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Large earthquakes release enormous amounts of energy in the form of seismic waves. Some of the energy,which builds up in the Earth’s crust, however, is expected to “leak” into non-seismic channels prior to catastrophic failure. The most basic process at seismogenic depth is stress-induced deformation of rocks. Stress and deformation increase rapidly as the time of rupture approaches. The question arises: What are the consequences of stress-induced deformation of rocks? Igneous and high-grade metamorphic rocks contain dormant electric charge carriers that are activated by deformation [Freund, 2002]. The activation generates highly mobile charge carriers. These are defect electrons in the O 2p-dominated valence band, also known as positive holes or p-holes for short. In spite of intense studies of rock mechanics [Dmowska, 1977; Lockner, 1995], the generation of p-holes in rocks undergoing deformation has been overlooked for decades. We now have learned how to identify p-holes and how to study their effects. A prominent attribute is that, as defect electrons in the valence band of silicate minerals, p-holes can flow out of a highly stressed “source volume” and propagate into unstressed rocks. As the p-holes move through the crust, they represent an electric current. Such currents set up polarization fields that counteract the outflow of p-holes and induce a counterflow of other charges. Two currents, which are coupled through their electric fields, represent a system that can go into oscillations [Freund et al., 2002b]. A predictable consequence of the waxing and waning of currents in the Earth’s crust is the emission of low to very low frequency electromagnetic radiation, possibly in a pulsating mode. When p-hole clouds reach the Earth’s surface, they lead to a plethora of phenomena. Being carriers of positive charge, p-holes are expected to change the ground potential. A need for high positive ground potentials has been inferred from studies of pre-earthquake ionospheric perturbations [Liu et al., 2000]. Another predictable effect is the build-up of high electric fields at the rock-to-air interface – so high that we need to consider the possibility (i) of field-ionization of air molecules and emission of positive ions into the atmosphere close to ground, and (ii) of dielectric breakdown of the air and corona discharges. Small air ions will act as nucleation centers for fog and haze, providing a possible explanation for the reported occurrences of pre-earthquake “ground-hugging fog”. Air-borne positive ions could provide a explanation for strange pre-earthquake animal behavior, reported for centuries [Tributsch, 1983]. Corona discharges could be the cause of luminous phenomena, so-called “earthquake lights” [Derr, 1986; St- Laurent, 2000]. In addition, corona discharges could be the cause of static at KHz frequencies reported by radio operators [Warwick et al., 1982]. Yet another effect derives from the prediction that, while the generation of p-holes at depth costs energy, the recombination of p-holes at the Earth’s surface regains energy. Depending on the recombination energy, the outermost skin of the rocks, only a few atomic layers thick, could become very “hot” and radiate excess energy in the thermal infrared. This may be relevant to the reported pre-earthquake “thermal anomalies” seen in mid-IR satellite images [Tronin, 2002]. This effect has recently been studied in the laboratory by measuring the mid-IR emission from granite undergoing deformation [Freund et al., 2002a]. Though we are only at the beginning of this work, the discovery of p-holes, which can be activated in rocks, may hold the key to a better understanding of pre-earthquake phenomena.
