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Electro-Corrosion of Rocks before Major Earthquakes:
Ground-to-Water Interface Reactions Affects the Water Chemistry

Friedemann Freund *?, Michelle Newcomer ¥, and Gary Cyr ?

1) NASA Ames Research Center, Earth Sci. Div. SGE, Moffett Field, CA 94035, USA
2) SETI Institute, Carl Sagan Center, Mountain View, CA, 94043, USA

Attempts to identify earthquake precursors on the basis of geochemical observations began in the late
1960s. Since then numerous reports indicate that changes in the water chemistry do occur prior to major
seismic events. The changes are widely believed to arise from mechanical processes such as the opening
and closing of fractures, which allow circulating groundwater to gain access to fresh mineral surfaces. A
very different process has been suggested to play a role in changing the water chemistry: electrochemical
corrosion of rocks caused by stress-activated positive hole currents crossing the rock-water interface.

There is growing evidence that positive holes, h", exist in minerals of igneous and high-grade
metamorphic rocks, albeit in a dormant, electrically inactive state [1]. Those h* are electronic charge
carriers associated with defect electrons in the oxygen anion sublattice of the minerals, equivalentto O™ in
a matrix of O%. When mechanical stresses are applied, h™ are activated. Those h" have the remarkable
ability to spread out of a stressed rock volume and to travel long distances through unstressed rocks.

When the h" arrive at a rock-water interface, they act as highly oxidizing O radicals, ripping off an H
from H,0 and forming *OH radicals. Two *OH combine to H,0, [2]. At the same time the rock surface
becomes hydroxylated, turning into a hydrous gel. This is equivalent to accelerated weathering, a form of
electrocorrosion of the rocks. In the process cations are released.

Stress-activated electrocorrosion of rocks has been demonstrated in the laboratory [2]. It seems to be
an active process in the field, leading to distinct changes in the water chemistry prior to earthquakes [3,4].
References
[1.] Freund, F. T.: Pre-Earthquake Signals: Underlying Physical Processes, Journal of Asian Earth

Sciences, 41, 383-400, 2011.

[2.] Balk, M., Bose, M., Ertem G&zen, Rogoff, D. A., Rothschild, L. J., and Freund, F. T.: Oxidation of
water to hydrogen peroxide at the rock—water interface due to stress-activated electric currents in
rocks. Earth Planetary Science Letters, 283, 87-92, 2009.

[3.] Grant, R.A., Halliday, T., Balderer, W.P., Leuenberger, F., Newcomer, M., Cyr, G., and Freund, F.:



EMSEV 2012

Gotemba Kogen Resort, Gotemba, Japan N
October 1-4, 2012 WL
Abstract 4-01p UGG Inter Association

Ground water chemistry changes before major earthquakes and possible effects on animals,

International Journal of Environmental Research and Public Health 8, 1936-1956, 2011.
[4.] Inan, S., Balderer, W. P., Leuenberger-West, F., Yakan, H., Ozvan, A., and Freund, F. T.:
Springwater chemical anomalies prior to the Mw = 7.2 Van Earthquake (Turkey), Geochemical

Journal, 46, el1-e16, 2012.

Figure 1: Experimental set-up to demonstrate the accelerated dissolution (electrocorrosion) of the rock
surface while h” charge carriers flow into the water reservoir on the right for which circuit closure has
been established. The identical left-side reservoir was left electrically disconnected during the entire

length of the experiment [2].
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Figure 2a/b: Excess cation concentrations measured in the right side water reservoir attached to the
slab of gabbro into which h” were allowed to flow continuously over a period of 10 weeks [2]. The
excess concentrations were obtained by subtracting the changes in the cation contents measured in the
left-side (electrically not connected) water reservoir from the changes in the cation contents in the

right-side (electrically connected) water reservoir [2].
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Figure 4: Meteorological parameters (daily air pressure, temperature, precipitation) obtained from the
Van airport meteorological station (www.weatherunderground.com). The day of the earthquake is

marked by a red dotted line. Rainy days (precipitation days) are marked by vertical blue lines [4].



