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1. Introduction

In modern seismology, it is irrefutably established that the seismic and electro-
magnetic (EM) phenomena accompany each other. Extensive and highly convinc-
ing studies of EM-seismicity may be found in many previous publications [1]-
[12]. The relation between magnetic and seismic events certifies two facets of mag-

neto-seismicity: firstly, these events identify earthquake (EQ) focus as a micro-
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wave generator, an emitter of seismic electromagnetic signals (SEMs) and, sec-
ondly, as a microwave receiver, as a giant mechanically stimulated chemical macro-
reactor under the magnetic control [13]-[17]. The first seems to be the most im-
portant because it supplies a means to monitor, at least approximately, the state
of the EQ focus in order to forecast seismic events; so the analysis of SEMs is the

subject of this paper.

2. EQ Focus as a Generator of EM Signals

The energy in the EQ focus is known to be created by anisotropic deformation of
the earth crust induced by tectonic motion and stress [18]; it is accumulated and
stored mostly in the dislocations trapped by impurities in crystal lattice, by neigh-
boring dislocations or crystal interfaces. The dislocations are finally transformed
into the mini-cracks; this transformation is magnetically sensitive, and it is a key
of magneto-seismology [13]. It is based on physics of magneto-plasticity, the re-
markable phenomenon, which implies generation of the electron spin pairs on the
trapped dislocations, in which the Coulomb interaction is switched off. Micro-
wave irradiation at Zeeman frequencies in these pairs stimulates the motion of
dislocations, inducing release of elastic energy into the safe plastic deformation.
The detailed mechanism of this phenomenon is discussed and experimental proofs
are given in terms of magneto-plasticity as a feasible means to control EQs [14].

In the deformable environment the born mini-cracks become the charged mini-
capacitors; their electric discharges generate EM noise. The growing crack was
shown by direct measurements to transfer charges from 1077 to 10~ C per crack,
and each crack generates EM field of power of 107° - 10" W [19]; it means that
the EQ focus is indeed an EM emitter.

There is no doubt that the EM emission from the EQ focus is the result of the
discharge between the plates of micro-cracks as the micro-capacitors. The EM ra-
diation emitted by EQ focus was reproduced experimentally by fracturing many
solids, minerals and rocks in numerous researches (see, for instance, review pa-
pers [20]-[22]). The mechanical properties, mineral composition, cracking mor-
phology of the solids were shown to have crucial influences on the waveform, am-
plitude and frequency of the EM signals during fracturing. These EM signals in-
duced by fracturing, are supposed to imitate EM signals of the EQ focus. These
observations certify also that the discharge of cracks is the dominating source of
SEMs.

3. EQ Focus Emits EM Signals

Numerous observations unambiguously demonstrate that the EQ focus is an emit-
ter of EM radiation, which span a broad spectral range from Hz to MHz. The EM
signals emitted by the focus are suggested to consider as an indication of the “rip-
ening” of the focus, as a precursor of the coming and expectative catastrophe, and
possibly as a means to forecast an EQ. The characteristic features of the EM signals

are discussed in many papers; here some illustrations will be given.
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By measuring low frequency magnetic noise prior to the Ms 7.1 Loma Prieta EQ
of 17 October 1989 the authors [23] revealed a substantial increase in the EM sig-
nals in the range 0.01 - 10 Hz starting two weeks before the EQ, which was accom-
panied by anomalous decreasing intensity starting one day ahead of the EQ. Fi-
nally, there was an increase in intensity up to an exceptionally high level of activity
starting about three hours before the EQ. Low-frequency EM signals before strong
EQs with almost similar features were detected and described by other authors for
different EQ case studies [24]-[27].

The large collection of EM fields generated by EQs was presented by Johnston
[28]. Similarly, the records of EM emission from the powerful Asian EQs were
summarized by Li et al [29]; the precursory EM signature of the Kobe EQ was
also analyzed [30]-[33]. Similar signature effects of the Guam and Izu EQs were
detected and described in [34] [35].

By analyzing seismic events in California and Peru 2007-2010 Dunson et al. [36]
discovered the increases in ultra-low frequency magnetic pulse activity starting
two weeks before the seismic events and disappearing after the event. The EM
signals preceding seismic events were shown to be structured as large amplitude

pulses, which occur in bursts lasting many hours.

4.EQ Focus as a Coherent Generator of SEMs

In the dynamics of the EM signals emitted from an EQ focus, the two typical,
almost universal features are revealed: firstly, the EM activity increases starting
approximately two weeks before the EQ, and, secondly, it becomes very weak or
completely disappears one day before the EQ (we call it “gap of silence”) [23] [36]-

[40]; below there will be suggested ideas to elucidate these features.

4.1. Coherent EM Emission

As shown in Section 2, the EM emission from the EQ focus is the result of the
discharges of mini-cracks as the mini-capacitors, which are created continuously
in the EQ focus, but the EM emission of the focus is not continuous in such a way
that it occurs periodically in flashes, which are structured as the pulses occurring
in bursts. This mysterious circumstance suggests the idea that EM radiation is in-
deed stimulated, it is coherent, and the focus may be considered as a coherent EM
generator. The mechanism of coherence may be presented as follows. The electric
discharge of any crack generates EM wave, which propagates in space and induces
discharges of other cracks, multiplying the amplitude of the wave and creating the
pulse of seismic EM signal. This mechanism creates the impulse of SEMs in terms
of this avalanche-like mechanism because the EQ focus functions as a coherent
EM amplifier. Rigorously, this is not quantum coherence; it is classical, electro-
magnetically stimulated coherence.

Evidently, the collection of mini-cracks as the mini-capacitors, is widely distrib-
uted over the sizes, distances between plates, chemical composition and charges on

the plates. These broad distributions generate a superposition of coherent EM fre-
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quencies, which is detected as the EM emission of the approaching EQ.

4.2. Gap of Silence

The idea of the coherent EQ focus explains the impulsive EM emission, but does
not explain another enigmatic phenomenon - the gap of silence before the EQ
itself. The leakage of trapped dislocations into the mini-cracks is accompanied by
the discharge of mini-cracks and their integration, which is assumed to initiate
rock sliding as the start of the quake itself. Moreover, the EM radiation generated
by the discharge of mini-cracks, is supposed to stimulate the self-excitation of the
EQ [16]. Perhaps, it is this period of sliding that is the period of silence of the EQ
focus before the quake.

This conclusion is in perfect accordance with recent findings by Bletery and
Nocquet [41]. These authors have measured and analyzed 3026 high-rate GPS
time series displacements before 90 EQs of magnitude > 7. They observed a signal
that rose from the noise about 2 hours with exponential acceleration of slip before
the moment of the EQ. Evidently, the time interval of slipping detected by GPS
almost exactly coincides with the gap of silence in the EM voice of the EQ focus.

5. EM Voice of the EQ Focus

EM signals emitted by the EQ focus are indeed its voice; it may sound or may be
silent. The generation of EM emission is created by mini-cracks. Their quantity
and density as well as their sizes and lifetimes depend on the chemical nature and
mechanical properties (hardness, elasticity, compressibility) of the rock. The elec-
tric charges on the plates of mini-cracks are mostly determined by the chemical
nature of the rock. As a result of these factors, the intensity and frequency of EM
emission depend on the density of mini-cracks, their sizes and the chemical com-
position. The combination of these factors can create conditions, when the EQ
focus reveals itself either as a strong or weak emitter, or be silent. This is the reason
for many contradictions in seismic electromagnetism.

There are many observations when EM emission did not precede an EQ, Ze. the
EM voice of the EQ was silent. It means that the EM emission is not an unambig-
uous indicator of the upcoming EQ and that the statement about the reliability of
EM emissions as a forecasting factor of EQ is overly optimistic and far from being
reliable. As pointed out by Chen et a/. [15], despite the fact that a number of sta-
tistical tests show that EM anomalies may contain predictive information for ma-
jor EQs, with probability gains of approximately 2 - 6, it is still difficult to make
use of SEMs efficiently in practical EQ prediction.

6. Conclusion

The detection of SEMs is an indicator of coherent unification of seismic magnetic
noises, which are the most likely to be produced by mini-cracks as the charged
mini-capacitors. This may be considered as evidence that the dominant mecha-

nism for generating SEMs is the cracking of the earth crust in the EQ focus in-
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duced by its shear deformation. Different lithological rocks generate different EM
signals due to different geometry of cracks with different distances between the
plates in cracks as the capacitors. This is the reason that the EM voice of the EQ
may or may not sound. It means that the EM emission is not an unambiguous
indicator of the upcoming EQ and that the statement about the reliability of EM
emissions as a forecasting factor of EQ is too optimistic. In any case, these signals

should be treated with critical caution.

Acknowledgments

This paper is in the recognition of Professor Masashi Hayakawa for his outstand-
ing, unsurpassed contribution to seismic electromagnetism.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this paper.

References

(1] Hayakawa, M. (2001) Electromagnetic Phenomena Associated with Earthquakes: Re-
view. [EEJ Transactions on Fundamentals and Materials, 121, 893-898.
https://doi.org/10.1541/ieejfms1990.121.10 893

[2] Hayakawa, M. and Fujinawa, Y. (1994) Electromagnetic Phenomena Related to Earth-
quake Prediction. Terra Pub, 677 p.

[3] Nickolaenko, A. and Hayakawa, M. (2002) Resonances in the Earth-Ionosphere Cav-
ity. Kluwer Academic Publishers, 380 p.

[4] Molchanov, O. and Hayakawa, M. (2008) Seismo Electromagnetics and Related Phe-
nomena: History and Latest Results. Terra Pub, 189 p.

[5] Hayakawa, M. (2009) Electromagnetic Phenomena Associated with Earthquakes.
Transworld Research Network, 279 p.

[6] Hayakawa, M. (1999) Atmospheric and Ionospheric Electromagnetic Phenomena
Associated with Earthquakes. Terra Scientific Publishing Company.

[7] Sorokin, V., Chemyrev, V. and Hayakawa, M. (2015) Electrodynamic Coupling of
Lithosphere-Atmosphere-Ionosphere of the Earth. Nova Science Publishers, 326 p.

[8] Hayakawa, M., Kasahara, Y., Nakamura, T., Muto, F., Horie, T., Maekawa, S., Hobara,
Y., Rozhnoi, A., Solovieva, M. and Molchanov, O. (2010) A Statistical Study on the
Correlation between Lower Ionospheric Perturbations as Seen by Subionospheric

VLEF/LF Propagation and Earthquakes. Journal of Geophysical Research: Space Phys-
ics, 115, A09305. https://doi.org/10.1029/2009]JA015143

[9] Sorokin, V.and Hayakawa, M. (2014) Plasma and Electromagnetic Effects Caused by
the Seismic-Related Disturbances of Electric Current in the Global Circuit. Modern

Applied Science, 8, 61-83. https://doi.org/10.5539/mas.v8n4p61
[10] Pulinets, S. and Khachikyan, G. (2021) The Global Electric Circuit and Global Seis-
micity. Geosciences, 11, Article 491. https://doi.org/10.3390/geosciences11120491

[11] Buchachenko, A.L., Oraevskii, V.N., Pokhotelov, O.A., Sorokin, V.M., Strakhov, V.N.
and Chmyrev, V.M. (1996) Ionospheric Precursors to Earthquakes. Physics- Uspekhi,
39, 959-965. https://doi.org/10.1070/PU1996v039n09ABEH001550

[12] Pulinets, S. and Ouzounov, D. (2018) The Possibility of Earthquake Forecasting. IOP
Publishing. https://doi.org/10.1088/978-0-7503-1248-6

DOI: 10.4236/0jer.2025.141003

32 Open Journal of Earthquake Research


https://doi.org/10.4236/ojer.2025.141003
https://doi.org/10.1541/ieejfms1990.121.10_893
https://doi.org/10.1029/2009JA015143
https://doi.org/10.5539/mas.v8n4p61
https://doi.org/10.3390/geosciences11120491
https://doi.org/10.1070/PU1996v039n09ABEH001550
https://doi.org/10.1088/978-0-7503-1248-6

A. L. Buchachenko

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

Buchachenko, A.L. (2021) Magnetic Control of the Earthquakes. Open Journal of
Earthquake Research, 10, 138-152. https://doi.org/10.4236/0jer.2021.104009

Buchachenko, A.L. (2023) Earthquake under Control: Is It Feasible? Open Journal of
Earthquake Research, 12, 159-176. https://doi.org/10.4236/0jer.2023.124006

Chen, H., Han, P. and Hattori, K. (2022) Recent Advances and Challenges in the
Seismo-Electromagnetic Study: A Brief Review. Remote Sensing, 14, 5893-5912.
https://doi.org/10.3390/rs14225893

Buchachenko, A.L. (2022) Self-Excitation of the Earthquakes. Open Journal of Earth-
quake Research, 11, 18-30. https://doi.org/10.4236/0jer.2022.111002

Gershenzon, N. and Bambakidis, G. (2001) Modeling of Seismo-Electromagnetic
Phenomena. Russian Journal of Earth Sciences, 3, 247-275.
https://doi.org/10.2205/2001ES000058

McNutt, M. (1987) Lithospheric Stress and Deformation. Reviews of Geophysics, 25,
1245-1253. https://doi.org/10.1029/RG025i006p01245

Buchachenko, A.L. (2014) MagnetoPlasticity and the Physics of Earthquakes. Can a
Catastrophe be Prevented? Physics-Uspekhi, 57, 92-98.
https://doi.org/10.3367/UFNe.0184.201401e.0101

Lin, P., Wei, P., Wang, C.H., Kang, S.H. and Wang, X. (2021) Effect of Rock Mechan-
ical Properties on Electromagnetic Radiation Mechanism of Rock Fracturing. Journal

of Rock Mechanics and Geotechnical Engineering, 13, 798-810.
https://doi.org/10.1016/j.jrmge.2021.01.001

Frid, V., Bahat, D., Goldbaum, J. and Rabinovitch, A. (2000) Experimental and The-
oretical Investigations of Electromagnetic Radiation Induced by Rock Fracture. Israe/
Journal of Earth Sciences, 49, 9-19.

Sharma, S.K., Chauhan, V.S. and Sinapius, M. (2021) A Review on Deformation-In-
duced Electromagnetic Radiation Detection: History and Current Status of the Tech-
nique. Journal of Materials Science, 56, 4500-4551.

https://doi.org/10.1007/s10853-020-05538-x

Fraser-Smith, A.C., Bernardi, A., McGill, P.R., Ladd, M.E., Helliwell, R.A., Villard Jr.,
0.G. (1990) Low-Frequency Magnetic Field Measurements Near the Epicenter of the
M; 7.1 Loma Prieta Earthquake. Geophysical Research Letters, 17, 1465-1468.
https://doi.org/10.1029/GL017i009p01465

Zotov, O.D., Guglielmi, A.V. and Sobisevich, A.L. (2013) On Magnetic Precursors of
Earthquakes. Izvestiya, Physics of the Solid Earth, 49, 882-889.
https://doi.org/10.1134/S1069351313050145

Rokityansky, LI, Babak, V.I. and Tereshyn, A.V. (2019) Low-Frequency Electromag-
netic Signals Observed before Strong Earthquakes. In: Kanao, M. and Toyokuni, G.,

Eds., Seismic Waves- Probing Earth System, IntechOpen.
https://doi.org/10.5772/intechopen.88522

Rokityansky, LI, Babak, V.I, Tereshyn, A.V. and Hayakawa, M. (2019) Variations of
Geomagnetic Response Functions before the 2011 Tohoku Earthquake. Open Journal
of Farthquake Research, 8, 70-84. https://doi.org/10.4236/0jer.2019.82005

Kachakhidze, M. and Kachakhidze-Murphy, N. (2022) VLF/LF Electromagnetic
Emissions Predict an Earthquake. Open Journal of Earthquake Research, 11, 31-43.
https://doi.org/10.4236/0jer.2022.112003

Johnston, M.].S. (2002) 38-Electromagnetic Fields Generated by Earthquakes. Inter-
national Geophysics, 81, 621-635. https://doi.org/10.1016/S0074-6142(02)80241-8

Li, M., Yu, C, Zhang, Y., Zhao, H.X., Zhang, X.H., Li, W.X., Zhang, P. and Zhang, L.

DOI: 10.4236/0jer.2025.141003

33 Open Journal of Earthquake Research


https://doi.org/10.4236/ojer.2025.141003
https://doi.org/10.4236/ojer.2021.104009
https://doi.org/10.4236/ojer.2023.124006
https://doi.org/10.3390/rs14225893
https://doi.org/10.4236/ojer.2022.111002
https://doi.org/10.2205/2001ES000058
https://doi.org/10.1029/RG025i006p01245
https://doi.org/10.3367/UFNe.0184.201401e.0101
https://doi.org/10.1016/j.jrmge.2021.01.001
https://doi.org/10.1007/s10853-020-05538-x
https://doi.org/10.1029/GL017i009p01465
https://doi.org/10.1134/S1069351313050145
https://doi.org/10.5772/intechopen.88522
https://doi.org/10.4236/ojer.2019.82005
https://doi.org/10.4236/ojer.2022.112003
https://doi.org/10.1016/S0074-6142(02)80241-8

A. L. Buchachenko

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(2020) Electromagnetic Emissions Recorded by a Borehole TOA Installment before
Four Huge Destructive Ms > 8.0 Earthquakes in Asia. Open Journal of Earthquake
Research, 9, 50-68. https://doi.org/10.4236/0jer.2020.92004

Hayakawa, M., Molchanov, O.A., Ondoh, T. and Kawai, E. (1996) The Precursory
Signature Effect of the Kobe Earthquake on VLF Sub-Ionospheric Signals. Journal of

the Communications Research Laboratory, 43, 169-180.

Molchanov, O.A. and Hayakawa, M. (1998) Sub-Ionospheric VLF Signal Perturba-
tions Possibly Related to Earthquakes. Journal of Geophysical Research, 103, 17489-
17504. https://doi.org/10.1029/98JA00999

Schekotov, A, Izutsu, J. and Hayakawa, M. (2015) On Precursory ULF/ELF Electro-
magnetic Signatures for the Kobe Earthquake on April 12, 2013. Journal of Asian
Earth Sciences, 14, 305-311. https://doi.org/10.1016/].jseaes.2015.02.019

Hayakawa, M., Yamauchi, H., Ohtani, N., Ohta, M., Tosa, S., Asano, T., Schekotov,
A., Izutsu, J., Potirakis, S.M. and Eftaxias, K. (2016) On the Precursory Abnormal
Animal Behavior and Electromagnetic Effects for the Kobe Earthquake (M~6) on
April 12, 2013. Open Journal of Earthquake Research, 5, 165-171.
https://doi.org/10.4236/0jer.2016.53013

Hayakawa, M., Itoh, T. and Smirnova, N. (1999) Fractal Analysis of ULF Geomag-
netic Data Associated with the Guam Earthquake on August 8, 1993. Geophysical
Research Letters, 26, 2797-2800. https://doi.org/10.1029/1999GL005367

Gotoh, K., Akinaga, Y., Hayakawa, M. and Hattori, K. (2002) Principal Component
Analysis of ULF Geomagnetic Data for Izu Islands Earthquakes in July 2000. Journal
of Atmospheric Electricity, 22, 1-12. https://doi.org/10.1541/jae.22.1

Dunson, J.C., Bleier, T.E., Roth, S., Heraud, J., Alvarez, C.H. and Lira, A. (2011) The
Pulse Azimuth Effect as Seen in Induction Coil Magnetometers Located in California
and Peru 2007-2010, and Its Possible Association with Earthquakes. Natural Hazards
and Earth System Sciences, 11, 2085-2105.
https://doi.org/10.5194/nhess-11-2085-2011

Biagi, P.F., Righetti, F., Maggipinto, T., Schiavulli, L., Ligonzo, T., Ermini, A., Mol-
dovan, I.A., Moldovan, A.S., Silva, H., Goncalves, B., Contadakis, M.E., Arabelos,
D.N., Xenos, T.D. and Buyuksarac, A. (2012) Anomalies Observed in VLF and LF
Radio Signals on the Occasion of the Western Turkey Earthquake (M = 5.7) on May
19, 2011. International Journal of Geosciences, 3, 856-865.
https://doi.org/10.4236/ijg.2012.324086

Eftaxias, K., Potirakis, S.M. and Chelidze, T. (2013) On the Puzzling Feature of the
Silence of Precursory Electromagnetic Emissions. Natural Hazards and Earth System
Sciences, 13, 2381-2397. https://doi.org/10.5194/nhess-13-2381-2013

Papadopoulos, G.A., Charalampakis, M., Fokaefs, A. and Minadakis, G. (2010) Strong
Foreshock Signal Preceding the L’Aquila (Italy) Earthquake (Mw6.3) of 6 April 2009.
Natural Hazards and Earth System Sciences, 10, 19-24.
https://doi.org/10.5194/nhess-10-19-2010

Pulinets, S., Ouzounov, D., Karelin, A. and Boyarchuk, K. (2022) Earthquake Precur-
sors in the Atmosphere and Ionosphere. New Concepts. Springer Nature.
https://doi.org/10.1007/978-94-024-2172-9

Bletery, Q. and Nocquet, J.-M. (2023) The Precursory Phase of Large Earthquakes.
Science, 381, 297-301. https://doi.org/10.1126/science.adg2565

DOI: 10.4236/0jer.2025.141003

34 Open Journal of Earthquake Research


https://doi.org/10.4236/ojer.2025.141003
https://doi.org/10.4236/ojer.2020.92004
https://doi.org/10.1029/98JA00999
https://doi.org/10.1016/j.jseaes.2015.02.019
https://doi.org/10.4236/ojer.2016.53013
https://doi.org/10.1029/1999GL005367
https://doi.org/10.1541/jae.22.1
https://doi.org/10.5194/nhess-11-2085-2011
https://doi.org/10.4236/ijg.2012.324086
https://doi.org/10.5194/nhess-13-2381-2013
https://doi.org/10.5194/nhess-10-19-2010
https://doi.org/10.1007/978-94-024-2172-9
https://doi.org/10.1126/science.adg2565

	Earthquake as a Coherent Electromagnetic Emitter. Its Electromagnetic Voice May or May Not Sound
	Abstract
	Keywords
	1. Introduction
	2. EQ Focus as a Generator of EM Signals
	3. EQ Focus Emits EM Signals
	4. EQ Focus as a Coherent Generator of SEMs
	4.1. Coherent EM Emission
	4.2. Gap of Silence

	5. EM Voice of the EQ Focus
	6. Conclusion
	Acknowledgments
	Conflicts of Interest
	References

