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Detections and confirmations of electromagnetic pulses directly excited by earthquakes

# Minoru Tsutsui[1]
[1] Computer sciences, Kyoto Sangyo Univ

In order to detect and confirm electromagnetic (EM) pulses which might be closely related to earthquakes, we have beel
observing EM noises in boreholes at various places such as on mountain sides and seashores. In these observations, we dete
tremendous number of EM pulses with duration of a few millisecond in a frequency range of a few kHz. From detailed analysis
of these EM pulses, we found that almost all of these EM pulses were lightning and artificial ones, and we could not detect any
earthquake-related EM pulse at all.

The reason why earthquake-related EM pulses could not be detected in the earth was considered that the amplitude of tl
excited EM pulses could be strongly decayed during their propagations in the earth before arrival at the EM observation site
because the earth’s medium has electrically high conductivity. In general, the decay rate of the amplitude of EM wave during it
propagation in the conductive medium is given by a parameter called &amp;quot;Skin depth&amp;quot; of the medium, which
indicates a specific distance through which the amplitude of the propagating EM wave deca&y/sto 2/718). The skin depth
is inversely proportional to the square root of the wave frequency, high frequency EM waves would decay and fade out in a shor
distance but lower frequency ones would survive for a long distance. Thus it has been severe to detect EM pulses in a few kH
range. By this reason, we shifted down the frequency range for monitoring EM noise, from a few kHz to a few tens of Hz. At
last, we have detected earthquake-excited EM pulses in the earth and also above the ground in a quiet noise environment.

We began to monitor EM noise environment in the eartt-byiagram in frequency range below 25 Hz. During the period
from December 2011 to March 2013, we had thirteen earthquakes by which EM pulses were excited and detected in the borehol
These earthquakes were distributed within a circle of 40 km in radius centred at the EM observation site. Seismic intensities b
these earthquakes at the EM observation site were 1 or less whereas their earthquake magnitudes M were ranging from 2.7
3.8.

From March 2013, we began simultaneous observation of EM pulses and acceleration of seismic waves. The figure show
an example of captured waveforms of magnetic flux density Betected in the borehole and of seismic acceleratipn S
when an earthquake of M2.2 occurred at 6.5 km-depth and at about 16 km west of the EM observation site at the official time
03:19:53.6 JST of March 26, 2013. The official time was taken from the Japan Meteorological Agency Earthquake Catalogue
In the waveform of B,, seen in (a), the primary tremor part which shows clear increased amplitude begun at 2.03 sec before
03:19:59.89 would be related to the acceleration of seismic P-wave although its arrival time in the seismic waygfsmotS
so clear. From 03:19:59.89 JST, the amplitude of the waveform.gflicame large when seismic S-wave arrived at the EM
observation site.

Based on the results in the observation and in a laboratory experiment, we can propose a method for detecting EM pulses a:
precursor of earthquakes.
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