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Resumen

Inferimos un posible efecto sismomagnético
precursor al terremoto (Mw 7.2) del 4 de abril
de 2010, cuyo epicentro fue localizado en las
estribaciones de las sierras El Mayor y Cucapah
en el NE de Baja California, México, el cual ha
sido denominado El Mayor-Cucapah. Los datos
utilizados corresponden a mediciones de la mag-
nitud del campo magnético total registrados en
una base magnética ubicada temporalmente en
la azotea del edificio de Ciencias de la Tierra del
CICESE, en Ensenada, Baja California, México,
y en los observatorios magnéticos de Tucson,
Arizona, y Fresno, California, en los EEUU. Es-
tos datos fueron registrados con una taza de
muestreo de un minuto del 26 de marzo al
19 de abril de 2010. La comparacion de estos
datos permitié verificar que durante el periodo
de medicidon las tres estaciones registraron
variaciones similares del campo geomagnético.

Nuestro anadlisis se basa en la definicién vy
propuesta de una medida estadistica que hemos
denominado indice de variacion magnética.
Este indice, calculado a partir de los datos de
una sola estacion, nos ha permitido contrastar
las variaciones del campo magnético en dias
previos y posteriores al terremoto, utilizando
de forma independiente los datos de las tres
estaciones magnéticas, facilitando la blusqueda
de posibles precursores. A partir de los datos del
campo magnético analizados, podemos sugerir
que el indice de variacion magnética nos permite
identificar un posible evento sismomagnético
que inicia 40 minutos antes del terremoto y tiene
una duracién de 3 horas, asi como la variacidon
andomala del campo magnético causada por una
tormenta magnética que inicid el dia 5 de abril.

Palabras clave: indice de variacion magnética,
efecto sismomagnético, terremoto El Mayor-
Cucapah, Baja California, México.
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Abstract

We describe a possible seismomagnetic pre-
cursor to the Mw 7.2 earthquake of April 4,
2010, with epicenter nearby the sierras El Mayor
and Cucapah in NE Baja California, México, (El
Mayor-Cucapah earthquake). We used total-field
magnetic intensity data recorded on a temporal
magnetic base station on the roof of the Earth
Sciences Division of CICESE, in Ensenada, Baja
California, México, and magnetic observatories
at Tucson, Arizona, and Fresno, California, USA.
These data were recorded at a sampling rate of
one minute from March 26 and until April 19,
2010. A comparison of these data let us verify
that during the measurement period the three
stations recorded similar variations of the
geomagnetic field.

Our analysis is based upon a statistical measure
that we call index of magnetic variation, which
allows us to detect and quantify anomalous
variations of the magnetic field from data of a
single station. Based upon the magnetic field
data, we suggest that the proposed index
of magnetic variation identifies a possible
seismomagnetic event, which begins 40 minutes
before the earthquake and has duration of about
3 hours, as well as anomalous behavior of the
geomagnetic field caused by a geomagnetic
storm beginning on April 5.

Key words: index of magnetic variation, seismo-
magnetic effect, EIl Mayor-Cucapah earthquake,
Baja California, México.
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Introduction

As part of a series of procedures followed to
ensure the reliability and long term performance
of two recently acquired GEM™ total-field
magnetometers (0.01 nT resolution and 0.2 nT
absolute accuracy), these instruments were set
up as base-station magnetometers and deployed
at the roof of the Earth Sciences Division building
of CICESE at Ensenada, Baja California, Mexico
(Figure 1). This site is located at geodetic
coordinates 31.8679° N, 116.6643° W, 47 m
above sea level, where a previous survey (Luis
Gradilla, personal communication) showed that
the site selected to deploy the magnetometers
has low (< 0.5 mG) stable magnetic induction
effects from 60 Hz electric currents.

These magnetometers, separated 1 m apart,
were turned on at 18:28 local time (LT) on March
26, 2010, just before the eastern vacation period.

Continuous recording of the geomagnetic field at
a rate of 1 minute lasted until April 9, 2010, at
10:49 h (LT). A second period of measurements
was set up to begin at 9:52 h (LT) on April 13,
2010, and last until April 19, 2010 at 10:06 LT.
(LT = Universal Time - 7 h).

At 15:40:41 LT on April 4, 2010, the El Mayor-
Cucapah earthquake occurred in the vicinity of
the Sierra Cucapah and Sierra El Mayor. The main
shock (Mw 7.2) was followed by more than ten
thousand aftershocks distributed along the north
western side of Sierra Cucapah and towards the
south western side of Mexicali Valley (Figure 1).

A generalized geologic map of the study
area is shown in Figure 1. The geology of the
sierras Juarez and Cucapah includes Paleozoic
metamorphic rocks intruded by Cretaceous
granitoids that vary from coarse-grained biotite
tonalite to leucocratic granodiorite (Gastil et

32.75°
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115.5° 115°
Longitude W

Figure 1. Schematic map showing surface geology and main geologic structures (INEGI, 1980a; INEGI, 1980b;
Garcia-Abdeslem et al., 2001), and seismicity (January 1 to July 15, 2010) from CICESE-RESNOM (M = 3) and
USGS-NEIC catalogs. The seismicity from CICESE-RESNOM catalog is represented using cyan circles. The seismicity
from USGS-NEIC catalog is represented using yellow circles from January 1 to April 4 before the main earthquake,
red circles after the main earthquake, and blue circles after the third largest aftershock. Solid stars show the three
largest seismic events and the numbers aside indicate its magnitude. Mayor faults are: Laguna Salada (LSF), Cafidn
Rojo (CRF), Cafiada David Detachment (CDDF), Central (CF), Cucapah (CCF), Pescadores (PF) Imperial (IF), and
Cerro Prieto (CPF). CPV is Cerro Prieto Volcano. Lithology: Cretaceous Granitoid, K-Gr, Paleozoic Metamorphic, P-M,
Tertiary volcanic, T-V, Quaternary volcanic, Q-V, Neogene Sediments, N-S, Quaternary Aluvion, Q-A. The inset shows
locations of magnetic base station at Ensenada and magnetic observatories at Tucson and Fresno.
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al., 1975). In the Sierra El Mayor, plutonic
rocks vary from tonalite to monzogranite and
intrude metasedimentary rocks as irregular
shaped stocks (Barnard, 1968; Siem and Gastil,
1994). Miocene volcanic rocks locally overlie the
crystalline basement and its exposed thickness
rarely exceeds a few tents of meters.

The Imperial and Cerro Prieto faults (Figure
1) are part of the San Andreas-Gulf of California
strike-slip fault system and constitute the Pacific-
North America plate boundary in this region. The
Laguna Salada fault, located over the western
margin of Sierra Cucapah, is a high-angle fault
that strikes northwest and has an oblique normal-
dextral sense of shear that is considered part of
the San Andreas strike-slip fault system (Muller
and Rockwell, 1991; Muller and Rockwell, 1995).
The Canon Rojo fault merges with the Laguna
Salada fault at almost right angles and becomes
a prominent active normal fault (Figure 1) that
acts as a releasing step of the Laguna Salada
fault system (Mueller and Rockwell, 1991). The
Cafiada David detachment is a west-dipping low-
angle normal fault with a curvilinear trace that
bounds the western margin of Sierra El Mayor
(Siem and Gastil, 1994; Axen et al., 1999;
Fletcher and Spelz, 2009).

The El Mayor-Cucapah earthquake occurred
at shallow depth (~ 10 km) apparently along
the southeastern segment of the Laguna Salada
fault that is concealed by sediments of the
Mexicali Valley. This is the largest seismic event
in the region since February 23, 1892, when an
earthquake of an estimated magnitude Mw 7.1
ruptured segments of Laguna Salada and Cafién
Rojo faults (Mueller and Rockwell, 1995; Fletcher
and Spelz, 2009).

Figure 2 shows the temporal variation of
seismicity obtained from NEIC catalogue, for
the region shown in Figure 1, from January 1
to July 15, 2010. For the interval before April 4,
the magnitude Mw varies mostly between 1 and
3 (Figure 2a); the maximum number of events
per day (Figure 2b) is about 15, and hypocenter
depth is mostly within 20 km (Figure 2c). After
the ElI Mayor-Cucapah earthquake there is a
notable rise in magnitude and number of seismic
events per day, yet the predominant hypocenter
depth remains at about 20 km. The maximum
number of events per day is observed on April 5
and June 15.

Considering the seismic moment, M, =
7.28x10*° N-m, reported by the global CMT
agencies, this earthquake represents the largest
moment released in the region in more than
100 years. The seismic moment is the scalar
parameter of the point source of a double

couple and it is related to the rupture area, A,
the average displacement, D, and the shear
modulus, u, by the following relationship (Aki,
1966).

M, = uDA . (1)

Assuming a shear modulus for granitic rocks
of u = 3.3x10* N/m? and an average slip of
D = 1m, we estimate a rupture area of about
2,200 km?2. Considering the spatial distribution
of aftershocks and the distance between the two
major seismic events that followed the large
earthquake (Figure 1), we infer that the length
of the rupture is about 120 km. Therefore, from
equation 1 we estimate that the rupture area
may extend down to about 18 km for a vertical
fault, or about 16 km for a fault with a dip angle
of 60°. This rough estimation of the thickness
of the seismogenic zone is in good agreement
with a depth estimate of 16 + 2 km to the base
of the crustal magnetic layer from spectral
analysis of magnetic anomalies, and 19 km
from maximum hypocenter depths in this region
(Garcia-Abdeslem et al., 2001), suggesting that
this earthquake broke the whole brittle crustal
layer zone.

Changes in the crustal stress field
accompanying earthquake activity may induce
crustal deformation as well as piezo remanent
magnetization of the crustal magnetic layer.
Therefore, as changes in remanence cause
changes of the Earth’s magnetic field, many
efforts have been made since historic times to
relate temporal changes in the geomagnetic
field to seismic activity, i.e., the seismomagnetic
effect (Rikitake, 1976).

The search for possible seismomagnetic
precursors to large earthquakes has been
conducted in tectonically active regions, such
as southern California (Johnston et al., 1985;
Johnston et al., 1994; Johnston et al., 2006), in
Central Italy (Mele et al., 1994; Di Mauro et al.,
2005), and Japan (Sasai and Ishikawa, 1980;
Sasai and Ishikawa, 1997; Nishida et al., 2004).
In this search, an array of magnetometers is
deployed for several years at carefully selected
sites located in regions of low magnetic field
gradient, and across major geologic structures.
However, as the main problem detecting seismo-
magnetic effects is their small amplitude with
respect to diurnal variations of the geomagnetic
field (i.e., Stacey, 1964; Sasai, 1994; Sasai,
2001), the magnetic field difference between a
magnetic station located close to an active fault
and a reference station are analyzed (i.e., Sasai
and Ishikawa, 1980; Mele et al., 1994; Johnston
et al., 1994; Nishida et al., 2004; Di Mauro et al.,
2005; Johnston et al., 2006).
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Figure 2. Seismicity variables from NEIC catalog: (a)
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magnitude Mw, (b) number, and (c) depth of seismic events,

from January 1 to July 15, 2010.

A considerable research effort on the seis-
momagnetic phenomena is currently conducted
using ultra low frequency (ULF) electromagnetic
signals (EMS) in tectonically active regions
such as California (Fraser-Smith et al., 1990;
Kappler et al., 2010), Japan (Ismaguilov et al.,
2001; Kotsarenko et al., 2005a; Serita et al.,
2005; Hayakawa et al., 2008), China (Ida et
al., 2008), and Mexico (Ramirez-Rojas et al.,
2004; Kotsarenko et al., 2004; Kotsarenko et
al., 2005b; Ramirez-Rojas et al., 2007; Ramirez-
Rojas et al., 2008). Part of the problem when
using ULF-EMS is to discriminate the part of
the signal related to the earthquake cycle, from
ionosphere signals and cultural noise. A variety
of methods have been proposed: polarization
analysis, involving measurements of the three
magnetic components (Z, H and D) and its
ratios (Hayakawa et al., 1996; Kotsarenko et
al., 2004; Kotsarenko et al., 2005a; Ida et al.,
2008), fractal analysis of the power spectrum of
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the geomagnetic signals (Hayakawa et al., 1999;
Ramirez-Rojas et al., 2004; Ramirez-Rojas et al.,
2007; Ramirez-Rojas et al., 2008; Kotsarenko et
al., 2004; Kotsarenko et al., 2005a), spectral
analysis of geomagnetic resonant structures
and micro-pulsations (Hayakawa et al., 2008;
Kotsarenko et al., 2004; Kotsarenko et al.,
2005b; Kotsarenko et al.,, 2008), and the
principal component analysis, which is based in
the calculus of eigenvalues from geomagnetic
components registered at several stations
(Kotsarenko et al., 2005a).

In our case, as we have only one total-field
magnetic station, we analyze our data using a
statistical measure that we have called index
of magnetic variation (Imv), to search for a
possible seismomagnetic effect related to the
El Mayor-Cucapah earthquake. This analysis
is presented in two sections. In the first
section we show the consistency between the
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total-field magnetic measurements recorded
at magnetometers deployed at Ensenada,
hereafter referred as EDA-B, and EDA-B,, and
their similarity with magnetograms recorded at
geomagnetic observatories located at Tucson
(TUC), Arizona, and Fresno (FRN), California.
In the second section we define and state the
assumptions behind the Imv, and use it to search
for a possibly seismomagnetic effect related to
the El Mayor-Cucapah earthquake. At the current
state of our analysis, we suggest the possibility
of having detected a seismomagnetic effect that
starts some 40 minutes before the earthquake,
while the large variations in the Imv, observed
from the day after the earthquake were due
to a strong solar wind shock that caused a
geomagnetic storm.

Reliability of magnetic data recorded at
Ensenada

The total-field magnetic data recorded at EDA-B,
and EDA-B, are shown in figures 3a and 3c,
respectively. There is a constant difference in
amplitude of about 300 nT between the recorded
data sets, which is attributed to local differences
in building framework. Except for this difference,
the fine variations in the observed geomagnetic
field are essentially the same, as shown in figures
3b and 3d.

To ensure the reliability of the total-field
magnetic data recorded at Ensenada, we compa-
re the data recorded at magnetometer EDA-B,
magnetograms

with recorded at magnetic
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Figure 3. Time series of raw total-field magnetic data (F) collected in Ensenada at EDA-B, (a) and EDA-B, (c) base
stations, from March 26 to April 19, 2010. Figures (b) and (d) show the data for selected days; highlighted in blue
color after the main earthquake.
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observatories TUC and FRN. These magnetic
observatories (see its location in Figure 1) are
members of INTERMAGNET, an international
network of magnetic observatories whose data
are available on line (http://www.intermagnet.
org). It is worth to mention that the distances
between Ensenada-Tucson and Ensenada-Fresno
are about 550 and 635 km, respectively, whereas
the distances between the epicenter zone and
Ensenada, Tucson and Fresno are about 135, 415
and 640 km, respectively. After removing the daily
average, these data were set up in a LT basis. Their
comparison (Figure 4) shows that both the long
and the short period variations of the geomagnetic
field recorded at Ensenada are similar to those
recorded at TUC and FRN magnetic observatories,
and thus validate the long term performance of the
GEM™ magnetometers.

The search for a seismomagnetic effect

The raw magnetic data recorded in Ensenada
by magnetometers EDA-B, and EDA-B,, plotted
on a LT daily basis are shown in figures 5 and 6,
respectively. The data recorded before the main
earthquake, as shown in figures 5a and 6a, have
a regular and stable daily variation. The smallest
variations occur during night time, and a diurnal
minimum is observed regularly between 8 to 16 h.

As shown in figures 5b-c and 6b-c, the total-
field magnetic data recorded since the day of
the main earthquake show a remarkable change
as compared to previous days. The magnetic
field is particularly different the day of the main
earthquake, denoted by the dark-blue line in
figures 5b and 6b. Note that the major differences
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Figure 4. Differences between total-field magnetic intensity (F) and its daily average (T:), for different time intervals:
(a) from March 27 to April 4, (b) from April 4 to April 9 and (c) from April 14 to April 19. Black line corresponds to
EDA-B,, blue line to FRN and red line to TUC.
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occur between 8 and 16 h. It is apparent from
figures 5c and 6c¢ that the magnetic field tends
to recover the variation shown in days before the
main earthquake.

The magnetic data recorded at Ensenada
shows that locally, the geomagnetic field changed
its normal variation since the day of the main
earthquake, suggesting a causal relationship
between the physical changes that lead to the
seismic activity and changes in the geomagnetic
field. Therefore, with the purpose of better
describing the changes in the geomagnetic
field during the time before and after the main
earthquake, we perform basic statistics on the
total-field magnetic data that is described next.

We assume that the average of the magnetic
field, F*, recorded during the days before
the main earthquake, represents the diurnal
variation of the geomagnetic field during a
magnetically quite-day. It was calculated using

the magnetic data recorded from March 27
to April 3 at Ensenada, and it was used as a
reference to quantitatively outline the magnetic
field variations in all of the recorded data,
according with the following statistical measure.

N(F, - F')?

Imv =100 szl Fy )

In equation 2, Imv stands for index of
magnetic variation, being the root-mean-square
of the difference between the recorded magnetic
field, F, and the assumed diurnal variation on a
magnet|cally quite day, F*. N is the number of
data used in the calculation.

To compute Imv we selected the total-field
magnetic data recorded at EDA-B, shown in
Figure 7a. The assumed magnetically quite
diurnal variation computed from EDA-B, data,
is shown in Figure 7b along with the magnetic

TTIVETE

THIHIE

Figure 5. Total-field magnetic intensity (F) recorded at magnetometer EDA-B, before and after the main earthquake:
(a) from March 26 to April 3, (b) from April 4 to April 9 and (c) from April 13 to April 19.
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Figure 6. Total-field magnetic intensity (F) recorded at magnetometer EDA-B, before and after the main earthquake:
(a) from March 26 to April 3, (b) from April 4 to April 9 and (c) from April 13 to April 19.

data recorded on April 4 to emphasize their
differences. The values of Imv shown in Figure 7c
were calculated over 60 minutes segments (N =
60) without overlap. This calculations show that
during the days before the main earthquake, from
March 27 to April 3, the Imv is of about 0.02%.
From the day of the main earthquake, April 4, the
Imv starts to rise, reaching a maximum greater
than 0.1% on April 5. Hereafter the Imv shows
strong oscillations while decreases in amplitude
and it goes back to low values of about 0.02%
on April 17.

Following the procedure outlined above, we
use total-field magnetic data from FRN and TUC
on a LT basis, to compute the Imv since March
27 until April 19. As shown in figures 8 and 9,
we found a remarkable similarity with the Imv
calculated using EDA-B, data. Therefore, at the
earlier stages of the analysis we suggested the
proposed index of magnetic variation (Imv) as
a good measurement of seismomagnetic effects
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(Garcia-Abdeslem and Fregoso-Becerra, 2010;
Fregoso-Becerra and Garcia-Abdeslem, 2010).
However, thanks to the suggestion ofthereviewers
we look at geomagnetic field disturbances
described by the Dst index. We downloaded the
Dst index from Kioto geomagnetic center (fttp://
wdc.kugi.kyoto-u.ac.jp). The Dst or disturbance
storm time index, is a measure of geomagnetic
activity used to assess the severity of magnetic
storms. Dst is expressed in nT and it represents
the average value of the horizontal component
of the Earth’s magnetic field, during one hour, at
four near-equatorial geomagnetic observatories.
To our surprise we found that Dst indicates the
onset of a magnetic storm beginning on April 5,
and we include it in Figures 7, 8 and 9.

Furthermore, at 9:15 UTC on April 5, the Solar
and Heliospheric Observatory (SOHO: http://
sohowww.nascom.nasa.gov) reported that a
strong solar wind shock was observed at SOHO
at 7:59 UTC with solar wind speed abruptly



GEOFisICA INTERNACIONAL

d

2703 28003 2903 3003 3103 0104 0204 0304 0404 0504 0504 0704 D204 0204 1004 1104 12704 1304 1404 1504 1604 1704 1804 1904 20004
time (days)

L0

1204 1304 1404 1504 1604 1704

3
-2
-40
50

Dst

B0

IR m— 1 I 1 [
B0 270 20 20 20 B 010 0208

0604 07704

- i i
08/04 0204 1004 1104 1204 1304 1404 1504 1604 1704 1804 1904 2004

time (days)

Figure 7. (a) Total-field magnetic intensity (F) on base station EDA-B, from March 26 to April 9; highlighted in red

color are the field variations since the time of the main earthquake. (b) The assumed magnetically quite day, F*, is

shown with black line along with the magnetic data recorded the day of the main earthquake, in red color line. The

Imv values calculated using equation (2) for all observed data is shown in (c), where the red arrow indicates the origin
time of the main earthquake. The Dst index, in nT, is shown in (d).

increasing (from 453-538 km/s) to near 700
km/s. The SOHO spacecraft moves around the
Sun in step with the Earth, by slowly orbiting
around the first Lagrangian Point (L1), where
the combined gravity of the Earth and Sun keep
SOHO in an orbit locked to the Earth-Sun line.
The L1 point is approximately 1.5 million km
away from Earth (about four times the distance
of the Moon). Near 8:35 UTC (01:35 LT) on April
5 a geomagnetic storm was in progress.

With the aim of discard a global magnetic
event previous to the earthquake, we analyzed
total-field magnetic data from Intermagnet
magnetic observatory VIC, located at Victoria,
British Columbia, Canada, which is at about
1,875 km away from the earthquake epicenter.

The magnetic field recorded at VIC (Figure 10)
presents a regular diurnal variation and remains
stable on several days before the earthquake,
but shows a severe change caused by the
magnetic storm of April 5, when the magnetic
field decreases down some -300 nT. The Imv
reaches up to 0.38% on April 5, during the
sudden commence of the magnetic storm and
0.18% during its climax on April 6. Therefore,
considering both Dst and the Imv calculated
from VIC magnetic data, we discard so far the
possibility of global magnetic event previous and
during the El Mayor-Cucapah earthquake.

However, as the geomagnetic storm began
about 10 h after El Mayor-Cucapah earthquake,
and the Imv indicates a possible seismomagnetic
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Figure 8. Total-field magnetic intensity (F) on the FRN station is shown in (a) for a continuous period of time from

March 27 to April 19. The average day (black line) obtained with the previous days to the main earthquake is shown

in (b) and the day of the main earthquake is superimposed in red color. The Imv values calculated using equation (2)

for all observed data are shown in (c), where the red arrow indicates the origin time of the main earthquake. The Dst
index, in nT, is shown in (d).

event that begins some 40 minutes before
the earthquake, we select the magnetic data
recorded from April 3 to April 5 at EDA-B,,
TUC, and FRN, and increase the resolution of
our estimate computing the Imv at 20 minutes
intervals (i.e., N = 20) for each data set. The
computed Imv and the Dst index are shown in
figures 11a-b, respectively.

On April 3, a magnetically quiet day without
significant seismic activity, the Imv varies
erratically for the three magnetic data sets, with
maximum values of about 0.03%. During this
day there is only one simultaneous increase (i.e.,

220 VoLuMme 50 NumBER 2

on the three data sets) of the Imv at around
22:40 h. The Dst index for this day is stable with
minimum values around -10 nT.

Beginning April 4 and until 8:30 h the Imv
varies from 0.01 % to about 0.02%. From 8:30 to
11:30 h the Imv shows a simultaneous increase
that is grater in Ensenada (0.03%) and minimum
in Fresno (0.02%), which is followed by an erratic
behavior from 11:30 to 15 h. At around 15 h
the Imyv starts to rise and simultaneously reach
0.035 % at the time of the earthquake (15:40 h),
reaching maximum values at 16:10 h. Hereafter
the Imv starts to decline having values less than
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Figure 9. Total-field magnetic intensity (F) on the TUC station is shown in (a) for a continuous period of time from

March 27 to April 19. The average day (black line) obtained with the previous days to the main earthquake is shown

in (b) and the day of the main earthquake is superimposed in red color. The Imv values calculated using equation (2)

for all observed data are shown in (c), where the red arrow indicates the origin time of the main earthquake. The Dst
index, in nT, is shown in (d).

0.01% at 17:50 h. Another simultaneous rise of
the Imv is observed around 22:30 h. Notice in
Figure 11b that on April 4 the Dst index is stable
with minimum values around -15 nT .

On April 5 the variation of the Imv is
simultaneous on the three magnetic data sets but
presents appreciably larger values in Ensenada.
The Dst index suggests a sudden commencement
of the magnetic storm around 01 to 02 h (LT) in
good agreement with SOHO forecast. Hereafter
the Dst index continuously decreases down to
-60 nT, indicating the beginning of the main
phase of the geomagnetic storm.

Seems worth to emphasize that the proposed
Imv is not a tool to forecast or predict an
earthquake. It is a statistical measure that helps
to discriminate magnetic variations that may be
related either with the seismic cycle or else with
geomagnetic perturbations, from an assumed
quiteandlocaldiurnal variation of the geomagnetic
field. The search for a seismomagnetic effect
related to El Mayor-Cucapah earthquake, based
upon the Imv, suggests the possibility of having
detected a seismomagnetic effect that lasted
about 3 h, and a precursor event 40 minutes
before the earthquake.

APrIL - June 2011 221



E. Fregoso-Becerra and J. Garcia-Abdeslem

i I 1 1 1 1 ] ] ] 1 1 1 1 1 1 ] ] ] 1 I 1 1 ] ]
%mmmmmmmmmmmmmmwmmm1w 11/04 1204 1304 1404 1504 1604 1704 1804 1904 2004
tirme (days)

I I i I ] | 1 i il 1 | 1 1 1 Il | 1 1 1 1 I 1 L I
T3 3|03 2903 3003 3103 0104 0204 0304 0404 0504 0604 0704 OG04 0504 1004 1104 1204 1304 1404 1504 1604 1704 16804 1904 2004
time {days)

Figure 10. Total-field magnetic intensity (F) on the VIC station is shown in (a) for a continuous period of time from

March 27 to April 19. The average day (black line) obtained with the previous days to the main earthquake is shown

in (b) and the day of the main earthquake is superimposed in red color. The Imv values calculated using equation (2)

for all observed data are shown in (c), where the red arrow indicates the origin time of the main earthquake. The Dst
index, in nT, is shown in (d).
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Figure 11. (a) Imv from April 3 to April 5; the black line corresponds to EDA-B,, blue line to FRN and red line to TUC;
the arrow on April 4 indicates the origin time of El Mayor-Cucapah earthquake. (b) Dst index from April 3 to April 5.
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Conclusions

We attempt to find a seismomagnetic effect
caused by El Mayor-Cucapah earthquake, using
total-field magnetic data recorded at a single
station far away from the epicenter zone. For this
endeavor an assumption was made considering
that the average of magnetic data on several
seismically quite days, previous to the main
earthquake, represents the diurnal variation on
a magnetically quite day. We define and propose
the index of magnetic variation (Imv); this
statistical measure is robust in the presence of
noise, and vyields the percent change between
the observed magnetic field and the assumed
diurnal variation on magnetically quite day. The
Imv calculated on magnetic data recorded at
Ensenada, Baja California; Fresno, California,
and Tucson, Arizona, are remarkable similar,
and show a sensible increase the day after the
main earthquake, which certainly is caused by a
magnetic storm.

The absence of solar wind perturbations and
quiet daily variation of the geomagnetic field
observed several days before the earthquake,
in contrast with the abrupt and simultaneous
change of the Imv observed on April 4, some
40 minutes before the earthquake, suggests the
possibility of having detected a precursor event.
This conclusion is supported by the absence of a
global magnetic event the day of the earthquake,
as inferred from the Imv calculated using VIC
magnetic data and by the Dst index.
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