
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/308773637

Dipolar Approximation and Propagation of Pre-Earthquake Electromagnetic

Signals

Poster · August 2016

CITATIONS

0
READS

55

4 authors, including:

Some of the authors of this publication are also working on these related projects:

Main research interests View project

Acoustic and Electromagnetic Emissions related with Rock Fracture Processes. View project

Jorge Clavijo

China Earthquake Administration

5 PUBLICATIONS   11 CITATIONS   

SEE PROFILE

John J. Sánchez

National University of Colombia

159 PUBLICATIONS   348 CITATIONS   

SEE PROFILE

All content following this page was uploaded by John J. Sánchez on 01 October 2016.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/308773637_Dipolar_Approximation_and_Propagation_of_Pre-Earthquake_Electromagnetic_Signals?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/308773637_Dipolar_Approximation_and_Propagation_of_Pre-Earthquake_Electromagnetic_Signals?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Main-research-interests?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Acoustic-and-Electromagnetic-Emissions-related-with-Rock-Fracture-Processes?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jorge_Clavijo?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jorge_Clavijo?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/China_Earthquake_Administration2?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jorge_Clavijo?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/John_Sanchez5?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/John_Sanchez5?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National_University_of_Colombia?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/John_Sanchez5?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/John_Sanchez5?enrichId=rgreq-15716eb3d038c00b59f51955a48017c1-XXX&enrichSource=Y292ZXJQYWdlOzMwODc3MzYzNztBUzo0MTIxNzY1NDEwNzc1MDRAMTQ3NTI4MTk1MzM1MA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Dipolar Approximation and Propagation of Pre-Earthquake Electromagnetic Signals
Jorge Clavijo1,2, Sandra Sánchez3, Jhon Sánchez2, Hongqiang Wang1

1. Institute of Geophysics. China Earthquake Administration. 2. Universidad Nacional de Colombia. 3.Universidad de Nariño. Colombia
Contact: Jorge Clavijo: jeclavijor@unal.edu.co

Introduction

Electromagnetic emissions are widely reported in relation
with fracture processes such as earthquakes, land slides or
mine collapes. Laboratory scale experiments address the
origin of these emissions.
However, electromagnetic signals produced by underground
fracture processes can be strongly attenuated by the electric
conductivity of the medium. For a harmonic plane wave the
solution of Maxwell equations in conductive materials shows
this effect:

Fig 2. Electric Field attenuation for an elelctromagnetic pulse 
in two conductive medium for two diferent times. 

A similar behavior is found for pulse-like plane signals.

However, pre-earthquake signals are probably produced in
small regions and are detected far away from the source, a
point like approach is more convenient. The source can be
modeled like a transient electric or magnetic dipole embeded
in a conductive media.

Methodology

Propagation of electromagnetic signals is described by
Maxwell equations in a conductive medium. Electric and
Magnetic Fields follow wave equations with dissipation:
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Schelkunoff potentials, frequently used in geophysical 
prospection, are an adequate way to solve (1) and (2) 

(1)

(2)

The complete computation scheme is what follows:
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Conclusions
• The main effect in attenuation is due to the medium that

contains the source.
• The top layer affects the magnetic field in the late time

region.
• Similar results are expected for electric fields.
• Effects of lateral inhomogeneities, associated with faults,

must be studied.

Fig 1. Electric Field atenuattion for a plane wave in three 
different conductive medium.

Fig 3. Magnetic Field on surface produced by transient
electric dipoles embeded in conductive medium. Models
1 and 2 were assumed.

Abstract
In this work we propose an approach where pre-fracture electromagnetic sources are modeled like punctual-
transient electric dipoles, embedded in a layered conductive medium. In this way, although the source is strongly
simplified, part of the complexity of the crust and the zone of measurements is considered. Maxwell's equations
are solved using the Schelkunoff potentials method to calculate the electromagnetic field on air-ground surface.
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