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Major Observations:
Any EQ related pre-seismic
EM signals?
Yes, Pulses in Greece, etc

Any precursors?
In Greece, Japan,
Mexico, India, China ?

Turkey?
Any cOo-seismic signals?
observed, so far,
except Japan ?
Any other simultaneous phenomena?

, except “NT Coincidence”
5. Others secondary at this stage
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Conceptual view on Seismo-EM phenomena




Arethere EQ related
pre-seismic EM signals?

Difficult to correlate EM signals with EQs
when long separated I1n time.

Easier when Short pulses etc occur within
short time (<minutes).

So far disregarded for too short lead times
for practical prediction.

May be useful when combined with SES
and real time warning.



P ulse: ~msec, min before EQ (Varotsos et al., 2007)
Orders stronger than SES

Grevena-Kozani EQ, M6.8,1995
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ANy precursors:

In Greece, Japan,
Mexico, India,
China ?
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Selectivity
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Seismic Swarm Activity in 2000 in Izu Island Region,

Japan
June 26 - Early September, 2000
Electrical activity started 2 months before Swarm.
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Some reports on SES

from China, Mexico, India

But not from USA?

The absence of E and M field precursors
for this, and other EQs with M5-7.3
elsewhere in San Andreas fault system,
Indicates useful prediction seems unlikely
using these EM data.

Johnston et al., 2006




Are there true co-seismic sighals?
observed, so far,

except Japan
(Tsutsul, Takano) ?
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Why no co-seismic?

One of major objections to SES.

o . . . . .
There are no similar coseismic signals
observed when the primary EQ energy is
released....

Johnston et al., 2006




Ground surface
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Frequency-dependent arrival directions form a sector. Frequencies and
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130 km)

was measured along the direction line on the blue edge of the sector. The
source location of the EM pulse is marked by ared dot, which isjust on

the earthquake epicenter. 1 sutsul, 2005
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Any other simultaneous phenomena?
except “NT

Coincidence”

“No correlation” of SES with other
geophysical events.

No independent data (strain,
seismic, pore pressure, etc) exists

that supports the proposed EQ/SES

relationship
Johnston et al., 2006
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Possible solution: SES as critical phenomenon

One example: Pressure
Stimulated
Polarization Current
(Varotsos &
Alexopoulos, 1986)

Experimental
proof needed!!

External
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VLE-VHF l
(:Q «— Pulse
Q /;ESULF emmissions ~
3
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i oht | =
S 10 days EQ
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Co-salsmic wave

SES is generated when stress level reaches critical
value, which is dightly less than mechanical failure

level. Ciritical value for pulse etc may be very close
to fallureleve.




San Andreas event shows no EM

No EM at Parkfield M6.0 EQ, 2004 !

Therefore, EM unlikely useful for EQ
prediction.

(Johnston et
al.,2007;2008)

Problems with their methodology (Varotsos
and Uyeda, 2008)

How about another possibility?
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San Andreas Is weak, and EQ occurs

before stresslevel reaches critical for
SES . How soecial is SAF?




Possible reason for weak fault:

Many proposed mechanisms

Simplest;
Existence of water: Movement of Mendocino
Triple Junction?

Although el ectro-kinetic potential may arise, but
It will be small under low stress gradient:

VE=_2°yp
770'



3. Why no co-seismic ?

Pre-seismic process for SESisa dow increase
of stress.

Co-seismic process (EQ) Isinstantaneous
stressrelease.

They are different physical processes.

NoO reason to expect same thing happens (Problem 3).

Then, what are really happening at EQ?



Observations,
In field, no true co-seismic SES type signals, only
high freq. (Tsutsui, Takano type measurements

needed)
In lab. fracture experiments show, high Freq. EM
pulse

Two possibilities:

1. At EQ only high freq signals by some
mechanism (Piezo with pre-dlip?) Skin
depth problem

2. Since EQ isa diding, no signal?




Even if only high Freg. pulses at EQ, they should
be recorded with low-pass systems, because they
should contain low Freg. components as fault
motion at large EQ takes seconds of time.

Non observation of true co-seismic suggests EQ

faulting does not generate even high Freg. signals.
Why not?

Because EQ faulting isdliding?

|f so, how to explain Tsutsui-Takano results?



No other phenomena?

Since SES s generated spontaneoudly,

thereisno need for other agentsor

events. It needsonly slow rise of stress
level.




All problems are solved?

Not really.

Experimental verification of Pressure
Stimulated Polarization Current !

What happensat EQ? Skin depth?

Different mechanismsfor different Freq.
signals.
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Discovery of Earth-origin EM pulses

T sutsul,, 2002
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Possibly co-seismic ?

Tsutsul, 2002
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Very interesting, but presents another problem.

Skin depth ~ 100m for 1 kHz wave

Wave guide?
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pulse: ~msec, min before EQ (Varotsos et al., 2007)

Orders
stronger
than SES
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DC-ULF stations in Japan

as of May 2001
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Conceptual view on Seismo-EM phenomena

VLF-V
z _—
% SES-ULF emissions
v
4 Pulses 22, 2MHz |
= EQ light — —/
10 days EQ
>

Co-salsmic wave

SES: Critical point process during slow
stress growth

Pulses: Pre-dlip during Static to Dynamic
friction transition

(Main shock: Low friction without fracture)




Why pre-seismic only?

Why not co-seismic ?

Field Observations (DC-VLE range)

A 11 obzerved “co-selstic” signals are Co-SEiStic
ve Mot true co-selstmic signals,

Lab. Fracture Expertments

High freq. EN wawes at fracture. True co-fractire

sighals! They should stidl be obzerved because
fractire of large EO) lasts long (~10 sec).

Only possibility: EO) 15 not fracture, but shiding of
faults which may not generate even lgh freq EN
WAVES.



Conceptual view on Seismo-EM Emissions
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VLF direction finding
(Asada & Baba)

EQ961005

Appear from several days
before nearby (<100 km) on
land EQ(M>4.5).

Lightning source moves, while
Signal stays.

All LF -> lightning (Oike & Izutsu)

Epicentral

Directi

EQ961005



‘ Pressure Stimulated Polarization Current (\V arotsos)

External
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A EQ990522
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ULF ULF activity relationship

summary between distance and magnitude
Hattor i 350 e
: () with ULF anomaly &
i - @ without ULF anomaly Okushiri EQ
Faie - Model computation

|zu 2000
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Physical mechanism of Seismo-EM

Generation Transmission
DC ULF Solid state, Conductive channel

Electro-kinetic
EM wave Piezo-E., Exo-E. Conductive earth

Skin depth
(kHz-MH2)
LAI coupling

lonospheric
(Wave anomaly, Electric, Dynamic,Chemical

lon density)




‘ FAQ1 ‘ Why pre-seismic only?
Why not co-seismic?

High freq. EM waves at fracture. True co-fracture
signals! They should still be observed because

fracture of large EQ lastslong (~10 sec).

Only possibility: EQ Is not fracture, but sliding of
faults which may not generate even high freq. EM
waves.
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In summary

1) Short-term EQ prediction needs
2) Despite progress in non-seismic precursor research in the last
~20 years, it is still far from general recognition.

A) Walls of prejudice, disinterest, and vested interests.
observations, which are difficult.

B) Fundamental problems unresolved
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