variablesn− k approaches infinity, the response function
of the constitutive law becomes a temporal power-law. This constitutive law is appli-
cable to the experimental data of transient and steady-state behaviour of rocks with
(or without) damage. Moreover, the cumulative Benioff strain-release for preseismic
activations and modified Omori’s law of aftershocks are explainable by the constitu-
tive law, and the time-scale invariance of seismicity patterns might be regulated by the
fractal property of internal state variables, i.e., the fractal structures of crustal rocks.


