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Research Interests 

Defects and impurities in crystals caused by the incorporation of traces of H2O, CO2 and other 

gas/fluid components into oxide materials and minerals. Proton conductivity. Organic chemistry in 

the solid state, low-z element segregation in the solid state and origin of Life. Organics in dust 

grains in the diffuse interstellar medium. Valence fluctuations in oxygen anion sublattice in oxide 

materials and silicate minerals activated by temperature, stress, and UV. Semiconductor aspects of 

mineral and rock physics in relation to earthquake and pre-earthquake phenomena.  
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Synergistic Activities 

Early in my career I became aware of a previously unknown electronic rearrangement among 

oxygen anions, a redox reaction, by which O
2–

 donates an electron to a low-z element such as 

hydrogen (H
+
) or carbon (derived from solute CO2). The oxygen thereby changes its valence to O

–
 

while the low-z element becomes chemically reduced. This reaction, first published in 1976 and 

through the 1980’s and 1990’s, has been consistently ignored by the geoscience and mineral 

physics communities for whom the acceptance of this discovery would mean a paradigm shift that 

nobody seemed to be willing to take. I continued to work along this line of research, even with 

very little or no funding, employing all available analytical techniques to validate the physical 

underpinning of this fundamentally important reaction in the solid state. A long list of publications 

testifies to the “origin of Life” aspect of this work.  

The break-through came after I started to look in the late 1990’s and early 2000’s at the 

valence fluctuations on the oxygen anion sublattice from a semiconductor perspective and, thence, 

to the generation of electric currents in rocks that are subjected to deviatoric stresses. This opened 

the door to approach non-seismic pre-earthquake signals from an angle that had never before been 

used. This was a road that propelled me into another intense controversy, this time with 

seismologists who had developed over the years a skeptical attitude towards all claims that 

earthquakes can be forecast beyond the statistical probability of their models.  

As we make progress in demonstrating the validity of my semiconductor approach to pre-

earthquake signals, the resistance in the seismology community starts to erode. Key to this new 

development is my growing collaboration with colleagues in neighboring disciplines, in physics, 

geophysics, geomagnetism, ionospheric physics and related areas. 

I view the broader impact of my professional and scholarly activities in the transfer of know-

ledge that comes out of a discovery made over 30 ago.  I view my academic career as setting an 

example for the younger generation that a paradigm-shifting discovery may require an enormous 

amount of patience and the willingness to pursue an idea with dogged persistence.  What I found 

many years ago has the potential to profoundly affect the way we look at and study a wide range 

of natural phenomena, from the putative origin of Life to non-seismic pre-earthquake signals, to 

the effect of tectonic forces on processes at the surface of the Earth, to the sun-Earth connection 

mediated by the ionospheric current vortices which in turn generate forces within the Earth.  

Collaborators & Other Affiliations 

My recent work has been done in collaboration with mostly undergrad students. Throughout 

my career I have been the advisor to over 50 undergraduates, many of them through NASA-

sponsored programs, to 12 PhD students, and to 6 Post-Docs.  


