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I’ll talk about:

« Stress-activated charge carriers in rocks
« Surface potentials

» Surface electric fields

 Massive air ionization

 “Thermal Infrared Anomalies”

I’'ll have little or no time to talk about:
« EM emission
« other pre-EQ indicators
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The tools familiar to seismologists
are wonderful and powerful,
well suited to study seismic events

...but the tools familiar to seismologists
may not be appropriate to study
non-seismic, non-geodesic

pre-earthquake phenomena



Fundamental Solid State Defect

Oxygen anions in minerals
in igneous and high-grade metamorphic rocks
exist in the valence 1-
(instead of the usual 2-)

instead of O,;Si1-0-SiO, Quartz,
feldspars,
there is O;Si-O0-SiO, ? pyroxenes,

etc.

Peroxy

Peroxy is a diamagnetic point defect
about 100-1000 ppm



Peroxy is a dormant self-trapped positive hole pair

When stresses are applied, dislocations move
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0;8i/0Si0; + [Si0 1« —> {0:51/0°,/Si0;} —> 0;8i/D+/Si0; + [SiO >
peroxy link + O2 matrix broken peroxy link broken peroxy link +
Dislocations cut Dislocations break Electron transferred
through grains peroxy links from neighboring O?-

generates an O-




« O-in a matrix of O?- is a defect electron
 Positive hole or phole for short

A phole is a positive charge carrier, h°

- b reside in the oxygen anion sublattice
* h°reside in the valence band

 h* propagate at ~200 m/sec (measured)

 h’travel fast and far
— meters in the lab, kilometers in the field



4 m long slab of granite to be squeezed at one end
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Stress-Induced Current
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1. Current instantly starts to flow at very low stress levels

2. Current saturates

3. Current continues to flow at constant load
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Stressed volume:
electrons and holes

Electrons and holes Holes flow
recombine through rock




If h* travel along valence band, they will pass
across any grain-to-grain contact

Rock dust, dry
Rock dust, wet
Sand or soil

T

Rock dust, dry
Rock dust, wet
Sand or soil [©




In addition,

h* accumulate at the surface
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lon current
through air gap
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lon current
through air gap
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When rock

410°% E-Gabbro: lonization Experiment #37 It 35,000 iS stressed
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Visible Light blip

Gabbro -
2o N\ — Gabbro When rock is stressed
- \ negative ions at one end,
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Surface potential
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Surface potential

starts out positive

increases with load, reaching +3 V

begins to fluctuate collapses
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To build up 1 V surface potential requires ~10'° charges per cm?

We measure@ ions forming at rate of ~10° cm2 sec™’
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Now we understand the surface potential changes

Step 1, a positive surface charge builds up: +3V
Step 2, positive airborne ions form: ~10° cm-? sec™’

Step 3, corona discharges set in,
generating free electrons and negative airborne ions: ~10'° cm2 sec-’
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Applications

If h* arrive at Earth surface and create high E fields,
we expect to see:

Field ionization of air molecules



Sources of air ionization

e cosmic rays
 beta, gamma from Earth
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QuakeFinder Air Conductivity Sensor at Milpitas Site
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Air lonization Field Measurements in Japan
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A cloud over Bam, Iran: MeteoSat
;i ¥ 3 %; rq’”

-

' e::en‘rr 2003 22:00

6:00

Courtesy Shou Zhonghao after Guangmeng Guo & Bin Wan 2008

Bam Earthquake M=6.8, Iran, Dec. 26, 2003
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Pre-Earthquake lonospheric Perturbations

Massive air ionization

will change Equivalent to
vertical E field ~1000 A km-2
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Radio-Tomography of the lonosphere (RTI)
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lonospheric Perturbation

M=6.4 EQ Alaska
23. Oct. 2002 at 11:27 UT
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Summary so far

When rocks are stressed, they turn into a battery
Currents flow out of stressed rock volume
Charge carriers are positive holes, h°

h* accumulate at the surface

High electric fields

Air ionization: Atmospheric effects v

lonospheric effects v/



h* charge carriers recombine at surface

Energy released: ~2.4 eV
~ 2.4 eV deposited into new O-0 bond

~ 2.4 eV equivalent to vibrational T of ~30,000 K

Very “hot” atoms
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Emission of IR photons
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IR photons
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Experiment

Anorthosite
60x30x7.5cm?3 I

BOMEN MB-100
FT-IR spectroradiometer



IR emission anorthosite
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IR emission anorthosite
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Intensity fluctuations
during stressing
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This Is
NOt thermal IR radiation

* IR photons due to de-excitation
« Quantum-mechanically controlled

« Spectroscopically distinct



Applications

“Thermal Infrared Anomalies”

* First reported in early 1990s
» Areas of enhanced IR emission
— begin several days before major EQs
— spread over large areas (up to 500 x 500 km?)

— end soon after seismic event and aftershocks
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% 22 Feb 2005, Central lran
Earthguake Epicentre, Magnitude: 6.4
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M = 6.4 event
in SE Iran

22 Feb. 2005

Desert environment
Ideal viewing conditions

NOAA AVHRR satellite

(from: Arun Saraf et al.
Natural Hazards 2008)



Epicenter Uplift  subsidence
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Non-seismic pre-EQ phenomena appear as

— Atmospheric effects +
— lonospheric effects v
— IR emission ¥

— other ephemeral phenomena like EM emissions
...no time today
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Conclusions

 Non-seismic pre-EQ phenomena appear as

— Atmospheric effects +

— lonospheric effects v

— IR emission ¥

— other ephemeral phenomena like EM emissions...

 We begin to understand the underlying physics

* Everything points to h* charge carriers,
stress-activated in the rocks deep below

 The h® provide the basis for a unifying theory
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