STICK-SLIP IN THE CRUSTAL FAULTS AS A SELF-EXCITING WAVE PROCESS
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Modeling of self-exciting wave processes in crustal faults requires substantiation of the possibility to represent the faults as a self-exciting wave system. The self-exciting wave system is shown to be active, nonlinear and unstable.

1. The activity of the system suggests that the energy and substance exchange with the environment, and the transformation mechanism of the energy reserved in the system is converted to wave energy. As thermodynamically open systems, the faults exchange by energy and fluid flows with the geomassives. The fault zones undergo permanent outer and inner effects of the tectonic and gravity stress fields, dynamic loads as the result of earth tides, irregular Earth rotation, waves from earthquakes, etc. The fluids are actually displaced in the fault zones, which influence immediately the fault dynamics and provide the oscillating regimes of the physical and chemical processes in the crust and lithosphere. The chemical degradation of the fracture-porous cemented geomaterials of the fault body is governed by heat and mass transfer due to decomposition of the intraporous fluid, molecular diffusion in the porous matrix, diffusion and advection in fractures and fault canals.

Owing to this, the occurrence of wave processes is possible in the faults, whose parameters are determined by the properties of the system. Transfer of the wave processes transmitting through the excited geological medium is the integration factor for the faults. The transfer occurs due to energy supply from outside into the fault which is the element of the medium. The energy, providing the wave process, is suggested to be of tectonic nature [3].

2. Nonlinearity means that the medium response to the summed effect is not equal to the sum of responses to individual effects, or that the minor effects may cause an anomalously high response of the medium. The nonlinearity of the system is particularly sensitive to the effects, consistent with its inner parameters or properties (the resonance excitement). The processes occur in the geological fault media, due to which the energy reserve is accumulated, that is released in periods of self-exciting of the medium. In such cases, the effect as itself, which is the result of self-exciting of the medium, very often predominates significantly over the primary initiating effect in energy. A clear manifestation of the activity and strong nonlinearity of the geological medium have been registered in periods of industrial and underground nuclear explosions and sounding of the crust by strong electric impact [1, 4, 6, 7]. The explosions and electromagnetic impulses initiated the energy release already accumulated in the medium during tectonic movements. The exciting processes of the earthquakes, whose foci are «tied» to the faults by extremely small effects, allow us to consider these faults to be active and nonlinear systems to a significant extent.

3. Spontaneous, regular behavior of the fault zone which is not related to the impact of external geophysical fields is possible as the result of developing specific instabilities in this zone. Interaction and cumulative influence of all the factors, stipulated by «openness» of the faults ( through energy and substance transfer, lead to weakening or strengthening of the faults, that is, to the instability of the inner mechanical parameters. The numerous empirical data, particularly induced seismicity, indicate the extent of the local spatial and temporal instabilities of the deformation processes in the crustal fault zones.

Thus, the crustal fault zones are active, nonlinear and unstable media. Therefore, it follows from the general physical regularities of nonlinear processes that the self-exciting wave generation is inevitable in the faults. It is necessary to search for the indications of deformational self-exciting waves in the seismoactive faults.

The deformational self-exciting wave generation can be caused by relative displacement or reconstruction of the adjacent blocks, localized within the fault zones. Nonlinear model of stick-slip [2] in the crustal faults takes into consideration all the leading factors of this process and includes the regimes, necessary for the deformational wave generation. As in the stick-slip experiments [5], fault dynamics is determined by the inner parameters of the system (asperity and friction) and, factually, is not dependent on the initial conditions. The generated deformational wave moves with almost constant velocity, which is determined also by the parameters of the fault model. 

The stick-slip in the block system bears all the indications of self-oscillations: the oscillations are the property of the system. The rate of movement is controlled by the system itself but not by the energy source; the external effect – the constant tangential load– is not the oscillatory one.

It is noted from experiments [5], that the stress waves propagating along the block contacts occur prior to the dynamic displacement which is the final stage of the stick-slip cycle (as in the model of fault activization [2]). This peculiarity is universal to a significant extent, because it is established in experiments, and carried out on different rocks samples [5]. The regularities revealed assume the suggestion on the self-exciting wave character of the deformation process, developing in the block system (the fault body) at the monotonous external affect on it. 

From this follows the analogy between stick-slip, the model of fault activization and self-exciting wave processes, and the possibility to consider the active faults as the self-exciting wave system also. The self-exciting wave mechanism can lead to cyclic recurrence of the seismic displacements in the fault – as one of the possible mechanisms of tectonic stress migration in the Earth.

The work has been accomplished under the support of the Russian Basic Research Foundation (RBRF grant 04-05-97001).

References

1. Adushkin V.V., Spivak A.A. and Dubinya M.G. Seismic phenomena, induced by the underground nuclear explosion // Induced seismicity. M.: OIFZ RAN, 1994. P.199-206 (in Russian).

2. Bykov V.G. Waves of activization in the crustal faults // Tikhookeanskaya geologiya. 2000. V. 19. N 1. P.104-108 (in Russian).
3. Malamud A.S., Nikolaevsky V. N. Earthquake cycles and tectonic waves. Dushanbe: Donish, 1989. 140 p., (in Russian).

4. Nikolaev A. V. and Vereshchagina G. M. On the initiation of earthquakes by underground nuclear explosions // Dokl. Akad. Nauk. 1991. V. 319. N 2. P.333-336.

5. Sobolev G. A. The principle bases for earthquake prediction, Moscow: Nauka, 1993. 392 p.,     (in Russian).

6. Tarasov N. T. and Tarasova N. V. Influence of nuclear explosions on the seismic regime // Dokl. Akad. Nauk. 1995. V. 343. N 4. P.543-546.

7. Tarasov N .T. Variation of seismicity of the Earth crust by electric impact // Dokl. Akad. Nauk. 1997. V. 353. N 4. P.542-545.

